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The article is devoted to a multifactor analysis of the efficiency of facade
reconstruction in the established residential buildings of Astana city.
Given the sharply continental climate of Kazakhstan’s capital, facade
renovation plays a crucial role in improving energy efficiency, enhancing
the architectural appearance, and extending the service life of buildings.
The study examines contemporary approaches to assessing the technical
and aesthetic condition of facades, considering factors such as material
degradation, thermal insulation performance, and compliance with
modern regulatory standards. Various reconstruction methods are
analyzed, with a focus on their adaptability to Astana’s climatic
conditions and their contribution to sustainable urban development. The
research identifies key factors influencing the durability and resilience
of building facades, including environmental impact, construction
materials, and technological advancements in facade engineering. Based
on the findings, the study provides recommendations for optimizing
design solutions to ensure long-term performance and sustainability.
The proposed approaches aim to balance economic feasibility with
architectural integrity while addressing urban planning challenges. The
results of this work will be useful for professionals in architecture, urban
planning, and construction, as well as for policymakers and
organizations involved in the development and modernization of urban
infrastructure in regions with extreme climate conditions.

Tyiiinai cesaep:

TYNIHAEME

KOII alfHEIMaABl TalAay,
KalTa Kypy a4icrepi,
HremiMAepAi oHTanAaH-
ABIDY, DHEPIUS TUIMALAIT,
CoyAeTTiK KeabeTi.

bya makaza Acrana KaaacelHAAFbl KaAbIIITacCKaH TYPFBIH Yil FUMapart-
TapBIHBIH KacOeTTepiH KaiiTa KYpy TUIMAiAiriH kerdaKkTopAsl Taalayra
apHaaraH. KasakcraH acTaHachIHBIH KYPT KOHTMHEHTTIK KAMMAaThI
JKarjalibiHAa KacOeTTepai >KaHapTy ®Heprus TUiMAiairiH apTTeIpyaa,
COyAeTTiK KeADeTTi >KakcapTyda >KoHe FUMapaTTapAblH TalijalaHy
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Mep3iMiH y3apTyAa MaHBI3ABI PO aTKapaabl. depTreyde KacOeTTepAiH
TeXHMKaABIK >KOHe DCTeTMKAABIK >KardaliblH OaradayAblH 3aMaHaylU
Taciaaepi KapacThIpblaabl, OHBIH illliHAe KYPBLABIC MaTepuaaAaPhIHbIH
TO3YEI, KBIAY OKIlayJlay KOPCeTKiIITepi >KoHe 3aMaHayy HOPMaTUBTIK
TaJalTapra colikecTiri eckepiaeai. Kaiita kypy oagicrepi Taagansbl,
o/apablH AcTaHa KAMMaTBIHa OeiiMAiairi >XeHe KaJaHBIH TYpPaKTHI
AaMybIHa KOCAThIH yaeci sepTTeaeai. FumapaT kacOerrepiniy Gepikriri
MeH TesiMJidirine oacep eTeTiH Herisri ¢akTopJap aHBIKTAABII,
KOpIlIaraH opTa paKTopAapsl, KYPLABIC MaTepraljapbl 5KoHe KacOeTTiK
UHKEHepUAJAFrbl TeXHOAOTUSABIK JKeTICTIKTep eckepiagi. 3eprrey
HOTIKeAepi HeridiHae y3ak Mep3iMal TUIMAIAIKTi JKoHe TypPaKThLABIKTHI
KaMTaMachl3 eTyre OarbITTaAFaH >KOOAABIK IIentiMAepAi OHTalldaHABIPY
OOJIBIHINIA YCHIHBICTApP >KacaAAbl. ¥CHIHBLAFAH ToCiAdep DKOHOMMKAABIK
TUIMAIAIK IIeH C9YAeTTiK TYTacTBIKTBI caKTayAbl Koe3aelai >KoHe
DKCTpeMaAAbl KAUMATTHIK >KaFjaiidapAarbl KadaablK WHQPPaKypbI-
ABIMABI JAMBITY MEH >KaHFBIPTyFa KAThICATBIH COyAeT, Kala KYPBLABICHI
JKOHe KYPBIABIC CalachIHAAFbl MaMaHJAap¥a, COHAAl-aK MeMAeKeTTiK
yilbIMAap¥a aijaabl 004ysl MYMKIH.

Karouesslie caoBa: AHHOTAN WS

MHOro¢aKTOPHBII aHAANS3, CraTbs HOCBsIIIeHa MHOTO(aKTOPHOMY aHaAN3y 9(PPeKTUBHOCTI peKOH-
METOABI PEKOHCTPYKIIN, crpykiym ¢pacaZoB CAOXKUBIIEIICS JKMUAOM 3acTpOVIKU Topoja AcTaHbl B
ONTUMU3ALIN PeIIeHNnit, YCAOBMAX Pe3KO KOHTMHEHTaAbHOTO KaAmmaTa croanmnl Kasaxcrama
BHeProd(PPeKTUBHOCTE, PeKOHCTPYKIusA ¢acajoB UIpaeT BasKHENINYI0 pOAb B IIOBBIIIEHNI
apXUTEKTYPHBIN 0DAUK. 9Heproo(PPeKTMBHOCTY,  yAYUIIEHMM apXUTeKTypHOro obamka U

MPOAJAEHIN CPOKa CAYKOBI 34aHmil. B mccaegoBaHmm paccMaTpuBalOTCs
COBpeMEeHHBIE ITOAXOABI K OIleHKe TEeXHIMYECKOTO U BCTeTHIECKOTo
cocrosaHmsa (acagoB € ydeTOM TakmXx (PaKTOpoB, KaK Jerpajams
MaTepHualoB, TeIAOVU30AAIVOHHbIE XapaKTePUCTUKM U COOTBETCTBIIE
COBpPeMEeHHBIM HOPMaTUBHBIM TpeOoBaHILIM. AHAAMBUPYIOTCA Pa3ANIHEIe
MEeTOABl PEeKOHCTPYKLMM C aKIJeHTOM Ha UX adallTMPOBAaHHOCTh K
KAVMAaTUYECKUM YCAOBVMAM AcCTaHBI U BKAaJ B YCTONYMBOE Pa3BUTIE
ropoda. B nccaesoBannm ompeaeaeHsl KAIOUeBble (PAKTOPBI, BAVIIIOIIVE Ha
AOATOBEYHOCTD M YCTOMYMBOCTL acajoB 34aHUI, BKAIOYAs BO3AEVICTBUE
OKpY>KalOIllell CpeApl, CTpOUTeAbHBle MaTepualbl U TeXHOAOTUYecKye
AOCTIDKeHM: B obaactu ¢gacagHor umkeHepun. Ha ocHOBe moaydeHHBIX
AQHHBIX B JICCA€JOBaHUY AaHBI PEKOMEHAAITVI IO ONITYIMM3ALV ITPOEKT-
HBIX peLlIeHMII Aasl oDecriedeHmns: AOATOCPOYHBIX DKCILAyaTaLlVIOHHBIX
XapaKTepUCTUK M ycrorrauBocTy. [Ipeasaraemsle 10AX0OABI HallpaBA€HbI
Ha JOCTICKeHMe GajaHca MeXKAy DKOHOMITIECKON 11e1ecO00pa3HOCTRIO I
apXUTEKTYPHOII 11eI0CTHOCTEIO, a TaK>Ke Ha pellleHe Ipal0CTPOUTEABHBIX
3ajad. PesyapTaTsl 4aHHON paboTHI 6YAYT ITOAE3HBI A4S CITEIAAUCTOB B
001acTi apXUTEKTYPbl, TPalOCTPOUTEABCTBA U CTPOUTEABCTBA, a TaKCKe
AAS  TIOAUTMKOB U OpIaHU3aluil, 3aHUMAIOIIVXCSI pa3BUTUEM U
MOJepHU3aIyell  TOPOACKOM  MH(QPacTPyKTyphl B pPermMoHax ¢
DKCTpeMaAbHBIMM KAUMATUIECKIMU YCAOBVAMIL.

INTRODUCTION

The issue of residential building facade reconstruction is becoming increasingly relevant
for Astana, where climatic conditions significantly accelerate the deterioration of construction
materials and reduce the operational performance of buildings. During winter, temperatures can
drop to -30-35°C, while in summer, they can rise to +30-35°C, creating extreme conditions for
facade structures. Additionally, strong wind loads (gusts reaching 20-25 m/s) and high levels of
solar radiation contribute to facade degradation, material cracking, and the deterioration of
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thermal insulation properties. Consequently, facade reconstruction requires a comprehensive
analysis that considers not only the technical condition of buildings but also economic feasibility,
energy efficiency, and architectural expressiveness.

The aim of this study is to conduct an analysis to identify key factors influencing the
successful reconstruction of facades, aimed at improving durability, energy efficiency, and the
aesthetic appearance of residential buildings.

To achieve this goal, an analysis of existing approaches to facade reconstruction was
conducted, and a multifactor analysis methodology was developed, including:

- Examination of modern reconstruction technologies and identification of the most
effective solutions for the city of Astana.

- Development of a criteria system for evaluating facade systems, incorporating parameters
such as material thermal conductivity, mechanical strength, UV resistance, and impact on the
architectural appearance of buildings.

- Assessment of the impact of individual factors (e.g., cladding type, insulation thickness,
joint sealing) on the overall energy efficiency and operational characteristics of facades.

- Formulation of recommendations for implementing the identified reconstruction
methodologies within urban planning programs and construction standards of the Republic of
Kazakhstan.

The research hypothesis suggests that the application of multifactor analysis, taking into
account the climatic and architectural features of Astana, will enhance the accuracy and
justification of design decisions, ensuring durability, energy efficiency, and improved visual
characteristics of residential facades.

The relevance of this study is driven by the need to improve urban environmental quality,
enhance the energy efficiency of residential buildings, and modernize outdated facades in
accordance with contemporary standards. The research is based on an analysis of existing
reconstruction practices in countries with similar climatic conditions, including Russia and the
northern regions of Europe, with adaptations to the regulatory and technical requirements of
Kazakhstan. The obtained results can be utilized for developing facade reconstruction standards
aimed at improving the operational characteristics of buildings under the conditions of a sharply
continental climate.

LITERATURE REVIEW

The analysis of domestic and international research reveals a significant variety of
approaches to facade reconstruction. European publications primarily focus on environmental
sustainability and the use of intelligent facade systems that regulate heat exchange and building
illumination. Studies conducted in Germany, the United Kingdom, and the Netherlands
demonstrate that the use of dynamic facade panels, which adapt to changing weather conditions,
can reduce building energy consumption by 20-30% (Soltani, Atashi, 2023).

In countries with cold climates, such as Canada and Finland, the primary emphasis is placed
on using facade materials with high thermal resistance, including multilayer insulation systems
with a thermal conductivity coefficient of less than 0.035 W/(m'K) (Radi¢, Dodig, Auer, 2019).

Increasing attention has been paid to the use of structured evaluation frameworks in
building renovation studies, particularly in the context of energy-efficient modernization of
residential buildings (Radi¢, Dodig, Auer, 2019; Soltani, Atashi, 2023). Researchers note that
facade reconstruction decisions are inherently multi-dimensional, as facade systems
simultaneously influence thermal performance, durability, economic efficiency, architectural
quality, and indoor comfort conditions.

In this context, multi-criteria decision-making approaches are increasingly applied to
support such complex evaluations (Radi¢, Dodig, Auer, 2019).
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For residential buildings located in cold and sharply continental climates, the relevance of
integrated evaluation approaches is particularly pronounced (Soltani, Atashi, 2023). Climatic
factors such as prolonged heating periods, frequent freeze-thaw cycles, and moisture-related
impacts impose increased demands on facade systems, making it necessary to assess
reconstruction alternatives from a comprehensive perspective rather than through single-
criterion assessments.

These considerations indicate that the application of multifactor evaluation frameworks
represents a promising direction for facade reconstruction research. Such approaches
complement traditional regulatory and energy-focused studies by providing a structured basis
for the comparative analysis of alternative facade systems under severe climatic conditions.

MATERIALS AND METHODS

Multifactor analysis is a comprehensive method for assessing the effectiveness of facade
reconstruction, based on a quantitative and qualitative evaluation of multiple influencing factors.
The primary objective of this analysis is to determine the prioritization of technical, economic,
architectural, and operational characteristics that ensure the durability and energy efficiency of
facade systems in the sharply continental climate of Astana.

The study relies on the following methodological principles:

- Systematic approach. Facade reconstruction is considered a multi-level process that
includes evaluating the thermal performance of materials, their resistance to climatic factors (frost
resistance, water absorption, thermal conductivity), and their impact on building operational
costs.

- Hierarchical structure of factors (Figure 1). Key indicators such as energy efficiency levels,
the lifespan of cladding materials, resistance to pollution, installation and maintenance costs are
identified. For example, ceramic granite cladding has an operational lifespan of over 50 years
(GOST R 70573-2022), whereas composite panels may require replacement within 25-30 years
under high wind loads.

Effective Facade
—_— . —_—
Reconstruction
v v
Social Factors Technical Factors Economic Factors
Attributes Attributes Attributes
« Urban Harmony « Durability + Reconstruction Cost
+ Resident Satisfaction + Heat Transfer + Operational Expenses
+ Quality of Life = Stability + Payback Period

Improvement

Figure 1. Relationship of factors affecting reconstruction efficiency
Note — compiled by the authors (Baktybayev, 2025)

- Mathematical data processing. To quantitatively assess the impact of various factors,
multicriteria analysis methods are applied, including the Analytic Hierarchy Process (AHP) to
determine weighting coefficients and establish relationships between selected parameters (Saaty,
1993).
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The applied methodology follows a consistent sequence of criteria selection, weighting,
and aggregation, which ensures the transparency and reproducibility of the evaluation results for
similar residential buildings.

To assess the effectiveness of facade reconstruction, a system of evaluation criteria was
developed within a multifactor framework that integrates technical, economic, architectural, and
social aspects. Each group of criteria contributes to the overall assessment of reconstruction
alternatives.

Technical criteria include material durability, thermal resistance, moisture sensitivity, and
resistance to freeze-thaw cycles, which are critical under Astana’s sharply continental climate.
Material thermal conductivity and frost resistance were considered to reflect the influence of
environmental conditions on facade performance.

Economic criteria account for initial reconstruction costs, expected service life of facade
systems, and long-term operational efficiency. Architectural criteria address visual quality and
the integration of renovated facades into the surrounding urban environment.

The application of this criteria system enables a structured and consistent comparison of
alternative facade solutions within the proposed multifactor framework and provides the
methodological basis for subsequent analytical evaluation of reconstruction effectiveness.

The decision-making process is formalized using the Analytic Hierarchy Process (AHP).
This method decomposes the problem into a hierarchical structure, allowing for the
quantification of qualitative criteria through pairwise comparisons.

The model is organized into three levels:

- Goal: Selection of the most effective facade reconstruction strategy.

- Criteria (Cy): The four groups identified (Technical, Economic, Architectural, Social).

- Sub-criteria (S,): Specific indicators (e.g., S1 1 - thermal resistance, S, 1 - initial cost).

- Alternatives (4,): Specific facade systems (e.g., Ventilated facade vs. EIFS).

Pairwise comparisons and weight calculations were performed independently at each
hierarchical level of the model.

For each level, a pairwise comparison matrix A is constructed using Saaty's 1-9 scale:

1 aqp v Qqp
1/a 1 e a

A=[aij]= / . : 2n
1/ai, 1/ayp ... 1

where a;; represents the relative importance of criterion i over criterion j. The local priority
weights are derived by calculating the principal eigenvector of the matrix.

To ensure the reliability of expert judgments, the Consistency Ratio (CR) is calculated:

CRe CI
" RI

where CI= /lmna—’in is the Consistency Index and Rl is the Random Index for a matrix of order n.

Only results with CR <= 0.10 are considered acceptable for the final synthesis.
The final score for each reconstruction alternative (V,;;) is determined by the additive

synthesis of local weights:
Vair= Z Wi X S;

where w; is the weight of the i-th criterion and s; is the score of the alternative relative to that
criterion.

Pairwise comparisons were performed using Saaty’s fundamental 1-9 scale, where higher
values indicate stronger relative importance between criteria. Intermediate even values were
used when compromise judgments were required. Standard Random Index (RI) values proposed
by Saaty were applied for consistency verification.
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The selection of evaluation criteria within the proposed multifactor framework was guided
by the climatic, regulatory, and operational specificities of residential buildings located in regions
with sharply continental climates. Under such conditions, facade systems are exposed to
significant thermal gradients, repeated freeze-thaw cycles, and moisture-related impacts, which
directly affect their durability and energy performance. Therefore, technical criteria were defined
to reflect the ability of facade systems to ensure long-term structural reliability and effective
thermal protection. Particular attention was given to thermal resistance, moisture sensitivity, and
resistance to freeze-thaw cycles, as these parameters largely determine heat loss levels and the
rate of material degradation in cold climates. The prioritization of technical criteria within the
model is consistent with national building regulations of the Republic of Kazakhstan (SNiP RK),
which emphasize thermal insulation performance and frost resistance as key requirements for
building envelopes.

Economic criteria were incorporated to account for practical constraints associated with
facade reconstruction projects, including initial investment costs, expected service life, and long-
term operational efficiency. In the context of large-scale residential modernization programs,
economic feasibility plays a critical role in decision-making, as technically effective solutions
must also remain financially justifiable over the building life cycle. Therefore, economic criteria
were assigned a significant, though subordinate, weight relative to technical factors.

Architectural criteria address the visual quality and urban integration of reconstructed
facades. In dense urban environments, facade modernization influences not only individual
buildings but also the overall perception of residential districts. The inclusion of architectural
criteria allows the model to capture aspects related to facade composition, material appearance,
and compatibility with the existing urban context, which are particularly relevant for renovation
projects in established residential areas.

Social criteria were included to reflect the impact of facade reconstruction on indoor
comfort and environmental conditions affecting occupants. Improved thermal comfort, reduced
air infiltration, and mitigation of moisture-related issues contribute to enhanced living conditions
and occupant well-being. Although social factors do not directly determine structural
performance, their inclusion ensures a comprehensive evaluation that extends beyond purely
technical and economic considerations.

Overall, the selected set of criteria provides a balanced representation of the key factors
influencing facade reconstruction effectiveness under Astana’s climatic conditions. The adopted
classification is consistent with regulatory requirements and ensures practical applicability
within the AHP-based decision-making framework.

RESULTS AND DISCUSSION

To demonstrate the application of the proposed multifactor model, quantitative
optimization results were obtained through an illustrative evaluation of a typical multi-storey
residential building representative of Astana’s housing stock and operating under sharply
continental climatic conditions. The purpose of this illustrative evaluation is to demonstrate the
logical sequence and transparency of the proposed assessment procedure rather than to provide
a detailed project-specific solution, thereby facilitating the potential adaptation of the
methodology to similar residential buildings.

The weighting procedure reflects the prioritization of criteria that are most influential for
facade performance in cold climates, including thermal resistance, material durability, moisture
resistance, and long-term operational efficiency. Economic considerations, such as initial
investment costs and expected operational savings, were incorporated to ensure practical
relevance, while architectural and social criteria were included to account for urban integration
and indoor comfort.
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By explicitly presenting the weighting structure and final synthesis results, the proposed

approach ensures transparency and reproducibility of the decision-making process and enables
a consistent comparison of alternative facade reconstruction strategies under Astana’s climatic
conditions.

Table 1. Pairwise Comparison Matrix for Facade Reconstruction Criteria

Category Technical Economic Architectural Social Weight (w;)
Technical 1 2 3 3 0.45
Economic 1/2 1 2 2 0.25
Architectural 1/3 1/2 1 1 0.15
Social 1/3 1/2 1 1 0.15
Note — compiled by the authors (Baktybayev, 2025)

The pairwise comparison matrix of the main facade reconstruction evaluation criteria was
developed using the Analytic Hierarchy Process (AHP) (Table 1). The relative importance of the
criteria was assessed based on expert judgment using Saaty’s fundamental 1-9 scale, taking into
account the climatic, technical, and operational conditions typical for residential buildings in
Astana.

The comparison results indicate the dominant role of technical criteria, which were
evaluated as moderately to strongly more important than economic, architectural, and social
criteria. This prioritization reflects the critical influence of thermal resistance, durability, and frost
resistance on facade performance under sharply continental climatic conditions. Economic
criteria were assigned moderate importance, while architectural and social criteria received equal
but lower weights, as their impact is primarily indirect in terms of operational efficiency.

The priority vector (wi) was derived from the normalized principal eigenvector of the
comparison matrix, resulting in final weights of 0.45 for technical, 0.25 for economic, and 0.15 for
both architectural and social criteria. The consistency of expert judgments was verified, and the
consistency ratio satisfied the acceptable threshold (CR < 0.10), confirming the reliability of the
weighting procedure.

The obtained weighting structure ensures that the evaluation framework is sensitive to the
most critical performance-related parameters of facade systems operating in cold climates and
enhances the transparency and reproducibility of the decision-making process.

Table 2. Local and global weights of facade reconstruction evaluation criteria

. o Local weight | Global weight
Categor Weight (w; Sub-criteria
8oy ght (W) (S1) (Wi - si)
) Thermal resistance (Ry) 0.60 0.27
Technical 0.45
echnica Durability and frost resistance 0.40 0.18
Economic 0.95 Initial capital inve.stments ' 0.70 0.175
Long-term operational savings 0.30 0.075
Architectural 0.15 Visual quality & urban integration 1.00 0.150
Social 0.15 Indoor thermal comfort 1.00 0.150
Total 1.00 1 1.000
Note — compiled by the authors (Baktybayev, 2025)

For the Architectural and Social categories, a single representative sub-criterion was
considered; therefore, their local weights were set equal to 1.00.
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The weighting structure (Table 2) reflects the relative importance of evaluation criteria
under the climatic and operational conditions of Astana. The dominant weight assigned to
technical criteria (0.45) highlights the critical role of thermal resistance, durability, and frost
resistance in facade performance for residential buildings exposed to severe temperature
fluctuations. These parameters directly influence heat loss, moisture accumulation, and long-
term material degradation, which are key challenges in sharply continental climates.

Economic criteria, assigned a weight of 0.25, represent the necessity to balance technical
effectiveness with financial feasibility. While initial investment costs and long-term operational
savings are important for decision-making, their influence remains secondary to technical
reliability in cold-climate regions. Architectural and social criteria were assigned equal weights
(0.15 each), reflecting their complementary role in facade reconstruction projects, where visual
integration into the urban environment and improvement of indoor comfort contribute to overall
building performance but do not dominate the decision-making process.

This weighting distribution ensures that the proposed multifactor model prioritizes facade
solutions capable of delivering long-term thermal reliability and durability, while still accounting
for economic constraints and user-oriented considerations. Such an approach reflects the realities
of facade reconstruction in cold-climate regions, where insufficient thermal performance can lead
to increased operational costs, accelerated material degradation, and reduced service life of
building envelopes.

Overall, the adopted weighting structure supports the selection of facade reconstruction
solutions that combine technical reliability with acceptable economic performance and
qualitative benefits, which is essential for sustainable residential building modernization under
Astana’s climatic conditions.

To improve the interpretability of the obtained weighting structure, the relative influence
of the main groups of evaluation criteria is illustrated (Figure 2).

I Factor Influence, %
40

35

30
25
20
15
I

Social Factors Architectural Factors Economic Factors Technical Factors

Figure 2. Relative influence of evaluation criteria groups in the multifactor model
Note — compiled by the authors (Baktybayev, 2025)

The distribution of influence among the main evaluation criteria groups within the
proposed multifactor framework (Figure 2). The visualization highlights the relative contribution
of technical, economic, architectural, and social factors to the overall decision-making process in
facade reconstruction projects.

Technical criteria exert the strongest influence on the evaluation outcome. This dominance
reflects the critical importance of thermal resistance, durability, and resistance to freeze-thaw cycles



].-TOM, ].-HOMip, HaypbI3, 2026. ) EKTU JOURNAL OF
Tom 1, Ne 1, mapt 2026. -13 - ARCHITECTURAL AND

CONSTRUCTION SCIENCES
Vol. 1, Issue 1, March 2026.

for facade systems operating under Astana’s sharply continental climate. Economic criteria
represent the second most influential group, indicating the necessity of balancing technical
effectiveness with financial feasibility, particularly in large-scale residential renovation programs.

Architectural and social criteria demonstrate a lower but complementary influence within
the weighting structure. While these factors do not directly determine the physical performance
of facade systems, they contribute to the visual integration of reconstructed buildings into the
urban environment and to improvements in indoor comfort conditions for occupants.

The weighting structure (Figure 2) confirms the rationality of the adopted multifactor
model and supports a balanced decision-making approach that combines technical reliability,
economic feasibility, and qualitative performance aspects. The clear distribution of criterion
influence enhances the transparency and interpretability of the quantitative results obtained
through the AHP-based synthesis.

To further demonstrate the applicability of the proposed model, a comparative evaluation
was performed for two common facade reconstruction alternatives:

- Alternative 1 (Al): Ventilated Facade System (Mineral wool insulation).

- Alternative 2 (A2): External Insulation Finishing System (EIFS / "Wet facade")

Table 3. Final Synthesis of Priorities and Ranking of Alternatives

Category Global Score A1 | Score A2 Weighted Score Weighted Score

Weight (Si1) (Si2) Al (Wi X Si1) A2 (Wi X Sip)
Technical 0.45 0.90 0.70 0.405 0.315
Economic 0.25 0.60 0.85 0.150 0.212
Architectural 0.15 0.80 0.75 0.120 0.112
Social 0.15 0.85 0.80 0.127 0.120
Final priority 1.00 0.802 0.759
Note — compiled by the authors (Baktybayev, 2025)

The results of the final synthesis (Table 3) indicate that Alternative A1l (ventilated facade
system with mineral wool insulation) achieves a higher integral priority value (0.802) compared
to Alternative A2 (EIFS), which scored 0.759. The leading position of Al is primarily driven by
its superior performance in technical criteria, which have the highest global weight in the overall
evaluation. Although Alternative A2 demonstrates stronger economic performance, this
advantage is insufficient to offset its lower technical effectiveness under Astana’s sharply
continental climate.

The obtained ranking remains stable under moderate variations of individual criterion
weights, indicating the robustness of the proposed multifactor evaluation. This confirms that the
preference for Alternative Al is not driven by a single criterion but results from the combined
influence of multiple factors.

The application of the AHP-based multifactor model demonstrates its effectiveness for the
quantitative comparison of facade reconstruction alternatives and provides transparent decision
support applicable to residential buildings operating under comparable climatic conditions.

The obtained weighting structure reflects compliance with national Building Codes of the
Republic of Kazakhstan (SNiP RK) and indicative regional market conditions, reinforcing the
practical relevance of the evaluation results.

Despite the demonstrated effectiveness of the proposed AHP-based multifactor
framework, several limitations of the study should be acknowledged. First, the evaluation was
conducted in an illustrative manner for a typical residential building; therefore, the obtained
results reflect generalized performance trends rather than site-specific conditions. Variations in
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building geometry, construction quality, and operational regimes may affect the relative
performance of facade systems in practice.

Second, the weighting structure of the evaluation criteria is inherently dependent on expert
judgment. Although the Analytic Hierarchy Process includes consistency verification to ensure
logical coherence, the resulting weights may vary when alternative expert groups or decision-
makers are involved. This characteristic reflects the contextual nature of facade reconstruction
decisions influenced by regional priorities, regulatory requirements, and stakeholder
preferences.

Third, the assessment does not explicitly incorporate long-term degradation processes
such as material aging, prolonged moisture exposure, or changes in thermal properties over time.
While durability and frost resistance were considered within the technical criteria, a more
detailed life-cycle-oriented modeling could further enhance the robustness of the evaluation.

The analysis focuses on a limited set of commonly used facade reconstruction alternatives.
The inclusion of additional facade technologies, such as hybrid or adaptive systems, could
influence the final ranking and provide a broader basis for comparison. These limitations
highlight opportunities for further refinement and expansion of the proposed framework rather
than undermining its applicability.

CONCLUSION

This study developed and applied a multifactor evaluation framework based on the
Analytic Hierarchy Process to assess facade reconstruction alternatives for residential buildings
operating under the sharply continental climatic conditions of Astana. The proposed
methodology enables a transparent and structured comparison of reconstruction solutions by
integrating technical, economic, architectural, and social criteria into a unified decision-making
model. Such an approach allows for the systematic consideration of multiple, often competing,
factors that influence the long-term performance and feasibility of facade modernization projects.

The results of the final synthesis demonstrate that the ventilated facade system with
mineral wool insulation achieved a higher integral priority compared to the External Insulation
Finishing System (EIFS). This outcome is primarily driven by the dominant influence of technical
criteria, particularly thermal resistance and durability under repeated freeze—thaw cycles, which
are critical for facade performance in cold-climate regions. Although the EIFS alternative exhibits
advantages in terms of lower initial investment costs, these economic benefits are insufficient to
compensate for its comparatively lower technical effectiveness and long-term reliability under
severe climatic conditions.

The obtained results confirm that facade reconstruction strategies in Astana should prioritize
solutions that combine high thermal reliability, resistance to climatic impacts, and adequate
economic performance over the building life cycle. The emphasis on technical robustness is
especially important given the long heating season, significant temperature fluctuations, and
moisture-related challenges characteristic of the region. At the same time, the inclusion of
architectural and social criteria ensures that facade reconstruction decisions contribute not only to
energy efficiency but also to improved urban aesthetics and indoor comfort.

The proposed AHP-based multifactor framework demonstrates practical applicability for
housing modernization programs and can support informed decision-making at both the design
and planning stages. Its flexible structure allows adaptation to local regulatory requirements,
material availability, and market conditions, making it suitable for broader application in
residential building renovation projects across regions with similar climatic characteristics. By
providing a transparent basis for comparing alternative facade solutions, the framework can help
reduce the risk of suboptimal technical choices driven solely by short-term economic
considerations.
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Despite the demonstrated effectiveness of the proposed approach, several limitations
should be acknowledged. The evaluation was conducted in an illustrative manner for a typical
residential building, which implies that the results reflect generalized performance trends rather
than site-specific conditions. In addition, the weighting structure of the criteria depends on expert
judgment, which may vary depending on stakeholder priorities and regional contexts. Future
research may focus on expanding the set of considered facade systems, incorporating life-cycle
assessment indicators related to embodied energy and environmental impact, and integrating
digital tools such as Building Information Modeling to enhance the predictive and analytical
capabilities of the proposed framework.
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THE EFFECT OF SODIUM SULFONATE ADDITION ON
NON-AUTOCLAVED AERATED CONCRETE

H.M. bekkaamnes
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Karouessie caoBa:

AHHOTAIIVST

l'azobetoH, cyapdoHat
HaTpW:I, HeaBTOK/1aBHOe
TBepAeHNe, aAIOMIHMEeBast
IIyApa, s9eucrast

CTPYKTYypa.

B aanHOI paboTe mccaeAylOTCsI OCOOEHHOCTU IIOAYYE€HUsI HeaBTO-
KAaBHOTO Ta3oDeTOHa C JoOaBAeHMeM CyAbpOHAT HATPUA, UCIIOAB-
3yeMOro Aas crabmamsanum ra3ooOpa3oBaHUsA B COCTaBe CMeECIH.
PaccMOTpeHBI XMMHUYECKIe MeXaHM3MBI Ia3000pa3oBaHNMs, a TaKXKe
BAMSHIE IIOBEPXHOCTHO-aKTUBHON Jo0aBKuM Ha (¢opMUpOBaHIe
CTPYKTypBl Marepmuada. OlpejeseHsl OITUMaAbHBIE AO3UPOBKU B
3aBUCHMOCTU OT IIPOEKTUPYeMOIl ITAOTHOCTU U3AeAUN. DKCIepn-
MEHTaABHO II0KA3aHO, YTO MCIIOAb30BaHUE CyAb(OHAT HATpuUs
CIIOCOOCTBYeT IIOBBIIIIEHNIO IPOYHOCTM ¥ CHICKEHUIO ILAOTHOCTU
razob0eToHa IIpU OTKa3e OT aBTOKAaBHOI 00pabOTKM.

Tyiinai cesaep:

TYNIHAEME

lazaaaran GeToH, HaTpuUIt
cyAbOHATHI,
aBTOKJaBTaAMaraH KaTalo,
aAIOMUHUI YHTaFb,
KEYeKTi KYPBLABIM.

bya o>xyMpIcTa Kocmajafrsl KeOiK Ty3ydl TypakTaHABIPY VIIiH
KO/JaHbLAaTHH HaTPUI CyAb(POHATHIH KOCY apKBIABI aBTOKAaBTaAMaraH
razgaaraH OETOHABI aAy epeKIneaikTepi KapacTeippiaaast. a3 Tysiayaig
XMMMVAABIK MeXaHU3MAepi, COHBIMEH KaTap OeTTiK-OeaceHAi KOCIIaHbIH
MaTepraa KYPBIABIMBIHBIH KaABIIITaCyblHa ocCepi KapacTBIpBLAAaJBbl.
OHraiasl go3alap ©HIMHIH >KOOa/JaHFaH THIFBI3ABIFBIHA OaliAaHBICTHI
aHBIKTaZaAbl. ABTOKAaBTBI ©HJAEyJeH ayJakK OoJFaH Ke3ge HaTpWMii
cyapOHATBIH KOAJaHy Ta3jaiAfaH OeTOHHBIH OepiKTiriHiH >KOFapbI-
AayblHa >KoHe TBIFBI3ABIFBIHBIH TOMEH/EyiHe BIKIIaA eTeTiHi DKcIepu-
MEHTaAAbl TYpA€e KOPCeTiAreH.

Keywords:

ABSTRACT

Aerated concrete,
sodium sulfonate,
non-autoclave hardening,
aluminum powder,
cellular structure.

This study investigates the features of producing non-autoclaved
aerated concrete with the addition of sodium sulfonate, used to stabilize
foam formation in the mixture. The chemical mechanisms of gas
generation and the effect of the surfactant additive on the formation of
the material’s structure are examined. Optimal dosages are determined
depending on the designed density of the products. Experimental results
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show that the use of sodium sulfonate contributes to increased strength
and reduced density of aerated concrete while eliminating the need for
autoclave treatment.

BBEAEHUE

SIdencTrie OETOHBI CUMTAIOTCSI OAHMMU U3 Hamboaee BOCTpeOOBAHHBIX MaTepUalOB B
COBpEMEHHOM CTPOUTEALCTBe Oaarogapsl MX MalAOMy YA€ABHOMY BeCy, BBICOKUM TeIA0M30-
AAIIVIOHHBIM CBOVICTBaM U yAoBAeTsopurteabHoil mpounoctu (Lukpanov R n ap., 2024). Cpean
PasHOBUAHOCTEN JaHHBIX MaTepyualoB OCODOe 3HaueHUe IMeeT HeaBTOKAaBHBIN Ta3o0eToH,
TeXHOAOIMS POU3BOACTBA KOTOPOTO He TpeOyeT CAOXKHOTO M JOPOTOCTOSIIEr0 aBTOKAaBHOIO
obopyaosanus (Lukpanov R n ap., 2024).

OAHOI 13 KAIOYEBBIX TEXHOAOTMUECKMX IPOo0.1eM Ipy IPOU3BOACTBE TaKOTO MaTepmada
OCTa€TCsl CTaOMAM3alVA Ta30BOI CTPYKTYPHI B IIpoliecce TBepAeHsL. DPpPeKTUBHBIM pellleHNeM B
AAHHOM HaIIpaBJ€HUN SIBAAETCSI UCIIO/Ab30BaHMe CyAbQOHAT HaTpus — aHMoHHOro ITAB, crioco6-
CTBYIOILIETO cI)opMMPOBaHMIo paBHOMEPHOI YEVCTOM CTPYKTYPhI (Rahman, Islam & Hoque, 2015).

Ha mpaxTnke B pernenTypbl HeaBTOKAaBHOTO Ta3o0eTOHa HepeiKO BBOAAT MOAMQPUIIN-
pymomue 400aBKu. B 1x urcae ocoOeHHO ITepCreKTUBHEBIM ABAseTCs cyAbdoHaT HaTpus (Na—-SOs-
COeAVHEHNST), BHIIIOAHAIOIINI OAHOBPEMEHHO (PYHKIIUY IIOBEPXHOCTHO-aKTMBHOTO KOMIIOHEHTa,
rnaacTuduKaTopa U peryAaropa CTpyKTypBl IIOp.

MATEPUAABI U METOABI NCCAEAOBAHUS

Marepuaabl 1 cocTaBbl

B kauecTBe OCHOBHOTO Ta3000pa3yIOIero KOMIIOHeHTa B MCCAeA0BaHMAX MpPUMeHsAAach
TOHKOAMCIepCcHas aaloMuHMesas nyapa mapku ITAK-3, xapakTtepusyiomiascs BBICOKON peak-
LVIOHHOV CITOCOOHOCTBIO B ITIEA0YHO Cpese IIeMEeHTHOTO TecTa 1 00ecIIednBaoIias CTabUABHOe
BBIA€/€eHIe Ta3000pa3HOTO BO40POJa IIPU B3aUMOAEMCTBUN C ITMAPOKCUAOM KaAbIIVL.

B xauecTBe BsKy11lero ObL1 1CII0Ab30BaH NopTAaHarieMeHT Mapku M500. B kauectse Meakoro
3aroAHUTeAs] ObLA IIPMMEHEH KBaplIeBblil IIecOK C pazMepoM dacTull He 6oaee 2,5 mm (Ilecok aas
crpouteabHbIx pabot. Texumueckme ycaosus. 2014). B kadectse xmmumdeckoit 400aBKM ObLa
MCII0AB30BaH HAaTPUEBBIIT CyAb(POHAT, KOTOPEIN BBoguAcs B koandectse 0,05; 0,10; 0,15; 0,20 1 0,25 %
OT Macchl IleMeHTa. BogoriemenTHOe oTHOImeHMe (B/LI) OBLAO HIPUHSITO ITOCTOSHHBIM AASL BCEX
coctaBop M coctaBasiao 0,45. Aas Kakaoil 4031 400aBKM OBLAO M3TOTOBAEHO He MeHee TPEX
apaAAeAbHBIX 00pasIioB 4451 MCIIBITAHNST IIPOYHOCTY U TPEX — AAs1 VICTIBITAHNS Ha ICTUPAeMOCTb.

DKCIIepUMeHTaAbHBIE VCIBITAHUSA MPOBOAUAUCE C IIeABI0 OLIeHKN »(PPeKTUBHOCTU
IIpUMeHeHNsI CyAb¢oHaTa HaTPMsI B COCTaBe HeaBTOKAaBHOIO Ta3o0eTOHa M OIlpejeleHNs ero
BAUAHMSA Ha IIPOYHOCTHBIE M 9KCIIAyaTallMIOHHBIe XapakTepucTuku Martepmada. OcHOBHOe
BHIMaHIE B XOJe McCAelOBaHUI OBIA0 yAeAeHO M3MEHEeHMIO IPOYHOCTU IIpU CXKaTUM U
IIOKa3aTeJell MCTUPaeMOCTH B 3aBMICMOCTY OT BBeAeHM:I 400aBKU.

ITpurorosaenune cmeceit

[Tporopriny KOMITOHEHTOB OBLAY PacCUNTAHBI Ha OAVH 3aMecC, ICXOAS 113 MacChl IIEMEHTa,
mecka u BoAbl. HaTpuessiil cyabdoHAT IpeaBapUTeABHO OBLA PAacTBOPEH B YacTU BOABI
3aTBOpEeHUs], IOcJe Yero IIOAYYeHHBI pacTBop Obla AoOaBaeH K ocHOBHOI Boge. Cyxue
KOMITIOHEHTHI OBIAM IIepeMellaHbl B 1abopaTOpHOM cMecuTede B TedeHne 60-90 cekyHA, 3aTeM
Ob11 BBeAEH pacTBOp CyAbdoHaTa I IepeMelnBaHne ObL10 POAOAXKEHO eIlé 2—3 MUHYTH A0
IoAy4eHus OAHOpPOJHOV KoHcucreHnuu. Ilocae sroro Oplaa 3adukcupoBaHa TeMIlepaTypa
cMecu 1 o0IIlee BpeMsI 3aMeca.

®opmosaHme 06pa3oB

Ob6pasupl A4 UcCHbITaHWI OblAM CcPOPMOBAHEI B MeTalaudeckue (GOPMBI pazMepoM
100x100%x100 MM (aas mpounoctn) u 70x70x40 mm (445 uctupaemoctu). CMmecsh Oblaa yaokeHa B
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¢opMsI B 0AMH-ABa CA0s C A6TKMM YIIAOTHEHMEM INTHIKOBaHMeM Oe3 Bubpanuu. [ToBepXHOCTD
Obl1a BBIpOBHEHa INIIaTeAEeM, IIOCAe 4ero (POPMBI OBIAM YKPBITHI ITOAMDTUAEHOBOI IIAEHKON U
BBIAeP>KaHHI 24 + 4 gaca mpu Temnieparype (20 + 2) °C.

TsBepaenne

Uepes 24-48 vacos Oblaa mpoBeAeHa pacraayoOka oOpasnos. OTHOCHTeABHAs! BAAXKHOCTb
BO34yXa Ha yposHe He HIDKe 50 % ObL1a IIpUHSATA C LIeABIO O0ecIIede s HOpMaAbHOTO ITPOTeKaHIs
MPOLIeCCOB TUApaTallM IleMeHTa B YCAOBMAX ecTecTBeHHOro TeepJeHus. IIpu Ooaee Huskoit
BAa’KHOCTM ITPOVICXOAUT MHTEHCHBHOe JVICIIapeHMe BAary C IOBEPXHOCTY OOpPaslioB, YTO MOXKeT
HIPUBOANTS K IIpe>KAeBpeMeHHOMY BBICBIXaHIIO IIeMEeHTHOTO KaMHs1, HapyIIeHo (pOpMUPOBaHIAs
IMApaTallMIOHHBIX HOBOOOpa3oBaHMII U IOSIBAEHUIO yCasO4dHBIX MUKpoTpemmuH. IToasepskanue
OTHOCUTEABHOI BAa>KHOCTU He Hirke 50 % I03BOAsSeT COXPaHMTD B CHCTEME AOCTaTOYHOEe KOAU-
4ecTBO CBOOOAHOI BOAbI, HEOOXOAMMOI A5l IPOTeKaHMs IMApaTallIOHHBIX peaKluii B paHHUe U
rocJeAyIomiye CpOK! TBepAeHNsA. DTO OCODeHHO Ba’kHO AAs HeaBTOKJAaBHOTO TIa3o0eToHa,
00.4a4aI0I11ero pa3BUTON ITOPYCTO CTPYKTYPOIL U IOBBIIIIEHHO CKAOHHOCTBIO K ITIOTepe BAATM.

Takum obOpasoM, BbIOpaHHbBIe yCAOBUs TBepdeHus (Temmepartypa 20-25 °C m oTHOCH-
TeAbHas BAaXKHOCTb He HIrKe 50 %) obecriedmBalOT BOCIIPOU3BOAVIMOCTDL DKCIIEPUMEHTAABHBIX
pe3yAbTaTOB 1 COOTBETCTBYIOT YCAOBMAM HOPMaABHOTO TBEPAEHM: [IeMEeHTHBIX MaTepuaAoB.

Venpitanne Ha IPOYHOCTD PY CKaTUN

Menpitannsa Ha MPOYHOCTDL IPU CKaTuM ObLAY IIPOBeJeHbI Ha 28-e CyTKM B COOTBETCTBUM C
Tpebosanmsamu I'OCT 10180-2012. B xauecTe 060pyA0BaHMsI OblA UCIIOAB30BaH TMAPaBANIECKII
npecc ¢ guanazoHoM Harpysku 40 1000 xH. Ilepea ucrnpiTaHnem moBepxXHOCTY 0OpaslioB ObLAU
OUNIIleHBI, TeoMeTpMdecKye pazMeprl Obpiam u3MepeHpl. Harpyska mpmkaagsibalach c
rocTostHHOM ckopoctsio 0,5-0,8 MIla/c 40 paspyenns obpasLa.

WcmpiTanne Ha MCTUpPaeMOCTh

WcnpiTanus Ha MCTUMpaeMOCTh Oblam BhIoAHeHBI coraacHo I'OCT 13087-2018 (metog,
beme). Aast ycnipiTaHMii OBLAM MCIOAB30BaHBI 00pas1isl pasmepoM 70x70x40 mm. IToBepXHOCTBH
00pas110B Obl1a ITOATOTOB1€HA B COOTBETCTBUM CO CTaHAAPTOM. B paboTe 6511 TpuMeHEH TpUOOP
beme — Bpamarommiics Auck ¢ abpas3nsoM (Ksap1iesbii rmecok ¢ppaxrun 0,5-1,0 mm). Harpyska
coctaBasiaa okoao 294 H (30 xrc). VicnpitaHus OblayM IpoOBeAeHBl IPM CTaHAAPTHOM 4YHCAe
ABOJHBIX XOJOB, COTAacHO TpeOOBaHMAM HOPMaTHUBHOM AokyMeHTaumuu. Ilocae 3apepiieHns
MCIBITaHMI OOpasnsl OBIAM OYMINEHB M BBICyIIeHBI IIpm Temmepatype (105 + 5) °C ao
IOCTOSIHHOV MacChI.

PesyabTaThl MCHIBITaHMII MOTYT OBITH BBIpa’kKeHBI depe3 IOTepI0 Macchl Am (r) u/man
00péMHOe mctupanne AV = Am/o (cM®), mepecunTaHHbIe Ha VCIIBITAHHYIO ITOBEPXHOCTH. /s
KaXkA011 cepun OBIAO OIpeeleHO cpelHee 3HaueHMe (n > 3).

3aBUCHMOCTH IIPOYHOCTH Ta300eTOHa OT JO3MPOBKM CyAb(POHAT HATPIs

JobasaeHne cyabpdoHaTa HaTpHsl OKasblBaeT 3HaUMTeAbHOEe BAVIAHME Ha KauyecTBO CTPYK-
TYpBI IIOp, UTO, B CBOIO OYepeAb, CKasblBaeTCsl Ha KOHEUHOI IIPOYHOCTU MaTepuada (Taba. 1). brao
cAesaHO HabAIOJeHIe, YTO CyIlecTByeT ONTHMaAbHas 30Ha AO3MPOBKU A00aBKU: IpU HeJ0CTa-
TOYHOM KoamdecTBe BPQPeKT CcTabmamsanyy razoodpa3oBaHNs BhIpaXKeHBI €Aa00, Torza Kak
M30BITOK IIPUBOAUT K YXYAIIEHNIO IIPOYHOCTH 13-3a YPe3MePHOro 00pa3oBaHIsI MEAKNX ITOP.

OcHOBHBIE KOMIIOHEHTHI CMeCH:

¢ [lIopraanauiement M500 — ocHOBHOM BSDKYILIMII MaTepmaa (Iipeded IPOYHOCTM Ha
coxatne 42-50 MIla) (Lukpanov, R.E. u ap. 2021).

* KBap11eBblif ITeCOK — 3aII0AHNTEAb ¢ cogepkaaneM SiO2 He meHee 90 %;

* AatoMmuHMeBast IyJpa — ra3oo0pasoBaTeab CO cpeAHelt akTusHOCTBIO 90-95 % (Sabitov,
Y.Y. n ap.2021)

*Boga — cootsercrByer TpeGosanmsim I'OCT PK 13263-2015 Ha mutheByio Bogy (Boaa
nuThepas. [ urneHmaeckne TpeboBaHMs U KOHTPOAb KadecTsa, 2015).
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* CyasdonaT HaTpus — 400aBKa, CTaOMAN3UPYIOLIAs Ta30Bble IIOPHI, ¢ GOPMYAOIL:
C_nH_{2n+1}-C_6H_4-SO_3Na, \ quad n=10\text{-}14 \ (Rahman, Islam & Hoque, 2015).

ITpumep penentyps (Ha 1 M3 razobeToHa):

¢ [Topraanauement M500 — 250 kr

* Ksapuesbiit ntecok — 500 kr

*Boga —250 2

¢ AatomuHuesas nyapa — 0,06-0,08 kr

* Cyap¢onat Hatpus — 0,5-1,0 kr

B x04e ®KcIIepuMeHTOB OBI10 YCTAaHOBAEHO, UTO BBedeHne cyabdpoHaTa Hatpusa (R-SOsNa,
rae R mpeacraBaser coboil opraHMYecKmil paduKad) CIIOCOOCTBYeT paBHOMEpPHOMY paclipeje-
AE€HUIO Ta30BbIX ITY3BIPHKOB B Macce CMeCH. DTO AOCTUTAeTCs 3a CUET CHVDKEHIISI IIOBEPXHOCTHOTO
HaTSDKEHUSA BOABL, UTO yAydYIllaeT IL1aCTMYHOCTh COCTaBa M CIIOCOOCTBYeT (OPMUPOBAHUIO
OAHOPOAHON IIOPUCTOV CTPYKTYPBI.

Poab cyapdoHaT HaTpus B CTaOMAM3AIINN Fa3000pa30BaHIA

Xumnueckas GpopMyaa TUIIMIHOTO AMHETHOTO aAKIAOeH301cyAbdpoHaTa HATPIL:

CnHon+1-CsHs—SOsNa

rae: n oOpraHO Bapbupyetcs or 10 40 14 (yraepoaHbiii cKeaeT «XBOCTa» MOAEKYABI).
ITpu g00aBaeHNM B BOAHYIO CyCIIeH3UIO CyAb(OHAT HATPUSI AVICCOLIUUPYET:

R-SOsNa—R-SOs—+Na+ 1)

rae: R — yraesozopoaHas 4acTh MOAEKYABI,
SO3- - cyabdoHaT-aHIOH,
Na+ — naTpuit-KkaTnon
B xoae anaamnsa Op1410 cAe4aHO BBRICHEHNE MeXaHU3Ma AeVICTBUS A400aBKI:
— a"MOHHbIe Tpynnsl SO3” MPOSIBAAIOT BBICOKYIO ITOBEPXHOCTHYIO aKTUMBHOCTE;
— OHU aaCOpOMPYIOTCA Ha ITOBEPXHOCTHU Iy3HIPHKOB BEIAAAIONIETOC BOAOPOAa;
—3a CY€T HTOIO CO34aETCsI DAKTPOCTaTUIECKIIT Oapbep, MPeIsITCTBYIOINIL X CAUTIaHUIO;
— B peayabTaTe OBLAO CcAeaaHO POPMUPOBAHME YCTONYMBON CTPYKTYPHI, 0ODecrednsaoniei
paBHOMepHOe pacIpejeleHne ra30BbIX I0p.
Taxmm 0OpasoM, IOATBEPKAEHO BAUsHIE CyAb(OHaTa HaTpUs Ha IOBBIIIeHNe CTabnab-
HOCTM Ta3oBOM (pa3bl B CMeCH, UTO CIIOCOOCTByeT OOpa30BaHMIO pPaBHOMEPHON S4eMCTON
CTPYKTYPHI M Ha IIPOYHOCTHEIE XapaKTePUCTUKY HeaBTOKAaBHOTO ra3o0eToHa.

TaGamnza 1. 3aBMCcHMOCTD ra300€TOHa OT 403MPOBKY CyAb(POHATOM HaTpILs

Jo3uposKa cyanpOHAT HaTPULST ITpounocts Ha cxaTue
ITpumeuanne
OT Macchl IleMeHTa (%) uepes 28 cytok (MIla)
0 % (Ge3 a00aBKM) 1,5-2,0 basosp1i1 ypoBeHb
0,05 % 2,0-2,2 HeGoab1oe nossliieHe
0,10 % 2,3-2,5 OnTtumaapHOe yAydIIeHue CTPYKTYPHI
0,12 % 2,5-2,7 MakcuMaAbHBII IT0A0XKUTEABHBIT 9 deKT
0,15 % 2,4-2,6 /lérkoe CHIDKeHMe 113-3a ITepeyIIA0THeHIS
0,20 % 2,0-2,2 CrpyKTypa yXyAlllaeTcs], lepeyBAa’kHeHne
Ipumeuariue — cocmagaeno asmopom Ha 0cHoee OAHHLIX no pesyAbmamam uccaedosarutl (bexkaruesa H.M.,
2025)

B xosze mposea€HHBIX MccaeioBaHMII Oblia ycTaHOBAeHa, DPPEKTMBHOCTh AO3MPOBKU
cyapdonaroMm Hatpus B npedeaax 0,10-0,15 % ot maccer niemenTa (betons! saencrrre. OOrme
TexHmdeckne ycaosyst, 2009), (ITopTraaHalieMeHT M IIAaKONOpTAaHAIIeMeHT. TexHudeckue
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ycaosus, 1985). Bbla0 BBISIBAEHO, UTO BBeJeHMe A00aBKU B YKa3aHHBIX IIpejelax CIIOCOOCTBYeT
IOBHIIIEHNIO ITPOYHOCTU MaTepmada Ha 15-25 % 1o cpaBHEHMIO C KOHTPOABHOI CMechio Oe3
MoaudukaTopa.

IIpyn mpeBblIeHNN ONTHMMAALHOIO COAep KaHM:A CyAbQoHaTa HaTpusl OBLAO cAeaaHO
HabAIOAeHNe YXYAIIeHNsI CTPYKTYpPhl ra3o0eTOHa, YTO OOBSCHSAETCS HeCTaOMABHBIM BCITYdN-
BaHIEM U IlepeyBAa’KHEeHIEM Macchl B IIpoliecce ra3oo0paszosanus. [IpnveneHnne ganHoit 400aB-
K11 OBLA0 cAeAaHoO C 11eabIo odecriedeHns1 popMuposaHus 601ee O4HOPOAHOI U IIPOYHON CTPYK-
Typhl, 00JAajaloIiell yAy4IIeHHBIMM TeIlAOM3O0AAIIMOHHBIMI CBOVICTBAMM. DTO AOCTUIAeTCs
6aarogaps crabuamnsanyuy BOAOPOAHBIX IIy3BIPHKOB, 00Pa3yIomMXCs IIPpK peaKkIiuu aaloMIHIe-
BOJI ITy APBI C TUAPOKCUAOM KaAbIIVsI, YTO CIIOCOOCTBYET paBHOMEPHOMY pacIipeeAeHNUIO IIop 110
00péMy MaTepmasaa. IIpouyHOCTh HeaBTOKJAABHOTO ra3o0eTOHa 3aBucela OT COAepP KaHIA
cyabdoHarta HaTpusA U gocturala mMakcumyma npu 0,12 % or Maccel BSKyILEro, 4yro obecrie-
91BaA0 POCT IIPOYHOCTH Ha cKatue Ha 18-20 % 1o cpaBHeHMIO ¢ KOHTPOABHLIMI OOpa3LIaMI.

YcraHOBAEHO, 4TO yAydllleHHas! cTabmAm3anus ra3oo0pasosanis Oblaa cleadaHa PaKTo-
POM, cIIocoOCTBYIOIUM (POPMUPOBAHUIO pPaBHOMEPHOI IIOPVUICTOCTY, B pe3yAbTaTe 4ero Kosg-
¢uument tenaonposoiHocT MaTepuada cHypkaercs Ha 10-15 % 1o cpaBHeHMIO ¢ Ga30BBIM
COCTaBOM.

PE3YAbTATBI M1 X OBCYKAEHUE

B pamkax 4elicTByIOIero IPOM3BOACTBEHHOTO IIpolecca Ha mnpeanpusatun TOO
«BatysStroyEngineering» B TeXxHOAOIMYeCcKylO cxeMy HIPUIOTOBAEHM: Ta300eTOHHONM cMecu C
pacuétHol1 naoTHOCTEI0 D700 65110 BHeApeHO MCIIOAb30BaHNe CyAb(oHaTa HaTPUA B KauecTse
yCKOpHUTeAs! TBepAeHNs U CTPYKTypooOpasyiomeil 400aBku. 11peaaosxeHo BBoguUTh cyabpoHaT
HaTpM: HETIOCPeACTBEHHO B CyXyIO KOMITOHEHTHYIO CMeCh.

Aas olpeje/eHUsT CTEIIEHN BAVISIHUS AAaHHON A00aBKU Ha (PU3NMKO-MexaHNJYecK1e CBOTi-
CTBa MaTepuada OblA IPOBEeAEH HKCIIEPUMEHT, B XO4e KOTOPOIO BapbMPOBaA0Ch KOAUIECTBO
cyasdonara HaTpus oT 0% 40 0,15 % ot macchl neMeHTa. KOHTPOABHBIM 0Opas3lioM CAYKMA
cocras I'bl Ges ao0aBkm, Torda kak oOpasnosl I'b2, I3 u I'b4 coseprkaam coOTBETCTByIOIIee
KOAMYECTBO CyAbgoHaTa HaTpus. Bece cocraBbl ObLAYM M3rOTOBAEHEI IIPU PACIETHON IIAOTHOCTH
D700.

PexomeHAyeMoe KOAMYIECTBO CyAb(POHaTa HaTpUsA OBLAO CAeAaHO YTOYHEHMEM C YIETOM
3a4aHHO IIAOTHOCTY KOHEYHOTO poaykra (beToHsr saencriie. OOmine TeXHUYeCKue yCAOBNA,
2009), uTo IpeacTaBAeHO B Ta0AuIax 2 u 3.

Ta6amuna 2. ITo Br160pY 403UpOBKHU cyAbPOHAT HATPUS

TpeOyemas PexomeHngyeMas 4031pOBKa
ILAOTHOCTD cyaboHaT HaTpuUs IMpumevanms
razobetoHa (Kr/m>3) (% ot Maccel 11leMeHTa)
MakcuMaabHO AETKMe WU TEeIAOU30ASIIMOHHbIE
300-400 0,12-0,15
6.10Ku, TpebyeTcs cTabnuabHOe ra3oo0pa3oBaHye
CreHoBble ©OAOKM €  XOpoIIMM  ©OaaaHCOM
400-500 0,10-0,12 P
IIPOYHOCTH M TEILAOIPOBOAHOCTH.
Boaee mnaotHble ©OAOKM A4S IIEPETOPOAOK U
500-600 0,08-0,10 perop
HECYIIUX CTeH B Ma103Ta>KHOM CTPOUTEABCTBE.
Ycnaennele 040KM € aKIIeHTOM Ha IIPOYHOCTD,
600-700 0,05-0,08 p '
MeHbIIIee ra3000pa3oBaHIe.
700 0-0.05 KOHCTpYKITMOHHBIN sueucThIil OeTOH, cyAbdoHaT
! MO>KET OBITh He Hy>KeH.
[Ipumeuanue — cocmasreHo agmopom Ha ocHoge JaHHLLX 1o pesyrvmamam uccaedosanuil (bekkaruesa
H.M., 2025)
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M3 tabauiel BUAHO, YTO peKOMeHAyeMas AO3MpPOBKa CyaAbdoOHaTa HATPUS 3aBUCUT OT
OAOTHOCTU raszoberoHa. Aast Haubosee A€rkmx 040koB ¢ 1maoTHOcThi0  300-400 xr/m3
onTuMaabHass Ao3uposka cocrasasieT 0,12-0,15% oT Maccel IjeMeHTa, 4TO oOOecIiednBaeT
cTabn/AbpHOe razoo0pa3oBaHINe U BBICOKYIO Teraomsoasnuio. [Tpu yBeandeHUM IAOTHOCTU AO
400-500 xr/m® ao3uposka cHikaercsa 40 0,10-0,12 %, Tax xak 1110THbIe OA0KYU TPeOYIOT MeHbIIIee
KOAMYECTBO ra3oo0pa3oBaTeas AAs MOAJep>KaHNUs PaBHOMEPHON CTPYKTypHl. Taknum obpaszom,
CYIIIeCTBYeT IIpsIMasl 3aBUCUMOCTD: 4YeM HIIKe IIIOTHOCTB, TeM BBIIIE pacxoA CyAbgpoHaTa HaTpus
AAsI COXpaHeHV s Ka4eCTBEHHO IIOPMCTON CTPYKTYPBI.

Tabawza 3. VIzMeHeHNe cBOIICTB Ta300eTOHa IIpU BBe AEHNU
MOANPUIIMPYIOIIeN 400aBKI

. INoka3zarenu 6e3 Ioxasaremu N
CBoiicTBO M3menenune N KommenTapuii
J00aBKH ¢ 106aBKOI
[NoBbIICHNE TIIACTHYHOCTH
14-16 cm 1o
[InacTu4HOCTE CMECH YBenuuuBaercs 17-19 em yiyqnraetr popMyeMocTb U
ocajke KOHyca
OJIHOPOJHOCTh CMECH.
Bbonee crabunbHas u
Pa3smep nop Pasmep nop | omHOponHAs CTpyKTypa Hop 3a
1,2-1,8 mm 0,8-1,2 Mmm cuéT cTabMIM3aun
ra3zoo0pa3oBaHus
Marepuai cTaHOBUTCS JIerde,
MOBBIIIAETCS
TEIIOM30JILIMOHHAS
CIIOCOOHOCTD.
YnnoTHeHUE CTPYKTYpHI U
[Ipounocts [loBpiIaercs YIydIlEeHHE CBA3EH MEXIy
o 2,8-3,0 3,1-33
Ha cxarue, MIla (~5-10 %) HOBOOOPA30BaHUSIMU
LIEMEHTHOTO KaMHSI.
CHmKeHHe IUIOTHOCTH U
TerutonpoBoIHOCTH JIydIIeHHEe PaBHOMEPHOCTH
TPOBOAHOCTD, VMeHbImaeTes 0,135-0,145 0,115-0,125 | Y% P P
Bt/(M-°C) MOp YMEHBIIIaeT
TETIIOIPOBOAHOCTb.
[ToBbIlIEHHE OTKPHITOM
Bononornounienue, Hemuoro 3234 3537 TTOPUCTOCTH CIIOCOOCTBYET
% 1o macce YBEINYUBACTCS HE3HAYUTEIILHOMY POCTY
BOJIOTIOTJIOLIECHHSI.

ITpumeuariue — cocmasaero agmopom Ha octose danHolx 1o pesyrvmamam uccaedosanuil (bexxaruesa H.M., 2025)

PaBHOMepHOCTH ITOP IloBbImaercst

OObeMHas Macca, Kr/m? CHmkaercs 580600 520-540

IIpn cHmxeHMm TpeOyeMOIl IAOTHOCTM ra3o0eTOHa BO3pacTaeT HEOOXOAMMOCTD B yCHU-
AE€HHOI cTabnan3sanuy ra3osoii (passl, YTO TpedyeT yBeAnueHNs 4031 POBKI CyAbPOHAT HATPHA.

AAasl cOCTaBOB C IIOBBIIIEHHOV IIAOTHOCTBIO (Doaee 600 kr/m3) upesmepHoe razoo0pa-
30BaHIe HeXXelaTeAbHO, II09TOMY KOAMYECTBO 400aBKM A0A5KHO OBITh MIHIMAaAbBHBIM.

Tabamiza 4. CocraBbl Ta300€TOHHBIX MCCAeAyeMBIX 00pa3IioB C CyAb(POHATOM HaTpLs

No cocraBa
KomrtoneHThI —

I'B1 (110 3aBOACKOVI TEXHOAOTU) I'b2 | b3 | I'b4 | I'b5
ITecok, kr 403 403 | 403 | 403 | 403
ITeMeHT, KT 310 310 | 310 | 310 | 310
Boaa, 2 260 260 | 260 | 260 | 260
Kaycruueckas coga,xr 3 3 3 3 3
Aa1OMMHMeBa IIyapa, TP 550 550 | 550 | 550 | 550
Cogep>kanne cyabdoHaTa HaTpus, % 0 0,05 | 0,10 | 0,15 | 0,20
Ipumeuariue — cocmasrero asmopom Ha ocHoee danHuvix no pesyrvmamam uccaedosanuti (bexxaruesa H.M., 2025)
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D¢PpPexkTUBHOCTh MOAYIEHNS OAHOPOAHON CTPYKTYPHI 3aBUCUT He TOABKO OT TOYHOTIO
AO3UpOBaHMsl CyAb(OHAT HATPMsI, HO M OT KOPPEKTHOIO COOTHOIIEHMS TIa3000pa3yIOIiero
KOMIIOHeHTa — aAIOMIHNEeBOI Iyapsl (puc. 1).

3aBHCHIMOCTE MPOYHOCTH razofeToHa oT CoaepAaHHA cynbd)ona'r HaTpHS

29 5%
¢ 24 24
E
a 21
a 11
E 18 21
&
g 17
SR F 7
15
100 0.05 0.10 0.15 0.20
JoznpoBra cyabporaTa HaTpus ( %0 0T Macchl HeMeHTa)

Pucynox 1. I'padmk 3aBuCHMOCTY ITPOYHOCTY ra300eToHa
OT CoAep>KaHus CyAb(POHAT HATPUS
Ipumeuariue — cocmasAero amopom Ha ocHose daHHvlx no pesyrvmamam uccaedosanuu (bexkaruesa
H.M., 2025)

MakcnMaabpHast IPOYHOCTh A0CTUTAeTCs Ipu A03uposke okoao 0,10-0,15 %.

Bce cpaBHIMTe 1BHEIE ICIIBITAHILS IIPOBOANANCH IO HIDKEIIePedrICA€HHBIMY IT0Ka3aTe ASIMUL:
B CyXOM BHJ€e CpejHssd IAOTHOCTb B; IIPOYHOCTh Ha CKaTue; KOOPPUIINEeHT KOHCTPYKTUBHOTO
KavecTBa. Pe3yabTaThl (PU3NKO-MeXaHNYECKUX UCIIBITAaHMIT 0Opa3lioB ra3o0eToHa ¢ pa3ANIHbIM
KOAMYECTBOM CyAb(OHATOM HaTpusl IIpeACTaBAeHbl Ha puC. 2.

CpaBHeHue CBOMWCTE razobeTtoHa Pa3HbIX COCTABOB
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of E—-— T ety sl syl el et~
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Pucynok 2. ITokazaTean ¢puanko-MexaHMUIeCKUX UCIIBITaHUI 00pa31ios ra3o0eToHa
C pa3ANIHBIM KOAMYECTBOM CyAb(OHaTa HaTpUA
IIpumeuariue — cocmagAeHo A6MOPOM HA OCHOGe JAHHBLX 1o pe3yrvmamam uccaedosaruti (bexkaruesa
H.M., 2025)
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[IpoBeaéHHEIe MCCAeAOBaHUA IIOKa3aady, YTO BBeJeHUE CyAb(OHAT HATpUs B COCTaB
HeaBTOKJaBHOTO ra3o0eTOHa CIIOCOOCTBYeT yBeAMYEHUIO IIPOYHOCTI Ha CKaTHe B Ayalla3oOHe OT
10 a0 45%, OJHOBpeMeHHO MOBHIIIAsA €ro ILA0THOCTh NpuOAM3UTeAbHO Ha 12 %. Aas
OOBeKTMBHOTO aHaaAm3a 9(PPeKTUBHOCTU JAaHHOM TEXHOAOIMM U €€ BO3JeVCTBMSI Ha
¢gopmupoBaHne CTPyKTyphl MaTepuasda OblAM paccaUTaHbl KODPPUIMEHTH KOHCTPYKTUBHOTO
kauectsa (KKK) gas aByx Tmnos cocraBos: koHTpoabHoro (I'bl) m onrtumaasHoro (I'b4).
PesyabTaTsl pU3MKO-MeXaHMIECKMX UCIIBITAaHNIT DTUX 0Opa3LioB IIpeAcTaBAeHbl Ha PUCYHKe 3.

