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Abstract. Cold-formed steel (CFS) profiles are widely used in light steel-framed
buildings, particularly for low- to mid-rise construction, where CFS strap-
braced frames serve as key lateral load-resisting systems. This research focuses
on the seismic performance of strap-braced walls incorporating CFS members,
with a particular emphasis on optimising stud elements to function efficiently
as beam-columns. A typical cross-section, derived from commercially available
profiles, is selected and refined to maximise structural capacity while adhering
to industry standards and practical limitations. Finite element (FE) models are
developed for two strap-braced wall frames, where the sections are used for
both the studs and chords: one frame uses commercially available CFS sections,
while the other employs optimised sections aimed at enhancing seismic
performance. While conventional designs include gravity loads, they often
overlook P-A effects; this study addresses that limitation by applying different
axial compression levels to assess the impact of P-A effects on both developed
models. The structural performance is evaluated based on lateral drift
compliance and the avoidance of premature failure caused by P-A effects in the
chord studs. The outcomes offer valuable insights for enhancing the seismic
design of CFS structures, presenting a systematic optimisation strategy that
improves ductility, reliability, and structural integrity under seismic loading.
Keywords: Cold-Formed Steel; Strap-braced wall panels; Optimization, Gravity
loading, Seismic performance
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Introduction

CFS is widely valued in construction due to its excellent strength-to-weight ratio, long-lasting
durability, and recyclability, qualities that contribute to its sustainability and cost-effectiveness [1-
2]. Its lightweight characteristics enable easier transportation and faster installation. Additionally,
CFS’s adaptability allows for efficient section design and off-site manufacturing, which reduces
material waste and shortens construction durations. In multi-storey buildings, CFS members
frequently act as the primary lateral force-resisting elements, effectively supporting both vertical
and lateral loads from wind and seismic forces [3-7]. In these systems, lateral load resistance is
commonly provided by strap-braced stud walls [8-10], which are available in various forms such
as X-bracing [11], K-bracing [12], knee-bracing, or combinations thereof.

Several researchers have investigated the behaviour of CFS strap-braced walls, particularly
under monotonic and cyclic loading conditions. Al-Kharat and Rogers [11] performed experimental
tests on light, medium, and heavy CFS strap-braced walls and found that heavier panels showed
inadequate ductility. Likewise, Zeynalin and Ronagh [13] examined strap-braced walls with a 1:1
aspect ratio, focusing on the effects of strap quantity, angles, and bracket design under cyclic loads.
Their results indicated that these walls maintained stable hysteretic behaviour and could be
considered structurally dependable. Although shake-table tests conducted by others [14] have
contributed valuable insights into CFS wall behaviour, the combined impact of gravity and lateral
loads has often been neglected. Rad et al. [15] addressed this gap by performing full-scale cyclic
tests on two-story CFS strap-braced systems, demonstrating robust elastic-plastic responses when
appropriate detailing was implemented.

Optimization methods are commonly applied in structural engineering to enhance load
capacity and stiffness or to reduce cost, weight, and carbon emissions. Depending on the design
goals, various algorithms (such as metaheuristic, deterministic gradient-based, or hybrid
approaches) can be employed. For example, Ye et al. [16-187] increased the load-carrying capacity
of beams by optimizing cross-sectional designs incorporating edge and intermediate stiffeners and
segmented folded flanges. Similarly, Mojtabaei et al. [19-20] developed a metaheuristic-based
methodology to optimize CFS beam-column members, maximizing their load capacity while
maintaining consistent material usage in compliance with Eurocode 3.

This study focuses on improving the load-bearing capacity of CFS strap-braced walls by
substituting the commercially available stud and chord sections with optimized alternatives. The
optimization process was constrained by material usage limits, specifically the total coil width and
thickness of the chosen sections. FE models of walls with both commercially available and
optimized stud sections were created and analysed under combined gravity and lateral loading to
assess seismic performance. The subsequent sections of this paper include Section 2, which details
the design process for the CFS beam-column elements; Section 3, which describes the optimization
methodology and associated constraints; Section 4, covering the development and validation of the
FE model; and Section 5, which presents the seismic performance evaluation.

The methodology
CFS beam-column element design

The design of CFS elements has been extensively investigated in previous studies using both
prescriptive code-based methods and data-driven approaches [21-23]. In this study, the capacity
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of the CFS beam-column element was determined using the EN1993-1-1 [24] and EN1993-1-3 [25]
standards. The cross-sectional resistance was evaluated by considering both local and distortional
buckling modes, while the member resistance accounted for global instabilities.

Local-distortional buckling and cross-section check

The Effective Width Method (EWM) outlined in Eurocode 3 addresses local buckling by
reducing the load-bearing capacity of compressed plate regions. This reduction may cause a shift
in the centroid position and result in additional bending moments. When the member is subjected
to bending, an iterative procedure is employed to determine the neutral axis and compute the
bending strength based on the effective partially plastic section modulus. Distortional buckling,
which frequently occurs in stiffened plates under flexural or flexural-torsional loads, involves both
in-plane and out-of-plane deformation modes. Eurocode 3 manages this phenomenon by
decreasing the effective thickness of the stiffener and the adjacent plate areas. The buckling stress
is then calculated by modelling the stiffened section as a compression element resting on an elastic
foundation.

The cross-section of a CFS beam-column under axial compression and bending moments
must satisfy the following criteria:

Ngq + My gq + AM,, g4 + M, pq + AM, g <1 (1)
Nc,Rd Mcy,Rd Mcz,Rd

where N, rq denotes the design compressive resistance of the cross-section, while M., g4 and
M, rq design moment resistance about the major (y-axis) and the minor (z-axis) axes, respectively.
The additional moments are calculated as AM,, gy= Nggey, and AM, ;= Ngqey,, where ey, and ey,
are the shifts of the y- and z-axes, respectively.

Member resistance requires various calculations for both pure compression and pure bending.
In this regard, global buckling is considered for pure compression, while lateral-torsional buckling
is assessed under pure bending. Additionally, member stability was evaluated using the equations
provided in EN 1993-1-3.

The optimization in this study utilized the code developed by Mojtabaei et al. [19], which is
based on the Particle Swarm Optimization (PSO) technique. The primary goal was to keep the
material consumption, specifically the total coil width, consistent with that of the commercially
available reference section used as a baseline. Using this reference, an optimized cross-sectional
design was created to improve the load capacity under combined axial compression (Ng4) and
bending about the major axis (M, ;). The bending moment was applied by introducing an
eccentricity (e, ) to the axial compressive load, thereby maximizing the axial capacity Ng; under
conditions that closely simulate real-world loading (M,, g = Nggq X ey).

During the optimization, a beam-column element with simply supported end-fork supports
was modelled, which permitted rotations and warping at its ends but restricted twisting along the
longitudinal axis. The study focused on a lipped channel section and explored various parameters,
such as section thicknesses of 1.16, 2, 3, and 4 mm, as well as eccentricities of 0, 100, and 300 mm.
These variations were analysed to assess and compare the enhancements in axial compressive load
capacity for each scenario. To maximize the axial load capacity, the cross-sectional optimization
combined the Eurocode Design Procedure for Beam-Column Members with a Particle Swarm
Optimization tool implemented in MATLAB.

Figure 1 illustrates both the original and optimized cross-sectional designs. Furthermore,
Table 1 outlines the specific restrictions and requirements imposed by industry standards and
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manufacturing processes. The design variables primarily involved the lengths of the flange and lip,
which were limited according to these standards and production considerations. The angle 6 was
set to /2. Additional constraints were introduced to accommodate the installation of hold-down
devices (Simpson S/HD10 S with a depth of 59 mm) on the CFS strap-braced wall. These
constraints ensured that the spacing between the lips of the chord members provided sufficient
clearance for the hold-downs to be properly installed without causing any interference with the
chord cross-sectional shape, as detailed below:

spacing = h—2 X c¢ =60 (2)

where h denotes the web height and c represents the lip length.

Table 1. Optimization design variables, constraints and limitations

Design variables Constraints based on EC3 Manufacturing & practical limitations (mm)
02<c¢/b<0.6
_ b/t <60 b =30
))::1:272 c/t <50 c>10
z- h/t <500 h = 2csin(9)

n/4 <60 <3n/4
Design variables which are X; and X, ratio ranges were computed based on the standard and
manufacturing process. X; was set between 0.2 and 0.6, while X, was determined based on the
total coil width and material thickness. The maximum ratio for X, was limited using two different
arrangements to reduce the computational time by narrowing the range.

60Xt
bmin L
< X, < min 3
L 2 bmsx ( )
L
bmsx =L — Rmin — 2 X Cpin (4)

where b,,;, was set 30 mm, L is the total coil width (300 mm), t, h,,in, Cmin represent the
thickness, minimum web height and minimum lip length, respectively.
b=50

o

NGRT b=60 _
2 N
Il
=
L I
(a) (b)

Figure 1 Cross-section of (a) commercially available, (b) optimised section

Particle Swarm Optimization (PSO)

Particle Swarm Optimization (PSO) is a metaheuristic technique rooted in the collective
behavior observed in nature among groups like birds, fish, and ants. This method belongs to the
broader family of swarm intelligence algorithms. In PSO, each particle adjusts its velocity by
considering both its personal best experience and the best performance achieved by the swarm as
a whole. This approach enables a balanced integration of individual adaptation and collaborative
decision-making, making the algorithm highly effective for solving complex optimization problems.
FE modelling: descriptions and properties.
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Abaqus [26] is well-established for its effectiveness in precisely replicating the structural
response of CFS structures, significantly reducing the reliance on large-scale physical testing [27-
30]. Following the optimization of the C-lipped section with zero eccentricity (e= 0), FE models of
CFS strap-braced walls were developed using both commercially available and optimised stud
sections. Each wall model measured 2.44 m x 2.44 m and included top and bottom rigid plates,
tracks, chords, studs, X-shaped straps, bridging members, hold-downs, L-brackets, and anchor rods
(see Figure 2).

Element type and material characterization

The cold-formed steel (CFS) strap-braced wall models were developed using four-node S4R
shell elements, which are well-suited for analysing thin-walled components. To ensure accuracy
and efficiency, a mesh sensitivity study was conducted, resulting in a mesh size of 15 mm x 15 mm
for most structural elements, while rigid plates were assigned a coarser mesh of 20 mm x 20 mm
to optimize computational performance. Material properties were obtained from experimental
tests, and stress-strain data were converted to true stress-strain relationships for accurate Abaqus
input. The elastic modulus is 203 GPa, and the Poisson’s ratio is 0.3. Strap and track have the same
yield (f;,) and ultimate stress (f,,) as 296 and 366 MPa, respectively. Also, stud and chord have the
same f, and f, of 325 and 382 MPa, respectively. In addition, the isotropic hardening model was

used for the monotonic analysis.

Table 2: Material properties

fy fu
(MPa) (MPa)
Strap
Track 296 366
Stud
Chord 325 382

Boundary conditions, loading, and connection modelling
In the FE model, the hold-downs (Simpson S/HD10 S) and tracks were connected to reference
points positioned at the anchor locations. These reference points at the base were fully fixed, while
those at the top were permitted to move laterally within the plane. However, their out-of-plane
translations and rotational degrees of freedom were restrained. A monotonic load was applied
incrementally until the inter-storey drift reached a maximum limit of 5%. To replicate gravity
loading, a 20 mm thick plate was added above the top track, facilitating even distribution of vertical
loads. This top plate was subjected to uniform pressure, scaled based on the compressive capacities
of the vertical members, as outlined in EN1993-1-3 [25]. The connections between tracks and
studs, as well as straps and chords, were simulated using empirical formulations proposed by
Pham and Moen [31]. Within Abaqus [26], screws were modelled as discrete fasteners, with the
connector influence radius enabling the transfer of displacements and rotations from surface
nodes to the fastening locations.
Geometric Imperfection
Initial geometric imperfections were incorporated by scaling the first buckling mode shape
from an eigenvalue buckling analysis [32-35]. Slack in tension straps was simulated by applying
unit lateral displacements at anchor points, inducing initial compression in the diagonals. Chord
stud imperfections were omitted due to their negligible impact, enhancing computational
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efficiency in multi-storey models.

Figure 2. FE model
Findings/Discussion

In the optimization process, three different values of e (0, 100, and 300) were considered, along
with four thicknesses (1.16, 2, 3, and 4) for the C-lipped stud element. These combinations were
analysed to explore the relationship between e and thickness. The results show that as e increases,
the capacity improvements between commercially available and optimised sections become
smaller. To exemplify, the capacity improvement for e=0 ranges from approximately 42% to 91%,
while for e=300, it ranges from about 8% to 25% (see Figure 3). Consequently, the differences in

average capacity improvement of approximately 45% and 12% can be observed between e=0 and
e=300, as well as between e=100 and e=300, respectively.

100

Capacity Improvements (%)

1.16 2 3 4
Thickness

Figure 3 Optimization results based on thickness

Once the CFS strap-braced wall frames using both commercially available and optimised stud
sections were created in Abaqus, the gravity load, calculated based on commercially available
sections considering the total compressive strength of the vertical elements (N, ;), was applied to
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both frames across a range ofload levels. This was done to examine the P- A responses of the models
and to assess whether they reached the maximum allowable drift. Figure 4 illustrates the FE
analysis results, showing the effects of applying gravity loads ranging from 0% to 50% Nj,; on both
frames. The analysis was conducted using 2 mm thick straps and 1.16 mm thick chords, and studs.
The CFS strap-braced frame equipped with the optimised section (see Figure 4 (b)) demonstrated
consistent performance, with most frames achieving the maximum allowable drift. However, the
frames subjected to 43% and 50% Np,; are unable to reach this limit. In contrast, the CFS strap-
braced frame equipped with a commercially available stud section (see Figure 4 (a)) showed a
noticeable reduction in performance, failing to reach the maximum allowable drift at several load
levels between 22% and 50% Ny ;.

Drift (%) Drift (%)

0.0 1.0 20 31 41 5.1 6.1 7.2 0.0 1.0 2.0 3.1 4.1 5.1 6.1 7.2
75 T T T T T T 75 T T T T T

60

—y
—ast # " 7% Ny
i N,
e 22% Ny
S—
- 3% N,
—T

o
wemmennnen 50% N,

45

P (kN)
P (kN

30

15

0

0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
A (mm) A (mm)

Figure 4 Monotonic response of (a): commercially available; (b): optimised models

The stiffness (k) (kN/mm) and ductility (u) values were computed using the bilinear curve,
which follows the Equivalent Energy Elastic-Plastic (EEEP) approach [36]. These values are
determined as follows:

k= (5)
A,
B= A, (6)

where P, is the yield load, 4,, is the yield displacement, and A, is the ultimate displacement.

. - . v 15
—o—Ductilty-Commercially available
= ~Ductility-Optimised
- Stiffness-Commercially available
-4~ Stiffness-Optimised

0 7 14 22 29 36 43 50
% N

Figure 5 Evaluation of ductility ratio () and stiffness (k) of the commercially available and
optimised section under varying Ny, .

Based on monotonic analysis results, the stiffness and ductility of both CFS strap-braced
frames, equipped with commercially available and optimised stud sections, were evaluated under
varying vertical load ratios (% Nj ) (see Figure 5). The stiffness of both models exhibits a similar
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decreasing trend, with a gradual reduction as the vertical load increases. For frames with
commercially available stud sections, ductility shows a slight decline from 0% to 14% N,, ;, followed
by a significant drop beyond this point. In contrast, frames with optimised stud section maintains
higher ductility up to 36% N, ;, with a noticeable reduction occurring only at higher vertical load
levels. A sharp drop is observed particularly at 50% N_(b,t), where the ductility value reaches
approximately 1.4.

Conclusion

This study aimed to enhance the performance of CFS strap-braced frames by optimising

stud (beam-column) sections within design and manufacturing constraints. The optimised cross-
section was applied to both studs and chords, and FE models were developed in Abaqus using
both commercially available and optimised stud sections. Combined gravity and lateral loads
were applied to the frames, with the total gravity load calculated based on the compressive
strength of the vertical elements (i.e., chords and studs) in the commercially available section.
This reference value was then used to define gravity load levels ranging from 0% to 50% of Ny, ;,
and consistently applied to both frames. This approach enabled a consistent comparison of
stiffness, strength, and ductility across configurations. The findings demonstrate that variations
in eccentricity (e) and thickness during beam-column element optimization significantly
influence the improvement of the load-bearing capacity, revealing clear differences between the
optimised and commercially available sections. Moreover, increased eccentricity results in
reduced capacity.

While low vertical loads have a minimal impact on lateral performance, higher gravity loads
considerably enhance the peak strength, ductility, and stiffness of frames incorporating the
optimised section, in contrast to those using commercially available section.
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Myxammea KocyT

MexaHuKa/1blK, a3poFapbiuimblK HCIHE A3aMAMMbLK UHMCeHepusi mekmebi, Llledpduao
yHugepcumemi, lllegpdpund, ¥avi6pumaHus

OnTuMu3anMaIaHFaH KuMasiapbl 6ap CFS (KasbinTa CybIKTal HiJIreH 60/1aT) KAFaLl
6ailJlaHbICTapbIMEH KaObIpFaJIapAblH, CEMCMHUKAJIBIK, 9CEPiH 6arasiay

Anpartna. Cysikrait uinren 6osat (CFS) npodunbaepi xeHin 601aTTaH KacajfaH KaHKaJlbl
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FUMapaTTap/ia KeHiHeH KoJIJaHbLIa/ibl, dcipece a3 »KoHe opTa KabaTThl KypblabICTapAa, MYH/Ja
CFS xkuraw 6aiyiaHbicTapbl 6ap paMajap KeJlleHeH, XYKTeMeJiepre Kapchl HeTi3ri xyWesep
6osbin Tabbliaabl. byn 3eptTey CFS anemeHTTepi eHrisisireH Kufrall OailslaHbICTapbl 6ap
KaObIpFaJap/blH, CeMCMHUKAJbIK KYMBICBIH 3epTTeyre OafFbITTa/faH, acipece Tipeyill
3JleMeHTTepAi TUIMAI TypAe 6aFaH-Cyprill peTiHJe KyMbIC icTeTy yllIiH OHTalJaH/bIpyFa 6aca
Hasap aygapbuiaabl. Cayaaza 6ap npodusibjep HerisiHje ajblHFAH XXoHe HaKTblJIaHFAH TUNTIK
KMMa TaHZJaJblll, CaJa/blK CTaHAApPTTAp MeH NpPAaKTUKAJIBIK LIeKTeyJepll CaKTaul OTBIpHII,
KeTeprillTiK KabiseTTi 6apbIHIlIA apTThIPY Ke3jeareH. Kurau 6ailsiaHbicTapbl 6ap eKi paMasblk,
Kyhe yuIiH COHFbl 3seMeHTTep dfici (CIO) OoHbIHILIA MoJesbJep d3ipseHai: 6ip pampa
KOMMepUUsIbIK KospkeTiMAi CFS  KuMasnapbl KOJIJaHbLICA, €eKiHIUICIHAEe CeMCMHUKAJbIK
TYPAaKTbUIBIKTBl apTThIpyFa OaFbITTa/IFaH OHTAWJIaHABIPbUIFAH KHMaJap MaijajaHblLI/bl.
JacTypJi x06asapzia aybIpJblK KYUITEPi ecKepisireHiMeH, kebiHece P-A acepJsiepi HazapAaH ThIC
KaJlazibl; OYJ1 3epTTey/e OyJ1 eKTey apTypJii OChTiK KbICY JieHTeliepiH KosaHbln, P-A acepiHiH,
eKi MoJje/ibre bIKNaJblH 6aFasay apKblibl LIellisireH. KypbuUIbIMABIK )XYMbIC KaObIpFa BIFbICY
1ieriHe coliKecTiriHe »xoHe xopAa Tipeyimrepinzeri P-A acepiHeH 60s1aTbIH Mep3iMiHeH OYPbIHFbI
icTeH wWBIFyABI GoJJblpMayFa Herizzesin 6GarasaHgbl. HoTukenep CFS KypblabIMapbIHbIH
CelCMUKaJbIK K00aayblH XeTiNipyre KyH/Abl YCbIHbICTAp Oepeji »KoHe MJIaCTHKa/bLIbIFbIH,
CEeHIMJIJIITIH K9He CeUCMUKaJBIK J>KYKTeMeJsiep Ke3iHZJeri KypbUIbIMABIK TYTaCTbIFbIH
apTThIPAThIH XXYyHeJli OHTalJIaHAbIPy CTPATErusaChblH YCbIHA/bI.

TyiiH ce3aep: CybIKTal HisireH 60JaT; KUfall 6GailjiaHbIChl 6ap KAaObIPFa/bIK MaHe bJep;
OHTaMNJIaHJbIPY; aybIPJIbIK }KYKTeMeCi; CEiCMUKAJIbIK TYPaKTbIIbIK,

Myxammea KocyT

LlIkos1a MaWUHOCMPOEHUS, A3POKOCMUYECKOU U 2paxic0aHcKol UHX ceHepuu, YHugepcumem
Llle¢ppund, llledppund, BeaukobpumaHus

OneHKa ceiiCMUYeCcKo# peaKIjuM CTEH C PaCKOCaMM M3 XOJIOAHOTHYTHIX MPOoQuIei ¢
ONTHMHU3MPOBAHHBIMHU CEYEHUSAMU

AHHOoTaumsa. XosioaHOorHyThle cTasbHble (CFS) npoduan mMpoKo NPUMEHSIOTCA B
KapKacCHBIX 3/IaHUSAX U3 JIETKOW CTaJIi, 0COOEHHO B MaJIO- U CpeJHEITAKHOM CTPOUTEJIbCTBE, T/
pambl ¢ packocaMu u3 CFS ciyaT OCHOBHBIMHU CHCTE€MaMHU BOCIPUATUS TOPU30HTAJIbHBIX
Harpy3ok. B jaHHOM ucciiefjoBaHMU pacCMaTpUBAETCA CEMCMUYECKasi paboTa CTeH C paCKoCaMHU
u3 CFS, c oco6pIM BHMMaHMEM K ONTUMH3ALUMU CTOEUYHBIX 3J1€MEHTOB /Jifl UX 3QPeKTUBHOU
paboThl B KayecTBe 0aJOK-KOJOHH. B kKadecTBe HMCXOAHOr0O BbIOpAaH W YTOYHEH TUIMWYHbBIN
nonepeyHbld MNpodU/b, OCHOBAHHBIM Ha KOMMEpPYECKH [JOCTYIHBIX CeYeHHUX, C LeJblo
MaKCUMM3allMi HeCyllel CHOCOOHOCTM TMpU COOJIIOJAEHUHU OTpacjeBbIX CTaHAAPTOB U
NpaKTU4YeCKUX OrpaHUWyYeHUH. [lyig ByX paMHBIX CHCTEM C packocaMd pa3paboTaHbl MOJesd
MeTO/I0M KOHeYHbIX 3jieMeHTOB (MK3), rie BbiOpaHHbIe ceueHUsI UCNOAb3YIOTCH KaK [/ CTOeK,
TakK U AJi XOp/: O/lHA paMa UCIOoJib3yeT KoMMepueckd aoctynHble npoduau CFS, a gpyras —
ONTUMHU3UPOBaHHbIE CEYEHM S, ODUEHTUPOBAHHbIE HA MOBbIIIEHUE CEHCMUYECKON YCTOUYUBOCTH.
B To BpeMs Kak TpaJULIMOHHbIE KOHCTPYKL WU YIYUTBIBAIOT JeiCTBUE BEPTUKATbHBIX Harpy3okK,
OHU 4acTo UTHOpUpYT 3ddekTol P-A; B JaHHOU paboTe 3Ta nmpobJsieMa peliaeTc MyTEM
NPUJI0KEHUS PA3/JIMYHBIX YPOBHEN 0CEBOT0 C:KaTU [/l OLleHKU BaMsAHUSA 3¢ dekToB P-A Ha 06e
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pa3paboTaHHble MoJesd. Hecymasa cnoco6HOCTh KOHCTPYKIIUM OLLleHUBAETCA M0 COOTBETCTBUIO
KpUTepUsM MpeJeabHOro JApedda M NpefOTBpALEHUI0 IpeXJeBPEMEHHOr0 pa3pylleHHs,
BbI3BAaHHOI0 3ddexkTaMu P-A B CTOeyHBIX 3JIeMeHTax XOpA. Pe3ynbTaThl [alOT LEeHHbIE
pPEKOMEeHJIalMK 110 COBEPLIEHCTBOBAHMIO CEMCMOCTOMKOro mnpoektuposaHusa CFS-cTpykryp,
npepJarasg CUACTEeMAaTHYeCKyH CTpaTervil ONTUMM3aLvM, YAY4YIIAKLYH0 [JIACTUYHOCTD,
HaZEXHOCTb U KOHCTPYKTUBHYIO LIeJIOCTHOCTD IIPY CEUCMUYECKUX BO3/leH CTBUSAX.

KiroueBsle c/10Ba: X0JI04HOTHYTAas CTa/lb; CTEHOBbIE NIAHEJU C PACKOCAMH; ONITUMHU3aLUs;
BepTUKa/IbHAs HArpy3Ka; ceMCMHUYecKasd yCTOUYUBOCTb.
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AHHOTanMs. B craTbe paccMaTpuBaeTCs BO3MOXHOCTb MpPUMeEHEHUSs
$bubpoKepaM3uUTOOETOHA B KaueCTBe MaTepuaJia AJisi U3rOTOBJIEHUS IAXTHBIX
3aTsKeK. AKTyaJlbHOCTh Te€Mbl 06yCJI0BJIeHA HEO6XO0AUMOCTbIO MOBbIILIEHHUS
NPOYHOCTH, TPELUHOCTONKOCTHU W J[OJITOBEYHOCTH Kpenel B MOJA3eMHbIX
rOpHbBIX BbIpaboTkaxX. llesblo wHcciefioBaHUS — sBJSETCS  pa3paboTKa
o6sier4yéHHOr0 6eTOHA Ha TMOPUCTOM 3alOJIHUTeJe C JAUCHepPCHBbIM
apMUpOBaHMUEM, 006JIaAIONEr0 ONTUMAJbHBIMU (PU3UKO-MeXaHUYeCKUMU
XapaKTepUCTUKAMU JJisd paboThl B MIAXTHBIX YCJOBUSAX. B paboTe npuBe éH
CpPaBHHUTEJIbHbIM aHaIW3 TPAJUIMOHHBIX M JIETKUX OETOHHBIX CMeceH,
060CHOBaH BbI6OP KepaM3UTa B KauecTBe 3al0JHUTeS U GUOPOBOJIOKOH A IS
MIOBBIIIEHHUSI TPOYHOCTH Ha pacTsi>KeHUe pU u3rube. MeTo/10/10THUs BKIOYAET
JIAbopaTOpHbIe HCIBITAHUS HA MPOYHOCTb, MJIOTHOCTb W BOJOIOTJIOIIEHUE
pa3/inyHbIX cocTaBoB. OCHOBHbIE pe3yJbTaThl I[0Ka3aJd, YTO BBeJeHHUE
bUOpPbI MO3BOJISIET 3HAYUTEJILHO MOBBICUTH TPEIIUHOCTOUKOCTD U IPOYHOCTh
3aTsKeK 6e3 yBeJIMueHUs] MacChl KOHCTPYKL MU, MiccaejoBaHUe TOATBEPAUIIO
11eJ1eC006pPa3HOCTb MpUMeHeHUsT pUObpPoKepaM3UTO6eTOHA /ISl 06ecredeHUs
3pPeKTUBHON U IKOHOMUYHOM Kpenu B MIAXTHBIX yCA0BUsAX. [IpakTHYecKkas
3HAaUMMOCTb PabOThl 3aKJIIOYAETCS B BO3MOXKHOCTH BHEAPEHHUS MOJyYEeHHbIX
COCTaBOB B CTPOUTEJIbHBIE NPOLIECChl TOPHOI06bIBAOIE N TPOMBIILIJIEHHOCTH
C 1LeJbl0 yBeJUYEHUs CpOKa CJYXKObl KOHCTPYKIIMM UM MOBBIIIEHUS
6€e30MacHOCTH paboT.

KinwueBble caoBa: ¢UOpPOOETOH, KEpaM3UTOOETOH, IIAaXTHbIE 3aTSXKKH,
JIETKUH GeTOH, AUCIepCHOE apMUPOBaHUE, TPEIUHOCTOMKOCTD, MOJ3E€MHbIE
BbIPAOOTKHU.
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BBeageHune

lllaxTHaa 3aTsAKKa NpejcTaBasgeT COO0M 3JeMeHT Kpenu TOpPHbIX BbIPAaOOTOK B BH/JE
NpSAMOYTrOJIbHOW Kese300eTOHHOU muuThl JauHou go 1000 MM, mupuHou go 250 MM H
ToJiuHOM 710 50 MM (puc. 1).

PucyHnok 1. [llaxTHas 3aTsaXKa

HecMoTps Ha IMpPOKOe IPHUMEHEeHHe, UX UCTI0JIb30BAHUE CONPSIKEHO C PSA/IOM CYI[eCTBEHHbBIX
HeJI0CTAaTKOB, KOTOPble MOTYT CHWXKATb 3G PEKTUBHOCTb U HAZIeX)KHOCTb I'OPHBIX paboT. OAHOMN U3
KJII0YeBbIX Mpo6JieM SBJSETCS 3HAYUTEJbHbIM BeC KOHCTPYKIUM, YTO YCJOXKHSET
TPAHCIOPTUPOBKY U MOHTAX 3aTsKeK, 0CO6EHHO B TPYAHOJOCTYIMHBIX YCJAOBUSX MOJ[3€MHbBIX
BbIpaboTOoK. Kpome TOro, TpajullMOHHble MaTepHasbl, HCIOJb3yeMble [Jisi U3TOTOBJIEHUS
3aTsHKEK, 4aCTO XapaKTePHU3YITCSA HU3KOU TPELU[MHOCTOMKOCTbBIO U B3KOCTbHIO Pa3pyILleHUs, YTO
yBeJUUUBaeT PUCK UX NoBpexzaeHus [1, 2]. [us pelieHUss 3TUX Npo6GJEM COBpeMeHHble
WcCleJOBAaHUS — TpeJJlaraloT  WHHOBAIMOHHbIE  MOJAXOJbl,  BKJIIOYAas  HMCIOJIb30BaHHUeE
KOMIO3UI[MOHHBIX MaTepHa/OB, TaKUX, KaKk GUOPOOETOH, B TOM 4YHCJEe W JIETKHH, HallpUMep,
¢bubpokepaM3uTOOETOH [3, 4].

JTOT MaTepuas 00JaflaeT YHUKAJbHBIMU CBOWCTBaMH, MNO3BOJISIOUIMMU CYLIECTBEHHO
CHU3UTb BeC KOHCTPYKLUMH 3a CYeT MOPUCTOW CTPYKTYpbl KepaM3WTa, OJHOBPEMEHHO
yBeJIMUMBasi MEXaHUYECKYI0 NPOYHOCTh Gsaro/japs JUCIepcCHOMY apMUPOBAHUIO BOJIOKHAMHU |[5,
6]. PubpokepaM3UTOOETOH TaKXKe [JEeMOHCTPUpPYeT MOBBILIEHHYI0 TPEUIMHOCTOUKOCTh U
CIOCOOHOCTh HNPOTUBOCTOSTH JAWHAMHUYECKUM HArpyskaM, UYTO JeJlaeT ero MnepcrneKTHUBHbIM
pelleHUEM /i YAy4ylleHUs XapaKTePUCTHUK aXTHbIX 3aTsKeK [7, 8].

B nocneHue rofpl npoBeieH 3HAYUTebHbIM 00'bEM HCCIeJ0BAaHUMN U IT0JIYUY€EHbI IO POOHbIE
CBEeJIeHUs O TPEIMHOCTOMKOCTH JUCIepPCHO-apMHUPOBAHHBIX GETOHOB, MaTpHLEH KOTOPbIX
saBysieTcsl Tspkesblit 6eToH [9, 10]. lopa3go MeHblle HMHOPMAlMM IO JAAaHHOMY BOMNpPOCY
NOCTYyNaeT OTHOCUTEJIbHO pUOPOapMUPOBAHHBIX JIeTKUX 6eTOHOB [11].

TakuM 006pa3oM wuccCaejOBAaHUE CBOWCTB JIETKUX (PpUOPOOETOHOB IMpeJCTaB/AsieT CO60MU
aKTya/IbHYI0 HAyYHYI0 U MHXXeHEPHYI0 33/]a4y, IOCKOJIbKY M03BOJISIET MOJYYUTh CTPOUTETbHBIH
MaTepuaJs, coyeTalwUUid B cebe BBICOKME MPOYHOCTHbIE XapaKTEPUCTUKH, JIETKOCTb U
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YCTOI‘/JI‘-II/IBOCTb K BHEIIHHUM BOSAEﬁCTBHHM. JTo OTKpbIBaeT BO3MOXHOCTH AJIA €ro nHrMpoKoro
IIpUMEeHEHHUA B COBpEMEHHOM CTPOHUTEJ/IbCTBE.

MeToaos10rua

B pa6oTe npumensca noptaadaueMeHT HEM [ 42,5H no 'OCT 31108-2020 «llemeHTbI
obuecTpouTesibHble. TexHUYecKHe ycaoBUa» [12]; KBapLieBbIM MECOK C MOJyJieM KpyHOCTH Mk
= 2,4 no I'OCT 8736-2014 «Ilecok ass CTpouTeJbHbIX paboT. TexHu4Yeckue ycaoBusa» [13];
KepaM3UTOBBbIM MEeCOK C HAacblMHOM MJOTHOCTHIO 305 kr/m3 (Mapka Mo HacbhIIHOW MJIOTHOCTH
M350) nmo T'OCT 32496-2013 «3amnoJIHUTENH NMOPHUCTbIe AJisA JIeTKUX 6eTOHOB. TexXxHUYecKHe
ycaoBusi» [14]; nnactudukatop «CUHTE®DJIOY» Mera 52 Ha oCHOBe MOJMKapOOKCUJIATHOTO
adupa B coorBeTcTBUM ¢ TY 2216-008-78722668-2015 «'unepnsiactudpukarop Sinteflow».

B kauecTBe AucepCHON apMaTypbl B pabOTe UCMO0JIb30BaIaCh:

e CuHTeTHueckas Makpodubpa «Concrix ES» (puc. 2, a) no TY 2272-002-22885424-2013
«[lonumepHblie BosiokHA (Pubpbl) "KOHKPUKC" HA OCHOBE /11 apMUPOBAHUS Pa3IMUHbIX
noBepxHOCTeW» AIMHOM 50 MM, 3KBUBaJIeHTHbIM AuaMmeTpoM 0,5 MM, MO/ZlyJIeM YIIPYTOCTH
11000 MITa.

e (CrasnbHaga ¢pesepHas pubpa (puc. 2, 6) AyMHON 36 MM, SKBUBaJIeHTHbIM AraMeTpoM 0,6
MM, MoayJieM ynpyroctu 210000 MlIla.

e (CranbHasg mnpoBoJsioyHass ¢ubpa (puc. 2, 8) mnpousBoacTBa «besopycckoro
MeTaJ/utyprudeckoro 3asoga» no TY 14-1-5564-2008 «Pubpa u3 cTajsbHOW NPOBOJOKHU
Ui JUCIePCHOTO apMUpoBaHUs 6GeToHa. TeXHHYeCKHe YCJAOBUSI» MOJHHOU 22 MM,
auameTtpoM 0,3 MM, MmoayJieM ynpyrocty 210000 MIla.

PucyHok 2. CuHTeTHdeckas Mmakpodubpa «Concrix ES» (a), cranbHast ppesepHas ¢pubpa (6),
cTaJibHasi NpoBoJiovHas ¢pubpa (8)

[logbop coctaBa KepaM3UTOOETOHHOW MaTpPHLbl OCYLIECTBJISJICA C LEJbl0 MOJy4YeHUs
MaTepuaJia C ONTUMaJIbHbIM COYeTaHHUEM IMPOYHOCTHBIX U TEXHOJIOTUYECKUX XapaKTePUCTHUK,
INPUTOJHOTO JJi NPMMEeHEeHUS B KOHCTPYKLUAX C MOHMKEHHOW IJIOTHOCTBIO U MOBBIIIEHHOU
TPEIMHOCTONUKOCTBIO.

[Ipu pazpaboTKe cocTaBa YYUThIBAJIUCH CAeyIol1Me TpeboBaHHUS:

e 0CaJiKa KOHyCa — MapKa 10 NoABWXHOCTH [12.

e 1pejies1 MPOYHOCTH MPHU CKATHUU — He MeHee 25 MIla;
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® (CpeAHss JIOTHOCTD — He Bblilie 1700 kr/ms3.

Jlns1 U3roTOBJIEHUSI KEPAM3UTOOGETOHHBIX 06PA3I[0B UCI0J/Ib30BaJIACh JIETKOOETOHHASI CMECh
C COOTHOUIEHHEM MOPTJAHAIlEMEeHTa K KBapleBoMy MecKy, paBHbIM 1:2. /ljis peryaupoBaHuUs
(yMeHblIeHUs1) cpeJHed TJIOTHOCTHM OeTOHAa, YacThb KBaplLieBOTOo IecKka 3aMeHsJach
KepaM3UTOBbIM. Bo/iolleMeHTHOe OTHOIEHHEe MOJ6UPaJoCh C YYEeTOM HOPMAJbHOW T'YCTOTHI
HNOPTJIAH/IeMEHTA, BOJOMOTPEOHOCTH KEPaM3WTOBOTO U KBapIEeBOro IMecKa, a TaKXe HX
¢dakTuueckoro pacxoja. CoctaBbl cMecel MocJjie KOPPEeKTU POBKHU NpeJicTaBIeHbl B Tabuule 1.

Ta6suna 1. CocTaBbl KepaM3UTOOETOHHBIX CMeCEH, KT /M3

ChIpbeBbIe Homep cocTaBa
MaTepHaJbl 1 2 3 4 5
[lopTaaHAIIEMEHT 406 437 454 487 504
KBapl1ieBbii mecok 812 842 908 975 1008
KepamsuToBbit 162 155 148 139 131
MEeCOK
Boga 187 201 209 223 231
[Lracruduumpyomas 2,03 2,19 2,27 2,44 2,52
nob6aBKa

[Ipoliecc MpPUrOTOBJIEHHUS KepaM3UTOOETOHHBIX M (PUOPOKEPAM3UTOOETOHHBIX CMecel
OCYLIEeCTBJISIJICSI B J1JaOOPaTOPHOM OeTOHOCMecHUTesle NMPUHYAUTeJbHOTro AeicTBusA. CHavasa
3arpy»<aJjiuchb BCe Cyxue KOMIOHEHThl U epeMellnBaInich B TeueHue 60 c. [lasnee nobaBsiaach
BOJla, CoJiepxKalljas [JO3UPOBAaHHYI 4YacTb CynepmjacTuduKaTopa, M IepeMellMBaHUe
NPOoJI0JKAIOCh elfé Ha mpoTskeHUH 120 ¢. Pubpa B Kosmdectse 0,5 06. % u 1,0 06. % BBOAMIACH
Ha IMocJe/iHeM 3Talle, 10OCJe Yero Ipolecc nepeMeliMBaHUs NpoJoJnKaIcad [0 obecrneyeHUs
PaBHOMEPHOT0 pacnpejie/ieHHs BOJIOKOH MO BCEMY 00beMy KepaM3UTOOETOHHOU cMecH. [l
KOHTPOJII IPOYHOCTU NPU CKATHUU M3TOTABJIMBAJUCh 00pa3ibl-Kyobl pasmepoM 10x10x10 cwm,
JUIs1 KOHTPOJISI TPOYHOCTH Ha PaCTSXKEHUE NMPU U3Trhbe U XapaKTEePUCTUK TPELUMHOCTOUKOCTH —
006pas1bl-6aJKU pa3MepoM 7X7x28 cM, Jisl KOHTPOJIsA YAAPHOU BA3KOCTH — 06pasiibl pa3MepoM
2x10x40 cm™.

[Iponecc ynjoTHeHHUsl cMecell OCYLeCTBJAJICA MPU NOMOILM CTaHZAAPTHOM JiabopaTOPHOU
BUOpormiowaaky. Ilocse 4Yero cBexxeoTPOpMOBaHHbIe 06paslbl IOMeEIIAJUCh B KaMepy
HOpPMaJIbHOTO TBEP/JEHUs], B KOTOPOH BbIJIEPKUBAIUCL 28 CYyTOK A0 Hayajla MUCHObITaHUH.
OnpenesneHe  CHUJOBBIX U JHePreTUYeCKUMX  XapaKTePUCTUK  TPELUMHOCTOUKOCTHU
KepaM3uTob6eToHa U GUOPOKepPaM3UTOOETOHA MIPOU3BOJUINCH B COOTBETCTBUU C TPEOOBAHUSAMU
[OCT 29167-2021 «bertoHbpl. MeTonbl onpeeseHUs XapaKTEPUCTUK TPEIMHOCTOMKOCTH
(BA3KOCTHU pa3pyllieHus) NPpU CTaTUYeCKOM HarpykeHuu» [15]. [loipo6HOe onucaHue 06paboTKH
NOJIyYeHHBIX pe3yJibTaTOB OMYy6JUKOBAaHO B mpeAblayuiux pabortax [16, 17]. UcnbeiTanue no
onpejie/leHUI0 YJapHOM BS3KOCTU MNPOBOJUJOCH HA YCTPONCTBE, MO3BOJIAIOIIEM TIpy3aM
(ymapHUKaM) U3BeCTHOM Macchbl (m) CBOGOAHO MajaTh C OlpejeseHHOM BbicOoThl (h). B xoze
UCOBITaHUSA GUKCUPOBAJIOCh KOJMYECTBO yAapoB (n), Heo6xoJuMoe /[Js1 MOsIBJIEHUsS NepBOM
TPELMHBI U JJIs1 IOJIHOTO pa3pylieHus o6pa3ua.

KoaddunueHT yrapHOU BA3KOCTH (L) BBIYUCIAIOT 110 popMmy.ie (1):

U.=Epa3p/ETp (1)
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rje, Erp —3Heprus, Heob6xoAuMasi AJisl OSIBJIEeHUSI IEPBOM TPeU[UHbI; Epasp — 3HEPTUs,

Heo6xoZUMasl AJisl IOJTHOT'O pa3pylleHus.
JHepruio (E) BeruucasoT no popmye (2):

E=n-(m-g-h)
2)
rZie, m — Macca yJJapHUKa, KT; g - yCKOpeHue CBOO0AHOT0 naJieHus1, M/c2; h - BpIcOTa naZieHUus
rpysa (ylapHHUKa), M; n — KOJIUYeCTBO y/JapoB.
YaapHyto BA3KOCTb (Ryz) BBIYUCAAIOT 0 Gopmy.e (3):

— % (3)
YW b xt
rae, b - mMpruHa o6pasia, u3MepeHHasd BOJIM3UW JIMHUM U3JI0Ma, M; t — TOJIIIMHA 06pasia,

M3MepeHHas 10 JINHUU U3JI0Ma, M.

Pe3ysbTaThl 1 06CyKAeHue

B Bo3pacTe 28 cyTok 06pasiibl BbICYIIMBAJUCh [0 MOCTOSIHHOW MaccChl, B3BEIIUBAJIUCh U
NOJIBePra/IuCh UCHBITAHUIO 10 ONpe/ies/IeHHUI0 Mpejesa MPOYHOCTH NMpU CxaThM. [losrydeHHbIe

pe3yabTaThbl IPUBEAEHDI B Ta6111/1ue 2.

Tab6sinua 2. [losrydyeHHbIe pe3y/1bTaThl CPeHEN MJIOTHOCTH U NTpeJiesia IPOYHOCTH IPU
CKaTUU KepaM3UTOOETOHOB

Homep cocraBa
XapaKTepHUCTUKU KepaM3UTOOeTOHA
1 2 3 4 5
CpefHsisl IJIOTHOCTB, Kr /M3 1462 1527 1614 1722 1768
Mapka no cpeiHel IJIOTHOCTH D1500 (]))160 (]))170 D1800 (]))180
[Ipeaen npoyHocTH npu cxkaTuu, Mlla 18,2 20,5 26,2 29,1 32,8

[lo pe3ysibTaTaM MCNIBITAHUU ONTUMaJIbHBIM IPU3HaAH cocTaB N23, c mokKasaTesiaMU Npejeia
NPOYHOCTH NpU CKaTUM 26,2 MIla u cpeaHed moTHOocTh 1614 Kr/m3. JlaHHBIA COCTaB
HCI10JIb30BaJICsl Kak 6a30BbIH /11 GUOPOKEPAaM3UTOOETOHOB.

Ha pucynke 3 mnpexacTaBieHbl JuarpamMmbl AebOpMUPOBAHUS KEPAM3UTOOETOHHBIX U
bubpoKepaM3UTOOETOHHbBIX 06Pa3L0B, OJy4YeHHbIX B X0/je IPOBeJeHHUs IKCIepUMEHTA.

[Ipefes1 MPOYHOCTH Ha pacTsKeHUe MpPU M3rhube HeapMHUPOBAHHBIX KEPaM3UTOOETOHHBIX
o6pasyoB coctaBus 3,6 MIla. [Ipy apMupoBaHUU CTaJbHOW NMPOBOJIOUHOU GUOpPOU mpenen
NPOYHOCTH HAa pacTsKeHue Nmpu u3rube cocraBus: npu 0,5 06. % - 7,13 Mlla (+98 % mno
CpaBHEHUIO C HeapMHUPOBaHHbIM 00pasnoM); 1,0 06. % - 9,98 MIla (+177 % mo cpaBHEHUIO C
HeapMHUpPOBaHHbIM o06pas3noM). [lpu apMupoBaHHUM cTaJbHOU ¢pe3epHot GUOpoOU npeaes
NPOYHOCTH Ha pacTsKeHUe Npu usrube cocrasu: 0,5 06. % - 6,8 Mlla (+89 % no cpaBHeHHU!IO C
HeapMUpoBaHHbIM o6pasuom); 1,0 06. % - 10,07 MIlla (+180 % mno cpaBHEHUID C
HeapMUPOBAHHBIM 00pa30M).
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[Ipy apMHUpOBaHUM CHUHTETHYECKMMH MaKpOBOJIOKHaMu B KkosndectBe 0,5 06. %
npeJieJINPOYHOCTH Ha pacTsKeHue MpU u3rube coctaBua 5,19 MIla, 4To npeBbllIaeT NPOYHOCTh
HeapMHpPOBAHHOTr0 KepaM3uTob6eToHa Ha 44 %. YBesinueHue cojiep:kaHus BoJ0oKoH 70 1,0 06. %,
npuBesio K pocty mnpoyHocTtdu Ao 8,06 MIla (+124 % no cpaBHeHHWIO C HeapMUPOBAHHBIM
006pasIoM).

—— HeapMHpOoBaHHBIH —— MaxkpocurTeTHaeckad 0,5 % —— MakpocunTeTHdeckat 1 %
Opesepran 0,5 % —— Dpeseprad 1 % ——Cranpnai 0,5 %

—— CrampHad 1 %
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Pucynok 3. /luarpammsbl gepopMupoBaHus GUOPOKEPAM3UTOOETOHHBIX
006pas1oB

Bce Tpu Tuna ¢pubpbl 06ecrneyruBalOT NOBbIIIEHHME TPOYHOCTHU C YBEJUYEHUEM 0OBEMHOIO
coziepkaHusl apMupyromux BoJIOKOH oT 0 g0 1,0 %. Ilpy 3TOM cTasibHasg NPOBOJIOYHAA M
dpe3epHas pubpa obecrnedyrBaeT HAUBBICIIHE YHUCAEeHHbIe 3HAYE€HUSI IPOYHOCTH NMPU U3rHbe Ha
BCEX CTaJUAX apMUPOBaHUsA. ITO 0ObACHAETCA BbICOKMM MOJyJieM YIIPYTOCTH CTald, KOTOPBIN
3HAUHUTEJbHO MPEBBILIAET MOAYJIb YIPYTOCTH KEPAM3UTOOETOHHO M MaTPHUILbI.

CuHTeTHYecKasa MakpopHubpa IeMOHCTPUPYET MeHee BbIpaXKeHHbIU POCT IPOYHOCTH, 0HAKO
obGecreyrBaeT Jiydlliee pacnpejesieHUue HaNpsDKEHUW MPU OOJIbIIUX MPOrubax, YTO 0COOEHHO
LJeHHO NPU LUKJHWYECKHX U yapHbIX Harpy3Kax.

[Ipy cpaBHeHHUM MOBeJleHUsI 06pasl0B, apMUPOBAHHBIX CTaJbHOU ¢pe3epHoil GuUOPOH,
MOXXHO OTMETHUTb, YTO yBeJHUdYeHUe cozepxkaHuss ¢ubpol ¢ 0,5 % g0 1,0 % npuBoAUT K
3HAYMUTEJbHOMY yBeJMYEHHUIO MUKOBOTO 3Ha4eHUs1 Harpy3ku - ¢ 2,4 kH go 3,6 kH. OgHako npu
aToM ¢popMa AMarpaMMbl He peTepreBaeT KaueCTBEHHbIX U3MEHEHHUH: B 060UX cayvasx nocJe
JIOCTPKeHUs] MaKCUMyMa HabJ1o/aeTcsl pe3Koe CHWKeHHe JedpOpMAlLMOHHOW KPHUBOH, UTO
CBU/IETEJILCTBYET O XPYNKOM pa3pylleHHH. JTO YKa3blBaeT Ha TO, YTO Jaxe NPHU YABOEHUHU
KosindyectBa ¢pesepHol GUOpPbHI €€ BJMSHHME OTrpPaHUYMBAETCS YyBeJMYeHHWeM HadaJbHOro
CONMPOTHUBJIEHHUS], HO HE CIOCOOGCTBYET CYLeCTBEHHOMY IMOBBILIEHHIO BSI3KOCTH pPa3pyLIeHUs.
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TakuMm 06pa3oM, eé paboTa orpaHu4YeHa JJ0 MOMeHTa HayaJla PaCKpbITHUS TPeLIMHbI, IOCJIe Yero
BOJIOKHA TEPSIIOT CITOCOOHOCTh 3G EKTUBHO Nepepacnpe/ieisiTh Hall psKeHUs.

B To e BpeMs 06pa3iibl, apMUPOBaHHbIE CTAJIbHOW NPOBOJIOYHON GUOPOH, IEMOHCTPUPYIOT
vHoe noBegeHue. [Ipu cogepxxkanuu 0,5 % MakcuMaJsibHas Harpyska cocTabJsieT okoJsio 2,6 kH -
Bblllle, 4yeM y ¢pe3epHOU GUOPBI TOTO Ke cofepkaHus. bosee Toro, KpuBasg MMeeT IMJIABHBIN
HaKJIOH MOCJe TOYKH MaKCHMMyMa, YKa3blBalOU[UM Ha HaJW4YUe OCTAaTOUHOW MPOYHOCTH U
YCTOWYHUBOTO CONPOTUBJIEHHUS pa3pyLIEHHIO.

[TosiyyeHHbIe Mocae 06pabOTKU AUarpaMM AepopMHUpPOBaHHUS CUJIOBbIe U dHEpreTUYecKHe
XapaKTepPUCTUKU  TPEL|MHOCTOMKOCTH  KepaM3uTob6eToHa UM  (QuOpoKepaM3UTOOETOHA,
npUBeiIeHbl B TabJuIe 3.

Tab6simua 3. CuoBble U 3HepreTUYeCKUe XapaKTePUCTUKU TPEIIMHOCTOUKOCTH

Bup v conepkanue GpuOpPEI
z %
2 g g 5 3
o = £ o o
© w w a. a,
»~ < I g g o )
CusoBbIe u 3 8w ey 3% 3y e )
T L acl L o< a < a < a.° Q. °
3HepreTUYECKHe = RS R SIS SIS &S SS
S SR SN o & o Sl o o
XapaKTepPUCTUKH 8 E 5an 5 S o = A =S 8 1n g o
TPELIMHOCTOMKOCTH §. £ é_g: = é:ﬂ § S E = TS T
X S| = 5
¢dubpokepaM3nTOGETOHA = S g 5S¢ % % 2 s
3 E = ° e
Jout (8] (8]
Efjﬁ?”” TUIOTHOCT: | 1582 1612 1631 1626 1689 1636 1689
YnenbHble
3HeprosaTpaThl Ha
CTaTHUYeCKoe
paspyluieHye 10 MOMeHTA 12,2 16,6 17,8 23,6 23,2 25,3 25,3
Hayasa JIBIDKEHUSI
MarucTpaabHON
TpemuHsbl, Gi, [Hk/M?
YnenbHble
3ddeKTUBHBIE
3Hepros3aTpaThbl Ha 20,9 7636 15606 3379 6169 252 899
CTaTUYeCKoe
paspymenue, Gy, Jxx/m?
Kputnueckui
k03¢ PULUEHT
WHTEHCUBHOCTH 0,48 0,58 0,60 0,65 0,69 0,70 0,74
HanpsbKeHUH, K,
MIla-m%>
J-uHterpan, Ix/mM?2 7,63 11,20 12,77 18,29 22,78 18,90 20,98
m@yﬂb ynpyroctd, E, | 54134 20336 20529 22958 24929 23108 24852
[Ipenen mnpoyHOCTH Ha
pacTsKeHUe PU U3THUGE, 3,60 5,19 8,06 7,13 9,98 6,30 10,07
Rn3r, MIla
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[Ipu yBesIM4eHUHU cOoJiep>kaHUsl MPOBoJI0YHO M GubphI A0 1,0 % nukoBasi Harpy3Ka Bo3pacTtaeT
fo 3,5 kH, To ecThb He cTOJIb pe3ko, Kak y ¢pe3epHOH (UOPHI, OJHAKO NMPHU 3TOM XapaKTep
pa3pyllieHHsl CTAHOBUTCA elé 60Jiee BA3KUM. KprBasi IeMOHCTPUPYET AJUTENbHOE yepKaHue
Harpy3kKu Jaxke MpU 3HAUUTEJbHOM nporube, gocturarwigeM 10 MM. ITO FOBOPUT O BBICOKOU
CIIOCOOHOCTU TMPOBOJIOYHON PUOPBI CONMPOTHUBJAATLCS PACKPBITUIO TPEIIMH U MOAJepP>KUBAThb
PaboTOCMOCOGHOCTh KOHCTPYKIUU HA CTAZJUU MOCTIIMKOBOTO Pa3pyIllieHUS.

Ha pucyHke 4 npepcrtaBjieHa auarpamma aepopMupoBaHUsA GUOPOKEPAM3UTOOETOHHbBIX
006pas1[0B, apMUPOBAHHBIX CTAJTbHOU GUOPOH ABYX TUIIOB — MPOBOJIOYHOMN U Gpe3epHOH.

®pesepnaz 0.5 % —— Gpesepraz 1 % —— CrambHai 0.5 % —— CrambHaa 1 %

>
y

Harpyska, kH

Hporud, MM

PucyHok 4. /luarpamMmmsbl iepopMrpoBaHUs GHUOpPOKepaM3UTOOETOHHBIX 06Pa31i0B,
apMHpPOBaHHbBIX CTAJIbHOU Qppe3epHOM U NPOBOJIOYHOU GUOpOU

CpaBHUBast 06a Tuna ¢GuUOPHI MPU OJHOM U TOM e COJIepP>KaHUH, BUJHO, YTO dpe3epHas
obecneyrMBaeT JIMIIb POCT MaKCUMaJbHOW MPOYHOCTH, HO He TpeJOTBpaAllaeT XpynKoe
pa3pylleHHe, TOrja Kak NpoBoJiouHass ¢ubpa dopMupyeT BS3KHU M YCTOMYMBBIA Mpolecc
pa3pyllieHUs C JUIMTEJbHbIM yJiepKaHHeM OCTAaTOYHOW Hecylled COCOOHOCTH. ITO JeslaeT eé
OoJsiee MpeJNOYTUTENbHONU [AJis1 KOHCTPYKIUH, MOJABEPXKEHHBIX IUKJIUYECKUM WU YAAPHBIM
Harpyskam, rjie BaKHa He TOJIbKO MPOYHOCTb, HO M CIIOCOGHOCTb MaTepHasia COXPaHAThb
11eJIOCTHOCTb IIOCJIe HavaJla TPeLMHO06pa30BaHUS.

TakuM o06pa3oM, yBeJUYEeHHE TNPOLEHTHOTO  coJiepkaHuss  GUOpPbI  OKa3bIBAET
M0JIOXKUTEJIbHOE BJMSHUE HAa TPOYHOCTh, HO CTENEHb 3TOTO0 BJHUSHUS 3aBUCUT OT THIIA BOJIOKOH.
Ha ocHOBaHMU NIpeiCTaBJEHHBIX JHarpaMM ONTUMaJIbHbIM BbIOOPOM JIJISI apMHUPOBaHHUSA JIETKOTO
¢ubpo6EeTOHA C TOYKU 3pPEHHUS KOMILJIEKCHBIX XapaKTEePUCTHUK — MPOYHOCTH U COMPOTUBJIEHUS
paspylueHUI0 - sBasdeTcd npuMeHeHue 1,0 % cTasbHOW NpPOBOJIOYHOM GUOPBI, KOTOpas
obGecreyrMBaeT HaJEXKHYI0 pabOTy KOHCTPYKIIUH JlaXKe B YCJOBUSX PACKPBITHUS W pPa3BUTHUSA
TPEeIIHH.
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[IpuMeHeHuMe serkoro Gu6pPo6eTOHA AJIsI U3TOTOBJIEHHUS MAXTHBIX 3aTSHKEK

Ha pucynke 5 npejcrtaBJsieHa auarpaMMa jAedopMupoBaHUs PUOpPOKEpPaM3UTOOETOHHBIX
00pasI0B, apMHUPOBAHHBIX CTAJbHOW NPOBOJIOYHOM U CHUHTETHYECKOW MaKpoPUOpPOI.
ApMupoBaHHe KepaM3WTOOeTOHA CHHTeTHYeCKOW Makpodubpor B KosudectBe 0,5 00. %,
obecrneyrBaeT MaKCHMaJbHYl0 Harpy3ky B 1,8 kH c mociezsylomuM OTHOCHTEJNBHO MJIABHBIM
cHmxkeHueM. [Iporu6 gocturaet 20 MM, U KpHUBasi COXpaHsAET YCTONYMBYIO GOPMY C HEBBICOKOH,
HO CTabUJbHOW OCTAaTOYHOW Hecylled cnoco6HocThio. [loBeseHHe MaTepuasa MOXKHO
OXapaKTepHU30BaTh KaK BsI3KOe, 6€3 MPU3HAKOB XPYNKOro pa3pylleHHs], 0JJHAKO MaKCMMaJibHasi
IPOYHOCTb CPAaBHUTEJBHO HEBBICOKA

—— MaxpocunTterndeckad 0.5 % Cranehat 1 %o

MakpocuntetHyeckad 1 % ——Cratesag 0,5 %

: U/@Q M D
NN T
0.5 \A\":\f\'\ﬂ I

Harpyvika, kH
n
|

Iporud, Mm

PucyHok 5. /luarpamMmmel edpopMrpoBaHus GHUOPOKepaM3UTOOETOHHBIX 06Pa31i0B,
apMUPOBAaHHbIX CTAJIbHOW NPOBOJIOYHOM U CUHTETHUYECKOW MaKpopubpoi

[Ipu yBesMueHUU cofiepKaHUS CHHTeTHYecKor Makpodubpsl Ao 1,0 06. % Habaromaercs
3HAaYUTEJIbHOE NMOBBbIIIEHWE MPOYHOCTU: MaKCUMaJibHas Harpyska gocturaet 2,7 kH. ['1aBHOe
OTJ/IMYUE - N10SIBJIEHHE YCTOMYUBOW FOPU30HTAJIBHOU YaCTH HA KPUBOU I10CJIe JOCTHKEHUS NHKa,
YTO yKa3blBaeT HAa AaKTHUBHYI paboOTy BOJIOKOH B MOCTIMKOBOW cTaauu. [lporu6 Takxke
npeBbliaeT 20 MM, a JIMHUS JAEMOHCTPUPYET YMEpPEHHOe CHWKeHHe Hecylled CIOCOOHOCTH C
yBesqndyeHueM JedpopMayuid. TakhM o00pa3oM, MOBbILIEHUE COJAEPXKAHUS CHUHTETUYECKUX
MaKpOBOJIOKOH, yJy4llaeT KaK MpPOYHOCTb, TaK U CIOCOOHOCTb MaTepuasja COXPaHATH
11eJIOCTHOCTb 0CJIe HayaJsla TPeluMHO06pa30BaHuUS.

Jlna cpaBHeHUs: CcTajJbHasd NpoBoJioyHass ¢ubpa npu cogepxkaHuu paBHoM 0,5 06. %
JleMOHCTpPUpPYeT NMUKOBYI HArpy3ky 2,6 kH, ogHako cpasy mocjie nmukKa NpOUCXOJUT OBICTpoOe
CHIDKeHMe conpoTuBJieHNUd. HecMoTps Ha 3TO, ocTaTOYHAsA MPOYHOCThb COXpPAHSAETCH Ha YPOBHE,
6/1M3KOM K 6eTOoHYy Ha MakpocuHTeTHUKe ¢ 0,5 06. %, npu MeHbIlleM nporube - okosio 10 mm. [Ipu
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yBeJIMUEHUHU COZlep:KaHUs MPoBoJIoyHOM Gubphl 0 1,0 % nukoBas Harpyska Bo3pacTaeT 0 3,5
kH. OpgHako npu nporube paBHOM 6-8 MM HabJ/0AaeTcA CyLleCTBEHHOe CHW)XXEHHe Hecyllei
crnoco6HoCcTU. MakcuMasibHbIM nporu6 - MmeHee 10 Mm. TakuM o6pas3oM, npoBoJioyHass ubpa
ob6ecrneyrBaeT BbICOKYI0 HauaIbHYIO IPOYHOCTb, HO XapaKTepHU3yeTCsi OrPpaHUYEeHHO M BA3KOCTbIO
10 CPaBHEHUIO C CUHTETHUYEeCKOU MaKpopuObpo .

CpaBHUBasi 06a BHJla apMUPOBAHHUs, MOXHO CJeJaTh BbIBOJ, YTO MpPOBOJIOYHasA ¢ubpa
3dpdeKTHBHEE B YBeJIMYEHUU MPOYHOCTHU HA PAHHUX CTAIUSX HArPy>KEHUs U TPELU[UHOCTOUKOCTH
(kpuTHYEeCKU UM KO3 PUIMEHT UHTEHCUBHOCTH HAMPsi>)KEHUM KepaM3UT0OeTOHa, apMUPOBAHHOTO
CTaJIbHOU pubpoM, 6osblIe, YeM GPUOPOKepPaM3UTOOETOHA C MCNOJb30BAHUEM CUHTETHUYECKOU
Makpopubphl), 0cobeHHOo npu cofepxkanuu 1,0 06. %, HO oCJie BOSHUKHOBEHUSI MarucTpajbHO I
TPelIMHbl OHA OBICTPO TepsieT HECYLIyI CHOoCOOHOCTb. B TO e BpeMs CHHTeTHuYecKas
Makpodubpa obecrnedrBaeT 60Jiee CTAOUIbHYIO U AJUTENbHYI0 PaboTy NpU 60JbLINX TPOTHUbaX.
JTo gAesaeT eé GoJsiee MOAXOAsSILEH /i1 KOHCTPYKLMH, I'Jle BaKHa CIOCOOHOCTh MaTepuasia
COTMPOTHUBJIATHCA AePOopPMaIUAM U COXPAHATD LEJIOCTHOCTD MOCJIE MOSIBJIEHUS TPELUH.

AHanuz rpaduKoB, UJIOCTPUPYIOLIMX 3aBUCUMOCTb HArpysKu OT Nporuba npu u3rube
06pa3uoB Jérkoro ¢ubpPo6ETOHA, MO3BOJISIET CAeaTh 000CHOBAaHHbIE BBIBOJbI O XapaKTepe
pa6oThl ¥ 3G PEeKTUBHOCTH PA3/TUYHBIX BHUJIOB JJUCIIEPCHOT'0 ApMUPOBAHUSA:

e CrasbHag npoBoJioyHas ¢ubpa obecneyrBaeT HauboJiee BbICOKYI MPOYHOCTb HAa MHUKeE
Harpy>kKeHusi, 4YTO TOBOPUT O BBICOKOW HecCylell crnocobHocTH MaTepuasa. OJHaAKO
XapakTep pa3pylieHHs HOCUT OTHOCUTEJIbHO XPYNKHWM XxapakTep (B CpaBHEHUH C
KepaM3HUTOGETOHOM, apMHPOBAHHbBIM CHHTEeTHYeCKOM Makpodubpoi) - mocje
JIOCTMXKEHHST MaKCMMyMa JuUarpaMMa pe3KO CHUXKAeTCsl W MpeJie/ibHbIM Mporuob
coctaBadgeT 10 MM. ITo yKasbpiBaeT Ha TO, YTO NPOBOJIOYHAdA pubpa Jiydllle paboTaeT B
KOHCTPYKIMSX, TIJie BaXHAa BbICOKAasi HayaJbHasg IMPOYHOCTb, HO He TpebyeTcs
3HaYUTeNbHas JlepopMaTUBHOCTD NOCJE TPELMHOOOpa30BaHHS.

e (CranbHasa ppesepHasa pubpa TakKe MOKA3bIBAET BbICOKUN YPOBEHb MHUKOBLIX HArpy3oK,
CPaBHHUMBIH HWJM JaxKe NpeBbIIIAKUIMA NpoBoJoYHY0 Gubpy. OfHaKo eé XapakTep
pa3pylieHuss emé 06oJiee XPYNKUA — KpUBasg pPe3KO OOPBhIBAETCS IMOCJe MUKA, 4TO
CBU/IETEJIbCTBYET O HU3KOW BA3KOCTU paspylLIeHUs] U OTCYTCTBUM OCTATOYHOM Hecylien
cnocobHocTu. CiieoBaTtesibHO, ¢pe3epHas ¢ubpa 3PPpeKTHBHA TOJBKO HAa CTaJAUU
npeJiBApUTEJIbHOTO pa3pylleHUs, HO He obecneyuBaeT paboTy MaTepuasa IoOcCJe
PaCKpBITHS TPELUH.

e CuHTeTHYecKass MakpodpHuOpPa, HANPOTUB, MPOSABJSAET HAUIYUYLIYIO BA3KOCTb pa3pylLIeHUs
M YCTOWYUBOCTb B MOCTNMKOBOW cTaauu. [IpenenbHbid nporu6d gocturaet 20 MMm. 3To
JleJIaeT e€é ONTUMAJIbHOM /11 KOHCTPYKL UK, MOJBEPKEHHBIX JJIUTEIbHOMY BO3/1e HCTBHIO
Harpy3o0kK, y/lapoB UJIH [IUKJINYeCKUX ledopMaluii, IZie BAXKHO He CTOJIbKO NPeZJOTBPATUTh
TpelMHOOOpa30BaHUe, CKOJIbKO 06ecrneduTb 06e30lacHOe W KOHTPOJIMpyeMoe
paspylieHue KOHCTPYKIUU.

TakuM o06pa3oM, BbIGOP ONTHUMAJIbHOrO TUIA GUOPLI 3aBUCUT OT YCJOBUW 3KCIJIyaTalUuu
KOHCTPYKIIMU: TPHU HEOOXOJAMMOCTH o0OecnedyeHUs] BbICOKOW HadaJbHOW MPOYHOCTHU
11eJ1eC000pa3HO MCMOJIb30BaTh BBICOKOMOAYJIbHYIO CTaJbHyl0 GHUOpY, a IpU HEOOXOJAUMOCTH
NOBBbIIIEHHOW J1eGOPMATUBHOCTH M BSI3KOCTU pa3pyllleHHUs] —CHHTETHUYEeCKyl Makpoduopy,
ob6ecrnevyrBalILy0 HaJ|€KHY0 paboTy KOMIIO3UTA B IOCTIIMKOBOM CTaJJUM.
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B xopme ucnbITaHUA MO ONpeJie/IEHUI0 yAAapHON BA3KOCTH (PUKCUPOBAJOCH KOJIUYECTBO
yAapoB (n), Heo6xoAUMMOe /il MOsIBJEHUS NepBOoW TpeluHbl (Erp) (puc. 6, a) U AJisg MOJTHOrO
paspyieHus oo6pasua (Epasp) (puc. 6, 6).

YpapHas BSI3BKOCTb XapaKTepU3yeT CIHOCOOHOCTb MaTepuasia MOTJIOUATh 3HEpPrui Npu
JUHAMUYECKOM HarpyKeHUH U SBJIIeTCsS BRXKHbIM [TapaMeTPOM IPU Ol[eHKe TPEIMHOCTOUKOCTH
Y BA3KOCTH pa3pylleHus 6eToHa.

CorsacHo  MOJIyYeHHBIM  pe3yJibTaTaM, yJapHas  BS3KOCTb  HeapMHUPOBAaHHOIO
KepaM3uTo6eToHa cocraBiasgeT 1051 JI/M?% 4TO CBUAETENLCTBYeT O HU3KOH CIHOCOGHOCTH
MaTepuaJia K [OTJIOIeHUI0 SHEPT UM TPU IMHAMUYECKOM UJIU yJaPHOM Har pyKeHHHU.

CuHTeTHYeckass Makpodubpa AEMOHCTPUPyeT HauboJblyl0 3GPEeKTUBHOCTb B aCHEKTe
pocTa yZJapHOU BA3KOCTHU. XapaKTep pPOCTa MOKasaTeJss MOYTH JMHEHHbIU. JTO yKa3blBaeT Ha
BBICOKYI0 CIOCOOHOCTb CUHTETUYECKHUX MaKpPOBOJIOKOH IOTJIOIATh S3HEPTUI0 IPU PACKPBITHUU U
pa3BUTHM TPeILUH, 61aroaps UX 3Ha4UTeJbHOU 1epOPMaTUBHOCTH U XOPOLIEMY CLENJIEHUIO C
LlEMEeHTHO W MaTpHUIeH.

PucyHoxk 6. [Iponiecc ucnbITaHUS yapHOM BA3KOCTHU: d — NOsIBJIEHUE MEPBOU TPeLUHbI Ha
HCIIBITYeMOM 06pas3lie; 6 — MOJHOEe pa3pylleHue UCIIbITyeMOoTo 06pasia

Pe3y/bTaThl, IOJly4eHHbIE B X0/ie TPOBeJeHUsl 3KCIIEPUMEHTA, peiCTaB/IeHbl B TabiuIe 4.

Tab6auna 4. Pe3ysbTaThl UCIBITAHUSA YAapPHOH BA3KOCTH

Y papHasa
YnapHas YpapHas Koadounuent

BH% 1 conepanne aHeprud (nepBas SHEprus BSI3KOCTb, YAApHOH BA3KOCTH,

éubpsbl, % Tpemuna), Exp, JIK (pa3pyueHue Ry, Jk /M2 "
P 06pasna), Epasp, JUK Yo

HeapMHPOBaHHBIN 074 148 1057 2
KepaM3HTOOEeTOH ’ ’
CTaJibHasl IMPOBOJIOYHAs
(0,5 %) 14,72 29,44 21029 2
CTajJibHasl MPOBOJIOYHAs
(1,0 %) 19,62 41,69 29779 2,125
ctanbHas ppesepHas (0,5 589 736 5257 125
%) ) ) )
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cranbHas ppesepHas (1,0 8.83 1104 7886 Py
%) ’ ’ ,
CUHTeTHYecKast

Makpodu6pa (0,5 %) 491 49,10 35071 10
CUHTeTHYeCKast

Makpodu6pa (1,0 %) 9,81 83,39 59564 8,5

[IpoBoJiouHas cTasbHasg ¢pubpa obecrneyrBaeT yMepeHHOE NMOBbILIEHUE YIaPHON BA3KOCTH.
HecMoTpsi Ha MeHblIIMe 3HAYEeHHs 110 CPABHEHUIO C CHHTEeTUYeCKON MakKpodUOpPOH, JaHHBIA TUI
apMHUPOBaHHUSA CIOCOOGCTBYET MOBBIIIEHUIO NPOYHOCTHU NPU U3TUOe B GOJIblLIEN Mepe, a TaKXKe K
CONPOTHUBJIEHUIO pa3pyLIeHUIO HA YIIPYTOU CTaAUH (TPEIMHOCTOUKOCTD).

®pesepHas cTasbHasg ¢ubpa MOKa3blBaeT HAUMEHBUIUH MPUPOCT yAAPHOM BSABKOCTH. JTO
MOXeT ObITb 00y CJI0BJIEHO YKOPOYEHHO U JIIMHOUM BOJIOKOH U UX OTPaHUYEHHON CIOCOOHOCTHIO K
aHKepOBaHMI0 B OETOHHOM MaTpulle MNpU [AUHAMHU4YeCKOM BO34eHCTBUU. CUHTeTHYecKas
Makpopubpa, HECMOTPSI HAa HU3KUU MOAYJb YIPYTrocTH, 06JsaJlaeT 3HAYUTEJNbHbIM 3aMacoM
3Hepruu jAedopMalvi U XOpOIIo paboTaeT B YCJAOBUSX PACKPBITUS TPELIUH 3a CUET BbICOKOU
pacTSXKUMOCTU. IJTO MO03BOJIsAeT el 3QPEeKTHUBHO TOPMO3UThb MPOLECC paspylleHUd IMpHU
JMHAMUYECKHUX BO3AMCTBUAX, obecrnedyuBasi 3HAYWUTEJbHbIM NPUPOCT YJAPHOM BA3KOCTH.
[IpoBosiouHas cTasbHass ¢ubOpa AeMOHCTpUpyeT cOaaHCUpPOBaHHble CBOWCTBA: yMepPEeHHbIH
YPOBEHb YJJapHOW BA3KOCTU COYETAETCs C BBICOKOM HecCyleil cnoCOOHOCTbI0 U NPOYHOCTBIO Ha
pacTsbkeHHe Npu usrube. @pesepHas ¢ubpa B CUJIY CBOEH CTPYKTYphbl OoJiee 3pPeKTHUBHA B
YCJI0OBUSAX CTATUYECKOT0 Harpy»KeHusl, YyeM NpH yJapHbIX BO3/1e ACTBHUSX.

TakuM 06pa3oM, Haub6oAbIIKMK 3pdeKT B NJaHe NMOBBbIIIEHUS YJAaPHOU BSI3KOCTHU JIETKOTO
©6eToHa JOCTUraeTCs PY UCNI0JIb30BAaHUU CUHTETHUYeCKON Makpoduobpsrl B kosindecTse 1,0 06. %,
4YTO JejlaeT €€ TMpeflNoyYTUTENbHOM B KOHCTPYKLMAX, 3SKCIJIyaTHUPyeMbIX B VCJIOBHUSX
JIMHAMUYECKOTO WJIM yJapHOTO Harpy»eHus. [IpoBoJsioyHass cTajsbHasgs ¢pubpa — ONTUMaIbHbIN
BapUaHT, Korjia TpebyeTcsi coueTaHUe TPEIIMHOCTOMKOCTH, BA3KOCTU pa3pylLIeHHUs] U BbICOKOU
Hecylel cnoco6HocTH. PpesepHas ¢ubpa MoKeT UCIO0JIb30BAThCS B CUCTEMAX, I'/le KPpUTHYHA
CTaTHUYyecKasi MIPOYHOCTb, 0/JHAKO €€ 3P PEeKTUBHOCTD B Y/JApPHBIX YCJIOBUSAX OTpaHUYEHA.

3ak/louyeHue

B pe3syJibTaTe NpoBeie HHbIX UCCIeJ0BAHUH N10Jy4eHbl HOBbIe 3KCIIepUMeHTa/IbHble JaHHbIE,
JlokasbiBawIre 3¢pGeKTUBHOCTb MCIOJIb30BaHUA JUCIEPCHO-apMUPOBAHHOIO0 KepaM3UTO6eTOHA
JUI1 U3TOTOBJIEHHUS LIAXTHBIX 3aTAXKeK.

UccnenoBaHbl  PU3MKO-MeXaHUYECKHe  XapaKTEPUCTUKHU  JAUCIHEePCHO-apMUPOBAHHOIO
KepaM3UTOOeTOHA C UCN0JIb30BaHUEM Pa3JIMYHbIX BUJ0OB BOJIOKOH. YCTAHOBJIEHO, YTO:

CranbHasg mpoBoJioyHass ¢ubpa npu 06bEMHOM cojepxkaHuM, paBHoM 1,0 %, obecneuuBaeT
HauBbICIIMe 3HAa4eHUs KaK HadaJbHOW NPOYHOCTH, TAaK U HEKOTOPBIX AedpOpPMATUBHBIX U
3HepreTUYECKUX XapaKTepUCTHUK:
¢ MaKCUMaJIbHbIH IPUPOCT MOAYJIA YIIPYyTOCTH;
e BBbICOKaf yZlapHasi 3Heprud A0 00pa3oBaHUsA nepBoy TpewuHsbl (Ermp = 20 [Ix);
e 3HauyuUTeJbHbIE yJesbHble 3HEPro3aTpaTbl Ha CTaTHUYeCKOe paspyllieHHe O MOMEHTa
Havasia BWXKEHUS MarucTpaibHO# Tpeiunsl (Gi ~ 23 JIxk/M?) U yenbHble 3G PeKTUBHBIE
3HeprosaTpaThbl Ha cTaTH4eckoe paspyuienue (Gr= 6200 Jx/m?).
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J3TO JesaeT JaHHbIM TUN GUOPHI ONTUMAJbHBIM JAJI1 KOHCTPYKL UM, 3KCIJIyaTUPYEMBbIX B
YyCJIOBUSIX JUHAMUUYECKUX, YAAPHBIX U BUOpALMOHHBIX HArpy3o0K, IAe KPUTUYHA CIOCOOHOCTH
MaTepuaJsa K CepKUBaHUIO U TOPMOKEHUIO Pa3BUTUSA TPELLUH.

CrasbHasg ¢pesepHas ¢ubpa TakKe [AeMOHCTPUPYET BBICOKYIO 3(DPEKTHBHOCTb IMPH
cogepxkanuu 1,0 %, ycTynasg npoBOJIOYHOM JIMIIb MO MOKa3aTeJsiM BS3KOCTU pa3pylleH’us —
yJeqbHbIM 30QPEeKTUBHBIM 3Hepro3aTpaTaM Ha cTaTU4yeckoe paspyuieHue (Gf) U yJapHOU
BA3KOCTU (Ryx). E€ nmpuMeHeHHe 1jesieco06pa3HO B KOHCTPYKLUAX, TJle TpebyeTcs BbICOKast
NPOYHOCTb, YCTOWYHMBOCTb K YCaJOYHbIM JAedopManusiM U HAJAEKHOCTb MPU COXPaHEHUU
TEXHOJIOT MYHOCTH YKJIaJIKU 6ETOHHOM CMecH.

CunTeTuyeckasgs Makpodpubpa, HECMOTpPSI Ha HU3KUW MOJAYJb YIPYTOCTH, CIOCOOCTBYET
NOBBILUIEHUIO BI3KOCTU paspylleHUs], yCTOMYMBOCTH MaTepuasa K pacnpoCTPaHEHUIO TPEIUH
npu 6Gosbmux JedopMaunuaAx W yAApHOM BA3KOCTU. Takad ¢ubpa MoxeT 3PpPeKTUBHO
WCIOJIb30BaThC B KOHCTPYKIUSX, TJ€ OCHOBHOe TpebOBaHME - 3TO paBHOMEpPHOe
pacnpefesieHre fedopMalivii, 6€30MacHOCTb pa3pylieHHWs W JOJIFOBEYHOCTb B arpecCHBHBIX
cpefiax (HampuMep, B 3JieMeHTaX, IPU HEOOXOAMMOCTU 3aUIUThl OT KOPPO3UU UJU B yCJIOBUSAX
NOBBILIEHHOW BJIQXKHOCTH).

Ucxonsa wu3 3TOro, BbIGOP ONTUMAJbHOrO THOA U cojepkaHuss GUOPBI  JJODKEH
OCYLLeCTBJATBCA B 3aBUCUMOCTH OT yCJOBHUM pabOThl MOA3EMHOW KOHCTPYKLHHU B LI€JIOM U
KOHKPETHBIX TPEOOBAHUM K IIaXTHBIM 3aTsKKaM.

BkJi1as aBTOpOB

10.B. [lyxapeHKO — pa3pab0oTKa KOHLENL MU UCCIe0BaHud, 00l ee pyKOBOJCTBO paboTOM.

J.A. [laHTe/1eeB — NnpoBeJileHHe S3KCIIEPUMEHTOB, CO0p K 06paboTKa UCXOHBIX JAHHBIX.

M.H. ’KaBOpOHKOB — aHaJ/IM3 NOJy4YeHHBIX JJAHHbIX, y4acTHe B HATUCAHUHU U
pelaKTUPOBAaHUM TEKCTA CTATbhHU.

Cnucok siuTepaTtyphbl

1. Cemenwk C.Jl., Kernep 3.A. IlpoyHocTh U AepOpMaTUBHOCTb KepaM3UTOOETOHOB Ha
OCHOBe CbIpbsl 3aB0JI0B Pecny6siuku Benapych // [lpo6JsieMbl COBpeMEHHOr0 6eTOHa U
ese3060eToHa. 2017. N2 9. C. 414-435.

2. Cemenmwok C.Jl., PxxeBynkasa B.A. BiusiHve KOMIOHEHTOB JIETKOTO 6ETOHA HA MPOYHOCTHbIE
U gebopMmaTtuBHble  xapakTtepuctukd // Bectnuk  bBesnopyccko-Poccuiickoro
yHuBepcuTeTa. 2018. Ne 4 (61). C. 102-109.

3. PaynoB Y.C. KepaM3uTo6eTOH [iJii TPaHCIOPTHOrO CTPOUTEJbCTBA: MoHorpadus /
TamkeHT: Tamaddun, 2020. - 356 c.

4. T.M.Ismael, S.D. Mohammed Structural performance of fiber-reinforced lightweight
concrete slabs with expanded clay aggregate // Materialstoday: proceedings. Volume 42,
Part5, 2021, Pp. 2901-2908. https://doi.org/10.1016/j.matpr.2020.12.746

5. Zhiyi Tang, Xiongjun He, Yinda Fu, Haoyu Li, Weiwei Wu, Jianxin Lu, Chi Sun Poon Flexural
bearing capacity of lightweight concrete beams reinforced by end-hooked steel fibers //
Construction and Building Materials Volume 472, 18 April 2025, 140826.
https://doi.org/10.1016 /j.conbuildmat.2025.140826

JLH. 'ymunes amuiHdarsl Eypasus yimmuik yHusepcumeminiy XABAPIIIBICEI. N93(152)/ 2025 35
TexHUKA/1bIK Fbl1bIMOAP HCIHE MEeXHO102UANAP CePUSIChl
ISSN: 2616-7263. eISSN: 2663-1261


https://doi.org/10.1016/j.matpr.2020.12.746
https://doi.org/10.1016/j.conbuildmat.2025.140826

10.B.Ilyxapenko, [l.A.Ilantenees, M.U.KaBopoHKOB

6.

10.

11.

12.

13.

14.

15.

16.

17.

Qiao Liao, Shen-Yi Lu, Jian-Xin Lu, Chi Sun Poon Improving mechanical and fracture
properties of high-performance lightweight concrete by using steel fiber and sustainable
high-strength core-shell lightweight aggregate // Construction and Building Materials
Volume 459, 17 January 2025, 139697.
https://doi.org/10.1016 /j.conbuildmat.2024.139697

MockanbkoBa 10.I',, PxxeBynkas B.A. [lonunponuieHoBas ¢ubpa kKak GaKTOp CHUKEHUS
MOJIHBIX YCaJIOUHbIX lepopMaluil Kepam3auTobeToHa // HaydHbI M )KypHaJ CTPOUTELCTBA
Y apxuTekTypbl. 2024. Ne 1 (73).C. 11-23. DOI 10.36622/2541-7592.2024.73.1.001
Afshar Seydmoradi, Mohammad Hadi Tavana, Mohammad Reza Habibi Investigation on the
response of steel fiber reinforced lightweight aggregate concrete slab under sequential
impact loading // Engineering Failure Analysis Volume 161, July 2024, 108221.
https://doi.org/10.1016/j.engfailanal.2024.108221

[lyxapenko 10.B., Ilanteneer /[I.A., aBoponkoB M.HU. OnenHka 3¢pdeKTUBHOCTH
JIUCIIEPCHOTO apMUPOBaHHUs 6ETOHOB MO MOKAa3aTessIM MPOYHOCTHU U TPEIMHOCTOUKOCTHU
// Bectnuk CubA/IU. 2022, T. 19, Ne 5 (87). C. 752-761. https://doi.org/10.26518/2071-
7296-2022-19-5-752-761

Martyc E.I1., [Tuuyrun A.Il. TpelmMHOCTONUKOCTb cCTasiepUOPO6ETOHA C MaJIbIM MPOLLEHTOM
apMupoBaHus // U3BecTus BbICIIUX y4eOHBIX 3aBeieHUN. CTpouTeabcTBO. 2015. N2 11-
12 (683-684). C. 85-90.

Jinwang Mao, Ninghui Liang, Xinrong Liu, Zuliang Zhong, Chuanhua Zhou Investigation on
early-age cracking resistance of basalt-polypropylene fiber reinforced concrete in
restrained ring tests // Journal of Building Engineering Volume 70, 1 July 2023, 106155.
https://doi.org/10.1016/j.jobe.2023.106155

[OCT 31108-2020 «lleMeHTbl 0O6liecTpoUTe bHble. TeXHUYECKHEe YCJ0BHUA». — M.
CtanzaptuHdopm, 2020. - 16 c.

['OCT 8736-2014 «llecok AaJisi CTpOUTENbHbIX paboT. TeXHUYeCKHe YyCJOBUSA». — M.:
CtranzaptuHdopm, 2019. - 8c.

[OCT 32496-2013 «3amoJIHUTeU TMOPUCTble [JisT JIETKMX O0eTOHOB. TexHUYecKHe
ycaoBus». - M.: Ctangaptuadopm, 2019. - 12 c.

['OCT 29167-2021 «beToHbl. MeTO/1bl OTIpeie/IeHUS XapaKTEPUCTUK TPELUUMHOCTONKOCTH
(BA3KOCTH paspylleHus1) IpU CTaTUYeCKOM HarpykeHuu». — M.: Ctrangaptundopm, 2022,
-16c¢.

[lyxapenko 10.B., IlanteneeB /I.A., aBoponkoB M.U. PazButue MeToJa HCIBITAHUA
TPEIMHOCTOMKOCTU cTasepubpobeToHa // IKOHOMHKA cTpouTeabcTBa. 2023. Ne 9. C.
132-137.

[lyxapenko l0.B., [lanTesneeB /.A., XKaBopoHkoB M.U. PazButue meToZa McCaef0OBaHUSA
noBesieHUss cTanepubpobeTOHa IMOJ Harpyskod mnpu usrube // IKOHOMHKaA
ctpouTesbcTBa. 2024. N2 9. C. 168-171.

10.B. Ilyxapenko*, I.A. [lanTesieeB, M.HU. 2KaBOpOHKOB
CaHkm-Ilemepbypz memaekemmik cay/sem-KypblablC yHUBepCcUmemi

IllaxTa TipeKTepiH AalbIHAAYAA )KeHi/1 UOPO6ETOHABI KOJIAaHY

36

Ne3(152)/ 2025 J1.H. I'ymuses amwviHdarsl Eypasusi yaimmuoik yHusepcumeminiy XABAPILBICHI.
TeXHUKA/IbIK FLALIMOAP HaHEe MeXHOA02USNAP CepUsiCbl
ISSN:2616-7263. eISSN: 2663-1261


https://doi.org/10.1016/j.conbuildmat.2024.139697
https://doi.org/10.1016/j.engfailanal.2024.108221
https://doi.org/10.26518/2071-7296-2022-19-5-752-761
https://doi.org/10.26518/2071-7296-2022-19-5-752-761
https://doi.org/10.1016/j.jobe.2023.106155

[IpuMeHeHuMe serkoro Gu6pPo6eTOHA AJIsI U3TOTOBJIEHHUS MAXTHBIX 3aTSHKEK

AnjaTna. Makanana raxra TipeKTepiH JaublHAAY MaTepHasbl peTiHze
bubpokepaM3UTOOETOH/IbI KOJIJIAaHY MYMKIH/AIr KapacTbipblaaabl. TaKbIpbINThIH 63€KTIJIiri kep
acThIHJAFbl Tay-KeH Kas30aJlapblHAaFbl TipeKTep/iH OepiKTiriH, KapblKLIaFa TO3IMAIJIICIH KoHe
y3aK Mep3iMAiJIiriH apTThIpy KaXKeTTiJiriMeH auKblHAAAabl. 3epTTEY/iH, MaKCcaTbl — AUCIEPCTI
apMaTypaJlaHFaH KeyeKTi TOJTBIPFbILI HeTi3iH/le IaxXTablK XaFJah/ia )KyMbIC icTeyre K0J1a /bl
OHTalJIbl G U3UKA-MeXaHUKAJbIK CUIIaTTaMaJapbl 6ap >keHis 6eToH a3ipsey. JKyMbicTa AdCTYpJIi
YKoHe KeHiJ 0eTOH KOCHaJIapblHbIH CaJbICThIpMaJibl TaJAaybl KYpPri3ijin, TOJATBIPFBILI peTiHAe
KepaM3UTTi >KoHe Wiy Ke3iHAeri co3blay OepiKTiriH apTThipy yuliH ¢UO6poTaIIbIKTaPAbI
TaHAAyAblH HerizZieMeci 6epiireH. 9icTeMe apTypJli KypaMJap/blH OepiKTiriHe, ThIFbI3/AbIFbIHA
’)K9He Cy CiHIpriluTiriHe »Kypri3iyireH 3epTXaHaJblK CblHAaKTapAbl KaMTUAbl. Herisri HoTwxenep
¢dubpa eHrisy apKplibl TipeKTepAiH KapbIKIlaFra Te3iMAiIiri MeH 6epiKTiriH KypblJbIM caJMaFbIH
apTTbIpMal ezdyip »KOFapblJaTyFa OOJIaTBIHbIH KOpCeTTi. 3epTTey HOTMKeJiepi IIaxXTaJblK
KaFAainapaa TUiM/J )KoHe YHeM/1 TipeKkTepAi KaMTaMachI3 eTy YilliH ¢ UOpoKepaM3UTOOETOH/bI
KOJIJAHYAbIH OPBbIH/BI eKeHiH pacTazbl. 2KyMbICTbIH NIPaKTUKAJbIK MaHbI3/blJIbIFbl — aJIbIHFaH
KypaMap/ibl Tay-KeH eHepKacCibiH/ieri KypblabIC MpoLeciHe eHri3y apKblibl KYpPblJbIM/aPAbIH
KbI3MEeT €Ty Mep3iMiH y3apTy >KoHe KYMbICTAPAbIH, Kayilci3AiriH apTThlpy MyMKiHZIri 60Jibn
TaObLIA kL.

Tyiin ce3aep: ¢ubpo6eTOH, KEPAM3UTOOETOH, 1IaxTa TipeKTepi, KeHi1 6eTOH, JUCNePCTi
apMaTypaJiay, )KapblKliaFa Te3iMAiJiK, )kep acTbl Ka3baJsiapbl

Yu.V. Pukharenko#*, D.A. Panteleev, M.1. Zhavoronkov
Saint Petersburg State University of Architecture and Civil Engineering
Application of Lightweight Fiber-Reinforced Concrete for Shaft Lagging

Abstract. The article examines the possibility of using fiber-reinforced expanded clay concrete
as a material for shaft lagging. The relevance of the topic is determined by the need to increase the
strength, crack resistance, and durability of supports in underground mine workings. The aim of
the study is to develop lightweight concrete on a porous aggregate with dispersed reinforcement,
possessing optimal physical and mechanical properties for operation under mining conditions. The
paper presents a comparative analysis of traditional and lightweight concrete mixes, justifies the
choice of expanded clay as an aggregate, and fiber reinforcement for improving tensile strength in
bending. The methodology includes laboratory tests of various compositions for strength, density,
and water absorption. The main results showed that the introduction of fibers significantly
improves crack resistance and strength of lagging without increasing the weight of the structure.
The study confirmed the feasibility of using fiber-reinforced expanded clay concrete to ensure
efficient and cost-effective support in mining conditions. The practical significance of the work lies
in the possibility of introducing the developed compositions into the construction processes of the
mining industry in order to extend the service life of structures and improve work safety.

Keywords: fiber concrete, expanded clay concrete, shaft lagging, lightweight concrete,
dispersed reinforcement, crack resistance, underground workings
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Abstract. The use of mobile games in the educational process has gained
increasing attention in recent years, as they provide a unique opportunity to
combine situational and active learning with elements of entertainment. By
incorporating interactive features, mobile games can transform traditional
learning into an engaging and memorable experience. The findings
demonstrate that mobile games incorporating AR features, animated
instructors, and real-life simulations have the potential to significantly enhance
learner motivation, interest, and retention of knowledge. These elements
encourage active participation and provide learners with realistic scenarios
that mimic everyday traffic situations, thereby reinforcing the acquired
knowledge in practice. Preliminary analysis suggests that the integration of
game-based mechanics, such as rewards, progress tracking, and immersive
storytelling, further contributes to sustaining long-term engagement. The use
of AR specifically allows learners to interact with their physical environment in
meaningful ways, making the learning experience more authentic and effective.
In conclusion, this study emphasizes the potential of AR-enhanced mobile
games as powerful educational tools in the domain of road safety.
Recommendations for future research include the optimization of mobile
applications through adaptive learning systems, the inclusion of personalized
feedback mechanisms, and the exploration of emerging technologies such as
virtual reality (VR). It is expected that this work will serve as a foundation for
further innovations in mobile learning and contribute to improving traffic
safety education.
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studying road rules.
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Introduction

In the development timeline of humanity, teaching and learning have consistently been crucial
components of societal progress. As we navigate through an era dominated by technological
advancements, leveraging these innovations for educational purposes has become increasingly
vital. Today, while technology has transformed how we access information and learn, there is a
concerning trend of diminishing engagement in traditional study methods. Many individuals now
feel less inclined to invest time in learning, believing that machines can perform basic tasks, which
may lead to a lack of essential skills and knowledge, in the vital fields of teaching tragic rules. This
field such road rules and discipline are crucial to be solved due to the serious problems and challen-
ges caused by this field.

The aim of this study is to introduce innovative methods for teaching traffic rules,
transforming the learning process into an engaging and interactive experience that motivates
learners to actively participate. It is widely acknowledged that traditional methods of teaching
traffic regulations and safe driving techniques often become boring and fail to engage students
effectively. Consequently, drivers, especially beginners, the young generation, may not fully
understand or apply the knowledge they have acquired in practice, leading to an increase in
violations and accidents on the roads. The mobile game will use cutting-edge technology, such as
gamification and augmented reality (AR), to create an effective6 enjoyable learning experience.
The app will have different difficulty levels, and the gamified emergency training will involve
scenarios where players can learn important emergency response skills. Players will practice
actions such as calling for help, providing first aid, and avoiding accidents. They will receive
rewards/points for completing tasks correctly, encouraging them to improve their skills. In
addition, augmented reality will be used to simulate real-world scenarios, allowing users to
practice checking oil levels, refueling a car, and understanding its internal systems. This will
enhance their confidence and practical knowledge, helping them to engage with the game more
effectively.

The literature review

The road is the most important element in our lives, it plays a key role in both daily life and
routine affairs. Road safety is crucial, especially in the context of increasing accidents, which makes
traffic safety education extremely important. The development of mobile games for traffic safety
education has attracted the attention of researchers and practitioners due to its interactivity and
ability to engage users. Research shows that gamification of learning can significantly increase
student motivation, which is especially important for young people who actively use mobile
technologies.One of the key aspects of gamification is the use of game elements to increase user
engagement and interest in the learning process. According to Gee (2003), games contribute to
creating a learning context by allowing users to master information through hands-on experience
and problem solving in a game format. Mobile games focused on learning traffic rules can provide
interactive scenarios that allow users to apply their knowledge in a safe and controlled
environment. Regarding the specifics of traffic regulations training, works such as the study by ]J.
A. V. Rojas and co-authors (2019) indicate the need to create adaptive systems that consider the
level of knowledge and skills of users. A personalized approach in mobile games can help with
targeted training, as well as increase the level of security, as users will be able to practice the rules
in practice in conditions close to real ones. Considering new technologies, the use of mobile games
for traffic regulations training can be effective in combination with other methods such as
theoretical classes, tests and practical exercises. Research shows that a combined approach
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increases the chances of successful learning of the material and the formation of skills
necessary for safe driving. In conclusion, the use of mobile games as a tool for teaching traffic rules
opens new horizons for educational technologies. This approach not only helps to increase
motivation, but also makes the learning process more interactive and accessible, which is
especially important today, where mobile devices are central to people's lives.

The methodology

The main goal of this systematic review is to evaluate the effectiveness of using gamification
and augmented reality technologies in learning traffic and road rules, by collecting, analyzing
existing literature relating to the topic of the study. Consequently, the methodology part is written
by following PRISMA guidelines that guarantee the transparency and relevant of data. The research
problem for this study is that traditional methods of teaching traffic rules and safe driving skills
are often boring and do not engage users enough. As a result, drivers, especially beginners, may
not learn or put their knowledge into practice. One of the main hypotheses of this study is that the
combination of game-based and Augmented Reality (AR) techniques for teaching safe driving will
enhance the quality of learning and better prepare users for practical application of traffic rules
compared to more traditional teaching methods.

Information sources. The extensive search of these databases was carried out to identify
relevant literature related to the development of mobile games, augmented reality (AR)
technologies and gamification, as well as their application in teaching traffic rules and road safety.
Moreover, according to the search strategy, there was used keywords including “gamification
learning traffic rules”, “AR for study traffic rule”, while applying filters to limit results to
publications from 2020 to 2024. These databases were chosen for their wide coverage in the fields
of engineering, technology and social sciences, which are directly related to the mobile game
development project and the use of AR to improve road safety. To ensure the relevance and
timeliness of our review, we analyzed studies published between 2020 and 2024 years.
Furthermore, the PRISMA flowchart diagram which highlights study selection process in
accordance with the PRISMA guidelines [3].

