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Finite Element Investigation of Anisotropic Circular Plates

Abstract. The mathematical modeling and finite element analysis of solid circular plates,
analyzed using continuum finite elements under conditions of axisymmetry, is
investigated in this paper. Both isotropic and anisotropic material characterizations are
considered. Once a suitable “baseline” model is developed, parametric analyses are
performed so as to gain insight into the behavior of anisotropic solid circular plates.
Keywords: circular plates, anisotropy, transverse isotropy, axisymmetry, finite element
method.
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1. Introduction

In structural mechanics, it is often possible to take advantage of the intrinsic structural behavior
of a particular type of body to permit an a priori simplification of the spatial dependence of stress and
deformation in the body. In this manner, it becomes possible to define and utilize effectively special
theories of beams, cables, membranes, plates, shells, and so on. In each of these cases the geometric
features of the body, together with the usual pattern of imposed loading, provide an opportunity to
simplify the modeling process and to develop a model of lower spatial dimension.

A plate is a three-dimensional deformable body with two of the dimensions much greater than
the third. Roughly speaking, a plate satisfies the requirement that /1 << L, where / is the thickness of the
plate and L represents a characteristic dimension of the plate. By taking advantage of the fact that one
characteristic dimension of the plate is much smaller than the other two, the general three-dimensional
problem is reduced to a two-dimensional one.

General plate theories are commonly classified based on certain kinematic limitations related to
the transverse displacement (w) of the plate. For example, in the “small” deflection theory of thin plates
due to Lagrange, Poisson and Kirchhoff [6], w << h. In the “large” deflection theory of thin plates, the
governing nonlinear partial differential equations are the so-called “Foppl - von Karman equations” [2,
5]. In this theory, w is approximately equal to /. The theory of moderately thick plates is due to Reissner
[10] and Mindlin [8]. Finally, in membrane theory [2], w >> h.

The number of analytical (closed form) solutions available using such theories is somewhat
limited, especially for plates employing an anisotropic material characterization. This is especially true
for circular plates.

The use of numerical approaches such as the finite element and finite difference methods
facilitates the analysis of plates in that such methods easily account for material inhomogeneity, variable
plate thickness, anisotropic material idealizations, and so forth. Indeed, a plethora of specialized plate
bending elements, having varying degrees of complexity, have been developed over the years for use in
conjunction finite element analyses [13].
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Finite Element Investigation of Anisotropic Circular Plates

An alternative to such specialized elements are standard continuum elements. The use of such
elements to mathematically model and simulate the behavior of plates has the advantage that no a priori
assumptions regarding the associated kinematics need to be made. The plate is simply analyzed as an
elastic body, with the kinematics dictated by the nature of the strain-displacement equations assumed in
the formulation of the continuum elements. Finally, the level of material anisotropy characterizing the
material is easily selected.

This paper investigates the mathematical modeling and finite element analysis of solid circular
plates, analyzed using continuum finite elements under conditions of torsionless axisymmetry. Both
isotropic and anisotropic material idealizations are considered. Once a suitable “baseline” model is
developed, parametric analyses are performed on such plates with anisotropic material idealizations so
as to gain insight into their behavior.

2. Background Information

Figure 1 shows a typical solid circular plate with outer radius equal to 2 and a thickness of h. Here
r,+ 6, and z denote the radial, axial, and circumferential coordinates, respectively.

T

Figure 1. Schematic illustration of a solid circular plate in a cylindrical coordinate system

If the applied loading, the support conditions along the outer edge of the plate and the material
idealization are independent of 6, the circular plate can be analyzed as a two-dimensional torsionless
axisymmetric problem. The continuum elements suitable for the finite element analysis of such problems
are thus triangles and quadrilaterals; the development of such elements follows a standard procedure

[3].
3. Kinematic Relations

Assuming infinitesimal displacements and displacement gradients, the strain components, in
cylindrical coordinates, associated with a torsionless axisymmetric analysis are

ou ov u ou Ov

Err = [ €22 = & €gp = ; ry = — + =—
or 0z A 7 0z  Or )
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where u and v denote the to the radial and axial displacements, respectively, and yx: denotes an
“engineering” shear strain.
4. Constitutive Relations

Written in direct form, the general anisotropic elastic constitutive relations are written as é= Ao,
where A is a symmetric compliance matrix, and

g = {57‘7“ €2z €00 ’YTZ}T 5 o = {O-TT Ozz 000 O-TZ}T )

where &, &2, &6 and yp: are as defined in Equation (1) and o, 0z, ove and otz are the corresponding stress
components. In Equation (2), the superscript T denotes the operation of vector transposition.

Concerning material symmetries, a state of general anisotropy is not applicable for torsionless
axisymmetric material idealizations, for conditions of axial symmetry cannot be maintained under such
a state. A special case of anisotropy, consisting of a homogeneous, elastic transversely isotropic material
bounded by one or more coaxial surfaces of revolution to give the axisymmetrically stratified material
shown schematically in Figure 2 is, however, possible [7].

Plane of isotropy

Figure 2. Schematic illustration of axisymmetrically stratified body

The associated compliance matrix is then

1/E1 —V21/E2 —V31/E1 0
A: —V12/E1 1/E2 —Vgg/El 0
—I/13/E1 —I/23/E2 1/E1 0
0 0 0 1/G1s .
Symmetry of A requires that
V21 V2 D — 1 . V32 Va3
- T T 31 — V13 = — T
E, Ep B B @)

Thus, only five of the elastic constants entering the above equations are independent; i.e., E1, Ez,
vi2, vi3, and Gio. These constants are interpreted as follows [7]: Eiis the elastic modulus for tension and
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compression in the plane of isotropy, E: is the elastic modulus for tension and compression in a direction
perpendicular to the plane of isotropy, 12 is the Poisson’s ratio characterizing contraction in a direction
normal to the plane of isotropy resulting from tension in this plane, w3 is the Poisson’s ratio
characterizing contraction in the plane of isotropy resulting from tension in the same plane, and Gi2 is
the shear modulus for the perpendicular (radial) plane.

Using the infinitesimal strain-displacement relations given by Equation (1), along with the
transversely isotropic constitutive relation given by Equation (3), two-dimensional continuum elements
(i.e., triangles and quadrilaterals) suitable for torsionless axisymmetric analyses are developed following
a standard procedure [3].

5. Development of Mathematical Models

The solid circular plate analyzed in this paper is assumed to have a radius of 4 =1.50 m and a
thickness of i = 0.075 m. The ratio of the thickness of the plate to its diameter is thus #/2a = 0.025, which
constitutes a “thin” plate [12]. The anisotropic material is assumed to be a T300/5208 carbon/epoxy
composite that is characterized by the following values of the elastic constants [9]: E1 =1.090 x 10” kPa, E2
=1.530 x 108 kPa, vi2 = 0.0210, 113 = 0.0214 and G12 = 5.600 x 10° kPa. All analyses described in this paper
were performed using the APES+ computer program [4].

Before analyzing the circular plate, it is necessary to determine a mesh that is suitably fine so as
to give accurate results. For this purpose, the plate material is assumed to be isotropic linear elastic with
an elastic modulus E = 8.195 x 10”7 kPa (an average of E1and E2) and a Poisson’s ratio of v=0.30.

The plate is loaded by a uniformly distributed load of g = 6.0 kPa. To properly account for
conditions along the axis of symmetry (i.e., 7 =0), the nodal constraint # = 0 must be specified at all nodes
along this axis. Along its outer edge, the plate is assumed to be simply supported. To account for this
edge condition, at the point (7, z) = (4, 0), u = v = 0 is specified. Figure 3 shows the mathematical model
used in the finite element analyses of the uniformly loaded, simply supported solid circular plate.

a >!

Figure 3. Mathematical model of uniformly loaded, simply supported solid circular plate

According to the Lagrange-Poisson-Kirchhoff thin plate theory, the transverse displacement of
this plate is given by [12]

o) = L") [(5”) az—ﬂ]

where D =Eh3 [ 12(1 - v?).
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The plate is first discretized using bi-linear, 4-node quadrilateral (Q4) elements. The first mesh
consists of two elements in the z-direction by five elements in the r-direction. Figure 4 plots the
approximate transverse displacement along the r-axis, normalized by the value given by Equation (5),
versus the radial distance (r) along the plate normalized by the radius a. As evident from this figure, the
2 by 5 mesh of Q4 elements (31 unconstrained displacement degrees of freedom) significantly
underpredicts the transverse displacement of the plate. Stated in another way, the 2 by 5 mesh of Q4
elements is too stiff.

The mesh is next refined by doubling the number of elements in both the z and r-directions. The
results of this 4 by 10 mesh of Q4 elements (103 unconstrained displacement degrees of freedom) are also
plotted in Figure 4. Although these results are more accurate than for the 2 by 5 mesh, they are still only
about 84% of the thin plate solution given by Equation (5). Continued mesh refinement to an 8 by 20
mesh (367 unconstrained displacement degrees of freedom) and then a 16 by 40 mesh (1375
unconstrained displacement degrees of freedom) finally gives approximate transverse displacements
that are equal to the thin plate solution (see Figure 4).

— -
-~ - -
- .
- - -
i T,

Normalized transverse displacement
o
D
o

2 by 5 (Q4)
040 Mooy by 10 (Q4)
— - - 8by20(Q4)
o020 | |= = 16by40(ad)
—O— 1 by 5 (Q8)
— & =2by10(Q8)
0.00 |
0.00 0.20 0.40 0.60 0.80 1.00

r/a
Figure 4. Summary of mesh sensitivity study for a uniformly loaded, simply supported, isotropic elastic thin
solid circular plate

The plate is next discretized using bi-quadratic, 8-node quadrilateral (Q8) elements. The first
mesh consists of one element in the z-direction by 5 elements in the r-direction (51 unconstrained
displacement degrees of freedom). As evident from Figure 4, the approximate solution is very close to
the thin plate solution. Since the latter solution neglects shear deformations but the continuum elements
include such deformations, convergence to a normalized transverse displacement slightly in excess of
unity (1.00) is to be expected. This observation is supported by the results of a 2 by 10 mesh of Q8 elements
(143 unconstrained displacement degrees of freedom), which are also plotted in Figure 4.

Based on the results shown in Figure 4, it is evident that the performance of the Q8 elements is
significantly more efficient than for the Q4 elements. This observation is consistent with similar findings
made in beam bending simulations [1]. Consequently, in all subsequent analyses of solid circular plates
made in this paper, the 2 by 10 mesh of Q8 elements constitutes the “baseline” mesh.
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6. Parametric Analysis of a Thin Anisotropic Solid Circular Plate

The uniformly loaded, simply supported solid circular plate whose mathematical model is shown
in Figure 3 is next assumed to be made of the T300/5208 carbon/epoxy composite that is characterized
using the model parameter values given in Section 5.

A series of parametric analyses of this plate was performed to gain insight into the behavior of a
solid circular plate that is characterized by the aforementioned transversely isotropic material
idealization. In each such analysis, one parameter value is varied while all other aspects of the
mathematical model are unchanged from the “baseline” values given in Section 5. These “baseline”
values of the model parameters give the following ratios: n = Ei/E2 = 0.071, m = vi2/vi3 = 0.981, and p =
G1o/E> =0.037.

The 2 by 10 mesh of bi-quadratic 8-node quadrilateral (Q8) elements, which was verified for
accuracy in Section 5, is used in all the parametric analyses.

6.1 Effect of Variations in Ei

In the first set of parametric analyses, the value of n = E1/E2 is increased from the “baseline” value
of 0.071 to 1.0, 5.0 and then to 10.0. These values are obtained by keeping the value of E2 constant and
suitably increasing the value of E1. Figure 5 shows the variation of the radial stress (o) with normalized
depth (2z/h) as a function of n near the mid-span of the plate (i.e., for r approximately equal to a/2). As
evident from this figure, variations in n have very little effect on the simulated radial stress distribution.

Figure 6 shows the variation of the circumferential stress (ove) with normalized depth (2z/h) as a
function of n near the mid-span of the plate. As evident from this figure, variations in n have essentially
no effect on the simulated circumferential stress distribution, which remains linear through the depth of
the plate.

To better understand the results shown in Figures 5 and 6, consider the radial and circumferential
stress distributions associated with a uniformly loaded, simply supported solid circular plate that is
characterized as an isotropic elastic material; viz., [12]

Urr:_gﬂ(g_‘_y)(aQ_rz) ;0 0gg = —

-
4h3 T 1023 +v) —r2(1+30)

— | a

From Equations (6) it is evident that, for a given value of Poisson’s ratio (v), the radial and
circumferential stress distributions are independent of the elastic modulus (E). In a similar manner, for
the present transversely isotropic material idealization, increases in the value of E1 have negligible effects
on the radial and circumferential stress distributions.

12 Ne 1(142)/2023 A.H. T'ymunes amondazor EYY Xadapuivicor. Texnuxarvi; zoAotM0ap Kare mexHoAOUSAAD cepuschl
ISSN: 2616-7263, eISSN: 2663-1261



V. Kaliakin

—0O—n=0.071

0.80
=—{}=n=1.000

0.60
—n =5.000

—>—n =10.000

-2,0p0.0 -1,500.0 -1,000.0 -500.0 0.0 500.0 1,000.0 1,500.0 2,040.0

2z/h

-0.20

-0.40

-0.60

-0.80

100
oo

Radial stress (kPa)

Figure 5. Effect of variations in n = E1/Ez on the simulated radial stress distribution through the depth of a
solid circular plate
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Eavioy
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Figure 6. Effect of variations in n = E1/Ez on the simulated circumferential stress distribution through the
depth of a solid circular plate

Figure 7 shows the variation of the axial stress (ozz) with normalized depth (2z/h) as a function of
n near the mid-span of the plate. As evident from this figure, variations in n have a rather pronounced
effect on the simulated oz distribution. In particular, for n =0.071, the axial stress changes sign with depth
from positive (tensile) to negative (compressive). For higher values of 1, oz remains negative (i.e.,
compressive) throughout the depth and the magnitude of this stress is significantly lower than for n =
0.071.
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Figure 7. Effect of variations in n = Ei/E2 on the simulated axial stress distribution through the depth of a

solid circular plate

6.2 Effect of Variations in vi2

In the second set of parametric analyses, the value of m = v12/113 is varied from the “baseline”
value of 0.981. In particular, values of m =0.100 and 5.000 compliment this “baseline” value. These values
are obtained by keeping the value of 113 constant and suitably varying the value of vi.

Variations in m do not affect the radial, circumferential and shear stress distributions; the figures
showing the simulated stresses are thus omitted for brevity. By contrast, as evident from Figure 8,
changes in m have a pronounced effect on the axial stress distribution near the mid-span of the plate. In
particular, for a value of m =0.100, oz, is purely negative (i.e., compressive). Increases in m cause the axial
stress distribution through the depth to change sign and to increase in magnitude.

2z/h

15p.0

-150.0 100.0
=O—m =0.100
=—{J}—m=0.981
—/—m = 5.000
Axial stress (kPa)
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Figure 8. Effect of variations in m = v12/113 on the simulated axial stress distribution through the depth of a
solid circular plate

6.3 Effect of Variations in G2

In the final set of parametric analyses, the value of p = Gi12/E2 is varied from the “baseline” value
of 0.037. In particular, values of p = 0.250 and 1.000 compliment this “baseline” value. These values of p
are obtained by keeping the value of E2 constant and suitably increasing the value of Gz.

Variations in p do not affect the radial and circumferential stress distributions; the figures
showing the simulated stresses are thus omitted for brevity. As evident from Figure 9, variations in p do
affect the oz; distribution in the plate. In particular, increases in p cause the axial stress distribution to
change sign in the top and bottom halves of the cross-section.

Increases in p (and thus G2) stiffen the shear response in the r-z plane. Consequently, the shear
strains and shear stresses (ot-) will be reduced. This trend is confirmed by Figure 10.

—0O—p=0.037

——p =0.250

—A—p =1.000

-2%.0 -20.0

2z/h

15.0 20.0

-0.60

-0.80

100
Troo

Axial stress (kPa)

Figure 9. Effect of variations in p = G12/Ez on the simulated axial stress distribution through the depth of a
solid circular plate
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Figure 10. Effect of variations in p = G12/E2 on the simulated shear stress distribution through the depth of a
solid circular plate

7. Parametric Analysis of a Thick Anisotropic Solid Circular Plate

Specialized structural plate bending theories typically have restrictions regarding the thickness
of the plate. For example, the Lagrange-Poisson- Kirchhoff thin plate theory is restricted to very thin
plates [12]. The Reissner-Mindlin theory [10, 8], on the other hand, is applicable to moderately thick
plates.

One of the benefits of analyzing plates using continuum elements is that there are no restrictions
placed on the thickness of the plate, provided that the strains in the plate remain infinitesimal (recall the
discussion of kinematic relations given in Section 3).

To investigate the effect that variations in thickness have on the simulated bending response of a
solid circular plate, the plate having a radius of a2 = 1.50 m is again analyzed. Instead of the simply
supported edge considered in Sections 5 and 6, the outer edge of the plate is now assumed to be clamped.
The constraint u = v = 0.0 is thus specified at all nodes located on the boundary r =a.

The plate is idealized as a transversely isotropic material; the values of the associated material
parameters are as given in Section 5.

A concentrated force (P) that is statically equivalent to the total force associated with the
uniformly distributed force per unit area (g) is applied at the center of the plate. That is, P = g(na?) = (6.0
kPa)(m)(1.50 m)? = 42.4 kN. Figure 11 shows the mathematical model used in the finite element analyses
of the clamped solid circular plate subjected to a concentrated force applied at the center of the plate.
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|‘ L

Figure 11: Mathematical model of clamped solid circular plate subjected to a concentrated force applied at
the center of the plate

The thickness of the plate (k) is next varied. In particular, / is first assumed to equal to 0.300 m.
The thickness to diameter ratio (h/2a) is thus 0.100, which corresponds to a thin plate. To maintain the
same sized elements through the thickness of the solid circular plate, an 8 by 10 mesh of Q8 elements is
used to discretize the plate. The plate thickness is next increased to 0.600 m. Now h/2a = 0.200, which
corresponds to a moderately thick plate. For consistency, a 16 by 10 mesh of Q8 elements is used to
discretize the plate. Finally, the plate thickness is increased to 0.600 m. Now h/2a = 0.400, which
corresponds to a thick plate. For consistency, a 32 by 10 mesh of Q8 elements is used to discretize the
plate.