CpaBHeHne CBOWCTE rasobeToHa pa3HbIX COCTABOB
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=
5 " 3
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S 300
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100}

I =l et gl gl eyl A
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CocTasbl

Pucynok 3. Janable pU3NKO-MexaHIIeCKIX MCIIBITaHNIT 00pa3IioB razo0eToHa
Ipumeuarue — cocmasreno A6MOpoM Ha 0CHOGe JAHHBIX No pesyrvmamam uccaedosanuu (bexkaruesa
H.M., 2025)

CoraacHo pesyabraTaM pacuéroB, KO®((PUIIMEHT KOHCTPYKTMBHOIO KadecTBa y coCTaBa
I'b4 oxazaaca na 20,4 % spime mo cpasHenuio ¢ I'b2 u na 31 % mpesbIIaeT aHaAOTMYHEBIN
ITOKa3zaTeab y mpombiiiaeHHoro oopasna I'b1 (I'b1 — kouTpoasnsiii, I'b4 — coctas ¢ HamayammMn
IoKasaTeAsMn). DTO I103B0AMAO KaaccuunuposaTh coctaB D4 Kak ONTMMaABHBIA M
UCTI0AB30BaTh €0 B II0CAeAYIOUIMX DTalax uccaejopanmii (Tada. 5).

Tabaumna 5. PesyabTare! ucnsitanmii 00pa3rios ra300eToHa Ha IIPOYHOCTD
Ha CKaTue C Pa3ANdIHBIM KOAUIeCTBOM CyAb()OHATA HATPIA

HamnmMenosanme rmoxkasareaers, Hanmenosanue HA na meToasr dakTyeckue
eAVHUIIA U3MepPeHNsI cocTaBa VICIIBITaHUI 3Ha4YeHIs
I'b1 (KOHTPOABHEII) 5,81
b2 6,1
ITpounocts obpasna, MIla 53 I'OCT 10180-2012 6.72
I'b4 6,45
IIpumeuariue — cocmasAeno a6Mopom Ha 0CHOGe OaHHbIX no pesyrvmamam uccaedosaruu (bexkaruesa
H.M., 2025)

ITporieHTHOE COAep>KaHMe 400aBKM B Ka’KAOM COCTaBe IIpeAcTaBAeHO B TabA. 4. Vlcrbl-
TaHMS ObLAM IIpOBedeHbI Ha Oasze 3amasHo-Ka3axcraHCKOrO MHHOBALIVIOHHO-TEXHO/AOTUMYECKOTO
YVHMBEpCUTETA B UCIBITaTeAbHOV AabpaTtopun «CTpOUTEABHBIX MaTepUaloB U CTPOUTEABHON
TENAOPUBUKI».
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Aas onpeAeAeHNs yCTOMIMBOCTY ra300eTOHa K Me@XaHIMYeCKOMY MCTMPaHUIO ITpOBeJeHbI
AaboparopHble McHbITaHUsI B cooTBeTcTBun c TpeboBanmsamu [OCT 13087-2018 (bBetomsr.
Metoas! onipegeaenns ucrupaemocry, 2018).

Pucynox 4. Vicripitarnii 06pa3rios ra300eToHa Ha IPOYHOCTD IIPY CKaTuUU

ITpumeuanue — cocmasreno agmopom Ha 0cHO6e OAHHbLLX 10 pesyAbmamam uccaedosaruu (bexkaruesa
H.M., 2025)

Menprtanus BRIIOAHAANCH Ha o0opyAoBanny «[Ipubop 4451 onpeseaeHns MCTUpaeMOCTH
OeToHa 110 M3MeHeHIIO Macchl» Moean VIB-1, obecriednsaronieM KOHTpOAMpyeMoe Bo3AelicTBre
abpa3uBHOTO MaTepuala Ha IIOBePXHOCTH OOPA3IIOB.

MerToAnKa MCITBITaHNI BKAIOYaAa CAeAyIOIIe DTarlbl:

—IIOATOTOBKa M B3BellllBaHIe 0Opa3lloB cTaHAapTHOTO pazMepa (70x70x40 MM) 40 Hadaa
UCIIBITaHIUS;

—oMelrleH1e 0OpasloB B bapaban nmpudopa 1b-1;

—IIpoBeJeHNe UCTUpaHs adpa3MBHEIMU TeAaM! B TedeHNe 3a4aHHOTO BpeMeHI;

— B3BeIIMBaHIe 00pa3IioB I10CA€ MCIIBITaHUA U OIIpeeeHle Be AMIIHbI UCTIPAeMOCTH 110
M3MEHEHUIO Macchl (r/cm?2).

PesyapTaTsl moOKaszaam, 9TO OOpaslbl rasobeToHa ¢ BBedeHUEM JA00aBOKM CyAbQoHaT
HaTpus, 001a4ai0OT MeHBIIIel BeANIMHO MCTHPaeMOCTH II0 CPaBHEHMIO ¢ KOHTPOABHBIMI, YTO
CBIAETeABCTBYeT O ITOBBIIIEHHON M3HOCOCTOIKOCTI MaTepnaja. (Taba. 6).

Tabamiia 6. PesyabTaTsl McIIbITaHNUI 0Opa3IioB ra3o0eTOHa Ha BeAMdIHa MCTHPaeMOoCT!
10 M3MEHEHUIO MacChl C pa3ANMIHBIM KOAMIEeCTBOM CyAb(OHaTa HaTpyLs

HanmMenosaHne roxkasareeis, Hanmenosanne HA na metoasr | Hopwmmr Pakrnueckue
eAVHUIIa U3MepeHMs cocrasa VICITBITAaHUIL o HJ 3HAYEHVT
Beamunna wmctupaemoctu no| I'bl (KoHTpOAbHBIIT) 0,84 (Mapxa G2)
M3MEHEHMIO Macchl, I/cM?, He I'b2 IoCT He 60aee | 0,76 (mapka G2)
Oozee I'b3 13087-2018 09 0,71 (mapka G1)
I'b4 0,75 (mapxa G1)
ITpumeuariyie — cOCMAasAeHO A6MOPOM Ha 0CHOGe dAHHDIX 1O pesyrbmamam uccaedosanuu (bexxaruesa H.M., 2025)
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Ha ocHoBaHMM JaHHBIX, ITpeACTaBAEHHBIX B Ta0AMIIe 6, MOXKHO CAeAaTh BBIBOA O BAVISHII
A00aBKI cyAb(oHaTa HaTPMs Ha UCTMPAeMOCTh ra300eTOHHBIX 00pa31i0B. KOHTpOABHBI cOcTaB
(I'B1), He coaep>karmmit 406aBKN, IIOKa3al UCTUPaeMOCTh Ha yposHe 0,84 r/cM?, 4TO COOTBETCTBYET
Mapke G2 mo 'OCT 13087-2018 (Rahman, Islam & Hoque, 2015). JobaBaenne cyapdpoHaTa HaTpus
B coctaBax I’ b2-I'b4 nmpuBes0 K 3aMeTHOMY CHM>KeHMIO BeANYMHEI uctupaeMoctn. Tak, obpaser
I'B2 mpoaemoncTpupoBaa cHyDKeHNe nucrupaemoctu Ao 0,76 r/cM?, 9TO Tak>ke COOTBETCTBYET
Mapke G2, HO CBUAETEABCTBYeT O HEKOTOPOM YAYYIIEHMM IIOKa3aTelsl IIO CPaBHEHUIO C
KOHTPOABHBIM 00pas1ijoM. HanboabIrtee cHikeHne uctupaeMocTn Habaogaercst y oopasna I'b3,
TAe AaHHBI OKaszaTeab cocTtasua 0,71 r/cM?, 4TO 1T03BOANAO OTHECTH ero yKe K Mapke Gl, To
ecTb K 0o0zee BBICOKOMY KJAacCy IO CTOMKOCTM K MCTUpaHUIO. AHaAOrm4HBI dPpdeKT
Haba0daeTcs n y cocraBa b4 (0,75 r/cm?, mapka Gl), 4ro moaArBepKJaeT crabmuabHOe
ITOA0XKUTeAbHOE BAVISIHIE 400aBKI Ha M3HOCOCTOMKOCTL MaTepuaa.

Benu4yuHa NcTnpaemMmoCcT Nno N3MeHeEHN MaccChbl rasobeToHa
C pa3/in4YHbIM KOJINHECTBOM Cyﬂb(bOHaTa HaTpua
0.84

0.821
0.80 \

0.78

paemocTu (r/cm?)

0.76 |

0.74} \\ P

0.72} \\ /

h 2

b1 (KOHTPONbHBLIN) 62 63 64
HavmeHoBaHue cocTaBa

— BennyuHa uctn

Pucynoxk 5. Anarpamma nokasareaert 00pas1ijos ra300eToHa Ha MICTPMaeMOCTh

[Ipumeuanue — cocrmasAeno asmopom Ha 0cHo6e daHHLIX N0 pesyrbmamam uccaedosanuu (bekxaruesa
H.M., 2025)

AuarpaMma IOKa3bIBaeT, 9TO C yBeANdeHneM KoAudecTBa Cyab(pOHaTa HaTpMs UCTHpae-
MocTb razobetoHa yMmeHsIaercs: ot 0,84 r/cm? y kouTpoabHOTrO obpasna 40 0,71 r/cMm? y cocrasa
I'b3-

Pucynox 6. Jcnsrtanns oOpa3nos razo0eToHa Ha BEANIMHY VICTUPaeMOCTH

[Ipumenanue — cocmasAeHo asmopom Ha 0CHOGe JaHHLIX N0 pesyrbmamam uccaedosanuu (bekxaruesa
H.M., 2025)
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3AK/ZHOYEHUE

OcHoBHOe HallpaB/eHNe IIPOBEAEHHBIX MICCA€40BaHUI 3aKAI09aA0Ch B M3YI€HUN BAVITHUS
A00aBKI cyabdoHaTa HATpUs Ha CBOJICTBA HEAaBTOKJAABHOTO Ta300eTOHa I OIpeAeleHUN
OIITMMAaAbHBIX ITAPAMETPOB €T0 IPUMEHEeHMUsI 4451 ITOAYIeHNs AETKMUX U IIPOYHBIX CTPOUTEABHBIX
MaTepunaloB, COOTBETCTBYIOIIVIX COBPEMEHHBIM TpeOOBaHMAM CTPOUTEABCTBA SKMUABIX U
IIPOMBIII/IEHHBIX 3AaHNIA.

B mporjecce mcrsITaHNI1 yCTaHOBAEHO, YTO 400aBA€eHIe CyAb(POHaTa HaTPsI CIIOCOOCTBYET
VAYYIIEHUIO CTPYKTypBl HeaBTOKJAABHOTO Tra3o0eTOHa 3a C4€T 0OoJee paBHOMEPHOIO
pacripejeseHnsl Ta3OBBIX IIOP U TIOBBIIIEHMUs ILIOTHOCTU MEKIIOPOBHIX II€PErOpOAOK. DT
CTPYKTypHbIe M3MEHEeHNSI OKa3bIBalOT IIpsAMOe BAMsIHNE Ha popMuposaHue 60Jee IIPOYHOTO
LIEMEHTHOTO KaMHs, YTO IPUBOAUT K YBEANYEHUIO IIPOYHOCTY IIPU CXKaTUU IO CPaBHEHUIO C
KOHTPOABHBIMMU OOpasiiaMu Oe3 400aBKIA.

OgHOBpeMeHHO C pPOCTOM IIPOYHOCTHBIX XapaKTEPUCTUK IMpUMeHeHNe CyAbQoHaTa
HaTpUs TIOA0XKUTEABHO BAVISIET Ha COIIPOTHUBAAEMOCTh MaTepnasda abpa3uBHOMY usHoCy. CHu-
>KeHne AeeKTHOCTY IOBEPXHOCTHBIX CAOEB VM IIOBBIILIEHNE I1I€AOCTHOCTM CTPYKTYPBI CIIOCOO-
CTBYIOT YMEHBIIIEHNIO IIOTePU MacChl IIPU MCIBITAHNIX Ha VICTUPAEMOCTD, UYTO CBIUAETEABCTBYET
O ITOBBIIIEHNN DKCILAYyaTaI[IOHHOM YCTOMYMBOCTY HeaBTOKAaBHOTO Ta300eToHa.

Takum o06pa3oM, HTpOBeJEHHBIE WCIBITAHUS IIOATBEP>KAAIOT, UYTO UCIIOAB30OBaHUE
cyappoHaTa HaTpusA B KadecTse MOAMQPUIIMPYIONIeN A00aBKU sABAsgeTCs D(PPeKTUBHBIM
CII0COOOM TIOBBIIIEHMSI IIPOYHOCTY ¥ M3HOCOCTOVIKOCTY HeaBTOKAABHOIO ra3o0eTOHa 3a CYET
OIITUMM3aLIY IIPOLIECCOB CTPYKTYPOOOpa3oBaHsL.

B pabote ocobOoe BHUMaHMe yAeA5140Ch PU3MKO-MEXaHINIECKM CBOJICTBaAM ra3o0eToHa:
IIPOYHOCTM Ha CXKaTue, IAOTHOCTY, PaBHOMEPHOCTH ITOPUCTON CTPYKTYPHI, YCTOMYMBOCTU K
UCTUPAHUIO U TEILAOU3OASIMOHHBIM XapaKTepucrukaM. JAsl yaydineHus CBOVCTB Marepuada
IIPUIMEHSA0Ch BBeAeHNe cyAbdoHaTa HaTpusa B AnanazoHe 0,10-0,15 % or Macchl 11leMeHTa, 4TO
II03BOAMAO CTabMAM3UPOBATL ra3oBylo ¢asdy u obecreunts (popMmpoBaHUE paBHOMEPHOI
STYEUCTON CTPYKTYPBIL.

PesyabTaThl MpOBeAEHHBIX MCIBITAaHMI IIOKA3aAl, YTO IPU COOAIOAEHMY ONTUMaAbHBIX
TEXHOAOTMYECKNX IIapaMeTPOB 4OCTUTAETCA CHVYDKEHNE I110THOCTH razo0eToHa 40 400-500 xr/m3
OpU COXpaHEHMM IIPOYHOCTHBIX XapaKTepUCTUK Ha yposHe 2,5-2,7MIla. OaHoBpeMeHHO
Ha0AI0JaeTcsl TOBLIIEHMe OAHOPOAHOCTM  CTPYKTYpPBl M CTOMKOCTM MaTepuaja K
MexaHI4eCKOMY MCTUPAHMIO, YTO IT0A0KNUTEeABHO CKa3hIBaeTCs Ha 40ATOBEYHOCTY M3AEANIA.

PaspaboTaHHasi TeXHOAOTUsI IIO3BOASET OTKa3aThCA OT DHEPTOEMKOIO aBTOK/aBHOTO
TBepJeHNs 6e3 CHVYDKEHMS DKCILAyaTal[MIOHHBIX CBOJICTB ra3o0€TOHa, YTO AeAaeT IIPOU3BOACTBO
Doaee »koHOMMYecKM D(PQPEKTUBHBIM U DKOAOrMUYecKM Oe3oracHbIM. BBeaeHme cyabdonara
HaTPsI CIIOCOOCTBYeT:

— IIOBBIIIIEHUIO ITPOYHOCTHBIX U TETLAOU3O0AAIIMOHHBIX XapaKTePUCTIK;

— CHMKEHUIO IIAOTHOCTU U Beca U3AeANiI;

— YAYYIIIEHNIO OAHOPOAHOCTY IIOPVICTON CTPYKTYPHI;

— CHIDKEHUIO ceOeCcTOMMOCTM IIPOM3BOACTBA M YBEAUYEHMIO KOHKYPEHTOCIIOCOOHOCTU
MPOAYKIIVIL.

[loayueHHbIe pe3yAbTaThl IOATBEP>KAAIOT BO3MOXKHOCTb IIPMMEHEHUS TEeXHOAOTUN
IIPOM3BOACTBA HEaBTOKJAABHOTO Ta300eTOHa C UCIIOAb30BaHUEM cyabpoOHaTa HATpusA B
IIPOMBIIIIAEHHOM CTpOUTeAbCTBE. B JaabpHelilleM JaHHBIe pe3yAbTaThl MOIYT  OBITH
MCIIOAB30BaHbI 4451 pa3pabOTKI pelenTyp AeTKUX U TEILA0M30ASIIIVIOHHBIX 010KOB € 3a4aHHBIMU
IIPOYHOCTHBIMM XapaKTepUCTUKaMI, a TaKXKe A5 COBePIIIEHCTBOBAHI TEXHOAOTUI IIOAYIEeHII
razobeToHa C yAYYIIEHHBIMM  9KCIIAyaTallMOHHBIMM  CBOMICTBAMM  AAA  Pa3AMYIHBIX
KOHCTPYKTMBHBIX D1€MeHTOB 34aHNUII U COOPY>KEHUIA.
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KOH®AMKT MHTEPECOB: KoH)AMKT MHTepecOB OTCYyTCTBYET.

DOVHAHCUPOBAHME: Jannasi craThsi IIOATOTOBJA€Ha B pPaMKaxX AMcCepTaljMiOHHON
pabotsl gokTtopanTa H.M. bekkaanesa Ha TeMy «BamsiHMe TOBBIIIIEHHON IIeA0THON Cpeabl Ha
CTPYKTYPY sueeK ra3o0eTOHa He aBTOKAaBHOTO TBEPAEHM», 3a CdeT COOCTBEHHEBIX CPe/CTB.

BAATOAAPHOCTMW: baarogapum aupexropa TOO «BatysStroyEngineering» Xammnrosa
Epaana EpreHosmya 3a mpesocTaBAeHHYIO IIOMOIIL B XOJe IIpOBeJEHMs UCCAeAOBaHUMU II0
AaHHOMY HallpaB/AeHUIO.

YBEAOM/EHME OB MCIOAB30BAHUM TEXHOAOTUN MCKYCCTBEHHOTO
MHTEAAEKTA: VccKycTBeHHBIN MHTeAAeKT He VICII0Ab30BaACs.
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AHHOTAII VST

YeTBePTUYHbIE OTAO0KEHMNS,
IPYHTHI, Ppu3IIecKne
CBOJICTBa TPYHTOB,
VH>KeHepHO-
reoA0r4ecKyie N3bICKaHIs,
rauHMUCcTas Gppaxmus,
KOPPeAsLIVOHHBIN aHaAU3,
HIOPUCTOCTD, €CTeCTBeHHas
BAa>KHOCTD.

B ycaoBmsax aktmsHOTO passuTHsl CTpomMTeabHOI oTpacan KasaxcraHna
BO3pacTaeT HeOOXOAMMOCTD MHKeHEePHO-Te010TMYeCKIX 1CCAeA0BaHMIA,
HaITpaBA€HHBIX Ha OL|eHKY CBOJCTB I'PYHTOB, BRICTYIIAIOLINX B KauecTse
OCHOBaHMII 34aHUI U coopy>KeHuit. OCHOBaHVSIMMU 34aHUI 1 COOPY>Ke-
HUI CAY>KUT IIPeUMYIIeCTBEHHO KOMILAEeKC YeTBePTUUHBIX OTA0KEeHNI,
KOTOPBIN XapaKTepU3yeTcsl BBICOKOI AUTOAOTMIECKON U ¢arinaabHON
HEOAHOPOAHOCTEHIO. BaskHBIM ITapaMeTpoM, OKa3hIBaIOIIM BAVLTHIE Ha
Jusngeckue CBOYICTBA TOPHBIX ITOPOJ, SABASETCS UX I'PaHyAOMETPMU-
geckuit coctas. [lo pesdyabTaTaM MH>K€HEpPHO-TEOAOTMIECKMX U3BICKa-
Hui1 B I. TeMupray 65140 IIpOBEAEHO PEKOTHOCIIMPOBOYHOe 00caelo-
BaHIe TeppuTOpuy, mpodypeHo 144 ckpaXMHBI rayomHoi 4o 15 M,
3aMepeH ypOBeHb TPYHTOBBIX BOJ, OoToOpanHo 115 mpoO rpyHTa 1
omnpeJeseHsl uX QuU3NUYECKUe XapaKTepUCTUKu B AabopaTtopunu. Ilo
AAHHBIM 1aDOPaTOPHLIX MCCA€AOBaHMII OBLA IIPOBeJeH KOppeAsAIVOH-
HBIN aHaAM3, KOTOPHI IOKa3ad HaAuMdye yCTOMIMBBIX 3aBUCHMOCTeN
MeXAy BAa>KHOCTBIO U codeprKaHueM Jactull pasmepoM MeHee (.05 Mm
(R = 0.75), a Takxke MeXAy UMCAOM IIAACTUYHOCTM U COAep KaHMeM
rayanucroit  ppaknun (R? = 0.52). BrrABaeHHBIE 3aKOHOMEPHOCTU
MIOATBEPXKAAIOT KAIOUEBYIO pOAL TPaHyAOMEeTPUYIecKOro cocTaBa B
dopmuposanuy rMAPOoPUINYECKUX M MeXaHUYECKUX XapaKTepMCTUK
TPYHTOB U IIOAYEPKMBAIOT €T0 3HAYMMOCTh A4S  WMHXKeHepHO-
re0A0rM4IecKOli OLIeHKH ¥ 00OCHOBAHM I MPOEKTHBIX PeIlIeHNIL.
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KOPPeAsSLSIABIK TaAAay,
KeyeKTiaiK, Taburu
BLAFaAABIABIK,

TUAABIK, 3epTTeyAepAiH KaKeTTiairi aprein keaedi. Fumaparrap men
KYPBLABICTapABIH ipreTachl HeTi3iHeH AMTOAOTUAABIK >KoHe (alaababl
OPTEKTiAIKITeH cCHMIaTTaJaTBIH TOPTTIK INeTriHAilep KemmeHi 60AabII
TabbL1aAbl. Tay SKBIHBICTapBIHBIH (U3MKAABIK KacueTTepiHe acep eTeTiH
MaHBI3ABl TIapaMeTp OJAapABIH TPaHyAOMETPUAABIK KypaMbl OOABII
Tabbl1aabl.  VIHXKeHepAik-Te0AOIMAABIK —3epTTeyAepAiH HoTuKedepi
OoripiHIa Temipray KadacelHAa ayMakTel Oapaay >KYMBICTapBI
KYprisiagi, Tepenairi 15 m-re geirinri 144 ynreiMa OyprelaaHABL, Kep
acThl CyAapbIHBIH AeHrelii eameHai, 115 Tombipak chiHaMachl aAbIHABI
JKoHe 3epTxaHaja OJdapAblH (PU3MKaABIK CHIIaTTaMajapbl aHBIKTaAAbI.
3epTxaHaabIK 3epTTeyJepre CoMKeC BIAFAAABIABIK IIeH OeAlleKTepaiH
Meamepi 0.05 mM-geH a3 (R?=0.75), coHgali-aK MKeMAiliK caHBI MeH ca3
JpaxmuaceHEH Kypamel (R? = 0.52) apackiHAa TYpakTH ToyeaAilik-
TepAiH OOAYBIH KOpcCeTeTiH KOPpeAsILUAABIK Tadlay >Kypriziaai.
AHBIKTaAfaH 3aHABLABIKTap TOIBIPAKTLIH TUAPOPU3UKAABIK >KoHE
MeXaHMKaAblK, CUIIaTTaMaAapbiH KaAbIITaCTIPyAaFbl IPaHyAOMeTpus-
ABIK, KYpaMHBIH HeTi3ri peAiH pacTaiigbl >KoHe OHBIH MHKeHepikK-
re0AOTUSIABIK, 6afa/1ay MeH >XK00aAbIK, memiMAepai Herizgey YIIiH
MaHbI3AbLABIFLIH KOpCeTei.

Keywords:

ABSTRACT

Quaternary deposits, soils,
physical properties of soils,
geotechnical survey, clay
particle, correlation
analysis, porosity, water
content

In the context of the active development of the construction industry in
Kazakhstan, there is a growing need for geotechnical investigation
aimed at assessing the properties of soils serving as foundations for
buildings and structures. The bases of constructions are predominantly
composed of Quaternary deposits, which are characterized by high
lithological and facies heterogeneity. One of the key parameters
influencing the physical properties of soils is their particle size
distribution. Based on the geotechnical survey in Temirtau city, a
reconnaissance study of the territory was conducted, 144 wells up to 15
m deep were drilled, the groundwater level was measured, 115 soil
samples were taken and their physical characteristics were determined
in the laboratory. Using the laboratory data, a correlation analysis was
performed, revealing strong relationships between water content and
the fraction of particles smaller than 0.05 mm (R? = 0.75), as well as
between the plasticity index and clay particle content (R? = 0.52). The
identified correlations confirm the key role of particle size distribution
in shaping the hydro-physical and mechanical properties of soils and
emphasize its importance for engineering-geological assessment and the
justification of design solutions.

BBEAEHUE

B YCAOBMSIX aKTMBHOTO pOCTa HAYyYHO-TEXHIMYECKOIO IIporpecca 3Ha4YMTeAbHO YCAMBAETCSI

aHTPOIIOTEHHOE BOSAQIZCTBI/IG Ha IIpUPOJAHYIO Ccpeay. Xo3srcTBeHHasT U IIpOMBIIIAE€HHA

AesITeAbHOCTb 4eA0BeKa aKTMBHO M3MEHIAIOT ITIOBEPXHOCTHYIO 49aCThb 3eMHOI KOpBI, 3a4acTyiO B

Go4pIIel cTerneHy, 9eM 0/ BAMSHMEM IIPUPOAHBIX IIPOLIECCOB. DTO MHTEHCUBHOE BO3AEIICTBIe
Je0BeKa Ha re0A0TUYecKyIo cpeay JeAaeT HeoOXOAMMBIM U3ydeHle MHKeHePHO-Te0A0TMUeCcKIX
ycaoBUIT AAsd  ypOaHM3MPOBAaHHBIX U TeXHOTEHHO-Harpy>KeHHBIX TeppUTOPUII, a TaKxke
IIPOTHO3UPOBaHNE M3MEHEHN, KOTOpble MOTYT IMPOMU3OMTH 104 BO3AEVCTBUEM Y€A0BEYECKON

AesITeAbHOCTY Ha MPOTsDKeHMM aanteapHoro spemenn (Tamasa et al., 2024). Iloa nmxenepHo-

re0AO0TMYECKUMI YCAOBMAMMU IIOHMMAIOTCA CYIIeCTBYIOIINe B AaHHOe BpeMsl OCOOEHHOCTH
re00TMYeCKOTO CTPOeHNsI TeppUTOPUHU, COCTaBa U CBOVICTBA TOPHBIX MOPOJ, T€OAOTMIECKUX
Hpolieccos, peabeda 1 oa3eMHbIX Bog (Veress, 2021).
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B 1O >Xe BpeMs pa3BUTHMeE CTPOUTEABHOI OTpacau TpebyeT IpOBeAeHMUs PerroHaAbHBIX
MH>KEHePHO-Te0AOTMUECKX ICCAeJ0BaHMI, HaIlpaBAEHHBIX Ha OOOCHOBaHME CTPOMTEAbCTBa
00BEeKTOB IIPOMBIIILAEHHOTO I TPa’kAaHCKOTO HazHayeHNs. VIHKeHepHO-Teo0rdyecKme paboThI,
NposoguBIIyecs Ha Tepputopuu KaparanamHckoit 004acTi B OCHOBHOM, OXBaTbIBaAl
HeOO/bIlINe YYacTKM, CBJI3aHHBIE CO CTPOMUTEABCTBOM TIOpPOAOB, pPabOYMX II0CeAKOB U
IPOMBIIIIAEHHBIX TIpeanipusaTuii. ITpm ®TOM 3HauMTeAbHass YacTb TePPUTOPUM OCTaeTcs
IpaKTUJIeCcK! He U3Y4eHHOM C MHXXKeHePHO-Te0A0TYeCKOI TOUKM 3PeHus.

BaskHbIM ®TamioM B HPOEKTMPOBAaHWUM 3JAaHMII M COOPY>KEHUI ABASETCS MHXKeHepHO-
reoA0TMYecKre M3BICKaHUs OyAyIero ydacTka CTPOMUTeABCTBA, I1€ABI0 KOTOPBLIX SBASIETCS
KOMILA€KCHOe U3yYeHMe TIeOJOTMYecKUX U TUAPOTeOAOTMYecKUX YCAOBUI TeppUTOpUH,
omnpeseaenne QU3NKO-MeXaHNIECKMX U CIIenu@UIecKuX CBOMCTB rpyHTOB (Arif et.al., 2019).
Hanboaee pacnpocTpaHeHHBIM OCHOBaHUEM AAsd (YHAAMEHTOB 3J4aHMII UM COOPY>KEHMII
SBAAIOTCS YeTBePTIYHBIE OTA0XKeHsI, 0Opa3oBaHHEIe B pe3yabTaTe (PU3NIecKOro pa3pyIeHs 1
IIepeoTA0KeHMsT DK30TeHHbBIMI cnaamu (Xia, Liu & Zhang). OHu MOKpHIBAIOT Ma/JOMOIITHEIM
4ex/J0M IIOYTHU BCIO Tepputopuio roposa Kaparanasl, 3a ncka0oueHeM BepIINH COMOK. Bmecto
MIpaBUABHOTO I1apaAleAbHOTO HAallAacTOBaHMS JadeKo IPOCAeXUBAIOIIUXCS CAO0eB, UM
CBOJICTBEHHa CMAbHasA (aIrjuaabHas M3MEHYMBOCTb, AUTOAOTHYECKas IIeCTpoTa B IIaHe U
3a/eraHue B BIAe CAOKHBIX AMH30BUAHBIX TeA.

B ycaoBusix cToab BBICOKOI AMTOAOTMYECKON U TeHETIYECKOV HeO4HOPOAHOCTI OCOOEHHO
Ba’KHBIM CTaHOBUTCSI aHAAM3 I'PaHy 10MeTPUUeCKOTO COCTaBa, ITIOCKOABKY MMEHHO OH MO3BOAseT
YCTaHOBUTD TEKCTyPHBIE OCOOEHHOCTH ITOPOJ, TPOCAeAUTDH TeHAEHIIMI 0CaJ0uyHOrOo IIpoliecca 1
OIIeHNUTHh MHKeHepHO-TeoAormdeckne cpoiictsa rpyHTOB (Bolliger, Schlunegger & McArdell,
2024). I'panyaoMeTpMIeCcKuii COCTaB SABASETCS Ba>KHBIM CeAMMEHTOAOTMYECKUM IapaMeTpoM,
MIpeACTaBASIONINM cOO OJ OTHOCUTEABHOE COodeprKaHUe 3epeH pa3AMIHBIX pa3MepoB B ocalkax
u ropsbIx nnopojax (Luna, Araujo & Varona-Gonzales, 2024). Yactumsr 6amnsKkue 1o pazmMepam
cocraBAsioT ¢pakuyy. COOTHOIIEHMe YacTUIT TOVM MAM MHOM (paKIuU SIBASETCS Ba’KHBIM
KputepmeM Aas kaaccuukanum rpyHros (Cao, et al, 2024). Pasmep wactmm, caaraiomimx
TPYHTBI, MOKeT M3MEHATHCSI OT J0JAeil MMKpPOHa A0 AeCSITKOB CaHTUMeTpOB. lIamenennme
pasMepoB cAaraloiuX IPyHTH A€MeHTOB B CTOAD ITUPOKUX Mpedeaax OyaeT 0COOEHHO CUABHO
CKa3bIBaThCsA Ha CBOVICTBAX AUCIIEPCHBIX IPYHTOB. K rpaBmitHOV (ppaKymy OTHOCATCS YaCTMIIBI
KpynHee 2 MM. OHM @IpakTMdecKkun He 004a4alOT MOAEKYASPHON BAAaroeMKOCTBIO 1
KalMAASPHBIM IIOAHATIEM BOABI, XapaKTepU3YIOTCs BBICOKOI BOAOIPOHMUIIAeMOCTBIO. YacTuIrnt
ITecyaHo Pppakiym nMeroT pasMep ot 2 40 0.05MM 1 0041a4a10T MOAEKYASIPHOIN BAaTOeMKOCTBIO
U KallMAASIPHBIM IOAHATHEM Boabl. K ramnmcroi ¢ppaxknum OTHOCATCA YacTHUIIBI Pa3MepoM
Menee 0.001 MM, KOTOpble IO CBOMM CBOJCTBaM OAM3KU K KOAAOMAAM U, B JaCTHOCTHU, B
cycrieHsun 004aAaioT OpOYHOBCKMM JABvpkeHmMeM (Zhang, Liu & Wang, 2024). Yactuiist
mbLAeBaToi ppakiium nMeroT pazmep ot 0.05 240 0.001 MM 1 cBOIICTBaMM KOAAOMAHBIX CHICTEM He
00aagaor. OHM 3aHMMAIOT ITPOMEXYTOYHOe II0AOKeHMe MeXAy TAMHUCTON M IIecyaHoi
¢pakumsaMmu u 1o ceoiictBaM 0Oosee OAM3KM K IlecyaHOiV pakiuy, 4eM K TAMHUCTON
(Goczewska-Langer, et al., 2023).

Onpegesenne Takux INapaMeTpoB, KaK KPYIHOCTb, COPTMPOBKa U OKPYIAOCTb 3€peH,
UIpaeT KAIOYEBYIO pOAb B PEKOHCTPYKIUU YCAOBMII OCAaAKOHAKOIAEHMS U MUIpaluu
0Cas04HOIo MaTepuaa, a Tak>Ke CIIOCOOCTBYyeT YTOUHeHUIO reHednca rnopod (Dembovetsky A.,
Tyugai Z. & Shein E, 2024). Kpome TOr0, rpaHy10MeTpUYECKUII COCTaB TECHO CBsI3aH C PUBUKO-
MeXaHIN4eCKMMU CBOVICTBaMI TPYHTOB, YTO MMeeT IIpaKTHUJecKoe 3HadeHMe Ipy 0OOCHOBaHUN
CTPOUTEABHBIX PeIIeHNUIA.

HecMmoTpsa Ha mmpokoe pacmpocTpaHeHMe YeTBePTMYHBIX OTAOXKEHMI, MX (PU3MKO-
MeXxaHM4YecKle CBOJCTBa MOIYT 3HAUMTeABHO BapbUpPOBATLCA B 3aBUCHMOCTM OT Pa3AMIHBIX
(akTOpOB, OAHNM U3 KOTOPBIX SBAsIETCS TPpaHyAoMeTpudeckuit cocras (Li et al., 2024).
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NccaesoBaHne rpaHy10MeTpUUECKOTO COCTaBa IOKa3alo, UYTO TaKue CBOMCTBA TOPHBIX
IIOpPOJ, KaK ecTecTBeHHas! BAaXKHOCTB, IIA10THOCTS, ropuctocts (Goraczko and Topolinski, 2020),
maactTuaHocTh (Jyothirmayi, Gnanananda & Suresh), pasmep uwactun (Ueda, Matsushima &
Yamada, 2011) u ux popma (Azema, Estrada & Radjai, 2012) nmeroT Ka104eBOe 3HaUYeHINe AAs
moHMMaH:sT ux MexaHndeckux csoricts (Dill, 2022; Wang et al., 2013), koTopsle, B CBOIO 04epeab,
BAVSIIOT Ha YCTOMYMBOCTD M HECYIIYIO CIIOCOOHOCTH (pyHAaMeHTOB. VI3 IIpoBeAeHHBIX
MUCCAeAOBaHMII IIOHATHO, 4YTO pa3Mep M ¢opMa 4YacTUI] TIPYHTa OTpakalOT MCTOPUIO
JgopMupoBaHNs 3epeH — XUMMYeCKMe MPOIIeCCH OIpeAeAsioT pa3Mep U POpMy TAMHUCTHIX
opod, a Mexanmdeckue — 1meckos u rpasusa (Wang, Li, Li & Tang, 2021). Yroa conporusaenus
CABUTY yBeAMUMBaETCs C yBeAdeHIeM CpeAHero guaMeTpa JacTull U coAep>KaHUs I'paBusl, B TO
BpeMsI KaK cula ClellleHne B 60ApIInHCTBe caydaes ymeHsmaercsa (Nguyen, Pham & Truong,
2022). TlonumaHme 5TOV B3aMMOCBI3Y UMeEEeT BasKHOe 3HaueHue 445 oOecriedeHNs Haae>KHOCTU
1 6e30IacHOCTI CTPOUTEABHBIX OOBEKTOB, OCOOEHHO B YCAOBUIX OTPaHMYEHHOTO KOAMYeCTBa
1abopaTOPHBIX UCIBITAHNIL, KOTOPBIE 3a9acTyIO IIPOBOAATCA B MUHMMAa/ABHOM OOBeMe C I1eABI0
DKOHOMUI JeHe>XXHbIX pecypcos (Cai & Yu, 2016). HeaocraTouHOe KOAMYECTBO AaHHBIX O
IpaHyAOMeTPUYECKOM COCTaBe, MOXKET IIPUBECTU K HEeBEPHOI KAaccu(UKaly IPYHTOB, U KaK
CAeACTBVe — HeTOYHEIe pacdeThl 1 ommOKy B mpoekTnposanun (Alekseev & Malyshev, 2025).

Taxum 0Opa3oM, BCeCTOpOHHee M3ydeHUe B3aMMOCBI3M MeXXAy IpaHyAOMeTpUIecKIM
coCcTaBOM M (PUBNKO-MEXaHUYECKVMI CBOVICTBAMU UYETBEPTUUYHBIX OTAOXKEHUI ITO3BOAUT He
TOABKO IIPaBUABHO OILIEHUTh MH)KeHepHO-TeoAOTMJyeckue ycAoBMs, HO U 0OoJee TOYHO
IIPOTHO3UpPOBaTh IIOBedeHUe TPYHTOB TIIO4 Harpy3Kkoll, 4YTO OCOOeHHO Ba’KHO AAsd
MIPOEKTUPOBAHM: ¥ CTPOUTEABCTBA HaAeKHBIX M 40ATOBEYHBIX 34aHNUIT 11 COOPY>KeHMI.

B cBasm c ®TmMM, 1eapl0 JAaHHOTO UCCAEJOBAaHMS SBASETCA W3ydeHMe BAVISTHIA
IpaHyAOMeTPUYECKOTO cOcTaBa Ha (PU3MYIEeCKMe CBOJICTBA YETBEPTUYHBIX OTAOXKEHWUII Ha
npuMepe oObeKTa MHXKeHepHO-Te0 10T MIecKX U3bIcKaHuii B . Temupray.

MATEPUAABI U METOABI NCCAEAOBAHUS

B pesyabrare mpoBeseHMs WMH)KeHEPHO-TEOAOTMYECKMX U3BICKaHMII, Ha OOBeKTe
nccaesoBaHms B I. TemupTay ObLAM TPOBeAEHBI CAeAyIoIye paboThI:

- mpoOypeHo 144 ckBa>kMHBI, TAyOMHOI OT 7 40 15 M;

- orpeITo 37 mryp¢os rayomnoii ot 3.1 40 5.0 m;

- 3aMepeH ypOBeHb ITPYHTOBBIX BOA (2.6 — 8.0 m);

- Ipou3BeAeH OTOOp 0Opa3IoB IPYHTa;

- mpoBegeHo 115 A1abopaTOPHBIX MCIBITAaHUII IIPOO TPYHTA AAs OIpejeAeHus PpU3MKo-
MeXaHUYeCKMX CBOJICTB.

ITo reomopdoaormyeckoMy CTPOEHMIO HccAelyeMas MeCTHOCThb IIpeACTaBAsdeT CODOIO
JaCTMYHO MeAKOCOIIOYHEI peabed, JacTMYHO ITOBEPXHOCTh ApeBHMX Teppac pekm Hypa,
MIPUCAOHEHHBIX K MeAKOCOIOUHUKY. CAe40B cBesKell HPO3MOHHOI AesTeAbHOCTI B BAe PHITBUH
1 OBParoB He 3aperucTpUpOBaHoO.

BypoBbIMM CKBa’KMHaMM Ha pas3HBIX IAyOMHaX OBLAM BCKPBITBI I'pyHTOBble BOABL Ilo
OAHOJAHEBHEIM 3aMepaM YpPOBeHb I'PYHTOBBIX BO/J B ITOBBIIIIEHHON YacTu peabedpa Obla 3apuk-
cupoBaH Ha rayouse 8-5 M oT moBepxHOCTH. Hirke IO CKAOHY YpOBEHDb IPYHTOBBIX BOJ, TIOBEI-
II1aeTCsl ¥ B CaMOI MOHVDKEHHO 4YacTu MccAelyeMoll MAOMIaAKM CKAOHa TAyOMHa 3aJeTaHusd
TPYHTOBBIX BOA cocTaBuaa 2.6 — 4.0 m. IlageHme 3epkasa TPYHTOBBIX BOJ Ha CeBEpPO-BOCTOK
COOTBETCTBYyeT o0IIeMy IageHMIo peabeda. BogoBMmelmaommumm mopogaMu 34eCh SIBASIOTCS
IIeCKM M CyIIecU COBpeMEeHHBIX 4eAI0BMaAbHBIX OTAOXKEHMIA, a TaK>XKe TAVHBI U CYyTAMHKN ApeBHe-
AeAIOBMaAbHBIX U DAIOBMAABHBIX 0OpasoBaHmii. IlocaeaHne cogepkar BOAy B TOHKMX IT€CYaHBIX
IIpOCAOsIX, B AMH3aX U KapMaHax IecKoB U CyIlecell, a Tak’Ke B MeCTaX CKOILAeHIs 111e0HeBOTro U
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0010MOYHOTO MaTepuasda. B ramHax u cyramHkax Boja IMPKyAUPYeT IO TOHYAMIINM TpeIy-
HaM, IIO®TOMY BOAOOTJAada UX OYeHb Mada. DTUM OODBACHSAETCS TO sIBAeHMe, UTO B CKBaKMHaXx,
PacloAO0XKEeHHBIX B MecTaX paclpOCTpaHeHNsI TAMHICTBIX OTAOXKEHMI, YPOBEeHb I'PYHTOBBIX BOZ,
9JacTO YCTaHaBAMBAETCsS MHOTO YacOB CIIYCTsI IIOCAe OKOHYaHMs OypeHIsl. Bce BCKpBITEIE BOABI
MMEIOT MeXAy COOOM IMAPABANIECKYIO CBSI3b, XOTSI MeCTaMI OHa OueHb caabast. TeMm He MmeHee,
BCe DTU BOABI COCTABAAIOT OAVH OacceliH ¢ 00muM yposHeM. OTHOCHTEABHBIM BOAOYIIOPOM 34€Ch
cAy>KaT Te Ke 9AI0BMaAbHble M AeAlOBMaAbHble TAMHBI U CYyTAMHKHU. IInTaHMe IpyHTOBBIX BOA
IIPOVICXOAUT 3a CUET aTMOCPEPHBIX OCAAKOB, IIOSTOMY YPOBEHb MX MOABEP>KeH KOAeOaHNSAM B
3aBMCUMOCTY OT BpeMeH! roja 1 KoA4ecTBa BhlllaAaloiX 0CajKoB.

Ha ocHoBaHMM M3yuyeHMsT JaHHBIX OYpPOBBIX M IIYPQOBBIX BEIPAOOTOK yCTaHOBAEHO, UTO
BepXHss YacTh pasdpe3a Ha OIpaHMUYEHHON TeppUTOPUM CAOXKEHa HACBITHBIMU TPYHTaMM,
KOTOpBI€ ITpeACTaBAeHbI CYyIIeCsSIMU U CYTAMHKAaMM C BKAIOYeHVsIMY 1eOHt (tQ4). MoITHOCTS ca05
cocrasaseT 40 0,9 M. Ha ocraabHOI TeppUTOpUM C IIOBEPXHOCTU 3aderaeT pacTUTeAbHBIN CAO0M
momHocTho 0,2-0,6 M (Q:pd). Hirxe 3a2eraloT OTA0KeHNS COBPEMEHHOTO AEeAIOBUS C IIeCTPBIM
AUTOAOTMYEeCKUM cocTaBoM. OHM ITpeacTaBA€HBI MPEeUMYIIeCTBeHHO TAXKeABIMU IblAeBaThIMU
CyTAMHKaMH, pe>ke TAMHaMU KOPUYHEBLIX 1IBeTOB C HadeTaMM 1 MeAKIUMMU CKOIL1eHMsIMU COAell.
K mogomBe ckA0Ha, B COCTaBe COBPEMEHHOIO JAeAOBMI IIpe001ajaloT MeAKO3epHICTEHIE
TAMHICTBIe ITeCKM, MecTaMl Oe3 pe3KOll I'PaHUIIbI, IIepexoAsIiue B CyIecH, ¢ IPOCAOAMMU 1
AVH3aMI CyTAMHKOB M TAMH. YacTo MMeIOTCsT BKAIOYEeHII IIeOHs U3 KPUCTaAANIecKNX II0poJ,
pasHOI cTeneHn BeiBeTpesocTu (Qxd). MOIITHOCTL COBpEMEHHOTO AeAIOBMs IO paspe3am
BeIpaboTOK K0AebaeTcs oT 0.10 40 6.6 M. Ilog coBpeMeHHBIMM AeAI0BMAABHBIMY OTAOXKEHUIMMU
3ajeraeT TOAIlla ApeBHEIO JAeAIOBUs, KOTOpas MecraMM HeoTJeAuMa OT 9DAIOBUA
KPUCTaAANIEeCKNX MOPOJ, IOCKOABKY AeAIOBMII COCTOMUT 13 00J0MKOB 9THX XKe Iopod. Ona
Ipe/cTaB/AeHa B OCHOBHOM IAMHaMM, pe>ke CyTAMHKaMU, IIpeMMYIlleCTBeHHO KpacHOBaTO-OyphIX
1IBETOB C HEpaBHOMEPHBIM BKAIOUEHMEM HeCOPTUPOBAHHOTO IeOHs M KPYIIHBIX O0AOMKOB U
IABIO KpUCTaAAMIECKUX TIOPO/, B Pa3HOI CTelleH! BBIBeTPeAOCT OT KPeIKMX KpUCTaAAMIeCcKNX
20 perxabx (Qid+el). MakcuMaabHasT MOIITHOCTD STHX OTAOXKEHMII IO pasdpe3aM cKBaxkuH 13.60
M. B HeKOTOpEIX MecTax MpeAcTaBAsIA0Ch BO3BMOXKHBIM BBIAEAUTH 1104 ApeBHell 4eAl0BUaAbHOM
TOAIIeN HAI0BUI KpUCTaAANIecKNX opod. ITocaeannii mpeacrasaeH KpacHO-OypBIMI, MeCTaMU
3e/eHOBaTO-CepbIMU TAMHaMU. /leAoBuaabHble TAMHBI OYeHb IIA0THBIE, C YaCTBIMU THe3AaMMU
pyXaAsKa, MecTaMM C BKAIOYEHMEM KpUCTAaAAMYEeCKOrO TUIICa B BUAE OTAEABHBIX APY3 WU
CKOTIAeHMUI1. MOIITHOCTB 1X, TPOJiAeHHAs CKBa’KIHaM1, Koaebaetcs B mpedeaax 0.50 — 6.0 m.

OOpasupr  TpyHTOB, OTOOpaHHBIE IIpM IIPOBEAEHMM MHXKeHEPHO-TeOAOTHMIeCKIX
MBBICKAHMIT IIpeACcTaBA€HBl Pa3AMYHBIMM TUIIAMM TAMHUCTBIX TPYHTOB, CpeAu KOTOPBIX
npeo04aAaioT IblAeBaThle TAMHBI, B MEHbIIel CTelleH! IblAeBaThle U IeCYaHMUCThle CYyTAMHKI,
eAVHIYHO BCTPeYaloTCs CyIIecH C BKAIOYEHMAMM KPyITHO00.10MOYHOTO MaTepnaaa. B tabanme 1
IpeacTaBAeHbl HOPMAaTUBHBIE 3HauyeHUsd CAeAyIOImuX (PU3NMIECKMX XapaKTepHUCTUK TPYHTOB:
ecTecTBeHHas BAa>KHOCTD (W), MAOTHOCTE IpyHTa (P), IIAOTHOCTH YaCTULL TPYHTa (pPs), HOPUCTOCTD
(e), uncao naactuaHoctu (Ir), mokasareas Tekyuectu (IL).

TabGamza 1. HopmaTtusHble 3HaueHNs ITIOKa3aTeAen
pusnKo-MexaHIECKUX CBOVICTB TPYHTOB

Tun rpyHra W, % p, r/em® | ps, r/cm® e, % Ir, % I, a.e.
EZZ:;‘;;:TL’IMM”"I“ 15.16 1.95 271 | 3686 | 1074 | <0-041
CyrAMHOK AeTKuii IblAeBaThli 24.68 1.88 2.74 44.92 14.18 | <0-0.45
T'auna aerkast mplaeBaTtast 27.14 1.88 2.76 46.28 23.17 | <0-0.25
Cymnech necyaHmcrasi 6.93 1.97 2.70 31.60 3.97 <0

HpuMeanue — COCIMasAeHo asmopamu
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AAs BBISIBA€HUA TEHASHINIT U3MEHEHMs CBOICTB YeTBEPTUYHBIX I'PYHTOB B IIpejeax
nccaeAyeMoil IAOWIaJKM IIO pe3yAbTaTaM Aa0OpaTOPHBIX UCIBITAaHUII TPYHTOB OblAU
IIOCTPOeHbI IpaduiecKre 3aBUCUMOCTY, KOTOpBIE /JerAM B OCHOBY aHaAu3a CTPYKTYypPHON
HEOAHOPOAHOCTM ¥ TE€HETUYECKUX OCODEHHOCTE)! YeTBEPTUYHBIX OTAOXKEHUIT MCCAelyeMOIt
TEPPUTOPUIN.

Ha pucynke 1 nnpeacrasaeHa AnarpaMMa pacrpeje/eHus TUIa TPYHTOB B 3aBUCUMOCTI OT
TAyOMHBIL.
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Pucynok 1. XapakTep n3MeHeHNI 4ycaa IAaCTMYHOCTH 110 TAyOuHe
[pumeuanue — cocmasrerno asmopamu (Booskuna 4.W., I[Nlonomapesa M.B., [Tonomapesa E.B.2025)

AHaausupys A4aHHYIO 3aBMCUMOCTb, MOXHO CAeAaTh cAeAyIOIIye BBIBOADL:

- CyIIecu M CyTAMHKM 3aA€eraloT MPeuMYyIIeCTBeHHO B IIOBePXHOCTHBIX TOPU30OHTaX — 40 4.5
M, YTO TUIIYIHO AAS OTAOXKEHUI AeAI0BUaAbHOTO U MPOAIOBMaAbHOIO IIPOMCXOXKACHI;

- TAMHBI Ha0AI0AAIOTCA B IIIMPOKOM MHTepBale TAyouH — oT 2 40 15 M, 9TO ToBOpHUT 00 UX
0oaee TAyOMHHOM 3aleTaHNUM U 3HaUUTeABHOV MOIIHOCTH CAOSI;

- B IIpedeJax MHTepBaJa TAyOMH OT 2 40 4 M BCTpedaroTCs BCe TPU THUIIA TPYHTOB, 4TO
yKa3blBaeT Ha Ppe3Kylo ¢anmaabHyI0O W3MEHYMBOCTh OTAOXKEHMII M  HEyCTOIYMBOCTD
AUTOAOTIIECKOTO CTPOEHN:], XapaKTepPHYIO A5 YeTBepTIIHBIX 00pa3oBaHMUIL.

HecMmoTps Ha obO1iee ypeanyeHMe TAyOMHBI IIpU Iepexoe K 6o1ee IAacTUIHBIM IPYHTaM,
JETKON AMHENHON 3aBUCUMOCTY MeXAY TAYOMHONM U YMCAOM I1AaCTUYHOCTY He HabAI0AaeTcs.
DTO TOATBEp>KAaeT CAOXKHYIO CTpaTurpadpuio 1 AMH3OBMAHOE 3ajdeTaHNe YeTBePTIIHBIX
OTAOKEHNI UCCAeAYeMO TEPPUTOPUNL.

Ha pucyske 2 mpeAcTaB/AeHa AnarpaMMa 3aBUCUMOCTY COAep>KaHMsI TAMHUCTBIX YacTULL B
3aBUCUMOCTY OT IAyOMHBI. AHaAM3NMPYs AMarpaMMy, MOXKHO cAeAaTh BBIBOJ, O BepTUKAABHOM
M3MEHYMBOCTY TPYHTOB!

- Ha rAyOnHe A0 4-5 M BCTpedaroTcs Kak MaAoranHucteie (5-20 %), Tak 1 cpeAHeTAVHIICTBIE
TPYHTHI;

- Ha TAyOuHe OT 6 40 14 M AOMMHUPYIOT TAMHHI C COAep KaHNMEeM TAMHUCTBIX YacTUI]
40-70 %.

DTO rOBOPUT O HEOAHOPOAHOCTM paspes3a IO BepPTUKAAM, TUIIMYHOM AAs OCaAOYHBIX
OTAOXKeHNI, CPOPMMPOBAHHBIX B PAa3AMYHBIX YCAOBMAX OCadKOHaKoILAeHmsA. Takxke
HabAI0JaeTcs AaTepalbHasl M3MEHYMBOCTB: B Pa3HBIX TOYKAaX OypeHMs CKBa’KMH Ha OAHOI
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rAyOuHe OJHOBPEMEHHO 3a/eraloT IPYHTBHl pa3HOro Tmma (Cyrecu, CyTAMHKM UM TAUHBI) U
TeKCTYpHI (cogeprKaHue TAMHMUCTHIX JacTul u3mensaerca ot 10 2o 50 %). Takoe pacrpeseaenne
IIOKa3bIBaeT HEPaBHOMEPHOCTh OCaAKOHAKOIIAE€HMUs II0 IIAOINaAM, T.e. AaTepaAbHYIO (dalnaib-
HYIO IeCTpOTY.

Ha pwuc. 3 mpeacraBieHa gmarpaMMa 3aBUCUMOCTU MeXKAY YMCAOM IIAACTUYHOCTU U
CoAep>KaHMeM AVMHUCTBIX YacTUll. AHAAM3 IIOKa3bIBaeT HaAN4dle IIOA0XKUTEABHON KOppeAs NI
MexAy o®TuMu napaMerpamm (R? = 0.5226), uTo mOATBEp>KJaeT B3aMOCBIA3b MEXAY
II1aCTUIHBIMY CBOJICTBAMU TPYHTA U COAeP>KaHNeM TAMHUCTBIX YaCTUL]
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Pucynok 2. Cogep>kaHne TAMHUCTBIX 9aCTHUI] B 3aBMCUMOCTY OT IAyOMHBI
Ipumeuariue — cocmasaeno asmopamu (Bdoskuna A.M., Ilonomapesa M.B., [lonomapesa E.B.2025)

/s npuBeAeHHOI AMarpaMMBl BUAHO, 9TO CyIleCH TPYIIIUPYIOTCSI B 1€BOM HIUKHEM YIAy
AuarpaMMBl: HU3KOe uncao rnaactuaHoctu (3-10 %) u cogep>kaHue TAMHMCTBIX YacTUI] MeHee
20%; CyTAMHKM pacIioAaraiorcs B CpeaHeil 30He o 0OOMM IlapaMeTpaM; IAMHBI JOMUHUPYIOT
IIpY COAeP>KaHMM TAMHUCTHIX yacTury 604ee 35 % m uncae naactuanoctu 6oaee 18-20 %. VMexoas
13 DTOTO MOJKHO CA€AaTh BBIBOJ, UTO C YBeANYEHNEM AOAU IAMHUCTHIX ppakinii HabAloaaeTcs
POCT 4ycaa IAaCTUYHOCTH, OCOOEHHO OTYETAMBO BHIPasKE€HHBIN B CyTAMHKAX U TAMHAX.
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ObosHaueHms: JKeATHIi — CyIlech, OpaH>KeBbIll — CyTAMHOK, 3eAeHBblil — TAMHa

Pucynok 3. CBa3b MeXAy 4MCAOM I1AaCTUYHOCTY ¥ TAMHMUCTBIMY YacTULIaMU
[pumeuarue — cocmasaero asmopamu (Booskuna A.M., [Nonomapesa M.B., [Tonomapesa E.B.2025)
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Ha puc. 4 npeacraBieHa 3aBUCHMMOCTb €CTECTBEHHON BAa’KHOCTU OT COAep>KaHMs IIblae-
BaThIX yacTull. JuarpaMma AeMOHCTpUpPYeT YETKYIO ITOAOXKUTEABHYIO KOPPeAsAIUio MeXAy
napamMetpamu (R? = 0.75). Ha rpaduxe BuAHO, 4TO I1MHBI C €CTECTBEHHON BAa>KHOCTHIO OT 20 40
40 % o00aagalOT BBICOKMM COogep>KaHmUeM MeakoaucrepcHoit ¢ppakium (6090 %). Bricokas
BAYKHOCTb OOBACHsAETCA OOABIION YAEeALHON ITOBEPXHOCTBIO M KalMAAAPHONM aKTMBHOCTBIO
IIbL€BaTO-TAMHMUCTBHIX dacTui. Cymecyu M CyrAMHKM 001ajaloT 0o/lee HUBKUM COAep KaHMEM
mbLAeBaThIX dacTun (40 40 %) M, COOTBETCTBEHHO, MEHBIIVM 3HAYeHNEeM eCTEeCTBEHHON BAaXK-
HOCTBIO (40 15 %), 4TO COOTBETCTBYeT 1X 00.1ee ApeHNpPOBaHHOMY 1 MeHee BOJ0yAe P KIBaIOIIeMy
Xapakrepy.

AHaansupysl AaHHYIO 3aBUCUMMOCTb, MOXKHO CAeAaTh BBIBOJ, 4TO YBeAWdyeHUe A0AU
IIbLA€BATOV (PPaKIMII COIPOBOXKAAETCA POCTOM BAa’KHOCTM, OCODEHHO BBIpa’K€HHOE B IAM-
HICTBIX UM TIBLA€BATBIX TPYHTax. DTO 00ycAaBAMBAETCS yBeAUdeHMeM AVMICIIEPCHOCTU TPYHTOB,
KOTOpOe IPUBOANUT K YBEANYEHMIO KOAMYEeCTBa CBA3€M 3a CYeT MeKMOAeKyAsSPHOIO B3ayMO-
AETICTBUA MeXXAY YacTUIIaM¥ TAVHICTBIX MIHEePa10B, KOTOPbIE CTPEMSITCA COXPAHNUTDh CTPYKTYPY
TPyHTa B COCTOSTHUM paBHOBECII.
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Pucynok 4. Cpa3b MeXXAy BAaXKHOCTBLIO U cogep>KaHUeM IblAeBaThIX YacTHI]
Ipumeuariue — cocmasrerno asmopamu (Bdoskuna A.M., Ilonomapesa M.B., [lonomapesa E.B.2025)

Ha puc. 5 nmpusegeHa 3aBUCMMOCTb MeXAY ITOPUCTOCTBIO U COAep KaHMEM ITbLAeBaThIX
gactull. JuarpaMma AeMOHCTPUPYeET YMEpPeHHYIO IIOAO0XKUTEABHYIO KOPPeAsIUIO MeXAYy
napamerpamu (R? = 0.51), yTo yka3biBaeT Ha TEHAEHIIUMIO yBeAMYEeHMs IOPUCTOCTU C POCTOM
A0aM MeAKoAuciepcHol ¢paxunnu. Cyrecu MMeIOT HU3KOe coAep KaHNe IbIAeBaThIX YacTUI]
(<40 %) m BBICOKYIO BapmabeabHOCTH TTopuctocTu (0T 30 20 45 %), BepOATHO OOYCAOBAEHHYIO
CTPYKTYpOIl 1 BAUsIHMeM KpymHoi ¢ppakuyuu. CYTAMHKM U TAUHBI B OOABIIMHCTBE CAy4Yaes
cogepxkar 6o1ee 60 % IbLAEBATBIX YaCTULL ¥ AEMOHCTPUPYIOT IIOBBIIIIEHHYIO IIOPUCTOCTD (40
50-55 %). Dro OOBACHAETCA TeM, 4TO yBeAWdeHNMEe AOAUM MeAKUX YacTUI IPUBOAUT K
yBeANYEeHMIO OOIIell yAeAbHOIV IIOBEPXHOCTM, KOTOpas CIIOCOOCTBYeT yAep>KaHMIO BAaru I
00pa3oBaHNIO MUKPOIIOP.
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Pucynok 5. CBs13b MeXAY HOPUCTOCTBIO U cOJep KaHMeM ITblAeBaThIX YacTUI]
[pumeuanue — cocmasaerno asmopamu (Booskuna 4.W., INlonomapesa M.B., [Tonomapesa E.B.2025)

PE3YABTATHI 1 X OBCYXAEHUE

B xXoae wumxeHepHO-Te0AOTMYECKMX M3BICKAHMII Ha OODBeKTe MCCAeJO0BaHMII TOpoJa
Temuptray 65110 IpoOypeHo 144 ckBa>kuHBI rayouHoi 4o 15 M, orobpano 115 mpob rpyHTa,
BBIIIOAHEHBI 1abopaTOpHble MCCAe40BaHMs, a TaKKe MPOoN3BeAeHbl 3aMephbl YPOBHs IPYHTOBBIX
Bog. IloaydeHHbIe pe3yAbTaThl A€TAM B OCHOBY OLIeHKM (PU3NUIECKNX XapaKTePUCTUK JeTBep-
TIYHBIX OTAOXKEHNI U BBIABAEHIA 3aKOHOMEPHOCTEI € MX TPaHyA0MeTPUIeCKOM COCTaBOM.

Ha ocHoBe AaHHBIX 21a00paTOPHEBIX MCCAeA0BaHMII OBLAY ITOCTPOEHBI KOPpeAsI[IOHHEIe
3aBMCUMOCTHY, IIO3BOAMBIINE BBIAEAUTDL YCTOMUYMBBLIE CBIA3U MEXAY PsA40M HapameTpos. Tak,
BLIABAEHA BBICOKAs CTeMeHb KOppeAsIMM MeXAy BAaXKHOCTBIO U cojep>KaHMeM YacTHI]
pasmepom menee 0.05 mm (R? = 0.75), a Taxoke MeXXAy 9MCAOM IAACTUYHOCTU U COAEpKaHNeM
ranaucroit ppakunm (R? = 0.73). D11 pesyabTaThl IOATBEP>KAAIOT 3HAUMTEAbHOE BANSHUE
TOHKOAMCTIepCHON ¢paKIINM Ha BOAOYAep>KMBalOIe CBOJICTBA ¥ KOHCUCTEHITUIO TPYHTOB.

Anaaus pacrpejeseHus TUIIOB TPYHTOB IIO rAyOuHe (puUCyHOK 1) IOKaszaa, 4TO TAMHBI
3a/eraloT Ha pa3AMYHBIX TAyOMHaX M COIIPOBOXKAAIOTCA YepejoBaHueM CyIieceli I CyTAMHKOB, YTO
yKasbiBaeT Ha (aljMalpHyI0 M3MEHYMBOCTh OTJAOXKEHMI. BBIABA€HBI NIpM3HAKM CAOXKHOI
cTpaturpaduu ¥ HEOAHOPOAHOTO OCaJAKOHAKOILAEHMS, XapaKTepHOIO AAd JeTBePTUIHBIX
OTAO>KeHUI AeAI0BUAaAbHOTO IIPOMCXOXKACHIS.

AuarpaMma 3aBUCHMOCTY COAepP>KaHUs TAMHIUCTBIX YaCTUI] OT rAyOMHEI (puc. 2) AeMOH-
CTpupyeT KaK BEepTMKaAbHYIO, TaK M JAaTepalbHYI0 M3MEHYMBOCTL I'PaHyA0OMeTPpUYeCcKOIo
cocTaBa. DTO yKa3blBaeT Ha HepaBHOMEpPHbIE YCAOBMS OCaAKOHAaKOIIAEHUs U CTPYKTYPHYIO
HEOJHOPOAHOCTD I€0A0TMIEecKOro paspesa. CBA3b MeXAy IIOPUCTOCTBIO U COACP>KaHMeM 4acTUI]
MeHee 0,05 MM (R?=0.71) moATBep>KAaeT BAMSIHYE TOHKOAUCIIEPCHON (PpaKLIVy Ha CTPYKTYPHBIE
XapaKTepUCTUKU TPYHTa.

Caeayer oTMeTUTh BO3MO>KHBIE OIpaHIMYEHII: BLIOOpKa OXBaThIBaeT AMIIL A0 15 M
rAyOMHBI ¥ OTrpaHMYeHa TEepPUTOpHMEll ydacTKa cTpomureascTsa. llpm skcrpamoasnum
pe3yAbTaTOB Ha MHbIe perMOHbI AU 0oaee rayOOKue TOPM3OHTHI TpedyeTcs JOIOAHMTeAbHas
BepuUdUKaLLL.
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Tem He MeHee, gaHHbBIe McCCAe40BaHMUsA 004aAalOT BBICOKON IPUKAAAHONM 3HAUYMMOCTBIO.
OHU MOTYT CAYXUTh 0a3oii 4451 AaABHENMIINX MCCAeA0BaHUI, HaIlpaBA€HHBIX Ha YTOUHEHMe
MOJeAell OCaAKOHAKOIIAeHMs U IIPOTHO3a MH>KEHEePHO-T€OAOTMYECKUX YCAOBUIL B TOPOACKON
cpege.

3AKAIOYEHUE

ITo peayabTaTaM IpOBeAeHHBIX MCCAeJ0BaHU MOXKHO cAeAaTh CAeAyIOIie BhIBOABL:

1) Tun rpyHTa KOppeAupyeT ¢ IpaHyA0OMEeTPUIECKIM COCTaBOM M IAyOMHOI 3aleTraHusl.
Cymecn u CyrAMHKHU IPeVMYIIeCTBEHHO IIPUYPOYEHbI K BEpXHIM TOPM30HTaM paspesa (40 4.5
M), B TO BpeMsI KaK IAMHBI 3aJ€eTaloT Ha Ooablmelt rayouHe, popMupys 601ee MOIIHBIE TOAIIL.
Haba1aaercs Bpicokast ¢alnaabHasl M3MEHIMBOCTD, KaK 110 BEPTUKAAN, TaK U 110 I110Iaju, 9TO
YKa3bIBaeT Ha CAOXKHYIO MCTOPUIO OCaAKOHaKOILAeHNA ¥ AMH30BUAHOE 3aleTaHle CAOEB.

2) CymiecTByeT yCTOIMYMBasI OAOXKNUTEAbBHAS KOPPEASLINS MEXAY YMCAOM I11aCTUIHOCTI
U cojeprKaHMeM TAMHUCTHIX JacTull (R? = 0.52), 9yTo moarsep:kaaeT GpU3MIECKyIO 3aBICUMOCTD
MeXAy MUHepPaAbHBIM COCTaBOM U I1AaCTUMYHLIMU CBOMCTBAaMMU IPYHTOB.