Inclusion Criteria: Studies of application system:

e gamification and augmented reality (AR) in road safety education, driver training.

e Studies evaluating or discussing the effectiveness of AR and gamified approaches in
teaching road safety.

e Articles on the effectiveness of gamification in learning.

e Articles on the effectiveness of AR in learning.

Exclusion Criteria: Research on -

e unrelated topics such as psychological or medical factors that are not related to the topic

e formats (mini-reviews, opinion articles) studies without relevant data or results by topic.

. topics unrelated to road safety or driver education

From the initial set of 731 studies, 435 were excluded due to non-compliance with these
criteria. The remaining studies were carefully analyzed for their relevance and inclusion in the
analysis. A mobile game effectively caters to three main audiences. Young drivers gain practical
knowledge and confidence, driving school students reinforce their theoretical learning through
simulations, and children/teens build foundational road safety skills in an engaging way. The
game’s use of gamification and AR makes learning more interactive and effective for all groups.
Data collection methods. In this study, we will use a combination of qualitative and quantitative
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data to evaluate the effectiveness of our mobile game application. Quantitative data will be
collected through pre- and post-tests on driving knowledge and skills to measure the effectiveness
of the learning process and improvements in user scenarios. We will also collect data on users'
interactions within the application, including the frequency of sessions, rates of performance in
AR-based simulations, and other relevant metrics.

Data items. For this study, the following results were requested in order to evaluate the
effectiveness of a mobile application with elements of gamification and augmented reality for
teaching traffic rules in Table 1.

Table 1. Results and variables requested in the study of a mobile application for teaching traffic

rules

tests, assessment
of the correctness

traffic rules

Category Results/Variables Description Compatibility Methods for
with the field of selecting results
results
Main results The level of Measurement Compatible: They were
knowledge by pre- and post- knowledge of chosen because of

their direct
connection with

correct decisions

skills on the road

of answers the objectives of
the study
Reaction and Average Compatible: Selected to
accuracy of decisions reaction time and assessment of analyze the
percentage of decision-making impact of

gamification on
practical skills

The level of user

Frequency

Compatible:

The basis for

engagement and duration of an indicator of evaluating the
application usage interest in the success of
gameplay gamification
The effectiveness Comparing compatible: key indicator
of training the results of pre- the success rate of of the
and post-tests the methodology effectiveness of
the application
Additional User Experience Satisfaction Shows a Selected to
results Assessment with the subjective understand user
functionality and assessment of the preferences
convenience of the application
interface
Behavioral Changing Related to Assessment
changes awareness of the purpose of through
traffic regulations improving road questionnaires
and road behavior safety and focus groups
Participant Age Grouping by Allows you to They are
variables age categories (9- evaluate the used to stratify
17,18-35, 35+) effectiveness for participants
different groups
Gender Distribution Influences It is analyzed
of participants by the analysis of as an additional
gender engagement and factor
preferences
Driving Division into It affects the Itis used to
experience groups perception of the build a more
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with/without material accurate analysis
experience
Game Points and The number Shows the Itis used as
indicators rewards of points for success of users in an indicator of
completing tasks the gameplay engagement

Level progress Reaching The success Itis

new levels of rate of learning evaluated
difficulty according to the

application data

Interaction with

The number

Evaluates the

[t is directly

AR of successful use of augmented related to the AR
recognitions and reality technology mechanics of the
simulations application
Usage time Total Indicates the Reflects long-
duration and degree of term interest
number of gaming engagement

sessions

The Table 1, contains a list of the main and additional results, as well as the variables requested
in the study. It reflects their relationship to the objectives of the study and the methods of analysis
used.

The sampling methods for this study are a stratified sampling method. In stratified sampling,
researchers divide subjects into subgroups called strata based on characteristics that they share
(e.g., race, gender, educational attainment) [4]. This method ensures that each subgroup is
represented, as shown in Table 1, there are 3 key audience groups. Participants can be recruited
through driving schools, online platforms and social media for experiments and pre, post test.
Moreover, in a beta-testing phase, there will be recruited individuals interested in new technology
or gamified learning experiences.

Here are the key ethical considerations for this app

e User Privacy and Data Protection will be considered, by ensuring privacy policies and
obtaining explicit user consent.

e The app will provide clear instructions and safety warnings, particularly for AR interactions
involving real-world objects, users must be given consent and be aware of potential risks.

e AR scenarios and gamified content should encourage safe practices, avoid promoting risky
behaviors, and provide guidance to prevent accidents or misuse.

e There will be ensured that all educational content is accurate and up to date, as
misinformation could lead to unsafe driving practices.

The difficulty levels in the game are set to ensure a gradual learning experience based on the
player's correct or incorrect answers. The accident scenarios, safe driving training, and emergency
response in the game have been designed with the principles of augmented reality in mind. These
features provide visual and audio feedback that simulate realistic driving situations, enhancing the
learning experience. This is just the beginning of the development process for this mobile game.
After it is released, a beta test will be conducted to identify any issues that users may encounter
and prevent them. Following the launch, user feedback will continue to be collected for ongoing
refinement and content updates. In addition, a study using both quantitative and qualitative data
will not only measure how well the participants learned the information, but also find out how
involved they were in the learning process, which is also important for us. This approach will help
you understand how effective these innovative methods are in teaching traffic rules and how useful
they can be for future drivers.
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Findings/Discussion

For the systematic review of this topic, there were several academic databases used.
Furthermore, for the significant and comprehensive account this study demonstrated the
PRISMA flow diagram in Figure 1, with the template [3] from the official website.

—
Records identified from dalabase
5| | Science Direct (723), IEEE B yemaved before
E xpl:g:‘g?; ses (0= 721) Duplicate records removed
- (n=0)
‘E i:ﬁ:i‘“ﬁatg ’05“)) Records removed for other
= g reasons (n = 5+16)
Nt
— 1
Records screened Records excluded™
(n=736) |tn=715)
Reports sought for retrieval Reports not retrieved
gl |0n=0 (n=0)
; !
Reports excluded:
ae??g?ssessed for eligibility Reason 1 (n = 115) review
= article
Reason 2 (n = 31)
psychalogy
Reason 3 (n = 44) energy
field
Reason 4 (n = 50) other
— study field
. - ) Reason & (n = 50)
! Studies included in review environmental study
= (n = 296) Reason & (n = 96) old
E Reports of included studies Reason 7 (n = 33) not
= (n=15) relevant type of paper

Figure 1. Prisma flow diagram for this topic

To illustrate, Science Direct, IEEE Xplore and clinicaltrials.gov was used for the identification
of similar studies in the range of 2020-2024. Consequently, 435 studies from 731 are considered
irrelevant to this study, due to the different reasons.

Including, the variety of study areas [5][6][7][8], like papers that focus on the psychological
factors, medical factors, etc. In addition, some papers were not fit by the format as mini reviews
[9]. Furthermore, some papers handle different key factors, areas like “Human-machine
cooperative decision-making and planning for automated vehicles using spatial projection of hand
gestures” [10], “A game-based deep reinforcement learning approach for energy-efficient
computation in MEC systems”.

For instance, in the article “The Zebra Crossing Game - Using game theory to explain a
discrepancy between road user behavior and traffic rules”, focusing on the Norway cyclists and
pedestrians. To test this, they studied crossing behaviour at three zebra crossings, two crossings
where cyclists approached from the pavement and one crossing where cyclists came from a
combined cycle and walking path, and found that rather than aligning with traffic rules, the actual
crossing behaviour aligned with the solution generated by game theory. The results of this
research show that game theoretic modelling can be a valuable tool to understand road user
interaction with the statement like, better understanding and ability to predict road user
interactions could help to improve traffic safety.

Conclusion
The application is expected to have an impact on increasing users' confidence in knowing the rules
of the road, which will serve as an important step for developing safe driving skills.
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The analysis of statistical data, which will be carried out in the future, will probably confirm
the high efficiency of mobile applications with elements of augmented reality and gamification for
teaching traffic rules. It is expected that most users will note an improved understanding of traffic
rules, which will indicate the significant potential of AR technologies in the field of educational
applications.At the same time, subsequent research will identify possible technical difficulties that
users may encounter, which will allow developers to improve the interface and adapt the
application for various mobile platforms. In the future, work will focus on making the app more
accessible to a wide audience.Thus, this research will become the basis for the development of
future mobile educational applications aimed at improving road safety. In the future, the
development of versions of the application for various operating systems will help reach more
users. Further research will also focus on the impact of long-term use of the application on the
sustainability of knowledge and practical skills.At the next stage of the project, it is planned to add
complexity level adjustment functions, a progress monitoring system and adaptive learning
elements that will allow the application to adapt to each user, increasing their interest and
motivation to learn. Since the project is being carried out in Kazakhstan, its development will
strengthen the patriotic component, which corresponds to the state program for the introduction
of modern technologies and the development of human capital. The use of AR and gamification in
teaching traffic rules will contribute to the formation of responsibility and a safety culture among
the population, which is important for creating a responsible society. Overall, it is expected that
further work on the project will confirm the effectiveness of combining augmented reality and
gamification in educational applications, and that this approach will prove useful for improving
road safety.
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9.K. 9uTtim
Xasvikapaavik Aknapammeolk TexHosnoz2usaaap YHusepcumemi, Aamamol, KazakcmaH
Ko K0o3FanbIChl epexKesiepiH ylipeTyre apHa/iFaH MOOUJ/Ib/i OMbIH J3ipJjiey

Angarna. OKy npoueciHie MoOuJIb/i OUbIHAAPAbLI KOJAAHY CUTYAlUAJIbIK XoHe OeJsiceH/i
OKbITY/Zlbl OMbIH-CAybIK 3JIEMEHTTEPIMEH THUIMJAi yiJecTipe anajbl. bys 3epTTey KeHeWTireH
mbIHABIK (AR) *koHe reliMuduKkanus 3JeMeHTTEPiH Maija/laHa OTbIPbIN, MOOWJIb/I OUBIH/bI
JlaMbITYyFa, Malja/aHylIbLIapAbIH 6eJICEHINITiH apTThIPYFa *KoHe 0JIapAbIH, K0J1 KO3FaJIbIChI
epexkeJiepiH TYCiHYiH aKcapTyfa apHaJiFaH. OebueTTep/i xKyieni mwouay asgceiHga 2020-2024
KbUJIZIAP apaJibIFbIHAA MOOUWJIB/I OMBIHAP/bIH, OKyFa acepi TypaJibl XKapusjlaHFaH 435 Makasa
TaJIJaHbII, Kapaibl. OfebueTTepai anblH ana Tanajgay AR koHe aHMMaLUsJIbIK HyCKayLIblIap
CUAKTBl OHBbIH 3JIeMeHTTepiH OipikTipy naijjajaHyliblIapAblH, KbI3bIFYIIbIJIBIFbIH K9HE
aKnapaTTbl CaKTay[bl apTTbIpybl MYMKIH €eKeHiIH KepceTeZl. bys Taciym 2KOJ KO3FaJsbIChl
Kayincisziri canacblHZarbl 6iJ1iM canacblH apTThIpaZbl Jlen KyTinyge. KopbIThiHAbBLIAN Keile,
6i71iM 6epyiiH MOOUIBAI KOChIMILIAJIAPbIH OHTAWIaH/bIPYFa )KoHE OKY MPOIjeCiHe MHHOBALUSJIBIK,
TEXHOJIOTUSIJIap/Abl eHTi3yre G6aFbITTa/NFaH OoJalllaK 3epTTeyJiepre YChIHbICTAP €HrisisireH. by
YKYMbIC MOOUJIBJI OKBITY >K9HE K0JI KayilCi3ZiriH apTThIpy cajiachblHAAFbl OJlaH dpi JaMy/[blH,
Heri3i 6os1a/bl e KyTinyae.

Ty#iH ce3gep: reiimupukanus, TonblKTbIpbLaFaH LIbIH/bIK, OMBIHFA HETi3/|e/ITEH OKBITY,
KOJI KO3FaJIbIChl epeKeJiepi, )K0J1 KO3FaJIbIChl epexesiepiH YUpeHy.

A.K. AiTum
MedicdyHapodHhblil YHusepcumem HHugpopmayuoHHbix TexHonozull, Aamamebl, Kazaxcmau
Pa3pa6oTka MOGH/IbHOM UTPHI JJIs1 06y4eHHsI IPaBUIaM AOPOXKHOTr0 ABUKEHUA
AHHoTanma. Vcnosib3oBaHHe MOOUJIbHBIX UTP B 06pa3oBaTeJibHOM IMpoliecce MO3BOJISET

3(1)(1)6KTI/IBHO CO4YeTaTb CUTYAllUOHHO€ W aKTHBHOE€ o6yquI/1e C 3JIEMEHTaMH pa3BJICHEHHA.
AaHHOG HCC/ieJO0BaHHKE ITOCBAIIEHO pa3pa60TKe MOOUJILHOM HUTPBI C UCIIOJIB30OBAHHUEM 3JIEMEHTOB
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Development of a Mobile Game for Teaching Traffic Rules

JlonosiHeHHON peanbHocT (AR) u reiiMudukanuu, 4YTOObl NOBBICUTH BOBJIEYEHHOCTH
noJib30BaTeJle M yJAy4UIMTh HMX IOHMMaHMe IpaBUJ JOPOXHOIO [BWXKeHMUA. B pamkax
CUCTeMaTHU4YeCcKoro 0630pa JiMTepaTypbl ObLIM NpPOAHAJU3UPOBAHbl M peleH3upoBaHbl 435
cTaTei, ony61MKoBaHHbIX B iepuo/, c 2020 no 2024 roz, o0 BAUSAHUYA MOOUJIbHBIX UTP HA 00y4YeHUe.
[IpeABapuTe/IbHBIM aHA/JIU3 JIMTEPATYPhl MOKA3bIBaeT, YTO MHTErpalus UIPOBBIX 3JIEMEHTOB,
TaKUX KaK JI0M0JIHEHHAsl peaJlbHOCTb U aHUMUPOBAaHHbIE UHCTPYKTOPDI, IOTEHLIUAJIbHO MOXET
MOBBICUTb MHTEpPEeC M0JIb30BaTeJiel U COXpaHUTb MHPopManuw. OxKuaeTcs, YTO TAKOHW MOAXOJ
IOBBICUT KayeCTBO 00pa3oBaHUA B 00J1aCTU 06e30MacCHOCTH [JOPOXHOIO JBWXXeHus. B
3aKJIl0UeHHe TPUBOJAATCA PeKOMeHJAUUU AJs OyAyLIMX MCCAelOBaHUW, HalpaBJeHHbIX Ha
ONTUMHU3ALMI0 00pa30BaTeJbHbIX MOOW/IBHBIX NPUJOXKEHUH W BHeJApPeHHe WHHOBALMOHHBIX
TEXHOJIOTUH B yueOHbIHU nporecc. 0KUAaeTcs, 4YTO 3Ta paboTa CTaHET OCHOBOM /IS JlaIbHENIIUX
pa3paboToK B 00J1aCTU MOOUJIBHOTO OOy4YeHHS W TMOBbIIIEHUS 06e30MacCHOCTU [IOPOXKHOTO
JBYDKEHUS.

Kiro4yeBsble cioBa: reiMupuKanys, JONOJHEHHasA peaJbHOCTb, 00y4eHHe Ha OCHOBE WD,
IpaBuUJIa JOPOXKHOIO JIBUXKEHUS, U3yUYeHHe NIPaBUJI JOPOXKHOTO IBHXKEHHUS.
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Anpgarna. «Cy 6acy »xafFfailylapblHZ@ >Xep KYPbLIbICTAPbIHbIH TY3/bl
TONBIPAFbIHBIH 0EPiKTIK KacHeTTepi» MaKa/acblH/ia illliHapa HeMece TOJIbIK, Cy
bacy kaFjadlsapblHAQ TY3JaHyFa VIIbIpaFaH TOMNBIPAKTbIH OepiKTiK
cUllaTTaMaJIapbIHbIH ©3repicTepi KapacTblpblIaJbl. 3epTTeyAiH 63€eKTiJIiri cy
6acy >kaFJaiJapblH/a Xep KYPbLIbICTapPbIHAA KOJIIaHbLJIATbIH TONBIPAKTbIH,
6epikTik cumaTTaMajapblHa TY3/bl epITKIIITEP/iH 9cepiH 6aFasay, MaKcaThbl
OJIap/iblH MeXaHUKaJIbIK, TOPTiOiHIH epeKlleNiKTepiH alKbIH/JAy >KoHEe Cy/blH,
acep eTyi KoHe XUMMUAJIBIK O3TepeTiH acepJep KarAaWapblHAAa OCbIHJAAW
KYPbLJIbICTAPAbIH OPHBIKTBLIBIFBIH apTThIPY YIIiH YChIHBICTAP 93ipJiey 60JIbII
Tabbl1a/bl. ATal alTKaHAA, TY3[4apAblH CyMeH dpeKeTTeCyiHe KoHe TOIbIpaK,
KYPbLJIBIMBIHBIH, 63repyiHe 6aca Hazap ayJapblLifaH, OyJ FUMapaTTap/blH
OepiKTIriHiH >XKoHe TYpPaKThUIbIFbIHBIH TOMeHJeyiHe dKeJsyi MYMKiH. ABTOp
COH/lal-aK, Ty3/lbl XK9He Cy 6acaTblH ayJaHJapAarbl )Kep KOHCTPYKLUAIAPbIH
»)Kobaslay koHe  HBbIFAUTy  OOWbIHIIA MPAaKTHUKAJIbIK  YCbIHBICTAP/bI
TaJKblIanbl. KOpPBITBIHABICBIHAQ, MaKajJa KypbLIbIC  >KYMBICTAapbIH
KocmapJiay >KeHe cy OacyZlaH Kopfay »KyiesiepiH Kypy Ke3iHJe Ty3/bl
TONBIPAKTBIH, 6ePiKTiK KacueTTepiH ecenke ajy KaxKeTTiJIiriH aTan kepceTe/i,
OHbIH, MHQPAKYPBIJIBIMHBIH y3aK Mep3iM/iJIiri MeH KayincisairinH KamTaMachi3
eTy YIIiH MaHbI3/lbl MOHi 6ap.

Ty#HiH ce3aep: Ty3/bl TONbIPAK, Ca3/bl TONbIPAK, TONbIPAKTBIH, CHIFbLIYHI,
TOINBIPAKTBHIH, du3rKa-MexaHUKaJbIK, KacueTTepi, TOINBIPAKTHIH,
(YHKLMOHANJBIK ~ ©3TepicTepi, KyYpbUIBIMABIK ©3repicTep, ThIFbI3JAy
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Kipicne

Ty3zbl TonbIpaKTa MHKEHEPJIIK Kep KYpPbLIbICTApPbIH caly Npo6JieMacbl aBTOMOOUJIb XXKoHE
TeMip KOJIAAPbIHBIH, KeNlipJaep/iH, TYHHeNbAEPAiH, COHJaN-aK OCbl TOIMbIPAK aca KeIl Ke3/eCeTiH
eJiMi3ZiH KyprakK eHipJepiHze opTypJi THUAPOTEXHUKAJBIK XK9HEe TUAPOMeJTUOPaALUAJIBIK,
KYpbLIBICTApAbIH, (6ereTTepAiH, AaMbaiap/blH, Cy KOWMasapblHbIH) KapKbIHJbl CaJbIHYbIHA
6alIaHbICThI dcipece Ka3ipri yakpITTa 63eKTi 60Jibin Typ. Ka3zakcTaHHBIH OCbl ayZaHJapbiHAa
MYH/lal 00'beKTisIepAi casly YILUiH Ty3/bl TONBIPAKThI KellleH i 3epTTey KaxeT.

Ka3zipri yakbiTTa, KasakcTaHHBbIH ipi eHipJiepiHZe, OHBIH IWIiHAE TyY3/[bl TOIbIPpAKIEeH
KMHAJIFAaH ayMaKTapZa OOJIblN »KaTKaH KaTTbl TaCKblHJAApFa >KoHe ceJsijiepre 6allJIaHbICTHI, Cy
6acKaH KepJiepAiH rUporeooTUsJIbIK KYPblJIBIMBIH/A eJieyJli e3repicTep 60Jybl MYMKiH. By 63
Ke3eTiH/le Tay >KbIHBICTAapbIHbIH, KYPbLIbIMbIH/A, dcipece cy 6acKaH ayMaKTap/blH TY3/bl
TONbIpaFbl YUIiH TyOereii e3repicTepre okesyi MyMKiH. COHJABIKTaH, CyJAblH Yy3aK >XoHe
ayKbIMZIbl 9Cep €eTyi »KaFAausiapblHAa Ty3/bl TONbIPAKTBIH, OepIiKTIiK KacUueTTepiHiH e3repyiH
3epTTey npob6JieMachl 6i3/1iH YaKbITbIMbI3/la ePEKIIE 63€KTi 60JIbIN OTHIP.

AxmenoB M.A. CansamoBa K./. e3 »KyMbICbIHJ@ THJAPOTEXHUKAJBIK KYpbLJIbICTAp HeMece
oJIap/blH, KypaMa 6eJiikTepi 3aKbIM/IaHybl HeEMece TOJIbIK, Oy3bLIybl OPbIH aJfaH/a, 0J1 Ke3Je Ccy
IIapyallblIbIFbIHbIH, UHXXEeHEepJiK 00beKTiNiepiHJAe opTypJii anaTThIK >KafFjaljap TYblHAAFaH
OKUFajap MbICaJJapblH KesTipezi. O36exkcTtaH PecnyO/iMKacblHbIH, T'UAPOTEXHUKAJBIK
KYPbL/IBICTAp KeIleHiHIH, TeXHUKAaJbIK >XafJjalblHa Ta/Jay >KYPrisiireH, cy IapyalblbIFbl
00'beKTIJIEpPiHiH, anaTThIK 3aKbIM/IaHYbIHbIH, HETi3ri cebenTepikepceTisireH. [MApPOTEeXHUKAJBIK,
KypbLIbICTapAbl NaifjajaHy Ke3iHJe anaTThIK, KaFJanaapbl 60JAbIpMay YILIiH XaJblKapasblK
NpaKTUKa/laH ajJiblHFaH YCbIHbICTAp KeaTipinezi. 2KyMbicTa rUAPOTEXHUKAJBIK 0O0bEKTINEPAiH
Tipey KypbLIbICTapbiHbIH COHFBI 40-50 »xbL1ja 3aKbiMJlaHy MeH Oy3bll1y cebenTepiHe Tanzay
6epinred [1]. TuicTi MHPpPaKYpPBLIBIMABI KYPY apKblIbl TONBIPAK, aMbaiapblH, 66reTTep/i xKoHe
6acka Ja TUAPOTEXHUKAJbIK KYpPbLIbICTApAbl 3K06ajay YUIiH TY34bl TOMNbIPAKTbl apHaubl
3epTTeyJiep, COHJAAKW-aK MyHal-ra3 KeH OpbIHJApbIH, acipece TeHi3ZepAiH, Cy KOMMaJapbIHbIH,
»)K9He TY3/lbl TONbIPAKIeH XXUHAJIFaH 6acKa Ccy ail/ibIHJapbIHbIH, aFajay/jaFbl aiMaKTapbIHAa
Urepy Kesiszie Kaxer.

Ty3/bl TONBIPAKTBIH €peKIleJiKTepiH eCKepe OTBIPBIN, KACUETTEPIH 3ep/esiey OOWbIHILA
XKYpPri3iJiTeH 3epTTeyJiep CaHBbIHBIH  KOINTiriHe KapaMmacTaH, MyHJad TOIBIPAKThIH
cullaTTaMaJjapbl ©3repyiHiH >KaJlbl 3aH/JbLIbIKTApbIH aHbIKTAy MyMKiH 060/Majbl. By ocel
3epTTeyJepAiH apTypJi eHipJepAiH Ty34bl TONbIPAKTaphl, 9pTYpPJIi FeHe3UCT] ToNbIpaKTap YIUiH
yprizisiredairiMmen Tycinaipineai. BysaH Ty3/bl TONbIPaKTbIH GU3UKAJBIK, JedOpMalUsIbIK,
OepiKTIiK >X9He Cy3y KacueTTepiH 3epTTeyZiH, CyJa €pUTiH TY34ap/blH epy oHe IIbIFapy
npolleciHe oJiapJblH, CUMNATTaMaJlapblHbIH, ©3TepyiH 3epjesieyiH 63eKTi MiHJeT O60JbIn
TaObLIATHIHBI LIbIFA/(b.

03 kymbicbiHAa (aBTopsap M.IO. A6enes, U.B. ABepun, /I.I0. YyHwok, A.A. Ainma3oB) [2]
OHEPKOCIMNTIK XoHe a3aMaTTbIK KYpbLIbICTapAbl CaJy[AblH Heri3l peTiHJAe Ty3/bl TONbIPAKTHI
nanjajaHy epekilesikTepiH 3epTTefi. Ty34bl TONbIPAKTbIH I€HE3UCi, 0JIapJblH KypaMbl KoHe
OCbIH/Ial TOINbIpPaKNeH >XUHAJIFAH HEeTi3ri ajaHAap/blH Tapajy o6Jbichbl 3epeseHreH. Ty3/bl
TOMNBIPAKTBIH, a3 bUIFa/I/Jbl X0He CyMeH KaHbIKKAaH KyHJeri KaCHeTTepiHiH epeKIlesiKTepi
KapacTblpbliaZibl. MyHJal TONBIPAKTBbl ThIFbI3/IAy MaceJiesiepi 3epTTesreH, WHXEeHepJIiK
reoJIOTUAJBIK, i3JeyJiep Kypridy, 6©HepKaCiNTIK >oHe as3aMaTTblK KypbLIbICTAp Cajly
epeKkulesiKTepi TypaJjbl MaJiMeTTep KeaTipiireH. Ty3Jbl TONBIPAKTbl TeXHUKAJBIK
MeJIMOpalUsIayiblH, KaHa TEeXHOJIOTUSAJIAPhl KoHe TyY3/bl TONbIPAKTBIH KacaHJbl Heri3JepiH
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Cy 6acy >kaFJJall bIHAAFbI 2KeP KYPbLJIbICTAPbIHbIH TY3/bl TONbIPAKTaPbIHbIH 6€PiKTiK KacueTTepi

KYPYZBbIH 3aMaHayHy aicTepi a3ipJieHreH.

Toneipak KypaMbIH/AFbI Cy/ia €pUTIH Ty3/Jap 0J1ap/blH OepiKTiK KacueTTepiHe alTap/ibIKTal
acep etepai. Ty3abl TonbIpaKTaH acajfaH KypbLIbICTapAbIH HeTi3/epi naijanaHy npouecinzae
KebiHece Xep acThl 2koHe /HeMece TaCKbIH CyJIap/AblH dCepiHe ylIbIpai/ibl, HOTHXKeCiH/le KeHiHHeH
Ty3/Jap/blH epyiMeH >KoHe WIbIFapbulybiMeH (cyd@do3usicbIMeH) TONBIPAKTBIH, MHUHepPaJ/bl
OeJillieKTepi apacblHJaFbl Ty3 OalyaHbICTapbl aJicipeii. Bys1 TONbIpaKTBbIH KeyeKTisliriHin
yJIFaloblHa aKeJsefi. YKyKkTeMe acThIH/aFbl TY3/bl TONbIPAKTbIH, KEYEKTI/ITiHIH y/IFalobl kKebiHece
KocbiMIIA (cypPo3UANBIK) LI6TiHAIMEH Oipre XKype/i.

TomnblpaKThlH, KypaMbIHAAFbl Ty3JapAblH, CcalajblK KypaMbl MeH MeJllepi Ty3/Jbl
TONBIPAKTBIH, O€epiKTIK cHUmaTTaMajapblHa OpTYpJii acep eTeTiHi aHbIKTaAAbl. KeliHHeH
TY3/Jlap/blH epyiMeH aHe WbIFYbIMEH TONbIPaK CaHblIay/apbl apKblIbl CYbl CY3y Ke3iHJe 0Cbl
TONBIPAKThIH O0epikTik KacueTTepi e3repei. B.C. BoickpebeHLeBTiH [3] KYMBICBIH/A TY3/bl Capbl
TONBIPAKTHIH, (KYMJAKTap MeH ca3JaKTapAblH) XUMUANBIK CyPPpo3uachl NpoLeciHe 0JapAblH
cy3y, AepopMaunusiblK >KoHe OepikTiKkcumaTTaMmasjapbl e3repeTiHi aHbIKTanzAbl. CoHAal-ak
CUITICI3ZeHZipy  TombIpaKTarbl  Ty3JapJblH  MeJillepi MeH  canajiblK  KYypaMbIHBIH,
rpaHyJIOMeTPUAJBIK KYPaMbIHbIH, MEHIUIKTI caJIMaFblHbIH, KeYeKTIJIriHiH e3repyiHe akeJeni.
OchIHBIH cajfapblHaH TOMbIPAK ThIFbI3JAJMal/bl, KOChIMIIA II6TyMeH O6ipre ypeai.
TonbipakTelH KocbiMIIa AedopManusaaapbl bIFbICY allMaKTapblHbIH, NakAa 00JiyblHA 9KeJefi.
CoHABIKTaH, TY3/bl Capbl TONBIPAKTbIH >KaJ/lbl AePpOpMalUsACbIH aHbIKTAy Ke3iHJe TOMbIpak
KYpaMbIHJaFbl TY3JapAblH MeJillepi MeH canaJjblK KYpaMbIH eCKepy KaKeT.

ABTOp 63 *XyMbICbIHAA [3] HWHXKeHepJIiK-TeoJIOTUSJBIK 3epTTeYJep XKYPrisy, xkobasay xoHe
KYPBUJIBIC KYMBICTAPbIH XYPri3y Kes3iHJe, COHAAN-aK HUHXXEeHepJiK KYpblIbICTapAbl NanuAasaHy
Ke3iHJie TY3/bl TONbIPAKTbIH epeKllle KaCUeTTePIH (Ty3Zap/blH MeJillepi MeH canajblK KypaMbl,
TOIbIPAK MAaCCUBIHJET] Tapasy Typi) eckepyAi ycbiHaAbl. JKypri3ijireH 3epTTeyJiep HOTHXKeJepi
OO0MbIHIIIA MbIHAJAP aHbIKTA//bl: TY3/lbl Capbl TOMbIPAKTA XYKa AUCIEPCUSIbIK KapOOHATThI
Ty34ap/AblH 00Jiybl OCBIHJAM TONBIPAKTbIH OepiKTik cunaTTaMajapbiHblH (iJIiHICYAiH, iIKi
yHKeJlic OYpbIIbIHBIH) Y/FalOblHA bIKHaJa eTefi. MHKeHepsik KypblIbICTap Heri3fepiH Ty3/bl
capbl TONbIPAKTA JAaWbIHAAYAbIH TUIM/i TEXHOJIOTUSJIAPBIH 93ipJiey YIiH TONbIpaKTa FaHa eMec,
COHbIMEH KaTap CY3y CYMBIKTBIFbIH/A Ja TY3Jap/JblH MeJIllepi MeH canasblK KypaMblH eCKepy
KakeT. b.b. bakeHoBTbhiH, H.B. BolikounbiH, Y.P. /kymaieBTiH [4] eH6ekTepinge KaparaHzbl
KaJIaCbIHbIH, TY3/bl Ca3/ibl TOIbIPAKTAapblH 3epTTey Ke3iHJe a//iblH aja TY3CbI3JaHJbIpyAaH
KeWiHri OepikTik cumaTTaMajiapbl MaH/EpiHiH alTapJbIKTal TeMeH/ieyi TypaJjbl JepeKTep
kepceTiyieai. Erep Tonblpak yJ/rijiepiH TabUfu bIFaAbLIbIK Ke3iH/e XblJ1IaM bIFBICY d/licTeMeci
6oMbIHIIA CbIHAY Ke3iHJe ininicy mani 0,048 MIla TeH 60Jica, oOHZA OCbI TONBIPAKTHI a1JbIH ana
TY3CbI3ZlaHAbIpyAaH KeWiH ininicy 0,01 MIla KypaZzpl, an Ty3CbI3J@HJbIPYJaH KeWiH OChbI
TONBIPAKTHIH ilKi yiikesic 6ypbiibl 20%-Fa a3aizpl. C.b. YxoB [5] »acaHAbl Ty3/bl ca3faKTapFa
3epTTeyJsep KyprisZi, oJslap TombIpak epiTiHAICIHAeri Ty3Jap KOHLEHTPALUAChl 63repyiHiH,
BIFBICTBIPY KYLIiHIH IIaMacblHAa aUTapJIbIKTal acep eTNEeNTiHIH KOpCeTTi.

03 3eptTeynepinge B.IL Iletpyxun [6] Ty3mapabl ciaTici3feHipy npoleciHje TUICcTe/NreH
ca3JlaKkTap MeH KyMJaKTap/blH OepiKTiri e3repyiHiH CaHJbIK 3aHJbLJIBIKTAPbIH aHBIKTA/lbl.
Toxxipubesiep HOTWKeCiHAe ToNbIpaKTaH THIC Ty3JapblH CiaTici3geHaipy Aoapexeci
JKOFapblJlaFaH Ke3Jle TUIICTeJreH ca3JaKTapbl Ty3Jay KesiHze IlIKI yHKeJiC neH iaiHicy
OYpPBIIIBIHBIH MOHAEPi a3asAThIHbI aJbIHABL. TaOUFU KYPbLIBIMABI TUIICTEJTEH KYM/AKTap/blH,
ininicyi eneyci3 6onagbl. Kymzakrapan Ty3zgap/bl CiiTici3fieHaipy npoueciHfe imki yikedic
OypbIlIbI )XOFapbLIanabl Aa, 20-30-Fa a3asa/pbl, aa iliHicy MaHi HeJire TeH 60J1a/1bl.
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Te3 epuTiH Ty3ZapMeH >KoHe TMIICIIEH KacaH/ibl XK9He TabUFU Ty3/a/IFaH Ty3/lbl KYMJap MeH
KyMJaKTap/blH OepiKTiK cullaTTaMasiapblH 3epTTey KesiHze, Typae, A.A. Kyp6aHoB [7] runcrin
Kypambl 10-gan 50%-Fa felliH yiFralifaH Ke3Je, KacaH/[bl TY3/aJfaH KYM/IaKTa bIFbICTbIPYLIbI
Kyl mamacel - 1,8-2 ece, imki yikesic 6ypblIbIHBIH MaHI — 50%-Fa, a1 isiHicy 2 ece apTaThIHbIH
aHbIKTazAbl. ['MIIC KypaMbIHBIH, YJFAalObIMEH TAaOWFU TUIICTEJreH KyMJAap MeH KyMJAKTap/blH
BIFbICYybIHA Kefiepri apTa/ibl. b. PaxMaHoB, X. )Kypaky/10BTbIH [8] 3epTTeyiepiH/ie Ty3/bl TONbIPAK
Y/TiNIepiH LWOFBIPJAHABIPBLIFAH KeCy TACi/li ManjanaHblIFaH 00/1aThbIH. bIFbICY ChIHaKTapbIH
OTKi3y a/AblHJA YJrijiep ajafblH ajna CcyMeH KaHbIKKaH HeMece 0,2 MIla xykremene
cinTicisgenipyre yiublpaTblIFaH. YJrijiepAi BbIFBICYFA CbIHAY JKYprisy ajAblHAA MyHZAau
JQUBIHABIK, TY3/bl TONBIPAKTBIH epeKlle KacheTTepiHiH epeKlleJiKTepiH ecKkepy MaKcaTbIHZA
XKyprisingi. CyMeH KaHBIFY KoHe CI/ITICi3ZeHAIpY HOTHXKeCiH/ie Ty3/,bl TONbIPAKTbIH OepiKTiri MeH
dU3MKa-MeXxaHUKaJbIK KaCUeTTepiHiH e3repy cullaTTaMaslapblH aHbIKTAy YIUiH TY3/bl TONbIPAK,
yariiepiH biFbicyFa cbiHaKTap H.H. MacnoBThiH aficTeMeci 6oubiHIIA »kyprizingi. Tyszabl
TONbIPAKTa CiHAIpY *K9He XUMUAJBIK, CyPpd0o3Us HOTHKECIH/ e 0J1apAblH, KYPbLJIbIMBI, TY3/JapAbIH
CaH/bIK »K9He calaJiblK KypaMbl, CY3y epiTiH/iCiHIH KypaMbl )koHe ca3/ibl 06JIleKTeP/liH MeJilepi
e3repesii, osap/iblH KypaMbl HeTi3iHeH ca3/bl TONbIPAKTbIH, OepiKTik >koHe AedopMalUAIbIK
KacueTTepiH efayip Aopexe/e aHbIKTal/bl.

3epTTey HoTHXKeslepi OOMBIHIIA CyMeH KaHBIFy >XoHe XUMHUAJIBIK cyPpdo3usa npouecrepi
TY3/1bl TONBIPAKTHIH, J1iHiCyiHe, 11eKTi 6epiKTiriHe *k9He CbIpFbIMaJIbl/IbIFbIHA AU TapJIbIKTal acep
eTeTiHI aHbIKTal/Jbl. blIFaNAbIbIK, THIFBI3JBIK CUAKTbl QU3UKAJbIK CUIATTaMaJsap, COHbIMEH
KaTap ca3/bl TONBIPAKTHI CIHAIPY >XoHe XUMHUANBIK Ccypdo3ua MpoLeciHe KypbLIBIMABIK
6alylaHbICTap/IblH 63repyi 3epTTe/IreH TONbIPAKThIH 0epiKTiK apaMeTpJiepiHiH 63repy CUNIaThbIH
efloyip Aopexese aHbIKTAU/BbI.

J.A. ApakesisiHHBIH, [9] 3epTTey HOTHXKeJiepi Te3 epUTIH Ty3Aap/iblH TY3/bl TONBIPAKTHIH
OepikTiriHe acepi KypAeJi cunaTtTta 60J1aTbIHBIH KepceTTi. By/1 Ty3ap/blH TYpiHe KoHe Ty3/1aHy
TypiHe 6aiaHbICThl. OHBIH MalbIMAAYbIHIIA, KON KaFJai/ia ToNbIpaKTa Te3 epUTIH Ty3/japAblH,
60J1ybl GepiKTIKTiH a3jan »KofapbliayblHa aKeJsefi. KypblibiMbl Oy3blIFaH TUICTENTEH Ca3/bl
TONBIPAKTBIH O€pIKTIri rUICcTiH 6acTankpl KypaMbIHbIH, YJIFalObIMeH apTa/bl. KypaMbiHa rurmnc
a3 KypblJbIMbI Oy3blJIMaFaH TONBIPAK, YIUiH OEPIKTIKTIH y/IFalobl 6alKas/bl, aJl TUIIC KYpaMbl Kell
KYPbLJIbIMbI Oy3blIMaFaH TONbIPAK, YIUiH 6epiKTiKTiH a3awobl 60J1/ibl. OPTYpJli TeHEe3UCTi TY3/bl
TONBIPAKTBl 3epTTey Ke3iHAeri KOCbIMIIA KUBIHJABIKTApD TONbIpAaKTa TY34apAblH Xeke
KOCBIH/bLJIAP, KOJaKulajap, KabaTwasnap, Apy3ajap XoHe 9pTypJ/li KOHLLEHTPALUsIbl TY3/bl
epiTiHZisiep TypiHZe 60/ybl MyMKiH eKeH/JjiriHeH TybIHAalbl. MyH/ail npo6JsieMasiap FajabiMap
MeH KYpPbUIBICIIbLIAPABIH a/JblHAAa TypFaH Ka3aKCTaHHBIH XeKe eHipJiepiHiH TypFaH TY3/[bI
TOINBIPAFbIH MaKCaTThl TYpJe 3epTTey KaXKeTTLIiri Typasbl MIHAETTIH 63eKTUIIriH aTan KaHa
KepceTe/|.

P.M. XypaiikysnoB [10] »xyprisreH 3epTTey/jep HoTWKesepi OOWbIHIIA, aBTOMOOUJIb
KOJIJApbIHbIH, Kep TeceMiH cajly Ke3iHJAe Ty3/bl TONbIPAKTbIH (Ty3/bl 6aTHaKThIH)
BUIFQ/IbLIBIFBl  MapaMeTpJiepiHiH, OepikTiri MeH  cyQQPO3UANBIK  CBIFbIFBILITHIFbI
CUIlIaTTaMaJIapblHbIH, 9CepiH ecKepy KaXeT eKeHAIri aHbIKTa/Jbl. ABTOP 9pTYypJli CbIHAApJIbI
meuriMaepAi naijjasaHy >KoJibIMeH aBTOMOOMJIb KOJIbIHBIH, Kep TOeCeMiHiH >XOFapFbl 6eJiirin
bLIFAJIJ|bIH, 9CEpPiHEH KOpFay OOMbIHIIA KYMBICTAp KYpri3yAi ycbiHaAbl. OCcbIHAAN HmeliMAepAaiH,
6ipi TombIpak TeceMi YHiHAiCiHiIH >KoTackl GUiKTiriHiH TombIpak (6eTTiK) cysap AeHreliHeH
HOpPMAaTHUBTIK OUiKTiKTeH 20%-Fa »KOFaphl KoHe Ty3/jaHy JdpeXeciHe XoHe Nai/ja/laHblIaThlH
TOMbIpaK TYpiHe 6alIaHbICThI OZIAH Jia KOl YJIFaloblH 60/nkaiabl. CoHfai-aK KaablHAbIFbI 20 cM-
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re JieliH KUBIPIIBIK TacTaH TypaTblH KabaTTap/bl HeMece OMTYMMeH apaJslacKaH TOIbIpak
KabaTTapblH (KaJbIHJABIFBI 5 cM) mnaijjanaHy ycblHbLIaAbl. KesijieHeH mnpoduabaep/iH,
HayaJap/blH, 6epMAep/iH KypbUIFbICbl OOMBIHILA »KYMBICTAp /d aBTOXOJIJbIH, *Kep TeceMiHeH
CyZbl OYpy/Zbl KaKcapTyFa bIKHaJ eTeTiH 6o0sajbl. MyHJal CbhIHZAApJ/bl lIemiMAepAl Aypbic
TaHJay »KoHe HAaKThbl OpPbIH/JAY aBTOX0J/1IJap MeH 6acKa Jja KeJliK KypblJIbICTAPbIHBIH TONBIPAKTHI
HeTI3iHiH cepniMAiIiK MOAYJIIH apTThIPYFa bIKNAJ eTel.

JdJicHaMa

TonblpakTblH, ~ BIFBICYFAa  KapCbLIbIFbl  TONBIPAKTbIH,  €H ~ MaHbI3[bl  OepiKTik
cMnaTTaMaJapblHbIH, ~ 6ipi  60JibIl  TabbliaZbl, OHbIH  KepCeTKillTepi OeTKeuJepaiH
OPHBIKTBLIBIFbIH 0Oafajiay Ke3iHJe >XoHe WHXXeHepJiK >Xep FUMapaTTapbl OepiKTiriH 6acka
ecenTeyJjiep/ie KeHiHeH MNalJanaHbllIajbl. 3epTTey/epAiH MaKcaTbl — TY3/bl TONBIPAKTHIH,
OepiKTiK cunaTTaMaJ/lapblH 3epZeJiey XKoHe MYH/,all TONbIPaKThl MHXXEeHEPJIIK Kep FUMapaTTaphbl
(coHbIH, ilWIiHAE OCbl FUMapaTTap/blH Heri3epi) peTiHje nailfjajiaHy MyMKiH/ITiH aHBIKTaYy.

JkcnepUMeHTTep KypaMbiHZa 5%-aH 24%-Fa JelliH Ty3 60JIaTblH KYpblIbIMbl Oy3bLIFaH
TY3/bl TONIBIPAKTA XYPri3iaai.

1-cyper. Kecy *a3bIKTbIFbI OeKiTijiireH ['uipoxxo6a MoAUPHUKALUACBIHAAFbI
MacsioB-Jlypbe 6ip *a3bIKTbIKTbI KeCy acnabbl

bliranabiblK AeHrerWi ap TypJli TONBIPAKIEH >XYPTi3iJireH ocbl 3epTTeyJieple Ty3/bl
TONBIPAKTarbl Cy epiTIHZAICIHIH TONBIPAKTBIH, bIFBICYFa KapCbLIbIFbIHA 9Cepi aHbIKTaIJbI.
Bepisiren buIFa/JbLIBbIK Ke3iHJEe BIFbICYFAa KeJepriHiH e3repyi OipJed Tik KbICbIM OoJiFaHza
CiHZipy Aapexeci apTypJii Ty3/bl TONbIPAK YJrijsepi 6ap Toxipubesep LUMKJIH KYp3Ti3reH COoH,
aHbIKTaaAbl. bIFpicyFa KezepriHi Ty3/bl TONBIPAKTBIH, a//IblH aja JAaublHJAAJFaH YJrijiepi
(asgKTaJsiFaH ThIFbI3/IAy) YIIiH KeCy *a3bIKThIFbI OeKiTiireH (1-cyper)

'napoxkoba Mopudukanuscoinaarbl (['TI1-30) MacsoB-Jlypbe 6ip XKa3bIKTBIKTbl Kecy
acnanTapblHZA >Ky3ere acblpbuiAbl. TomblpaK ViriCiH JadblHAAYy ajJblH ajla ThIFbI3AY
acnabbiHga kyprisingi. blreicy 0,05 MM/MUH KbUIAAaMABIKIIEH TOKTaMaWTbIH AedopMaliys
YKaFJlauaapblHJa Kyprisiiai. TeiFbI3fgayllbl )KyKTeMeJslep Y YTileH KeM eMeC ThbIFbI3Jayllbl
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»KYKTEMEHIH, 9p0ip caThIChl YIIiH CbIHAY/bIH KaiiTasanybiMeH 0,2; 0,4 xxoHe 0,8 Krc/cM2-re TeH,
eTin TaraWbiHAa/Abl. ChIHAKTAp VIIiH KeceKTepiHiH (6eJsleKkTepiHiH) ipisiri 3 MM-AeH apThIK,
eMeC KypbLIbIMbl Oy3blJIFAaH Ty3/lbl TOMNbIPAKTbIH, aJJiblH ajia JalblHAaJfaH yirijepi
naipananbLbl (1-kecre). Toxxipubenepge auametpi 70 MM koHe OMIKTIri 24 MM KeM eMec
UUJUHAP NilliH/AI TY3/bl TONbIPAK, Y/Tiepi NalAasaHblIbL.

Tonbipak yJarijiepiH Te3 uIOFbIpJaHAbIpbIIMaFraH (KypFaTblIMaFaH) bIFbICY CYJ16acChl
6ombIHIIA cbIHAABL. By peTTe MacnoB-Jlypbe acantapsl YLIiH BIFbICY YaKbIThI 1-1,5 MUHYTTaH
acnaysbl THiC. bIFpIcTBIpyIIb] KYKTeMeH] 10 ceKyHTaH apThIK eMeC caTblJIapMeH caslZibl. YJITiHIH,
flebopManusacbl KYKTEMEHIH COHFbl CaTbICBIH CaJiFaH COH, Y3/iKCi3 OOJIFaH Ke3/e bIFbICY
agKTaazpbl len caHaaAbl. bIFbicy asgKTasiFaH COH Kecy alMaFblH/la TONBbIPAKThIH, bIIFAJIAbLIBIKKA
CbIHAaMacCblH TapJan ajabl. Ty3abl TONbIpaK YJriJiepiH BIFBICYFA KeJeprire cCbIHAy XYpri3y
aNJblHAA 3€epTTeJIeTiH TONbIPAKTbIH ThIFbI3LANY [dPEeXeCiH 3epTXaHa/lblK KaF[aujaapna
aHBIKTa/bl.

TonbIpakTblH, TaJjaln eTUIeTIH TBhIFbI3AbIFbIH Y 3epTXaHaJ/lblK JKaFjaujapAa OHTaWUJIbl
BLIFA/IJbLIBIK O0JFAaH/Ja MAaKCHUMYM ThIFbI3JbIKKA YMAaKC. 6ailJIaHbICThI aHbIKTaAbl. TONBIPAKThIH
ThIFbI3ANY AapexeciH «Cow3gopHUN» maFblH cTaHAAPTTHI ThIFbI3/AY acnabblH/AA aHBIKTA/ bl
(2-cypet). Bys acnan asiMaJsibl-caaMasbl BUINHAPAEH (kesieMi 0,1 1), 6ekiTizieTiH eki 6ypaHaackl
6ap TipeyiliTeH, 6aFbITTaylIbl UUJIWH/PJAIK KOHAbIpMaZaH, MJIyHXepJeH (COKKbI KYKTeMeCiH
Oepy YIiliH), caiMaFbl 2,5 Kr rip/ieH, 6aFbITTaylllbl 63€KTeH, TYTKaJaH XK9He KOocCbIMIlla 6eTTeH
Typaabl. blFpicyFa KeJeprire cblHay yUIiH TOIbIpPAK, Y/TIepiH TBIFbI3/BIK [€H bIIFaJ/blIbIK,
O6epiiireH Kesze KypaMblH/ia 6acTanKbl Ty3bl 6ap MOHOJIUTTEPAEH JalbIHA bl

e
-

2-cypet. COKO3/IOPHUU mafbiH cTaHAapTThI ThIFbI3Aay acnabsl (LLICTA)

3epTTeJireH yJriziep yuliH bifbicyFa kegepriui 1,0, 2,0, 3,0 kr/cM2 yu1 Tik xKyKkTeMe 60/1FaH/a
CYMEH TOJIbIK KaHbIKKAaH Ke3/ie aHbIKTa/bl. ThIFbI3/IbIK IIaMAaCblH MAKCUMYM ThIFbI3/IbIK MOHIH
ymax TbhIFbI3Jjay Ko3pduuueHTiHe KThIF. K6OEUTY KOJAbIMEH aHBIKTa/bl. bya k03ddUUeHTTI
0,7; 0,8; 0,95; 1,0-re TeH aen anjbl. JlaiblHJanFaH OIpTEKTi TONMbIPAK MacCacblH bIFBICTBIPY
acnabbIHbIH KypcayblHa (caKMHacblHA) casl/ibl, COZAH KeWiH MPecTiH acTbIH/A ThIFbI3Aabl. ColaH
KeWiH yJrici 6ap Kypcay/Zbl ThIFbI3/IaFbILIKA CaJI/ibl }KOHE TONBIPAKTbIH, THIFbI3AbIFbIH yMmax X

56 Ne3(152)/ 2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI
TexXHUKA/IbIK FblAbIMOAP HCaHE MEXHO102USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



Cy 6acy >kaFJJall bIHAAFbI 2KeP KYPbLJIbICTAPbIHbIH TY3/bl TONbIPAKTaPbIHbIH 6€PiKTiK KacueTTepi

KTbir. TeH ecenTik MoHre JemiH 12 carat imiHge »xeTki3zi. Ochbuiaiiiia galbIHAaaFaH
TBIFbI3/IAJIFAH YJTIepAi 24 caFaT illiHzAe TOJNBbIK KaHbIKKAHFa JeliH KypcayFa CyFa CaJiblll KOWU/bI.
A TBIFBI3ABIFBI )KOFaphl yiarisnepai (KToir. = 1,0 6osnranga) - 48 carat iwinge. Yarisiepai cyra cany
YWIiH aybI3 Cy NaWfasaHbUbl. TOJIBIK CyMEH KaHbIKKAH COH YJTLIepi ecenTik MaKCUMyM
KepHeyre 6 JleHiH ThIFbI3/1a/ibl. YJTIire »KyKTeMe 6epy caTblJIapMEH XKYPAi. ByJ peTTe )XyKTeMeHiH,
apbip apasbIK caTbicbiH 30 MUHYT iliHAEe ycTal TYpABbIL.

CoHfFBI caTbIHBI YT JedOopMalMAChIHbIH WAPTThl TypaKTalyblHa JAeHiH ycTtan Typabl (12
cafaT imiHge 0,01 MM-ZeH acnalTbIH KbICy). blFbicyFa KeJepriHi aHbIKTay VIIiH KypcayZAafbl
TOMNbIPAK VJrICIH KaJbINThl LIellNel, ThIFbI3AAFbILITAH Jepey Kecyre apHaJfaH Kopalka
aybICTBIP/bI.

CopzaH coH yJariHi ecenTik MaHre 6 JleHiH KalTa yKTeAi. CbiHaKTap YIIiH yarijiepai aagblH
ajla ejieKTeH (ydLIbIKTAp/JblH JAuaMeTpi 3 MM) OTKi3iJireH, yYHTaKTaJfaH TONbIpaKTaH
JavbiHgaAbl. ComaH KeWiH TomnblpaKKa OepisireH ThIFbI3ZAy JAopekeci OoJiFaHJa OHTaMUJIbI
BUIFAJIABIIBIKKA KOJI )KeTKI3y YIUiH KaXXeTTi Cy MeJIlepiH KOCTHI.

Tik »kykTemeHi 0,5 kr/cM2-tan 2,0 kr/cM2 MoHiHe JieiiH caTblJlapMeH aHe ozaH api 1,0
Kr/cM2-J1eH caTblJlapMeH 6ep/i. Opbip apasblK caTblHbI — 5 MUHYTTaH, COHFbIHbI 30 MUHYTTaH
ycTan Typ/ibl. Bys peTTe Kecy KopabblHa Cy KYW/bl.

KesiieHeH, bIFbICTBIPY KYKTEMeJIEPiIH caTblJIapMeH casabl (6 MoHiHeH 5%-/1aH apThIK eMec).
9pbip KeJieci caTbIHbI bIFbICY JlepOpMalLMsIapbIH APTThI TYPAKTaH/bIPY aHbIKTAJIFAaH COH, IFHU
BIFbICY ledopMalvsCbIHbIH, )bl1AaMAbIFbl 0,01 MM/MUH aclialThIH 60JIFAaHAA CaJI/Ibl.

HoaTuxesiep MeH TasIKbl1ay

KypblibIMbl  Oy3bLIFAaH Ty3/Jbl TONBIPAK YVJriJepiH bIFbiCyFa 48 CbIHAK OpBIHAAJ/BI.
3epTTey/iep YUIH a/jblH-aja JaublHAAJFAH TONBIPAK YJrizepi nanjanaHblifbl. 3epTTeJreH
TONBIPAKThIH GU3UKaJbIK CUIIaTTaMajapbl 1-KecTe/ie KeaTipijireH.

1-kecTe. 3epTTeJIreH TONbIPAKTbIH QU3NKaJBIK KacueTTepi

Tyspnapaely, | Kyprag Tonbipa | Tombipa Bip ocbTi KbICy
KypaMmbl, % | Tombipa TombIpak, KTbIH, KTbl 6epikTiriniyg mweri, MIla
KTbIH GenmexTepi | KEYeKTi | cysy
) KeJeMJi HiH JIK k03bdu
Tomneipak Typi K ThiFbI3pE | K03GOU | muenTi TaObUFU CyMeH
Maccachl BLY, nuenTi, | Ko, blyIFas- KaHbIKKAH
ys, r/cM3 r/cm? e cM/cex JBLIBIK, Ky#iHze
6oJIFaH/A
Manjgak, Ty34bl 5 1,6 2,67 0,8 103 0,022 -
KYyM 0 0
MangaK, Ty34bI 9 1,6 2,67 0,7 103 0,024 -
KYyM 1 9
T'uncrenarex 15 1,4 2,75 0,9 10-5 1,1 0,2
KyM/aK 1 2
F'uncresnre” 21 1,3 2,76 0,9 105 1,2 0,3
KYyM/IaK 7 8
F'uncresnre” 12 1,5 2,71 0,7 106 5,6 3,0
casjak, 2 5
l'uncresireH 24 1,4 2,60 0,7 10-5 4.8 2,0
ca3jak, 1 9
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['padukTen (3-cyper) ki yiikesic 6ypblllibl (9 MEH TONBIPAKTbIH, ThIFbI3/bIFbI (ThIFbI3JATY
k03 duneHTi KThIf.) apacbiHAa aHbIK 6al/IaHbIC Oap €KeHi aHbIK,

2-kecte Ty3Abl TONBIPAKTbIH, MAaKCUMYyM TbIFbI3/IbIFbl X9HE OHTAWJIbl bLJIFaJI/JbLJIbIFbI
(yarinepai biFbIcyFa cbiHAy Ke3iH/Je)

Tomnblpak, Typi Ty OHTaitnl p};‘igzl‘? '::I:II:IIB- Ec‘gjl:zll\f:i}f::leafbl
MeuJiiepi, % BUIFAJIJBLIBIK, %
JBIFBI, VS, T/cM3 Y, T/cm3
[llaHAaK KyM 5 7 1,60 1,72
[Maxngak KyM 9 8 1,61 1,74
KyMaag 15 12 1,41 1,58
KyMmaak 21 14 1,37 1,56
Caspak, 12 16 1,52 1,75
Casjak, 24 19 1,41 1,68

CblHaKTap HOTHXKECiHJe aJIblHFaH Ty3/lbl TOMbIPAKTbIH, OEpiKTIK CHMaTTaMaiapblHbIH
MaH/epi (ilKi yiKesy OYpbIIIbI (Q XXoHe iJiHiCy 3-KecTe e KeJTipijireH.

Ty3abl TonbIpaKKa »KYPri3iJireH bIFbICyFa CbIHAy HOTHXKeJepPiH eHJley Ke3iH/le 3epTTeseTiH
yJ/ITiJiep KaHKACbIHbIH, KeJIEM/IIK caJIMaFbIHbIH, MaHI Ty3Aap/AblH Kypambl do = 5 - 24% 6osraHaa
TYPaKThl 60J1aThIHbI €CENKe aJablH/Ibl.

TonblpaKThIH ThIFbI3AaMy KO3pduueHTi KThIF. apTKaH cailblH ilIKi YIKeJ1ic OYPBIIIbIHbIH, (P
MaHepi Ae apTaabl. Teirbi3gany koaddunuenTti Ktoir.= 0,80 6osraHaa maHAaK KyMm yiuiH 5%-
JaH 9%-fa gediH Ty3 6osfaHaa @ MaHi 100-tan 120-ka gediH esrepeni. Kteir.= 0,80 moHI
6osFaHJia, KYMJAK YIIiH ¢ MaHi ic »Ky3iHAe e3repicciz kanaapl, 15%-gan 21%-ra jgediH Ty3
6osiraHAa wiaMaMeH 120 6osaabl. Ty3gapabiH ap TypJii MeJiliepi 6ap 3epTTeseTiH TONbIPAKThIH
OJIap/iblH OHTAMNJIb] bJIFAJABLIbIFbIHA MAKCUMYM ThIFbI3/IbIFbIH aHBIKTAY HATHXKeJlepi 2-KecTefe
KeJITipiJreH.

3- KecTe. 3epTTeJIT€H TONbIPAKTbIH, 6EPIKTIK cCHIAaTTaMasapbl

Tomnblpay, Tys MakcumyMm TeIFbI3A2TY Tomnblpak ki Lninic
Typi MeJliep TBIFBI3/BIK, Y, ko3 PuLHeHTi, KaHKaCbIHBIH, yHkeic y, G,
i, % r/cM3 MakcuMym K. KeJIeMJJiK O6ypbILIbL, @, | T/cMm3
TBIFBI3/BIK, Y, caJIMaFhbl Ys, Jlapexeci
r/cm3 r/cm?
[Hangak, 5 1,72 0,80 1,38 9 0,00
R 0,85 1,46 11 0,00
0,90 1,55 14 0,00
0,95 1,63 16 0,01
1,00 1,72 19 0,01
JHEVHENN 9 1,74 0,80 1,39 10 0,00
R 0,85 1,48 12 0,00
0,90 1,57 16 0,01
0,95 1,65 18 0,01
1,00 1,74 23 0,02
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Casgak 12 1,75 0,80 1,40 16 0,14
0,85 1,49 19 0,20

0,90 1,58 22 0,28

0,95 1,66 29 0,35

1,00 1,75 35 0,44

Kymzaak 15 1,58 0,80 1,26 13 0,09
0,85 1,34 16 0,12

0,90 1,42 20 0,17

0,95 1,50 25 0,38

1,00 1,58 28 0,47

Kymzaak 21 1,56 0,80 1,25 12 0,10
0,85 1,33 18 0,14

0,90 1,40 22 0,18

0,95 1,48 27 0,35

1,00 1,56 29 0,48

Casgak 24 1,68 0,80 1,34 19 0,19
0,85 1,43 25 0,22

0,90 1,51 29 0,28

0,95 1,60 38 0,34

1,00 1,68 41 0,48

[ki yiikesny OYpBIIBIHBIH, (P KypaMblHJA Ty3/ap/blH 60JiyblHA ToyesAiairi 4-kecrefe
KeJITipiJreH.
4- kecre.l1Ki yiiKeJsic OYpBIIBIHBIH, @ TY3/bIH 60JybIHA TAYyeJ/iIiri

TeiFpi3gay K03¢puuueHTi Krir, 60FaHIaFbI
Tonbipak Typi Kypaﬁybiﬁf;)pﬂbm imki y#ikestic GypsbIibl ¢

0,80 0,85 0,90 0,95 1,00
laxaak Kym 5 9 11 14 16 19
anjak Kym 9 10 12 16 18 23
Caspax 12 16 19 22 29 35
Kympax 15 13 16 20 25 28
Kympax 21 12 18 22 27 29
Caznax 24 19 25 29 38 41

blrpicyFa cbiHay HOTHXKeJiepi 6obIHIIA (4-KecTe) ilKi yiiKeJic OypbILIBIHbIH, () TY3Aap/blH,
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naibI3JbIK KypaMblHa do TOyeNAINIriHIH rpaduri canbiHabl (3-cypeT).

0,60

g_ f 0,50
i /.\\ J/ s 040
% / — —a—( = f "'“‘---.____.___. ——
2 /J | (5030 —
[l=) |
o 1 5
5 |/ l / ( £ 020 o
S— ‘ o/ \1;_,________./ ( B / ——
g r— ——: 0,10 /s e
: 4
0,00 . J
o 5 10 15 20 25 30
Ty3 memnuepi, % Tysmenmiepi, %
3-cypeT. 3epTTeJreH TONbIPAKThIH, ILIKI 4-cypeT. Op TYpJii ThIFbI3AaJy Adpexeci
yHKeJlic OYpbIIIBIHBIH, (0 ThIFbI3/1Ay AdperKeci  6oJiFaH/a Ty3/ap/iblH MaWbI3AbIK MeJlllepiHe
9pTYypJii 6o/FaH/A TY3/ap/blH MalbI3/IbIK, do 6ali/IaHBICTbI 3€PTTE/TEH
KypaMbIHa do 6alJIaHbICThI 63repy rpaduri, TOoNbIpaKTap/AblH, C iJIiHICYiHiH 63repy
1). Kmir.=0,80; 0,85; 0,90; 0,95; 5) rpaduri:
Krur.=1,00. 1) Ktb1r.=0,80; 2) KTbIF.=0,85; 3)
KTtb1£.=0,90; 4) KTBI1F.=0,95; 5)
Ktpir.=1,00
5-kecre. C iniHicyaiH Ty3aapAbiH 6ap 60/ybIHA TOYeNiairi
T Teirbi3gany koadpdunrenTi Krur. 60FaHAaFbl ilIKi YHKeTiC
; y3/ap/bl GYpBbIILIbI
Tomnblpak Typi H 6ap 6oybL, %
0,80 0,85 0,90 0,95 1,00
llaHpak KyM 5 0,00 0,00 0,00 0,01 0,01
Tarpak KyM 9 0,00 0,00 0,01 0,01 0,02
Casnax 12 0,14 0,20 0,28 0,35 0,44
Kymzax 15 0,09 0,12 0,17 0,38 0,47
Kymzax 21 0,10 0,14 0,18 0,35 0,48
Cazpax 24 0,19 0,22 0,28 0,34 0,48

blrbicyFa cbiHay HOTHKeJsiepi GoWbIHIIA (5-KecTe) 1IIHICYAIH C Ty3JapblHbIH NaWbI3/bIK,
KypaMbiHa do Tayesjiniri rpaduri canbiujbl (4-cyper).

KopbITBIHABI

Taburu >koHe KypblIbIMbl OY3bLJIFAH K9JIMTIi TY3/ibl eMeC TONbIPAKThIH (KyMAaKTap MeH
ca3flaKTap/iblH) OepiKTik cumaTTaMaJjJapblH CaJIbICTBIPY TOMNBIPAKTbIH, OepiKTIiriHiH, oJap/blH
KYpbLJIbIMbI OY3bLJIFaH Ke3/le TOMeHAeUTiHiH KepceTTi. KypamMblHZa rumnc Ty3japbl 6ap Taburu
KYPBbUIBIM/bl KYMJIAKTap MEH Ca3JaKTap/iblH KypaMblH/Jla TY3bl KOK KapamnaWbIM TONbIPaKKa
KaparaHJa OepiKTiKk cumaTTaMajapbl aca >KOofapbl 00JiaJibl. JKCIEPUMEHTTIK 3epTTeyJiep
TUIICTEeJITEH ca3/lbl TOMbIPAKTbIH, OepiKTiK cUmaTTaMajJapblHblH, ~ KTBIF.  TBIFbI3ZANY
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K03dPUIMEHTIHE XOHE TONbIPAKTaFbl TMIIC TY3/lapblHbIH, MaWbI3/IblK KYpaMblHa 6alJaHbICThI
60s1aTbIHBIH KepceTTi. KypblibiMbl Oy3blIFaH TUICTENAreH TONbIpaK (KyMJaKTap >KoHe
cazziaKTap) »Kofapbl 6epiKTik cunaTTamanapbiMeH epekieneHefi. Ktoeir.> 0,90 6osran/a, ilki
yHKeJtic 6ypbllIbIHBIH MaH/epi @ 200-Tan 390-Ka peliH e3repeni. Ktoir.> 0,90 60sraHa, iniHicy
MaHzepi ¢ 0,17-pen 0,48 krc/cMm2-re peuin e3repepni. JKyprisisireH 3epTTeyJiep HerisiHze
TUIICTEJIleH  KyMJaKTap MeH KypbUIbIMbl OY3blIFaH Ca3/aKTap/blH >KOfapbl OepiKTik
culaTTamMajlapblMeH  epeKlleJleHeTiHI  mbIFaZbl. bys  TomblpaK  MHXeHepJK  XKep
FUMapaTTapblHbIH KYPbLJIbICbIH/IA TOJIBIK Nalja/aHblia ajaajbl.
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IIpoYHOCTHBIE CBOMCTBA 3aCOJICHHBIX 'PYHTOB 3€MJIAHBIX COOPY>KEHUH B YCJI0BUAX
MOATOIIEHUS.

AHHOTanMa. B crartbe «lIpOYHOCTHBIE CBOWCTBA 3aCOJIEHHBIX TPYHTOB 3eMJIAHBIX
COOpPY>KeHHM B YCJIOBUAX MOATOIUVIEHUSA» pacCMaTpUBaeTCd U3MeHeHHe IPOYHOCTHBIX
XapaKTepPUCTUK TI'PYHTOB, MOJABEPrUIMXCA 3aCOJIEHUI0 B YCJA0BUAX YACTUYHOTO WJIU IOJIHOTO
3aToNJIeHUs. AKTYyaJIbHOCTb MCC/le[0BaHUA O0O0yCJOBJeHa TeM, 4YTO MHOTHEe pervoHbI
CTaJIKUBAIOTCS C Npo6JeMaMy, CBA3aHHbBIMM C M3MEHEHHWEM YPOBHS T'PYHTOBBIX BOJ, 4TO
HeraTUBHO CKa3blBaeTCsl Ha YCTOMYMBOCTU 3eMJISIHBIX COOpYXeHUW. B paboTe mpejcTaB/ieHbI
pe3y/IbTaThl MCCIe0BaHUM, NTOKA3bIBAWILUX, KaK NPUCYTCTBHE COJIeW B MOYBe BJMSAET Ha ee
MeXaHHW4YeCKue CBOMCTBA. MccienyroTcsa pa3/iMyHble TUIBI COJIEW U MX KOHLIEHTPALMK, a TaKXKe
yCJOBHA, NpPHU KOTOPBIX IO0YBA HaWboJiee YYBCTBUTEJNbHA K H3MEHEHUAM IPOYHOCTHBIX
XapaKTepUCTUK. B yacTHOCTH, 0cO60€e BHUMaHUe y/ie/11eTCs B3aUMO/EMCTBUIO COJIeH C BOJOM U
M3MEHEHUI0 CTPYKTYpPbl OYBbI, YTO MOXKET IPHUBECTHU K CHUKEHHUIO IPOYHOCTU U YCTOUYUBOCTH
CTPYKTYp. ABTOpTaKke 06Cy>XJaeTcs NpaKTHYeCKue peKOMeHJalMU 110 NPOEKTUPOBAHUIO U
YKpEIJIEHUI0 3eMJISHBIX COOPY>KeHUM Ha 3aCOJIEHHBIX U 3aTOIJIEHHBIX 3eMJIIX. B 3ak/odeHue,
NOJYEePKMBAETCA HEOOXOJUMOCTb y4yeTa NPOYHOCTHBIX CBOWCTB 3aCOJIEHHBIX IOYB IpPH
IJIAHUPOBAHUH CTPOUTEJIBHBIX pabOT U CO3JJaHUN CUCTEM 3aLUThI OT HABOJHEHUH, YTO BaXKHO
Ji/1s1 o6ecriedeHUsI MPOYHOCTU U 6€30MacHOCTU HHPPACTPYKTYPHI.

KiroyeBble cjioBa: 3acosieHHas M0YBa, MJIMHUCTAd MOYBa, YIJIOTHEHHME NO4YBbl, GU3UKO-
MexaHUYeCcKue CBOMCTBA I0YBbl, (QYHKLHUOHAJbHble HW3MEHEHHUA I[I04YBbl, CTPYKTypHbIE
M3MEeHEeHUs, IPOLeCChl YIIJIOTHEHHUH.
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Strength properties of saline soils of earthworks in conditions of flooding.
Abstract. The article "Strength properties of saline soils of earthworks in conditions of

flooding" examines the change in strength characteristics of soils subjected to salinization in
conditions of partial or complete flooding. The relevance of the study is due to the fact that many
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regions face problems related to changes in the groundwater level, which negatively affects the
stability of earthworks. The paper presents the results of experimental studies showing how the
presence of salts in the soil affects its mechanical properties. Various types of salts and their
concentrations are investigated, as well as the conditions under which the soil is most sensitive to
changes in strength characteristics. In particular, special attention is paid to the interaction of salts
with water and changes in the structure of the soil, which can lead to a decrease in the strength
and stability of structures. Practical recommendations on the design and strengthening of
earthworks on saline and flooded lands are also discussed. In conclusion, the need to take into
account the strength properties of saline soils when planning construction works and creating
flood protection systems is emphasized, which is important to ensure the strength and safety of
infrastructure.

Keywords: saline soil, clay soil, soil compaction, physical and mechanical properties of soil,
functional changes of soil, structural changes, compaction processes.
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Abstract. In recent years, blockchain technology has attracted significant
attention due to its capabilities in ensuring transparency, security, and
efficiency of various processes. This paper explores the advantages of using
blockchain in logistics, with a particular focus on increasing operational
transparency, enhancing data security, and improving the overall efficiency of
supply chain processes. The study analyzes the fundamental features of
blockchain technology—such as decentralization, immutability of records, and
the use of smart contracts—and how these attributes contribute to cost
reduction and increased trust between stakeholders. Furthermore, the paper
includes a comparative overview of international practices, assesses the
current state of blockchain adoption in Kazakhstan’s digital economy, and
highlights the main barriers to implementation, including scalability issues,
integration challenges, and legal uncertainties. Recommendations are provided
for future development, including regulatory frameworks, educational
initiatives, and pilot project support. This review also identifies opportunities
for further research, such as case studies and empirical evaluation of blockchain
deployment in logistics.
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Introduction

Blockchain is an innovative technology for storing and transmitting data through
decentralized distributed networks, enabling the exchange of information without the
involvement of intermediaries or central servers. Each block in the chain contains encrypted
information about transactions and events, as well as a hash link to the previous block, ensuring
data security, integrity, and immutability. [1]

One of the key features of blockchain is its transparency: all participants in the network can
access the data, and any changes require consensus from the majority. This makes the system
resistant to fraud and significantly increases trust among stakeholders in logistics operations. The
application of blockchain is particularly relevant in scenarios where traceability and control of
goods movement are essential.

Blockchain technology can greatly improve the efficiency of logistics operations and reduce
their associated costs. It enables real-time shipment tracking, product quality monitoring,
inventory management, automated document processing, and optimized transportation routing.
According to a MarketsandMarkets report, the blockchain market in logistics was valued at USD
204 million in 2021 and is projected to grow more than tenfold over the next 5-7 years. [ 2]

Beyond logistics, blockchain is being adopted across various sectors of the economy—from
finance and healthcare to energy and public administration. It is particularly prominent in the
fintech sector, where it is used for decentralized payments, identity verification, and transaction
cost reduction. In healthcare, blockchain supports the management of electronic medical records
and pharmaceutical supply chains, while in law, it enables the development of digital notary
services and the automation of contract execution.

The growing interest in blockchain is driven not only by its technological advantages but also
by global trends in digital transformation, which demand new approaches to data governance,
cybersecurity, and resilient infrastructure. In this context, logistics emerges as one of the most
promising industries for large-scale blockchain adoption.

Thus, the use of blockchain in logistics paves the way for the development of a new model of
supply chain management—one that is based on transparency, reliability, and automation. This
study aims to analyze the benefits of blockchain technology in logistics, with a focus on
international and Kazakhstani practices, identification of implementation barriers, and
recommendations for future development.

The methodology

The study of blockchain technologies within Kazakhstan’s digital economy employs a
multifaceted methodological approach, combining qualitative and quantitative research
techniques to provide a comprehensive understanding of the current state, challenges, and
prospects of blockchain adoption.

1) Document and Policy Analysis

Athorough review of legislative frameworks, strategic government documents, and regulatory
acts related to blockchain technology was conducted to assess Kazakhstan’s official stance on
blockchain development. This analysis included national digitalization programs, cybersecurity
strategies, and innovation policies published by key ministries and regulatory bodies. [3] The aim
was to identify the regulatory environment’s readiness to support blockchain initiatives and to
understand policy trends shaping the ecosystem.

2) Public Sector Project Analysis
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The research investigated blockchain applications in Kazakhstan’s public sector, with a focus on

e-governance and digital identity management. Notably, the Ministry of Digital Development has
launched pilot projects that utilize blockchain for issuing and verifying academic diplomas,
enhancing transparency, and reducing fraud in educational credentialing. These projects serve as
practical case studies illustrating blockchain’s potential to improve public services and foster
citizen trust in digital government systems.

3) Expert and Organizational Survey

An online survey was distributed among 50 representatives from diverse sectors, including IT
companies, government agencies, and educational institutions. The survey aimed to capture
attitudes towards blockchain implementation, perceived benefits, and obstacles. The results
showed that 52% of respondents are prepared to adopt blockchain solutions in their operations.
However, 28% highlighted the shortage of qualified personnel and the high costs of
implementation as significant barriers. This feedback underscores the need for capacity-building
and financial support to accelerate blockchain adoption [4]

4) Startup and Project Analysis

The study examined the landscape of blockchain startups in Kazakhstan, focusing on sectors
such as agrotechnology, fintech, and digital identity management. Many startups demonstrate
innovative approaches but face challenges related to scaling their solutions and attracting
sufficient investment. Common hurdles include limited access to venture capital, regulatory
uncertainty, and technical integration issues. This analysis helps identify gaps in the ecosystem
and potential areas for governmental and private sector intervention.

5) Comparative International Analysis

To contextualize Kazakhstan’s blockchain development, the research compared its regulatory
and technological environment with countries recognized as blockchain frontrunners, including
Estonia, Switzerland, and the United Arab Emirates (UAE). These countries have established clear
regulatory frameworks, supportive infrastructure, and incentive programs that foster blockchain
innovation. Unlike Kazakhstan’s fragmented and nascent ecosystem, their coordinated efforts have
resulted in higher adoption rates and successful deployment of blockchain solutions in both public
and private sectors.

Together, these methods provide a holistic view of Kazakhstan’s blockchain landscape,
informing the assessment of current strengths, weaknesses, and opportunities for strategic growth
in the digital economy.

Findings/Discussion

Blockchain technology continues to evolve rapidly, opening up a wide range of opportunities
across multiple sectors of the economy. Its transformative potential lies not only in its technical
architecture but also in its ability to reconfigure the very nature of trust, transparency, and
interaction in digital systems. In recent years, this technology has expanded far beyond its original
application in cryptocurrencies, finding new ground in logistics, governance, energy, healthcare,
and beyond [5].

Among the most promising applications of blockchain are:

1. Decentralized Applications (dApps)
The emergence of decentralized applications represents a significant paradigm shift in software
development.Apps operate on blockchain networks without reliance on centralized servers,
ensuring greater security, resilience, and resistance to single points of failure. Their decentralized
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nature fosters transparency and enables communities to maintain and evolve applications
collaboratively, which is particularly valuable in systems requiring trust and autonomy. These
applications form the core of the so-called “Web3” architecture, where user empowerment and
data ownership are key priorities.

2. Smart Contracts

One of the most revolutionary innovations introduced by blockchain is the concept of smart
contracts—self-executing agreements with the terms directly written into code. These contracts
automatically enforce obligations between parties without the need for intermediaries such as
banks or legal institutions. This not only reduces operational costs and delays but also minimizes
the human factor and related risks. In sectors such as logistics, finance, and law, smart contracts
are already contributing to the automation of routine processes and improving compliance and
auditability.

3. Integration with the Internet of Things (I0T)

The intersection of blockchain and the Internet of Things (I0T) has the potential to significantly
enhance the security and reliability of distributed networks of connected devices. Blockchain
offers immutable and verifiable data recording, which is essential for environments where devices
must autonomously exchange and validate information. For example, in smart logistics, blockchain
can provide a secure record of temperature, humidity, or location data captured by IoT sensors,
ensuring the integrity of the supply chain and real-time product tracking.

4. Financial Technology (FinTech) Applications

FinTech has become one of the most active domains for blockchain experimentation and
implementation. From peer-to-peer payment systems to decentralized finance (DeFi) platforms,
blockchain enables faster, more secure, and cost-efficient financial operations. The reduced
reliance on traditional intermediaries such as banks and clearinghouses leads to streamlined
services and greater financial inclusion, especially in underserved or underbanked regions.

5. Creation of Decentralized Communities and Organizations

Blockchain enables the establishment of Decentralized Autonomous Organizations (DAOs),
which operate through coded rules agreed upon by members and executed without centralized
governance. These structures democratize decision-making processes and enhance transparency
in organizational activities. The model has gained traction in sectors such as venture capital, social
networks, and open-source development, offering new forms of collective management and
stakeholder engagement.

6. Emergence of New Types of Digital Assets and Cryptocurrencies

Blockchain continues to facilitate the creation of new digital assets tailored to specific
economic or social functions. Beyond Bitcoin and Ethereum, new cryptocurrencies are being
developed to serve purposes such as microtransactions, reward mechanisms, tokenization of
physical goods, or representation of carbon credits. The diversity of these assets opens up new
financial ecosystems and alternative forms of value exchange.

7. Resource Sharing and Optimization

In sectors such as energy, transportation, and agriculture, blockchain provides tools for more
efficient and equitable resource distribution. For example, peer-to-peer energy trading platforms
built on blockchain allow households with solar panels to sell excess electricity directly to
neighbors, bypassing traditional utilities. Similarly, shared logistics platforms can use blockchain
to match unused freight space with shippers in need, optimizing delivery networks and reducing
carbon footprints. [6] This broader and more nuanced understanding of blockchain’s capabilities
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illustrates its role not only as a technological innovation but also as a catalyst for structural and
systemic transformation. As industries continue to adapt and integrate blockchain-based
solutions, the importance of interdisciplinary research and collaborative experimentation
becomes ever more evident.

All these multifaceted possibilities of blockchain technology collectively point toward the
emergence of a more secure, efficient, and democratically structured economy and society. As
digital infrastructure becomes increasingly foundational to modern life, the role of blockchain in
facilitating transparent, verifiable, and tamper-proof transactions holds the potential to transform
not only individual enterprises but also entire sectors and institutional frameworks. Through its
inherent properties—such as decentralization, immutability, and automated logic—blockchain
introduces a paradigm shift in how trust, value, and data integrity are managed across
interconnected systems.

One of the most promising domains for blockchain application lies in supply chain
management, a field inherently dependent on coordination, traceability, and transparency across
multiple stakeholders. Blockchain's capabilities enable the transformation of traditional logistics
systems into more intelligent, adaptive, and data-driven networks.

The main advantages of using blockchain in supply chain management include the
following:

1. Enhanced efficiency in supply chain operations

By enabling real-time monitoring of each stage in the supply chain, blockchain technology
facilitates full visibility into the movement of goods and materials. This level of traceability
improves responsiveness to disruptions, delays, and quality issues, empowering stakeholders to
act swiftly and decisively. End-to-end tracking fosters greater accountability and ensures
compliance with both contractual obligations and regulatory standards.

2. Automation of business processes

The integration of smart contracts—self-executing agreements encoded on the blockchain—
streamlines a wide array of administrative and operational procedures. This automation
eliminates the need for intermediaries in validating and enforcing agreements, thereby reducing
manual labor, mitigating the risk of human error, and accelerating transaction cycles. As a result,
logistical processes become more predictable, efficient, and resilient.

3. Improved forecasting and planning capabilities

Coupling blockchain with advanced data analytics and machine learning enables supply chain
managers to anticipate demand fluctuations, assess market dynamics, and fine-tune production
schedules and inventory strategies. This data-informed decision-making process supports a
transition from reactive to proactive logistics management, thereby reducing uncertainty and
enhancing strategic agility.

4. Reduction in operational and structural costs
By optimizing logistics networks and minimizing inefficiencies across warehousing,
transportation, and inventory control, blockchain contributes to significant cost savings. The
removal of redundant intermediaries and manual reconciliation processes reduces overhead
expenses. Moreover, streamlined workflows and digitized records enhance operational
productivity and reduce the burden of compliance and audits. [7]

Despite its transformative potential and numerous advantages, the implementation of
blockchain technology in supply chain management is not without significant challenges and
limitations.
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These barriers, both technical and organizational in nature, must be critically assessed to
ensure realistic expectations and informed decision-making during the adoption process.

1. High Implementation Costs

One of the primary obstacles to the widespread adoption of blockchain solutions lies in the
substantial financial investment required for their development and deployment. Establishing a
secure and scalable blockchain infrastructure—particularly in complex supply chain
environments—necessitates advanced hardware, specialized software development, ongoing
system maintenance, and, frequently, the recruitment of highly skilled IT professionals. These
upfront and long-term costs can be prohibitively high, especially for small and medium-sized
enterprises (SMEs), which may lack the necessary budget or technological capacity to support such
innovation. Consequently, the cost factor remains a key deterrent for early-stage adoption in less
digitally mature sectors.

2. Complexity of Integration with Existing Systems

Another critical limitation is the technical and operational complexity involved in integrating
blockchain platforms with existing enterprise resource planning (ERP), warehouse management
systems (WMS), and other legacy IT solutions. Many current logistics and supply systems are not
natively compatible with decentralized technologies, and bridging these systems may require
significant customization, interoperability protocols, and extended testing cycles. Such complexity
not only delays implementation timelines but can also lead to unexpected failures, data
synchronization issues, and operational disruptions if not managed properly.

3. Limited Practical Adoption Due to SKkill Gaps and Software Availability

While blockchain technology is advancing rapidly, its practical adoption in supply chain
contexts is often hindered by a shortage of qualified personnel and limited availability of tailored
software solutions. Many organizations, particularly those in traditional manufacturing or logistics
sectors, lack internal expertise in distributed ledger technologies. This deficiency creates a
dependency on external consultants or vendors, further increasing costs and complicating
implementation. Moreover, off-the-shelf blockchain solutions that are specifically designed for
logistics operations remain relatively scarce, thereby limiting the technology's applicability and
ease of deployment in real-world scenarios.

4. Cybersecurity Risks and Data Privacy Concerns

Although blockchain is frequently praised for its inherent security features, its implementation
introduces new vectors for cyber threats, particularly when deployed in conjunction with other
technologies such as IoT devices or cloud services. Vulnerabilities may exist at various layers of
the technology stack—from poorly coded smart contracts to compromised user interfaces—which
can be exploited by malicious actors. Inadequate encryption, authentication mechanisms, or access
controls may result in data breaches or manipulation, undermining the trust that blockchain is
intended to ensure. Moreover, concerns surrounding the protection of personal and sensitive
commercial data—especially in public blockchain environments—necessitate strict compliance
with data protection regulations such as the GDPR, which may further complicate implementation.

Figure 1 illustrates a simplified schematic of how blockchain technology operates within the
supply chain ecosystem, highlighting the flow of data, verification points, and stages of asset
tracking that are made more transparent and secure through distributed ledger systems.

As noted in the study, in 2019, the adoption of blockchain technology increased to 57% among
companies with more than 20,000 employees. Blockchain technology has many advantages that
make it attractive for use in various industries. One of the key advantages is "transparency". All
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transaction data is recorded in blocks that are interconnected and accessible to network
participants. This allows you to monitor the process at every stage and eliminates the possibility
of changing data without the consent of all participants.

Figure 1. How the blockchain works in the supply chain [7]

Another significant advantage is the "immutability of data". After entering information into the
blockchain, it cannot be changed or deleted, which guarantees the safety and accuracy of records.
This is especially important for situations where you need to provide an accurate history of all
operations or events.

"Data security” is also significantly enhanced through the use of cryptographic security
techniques. Blockchain allows you to provide a high level of protection against hacking and
unauthorized access, which is especially important for financial and confidential data. Blockchain
technology helps to "reduce costs" for operations related to data verification and maintaining
centralized systems. By automating and eliminating intermediaries, processes become faster and

JL.H. I'ymunes ameindarsl Eypasus yammotx yHusepcumeminiy XABAPIIBICHI. N23(152)/ 2025 71
TexHUKANbIK FblAbIMOIAP HCIHE MEXHOA02US1AP CePUsIChI
ISSN: 2616-7263. elSSN: 2663-1261



M.A. Baibusinova, G.V. Muratbekova, M.V. Amanova, D.S. Mambetalin

cheaper, which reduces overall costs.

Another important aspect is "decentralization". Unlike traditional systems, where
management is concentrated in one center, the blockchain does not have a single point of failure.
This makes the system more resistant to attacks and failures, as well as improves its availability
and reliability. [8]

Overall, blockchain technology opens up opportunities for increased efficiency, improved
security, and transparency, making it useful for many different industries and processes.

The current market for blockchain-based solutions is developing rapidly. The dynamics of the
market under consideration can be shown in Figure 1. With the growing demand for greater
transparency and reliability of the supply chain in the logistics market, large companies such as
IBM are offering large companies operating in various industries to implement development based
on blockchain technologies as a trial version.

This technology helps to measure not only the position, but also temperature, humidity and
power status in real time.
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Figure 2. Forecasting the dynamics of the blockchain development market [8]

One of the most striking examples of the use of blockchain technology in international freight
transportation was the agreement between the General Bank of Australia (CBA), Wells Fargo, and
BRIGHANN Cotton on the supply of cotton from the United States to China. An important feature
of this transaction is the use of not only blockchain and smart contracts, but also Internet of Things
(IoT) technologies, which allows to increase the efficiency and reliability of the process. This was
done as follows: the cotton forwarder left the USA for China, and the GPS sensor tracks the
geographical location of the goods. After the container ship arrives at its destination, arrival
information is sent via smart contracts uploaded to a private blockchain. This smart contract then
starts the transfer process.

One of the most important advantages of this technology is the simultaneous updating of the
logistics chain of all participants, so the blockchain helps to combat fraud and delivery errors [9].
Tazhiribe korsetkendey, digital SCM/Logistics-Tags en perspektivaly bagyttardyn biri-Blockchain
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technologyasyn koldan. Potentially turde bul technologiya ekonomikalyk kyzmettin barlyk
salalaryn kamtidy zhane koptegen kosymshalargaiye. Olardyn ishinde: karzhi zhane economics;
materialdyk zhane materialdyk emes activtermen operationalar; memlekettik uyimdar men
companyjardagi yesep; logistics zhane zhetkizu tizbegin baskaru (OAU) zhane tagy baskalar.

There are many special applications in the blockchain at the moment. The most popular is
Bitcoin, the basis of the cryptocurrency. The virtual registry of Goods (several African countries)
or smart contracts (Switzerland) contain blockchain applications. At least, blockchain is the safest
and cheapest alternative to the Internet for any company.

In addition, the use of this technology can dramatically change the interaction of companies in
the supply chain, as customers have direct information about the products and services of
counterparty companies. Investors can finance companies without requiring financial markets.
Any information within companies can flow without friction, and behavioral solutions will be fully
open. Business models will be radically changed and improved; cost structures will be open, and
contracts will be executed seamlessly. Despite the considerable advantages, blockchain technology
also poses certain risks and challenges that need to be carefully considered. These include:

- Complexity of integration: Integrating blockchain systems with existing IT infrastructure
may require significant technical adaptation and retraining of personnel.

- Data privacy concerns: Although blockchain offers strong data integrity, ensuring
compliance with data protection regulations (such as GDPR) remains a challenge, especially for
public blockchains.

- Cybersecurity threats: While blockchain is generally secure, vulnerabilities may still exist
at the application or smart contract level, making systems susceptible to targeted attacks.

- Scalability issues: Public blockchains often face limitations in terms of transaction speed
and network capacity, which can hinder their effectiveness in high-volume logistics operations.

To mitigate the high implementation costs associated with blockchain adoption, several
strategies can be considered. These include phased integration starting with pilot projects,
leveraging open-source blockchain platforms to reduce development expenses, and forming
public-private partnerships to share financial and technological resources.

Conclusion

Blockchain technology holds enormous potential to transform the digital economy by offering
a secure, transparent, and decentralized infrastructure for data and transactions. Its core
features—immutability, decentralization, and automation through smart contracts—enable
significant improvements in operational transparency, security, and efficiency across various
industries, particularly in logistics and supply chain management.

However, successful large-scale implementation of blockchain requires addressing several key
challenges:

-Scalability of blockchain systems: Many blockchain platforms face limitations in
transaction throughput and network capacity, which can hinder their ability to handle high-
volume logistics operations and real-time data processing.

-Data privacy protection: Despite the inherent transparency of blockchain, ensuring
compliance with data protection regulations and maintaining confidentiality of sensitive
information remains complex, especially on public blockchains.

-Development of technical standards and legal frameworks: The absence of unified
standards and clear legal guidelines creates uncertainty for businesses and slows down adoption.
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Regulatory clarity is essential for building trust and encouraging investment.

-Integration with existing legacy systems: Blockchain solutions must seamlessly interact
with current IT infrastructures. Technical compatibility and workforce training are crucial to
enable smooth integration and operational continuity.

For Kazakhstan, a country actively pursuing digital transformation, the following strategic
actions are essential to unlock blockchain’s full potential:

-Development of a national regulatory and legal framework to support blockchain
innovation, including clear definitions of digital assets, smart contracts, and data governance
principles. This will provide a stable environment for businesses and developers to innovate
confidently.

-Establishment of comprehensive educational programs aimed at enhancing blockchain
literacy and developing specialized skills in the workforce. Collaboration between academic
institutions, government, and industry is vital to nurture talent.

-Increased public-private investment in blockchain research, development, and
infrastructure, including the creation of state-backed accelerators and innovation hubs to support
pilot projects and startups. These initiatives will foster a vibrant ecosystem and facilitate
technology scaling.

-Fostering international cooperation to adopt best practices and standards from
blockchain-leading countries such as Estonia, Switzerland, and the UAE. Cross-border
collaboration will help harmonize regulations and expand market opportunities.

According to recent survey results, 59% of companies in Kazakhstan perceive blockchain as a
revolutionary technology, and 52% are prepared to implement it in the near future. This reflects a
positive attitude and readiness within the business community, though barriers such as high costs
and lack of expertise remain. [10]

With coordinated support from government agencies, the private sector, academia, and
international partners, Kazakhstan is well-positioned to leverage blockchain technology to
accelerate its digital transformation agenda.

By overcoming current challenges, Kazakhstan can improve transparency, reduce operational
costs, and enhance trust across industries, ultimately driving economic growth and strengthening
its position in the global digital economy.
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M.A. bain6ycuHoBal, I'.B. MypaT6ekoBa?,
M.B. AmaHoBal, /I.C. Mam6eTa/iuH?

l«Xanwvikapanwik Keaikmik-I'ymaHumapasik YHugsepcumemi», Aamameol ., Kasakcmax
Pecny6aukacbol
2 Asamammulk aguayus akademusicol, , Aamamol K., KazakcmaH Pecnybaukacol

Kayinci3fik neH TUiMAiNiKTiH alIbIKTBIFbIH KAMTAaMacChI3 eTyAeri 6/10KYelHHIH,
apTBIKIWbUIBIKTAPBIH 3€pPTTEY

AnaaTna. CoHFbI XKbL1Japbl 6JI0KYEMH TEXHOJIOTUSCHI 9pPTYpJli YAepicTepAiH allbIKThIFbIH,
Kayinci3Zirin »«aHe TUIMAININIH KaMTaMacbl3 eTy MYMKiHZiKTepiHe 0GailJlaHbICTbl KeH, Hasap
aygapTy/za. by Makanaa 6J10K4eMH/Ii JIOTUCTUKA calachlH/Ia KOJIJAHYAbIH apThIKUIbLIBIKTapbl
KapacThIpbLIa/ibl. ATall aUTKAaH/Ia, ONlepalMAaJbIK alllbIKTBIKThI apTThIPY, AepeKTep Kayinci3airii
KYLIENTY JKoHe KabAbIKTay Ti30eriHjeri xaJmbl TUIMAIKTI )KaKcapTy Macesesiepi TaagaHa/ibl.
3epTTeyse O6JIOKYEHH TEXHOJIOTUSCBIHBIH, HeTri3ri cumaTTamasapbl — JelleHTpaju3alus,
»Ka36aJsiap/iblH, 63repMeNTIH/Ir )XKoHe CMapT-KeJliciMIapTTapAbl NakjasaHy — UIbIFbIHAAPAbI
a3alTy MeH KaTbICylIblJIap apacblHAAFbl CEHIM/Ii apTThIpyFa KaJlal bIKIaJl eTeTiHi capajiaHa/ibl.
CoHbIMEH KaTap, MakaJjajJia XaJblKapajblK TaxXKipubere casbICTbIpMasibl LIOJNY KacaJblil,
KasakcTaHHblH, UUQPJBbIK 3SKOHOMHUKACBIHAAFbl OJIOKYEeHHJi eHri3yAiH Kasipri xarjailbl
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M.A. Baibusinova, G.V. Muratbekova, M.V. Amanova, D.S. Mambetalin

OafasiaHa/ibl )koHE MaclITabTaly, }KylesiepMeH OipiKTipy, KYKbIKTBIK Oe/rici3/lik CUIKTbI HeTi3ri
KeJepriziep kepcerinezi. biiokyelH/i AaMbITy YIIiH HOPMaTHUBTIK-KYKbIKTBIK 6a3aHbl 93ipJiey,
6is1iM Gepy 6GacTamasiapblH €HTi3y *K9He NUJIOTTHIK, »K00asap/ibl KOJJay CUSKTbl YChIHbICTAp
oepinired. CoHJal-aK, JIOTUCTUKA caJlacblHAA OJIOKYEWH/|i €eHri3yre KaTbICTbl HAKThI
KarJanaapabl (KeHUCTiK 3epTTeyJiepAi) KoHe SMIUPHUKAJBIK O6aFasay/ibl KAMTUTBIH Oo0JiallakK,
3epTTey 6aFbITTaphbl YChIHbIJIFaAH.

Ty#iH ce3aep: 6/70K4YelH, allbIKThIK, Kayilci3Aik, TUIMAiNIK, AeleHTpanavd3anus, eHiMAi
6aKbliay, )KeTKi3y Ti30eriH 6ackapy, uudpiaHAbIpy, lepeKTepAi KOpFay, WbIFbIHAAP/AbI a3aTy,
JIOTUCTUKalaFbl WHHOBauusiiap, KasakcraH, cMapT-kKejiciMiiapTTap, LUQpPJbIK 3KOHOMMKA,
HOpPMAaTHBTIK 06a3a, TeXHOJIOTUSAHBI EHTI3Y.

M.A. Baii6ycuHogal, I.B. Mypar6ekoBa?, M.B. AmaHoBal,
J1.C. Mam6eTa/InH2

1«MexcdyHapoOoHblll mpaHCnoOpmMHo-2yMaHUMapHsil yHugepcumem, 2. Aamameol, Kazaxcmat
2«Akademus epaxcdaHckoll asuayuu», Aamamui, Kazaxcmax

UccnepoBaHue npenMyLecTB 6J10KYeiHa B 06eclie4eHUU IPO3PavyHOCTH
6e30MacHOCTU U 3P PEeKTUBHOCTH

AHHOTaumMa. B mnociefHue TroAbl TEXHOJIOTHUsS OJIOKYEHH TMpUBJEKJIA 3HAYUTEJNbHOE
BHHMaHWe 6Jiarofjapsi CBOeW CHOCOOHOCTH 06eclevyrMBaTh MPO3PAayHOCTb, GE30MACHOCTb M
3¢ deKTUBHOCTb pa3JIMUHBIX NpPOLeccOB. B AaHHOUN paboTe paccMaTpUBAIOTCSA MpPeUMYyIlecTBa
MCI0JIb30BaHUsI GJIOKYEHHA B JIOTUCTHUKE, C OCOOBIM aKLIEHTOM Ha MOBBILIEHHE MPO3PAYHOCTH
omnepanui, ycujeHHe 3allUThl JAaHHBIX WU yaydlleHHe o061ied 3PpPeKTUBHOCTU NPOLECCOB B
I[eroYyKax MnocTaBoK. B MccieloBaHMN aHAIM3UPYIOTCS OCHOBHbIE XapAKTEPUCTUKHU TEXHOJIOTUU
6JIOKYEHH — TaKHe KaK JlelleHTpaiu3alysi, HeU3MeHseMOCThb 3aMUCeN U UCN0JIb30BaHUE CMAPT-
KOHTPAKTOB — U UX BKJIQJ, B CHWXKEHHe 3aTpaT U YKpeIlJIeHHe JIOBEpUSl MeXAY Y4aCTHUKAMU.
Kpome Toro, npe/icTaB/eHO CpaBHUTEJbHOE PACCMOTPEHHUE MEXAYHAPO/HOTO OIbITA, OLlEHEHO
TEKylllee COCTOSIHME BHeJpeHHs OJIoKYelHa B LMPPOBYI 3KOHOMHUKY KazaxcraHa, a Takxke
Bbl/IeJIEeHbl OCHOBHbIE Gapbepbl, MPENsTCTBYIOLIME €ro UCIMO0Jb30BaHUIO, BKJIOYash MPo6JIeMbl
MacCIITabupPyeMOCTH, CJI0’)KHOCTU MHTErpallM U NMPABOBYIO HEONpPe/eJeHHOCTh. [IpeaiaratoTcs
peKOMeH/JJalluK /il JaJbHEHIIero pa3BUTHS, BKJ/IOYAsg CO3/[aHMe HOPMATUBHOW 06a3bl,
obpa3oBaTesibHble HWHUIMATHBbBI U NOAJEPXKKY IMHJOTHBIX INPOEKTOB. B 0630pe Takxke
omnpeie/ieHbl IEPCIEKTUBHbIE HAMTPABJIEHUS AJ1s Oy IyIUX UCCIe0BAHUH, TaKHe KaK Kelc-cTaau
M OMIIUpPUYECcKasi OlleHKa NIpUMeHeHUs 6JI0KYeHHA B JIOTUCTUKE.