Figure 12 shows the variation of o with normalized depth (2z/h) as a function of / near the mid-
span of the plate. As evident from this figure, increases in h cause the distribution of o to deviate from
linearity. This phenomenon is similar to the variation of the normal stress distribution observed in deep
beams [11]. Since more material is present in plates with increased thickness (for the same applied force),
the magnitude of o decreases with increases in h.

Figure 13 shows the variation of ope with normalized depth as a function of & near the mid-span
of the plate. Similar to the oy distribution, linearity of oweis lost with increases in h. also similar to the
case of ow, the magnitude of owe decreases with increases in plate thickness.

The variation of the axial stress distribution with normalized depth as a function of ’ is very
similar to the o distribution shown in Figure 13. Consequently, the figure showing the simulated oz
values is thus omitted for brevity.
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Figure 12. Effect of variations in plate thickness (1) on the simulated radial stress distribution through the
depth of a transversely isotropic solid circular plate
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Figure 13. Effect of variations in plate thickness (k) on the simulated circumferential stress distribution
through the depth of a transversely isotropic solid circular plate

Figure 14 shows the variation of o with normalized depth as a function of / near the mid-span
of the plate. As evident from this figure, the parabolic distribution of o is largely maintained with
increasing values of h. Similar to the ow and owe distributions, the magnitude of oz decreases with
increases in /1 as there is more material available to support the same magnitude of P.
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Figure 14. Effect of variations in plate thickness (1) on the simulated shear stress distribution through the
depth of a transversely isotropic solid circular plate

8. Conclusions

The mathematical modeling and torsionless axisymmetric finite element analysis of solid circular
plates with isotropic and anisotropic material idealizations was described in this paper. Once a suitable
“baseline” model was developed, parametric analyses were performed on the plate so as to gain insight
into the behavior of anisotropic circular plates. Based on the results of the aforementioned analyses, the
following conclusions were reached.

In simulating the bending of circular plates using continuum elements, the performance of
quadratic quadrilateral elements was superior to that of linear elements. This is consistent with beam
bending simulations, where linear elements are known to exhibit fictitious (“parasitic”) shear
deformations that stiffen the simulated response [1].

When simulating the response of a transversely isotropic solid circular plate, variations in the
ratio n = E1/E2 had essentially no effect on the radial and circumferential stress distributions. Increases in
n did, however, cause the axial stress to transition from a linear distribution that changed sign with depth
from positive (tensile) to negative (compressive) to a distribution that was purely compressive.

Variations in m = v2/wv3s did not affect the radial, circumferential and shear stress distributions.
Changes in m did have a pronounced effect on the axial stress distribution. In particular, for a value of m
= 0.100, the axial stress is purely negative (i.e., compressive). Increases in m caused the axial stress
distribution through the depth to change sign and to increase in magnitude.

Variations in p = Gi2/E2 did not affect the radial or circumferential stress distributions. Increases
in p did affect the axial stress distribution, causing the axial stress distribution to change sign in the top
and bottom halves of the cross-section. Increases in p also stiffen the plate’s shear response in the r-z
plane, causing the magnitude of the shear strain and shear stress to reduce.

Increases in the plate thickness cause the radial and circumferential stress distributions to become
nonlinear through the depth of a transversely isotropic solid circular plate. This is consistent with the
distribution of normal stresses in a deep beam [11]. The magnitude of the radial and circumferential
stresses decreases with increasing plate thickness.
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Increases in plate thickness do not affect the parabolic distribution with depth of the shear stress.
Similar to the radial and circumferential stress distributions, the magnitude of the shear stress decreases
with increasing plate thickness.
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B.H. Kaasixua
Aeaasap yrusepcumemi, Hotoapx, deaasap, AKII

AHI/I3OTpOHTbI A©OHrelex raacrmHajlapAabl IeKTi 94eMeHTTepMeH 3epTTrey

Angarna. bya Makasaza OCBTIK cMMMeTpus >KafAaliblHAa IIeKTi 91eMeHTTepiH KoAJaHy
apKbLABl TadJaHFaH TyTaC JAeHIeleK IldacTMHaJlapAbl MaTeMaTUKaAblK MoOJeabAey >KoHe IIIeKTi
D/eMeHTTepMeH Taaday 3eprrededi. VI3oTpomnTel >koHe aHMB3OTPONTHI MaTepuaaAbl CUIIATTay
KapacTeipbLaagel. Corikec «OasaablK» MOAeAb 93ipA€HTeHHEH KelliH, aHM3OTPOITHI KAaTTHI AOHreleK
IAacTMHaAapAbIH TOPTiIOiH TYCiHy YIIIiH ITapaMeTpAiK TaadayAap OpbIHAAAaAbl.

Tyiin ce3aep: JeHreaexk mJacTMHAJAApP, aHU3OTPONNS, KOAAEHEH W3OTPOIMsS, OCBTIK
CIMMeTPNS, IIIeKTi DAeMeHTTep 94ici.

B.H. Kaaskuu
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Aeaasapcruii ynusepcumem, Hotoapx, Aeaasap, CLLIA
MCC/IEAOBaHI/Ie MEeTO40M KOHEYIHBIX 31€MEHTOB aHN30TPOITHBbIX KPYTAbIX IIAaCTUH

AnnoTammsi. B crathe mccaeayercs MaTeMaTM4YecKoe MOAeAMpPOBaHIE M aHAAU3 METOAOM
KOHEYHBIX 91€MEeHTOB CIIAOIIHBIX KPYTABIX ILAACTUH, aHAAU3UPYEMBIX C MCIIOAb30BaHMEM CILAOIIHBIX
KOHEYHBIX DAEMEHTOB B YCAOBMSAX OCEBOM cuMMeTpum. PaccMarpuBaloTcs Kak M3OTPOIHBIE, TaK U
aHM3O0TPOIIHbIe XapaKTepUCTUKM MaTtepuada. Ilocae paspa®oTku mogxogsineir «0a3oBoi» MoOAeAU
BBIIIOAHAETCSI  ITapaMeTpUYecK!il  aHaAmu3, YTOOBl IOAYYUTL IIpeAcTaBAeHMe O IIOBeJeHUMN
AHM30TPOITHBIX CIIAOIIHBIX KPYTABIX ILAAaCTIH.

Karouesble ca0Ba: Kpyrable I1AaCTUHBI, aHU30TPOIINS, IOMepedHast M30TPOINSI, OCECUMMEeTPI,
MeTO/ KOHEeYHBIX DA€MEeHTOB.
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Experimental determination on cleaning the exhaust gas of an automobile
muffler by an electric pulse

Abstract. Nowadays, creating an environmentally reliable car by reducing the volume of
harmful gases in it is a global problem of mankind. For this reason, one of the main areas
of research is to improve the exhaust gas cleaning system of internal combustion engines.
However, to date, there are no universal designs that would improve the performance of
the purification system. In this regard, the development of new vehicle exhaust system
designs based on an effective cleaning method is an urgent task. The article highlights the
results of scientific and experimental research of the authors on the development of new
designs of automobile exhaust muffler working on the basis of the method of electro-
pulsed cleaning, designed to reduce the concentration of harmful exhaust gases. The
developed experimental installation of the electric-pulse muffler performs gas
purification by feeding an electric shock discharge to the electrodes installed in the
muffler. The experimental data obtained show changes in the gas transparency
depending on changes in the distance between the electrodes. Regression-correlation
analysis established empirical dependences of gas transparency values on changes in the
distance between the electrodes.

Keywords: car, electric pulse muffler, gas ionization, exhaust system, gas transparency.
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1. Introduction

Today, there is a steadily increasing fleet of vehicles worldwide. The increase in the number of
motor vehicles leads to intensive air pollution by exhaust gases. High levels of air pollution have been
recorded in megacities and large cities, since most of the passenger cars are concentrated precisely on
urban roads and the density of their traffic can increase on average by 200-300 times.

According to statistics for the last two years, just one car on the city's busy roads emits about 800
kg of carbon monoxide (CO), 40 kg of nitrogen dioxide (NOz) and 200 kg of hydrocarbon (CH) into the
air annually. These emissions increase the overall concentration of harmful gas particles, which is the
main reason for the lack of clean air in the city, particularly in the narrow streets and adjacent areas to
the city's residential buildings. As a consequence of such intensive air pollution, the ecosystem of the city
is destroyed and the overall quality of life of city dwellers is reduced [1].

The problem of emission of harmful components of car exhaust gases into the atmosphere
requires scientifically substantiated engineering solutions, which involve the development of various
designs, working on an effective method of purification in the exhaust system of internal combustion
engines. According to the scientific papers in this direction, published in the last few years, many studies
have been conducted on the development of auxiliary devices and equipment to the exhaust system. The
disadvantages of such developments are the structural complexity of their structural design and low
efficiency of exhaust gas purification. In this regard, a different direction in research has been chosen,
which is the development of new muffler designs, through the application of an effective method of
exhaust gas purification in them.

The aim of the study is to experimentally determine the dependence between the interelectrode
distance and the transparency of the exhaust gas after exposure to an electric pulse.

The research hypothesis is the assumption that gas transparency increases with increasing
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distance between the electrodes.
The scientific significance is determined by the obtained regression relationship between the
transparency and the distance between the electrodes.

2. Methodology

Development of new muffler designs requires a preliminary analysis of existing methods of
exhaust gas purification. In the course of such analysis the following purification methods were
considered, such as gravitational sedimentation, inertial sedimentation, centrifugal and filtration
methods, electric pulse, catalytic, absorption and ultrasonic methods [2]. The general characteristic,
namely the advantageous differences and disadvantages of each method are presented in Table 1.

Table 1. Literature analysis of existing methods of gas purification

Noe | Cleaning methods | General characteristic

1 Gravity Gravity precipitation is effective only for large particles with diameters
deposition greater than 50-100 microns, and the degree of purification is no higher than
40-50%. The method is suitable only for preliminary, coarse gas purification.
2 Inertial The degree of purification depending on the particle size is 20-70%. The
deposition inertial method can only be used for coarse gas purification.
3 Centrifugal The degree of purification for particles with d =30 pum is up to 80%, and at
methods d =5 pm it is less than 40%. Cyclones are widely used for coarse and
medium gas purification
4 Filtering Filtration is characterized by high hydraulic resistance and rapid clogging
of the filter media with dust
5 Absorption Absorption methods are characterized by the formation of liquid effluents

and cumbersome hardware design. Also this method provides a sufficiently
high degree of extraction of harmful impurities only with a large number of
purification stages.

6 Catalytic methods | The disadvantage of catalytic purification is the formation of new
substances that must be removed from the gas by other methods
(absorption, adsorption), which complicates the installation and reduces the

overall economic effect.

7 Ultrasonic
cleaning

Ultrasonic cleaning makes it possible to precipitate small gas particles
which are difficult to trap with conventional apparatuses, also this method
is applicable to aggressive gases; it can work at high temperatures and
pressures, as well as in compact apparatuses.

According to the results of the analysis, it was found that most of the considered methods are
designed for purification of large gas particles and can not fully clean the gases from harmful, small
particles. Also many methods can be applied only on large installations, respectively, they can not be
applied in a small exhaust system of the car. Only ultrasonic and electric pulse purification methods can
affect the smaller particle sizes and allow increasing the efficiency of particle purification by increasing
the intensity of coagulation and ionization of particles with their subsequent deposition. However,
compared to the coagulation process, the ionization process is much faster, due to the occurrence of a
shock discharge between the electrodes, which leads to intensive gas purification from harmful particles.
Thanks to the electric pulse method it is possible to achieve rapid and high rates of gas purification, which
averages 95%. Consequently, in order to reduce the concentration of toxic and polluting gas substances,
the development of new muffler designs based on the electric pulse purification is proposed [3].
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In order to develop new designs of mufflers based on electric pulse cleaning, the scientific group
of the Department of "Transport Engineering and Logistic Systems" of Karaganda Technical University
has developed an experimental installation of electric pulse muffler. Muffler body is made of asbestos,
as this material has low electrical conductivity. The installation itself consists of the body 1 of the inlet 2
and outlet 3 holes for passage of exhaust gases; high voltage generator 4; two electrodes 5 mounted inside
the body; batten-rail 6 to change the distance between the electrodes. Two electrodes are mounted inside
the housing on a special bar rail, to which high voltage electric current is supplied from generator 4 by
high-voltage wires (Figure 1).

1 - cylindrical body; 2 and 3 - inlet and outlet holes; 4 - high voltage generator; 5 - two electrodes mounted inside the
body; 6 - batten-rail
Figure 1. Experimental installation of electric pulse muffler

Efficiency of operation of the above described unit required experimental confirmation, which
was proved by determining values of gas transparency passing through the electropulse muffler. In this
regard, experimental studies were carried out in the electropulse unit, the purpose of which was to
determine the change in gas transparency from the distance of electrodes in the muffler, installed
opposite to each other.

A one-factor experimental plan was made in advance, according to which (n) experiments will
be performed at discrete points in time of the input parameter (x) (distance between the electrodes, 1) and
the corresponding values of the output parameter (y) (gas transparency, p).

The input parameter x is an adjustable parameter, which is set directly by the experimenter, and
the output parameter y is the result of n number of experiments. In the experiment the distance between
the electrodes will be varied in three different values, according to which the values of gas transparency
without influence and with influence of an electric impulse will be determined. As a result 6 experiments
will be carried out in the experiment, the number of which is determined by the product of three values
of the distance between the electrodes to the number of two exposures to the gas with and without the
electric pulse. Thus, it will be possible to make a plan of the experiment, which is presented in the form
of a matrix in Table 2.

Table 2. Plan for a single-factor experiment

[ P1 P2 y
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Ly Lipy Lip, Y2
L, l,p1 l,p, Y3
l3 l3py l3ps Y4

3. Results and discussion

Experimental studies were carried out as follows. Gas was pumped into the vessel without the
pulse and its transparency was measured, then this experiment was repeated when the pulse was applied
and the distance between the electrodes was 0.015, 0.02 and 0.025 m. Electrodes that received a shock
discharge through a high-voltage generator triggered the process of gas ionization in the electropulse
unit. During ionization, the gas was purified from heavy harmful particles, which were subsequently
deposited on the inner surface of the muffler. The purified gas was released into the atmosphere through
the outlet holes. The degree of gas purification was determined by the gas transparency parameter, which
depends on the concentration of harmful particles in the gas. The change in transparency indicates a
change in the concentration of harmful particles in the exhaust gas, caused by the deposition of particles
on the bottom of the muffler as well. It is possible to record changes in transparency using any device
that reacts to changes in illumination, such as a luxmeter. For the experiment, we used a smartphone
equipped with an illuminance sensor and Lux Meter v18.12.09 software installed, which allows us to
record the value of illuminance (Ix) and its changes. A similar experiment was carried out several times
with a step-by-step increase in the distance between the electrodes. The results of the experiments are
presented in Table 3 and Figure 2.

Table 3. Experimental results

No of | Distance | Frequency of | Electrode Gas transparency | Gas transparency after
expe- | between | the electrical | squareness, without  electric | exposure to an electric
rience | elec- pulse, % pulse effect, pulse,
trodes, Hz Ix Ix
m
1 0,015 12,2 33 62 70
0,02 12,2 33 75 129
3 0,025 12,2 33 80 247
350
247
_
% 300 /.
= /N
e~ /
N 250
;-_.." —8— No2 Gas
@ 200 129 transparency after
&150 P exposure to an
7 .
ectric pulse
g 7 —O—T\}Ql Sas”
B 100 62 7 % Transparenc
) O — ansp Yy
S o o Nel without electric
© pulse
0
0,015 0,02 0,025
Distance between electrodes, | (m)
Figure 2. The graph of gas transparency dependence on the distance between the electrodes
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Following the results of the experiment regression-correlation analysis of the obtained values of
gas transparency y depending on the change of distance between the electrodes x was carried out [4]. The
results of the regression-correlation analysis are presented in Table 4.

Table 4. Results of approximation of the gas transparency function p from changes in the distance
between the electrodes [

Ne | Type of regression Regression equation Correla- | Deter- The
tion mination | average
coeffi- coeffi- error  of
cient cient approxi-
mation, %
1 | Linear y =17700x — 205.33 0,98 0,96 11,09
2 | Quadratic y = 1180000x? — 29500x + 1 1 0
+247
3 | Stepwise y = 2019083.53 - x>*° 0,99 0,99 4,4
4 | Indicative y = 10,49 - 5.752959604310741e | 0,99 0,99 0,85
+ 54*
5 | Logarithmic y = 1485,38 + 339,83 Inx 0,97 0,93 14,63
6 | Hyperbolic y = 47879 — 6,32 0,94 0,89 17,58
X
7 | Exponential y = e235++126,09x 0,99 0,99 0,85

From the analysis of Table 2 for the highest values of the correlation coefficients, determination
and the lowest values of the average error of approximation for the gas transparency p from the change
in the distance between the electrodes |, it is proposed to use the quadratic regression equation, equation

(D):
p = 1180000x2 — 29500x + 247 1)

Experimental and empirical values of gas transparency p from changes in the distance between
the electrodes I are shown in Table 5

Table 5. Experimental and empirical values of gas transparency p from changes in the distance
between the electrodes [

Distance between | Experimental values Empirical values
electrodes,

m

0,015 70 69,99

0,02 129 128,99

0,025 247 246,99

Plots of dependences of experimental and empirical values of gas transparency p on changes in
the distance between the electrodes I are shown in Figure 3
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Figure 3. Plots of dependences of experimental and empirical values
The quadratic dependence is the most adequate. The high determinacy of the obtained regression

equation allows us to apply mathematical analysis to it.
The rate of determination as a function of the value from (1) is, equation (2):

—=a—fa )

The total increase in transparency ) P is calculated by a certain integral, where @ = 7058; § =
295, equation (3).