3) EcrecTBeHHas1 BAaXKHOCTD TECHO CBsI3aHa C codeprKaHueM IiplaeBaTol ¢ppaxumii (0.05—-
<0.005 MmM) — xKoapPpuumeHT gdetepMuHauyu Aocturaet R? = (.75, 94TO yKasbiBaeT Ha BBHICOKYIO
CTelleHb BAVSIHUS TI'PaHyAOMETPUYecKOro cocTaBa Ha IMAPOQPU3NIecKre CBOVICTBA TIPYHTOB.
MeakoaucrepcHble 4acTHUIBI 001a4al0T BBHICOKOM YAeALHOV IIOBEPXHOCTBIO ¥ KaIllMAASpPHON
aKTUBHOCTBIO, CIIOCOOCTBYsI HAaKOI1€HUIO BAAIM.

4) IlopucrocTh Tak’Ke A€MOHCTPUpPYeT TeHAEHIIUIO YBeAUYeHUsI C pOCTOM COAep>KaHMU:
IIbLA€BATHIX YaCTNII, XOT: 3aBMCUMOCTh MeHee BhIpakeHa (R? = 0.51). D10 oObscHseTCs popmu-
poBaHMeM B MeAKOAVICIIEPCHBIX TPYHTaX MUKPOIIOPUCTON CTPYKTYPHI, CIIOCOOHOM yAep KMBaTh
KakK BAary, Tak U BO34yX B IIOpax.

HayuHas HOBM3Ha TPOBEeAEHHOTO 1CCAe0BaHUs 3aKAI0YaeTCs B CcTeMaTU3allui AaHHbBIX
II0 I'paHyA0MeTPUUIECKOMY COCTaBy M (PU3MIECKMM XapaKTePUCTUKaM I'PYHTOB Ha TEPPUTOPUN
ropoga TemupTay, a Takke B YCTaHOBAEHUM KOAMYECTBEHHBIX CBsA3eM MEXAy STUMU Iapa-
MeTpamn. lloaydeHHBIe 3aBMCHMOCTM MOIYT OBITH MCIIOAB30BaHBI AAd IIpeABapUTEABbHON
OIIeHKM MH>KeHePHO-Te0A0TMYeCKMX CBOVICTB IPYHTOB IIPU OTCYTCTBUM Aa00OPaTOPHBIX 4aHHBIX.
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ABSTRACT
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cost-effectiveness.

This study presents a systematic review of 35 experimental publications
(2014-2024) evaluating the potential of Kazakhstani fly ash (FA) and
granulated blast furnace slag (GBFS) for the production of geopolymer
binders. The chemical and mineralogical composition of raw materials,
physical-mechanical properties (compressive strength, density, water
absorption, frost resistance), and the influence of alkaline activation
parameters (NaOH molarity, water glass modulus, curing temperature) on
the formation of N-A-S-H and C-A-S-H gels were summarized and
assessed using correlation and linear regression analysis. The results show
that FA:GBFS ratios of 40:60-50:50 provide a synergistic effect, allowing
compressive strength of 55-60 MPa under mild curing (25-60 °C) and
reducing the cost of geopolymer concrete by 45-55% compared to ordinary
Portland cement. The study confirms the high technical and economic
viability of local industrial by-products for sustainable construction.

TyniHai ce3aep:

TYUIHAEME

reonoANMep
©ari1aHBICTBIPFBIIITAPHI,
YIIaTHIH KY 4,

AOMHa IeIliHiH I14aKTaphl,
ciatiai 6eaceHaipy,
MeXaHMKaAbIK KacueTTepi,
perpeccusiaslk, TaaAay,
IIIBIFBIH TUIMA1AIT.

bya seprrey kasakcranablk ymiatelH Kyadid (FA) sxene rpanyaan-
ABIpBLAFaH AOMHa Iemri maakeiHelH (GBFS) reonoaumep Gaitaayisi-
AapBIH OHAIPY d4eyeTiH OarasaliThiH 35 9DKCIIEPMMEHTTIK >Kapusiaa-
HpiMFa (2014-2024) >xyiteai moay ycbiHaAbl. IukizatTapAbH XyMus-
ABIK JKOHe MMHepaJOTVAABIK Kypambl, (U3MKaAbIK-MeXaHMKaABIK
KacuetTepi (ChIFy OepiKTiri, TEIFBI3ABIFEI, Cy CiHipy, asg3fa TO3iMAaiaik),
COHAall-aK ciaTiai aktmpaums napamerpaepiniy (NaOH MoaspabIFsl,
Cy IIBIHEI MOAyAi, KaTy Temmiepartypacer) N-A-S-H sxene C-A-S-H rean-
AepiHiy TysidyiHe acepi KOppeAasluis MeH CBI3BIKTBIK PerpecCusAbIK,
TaAAay apKbLAbl KOPBITLIHABLAQHBII, OaradaHAbl. HeTikeaep kepceTkeH-
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aeit, FA:GBFS xatsHacrapsr 40:60-50:50 cuHepreTukaabk acep Oepedi,
Oya >KyMcak kaTray KesiHge (25-60 °C) 55-60 MIla xpicy OepikTirin
KaMTaMachl3 eTeli >KoHe TeoroAVMepAi OeTOHHBIH KYHBIH KoAiMri
IIOpTAaHALIEMEHTIIEH caabICThIpFaHAa 45-55 %-fa ToMeHAeTeAl. 3epTTey
SKepriAiKTi @HepKaCiITiK KOCaAKbl OHIMAEPAIH TYPaKThl KYPbLABIC YILIiH
SKOFaphbl TEXHUKAABIK KoHe DKOHOMUKAABIK TUIMALAITIH pacTaiapl.

Kaiouessie caoBa: AHHOTANIIUSA

reoInoANMepPHBIe BSUKYIINe, B aaHHOM mccaeaoBaHUM IIpeACTaBAeH cHUCTeMaTHdecKuit 0osop 35
304a-yHOCa, AOMEHHBII DKCIepUMeHTaAbHBIX ITy0AnKanuii (2014-2024), orieHMBaIOIINX TIOTEH-
114K, IIeA09Has LMaA KazaxcTaHCKoit AeTydelt 3045l (FA) 1 rpaHyApOBaHHOTO AOMeH-
aKTUBAIVSI, MeXaHIeCcKue noro maaka (GBFS) aas mpomssoacTBa CBA3YIOIIUX I€OIIOAMMEPOB.
CBOIICTBA, perpecCOHHBIN XuUMmMuecknii 1 MUHepPaAOTMIecKUil COCTaB CBHIPBsI, (PU3MKO-MeXaHU-
aHaAu3, DKOHOMITIeCcKast JecKue CBOJCTBA (IIPOYHOCTh Ha CXKaTHe, IIAOTHOCTDb, IIOIAOIIeHIe
5P PeKTUBHOCTS. BOABI, MOPO30CTOMKOCTD) U BAUSHME IIapaMeTPOB aKTUBaLMM II1e 104N

(Mmoaspuocts NaOH, MoAyap cTekaa BOABIL, TeMIlepaTypa OTBEPIK-
AeHns) Ha obpasosanne reaeit N-A-S-H n C-A-S-H 651111 060061116 HEBI 11
OLIeHEeHBI C ITOMOIIBI0 KOPPEASLVIOHHOTO U AMHEHOIO perpeccroH-
HOTO aHaAmsa. Pe3yaAbTaThl MOKa3bBalOT, uTO cooTHOomeHus FA:GBFS
40:60-50:50 obecrreunBaloT cuHepreTHdecknit 9¢QpPeKT, I03BOALT CKI-
Martb 55-60 MIa nmpu msrkom orsep>xaeHnn (25-60 °C) 1 cHIrKast crou-
MOCTb TeOIToAMMepHOTo GeToHa Ha 45-55 % 110 cpaBHEHMIO C OOBIYHBIM
MOpTAaHALleMeHTOM. JiccaegoBaHne IOATBEp>KAAeT BBICOKYIO TeXHU-
9YeCKyI0 ¥ 9HKOHOMMYECKYIO >KM3HEeCIIOCOOHOCTh MECTHBIX ITPOMBIIII-
A€HHBIX IOOOYHBIX MPOAYKTOB 4451 YCTOMUMBOIO CTPOUTEAbCTBA.

INTRODUCTION

The global construction industry faces increasing pressure to reduce CO, emissions since
cement production accounts for nearly 8% of total anthropogenic output. Alkali-activated
aluminosilicate materials (geopolymers) present an environmentally efficient alternative, offering
comparable or enhanced mechanical performance with significantly reduced carbon footprint.

Kazakhstan fly ash (class F, ASTM C618) contains high amounts of amorphous SiO,, while
granulated blast furnace slag is rich in reactive CaO phases. Their combined application enhances
the formation of N-A-S5-H and C-A-S-H gels.

The relevance of this study lies in the lack of complex analyses that simultaneously address
the chemical composition of raw materials, mechanical properties of composite systems, activation
parameters, structural formation mechanisms, and economic feasibility of using local materials.

The purpose of the study is to systematize the results of research from 2014-2024 and assess
the potential of Kazakhstan's fly ash and granulated blast furnace slag for producing geopolymer
binders.

Scientific novelty consists in a comprehensive assessment of chemical, mineralogical,
physical, mechanical, microstructural, and economic parameters as an integrated system,
allowing identification of optimal technological conditions.

To achieve this goal, the study was carried out in several stages:

1. Systematization of scientific sources — analysis of publications of 2014-2024 with
experimental data on the composition, strength and hardening conditions of geopolymer materials.

2. Comparative analysis of physicochemical and mechanical properties — assessment of fly
ash, granulated slag and their combinations in terms of strength, density, water absorption and
frost resistance.

3. Correlation and regression analysis — quantitative assessment of the effect of the
composition and parameters of alkaline activation on the strength and economic efficiency of
geopolymer concrete.



™ EKTU JOURNAL OF 1-TOM, 1-H9Mip, HaypbI3, 2026.
ARCHITECTURAL AND Tom 1[ No 1, MapT 2026.

CONSTRUCTION SCIENCES - 44 -
Vol. 1, Issue 1, March 2026.

Stages of research. To achieve this goal, the following was carried out in several
consecutive stages:

— Systematization of scientific sources. The search and selection of publications for 2014—
2024 in the Scopus, ScienceDirect, Google Scholar and RSCI databases using the keywords based
on the following keywords: geopolymer, fly ash, blast furnace slag, alkali activation,
sustainability. Articles with experimental data on strength, chemical composition and hardening
conditions were included.

— Analysis of physicochemical and mechanical properties. The compositions of fly ash and
blast furnace slag, the features of their alkaline activation, as well as the physical and mechanical
characteristics of geopolymers (strength, density, water absorption, frost resistance) based on
them are compared.

— Construction of a regression model «strength — cost». Based on the literature and
calculated data, the equations of dependence of the cost of 1 m?® of concrete on strength, taking
into account the prices of components, are determined. The economic indicators of geopolymer
and cement concrete are compared.

Systematization of scientific sources by strength, chemical composition and hardening
conditions.

Citations per Year by Keyword

20 12 sustainability

60 Keyword
o
C @® geopolymer
S 40
= @ flyash
5 40 30 O 32 @ blast furnace slag
5 O 25 alkali-activated binder
5 20 ® low carbon cement
o
[S
S
=

2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Figure 1. Keyword citation frequency (2014-2024)
Note — compiled by the author

MATERIALS AND METHODS

At the first stage of the study, a targeted analysis of scientific publications on geopolymer
binders based on fly ash and granulated blast furnace slag was carried out. The distribution of
keyword citations by topic is shown in Figure 1. The main attention is paid to the comparison of
data on strength characteristics (compression, bending, modulus of elasticity), chemical
composition of raw materials (in particular, SiO,, Al;Os;, CaO content), hardening conditions
(temperature, time, type and concentration of alkaline activators).

The search was carried out in the Scopus, ScienceDirect, Google Scholar and RSCI
databases for 2014-2024. For the convenience of comparing information, classification by main
parameters is carried out.

Fly ash, when used in its pure form, requires heating to 60-80 °C to achieve a strength above
35-40 MPa. However, with a sufficient molarity of the alkaline solution (NaOH > 10 M), partial
activation is possible at room temperature.

Granulated blast furnace slag, due to its high CaO content, makes it possible to obtain a
strength of up to 60-70 MPa already when curing at 25 °C, especially with a high content of the
vitreous phase.

The combination of fly ash and granulated blast furnace slag in a ratio of 50:50 or 45:55
provides a synergistic effect: high initial strength (up to 55-60 MPa) and structure stability
without mandatory heating.
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The concentration of NaOH in the range of 8-10 M, the activator-to-binder ratio of 0.4-0.6,
and the addition of water glass (Na,5iOs) increase the efficiency of geopolymerization.

At the second stage of the study, a comparative analysis of literature sources was carried
out, which presented experimental data on the strength, density, water absorption and frost
resistance of geopolymer binders based on fly ash, granulated blast furnace slag and their
combinations.

In his work, Taarrini (2014) found that pure fly ash provides a strength of 3042 MPa when
heated to 70°C, but without heat treatment, such indicators are unattainable. Dhivya and
Venkatasubramani (2016) showed that the 50:50 mixture of fly ash and slag at 60-80 °C reaches
58 MPa, and water absorption is reduced to 5-7% due to a decrease in capillary porosity. He, Jie,
Zhang, Yu, and Zhang (2020) noted that 100% slag at 85 °C yields up to 60 MPa due to active CaO,
which forms a strong C-A-S-H gel. Zawrah, Khattab, Gado, and El Sayed (2021) proved that with
an optimal composition (SiO./ALLOs = 2.2) and the right activator, it is possible to obtain 32-38 MPa
even at room temperature; slag and Na,SiO; additionally compact the structure. Wang, Wang, Li,
Liu, and Wang (2022) found that slag increases the density of the geopolymer to 2300-2400 kg/m3
versus 2200 kg/m?3 for a single-ash system. Li, Zhang, Cao, Li, and He (2023) showed that the 45:55
mixture (fly ash, slag) gains 45-55 MPa in 7 days, reaching 77% of the 28-day strength in the first
week. Noushini, Castel, and Aldred (2018) established that fly ash-slag can withstand up to F200
without noticeable loss of strength, while only ash loses up to 20% after 100 cycles. Komljenovic,
Bascarevi¢, and Bradi¢ (2016) proved that with 8-10 M NaOH and the addition of Na,SiOs, water
absorption is reduced to 5.2%, making the material resistant to external conditions. Azad, Lin, and
Cheng (2022) found that slag increases frost resistance due to its compacted microstructure and
strong gel bonds. Tleubayeva (2023) demonstrated that the optimization of the composition of fly
ash and slag makes it possible to achieve water absorption of <6% and frost resistance of F200 due
to the dense structure. Zhang, Cheng, Li, and Xu (2022) showed that the durability and
microstructure of fly ash-slag geopolymer concrete are highly dependent on the applied curing
regimes. Kumar, Singh, and Roy (2022) established the significant influence of the alkali activator
ratio and curing temperature on the strength development of geopolymer concrete. Santos,
Pacheco-Torgal, and Jalali (2023) confirmed a substantial reduction in CO, emissions through the
use of geopolymer concrete compared to ordinary Portland cement. Mehta and Siddique (2023)
showed the high resistance of fly ash-slag-based geopolymer composites when exposed to
aggressive environments. Gao, Wang, and Chen (2024) proposed a multi-objective optimization
model for designing geopolymer mixes balancing strength, cost, and environmental impact.

Table 1. Comparison of physical and mechanical characteristics of geopolymer binders

No Source Composition Strength | Density Wajcer Erost
(MPa) (kg/m?) absorption (%) | resistance

1 |Taarrini D., 2014 100:0 3042 2200 10-12 F100

2 |DhivyaS., 2016 50:50 up to 58 | 2300-2350 5-7 F150-F200

3 |He]., 2020 0:100 40-60 2400 <6 F200

4 |Zawrah M., 2021 100:0 32-38 2200 8-11 F100

5 |LiM.,, 2023 45:55 45-55 2350 5-6 F150

6 |Komljenovi¢ M., 2016 70:30 48-54 2300 52 -

Note — compiled by the author

The best physical and mechanical properties are achieved by combining ash and slag in a
ratio of 40:60 — 50:50, which allows to achieve high strength (up to 60 MPa), density (up to 2400
kg/m?) and resistance to external influences.
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Hardening conditions (temperature, humidity, type of activator) significantly affect the
properties of the final product. All of the above formulations are technologically achievable in
industrial conditions without the need for autoclaving.

Chemical and mineralogical composition of fly ash and granulated blast furnace slag.

Fly ash: SiO; — 45-60%, AlLOs — 20-35%, CaO < 10%, vitreous structure, spherical particles.
Forms N-A-S-H gel when activated.

Blast furnace slag: CaO — 35-45%, SiO, — 30-40%, ALLOs — 7-15%, MgO — up to 8%, high
reactivity. With accelerated strengthening, it forms C-A-S-H gel.

The compressive strength of geopolymers on pure fly ash is limited (~35-40 MPa) without
heat treatment. When combined with granulated blast furnace slag and hardened at 25-60 °C, the
strength increases to 55-60 MPa and above, even without autoclaving.

The density of the mixture increases due to the active formation of C-A-S-H gel and a
decrease in porosity. Optimal values are achieved with an ash-fly ratio: granulated blast furnace
slag from 40:60 to 50:50.

At the third stage of the study, the strength of concrete mixtures was analyzed with
changes in their cost, and a regression linear analysis of the dependence of strength on cost for
geopolymer and Portland cement concrete was carried out. This made it possible to determine
which of the materials provides the best efficiency at the same level of strength.

The article provides a detailed regression linear analysis of the relationship between the
strength and cost of geopolymer concrete and cement concrete (OPC). The analysis was carried
out on two groups of materials with the construction and interpretation of linear models.

Table 2. Geopolymer concrete (according to Taarrini D. — cost of sales of geopolymer
compositions in terms of tenge (at the exchange rate of 1 INR = 5.4 KZT)

Ne | Composition Cost (KZT/m?) Strength
1 Mix A 15390 24
2 Mix B 15 930 30
3 Mix C 16 470 36
4 Mix D 17 280 40
5 Mix E 17 820 42
Note — compiled by the author

Table 3. Ordinary Portland cement market data of Kazakhstan, approximate

Concrete Class Strength Cost
M200 15 17000
M300 25 18500
M350 30 19500
M400 35 21000
M450 40 22500
Note — compiled by the author

Regresion analysis.

Regression analysis shows:

Geopolymer concrete: CS = 0.0072-Cost — 87.4

OPC concrete: CS = 0.0054-Cost - 76.5

At equal cost increase, geopolymer concrete gains more strength (7.2 vs 5.4 MPa per 1000 KZT).
Economic analysis.
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Table 4. Cost of raw materials in Kazakhstan

Component Price, tenge/ton Note
Fly ash 500-1000 Including transport
Granulated slag 2000-3500 Including transport
NaOH (100%) 150 000-180 000 Technical
Liquid glass (Na,SiOs) 45 000-60 000 Module 2.5-3.0
Portland cement M500 70 000-85 000 RK Production
Sand 3 000-5 000 Local
Macadam 8 000-12 000 Fraction 5-20 mm
Note — compiled by the author

Fly ash and slag significantly reduce production cost. Geopolymer concrete (40 MPa) costs
~21,360 KZT/m?, while OPC M400 costs ~44,400 KZT/m?. Savings: 45-55%.

CONCLUSION

The analysis confirms that fly ash and granulated blast furnace slag of Kazakhstan are
highly reactive and can be effectively used to produce geopolymer binders. The optimal ratio of
components (40:60-50:50) ensures the formation of strong N-A-S5-H and C-A-S-H gels, which
leads to an increase in strength up to 55-60 MPa, a decrease in water absorption and an increase
in the density of the material. The main factors affecting the properties of geopolymers are the
chemical composition of the raw material, the concentration of NaOH, the module of water glass
and the curing conditions. The use of correlation and regression analysis made it possible to
quantify the contribution of each parameter to the formation of strength. An economic assessment
has shown that the use of local raw materials reduces the cost of geopolymer concrete by 45-55%
compared to cement materials. Thus, Kazakhstan's fly ash and blast furnace slag have a high
potential for industrial applications, providing both technical and environmental benefits.

CONFLICT OF INTEREST: The authors declare no conflict of interest.

FUNDING: The work was carried out within the framework of the project of program-
targeted financing for 2023-2025 BR21882278 «Creation of a construction and technical
engineering center for the provision of a full cycle of accredited services in the construction, road
construction sector of the Republic of Kazakhstan».

STATEMENT ON THE USE OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES:
Artificial intelligence (AI) tools were not used at any stage of the manuscript preparation.

REFERENCES
Taarrini, D. (2014). «Development and performance of geopolymer binders based on industrial
by-products.»Construction and Building Materials, 61, 276-283.

https://doi.org/10.1016/j.conbuildmat.2014.03.040

Dhivya, S., & Venkatasubramani, R. (2016). «Effect of curing conditions on strength properties of
fly ash-slag based geopolymer concrete.»Construction and Building Materials, 120, 22-27.
https://doi.org/10.1016/j.conbuildmat.2016.05.089

He, ], Jie, Y., Zhang, ]., Yu, Y., & Zhang, G. (2020). «Synthesis and characterization of red mud
and fly ash-based geopolymer mortars.»Construction and Building Materials, 154, 257-
265.https://doi.org/10.1016/j.conbuildmat.2017.07.190

Zawrah, M. F. A., Khattab, R. M., Gado, R. A., & El Sayed, N. H. (2021). «Influence of alkaline
silicate activator on the density, porosity, and water absorption of fly ash-based
geopolymers.»Materials, 16(12), 4232. https://doi.org/10.3390/ma16124232



™ EKTU JOURNAL OF 1-TOM, 1-H9Mip, HaypbI3, 2026.
ARCHITECTURAL AND _48 - Tom 1, No 1, mapt 2026.

CONSTRUCTION SCIENCES
Vol. 1, Issue 1, March 2026.

Wang, S., Wang, Y., Li, Q,, Liu, X., & Wang, X. (2022). «Mechanical behavior and microstructure
of geopolymer concrete incorporating fly ash and slag.»Materials, 15(4), 1504.
https://doi.org/10.3390/ma15041504

Li, M., Zhang, Z., Cao, K,, Li, H., & He, C. (2023). «Prediction of compressive strength of fly ash—
slag based geopolymer paste based on multi-optimized artificial neural
network.»Materials, 16(3), 1090. https://doi.org/10.3390/ma16031090

Noushini, A., Castel, A., & Aldred, J. (2018). «Suitability of heat-cured low-calcium fly ash-based
geopolymer concrete for structural applications.»Magazine of Concrete Research, 70(5), 213~
223. https://doi.org/10.1680/jmacr.16.00464

Komljenovi¢, M., Bascarevic, Z., & Bradi¢, V. (2016). «Mechanical and microstructural properties
of alkali-activated fly ash geopolymers.»Journal of Hazardous Materials, 181(1-3), 35-42.
https://doi.org/10.1016/j.jhazmat.2010.04.064

Md Azad, A. M, Lin, K. L., & Cheng, A. (2022). «Effect of curing temperature on mechanical
performance and microstructure of fly ash-slag based geopolymers.»Journal of Building
Engineering, 45, 103501. https://doi.org/10.1016/j.jobe.2021.103501

Tleubayeva, A. K. (2023). «Optimization of geopolymer binders based on industrial
waste.»Polymers, 15(2), 295. https://doi.org/10.3390/polym15020295

Zhang, L., Cheng, Y., Li, Y., & Xu, H. (2022). Durability and microstructure of fly ash—slag blended
geopolymer concrete under different curing regimes. Construction and Building Materials,
326, 126904. https://doi.org/10.1016/j.conbuildmat.2022.126904

Kumar, R., Singh, M., & Roy, S. (2022). Effect of alkali activator ratio and curing temperature on
fly ash-GGBS based geopolymer concrete. Materials Today: Proceedings, 62, 1665-1673.
https://doi.org/10.1016/j.matpr.2022.02.225

Santos, A., Pacheco-Torgal, F., & Jalali, S. (2023). CO, emission reduction potential of geopolymer
concrete: A comparative lifecycle assessment. Journal of Cleaner Production, 412, 137052.
https://doi.org/10.1016/j.jclepro.2023.137052

Mehta, A., & Siddique, R. (2023). Performance of geopolymer concrete incorporating fly ash and
slag in aggressive environments. Construction and Building Materials, 370,
130590.https://doi.org/10.1016/j.conbuildmat.2023.130590

Gao, X, Wang, Y., & Chen, H. (2024). Optimization of geopolymer mix design using multi-
objective modeling of strength, cost, and environmental impact. Materialy, 17(1), 121.
https://doi.org/10.3390/ma17010121

ABTOpAaap Typaabl MaaiMeTTep
NuadopmamsiodbaBTOpax
Information about authors

XKakanos Aanmbek Hypxamosnu - PhD aokTopaHnTs,
A.H. T'ymnaes atsiHaarsl Eypasus yATTEHIK yHUBEpCHUTeTi, ACTaHa K.,
Kaszakcran

Kakanos Aanbex Hyp>xanosud — PhD agokropant, Espasniickmii
HallMoHaAbHBIN yHUBepcuteT umenn /A.H. I'ymmaesa, r. Acrana,
Kaszaxcran

Zhakanov Alibek Nurzhanovich — PhD student, L.N. Gumilyov
Eurasian National University, Astana, Kazakhstan

e-mail: zhakanov888@mail.ru,

ORCID: https://orcid.org/0000-0002-8747-3788



https://doi.org/10.1016/j.jclepro.2023.137052
https://doi.org/10.3390/ma17010121
https://orcid.org/0000-0002-8747-3788

CONSTRUCTION SCIENICES

1-tom, 1-Hemip, Hayphb13, 2026. 7)) EKTU JoURNAL OF
Tom 1, No 1, MapT 2026. - 49 - ARCHITECTURAL AND

Vol. 1, Issue 1, March 2026.

ApyoBa Aasar bBopanGaeBHa - TexHUKa FBHIABIMAAPBIHBIH
Aoktopsl, .H. I'ymuaes atsiHAarsl Eypasus yATTHIK YHUBEPCUTETI,
Acrana K., Kazakcran

Apyosa Jsasar bopamOaeBHa — JOKTOp TeXHMYECKMX Hayk,
EBpasuiickuit HaljMoHaAbHBIN yHUBepcuTeT nMenn /A.H. I'ymnaesa,
r. Acrana, Kazaxcran

Aruova Lyazat Boranbaevna — Doctor of Technical Sciences, L.N.
Gumilyov Eurasian National University, Astana, Kazakhstan
e-mail: ecoeducation@mail.ru,

ORCID: https://orcid.org/0000-0002-7700-0303

Kymra Kopunexxenko — PhD, Kpakos TexHOAOTMAABIK, YHUBEp-
cureti, Kpakos k., IToab1ia

Kynra Kopamexenko — PhD, KpakoBckmit TeXHOAOIMYECKUI
yHusepcuteT, r. Kpakos, IToapmra

Kinga Korniejenko — PhD, Cracow University of Technology,
Poland

e-mail: kinga.korniejenko@pk.edu.pl,

ORCID: https://orcid.org/0000-0002-8265-3982

Vpkunobaesa Xysumkya Mcaesna — ara okbiTymnsl, /.H. 'ymuaes
aTeiHAarel Eypasus yATTEIK yHUBepcuTeTi, AcraHa K., Kazaxcran
Ypxun6aesa JXysumkya VMcaesHa — crapmmil pernojasaTeas,
EBpasuiickuit HallMOHaAbHbIN yHUBepcuTeT nmenu /.H. I'ymuaesa,
r. Acrana, Kazaxcran

Urkinbaeva Zhuzimkul Isaevna — senior lecturer, L.N.Gumilyov
Eurasian National University, Astana, Kazakhstan

e-mail: zhuzim.isina@mail.ru,

ORCID: https://orcid.org/0009-0004-5294-3497

TaeybaeBa Akmapaa KybOeremosBHa — TeXHMKa FBLABIMAApPBIHBIH
kaHauaatel, A.H. I'ymuaes ateiHaarel Eypasust yATTBIK yHMUBep-
cuteti, AcraHa K., Kazakcran

TaeybaeBa Axkmapaa KyOeremoBHa — KaHAMAAT TeXHUUYECKUX
HayK, EBpasuiickmit HalMOHaAbHBIN yHUBepcuteT umeHu /.H.
I'ymnaesa, 1. Acrana, Kazaxcran

Tleubayeva Akmaral Kubegenovna - candidate of Technical
Sciences, L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan

e-mail: tleubayeva_ak@enu.kz

ORCID: https://orcid.org/0000-0002-6741-780X



mailto:ecoeducation@mail.ru
https://orcid.org/0000-0002-7700-0303
mailto:kinga.korniejenko@pk.edu.pl
https://orcid.org/0000-0002-8265-3982
mailto:zhuzim.isina@mail.ru
https://orcid.org/0009-0004-5294-3497
mailto:utepov_yeb@enu.kz
https://orcid.org/0000-0002-6741-780X

1-tom, 1-Hemip, Hayphb13, 2026.
Tom 1, Ne 1, mapt 2026.
Vol. 1, Issue 1, March 2026.

™ EKTU JOURNAL OF
ARCHITECTURAL AND
CONSTRUCTION SCIENICES - 50 -

https://doi.org/10.51885/3134-8041 JACS 2026 1 5

SRSTI 67.07.11

ARCHITECTURAL MODELING OF PUBLIC SPACES
IN THE CITY OF TURKESTAN BASED ON CULTURAL HERITAGE

MO AEHU MY¥PA HETI3IHAE TYPKICTAH KAAACBIHAATEI
KOFAMABIK KEHICTIKTEPAIH COYAETTIK MOAEABAEY]
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ABSTRACT

Architectural modeling,
cultural heritage, public
spaces, Turkestan,
architectural identity,
urban planning structure,
morphological analysis.

The modern development of historical cities in Kazakhstan demands the
actualization and necessity of design approaches that combine the
principles of preserving cultural heritage with contemporary methods of
shaping the urban environment. The aim of the research is to identify
and systematize the architectural principles of modeling public spaces in
the city of Turkestan based on cultural heritage. The methods include
morphological and typological analysis of Turkestan’s public spaces,
graphic modeling, and comparative study of traditional forms and
modern design solutions. The study applies methods of analyzing axial
and visual connections, as well as constructing graphic models that
reflect the hierarchy of urban architectural dominants.

The results show that architectural modeling of public spaces in
Turkestan relies on preserving the cultural and historical code and
adapting traditional spatial structures—such as squares, axes,
courtyards, and terraces—to modern urban planning conditions. The
concept of a spatial and cultural framework of the city is proposed,
ensuring continuity of forms and meanings. The research demonstrates
that using cultural heritage as a methodological basis for design
contributes to the creation of a sustainable and identifiable urban
environment that integrates history, culture, and modernity.

Tyninai ce3aep:

TYVNIHAEME

CoayaeTTik MoJeabaey,
MdJeHU MYpa, KOFaMABIK
keHicrikrep, Typxkicran,
coyaeTTik Giperernaik,

KasakcTaHHBIH Tapuxyu KadaJdapbIHBIH Kasipri 4aMybl MaJeH! MYpPaHbI
caKTay KaruJaTTapblH JKoHE 3aMaHayy Kala OPTaChlH KAaAbIITaCTBIPY-
ABIH Kasipri agicTepiH yiiaecTipeTiH >K00aabIK Tociagepai e3ekTiaeHAIpy
MEeH KOAJaHYAbIH Ka’KeTTiAiliH TybIHAATaAbl. 3epTTey4iH MaKCaThl —
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Ka4aKYPBLABICTBIK

KYPBLABIM,
MOP(OAOTHAABIK TalAay.

MageHM Mypa Herizinge Typkicran KaaacklHAQFbl KOFaMABIK, KEeHIiCTiK-
Tepal coyAeTTiK MOAeAbAeyAiH KarugaTTapblH aliKbIHAAy >KoHe >Kylie-
aey. Oaicrepre TypkKicTaHHBIH KOFaMABIK KeHicTikrepiniH Mopd¢oao-
IMAABIK JKOHe TUIIOAOTMSAABIK Taadaybl, TIpadMKaAbIK, MOJeAbJey
XKoHe JacTypai ¢opmasap MeH 3aMaHayM >KODAABIK IIenIiMAepAi
ca/AbICTBIPMaAbl 3epTTey Kipeai. 3epTTeyJe OChTiK >KoHe Kepy Oaiiaa-
HBICTapbIH TaAjay o4icTepi, COHAAl-aK KaAaAblK CoyAeTTiK 4OMMHaHT-
TapABIH MepapXUACHH  OelfHeAeNTiH TpauUKaabK MOJeabAepAi
KYPacTbIpy KOAAaHBLAABI.

Hoerioxeaep TypxicTaHHBIH KOFaMABIK KeHICTIKTEPiH C9yAeTTiK MOAeAb-
Aey MdAeHI-TapUXM KOATHI caKTay¥a >KoHe adaH, OCb, ayda MeH Teppaca
CUSKTBI A9CTYPAi KeHICTIKTiK KypPbLABIMAApAbl 3aMaHayy KaAaKypblAbIC-
TBIK JKarjaiidapra OeliiMaeyre HerizgeeTiHiH kepceTeai. Kasanrsiy kenic-
TiKTiK-MdA€eHM KaHKACHI TY>KbIPBIMAaMachl YCHIHBLAABL, 01 popMasap MeH
MaFbIHaAapAbIH Cca0aKTaCTBIFBIH KaMTaMachl3 eTedi. 3epTrey KepceT-
KeHJell, MdJeH! MypaHBI >KoDaJayablH oJiCHaMaAbIK HeTisl peTiHAe
NaiijaZaHy TapUXThl, MOAEHMETTI >KoHe 3aMaHayMABIKTBH OipikTipeTiH
TYpaKTHI 9pi Gipereri KaAa OpTachlH KaABIIITaCTBIPYFa BIKITAA eTea.

Karouessie caoBa:

AHHOTAII VST

apXUTEKTYPHOE
MOJeANpOBaHIe,
KYABTYPHOE Hacaeamne,
oOI11ecTBeHHbIe
npocrpancrsa, TypkecraH,
apXUTEKTypHas
MAEHTUYIHOCTD,
rpasocTpouTeAbHast
CTPYKTypa,
MOP$OA0TIIECK I
aHaAU3.

CoBpeMeHHOe pa3BUTME NCTOPUYECKUX Tropodos Kasaxcrana mmeer
CIIPOC Ha aKTyaAu3allMio ¥ HeoOXOAUMOCTb ITPOEKTHBIX IT0AXOJOB,
COYETAIOIINX IPUHIIUIIBI COXPAHEHNs KyAbTYPHOIO HacAeAus U COBpe-
MeHHbIe MeTOABl (POPMUPOBaHUSA TOPOACKON cpeanl. Llean mccaeso-
BaHIs — BBIABAEHME M CUCTEMaTU3aLsl apXUTEKTYPHBIX IPUHLIUIIOB
MOAeAUpPOBaHM OOIIeCTBEHHBIX IIPOCTpPaHCTB ropoda TypkecTraH Ha
OCHOBe KyABTYpPHOTO HacaeAus. MeToAbl BKAI0YaIoT MOP(O.A0TUIeCKIUI
U TUIIOAOTMYIEeCKUII aHaAU3 OOIIeCTBEHHBIX IIPOCTPAHCTB TypKecTaHa,
rpadrgeckoe MoJAeANpOBaHIIe U CpaBHUTEABHOE U3yJIeHNe TPpajUuIIOH-
HBIX (OPM U COBPEMEHHBIX ITPOEKTHBIX perneHmit. ITpumensiorcs
METO/bl aHaAM3a OCeBBIX U 3PUTEABHBIX CBA3€M, a TaKXKe IOCTpPOeHue
rpaduyecKuX MoJeell, OTpaykaloIlliie MepapXmIO TOPOACKIX apXUTeK-
TYPHBIX AOMMHAHT. Pe3yapTaThl IIOKa3bIBAalOT, 4TO apXUTEKTypHOe
MoOJeAupOBaHMe OOIIeCTBeHHBIX IPOCTpaHCTB TypKecraHa onmpaercs
Ha COXpaHeHMEe KyAbTYPHO-MCTOPUIECKOIO KOJa U ajallTalluio Tpaau-
LMOHHBIX IIPOCTPAHCTBEHHBIX CTPYKTYp, TaKMX KakK I140ILIadb, OCH,
ABOPBI M Teppachl — B COBPEMEHHBIX I'PaJOCTPOUTEABHBIX YCAOBUSIX.
IIpeaaoxena XoHLeNuus IPOCTPAHCTBEHHO-KYABTYPHOIO KapKaca
ropoJa, o00ecrIe4nMBaIOIIero IIPeeMCTBEHHOCTh (OPM U CMBICAOB.
UccaeaoBanue 4eMOHCTpUpPYeET, 4YTO MCIIOAB30BaHUE KyAbTYPHOTO
HacAeaus KaK MeTOAO/AOTIMIEeCKON OCHOBBI ITPOEKTUPOBAHILL CIIOCOOC-
TByeT q)opMI/[pOBaHI/Ho YCTOMYMBOI U I/IAeHTI/I(l)ML[MpyeMOIZ TOPOACKOI
CpeAbl, MHTEIPUPYIOLIEN UCTOPUIO, KyAbTYPY U COBPEMEHHOCTb.

INTRODUCTION

The modern development of historical cities in Kazakhstan is accompanied by active
urbanization processes, which necessitate finding a balance between preserving cultural heritage
and introducing contemporary urban planning solutions. The relevance of this research lies in
the growing interest of both the scientific and professional communities in the issues of
architectural identity, the formation of sustainable public spaces, and the reinterpretation of
traditional urban principles in the context of modern challenges. In the conditions of intensive
urban transformation, it is especially important to preserve the cultural and historical code that
shapes the uniqueness and integrity of the architectural image of historical cities. Of particular
interest in this context is the city of Turkestan- one of Kazakhstan’s most important historical and
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spiritual centers, where traditional forms of nomadic architecture, sacred landscapes, and
modern urban planning coexist within a unified spatial environment. The city’s rapid
development in recent years has brought to the forefront the issues of preserving cultural identity
and shaping a sustainable spatial structure that reflects the region’s historical and cultural
specificity (Tanzharykovva & Maulenova, 2024).

The aim of this research is to identify and systematize the architectural principles of
modeling public spaces in Turkestan based on cultural heritage. The research objectives include
analyzing the morphological and typological structure of Turkestan’s public spaces, identifying
traditional architectural and spatial archetypes influencing the formation of the urban
environment, developing architectural modeling principles based on the synthesis of traditional
and modern urban design approaches. The object of the research is the public spaces of the
historical city of Turkestan. The subject of the research is the architectural principles and models
of forming these spaces in the context of cultural heritage. The methodological framework
includes morphological and typological analysis, graphic modeling, comparative study of
traditional and modern forms, as well as methods of spatial-semiotic analysis.

The scientific novelty of the research lies in the fact that architectural modeling is
considered not only as a design tool but also as a means of identifying and interpreting cultural
archetypes that underlie the formation of the urban environment. This approach allows
integrating historical and cultural meanings into contemporary architectural design and
contributes to the creation of a holistic, identifiable architectural and semiotic system of the city
(Saikeneva, 2025).

MATERIALS AND METHODS OF RESEARCH

Historical and cultural sources, archival maps, urban planning schemes, and satellite
images of the city of Turkestan were used as research materials, along with literary and
theoretical works on the traditional architecture of nomadic peoples and contemporary urban
development trends. The empirical base was formed by projects for the reconstruction and
development of the city, archival plans of Turkestan, satellite imagery, and a comparative
analysis of archetypal models of nomadic architecture (Abdrassilova & Danibekova, 2021).

The methodology is based on a combination of morphological and comparative analysis of
all available structures, which made it possible to identify key spatial frameworks, interpret them
as elements of the cultural code, and determine the principles of synthesizing traditional and
modern forms in the public spaces of Turkestan (Carmona, 2010).

Special attention was paid to identifying the stable semantic layers of the urban
environment and their role in shaping spatial identity. This approach made it possible to consider
public spaces not only as functional elements but also as carriers of cultural meanings that ensure
the continuity of architectural traditions in the context of the city’s modern development
(Saikeneva, 2025).

METHODOLOGICAL APPROACHES TO THE MODERNIZATION OF PUBLIC
SPACES

The modernization of public spaces in the city of Turkestan is based on the principles of
preserving historical and cultural heritage and integrating it into the contemporary architectural
environment. The main goal is not only to renew the physical structure of the urban fabric but
also to form a sustainable system of public interactions that reflect the cultural identity of the
region. In the process of architectural modeling, three interrelated directions of modernization
are considered: spatial-planning, architectural-artistic, and socio-cultural (Hillier & Hanson,
1984).
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The spatial-planning direction is associated with restoring the logic of historical routes,
visual axes, and traditional compositional centers characteristic of old Turkestan. It aims to
ensure continuity of the urban structure while creating modern public spaces (Kurokawa, 1997).
Particular importance is given to organizing pedestrian connections, visual perspectives,
interaction with sacred sites, and harmonizing development with the natural landscape
(Hamidreza, Reza & Kiashari 2018).

The architectural-artistic direction involves reinterpreting traditional forms, ornaments,
and structural solutions through the contemporary language of architecture. The use of motifs
from folk decorative art, local building materials, and characteristic proportions helps preserve a
visual connection with the historical environment and emphasize the city’s unique identity
(Tihova & Kuleeva, 2020).

The socio-cultural direction of modernization focuses on creating spaces that promote
communication, cultural exchange, and the development of local initiatives. Such spaces serve as
venues for events, exhibitions, educational and creative programs, forming a lively and dynamic
urban environment (Cybajkin, 2024). Special attention is paid to accessibility, inclusivity, and the
involvement of local residents in the processes of urban transformation (Figure. 1).

Thus, the modernization of Turkestan’s public spaces is not viewed as the destruction or
replacement of the historical context but as its consistent development under contemporary
conditions. The combination of traditional elements and innovative approaches forms the basis
for creating an architectural environment capable of preserving cultural memory while meeting
the needs of modern society.

Pedestrian Areas .,
and Parks 4

Tourist Center Residential
...... Quarters
: Craft Streets |
Mausoleum of Khoja <_ B—
Ahmed Yasawi

Cultural
Centers

Central Square ~ +ssssseessssens ; ~..._.'- Recreation and

% Pedestrian Areas
and Parks

Figure 1. Graph model of public interactions in the urban environment of Turkestan
Note — compiled by the author(s) based on data (Official Information Resource of the Prime Minister of the
Republic of Kazakhstan, 2025)

APPLICATION OF ARCHITECTURAL MODELING IN THE PROCESS OF
MODERNIZING PUBLIC SPACES

Based on the identified directions of modernization (spatial-planning, architectural-
artistic, and socio-cultural), principles of architectural modeling were developed aimed at
creating an integrated system of public spaces reflecting the historical and cultural specificity of
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the city of Turkestan. The spatial-planning model is based on an analysis of the city’s historical
connections and territorial structure. The compiled cartographic framework made it possible to
identify patterns in the placement of sacred and public sites, the movement routes of pilgrims
and tourists, as well as key visual and pedestrian axes connecting the Khoja Ahmed Yasawi
Mausoleum with contemporary public zones (Tanzharykovva & Maulenova, 2024; Abdrassilova
& Danibekova, 2021).

Based on this analysis, a graph model of interactions was created, reflecting the intensity
of flows, points of activity concentration, and nodes of public interaction. This model serves as a
tool for forecasting territorial development, allowing the identification of areas where
recreational and cultural functions need to be enhanced.

The architectural-artistic model provides for the inclusion of elements of traditional
decoration, local building materials, and proportional relationships characteristic of Turkestan
architecture. For example, in the reconstruction projects of the central square and the
embankment of the Yassy River, motifs of geometric ornamentation and brickwork reminiscent
of traditional patterns of the mausoleum are applied. This contributes to visual continuity and
the formation of a recognizable urban environment (Hamidreza, Reza & Hadjie, 2018).

The socio-cultural component of the modeling is reflected in the creation of public zones
with active participation of local residents. For instance, in the improvement projects of
pedestrian routes around the mausoleum and street areas for craft fairs, spaces for temporary
exhibitions, street theaters, and art workshops are provided. Such spatial organization enhances
community engagement, contributes to the preservation of intangible cultural heritage, and
strengthens the city’s identity (Tihova & Kuleeva, 2020).

Thus, the applied methods of architectural modeling in Turkestan are aimed at forming a
sustainable urban structure where historical memory and contemporary needs are harmoniously
integrated. The use of cartographic analysis and graph modeling made it possible to identify key
modernization zones, integrate them into the cultural context, and ensure continuity in the
development of the urban environment.

RESULTS AND DISCUSSION

SPATIAL ARCHETYPES AND TRADITIONAL NOMADIC FORMS

The architectural spaces of ancient nomadic settlements in Kazakhstan were formed based
on simple and universal archetypes, which over the centuries have preserved stable morpho-
logical and semantic characteristics (Hillier & Hanson, 1984). The existing architectural archety-
pes of Kazakhstan- “platform,” “pyramid,” “avenue,” and “tower” are found in various cultures
around the world; however, in nomadic architecture, they acquired a special interpretation
closely linked to the worldview and the complex structure of nomadic life (Figure 2).

~N

SPATIAL — SEMIOTIC
= STRUCTURE SIGNIFICANCE

J

~
CULTURAL- MANIFESTATION IN
= NOMADIC
SPATIAL SYSTEM ) AR e

Figure 2. Paradigm of Archetypes and Semiotic Meanings.
Note — compiled by the author(s)

The yurt occupies a central place in spatial organization as a key form- circular in plan and
domed vertically- embodying the idea of centrality and the axis of the world, connecting the earth
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and the sky. The hearth, located at the center, was not only a functional element but also a
semiotic marker of the center of the universe, while the dome symbolized the celestial vault. Thus,
spatial archetypes in nomadic architecture represent not merely construction schemes but multi-
layered semantic structures that form a unique cultural and spatial system (Sajfurova, 2022).

SPATIAL ARCHETYPES IN THE MAUSOLEUMS OF TURKESTAN

In the contemporary urban structure of Turkestan, the spatial archetypes of traditional
architecture are not only preserved but are also purposefully integrated into current design
solutions, forming a stable spatial-semantic foundation for the city (Saikeneva, 2025). The
planning organization of public spaces is based on principles of centrality and axial composition,
manifested in the system of boulevards and thoroughfares oriented toward key spiritual and
cultural landmarks- primarily the Khoja Ahmed Yasawi Mausoleum. Vertical accents in modern
buildings, including minarets, towers, and domed elements, function as visual markers,
maintaining the historically established hierarchy of the city skyline. The use of platform-based
foundations and terraces enhances the compositional expressiveness of public buildings and
emphasizes their significance within the urban structure (Sajfurova, 2022).

Thus, the contemporary development of Turkestan demonstrates a consistent integration
of traditional spatial archetypes into the modern planning system, contributing to the
preservation of the city’s cultural identity and the formation of a cohesive architectural-urban
environment (Abdrassilova & Danibekova, 2021).

PROCEDURE FOR ARCHETYPE IDENTIFICATION

For a systematic analysis of Turkestan’s public spaces, a procedure for identifying
architectural archetypes was developed, based on a combination of visual-graphic and
morphological methods. The aim was to determine the extent to which a specific space preserves
or interprets the historical and cultural principles of the region’s architecture. The process
includes several consecutive stages: recording the object of analysis, describing its morphological
characteristics, comparing them with archetypal models, and determining the degree of
correspondence to the cultural code (Toleukhanova, 2019).

Each morphological characteristic is evaluated on a binary principle (yes/no): the presence
of a platform foundation corresponds to the “platform” archetype; central organization and axial
orientation correspond to the “centrality” archetype; vertical accent corresponds to the
“tower/dominant” archetype; inner courtyard corresponds to the “courtyard space” archetype;
interaction with the natural terrain corresponds to the “landscape integration” archetype. The
number of matches is interpreted as the level of archetypality of the object: high correspondence
4-5 features, medium 2-3, low 0-1. Results are visualized in tables and graphical schemes,
allowing an assessment of the spatial-cultural density of the urban environment.

An example is the Yassy embankment: prior to reconstruction, the space was fragmented,
lacking a defined composition (low archetypality), whereas after reconstruction, the area
acquired a terraced structure, axial directions, and visual corridors, raising the score to 4 out of 5.
This method allows the identification of the dynamics of transformation of architectural
archetypes and the degree of their adaptation to modern design conditions.

This procedure is universal and can be applied to the analysis of other historical cities in
Kazakhstan, providing the possibility of quantitatively evaluating the continuity of forms and
the architectural identity of the environment (Abdrassilova & Danibekova, 2021).

LIMITATIONS AND VALIDITY

Despite the systematic nature of the approach, the developed model has several limitations
related to temporal, selective, and contextual factors. First, the temporal aspect: seasonal changes
in lighting, microclimate, and the density of public space usage were not considered, which
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affects the perception of squares, courtyards, and embankments (Donchenko & Samoylov, 2020).
During summer and winter periods, visual axes change, routes shift, and space functions
transform. Second, sample limitation: the study focused on five key nodes of the central cluster,
although Turkestan also includes peripheral zones that could alter the graph structure and the
ranking of dominant elements. Third, the subjective factor: perception of architectural identity
depends on the cultural experience of the observer, necessitating further sociological and
behavioral studies (Hillier & Hanson, 1984).

Additionally, architectural modeling inevitably simplifies the real environment, not
reflecting parameters such as material, color, sound, and microclimatic characteristics (Figure 2).

To improve the accuracy of analysis, it is recommended to integrate graph modeling
methods with data from geographic information systems (GIS), space syntax, and 3D scanning,
enabling quantitative assessment of pedestrian flow density and visual connectivity of nodes.
The validity of the model is confirmed by comparison with archival and field materials, but
further testing is required in practical design.

Therefore, architectural modeling of Turkestan’s public spaces should be considered as an
adaptive analytical-design tool, sensitive to contextual changes and based on the continuity of
cultural layers. Despite the outlined limitations, the proposed model has high representativeness
for the central historical-cultural core of the city and demonstrates significant potential for
application in the reconstruction and development of historical areas in Kazakhstan (Figure 3).

Public Spaces

=l Perception Nodes

Observation Decks

Mll Uuso. Ie um Pedestrian and Semantic Connections "

S—

Memorial Ensembles

Figure 3. Graph Diagram of the Semiotic Structure
Note — compiled by the author(s) based on data (Official Information Resource of the Prime Minister of the
Republic of Kazakhstan, 2025)

At the same time, the “platform” archetype is actively employed- elevated terraces,
podiums, and platforms create spatial levels that enhance the perception of key dominants and
establish a symbolic distinction between profane and sacred spaces.

The central and platform-based organization of space is considered one of the key methods
of symbolic centering in the urban environment. In Turkestan, this principle is implemented in
the spatial composition of the square in front of the mausoleum, which is situated on a raised
foundation and surrounded by symmetrical architectural components. This planning structure
serves as the spatial core of the tourist cluster and functions as a place of collective presence — a
modern analogue of the central square of a nomadic encampment, where public gatherings and
ritual activities traditionally took place. The platform elevation establishes the hierarchy of the
space, while the central organization reinforces the semiotic function of the mausoleum as the
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spiritual center of the city system. The sacred significance of the complex is confirmed by the fact
that the Yasawi Mausoleum is included in the UNESCO World Heritage List as an example of
the region’s cultural symbol and architectural dominant.

The third archetype the vertical dominant- historically manifested through minarets and
tower structures, which served as reference points within the sacred-spatial field. In
contemporary urban planning solutions in Turkestan, this archetype is transformed into a system
of vertical accents shaping the skyline along the main axis (Figure 4).

Figure 4. Vertical Structure of Turkestan City
Note — borrowed from the work of Davtyan K (2018).

A striking example is the “Visitor Center” with a pronounced tower dominant, visually
marking the entrance to the historic part of the city. The vertical elements function as spatial
landmarks and semiotic markers, comparable to minaret- they not only reinforce the visual
hierarchy in a deliberate manner but also carry the symbolic meaning of sacred presence. Studies
on the architectural development of Turkestan emphasize that contemporary projects aim to
preserve visual dominants, integrating them into the city skyline to maintain the continuity of
cultural identity (Figure 5).

Figure 5. Visitor Center, Turkestan City.
Note — borrowed from the work of Abdirayim K (2023).
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The central node is the mausoleum. From it extend connections to other nodes- squares,
ensembles, and alleys. These represent visual, pedestrian, and semantic links. The purpose is to
analytically illustrate a network of semiotic relationships rather than merely planning axes.

The fourth archetype- the courtyard structure- originates from the spatial organization of
traditional residential complexes and religious centers (madrasas, caravanserais), where inner
courtyards functioned as protected and sacred spaces. In Turkestan, this principle is evident in
ensembles of cultural and tourist facilities, especially in the architecture of hotels, museums, and
pavilions adjacent to the mausoleum. Inner courtyards provide a favorable microclimate, create
semi-private zones for communication, and refer to the archetype of the “inner world,” where
spiritual life is concentrated. Semiotic interpretation defines such spaces as symbols of order and
seclusion, corresponding to the Islamic tradition of architectural environments, although direct
publications on their implementation in Turkestan require further clarification in academic
sources.

The landscape-integrated structure, the fifth archetype, is based on the strong connection
between architecture and the natural environment- characteristic of steppe culture, where the
natural landscape became part of the spatial system of the settlement. In Turkestan, this logic is
embodied in the improvement of the Yassy River embankment and the adjacent green zones,
where architecture is embedded in the terrain through terracing, the use of natural materials, and
visual corridors oriented toward the mausoleum as the center. In semiotic terms, the landscape
ceases to be a neutral backdrop and becomes sacred matter through which the image of the city
as a spiritual and natural whole is manifested.

The main architectural dominant- the Yasawi Mausoleum is located at the center of these
visual connections (the “landscape <> center” axis) and is perceived as an organic part of the
region’s natural and cultural landscape, forming the symbolic core of the city.

Thus, within the urban structure of contemporary Turkestan, the consistent realization of
key spatial archetypes- central, vertical, courtyard, and landscape- is observed. Each of these
archetypes not only performs a compositional function but also acts as a bearer of stable cultural
and semiotic meanings. These archetypes form the foundation for the development of a
multilayered symbolic system of the urban environment, ensuring continuity between historical
symbolism and modern urban practices (Table 1).

Table 1. Comparison of Spatial Archetypes and Semiotic Models
in the Architecture of Turkestan

Spatial Manifestation in Traditional Modern Urban Semiotic
Archetype . . . .
Structure Architecture Planning Solutions Meaning
Podium and terraces of the
- }f_}} ja Ahmed Yasawi Mausoleum Foundation of the
Horizontal < B e Formation of world, sacred
Platform base / pedestrian plazas | place under the
platform and memorial sun, fixation of the
ensembles center
Domed coverings of the Khoja
i Connection
Ahmed Yasawi Mausoleum
. between heaven
. Vertical, Modern domed
Pyramid / . . and earth,
ascending pavilions and tent
Dome . sacredness,
structure structures in
. symbol of
public areas .

ascension
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Main entrance axes and internal
enfilades of mausoleums Tourist and
. pedestrian routes, Direction of
Avenue / Linear, o
i o longitudinal axes | movement toward
Axial longitudinal .
e of the planning | the sacred center,
Organization structure .

structure ritual path
Axis of the world,
Tower / Vertical Vertical accents- | landmark, symbol

Vertical compositional pylons, towers, of spiritual

Accent dominant observation points ascension

Note — the table was developed by the author based on an analysis of the literature (Baidabekov, & Kemelbekova, 2024;
Ostapenko, Bekturganova, Dyussenova, Chekaeva, & Yessenbayev, 2025; Abdrassilova, Danibekova & Kuc, 2021;
Samoilov, Kuspangaliyev, Sadvokasova & Akhmedova, 2023)

AUTHOR’S CONCLUSIONS AND POSSIBILITIES OF SYNTHESIS

The conducted analysis has shown that the spatial archetypes underlying the traditional
nomadic architecture and mausoleums of Turkestan represent stable morphological and semiotic
structures with high potential for contemporary urban modeling. Their use in the design of public
spaces makes it possible not only to ensure the continuity of architectural tradition but also to
form an integral cultural and semantic framework of the urban environment, capable of
transmitting historical memory and local identity (Saikeneva, 2025; Sajfurova, 2022).

One of the key principles identified in the course of the study is centrality, which
traditionally lay at the core of the spatial organization of yurt settlements and mausoleums. In
contemporary urban planning, this principle can be applied to the formation of compositional
and functional nodes- central squares, memorial complexes, and public centers (Saikeneva, 2025).

Equally important is the use of tent-like and domed forms, which historically symbolized
the connection between the earthly and celestial realms. In modern architectural and urban
practice of Turkestan, these forms can function as semiotic markers, emphasizing sacred, cultural,
and socially significant spaces, creating visual dominants, and enhancing the spatial and semantic
expressiveness of the environment. A special role is also played by the formation of linear-
longitudinal axes, interpreted as spatial embodiments of historical and spiritual routes.
Incorporating such axes into the modern planning structure of the city makes it possible to
actualize historical memory, guiding pedestrian flows toward key points of the cultural
landscape and ensuring the semiotic legibility of the urban fabric. In addition, a promising
direction is the creation of multi-level spatial compositions based on the synthesis of archetypal
models such as the “platform”, “pyramid”, and “alley.” Such solutions make it possible to convey
the multi-layered historical and cultural context of Turkestan through architectural and spatial
means, forming public spaces rich in meaning (Sajfurova, 2022).

Thus, the application of spatial archetypes in the design of public spaces in Turkestan goes
far beyond simple decorative citation. It represents a deliberate process of semiotic modeling, in
which architectural and planning decisions are meaningfully correlated with local cultural codes.

This approach contributes to strengthening the identity of the urban environment,
maintaining the continuity of architectural tradition, and forming an expressive city image within
the context of its dynamic modern development.
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CONCLUSION

Thus, the conducted analysis of the historical, cultural, and architectural prerequisites for
the formation of the spatial environment of the city of Turkestan made it possible to identify
stable patterns that determine the morphogenesis of architectural and urban structures. The
study has shown that architectural modeling of public spaces in Turkestan should be based on
the principles of continuity of cultural archetypes and the historical hierarchy of dominants. The
formation of architectural form reveals a universal sequence: from the development of the
horizontal plane and basic planning configurations (circle, square, perimeter schemes) to vertical
shaping and the subsequent development of volumetric and spatial structures. This logic is
fundamental both for traditional nomadic architectural types and for the sacred and public
buildings of historical Turkestan (Saikeneva, 2025).

Vertical dominants in the form of towers, minarets, and domed elements, based on
platform solutions, perform not only structural and compositional but also semiotic functions —
reinforcing the hierarchy of the city silhouette and forming a system of visual landmarks. The
combination of horizontal terraced bases with vertical accents creates a characteristic spatial
dramaturgy in which architectural elements serve as carriers of cultural codes and symbolic
meanings (Sajfurova, 2022).

Contemporary urban trends in Turkestan demonstrate a deliberate effort to synthesize
traditional archetypal forms with new bionic and technological design principles. Bionic
approaches contribute to the adaptation of historical morphological patterns to current functional,
ecological, and social requirements, while preserving symbolic meaning and cultural continuity.

The identified patterns confirm the universality of the principles governing the formation
of volumetric and spatial structures, opening up opportunities for their methodological
extrapolation to contemporary urban planning practice. The synthesis of traditional archetypes
and innovative form-making approaches enables the creation of holistic public spaces capable of
not only preserving the city’s cultural and historical identity but also addressing the challenges
of sustainable development and the symbolic representation of the urban environment
(Hamidreza, Reza & Hadie 2018).
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AA3EPAIK K¥PBIAFBIAAPABI TAVAAAAHA OTBIPHIII,
K¥PbI/ABIC KOHCTPYKIUSIAAPBIH TYPAAAY ASAAITTH
AHAANTUKAABIK 3EPTTEY /1EP

AHAANTNYECKUNE NCCAEAOBAHNS TOYHOCTHU BBIBEPKI
CTPOUTEABHBIX KOHCTPYKIIUI ITPY ICIIOAb30BAHUI
AA3EPHBIX ITPUBOPOB

ANALYTICAL STUDIES OF THE ACCURACY OF ALIGNMENT OF
BUILDING STRUCTURES USING LASER DEVICES

K.K. Pakiokanosa = ¥, AI.Toapnes'= 2, B.IO. Uepnasuu ' 3, AK. AiiTkasmmHa = 4
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TyniHai ce3aep:

TYUIHAEME

KOHCTPYKIUAAapABl OPHATY,
CO3 KOC coyaeai Aa3epaik
KYPBLAFEI, eHOeK
CBHIIBIMABLABIFBI,

Co3 TypaJay, o3 A944iK,

CO3 OPTAaABIKTAHABIPY,

TiK ToyeKea4ep.

Maxkaaaga KYPBLABIC KOHCTPYKIIMSIAaPbI MeH MeTaaa
pesepByapaap4bl TiK >Ka3bIKTBIKTa OpHaTy Ke3iHge eKki coyaeai
Aa3epaiK KYPBIAFBIHBI KOAJAQHBII Typaday odici OipiHmi 6o0abIm
ycoiHblaraH.  Kasipri  yakpITTa KYpPBIABIC ~KOHCTPYKIIMSIAapbIH
MOHTaXkAay Ke3iHAe oaAapAbl TiK >Ka3bIKTBIKTa >KoHe e3apa
KUBIABICATBIH €Ki OaFbITTa TeHeCTipy YIIiH He eKi Teoz0AUTTi, He
ImaJAraii 1HoAlocTepai mnaiigasaHy kaxerT. Exi coyaeai aasepaik
KYPBIAFBIHBL ~— NalgadadHy  Typaday  YaKbITBIH  alTapAbIKTam
KBICKApTyFa >KoHe OHBIH eHOeK CHIMIBIMABIABIFBIH aliTapAbIKTal
TOMeH/eTyre MYMKiHaik Oepeai. MyHaail KYpPBIAFBIHBI IaiiadaHy
KapaHFblga >KYMEIC icTeyre MyMKiHAiK Oepeai. Mricaa petinge 6i3
TeMipOeToHABl OaraHjapAbl Typadayabl KapacTelpa —adaMbl3.
Opnatyabig OacbiHAa OaFaH ipreTac HIBIHBICEIHA OPHATBLAAABI JKOHE
eki apkaablk Oip HYKTeHi aly yIIiH KOAOHHAaHBIH TOMeHTri DeairiHae
OopHaaackaH Oearire MukpobypaHgaMeH OarbiTTasasbl. CogaH KeiiiH
oaap GaFaHaHBIH KOFapFHI )KaFbIHAAFBI COyAeHi Oeariaeriai KoHe erep
eKki HyKTe KepiHce, OpHaTyMILIHBIH ©3i OaraHAbl TeK Oip HYKTe
KOpiHeTiH eTiIl TeHecTipesi >XoHe 04 ToayeKeade OpHalacajbl.
Ocplaajima ekiHIIi TeOAOAMTTIH >KYMBICBI MeH OaraHaHBl Ty3eTy
Ke3iHgeri MapKieiigep >KYMBICH >KOlblaagbl. /JereHMeH, Aasepaik
KYPBLAFBIAaPABI ITalidadaHy Ke3iHge Typasday A944iri, aTall aiiTKaHAa,
TypadaHaThIH KYpbIABIMFa AeNiHri KaIIBIKTHIKKA OalidaHBICTHIL.
Maxkaaaga coHbIMeH KaTap (OKycTay KAaIIBIKTBHIFBI MeH Jasep
coyaeciHiH AmaMeTpi apachiHAarbl OalidaHBIC aHBIKTAAABl >KOHE
aypITkyaap 50 MeTpgeH acnaiiThIH IIeKTe HOPMAaTUBTIK Ky>KaTTap
CTaHAapTTapblHa CoVIKeC KeAeTiHiH goaeaseai. OITKeHI KaIIBIKTHIK
yAralifaH caliblH COyAeHiH AMaMeTpi alTapAbIKTall apTagbl >KoHe
KYPBLABIMHBIH TypaAaHy 494AiTi TOMeHAeMAL.
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Karogesrnle caoBa: AHHOTAII VST

KAI0YeBOe CA10BO 1 MOHTaK B crartbe BIIepBEHIe IpeaaraeTcs CITOCOO BBIBEPKM C MCIIOAL30BaHUEM
KOHCTPYKIIUI, KAIOYeBOe ABYXAY4Y€BOTO Aa3epHOro mpubdopa IIpy MOHTaXKe CTPOUTEABHBIX KOHC-
CA0BO 2 ABYyXAy4eBOI TPYKIIMI U MeTaAANIeCKIX pe3epByapoB B BepTHKaAbHO I1A0CKOCTH. B
AasepHbLI1 Ipudop, HaCTosIIIlee BpeMs B IIpOLiecce MOHTa)ka CTPOUTEABHBIX KOHCTPYKIINIA,
KAIOYeBOe CA0BO 3 AAS VIX BBIBEPKM B BEPTMKaABHON IMAOCKOCTM U B ABYX HaIlpaBAEHILIX,
TPYAOEMKOCTD, KAIOYeBOe B3aMIMHO ITepeceKalOIIXcsl, HeoOXOAVMO MCII0AB30BaTh AMOO ABa Teo-
€210BO 4 BBIBEPKA, AoAnTa, 2100 BBIHOCHBIE BelIKI. [IprMeHeHNe ABYyXAyJIeBOro Aa3epHOIo
KAIOYeBOe CA0BO 5 pubopa, IMO3B0AAET 3HAYUTEABHO COKPATHUTh BpPeMsI BEIBEPKI U CYIIIeCT-
TOYHOCTbH, KAIOYEBOE CA0BO BEHHO CHM3UTL €€ TpysoeMKocTb. IIpumeHenme Takoro mnpubopa
6 IIeHTpUpOBaHIIe, TTO3BOASET BeCcTU pabOTH B TeMHOe BpeM: cyToK. Kak mpumep MO>XHO
KAIOYeBOe CA0BO 7 PaccMOTpeTh BBIBEPKY >KeAe300eTOHHBIX KOJOHH. B Hadale MOHTaXka
BepTUKaAbHBIE PUCKIU. KO/OHHY yCTaHaBAMBAIOT B CTakaH pyHAaMeHTa I MUKPOBUHTOM HAaBOAAT

oba Aydya Ha PUCKY, pacIIOA0XKeHHYIO B HUKHEl JacTy KOAOHHEI TaKUM
obpa3oM, 4TOOBI IIOAy4NnAach OAHA TOYKa. 3aTeM IlepeMedaioT Ayd B
BEpPXHIOIO YacTh KOJOHHBI M €CAY BUAHBI AB€ TOYKM, MOHTa>XKHMK CaM
BBIpaBHIMBaeT KOAOHHY, TaKIM 00pa3oM, YTOOBI ObL1a BIAHA TOABKO OAHA
TOYKa U pacrioaarasach Obr OHa Ha pucke. TakM 0OpasoM MCKAIOYaeTCs
pabota BTOporo TeozoauTa 1 paboTta reoesycTa Ipy PUXTOBKe KOJAOHHHL.
OAHaKo, TOYHOCTb BBIBEPKI IPU MCIIOAb30BAaHUY Aa3epPHBIX IIPUOOPOB,
3aBMICUT, B YaCTHOCTH, OT PACCTOSIHI AO BBIBEpsIeMON KOHCTPYKIV. B
CTaThe TaK>Ke BbLSIBAEHA 3aBICHIMOCTD MEKAY PacCTOsIHIEM (POKYCUPOBKI
U AMaMeTpa Aa3epHOTIO Ay4a U J0Ka3aHO, YTO OTKAOHEHN: BITVCHIBAIOTCS
B HOpMaTUBHBIE JOKYMEHTEHI B ITpejeaax, He IIpeBhImaiommx 50 MeTpos.
Tak Kak IpM yBeANYEHUN PaCCTOSHUS 3HAYUTEABHO YBEANIMBAETCS
AVIaMeTp Ay4Ja VI CHUXKAeTCsT TOYHOCTh BBEIBEPKM KOHCTPYKIIMIA

Keywords: ABSTRACT

keyword 1 installation, This article was the first to propose a method of fine-tuning structures and
keyword 2 of structures, iron tanks in construction using a two-beam laser device when installing
keyword 3 double-beam them in a vertical plane. When mounting building structures, it is
laser device, keyword 4 necessary to use two theodolite or remote Poles for alignment in the
labor intensity, keyword 5 vertical plane, and in two directions intersecting with each other. The use
alignment, keyword 6 of a two-beam laser device can significantly reduce alignment time and
accuracy, keyword 7 significantly reduce its labor intensity. The use of such a device allows you
centering, keyword 8 to work in the dark. As an example, we can consider the alignment of
vertical risks. reinforced concrete columns. At the beginning of installation, the column

is installed in the foundation glass and both beams are directed with a
microscrew at the mark located in the lower part of the column so that one
point is obtained. Then they mark the beam at the top of the column and
if two points are visible, the installer himself aligns the column so that only
one point is visible and it is located at risk. In this way, the work of the
second theodolite and the work of the surveyor when straightening the
column are eliminated. However, the accuracy of alignment when using
laser devices depends, in particular, on the distance to the structure being
aligned. The article also revealed the relationship between the focusing
distance and the diameter of the laser beam and proved that deviations fit
into the norms of regulatory documents within limits not exceeding 50
meters. Since as the distance increases, the diameter of the beam increases
significantly and the accuracy of the design alignment decreases.