KnwueBble cjioBa: 06JioOKYelH, NpPO3pPavyHOCTb, 6e30macHOCTb, 3PPEKTUBHOCTD,
JlelleHTpasiu3alnus, OTCJAeXHWBAaHWE TNPOAYKIMH, yIpaBjJeHHe LeNoYKaMH IOCTaBOK,
M poBU3aLKs, 3al[MTA JAHHbBIX, CH>KEHHE 3aTPAT, UHHOBAIWH B JIOTUCTHKe, KazaxcTaH, cMapT-
KOHTPaKThI, [UPPOBasi IKOHOMHKA, HOPMATHUBHO-IIPaBOBas 6a3a, BHeIpeHHEe TEXHOJIOTHIA.
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HayyHas cTaTbsa

0CO0GEeHHOCTH aAAaNTUBHOM NEePEeCTPOMUKHU 3JaHUMA U UX BO3MOKHOCTH
AJisI HOBbIX QYHKIUM (HA IpuMepe KYJIbTOBBIX 3JaHUM U COOPYKEHU M)

b. 7K. KapnceurtoBa - , C.IlI. CagbiKoBa

Eepasutickull HayuoHa1bHbIl yHUsepcumem umenu J1.H. ['ymunesa, 2. AcmaHa, Kasaxcmau

E mail: karpseit@gmail.com

AHHOTanMa. B craTbe mpoBeféH aHa/IW3 aJalTUBHOW NepecTPOUKHU
KYJIbTOBBIX 3/IaHUUA M COOPYKEHUM C YYETOM HX HOBBIX QYHKIIMOHAJbHBIX
BO3MOXKHOCTEW Ha IpuUMepe MexAyHapoaHoro omnbiTa. OCHOBHas Liejb U
KOHIIENUUA HCCAeJ0BAaHUA COCPeOTOYEHbl HAa aHajvM3e peasrn30BaHHbIX
NPOEKTOB ajanTaluu KYJIbTOBBIX COOPY>KEeHUH, BbIMOJIHEHHbIX
COBpEMEHHBIMM apXUTEKTOpPaMM U HHXKeHepaMU. PaboTbl U NOAXO.BI,
NpUBeJleHHble B CTaTbe, MOTLYT ObITb KCIOJIb30BAaHbl APXUTEKTOPAMH,
VMHXeHepaMHy, pecTaBpaTOpaMM U TPaJlOCTPOUTENIIMA NPU MJIaHUPOBAHUU
IPOEKTOB  pecTaBpalyHM, PpPEKOHCTPYKUUUM H©  MepenpoPpuaupoBaHUSA
KyJbTOBBIX 3JJaHUW U COOpYKeHHH. B mpouecce wuccienoBaHusi ObLIU
NpUBeJleHbl MpPUMepbl aJalTallMi XPUCTUAHCKUX LEPKOBHBIX OOBEKTOB B
Takux cTpaHax, kak CIIA, Kanaga, Benvkobputanus, @panuus, Huaepianab
u apyrue. UccieoBaHue JeMOHCTPUPYET, KaK UCTOPUYECKHE COOPYKEHUS
MOTYT OBITh YCIIEUIHO a/lalTUPOBaHbI JJis1 COBPEMEHHBIX HYX/|, COXpaHAsa UX
HMCTOpUYECKOE U KyJIbTYPHOE HacJie/iue, YTO HEMAJIOBAXKHO [JIs1 yCTOUYUBOTO
pa3BuTHUdA ropofoB. [Iprcnocob6eHre 1epKOBHBIX NMPOCTPAHCTB JJis1 HOBBIX
byHKIMU (My3€eH, BbICTaBOYHbIE 3aJ/1bl, KOHLIEPTHbIE 3aJ1bl, OUOJIMOTEKHU U T.J,.)
npeflocTaB/asseT  BO3MOXHOCTb  JJiI1  COLIMAJIbHOTO  B3aUMO/JENCTBUS,
KyJbTYpHOrO OOMeHa M 3JKOHOMMYECKOro pa3BuTUA. MHcciemoBaHue
M03BOJISIET YIJIYyOUTh MOHUMaHKUeE TPaHCPOPMAIMH CaKPaJbHbIX TPOCTPAHCTB
M UX UWHTerpayuud B MOBCEJHEBHYH KHW3Hb, pacliupsis TCPaHULbI
apXUTEKTYPHOU TEOPUH.

KimoyeBble cji0Ba: ajanTalus, PEKOHCTPYKLHUS, KyJbTOBble 3/laHUS U
COOpYK€eHHUS, LepKOoBb, (PYHKIHUOHAJIbHOE Ha3HauYeHHEe, 3KOHOMUYECKUU
dakTop, MeX/IyHAPOJHBIN OMBbIT.
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BBeaeHue

B HacTroduee BpeMs ¢opMHUpOBaHUE MPOLECCOB aJalNTallMd UCTOPUYECKUX 3JaHUU NO[,
HOBble QYHKLUMU fIBJASETCA OJHOW M3 aKTyaJbHbIX 00/1aCTeld COBPEMEHHOW apXWTeKTYpPHOU
JieaTeJbHOCTU. OCO6EHHO APKO 3TOT NPOLLECC MPOSABJAETCA B CpeJie PeJIUIM03HO-KYJIbTOBBIX
COOpPYKE€HHUH, IPAKTHUYECKH 10 BceMy MUpY. LlepKoBHbIe 3JaHUSA U COOPYKEHUS 60J1ee ABYX ThICAY
JIET ABJIAIOTCS HEeOTbeMJIEMOM YacTbI0 XPUCTHUAHCKOW peJIMIrMU M Bepbl. Ha BceM npoTsxkeHUH
CBOET0 pa3BUTHSA apXUTEKTypa KyJbTOBBIX COOpPYKE€HHUH NOKa3blBaJla CBOIO HE3bl0JeMOCTb U
YCTOWYMBOCTD C TOYKHU 3pEHUS CBOETO IVIaBHOT0 PYHKIMOHAJIBbHOI'0 Ha3HaY€eHHUs, HO € Hadasia XX
BeKa PeBOJILMOHHbIE U3MEHEHHs, IPOU30LIe/IIHe B COLLMAJIBHOM U 3KOHOMHUYECKOM pa3BUTUHU
ob1lecTBa, IpUBEJU K IpoleccaM TpaHCPOpMalUMM WX Ha3HAYeHUd W afanTalldd K HOBBIM
¢yHkuuaM. CerofiHsa UCTOPUA Pa3BUTHUSA apXUTEKTYpPbl KYJbTOBBIX COOPYKEHUM OYe€Hb 4acTo
OTpakaeT 3TH npoueccebl. HanpuMep, 0HUM U3 TaKHUX OO'bEKTOB SIBJSAETCS LiepKOoBb CBATOrO
[leTpa, pacnosioxkeHHas Ha wore Typuuu, B ropoZie AHTakbs. LlepKoBb AB/s€TCA NeLepHOH, TaK
KaK HaxoAuTcs B ckase ropbl CTapuyc. [iybuHa nomeljeHus LepkBu 13 M, mMpuHa 9,5 M, a
BbicoTa 7 M. [lo ogHOU M3 Bepcuy, 3TOW Meljepod MOJIb30BaJUCh NEPBble XPUCTUAHE, U OHaA
SIBJIIETCSA OLHOW M3 CTapeMIIUX XPUCTUAHCKUX LiepKkBel. CaMble cTapble, COXpaHUBIIHECH YaCTH
LePKOBHOTO KOMILIeKca fgaTtupyrorca IV-m uaum V-m BekoM. K HUM OTHOCATCA HEKOTOpbIe
bparMeHTBbl HAMOJBHOM MO3auKU U cjaelbl Gpecok Ha NMpaBod CTOpoHe anTaps. CyuiecTByeT
NOJ3€eMHbIA TYHHeJIb, BBIXOAAIIMK Ha TOPHBIM CKJIOH, KOTOPBIM CJAYXXWJ XpPUCTHAHAM JJid
3BaKyalluU LiepKBU B C/y4yae BHe3allHbIX HaberoB v HamnajgeHuu. Boja, koTopas npocayvBaeTcs
M3 OJIM3JeXalllux CKaJ, cobhpasacb BHYTPH, YTOOBI NUTb U MCIOJIb30BaThb [AJS1 KpelleHUs;
IpUX0XKaHe, MOCellaBlIke 3TOT XpaM, COOMpaau 3Ty BOAY AJs OOJbHBIX (IoJsiarasi, 4TO OHa
nesiebHas1), MOTOK yMeHbUIWJICS B pe3yJbTaTe 4YacThIX 3eMiieTpsiceHMWd. C Tex Mop JAaHHasd
LlepKOBb NpeTeprnesa psAjA GYHKLUOHA/JbHBIX aZjlaiTallud OT MeCcT norpebeHus Ao My3es. B
HacTosllee BpeMs JaHHAs LIEPKOBb SBJIAETCA My3eeM, OJJHAKO 3/ieCb BO3MOXHO BBINIOJIHUTH
LlepPKOBHbIe 00psAbl MOJ, HabJ0JeHUeM My3eWHbIX PabOTHUKOB, NOJIYyYUMB NpeABapUTEJbHO
paspelleHue OT a/IMUHUCTPAL MU MyHULUnaauTeTa [1].

[Ipouecce! pyHKIIMOHANIBHOTO NepeOpMaTUPOBAHUS PEJUTHO3HO-KYJIbTOBBIX COOPY>KEHUN
MMEIOT MO0/l COO00M 060 beKTUBHbIE KOPDHU M UMEKT TeHJeHUo pocTa. [lo cBegenusam Christian
Research cuTyanus c nocemaeMocTbio U pOCTOM NPUXO0KaH MOCTOSIHHO KOJIEOJIETCS, YTO BEJIET K
3HAYUTEJIBHOMY COKpAleHUWI0 M He HWCHO0JIb30BAaHUI0 3JaHUW ILepkBeu. A 3HA4YUT U K
JlaJIbHEeN1IeMy 3aKpBITUIO JaHHbIX 3JjaHui [2]. CorsiacHo uccnegoanueM The Guardian [3], B
AHrsiuu okosio 20 1epkBed KaxKbli ToJi 3aKpbIBAIOTCA AJis 60orocayKeHui. Cxoxasi cuTyanus
cioxuach ¥ B 'epmanuy, rae ¢ 1990 no 2010 rog EBaHresinyeckas epkoBb 'epMaHUU 3aKpbliia
340 uepkBei, U3 KOTOPbIX 46 6bLIM pa3pyieHbl. OcTaBLIMECS 3/JaHUS ObLJIU IEPe060PY/I0BAHbI B
pas/MyHble 0OBEKTHI, BKJIOUYasd KyJbTYpPHbIe LIEHTPbl, CHOPTHUBHbIE 3aJibl, a3 TAaKXKe MeuYeTH.
®UHaHCOBBIM PYKOBOJAUTE/b 3TOM OpraHM3alMM OTMETWJ, YTo B OyayiieM EBaHresndeckoi
1epkBU ['epMaHuM, BO3MOXKHO, PUAETCA 3aKPbITh 0KoJio 1000 3xaHui. [logo6HasA TeHAeHLUs
COKpalleHHs YUC/Ia PEeJIMTHO3HbIX YUpexJeHU HabsitojaeTcs Takxke B Hugepianaax, besnbruy,
Januy, llIBenuu u Apyrux crpaHax [4]. TeHAeHLIUs 3aKPbITUS LlepKBeN HAbJ/I10jaeTCs He TOJIbKO
B EBpomnelickux crpaHax, Ho U B CeBepHoil AMepuke [5.] B CIIA B 2019 roay 3akpblioCh 0KOJIO
4500 mpoTeCcTaHTCKUX LepKBEW, HO BMeCTe C 3TUM, No JaHHbIM Lifeway Research, oTkpblioch
okosio 3000 HOBBbIX [6], [7]. AHa/IM3 MHOTOYMC/JIEHHBIX ACHEKTOB, BJAUAKIIUX HAa W3MeHEeHHUs
GYHKIIMOHA/NBHOTO COJIEpPKAaHUSI COOPY:KEHUM KYyJIbTOBOTO Ha3HAue€HWsl, NMO3BOJIUJ BbIJIEJUTh
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OCHOBHbIE NATH (AKTOPOB, BJAUSIOIIMX HA JAaHHYI0 TeHJeHu. Cpeay HUX - OOJIbIION CHEKTP
COLMAJIbHO-3KOHOMHYECKUX MPUYMH, HANpUMep, TaKUX, KaK: CHH)XeHUEe PeJIMTM03HOM
aKTUBHOCTH, BbICOKHE 3aTpPaThl HA COJIEPKAHHE PEJIMTMO3HbIX 3/JaHUM, CHXKEHUEe UHTepeca K
PEJIUTMO3HbIM TPAAULIMAM U T.I. (PucyHok 1):

|
‘ OcHoEHRBIE HaKTOPhI, BJHAKIIAE Ha 3AKPbITHE HepPKEeH

“ - | 3. CHH&cHHE I 4, ConnanpHo- | |
1. Sxonomuueckuii | | 2. Jemorpadudeckuii = 5. dusHuecKroe
PEIHrHO3HOH PEIHIHO3HbIE .
¢axTop takTop COCTOAHHE 3MaHHH
| AKTHBHOCTH | HM3MCHEHHA | |
B HHHH
Bricokne | BuemaAR | YMeHBIOICHHE HyTpe | ITpouece gerpamanmm
AR LI | mmrpamua — 9HCIa — packon B PORECE A8
—| comepxaHHE H ——— BepyromAX | PSIHTHO3HEIX | 3TaHHH |
PECTABPALIHIO ‘ | L - @ | OOIHHAX |
KBH BnayTtpennaa
e " c IT3MeHeHHE He nonroeeusocts ‘
| I | BECKCHHE ——obmecTBEHHOIO [ CTPOHTSIBHEIX
|| HHTepeed | kommara | MAaTEPHATIOB
| Henocratox PEIHTHO3HBIM £ l
(pHHAHCHPOBaHHA | OTTOK HaceTIeHHA TpamHIHAM eI
| H3 CENbCKHX HIH | Cryena He nogaemamee |
| ynamenmpx || xondeccui B obmeMy
paiioHOB PETHTHO3HBIX BOCTAHOBIICHHIO
MpeanoYTeHHH 3JaHHA

Pucynok 1. @akTopsbl, BJUsSIOLME HA 3aKpbITHE IlepkBel. (CxemMa aBTOpa)

JlaHHble GaKTOphbl 3aCTaBJSAIOT 33aAyMaTbCs, UTO >Ke JleJlaTh C MYCTYHOUMMUA 3JaHUSIMH
nepkBer? IOTU BOINPOCHl MOJAHMMAKT MeCTHass TOpPOACKas aJAMHUHUCTpaLus, KUTeJH,
NpoXKMBaWIKe B JAHHOM MECTHOCTH, 06JIarOTBOPUTEJIbHbIE OpraHUW3alMyd 10 3aliuTe
NaMSATHUKOB UCTOPUU U apPXUTEKTYpPbl. EJUHCTBEHHBIM pallMOHAJbHBIM pelleHUeM SIBJISIETCS
ajlanTanus JaHHbIX 3/JaHUM U COOPYKEHUU M0/l HOBble QYHKIIMOHA/JbHbIE HYK/bl, C aKLIEHTOM Ha
obecrnieyeHMe UX 3KOHOMHYECKOU peHTabesbHOCTU. [IToMUMO 0611leCTBEHHOTO pelleHUs], CTOUT
00paTUThCA K 0QULUATBbHBIM PEJIMTUO3HbIM JJOKyMEHTaM Y 3asBJI€HUSM, perjiaMeHTHPYIOIUM
JIONyCTUMOCTb MCHOJIb30BaHUS LePKOBHBIX 3/JaHUM B HUHBIX LieJigX. TakK, HallpUMep, COTJIacHO
Kogekcy Kanonunueckoro [IpaBa Batukana, kaura IV. «®yHkiusa nepkBu», Kanon 1222, §1: «Eciu
LIepKOBb 0oJiee He MOXEeT MCI0JIb30BaTbCl HUKAaKMM 00pa3oM JJjisd OOrocaykeHMU U HeT
BO3MO>XHOCTH €€ BOCCTAHOBUTD, elapXUaibHbIN €MHUCKOI MOXET MepeiaThb e€ /Ji1 MUPCKOTo, HO
He YHUUYMXKUTEJbHOIO (He MOCThIJHOT'0) UCI0JIb30BAHUSI».

Tyt xe B ciaeayrouMm naparpade §2 numetcsa: Ecau cylecTBYOT Jpyrue cepbé3Hble
NPUYMHBI, 110 KOTOPbIM IIePKOBb 0OJIbllle HE JOJI’KHA HCIOJb30BAaThCA JJisi OOTOCAYXKEHUs,
elnapxuaJbHbI €MUCKOI, BbICJIYIIAB COBET IPECBUTEPOB, MOXKET NepeJiaTh e€ IJisi MUPCKOT0, HO
He YHUYMKUTEJNbHOTO UCIOJIb30BAaHUS - MPHU YCJIOBUHU COTJIAaCHs TeX, KTO 3aKOHHO 00J1afiaeT
npaBaMU Ha 3Ty IePKOBb, U NPU YCJOBHH, YTO OT 3TOTO He IMOCTPajaeT JyXOBHOe 6Jaro
Bepyroumux [8]. JlelcTBylole KAaHOHUYEeCKUEe HOPMbI AHTJIMKAaHCKOU [IePKBU U3J10°KEHBI B «AKTe
0 MHCCHUH U MaCThIpcKoM ycTpoeHuu 2011 rozia», TakxKe JJ0NyCKAaeTCs BO3MOXXHOCTb U3MEHEeHUSs
$YHKIIMOHA/JIBHOTO Ha3HAuYeHUs LIEPKOBHBIX 3[aHUU. [laHHasd mpoleaypa perjiaMeHTHpPYeTCs
ps/l0M MOJIOX)KEHUH, B YaCTHOCTH, naparpadamu §61 v §62, B KOTOPbIX ONpe/iesieHbl YCA0BUSA U
OorpaHUYeHUs], 00ecreyrBaIe YBAKUTENbHOE OTHOILIIEHHE K CAKPAJIbHOMY CTaTyCy 00'bEKTOB
[9]. UTo KacaeTcs IIOTepaHCKUX, TPECBUTEPHUAHCKUX U psjZia APYTUX XPUCTUAHCKUX KOHPECCUH,
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TO WX MOJX0J K U3MEeHEeHHI0 QYHKIMOHAJbHOI0 Ha3HAYEeHHUs LIePKOBHbBIX 3JJaHUM OTJIUYAETCS
60J1pLlIEeN NParMaTUYHOCTBI0 U TUOKOCTBIO.

JInbepasbHbIM MOAXO/] IEPKOBHBIX BJIACTEN K BO3MOXXHOCTH U3MEHEHUSI GYHKIIMOHAJIbHOTO
Ha3HAUYeHUs LIEPKOBHbIX 3/IaHUN CIOCOOCTBYET POPMUPOBAHHUIO MOJIOXKUTENBHOTO BOCIIPUATHUS
JlAHHOW TeHJeHIUU CpeJlM MeCTHOro HacesjeHHUs. TakKe CTOUTb OTMETHUTb, UTO B YCJIOBUSX
YCTOUYMBOMW IOJMTUKU €BPOINENCKUX CTPaH, HAllpaBJEHHOM HAa MOJEpPHU3ALUI0 3aCTPOEHHOMN
cpeAbl C LeJbl CHWXXEHUsI 3JHEepromnoTrpedb/ieHUss M BbIOPOCOB, MNpaKTHKa MOBTOPHOIO
MCI0JIb30BAHUS HE3KCIJIyaTUPYEMbIX HWJIM 3a0pOLIEHHbIX O00'bEKTOB NpPUOOpEeTaeT 0COo6YIo
aKTyaJJbHOCTb W NOJATBeEpPXJaeT CBOW 3QQPEeKTUBHOCTb B paMKax 3KOJIOTHUYECKOTO U
3KOHOMUYECKOTO Pa3BUTHSI.

TeopeTuyeckoid 6a30M AAHHOTO UCCAEOBAHUA MOCAYXUJa MHbOpMALUS U3 CIAEeAYIOLIUX
MCTOYHUKOB: BaXKHOCTb COXpPaHEHUs UCTOPUKO-KYJbTYPHOTO Hacjaeusl B Mpoliecce ajjanTayuu
KYJIbTOBbIX COOPY>KEHHUH OTpakeHbl B paboTax Gerry Stacey,2018, Harriet Sherwood, 2021. [2],
[3]. IpuMepbl npeobpa3oBaHus LiepKBEl B CHOPTUBHbIE 3aJibl, My3€H, OMOJIMOTEKH, KOHI[EPTHbIE
Y BbICTaBOYHbIe 3a/1bl B paboTax apxuTekTopoB Mackenzie Goldberg, 2019; David Barbaix, 2013;
Michael Hsu, 2022; David McManus, 2013.[10],[12],[18],[19]. IIpumepb! apantauuu us CIIA,
Benuko6putanuy, 'epManun v HupepsiaHfoB JAeMOHCTPUPYIOT pa3HooOpasue NOAXOJ0B U
pelleHu, NpUMEeHsIEMbIX apXUTEKTOPAaMU KU pecTaBpaTOpaMH [Jisi COXpaHEHUsI UCTOPUYECKOU
[IEHHOCTHU 06'beKTOB NpPU UX QYHKLMOHA/JBbHOU TpaHchopManuu. AHaiu3 paboT COBpeMeEHHbBIX
apXUTEKTOPOB, TaKuX, Kak Jouin Manku, Bolles-Wilson, Julia Bolles-Wilson, Peter Wilson, Michael
Hsu u apyrux, nmokasbiBaeT, 4YTO YCIellHas aJanTanus TpebyeT covyeTaHUs HUHKEHEPHbIX
MHHOBALIMM M yBa)KeHUS1 K OPUTMHAJIbHOW CylIeCTBYOIENH CTPYyKType 3aaHui [17], [18], [20].
UccnenoBaHusi TakKe aKLEHTHUPYOT BHHMaHME Ha 3KOHOMHYECKHUX acCHeKTax aJjanTalluy,
MOCKOJIbKY MHOTHE MPOEKThl HalpaBJeHbl Ha CO3/[aHUE YCTOMYMBBIX U CaMOOKYyMaeMbIX
06 bekTOB: 3TO TpyAbl Mackenzie Goldberg, 2019; David Barbaix, 2013; Dominic Martin, 2016.
[10], [12], [27]. TakuM obpa3oM, 0630p CyLeCTBYIOLIUX UCCAeL0BAaHUN U NMPAKTUYECKUX PabOT
JIEMOHCTPUPYET, YTO aJalTalus KYJbTOBBIX COOPYXEHUN TpebyeT KOMIIJIEKCHOTO MOJXO0/a,
BKJIIOYAIOLIEro KyJbTYpHble, 3KOHOMHUYECKHE M COlMaJ/ibHble aclneKTbl. B JaHHOU cTaTbe
INPOBOJIUTCA aHAJ/IM3 KJIUYEBBIX MPOEKTOB aJANTHUBHOW MEPeCTPOMKH KYyJbTOBBIX 3JaHUH,
OTpaKaWIIUX MEX/YHAPOJHbIM ONBIT W MWHHOBAIIMOHHbIE MPAKTUKHU, IpPUMEHseMble B
COBpEMEHHBIX YCIOBUSIX.

MeTogo10rus

MeToavKa JaHHOTO UCCIeJ0BaHUS OCHOBBIBAETCS HAa KOMILJIEKCHOM NOJXO0J€e K U3y4eHHUIO
alaliTUBHOM AapXUTEKTYpbl 3/aHUM, OTPaXeHHOM Ha NpHUMepax peJUTrH03HO-KyJbTOBBIX
COOPY>KEHHUH.

B kauecTBe MeTO/0B HMCCAe0BaHUS UCII0Jb30BaJIHCh:

- HW3y4YeHUe U CUCTeMaTU3alUs JIMTEPATYPHbIX M HHTEPHET-UCTOYHUKOB MO J[AHHOU
TeMaTHKEe;

- aHaJ/IM3 U OUCK NMPUYUH, NOOYKJalolIre K 3aKPbITUSAM L|epKBEH;

- aHaJIM3 UCTOPUYECKOU IIEHHOCTH Y BJIUSIHUE HA COLMAJIbHbIM aClEeKT;

- aHaJIu3 L epKBeH, a/lalTUPOBAHHbIX 110/ HOBble GYHKIIMOHAbHbIE BO3MOXXHOCTHU C Y4ETOM
COBpeMeHHbIX TpeboBaHUM U BO3MOXXHOCTeH. HcciejoBaHMe MO3BOJIMJIO BbISIBUTh KJIKOYeBble
TpeH/Ibl © 0COOGEHHOCTH 3BOJIIOLIMU KYJbTOBOM apXHUTEKTYpPbl, a TAKXKE OIeHUTb MOTEHLUAJ ee
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aJianTangruy AJid HOBbIX (bYHKI_[I/IOHaHbeIX 3aJa4.

Pe3ysbTaThl M 00CYKAEHUA

Apantanysa U PeKOHCTPYKLHS ILiepKBeH - 3TO BBbIHYKJEHHasd NpaKTUKa JJs MHOIHUX
EBporneiickux cTpaH. /lekoHceKkpealys LiepKBel IPUBOJUT B YNaJlOK HEKOT/la BeJIM4eCTBEHHbIe
10 CBOEM apXUTEKType 3JaHUS U COOPYKEHUS, U JJI1 COBPEMEHHbIX apXUTEKTOPOB IJIaBHOU
IleJIbI0 OCTaeTCcs COXPaHUTb 3TO Hacjaejue [AJs CAeAyIOIIUX [OKOJeHUH. AjanTauus MU
nepecTporKa 3/laHUH - 3TO MOCTOSAHHO Pa3BUBAKOILASACA 00/1aCTh B apXUTEKTYPHOM MpaKTHUKE.
Kak B pa3BUTHIX, TaK U B pa3BUBAIOLIUXCA rOpPoAax U3MeHeHUsA GYHKIMOHAJbHOI'O Ha3HAYeHUs
3[laHUS ONpeJessAITCA, UCX0A4s W3 MHOTMX NPUYMH, HO OCHOBOIIOJIAralOLMMHU CpejHd HHUX
SIBJIIFOTCS COLMa/IbHble-3KOHOMUYecKue TpaHcpopmanuu. C TedeHMeM BpeMeHU MHOTHE 3/1aHUsA
TPe6yIOT NepeoCMbIC/IEHHUS C YYETOM COBpeMEHHBIX OTPeOHOCTEN ropoja, U OCHOBHas Liesb
aZlaliTalllu - 3TO COOTBETCTBOBATb COBPEMEHHbBIM TPE6OBAHUAM IKCILJIyaTallMU. A eC/IM TOBOPUTD
O LIepPKBAX, TO TYT OCHOBHAas LieJib - 3TO COXPAaHUTb KyJbTypHOe U UCTOPUYECKOEe Hacjejue.
llepkBU € JpeBHUX BpeMeH SIBJSJIMCh HEOTbEMJIEMOM YacTbl0 Pa3BUTHS TOPOJCKOHN cpejbl U
OKa3bIBa/Id BJMSHUE Ha 3KOHOMUUYECKYIO, COLIMa/JbHYI0, KYJbTYPHYI, NCUXOJIOTUYECKYI0 U
3CTeTUYECKYI0 cephl KU3HU XPUCTUAHCKOT0 MUpa. U3ydas MeXyHapOoAHbIM ONbIT aJlalTaliu
U PEKOHCTPYKLUHU PEeJIMIMO3HO-KY/JIbTOBBIX 3/JaHUH U COOPY>KEeHUH, MOXKHO NMPUNUTH K BBIBOJLY,
YTO 6b1JI0 CGOPMUPOBAHO HECKOJIBKO MyTel pellleHUs 3TOM 3a/a4u, HalpuMep, My3eepuKanus,
COXpaHeHHe YHHUKaJbHOTO 06OpY/0BaHHUS, NMPUCNOCOOJEHHEe I0J, KUJble U 06llecTBeHHbIe
HY>/bl U T.1. (PUcyHOK 2).

|
| OcHoBHBIE IYTH pelleHAN ANANTANHHE KyIbTOBBIX 31aHHA H COOPY:KeHHH

] ] 1
1. Myseeduxarms 2. CoxpaHeHHe | |3 JToKyMeHTHPOBAHHE 4_TlepeHoc 5. PeKoHCTpPYKISA | e TlepeopreHTaIHg
. . YHHKAIBHOIO 0OBEKTOB LIEHHEIX 3/IEMEHTOB H HHTErpampd | S374HHH Ha HOBBI®
obopynioBarms | DyHEIHE
TpeEparenye | Tposenerne ‘ Coxpanerme | | | PexoHcTpyRIDIS | TIpucrocobren |
3OAHHHA B My3eH ¢ | [JKCIIOHHDOBAHHE HCCIEOBAHHIL 33CTPOHKH C T
| coxpaneHueM VHHKATIEHOTO (uKCcam 1 | cEamMEx —| CcoXpaHeHHEM .
APXWUTEKTYpPHEIX | |00OpYMOBaHHA B | |  JeTambHOH APXHTEKTYPHBIX H OPETEHAIBHORY || 00IIECTEEHHBIX
H HCTOPHIECKIX | [ cocTase JOKYMEHTAIHH XyHO/KEeCTBEHHBIX P
oco0eHHOCTEH. JeHCTBYIOITHX 3IaHHH, KOTOpbIe 37TeMeHTOE. CMEIIAHHBIX.
FUITH 3@KPBITEIX HEBO3MOKHO Hcnonp30BaHHe —
Tonomesne mepimek | ECENN | | R
o TlepeH APXUTEKTYPHEIX
AL 0DBEKTOE NEpPKEH, AKIIEHTOE B Paspabotka
CORT TR Oprasmsammis COGMI © B XpaHHIAINA HTH | |HOBBIX IIPOSKTAX, TIPOEKTOE,
Tex[{m% = KOITHIH, qg;:gmeﬁ O Apyrae ‘ TARIDE RAK
—] 30H BHYIPH > DeNHTHOSHEIR | —| TapKm HCTOPHIECKYIO
00OpyIOBaHHEM | | XPAMOE WTH B “—| H apxHEOB 11T P — T T | 3HAYHMOCTD
I TIOTHOTO NIPHITerafomHx COXPAHEHHS e — | obbekTa, ¢
MPEICTABIEHHT TePPHTOPHSLX. HCTOPHUECKOH T COXpaHeHHeM |
HCTOPHH IIEHHOCTH. cOl SHHBIS BHEMHEer 0 BHIA
| obmexta p— H KIIOYeBEIX
KOMILTEKCBL ApXHTEETYPHBIX
3JIEMEHTOB.

PucyHok 2. [lyTy penieHUs ajlanTaly KyJbTOBBIX 3JaHUU U COOPYKEHHUH.

llepkoBHBIEe HCTOpPHUYECKME 3/aHWSl BCerja BHYUIAIOT OJlarOroBeHUe, JlaxKe KOrja OHU
3a0polleHbl, TOKUHYTbl W MOJypa3pyllieHbl. YacTh U3 LlepKBeW, YTO 3aKpbIThbl [1aBHO U He
NPUTOJHBI /I BOCCTAHOBJIEHUS, K COXKaJIEeHUIO, CHOCATCA. Jlpyrue npeo6pasyrTCs, 4acTo
MEeCTHBIMU OpraHaMu yIpaBJieHUs WM YaCTHbIMU BJIaJie/ibllaMu. To, HACKOJIbKO COXPAaHUTCSA UX
PEJIUTHO3HBbIA KOJIOPUT, 3aBUCUT OT COCTOSIHHUS, B KOTOPOM OHM HaxoAsATCSA, MNOAX0Aa
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apXMTeKTOpa M NOTpPeOHOCTENM HOBOrO YAaCTHOrO BJjajesblia. McciegoBaHue 3TOro Bompoca
BbISIBJIIET MHOTO UHHOBALlMOHHBIX CIOCOO0B NepenpouaupoBaHus LiepKBeUd M0 BCEMY MUPY.
OfMH U3 HeTPaAMLIMOHHBIX NIOAXOJ0B K afanTalyu CAyKAT EnvckonasbpHas NpoTeCcTaHTCKas
LepKoBb borossienus, pacnosokeHHasa B Yukaro, CIIA. llepkoBb afjanTupoBaHa IMOJ «XpaM
6ackeT60J1a», U He TOJIbKO, B ObIBIIEM 3[JaHUM LIEPKBU QYHKIUOHUPYET peabUIMTALMOHHbIN
LEeHTP /[AJf HApKO3aBUCHUMBIX JIIOJEH, TaKKe TaM IpPOBOAATCA KyJbTYpHble MepONpUATHUS,
KOHLIEPTHI, BbICTABKH, YaCTHble BeUepUHKH, 6aHKeThl U npouee. (PucyHok 3). 3paHue 1jepKBU
BorosiBsienus 6bl1a noctpoeHo B 1895 roay apxutektopom ®PpaHcuc MepeauTt YauTxaycom
(1848-1938) u3 uyukarckod ¢upmbl Burling and Whitehouse. LlepkoBb 6bL1a mocTpoeHa B
POMaHCKOM CTHUJIE.

llepkoBb borosBaenus B Yukaro pyHKIMOHMpOBaJa B CBOEM NEPBUYHOM Ha3HAYe€HUHU [0
2011 roga. Korga KoimuecTBO NPUX0KaH 3HAYMTEJIbHO COKPATHJIOCh, 3TO IPUBEJIO K PELIEHHUIO O
3aKpbITUHU NIPUXOJA.

PucyHnok 3. bBackeT6osbHbIN LeHTP, Yukaro, CIIA. (®oTo: Mo Daoud) [10,11]

[lepuof 3anycTeHust 3aHus okasascs Hegoarum: B 2018 roay oHo 6b1II0 mpeobpa3oBaHO
6J1aro/lapss MHHOBAIIMOHHOW UHUIMATHBe KoMnaHuu Nike. UHTepbep HOBOTO CIOPTHUBHOTO 3aJ1a
OpPraHMYHO COYeTaeT COBPEMEHHbIM JU3alH C HCTOPUYECKHMHU 3JIeMEeHTaMU 3JaHus, Trhe
BUTPaXXU U BBICOKHME CTpeJsibyaTble CBOJbl MOTOJKA YJAUBUTEJbHO TapMOHUPYIOT C
6ackeTO6O0JIbHBIMU KOJIbIIAMHU U CTeJIJIaXKaMU AJis1 Mssdeil. Bo BHelllHeM 06JiMKe 1IepKBU 0COObIX
M3MEeHEeHUU He NPOU30IJIO0, YTO MO3BOJIUJIO COXPAaHUTb HUCTOPUYECKUH OOJMK KYJIbTOBOTO
coopyxeHuUs1. BMecTe ¢ 3TUM cieflyeT OTMETUTb, YTO AAHHBIKM NPUMEpP afanTalliu OTpPakaeT
KpalHIOl0 cTelneHb QYHKIIMOHAJbHON NepeoprueHTAI[UM PEJIMTHO3HO-KYJIbTOBOTO COOPYKEHUS.
[10] [11].

Cienyromyi npuMep, 4eMOHCTPUPYIOLUKA COBPEMEHHbIE METO/Ibl afjlaliTAlldM, 3TO OJHA U3
CTapbIX LlepkBel B ropojie 3BoJie, Hugepaangpl. (Pucynok 4). JloMuHuKaHcKas 1epKOBb Oblia
nocrpoeHa B1466 roay. OfHaKo, HECMOTPSA Ha CBOW MHOIOBEKOBYIO WCTOPHIO, B TedyeHUE
nociaeaHux 30 JieT, HauKMHag ¢ 1982 roja, 3laHMe OCTABaJIOCh 6€3 MPUCMOTpPA U MOCTENEeHHO
paspyianock. B 2007 roay 31aHue [1epKBU ObLJIO MPOJAHO C LieJIbI0 OTKPBITHUS BHYTPU KHUXKHOTO
MarasuHa, Tak 3/jJaHhe MOJIyYrUJ0 BTOPYIO XKM3Hb. JTO MHHOBALMOHHAs KOHLENIUSA KHUXKHOTO
Mmara3uHa. C/ielyeT OTMETHUTbD, UTO MJIOLA/b [[ePKBU Obljla 3HAYHUTEJbHOHN, YTO CIOCOOCTBOBAJIO
CO3JlaHHI0 MaclTabHoro MarasuHa. [IpoekT ObL1 peaM30BaH apxXUTEKTYpHbIM 61po BK
Architecten. ApxUTeKTOpaM y/1aJ10Ch COXPAaHUTb ayTEHTUUYHYIO apXUTEKTYPY 3/laHUs], COXPAHUTh
BCTPOEHHBIA JeNCTBYIOIUNA opraH. BuTpaxu ObLIM BOCCTAaHOBJIEHbI HOPBEXKCKUM MacTepOM
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Kbessiom Hynenom. [loMmuMo npofia>k KHUT, IPOCTOPHOE MPOCTPAHCTBO TaKKe UCM0JIb3YeTCs AJIs
NpoBeJieHUsI KOHL|EPTOB U 0011eCTBEHHO-KYJIbTYPHBIX MeponpUATUM. TakuM 06pa3oM, 3/1eCb Mbl
HabJioZlaeM yBeJiMueHUe (QYHKIMOHAJIbHbIX BO3MOXKHOCTEW ObIBIIENW IepkBU. OTKPbLI CBOU
JIBEpU /i1 LIMPOKOM MyOJIMKKA KHWXKHBIM MarasuH «Waanders In de Broeren» B 2013 roay.
Cors1acHO NpoeKTa peKOHCTPYKIMU 3/1aHUS LiepKBH O6bL10 penieHo J06aBUThb 700 KB.M. TOPrOBBIX
Taxkeiu.

PucyHok 4. KHuKHbIH Mara3uH, 3BoJuie, Huaepaauael. (®oto Joop van Putten, Hans
Westerink) [12]

ITU [JONOJIHUTEJbHBIX 3 3Ta)ka pa3MeCcTUJU B OGOKOBOM Kpblie LEepPKBU MEXAY
OPUTHMHAJIbHBIMH KOJIOHHAaMHU, CHAPY»KU IIEHTPAJbHOTO KapKaca. KOHCTpyKIus 3TUX 3Taxkel He
CBsI3aHA C [IEPKOBbIO, IO3TOMY B GY/1yllleM eCTb BO3MOXXHOCTb yOpaThb HAZCTPOEHHbBIE ITAXKU, HE
CHocs 3AaHue. [12]. AHa/IM3 aZlanTallMOHHOTO [TepeyCcTPONCTBA ObIBLIEH IIEPKBH B ropoie 3BoJljie
MOKa3bIBAET MpUMep 6epeXHOT0 OTHOLIEHHS K UHTEPbepaM KyJIbTOBOI'O 3/JaHHS, TO3BOJIMBIIUM
COXpPAaHUTb MCTOPUYECKYI CTHUJIUCTUKY apPXUTEKTYPHOTrO MNaMATHUKA. HoBble HHTEpbepHI
KHIPKHOTO MarasuvHa IMOJHOCTbIO COXPAHUJIU BEJMKOJIENHYI apKaJy ObIBLIEr0o MOJe6eHHOro
NPOCTPAHCTBA [IEPKBH.

Pucynok 5. [IluBoBapHs, pectopaH, [lutcoypr, CLIA. (PoTo www.churchbrew.com) [13]

HccnepoBanve puMcKo-KaToandeckou 1epkBu CBsatoro Hoanna Kpecturens B [luttcoypre,
wrat IleHcunbBanus, CHIA, nokaseiBaeT mnpuMep ajanTalUd PEJUTrHO3HOTO 3JaHUA MOJ,
NMBOBapHIO ¢ pecTopaHoM. (PucyHok 5). 3jaHre peJIMruo3HO-KYJIbTOBOI'O0 COOPYKEHUSI ObLIO
noctpoeHo B 1902 roAy v MCnoJsib30BasoCh Kak LepKOBb A0 1993 rozaa. 3akpbITHe LIepKBU ObLIO
00bsiBJIeHO emnapxued [utTcoypra B 1993 roay, a ABepu HOBOrO aJalTUPOBAHHOIO 3/aHUSA
OTKpBbLIUCH TOJIbKO 2006 roay. 3akpbiTHe JaHHOUW LiEPKBU U MOHACTbIPSI ObLIO 00YCJI0BJIEHO
3KOHOMHYECKHUM KPU3UCOM, Ha4aBLIMMCSA B perdoHe BO BTOpou noJsioBuHe XX Beka. B cuiy Toro,
YTO JIAaHHOE COOPYXKeHUe ABJsSeTCS 06beKTOM KyJIbTYPHOTO Hac/Jeus, Jio0Oble U3MEHEHHS B ero
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BHEIIHEM OOJIMKE U UHTEepPbepe OBbLIU CTPOro 3ampelieHbl. TeM He MeHee UHTePbEP OCTaJ/ICS B
ayTEHTUYHOM LIEPKOBHOM OQOPMJIEHUH, YTO MO3BOJIIET NOCETUTE/ISAM HACJAXKAATHCH Y)KUHOM B
MCTOpUYEeCKON aTMocdepe. ITa MHULMATHUBA BbI3BaJla HEFAaTHBHYIO PEaKLUI0 B eNapXuH, uTo
NpUBEJO K NPUHATHUIO 3aKOHOJATeJbHbIX Mep, 0053bIBalOIUX BJIaJeJbleB COIJacOBbIBATh
NPOEKTbl C NpeACTAaBUTENSIMHM LEPKBU [Aake IO0CJe NPUOOpEeTeHUs] PEeJUrMO3HOTr0 3JaHMUS.
OfHako JJaHHOe HOBOBBeJleHMEe He 3aTPOHY/I0 PYHKLHOHMpPOBAaHUE pecTOpaHa U NHUBOBAapHHU
Brew Works [13].

OZHMM 13 MHTEpeCHbIX IPUMEPOB afanTalu KyJIbTOBbIX COOPY>KEHUH 110/ HOBble QYHKIIUU
SBJIIeTCS 3/laHHMe YacOBHH, MOCTpoeHHoe B 1872 rogy U BHECEHHOE B CIHUCOK OOBEKTOB
KyJIbTYpHOT0 Hacaeaus ropoza Jlumoypr, benbrus. Tenepb 3To apXxUTeKTypHas CTyAus, opuc U
MeCTO JiJ1f1 IPOBe/leHUs 061eCTBEHHbIX MEPONIPUATUHN apxuTeKTypHoU ¢upmel Klaarchitectuur.
Korpa apxutekTypHas ¢upMa B3J1ach 32 IPOEKT, YACOBHA Obl/la B aBApUUHOM COCTOSIHUM, U OHU
OCTaBMJIU OOJIBIIYIO YACTh IKCTEPLEPOB 3JaHUS TAKMMH, KAKUMHU OHU OBLJIM [0 PEKOHCTPYKLUHU
(PucyHok 6).

PucyHok 6. ApxuTekTypHas ctyausa komnanuu Klaarchitectuur, Jlumo6ypr, besabrus. (PoTo:
Toon Grobets, Marc Scheepers, Flos&Beeldpunt) [14, 15]

Benbruiickoe apxutektypHoe 610po Klaarchitectuur 3aBepiiunio nNpoeKkT peKOHCTPYKIUU
«The Waterdog», B paMKkax KOTOpPOro UCTOpUYecKas YacoBHs B Besibruu 6b11a npeob6pasoBaHa B
coBMeCTHOe O0QHCHOe NpoCcTpaHCTBO. [IpoeKT BKJIOYAeT O0OIlecTBEHHble NPOCTPAHCTBA U
MHOTOsIpyCHbIEe 06'bEMBI C pab0OYMMHU MeCTaMH, OTKpPbIBasi UCTOPUUECKOE 3/jJaHue JJIs1 LUHPOKOH
ny6JIMKK C LieJIbl0 NPOBeJieHUsl pas3/IMYHbIX MeponpusTuil. CTpaTerus Au3aiiHa BKJIIOYaJa
COXpaHeHHe OO0JIbIIOTO OTKPBITOrO0 MPOCTPAHCTBA B LEHTPe CTAapod 4acoBHU. XOTA 3JaHUe, B
NepByl0 ouepejb, sABJseTc OQUCHBIM IOMellleHUeM s apxuTekTopoB U3 Klaarchitectuur,
MHTerpanus obLieCTBEHHbIX 30H MO3BOJIsIeT O6LIeCTBEHHOCTH B3aWMO/IeHMCTBOBATh C 4YacCTbIO
HMCTOPUYECKON apXUTEeKTypbl ropoga. M3-3a craTyca 4yacOBHU KaK NMaMATHHKA apXUTEKTYpPbI
NPOEKT PEKOHCTPYKUMU ObL1 CBsA3aH psAgoM orpaHuydeHuid. Klaarchitectuur nocrapanuch
COXPaHUTb UCTOPUYECKHUH OGJIMK 3/JaHUS, BO3BE/Sl COBEPLIEHHO HOBYI KOHCTPYKLUIO C HYJIS,
IOJTHOCTBIO OTZEJIbHY0 OT UCTOPUUECKOTOo 3/jlaHus. HoBasi KOHCTPYKIMS pe3KO KOHTPACTUPYET
CO CTapoMH, rapaHTUPY, YTO MPOIJIoe 6yAeT IPKO BbIPAXKEHO M0 CPABHEHHUIO C HOBBIM JIM3aHOM.
Oduchl pacnoJiokeHbl Ha pa3HbIX YPOBHAX, CO3/laBas pa3Hoobpasye NPOCTPAHCTB JI1 Pa3HbIX
OTJleJIOB KOMNaHUM. Byiaroapsi pasMeleHno paboyrux NoMeleHuil B 06’béMax BHYTPU CTapo
YaCOBHU 0CBOOOAU/IOCH 60JIbIIOE OTKPBITOE MPOCTPAHCTBO, I'Zle U3bICKAaHHbIE U COBPEMEHHbBIE
MaTepuasibl ONpeessloT UHTepbep BHYTPeHHero mpocTtpaHcTBa. [14], [15]. B urtore aHaius
dbopMUpoBaHUs alanTaLlMOHHBIX IPUHIMIIOB B 3/JaHUU ObIBIIEH YacOBHU B J/IUMOYpre, BbISIBJISIET
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6oJiee cMeJible apXUTEKTYPHbIE OAXO0/bl, KOT/Ia B UCTOPUYECKUN KOHTEKCT 3JaHUS BILJIETAKOTCS
yJAbTPacoOBpEMEHHbBIE 3JIEMEHTHI — HaBHCal1asd 00’beMHask KOHCOJIb HaJ, BXOJ,0M U 6eJI0CHEeKHbIe
VHTEepbepbl B CTUJIE XaU-TeK.

MHo¥ nojxoA BBINOJIHEH NPU afjaiTaljii MOHacThIpckoro komiiekca [lpuopat Cen-Jlazap B
foauHe peku Jlyapel. (PucyHok 7). KoMmmuiekc fiBasieTcl 4acTbl0 PEKOHCTPYKL MM ab6aTCTBa
@OoHTEBPO M YeTbIPEX OKpYKAKLHUX ero NPUOPCTB, KOTOpPblE COCTABJSAKT MOHACTBIPCKUM
KOMILJIEKC, JaTUPYeMbIN CpeJJHUMHU BeKaMU. AreHTCTBO Jouin Manku npeobpa3oBasio uHTepbep
npuopata Cen-Jlazap B oTesib U pecTopaH. /lu3aiiHepbl NpeACTaBUJIN U3TOTOBJEHHYIO Ha 3aKas3
OTJZleJIbHO CTOSAILLYI0 Mebesb [JJIsl paszie/leHus] NPOCTPAHCTBA B 4YAaCOBHe, JjOMe KaluTyJa U
Tpane3HoH, a Moc/e/IHsISA TENEPH SABJSETCA OAHKETHBIM 3aJI0M C 00€/IeHHbIM CTOJIOM JIJIMHOH 8 M.

PucyHnok 7. OTesib 1 pectopaH B gosuHe Jlyapol. @panuuda. (Poto: Hukossa Mateyc) [16,17]

OcHoBaHHoe B 1101 roay Pob6eptom /I'ApbpucceseM, xapuaMaTUYHbIM U HKOHOOOPYECKHUM
NpPOMOBEJHUKOM, ab66ATCTBO Ha MPOTSPKEHUM CEMH CTOJIETUM CAYKWUJIO0 MEeCTOM OOUTaHHUS
HeOObIYHOW MoOHaleckor o6uuHbl. B Havyane XIX Beka HamosieoH mnpukasan NpeBpaTHUThb
a66atcTBO B TIOpbMY. B 1963 rozy TioppMa 6blyia 3aKpbITa, U HayaJlach CEpbE3HasA pecTaBpaLus
3paHui koMmiiekca. B 1975 roay KoposieBckoe a66aTcTBO POHTEBPO OTKPBIJIOCH AJIs1 MYyOJIUKH,
MOJIOXKUB KOHEI] IEBATU BeKaM >KU3HU 3a 3aKPbITbIMH JIBEPSIMU U OTKPbIB MYTh B «H/Jl€aJbHbIN
ropo/i». OH MOJIHOCTBIO BKJIIOYAET B Ce6s51 pa3JIMYHbIe 3JIEMEHTDI: OT KYJIbTYPHOW aKTUBHOCTH 10
YCTOWYMBOCTU U LUPPOBbIX HWHHOBauUM. [IpoekT pekoHCTpykuuu MoHacTbipsi CeH-Jlasap,
onobpeHHbId KoMuccueld mno HMCTOpUYECKHMM MNaMsATHUKaM, Hadasica B 2012 roay mnofj
PYKOBO/ICTBOM apXUTeKTOpa-lieda no UCTopuieckuM naMmsaTHukaM 'abopa Mecrtepa ge [lapagxka
u Kysna Manky. B TeuyeHue JByX JieT OHM HM300peTaTe/bHO NpPeoOpa30BbIBAJU 3/jaHUE,
ABJsAOLleecss O00BEKTOM KYyJbTYPHOTO HacjeJusi, B OTeJib-peCTOpaH, He MeHss ero
NepBOHAYaJbHY0 000J04Ky. bBblIM cAesaHbl 3HA4YUTesIbHble [OMNOJIHEHUs, TakKWe, Kak
PEKOHCTPYKLUSA KOHTPPOPCOB M OalllHM, a TaKKe pecTaBpalUs OTCYTCTBYIOILIUX 3JIEMEHTOB,
TaKUX, KaK KeJibH 001eXuTUsl byp/ioHHe ¢ ux nmiaHupoBkoil 1504 roja. Tak»ke OblIM BHECEHBI
M3MeHEeHHs B IJIAHUPOBKE MOMeleHUH, YTOObl 00ecnedyuTb 6ecriepe6oMHbIN MOTOK JBUKEHUS
noceTHUTes el U 06CyKHBaoIero nepcoHasna [16], [17]. BoaMoxKHOCTB /1 afan Tal[d| MOJYIHIIO0
Y 3/]JaHHe LlepKBY, nocTpoeHHOe B 1940-x rogax B XptocTOHe, itaT Texac (PucyHok 8).

Pectopan u konTu/jbHA Loro - 3TO ceThb a3MaTCKUX KONTHUJIbHBIX, U3BECTHbIX Kak Smoke
house. I'1aBHBIN dacaz oTAesaH KPpaCHbIM KUPMUYOM, C MOJOKOHHHUKAMHU U3 TECAHOTO KaMHS U
BbICOKOW CKaTHOW Kpbliied. /JluzallH QuUpPMbI «OTAAET JaHb OOLIMPHOMY MPOCTPAHCTBY
CBATUJIMILA U COXPAHSET CYILEeCTBYIOILIHUE AepeBsiHHbIe GePMbI», - TOBOPUT apxXUTeKTOp Malki
Cro.

HoBble 0KHa U CBeTOBBIE JIIOKU B KpbIllIaX IPUBHOCAT 00JIbIlIE ECTECTBEHHOT'O CBETA B paHee

JLH. I'ymuses amwiHdarsl Eypasus yammulk yHugepcumeminiy XABAPILBICHI. N23(152)/ 2025 87
TexHUKANbIK FblAbIMOIAP HCIHE MEXHOA02US1AP CePUsIChI
ISSN: 2616-7263. eISSN: 2663-1261


file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/%5b12.%20Официальный%20сайт%20архитектурного%20бюро
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/%5b12.%20Официальный%20сайт%20архитектурного%20бюро
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/%5b12.%20Официальный%20сайт%20архитектурного%20бюро
file:///C:/Users/Admin/AppData/Roaming/Microsoft/Word/%5b12.%20Официальный%20сайт%20архитектурного%20бюро

b. 7K. KapnceuTtosa, C.III. CapgpikoBa

TEMHBI HHTEPbED.

PucyHok 8. Pectopan B XbtocToHe, CIIIA. (®oTo: Yeiis [aHuen) [18]

ApxutektypHoe 6ropo Michael Hsu Office of Architecture kypupoBaso ajanTtanuio u
PEKOHCTPYKLMIO JaHHOTO 3JlaHus. B xoje 3Toi paboTe ObLIM COXpaHEHbl MHOTHE W3 €ro
OpPUTMHAJNIbHbIX 0COOEHHOCTEN, BKJ/IIOYAsk OTKPBIThIE AepEBSIHHbIE CTPOINJIA U KOHCTPYKTHUBHbIE
POHTOHBI, OJJUH U3 KOTOPbIX ObLJ MOJYEPKHYT 00JIMIIOBKON M3 KPAaCHOI'0 KeJipa U iepeBSIHHBIM
pellleT4YaThIM NOKPbITUEM. 3/1aHUE, UMelolIee B MJIaHe GopMy OYKBbI L, COCTOUT U3 GPOHTOHHBIX
00'bEMOB, PACMOJIOKEHHBIX BOKPYT OTKPBITOrO MpoCTpaHCTBA. OpUruHabHblE 3J1€MEHTHI
COXpaHeHbl, BKJIOYAJIU CBATUJIHMIE CO CBOAYATHIM MOTOJKOM U OTKPBITHIMU JEepeBSIHHBIMU
dbepMaMu. ApXUTEKTOP XOTeJ OTJaTh AaHb YBaXKEHHUS UCTOPHHU 3/1aHUS, B TO XK€ BpeMsl BKJIIOYUB
3JIeMEeHTbI, COOTBETCTBYIOLME CTUJIIO W XapakTepy OpeHJa pecTtopaHa Loro. Y4uTbiBasg 3TH
baKTOpBhI, apXUTEKTOPbI IEPEOCMbICTUIN BHEIUHUN BUJ, U UHTEpbep 3AaHus [18].

PucyHnok 9. lerckuii cag, MwoHctep, 'epmanus (oTto: Markus Hauschild, Ahlbrand-Dornseif
+ Wakonigg, Christian Richters) [19]

[lpyuMepoM apanTanyu peJMICHO3HO-KYJbTOBOTO COOPYXXEHUS B [JIeTCKOe JOLIKOJIbHOE
yupex/jeHue sBJsieTcs LepkoBb CBsATOoro CebacthsiHa, mnoctpoeHHas B 1962 r. B ropose MwoHcTep,
[epmanus. llepkoBb NpocyliecTBoBaja B CBOeM HM3HayaJlbHOM BUge a0 2008 ropa, mosxe
ajlanTanyeld M MepecTPOMKON IepKBU 3aHUMaIoCh apxuTeKTypHoe 6iopo «BOLLES+WILSON
Architects». Korjja 1nepkoBb ObLJIO CeKyJApU3UPOBaHA, OBLIO NPUHATO HWHBECTULHOHHOE
pellleHUe cJeJaTh W3 JAHHOW IiepKBU JeTckui caj (PucyHok 9).JleTckuil caj c TpeMms
IrPyNNnoBbIMM KOMHATaMU Ha IePBOM 3TaXKe U IByMs IpylnaMy Ha BTOPOM 3Taxe. [I[pocTpaHCcTBO
OT NepeKpbITHUA INepPBbIX 3Ta)ke€l CTAHOBATCA UIPOBBIMHU IJIOLIAJIKAMU — BHYTPH OBIBILETO
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[IEPKOBHOT0 MpocTpaHCcTBO. CylecTByouui pacaj nepdopupoBaH ceTkor U3 orBepctuit 50 x 50
CM, KOTOpble GOJIBLIYI0O YAaCTb BpeMEHU OCTAIOTCA OTKPBITBIMH, OoOecrneyuBasi NMOCTOSHHYIO U
3/I0POBYI0 BEHTUJISILUIO Yepe3 3Ty BHYTPEHHIO/BHEIIHIOI «UI'POBYI0 KOMHATY». [loMelieHne
NPOX/1aZiHO 3UMOM, yMepeHHO TeIlJIoe JIETOM, YTO M103BOJIsIeT IPOBOJUTD UTPhI JleTel «Ha yIuLe»,
oCTaBasiCb IpU 3TOM B IoMelleHUHU. [lepBoHaya/bHasg Kpbllla Oblla NepejesaHa, TaM
YCTAHOBWJIM NPOMBILIJIEHHbIE CBETOBbIE JIIOKH, KOTOPbIE€ 3aJIMBAIOT BHYTPEHHEI WUTPOBYIO
IJIOLA/IKY eCcTeCTBEHHBIM OcBellleHHeM. B cymepkax ysm4yHble poHaApU OCBELAIOT 3TY UTPOBYIO
IJIOIAZIKY M CO3/AI0T BIevyaT/ieHue o6lLiecTBeHHOro npoctpaHctia [19], [20]. laHHbIM npuMep
JIEMOHCTPHUPYET alalTalHio 60/1ee HOBOM MOCTPOUKH, B OTJIMYHE OT UCTOPUYECKUX NAMSITHUKOB
KyJIbTOBOM apXWTEKTypbl, TeM He MeHee OQYHKIMOHAJbHOE Ha3HAauyeHUe I[0Tepso CBOe
3HaueHMUe, B CBA3U C 4YeM 3/JaHue ObLJI0 TPAaHCPOPMHUPOBAHO 10/, HOBble PYHKIIUU.

Pucynok 10. LlenTp uckycctB B Car-Xap6ope B XamnTtoHe, CIIA. (PoTo: c caiiTa nentpa) [21,
22]

CoBepl1eHHO HEOOBIYHBIN MOAX0[, O6bL1 NPUMEHEH [Jis METOAUCTCKOM 11epkBU 1844 rozaa B
Car-Xap6ope B XamnToHce, mTaT Helo-Mopk, KOTOpoe 6b1JI0 MOCTPOEHO B UTANBIHCKOM CTHJIE U
nepeobopyznoBaHo B lleHTp ucKyccTB. 3aHue ObLJIO 3a0pOIIEHO UM HECKOJIbKO pa3 MpoJaHo,
HauuHas ¢ 2007 roga (Pucynok 10). /lyig BbIOJIHEHHS NPOEKTAa PEKOHCTPYKUUU U afanTaluu
6bl1a BeiopaHa ¢upma Skolnick Architecture&Design, 1 pyKoBOASIIMM NPUHIIMIIOM BCEX OBLIO
YCTAHOBJIEHHE TapMOHHUH MEXJy «KapKacOM» OpPUTHHAJbHOIO 3J[aHUS U COBPEMEHHbIMHU
3JleMeHTaMH, BHEJ[pEHHBbIX B Ipollecce MOJIEpHU3AIMM, TAaKUX, KaK OOJIbIIME CTeKJISIHHbIe
BUTPaXXU M CTeKJSHHbIA JUQT. [luzailHep JIu CKOJIHUK CHPOEKTUPOBA/ HOBble OKHa C
NpeKpPacHbIMU NPOINOPLMAMH, OCTAaBUB MECTO [Jisl BAOXHOBEHHBIX NMOPTpPeTOoB Jpuka Puuia.
Ceityac B OKHaxX BCTaBJIeHbI IOPTPEThI MUCATENEN, Xy02KHUKOB, U300peTaTesiel, apXUTEKTOPOB
U ApYTUX JIIOJEeH, KOTOpble KaK-TO MOBJMSJN HAa Pa3BUTHE U ObLIM CBSI3aHHBI € ropojgkoM Car-
Xap6opoM. Me30HMH LIepKBUM — 3TO HOBOE [IONOJIHEHUE K 3JaHUI0. Ha Me30HMHe BbI Takxe
HalJIéTe MeCTHYI OUOJHUOTEKY, JOCTYINHYIO JJis 06Iero nNpocMoTpa, MpejJaramwlily KHUTH,
N0KepTBOBaHHbIe CIOHCcOpaMu. CHapy:Xu uMMeeTCs HeOGOJIbLUIOW caJi, OH CHPOEKTUPOBaH [Jis
MHOTOI[€JIEBOTO MCIOJIb30BaHUS. APXUTEKTOPbl HAJl€JIMCh, YTO JIIOAU OyAyT MO0JIb30BATbCS
JIAHHBIM Ca/I0M Y HACJAXAAThCSA 3eJIeHbIMU HaCaXAEeHUSIMU U OPUTHHAJIBHOW Ca/loBO-NIAPKOBOM
Meb6esblo [21], [22].]lpuMepoM nepeBoIJIOleHUS B JOM BbICOKOM MOJibl Maria Fiorello siBnsieTcs
uepkoBb CBartoro Jlapa Can-JlopeHL0-MH-/Ir0uMHA. ITO HEOCBALEHHOE MOJIeJbHOE 3/JaHuEe B
Pume, B paiione Kamno Mapuwuo, Ha ynuue Bua Benbcuana (PucyHok 11). LlepkoBb 6blia
noctpoeHa B 1578 roay npu [puropum XIII 6patrctBoM CBaToro [lpuvactus. M3Ha4dasabHO
CTPOMJIACh KaK MoJIeJibHS, IPUCTPOEHHas K JjoMy 6paTcTBa CBaToro [Ipuyactus CaH-J/lopeHIio-
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uH-J/IrounHa. C koHIa 19-ro 10 Havasa 20-ro BeKa 3/ieCb NPOXOJUJIA KOHLLEPThbl My3bIKU B CTUJIE
6apoKKO.

Pucynok 11. Jlom Beicokoi Mmojbl, PuM, Utanus (poTo Maria Fiorello) [23,24]

JlekoHcekpanus 1epkBu npousoiyia B 1970 rosy, korja oHa cTaJjia 061eCTBEHHbIM MECTOM,
a ;oM OpaTCTBa, pacloJOKeHHbIN M03a/iU LIePKBH, UCNI0JIb3YETCS B TPaXKAAHCKUX LiessX. [laHHas
I[EPKOBb Y3HaBaeMa MO0 BHEUIHEMY BUJAY U HAJAINHWCH, OTHOCAIEeHCcS K ApxubpaTcTBy CBATOTO
[Ilpyyactua  Can-JlopeHuo-uH-/ItounHa, HasepiBaeMasa «Opartopusa /[lenap  CaHTHCCHUMO
CakpaMeHTO». BHyTpM LlepKBY Hax04uWJICA aJATapb C NOJOTHOM, U300paXKaloljUM My4YeHHUYeCTBO
Can-Jlopenno. C koHua XIX Beka OH CTaj/l MECTOM BCTPeY Pa3/IMYHbIX aCCOLMALUN, TOMELeHUeM

JLJ11 My3bIKaJIbHOM J1eITeJIbHOCTH, a € 1971 rojja okoH4YaTeJbHO NPO/JiaH YaCTHBIM JiuLaM. B
HacTosillee BpeMsl 1epKOBb TpaHchopMupoBaHa B aTenbe «Maria Fiorello». AnHanus
WHTEPbEPHOro pellleHrs MOKa3bIBaeT, YTO ApXUTEKTOPbI CTPEMUJIUCH COXPAHUTb UCTOPUYECKUH
KOJIOPUT 3/1aHU, BBIIIOJIHEHHOTO B CTUJIEe UTAJIbIHCKOI0 Kjaccuusma. Hanpumep, coxpaHeHa
pocnuch NOTOJIKA BOCEMHAZLATOr0 Beka [23], [24].

Cienyromyi npumep - 3To LepkoBb CBaTOro Cen-/lenu-aro-Ilinaro, 3amedaresibHOe TBOpeHHE
nokorHoro apxurtekropa aHa-Mapu Pya, noctpoenHoe B 1964 roay. (PucyHok 12).
[Ipeo6pa3zoBaHve U paclIMpeHHe TaKOro KpacHOPEeYUBOro IpUMepa COBPEMEHHOTO
apxXUTeKTypHoro Hacneaust KBe6eka - oueHb Jle/IMKaTHas ajanTanus.

llepkoBb CBsATOro CeH-/leHu-Ato-IlnaTo 3aciaykuMBaeT 0COG0TO0 BHUMAaHMS HU3-3a CBOETO
HEOOBbIYHOTr0, IUHAMUYHOTO 00'bEMA, HATTOMUHAIOILIETO OTPOMHYIO MaJaTKy, HAAYTYIO BETPOM U
NPUKPENJEHHYI0 K 3eMJle HaTsKUTelssMU. B Hede LepkBU pacnoJiokeHbl 0OLeCTBEHHbIE
noMelieH!s: 6UOJIMOTEKH C MOJKAMH, pab0YMMH 30HAaMU M 30HAMM /JiJisl YTEHUS], a B IPUCTPOIKe
pacnoJsioKeHbl aIMUHUACTPALMS U 001eCTBEHHBIN 3a. Takoe pa3zeseHre QyHKIMU O3HA4Yaer,
YTO 0OLIeCTBEHHbIM 3a/1 MOXKET OCTAaBaThCSl OTKPBITHIM BHE YaCOB paboThl OUOJIMOTEKH, TPH 3TOM
BMEYATJSIIIMA U MOHYMEHTA/IbHbI 06beM Heda COXpaHSETCS, MOCKOJIbKY apXUTEeKTypHas
KOHLIENLUsS COCTOUT B TOM, UTOObI MPEBPATUTh NPOCTPAHCTBO B MOJEJb MPOCTPAHCTBEHHOTrO
NPUCBOEHUSI KAaK HOBYH MHTEpPIpeTalUi0 UHTepbepa. YToObl MOAYEPKHYTh MJIABHOCTh 3TOTO
00bEMa, CIJIOIIHOW MOTOJIOK HAaJ, OKHOM OblJl 3aMeHEH CTeKJSHHOW MaHeJiblo, KoTopas
MO03BOJISIET KaX/J0W Oasike BU3Yya/IbHO IJIABHO CKOJIb3UTh IO €€ BHEIIHEMY CTaJbHOMY
OCHOBAHHIO, 4YTO [IEMOHCTPUPYET BU3YaJbHYI0 HeNpepblBHOCTb. 06beM, 3aMeHSIUN
IpecBUTEPUIN U OOLECTBEHHbIN 3aJ, 3aHUMAaeT Ty »Ke MJIOLaJb W BbINOJHEH U3 MPO3PavyHbIX
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naHesed M3 LIBETHOTO CTeksa C liejkorpadueid. OT O6UMOJMOTEKH OHA OTAeJieHa MYCTOTOMH,
0603HavamwIlel mepexos OT CTaporo K HOBOMY.

W

‘ =

Pucynok 12. bubauorteka B KBebeke, Kanaga (®oto: Ctedan 'posio) [25,26]

Cnepeau, pacuivpsisi CTpYKTypy XOpa U HaBeca, aBapuiHas JIECTHUIQ, TpebyeMasi HOpMaMH,
pasMellleHa B OTPaXKAEHUHN U3 [|BETHOTO CTEKJ/IA, CATHAJIU3UPYs 0 HOBOM MeCTe, JOMUHUPYS Ha/,
HOBBbIM MapKOM, M3MEHEHHbIM C MOMOIIbI YJIWYHON Mebesd, JiepeBbeB W APYroul 3esieHH.
Onupasicb Ha MPO3PavyHOCTb U OTPAXKEHHUE, APXUTEKTOPHI CleJ1a/IU IpKoe 3asiBJIeHHE C TOMOLIbIO
BeTa Ha KOHLIAX 3JaHUsl, HaMeKass Ha spKue, cMmesble 1BeTa 1960-Xx romoB, KOTOpble
KOHTPACTUPYIOT C O6eJU3HOM U 6JIeCKOM, HeJlaBHO OTPaKEHHBIMU B 3aMedaTesbHOU ¢dopme
OpUTHHAJIbHOM LIepKBU [25], [26].

Pucynok 13. LleHTp ckanonazanus Vertige Escalade B KBe6eke, Kanazaa. (Poto: Yapsib3
Jlvon), [27]

PaccMoTpuM elnje ofHY apXUMTEKTYpHYIO aJanTalnuio LepkBu Xpucra-Pya, moctpoeHHOU B
ropo/e lllepbpyk, KBe6ek, B 1940-x roiax no npoeKkTy UHXKeHepa-cTpouTesis AnbpoHca benanxe.
9TO npuMep nepenpoPUIMPOBAHUSA PEJUTHO3HO-KYJIbTOBOM PYHKLIHUM LIepKBU B CIIOPTUBHYIO.
[locnennsasa Mecca 6b1a otcaykeHa B 2006 rojy, a 1LlepKOBb 3aKpbliach U Obljaa MpoJaHa.
Komnanusa Vertige Escalade Inc Temepbp ynpaBisieT e Kak ckajoApoMoM. B mpoekre
apxuTekTypHoul ¢upmbl Carlo Rondina ckasiopoMbl pacmnosioKeHbl IO TepUMETPY B OOLIMPHOM
LIeHTpa/IbHOM 0JI0Ke ObIBLIEN LiepKBU. PesiurrvosHble 3jieMeHThl ObLIM yZaJieHbl, LlepKOBHbIE
pPOCIIHCH Ha CTeHax OblLJIM 3aMeHeHbl U300paXKeHUSIMU pa3HbIX BUJ0B crniopTa. HxkHUe apouHble
BUTPaXU 3aMeHeHbI Ha IPO3pavyHoe CTEKJIO /1S YBeJIMYeHUs1 eCTeCTBEHHOI'0 OCBEellleHUS.
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AnTapp yangaTh He CTasy, ero CKpbLIU 3a ckasogpomoM. (Pucynok 13).CBoguaThie NOTONKU
OblBLIIEro cobopa B CTHUJE€ HEOrOTUKM BbICOKME M 00eCrnedyuBalOT XOpPOUIMH Yroa AJsd
WCKYCCTBEHHOM  CTeHbl JJid  CKa/JoJla3aHUA. BuTpaxHble OKHa  MOTLYyT  CO3JaThb
CIOppeaIMCTUYECKUU CIIEKTP CBeTa, BHYTPb KOTOPOTO MOXXHO NPOHUKHYTb. BrieyaTssgeT Takxe
OTCYTCTBHE KOJIOHH, NOAJEePKUBAIOIUX KOPIyC LIePKBU U3 KeJie300eTOHa, B TO BpeMsl KaK Mbl
NOBCIOlY BUMM OOpaMJ/ieHue UTAJbIHCKUM MpaMopoM, Hed U a/iTapb TaKKe OblJIU BbIIIOJHEHBI
M3 MpaMopa. B 3asHel 4acTu 1lepKBU Ha JlepeBAHHOM HaBece HAaXOAUTCA OoJibllas MO3auKa,
u3obpaxkawiiad XpUCTa Ha KpecTe B OKDPYKE€HMH 3eMHbIX U HeOeCHBIX 3JIeMeHTOB. XOTsd
M3HayaJIbHO He BCe OKHa ObL/IM YKpallleHbl BUTpaxkaMy, B neproz ¢ 1996 no 2000 rof oHU GbLIU
npeob6pa3oBaHbl U OTPeCTaBpPUPOBaHbl CBALleHHUKOM JKaH-Ilosem @PopTbe M KOHCbepKeM
®pancya Oaépu [27].

Jpyroi mnpumMep ajanTayUu KyJbTOBOIO COOpPYXEHHS B CIOPTHUBHOE - 3TO LE€PKOBb,
nepeobopyA0BaHHasA 0o/ cKelTnapk. Korga ckeMTOOPAUCTBI IBITAOTCA BBIIOJHUTD BO3AYIIHbBIN
TPIOK B CEBEPHOM UCNAaHCKOM ropo/ie JIbsiHepa, OHU CTAJIKUBAKOTCA C ppecKaMy, KOTOPbIe peiKO
MO>XHO YBU/IETh B LIePKBY HEOPOMAHCKOI'0 [IJIaHA C HEOTOTUYEeCKUMHU JeTaadaMU. Ho aTo BekoBoe
3/laHue, mocTpoeHHoe B 1912 rony Tenepb u3BecTHO, Kak Las Iglesia Skate. (PucyHok 14).

PucyHok 14. Ckeiitnapk Las Iglesia B JIbsinepe, Ucnianus (¢oTo: Getty Images) [28]

KaTosmyeckuit xpaM, He BUZeBIIUH NTpUx0xaH ¢ 1939 roza, ctoss pa3pylueHHbI. CKEUTEPHI
00'beJUHUJIUCh U HECKOJIBKO JIeT J0TOBAapUBAJIMCh C BJACTSAMH, @ NOTOM C NOMOLIbK OHJIAWH-
cbopa cpeACTB M NOAJEPXKKH CIOHCOpaA CHAcjJM 3/aHHe, NMpeBpaTUB €ro B OJHO M3 CaMbIX
COBPEMEHHBIX MEeCT JIJIl KaTaHus. PamMna u/ieajlbHO BIMcaJach MeX/y CTeHaMu LiepKBU. Ceituac
La Iglesia Skate - MecTo mnajoMHMYeCcTBa MOKJOHHHUKOB CKEUT-KYJbTYpbl U JIOOUTEJEN
COBPEMEHHOI'0 HCKYCCTBAa, JKeJalUlMX CTaTb CBUJETENSIMU YHUKAJbHOTO 3aBOEBaHUSA
KJIaCCUYeCKON LepKBU TOPOJACKUM HCKYCCTBOM. ['opoJ; mpuoOpés BMECTO BETXOrO M MyCTOrO
3/laHUsl CIHOPTHUBHYI JOCTONpUMedaTesJbHOCTb. McnaHckui xynoxkHUK Okypa CaH Murenb
BU3yaJU3UpoBas Ayx HOBoM La Iglesia Skate (ckelT-LilepKBU) — OH pacnucall BbICOKHE CBOJbI
ApkuMu rpadpoutu. Tak paspylieHHas LEepKOBb NpeBpaTU/Iach B XpaM YJHUYHOTO HUCKYCCTBa.
37aHue, CHapy»KU X0J0JHO€E, KaK TYMaHHOe aCTypUHCKOe YTPO, a BHYTPH TEIMJI0€, KaK 00 bATUSI.
['me, 1poCTO CTYNIMB HOTOW BHYTPb, €T0 1IBETA HANIOJIHAIOT Ballle Cep/lie, M Bbl HAUMHAETE BAbIXaTh
xopouime BUOpauuu. IIpocTpaHCTBO, KOTOpOE CTajJ0 MeUTOM /sl TPYIIbl MOJIOABIX JIOJeH,
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KOTOpBbIE YCUIUSAMU U TPYZ,0OM BOIJIOTUJIY €€ B xKU3Hb [28], [29].

3aK/noyeHue
llepkBH 06J1aaI0T YHUKAJIBHOW apXUTEKTYPHOM LIeHHOCTBI0. ITHU COOPYKEeHUS NPe/iCTABAAI0T
co60M NpHMep BBICOKOTO MacTepPCTBA CTPOUTEJIBHBIX TE€XHOJIOTUM CBOEro BpPEeMeHHW, CJyXKaT
MCTOYHUKOM BJIOXHOBEHHS [IJIsl COBPEMEHHBIX apXUTEKTOPOB U MHKeHepOB. AHa/IM3 aJlalTalluu
KyJIbTOBBIX 3/laHUH NOJ HOBble QYHKIMU Ha IpUMepe XPUCTUAHCKUX LiepKBeHl JeMOHCTpUpyeT
TEH/IeHLIMIO K COXpPaHEHUI0 UX IepBOHAYa/IbHbIX apXUTEKTYPHbIX GOpPM U MaclITabOB.

[lpy sTOM HabawAAeTcA 3HAYUTeJbHas 3BOJIIOLMSA BHYTPEHHEM IJIAHUPOBKH,
0o0yc/IOBJIeHHasd U3MEHAKLMMHUCA QYHKLUUOHAJbHBIMM TpeboBaHMAMMU. HecmoTpa Ha
MoJUPHUKaALMY, [leHTpaJbHOe NMPOCTPAHCTBO, TPAJULMOHHO NpeJHa3HauYeHHoe JJs COOpaHUM
OOLMHBI, NPOJOJHKAeT UTPaTh KJIKYEBYIO POJIb B apXUTEKTYPHOU KoMNo3uuuu. CoBpeMeHHble
TeXHOJIOTUH YCIEeLUIHO UHTErPUPYIOTCSA B CYLILECTBYIOILYI0 apXUTEKTYPHYIO Cpe/ly, He Hapylas ee
UCTOPUYECKON 1eJJOCTHOCTH. (0cob60ro BHUMaHUs 3acay)XKUBaeT CHUHTe3 TpaJAULMOHHBIX
CTPOMTEJIbHBIX MaTepHuaJiOoB, XapaKTepHBbIX [Ji 3M0XU BO3BeJEHMUA ITUX LepKBeH, C
COBpeMEHHBbIMHU MaTepuhajaMUd W TEeXHOJIOTHSIMU. Takoe coyeTaHHe IO3BOJIAET He TOJIbKO
COXPaHUTb UCTOPUYECKYI0 ayTEHTUYHOCTb 3JaHHUM, HO UM 06ecneynTb HUX J0JTOBEYHOCTb U
GYHKIMOHAJbHOCTE B COBPEMEHHBIX YyC/JA0BUAX. [IpuMeHeHHMe WHHOBALMOHHBIX pelleHUH
CIIOCOOCTBYEeT paLMOHAJbHOMY HCIOJb30BAaHUID PECYypCOB M CHHXKEHHUIO 3KOJIOTUYeCKOU
Harpy3ku. TakuM 06pa3oM, pecTaBpanus KyJIbTOBbIX 3JJdHUHA CTAHOBUTCA IPUMEPOM yCIELTHOI0
COYeTaHUs TPaJULIMU MU UHHOBALIMH, CHOCOOCTBYIOLIET0 COXPAaHEHHUIO KyJIbTYPHOI'O Hac/leAus U
YCTOMYHUBOI'O Pa3BUTHUS MECTHOCTH.
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B. K. Kapnceutona, C.II. CagbiKoBa
JL.H.I'ymusaes amviHdarbl Eypasus yammeulk yHUgepcumemi

FumapatTtapabl 6eiiMaen KauTa Kypy *KoHe 0JIapAbIH, )KaHA QyHKIUA/IapFa
MYMKiHAiKTepi (JiHu FUMapaTTap MeH KYpPbLJIbICTap MbICAJIbIHAA)

Anparna. Makasiajja JiHM FUMapaTTap MeH KYpPbLIbICTApAblH *KaHAa (QYHKIUOHAIIbIK
MYMKIH/IKTEpIH ecKepe OTBIpbIN, OJIapAblH OeliMJesyiHe Tajjay »KacajaaAbl. 3epTTey
YKYMBICBIHBIH, Heri3ri MakcaTbl MeH KOHLEMNLMAChl 3aMaHayu apxXUTeKTOopJlap MeH UHXXeHepJiep
»Ky3ere acblpFfaH JiiHM FUMapaTTap/ibl 6eliMey )kob6aiapblH TanJayfa 6aFbITTalFaH. MakKaiaia
KeJITIpIJITeH )KYMbICTAap MeH TAC/IJjep apXUTeKTOopJ1ap, UHXKeHepJiep, pecTaBpaTopJiap KoHe KaJia
KYPbLIbICLIbLIAPbIHA AiHU FUMapaTTap MEH KYPBbLIBICTAP/bI pecTaBpayusaay,
PEKOHCTPYKLMSIAY K9He KalTa MakcaTTay >obasapblH »ocmapJayZa KoJjaHyFa 60J1a/ibl.
3eprrey 6apbicbinga AKLI, Kanaga, Yabioputanusa, @panyus, Hupepsianael xaHe 6Gacka aAa
eJ/iepAeri XpUCTUaH LuipkeyJjepi FUMapaTTapblHbIH 6eHiMzaeny MblcaaJapbl KeJTipijireH.
3epTTey Tapuxyd FUMapaTTap/blH Ka3ipri 3aMaHFbl KQXKeTTILJIIKTepre caTTi 6eiliMzesie aaThIHbIH
KepceTe/li, COHbIMEH KaTap 0JIapJblH TapUXU Kd9He M3JIeHU MypachlH CaKTal OThIPHII, OyJ1 Kasia
JlaMybIHBIH TYPaKTbLIbIFbIHA MaHbI3/1bl 9cep eTei. lllipkey FuMapaTTapbiH *kaHa GYHKIUSAIAD
YIIiH (Mypakaiijiap, KepMe 3ajAapbl, KOHLEPT 3a//lapbl, KiTanxaHajap oHe T.0.) Geitimzaey
9JIeyMeTTiK 63apa 9peKeTTeCy, M3/IEHH aJIMacy KoHe 9KOHOMUKAJIBbIK JJaMyFa MyMKIiH/iK 6epe/i.
3epTTey cakpa/bJbl KEHICTIKTepAiH TpaHCPOpPMalLHUSCHIH KoHE OJiIap/blH, KYH/JEJIKTi eMipre
MHTerpanyvaJaHyblH TEPEH TYCIHyre KoMeKTece/li, apXUTEeKTypaJIblK TEOPUSHBIH, llleKapaapblH
KeHeHnTe .

TyHiHn ce3pep: GeilliMzey, peKOHCTPYKIMS, AiHM FUMapaTTap MeH KypbLIbICTap, LIipKey,
OYHKIIMOHANABIK TaFalbIHAAYbl, 3KOHOMHUKAJBIK GaKTOp, XaJbIKapasblK TIKipUuoe.
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B. Zh. Karpseitova, S. Sh. Sadykova
L.N. Gumilyov Eurasian National University

Peculiarities of Adaptive Reconstruction of Buildings and Their Potential for New
Functions (Using Religious Buildings and Structures as a Case Study)

Abstract. This article presents an analysis of the adaptive restructuring of religious buildings
and structures, taking into account their new functional capabilities, with examples drawn from
international experience. The main objective and concept of the study are focused on analyzing
completed projects of the adaptation of religious buildings carried out by contemporary architects
and engineers. The works and approaches discussed in this article can be utilized by architects,
engineers, restorers, and urban planners when planning projects for the restoration,
reconstruction, and repurposing of religious buildings and structures. The study includes
examples of the adaptation of Christian church buildings in countries such as the United States,
Canada, the United Kingdom, France, the Netherlands, and others. The research demonstrates how
historic buildings can be successfully adapted to meet contemporary needs while preserving their
historical and cultural heritage, which is crucial for the sustainable development of cities. The
adaptation of church spaces for new functions (such as museums, exhibition halls, concert halls,
libraries, etc.) provides opportunities for social interaction, cultural exchange, and economic
development. The study deepens the understanding of the transformation of sacred spaces and
their integration into everyday life, thus expanding the boundaries of architectural theory.

Keywords: adaptation, reconstruction, religious buildings and structures, church, functional
purpose, economic factor, international experience.
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JKCIepyuMeHTa/IbHOE MCC/leJOBaHUe 0eCKOJ/IJIEKTOPHBIX JABUTraTes1en
u MPU6050 c npumenenuem IIU/l-peryasTopa

K.T.AxmetoB ~ 1, A.b. bostatoBa“ *1, E.sMakakaHOB " 2,
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AHHOTauMa. B JaHHOW Hay4YyHOM CTaTbe pacCMAaTPUBAKOTCA aACHEKThI
npakTudyeckord peanusauuu [IU/[-peryssiTopa Ha 6a3e MUKPOKOHTpOJIJIEpA
Atmega328. /Jlna ero BHeJpeHUs OblL1  pa3paboTaH OJHOOCEBOH
3KCNepUMEHTA/JIbHbIA CTEHJ, C COOTBETCTBYIOIEM amNmnapaTHOM 4YacThio.
Co3paHa MeTO/IUKa MPOBEJIeHUS IKCIEPUMEHTOB, a TaKXKe aJIFTOPUTM PabOThI
nporpamMMsl ¢ ucnoJsb3oBaHueM [IU/l-perynsaropa. B xoze skcrepruMeHTOB
BIepBble ObLJIM 3aPUKCUPOBaHbI IMPOTHO-UMIYJIbCHBIE MoAyasauuu (LIUM)
CUTHaJIbl, lepeZilaBaeMble MUKPOKOHTPOJIJIEPOM K JIBUTATEJISIM B 3aBUCUMOCTH
OT yHOpaBJsdwIIero curHaiaa, cpopmupoBanHoro [IH/l-peryasTopom.
YcTaHOBJIEHO, YTO NPU OTKJOHEHUHU WITAaHTU Ha -30 rpaslycoB aKTUBUPYETCH
npaBblid asuratesib ¢ IIMM-curnasom B guanaszone 1300..1500 mkc. [lpu
HaKJIOHE B IPOTHBOIIOJIOXKHYI0 CTOPOHY aHAJIOTUYHbIM 00pa30M U3MEHSeTCs
CUTHAJ Ha JIpyroM JiBUrarteJie, focturasg 3HadeHud ot 1300 go 1500 mkc.
Hcnosib3oBaHUE [IU/l-perynaTopa obecreyunsio aBTOMaTHYeCcKoe
BbIpaBHUBAHUE U NOAJepKaHHWe Ha 3aJjlaHHbIN yroJ 0 rpaZycoB LITAHTH, YTO
CI0CO6CTBOBAJIO CTAOUIM3ALMH CUCTEMbI IPU paboTe ABYX 6€CKOJIJIEKTOPHBIX
JABUTraTeseH.

KmoueBble cioBa: [IU/l-perynarop, I[IHWM-curHas, MUKPOKOHTpOJIIEp
Atmega328, 6ecKoJIJIEKTOPHbIN ABUTATEN b, MoAyJab MPU6050.
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K.T.AxmeToB, A.b. bosaTtoBa, E.MakaxxaHoB ,['.K. CameHOB

BBegeHue

[IponopuroHanbHO-UHTErpajibHO-AUbPepeHuaibHble  peryadaTopel  (ganee - [IHU/J-
peryasiTop) LIMPOKO MCHOJIB3YIOTCA B HWHXXEHEPUU, B YACTHOCTH, JJIs CTAaOUIM3aLMU MOJIETa
JleTaTeJIbHbIX alNapaToB IMyTEM peryJMpOBKHA JPOCCEJbHOW 3aCJOHKH, TAaHTaXa, KpeHa U
PBICKaHMA C LieJIbI0 UCIIPaBJIeHU OTKJIOHEHUH OT xestaeMoy opueHTauuu [1]. [IU/l-peryaaropsbl
INPUMEHAIOTCA B CHUCTEMaX KpPyU3-KOHTPOJIA aBTOMOOWJEN JJiA MOJJep>KaHUS CKOpPOCTHU
TPAHCIIOPTHOTI'O CpPeACTBa MyTEM pPeryJUpOBKHA BXOJHOIO CUMTHA/IA ApPOCCEJbHOM 3aCJI0HKH Ha
OCHOBe OTKJIOHeHHUU ckopocTH [2]. [Tomumo 3toro, [IW/l-peryiaTopel LIMPOKO MCIOJIb3YIOTCS B
pO6GOTOTEXHUKE [/l YIIPaBJIEHUS JBUrATeNIMHU, IPUBOJAAMU UM POOGOTU3MPOBAHHBIMU PyKaMH.
KoHTposiniep perysupyeT CKOpOCTb ABUraTesis AJA JOCTHKEHUA 33aJaHHOTO IOJIOKEHUS WU
CKOpPOCTH, obecrnieyrBasi TOYHOe U MaBHOe ABv:keHUe [3]. B ctankax c YUIIY [TU/]-peryasaTtopsl
YyIPaBJAKT IOJOXEHUEM JBUraTesield, KOHTPOJUPYIOLUX ABHKEHHE JeTasled MAallWHBI, 4YTO
rapaHTUpyeT TOYHYIO TPAeKTOPUIO [ABWXKEHHUS peXyllero HHCTPyMeHTa U obecledyuBaeT
BbICOKYI0 TOYHOCTb npousBoAcTBa [4]. Taxxke IIU/-peryaaTopbl NPUMEHSATCA B
ylnpaBJ/leHYeCKHUX NpoLeccax, HalpuMep, [pU peryJMpoBaHUY TeMIepaTypbl B IPOMBbIILIJIEHHbBIX
neyax M CUCTeMaxX OTOIJeHUA. [Ipu peryJMpoBaHUM [laBJieHUS] Ha XUMHUUYECKUX 3aBOJaX,
3JIEKTPOCTAHLUAX U TPyOONPOBOJAX 3THU pPETyJATOPbl UCHOJNb3YIOTCA [AJ MOAAEpHKaHUSA
IIOCTOSIHHOT O J]JaBJIeHUs Iy TEéM yIpaBJeHUs IOTOKOM KU KOCTel UM ra3os [5]. Kpome Toro, onu
HaxoJAT IpUMeHeHHe B aBTOMAaTU3UPOBAaHHbBIX IPOU3BO/ICTBEHHbIX JUHUAX U KOHBelepax A/
NoAJep>KaHUs CKOPOCTH JIEHTBL. Peryimpys cCKopocThb ABUraTeJ/isi Ha OCHOBe BXOJHOTO CUTHAJIa,
[IN/l-perysnaTop obGecneynBaeT 06OpPabOTKYy WJ/M IlepeMelleHHe MaTepuasioB C 3aJaHHOU
ckopocTbio [6]. Takum o6pasom, I[IHW/l-perysnsaTop urpaeT BaXKHYI poJib B IHpolieccax
aBTOMAaTUYeCKOT0 peryJUpoBaHMA CHUCTeM, B 4YaCTHOCTH, B JeTaTeJbHbIX allllapaTax, TJe
paccMaTpUBaeTCs CBSI3Ka MPOrpaMMHOI0 aJITOPUTMa, MUKPOKOHTPOJIJIEPA U 6€CKOJIJIEKTOPHBIX
JBUTaTeJIel.

llesiblo JaHHOM CTAaTbM fABJAETCA UCCAeJJ0OBaHUe CTAaOUJIM3aLMU paboThl [BYX JBUraTesen
6eckoJlIeKTOpHOro Tuna ¢ gatyukoM MPU-5060 3a cyet npumenenus [IW/]-perynasaTopa. s
JIOCTUKEHUS L|eJIM pelIaloTcs caefylolie 3ajauu:

1) pa3paboTKa KOHCTPYKIMU J1abopaTOPHOM YCTaHOBKY;
2) NOJIK/JIFOYEHHeE alllapaTHOM 4YaCcTH, IPOrpaMMUPOBaHUE MUKPOKOHTPOJLJIEPA;
3) 3KCIepuMeHTa/IbHOe ucciegoBanue [IU/l-peryasaropa.

MeToaoJ10rusl.

Jlns Toro, 4TOOBI UCCAeA0BaTh NpoLecc noBeJeHus1 pabotsl [IU/]-perynstopa, Heob6xoaUMO,
B MepBYyI0 ouyepe/ib, CKOHCTPYUPOBAaTh J1ab0paTOPHYIO YCTAaHOBKY, KOTOpas NpeJ/cTaBJ/ieHa Ha
pucyHke 1.

/laHHaa yCcTaHOBKa COCTOUT M3 JBYX OCHOBHBIX 4dacTel. [lepBasg — 3TO KOHCTpPYKIMOHHaf,
BTOpas — annapaTHas 4acTb. KOHCTpYKIMOHHAs 4aCTh COCTOUT U3 WITAHTHU (2), AnuHow 800 MM,
0 KpasM KOTOPOW KpensTcs MOJACTAaBKU IITAHTU (5), TO eCThb ymopsl, YTOObI He MOBPEJUTH
nporneJijiepbl B Mpoliecce paboThl ABUraTesiel, yCTaHOBJIEHHbIX B paMe Kpblia (1). B nenTpe
IITAaHTY yCTaHaBJMBAEeTCS MOJACTaBKa /JJisl amnmapaTHoW 4acTu (4), BbinosHeHHOW u3 PLA-
miactuka. OHa mnpeJHas3adyeHa /Js1 YCTAaHOBKM amlapaTHOM 4acTH, KoTopasg OyJeT
paccMaTpUBaThCA Aajiee. B ToplLieBbIX CTOPOHAX IITAHTU PEKPENJIAITCS Landbl, HA KOTOpble
HAaCaXKMBAIOTCS IIAapUKOBble MNoAMIMNHUKM Mapku 608-RSH (6). HapyxHble CTOpPOHBI
HNOAIIMIHUKOB HACAXKUBAIOTCS Ha O0KOBHHE (7), KOTOpbIE YIIMPAIOTCA HAa CTOUKY (8).
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JKcnepUMeHTa/lbHOE UCCIe[j0BaHMe OeCKOJIJIEKTOPHBIX JIBUraTesel
1 MPU6050 c npuMmeHeHueM [1U/l-perynsTopa

Bcs KOHCTPYKLMSA UCTIBITAaTeNbHOTO CTeH/a YIIUpaeTcs Ha NoAL0HbI (9).

PucyHok 1. 3kcnepuMeHTa/bHbIN CTeH/, AJ1s HacTporku [IU/l-peryasaTopa: (a) - o6y Buj; (6)

— KOHCTPYKL YA YCTAHOBKU: 1 — paMa Kpbl/a; 2 — IITAHra; 3 — annapaTHas 4acTh; 4 — MO/ CTaBKa

JUISl annapaTHOM 4acTH; 5 — Mo/ CTaBKa IITAHTH; 6 — IAPUKOBBIN NOJUIUIHUK; 7 - 60KOBUHA; 8 -
CTOMKa; 9 - moJJI0H.

AnmnapatHasi 4yacTb MpeJCTaBJisieT CO6G0M KOMIIJIEKC CUJIOBBIX JIMHUH, CHabXaeMbIX OT
MCTOYHUKA NHUTAaHUA MOH-NOJMMeEpPHOro akkymyaaropa (5), nmporpammartopa FTDI (7),
CJIy’Kalllero AJ1s1 3arpy3Ku NporpaMMbl B MUKPOKOHTpoJiep Atmega328 (10), moaysis MPU-6050
(6) 1 UCHOJNHAWIIMX MEXaHM3MOB - JiBa OECKOJIJIEKTOPHbIX ABUrartesiss moaeau A2213 (2) c
peryasatopaMu ckopoctu (3) u mnpomessepamu (1) auametrpom 255 MM. [loapo6Hoe
NOAK/JIOYEHHEe [JJaHHOrO0 THIA JABUTaTess, a TaKXKe HX MWCIbITAaHUS Ha TATY, HU3MepeHHue
KOJIMYeCTBa 000pOTOB U MOTPebI1eMOUN MOLHOCTHU ObL10 0NIy6/IMKOBaHO B paborTe [7]. [lo noBoay
nojk/aoueHrs moayJiss MPU-6050 ¢ MUKPOKOHTpPOJLJIEPOM U OoNpe/ieIeHUs1 B3aUMOCBSI3U MOAYJISl
¢ 6eCKOJIJIEKTOPHBIM JIBUTraTeJieM OblJI0 UCCIeloBaHO B paboTe [8].

ok

ESC —
0 (3) HW30A | |
ESC

O HW30A

Ynpasnaowme WwiHbl

PucyHok 2. AnnapaTtHas 4yactb peanusanuu [IU/l-perynaropa: 1 - nponeJsuiep; 2 -
6eCKOJIJIEKTOPHBIN IBUTATEJIb; 3 — PETYJISATOP CKOPOCTHU; 4 —BbIKJIIOYATeJb; 5 ~aKKyMyJiTOD; 6
Jatyuk MPU-6050; 7 - nporpamMaTop FDTI; 8 -cBeToauon; 9 - pe3uctop; 10 -
MUKpPOKOHTpoJiep Atmega328; 11 - kBap1eBbIM pe30oHaTop; 12 - KOHJeHCcaTop.
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B naHHOU paboTe moJpo6HO pPacCMOTPEH CHOCOO MOJAKIIYEHUST MOJYJisl U BbISIBJIEHbI
3aBUCHMOCTH LIMPOTHO-UMIIYJIbCHOM MOAYJALMH, UCXOAALLEH OT MUKPOKOHTpOJIJIEpa OT yrJja
OBOpPOTa MOAyJisl. B 9TOM cBA3M OrpaHUYMMCS ONNMCAaHUEM JJAHHOW CXeMBI.

OT/AMYUTENBHONW 0COOEHHOCTBIO JAHHOW CXeMbl, Ipe/ICTaBJIeHHOM Ha PUCYHKe 2, ABJSETCA
JIOIIOJIHEHHE ellle OJJHOT0 OeCKOJIJIEKTOPHOTO ABUTaTe s, PaCOJI0KEeHHbIX JpYT NPOTUB Apyra 1
BpalllaloLMXCS B IPOTHUBOIOJIOKHBIX HallpaBJeHUAX — IPaBbli ABUTaTe b 110 YACOBOU CTPEJIKHY,
JIEBbIU IPOTHUB YacoBou. Takke faHHad cxeMa 11o3BoJiseT npuMeHuTs [IU/l-perynarop.