TP = [0 (al? — Bl + 247) 3)

(0,025 — 0,015)* (0,025 — 0,015)?
Z P = 7058 _B

3 > +247-(0,025 - 0,015) = 2,45755

Thus, the total increase in transparency is 2,45755 1x.
4. Conclusions

In order to reduce the overall concentration of harmful exhaust gas emissions of a car, it is
necessary to apply the method of electro-pulsed exhaust gas purification. The results obtained allow us
to determine the optimal distance of the electrodes inside the electro-pulsed muffler, depending on the
indicators of gas transparency. From the results of studies, it follows that when the distance between the
electrodes increases, there is a sharp increase in the value of the shock discharge, which contributes to a
more rapid passage of the ionization process between the gas particles and achieve a high degree of gas
purification from harmful particles.
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E.I0. Kproukos, A.C. Kaaeipos, A.b. Kykemesa, b.K. Kypmamesa, K.A. CiirieaAbHIKOB
Obirkac Cazvirios amvindazor Kapaeardor mexnuxarvix ynusepcumemi, Kapazanouv, Kasaxcman

ABTOKOiK 0dCeHAeTKilIiHIH NalijalaHbLIFaH ra3japblH 91€KTP MMIIyAbCIIEH
Ta3apTyABIH 9KCIIEPMMEHTTIK )XOAMeH aHBbIKTay

Angarna. Kasipri yakpITTa naijasaHblaraH Ta34apAbIH 3UAHABI IIBIFaPhIHABLAAPBIHBIH KOAeMiH
a3aiiTy apKbLAbl DKOJAOTMAABIK CEHiMAi aBTOKOAiK KypaablH KYpPYy ajaM3aTThIH >KahaHABIK Maceaeci
0oapim Tabblaaabl. Ocpl ceDemnIeH >Kyprisidin >KaTKaH FRLABIMU 3epTTeyAepAaiH Herisri OarbITTapbIHbIH
Oipi iITeH >XaHy KO3FaATKbIIITapbIHbIH I1aliJalaHblAFaH ra3JapblH TasapTy KYJieciH XeTiaaipy 00AbIIT
TabblaaAbl. /JereHmeH, OyriHIi KyHre JeifiH iIITeH >KaHy KO3FaATKBIIITapbIHBIH MalidadaHblAFaH
rasJapblH TazapTy >KYMecCiHiH JKYMBICBIH JKaKcapTaTbIH aMOeOall KyphlabIMAap MeH TUiMA] 94icTep >KOK.
Ocpiran 0OaitaaHBICTBI TUIMAI Tadaday 9Jici HeridiHAe aBTOKOAIKTIH Ta3 IIbIFapy >KYMeciHiH >KaHa
KYPBLABIMAApBLIH 93ipaey ©3eKTi MiHAeT Ooablll TaOblaaabl. Makasaga aBTOpAapAbIH aBTOKOAIKTiH
3USHABI IIBIFAPBIHABLAAPBIHBIH, KOHIIEHTPalMACHIH TOMEHAeTyTe apHaAFaH 9AeKTP-UMITYyAbCTi Ta3apTy
d/ici HerisiHAe >XYMBIC iCTeMTiH aBTOKOAiK O9CeHAeTKIiIliHiH >KaHa KYpPbLABIMAApPBIH >Kacay OOJNbIHINIA
FBIABIMM >K9HE BDKCIEPUMEHTTIK 3epTTeyaepiHiH HoTmKeaepi KeatipiareH. baceHgerximTiy imrine
OpHAaTbIAFaH DAEKTPOATapFa COKKbI DAEKTp paspsablH Oepy apKblAbl ra3 OeAllleKTepiHiH MOHAaHY
MpOIIeCiH >XKeJeaaeTeTiH aBTOKOAIKTepAiH HaligadaHblAfaH Ta3gapblH TasapTy HNPUMHIUINH >Kys3ere
achIpaThIH  DAEKTP MMIYALCTI O9CEHAETKIINTIH 9KCIEPUMEHTTIK KOHABIPFBICBI — CUIIaTTaAFaH.
DaekTpoATap apachlHAAFbl KAIIBIKTBHIKTBIH ©3repyiHe OaillAaHBICTBI ra3 MOAAIpAiri KepceTKillTepiHiH
e3repyi OOIBIHIIIA ODKCIIEPUMEHTTIK JepekTep aaAbiHAbL COHBIH HOTMIKeCiHAe >KyprisiareH
PerpeccusAbIK-KOPPeAsSIuAALK TaaAay Herid3iHAe TrasablH MOA4ipairi MoHAEpiHIH 9AeKTpoATap
apachIHAAFbI KAIIBIKTHIKTHIH ©3repyiHe SMIMPUKAABIK ToyeAAiAiKTepi aHbIKTaAAbL.

Tyiin ce3aep: aBTOKeaiK, malidalaHbLAFaH Ta3Abl IIbIFAPY >Kylleci, ®AeKTPOMMIIYABLCTEI
OoceHAeTKiIl, ra3AbIH MOHAAHYHI, Fa3AbIH MOAAIpPAiri.

E.1O. Kpioukos, A.C. Kageipos, A.b. Kykemesa, b.K. Kypmamesa, K.A. CiureabHKOB
Kapazanoumckuil mexnuueckuii yrnusepcumem umenu Abviakaca Cazurosa, Kapazaroa, Kasaxcman

BKCHepI/IMeHTaAbHOe oripedeaeHye CTerreHy OIMCTKM BbIXAOITHOTO ra3a
aBTOMOOMABHOTO rAymmnreasi 9AeKTpOMIIyAbCOM

Annoraumms. B nacrosmee Bpems cosjaHue ®KOAOTMYECKU HaAEXKHOIO aBTOTPaHCIIOPTHOTO
CpeACTBa IOCPEeACTBOM YMEHbBIIeH!s B HeM oObeMa BpeAHBIX BBIOPOCOB BBIXAOIIHBIX Ta30B SIBASETCS
r100a4bHBIM BOIIPOCOM ueAoBedecTBa. Ilo 9Toil mpuumHe OAHMM U3 TIAaBHBIX HalpaBAeHMI, IIO
KOTOPOMY BeAyTCs HaydHble MCCAeAOBaHMS, SABASETCS COBEPIIeHCTBOBAHME CHUCTEMBl OYMCTKU
OTpaboTaBIIMX TIa30B ABUTaTeAeil BHyTpeHHero cropanus. OgHako Ha CEeTOAHAIIHMII AeHb HeT
YHMBEPCAaAbHBIX KOHCTPYKIMI U 9(PPEKTUBHBIX MEeTOA0B, KOTOpbIe ITO3BOANAN Obl yAy4YIIUThH paboTy
CMCTeMBI OUMCTKM BBIXAOMHBIX Ia30B ABUTaTeAeil BHyTpeHHero cropanus. B cBsasu ¢ 9Tum paspaboTka
HOBBIX KOHCTPYKIIMII CHCTE@MBI BBIITyCKa Ta30B aBTOMOOMAS Ha OCHOBe 9(PPeKTUMBHOIO MeTOAa OUMCTKI
SABASETCs aKTyaAbHON 3asadell. B craThe mpejcraBaeHbl pedyabTaThl HAyYHBIX M 9KCIIEPUMEHTaAbHBIX
1CCA€40BaHUII  aBTOPOB IO pa3pabOTKe HOBBIX KOHCTPYKIIUII aBTOMOOMABHOIO —TIAYIIUTEAs,
paboTarommx Ha OCHOBE MeTOJa 9AeKTPOMMIIYALCHOM OUMCTKM, NpejHa3HaYeHHBIX A4S CHMKeHMS
KOHIIeHTpalUM BPeJHBIX BBIOPOCOB OTpaOOTaBIINMX ra3os aBToMo0mAs. OnucaHa sKcrepuMeHTaabHasl
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yCTaHOBKa 9A€KTPOMMIIYAbCHOIO TAYIINUTeAs, pPeaAu3ylolas IPUHIUII OYMCTKM BBIXAOIIHBIX Ta30B
aBTOMOOMAeN 3a CYeT yCKOpeHMsI IIpoliecca MOHM3alMy YacTUIL ra3a IOCpeACcTBOM I104adM yAapHOTO
DAEKTPUYECKOTO pa3psga Ha 9AEKTPOABI, BMOHTHUPOBaHHBIE BHYTpM raymmreas. IloaydeHsr
DKCIIepYMeHTaAbHbIe JaHHBIE II0 M3MEHeHMUIO ITOKa3aTeAell IIPO3padyHOCTM Ta3a B 3aBUCUMMOCTU OT
U3MEHeHIsI PacCTOSHUII MeXAy »aekTpogamu. Takum oOpa3oM, OblAM yCTaHOBAEHBI DMIlepudecKye
3aBMCUMOCTY 3HaYeHUII ITPO3PavyHOCTI Ta3a OT M3MEeHEeHNs pacCTOSHUN MeXAY 9A1eKTpOAaMIl Ha OCHOBe
IIPOBEeAEHHOTO PerpecCMOHHO-KOPPEeAAIMIOHHOTO aHaAM3a.

Karouesbie caoBa: aBTOMOONAD, DAEKTPOUMITYAbCHBIN IAyIINTeAb, MOHMU3AIUA ra3a, cucTeMa
BBIITyCKa OTpaOOTaBIIIIX Ia30B, IIPO3PayHOCTh Tra3a.
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1. Introduction

S. Baigereyev*, G. Guryanov, O. Vasilyeva

D. Serikbayev East Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan
E-mail: *samat.baigereyev@mail.ru, gguryanov@mail.ru, ovasilyeva@edu.ektu.kz

The Experimental Investigation of a New Design of Stirred Media Mill

Abstract. With the rapid development of nanotechnology, the need to improve the
efficiency of material grinding processes has increased. One of the criteria for the
effectiveness of the process is the product fineness. There are various types of mills for
grinding materials, one of which is stirred media mills. The article presents the results of
experimental studies of a new design of stirred media mill on the example of sand
particles size reduction. The principle of operation of the new mill is based on the
organization of complex radial and axial impact on the particles of the material by
grinding balls. To ensure this principle, a typical stirred media mill design includes an
ellipsoidal rotor and a vibratory drive with springs. The results of the study demonstrated
that the maximal product fineness of the mill with an initial sand particle size of 100 pm
accounted for 2.32 pm, which is 2.6 times higher than the product fineness obtained in
typical stirred media mill designs.

Keywords: mill, experiment, product fineness, particle, comminution, grinding ball.

DOI: doi.org/10.32523/2616-7263-2022-142-1-32-43

Nowadays, comminution processes are widespread in many areas of production (construction,
mining, food, chemical, etc.). The main problems existing in the comminution process are related to the
need to increase the efficiency and productivity of the particle size reduction.

Among the various types of technological eqgiupments for particle size reduction, stirred media
mill is one of the most common machines. The typical design of the stirred media mill is depicted in the

a b)

Rotor
Electric motor A-A  (disk)

Shaft

_LA

Rotor

Grinding ball

_ Chamber

Particle

Figure 1. Typical desing of stirred media mill

According to the Fig. 1, the main elements of a stirred media mill are a chamber, a rotor, grinding
balls, an electric motor. The principle of operation of the stirred media mill based on stirring the grinding
balls and particles by the rotor.
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To assess the factors determining the efficiency of the stirred media mill, many experimental
studies have been conducted by other authors.

For instance, the authors of work [1] conducted an experimental study of the distribution of
collision energy in a vertical stirred media mill. The results of investigation showed that a certain zone
of high collision energy of the grinding balls is created during the spin of the rotor. With increasing the
rotation speed of the rotor, the number of grinding balls in the zone of high collision energy has been
decreased. As a result, while the value of collision energy increases, the stress number parameter
decreases.

Authors of a research [2] found that the use of a disk-shaped (constant profile) rotor allows to
achieve the highest product fineness and high energy efficiency of the process. However, the variable
profile of the rotors (vane, pin-shaped) contributes to a more intensive circulation of the load, which is
likely to lead to more collisions of the grinding balls.

The authors of a work [3] found that the frequency of collision of grinding balls and their
destruction energy are inversely proportional [4, 5]. At a low value of chamber filling ratio, the
probability of collision of the gridning balls is low. As a result, the probability of collision on the material
is reduced. However, the balls moves greater distance to acquire acceleration, which leads to an increase
in collision energy.

The authors of work [6-10] studied the effect of the shape of grinding balls on the efficiency of
particle size reduction. As a sample of studies, spherical, square, and intermediate forms of grinding ball
were selected.

To increase the efficiency of the grinding process by increasing the product fineness, the authors
proposed a new design of the stirrred media mill, which is a vertical cylindrical chamber filled with
grinding balls.

Unbalanced shaft

4 A4 Rotor
Electric motor F (ellipse)

Grinding ball

Chamber ]

Particle

Spring elements

Figure 2. New design of the stirred media mill

To improve the efficiency of the grinding process, the following design innovations have been
proposed in the traditional design of the mill:

1) the height of the rotor is approximately equal to the height of the mill chamber;

2) the shape of the rotor is ellipsoidal;

3) the mill includes a vibration drive system, consisting of an unbalanced shaft with an electric
motor and elastic support elements similar to vibration vertical mills.

The purpose of this article is an experimental study the new design of stirred media mill.

2. Materials and method
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2.1 Description of the experimental apparatus

In Fig. 3 the proposed design of a new stirred media mill has been presented. The mill consists of
chamber 1, grinding balls 2, an ellipsoidal rotor 3, a disk rotor 4, a spring 5, a frame 6, a shaft 7, a spring
8, an elastic coupling to smooth out loads on the rotor shaft 9, the rotor motor 10, the drive belt 11, the
bearing 12, the base 13, the driving pulley 14, the driven pulley 15, the bracket for mounting the rotor
motor 16, support 17, an unbalanced shaft 18, an unbalanced shaft electric motor 19, an unbalance 20, an
amplitude measuring device 21, an elastic coupling to smooth out loads on the unbalanced shaft electric
motor 22, a support 23, nuts for fixing the rotor 24, switches 25 and 26.

a) Front view. b) Side view; c) Ellipsoidal rotor; d) Disc rotor; e) Vibration drive; f) Toggle switch
Figure 3. Experimental apparatus of the mill

The chamber is a vertical cylinder with a diameter of 120 mm and a height of 100 mm, fixed to a
metal frame. Taking into account the high-speed mode of movement of the grinding balls, the thickness
of the chamber wall with a size of 4.5 mm was chosen constructively.

The transmission of torque from the electric motor to the rotor shaft is conducted by a belt drive.
The driving pulley is fixed on the motor shaft, and the driven pulley is fixed on the bearing support. The
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connection of the shaft with the driven pulley is provided through an elastic coupling. The elastic
coupling is designed to smooth out the dynamic loads of the vibration drive.

The immobility of the shaft in the transverse direction is provided by three angular contact
bearings. The vibratory drive of the mill is an unbalanced shaft connected through an elastic coupling
with an electric motor. To damp vibration moving, the design of the vibration drive will be placed on
four springs.

The ellipsoidal rotor (with a major semi-axis of 40 mm and a minor semi-axis of 30 mm)is the
three-layer ellipse of dense rubber. The ellipsoidal rotor is rigidly fixed with an interference fit to the
threaded part of the shaft. The choice of material for the ellipsoidal rotor is explained by the low rubber
mass, which will prevent additional loads on the electric motor.

The experimental apparatus of the new mill consists of two separate drives. The first of drives
ensures the rotation of the ellipsoidal rotor. The second of drives provides the vertical vibration mode of
the chamber movement. The source of motion of the ellipsoidal rotor is an electric motor transmitting
torque to the rotor shaft through a belt drive.

To assess effectivness of the new design of mill, the variant with using of disk rotor has been
considered and investigated.

2.2 Input and output patameters

Taking into account the fact that the main parameter of the efficiency of mill is the product
fineness d ; , the parameter has been chosen as the output parameter. Based on this, we have opted the

input parameters (factors) of experimental studies.

Taking into account the quadratic functional dependence of the destruction (kinetic) energy on
the speed of the grinding balls, we choose the rotational speed of the ellipsoidal rotor n; as an input
parameter affecting on the radial destructive effect of the mill.

Based on the existing studies of vibration machines [11], it should be stated that the main
adjustable parameters in the axial direction are the amplitude A and frequency of vibrations n, .

Thus, three main input parameters have been selected that can form the basis of a three-factor
experimental study (Fig. 4).

Nk ,
y New stirred

media mill ’ d’

n.

Figure 4. Input and output parameters of experimental studies

The selected factors have been varied within the following ranges: 1000< n, <2000 rpm,
2,5< A<3,5mm, 1000< n, <3000rpm.
The range for determining the factors was chosen based on the analysis of existing designs of the

mills.
2.3 Milled material

Sand was chosen as the material for the experiment. Prior to the experiment, the ground material
was previously sorted by size through a vibrating sieve to obtain the initial value of the particle size 100
um (Fig. 5).
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Figure 5. Sieve for preparing the initial particle size of the material

Sand has high strength physical and mechanical properties. The choice of a material with high
strength characteristics will make it possible to adequately assess the effectiveness of the developed
design of the mill.

2.4 Planning of experiment

To assess the effectiveness of the new desingn of mill, let us plan a first-order experiment. In
accordance with [12, 13], we determine the total number of runs of a multifactorial experiment using the
following formula:

n
Nexp = ndgg (1)

In Eq. (1) Ny, is the number of factor levels; n. - number of factors.
From expression (1) it follows that with the number of levels Ny, = 2 and factors n, =3, the

number of experiments will be N, = 2° =8.
Taking into account the interaction of factors, we will compose a planning matrix for this

experiment (Table 1) with the following designations: X, = ng, X, = A, X3 = N,4.