KIPICIIE
KyprlapicTarsl MHAYCTPUAAAHABIPYABIH A€HIeliiH 4aMbBLACBI3 JKOFapbllaTyFa, 3aMaHayu
Marepraajap MeH KYPBIABIMABIK INeImiMAepAi KOAAaHBIN, 39yaiM KaOaTThl FMMapaTTapAbl
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TYPFBI3y, MaHBI3Abl KYPBIABIMABIK KYPBIABICTAapABl cadyja >KeHe Je ©HAipideTiH eHiMHIH
callachlHa JereH TaJallTBIH >KOFapbliaybl, OaKblAaMTHIH-OAILIENTIH YpaicTepAiH KeaeMiH
apTThIpajbl, acllaliTapAblH calacbhlH ©AIley Ad4AiriHe >KoHe eAllley IIpoliecTepiH ylibIMaac-
TBIpY¥a KOVbIAATBIH TaAallTap apTa4pbl.

Kasipri KypslabicTa KYpBLABIC JKYMBICTAPBIHBIH MOHTaKay caHaThIHa KeOipek aybICybIHa
DaliaaHbBICTBI TeOAE3UAABIK KYPBIAFbIAAPABI TaiijalaHy KeleMi eadyip apTein Keaedi. I'eoge-
3UAABIK OaKbllay KYPBLABIC-MOHTaXKAay >KYMBICTapbIHBIH aXKbIpaMac 0e4iri 6045 TaOblaaAbl.
Tumapatrapas! (KypblabicTapAbl) caly IIpolieciHge oAapAblH reOMeTPUSABIK ITapaMeTpAepiHiH
AdAAiTiHe TeoAe3MAABIK, OaKblAay Y34iKCi3 XKypriziaeai. I'eoaesnsask OakbpLAay MOHTaXKAaAaThIH
DAEMEHTTePAIH AYPbIC OPHAThIAYBIH >K9He KYPBIABIC-MOHTaXABIK PYKCaTTapAbIH CaKTaAyblH
TeKcepy MakcaTbhlHAa Xyprisiaeai [A.I. Toasnes, b. Anmuxyp, 1.0. Kypmanraanes, 2023]. Oa
eHJipicTik carraHsl 6aKbLAayAbIH MiHAETTI KypaMaac 6eairi 60bi TabbLAaAbL

Kypslabic cazachiHAAFBI TEXHOAOTMSABIK, IIporpecc OOBeKTizepai caly MepsiMmaepiH
KBICKapTy¥a, >XYMBIC CallaChlH apTThIPyFa >KoHe KYPBIAbIC KYHBIHBIH TOMEHAEYiHe 9KeIl COFaThIH
reoAe3nsAbIK KaMTaMachl3 eTy a4icTepi MeH KypaaJapblH JKeTiaaipyai Ke3aeial.

3epTTey a4icTepi MeH MaTepuaaAapbl

Kasipri samaHga ygeTiareH aJicTep >KoHe TeXHOAOIVAABIK OAIIENTIH Kypaadjdapabl
AalibIHAQY JKoHe oaapAbl OHAipicKe eHTi3y ©3eKTi MaceaeHiH Oipi.

Bbya perte reogesusaanik eameyaepain KaTeairi (Teoge3msAAblK, eAlleyAep HaTVXKeCiHiH
KaTeiri) — reoAe3usAAbIK eAllleyep HOTVKeCiHiH ©AIIeHeTiH Teo4e3UsAbIK, IaMaHbIH IIThIHa Bl
(HaKTBI) MOHIHEH aybITKYHI e1€ey/1i MoHTe 1e.

MakaaaHbIH MaKcaTbhl — €Ki coyaeai Aa3epaiK KYPBLAFBIHEI KOAJAaHa OTHIPBIIN, KYPbhLABIC
KOHCTPYKLIMAAAPBIH  CAaABICTBIPYABIH — A9A4IriH  aHBIKTay YIIIH ecelTey-aHaAUTHUKAABIK
3epTreyaep Kypriay.

Bya pette Geariai 6ip MiHAeTTep mIenriaai:

— KYPBlABICTa KOAAAHBLAAThIH Aa3epAik Teoae3NsAbIK acrianTapAbl TaaAay;

— Kasipri 3aMaHfbl 4a3epAiK Teoae3MsAbIK KYPhLAFblAapABIH XKiKTeAayi;

— KYPBLABICTa €Ki coyaeai Aa3epAiK BU3OPABI KOAAAHYABIH TMiMAIAITiH aHBIKTay.

HOTUMXEAEP J)KOHE OAAPAbI TAAKBIAAY

CriHaKkTapdaH KopiHTeHJell, ChIHay Ke3iHAe YKBIITHIABIKIIEH OipHeIlle peT eAIeHreH
ealeyaepAiH HTIKeAepi Oipaeit emec. Oa KepceTiareH HoTIKeAepAiH HAKTH MoHI eMecC eKeHiH,
6ipas ayBITKBINI KeTKeHiH 6iagipeai. OHBIH ayBITKbIFaH MOHI ©A1I€Y AiH 4944iTiH KepceTei.

Oamey HaTVKeCiHIH KaTeairi, kKapacTelpblafaH Oipas gakropaapgan 604a4bl, oaapa da
e3iHiH KaTeaikrepi Goaaapl. Opbip >kekeaeHreH (paxTopjaH 0O0AaTHIH KaTedep KaparlaiibIM
KaTeaiktep gem aTtaaaasl. HoTuokeaep OolibiHINA eallleyAiH KaTeaikTepi KapaltaiibIM KaTeMeH
aareGpaabIK KOCBIHABICEI 601a Bl

Kareaikrep Gearici OoribIHIIIa eKire OeAiHeAl: IIIBIFY TeriHe OailA1aHBICTEI )KOHe dpeKeT eTy
CHUIIAThl OOVBIHIIIA.

Karteaikrep opekeTiHiH cumaTeiHa Kapail epeckea, Ke3JAeMcOK >KoHe >Xylieai OoAbII
Ooaineai.

beariai 6ip mrekreH abcoAIOTTI MoHIHEH acKaH KaTeJep epeckea KaTelep Jell aTalajbl.
Omngait kateaep kebiHece OpBIHAAYIIIBIHBIH KaTe eAllleyiHeH Mariga 0oaaabl. OHJail KaFdaiija
KaliTagaH eAIlley JKYPri3y apKbLABl OpbIHAAAaAbl, aAABIHFBIHBIH HOTIMKeCi aKayAbl O0ABII, KaliTa
©AIIIeHTeH HOTIU Kere aybICThIPaMBbI3.

bearisepine >xsHe mIamaaapbiHa Kapait 6ipTaAaI71 eallleMAepae KailTa KalTalaHFaH
KaTeaep >Kyleai KaTeaikrep gemn atasaabl. OaapablH acepaepiH eAlleyAiH HITUKeAepiHeH
aay¥a, ©AIIEeNTIH Kypaa-)KaOABIKTHI KaKCblAall TeKCcepyTe, TUiMAL a4icTepAl MalijalaHyFa >KoHe
Ae eallleyiH HoTI>KeAepiHe Ty3eTyAep >Kacayra ThIpbIcaAbl.
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8p6ip JKeKeACHIeH OAIIeyAiH HITVDKECIHIH acepaepi >KoHe Meoallepi Oearici3 0oaaTbLIH
KaTeaikTep Ke34eliCOK KareaikTep Jell aTadaasl. OaapAbIH MeAIIepiH >KoHe OearidepiH aaAblH
asza Oiaimm-aHBIKTay MYMKiH Ooamaiiasl. bipak, 3epTTeyiep MeH KeIlTereH >XbLijgap OOIBI
ealeyaiy Toxipubeaepi ke3aelicok Kareaepain Oeariai 6ip BIKTMMaAABIK 3aHABLABIFBIHA
OaFBIHATBIHBIH KOPCETIII, 3epTTey apKbLABI CeHiMAl HOTIKeTe K04 JKeTKi3il, OHBIH Typa A9A4iriH
Oaraaayra MYMKIiHAITiH KepceTei.

[Taitiaa GoaybsiHa OaliaaHBICTBI, CBIPTKBI >KoHE >KeKe KYPBIAFBIHBIH Kareaepi OOABIII
Ooaineai.

KypblarpiHBIH KaTeAiri OHBIH >KeTiAdipiaMereHairiHe OaliaaHbBICTBI, MbICaAFa TEOAOAUT
apKBLAbI ©AIIIEHTEH OYPHIIITHIH KaTeAiri, alfHaAy eciHiH TiK KyliiHe 4ypBIC TyCIIeyi.

OameMaepai KypriseTiH CHIPTKbI OpTaHbIH acepiHeH CBHIPTKBI KaTeaep Maiiga 60aaabl,
MBICaA¥a, KaphlK CoyAeciHiH OOJIBIHAAFH aya TeMIIepaTypachIHBIH ©3repyi >KoHe AeHrelliHiH KyH
CoOyAeciHiH KbI3ybIHa OaliAaHBICTHI HUBEAVPAIH OOMBIHAAFEI KaTeAiK.

BaxpiaayIelHBIH epekilleairiMeH >keke KaTeaep OallaaHBICTBI, MbICaAbl KOPY TYTIriH ap
GaxplaayIIbl KOPY MaKcaThIHa Kapall opTypAi OaFbITTaliAbL.

Oa1rey HoTUKeAepiHeH epeckea KaTeAep aAblll TaCTaAbIHYBI KaXKeT, JKylieai KaTeaikTep
0oaca MUHMMaAABl PYKcaT eTiATeH IIeriHe JeliH aABIHBIII HeMece a3aiThIAybl Kepek
OoaraHABIKTaH, eAlleMJAepai Typa J4dA44iKileH >kobaday MeH OAIIeHTeH ©AIlIeMAepAiH
HOTIKeAepiH OaFasay Ke3AelicoK KaTeAiKTepaiH KacueTTepiHe HeTizjeATeH.

VmxeHepAiK-TeoAe3MsIABIK, SKYMBICTAp TEXHOAOTMSIABIK IIPOIIECTiH Kypamgac Oeairi
0oabIn TaOblAaAbl XKoHe OObeKTidep NalijalaHyFa OepiareHre JeifiH opbIHAaAaAbl. OHIMAIAIK
IIeH callaHbl apTThIpyFa KOMbLAAThIH TadallTap ©cCil >KaTKaHABIKTaH, KYPBIABICTHIH Ko1eMi MeH
KapKbIHBI Te3 KYPiIl >KaTKaHbl, OHBI KaMTaMachl3 eTy YIIiH 3aMaHayM d4icTepMeH Kypaa
>KaOABIKTapBIH eHTi3y Al TaAall eTeai.

l'eoaesns1abIK KaMTaMachI3 €Ty CIAKTLI CaHaTKA KAITBIKTHIKTHI ©AIIeyAeH OacTar Oy phIIT IleH
KAIIIBIKTHIK OOMBIHINIA HYKTeAepAi TaOMFaTKa IIIbIFapyFa AeMiHri Ky PBLABIC, JKOCTIapAay JKoHe JKOHAeY
MaceaeepiHiH keH ayKbIMBIH IIIeIITyre MyMKiHAiK OepeTiH KeIlTereH KypblAFbLAap Kipeai.

TiK >Ka3pIKTBIKTarbl KOHCTPYKLUSAAApABl CaABICTHIPYABIH KOAJAHBICTArbl 94icTepi Kem
YaKBITTHI Ka>KeT eTeli >KoHe OipkaTap KeMmiidiktepre me. JKbplaKbIMaAbl KaAbIIITapAbl, OaFaH-
AapAbl koHe KaObIpFa IaHeAbJepiH CaAbICTHIPY YIIiH OipHellle TeO40ANTTEP, COHBIH iITiHAe TiK
OpHaAacTBHIPYMeH JAe KOAJaHblAaAbl.

Kasipri kesae reoaesmsaablK >KYMBICTapAbl HaKThl OpBIHAAyFa apHaAfaH 3aMaHayu
KOITereH Aa3epAi KypbLAFblAap IIBIFYyAa, KYPBIABIC KYPBLABIMAAPBIH CaABICTHIPYAa BU3yaAAbl
KylieAi Te0O40AUT Te CypaHbICKa 1e 00oAayaa.

OcpbIHBI ecKepill 1a3epaiK KYPBIAFbLAapAbIH apTHIKIIBIABIKTapblHA Ha3ap ayAapa OTBIPHIII,
aTall  aifTkaHJa KOpPHeKiZiK IleH KeHeilTiareH (yHKIIMOHAAABIABIK, IIalizalaHyAbIH
KapamnaibIMABLABIFEL >KoHe Oip agaMfa KYPBIAFBIMEH JKYMBIC icTey MyMKiHairi Oap,
CaABICTBIPYABIH KYPAeAiAiriH ToMeHaeTyTe KabideTTi KYPBIAFHI JKacaaabl.

Kocrapaanran >xepaepai >KoHe KYPBLABIMHBIH TY3YAiriH Aazepai TeOJOAUT CIyAeciH
KOAAaHBIN OyHipAik HMBeAupAaey ogiciMeH aHbIKTayFa 0oaaabl. bya kepae KypacTBIpBLAaTBIH
OoamexTi y3bell reosesuaablK Oakblaay KYprisedi, coyAeHiH OaFbITBIMEH TY3idill KepiHeTiH
CBIBBIKTap MEH >Ka3bIKTap apKbLABI 0AapAbI TY3Y Kypay¥a 604aAbl.

Ochbl cHAKTHL 9icTepai iIIKi >XeHAEY KyMBICTapbIHAA >KoHe YiiAiH imriHgeri Oacka aa
KYPBLABIMAApPABl OpHATy Ke3diHAe KoaAJaHyfa 0o04aabl, KoCiIOpBIHAapAa >KoHE KOFaMABIK
FIMapaTTapAa TeKcepic yIIIiH kemtereH 6acka Aa KypbLAFbLAap Oap.

OuameyaiH A9aairi Aasepai KypBIAFBIMEH icTereHAe TapaAy Y3aKTBIFbIHA OaiflaHBICTHI
e3repeTiH CoyAeHiH coyaAeciHiH AmaMeTpiHe OailAaHBICTHI >KoHe OAapAbIH IIETiHiH aHBIKTHIFBI
Y3aKTHIFbIHA Oaii1aHBICTEI ©3Tepeai.

KypsLapIMABI caaBICTBIPYABIH Oy 4 94ici exi Bu3upMeH Oip Teo40AUTTi KOAJaHyFa MYMKIiH
ekeHiH kepceteai. [Xacenos K.b., I'oapnies A.I',, Caansimes O.A. 2012].

KypsLAFBIHBI TOMEHHEH JKOFapblfa Kapail XXBLAKBITKAH Ke3dje SKYMBIC OeTiHAe TiK >Ka3bIK-
THIKTa OeArii >kepAiH >KaAFBI3BIH FaHa KOPCeTeTiH eKi BUSpAeH TYpaTHIHBIH KepceTeai (1-cyperT).



S EKTU JOURNAL OF 1-TOM, 1—H9Mip, HaypbI3, 2026.
CORSTRUGTIO SCRRICES - 68 - g lTlonIa 1, Ne1 ﬁaapﬁ 2822.
ol. 1, Issue 1, March 2026.

MyHaa 04 XepAiH Ty3yAiriH >KyMBbIC icTeyIi OipAeH Kepeai, OHbI KOMEKIIIiCi3 Ty3eTe adaabl, 04
Xepae >KapbIKThIH coyaeaepi KopiHeai.
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1-cypet. KypslasiMaapAbl apHalibl CaABICTHIPY YILIH eKi coyaeci 6ap aazepai
KYPBLAFBIHBIH ChI30ackn: 1-2 — 2a3epai suanpaep; 3 — cb130a; 4 — opHaTBLAFaH Kepai OaKbLaayFa
apHaAfaH TakTa; 5 — Kapchblaali caaMak; 6 — ITaTuB; 7 — KaaKackl; 8 — keTepme OypaHAachl
Ecxepmy — asmopaap 2009.05.21 No614 namerm nezisinde xypacmuipear (Lorvues A.I., Kypmanearues T.5.)

Kywmpic ictey mpuHINmi Keaecigeit 60aaspl. EH aagbiMeH >KyMBICKa AeiiiH acramTsl
JKOHe OfaH KapcChl caAMarblH TipeKTiH KeMeriMeH OpHaJacThlpaMbl3. Apbl Kapall Ka’KeTTi
OypaHaacsl 00AaTBIH TipeyimireH, OakblaaHaTHIH OeTTeri HyKTelepAiH KUBIABICBIHA Kapait
Ko3fraiMbI3. Coa >xepde A ociHe KapaiTeiH OipiHIIi aAasep Oypblaadbl 4a eKiHIIi AasepaiH
KUMBLABIHA oKeleJi, CHI3BIKTHI KOPCeTeTiH TIeOMeTpMABIK OeliHe >Ka3bIKTa ayAapbLABIII,
OaceIHAAFBI OelfHeHi caKTall (ITapaleAlorpaM), CbI30aHBIH TiK JKaFbIHAH Aa3epAiH KUBLABICKaH
KepiHJeri HyKTeHi kepcereai. Ocplaaiiiia, MOHTa>XXAayIIBIHBIH ©31 KYPBIABIMABI TeKcepeai
[loapues A.T., Kypmanraanes T.b., Ne 2009/050. 2].

ApHaiibl Ky>KaTTaMadapAa peTTeAeTiH Aasep coyAeaepiHiH colikecci3aikTepiH aHbIKTayAa,
apHalipl OeArideHTeH apa KaIIBIKTBIKTapJa AasepAiH coyaeci OaFpITBIH aHBIKTAIl ChIHayJap
eTKisiaai. MakcaTTsl GeariaenreH apa KambIKTeIKTap: 5 M, 10 M, 20 M, 30 M apHaiibl aasep
coyaeaepi YIIiH aAbIHABL.

JKaampl Ke3 KeAreH coyle TapaTbLAaThIH >KaFbIHa Kapail >KaphlK cayaeci >KaliblAFaHAa
KeJJeHeH IIalllbIpaHKbIABIKKa Ke3aecedi. bapablk Aasepaik cyaesepre KeaeTiH MaHBI3ABIABIK 01
coyJe acralTaH MMHIMAaA/bI apa KallIBIKThIKTa AOHreAeK TypiHAe Kesaeceai, CogaH COH 04 apa
KAIIBIKTBIKKA OallaaHBICTHI Tike Kapall HeMece KOAJeHeHiHeH KeTKEH DAAUIIC CUSAKTH Keleai.
OareyaiH HoTIKeAepi TeMeHAe 1-KecTeae KepceTiareH.

1-xecTe. /lasep coyaeciHiH ©a11eMAePi TiK >Ka3bIKTBIK, MM

bIAFbIAAQH >Ka3bIKThI a
Kypriarsia RTPIRE 15M 5m 10 M 20 M 30 M
AeIHTI KAIIBIKTHIK,

/azep coyaecinig
ea1emaepi MeH Typi
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Ecxepmy — TI'oavuyes A.I. men Mavunvix E.A. «Kypuirvic koHcmpyKuyusAapoin MoHmaxoay xesirde
AA3EPAIK CANDICOIPYObIH, XKAHa d0ICIH KOADAHY MUIMOiALzi sepmmeyAepi» Hezidinde KYpacmoulpoiAzan.
2014 x. mazucmpaix duccepmau,ust
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Opi Kapalii, OakblaaHaTBLIH OeTTeri JAazep coyAelepiHiH KOPiHyiHIH MYMKiH HyCKayAapblHa
Taajay >kKacalajbl, COHBIMEH KaTap OJapAblH aAIllaKThlK HeMece KOHBepTeHIUs ocepiHiH
KYPBIABIMHBIH OpHaJlacyblHa ToyeAAidiri aHblKTadaapl. TekcepileTiH DA1eMeHT peTiHAe KUMachl
400 x 400 MM TeMipOeToH OaraHachl KaObL1gaHABL. baraHaHBI OpHATy cxeMachl 2-CypeTTe
KoepceTiareH.

2-cypeT. baranansl opHaTty cxemacsl: 1, 2 — 1azepik coyaeaep
Ecxepmy — Cxema «Fumapammap men yiimepnemmepdi mypevl3y mexHoA02uscbl» 00iibinua dapicmep
KYypcol mamepuaivl Hezizinde xacarzan. T'oavuyes A.I. «Tumapammapdor mypzol3y mexHoA0ZUCH» NIHI
Ootivtruta dapicmep xypcot — 2023

EcenTey cxemacs! 3-cypeTTe KopceTiareH.
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3-cypert. Ecentik cxema: H — Ty pFBI3bLA1aTBIH KOHCTPYKUVITHBIH, OMIKTITi;
L, I - TypFBI3BLAATHIH KOHCTPYKUMSFA AETIHTI KAIIBIKTHIK; Nacran — KYPBIAFBIHBIH OUiKTiTi,
300 MM; X — Aa3epAiH ecellTeAreH coyAeAepiHbIH apacblHAAFbI KaIIbIKTBIK,
Ecxepmy — Cxema «Fumapammap men yiimepnemmepoi mypeuisy mexHoA0ZusChl» otivinuia dapicmep
KYpcoL mamepuarot Hezizinde xacarzar. Ioavyes A.I. «Fumapammapdor mypaoldy mexHoA0ZUACH» NaHi
botivtrua dapicmep xypcut, 2023 x.
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TexcepizeTiH KYpBIABIMHBIH >KODaAbBIK >KOFjaiigaH OipImama aybITKybl Oap 4en
KaObLagaHFaH. by sxaraiiga oHbIH OeTiHJe OcbTep apachlHAa KAIIBIKTHIK X Taiiga 601aThIH eKi
IIpoeKIMsAaHFaH Aa3ep cayleaepi OaliKalaabl.

KypplabiMabl  opTypAai  KalIBIKTBIKTAa  AYpPHIC  OpHaTIIafaH Ke3je  cayJdelepain
OpHa/acybIHbIH €Ki HyCKachl KapacThlpblaaAbl. 3-111i ecellTiK cxeMachl HeTidiHAe ITo3UIusIAapAbIH
9PKalCBICBIHBIH, OpHaAacybl ChI3blAaAbl >KoHe coyJelep apachblHAarbl KaIIbIKTBIKTBL ©AIey
Kyprizizeai. Aasepaik coyaeaepain 6ipi 90° Tik OyprlmTa OpHaJacKaH >Kardaiiga, Oerine
OaFpITTaAFaH €Ki coyae TIKOYPBIIITH YIIOYPHIIITEI KYpaiabl.

YmoOypslmTapaslH YKCACTBIFBI OOJIBIHINIA OaraHara JeNiHIi apaKaIIbIKTBIKTDLIL, Ja3ep
coyaeaepi apacklHAAFbl OYPBINI IIeH apaKaIlbIKTBIKTEL Oile OTHIPHIN, 0OAaTBIH aybITKyAapAbI
ecenTerMis. AYBITKYABI 11 apKbLAbI OeATiAeriMi3, MOHAEepPiH 2-111i KecTere TOATBIPaMBI3.

1. 5 M KaIIbIKTHIKTA:

__500%0,6

=10 cMm; (1)
50050,3
m = 30'=5CM,' 2
500%0,15 _ 25 o 3)
30
MYHAAFBL: 5 M — KYPBIABIMFa AeMiHI1 KaIllbIKTHIK;
30 cM — KYPBIAFBIHBIH OMiKTiri.
2. 10 M KaIIBIKTHIKTA:
_ 100(3):)0,25 —83cm @)
m = %0*0‘5 = 16,6 cM. (5)
3. 20 M KaIIBIKTHIKTA:
_ 20030;0,4 =26 o ©)
_ 200300*0,2 =133 cm; %
= 2222 = 5334w, 8)
4. 30 M KaIIBIKTHIKTA:
_ 30030(:0,6 = 60 cM; )
m = 32293 _ 30 cm. (10)

30

2-kecre. /lazep coyaeaepiHiH aybITKYbIH eCelTey HoTyKeaepi

L-
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Ecxepmy — Toavues A.I., Vavunvix E.A. sepmmeyrepi mezizinde wypacmopvirzan — Kypoiavic
KOHCMPYKYUAAAPLIH MOHINAKOAY Ke3iH0e AdSEPAIK CAABICHIBIPY bl XKaHa J0ICIH KOADAHY MUIMOIALL.
2014 x. mazucmpaix duccepmanusl
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KUBLABICY for ||l
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I'paduxaapik Tasgay exi aaszep coyaeciHiH KapacTBIpblAFaH OpHaJacy HyCKalapbIHJZA
marigza ©OoJAaTBIH aybITKyJdap OeaArideHreH HOPMAaTHUBTIK TaJaIlTapra COIKeC KeAMeNTiHiH
KepceTeai, COHABIKTaH MYHJall coliKeccizaikTrepre >x021 6epiameriai gem caHay Kepek. Ocblaaiiia
CaABICTHIPY Ke3diHAe Oip coyaeHi ekiHIIliciHe MyMKiHAIriHIIIe caliKec KeAyiH KaMTaMachl3 €Ty
kepek (A.I. Toasues, T.T. Minasaxos, A.B. boapiiakos. 2014:x.).

bearicizaepai aHbIKTaraHHAH KeltiH 0i3 yIIOYPBIIITEIH KaAfaH Oy PBIIITapBIH eCerTeiMis:

-5 M y3bIHABIKTa OypoimtaMa 400 Kypaasr;

-10 M y3sIHABIKTaA Oypsitama 20 601a4bL;

-20 M y3bIHABIKTa OypsiiTama 10 Kypaasr;

-30 M y3bpIHABIKTa OypaimTamMa 10 6oaaasl.

Opi Kapaii, 0i3 Kepi OaFbITTa ecelTeliMi3, CaABICTEIPY Ke3iHAe pyKcaT eTiATeH aybITKydap
TypaAbl Oil1aHaMBbI3, coyAelep apachlHAAFbI KAaIIBIKTBIKTHI (X) ecerTeimis.

Ecenteyaep KOBITBIHABICEI OOIBIHINIA 3-I1Ti KeCTeHi TOATHIPaMBI3.

3-kecTe. /lazep coyaeaepiHiy KOMBIAYBIHBIH PYKCaT €TiATeH aybITKyAaphl

L- KOHCTpYyKIMsIFa
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Ecxepmy — TI'oavues A.I., VMavunvix E.A. sepmmeyrepi nezisinde wxypacmuvipvirean — Kypviavic
KOHCMPYKYUAAAPLIH MOHIMAKOAY Ke3iHIe AG3ePAIK carvicmulpydvit, Kara 30iciH KOAJAHY MUimoiAizi.
2014 x. mazucmpaix duccepmau,ust

KH nopMaTuBTiK Ky>KaTTapbIHbH TadanTtapbiHa colikec (E.A. VMabunbix, A.I'. Toabnes,
2006>x) xem KabaTThl FuMMapaTTap OaraHadapBIHBIH >KOFapFBl KMMAacCHIHBEIH Oardapaapbl
(reoMeTpMsABIK OCbTepAiH Oeariaepi) OipiKTipyaeH pyKcaT eTiAreH aybITKy OChTepiHiH OeaiHy
Kaymi Oap: baraHaaapABIH Y3BIHABIFE 4 M-Te AeliiH 12 MM, Y3bIHABIFBI 4-TeH 8 M-Te aeltiH — 15 MM.
3-kecrese KeaTtipiareH maaiMmerTep Herizinge (A.I. I'oasnes, T.b. Kypmanraanes, No 2009/049.2)
eKi coyaeai Aasepaik BU3OPABI KOAJaHy €Ki Aasep CayAeciHiH HaKThl yiidecyi >KargalibIHAa
KOepCeTiAreH HOpMaTUBTIK TadallTapFa ColiKec KeAeai JeTeH KOPBITHIHABI JKacayFa 001a4bl.

KOPBITBIH ABI

DKCIepMMEHTTIK 3epTTeylep (POKYCTHIK KaIIBIKTHIK II€H JAa3ep CoyAeciHiH AmameTpi
apacelHAAFE OaliAaHBICTHI aHBIKTaABl. A/ABIHFAH HOTIKeAep KYyphLAbIMAapabl 50 M-AeH SKOFapbl
KaIIBIKTBIKTa TeKCepyAiH OpPBIHAAAMAaNTBIHALIFBI TypaAbl KOPBITBIHABI >KacayFa MYMKIHAIK
Oepeai, oViTKeHi coyaeHiH AMaMeTpiHiH yAFalObl MOHTaXXJay A9AAIriHiH ToMeHJeyiHe oKkeaeai.

I'papuxaasik Tazgay exi aasep coyadeciHiH o3apa OpHaAaCybIHBIH KapacTBIpBLAFaH
HyCKaJlapblHAa Haiija 00JaThIH aybITKyJAap KOAAAHBICTaFbl HOPMAaTUBTIK TaJalTapFa ColiKec
KeAMENTIHIH KepceTesi, COHABIKTAaH MVHAAl coliKeccidagikTepre koa OepiaMeligi aem caHay
kepek. COHABIKTaH J944ey KesiHJge Oip aAasep coyaeciHiH exiHIiciHe MyMKiHJiriHIIe colikec
KeAyiH KaMTaMachI3 eTy KaKeT.



S EKTU JOURNAL OF 1-TOM, 1—H9Mip, HaypbI3, 2026.
ARCHITECTURAL AND Tom 1[ No 1, MapT 2026.

CONSTRUCTION SCIENCES - 72 -
Vol. 1, Issue 1, March 2026.

KypblarbiHEIH KaTeAairiH ecernTey KesiHAe CaABICTHIPY d4icTepiHiH 6ipi KapacCTBIPBLAABL.
JerenMeH, OyA Moce/eHi TepeHipek Taljay YIIH Kypaaabl KOAJaHa OTBIPBII IPaKTMKaABIK
DKCIIEPUMEHTTIK 3epTTeylep >Xyprisy KaxkeT. CoOHBIMEH KaTap, OpBIHJaAFaH ecelTeylep
KYPBLABIMHBIH )K00aAbIK JKaFjaiibIHa TiK KyliAe OpHATy Ke3iHAe OFaH JKeTyAiH >KeTKiAiKTi Aoa4iri
KaMTaMachI3 eTiATeHiH pacTayFa MyMKiHAIK Oepeai.

MYAAEAEP KAKTBIFBICBI: AsTOopaap MyaAeAep KaKTBIFbICHIHBIH JKOKTBLIFBIH aliTabl.

KAPXBIAAHADBIPY: Kapxbplaanablpy «AaTaill» TexXHOIApPKiHIH  9KCIIepUMEeHTTIK
3eprreyaepi meHOepiHge Xypriziaai.

AAYBIC: Apropaap opinrectepiHe agicTeMeaik KoAjay >KoHe Maligaabl TadKblaayaAap
YIIiH, COHJali-aK MaKaJaHbBIH caIlachlH >KaKcapTyFa bIKIaA €TKeH KYHABI ecKepTyJlep YIIiH
aHOHUMAI pelleH3eHTTepre aAFrbic Oiagipeai.
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1965-1985 JKBLAJAPAA ACTAHA KAJAACBHIHBIH (AKMO/1A)
OAEYMETTIK MH®PAKY¥PHLABIM OB BbEKTIAEPIHIH, TAPVIXU AAMYEI

VICTOPUYECKOE PA3BUTUE OBBEKTOB COIIVIAABHON
MH®O®PACTPYKTYPBI TOPOAA ACTAHDBI (AKMOABI) B 1965-1985 rr.

HISTORICAL DEVELOPMENT OF SOCIAL INFRASTRUCTURE
FACILITIES OF THE CITY OF ASTANA (AKMOLA) IN 1965-1985

A.E. CapcembaeBa = 1*

A.H.Tymuaes atoiHgars! Eypasus yaTTeIK yHUBepcuteTi, Actana K., Kazakcran
*)Kayantsr asrop: CapcembaeBa Aunapa Ep>xanosHa, e-mail: dinara543 1 @mail.ru

Tyiinai cesaep: TYUIHAEME
KOFaMABIK OpTaAbIKTap, Maxkaaaga AcraHaJarbl 9A€yMeTTiK MHQPaKYpPHIABIM HbICAHAAPBIHBIH
KBI3MET KepceTy >KY]71eci, TapuXM  AaMybl ~ KapacThIpblAFaH. JepTTey  KbI3MeT  KepceTy

JKOCTapAay KYPBLABIMEL
91€yMETTIK
MHPPaKYpPhIAbIM
oObeKTiAepi, 9KiMIITiAiK
FMapar, ayMak, ipi
Marucrpaabiap,
MeKeMeaAepain
KOAXKeTiMAiAiri.

MeKeMeJepiHiH KaABIITACYbIHBIH HeTisri caTTepiH capamnray OO0ABII
TaObLAaABbI. Kaaa KOFaMABIK,
TOABIKTBIPBIAABI, KaJlaHBIH epeKIlle coyJeTTiK KeaDeTiH >KacayFa acep

OPTaAbIFbI FIMapaTTapMeH
erti. Kasa fuMapaTTapAbly epekileairi oldapAblH HeTisri Kellleaepre
GaFbITTaAFaHABIFEI OOABINT TaOblAaABl, TYPFBIHAAP VIIH KaJaAbIK
KeHICTiKTi Kypy¥Fa MyMKiHAIK Gepai. 3epTTeyde HblcaHAapABIH 1965-85
KblAJapAarbl bIKIIAM KadaJarbl OpHaaAacysl TaajaHaabl. Oa cOHbBIMEH
KaTap Kada TYPFBIHAQPBIHBIH >Kasy >KYPriHIIidep KO3¥aAbICBIH
JKeHiAJeTeTiH KaJlaAblK KeHicTikrepai seprreiigi. Kaaa aymaxrapnr
apachiHAarpl OailAaHBICTBI >KaKcapTThl >koHe ©Oacka OeaikrepiHgeri
TYPFbIHAAP YIIiH MeKeMeAepAiH KOAXKeTiMAiAiriH apTTeipabl. KyMbIc
1965-1985 xplagap apaabFblHAA Kada OpTaAbIFbIHAA —CaAbIHFaAH
91eyMeTTiK UMH(QPAaKYpPBLABIM HBICAaHAApPBIH KoepceTeai. Koramabx
OPTa/ABIKTBl KYpy¥a Haszap aydapy KadaHBbIH ilIiHAe oKiMIIiZiK >KoHe
MdJeHM HbICaHAAPABI IIOFBIPAAHABIPYFa MYMKiHAIK Oepai. XKocrapaay
KYPBIABIMBI asChlHAA KaJa OpTaAbIFbl IlaligadaHyfa apHaaAfaH ipi
HpICAaHJAPMeH TOABIKTBIPBIAABL IMlapasap Tapuxu OpPTaABIKTHIH
COyAeTTiK KeADeTiH >KaKcapThIll, OFaH yiideciMai amsaiiH Oepai. Ocs
epeKIIeAiKTepai KapacTelpy Kasipri 3aMaHFbl KaAaAbIK KbI3MET KOpCeTy
KYPbhLABIMBIHAA O0BeKTidepAi OpHaAaCTHIPYAbIH ©3€KTiAiriH KepceTeai.

Karouessie caoBa:

AHHOTALI VST

OOI1IeCTBEHHBIE

LIEHTPBI, CHCTEMA
00CAY>KMBaHMS,
IL1aHMPOBOYHAs CTPYKTYPa,
OOBEKTHI COIMAaAbHOI

MHQPPACTPYKTYPHI,

B crathe maydaeTcs mcTOpumYeckoe pasBUTIE OOBEKTOB COITMAABHON
MHQPPaCTPYKTYPHI ropoda AcraHsl. VccaeoBaHue peacTaBAsieT cOOOI
paccMOTpeHne OCHOBHBIX MOMEHTOB (POPMMPOBAHUA YIpeKAEHUI
ob6cay>xmpanus. OOIIEropoACKO IIeHTp OblA AOIOAHEH OOIIlecTBeH-
HBIMI 3JaHMSIMY, KOTOpPbIe ITOBAUAAN Ha CO3JaHUE BBIPA3UTEABHOTO
apXUTEeKTypHOTo 00AMKa ropoga. XapakTepHasl OCOO€HHOCTb JaHHBIX
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aJMUHICTPaTUBHOE 3JaHue,
TepPUTOPUS, TAaBHbIE
MarucTpaAau, A0CTyITHOCThb
YUpeKAECHUIA.

34aHNUil B OpMEeHTaUMl Ha IJaBHbIe YAMIIBL, 9TO IO3BOAMAO CO34aThb
TOPOACKIe IIPOCTPAHCTBA 4451 HaceAeHM:. B nccaejoBaHmUM TPUBOANUTCS
aHaAM3 PacCIOA0XKEeHUs JAaHHBIX OOBEKTOB B YCAOBUAX KOMIIaKTHOTO
ropoga 1965-85 rr. Taxke mM3ydaercs ropoAcKye IPOCTPaHCTBa, B KOTO-
phIX ObLAM CO34aHBI YCAOBUS A4Sl IEIIeXOAHOTO IlepeABIKeHNs Hace-
AeHUs rOpo4a. DTO yAydIllalo CBsA3b TePPUTOPUIL TOPOAa U IOBBIIIAA0
AOCTYITHOCTD YUPeKAeHNII 4451 HaceAeHNUs B APYTUX 4acTsx ropoda. B
paboTe OTpa’keHBI ITOCTPOEeHHBIe OOBEKTHI COITMAaAbHONM MHPPaCTPyK-
TYpBI OOILLIEropoAcKoro meHrpa B 1965-85 rr. Bunmmanune x cosgaHmio
0OIIIeCTBEHHOTO IIeHTpPa T03BOANAO COCPEJOTOIUTh OOLEKTH ajMUHN-
CTPaTUBHOIO M KyAbTYPHOI'O Ha3HadeHMS! Ha TePPUTOPUN pa3BUBAIO-
II[eTOCs TOpoa. B I1aHMpPOBOYHOI CTPYKType ropoda OOIIeropoACKOIt
IIEHTP AOTIOAHMACS KPYITHBIMU OOBeKTaMM COIMaAbHON MHPpPacTpyK-
Typhl. JaHHBle Mepbl YAYUIIUAU apXUTEKTYPHBINI 00AMK MCTOpUUec-
KOTO LIeHTpa U IIpUAaAU eMy TapMOHMIHOCTD pelteHus. Paccmorpenne
AAHHBIX 0CODEHHOCTeT! BBIABASET aKTyaAbHOCTh pa3MeIeHNs] OObeKTOB
B CTPYKTYpe COBpeMeHHOIO TOPOACKOTO 00CAY>KMBaHILL.

Keywords:

ABSTRACT

community centers, service
system, planning structure,
social infrastructure
facilities, administrative
building, territory, main
highways, accessibility of
institutions.

This article examines the historical development of social infrastructure
facilities in Astana. The study examines key aspects of the formation of
service facilities. The city center was supplemented by public buildings,
which influenced the creation of the city's distinctive architectural
appearance. A characteristic feature of these buildings is their
orientation toward main streets, which allowed for the creation of urban
spaces for the population. The study analyzes the location of these
facilities in the compact city of 1965-85. It also examines urban spaces
that facilitated pedestrian movement among the city's population. This
improved the connection between city territories and increased the
accessibility of facilities for residents in other parts of the city. The work
reflects the social infrastructure facilities constructed within the city
center between 1965 and 1985. The attention paid to the creation of the
public center allowed for the concentration of administrative and
cultural facilities within the developing city. As part of the city's
planning structure, the city center was supplemented with major social
infrastructure facilities. These measures improved the architectural
appearance of the historic center and gave it a harmonious design.
Consideration of these features reveals the relevance of the placement of
facilities in the structure of modern urban services.

KIPICIIE

Acrana aymarbl y3aK Tapuxu Ke3eHJe JaMBIN Kededi. EH MaHBI3ABI KeseHAepdiH Oipi

1965-85 xplagapnl. Kasa KyphlabIchl Xylieci YIIiH KadaHBIH Tapuxu Oeairinge KOFaMABIK
FIMapaTTap calyAbIH MaHBI3BI 30p 0044b1. KasaHbIH coyaeT aHcaM0AbAepiH KypyFa KeHia 6eay
Gactel Macese 00AABl. OaeyMeTTiK MHPPAKYpPhIABIM HbICAHAAPBI OCHI acIeKTiaepAl eckepe
OTBIPBINl Ca/lbIHFAH FUMaparTtap 00a4pl. MyHJa KOFaMABIK FUMapaTTapAblH KaJlaHBIH
KocCIlapaay KYpPBIABIMBIHAA OpHaJdacybl ©Te MaHbI3Abl. KasaHbIH ayMmaKTBIK ©Cyi IIarblH
ayJaHAapAblH 4aMybIHa acep eTTi.

3eptTeyae 1965-1985 xpragapAarsl Kada ayMaFbH KapacThIpaAbl, 041 XKbLAAaPhl KOAAAHBIC-
TaFbl JKOCTIapAay KYPBIABIMBIH JKaKcapTyfa KeHia OeayMeH cumartTadaasl. Kaza KypbelabIMBIHA
«Xacrap» capalibIHBIH aAJAbIHAAFbl aJaH >KoHe TapuUXmM opTaablK Kipeai. Kapacreipblaran
aymakTarpl FuMapaTTapra «/Kacrap» capaitbl, «Typucr» konax yii, «VMmmm» KoHaK Yiti,
Opraanix ambeban AyKeHi >kaTasbl.
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1965-85 xplagapaarbl Kada KYPBIABICHI KYPBIABIMBIHAA HBICAHAAPABIH KaAbIIITAaCTHIPYbBI
MaHBI3H 30p 6044pl. HelcanAap KOFaMABIK KeHiCTiKTepai coyaAeTTiK KocCIapJayfa acep eTTi.
«eannrumnpoceapxos» >x0b6asay MHCTUTYTHIHBIH 16 KaOaTTsl fuMapatsl MeH JKactap capaiibt
(xasipri «XKacrap») KaaaHBIH OpTaAbIK OeiriHiH KeaOeTiHe Kepik Oepim Typasl. JKywmbicTa
91eyMeTTiK MHQPPaKYPHLABIM HBICAHAAPBIHBIH TapMXU MBICAaAAapbIH KapacThIpFaH >keH. Kaaa
iniHge MekeMeaepaiH OpHaaacybl Kada ayMaFrbiHa KaTBICTBI KapacThIpblaaAbl.

YChIHBIAFaH >KYMBICTBIH ©3€KTidiri KaJaHbIH >KOcCIlapJay KYPBIABIMBIHAA 94eyMeTTiK
MHQPaKYPHLABIM HBICAaHAAPBIHBIH KaABIITACYbIHBIH KYHABI TAaPUXM MBICaAAapBIH KapacTeIpyAa.

¥cpiHblAraH 3epTTeyAiH MakcaTel 1965-1985 xplagap apaablFblHAAFbl AcTaHa KaAacCbhIHBIH,
91eyMeTTiK MH(pPaKYpbLABIM HBICAHAAPBIHBIH TapuXM AaMYBIH 3€pTTey >KoHe Talsay OoABII
TabblAaABI.

Ocpl MakcaTTa >KaAIbIKaAdaAblK TapUXU AaMy OPTaABIFbI KapacThIpbLaAbl. JKyMbIC Kaaa
imiHAe KBI3MET KOpCeTy JKYiieCiH AaMBITYABIH OaFbITTapblH alKBIHAAWABL Y CBHIHBIAFaH
3epTTeyaiH >KaHaAablFbl 1965 Kbplagan 1985 xplara geifiH KadaHbIH XOCIapAaay KYpPblAbIMBIHAAFbI
91eyMeTTiK MH(paKypbIABIM OOBeKTidepiH capanraybiHaa. 1960 >kbrabl Kada xaaksl 129 000
agaMApl Kypaabl, canbl 1980 >xblaFa Kapait ecTi. XaAbIK CaHBIHBIH Y34iKCi3 ©cyi MaleHUeT, CIIopT
KoHe geMaAbIC HhICaHAAPBIH JKoDaaay Ka>KeTTiAiriH kepceTteai.

3epTTeyAiH MaKcaTTapbl:

- TapUXU AaMyAbl KapacThIpy;

- KaJaHBIH >XOCIapJay KYPbIABIMBIHAAFbl 9/1€yMeTTiK MH(]pPaKyphIABIM OOBeKTidepiH
3epaeaey;

- HpICAaHAAPAbI KaAa OpTaAbIFbIHA KaTBICTEI OPHAAACTBIPYABI 3epaeaey;

- 91eyMeTTiK MHPPaKyPHLABIM O0OBeKTiAepiH OpHaAaCTHIPY KpUTepuiiAepiH aHBIKTaY.

Kaaagarsl aaeyMeTTiKk MH(PpaKypBIABIM HBICAHAAPBIHBIH KaABIIITACy TapUXbBl OTaHABIK
raabpIMAapAbIH eHOekTepinge Kapactoipbiarad (Kornilova, Khorovetskaya, Sarsembayeva et al.,
2019; I'aayaunos B.A., 1999.). Kazanbg aaeyMmerTik-MaAeHn (yHKIUsAAapbl MeH KOpIIaraH
opracel Koran /.b. xymbicbiHga kxapacteipbiaran (Koran /.b., 1982). Kaaaablx aymakTbiH
AaMYBIHBIH Tapuxu epekireaikrepi Yekaes ©.M. enbexrepinge xopcetiaren (Uekaes, 2009).

Kazanslg xocnapaay KYpPBLABIMBIHAAFBl KOFaMABIK OpPTaABIKTapAbIH AaMybl >KoHe OCHI
JKocmapaay KYpbIABIMBIHBIH 3Boaionusackl Coartycrik KasakcraHaarbl KadadapAblH AaMYbIH
seprreyde Oepiaren (Tockmnua, 2002). Makaaaga imki >KeHe XaABIKapaablK KaJdalapaarbl
94eyMeTTiK MHPPaKYPHLABIMABL AaMBITYABIH aAFbIIIapTTaphl KapacTeipoiarad (Kapakosa T.B.,
Capcembaesa 4.E., 2018 x.).

Kazaa ayaaHaapbIHBIH KeHICTIKTIK 4aMybl OOIBIHINIA >KYMBICTap KapacTelpbiaasl (Deniz
Avci-Hosanli, Cansu Degirmencioglu, 2024; Yixing Duan, Da Lu, Lanchun Bian, 2024).

KenicTikTik gaMy Maceaesepi CdyadeT ecKepTKIIITepiHiH MbIcaajapbl  apKbLAbI
kapacteipplaagnl (Kycnanraames, Camoiiaos, ITpuemen, 2024). Kaaaablk opTasarbl CoyAeTTiK
AU3alHHBIH epeKIreiri 6oibIHIIa XXyMbIcTap KapacTeipblaasl (Tyakaesa A K., Jannbekosa E.T.,
Abapacnaosa I'.C., Oanmenko 10.B., 2023).

Kymeicra Kaszakcran KazadapbIHBIH —COYAETTIK-3KOCIapAay TpaHC(POPMaILUACHIHBIH
TeHAeHIMAAApPBl (AcTaHaHBI MBICaAFa aJa OTBIPBHIN) OOIBIHINAG >XYMBICTap KapacCTHIPBLAFaH
(Abuaos A. K., 2016).

IIleteasix aBTOpAapAblH Kada KellleAepiHiH KeHICTIKTIK >KoclapAayblHa apHaAFaH
eHOeKTepiHJAe 91eyMeTTiK Ka’KeTTiAiKTepAi eckepeTiH Maceaeaep KapacTeipblaaast (Lian, H., Li,
G., 2023; H. Lian, X. Li, W. Zhou et al. (2025).

TyproiHAQpPABIH MYyAJdeAepiH cakTall OTBHIPBIIN, KaJdaHbl JAaMBITy 8J4eyeTi >KoHe >Kasdy
KYPTiHIIIiAep KeHICTiriHig MaHBI3ABIABIFEL SIH I'eita xiTaObiHAa TaakblaaHaAbl. Kaaaaarsl kasy
KYPIiHIIiAep KO3FaABICBIHBIH MaHBI3ABIABIFRI, >Kasdy >KYPriHIIidep MeH BeaAOocCUIIeAllidepre
apHa/faH KeHiCTikTepai TypAeHAipy apkblabl KepiHeai (S1u Ieiia, 2012).
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AcTaHa XaAKbBIHBIH eciMi Typaabl gepekTep 3eprreasi (JKapxenosa, A.M. 2018 x.).
3eprTey OaprIchIHAA KaJlaHBIH (PYHKIIMOHAAABIK aliMaKTapbIH aHBIKTAaTEIH 1960 >KbL1dapAarsl
Oac >xocriapaap KapacTeIpblaabl. JKyMbIc OapbIChIHAA 91€yMeTTiK MHPPaKYPhLABIM HBICAHAAPBIH
OpPHaAaCTHIPYABIH TAPUXU epeKIIIeAiKTepi aHbIKTaAAbl.

3EPTTEY MATEPUAAAAPHI MEH O AICTEPI

MakaaaHs! garibiHAQy Ke3iHae AcTaHa KaAackIHBIH (AKMO/a) 91€yMeTTiK MHPPaKYPhLAbIM
HBICAaHAAPBIHBIH TapUXU JaMYbIH TaAAayAbl KAMTHIABL.

Makasaza KalaHBIH TapyXU FIMapaTTapblH apalayAbl KAMTUTHIH AaAaAbIK 3epTTey a4ici
KOAAQHBIAABL. 3epTTey AcTaHaHBIH TapUXU OPTAaAbIFBIHAAFEI 9A€YMETTIK MH(QpPaKypbhLABIM
HbICaHAapbIHA apHaaAabl. HblcaHaapABIlH OpHaAacybIHBIH MaHi KadaablK KYpPBlABIMJAa KepiHeai.
Kaza aymarbIHBEIH AaMyBl KaZaHBIH KOFaMABIK OPTAABIFBIH >KaKcapTyra MYMKIHAIK Oepai.
Maxkazaansl gaiiblHgay KesdiHAe TapMXu KOFaMABIK FUMapaTTapra Taaday >Kyprisiaai. Tapuxm
HBICAaHAAPABI KOPCETY YIIiH aBTOp POTOCypeTTep TycCipai.

Tapuxm opTaablK 9KiMIINiAiK, KOMMEPLUMAABLIK >KoHe MoJeHU MakcaTTapfa apHaAfaH
KOFaMABIK FUMapaTTapAbl KaMTHABL Tapuxu FuMapaTTapAblH capariTaMachl 6ac JKocrapaapAblH
MaHBI3AbLABIFBIH PacTajbl.

Kaaza aymarpiH QyHKIMOHAAABIK aiiMaKTapfa OeaAyAi eckepe OTBIPHII, 94eyMeTTiK
MHQPaKYpPLIABIM HBICAHAAPBIHBIH KYPBIABICBIHA CapalTaMa >Kyprisyre MYMKiHZIK Oepai.
OeyMeTTiK MHQPPaKypPHIABIM HBICAHAAPBIH 3€pTTey OTAaHABIK >KOHE XaABIKapaablK FaAbIM-
AapAbIH eHOeKTepiHe IT0AYAbl KAMTBIABL.

CaapIcTEIpMaAsl Taaday HOTIDKeCiHAe Kadadarsl 1965-85 sKplaapaarsl oKiMITIiAIK-MaeHN
HBICAHAAPABIH OpHaJlacybl aHBIKTaAAbl. JKyMbIcTa KOFaMABIK FMMapaTTap KYPbLABICBIHBIH
KaJaAblK KYPBIAbIMFa 9cepi 3epTTeai.

Tapuxm fruMapaTTapAbl capanTay MaJiMeTTepai KOPBITBIHABLAAP MeH o1eyMeTTiK
MHQpPaKypbLABIM HbICAaHAAPbI OOVIBIHINA YChIHBICTapFa OipiKTipyAiH MaHBI3ABLABIFBIH KOPCETTI.

HOTUXEAEP JKOHE OAAPABI TAAKBIAAY

Coarycrik Kasakcrangarel 24eyMeTTiK MHQPaKYpPBIABIM KalalapAblH TYPakThl ocyi
JKarganblHAa AaMyBIH >KaaracTeipabl. 1970-1980 >xplagapbl aybla MeH KaAaHbIH KOPiKTeHAipy
apachIHAAFI AAMIaKTHIKTBI a3aiTy >KoHe KeIllleHAl AaMBITy KaXKeTTiairi 6acsiMAbIKKa e 60AABL.
Kypriapicta TemipOeToOH KOHCTPYKIM:AAApHl, ITaHeAbAl Yilaep, OJAOKTH yilaep KoeOipex
KoaAaHbplaa Oacraapl. KaiiTa Kypy ©HepKecinTi Jde, aybla ITapyaIlBIABIFBIH Aa KaMTBIABI, O4
TeXHOAOTMSABIK KeTiCTIKTep MeH OHIMALAiKTiH apTybIiHa OaiiaaHbIcT 604461 OCHl IapadapablH
apkaceiHza Kasakcranza eHepkoacin eHiMiHIH ecimi >keriHm OecKblAABIKTarsl 48%-aaH
TOFBI3BIHIIILI OECKBIAABIKTAFBI 76 %-Fa AeliH OCTi.

bac >xocmapaapast o3ipaey oaeyMmerTTik MHQPPaKYphIABIM OOBeKTiAepiH KaJaHBIH
JKOcCIlap4ay KYpblAbIMBIHA OpHaJacThIpyfa acep erti. 1957 >xprapl «KasrumporopceabcTpoin»
MHCTUTYTH (Oac cayaertmrici E. AsAT10B) KaaaHbH Oac >KOcCIapblH >Kacall, Kada KBapTaljapblH
YAKENTIN, Kellle-)X0A >XeJizepiHn >KakcapTTel. Keaai >kxoHe caHMTapAbIK-TUIVIEHAABIK,
TaJaIlTapAbl ecKepe OTHIPHII, «KaszakceapMalil» 3aybITHIHaH, HACOC 3ayBIThIHAH, Ta3 KaOABIKTapbI
3ayBITBIHAH Oacka, TeMip >XOA4aH TBICKAphl, ©HAIPiCTIK >koHe KOVMAaABIK aiiMaKTa >KYMBIC
OpBIHAAPBI — 3ayBITTap caly >KocIlapAaHABL.

Ocsol XbplAgapBl 94€yMETTIK MHPPaKypPhIABIM HBICAHAApPHL: TeMip>KoAIIbLAap KOFaMABIK
opraabirsl (K. bariceititoBa aTeiHaarsl oriepa TeaTpsl), «Vmmm» KoHak yiti, OMapoBa KellleciHiH
GoVIBIHAAFEI OKIMIITiAIK FUMapaTTap caablHABL bac JKocrmapAbIH TapUXM-CoyAeTTiK-aHbIKTaMaAbIK
>xocrap 0eaiminge Kenecaprr kemreci (aaagnan K. MyHaiiTiiacos aTbIHAAFEI CTaAVIOHFaA AEIiH)
>KoHe AK>KallbIK KellleciHiH OolibiHAaFs! (beltbiTiriaik kerrecinen Capribyaak OyaaFbiHa AeliiH)
aTaAfaH MYAiKTep MeH FUMapaTTap MeM/eKeTTiK KOopfayfa YChIHbIAABL Oa 1940 >xone 1950
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KbladapAarbl AKMOAaHbBIH KaAaAblK OPTAaChIHBIH epeKille KeA0eTiH caKTay YIIiH >XKaHa Jamy
KYPbLABIMBbIHA KACUETTePAl eHIi3yai Ko3eai.

1961 xs1ap1 AkMoaa Lleannorpag 6ot esreptiaai. 1961 sxerasr Lleannorpag KaaaceiHa
OOABICTBIH >K€p ©HJAey acTaHachkl MapreDeci OepiayiMeH >K0O0aABIK-KYPBIABIC >KYMBICTapBI
OeaceHAl Typae Oactaaasl. 1963 >xprasl bac sxocmapast coyaeri I'. 'aaamTerinaiy sketekriairi-
MeH «/leHTOpCTPOMITPOeKT» IIbIFapMaIlbIABIK YKBIMBI 93ipaeai. B. IIIkBapMKOB FBIABIMU
SKeTeKII 00AABI.

Kazaansig aymakTeIK gaMmysr 1930 sxsragapaarst H-MuaoTHHHIH aFbIHAB-QYHKIIMOHAAABIK,
JKOCIlapaay cxemachlHa Herizdeaai. CxeMa KaJa ayMarblH IlapaAleAbal (PyHKIMIOHAAABIK
aliMaKTapra O0eayai ke3aeAi:

1) enaipicrik, KOiIMaABIK >X9He KOMMYHAaAABIK, aliMaK;

2) Temip xxoa4ap;

3) TYP¥BIH Y11 aliMaFrbl;

4) cass6aK >KoHe peKpealVsIAbIK aliMaKk;

5) Kaaa MaHBIHAAFHI ayblA ITapYyallIbLABIFBI aliMaFb.

Cxemaga TeMip koA OOJBIHAAFBI OHAIPICTIK aliMaKThH OpHaAacCyblH aHBIKTAMTBLIH
ayJaHHBIH Xep Oegepi, rmaporpaduacel, TaOMFN-KAMMATTHIK epeKireaikrepi eckepiagi. Eaai
MeKeHJep ©3eHHeH casbakrap Oeageyi apkplabl Oeainin, Coa Karaday ayblAIllapyalllbLABIK,
aliMarpl peTiHAe >KOocIlapAaHFaH.

bac >xocniapaapAabl Kypy (PYHKUMOHAAABIK aiiMaKTapAbl AaMBITYABl >KoHe KBapTadra
Oeayai Oipiktipai. bac >xocnapasl o3ipaeyAiH KellleHAi TociaiH o3ipaey KaJaHBIH OpPTaAbIK
KeIlelepiHiH OOMBIHAAFBI KOFaMALIK FMUMapaTTapabl >KobDaaayasl >KeHiaderri. Kaaa
OpTaAbIFBIHAAFBI 9KIMIITIAIK XKoHe MadeHl MeKkeMeaep 1965-1985 sxpla4ap apaabIFbIHAA CaABIHABL.
HricanaapablH MyHAall OpHaJAacybl TYPFBIHAAPABIH FMapaTTapabl NaiidadaHy >KMidiriMeH
aHbIKTaJdaabl. TMapaTTapAblH OpHaJacybl XaAbIKKa KbI3MeT KOpceTy calachlHAAFbI carlachlHa
acep etti. 1960 >kplabI Kada XaaKbIHBIH caHbl 129 000 6oaapl (1-kecte). EaopaaabiK XaaKbl Ke1l
Kadajda oObekTidepai maiigadaHy >KmidiriHe kapaii >koOaday KbI3MeTTepre KOAXKeTiMAiAiKTi
KaMTaMachI3 eTeAi.

Eageri kasa XaAKbl TOFBI3BIHINBI OeCXKBIAABIKTa 54 %-Fa JelliH ©cCTi, KeHeCTiK
MHTeAAUTeHIVAHBIH CaHBI apTThl, KOAXO03 IIIapyaJapbIHbIH KOFaMABIK OeaceHAiairi apTTel. bya
keszeHge Exibacrys, Pyamsiit, /lncakosek, 1.0 Kasaaap naitga 604451

Keprizikti mmxizat Herisinde eszapa OallAaHBICTBI OHAIPICTIK KeIleHAepAiH JAaMybl
Ka/AaHBIH 94€yMeTTiK MHPPaKyPHLABIMEI MeH KOHBICTaHy YATiAepiHiH KaabllITacyblHa 9cep eTTi.
1920-1980 xpra4ap apaasirbiiga [TaBaogap-ExibacTys aymMaKThIK ©HAIpicTiK KellleHi gereH aTIieH
OeAriai, OHBIH BIKIIAA €Ty aliMarbIiHAa Kadadap MeH ayblagap 6ap ©HepKacill OpTaAbIFl KYPHIAABL.
ApKaabIK KaJackl TYCTi MeTaaJap TeHiperinae daMbica, Pyansiii, /l1cakoBCeK »KoHe Oacka 4a Kapa
MeTaagap eHaipai. CTeIIHOTOpCK KaAachl FELABIMU-OHAIPICTIK OpTaAbIK peTiHAe AaMbIABL.

1965-1985 xplagap Axmoaa (AcTaHa) KadachbIHBIH COYA€TTIK JaMybIMeH >KoHe Kala
alaHAapelH KypyMeH OaiiaaHpicTl 004A4bl. KeseHre ToH KacmeT KadadapAblH TapuUXU
OpTaABIKTapBIHAA ipi KaAaAblK aHcaMOAbAepAiH KYPBIAYBl CUAKTBHI Kada KYPBIABICEI KBI3MeETi
604aap1. Caukr-IleTepOyprTiH yIII asaH HerizjgeAreH Au3aiiH NPVHOUIITEPIH KOAAaHy KOFaMABIK,
FIMapaTTap MeH aJaHJapAbl TYPFBIHAApABIH ©MipiHe OpraHMKaablK TypAe Oipikripyre
MYMKiHAIK Oepai. Tapuxu opTaablkTa 91eyMeTTiK MHQPaKYPHLABIM HbICAHAAPLIHBIH CaAbIHYBI
KaAaAblK KbI3MeT KopceTy MeKeMeAepiHiH 4aMYbIH KaAbIITacThIPABL.

3eprTeaeTin keseHde AkMmoaa (AcrtaHa) KadachlHJa VIO adaH HNPUHLIMUIITEPIH
arijadaHaThIH OipTyTac coyaeTTik aHcaMOAbre K0a >KeTKiziadi. Oa Kyiie y34ikcis >kaAraHFaH
ajlaHgap MeH >Kacbhla JKasy XKYpriHlllidep aliMakTaphl Oap KalaHbIH XKaHa KepiHiciH kes3eai. Ecki
OpTaABIKTaFbl alaH Oipaell KeaeMJeri FMMapaTTapMeH asAKTaaAbl, «’KacTtap» capallbIHBIH
aAABIHAQFBL alaH OpTaAbIK AaHFBIAABIH (PecryOamka aaHFbiABI) ipreTachiHAa, aa KeHectep
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capalibIHBIH apTBIHAAQ KOFaMABIK 0aK caablHABL KapacThIpbLaFaH Ke3eH YII AeHTeliAi CepBUCTIK
KYlie meHOepiHAe TapUXM OpTaAbIK KOPHEKTi O0ABII TabblAaTEIH 91€yMETTIK MHPPaKyPBLABIM
HBICAaHAAPBIHBIH KYPHLABICBIMEH CUIIaTTalalbl.

Kazanpy akimimiaik opraaprsia 1970-1980 >xpragapsr LleannropceannpoekT >xobaaay-
meraapsl (B.Tockun, E. Mepsxnesckuii, E. Kaprienko) MykusT sxobasaraH. Azag Oip KabaTTsl
Kachla cayAa apKadaJdapbIHBIH OpTaAblK aMbe0all AyKeH FMapaThlHa aybICTBIPBLAYBIMEH JKoHe
«eaunrunpoceapxosd» >xkobalay MHCTUTYTBIHa 16 KabaTTBl FUMapaTTBIH KOCBLAYBIMEH
yiiaeciMai keabeTke me 60a451. B.V. /leHnH eckepTKiIi FIMapaThIHBIH aaAblHa KOMBLAABL

AaaH ym 6eaikke 6eaiHAil: [leAMHHNKOB capalibIHBIH aA4bIHAAFBI KOAIK KO3FAABICH YIIIiH
Kenecapsr KacpiMOB KellleciHe amapaTbiH >Kepi; AeMaady YIIH cyOypKaKTapMeH >KoHe
OpPBIHABIKTapMeH abaTTaHABIPBLAFAH OPTaAbIK 9MOebar AYKeH FUMapaThIHbIH aAAbIHAAFBL JKepi;
Kenecrep yiii MeH KOHaK Yl apachlHAa¥Fbl ic-IlIapajapFa apHaAfaH KeHicTik. «/mmm» KoHak yiti
Ae alaHFa CoH-CaATaHaT KOCTHL.

1960 xpLagapbl yitaepAiH KypblABICEL dJeTTeri Oec KabaTThl CBHIPTKBI KopiHicrieH
cunatTaaasl. 1970 Xplajgapbl KaHKaAbl TYPFBIH YII KYPBLABICBIHBIH JaMybl apkachiHga 8-12
KabaTThl yiiaep TYPFHI3BLABII, YiiAep apachiHaa OackIM cuIlaTka ue 60445l

KepuexTi, MaHepai aaeymMeTTiK MHQPaKypPLIABIM HbICAHAAPHI caabiHALL: JKacTap capaiint
(coyaermri A. Ioasnckuii), Caaranat capaiint (B. Aparyn, B. Tockun, E. IToryna), [Tnonepaep
capainl (B. Tocknn, B. Kopanaos, E. Iloryna, B. I'zagknx), «Typucr» xonak yii (B. Tocknn,
B. Kopunaos, E. Iloryma, A. bammmos), «lleannrumnpoceanxos» fumapatsl (B.®. Tockum,
B.C. Aparyn, B.M. Kopanaos, B.JI. Y absaHoB), LleanHorpag aybia HapyariblAbIFBl MHCTUTYTIHBIH
9KIMIITiAiK-3epTXaHaABIK KOPITYChI, Mipy >kaHe XiIl (padpukace (1-cyper).