J1a BbIAABJIEHUA IIpolecca aBTOMAaTHYeCKOTO KOHTPOJIA M NOAJEPXKKHU YPOBHS IITAHIU
paBHOBecHsl  NpPUMEHAETCA  CHeLUaJbHbl  aJIrOPUTM,  HANUCAaHHbIA  Ha  f3bIKe
nporpaMMupoBaHus, HasbiBaeMbIM [IW/l-perynarop. [/1aBHBIM ero Ha3HauyeHHEM SIBJISETCS
dbopMHUpoOBaHHMe  YNpPaBJAKLIEr0  CUTCHA/NA, COCTOALIEr0 M3  TpexX  COCTaBJSAIOLMX:
NpoNoOpLHOHaIbHasA, MHTerpajibHad U AuddepenyuanbHad [9,10].

de
ut)=P+1+D=K,e(t)+ Kije(t)dt+|<da 1

B pgaHHOUW ¢opMyse mponopuuoHasbHasdg cocTaBadwiladg P npexacraBiaser coboy
npousBeJieHHe Ko3dPuLiMeHTa YyCUIeHUsl IPONOpLUOHaJIbHON cocTaBswLeil Kp Ha Tekylyto
OLIMOKY MeXAY TEKYLIMM 3Ha4eHUEM U >KeJlaeMbIM 3HaueHUeM e(t). YeM Gosiblie 6y/eT OlIMOKa,
TeM CUJIbHee pearupyeT peryJsaTop.

WHTerpasbHasa coctaBisowas | coctouT us koapduureHTa ycuaeHrs NponopLuoHaJIbHON
coctaBaswuiein Ki, ymMHoXeHHOM Ha wuHTerpaa e(t)dt. OHa wucnoab3yeTrcd [Js  ydyeTa
HAKOIIJIEHHOTO OIbITA PaboThl peryasaTopa, 4YTO CO BpeMeHeM JieJlaeT ylpaBJieHHWe Bce boJiee
TOYHBIM. Perysnstop cymMMupyeT npejblaylide 3HAaYeHUs OIIMOKU peryJUpOBaHUS U BHOCUT
COOTBETCTByIOLIMe KOpPpeKTHBBI. Korja cucrtema JocTuraeT 3aJJaHHOrO COCTOSIHMSA, OLIMOKa
peryJiupoBaHusi CTAaHOBUTCS MHUHUMaJbHOHW, W BJIUSIHME HHTErpajJbHOM 4YaCTU MNOCTENEeHHO
cHmKaeTcs. [Ipole roBops, MHTerpasbHas COCTaB/IALIASA KOPPEKTUPYET OLUMOKH, BOSHUKIIME
B IIpe/iblAyliie MOMEHThI BpeMEeHH.

JuddepeHyuanbHasg coctaBagwim@asg D coctouT U3 KoapduLHEHTa  yCUJIeHUs

IuddepeHnuanbHon coctaBiaswolel Kd, yMHOXXeHHass Ha NPOM3BOJAHYH OT OIIMOKU (y4deT
CKOpPOCTU u3MeHeHUs1 owmubku) de/dt. ITa cocTaBaslasg BbIYUCASET MNPOU3BOJHYH OT
u3MepsieMor BeJIMYUHBI. [IpoU3BOjHAsA OTpaXKaeT CKOPOCTb U3MeHeHUs PU3UYECKOUN BeJIMUUHBI.
Hanpumep, ueM ObIcTpee pacTET UM NaJaeT JaBJeHre B CHCTEME, TeM BbIlIe COOTBETCTBYOLIee
3HaueHHe MNpou3BoAHON. JlupdepeHnmanbHasg cocTaBJdwIAsA 03BOJISET PEryJasTopy Io-
pa3HOMy pearupoBaTb Ha pe3KHe M IJIaBHble U3MEHEHUs peryJupyeMod BeJUYHHBI, 4YTO
NI03BOJIIET yCTPAHATh pe3Kue KoJlebaTe bHble IPOLeCcChl B CUCTEME.
CyMMa BcexX TpeX COCTaBJSAKWLMX MNpeJCTaBaAseT COO00M YNpaBJsWILy0 NepeMeHHY u(t),
KoTopasi xapakrtepusyercs Kak [IHU/l-perynsatop. Takum o6pas3oMm, ocHoBHas 3ajgava [1HU/I-
pery/asiTopa 3ak/JH4YaeTcsl B aBTOMAaTHYe€CKOM NOJJep>KaHHWU 3aJlaHHOT0 ypPOBHS MapaMeTpOB
CUCTEMBI, TAKUX, KaK TeMIlepaTypa B pe3epByape UJiU JjlaBJieHue B IUCTePHe, 6e3 BMellaTe/lbCTBa
yesioBeKa. B pgaHHoM ciayvae [IW/I-perysnarop wucnosib3yeTcd [AJd  YIpaBJeHUA [BYyMdA
JIBUTaTeJIsIMH, UYTO N03BOJISIET CTAOUJIM3UPOBATh NoJieT BUHTOBOrO BIIJIA.

B aBTOMaTu3upoOBaHHbIX cucTeMax Jwb6ou [IHU/l-perynsaTop QyHKIMOHHMpPYeT Ha OCHOBe
NpUHIMIA 06paTHOMU cBsA3M (puc. 3, a). B ;aHHOM ciiydae o6paTHas CBA3b 006ecrieYnBaeTCs TATOH,
co3/laBaeMoi 060MMHU ABUTaTesIMU. EC/iM BO3HMKaeT pa3HULa B TAre MeX/1y ABUTraTessIMU, OCb
IUTAHTW HAKJIOHSAETCA B OJIHY U3 CTOPOH. AKCeJlepOMeTpP-TUPOCKOI U3MepsieT TeKYLHUH yrosa U
nepesaeT ero B peryJsTop (ToyHee, B MUKPOKOHTPOJIJIEDP [iJIs 06pabOTKM JAaHHbBIX). PeryasaTop
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CPaBHUBAeT IMOJyYeHHOe 3HaYeHHe C 3aJaHHbIM W BHOCUT KOPPEKTHUPOBKH, CTPEMSCH
MUHUMH3UPOBATh OIINOKY. [Io Mepe n3MeHeHUs oLIMOKU U3MeHsieTcs M BbixogHOU LIMM-curnan
OT MHUKPOKOHTpOJIJIEPA, KOTOPBIM YIpaB/seT ABUraTeNsiMH. YroJ Hak/JoHa OyfeT paBeH 0
rpagycaM, ecnu IIMM-curnanbl, nojaBaeMble Ha 06a JBurartess, OyJyT OJMHAKOBBIMH, YTO
06ecIleyruT paBHble 060POTHI ABUraTe el U, COOTBETCTBEHHO, O/IMHAKOBYIO TATY MPOIeJIJIEPOB.

d | error = Total angle[l] - desired angle; O

Hosoe 3naueHune
MPU-6050 Oy | PP = Foterror

CBI3E if (-3 <error <3){

PEFYJIHTOPI‘— pid_i = pid i+ (ki*error);}

VipapJisioniii pid d = kd*((error - previous error)/elapsedTime);

CHUI'HAJ » [lBurareu PID = pid p + pid i + pid d;

Pucynok 3. Cxema geiictBus [IU/l-perysnsiTopa (a) u ero ko nporpamMmmeli (6).

[Ipouecc paboTsl [IU/[-perysisiTopa B IporpaMMHOM KoO/ie BKJIIOYAET HECKOJIBKO 3TanoB (puc.
3, 6). Ha nmepBoM 3Tame NpouCXOAWUT CUYUTBbIBAaHUE AAHHBIX ¢ Moayass MPU-6050, koTopsie
NpeACTaBJSAIT COO0M YIJibl, U3MEPEHHBIE 10 BCEM TPEM OCSIM B [IeKapTOBOW CHUCTeMe KOOPAUHAT
[8]. B maHHOM c/y4yae HCHOJb3yeTCHd TOJbKO yrosa Y, TaKk KaK B MCHbITATEJbHOM CTeH/e
HaKJIOHSIeTCS LITaHra TOJIbKO N0 0JHOM ocu (cM. puc. 1). [locse nosyyeHus AaHHBIX 00 yrije Ha
BTOPOM 3Tane BblNoJIHAeTcs pacdeT [1U/l-perysaTopa, BKAKYALHAN N03TallHOE BbIYMCIEHHE
BCEX TPEX COCTABJAILUX.

CHavasia onpefiesisieTcs OLIKOKa (error) M3MepeHus, KOTopasi IpeACTaBJseT COO0M pa3HULY
MexJy JKesaeMblM 3HayeHueM (desired_angle), paBHbiM 0 rpagycaM, U ¢aKTUUYECKUM
M3MepeHHbIM 3HaYeHHeM (total_angle[1]), nosnyyenHbiM ¢ Moaysiss MPU-6050. B nanHoM ciy4dae
yron Y XpaHUTCSd B MacCHBe MoJ MHAeKcoM 1. 3aTeM 3HaueHUe OLIMOKHA YMHOXAaeTcs Ha
KO3pOOUIUEHT yCUJIEeHUs NpONOpLHOHaJbHOU cocTaBasawineld (kp). IToT Ko3IpdULUEHT
noj0upaeTcs BpPYUYHYIO [IPU HAaCTPOMKe pery/sTopa: 4eM OoJiblle ero 3Ha4eHUe, TEM CUJIbHee
yOpaBJSAOLANA CUCHaJA Ha BbIxoJe, W HaobopoT. Korza omubka mNOponopLUoHaJbHOU
COCTaBJISAOIIEN NPUOIMIKAETCS K 3a/lTaHHOMY JlMana3oHy OT -3 /10 3, HAaUMHaeT 060pabaThIBaThCs
WHTerpaJjibHas cocTaBJjstomas: pid_i = pid_i+(kixerror). OHa HakanJKMBaeT OIKMOKU BO BpEMEHH,
CIOCOOCTBYS YCTPAaHEHUIO CTATUYECKOTO OTKJIOHEHUS.

JuddepeHinanbHas cOCTaBJAKLAS BBIYUCISETCSA Kak pou3sBeZieHUe koadpdunmeHTa kd Ha
pasHULy MexJy TeKylled U NpeAblAylieil OIMOKaMHU, JeJIeHHYI0 Ha NMPOMEXYTOK BpPeMEeHHU:
kdx(error - previous)/elapsedTime. Baarogapss stoMmy auddepeHLHasbHasA COCTABJSAOLIAS
CrJIaKUBaeT pe3KUe H3MEeHEeHHUs YNpaBJieHUs], YYUTbIBass CKOPOCTb HW3MeHeHHs OouubkKu. B
pe3y/sbTaTe 00'beJMHEHUS TpeX COCTaBJAWLUX PopMUpyeTcs ynpaBistouwuil curHan I[MU/]-
peryasTopa, KOTOpbIX npeacrasieH B Buze lIIMM-curnana. Ha TpeTbeM sTame npouecca nocie
dbopMHpOBaHUS YIPaABJSIOIIEr0 CUTHA/Ia HEOOX0AMMO 33/1aTh AMaNa3oH orpaHudenui gus [MA/1-
peryasTopa, YyTo6bl KOMIIEHCUPOBATh BO3MOXKHbIE CJIydyallHble K0Jle6aHus MpolLiecca, BbI3BaHHbIE
BHEIIHWMHU GaKTOpPaAMHU.

JTOT [Auamna3oH YycTaHaBauBaeTcsa B mnpefenax -1000..1000 wmxc (puc. 4, a).
BeckoJsiiekTopHbIe ABUTraTesnu Tuna A2213 paboTatoT B uHTepBasie oT 800 1o 2300 mkc. B aToi
CBSI3M B NpPOTrpaMMHOM KoJie 3a/laeTcsl [yana3oH OrpaHUYEeHUUM HaydaJbHbIX U KOHEYHbIX
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3Ha4YeHHUH, B cjy4yae UX BbIXoJa 3a npejeibl (puc.4, 6). [lepemennas throttle, koTopas 3amaeTtcs
3HadyeHueM 1000, cayXuT JJii paBHOMepHOM paboTbl 00eux gBurartesed npu PID — 0.
PaBHOMepHOCTb paboThl JBUraTesel XxapakTepusytorca ¢opmynamu pwmLeft = throttle + PID u
pwmRight = throttle + PID. Jlaxxe npu PID ~ 0, pwmLeft = 1000 u pwmRight = 1000, yTo
CIIOCOOCTBYIOT paboTe ABUraTesied Ha yMEpEeHHOM XOAY.

[powmLeft = throttle + PID
[pmeight = throttle - PID

pwmLeft=800

pwmLeft=2300

PID>1000

PucyHok 4. [IporpamMmMHas peanusanusa PID-peryasTopa: (a) - rpaHuuHOoe orpaHuyeHue [IIUM-
curHaJsa ynpanJjieHus u(t); (6) - BepxHue ¥ HUHUe nipeesbl HIMM npaBoro u jieBoro
aBurareJsiey ¢ yaetom [IU/l-koHTpOIS.

Pe3ysibTaThl M 06CyXKAEHUE.
['paduky, nosyyeHHble B peKMMe peasibHOTO BpeMEHU MPU CUUTbIBAHUU JaHHbIX ¢ COM-

nopra, orobpaxatoT iuHuu lLIUM-curnasna, nepegaBaeMoro MUKpOKOHTPOJIJIEPOM K IpaBoMy (1)
MU JieBoMy (2) aBurartesisiM, 3aJaHHbIA yros (3), a Takke ynpaBaswouuid curHaa (4). Ilo
MOJIyYEHHBbIM pe3yJibTaTaM 9KCIIepUMEHTAIbHbIX JAHHbIX CJI€IYET, YTO IPU PYYHOM OTKJIOHEHUH
IITAaHTH Ha yroJ -30 rpa/lycoB yMeHbIlIaeTCs yIpaBJISIOUUN curHas (4).
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Pucynok 5. Pesysnbtatsl usamepenus [1U/l-perynstopa: (1) - LIMM-curuan npaBoro JBUraTeJis;
(2) - IMM-curHan sieBoro gBurateJis; (3) — keJlaeMbli YroJi, Ha KOTOPYI0 OYAeT CTPEMHUThLCS
curHaJs ynpanJieHusi; (4) - curian ynpassaenus ([IU/]-peryaaTtop).
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JlaHHBIN CUTHAJ CIOCOOGCTBYET yBeJIMYEHHUIO TPaBoro ABuraTessa (2) Ha BeanduHy1500 Mkc

W Bbllle. JTO NPUBOJUT K YBEJWYEHUIO MOILLHOCTU JABUraTessd, a CJeA0BaTeJbHO, U YHUCJIO
060pOTOB ABUTaTEJISA, CIOCOOCTBYS MOAHATUIO IPABOM YaCTH IITAHTH (puC.5, 6).
[Ipy OTK/JIOHEHMH J1eBOM 4YacTH WTaHTU Ha 30 rpasycoB BpPY4YHYIO, IZle PacloJioKeH BTOPOU
JIBUTaTe b, yIIPaBJALIMKA CUTHaJ (4) yBeJIMUMBaeTC B N10JIOKHUTEJbHOM HallpaBJIeHUH (puc. 5,
B). B pesysbTaTe sToro Bo3pacrtaeTr IIMM-curnan npaBoro gBuratess (1), 4TO NPUBOAUT K
yBeJIMYeHUI0 ero TArW. [loBbllleHHasdA TAra CHnoco6CTByeT MO4beMy IpPaBOM CTOPOHBI,
conpoBoxaawiieMmyca cHuxeHueMm [IMM-curHana. B KoHeYHOM UTOre cUcTeMa NPUXOLUT B
coCcTosiHUe paBHOBecus (puc. 5, a). JlaHHBIM [uana3oH, KaKk NMOKa3aHbl Ha ABYX rpadukax, He
KOHeYHBbI (pHC, 5,a 1 0), OHU C UCTeYeHUeM BpeMeHHU JJOCTUTAl0TCA B KOHeYHble 3HadyeHud 70 2300
MKC MPU MaKCHMaJIbHOM yrJie nmoBopoTa A0 90 rpagycoB. B cBfI3u € TeM, YTO JAHHBIU CTEH]
ABJIAETCA 3KCIIepUMEHTA/IbHBIM U MMeeT OrpaHUYeHHe 110 HaKJIOHY, u3MepuTh [IMM-curnansl ¢
0060MX ABUTaTeJied He YAaBaJ0oCh.

TakuM obpasom, A BUHTOO6pa3Horo BIIJIA ¢ yeTblpbMs BUHTAaMU U TPEMS CTeNEHSIMHU
CBOOO/IbI BpallleHWsI OTHOCUTEJbHO COOCTBEHHOIO LIEHTpPA MacC HeOOXOAMM MPUHLUIHAIBHO
MHOM MOJAXO0J K pa3paboTKe aJrOPUTMOB ynpaBJjieHUs W npuMmeHeHuto [IW/l-perynsaTopa g
crabuausanuu noJseta. Ha Ham B3r/sz, sTa 3aZjaya siBJASETCS AOCTAaTOYHO CJIOXXHOU U OyJeT
paccMoTpeHa B Ja/IbHENIIHNX UCCIeJOBAHUAX.

3aK/IloueHue.

B COOTBETCTBHU C MOCTABJIEHHOU IIeJIbI0 ObIM PelIeHbl CAeAyIolye 33/1a4H: pa3paboTaHa
KOHCTPYKIIMSI UCIBITAaTEJbHOTO CTEHJAa C ammapaTHOW 4YacThblo; MPOBEAEHO HCCIeZ0BaHHUE
pa6oTtel [IW/l-peryssiTopa B pexuMe peasibHOTO BPeMEHU B 3aBUCHUMOCTHU OT yrJla HaKJIOHA
YCTAaHOBKH, UYTO IO3BOJIMJIO BBbISBUTb H3MeHeHUs1 BesquduH [IMM-curHana, moTpeb6/isseMbIx
060HUMHU JABUTATEJISIMU.

TakuMm o06pa3oM, JaHHOe 3SKCIEpHMEHTAJbHOE HCCIe0BaHHEe CO3JAéT OCHOBY JJIs
JasibHeded paspa6otku [IW/l-perysnstopa s TPEXOCEBOM YCTAHOBKH C YeThbIPbMSA
0EeCKOJIJIEKTOPHBIMU [JIBUTATE/SIMH, YTO MO3BOJIUT IJIy6Ke HU3yYUTh MPOLECChl CTAOUJIU3ALUU
noJsiéta BIIJIA.

Pa6oTa BBbINOJIHSIETCS NPU NOAJEPXXKH T'paHTOBOro ¢HUHAHCHpoBaHUs KoMuTeTa HayKu
MuHHCTepcTBa U BhIclIero obpa3oBanus Pecny6sinku KazaxctaH (mpoekt NeAP195077/0225).

Bxas aBTOpOB:

K.T. AXMeTOB: pa3paboTas KOHLIENIUIO UCCTe0BAHUS, METO/[0JIOTHIO CTAThH.
A.B. Bos1aToBa: npoBeJia aJITOPUTMU3AIUIO U IPOrPaMMUPOBAHHUE JJAHHBIX.
E.Maka)kaHOB- IpoBeJI INTePATYPHbIN 0630p, UCCIE0BAJ COCTOSIHUE MTPOGIEMBI.
I'.K. CaMeHOB: mpoBeJ 3KCIIePUMEHTHI U CHATHS MOKa3aHUH C JJaHHBIX.
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1/1.H.I'ymunes amviHdaFsl Eypa3us yammulK yHU8epcumemi
2«KasakcmaH Pecnyb6aukacviHdarbl B. U. BepHadckutll amblHOaFbl YKIMEMMIK eMec 3K0102US/bIK
KOFaMOblK KOpbl»

PID peTTerimiH KoJ1ZaHa OTHIPbIN, KOJUIEKTOPChI3 KO3FAJITKbILITAP
meH MPU6050 3kcnepyMMeHTTIiK 3epTTey

Appgarna. bysn FeulbIMM MakKasaZa Atmega328 MUKPOKOHTpOJLIEpi HeridiHje »Kysere
acelpbliFaH PID-perynatopabiy NpaKTUKaIBIK iCKe acbIpblly acneKTiiepi KapacTbIpblaAbl. OHBI
eHTi3y YIIiH calKec amnmapaTTbIK 6eJiiri 6ap Oip OCbTI 3KCIEPUMEHTTIK CTeHJ o3ipJieHJi.
JKcrepUMeHTTePAi KYpri3y aaicTeMeci xxaHe PID-peryasaTop/bl KoJiJJaHATbIH GaFAapJ/iaMaHbIH,
)KYMBIC ~ aJTOPUTMi  »KacajJbl. JKCIEepUMEeHTTep OapbICblHAA MHUKPOKOHTpPOJIJIEPAEH
KO3FaJITKbIILITAPFa XibepisieTiH 6acKapyllibl CUTHa/IFa 6alIaHbICThI ajIFall peT eHi-UMIYJIbCTIK
moayasuus (EMM) curHanzapsl Tipkesazi. 3epTTey/iep HOTHXKeCiH/le LITaHraHbIH -30 rpaaycka
aybITKYbl Ke3iH/ie OH, aK K0o3FaJTKbILThIH 1300...1500 Mkc guanazonbiHga EMM-curnanel icke
KOCbLJIaTbIHbl aHbIKTa/NAbl. Kapchl 6aFbITKa €HKE Ke3iH/le eKiHIiI KO3FaJTKbIIITaFbl CUTHAJ
ykcac Typae eo3repin, 1300-men 1500 Mkc-ka JediH »keTti. PID-peryasaTopabl KoJAaHy
mwtaHranblH, O rpaayc OypblliTa aBTOMATThl TypJe TEHECTipiyiH »oHe ycTalm TYpPYbIH
KaMTaMacbl3 eTTi. DByJs eki KOJIJIEKTOPChI3 KO3FaJTKBIIINEH >KYMBIC iCTey Ke3iHJe »KYHeHiH,
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1 MPU6050 c npuMmeHeHueM [1U/l-perynsTopa

TYpaKTaHYbIHA bIKIAJI €TTi.
TyiiH ce3aep: PID-perynsarop, EMUM curnasi, Atmega328 MUKpPOKOHTpOJLIEP],
KOJIJIEKTOPCbI3 KO3FanTKbIlL, MPU6050 Moay.i.

K.T.Akhmetov?!, A.B.Bolatoval*, Y. Makazhanov?,
G.K. Samenov!?

IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2"Non-governmental Environmental Public Foundation named after V. I. Vernadsky in the Republic
of Kazakhstan"

Experimental study of brushless motorsand MPU6050 using a PID controller

Abstract. This scientific article discusses aspects of the practical implementa-tion of a PID
controller based on the Atmega328 microcontroller. For its implementa-tion, a single-axis
experimental stand with the appropriate hardware was developed. A methodology for conducting
experiments has been created, as well as an algorithm for the program using a PID controller.
During the experiments, pulse width modulation (PWM) signals transmitted by the
microcontroller to the motors were recorded for the first time, depending on the control signal
generated by the PID controller. It was found that when the rod is deflected by -30 degrees, the
right motor is activated with a PWM signal in the range of 1300...1500 microseconds. When tilted
in the opposite direction, the signal on the other engine changes in a similar way, reaching values
from 1300 to 1500 microseconds. The use of a PID controller ensured automatic alignment and
maintenance of the rod at a set angle of 0 degrees, which contributed to the stabilization of the
system when operating two brushless motors.

Keywords: PID controller, PWM signal, Atmega328 microcontroller, brushless motor,
MPU6050 module.
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CoBpeMeHHbIe NOAX0/Abl K HU3yYEeHUI0 NOBeJeHUs YeI0BeKa B
KPUTHYECKOH CUTyanuu: HHTerpamus 3D-areHToB B BUPTYaJ/IbHYIO
peaibHOCTh

P.M. CagBakacoB* " , K.JK. CagBakacoBa

Eepasutickull HayuoHa1bHbLl yHU8epcumem um. J1.H.I'ymunesa, Acmaua, KazaxcmaH
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AHHOTanuAa. B coBpeMeHHBIX YCJIOBUAX MOJEJUPOBAaHHWE I[OBEAEHUSA
YyeJI0BeKa B KDUTUYECKUX CUTYyalMsX, TAKUX, KaK I0XKap, MpUobpeTaeT 0Coby10
aKTyaJIbHOCTb  JJIs  TOBbIIIEHUS] 06e30macHOCTU U 3OPEKTUBHOCTH
3BAaKyallMOHHBIX  NpoOLecCOB. Pa3BUTHe  TEXHOJIOTUM  BUPTYaJbHOHU
peasibHOCTH (VR) OTKpbIBaeT HOBble BO3MO>XHOCTHU [JIsI HUCCAeA0BaHUS U
aHaJ/M3a TakKux cuTyauui. llesb ucciaenoBaHus — pa3paboTka UMHUTAILMOHHOM
3D-MofesiM areHToB, KOTOpas MO03BOJIAET aHAJIM3UPOBATh UX IOBEeJEHHE B
KPUTHUYECKHUX CUTyalUAX U INPOrHO3MPOBAThb 3BAaKyallMOHHble MapIUpPYThI.
OcHOBHbIE HalpaBJieHHs PabOThl BKJIKOYAIOT MOCTPOEHHE MaTeMaTHYeCKOn
MOJleJIM [BVMDXKEHUA areHTOB, peaJy3allMi0 aJTOPUTMOB 3BaKyallUd B
BUPTYaJIbHOU CpeJie U MHTEerpanyi pe3yJibTaTOB B UIPOBble [BWIXKKHU [Ji
BY3yaJIM3alliy U aHa/u3a. HayyHad 3Ha4MMOCTb MCC1eJOBAaHUA 3aK/IH0YaeTCqa
B  pa3paboTke  aJrOpUTMOB, KOTOpble  yYUTHIBAKDT OCOOEHHOCTH
B3aUMO/IEMCTBUSA JIIOJIEN B CJIOKHbBIX aPXUTEKTYPHBIX YCJIOBUAX U MO3BOJIAIOT
aHa/IM3MPOBATh MOBEJIeHHEe areHTOB B pa3J/IMYHbIX ClileHapuaXx. B pe3sysbTaTte
WCCIeJOBAaHUS TIpeAJIOKEH TMOAX0J, K MOJIeJIMPOBAHUIO, TMO3BOJISIOUUA
IPOrHO3UPOBATh ABUKEHHUE JIIOJeH pU MoxKape, olleHUBAaTh 3G PEKTUBHOCTb
3BAaKyallMOHHbIX MaplIpyTOB W aHaJM3UpPOBAaThb BJIMSAHUE PA3JIAYHBIX
dakTopoB Ha mpoljecc 3BaKkyauuu. [losyyeHHble pe3yabTaThl MOTYT ObITh
MCII0JIb30BaHbI B MCCJIE/JOBAHUSX MO0 6€30MaCHOCTH, pa3paboTKe TPeHAXKEPOB
JU1S1 SKCTPEHHBIX C/IYKO U COBEPIIEHCTBOBAHUU apXUTEKTYPHBIX PEllleHUH.
KiwueBble cjioBa: BUpTyasibHas peajbHocTb, Unreal Engine, areHT,
KpUTHYeCKas CUTyalyisl, UMUTAllMUOHHOE MOJleJINPOBaHHUeE.
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CoBpeMeHHbI€e MO/X0/1bl K U3YYEHUIO NOBEIeHUS YeJ0BeKa B KPUTUYECKOUN CUTYyal[My: UHTerpaLus
3D-areHTOB B BUPTYaJIbHYIO0 PEaJbHOCTh

BBeaenue

M3ydeHne noBeJieHUs YeslOBEKAa B KPUTHUYECKUX CUTyaLUAX NpeACcTaBJsseT COO0M BaXKHYIO
MeX/JUCLUIJIMHAPHYIO 3a/ia4y, MMEILYI0 KaK TeopeTU4ecKoe, TaK U NPUKJIaJHOe 3HayeHue. B
COBpEMEHHBIX HUCCJIe[J0OBaHUAX 0C000e BHUMaHUe yes1eTCd MOJEeJUPOBAHUIO 3BaKyalMOHHBIX
IPOLECCOB B YCJOBUAX Upe3BblUalHbIX CUTyalUH, TAKUX, KaK N0Xapbl U CTUXUIHbIe Oe/cTBUA. B
3TOM KOHTEKCTEe TEeXHOJIOTUM BUpTyaJbHOU peasbHocTU (VR) craHoBATCA 3)PeKTUBHBIM
MHCTPYMEHTOM /JI51 aHaJIM3a OBeleHUs JII0/lel U ONITMMU3alluY 3BaKyallMOHHbIX MapIIpPyTOB.
CoBpeMeHHble MCCe[J0BaHUA NOATBEPXKJAAT 3PdeKTUBHOCTb VR-MeTOmOB [JJi H3y4YeHUA
3BaKyallMOHHOrO NoBeJeHHUs, rge aBTopbl Yan Feng u gap. [1] mpoaeMoHCTpUpoOBaiv, 4TO
MCI0JIb30BaHMEe BUPTYaJbHOW peasibHOCTH IO3BOJIAET HCCAeJ0BaTh BbIOOpP BBIXOJOB IpU
3BaKyalluU U OLleHUBATb BJIUSHUE PAa3JIMYHbIX PAaKTOPOB, TAKUX, KaK 3HAKU BBIX0/1a U [TIOBeJlEHUE
okpykawouux. Tak, ucciaegoBarteau Yukun Guo u ap. [2, 3] npeasioxuau metos VR-cuMyasinu
JUI1  MOJEeJUPOBaHMA MacCOBbIX 3BaKyalUd B VYCJIOBUAX [OXapa, VyJydllas peajusM
3BaKyal|MOHHBIX clleHapueB. B cBoto ouepep, Jurik V u np [4] paccMoTpesiv npuMeHeHHe JaHHBIX
VR i1 KaJMOpPOBKM areHTHBIX MoJesed 3BaKyallMM, NOATBeEpXJas HUX 3HAYUMMOCTb JJif
npejAcKa3aHUs peasibHOTO MoBeJieHus JoJeil. Kpome Toro, ucciegoBanue de Lama C u gp. [5, 6]
NOATBEPJAWJIO, YTO BUPTyaJbHble Cpelbl MO3BOJIAIOT 6e30lacHO MOJeJUPOBaThb IOBeJeHUe
JIIO/IeX B yCJ0BUSX M0XKapa, YYUThIBask ypOBEHb TPEBOXKHOCTH U peaKIMU oJib3oBaTesiel. Takxke
3HAYMUTeJNbHbIM BKJaJ BHecid Muhamad S. B. S., Bahrin M. H. [7], koTopble mpeacTaBUIU
CUMYJISILIMIO B BUPTYaJIbHOU cpeJie [IJ1sl OLleHKHU 6e30IaCHOCTH B UCCJIe[0BaTeIbCKUX peaKTopax,
JleMOHCTpUpys noTeHuuan VR pansa noarotoBku nepcoHasna. Takxke Mufoz J. E. u gp. [8]
paccMoTpesin  ncuxodusnosiornueckue  acnektol  VR-00yyeHHsi, T1oOKa3biBasg  BJUSHUE
BUPTYyaJIbHbIX ClleHapUeB Ha ypOBEHb CTPeCCca U IPUHATHE PelleHUH B KPUTHUYECKUX CUTYalUsIX.

llenpto naHHOW pabOThl ABJseTCAd pa3paboTKa UMUTALUOHHOM 3D-Mozenn mnoBejeHUS
areHTOB, KOTOpaslh MO3BOJIUT aHa/IM3UpPOBaTb HX [EWCTBUS B KPUTUYECKHUX CUTyalUdX U
IPOrHO3MpPOBAaTh 3BaKyallMOHHble MapIIpyThl. B xo/ie uccie0BaHUsA NJIaHUPYETCS OCTPOEHHE
MaTeMaTU4YeCKOW MOJieJid [JIBUXKEHUsS] areHTOB, peajid3alius aJroOpuTMOB 3BaKyallud B
BUPTYaJlbHOW CpeJie M UHTerpanus pe3yJbTaTOB B UIPOBble JBWXKKHU JJI BU3yaJlU3alUU U
aHasusa. [losyyeHHble pe3y/abTaTbl MOTYT ObITb MCIOJIb30BaHbl JJis O0Oy4YeHUsl NepcoHasa,
TEeCTUPOBAHUSA MJIAHOB 3BaKyallUd U COBEPIIEHCTBOBAHUS NPOEKTUPOBAHUSA 3[JaHUH C TOYKHU
3peHUs  6e3omacHOCTH. MeTozmo/IoTUsl  UCCJAe[0BaHHUS  BKJKYAaeT  MaTeMaTH4yecKoe
MoO/JleJIMpOBaHUe NOBEJleHUSI areHTOB, IPUMEHeHHWe aJrOPUTMOB ONTHUMMU3ALUMU [AJis pacdyeTa
MaplIPYTOB 3BaKyallly, a TAKXXe UHTEerpanuio MoJieJii B BUPTYaJIbHYIO Cpe/ly C UCII0JIb30BaHHUEM
nBrxkka Unreal Engine (UE) [9, 10].TakuM 06pa3oM, UCII0JIb30BaHHWE COBPEMEHHBIX TEXHOJIOTUHI
N03BOJIIET HE TOJbKO U3y4yaTb IOBeJeHUe JiIoJed B KPUTHYECKUX CUTyalusx, HO U
paspabaTbiBaTh 60Jsiee 3pPeKTHUBHbBIE CTPATETUU IBAKYaI[UH.

MeToaoJi0orusi
Jlis u3ydyeHUs TMOBeJeHHS 4YeJ0OBEKA B KPUTHUUYECKUX CUTyalMsIX HE0OXOJUMO C03/aThb €ro
MMHUTALMOHHYIO MO/ieJib U UHTETPUPOBATh €€ B BUPTYaJIbHYIO Cpely. ITO O3BOJISIET HE TOJIbKO
MO/JleJIMPOBaTh pa3J/IMuHble CLiEHAapUM MOBEJEeHHsl areHTOB, HO W BU3YyaJIM3UPOBaThb HUX B
JuHaMmuke. @opmasibHOe ONUCAaHHWE MOJieJId TpeJACTaB/AsgeT CO0O00M CUCTeMaTHU3alUI0 U
omnpeiesieHle BCEX OCHOBHbIX 3JIEMEHTOB U MapaMeTpPOB, KOTOpble OYYT UCIOJb30BAThCS s
aHaJu3a ¥ MOJieJIMpOBaHus. B JaHHOM c/iydyae paccMaTpUBaeTCs MOJZeJb OBeJeHHsl areHTOB B
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NOMELEeHUU B YCJIOBUAX KPUTUYECKOM CUTYaLUU, TAKOM, Kak Noxap. OnrcaHre NpoCTpPaHCTBa
OCHOBAaHO Ha 3D-koOpAMHAaTHOM NPOCTPAHCTBE, YTO IO3BOJIAET YYUTHIBATH He TOJIBKO
nepeMellleHMe areHTOB B IIJIOCKOCTH (X, V), HO ¥ UX JIBUXKeHVe B BepTUKaJbHOM HallpaBJIeHUH (Z),
YTO 0COGEHHO BaXXHO JJIs1 MO/leJIMPOBaHUS MHOTOYPOBHEBBIX IPOCTPAHCTB, TAKUX, KaK 3/laHu4,
JIECTHUYHBIE IPOJIETHI U pa3/IMYHbIe 3TAXKHU.

Ha pucynke 1 npezcraBiieHa TpexMepHas JUuarpaMMa JIBUXKeHHUs areHTOB B JleKapTOBOU cucTeMe
KoopauHaT. HavyasibHble MOJIOKEHUSA areHTOB 0003HAa4YeHbl CUHUMHU KpeCcTaMH, KOHe4YHble —
KpacHbIMHU. HanpaByieHHMe [BH)XKeHHUA areHTOB K BbIXOZAaM WJIM 0e30NaCHBIM 30HaM IOKa3aHO
YepHBIMHU CTpeJIKaMU. Bbixo/ibl 0603HaueHbl 3eJieHbIMU KBaZjpaTaMu. KoopauHaTHble ocu X, Y u

Z NnpeacTaBJaAKT TpEeXMEpPHOE NPOCTPAHCTBO MOAEJINPOBAHHA.

AdexKkapTtToea crcTemMa KoopaaviHaT € aredrammem
> AredT (Haw.)
> AreHdT (KOoH.)
[ ] Brixon

ONbNggH
 Koopaikara

X s [S]
OO
o L PP 8 o

PI/ICYHOK 1. TpEEXMepHaH TPAaE€KTOpPpHUA ABUKEHUA ar€eHTOB B IpoLieCCe 3BaKyalluH

I/ITaK, rpaHHI bl IOMEIEHUA ONIpeaeJATCA CJIieAYIOIIUM COOTHOILIEHHNEM:

L* W*H=V (1)

rje:
L - qyiviHa, W - mivMprHa nomeuieHud, H - BoicoTa.

V - 0611 06'b€M NPOCTPAHCTBA, JOCTYIHOTO /11 MOJeJTMPOBaHHUS.

11 onyMcaHuA KOOPAWMHAT BHYTPHU NIOMelleHHUs, TZie HAXOAATCA areHThl, MOHO UCII0JIb30BaTh

cyelyrolye orpaHUYeHuUs:

O<x<L, O0<ysW, O=<z<H (2)
Z[anee IIJIOTHOCTb areHToB p onpeaeadeTCcd KaK KOJIM4eCTBO areHTOB N Ha €JUHHULY IIJIOIa/iH:
p=n/(LxWxH) (3)

Tenepb pPaCcCMOTpPHUM ITOJIOXKEHHNE ar€HTOB B IIPOCTPAHCTBE. HYCTI:) KOOpAWHATDI i -ro areHTta

0603HAYaIOTCA KakK:
Ai=(x_i,y_i,z_i)

rge i=1,2,...,n ¥ n-o6lee YHUCJIO0 areHTOB.

Kaxkias koop/iuHaTa areHTa J0/DKHA YA0BJAETBOPATh YCAOBUSIM:
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O<x_isL, O<y_isW, 0=<z_i<H (4)

Takum o6paszomM, popMy.ia AJisi ONMKMCAHUS IPOCTPAHCTBA, T'Zle HAXOAATCS areHThl, OyAeT
caeayrolen:

(xy_i), "rme" Osx_i<L, O<y_isW, "mpu" LxW=100 (5)

Korjia areHThI CTaJIKMBAIOTCSA € YTPO30H, HAIpUMep, [10XXKapoM, UX [T0BeJleHHe ONpeJesieTcs UX

N0JIO’)KEHHWEM U BO3MOXKHbIM HallpaBJIeHUEM JIBHXKeHHUS. B 3TOM ciiydyae mpoCcTpaHCTBO OCTAETCs

TEM 3Ke, HO J100aBJ/isieTcs AUHAMUKa NPUHATHA pelieHUH. [lyctb dAi(t) o6o3HadaeT U3MeHeHHe
MO3UILIMY areHTa [ B MOMEHT BpeMeHH t:

Al ()=(x1 ()i (1),z_i (1) (6)

/IBM>KeHMe areHTOB 3aBUCUT OT pa3/IMYHbIX GaKTOPOB, TAKKX, KaK HallpaBJeHUe K OJIKanlieMy
BBIXO/lY, IJIOTHOCTD JibIMa, HAJIMYMe JpPYyTUX areHTOB U T.A. [l/1 yIIpolieHus UCI0Ib3yeM
MO/JieJIb Ha OCHOBE CKOPOCTH Y HallpaBJIeHUA JBUKEHHUA:

(dx_i)/dt=v_i cos/of8_i) cos/ofep_i)

(dy_i)/dt=v_i sini/of6_i) cosiiofe_i) (7)
v_i sinifofg_i)
rze:
V_i - CKOPOCTb JIBUK€HMs areHTa;
0_i - yros1 HanpaBJIeHUsl €To0 JBUKEHUS;
(_i- yros1 ABMXeHHS B BepTHKAJIbHOM HallPaBJIeHHUH.
M cxo/is1 U3 3TOT0, areHThl MOTYT IPUHUMATh pellleH|s Ha OCHOBE Pa3/IMYHBIX aTOPUTMOB.
O/iMH U3 TaKUX aJI'OPUTMOB — IBHXKEHHe B CTOPOHY 6JIMKaiiliero BbIX0/[a, YTO OMHChIBAETCH
bopmynoi:

D=V((x_"exit" -x_i )" 2+(y_"exit" -y_i )A2+(z_"exit" -z_i )"2) (8)

Jlpyroil BaKHbIM acneKT - u30eraHve TMpeNnsATCTBUM, TIJle areHTbl KOPPEKTUPYIOT
TPaeKTOPHIO, YTOObI MUHUMHU3HUPOBATh CTOJKHOBEHHUS C IPYyTUMH areHTaMU UJIU 06'beKTaMU Ha
MyTH.

JlanHble GOpPMyJibl ONMUCHIBAIOT HAdaJbHOE pacHpejieieHue areHTOB B MPOCTPAHCTBE [0 UX
JIBWP)KEHHS, YTO BaXKHO [IJI1 MOJIeJIMPOBAaHUSA JajJbHEHUIMX JelcTBUU. B fgasbHellieM 3TH
bopMyJsibl MOTYT ObITh MCIOJIb30BaHbl /Jsl OLEHKH IJIOTHOCTH areHTOB B Pa3HBIX 4YaCTAX
NoMellleHH s, TPOrHO3UPOBAaHUS MapUIPYTOB 3BaKyalUH U aHAJIM3a B3aUMHOI'0 BJIUSHUS areHTOB
IpH ABMXKEHUHU B YCJIOBUSAX OTPAaHUYEHHOTO npocTpaHcTBa. [Ipu noxkape B3auMo/ieiCTBHE MOXKET
UIrpaTh BaXKHYIO poJsib. Hanpumep, areHT MOKeT yYUTbIBaTh JeMCTBUSA JPYTHUX JIIOJIeH B poliecce
INPUHATHSA pellieHus o AelcTBUsAX [11].

Ha rpaduke (cM. puc.2) npejacTaB/ieHa 3aBUCMMOCTb BpEMEHH 3BaKyallul OT KOJIMYeCcTBa
areHTOB B MOMelleHUH. BUJIHO, 4YTO C yBeJIMUeHHEM KOJIMYeCTBA areHTOB 3BaKyallMOHHOEe BpeMsi
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BO3pacTaeT. ITO 0O'bACHAETCA YBeJIMYEHUEM IIJIOTHOCTH areHTOB p, ONpejesisieMo o popMmysie
(3), yTO NPUBOJUT K OOJIee CI0’)KHOMY B3aUMO/IeMCTBUIO MeXY HUMHU Y YBeJIMYEHUI0 BpeMEHHU
BbIXo/a. Takke Ha rpaduke NOKa3aHbl HUHTEPBaJIbl NOTPELIHOCTH, YIYUTHIBAIOLHE
BapUMaTUBHOCTb B MOJleJIMPyEMOM polecce. ITOT pe3yJIbTaT COOTBETCTBYEeT MaTeEMaTUUYECKOMY
ONMCAHUIO JBUKEHUS areHTOB (GOopMyJibl 6 U 7), COTJIACHO KOTOPBIM UX llepeMellleHhe 3aBUCUT
OT CKOPOCTH V_i, HallpaBJIeHUA ABWXKeHUA 0_i, ¢_i ¥ BO3MOXXHBIX IPeNATCTBUM, BK/I0Yas APYTUX
are”HToB. TakuM 06pa3oM, yBeJIM4YeHHe KOJIMYeCTBA areHTOB B UKCUPOBAHHOM 00 beMe V
IPUBOJUT K 60Jiee MHTEHCUBHOMY B3aMMO/IEMCTBUIO U, CJ1e/l0BaTeJbHO, YBEJUYEHUIO BpeMEHHU
IBaKyal1H.

BpemMmsa sBaKyauum

—&— >DBakyauWMOHHOEe Bpems
20.0

17.5 4
15.0 1
12.5

10.0

Bpewms 3Bakyauum (Cek)

4 é é lIO lI2 ll4 :LI6 :LIB 2‘0
KonmyecTBo areHTos

PI/ICYHOK 2. BpeMH 9BaKyallMd B 3aBUCHUMOCTH OT IIJIOTHOCTH ar€eHTOB

MUMUTalMOHHOE MO/ieJIMPOBaHUE B BUPTYa/IbHOM cpefie

B3auMo/ieficTBHe areHTOB C BUPTyaJIbHOM Cpe/loi CTPOUTCS HA OCHOBE JIeKapTOBOM CUCTEMBI
KOOpJIMHAT, NpeJcTaBJeHHONM Ha pucyHke 1. ®opmysbl ABuKeHUs areHTOB B 3D (Bkutodas
nepeMelleHde N0 ocu Z) ajantupyrorcd K VR, 4To mo3BosifseT y4YUTHIBAThb JBHXKEHHE II0
JIECTHUI]AM, HAKJIOHHBIM MOBEPXHOCTSIM U B yCJOBUSIX OTPaHUYEHHOU BUAMMOCTH. [Ipu 3aToM
OCHOBHBIMHU NapaMeTpaMHU fIBJAseTCA NO3ULUA areHTa (X_i,y_i,z i) , KoTopble 0OHOBISAIOTCA B
peasibHOM BpeMEHH C y4eTOM yCJI0BUM Cpe/ibl. YYUTBIBAeTCA CKOPOCTb V_I Y HamnpasJieHue (0_i
(_i), 3aBUCAIIME OT HaJU4Us NPENATCTBUM, BUAUMOCTU U YPOBHSA MaHUKU. /i onpesesieHus
ONTUMAaJIbHOT0 MapIIpyTa 3BaKyaLMy AUCTaHLMA [0 OMxakero Beixoga D paccunTbiBaeTcs o
dopmyne (8). MosenvpoBaHUe JBWXKEHUSI aT€HTOB B JIeKapTOBOU CUCTEME KOOPAUHAT CJAYKUT
OCHOBOHM [/l UHTErpaluy C TEXHOJIOTHUSIMU BUPTYalbHOU peasbHOCcTH (VR), yTo mosBosisieT
JeTa/M3UpOBaHO UCCJIeLOoBaTh IOBeJeHHWe YesloBeKa B YCJA0BUAX NMoxapa. B VR-okpyxeHuu
CUMYJIMPYIOTCSl pa3J/IdiHble CLieHapUW KPUTUYECKUX CUTyallMi, BKJIIOYasi paclpoCTpaHeHHe
OTHfl, 3aJlbiIMJIeHUe U JMHAaMHUYeCKoe H3MeHeHHe YcJoBUM 3Bakyauuu. UE mnomoraer
MHTerpupoBaTthb ¢ 3D-cpesnoit u VR nyTeM nporpaMMHUpPOBaHHUA areHTOB C IOMOLIbI0 BCTPOEHHBIX
MHCTPYMEHTOB, Takux, Kak Blueprints (BudyasbHoe nporpaMmMupoBaHue) u C++ (Kjaccuueckoe
nporpaMMupoBaHue). YuuTthiBas, yTo UE npesHasHayeH i CO3/4aHUA JeTaJlU3UPOBAHHBIX U
MHTEPAKTUBHBIX CUMYJALUA KPUTHYECKUX CHUTYalMi, MOXXHO CO3/aTb CLieHbl NOBeJeHUS
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areHTOoB, KOTOPbIe OYAYT B3aUMO/EMUCTBOBATh C BUPTYaJbHOM cpesioi u pyT ¢ Apyrom. [loaTomy
QJITOPUTMBI, 3aJI0KEHHbIe B pea/M30BaHHbIX HAMU MaTeMaTHYeCKUX (GopMyJiax, SABJSIOTCS
OCHOBOM JJ151 CO3JJaHUS CLieHbl C areHTaMu U npendatcrBusamu B UE.

TakuM o06pa3oM, peasiM3alus KaXKAOro IIara MnoTpedyeT HCHOJIb30BaHUS CHenU(UYECKUX
WHCTPYMEHTOB W MeToJo0B, npeaoctaBiasembix UE, Takux, kak Blueprints wau
nporpaMMupoBaHue Ha C++.

Pucynkun 3 u 4 pemoHcTpupywT ¢parmeHTbl Blueprint-koza, peasiu3syroliiero MexaHU3Mbl
NaJIeHus areHTa IpU KOHTaKTe ¢ orHéM. Ha Pucynke 3 npejcraBiieH CKpUINT, OTBeYarIUHN 3a
naZieHue Npy B3aUMOJEWCTBUU C OTHEM, TOra Kak Ha PrcyHKe 4 nmokasaHa CUMYJALUS 3TOTO
npoluecca Npu CTOJIKHOBEHUH areHTa C OTHEM.

& On Actor Begin Overlap (TriggerBox)
»>

¥ Cast To BP_ThirdPersonCharacter
(4

Object

v% Cast To Al_char

Target

S Set Simulate Physics

»
J Destroy Component Target

Simulate

PucyHok 4. ®parmeHT Blueprint ckpunTa, CMMyJSiiUY IaJeHUS IPU CTOJIKHOBEHUH C OTHEM
Ha pucyHke 5 u 6 nipe/icTaB/ieHbl CUMYJISIIIMS] B3AUMO/I€CTBUS areHToB (Jto/iei) B
noMeleHuU npu noxape B VR-cpege. [IpoieMOHCTpUpPOBaHbI TpUMephl paboThl Al-areHTOB B
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Unreal Engine 5, ucnosbsyrwouiux Nav Mesh, Target Point, cuctemy EQS 1 Crowd Controller Al
JUIs1 onpe/iesieHUs ONITUMa/IbHOT'O MapIlpyTa 3BaKyalUU.

PucyHnok 5. Cumyniauus sBakyalnMu areHToB B VR-cpesie npu noxape. Busyanusanus
vcnosib3oBaHus Al-arentoB B Unreal Engine 5 f/1 movcka onTHUMasbHOTO MapLipyTa 3BaKyaluu
c npuMeHeHueM Nav Mesh, Target Points, EQS-cuctemsbl u Crowd Controller Al

PucyHok 6. [loBegeHue Al-areHTOB B yC/10BHUSAX NOXapa. Busyanusanusa peakliuy areHTOB Ha
pacnpocTpaHeHue orHs B VR-cpezie, Moenupyolei npouecc 3aBakyauuu. [IpuHaTre pemeHui
JUISl ToKMCKa 6e30MacHOro MapupyTa

Pe3ysbTaThl 1 06CyKaeHne

PaspaboTaHHasi Mo/ie/ib areHTOB BKJIIOYAeT MapaMeTpbl UX KOOPAHUHAT (X, ¥, Z), CKOPOCTH
ABUXKEHUA U AJITOPUTMOB INPHUHATHA pemEHHﬁ. AreHThBI OPHUEHTUPYKOTCA B IPOCTPAHCTBE,
Y4YUTbIBad MHUHHMaJIbHOE€ PACCTOAHHE OO0 BbIXOJAd U nsberas HpeHHTCTBHﬁ. HpeﬂCTaB.ﬂeHbl
Cl)OpMy.TIbI pac4yeTa NJIOTHOCTHU areHTOB, OIIMCAHUA I'PAHUILl TIOMEIEHNA U YPABHEHHUA ABUKEHUA
B TPeXMepHOU cucteMe KoopauHaT. B VR-cpesie peasinzoBaHa BU3yasim3alus ABUXKEHHUS ar€HTOB
C yueToM GaKTOPOB 33/[bIMJIEHHOCTH, TAHUKU U U3MEHEHUsI 06CTaHOBKH.
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[IporpaMmMHas peanusanusa mojesu BoinosiHeHa B UE ¢ npumenenuem Blueprints u C++.

B xoze wuccienoBaHus NOATBEPXKJeHa BO3MOXHOCTb TOYHOIO MOJEJUPOBAHUA IOBEAEHUS
areHToB Inpu noxape B 3D-npoctpaHcTBe. Mcnosb3oBanve VR mos3BoJsisseT aHa/JIM3UPOBaTh
NOoBeJleHUe I0JIb30BaTe/lel B CTPeCCOBBIX CUTyalUSIX MU KOPPEKTUPOBAaTb MaTeMaTHYecKHe
MoZiesqM 3BaKyauuu [12]. BHeapeHue ajropuTMoB u36eraHud NpPenATCTBUM M aJalTHUBHBIX
MaplIPYTOB INOBBbILIAET TOYHOCTb INpeJACKasaHWUsA [ABWXKeHHUA areHToB. WHTerpanusa B UE
JleMOHCTPUPYET NepCneKTUBHOCTD Ja/ibHeHero pa3sutus VR-MoenmpoBaHus AJj1 U3yd4eHHUs
NI0BeJleHUs YeJ0BeKa B Ype3BbIlYaWHbIX CUTYALUAX.

3ak/iloyeHue

PaspaboTaHHass HMMUTALlMOHHAs MOJe/ib TOBeJeHUsI 4YesJoBeKa B KPUTHUYECKOW CHUTyallUU
M03BOJISIET aHAJIM3UPOBATh 3BAaKyal[MOHHbIE MPOILECChl U BBISABAATH GAKTOPHI, BIAUAIOIIME HA
yCINelWHOCTh 3Bakyauuu. UHTerpauusa ¢ VR u aswxkom UE pgesnaeT BO3MOKHBIM CO3/JlaHHE
JleTa/IU3UPOBAHHBIX U UHTEPAKTUBHBIX CUMYJISALMM, MOJIE3HbIX AJs 0O0y4eHHUs MepcoHasla U
pa3paboTku 3pPeKTUBHBIX CTPATETMM 3BaKyaluu. JlaibHellie uccie0BaHUs HalpaBJieHbl Ha
pacuidpeHve QyHKIMOHa/la MOJeJM, BKJIW4Yasg y4yeT [CHUXOJIOTUYeCKUX (aKTOpPOB U
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CblHU XaFAaWarbl aaM MiHe3iH 3epTTeyAiH Kasipri Tociigepi: 3D arenrrepai virtual
realitya uHTerpanusiay

Anparna. Kasiprixkargaiia epT CUSKTBI CbIHU KaFAanaapAa alaMHbIH MiHe3-KYJIKbIH
MoOJieJIbJiey 3BaKyalMAJIbIK IpoLecTepAiH, Kayinci3firi MeH TUIMAIITIH apTThIpY YLIiH epekuie
©3eKTiJlikKke He 6oJaabl. BupTyanabl mbiHAbIK (VR) TexHoJOrUsANAapbIHbIH JaMybl OCbIHAAM
KarJlauyiapbl 3epTTeyre KoHe TaJllayFa »KaHa MYMKIHJIKTep amajbl. 3epTTeyAiH MaKcaThl-
KWBIH >XKaFJaWjaap/Za oJlapJblH, MiHe3-KyJIKbIH TaJlZjlayfa >KoHe 3BaKyalMAJbIK MapLIpyTTap/bl
6o/mkayFa MYMKiHAIK 6epeTiH areHTTepaiH, UMuTtauusabik 3D Mojesin »kacay. KyMbICTbIH,
HeTi3ri 6aFbITTapbl areHTTeP/iH KO3Fa/blCbIHbIH MaTeMAaTUKaJbIK MOJeJIiH KYPY/ibl, BUPTYa/bl
OpTa/a 3BaKyalud aJITOPUTM/EPiH eHTi3y /i »KoHe HOTYKeJlep/i BU3yaiu3alis MeH TaJjay YIIiH
OMBIH KO3FaJTKbILITapbIHA OipiKTipyAi KaMTH/bL. 3epTTeYAiH FbIJIBIMU MaHbI3/|blJIbIFbI Kyp/ei
apXUTEKTYypaJblK KafFJaujapja aZaMJapAblH e3apa 9peKeTTeCy epeKUIeJIKTepiH ecKepeTiH
>)KOHe OpTYpJi CleHapuiep/e areHTTep/liH MiHe3-KYJKbIH TaJiJlayFa MYMKiHZAIK O6epeTiH
aJITOPUTM/IEP/i 93ipJiey 60ibIN TabbLIaAbl. 2KyMbICTbIH PAaKTUKAIbIK MaHbI3/bL/IbIFbl MbIHA/A:
KYPbLIFaH MOJiesib KbI3MeTKepJiepi OKbITY, 3BaKyalUs »KOClapJapblH CbIHAY XoHe Kayilci3aik
TYPFBICBIHAH FUMapaTTap/bl *KoOasayAbl KAaKCcapTy YUIiH MalJaJaHbLIybl MYMKiH. 3epTTey
aJiicteMeci  areHTTepAiH  MiHe3-KYJIKbIH MaTeMaTUKaJblK  MOJeJbJeyai, 3BaKyalud
MapIIPYTTapbiH ecenTey YIIiH OHTaWJIaHJbIPY aAropUTMAepiH KoJsAaHyabl, coHAai-ak Unreal
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Engine (UE) keMeriMeH MojenbJi BUpPTyajaAbl oOpTafa OipiKkTipyAi KaMTuzapl. 3epTTey
HOTWXKECIHJle epT Ke3iHJe aJaMJapAblH  KO3FajbICbIH 0OOJ/pKayFa, 3BaKyalUsJbIK
MapLIpyTTap/blH, TUIMAIMIriH 6aFrajayfa »KoHe 3BaKyallUs NpoLeciHe apTypJii pakTopsiap/blH
9CepiH TajjayFa MYMKIiH/JiK OepeTiH MojeJibJley TOCUIi YCbIHBLIAbBL AJIbIHFAaH HOTHXKeJep
KayincisZiik 3epTrTeyJiepiHjie, TeTeHlle KafFAaujap MallWHAJApblH d3ipJseyse KoHe
ApPXUTEKTYypaJIbIK WelliMAepal xKeTiagipyZe KoJAaHbLIybl MyYMKIiH.
Ty#iH ce3aep: BupTyanas! wWblHABIK, Unreal Engine, areHT, cbiHY xaffai, UMUTanUANBIK

MoJeJbJey

R.M. Sadvakassov*, K.Zh. Sadvakassova
L.N. Gumilyov, Eurasian National University, Astana, Kazakhstan

Modern approaches to studying human behavior in a critical situation: integration of 3D
agents into virtual reality

Abstract. In modern conditions, modeling human behavior in critical situations, such as fire,
is becoming particularly relevant to improve the safety and effectiveness of evacuation processes.
The development of virtual reality (VR) technologies opens up new opportunities for research and
analysis of such situations. The aim of the research is to develop a 3D simulation model of agents
that allows analyzing their behavior in critical situations and predicting evacuation routes. The
main areas of work include building a mathematical model of agent movement, implementing
evacuation algorithms in a virtual environment, and integrating the results into game engines for
visualization and analysis. The scientific significance of the research lies in the development of
algorithms that take into account the peculiarities of human interaction in complex architectural
conditions and allow analyzing the behavior of agents in various scenarios. The practical
significance of the work lies in the fact that the created model can be used for staff training, testing
evacuation plans and improving the design of buildings in terms of safety. The research
methodology includes mathematical modeling of agent behavior, the use of optimization
algorithms to calculate evacuation routes, as well as the integration of the model into a virtual
environment using the Unreal Engine (UE). As a result of the research, an approach to modeling is
proposed that allows predicting the movement of people in a fire, evaluating the effectiveness of
evacuation routes and analyzing the influence of various factors on the evacuation process. The
results obtained can be used in safety research, the development of simulators for emergency
services and the improvement of architectural solutions.

Keywords: virtual reality, Unreal Engine, agent, critical situation, simulation.
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Abstract. Currently, composite armored vehicles based on a ceramic layer,
polymer and natural fibers are of great interest. This work is a review article
and includes scientific works over the past 18 years. The aim of the work is to
generalize literary data on research on the creation of armored vehicles.
Camamosetosite armor based on various brands of Kevlar is a promising
material. At the same time, natural materials in their ballistic properties are not
inferior to polymeric materials. Widespread use in this field of research and
nanomaterials. The use of carbon nanotubes that differ in unique strength
properties can significantly reduce the mass of body armor. When using
nanomaterials for body armor can reduce its thickness by 15-35 times.
Promising are also multilayer metal armored vehicles obtained by explosion
welding by explosion. Light metals as aluminum and titanium are used as metal
materials. As a result of heat treatment in the structure of composite material,
intermetallic layers of TiAl3 with a thickness of 90-100 microns are formed. It
is known that intermetallic compounds are characterized by high physical and
mechanical properties. In this work, various composite materials are
considered for anti-ocal resistance and resistance to high-speed impact.
Keywords: armor materials, individual protection, damaging elements,
fragments, composite materials, ceramics
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Modern composite armor materials

Introduction

Modern military conflicts, particularly in localized wars and armed engagements, highlight the
crucial need to protect soldiers from various types of weaponry. The likelihood of soldiers being
wounded by high-speed bullets is significantly higher in such conflicts. Consequently, the demand
for advanced composite materials with superior protective properties has increased. While
modern body armor effectively intercepts projectiles, the residual energy from bullets or
fragments can still cause severe internal injuries, behind-armor trauma, and even fatalities.
The development of these materials prioritizes reducing weight, ensuring that the surface density
remains within the optimal range of 50-80 kg/m?.
To counter low-energy threats, textile armor made from high-modulus and high-strength
polyaramid and polyethylene fibers is commonly employed. In contrast, protection against high-
energy threats necessitates composite materials featuring a rigid ceramic layer (screen) combined
with a laminated organoplastic backing (substrate) [1]. Thus, the primary challenge lies not only
in fragmenting the incoming projectile but also in effectively decelerating or halting the resulting
fragments to minimize secondary damage. In view of this, work is devoted to reviewing
publications from open sources that focus on the research and development of composite armor
materials with superior protective capabilities.

The methodology

This article is a literary review of scientific works over the past 18 years. When writing the
article, SCOPUS, ELIBRARY, CROSSREF, SPRINERA for the above keywords were used. When
writing this article, scientific publications were used, containing an evidence-based experimental
approach to the subject under study.

Findings/Discussion

One of the most significant advancements in armor material development is the creation of
ceramic composite armor [1]. Compared to steel armor, ceramic composite armor offers several
advantages, including lower surface density (weight per 1 m2).
The test results are given in Table 1.

Table 1. Results of firing oxide ceramic-based ammunition with increased penetration 7H39 (1, 2)
and 7H13 (3) from a distance of 10 m [1].

Armor type Armor Substrate Layers of Surface density,
thickness, thickness, substrate kg/m?
mm mm broken
through, %

Standard with fabric 19 9,5 45 46

With flat-oriented substrate 14 4 12 40,8

With flat-oriented substrate and a 13 4 18 36,7

thin screen

To improve the mass-dimensional parameters of armor consisting of a ceramic layer and an
organoplastic layer (substrate), the substrate was improved in [1]. A composite substrate with a
flat-oriented protective structure is proposed, where untwisted threads are laid orthogonally. As
can be seen from Table 1, the use of a new substrate allows for a significant reduction in armor
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thickness. This results in the armor panel becoming lighter and more effective. When considering
the use of composite materials in bulletproof vests, Kevlar occupies a special place [2, 3]. Kevlar
fabric has a tensile strength of 3620 MPa and a low relative density of 1.44 [2].

These properties are important when protecting people from high-impact bullets [2, 3]. The
properties of some Kevlar grades are given in Figure 1.

400
350
300
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200 m Tensile modulus (GPa)

150 m Breaking strength (N)
100
" N
0

Kevlar 29 Kevlar 49 Kevlar 149

[=1

Figure 1. Comparison of tensile modulus and breaking strength of Kevlar 29, 49 and 149 [2]

The relative elongation of these materials is shown in Figure 2 [4, 5].
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Figure 2. Comparison of the percent elongation of different grades of Kevlar

Studies on the impact behavior of Kevlar/epoxy composite plates with varying thicknesses and
layup sequences showed satisfactory results [6]. The effect of thickness and layup sequence on
energy absorption capacity was investigated under high-velocity impact conditions. The plates
were placed at a distance of 10 meters from the muzzle of a pistol, and a Parabellum 9x19 mm
bullet was fired at a velocity of 390+10 m/s. The authors demonstrated that the 0/90 layup
sequence is the most effective for impact resistance. In work [7], S-2 glass fibers are used as a
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composite armor material. These fibers have a composition of Si02 65 wt.%, Al1203 25 wt.%, and
MgO 10 wt.%. This material exhibits higher deformation before failure and a greater modulus of
elasticity than conventional weakly alkaline alumino-borosilicate fibers, which have a composition
of Si02 54 wt.%, Al203 14 wt.%, CaO + MgO 22 wt.%, and B203 10 wt.%. Recently, strong organic
fibers such as poly (p-phenylene benzobisoxazole) (PBO) and poly-{2,6-diimidazo[4,5-b:4",5"-€]
pyridinylen-1,4(2,5-dihydroxy) phenylene} (PIPD, known as M5 fiber) have been used in
composite materials for flexible armor. Flexible composite armor is primarily used for individual
protection.

Kevlar fabrics, which are widely used in protection systems, contribute to environmental pollution
during disposal and have a negative impact on the ecosystem. Researchers are increasingly
proposing the use of environmentally friendly, natural materials [8-10]. For example, in study [8],
an eco-friendly lightweight material is used instead of Kevlar fabric. The proposed material
exhibits excellent properties for absorbing and dissipating kinetic energy. Table 2 presents
comparative ballistic characteristics of soft and hard armor made from natural fibers [8]. The
experimental conditions are described in the study [8].

Table 2. Ballistic characteristics of materials

Ne Fiber Matrix Energy Ballistic limit References
absorption (J) (m/s)

1 Kenaf/Kevlar (30/70) Epoxy 148 - [11]

2 Kenaf/Kevlar  (Vf6/Vf Epoxy 175 590 [12]
47)

3 Coconut sheath/Kevlar Epoxy 240 - [13]
(wt% 5/25)

4 Curaua fiber (30 Epoxy 197 - [14]
Vf)/epoxy composites

5 Kevlar/Basalt (50/50) Polypropylene 112 - [15]

6 Piassava fiber (10 vf) Epoxy 272+19 2368 [16]

7 Fique fiber Polyester 155+7 - [17]

8 Fique fabric Polyester 154 +5 - [8]

As seen in Table 2, composite materials based on natural fibers are comparable in properties
to Kevlar-based composite materials.
In study [18], a technological principle for manufacturing combined armor with a ceramic layer
was developed. The ceramic material produced exhibits key characteristics that are not inferior to
those of commercially manufactured armor ceramics. The work also developed a highly elastic
polymer binder using the urethane elastomer SKU-PFL. Diamet X was used for curing. It was shown
that to ensure the quality of poly-ceramic armor, the polymer binder content in the composite
substrate should be maintained at 40%. The composite based on the developed binder significantly
outperforms the epoxy-based composite: by 20% in terms of anti-fragmentation resistance and by
four times in delamination strength [18]. The utilization of nanotube-based composite materials
presents remarkable opportunities [19]. The properties of the developed ceramic material are
presented in Table 3. The application of carbon nanotubes is linked to their unique properties, such
as high mechanical strength, with a Young’s modulus reaching approximately 7000 GPa. In
contrast, steel, titanium, and iridium alloys used for manufacturing military- grade body armor
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have a modulus value ranging from 200 to 520 GPa.

Table 3. Physical and mechanical characteristics of armor ceramics [18]

Material Density, | Hardness, Bending Fracture Modulus of Stiglitz criterion,
g/cm3 GPa strength, toughness, | elasticity, GPa (GPaz -m3)/kg
MPa MPavm
Aluminum 3,9 12-16 250-350 2,5-3,4 200-300 0,6-1,2
oxide (Al203)
Reaction- 3,1 18-20 260-320 2,2-3,5 360-380 2,1-2,5
sintered
silicon
carbide (SiC)
Boron 2,5 28-34 320-400 3,3 360-400 4,0-5,4
carbide (B4C)
Developed 2,7 25-28 280-380 2,0-2,5 380-400 3,5-4,1
carbide
ceramics

The deformation force is given by:
F=S-E-[3] (1)

where S is the area of the deformable surface, E is Young's modulus, |§| is the relative
deformation.
From the formula, the relative deformation will be equal to

|§|=F/(S-E) (2)

With equal F and S, the deformation of body armor made from ceramics and carbon nanotubes
under bullet impact will be 15-35 times lower compared to body armor made from steel, titanium,
and other alloys. As a result, the thickness of body armor can be reduced by 15-35 times,
significantly decreasing the overall weight of the product [19]. The use of fibers based on
nanostructured materials makes it possible to create highly efficient armored materials [20].
Nanotubes such as SI02, Al203, SiC, inorganic fullerenes, MoS2 nanostructures, WS2 can be used
as nanomaterials. The use of nanomaterials leads to a significant improvement in mechanical
strength, tensile strength, modulus of elasticity of armored materials. Nanomaterials also
contribute to energy absorption. When reinforcing with nanomaterials, it is necessary to pay
attention to such parameters as size, morphology, distribution of nanomaterials in the polymer
matrix. Control and regulation of the above parameters affects ballistic protection and energy
absorption by tissue nanocomposites. By optimizing the parameters of filling with nanomaterials,
it is possible to obtain ultra-strong armor material [20].

The requirements for enhanced armor reactivity include improved nanoscale properties of
composite materials, such as reduced weight, high strength, increased durability, enhanced
reactivity, and the ability to modify or adjust specific characteristics [20]. To protect heavy
machine guns from fire, structural features of composite armor are proposed [21]. The design
proposed by the authors for both small-caliber and large-caliber bullets consists of a crushing-
deflecting layer made of a superhard ceramic material. Ceramic elements are made in form of
cylinders with hexagonal belt. The presence of a hexagonal belt prevents the penetration of small-
diameter armor-piercing bullets through this layer. Ceramic elements are assembled in one row
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and fixed with polymer material. The retarding layer can be made of various fibers, a polymer
matrix. The main outer layer is made of durable fabric using Rusal thread. When creating
composite armor material, the outer layer is immediately installed after the polymer fills the upper
surface of the ceramic elements. Good adhesion of the outer layer to the polymer matrix is
achieved. Other designs of armored materials are also given in the work, as well as their advantages
and disadvantages are described.

Various composite materials for shatter resistance and impact resistance have been studied in
[22]. It is known that when creating a composite material, the property of the product is
significantly influenced by the polymer matrix. In this work, three types of matrices were studied:
ED-20 epoxy resin and an amine-type hardener; polyurethane polymer; polyolefin thermoplastic.
A Ruslan (58.8 tex) aramid yarn fabric was used as filler for all three composites. In the shatter
resistance test V50, a positive result was obtained on a composite based on a thermoplastic matrix.
V50 (m/s) of the composite under study was 538, using a plain weave fabric of Ruslan thread as a
reinforcing material. But the main disadvantage of this polymer material is its destruction under
the influence of heat, oxygen, ionizing radiation. As a result of these effects, the composite material
becomes brittle over time. This inevitably leads to a reduction in the life of the article made of this
composite. An intermediate result of V50 (m/s) was obtained for the composite based on the
polyurethane matrix of 457, which is also not bad. A low result was obtained with a composite
where epoxy resin was used as binder (V50 (m/s) = 391). However, when modifying the epoxy
resin, it is possible to change the structure of the matrix and significantly increase the impact
resistance of the composite [22].

One of the promising areas is the production of multilayer metal armor materials using light
metals [23]. These materials are characterized by high bullet resistance and structural strength
along with low specific gravity. The authors of the development produced a metal composite using
explosion welding technology. In this case, permanent metal connections are formed at the
interatomic level. To obtain a composite material of the composition B95+VT1-0+B95+VT1-
0+B95, a plane-parallel explosion welding scheme was used. An aluminum alloy was used as a
matrix. In order to improve the tactical and technical characteristics, an intermetallic layer was
formed in the structure of the composite material due to heat treatment. The thickness of the highly
hard intermetallic TiAl3 layer was 90-100 pum. The intermetallic layer was formed at a temperature
of 6250C for 300 hours. Ballistic tests of the developed material showed high results, which
demonstrates the prospects of the composite material. In work [24], an additional intermediate
third layer is proposed for the well-known armored protection design described in work [1]. This
layer has a ceramic-polymer composition. The ceramic filler consists of boron carbide powder,
silicon carbide, or hollow ceramic spheres. To reduce the mass of the intermediate layer and the
overall weight of the armor material, hollow spheres were primarily used. Polymer substances
were employed as binders. To maintain a consistent thickness of the intermediate layer, polymer
honeycomb structures were utilized. The proposed design with an intermediate layer improves
ballistic performance. Particular attention should be given to the work of the authors in [25], who
developed the third-generation Rusar-C fiber. This fiber exhibits high physical and mechanical
properties. According to [25], the developed fiber surpasses the well-known Kevlar fiber in terms
of specific breaking load (cN/tex). The tensile strength of Rusar-C fibers in microplastic (kg/mm?)
is 530-600, compared to Kevlar’s 380-400. The superior performance of Rusar-C fibers is achieved
through advancements in technological processes during fiber production. The dry-wet spinning
method was used in this study. The developed fibers are used to manufacture threads with linear
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densities of 29.4, 58.8, and 100 tex for special-purpose fabrics.

Tests on products made from Rusar-C fibers for anti-fragmentation resistance in general-
purpose body armor, compared to similar products made from Ruslan fiber, showed a 2%
improvement. When incorporated into a composite material with a polyurethane binder, the
developed fiber demonstrated a 10% increase in anti-fragmentation resistance (m/s), a 25%
increase in flexural strength (MPa), and a 25% increase in tensile strength (MPa) compared to
Ruslan fiber.

To provide military personnel with bulletproof vests with improved injury safety properties,
the authors of the work [26] propose to provide bulletproof vests with shock-absorbing support.
The developed body armor has pockets with armored panels with shock-absorbing properties.
Shock-absorbing support consists of rollers forming chambers made of polyvinyl chloride. Outside,
the roller is covered with a flock fabric, the inner part is covered with a polymer film of carbon
nanomaterial. A feature of the design is that each roller is filled with microspheres together with a
viscoelastic foam damper. The solution of the injury safety problem is achieved due to a certain
height of the shock-absorbing support, increased shock-absorbing properties of the support, the
presence of an internal coating made of a polymer film. This polymer film should contain at least
two layers of carbon elements, which include carbon nanotubes, graphenes and other
nanomaterials. Microspheres can have different diameters 20 - 103 nm - 150 - 103 nm.

The authors [27] have developed a method for obtaining a unique ceramic based on aluminum
oxynitride, which can be used for armored materials. To obtain said ceramic material, the starting
components are mixed in isopropyl alcohol medium. The initial components are used in the form
of powders of aluminum nitride and aluminum hydroxide (grade - chemically pure). Next, the
drying process is carried out, then the homogenization of the powders. The formation of aluminum
oxynitride takes place at 18500C temperature in a nitrogen atmosphere for 15 minutes. The
subsequent step consists in hot pressing at a temperature of 18500C, pressing time of 30 minutes
at a pressure of 30 MPa. The first step forms directly the formation of a chemical compound of
aluminum oxynitride for 15 minutes. A subsequent operation using a pressure of 30 MPa results
in compaction of the material and the production of a dense single-phase homogeneous ceramic.
In this method, a simple technology is used, which proceeds in one step. The selected 18500C
temperature significantly reduces the time of ceramic formation. Tests of ceramics showed the
following results: bending strength 255 MPa; Vickers microhardness 19.9 GPa.

Currently, research in the field of creating "liquid" armor is of wide interest. Earlier in this work,
the use of nanomaterials was indicated, which lead to an improvement in the ballistic
characteristics of body armor systems. The main component in the creation of "liquid" armor is
non-Newtonian liquid [28]. This liquid (STF), when subjected to its shock load or high speed, shows
an increase in viscosity and becomes solid. STF exerts great resistance to deformation in ballistic
strikes by distributing the force of impact over a larger area of armor. This significantly reduces
the likelihood of injury. STFs were introduced into such high-strength materials as Kevlar.

The authors of [28] STF impregnated natural fabrics that were used in body armor. Sisal fabric
with simple weaving was used as a natural fabric. During the studies, an STF liquid was prepared
at various concentrations of nanosilica in ethyl spiret: 10%, 20%, 30%. Mixing was carried out in
a magnetic stirrer and sonicated for 20 minutes. The homogeneous mixture was then placed in an
oven for 3-4 hours for baking at 1600C. When baking, personal ethanol evaporated. To impregnate
the natural fabric, the previously prepared STF mixture was further mixed with ethyl alcohol in a

ratio of 1:2. The resulting mixture was impregnated into the fabric by immersion.
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After the complete impregnation process, the fabric was placed in an oven to dry at 900C for
one hour. The STF-impregnated fabrics were then collected in a stack of 10 layers and stitched into
a diamond throughout the web. Analysis of the EDS of impregnated fabrics showed that at a silica
content of 10%, the impregnated fabric contained 1% silica, 80% carbon, and 18.6% oxygen. The
20% silica impregnated fabric assay contained 3.2% silica and the 30% silica impregnated fabric
from 3.2% to 4.6%. Ballistic tests of 3 batches of impregnated fabrics (10%, 20%, 30%) showed
the highest percentage of energy absorption (54.75%) in fabric impregnated with 30% STF. For
fabric impregnated with 10% STF - 38.66%; for 20% STF tissue - 51.29%. It has been found that
after the stress is removed, the viscosity of the STF returns to its original state. Research in this
area continues worldwide. This area of research is clearly promising.

Conclusion

An analysis of the scientific and technical literature showed that individual protection against
small arms is not always effective when the internal organs of a soldier are hit by fragments and
the residual energy of a bullet. The use of ceramic composite armor, consisting of two layers:
ceramic and advanced organoplastic, is promising. Kevlars of various brands have proven
themselves well as composite materials in body armor. However, when using composite materials,
there are disposal problems, in view of which some environmental damage is caused. The use of
natural materials instead of Kevlar fabric is also a promising area. Natural materials in their
ballistic characteristics are not inferior to the properties of Kevlar-based composite materials.
Natural materials have good breathability, easy to recycle, environmentally friendly. The use of
composite materials based on nanotubes is associated with their unique properties as high
mechanical strength. The use of nanotubes in composite materials for body armor will significantly
reduce their weight.A promising area is research on the creation of "liquid" armor. The use of STFs
also results in reduced body armor weight.
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Heri3zie/ireH KOMIO3ULUAJIBbIK OpOH/ABI MaTepualJiap YJKeH KbI3bIFYLIBLIBIK TyAblpajbl. by
YKYMBIC LI10JIy MaKaJsacbl 6OJIbIN TabbliaaJbl XoHe COHFbI 18 KblLaJaFbl FbIJIBIMHU XYMbICTAp /bl
KaMTHU/bl. 2KyMBICTBIH MaKcaTbl-0pOH/ABI MaTeprUa/apAbl XKacay OOKBIHIIA 3epTTeyJiep Typasibl
9/1ebu JepekTepAi kanbliay. KeBiapablH oapTypJ/i MapKajapblHa Heri3/ie/ireH KepaMUKaJbIK,
KOMIIO3UTTIK OPOHb NlepclieKTUBa/bl MaTepUuaaap 6oJibin Tabbliagbl. COHbBIMEH KaTap, TaOUFU
MaTtepuaaap Oa/UIMCTUKAJBIK KacueTTepi OOMBbIHIIA MOJMMepJi MaTepUalfaplaH KeM
Tycneuzi. 3epTTey >XoHe HaHOMaTepHa/JJap OChbl cajaja KeHiHeH KoJJaHbLIajbl. biperen
OepiKTiK KacueTTepiMeH epekKllesJeHeTiH KeMipTeKTi HaHOTYTiKileJepAi KoJJAaHy OPOHbABI
KeyJellesiep/iiH, MaccacblH auTapJbIKTakl TeMeHJeTyre MyMKiHZik Gepefi. /leHere apHaJifaH
HaHOMaTepuaJapAbl KOJIJAaHFAH Ke3Je OHbIH KaJbIHAbIFbl 15-35 ece TeMeHAeyli MyMKiH.
KapbuibicnieH joHeKepJiey apKblbl aJIbIHFAH KOIl KabaTTbl MeTaJll O6pOHb/bI MaTepHuaajap Aa
nepcreKTUBa/bl GOJIbIN TabblaaJbl. MeTass MaTepuaajap peTiHAe aJIOMUHUM KoHe THUTaH
CUAKTBI KEHIJ1 MeTanzap KoJAaHbLIaAbl. TepMUANBIK 6HJAEYy HOTHXKeCiHAe KOMIIO3ULUAJIBIK
MaTepuas/iblH KYpbUIbIMbIHJAA KaJblHAbIFBI 90-100 MkM O6ousiaTbiH TiAl3 wuHTepMeTasn
KabaTTapbel mnapja O6osiafbl. MeTaapablK KOCBLIBICTAp >KOFapbl (U3MKa-MeXaHHUKaJbIK
KacueTTepiMeH cUNaTTalaTblHbl Oesrisi. Bysa 3KyMbicTa CbIHBIKTapfa J»KoHe JKOFaphbl
KBUIJAM/BIKTBl COKKbIFA TO3IMJAIJIIKKe apHa/IFaH dpTYpJl KOMIIO3ULUAJIBIK MaTepUanjap
KapacCTbIPbLJIFaH.

Tyiin ce3aep: OpoHABl MaTepualZiap, KeKe KOPFaHbIC, 3aKbIMJAWTBIH 3JIEMEHTTeED,
CBIHBIKTAp, KOMIIO3ULUAJIBIK MaTepraaiap, KepaMuKa
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CoBpeMeHHbIE KOMIIO3UTHbIE GpOHEeMaTepHaJIbl

AHHOTanMa. B HacTosulee BpeMss KOMIO3WTHble OpoHeMaTepHa/bl Ha OCHOBe
KepaMUYeCKOT0 CJI0s, IOJIMMEPHbBIX U HAaTypabHbIX BOJIOKOH NPEJCTaBJ/SIOT O0/IbLION UHTEPEC.
JlaHHas paboTa sAB/seTCs 0630PHOM CTaTheM U BKJIIOUYAET B ce0s1 Hay4yHble paboThI 3a OC/IeJHUE
18 seT. Llenblo paboThl sABAsAETCA 0000LIeHHE JUTEPATYPHBIX JAHHBIX 00 UCCAeL0BaHUAX IO
co3/laHUl0 OpoHeMaTepuasioB. KepaMokoMNo3uTHasi OpOHS Ha OCHOBE pa3/IMYHbIX MapoK
KeBJlapa fIBJIsIeTCs epCleKTUBHBIM MaTeprasiaM. [Ipy 3ToM HaTypa/ibHble MaTepHasibl 10 CBOUM
0aJIJIMCTUYECKUM CBOWMCTBaM He YCTYNalT MOJUMEPHBIM MaTepuasiaM. lllupokoe npuMeHeHUe
HaxoJUT B JJaHHOM 06J1aCTH HCC/IeloBaHUs W HaHoMaTepuasbl. [IpuMeHeHUe YTJjiepOAUCThIX
HAHOTPYOOK, KOTOpPbIe OTJIMYAIOTCS YHHUKAJbHbIMU MPOYHOCTHBIMU CBOWCTBaMH, MO3BOJISIOT
3HAYMTEJbHO CHU3UTb Maccy OpoHexusneToB. [IpM ucnosb30BaHUM HaHOMAaTepUAOB [
OpOHEXUJIETOB MOXET YMEHbIIUTb €ero TOJIIMHY B 15-35 pas. [lepcneKTUBHBIMU TaKKe
SIBJISIIOTCSI MHOTOCJIOMHBbIE MeTa//INYecKhe OGpoHeMaTepuasibl, NMOJy4YeHHble METOJO0M CBapKH
B3pbIBOM. B KayecTBe MeTa//IMYECKHWX MaTepUaJOB MCIOJb3YIOTCA JIeTKMe MeTalJibl Kak
aJIIOMUHUM W TUTaH. B pe3ysbTaTe TepMUueCKOW 0OPabOTKH B CTPYKTYpe KOMIO3WUTHOIO
MaTepHasia 06pa3yoTcs uHTepMeTanndeckue ciaou TiAl3 tonmunon 90-100 mxM. U3BecTHO,
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YTO MHTepMeTa/JINYeCcKue COoeJJMHEHUS XapaKTepU3YITCSA BbICOKUM (U3UKO-MeXaHUYeCKUMHU
CBOMCTBaMHU. B HacTosmel paboTe pacCMOTpeHbl pas/iMYHble KOMIIO3WTHble MaTepHasbl Ha
IPOTUBOOCKOJIOYHYIO CTOMKOCTb U CTOMKOCTb K BBICOKOCKOPOCTHOMY YJapy.

KiroueBsble cj10Ba: 6poHeMaTepualbl, MHAMBU/yalbHas 3alMTa, IOpaXKaroliue 3JIeMEHTHI,
OCKOJIKH, KOMIIO3UTHbIe MaTepHaJibl, KepaMHKa.
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Rebranding of the Eurasian nomadic civilization: the importance of the
experience of historical nomadism in the context of climate change
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Abstract. This article is introducing the ideas of implementing thousands of
years old know-hows of the nomadic pastoralists of Kazakhstan to current
ecological conditions and challenges of our region. The nomadic pastoralist
lifestyle historically has developed in the conditions of arid and semi-arid
regions of the Eurasian continent (Eurasian Steppe). This lifestyle was designed
and perfected to deal with chronic seasonal droughts and shortages of water. It
relied on moving large herds of livestock, mobile architecture and
infrastructure, and nomadic technologies. In the modern era, when the cities
are overcrowded, while the economy and food security rely mostly on
agriculture, vast arid areas of land remain unused, producing zero value both
for humanity and the planet Earth. These wastelands were once a thriving
ecological system, where the nomadic pastoralism served as an engine for their
sustainability. But, once the nomadism was uprooted from those areas, and the
population was moved towards urban areas and an agriculture-based economy,
they degraded into lifeless deserts. By using the 21st century’s technologies,
architecture, engineering, energy sources, and materials, it is possible to
reintroduce the once-vital nomadic pastoral lifestyle into those empty
wastelands, turning them once again into vibrant ecological regions.
Keywords: eco-villages, eco-auls, yurt, nomads, nomadic pastoralism, arid
regions, nomadic architecture.
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Introduction

Biosystems are extremely unstable in the arid and extra-arid regions of Eurasia, with increased
solar activity and sharp continental temperature differences, where repeated droughts, extreme
shortages of water and vegetation, and wind erosion processes are typical.

This significantly limits human capabilities, requiring adaptation through special social and
technological solutions. In the historical perspective, starting from approximately four thousand
years ago, the basis of existence in these conditions became nomadic pastoralism. The Eurasian
nomadic pastoralism utilized the husbandry of the five animals - horses, camels, cows, sheep and
goats, which served as the origin of nomadic civilizations.

INDIAN
SUBCONTINENT
ARABIAN .

LA s PENINSULA

Figure 1. Approximate geographic span of the Eurasian Steppe. Map by D. Baidaralin

In the modern world, despite its relevance, this method of economy remains underestimated
in the large, previously nomadic zones, such as Kazakhstan and regions around the Ponto-Caspian
Basin. Attempts to introduce agriculture in these conditions are not only ineffective, but also lead
to long-term negative consequences: increased soil erosion, desertification, destruction of
biodiversity, and deterioration of the steppe, semi-steppe, and desert landscapes.

In the territory of Kazakhstan, with an annual atmospheric precipitation of less than 400 mm and
limited water reservoirs, nomads needed large pasture areas for large and small pastoralism. In
such arid zones, the population was small, 1-1.5 people per 1 sq. km. The marginal (peripheral),
sub-arid zones with a more favorable climate and diverse vegetation were more often areas for
settled agriculture, where a semi-nomadic economy was preserved (Pershits, 1961; Markov,
1976). These territories were characterized by a great diversity of economic structures: Central
Asia, Western and Southern Siberia, the foothills of Central Asia, river valleys, and lake regions on
the border of the arid zone of Eurasia; these marginal zones also belong to the semi-arid (steppe)
zones (see map 1). In such places, the ancient urban culture was preserved, through which the
Great Silk Way passed with its trade routes and places of travelers' stops (see maps 5-6).

The methodology

The climate of Eurasia formed in the post-glacial era, which in turn was formed in the Holocene
Era (approximately from 10,000 years ago to the present), changing significantly over the past
millennia (see Table 1 below). This led to the stabilization of the vegetation and soil cover and their
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nomadism in the context of climate change and aridization of the territories of Kazakhstan

composition, as well as the formation of the water networks, watercourses, rivers, reservoirs, etc.
The development of climate on seasonality, horizontal and vertical zonality (Shnitnikov, 1957;
Climate of Kazakhstan, 1959; Chupakhin, 1968).
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Figure 2. Map 1: Semiarid climate areas - semi-deserts, steppes, sometimes forest-steppe
temperate geographical zone.

There are several controversial discussions among various researchers about climate change:

The climate fluctuations in Eurasia were cyclical.

The Peterson-Shnitnikoz hypothesis, 1800-1900-year cycles of climate fluctuations.

3. A.V. Shnitnikov believes that this rhythm is divided into phases. The 1st, cool-humid phase of
300-500 years, an increase in river runoff, a rise in lake levels, and an increase in climate
humidification. The 2nd phase was a stage of dry and warm climate for a period of 1000 years,
leading to the retreat of glaciers, the drying up of swamps and weatlands, a decrease in water
spaces, and aridization of the climate in general. Shnitnikov suggests that between them there
were transitional periods of 100-300 years (Shnitnikov, 1957).

4. Movement from one landscape to another, most sensitive to climate changes - wetting or
drying, cooling or warming - marginal zones could be absorbed by areas, from them new
marginal zones could emerge along the periphery (Gumilyov, 1966; Veresh, 1979).

5. Those who denied the cyclicity of climate recognized non-periodic fluctuations (Laduri,
1971). Changes in precipitation led to shifts in zones. The general drought in the Afro-Asian region
in the 6th and 2nd millennia BC stimulated the development of agriculture and cattle breeding
(Nature and Resources, 1984). Similar droughts of the 60s-80s. The 20th century in North Africa
led to the aridization of the savanna-Sahel zone, desertification, displacement of agriculture, and
migration of the population to cities, changing their way of life and nutrition (Skury, 1984). Climate
change in marginal zones has historically led to adaptation of economic activity, life, and transition
to nomadism. In Kazakhstan, marginal zones around rivers, lakes, and foothills have been places
of a combination of settled and nomadic life.

s
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Table 1. Types of nomadic economy in terms of regional characteristics
(compiled by the author based on the book by Masanov N.E. Nomadic civilization of the Kazakhs,

1995)

Ne | Type of nomadic economy Material Dwellings Water resources

production

1 | 1st type of nomadic pastoralism is | The basis is | Yurts, tents, | Water was extracted from
intensive. Western and part of the Central | nomadic residential underground soils by means
regions of Kazakhstan - the extra-arid zone | pastoralism wheeled carts. | of captage, digging wells. In
is arid deserts, semi-desert regions | and the | Basic the 1st type with draw-wells,
without natural reservoirs with artificial | material stationary extended communities
sources of water, and the organization of | cultural settlements. prevailed.
production had its own characteristics. heritage  of
In the arid regions of Karkaralinsk and | the nomads of
Atbasar, cattle were 8-10%, sheep 64-68%, | the West-
camels a larger %, the rhythm of migration | Central
was increased, the amplitude of migration | regions of
was frequent with short stops, and labor | Kazakhstan.
costs were required to provide cattle with | There was no
water. agriculture or
In winter, they also arrived in waterless | fishing.
and snowless places, wandering all year
round. This type of economy had its own
features, lifestyle, social, production,
psychological relations, organizations, and
values. The status of a nomad had a high
status in the trend of nomadic culture.

2 | 2 types of nomadic pastoralism - | 2nd type of | In winter, they | In water reservoirs, when
moderate. Southern, Eastern, and North- | nomads with | farmed watering 500-1000 sheep, 2-
Eastern regions of Kazakhstan, nomads | natural water | stationary for | 3 people release them in
occupied mountainous and foothill areas, | usage, non- | 3-6 months, | batches of 300-500 heads
forests, steppe zones with developed, | pastoral and permanent | per hour.
natural surface water bodies and summer | farming dwellings In type 2, there were
precipitation. There were no wells. The | practices, prevailed: significant herds of sheep
rule of the first usage of water bodies (first | high costs of | stone, wooden, | and horses. There is an order
come, first served). labor and | turf, and raw | for watering in natural water
In Eastern and North-Eastern, Central | material clay. Household | sources (Ishchenko, 1928):
Kazakhstan, the volume of the economy | supplies, and | items and | 10-15 camels were watered
was significant. In the Akmola region, | stationary utensils first, and they drank
water supply was above 66%, the radius of | dwellings consisted of | carefully, without muddying
migration was 20-50 km one way with 3- | predominate; | materials the water. Then 10-15 horses
10 stops. The speed of migration was less | they live | unsuitable for | (before sheep, since they are
in relation to that of the 1st type, the stops | sedentary in | transportation. | very fastidious). The last in
were long, and the rhythm of migration | winter. They were | line were batches of 15-20
was slow. In the summer, they migrated no engaged in | sheep and goats, who are not
more than 13-16 km per day. farming  and | very picky, and who stir up
In Aktobe, Kostanay, and Pavlodar regions, fishing. the water with their hooves.
which were rich in vegetative environment In type 2, large groups of
and water bodies, cattle predominated communities roamed, with
(23-30%) and sheep (38-46%). natural water reservoirs, and

the equality of the two forms
of communities.
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Rebranding of the Eurasian nomadic civilization: the importance of the experience of historical
nomadism in the context of climate change and aridization of the territories of Kazakhstan

The Kazakh people, numbering over 3.3 million in 1897, are an example of nomadic
civilization. Contemporary urbanization and increasing environmental change require the study
of the historical experience of nomads, especially in the creation of mobile architecture and
infrastructure, soil regeneration through pastoralism, and settlement systems.

The map of migration of Kazakh Zhuzes (nomadic tribal unions) developed by the author
shows the influence of climate on nomadism, housing architecture, and water supply. There are
two types of nomadic economy (see Table 2): intensive in the arid western and central regions (the
Younger and part of the Middle Zhuz), and moderate in the mountainous, forest and steppe
southern, eastern and north-eastern regions (the Older and part of the Middle Zhuz).

Zhuzes, as a single organism, contributed to the restoration of the ecosystem. The experience of
nomads is studied by modern researchers such as A. Savory (Permaculture and holistic
management), M. Akysh and M. Tuyakbaev (New Nomads and the Great Steppe), ecologist and
geophysicist Zimov S.A., architect D. Baidaralin, etc.

Various forms of nomadic pastoralism depended on types of system of water usage and how it
was extracted; the area, longitude, modes and rhythm of nomadic migrations; the predominance
and differences in the proportion of livestock species, agriculture and social form of labor. From
this, we observe social forms of organization, socio-economic features, and various forms of
material cultural value (Masanov, 1989). For a deeper understanding of the nomadic pastoralist
way of life, we will consider the migration features of the main Zhuzes, compiled by the author in
the tables and maps of the migration movement of the three Kazakh Zhuzes: Senior, Middle and
Junior.
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Figure 3. Map of migration of the Kazakh nomads of the Senior Zhuz (tribal union).

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N93(152)/ 2025 141
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



A.M. Baidaralina, G.D Maulenova, B.U. Kuspangaliev, D.Zh. Baidaralin

Orange color: main migrations area, blue color: main river valleys, red lines: main mountain
ridges. Compiled by the author per Masanov N.E.

The map of the Senior Zhuz covers the mountainous and foothill areas of the Dzungarian and
Zailiysky Alatau, the Kyrgyz Range and Karatau, the area between the Chu and Talas rivers, as well
as the upper and middle reaches of the Syr-Darya River. The pastural grazing areas could have
passed along the path of ancient cities such as Koylyk, Dungene, Talgar, Almaty, Suyab, Taraz,
Otyrar, Turkestan, Kulan, Merke, Sygnak, Balasagun, and Sauran. The Silk Way passed through
some of these ancient cities.
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Figure 4. Map of the migration of the Middle Zhuz (tribal union). Compiled by the author per
Masanov N.E. Includes the basins of the middle reaches of the Irtysh River, lower and middle
reaches of Ishim, Turgai, and Tobol Rivers

Kazakhs of the Middle Zhuz grazed their livestock in the arid zones of deserts and semi-deserts,
as well as the regions of the Prisyrdarya region. For meridional nomadism in the north of
Kazakhstan, forest-steppe zones, foothill plains and lowland areas of mountains; and for vertical
nomadism, they roamed in river valleys, areas near lakes. In meridional nomadism, the summer
pastures were located in the steppe zone, where there was good precipitation. The low and high-
altitude territories on alpine and subalpine meadows were better suited to the vertical nomadism
of the Middle Zhuz (MKZ. T. .-XI], etc.).

The time of the annexation of the Middle Zhuz to Russia is the middle of the XVIII century - the
middle of the XIX century. Map 3 (developed by the author), shows the location of nomadic
migrations of Kazakhs of the Middle Zhuz, where they may have passed nearby among ancient
cities like Khakan, Egendibulak, Bakamyr, Yagnikent, Sygnak and other settlements.

During pastoral migrations, they covered the territories of Central, Middle and Eastern
Kazakhstan, parts of the southern and middle reaches of the Syrdarya River, the areas from west
to east of the Irgiz-Turgai-Tobol rivers to the Western Altai and Tarbagatai, from south to north of
the middle reaches of the Syrdarya, puystini Betpak-Dala, parts of Balkhash, etc., see table 5 above.
The territories of Western Kazakhstan belonged to the nomads of the Junior Zhuz. The borders
from the Irgiz - Tobol - Turgai - Mugozhary river bands to the eastern end of the Caspian Sea and
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Rebranding of the Eurasian nomadic civilization: the importance of the experience of historical
nomadism in the context of climate change and aridization of the territories of Kazakhstan

the lower reaches of the Ural River in the latitudinal direction, etc. the exact description is
described and shown in Table 5 and Map 4, (Masanov N. E. Nomadic civilization of the Kazakhs:
the foundations of nomadic society. 1995).
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Below are Table 6 and Map 3, compiled by the author, which indicate the territories of nomadic
Kazakhs of the Middle Zhuz according to Masanov N.E. (Nomadic Civilization of the Kazakhs, 1995).