Table 1. Experiment design matrix

Experience Planning matrix Working matrix
number X, X, X3 X X, X X X, X, XX,X; | Ng,rpm A, | n,, rpm
mm

1 +1 +1 -1 +1 -1 -1 -1 2000 3,5 1000
2 -1 +1 -1 -1 +1 -1 +1 1000 3,5 1000
3 +1 -1 -1 -1 -1 +1 +1 2000 2,5 1000
4 -1 -1 -1 +1 +1 +1 -1 1000 2,5 1000
5 +1 +1 +1 +1 +1 +1 +1 2000 3,5 3000
6 -1 +1 +1 -1 -1 +1 -1 1000 3,5 3000
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7 +1 -1 +1 -1 +1 -1 -1 2000 2,5 3000
8 -1 -1 +1 +1 -1 -1 +1 1000 2,5 3000

The matrix of the experiment, shown in Table 1, covers various level combinations of factor
values and will allow determining the degree of influence of input parameters on the product fineness.

2.5 Experiment procedure

Before the experiment beginning, the sand has been put in the chamber (Fig. 6).

Figure 6. Filling the chamber with ground material

Then, using the switch, the drives of the experimental apparatus have been activated. As a result
of the collisions of the grinding balls, the process of grinding sand in the mill chamber began. Further,
turning off the rotor drive with an interval of one minute, the values of the product fineness were
recorded, measured using an electronic device PSH-10 (Fig. 7).

Display

Clock face

-

Figure 7. General view of the device PSH-10

To measure the product fineness, the mass and layer of the material destucted for one minute
were previously determined using, respectively, electronic scales and a graduated cuvette of the device
(Fig. 7).

The values of the mass and height of the layer are entered into the corresponding input fields
using the dial of the PSH-10 device. The value of product fineness is displayed on the electronic display
of the device after press the “Measurement” button. The procedure for measuring the product fineness
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every minute has been repeated five times. After measuring the product fineness in a minute, the ground
material was reloaded into the grinding chamber and a similar process was repeated until a constant
particle size of the product was reached.

Analogical procedure has been realised for different regimes, changing the values of the rotation
speed of the ellipsoidal rotor, amplitude of the chamber vibration, and the rotation speed of the
unbalanced shaft. The adjustment of the rotation speeds of the ellipsoidal rotor and unbalanced shaft has
been conducted by the FR-E700 Mitsubishi Electric frequency converter (Fig. 8).

> .) i

Figure 8. Frequency converter FR-E700 Mitsubishi Electric

The magnutude of vibration amplitude has been varied the positions of the unbalances.

3. Results and discussion

In Fig. 9 the results of the experiment corresponding to the following values of the rotation speed

of the ellipsoidal rotor, the amplitude of the chamber vibration and the rotation speed of the unbalance
shaft has been shown:

a) N, =2000rpm, A=35 mmu n, =1000 rpm (Fig. %a);
b) n, =1000 rpm, A=35 mm u n, =1000 rpm (Fig. 9b);
¢) n, =2000 rpm, A=2,5 mmu n, =1000 rpm (Fig. 9¢c);
d) n, =1000 rpm, A=2,5 mmu n, =1000 rpm (Fig. 9d);
€) N, =2000 rpm, A=35 mm u n, =3000 rpm (Fig. 9¢);
f) n, =1000 rpm, A=3,5 mm u n, =3000 rpm (Fig. 9f);

g)N, =2000 rpm, A=2,5 mm u n, =3000 rpm (Fig. 9g);
h) n, =1000 rpm, A=2,5 mm u n, =3000 rpm (Fig. 9h).
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The results of the experiment are shown in Table 2.
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Figure 9. The results of theoretical and experimental studies
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Table 2. Experiment design matrix

=
IS @] —
SlE g |3
N g | = 2
g s S |3 | £ . 2
O .5 .a o : 75} Q
> © 2 2 2 g 5
TTS E o 9“ c ) [ c
] ) =~ — % = c i) B
= %3] @ (3] Q E 8 = - E
2 ° | E Y £ v >l 8E | 25 | v Y
=
S || Eg| ¢ |&4 ¢ E- |22 852 |ES
++ fj & U 5 O ~ 9 = B o] 8 = S- = = B S
s | £ | &g & | 2ol e | BE | 2% | £ 4
g s | =°]5 |8 |A T8 |EE | £8 | A 53
@ < o = = £ = o 9] .5
& |2l |8 |5 52 | B £ :
o © £ = 8 O S > ©
2 |82 | % |8 2 .
s E g S = == %
-
g £ | 2 o &
E | < |F | & |4
H
1 2000 35 1000 | 2.04 | 2.52 | 19.05% 10 7.36 8.4 12.4% 17
2 1000 35 1000 | 4.46 | 548 | 18.61% 13 7.36 9.1 19.1% 19
3 2000 25 1000 2.1 2.62 | 19.85% 11 7.74 6.9 12.2% 22
4 1000 25 1000 | 4.71 5.76 | 18.09% 12 7.74 8.9 13.1% 24
5 2000 35 3000 1.86 | 2.32 | 19.83% 6 5.41 6.1 11.3% 14
6 1000 | 3.5 | 3000 | 3.66 | 442 | 17.19% 8 541 6.6 18.1% 15
7 2000 25 3000 1.99 | 2.44 | 18.78% 7 6.12 6.7 8.7% 18
8 1000 25 3000 4.3 526 | 18.25% 9 6.12 7.1 13.8% 19

Thus, it follows from Table 2 that the highest product fineness 3.03 um has been achieved at
N =2000rpm, A =35 mm and n, =3000rpm, i.e. the maximum values of the parameters.

Conclusion

Based on the results of the experimental investigations of the new design of stirred media mill,
the following conclusions can be presented:

1. Experimental studies have been conducted with the comminution process of the sand with an
initial size of 100 um in the new mill. According to the results the maximum product fineness accounted
for 2.32 pm.

2. The results of experimental studies have shown that the product fineness with using an
ellipsoidal rotor at the maximum parameters of the mill is 2.6 times higher than when using a disk one.
This fact confirms the relatively high efficiency of using the ellipsoidal rotor with a high degree of loading
of the chamber with grinding balls.

3. It follows from the results of the experiment that the maximum grinding time is 2 times less in
the case of using an ellipsoidal rotor than when using a disk rotor.
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’Kana Omcepaik ycaKTarbllll KOHCTPYKIIVSICBIHBIH 9KCIIEpUMMEHTTIK 3epTTeyi

Anpaarmia. HaHOTeXHOAOTMAHBIH KapKbIHABI AaMybIMeH MaTepuaaAbl YHTaKTay YpAicTepiHiH
TUIMAIAITIH apTTBIPY Ka’KeTTiAiri apTThl. YpAic TMiMAiAiriHiH cuniaTTaMadapblHbIH Oipi YHTaKTayAbIH
>KiHilKeiri 604apin Tabbl1agpl. MaTepuaagapAbl YHTaKTayFa apHaAfaH op TypAi ycaKTarblmTap Oap,
oAapAblH Oipi Oucepaik ycakTarbibl. Makaaada OmcepAik ycaKTaFBIIITBIH KaHa KOHCTPYKIIVACBIHBIH
DKCIIepMMEHTTIK 3epTTeyAepiHiH HaTuKeaepi OepiareH. JKaHa ycaKTaFbIIITHIH JKYMBIC icTey ITPUHITNIT
YHTaKTay IllapJap apKblAbl YHTaKTaJaThIH MaTepualAblH OeallleKkTepiHe OipAeckeH paguaaabl >KoHe
aKcmaaAbl acep eTyAl yibIMAacThIpyFa HerizjeareH. bya mpuHIUnTi KaMTaMacel3 eTy VIIiH OucepAik
YCaKTafrblIITBIH TUITIK KOHCTPYKIMSCH DAAUIICOUATH TpoduAb MimIiHi Oap poTOpAbI >KoHe
cepinmeaepi ©Oap Aipia >KeTeKTi KaMTHUABL. JepTTey HoTIDKeAepi KepceTKeHAel, OacTalKsl
Oeamexrepiniy Meamepi 100 MkM 0oaaThIH KyMABl YHTaKTay Ke3iHJge 3epTTeAeTiH yCaKTaFBIIIT
YHTaKTayBIHBIH MaKCUMaAAbl >KiHimkeairi 2,32 MKM 06044pI, Oya Omcepaik yCaKTaFBIIITHIH TUIITIK
KOHCTPYKIMSIAAaPhIHAA aAbIHFAH YHTaKTay KiHiIIKeirineH 2,6 ece >KOFapEL.

Tyi1in ce3aep: ycaKTarbIlll, SKCIIEPUMEHT, YHTaKTay KiHilllKkeairi, Oea1ex, yHTaKTay, yHTaKTay
HIAP5L
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BKCHEPI/IMGHTaAbHOe ccaeagoBaHme HOBOW KOHCTPYKIN 6I/ICepHOI7I MeAbHUITbI

Annoramis. C OypHBIM pasBUTIEM HaHOTEXHOAOIMI BO3pOcAa HeOOXOAMMOCTD B ITOBBIIIEHNI
5P PeKTUBHOCTM HIPOIIeCCOB M3MeabueHNs MaTepmaaos. OauHuMm us xpurtepues 5(PpQPeKTUMBHOCTU
mpoljecca sABAsSETCA BeAMYMHa TOHKOCTU IIoModa. Jas ocylecTBAeHNUs U3MeAbueHUs MaTepualoB
CYIIeCTBYIOT pa3AMYHbIe TUIIBI MeAbHNII, OAHUM M3 KOTOPBIX ABAAIOTCS OMcepHble MeAbHUIIBL B cTaTne
IIpMBeAEHBl  pe3yAbTaTbl HKCIIEpMMEHTAAbHBIX MCCA€JOBaHMII HOBOM KOHCTPYKLIMHU  OMCepHOI
MeabHUITBL [TpyuHIMIT paboThl HOBOV MeABHUIIBI OCHOBAH Ha OpraHM3alii COBMECTHOTO paluaabHOIo
U aKCMaAbHOTO BO3JEMCTBUS Ha JacTUIBI M3MeAbdaeMOIo MaTepuada MeAmuMu Inapamu. Aas
oOecriedeHNsI 4aHHOTO MPUHIINIIA B TUIIOBYIO KOHCTPYKIIMIO OMCepPHON MeAbHMIIBI BKAIOUEHBI POTOP C
9AAUIICOMAHON (POPMOIi MTPOPNAs ¥ BUOPaLVIOHHBIN IPUBO/A ¢ Ipy>KnHaMn. Kak rokasaan pesyabTaTsl
1CCAe40BaHNIl, MaKCMMaAbHas TOHKOCTh IIOMO/4a MCCAeAyeMO MeAbHUIIBI IIPY M3MeAbYeHUN TIecKa C
ncxoaHbIM pazmepoM dactul 100 MkM cocrasnaa 2,32 MKM, 4TO B 2,6 pa3a IIpeBbliliaeT TOHKOCTb [IOM0A4a,
I10Ay4aeMyIO B TUIIOBBIX KOHCTPYKIIUAX OMCePHOI MeAbHUIIBL.

KaioueBbie caoBa: MeabHMIIA, DKCIIEPMMEHT, TOHKOCTh IIOMOAA, YacTuUIla, M3MeaAbueHUe,
MeAIOLIIL IIap.
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Renovation and modernization issues of residential development in Kazakhstan

Abstract. Mass urban development in Kazakhstan has been the subject of discussions and
scientific research for many years. Unsatisfactory housing conditions, unhealthy urban
environment require specific proposals for housing renovation. This study reveals the
specifics of mass housing in Kazakhstan and determines the feasibility of residential
buildings’ renovation. Despite the fact that specialists from the economic, social and
architectural fields of sciences have studied the topic, there is still ambiguity in solving
the following issues: renovation strategy in the country; the possibility of residential
buildings' renovation; types of residential buildings to be renovated. As a result of a
comparative analysis of design materials, literary sources and statistical data, the authors
determined the classification of multi-apartment residential buildings of mass series in
the Republic of Kazakhstan. This classification combines the chronological order of
construction, the type of structural scheme of buildings and the name of the series of
residential buildings. The systematization of statistical data of the housing stock by
various parameters made it possible to identify, with a small error, the proportion of
multi-apartment housing subject to renovation. In addition, this work generally reveals
the problem of renovation in the country related to the structure of the housing stock, the
peculiarity of housing and communal services and the process of architectural and urban
planning design.

Keywords: renovation, mass housing, residential development, architecture of housing,
urban renewal
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1. Introduction

The city as a complex multi-component organism includes many subsystems and structures.
Degradation of one of the elements is accompanied by a general regression of the urban environment.
One of the main components of the city affecting its appearance, integrity and sustainability is residential
development. Considering housing as a structural element of the city, it is possible to distinguish its
inherent parameters: the type of houses, the age of buildings, the connection with the urban environment,
physical and moral deterioration of buildings. Each of the parameters is an indicator of the object
condition and the discrepancy of one of them with the modern requirements of physical and
psychological comfort affects the entire housing as a whole. When identifying negative characteristics in
a dwelling, the question arises about the reconstruction and modernization of the building, which is a
natural process associated with the life cycle of buildings [1].

The development and formation of cities in the Republic of Kazakhstan began mainly in the
second half of the XIX century and is associated with the entry into the Russian Empire. The absence of
preserved older urban structures is due to the nomadic culture of the local population and prolonged
wars in Central Asia. Thus, ancient cities on the territory of Kazakhstan are represented either by ruins
(Otyrar, Sauran, Sygnak), or have been preserved in fragments (Turkestan, Taraz) [2, 3]. The evolution of
residential development in modern cities of the republic can be divided into three stages: the pre-
revolutionary-tsarist period; the Soviet period; the period of independence. For the first time, the issues
of housing modernization in the country were taken up in the 80s of the XX century, as evidenced by the
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appearance of a block-complete construction method [4]. For the most popular five-storey series of
standard projects built in the USSR, in 1986 the CRIED of Housing (Central Research Institute of
Experimental Design) developed recommendations for modernization, where solutions are considered
both for individual buildings and for development as a whole [5].

The economic feasibility of renovation of the housing stock in the country was studied in the
work of A.A. Turlybaev [6], with the proposal of a model for evaluating the effectiveness of
modernization of specific residential buildings. Separately, it is worth noting the result of the renovation
of housing for the population, identified by the author in the study: the result of improving the quality
of housing as economic well-being is a social result; the result of increasing the cost of housing as a
commodity; the result of increasing the profitability of housing in the case of rent; the result of reducing
current housing maintenance costs; the result of a reduction in one-time costs for capital repairs of
housing.

Currently, Kazakhstan has different programs for the development of the housing sector [7, 8].
Existing programs highlight the key problems of the country's housing stock and ways to solve them,
however, renovation tasks are not included in the list of necessary tasks [9]. It should be noted that there
is no developed renovation strategy in the country that combines economic, architectural, urban
planning, social and legal aspects [10]. Studies on the typology of housing in Kazakhstan, the
transformation of housing and communal services (housing and communal services) and the use of BIM
technologies in the process of housing reconstruction demonstrate the interest of the scientific
community in this issue [11, 12, 13]. To develop a competent renovation strategy and its implementation,
the housing and communal services of the country and the features of the housing stock should be
considered separately.

2. Materials and methods

This study is aimed at identifying the features of the housing stock of Kazakhstan, namely the
specifics of mass housing in the country. To collect primary data, an analysis of statistical collections on
housing and its further systematization was carried out. On the basis of the studied literature sources, a
correlation was made between statistical data and information about the typical series of multi-apartment
residential buildings built on the territory of Kazakhstan. For the reliability of the data obtained, the
authors systematized multi-apartment housing by the year of construction of houses and by the number
of rooms in apartments. The resulting classifications of mass housing in Kazakhstan were determined
using the method of synthesis and interpretation of data.

2.1 Housing and communal services in Kazakhstan

Housing and communal services in Kazakhstan consists of the communal sector (water, heat, gas,
electricity) and the housing sector (apartment buildings and individual housing) [14]. Analysis of the
existing housing and communal services system in the country revealed a number of problems affecting
its effective functioning [15, 9]. First of all, it is worth noting the imperfection of legislation in the field of
housing management and maintenance. The legal documents and programs being developed should be
focused on increasing the responsibility of apartment owners and management bodies of condominium
facilities in the proper maintenance and operation of apartment buildings. Over the past ten years, steps
have been taken in the country to develop the legislative framework, as evidenced by the adoption of the
Law "On Energy Conservation and Energy Efficiency", the introduction of the programs "Modernization
of Housing and communal services" and "Development of regions until 2020".

Despite the introduction of housing and communal services modernization programs, the
situation regarding apartment owners and their participation in housing maintenance remains the same.
Homeowners do not seek to create homeowners' associations in their homes that could improve the
condition of housing through their influence [7]. The active participation of residents in the
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modernization process is the most important condition for its implementation. A good example is the
large-scale rehabilitation of panel residential buildings in Germany, implemented due to the following
factors: legislative and legal conditions allowing the joint work of homeowners, tenants, architects and
the state; the participation of residents in the process of renovation of residential buildings; developed
programs for regeneration and modernization of buildings [16].

2.2 Housing stock in Kazakhstan

As it was noted earlier, the formation of the housing stock in Kazakhstan can be divided into
three main stages related to the development of the country's territory and the formation of cities. Each
historical stage is characterized by the use of specific types of housing, building materials and
technologies, as well as the volume of construction. By 2020, the country's housing stock totaled 364.3
million sq.m, of which 231.4 million sq.m. in urban settlements and 132.8 million sq.m. in rural areas
(Figure 1) [17]. The provision of housing per inhabitant is 22.2 sq.m., which is significantly lower than
similar indicators in the USA and the UK [18].

Housing stock of Kazakhstan (million, sq.m.)