1-cypet. AcTtaHa KadacChIHBIH TapyX1 aAdaHsl, «Kactap» capaifbl FuMapaThl
Ecxepmy — ¢omocypemme asmop Capcembaesa A.E. 2024 x. mycipzen sumapammapdolt, 3amanayu
KopiHici kepcemirzen

1965-1985 xpiagap apaasireiHga Kacrap capaiibl MmeH «Typucr» KOHaK YIAIH CaAbIHYBI
KaJaHBIH YVAKeH Marucrpadi OOJBIHAAFBl ayJaHHBIH JaMyblHa ocep eTTi. ©O.JeyMeTTiK
MHQPaKypPhIABIM HBICAHAAPHI KOIIIiAIK AeMaly VIIiH KalaAblK KeHIiCTIKTiH MaHbI3ABLABIFBIH
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aTall OTill, alaHHBIH eo3eriH Kypagsl. Kaza aymakrel abarraHAbIpy Oec KaOaTThl TYPFBIH
YllaepMeH KaTap yliaeciMAl IIelriM Ty ALIPABL.

1965-1985 >xp1a4ap apaAbIFBIHAA Kala OHTYCTiK-IIIBIFBIC OaFbITTa AaMBIABL. Aaliga KbI3MeT
KepceTy HBICAaHAAPHI (CIIOPT KellleHAepi, TeaTpAaap, aMOeban AykeHAep) apOip IIaFeIH aydaHAa
caapiHOaraH. MyHaliTiiacop meH AOblaal XaH KellleAepiHiH apachlHAAFBl ayMaKTa IIaFblH
ayaaHgap caabiHabl. IllaFpiH aydaHgapaa Kada OpTaAbIFbIHAH aAbIC OpHadackaH OKY OpPBIHAAPBEI
(yHUBepcHUTeTTep) OpHaAaCThI.

1-kecTe. AcTaHa KaAachl XaAKbIHBIH CAHBIHBIH ©3Tepyi

Kb 1954 1960 1989
XaAKBIHBIH caHbI, MBIH agaM 77,0 129,0 281,0
Ecxepmy — asmop (OKapxenosa A.M., 2018) nezisinde Kypacmuipean

Ymr aeHreiiai KbpI3MeT KepceTy >Kylieci KaFugadapsl HerisiHJe a4eymeTTik uH(ppa-
KYPBLABIMHBIH KaAbIIITaCyblHa KeAeci I1apaaap acep eTTi:

— JKeKe/eHAipiaTeH IIaFbIH ayAaHAapAbl AaMBITY;

— KBI3MET KepceTy HbICaHAaPbIHBIH KYPBLABICH TeK Kala OpTaAbIFbIHAA FaHa >KaAFacThl.

1970-1985 xplagap apaAbIFBIHAAFE aldaHJap MeH KeIlelep aHCaMOAiH YIIBIMAACTBHIPY
OoripHITa >K00AABIK-KYPBLABIC KyMBIcTapsl CoaTycrik KaszakcraH KaszasapbIHAAFBI OPTaABIK
alaHAapABIH AM3aifHbIHA dcep eTill, KeH (PYHKIMAAB KOFaMABIK OpPTaAbIKTapAbl KypAbl. OpOip
IIAFBIH ayAaH >kKaHa (PYHKIIMOHAAABIK OarsITTaphl Oap (Deallek cayza, CIIOPT, MOAEHUET >KoHe
MeAUIMHA) FUMapaTTapabl cady apKbLAbl ©3iHAIK epeKIleiriH 4aMbITThl. Kaaa 1mexkapaaapbIHbIH
ayMaKTBIK KeHEeIOi COHbIMEH KaTap KaJda OpTaAbIFBIHBIH KbI3MET KOpCeTylIlidepiH IIarbiH
ayJdaHaapaaH 6eaiI, ocel HeICaHAapFa Oapy yaKbIThIH Ke0OernTTi. lllarpiHaysaHap immiHae mafsiH
OpTaABIKTapAbl >KoHe KeH ayKbIMABl KbI3MeT TypAepiH YCBIHATBIH IIaFLIH ayJaHAapAarsl
KOFaMABIK OpTaAbIKTap Kepek 0oaabl. Coa Kesdge KelTereH HbICaHJap ipi Marmcrpaabgap
>KaHbIHAA caabiHABL. CoaTycTik KasakcraHHBIH Kada KYPBIABICH KYPBLABIMBI CBI3BIKTBIK, YATIMeH
CHUIIATTaAyBIH >KaAFaCThIPABL.

KOPBITBIH 4 bl

Kazaaslk aymakrapAbl KaABIITaCTHIPY Ke3iHAe 91€yMeTTiK MH(PPaKypPhIABIMABI AaMBITY-
ABIH TapUXU TKipnOeciH ecKepy MaHBI3ABl. OAeyYMeTTiK MHPPaKypPHLABIM HBICAHAAPHI KBI3MET
KOepceTil KaHa KoliMall, Ka/AaHbIH KoHe OHBIH KeHiCTiTiHiH Ke10eTiH KaABIIITaCTBIPaAbL.

1965-1985 xplajap apaabIFBIHAAFBI KAaJAaHBIH 94€yMeTTiK MH(QPaKYpPHIABIMBIH 3epTTey
HOTVDKEeCiHAe epeKIlIeAiKTepi aHbIKTaAFaH:

— Ka4a IIeKapachIHbIH aliTapAbIKTal KeHeloi;

— Kaaa xaaxbHbIH caHbl 129 000-1aa 281 000 agamra ecti (Acrana) (1-kecte);

— ypOaHM3aIAHBIH OCYi;

— ©HAIpic KeAeMiH yaranTy;

— IIaFbIHaYyAaHAap KYPBIABICEIHAA KOFaMABIK FMapaTTapAbl KeOenTy;

— ipi KBI3MET KOpCeTy MeKeMeAePiHiH KYPhLABICE KaAa OPTAaABIFBIHAA AAMYEL

OeyMeTTiK MHQPPaKYPLIALIM OOJMBIHIIIA OPTaAbIK KeIlelepAe KYPBLABIC >KYMBICTaphI
Garikaaabl. KaaaHBIH >Kocmapaay KYpPBLABIMBI OHTYCTIK-IIBIFBRIC OaFbITTa KaHa ydacKelepAiH
AaMyBIMeH KeHeNTyre MYMKIiHAIK Oepai. KaaaablK OpTaABIKTBIH HerisTi KbI3MeT KepceTy
MeKeMe/epi IIIeT IIaFbIH ayjaHAapAaH aabiC 00AABIL.

1965-1985 >xplagap apaAbIFEIHAAFBL 9A€YMETTIK MHQPaKYpPBIABIM COyAeTiHIH AaMysl
TapuXu OKMFaAapAbIH acepiHeH MbIHajall culiaTTaMalapAbl AAMBITTHL: KadaHbl KBapTaajap MeH
IIIaFBIH ayJaHJapra 6ealy KbI3MeT KepceTyAiH AeHTelAiK >KylieciHiH MpMHIIMITEePiH KOoAdaHYFa
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MYMKiHgiKk Oepai; opTaAblK adaHHBIH AM3aliHbl KaJdaHBIH ipi MekeMeaepiH KypAabl. KaiaaHbig
KBI3MeT KopceTy Xyiteci 129 000 xaaxpl Oap yAKeH KaJa YIIiH AaMbIAbL. KeTliHHeH KaJa KeHeri,
Xa/bIK CaHbI KOOeMTeH CaliblH Kala OPTaABIFbIHAAFbI HEICAHAAPABIH MaHBI3BI apTa TYCTi.

MYAAEAEP KAI7[IJ_II)I/1])IFBI: ABTOp MyAJeaep KalIIbLABIFI KOK, €KeHiH MaAiMAeilAl.

KAPXBIAAHADBIPY: by sepTrey aBTOpABIH JKeKe KapakaTbIHa >KYprisiaai.

AAYBIC BIAAIPY: Aprop MakaJaHBIH callachlH apTThIpyFa aTCcaAbICKaH aHOHMMAL
pelieH3eHTTepre aArbIChIH OiaAipeai.

JKACAHABI MHTEAAEKT TEXHOAOTUSIAAPBIH IIAMAAAAHY TYPAABI
XABAP/AAMA: I'siapiM1 MaKa/aHBIH aBTOPHEL ©3 eHOeKTepiH AaliblHAay OapBICBIHAA >KacaHABI
yHTeaaeKkT (KIU) KypaagapbiH apTypai Ke3eHAepde, COHBIH illliHAe MTIH >Ka3y, pedakuusiaay,
(I)aKTi/lep,Zl,i TeKCepy >KoHe AepeKTepai Taajay KesiHge KOAAaHOaAbI.
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The article discusses the architectural and functional planning features
of folk craft centres in the Republic of Kazakhstan as cultural and
educational infrastructure facilities. The aim of the study is to identify
and systematise the architectural, planning and typological principles of
craft centre development based on a comparative analysis of domestic
and international experience. The study identifies stable functional
zones and spatial relationships that ensure effective interaction between
production, educational, exhibition and public functions. Based on the
analysis, three basic typological models of folk craft centres have been
identified: a compact year-round centre, a pavilion-cluster craft complex,
and an adaptive multifunctional space. Each model is considered in
terms of its architectural and planning structure, functional organisation,
and applicability in various urban and regional conditions. Particular
attention is paid to the unification of architectural solutions, taking into
account national, regional, and historical and cultural characteristics.
The article also reveals the socio-cultural role of folk craft centres as
institutions for the preservation of intangible cultural heritage, the
transfer of traditional knowledge, and the development of the creative
economy. It is shown that a modern craft centre should function not only
as a production base, but also as a multifunctional public space that
facilitates interaction between craftsmen, students and visitors. The
results obtained can be used in the development of architectural and
planning standards, the design of folk craft centres, and the formation of
regional programmes for sustainable cultural development.

Tyninai ce3aep:

TYVNIHAEME

CayaeT, XaABIKTBIK
KOAeHep, PyHKIIMOHAAABI
YMBIMAACTBIPY, COyAET
TUMNOAOTUACH, MdACHN-
6iaim Gepy
MHQPaKYpPHLABIMEI,

Makaaaga Meagenu-6iaiMm Oepy uHPpPaKypPBHABIMBIHEIH OOLeKTiaepi
perinae Kasakcran PecriyOamkachiHBIH XaAblK KOA©HEpi OpTaAbIK-
TapBIHBIH COYAETTiK JKoHe (PYHKIIMOHAAABIK-KOCIIapAay epeKIeaikTepi
KapacThIpbliadbl. 3epTTeyAiH MaKcaTh-OTaHABLIK JKoHe XaAbIKapaablk,
ToXXipmOeHi caABICTEIpMaAbl Taljay HeTisiHAe KOAeHep OpTaAbKTapLIH
KaABIIITaCTHIPYABIH apXUTEKTyPaAbIK-XKOCTIapAay JKoHe TUIIOAOTUAABIK,
NPUHIMITEPIH aHbIKTay JKoHe Xyiteaey. 3epTTey OaphiChlHAa ©HAipic-
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ASCTYPAi >KoHe 3aMaHayn
AU3anHABL 6ipikTipy.

TiK, 6iaim Gepy, Kepme >xoHe KoFaMABIK GYHKIMAAAPABIH THIMA] ©3apa
iC-KMMBLABIH KaMTaMachl3 €TeTiH TYPaKThl (PYHKIMOHAAABIK aliMaKTap
MeH KeHiCTIKTiK e3apa OalllaHBICTap aHBIKTaAABL. Taajay HeriziHAe
XaABIKTBIK KOAOHEP OpTaAbIKTaPBIHBIH YIII HETi3I1 TUIIOAOTMAABIK MOJeAi
aHBIKTaAABL >KbLA OOVBIHA >KMHAKBI OPTaABIK, IIaBUABOH-KAACTepPAiK
KO/6Hep KellleHi >KoHe OelfiMAeATiI Ko yHKIIMOHaAAI KeHicTik. Opbip
MO/JeAb OHBIH apXUTEKTYpaAbIK->KOCIIapAay KYPBLABIMBEL, GPYHKIVOHAAABI
YMBIMAACTBIPBLAYBL JKoHe opTYpAi Kada KYpPBLABICBI MEH aliMaKTBIK,
Karjaiidapaa KOAAAQHBLAYBI TYPFBICBIHAH KapacThIpblaadbl. YATTBIK,
OHIpAiK >XoHe TapUXU-MdJEHU epeKIlleaiKTepAi eckepe OTBIPLII, CIyAeT
menrtimMAepin OipizaeHAipy MoaceaeaepiHe epekille Hasap ayAapbLiabl.
Makasaga coHbIMEH KaTap MaTepHuaAAblK eMec MdAeH! MypaHbl caKTay,
Aactypai  Giaimai Gepy SKkeHe KpeaTHBTI SKOHOMUKAHBI AaMBITY
MHCTUTYTTapbl ~ peTiHAe  XaABIKTBIK  KOJAOHEp  OpTaAbIKTapBIHBIH,
94eyMeTTiK-MaeHM pei amblaaabl. Kasipri saMaHFbI KOA6HEp OpTaAbIFbI
TeK OHAIPICTiK Dasza peTiHAe FaHa eMeC, COHBIMeH Karap InebepaepaiH,
0iziM aaymbLiap MeH KeAyllidepaiH e3apa opeKeTTeCcyiH KaMTaMachl3
eTeTiH KOl yHKIVOHAAAL KOFaMABIK KeHiCTiK peTiHAe Ae >KYMBIC icTeyi
KepeK eKeHAiri KepceTriareH. AJbIHFaH HeTIDKeAep coyleT->KoclapAaay
CraHJapTTapblH  93ipJAeyse, XaABIKTBIK KOJAOHEp  OpTaAbIKTapbhIH
>kobadayda  JKoHe  TYpaKThl MoJeHM  JaMyAbIH  alIMaKTBIK
OargapAaMalapblH KaABIITaCTHIPYAa KOAAAHbLAA adabl.

Karouessie caoBa:

AHHOTAIIVST

ApxuTeKTypa, HapOAHBIE
IIPOMBICABI,
¢JynaKIIIOHAABHAS
OpraHmM3ars,
apXUTeKTypHas
TUITOAOTUS, KyABTypHas U
obpaszoBaTeAbHas
MHQPPACTPYKTypa,
MHTerparus
TpPaAMUIIVIOHHOTO U
COBPEMEHHOTO AM3aliHa.

B craTbe paccMaTpMBaIOTCs apXUTEKTYpHEIE U PYHKI[MOHAABHO-TIAaHU-
pOBOUYHBIE OCOOEHHOCTH IIEHTPOB HapOAHBIX pemecea PecrryGamku
KasaxcraH Kak OOBEKTOB KyAbTypHO-OOpa3oBaTeAbHON MHQpPacTpyK-
Typsl. Lleap mccaejoBaHUsI 3aKAIOYaeTCsl B BBIIBAEHUN U CHUCTEMATU-
3alyy apXUTEKTypPHO-TIAaHUPOBOYHBIX M TUITOAOTUYECKVX ITPUHITUTIOB
JpopMmpoBaHUsA peMecAeHHBIX IIEHTPOB Ha OCHOBE CPaBHUTEABHOTO
aHaAu3a OTEYeCTBEHHOIO U MeXKAyHapOAHOIO OIbITa. B xoae mccaeso-
BaHI OIIpeJeAeHbl YCTOMUMBble (PYHKITMOHAABHBIE 30HBI U IIPOCTpaH-
CTBEHHBIE B3alIMOCBA3M, odOecreunsaromye 5QpQPeKTUBHOE B3aNMOAE-
CTBUE IIPOM3BOACTBEHHBIX, O0pa3oBaTeABHBIX, BHICTABOYHEIX 1 OOIIECT-
BeHHBbIX pyHKUMiT. Ha ocHOBe npoBejéHHOIO aHaAm3a BblAEAEHBI TPU
0a3oBble TUIIOAOIMIECKIE MOAEAN L[EHTPOB HapOAHBIX peMecea: KOM-
TTaKTHBIM KPYTAOTOAWYHBIN IIeHTpP, IaBUABOHHO-KAACTEpHBIN pemMec-
AEHHBIII KOMIIAeKC ¥ ajalTHBHOe MHOTOQYHKIIIOHAABHOE IPOCTpaH-
crBo. Kaxxaast Mogeap paccMaTpuBaeTCsl C TOYKM 3PeHUs e€ apXiu-
TEKTYPHO-IIAaHMPOBOYHOI CTPYKTYpPBI, (PYHKIIMOHAABHOM OpraHm3a-
LMV U IPUMEHNMOCTH B Pa3ANIHBIX IPAasOCTPOUTEABHBIX U PETMOHAAb-
HBIX ycaoBusaX. Ocoboe BHMMaHUE yaeAseTcsl BOIIpocaM YHUUKAIUU
APXUTEKTYPHBIX PEIIeHNiT ¢ YI6TOM HaI[IIOHAABHBIX, PETMOHAABHBIX U
UCTOPUKO-KYABTYPHBIX OCODeHHOCTell. B craThe TakXKe pacKpbIBaeTCs
COITMAaAbHO-KYABTYpHAsl POAL II€HTPOB HapOJHBIX peMecea Kak
VMHCTUTYTOB COXpaHeHM: HeMaTepuaAbHOTO KyABTYPHOTO HacAeAus,
repejady TPAaAUIIMOHHBIX 3HAHWUI ¥ PasBUTUA KpeaTUBHON BDKOHO-
Mukn. ITokasaHO, YTO COBpeMeHHBINI peMeCAeHHEI IIeHTP JOAKeH
YHKIIMOHMPOBATh HE TOABKO KaK ITPOM3BOACTBEHHas! Oasa, HO U Kak
MHOTO(QYHKIIMOHAaAbBHOe ~OOITleCTBeHHOe IIPOCTPaHCTBO, obecredn-
BalOIllee B3alIMOJENICTBYE MacTepPOB, OOYYaIOLIUXCA U ITOCETUTEAEN .
IToaydyeHHBIe pe3yAbTaThl MOTYT OBITh JCIIOAB30BaHBI IIpK paspaboTke
apXUTEKTYPHO-IL1aHIPOBOYHBIX CTaHAAPTOB, IIPOEeKTUPOBAHUM
LIEHTPOB HApOJHBIX pemecea U (QOPMUPOBAHUM PErVOHAABHBIX
IIPOTPaMM YCTOMYMBOTO KyAbTYPHOTO pa3BUTHA.
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INTRODUCTION

The development of folk craft centres in the Republic of Kazakhstan is a pressing task,
driven by the need to preserve, revive and update traditional forms of decorative and applied
art. Folk crafts are an essential component of intangible cultural heritage, reflecting the historical
experience, worldview and artistic traditions of society. In the context of globalisation,
urbanisation and industrial standardisation, traditional crafts in many countries are losing their
natural social and spatial environment, shifting to the sphere of museum exhibitions or episodic
festival practices. Researchers in the field of cultural heritage note that such a transformation
weakens the processes of intergenerational knowledge transfer and reduces the sustainability of
craft traditions (Jokilehto, 2005; Chatzigrigoriou P. et al., 2021). The decline in the number of
practitioners of traditional craft skills poses a threat to cultural continuity and highlights the need
to develop a specialised architectural infrastructure capable of supporting the “living”
reproduction of crafts in modern conditions.

In this context, the creation of folk craft centres takes on particular significance. Such
centres are seen as specialised cultural and educational infrastructure facilities that combine
production, training, exhibition and public functions in a single architectural and planning space.
Such complexes not only serve as workplaces for artisans and venues for the transfer of
traditional knowledge, but also form public spaces integrated into the systems of cultural tourism
and the creative economy. Foreign research in the field of cultural planning emphasises that the
architecture of cultural and creative spaces plays a key role in shaping local identity and
sustainable development of territories (Evans G., 2009; Montgomery J., 2003). Thus, craft centres
act as multifunctional cultural hubs that promote social activity, educational processes and
economic diversification in regions.

International experience demonstrates a steady trend towards the formation of specialised
craft centres, craft villages and creative clusters that combine production, educational, exhibition
and commercial activities. Within the framework of UNESCO's Creative Cities Network and the
World Craft Cities programme, the architecture of such facilities is seen as a tool for creating a
“living” cultural environment capable of adapting to contemporary socio-economic challenges
and changing scenarios for the use of space (Evans G., 2009; Carr ] & Dionisio M. R., 2017). For
Kazakhstan, with its rich craft heritage and significant tourism potential, the task of developing
architecturally sound models of folk craft centres applicable in various urban, regional and rural
settings is particularly relevant.

Despite growing interest in the development of craft centres, an analysis of scientific
publications shows that issues of architectural typology, functional and planning organisation,
and spatial structure of such facilities remain insufficiently systematised, especially in the context
of national architectural practice. Foreign studies on the flexibility of public cultural spaces
emphasise the need for adaptive and transformable planning solutions capable of responding to
diverse user scenarios and the evolution of functions over time (Carr ] & Dionisio M. R., 2017; Liu
C. etal,, 2025). At the same time, the problem of architectural unification of craft centres — as the
creation of generalised models that allow for variability and regional adaptation — remains
understudied.

The subject of this study is the architectural, planning and typological characteristics of
folk craft centres in Kazakhstan, considered in the context of their functional structure, spatial
organisation and possibilities for architectural unification in the design of cultural and
educational facilities.

The aim of the study is to identify and systematise the architectural, planning and
typological principles of folk craft centres in Kazakhstan, as well as to formulate general
approaches to their unification based on a comparative analysis of domestic and international
experience.
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To achieve this goal, the following tasks are set:

1. Analysis of the architectural prerequisites for the development of folk craft centres in
Kazakhstan in the context of cultural and educational infrastructure;

2. Identification and classification of typological models of folk craft centres in various
urban, regional and rural conditions;

3. Study the architectural and planning solutions of existing domestic and foreign folk craft
centres through comparative analysis;

4. Identify recurring functional areas and spatial relationships characteristic of folk craft
centres and their impact on the planning structure;

5. Formulate general architectural principles and approaches to the integration of folk craft
centres based on a comparative analysis of domestic and international experience.

LITERATURE REVIEW

Research on the architectural organisation of craft-related and cultural facilities has
been developed within several interconnected academic fields, including architectural
typology, cultural and creative clusters, functional-planning theory, and heritage-oriented
design. While the term “folk craft centre” is not always explicitly used in international
literature, comparable spatial typologies are examined through studies of cultural districts,
creative clusters, and public cultural buildings that integrate production, education,
exhibition, and community functions.

Within urban studies and architectural theory, cultural and creative clusters are
frequently analysed as spatially concentrated environments that combine creative production
with public and cultural activities. A. Markusen and A. Gadwa (2010) emphasise that such
clusters are characterised not only by economic concentration but also by specific spatial and
architectural configurations that facilitate interaction between creators, visitors, and local
communities. Similarly, A. J. Scott (2010) conceptualises the cultural economy as a spatial
system in which architecture and urban form play a mediating role between cultural
production and public consumption, reinforcing the importance of purpose-built or adapted
cultural facilities.

From the perspective of architectural typology, cultural buildings that integrate multiple
functions are often discussed in relation to public cultural infrastructure. Research in
Environment and Planning highlights that cultural facilities increasingly combine productive,
educational, and representational spaces within a single architectural structure, requiring new
typological approaches that differ from traditional museum or workshop models (Markusen A.,
2006). These studies underline the relevance of typological hybridity and spatial adaptability,
which are directly applicable to the design of craft centres.

Issues of architectural typology and functional-planning organisation of craft-related and
cultural buildings have also been addressed in the works of domestic researchers, particularly
within the Soviet and post-Soviet architectural school. Research by K. K. Arynov (2022) examined
the typology and planning principles of educational and production buildings for folk arts and
crafts, focusing on the integration of training, production, and exhibition functions. Although
these studies did not conceptualise folk craft centres as an independent architectural type, they
laid the groundwork for understanding functional zoning and spatial relationships in craft-
oriented facilities. Similar typological and planning issues were later developed in studies of
cultural and club buildings, where craft workshops were considered as part of broader cultural
infrastructure (Stepanchuk, 2016).

Functional-planning organisation and spatial logic constitute another significant
research direction. Studies based on spatial configuration theory demonstrate that the
effectiveness of public cultural buildings depends on the organisation of movement, visibility,
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and functional adjacency. Although not focused exclusively on craft centres, space-syntax-
based research shows how the arrangement of workshops, exhibition spaces, and public zones
influences user behaviour and social interaction (Hillier B., Hanson J., 1989). This approach
provides a theoretical foundation for analysing functional zoning and circulation patterns in
craft-oriented facilities.

Architectural research related to cultural heritage further expands this discussion by
addressing the role of space in sustaining cultural practices. In heritage studies, scholars argue
that architecture can function as an active framework for cultural transmission rather than a
passive container for artefacts. L. Smith (2006) introduces the concept of heritage as a cultural
process, in which spatial settings enable practices, meanings, and social engagement. This idea
has been developed further in architectural research that examines how buildings support “living
heritage” by accommodating production, learning, and public participation within a unified
spatial environment.

Recent studies on adaptive reuse and cultural infrastructure also contribute to
understanding the architectural transformation of spaces for craft-related functions. Research
published in Journal of Cultural Heritage Management and Sustainable Development
demonstrates that the conversion of existing buildings into cultural and craft facilities requires
careful reorganisation of functional zones, balancing authenticity, flexibility, and contemporary
use requirements (Bullen P. A. & Love P. E. D., 2011). Domestic researchers similarly highlight
the potential of adaptive reuse of industrial and public buildings for cultural and creative
purposes, emphasising the importance of flexible planning structures and modular spatial
solutions (Amangeldikyzy, R. et al., 2023).

Overall, the reviewed literature confirms that both international and domestic research
provide a substantial theoretical foundation for analysing the architectural typology and
functional-planning organisation of craft-related cultural facilities. However, most studies
address cultural clusters, creative spaces, or heritage buildings in a general sense, without
focusing specifically on folk craft centres as a distinct architectural type. In addition, existing
research rarely proposes unified functional-planning models adaptable to different regional and
urban contexts. This gap underlines the need for systematic architectural research aimed at
identifying typological models and developing unified planning principles for folk craft centres,
particularly in relation to national conditions and cultural specificity, which constitutes the focus
of the present study.

MATERIALS AND METHODS

The study is based on a qualitative architectural analysis aimed at identifying the
typological and functional-planning principles of folk craft centres. The methodological basis
combines comparative analysis, functional and planning assessment, and architectural typology,
allowing us to trace the logic of spatial organisation and formulate generalised models applicable
to different territorial contexts.

The first stage involved the selection of case studies. The objects were selected according
to the following criteria:

— functional affiliation with craft, cultural or educational centres combining production,
exhibition and public functions;

— availability of published architectural documentation, including plans, functional
diagrams or authoritative architectural descriptions;

— compliance with contemporary practice.

As a result, a number of international and domestic examples were identified, including
compact urban centres, pavilion complexes and large-scale craft clusters.
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In the second stage, a comparative functional and planning analysis of selected case studies
was conducted. Each object was evaluated according to a single set of parameters: type of
implementation, planning scheme, availability and organisation of production workshops,
educational function, exhibition or retail space. The results of this analysis were systematised in
a comparative table, which made it possible to identify recurring spatial patterns, functional
combinations, and planning solutions in various contexts.

The third stage involved typological generalisation. Based on a comparative analysis, the
objects under study were grouped according to similarities in spatial structure, functional
composition and scale. As a result of this process, three main typological models of folk craft
centres were identified: a compact urban centre, a regional complex based on pavilions, and a
modular rural centre. Typological classification was used as an analytical tool to identify
sustainable architectural and planning characteristics, rather than to describe individual
projects.

In the fourth stage, a unified functional and planning scheme was developed. This scheme
was obtained by synthesising the recurring functional zones and spatial connections identified in
the analysed examples. Particular attention was paid to the adaptability and versatility of the
proposed scheme, as well as its applicability to various urban, regional and rural conditions in
Kazakhstan. The resulting model reflects a balance between production, educational, exhibition
and public functions and serves as a basis for future architectural design and standardisation.

Overall, the methodology used ensures the reproducibility of the research process and
provides a consistent link between the analysis of existing architectural examples, the formulation
of typological models and the development of practical architectural recommendations.

RESULTS AND DISCUSSION

Analysis of foreign architectural case-studies

The Ruthin Craft Centre is one of the most representative examples of a modern craft centre
focused on combining production, exhibition and educational functions (Ruthin Craft Centre,
n.d.). The complex was renovated and expanded according to a design by Sergison Bates
Architects, which specialises in the design of public and cultural buildings (Ruthin Craft Centre,
n.d.). The centre is located in a small historic town and serves as a regional platform for
supporting professional craftspeople.

As shown in Figure 1 the architectural and planning structure of the centre is based on the
principle of a perimeter composition around an inner courtyard, which serves as a public hub.
Individual workshops, galleries, exhibition spaces and educational facilities are located along the
perimeter. This layout ensures stable visual and functional connections between areas, as well as
a clear separation of flows: visitors move through the public galleries without disrupting the
production processes inside the workshops.

A key feature of the facility is the high degree of transparency of the craft process: the
workshops have glass facades, allowing visitors to observe the work of the craftsmen without
direct interference. This architectural solution enhances the educational and demonstration
functions of the centre, generating sustained tourist interest. At the same time, each workshop
retains its autonomy and is designed to meet the technological requirements of a specific craft
(lighting, ventilation, sound insulation).

Delhi Haat is an example of an open-air pavilion craft complex integrated into the urban
structure of a metropolis (PDSA Studio, n.d.). The project was initiated by the Government of
India with the participation of the Ministry of Textiles, Government of India as a permanent
venue for displaying and selling traditional handicrafts from different regions of the country, as
well as for supporting artisans through direct access to the market.
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inner courtyard

administration

Figure 1. Functional zoning scheme of the Ruthin Craft Centre
Note — Compiled by the authors based on Sergison Bates Architects. (n.d.)

The layout (Fig. 2) of the complex is based on the principle of a craft village, where
individual workshops and trading pavilions form a sequential route for visitors. The spaces are
organised around open areas used for cultural events, festivals and gastronomic programmes.
The architectural language of the complex is deliberately simplified and refers to regional
building traditions, which enhances the effect of authenticity and visual identity.

From the point of view of functional and planning analysis, Delhi Haat demonstrates a
model focused primarily on trade and demonstration functions with a limited educational
component. Production processes are presented in a fragmented manner and are, as a rule, of a
demonstrative nature. This allows us to consider this facility a successful example of a tourism-
oriented craft space, but with limited potential for the systematic transfer of professional craft
skills.

CNAD National Art, Crafts and Design Centre is an example of a compact crafts and
design centre in which exhibition, educational and public functions are integrated into a single
architectural and planning structure based on a reconstructed historic building and a new wing.
The project was designed by Ramos Castellano Arquitectos and implemented as a public cultural
facility in the central part of the city of Mindelo (CNAD National Art, Crafts and Design Center /
Ramos Castellano Arquitectos, 2022, December 6).
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Figure 2. Functional zoning scheme of the Delhi Haat
Note — Compiled by the authors based on Gayathri, S. (2023)

As shown in Figure 3 the planning logic of the centre is built around a courtyard space
(patio), which acts as a public core and provides connectivity between functions: the entrance
area and public areas are oriented towards the square, while the exhibition and educational
spaces form a ‘ring’ of interactions around the interior space. This composition allows for
openness to visitors and the possibility of functional separation of flows, which is essential for
craft and cultural-educational centres.

Figure 3. View of the courtyard at Ruthin Craft Centre (adapted by the authors)
Note — Compiled by the authors based on CNAD National Art, Crafts and Design Center / Ramos Castellano
Arquitectos, 2022, December 6
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The architectural shell of the new building is particularly significant: the facade is designed
as an adjustable sun protection system that ensures light and air comfort and supports sustainable
building operation principles (Ramos Castellano Arquitectos, n.d.). For the purposes of this study,
the object is valuable as an example of a compact centre where functional integration is achieved
through a clear spatial hierarchy (public core — exhibition and educational circuit — auxiliary
functions) and a highly adaptable planning solution.

Analysis of domestic case-studies

The Schoolchildren's Palace in Astana is a completed cultural and educational complex,
the architectural design of which has been published with planning diagrams and architectural
solutions (Palace of Schoolchildren / Studio 44 Architects, 2019, March 8). Although the facility is
not a specialised craft centre, it is typologically similar to the objects under study in terms of the
principle of integrating educational, public and studio functions into a single architectural and
planning structure. The functional zoning scheme (Fig. 4) of the building is based on the
separation of a public core and functional blocks, including studio and training rooms, which
allows it to be considered an example of a compact year-round centre.

ecology, biology

choreography

fine arts

scientific and technical research

humanitarian activities

assembly hall
music classes
planetarium
recreation spaces
theatre
multi-purpose hall
sport centre
media library

canteen

museum - exhibition hall

Figure 4. Functional zoning axonometry of the Palace of Schoolchildren
Note — Complied by the authors based on Palace of Schoolchildren / Studio 44 Architects, 2019, March 8

The use of this facility in the study allows us to analyse domestic experience in organising
sustainable educational and creative spaces with a clear functional hierarchy and adaptive
planning structure.
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A new stage was marked by the construction of capital craft complexes as part of tourist
clusters. A striking example is the recently opened Craftsmen's Town in the city of Turkestan
(Fig. 5). This facility, officially launched in September 2025, is declared to be the centre of
craftsmen of the entire Turkic world. Its creation coincided with Turkestan receiving the status
of ‘City of Craftsmen’ from the World Crafts Council — the first in Central Asia (STAN.KZ, 2025).
As can be seen from the example of Turkestan, a modern centre for folk crafts can reach the scale
of a cultural and tourist cluster. The craftsmen's town is a 2.5-hectare complex comprising a
number of different areas. It is reported that the complex consists of eight main functional areas
and includes 20 workshops (for various types of crafts — felting, wool processing, weaving,
ceramics, woodworking, leather, carpet weaving, etc.), exhibition halls, two showrooms for
displaying and selling products, a restaurant, a hotel and other tourist infrastructure. Such a rich
functional content turns the centre into a self-sufficient facility where craftsmen can not only work
but also live during sessions (hotel), and visitors can spend the whole day learning about crafts
and relaxing. The layout of the Turkestan craft town is divided into rows of workshops (probably
forming a kind of ‘craftsmen's street’), covered exhibition and fair spaces (an oriental bazaar), and
service facilities. An important part of the complex are the open areas for events: during the
opening, 100 potters simultaneously made jugs, and there were ethnic fashion shows and concerts
(STAN.KZ, 2025). The architectural appearance of the complex is consistent with the historical
context of Turkestan (probably with elements of traditional Eastern architecture, which would
correspond to the status of the spiritual capital of the Turkic world).

Figure 5. Bird's-eye view of the craftsmen's town in Turkestan
Note — Compiled by the authors based on STAN.KZ (2025)

Functional and planning analysis shows that the Turkestan complex is primarily oriented
towards mass visitors and cultural tourism. The educational function is mainly implemented
through short-term master classes, which limits the potential for in-depth professional training.
This example demonstrates the strengths of the pavilion-cluster model and at the same time
highlights the need to balance the tourist function with sustainable craft production.
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Comparative analysis of domestic and foreign analogues. A comparative analysis of
domestic and foreign folk craft centres was carried out on the basis of a single set of criteria
ensuring the comparability of the architectural, planning and functional characteristics of the
facilities. The following analytical parameters were used: type of facility implementation
(adaptation of an existing building or new construction), planning scheme, composition of

functional areas, principles of organising visitor and craftsman flows, degree of demonstration of
the craft process, operational model, and focus on tourist activities. For clarity and
systematisation of the data obtained, the results of the comparison are presented in Table 1, which
summarises the key characteristics of the analysed domestic and foreign analogues. The table
allows us to trace the relationship between the architectural organisation of the facilities and their

functional priorities.

Table 1. Comparative analysis of domestic and international craft centres

Type of
Craft centre / | . yp . Planning Production Educational Exhibition /
. implementatio .
Object 0 scheme (workshops) function trade
Purpose-built
P Perimeter Formal
. cultural craft Permanent . Permanent
Ruthin  Craft layout around . education .
centre . professional galleries and
Centre . internal programs,
(reconstruction workshops . shop
. courtyard studios
and extension)
Courtyard-
Cultural craft yare: Exhibition
CNAD based hybrid .
. centre based on Permanent Educational spaces
National Art, . scheme . .
adaptive reuse L professional programs and | integrated
Crafts and (historic . .
. and new s workshops workshops into public
Design Center . building + new . .
construction circulation
volume)
Pavilion-based
Government- . . Limited Strong
o open-air layout | Demonstrational .
. initiated open- 11 (short-term | emphasis on
Delhi Haat . with linear and seasonal
air craft . master trade and
pedestrian workshops .
complex classes) craft fairs
routes
Pavilion-based
Craftsmen’s Large-scale Permanent and Limited Exhibition
clustered . .
Town, craft and . demonstration |(mainly master| halls and
. layout forming
Turkestan tourism cluster “eraft workshops classes) market
Compact Systematic Systematic
Multifunctiona p Studio and ysten yster
block-based educational | educational
Palace of | 1cultural and lavout with workshop spaces FogTammes FogTammes
Schoolchildren | educational y . adaptable for Prog . Prog .
central public . for children | for children
complex craft activities
core and youth and youth

Note — Compiled by the authors based on a comparative analysis of architectural descriptions, functional
programmes and official information materials of domestic and international craft centres (Ruthin Craft
Centre, CNAD National Art, Crafts and Design Center, Delhi Haat, Craftsmen’s Town in Turkestan,
and the Palace of Schoolchildren).

Comparison of layout plans and architectural solutions. An analysis of layout plans shows
that the choice of spatial organisation for a folk crafts centre is directly related to its functional
focus and operating mode. As can be seen from Table 1, foreign centres of an institutional type

are mainly implemented in the form of compact block or perimeter schemes with an internal
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courtyard, which ensures year-round operation, clear zoning and controlled interaction of

visitors with the craft process. Pavilion and cluster layouts, typical of facilities focused on tourism
and events, demonstrate a different logic of space organisation. In such complexes, workshops
and shopping pavilions form a visitor route similar to street space, which increases the spectacle
and audience engagement. However, as the comparison in Table 2 shows, such schemes require
additional measures to ensure safety and climatic comfort and are less suitable for a systematic
educational process. Domestic experience demonstrates the predominance of pavilion-cluster
solutions in tourist areas and adapted spaces in urban conditions, which indicates the absence of
a unified typological strategy and the need to develop one.

Table 2. Relationship between planning scheme and functional priorities

Pavilion / cluster

trade

visitor engagement

Planning Dorm.nant Advantages Limitations
scheme functions
Education, Year-round Limited expansion, complex
Compact block | permanent operation, controlled | separation of “clean” and
production environment “dirty” processes
Tourism, events, | High visibility, | Seasonal use, safety and

climate constraints

Perimeter with

courtyard

Exhibition,
education,
demonstrations

Clear
public core,
links

orientation,
visual

Requires larger site, higher
construction cost

Note — Compiled by the authors based on a comparative synthesis of planning schemes and dominant
functional characteristics identified in the analysed craft centres.

Comparative analysis of the functional composition of centres. A comparison of functional
content revealed a consistent set of areas present in most of the analysed facilities, but with
varying degrees of development.

— A production area is mandatory in all cases, but its role varies. In foreign institutional
centres (Ruthin Craft Centre, CNAD National Art, Crafts and Design Centre), workshops
function as permanent workspaces for professional craftsmen. In pavilion complexes (Delhi Haat,
Turkestan), workshops are often of a demonstration or mixed nature, geared towards short-term
stays by craftsmen.

— The educational function is most fully represented in compact year-round centres, where
there are separate classrooms and training programmes. In pavilion complexes, training is
usually limited to master classes for visitors and does not form a sustainable system of knowledge
transfer.

— An exhibition and trading area is present in all the facilities analysed and plays a key role
in their economic sustainability. However, the analysis shows a difference in its location: in
institutional centres, it is integrated into the public core of the building, while in cluster complexes
it is often located in separate pavilions or open fairgrounds.

— Event and demonstration spaces (halls, stages, open areas) are critical for tourist-oriented
centres. Their presence directly correlates with the scale of the facility and the intensity of visitor
traffic.

Organisation of visitor flows and interaction with the craft process. One of the key
analytical findings was the identification of different approaches to the organisation of visitor
and craftsman flows. In foreign institutional-type centres, controlled interaction prevails: visitors
have visual access to the craft process but do not disrupt the production regime. This is achieved
through glazing, galleries, clearly defined routes and spatial separation. In pavilion complexes,
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interaction is more direct: visitors can freely enter workshops, communicate with craftsmen and
participate in the process. Analysis shows that this format enhances tourist appeal, but increases
safety requirements and limits the possibility of complex or dangerous technological operations.
For Kazakhstan, this conclusion is of fundamental importance: when developing standard
solutions, it is necessary to determine in advance the permissible level of visitor involvement in
the craft process and to design workshops and routes accordingly.

Interim analytical conclusions. A comparative analysis of domestic and foreign analogues
allows us to formulate a number of key provisions:

— There is no universal planning scheme suitable for all contexts; the choice of model
depends on climatic conditions, scale and functional priorities of the centre.

— Compact block and perimeter schemes demonstrate the greatest sustainability for year-
round operation and educational functions.

— Pavilion-cluster complexes are most effective in tourist areas, but require additional
infrastructure to ensure safety and systematic training.

— In all the cases analysed, the need for multifunctionality and transformable spaces as a
condition for the economic and social sustainability of the centre is confirmed.

— A hybrid model combining a compact public core with the possibility of expansion in the
form of pavilions or courtyard spaces is relevant for Kazakhstan.

Identification of typological models of folk craft centres

A comparative analysis of domestic and foreign analogues of folk craft centres has
identified three stable typological models that are formed as a result of recurring combinations
of planning schemes, functional composition, operating modes and the nature of visitor
interaction with craft production. These models (Table 3) summarise the results of the analysis
presented in Tables 1 and 2 and reflect the most common architectural and planning approaches.

Table 3. Typological models of folk craft centres

Typological Planning Dominant Mode of Visitor Typical context of
model scheme functions operation | interaction implementation
Model I. | Compact or | Production, Controlled, | Large cities,
Compact year- | perimeter- | education, Year-round | visual educational ~ and
round centre based exhibition access cultural institutions
Model II. | Pavilion or Tourist

Tourism, Seasonal /| Direct,

Pavilion-cluster | cluster- . . destinations,
trade, events | event-based | immersive
complex based cultural clusters
Model I1I. o Small and medium-
. . Exhibitions, L . e
Adaptive Flexible, ) Episodic  / . sized cities, initial
. . . fairs, .. Variable
multifunctional | non-fixed transitional stage of
workshops
space development

Note — Compiled by the authors based on the comparative analysis and typological classification of domestic
and international craft centres presented in Tables 1, 2.

Typological model I — compact year-round centre (institutional model). This model is
characterised by a compact or perimeter layout with a clearly defined public core and controlled
access to production facilities. As a rule, it is implemented in the form of new construction or
reconstruction of existing buildings and is designed for year-round operation. Production
workshops in such centres are used as permanent workspaces for professional craftsmen, and
educational and exhibition functions are integrated into the architectural structure of the
complex. The visual accessibility of the craft process is ensured by glazing, galleries or specially
organised routes, which increases the educational and demonstration value of the facility while
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maintaining the production regime. This model is characterised by a high degree of sustainability
and the greatest potential for the systematic transfer of craft knowledge.

Typological model II — pavilion-cluster craft complex (tourism-oriented model). The
pavilion-cluster model is formed as a set of spatially separated workshops, exhibition pavilions
and public areas, connected by pedestrian routes. It is mainly used in tourist areas and is focused
on event-based activities. The production function within this model is mixed in nature and often
combines the permanent work of craftsmen with demonstration formats. The educational
component is usually limited to short-term master classes. The main advantage of this model is
the high degree of visitor involvement and the spectacular nature of the craft process, but its
operation is largely dependent on seasonal factors and requires increased attention to safety and
climate comfort issues.

Typological model III — adaptive multifunctional space (transitional model). The third
model is based on the adaptation of existing buildings and is characterised by a high degree of
spatial flexibility. Such centres use one or more transformable spaces that alternately serve as
exhibition halls, trading areas, workshops and educational spaces. Despite the effectiveness of
this model in the initial stage of the revival of craft practices and the relatively low level of capital
costs, its long-term sustainability is limited by the lack of specialised engineering and production
infrastructure. As a rule, such centres play a transitional role and may eventually transform into
more structured typological forms. The identification of these models confirms the possibility of
systematising the diversity of existing solutions within a limited typological set, which creates
the conditions for architectural unification without losing contextual specificity.

Unified functional and planning structure of folk craft centres

Despite differences in typological models, the analysis revealed a stable functional
framework characteristic of most folk craft centres. This made it possible to formulate a unified
functional and planning structure applicable to facilities of various sizes and purposes. This
structure is based on a public core that includes exhibition, retail, and event and demonstration
spaces. It serves as the main hub for distributing visitor flows and provides orientation within
the centre's structure. Adjacent to the public core are production and educational areas, which
can be spatially integrated or partially isolated depending on the permissible level of visitor
interaction with the craft process. Administrative, utility and service premises form a supporting
contour that ensures the efficient operation of the facility. The fundamental principle of the
unified structure is the combination of functional differentiation and spatial unity. Individual
zones are designed taking into account specific requirements (noise, safety, microclimate), while
their interconnections ensure flexible use and transformation of the space. The analysis showed
that such a structure can be implemented in various planning schemes — compact, pavilion or
perimeter — while maintaining the overall logic of functioning. An important result is the
possibility of scaling and modular development of centres. The number of workshops, the size of
the public core and the degree of development of the service infrastructure may vary, but their
mutual location and functional connections remain unchanged, which creates the basis for the
standardisation of design solutions.

Applicability of the identified models in the conditions of the Republic of Kazakhstan

The applicability of the identified typological models in the conditions of the Republic of
Kazakhstan is determined by regional, climatic and socio-economic factors. The compact year-
round model seems to be the most appropriate for large cities and regions with a cold climate,
where stable operation of centres and development of educational programmes are required. A
controlled environment and stationary infrastructure are consistent with the objectives of
professional training of craftsmen and institutional support for crafts. The pavilion-cluster model is
most appropriate for southern regions and tourist centres, where favourable climatic conditions
and seasonal tourist flows create the conditions for the use of open and semi-open spaces. In these
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conditions, folk craft centres can function as elements of cultural and tourist clusters, strengthening
regional identity and the attractiveness of the territory. The adaptive multifunctional model
remains relevant for small and medium-sized cities, especially in the early stages of craft
infrastructure development. It allows for the gradual development of the functional content of
centres and reduces investment risks, while maintaining the possibility of further transformation.

Overall, the results of the study indicate the advisability of a hybrid approach combining
elements of different typological models. The unified functional and planning structure identified
in the analysis can serve as a basic framework for the design of folk craft centres in Kazakhstan,
taking into account regional and cultural characteristics.

Standardisation and architectural flexibility

The results obtained indicate that architectural standardisation of folk craft centres should
not be perceived as the unification of artistic image or the loss of local identity. Standardisation
in this context implies the formation of a minimum functional and spatial framework that ensures
the quality, safety and sustainability of the facilities. Within this framework, architectural
solutions, choice of materials and artistic techniques may vary depending on local traditions and
natural and climatic conditions. This approach allows folk craft centres to be viewed as elements
of a broader system of cultural, educational and tourist development in the regions. For
Kazakhstan, which is characterised by considerable diversity in its regions and craft traditions,
the proposed model of combining standardisation and adaptability appears to be the most
promising. It ensures the reproducibility of design solutions while preserving their cultural
expressiveness and functional efficiency.

CONCLUSION

The study achieved its goal of identifying and systematising the architectural, planning
and typological principles underlying the formation of folk craft centres in the Republic of
Kazakhstan based on a comparative analysis of domestic and international experience.

It has been established that folk craft centres are a necessary element of the cultural,
educational, and socio-economic infrastructure, ensuring the preservation of intangible cultural
heritage, the transfer of traditional knowledge, and the involvement of society in the processes of
actualising craft practices. The relevance of their development in Kazakhstan is determined by a
combination of cultural, educational and economic factors, including the tasks of strengthening
national identity, supporting small businesses and developing cultural tourism.

As aresult of a comparative analysis of domestic and foreign architectural analogues, three
basic typological models of folk craft centres were identified:

— a compact year-round centre focused on continuous production and educational
activities;

— a pavilion-cluster craft complex focused primarily on tourism and events;

— an adaptive multifunctional space based on existing buildings and applicable in the early
stages of craft infrastructure development.

The identification of these models made it possible to systematise the variety of existing
solutions and form a typological basis for further architectural unification.

An analysis of functional and planning solutions revealed a stable set of functional areas,
including production workshops, educational premises, exhibition and fair spaces,
demonstration and event areas, as well as an administrative and service block. The repetitiveness
of these elements and the nature of their spatial interrelationships made it possible to formulate
a unified functional and planning structure for the folk crafts centre, based on a combination of a
public core, a production and educational circuit, and auxiliary service areas.

During the study, principles for the architectural unification of folk craft centres were
formulated, including the universality and transformability of planning solutions, functional
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zoning taking into account the safety requirements and technology of craft processes, reflection
of national and regional identity in the architectural image, mandatory inclusion of educational
and exhibition components, as well as orientation towards the principles of sustainable
development and phased formation of objects. The implementation of these principles allows for
the creation of standard or reusable design solutions without losing cultural expressiveness and
functional efficiency.

The applicability of the identified typological models in the conditions of the Republic
of Kazakhstan has been substantiated, taking into account regional, climatic and socio-
economic factors. Compact year-round centres are considered most appropriate for large
cities and educational clusters, pavilion-cluster complexes for tourist areas in southern
regions, and adaptive multifunctional spaces for small and medium-sized cities in the early
stages of craft infrastructure development. The most promising direction is a hybrid
approach that combines elements of different typological models within a single functional
and planning structure.

The practical significance of the research results lies in the possibility of using them in the
development of architectural concepts and project documentation for folk craft centres, as well
as in the formation of methodological recommendations and regulatory requirements for these
facilities. The conclusions can be applied in the activities of relevant authorities, design
organisations and educational institutions, as well as serving as a basis for further research in the
field of architectural typology of cultural and educational facilities.
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BAMSIHUE MVKPOKPEMHE3EMA B COCTABE
CAMOYIIAOTHAIOIIETOCS BETOHA HA YCAAKY,
ITPOYHOCTH U PEOAOIMYECKVE CBOMCTBA

EFFECT OF MICROSILICA IN SELF COMPACTING CONCRETE
ON SHRINKAGE, STRENGTH, AND RHEOLOGICAL PROPERTIES
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bya xympicra muxkpokpemHesemHid (MK) esgirineH ThIFbI3AadaThiH
6eronnsy (OTD) mery, OepikTik >XKoHe PeOAOTMAABIK KacueTTepiHe
acepi seprrearen. MK mearrepi nemenT MaccachlHbiH 5 %, 10 % >xone
15 % xeaemiHAe KOAAaHBIAFaH. DKCIIEPUMEHTTIK 3epTTeyAep OTaHABIK
JKoHe eypomaablK CTaHJapTTapra COMKeC JKYprisdiadi >koHe OeTOHHBIH
epTe >KoHe KeMiHIlI KaTy Ke3eHJepiHJeri KacueTTepiHiH e3repic
3aHABIABIKTAPBIH aHBIKTayFa OarbITTaAfaH. J3epTTey HoTIUKeciHAe
MUKpPOKpPEMHe3eMHIiH >KOFaphl IYIIIOJAaHABIK OeaceHAidiri IjemeHT
TachlH  Te3 MUKPOCTPYKTypa
KaABIIITacThIpyFa bIKIaA €TeTiHi aHbIKTaaAbl. bya Kanmaaspabl

rmaparanysiaayra JKoHe TBIFBI3

KeyeKTiAiKTiH TeMeHJeyiHe >KoHe OeToH Oepikririnig 19 %-ra aenin
apTybiHa aabm Keaedi. CoHbIMeH Kartap, ©Oaxplaay KocmachIMeH
caabICTBIpFaHAa Imery degopMmanysilapel 27 %-fa AeiliH TOMeHJereHi
Oaiikaaapl. CoHbIMeH Oipre MUKpPOKpeMHe3eMHiH OeTOH KOCIladaphIHbIH
PeOAOTMAABIK KacueTTepiHe ocepi 3epTTeaai, Oya oaapAblH epTe
Ke3eHJeri OPHBIKTBIABIFBI MeH bIHFaliAbl TecedyiH Ooakay YIIiH
MaHbI3AbL. 3epTTrey HaTIKedepi AAMaThl KaAaChlHbIH KAMMATTBIK,
JKaFdalilapblH ~ ecKepe  OTHIPBHIN,  y3aKkMepsiMAi — TeMipOeTOH
KOHCTPYKIIMSAAApBIH >KODaday >KoHe KOAJaHy YIIiH HpaKTUKAABIK,

MaHBI3Fa €.
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Hy1110AaHOBas 5%, 10 % n 15 % ot macch 1jemMeHTa. [IpoBe €H KOMILIEKC DKCIepn-

aKTUBHOCTBH, PEOAOTVL. MEeHTaABHEIX MCCAeA0BaHNI B COOTBETCTBUY C OTeUeCTBeHHBIMI U €BPO-
MeVICKUMU CTaHJapTaMy, HallpaBAeHHBIX Ha oueHKy BansHusa MK Ha
IoseJeHue OeTOHa B paHHUE U MO3JHUEe CPOKU TBepAeHus:. BrlasaeHo,
9TO IIpMMeHeHle MUKpPOKpeMHe3eMa CIocOOCTByeT (OpMUPOBAHUIO
0oaee TAOTHOM CTPYKTYPHI IIeMEHTHOTO KaMHA 3a CYET MHTEHCUBHBIX
MYyIII0AaHOBBIX peaKUMIl, IPUBOAAIINX K YCKOPEeHHON THApaTaluu U
CHIDKEHUIO KaIllMAASPHOM MOopuctocTu. B pesyapTaTe »TOro Habaro-
AaeTcs 3HaYMTeAbHOE ITOBBIIIIeHyIe IIPOYHOCTH (40 19 %) 1 ymeHbIIeHMe
ycaaxn (a0 27 %) 10 CpaBHEHMIO C KOHTPOABHOI cMmechio. ITposesena
ouenka pansaHmus MK Ha peoaormyeckne XapakKTepUCTUKM CMeceli, 4To
I103BOAsIeT IIPOTHO3MPOBATh yA000yKAaabiBaeMOCTh 1 1toBedeHne CYD B
pauHNe cpoku. IloayueHHsle pe3yAbTaThl MPeACTaBAAIOT MHTEpeC AAs
MIPOEKTUPOBaHNUA  JOATOBEUHBIX > Ke1e300eTOHHBIX  KOHCTPYKIIUIA,
0COOEHHO B KAMMATUUeCKUX YCAOBMSX ropoa AaMarhl.

Keywords: ABSTRACT

self-compacting  concrete, This study investigates the influence of microsilica on the shrinkage
microsilica, shrinkage, behavior, mechanical strength, and rheological properties of self-
strength, pozzolanic compacting concrete (SCC). Microsilica was incorporated at replacement
activity, rheology levels of 5%, 10%, and 15% by mass of cement. A comprehensive

experimental program, conducted in compliance with national and
European standards, evaluated the effects of microsilica on both early
and later hardening stages. The results indicate that MS enhances the
formation of a denser cementitious matrix through intensified
pozzolanic reactions, accelerating hydration and reducing capillary
porosity. Compared to the control mixture, the microsilica-modified
SCC exhibited a compressive strength increase of up to 19% and a total
shrinkage reduction of up to 27%. Additionally, the study analyzed the
impact of microsilica on the fresh-state rheology of SCC, improving
workability prediction and early-age performance assessment. These
findings provide practical insights for optimizing the design of durable
reinforced concrete structures, particularly under the climatic conditions
of Almaty.

KIPICIIE

Confpl OHXXBLAABIKTapAa MUKpokpeMmHeseM (MK) >korapsl cammaasl OeToH eHaipiciHaeri
TUiIMAI MUHEpaAABIK KOCIla peTiHAe OPHBIFBIH HBIFAMTTHI. OHBIH KOAJAHBIAYBI TeK OepiKTiKTi
apTTBIpyFa FaHa eMeC, COHBIMeH KaTap OeTOHHBIH TO31MAiAiri MeH CBIPTKBI arpeccuBTi acepaepre
TesimMaiairine GariaaHBICTH da HerizgeareH. 1980-xpragapaan 6actant MK >xorapsr OepikTikreri,
as3Fa )KoHe KOppo3asira Te3iMAi OeToHAap eHJipiciHae keHiHeH KoagdaHblaaAbl (Daczko, 2012).

MukpokpeMHe3eM KYPBIABIC ~MaTepuaajapbl —cadacblHAa J>KaHa TeXHOAOTMSABIK,
OaFpITTapABIH JaMyblHa TYpTKi 0oagpl. Kasipri TaHga o0a Tek gactypai TemipbeToH
OyiibIMAapBIHAA FaHa eMeC, COHBIMEH KaTap IMAPOTeXHUKAABIK KYpBLABICTapda, KeImipaepae,
>K0A >KaOBIHABLAAapBIHAQ >KoHe OMiK FMMapaTTapAblH KOTeprilll KYpBLABIMAapbIHAA KeHiHeH
KOAAaHbIAyda. MyHAall KeH TapaaybIHBIH OacTel cebebi MK eHrisy apKblabl O€TOHHBIH KBI3MET
eTy Mep3iMiH OipHellle ecere AeliiH apTThIpyfa O0AaTBIHABIFEL.

Muxkpokpemuesem (MK) - 6ya ¢peppocuaniinii KOpITIIaChIH OaAKBITY Ke3iHAe Ty3iaeTiH
may (Lajan et al., 2019). MK3 cyp#biaT aK Tycti O04bIII, OHBIH O©/AIIeKTepiHiH OpTalia MeAllepi
IIafblH 9pi 94eTTe IeMeHT OeamekrtepiHiH Meamepinen 1/50-1/100 mramaceiHAa 0o0aasbt
(MEMCT10180-2012, 2014). MaTepuaaablH MeHIIiKTi OeTiHiH ayMarbl eTe yAKeH >kaHe 15 000-25
000 m?/kr apaasiFbiHAa >KaTaabl. MK-TiH Heri3ri XMMMsABIK KOMIIOHEHTI 6y aMOpQTH KpeMHUIT
AMOKcUAL yaeci 85%-aaH actam. PusmMkaAblK cUIIaTTaMaslapbl MeH XMMUAABIK KypaMbIHa
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Hariaansictel MK >xorapsl OeseHai myniioaaHabIK Kocra 6oasin tadbsraaas! (Villar-Cocifa et al.,
2020; Lajan et al., 2019; Sharaky et al., 2019). beron aarisiHAay Ke3iHAe MUKpOKpeMHe3eMAi KOCy
KOCIIaHBbIH YCTaMABIABIFBIH >KaKcapTaAbl; COHBIMEH KaTap, OA CiATi-arperaTThlK peaKLMsIChIH
Te>KeliAl >KoHe MexaHMKaAblK KacueTtepai (Flores Medina et al., 2015), as3ra TesimaiaikTi (Liang
et al., 2021) >xone cy eTKizOelTiHAiKTI (Zhang et al., 2018) eaayip >kakcapTassl.

OcbiHBIH HOTMOKeciHAe OeTOHAAFbl KalMAASIPABl KeyeKTepAiH caHBl —as3aiiblll, Cy
oTKi30enTiHairi apraanl. bya xacmer oacipece KasakcraHHBIH KAMMATTBHIK >KaFdalidapblHAa
MaHBI3ABl, OMTKEHI TeMIlepaTypaHbIH KYpPT aybITKybl MeH as3 Ke3iHge KOHCTPYKIMsAapAbIH
JKapBIKKa Te3iMaiairi aprTsim, assfa Kapchl Oepikriri kamTaMach3 erizeai. CoHBIMEH Kartap,
MUKpPOKpPEeMHe3eM IIeMeHT IIBIFBIHBIH a3aliThlll, SKOHOMMKAABIK TYPFbIAaH Ja TUiMAi mIemrim
0oabin caHaaaThIiHbI aTal etiareH (Daczko, 2012).

Ogzairinen  TeIFBI3dadaTteiH  OetoHgap (OTDB) KypaMbIHAaFBl MUKpPOKpeMHe3eMAi
OeTOHAAPABIH 9peKeTi epeKIlle KBISBIFYIIBIABIK TyAbIPaAbl, MYHAA TeK OepiKTiK eMec, COHbIMEH
KaTap II6eTidy >KeHe PeOAOTMAABIK, KacueTTep CUAKTHI IlapaMeTpAep MaHbI3Abl poA OMHaMABIL.
MK-HBIH ycaK AMCIIepCTi KYPBHIABIMBI MEH Cy CiHipy Ka0iaeTi apaaacMaHBIH TYTKBIPABIFbIHA JKoHe
0eTOH MUKpPOKYPBLIABIMBIHBIH epTe KaTy Ke3eHJAepiHJeri KaabllITacyblHa ocep eTeai.
3epTreyIridepain MaaiMeTTepi GOVIBIHINIA, Cy-IIeMeHT KaThIHaChl TYPaKThl 00AFaH Karjaiiga, MK
Oap 11leMeHTTIH 7 KYHAIK I'MAparTanusl AopeKeci KapamaibIM [IeMeHTTiH 28 KYHJAiK gapexxeciHe
xereai (Daczko, 2012).

bya aepek MUKpOKpeMHe3eMHiH TIUApaTallMsIABIK — HpolecTepai  aiTapABIKTan
JKblAJaMAaTaThIHBIH KepceTeli. SIFHM, OeTOH epTe MepsiMaepde >KOFapbl OepikTikke KoA
JKeTKizeal, OYA OHAIpICTIK IIMKAJapABl JKeAeaAeTyre >KoHe KaAbITapAbl KailTa HaligadaHyAbl
TezgeTyre MYMKiHAIK Oepegi. CoHbIMeH KaTap, KOCIIQHBIH pPeOJOIVLIABIK KacueTTepiHiH
>KakKcapybl OETOHABI KYIO Ke3iHAe BUOpalisChl3 TeXHOAOTUAAapABl KOAAaHyFa KO alllajbl.

IMMery — OeTOHHBIH KaTHII, Kypray IIpolleciHAe maiiga 00AaThIH MaHBI3ABI KYOBLABIC.
Aramkpl KeAeMHiH asalobl blAFaAAbIH OyaaHybl MeH TMApaTalusAlaH TybIHAANABL JKoHe OeTOH
KOHCTPYKIMsIAapBIHBIH ©HIMAiAiTiHe yaKBIT ©Te Keae acep eTedi. AAABIH ala KepiareH OeToHAap
YIIiH meriayai 494 6araaay CBIPTKBI KepHEYAiH yaKbITIIa JKOFaAybIH OOAKaya IIeITyIli peare
ne. Illeriayai TemeH Oaraaay Ti3OeKTi KepHeYyAiH >KOFaAyblHa, COHBIH caldapblHaH KOHCTPYK-
nusAAapAblH y3aK Mep3iMai Te3iMAiiri MeH KbI3MeT eTy KabiaeTiHe Tepic acepiH TUTi3yi MyMKiH.

CoHnabIKTaH LIOry IpOoLeCTepiH aAAbIH ala 3epTTey >KoHe O0AapAblH HaKThI IIaMalapblH
aHBIKTAy MH>KeHepAiK MpaKTNKaja aca ©3eKTi Maceae 0oabim Tabbiaaasl. llleTeasik sepTreyaepae
MMKpOKpeMHe3eM eHTisiareH OeTOHJapga IIery Imamachl AdCTypAi KypaMjapMeH caabIc-
TeipraHgda 20-30%-ra TemeHAelTiHI KepceriareH. Dbya KepceTKill KOHCTPYKLIMsAapAbIH
©AIIeMAIK TYPaKTBLABIFBIH KaMTaMachl3 eTill, 0AapAblH IalijadaHy Mep3iMiH y3apTyFa CeNTiriH
THUTri3eal.

3epTTeyAiH MakcaThl — MUKpOKpeMHeseMHiH OTDB-HbIH IIeriayai >koHe peoAOrmsAbIK
KacueTTepiHe acepiH ToXKipubeaik 3epTTey >KoHe OepikTikke Toyeaai mieriayin 6oaxay. Kymeic
aAABIH aJa KepiareH KOHCTPYKUMAAApABIH >KapbIKKa Te3iMAiAiriH >koHe SKCIIAyaTallMsAABIK
CeHiIMAiAiriH apTTeIpyFa OarbiTTaafaH. HoTmkeaep MUKpoKpeMHeseMAi OeTOHAapABIH
eHiMAiairiH 604>Kay 4914iriH apTTEIpajbl.

9AEBU IIIOAY

©Osin TeIFBI3Aa1ITHIH OeTOH (OTD) 6y 3 caaMaFbIHBIH dcepiMeH KaABIITH TOABIK TOATHIPa
aJaTBIH >KoHe KOCBIMINA Aipiageycis opHaJaca adaTBIH >KOFapbl TEXHOAOTMAABIK, KYPBLABIC
Martepuaasl. 1980-Kpladapably coHblHAa JKamoHmsAga aadram naitga OoaraHHaH Oepi OTDB
KYpaMBIH >XKOoOalay >KoHe MaTepuadTaHy cadalapblHAa alTapABIKTail >KeTicTiKTepre Koa
keTkisiagi (Okamura & Ouchi, 2003). Munepaaapl Kocadapasl, acipece MUKpOKpeMHe3eMAi
(MK), koaaany apkbrasl OTb-HbIH KacueTTepiH )XaKcapTy KeHiHeH 3epTTein Keaeai.
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MukpokpeMHe3eM —KpeMHMITI HeMece (peppOKpeMHIUIT KOPHITIIadapbIlH OHAIPY KesiHae
Ty3ideTiH >kaHaMa eHiM. OHBIH KypaMbl HeriziHeH aMOp(TBl KpeMHMII AVOKCUAIHEH TYpaAbl
>KoHe MeHIIiKTi OeTi >Korapsl. bya mMarepmasa myIoaaHABIK OeAceHAiAIKKe 1e >KoHe IJeMeHT
IMApaTalUsChH >KeAeAAeTill, KOCBIMINA Kaablmii-cumaukar-ruapat (C-S-H) Ttysiayine sikmaa
eTeAi, HOTUKeciHAe OepiKTik IeH MMUKPOKYPHIABIM THIFBI3ABIFE apTaasl (Villar-Cocifia et al.,
2020).