Figure 5. Map of the migration of the Junior Zhuz (tribal union). Compiled by the author per
Masanov N.E.
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Table 2. Territories of nomadism of three Kazakh Zhuzes (tribal unions), (compiled by the author
per Masanov N.E., 1995)

Senior Zhuz

The Kazakhs of the Senior Zhuz traditionally occupied the territory of Jetysu (Semirechye), in
particular the Ili River basin and its numerous tributaries, the foothills of the Dzungarian and
Trans-1li Alatau, the Kyrgyz ridge and Karatau, the interfluve of the Chu and Talas, as well as the
areas of the upper and middle reaches of the Syrdarya.

Winter pastures were located in the plains of the region in the sands, foothill and river valleys,
and low-altitude areas with rugged terrain. Summer pastures in vertical nomadism were located
in the mountainous and high-altitude areas of the Dzungarian Alatau and the western spurs of the
Tien Shan, and in meridional nomadism along river valleys and lakes (MOT. Vol. [I—IV, etc.). The
approximate number of Kazakhs of the Senior Zhuz at the turn of the XIX—XX centuries was about
700 thousand. (see: HaverdovSt. Petersburg, 1803.; Spassky, 1820.; Tynyshpaev, 1925. and
others). According to the folk genealogy (shezhire), the Kazakhs of the Senior Zhuz were divided
into the following tribes: Zhalair, Oshakty, Dulat, Kangly, Sary-Uysun, Shaprashty, Shanyshkly,
Ergeli, Ysty, Alban, and Suan. The place of Katagans, Bestamgalas, and a number of other groups
in this structure is not entirely clear.

Middle Zhuz

The Kazakhs of the Middle Zhuz traditionally occupied the territory of Central, Northern and
Eastern Kazakhstan, as well as partly Southern Kazakhstan along the middle course of the Syr-
Darya. In latitudinal terms, the nomadic sites covered almost the entire area from the Irgiz—
Turgai—Tobol watershed to Western Altai and Tarbagatai, and from south to north — from the
middle reaches of the Syr-Darya, the Betpak-Dala desert and the northern tip of Lake Balkhash to
the southern reaches of the West Siberian Plain, occupying almost the entire territory of the
Turgai Plateau, Central Kazakhstan Hillrocks, river basins of the middle reaches of the Irtysh,
lower and middle reaches of the Ishim, Turgai and Tobol, and reaching the Kulunda and Ishim
steppes.

Junior Zhuz

The Kazakhs of the Junior Zhuz traditionally occupied the territory of the entire Western
Kazakhstan from the Irgiz-Tobol-Turgay-Mugodzhary watershed to the eastern end of the Caspian
Sea and the lower reaches of the Urals in the latitudinal direction and from the lower and middle
reaches of the Syrdarya to the Urals and Tobol in the meridional direction, capturing a vast
territory including the Mangyshlak Peninsula, the northern part of the Ustyurt Plateau, the eastern
part of the Caspian Plain and the General Syrt Upland, the Emba and western part of the Turgay
Plateau, the southern end of the Ural Mountains, the Mugodzhary, the northern part of the Turan
Lowland and the northern coast of the Aral Sea.

The winter pastures of the Kazakhs of the Junior Zhuz were mainly located in the desert and
semi-desert zones, sands and river valleys, the coastal strip of the Aral Sea, the Syr-Darya, the
Urals and their numerous tributaries and branches of rivers.

In winter, livestock grazed in desert and semi-desert areas, sands and river valleys, the
coasts of the Aral Sea, Syr-Darya and Ural rivers, and their tributaries. Pastures concentrated in the
summer were maintained in the steppe zone, in the valleys of the Turgay, Irgiz, and Tobol rivers,
on the Emba and Turgay plateaus (Blaramberg, 1848; Meyer, 1865).
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Map 4 shows the areas of nomadism of the Kazakhs of the Junior Zhuz, covering Western
Kazakhstan and meridionally extending towards the river junctions of the Urals, Tobol, etc. The
following ancient cities existed along the path of nomadic Kazakhs of the Junior Zhuz: Saraichik,
Yagnikent, Jent, Urgani, Sygynak, which are shown on maps 5 and 6 below.

The nomadic way of life determined the low population density (0.5-2 people/sq. km) and
multi-level organization. Three large associations were formed: the Senior, Middle and Junior
Zhuzes, which occupied vast territories of modern Kazakhstan and adjacent regions.

The Senior Zhuz was located mainly in southeastern and southern Kazakhstan, part of central
and northern Kazakhstan; the Middle Zhuz in Dzungaria, Western Siberia, and Central Asia; the
Junior Zhuz in Western Kazakhstan, and part of it - in Southeastern Europe and the Urals.

The Great Silk Way passed through the territory of Kazakhstan, and the following fortified
cities stood along its routes: Khakan, Imakia, Egendybulak, Koylyk, Talgar, Dungene, Suyab, Taraz,
Merke, Kula, Almaty, Otyrar, Turkestan, Sygnak, Yagnikent, Jend, Saraishyk. These walled and
guarded cities were centers of trade and crafts for the settled population, contrasting with the
nomadic world outside, where nomads led difficult lives subordinated to the needs of nomadic
pastoralism.

The dwellings of the nomads of Kazakhstan were functional and comfortable solutions that
corresponded to the lifestyle associated with constant movement. The development of settlement
and agriculture has led to the construction of more permanent homes. However, mobile traditions
such as yurts continued to be preserved in the culture and are still a symbol of Kazakh nomadic
culture.

Portable yurts and stationary sedentary stone houses reflect not only everyday life, but also
the social, economic and climatic features of the era. Each dwelling was associated with the lifestyle
of its owners and their interaction with nature. Studying these dwellings helps to better
understand the culture and philosophy of nomads, as well as the role they played in the history of
Central Asia.

Nomad dwellings - portable, stationary, settled, etc.

Nomad migration distances - meridional, vertical, latitudinal, etc.

Composition of domestic animals - sheep, goats, horses, camels, cows.

Economic occupation: mostly nomadic, semi-nomadic.

Type 1 - arid zone is arid deserts, semi-desert regions without natural reservoirs, with artificial
sources of water (wells), and the organization of production had its own characteristics. In
material production, there were minimal stationary encampments; there was no agriculture and
fishing.

Water was extracted from underground soils using captage (bringing underground water
to the surface).

Type 2 - nomads occupied mountain and foothill areas, forests, steppe zones with developed,
natural surface reservoirs and summer precipitation, and did not build wells. The principle of the
right of first seizure of water reservoirs was in effect. In winter, they spent 3-6 months in a
stationary manner and ran a household, immovable dwellings prevailed - stone, wooden, turf, and
adobe. They were engaged in agriculture, farming and fishing.

The 2nd type of nomads with natural water use, the practice of non-pastoral farms, high costs for
labor and material reserves, and stationary dwellings predominated; they live a sedentary life in
winter.
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Table 3. Types of housing of nomads of Kazakhstan. Compiled by the author per Masanov N.E.,
1995)

I - PORTABLE DWELLINGS

The main type of dwelling of nomads of Kazakhstan in ancient and medieval times was portable structures
that were mobile and easy to assemble/disassemble. This provided nomads with freedom of movement from
pasture to pasture.

Yurt Kos Temporary field
residential structures
Kiiz Ui (yurt) is a traditional portable dwelling of nomads, | In summer time, | Smaller and simpler

the nomads moved
13-16 km per day.
if stayed only for
the night, the yurts
were not raised,
instead they put
together "kos"
(incompletely
assembled yurts)
from dome poles.

which is a symbol of the steppe world. It is a round structure
with a frame made of wooden elements and a felt cover. The
frame consists of vertical wall sections and a domed roof. It
was easy to understand and collect, which allowed nomads to
move from place to place.

Kiiz uy, kigez uy, kiez oy, terme uy, termya uy - various
regional names.

The yurt frame consists of wooden lattices, which were
installed in a circle. On them, they installed the dome poles
and the dome ring.

- The felt cover protected against rain, wind and cold. The
felt was made of sheep's wool, which provided good thermal
insulation.

- The size and structure of the yurt varied depending on the
social status of its owner. For poorer nomads, the yurts could
be small, while the rich and noble had spacious and multi-
room ones.

The yurt, thanks to its mobility and protection from harsh
weather conditions, was used not only by the nomads of
Kazakhstan but also by other nomadic peoples, for example,
by the Mongols.

I1 - STATIONARY DWELLING

In addition to portable dwellings, there were also more stable, stationary dwellings, especially in those cases when
nomads settled on a certain territory for pastoral rest, or if the region had sufficient resources (grass, water). They
were built especially in those places where they remained for a long time, or when natural resources were used
(for example, rivers or oases).

temporary dwellings were
used in case of short travels.
These could be light tent
structures, covered with felt,
and their variants. These
dwellings were most often
used in field conditions.

Brick or stone houses

Urban buildings

Brick or stone houses were common in some
settled areas of Kazakhstan. With the
development of agriculture and settlements,
nomads began to build more durable, weather-
resistant dwellings. These houses were more
stable and provided better protection from
extreme weather conditions.

In the medieval period, with the development of trade and
cities, for example, in such ancient cities as Taraz or Syghanak,
nomads began to build more permanent dwellings, which no
longer required constant movement. Materials such as stone,
brick, and wood were used here. In such permanent
settlements, it was possible to find houses with several rooms,
courtyards and specialized premises for storing goods.

III - RESIDENTIAL DWELLINGS

In the later period, when part of the nomadic tribes of Kazakhstan settled in one place, more settled forms of
housing appeared. With the development of agriculture, economy, trade and permanent settlements, nomadic
peoples began to build settled homes, cities and fortresses, some nomadic peoples began to transition to a more
sedentary lifestyle. During this period, housing became more and more stationary.

Features of construction and materials.
Building materials: wood was used for the frames of yurts and later houses. Leather, felt, fabric - a covering that
creates thermal insulation. Stone and clay were used for the construction of stationary houses. Construction
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technology: The lightness of the construction, as well as the ability to protect against cold, wind and rain were the
most important principles of construction.

Small residential houses

Stone and brick houses

Urban dwellings in the Middle Ages

Typical for many Kazakh
settlements are Auls:
villages, where small
wooden or brick houses
were built, with elements of
national design and layout,
corresponding to the
traditions of the Kazakh
people.

They were distributed in some
settled areas of Kazakhstan. With
the development of agriculture and
settlements, nomads began to build
more durable, weather-resistant
dwellings. These houses were more
stable and provided Dbetter
protection from extreme weather
conditions.

In the medieval period, with the
development of trade and cities, for
example, in such ancient cities as Taraz or
Syghanak, nomads began to build more
permanent dwellings, which no longer
required constant movement. Materials
such as stone, brick, and wood were used
here. In such cities, it was possible to find
houses with several rooms, courtyards and

specialized premises for storing goods.

Nomadic architecture in winter: special fences (wind walls) made of wood, stone, reeds,
brushwood, turf, and tents were built next to the wintering grounds, which were stretched
vertically on poles, and yurts were erected. Newborn livestock and young animals were housed in
wagons with people.

Movement in spring: As soon as the young animals got on their feet in a couple of days, it was
necessary to cover 110-210 km in a short time, the routes of movement were common and spring
pastures were quickly depleted by domestic animals. During the transition, nomads united in 2-4
Auls, and they covered 16-32 km per day, with short stops for 2-3 days, through 3-4 migrations.
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Figure 6. Main Kazakh cities in the Middle Ages

Encampment along the way: Short stops - yurts were set up for 2-3 days, for short-term ones
they put tents out of a yurt, they cover them with a koshma (cover material from felt), they make
a number of shelters covered with felt out of a yurt, they spend the night there, they did not put up
ayurt, because it took a lot of time. If it was hot during the day, they moved at night (Kuftin, 1926).

Summer - (I. P. Shangin) - in the Nura region, 1000 yurts gathered for the summer. Other
researchers encountered 30 auls, near Burul-Tokhoy, on the jailau over 400 auls, the auls were
large with 500-1000 yurts - where the khans and sultans roamed the pastures. In summer, they
roamed 13-16 km a day, stayed only for the night, did not set up a yurt, and made "kos" from uyks.
Winter - Nomads who wintered in the sands, snowless places, grazing from well to well, around
the main water source. When the Qystau (winter encampment) were located further in the sands,
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their wintering tactics consisted of moving deep into the sands at the beginning until mid-winter,
and by the end of the Qystau, after the snow cover had melted, back. They changed encampments
every 15-25 days.

The Great Silk Way had a vast impact on the development of Kazakhstan, uniting East and West
through trade, cultural exchange and the spread of technology. It stimulated the economic growth
of the region, facilitated the exchange of experience and traditions between different peoples, as
well as the development of cities, caravan-serais and infrastructure. The spread of religion and
culture, as well as scientific exchange, reflected in architecture, agriculture, medicine, and science
in Kazakhstan. Many cities on the routes of the Silk Way flourished and developed, some of them,
such as Taraz, Almaty, Turkestan and Saraishyk were transformed into modern cities. UNESCO
recognized the route of the Great Silk Way as a world heritage siteMaps 5 and 6 emphasize the
existence and development of the ancient cities of Kazakhstan, which flourished during the
nomadic civilization and were influenced by it due to the seasonal migrations of nomads.

Figure 7. Silk way cities on the territory of Southern Kazakhstan
(https://orda.kz/vlijanie-velikogo-shelkovogo-puti-na-razvitie-kazahstana-383495/)

Findings/Discussion.

As shown above, the nomadic civilization of Kazakhstan have accumulated thousands years
worth of know-how on survival in the arid and semi-arid regions of our nation. These
technological, architectural, and biological inventions and accommodations deserve to be studied
with practical purposes, as to how to possibly implement them in the near future to solve the
imminent ecological problems that Kazakhstan faces.

The climatic conditions in the region are worsening: the multi-decade droughts and water
shortages are inevitable in the following decades. Luckily, Kazakhstan has four thousand of years
of lifestyle, designed specifically for such conditions, namely the nomadic pastoralism (nomadism).
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Particularly, in Central Asia and Kazakhstan, the past nomadic knowledge of living in tight
connection with nature can form the ideological, strategic, and technological paradigm for creating
a sustainable economy in the arid climate. Namely, such emerging movements as Eco-Villages and
Eco-Auls (mobile village for nomadic pastoralism).

These settlements, combining traditional know-how and the 21st century’s technologies, could
contribute greatly to food and resource security, providing for a natural way of soil regeneration
and development of alternative energy sources (solar, wind, hydro, biochemical, geothermal, etc.)
in the conditions of an extra-arid climate.

Development of Eco-Villages and Eco-Auls in the now vast empty areas of Kazakhstan is a great
way to lessen the population and economic burden on the cities, create new occupations in
education and healthcare services, and also create mobile nomadic technologies. The study of the
nomadic civilization will allow the development of strategies for bringing back the nomadic way
of life, transformed for modern conditions, in order to provide for a sustainable future.

The pastures of Kazakhstan have enormously suffered from agrarian experiments within the past
50-100 years, which led to regional-scale desertification. But it is still possible to revive and
regenerate those lands through massive, large-scale nomadic pastoralism, as suggested by authors
like Masanov, Savori, Akysh, Tuayakbaev, Baidaralin, and others. It restores topsoil, grass pasture
diversity, water resources, climate, and provides oxygen as a byproduct.

The strategy developed by the author to maximally incorporate the heritage experience of the
traditional nomadic lifestyle into modern concepts of development includes the following main
principles and measures:

1. Conducting informational work on creating a positive image of Eco-Auls and their influence
on the ecology and economy of arid zones of Kazakhstan.

2. Development of the necessary infrastructure for comfortable living in Eco-Auls and Eco-
Villages.

3. Mass information campaigns about the advantages of nomadic animal pastoralism and Eco-
Auls.

4. Creation of comfortable living conditions outside the city, including the Internet, remote
education, mobile medicine, and ecological transport.

5. The development and introduction of affordable energy and water supply technologies.

6. Development of small and medium-sized businesses in the field of nomadic pastoralism in
Eco-Auls, and perma-culture in Eco-Villages.

7. Development and implementation of infrastructure for eco-tourism.

8. Educational and research centers focused on the development of Eco-Auls and Eco-Villages.

9. Regular information campaigns in education, healthcare, economy, transport and science to
strengthen positive trends, forming "eco-people” living in harmony with nature, like those of the
past nomadic civilization of Kazakhstan, which will play an important role in the development of
sustainable development not only in Kazakhstan, but also may become an example for many
countries.

Conclusions

The author proves the relevance of studying nomadic architecture to solve the problems of
climate change in Kazakhstan. The nomadic experience of Central Asia, living in symbiosis with
nature, can become the basis for creating sustainable Eco-Villages and Eco-Auls. These settlements,
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combining traditional knowledge and modern technologies, will ensure food and resource
security, soil regeneration and the development of alternative energy in the conditions of an extra-
arid climate. Eco-Auls are meant to decongest cities, provide new opportunities in education and
health care, and also create mobile infrastructure. Research based on the study of the nomadic
civilization of Kazakhs (N.E. Masanov and other authors) will allow the development of maps and
tables for the revival of the nomadic way of life, adapted to modern conditions. The task of the
generation is to ensure survival and prosperity in the conditions of droughts and water shortage,
creating favorable conditions for the development of Eco-Villages and Eco-Auls in Kazakhstan. It
is important to transfer knowledge and experience to the younger generation in order to ensure
its sustainable future.

Regeneration of pastures of Kazakhstan, which suffered from agrarian experiments and
desertification, is possible through large-scale nomadic farming, as suggested by authors like
Masanov, Savori, Akysh, and Tuayakbaev. It restores soil, grass, water resources, and climate, and
provides oxygen.The strategy being developed by the author to incorporate the experience of
traditional nomadism into modern development is described above.
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Asylgul Maksutovna Baydaralina - author and developer of the tables and three maps:
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"Map of the migration of the Junior Zhuz (tribal union)".
Daniyar Zhanatovich Baydaralin - assisted with the English translation of the article, developed
the map "Approximate geographic span of the Eurasian Steppe”, and contributed to the
development of the article’s subject matter.
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A.M.Banpapanuna* ,I'I.MaysineHoBa, B.Y.Kycnanrasiues, /I.JK.baingapaiux

K.H.Cambaes amviHdarbl Kazak yammuik 3epmmey mexHUKa/ablK yHUsepcumemi, Aamamola,
KazakcmaH

EypasusabIK KelineJsli epKeHUeTTi peGpeHAUHITeY: K/IMMATThIH, 63repyi »koHe Ka3aKCTaH
TePPUTOPHUSAIAPBIHBIH, APUAU3ALUACHI )KaFAaUbIHAAFbI TAPDUXU KOLINEHATIK
TIKipubecCiHiH MIHI.

AnpaTtna. By makasia KazakcTaHHBIH KellneJsi MalllblIapblHbIH MbIH/AFaH *KbUIJbIK “HOY-
xayJiapblH” 06i3/1iH aWMaKTblH, Ka3ipri 3KOJIOTUAJBIK >Kaf/laijapbl MeH cebenTepiHe eHri3y
OMJIapbIMEH TaHbICThIPabl. Keuinesi Mas miapyalbLIbIFbIHBIH 6Mip canThl Eypa3sus MaTepuriHiy,
(Eypasus pnanacblHbIH) KYpFakK >KoHe XapThblLlak KypFakK aMaKTaphl »KaFZlalblH/la TApUXU TYp/e
faMblZibl. Bys1 eMip casThl CO3bLIMa/bl MayChIM/JbIK, KYPFAaKUIbIIBIK [€H Cy TalllblIbIFbIMEH
Kypecy YLUiH a3ipseH/i xaHe xeTiazaipingi. Og ken Manbl Kellipyre, )KblJDKbIMaJIbl CoyJIeT IeH
MHPpaKypbLIbIMFa, KellNeJli TEXHOJIorusIapFa cyheHreH. Kasipri 3aman/ia, Kasiasap TinTi To/bIn
)KaTKaH Ke3Jle, 3KOHOMHKA MeH as3bIK-TYJIK Kayincisziri HerisiHeH kebiHece eriH
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lIapyallblJIbIFbIHA CYWEHIN )XaTKaH/Aa, KeH KypFfaK ayMaKTap NnaujajJaHblIMad KaJblll, afaM3aT
yuiiH ze, Kep nuiaHeTacsl ylIiH e HOJJiK KYHAbLIBIK TyAblpaabl. by mesi xxepsep 6ip ke3aepi
KellleJsi MaJl IapyallblKThIH apKacblHAAFbl TYPAKThIIbIFbIHbIH, KO3FaJATKbIILbl 00JFaH/bIKTaH,
TYJIleHI'eH 3KOJIOTUSAJIBIK, KyHesep 6ourad. bipak kewmmnesisik 6ys alkMaKTapZaH »OMBLIbIII,
XaJIBIK, KaJIaFa »KoHe eriH llapyallblIbIFbIHA HeTi3/ie/IreH 5KOHOMUKaFa KelIKeHHeH KeHiH, oJ1ap
YKaHCBI3 LIeJIlepre alHaaAbl. 21-FacbIp/blH TEXHOJIOTUAIAPBIH, COYJIET OHEPiH, MHKEeHEepPUSChIH,
’KaHa JHeprus Ke3/epiH XoHe MaTepUa/JapblH NakJajaHa OTBIpbIN, Oip Ke3zepi eMipiuen,
OoJsiFaH coJs1 60C KaTKaH >KepJiepre KellleJsi MaJ IIAPYyallblJIbIFbIH KaWTa €HTi3il, oJiapAbl
KaWTaZlaH Tipi 9KOJIOTUAJIBIK alMaKTapFa allHa/1AbIpyFa 60/1a/ibl.

Tyiin ce3aep: »skoaybLIap, 3KoaybLIZaAp, KHI3 YH, KellNeHJilep, Kelllesai Mal
lIapyallblJIBIFbl, KYPFAaK akMaKTap, KellIeJi cayJieT.

A.M.Banaapaauna* ,I'./I.MaysieHoBa, b.Y.Kycnanrasiues, J.)K.baiigapaiuH

Kaszaxckulli HayuoHabHbll Ucc1edo8amenbCKull mexXHU4ecKull yHugepcumem umeHu
K.U.Cam6aesa, Aamamvl, Kazaxcman

Pe6pe1-l/1m-lr eBpa3ﬂﬁCKOﬁ KO4eBOu LIUBUJ/IN3AIIUH: 3HAYECHHE ONIbITA HCTOPHUHYECKOTO0
KOY€BHHY€E€CTBA B KOHTEKCTE U3BMECHECHUA K/IMMATA U ApUAU3allUHA Teppl/ITopl/Iﬁ
Ka3axCTaHa.

AHHOTanmsa. B 3Toll cTaTbe NpejicTaB/eHbl WJAEU BHEJPEHUs ThICIYeJeTHUX ‘HOy-xay”
KOYeBbIX CKOTOBOJIOB Ka3zaxcTaHa B COBpeMEHHBIX 3KOJIOTHYECKHUX YCJIOBUSX WU MpobseMax
Haulero peruoHa. KoueBoil 06pa3 »XM3HU CKOTOBOJIOB UCTOPUYECKU PA3BUBAJICS B YCI0BUSAX
3aCylLIJIMBbIX U MOJ1y3aCyLUJIUBbIX perioHoB EBpa3uiickoro koHTHHeHTa (EBpasuiickas cTenb).
JTOT 06pa3 KMU3HU ObLI pa3paboTaH U YCOBEPIIEHCTBOBAH JJi OOpbObl C XPOHUYECKUMMH
CEe30HHbIMHU 3acyXaMH W HexXBaTKOW BoJibl. OH OCHOBBIBAJICS HA NepeMelleHUH 6OJIbLUINX CTa/]
CKOTa, MOOWJIbHOW apXUTEeKType U HHOPACTPYKType, a TaKKe KOYeBbIX TEXHOJIOTHUSX. B
COBpEMEHHYI0 310Xy, KOTJa ropoja IepeHacejeHbl, 2 3KOHOMHUKA U MPOJIOBOJbCTBEHHAs
06e30MaCHOCTb B OCHOBHOM 3aBHUCSAIT OT CEJbCKOTO XO3SWCTBA, OOLIMPHbIE 3aCyULJIUBbIE
TEPPUTOPUM OCTAIOTCS HEUCIOJb30BAHHBIMH, He MPUHOCS HUKAKOMW MOJIb3bl HU YeJIOBEYECTBY,
HU IJIaHeTe 3eMJisl. ITU MYCTOLIX KOTZA-TO ObLJIM MPOIBETAIIIeN 3KOJIOTUYeCKON CUCTEMOM, TAie
KOYeBO€e CKOTOBO/ICTBO CJYXKUJIO JIBUTATEIEM UX YCTOMYUBOCTU. HO Kak TOJIbKO KOYeBOM 06pa3
»KU3HU ObLI HCKOpPEHEH U3 3THUX PAWOHOB, a HaceJieHHWe IepecesieHO B TOpPOJCKHMe paloHbI C
OCHOBAaHHOW Ha CeJbCKOM XO035IMCTBE 3KOHOMMKOMN, OHHM JerpajupoBajd B 6e3KH3HEHHbIe
NyCcThIHU. HcCMosib3ysi TEXHOJIOTUM, APXUTEKTYPYy, HHXXEHEepHUI0, HCTOYHUKU IJHEPTUU U
MaTepuasibl XXI Beka, MO>KHO BO3POJAUTh HEKOT/|A »KH3HEHHO-BAXXHbBIM KOYeBOW 00pas KHU3HU
CKOTOBOJIOB Ha 3THUX MYCTOIIAaX, BHOBb NPEBPATHUB HX B KHUIAIHE >KU3HbIO 3KOJIOTUYECKHUE
pEeruoHsl.

KioueBble cj0Ba: 3KOJiepeBHM, 3KOayJibl, IOPTAa, KOUYEBHUKH, KOYEeBOe CKOTOBO/ICTBO,
3aCyIJIMBbIE pETHOHbI, KOUeBasi apXUTEKTYpa.
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Anpgarna. Byn mMakanaga KaszakcTranHgarbl JKYK TacbIMasibl  CaJIaCbIHBIH,
3KOJIOTUSIJIBIK, ~ TYPAaKThLIBIK  JKoHe  KOFaMJblK JleHCAyJIblK  CaKTay
MaceJsiesiepiMeH 63apa 0OaiJaHbIChl KapacTbipbliaZbl. COHbIMEH KaTap
KJAMMaTThIH >kahaHJbIK e3repyi >XoHe KoOpllaFaH OPTaHbIH HallapJiaybl
»KaFJalblHAA KOJIiIK CEKTOPbIH TYPaKTbl JaMbITy KaXKeTTiJiri 3epTTesiefi.
3epTTeyaiH e3ekTisiri KazakcTaH[arbl )KYK aFbIHbIHBIH, TYPAaKThl JaMybIHbIH
Heri3ri mpo6JieMasiapbl MEH MYMKIHAIKTEpiH aHbIKTAy, KOpIUIaFaH OpTaHbI
KaKCapTy JKoHe  3KOHOMHUKAJbIK THUIMAUIIKTI  apTThlpy  OOWBIHILA
NpaKTUKaJbIK wewiMaepai ycbiHy. Herisri Hasap NDapHUKTIK raszap
LIBIFAPbIHABIIAPBIH  a3alMTy MeH KOpllafFaH oOpTara KeJleTiH 3UAH/bI
TeMeHJeTyre ayaapbuiFaH. KeJslik IIbIFapbIHABLIAPBIHBIH, aya, Cy XoHe
TOMNbIPAK, CallacblHA TUTI3€TIiH Kepi acepi MeH oJiap/blH 3KO0XKyHesiepre 3ajal
KeJITipeTiHi 6asgHanaabl. COHBIMEH KaTap, JieHcayJ IbIKKa KeJIeTiH KayinTep -
TBIHBIC aJly aypyJiaphbl, KYPEK-KaH TaMbIpJiapbl >XYWecCiHiH OY3blIbICTAPbI
CUAKTBl MaceJieJiep erKeu-TerKeWsi cunarranajbl.3epTTeyie opTypJi
QHAJIMTUKAJIbIK 9JiCTep KOJIAAHbLIA/bl, COHBIH IlIiHAE CTAaTUCTUKAJIbIK
JlepeKTepAi Tanzaay, xaJblKapasblK TaKiprubesepAi casblCThIpMaJibl 3epTTEY
»K9He aFbIMJaFbl >KaF/lai/ibl Oarajiay »KoHe TUIMJAI mewmiMaepAi YCbIHY YIIiH
3KOJIOTUAJIBIK ’KoHe 3KOHOMHUKAJIBIK MoJesbJey dAicTepi. 3epTTey
HOTHXKECIH/le KeJIiK cajlachblH/aFbl 3KOJIOTUAJBIK KayinTepre »kayan 6epeTiH
TUIMJI CcTpaTerusjapAbl KaJbIITACTBIPY KaXKeTTirl FbIJIBIMU Herizze
basHAasaAbl koHe KasakcTtaHga Oys MacesesiepJi cascaT meH Taxipube
apKbLJIbI HIELY/IiH MYMKIH K0J1Aapbl KapacTbIpblIa/ibl.

Tyiin ce3aep: TypakTbl JaMy, »KacblJl TEXHOJIOTUS, KYK TacbIMaJbl, YK
arblH/APBI, KOJIiK KbI3MeTTepi.
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Kipicne

TpaH3UTTIK peJ aTKapaTblH Ka3aKcTaH YIlIiH Ka3ipri 3aMaHAaFbl eH, MaHbI3ibl MaceJieJIep/iH,
6ipi YK aFbIHAApBbIHBIH, TYpaKThl JaMyblHa acep eTeTiH ¢akTopJapAbl 3epTTey O60JiblI
TabbL1aAbl. Enzig Keslik ”HGpaKypblIbIMBI i1LIKI )K9He XaJIbIKapaJiblK )XYK TacbIMaJiiapblH TUIM/I
YUBIMAACTBIPY MEH 6acKapyfa apHa/IFaH HaKTbl CTpaTerusjiap MeH MexaHU3M/lepAi Tajam eTefi.
TypakTbl JaMy MakcaTTapblHa KOJ >KeTKi3y VIIiH >XYK aFbIHAApblH 0OackKapy OapbIChbIHAA
3KOJIOTUAJBIK, 9KOHOMUKAJIBIK ’KoHe dJIeyMeTTiK aclleKTiiepiH Telne-TeHiriH caKkTay MaHbI3/bl.
TypakTel gamy MakcatTtapbl (TZAM) 6ysn 2030 kbiFa AediH eMipAiH 6GapJ/blK caJjiajgapbiHaa
TYpPaKThl JJaMyFa KOJI XKeTKi3yre KoHe >kahaH/bIK AeHTeleri MaHbI3/bl Macesesep/i Lelyre
OaFbITTaJIFAH OYKiJIaJIEMIiK MiHIETTEP *KUBIHTBIFbI 60JIbIN TaObLIAABI [1].

BipikkeH YaTTap ¥ilbiMbiHbIH [lamMy 6affapaaMacel (BYY/IB) — 6yu asieMHiH 170-TeH acTaMm
eJliH/le >KYMBIC iCTEUTIH, TYPaKThI JaMyFa KOJI )KeTKi3y/li MaKcaT eTkeH BYY-HbIH »kahaH1bIK JamMmy
»estici. bBargapaama KefeiJikneH Kypecyre, TEeHCI3AiKTI a3alTyFa, cblbaiiac »KeMKOPJIbIKTbIH,
aJiIbIH  aJlyFa >KoHe MeMJIEKeTTiK 0ackKapy/Ja allbIKTbIKTbl HbIFAUTyFa OaFbITTaJIFaH.
Kazakcranga BYY/[b-MeH bIHTbIMAaKTACTbIK OpHaFaH COTTEH 6acTamn »KaJnbl KyHbl 200 MUJIJIMOH
AKII ponnapeiHaH acatbiH 200-meH actaM »xobajap Ky3ere acblpblLijbl. Byn 6argapsiama
Kaszakcranra TypakTbl JaMy MakcaTTapblHa KOJ KeTKi3y VIUiH KeJsieci GaFbITTap/la KeMeK
KepceTei. Atanm aWTKaH/a, 9JIEYyMeTTiK TeHCI3Jlik IMeH CeHIMCI3JiKTI eHcepy, XaJbIKTbIH
YKiMeTKe JereH CeHiMiH HbIFAaWTy, KOpllaFaH OPTaHbIH TYPaKTbLJIbIFbIH KAMTAaMachl3 €Ty KoHe
YKOFapbl HOTUXKeJli IKOHOMUKAJBIK, 6Cy /i bIHTaJIaHAbIPY CUAKTBI MaHbI3/bl cajlajlap/bl KAMTHU/bI

[1].

JOHE 3/1-AYKAT BINIM BEPY

1 KEAEAIKTI I, (bl ‘ JKAKChI JEEHCAY/IbIK CANATbI TEHAEPTIK
0l ' 3 4 5 TEHIK

NAMBIKTBI
KYMbIC XKOHE
IKOHOMMKANbIK 6CY

KIMMATTbIK BEABITWIIK, TYPAKTHI JIAMY o
13 O3TEPYIMEH KYPEC 16 ?ﬂll{‘lﬂ:K WOHE 17 YLLIH CEPIKTECTIK (&)
WHCTHTYTTAP Nt
%2 TYPAKTbI
-,
£ & AAMY
| MAKCATTAPbDI

1-cypert. 17 TypakThl famy MakcaTTapsl [1].

TypakTsl faMy TYKbIpbIM/IaMachl 3KOJIOTUAJIbIK, IKOHOMHUKAJBIK, 9J1eyMeTTIiK, M9JleHU laMy
MEH aJlaM KaKeTTiJliKTepi apacblHJaFbl aKblJIFa KOHbIM/Ibl TEHrepiMre KOJ1 KeTKi3y HjescbiHa
Heri3genred. TypakTbl JaMyJblH 3KOHOMHKaJbIK Kypamzaac OeJiri miekTteysi pecypcTapjbl
TUIMJI NalJa/laHyFa, JHEpPrusiHbl YHeM/Jeyre, 3KOJIOTUSJIBIK »KoHe MaTepuas/ibl YHeM/eNTIiH
TeXHOJIOTUSIapAbl Malla/laHyFa OaFbITTalfaH. OJIeyMeTTiK-MaJleHH KypaM/Jac MaJileHU >XoHe
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JKyk aFblH/IapbIHAAFb] TYPAKThI JaMy GaKTOpJIapbIH 3ePTTEY

9JIeyMEeTTIK KyHheJsiepAiH TYpaKTbUIBIFbIH CaKTay/[bl KoHe MNalJaHbl 9fji Gesayai Oinfipesi.
JKOJIOTHUSJIBIK KOMIIOHEHT Kasipri »koHe OoJiallak, ypHnakKTap YUIiH TabGuUfu Kyuesepaiy
TYTAaCTBIFbIH CaKTayFa OaFbITTaJIFaH [2].

TypakThl faMy KaFJalblH/a TacbIMa/lay SKOHOMUKAJBIK TYPFbIAAH TUIMJI 60J1a OTBIPHII,
KOpllaFaH OpTaFra KoHe KOFaMFa »aFbIMChI3 dcepJiepAi a3anTyzbl eckepyi kepek. 2KykK TacbIiMasibl
Ke3iH/le NApPHUKTIK rasjap ILIbIFapbIHABLIAPBIH a3aWTy, aya MeH CYJblH JIACTAHYbIH, K9He
YKaHAPTBLJIMANUTBIH pecypcTap/bl NaljajaHy[bl OapblHIIA a3alTy CUAKTbl TYpPaKThl JaMy
MaKcaTTapblHa KOJI KeTKi3y e apTypJii MoJesibJepAi KoJ1JaHa ajaMbl3.

- XKacen noructuka mogenbzepi (Green Logistics) - 6ys1 Mmogenb CO2 mblFapblHAbLIIAPbIH
a3alTyfa, OTbIH IIBIFBIHBIH a3alTyFa KoHe KasJbIKTapZbl a3auTyfa OafblTTasfaH. Oy yuIiH
3JIeKTp HeMece TUOPHUATI KeJliK KypasJapblH NaWjajaHy, *O0J KYPY YaKbITbIH >KoHE OTbIH
IIBIFBIHBIH a3aWTy YIUIH MaplIpyTTapAbl OHTAaW/JAH/ABIPY, TEMIPKOJI K9He Cy KOJIri CUAKTHI
3KOJIOTHUAJBIK Ta3a KeJliK TypJepiH 6apblHIIA Nal/alaHy YIIiH UHTepMOJa/b/bl TaCbIMasay /bl
JlaMBbITY YCBIHBLIA/IbI.

- AliHanmanbl s3koHoMuKa (Circular Economy) - mMaTepuanzap MeH KanTaMajapAbl KalTa
nai/jajaHy/ibl XKoHe KarWTa eHJey YLIiH 60C bIAbICTbI KaUTapy, TYPaKThl XKoHe KalTa 6HJe/eTiH
MaTepuaaap/bl NanjasaHy YCbIHbIIA/b.

- UHTepMoanbabIK TackiManay - ap KaZaMm/a WblFapblHAbLIAPAbI a3aUTy YLIIH 9pTYpJIi
KeJIiK TypJiepiH (TeMip, TeHi3 »kxoHe aBTOMOOWJIb) NMaijajaHy.

- biiokyeiiH xoHe 0T TexHosioTUsAIapbl (UHTEpHET 3aTTaphkl) - XKeTKi3y Ti36eriH HaKThI
yaKbITTa OakpllayFa >XoHe TYPAKThUIbIK TYPFbICBIHAH TacbiMasJay/bl OHTaWJIaH/bIpyFa
KOMEKTECE].

- DHeprusiHbl YHEMJEUTIH KeJliKTep - KeMipTeri i3iH a3alTy YVIliH 3JIEKTP KeJIiKTepiH,
CYyTeri YK KeJIIKTepiH koHe TUOpU/TI KeMesiepAi MalgaaHy. DJeKTP S9HEePTrUsACbIH YHEM/EYAe
KYH 6aTapesijlapbl CUSIKThI 6a71aMaJibl 9HePTUs Ke3/epiH NaijjajaHy YCbIHbLIA/bL.

- JKYK CBIMBIM/BUIBIFBIH K9HE YK TacbIMaJ/IblH OHTAWMJIAHABIPY - KeJIIK KypaJJapblH
TOJIBIK, TUEY dHe «60C KypicTepAi» a3alTy MaKcaTbIH/la KeTKi3y KecTeJsiepiH OHTaW/JaHAbIPY
apKblJbl TUIMAIIKTI apTTHIpY.

JJeb6ueTTepre MOay

Byrinri TaHza TypakThl JIOTUCTUKA CaJlacblHJa KeINTereH 3epTTeyJiep »xacaiafaH. Axu I,
Cupcu C o3 eHOeKTepiHAE 3KOJIOTUSJBIK, SKOHOMHUKAJBIK 9He 9JIeyMETTIK acHeKTijepAi
KaMTUTBIH TYPAKThl JJaMyFa acep eTeTiH Heri3ri ¢pakTopsap/bl aTan KepceTe/li, COHbIMEH KaTap
TYpaKThl NpaKTHUKaJap/bl 6acKapy/a MHTerpaluusiay/iblH KaXKeTTiJIIriH auTaasl [3].

bekrtac T, Jlanopt I'. «/lacTany MapmipyTU3alUsAaCbl Maceseci» aTThbl 3epTTeYy >KYMBICbIHJA
KeJIIKIIEeH >XYK TacbIMaJsJaFaH/la 3KOJIOTUSIFA 3USIH KeJTIpMEWTIH »KoJJapAbl Kajau TUiMAi
KOJIJaHyFa OOJIaThIHbIH, COHBIMEH KaTap 9pTYpJi *KaFAalapAarbl LIbIFbIH MeH TUIMAiIIK
apacbIH/aFbl Tene-TeHAiK KeHiHeH TyciHipineni [4].

An KanjbIKTap/Abl )KMHAy MEH KOJIIKTIH KYPeTiH »0oJJapblH TUIM/I oclapJjay MaceJecCiH
M.A. XaHHaH MeH T.6. aBTOpJiap apHaiibl PSO ojiciH maifjasaHbln, KalAbIKTapAbl KHUHANUTHIH
KeJIIKTep/liH, Kai/Jla, Kajal >XoHe Kall Ke3je Oapybl KEpeKTiriH aHbIKTAUTbIH *KaHA ToCiAAi
YCbIH/Ibl. MyHJIaFbl 6ACThI YKaHAJbIK - KaJIJIbIK )KMHAUTBIH »K9IIiKTep KaHIIAJAbIKThl TOJFAaHbIH
O6aKblyiay >kKoHe eH THUiM/i yaKbITThl TaHaal, )kuHay 60J1/1bl (TWL - eH »koFapbl KaJAbIK JAeHrei).
Bys1 azic apKbLibl KaJABIKTBI Jep Ke3iHze XUHayFa, »KOJIAbl KbICKAPTYFa >XoHE LUbIFbIH/bI
asaWTyfa 6osabl [5].
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ABTomarTaHzpblpy, 3aTTap UHTepHeTi (IoT) koHe yJIKEeH JepeKTep CUSAKTbl 3aMaHayHu
TeXHOJIOTUANIAPAbIH >KYK TacbIMa/llapblH TypaKTaH/JbIpyFa KaJjad bIKnaa eTeTiHiH WU. A.
Kpyrsnosa men A.Jl. KpuBoHOC 63 3epTTeyJ/iepiHZie KapacTblpa OTBHIPHIIN, OCbl TEXHOJIOTUAIAp/bl
eHTi3y/1iH NpaKTUKaJbIK MbICaJAapPbIH YChIH/BI [6].

Hanysa Pe3Huk »koHe T.0. 3epTTeyulijiep LUPKYJAAPJBIK 3KOHOMHUKA KOHLENLUSCHIHBIH
JIOTUCTUKAJIBIK NPOILeCTEPMEH OaillJIaHbIChIH aHbIKTAW OTBIPHIN, LIUPKYJISPJIbIK MOJIE/IbIe KoLy
Ke3iH/eT1 XKYK TacbIMa/IJapbIHbIH TYPAKThLIbIFbIH KaJlall apTThIpyFa 00/1aThIHBIH TaJKblJIaNu/bl.
ATanraH 3epTTeyulijiep KaJJbIKTapAbl 0OacKapy »KYHeCiH JKeTiiipy yIiH KeJiK >XoHe
JIOTUCTUKAHbl TUIMJI NMaWJanaHyAblH KOJJapblH KepceTKeH. bys Macesie TeK 3KOJIOTHUAJBIK,
TYpFblJa FaHa eMeC, 3KOHOMHUKaJbIK THIMJIJIK TYpFbICbIHAH Aa MaHbI3Jbl. Cebebi Aypwic
YWBIMJACTBIPbIIFAH TaCbIMaJl MEH KalTa 6HJeY WIbIFbIH/ABI a3aUThII, KOpPLIaFaH OpTaFa 3UsH/ bl
TeMeHJeTyre MYMKiHAIK Oepeai. MyHzaFbl macvimanday /102UCMUKACLIHbIH —MAKCAMbl
KaJAbIKTap/ibl WIBIKKAH >KepiHeH OacTam, CypbliTay HeMece KalTa ©HJey OpHbIHA JeWiHri
KO3FaJIbIChIH YUBIM/IACTBIPY. IFHU OYJI poliecc TabbICThl KOOEUTYTE, IIbIFBIHAbBI a3aUTyFa XKoHe
KOpllaFaH opTaFa KeJIeTiH 3UsSIH/Ibl TOMeH/IETyTe KeMeKTece/i. AJl YupKy/151p.ibl IKOHOMUKA — OYJ1
KaJIAbIKTap/Abl TacTaMal, KaWTa maijjajiaHy, KeHJey, 6HJey apKbLIbl TaOUFU pecypcTapAbl
YHEM/JIEN, SKOJIOTHUSIHbI caKTayAbl Kke3jeiji. CoHbIMEH KaTap 3epTTeyllijiep 6HJipic
/102UCMUKACbIH 3KOJIOTUSIMEH OalJIaHbICThIpa OTBIPBIN, «pecypcmap - 6HIIpic — mymbvlHy -
Ka/a0dvikmapdsl 6ackapy» *KyheciHJie TypaKThbl JaMy NPUHUUIITEPi HeTi3iHAe 6acKapy Kepek Aen
TYKbIpbIMAANbI [7].

Korapel KbUIAAMABIKTBI TEMIPXKOJJbIH KacCbll TeXHOJIOTUSAJIBIK WHHOBaLUAJApFa dCEpPiH
JIuneb C., Ysnsb 3., X3 3. «Rapid Transportation and Green Technology Innovation in Cities-From the
View of the Industrial Collaborative Agglomeration» aTTbl eHberiHzie 3epTTel OTHIPHIN, OHAIpiC
’)K9He KbI3MeT KepCeTy cajiajlapblHblH, OipJiecKeH KJacTepiH KaJbIITACTbIPYy/Jbl KapacTbIPFaH.
Kofapsel KblIJaMABIKTBl TEMIPKOJI K6JIiK HIBIFbIHAAPBIH a3alThill, MHHOBALMSl MEH >achLl
TEXHOJIOTUSIIapAbl JAMBITYFa K0JIJIay KepceTy YCbIHbLIa/bI [8].

TypakTbl AaMy eHiHAeri FbLJIBIMU 3€pPTTeyJiep KYK TacbIMaJAapbIHbIH, 3KOJIOTUSJIBIK,
3KOHOMMUKAJIBIK, KoHE dJIeYMEeTTIK acleKTiJiepiH KAMTUTBIH KelleH[i TICIIAIH MaHbI3/AblIbIFbIH
kepcetei. UHHOBayusAiap MeH TEXHOJIOTUsJAp TYPaKThl JIOTUCTUKAJIBIK KyWesepai KypyZAa
6acThl peJ aTKapa/bl. Keseliek 3epTTeyiep/iiH, NPaKTUKAIBIK TYPAKThl IPaKTUKaIap/bl €HTi3y
MeH 0JIap/iblH HapbIKKa 9CepiH b6aFrasiayFa 6aFbITTa/lybl MaHbI3/1bl.

9JlicHaMa

TeMeHnze KasakcTaHZarbl XKYK TacbIMas[JayJAblH 3KOJIOTUAJBIK Macesesaepl MeH JHYK
arblHOapbIHbIH  aFrblMdarsbl maadaysl xeacandsl. «KasakcTaH pecnyOJIMKachkl CTPaTervsJiblk
»KocnapJay >koHe pedopMasiap areHTTIrl YJATTBIK CTaTUCTUKa» OIOPOCBHIHBIH, MaJjiMzAeMeci
6oibiHIIA 2024 XbUIFBl KaHTap-llisgeje pecny6/vka keJjiriMen 589,9 MJIH TOHHaA »KYK
TacbIMaiAaHAbl, 6y 2023 KbUIFbI KAHTap-1IiAeaeri AeHreigex 5,8%-Fa apThIK.

Ochel Ke3eHJe KYK arHa/bIMbl 289,4 MupA T-KM Kypajabl, aFHU 2023 KblJIFbl KaHTapMEH
canbicThipranza 0,3%-rfa asaiifaHblH 1- KecTeJeH Galikayra 6oJiaZbl [9]. COHFBI XblIJAapAaFhl
»)KYK TacbIMaJIbIHbIH K6JiIeMi MeH KypblIbIMbIHA wWoJy: UHAYyCcTpUs koHe MHOPAKYPBIIbIM/BIK,
JlaMy MUHHUCTPJITiHiH MaJsiMeTi 60MbIHIIA, KazakcTaHa YK TacbiMasiay KeJieMi ecin KeJefi,
OyJl KopllaFaH opTaFa KbICbIMAbI KyuledTe/i. Herisri kesiik apTepusiapbl oHe oOJiap/blH
KoplluaraH opTafa acepi: Herisri »kyk arbiHAapbl CO2 wblFapblH/AbLIAPbIHA aUTapJIbIKTal acep
eTeTiH TpaHcKa3aKcTaHAbIK xKaHe baTeic Eypona Kestik fai3zepi apKblibl 6Te/l.
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Kyk arbIHAApBIHAAFbI TYPAKTHI IaMy GaKTOpJIapblH 3ePTTEY

KosijaHbL1aTBIH TEXHOJIOTUAIAp/Abl KoHe OJIap/blH, KOpllaFaH oOpTafa acepiH Oarajay:
KaszakcTaHHbIH K6eJliK KyWheciHJeri ecKi Au3esbJiK KO3FaJTKbIIITAP CUSAKTbl TEXHOJIOTUsJIAP
HIbIFAPbIHABLIAP/bIH, XKOFAphI JleHreliHe ue, oJ1ap KaHFbIPTY/bl )XKoHe 6ajsamMa OThIH TypJiepiHe
KOLIyAi Tajan eTexi.

1-kecTte. OHipJsiep 60MbIHIIA 2024 KbLIJIbIH KaHTap-UIiJ/le aliJlapblH/aFbl )KYK allHa/IbIMbl

Ne OHipsep ’Kyk allHa/IbIMBIHBIH, ANbI3/bIK,
yJieci

1 Kericy (22,8%)
2 CoatycTik KasakcraH (12,8%)
3 IIeirbic KazakcTan (12%)
4 YabiTay (11,3%)
5 A6an (10,2%)
6 AKTo0e (7,9%)
7 baTtbic KazakcraH (7,4%)
8 KaparaHzpl (6,6%)
9 AxMoJia (5,4%)
10 TypkicTtan (52%)
11 AsnMaThbl (4,9%)
12 Kocranai (3,5%)
13 MaHFbICcTay (0,2%)

Eckepmy: Kecmedezi masnimemmep stat.gov.kz catimviHaH anviHFaH [9]

OHipsiep Oo#biHIIA 2024 KbUIJbIH KaHTap-lIiiJe aljapblHAA >KYK alHaJbIMbIHbIH,
TeMeH/leyi balKas/bl

HyK arHaibiMbIHbIH NMamMbi3AblK y/iecCi

ornos 3 03¢ ,
4 90% 3,.50% _p.20%

2024
Aryas 5,20%

12,50%

= HeTicy = ConTycTik Ka3saxkcraH Wibifbic KasakKcrad
¥YabiTay = ABan = AxTebe

= BaTtbic Kasaxkcrax = Hapafasabi = Axmona

= TYpPKICT2H = AnmaTbl = Kocranan

MaHfFbicTay

2 - cypeT. OHipJsiep 60¥bIHLIA 2024 KbLIABIH KaHTap-11iJ/ie alJapblHAAFbl }KYK alHaJIbIMbI
Eckepmy: stat.gov.kz calimviHaH a/biHFaH depekmep Hezi3iHde KypacmulpblaraH [9]
KopwaraHn opmara sHcaHe Xxa1blKkmolH 0eHCAY1bIFbIHA cepi
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2Kyk TacbiManbiMeH 6ailJIaHbICThI ayaHblH, IaCTaHYbl MbIHAJIapFa Kepi acep eTexi:

KofraMablK feHcaysblK cakray: KeJslik KypasZapblHbIH IIbIFApPbIHABLIAPBI THIHBIC aJly
OpraHJiapblHbIH, aypyJlapblH, XYPEK-KaH TaMblpJjapbl MOpobJieMasapblH >oHe 6acka /Ja
CO3bLJIMaJIbl aypyJiapAbl TYAbIPYybl MYMKIH.

KopiuafaH opTa: aBTOKeJIIK LIbIFapbIH/AbLIAPHI aya CallaCblHbIH HalllapJayblHa, TONBIPAK I1eH
cy/la 3UsIHJbl 3aTTapAblH >KHWHaJyblHA bIKNAA eTeji, OyJ 3KoXKyiesepji, acipece keJik
YKOJIJapbIHBIH, MaHbIH/A Oy3a/bl.

JlyHuexy3ijik JeHcayJsblK cakKray yWbIMbIHBIH (/1Y) 3epTTeysepiHe caliKec, KeJiKTeH
ayaHblH JlaCTaHybl KaJja TYPFbIHAAPBIHbIH, [JEeHCAyJIbIFbIHbIH, HallapJayblHbIH  HeTi3ri
cebenTepiHiH 6ipi 60JbIN TabbLIA/bI.

OTBIHABI K9HE pecypCThl KONl KaXKeT eTeTiH TeXHOJIOTHUsJap/bl YTbIMCbI3 MalJajiaHy
MaceJieci

OThIHAB!I YTHIMCBI3 MaWJaJiaHy >KoHE MKYK TacblMajJayZa YHeM/Ji TeXHOJIOTUsJIap/blH,
Y)KOKTBIFbl OTbIH IIBIFbIHBIH apTThIPaZibl, OYJ1 MAapHUKTIK ra3jap UbIFapblHAbLIAPbIHbIH, 6CyiHe
dKeJie|.

PecypcThbl Kell KaXKeT eTeTiH TEXHOJIOTHsIJIap NPo6JieMachl xkoHe 3JIEKTPOMOOUJIb/iep HeEMece
CyTeri OTbIHbI CUSIKThI 6a/1aMa OThIHFA Halllap 6erliMeny Ae TYpPaKThl )KYK TacbIlMaJsiblHA KOy /i
0GaceHJeTe/li.

KasakcTaH/a 3KOJIOTUSIJIBIK, YKaFAaibl )KaKcapTy OOMbIHIIA GaFaapJiaMasapAblH 60/ybiHA
KapaMacTaH, 3Heprus YHEMeUTiH TEXHOJI0TUsIap/bl eHri3y TOMEH JleHrel/le KaJlbll OThIp, Oy
K6JIiK CEKTOPbIHbIH, JIaCTaHYbIHbIH aUTapJIbIKTall TOMEH/eyiHe X0J 6epMeui.

KazaxcmaHdarbl Kesik canacbiHOarFsl Hezidei aacmayuibl Kesoep:

Jlvu3esibJliKk OTBIHMEH »KYMbIC iCTEHTIH YK KeJlikTepi MeH 6acKa keJiikTep/ieH CO2 xoHe 6acKa
Jla 3USAHAblI 3aTTapAblH (MbIcasibl, a30T OKCHU/ATepi, KeMipTeri KOCBLIbICTapbl >X9HE KATThl
OeJilIeKTep) WbIFAPbIH/bLIAPbI.

EckipreH TexHoJiOTHAapAbl )XoHe THUIMALIIrT ToMeH KO3FaJTKbIITapAbl ai/jajaHy OTbIH
IIBIFbIHBIHBIH, )KOFapblJlayblHA XKoHe 3USH/AbI 3aTTAap/blH LIbIFAPbLIybIHA dKeJEe/|.

KP Kopiraran opTaHbl KOpFay MUHUCTPJIITIHIH, MaJjliMeTiHIIe, KoJliK AJIMaThbl )koHe AcTaHa
CUSKTHI ipi Kas1asiap/iaFbl ayaHbl JIaCTAWUTbIH HeTi3ri 3aTTap/blH, 6ipi 60/1bIN TabblaaAbI.

JloczucmukaHblH mypakmsl 0aMyblHbIH XAJblKAPAAbIK Mmaxcipubeci HezidiHde apmypai
endepdezi wbiFapulHIbLIAPObL a3alimy 6arblmblHOA JHCy3e2e AcblpblaFaH cobasap: Eyponasnbik
Opak engepinge kesik KbiaMmeTiHeH CO2 HIbIFapbIH/bLIAPbIH a3aliTyFa 6aFbITTa/NFaH «Kachl XKYK
Eypona» 6afjapsiaMacbl 6ap. bafjapsiaMara KaTbICaTblH KOMIAHUsJIAp >Kacbll KeJliKTepAi
nai/jasaHy »oHe MaplUpyTTap/bl OHTalJIaHAbIPY apKblbl XXeTKi3y Ti3beriHzeri kemipTeri i3iH
eJIlIeyTe >KoHe a3alTyFa MiHJeTTi 6oJibll TabbLIaAbl. [epMaHuss MeH HujepsaHablja 3JeKTp
YK9He MOPU/ITI XKYK KOJIIKTepiH eHri3y kelbip 6aFbITTap/arbl WbIFapblH/bLIApAbI 25%-Fa JleliH
TeMeHleTTi [10]. llIBenusaa Scania >xaHe Northvolt xo06ackl anbic KalIbIKTBIKKA TacbIMaJiay
YlIiH 6aTapesiMeH KyMbIC iCTEHTIH YK KeJIIKTEePiH »acay »K0Jifa KoibLIFaH. bys TexHosi0rMs1ap
Ka3ipZiiH e3iHJle [A9CTypJi [Au3esibJii  KYK KeJIiKTepiMeH cajbICThIpFaHJa KeMipTeri
IbIFapbIHAbLIapbIH 50%-/4aH acTaMfa a3alTThl.

AK]IlI-Ta KopuiaraH optanbl Kopfay areHTTiri (EPA) icke kockan SmartWay 6araapJsiamMmachl
KOJIIK KOMIIaHUAJIapblHA OTBIH THUIMJIIITIH apTThIPy apKblibl LIbIFAPbIHABLIAPABI a3aUTyFa
keMeKTece[i. YKakcapThblIFaH a3poJAMHAMHUKA/bIK TEXHOJIOTUSIAP JKoHe OajsiaMa OThbIHFA KelIlly
6af/jap/ilaMachl HOTUXKECiIH/ e KOMipPKbILIKbIJI I'a3bl LIbIFAPbIH/bLIAP/ibl 72 MUJJINOH METPUKAJBIK
TOHHA a3aWTThI [11].
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Kyk arbIHAApBIHAAFbI TYPAKTHI IaMy GaKTOpJIapblH 3ePTTEY

HaTuxesiep MeH TaJIKbLIayJ1ap

Ocbiran opai Kaszakcranzia »KykK TacbIMajaZayZia >Kacbll TEeXHOJIOTHUSAJApAbl €Hri3y
nepcreKTHBaIapblH OaFasay 60MbIHIIA MaMaH/ap apacblH/a cayaJHaMaJlblK Talay Kyprisiiai.

En nepcnekTUBasbl )acblJl TEXHOJIOTUAIAP, 0J1ap/Abl eHri3yeri Kejeprijep koHe bIKTUMaJl
KO0J1/jay LlapaJjiapbl TypaJbl capanTamMa yprisingi. CapantamMma KOpbITBIHAbICEl OOWBIHILIA KOJIiK
JIOTUCTUKACHI, TeMip »KOJI KeJiiri, aBTOMOOUJBJIK XYKTepZi TacbiMasJay, 3KOJIOTHUS >KoHe
TYpPaKTbl JaMy, KeJiK 3KOHOMHUKAChl, >KacblJl TEXHOJIOTHAJApAbl 93ipJey KoHe eHri3y,
MeMJIEKETTIK peTTey »XKoHe cadcaT >KoHe TaFbl Ja 0acka OafFbITTap OOWBIHIIA MaMaHZap
KaTbICThIPbLI/bI.

Capanmama HomudiceciHOe KeJliK /102UCmuKacbiHblH MamaHdapbl 50%, memip dxHcon kesiei
MmamaHdapwviHbly  yaeci 30%, 3kosn0z2usi dHcaHe mypakmul damy 6olviHwa 10%;  Hcacwia
mexHo/102us1ap0bl 33Ip.J1ey KHcaHe eHzi3y canacbiHdarsl mamandap 10% Kypadeoil.

3- cyper. CapanTamara KaTbICKaH 4 - cypeT. KasakcTaHzarbl JKYK
3KCIEePTTEeP/iH NanbI3/IbIK KepceTKilTepi TaCbIMaJ/IZidy YIIIH €H IEPCIEKTHUBAJIbI )KaCblJI
TEXHOJIOTHUsIap

KasakcTaHZarbl )KYK TaCbIMaJIblH 3KOJIOTUAJIAHABIPY MAKCaTbIH/A €H NepCIeKTUBTI XaChlJl
TEXHOJIOTUSIJIAp/bl aHBbIKTAy/blH HOTIKeCi KeJseciied 60Jibl. JJIEKTp TapTy KyHeJsepi
(a;1exTpoBO3Aap MeH aneKTpodypanap) - 46,7% Kypan eH TuiMAi fen TaHbLIAbL OfaH KeniHri
OpbIHAApAA TMOPUATI TEXHOAOTUSAIAD (AU3eb-3JIEKTPJIK JOKOMOTUBTEP MEH XKYK KOJIiKTepi) -
20%, 6uonuzennb - 15%, coirbliran Taburu ras (LNG) - 11,7%, an cyTeKTi OTbIHMEH KYPETiH
KeJslikTep - 6,6% yJiecTi Kypa/bl.

ByJs1 TexHOJI0TUSAJIApAbIH 9PKAMUCBHICBIHBIH, Ka3zaKcTaH KarZanblH/Aa Ky3ere acy MyMKIH/IrT MeH
TUIMAIIIK AeHredi apTypJii. Ocbl WIOAYAbIH, asCbhIHJAA capanuibliapAblH 1-AeH 5-ke geHiHri
Oafasiay LIKaJacblHA CylleHe OTBIPHII, KYK TacbIMaJIbIH/A »KaCblJl TEXHOJIOTUSIJIAPAbI €HTi3Y/iH,
dJieyeTi MeH iCKe acy AeHreui TaaaaH/bl.

Barasay HoTWXeCiHJle KeJleCi KOpCETKIIITep aHbIKTaJAJbl: 3JIEKTp TapTy XKyHeJsepi
(asrekTpoBO34ap MeH asnekTpodypanap) - 35%, coiFbliral Taburu ras (LNG) - 23,3%, rubpusri
mentiMaep (Ju3esib-3JeKTPJIiK JOKOMOTHUBTEP MEH XKYK KeJsikTepi) - 20%, 6uogusenb — 13%, an
cyTekTi kesikTep - 8,3% y./iecke ue 60sa5b1 (5-cyper).
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KaszakcTtaHgarbl KYK TacbIMaJibl CaJlaCblHA >acCblJl TEXHOJIOTUSAJApPAbl eHridyre Kezepri
KeJITipeTiH ¢aKTopJiap/ibl capanilbliap/blH MiKipi HeridiHje Tajjal OThIPHIN, 6ipHelle Heri3ri
KeJieprijiep aHbIKTaNAbl. MHPpaKypblLabIMHbIY dcemkinikcizdiei — 45%. CayanHaMaFa KaTbICKaH
capanubliapblH, 6aceiM 6eJiiri (45%) WMHOpaKypblIBIMHBIH, JaMbIMayblH Heri3ri kegzepri
peTiHfe aTal eTTi.

5- cypert. Keutik TacbiMasibIHAAFbI KaChlJI TEXHOJIOTUSIAPAbI €HTi3Y/liH, TUIM/IiIIri MeH icke
acy MyMKIiHAIri

JJIEKTP KYK KOJIIKTepiHe apHa/IFaH KyaTTay 6eKeTTepiHiH, ra3 Ky CTaHI[UsJIapbIHbIH KoHe
TeXHUKaJIbIK KbI3BMET KOpCEeTy KeJlijiepiHiH 6o0siMaybl OyJl TeXHOJIOTUSIJIAPAbIH, KeHiHeH
KOJIIaHbLIYbIH LIeKTeWi. By/laH 6eJieK, IOTUCTUKAJBIK Ti36eKTep MeH MYJIbTUMOAAJ/IbAbl K6JliK
TOpaNTapbIHbIH, JKeTKUJIIKTI JaMbIMaybl TEXHOJIOTUAJBIK >KaHAWbLIABIKTAPAbIH, TapaJyblH
6asiyJIaThII OThIP.

Korapwl wwirbiHdap — 28,3%

KachL1 TexHOIOTUSAIAPABIH KbIMOATTBIFBI — €KiHIL MaHbI3/1bl TOCKAYbIJI PEeTiH/E KOPCETIAI.
Capanubliapabiy, 28,3%-bl kaHa OYbIH 3JIEKTP KoHe CyTeKTi KeJsliKTep/iH 6acTanKbl KYHbl MeH
KbI3MET KepCeTy LIbIFbIHAAPBIHBIH KOFapbl 00JybIlH 6acThl KeAepri Aen caHalbl. bys acipece
HIaFbIH >K9HE OpTa JIOTUCTUKAJIbIK KOMIIAHMSAJAD VIIiH auTapJblKTal Kap>KbUIbIK, CaJIMaK
TYFbI3a/bl.

Memaekemmik Ko.a10aydblH dcemkinikcizodiei — 16,7%

CayasnHamara couKec, capanwbliapzbly, 16,7%-bl MeMJIeKeTTIK KOJIZAy[blH, 9JICI3IriH
MaHbI3/Ibl lIeKTeyuli ¢akTop Jen ecenteii. Cybcuausanap, CaJbIKTBIK >XEHIIJIKTep KoHe
KBOTaJap CHUSKTbl bIHTAJaH/JbIPY TeTIiKTepiHiH 060/iMaybl KoCiMOpPbIHAAP/AbIH,  KacCbll
TEeXHOJIOTUAJIAP/bl €Hri3yre JereH KbI3bIFYLIbLIbIFbIH TeMeHJeTeAl. COHbIMEH KaTap, HaKThl
HOPMAaTHBTIK-KYKbIKTbIK 0a3a MeH cajlaJiblK [JlaMy CTPaTerusiChblHbIH, OKTBIFbI Jla OyJ
O6aFbITTaFbl IITepisieyai Texenai.

TexHosn02us1b1K KubiHObiKmMap — 10%

Capanumbiiapabiy, 10%-b1 TEXHOJIOTUANBIK KUBIHABIKTApAbl KeJepri peTiHJe aTall ©TKEH.
Bys1 kepceTkill casbicThipMaJibl TYpZle TeMeH 6oJsiFaHbiMeH, Ka3akcTaH »KaFJalblHAA »KaCbLJI
KeJliK KypaJapblH 6HJipy, Oelim/iey >KoHe TeXHHUKa/bIK KbI3MET KOpCeTy VIIiH KaXKeTTi
OH/IipICTIK k0He TeXHHUKaJIbIK 6a3a »KeTKiJiKTi fambiMaraH. CoH/jali-aK, OTaH/bIK WUHXXUHUPHUHT
IeH UHHOBALUSJIBIK 9JIeYeTTiH, 9JICi3/Iiri /e Oy caslaiaFbl JaMyFa KeJlepri KeaTipye.
KazakcTaH/Za acbl/l TEXHOJIOTUAJIAPAbl KeJleJl eHri3yre bIKNaJl eTeTiH Herisri MeMJieKeTTiK
KOJ1/jay 1l1apaJsiapbl 60MbIHIIA aHbIKTAJIFAH cayaJiHaMa HaTHXeJlepi:

HHppakypblibimFa uHeecmuyus cany-36,7% PecnioHzeHTTEpAlH niKipiHiue,
MHQPPaAKYPBLJIbIM/Ibl JaMbITy — 9KOJIOTHUSJIBIK KOJIIK TEXHOJIOTUSAIAPbIH €HTi3y/ieri 6acThl TeTiK.
JJIeKTp KoHe ra3beH KYpPeTiH KeJliK TypJiepiH THiIMJi NaijjasaHy YIiH KyaTTay CTaHLUs/Iaphl,
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JKyk aFblH/IapbIHAAFb] TYPAKThI JaMy GaKTOpJIapbIH 3ePTTEY

»KaHapMal Kyl 6eKeTTepi MeH TeXHUKAJIbIK KbI3MET KOPCeTYy HYKTeJIEPiHiH KeTKIJIiKTI 60/1ybI
aca MaHpbI3/1bl. MeMJieKeT TapallblHaH OChI cajlaFa 6acbIM/IBIK, 6epinyi KacilkepJsiep MeH caslajblK
MaMaH/iap TapalblHaH OH, 6aFajiaHbll OTHIP.

Canvikmolk sceHindikmep - 33,3% CanbIKTBIK bIHTAJAHABIPY €KiHLII MaHbI3[bl KOJAAy
KypaJsibl peTiHZe TaHbLIAbl. Kacbll KeJIiK KypasJapblH 6HAIpylll HeMece CaThbill aJylibl
KOMITaHUSIJIapFa YCbIHbLJIATBIH CaJbIKTBIK >KEHIJNJIKTep OW3HEeCTiH KapXKbLIbIK KYKTeMeCiH
YKEHIJIAETIN, 9KOJOTUSJIBIK O6acTaMasiapFa JlereH KbI3bIFYIIbLIBIKTbBI apTThIpajbl. dcipece Oy
MeXaHM3M LIaFbIH K9He OpTa OM3HeC YIIiH MaHbI3/bl, ce6ebi 01 MHBECTULMAJIBIK KayinTepAi
azanTabl.

XKacvin Kesnikke 6epinemin cybcudusinap - 23,3%. Cybcupusanap KbiCKa Mep3iMai
BIHTaJIAaH/bIPY KypaJ/ibl peTiHAe KapacTeIpbliazabl. Osap, acipece, »aHa »obajsapApbl icke Kocy
Ke3iHze TUIMJI caHasazAbl. Anaija, O6y/1 mapaHblH THIMALIITT HHQPAKYpbIJIbIM MeH CaJIbIKTHIK
KEHIJIZ[IKTEpMEH CaJIbICTbIpFaH/la TeMeH - OyJl OHbIH IIeKTeyJsi >XoHe KebOiHe Oip peTTik
cunaTbiHa 6aisiaHbICcThl. XKyleni jaMy yuIiH MyH/jail KeMeK KeTKiJiKci3 60J1ybl MYMKiH.

Memaekemmik 3kos02usiIbIK Keomaaap — 6,7%. IKOJIOTHUAJBIK KBOTA KYHeCi eH TeMeH

HOTHXKe KepceTin, Hebapi 6,7% faybicka ve 6osabl. bysn kylle kacimopeiHAapFa 6Gesriai 6ip
9KOJIOTUSIJIBIK TaJanTapAbl MiHJeTTeN i, alaii/ila 6M3HecC TapanblHaH Kapchl MiKipJep TYbIHAAYbI
MYMKiH, ce6eb6i 01 KOCbIMIIIa 9KiMIIJIiK IIBIFbIHAAP MEH LIeKTeyJjepre ajbil Kesaeai. COHbIMeH
KaTtap, Kasakctanza OyJ1 xKyleHi »)Ky3ere acblpy YIlliH HAKTbI KYKbIKTbIK 6a3a MeH THIM/i 6aKbliay
TEeTIKTepi aJ1i TOJIBIK KaJIbIlITaca KOMMaraH.
KasakcTaHJa »KyK TacbIMaJibl CcajacblHa >Xacbll TEXHOJIOTHUAJAP/ABI Kallllal eHTi3yJiH HaKThl
Mep3iMi GipKaTap 3KOHOMMKAJbIK, TEXHOJIOTUSAJBIK XK9HE WHCTUTYLHOHAIJbIK (aKTopJapFa
6aisiaHbICTBl. Bysl yJzepicTiH »Ky3ere acy MYMKIiHJIriH capanubiap 6afajan, cayajHaMma
HOTHXKECIH/e KeJleCi NalbI3/bIK y/IeCTep aHbIKTalbl:

2030 cviara detiin-10%CapaniubliapAblH, a3 06eJiri faHa »Kacbll TEXHOJIOTHSJIAP OChI
OHXXbLIJIBIK asgKTa/IFaHFa JeUiH KeH KeJieM/ie KOJIJaHbICKa eHeJli el caHaubl. MyH1ah KyMaH
TEXHOJIOTUSI/IAP/blH, KbIMOATTBbIFbl, WHQPAKYpPbIJIBIMHbBIH, >KETKIJIKCI3Jliri KoHe peTTeylli
casicaTThIH 9Jici3/liriMeH GailslaHbICThI. By »kaF/jaiijia TeK >KeKeJsiereH MUJIOTTHIK, Kob6ajapMeH
LIeKTeJy bIKTUMaJ/JbIFbl }KOFaphl.

2030-2040 icvlndap apaavirbi-46,7%. CayasHamara KaTbICKaHAAp/blH, 0acblM KeMIIiJIiri
»KaCblJ1 TEXHOJIOTUAJIAPAbI €HTI3YA1H eH bIKTUMaJI 9pi TUIM/AI Ke3eHl peTiH/e 0Cbl OHXbLJIbIKThI
ataraH. bys1 yakbITTa KaXeTTi UHPpaKypblJIbIM AaMbIIl, 3aHHaMaJbIK Heri3Jep »KeTiagipiaimn,
Kap>KbLJIbIK BIHTAJIAHZABIPY MeXaHU3MJepi icke KOocCblIybl MyMKiH. COHbIMEH KaTap, OTaHABIK
YK9He LIeTeJ/IiK TEXHOJIOTUSIIap OChl Ke3eH/Jie OelliMzesie 6acTal/ibl AeN KyTiieni.

2040 xcwindau KeliiH-25%Capanuibliapbly, 6ip 6eJiri »KacblJl TeXHOJIOTUSIJIAp TeK y3aK
Mep3iM/li nepCcrneKTMBa/Ja FaHa KeHiHEeH eHri3iyieii fen ecenTer/i. By ke3Kapac TEXHOJIOTUSJIBIK,
JlaMyJiblH, 0asly »KYpYyiMeH >oHe KeJliK Kypa/JapblHbIH KaHAapy YaKbITBIHBbIH Y3aKTbIFbIMEH
TyCiHAipineni.

XKacvin mexHosozusinap myadem scannail eHziziametidi-18,3%CayanHaMara KaTbICKaH
capanuibliap/blH 6ip 6eJiri »kanmnai eHrizyre myJje cenoeizi. Osap KypblJIbIM/IbIK, KAPXKbIIbIK
»)KOHe MHCTUTYLUOHAJIJbIK TOCKAybLIJap KOJIIK CEKTOPBIHbIH, TOJIBIK 3KOJ0TUAJIaHAbIPbIIYbIHA
KeJepri KesTipyli MyMKiH Jen caHaWzbl. OcbLlaMila, capanubUiapAbly, IMiKipi  apTypul
OoJIFAaHBIMEH, KOMIIiJIIri KachlJl TeXHOJIOTUSAAPAbl eHri3yAiH eH oHTalabl Mep3imi 2030-2040
XbLIJAp apasbiFbl  Jen  ecenTterai.Kaszakcranza KYK TacbiMaJibl  CajlaChblHZA  2KacChLI
TEeXHOJIOTUSIIApAbl KeH KeJeMJe eHridy »KaffjadblHAa KeMipKbllKbl1 rasel  (CO3)
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HIbIFAPbIHABLIAPBIH  a3alTy MYMKIiH/ZIriHE KaTbICThl capanTaMaJliblK Oafanay KeJiecigei
HOTUXKeJIep KOpCeTTi:

16,7%-0aH memeH memeHdey as1eyemi. By nikipAi ycTaHFaH capaniubliap/iblH NakbIMbIHILA,
TEXHOJIOTUSJIBIK, KaHApTYyJapAblH S5KOJIOTUAJIBIK, dcepi LieKkTeyJsi 60Jiybl MYMKiH. MyHzal
Ke3Kapac, eH aJjJibIMeH, MHQPAKYpPbLJIbIMHbIH >XeTKUIIKCi3Airi MeH KeJiik mapkKiHiH »aHapy
KapKbIHbIHbIH, 6asy/IbIFbIMeH 6aiIaHbICThIPbLIA/IbL.

20%-31,7% apaaviFbiHdarsl as3ar aseyemi. CayanHaMara KaTbICKaH capalllbliap/blH,
KOIIIIJIIri OCbl apayiblKThl KoJsigan oTbIp. OJsiapAblH NiKipiHILE, erep »acblJl TeXHOJIOTUsLJIap—
MbICaJlbl, 3JIEKTP TAPTYy KyHesepi, TMOPUATI KeJliK Kypa/iZaphbl XxoHe 6ajsiaMasibl OTbIH TypJiepi-
6eJiceH/li eHTi3iyice, aUTap/IbIKTal 3KOJIOTUSJIBIK HOTHXKETE KOJI XKeTKi3yre 60J1a/bl.

31,7%-0aH xHcorapbl memeHdey aaeyemi. Keilbip capaniubliap/blH 6aFajiayblHIIa, erep XacbhLl
TeXHOJIOTHUSAJIAp JKYHeJli KoHe KellleHJl TypZe >Xy3ere acbIpblIca, KYK TacbiMaJblHAarbl CO,
mbIFapbiHAbLIapbiH 30%-1aH fa »KoFaphl JeHreiJe KbICKApTy MYMKiH 6o0s1aabl. bysn 6omkam
Y)KaHAPTBLJIATbIH 3HEPrusl Ke3JepiMeH >XYMBIC iCTEHTIH 3JIEKTP KeJIKTepi MeH CYyTeKTi OTbIH
CUSIKTBI Y3aK Mep3iMre 6aFbITTaJfaH LlelliM/epre Heri3ie/reH.

Ochbiaiiia, capanublIap/blH, 6afFajsaybl 9pTYpJii OOJIFAaHbIMEH, OJIapAblH 6acbkiM OeJiri
»KaCblJl TEXHOJIOTUSAJIAPAbI €HTi3y apKblibl KazakKcTaHa )KYK TacbIMaJIblHAaH IIBIFATBIH 3USH/BI
rasfap/bl auTapJblKTal a3auTyFa 60J1aTbIHbIH MOWBIHAANIbI.

Kyk kesiri canacelHZaFbl TypakThbl JaMy/bl 0afajay YLI Heri3ri eJilieMre Heriszeneji:
9KOHOMUKAJIBIK, 3KOJIOTUAJBIK 1KoHe odJyieyMeTTiK. bBysn esmeMaepAiH 9pKaWCBIChl KYK
TacbIMaJiay »KyHeJiepiHiH OPHBIKThIJIBIFbIH KellleH i TYp/e TaJllayFa MyMKiH/AiK 6epill, os1ap/blH
KOFaMfa >KaFbIM/Ibl 9CepiH KaMTaMachl3 eTyre >XoHe Tepic cajZapblH OapblHIIA a3aWTyFa
O6aFbITTa/JFaH. TeMeH/ie OChl eJ11eMepAiH 6acThl KbIpJiaphl erKel-TerKeuji culaTTaafaH.

IKOHOMUKANBIK 61uemdep

IbiFpIHAapAbl TUIMAL 6acKapy: TypaKThl )KYK TacbIMaJibl )KOFapbl KbI3MET KOPCETY canacblH
CaKTall OTBIPBIN, WIBIFBIHAAPAbBI OHTAWJaHAbIpYFa OaFbITTaNajibl, Oy ©3 Ke3eriH/e OHbIH,
9KOHOMUKAJIBIK TYPAKTbIIBIFbIH apTThIpazbl [12].

KymbicieH KaMTyzabl apTThipy: JIorMCTUKA cajlachl »KaHa »KYMbIC OPbIHJAAPbIH ally >XoHe
YKePTIMKTI KacinKepJiKTi JaMbITy apKblJibl OHIpJIiK 9KOHOMUKaHBIH 6cyiHe cepniH 6epefi [13].

NHpaKypbLIbIMABIK canbiMAap: OpHBIKTBI K6JIiK XKyHlesepiH JaMbITy KebiHece a/l/iblH aja
MH)paKyphLJIbIMFa MHBECTULIUSA CalyAbl KaXKeT eTe/i, ajnaiijia 6ys y3aK Mep3iM/li 5KOHOMUKaJbIK
TabbICKaA »K0J1 amazpbl [14].

JKo102usLbIK 61UeMOep

[IbirapeiHAbLIapAbI TOMEHAETY: TypaKThl TacbIMaJl XKyWhesiepi NapHUKTIK ra3gapzbl a3auTy
MaKCaTbIH/a 3KOJIOTHUSJIBIK Kayilci3 TexHoJIorUsiJlap MeH aicTepAi KosgaHaabl [15].

Pecypcrapasl yHeMal nanganany: KaHapMmai, MaTepUanzap CbIHZAbLI pecypcTapzbl THIMAI
TYTBIHY XKYK TacbIMaJIbIHbIH, TAOUFU OpPTaFa 9CepiH TOMeHAeTyre bIKnasl eTefi [16].

KangapikTapabl 6ackapy: KanablKTapAbl AyphIC XoHe THIM/AI 6H/ley KopllaFaH opTaFa Tepic
BIKIaJI/[bl a3aWTYy YIIiH aca MaHbI3/bI [13].

dseymemmik eauiemoep

Koframra acepi: 7Kyk KeJ1iri xkeprisiikTi TYpFbIHAApAbIH 6Mip canacblHa 9cep eTe/i, acipece 11y,
JIaCTaHy *K9He KOJIiK KeNTeJici CUIKTbI paKTop/iap apKblibl [14].

9JIeyMeTTIiK TeHJIK )KoHe KOJDKeTIMAIIK: bapliia azamMaTTap YIlUiH KeJliK KbI3MeTTepiHiH aain
9pi TeH KoJ/pKeTiMAiniri asieyMeTTiK TYpaKTbUIBIKTBI KaMTamacbls eteai [17]. Koram
fieHcaynblFbl: JKyK KesiriHeH GesiiHeTiH 3USIHABI 3aTTap/bl a3alTy XaJblK JE€HCAYJIbIFbIHbIH
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»KaKcapyblHa bIKnaJs etefi [15].

Ocpl yu1 6afFbITThI GipiKTipeTiH 6afasay 9ici )XyK TacbIMaJibl CaJlaCblHbIH, TYPaKThLJIbIFbIH
KelleHJl TypJe aHbIKTayFa MYMKIHJIK 6epezi. Aynaiga Oys eseM/Jep apacblHAa Tene-TeHZIK
Taby MaHbI3Jbl. MbIcajibl, TEK 3KOHOMHUKAJBIK THIMJiJIKKe 0acbIM/IbIK O€py 3KOJIOTUSJIBIK,
KepceTKillTep/iH HallapJayblHa 9Kell COFybl MYMKiH. COHABIKTAaH TYpPaKTbl HOTHXKeJiepre KoJ
YKeTKI3y YIUiH 6apJiblK MyAJesi TapanTap apacbhlHJa >XKyHesi »koHe THIMAI Auasor Kaxert (6-
cyper).

TypakTol Aamy

6-cypeT. TypakTbl JaMy TYKbIpbIMJAMaCbIHbIH, YIII 6J11IeM/li KpUTepHUilaepi

KOpHBITBIHABI

KasakcTaHza »KYK TacbIMaJsibl CaJlaCblH 3KOJIOTHUSIJIAHABIPY OaFbITBIHAAFbl  KaCbLJI
TEeXHOJIOTHUSAJIap/Abl €HTi3y - KeJliK »KYHeCiHiH TypakKTbl AaMyblHa KOJI »K€TKi3yJAiH MaHbI3/bl
KypaJibl 60JbIll Tabblaaabl. JKyprisisireH capantaMaJ/iblK, cayaJHaMa HOTHXKeJsepi Oys O6aFbITTa
HaKTbl MYMKiHJIKTep/iH 06ap eKeHiH KepceTTi. CapamnmbliapAblH, KONIIJIIri 3JIeKTp TapTy
KyHesiepi, rHOpUATI WeliM/iep koHe 6asaMasibl OTbIH TypJiepi CUSKTbhI TEXHOJIOTUSIap/bl eH
nepcreKkTyuBaabl Jen TaHblAbl. COHBIMEH KaTap, OJIapJbl €Hri3y aJieyeTi MeH icke acy
MYMKIH/ZIKTepi Jie »KoFapbl OafasaHzpbl. Ajaiifja »Kacbll TEXHOJOTHUsJIap/Abl KeHiHEeH eHrisyre
KeJepri KesTipeTiH 6ipkatap ¢aktopsap 6ap. EH anabiMeH, 6ys1 - HMHOPaKYpbLIbIMHbIH
YKEeTKIJIIKCI3/ir], )KOFapbl UHBECTULIMAJIBIK LUBIFbIHAAP )KoHEe MeMJIEKeTTIiK K0J14ay LapaJlapbIHbIH,
auici3ziiri. TeXHOJMIOTUSI/IBIK *KOHEe WHCTUTYLMOHAJ/bIK KHBIHJABIKTAp Jla OyJ yJepicTiH 6asy
KypyiHe ceben 6o0Jsbin OThIp. /lereHMeH, UHPPaKYpbLIbIMAbI JaMbITyFa WHBECTULUS TapTy,
CaJIBIKTBIK, KEHUIJIKTep MeH CcyOcuAusiap CUSKTbl KOJAay TETIKTEepiH icKe acblpy >KacbLl
6acTtamasiap/iblH, ajfa 6acyblHa MyMKiHAiK 6epeai. CapanubLiapabiy, kenwijiri 2030-2040
KbLJIZJap apaJlbIFbIH KACbLJI TEXHOJIOTUAJAPAbl KEH KeJieM/ie eHri3yre eH KoJlalJibl Ke3eH Jell
ecenteiii. Byn Ke3eHJe HOPMATUBTIK-KYKbIKTBIK Heri3jfiep, TeXHUKaJblK 06a3a KoHe
WHBECTULMSJIBIK TeTiKTepAiH Aamybl KyTinenai. CoHbIMeH KaTap, KeMipKblliKbli rasbl (CO,)
mbiFapbiHAbLIapblH 20-30%-Fa AelliH a3aiiTy MyMKiHJIri ge 6ap ekeHiH kepceTei, Oya -
MaHbI3/bl SKOJIOTHSJIBIK HOTHUXKE.

Kyk TaceiMasbl cajlacblHbIH, TYpPaKThl JAaMyblH KaMTaMacbl3 €Ty YUIIH 3KOHOMMKAJIBIK,
3KOJIOTHAJBIK, KoHe dJIeyMeTTIiK eJilleMJepAiH e3apa TeHrepiMmi KaxeT. KasakcTaHza Kacbla
KeJIiK TeXHOJIOTUSJIAPbIH €HTi3y TeK KopllaFaH OpTaHbl KOpFay FaHA eMecC, COHbIMeH Oipre keJiik
caJlaCbIHbIH, TUIM/i/Iri MEH KOFaMHbBIH 6Mip calacbhlH apTThIpyFa O6aFbITTa/JFaH KelleH/i KaJaM
6os1ybl THiC. OCbl TYpFblJia 6apJIbIK MY/ Jlesi TapanTap/AblH yiJeciM/i 9peKeTi MeH CTpaTerusiybIK
KO3Kapachl LIelyIli peJ aTKapajbl.
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1Kazaxckull HQYUOHA/IbHLLI Uccaed08amMeAbCKULl meXHUYecKull yHugepcumem
um. K.U.Camnaesa, Aamamul, Kazaxcman
2Egpa3sutickull HQYUOHA/IbHbI yHU8epcumem umeHu JL.H. I'ymunaéea, AcmaHa, Kazaxcmau

UccnexoBaHue GpaKTOPOB YCTOHYHUBOTO Pa3BUTHS NPHU IepeBO3Ke IPy30B

AHHOTanMa. B crTaTbe paccMaTpuBaeTCs B3aHMOCBS3b MEXJY OTPACAbI0 TIPYy30BBIX
nepeBo30K B KasaxcraHe M BONpPOCAaMH 3KOJIOTUYECKOM YCTOWYMBOCTU U OOGILIECTBEHHOTO
3/]paBOOXpaHeHMsl. B HeM Takke paccMaTpuBaeTcsl HEO6XOJUMOCTh YCTOWYMBOIO pPa3BUTHSA
TPAHCIIOPTHOTO CEKTOPA B YCJOBUSX IVI06aJIbHOTO U3MEeHEeHUS KIIMMaTa U YXy /I eHUsI COCTOSTHHU S
OKpYy’Kallel cpefibl. AKTyaJbHOCTb MCCJEe0BAaHUSI 3aKJIOYAETCs B BBISBJIEHUH OCHOBHBIX
npo6JieM U BO3MOXKHOCTEH YCTOWYMBOTO Pa3BUTHS IPy30N0TOKOB B KazaxcTaHe, npe//iocKeHUH
NpaKTUYECKUX peIIeHHH 0 YJIYYIIEeHHI0 3KOJIOTUYeCKOW O6CTAaHOBKM M IOBBIIIEHUIO
3KOHOMUYECKOH 3dpPeKTUBHOCTH. OCHOBHOE BHHMMAaHHE YesseTcsl COKpalleHHI BBbIOPOCOB
MAapHUKOBBIX Ia30B M MHHUMM3ALMU yluiepba oKpyxarwiled cpese. OnucaHo HeraTUBHOE
BJIMSTHUE BbIOPOCOB TPAHCIOPTHBIX CPEACTB Ha KaueCTBO BO3/yxa, BOJIbI U MOYBbI, @ TAKXKE HUX
yimep6 skocucremaM. Kpome TOro, mogpoOGHO ONHMCaHbl PUCKH [AJS1 3/I0POBbs, TaKHe Kak
pecnupaTopHble 3a00JIeBaHUSI U Cep/eYHO-COCYJUCTble paccTpoiicTBa. B wucciesoBaHuuU
MCII0JIb30BAHBI PA3/IMYHble aHAJIUTUYECKUE METO/Ibl, BKJIFOUAsi CTATUCTUYECKUH aHA/IU3 JAaHHBIX,
CpaBHUTeJIbHOE H3y4YeHHEe MEXJYHApOJHOTO OIMNbITa, METOJbl 3KOJIOT0-3KOHOMUYECKOTO
MO/ZIeJIMPOBAHUSA [IJIsT OLeHKH TEeKYlLIed CUTyalUuu U npejoxeHus: 3pPeKTUBHBIX pelieHUi. B
MccieJOBaHUU NIPe/iCTaBJIeHO HAy4YHO 060CHOBAaHHOE 060CHOBaHUE HEOOX0AMMOCTU Pa3paboTKH
30 PEeKTUBHBIX CTPATErMl MO YCTPAHEHUIO SKOJIOTUYECKUX YIPO3 B TPAHCIOPTHOM CEKTOpE U
paccMoTpeHbI BO3MOXKHBIE yTH PellleHHs] ITUX MPO6JIEM OCPEACTBOM MOJTUTHKH U TPAKTHUKH B
KazaxcTaHe.

Kiio4yeBble ci0Ba: YcTo4YMBOEe pa3BUTHE, 3eJieHble TEXHOJIOTHU, IPY30Bble MEpPEeBO3KHY,
IPY30M0TOKH, TPAHCIIOPTHBIE YCIAYTH
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Study of factors of sustainable development in cargo flows

Abstract. The article examines the relationship between the freight transportation industry
in Kazakhstan and environmental sustainability and public health issues. It also discusses the need
for sustainable development of the transport sector in the context of global climate change and
environmental degradation. The relevance of the study lies in identifying the main problems and
opportunities for sustainable development of freight flows in Kazakhstan, offering practical
solutions to improve the environmental situation and increase economic efficiency. The main focus
is on reducing greenhouse gas emissions and minimizing environmental damage.

The negative impact of vehicle emissions on the quality of air, water and soil, as well as their
damage to ecosystems, is described. In addition, health risks such as respiratory diseases and
cardiovascular disorders are described in detail.

The study uses various analytical methods, including statistical data analysis, comparative
study of international experience, methods of environmental and economic modeling to assess the
current situation and propose effective solutions. The study presents an evidence-based rationale
for the need to develop effective strategies to address environmental threats in the transport
sector and examines possible ways to address these issues through policy and practice in
Kazakhstan.

Keywords: Sustainable development, green technologies, cargo transportation, cargo flows,
transport services
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Kipicne

KababIKTbIH, TUIMAIIITT MeH ceHIMAIIT eHAipic mpouecTepiHe LIemylli peJs aTKapaTbIH
Kasipri asiemM/le MalllMHa/ap MeH MeXaHU3M/IepAiH KYWiH JMarHoCTUKaJay MaHbI3/lbl MiHJETKe
aillHas1aApl. /lUarHOCTUKAHBIH, €H NMPOTPECCUBTI dicTepiHiH 6ipi-KabbIKThbl OeJillleKTeMEN-aK,
npo6JieMasapAbl aHbIKTayFa MYMKIHZAIK OepeTiH b1y KaMepaJsapblH Nanganany. OpTazaH
TeNKIll COPFbLIAP CYWBIKTBIKTAp/Abl aujay YIUiH 9pTypJii cajajap/ia KeHiHeH KOJIJaHbLIaJbl.
OslapablH, KYMBICBIHBIH, CEHIMJiJiri Herisri KOHAbIPFbLIAPAbIH — MOMBIHTIpEKTEP/AiH,
TBHIFbI3AAFbIIITAP/AbIH, KO3FaJTKBIITHIH JKoHE JKYMBIC [Ji@HreJeTiHiH KyHiHe Tikesen
6ai1aHbICThI. 2KabABIKThIH KYHiH 6aKblIayAblH THIM/I 9/jicTepiHiH 6ipi-Kbla1y JUAarHOCTUKACHI.

Kbty OeliHesiey TeXHOJIOTUSIJIADBIH KOJIAAHA OTBIPBIN, COPFbl  KaOAbIKTAapbIHbIH,
TeXHUKAJIbIK >KaFJalblH JUAarHOCTHUKaJay MaceJiesiepi OTaHABIK >KoHe IIeTeN[iK FblJIbIMU
aebueTTep/ie 6esceH/li 3epTTenyae. Atan aiTKaHa, B.A. lepacumoB neH C. . MeJIbHUKOBTBIH,
eHbOeKTepiH/le MHPpPaKbI3blI TepMorpadust HeTi3iHzAe COpPFbI arperaTTapblHbIH, MOUBIHTIpEKTEPI
MeH 3JIEKTP >XeTeKTepiHiH b1y KyHiH 6arasay ojicTepi KapacTblpblifaH. [1] Fanbimpaap
TepMobeliHe ey i OaKpliay MalJay KyheciHaeri 6y3blayiap/iaH, MOUBIHTIpEKTEP/iH TO3ybIHaH
’KOHe alHa/IMaJibl OeJiKTepZiH TeHrepiMci3ziriHeH TybIHJaFaH TeMIlepaTypa pPeXUMiHiH
aybITKyJlapblH TUIM/Ii aHbIKTayFa MYMKiH/iKk 6epeTiHiH kepceTTi. TepMmorpamMmmasniapbl Tanjaay
dJicTepiHiH AaMyblHa LIeTe/NJiK 3epTTeyllijep Je auTapJblKTah yaec KocTbl. COHbIMEH, |. M.
Yacout xxaHe C. B. Moloney (MIT, AKII) 3epTTey/siepiHae coTcCi3AikTep/i AUarHOCTUKANIAY MeH
60J1KayAbIH J2JIJIiTiH )KaKcapTyFa MYMKIiH/IiK 6epeTiH TepMUSIJIbIK OeliHe ey /i aBTOMATThl TYpAe
KIKTeyre apHa/iFaH MallWHAJbIK OKbITYy ajaroputMmzepi kapactoipbuiraH [3]. H. B. Ahmed
(Manaii3uss TeXHOJIOTUAJBIK YHHUBEPCUTETI) MKYMbBICbI COpFbl KyHeJsiepiHiH TexXHUKaJbIK
»KaFJalblH KaH-)KaKTbl Oafasiay/lbl KaMTaMacbl3 eTeTiH Tepbesic 6eHiMAiliriMeH KbLay
aybITKyJIapblH KOppeJsALusaay 9iCiH YyCbIHAABI [4].

Ortauaplk Toxipubene 10.B. CaBYeHKOHBIH IKeTEKIIIriMeH >KbLIy3HEPreTUKaJbIK,
KaciopblHAAp/ia COpFbLIapFa KbI3MET KepceTy Ke3iHJe Xblly OeliHesiey OaKbliaayblHbIH
TUIMJJIIrT  Heri3jenreH 3epTTeyJiepAi 6Oesiin KepceTyre 6oJsiaJibl. ABTOpP >KbL1y VJrici
MeXaHUKaJIbIK HeMece [AipiJ aybITKyJapbl TYpiHJe aJli KepiHOereH akay/apAblH /JaMyblH
yaKTblJIbl aHbIKTayFa MYMKiHJiK OepeTiHiH aTanm kepcerefi [2]. OcbuLiaiiua, OCbl KYMBIC
nmeHOepiH/e KYpri3ijireH 3epTTey >KMHAKTaJIFAaH FbUIBIMU ToXipubere cyiieHesi >koHe HAKThI
OH/IipiCTIK »KaFJalap/ia COpFbl arperaTTapblH JAUarHOCTUKasay TaKipubeciHe OaFbITTaJFaH
TaClIAepAi JaMbITyFa yJec KOCabl.

BALTECH TR-0102N wuHpakpI3blL1 KblLIy TYycCiprimi KapamalbIM »9He >XYMbIC icTeyre
bIHFAWJIbI XK9HE OllepaTop/a apHaibl JafF/blaap/iblH 00JybIH KaeT eTnenai. Kblny beliHesey
KYPbLJIFbLIAPhl OJIap/iblH, TEXHUKAJIBIK, KaF/[ailblH OaFajiay MaKcaTbhIH/A 3JIEKTP KyHheJsiepi MeH
»KabAbIKTAapbIH JAUAarHOCTUKaJIAy YIIiH KOJJaHblia/bl. Bys caHaTKa 3JIeKTp KO3FaJTKbILITApPBI,
TapaTy KypbLIFbLIAPBl X0He KOCAaJIKbl CTaHuusagap Kipeai. TersioBusopsapabl KOJIAAHY/bIH,
apTHIKIIBbLIBIFbI-06beKTIMEH TiKesiel 6alIaHbICChI3 XKbLIJaM 3epTTey Kyprisy. Kby 6eliHesney
KYpPbLIFbLIAPbIHbIH, KepceTKillTepiHe KenTereH ¢akTopJsap yJkeH acep eteni. XKyprisinrexn
eJiiey/i TanJay KesiHje osiap/ibl eCKepMey »abIbIKThIH HAKThI KblJ1y KYHiHiH 6ypMaJiaHyblHa
>)K9He aKayJbIKTap[bl KO0 OOMbIHIIA AYypbIC eMec LielliMep Kabbluigayra akeseni. Ci3 Kby
TYCIprilUTiH >XYMbIC NPUHLMIIIH KeJeCiled KbICKallla CUIIATTal aachbl3: Kby TYCIprilITiH
00bEKTHUBI KeJlill TyCKeH WHQPAKBI3bII COyJieJeHYAl >KUHAWAbI >KOHE OHbl CayJieJleHy
KaObL1JarbllliblHA OafFbITTalAbl. Ocbl  cayJiesieHyre CyilleHe OTbIPbIN, paJHaLUsJIbIK,
KaObLIJAFbIIIThIH IIBIFbICHIH/A 6JIIIEeHEeTIH CUrHaI naija 6osaabl. CojaH KeliH maiga 6oJiFaH
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CopFhl )KabAbIKTAPbIHBIH, TEXHUKAJIBIK XKaFJalblH TEPMUSJIBIK 6aKblIay 9/1iCiIMEH JMarHOCTUKAJIAY

CUTHa/l KYPBUIFBIHBIH, JUCIUIEUIH/E Kby KeCKiHIH KepceTy VILUiH Kby KeCKiHiHIH illiHzge
OpHaJIaCKaH 3JIEKTPOH/bIK CXeMaJIlapMeH eH/Jese/|l.