132,8

231,4

Ml urban localities rural localities

Figure 1. Housing stock of Kazakhstan (Source: authors)

In total, the housing stock includes 2 363 618 residential buildings, of which 2 049 446 are
individual and 314 172 are multi-apartment. Multi-apartment residential buildings are evenly
represented in all localities: 131 613 in urban and 182 559 in rural, respectively. The typology of multi-
apartment residential buildings includes five types of buildings: 213 687 two-apartment, 21 180 three-
apartment, 14 328 four-apartment, 3 412 five-apartment, 61 565 six or more (Figure 2) [17].
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Figure 2. Types of apartment buildings in Kazakhstan (Source: authors)
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According to statistics, 258 121 houses were built before 1990, which is 83% of all apartment
buildings in Kazakhstan (Figure 3) [17]. Housing of this period is mainly represented by standard series
of residential buildings of different structures. At the same time, Table 1 shows that most of the residential
buildings of the period under review were built before 1970, which include houses of the first mass series
and, to a lesser extent, multi-apartment housing built according to individual projects. In general, the
development of the housing stock in Kazakhstan proceeded systematically with an alternating increase
and decrease in the pace of construction. Only since 1991, a sharp decrease in the volume of construction
can be observed, which is primarily due to the transition from standard to individual design.

Table 1. Number of apartment buildings by year of commissioning (Source: authors)

Year of befor | 1971- | 1976- | 1981- | 1986- | 1991- | 1996- | 2001- | 2006- | 2011- | 2016-
© O. . e 1975 | 1980 | 1985 | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020
commissioning
1970
Number of 12121 20540 | 38470 | 30133 | 37942 | 14306 | 6593 | 6836 | 15305 | 7487 | 4584
houses 34
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The share of apartment buildings by year of commissioning
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Figure 3. The share of apartment buildings by year of commissioning (Source: authors)

Considering multi-apartment housing in the context of design features, the following types of
buildings can be distinguished: frame-reed or wooden, with load-bearing brick walls, large-panel, frame-
panel or frame-brick, monolithic. The typology of multi-apartment housing based on structural materials
is directly related to the historical periods of construction in the country. Since the 1930s, two-storey
frame-reed and brick houses have been actively built in Kazakhstan. The most widely distributed series
of KS-8-50, 261, 264, 105-4, 117-4, 207, 228, 230 and 204. These series had different layout variations, but
mainly eight- and twelve-apartment residential buildings were built. With the development of the
scientific and technical base and the study of the natural and climatic conditions of Kazakhstan, three-
storey series 261-A, 275 and 1-308 are being developed, which correspond to the increased seismicity of
the country's regions. Since 1959, the construction of large-panel residential buildings has begun, which
have become the predominant type of development in all cities of present-day Kazakhstan. Four- and
five-storey series 1-464A and 1-335A were built throughout the country, later transformed into the series
1KZ-464AS, 1KZ-464DS, 1-335AU, 1-335AK and UK-78-335A. Since 1970, with the development of panel
housing construction, there has been a transition from the typical design of houses to the block-sectional
method of construction, the object of typification of which was the block section. This is how the five-
storey 69 series appeared, in which fundamentally new architectural and planning solutions were
applied. At the same time, the problems of multi-storey construction in conditions of increased seismicity
are being solved. The architects of the Central Research Institute of Housing developed the E-147 series,
on the basis of which one of the most popular series — the 158 was subsequently designed. These series
were built in both five-story and nine-story versions. Separately, it is worth noting the widespread series
of houses in various regions of the country, designed taking into account natural and climatic conditions.
So, based on the series 1-464A, a series 121 was developed for the northern regions, in the cities of Central
and Western Kazakhstan, with an arid climate, series 86, 97, 1-105, 1-43 and 1-310 were actively used. All
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of the above series, although they have planning differences, are generally characterized by a rigid three-
dimensional structure associated with the technology of panel construction. In order to create more
flexible spaces that allow to arrange trade enterprises on the first floors, to design multi-variant
apartment layouts, since the mid-1970s, construction of the series begins: SZHKU-9, VT, VP. These series
also include the 70 series, which has a similar structural scheme made of reinforced concrete frame. The
final stage in the design and construction of mass housing is monolithic housing construction. Despite
the absence of specific series, monolithic residential buildings have similar layout solutions, the main
distinguishing feature of which is a reinforced concrete core of rigidity with self-supporting walls. Similar
residential buildings have been built in Kazakhstan since 1970 in nine- and twelve-storey versions [3].

3. Results and discussions

According to the data given in Table 1 and the analysis of types of residential buildings in
Kazakhstan, mass housing is 86.71% of all apartment buildings (Table 2). It should be noted that the data
presented in Table 2 are averaged, but generally correspond to the current state of the housing stock in
the country. Housing built according to individual projects is 12.19%, which includes all residential
buildings built since 1995. These houses are relatively new and are characterized by insignificant moral
and physical wear. Undoubtedly, apartment buildings on individual projects were built in earlier
periods, but unfortunately, they have been preserved only in fragments in the historical centers of the
cities of Kazakhstan. Consequently, the specifics of this type of housing involves restoration work, while
preserving the architectural and planning features of buildings. Emergency residential buildings occupy
an insignificant share of the housing stock. According to statistics from 2020 [17], 3 441 buildings are in
disrepair, which is 1.1% of all apartment buildings. Thus, the main group of residential buildings subject
to comprehensive renovation and modernization are apartment buildings of mass type.

Table 2. Number of residential buildings subject to complex renovation (Source: authors)

Multi-apartment residential buildings Qu;:st'ity, %

Housing on individual projects 38 304 12,19%
Emergency residential buildings 3441 1,10%
Mass type housing 272 427 86,71%

To make architectural and urban planning decisions on the renovation of mass housing, a
scientific study of the potential of these buildings is required. Potential refers to the study of architectural
and structural features of buildings for possible adaptation and modernization. The analysis showed that
mass housing in Kazakhstan consists of six groups of standard series. Each of the groups includes a
different series of residential buildings (Table 3). Differentiation of building types, their diversity requires
the development of separate solutions for each of them. Initially, it is necessary to determine the main
vectors of modernization of typical residential buildings. According to research conducted in 2010-2013,
the consumption of thermal energy in apartment buildings was 270 kW/sq.m. per year, which is
significantly higher than the European average — 100-120 kW/sq.m. per year. About 30% of heat is lost
through enclosing structures: facade walls, windows, roof, basements, floors of the first floors, entrances
[9]. Thus, renovation should solve, first of all, the issue of energy efficiency of buildings. Solutions to
improve energy efficiency should be based on full-scale surveys of buildings, with a detailed description
of the condition of load-bearing and enclosing structures. At the same time, special attention should be
paid to houses with a wooden frame, in order to maximize the preservation of this type of housing. The
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next direction of modernization is to change the spatial and architectural planning solutions of buildings.
Despite the criticism of the first mass series related to the service life of buildings and the condition of
structures, studies have shown the potential for renovation of these typical houses. Residential buildings
of the 60s are made of walls and foundations with a sufficient margin of safety (a margin of thickness of
30%), which allows to build floors, redevelop and apply solutions to change the volume of buildings [19].

Table 3. Classification of mass series of tenements in Kazakhstan (Source: authors)

Multi -apartment Years of ) .
. . .1 s . Series name Load-bearing structures
residential buildings | construction
Frame-reed 1930-1950 KS-8-50 Wooden frame
Brick 1930-1960 261, 264, 105-4, 117-4, 207, 228, | Transverse-longitudinal
230, 204, 275, 1-308 load-bearing walls
Large - panel 1KZ-464AS, 1KZ-464DS, 1-
335AU, 1-335AK, UK-78- )
1960-1980 335A, 69, E-147, 158, 121, 86, Reinforced concrete panels
97, 1-105, 1-43, 1-310
Frame-panel 1970-1990 SZHKU-9 Reinforced concrete frame
Frame-brick 1970-1990 VT, VP, 70 Reinforced concrete frame
Monolithic 1970-1990 Monolithic reinforced
concrete

4. Conclusion

A distinctive feature of the housing stock of Kazakhstan is the predominance of residential
buildings of mass type. This category of housing includes typical apartment buildings that differ in the
following parameters: structural schemes; years of construction; number of floors; materials of load-
bearing and enclosing structures. The attitude towards a typical residential building in Europe began to
change in the 1960-1970s of the last century [20]. The negative towards the mass housing was associated
with the design method itself, excluding a specific, living inhabitant from the process. The inhumane
features of typical housing identified by architectural scientists led to the transition to the design of
residential buildings focused on a specific social group [21]. Today, there is a tendency in the world to
renovate this type of housing, in order to preserve the urban context and the existing social ties in cities.
The classification of typical apartment buildings in Kazakhstan obtained during the study (Table 3)
allows us to identify groups of buildings with similar characteristics for further analysis and
identification of renovation potential. It is important to note that architectural renovation solutions
should be developed for each house separately, taking into account the unique urban situation.
Nevertheless, the typical nature of housing suggests the possibility of creating a generalized renovation
model for each series and group of series of residential buildings. Thus, the model, which includes
scientifically based proposals and recommendations for renovation, will accelerate the adoption of
design decisions in each individual case. One of the positive and important features of mass housing in
Kazakhstan is its diversity. Multi-apartment housing, differing in age, number of floors, spatial solution
will significantly improve the morphology of the building, bringing adaptability to the urban
environment. Therefore, when conducting a full-scale survey of buildings and issuing an opinion on the
condition of structures, it is necessary to consider all possible options for preserving the structure.
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H.K. Capxanos, A.b. AbapaxmaH
Camobaes Yrusepcumemi, Aamamul, Kazaxcman

KaSaKCTaHAanI TYPFbIH YI7[ KYPBIABICBIH JKaHapPTY KoHEe XXaH¥bIPpTYy MBCQAE[Iepi

Anpaarma. KasakcraHgarel Kadadapga >KaIllail TYPFBIH Yiidep KeIITereH >Kblagap OOJBI
HiKipTasacrap MeH FBLABIMHU i3JeHicTepAiH TaKbIPBIOBI 00AbII TaOblAaAbl. KaHaraTTaHapABIKCHI3 TYPFBIH
Y1 KarAaiiaaphl, 3USHABI KaAaAblK OpTa TYPFbIH YI1Al )KaHapTy OOMbIHIIIA HAKThI YCBIHBICTapAbI TaAall
ereai. bya seprrey Kasakcranaarpl >Kammail TYPFbIH YIAiH epeKIlleAiriH amraAbl >KoHe TYPFBIH Yl
KYPBLABICHIH KaHAPTYAbIH OPBIHABLABIFBIH aHBIKTaliAbl. FBIABIMHBIH 9KOHOMMKAABIK, 94€YMETTIiK JKoHe
coyJeT caladapbIHBIH MaMaHJAaphl TaKBIPBLIIITHI 3epTTereHiHe KapaMacTaH, OYTiHIi KyHTe AeifiH Keaeci
Maceaeaepai MIellyAe TYyCiHIKCi3AiK caKTaayaa: eAeri KaliTa Kypy CTpaTeTmsChl; TYPFBIH YIiAepAi KanTa
KYPy MYMKIiHAIr; >KaHapTBIAaTBIH TYPFBIH YyildepAiH Typaepi. JKobGaabslk MaTepmaagapanl, 94e6m
ACPEKKO34epAi KoHe CTaTUCTUKAABIK JAEPeKTepAi CaAbICTHIPMAaAbl Taajay HOTVDKeCiHAe aBTopaap
Kasakcran PecnyOGamkacblHAQFbI >Kammall cepusaAbl KeIIaTepAi TYPFBIH YildepaiH >KikremeciH
aHBIKTaAbl. bya >KiKTey KypBIABICTBIH XPOHOAOIMAABIK TOPTiOiH, FMMapaTTapAblH KYPBLABIMABIK
CXeMachIHBIH TYpPiH >KoHe TYPFBIH YI CepUsAAapbIHBIH artayblH Oipikripeai. TyprbiH yil KOpPBIHBIH
CTaTUCTUKAABIK AepeKTepiH opTypai HapameTpaep OOMBIHINA Kyiiedey KOHAeyTe >KaTaThbIH KeNIaTepAai
TYPFBIH YIAiH yJeciH a3 KaTeaiKIleH aHBIKTayFa MYMKiHAIK Oepai. CoHbIMeH Katap, Oya >KyMBIC
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TyTacTall aAfaHJa eAAeTi TYpPFBIH VI KOPBIHBIH KYPBIABIMBIHA, TYPFBIH YI-KOMMYHAAABIK
IIapyallblABIKTBIH epeKIleirine >KoHe cayJeT-Kada KYPBIABICHIH >XKoDaday IIpolieciHe OallAaHbICThI
SKOHAEY MaCe/eCiH alllaabl.

Tyitin cesaep: >kaHapTy, >KaIlllall TYPFBIH Y1, TYPFBIH Vil KYPBIABICE, TYPFBIH Y1 CayAeTi,
Ka/aAbIK OpTaHbI KaAIIbIHA KeATipy.

H.K. Capxanos, A.b. Abapaxman
Satbayev University, Aamamot, Kasaxcman

IIpoGaembl peHOBaIIVIVI I MOAepHMU3aLN JKI1A0M 3acTporyiku B Kasaxcrane

Annoramms. Maccopast 3acTpoiika ropogos B Kaszaxcrane sBaseTcst IIpeagMeTOM AVCKYCCUI U
Hay4YHBIX M3BICKAHMII YK€ MHOro aer. HeyaoBaeTBopureabHble >KMAMIIHBIE YCAOBUs, HE340pOBasd
ropojckasi cpeja TpeOyIOT KOHKPeTHBIX ITpeAA0>KeH!I 110 peHoBaluy X1abs. JaHHoe uccaesoBaHme
packpeiBaeT crnenuduky Maccosoro kmammia B Kaszaxcrame m ornpegeaser I11eaecooOpasHOCTD
peHoBanuy XX1A0M 3acTporikyu. HecMOTpsl Ha M3y4eHHOCTh TeMBI CIIelaACTaMU 13 H9KOHOMUIYECKOI],
COLMaABHON VM apXUTEKTYPHOI o0OJacTeil HayK IIO ceil AeHb COXPAHSIETCS HEesSCHOCTh B peIleHUN
CAeAYIOIIVX BOIIPOCOB: CTpaTeIsl peHOBALMI B CTPpaHe; BO3MOXKHOCTbh PEHOBALIMI JKIABIX 40MOB; TUIIbI
JKMABIX AOMOB, IOJJeXKalUX peHoBalun. B pesyabprare CpaBHUTEABHOIO aHaAmM3a ITPOEKTHBIX
MaTepuaa0B, AUTEPATyPHBIX MCTOYHMKOB U  CTaTUCTUYECKUX AAHHBIX aBTOPBHI  ONpeAeAnAU
KAaccuPUKaIMIO MHOTOKBaPTUPHBIX JKMABIX 4OMOB MaccoBbIX cepuii B Pecriy0anke Kasaxcran. Jdannast
Kaaccuukanys o0beANHIET XPOHOAOTMYeCKII MOPAAOK CTPOUTEABCTBA, TUIT KOHCTPYKTUBHOM CXeMBI
34aHNII I HaIMeHOBaHIe CepuUii >KIABIX A0MOB. CucreMaTu3anyis CTaTUCTUYeCKUX AaHHBIX KMAUITHOTO
$poHAa TIO pazAMYHBIM ITapaMeTpaM II03BOANMAA BBIABUTH C HEOOABIION ITOTPEIIHOCTBIO J0AI0
MHOTOKBapTUPHOTO >KIAbBS, IoJAaeXallero peHosauuyu. ITommmo sToro, gannasi paboTa B IleA0M
pacKkpeIBaeT IMIpo0JeMy peHOBallMM B CTpaHe, CBA3AHHYIO CO CTPYKTYpON >KMANMIIHOTO (POHA],
OCOOEHHOCTSAMM  SKMAMIITHO-KOMMYHaAbHOTO  XO3sCTBA U IIPOLIECCOM apXUTEKTYpPHO-
IrpajzoCTPOUTEABHOIO IIPOEKTUPOBAHNAA.

Karouesble caoBa: peHOBallMs, MaccOBOe XIAbe, JK1Aas 3acTpOiiKa, apXUTeKTypa >KIAMIIA,
pereHeparus TopoACKOI CpeAbl.
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DopmMupoBaHMe «3€1€HOV» apXUTEKTYPhI XNABIX KOMIIAeKCOB (Ha rmpuMepe
Acrtanbl, CuaHaes)

AnHoTamms. B saHHO# paboTe, B paMKax MCCA€AOBaHMS «3€A€HOI» apXUTEKTYPHI
34aHUI, pacCMaTpPUBaIOTCS 4Ba KPYITHBIX pa3BMBaloIuxcs ropoda Acrana u CuaHeis, rae,
110 MHEHUIO aBTOPOB, Hanbo.1ee BbIpakeHbl (POPMBI 3arps3HEHMsI OKPY>KalOIlell CpeAbl B
CHAY psjda CXOXMX NPWIMH MX BO3HMKHOBeHUsA. CerogHs CTralo OYEBUAHBIM, UTO B
KPYITHBIX TOpOJaX 3eMAM 3aMeTHO COKpaIlaeTcsl MpUpOAHas KOMIIOHEHTa Cpeabl I
0COOEHHO aKTyaABHBIM BOIIPOCOM, BOT y>Ke Ha IPOTSKeHNUM IOCAeAHUX AeCATUAETUIL,
sBAsieTcsl  OOpallleHle MUPOBOIO apXUTEKTYPHOIO COODIecTBa K 9KOAOTMYECKUM
acriekKTaM IIPOeKTHMPOBAHUA M CTPOUTEABCTBA, CIIOCOOCTBYIOIIMM  KOM(pOPTHOMY,
YCTOIYMBOMY Pa3BUTUIO TOPOACKOTO IIPOCTPaHCTBa. B pasHbIX TOpojax CyLIeCcTBYeT CBOS
DKOA0THYEeCKas CUTyalus, ¥ B 3aBUCUMOCTHU OT IPUPOJHO-KAUMAaTUIECKIX, COITMaABHO-
DKOHOMIYECKUX YCAOBMI, XapaKTepa 3acTpONMKU OIpeAeAsIoTcs cBou dPPeKTUBHBIE
MEeXaHM3MBl AAf ONTUMM3AIINU COCTOSIHMS TOPOACKMX IIpocTpaHcts. Ha ¢omne
He0AaronpusATHON DKOAOTMIECKOI OOCTaHOBKM B MUpe B ropogax AcraHsl u CnaHes
CETO/HSI CO34al0TCsl OPMEHTHUPHI B HallpaBAeHNY (GOPMUPOBaHM KadeCTBa OKPY>Kaloleit
CpeAbl, TAe aKTyaAbHOCTh BOIIPOCOB TapMOHMYHOTO B3aMOJEVICTBMS Yel0BeKa ¢
MIPUPOAHBIM OKpPY>KeHMeM BO3pacTaeT ¢ KaXABIM IoJoM. B craTtee paccMaTpuBaioTcs
COBpeMeHHBbIe ITPOEKTHI XXIABIX KOMILIEKCOB «3eAeHbIil KbapTaa» 1 «One Central Park».
B pesyabraTe MX CpaBHUTEABHOTO aHAAM3a BBISBUANCH OTANIUTEABHbIE Y CXOXKIE YEPThI
B IIOJICKE METOAOB CO3JAHMs «3€1€HOV» apXUTEKTYPBHI, OlpejeasIoNiie OObeKTUBHbIE
IIPEeATIOCBLAKY Y IIyTH peIleHsI 4451 AAAbHEIIIIIEeTO Pa3BUTIUs COBPEMEHHO apXUTEKTYPhI
SKVABSL.