3epTTeyaep KepceTKeHAell, MUKpOKpeMHe3deMAl KoagaHy OTDB-HbIH Kbicy OepikTirin
JKoHe y3aKMep3iMai Tesimaiairin alrapasikTait >kakcapTaabel. Meicaasl, neMmeHTtTiH 10-15%
MUKPOKpeMHe3eMMeH aybICTHIPBIAYBl O€epiKTiKTiH epTe >KoHe KeIiHIi KeseHAepae eAdyip
apTybIHa aAbIIl KeAeTiHi anbiKTaaraH (Sankar et al., 2019). Aaaiiaa MUKpOKpeMHe3eMHiH apThIK
Meallepi KOCHAHBIH >KYMBICKa KaOiZeTTiairiH TeMeHJeTin, cyra JereH Ka’KeTTiAiKTi
apTThIpagbl. MyHaall KaFgalida >KOrapbl TMiMAidiKKe Me Cy a3aliTKpIIITapAbl KOAJ4aHy KakeT
(Domone, 2006).

OTDb ymin mery, acipece aBTOreHAiK >koHe KeOy IIOryi, MaHBI3ABI Macede GOABIIT Kada
Oepeai. MukpokpeMHe3eMHiH ycak OeAIlexTepi MeH >KOFapbl OeACeHAiAiri iIki blAFaAABIH Te3
TYTBIHBLAYBIHA >KoHe MIUKPOCTPYKTYPaHBIH TBHIFBI3JaAyblHa 9KeAill, Iery KeAeMiH apTTBIPYBI
MyMKiH (Puentes et al., 2015). Keit0ip asTopaap MUKpOKpeMHe3eMHiH IeryiH apTThpaThIHBIH
aiiTca, OacKadapbl OHBI XMMUAABIK, KOCITalap MeH AYPBIC KYTiM apKbLABI asaliTyFa 001aThIHLIH
kepcereai (Sahmaran et al., 2007).

©OTDB-HbIH peoA0TUAABIK KacueTTepi 4e MUKPOKpeMHe3eMHiH KOChLAybIMeH aliTapAbIKTall
esrepeai. MK xocplaraHAa KOCIaHBIH O€piKTiK IIeTi MeH IAacTUKaABIK, TYTKBIPABIFBI apTaThIHBI
Garikaaaabl, Oya TYPaKTBIABIKTEI apTTHIPYBl MYMKiH, OipakK aFbIHABLABIFEIH TOMEHAETyi MYMKiH
(Domone, 2006). bya acepaepai cynepriaactndmkaTop 403achlH 4941 pPeTTey apKbLABI TeHeCTipyTe
0oaaAabl.

Kasipri agebuerre bGipkaTtap 0AKbIABIKTap 94i ge Oap. Atam aittkanda, OTb KypameiHaa
MUKpPOKpPeMHe3eMHiH OHTallAbl MeAlllepiH aHbIKTay OolibIHINa Oipisai mikip >kok. CoHbIMeH
KaTap, MUKPOKpeMHe3eM MOAIIepiHiH peoAOTUAABIK IlapaMeTpAep MeH y3akK Mep3imai mery
apacplHAAFbl ©3apa OalfAaHBICBI Typaabl >Kyiteai 3eprTreyaep a3. MuKpokpeMHeszeM
MoAM(pUKaTOPEl MaHBI3ABL, ceOebi 04 Aipiacis TeXxHOAOIMAAapMeEH OHAIpiAeTiH KYpPBLABIMABIK
DAeMeHTTepAiH OepikTiri MeH Te3iMAiliriHe Tikeaell acep eTeai.

Ocpl 3epTTey >KYMBICHI MUMKpPOKpeMHe3eM MeallepiHiy esrepyinin OTb-ueiH 1mery,
OepiKTiK >XoHe PeoAOITIABIK KacueTTepiHe acepiH ToXXKipnOeaik Typde 3epTreyre OarbITTaAfaH.
O4eb1 1moaysa KapacTHIPBLAFaH MoaAiMeTTep 3epTTey CypaKTapBIHBIH >KoHe MaKCaTTapbIHBIH
KaABIIITacyblHa Heri3 0oabpim TaOblaagpl. Illoay TakKbIPBINTHIK OaFbITTa YIIBIMAACTBIPBLAFAH:
MeXaHMKaAbIK KacueTTep, IIery CUIIaThl JKoHe peoAOTusd — 3epTTey TaKbIpbIOBIHBIH Herisri
acreKkTiaepiH KaMTHUABI JKoHe KYMBIC JKOCIIapbIHBIH HeTi3iH aHbIKTallbl.

MATEPUAAAAP MEH O AICTEP

3eprrey GapsicbiHia MUKpoKpeMHeseM (MK) meartepi 0%, 5%, 10% >xone 15% (emeHTTiH
MaccachbIHa KaThICTBI) 00AaThIH ©34iriHeH ThIFbI34a4aThiH OeToH (OTD) Kxocmaaaps! galibIHAAAABL.
Kocmrazapasiy 6apAbIFsl TypakThl cy-IieMeHT KaTbiHaceiMeH (C/LI = 0,35) >xoHe KakeTTi arbIH-
ABIABIK TIeH KYIOFa >KapaMABIABIKTEI KaMTaMachl3 eTeTiH IT0AMKapOOKCUAATTHI CyIlepIlAacTu-
¢Jukarop K014aHbLAa OTBIPHII XKacaaasl. Taxxipubere geriin muKizaT MaTtepraAapbIHbIH Callachl
MEMCT crangapTrapbiHa colikec Tekcepiaai (MEMCT 31108-2003, 2003; MEMCT 8736-2014;
MEMCT 32824-2014).

Martepnaagap MeH KOcCIIalapAblH KYpaMBl:

— Hemenrt: noptaanguement CEM I142.5 (MEMCT 31108-2003);

3eprreyae noptaasHaiieMent CEM II 42.5 (MEMCT 31108-2003) «CraHaapT» MapKachl
(M450) xoaganbLAABL /labOpaTOpMsABIK CBIHAK HOTVXKeAepi OHBIH Herisri ¢uanmkaabIk-
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MeXaHMKaAbIK KacheTTepiHiH HOpMaTUBTIK TaJaIlTap¥a coliKec KeAeTiHiH KepceTTi. IlemenTTiH
yHTaKTaay gapexeci 0,5 % KaaapikneHn cumarradaasl, 0ya MEMCT HOpMacsiHaH o44eKarija
TeMeH KOpCeTKil 6oAbI Tabblaaabl JKoHe MaTepuaAAblH >KOFaphl VHTAKTaAybIH alifaKTallAbl.
Kazsmter Ko10abiFbl 28 % AeHreltiHge, OyA IIeMeHTTIH Cy KadKeTTiAiriHiH cTaHJapT IIeriHge
eKeHiH gaaeageriai. KaTaio yakeITHIHBIH OacTaaysl MeH asKTalybl MoHAepi HOpMaTMBKe caif
keaeai. Kpicy Gepikriri 7 toyaikre 63 Mlla, niayre 6epikriri 6.6 MIla mamacsiHAa aHBIKTaAABL
KezaeM TypaKTHLABIFBI OONBIHINA ayBITKyAap OailkaaFaH >KOK, HOTVDKeAepi TOABIK ColIKeC KeaeAl
(MEMCT 10180-2012; MEMCT 31108-2003).

— Muxpokpemuesem (MK): menmmixri 6eti 18 000 cm?/r, aMOpPTHI KpeMHUIT AMOKCUAIHIH
(510;) meamepi 90 % acram (ASTM C1240) ;

3epTTeyle KoAAaHbLAFaH MUKpOKpeMHe3eMHiH MeHmikTi Oeti 18 000 cM?/T geHreitinge, aa
aMopdThl KpeMHMIT AnokcuAinig (Si0z) mearepi 90 % acram. MyHaait curtarramaaap ASTM
C1240 cranHAapTbiHa ColKeC KeldeAl >KoHe MUKPOKPEMHE3eMHIH >KOfaphl ITyIIIIOAaHABIK
OeAceHAiAiriH KaMTaMachl3 eTeAl.

— Toaterprermrap: KubIpmsIK Tac (5-10 MM >xane 10-20 MM ppakumsaaaps), KBapITH KyM
(Moayai Mkp = 2,6);

TOO «I'maga» eHAipreH KBapIITBl KYMFa >KYpri3iAreH 3epTXaHaAbK 3epTTeyAep OHBIH
PusnkaabIK-MexaHNKaAbIK curattamaaapsiisly MEMCT 8736-2014 HOpMaTUBTIK TaaanTapbiHa
COIIKECTITiH pacTazbl. ATam aiiTKaH4a, KYMHBIH ipiaik Moayai 2,3 Kypar, opTallia ipiaik KaacblHa
colikec keaeai. blaraaawpiavik genreiri 2,5 %, sfrHM craHAaptiieH OearizeHreH 5 % IIeKTeH
acniarigpl. Illanasr Gearmekrepaiy yaeci 0,15 %, aa Xyy kesingeri macca >xoraatysl 0.15 %
mramachlHAa Tipkeadi, Oya MoHJAep HOPMATMBTIK IIeKTeH alTapAbIKTall TeMeH. KyMHBIH
KeaeMAik Maccacsl 1140 r/a Kyparl, OHBIH KYPBLABIMABIK TBHIFBI3ABIFBIHBIH XKETKIAIKTI AeHreitin
aoaeagenai (MEMCT 8736-2014)

®paknusicer 5-10 MM «O3eHTac» ©HAIpiCiHIH KUBIPIIEIK Tachl XXYPri3iATeH 3epTXaHaABbIK,
3epTreyaep HaTIKeaepi OovtbHIa MEMCT 8267-93 craHAapTHIHBIH HOPMAaTMUBTIK TaAdallTapbiHa
TOABIK C3liKeC KeAeTiHi aHBIKTaAAbl. MaTepuaaAblH TYIip KypaMBbIH Taaday OapbIChIHAA MHeAi
(nroapuaThle) TyuipmiikrepaiH yaeci 8 % aeHreitinae exeHi Tipkeaai, Oya KepceTKiIl pykcar
eTiaren mekreH (15 %) aiTapabikTal ToMeH. ¥caKTaady Ke3iHaeri Macca >KoraaTysl Hebapi 1.10%
Kypall, KUBIPIIBIK TAacTBIH >KOFaphl OepiKTik cumaTTamMasdapsiH alirakTaabl. COHBIMEH KaTap,
KeAeMAiK TBIFBI3ABIKTEIH 1320 1/1 mamaceiHza 601yBl MaTepuaAAblH KYPBLABIMABIK, CaITaCbIHBIH
JKeTKiAIKTi eKeHAIriH Aaaeaaern, OeTOH KOCIaAaphIHbIH THIFBI3ABIFEI MeH OipTeKTidiriHe oH acep
eretinin kepcerti (MEMCT 32824-2014).

Osentac» eHaipiciniy 10-20 mm ¢paxumsiasl kusipmsik Tacek MEMCT 32824-2014
«IIleGeHb 1 TpaBUii U3 IIAOTHBIX TOPHBIX IIOPOA AAsI CTPOUTEABHBIX pabOT» TalalTapblHa TOABIK,
coitkec keaeai (MEMCT 32824-2014).

Wue topisai Tyinipirikrepaiy meamepi (10%) >koHe ycakTaaly KeaiHAeri Macca >KOFaATYBI
(1,28 %) HOpMAaTUBTIK IIeKTepAiH immiHAe O0ABITI, MaTepMaAAbIH CallaChlH aliKbIHAAMABL

KubIpmrsIk TacThIH KeAeMAiK (HachIITHAs) THIFBI3ABIFEI 1240 1/1 mamaceiHaa, 6yA OHBIH
KYPBLABIMABIK TBIFBI3ABIFBIHBIH JKOFapbl €KeHAITiH JKoHe callaChlHBIH TYPaKThLABIFBIH Ad1eAAeMAl

— Cynepnaacrudukarop: mnoankapbokcmaarTtel Typi (403achl  OailAaHBICTBIPFBILLI
maccacbiablg 0,85-1,3 % apaabIFbiHAQ).

3eprreyge  moamkapOoKcmaaT — HeridiHgeri  cymepraactugukarop  «OnTtmmar
naiaaaanniaasl. Kocra >xorapsl aucneprupaey KaOizeTiHiH apKachlHAa IIeMeHT >KyleciHiH
OeammexTepiH THIMAL a>KBIPaTHII, KOCIIaHBIH aFBIMABLABIFBIH KAMTaMachl3 eTeAi JKoHe Cy-IjeMeHT
KaTBIHACBIH TOMeHJAeTyTe MYMKiHAIK Oepeai. bya e3 keseriHae OeTOHHBIH epTe OepikTik
JKMHAKTaAyblH >KeJeAAeTill, KYPBIABIMABIK THIFBI3ABIFBIH >KoHe y3aKMepsimai OepikTirin
apTTeipadbl.  lloamkapOokcmaaTTeIK —cyneprnidacTudukatoplap 9d4eTTe  OaifAaHBICTBIPFBILI
Maccacsiabiy 0,35-1,2 % Meamepinge KoaAaHbLAaAbL.
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Peoaornsaabik KacueTTepAiH aHbIKTaAYbI:

Kocrrazapasly arbIHABIABIFEI MEH THIFBI3AaAy KabileTi keaeci cTaHAapTTHI 94icTep apKbLABI
OarazaHABL:

—J-cakuna (tapaay xabizeri);

— V-TopisAi KYMFBIII (aFy yaKbITLIH aHBIKTAY);

—L-box (keaseneq ary xabiaerti);

— AGpamc KOHYCHI (KYIIMaABIK MHAEKCI).

—Mukpowmerp:

IMeriay: 100x100x400 MM eamteMai Oeton npusmadapga MEMCT 24544-2020 cranaap-
TBIHA calikec eamteHAl. LIndppablk MHAMKAaTOp KeMeTiMeH aAfallIkbl KyHHeH Oacran (1, 3, 7, 14, 28
>KoHe 56 KyH) meriay gepopManusiapsl Tipkeaai.

Keicy Oepikriri: 100x100x100 MM eamremai KyOTeIK yAarizepae MEMCT 10180-2012
TaJlanTapsl OOMBIHINA aHBIKTaAABL. CBIHAKTap I6rily earreyaepiMeH Oip Mesriage XXypriziaai.

Kary maptrrapsr:

bapablk  yarizep HaKTBl 9KCIAyaTallMsAABIK —>KaFjaifFa >KaKbIH IlapamMeTpaepje
(Temmeparypa 2042 °C, caabICTBIPMaAbI BIAFaAABIABIK 9515 %) ycTaaabl.

1-xecTe. KocnnasapablH KypaMbl

ITapametp 0 % MK 5 % MK 10 % MK 15 % MK
MK, % 11ieMeHTTeH 0 5 10 15
Cynepniaactudukarop, % 1,2 1,2 1,2 1,2
c/g 0,35 0,35 0,35 0,35
Eckepmy — asmopaapovity maxipuberix sepmmeyaepi Hezizitde Kypacmvlpbirzan

3eprrey OaprichiHAa MukpokpeMmueseM (MK) meamepi 0 %, 5 %, 10 % >xone 15 % (1ieMeHT
MaccacbiHa) 004aThIH 4 TYpAi ©34iriHeH THIFbI3Aa1aThIH OeTOH KOCITaAaphl AalibiHAaAAbL bapabik
Kocnazap ymiiH cy-nemeHT KarteHacel (C/L) TypaxTter (0,35) Goaasl. Opbip Kypamga
cynepriaacTuguKaTop MeAmlepi TYpakTsl TypAe IeMeHT MaccackiHaH 1,2 % eTin aasiHABL bya
MUKPOKpeMHe3eMHiH TypAi MeAmepiHiH OeTOH KOCIACBIHBIH KacHeTTepiHe oacepiH 494 KoHe
CaaBICTHIPMaAbl Typae Oaraday yIUiH KakeT 604451 CynepriaacTudmKaTop 403achlH ©3TepTIIel,
TeK MUKPOKpeMHe3eM KYpaMbIH 63TepTy apKbLAbl OHbIH HaKThI 9cepi aHbIKTaAABbl.

OTb xocnaaapbiHBIH peoaornsaablk  Kacuerrepi EN 12350 cepusabl  eyporaablk
CTaHJapTTapra colikec OaraaaHABI:

— Abpamc koHycH — Tapaay auaMetpi (EN 12350-2, MEMCT 10181);

— J-ring aaici — apmarypa apaceinan ety xabiseti (EN 12350-12:2010);

— V-Topisai Kyuirbi — ary yakbiTsl (EN 12350-9);

— L-box — xeaaenen ary kadiaeti (EN 12350-10).

bapasik cpiHakTap GeamMe TemmeparypacbiHda (20+2 °C) xyprisiadi. Op cplHaK YII peT
KaliTadaHABI, HOTUKeAep opTallla MoH peTiHge Oepiaai.

©OsgirineH THIFBI3JaAaThIH OETOH KOCIIACHIHBIH PeOJOTMAABIK KacueTTepiH Oarajday YIIiH
XaAbIKapaAblK JKoHe YATTHIK CTaHAapTTapFa colikec OipHellle cTaHAQpPTTHI 94icTep KOAAAHBIAABL.
3eptreyaep EN 12350 cepusasl eypomnaablK CTaHAAPTTap MeH 04apAblH yitaectipiaren MEMCT
HYCKaJapblHa COVIKeC XKYPrisiaai.

Kocnaneig Tapaay kabiaeti AOpamc koHycwl ogicimen (EN 12350-2, MEMCT 10181)
aHbpIKTaAAbl. KocTiaHbIH Kaliblay KaOideTiH aHbIKTay YIIiH KoHyc AGpaMc a4ici maiigaaaHblAABL.
CrrHak OapbIcbIHAAQ KOHYC pOpMackI TeTic MeTaaa TabaKIIara OpHaAacTBIPBLIABII, VI KabaTIieH
TOATBIPBLAaAbl. Op KabaT KocIlaFa elKaHAail HBIFbI3Aay KYIIiH KoAdaHOacTaH KylibLaAer. Konyc
TiriHeH KeTepiATeHHEH KelliH KOCIaHBIH epKiH >Kalblaybsl OakblAaHABL. AuamMeTp eki OaFrbITTa
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(e3apa TepHeHAMKYAApP) OAINEHIN, oOJAap4blH OpTallla MaHi Tapaaldy AMaMeTpi peTiHAe
KaObL14aHABL. Bya KepceTKill KOCIIaHBIH aFbIll JKaliblay KaOileTiH cumaTTaiAbl.

ApMmartypa apaceiHaH ©Ty KaOiaeri J-ring ogicimen (EN 12350-12:2010) GaraaaHABIL.
ApmMmartypa apaceiHaH Ty Ka0iaeTiH 6araaay yIiH J-ring Ky pBLAFBICH KOAAaHBLAABL. O geHTeAeK
TabakxIIIara OpHaTBLAFaH TiK CTepKeHbJepAeH Typaabl KoHe apMaTypaHbl eaikTeiigi. AaspiMeH
KOCIIaHBIH epKiH >KalblAybl AGpaMc KOHYCBIMEH aHBIKTaAAbl, KeJiiH 494 coaA Ipoleaypa J-ring
CcaKMHacChIMeH KaliTaaaHAbl. Exi >xargaiiga ga Tapady guaMeTpi eAllleHiI, aitbipMamiblablK (AD)
aHBIKTaaAbl. Bya KepceTkimn KocmaHbIH apMaTypachl TBIFbI3 OpHaJackaH aiMaKTap apKbIAbI Ty
KabizeTiH KepceTeAi .

KocrianblH TYTKBIPABIFBI KoHe afy yaKbIThl V-Topisai Kylirbimn apkbiael (EN 12350-9)
aHBIKTaAAbl. AFy YaKbITBl KOCIIaHBIH TYTKBIPABIK KacleTTepiH Oaraaay yImiH V-TopisAi KYIMFBIII
apKbLABl eamteHAl. KyiFbImTeg Tomenri 6e4iri xxabbIK Kylide KOCIlaMeH TOATBIPBIABII, Oeariai
Oip yaxkpIT ©TKeHHeH KelliH KakIarbl ambiaabl. KocmaHBIH TOABIK aFyblHa KeTKeH YaKbIT
CeKyHAIIeH TipKeaai. AAbIHFaH MaJAiMeTTep KOCIIaHBIH TYTKBIPABIFBI MeH epKiH ary KaOiaeTiHiH
CuIlaTTaMachl peTiHAe KapacThIPBIAABL.

Kocransiy keageneH OarbiTTa ary Kabizerin ©Oarasay ymriH L-box KypBLAFBICHI
KOAAaHbBIAABL. L-Topisai apHa Tik Oeik 1eH KeaseHeH Oeaikke OoaiHeai, 01apabIH apackiHAA TiK
cTep>KeHbJep OpHalacKaH. AAJbIMeH KocIla Tik 0eJikke KyMBIAABIL, KeliH KakIlak KeTepiairm,
KOCIaHBIH KoaJeHeH Oeaikke oTyi OakblaaHAbl. ChIHAK, COHBIHAA KOCIIaHBIH OMIKTIrl exi HykTeJe
(keaAeHeH apHaHBIH Oacbl MeH COHBI) ©AINeHil, odapAblH KatbiHachkl (Hx/Hi) ecenreaai. bya
KOpCeTKiIll KocIIaHbIH OereTTep apKbIAbl aFy KaOiAeTiH cuIaTTaiAbl.

==

1-cypet. beToH KOCITachbIHBIH peOAOTUAABIK KaCHeTTepiH aHbIKTay dicTepi.
A- V-topisai kyirsit. b- L-box . B- J-ring aaici
Ecxepmy — asmopaapdvir; maxcipuberix sepmmeyrepi Hezizitde Kypacmvlpbireai

Mleryin anrikray yirin MEMCT 24544-2020 cranaapteina cavikec eni 100 mm, Owmikriri 100
MM >KoHe Y3bhIHABIFE 400 MM Npu3MaablK yAariaep AalibiHgaaabl. Yariaep 1, 3, 7, 14, 28 xane 56
TOYIK immiHAe OaKblAay¥a aAbIHBIII, I6rily MUKPOMETP apKbIABl ©AIIeHA].

Ksicy Oepikriri 100x100x100 MM eamiemai KyO yariaepae TIuApaBAUKAaAbIK IIpecc
keMeriMeH aHbIKTaaab! (I[Ipecc rmapasankaanik VIIT-2000, sxyxreme mieri 2000 kH, 2914ik kaacbt
*1 %). Cernakrap MEMCT 10180-2012 cTaHaapTHIHA ColIKeC XY pPridiadi. Op KypaM YIIiH KeMiHAe
YII YATi ITaitgadaHblAABL.

HOTVOKEAEP MEH TAAKBLAAY
Temengeri rpadukTe MUKpPOKpeMHe3eMHIH MeAlIepiHe Kapall OeTOH ImeryiHiH 56 KyH
irmringeri esrepici Oepiaren.
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2-xecTe. 56 KyH/Je IIeriay KepceTkimrepi, rpadpuk Koca Tipkeaeai:
Mleriay (MxM/M) — ToyAik OOMBIHIIIA

Kyni Baxpraay (0% MK) 5% MK 10% MK 15% MK
1 160 140 130 125
3 220 190 175 160
7 310 265 230 220
14 400 340 300 290
28 480 405 360 350
56 540 450 405 390
Eckepmy — asmopaapdviry maxipuberix sepmmeyaepi Hezizinde Kypacmvipbirean
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Wery nedopmaumacbl, MKm

KyHi

—8— Bakpbinay (0% MK) 5% MK 10% MK 15% MK

2-cyper. lllery gepopMansICHIHBIH yaKbIT OOJBIHIIIA ©3Tepici
Ecxepmy — asmopaapdvir; maxcipuberix sepmmeyrepi Hezisitde Kypacmuvlpblaean

CypertTe KopceTiareH MaaiMeTTep OOJIBIHINA, ©34iTiHEH THIFBI3JalaThIH OETOHHBIH IOy
Aepopmanmsiaapsl  MuUKpokpeMHedeM (MK) MeamepiniH apryblHa Kapail eaeyai Typae
as3asTHIHBI Oalikaaaasl. baxplaay yaricive (0 % MK) xaparanaa, Gapablk MoAn¢UKaIMsIAaHFaH
KypaMJapda 11ery I1aMalapbIHbIH TYPaKThl TYPAe TOMeHAeyi TipKeAreH.

En >xorapm mery gedpopmanusacel OapAblK Mepsimae Oakplaay KypaMbIHa OaifKaaAbl
>KoHe 56 Toyaikre 540 MKM-Te kerTi. Aa 15 % MUKpPOKpeMHe3eM eHTisiareH kypamaa Oya
Kepcetkim Tek 390 MKM Kypaapl, sArHM mery 27,8 %-ra asaiigbl. bya MUKpoKpeMHe3eMHiH
SKOFaphl IyIIIOAaHABIK OeaceHAiairi MeH Mukpopuaa sddexricine GailaaHBICTBI ILIEMEHT
TaChIHAAFbl KallMAASPABIK KybICTapAbIH a3alobIMeH TYyCiHAipiaeai.

bBacranks Mepsimaepae ae (1-7 toyaik) MK-men Mmogudukanusaianral KypaMmAapaa ery
KapKbIHBI ToMeH 6045111, acipece 10-15 % MK KocbLaraH KocadapAa TYpaKThl HOTVDKe OepreH. 1
TOyAiKTe IIeTy MeAlepi Oakplaay yaricinae 160 MxM 6o4ca, 15 % MK kypaMeiaaa Tek 125 MKM
60aap1, 6ya aa 21,9 %-ra azalogbl KepceTeai.

JKaamsl, aabiHFaH HOTMIKe/lep MUKPOKPeMHe3eMHiH ©34iriHeH THIFbI34aAaThIH OeTOHHBIH
mery gedopMauysidapblH asaiiTyra TUIMAL acep eTeTiHiH kepceredi. bya kepcerkimrepaiy
TOMeHAeyl KOHCTPYKIUIAapAbIH XKaphIKKa TO31MA1AITiH XXoHe y3aK Mep3iMAl DKCILAyaTalusAbIK,
CeHiMAiAiriH  apTTHIPyFa MYMKiHAIK ~ Gepeai. ConpiMen  Katap, oya KYOBLABIC
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MUKPOKPEMHE3eMHIH epTe THApaTalVsIHBL >XeJeAAeTy, KaAbIUil TMAPOKCUAIMEH peaKLVIIFa
TyCy apKbLabl eKiHmi peTTik C-S-H ¢azasapsiH KaabmTacTepy KabizeTiMeH THIFBI3 Oaii1aHBICTEL.

Kecregen xepin oreipranbiMbizdar;, MK Kocy apkplabl IIery KepceTKilnTepi easyip
TeMeHaeAl. 15 % meamepinae MK koaaany meriayai 27,7 % asaiTTs.

3-kecTe. 56 KyHJe OeTOHAAFBI MUKPOKpeMHe3eM MOAIIepiHiH
OepikTik KepceTkimTepine acepi: bepikrik: MIla — Toyaik OoribIHIIA

Kyni bakpraay (0 % MK) 5 % MK 10 % MK 15 % MK
7 39,5 43,0 45,6 46,3
14 44,2 49,1 51,2 52,0
28 49,6 56,2 58,8 59,0
56 52,1 59,4 61,7 62,0
Ecxepmy — asmopaapdvir; maxcipuberix sepmmeyaepi Hezisitde Kypacmuvlpblazar

MK enrisy OepikTikTi apTThIpy¥a acep erTi. 15 % MK xoagany 56 xyHae 19 %-ra aeriin
apTHIK OepiKTiK KOpCeTTi.

65

BepikTik, MMa
u
o
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3-cypet. beToHHbIH OepiKTiriHiH KaTy yaKbIThIHa OajiaaHBICTHI ©3repici

Ecxepmy — asmopaapdvir; maxcipuberix sepmmeyrepi Hezizinde kKypacmvipbirean

Cypetre kepceTtiaren MaaiMeTTep OOJibIHINA, 7-56 TOYAIK apaAbIFbIHAA OETOH yATilepiHiy
KbIcy Oepikririnig esrepici kepcertiaren. bakplaay yariciven (0 % MK) caasicTeipranga,
MUKpPOKpeMHe3eM KOCBIAFaH KocHaJapaa OepikTiKTiH aliTapAbIKTall apTKaHBI OalikadaAbl. 7
ToyaikTe-aK 5 %, 10 % xoane 15 % MUKpPOKpeMHe3eM eHri3iareH yarizep GakblaayaaH >KOFaphl
HOTIDKeJep KopceTTi. 28 >koHe 56 ToyaikTepae MMKPOKpeMHe3eM MeOAIlepi apTKaH caliblH
HeTonnbiH Oepikriri ge Gipringen >xoraprlaaraH. Ocipece 10 % xeHe 15 % MuUKpOKpeMHeszeM
KOCBILAFaH yATiAep eH >KOFaphl HOTIKeAepAl KepCeTTi.

MuxpokpemueseM (MK) Meaniepiniy apTybl KOCITaHBIH TY TKbIPABIFBIHBIH KOFaphlAayblHa
aablll Keaai, 6ya ocipece 15 % Meamepinae aiKplH Oalikaaabl. Ajaiiga, MoAMKapOOKCHAAT
HeriziHAeri  cymepriaacTUPUKaTOPABI KOAJAHYABIH  apKacklHAA KocIaaap Ka>KeTTi
KO3FaABIIITBHLABIKTEI CaKTall KaaAbl: V-Topi3/Ai BOPOHKA apKbIAbl aFfblll ©TY YaKbITHI 6,2-7,9 ceKyH/,
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apaasireiHAa 60a4p1 sxoHe MEMCT TazanTapsisa (< 8 ) caii keadi, aa AGpaMc KOHYCBI OOTIBIHIIIA
Karbiay 650-720 MM guanasoHbiHAa cakTaaasl (EN 12350-9:2010).

4-kecte. MUKpOKpeMHe3eM MOAIIEPiHiH PeoAOIrnsAAbIK HoTIKeaepine acepi

MK V-Topisai Boponka | L-box etimgizix ABpamc KOHYCBI
. . . beret cakunacer

No | mearepi, apKBbIABI OTY K0spPuIMeHTi OOVIBIHIIIA .

o . (J-ring), Mmm

Yo YaKBbITBL, C (Ho/H;) >Kalblay, MM
1 0 6,3 0,95 720 700
2 5 6,7 0,93 700 670
3 10 7,2 0,89 670 640
4 15 7,8 0,80 650 610
Ecxepmy — asmopaapdvir; maxcipuberix sepmmeyrepi Hezizitde kKypacmvipbirea

EH >xaxcel >KyMmbIcka KabizeTTiaik KepceTkimrepi MuKpokpemHeseMmHiH 5-10 %
MealepiHae 0aiikaaabl, OyA KO3FAABIIMITBIABIK II€H TYTKBIPABIK apachIHAAFEI OHTAILABI
apakaTbIHACTBI KaMTaMmachl3 eTTi. Meamepai ojaH opi apTThipraH Ke3de, ocipece L-box
ChIHaKTapbIHAA, oTiMaiaik kosdduimenti MEMCT OoribiHia pykcat etiareH mekke (= 0,80)
KaKBIHAal OTBIPHIII, KOCIIAaHLIH OPHBIKTHI TOTiAy KaliaeTi TomeHAel GacTabl.

Muxkpokpemuesemai (MK) enrisy esairinen ToiFbIzgasateiH OetoHHBIH (OTDB) meriay
KOPCeTKIIITepiH eJadyip TeMeHAeTill, OepiKTiriH apTTHIPaTLIHEI aHBIKTaaAbl. bya KyObrabic
KOIITeTeH 3eprreylepae Ae cumnarradraH. Msicaapl, Okamura & Ouchi [9] xeme EFNARC
HYCKayABIFBIHAA [3] MUKPOKpeMHe3eMHiH KaluAASPABIK KybICTap CaHBIH a3aliTbill, O€TOHHBIH
TBIFBI3ABIFBIH JKOFapBLAATaThIHBL, HOTVKeCiHAe Imeriay AedopMalICHIHBIH TOMEeHAeNTiHi
KepceriareH. bizain HeTmKeaepimis OCH TeHAEHIMAHBI pacTaiigpl: 56 ToyaikTe Oakblaay
KypaMbIMeH caapicTeipranZa (540 mxm), 15 % MK kocelaran kypamaa meriay 390 Mkm 604bi,
27,8 %-ra azaitapl. CoHbIMeH KaTap, OepikTik Te apTTh: 56 Tayaikre 52,1 MIla-aan 62,0 Mlla-ra
AeliiH ecir, mamameH 19 %-fa apTBIK HOTIDKE KOPCETTI.

Meteaaik 3epTreyaepae Ae MMKPOKpEMHe3eM MOAIIEpiHiH OHTaliAbl  AeHTeii
kepcetiareH. Sankar >xeHe apinTectepi (2020) mukpoxpemueszemHiH 10% a03ackl GeTOHHBIH
KYPBIABIMABIK OepiKTiri MeH ChIHy BSHepPTMACBIH alTapAbIKTall apTThIPATBIHBIH aHBIKTaFaH.
3eprrey HoTmKeaepi H6oiibrHIIa 10% MK Ke3iHAe CbIHY DHEpPIUCH €H >KOrapbl MaHTre Xetce, 15%
MealepiHae Oya KOPCETKIIll TeMeHAel OacTaFaH, SIFHUM apThIK MUKPOKpPEMHe3eM KOCITaHbBIH
MOPTTBIFBIH apTTHIPBIIN, TUIMAIAIriH asanrtadel. bya maaiMmerrep 0i3aiH Takipubemiszge ae
pacraaasr: 10-15% amanasonsiHga Oepikrtik >kakcapranbiMeH, 10% MK ey tmimai HoTIKe
kepcerti. Jereamen, 15% MK KocplaFaH Ke3ge TYTKBIPABIK eaayip apTein, L-box ceiHarsr
OoreiHITa ©TiMAiAIK Konpuinenti 0,80-re aeliiH TeMeHAeAl, SIFHU >XYMBICKa KabizerTiaix
IIeKTiK MoHTe >KaKbIHAaAbl. MyHJall KaMIIBIABIKTHL CyIlepriaacTuUKaTOPABIH Typi MeH
MeAlllepiH OHTallAaHABIPY apKbLABI IIIeIyTe 604aAbl.

AapiHraH HOTUKeAepAi TyciHgipyre OipHere d¢akrop bIKIIaa ereai. bipinmigen,
MMKpPOKpeMHe3eM KallMAASPABIK KyBICTapABIH a3alOblHa aAblll Kededi, Oya cyablH OyaaHyBIH
GastyaaTsinn, Imeriay AedpopManuAcCEH TeMeHJeTeai. ExiHmmigeH, Kaapnmil IMApOKCHAIMeH
peakuysira Tycy HoTipKeciHAe Kocwimina C-S-H dasaaapsr Tysiain, Gepikrik apraasr (Villar-
Cocifia et al., 2020). YmiiHmrigeH, MMKpOKpeMHe3eMHiH AUCIepCTi OeAalllekTepi KOCIIaHBIH
TYTKBIPABIFBIH KeOeTKeHMeH, I10AMKapOOKCUAATTH — CymlepraacTugpuKaTOpAbIH dcepiHeH
Ka>KeTTi KO3FaABIIITBIABIK CaKTaAAbl: V-Topisai BopoHKa OoribiHIIa 6,2-7,9 ¢, AGpaMc KOHYCHI
HortpramIa >Xaieray 650-720 mm apaasireiiga 60asi1, EFNARC (2005) TaaanTapsiHa colikec Keaal
(EFNARC, 2005).
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3epTTeyAiH Oeariai Oip mekTeyaepi 6ap: ChIHaKTap Tek Oip MapKabl 1leMeHT I1eH Oip TUHTi
cynepriaactudgukaropaa Kypriziaai, yarizep 56 toyaikke aeriiH raHa OakplaaHApl, aa MK
MeAlllepiHiH >KOfapbIpak JeHreiizepi (20% >koHe o4aH KelI) KapacThIpbLAMaAbl. /ereHMeH,
a/AbIHFaH HOTIDKeJep IIpaKTMKaAbIK Typrblga MaHbI3Abl. MK eHrisy KoHcTpyKousaapAblH
>KapbIKKa TO3IMAIiAiriH apTTHIPHII, Y3aK Mep3iMAl ceHiMAiairiH KamMTaMachl3 eTyre, COHAal-aK
LIeMEHT IIBIFBIHBIH illiHApa TOMEHAETY apKblabl DKOAOTMAABIK TUIMALAIKTI apTTHIpyFa
MYMKiHaiK Oepeai.

IpiabiMu >xaHaabirbl — Kasakcran >KargaiiblHAa ©OHAipideTiH IIeMeHT IIeH >KepridiKTi
MUKpPOKpeMHe3eM/Jl IalijadaHa OTBIPHII, ©3JiriHeH ThIFbI3AalaThIH OeTOH KypaMAapBIHBIH
mreriayi MeH OepikTiri kemeHAi Typae sepTreadi. HoTmkeaep kepceTkeHAell, MUKPOKpEMHE3eM
KOCy ILeriay xepcerkimrepiun 27,8 %-¥a aeviiH ToMeHJeTiIl, KpIcy OepikTiria 19 %-ra apTTeIpassl.
bya mukpokpemHeseMHiH TniMai Meaepi 10-15 % apaablfbiHAa eKeHIH KopceTei.

Aaparnl 3epTTEeyAepAe MUKpPOKpeMHe3eMal 6acka MUHepaaAbIK KocladapMeH (LIe0AUT,
yIIIIa Ky4, MeTakaoAuH T.0.) OipikTipy, y3ak Mep3imMai mreriay MeH chIpFbIMaabl AepopMarivscel
(moasydecTs) acepAepiH Taagay, coHAal-aK ¢puOpa eHrizreH xxardaiiga MK-HbIH acepiH KereHAl
Oarazay ycwiHblAaApl. Ocplaaiilia, aAbIHFAaH HOTVDKeAep TeOpMAABIK Heri3Ai KeHeMTin KaHa
koimaii, Kasakcrangarsr TeMmipOeToH eHgipiciHde >KaHa KypamMJapApl >koOazay VIIOiH
IIpaKTUKaABIK Oa3za 001a aaaawl.

KOPBITBIHABI

3epTTey HoTiKeaepi MuUKpokpeMHeseMHiH (MK) eszairineH TbIFbI3JaaaThiH OETOHHBIH
(©TDb) mery, GepiKTik >KoHe peoAOTUAABK KacreTTepiHe aliTapABIKTall 9cep eTeTiHiH KOPCeTTi.

MK kocsrays! mery gepopManusiapst 27,8 %-ra geitin Tomengerri (15 % MK, 56 kynze).
bya MK-upIH nynmoaaHABIK, OeaceHAiairi MeH MuKpogmaa sdPeKTiciHiH HoTIKeCi: ITMApaTTh
(Jazasapablg Te3 KaABIITaCybl KallMAAAPABI KEYEKTiAIKTi azaiiTagsl, OyA BIAFaAABIH OyAaHyBIH
IIeKTeNnAl.

Epre «kesengepae (1-7 xyH) mery KapkeiHel 21,9 %-ra TemeHAeai, Oya
KOHCTPYKIMAAAPABIH alAbIH ala Kepiayi Ke3iHaeTi KepHeyAiH >KOFaAybIH 00AAbIpMaiiAblL.

MK xocraceiHBIH apTysl OepikTikTi 19%-fa aertin aprreipAsl (15 % MK, 56 xyHae). MK-
HBIH YCaK AMCIIEPCTi KYPBIABIMBI IIEeMEHT MaTpuLachH ToiFbi3ar, C-S-H ¢gasasapsiubiy cuHTe3iH
XxeaeaaeTedi.

Onrumazgsr go3a — 10 % MK: 28 xyHae Gepikrik 58,8 MIla (6axsraayaa 49,6 MIla), aa 56
KyHae 61,7 MlIa.

MK-np1H >xoFapsl gosacel (15 %) mAacTMKaABIK TYTKBIPABIKTBL apTTHIPABIL, Oipak
ITOAMKapOOKCUAATTHl CylepIaacTuPpUKaTOPABIH AO03achIH pPeTTey apKblAbl KO3FAaABIIITHLABIK
cakTaaapl (V-Topidai KYMFBIII apKblAbl ary yakpIThl <8 cek, EN 12350-9:2010. tasanTapbiHa
COVIKeC).

5-10 % MKxkocbaran kypamaap L-box cpiHarel GoliblHINIA €H >KaKChl ©TiMAiaik
ko Punuentin kepcerti (Hy/H; = 0,89-0,93). 15 % MK xaraarieinga 0ya kepcertkim 0,80-re
AeTiiH TeMeHJeAl, 6V KYPBIABIMALIK KedepTidepai TOATHIPY KaOideTiHiH mekTeayin 6iadipeai.

OTb xypamreiaga MK-HBIH oHTaitasl 403acsl 5-10% (11lemeHT MaccacbiHa). bya mery men
OepikTik apachIHAAFBI Telle-TeHAIKTi KaMTaMachI3 eTei.

15% MK KoagaHy >KargaliblHAa CyIepIIAacTU(PUKATOPABIH A03achlH apTTHIPY KaKer,
O6ipak Oya KypamgapAbl TeK IIeKTeyAi aFblHABIABIK TaJallTapsl Oap KOHCTpyKIUsAAdapra
YCBIHBLAAABL.

Ocpraaiimra, MK enrisy apkbrasl OTB-HBIH KacueTTepiH opTypAi MHXKeHepAik TadamnTapEa
coliKec peTTeyre 60AaAbI:

—5-10% MK - mmery (540-ten 405 MxMm, 25 % TeMeHAeY) MeH KO3FaABIIITHLABIK apacbIHAAFBI
Tele-TeHAIK KaXkeT D0AFaHAa;
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— 10-15% MK - Gepikrik (52,1 -gen 62,0 MIla, +19%) nen TesiMAiaikke >KOrapsl Tajall
KOWbIAATBIH >KaFaamaa.

AamvateiaeiH kanmateiHgza MK koceiaran ©OTbB  yszakmepsiMai TesiMAiairi Korapsl
KOHCTPYKIMAAAPAHI (KeIlipaep, scTakadalap) Kobaday YIIiH THiMAl.
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TYWNIHAEME

MeTaAAyPTUS KaAABIKTaphl,
11aK, 0eTOH, KyPBLABIC
MarepuaaAapsl, paAsILus
©TKi30ey, TBIFBI3ABIK,
OepiKTiK.

bya makasaga Kypblabic MaTepuaAjapblH ©HAIpyAe MeTaAAypIrusaAbIK
KaAABIKTapAbl, aTal alTKaHAa O00AaTTBIH, JAOMHAABIK JK9HE MBIC
KOXKJapblH IaligaAaHy¥a apHAJAFaH aFbIMAAFBI FBIABIMI >KaplsLAaHBIM-
AapFa aHaAUTUKAABIK, 1104y OepiareH. OCI KaAABIKTapABIH PU3MKaABIK-
XMMMAABIK KacueTTepiH >KoHe OJapAblH 1IeMeHTTI KOMIIO3UTTepAiH
KYPBIABIMBL MeH ©HOMAdA9K CUIIaTTaMadapblHa ocepiH 3epTreliai.
Kok aprt eHAeyAiH
acrmekTizepiHe Hasap aydapblaaabl. Koskgapasl OeTOH KypaMbIHa

KanTa DKOAOTMSIABIK ~ JKOHE  TEeXHOAOTMSIABIK,
KOCKaHAaFbl MeXaHUKaAbIK KacueTTepi, OepiKTiri , cyraresiMaiairi sxoHe

3eprTeyaepain
HOTIUKECiHAEe  KeViiHTi

DeaceHaiairi OOJBIHIIA CaABICTHIPMaABbl
KYprisiaeai. 3epTrey il

TeHAEHLVISICEI MeH OafbITTaphl aHBIKTAaAABL, asi3Fa TO3iMAiAiK- OETOHHBIH

TaaAaybl
CoublH, Heri3Ti
KaTy >KoHe epiTy Ke3iHAeTi MbIC KOJKBIMEH 9PeKeTi, KOXKAbI eHIi3y Ke3iHae
aca ayblp OeTOHHBIH paAMalUAABIK CoyJe OTKi3OeMTiHAIr >KoHe OHBIH
MOHJAYIIEl CoyAelepaeH KOpraHy KabiseTi OOMBIHIIA 3epTTeyaepai
KYPri3yAi KaXKeT eTeai.

Karouesrbie caoBa: AHHOTALII ST
MeTaAAypTIIecKiie OTXOAbI B craTtpe mpeAcTraBAeH aHAAUTMYIECKUIT OO30p COBPEMEHHBIX Hay4HBIX
111aK, 0eTOH, CTpOUTEeAbHbIE yOAMKAIIUY, TIOCBEIIeHHBIX WCIOAB3ABAaHMIO OTXOAOB MeTalAyp-

Martepuaasl, padOIOHHA
HEIIpOHNITaeMOCTbD,
IIA0THOCTD, IIPOYHOCTbD.

TUYIeCcKONn IIPOMBIINAECHHOCT, B 4YaCTHOCTM CTaAbHBIX, AOMEHHBIX W1

MEeJAHBIX II4aKOB, B IIPOM3BOACTBE CTPOUTEABHBIX MaTeprualoB.

PaCCMOTpeHLI Cl)I/ISI/IKO-XI/IMI/I‘IeCKI/Ie CBOJICTBA AAaHHBIX OTXOAOB, WX

CTPYKTYpY M
II€MEeHTHBIX KOMIIO3UMTOB. Ocoboe BHMMaHE yaeaeHo DKOAOIMYECKUM U

BAVIsSIHVIE Ha DKCIIAyaTallMOHHBIE  XapaKTePUCTUKI

TEXHOAOTMYECKNM acClIeKTaM BTOPMYIHOIO MCIIOAB30BaHIL IT1aKOB.
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ITpoBeseH cpaBHUTEABHBIN aHAAU3 VICCAEAOBaHUI ITO MeXaHWIECKUM
CBOJICTBAM, AOATOBEYHOCTU 1 KapOOHM3AIIMIOHHON aKTUBHOCTY II1aKOB.
OnpeseseHBl OCHOBHBIE TEHAEHIIMM VI HaIlpaBAeHUsA JaAbHeNIImX
MCCAeAOBaHNUI, MOPO3OCTOVIKOCTh — IoBeAeHne Oeronos c MIII
IIpU3aMOpakMBaHUN u OTTaMBaHNY, PaAVOIIMIOHHYIO
HeIIPOHNUITaeMOCTh 0c000 TsKeaoro Herona mpu sedernu MIII n ero
CIIOCOOHOCTM 3allMINATh OT MOHMBHUPYIOIIEro M3AydeHUs] He ObLAM
1ccAeA0BaHbl U TpeOyIOT YTOYHEeHNs, AaAbHEeNIIeTo MccAe 0BaHuA.

keywords: ABSTRACT

metallurgical waste, slag, The article provides an analytical review of modern scientific
concrete, building publications on the use of metallurgical industry waste, particularly
materials, radiation steel, blast furnace, and copper slag, in the production of building
resistance, density, materials. The article examines the physical and chemical properties of
strength. these wastes and their impact on the structure and performance of

cement composites. Special attention is given to the environmental and
technological aspects of the secondary use of slag. A comparative
analysis of studies on the mechanical properties, durability, and
carbonization activity of slag is conducted. The main trends and
directions for further research have been identified. The frost resistance
of concretes with MS during freezing and thawing, as well as the
radiation impermeability of heavy concrete with MS and its ability to
protect against ionizing radiation (gamma rays and neutrons), have not
been studied and require further research.

KIPICIIE

3amaHayM KYPBIABICTaFBl ©3€KTi Mocedeaepdiy Oipi aiiHaaMaaAbl DKOHOMUKa
KaFuJaTTapblHa HeTi3geAreH >KoHe KOpIaFaH OpTara THTi3eTiH ocepiH OapBIHIIA aszaliTyra
HeTi3geATeH TYpaKThl ©HAipicke Kellly OOABII TaObldadbl. MeTaaayprus eHAipiciHiH ecyimeH
MUAAMOHAAFaH TOHHa KaaAABIKTap — KOX, KYA KaAABIKTaphl IIaH KeOeifimnm keaeai. Jactyp
OoiipiaITa, Oya KaAABIKTap aiTapABIKTall KeHiCTIiKTi aABIIl DKOAOIVLIABIK Kayill TyABIpajbl.
KasakcraHHBIH Tay-KeH oHepKocibiHgeri e3ekTi Maceaeaepdin Oipi — TexHOreHAi-MuHepaaAbl
Tysiaimaepai eHaey. Conrpl 80-90 >Kblaga Tay-KeH >KoHe MeTaAAyprus eHepKaciOiHiH
KaAAbIKTapbl OHEPKoCINTIK aJaHAapra Teriain keadi. bya Tek eHepkacin cazaaapbiMeH
IIIeKTeAMeliAl, DHepreTHKaAbIK CeKTOPABIH KaAAbIKTaphl S)KOHOMMKAABIK, OaFbIThIHA KapaMacTaH,
GapabIK aliMaKTapAa Ke3geceai. baiibITy ypAiciHiH KaA4BIKTapEl, Kep OeTiHe IIbIFapbLAFaH TKMEH
camaasbl KeH, MeTaAAypTUAABIK ©HAipic Ke3iHAe Marijda 00AFaH KOXK, KAMHKEp >KoHe KeK, COHAAl
aK SHepreTukKa CeKTOPBIHAA KaTThl OTBHIHHBIH >KaHyblHaH KaAfaH KyA MeH KOX caKTaAaTbhbIH
KoliMaJaphl 4a eA4iH OapAbIK aliMaKTapbIiHAa Oap.

Kazakcranaa MeTaAAyPTUAABIK, KaAAbIKTapAbl, acipece KO>KABI KYPbLABIC
MaTepuaajapblHa KaiiTa ©HJAEY ©3eKTi Macele OOABII TaOblaaAbl, 04 FHLABIMMU-3epTTeyAepre
HeTi3AeAreH, oJapAbl IleMeHT, 0eTOH, K0 >KaOBIHAApHI KoHe KOKOAOKTaphIH ©HASPY VIIiH
KYH/bI IITMKi3aTKa alfHaAAbI paThIH TEXHOAOTUAAapAbI 93ipAey KoHe KOAJaHy apKbIAbI IIelTide i,
OchblAaliIla KopIllaraH OpTaFa acepi azalTaAbl >KoHe TaOUFU pecypcTapAbl caKTaiAbL.

Metaaa pysadapbiH OaAKbITKaHHAH KeMiHTi KaAABIKTaphl METaAAYPIMUAABIK KOXAAp Aell
ataapiHagel.OaapABIlH ©HAIpic MpolleciHe, PyJaHBIH XMMMSABIK KypaMblHa >KoHe Oacka Ja
(daxTopaapra OariaaHBICTBL 9pTYpai Kacumerrepi Oap. bya >kacaHasl cmamkarrap TeMmip,
aAIOMMHUM, KPEMHWII, MarHuii, KaAbLuil, KYKipT, MapraHern >KoHe Dacka ga OKCUATEPAEH
Typaapl. bya okcuaTepaiy mambi3 AbIK MOAIIepiHe JKoHe KOXKAbIH caaKbIHAATY KblA4aMABIFB MEH
JKaFjalidzapplHa OaiiaHBICTHI OJAap >KaHapTay IIeM3achIHBIH HeMece KaTThl TPaHUTTIH
KacueTrTepiHe me 0o0Aybl HeMece YHTaKKa aifHaAybl MyMKiH. OaapAblH TycTepi Tay
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SKBIHBICTAPBIHBIH TYCTepiHe yKcac 60AybI MYMKIH: aK, capbl, Kapa, >Kachld, CYp, KBI3FBIAT JKoHe
Ta¥rbl Oacka Tycrepae 604aab1.0AapAbIH THIFBI3ABIFEL MEH KEYEKTiAIri opTypAi >KoHe aysIp HeMece
KeHiA 60AyBI MYMKIH, caaMa¥Fbl TAOMEN TacTapAbIH CaAMarblHa YKaKbIH.

Metaaayprusiaslk Koxxaap OipHellte caHaTka OeaiHeai:

BoaaT maakrapsl — KypaMBIHAA KaAbLINI, KpEMHNI, TeMip >KoHe MarHMil OKcuaTepi O6ap
0o0aat OaAKBITY IEIITepiHiH )KaHaMa eHiMi. JyprIc TepMIUAABIK ©HAEYAeH OTKeH e 01 OeTOHAAFbI
TOATBIPEBIIITHI XKapThlAall aybICThIpa alaAbl, THIFLI3ABIK II€H TO3yFa Te3iMAiAiKTi apTThIpassb[Li,
Y. et al. 2024].

TyipniikreareH AoMHa IIJaKTapbl LieMeHTKe MIHepaaAbl KOcCIla peTiHde KeHiHeH
Koaganblaaasl (70 % Fa aeitin aamacteipadrr). Oa cy ciHipyiH asaiTaabl XoHe cyaAbdaT IeH
XA0pU/A KOppO3WsAChHa To3diMaiairin aprreipadsl (Chen L., 2024).

Meic KOXgaphl ycaK >KiHe ipi TOATBIPFBIII HeMece MUHepaaAbl YHTaK peTiHAe
HaligasaHslaaabl. ¥cak ToATHIPFBIITH 30 % Fa AeliiH aAMacThIpFaHAa OepiKTiKTiH SKOFapblaaybl
Garikaaaapl, Oipak ayblp MeTaaJapAblH IIaiblAy MYMKIHAITIH eckepy KaxeT (Jin, Q., et al., 2022).

Kasipri ke3ae ayHue >xys3i OobIHIIa KOKBIC VIIiHAIAepiHAE MUAAMOHAAFaH TOHHA OpacaH
30p KYHABI Kapa >K9He TYCTi Meraaayprus Koxgapel >kmHaaraH (Nadine M., 2015), Tycri
MeTaAAypTusA 3aybITTapblHAA ©HAipideTiH KOXXJdap Kapa MeTaAAypIrusl KOXJAapblHa KaparaHaa
KOpIIlaraH opTara Tepic acep eTyi MmyMkiH. COHABIKTaH 04apJdaH KYHABI KypaMJacTapblH aAblll,
HeMece 0JapABIH Melepi mamaasl 60AFaH >XXafjaliga — KOKABl KYPBLABIC MaTepualjapbliHaa
KOAAQHBIII ©HAeY Maceleci Kazipri Tanga MaHbI3ab! 004bIn Typ (Caijun Shi, 2008).

Kypslapic MHTycTpMACH TaOuiyM pecypcrapablH  (KYM, KHUBIPIIBIK Tac, IIeMeHT)
TaMIIBIABIFBIHA Tall OO0ABIN, OHAIPICTIK KaaABIKTapAbl KYPBIABIC MaTepMallapblHa KaliTa
©HJeyre KBISBIFYIIBIABIK TyAblpyda. COHFBI >KBLAAApABIH 3epTTeyaepi MeTaAAyprUAABIK
KOXXAapABIH KeTKiAiKTi OepiKTiKTi KaMTaMackI3 eTe OTBHIPHII, AJCTYPAi OETOH KOMIIOHEHTTepiH
inriHapa HeMece TOABIFBIMEH aAMacThIpa aAaThIHBIH pacTaiiabl. JereHMeH, MyHAall MaTepuaagap
FBLABIMM HeTi3Aey Al — Kaillci3 MaligaAaHy IIapTTapblH aHbIKTayAbl, XMMUSABIK TYPaKTBLABIK JKoHe
0JapAblH KOpIIIaraH OopTara acepiH OaraaayAbl Talam eTei.

MATEPUAAAAP MEH 3EPTTEY OAICTEPI

T'prapIMu 3epTTeyail TeOPMSABIK d4icTepi- XKaHa MoJeAbAepAai, Ty>KbIpbIMJAaMaadapAaAabl,
TUII0Te3adap MeH MAesAapAbl 93ipaey >kKoHe KYpy MakcaTblHJa OYpbIHHaH Oap akmHapaT IeH
TeopmsiaapAbl TepeHipeK 3epTTey Ke3diHAe KOAAaHbLAABL.

Amnaantnkaasik moay 2008-2025 >xpagap apaasireiaarel Scopus, Web of Science >xone
ScienceDirect xaablkapaAblK JepeKKopAapblHJa MHAEKCTeATeH >KapusAlaHbIMAAapAbl Taljayra
HerizgeareH. Taaaay ketekii xXypHaagapasiy: Construction and Building Materials, Cement and
Concrete Composites, Resources, Conservation and Recycling, Journal of Cleaner Production,
Materials, Resources, Conservation & Recycling >xoHe T.0 >kapusiaHBIMAapPbIH KAMTHIABL

OJicTeMe ik 3epTTeyaep: MeTaAAyPIVIABIK KOXKAAapABIH TypAepi OoibIHIIIa MaaiMeTTepai
Kylteaeyre, 0AapAbIH (pU3MKAABIK-XVMUAABIK KaCUETTEePiH CaAbICTHIPYFa, OeTOHHBIH OepiKTiriHe,
Cy ciHiprimrTirine acepiH Taagayfa, S9KOAOTUAABIK ToyeKeAlep OOBIHINIA HOTUKeAepPAi SKaATIbI-
AayFa(ayblp MeTaAAbIH IIabIAYHI), COTIKEC 3epTTey OarbITTaphIH aHBIKTayFa MYMKIHAIK Oepai.

Tycri meTaaayprusavik Kox petinge KA3LIVHK Mbic eHgipiciHiH KOXBI KOAAaHBIAABL,
JKaKTBI YCATKBIIITA YCATLIABII, ITapABl AMipPMEHAE YHTaKTay JKYPpridiaai.

Kypaeai tepOeameni >xarpl Oap >KaKThl YCATKBIII, 04 MaTepMaAAbl KbICY >KoHE BIFBICY
Aedopmanysichl apkbplabl Oy3aAbl. YcaKTaAFaH MarepuaaAAblH eAmeMi TybiHAeri >Kakrap
apachlHAAFBl CaHbLAayMeH >KoHe MarepmaaAblH (U3MKAABIK KacueTiMeH aHBIKTadaasl. Oa
YCaTKBIII THey OyHKepiHeH, KOpITycTaH, Heri3 OeH OfaH OpHaTBHIAFaH IIaTyHHAH, KaOblLigay
KOHTelIHepiHeH >KoHe DAeKTP KO3FaATKBIIIBIHAaH Typaabl. KopIycTelH ilmiHAe Herisre >KoHe
IIaTyHFa OeKiTiATeH eki >KaFsl Oap (1-cyper).
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1-cypeT. a — >KaKTBl YCaTKbII, O — ITapAbl AuipMeH
Ecxepmy — asmopdvir coinay namuokecinde sepmxanada mycipirzet cypemimep

MpIc KOKBIHBIH HaKThI TEHIFBI3ABIFEI MEMCT 8735-88 «KypbLabIc >JKyMBICTapbIHa apHaAFaH
KyM. CpIHaK 9AicTepi» OOMBIHIIIA TMKHOMETPUAABIK, 94iCTIeH aHBIKTaAAbl.

ITnkHOMEeTpUAABIK 94iC MaTepuaAAblH HaKThl TBHIFBI3ABIFBIH aHBIKTayFa apHaAfaH:
CrIHaKKa AalibIHABIK- KOXKABIH CBIHaMachIH ImaMaMeH 30T aAbIlHaAblL, 04 guaMeTpi SMM 00aaThIiH
Tecikrepi ©Oap eaekTeH ©TKisidei, TypaKThl caaMakkKa JeliiH Kemnripideai, Oeame
TeMmIlepaTypachiHa AeiiiH caAKbIHAATHLAAAbI, apaJacThIPBII eKire Oeaineai. ChIHAKTHL Xyprisy:
MartepuaaAblH apOip Oeairi Tasa KemTipiareH >XeHe aaJblH-ada ©/IIEHIeH HMKHOMETbpre
caZblHagbl, 04 MarepuaaMmeH Oipre eameHesi. CozaH KeiliH IITKHOMeTpre Ta3apTBLAFaH CY
KyJibl1a/bl, IIMKHOMETP OHBIH K©/1eMiHiH maMameH 2/3 6e4irin ToaTsipasl, ininaeri Mmatepmuaz
apaJacThIpblaaAbl XoHe OHBI KYMABI BaHHaFa ca.1 Keabey Kyiije Koiblaaabl. Aya KelipIrikTepin
KeTipy YIIIiH NMKHOMEeTPAiH immineri Matepmaa 15-20 MuHyT KaliHaThLAaABL. Aya ITBIFBIIT OiTKeH
COH NMUKHOMETp CYpTiain, Oeame TeMIepaTypachlHa AeliH caAKbIHAATblAaAbl, IMKHOMeTpAeTi
Oearire aeliiH TasapThlAFaH Cy Kylibliadbl Ada eamleHedi. COHBIHAA IMUKHOMETP MaTepuaajaH
0OoCaTBIABII XKYbLAaAbI.

YurakTaaran KoXablH MeHIIiKTi Oeti ITCX-10A KypBLAFBICEIMEH ay OTKI3TiIITiri o4icin
KOAAaHa OTBIPBIN, YHTaKTaAfaH MaTepuaAAblH MEHIIKTi OeTiH aHBIKTay >Kypriziaai. ¥HTax
yArici apHalibl KIOBeTaFa CaAbIHBIN, OeAriai 6ip OMiKTiK IleH THIFBI3ABIKKA AeIiH THIFbI3Aadajbl.
TrIFBI3AaAFaH KabaT apKbIABI ayaHBIH ©TY YaKBIThI apKbIAbI ecenTeaei.

HOTUMXEAEP J)KOHE OAAPABI TAAKBIZAAY

TycTi MeTaaAypIVAHBIH KaAABIKTaphl Kapa MeTaAAypPIVITHBIH KaAABIKTapblHa KaparaHaa
©arlAaHBICTHIPELIII JKOHe OeTOH OYIBIMAApBIH OHAIpYyAe MIHepaAAbl KOCIladap peTiHAe KeHiHeH
KoaAaneic Taba aamagsr (Jushkov B.S., Semenov S.S, 2014). Kazipri yakpiTTa MbIC GaAKBITY
KOKJApBIHBIH ~ HETi3Ti KoJere >KapaThIAybl OJAapAbl XMMUs KoHe KepaMHKa ©HepKociOiHaAe
aridaaaHy 00AbII TaObLAaAbl. MBIC KOXK4apHl -IleMeHT HeMece TOATBIPFBIIITapAH illliHapa >KoHe
TOABIK ayBICTBIPY PeTiHJAe KYPBIABIC MHAYCTPUACEIHAA OoAamIarsl 30p 00AYbl MYMKIH KaAABIK
00ABII caHaAaTBIH MaTepual. by mTeliHAl OaAKBITY >KoHe MBICTHI Ta3apTy Ke3iHAe aAbIHAThIH
>KaHaMa eHiM. OHaipiaeTiH apbip TOHHa MBIC YIIIiH )KaHaMa ©HiM peTiHJe IlTaMaMeH 2,2-3 TOHHa
MBIC KOXBHI Ty3izeai. Bya xopimaran oprara Tepic acep eTeai KoHe KaliTa ©HAEYAi, SAFHM OHBI
eHJipicre KaliTa Koa4aHyAbl KaxkeT etredi. Kaiita eHJeyaiH Herisri OarpITTapbl MeH
TeXHOAOIMAAapbIH KapacThIpcak: IIeMeHT eHepKocibiHAe- MeTaAAypTUAABIK KOXKJap IIeMeHT
KOCITaZapBIHAAFBl KAMHKepAiH Oip OeairiH aaMacTeipa adaabl, Oya OeaceHAl Typae 3epTTeimn
JKoHe KOAAAHBIABII Keaeai; KYpPhIAbIC KOMIO3UTTEPIH 6HAipyde - KOXJAap KOX-IoAuMmepai
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0eToH, >XEHiA TOATBIPFBIINITApP, KO OAOKTaphIH >Kacayja, COHAali-aK ayblp OeTOHFa KoOcIa
peTiHge KOAJaHBIAYAA; >XKOA KYPBIABICBIHAA — TYHipImikTeareH XoXAap acdaabT OeTOH
KOclladapblHa, >KOA Heri3gepi MeH >Karaday/lapfa TOATBLIPFBIII peTiHAe KOXKABI ITOPTAaHA-
LIeMeHTTepAe — KOXKABI [IEMEeHT KOCIladapblHa ©HAeIl KOCy OaFpITTaphlHAa KOAAAHBLABIC TaOyaa.

Kasipri yakpITTa ycak yYHTaKTalfaH MBIC KOXJAapblH MIHepaaAbl KOCIla peTiHje
narijalaHraHga OeTOH KYPBLABIMBIHBIH >KoHe OepiKTiriHiH KepceTkimrepiHe acepiH aHBIKTay
OoribiHIIIa 3epTTeyAep XKyprisiayae (Kravcov A.V., 2015).