Tepmorpaduanblk 6aKblIayAbl )Ky3€eTe acblpy/iblH, YUBIMFa KAaThICThI 63iHAIK epeKlIeaiKTepi
6ap. Opbip TepMOBU3USAJBIK OaKblIay/lbl OpbIHAAMAC OYPbIH AaWbIH/bIK XKYMbICTApbIHbIH, 61T
6ip KeJsieMi xypri3inyi kepek. EH anfamkpl Kagam-0yJ TypaJibl >KaJilibl TYCiHIK asy ylIiH 3epTTey
OOBEKTICiHIH, Ky>KaTTaMacblH 3epTTey. byFaH 00'beKTiHIH NAacNOpTTHIK, JepeKTepi, nanjasany
yaKbIThI xoHe T. 6. OcblZlaH KeliH aFbIMJIaFbl XXYKTEMeJiep/ii *)KkoHe OaKblJIaHAThIH OOBbEKTIiHiH,
TYUIHAEpIH ecKepe OTBIPBIN, OOBEKTIHI 3epTTey »Kocmapbl acajaZbl, oJlap aJ/JblH-aja
MaJIiMeTTep OOUbIHIIA XKYMbICTA aKayJiapFa ue. CoHJlal-aK, 00'beKTiHiH /IU3aiiH epeKlIeNiKTepiH
eCKepe OTbIPbII, MiHAETTi TEPMOBU3USJIBIK TYCipiJiM YIIiH 3/IEKTp KabAbIKTapbIHAaFbl OipHellle
HYKTeJlep WapTThl TypAe OesrijieHyi Kepek. bakpuiayabel JaublHAayJaFbl COHFBlI  COT
TEPMOBU3USAJIBIK TYCipy acnanTapblH TeKcepy »oHe TepMorpad YIiH Kayinci3fjik TexHHUKachbl
O0HMBbIHIIA HyCKaMa Kypridy 6oJsbln Tabbiaabl. CoHJAW-aK, 3JIEKTP KabAbIKTapblH
JIMarHOCTUKaJlayfa apHa/IFaH Kby TYCiprilutep/iH pykcaT eTy Kab6iseti 0,1°C-taH TemeH
60JIMaybl KepeK, ajl eH, OHTal/Ibl CIEKTPJIiK AUana3oH 8-12 MKM 60J1ybl KEpEK.

JJIeKTp KabJbIKTAapblH TepMobeliHe ey 60MbIHIIA )KYMbICTBIH, K6l 66J1iri canajabl cUIaTKa
ve, AFHU YKCaC KOMIIOHEHTTEpP/JiH bL1y OelHesiepiHe KapanmallbIM CaJbICTBIPY >KYprisijiesi.
TepmobeliHesniey 6aKbLIayblH XKYPri3y Ke3iHJe 3epTTeJeTiH 3JIEKTP KaOAbIFbIHBIH, aTayblH, TOK
YKYKTeMEeCiH, aya-parbIHbIH aFJaWblH, OeTiHIiH Kal-KYyHiH aTan eTy eTe MaHbI3/bl. bys1 3epTTey
HOTHXKEJIEPIH peTTeyre >oHe oJiapAbl Oarajay Ke3iHJe OCbl HOTHXKeJiepre acep €eTeTiH
dakTopJsiapbl ecKkepyre MyMKiH/iK 6epeai [5].

9JlicHaMa

Tepmorpadusanblk 3epTTey-UHPPaAKbI3bLI KaMepaHbIH KeMeriMeH >a0JbIKTblH, OeTiHzeri
TeMIlepaTypa epicTepiH eJlleyre Heri3JeJreH b1y >Ka0JbIFbIH JUAarHOCTUKaJJay dJici.
Tepmorpadusanblk, 3epTTeyAiH Heri3ri HNpuHLMOI - O6apJ/blK HbICAHAApP, COHBIH IilIiHJE
TeXHUKAJIbIK, >Kab/IbIKTap apHalbl MHQPAKbI3blJI KaMepaMeH 6JillleHeTiH UHPPAKbI3bLI CayJie
HIbIFapa/bl [6].

Ocbl 3epTTeyAe COpPFbl KOH/ABIPFbUIAPbIHBIH, TEXHUKAJbIK >KaFJaWblH Oafasay VIUIiH
MeXaHUKAJIbIK K9HE 3JIeKTPOTEXHUKAJIbIK Ka0JblKTapAaFbl TeMIlepaTypasblK aybITKyJap/bl
eHepkacinTik 6OakpuiayFa apHasraH BALTECH TR-0102N TensioBU30OpbIHbIH, KeMeriMeH
TEePMHUSJIBIK OeliHesiey JUarHOCTUKAChl KOJIIaHbLIAbL. KypbLiFbl )KoFaphl eJiey AaJaairid (2 °C
Jiettin) »xkoHe 160x120 nukcesnbai MHPPaAKBI3bLI AXKbIPATHIM/IBIIBIKTBI KaMTaMachli3 eTe/i, 6y
KaOABIKTBIH, TYWiHJAepiHe KOJI  JKeTiMJAijiri wekTeysi kaFjaiiapja Ja  CeHiMAl
TepMorpaMMasiap/ibl aJlyFa MyMKiH/ZiK Gepeai.

3eptTrey HblcaHAapbl "KasaTtomeHepkacin" YAK" AK engipicTik o06bekTiciHae
naiaasanbiaTblH SULZER opTasiblKTaH Tenkill coOpfbl arperaTTapbl 60J//bl. JluarHocTukara
MOUBIHTIpEKTEpP, Kopnyc OeJiikTepi, 6aiaHbICTBIPYIIbl MydTasap, COHAAN-aK COPFbLIAPAbIH
»KeTeriH KaMTaMachl3 eTeTiH 3JIEKTP KO3FaJITKbIIITAPHI YIIbIPAa/bL.

BALTECH TR-0102N »kbuL1y Tyciprimi apTypsi HbICaHJapMeH »yblIaTblH WHQPaKbI3blI
coyJieJieHyZl Tipkeyre apHaJifaH. TelJIOBU30p aHbIK TepMOrpaMMasapAbl ajyfa KoHe
00'beKTiNIepAiH TeMIlepaTypachIH J19J1 eJillleyre MYMKiH/ K 6epe/ii. TenoBU30p 3JIEKTP ChIMAAPHI
MeH a0/ bIKTapbIHbIH, Kal-KYWiH OaKblIay XoHe AUArHOCTHKasay, MyHal KyObIpbIH GaKbLIay,
Kby, bLJIFAJI, aya »KoHe OKllayJay aKayJapblHbIH, aFblll KEeTYiH aHbIKTAy, OpMaH OyJapbIHbIH,
aJIZibIH aJ1y YK9HE KaCbIpbIH TYTaHYy KO3/epiH i3/jey, afiaM JleHeCiHIH TeMIlepaTypachIH 9.1 6JI1IeY,
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FbIJIBIMU 3epTTeyJiep, TeMipKoJiIap/ia *KyMbIC icTey oHe T. 6. YIlIiH K0J1JaHblla/bl.

Copfbl  KOHJABIPFbLIAPBIHBIH, TEeXHUKaJbIK  JKaFJAaWblH  3epTTey  VIIiH  3JIEKTp
KO3FaJITKbIIIbIHbIH MOWBIHTIPEKTEPI MEH COPFbI JAOHreJeriHiH eTeK O6isikTepi TaHAanAbl. 1-
cyperte SULZER cOpfbl KOHZABIPFBICBIHBIH, >Ka/llbl K6PiHICI KepceTi/ireH, COHbIMEH KaTap
TeMIlepaTypa CUIIaTTaMaJapblH TEPMUSJIbIK 6aKblIay HYKTeJepi KepCceTiireH.
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1-cypeT. OpTasbIKTaH TEMNKIll COPFbI KOHABIPFBICBIHBIH, )KaJlIlbl KOPIHICI

Koy napamerpaepin 3eprrey BALTECH TR-0102N TensioBM30pBIH KOJIZJaHA OTBIPBIII,
0JIapAbIH, TeXHUKAJBIK JKaFJaWblH JAUArHOCTHUKaJlay MaKCaTbhbIHZA >XYMbIC iCTEUTIH pOTOPJIbI
MallMHa/Jap MeH MeXaHUKaJIblK KOHCTpPYKLHUAJapAaFbl TeMIlepaTypaHblH,  TapaJlyblH
BU3ya/iM3alysaay KoHe Tanjay OQyHKUUAJApPbIH OpPBIHAAWUTBIH THUICTI 6GaFAapJiaMaliblk
»KacaKTaMaMeH XKyprisingi (2-cyper).

3epmmey mapmi6i keseci kezeH0epdi KamMmbldbl:

1. JKa6dvikmul dalibiHOay: eJiieyai 6acTaMac OYpbIH arperaTTapAblH OeTiH LIaH MeH
JlaCTaHyJlaH CbIPTKbI Ta3aJsiay, Kayilci3 Kipy »arjauaapblH Tekcepy, coHpau-ak BALTECH TR-
0102N nmaiiaasiaHy HYCKAYJIbIFbIHA COMKeC TEMJIOBU30P bl KaJIUOPJIey XKYPrisiajii.

2. Tepmozpammanapdsl mycipy: TepMobeliHe ey xKabbIKThIH XXYMbIC PeXHUMiH/le TYpPaKThl
KYKTeMeJsiepze xkyprisingi. TycipisiiM 6apJiblK JUarHOCTUKAIbIK MaHbI3/1bl 3JIEMEHTTEPAI KaMTy
YUIiH 9p TypJi 6ypbllITapAa XKyprisiafi.

3. Tepmoepammanbl maaday: anblHFaH KeckiHzaepgi Ttycinaipy yuwin BALTECH Expert
Oaf/apJlaMasibIK »KacaKTaMachl KoJiaHbLI/bl. TeMnepaTypa rpaJiueHTTepiH Tajjay HerisiHze
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YKepriJliKTi KbI3bINl KeTy auMMakKTapbl, HopMaTUBTIK MoHJepJeH aybITKy/ap >KoHe YHKeJICTiH,
YKOFapblylaybl HeMece MaiJlayJblH 60/1Maybl MYMKiH ailMaKTapbl aHbIKTaJl/ibl.

-

2-cypet. BALTECH TR-0102N T(;nnoslzlsopbl

Koty Tyciprin-6yn  kepiHOeWTiH WHQPAKBI3bLI CdyJie UIbIFApPaThIH O0ObEKTiepAiH
KepiHeTiH OelHeCiH ajlyFa MYMKiH/iK 6epeTiH nopTaTUBTI UHPPAKbI3bLJI KaMepa.

TensioBU30pAbIH )KYMbIC IPUHUHUII UHPPAKBI3bIJI CayJiesleHyAi TypJeHAipyre Heri3/ereH,
0J1 ONTHMKA apKbl/Ibl OHBI 3JIEKTP CUTHAJIbIHA TYPJEHAIpeTiH KaOblL1JaFbIlIKa GaFbITTaNFaH [7].
AJBIHFaH CUTHaJ >KbLIy TYCIPTilITiH 3JIEKTPOHMKACbIMEH »Ka3blIaJbl >KoHe JUCIIenze
KepcCeTiJIeTiH 3JIEKTPOH/bIK, KeCKiHre (TepMorpaMMara) anHa/jazbl. JleMek, TepMorpaMMa-oy.
TEPMONU30P/bIH, 3JIEKTPOHHKAChIMEH 6HJe/IreH O00beKTiHiH 6elHeci, COHABIKTAH TYCTEP/iH
apTypJsi rpajauusiapbl UHQPAKbI3bLI C3yJeseHy/iH 00beKTiHiH OeTiHe TapasyblHa CoMKec
KeJleZll. 9/leTTe TYCTep allblK, (KbI3blJ, Capbl) TYCTEpP KOFapbl TeMIlepaTypaHbl, ajl KO TYCTep
(kek, »xacbl) TeMeH TeMIepaTypaHbl KepceTeTiH eTin 6eJsiHeni. CoHbIMeH, TepMorpad
00'beKTiHIH, OeTiHEH KeJIeTiH b1y CayJieJieHyiHe CoilKeC KeJleTiH TepMOrpaMMaHbl OHau
KapacTtelpa asazapl. OcpLiaiiia »kacasifaH TepMorpaMMasiap apHaWbl GafJapJ/aMasblk
»KacaKkTaMaMeH eH/eJie/li )kxoHe TanAaHazbl. bys Tanzgay coyseneHy k03¢ PuULMEHTIH, KopllaFaH
OpTaHbIH TeMIlepaTypachblH ecellKe ajlyFa »KoHe Ke3-KeJIT'eH eJllley HYKTeCiHJe napaMeTpJepAi
aHbIKTayfa, COHJAAW-aK CypeTTiH TyYCcTep MNaJMTPAacblH OHTAaWJIAHJBIPYFa KaTbICTHI.
TepMOBU3UANBIK OaKbliay HITHXKeJepiHiH  ceHIMAiniriH apTThipy yuIiH 3epTTeyae
TepMOrpaMMa/lapZbl TalJAyJblH, CaJbICTBIpMa/bl 9JiCi KOJAAHbUIABI, OHJA aFbIMJAfbl
TeMIlepaTypa KepCeTKIillTepi yKcac TUIITer] »xapaM/bl KOHABIPFbLIap/ia a/IbIHFaH aHbIKTaMaJIbIK,
MOHJlepMeH  caJbICThIpbLIAbL.  KabGAbIKTbIH  CHUMMETpHUAJBl  alMaKTapbl  apacblHJAAFbl
TeMIepaTypa alblpMallblIbIKTApbIH OaKpliayFa, COHJAAW-aK KalTa eJilley Ke3iHJAe >XbLIy
epicTepiHiH e3repy AMHAMMKacblHa epeKlie Ha3ap ayZapblajbl. CBIpTKbI GaKTOpJiap MeH Kby
MHEPLUSACbIHBIH, 9CepiH ecemKe ajy YUIiH ap TypJii YaKbIT Ke3eHJepiHAe (TaHepTeH, KYHJi3ri
)KYKTeMe, TOKTaFaHHaH KeHiH) OipkaTap TycipizniMmaep »xkyprisingi. bBysa cTaTukasbik
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aybITKyJlapZibl FaHa eMeC, COHbIMEH KaTap YaKbIT eTe KeJie TeMIlepaTypa aybITKyJIapbIHbIH
JlaMybIH J1a TipKeyre MyYMKiH/JiK 6epai, 6yJ acipece »KacbIpblH aKayJap/bl €pTe aHbIKTAy YUIiH
MaHBbI3/lbl — MbICAJIbI, )KaFapMaW/iblH TO3ybl, MOUBIHTIPEKTEPAIH TO3ybl HeMece TeHIrepiMCi3JiK.
ConbiMeH Kartap, BALTECH TR-0102N TemnioBU30pbl apKblibl a/JIbIHFAH JepeKTepAl Kpocc-
TeKkcepyre MyMKIHAIK OepeTiH Oakbliay HYKTeJepiHJe Oal/aHbIC TeMIlepaTypacblH 6JIlley
(mMpoMeTpMeH) AMarHOCTHUKAJbIK BaJWJALUSAHBIH KOCbIMIIA LIapachl peTiHJe KOJAaHbLIJbL
Copfbl KOH/BIPFbUIAPBIHBIH, KYHIH CaHJABIK Oafajiay YIUIH TeMIlepaTypa IpaJUeHTTepi MeH
Oakpl1ay HYKTeJsiepi apacblHAAarbl TeMIlepaTypa aWbIpMallbLIbIFbl KOJAAHbLIABL Herisri
napameTpJiep/iH 6ipi TeMIlepaTypaHblH aybITKybl 60115l [8, 9]:

AT=Tmax-Tcp (D
MYH/JaF bl
Tmax — 3epTTey alilMaFbIH/aFbl TEpMOrpaMMa/ia TipKeJIreH MaKCMMaJlibl TeMIlepaTypa,
Tcp — KbI3bIN KeTyre 6eliM eMec, allHa/aZaFbl y4ackeiep/iH opTalla TeMIepaTypachl.
10-15 °C-TaH »xofapbl AT MaHzepi *KeJesa apasiacy[bl KOKeT eTeTiH KePrilikTi KbI3blll KeTy/i
kepceTTi. Bys xkaraaiga 2KabAbIKTbIH TeXHUKaJIbIK KYHiHiH lIKaaacbl KOJIJaHbLIbL:

° AT<5°C-)xyMbIC KYyHiH/eri »)KabblK, KbI3bIIl KETY aHbIKTAaJIMaFaH;

. 5°C<AT<10°C-pyKcaT eTi/ireH aybITKY, 6aKblyiay YCbIHbIIAAbI;

. AT=10°C - cbIHU achIll KETY, TEXHUKAJIbIK KbI3MET KOPCETY HEMECE KOHEeY
KaXKeT.

CoHJlaii-aK, KOHJBIPFbIHBIH, KOPMYCbIHBIH Y3bIHZABIFbI OOWBIHIIA TeMIlepaTypa CpaJUeHTi

ecenTenmi:
_AT

G== @

MYHJaFbl L-Kblly Tapa/jiyblHbIH OipKeJIKi/IiriH 6arasiayFa MyMKiHAIK 6epeTiH eKi 6aKbliay
HYKTeCiHiH apacblH/aFbl KAlIbIKThIK. [ paiueHTTiH KypT cekipynepinge (G>5°C/cM) MyMKiH iluki
aKayJiap Kabbl1JaH/bl: 0Y3blIy, YMKEJICTIH »KOFfapbliaaybl, Maijay MJIEHKACBIHBIH, bIPThLIYbl
koHe T. 6. MaTeMaTHKaJbIK 6HJley HOTHXKeJsepi TepMorpaMMaJsap/iblH, BH3yaJ/ibl TajJayblH
pacTay yuliH nai/iaJaHblIJbl )KoHe Ka0/1bIKTbIH TEXHUKAJIbIK, XaFJalblH KOPBITBIH/bl OaFaiayFa
6ipikTipini.

HaTuxesiep MeH TaJIKbL1ay

KababIKThIH, OeTKi TeMIepaTypachkl TypaJbl ajiblHFaH MaJiMeTTep TeMIepaTypaHbIH,
’)KOFapbllay HYKTeJIepiH >KoHe KbLIy ajMacy npobJseManapbl 6ap ailMakKTapZAbl aHbIKTayfa
MYMKiHJIIK OepeTiH apHaibl Oafjap/aMajblK >KacaKTaMaHblH KeMeriMeH TaJlJlaHaJbl.
TepmorpadusibiK, 3epTTey Kby *KabAbIKTAPbIHbIH, *KYMbICbIH/Ia KONTereH mnpobJeMasap/bl
aHbIKTayFa MYMKiHAIK 6epeJii — MbIcaJibl: - )KaOJbIKTbIH, OeTiHJeri TeMiepaTypaHblH, O6ipKeski
6es1iHOeyi; - KOFapbl TeMIlepaTypa alMakTapbl, 0ys KabAbIKThIH *KYMBICbIHJA aKayJap/blH
60J1ybIH KepceTyi MyMKiH; - Kby asMacyziblH TOMeH THiIMAiIIri, 6y/J1 3HEepPryusiHbl KOFaITyFa
>)K9He 3Heprusl UIbIFbIHJAPbIHBIH, apTyblHa 9KeJsyi MyMKiH. TepMorpadusiblK 3epTTey Kby
»Kab4bIKTapbIHbIH KYMbIC KaFAaWbIH/AA /3, 2Ka0/IbIK, ellipiireH/ie Jie, OHbIH *KYMbIC 6acTaJiFaHFa
Jledinri  KydWiH 6afanay ywiH kypridinmyi MyMmkiH. TepMmorpadusanblKk  3epTTeyAiH
apTHIKIIbLIBIKTAPbIHbIH, Oipi-Kblly 3Ka0/JbIFbIHbIH, >KYMbICbIH/AFbl MpoOJieMasap/ibl OHbI
TOKTaTHal-aK Te3 aHbIKTay MyMKiHAiri. CoHan-aK, 6y/1 9/iic Kby aJMacyAblH MaKCHMaJlbl
TUIM/JiJIITIHEe KOJ KEeTKi3y YIIiH »KabAbIKTbIH OHTAWJ/bl MMapaMeTpiH aHbIKTayFa KeMeKTece/i.
Tepmorpadusnbik, 3epTTeyAiH KEMILITIri OHbIH »KOFapbl KYHbl >XoHE aJIblHFaH MaJliMeTTepre
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TaJiAay »Kacay YIlliH 6i1iKTi KbI3MeTKepJiep/iiH Taaabbl 60ybl MYMKiH. 2KoFaphblJla cunaTTalfaH
JINaTHOCTUKAJIBIK d/licTepZieH 0acKa, »KbLIy a0 bIKTapbIHbIH, KYWi Typasibl J2/1ipeKk akmnapat
aJlyFa MYMKIiH/iK 6epeTiH 6acka Aa erkel-TerkeuJi aaictep 6ap [10, 11]. OceiHAa# aficTepain
6ipi-akycTUKaIbIK AUarHocThKa. OHbIH KeMeriMeH >XapblKTap, KOPpo3Us, MOUBIHTIpeKTep/iH
TO3YbI XKoHe OacKaJapbl CUSAKTBI aKkayJiap/bl aHbIKTayFa 60J1aabl. by afic )kababIK :KyMbIC icTen
TYpFaH Ke3Jle Maijla 6oJsiaTblH [bIOBICTBIK TepbesicTepAi Tanmayra HerizgenreH. by
KabJBIKTBIH, 9pTYpJi TYWiHJepiHe OpHATbLIybl MYMKIH apHailbl aKyCTUKaJbIK JaTYUKTepAi
navjasnaHazbl. AJIbIHFaH akKlapaT MaMaHJapfa akKayJAblH OpHa/JacKaH >Xepi MeH CUNaThIH
aHbIKTayFa >XoHe 0JlaH 9pi 9peKeT eTy Typasibl lIelliM KabblijayFa MyYMKiHZ ik 6epegi. Tarbl 6ip
dAic — aHAoCcKoNUs. by »KabAbIKThIH, illIKi 6eTTepiH BU3yas[bl TEKCEpyre MYMKiHJiK 6epeni. O
YUIiH »Ka0JbIKTBIH, illliHEe TeCiKTep HeEMeCe ThIFbIHAAP apKbl/bl €HTi3iJIeTiH apHalbl ONTUKAJBIK,
KYPBUIFBLJIAP-3HAOCKONTAP KOJIAAHBbLIAAbl. AJIbBIHFAaH KeCKiHJep »KapblKTap, KOppo3us,
KaObIpIIaKTaHy >odHe T.0. CUAKTbl 9pTYpJi akayJsapZbl aHbIKTayFa MYMKiHAik Oepegi. On
MHOPAKbI3bLI AMana30HaFbl »KabAbIKThI LIbIFAPATbIH COyJeJeHy i TalJayFfa Heri3genreH. bya
d/lic KbI3bIN KETY, KbLIy aJMacy/iblH, OY3blIybl K9He OacKajapbl CUSKTbI dPTYpPJii aKayJiap/bl
aHbIKTayFa MYMKiHAik Oepezni. WHQpakpI3blil  AUMarHOCTUKaHbl  KaOABIKTBIH,  OeTKi
TeMIlepaTypacblH TipKEWUTIH >XKOHEe OHbl TasjayFa 0O0JIaTblH KeCKiHre aWHa/JAbIPATbIH KbLIY
KeCKiHi apKpbLibl acayfa Oosiaapl. Kainbl, JUAarHOCTUKAHBIH HEFYPJBIM erKeW-TerKeui
dAicTepiH KoJJaHy Kyp/leJli )KoHe »KacbIpblH aKayJap/bl aHbIKTayFa MyMKiHAIK 6epeni, 6y e3
Ke3eriH/le TeEXHUKAJbIK KbI3MeT KOpCeTy TUIM/IJIITiH apTThIpa/ibl XKOHE XKblJY KabAbIKTapbIHbIH,
KbI3MeT eTy Mep3iMiH y3apTazpbl. Kby COpFbLIapbIHbIH KYHiH JUarHOCTHKAJIAy YILUiH aJJbIMeH
TUIMALIKTI  eJiliey dJiCiH KoJAaHy Kepek. bipiHIuiieH, Kby COPFBICBIHBIH,  KbIIY
aJIMaCTBIPFBILITAPHI KEP acTbIHJAA OpHaJacKaH, Oy BU3yas[ibl TEKCEPY/I MYMKIH eMeC eTeji.
ExkiHIIiieH, a/blHFaH eJilley HITHUXKeJiepi OHBbIH »KYMBICBIHBIH, THIMJiJiriHe acep eTeTiH
anmnapaTThIK aKay/J1apAblH 6ap->KOFbIH aHbIKTaNUAbI. XKblJ1y COPFBICHIHBIH, )KYMbICbIHA 9CEP €TETIH
KaHJail aa 6ip akay TyblHJaFaH »KafFaija, eH TUIMJI [UarHOCTUKa peTiHJe KblLly OeliHesey
»KaObIFbl APKbLIbI Kby aFbIN KeTY/iH OpHbIH aHbIKTayFa MYMKiHAiK 6epeTiH WHQPaKbI3bLI
JIMAaTHOCTUKA 9/IiCiH KOJIIaHFaH AypbIC. AKayJibl aiMaKThl aHbIKTaFAaHHAH KEeWiH aKay/bl )KOFa
Kipicy kepek [11, 12].

OpTazaH Tenkill COPFbIHBIH XKYMBICHIH Tangay yiliH 160x120 nukcenb UK-1eTeKTOPBIHbIH,
MaTpPHULAJBIK aXXbIpaTbIMABLIBIFDI kaHe -20°C-TtaH +600°C-Ka feHiHri TeMnepaTypa Aydana3oHbl
6ap b1y Tyciprim KosgaHbliAbl (1-kecTe). OJiliey HAKThI yaKbIT PEXUMIH/E )KYMbIC iCTEUTIH
»)KabAbIKTA OHbl TOKTATHaM »Kyprizinai. Herisri KbI3bIFyIIBLIBIK alMaKTapbl MOWBIHTIpEKTep,
6alIaHBICTHIPYLIBI MydTa K9HEe COPFbI KOPIYChI 60JI/IbI.

1-kecTe. OJiliey WapTTaphI

TenuioBUu3op Mozeni BALTECH TR-0102N
CepusJibIK HEMIp 900196011198
SDK HycKacsl V_2.0.12
CoyJsiesieHy kKoadduiueHTi 100 %
KalllbIKTHIK, 1,00 m
bliFanbIIbIK 60 %
TemnepaTtypa 21,0°C
eIk HYKTEC] 12,9°C
JLH. T'ymunee amoindarst Eypasus yammeotk ynuseepcumeminiyy, XABAPIIBICHL N23(152)/ 2025 177

TexHUKabIK FblAbIMOIAD HCIHE MEXHON02USAAAD CEPUSICHL
ISSN: 2616-7263. elSSN: 2663-1261



JL.b. CaraToBa, C.A.BopTebaes, /I./l.backanbaesa, I11./l. AxMeTOBa

«KaszAtomOnepkacin» YAK» AK «XOPACAH-U» BK» enepkaci6inae SULZER opTazan Tenkim
COpFbI arperaTTapblHbIH, T€XHUKAJbIK KyHiHe »KyprisisireH sepTTeyJyiep GoibIHIIA COPFbl MeH
3JIEKTP KO3FAJITKbILIBIHBIH, MOMWBIHTIpEKTepl TOpanTapblHbIH, Kby CHUNATTaMaJIapbIHbIH
HoTwxkesiepi anbiHAbl. BALTECH TR-0102N TensioBU30opbiMeH bGipikTipisireH 6arjapsaMaliblk,
»KacaKTaMaHbIH KeMeTiMeH XblIy JepeKTepi eHJeJil, TepMorpaMMa/ap MeH TeMIlepaTypaHblH,
TapaJybl TYpiH/Je KeCKiHJep aJbIH/bL.

3 oHe 4-cypeTTepAe COPFbl KOH/bLIPFbIIAPbIHbIH, TepMOTrpaMMasapbl KepcCeTireH, oJap
6acKka alMaKTapMeH CaJbICThIpFaHJa aybITKyJlap/ibl KepCeTeTiH >KOofapbl TeMIlepaTypaJibl
anMMaKTap/bl KepceTesi.

3-cypet. TepmusnsbIk cypeT, esmeMi 120x160
"blcTbik MeTas1" nasuTpackl, Tmin=-40,0°C Tmax=1700,0°C
N30TepMUSAIBIK TYC: KOK,
[IIbIK acThIHAAFbI HYKTEHIH, TYCi: 2KOK,

THC-2 macoc-1,
10.12 3024 10: 54:02

Tormi (]

a.1

50,4

TesmepaType (Mpag C7)

4-cypet. N2 1 2KCC-2 cop¥fbl 3/1eKTP KO3FaJTKbILIBIHbIH MOUBIHTIpEKTEPIiHIH,
TepMOrpaMMachl
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TennoBuszopablH, keMeriMeH asblHFaH KCC-2  yyackecingeri N21 copfbl  3JIeKTp
KO3Fa/ITKbIIbIHBIH MOMBIHTIPETiHIH TeMIepaTypasblK TapalyblHbIH OelHeci.

KyprisisreH sepTTey HoTHXeslepi O0MbIHIIA aHBIKTAJIFaH TEMIEPATypasblK aybITKyJIap/blH,
Heri3ri cebenTepiHiy 6ipi TepMorpamManapja epriJiKTi KbI3blll KeTy alMakKTapbl TYpiHZe
KepiHeTiH OipKeJKi eMec TO3y HOTHXKeCiHJe TmaWga O0JIaTbIH >KYMbIC [I@HTreJIeTiHiH
TeHrepiMci3/iiri 60/1bIN TaObLIATBIHBI AHBIKTAJI/bI.

«KasATomOHepkacin» YAK» AK «XOPACAH-U» BK» enepkaci6inge SULZER opTazaH Tenkimr
COpFfbl arperaTbiHblH, MOAIMIHUKTIK TOpanTapblH TEPMOBU3UAJIBIK Taljlay HITUXKeJepi
TeMIlepaTypaJiblK KOPCETKIIITEP/[iH HOPMa LIEeriH/le eKEHiH KepceTe/ i, 6yJ COPFbI )KabAbIFbIHbIH,
YKaKChbl TEXHUKaJBbIK KyHiHe colikec Kesefi. /lereHMeH, TeMIiepaTypaHblH, KaJbIIThl MaH/AEpiHE
KapaMacTaH, aHbIKTAJFaH JKeprijikTi TeMmiepaTrypa aybITKyJapbl bIKTUMaJl akKayJapzbl
KepceTe/li ’KoHe COPFbI )KabJbIKTapbIHbIH, KYHiH KyHeJsi 6aKblIayAbl KAXKeT eTe/|.

KOpHBITBIHABI

TenoBU30p-6yJ1 OpTa/IbIKTAaH TENKIll COpPFbLIAp/bl XKejes AUarHOCTUKaJayFa apHaJiFaH
KyaTThl KypaJi, acipece 6acka ajjictepMeH 6Gipre. TypaKTbl TepMUSIBIK 6aKblaay XababIKThIH,
CEeHIMJZINIriH apTThIpyFa, anaTTap KayliH a3auTyFa >KoHe KOHJey WIbIFbIHJAAPBIH a3anTyfa
MYMKiHAIK Oepeni. XKblLiyblK 6aKblIayAbl KOCMAPJbl-aJJblH a1y KbI3MeTiHiH 06Jiri peTiHae
TYpaKThl HeTi3/ie )KYpri3y YCbIHbLIAbI.

Ko3Fa/qTKbIIITAp MeH COpPFbLIApPAbl JAUArHOCTHUKaJay/Za KbLIy KaMepaJsiapblH NaujajiaHy
»KaObIKTBIH, CEHIM/IiJIiri MeH Kayinci3iriH »kakcapTy/iblH THIM/i KypaJsibl 60JibII TabblaaAbl. by
dJic bIKTMMaJ mHpobJieMasiap/ibl YaKTblJIbl aHbIKTayFa faHa eMecC, COHbIMEH KaTap TeTeHIle
»KaFJalyap KayliH auTapJblKTald a3alTyFa MYMKiHZiK 6epeni. XKababIKKa KbI3MeT KepcCeTy
ToXXipubeciHe TepMHUSJbIK OelHesiey JUArHOCTUKACbIH €HTri3dy eHJipicTik mnpouecTepai
OHTaWJIaH/JbIPyFa KOHe XKOHJey MeH TeXHHUKAJbIK KbI3MeT KepCeTy UIbIFbIHJAAPbIH a3auTyfa
OarbITTaJIFAaH MaHbI3/bl KaJlaM 00J1a/ibl.

KbLny kabAbIKTapblH AMATHOCTUKAIAY *KAOABIKTBIH, CeHiMAi *KoHe THiMJi KyMbIC icTeyiH
KaMTaMachl3 eTy/iH MaHbI3/lbl Mporeci 6oJsbin  TabbLIaZbl. Kby KabJbIKTApPbIH
JAVArHOCTUKAJAyAblH 9pTYpJi OAICTepiH KOJIJAaHY OHBbIH J>KYMbBIC THUIMAUIITIH apTTBIPYFa,
Kayinci3ikTi KamMTaMacbi3 eTyre >XoHe >abJbIKThbl >XOHJey MeH aybICThIPy UIbIFbIHAAPbIH
aszalTyfa MYMKiHJik 6epefi. [lereHMeH, ap0ip 8/iCTiH apTHIKIIbIIBIKTAapbl MeH KeMIIiJIiKTepi 6ap
K9He JypbIC dAICTI TaHJAy JAWAarHOCTHUKAJbIK MaKcaTTapfa, abJblK TypiHe >XoHe >KYMbIC
»KaFZaiiapbiHa 6ailJlaHbICTbL. MbIcasibl, )Ka6/4bIKTbIH, >KYMbICbIH/aFbl OY3blIyJIap/Abl TE€3 aHbIKTAY
YIIiH >XaHy eHiMJiepiH BU3yaJ//ibl TEKCEPY KoHe TasiJjay KEeTKUIIKTI 60/ybl MYMKIH, a1 erKeu-
TerKeii JJUarHOCTUKa YILIiH TepMorpadusiblK 3epTTey HeMece aKyCTUKaJ/bIK CUTHaJAAP/ibl
KOJI/IaHY apKbLIbl JUAaTHOCTUKA CUSAKTHI Kyp/eJii afiicTepai nanaanany KaxkeT. COHAbIKTaH HAKTbI
KaFJanfa 6alIaHbICThl UAarHOCTUKAJBIK dA4iCTep/i AypbIC TaHAAY KoHe Kby a0/ bIKTapblH
JVarHoCTUKaJIayFa )KaH-KaKThbl Kapay MaHbI3/bl.

Asrbic aliTy, MyAAeJiep KaKThIFbIChI

3eptTey xymbicbl Kazakcran Pecny6sukacbl FblibIM KoHe >KOfapbl 6i1iM MHHUCTpJIIrI
FouibiMm komuteTiHiH, AP22684928-«Icke acelpaThlH annapaTypaHbIH dJicTeMeciH a3ipJey
apKbLIbl COpPFbl arperaTTapblHblH, TeXHUKaJbIK >Kal-KyHiH JUarHoCTUKajJay THUIMAIIIriH
apTTBIPY» 'PAHTTBIK Kap>KblJIaHABIPY K00acblHA COMKeC OPbIHA/bIL.
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CopFhl )KabAbIKTAPbIHBIH, TEXHUKAJIBIK XKaFJalblH TEPMUSJIBIK 6aKblIay 9/1iCiIMEH JMarHOCTUKAJIAY

JL.b. CaraTtoBa*, C.A.bopTe6aes, /I./l. Backan6aega, I11./I. AxMeTOBa

Kazaxckull HayuoHa/bHbll ucciedosamebCkull mexHu4ecKull yHugepcumem umMeHu
K. U. Camnaesa, Aamamvbl, Kazaxcmar

AI/IaI‘HOCTI/IKa TEXHHUYECKOro COCTodHMUA HACOCHOTO oﬁopy,qonamm TEeNJIOBBIM
METOAO0OM KOHTPOJIA

AHHOTanMAa. B ctaTbe paccMaTpUBAKTCA METO/bl JUATHOCTUKU TEXHUYECKOTO COCTOSHHUA
HACOCHBIX arperaToB C HCIO0JIb30BaHMEM TeIJIOBU30pa B yca0BHUAX 3kcmiayaTtauuun A0 HAK
«KasAtomnpom». B paMkax HacTosillero MCCJAeJOBaHUsS  HCIO0JIb30BaJlacb BbIOOpKa
JINarHOCTUYECKOW HWH}OpMaIlMM, NOJYYeHHOW C MOMOIIbI TENJIOBU3UOHHOTO 00C/e0BaHUS
LeHTPpoOeXHbIX HacocHbIX arperaToB SULZER, noasiexanyx npoueaype olleHKH TEXHUYECKOTO
cocTtosiHUA. OnrcaHa MeTOIMKa NPOBeeHUs TENJOBU3MOHHOW JUAarHOCTUKHU Ha JAEUCTBYOLIEM
obopynoBaHuu. /Jlyii aHasu3a MOJIYYeHHbIX [AAHHbIX MCHOJIb30BaJUCh METOAbl 0OpPabOTKH
TepMOrpaMM, MO3BOJISIOIIME BbIIBUTb 30HbI JIOKAJbHOIO MeperpeBa, CBUAETEJbCTBYIOUIUE O
NOTEeHIIMA/NbHbIX  JedekTax. [lpuBefeHbl  pe3ysbTaTbhl  TENJIOBU3UOHHOTO  aHaJM3a
NOJIIIMITHUKOBBIX y3JIOB HACOCHbIX arperatoB. [IpoBeiéHHble HCCIeJOBAaHUS T03BOJIUIU
cbopMupoBaTb 6a30Bble JUATHOCTUYECKHME NPU3HAKM OLIEHKU TEXHUYECKOTrO COCTOSIHHS IO
TENJIOBbIM XapaKTEpPUCTUKAM, 4YTO obOecrneyuBaeT CO3/aHUE €JJUHOr0 JAUAarHOCTUYECKOro
KpUTEpPUs AJis OLleHKU U NMPOTHO3WPOBAHUS COCTOSIHUS LIEHTPOOEKHBIX HACOCHBIX arperaTos.
[lonyyeHHble  pe3y/abTaThl JEMOHCTPUPYIOT BbICOKYIH0 3QQPEeKTUBHOCTbL MNPUMEHEHHUs
TeNJIOBU3UOHHOI0 MeTO/la /iJIsi pPaHHETO BbISIBJIEHHS] HEMCIIPABHOCTEN U OLlEHKHW OCTAaTOYHOTO
pecypca o60pyaoBaHHUs. ITO, B CBOIO O0Yepe/ib, CIOCOOCTBYET MOBBILIEHUI0 HAJIEXKHOCTU PabOThI
HACOCHBIX YCTAaHOBOK, CHUKEHUIO PUCKOB aBapUMHBIX CUTYallUd U ONTHUMHU3ALMU PErJaMeHTOB
TEeXHUYECKOTro o6caykuBaHus. [IpescTaBieHHass MeTOJMKa MOXeT ObITb peKOMeEHJ0BaHa /i
IIMPOKOr0 BHEJPEHUs] HAa MNPEeANPUATHUSAX C AHAJOTMYHBIM TUIIOM OOOPY/AOBaHHUSA, A TaKXKe
MCIO0JIb30BaTbCd B CUCTEME MOHMUTOPHUHIA TEXHHUYECKOrO COCTOSIHUSI B paMKax KOHLENLUHU
NpeAUKTUBHOIO 00C/y>KMBaHUS.

KioueBble c/10Ba: 11eHTPOOEXKHbBIN HACOC, TEMJIOBHU30p, TepMorpadruiecKoe UccaeJ0BaHUE,
TeMIepaTypa, MHGpaKpacHoe U3JIyyeHHe.

L.B. Sagatova*, S.A. Bortebayev, D.D. Baskanbayeva, Sh.D. Akhmetova
Kazakh National Research Technical University named after K. 1. Satpayev, Almaty, Kazakhstan

Diagnostics of the technical condition of pumping equipment by thermal control
method

Abstract. The article discusses methods for diagnosing the technical condition of pumping
units using a thermal imager in the operating conditions of JSC NAC KazAtomprom. In the
framework of this study, we used a sample of diagnostic information obtained by thermal imaging
examination of SULZER centrifugal pumping units subject to a technical condition assessment
procedure. A technique for conducting thermal imaging diagnostics on existing equipment is
described. To analyze the data obtained, thermogram processing methods were used to identify
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areas of local overheating, indicating potential defects. The results of thermal imaging analysis of
bearing assemblies of pumping units are presented. The conducted studies have made it possible
to form basic diagnostic signs for assessing the technical condition based on thermal
characteristics, which ensures the creation of a single diagnostic criterion for assessing and
predicting the condition of centrifugal pumping units. The results obtained demonstrate the high
efficiency of the thermal imaging method for early detection of malfunctions and assessment of the
remaining life of the equipment. This, in turn, helps to improve the reliability of pumping units,
reduce the risk of accidents and optimize maintenance regulations. The presented methodology
can be recommended for widespread implementation in enterprises with a similar type of
equipment, as well as used in a technical condition monitoring system within the framework of the
predictive maintenance concept.

Keywords: centrifugal pump, thermal imager, thermographic examination, temperature,
infrared radiation.
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AHa/IMTHYECKUH MOAXO0A, K PacyéTy AMHAMUYECKHX XapaKTEePUCTUK U
MaxXOBMKAa IECTU3BEHHOr0 MeXaHM3Ma KPUBOUIMITHOTO Mpecca

AK. TysemoB “ 1, M.¥K.KyaToBa “ 12, A.T. Xa6uen! ',
B.M. Mepku6aeBa - 1

THHcmumym MexaHuku u MawuHogedeHusl umeHu akademuka Y.A./[]xcondac6ekosa, Aamameul,
KasaxcmaH
2 MexcdyHapoOHblll UHMHCEHEepHO-meXHoA02uYeckull yHusepcumem, Aamamel, Kasaxcmau

E mail: Kuatova.moldyr@gmail.com

AHHOTanma. B craTbe paccmaTpuBaeTcs MeTOAMKA JUHAMUYECKOIO
NPOEKTUPOBAaHUS  TUOPUAHOTO  KPUBOIIMIIHOTO T@pecca Ha  6ase
lecTU3BeHHOro MexaHu3Ma (TedeHCOHa, AaKTHUBHO NPHUMEHSIEMOro B
COBpeMeHHbIX cepBonpeccax. [IpoBeseH noApo6GHbIN aHaMU3 Ko3dPuLeHTa
HEpPAaBHOMEPHOCTH [ABMXKEHHS], XapaKTEePUCTUK BO3MYLIAKOIEro MOMEHTA, a
TaKKe MeTOJJUKa ONpejJie/leHUsI MOMeHTa WHEepLUUM MaxOBUKa U CpeJHeH
CKOpPOCTH yCTaHOBUBILIErocs pexxuMa. [lokasaHo, 4TO Ipy rpaMOTHOM BbI6ope
3THUX IMapaMeTpPoOB 6a3WCHOe 3BEHO MOXET UrpaTb poOJib BCTPOEHHOIO
IpPOTUBOBECA, 3HAYUTEJbHO CHUXKAs HEPAaBHOMEPHOCTb BpallleHUs U
JIMHAMHUYeCcKHe OIMOKY MeXaHW3Ma. JTO [03BOJISIET COKPATUTh TPeO6OBaHUS K
Macce MaxOBHKa, YTO OCOGEHHO BaXXHO TMpPU  NPOEKTHPOBAHUU
3HeprospPeKTUBHbIX MallWH. B paboTe wucCnosb3yeTcsd aHaJIUTHYECKHU
NoAX0J, C MpPUMEHEHHWEM MEeTOJI0OB MaTeMaTUYeCKOro MO/ieJIMPOBaHUS.
PaspaboTaHbl airopuTMbl pelleHUus aAMbPepeHIUaNTbHbIX YpPaBHEHUU
JIBIDKEHHSI U TNpOBeJleHa OLleHKa JMHAMHUYeCKUX OIIUOO0K. [losydyeHHbIe
bopMysibl U YUCTEHHble JaHHble MOATBEPXJAT 3PPEKTUBHOCTD
npeJJIo)KeHHOM  MEeTOAMKH UM JIEeMOHCTPUPYIOT €€  MNPAKTHYECKYIo
IPpUMEHUMOCTb. MeTo/i O0COGEeHHO TioJie3eH [iJIsi NpeJBapUTESbHOTO
IPOEKTUPOBAHUS MpeccoB, obecrneynBasi y4yeT IHEPreTUUYECKUX U
BUOPOJMHAMUYECKUX XapaKTEPUCTUK HAa PaHHUX 3TaNax NMpPOeKTUPOBAHHS.
Pe3ysbTaTbl paboTbl MOTYT OBbITh MCHOJb30BaHbI MPU  CO3JAHUU
MHTEeJJIEKTYaJbHbIX PUBO/IHBIX CUCTEM LITAMIIOBOYHOI'0 060PY/[0BaHUS.
Kiio4yeBble c/0Ba: KPUBOIIMIHBIA Mpecc, IIEeCTU3BEHHbIH MeXaHU3M,
MaxOBUK, BHUOPOAKTHUBHOCTb, JHMHAMHuyecKas  OWIMOKa, 4YHCJEHHOe
MO/JIeJIMPOBAaHUE.
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AHanuTHUYeCcKUH NOAXO0/ K pacyéTy JUHAMUYECKUX XapaKTePUCTUK U MaxOBHKa LIeCTU3BEHHOI0
MexaHHW3Ma KpUBOIIMIIHOIO Npecca

BBeaeHue

AKTya/JbHOCTh  JaHHOM  paboTbl  ompejessgeTcsd  BO3pacTAOLUM  HHTEpPecoM K
9Hepros$PpeKTUBHBIM U yCTOMUYMUBBIM NIPUBOJHBIM CUCTEMAM, a TaKXKe He06X0JMMOCThIO yyeTa
BUOPOJMHAMUYECKUX XapaKTePUCTUK Ha paHHUX 3Tamnax MNpoeKTUpoBaHUA. O6BEKTOM
UCC/e[JOBaHUSl SIBJISIeTC KPUBOUIMIIHBIA Ipecc, MOCTPOEHHbIM Ha 6a3e LIeCTU3BEHHOIO
MexaHu3Ma CtedpeHcoHa. [IpegMeToM ucciej0BaHUSA BbICTYNAKOT JUHAMUYECKMe TapaMeTphl U
XapaKTEePUCTUKU paboThl MeXaHU3Ma.

B paMkax HacTosleld paboThl pacCMOTPeHbl HCCAeJL0BaHMs, CBs3aHHble C aHAJIUM30M
MexaHU3MOB Tuna C(CTedeHCOHa, BKJWYasA TPYyAbl MO UX KUHEMATHKe, JUHAaMUKe U
KOMIBIOTEPHOMY MOJeJUpoBaHUI0. Hanbosiee cyliecTBEeHHbI BKJIaJ, BHECJIW paboTHI,
NOCBSALIEHHbIE ONTUMHU3ALMU CTPYKTYPHBIX NMapaMeTpoOB s oOecrneyeHUs YCTOWUYUBOCTH U
TOYHOCTH [BHKeHUA. [Ipy 3TOM BbIIBJEeHbl Mpo6esbl B YaCTU Yy4yeTa JAUHAMUYECKOU
XapaKTepPUCTUKU IPHUBO/ia, 0COOEHHO NPH UCN0Ib30BaHUM CEPBOMOTOPOB B KaueCTBe UCTOYHHUKA
JiBM>KeHUs. HelocTaTOYHO M3y4eHHBIM OCTaeTcCsl BOINPOC BJMSAHUSA MacCbl U TeoMeTpUH
6a3MCHOro 3B€Ha Ha MHEPIMOHHbIE XapaKTEPUCTUKU U, KaK CJIe[iICTBHME, HA HEPAaBHOMEPHOCTh
BpallleHHs. ITO U 006yCJI0BIMBaeT HEOOXOAUMOCTb Pa3paboTKU HOBOW METOJMKHU, COUeTaroLien
aHAJIMTUYECKUH OAXO0/, U IPAaKTUYECKOe MO/JieJINPOBaHUE.

0630p JuTepaTypbl. KpHUBOIIMIHBIA MNpecc-aBTOMAT MPOEKTUPYeTC Ha OCHOBE
IIECTU3BEHHOI'0 KPUBOIIMIIHO-MOJ3YHHOr0 MexaHu3sMa CredeHcoHa [1]. Takue MexaHU3MBI,
ocobeHHo cxeMa CtedeHcoHa Il ¢ AByMsA IIATyHHbBIMH TSAraMM, BCE dyallle NPUMEHSIOTCH B
COBpPEMEHHbBIX CepBONpeccax /Jisl MOBbILIEHUS] TOYHOCTU U YCTOMYMBOCTU PabOThI NOJI3yHA NPU
nepeMeHHbIX Harpyskax [2]. 3To mo3BoJisieT A0O6UTbCA 6oJiee pPAaBHOMEPHOIO pacnpejesieHust
YCUJIMHM U COKPATUTh NEPEKOCH], 0COOEHHO MPU IKCLIEHTPUYHOM PacCIoJIOKEHU U HAarpyskH [3].

TexHoJIOrMYeCKUI MpoLecC IWTAMIOBKU CONPOBOXJAETCs IMpPeooJieHHeM 3HAaYMTebHbIX
epeMeHHbIX CHJI, YTO MPUBOJUT K HMMIYJbCHbIM JAUHAMHUYECKUM Harpy3kaM Ha 3BeHbs U
npuBojHOU pBuratesb [4]. CyuiecTBeHHOe BJIMSIHME Ha [JUHAMHKY I@Ipecca OKa3blBaeT
BHYTpPEHHS1 BUOPOAKTUBHOCTb PbIYaXKHOI'0 ME€XaHHW3Ma, BbI3BaHHAsi HHEPLIMOHHBIMU CUJIAMU U
MOMEHTaMHM, a TakXe VyJapHbIMU Harpy3kamu [5,6]. /JlONOJTHUTENbHBIMU HCTOYHUKAMU
JIMHAMUYeCKHUX OLIMOOK CAyKaT TPEeHUe U 3a30pbl B COUJIEHEHUSX, yIIPYTHe CBOMCTBA 3BEHbEB, a
TaK)Ke CBOMCTBA 06pabaTbhiBaeMoro MatepuaJja [7,8].

Ocoboe BHMMaHHE B COBpPEMEHHBIX MCCIeOBaHUAX yAenseTca KodPULHEHTY
HEPAaBHOMEPHOCTHU JBUXKEHUS, KOTOPbIM OTpPa)KaeT OTKJOHEHHUS YIJI0BOM CKOPOCTH BeJAyllero
3BEHA OT CpeJIHEro 3Ha4yeHUs U OKa3bIBAeT BJAMUSIHUE HA HAJ|EKHOCTb U TOYHOCTb paboThbl BCETO
MexaHu3Ma. CorsiacHo [9], moaGop MOMeHTa MHEPLUUH MaxOBHUKAa C YYETOM 3HEPTeTHUYECKHUX
XapaKTEPUCTHUK CYLIeCTBEHHO CHUKAeT HEPaBHOMEPHOCTh BpalleHUs B UKJIMYECKUX MalllMHAX.
B 3TOM KOHTEKCTe CTAaHOBUTCS aKTya/bHOW 33Zjladya ONTHUMAJbHOTO pacyéTa MaxoOBHKA, ero
pa3MelleHUs1 U COOTHOUIEHUSI C MAaCCOM MOJIBMXKHbBIX 3BEHBEB.

OAHUM W3 HaMpaBJIEeHUH CHUXKEeHHS BUOPAIMOHHON aKTUBHOCTU SIBJSIETCS JUHAMHYECKOe
ypaBHOBellIMBaHUEe MeXaHW3MOB. COBpeMeHHbIe MeTO/ibl, 0CHOBaHHbIE HA MHOTOKPUTEPHUAIbHOM
ONTHUMMU3AIUY (HAIpUMep, aropUTM ArubdepeHIhaTbHOU 3BOJIIOLMH ), TO3BOJIAIOT 3G PEKTUBHO
MUHHUMHU3UPOBATDH CUJIbl © MOMEHTbI PACKAaYKH I1eCTU3BEHHbIX MeXaHU3MOB [10].

MopenvpoBaHue JAWHAMHKH HOBOrO Ipecca C y4eToM 3THUX (AKTOPOB MpeJCTaBJSIET
CJIOXKHYI0, aKTyaJIbHYI0 3ajiladyy. BmecTe ¢ TeM i HMIMPOKOrO MPUMEHEHUS KPUBOLIMUIHBIX
peccoB Ha 6a3e 3TUX MEXaHHW3MOB HEOOXOJHUMO Pa3paboTaTh MPOCThble U MOHSTHbIE METO/IbI
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JIUHAMUYEeCKOr0 MPOEKTUPOBaHUS JJs KOHCTpyKTopa. [Ipy npoeKTHUpOBaHUU MeEXaHU3MOB
MalllMH MyTeM MaTeMaTHU4YeCKOTO MO/IEJUPOBAHUS ONpeessloT 3HAaueHUs MOCTOSIHHbIX
JIMHAMUYeCKHUX NapaMeTPOB: CPeHIOI0 CKOPOCTh YCTAHOBUBIIETOCS PeXKUMa IIMKJIOBbIX MalllUH;
K03 PUIMEHT HEPABHOMEPHOCTH X0/]a; MOMEHT MHEPIIMU MaX0BUKa U T.I. TeM caMbIM Ha CTaJlUH
NpeABapUTE/NbHOTO MPOEKTUPOBAHUS OMNpPEENSAOT 3TH MapaMeTpbl, YTOObl HAWUIYYLIAM
06pa3oM NpPUOJU3UTHCSA K peajibHOMY TEXHOJOTHYECKOMY PEXUMY MalllMHbIL. JMHaMUYecKre
OIIMOKH, BO3HUKAIOIIYE MPU MEPEXOHbIX PEXKHUMAaX, OTKJIOHEHHUSX OT CTALlMOHAPHOTO BpalleH!s
W yJlapHbIX Harpyskax, TpeOylOT TOYHOTO y4éTa B MaTeMaTU4YeCKUX MoJessax. YucaeHHble
MeTO/ bl pelleHus auddepeHLMaNbHbIX YpaBHEHUM, MojenrpoBaHue B cpefax SimulationX,
Matlab/Simulink 1 MSC Adams akTUBHO IPUMEHAOTCA A1 aHa/IM3a Takux cuctem [11,12].

CoBpeMeHHble NYOJHKAIUK TMOATBEPXKAAIOT 3PPEKTHBHOCThL MNPUMEHEHHS MexaHu3Ma
CredeHncona Il B cepBomnpeccax. B paboTtax aBTopos [2,13,14] noka3aHo, UTO JJaHHAsA KOHCTPYKI[KS
obecreyrBaeT 60Jsiee TOYHYIO TEXHOJIOTUYECKYIO BBIJEPXKKY, CHHXKAET OTKJOHEHUS JIBIXKEHMUS
MO0JI3yHA U YJIy4YlIaeT CTabUJIbHOCTh MPU 3KCIEHTPHUUHBIX Harpy3kax. Kpome Toro, BbIsSIBJIEHO, UYTO
dopMa U Macca 6a3UCHOTO 3BeHAa MOTYT ObIThb MCII0JIb30BaHbl KaK CPeJICTBO KOMIIEHCALUU
HEepaBHOMEPHOCTH BpallleHHus], CHUXKasi TEM CaMbIM HEOOXOJAMMOCTb B YCTAHOBKE MaCCHUBHOTIO
MaxoBuKa [15]. B jgaHHON pa6oTe mnpejJaraeTcs KOMIJIEKCHBIA MOAXO0J, AWUHAMHUYECKOTO
NPOEeKTUPOBAHUS KPUBOILIUITHOTO Mpecca Ha 6a3e MexaHu3Ma CTedpeHCOHA, OCHOBAHHBIA KaK Ha
M3BECTHBIX MeTo/1ax [4,5,15].

MeToaos10rus

B HacTosumed paboTe paccMaTpUBAeTCs MeTOJ, JUHAMUYECKOTO HCCJe[0BaHUS
BUOPOAKTUBHOCTU IIECTU3BEHHOrO MCIOJHUTENBHOTO MexXaHHM3Ma KPUBOUIMIHOTO TMpecca,
aHaiu3 Ko3ddulmeHTa HEPABHOMEPHOCTU [BHIXKEHMs, MeTOJUKa OIpeJieJleHusT MOMEHTa
MHEePUUH MaxOBUKA, KOTOPbIA 060eClieYuBaeT YCTOMYUBOCTb PABHOMEPHOT'O BpallleHUsI BXOJAHOTO
BaJia MallMHBEI.

YpaBHeHHe JUHAMHUKU LIECTU3BEHHOr0 MexaHHW3Ma (pUCYHOK 1) 3amuiieM B CaeAyHOIeM
BUe [14, 16]

Jup (@) + 2 Jip (@) = iy Mp (/i) + Mc () (1)

OTMeTuM, 4TO B ypaBHeHUM (1) nmpeHeOGperaeTcss Macca napasiiesbHbIX ATyHOB 3 U 4 1o
CpaBHEHMUIO MacCoM MoJi3yHa 5.

C y4yeTOM KUHEMaTH4YeCKUX COOTHOLIEHUH MeXJy KOOpJAWUHATaMHU MexaHu3sMa [12]
IpHBeJIeHHbIE ITUHAMHUYeCKHEe TapaMeTpbl ypaBHeHUs (1) 6yAyT 3anucaHbl B BU/JIE:

Jop(@) =Jo + ms(r? cos? ¢ + 2rl - 1Ty, (@) cos ¢ cos P + 1211} (p) cos? V),
%]r’[p((p) = —ms7 sin @ (r cos @ +1-I1,(p) cos 1/)) — m5l(r cos ¢ + LT, (@) cos 1[}) .
2
[—(17{1,) siny + [T, cos 1/)],
Mr[p = il‘[MMD + T[GS + GZ - F5((,0)] cos + ln{[)((p)[GS - FS((/))] COSIIJ((/’)'

Mc(@) = 1[Gs + G, = Fs(@)] cos ¢ + ULy, (9)[Gs — Fs(@)] cos (@), (2)

rae repeaaTo4YHble OTHOIEHUA
rcos @

cosy = — S=a+rsin<pi\/l2—r2cosz<p,
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My(p)=¢' = —gin%, siny) # 0,9 # 0,km,k = 1,2,3, ... (3)
(@) =S" =7rcos g+ - I (p) cos P,
My(p) =" = _siiw [gcosgo — (ITy)? cos ], sin # 0,3 # 0,km, k = 1,2,3,...

g (p) = S" = —rsing — 1 - (II,))*siny + 1 - I;; cos .

Mp- ABUXKYILIMHA MOMEHT MPUJIOKEH HAa BEY1EM 3BEHE, [p- MOMEHT UHEPLUHU POTOPa, F5(S) -
TexHOoJIoThU4ecKasi cuJa AepopMUpPOBaHUS MOKOBKHU JBUTaTeJIsl, IPUJIOKEHHAsA K MoJ3yHy. [Ipu
3TOM OyJleM Y4YUTbIBaThb, YTO 3BEHO 2 COBepllIaeT MOCTyNaTeJbHOEe JBUXXeHHUe, XapaKTep
JABWKeHHUA 3BeHbeB 3 U 4 coBnaAawoT. [lycTb /; MOMEHT HHEPLUU KPUBOLIXIIA, M,- Macca 3BeHa 2,
msg- Macca nnoJidyHa 5. /[/is1 3Toro MexaHu3Mma J;, —MOMEHTbI UHEPLIUH KPHUBOIIUIIA OTHOCUTETBHO
oced BpalleHHUs (KPUBOILMII YpaBHOBEUIEH), i,,- IepeJaToyHOe YHCJO0 MepeJaTOYHOTO
MexaHU3Ma (pelyKTopa).

Y

PucyHok 1. KpyBOLIMIIHBIN MeXaHU3M IIpecc-aBToMaTa

AKTHBHOW JBWXylled CHUJION CepBONPUBOAA SBJASETCA JBWXKYLIMU MOMEHT cuabl Mp
3JIEKTPOABUTATEJIS: Msz(MD,q'),U). Ecniu y4yuThiBaTh, YTO B KPHUBOUIMUIIHOM IIpecce

MCIIOJIb3YIOTCS JIBUTATeJH IOCTOSIHHOIO TOKA, TO JAMHAMHUYECKYH XapaKTEPUCTHUKY MOXKHO
3anMcaTh ciaeayruM obpasom [12, 15]:

™™p + Mp = U — sw, (4)

rge 7= LR™l- sjeKkTpoMarHMTHasg IOCTOSAHHAs BpeMeHH, L - WHAYKTUBHOCTb, R -
conporuBjenue, i = k®/R u s = (k®)?/R - KpyTHU3HA CTaTUYECKOM XapaKTepUCTUKH. TaKkxe
uMeeT MecTO paBeHCTBO U = kP w, KoTopoe onpesesisieT 3aBUCUMOCTb yIIpaBJIEHUSI OT CKOPOCTH
Bajla JBuratess, ®- MarHUTHbIM NOTOK, kK - KO3QPHUIMEHT, 3aBUCAIIUNA OT HEKOTOPBIX
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[mapaMeTpoB JBHUIraTeJid. B peumieHurn 3aJa4 JAWHAMHKH IPHBOJAA IOJIE3HbIM ABJIAETCA

uu  Mp

3dBUCHUMOCTb W = T - T

TakuM o6pa3om nosydyaeM cucteMy AuddepeHManbHbIX ypaBHeHUH (1) U (4), comepxalyx
JiBe Hen3BecTHbIe pyHKIMU My (t) u @(t):

1
]np(go)go + E]rllp((p)(pz = ipuMp ((p/lHM) + MC((p):
TMp + Mp = pU — sw (5)

KpHBOMMIIHBIN Npecc-aBTOMAT OTHOCUTCS K LIMKJOBBIM MallMHaM, U pabo4yuil mpouecc B
TaKUX MalllMHaX OCYUIeCTBJsSeTCs B ycTaHOBUBIIeMcs pexume [4,15]. O6biyHO B
YCTAaHOBUBLIEMCS pexxruMe QYHKIMS YIIpaBJieHUs SABJsETCS NOCTOSHHON BEJTMYNHOM:

a) U = uy = const . [Ipy 3TOM B KPUBOUIMIIHON MallMHE YCTaHABJIMBAETCS NepUoAUYecKoe
JIBM>KeHMe, IPU KOTOPOM YIJIOBasi CKOPOCTb POTOpPA OCTAaeTCs 6JIM3KON K HEKOTOPOMY CpeIHEMY
3HAYEHUI0 W = Wy:

@(t) = wy + P(t), npuyem |1,b|max K wp. (6)

B) ycTaHOBHMBLIeecs ABWKeHUe pu U = u, = const . YpaBHeHHe (1) B 9TUX yCIOBUAX UMEET
BU/,

Jup (@B + 3T (097 = i Mp (10, @ /i) + M () (7)
Winu

Jo® — tnuMps (uo’%) = _jnp((p)(p - %]lflp((p)(pz +Mc(9), (8)

rje nepuojudeckas yHKIus Jy, (@) U3 (2) 1o ¢ pasyokeHa Ha MOCTOSTHHbIE U [IepeMeHHble
cocraisitome [ (@) = Jo + Jup (@) [7]: Jup(@) = ms (r?cos? ¢ + 2rl - Iy, () cos ¢ cos P +
12T () cos? ).

3agaya 1. Ha ocHoBe ypaBHeHHHM (8) CTpPOUTCS aQIrOPUTM peUIeHUs1 MyTeM
NoCJieloBaTeIbHbIX IPUOINKeHUH [8, 16]

~k
.. . % = AN ke
]0(pk - ll‘IMMDS <u0:i_> = _]rlp((pk 1)(pk !

oM

—~Jip (@ (@12 + Mc(9k 1),k = 01,23, ... 9)

Ha ocHoBe uucieHHOro MeTroja pelieHUs: AubdepeHIMaTbHOTO YpaBHEHUsS BTOPOTO
nopska (9) HOCTPOUTh aITOPUTM pelleHHs ypaBHeHuH (9) B mpomexyTke [@F~1, k] .

CXOAMMOCTb OLIEeHHBaeTCs MO JONYyCTUMOM  pa3HHlle [JBYX IOC/JeJ0BaTeJbHbIX
NPUOGJIMIKEHUH:

|k — @ M pax < 8y, TAE O,- Majoe YucIo. (10)
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B HanaXeHHBIX IMKJIOBbIX MallMHAX ObIBAeT JOCTATOYHbIM IepBO€ MNPHUOJIMKEHHE
MoJeJupoBaHu4 [8, 14].

3azaya 2. OnpesiesieHue CKOPOCTH Wg. [IycThb BBINOJHAETCA Uy = CONSt U W = Wy = const.
Hynesoe npubamxenue (k=0) ¢@° = wyt pauaa awo6oro t Ha ocHoBaHuM (9) yZOBJIETBOPSET
YpaBHEHUIO

i (1120 = 5 22) = 2J1,(0° Yw? — M (%), ¢° € [0,271] (11)
WU
wo? + pwy +d =0, (12)
2ns 2 . o
rae p =W, d= —W[nlmuuo + Y M:(0°)] u n - obiee YKMCAO MOJOKEHHIH
KPHUBOILIMIIA.

PemeHue ypaBHeHus (12) umeeTt BUJ,

((U)Lz = §+ ,’ —d, (13)

2
rae 2 > d, Tak KaK Hac MHTEPECYIOT [elCTBUTeNbHble KOPHU ypaBHeHus (12), KoTopoe
BBIITOJIHAETCA
2
ns 2 )
Mc (9] >0, 14
(Z/ép(q)o)) +21{,p(<p0)[anM“u0 + X Mc(¢°)] (14)

U3 1Byx KOpHEH

(w); =—-= + /—— d (w), = _E — /%— d, ciepyeT NPUHATHL CKOPOCTb, OJIM3KYK IO

a6COJII-OTHOMy 3HAYEHHUIO K Wy @pH /l , Wpy - HOMUHAJIbHAs1 CKOPOCTb CEPBOMPHUBO/A.

3agada 3. Ha npumepe KpI/IBOLLII/IHHOI"O npecc-aBToMaTa ajarebpanyeckoe ypaBHeHue (17)
NI03BOJISIET OINpPEJEeNUTh YIJIOBYI0 CKOPOCTb W, YCTAHOBUBLIErOCA peXKMMa MallvHbI [4,8] uau
3HaYeHue PYHKLUHU yIIpaBJeHUS U = Uy, KOTOpOe COOTBETCTBYET 3aZlaHHOMY 3HaYeHUI0 wy[15].
[locnenH010 33/ja4y BaXKHO pelliaTh IPU UCI0JIb30BAaHUH aCUHXPOHHOTO CEPBONPHUBO/A.

OnpenesieHre AUHAMUYECKUX OLIMOOK. B nepBoM npubsinkeHuu (k=1), corJiacHO ypaBHEHU IO
(202), uMeeM cieaytollee ypaBHeHU e JBUKEHUS:

Jo#® = My (0, 2-) = L(0), (18)
rae L(t) = —%]r’[p(a)ot)(wo)2 + M. (wot) - Bo3Mymaromuii MoMeHT [16], XapaKTepU3yIoIuii
BHYTPEHHIOI BU6GPOAKTHBHOCTb paboyero MexaHusMa.

Eciu BBecTH HoByIo nepeMeHHylo ¥ = ¢ — wyt ¢ yuetom 3 = ¢ —wy u P = ¢ Ha
ocHoBaHuH (18) mosryunTcsa nHeliHOe AU depeHIIMabHOE YpaBHEHU e BU/ia [4]
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Jo + s = L(8), (19)

raes = — % - KpyTU3Ha CTaTU4YECKON XapaKTEPUCTUKHU JIBUTATEJIS.

[IpyyrHON HEpPaBHOMEPHOCTH BpallleHWsI poTOpa JBUraTesisi B YCTAaHOBUBILEMCS PeXUMeE
SIBJISIeTCS BHYTPEHHSsT BUOPOAKTHBHOCTb MeEXaHUYECKOW CUCTeMbl, 00yCJI0BJE€HHas SIBHOU
3aBUCMMOCTbI0O TMPUBEJEHHOT0O MOMEHTA WHEPUUUM U NPUBEJEHHOT0 MOMEHTa CHJ
CONpPOTHUBJIEHHUS OT BXOJHOr0 MmapaMeTpa ¢. Takoe sBJeHHE XapaKTEPHO PbIUYAXKHBIM
KPUBOLIWIHBIM Mpecc-aBToMaTaM. KpoMe TOro, B KpUBOLIUIIHOM IpPeECC-aBTOMAaTe BO3HUKAIOT
CKa4KH{ BO3MYIIAIOIIEr0 MOMEHTA, BbI3BaHHbIE yAPHbIMU MPOLIECCAMM.

3ajjaua 4. Ha nmnpumepe KpHUBOLIMIHOTO Mpecc-aBTOMaTa HeOO0XO0JUMO MOCTPOUTH
XapaKTepUCTUKY Bo3Mymjarilero MmomenTa L(t), pemnutsb ypaBHeHue (19), KoTopoe M03BOJISIET
MOCTPOUTH perienus Y(t) u z/)(t) - IMHAMHUYECKUX OLIMO0K M0 KOOPAUHATE U CKOPOCTH.

OmpenesieHe MOMEHTA WHepUMHM MaxoBuUKa. HW3BecTtHo [4,15], 4YTO yMeHblIeHUE
HEpaBHOMEPHOCTH BpallleHUs, WJU JAUHAMUYECKHX OLIMOOK MPU YCTAaHOBHUBIIEMCS pEXUME
MalllMHbI, BO3MOHO MyTEeM YBeJHWYEHUsI MOCTOSHHON COCTaBJAIOLIEN NPUBEJEHHOr0 MOMEHTA
WHEepPIMHU 32 CYeT JOMOJHUTENbHON Macchl (MaXoBHKa), IPUCOEJMHEHHON K POTOPY ABUraTess
WJIM Ha BXO/IHOM BaJsly paboyero MexaHu3Ma.

ITo BUJHO U3 pelileHUs] ypaBHeHUs (19), mosydyeHHOro B paboTe [15], KOTOpYyO MOXHO
3anucaTh NPUMEHUTEJbHO K HallleMy MeXaHU3MY

Ly cos(lvt+a;+6y) | ; oo Lisin(lvt+a;+6;)

) ltb - =1 )
v /]512v2+(s+19)2 /1512v2+(s+19)2

Y = 2?11 (20)

L

rae a = - aMIUIUTyZa 1-0i rapMOHMKM peleHus ypaBHeHusa (19); 8, =
v [J312v2+(s+09)2
— 9
tan 1% + 7 - HaYasnbHadA ¢asa pelleHus; BosMylnamomas cuaa L(t) pasnoxena B psajg Oypbe
)

L(t) = X2, L cos(lvt + ).

IlocTosiHHAsA YaCTh J, NPUBEJEHHOT0 MOMEHTa UHePIUH [, (@) (3) HaXoAMTCA B 3HAMeHaTe e
ypaBHeHus (20), BUJHO, YTO YBeJUYEHHE [, MPUBOJAUT K YMEHbUIEHUIO [JUHAMUYECKUX OIIHUGOK
(20).

Tenepb 06paTMM BHMMaHHMe Ha OCOOGEHHOCTH Hallero MexaHusMa. B paccmarpuBaemMom
MexXaHW3Me 6a3HUCHOe 3BEHO COBEpIIAeT MOCTyIaTe/bHOE ABHKEHHE U MOMEHT WHEPIUH 3TOTO
3BE€HA OTHOCUTEJIbHO HEIO/BUIKHOTO IieHTpa O paBeH:

— 12 12
Joo = ma(vi2 + x2), (21)
402 4 )
rae ydetoM (5) A/l paBHOCTOPOHHEro TPEYroJibHUKA (ys’z2 + xg =72+ 5 Tz arsing.

Ecsin dopMy 6a3ucHOro 3BeHa BbIOpATh TaK, YTOOBI LIEHTP S, COBMAJI C IApHUPOM A U OyJeT a =
0 (cMmeleHue), To MOMEHT UHepUUU (21) OyZeT NOCTOSAHHBIM (PUCYHOK 3).
Torza NocTosiHHasA 4acThb J, NPHBEJeHHOT0 MOMeHTa UHepluH Jy, (@) (3) 6yaeT yBesuyeHa

Ha J, o, T.€.

Jop(@) = i2Jp +J1 + Jao + 2ms(ye2 + x2) + 2592 + msSEZ = Jo + Jup(@), (22)
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rae Jo = i2Jp +J1 +J20 = const.

PucyHok 2. K pacyeTy MOMeHTa UHEPLIMU MaXOBHUKa

JTO 3HAYUT, YTO He OyZeT HeOoOXOJAUMOCTH YCTAaHOBKMU OT/Ee/JbHOTO MaXOBHMKa Ha OCH
BpallleHUs] pOoTOopa WJM KPUBOIIMIA paboyero MexaHW3Ma, o KpalHeld Mepe, Maccy MaxOBUKa
MO>XHO HAaMHOTO YMEHbIIUTb 3a CYeT MacCbl 6a3UCHOrO 3BeHa. Tenepb omnpezenuM Maccy m,
3BeHa 2, KOTOPbIHN OY/JIET UTPATh POJIb U ONPe/ie/IiTh 3HAYEHUST MacChl MaXOBHUKa.

[TepBbIit cioco6. B paboTax [4,15] mosiy4yeHO yCI0BUE, YTO KK AAA U3 aMIIUTY My;, MOMEHT
CHJ/IbI, BO3SHHMKAWOIIMHA B IepeJaTOYHOM MeXaHM3Me, IapMOHMUK M, MeHblle aMIIMTYZbI
COOTBETCTBYIOIIEeH rapMOHUK L; B L, mockosbKy 9 > 0

M\ 2 s2+J312v?
() =cotgme <1 (23)

B CUJIY TOTO,4TO S + U > suj, > Jp.
B nawmem ciyvae Jo =i Jp +J1 +J20= Jo1 +J20, MOACTABASAST 3TO B ypaBHeHue (23),
HOJIyYUM

(Mr,l)2 _ s2+j312v2 (24)
Ly (S+19)2+(]01+]2,0)212V2,

Hanjem sHauenue J, o, IpM KOTOPOM JOCTUraeTCd MUHUMYM QYHKUUHU (24). [IpupaBHUBas K
HyJII0 TPOM3BOJHYI0 C NPaBOM YacTU ypaBHeHMA (24) mo J,, mosy4aeMm, YTO MHUHHMMYM
JlOCTHUTaeTCs IPU

2(s2+J312v2)12v2(Jo1+J20) _

> 2
[(S+19)2+(]01+]2,0) lez]

(25)

Orciosa umeer Mecto m, = —(i2,Jp + J;1)/r%. 3HaK «-» 03HA4YaeT, YTO M, JOJLKEH UTPaTh
pOJIb IPOTHUBOBECA HA KPUBOILUIIE paboyero MexaH1u3Ma.

BTopoii cnoco6. YToO6bl yMEHBLIUTD AUHAMUYECKUE OIIMOKU U IUHAMHAYECKHE HAarpy3Ku NpHU
YCTAaHOBUBILUMMCSl [ABUKEHUU KPUBOILMIHOM MalUIMHBI, HaiJleM 3HayeHUsl [JOINOJHUTEJbHOU
Maccbl (MOMEHT UWHepLUUMM MaxOBHKa), KOTOpash yCTaHaBJMWBAaeTCs Ha BXOJHOM Bajly
nepejaTOYHOrO0 MeXaHM3Ma Ha CTOpPOHe JBuraress. Torja MOMEHTbl HWHepUUU [y U Jp
nprob6peTaroT 3Ha4eHus Jo = o + Jux UJp = Jp + Jux TA€ Jyo = J1 + J2,0, IOCTABAAA 3TH
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3HauyeHud (24) nonyyum[4,15]

2 2 272.,2
(ﬂ) _ S +(]D+]Mx) “v (26)

L) (s+9)2+Umo+Imx)212v?’

W13 ycnoBus MUHUMYyMa (26) 1O [, MO3BOJISIET MOJYYUTD pellieHHhe OTHOCUTEJbHO MOMEHTA
MHepUuU MaxoBUKa [4,15]

Jux = —Jp + —(259 + 9 + Jow?) + /@59 + 92 + wH50)2 + 40P Ty |, (27)

2(4)2]M0 [

rae w? = [%v2,
Eciu KpyTM3Ha cpefiHEr0 MOMEHTa CMJI CONMpoTHBJeHMs ¥ = 0, TO 3TO BhIpa)KeHHE

ynpomaeICH
J) /]2 2
]Mx_ _]D_%_F %4_5_2_ (28)

0) ycTaHOBMBILIeecsl JIBUKEHHe, CBSI3aHHOE C M3MeHEeHHeM Harpy3ku. YToObl 06ecrevyuTh
MOCTOSIHCTBO (CTAaOMJIM3alMI0) YIJIOBOM CKOPOCTH W = Wy = CONSt HEOOXOJUMO U3MEHATh
ynpaBJieHHe U = U, (w), KaK 3TO UMeeT MeCTO B aCHHXPOHHBIX CEpBONpPHUBOJax. B aToM ciyvae
MOMEHT Harpy3kd Ha JiBUraTejie U3MEHSIETCAd [0 BpPeMeHH U ypaBHEHHWE OTJIMYAETCH OT
CTaTUYeCKOH XapaKTepUCTHKM HaJM4MeM B JIEBOM 4acTH cjaraeMoro TM, M MOeT GbITb
npejacTaBJieHo B Bue (12).

B aToM ciyvyae ypaBHeHHe AMHAMUKH KPUBOIIUITHOTO MPECC-aBTOMATa 3alKCbIBAETCS B BUE

Jo = imiMps (1 :2) =Mco (@) = ~Jop (9)6 = 3T ()67 + M (9, 0), (29)
T™™p + Mp — M), (u,ii) =0, u=uy;(w). (30)

M

[Ipy OTCYTCTBHMM BO3MYLIEHUH, XapaKTepU3yeMbIX 4YJieHaMH, CTOSILIMMH B NpPaBOM 4acTH
ypaBHeHus (16), paccMaTprBaeMasi CUCTeMa UMeJia Obl CTallMOHAPHOE pelleHue BUJa

@ = wyt, Mp = My = const (31)

Eciv Bo3MyleHHe ocTaeTcsl 6JIM3KUM K PEXXUMY PaBHOMEPHOTO BpallleHUs |¢|max K wy, a

JIBMDKYIIIMHA MOMEHT MaJIo OTJIMYAEeTCs OT MOCTOSHHOTO, TOr/a /Jisl pelieHus cucteMsl (29) u (30)
MOXXHO TaKe IPUMEHUTb MeTOoJ, MocJeAoBaTeJbHbIX NpubamxkeHu [4,15]. HyneBoe
npuUObJIMKEeHNE, KaK B IPeAbIAYIIEM Caydae, UCIOJIb3yeTcs JJisl onpe/iesieHUusl CpeIHER CKOPOCTHU
. [locTaBUB 3HAaY€HUSI IepEMEHHbIX HYJIEBOTO MPUOJIMKEHUS B MPABYI0 4acThb ypaBHeHUs (29),
MOJIYYUM CUCTEMY YpaBHEHWH [/ omNpeJieJieHUsI B MePBOM NPUOGIMKEHUU @ = @(t) u Mp =
Mp(t):

»(1)
Jo®D = inMps (1o, 2=) =Mco(9V) = L(D), (32)
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. (1 1 p(®)
MY + M5 = My (10, 2=) = 0, ug = (@)

lnm

rae L(t) = — %]r’[p (wot) (wo)? + M (wyt, w,) - BO3MYIAOLMHA MOMEHT [6].

Ecnu BBecTH HOBYI0 nepeMeHHyI0 ¢ — wot = Y(t) u Ml(,l) — M, = u(t) C y4eToM

P =W —wou1p = ¢ Ha ocHoBanuu (32), noaydaTca auddepeHrManbHbIe ypaBHEHUA BUA
[4,15]

Jop + 9P — = L(1),

tu+u+syP =0, (33)
dMpg o
rges = — o KPYTH3HA CTaTUYECKOU XapaKTEPUCTUKHU JIBUTATEJIS;
0
am
9= d(p(;") - KPyTH3Ha CpeIHEro MOMeHTa CHUJI COTIPOTHBJIEHUS.
0

Cucrtemy (33) myTem npeobpaszoBaHus [4,15] Mo>kHO 3anKcaTh Kak 04HO AuddepeHuaIbHOE
ypaBHEHHUE TPETbEro Nopsiika OTHOCUTEAbHO Y (t)

Jo + (o + )P + @ + )y = TL(t) + L(2t). (34)

[Tosiaras, 4To B peasibHbIX MallIMHaX UMeeT MecTo T K J,, ypaBHeHHe (34) MOXKHO yIPOCTUTD
B BU/Jle

1

T, TP + T, + ¢ = ) [tL(t) + L(t)], (35)

TAe Ty = (19]25) [c] - MexaHMUYecKasi TOCTOSIHHAS BpeMEeHU MallUHBbI.

o1

PucyHok 3. 'paduk 3aBUCUMOCTU MOMEHTA UHEPIIMK OA3MCHOTr0 3BeHa MexaHu3Mma J2,0 oT
yrja IoBOpOTa KpUBOLIMIIA
Ha npuMepe KpUBOIIMNIHOIO Npecc-aBTOMaTa NyTeM 3aMeHbl llepeMeHHbIX Peo6pa3oBaTh
ypaBHeHue (34) uau (35) B cucremy auddepeHIMalbHbIX YypaBHEHUU NepBOro mopsijka u
peluTh 4YUCJIeHHbIMU MeToZaMu.B pabote [15] ypaBHeHue (35) pelieHO aHaJIUTHUYECKU C
OMOILbIO pa3J/IoKeHUs Bo3Mylawllel cubl L(t) u pemenue Y(t) B pagbl Pypbe. ITH pelieHUs
SBJISIIOTCS TOJIE3HBIMU [JI1 OLEHKUM [JUHAMUYECKUX OIIMOOK IO YIJIOBOMY MOJIOXKEHUIO U
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CKOpOCTH, aHa/Ju3a aMIUVIMTYJHOM XapakTepuUCTUKU psajga DPypbe, onuchIBarouiero
KoJiebaTe/IbHbIA MPOLECC OKOJIO YCTAaHOBUBLIErOCA peXUMa MallWHbL. Takke OLEeHKHU
NIOJIYYeHHBIX pelleHMW Ha OCHOBe YMCJIEeHHOro MozenvpoBaHus. Ha pucyHke 3 npencraBiieH
rpadUK 3aBUCMMOCTH MOMEHTa MHEPLMU 6a3uCHOro 3BeHa MexaHU3Ma ]2,0 oT yrJia noBopoTa
KpuBowuna @ s ciaydas, KOrja LleHTp Macc 6a3uMcHOro 3BeHa cMeléH (npu a#0). BugHo, uyto
MOMEHT WHEpLUUH HU3MEeHSeTCs NepUOJUYEeCKH, YTO CO34aéT BUOpALMOHHble KOJiebaHUA B
cucteMe. ITO NOATBEPXKAAET, YTO B KOHCTPYKIIMU HEOOXOAMMO MUHUMHU3MPOBAThH CMeELlEHMUeE,
YTOObI UCKJIIOYUTD 3TH QJIYKTyaLUH.

Pe3ysibTaThl M OGCyKAeHUe

B pesysibTaTe NpoBesieHHOTO MCCleL0BaHNsA Oblla pa3paboTaHa aHa/IMTHYeCKasd MeTOAUKa
JIMHAMUY€eCKOro NPOEeKTHPOBAaHUs KPHUBOIIMIIHOIO IMpecc-aBTOMaTa, OCHOBAaHHAas Ha MOJesd
IIeCTU3BEeHHOro MexaHu3Ma CredeHcoHa. OCHOBHOe BHHMaHHE YJieJIeHO OIpeJie/IeHUI0
ko3¢ duLMeHTa HepaBHOMEPHOCTH BpalleHUs], pacyeTy BO3MYILIAIOLIEr0 MOMEHTa, CKOPOCTHU
YCTAaHOBUBLIETOCS peXXMMa U MOMEHTa UHePIIMU MaxoBUKa. Pa3paboTaHHass Mo/e/ib 03BOJISIET
YUYUTBIBaTb KoJiebaTe/JbHble XapaKTEPUCTUKU TMPUBOJAA U BJMSIHUE KOHCTPYKTHUBHBIX
0COGEHHOCTeN MexaHHW3Ma Ha YCTOMYMBOCTDb €ro paboThl.

BansHue maccol 6a3ncHoro 3seHa Ha AUHaMU4eckue XaPaKTEPUCTUKKN

0.25 KoaththUUMEeHT HEpaBHOMEPHOCTKH
AMNAUTYAa KonebaHuin

0.20

e
=
w

3HaveHue (oTH. en.)

o
=
o

0.05

2 4 6 8 10
Macca 6a3ncHoro 3seHa (kr)

PI/ICYHOK 4. BnusiHue Macchl 6a3MCHOT0 3BeHa Ha AWHaAMHW4Y€CKHE XapaKTEePpHUCTHUKH

OAHUM M3 KJIOYEBBIX pPe3yJbTaTOB CTaJ0 BbIBJIE€HHE 3aBUCUMOCTH JAMHAMHUYECKUX
IOTPEIIHOCTEeN OT Macchl U GOpMbl 6a3UCHOTO 3BeHA. bblIo MoKa3aHo, YTO 6a3UCHOEe 3BEHO,
ob6Jiaziamoliee onpeie/ieHHON reoMeTprUend U Maccoi, MoXeT 3P PEKTHBHO BbINMOJHATD QYHKIIM IO
BCTPOEHHOTO MPOTHUBOBECA, CYIIECTBEHHO CHUXKasl aMIIMTYAy KOJle6aHUM U HepaBHOMEPHOCTh
BpallleHHs. ITO NMOATBEPXKAEHO KaK aHAJIMTUUECKH, TaK U YU CJEHHO, BKJII0Yas pacyeT 0 METOAY
M0CJ/Ie/I0BAaTEbHBIX TPUOJIMKEHUH U Pa3J/IoKeHHI0 B psifibl Pypbe. Pe3yibTaThl conocTaBjieHbl €
BbIBOJIAMM JPYTUX aBTOPOB, B TOM 4Hcjae paboramMu Jomartov et al. (2020, 2021), rpe
paccMaTpuBasach CTPYKTypa M KUHeMaTHka MexaHu3Ma CredeHcona II. B orTiuuume ot
YKa3aHHBIX UCCJeZ0BAaHUM, JJaHHAs paboTa BIlepBble aKL[eHTUPYET BHUMaHHe HAa UHTerpamnuu
Maccbl 6a3MCHOrO 3BeHa B OOIIMNA MHEPLMOHHBIM 6Ga/aHC CUCTeMbl, CHUXKasi TPeOOBaHHUA K
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IpMMEHEHWI0 MAacCUBHOIO MaxoBMKa. TakuM o006pa3oM, npeJJioKeHHas MeToJuKa
JleMOHCTPUPYET CyLeCTBEHHOe IPEUMYIEeCTBO B acleKTe NMpeJBapUTeSbHOTO JUHAMUYECKOTO
NpoeKTUpoBaHUA. [loslyueHHble aHAJIMTUYECKHUE BbIpaXKeHU S, B YaCTHOCTH, popMyinl (25), (27)
U (28), MoryT OBbITb MCHOJb30BaHbl KOHCTPYKTOpAaMM M HHXKEHeEpaMH JJi ONTUMHU3aLUU
KOHCTPYKLMU NPUBOJA Ipecc-aBTOMaToOB. MeTos mno3BoJiseT GOpMasM30BaHHO OMNpeeIUTh
ONTUMaJIbHbIE TapaMeTpbl MaxOBHKa U 6a3MCHOr0 3BeHa C y4ETOM KoJiebaTeJbHOU JUHAMUKH.
BHejpeHue MpeasoKEHHOrO MOAX0JA MOXeT IMOBBICUTb HaZleXKHOCTb U TOYHOCTb pPaboThI
KPUBOIIWIIHBIX MallIH, 0COGEHHO B YCJIOBUAX IEPEMEHHON HAarpy3KU U BBICOKOU LIUKJIMYHOCTH.

3akarwyeHue

B  jgaHHOM paboTe TMpejcTaB/eHa aHAJUTHYeCKass METOAMKAa JUHAMHUYECKOTO
NPOEKTUPOBAHHUSA KPUBOILIMIIHOTO NPeCcC-aBTOMAaTa, 0OCHOBAHHOTO HA 1IeCTU3BEHHOM MeXaHU3Me
CredeHcoHa. [IpoBefiéH KOMILJIEKCHBIA aHaA/NM3 BJWSHUS KOHCTPYKIMM MeXaHM3Ma Ha €ero
JIMHAMHA4YeCKUe XapaKTEPUCTHUKU C aKLEHTOM Ha HEePaBHOMEPHOCTb BpallleHUs, aMIUIUTYAy
KoJIe6aHUNW M MOMEHT HHepIMM MaxoBUKa. KiloueBbIM pe3ysibTaTOM HCCJAEeJ0BaHHUS CTaJjo
JlOKa3aTeJbCTBO TOTO, YTO Macca U popMa 6Ga3MCHOTO 3BeHAa MOTYT OBbITh HCIOJIb30BaHbI B
KayeCcTBe BCTPOEHHOTO MPOTHBOBeca, 3GPeKTUBHO yMeHbIlasg KoJiebaTesJbHble MPOIECChl U
CHMXKasi TpebGOBaHUS K /JIONMOJHHUTEJbHbIM HWHEPLHUOHHBIM 3JieMeHTaM. [IpuMeHeHUe
pa3paboTaHHOW METOAMKU MO03BOJISIeT MPOBOJUTH NpeABapUTEJNbHbIM pacyeT KPUTHUUYECKH
BaXHBIX IMapaMeTPOB MexaHM3Ma M TMpPUBOJA HA PpaHHEW CTaAdu NPOEKTUPOBAHUS.
Pa3paboTaHHble YpaBHEHUS U aJITOPUTMbI, BKJII0Yask METO/] I0CJ/Ie/0BATebHbIX MPUOJIMKEHUHN U
passoxxeHue PyHKIUH B psaabl Pypbe, 06ecrneyrMBalOT TOYHOCTb OLIEHOK M YHUBEPCAJbHOCTD
npuMeHeHusd. [IpeacraBieHHble TpadUKU M YMCJIEHHbIE PEe3YJIbTAThl MOATBEPXKAAIOT BbICOKYIO
3pPEeKTUBHOCTb MpPEJ0KEHHOTO MOAX0Aa U ero MpPaKTUYeCKyl 3HAaYUMOCTb JIJIl CO3JaHHs
3HeproadpPeKTUBHBIX U HAAEKHBIX ITPecC-aBTOMATOB HOBOTO ITOKOJIEHHS.

BsiarogapHoCcTb, KOHQJIMKT UHTEPECOB
PaboTa BbIMOJIHEHAa B paMKax I@poeKTa TrpaHToBoro ¢uHaHcupoBanusa MHBO PK
AP23490285.
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1Y.A. [lncondacbekoe amvlHOAFbl MEXAHUKA HCIHE MAWUHAMAHY UHCMUMYMbl,
Kazakcman Pecnybaukacol, Aamamol K,
2Xa1bIKapaavlk UHMHCEHep 1i-meXHO.102UsAbIK YHU8epcumemi
Kazakcman Pecnybaukacwl, Aamameol K,

ATBI OYBIHABI MEXaHU3M Heri3iHaeri KOCHMiH/i 6acnaKTbIH, JUHAMUKAJIBIK,
CMINaTTaMaJIapbIH )KoHEe MAaXOBUTIH eceNnTey/iH aHaJIUTUKAJIBIK, TICiJi

AnpaTna. Makasiajzia Kasipri cepBonpectep/ie KeHiHeH Ko1AaHbl1aTblH CTeeHCOHHBIH, a/Thl
OybIHAbl MeXaHW3Mi HerisiHjeri ruO6pPUATI KOCUiIHJI 6acnakTblH JUHAMHUKaJbIK Kobasay
aaicTteMeci KapacTblpbliajbl. Ko3fanbIcThiH, 6ipkesiki eMecTik Ko3QPULMEHTi, KO3/ bIpyLIbl
MOMEHTTIH, CUIIaTTaMaJlapbl, COHAAM-aK MaXOBHUKTIH WHEPLHYAJbIK MOMEHTI MeH OpPHBbIKKAH
KO3FaJ/IbIC peXXKUMIHIH opTalla KblJIJaM/AbIFbIH aHbIKTAy d/iCTEeMeCI erKen-TerKeui TajajaHFaH.
Herisri 6ybpIHHBIH Maccacbl MeH MillliHiHIH XXYHAEeHIH JUHAMUKaJbIK MiHe3-KyJIKbIHa acepi epeKiie
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Ha3apfa asblHFaH. bys napameTtpJsiepAi AypeIc TaHAaFaH »KaF[ani/a, Heri3ri 6ybIH KipiKTipiireH
Kapchl CaJIMaKTbIH peJliH aTKapa ajaTblHbl KepceTiJireH, 6ys allHanyJblH OipKeJiKi eMecTiriH
’KOHEe MeXaHU3MHiH JAWHAMHUKa/bIK KaTeJiKTepiH eAayip a3aliTyra MyMKiHJiK Oepezi. O3
Ke3eriHJe MaxOBHK MaccacblHa KOWBLIAThIH TajanTap/bl TOMEHAETYre >KOJ alajbl, aa OyJ
3Heprus yHeM/IeNTiH MalllMHa/ap/ibl )Kobasiayja aca MaHbI3/bl. JKyMbICTa aHaJIUTUKAJIBIK TACLJI,
MaTeMaTUKaJbIK MOJeJibJley >KoHe CaHJbIK Taljay oJicTepi KoJJaHbuUiFaH. Kosfasbic
TeHJeyJiepiH liemyAiH aJropuTMAaepi a3ipJeHin, AUHAMUKA/bIK KaTeJikTepre 6ara Gepijirex.
AnbiHFaH ¢opMyJsiasiap MeH CaH/IbIK HOTHXKeJiep YCbIHbUIFAH 9/JliCTeMeHiH TUiMAilirin
JlaJiesiie/ii >koHe OHbIH MPaKTUKAJIbIK KOJIIaHOANbIFbIH KepceTei. by aaic npectepai anbiH
ajia kobajlay Ke3iHJle dHepreTHUKaJbIK >XoHe BUOpPOJAMHAMHUKAJBIK CHUIATTaMajapAbl eckepe
OTBIPHIN, KobanayAblH 6acTankKbl Ke3eHJepiHJe oTe mnaWjasbl. KYMBICTbIH HITHXeJepi
IITaMOTay »KabJbIKTapblHA apHaJfaH 3UATKEpJiK JKeTeKTi KyHesepAi »xacay KesiHJze
KOJILAaHbLIYybl MYMKIH.

Ty#iH ce3gep: KocuiH/i 6acnak, aaThl OybIHJAbl MeXaHW3M, MAaxOBUK, BUOPOAKTUBTIMIK,
JAVHaMUKaJbIK KaTe, CAaHJbIK MO/JeJIbJiey.
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Analytical Approach to Calculating the Dynamic Characteristics and Flywheel of a Six-
Link Crank Press Mechanism

Abstract.The paper presents a methodology for the dynamic design of a hybrid crank press
based on the Stephenson six-link mechanism, which is widely used in modern servo presses. A
detailed analysis is carried out on the motion nonuniformity coefficient, the characteristics of the
disturbing torque, as well as the procedure for determining the flywheel’s moment of inertia and
the average velocity under steady-state conditions. Special attention is given to studying the
influence of the mass and geometry of the base link on the system's dynamic behavior. It is shown
that, with a proper selection of these parameters, the base link can act as a built-in counterweight,
significantly reducing rotational nonuniformity and dynamic errors of the mechanism. This, in
turn, allows for a reduction in the required flywheel mass, which is especially important when
designing energy-efficient machines. The study employs an analytical approach incorporating
mathematical modeling and numerical analysis techniques. Algorithms for solving the system’s
differential equations of motion are developed, and dynamic errors are evaluated. The derived
formulas and numerical results confirm the effectiveness of the proposed methodology and
demonstrate its practical applicability. The method is particularly useful for the preliminary design
of presses, enabling consideration of energy and vibration-dynamic characteristics at early design
stages. The results can be utilized in the development of intelligent drive systems for stamping
equipment.

Keywords: crank press, six-link mechanism, flywheel, vibration activity, dynamic error,
numerical modeling
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Abstract. Despite established requirements for the use of personal protective
equipment (PPE), such as helmets and goggles, traditional methods of control
at construction sites often fail to ensure the proper level of compliance with
safety standards, resulting in increased injuries. The goal of the project is to
develop an integrated system of face control, automatic verification of the
presence of PPE, and alcohol level monitoring using computer vision
technologies, machine learning, and drones. The system will perform face
recognition, control the presence of helmets and glasses, as well as identify
unsafe behavior and signs of alcohol intoxication, providing continuous
monitoring of workers. It is expected that this will significantly improve the
level of safety, reduce the number of accidents, and increase labor productivity.
The development will be adaptable for various industries - from construction
to mining and oil and gas. The project has high practical and socio-economic
significance, contributes to the development of the scientific and technical
potential of Kazakhstan, the creation of new jobs in the field of IT and
automation, as well as strengthens the interaction between science and
production.
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Introduction

The relevance of this article is driven by the urgent need to enhance safety at construction
sites, where non-compliance with ocncupational health and safety regulations remains one of the
main causes of injuries and fatalities. The prerequisites for developing an integrated safety
monitoring system are based on an analysis of existing technologies and scientific research
confirming the effectiveness of computer vision and artificial intelligence. Preliminary results
show that the use of such technologies significantly improves the efficiency of safety compliance
monitoring and enables continuous worker condition tracking.