KaroueBble ca0Ba: «3e1€Has» apXUTEKTypa, JKIUAble KOMILAEKCH, DHeproseKTUBHOCTD,
OKpYy>KaloIlias cpeAa, MHHOBAIIMOHHbIE TEXHOAOTUH.

DOI: doi.org/10.32523/2616-7263-2023-142-1-56-66

1. BBeaenue

B coBpemennoM Mupe ropoga sABASAIOTCA IIEHTPOM HPUTSKEHNUs HaCeACHMS U pacTyT TaKUMU
3HauYMTeAbHBIMM TeMIIaMI, YTO ypOaHMCTHI He yCIIeBalOT paspelarh Maccy IIpo04eM, B IIepBYIO odepeab,
CBSI3aHHBIX C ®KOAOTMYecKMU Borpocamu [1]. B cBs3u ¢ pOCTOM ®KOHOMUKU ¥ TOPOACKOTO HaceAeHI s
Pe3K0 BO3p0CA0 IOoTpebAeHNe SHePropecypcoB B 34aHMX [2].

Havaaom cosganms «3eaéHoit» apxuTekTypbl HnpuHATo cuutaTh 70-80-e rr. XX Beka. Ilocae
ouepesHOTO PHePreTMdeckoro Kpusuca crpaH 3anada v EBporsl yyeHble U CHeIMaAuCThbl, B 4aCTHOCTHU
apXUTEKTYPHO-CTPOUTEABHON AesATeAbHOCTH, BCepbe3 IOAOIIANM K pelleHMIO MpoDAeM 3arpsi3HeHus
OKpY>Kalomlell cpeAbl I COXpaHeHNs IIPUPOAHBIX PecypcoB.

ACIIeKTHI 9KOA0TMYECKOTO pa3BUTIS TOPOAOB OBLAM U3yUeHbI BO MHOTUX TPyAax ydeHnIX. B paGore
AXx.D. ApoHnHa ocoboe BHMMaHME YyJeAeHO MeToJaM ITPOeKTUPOBaHMSA KOMQPOPTHBIX ITOCEAEHMUIA C
KOMILA€KCHBIM Y4eTOM 9HKOAOTMYEeCKMX (PaKTOpPOB U TpeDOBaHMSAM OXpaHBl IPUPOABL. 34ech aBTOP
IIOAYEepPKMBAeT, 4TO «OCODEHHOCTM PErrMOHaAbHOIO KAMMAaTa M MECTHBIX IIOTOAHBIX YCAOBMI —
IIepPBOOCHOBA 4451 (POPMUPOBAHI DKOAOTMIECKI YCTOMUYUBBIX TPagoCTPOUTEABHBIX cucTtem» [3, c. 37].
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B xoHmenmum skoaormsanum ropogos, npeacrasaeHHolt Termopom A.H., onmceiBaercs
Ba’KHOCTb COXPaHEeHMs M BOCCTAHOBAEHUs HPUPOAHON cpeabl. IToMmMo ®TOrO, KOAOTMYHBIE 34aHUS
AO/ZKHBI peIllaTh IIpoOAeMBl caMOOOecIledeHIsI pecypcaMM U IepepabOTKM OTXOAOB 3a CYeT
VMHHOBAIIVIOHHBIX, apXUTEKTYPHO-CTPOUTEABHBIX 1 TEXHOAOTMUYEeCKUX pellleHnit. boaee toro, «3esenbie»
34aHIsI AOAKHBI OBITh CITOCOOHBI BOCCTaHABAMBATDL IPUPOAY [4, cTp.6].

Mnormne HaydHble paOOTBI OTEUECTBEHHBIX YYEHBIX IIOCBSIIEHBI MMPOBBIM BOIIpOCaM
HKOAOTMYECKOTO IMPOEKTMPOBAaHUs, M B KOHTEKCTe «3eA€HON» apXUTeKTyphl paccMaTpMBAIOTCS Kak
OTAe/bHbIe 34aHNs, TaK I DKOAOIO-TpajoCcTpouUTeAbHOe I1AaHUPOBaHNe TopoAoB B ieaoM. Hampumep, B
Hay4HoOI1 pabote Mamegosa C.9., bariapaxmanosoit M.I'., B xo4e nccaes0BaHIs DKOA0TMIECKOTO acIieKTa
«MapceabCcKOll >KMAOW eAVHHUIIBI», OTMedaeTcs, 4TO IIOAOKMUTEeABbHBIN pe3yAbTaT BKOAOTMYEeCKOIo
pasBuTHA ropoja OasupyeTcsi Ha DKOAOTMYECKOM CO3JaHUM BCeX €ro DAeMEHTOB, CpeAyl KOTOPBIX
OCHOBHasI Macca HPUXOAUTCS Ha KIAble KOMILAEKCHI [5].

B ocHOBY TeMBI 1ccAeA0BaHUS A€TAU ABa TOpOAa, IPUPOAHO-KAVMATNYeCKIie YCAOBMS KOTOPBIX
Pe3KO OTAMYAIOTCS B CUAY CBOETO reorpamieckoro pacroA0>KeHnsI OTHOCUTEABHO ITOBEPXHOCTY 3eMA,
- Acrana u Cugpeit. AcraHa HaXOAMTCs Ha CAaOOBO/AHMCTON CTeIHONM paBHMHe [6] ¢ pe3ko
KOHTMHEHTa/AbHBIM KAMMAaTOM (C HPOAOAKUTEABHBIM CE30HOM XO/10AHOI CHEXKHOI 3MIMBI ¥ KOPOTKUM
Ce30HOM 3acCyIIANBOTO 4eTa), Toraa Kak CraHell pacroA0XKeH B 30He CyOTpOIIIYeCKOTO OKeaHITIeCKOro
KJAMMaTa C YMepPeHHBIM XapaKTepoM JerKoil IpoXJAaJHOM 3MMBI M >Kapkoro aera. Kpome sroro, Ha
CEeTOAHAIIHUI AeHb FOpPOJa aKTUBHO 3acTpanBaloTcs 1 pacmupsAioTca. ITockoapky mpopaboTke Bormpoca
110 GOPMUPOBAHMIO «3€A€HOV» apXUTEKTYPHI A5 pa3AMYHBIX KAVMMAaTUIECKIX YCAOBUI, pacCMOTPeHIUs
ee C TOYKM 3peHus COIOCTaBAeHUs He YAeAdA0Ch AOAXKHOTO BHUMaHUsA, TO MHTEPECHBIM sBASETCS
uccaeAOBaHIe COBPeMEHHON apXUTeKTyphl B Topogax Acrana n CugHeli, r4e MOXKHO IIPOCAeAUTH CBOU
MeXaHU3MBbI peaansally HHeprocoOeperaxX TeXHOAOTUIA.

B Kaszaxcrane mnpoOaeme 9DKOAOIMYECKOTO COCTOSAHMS KPYIHBIX TOPOAOB, HKOHOMUM
DHEPIroOpecypCcoB CTaaM yAeAATh 00Abloe BHMMaHMe B KoH1le XX 1 Hayaae XXI B. ITpmnunnoit sTomy craan
IIOCAeACTBUSA ypOaHM3alMy, COLMAABHBIN (akTop (IIPOM3BOACTBEHHAS AESATEABHOCTb, TPAHCIIOPT),
KOTOpBbIe B CBOIO ouepe/b BhI3BaAll YIPO3y DKOAOTMYECKOTO XapaKrepa.

Tax, psA4 ocoObIX Mep IPMHAT MO YAYYIIEeHUIO 9KOAOIUM Topoja AcCTaHbl, OjHa M3 HUX -
nporpamma «Astana Green», OCHOBHOII 11€AbI0 KOTOPOIA ABASETCSI MaKCMMaAbHOe O3e/eHeHle ropoja 1
IIPUHATHE KOHCTPYKTUMBHBIX Mep B o0Aact  dHeproosd@peKTMBHOCTU U 9DKOAOTUM Bcex cdep
AesITeAbHOCTH, B YaCTHOCTM apXUTEKTYPBI U CTPOUTEAbCTBA.

YunrteiBasi ~ OocoOeHHble — KAMMAaTH4YecKMe  XapaKTepUCTMKM  KOHTMHeHTa  ABCTpaanm
(pacrioaoskeHne y OkeaHa, XpyIKOCTb IIPMPOABI) BAACTU CTPaHbl CeTOAHs YAeASII0T 0co00e BHUMaHNe ero
ycroiunsoMy passutmio. I'opoa Cuaneir, ABAASICh OAHMM U3 KPYHHBIX U KyABTYPHBIX II@HTPOB
rocyJapcTsa, B paMKax IOAJAep>KKu mporpammel «Ycrornumssiii Cuaneir 2030-2050» cerogHst akTHBHO
3acTpanBaeTcs OObeKTaMI «3eAeHOM» apXUTEeKTYphl, IAe r1aBHasl 3a4ada - Hy.JeBoe BO3JeliCTBIe 3aHniT
Ha OKPY>KaIOIIyIO cpeay.

B cnay Bricokoit ypOaHMsanum paccMaTpuBaeMBbIX TOPOAOB BOSHMKAY HKOA0TMYecKye IIpoOAeMbl
ux cpeapl. OCHOBHBIMI MCTOYHMKaMI HapylleHUs KobOalaHca cpeAbl B ropogax Acrana um Cuaneir
SIBASIIOTCSL cAeaytomye (paKTOPHI:

- OCBOeHHMe TeppUTOpUIl I MacIITabHOe CTPOUTeABCTBO IOPOAOB COKpaIlalOT I1A0IIaAb
0O3e/IeHeHHBIX IIPOCTPAHCTB;

- TPaHCIIOPTHAsl 3arPy>KeHHOCTh TOPOAOB IIPUBOAUT K 3aIPsI3HEHUIO Cpeabl OT aBTOMOOMABHBIX
BBIX/AOIIOB;

- HeraTMBHOE BO3JelICTBIe Ha OKPY>KaIoIIyIo Cpely OT BBIOPOCOB HpPeANIpUATHII TOPOJOB, B
JaCTHOCTH OT IIeYHOTIO CeKTopa.

B coBpemenHoM Mmupe mpoOaembl ypOaHM3anuy AaBHO BBIIIAN Ha IIEPBBHI IL1aH OOpPBOBI C
3arpsI3HeHIeM TOPOACKON cpeabl. ITpranHa 4aHHBIX TpoOAeM CBsI3aHa C OpMeHTalllel YeA0BedecTBa Ha
IOBBIIIIEHIIe TEMIIOB P KOHOMIYECKOTO Ppas3BUTILS, Ha POCT yPOSKaTHOCTHU U IIPON3BOACTBEHHbIE [IeHHOCTI.
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[Tpu 5TOM UTHOPUpPYETCs OXpaHa OKPY>KalOIIel CpeAbl IIPpY IPaj0CTPOUTEAbCTBE, a TAKXKe IIPY Pa3BUTAM
MHPPaCTpyKTypHI [7].

B cBasu c BrieckazaHHBIM, OOpallleHue K TeMe (POPMMPOBaHMS «3€A€HON» apXUTEKTYPhI
SABASETCS aKTyaAbHOI U OIlpeaeAseT IepCIIeKTUBY AaAbHENIIero passuTis COBPEMEeHHON apXUTEeKTYPhI
TOpPOJOB, B YaCTHOCTU apXUTEKTYPhI XXIABIX 3AaHNIA.

Ileanr mccaeaoBaHMS - BBIABUTL M PACKPHITh DPQPEKTUBHOCTh IIPUHATBIX METOAOB «3€A€HOM»
apXUTEKTYpPhl COBPEMEeHHBIX JKIABIX O0BEeKTOB «3eaeHblll KBapTaa» 1 «One Central Park», B KoTOpbIx
UCIIOAb3yeMble  ®Heprod(p@QeKkTUBHbIe  MHHOBAIIMOHHBIE  TEeXHOAOIMM,  ajalTHpOBaHHBIE K
KAMMaTU9IeCKIM YCAOBUAM B KaXKAOM KOHKPETHOM cAydae, IIPeKpacHO ITOATBepKAaI0T 3PPeKTUBHOCTD
IIPUHSATBIX PeIeHNII, OTBeJaIOIIX 3a4a4aM yCTOMYMBOIO pa3BUTIS pacCMaTpUBaeMBbIX TOPOAOB.

2. Metoabl

MeTtogoM m3ydeHMs ¥ CpaBHMUTEABHOTO aHaAM3a DHEProd(PQPeKTUBHBIX KMABIX KOMIIAEKCOB
ropoaos AcraHa um CuaHeil ITOKa3aHBl OTAMYMTEAbHBIE M CXOXKMe OCOOeHHOCTM (POPMMPOBAHMS
HKOAO0TMYECKOM Cpeapl apXUTeKTYpHO-TPaJOCTPOUTEABHOTO IIpOocTpaHcTBa. B gaHHO paborte ObLam
1ICCA€J0BaHbl JKIABIe KOMILAeKChl «3eaeHblil kKBapTaa» u «One Central Park», B KOTOpBIX IOMcKmu
popMupoBaHmUs «3eAeHON» apXUTEKTyphl, MMeIOINe pa3HOHAIIpaBAEHHBIN XapaKTep, IT03BOASIOT
BBIABUTh D(PPEKTUBHOCTh IPUHATHIX MHHOBALIVIOHHBIX PpeIeHNII AAs IepCIeKTUBHOTO pPa3BUTHS
COBpeMEeHHOI apXUTEeKTyPHhl U MICII0Ab30BaHs MaTepuada B JaAbHelIel apXUTeKTypHO-CTPOUTEeAbHON
IIpaKTUKe U B KaueCTBe U3y4eHNsI AVUCIIUIIAYH 10 apXUTEeKTyPHOMY IIPOEKTMPOBAHUIO KUABIX 3AaHNIA.

3. PesyabTaThbl 1 0OCYXAEeHMSI

Cosganne ya00HOV, KadeCTBEHHOI, ©.1aroycTpoeHHOV 1 KOMQOPTHON TOPOACKOI Cpeasl,
MaKCMMaAbHO IIPUCIIOCO0AEHHON AAs KU3HU I'pa’kAaH — 3ajada BceX COBpeMeHHBIX TOpoAoB [8].

3.1 2Kunroit komnaexc «3ereHviii K6apmar».

IIpoekT «3eaeHslit KBapTaa» IIpejcTaBiia KazaxcTaHCKas KOMaHJAa CHeInaAncToB xoaauHra Bl
group copmectHo ¢ AEDAS (Beankoopuranms) u AECOM (Ascrpust). JKnaoit koMIiaekc co3jaH I10
crangapTtam LEED. «3eaeHbli KBapTaa» ABAsETCSI OAHUM 13 MHHOBAIIMOHHBIX, aMOMITMIOHHBIX ITPOEKTOB
B paMKax KOMILAe€KCHOIO I104X0Ja B CO3JaHuUM KOMQOPTHOI T'OPOACKON Cpeabl AAs IPOXKMBAHNUSA U
AesiTeAbHOCTH A10Jeit. KoMIlaekc pacrioaoxmuacs B IIeHTpe «HOBOTO ropoja» AcTaHbl, BOAM3M OT TaKUX
3HAYMMBIX OOIIeCTBeHHBIX OOBEKTOB, KaK TOPTOBO-pa3BAeKaTeAbHbIN IeHTp «Xan-IlaTeip», HOBOE
34aHMe TeaTpa omnepsl 1 H6asera «Astana Opera». 3eMeABHBIN YIaCTOK KIAOTO KOMILAEKCa COCTaBAsSET
naomiaab 20,5 rekrapa. Takoe pacrioaoskeHne B CTPYKType ropoja oIpeseanao (PyHKIIMOHAABHYIO
HaCBIIeHHOCTh OOBbeKTa OOIeCTBeHHBIMM 30HaMl, pacllOAOKEeHHBIMM KaK Ha IIepBBIX DTakKax
(cnopTuBHBIe, OQUCHBIE, TOPTOBbIE U AOCYTOBble IIOMEIIleHNs), TaK U B OTAeABHO CTOSIINX oObeMax
(Pucynoxk 1).
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Pucynoxk 1. «3eaeHbllt KBapTaa, I. ActaHa, Kasaxcran

B  o>xmaom  KOMIlaeKce  MCHOAB30BaHBI ~ HOBENINNME  MHHOBAIIMOHHBIE  TEXHOAOTUM,
COOTBETCTBYIOIIIMI€ COBPEMEHHBIM CTaHAapTaM SHeprosPpQPeKTMBHOCTU U HKOAOTMYHOCTY, a VMMEHHO:
BeTpOTreHepaTOPbl; TeXHOAOI YKOHOMUM BOABI C IIOMOIILIO MPUMEeHEeHNs CIIeIlialbHbIX CMecuTeAelt;
CIICTeMa «yMHBII 40M» (BugeokaMepsl, IP- B1geoa0Mo]OHBI, DAeKTPOHHBI OMOMETPIYECKII 3aMOK Ha
BXOAHBIX ABepPsAX KBapTUP U T.A.).