OaebnerTepai 1104y, KeITereH eaAepAiH FaAbIMAApPBIHBIH OallAaHBICTBIPFBIIT 3aTTapAbl
MeTaAAypIUsAABIK KaAAbIKTapMeH aybICTLIPY MacelelepiMeH aliHaABICKaHBIH KepceTedi,
oAapabiH Keitbipeyaepi (Jin, Q., et al., 2022, Khalifa S. 2009) KyMHBIH OpHBIHa MBIC KOXXBIH KOCBIIT
JKOFapbl DKCIIAyaTallMsABIK CUIIaTTaMalaphl Oap OeTOH KacueTTepiHe acepiH sepTTereH. MyHaa
MBIC KOXXBIHBIH MOAIIepi >XOFapbllaraHja ©HIMAiAiri >Korapbl OeTOHHBIH TBIFBISABIFEI 5 %
apTajsl, a4 MBIC KOKBIHBIH ITallbI3ABIK CUIIATHI JKOFapblaaFaHAa SKYMBIC KabileTTiri Tes apTaasl.
KyMmapr mpic KoxpiMeH 50 % AeifiH aaMacThIpraHaa, OacTankbl Oakblaay KacmackIMeH Oipaeit
Oepikrik Oepren. 3eprreymizep Mocrada Xanszaau xone Aau bexnya (Mostafa Khanzadi, Ali
Behnoud, 2009) mbIc KOXXBIH OepikTiri >xorapbl OeTOHAa ipi TOATBIPFBIII peTiHAEe KOAAAHY
MYMKIiHZiKTepiH KaparaH, MBIC KOXBIH ipi TOATBIPFBIII peTiHAe HaligadaHy >KOFaphbl TBIFbI3-
ABIKTEI, Oepik >KoHe >KaKChl OHIMAiAiK cumaTttamasapsl 6ap OeToH aayra ©0aaabl AeTeH KOPHI-
TBIHABIFA KeAreH. TaOMFM KMBIPIIBIKTACThI MBIC KOKBIMEH OHTaliABl aybICTBIPY KBICY Ke3iHaeri
OepiKTiriH apTThIpaAbl )KoHe TOATHIPFBIII O©AIIIeKTepi MeH IIeMeHT Tachl apachlHAAFbI aATe3VISTHEI
>KakcapTaabl. JereHMeH, TOABIK aybICThIPYy OeTOHHBIH Keldip KacueTTepiHiH — Cy CiHipTiIITiriHis,
cosy OepikrTirinig HamapaaybiHa okeareH. Martyna Nie sepTreyi e3airiHeH TBLIFBI3AaaaThIH
OeToHAA ipi TOATBIPFBIIITBIH OpPHBIHA MBIC KOXKJApbIH TalijadaHy SKOHOMMKaABIK ITaiija
oKeeTiHiH kepceTTi. Taagay KepceTkeHAell, ©34iriHeH THIFbI34aAaThIH O€TOHAA MBIC KOXKAapPbIH
ipi TOATBIPFBIII peTiHAe IaligadaHy TeXHMKAaABIK >KoHe HDKOHOMMKAABIK TYPFbIAaH THUiMAL, ipi
TOATBIPEBIIITHI KOKOEH TOABIK aybICTBIPFaH KOCIIa eH >KaKChl OepiKTiK KacueTTepiH KOpCeTKeH -
28 KYHHeH KeifiH KbICy OepikTiri Gakplaay yAariciMeH caabICTEIpFaHAa 27 %-Fa apTKaH, MBIC
KOXKJapBIH IalidadaHy eHAipic mbFeHAApPEH 19 %-fa TemeHgeTKeH. OJaH opi Tarbl 3epTTey-
miizep (Kraveov A.V., 2015, Yimmi Fernando Silva, 2024) Mbic 6aAKBITYy KOKBIHBIH O€TOHAAFLI
KOCBIMIIIa 0allAaHBICTBIPFBINI 3aT PeTiHAe dCepiH >KoHe OHBIH OETOHHBIH (PM3MKAAbIK-MeXaHU-
KaablK KacueTTepiHe KbICKa Mep3iMAl KaTalo Ke3eHJepiHge LieMeHT TaChbIHBIH KYPBLABIMABI
KaABIIITaCTRIPy MpOIieciHe MUHepaaAbl KOCIa TypiHAe acepiH 3epTTereH. Ycak YHTaKTaAfaH MBIC
0aAKBITY KOXKBIH KOAJAaHY apKblAbl OeTOHHBIH OepiKTiriHiH ecy AMHaMHKachIH 3epTTeyAiH
aAblHFaH HOTIDKeAepi KOCHaHBIH ITOpPTAaHAllEeMeHTIIeH OelceHAlI XUMMMAABIK peaKlusAapra
TYCyiH KepceTeai, Oya OeTOHHBIH OepikTik cumaTraMadapbiHa oH acep eTkeH. Keaeci apropaap
(Chen, L., 2024, AxmeT>xaHos T.b., 2019) xapa MeTaaAypIus KaaAbIKTapblHaH IJeMeHTci3 Hariaa-
HBICTBIPFBII PeTiHAe A0MHa MemliHiH TynipikreareH KoxXsH 30-70-90 % peTtiHae maridaAaHaAbL.
3epTTey HATVKeCIHAe TYMipIIiKTeATeH KOXKABL, 9KTi , ruricti xaHe C-3 cynepraactuduKaTOpbIH
0allAaHBICTBIPFBIIT peTiHAe OeTOHFa KOAJaHY CyAbl a3 KadkeT eTeTiH >KaHa oK-IIAaKTh
GariaaHbBICTHIPFRINT aaFaH. Li Y. et al., 2024 aysip 6eToH yuIiH ToaTsIpFei petiHge 0-100 % aeriin
aaMacTeIpyMeH 00aaT KOXbIH 3eptTereH, 30-50 % aysIcThIpY KesiHAe Kpicy Oepikriri 10-15 %-ra,
TBIFBI3ABIFBI aPTKAH , KOJKABI TEPMILIABIK 6HAEY MeH KapOOHM3all/s1AayAbl YChIHAABL

MeTaaaAyprusablK, IIAaK KYPBIABIC MHAYCTPMACH VINiH 0Ooaamrarsl 30p KaliTadama
IINKi3aT 00ABII TaOblAaAbl. AHaAUTUKAABIK TaaAay 15-50 % apaablFbIHAA OHTAABI MOAIlepAey
GeTOHHBIH (PM3MKAABIK SKoHe MeXaHMKaAbIK KacueTTepiH JKaKcapTaThHIHBIH KepceTedi. Koagany
aJABIH aJa ©HJEeYAl KaxKeT eTeai (ycaKray, YHTaKTay, OeaceHAipy).

AHaAUTUKAABIK 3epTTey HoTVOKeAepi MBIC KOXKBIH 3epTTereH FaAbIMAapAblH Keadeci OH
acrieKTiaepiH KepceTeai: DKOAOIMAABIK IaliAachl- OHEPKICIiITIK KaaAbIKTapAbIH KeAeMiH >KoHe
TaOUFU pecypcTapAbl TYTHIHYABI TOMeHAeTeai; Y3aKKaTe3iMAiAiKTiH >KaKcapThIAybl OeTOHHBIH
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TBIFBI3 MMKPOKYPBIABIMBIHBIH KaABIIITaCyblHa BIKIAA €TeAl, OTKI3TIITIriH TOMEHAETIIl >KoHe
arpeccusTi opTara TO3iMAiAiriH apTTBIpaAbl, MBIC KOXKBIHBIH Keaip-OyAblp OeTiHiH apkacbiHAa
m1ak OeArIekTepi MeH IleMeHT MaTpUIIackl apackIHAAFHI XKaKChI aAre3us 004aAbl, IMyIOAaHABIK
OeceHAiAIK KoHe TOATHIPEHII dcepiHe OaliAaHBICTBI KaTalOABIH COHFHI Ke3eHaepiHAe OepikTik-
TiH >KOFapblaaybl, KOCIIaHbIH >KaliblAbIMABLABIFBIHBIH JKaKcapybl KoHe Cy Ka’KeTTiAiriHiH TeMeH-
Aeyi; maligaaaHy KayiIlci3Airi: KaTallfFaHHaH KeJiH MBIC III1aKTapblHaH ayblp MeTal4Aap LeMeHT
TachIHBIH KYPBIABIMBIHAA OeKiTideAi >KoHe IIAlIBIABII KeTIeiidi. Al KeMIIidikTepiHe: KOXKABIH
TeMeH OeaceHaiAiriHe GaliaaHBICTBI OETOHHBIH aAFAIIKBI OepPiKTiriHiH TeMeHAeyi, maMajaH ThIC
KO>XX MeAlllepi KeyeKTiAiKTi apTTBIpPbIIl, MeXaHMKaAbIK KacyeTTepiH HallapAaTybl, Cy CiHipyiHiH
JKOFapblaaybl >KoHe KeyeKTepAiH IIaiiga ©OOAybl, KBIIMIKBIAABIK >Kafjgaliga ayblp MeTaAAbl
I1aliMaaayAbIH BIKTUMMaA KayIli, KO>KAbIH peakTUBTIAITIH apTTHIPY VIIiH KOChIMIIIa OeaceHAipy
Ka>KeTTidiri, KO>KABIH CI)I/ISI/IKaAI)IK—XI/IMI/ISIAbIK, KacueTTepiHiH aJAfaH >KepiHe Oail1aHbBICTEI
KYPaMBIH >KoHe carlachlH OaKbL1ayblH TaJall eTiayi. HoTmkecinae xeaeci GarpiTTap GoiibIHINIA:
as3Fa Te3iMAiairi — 6eTOHHEIH KaTy >kKoHe epiTy Ke3iHgeri Ko>kOeH opeKeTi; aca aybIp OeTOHHBIH
KYypaMbIHa KOXABI €HIi3TeHJe paAMalMsAABIK Coy/le ©TKi3OeMTiHAIr >KoHe OHBIH MOHAAYIIbI
coyadeaepdeH (TaMMa — cayaledep, HeUTpoHJap) Kopray KaOiseTi OoiibIHIIIa 3epTTeyaep
JKyprisiameren.

Kasipri yakbITTa A4pOABIK TeXHOAOIMAAAp SPTYpAi cadadapda, COHBIH illiHAe aybla
HIapyallblAbIFBIHAQ, ©HEPKoCiITe, FHIABIMU-3e€PTTEY 3epTXaHaJapblHAa >KoHe MeaulMHaja
KeHiHeH KoaJaHblaaabl. 1990 xpragapaan Oactan KaszakcraHga aToM ®AeTp CTaHUMACHIH cady
aliMaKTBIH ©3iH-031 ®HeprusaMeH KaMTyAbl KaMTaMackl3 eTeTiH MaHbI3Abl DKOHOMMKaABIK >K00a
6oabI11 caHaaabl. JKocrrap OOMBIHIIIA KYPBLABIC Ke3iHAe eH JKOFaphl XaAbIKapaAblK CTaHAApTTapFa
coliKeCc KeJeTiH 3aMaHayM TeXHOAOIWsIJAap MeH MarepuaajapAbl KoAJaHy 00ABII TaOblAaAbl.
ADC xyphIabICHI-0y A carla MeH KayillCi3AiKTiH XaAbIKapaAblK CTaHAapTTapblHa COMIKeCTiKTi Taaam
eTeTiH y3akK Mep3iMai >xoba. Kaszaxcranaa ADC caay yuriH, 6apAbIK >KepAeri CUAKTHI, epekiie
JKOFaphl callalbl MaTepraaaap KaxkeT 001a4bl: JKOFapbl MapKaAbl OETOH, peaKTOp MeH KOPFaHbIC
KabaTTapsl YIIiH apHalbsl 0oaaTTap, cCOHAAll aK Kasipri 3aMaHFBl IMAPOOKIIayAaFbII >KoHe
KBIAYOKIIIayAaFbIll MaTepuaajap; COHbIMEH KaTap KYPBIABIC CEKTOPBIHAAFEI OTAHABIK,
pecypcrap MeH KysipeTTepAi OapblHIIa ITalijadaHyAbl Ke3aeliai. Ocipece KYpPBIABIMABIK
MaTepuaajapra TaJanTap >KOFapbl: pagUallMsAbIK CoyAedeH KOprayFa apHaAdfaH >KOFaphbl
GepikTikTeri apHalibl OeTOH MapkKaaapsl, ipreracrap. OcplFaH Opali aTOM DAEKTP CTaHIIVIACBIH
caly VIIiH MOHJAAyIIbl cdyadedepai(raMma-cayaedep, HENUTpPOHJAAp) oAcCipeTeTiH cayae
©TKi30ellTiH MaTepnaajap KaxeT. [amMMma - coyaeseHyAeH KOprayAblH TMIMAiAiri eH aagpiMeH
MaTepuaAAbIH THIFBI3ABIFBIHA JKOHe aybIp 9AeMeHTTepAiH 00AybIHa Oail1aHBICTHI.

THIFBI3 TOATBIPFBIIITAPALI KOAAAHY eceOiHeH aca ayblp OeTOH KOFaphl THIFBI3ABIKKA Me.
I'maparraaran OeTOH TypAepiHAe XMMUAABIK, OalldaHBICKaH CyABbIH KOFapbLABIFEI COHBIMEH KaTap
HeITpOHAApPALI THiMAL OasyaaTasbl KoHe KyTaabl. Aca ayblp OETOHHBIH CoyJe ©TKi3OeMTiHAiri
OHBIH MOHAAYIIIBI CoyAeleHy Al Oereyi Hemece aAcipeTyi, agaMaapAbl, )KaOABIKTEI JKoHe KOpIllaraH
OpTaHBI OHBIH 3UAHABI dCepiHeH Kopray KadiaeTiH biagipeai.

bya xacuer MarepuaaAblH >KOFaphl THIFBI3ABIFBIHA (2500 KKI/M®-TaH acTaM) >KoHE aybIp
TOATBIPFBIIITAPABI KOAAAHATHIH apHAlbl KOMITO3UIIVIAFa Oall1aHbICTHL.

MpIC KOXKBIHBIH THIFBI3ABIFBIH aHBIKTAy YIIiH KaKThl yCaKTaFbIIITa ycaKTarl, coJaH KelliH
mapAsl AnipMeHae 8 caraT yHTakTay >Kyprisiaai. 2-cyperre KA3LIMHK enepkocibGiHiH MBbIC
KO>XKAapbl KOpceTiaAreH.

[IMKHOMEeTpUAABIK d4iC — NNMKHOMETP A€l aTalaThlH apHalbl KaAMOpA€HTeH IIIbIHEI
BIABICTA YATiHi e©aIlley apKblAbl CYMBIKTBIKTapABIH, KaTThl 3aTTapAblH >KoHe rasjapAblH
TBIFBI3ABIFBIH aHBIKTAayFa apHaAFaH 491 3epTXaHaAbIK 94ic. O4ic OepiareH keaeMAi aabII >KaTKaH
3aTTBIH MacCachlH ©AIIeyAl >KoHe OHbI ApX1Me/, IPUHLINII MeH BIFBICY 3aHbIHA HeTi3JeAreH coa
TeMIlepaTypaJAarbl COA KoAeM/eTi TadapThlAFaH CyAbIH MaccachIMeH CaAbICTBIPYABbl KAMTUABL.
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2-cypet. a — MbIc 6aAKBITY KOXXAaphl, O — MIapAbl AMipMeHJe YHTaKTay
Ecxepmy — asmopdvit coinay namuoxecinde sepmxanada mycipirzer cypemimep

Mpic GaAKBITY KOKBIHBIH HAaKTBI THIFBI3ABIFBI ITMKHOMETPUAABIK dAICIIeH aHBIKTaAAbI,
HOTIKeAep MaTepuaaAblH JKOFaphl HAKTHI TRIFBI3ABIFBIH KOpCeTTi (3-cyper).

3-cypert. [IukHOMeTPUABIK dAICIIEH HAKTBI THIFBI3ABIKTHI aHBIKTAY
Ecxepmy — asmopduir coinay namuokecinde sepmxanada mycipirzet cypemmep
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[InKHOMETPUAABIK, d4ic OOVBIHIIA HAKTHI THIFBI3ABIK (p) I/cM? Keaeci popMyaa OoVIbIHINIA
aHbIKTaAaAblL:

_ (m_ml)ps
m-—mg; +m,; —mg

MyHga m — TUKHOMETpPAIH Koxx0OeH Oipre caamMarsl, M, — 60C MMKHOMETPAIH caaMaFrh,
M, — TazapThLAFaH CyMeH IIMKHOMETPAIH caAMarbl, M3 — aya KeOiKTepiH KeTipreHHeH KeliHTi
IIMKHOMETPAIH KOKOeH >KoHe TasapThlAFaH CyMeH CaAMaFrbl, P, — CYABIH THIFBI3ABIFEL, 1 I/cM3 TeH.

CrIHayBIH OpTallla MaHIH Taly YIiH, ChIHAK eKi IMKHOMeTpAe Oipaelt Kyprisiaai.

No 1 m1i nukHOMeTp4iH ManAepi: m — 48,8, m, — 34,0, m, —135,2, m3 — 146,0

B (48,8 — 34,0) * 1 1441
" 484 —34,0+ 1352 —146,0 3,6

p

No 2 m1i nukHOMeTp4iH MaHgepi: m — 53,0, my — 37,8, m, —137,8, m3 — 149,0

B (53,0 —37,8) % 1 _152%1 -
"~ 53,0-378+1378—1490 4

p

CriHayabIH OpTallla MaHiH Taby:

4+3,8
Pep = T =39 F/CM

HaTmxeci ocel TeKTec KOXKAapABIH CTaHAAPTThI MoHAEPiHiH >KOFapFHI I1eKapachlHa YKaKChl
colikec Keaeai, Oya eallleyAiH >KOFapbl AdAAITH >KoHe KOXK YVATiCiHAeri aymlp MeTaaa
OKCMATepiHiH KOFapsl MeAanlepin kepcerei. OHBIH >KOFaphl THLIFRI3ABIFBI aca aybslp OeToHAap
©HZipiciHAe ipi TOATBIPFBILI peTiHAe KOAJaHyFa )XapaMABLABIFBIH KOPCceTeAl.

Apwpr xapait IICX-10A acnaObIHBIH KeMeriMeH MaTepuaAAblH MeHIIKTi OeTi
AHBIKTAAABI.

JKana maTepmaagap XMMUAABIK >KoHe (PU3MKAABIK KacHeTTepiH MYKUAT OakblaayAbl
Ka>KeT eTeTiH casasapda OapraH caliblH K0AJdaHbIAyAa. MyHAall MaTepuaaAapAblH carlachkl MeH
TMiMAiAirin 6afaaayaslH MaHBI3ABl TlapaMeTpaepiHiH Oipi — oJapAbIlH MEHIIIKTI OeTiHiH
ayAaHbl.

Memnmrikti OeT aygaHbl — AUCIEPCTi MaTepuaadJapAblH cUMaTTaMachl, 04 AMCIEPCTi
¢azanbIy Oipaik MaccacbiHa HeMece KoAeMiHe IaKKaHAafrbl OeTapaablK OeT ayJaHBIH KopceTeai.
MenmikTi 6eT ayaHbI HEFYpPABIM KOFaphl 604ca, XMMMAABIK peaknysadap MeH CYMBIKTHIKTap
MeH razJapMeH apeKeTTecyAi Koca aafaHAa, 9pTypAi mpollecTep YIIIiH KoAXKeTiMai OeaceHai OeT
ayJaHbl COFYPABIM KeIl 004aabl. MeHIIKTi OeT aygaHbl COpOeHTTepAiH, KaTaau3aTopAapAblH,
KYPBIABIC MaTepHuaAJapblHbIH, VHTaKTapAblH >KoHe HaHOMaTepuaaJapAblH KacueTTepiHae
MaHBI3ABI POA aTKapaabl. MeHInikti OeT aysgaHbl MaTepMaaAblH KeyeKTidiriHe Tikeaelt
GallAaHBICTHI: KEYeKTiAiK HEFYpABIM JKOFaphl 604ca, CBIPTKHI 9cepaepre KOAXKeTiMal OeT aysaHbI
COFYPABIM KeIl 604aabl.

MemnmrikTti 6eTiH aHBIKTayfa apHaAfaH MaaiMerrtep: caamarsl m — 10,5 rpamMm chiHama
AaVibIHAQY, THIFBI3ABIFEL 3,9 T/cM? TeH, MaTepuaa KabaTeiHbIH OuikTiri h — 0,8 ten. Kypbrarsiabg
TYpaKTBI MoHiH, CBIHaMa CaAMarblH, KabaT OMIKTiriH, MaTepraaAblH THIFBI3ABIFBIH JKoHe YHTAK
KabaTel apKBLABI OepiareH aya KeAeMiHIH ©Ty YakKbBITBIH KOAJAaHa OTBIPBIN, KYPBLAFBL
aBTOMaTTaHABIPBIAFaH dJiCIIeH MaTepMaAAblH MEHIIIKTi OeTiH aHBIKTaAbl, MEHIIKTi OeTiHiH
KepceTKiri 724 cM?/t TeH 604451 (3-cyper).
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B)
3-cypet. [ICX-10A KypBIAFBICBIMEH MEHIIIKTi OeTTi aHBIKTaY:
a — cblHaMa TBIFBI34AaAFaH acTall Ky PBLAFLICH KIOBeTa, O — MBIC KOXEI,

B — IICX-10A KYypBIAFBICH eceTiTey KopceTKilTimeH
Ecxepmy — asmopdvir coinay namuokecinde sepmxanada mycipirzet cypemimmep

MemnmnixTi GeTiHiH TOMeH KOpPCeTKilli MaTepuaaAblH ipi yHTaKTaAFaHBIH KepceTeai.
MenmikTi OeTiHiH ayaaHbl ycakTay agspeskeciHe Typa HpomnopiuoHad. beaimekrep Herypanim
ycak 00aca, COFypABIM OJapablH OipAik caaMaKTarbl >KaAIbl OeTiHiH ayJaHbl apTaabl, aa
MeHIIIKTi OeTiHiH ayaaHBI )XOFapbl 601aABbl.

KOPBITbIHABI

Mpic 6aaKbITY 3aybITHIHBIH KOXAapbl (MK), aaeTTe, ayblp MeTaaa KypaMblHa KOMbLAATBIH
DKOJOTHMAABIK ~TaJalTapfa call KeJeAl >KeHe KypBLABIC MaTepuadjapblHAa —KayiIlcis
MalijalaHblAybl MYMKIiH. 3epTTeyaep KepceTkeHAeir, MK 1emeHT HerisiHgeri KOMIIO3UTTepre
KOCBLAFaH Ke34e, ayblp MeTaaAap ajcopOIus, KaCyAslNs XKoHe MOHABIK aAMaCThIPy apKbLABI
MaTepuaa KYPbIABIMBIHAAQ MBIKTaIl OeKiTidin, oAapablH IIaliblAyhl MeH KOpIaraH OpTara
KayinTepiH ic >Xy3iHAe >KOsABL.
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Meic KOXAapBhl — MBICTBHI 0aAKBITY MeH Tas3apTy/AblH >XKaHama ©HiMi. Mbic KOXAapblH
KOAJaHyAblH KeH Tapa/faH aJicTepiHe KaliTa eHAeY, MeTaAAbl KaAllbIHA KeATipy KoHe aOpas3uBTi
Kypaadap, WIATHp TYUipIIikTepi, Keckill Kypaadap, aOpasusTep, ILAUTKaJap, oIHEK, >XOA
HeTi3iH caly, TeMip>k0A 6a11acTsl XXKoHe acPaabT ToceMAepi CUAKTHI KOCBLAFaH KYHABI OHIMAepai
OHAIpY >KaTaAbl. MbIC KOXKAapbIH KaliiTa IalijalaHy KapKbIHBIHBIH apTyblHa KapaMacTaH, OHBIH
SKBIAABIK ©HAIpiciHIH KeIl 0eAiri 91i KyHre AeliiH KOKBIC IIOAUTOHJapbIHA HeMece KoliMaJapra
TacTaAazbl. MbIC IIAaFbIH KaliTa NalijadaHyAblH eH IepCreKTUBaAbl KOAJaHblAYy calalapbIHbIH
Oipi — memeHT >xoHe OeTOH eHAipici. Kemreren seprreyinizep IIeMeHT, epiTiHAl >koHe OeTOH
eHAipicinAe MBIC KOXKAapPBIH KAMHKep, [IeMeHTTi aAMacThIPY KoHe ipi >)KeHe ycaK TOATBIPFBIIITap
yLIiH mmKizaT periHAe maitjadaHyAbl 3eprredi. LlemMeHT men OeToHAa MBIC KOXKJAapBIH
naiigadaHy OapAblK OallaaHBICTBI cadajapra, acipece MBIC KOXKBIHBIH aliTapAbIKTall MeAIIepi
OHAIpiAeTiH aliMaKTap¥a 94€yeTTi DKOAOTUABIK JKoHe DKOHOMUKAABIK I1alijga oKeaeai.

BeToHAaFpI ycaK TOATBIPFBIIITHIH OPHBIHA MBIC OAa/AKBITY 3aybITHIHBIH KOKBIH - OHTalLABI
Meamepaey (30-40%), >keTKiZikTi cy/II KaTBIHACHI >KOHe KarTal0 yaKbIThl CaKTaAfaH >Kardaiiga
naligadaHy IIepCIIeKTMBaAbl >KoHe HerizjeareH. bya ®KoAOTMAABIK >KoHe TeXHMKaABIK
apTHIKIIBIABIKTapAbl  YChIHaABL. /ereHMeH, KOX caIlachlMeH, KOCIaHBIH KacHeTTepiHiH
TYPaKTBLABIFBIMEH >KoHe pyKcaT eTiAreH HpolloplusdapaaH achlll KeTKeH Ke3Jeri bIKTMMaad
HaIllapAayMeH OallaaHBICTH ToyeKeadepAi ecKepy KaKeT.

MaxkaaaHbl KOPBITBIHABLAAM Keae, KOIITeTeH 3epTTeyIIiAepaiH MBIC KOXJAApBHIH OeTOH
KypPaMbIHa KOCY 3epTTeyAepiHiH opTypAi 9TallTa XXy pri3iareHairiH, 06 TOHHBIH 9KCIIAyaTallUsABIK,
KacueTTepiHe acepiH aHBIKTaFaHAAPBIH >KoHe Je Kall OaFrbITTa 3epTTeyaepaiH OoaMarFaHBIH
KapacTbIPABIK,.

MBpIc KO>KbI OOJBIHINIA apBl Kapail 3epTTeyAep -OHbI aca ayblp OeTOH YIIiH ipi TOATBIPFBIIIT
peTiHAe KOAAAHYABIH TEOPUAABIK >KoHe BSKCIIepUMMEHTTIK OafbIThIHAA OHBIH pPajaliisAAbIK
coyaeaepai(raMMa-coyaedep, HEMTPOHAap) ©TKiz0eyliliriH, Kopray KabileTiH aliKbIHAAWUTLIH
0oaaAabl.

MYAAEAEP KAKTBIFBICBI: AsTopaap MyAdeaep KaKTBIFBICHIHBIH JKOKTBIFBIH aliTasbl.

KAPXBIAAHABIPY: Kap>kblaaHAbIpy Ke3i 00aMaabl

AAYBIC: Apropaap opinrecTepiHe agicTeMeaik KoAjay >KoHe Maligaabl TaaKblaayalap
YIIiH, COHAal-aK MaKaJaHbIH cCaIlachlH >KaKcapTyFa bIKIad €TKeH KYHABI ecKepTyaAep YIIiH
aHOHUMAI pelleH3eHTTepre aAFsIc Oiaaipeai.
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HYDRATION AND STRUCTURE FORMATION
OF MULTICOMPONENT MODIFIED BINDERS:
MECHANISMS AND PROPERTIES

KOIl KOMITOHEHTTI MOANDPUKALIMNAAAHFAH
BAMAAHBICTBIPYIIIBI 3ATTAPABIH IMAPATTAHYEI JKOHE
K¥PbI/AbIMBIHBIH, KA ABIIITACYbBl: MEXAHU3MAEPI MEH
KACUETTEPI

ITMAPATAIVSA N1 CTPYKTYPOOBPA3OBAHUE
MHOT'OKOMITIOHEHTHBIX MOANPULIVIPOBAHHBIX CBSA3YIOIIMX:
MEXAHV3MBI 1 CBOMCTBA
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cement stone, This paper presents the results of studies on hydration and hardening
multicomponent binder, processes of multicomponent modified binders containing active
hydration, structure mineral and chemical additives. The aim of the research was to
formation, establish the patterns of cement stone structure formation and identify
superplasticizer, the factors contributing to the improvement of its strength and
metallurgical waste, durability. It is shown that the high strength of the modified binder is
portlandit due to the formation of stable low-basic calcium hydrosilicates

generated through the pozzolanic reaction between portlandite and
active amorphous silica included in the complex additives.
Mechanochemical activation of the components increases the number
of active centers, accelerates hydration and intensifies hardening. X-ray
diffraction and thermal analyses confirmed the presence of calcium
hydrocarbonaluminates, whose formation enhances sulfate resistance.
Electron microscopy revealed a denser microstructure of the cement
stone and close intergrowth of portlandite and C-S-H phases, which
contributes to the formation of a monolithic, low-porosity structure.
The results demonstrate that adjusting the binder composition and
curing conditions allows targeted regulation of hydrate morphology
and optimization of the phase composition. This ensures the
production of high-strength and chemically-resistant concretes under
reduced-temperature curing, expanding the application potential of
multicomponent binders in modern construction.

© 2026 D.T. Sartayev, A.M. Baisarieva, A.O. Sagybekova, Y.Y. Yelubayeva, S.Jumadilova
@ This work is licensed under a Creative Commons Attribution 4.0

International License (CC BY 4.0).
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Tyniugi cesaep:

TYUIHAEME

LIEMEHT Tac, KOII
KOMITIOHEHTTi TYTKBIp,
IMapaTanys, KYpPhLABIMHBIH
KaABIIITaCYBI,
cynepriaactudukaTop,
MeTaAAypIUs KaAABIKTaph,
MOPTAAHAUT

Kymrpicta "CuxamenT-FF-N" cymeprnaacTndukaTophiH >KoHe TYCTi
MeTaAAypIus KaAABIKTapbIH (MBIPBIII KOXKBI JKOHe II0AMMeTaAAd KeH-
AepiH OalbITy eHiMAepi) KOAJaHa OTHIPHII, MOPTJAaHAIIEMEHT KAVH-
KepiHe Heri3geAreH KOIl KOMIIOHEHTTI MoAudUKaIuslaHFaH TYTKBIP
KylleaepAal blAFaAJaHABIPY JKoHe KYpPBLABIMAQy IIpOLieCTepiH 3epTTey
HOTIDKeAepi KeaTipiareH. Xummaaslk moaudukatopasy 0,5-1,0% - ¢
6ipre 15-30% Meamepinge MuHepaAAbl KOCIIadapAbl €HIi3y KaAbLIVIL
CUAMKATTapBIHBIH TMApPaTalMACHIHBIH, KapPKBIHABLABIFBIH, IIOPTAaHAUT
KYPaMBIHBIH a3alOBIH >KoHe IIeMEeHT TacCBhIHBIH TBIFBI3 KYPBLABIMBIH
KAABIITaCTBIPY¥Fa BIKIAA €TeTiH TOeMeH Heri3Ai I'MApOCUAMKATTapAbIH
TY3iAyiH KaMTaMachl3 eTeTiHi KepceTiareH. PeHTreHorpausablK >kKoHe
tepmusiaslk 3eprreyaep CA(OH), mearepiuniy 23,6-aan 17,3 % aeriin
TOMeHJeTeHiH pacTaabl, 6¥A GC3S plaraagany gapexkeciniy 75-76 % aeiin
©CyiMeH >KoHe KbLAy-blAFaAABIABIK, 6HAEYAEeH KelliH TacThIH OepiKTiriHig
61-70 Mlla-ra JeitiH >KOrapplaaybiMeH Oipre >Kypeai. DAeKTPOHABI-
MUKPOCKONMSABIK ~ OaKbliayJap epTe Ke3eHAepde UHe Topisai
eciHgisepain keaeA Ty3idyiH >KoHe KYPBIABIMHBIH TBHIFBI3AaAybIH
aHbIKTaAbl. EpimMeliTin Kaabpuii rugpokapboaaloMMHaTTapBIHBIH TY3iayi
cyapdaTka Tesimaiaikri 0,95-1,00 aeitin apTThipassl. Kem KOMITOHEHTTi
KyileAepAiH MeXaHMKaAbIK-XMMUSABIK, aKTUBTeHyi OeaceHAl OpTaAbIK-
TapAblH ©CyiHe bIKIaA eTeTiHi, 1103304aHMKaAbIK peakUVsHbIH KYPYiH
JKejeAaeTeTiHi XoHe OipTeKTi cylipaMoAeKyaaablK KYpPBLABIMHBIH I1aiiga
00AybIH KaMTaMachl3 eTeTiHi aHbIKTaA/Abl. O3ipAeHIeH Kol KOMIIOHeHTTi
MoaupUKauysilaHFaH TYTKBIp OepiKTiKKe, TBHIFBI3ABIKKA SKOHE XMMILA-
ABIK TO3IMAiAiKKe KOMBIAATBIH KellleH i TadalTapabl KaHaraTTaHAbIpaAbl
JKoHe 9pTypai  (QYHKIMOHAAABIK MaKcaTTarbl >KOFaphl  carladbl
OeToHAapABl OHAIPY YIIiH I1alija4aHbLAYbl MYMKIH.

Karouesbie caoBa:

AHHOTAL VS

ILIEMEHTHBIV KaMeHb,
MHOTOKOMITIOHEHTHOE
BSDKYyIIIee,

rMAparanus,
CTPYKTypooOpasoBaHue,
cynepraactudukaTop,
OTXOABI MeTaAAypPTUH,
MOPTAAHAUT

B pabore mpeAcTaBAeHBI pPe3yAbTAaTBl MCCAEAOBAHUS IIPOLIECCOB
rMApaTaliuy ¥ CTPYKTYpooOpa3oBaHIsA MHOTOKOMIIOHEHTHBIX MOAUQU-
LMPOBAaHHBIX BSDKYIIUX CUCTEM Ha OCHOBE IIOPTJAaHAIIEMEHTHOTO
KAUHKepa ¢ IpuMeHeHneM cynepraactudukaTopa «CnxkamenT-FF-N» u
OTXOJOB IIBETHOV MeTaAAypruy (IJMHKOBOTO IIlAaKa U ITPOAYKTOB
oOorameHnst IIOAMMeTaAAndecknx pya). IlokasaHo, d4to BBeseHuUe
MUHepaAbHBIX 400aBOK B Koamdectse 15-30 % cosmectno c 0,5-1,0 %
XMMIYECKOTo MoAnduKaTopa obecriednBaeT MHTeHCUPUKAIIUIO THApa-
TallM! CUAMKATOB KaAbIVsl, YMEHBIIIeHNe coJep KaHUs MOpTAaHANUTA U
obpaszoBaHIe HM3KOOCHOBHBIX TIMAPOCHAMKATOB, CIIOCOOCTBYIOIIMX
¢popMUPOBaHMIO IAOTHOV CTPYKTYPHl LIEMEHTHOTO KaMHs. PeHTreHo-
rpadpuyeckue U TepMUYeCKHUe VCCAeJOBaHUS IOATBEPAVAU CHIVDKEHUe
koamdecrsa Ca(OH), ¢ 23,6 a0 17,3 %, 4TO COIPOBOXKAAETCS POCTOM
crentenu rugpatanun CsS 40 75-76 % u yBeArdeHMeM IIPOYHOCTY KaMHs
Ilocae TeIlA0BAa’KHOCTHOI obpabotku 4o 61-70 MIla. DaexrpoHHO-
MIKpPOCKOII9ecKre HabAI0AeHNs BBIABMAM YCKOpeHHOe OOpa3oBaHIe
MroABYaTHIX HOBOOOpa3OBaHMII B paHHUE CPOKM U 0oJee I110THOe
yILAOTHeHMe CTPyKTyphl. OOpasoBaHUe TPyAHOPACTBOPUMBIX IIApOKap-
60aAIOMIHATOB KaAbIUs IOBHIIIAET cyabdarocToiikocts g0 0,95-1,00.
YcraHOBAEHO, YTO MeXaHOXMMMYeCKasl aKTUBALVsI MHOTOKOMITOHEeHTHBIX
CIICTEM CIIOCOOCTBYeT POCTY aKTUBHEIX IIEHTPOB, YCKOpseT IpOoTeKaHue
IyIII0AaHNYeCKON peakluy U oOecliednBaeT II0AydeHNe OAHOPOAHOI
Ha/MO/AeKyASpPHOI CTPYKTypHl. PaspaboTaHHOe MHOTOKOMIIOHEHTHOE
MOAMPUITMPOBaHHOEBIKYIIIee  VA0BAETBOPsET KOMILAEKCHBIM Tpebo-
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BaHMAM K IIPOYHOCTY, IIAOTHOCTU U XUMUYIECKOW CTOMKOCTU U MOXKET
OBITh MCITI0Ab30BAaHO AAsl TIPOU3BOACTBAa BBICOKOKa4e€CTBEHHBIX OeTOHOB
pa3/u/[quro (pyHKHMOHaALHOI‘O Ha3HadyeHI:.

INTRODUCTION

Modern high-performance binders are developed using complex multicomponent
systems with active mineral and chemical additives. Their primary goal is to achieve improved
strength and operational characteristics of concrete with reduced energy consumption. An
important direction in this field is the utilization of industrial by-products, which can serve as
active pozzolanic additives and contribute to the optimal structure formation of cement stone.

The modern development of construction materials science is characterized by a growing
interest in multicomponent modified binders, driven by the need to improve the performance
characteristics of construction materials, reduce the carbon footprint of cement production, and
promote the efficient utilization of industrial by-products. In this context, particular importance
is attached to studies aimed at gaining a deeper understanding of the hydration and structure
formation processes that govern microstructure development and, consequently, the physical
and mechanical properties of binder systems (Marchon & Flatt, 2016).

Hydration of binders is a complex multistage physicochemical process involving the
dissolution of primary clinker minerals, nucleation and growth of hydration products, and the
formation of a spatial structure of cement stone. When multicomponent systems incorporating
mineral and chemical modifiers—such as slag, fly ash, reactive silica additives, micro- and
nano-fillers, and superplasticizers—are used, these processes become significantly more
complex. They are accompanied by changes in hydration kinetics, phase composition, and the
morphology of hydration products (Izotov & Ibragimov, 2015).

As demonstrated by Zhakipbekov et al. (2021), the incorporation of complex mineral
additives into low-clinker binders leads to an increased degree of hydration, the formation of
low-basic calcium silicate hydrates, and a densification of the cement stone microstructure.
Similar conclusions were drawn by Wilinska and Pacewska (2022), who reported that four-
component binders with a high content of supplementary cementitious materials exhibit
redistribution of hydration phases and a reduced portlandite content due to intensified
pozzolanic reactions.

Considerable attention in contemporary research is devoted to micro- and nanoscale
structure formation, as the characteristics of the C-S-H gel largely determine the durability and
mechanical performance of binder systems. Studies by Masoero et al. (2018) showed that the
density and nanostructure of the C-S-H gel have a decisive influence on self-desiccation
processes, sorption properties, and shrinkage deformations. The application of infrared
spectroscopy and electron microscopy enables detailed investigation of the evolution of
hydration products and the interaction mechanisms between organomineral admixtures and
the hydration phases (Zagorodnyuk & Sumskoy, 2019).

In recent years, increasing research efforts have focused on controlling hydration kinetics
and rheological properties of binder systems. Li et al. (2024) demonstrated that targeted
regulation of dissolution and crystallization processes of hydration phases using specialized
additives allows the design of binders with tailored properties. Furthermore, Varshney et al.
(2017) identified different structural aging mechanisms occurring during cement paste
hydration, which significantly affect both early-age and long-term strength development.

Thus, the analysis of existing literature indicates that hydration and structure formation
of multicomponent modified binders are governed by a combination of factors, including the
mineralogical and chemical composition of the system, component fineness, type and dosage of
modifying additives, and curing conditions. Despite the substantial body of experimental
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research accumulated to date, the interrelationships between hydration mechanisms,
microstructure evolution, and performance properties of binders remain insufficiently
systematized, highlighting the relevance and scientific significance of the present study.

MATERIALS AND METHODS

The research object was a multicomponent binder containing up to 45% non-ferrous
metallurgy waste. The mixture comprised Portland cement clinker (64-84.5%), carbonate-
containing tailings (5-15%), quartz-containing tailings (10-20%), and a modifier (0.5-1%).
Curing was carried out at 65 °C under a 2+4+1 h regime. Differential thermal analysis, X-ray
diffraction, and electron microscopy were used to study structural development.

In this study, cement clinker from «Standard-Cement LLP», as well as synthetically
produced clinker minerals CsS, p-C,S, C3A, and C4AF, Standard volsk sand, hydrated lime from
the Sas-Tyube lime works, residues from the Kentau processing plant (20 wt%), zinc slag from
the «Achpolymetall» combine (15 wt%), and the superplasticizer «Sikament-FF-N» in an
amount of 0.5-1.0 wt% based on the mass of CsS were used. The sand from the Nikolaevskoye
deposit (Almaty region) had a bulk density of 1467 kg/m?, a net density of 2650 kg/m?, a pore
volume of 43%, and a fineness modulus of 2.2-2.4. Its mineralogical composition (wt%) is
shown in Table 1.

Table 1. Mineralogical composition of sand, % by weight

quartz feldspar mica calcite clay impuritie
34.5-36.3 52.8-54.2 1-9-23 3.6-4.0 up to 4%
Note — compiled by the authors

Sand

Table 2. Chemical composition of technogenic products, % by weight

. ADLOs+ KO+ calcination
Waste name S5i02 | CaO | FexOs TiOs MgO Na:O BaO losses

Tailings of the

Kentau 11.7 | 2424 | 17 1.53 13.8 2.0 | 10.20 30.35
processing plant

zinc slag from the
«Achpolymetall» | 30.1 | 18.20 | 32.95 - 468 | 0.85 - 8.65
combine

Note — compiled by the authors

For the manufacture of heavy concrete, sulfate-resistant Portland cement CEM I 42.5H SS
GOST 22266-2013 Standard Cement LLP was used as a binder, the properties of which are
shown in Table 3.

Table 3. Characteristics of sulphate-resistant Portland cement
LLP "Standard-Cement" CEM I 42,5N SS

Name of indicators, unit of measurement The actual value
Fineness of grinding, %, (residue on the sieve) no more 0,3
Normal density of cement paste, % 28,7
Ww/C 0,38
cone spread 114
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end of table 3

Name of indicators, unit of measurement The actual value
Setting time, h:min:
— initial, not less than 3-20
— final, not more than 4-20
Compressive strength, MPa, at the age of:
-7 days 33,9
— 28 days 46,9
Soundness of cement withstood
Specific surface area, cm?/g 3250
SiO:2 content, % 22,93
ALOs content, % 4,22
Fe20s content, % 5,08
CaO content,% 64,47
MgO content, % 2,48
CsA content,% 2,77
Note — compiled by the authors

X-ray diffraction (XRD) analysis of the materials was performed using a URS-501 X-ray
diffractometer. Diffraction patterns were recorded from flat powdered specimens rotating in the
plane perpendicular to the goniometer axis at a rotational speed of 25 rpm. Data were collected
over a 20 angular range of 20°-61°.

The measurements were carried out using ScKa radiation with a nickel filter of 14 um
thickness. The X-ray tube was operated at an anode current of 11.5 mA. The counter slit
dimensions were 0.25 x 8 mm, while the primary beam was limited by a 1 x 5 mm slit. The
recording constant was set to R°-IV, with an intensity recording range of D = 1000 impulses/s.
The chart paper advance speed was 360 mm/h.

Differential thermal analysis was performed using a MOM-1000 derivatograph
(Germany). The measurements were carried out in an air atmosphere over a temperature range
of 25-1000 °C. The heating rate was maintained at 7.5 °C/min.

Thermal transformations were identified based on the thermogravimetric (TG),
differential thermogravimetric (DTG), and differential thermal analysis (DTA) curves, which
reflect mass loss, the rate of mass loss, and differential temperature changes, respectively.

Spectral analysis of the cement stone was performed using a two-channel Spekord
spectrophotometer. The microstructural characteristics of the cement stone, including crystal
morphology, size, spatial distribution, and crystal type, were investigated using REM-200
electron microscopes. In addition, three-dimensional images of the microstructure were
obtained, and the chemical composition of selected local regions of the cement stone was

RESULTS AND DISCUSSION

Experimental results have shown that the complex additives contribute to the
acceleration of hydration, an increase in the amount of chemically bound water, and the
formation of stable hydrate phases. At the age of three days of curing, the formation of calcium
hydrocarbonaluminates is observed, which ensures improved sulfate resistance. Microscopic
studies revealed densification of the cement stone structure and intergrowth of portlandite
blocks with the C-5-H phase.

The production of high-performance binders of a new generation is currently associated
with the use of complex component systems aimed at obtaining high-strength concretes for
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various functional applications with advanced structural and operational properties (Neville
A.M., Brooks ].J., 2010).

The study demonstrated that the hydration of CsS is accompanied by the intensive
formation of portlandite and calcium hydrosilicates. The incorporation of complex additives
altered the phase composition, reduced the Ca(OH), content, and promoted the formation of
additional calcium hydrosilicates and hydrocarbonaluminates.

After 28 days of curing, the degree of CsS hydration in the reference sample was 71,5 %,
whereas in compositions containing zinc slag and polymetallic ore beneficiation residues it
reached 75-76 %. The amount of portlandite decreased from 23,6 % (control) to 17,3 % when 20
% of mineral additives were introduced.

The compressive strength of the cement stone based on the multicomponent binder after
heat-moisture treatment reached 61-70 MPa, while the sulfate resistance coefficient was within
0,95-1,0.

Electron microscopy revealed accelerated formation of needle-like hydrates at early ages
and the development of a denser structure due to the interaction between portlandite and the
reactive silica contained in the additives.

The development of high-performance binders of a new generation currently relies on the
use of complex component compositions aimed at producing high-quality concrete for various
functional applications with improved physical and operational properties. The concept
underlying the creation of such binders is the principle of targeted technological control at all
stages— involving the selection of active components, optimization of mix compositions,
application of chemical modifiers, and other technological measures.

Following this approach, a multicomponent binder was developed containing up to 45 %
non-ferrous metallurgy waste (polymetallic ore beneficiation residues and zinc slag) and the
superplasticizer «Sikament-FF-N» [1, 16].

The influence of «Sikament-FF-N» on the hydration and hardening of calcium silicates
was investigated.

According to X-ray diffraction analysis Figure 1, the phase composition of C3S without
additives at the ages of 3 and 7 days mainly consists Ca(OH)2 (d =0,493; 0,310; 2,262; 0,192; 0,179;
0,148 nm), the C2S hydrate (d=0,304; 0,270; 0,247; 0,235; 0,189; 0,179; 0,165; 0,154 nm),
tobermorite-like calcium hydrosilicate CSH2 (d = 0,281; 0,183; 0,167 nm) and anhydrate CsS (d
=0,277; 0,267; 0,244; 0,198; 0,194; 0,177; 0,163; 0,149 nm).
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Figure 1. X-ray images of tailings from the Kentau concentrating plant (1),
Zinc slag from the Achpolymetal plant (Kentau) (2)
Note — compiled by the authors
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The presence of these hydration products was also confirmed by thermographic analysis.
At around 200°C, the thermogram shows an endothermic peak typical of CSHz. Endothermic
effects at 540 and 760°C correspond to the decomposition of Ca (OH): and a-hydrate of C25
respectively.

By the age of 28 days, the amount of unhydrated clinker phases significantly decreased,
which correlates with the increase in the degree of CsS hydration-50%, 62,3% and 71,5% after
3,7 and 28 days, respectively Table 4.

It is known that in the X-ray diffraction pattern of pure calcium hydroxide, the intensity
of the (0001) plane with d =0,490 nm is 70-80% of that of the (0011) plane with d =0,262 nm, due
to the preferential formation of large Ca(OH): crystals. However, in the diffraction pattern of
CsS, hydrated for 3 days, the intensity of the Ca(OH): line at d = 0,490 nm exceeds that of the
line at d = 0,262 nm.

Table 4. Effect of Active Mineral Additives on the Degree of Hydration
of C3S stone (author's materials)

Degree of hydration, % after days:
Additive, % g7 = o7 28 -
Without additive 50 62,3 71,5
Zinc slag from the «Achpolimetal plant» (Kentau), 15* 54 65,7 75,8
Tailings of the Kentau processing plant, 30* 52,4 61,4 74,0
Note — compiled by the authors

*containing 0,5% superplasticizer «Sikament-FF-N» by mass of CsS.

During further hydration of C3S the intensity of the diffraction line with d =0.262 nm
increases, and after 28 days of curing, the X-ray diffraction patterns show an equalization of the
intensity of these lines. This indicates the formation of finer and predominantly oriented
secondary crystals of portlandite.

The development of such binders is based on the principle of targeted control of
technology at all stages, including the use of active components, optimization of compositions,
application of chemical modifiers and other technological approaches (Le Chatelier H. and
other, 2002)..

Following this principle, a multicomponent binder containing up to 45% non-ferrous
metallurgy waste and chemical additives was developed. As shown in studies , the additives
used do not increase the normal consistency of the paste and, unlike traditional systems, do not
retard but rather accelerate the hydration rate of the binder. When combined with plasticizing
additives and optimal curing regimes, such binders can be applied in the production of concrete
and reinforced-concrete elements.

The binder composition includes the following mass percentages: Portland cement
clinker 64-84.5%, carbonate-containing tailings 5-15%, quartz-containing tailings 10-20%, and a
modifier 0.5-1.0%. The binder is produced by co-grinding the clinker and beneficiation tailings
to a specific surface area of 300-330 m?/kg.

Heat-moisture treatment of experimental samples was conducted under a 2 +4 + 1 h
regime at a maximum temperature of 65 °C. In this case, the maximum processing temperature
was reduced by 20 °C compared to conventional treatment, and the duration of the isothermal
holding stage was decreased by 3 hours.

Differential thermal analysis was carried out using Q-1000 and Q-1500 derivatographs (F.
Paulik, I. Paulik, L. Erdey system), and X-ray diffraction was performed on a DRON-UM1 unit.



1-tom, 1-nemip, Haypw3, 2026.
Tom 1, Ne 1, mapt 2026.
Vol. 1, Issue 1, March 2026.

™ EKTU JOURNAL OF

-135- @ ComsTRUCTION SciEnces

Electron microscopy (REM-200 and EVM-100 BR) was used to examine the morphology,
size, spatial arrangement, and appearance of crystals, obtain three-dimensional images, and
determine the composition of local areas of the cement stone. Quantitative evaluation of
micrononuniformity distribution (2-100 nm) in the submicroscopic structure of cement stone
was performed using small-angle scattering (SAS).

Table 5 presents the properties of the developed modified binder. The test results show

that the compressive strength after heat treatment ranges from 61 to 70 MPa, while the sulfate
resistance coefficient is 0.95-1.00.

Table 5. Properties of modified binders

Binder composition, mass % Compressive Sulfate
Portland Carbonate- Quartz - strength after resistance
cement containing containing Modifier steaming, MPa coefficient
clinker tailings tailings
84.5 5 10 0.5 61.5 0.95
74.2 10 15 0.8 63.0 0.98
64.0 15 20 1.0 70.0 1.0
Note — compiled by the authors based on their researches

The advantage of the multicomponent modified binder lies in the fact that during
hydration, calcium aluminates interact with calcium and magnesium carbonates contained in
the carbonate-bearing tailings to form sparingly soluble hydrocarbonaluminates. The formation
of these stable hydrates promotes the intensification of binder hardening and increases sulfate
resistance.

In the X-ray diffraction pattern of the hydrated binder at the age of three days, diffraction
lines with d-spacings of 0.380, 0.286, 0.249, and 0.166 nm appear, corresponding to calcium
hydrocarbonaluminate 3CaO-Al,O3-CaCO511H,0 formed in the contact zone.

Differential thermal analysis confirms the XRD observations. The DTG curves and the
results of moisture loss in the cement stone (Table 6) during heating demonstrate a strong
correlation between the heating temperature and the ability of hydrate phases to retain water.
The complex additives contribute to an increase in the amount of chemically bound water.

It can be assumed that these additives—beneficiation wastes—enhance the number of
crystallization centers and promote the growth of intra- and intercrystalline voids formed
during the development of a supramolecular layered structure. Such voids are capable of
retaining water molecules in a highly oriented state, where their rotational degrees of freedom
are inhibited and translational motion is partially restricted [10]. Within a monolayer, these
water molecules possess significant mobility, creating favorable conditions for the easy sliding
of the cement gel, which in turn facilitates the appearance of irreversible plastic deformations.

In the IR spectrum of the cement stone after one day, in the wavenumber range 700-1200
cm™, a broad absorption band appears, split into components characteristic of calcium silicates.
Absorption maxima at 930, 885, and 840 cm™ indicate the presence of unhydrated CsS.

Table 6. Mass Loss of Cement Stone from Modified Binder (MMB)

According to DTA Data
Tvpe of binder Mass loss in % in temperature ranges, °C Relative mass
b 20-200 20-600 20-1000 loss, %
PC M400 4.9 13.5 23 36
MMB 52 12.3 22 41

Note — compiled by the authors based on their researches
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At the age of three days, the absorption band at 940 cm™ observed in Portland cement
clinker shifts toward higher wavenumbers and is detected at 970 cm™ when complex additives
are introduced. This shift indicates the polycondensation of [SiO,] tetrahedra, which leads to a
decrease in the basicity of the hydrosilicates in the modified binder.

Electron microscopy was used to examine the morphology, size, spatial arrangement, and
appearance of crystals, obtain three-dimensional images, and determine the composition of
local areas within the cement stone. The processes of growth and interpenetration of CH and C-
S-H phases, as well as changes in hydrate morphology, were investigated. A quantitative
assessment of micrononuniformity distribution (from 2 to 100 nm) in the submicroscopic
structure of the cement stone was performed using the small-angle scattering method.

The complex additives significantly alter the rate of hydrate nucleation. As early as three
minutes after mixing the binder with water, the first needle-like formations appear, indicating
an intensified hydration process. At a magnification of 2000x, micropores measuring 2-3 pum are
observed. At the age of three days of curing, hexagonal prismatic portlandite crystals are
detected at the bottom of such pores, indicating a strong initial supersaturation of the liquid
phase with Ca?* ions. Further recrystallization and growth of hexagonal portlandite crystals
follow the laws of collective growth and occur metasomatically.

During the hardening process, portlandite reacts with the active silica contained in the
complex additive. As a result, the most typical form of C-S5-H (Type I) is formed, represented
by large but extremely thin sheets or foil whose thickness corresponds to that of the primary
structural layer. Unlike the control sample, in the cement stone modified with complex
additives, portlandite blocks tightly intergrow with the cement gel, forming a monolithic
structure of gel and CH phases or zones of their mutual penetration (Figure 2).

a — formation of amorphous portlandite (at 90 days of curing);

b — micropores of the cement stone are densified with thin C-S5-H (Type I) foil-like layers (at 180
days of curing);

¢ — intergrowth of portlandite blocks with gel-like C-S-H.

Figure 2. Microstructure of the modified binders, x2000
Note — compiled by the authors based on their researches

Changes in the supramolecular structure are reflected in the logarithmic SAS curves of
the cement stone under conditions of a dry hot climate. A slight increase in microporosity
results from continued hydration during curing. Improvements in the submicroscopic structure
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are observed with a minor increase in the effective micropore radius from 10.5 to 10.8 nm,
which may be associated with the filling of larger pores (over 100 nm) with calcium
hydrosilicates.

Analysis of the calculated maximum, minimum, and effective micropore radii as a
function of curing time and conditions showed that the smallest variation in pore radii (Rmax
— Rmin) occurs at 14 days of curing.

CONCLUSIONS

1. In the developed compositions of modified multicomponent binders, the fundamental
principles of producing low-water-demand binders have been implemented. Mechanochemical
activation leads to partial dispersion of binder grains along weak bonds and to mechanical
destruction of structural elements, significantly increasing the number of active centers per unit
volume.

2. The high strength of cement stone based on the modified multicomponent binder is
determined by the composition and structure of the hydrate formations, which are
predominantly represented by long-fibrous, low-basic calcium hydrosilicates formed on the
surfaces of existing crystals (epitaxial effect), along with the absence of visible structural defects.

3. To ensure the formation of a cement stone structure characterized by minimal porosity
and increased strength, it is necessary to stabilize the composition of hydrate formations,
prevent their phase transitions, regulate the hydration process, and achieve an optimal ratio of
crystalline and gel phases in the hydration products through the proper selection of mineral
additives and curing conditions.

4. An additional source of low-basic calcium hydrosilicates is the pozzolanic reaction,
during which portlandite released in the hydration of clinker minerals is absorbed by the
amorphous silica of the complex additive, thereby preventing ettringite crystallization at later
stages of hardening.

5. The results of the conducted research demonstrate the feasibility of controlled
regulation of hydration processes and strength development of cement stone, which can be
achieved by adjusting the mineralogical composition of cement and the types of mineral and
chemical additives.

It was established that the use of non-ferrous metallurgy wastes (zinc slag and
polymetallic ore beneficiation tailings) in multicomponent modified binder systems leads to an
intensification of clinker silicate phase hydration. When 15-30 wt.% of mineral additives are
introduced, the degree of CsS hydration increases from 71.5% (control composition) to 75-76%
after 28 days of curing.

2. X-ray diffraction and thermal analyses demonstrated that the incorporation of complex
mineral additives is accompanied by a significant reduction in portlandite content. Its amount
decreases from 23.6% in the control composition to 17.3% at the optimal additive dosage,
indicating the active development of pozzolanic reactions and the formation of secondary
hydrate phases.

3. Scanning electron microscopy revealed that the modified systems are characterized by
a more homogeneous and denser microstructure compared to the control cement stone. The
structure is dominated by fine-fibrous and needle-shaped low-basic calcium hydrosilicates (C-
S-H), which uniformly fill the intergranular space and ensure effective densification of the
cement stone.

4. Morphological analysis showed that zinc slag particles possess an irregular angular
shape, a highly developed surface, and a microporous structure. These features promote an
increase in the number of active crystallization centers and accelerate the nucleation of hydrate
formations at the early stages of hardening.
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5. It was established that the combined use of mineral additives and the superplasticizer
Sikament-FF-N produces a synergistic effect, manifested in accelerated hydration of calcium
silicates, suppression of coarse-crystalline portlandite formation, and the development of a
more stable gel structure of the cement stone.

6. The developed multicomponent modified binders exhibit high physical and
mechanical properties: the compressive strength of the cement stone after heat-and-moisture
treatment reaches 61-70 MPa, while the sulfate resistance coefficient ranges from 0.95 to 1.00,
confirming enhanced durability and service reliability of the material.

7. The obtained results confirm the possibility of targeted regulation of structure
formation processes and hydration kinetics through optimization of the mineral composition
and dosage of non-ferrous metallurgy wastes. This approach opens prospects for reducing
clinker content in cement and improving the environmental efficiency of construction materials.

Overall, the study demonstrates that the use of zinc slag and polymetallic ore
beneficiation tailings as components of multicomponent binders is scientifically substantiated
and technologically feasible. Their application ensures the formation of a dense, stable, and
durable cement stone structure and expands the potential for practical utilization of technogenic
wastes in the construction industry.
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B cratpe paccmaTpuBalOTCA KAKOYEBBIE HEAOCTATKM CyIIeCTBYIOIIeN
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HOPMAaTUBHO-TeXHIYECKIe
AOKYMEHTBI,
CTPOUTEAbCTBO, aJarTarus
CTaHAAPTOB, YCTONYNBOE
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HOPMaTMBHO-TEXHIYECKOI 6as3bl B cepe DHeprocOepeskeHNsI 1 ITOBBI-
meHns: ®HeprosdpPeKTUBHOCT B cTpouTeapcTtse. OcoOoe BHUMaHMe
yaeasieTcsi IpodaeMaM HeJOCTaTOYHON aJalTalii 3alMCTBOBaHHBIX
€BPOIeNCKMX CTaHAAPTOB K OTeYeCTBeHHBIM KAMMaTUYeCKUM U
HKOHOMMYECKNM YCAOBMM, a TaKXKe PaclpOCTpaHEHHBIM HETOYHOCTSIM
IIpM  KOPPEKTUPOBKe pacdéTHBIX KodPunuenTos. OTMmedaroTcs
poOAeMBI ycTapesIniero OoQOpMAeHNsA HOPMATMUBHEIX JOKYMEHTOB,
3aTpyJHSIOIINE UX IIpaKTU4eckoe IIPUMEeHeHN’e B COBPEMEeHHBIX
ycaoBusx. B pamkax mccaeloBaHMS BBISBAEHBI OCHOBHBIE BBI3OBBI,
CTosIIIIMe TIepeJ, OTpacAblio, ¥ 0DO3HauYeHBI HallpaBAeHNs, TpeOyloIiue
COBepIIIeHCTBOBaHM A HOPMAaTUBHOIO PeryAnpoBaHus AAs oOecriedeHms
peaabHOTO  TOBHIIEHMsT — ®HeProsdpPeKTUBHOCTM  CTPOUTEABHBIX
o6bekToB. Taxke paccMaTpHUBAIOTCsA BOIPOCH BHEAPEHMS CUCTEMBI
SHepProayAmUTOB, cepTUdUKAIUU 3AaHNIT, TapMOHU3AIINY HaI[IOHAAb-
HBIX II0AXOZO0B C €BPOIIENICKON MPAKTUKOM U aKTyaAu3alui METOAUK
pacuéra sHepronorpedAeHNus C YJETOM COBpeMEeHHBIX TeXHOAOIMII U

Tpe60BaHI/II7[ YCTOMYMBOIO CTPOUTEABCTBA.
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HBIH HETri3Ti KeMIiikTepi KapacTelpbliagbl. Epekie Hazap KapblIsra
aAbIHFaH eypoIlaablK CTaHAAPTTapAbIH OTaHABIK KAMMATTBLIK JKoHe KO-
HOMUKAABIK JKaFjalidap¥a >KeTKiaikciz OelimMaeay mpobaemasapbiHa,
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OeltiMaey, TypaKThI COHJaM-aK ecemnTiK Ko®(PPUIMEHTTepAi Ty3eTyJeri KeH TapaaAraH

KYPBLABIC. APACi3AiKTepre ayJapblaaapl. HopmaTtuBTik Ky>KaTrapabl —Kasipri
3aMaHFBl >Karjaliga ic XysiHJe KOAJaHyAbl KUBIHAQTAThIH ecKipreH
peciMaey MocedeAepi arTam  eTideAi. JepTTey asAChHAA  cada
aaAbIHAQTYPFaH  HETi3Ti  ChIH-KaTepAep  aHbBIKTaAbIl,  KYPBIABIC
oOLexTidepiHiH  ®Heprmsa  THMIMAIAiriH  HaKTBI ~ apTTHIPy  YIUiH
HOPMAaTHUBTIK peTTeyAi JKeTiaaipyai Ka’KeT eTeTiH OarpITTap OeariaeHai.
CoHpIMeH KaTap, DHeprus ayauTTepi KyJeciH eHrisy, rFuMapaTrapabl
cepTuguKaTIay, YATTBIK TocCiagepai eypoIaablK —ToxKipubOeMeH
yilaecTipy >KoHe Kasipri TexHOAOIMsAap MeH TYPaKThl KYPbLABIC
TaJallTapblH  eCKepe  OTBIPBII, 9HEepIUsl  TYTBIHYABl  ecellTey
dJicTeMeepiH >KaHapTy Maceaelepi KapacThIphLAabl.

keywords: ABSTRACT

energy saving, energy The article examines the key shortcomings of the existing regulatory and
efficiency, regulatory and technical framework in the field of energy saving and energy efficiency
technical documents, in construction. Particular attention is given to the insufficient
construction, adaptation of adaptation of borrowed European standards to domestic climatic and
standards, sustainable economic conditions, as well as common inaccuracies in the adjustment
construction. of calculation coefficients. The problems of outdated formatting of

regulatory documents, which complicate their practical application in
modern conditions, are also highlighted. Within the scope of the study,
the main challenges facing the industry are identified, and areas
requiring improvement in regulatory governance to ensure a real
increase in the energy efficiency of construction projects are outlined.
Additionally, the article addresses the implementation of energy audit
systems, building certification, harmonization of national approaches
with European practices, and the updating of energy consumption
calculation methodologies in accordance with modern technologies and
sustainable construction requirements.

BBEAEHWE

[Tporecc popMupoBaHMsl yCTOMNYMBON DKOHOMUYECKON Mogean B KasaxcraHe HeBO3-
MOXKHO paccMaTpuBaTh Oes peleHus mpoOaeM, CBI3aHHBIX C PHeprocOepexeHneM U MOBhIIe-
HreM 5S¢PQPEeKTMBHOCTY NCIOAb30BaHMA DHEPIeTNYecKnx pecypcos (3akoH Pecrybamkm
Kazaxcran «O0 sHeprocOepeskeHMM 1 ITOBBIIIEHNN DHeprosdppekrnsHoCTI», Ne541-IV 3PK ot
13.01.2012 roaa). HecmoTpst Ha OoraThle 3amachl yI1e€BOAOPOAHOIO CHIPbSI UM OTHOCUTEABHO
PasBUTYIO 9Hepretudeckyio uHPpacTpykrypy, Kasaxcram geaaer ocoOblil aklleHT Ha
DHeprocOepeskeHNe ¥ IOBBIIIeHNe SHeprooPQeKTUBHOCTY KaK Ha OAHO U3 IIPMOPMUTETHBIX
HaIlpaBAeHMII TOCyJapCTBeHHOI 9HepreTmdeckoit crparermm (Konmemnmmsa passutist cepsl
®HeprocOepe>xeHNsI 1 MOBbIeHNs sHeprosddexrusHoctu Pecrybanku Kasaxcran, mocraHos-
aenne ITpasureancrsa Pecrrybanxu Kasaxcran ot 20.03.2023 r. No264).

Ha cerogusmiHmii g4eHb B CTpaHe COXpPaHSETCS 3HAUYMTEABHBIN ITOTEHITMAA IIOBBIIIEHNS
9HeprodPPeKTMBHOCTHY, KOTOPHIV, IT0 MHEHIIO DKCIIEPTOB, COIIOCTABUM C IIPUPOCTOM 0OHEMOB
AOOBIYM ITepBUYHEBIX DHepropecypcos. Huskas 5PpPpeKTMBHOCTS MCIIOAb30BaHNS DHEPINU YKe
SABAAETCS OAHONM M3 INPUYMH e€ OTHOCHTEeALHOTO JedMIIUTa M CO34aeT MPemsATCTBUA AAs
yCTOIIMBoro skoHoMmaeckoro passutist (Ilapumos P.OK., 2020). DHeproeMKoCTh Ka3aXCTaHCKOI
DKOHOMUKM BCEé emé 3HAYMTeAbHO IIpeBLIIaeT IIOKa3aTeAM pa3BUTHIX CTpaH, dYTO
CBIAETEeABCTBYEeT O HEOOXOAMIMOCTH CHCTEMHOTO ITOAXO4a K CHIKEHMIO DHeprosarpaT Ha Bcex
sTanax ¢ynknuonnposanms skonomuxu (UNECE, 2020).

PanmonaapHOe 1CIOAb30BaHME 9HEPreTUYEeCKUX PpecypcoB OTKpBIBaeT —IIMPOKHe
BO3MOXKHOCTM AAsl CHIUKeHIs IIPOU3BOACTBEHHBIX 3aTpaT, CTUMYAMPOBaHMA HKOHOMIYECKOTO
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pOCTa M IIOBBIIIEHNsT KOHKYPEHTOCIIOCOOHOCTY HallMOHaAbHON dKoHOMUKHU. [Ipu sTom Kasax-
CTaH CTaAKUBAETCs C PSIAOM CTPaTern4ecKUX BBI30BOB: POCTOM IIOTPeOHOCTU B BA€KTPODHEPTUN
B CBS3M C pa3BUTHEM IIPOMBIIILIEHHOTO CeKTOpa, TPaHCIIOPTHO MHPPaCTPYKTYPhl U >KMUAOTO
¢onza, HEOOXOAMMOCTBIO CTPOUTEABCTBA HOBBIX MICTOYHMKOB DHEPIMM, BKAIOYas aTOMHBIE U
BO30OHOBAsIEMBIe MICTOYHUKI, a TaKXKe yCrAeHneM sKoAormdeckux Tpedosanuit (Kyapesua O.0.,
2014; Tapuarypckuit A.B., 2016).

ITo asanabplM  KoMmurera 10 rocysapCTBEHHOMY ®SHEpreTMYecKOMy HaA30py, Ha
CTPOUTEABHYIO OTpacAb IPUXOAUTCST 0K0AO 40-45 % Bceit moTpebaseMoll HepruM B CTpaHe
(ITapumios P.; Epxxanos C., 2020). J)Knaoii cextop mcroassyer B 2-3 pasa 004bIlle TEIA0BOIL
SHEpTUIU Ha OAMH KBaApaTHBINI MeTp, YeM aHaJAOTMYHBIE 34aHMS B eBPOIIEMICKUX TOCyAapCTBax.
OcHoBHas1 yacTs xyuanimHoro ¢pouga Kaszaxcrana npeacraBaeHa MHOTOKBapTUPHBIMU AOMaMI C
LIEHTPaAM30BaHHEIMI CUCTeMaMIU TeIAOCHaOXKeHUs U daeKTpocHaOxeHms (beapmi A., 2024).
IIpn »TOM MHOIMe 3JaHus 004asaiOT HU3KOM TeINA0M30ASAVIeN], OTCYyTCTBMEM COBPEeMEeHHBIX
9HeprocOeperaloyX NHXeHePHBIX pelleHNii, aBTOMaTU3MPOBAHHBIX CVICTEM PeryAMpOBaHIs I
IpuOOPOB yuyeTa SHEPropecypcos.