Previous studies have revealed shortcomings in existing systems, including a low level of
automation, a lack of real-time monitoring, and fragmentation of solutions. The scientific novelty
of this article lies in its comprehensive approach to occupational safety, integrating facial
recognition, automatic verification of personal protective equipment (PPE), and real-time worker
condition monitoring, including alcohol detection. International studies [5-10] confirm the
effectiveness of such solutions; however, the example of Kazakhstan reveals specific challenges
that require customized developments. National research [11-12] highlights the absence of
comprehensive safety solutions in the construction sector. This article aims to fill that gap and
proposes a system that could reduce the number of accidents by 30% within the first six months
of implementation.

The project addresses modern scientific and technological needs related to the creation of a
safe working environment. The high injury rate on construction sites, confirmed by statistical data,
generates significant social and economic demand for innovative safety management systems.
Moreover, the project’s implementation is expected to reduce costs associated with treatment,
insurance, and compensation while simultaneously improving labor productivity. At the national
level, the project aligns with occupational safety program priorities, and at the international level,
it has the potential for scaling and adaptation. Thus, the project is of strategic importance and can
contribute to the development of new safety standards, increase the competitiveness of the
construction industry, and improve the quality of life for workers.

The scientific novelty of the project lies in the integration of modern monitoring technologies
and risk analysis at construction sites through the use of computer vision and artificial intelligence
algorithms for automatic compliance control with safety standards. The unique approach to
solving the injury problem involves creating a system capable of detecting violations related to
PPE use and potential hazards in real time. The significance of the project lies in its potential to
significantly reduce accident rates, which is critical for improving overall workplace safety. The
study’s outcomes can enhance safety management methods and introduce innovative solutions
into Kazakhstan’s construction sector, aligning with modern occupational safety requirements and
contributing to the country’s economic development.

The methodology

1) The prerequisites for the development of the project are based on the analysis of existing
technologies and scientific research confirming the need for the integration of safety monitoring
systems at construction sites. In particular, preliminary results show that the use of computer
vision can significantly improve the efficiency of monitoring compliance with safety standards,
reducing the number of accidents. Previous studies in the field of occupational safety have
identified the shortcomings of current systems, such as a low degree of automation and the lack of
real-time monitoring. In addition, the development of prototype systems using machine learning
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algorithms has shown promising results, which creates the basis for the creation of an integrated
system aimed at preventing injuries and improving working conditions. Existing developments in
the field of patenting technologies and publishing scientific articles also confirm the readiness to
implement this project, contributing to its scientific and practical significance.

2) The rationale for the scientific novelty of the project is related to current research in the
field of occupational safety, especially at construction sites, where a high risk of injury requires the
implementation of modern technologies. In international practice, studies by [13-14] have shown
that the use of computer vision technologies can significantly reduce the number of accidents
caused by non-compliance with safety rules. Similarly, the work of [15] highlights the effectiveness
of facial recognition technologies in improving safety in various industries, including construction.
However, despite significant advances, existing systems often do not provide a comprehensive
approach and do not take into account the specific conditions of individual countries, such as
Kazakhstan. At the level of Kazakhstan, studies conducted by [16] revealed serious deficiencies in
the safety system at construction sites, indicating the need for stricter control measures. Also, the
work of [17] confirms the need to integrate new technologies, such as breathalyzers and worker
health monitoring systems. However, there are no developments that would combine face control,
alcohol testing, and monitoring of compliance with personal protective equipment (PPE). This
project aims to eliminate these shortcomings by developing an integrated system that uses
computer vision and artificial intelligence to automatically monitor compliance with safety
standards. The system is expected to improve the efficiency of monitoring the use of PPE and
reduce the number of accidents on construction sites by 30% during the first six months of
operation. Unlike existing analogues, our project offers a comprehensive approach that takes into
account the unique working conditions in Kazakhstan and is focused on injury prevention.

3) Scientific and technological needs, justifying the importance of the project results, include
the need to improve the level of occupational safety at construction sites, where the risk of injury
remains high (see Figure 1). Existing statistics indicate that in Kazakhstan and worldwide,
accidents at construction sites are one of the main causes of death and serious injury among
workers. This creates an urgent social demand for the introduction of innovative technologies
aimed at preventing these incidents.

Economic and industrial interest is also emphasized by the fact that the creation of effective
monitoring systems can reduce the costs of treating injuries and compensating victims, as well as
increase productivity by creating a safer working environment (Figure 1, photo was downloaded
from the internet). According to experts, the introduction of modern safety technologies can lead
to a decrease in insurance costs and an improvement in the overall efficiency of projects.

At the national level, the project is significant in the context of the implementation of the state
program on labor protection and improvement of working conditions. On an international scale,
the project results can be adapted for use in other countries with similar problems, which increases
its relevance and potential market.

The applicability of the research results goes beyond the narrowly specialized field and covers
such areas as economics, industry, and social relations. The development of an integrated
monitoring system for compliance with safety standards can serve as a basis for the formation of
new safety standards at construction sites, improving the overall state of the industry and
promoting the introduction of advanced technologies. Thus, the project not only meets current
requirements but also provides an opportunity to scale up the results at the level of both
Kazakhstan and the international community, which contributes to the further development of
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labor safety technologies.

Figure 1. A helmet saved a worker at a construction site

4) The project will have a significant impact on the level of research and development and
scientific and technical potential in the field of occupational safety, stimulating the development of
new technologies and methods, which in turn will increase the competitiveness of scientific
organizations and their teams. It is expected that the introduction of an integrated system for
monitoring compliance with safety standards will create opportunities for the publication of new
scientific papers that can be used for further research in this area, thereby contributing to the
formation of an expert community and strengthening the position of Kazakhstan in the
international arena. The social effect of the project results is a decrease in the number of accidents
at construction sites, which will directly improve working conditions and increase the safety of
workers. This will contribute to the formation of a safety culture, which is also important for
increasing employee satisfaction and reducing staff turnover. The economic effect can be
manifested in reduced costs for medical care, insurance, and compensation, as well as increased
productivity due to a safer working environment. To achieve the expected effect, conditions are
necessary, such as government support in the form of legislative initiatives aimed at strengthening
control over compliance with safety standards, as well as active cooperation with industrial
partners to test and implement the developed technologies in practice. Additionally, the creation
of educational programs and training for workers and safety managers on the use of new
technologies will also contribute to the achievement of the set goals and ensure the sustainable
development of the labor safety system in the country. This project focuses on integrating
computer vision and worker monitoring systems, including hard hats, goggles, and alcohol level
checks, to improve safety on construction sites. Unlike existing solutions, which often offer only
fragmented approaches to monitoring compliance with safety standards, our project will use
machine learning algorithms for real-time detection of unsafe actions, as well as checking for the
presence of personal protective equipment (PPE) and alcohol level monitoring. This will not only
improve compliance but also reduce the likelihood of accidents. The benefits of the project include
higher efficiency and response time compared to traditional methods, as well as the ability to
process large amounts of data, which confirms the need for funding. Today, most existing safety
technologies on construction sites are either static or require significant costs for implementation
and maintenance. The project proposes the development of lightweight and low-power equipment
based on NPU (Neural Processing Unit), which will not only reduce implementation costs but also
provide a higher degree of automation. Our product will focus on ease of use and accessibility for
small and medium-sized enterprises, including automated checks for helmets and goggles, as well

204 Ne3(152)/2025 JLH. 'ymunee amvindarsl Eypazus yammuix ynueepcumeminiy XABAPIIBICHL

TexHUKA/1bIK FbLAbIMOAp HcaHE MEXHOA02UAAAP CEPUSIChL
ISSN: 2616-7263. eISSN: 2663-1261




Enhancing Construction Site Safety Using Computer Vision and Drones

as alcohol monitoring, which is a significant step forward compared to existing solutions. The
project differs from previous studies in its broader approach, which includes both monitoring
methods and the integrated use of computer vision technologies for helmet and goggle checks, as
well as alcohol monitoring, making it more relevant and targeted in the context of the current
market situation and social needs.

Main Project Hypotheses:

The flowchart shows three main project hypotheses related to the use of drones, neural
processors, and artificial intelligence (AI) to improve safety at construction sites. The top part
shows a drone monitoring a construction site, performing face control functions and checking
personal protective equipment (PPE), such as helmets and glasses. Next, the processing of drone
data using neural processors and Al is shown, which improves the accuracy and speed of detecting
violations, such as the absence of PPE or signs of alcohol intoxication. The bottom of the diagram
shows a 20-30% reduction in the number of accidents at the construction site due to the
implementation of this system, which leads to a safer working environment (Table 1 clearly
structures the hypotheses, providing a more visual and convenient perception of the key aspects
of the project and expected results).

Table 1. Construction site safety monitoring system

Hypothesis

Description

Expected result

Hypothesis 1

The integration of drones with the face control
and PPE monitoring system will increase the level of
safety at construction sites by automating processes.

Improving automation and
control over compliance with
safety regulations on
construction sites

Hypothesis 2

The use of neural processors and Al to analyze
data from drones will increase the speed and accuracy
of detecting violations (lack of PPE, alcohol
intoxication).

Fast and accurate detection
of violations on construction
sites.

Hypothesis 3

The implementation of a system with drones and
Al will reduce the number of accidents on construction
sites by 20-30% compared to traditional control
methods.

Reducing the number of
incidents and improving the
overall level of safety on
construction sites.

The rationale behind the research strategy and approach is to apply a multi-layered approach
to validate and optimize an integrated construction site safety system. This strategy includes
integrating various technologies such as drones, artificial intelligence (Al), and neural processors,
and testing them in real construction site conditions. A combination of descriptive, correlational,
and experimental studies will be used to evaluate the effectiveness of the proposed system,
allowing for a comprehensive analysis and improvement of the system’s functionality.

Descriptive studies include an analysis of existing construction site safety issues, which helps
identify key risks and threats to workers.

This stage collects data on typical violations and accidents, which allows for the creation of a
comprehensive information base for further analysis. In addition, the state of the technologies used
in face control and personal protective equipment (PPE) monitoring systems is assessed, which
helps to understand their effectiveness and identify areas for improvement.

The correlation studies will examine the relationship between the use of drones for monitoring
and the level of safety on construction sites, which will help to determine how the implementation
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of this technology affects overall safety indicators. In addition, the impact of alcohol monitoring on
production performance and accident reduction will be assessed, which will help to identify the
importance of monitoring the condition of workers in the context of improving safety and
efficiency on construction sites.
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Figure 2. Scheme of data exchange buffer from the construction site to the control point

The pilot studies will include conducting field experiments with the integrated system at
various construction sites to evaluate the effectiveness of drones and artificial intelligence (Al)
algorithms compared to traditional monitoring methods.

The research will be carried out in several stages: the first stage - descriptive studies aimed at
analyzing existing monitoring systems and collecting data on safety violations, which will form the
basis for further research; the second stage - the development and integration of technologies,
including the implementation of drones and the integration of Al and neural processing units
(NPU) for the personal protective equipment (PPE) monitoring and inspection system;

The third stage will involve correlation studies that will focus on examining the data collected
from drones and their correlation with safety indicators; the fourth stage will involve experimental
studies that will involve field testing of the system and adjustment of algorithms; and the fifth stage
will involve evaluation and conclusions that will include analysis of the collected data, testing of
hypotheses, and evaluation of the effectiveness of the system in reducing the number of incidents
at construction sites.

2) A brief description of the most important experiments includes the following key steps:

- Field monitoring experiment: Conduct field experiments at various construction sites using
drones to monitor compliance with safety regulations and the availability of personal protective
equipment (PPE). Evaluating their effectiveness in real-world conditions will help identify the
main drawbacks and advantages of the system. - Benchmarking of inspection methods: Evaluate
the performance of drones and artificial intelligence (AI) algorithms compared to traditional
inspection methods such as visual inspections. This study will determine to what extent the
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implementation of new technologies improves the accuracy and speed of violation detection
(Figure 2).

Figure 3. Example of a worker and manager at a construction site: a) Front view; b) rear view
with QR code

- Alcohol monitoring: Conduct an experiment to test workers for alcohol using an automated
system controlled by drones. Evaluate the impact of this monitoring on reducing accidents and
increasing productivity on construction sites.

- Data correlation: Collect and analyze data obtained from the use of drones to identify the
relationship between the use of the technology and changes in safety levels and the number of
incidents. This will help confirm or refute hypotheses about the impact of technology on safety.

- Feedback and algorithm adjustment: Analyzing the collected data to adjust the algorithms of
drones and Al, which will ensure their adaptation to the specific conditions of construction sites
and increase the overall efficiency of the system.

3) The project uses several research methods; each aimed at achieving the set goals and
objectives. Descriptive studies help to identify existing safety issues at construction sites, collect
data on typical violations, and assess the current state of control technologies, which creates a
basis for further decisions. Correlation studies allow us to establish the relationship between the
use of drones and the level of safety, as well as the impact of alcohol monitoring on production
indicators. Experimental studies, including field testing of new technologies, evaluate their
effectiveness and help test hypotheses about reducing accidents. Finally, systematic analysis of the
collected data helps to adjust the methods and algorithms, ensuring continuous improvement and
optimization of the system. All these methods are interconnected and form a holistic approach to
improving safety at construction sites through the integration of modern technologies. In order to
improve the level of industrial safety and minimize the human factor, it is proposed to introduce a
system of personalized QR codes for all employees of the construction site. Each employee will be
given a unique QR code, which contains information about their current admission to perform
certain types of work on a specific day. For example, by scanning a QR code, it will be possible to
determine whether a given employee is allowed to perform (see Figure 3):

e excavation work;
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e work at height;

» work with electrical equipment;

» welding or fireworks;

» work in confined spaces, etc.

The information will be synchronized with the production control system and updated
depending on the daily medical examination, safety briefings, weather conditions and other
factors. This approach will ensure precise control over the distribution of responsibilities,
eliminate cases of unauthorized access to hazardous areas and improve the overall safety culture
at the facility.

Conclusion

The methods for collecting primary (initial) information in the project will include several key
approaches aimed at solving problems and ensuring the reliability and reproducibility of data.
Observation and monitoring: Using drones to monitor construction sites will allow the collection
of data on compliance with safety regulations, the availability of personal protective equipment
(PPE), and the identification of violations in real time. The data will be collected in real-life
conditions, which will ensure their relevance and applicability. Questionnaires and surveys:
Conducting surveys among workers and managers of construction sites will provide information
on the perception of existing safety measures, their shortcomings, and wishes for improvement.
This will help collect high-quality data based on user opinions.

Analysis of documentary sources: Collecting and analyzing existing accident reports,
inspection protocols, and safety standards at construction sites will create a database for further
analysis and comparison with the results obtained. Field experiments: Implementation of field
experiments with the introduction of new technologies and methods will allow us to evaluate their
effectiveness in real conditions. The data collected during the experiments will serve as the basis
for testing hypotheses. Data processing methods include statistical analysis, which will reveal
patterns and relationships, as well as the use of machine learning algorithms to analyze large
volumes of data collected from drones.

Ensuring the reliability and reproducibility of the data will be achieved through the use of
standardized methods for collecting and processing information, as well as checking the results
through repeated measurements and data verification using independent sources. This will ensure
the reliability and accuracy of the conclusions made during the study. The introduction of a QR
code system to determine employee access to specific types of work is an effective tool for
improving safety at a construction site.

Such a system allows for daily operational control, reduces the risk of accidents, eliminates the
participation of untrained or uncertified workers in hazardous work, and improves discipline and
transparency in the distribution of tasks. In the future, this solution may become an integral part
of the digital ecosystem for occupational safety management at large production and construction
sites.
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1J1.H. T'ymusee amvuiHdaFul Eypasus yammubik yHugepcumemi, Acmana, Kazakcmax
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3Kopkbim Ama ambiHdarsl Kbi3vliopda yHusepcumemi, Kvi3bl1opda, Kazakcmat
4«Construction management system» XKIIIC, Acmana, KazakcmaH
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KypbLibIc caslacbiHJa eH0eK KayilcCi3iriH KoMnblTepJIiK Kepy KoHe APOoHAap
ApKbLIbl apTTHIPY

AnpaTna. /lysiblFa )koHe Ke3i/1/1ipiK CUSKTHhI )KeKe KopFaHy KypasaapbiH (KKK) naiijananyra
OeJiriJIeHreH TaJlanTapFa KapaMacTaH, KYPbLIbIC aJlaHAapblHAA 6aKbLIayAblH A3CTYpJi aaicTepi
Kayillci3/lik HopMaJlapblH THICTi leHrelae caKkTay/lbl KaMTaMachi3 eTHel i, 6yJ1 )kapakaT a1y blH
ecyiHe oakeJsiefii. JKob6aHbIH, MaKcaTbl — KOMIIbIOTEPJIIK KOpy TEXHOJIOTUsJIapblH, MallWHAJBbIK,
OKBbITY/lbl 3K9He APOHAApJbl NaijajiaHa OTbIPbIN, TYJFAaHbl OAKbLIAYAblH WHTerpalysaaaHFaH
xyHeciH, KKK 6ap-KofbIH k9He aJIKOroJib JleHreiliH 6akbliaay/Jbl aBTOMATThl TypJie TeKCepy.
Kyiie 6eT-anneTTi TaHyAbI )Ky3€ere acblpajibl, AyJblFa MeH KO3UIAIpIKTiH 00JyblH OaKblIaNabI,
COH/ZIal-aK, *KYMBbICLIbLJIAP/bIH Y3/iKCi3 MOHUTOPUHIIH KAMTAaMachI3 eTe OThIPbII, KayinTi MiHe3-
KYyJIbIK [€eH aJIKOTOJIbAiK Mac 6oJy OesrijiepiH aHbIKTaigbl. Bysn Kayimcisgik JeHreiin
alTapJibIKTal aKCcapTy¥Fa, )ka3aTalblM OKUFaIap/AblH CaHbIH a3alTyFa XoHe eHOeK eHIMAIIriH
apTThIpyFa MYMKIiH/iK 6epe/ii ien KyTiiy/e. 93ipJey KypbLIbICTaH 6acTal Tay-KeH 6HepKaCibiHe,
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MYHaW-rasfa JieiiH apTypJi casasapfa 6eiiMmeneTid 60J1aabl. 2KobaHbIH xKOFapbl NPAKTUKAJBIK,
YKOHE 9JIeyMeTTiK-9KOHOMUKaJIbIK MaHbI3bl 6ap, Ka3aKkcTaHHbIH FbIJIBIMU-TEXHUKAJIBIK dJIeyeTiH
JaMbITyFa, IT )KoHe aBTOMaTTaH/bIPY CaJIACBIH/AA KaHa »KYMbIC OPbIHAAPBIH KYpPYyFa, COHJAN-AK,
FBIJIBIM MEH 6H/IipiCTiH 63apa 9peKeTTeCyiH HbIFAaUTyFa bIKIAJ €Tesl.

Ty#iH ce3gep: apoH, KU, ankoronb TecTi, QR koapl, KKK,
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?KapazanduHckull yHusepcumem um. akademuka E.A.Bykemosa
3Kbi3bl10pduHckull yHugepcumem umeHu Kopkbim Ama
4T0OO0 «Construction management system»
5Xi'an Jiaotong-Liverpool University, Suzhou, China.

IloBBINIEHHE 6E30MACHOCTHU TPpyAad B CTPOUTE/JILCTBE C IOMOILIbI0O KOMIIBIOTEPHOIO
3pE€HUuA U APpOHOB

AHHOTanma. HecMOTpsi Ha yCTaHOBJIEHHble TpPeOOBAaHUs IO MCIOJIb30BAaHUIO CPECTB
UHAUBUyaJbHOH 3amuThl (CU3), TakKMX KaK KaCKH U OYKH, TPAJUIMOHHbIE METO/[bl KOHTPOJIS
Ha CTPOUTEJIbHBIX ILJIOIaZIKax He 06ecneyuBalT [AOJ/HKHOTO YPOBHS COOJIIOJEHUS HOPM
06e30MacHOCTH, YTO NPHUBOJAUT K POCTYy TpaBMaTudma. llesb mnpoekTa — pa3paboTKa
MHTErPUPOBAHHOM cHUCTeMbl ¢elc-KOHTpOJIs, aBTOMAaTU4YeCKON mnpoBepku Hanuyusa CHU3 u
MOHUTOPUHIA YyPOBHS aJIKOTOJI1 C NpPUMEHEHUEM TEeXHOJIOTHUH KOMIbIOTEPHOTO 3peHHs,
MaLIMHHOI0 06y4yeHUs U poHOB. CHcTeMa GyAeT OCYLeCTBASATh pacio3HaBaHUeE JUL, KOHTPOJIb
HaJIMYMs KacoOK M OYKOB, a TaKXe BbIsBJIeHHEe He06e30MacHOro MOBeJeHUs U NPHU3HAKOB
aJIKOT'0JIbHOTO OIbsSIHEHUs, 00ecneyrnBasi HeNpepbIBHbIA MOHUTOPUHT Pab0THUKOB. OxKujaeTcs,
YTO 3TO MO3BOJIMT CYLECTBEHHO MNOBBICUTb YpPOBEHb 0€30MAaCHOCTH, CHU3UTH KOJUYECTBO
HeCYaCTHBIX C/Iy4aeB U MOBBICUTb MPOU3BOAUTENBHOCTDb TPya. PazpaboTka 6yaeT afjlantupyema
JUISl PasJIMYHbIX OTpacjierd — OT CTPOUTEJbCTBA A0 TOPHOAOOBbIBAIOLEW W HedTerasoBou
IPOMBILLJIEHHOCTU. [IpOeKT HMeeT BBICOKYI MPAKTUYECKYI0 U COLMaJbHO-3KOHOMHYECKYIO
3HAYUMOCTb, CIOCOOCTBYEeT Ppa3BUTHUI0 HAy4yHO-TeXHHYeCKOro mnoTeHiuana KasaxcraHa,
CO3/IaHHUI0 HOBBIX pabounx MecT B cdepe IT u aBTOMaTHU3aLMH, a TaKXKe YKpPEINJIEHHUIO
B3aMMO/IENCTBUS MeX/1y HAYKOW U MPOU3BOJCTBOM.

KioueBble cioBa: poH, MU, ankoTtectep, QR kox, CU3.
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Abstract. The objective of this study is to develop and design an efficient
procedure for molding luer fittings and joining luer with an extruded catheter
shaft. Unlike overmolding, this technology involves the process of injection
molding the luer fittings separately from the catheter and their subsequent
attachment to the extruded catheter shaft using adhesives and UV curing. The
proposed methodology is empirically evaluated using an injection molding
machine and manual assembly with an emphasis on evaluating the quality of
the final product and manufacturing efficiency. As a result, unlike the traditional
method of manufacturing fittings and connecting to catheters (via
overmolding), luer fittings obtained using the proposed methodology have a
low probability of short shots during the manufacturing process, do not
compress the catheter lumen since they are not subject to shrinkage, and reduce
labor costs by 4.9%, which makes this technology attractive. When designing
the luer fitting, 3D modeling tools such as Solidworks were used, and
calculations of the pressure and speed of the polymer melt inside the mold were
analyzed using the finite element method in the Ansys Polyflow software. The
absence of shrinkage, efficiency in labor costs, and compliance of the final
product with the standards of ISO 10555-1 (2021) for intravascular catheters
were experimentally verified.
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Introduction

Polymers are widely used in various products that we use in our daily lives. These include
apparel produced from synthetic fibers, cups made from polyethylene, fiberglass, nylon bearings,
plastic bags, sheets and films manufactured from polypropylene, medical catheters, infusion lines,
and silicone heart valves (Choudhury et al,, 2022).

The polymer market is vast and experiencing tremendous growth due to the convenience of
working with these materials. Furthermore, polymers are characterized by their exceptional
mechanical and chemical attributes, including their affordability, lightweight nature, strength,
flexibility, transparency, ease of sterilization, permeability, and remarkable resistance to physical
aging and biological deterioration. Hence, polymer processing technologies are widely employed
in several sectors such as packaging, building & construction, electronics, medicine, and aerospace.
As an illustration, the automobile industry is currently focusing on decreasing the weight of its
vehicles by substituting some components with polymers. This is because polymers are both cost-
effective and lightweight, resulting in reduced fuel consumption for cars. Furthermore, the medical
sector is increasingly adopting disposable plastic medical equipment due to their cost-
effectiveness and reduced danger, in contrast to reusable medical devices, which are costly and
recognized as potential sources of infections like HIV and hepatitis. (Choudhury et al., 2022; Czuba,
2014).

Injection molding is a prominent manufacturing process used to produce a variety of high-
volume commercial products. These products include spools, bottle caps, vehicle dashboards,
automotive parts, chairs, tables, plastic containers, medical catheter hubs, fittings for infusion
lines, syringes, and other plastic-based products that are currently available (Dizon et al., 2019).

Overmolding is a specific use of the injection molding method where the molten polymer is
directly poured onto the surface of a solidified substrate (Aliyeva et al., 2021). Nevertheless, the
viscoelastic properties of the polymer melt as it solidifies might lead to deformation effects in the
manufacturing process (Zeppenfeld et al.,, 2019). Overmolding or insert molding is employed to
attach a polymer luer fitting to the proximal end of the extruded catheter (Kucklick, 2012).
Although this process is extensively employed by catheter makers, the solidifying polymer fitting
often experiences non-linear viscoelastic behavior, which leads to shrinkage and compression of
the extruded catheter tubing. The shape irregularities of the fabricated part are caused by the high
demolding temperature of the material (Michels, 2022). Consequently, the inner diameter of the
compressed catheter decreases, making it challenging to introduce other devices via the catheter
lumen.

Catheter luer fitting overmolding process steps are as follows:

1. The extruded catheter shaft is installed on mold inserts.

2. Luer fittings are insert molded around the extruded catheter shaft.

As a result, the solidifying luer fitting shrank and reduced the lumen of the soft catheter
tubing (see Figure 1).

Aside from shrinkage, there exist numerous other faults in injection molding, including flow
lines, sink marks, burn markings, and short shots. The faults primarily stem from factors such as
excessive moisture in the material, suboptimal mold design, mold deterioration, and inappropriate
machine parameter settings (Mourya et al., 2023).

Finding the ideal shape that matches the rheological properties of the melt and prevents
mold deformation or external faults in the final product is the primary problem. Numerous
optimization techniques for extrusion die designs that take deflection analysis and uniform
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polymer flow into account are equally relevant to the injection molding procedure (Igali et al.,
2020; Razeghiyadaki et al.,, 2020; Razeghiyadaki et al., 2021; Igali et al., 2023).

©

Figure 1. Shrinkage of the luer fitting

For instance, it has been shown that the adjoint optimization approach helps resolve problems
with die-shape optimization for polymer melt extrusion (Igali et al, 2023). The adjoint
optimization approach is a potent computational methodology for extrusion dies that minimizes
flow-related problems such as non-uniform velocity at the outlet and stagnation, improving die
design. Using this approach, the sensitivities of an objective function (such as pressure drop or
flow uniformity) concerning design factors may be computed by solving the adjoint equations
obtained from the governing fluid dynamics equations. The adjoint approach allows for the exact
modification of the die shape to attain ideal flow characteristics by repeatedly modifying these
variables. By guaranteeing a more consistent and regulated polymer melt flow through the die, this
method substantially enhances both processing efficiency and product quality, making it very
effective for intricate die designs.

The objective of this paper is to numerically and experimentally create a streamlined catheter
luer fitting manufacturing process utilizing 3D modeling tools, which will enable the production of
catheter luer fittings of superior quality that comply with ISO 10555-1:2023 requirements for
intravascular catheters, while eliminating any previously noted flaws such as shrinkage and short
shots. This technology involves the process of individually injection molding the luer fittings and
then attaching them to the extruded catheter shaft using adhesives and UV curing. The proposed
methodology will be empirically evaluated by utilizing an injection molding machine and manual
assembly, with a focus on assessing the quality of the final product and the efficiency of
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manufacturing. The results obtained from the suggested methodology will be compared to the
results from overmolding or insert molding in terms of shrinkage and labor cost.

The methodology

This paper aims to use 3D modeling software, such as Solidworks, to generate the catheter luer
fitting seen in Figure 2, while complying with ISO 10555-1:2023 requirements for intravascular
catheters. In addition, a mold design with several cavities will be developed to facilitate the
concurrent manufacturing of 6 to 8 luer fittings. The mold design will be tailored to suit the precise
viscoelastic characteristics of the selected material, as well as the capabilities of the injection
molding machine, cooling and heating systems, gate/runner design, and ejection mechanisms. The
design will undergo computational validation utilizing Ansys Polyflow software, renowned for
their efficacy in studying the characteristics of polymer melts (Igali et al., 2020).

B-B(10: 1)

(A)

Figure 2. Cross-sectional view (A) and isometric view (B) of the luer fitting

In this study, the results of the pressure and velocity have been obtained to investigate the
polymer melt behavior inside the luer fitting mold. Figure 3A illustrates that the inside of the mold
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comprises the sprue, runner, gates, and component cavities. Typically, the molten material flows
into the mold from the nozzle of the injection machine, then passes through the sprue and fills the
mold cavities through runners and gates.

Figure 3. Interior of the mold (fluid body) (A) and one-fourth of the fluid body (B)

To minimize calculation time, just one-fourth of the fluid body's shape, which includes the
inlet, wall, and symmetry faces, is evaluated due to its symmetric characteristic (see Figure 3B).
The mesh generated for this computational fluid dynamics (CFD) analysis has 165,480 nodes
and 514,408 elements, as shown in Figure 4.

Figure 4. Mesh
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Boundary conditions are as follows:

- Inlet: the flow is assumed to be fully developed with the volumetric flow rate of 1.46 m3/s;

- Wall: no-slip boundary conditions.

Some basic assumptions were made for the computations:

- Steady state flow;

- Isothermal flow;

- Hydrodynamically fully developed flow;

- Incompressible fluid;

- No external forces (e.g., the effect of gravity is neglected);

- No slip boundary condition at the walls.

In this study, the medical grade PP (LB6331) with the following mechanical properties and
power-law viscosity parameters has been used:

Table 1. Simulation parameters for PP (LB6331) (Zaki et al., 2022)

Material Medical grade
(LB6331)

Inlet temperature (°C) 190.00

Inlet pressure (MPa) 38.22

Density (kg/m3) 900

Zero shear viscosity 2160.00

(kg/ms)
Power law index 0.2590
Time constant (s) 0.0573

Figure 5 illustrates the pressure and velocity distribution of the medical-grade PP melt inside
the mold after injection.

Figure 5. Pressure (A) and velocity (B) contour plots
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These results have been produced using Ansys Polyflow. As anticipated, the intake experiences
a maximum pressure of 0.183 MPA, which gradually decreases as it progresses into the part
cavities. Furthermore, the velocity reaches its peak at the intake as a result of the substantial flow
rate at the entry. However, the velocity gradually decreases from 2.842 m/s to 0 m/s as the molten
material fills the cavities and eventually comes to a halt. According to the results shown in Figure
5, the luer fitting cavities are completely filled, and there are no signs of deformation and short
shots, because the pressure and velocity values are distributed evenly.

This study also provides instructions for the experimental procedure of bonding a luer to the
proximal end of a catheter using UV-cure adhesive. This procedure must be performed in a
minimum of a Class 8 Clean room. The following equipment and fixtures were used in this
procedure:

- Fixture for Holding Parts;

- Luer Lock Dispensing Tips (disposable; hooked to syringe of adhesive to
control the adhesive flow);

- EFD Precision Fluid Dispenser with adapters for syringe (optional, requires
pressurized air hookup);

- UV Light Source with required Light Guide;

- UV Cure Adhesive.

The proximal end of the catheter shaft is placed over the mandrel and into the bore of the luer
fitting until it bottoms out, as shown below.

Sample to be bonded
placed over mandrel

Figure 6. Loading parts into the fixture
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The dispensing tip is positioned between the luer fitting and the catheter shaft.

'6,2; :
el
Position dispensing tip

between luer fitting and
shaft to be bonded

Figure 7. Adding adhesive

Slowly dispense adhesive, allowing it to flow into the gap between the luer fitting and the shaft.
It can be helpful to rotate the shaft while dispensing to better distribute the adhesive around the
circumference of the shaft.

Figure 8. Curing (putting the wand too close to the part will result in the part heating up)
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Note:
- Depending on the viscosity of the adhesive, adjust the dispensing speed.
- The tip may be positioned near the top or bottom, depending on the viscosity,
size of the gap, and geometry of the parts.

Once the adhesive has reached the bottom of the bore/shaft, stop dispensing adhesive. Use a
cleanroom swab or cleanroom wipe to clean away any spilled adhesive. Depending on the viscosity
of the adhesive, it may be necessary to carry out the next UV curing step very quickly.

Position the UV Cure Wand about 25mm from the part and cure for 10 seconds as shown in
Figure 8.

Then, rotate the fixture 180 degrees, and cure for 10 more seconds.

The last step is to add a fillet of adhesive around the junction of the luer and the tubing, as

shown in the figure below.
T——

~ Before “fillet” After “fillet”

v !

Figure 9. Adding a fillet (it may be advantageous to remove the part from the fixture for this
step so that it can be done fully under a microscope)

Finding/Discussion
After visual inspection, it can be clearly noticed that the luer fitting was not subject to
shrinkage since the lumen of the catheter was not compressed, as shown in Figure 8.

YR

Ensure lumen is ~ \ ,
\

‘

not obstructed

-

Figure 10. Observation of the catheter lumen
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Also, there are no excessively large voids in the luer fittings. The figures below show
examples of acceptable and unacceptable voids in the fittings because of the short shots.

Acceptable void because
size is <2mm in effective
diameter

NOT acceptable void because
size is half circumference of

tubing W
Note: a different device is shown j
for this example.

Figure 12. Observation of the unacceptable voids

According to ISO 10555-1 (2021) for intravascular catheters, the junction of the luer fitting
with the catheter must withstand a load of up to 15 N. The tensile test was carried out on 11
samples, and the obtained average strength value is about 108 N. All samples passed the test
successfully, as shown in the table below. Furthermore, the labor costs for manufacturing one luer
fitting were experimentally estimated. The aforementioned technological process of
manufacturing a luer by the traditional method (overmolding) consists of two stages: placing the
catheter shaft on the insert and the luer injection molding process around the shaft. Installation of
the catheter shaft on the inserts takes 3 sec. (0.00083 man-hours), while the luer molding process
around the shaft takes 20 sec. (0.0055 man-hours). The technological process of manufacturing
luer by the proposed method consists of three stages: the process of molding luer on an injection
molding machine separately without using inserts, adding adhesive, and UV curing. The process of
injection molding by this method takes 6.67 sec. (0.0019 man-hours), and the adding adhesive and
UV curing processes take 15 sec. (0.0042 man-hours). It is important to consider that the
overmolding process using an injection molding machine with inserts takes more production time,
since this method allows you to manufacture only 2 pcs. of luer fittings at one shot, while the
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proposed method allows you to produce a minimum 6-8 pcs. at one shot, since the absence of an
insert on the mold frees up space for additional part cavities in the mold.

Table 2. Tensile strength testing results

Sample Force Force

# to Failure = to Failure
(Ibf) (N)

1 23.4 104.0

2 19.8 88.2

3 23.1 102.5

4 31.6 140.6

5 25.3 112.5

6 21.1 94.0

7 14.6 64.9

8 25.6 113.7

9 30.8 136.9

10 23.5 104.7

11 28.6 127.2

Avg 24.3 108.1

Standard 4.70 20.93

Deviation
Min 14.6 64.9
Max 31.6 140.6

Comparative data for the two methods of manufacturing catheter fittings are given below:
Table 3. Comparative analysis

Criteria Traditional = method  of Proposed manufacturing
manufacturing  luer  fittings | method of luer fittings (adding
(overmolding) adhesive + UV curing)
Labor costs, man-hours 0.0064 0.0061
Number of cavities on the 2 6-8
mold, pcs.
Compression of the internal yes no
lumen of the catheter

Conclusion

The conducted research highlights the effectiveness of developing an alternative approach to
the manufacturing of intravascular catheters by introducing a modified process for producing and
assembling luer fittings. Unlike traditional overmolding, where the fitting is formed directly on the
catheter shaft, the proposed methodology involves independent injection molding of the luer
component, followed by its attachment to the extruded catheter shaft using medical-grade
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adhesives combined with UV curing. This separation of processes as only reduces technological
risks associated with polymer shrinkage and dimensional instability but also provides improved
control over both the quality of the fitting and the assembly procedure.

The empirical evaluation, carried out using industrial injection molding equipment and
manual assembly techniques, revealed significant benefits of the new method. The probability of
short-shot defects during injection molding was minimized, while the absence of shrinkage
ensured that the catheter lumen remained uncompromised, thereby preserving the functional
characteristics of the device. Furthermore, comparative analysis demonstrated a 4.9% increase in
labor efficiency, which, although modest, represents an important contribution to overall
manufacturing productivity when scaled to industrial volumes.

From a design perspective, the study integrated advanced engineering tools, including 3D
modeling in SolidWorks for geometrical optimization and finite element simulations in Ansys
Polyflow to analyze polymer melt flow parameters within the mold cavity. These computational
analyses provided valuable insights into the pressure and velocity distribution of the polymer,
enabling improved mold design and minimizing the likelihood of processing defects. The
experimental outcomes validated these theoretical models, confirming that the final product
consistently meets the structural and functional requirements of ISO 10555-1 (2021) for
intravascular catheters.

In summary, the proposed technology offers a promising alternative to conventional
overmolding by combining manufacturing flexibility, reduced defect rates, and improved cost-
efficiency. Beyond the direct technical advantages, this approach also opens opportunities for
further automation of catheter assembly, integration with novel adhesive formulations, and
adaptation to other classes of medical devices where precise dimensional stability and lumen
preservation are critical. Consequently, this study establishes the feasibility of the method but also
lays the groundwork for scaling its application in modern medical device production, potentially
influencing industry practices toward more reliable and resource-efficient manufacturing
strategies.
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CYMBIKTBIK JMHAMHMKACBIH ecenTey/i 3epTTey K9He KaTeTep Oijirine Jlyep ¢uTHHriH
OpHATY/bIH, YCbIHBIJIFAH NPOLeAYPAChIH IKCIIEPUMEHTTIK TeKcepy

Anaatna. bysn 3epTrTeyaiH MakcaTbl - 3KCTpPyATasfaH KareTepfiH madTbiHa Jlyep
GUTUHITEPI MEeH KOChUIBIMJIApPbIH OHJIPY/iH THUIMJI MpoleAypacblH 93ipJiey »koHe obasay.
Jactypai KasabinTayZaH (OBEpMOJIAMHITEH) aWbIpMallblIblFbl, Oy TexHoJsiorus Jlyep
bUTHUHITEPIH KaTeTep/eH 06/ieK MHBbEKLUAJIBbIK KaJblITay MpOLeciH KAMTUAbI, COJAH KeHiH
oJlapAbl >KaObICKAK, >XoHe YJbTPAKYJriH CayJieJieHy apKblibl 3KCTPYATa/lfaH KaTeTepAiH
madThiHA KOCYy 6OJIbIN TabblaaAbl. YChIHBIIFAH 9/jiCTEME COHFbI OHIMHIH camackl MeH eH/Jipic
TUIMAINIriH 6afanayra 6aca Hasap ayzapa OTBIPBIN, KaJbIITay MalIMHAChl MeH KOJIMEH
KypacTbIpy apKblLibl 3MIUPUKaIbIK TypAe OafanaHaabl. HaTuxkecinge, ¢utuHrrepai
JlaublHJAy/[blH,  JK9He  KaTeTepre  KOCYZAbIH  JA9CTYpJi  9AiCiHeH  aublpMallblIbIFbI
(OBEpMOJIAMHITEH), YCBIHbLIFAH d/JjiclieH asblHFaH Jlyep ¢uTuHrTepi eHJAipic mnpoueciHje
TOJIBIMCBI3 KYHbLIY BIKTUMaJI[IbIFbl TOMEH, KaTeTepAiH JIIOMeHIH KbIClaWzbl, 6UTKeHi oJjiap
lieryre yliiblpaMai/ibl XoHe OyJl TEXHOJIOTUS KYMbIC Kylli 6oMbiHIIA 4,9 %-Fa TuiMai. Jlyep
¢uTuHriniyg gusanubl Solidworks cusaktbel 3D Mojenbey KypaiZapbl apKbLIbl Kacajabl )KoHe
KaJblll imiHgeri mosvMepAiH KbICBIMbI MeH 6a/iKy >KbLIJJAMABIFbIHBIH ecenTeysepi Ansys
Polyflow 6araapsiamMmasnbiK Kypa/iblH/ia COHFbI 3JIeMEeHTTepP/i Tal/lay apKblibl TaaAaH/ bl lleryzin
YKOKTBbIFbl, eHbeK eHiMAiairi »oHe Tynkijaikti eHiMHiy ISO 10555-1 (2021) Tamblpimijgik
KaTeTepJiep CTaH/[lapTTapblHA COMKECTIri TaXipube Ky3iHe pacTa/bl.

Tyiin ce3aep: Jlyep Bryskacel, Karterepsiep, CFD, UHbekuusaaelk Ky, MeaAuLMHAIBIK
KYPBUIFbLIAp 6HAIpICl, DJKCTPY3HUA

Bb.T.’Kasmu, [A.Yeii, A.l.Mycaes, J. IUraau*
Haszap6aes YHusepcumemi, AcmaHa, KazakcmaHn, Kazakcma

HccieaoBaHue JUHAMUKHY XKUJKOCTH C IOMOIIbI0 KOMIILIOTEPHBIX BBIYUC/IEHUNA U
3KCcIepUMeHTa/IbHasl MpoBepKa npejJjiaraeMou npoueaypbl ycraHoBky Jlyep puTvHra Ha
mwadT KaTeTepa

AHHOTaumAa. llesbl0 JaHHOrO MCCIe/JOBaHUSL SIBJSETCS pa3paboTKa M MPOEKTHUPOBAHUE
3 dekTUBHOMU NpoLeAypbl U3TOTOBIEHUSA PUTHUHTOB Jlyep U coeIMHEHHS C IKCTPYAUPOBAHHBIM
madpToM KaTeTepa. B oT/iMyMe OT 0BepMOJIZIMHTA, JaHHAs TEXHOJIOTHS BKJIIOYAET B cebsi Mpo1ecc
JIUThS N0J] AaBjeHrueM GUTUHIOB Jlyep OT/ieJIbHO OT KaTeTepa U UX MOC/Ie[yI0Iero coeJuHeHUs
K 3KCTPYAUPOBAaHHOMY ATy KaTeTepa Cc noMollbto kiaesd u YP-orBepkaeHus. [Ipeasaraemas
MeTOJMKa 3IMIIMUPUYECKH OlleHEeHA C UCII0JIb30BAaHHEM TEPMOILJIACTABTOMATA U PyYHOH COOPKU C
aKLEHTOM Ha OIleHKY KauyeCcTBa KOHEYHOTo MNpoAyKTa U 3¢PeKTUBHOCTH NPOU3BOACTBA. B
pe3y/bTaTe, B OTJIMYHE OT TPAAUIMOHHOTO CII0C06a U3rOTOBJIEeHHUS] GUTHUHIOB U COEJIUHEHUS C
KaTeTepaMu (C MOMOIbI0 OBepMoJsiAuHra), GUTUHTU Jlyep, MoJIyYeHHble C HCIOJIb30BaHUEM
npe/ijlaraeMol MeTOJMKH, UMEIT HU3KUH PUCK HEJO0JMBOB B Ipoliecce NMPOU3BOJICTBA, He
CIAaBJIMBAIOT MPOCBET KaTETePa, OCKOJIbKY He MO/IBEPKEHBI YCaJIKe, U 00eCTIeYUBAIOT CHUXKEHHE
Tpyzno3aTpaT Ha 4,9%, 4YTO [JesaeT [AAaHHYK TeXHOJIOTHIO MpUBJeKaTeJabHOH. [lpu
npoekTupoBaHuM Jlyep GUTHHra HCMOJIb30BaJUCh UHCTPYMeHThbl 3D-MojennpoBaHus, Takue
kak Solidworks, a pacuyeTbl [AaBjieHHSI W CKOPOCTH pacljiaBa NoJMMepa BHYTPU GOpPMbI
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aHaJIM3UPOBA/IMCb METOJOM KOHEYHBIX 3JIEMEHTOB B IPOrpaMMHOM ob6eclieyeHUH Ansys
Polyflow. OTcyTrcTBUe ycagky, 3PpdeKTUBHOCTD IO TPyAO3aTpaTaM U COOTBETCTBHE KOHEUYHOTO
npoaykra craHgaptam [SO 10555-1 (2021) psig BHYTPUCOCY[AUCTBIX KaTeTepoB ObLIO
3KCIepUMEeHTaIbHO O TBEPKAEHO.
KimoyeBsle cioBa: Bryska Jlyep, Katetepsl, CFD, J/luthe nof gaBienveM, [IpousBoactBo
MeJULUHCKUX U3eUU, JKCTPY3Us
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AngaTna. BelHUT KypbUIbIMAApPBIH TajJlay[blH [AJCTYpJi dAicTepiHze
OEMHUTTIK TYpPJEHY/iH KYPbLIbIM/bIK epeKIIeJiKTepiH aHbIKTayFa >XoHe
CaHJbIK CHIIaTTayFa MYMKIiH/iK O€pMeUTiH ecKipreH Tocijiep KOJAaHbLIFaH.
COHABIKTAaH COHFBI KbUIZApPbl OEMHUT KypbLJIbIMBI >KOFapbl PYKCAaTThl
CKaHepJieylli 3JIEKTPOH/IbIK MUKPOCKOII KoHe Kepi 3JIEKTPOH/bIK AUPpaKLUs
aaici  apkpuibl  3epTTenayge. byn  ogictep  6eMHMTTIH ~ 9pTypJi
MUKPOCTPYKTYpPaJbIK TYpJIepiH »KOFapbl [dJJIKIEeH cullaTTayFa MYMKIiHAIK
6epeni. BeMHUTTIK TypJ/ieHy GipHellle MOpTe 3epTTe/ITeHiHe KapaMacTaH, OHbIH,
MeXaHU3Mi 9Jli KyHre JlediH fayJibl 60JbIN Kaaya. Jlaysibl 60J1bI0 TabbLIaThIH
MaceJsiesiepre >KaKTapblHAA LEHTpPJIEHTeH KyOTbIK TOpAbIH KeJeMJi-
OpTaJIbIKTaH/JbIPbLIFaH KyO TOpbIHA allHa/lly MeXaHHU3Mi, KEMipTeKTiH KanhTa
6eJ1iHyiHe KoHe KeMipTeriMeH KaHbIKKaH GpeppHUTTiH naija 60JiyblHA aJibIIl
KeJieTiH KeMipTeri AudPy3UsCbIHbIH, peJli, COHAAN-aK KapOouATepAiH 66JiHy
npouecTtepi kaTafbl. DBeWHUT KypbIbIMbI MeXaHUKAaJbIK KacCUeTTepJiH
camajiblK KepCeTKillTepiH - OepiKTiK, IJAaCTUKa/JbIK KacHeTTep MeH
TYTKBIPJIBIKTBI )KOFaphl JleHreie KaMmTaMachoi3 etefi. [lepautnen, copoutneH
’K9He TPOOCTUTIEH CaJbICTbIpFaHAA TOMEHIT OeMHUT KaTTbLIbIFbl MeH
6epiKTiri >koFapbl 60J1a OTHIPHI, IJIACTUKAJIBIK, KACUETTEPI MEH TYTKbIPJIbIFbI
Jla KOoFaphl JeHreije cakTranajbl. bysn deppuTTeri keMipTek MeJillepiHiH

»KOFaphbl 60J1ybIMEH, O6eHUTTErI AWCJoKaluus ThIFbI3bIFbIHbIH,
apTKaH/JbIFBIMEH, COHJAW-aKk [JWCHepCTiKk KapouATepAiH  TysiayiMeH
TYCiHAipineni.

Ty#iH ce3aep: (Y= o) Typ/ieHyi, KHHETHKA, MEXaHU3M, ayCTEHUTTIH, blbIPayhl,
M30TEPMUSJIBIK, TEPMOKHUHETHUKAJIBIK, MUKPOCTPYKTYpa
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Kipicne

BeMHUTTIK KypbLIbIMJbl MallWHA >Kacay 00J/1aTTapbl >KOFapbl OepiKTIK NeH TYTKbIPJbIK,
KacueTTepiHiH yiJeciMiHe He, Oyl oJ1apZblH, OCbIHJAAl MHUKPOCTPYKTYpaMeH JAalblHAAJaTbiH
MalllMHa OeJilleKTepiH eHJipyJe YJKEH CypaHbICKa He 6oJiyblHa ceben 6osafbl. COHABIKTAH
Kasipri yakbITTa GeMHUTTIK KypbLIbIMJbl BICTBIKTAl HJEM/ley TEeXHOJIOTHAJBbIK aFbIHbIH/A
HeMece QayCTEeHUTTIK Kyure JeWiH KbI3[bIpbIl, ayaMeH CaJKbIHAATY apKbLIbl Ky3ere
achIpblIAaThIH KapanalbIM TePMUSJIbIK 6H/IeY apKbLIbI aly )K0J1Japbl KeHiHeH KOJIJaHblLIy1a, Oy
9KOHOMMKAJIbIK TYPFbIZAH TUIM/I 601N caHaaabl [1,2].

BelHUTTIH MUKPOCTPYKTYpachl yAbTpaXKyKa GeppuT TyHlipJiepiHeH Typazpbl, oJ1apblH TYHIp
lieKapaJiapblH/ia HeMece ilki GesiriHzie ekiHwi ¢as3aHblH OeJillieKTepi opHanacajbl. beHHUT
MUKPOCTPYKTYPAaCbIHbIH, ~ epeKllesiri — OHbIH KauTaJaHaTblH KiHillKe MapaJesb
KpUCTa/Jap/iaH HeMece TYHipLIiKTepJeH TYpaTbIHABIFbI, ojapAblH TUNTiK eHi 0,1-0,5 MkM.
MyHzal KypbLIBIMZBI J9CTYpJli ONTUKAJIBIK MHUKPOCKONHUSA OJiCTEpiMeH CHUNATTay KHbIH.
CoHAbIKTaH OEWHUTTIH MHUKpPO- IK9He CyOKYpbUIBIMBIH Kasipri yakbITTa >KOFaphbl
@XKbIPATBIMABLIBIKTAFbl CKaHepJieylli 3JeKTPOHJBIK MHKPOCKOI >X9He Kepi 3JIEKTPOHJABIK,
Judpakuus ajjici apKpLibl 3epTTelal. By Ke3/ie MUKPOCTPYKTypa 3JIeMeHTTePi MeH TyHipJiep
apacblHJafFbl Je30pUeHTalus OypblUITapbl eJilleHefi, Oy 6GeHHUTTIK GeppUTTiH SpTypJi
nimiHgepiH axblpaTyFa MYMKiHZAiK Oepeni. Kepi asekTpoHAbIK aAudpakuus djici apKblbl
aJiblHFaH KpUCTa/slorpadusablK, 6GaFjap/ap CcuIaTTaMachl 3JIEKTPOHABIK MHUKPOCKOIMIEH
MUKPOCTPYKTYpaHbl  TajJayJbl TOJBIKTbIpaZbl. bysa ajicrep 6eHHUTTIH  Kypaesi
MUKPOCTPYKTYPACbIH >KOFapbl AJJIJIIKIIEH cunaTrTtayfa MYMKiHZiK Oepefi. MyHJail >Kofapbl
JONAIKTEeri MUKPOCTPYKTypa 6elHeciHiH 60J1ybl 6EMHUT KypbLIbIMbIHBIH aHbIKTaMacblH KaWTa
Kapay/Zpbl >kKoHe Ty3eTyAi Tasan etefi [3-5]. BeMHUT apajsiac MUKPOCTPYKTYpaHbIH Oip 6eJiri
60JibII  TabbLIaAbl, OYJ  OHBIH JKiKTeJyiH KublHAATaAbl. COHABIKTAaH OEMHHUTTIH,
MUKpPOCTPYKTYpachbl MEH MeXaHUKaJIbIK KacHeTTepi apacblHAaFbl e3apa 6aiJlaHbICThl aHBIKTAY
OHaH eMec.

3eptTeyiisiep [6-10] 6eMHUTTIK MUKPOCTPYKTYpaFa ToH OipHelle OesrijiepAiH 6ap eKeHiH
’KoHe oJIap/blH, MeXaHUKaJ/IblK KacheTTepMeH 06ailJaHbICThl eKeHiH aTamn eTefi. Mbicaabl, D.V.
Edmonds, K.J. Irvine [6,7] eHbeKkTepiHAe, KpUCTAIAbIK TOPAA aTOMAAPAbIH €Hyi MEH OPbIH aJiMacy
npouectepi OeMHUTTEriI AUCAOKALUsAJAD ThIFbI3ABIFBIHBIH, KOFapbl 0O0JiyblHA OalJIaHbICThI
60J1aTThIH OEPIKTITiH apTThIpaThIHbI KepceTisireH. [8-10] »kyMmbicTapJa 6€MHUTTIH O6epiKTiri eki
alHbIMaJIbIHbIH, (QYHKLMACHl peTiHAe TycCiHAipineai: ¢eppyUT NJIAaCTUHKACBbIHBIH, €Hi »XKoHe
LeMeHTUT OeJlleKTepi apacblHAAFbl apaKallbIKTHIK. Asaiiia 0y napaMmeTrpJiep 6ip-6ipiHeH
TOyeJICi3, COHJABIKTAH MeXaHUKaJblK CbIHAKTap OapbIChbIHAA OJIapAblH JCepiH >KeKe-KeKe
aXblpaTy KWbIH. bxajella ycbIHFaH KJacCUKaJbIK KikTeMmere cauikec [11], U30TepMUSJIBIK,
TYpJleHyTe ylublpaFaH 6oJlaTTap YLIiH OEMHUT >KOFApFhI K9HE TOMEHTI OO0JIbIN eKire OGeJiiHel.
Korapfbl 6eMHUT peekasibl TUNTEri peppuUTTEH, ajJl TOMEHIT OeMHUT MJIaCTHHKaJbl THUITET]
beppHUTTEH Typajbl.

Y3zikci3 canKblHAaTyFa yliblpaFaH 6oJsiaTTap yuwiH bpammut nen Cnup [12-14] 6edHUT
KYPBLJIBIMBIHBIH, YIII TYPJi aHbIKTAaMacblH YCbIHAJAbL: TYWip illiyiK kKapObuATik GeJiliekTepi 6ap
O6eHUT (TeMeHTi 6eMHUT), TYHip LllekapasiapblH/ia KApOUATIK 6eJilieKTepi 6ap 6eHHUT (3KOFApFbl
6elHUT), eKiHIIi (a3aHbIH KeKe OpHa/lacKaH OeJilieKkTepi 6ap 6eMHUT (rpaHyJ/lalblK OEUHUT).
TemeHri 6eMHUT eKi IIaFbIH TONKA OeJiiHe/i: peeKaJsibl TUNITEri TOMEHTI 6eMHUT a3 KeMipTeKTi
6os1aTTapFa ToH 060JICa, JIAaCTUHKAJIbl TUIITEri TOMEHTi OEMHUT KOFapbl KOMipTEKTi 601aTTapFa
ToH. COHJBIKTAaH TOMEHri OeWHUTTIH MeXaHUKaJblK KacUueTTepi >KOFapFbl OeWHUTIEH
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Ca/JIbICTBIPFaH/Ja >Kofapbl 6oJiazbl. belHUTTeri kapbuj OesiekTepi NepaUTTeri CHUAKTHI
napaJ/uiesib IJAaCTUHKaJap TYpPiHJE eMecC, OKIIayJlaHFaH »9He KbICKa (KiHillike) OGeslieKkTep
TypiHze 6esiHeni. JKoFapFbl 6eHHUT Aen Kapou/, 6eJieKTepi OpHbIHA MapTEHCUT-ayCTEHUTTIK
Kypamjac OesiikTep 60JiaTblH OeHHUTTI ailTagbl. KoFapfbl OGEWHUTTI TOMEHIri OeHHUTTEH
LeMeHTUT (Kap6uj) OeJillleKTepiHiH Tapajy CUINaTbIMeH axblpaTyfa 6oJiagbl. YKoFapfFhl
O6elHUTTE KapOuA GeJiliekTepi deppUT TyHipJiepi liekapasapblHAa OpHaJacajibl, aJll TOMEHTI
O6eldHUTTEe Kapbuj OesliekTepi GeppuUT NJIACTUHKa/JapblHbIH ilIiHAe  OpHaJacChIl,
JUCIOKaLMAIapAblH KO3FalbICblHA aHAFYpJIbIM KYLUTI KeJepri xacalapl. ['paHyispJiblK 6eHHUT
Jlell KypaMblHJa KapOuATep KOK, KOMipTeKIeH KaHbIKKaH GeppuT MeH MapTeHCUT-ayCTEHUTTIK
Kypamzac 6esiikTep/ileH TypaTblH 6eHHUTTIH MUKPOCTPYKTYpachiH aiTa bl (1-cypeT).

- MA BefnuTTIK
7 ) MaptencHTi " deppur
VR /
/ N/

Ilementur DBeilimmTTIK IlemenTHT
a 6 8

depput
1-cypeT. BeHHUTTIK KypbLIbIMAAPAblH MOPOJIOTHsChl MEH ChIPTKbI KeJIGeTiHiH cy16aiaphl.
a - )KOFapFfbl OEUHUT, 6 — TOMEHTi OEMHUT, B — TPaHYJ/ISAPJIbIK OEMHUT

EckepTy: iepekTep Heri3iHJe KypacTblpblifaH [15]

BakplL1aHaTbIH UJIeM/Iey KoHe eJleJIeTI/ITeH CaJKbIHAATY Ke3iH/le a3 KOMIpTEeKTi KoHe a3
JleTUpJIeHTeH OoJlaTTapZa TY3ileTiH GeMHUT, opTa >KoHe >KOFapbl KeMipTeKTi 6oJsiaTTapza
Ty3iJIeTiH GeMHUTTEH epeKlleJieHeTiHi aHbIKTa/l/Jbl. A3 KeMipTeKTi OoJiaTTapja TYy3iJeTiH
OeMHUT peeKasibl KypblibiMFa He. JKofapbl KeMipTeKTi 6oJsiaTTapAarbl OeWHUTKe HWHeJI
(myacTrHA Tapi3/i) KYpbLIbIM TOH.

BelHUTTIK TypJieHy MexaHU3Mi KeJieci Heri3ri npolecTep/eH Typaabl: KPUCTaNAbIK TOP/bIH,
(y—a) KaTa KypbUlybl, KEMIpTEKTIH KaWTa 06JiHyi *koHe KapOuATepAiH 66eJiiHyi. BeMHUTTIiK
TYpJleHy OipHelle peT 3epTTeJreHiHe KapaMacTaH, OHbIH, MeXaHU3MIi dJili KYHIe JeWiH JayJibl
KYHiH/le KaJibIll OThIp [16].

Keneci maHpI3/ibl Macesiesiep Jay/bl OoJiblll TabbLiaAbl: 1) »KaKTapblHJA LIEHTPJIEHTEH
KyOTBIK TOpAbl KeJeMJi-OpTaJblKTaHJbIPbLIFAaH Ky0 TOpbIHA aWHalJblpy MeXaHU3Mi
(kpucTanAblK TOpPJAPAbIH, KaWTa KypbUyblHAQ JAUPPY3UANbIK KoHe JAUPPy3UsiChI3
MeXaHU3M/IEp KapacTbIpblIaAbl); 2) KOMIipTeKTiH KaWhTa O6eJiiHyiHe >XoHe KeMipTeriMmeH
KaHbIKKaH peppUTTiH naiga 60/ybiHa 9KeJeTiH KeMipTeri AU Py3UsChIHBIH, peJi; 3) KapOUTiH,
Kal ¢pas3aZjlaH — ayCTEHUTTEH Oe, a/1/je peppUTTeH 6e — OeJliHeTiHI (kapouaTepAiH peppUTTEH
OesiiHeTiHiHe fp1e1ep 60IFaHbIMEH, OyJ1 MaceJie 60MbIHIIA FBIIBIMU MiKipTaaacTap »ajafacy/a).

KenTeren 3epTTeyiuijiep QeppUTTiH ayCTEHUTTEH MapPTEHCUTTIK MeXaHUM3M OOUBIHILIA
TY3JIeTiHIH asiFa TapTaZbl. MyHBI KeJieci lepeKkTep AaJiesgeni:

1) KBIITBIPJIATBIIFaH OeTTe pesibedTiH Naiaa 60aybl;
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2) GEMHUTTIK TYpJieHy/ieH KelliH KaJl/|blK ayCTEHUTTIH, 60JIybI;

3) TeMeHri 6EMHUT IeH XibiTiJiIreH MapTEeHCUTTIH MUKPOCTPYKTYpaslapblHbIH YKCACTbIFbI;

4) >xofapfbl OEWHUT IeH a3 KOeMIipPTEeKTi MapTeHCUTTIH MUKPOCTPYKTypasapbiHbIH,
YKCaCTBIFBI.

BeHUTTIK TypJeHy MexaHWU3Mi nepadTTik (AuddysusiblKk) Te, MapTEHCUTTIK
(nudodysuscei3) Te TypsaeHyAiH 6enarisepiHe ve. by TypJieHyiH caablCThIpMaJbl TYPAe TOMEH
teMmnepatrypaga (~500-250°C) xypyimeH TyciHaipineni. MyHzail kaFgailza  TeMip
aToMJiapblHbIH  Auddy3usicel  Oadysaifbl, ajl KeMipTeK aToMJapblHblH, AUPpdy3usachl
CaJIbICTbIpMaJibl TYPAE OHaMl eTeli. By KyOblIbIC TEMip/iH aTOMABIK pagnuychl ree=0,127HM xoHe
KeMipTeKTiH aTOMABIK paguychl rc=0,077HM apacblH/jaFbl alblpMallblJIbIKIIEH (1IaMaMeH eKi ece)
Tycinaipineni [17]. Ocbl epekiuesik GeMHUTTIK TypJIeHYZi MapTEHCUTTIK 9He MepJHUTTIK
TYpJieHyJlepJileH NPUHLUNOTI TypAe axbipaTaJbl. OHbIH HOTHXKeCiHAe OeWHUT Ty3inenai - o
KOMipTeKIeH CaJl apThIK KAaHbIKKAH O-TYPAKThl KAaTThl epiTiHAileH (GeppUTTeH) KoHe Kapou
GeJiLIeKTepiHEH TYpPaThIH KYPbLJIbIM 00JIbIN Ta0ObLIa/IbL.

MeTannorpadusiblK 3epTTeyJiep }KOFaphl YAKEUTKILITEPMEH KYPTi3iaireH/ie »KoOFapFbl )KoHe
TOMEeHri OGeMHUT KypbLIbIMJIapbIHbIH, 06ip-OipiHeH alblpMallbLIbIFbl 0ap €eKeHiH KepceTeji.
Koraprbl 6elHUT 97eTTe ~500-350°C Temmeparypasiap apajblFbIHAA Ty3ijeai xkoHe nepbesi
nimiHre ve 6oJiaZpl, MyH/Ja KapOuJ GeJilieKTepi NepJUTTerifeld MJacTUHKA TYpiHJE eMec,
OKLlIayJIaHFaH XKiHillke 6esiuiekTep TypiHAe 6esinefi (la-cypet). Temenri 6eiHuT 350°C-TaH
MapTeHCUTTIK TYpJieHyAiH 6acTtany Temnepatypacbkl My (~260°C) geiiHri apanbiKTa Ty3inezi
»KOHe MJIaCTUHA Tapi3Ai (MHe Tapi3fi) KypblibIMFa ve 6oJsiaabl (16-cypeT). AiTa KeTy Kepek,
TeMeHIi OeWHUTTeri kap6buj 6GesimiekTepi o-dasa (deppuT) NJIACTUHKANAPBIHBIH, illiH/E
OpHaJsacajbl.

MyKUAT )KYprisijireH Toxxipubesiep 6eMHUTTIK TYpJIeHYiH 6acTalybl ayCTEHUTTET] KEMipTEK
aToM/iapbIHbIH AU PY3UAIBIK KalTa 66/iHyiMeH cunaTTalaTbIHbIH KepceTe/i. Bys aycTeHuTTe
KeMipTeKKe KeJlel YKoHe KeMipTeKKe 6all alMaKTap/iblH Ty3iJyiHe akesefi [18].

KeMmipTekke keleld ayCTeHUT ailMakTapbl (Yy—a) TypJeHyre MapTeHCUTTIK MeXaHHU3M
6omblHIIA ylblpanabl. Ocbl Ke3ze Ty3iJeTiH a3 KeMipTeKTi MapTeHCUT OipAeH 60caTblibl,
peekaJsibl TUNITEri 0EMHUT KYPbIJIBIMBIH TY3€/|.

KeMipTekke 6ail ayCTeHUT alMaKTapblHJAA Kapbuj OeJilieKTepi 66J1iHyi MYMKiH, OYJ OChbI
allMaKTap/Ziarbl KeMipTeK KOHLIEHTpaLUACbIHbIH, TOMeH/leyiHe >K9He >KOFapbla KepCeTiJreH
MapTEeHCUTTIK MexaHHW3M OOWBbIHIIA TYpJIeHYAiH >XypyiHe ceben 6osafbl. o-dpasza (peppur)
MapTEHCUTTIK MeXaHU3M apKbl/bl TY3iJIeTiHIH K9He OHbIH MHeJIi KYpblIBIMBIH MUKpOULIU)TED
6eTiHJeri ToH pesbeTiH naia 60yl AaJeaAenai.

Toxipubesiik 3epTTeysiep KepceTKeHJeH, (Y—a) TypJieHyJeH KeHiH KeMipTekneH aca
KaHbIKKaH GeppUTTeH Kapbu s 6eJiiekTepi 6esine/i. JKorapfbl >kKoHe TOMEHTi OEMHUTTIH, Ty3i1y
MexXaHU3Mi, HeTi3iH/le, 6ip/iel cunaTTa 60J1aJbl. AbIpMAlIbLIbIFbl — KOFAPFbl 0EMHUTTIH, TY3iJ1y
allMarblHAA alIbIMeH ayCTeHUT TyHWipJiepiHAe KeMipTeK KOHLEeHTpaLUsCbIHbIH, aHaFypJibIM
aMKbIH OeJiiHyi »Kypeni, OyJl ayCTEHUTTIH Kelbip alWMaKTapblHbIH KeMipTeKIeH eJayip
6albITbIIYbIHA KOHE, THiCiHIIe, KOMipTeKKe aca KeJell (eppuUTTiH Ty3inyiHe oakesaeni. Ochl
cebenTi >KOFapFbl OEMHUTTIH KypbUIbIMBI ipisey 6oJsiafibl, Oy/1 ayCTEHUTTEH KapOUATEepJiH,
6eJiiHyiMeH e 6ailJ1IaHbICTHI.

TemeHri 6eMHUTTIH TY3iayi Ke3iHJe, KepiciHlle, ayCTeHUTTIH KeMipTeKIleH OalbITbLIYbI
CaJIbICTbIpMaJibl TYp/ie a3, a1 GeppUTTiH KOMipTeKIeH aca KaHbIFYbl HEFYPJIbIM alKbIH 60J1a/bl.
Bys1 kapbuaTepiH GeppUT KpUcTaajapblHaH OeJliHyiHe 9Kesie/li, COH/IbIKTaH TOMEHTi OEHHUTTIH
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KYPBbLIbIMBI yCaK TYWipJi 6oJsiafbl. BeMHUTTIK TypJieHy[iH KHHeTUKAchbl NEpJUTTIK TypJeHy
KMHEeTHKaCblHAa YKCac, TeK MHKyOaLMAJBbIK Ke3eHHiH OoJiybpIMeH FaHa eMeC, COHbIMEH KaTap
MapTEHCUTTIK TYpJ/IeHyre TOH MaHbI3/lbl epeKlleliriMeH Jie — ayCTeHUTTIH, TOJIBIK »KOUbIJIybIHA
JleliH )keTnel, TypJieHOereH (KaiAblK) ayCTEHUTTIH CaKTaJlybIMeH CUMATTAaabl.

BeMHUTTIK TypJieHy, IEPJUTTIK TypJIeHy CUAKTBI, TeK U30TEePMUSJIBIK, YCTay KaFJanublHAA
FaHa eMeC, TepPMOKUHETHKAJBIK AuarpamMMara CoWKec, Y3JiKCi3 CalKpIHAATY Ke3iHJe Je XKype
asajbl.

IBTEKTOU/ATbl KOMIpTEKTI 60/1aTThl dPTYPJli CaNKbIHAATY KbLIJaM/bIFbIMEH CaJKbIHJATY
Ke3iH/Je Ty3lJeTIH KypbUIBIMJBIK KypaMJacTapfa CaJKbIHAATY KbLIJAM/ABIFbIHBIH, 9CepiH
KepCeTeTiH CbI36a/IbIK AuarpaMMa 2-cypeTTe 6epiireH. CalKbIHAATY KblJIAaM/bIFbl HEFYPJIbIM
YKOFapbl OOJIbIN, ayCTEHUTTIH blJblpay TeMIlepaTypacbl HeFypJibIM TeMeH 6oJica, Ty3ineTiH
beppUT-LIEMEHTUTTIK KYpbLIbIM COFYpPJIbIM JAucHepcTik 6osiaabpl. TeMeH calKblHJAATY
KbLIAAM/bIFbI Ke3iH/le Vi nepJiuT Ty3isie/li, 0/laH KoFaphl XKblIAaMAbIKTa V2 - cOpOUT, oflaH J1a
YKOFapbl XbUIAaMAbIKTa V3 — TpoocTUT Ty3iseai. KeMipTekTi 60/1aTThl Y3AiKCi3 calKbIHAATY
Ke3iHJle 6eHHUT, 9/1eTTe, Ty3i/iMeiZli. Byl aycTeHUTTIH blJblpay MPOLECiH Y3/AiKCi3 calKbIHAATY
KaFJlailblH/AA cUMaTTay Ke3iHJe (ayCTEHUTTIH TEPMOKHWHETHUKaJBIK AWarpaMMachl) eckepijyi
THic. JKoFapbl CaJKbIHJATY >XbLIJaM/bIFbl Ke3iHJe Vs aycTeHUTTIH 6ip 6eJiri My (~250°C)
TeMIepaTypacblHa JleMiH aca CybITbl1a/ibl )KoHEe MapTEHCUTKe alHalaibl.

t,°C
800
700
600
500
400
300

200
100

- 100
-200

Yakeim (InT)

2-CypeT. IBTEKTOUATHI 60JIaTThIH, ayCTEHUTIHIH dPTYPJIi CAIKbIHAATY KbLIJaM/IbIKTapbIHAA
TYPJIEHYiHIH ChI30AJIBIK AUArpaMMachl

EckepTy: fepeKkTep Heri3iHze KypacTbhlpbliFaH [19]

Byn kafpaiga KypbUIbIM TPOOCTUT TME€H MapTeHCUTTeH TypaAabl. CalKblHAATYAbIH
KPUTHUKAJIBIK, *KbLIIAM/AbIFbIHAA aYCTEHUTTIH, NMEPJUTTIK bIAblpaybl MYMKiH 60JIMal/bl KoHe
ayCTEeHUT TiKeJle MapTeHCUTKe alHalabl Vs.
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[IbIHBIKTBIPYAbIH, KPUTHUKAJIBIK, KbLIJJaM/IbIFbl KOMIPTEKTI >KoHe JierupJeHreH 6oJiaTTap
YlIiH GipAeld eMec XK9He ayCTEHUTTIH TYpaKTbLIbIFbIHA 0ailJIaHbICTbl. AYCTEHUT HEFYPJbIM
TYpaKThl 060JiCa, WIBIHBIKTBIPY/AbIH, KPUTHUKAIBIK bLIJAAMABIFbl COFYPJIbIM TOMEH 60J1a/ibl.
KemipTekTi 60/1aTTap »KOFapbl KPUTUKAJBIK LIBIHBIKTHIPY KblaJaM/blFbiHA Ue (800-200°C/c).
EH TeMeH KpUTUKAaJbIK WbIHBIKTBIPY KblIJAMbIFbl 3BTEKTOUATHI 60s1aTTa - 0,8 % C (200°C/C).
TemeHn >xoHe oprTa keMipTekTi 6osartapga (~0,1-0,6 % C) KpUTHUKaABIK KbUIAAMJBIK
alTapsbIKTal xkofapsl (800-300°C/c).

JlerupsieHreH OoJsiaTTapja OeWHUTTIK TypJeHy MepJUTTIK TypJeHyJeH e3relle.
JKCIepUMEHTTIK 3epTTeyJep KepceTKeHAel, Kapoua Ty3eTiH asieMeHTTepMeH (Cr, W, Mo xaHe
T.0.) JIeETHPJIEHTEeH >K9He aca CYbITbIIFAH ayCTEHUTTIH XOFapbl TYPAKThLIbIFbIHA Me 6osIaTTapa
NepJUTTIK blAbIpayAblH, C-KUCBIKTapbIHbIH, acTbIHZA OEWHUTTIK TYpJeHy[iH 6acTasybl MeH
asKTaJlyblHbIH C-KMCBIKTapbl OpHaiacajpbl. 3-CypeTTe KepceTijreHaeu, kemipreri mesauepi 0,43
% >koHe xpoMm MeJiuepi 3,52 % O6osaTbIH JieTUpPJEHTeH OO0JIATTbIH, AyCTEHUT bIJblpay
JiuarpaMMacblHZila TMepJUTTIK >KoHe OeWHUTTIK TYpJIEHYy KHUCBIKTapbl TeMIlepaTypaJsblk
MHTepBasiMeH 6eJiiHreH (~450-550°C) [16, 18].

C A

3 4

6
povsnnd v ovvvnewl o v rrnl s gl o

1 10! 10° 10° 10%

3-cypeT. ’KoFapsl TYpaKThIIIBIKKA He JIeTUpJIEHTeH 60J1aT ayCTEHUTIHIH NepJIUTTIK XKoHe
OEeMHUTTIK TYpPJIEHYiHiH TeMIlepaTypaJblK aiMaKTaphbl (Po3e xkaHe [leTep)
1 - mep/aUTTIH TY3i/yiHiH 6acTanybl, 2 — NEPJAUTTIH TY3i1yiHiH asgKTanybl, 3 - 6EHHUTTIH,
TY3i/1yiHiH 6acTanybl, 4 - NEepPJAUTTIH TY3U1YiHiH asdKTaaybl
EckepTy: epekTep Heri3iHJe KypacTbipblaFraH [20]

JdJicHamMa

Ochl 3epTTeysie 6eMHUTTIK (M30TEPMUSIJIBIK) HIBIHBIKThIPYFa KeMipTekTi 6osat (0,77 % C)
>koHe TeMeH JierupJjieHreH 30XI'C mapkanabl 6oaT ([OCT 4543-91) yubipaTbliabl. BeHHUTTIK
IIBIHBIKTBIPYFa apHa/IFaH ceJMTpasibl BaHHaHbIH Kypambl: 50 % KNO3 + 50 % NaNOs, 6anky
TeMmnepatypacbl — 220°C, ;kymbIc TeMnepatypacbl — 240-550°C apanbIFbIH/A.

BelHUTTIH KaTTbUIbIFbl POKBess ajiciMeH eJsilieHfi, MyHJla HWHJEHTOpa ajiMa3 KOHYChI
KOJIJJaHbLIa/ibl. MexaHUKaJbIK KacueTTepi — OepikTik weri (os MIla) xoHe canbicThIpMaJibl
y3apyhl (85, %) — Instron 5966 cbiHay KypbLIFbICbIHAA aHbIKTaAAbl, cbiHaMasiap 'OCT 1497-94
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«Metanpap. Co3blny Ke3iHJeEri CblHAY dAicTepi» CTaHJAApTbiHA CokKec JAaWbIHAanAbl. COKKbI
TYTKbIpJAbIFbI (KCU, Ixx/cm2) TOCT 9454-78 «Cofy uisyre cbiHay 9/jicTepi» 60MbIHIIA MAATHUKTI
COKKbl KOH/IBIPFBICBIHJA aHBbIKTal/Jbl. JJIEKTPOH/bl-MUKPOCKONUSAJIBIK 3epTTeyJiep YIIiH
JEOLJSM-5910 MojenbJi  peHTTeHO-3HepreTHKaJblK  aHajJu3aTopbl 6Gap  pacTayblll
(ckaHepJieyllli) MUKPOCKOM KOJIAAHbLI/IbI, OJ1 HbICAH OETiHiH 3JIEKTPOH/Ibl 30H/IIEH CKAaHEPJIEHYI
HOTHIXKECIHJle KeCKiH KaJbINTacThipaZbl. KbICKa TOJIKbIH/bI 3JIEKTPOH/BIK, CayJiesepAi KolAaHy
OyJl MUKPOCKONTAp/AblH, aWbIpy KabiJeTiH efoyip apTThIpyFa MYMKiHJZIK Oepeni (y/aKeHTy
nuanaszonbel 50 000 ecere feiliH), KypbLIbIMHBIH, YCaK, OeJilleKTepiH 3epTTeyre >K0J allajbl.
BelHUTTIH AucnepcTiairi (miacTUHKalap apacblHZarbl apakalbIKThIK — A) 350°C xxoHe 240°C
TeMInepaTtypasnap/a eieHzi. PeppUTTeri KeMipTek MeJilliepiH aHbIKTAy OOUBIHIIA 3epTTeyJiep
300°C, 400°C x«oane 723°C temneparypanapza SPECTROLAB JréCA yimkbpIHABIK CIEKTPOMETPiH/E,
CHEKTPAI YIIKBIHMEH KO3/bIpy apKblJIbl XKYPTi3iafi.

HaTtmxesiep XKoHe TaJKbLIay

BellHUT mep/UTKe KaparaHZa OepikTipek, OHBbIH OepiKTiKk KacueTTepi TemmnepaTypa
TeMeHJlereH cailblH apTajbl. byn ¢epput TyHipsepiHiH ycak 60JiybIMeH, KapOUATepAiH
JUCIEePCTiK OeJsliHyiMeH >KoHe [JUCJAOKAUusJJap ThIFbI3AbIFbIHbIH, JKOFapbl 00JybIMEH
TyCiHAipineni.

Oaeynep kepcetkenzeu, 0,77 % C meusiepi 6ap 60saTThiH, 6elHUTIHIH, PokBesan aaici
6oibiHIIA KaTThUIbIFbl 550-300°C TeMnepaTypa apasiblfblH/la TOMeEH/lereH CaillblH MblHaJau
TypAe e3repeai (1-kecte).

1-kecTe. bosiaT 6eliHUTIHIH PoKkBes1 9/1ici 60¥bIHILIA KATTHIJIbIFbIHBIH 63repyi

T, o¢ 550 500 400 300
HRC 45 47 49 55

EckepTy: »Kypri3ijireH 3epTTey Heri3iH/e KypacThIpblIfaH

Ocbl 6GoJsiaTTa HU30TEPMUSAJBIK TypJieHy Ke3iHae 550-400°C TeMnepaTypa apaJibIlFbIH/a
PokBes1 6oibiHIIA KaTThlIbIFbI HRC = 45-49 6os1aThiH )KOFapFbl 6eHHUT Ty3isneai, an 400-300°C
apasblrbiHa HRC = 55 60s1aThIH TOMEHTi 6eMHUT KaJibinTacaAbl. beHUTTeri GeppuT nepauTTeri
beppuUTTeH IillliHi MeH KypaMbIHbIH epeKIlie/iriMeH e3reliejieHe/li: )KoFapbl TeMIlepaTypaja oJi
nepbesi popmaza 60Jsica, TOMeH TeMnepaTypaja OipTiHAen UHeJi Typre alHasla/bl, COHJAU-AK,
KypaMbIH/la KeMipTek MeJiuiepi xoFapbl 6oaagbl: @y - 0,025 % C npu 723 °C; Oxes- 0,10 % C npu
400°C; ®r5-0,2% C npu 300°C.

BelHUTTIH AWCOEepCTiNiriH nepauTTeri CUsKTbl, peppUT NeH LieMEeHTHUTTIH €Ki Kepliiiec
IJIACTUHACBIHBIH, KaJIbIHABIKTApbIHbIH, KOCBIHABICHI OOJIBIII TabbLIATBIH IMJIACTUHKAaJap
apacblHAaFbl apaKallbIKTbIK — A mamMacel apKblibl cunaTtTtayfa 6osagbl. 0,77 % C keMipTek
MeJsiiepi 6ap 6osat ywiH TeMmnepartypa 550°C-tan 400°C-ka e3repreHzie MJacTUHKaJjap
apacblH/JlaFbl apaKallbIKTBIK ic y3iHae e3repmeiai — 0,116*10-3 mm-aen 0,110*10-3 mMM-re
JediH; an 350°C-tan 240°C-kKa jeiiH TeMeHJereHze 6yJs apakambIKThIK, 0,095%10-3 MM-zeH
0,080*10-3 mM-re fgeitiH azasjbl. XKoFapbla aWThUIFAaHAl, TeMIepaTypa TeMeHJereH calbliH
KaTTbUIbIK Y3AiKci3 apTaabl — 45 HRC-tan 55 HRC-ka aeliH. TeMeHri 6€eMHUT KypblJIbIMbIHA He
6o0/1aTTap MapTEHCUTKE LIBIHBIKTBIPbIIFAH 0O0JIATIIEH CAJbICTBIPFAH/A XOFapbl TYTKbIPJIbIKKA
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ve, 6yJ1 6eMHUTTIK (M30TEPMHUSJIBIK) IIBIHBIKTBIPYAbI KOJIJaHYAa Y/IKEH NPaKTHUKaJbIK MaHbI3Fa
ue. 550-450°C TemmepaTypa apa/jbIFblHAA KOFapFbl OEWHUTTIH TY3ilyi 06OJATThIH,
IJIaCTUKAJIbLIBIFbIH NEPJUTTIK KypbLJIbIMMEH CaJlbICThHIpFaH/a ToMeH/eTeai (2-kecTe).

2-kecte. ’KoFrapbl KeMipTeKTi 60/1aTThIH MeXaHUKaJIbIK KACUETTEPiHiH ayCTeHUTTIH ¢peppHUT-
LIeMEHTUTTIK KypblJIbIMFa TYpJIEHY TeMIlepaTypacblHaA Toye 1 iIiri

Trp.0C 350 450 550 650

Kypblabl Temenei Temenei + HcoFapr| Korapry Ilepaum
beliHum beliHum 6eliHum

os, MIla 1510 1390 1315 1090

HRC 50 42 45 26

8s, % 14 11 12 18

EckepTy: KyprisisireH sepTTey Heri3iHAe KypacTbIpblIFaH

’Korapfbl 6EMHUTTIH MJIaCTUKAIbLIBIFBIHBIH TOMEH/ITI GeppUT TyHipJepi mekapanapbiHaa
CaJIbICThIpMaJibl TYpJe ipi Kapobujrepfid OeJiiHyiMeH 6ailaHbICTbl. AYCTEHUTTIH blbIpayhbl
HOTHXKECiH/le apaJiblK TYpJIeHY/iH TOMeHT1 aiMaFbIH/a TY3iJIeTiH 6eMHUT >KOFaphbl JleHrenaeri
MeXaHUKaJbIK KacueTTep/i - OepiKTiK, KaTTbLIbIK K9He MJIAaCTUKAJbLIBIKThl - KaMTaMachbl3
etefi. Bys 6elHUT PeppUTiHAEri KeMipTek MeJillepiHiH »KOFapbl 60JIybIMEH, AUCI0KaLUsAIap
TBIFBI3ABIFbIHBIH, apTYbIMEeH K9He ocbl (as3aHblH TyHipJepiH/ie OpHaJacKaH JIUCIEPCTiK
KapOouaTepAiH TysinyimeH TyciHgipineni. BelHUTTiIH afbiM 1ieri ¢geppuT TyHipsepiHiy
esimieMiMeH XoJii-IleTd KaTbIHAChl GOMBbIHIIA OGaWJAaHBICTBI, 6UTKeHI GeppHuUT lIeKapaapbl
JUCJIOKaLMAIapAblH KO3FalbICbIHA THIM/I TOCKAYbLJI 60J1bIN TabbL1aAb! [21].

M30TepMUANBIK TypJieHy TeMIlepaTypacbl OEMHUTTIK apaJjiblKTa TOMeHJereH CaublH, o/y
lleKapacblHaH KeMipTeK aTOM/apbIHbIH 6asy IIbIFyblHA OalaHbICTbl peppUT TyHipJiepi ycak
Ty3isiegi. bys 6eHHUTTIH 6epiKTiK KacueTTepiHiH apTybIHbIH 0acTbl cebenTepiHiH 6ipi 60JbIN
Tabbuiagbl. QPeppuTTiH IimiHAE oOpHaJacKaH Kapb6uz OeJslieKTepi JUCA0KaLUAJap/blH,
KO3FaJIbICbIH HEFYPJIBIM TUIM/i TEXXeH i, erep osiapAblH KeJjieM OipJiiriHaeri canbl Kem 60Jica.

JKoraprbl GelHUTTE Kapbuj OeJilieKTepi HeriziHeH GeppuT TyHipJiepi liekapajapbiHAA
OpHajacajAbl, COHABIKTAH oJlap OepikTeHZipyre aWTapJblKTaul yJec Kocnaigbl. TypJjeHy
TeMIlepaTypacbl TOMEHJEereH CalblH KapOUATep/iH AUCHEepPCTiJiri apThiln, oJiap Heri3iHeH
beppuT TYyHipJsiepiHiH imiHAe opHasacaabl, 6y 6eMHUTTIH OepiKTiriH apTThipajbl. beWHUTTETI
beppHUT 3BTEKTOUATHIFA AEWiHTi 60/IaTTaFbl apThIK, GeppHUTIIEH CaJbICThIpFaH/a AYCI0KaLUsAIap
TBHIFbI3BIFBIHBIH, KOFapbl 00JybiMeH epekiiesieHefi. PeppuTTeri AucaoKanusaaap KeMipTek
aroMapblHaH KypasaraH KoTTpessn atMocdepanapbeiMeH OekiTisiesi xkaHe oJlap 6epikTeHAipyre
eJieyJii yJiec Kocazbl.

@eppuT TyHipJsepi lIekapajiapblHJAa OpHaJlaCKaH Kapb6up, OesilieKkTepi OENMHUTTIH,
IJIACTUKAJIbLIBIFbIH TOMEH/leTe/i. AJ1 TOMeHTi 6eMHUTTe Kapou 6eJeKTepi a-pa3aHblH inliHge
OpHaJsacazbl, 0yJ1 xKOFaphl IACTUKAIBLIBIKTBI KAMTaMachI3 eTeii [22-24]. BeWHUTTIK KypblIbIM
asy OeWHUTTIK (M30TEpPMUSJIbIK) ILIBIHBIKTBIPY/bIH, HEri3iHJe »KaTbIp, OJ MallhHa Xacay
6osiatTapbiHaH (30XI'C, 9XC, XBI') »kacasraH 6eJillieKTepre OepiKTik 6GepeTiH TepMHUSJIbIK
eHJley/le KeHiHeH KoJiJaHbL1aJibl. Asialiia OEMHUTTIK IbIHBIKTBIPY/bIH, KEMILUIIri — BICTBIK,
opTaZila CaJKbIHAATY >KbLIJaM/bIFbIHbIH TOMEHJIri, 6y/J OHbIH KOJIAAHbLIYbIH Killli KUMaJibl
OyibIM/IapMeEH IIeKTeun ai.

BelHUTTIK WBIHBIKTBIPYAbIH MaHbI3Abl aApPThIKIWbUIBIKTAPbIHBIH, 0ipi — HIBIHBIKTBIPY

238 Ne3(152)/2025 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsiChl
ISSN: 2616-7263. eISSN: 2663-1261



BelHUTTIK Typ/leHy MeXaHU3Mi MeH OeHHUTTIK KypbLJIbIMbI MalllMHa 3kacay 60/1aTTapbIHbIH,
TEePMHUSLJIbIK GEPIKTEHAIPY canachl Typasbl

KepHeyJiepi MeH OYHBIMHBIH JedopMauusiChlH eAadyip TeMeHAeTy. MyHzal 6osaTTapAbl
OeMHUTTIK HIBbIHBIKTBIPY KOFapbl COKKbl TYTKbIPJBIFbIH KAMTAaMachl3 eTe/li >koHe MapTeHCUTKe
IIBbIHBIKTBIPY MeH KeliHri 60caTyMeH cajbICTbIpFaH/Aa OMBbIKKA Ce3iMTal/bIKThl KYpPT a3alTa/bl.
CoHAbIKTaH OEMHUTTIK IIBIHBIKTBIPY MallWHA 3Kacay O60JIaTTapblHbIH, KOHCTPYKLMUSJIBIK
OepikKTiriH apTThipyFa MyMKiHJiKk 6epeai. bys 30XI'C 60J/1aThIHbIH, 9/1€TTEri HIBIHBIKTHIPY MEH
6ocaTysaH KeHiHri »koHe OEMHUTTIK IIBIHBIKTBIPYJAaH KeHiHri KacueTTepiH caslbICTbIpFaH 3-
KecTeJleri JlepeKTepMeH pacTanazbl.

3-Kecte. 30XI'C 60J1aTbIHbIH, KQJIBINThI )KoHEe O€MHUTTIK IIbIHBIKTbIPY/IaH KEHiHTI KacueTTepi

TepMusibIK eHAEY oz, MIla ooz, MIla KCU,
[x/cm2
880 °C cyna mbIHBIKTBIPY, 520 °C 6ocaTy 1100 850 45
Maiisia wbIHBIKTBIPY, 500 °C GocaTy 1200 1140 78
Maiisia wbIHBIKTBIPY, 300 °C GocaTy 1630 1520 69
300°C cenutpaga ycran 880°C GeHHUTTIK 1650 1300 60
HIBIHBIKTBIPY

EckepTy: KyprisisireH sepTTey Heri3iHAe KypacTbIpblIFaH

KopbITbIHABI

1. BelHUTTIK TypJieHy MeXaHU3MiH Tajjayfa OypblH KOJIJJAHbLIFAH TAcCiJJep ecKipreH
6osbin TabbL1aabl. [IpakThka KepceTKeHJeH, oJlap O€MHUT KYpbLIBIMBIHBIH €peKIIeiKTepiH
aHbIKTall, CaHABIK TYpFblAa cunaTTayfa KabiseTrci3. COHABIKTAH COHFBI KbLIJApbl OEMHUTTIH,
MUKPOCTPYKTypacbl MeH MaTepuaJ KacUeTTepi apacblHJafbl ©3apa 0alJIaHbICThI [dJipeK
CUIaTTay YLIIH >KOFapbl aWKbIHABIKTaFbl CKaHepJieylli 3JIeKTPOHJABIK MHUKPOCKOIN INeH Kepi
3JIEKTPOHABIK ~Audpakuus ajici KosjgaHbLiafbl. bya ogictep 6eHHMTTIH  KypAesi
MUKpPOCTPYKTYPAaChIH XKOFaphl A3JIKIIeH CUllaTTayFa MYMKiH/iK 6epeji.

2. BeMHUTTIK TYypJleHy KeJieci Heri3ri nponectepAeH Typajbl: (Y—a) KPUCTaAAbIK TOPJbIH,
KalTa KypblLIybl; ayCTeHHUTTEri KeMipTeK aTOMJApblHbIH, KalTa Tapajybl; KeMipTeKIeH
KaHbIKKAH ayCTeHUTTEH KapOUATiH 6eJsiHyi. BeMHUTTIK TypJieHy GipHellle peT 3epTTeJreHiMeH,
OHBIH, Me€XaHU3Mi aJ1i KYHTIe JeWiH AayJibl 60J1bIN TaOblIa/bl.

3. Keseci MaHpbI3Jbl Macesiesiep AayJ/ibl 00Jibln TabbLIaZAbl: 1) KakKTapblHZA LEeHTPJIEHTeH
KyOTBIK TOpPAbl K6JeMJi-OpTaJblKTaHJbIPbLIFAaH Ky0 TOpbIHA aWHalJblpy MeXaHU3Mi
(kpucTanAblK TOpJAPAbIH, KaWTa KypbUyblHAQ JAUPPY3UANbIK KoHe JAUPPy3UsiChI3
MeXaHU3M/IEp KapacTbIpblIaAbl); 2) KeMIipTeKTiH KaWhTa O6eJiiHyiHe >XoHe KeMipTeriMmeH
KaHbIKKaH peppUTTiH naiga 60ybiHa 9KeeTiH KeMipTeri AU Py3UsAChIHBIH, peJii; 3) KapOUTiH,
Kal ¢pazaZlaH — ayCTEHUTTEH 6Oe, as1/1e peppUTTEH 6e — GoJiiHeTiHI (kapouaTepAiH GeppUTTEH
6eJsiiHeTiHiHe 1o ieiep 60FaHbIMEH, 6y MaceJie 60MbIHIIA FBIJIBIMU MiKipTasacTap »Kajafacyaa).

4. BelHUT KypbLIbIMbI XOFapbl MeXaHUKaJbIK KacCHeTTEepMEH epekKlleseHeli: O6epikKTik,
IJIACTUKAJIBLIBIK  JK9HE  TYTKbIPJbIK. [lepauTneH, copOUTHEH K9HE  TPOOCTUTIEH
CaJIbICTBIPFAH/la, TOMEHTI OEMHUT >KOFapbl KATTBLIBIK IeH OepiKTikke, COHJaH-aK >KaKCbl
IJIACTUKAJIBbLIBIK [TEH TYTKbIPJbIKKA He. MyHlall KacueTTep GEMHUTTIH, a-(a3acbiHJa KeMipTeK
MeJIlepiHiH KOFapbl 60JybIMEH, JUCA0KALUS ThIFbI3/IbIFbIHbIH apTYbIMEH dHe 0Chl (pa3aaFbl
KpUCTaNJapAblH illiHje AUcnepCTiK KyHAe OpHalacKaH KapOUATeP/iH Ty3iayiMeH TyCiHAipineai.
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5. BeMHUTTIK WIBIHBIKTBIPY/IbIH MaHbI3/1bl apThIKUIBLIBIKTAPbIHBIH 0ipi — Ka/1/|bIK KEPHEYIep
MeH OypMaslaHy/iblH alTapJbIKTal a3awobl, OyJ1 TEPMUSAJBIK 6HJeY calacblH €/19yip apTThIpajbl.
CoHbIMeH KaTap, 6€MHUTTIK LIBIHBIKTBIPY »KOFapbl COKKbl TYTKBIPJIbIFbIH KaMTaMachbl3 eTil,
MapTEeHCUTKe IIbIHBIKTBIPbIIFAH >XoHe XibiTiareH 60J1aTIeH ca/lbICThIpFaHJa OYHbIMHBIH
OMBIKKA Ce3iMTa/l[bIFbIH TOMeH/eTe/li. byl 60/1aTThIH KOHCTPYKIMSAJIBIK, 6epiKTIiriH apTThIpyFa
MYMKIiHJiK 6epeji.
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M.A. >)xakceiM6eToBa *1, A.T. Kanaen?, B.Y. BaiixoxkaeBal,
E.I0. PemmeB?

1J1.H. T'ymusee amouiHdaFul Eypasus yammubik yHusepcumemi, Acmata, KazakcmaH
2/1.®. Ycmunos ambiHdarsl « BOEHMEX» baamblk MemMaeKkemmik mexXHUKA/bIK YHU8epcumemi,
Cankm-Ilemepb6ype, Peceli

O MexaHHu3Me GeIHUTHOTrO NpeBpalleHUusA U KaueCcTBe TepMOyIIPOYHEHUs
MALIMHOCTPOUTEJIbHBIX CTaJIell C 6EMTHUTHOM CTPYKTYpOu

AHHOTauMA. B TpaJMIIMOHHBIX METOJAX aHa/IM3a CTPYKTYp OeHHUTA HCIO0JIb30BaJUCh
yCTapeBLIHEe MOJX0/1bl, C IOMOIIbI0 KOTOPBIX CJI0KHO  HUJAEeHTUQPUIMPOBATH U KOJUYECTBEHHO
XapaKTepU30BaTh 0COOEHHOCTH CTPYKTYp 6eHHUTHOro npeBpaileHus. [loaToMy B mocjienHue
ro/ibl CTPYKTypa GeMHUTA U3y4aeTCsl C MOMOIbI0 CKAHUPYIOIIEro 3JIEKTPOHHOTO MUKPOCKOIA
BBICOKOT'O pa3pellleHUs] U MeTo/ia 06paTHOU AudpPaKIUKU 3JEKTPOHOB. ITU METO/Ibl MO3BOJISAIOT
XapaKTepU30BaTh pas/iMYHble THUIbl GEMHUTHBIX MHUKPOCTPYKTYP C BbICOKOM TOYHOCThIO. B
paboTe mpuBeJeHbl KPAaTKHWU aHANU3 UCCAeJJOBAaHUM MeXaHHW3Ma GeHHUTHOTO IpeBpalleHus
MOC/IeJHUX JIET U 3KCIepUMeHTa/IbHble Pe3yJbTaThl, MOJy4YeHHbIe aBTOPAMU NMPU GEMHUTHOU
3aKaJIke B MALIUHOCTPOUTEJIbHBIX CTaisax.Ilo4epKHYyTO, YTO HECMOTpPs Ha HEOJHOKpaTHbIEe
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BelHUTTIK Typ/leHy MeXaHU3Mi MeH OeHHUTTIK KypbLJIbIMbI MalllMHa 3kacay 60/1aTTapbIHbIH,
TEePMHUSLJIbIK GEPIKTEHAIPY canachl Typasbl

UcCleJOBaHUSl MeXaHUM3M OeWHHWTHOrO NpeBpalleHUusli BCe elle OCTAaeTCHd AUCKYCCUOHHBIM.
CIOpHBIMH ~ ABJIAKOTCA MexaHu3M npeBpaiteHus LK pemerku B OUK, posab auddysuun
yrJiepoa, NpUBoO/JsAILas K ero nepepacnpe/ieJieHu0 1 06pa3oBaHuIo GpeppuTa, nepechileHHOTo
yIJ1epo/ioM, a TaKKe NPOoLecChl BblJieJieHHs Kapoua0B. beHHUT obecrieyrBaeT BbICOKMUA yPOBEHD
KaueCTBEHHbIX I0OKa3aTeJell MexaHU4YeCKUX CBOMCTB: NPOYHOCTH, JIACTUYHOCTH U BA3KOCTH. [1o
CPaBHEHUIO C MEPJUTOM, COPOMTOM M TPOOCTUTOM HHXKHUU GEHHUT HMeeT 6oJiee BbICOKYIO
TBEPAOCTb M MNPOYHOCTb NPU BBICOKOM MJIACTUYHOCTH M BS3KOCTU. ITO OOBACHAETCA
NOBBbILIEHHbIM COJlep>KaHUeM yriepoja B peppuTe U 6oJiblied NJIOTHOCTbIO JAUCJAOKALMU B
O6eliHUTe, a TaKXKe 06pa30BaHMEM JUCIEPCHBIX KapOUJO0B.