Uro KacaeTcs Hapy>KHOM OTAeAKM (pacajoB, TO 34€Ch VCIIOAB3YIOTCS HKOAOTMYECKN YNCTHIE,
yCTOIYUBHIE K TIepertajaM TeMieparyp ¢acagusle pudporiemeHTHele maHean Kmew. ®acasHble maHeAn
Kmew mmeror cAoucTyio cTpyKTypy, COCTOAIIYIO 3 KBaplleBOIO IecKa, [IeMeHTa, BOAOKOH 11e4410A03bI
” BOABL. A 3a cyeT aoOaBAeHMS AOIOAHUTEABHOIO CAOSl DAAACTUYHBIX MUKPOTPaHyA AOCTUTAeTCs
IIOpUCTas CTpyKTypa, 61arogapst Koropoi ¢puOpolieMeHTHbIe ITaHeAV CTaHOBATCS BAarOyCTOMYMBBIMU 1
Mopo3socrolikuMmu. LIBeroBas ramMMma ItaHeAel AOCTUIA€TCS OPraHMYECKMM aKpUAOBBIM IHOKPBITHEM.
3aBepIIaeT CTPYKTypy MaTepuala CaMOOUYNIIAIONIT cA01, POTOKepaMUJecKoe HallbLA1eHe, KOTOpoe He
I103BOAsIeT OceJaTh BpeAHBIM YacTUIlaM BBIXAOIHBIX ra3oB, Iblan. Tak, AabopaTopHble ncrbTaHusA [9]
IoKaszaAau, 4yTo ¢acad, 00AMIIOBaHHBI NaHeAssMy Kmew 11ao1mmaapio B 170 KB.M., TaK >Ke OUMIIIaeT BO34YX,
KakK Harpumep, 9Ty PYHKIIUIO BBIITOAHAIOT 12 Tomoaein.

Tax>xe Ipy CTPOUTEALCTBE KOMILAeKCa IIPUMEHEeHBI CIlelalbHble aAI0MIHMEeBbIe CTeKAOIIaKeThl
«Garden», crtocoOHbIe B 2-3 paza CHU3UTH HOTEPIO Tellda B IIOMeIeH!, YIUThIBasl IPOA0AKUTEeAbHDIN
3IMHUII Ce30H pervoHa, a B >KapKue JAeTHMe AHM OTTaAKMBaTh Iepen3ObITOK UV aydeil HapyXy.
D¢ PexTUBHOCTL JaHHOTO CTEKAOIIaKeTa HaMHOTO BhHIIIe OOBIYHOTO, T.e. Oaarogapsi ero CBOIICTBaM B
A€THMII ¥ 3UMHMII Ce30HBI II04Aep>KMBaeTcss KOM(QOpPTHAs TeMIlepaTypa IIOMeIleHNii, YTO I03BOAseT
YKOHOMUTD DHEPTOPeCYpPChl Ha CYICTeMe OTOILAeHMs U KOHAUIIMIOHMPOBaHMS 34aHNs.

IIpaBuabHEII  TOAOOP  MaTepmada  OTpakKAAIOIMX  KOHCTPYKIIMII,  COOTBETCTBYIOIIIVIX
TpeOOBaHMAM DHEProsPPeKTUBHOCTY, A0ATOBeYHOCTH, ycroiumsocTy [10] m, YTO HemaaoBa’KHO,
aJanTHPOBaHHBIX K IIOTOAHBIM YCAOBSIM, SIBASETCS BaXKHBIM acIIeKTOM A5l 0OecriedeHi s KOM(OPTHBIX
yCAOBUIT CpeAbl OOUTaHNA.

«3eaeHblll KBapTaa» CTad OAHUM M3 IIepBBIX IPOEKTOB IIO IporpamMMme «Astana green city»,
YAOBAETBOPSIOIINX COBPeMEHHBIM CTaHAAapTaM  «3eAeHON»  apXxuTekTypbl. (OCHOBHbBIe —Iiean,
IIOCTaB/A€HHbIe B IIPOeKTe — MIHIMaAbHOe BO3elICTBIe 0O0beKTa Ha OKPY>KaIOIIyIO Cpeay; paljioHaAbHOe
JICIIOAB30BaHMe MMEIOIIXCS pecypcoB; OpTaHM3alus AONOAHUTEABHOIO O3eA€HeHMS C IIOMOIIBLIO
CO34aHMs 3€4€HON DKCIIAYaTHPyeMOM KPOBAU U O3eAeHeHUs TeppUTOpPUMU; CO3AaHMe KOMQOPTHOIO
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KadecTsa cpedbl oOurtanus. (OseseHeHMe TeppUTOpUM KOMILAeKca IIO4padyMeBaeT AOMNOAHUTEAbHOE
BKAIOUeHNe D1eMeHTOB IIPUPOAHOI Cpeabl - CO3JaHle MCKyCCTBeHHOIO 03epa C CUCTeMON pUAbTparun
BOABI; DOTAaHMYECKOTO Caja; OpaHXKepen, DKo-AaHAIadra 445 Moalep>KaHus HKOAOTMYecKoro 6asaHca
TeppuTopun B 11eA0M. DPPeKTUBHOCTD «3e1€HOV» KPOBAU, UCIIOAb3YeMOI B O0ObeKTe, 3aKAI09aeTCs B
caeAyiolleM: AOMOAHUTeAbHas IITyMOM30AALINS; BhIpaOOTKa KICAOPOJa 3a CYeT IOTAOIIeHNUs 3eAeHbIO
YTA€KUCAOIO Ta3a; AONOAHUTeAbHAsl 3allfuTa KOHCTPYKIIMM KPOBAM OT OTPUIIATeABHOTO BAVSIHNS
yAbTpapMOAeTOBBIX Ayueli; XopoIlas GpUAbTpalys OT 0OMABHBIX 0caakoB (PucyHOK 2).

T — A2 “"

PI/IcyHOK 2. 3eaeHast KpOB4s1 B XKINA10M KOMILAeKce «3eaeHbIi KBapTaa», I. ACTaHa, Kaszaxcraun

CHikenne norpebAeHNsT 9AeKTPOSHEPIUM B KMAOM KOMILAeKce cocTaBuT 15-17 mporieHTos,
3HauNMTeAbHOE CHIIKEHIe TeILAO0IOTepu ¥ KOAMYeCTBO noTpedaseMoit Boasl - 40-60 mporenTos [11]. B
«3e/eHOM KBapTaJe» yCTaHOBJAEHBI COAHeYHbIe ITaHeAM, IIPejyCMOTpeHHble AAs IUTaHWUS DHepIuen
¢acaagHOro OCBeIeHNS ¥ TEPPUTOPUM KOMILAEKCa, YTO COCTAaBUT DKOHOMUIO TOAOBOTO HOTpeOAeHMs
DAEKTPOYHePIUM KOMILAeKca Ha 2,2 MAH.TT. [12].

Ha o6bexre BKAIOUEHa cricTeMa YTUAM3aLUNI OTXOAOB, YTO COKPATUT 00beMbI 0TX040B Ha 10%, a
II0 DKOHOMMM  BOJONOTpeOAeHMsI IpMMeHeHBl CIeljalbHble CMecUTeAl, KOTOphle B ABa pasa
yMeHbIIalOT THoTpebaeHMne Boabl. Takum o0Opa3oM, MNCIIOAb3OBaHHbIe IlepeJoBble MH>KeHepHbIe
TeXHOAOTUM B «3e]1eHOM KBapTaAe» IO3BOASIT 3HAUNTEeAbHO CHU3UTD IOTpeDAeHIe YHepTropecypCos.

3.2 XKunoii komnaexc «One Central Park». B pamKkax IIporpaMMBI 110 yAY4IIIEHIIO SKOAOTUY TOpOa
«Ycrorranssiit Cuanert 2030-2050» HameueHEI cAeAyIOITEe 3a4a4ll: MUHIMU3MPOBATh OOBEM BEIOPOCOB B
atMocdepy 1 K 2035 rogy A0CTUYb HyA€BOTO YPOBH: BHIOPOCOB B OKPECTHOCTSX TOpOAa; HapallliBaHue
3e4eHOIl Macchl ropoJa, T.e. K 2050 rogy naaHupyeTcs yseAndeHye 3e1eHOTO IOKpoBa ropoja A0 40%;
nepepabOTKa BOABI; YTUANM3AIIN OTXOA0B; COKPAaTUTh TOTpeDAeHNe IUTheBOi BOALI 40 170 AMTPOB B AeHb
Ha 4eA0BeKa; ITOAKAIOYeHMe HOBBIX COOPYKeHWI AAs OYMCTKM CTOYHBIX BOA U cxeMa OOOpPOTHOTO
BOAOCHaOXeHMs (445 cajoB U CaHy310B) B KUAUIITHONM 3acTpoiike; (pOpMUpPOBaHUEe OOIITeCTBeHHBIX
IIPOCTPAHCTB, Oe30MaCHBIX ¥ KOMQOPTHEIX B A1000€e BpeMs CyTOK; AOCTYIIHOe U BBICOKOKauecTBeHHOe
Xuawe u T.4. [13].

Tak, OAHUM U3 SIPKMX IIPUMEPOB «3€A€HOI» apXUTeKTyphl ropoja Cuanest (Ascrpaanis),
HOBaTOPCKUX IT0AXO/0B B IIPOEKTMPOBAaHUI U CTPOUTEABCTBE XKIABIX 34aHMI SBASIETCS KIAOI KOMILAEKC
«One Central Park», aBTopoM IIpoekTa KOTOPOTO BAseTCs U3BeCTHbIN (ppaHIty3ckuit apxurekrop JKan
Hyseas. Kommnaekc 1mocTpoeH B COOTBETCTBUM CO CTaHAApTaMIU aBCTPAaAUIICKOM PeMITMHIOBOM CUCTeMbI
«Patrick Blanc» (PucyHok 3).
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Pucynox 3. «<One Central Park», r. Cuaneri, ABcTpaans

Cucrema «Patrick Blanc», ocHopanHast ¢paniysckuMm OoranukoMm Ilarpukom bBaankowm,
IojpasyMeBaeT yCTaHOBKY Ha HecyIllell Hapy>KHOW CTeHe 3JaHus BepTuKaAbHOTO cada. B ocHose
Hapy>KHOTO BepTUKAaABHOIO CaJa yCTaHOBKa CIIeIaAbHOM KOHCTPYKUIMM — MeTaAAMdecKuil Kapkac C
3akpernaeHueM Ha Hem caoeB u3 IIBX u moamammaHoro Boiiaoka. Takoil ca0J¥i, HPONUTaHHBINA
MMHepaAbHBIM PacTBOPOM C IIOMOIIILIO CHCTEMBI KallMAASPHOTO I10AMBa, oOecriednBaeT HeOOXOAVMBI
poct pacrenmii. IToams pacrenmii oOecriedmBaeTcss CTOYHBIMM BOAaMM, KOTOpbIe II0Ay4YaiOT depe3
OUUCTUTEABHYIO CICTEMY >KIAOTO KOMILAeKCa, 4YTO ABASETCA OAHO M3 D(PQPEeKTUBHBIX pelleHnin
CyIIecTByIoleil mpo0aeMbl BogocHaOxeHmns1 ropoga Cuanes. Pacrtenms moa0mpaioTcss ¢ y4eToM MX
CIIOCOOHOCTU PpacTy B A@HHBIX KOHCTPYKIIMAX M MX B3aMOAENCTBUS APYT C ApyroM. Takum obpaszom,
cucrema «Patrick Blanc» coszaaer kom@opTHBIE DKOAOTMYECKNEe YCAOBMS MMKPOKAMMATa Cpeasl,
obecrieunBast ee K1CAOPOAOM U IIOTA0IIas BpeAHble BHIOPOCHI.

Tak, Ha ocHOBe cucremsl «Patrick Blanc» apxutexrypa ¢pacagos «One Central Park» gonoansercs
BepTUKAAbHBIM O3eA€HeHleM, 4TO SIPKO IoJ4epKMBaeT HCTeTUKY BOCIPUATIS «3eA1€HOI» apXUTeKTypPhl
U MHAVBUAYaABHBIN II0AXOJ K COBPEMEHHOMY peIleHUIO DHeprosPpPeKTUBHOCTU KoMILleKca. JKusbie
pacreHns Ha pacasax, IOCa’KeHHBIE B TaK Ha3bIBaeMBIX SITMKax [14], Oblau BEIOpaHBI 13 MECTHBIX BIAOB
¢ aopsr. 1o 3aMbIcay aBTOpOB IIPOEKTa, BePTUKAABHBIN CaJj CO34aH KaK AAs YAy4IIeHIs] MUKPOKAMaTa
CpeA4pl, TaK U 4451 AOTIOAHNTEABHOTO 3aTeHeH s moMelreHnit. K mpoekTuposaHIIO «3e4€HOTo cada» OBl
npusaedeH caM Ilatpuk baank, aBrop cucremsr «Patrick Blanc», sABasommiics ogHUM U3 AydImmx
CHEINAAVICTOB IO pacTeHNsAM B Mupe. UTo KacaeTcss Hapy>KHOI OTAeAKM (pacajos, TO 4151 DTOTO OBLAN
BBIOpaHBI DKOAOTMYECK! YICTBIEé MaTepuadbl — AaMUHMPOBAHHOe JepeBO M (OTOoralbBaHUYECKIe
na"ean. PoToraabBaHNYecKNe ITaHEAN, IIOMIMO apXUTEKTYPHO-XyJ0>KeCTBEHHON BBIPA3UTEABHOCTI U
IIPUB/AEKaTeAbHOCTY, WMeEIOT CBOJCTBO HAKaIllAMBaTh COAHEYHYIO SHEPIUIO AAsS OpraHU3alum
OecI1epeOOITHOTO DHEProCHAOKeHUsI OOBbeKTa. B KoM KoMIlaekce TakKe IIpelyCMOTpeHa CUCTeMa
«YMHBIII 40M», TAe B KaXKA0I1 KBapTHUpe yCTaHOB/AeHa CUcTeMa MOHUTOPMHIA M OTCA€KUBaHU — ydeT
NoTtpeOAeHUsT DAEKTPODHEPIUM, BOABI M Taza. Jasd SKOHOMUM BHHEPIOpecypcoB B KOMILAeKce
IIpeAyCMOTPEHBI COAHeYHbIe [1aHeAl, YCTaHOBAeHHbIe Ha KpBbIIlle B OAHOM 13 OallleH.

OcoObIM acIIeKToM IpUBAEKaTeAbHOCTH «3eaeHoi» apxuTekTypsl «One Central Park» spaserca
MHHOBAIIVIOHHOE pellleHle B BlAe BBICTYIAIOIINX KOHCOABHBIX IL10CKOCTel, B KOTOPBIX BMOHTMPOBAHO
320 orparkareaeil coaHeuHBIX Aydelil. CoaHeuHble Ay4y, IOCTyIAIOIINe C BPAIAIOIIVIXCA 3ePKaAbHBIX
prOOPOB — IeAMOCTaToB, O0ecreuynBaloOT TerA0M OacceiH, paclOA0XKeHHBINI Ha OAHOM M3 HVDKHUX
BBICTYHAIOIINX IL10CKOCTel, ¥ COAHEYHBIM CBETOM CO3JaHHbIe «3eJ€HBIN» CaJ Ha KpbIlle U IapKOBYIO
30Hy KomILaekca (PrcyHok 4).
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PucyHoxk 4. TexxHoa0TMs1 pabOTBI F€AVMOCTATOB € COAHEYHBIMM Ay4aMM A5 IIOAAa4V Terlaa 1 ocsemfeHns:, «One
Central Park», r. CugHeii, ABcTpaans

3oHbl OacceliHa M «3e4€HOTO» IIPOCTpaHCTBa OOecIrednBalOTCs KPYTAOTOAMYHO COAHEYHBIM
TEILIOM U CBETOM. B BeuepHee BpeM:I reamocraThl-3epkada pabOTalOT C AYHHBIM CBETOM, KOTJa 13-3a
9¢dekra cBeToBOro (poHa MOAYEPKUBAETCS APXUTEKTypHas IAacTuka ¢pacaloB, BKAIOUas BeyepHee
OCBeIlleHMe IIapKOBOJ 30HBI KOMILAeKca. Takoe yJadyHOe pellleHNe CBETOBOTO AV3aliHa BBIABASET
0COOEHHOCTU apXMTEKTYPHO-XYAO0KEeCTBEHHOTO 0Opasa 34aHIs, B 11eA0M IleJeHallpaBAeHHO OpTaHU3Ys
KOM(]OPTHOE apXUTEKTYPHOE IIPOCTPAaHCTBO B TEMHOE BPeM:I CYTOK.