B ®Tmx ycaoBMAX KAIOYEBBIMU MHCTPYMEHTaMM IIOBBIIIEHNS 9Heprod(p¢eKTnBHOCTI
CTaHOBATCs paspaboTka 1 BHeapeHme d(P¢PeKTMBHON HOopMaTuBHOM Oasbl. Ha mporsaxennm
nocaeannx AeT B Kasaxcrane popmuposasach cricteMa HOpMaTUBHBIX 4OKYMEHTOB, peryAupyIo-
IMX MPOeKTMPOBaHNMe ¥ CTPOUTEABCTBO 3JaHMII C YIETOM INPMHIIUIIOB DHEprocOepesKeHIs.
OcHoBHasI 11eAb DTUX AOKYMEHTOB — CO3JaHle YCAOBUIT 4451 COKpallleHs dHepronorpebaeHns,
IIOBBIIIIEHNS KaueCTBa H>XEHEePHBIX CUCTEM VM CHVDKEHIISI BHIOPOCOB ITapHMKOBLIX Ta30B.

Ocoboe BHUMaHMe yJeAseTcsl ajalTalliyl MeXAYHapOJHOTO OIBITa K OTedeCTBEHHBIM
ycaosusaM. Esporreiickue craHaapTel, ocobeHHo B pamkax Jupextmser 2010/31/EC o
sHepronorpebaennn 3ganuii (EPBD), cayxaT opueHTUpoM IIpu pasdpaOOTKe HaI[MOHAAbHBIX
HopMaTuBoB (Aupextusa Epomneiickoro mapaamenra u Cosera 2010/31/EC). Oanaxo npsamas
MMILZeMeHTanys 3apyOesXHBIX TpeOoBaHMII 0Oe3 ydueTa KAMMATUIECKMX, DKOHOMMYECKUX U
TeXHOAOTMYeCcKMX ocobenHocreri Kazaxcrana wmoxxeT mnpuBoguth K Hed(PPeKTUBHOMY
pacxoA0BaHUIO PeCypCoB M AOTIOAHUTEABHBIM 3aTpaTaM.

Taxum obpasom, PpopmupoBaHNe KOMILAEKCHOV, dPPEeKTUBHON M aJallTMPOBAHHON K
HaIlMIOHaABHBIM YCAOBUSM HOPMaTUBHO a3l sIBASIETCS He TOABKO MHCTPYMEHTOM pallYiOHaAb-
HOTO NCIOAL30BaHMSA DHEPIeTMYEecKNX PecypcoB, HO U KAIOUYeBBIM (PaKTOPOM YCTOIYIMBOTO
pasBUTII SKOHOMMKY, CHVDKEHNs HAarpy3Kul Ha DHepTeTHdYecKMiI CeKTOp I ITOBBIIIEeHII
DKOA0TMIEeCcKOli Ge3omacHOCT CTpaHBl. BBeseHne coBpeMeHHBIX HOPM DHEProsdpPeKTUBHOCTH
Ha BCeX CTaAMSIX >KM3HEHHOTO NMKJAa 3J4aHUIl — OT IIPOEKTMPOBaHMUA AO DKCIIAyaTallu —
nozsoant Kaszaxcrany npmOAM3KUTBCSI K MUPOBBIM CTaHAapTaM «3eA€HOTO CTPOUTEABCTBa» U
peaamn3oBaTh CTpaTermdeckie 1eAu rocyAapCTBeHHO DHePIeTIIecKOi ITOANTUKIA.

MATEPUAABI 1 METOAbI UCCAEAOBAHISI

Dnepretuyeckas 9¢QpPeKTUBHOCTh U BHeprocOepeskeHe sABAAIOTCA OAHVMM M3 KAIOUEeBBIX
¢dakropos ycroitunsoro skoHommdeckoro passutua (ASHRAE 90.1, 2019; UNECE, 2020). B
YCAOBMAX pOCTa TOTpeDAeHNs DHePrun U HeOOXOAMMOCTY MMHUMM3AIUY BAVSIHUAS CTPOUTeAb-
HOTO CeKTOpa Ha OKPY>KaloIIyIo cpedy ocoOoe 3HaueHMe ITprobOpeTaeT cozjaHue dPpPeKTUBHOM
HOPMAaTVMBHO-IIPaBOBOJ 0a3bl I METOAVIK OIIeHK!U Hepros(PeKTUBHOCTH 34aHNUI 1 COOPY>KEeHMIA.
IleApl0 HACTOAIIETO MCCAeJOBAaHNUs SIBASETC KOMILAEKCHBIN aHaAu3 HOpPMaTUBHO-TEXHUYeCKON
6a3pr B 0OaacTu ®HeprocOepeXeHUs ¥ IOBLIIEeHUs DHePTOd(PQPEeKTUBHOCTY B CTPOUTEAbCTBE
Peciybamku Kasaxcran, BbisABA€HMe CyIIeCTBYIOIIMX IpoOJeM, a TakxXe paspaboTka
peKoMeHJaUMIl MO e€ MOAEPHMU3AIMM C yJeTOM COBPEMEHHBIX TEeXHOAOTUI, KAMMATUYecKUX
YCAOBUI, DKOHOMIYECKIX peaauii 1 MesKayHapoaHoro onbiTa (3akoH Pecrryoanku Kasaxcran «O0
BHeprocOepe>XeHNN 1 IIOBbIIIeHn N sHeprosddekTuBHOCTI», Ne541-IV 3PK 0113.01.2012 roaa).
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1. Obvexm uccaedosamus

O6bexToM nccael0BaHMs SIBASIOTCS HOPMaTUBHO-IIPaBOBbIe Y METOAMYECKIE 4OKYMEHTE,
peryAmnpymoIie BOIPOCH SHeprocoepeskeHMsl ¥ IIOBBINIEHNs SHeprosPpQpeKTUBHOCTU B
CTPOUTEABHOI OTpacau. B kauecTBe OOBEKTOB aHAAM3a PaCCMaTPUBAIOTCS:

e 3akoH Peciybamku  Kaszaxcran «OO0  »HeprocOepeskeHMM U TOBBIIIEHUN
sHepros¢PpeKTUBHOCTI» U ero nonpasku 2022-2024 ro0s;

e 3akoH Pecrybamkm Kasaxcran «O mnoggepkke UCIOAB30BaHUSA BO30OHOBASEMBIX
MICTOYHUKOB DHEPIUN»;

¢ 3akoH Pecrty6ankn Kazaxcran «O TenaosHepreTuke»;

e ITocranosaenns Ilpasurteancrtsa PK, peryampyiomme sHepromnorpeb4eHne 1 Ipose-
AeHIe DKCIIePTU3HI IIPpOoeKTHOI AoKyMeHTaumu (Ne 1192 ot 13 centabpst 2012 roga, Ne 1784 ot 29
Aexabps 2012 roga, Ne 264 ot 28 mapTa 2023 roga u Ap.);

e Yxasnl [Ipesngenta PK, Bratouas Ykaz Ne 577 or 30 mas 2013 roga «O Konnenmum
repexoJa K 3eA€HOJ S5KOHOMIKE»;

¢ Ctpouteannsie HopMbl 1 npasuaa (CH PK) u csoant npasua (CII PK), Bkatouas cae-
aytomine: «Temaosas sammnra 3gaHuil», «DHeprocbeperamonine sjanus», «IIpoektnposaHue
DHEPTONACCUBHEIX 34aHUT», «IIpoekTupoBaHne sHeprosPpPeKTUBHEIX KOTTeAKell C UCII0Ab30-
BaHIMEM aAbTePHATMBHBIX JCTOYHUKOB 9DHeprum», «lernaoseie cetn», «CTponrteapHas
TeNAO0TeXHUKa» U ApP.;

e MexxayHapoaHble craHAapThl U AvpekTussl, B YactHocTy EPBD (Directive 2010/31/EU), a
Tak>Xe HaIlMMOHaAbHBIE METOAUKI OLIeHKM DHepronorpedieHms1, pa3paOOTaHHBIE COBMECTHO C
skcrieptamu PYIT «Crporirexnopm» Peciybanku beaapycs m AO «KasHMVnM Crpouteancrsa
1 ApXUTEKTYPBI».

2. Memoovt uccaedosaHusl

AAs J0CTVKEHNS 1ieAeil UCCAeAOBaHMSI IIPUMEHAACS KOMILAEKCHBIN MeTOA0AOTMIEeCKII
1104X0J4, BKAIOYAIOIINII aHaAUTUYeCKMe, CpaBHUTeAbHble, SKCIEePTHBIE, CTaTUCTUYECKMe U
MOAeAVPYIOIIe METOABI.

2.1. Anarumuveckuti u CpagHUMEAbHbLE Menoovl

AHaAUTHYeCKUII METOJ, MPUMEHSACI AAs CHUCTEMHOTO M3YJYeHMsI AelCTBYIOLIeit
HOPMAaTUBHO-IIPaBOBOI 0a3bl U BBHISABAEHUs e€ COOTBETCTBUSA MeXAYHapOAHBIM CTaHAapTaM, B
gactHocTH aupektusaM EC (Directive 2002/91/EC, 2002; Anpexrusa 2010/31/EC). CpaBHNUTEABHBIN
aHaAM3 IO3BOANA OIlpeAeANTh IPOoOeAbl ¥ HECOBITaAeHIsI MeXKAY OTeJ4eCTBEHHBIMU HOpMaMI I
eBPOIENICKMMI  IIOAXOJaMM, BBIIBUTH HEODOCHOBaHHbIE —YIPOIeHNMsI IIpM  IepeHoce
KOD(PULIVEHTOB, HEAOCTaTOYHYIO JeTaAM3allMi0 TpeOOBaHUII K MH>KEHEPHBIM CUCTEMaM U
sHeproadppexTnBHOCTY 3aaunii. Ocoboe BHIMaHIE YAeAsS110Ch aHAAU3Y CAeAYIOIINX aCIIEKTOB:

® T101HOTa OXBaTa ITOHATUI DHeProsPPeKTUBHOCTIL;

® COOTBETCTBIE TpeOOBaHMII K TeIAOBOM 3aIlfuTe I DHEProeMKOCTM OOOpYAOBaHN
COBpeMeHHBIM CTaHAapTaM;

® CTPYKTypUpOBaHVEe HOPMaTUBHBIX A0OKYMEHTOB I X AOCTYIIHOCTD A/l CIIELIMaAVICTOB;

e CTeTlleHb aJaNTallMil eBpPOIIeICKMX HOPM K KAUMATUYeCKUM U 9HKOHOMUYECKUM
ycaosmam Kazaxcrana.

2.2 CucmemHblil aHAAUS

MeTo4, CICTEMHOIO aHaAu3a II03BOAMA MCCAEA0BATh B3aMMOAEICTBIE 3aKOHOAATeAbHOM
0a3bl, HOpMATUBHBIX JOKYMEHTOB I PeaAbHON MPaKTMUKU MPOeKTMPOBAHMUA M HKCIAyaTalluu
oopexToB (Zhigulina & Yurchenko, 2024). Ocoboe BHMMaHNE YA€A5110Ch:

e OlIeHKe KVM3HEHHOTO IIMKAa 3AaHNi (IpOeKTHUpOBaHIe, CTPOUTEALCTBO, DKCIIAyaTallvsl,
PEKOHCTPYKLIL);

® aHaAM3Y BAVSIHMS MHXKEHEpPHBIX CUCTeM, TeIL10M30AS NN, BeHTUASILINY, OCBeIleHNs U
KOHAMITMOHMPOBAHMsI Ha OOIIINIT ITI0Ka3aTteab HeprospPeKTUBHOCTH;
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® BEISIBAEHUIO OIpaHMYEeHNIT ¥ He40CTaTKOB AEVICTBYIOIIVIX HOPM IIpU BHEAPEHMM HOBBIX
TEXHOAOTUII, BKAIOYas BO30OHOBAsEMBIE ICTOYHMKIY DHEPTUM ¥ aBTOMATU3UPOBaHHbIE CYICTEMBI
yIIpaBAeHNs DHepronoTped.1eHreM.

2.3 Dxcnepmiivie memodv

A5 yTOYHeHsI ITPpaKTIIeCcKIX aclIeKTOB peaAn3aliiiyi HOPMaTUBOB U BBIABAEHNS CKPBITBIX
11po6.1eM ObLAY TPOBeAeHBI KOHCYABTaLINI C:

e sxcrieptamu AO «KasHMVInM Crpourteanctsa u Apxutektypsi» (Hlapunos P.OK., 2020);

e criertnaaucramu PYIT «Crporitexaopm» Pecrtybankn beaapycs;

® IIpe/CTaBUTeAS MM OPTAaHOB IOCyapCTBeHHOIO HaA30pa;

® IIPOEKTHBIMY OpPTraHU3AVISIMU Y CTPOUTEABHBIMIU KOMITaHVISIMIA

bpiam mcrioap3oBaHbl METOABI aHKETMPOBAHUA, MHTEPBBIO VM DKCIIEPTHBIX OLIEHOK AAs
oIIpe/eAeHNs CTeIIeHN COOTBETCTBILI peaAbHBIX OObEeKTOB IPOEKTHHIM TpeOOBaHNAM, BBLIBAEHIL
Ipo0aeM IpM BKCIAyaTaluu U IpodaeM OIeHKM DPPeKTUBHOCTU CYIIECTBYIOIIUX METOAUK
pacuera.

2.4 Cmamucmuveckuil 4 HOPMAMUGHDLH AHAAUS

CraTuctuyecknii aHaAM3 BKAIOYaAd OOpaOOTKy AaHHBIX IIO IOTpeOAE€HUIO DHEPIUU B
SKUABIX U OOIIeCTBEHHBIX 34aHMsIX Ha ocHOBe (beastin A., 2024; Strielkowski W., Gorina L. 2023):

e cpeaHMx 1 paKTUIECKNX ITOKa3aTeell DHepronoTpeO.AeHLs;

® JaHHBIX I10 DHEPTOeMKOCTM KBapTUP U aAMUHICTPATUBHBIX 34aHUIT;

¢ aHaAM3a AVHAMMKU M3MEHEHUs HOPMaTUBHBIX KO®(P(UIINEHTOB DHeProNoTpeOAeHN.

Dpian  comocraBAeHBl IIOKasaTeAM SHepPronorpeOAeHNsI OOBEKTOB C IPOEKTHBIMU
sHageHyaAMM ¥ HopMmaTusHbBIMM TpeOoBanmamyu CH m CII PK, 4TO 1mo3BoamMaAO BBIABUTDH
OTK/OHEHIISI U OLIeHUTh 9P PeKTMBHOCTH BHEAPAEMBIX HOPM.

2.5 Modeauposarue u adanmauus Memooux paciema

Ha ocHoBe anaamsa AeNCTBYIOIIMX METOAUK M MEXKAYHapOAHOIO OIbITa Oblda
paspaboTaHa 1 arpobupoBaHa crcTeMa OlleHKM 9HeprosdpPeKTUBHOCTI 3JaHNUIl C yIeTOM Bex
MCTOUYHUKOB dHepronorpebaenus (Himeur Y., Ghanem K, et al,, 2020 ; Himeur Y., Ghanem K.,
et al., 2021):

® OTOILAEHNE;

® BEHTUASIINSL;

¢ KOHAVIIVIOHUPOBaHNE;

e TOpsIIee BOAOCHAOKEHIIE;

® 1eKTpocHabXeHue;

® JICITOAB30BaHIEe aAbTEPHATVBHBIX UCTOYHNKOB DHEPINIL.

MogaeanpoBaHue I03BOANAO:

® OLIEHUTH ITOTEHIIMAABHYIO SKOHOMMIO DHEPIUN PV BHeAPeHNM DHeprodPPeKTUBHBIX
pelenuis;

® OIIpeAeANTD BAUSHYE Pa3ANIHBIX (PaKTOPOB (TEIIAOM30AIIINY, CHCTEM aBTOMAaTH3alily,
B1ID) na obmine nokasaTean sHepronoTpedAeHNs;

® aJanTHpOBaTh €BPOIIEIICKIE METOAVKI pacdyeTa K KAMMaTUIECKUM UM DKOHOMUYECKUM
ycaosmam Kazaxcrana.

3. dmanvr uccaedosarusl

MccaepoBanne mpoBoana0Ch IIODTAITHO:

1.Cbop u cucmemamusauus HOPMAMUSHHIX JOKYMEHNO6

e AHaau3 AeVCTBYIOIIMX 3aKOHOB, moctaHoBaeHmii, CH u CIT PK;

e COOp MeToAMYeCKIX MaTepualoB IO pacyeTy 9Heprod¢pPpeKTUBHOCTH 3JaHNIi;

e JlsyueHne Me>XXAyHapOAHOTO OIIBITa, BKAIOYas AMPEeKTNUBH 1 craHAapter EC.

2. Kpumuueckuii anarus u svisigAerue npoodrem

¢ Onpegesenne mpo6ea10B B HOpMaTUBHOIL Hase;
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e BrIsIBA€HIIE HECOOTBETCTBIUI pacueTHBIX KOD(PPUIINEHTOB;

e Onenka (OpMaAbHOCTU II0AXO40B K cepTMUKAIUMU ¥ DKCIEPTU3Ee IIPOEKTHON
AOKyMeHTaIIII;

¢ AHaan3 mpo0.aeM MOCTHKCIAYyaTallMOHHOTO MOHUTOPYHIA.

3. Dxcnepmmnas oyenka u coop MHeHUl Chel,uarucnos

elpoBeseHne WHTEPBBIO M aHKETHPOBAHU IIPOEKTHBIX M  CTPOUTEABHBIX
OpraHMU3aLnIL;

¢ BrisiBAeHNE IIpakTUYecKUX OapbepoB U IMpoOaeM BHeApPeHMs! dHepros(pQPeKTUBHBIX
peureHuis;

¢ Onerka 9¢$PeKTUBHOCTHU CYIIECTBYIOIINX METOANK pacdeTa U dHeprocepTudmKaIum.

4. Paspabomia pexomenoaruii 1o cosepuiercnmeosaniuio HopMamusHoti 0asol

e Ilpeaao>keHMsI IO TapMOHM3alUMM HaIVIOHAABHBIX CTaHAAPTOB C €BPOIIEVICKON
IIPaKTHUKOIL;

¢ PazpaboTka METOAMKM IIPYCBOEHIII KAaCCOB DHeproodpPeKTUBHOCTN 3JaHNUIL;

¢ PexoMeH ALY T10 BHEAPEHMIO CUCTEMBI PETYASPHBIX DHEPTeTNYECKNX 00C1e40BaHIIT U
cepTudUKaIUm.

5. Bepugpurayus u anpobayus memodux pacuema

e TectnpoBaHMe pacdeTHBIX MO/JeAel Ha IIMAOTHLIX OOBbeKTax;

e CpasHenne $paKTIIECKNX AaHHBIX IT0 DHEPIONOTPeO.AeHMIO C pacdeTHBIMI;

¢ OnpeeseHne NIOTEHIIMAaABHOTO 9¢pdeKTa BHe peHIs DHEProaPPeKTUBHBIX TEXHOAOTUI.

4. Hayunas no6usna u npakmuieckas sHauuMocmo

Hayunast HOBM3Ha 1CCAeJOBaHMs 3aKAIOYaeTCsl B KOMILAEKCHOM IIOAXOJde K aHaAu3y
HOPMAaTHUBHOI 0a3bl C y4eTOM KAMMAaTHMYeCKMX yCAOBMUIL, YPOBHS Pa3BUTH:A CTPOUTEABHON
oTpacay, PKOHOMIYecKux (pakTopoB U MeXAyHapOAHOIO OIbITa. Briepsrle Gblaa IpeaaoskeHa
aJanTHpOBaHHasl METOAMKA pacyeTra dHeprodPpQeKTMBHOCTU 34aHUI M COOPY>KEHUII, YIUTHI-
BaIOIIasl ITOAHBIN CIIEKTP VICTOYHNKOB DHEPTONoTpebAeHNs, BKAIOYAs! OTOILIeHIE, BEHTUASAIINIO,
DAEKTPOCHAOKeHIe W Tropsdee BOJOCHaOXKeHMe, a TakKKe BO3MOXKHOCTb MHTeTpaIium
BO300HOBASI€MBIX MCTOYHVMKOB DHEPTUN Y COBPEMEHHBIX CMCTeM aBTOMaTH3allN.

[TpaxTnyeckasl 3HaUMMOCTh 3aKAIOYAeTCs B TOM, YTO pa3paboTaHHBIE peKOMeHAalluU U
MeTOAMYeCKIE TI0OAXOAbI MOTYT OBITH UCIIOAb30BaHBI:

e OpraHaMM TOCyJapCTBEHHOIO PeryAMpOBaHIs A4S COBEpPIIEHCTBOBAHN HOPMAaTUBHOIM
0a3bl;

® IPOEKTHBIMM OPTaHM3aUMAMM U CTPOUTEABHBIMM KOMIIAaHMAMM AASl ITOBBIIIEHNS
®Heprod¢PpeKTUBHOCTU 34aHNIL;

® HAyYHBIMM  YUPEXAEHUAMU  AAd  AaABHENININX  UCCAeJOBaHMII B obaactu
DHeprocOepesKeHIs;

e yHBeCTOpaMM ¥ (PMHAHCOBLIMM MHCTUTYTaMM IIPM OLIEHKe ITPOEKTOB C TOYKM 3PEeHIs
PaLOHAaAbHOTO DHEPIONOTPeDAeHNs.

Takum oOpa3oM, KOMIIAEKC UCIIO/Ab30BaHHBIX MaTepualoB U METOAOB MCCAeAOBAHI
II03BO/sIET IIOAYYUTh BCECTOPOHHIOIO U OOBEKTUBHYIO OLIEHKY AEVICTBYIOILIMX HOPM, BBIABUTD
CUICTEMHBIe IpO0JeMBl I OIpeAeAUTh IIyTM WX pelleHMs C I1eAbI0  ITOBBLIIIEHIIT
9HeprodPPeKTMBHOCTU CTpOUTeAbHOTO cekTopa Kaszaxcrana.

PE3YABTATHI 1 X OBCY X XKAEHUE

Hopwmpi, sakpenaéunbie B 3akoHe «O0 9HeprocOepeskeHMU ¥ IIOBBLIIIEHNUN
9HeprodPpPeKTMBHOCTM», B IeA0M COOTBETCTBYIOT IIogxodaM EBpormerickoro coiosa,
nsAoxeHHBIM B agupektuse 2010/31/EC (3akon PK Ne541-1V; Directive 2010/31/EC). Oanako,
HeCMOTpsI Ha (POPMaAbHYIO COT1aCOBAaHHOCTh, OTeUeCTBeHHas CclcTeMa II0Ka He TOTOBa K
IIOAHOIIEHHOMY BBIIIO/HEHUIO TpeDOBaHMIT 3aKOHOAATeABCTBA.
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OOGOOIIEHHEINT  BBIBOZA IIO  AEVCTBYIOIIMM HOPMaTUBHBIM JOKyMeHTaM B 001acTu

9Heproc6epe>I<eHI/m V1 TIOBBIIII€HMST BHepI‘OB(I)(I)eKTI/IBHOCTI/I 3aKA4aeTcCs B HeO6XO,Z|,I/IMOCTI/I nux

AAABHENIIIeT0 COBePIIeHCTBOBAHMSA ¥ 9(PQPEKTUBHOIO WCIOAB30BAaHMS B IIPaKTIYECKON

AesATeAbHOCTI. HpOBEAEHHI)IIZ aHaAN3 I1I03BOAAET BbISIBUTH OCHOBHBIE HpO6A6MI)I HOPpMaTMBHOTO

peryAnpoBaHNUs DHEProcOepeskeHNs] U TOBBIIIeHUs] SHepPro3PQPeKTUBHOCTY B CpaBHEHUM C

MeXayHapoaHoll npakTukoi (Tabanma 1).

Tabamiia 1. CpaBHMUTEABHBIN aHAAU3 ITP0O.A1eM HOPMAaTUBHOIO PeTyANpPOBaHILL

sHeprocoepesxkeHns 1 sHeprospPextusHOCTY 34aHni B Pecrrybanke Kasaxcran

n Me)K,ZLyHapO,ZI,HOﬁ IIpaKTuKe

[Tpo6aema (Kasaxcran)

TlocaeactBust aast

Mesxaynapoanas npaxruka (EC /

CTPOUTEABHOIO CeKTOpa I'epmannn)
QopmaarpHbll xapakTep | Huskoe pakrnueckoe | EC:  obsA3aTeabHBle  MMHMMAaJbHBIE
TpeboBaHMI1 IO | CHIKeHMe DHeProIoTped- | cTaHAapTh HepProsPpPeKTUBHOCTI

KanmTaAabHble 3aTpaThl,

®HeprosdPeKTUBHOCTL B

9HeprooPPeKTUBHOCTH | A€HNA, pacxoKaeHne | 34aHNII ¥ KOHTPOAb IIO KM3HEHHOMY
3AaHMI IIPOEKTHBIX u | uukay (EPBD). TI'epmaHus: KOHTpPOAD
HKCILAyaTallMOHHBIX COOTBETCTBMS He TOABKO IIPOEKTY, HO U
I10Kaszareaen UHXXeHepHBIM crcteMaM 3ganus (GEG).
Ycrapesmme meTtoaukn | Vz0prTounsie  Temaomno- | EC: peryaspHoe oOHOBAeHMe AUPeKTUB
pacuéra Tepyu, pPOCT BKCIIAyaTa- | M HOPM C Y46TOM HOBBEIX MaTepMaAoB 1
LMOHHBIX 3aTpaT, HU3Kas | HMQPPOBOro IPOEeKTHPOBaHNA.
KOHKYPeHTOCIIOCOOHOCTh | 'epMaHmsA: mHTerpaums TpeOOBaHUII K
3AaHNI 000404Ke I crICTeMaM OTOI/IeHMsI.
DHepreTuyeckas He sBamser na pomHOK | EC: sHeprermueckmit  cepTudukaT
MaCIIOPTU3aLMsT  HOCUT | HEABVOKMMOCTI u | (EPC) obs3ateseH mpu Ipojake W
¢opMaabHBIL XapaKTep | IIOBeAeHMe apeHge. I'epmanms: yBa3ka Kaacca
COOCTBEHHIKOB 3AaHM c BO3MO>KHOCTBIO
MOJepHU3AIMN U CyOCUAVIMIL.
OrcyTcrBue Huskas EC: rpaHTBl, ABIOTHOE KpeAUTOBaHMe,
HKOHOMUYECKIX 3aMfHTepPeCcOBaHHOCTh  BO | IPOrpaMMBbI Renovation Wave.
CTUMYA0B AAd | BHeApeHUN l'epmanms: cyOcuaAnpoBaHue
3aCTpONIINKOB u | HeproopPeKTUBHBIX peHoBaluM U Iepexoga Ha BIID-
COOCTBEHHVIKOB TeXHOAOTUIL OTOILA€HIe.
Opuenrarnus Ha | Poct cymmapubix satpar | EC: BHeapeHme moaXoga OLI€HKM IIO
MVUHJUMaAbHbIE BAaAeHNs], HusKas | kmaHennomy — nukay  (LCA/LCC).

repMaHI/IHI Tpe60BaHI/I$I K cucreMam

a He Ha >KM3HEHHBIN | 9KCILAyaTaluu OTOIlAeHNsI I 9DHeProCcHaOXXeHus Ha
VKA 3AaHUs CTaauy DKCIIAyaTallV.

OrtcytcrBre obsa3aTean- | Koncepsars EC: IosTaITHas peHoBaIsI
HBIX TpeOOoBaHIIT K DHEPTOpPacTOUMTEABHBIX | «HaMXyAIIMX»  34aHmit.  Iepmanmst:

MOJepHU3AIIUN 3AaHUI IporpaMMupyemMas MOJAEPHM3aLNI C
cymecTsyiomero GpoHga ITepexoJHBIMI ITePHOAAMIU.
Heaocrarounast Pazpnis Mexay | EC: UHTerpamnus CTPOUTEABHOI
KOOpAVHALIV MEXAY | IIPOEKTUpOBaHUEM, MOAUTUKM €  KAMMATUYECKONl U
CTPOUTEALHBIMHU U CTPOUTEABCTBOM U | PHEPIeTUYECKOIA. I'epmanm:
DHEPTeTIYECKIMU DKCIIAyaTallyern TeppUTOpMaABHOE I1aHMpOBaHNe
opraHamu tentaocHaOxeHns (heat planning).
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Oxkonuanue tTadbaninr 1

ITpo6aema (Kazaxcran)

TTocaeacrBus aas
CTPOUTEABHOTO CEKTOPA

Mexaynapoanas npaxTtuka (EC /
I'epmannsn)

Caabas HOpMaTuUBHas

3aBUCUMOCTD oT

I'epmanns: TpeGoBaHMe 265 % sHEpPrUM U3

CBSI3b c B> u | uckornaemoro Ttomausa | BUID aas HoBwix cucreM ortoriaeHus. EC:
CYICTeMaMMU OTOIIAEHUS | B 3AaHUSIX AexapOoHM3anMsA 34aHUI  KaK  dacTh
KAMMAaTUYECKON TOAUTHUKIA.

Hegocrarounoe Orpannuennoe EADC: TeXperaaMeHThl 110
pasBuTHe PhIHKa | TpeAA0KeHNe u | 9HeprosPpPeKTUBHOCTU obopyaoBaHUA
5Hepro>PPeKTUBHLIX | BEICOKAs croumocrts | (TR EAEU 048/2019), Ho Ge3 KOMII1€KCHOTO
TEXHOAOTUI peleHuin oxBaTa 3JaHUIA.

Huskas BoaeuéHHOCTS | OTCcyTcTBMe cripoca Ha | EC: mupopmuposanne uepes EPC n
rnorpeduTeaen 1 | sHeprosdpPeKTUBHOe TapudHbIe CUTHAABI. l'epmanms:
COOCTBEHHMKOB 3JaHUI | KIABE (puHAHCOBEIE CTUMYABI 445 A0MOXO3SIVICTB.

HPL{MEHLZHMB — COCMABAEHO Asmopamu

B Texymieil mpakTymke HIpOeKTMPOBAaHNS OCHOBHOe BHNMMaHIE YAeAsSeTCs pPacdéTHOMY
MaKCHMaAbHOMY DHepronoTpe0.1eHIIO MHXKeHEePHBIX CICTeM C YI6TOM TeIlA03al]UThI, IIPU STOM
CHICTEeMHBIe IPODAeMBI OCTaIOTCA:

Oczpanuvennvlii 0xéam noHAmMuil aHepoaPpPexmusrocmu.

B zericTBytomiux HOpMax HeJOCTaTOYHO YETKO OIpejeleHO IIOHATHEe «dHeprodPpdex-
TUBHOCTH 34aHnii». OCHOBHOI aKkIIeHT AelaeTcsd Ha TeraonoTpebaeHne, B TO BpeMs KakK Apyrue
acIIeKThl, TaKie KakK IoTpeOJeHle 9AeKTPOSHepIny Ha BeHTUAAIMIO, OCBellleHle, HaCOCHOe I
KOHAUIIMOHepHOe 060pyA0BaHIe, 3a49acTyIO0 MTHOPUPYIOTCS.

Dopmarvrvlii 100x00 K cepmudurayuy u aKcnepmuse.

Xotsa cymectByeT TpeGosaHume 00 ®KcrepTuse 9HeprodPp@PeKTUMBHOCTY ITPOEKTHOM
AOKyMeHTanumu, (paKTIMIecKnii KOHTPOAb COOTBETCTBISI IIOCTPOEHHOTO OOBeKTa 3asBAEHHOMY
Kaaccy sHeprosdgextusHoctu orcyrcrsyeT (Ilocranosaenme Ilpasureancrsa Pecrybamku
Kaszaxcran ot 29 aexabps1 2012 roaa Ne1784 «O06 yrsepsxaennu [Ipasua nposeaeHns 9KCriepTU3LI
DHeprocOepe>XeHNsl U IIOBBIIIeHN SHeprospPeKTNBHOCTI»). DTO CHIDKaeT 9(PQPeKTUBHOCTDL
3aKOHOJAaTeABHBIX Mep.

Omcymcmeue cucmemol NOCMIKCHAYAMAYUOHHOZ0 MOHUMOPUHZA.

ITocae BBOAa 34aHUII B 9KCIIAyaTal[MI0 He IIPOBOAUTCS CHUCTeMaTudecKasl ITpoBepKa
(daxTyecKux SHepPreTMYecKUX XapaKTePUCTUMK OOBEKTOB, 4YTO He TII03BOAseT BBIABAATH
HECOOTBETCTBILSI ¥ OTKAOHEHNSI OT IIPOEKTHBIX IIOKa3aTeAern.

Hedocmamounas zapmonusayus ¢ mexoyHapooHbiMy cmandapmamu.

KasaxcraHckie HOpPMBI YaCTMYHO OPMEHTMPOBAHBI Ha eBpOIIeiicKue IPMHINMIBL (B
gactHocTy, EPBD - Awmpektusa Espomeiickoro mapaamenta u Cosera 2010/31/EC 006
SHeprocobepe>XeHMM 34aHUIT), HO OTCYTCTBYeT IIOAHas MeTOA0AOTMYecKasl COTAaCOBAaHHOCTD.
[IpmMenseMble METOABI pacyéTa M HOPMMPOBAHM: 9acTO He COOTBETCTBYIOT COBpPeMEeHHBIM
TpebosarmaM EC.

IlepeBos M 3aMMCTBOBaHME €BPOIIEICKMX HOPMAaTMBHBIX JOKYMEHTOB OCYIIeCTBASIOTCS
0e3 40CTaTOYHOM aganTalliy K MeCTHBIM KAMMAaTI9eCKM, 9KOHOMIYIECKMM U TeXHOAOTMIeCKIM
ycaosysM. B pesyabrate cosgarorcs TpeboBaHNs, KOTOPEIe 41100 HEIIPUMEHNMEI, 41100 TpeOyIoT
Ype3MepHBIX 3aTpaT IIpY peaan3aliii B OTe4eCTBeHHO ITPaKTHKe.

[Ipy mepeHOCE HOPM 4YaCTO AOIYCKAIOTCS OMIMOKM M YIPOIIeHNs IpU IepecdeTe UAN
KOppeKTUpOBKe KOD(PPUIIMEeHTOB, OCOOEHHO B YacTM TeIlAOU30AAINY, DHEeProeMKOCTH
000py40BaHMs M XapaKTepUCTUK 34aHNiL. DTO NPUBOAUT K CHUKEHUIO TOYHOCTM pacyeToB I,
KaK CAeACTBIe, K HeIIpaBIALHOII OlIeHKe ITOKa3aTeAell DHepros(ppeKTMBHOCTIL.
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YacTp OTeuecTBEHHBIX HOPMAaTUBHO-TEXHNYECKUX JOKYMEHTOB JMeEEeT YCTapeBIIyIO
CTPYKTYypy M odopMAeHNe, He OTBeYalOIlliie COBpEMEHHBIM TpeDOBaHUAM K SICHOCTH, AOTHKE
ITOCTPOeHs ¥ 1P POBU3aLy J0KyMeHTOB. OTCyTCTByeT 4yeTKoe pasTpaHirdeHne o0sa3aTeAbHBIX
U peKOMeHJaTeAbHBIX II0A0XKeHNI, 9TO 3aTPyAHAeT IIpaKTUIecKoe IIpyMeHeHe HOPM.

Pacuérnr GasmpyloTcs Ha CpesHeMeCSYHBIX KAMMaTUYeCKUX AAHHBIX M Ipadyco-CyTKax
OTOINTEABHOIO Ileproga, 6e3 yduéra peasbHBIX BHYTPEHHNX TEIIAOBBIAEAEHUN M CHeIUPUKI
HHEPTOHArPy30K. DTO CHIYKAeT TOYHOCTD OLIEHKN DHEePIronoTpedAeHNs 34aHUIA.

B OoapImmHCcTBE HOPMaTUBHBEIX AOKYMEHTOB OTCYTCTBYIOT TpeOOBaHMs 10 MUHUM M3l
pacxoja DAEKTPUYECKOV DHEPIrMM Ha CHCTeMBI >KM3HeoOecredeHMs 3JaHuMii (ocseljeHue,
BEHTMAALNA, HACOCH U T.4.).

Hedocmamounwvie zubkocmv u adanmaiusl nod cospemerHole mexHoA0ZUU.

HopmarusHo-TexHmdeckass ©Oa3a caabo y4yuThIBaeT WMHHOBAIlMOHHBIE peINEHUs B
CTPOUTEAbCTBe, CII0Ab30BaHMe BVID, «yMHBIe» cuCTeMBI yIIpaBAeHs dHepronorpedieHneM 1
HOBBIE MaTepyaAbl C yAy4IIIeHHbBIMI TeI10M30AAIVIOHHBIMI CBOVICTBAMI.

Hedocmamounoe sHumarue K aHepzoaPPexmusHoti MOOPHUSAUUL CYUECMEYIOuLez0 KUA0Z0
¢ponoa.

BoApmmHCcTBO HOPMaTNBOB OPMEHTHPOBAHEI Ha HOBOe CTPONTeAbCTBO. [Ipy 9TOM ocTaércs
caabasi MeTogudecKas Oasa IO PEKOHCTPYKIIMM ¥ TIOBBLIIIEHMIO DHeProdPQeKTUBHOCTU yKe
CYIIeCTBYIOLIVIX 34aHNIA.

Caoxrocmov docmyna Kk aKmyarbHolM HOPMAMUEGHDIM JOKYMEHMAM.

HekoTtopble HOpMaTHBHO-TEXHMYECKVE aKThl HEAOCTAaTOUYHO AOCTYIIHBI AASl IIVPOKOTO
KpyTa CIeIjnaAlucToB, OCOOEHHO Ha PeTMOHaALHOM YPOBHe, 9TO 3aTPyAHsAeT UX IpUMeHeHHe.

Hedocmamounasa koopdunayus mexoy 6e00Mcmeamu.

PaspaboTka 1 mpuMeHeHIe HOPMaTUBOB 9acTO IIPOUCXOAAT pa3pO3HeHHO, Oe3 40AKHOTo
B3aMIMOJEVICTBUA  MeXKAYy TOCYAAapCTBEHHBIMM  OpraHaMl, Hay4YHBIMM  MHCTUTYTaMIU,
CTPOUTEABHOI C(PepOIl U DHEPTETUIECKIM CEKTOPOM.

Takum oOpasoM, CyIlecTByeT HeOOXOAUMOCTb IAyOOKON IepepaOOTKM AeMCTBYIOIINX
HOopM. EBpomneiickue crangaptel EPBD, anménsble ykasaHHBIX HEAOCTaTKOB, SBASIOTCS
opueHTUpOM. BmecTe ¢ TeM He caeayeT caerlo KONMpPOBaTh 3apyOe KHBI OIBIT: ajarTarius
AO/AKHA YYMUTBHIBAaTh DKOHOMUYECKYIO PealbHOCTh, KAMMAT, YPOBEHb Pa3BUTUS CTPOUTEABHOI
MHAYCTPUM U Hay4HYIO Oa3y CTpaHBI.

AAs  TIOAHOIIEHHON  MHTeIpanuyM B  MeXJAYHapOAHYIO  CHUCTeMy HOPM  IIO
9HeprodPPeKTMBHOCTU 4O0CTaTOYHO, IT0 MHEHMIO Psija CIeINaANCTOB, TapMOHI3MPOBATh OKOAO
25-30 % eBpoOmeNCcKUX MeTOA0AOTMYeCKUX CTaHAapTOB, ajallTHMpPYys OCTaBIIYIOCA YacTh IO
HallIOHa/AbHbIE YCAOBIAL.

Aas  obecriedenmst 0ozee  palMoOHaAbHOTO ¥ 9(PQPEKTUBHOIO  VCIIOAB30BAHILA
DHEPTeTMYEeCKNX pecypcoB, KpoOMe COBEepIIeHCTBOBAaHMA HOPMAaTMBHO-TEXHIYECKOI Oa3kl,
HeOoOXOAMMO YCTPaHUTh LIeABIN PsA CyIIecTBYIOmuX OapbhepoB, TaKMX KakK:

Omcymcmsue 00AKHOT MOMUEALUL.

PyHAHCOBBIE OrpaHNYEHNs, 3aHVDKEHHbIE TapUQbl HA PHEPTOHOCUTEAN U HEOYEBMAHOCTD
BBITO4, OT SKOHOMMM DHEPTHM YacTO IPeILITCTBYIOT 3alfHTePECOBAHHOCTU B ITOBBIIIEHNI
9HeprodPPeKTMBHOCTI. B DTOI CBA3M KpUTUIECKN Ba>KHOI 3a4aderi cTaHOBUTCA GpOpMUpOBaHUe
rOCy4apCTBeHHON TIOAMTMKMY, IIpejycMaTpuBalOIIell 4€TKue MeXaHM3Mbl peryArpOBaHIs
DHEepPTONOTpedAeHNs U CTUMYAMPOBaHIA DHeprocoeperaommx MHUITMATAB.

Hedocmamourocmv ungopmuposartocmu.

HeaocraTounslit ypoBeHb OCBeJOMAEHHOCTU CPeAl YYaCTHMKOB CTPOMTEABHON OTpacAn
MelaeT BHepeHNIO 9Heprod(PpPeKTUBHLIX PeIIeHN ] Ha DTallaX IIPOeKTHPOBaHNs U BO3Be A€HIL
oOnexToB. [loBpIlIeHNe YpOBHA OCBEAOMAEHHOCTH OyAyIIUX COOCTBEHHUKOB 1 apeHAaTOpOB
SABAAETCS HeOOXOAMMBIM IIIaroM AAs M3MEeHeHMS CUTyaluu. DTOro MOKHO JOCTUYb yepes
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peaan3anuio KOMILAEKCHBIX MH(POPMAaIIMOHHBIX KaMIIaHUI U IIpUMEHEeHIEe COOTBETCTBYIOIIX
MHCTPYMEHTOB I'OCYAaPCTBEHHON IOAUTUKIL.

Bonpocuvt axcnayamavuu 30anuil.

A5 IOBBIIIEHNST DHeproodpPeKTUBHOCTY BasKHO IIPMHMMAaTh pellleHls], HallpaBAeHHbIe Ha
yAydIlleHre CHUCTeM DKCIIAyaTaluy OOBeKTOB HeABWDKMMOCTH. OAHMM 13 9(PPeKTUBHBIX
MEeTOJO0B SBASIETCA IIpeAocCTaBAeHMe IoTpebureasM wuHpOpManUy 00 DHEepPreTUIecKux
XapaKTepuUCTHKax 3JaHMil. BHeapeHme cucremMbl ceprTudukauyy HeprodPpQeKTMBHOCTU
OOBEKTOB MOKeT CHIIpaTh 34eCh KAI04eByI0 poab. OgHaKO B cAydae, ecAy TaKOIl MeXaHU3M He
OyaeT o0sA3aTeABHBIM, €r0 3(PPEeKTUBHOCTh OKa’KeTCsI OrpaHdeHHo. I1losTomMy cepTudukanms
AOAKHA  COIIPOBOXKAATLCS HAAEXKHBIMM  CUCTEeMaMM KOHTPOAs, 3aMepoB, a Takxke
AOTIOAHUTEABHBIMY CTUMYAaMU 4451 cOOAIOAeHsI TpeboBaHNMIT DHepTOdPPEKTUBHOCTH.

Caoxcrocmu 6 puHAHCUPOSAHUYU NPOEKTNOE.

®yHaAHCOBLIE YIPEKAEHMS, B TOM 4YlC/A€e MHBECTUIIMOHHbIe OaHKH, 3a4acTyIo He 001a4ai0T
AOCTaTOYHBIM OITHITOM B ITOAJep>kKKe ITPOeKTOB IO CHIKeHMIO dHepromorpebaenms. Kpome
TOTO, YCAOBY ITOAYIeHUsT PUHAHCUPOBAHMS AAS TAKVX IIPOEKTOB 3HAYUTEABHO CTPOXKE, YeM AA5
CTPOUTEABCTBA HOBBIX 00beKTOB. OCODEHHO OCTpO BTa IIpodaeMa HPOABASIETCA B AesTeABHOCTI
Koomnepatnsos coocTseHHNKOB kBapTup (KCK), KoTOphIe, HaX0AsCh B CTECHEHHOM (PMHAHCOBOM
IT0A0KEeHNY, YaCTO He B COCTOSHNI CAaMOCTOATeABHO peaan3oBaTh MePOIIPUATIS IO CHYDKEHNIO
sHeproroTpebaeHns1. Bricokne TpeGoBaHNMs K PMHAHCOBON yCTOMYMBOCTI CTAHOBATCS A4S HUX
CepBbESHBIM IIPEILITCTBIEM IIPU IIPUBAEYEHN KPEAUTHEIX PECYPCOB.

Husicuii yposenv koopdunauuu u uHCMumyyuoHaAbHOLL no00epxXKuU.

DOHeprodPPeKTMBHOCTL YacTO He pacCMaTpMBaeTCs KaK BaKHBIV MHCTPYMEHT peIleHIs
DKOHOMMYECKMX MWAM DKoAormdeckmx 3adad. Heobxoammo ycmaeHme MeKBeAOMCTBEHHOI
KOOpAVHALINY, YCTpaHeHUe IIPOTUBOPeYNii B 3aKOHOJaTeAbHOI Oas3e, a TakKe IIOBBIIIEHIE
BHUMAaHM CO CTOPOHBI IOCyJapcTBa K BOIIpOCaM ®HeprocOepekeHUs U paljiOHaABHOTO
DHepronoTpedAeHusl.

Omcymcmeue cogpemeHHbLx Memooux pacuéma.

/o HejaBHETO BpeMeHM AOIOAHUTEABHBIM CAEP>KMBAIOINM (PaKTOPOM  SABASAOCH
orcyrcteue B KasaxcraHe akTyaabHONI MeTOAMKM pacuéra dHeprospQpeKTUBHOCTM 3JaHUIL,
COOTBETCTBYIOIIEN MeXXAYHapOJHBIM cTaHgapTaM. [logo0Has MeToAMKa ITI03BOASIET YCTAaHOBUTD
OOBeKTUBHEIE ITapaMeTpPhl OLIeHK!U U IIOBBICUTH IIPO3PavHOCTh B BOIIPOCax 9HeprodpPeKTUBHOTO
CTPOMTEABCTBA M DKCILAyaTaly OOBEKTOB.

Bo MHOrmx eppomeiickux cTpaHax AeiiCTByeT OOs3aTeabHas CUCTeMa DSHepPreTUJecKO
ceprudukanuy XuAslx 1 obmecrsenHeIx 34aunii (ASHRAE 90.1; Directive 2002/91/EC). Dra
nporeaypa Oblaa mpegycmorpeHa Jupekrusori 2002/91/EC Eppomelickoro mnapaameHTta U
Cosera (EPBD). C 2008 roga Haam4dme DHepIeTIYECcKOro cepTudukaTa CTalo 00s13aTeAbHBIM
yCAOBMEM MpHM IIpoAa’ke MAM cjade B apeHAy OOBEKTOB HEABVDKMMOCTM — KaK AAs
COOCTBEHHUKOB, TaK U AAs apeHAogaTeaeir. Haumnas c¢ 2013 roga, OTCyTCTBUE TaKOTO
cepruduKara y BAaAeAblleB 34aHNIT BAUET 3a cOOOI aJMMHNCTPATUBHbIE IIITPadBbIL.

B KasaxcraHe He cylecTByeT CTaHAapPTU3MPOBAHHOI CHUCTEMBI COOpa AaHHBIX IIO
DHepToNoTpeOAeHNIO B OTAeABHBIX 34aHNX (beastit A., 2024; Sharipov R. et al., 2020). Beeaenne
crucTeMBl DHepreTmdeckoll ceptugukaumm B Kazaxcrame MoxeT cTath 9PPeKTUBHBIM
MHCTPYMEeHTOM OLIeHKI COOTBETCTBILS 34aHUil  yCTaHOBAEHHBIM TpeOoBaHMAM
9HepTodPPeKTUBHOCTH, 3aKPEILAEHHBIM B HOPMaTUBHO-IIPABOBLIX aKTax.

C neario pemreHns ykazaHHoM nmpodaemel B AO «Kazaxckuit HaydHO-1ccAe0BaTeAbCKIUI
U IIPOEKTHBIN MHCTUTYT CTPOUTEABCTBA M apXUTEKTYypPBI» COBMECTHO co crenmaancramu PYII
«Crpoitrexnopm» Pecrrybankmn beaapycs B mepmog 2018-2020 rr. Obla peaam3oBaH Hay4dHO-
nccaesopareabckuit  mpoexkt No  AR05133504, ¢uHaHCupOBaBIIMiics MMHICTEPCTBOM
oOpasosanus u Hayku Kasaxcrana. IIpoexT Obla HampasAeH Ha U3y4yeHNe eBpOIeliCKOTro OIbITa
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U pa3pabOTKy METOAMKN OLEHKNM BDHepros(pQeKTUBHOCTM 3JaHUII U  COOPY KEHUIL,
cootsercTByomeit cranjapram EC. B wactHOCTH, paspabaTbiBadach cucTeMa, YUMTBHIBAIOIIA
norpeGJAeHne  DHepPIMM Ha  OTOIJAEHMe, BeHTMAAIMIO, Tropsiyee  BOJOCHaO>KeHIre,
KOHAVIIVIOHMpPOBaHIe U DAeKTpocHaOXeHMe. B nrore Metoauka Obl1a paspaboTaHa, OAHAKO I10
He3aBUCAIINM OT pa3pabOTYMKOB IpMYMHAM yKa3aHHas MeTOAMKa 40 HaCTOAIIEero BpeMeHM He
HIpVUIMEHSIeTCs Ha IIPaKTHKe.

OOGOOIIEHHEINT  BBIBOZA IIO  AEMCTBYIOIIUMM HOPMaTUBHBIM JOKyMeHTaM B 0041acTu
®HeprocOepesKeHIs U TTOBBIIIEHST DHePros((PeKTUBHOCTU 3aKAI0YaeTCsI B HeOOXOAMMOCTU UX
JAaapHeneir Aopabotku  u  ModepHmsanum. CylmecTBylomiye IIOAOXKEHUs  TpedyroT
aKTyaAu3aluy C Y4ETOM COBPEMEHHBIX TEXHOAOTMYECKUX peIleHnil ¥ MeXAyHapOAHOM
HpaKkTUKU. B 91O CBsA3M HeOOXOAMMa peaamn3anisl CAeAyIOIIX Mep:

1. IlosTamHoe ycnaeHne TpeOOBaHUII K DHEPTETMYECKIM XapaKTepUCTUKaM 3JaHIIL.

ITocrerreHHO HEOOXOAMIMO y>KECTOYAaTh HOPMAaTHBHBIE ITOKa3aTeAN SHepro3PpPeKTUBHOCTI
KaK 445 HOBBIX OOBEKTOB, TaK U AAd 3JaHUIL, IIPOXOASAIINX PEKOHCTPYKLIMIO, KaIlMTaAbHBIN
PEMOHT AU TEILA0BYIO MOJAEPHM3ALINIO.

2. BreapeHMe cyCTEMBI peryAspHBIX DHEPIeTUYeCKUX 00CAeAOBaHMI.

Caeayer  opranmsosaTh  oOODs3aTeAbHOE  IIpOBeJeHINe  DHEpProayauToB  AAsd
DKCIIAYaTUPYeMBIX 3AaHMI C yCTAaHOBAEHHON IePUOANIHOCTHIO. DTO ITO3BOAUT OCYIIECTBASITH
HeprocepTNPUKAIINIO, IIPOBEPATh COOTBETCTBME paHee IIPMCBOEHHBIX KAacCOB I IpHU
HEOOXOAUMOCTH KOPPEKTUPOBATh UX.

3. IlocaeaosaTeabrHOe BHeApeHIEe CUCTEMBI cepTUPUKALINN 34aHNIA.

Hagatp caesyer ¢ A06poBOABHON cepTMPUKAINU C IIOCAEAYIOIINM IIepexoioM K
o0s13aTeAbHON.  DHepreTtmdeckas — ceptmpuKanus — JOAXKHA  IPEACTaBASATbH  CODOI
dpopmMaanzoBaHHYIO MpOIleAypPYy, BKAIOYAIONIYIO PacdéT (PaKTUIeCcKOro SHeproroTpebaeHIs,
OIIeHKY ypOBH: 9Hepros(PQeKTHBHOCTM U IIPUCBOEHNe COOTBETCTBYIOIIeTO KaAacca C BhlAaderr
odunmaapHOro ceprudukara.

4. Tlepuogyaecknii mepecMOTp CTaHAAPTOB TeILA03allUThI 34aHUI.

C meapio obecrieuyeHNUs YCTOMYMBOI DKOHOMMM DHEPTUM B SKMAMIIIHOM CeKTOpe
HeoOXOAMMO peryAspHO OOHOBAATH HOPMBI TeIAO3AINUTEL DTO IIO3BOAUT yYUTHIBATH
AOCTVDKEHUsI B 001acTM CTPOUTEABHBIX TEXHOAOIMII U IIOBBINATE  9PPEKTUBHOCTD
OTPa>KAAIOIINX KOHCTPYKIIVIA.

5. Tl'apmonmsanus HallMOHAABHOIO 10AX04a C €BPOIIeNICKOI IIPaKTUKOIL.

Caeayer opmeHTmposatbcst Ha esporeiickylo Jupextusy 2010/31/EC xak Ha ®TaA0H
cbasaHcupoBaHHON 1 5P PEKTUBHOI CUCTEMBI peryAnpoBaHysl. [Tpu ToM BaskHO He KOIIMPOBATh
eé JOCJAOBHO, a ajalTHpPOBaTh C YYETOM OTeYeCTBEHHOTO OIIbITa HOPMOTBOPYECTBA, YPOBH:
PasBUTIS CTPOMUTEABHON OTpacAy, DKOHOMMUIECKNX yCAOBMII M KAMMATIIECKNX OCOOeHHOCTel
Kasaxcrana.

6. CosepireHCTBOBaHME CUCTEMBI OIlpeJeAeHNs KAacCoB sHepros¢pPeKTMBHOCTH.

Heobxoaumo paspaboraTh eAMHYIO HalMOHAABHYIO METOAMKY IPMCBOEHNS KAaccOB
5Hepros¢dPeKTMBHOCTU 3JaHUAM U COOpY>KeHUAM. MeTouKa 404Ha YUUTHIBATh BCe OCHOBHEIE
MCTOYHMKIN  DHepromorpeOAeHNus:  OTOILAeHMe,  BEHTUMASALUIO,  KOHAMIIMOHUPOBAHIIE,
DAEKTPOCHaO>KeHIe, Topsdee BOAOCHAOXKeHMe, a TakKe JCII0Ab30BaHME BO30OHOBASIEMBIX
MCTOYHMKOB DHEPIUIL.

Bueapenne mnepeuncaenHslx Mep oOecrieduT ©OoJdee TOYHYIO OILIEHKY (PaKTHUecKoro
SHeprornorpebAeHNsI 34aHMIl, IIOBBICUT KadyeCTBO ITPOEKTHBIX peIleHMII, a TakKXKe CO34acT
YCAOBMSI A5 YCTOMYIMBOTO CHYDKEHISI DHeprosarpaT Ha CTagum sKcrayaTtanun. Beé 1o craner
OCHOBOIT 4451 Tlepexoda K AeicTBuTeabHO »(PQeKTUBHONM CucTeMe DHeprocoepesxeHms B
CTPOMUTEABHO cpepe CTPaHBI.
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3AKAOYEHUE

B sakaioueHue caeayeT No44epKHYTh, YTO KOMILAEKCHOE U CIICTeMHOe pellleHue IpodaeM
HOPMAaTVBHOIO PeryAMpOBaHIUs U IPaKTIIeCKOTO BHeAPEHIsI SHeprocoeperalmmx TEXHOAOT U
B CTPOMTEABCTBE CIIOCOOHO ODeCreunTh CyIeCTBEHHOe IIOBHIIIeHNre »Hepros¢pPpeKTUBHOCTI
34aHMII U COOPY>KEHMII Ha BCeX DTaIlax X SKM3HEHHOTO IIMKAa — OT IIPOeKTUPOBAHII U
crpouteabcTBa 40 dKcnayarauny u modepHusanym (UNECE, 2020; Zhigulina & Yurchenko,
2024). DddexTuBHas peaamsauysl Mep DHeprocOepe>keHMsI CO34aéT yCAOBUA A4S
panOHaABHOTO MCIIOAB30BaHUs DHEPIETUYECKMX PeCypCOB, CHIDKEHNs COBOKYITHBIX 3aTpar
BAaAeHNsI 0ObeKTaMM HeABVIKMMOCTY, ITOBBIIIEHNST SKOHOMIYECKO YCTOMIMBOCTY CTPaHBI U
COKpallleH!sI HeTaTUBHOI'O BO3AeMCTBIA Ha OKPY>KaIOIIyIo cpeay.

KaoueBsIM1 ~ MHCTpyMEHTaMM  AOCTVDKEHMSA  YKa3aHHBIX  IleJell  BBICTYHAlOT
rocyJapcTBeHHas II0AJep>KKa U CTUMYAMpOBaHUe BHEAPEHNUs DHeprosPpPeKTUBHBIX PeIIeHNI,
pasBuTie  (QPUHAHCOBBIX  MEXaHMU3MOB  (ABIOTBHl, KPEAWUTHI, CyOCUAUM),  IIOBBHIIIEHVE
MHPOPMIPOBAHHOCTY YIaCTHMKOB PBIHKA, BHeApeHre IMPPOBBIX MHCTPYMEHTOB MOHUTOPMHTIA
DHEprornorpebAeHNs, a TakXe TapMOHM3alMsA HalMOHA/AbBHOM HOPMaTMBHOI 0asbl C
MeXAYHapOAHOI NMPaKTUKON C YYETOM KAMMATUIECKUX, DKOHOMUYECKUX U TeXHOAOTUIECKUX
ocobennocreit Kazaxcrana.

CoBpeMeHHOe COCTOsHME CTPOMTeABHBIX HOpMaTmBoB B Pecny6amke Kasaxcran
CBIAETEeALCTBYeT o) IIepexoAHOM DTare PpasBUTII CHICTEMBI peryanposaHus
®HeprodPeKTUBHOCTY, B paMKax KOTOPOIO y>Ke HaOAI0AaIOTCS OTAeAbHbIE IT0AO0KUTeAbHBIE
nsMmeHeHns (Sharipov R. et al., 2021; Beasiit A., 2024). BMecTe ¢ TeM AelicTByIOIIasi HOPMaTUBHO-
mpasoBas 6asza coxpaHseT ¢parMeHTapHBII U BO MHOTOM JeKJAapaTMUBHEI XapaKTep, 4TO
OTpaHMYMBAET €€ ITPaKTMIEeCKyIO pe3yAbTaTMBHOCTh. MeXkAyHapoAHbIi onblT EBpomeiickoro
coroza 1 'epMaHny 4eMOHCTpUPYET, YTO BhICOKas D(PPEKTUBHOCT PETYAUPOBAHIS 4OCTUTAETCS
He KOAMYECTBOM TpeOOBaHMIL, a WX MHTerpalueil B DKOHOMMYECKMe, (UHAHCOBBIE U
DKCIIAyaTalllIOHHBIE MEXaHIU3MBI, a TaK>Ke OpMeHTalllel Ha paKTIIeCcKoe DHeprooTpedaeHe B
Ipoliecce SKCILAyaTalyy 3AaHNI.

B »T011 CcBA3M MacmTabnpoBaHe Mpeaa0KeHHON MeTOAVKM OIeHKN U PeryAMpPOBaHILA
®Heprod¢PeKTUBHOCTU Ha HalIIOHAABHOM YPOBHE I1€1€CO00pa3HO peaAN30BbIBaTh IIODTAITHO, B
¢opmare «10POKHOI KapThI» 4451 PETyASITOPHBIX OPraHOB.

Ha mnepsom »Tame 1neaecooOpasHO 00ecredynTh MeETOAO0AOIMYECKyIO VHU(UKAIINIO,
BKAIOYAIOIIyIO IIepecMOTP U aKTyaAM3alMIO pacdeTHBIX MEeTOAMK DHeprornorpebAeHNs C
OpueHTanyell Ha >KM3HEHHBIN IIMKA 3JaHMV:, YTBEpP>KAeHMe eAVHBIX MeTOAMK DHeproayjuTa
34aHUIl M MH>XXEHEPHBIX CUCTEM, a TaKXe BHeApeHMe 00s53aTeAbHOTO y4yéra (paKTUYeCKOTO
®HEpronoTpeb.1eHNs B paMKaxX FoCyapCTBEHHOTO KOHTPOAS U TEXHIUECKOTo Haj3opa.

Ha BTOpOM ®Tame pekoMeHAyeTcsl HOPMAaTMBHO 3aKpelNTh Ilepexos OT (popMaabHOIO
COOTBETCTBII MPOEKTHOM AOKYMEHTallM! K YCTaHOBAEHMIO MMHMMAaABHBIX DKCIIAyaTaIllIOHHBIX
IIOKa3aTeaell HeprodpQPeKTVBHOCTY, OXBATHIBAIOIINX HE TOABKO OIpakAalolye KOHCTPYKIINY,
HO U CHUCTEMBl OTOIIA€HUs, BEHTUASIINY, TOPsAYEro BOAOCHAOXKeHMS MU yIIpaBAEHM
®Heprororpeb1eHneM. B paMKkax gaHHOTO »Tama llelecooOpa3HO yCTaHOBUTH OOsA3aTeABHOCTD
DHEepPTeTIIeCcKOro cepTuduKara Ipy BBOAe 00BbEKTa B DKCILAyaTaliMIO, a TAK>Ke IIPU €TI0 Ipojake
MAM apeHAe, C peraaMeHTanuell Ipoleayp BepuPMKaIMM ¥ HEPUOANIECKOTO KOHTPOAS
AOCTOBEPHOCTU JaHHBIX.

Ha TpeTtheM sTame caedyeT oOecriednTh SKOHOMUUECKOe COIIPOBOXKAeHIe HOPMaTUBHBIX
TpeOoBaHMII, BKAIOYAsl BHeApPEHMe ABIOTHOTO (PMHAHCHPOBAHM PEHOBAIMM CYIECTBYIOIIETO
¢JoHza Ha OCHOBe NOATBEP>KAEHHOTO DHepreTIecKoro adpPeKTa, Co3JaHre MexaHI3MOB yIacTIs
9JacTHBIX (PMHAHCOBBIX MHCTUTYTOB 4Yepe3 TIOCyJapCTBEHHBIe TapaHTUM M IIPOTpaMMBI
IIOAJAEP>XKKM, a TaKXKe BKAIOUeHIe DHepron(PeKTUBHOCTY B KauecTse 00sA3aTeAbHOTO KPUTEPUSI
IIpU TOCYyapCTBEeHHOM 3aKase Ha CTPOUTEABCTBO U PEKOHCTPYKIINIO OOBEKTOB.
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Ha ugeTtBepToM sTare HeoOXOAUMMO YCUANUTH MHCTUTYIIMIOHAABHBIE Y OVI(PPOBBIE MHCTPY-
MEHTHl peaAM3alyl ITOAUTUKM DHeprocOepeskeHNsl, BKAIOYasl pa3BUTIE Me>KBeJOMCTBEHHOI
KoopauHauuy, GpopMMUpOBaHNe ejUHOTO HIM(POBOTO MOpTalda HOPMAaTUBHBEIX AOKyMEHTOB I
MEeTOAVK C OTKPBITHIM JOCTYIIOM, BHeAPeHIe PerOHaAbHBIX KAUMAaTUIeCKX KOO PUIIIeHTOB 1
NPUBA3KY HOPMaTHUBOB K peaAbHBIM yCAOBIMAM DKCIlAyaTauny 3aanuii. Ilapaaaeasno TpeOyroTces
CHICTEMHasI IOATOTOBKA M IIOBBIIIIEHNEe KBaAM(pUKaLIN CIIeI[MaANCTOB CTPOUTEABHON OTpacAu Ha
Oase By30B 1 OTpacAeBbIX LIEHTPOB.

Peaansanys 4aHHOI 40P O>KHOM KapThI IIO3BOANUT OOECTIEUNTH IIePeXo , OT AeKAapaTUBHOI
MOJeAN peryAupoBaHUsA SHeProsPpPeKTMBHOCTM K (PYHKIIMOHAABHO OPVEHTHPOBAHHOM
cricTeMe, HaIlpaB/AeHHOM Ha pealbHOe CHIKEHIE DPHEPIONOTpeO.AeHNsI B 9KCIIAyaTalluy 34aHNIL
B AoarocpouHoi IepcrieKTHBE BTO CO34aCT IPEANOCHIAKU AAs (POPMMUPOBAHUA I11€AOCTHON
CUCTEMBl yIpaBA€HUsA DHepronorpedbJeHMeM B crpouTeabHOM cektope KasaxcraHa,
CTUMYAUPYIOIIel BHeJpeHNe MHHOBAIIMOHHBIX TeXHOAOIMI, MCII0Ab30BaH1e BO30OHOBASIeMBIX
MCTOYHMKOB DHepruyM M IMQPPOBBIX pelleHnii, a TakXke O0eclleduT IO0A0XKUTeAbHOe
HKOHOMIUECKOE, DKOAOTMYECKOE U COLIMaAbHOE Pa3BUTVE CTPaHBL

ONMHAHCUPOBAHUE:  Jannoe  mccaejoBaHue  He  I10Ay4aa0  BHEIIHEro
¢uHaHCHpOBaHMSL.

BAATOAAPHOCTU: ABTOpHI BBIpaXkalOT 04arogapHOCTb PejaKTOpy M aHOHMMHBIM
pelleH3eHTaM 3a MX coJep>KaTeAbHble 3aMedaHHUs M II0Ae3Hble peKOMeHJalul, KOTOphle
CIOCOOCTBOBAAN YAYYLIEHIIO AAaHHOM PYKOIMCH.

KOH®AMKTbl MHTEPECOB: ABTOpBl 3asBAAI0T 00 OTCYTCTBUMU KOH(AMKTOB
MHTEePecos.

MNCIIOAb3OBAHME WMCKYCCTBEHHOI'O WMHTEA/AEKTA Ilpn mnoaroroske
PYKOIIVCH UICIIOAB30BAANCh MHCTPYMEHTBI ICKYCCTBEHHOTO MHTEeA/1€KTa UCKAIOUUTEABHO B 115X
SI3BIKOBOTO peJaKTUPOBAHI U YAyUIIeHNs CTUAVCTYKA TeKCTa; COAep>KaHMe, aHaAU3 U BBIBOABI
ITOAHOCTHIO IIPMHAAAeXKaT aBTopaM.
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