Kinwo4yeBble cioBa: (y—a) npeBpalljeHUe, KHUHETHKA, MeXaHU3M, pachaj ayCTeHUTa,
M30TEPMUYECKUIN, TEPMOKHHETUYECKHUH, MUKPOCTPYKTYpa.

M.A. Jaxsymbetova**, A.T. Kanaev?', B.U. Baikhozhayeva®,
E.Yu. Remshev?

IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
ZBaltic State Technical University "VOENMECH" named after D.F. Ustinov, Saint Petersburg,
Russia

On the mechanism of bainitic transformation and the quality of heat treatment in
engineering steels with a bainitic structure

Abstract. Traditional approaches to analyzing bainitic structures often rely on outdated
methods, which pose challenges for the accurate identification and quantitative characterization
of the features of bainitic transformation. In recent years, therefore, high-resolution scanning
electron microscopy and electron backscatter diffraction (EBSD) techniques have been
increasingly employed to study bainite structures. These advanced methods enable precise
characterization of various types of bainitic microstructures. This paper presents a brief review of
recent studies on the mechanism of bainitic transformation, along with the authors’ own
experimental findings from bainitic hardening of engineering steels. It is emphasized that, despite
numerous investigations, the bainitic transformation mechanism remains a subject of ongoing
debate. Unresolved issues include the transformation of the face-centered cubic (FCC) lattice into
body-centered cubic (BCC), the role of carbon diffusion leading to its redistribution and the
formation of carbon-supersaturated ferrite, as well as the processes of carbide precipitation.
Bainite provides a high level of mechanical performance in terms of strength, ductility, and
toughness. Compared to pearlite, sorbite, and troostite, lower bainite exhibits higher hardness and
strength while maintaining excellent ductility and toughness. These properties are attributed to
the higher carbon content in ferrite, increased dislocation density in bainite, and the formation of
fine carbide precipitates.

Keywords: (y—a) transformation, kinetics, mechanism, austenite decomposition,
isothermal, thermokinetic, microstructure.
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OueHKa BJAUAHUA MOAUPULMPOBAHHOMN J00ABKU HA PU3UKO-
MeXaHU4YeCKHe CBOMCTBAa MHbEKIMOHHBIX PACTBOPOB
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AHHoTanuAa. lle/qbl0 JAHHOrO MCC/AeA0BaHHUS SIBJSETCA OLIEHKa BJIMSIHUS
MoAUUIIMPOBAHHOU /1006aBKH, coepkallell napaduHOBbIA KOMIIOHEHT, Ha
bU3UKO-MexaHHUYeCKHe CBOMCTBA HHbEKIMOHHBIX PACTBOPOB, IPHUMEHsEMbIX
JUil  TJyOOKOM IieMeHTallud TPYHTOB. [IpuMeHeHUe HWHBEKIIMOHHbIX
pacTBOPOB  UIMPOKO  MCIOJIb3YeTCI B  MpPAKTHKE Te0TeXHUYeCKOro
CTPOUTENbCTBA, OCOOEHHO IMPH HEOOXOAMMOCTH YKpeIlJieHUs CaabbiX U
BO/IOHACBIIIEHHBIX TPYHTOB. KayecTBO W [A0JIrOBEYHOCTb YMPOYHEHUS BO
MHOTOM 3aBHUCAT OT COCTaBa pacTBoOpa M ero YCTOMYUBOCTHU B IMpolecce
TBepJeHUs. B XoJe J/1abopaTOpHBIX HCObITAHUW NpPU  Pa3JUYHOU
KOoHIleHTpauuu pAo6aBku (ot 0,2 o 1,0%) ObIM HccaefOBaHbl TaKue
KJI0YeBble IMapaMeTpbl, KaK MOJABUXHOCTb CMeCH, CKJOHHOCTb K
BO/IOOT/IeJIEHHIO U TPOYHOCTHbIE XapaKTEPUCTHUKU MOJyYeHHOr0 MaTepUaJia.
Pe3ysibTaThl 3KCIEPUMEHTOB IIOKa3aJiy, UYTO BBeJleHHe NapapruHOBOM 106aBKHU
CIOCOOCTBYET MOBBILIEHUIO TTOJBMXXHOCTU PAcTBOpPA, 06JierdyaeT Mpolecc ero
WHbEKLUH, OJHOBPEMEHHO CHUXKAeT BOJOOT/ie/IeHHe U 00eclieuruBaeT 6oJiee
paBHOMepHOe paclpejie/ieHMe CMeCH B TpPyHTOBOM MaccuBe. Kpome Toro,
HaOJ/I0a/IoOCh 3aMeTHOe yBeJUYeHHEe MeXaHUYeCKOW MPOYHOCTH I0
CpaBHEHMUIO C KOHTPOJIbHBIMU 06pasiaMu

OnTuMaJibHbIM Axana3oH KOHIEHTpPalMi A00aBKH, OINpeJie/IEHHbIA B Xoje
ucciaenoBanuii, coctaBua 0,6-0,8%. Takol cocTaB o6ecriedrBaeT HAUAYUYLIUH
6aJjlaHC MeX/y YJy4YlleHHbIMU CBOMCTBAMH PacTBOpA U €ro CTabUIbHOCTBIO.
[lonyyeHHble [JaHHble TMOATBEPXJAT BO3MOXHOCTb MPAKTHUYECKOTO
NpUMeHeHUs JaHHOU N06aBKH /115l MOBbIlIeHUs 3P GEKTUBHOCTH IleMeHTAI[UH
TPYHTOB B CJIOXKHbBIX UHKEHEPHO-TE0JIOTUYECKUX YCIOBUSIX.

KnwueBblie cioBa: MoauduiupoBaHHas Ao06aBKa, CTaOWJIM3alMs TPYHT],
IleMeHTHO-NlecYaHbli pacTBOp, napadrH, MexaHHYeCKHe CBOMCTBA
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BBegeHue

[1ly6uMHHada neMeHTaUUs BJIsITCA OJHUM U3 HanboJsiee 3P PeKTUBHBIX METO/,0B YKpeIJIeHUs
C/1abbIX TPYHTOB, 0OCOOEHHO B YCJIOBHUSX CJ0KHOM Ie0JIOTHYeCKOW 06CTaHOBKHM [1]. ITOT MeToz,
aKTHBHO MCIOJIb3YETCSl B CTPOUTEIbCTBE TPAHCIOPTHOW W MPOMBILLJIEHHON UHPPACTPYKTYPHI,
IpU CTAaOMIM3aL MU CKJIOHOB M 3alluTe OT onoJidHed [2]. OgHako TpaJjUIMOHHbIE LleMEHTHbIE
pacTBOPHI MOJBEPXKEHbI PACCIOEHUI0O U CHMXKEHUIO MPOYHOCTU U3-3a BBICOKOW MOPUCTOCTHU U
BOJl0OTe/IeHu [3].

CoBpeMeHHbIe HCCJIe0BaHUA NMOKa3bIBAKOT, YTO MOAU(PULMPOBAHHbIE 100aBKH, TaKHe KaK
HAHOYACTHUIbl WU TMOJIMMEPHbI, 3HAYUTEJNbHO YJAY4YIIAOT MeXaHUYECKHE CBOWCTBA PacTBOPOB.
OpHako mpUMeHeHHe MapapUHOBBIX KOMIIOHEHTOB B HHBEKLMOHHBIX PacTBOPax OCTaeTCs
MaJIOM3y4eHHbIM HallpaBJIeHUEeM, HECMOTPSA Ha UX NOTEHIMaJ 1/ OBbILIEHUS IJIACTUYHOCTH U
CHIXKEHUs BOA0OTAesneHus [4]. UcTopusi MeTo/ia TJIyOMHHOW LleMEeHTALMU YXOJAUT KOPHSIMU B
Ha4das10 XX BeKa, KOr/ia MHKeHephl BIlepBble Haua/ll IPUMeHATb UHbeKLHOHHbIE paCTBOPHI AJI
cTabuaM3allid OCHOBAaHMM 3JaHUMW U HMHQPPACTPYKTYPHBIX 00BbeKTOB. I[lepBoHa4a/bHO
MCII0JIb30BaJIMCh IPOCThIE LIEMEHTHBIE CMECH, OJTHAKO C Pa3BUTHUEM HAayYKHU U TEXHOJIOTUIN HavyaIu
NOSIBJATBCA pa3jiMyHble MOAU(ULUPOBAaHHble [J00aBKM, HalpaBJeHHble Ha VY/ydlleHUe
MeXaHU4YeCKUX CBOMCTB pacTBOpPOB. B cepesnHe XX Beka aKTMBHO UCC/I€L0BAIMCh [TI0JIMMEPHbBIE
U XUMHU4Yeckre 06aBky, a B XXI Beke Ha CMeHy MM NPUILJIM HaHOMaTepuasbl U OMOAKTHUBHbIE
KOMIIOHEHTBI, NOBbIIIAOIINE NIPOYHOCThb U J0JITOBEUHOCTD YKPEIJEHHBIX TPYHTOB.

CoBpeMeHHble HCCAEOBAaHUSA B 06JIaCTHM TJYOMHHOW IleMEeHTAalUM [O0Ka3bIBAlOT, 4YTO
npUMeHeHHe MOAU(ULMPOBAHHbBIX J06aBOK MO3BOJISIET JOOUTHCS 3HAYUTEJBHOTO YIAY4YLIeHUS
XapaKTEePHUCTHUK UHbEKIIMOHHBIX PACTBOPOB. B cTpaHax ¢ BbICOKOU CEMCMHUYECKON aKTHUBHOCThIO,
Takux Kak flnoHus u CIIA, nemMeHTHbIe pacTBOpbI C HAHOZO00AaBKaMH W IMOJMMEpPAMU CTaId
CTaHJapTHOW mnpakTukon. Hampumep, ucciefoBaHusi YHuBepcuTeTa TOKMO IOKasald, 4TO
BBeJleHHWe HaHO4YaCTHl, JUOKCUJA KpeMHHUs yBeJUYUBAET IUIOTHOCTb U MPOYHOCTh
WH'bEKIJMOHHOTO IleMeHTHOT0 KaMHs Ha 15-20%. B aHasioruuHbIX paboTax, npoBeAeHHbIX B CIIIA,
MCIIOJIb30BaHHWE TOJIUMEPHbIX [JA00AaBOK TMO3BOJIMJIO CHU3UTh YCaAKy W BOJOOTAeJieHUe
PacTBOPOB, YTO yJIy4lllaeT UX J0JITOBeYHOCTh. CpaBHUBAs CYILECTBYIOLME UCCAEJ0BAHUS, MOXKHO
OTMETHUTD, UTO NpUMeHeHHe NapadUHOBbIX KOMIOHEHTOB B MH'bEKLIMOHHBIX pacTBOpax A0 CHUX
Op OCTaeTcs MaJIOU3y4YeHHOH 00/1acThbio. B oT/iMYMe OT HaHOMAaTepUaJOB W MOJMMEPOB,
napaduH MNo3BOJISIET YAYULIUTb NOJBHXXHOCTb PAaCTBOPOB, CHUKasl pUCK UX paccioeHus. OfHaKo
MccieJOBaHUS B IaHHOM HallpaBJIEHUU OTPaHUY€eHbl, YTO 00yC/IaBAMBaET aKTyaJlbHOCTb JJaHHOM
paboTbl. BBejgeHue mnapaduHOBOM [106aBKM B I1[eMEHTHbIH pacTBOpP MOXET CTaThb
aJIbTepHAaTUBHBIM pellleHUeM JJ151 yKpelJeHHUs c1abblX TPYHTOB B pa3JIMYHbIX KJIMMaTHYECKUX U
reoJIornyecKux ycaoBusx [5]. llesb uccieoBaHUs — OLEHUTb BJAUsSHUE MOAUPUIMPOBAHHOU
JIOGAaBKM Ha OCHOBe mapadMHOBOrO KOMIIOHEHTA Ha (QU3UKO-MeXaHUYeCKHe CBOMCTBa
MH'BEKLMOHHBIX PAaCTBOPOB, IPUMEHSEMBIX [IJIs1 METO/Ia TJIYOOKOW LieMeHTalluU, U ONpeeUuThb
ONTUMAJIbHBbIA JMANa30H KOHIEHTpAlui [AJs ToBbIlleHHUS 3PEeKTUBHOCTH YKpelJeHUs
TPYHTOB.

MeToagos10rusa

Jnsa  aHanuza 3QPeKTHUBHOCTH MOAWPUIMPOBAHHOMW [JOOGABKU ObLIM NPOBeJEHbI
JlabopaTOpHbIE UCTIBITAHUS TOJBHXKHOCTH, CDOKOB CXBaThIBaHUSI, MIPOYHOCTH Ha CX)KaTHUeE U U3THO,
a TaKXXe BOJIOOT/leJIeHUsI UH'bEKIIMOHHOT'0 pacTBopa. MeToauKa onpejeseHUs] MOABUXXHOCTH
BoimosiHeHa 1o [OCT 310.4-81 «llemenThl. MeToAbl ompeneseHUs MOABUXKHOCTUY,
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OueHKa BJIUSHUSA MOAUPUIMPOBAHHOH 06aBKH Ha GU3UKO-MeXaHUYeCKHE CBOMCTBA MH'bEKIIMOHHBIX
pacTBOPOB

BogooTaeneHus — no 'OCT 310.6-85 «llemeHThl. MeToAbI onpefesieHUs BOAOOTAENEHUsI» [6].
KoHTpoJsibHBIM 06pa3ioM sIBJSJICH LeMEHTHbINH pacTBop 6e3 Jo06aBku. KOHTpo/IbHBINM 06paser
6e3 [fo6aBkM mnokasan BogooTneseHue 10,5%, 4TO COOTBETCTBYeT YCJIOBHO-CTAaOUJIbHOMY
cocTosiHUI0. BBesieHrne no6aBku B koaudecTBe 0,2% cHU3UI0 BoAooTaeseHue 10 9,1%, a npu
0,6% - 10 7,7%, 4TO COOTBETCTBYET Nepexo/ly B KATErOPHIO CTaOUJIbHBIX paCTBOPOB. B oT/inune
OT MOJIMMepOB, NapaduHOBble KOMIIOHEHTbI OOECHEeYUBAIOT CHWXKEHUE BOJOOTAesieHUs 0e3
M3MeHEeHHs] NPOYHOCTU. ITO 06bsicHsAETCS GOpMUPOBaHUEM I'HAPoPOOHON NJIEHKH HA IPpaHUIaX

HEeMEHTHBbIX 4aCTHL, YTO YMEHbIIA€T CKOPOCTb BbIAEJIEHHUA CBO6OAHOﬁ BO/JbI.
MeTOﬂOJIOI‘I/I‘{eCKaH OCHOBa I/ICCJIG,L[OBaHI/II‘;I BKJIKO4YaJia:

. [IpoBeseHMe UCIBITAHKMH HA IOJBUXXHOCTb METO/IOM pacIlJibiBa KOHyca:

. WcnblTaHua NPOBOAUINUCH B COOTBETCTBUU C McnbITaHUA NPOBOLUJIUCH B
cootBeTcTBUH Cc TpeboBaHUsAMU ['OCT 310.4-81 «llemeHThl. MeTo/ bl omnpeeeHUs
NOABWXXHOCTU» [7]. MeTon 3ak/iwoyaeTcd B U3MEpPEHUM JUaMeTpa paclljbiBa

HEMEHTHOI'O paCTBOpA IPHU €ro HaHECEHHWHU Ha I'JIaAKYI0 IOBEPXHOCTb.

® Hcnosib3oBasics CTaH,ZlapTHblf/'I MeTaJlJInYeCKUM KOHYC C BbicoTol 300 MM u

JuaMeTpoM ocHoBaHUA 100 MM.

M PaCTBOp 3aMelluBaJICs B TeueHHe 3 MHWHYT WU BbIJIMBAJICA Yepe3 KOHYC Ha

CTEKJIAHHYIO IIJIACTHUHY.

. [locsie ypaneHrs KOHyca U3Mepsics JuaMeTp paciibiBa pacTBoOpa B JIBYX
B3aUMHO IepleH/UKY/JISPHbIX HalpaBJeHUsX, a 3aTeM pPaCcCYUTBHIBAJIOCh CpeJiHee

3Ha4YeHHue.

. JKCIlepMMeHThI IPOBOAUJIUCH Ha PacTBOpPAaxX C pas3/IMYHbIM COJepKaHHUeM

no6aBku (0,2-1,0%) 1 koHTpOJieM BogoneMeHTHOro oTHoweHus (0,3-0,5).

M AHanu3s pe3y/JbTaTOB MO3BOJINJI BbIABUTL BJIUAHHE ,ZLO6aBKI/I Ha TeKy4eCTb

Y IJIaCTUYHOCThb pacTBopa [9]

Kanubposka wkansl 4o D=220 cm

KOHTYP NOTOKA

MNnowaas asTOMaTU4EeCKoro
pacuera = 250,92 cm*

niomais
pacupeieaenus

PucyHok 1. XapakTepUCTUKU MCIIbITAHUSA HA IPOCaJ0YHOCTh

AHanu3s BoJoOT/Ae/IeHHUA C HCIIO0JIb30BAHHUEM CTaHAapTHOﬁ MEeTOAUKH (1)I/IJIpraI_lI/II/I.
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onpeJieieHUs] CTeNeHU BOJOOT/eJeHHUs HWHBEKLUOHHOTO pacTBopa ObLIM HpPOBEJEHbI
WCIBbITAHUS C UCNOJIb30BAaHUEM CTAHJAPTHON MeTOAUKU GuIbTpauuu, coorBeTcTBytoueld FOCT
310.6 «llemeHTBI. MeToAbI ONpeie/ieHUs BOAOOTAeeHUsA» [8].

MeTo 1Ka BKIKOYaET:

e [IpuroroBieHrMe KOHTPOJIbHBIX 00pa3l0B pacTBOpa C Pa3JIMYHBIMU KOHLEHTpalUsaMU
no6asku (0,2-1,0%).

e 3a/IMBKy CMeCH B MepPHbIe LUJIUHAPHBI 06 beMoM 500 M.

e YJaepxkaHHe CMeCH B CTATUYHOM COCTOSAHUHU NpU TeMiiepaTtype 20+2°C B TedeHHe 3 4YaCOB.

e l3MepeHue o6beMa BbIJIEJIEHHONW BOJbl C MOCAEAYIOIIMM pPacyieToOM MPOLEHTHOTO
coZiep>KaHUsl BOLOOTAe/eHUS.

Ha pucyHke 2 nokasaHbl pe3y/1bTaTbl UCIBITAHUU LIEMEHTHBIX 00pa310B HAa BOJOOT/E/IEHUE.
Ha pucyHnke 2A 1o ocu abcycc NokasaHo NpoLeHTHOe CoZiep>KaHue J0O0aBKU B pacTBOPE, [0 COU
OpJAAMHAT BOAOOTAeseHHWe UM KO3()OPULMEHTbl BapUalUUKW KaKJOW CepuM HCIbITAHUHU
onpe/ieJIEHHOT0 MPOIEHTHOI0 COJlepKaHHUs J00aBKHU.

Ha pucynke 2b nmo ocu opJAuHAT MOKa3aHbl 3HAaYe€HUS YMEeHbIIAeT BOJIOOT/eJIeHUs MpU
NIOLIaroBOM YBeJIMYEHUU N,00aBKH B COCTaBe CMeCH, a TaKXKe IPOLeHTHOe CHUKEeHHe NoKa3aTe s
BOJIOOT/ieJIEHHS] OTHOCHUTEJIbHO KOHTPOJIbHOI'O 06pa3ena (cMecy 6e3 106aBKH).
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PucyHok 2. Pe3ysibTaTbl U3MepeHUsI IPOYHOCTHU 00pa31i0B Ha CKaTHe
Pe3ysibTaThl M 06CyKaeHne
e KoHTposbHBIN 06pa3ern 6e3 Job6aBKU MoKasas BojgooTaenenue 10,5%, 4To cooTBETCTBYeT

YCJI0BHO-CTaOWJIBHOMY COCTOSIHHUIO pacTBOpaA.
e Jlo6aBka B koHLeHTpanuu 0,2% cHusuIa BogooTAeaeHue 10 9,1%.
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OueHKa BJIUSHUSA MOAUPUIMPOBAHHOH 06aBKH Ha GU3UKO-MeXaHUYeCKHE CBOMCTBA MH'bEKIIMOHHBIX
pacTBOPOB

e [lpu koHuentpauuu 0,4% BopooTaeneHue coctaBuio 8,2%, 4TO ABJAAETCA HUXKHEU
rpaHHUIled YCI0BHO-CTAOUIbHBIX PACTBOPOB.

e [lpu koHueHTpauuu 0,6% BogoOTAENEHHE YMEHBLIUJIOCh 10 7,7%), 4YTO CBUAETE/NbCTBYET
0 repexo/ie B KATEropri CTabUJIbHbIX PACTBOPOB.

e [Ipu koHueHTtpauuu 0,8% BomoortaesneHue cocraBuyio 7,3%, a npu 1,0% - 7,1%, 4to
MOKa3bIBaeT MUHUMaJ/IbHbIN 3P EeKT NpH JalbHENIINX YBEJUUEHUSIX KOHIIEHTPALUHU J00aBKHU.

[TogB>XHOCTH pacTBopa: /lo6baBka yBeJMYHMBAaeT paciJibiB KOHyca pacTBopa ¢ 150 MM
(koHTpOJIbHBIN 06pa3el) A0 187 MM npy MakcuMaibHOU KOHIeHTpanuu 1,0%.

MakcuMasibHbIM NPUPOCT NOJBMXKHOCTU HabJ0/jaeTcs npu KoHueHTpanuu 0,6%.

[Ipu ganbHeMIIeM yBeJWYEeHUH KOHIeHTpauuu 3GQPeKT HaAChIIEHUS CHIDKAeT JUHAMUKY
yBeJIMYeHUs MOJBHXXHOCTH.

PI/ICYHOK 3. Pe3y.7'IbTaTbI HN3MepeHHda BOAOOTAE/IEeHHEe

BopooTesieHre: KOHTPOJIbHBIN 06pa3er) nmokasas BogooTaeaeHue 10,5%.

[Ipu nob6aBke 0,6% BomooTAe/eHUE CHU3UIAOCH 10 7,7%, 4TO COOTBETCTBYET CTAOUJIbHBIM
pacTBopam.

JlanbHellllee  yBeJWYeHUE  KOHIUEHTpAIMM  J00AaBKU  HE3HAUUTEJbHO  CHIKaeT
BOJIOOT/ieJIeHHe, HO He OKa3blBaeT 3HAYUMOT0 apdeKTa.

JlaHHble pe3yJbTaThl COTJIACYIOTCS C HCCAeNOBAHUSMU B 06J1aCTH MOAMQPHUIIMPOBAHHBIX
[[eMeHTHbBIX pacTBOpoB. Hampumep, uccienoBanusi Kazaxckoro Hay4yHO-HUCCJIe[0BATENIbCKOTO
WHCTUTYTA CTPOUTEJIbHBIX MAaTEPUAJIOB MOKA3aJ/IH, UYTO MpUMeHeHHEe THPOPOOHbBIX 106aBOK Ha
OCHOBE TIOJIMMEPHbIX KOMIIOHEHTOB CHWXKAaeT BOJIOOT/ieJieHHEe IL[EMEHTHbIX cMeced a0 6-7%,
OZTHAKO MPHU 3TOM BO3MOXXHbI M3MEHEHUs B MPOYHOCTHBIX XapaKTepUCTHKaX. B oT/imyue oT
MOJIMMEPHbIX 1006aBOK, MapadpUHOBbIe KOMIIOHEHTHI MO3BOJISIOT JOOUTHCA cX0xero a¢pdpekTa 6e3
3HAUYUTEJbHOTO U3MEHEHHUS TPOYHOCTH.
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AHanu3 [aHHBIX [OKasaJ, 4YTo Haubosiee 3dPeKTUBHAsA KOHLEHTpalus J00aBKU JJis
yMEHbIIEHHUS BOJIOOT/e/ieHUs 6e3 CyLeCTBEHHOrO BJAUSHUS Ha IPOYHOCTHbIE XapaKTEPUCTUKHU
coctaBJsseT 0,6-0,8%. [Ipu ganbHelIeM yBeJIHUUYEHUU KOHIEHTPALUMK HAO/I0AAeTCsl CHUXKEHHE
3ddeKTa, UTO CBUJETENBbCTBYET O JOCTHXXEHUU Ipejesa BAMAHUA napadUHOBOU JJ0OABKU Ha
3TOT IIOKa3aTeJlb.

UccnenoBaHus MoOKa3blBAalOT, YTO BBeJeHHE MOAWPUIMPOBAHHOM [00aBKH Ha OCHOBe
napadMHOBOr0 KOMIIOHEHTA IOJIOXKUTEJbHO BJHSET Ha (QU3HMKO-MeXaHUYeCKHe CBOMCTBa
WHBbEKIUOHHbIX pacTBOPOB. OnTuUMasibHasg KOHILeHTpauusi Ao6aBku cocTasjaseT 0,6-0,8%,
MOCKOJIbKY NMPH 3TOM JAOCTUraeTcs 6a/laHC MeXJy MOBbILIEHUEM MOJBUXKHOCTH, CHUXKEHUEM
BOJOOT/AEJI€eHUSI U YBeJIMUEHHEM MPOYHOCTHBIX XapaKTEePUCTHUK.

JlasbHele UccieJ0BaHUs MOTYT ObITh HallpaBJieHbl HA U3yYeHHE BJAUSAHUSA J0OABKH Ha
JlOJITOBEYHOCTb PAacCTBOPA U €ro B3aMMO/IEUCTBHE C PA3JIMYHBIMU TUIIAMHU IPYHTOB.

[I[puMeHeHMe WMHHOBALMOHHBIX MaTepUaJOB M TEXHOJIOTMH, TaKMX KaK HAHOYACTHIbI U
reonoJIMMepHble KOMIIOHEHTbI, MOXKET 3HAYUTEJbHO MOBBICUTH 3PPEKTUBHOCTb LIEMEHTHBIX
pPacTBOPOB B CTPOUTEJLCTBE, a TaKXKe CHU3UTb HMX BO3J€eHCTBUE HA OKpYXKaloIlyl cpeay. ITO
OTKpbIBaeT MEePCHEeKTHUBbI Jis1 JaJbHEUIINX HCCAEeJOBAaHUW U COBEPUIEHCTBOBAHUS METOJUK
rJIyOMHHOM LlEMEeHTALMU TPYHTOB.

3ak/o4yeHue

YcTaHoBJIeHO, YTO MoAUGUIMPOBaHHAA J06aBKa Ha OCHOBe NapadUHOBOrO KOMIIOHEHTa
OKa3bIBaeT KOMIIJIEKCHOE BJIMSIHUE Ha CBOWCTBA WHBbEKLMOHHBIX PAacTBOPOB, MOBBIIIAs HX
HNOABUXKHOCTb U CHUKasl BOJOOT/eJIeHUeE.

BbisiBjieH aAuana3oH ONTUMaJibHOM KOHLeHTpaunuu pgo6aBku (0,6-0,8%), npu KoTopoMm
JlOCTUTaeTcsl 0OaJlaHC MeXAy TMOBbILIEHUEM TMOJBMXXHOCTH M YCTOWYUBOCTBIO CTPYKTYpPhI
pacTBopa.

[lonyyeHHble pe3yJbTaThl MO3BOJISIIOT PEKOMEHJO0BAaTb IpUMeHeHUue [J00aBKU Jis
NoBbllIeHNS 3P PEKTUBHOCTH IJIyOOKOW IleMEHTALUH CJ1abblX FPYHTOB B CJI0OXKHBIX UHXKEHEPHO-
reoJI0TU4eCKUX YCJI0BUSAX.
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1Eepasutickutl HayuoHa/bHbll yHUsepcumem umeru J1.H. ['ymunesa

MoaudukanusiiaHFaH KOCNIaHbIH, UHbEKLIUSIBIK, ePiTiHAIepAiH PU3NKa-MeXaHUKaJIbIK,
KacueTTepiHe acepiH 6arasiay

Anpgarna. bByn  3epTTeyiiH  MakcaThl - napaduH = KOMIOHEHTIH  KaMTUTbIH
Mo auduKalMsAaHFaH KOCIIaHbIH TOMBIPAKThI TEPEH/ETIN lleMeHTalusIay YilliH KOJIJaHblIaThIH
UHBEKLUUSJIBIK epiTiHAinepaiy ¢$u3NKa-MeXaHUKaJbIK KacheTTepiHe acepiH 6Garajay.
3epTxaHa/IblK, CbIHAKTap OapbIChbIHJAA KOCMaHbIH apTYypJi KoHueHTpayusnapbiHga (0,2-1,0%)
KOCIaHbIH, XKbL/DKbIMAJIBLIBIFbI, Cy 06J1yi )koHe epiTiH/iHiH 6epiKTik cumaTTaManaapbl 3epTTe.
3epTTey HaTHXeJiepi KOCHaHbl €HTri3y epiTiHAIHIH >KbLDKbIMAJbLIBIFBIH apTThIPATBIHbIH, Cy
OeJliHyiH a3alTaTbIHbIH >XK9HE OHbIH MeXaHUKaJblK OepiKTiriH »KofapbliaTaTbIHbIH KOPCETTI.
JKCrepuMeHT GapbIChIH/la aHbIKTAJFaH KOCMAaHbIH OHTAMJIbl KOHIleHTpalus AuanasoHbl 0,6-
0,8% Kypaambl, Oy epiTiHJi KacueTTepiH »KaKCcapTy MEH OHbIH, TYPaKTbLJIBIFbIH CaKTay/blH,
OHTaWJIbl Tele-TeHJIriH KaMTaMachi3 eTe/li. 3epTTey OGapbIChbIHAA aJbIHFAH JiepeKTep KypaeJi
reoJIOTUAJBIK XKaF[anjapa TONbIPAKThl HBIFAUTY TUIMAIJIITIH apTThIPY YLIIH 0Cbl KOCIAaHbI
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Zh.B. Zhantlessova*, R.E. Lukpanov, A.D. Altynbekova, D.V. Tsigulev, A.E. Jeksembayeva
T L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Evaluation of the Effect of a Modified Additive on the Physico-Mechanical Properties of
Injection Grouts

Abstract. The aim of this study is to evaluate the effect of a specially modified additive containing
a paraffin component on the physico-mechanical properties of injection grouts used for deep soil
cementation. Soil reinforcement by injection grouting is a widely applied technique in geotechnical
engineering, particularly in conditions where conventional methods are limited due to high groundwater
levels or unstable soils. Improving the performance characteristics of grouts can significantly enhance
the reliability and durability of soil stabilization. In this research, a series of laboratory experiments was
conducted to determine how different concentrations of the additive (ranging from 0.2% to 1.0% by
weight) influence key parameters of the grout mixture, including workability, bleeding tendency, and
strength development. The experimental results demonstrated that the introduction of the paraffin-based
additive leads to increased workability of the grout mixture, which facilitates injection and improves
penetration into fine soil pores. At the same time, bleeding was noticeably reduced, contributing to better
homogeneity and stability of the hardened material. Mechanical strength measurements indicated a
consistent improvement compared to control samples without the additive.

Keywords: Modified additive, soil stabilization, cement-sand grout, paraffin, mechanical properties
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Abstract. The range of research of this paper is the central area of Satpayev city
with a radius of around 150 hectares. The first problem was to define the
possible effect of expanding Satpayev Avenue via Miners Square on the current
transport network of the city. Based on the established traffic simulation
software, researchers were able to model two different urban planning
scenarios. These were then benchmarked against real traffic data that was
recorded in the 80 intersections referred to as the key intersections in the city
to measure the changes in the traffic performance. It was found that traffic in
the evenings was extremely more delayed compared to the morning traffic; an
average of about 20 percent more congestions. The avenue extension under
consideration had a favorable influence on the state of the total traffic,
providing significantly better travel times. In addition, the findings indicate that
the extension would aid in relieving transit traffic out of residential areas,
thereby enhancing the living conditions in those places. The analysis has
affirmed that the suggested extension is likely to boost mobility, reduce
congestions, and improve accessibility of emergency and municipal services.
Keywords: road network, transport modelling, motorization growth,
pedestrian square, through traffic, courtyard road
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Introduction

City of Satpaev is one of the major industrial cities of the region, which is located in Ulytau
Region. The number of the city population has not changed much in the past years, estimated at
around 70,000 people [1]. This negligible growth of the population is evidence of the demographic
equilibrium and lack of drastic changes. Simultaneously with this demographic stability, the level
of motorization in Kazakhstan has increased at an accelerated pace. From 2020 to 2025, the
number of passenger cars in the country increased from 3.87 million to 6.37 million
(approximately 11% per year) [2].

Aslong as this trend persists, the number of passenger vehicles in the country can rise to above
6.4 million by early 2026. It is reported on the official basis of the Ulytau Regional Police
Department that 3,537 additional vehicles were registered in the region from 2023 to 2025. By the
end of March 2025, the total number of registered vehicles in Satpaev reached almost 16,000
vehicles. This equates to a motorization rate of about 200-230 cars per 1000 residents.

One of the major transport problems of the city of Satpaev is the discontinuity of the through
passage along Satpaev Avenue in the central part of the city due to a break in the road at Gorniakov
Square. The interruption of through connectivity on this important arterial road causes much
hassle to the residents and jeopardises the efficiency of the city's transport system. The main
negative consequences include:

e An increase in transit traffic through nearby residential neighbourhoods, with residents’
complaints about increased levels of noise, aggravated environmental conditions, and
lowered safety of courtyard areas.

e Reduced levels of efficiency of emergency services - especially the ambulances and fire
services - because of the lack of direct and continuous access along the route selected.

Such issues become severe at the peak hours, because of the high traffic load and decreased
speed of the vehicles. Restoring, through connectivity, is crucial to enhancing the flow of transport
as well as response to emergencies and safety.
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Figure 1. Load distribution scheme for courtyard driveways
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The methodology
This research is based on the detailed analysis of traffic streams, using modern methods of
data collection and data processing, and computer modelling. To be accurate and obijective,
traditional field research and the use of innovative devices were employed. The model was
developed utilizing the open source mapping services such as OpenStreetMap, Yandex. Maps and
Google Earth services. The collection of traffic load data was made using the following methods:
e Direct observation - manual observing of vehicles at chosen road segments.
e Aerial photography (with the help of unmanned aerial vehicles (UAVs) which was utilized
to acquire fine-grained facts on traffic density, connection, and conflict points.
e Video recording process followed by automatic processing with the use of specialized
software.
In order to achieve complete control over the most important directions, there was designed
a network of 80 observation points. Recording was made in peak hours (8:00-9:00 and 18:15-
19:15) on weekdays to ensure representativeness of data.
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Figure 2. Control sections of the study

The collected materials were systematized by the following: the direction of travel, the kind of
vehicles used, and the time passed. Using video footage with graphic schemes, it was concluded
that the following were: volume of traffic, average speed, and delay duration. For the traffic
situation analysis, the Aimsun software package was implemented with the capabilities of micro-
and mesoscopic analysis of the traffic flows. Its functionality allowed for:
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— Reconstruction of the existing situation of roads;
— Testing of potential modernization scenarios;
— Imagining congestion and flow patterns.
— Comparison of simulated and real traffic parameters.

The result of the study led to the development of proposals to achieve the best traffic
conditions. The used methodology has shown extremely high effectiveness in the analysis of
transport systems and the provision of scientifically justified solutions.

Findings/Discussion

The urban area of 1.5 km? (150 hectares), including main city roads (Yerden Street, Abay
Street, Mangilik El Street, Ulytau Street, etc.) as well as Satpaev Avenue and Independence Avenue,
was covered by the study. A central urban hub is Gorniakov Square, which divides Satpaev Avenue
into two parts. During morning and evening peak times, traffic movement is slowed by an
increased concentration of both pedestrian and vehicular flows in the city center [3].
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Peak Hour

It was found out through the analysis of the current traffic load that the evening peak hour is
20% more severe than the morning one in relation to the time of delay. Thus, modelling was
performed based on the data for the evening peak period. Two major development scenarios were
established based on the conducted study:

1. Baseline Scenario - There are no changes in the existing road infrastructure.
2. Optimized Scenario - carrying out the recommended traffic organization
improvements.

This approach made it possible to make a direct comparison of the efficacy of potential
solutions. One of the most important in the transport system analysis of Satpaev was the
reconstruction of Abay Street, a major urban road that was scheduled for 2015. The consideration
of this planned upgrade was made in all calculations of the traffic modeling undertaking.
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Figure 5. Traffic Flow Simulation Results

For optimizing traffic on Satpaev Avenue, four alternative options of development scenarios
were developed. The first option, which was associated with relatively small changes to the square,
showed a serious drawback: increased pressure on intra-block routes. This led to the creation of
additional solutions (Scenarios 2, 3a, 3b, and 4), which suggested different schemes of traffic, both
signalized and unsignalized intersections, and possible utilization of roundabouts. These steps
intend to minimise transit traffic in areas with residential buildings and courtyard roads.

Suggested Measures to Decrease the Load on Interblock Networks:

1. One-Way Traffic Mangilik El Street, along with an exit towards Satpaev Avenue. This
alternative is for rerouting clustered traffic away from the south and the east inner-yard roads;
however, it keeps the possibility of overloading the other segments.
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2. Unsignalized Exit - Boulevard Connection between Mangilik El Street and Satpaev Avenue
without a traffic light. Allows entry as well as exit into the area around the Akimat.

Signalized Intersections:

3a. The T-Crossing has a one-way traffic towards Akimat and a return route to the rear end of
Ulytau mall. A new left-hand lane towards Mangilik El Street.

3b. An X-shaped intersection having an extra lane and signalling control.

4. Roundabout at the junction of Satpaev Avenue and Street Mangilik EL

Provides free-flow traffic comprising U-turns for large vehicles with no signal delays.

The key parameters of the traffic flow were the basis of the effectiveness criteria. speed,
density, delay time, and length of trip. The comparison of the five scenarios of Aimsun clearly
revealed how the four sets of developed alternatives were better at optimizing the interblock
traffic than the baseline scenarios.

Key indicators when analyzing the efficiency of different traffic management scenarios varied
considerably. The best for the trip duration was realized in Scenario 4, and a decrease in travel
time by 9.8%, which considerably exceeded the number in Scenario 1 (8.1%). The biggest decrease
in vehicle delay time (12.1%) was achieved in Scenario 2. A thorough assessment of Scenario 4
proved its outstanding superiority over key parameters: the density of traffic went down to 17.8%,
but the average speed went up by 7.8%. On the other hand, the respective numbers corresponding
to Scenario 1 were much lower — 8.4% and 6.1% respectively (Table 1 — Results of Comparative
Analysis).

Table 1. Results of Comparative Analysis

Indicator Baseline S-1 Change (%) S-2 | Change (%) S-3a Change (%)
Travel Time 126,88 116,75 8,1 A 114,89 9,6 A 114,72 9,7 A
Delay Time 32,72 30,47 10,1 A 29,83 12,1 A 30,36 10,4 A
Density 4,14 3,78 84 A 3,46 16 A 3,43 16,7 A
Speed (km/h) 31,65 33,63 -61V 34,05 -74V 34,13 -7,7V
Indicator Baseline S-3b Change (%) S-4 Change (%)
Travel Time 126,88 115,75 89 A 114,66 9,8 A
Delay Time 32,72 31,4 7,2 A 30,12 11,2 A
Density 4,14 3,52 14,5 A 3,38 17,8 A
Speed (km/h) 31,65 -6,8 -68V 34,16 -78VY

To calculate travel time across the route, having the intersection of Independence Avenue and
Satpaev Ave (Point A) and the intersection of Abay Street and Satpaev Ave (Point B), the modeling
was performed in 3D for two scenarios. The timeline of the current traffic scheme (yellow route)
will take about four minutes, and the proposed resolution with the new formation of the passage
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(green route) will reduce the time to only one minute.
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Figure 4. Travel Time Assessment from Point A to Point B

The project of getting rid of Gorniakov Square and extension of Satpaev Avenue envisages a
holistic approach to the solution of the city’s transportation problems involving improvement of
connectivity of the road network, removal of local bottlenecks, and capacity improvement of road
structures. The international experience of implementing similar projects demonstrates that,
along with the obvious advantages of enhanced traffic performance, such transformations can also
produce adverse impacts. The study of global case-studies allows objective evaluation of the
balance between potential risks and benefits, which is of particular significance for the project’s
adaptation to local urban conditions and flow characteristics of transport.

Flexible use of transport space is becoming a common practice in modern cities: its functions
are alternated by the city where it is needed. Global practice shows success stories of how the
traffic areas can temporarily be made pedestrian for public events. For example, the Austrian town
of Vocklabruck shuts its main Stadtplatz to cars every week to allow it to hold a farmers’ market
for 15,000 - 20,000 people [4]. Similar measures can be seen during Christmas markets in Vienna,
Prague, and Strasbourg, where central squares become pedestrian-only zones for weeks. Such an
approach enables cities to preserve the accessibility of traffic during working days and promote
the comfortable environment of an urban space for the crowds and happenings.

In the post-Soviet cities, the tradition of closing the main streets and squares during public
events has become a successful case as well. In Moscow, during city celebrations, Tverskaya Street
and Red Square turn into pedestrian zones. on the same note, in Astana, the central square is made
devoid of traffic to accommodate celebrations [5]. These examples reflect an innovative strategy
of urban space management, switching transportation hubs to temporary public space. A
confirmation of the possibility of multipurpose use of city squares with the effective combination
of transport functions and social and cultural activities.

The use of mobile elements of infrastructure - temporary fences, modular structures, bollards
- allows adapting the space for more rapid functional use [6]. That approach provides the most
appropriate balance between the requirements of the transport system and the demand for the
arrangement of comfortable settings for urban activities.

JLH. 'ymunes amuindarsl Eypazua yaimmeuik ynueepcumeminiy XABAPIIBICHL N93(152)/ 2025 263
TexHUKa1bIK FolAbIMOAAP JHCIHE MEXHO102USANAD CEPUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



A.M. Saiynov, S.K. Tashenov, M.V. Kartashov,A.M. Bulgynova, B.M. Yeszhanov

Conclusion

The examination of the traffic situation on Satpaev Avenue and the surrounding streets
represents the present state of the roads based on climatic and seasonal factors. Conducted in
compliance with the standards of regulatory documentation of the Republic of Kazakhstan, the
study has covered a territory of 150 hectares with a macro-level analysis of the road network, an
intense assessment of 15 signalized intersections, 80 points of measurement of traffic intensity,
and 7 lines of public transport.

The most important result is that the proposed scenarios (2-4) overnight remove all transit
traffic through courtyard areas. Though the 11% increase in motorization may bring slight
deterioration in the traffic situation, the construction of Abay Street needs adjustments to avoid
overloading local streets.

Recommendations:

— Place a four-lane arrangement in Satpaev Avenue with parking bays, a reduction of speed,
and safe pedestrian crossing.

— Optimize the public transport network according to the data of passenger flow (mainly, for
Cases 1-3).

— Alter Abay Street reconstruction plan such that it lessens its impact on neighboring streets.
— Reconfigure movement of traffic signals (at Gurban street - Mangilik El street, the palace of
schoolchildren) to allow for priority movement of high volumes of traffic directions.

— Effectiveness of the proposed solutions:

— Extension of the Satpaev Avenue cuts travel time four times between Independence Avenue
and Abay Street.

— Enhanced relationship with Mangilik El Street (roundabout or signalized intersection) will
remove pressure from interblock streets.

— Temporal street closures for public occasions will necessitate the planning of alternative
routes.
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A.M. CaitbiHoB*, C.K. TameHos, M.B. KapTaios,
A.M. bysreiHoBa, b.M. EcxxaHoB

ITOO «Universal Tech Decisions», Acmana, KazaxcmaH

JleTa/IbHBIA TPAHCNIOPTHLIX aHA/IM3 U MOAE/IMPOBaHUe, COCPeJOTOYEHHbIe Ha
KJ/II0YeBOM YJIMYHOM ceTH ropoaa CaTrnaes

AHHOTanua. 06'beKTOM M3y4YeHHUs B JJaHHOU paboTe SABJSAETC leHTpajJbHas 4acTh ropoja
CarmaeB maomazbio okosio 150 rexktapoB. [1aBHOW 3azayeidl ucCCAeOBaHUA SIBJSAIOCH
onpejie/ieHWe BO3MOXHOTO BJIMSAAHUA pacuupeHus npocnekta CarnaeBa 4yepe3 [linomazab
['OpHSIKOB Ha CyIECTBYIOLYI0 TPAaHCHOPTHYIO ceTh ropoja. C moMouibI0 ClieaJu3upOBaHHOMN
NporpamMMbl MO/IeJIMPOBAHUS JIOPOXKHOTO JIBMXKEHUs ObLIO CMOJEeJIMPOBAHO JABa Pa3IMYHbIX
ClileHapUsl MJIAHUPOBAHUSA. JTH CIieHAapUU OBbLIM CONOCTABJIEHbl C peaJbHbIMU JAAHHBIMU O
JIBI>KEHUH, 3aPUKCUPOBAaHHBIMM Ha 80 KJ/IOUYEBBbIX NMEpPeKpPECTKaX ropojia, YTOObl OIEHUTh
M3MEHEHUs] B TPAHCHOPTHOM Harpyske. BbISCHHUIOCH, YTO B BeYyepHHUE 4Yachl JBUXKEHUE
3HAUYMTEJIbHO 00Jiee 3arpy>keHo M0 CPaBHEHUIO C YTPeHHUM TpadpukoM — B cpegHeM Ha 20%
6oJibllle 3aTOPOB. byaylee coeiMHeHHWe NPOCHEKTA OKa3al0 MOJIOXKUTEJbHOE BJIUSIHUE Ha
OOLIYI0 CUTYyalMI0 C TPAHCIIOPTHBIM IOTOKOM, 06eCclieYMB 3aMeTHO Jiydllee BpeMs B yTU. Kpome
TOro, pe3yJibTaThl NMOKA3bIBAlOT, YTO MPOEKT MOXET CIOCOOCTBOBATh BbIBOAY TPAaH3UTHOIrO
TPAHCIOPTA M3 XWJbIX PAMOHOB, TE€M CaMbIM yJydllas yCJIOBHUSA >XU3HM B 3THUX 30HAX.
[IpoBeiI€HHBIN aHA/IU3 MOATBEPAUJ, YTO NPEJOKEHHOE pacCIIMpPEHHE, CKOpee BCET0, MOBBICUT
MOOUJIBHOCTb, CHU3UT 3aTOPBI M YAYUIIUT AOCTYI K SKCTPEHHBIM U MYHUIIMNIAJIbHBIM CIY>K0aM.

KioyeBble  ci0Ba:  JOpoXXHasl  CeTb, TPAHCIOPTHOE  MOJeJWPOBaHUE,  POCT
aBTOMOOHW/IM3AlMH, NTelIexo/JHas MJ011a/lb, CKBO3HOE JIBUKeHH e, BHYTPUIBOPOBasi Jopora.

A.M. CainbiHOB*, C.K. TamreHos, M.B. Kapramos,
A.M. BysireiHoBa, b.M. Ec:kaHoB

KIIC «Universal Tech Decisions», AcmaHa, KazakcmaH

CoTnaeB KaJlaCbIHbIH, HETi3ri Kelle »KeJliCiHe 6aFbITTAa/IFAH KelleHi KeJIiK Taaaaybl
MeH MoJeJibAeyi

Anpatna. bys 3epTTey/iH HbicaHbl - CoTHaeB KaJacblHbIH I1aMaMeH 150 rekTapabl

KYpPaWTbIH OpPTaJbIK ayMaFbl. 3epTTeYAiH 6acTbl MakcaThl — CaTnaeB JaHFbLIbIH ['OpHSK a/laHbl
apKbl/Ibl y3apTy KaslaHbIH, Ka3ipri KeJiik »keJsiciHe Kajiail acep eTeTiHiH aHbIKTay 60.sibl. Koa
KO3FaJIbICbIH MOJeJib/leyre apHa/ifaH CeHiMAl 6affap/jaMasblK »KacakKTaMa HerTisiHze
3epTTeylIiep ekl TypJii KaJaJbIK »OClapJay CLleHapuMiH xaca/bl. bys cueHapuiiep KaJlaHbIH
80 Heri3ri »K0oJ1 aWpbIFbIHAH aJIbIHFAH HAKTbl KO3FaJbIC JepeKTepPiMeH CaJIbICThIPbLIABI, COJI
apKbl/Ibl K6JIiK KO3FaJbICbIHbIH, TUIMAIIITIH 6aFasay »Ky3ere acblpbl1/bl. 3epTTeY HITHXKeCiHJ e
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KellKi yaKbITTaFbl KO3Fa/bICThIH TaHFbl YaKbITKa KaparaHjaa mamameH 20%-fa kebipek
KiZlipicTepre yublpalkThIHbI aHBIKTa//bl. YCBIHbUIBIN OThIPFAaH AAaHFbUIJbI Y3apTY »KaJIIIbl KOJIIK
aFbIHbIHA OH, 9Cep €eTim, »KYPY YaKbITbIH €A3yip KbICKAapTaTbIHbI O6akKa/abl. COHBIMEH KaTap,
HOTHXKeJiep OYJ >KOOaHbIH, TPAH3UTTIK KOJIKTI TYpFblH aWMakKTapJaH TbIC UIbIFAPBIIN, COJI
ayMakKTapZarbl eMip canacblH XaKcapTyFa KeMeKTeceTiHiH kepcetregi. JKyprisinreH Ttangay
YCBIHBUJIFAH KeHEeWTY/JiH KO3Fa/ly[lbl >KaKCapTyFa, KENTeJsiCTi a3ahTyFa >KoHe ILIYFbLI >KoHe
KOMMYHaJIAbIK KbI3MeTTEePAiH KO/KEeTIMAIITIH apTThIpyFa bIKIaJl eTeTiHIH pacTajbl.

Ty#iH ce3aep: K01 KeJlici, Kesik Mozesiey, aBTOMOOUIM3alUAHBIH, 6CYi, )Kasly XKYpriHuiijiep
aJIaHbl, TPAH3UTTIK KO3FaJIbIC, ayJIaJIbIK 2KOJI.
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WHTepBaiibl peTTey KyHesepiHiH noibi3apablK UHTEPBaJIFa dcepiH 6aranay

Kipicne

Kasipri 3amMaHFfbl KeJliK KyleJsiepiHze 0J1aylibllap MeH KYK aFbIHJAAPbIHbIH, YHEMI apTybl
TeMip>KoJ1 TesliMJepiHiH 6TKi3y KabieTTiliriH apTThIpyAbl 63€KTi Macesiere alHalblpbll OTHIP.
OTKi3y KabiseTTiiri - 6y 6e/rizi 6ip yakpIT iliHAe TeMip»KoJ1 TeliMi apKblibl Kayilci3 xoHe
TUIMAI TypAe eTKi3yre 60/1aTbIH NOWbBI3AAP CaHbl. Bysl KepceTKilll TeMIip>KO0J1 »KeJliCiHiH, aJlIbl
eHIMiJliriHe, KO3FaJlbIC KECTECIHIH TYPAKThIIBIFbIHA, )KYKTIH YaKTbLIbI 3KeTKIi3i/yiHe KoHe OYKiJ
KeJIiK )KYHecCiHiH ceHiMAiniriHe Tikesen acep eteni [1].

Temipkon TenimaepiHiH ©TKi3y KabizneTTijnirine kemnTereH QaxkTopJjap oacep eTexi:
NOMBI3JAPAbIH, KbUIJAMJbIFbl, KO3FaJbIC MHTepBaJJapbl, OJIOKTay KyHesepiHiH Typi,
CTAaHLYAJAPAbIH O6TKi3y MYMKIHJAIKTepi KoHe TeXHHUKaJbIK KypaaJapAblH XKau-kKyui. Ocel
dakTopapAbIH YilJ1eciM/i )KyMbIC icTeyi )KyHheHiH TUiMAiIriH apTThipaabl. COHABIKTAH TeJiMHIH,
OTKi3y KabiseTiH Jos Oafajsay, OHbl MOJeJibJley >KoHe OHTaWJaHAbIpy - Kasipri keJik
JIOTUCTUKACBIH/IA MaHbI3/Ibl 3€pTTey 6AFbIThI 60BN TAObLIAAbI.

Temipakos1 TeniM/iepiHiH 6TKi3y KabijieTiH apTThIpy MeH KO3FaslbIC Kayilci3/iriH KaMmTaMachi3
eTyJe NMOWbI3Jap KO3FaJIbICbIH UHTepBa/[ibl PeTTey »KyWeJsiepi epekule peJ aTKapazbl. byn
»KyHeJsiep MoMbI3/[ap apacbiH/arbl KEHiCTIKTiK HeEMece YaKbITThIK UHTepPBa/ibl OeJirijiey apKblabl
oJ1apAbIH 6ip 6aFbITTA HEMecCe KapChl 6AaFbITTA KO3FaIbIChIH YUBIMAACThIPYFa MYMKIH/IIK Gepe/i.
WHTepBanabl 6acKapy/AblH HeTri3ri MakcaTbl — COKTBIFbICYJIap MeH OeresicTepAiH asAblH aay
apKblJibl KO3FaJIbIC YAEpiCciH OHTal1aHAbIpy [2].

WUHTepBanapl peTTey OKydesepi  TeMipKoJ  »KeJliJiepiHiH  KypbUIbIMBIHA, MOWBI3
KO3FaJIbICBIHbIH, ThIFbI3/|bIFbIHA >X9HE TEeXHUKAJbIK KYpalJapAblH JeHreiliHe 6alJ/IaHBICThI
apTypJsi 6osaabl. Kasipri yakpITTa KeH TapasiFaH »KyleJsiepre »apTbllall aBTOMATThl GJIOKTaY,
aBTOMATThI OJIOKTAY »K9He pafU00JIOKTAY KaTa/bl. OpOip KyHeHIH, 63iHAIK apThIKIIbLIbIKTapbl
MeH LleKTeyJepi 6ap, XKoHe 0J1ap HAaKThI TeJIMHIH cUIIaTTaMacblHa Kapal TaHAalabl.

Jlypbic TaHJa/sFaH MWHTepBaJJbl 0acKapy >yMeci TesJiMHIH ©TKi3y KabijieTiH enayip
apTThIPbIN, MOWBI3AAP KO3FaJbICBIHbIH, Y3[IKCi3Zliri MeH KayilcCi3ZjiriH KaMTaMachbl3 eTegi.
CoHABIKTaH OyJI KyHesiepZi MoJZiesibJiey XKoHe CaJbICTbIpMasbl TypZe TajlJay TEMIp:KoJ KeJIiriH
YKaHFBIPTY ME€H aBTOMAaTTaH/bIPYyAa MaHbI3/ibl OPbIH aJaJbl.

TeMip:x0.1 KesliriHZie MOMbI3 KO3Fa/IbICbIH MHTEPBaJI/ibl PETTEY XKYyHesepiH »aJllbl YL TONKa
TONTACThIpyFa 60/1abl: KapThlJlall aBTOMaTThI 6yi0KkTay (2 KAB), aBTOMaTTHhI 6J10KTay (AB) *KoHe
paguo6sioktay (PB). ’KAB xyiecinge 6ip 6Jiok-yyacTKede TeK Oip MoubI3 60JyblHA pyKcaT
eTisiefli, OyJ1 KYHeHiH eTKi3y KabineTiH wmekTteii. Ab »xyleci 6JI0K-y4acTKesiepZi KbICKAPTy
apKbl/Ibl MOMBI3AAPAbIH, ThIFbI3 KO3Fa/bICBIH KaMTaMachl3 eTefi, an Pb xylheci noubi3gap/blH,
HaKTbl YaKbITTaFbl OpHBIH OaKbliayFa Heri3zeJin, eH a3 UHTepBaJIMEH €H >KOFapbl OTKi3y
KabisieTiH yCbIHA/bl.

Kasipri yakbiTTa KasakcraH Pecny6siMkacbkl TeMip»KoJ 3KeJsiici OOWBbIHIIA NOWbI3AAp
KO3FaJIbICbIH WHTEPBaJAbl peTTeyAiH apTYpJi KyHesepi KoJsAaHbICcTa. Ayialja, TeMipKoJ
aBTOMAaTHKAaChl K9He TeJleMeXaHUKAacChl XKyleslepiHiH TeXHUKAJbIK KaF/laiibl 6TKi3y KabisieTiHe
TiKeJiel acep eTil OThIp.

CtraTuctukaabiK MaJsiiMeTTepre colikec, JKAT-ThiH miamamMmeH 70%-bl 63 KbI3MET €Ty Mep3iMiH
TOJIBIKTAl OTKepilN, TO3y LIeriHe XeTKeH KypaJjZapJaH TypaZbl. bys - TeMip»KoJs KeJsliriHiy
MHQPaKYpbLIbIMbIHAAFbI aCa MaHbI3/ibl MacesesaepAiH, 6ipi [3].

Kasipri Tanantapra cail kenmedTiH KAT kylesepi noibi3gap KO3FalbICbIH 6acKapy/blH,
TUIMJIJITI MeH Kayimnciszirine Tepic acep eTefi. Ocipece, Kyillesiep/iiH, 3/J1IEMEHTTIK 6a3acbIHbIH
bU3MKaNbIK TYPFbIAAH TO3Ybl OJIAPAbIH CEHIMJIJIITiH KYpT TOMeHJEeTilN, HHTepBalbl 6acKapy
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MYMKiH/iKTepiH wekTeii. Bysn macene Kazakcran Pecny6usivkacbinbiH, 2030 KbliFa JeHiHri
KeJ1ik-/10ruCcTUKaNBIK 9J1eyeTiH AAaMBbITY TY>KbIpbIMIAMaCbIHbIH, 2.7.2-TapMarbIH/ia PeCMU TypJe
kepcetinreH [5]. OcplfaH 6ailJIaHBICTbl, MHTEPBa/Abl peTTey KyHheJsiepiH >KaHFBIPTY >KoHe
MoOJiesibJiey, OJIap/iblH, TUIMJIJIIriH 6aFajay MeH CaJbICTbIpy — TeMip»KoJ KeJIriHiH IUuQpPJbIK
TpaHcdOpMaLMsIChIH XKy3€ere acbIpy/ia *KoHe 6TKi3y KabisieTiH apTThIpy/ia LIEllyIili MOHTe He.

JdJicHaMa

Temipkos1 TeniMiHiH ©TKi3y KabijseTiH aWKbIHAAUTBIH Heri3ri ¢akTopsapAblH, 6ipi -
NOMbI3lap apacblHAaFbl UHTEpBaJAbl 6ackapy »KyHeciHiH Typi. UHTepBanjbl peTTey »xyHeci
NOWBI3AAP KO3Fa/IbICBIHbIH, KAyilCi3Ziri MeH Yy3iJicci3fjiriH KaMTamachl3 eTy MaKcaTbIH/Ja
OJIap/ibIH apachlHAAFbl KEHICTIKTIK )K9He YaKbITThIK KAlIBIKTBIKTHI OeJ/Irijieyre apHasFaH.

KasakcTaH TeMip»Kos »KyHecCiHJe Heri3iHeH yII TypJli HHTEpBaJJAbl peTTey XKyHeci
KOJIJAHbLI/Ibl: KApThlJIall aBTOMATThl OJIOKTAy, aBTOMATThl OJIOKTAy 9He pPaJiM00JIOKTAY.
Op0Oip KyHeHiH 63iH/iK apThIKLWIBLIBIKTapbl MEH LIEeKTeY1epi 6ap.

KADB xyieci - moubIi3fjapblH, KO3Fa/bICbIH Ke3€eKlli HeMece AUCNeTYep/iH pPYKcaTbIMeH
peTTelTiH, 6GacKapybl >XapTblIall aBTOMAaTTaHAbIPbLIFAH >XyHe. Bysn Kyilene GesrisieHreH
apajblKTa 6ip Me3srisjie Tek 6ip MoibI3 FaHa Ko3faja ajajbl. XKos TesiMiHiH 60caTblIFaHbI
TypaJibl aKIapaT Keplilijiec CTaHI[UsAIap apacbiH/ia TesePpOH HeMece CbIM/Ibl 6AaUIaHbIC APKbIJIbI
Gepisiefii. ABTOMaTThbl OJIOKTAy KyHeci - MOWbI3AAP/bIH KO3FaJbIChIH aBTOMATThl Type
peTTelTiH xyle. TeMipkos TesliMi 6ipHellle KbICKa 6JI0K-TeiMaepre 6esiHe].

Op 6JIOKTA OpHAJIACKAH KOJIZIbIK peJsieliK KYpbLIFblIAp MONbI3/bIH OpHA/IACyblH aHbIKTAI,
CUTHaJ Gepy »KyHeci apKplLibl apTTafFbl MOWbI3/JapFa aKnapart 6epeji. Paauo6yokTay — nonbi3
KO3FaJIbICbIH HaKThl YaKbIT peXHUMiHJe OacKapyfFa apHa/lFaH eH 3aMaHayd »kyue. MyHgza
dusuKanbIK 6J0K-TegaiMep 60JMai/ibl, OHbIH, OPHbIHA MOWbBI3/bIH MO3UIUSACbIHA HETi3/e/reH
BUPTYyaJ/ibl OJIOK-TeJiM/ep KaablITacaabl.

Pasno6aisiaHbiC apKblibl 9p MOMBI3ABIH KbUIAAM/JBIFbl, OPHBIH, TeXeJy >XOJIbIH K9He
aJIIbIHFbI MOMbI3/[aH KALLBIKTBIFbIH aBTOMATThI TYpAe 6aKblianbl [1-4].

Ochl aTanfaH MHTEPBaAIAbl peTTey XKyHeJslepiHiH Heri3ri TeXHUKaJbIK CUllaTTaMajlapbiH 1-
KecTeJleH Kepyre 60/1a/ibl.

Temiprkos xyHeciHze NoWbI3fap apacblHAaFbl UHTEpPBal — OYJ KeJiecCi MOMbI3Abl Kayilci3
TYPZAe KO3FaJbICKa ’Kibepyre pyKcaT OepisieTiH yaKbIT apaJblFbl. UHTepBas y3aKThIFbl HEFYPJIbIM
KbICKa 00JICa, )KyHeHiH 6TKi3y KabijieTi COFypJibIM >KOFapbl 60J1a/bl [6-8].

KapTpuiaii aBTOMaTThl O6JIOKTAy JKYWecCiHZe TMOWbI3 apaJjblK HWHTEpBaJ KeJieci
dbopmynaMeH ecenTesen.

S
Tonin )KAE:[_/'3600+tK' ¢ (1)

MYHAAFBI Ty, 545 — IOWBI3AAP apacblHAAFbl €H a3 yaKbITThIK UHTepBasa (CeKyHAneH). by
yaKpIT illliHA e KeJieci MOMBI3/IbIH XKYPYi KayiIci3 fen ecenTesie/li; S — MolbI3 KypaMbl XKYpill 6TETiH
apaJibIKTbIH, Y3bIH/bIFbl; V — MOWBI3JbIH KO3Fa/bIC KbIAAM/bIFbl (KM/caF); 3600 - caraTThl
CeKyHJKa aiHanabipy Koadppuuuenti (1 carat = 3600 cekyHa); t, — KOoCbIMIIA Kayinciszik
yaKbIThbl, IFHU aJIbIHFbl NMOUBbI3 TeJiMAi 60caTKaHHAaH KeHWiH JucneT4yepAiH KeJsieci NMOMbI3Fa
pyKcaT 6epy yakbIThl. Bys1 6aiiiaHbIc, TEKCepic, HYcKay 6epy CUSAKTbI yaKbITTap bl KAMTH/bI.
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WHTepBaiibl peTTey KyHesepiHiH noibi3apablK UHTEPBaJIFa dcepiH 6aranay

ABTOMaTThl OJIOKTAy JKyHeciHZe TOWbI3 apaJjblK HHTepBaJJbl eCenTey KeJecijei
epekilesikTepre ue, cebebi, Oy OJIOKTAy »KyHeciHAe apajblK OipHelle OJIOK-TesaimMepre
oeJiHei.

1-Kecre. UHTepBaibl peTTey KyHeJepiHiH Heri3ri TeXHUKaJIbIK CUIaTTaMaJ/lapbl

Cunatrama Kapteriai ABTOMAaTTHI 6JIOKTAY Papno6sokTay (PB)
aBTOMaTThI 6JIOKTAy (AB)
(’KAB)
3 ici P =
ackapy sicl KosmeH (aucnetyep ABTOMAaTTHI, amuobaitiaHbIc
apKbLJIbl aBTOMATThI
apKbLIbI) CUTHaJIM3alUsIMeH
TypAe
Axnapar 6epy TenedoH, cbiMAbI Peneix Paguo xxaHe
6ait1aHbIC KYPRUIFbLIAP MEH U pabIK AepeKkTep
CUTHaJIJap

Bakpliay xyieci

KeszekiHiH
BU3YyaJi/ibl 6aKbLIaYhbI

[ToMBbI3IbIH, XKOJAAFbI
OpHaJIacybl 6aKbLIAHA/Ibl

GPS >xoHe onboard
ceHcopJiap apKbLIbl

CursaJs 6epy

MaluHMUCTIH

%4

KosmeH GepineTiH ABTOMATTBI . : N
car Garsapmamaap JUcCIIeliHe Tikesel
PYK xabapJsiama
. myl/{e.mﬂ TemeHn OpTrama OTe xoFaphl
ceHimiiri
TE?(I-{I/IKaJlbIK' TeMeH Opraia Korapsl
KypZAeJiik
>K§6.abm"rapra MHUHAMABI JJIeKTpJIiK peJie HupablK xKylesnep,
TOyeNiJiK »KOHE JATUUKTEDP cepBepJiep, CEHcopJIap
>.Kal_.ﬁ.blpTy lexTeyi Bap KeueﬁTinf eH
MYMKIiHZAiri (>xkaHapTy¥a 6eitim)
ABTOMaTTAa
BTOMATTAHARIPY Temen Oprawa Korapel
JleHreii
WHbpaKypbLIbIMFa Korapsl geHreieri
KOWBLIAThIH TajJanTap Kapanaiibim Oprama U PJIBIK,
MHOPAKYPbLJIbIM
K T
aAp/Iapra Korapsl Oprama oMen
TayeAiIK . (aBTOMaATTAHABIPBLIFAH
(mucneryep, Ke3eKuli) (TeXHUKaJBIK KbI3MET) syiie)
Kyite uxkemainiri TemeH Oprama Korapsl
Kayincizzik . JJIeKTPOH/bI 3amanayu (ETCS,
TEXHOJIOTHUSIChI Ascrypri GaKplIay CBTC, 1.6.)
KbiamMeT kepceTy YKoraps! (KommeH OvTama Temen (e3airineH
YKMIJIITI TeKCepy Ka¥KeT) P JHUarHoCTHKa Xyprizei)
Ls
Trnina5=— 3600, c (2)

MYHJAFbl T,,, 45 — MIOUBI3IAap apacblHJAFbl €H a3 YaKbITTbIK UHTepBasa (cekyHAIeH). bya
YaKpIT ilIiH/ e KeJieci NOMBI3/IbIH XKYPYi KaylIlci3 fel ecenTesie/i; S — NONUbI3 KypaMbl XKYPill 6TeTiH
apaJIbIKTbIH, Y3bIH/bIFbl; V — MOWBI3JbIH KO3Fa/bIC KbIAAM/bIFbl (KM/caF); 3600 - caraTThl
CeKyH/Ka aiHanbIpy ko3pduunenTi (1 carat = 3600 cekyHp).

Panuno6oKTay )yHeciH/ie )blKbIMaJIbl 6JI0K-TeJIiMAepAiH 60/1ybl ecebiHeH, MOUBI3

JLH. T'ymunese amoiHdarbl Eypasus yammeulk yHueepcumeminiy XABAPIIBICHI. N93(152)/ 2025 271
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl

ISSN: 2616-7263. eISSN: 2663-1261



2K.E. llykamanos, I'.A. CysielimeHoBa

apaJiblK UHTepBaJ/l/ibl ecenTey OapbIChIH/A Kayilci3 apaKallbIKThIK TapaMeTpi ecKepiin, Keseci
dopmyia KosaHbLIaAbL:

Tinp= 2413600 , 3)

MYHJAFbI Ty, p5 — IOWBI3IAP apacbIHAFbI €H a3 UHTepPBaJl, HAKThI yaKbIT TOPTiOiHAE ecenTeei;
dyayincis = KAYINCi3 apaKallbIKThIK (KM), SIFHU a/JIbIHFbl MOWbI3 TOJIbIK TOKTaFaH »afjana,
apThIHAAFbl MOWBI3 Ja KAyilcCi3 TOKTaW aJlaTblH TeXey OoJbl; V' - NOWBI3AbIH, KO3FaJbIC
Kbl1AaMAbIFbI (kM/caF); 3600 - caFaTThl CeKyH/iKa allHanAbIpy koaddunuenTi (1 carat = 3600
CEeKyH[).

Erep apanbIKTbIH Y3bIHAbIFbI 10 KM, MONBI3 KypaMbIHBIH >XbLIJaM/bIFbl 60 KM/caF,
COHBbIMEH KaTap KOCbIMIlIa KAyinci3/jik yakbITbIH 60 CEKYH/I 2K9He aBTOMATThl 6JI0KTAY XKyHeciHae
6J10K-TeJIiIMHIH Y3bIHABIFbI 2 KM, aJ1 paJIN00JIOKTay KyHeciHie Kayinci3 apakalbIKTbIKTbI 1,2 KM
aJlaTbIH 00JICAK, )KOFapbl/ia KOPCETIJITeH Y1l Kyie 60MbIHIIA NOMbI3 apaJiblK MHTEPBa//bIH K9He
apasbIKThIH 6TKi3y KabisieTiHiH KeJiecifiel casblCThIpMaJibl KOPCETKILITEPiH aaMbl3:

10
Tonin as= 5 -3600+60=660 ¢

2
TminAEza :3600=120 c

1,2
Tmin PE:E :3600=72 c

Ochbl kepceTKilTep/li eckepe OThIPA, apaJbIKThIH 6TKi3y KabijseTiH keseci popMmysameH
ecenTenMis:

3600
N=

, NOWbI3/CaF. (4)
Tmin

OJuiaii 60JICa, KapThlJIald aBTOMATThI 6JIOKTAY »KYHeCiHeri apabIKThIH 6TKi3y KabiJeTi:

3600

= = IIOMBbI3/CaF.
Nyxap 560 545 /

ABTOMAaTTBI 6JI0KTAy KYHeCiHeri apa/blIKThIH 6TKi3y KabiJjeTi:

N 3600
A5~ 120 ~

30 NOMbI3/CaF.

Panuno6iokTay xyHeciHeri apaibIKTbIH 6TKi3y KabijeTi:

N 3600 0 iib1s)
=—= IIOMUBI3/ CaF.
Pb 72
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WHTepBa/ibl peTTEY XKYyHesepiHiH NoibI3apasblK, UHTEPBAJIFA 9CEPiH GaFasay

HoaTtmxesiep MeH TaJIKbL1ay

Ecenrteynep/iH HOTHXeCiHZe KapTblJlal aBTOMATThl OJIOKTAy »KyHeciHJe MoibI3apasbIK,
VHTEpPBa//iblH YJIKEH 00JiyblHa 6Gal/JIaHbICThI, OYJ1 apajbIKTbIH 6TKi3y KabijleTi ToeMeH eKeHiH
b6alikayra OoJiafbl. A, pauo6JIOKTay KyHesepiHJie >KbLIKbIMaJibl OJIOK-TeJNiMHIH 60JyblHA
6al/IaHbICThl MOWbI3apa/blK MHTEpPBaJ TOMEH >XoHe apasbIKThbIH OTKi3y KabiseTi »Kofapbl
60Js1aTbIHBIH 6alKalMbI3 (1-cypeT).

700

-50
600

-40

(

=y
S
S

-30

WHTepBan
W
(=]
o

-20

B71ki3y kabineTi (noesp/ca¥)

N
o
(=]

-10
100

WAB AB PB
Kyne typi

1-cypeT. BsiokTay kyHesiepiHaeri moibi3 apajblK MHTEPBAJ MeH 6TKi3y KabileTiHiH
caJIbICThIpMaJibl rpaduri

CoHbIMeH KaTap, MoMbI3apasiblK UHTEpPBaJ MeH apajblKThbIH 6TKi3y KabiseTiH ecenrtey
O6apbICbIH/IA KOJIAHbUIFAH MapaMeTpJep/iH e3apa Tayesafinik rpadukTepiHeH KeJiecigen
TYKbIpbIM/JIaMa acayfa 60J1a/ibl.

—— WnTepsan (MKAB)
3500

3000
2500}
2000

150071

WHTepBan (cekyHa)

1000

500

20 40 60 80 100 120
HKbelngamablk (KM/caF)

2-cypet. [10#bI3 Xbl11aM/IbIFbIHBIH OWbI3apaiblK MHTEPBAJIFa TAyeJ IiJiri
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’KapTbLiait aBTOMaTThI 6JI0KTAY XKYWeCiHe XbUIJaM/blK apTKaH CaliblH, apaJIbIKTbIH, 6TKi3y
KabineTi apTazp! (2-cypeT). Mbicasbl, N0MbI3 KypaMbIHbIH XbliAaM/blFbl 10-HaH 120 kM /caF-Ka
JlelliH e3repTilireH KafFAanza, oTKi3y KabineTi aptajbl. /[lereHMeH, Kasipri TaHJa TeMip»KoJi
MHPPACTPYKTYpachl MeH O0JIJbIK, KaF jali bl 1O bI3
KYPaMbIHbIH, XXblJI1IaM/IbIFbIH aliTapJIbIKTal K0FapJiaTyFa MyMKIiH/ZiK 6epMen .

ABTOMAaTTBHI 6JIOKTAY KyHeciH/e apajbIKTaFbl 6J10K-TeJiM Y3bIH/bIFbIHbIH 6TKi3y KabijleTiHe
dcepiH KeJeciiel Ty>KbIpbIMiayFa 60s1a45bl1 (3-cypeT).

120+ —— BTkisy KabineTi (AB)

[#)]
[=]

B
o

OTKi3y kabineTi (Nnoesn/caF)

201

1 2 3 4 5
BNoK y3bIHAbLIFbI (KM)

3-cypeT. by10K-TeJ1iM Y3bIHABIFbIHBIH apaJbIKThIH 6TKi3y KabiJieTiHe ToyeAiiri
['padukTe KepceTisreH e, apajiblKTaFbl GJOK-TeJiM Y3bIHAbIFbI 0.5-TeH 5 KM-Te aAeiiH
esrepTiired. bysn xkafrpaiza, OJIOK-TesiM y3bIHABIFbI apTKAaH CalblH NOWBI3 apaJblk
MHTEPBAJIAbIH OCill, apa/bIKThIH O6TKi3y KabiJieTiH a3alTaTbIHbIH Kepyre 60Js1aJbl. JlereHMeH,
KbICKa OJIOK-TeJiMJep »KOFapbl THIMAIIK Gepefi, 6ipakK oJiapAblH TeXHUKaJbIK KYpAeJisiri
YKOFaphbl 6013/ bl.

120+ —— ©Tkisy KabineTi (PB)

—
[=)] o] o
o o o

OTki3y KabineTi (noe3sn/ca¥F)
B
o

20F

I I L 1

1 2 3 4 5
Kayincis apakalwbIKThIK (KM)

4-cypet. Kayinci3 apakallbIKTBIKTBIH, apaJbIKTbIH 6TKi3y KabijeTiHe Toyes/itiri
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Panuo6iokTay »KyWeciHAe Kayilci3 apakKallbIKTBIKTBIH ©3Trepyi Jie, apajblKTbIH OTKi3y
KabineTiHe acep eteni (4-cyperT).

By xkaFrjania, Kayinci3z apakallblKThIK apTKAH CalblH, IOKWbI3apasblK UHTEPBaJ [a apTajbl.
Bys1 e3 KeseriHjie apajblKThlH, 6TKi3y KabileTiHiH TeMeHJeyiHe ajibll Keseai. Pajguo6sokray
YKYHecCiHle Texey TeXHOJIOTUAIAPbIH XKeT1ipy apKbLIbl KAYillCi3 apaKallbIKTBIKTbI KbICKAPTY —
OTKi3y KabizieTiH apTThIpyAblH MaHbI3Jbl >KOJbl 060Jibil TabbLIaZbl. COHbBIMEH KaTap
paAuo6bJIoKTay >KyWeciHAe Kayilci3 HWHTepBa/[iblH MOWbI3 KYpaMbIHbIH Y3bIHJbIFbIHA [a
TAyeJAiNiriH 6akbliayFa 60saab1 (5-cypeT).

90 | —— WHTepBan

Kayincisz nHTepean (cek)
w £y w ()] ~ o]
© © ©6 ©o o o

N
o

10t

200 400 500 800 1000 1200 1400
Moiibl3 Y3bIHAbIFLI (M)

5-cypeT. Kayinci3 apakalbIKThIKTbIH apajibIKThIH 6TKi3y KabiseTiHe Toyesiiri
ByJs1 HoTHXere KeJiecified Tajay »Kypridyre 60JiaZibl: TOWbI3 Y3bIHAbIFbI YIFalUFaH CalblH,
TeXeJly »KO0Jibl [Ja apTaJbl, COHbIH, HOTH)KECiH/Ie, Kayilci3 UHTepBaJ Ja yJFasi/ibl, ce6ebi COHFbI
NOWbI3 KypaMbl TOJIBIK TOKTAy¥a yjarepyi Tuic. bys acipece paano6/okTay KyHeciHZe MaHbI3/bl,
ce6ebi MHTepBa/l HAKThI TEXKeJay MYMKIiH/JIriHe 6ai1aHbICThI ecenrTesiefi [9, 10].

KoOpBITBIHABI

3epTTey HOTHKeJiepi TMOWBbI3ZAAP KO3FaJbICBIH WHTEPBa/N[bl pETTEY JKyHeJepiHiH
TUIMAiJiriHe apTypJi ¢akTop/ap/AblH bIKNAJbIH HAaKTbl KOPCETTi. YII TypJi >Kyhe OOWBIHIIA
(>kapThLI1al aBTOMATThI 6yi0KTay — KAB, aBTOMaTTHI G/10KTay — AB X0He paguobsiokTay - PB)
CaJILICTbIpMaJIbl  MOJIEJIbZiey  KYPTri3ijin, oJlapAblH TeXHUKAJbIK JKoHe OllepalUsJbIK
apPTHIKWbLIBIKTApbl MEH IIEKTEYJIePi TaJAaH/bl.

JKAB »kyHeci KapamallbiM KYpPbLJIBIMBIMEH epeKIleJieHCe [e, WHTepBaJl Y3aKTbIFbIHbIH,
YJIKEH/1iri MeH KOJIMeH 6acKapyfa TayeJsiiri »KyHeHiH eTKi3y KabiJeTiH meKkTenai.

AB xyHeciHae aBTOMaTTaHAbIPbLIFAaH OJIOKTAp apKacblHAA WHTEPBa/ KbICKapazbl *KoHe
OTKi3y KabiseTi apTajibl, lereHMeH OJI0K Y3bIHAbIFbIHA TayeJisik cakTanaabl. EH o03biK Pb
»KyHeciHZle KO3FasIbICThl Y3[iKCi3 6aKbliiay MeH HAaKThbl YaKbITTaFbl MaJliMeTTEp/i NaajaHy
apKblJIbl €H a3 UHTEpPBAJIMEH €H, )KOFaphbl 6TKi3y KabisieTi KaMTaMachI3 eTijeji.

['paduKTiK MoAe/ibiey HOTHXKeJlepi KepCeTKeHAeu:

- )KbIJJAaMIbIK apTKAH CallblH HHTepBaJl KbicKapaibl (2KAB xyiiecinae);

- OJI0K HeMece Kayilci3 apakallbIKTBhIK Y3bIHJbIFbl apTKAaH CaWblH OTKIi3y KabineTi
TeMeHzel i (Ab »xoHe Pb xyiienepinze);

- aBTOMATTAH/bIPY JeHTeli apTKaH CalblH UHTepBaJl a3aublll, )Kyue TUIMALIITI KypT ecefi;

- I0e3/] Y3bIH/bIFbI YJIFAFaH CalbIH TeXeJly 0J1bl apThll, PB xxyleciHae unTepBas ecefi.
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Kannbl anrana, pauo6J10KTay Kyieci eH TUIM/i 60J1bIN TaHbI/bI: 0J1 KbICKa UHTEPBAJIMEH
YKOFaphbl OTKI3y KabisieTiH KaMTaMachl3 eTe OTBIPBII, TeMip>KOJ1 KeJiCiHiH eTKi3y MYMKiHZIriH
MaKCHMaJibl NaWjajaHyFa MYMKiHJIK Oepefi. Byn 3epTrTey TeMipos KeJsiriH LUQpJBIK
TpaHchopMauUsiay MeH UHTe/JIeKTyalJbl 06acKapy »KyilesiepiH eHridy VIUiH FbLIbIMU-
ToXipubesik Heri3 6oJia ajsajibl. AJIbBIHFAH HOTHXKesep OoJiallaKTa TeMip»KOJl TesiMAepiHiH
YKYMBICBIH OHTaWJIaHABIPYFa, KO3FaJIbIC KAYINCI3JIriH apTThIpyFa KoHe KYK IeH >K0Jayllbliap
TacbIMaJIbIH TUIM/Ii YIBIMACTbIpyFa 6aFbITTa/IFaH CTPATETUAJBIK, LelliMAep KabbligayFa Heri3
0o0J1a asajpbl.
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K.E. lllykamanogB*, I'.A. CyJieiiMeHOBa?

Tapasckuii ynueepcumem umenu M.X. /[yaamu, Tapas, KazaxcmaH
2ALT ynusepcumem umeHu M. ToiHbiwnaesa, Aamameol, Kazaxcmax

OneHKa BJIMSHUS CHCTEM HHTEPBAJIbHOTO PEryJIMPOBAaHUS Ha MEXXIM0e3HOM
HHTEpBaJI

AHHoTanusa. YKese3HOJOPOXKHBIA TPAHCHOPT 3aHHMMAET BaXKHOE MECTO B TPAHCIOPTHOM
cucTeMe Kak Haf€XHbIA U 9KOHOMUYHbBIN BU/ TePEBO3KU MaCcCaKUPOB U TPy30B. B nocieqHue
ro/ibl yBeJIMYeHe MHTEHCUBHOCTHU ABUKEHHUS U YCUJIeHHE TPeOOBaHU M K 6€30MaCHOCTU TPeOyIoT
ONTUMHU3ALMU TMPOMYCKHOW CHOCOOHOCTHU 3KeJe3HOAOpPOXHOM ceTh. C  3TOM  LesbiO
MoO/JieJIMPOBaHUe CHCTEM HHTEPBAJIbLHOTO YIIPpaBJIeHHU IBUKEHHEM MT0€3/10B CTAHOBUTCSI BaXKHbIM
WHCTPYMEHTOM obecniedeHUs1 3GPEeKTUBHOCTU U 6Ee30MaCHOCTU JBUXKeHUA. B JaHHOW cTaTbhe
paccMaTpuBatoTcs 3¢ PpeKTHBHbIE CIOCOOBI OpraHU3aALMU IBUKEHHSI HA OCHOBE MO/ieJIMPOBAHHUSA
CUCTEeM WHTEepPBaJIbHOIO VIpaBJIeHUS MexXAy IMoe3ZaMd. Mexmnoe3qHOW HHTepBal — 3TO
IPOCTPAaHCTBEHHOE WJM BpPEMEHHOEe pacCTOosiHhe MexXJy Ioe3JaMH, obecrnedyuBaroliee
6e30macHy0 M CTabUJIbHYI paboTy cucTeMbl. TOUHOE ompejesieHHe 3TOr0 UHTepBaja U ero
CPaBHHUTeJIbHbIM aHa/JM3 B pa3/IMYHbIX CHUCTeMaxX yIpaBJeHUs (MoJiyaBTOMaTH4YecKast
06JIOKUPOBKA, aBTOMaTHuyecKass OGJIOKMPOBKA, pPaJUO0OJOKUPOBKA) TMO3BOJIIET MOBBICUTD
IPOMYCKHYI CHOCOGHOCTBH eJIe3SHOAOPOKHOM ceTH. CorJiacHO MpOBEeJEHHBIM pacyéTaM: B
CUCTeMe TMO0JIyaBTOMaTU4YeCKONM OJIOKUPOBKM MHTepBaJl cocTaBiaseT 660 ¢, mpomyckHas
Cnocob6HOCTb - 5,45 moe3noB/4; B cUCTeEMe aBTOMAaTU4YE€CKOW GJIOKMPOBKM HHTepBaa — 120 c,
NpONyCKHas crnoco6HOoCTh - 30 moe3oB/4; B cUCTeMe PaAMOOJOKUPOBKU HHTEpBaad - 72 c,
NpONycKHass cnocobHocTb - 50 moe3foB/4. ITU pe3ysabTaThl MOKAa3bIBAlOT, YTO CHUCTEMa
Paguo0OJIOKUPOBKU SIBJIsIeTCS HauboJiee 3PPEKTHBHOW CUCTEMOM yIpaBJieHUS] [ABHUXKEHUEM
oe3/|0B, TaK KakK OHa obecneyrMBaeT HAUMEHbIIMWA HMHTEPBaJ] U BBICOKYI MPOIYCKHYIO
CNOCOGHOCTh. Pe3ybTaThl UCCIeJ0BaHUSI MOTYT CIOCOOGCTBOBATh LKMPPOBOM TpaHCchOpMaLUU
’KeJIeSHOZIOPO’KHOTO TPAHCIOPTa, a TaKXKe TMOBbIIIEeHWID 6e30MacHOCTH W IMPOIMYCKHOU
CIIOCOOHOCTH.

Kiwo4yeBble c/i0Ba: [BM)XeHHE I[0€3/10B, MUHTEpPBaJbHOE peryJMpoBaHUe, MPOIYCKHas
CIOCOGHOCTD, MEXKII0E3JHOM MHTEPBaJI, MOIeJIMpOBaHUeE.

Zh.E. Shukamanov™!, G.A. Suleimenova?

IM.H. Dulati Taraz University, Taraz, Kazakhstan
2 ALT University M. Tynyshpayev, Almaty, Kazakhstan
Assessment of the impact of interval control systems on the inter-train interval

Abstract. Railway transport holds a significant place in the transportation system as a reliable
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and cost-effective means of passenger and freight transportation. In recent years, the increasing
frequency of train movements and stricter safety requirements have necessitated the optimization
of railway network capacity. To this end, modeling train interval control systems has become a key
tool for ensuring movement efficiency and safety. This article explores effective methods for
organizing train operations through the modeling of interval control systems. The train interval is
the spatial or temporal distance between trains that ensures the safe and stable operation of the
system. Accurate calculation of this interval and its comparison across various control systems
(semi-automatic block, automatic block, and radio block) allow for the enhancement of railway line
capacity. According to the calculations: In the semi-automatic block system, the interval is 660
seconds, and the capacity is 5.45 trains/hour; In the automatic block system, the interval is 120
seconds, with a capacity of 30 trains/hour; In the radio block system, the interval is 72 seconds,
providing a capacity of 50 trains/hour. These results indicate that the radio block system is the
most efficient for train traffic management, as it ensures the shortest interval and the highest
throughput. The research findings can contribute to the digital transformation of railway
transport, improving both safety and capacity.
Keywords: train movement, interval control, throughput capacity, train interval, modeling

References

1. Sansyzbaj K.M., Orunbekov, M.B., SHukamanov, ZH.E., Tasbolatova, L.T., Sagmedinov, D.S.
Obshchie tendencii razvitiya sistem zheleznodorozhnoj avtomatiki i telemekhaniki na seti
zheleznyh dorog Kazahstana [General trends in the development of railway automation and
telemechanics systems on the railway network of Kazakhstan] // Vestnik KazATK. - 2022. - Ne 2
(121).-C. 414-424. https://doi.org/10.52167/1609-1817-2022-121-2-414-424 [in Russian].

2. SHukamanov ZH.E., Sulejmenova G.A., Togzhanova K.O., Dzhulaeva ZH.T., ZHymahan N. Ysh
moandi pojyzdar Kozralysyn intervaldy retteu zhyjesinde pojyz aralyk intervalynyh blok-telim
yzyndyfyna toueldiligin anyktau [Determination of the dependence of the inter-train interval on
the length of the block in the system of interval regulation of the movement of three-value trains]
// KazKKA habarshysy. - 2024. - Ne 5 (134). - B. 188-194. https://doi.org/10.52167/1609-1817-
2024-134-5-188-194

3. SHukamanov ZH.E., Sulejmenova G.A., Orunbekov M.B., Esmahanova L.N., Tlemisov B.B.
PKIRZH-E zhyjesinde radiobajlanystyy ryksat etilgen eH uzaq bolmau uaqytyn esepteu
[Calculation of the maximum allowable absence of radio communication in the PCIRR-E system]
// «Kazakstan qylymy men tekhnikasy» qylymi zhurnaly. - 2024. - Ne 4. - B. 362-371.
https://doi.org/10.48081/XMCL2311

4. Kiseleva 0.G., SHukamanov ZH.E., ZHenisova A.D. Pejshbek A.9. Effektivnost'
regulirovochnyh meropriyatij na zheleznodorozhnom transporte s ispol'zovaniem prognoznyh
dannyh [Effectiveness of regulatory measures in railway transport using forecast data] // Vestnik
KazATK. - 2020. - Ne 3 (114). - S. 131-136.
https://vestnik.alt.edu.kz/index.php/journal/issue/view/2/2 [in Russian].

5. Koncepciya razvitiya transportno-logisticheskogo potenciala Respubliki Kazahstan do 2030
goda [The concept of development of the transport and logistics potential of the Republic of
Kazakhstan until 2030], utverzhdennyj Postanovleniem Pravitel'stva Respubliki Kazahstan Ne
1116 ot 30 dekabrya 2022 goda. https://adilet.zan.kz/rus/docs/P2200001116 [in Russian].

6. Aliev A.K,, Zhaksybaev A.S. Poezd Kozralysyn baskarudyH avtomattandyrylran zhyjeleri
zhane Kozralys Kauipsizdigi [Automated train traffic control systems and Traffic Safety]. - Almaty:

278 Ne3(152)/2025 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsiChl
ISSN: 2616-7263. eISSN: 2663-1261


https://doi.org/10.52167/1609-1817-2022-121-2-414-424
https://doi.org/10.52167/1609-1817-2024-134-5-188-194
https://doi.org/10.52167/1609-1817-2024-134-5-188-194
https://doi.org/10.48081/XMCL2311
https://vestnik.alt.edu.kz/index.php/journal/issue/view/2/2
https://adilet.zan.kz/rus/docs/P2200001116

WHTepBaiibl peTTey KyHesepiHiH noibi3apablK UHTEPBaJIFa dcepiH 6aranay

Transteh baspasy, 2021. - 312 b.

7. Kaliev B.S., Tazhibaev ZH.SH. Temirzhol keliginde pojyz kozralysyn yjymdastyru
[Organization of train traffic in railway transport]. - Almaty: Evero, 2020. - 256 b.

8.ZHarkynov N.SH. Temirzhol keligindegi kozralysty baskaru zhane avtomattandyru zhyjeleri
[Traffic control and automation systems in railway transport]. - Astana: Kaz¥TZU baspasy, 2022.
- 280b.

9. Bestemyanov P.F., Baranov L.A. Control Algorithms and Mathematical Modeling of Interval
Train Traffic // Russian Electrical Engineering. - 2023. - Ne 94. - P. 621-624.
https://doi.org/10.3103/S1068371223090055 055 [in English].

10. Aliev, R. Method inductive communications for interval traffic control. AIP Conference
Proceedings. - 2023. - 2612(1), 060002-060002-9. https://doi.org/10.1063/5.0113212 [in
English].

ABTOpJIap TypaJibl MaJIiMeT
IllykamanoB K.E. - xat asmacy aBtopbl, M.X. [lysatu aTbiHAarel Tapa3 yHUBEpPCUTETIHIH
«ABTOMATTaHAbIPy >KoHE TeJeKOMMYHUKalUs» KadepacblHbIH aFa OKBITYLIbICh], >K006a
keTekiuici, Tese 6u kemeci, 60, 080000, Tapas, KazakcTaH.
CysieiiMmeHoBa [.A. - TeXHHUKA FbLIBIM/IAPbIHbIH, KaHAWAAThL, A01eHT, M. ThiHbILI6GaeB aThIH/AFbI
ALT yHuBepcuTeTiHiH «ABTOMaTTaH/JbIpy >XoHe Oackapy» KadeJpacblHbIH MeHTepyulici,
IlleByenko kemeci, 97, 050000, AnmaTtsl, KasakcraH.

lllykamanoB K.E. - aBTOp /JJid KOpPpPECNOHJAEHIUH, PYKOBOJAMUTEJb NPOEKTa, CTapUIUH
npemnojiaBaresib Kapeapbl «ABTOMaTHU3aL U U TeJleKOMMyHHUKalusa» Tapa3ckoro yHuBepcUTeTa
umeHu M.X. [lynarty, yi. Tose 6u, 60, 080000, Tapas, KasaxcTraH.

CyneiimenoBa [.A. - KaHAMJAT TeXHUYECKUX HAyK, [IOLEHT, 3aBeAylolUd Kadepoil
«ABTOMaTH3auusa U ynpasjaeHue» ALT yHuBepcuTeTa uMeHU M. ThiHbIIIIaeBa, yJ1. llleByeHko, 97,
050000, Anmatsbl, KazaxcraH.

Shukamanov Zh.E. - corresponding author, Senior Lecturer, Department of Automation and
Telecommunications, M.H. Dulati Taraz University, Tole bi str., 60, 080000, Taraz, Kazakhstan.
Suleimenova G.A. - Candidate of Technical Sciences, Associate Professor, Head of the Department
of Automation and Control, ALT M. Tynyshpaev University, 97 Shevchenko str., 050000, Almaty,
Kazakhstan.

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/licenses/by-nc/4.0/)

JLH. T'ymunes amoiHdarst Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI. N93(152)/ 2025 279
TexHUKA/bIK FbLAbIMOAAp HCIHE MeXHOA02USNAD CepuUsiChbl
ISSN: 2616-7263. eISSN: 2663-1261


https://doi.org/10.3103/S1068371223090055%20055
https://doi.org/10.1063/5.0113212

Bac pegakrtopst: B.B. Torus6aesa
KomnbroTepae 6etteren: A. TynekoB

ABTOpJIapFa apHaJIFaH HYCKAYJIBIKTAp,
»KapUsiJIaHbIM 3TUKAChI )KypHaJl calTbiHAa 6epinren: http://bultech.enu.kz

JLH. TymuneB aTeinAarel Eypasust yITThIK YHUBEPCUTETiHIH XabapLubIChL.
TexHUKabIK FBIIBIMAP KoHe TeXHOJIOTUAIAP CePUACHI.
Ne3 (152)/2025 - Acrana: EYY. - 280 6. LlapTThkI 6.T. - 16,4. TapasbIiMbl - CypaHbIC GOUbIHILA.

Bacyra Kout KoubLiab: 30.09.2025 x.
AUIBIK KOJIJAHBICTAFbI 3JIEKTPOHABI HYCKa: http://bultech.enu.kz
MasmyHbiHa munozpagus yxcayan 6epmetioi
Penmaknus mekeH-xadbl: 010008, Kazakcran Pecny6sinkacel, ActaHa K., CoT6aeB keeci, 2.
JI.H.TymusieB aTeiHAarbl Eypasus yITTBIK YHUBEPCUTETI

Tes.: +7(71-72) 70-95-00 (imxki 31-315)

JL.H.TyMusieB aTbIHAAFbI
Eypasust y/ITThIK YHUBEPCUTETIHIH 6acnacbkiH/ia 6aChLI/bI.


http://bultech.enu.kz/
http://bultech.enu.kz/

	Introduction
	CFS beam-column element design
	Local-distortional buckling and cross-section check
	Particle Swarm Optimization (PSO)
	Element type and material characterization
	Boundary conditions, loading, and connection modelling
	Geometric Imperfection

	Conclusion
	This study aimed to enhance the performance of CFS strap-braced frames by optimising stud (beam–column) sections within design and manufacturing constraints. The optimised cross-section was applied to both studs and chords, and FE models were develope...
	References
	References (1)
	Жали Б.Т. - степень бакалавра экономики, Назарбаев Университет, проспект Кабанбай батыра, 53, Z05H0P9, Астана, Казахстан
	Уей Д. - доктор наук по математике, профессор, Назарбаев Университет, проспект Кабанбай батыра, 53, Z05H0P9, Астана, Казахстан
	Мусаев А.Д. - магистр наук в области горного дела, Назарбаев Университет, проспект Кабанбай батыра, 53, Z05H0P9, Астана, Казахстан
	Игали Д. Г. - автор-корреспондент, магистр наук в области машиностроения и аэрокосмической техники, менеджер проектов, Назарбаев Университет, проспект Кабанбай батыра, 53, Z05H0P9, Астана, Казахстан
	Жали Б.Т. - экономика бакалавры, Назарбаев Университеті, Қабанбай батыр даңғылы, 53, Z05H0P9, Астана, Қазақстан
	Шукаманов Ж.Е. – автор для корреспонденции, руководитель проекта, старший преподаватель кафедры «Автоматизация и телекоммуникация» Таразского университета имени М.Х. Дулати, ул. Толе би, 60, 080000, Тараз, Казахстан.