4. BwiBOABI

B mporecce maydeHms m CpaBHUTeABHOIO aHaAM3a «3€A€HON» apXUTEKTYPBl ABYX >KMABIX
KOMILAeKCcOB, «3eaeHbli kBapraa» u «One Central Park», paccMoTpeHms mx ¢ TOYKM 3peHMs
HEOAHOPOAHBIX IIPUPOAHO-KAUMATUYECKUX YCAOBUI, MOBAMABIIMX Ha XO/J, Pa3BUTUSA U pa3dANdHbIe
II0AXOABI TI0 BHeAPEHMIO «3€A€HbIX» TeXHOAOIUI, BBIABAEHBI OCHOBHBIC OTAMYMTEABHBIC W CXOXUe
IIPpU3HAKN:

OranunreabHbIe YePTHL:

- BepTUKaAbHOEe O3eJeHeHle OAHOIO 13 OOBLEeKTOB, IIpMMeHeHNe KOTOPOTO OCYIIeCTBASETCS B
6o4ee 6AaronPUATHBIX KAMMATIIECKMX YCAOBIX;

- CO3JaHMe MCKYCCTBEHHOIO oO3epa AA4s IoaJdep>KaHUs OcoDOro MUKpOKAMMAara Cpeabl B
CTPYKType OAHOTO U3 OOBEKTOB;

- IpUHATBIE pasANyHble SHepros¢p@eKkTMBHBIe MaTepuaabl B Hapy>KHOI oOTJeake ¢acalos
«3eaenslit kBapTaa» u «One Central Park» B 3aBuciMocTy X yCTOMUMBOCTY K YCAOBMAM KAMMATa;

- yCTaHOBKa AOIOAHUTEABHON KOHCTPYKLIMU AASl YAaBAMBAHUA COAHEYHOIO CBeTa B OAHOM U3
KOMILAEKCOB;

Cxoxxne yepThI:

- B XKIABIX KOMILAeKcax «3eaeHbll1 kBapTaa» n «One Central Park» skcriayaTmpyemas KpoBas
pellieHa B BU/e 3eA€HO KPBIIN, D9KOAOTYecKNil 9P PeKT OT KOTOPOIi JOBOABHO CYII[eCTBeHHbIN;

- YTUAM3aUMs OTXOAOB ¥ MePOIPUATIS 110 COKPAIleHNIO ITOTpeOAeHNs IINTheBOM BOADI;

- paspaboTka KOM(pOPTHBEIX peKpeariOHHBLIX ITPOCTPAHCTB, IMPOTYAOYHBIX 30H: 30Ha MapkKa U
aaaell B CTPYKType KOMIIAeKCOB;

- CCTeMa «yYMHBIN 40M»;

- MICITI0Ab30BaHVe COAHEYHBIX ITaHeAel.

OnplT npuMeHeHus B KoMILdeKcax «3eaeHblit kpapraa» u «One Central Park» «3eaenbix»
TeXHO/AOTMIA ITOKa3bIBaeT II0A0KUTEABHYIO AMHAMUKY B CO34aHMM KOM(MOPTHOM, DKOAOTUYECKM YUCTOM
OKpy>KalOIleil cpeapl 34aHMii U Topoja B 1eaoM. Teopermyeckass 3Ha4MMOCTb 3aKAIOYaeTcs B
pacimpeHny 3HaHUI B 004aCTV CO3JaHNsI COBPEMEHHOM «3eA€HO» apXUTeKTyphl, MaTepual KOTOPOTo
MO>KHO MCII0Ab30BaTh B y4eOHOM ITpoIiecce, B YaCTHOCTY IIPY apXUTEKTyPHOM ITPOEKTUPOBAHMUM JKUABIX
3AaHUN.
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2" Azamir Time” 2KILIC, Acmana, Kasaxcman

TyprbIH Y1 KemeHAepiHiH "XXacpla" cdyaeTiH KaabirracTeipy (Acrana, CuaHeit
MBICAABIHAA)

Anaarma. bya xymbicta FuMaparTtapably >Kachlad" apXUTeKTYpachlH 3epTTey aschiHAa AcTaHa
MeH Cuganeligiy exi ipi daMymisl Kaaachl KapacThIpbllajbl, OHAA aBTOpAapAblH IiKipiHIe, oAapAbIH
naiiga 60AybIHBIH OipKaTap ykcac cebernrepiHe OailaaHBICTHI KOpIIaFaH OpTaHBIH AacTaHy (popMadaphl
aliKbIH KepiHeai. byrinri TaHaa XepaiH ipi KaaasapriHaa KOpIlaraH OpTaHBIH TaOUFM Kypamaac Oeairi
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aliTapAbIKTall a3aliblll Oapa >KaTKaHbl JKoHe COHFbI OHXKBLAABIKTapAa 94eMAiK cayAeT KaybIMAACTBIFBIHBIH
KaAaAbIK KeHIiCTiKTiH >KailAbl, TYPaKThl AaMYbIHa BIKIIaA eTeTiH >KoOaay MeH KY PBLABICTBIH DKOAOIMABIK,
acrieKTiZepiHe yHAeyi epekiie ©3eKTi OOABII OTBIPFaHBI OeAriai 0014pl. Op Typai Kadadapaa ©3iHAIK
DKOAOIMAABIK >KaFgall Oap >KoHe TaOUFU-KAMMATTHIK, ©A€yMeTTiK-DKOHOMMKAABIK >Karjalidapra,
KYPBIABIC CHITaThiHA OaifAaHBICTBI KaJAaAbIK KeHICTIKTepAiH >KargaliblH OHTallAaHABIPYABIH TUiMAL
TeTikTepi aHBIKTaJdaAbl. ©AeMAeri KOAaliChl3 DKOAOIMAABIK >Kardail ascblHAa AcrtaHa >keHe Cuanenn
KadaaapbiHga OyTiHAe KOpIllaraH OpTaHBIH CallachlH KaABIITACThIPy OarbIThiHAA Oardapaap >KacaayAa,
OHJa aJaMHBIH TaOUFM OpTaMeH YiieciMAi e3apa ic-KUMBLABL MacelelepiHiH ©3eKTiAirl >KblA callblH
apTeil Keaeai. Makaaaga "3eaensiit ksapraa' koHe "One Central Park'typrein yii KeleHAepiHiH
3aMaHayM >koOadapbl KapacTelpblaraH. OAapAblH CaAbICTBIPMaAbl TaAAaybIHBIH HOTVKeCiHAe Kasipri
3aMaHFbl TYPFBIH Vil apXUTEKTYpachlH O4aH 9pi JaMBITy YIIiH OOBEKTUBTI aAFbIIIapTTap MeH IIelly
>KOAJApPBIH aHBIKTAMTBIH ">Kacbld' apXWUTeKTypaHBI KYPY oJicTepiH i3deyJeri aifpbIKIa >KoHe yKcac
epeKIleAikTep aHbIKTaAAbl.

Tyiiin cesaep: "Kacbla" coyaeT, TYPrbIH Yl KellleHAepi, DHepIus TuiMAiairi, KopiaraH opra,
VHHOBAIIMAABIK TeXHOAOTMIAAP.

A. Toishiyeva!, A. Toishiyeva?, D. Mukanova!
L. N. Gumilev Eurasian National University, Astana, Kazakhstan
2Azamir Time LLP, Astana, Kazakhstan

Formation of "green" architecture of residential complexes (using the example of the Astana,
Sydney)

Annotation: In this paper, as part of the study of the "green" architecture of buildings, two large
developing cities of Astana and Sydney are considered, where, according to the authors, the most
pronounced forms of environmental pollution, due to a number of similar reasons for their occurrence.
Today it has become obvious that the natural component of the environment is noticeably decreasing in
large cities of the Earth and the appeal of the world architectural community to the environmental aspects
of design and construction, contributing to the comfortable, sustainable development of urban space, has
been particularly relevant for the past decades. Different cities have their own ecological situation, and
depending on the climatic, socio-economic conditions, the nature of the development, their effective
mechanisms for optimizing the state of urban spaces are determined. Against the background of the
unfavorable environmental situation in the world, in the cities of Astana and Sydney, guidelines are being
created today in the direction of the formation of environmental quality, where the relevance of issues of
harmonious human interaction with the natural environment increases every year. The article discusses
modern projects of residential complexes "Green Quarter" and "One Central Park". As a result of their
comparative analysis, it was possible to identify distinctive and similar features in the search for methods
of creating "green" architecture, defining objective prerequisites and solutions for the further
development of modern housing architecture.

Keywords: "green" architecture, residential complexes, energy efficiency, environment,
innovative technologies.
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DYHKIMAABIK TIOHVHITIH TYpi peTiHAe JKaHa TpMOOXyNnTacy KOA4aHbIAYBI Oap
OUANHAP-TIOPHeMbAiK TOITHI )XOH/ey XIHaFbIH 33ipaey

AnnoTanms. bya Makadasa KeAik TeXHMKACBIHBIH arperaTTapbl YINiH MHHOBAIIVSABIK,
JKOH/Aey >KUMHAFBIHBIH >KaHa AM3aliHBl YCBIHBIAABL ABTOKeAiKTepaiH TyliHAepiHAeri
yiiKeAicTi a3aliiTy VINiH >KaHa NPUHIMUITEp MeH ocepAep KapacTelpblaiagbl. JKana
menriMHig ~ 0acThl  alibIpMallbIABIFEI  KapallaliblM ~ KOMIIPECCMOHABIK — IIOPIIeHb
CaKMHaJapBIHBIH OpHBIHA Cepilllieai caKMHaJapabl KoAJdaHy OOABIIT TaOBLAaABI.
YcpiHpIAFaH 1emntiM OolibiHINa (U3MKAABIK MOAeAb KYPaCTHIPBLABII ITaTeHT aAbIHFaH.
QyHKUMOHAAABl TIOHMHITBHIH Herisri MakcaTtel LITIT OepikTiri MeH KO3FaATKBIIITHIH
TeXHUKAABIK KOPCeTKIiIlITepiH apTTHpy 00aAbIl TaOblaadbl. Makadaga cepinmeai
caKMHaJapAblH TYIHYCKAchl MeH >KYMBIC icTey HPMHLIMIITEepi KepceTiareH. AJAABIHFBI
SKYMBICTapAa >KaHa TeXHOAOTMSHBIH IIpakTUKaAblK Typde illlTeH >KaHy ABMUTaTeaiHe
OpPHATBHIII, DKCIIEPUMEHT HOTVIKeCiHe )KaHa MaAiMeTTep aly Ke3jeAreH.

Karogesble caoBa: TackiMaadgay, TachiMaajay TeXHOAOIMACH, TpMOOXKyIITap, >KaHa
IPUHLUIITEp MEH acepAep, YIIKeAiCTi a3aiTy, ceHiMAiaik.
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Kipicne

Imren >kaHy KO3FaATKBIIIBIHBIH Haligaabl acep kooduueHtiH (ITOK) aprreipy imren >xaHy
AsurareabitiH (IDK/) oitaan TaOblaFaH KyHiHeH DacTall ©Te ©3eKTi 9pi MaHbI3Abl CypaKTapAbIH Oipi 00AbIIT
Tabblaa. Makaaaga DKA IMAMHAP-TIOPIIEHbAIK TOOBIH (PYHKIIMOHAAABI >KeTiaAipim, >KaHa
TeXHOAOTUAHBIH eHIi3idyl cumarraaell, Kasipri TaHAarbl Oacka Ja IepCHeKTUBTI IIentiMaep
KapacThIpbLAFaH.

JKympicra kepi-aitHaaMaAbl KO3FaAbICKa apHaAfaH MHHOBAIIMABIK JKOH/AeY >KIHAFbl YChIHBLAFaH,
OHJAa TpUOOAOIMAABIK HPUHLMIITEP OpbIHAAAaAbl, SFHU >KYMBIC OeTiH IlAacTMKaAbIK JedopMalius
apKbLABI OeAceHAIpY >KoHe TOTHIFY IIpollecTepin Oacy maptrapsl [1, 2, 3, 4, 5].

Ocpl MakcaTTa >JKeHAey SKIHaFb TepOeaMeai pesxkuM e TeK Oip OarbITTa KYIIIeH aliHaAaThIH JKoHe
OChlAaliIlla TO3YABIH OipKeakiAiri MeH Mailaay MaTepualjapblHBIH TapadyblHa KOA >KeTKi3ileTiH
OypaHAaabl OpaMAbI cepiriie (apaablK 91eMeHT) TYpPiHAeTi JKbLAKbIMaAbl KipicTipyMeH >kabAbIKTaAFaH.
Muxkpornaactukaaslk gepopManysaiapra K0A JKeTKi3y YIIIiH Ka>keTTi cepilllleHiH KepHeyi OHbI alAbIH aja
JKYKTey apKblABl JKacalalbl.

TepOeameai pexxumae cepimnmeai Kipicripyai Oypay Hemece arbITy apKblAbl CoMKeCiHIIIe iIlIKi
HeMece CBIPTKBI OeTiHAe cepIiMai Kepiay maiiga 0oaaapl >KeHe 04 Oip OaFbITTa KYIIIIeH alfHalaAbl
(xparoBuk acepi). ¥ChIHBIAFAH AM3aifHAAFbI TOTHIFY IIpOllecTepiH OacyFa CaAbHMKTI THIFBI3AAy apKbLABI
OHall K04 >KeTKi3iaeai.

OH HeTIDKe COHBIMEH KaTap YiKeAiCTiH (CTaTMKAaABIK yIKeAic) aATre3UBTi KOMIIOHEHTIH a3aiTy
sxoHe HL.E. JXykoBckuiigig «o AprkeHum Oe3 TpeHUs» UAEICHIH iIlTliHapa >Kysere acblpy apKbLAbI
aAbIHAADI, Aesl HeTi3i CBIPTKBI 9HepTus KO3iH IaiijasanOay OOABII Keadi (apaablK TipeKTiH alfHaAybl).

Kengey xnnarpiz (Cypet 1) kKapaan OiairiHiH MHeAi MOVIBIHTIpeKTepiHiH, TMAMHAP-TIOPIIeHbAIK
tonn (LIIT), acma BTyaAKaaapbl, pyAbAiK KOCBIABICTAp >KoHe IIOPIIEHAl aiiHaly PpeXHUMiHAe >KYMBIC
icTeriTiH OacKa TOIICAaAbI TOpAaNITapAbIH OPHBIHA NalijalaHyFa O0AaAbL.
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Cypert 1. JKbl2:KbIMaabl cepirnmeai KipicTipyi 0ap >keHaey XMHaFbIHBIH CXeMacChl

AsTOpaap ToObI a3ipaereH KypoLarbida (Cypet 1) eHiMAiAIKTI )KaKcapTy MiHAETi MOAIINITHUKKE
cepIIiMAi apaAbIK 9AeMeHTTI - ClipaAb Tpi3Ai opaMa cepillie Ty piHAeri >KbLA>XKbIMaAbI KipicTipyai eHrizy
0oabI TaObLAaAbL, OHBIH KBICY KYIIiH Pk Oackapy apKblabl KOA >KeTKizideai. bya, sxymbic OeTTepinge
TBIFBI3JAYBIII >KacalaAbl, 04 TOTHIFY ITpOIeCTepiH >KoHe MUKPOILAACTUKAaABIK AedopMalius apKblabl
OeTTiH aKTUBTEHYiH IIeKTey YIIIiH KaXeT.

Pesxmmai TypaKTaHABIPY KoHe TO3YABIH OipKeAKiairi OiAiKTiH Hemece CBIPTKBI CaKMHAHBIH Kepi
alfHaAMaAbl KO3FaABICH Ke3iHAe cepimmeai KipicTipMeHiH Oypaadysl HeMece IIelliAyi caaAapblHaH
CoVIKeCiHIIIe iITTKi HeMece CBIPTKBI OeTTepe Texkey Iaiija 00AybIMeH JKoHe cepilreai KipicTipy (HeriziHeH)
Ky3ere acelpbliadbl. bya kargaiiga marga 0oaateiH «3¢P@eKTy XparoBiKa» CepilllieHiH opaMachIHBIH
OarpIThIHa OallAaHBICTHI TeK Oip OarbITTa MaXKOypai OyphlapicTap >kacadaAbl. COHBIMEH KaTap, >KyMBIC
Ke3iHJe >KYMBIC OeTTepiHJeri OallaaHBIC CHI3BIFBI YHEMi ©3Tepill OThIpaasl, OYA Aa 0AapAbIH TO3YBIHBIH
TOMeH/AeYiHe 9KeaeAl.

Cypert 2. ABTOMOO1AB ITIOpNIeHiHe apHaAFaH KOMIIO3UTTIiK ITOPINeHbAi cCaK/Ha JXKoHe OHepKacinTik
KoMIpeccopaap

Oaicrep
dusukaablK MOJeab >Kacap aaAblHAa aBTOpAap >KYleHiH MaTeMaTHKaAblK MOJAeAiH ecemTeAi.
Cepinmeai tipeyin KaObIK 00BN TaObLAATBIH IMAMHAPAIK OypaHAaAbl cepillrie - oci reHepaIysAayIIbl
IMAMHAPAiH OeTiHae OypaHAaAbl CHI3BIK, OOJIBIMEH OpHaJlacKaH apkaablK. CrimpaabAi cepirne KypaiThiH
OyA apKaABIKTBIH OCi YIII ToyeAaci3 IlapaMeTpMeH aHbIKTalaabl, 0dap YIIiH KaOblajay biHrauabel D -
KaAbIIITay UMAMHAPIHIH AuaMeTpi (cepinIieHiH opralla guamerpi); a - OypaH4aabl apKaaAbIK OCiHIH
KeTepiay Oypwimb; | - OypaHAaAbl apKaABIKTBIH >KYMBIC O©AiTiHiH OCIHiH Y3BIHABIFBL (SKYMBIC
OYpBLABICTaPBIH KYPalThIH HeTisri 6e4ik). bya mamaaap cepinreHiy Herisri napameTpAaepi Aer aTada/bl.
HnanuApAik KoopAMHaTalapaarsl caye ociHiH TeHaeyaepi (Cypert 3)
x=§cos¢;y:§sin¢;z=?tga. (1.1)
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Cyper 3. Inanaapaik 6ypaHAaabl cepilllieHiH reoMeTPUSIABIK ITapaMeTpaepi

Z oci cepirne ociHe OarbITTaAFaH, X OCi A HyKTeciHeH eTeai, A HyKTeci | y3bIHABIKTBIH Oachl 60ABIIT
TabbLaaAbl. IToAsTpABI @ OYPHIIIBIH X OCiHeH OacTam caHalABL.

EH y/AKeH 1oAsIpABI OYPBIIITEL Qi Aell, ¢pi=2mi, MyHAa i — cepiIliie >JKyMbIC OpaMAapbIHBIH CaHBI.

nDi =2¢; = lcosa, 1.2)
0O0AFaHABIKTaH
2lcosa
¢ =2 (1.3)
OcplaaH cepinmeHiy >KyMBIC OpaMJapbIHbIH CaHbI:
. lcosa
P=—" (1.4)
bypanaaasl >xo4ak OCiHIH KagaMBbl:
h = nDtga. (1.5)

CepinreHis >XyMBbIC O©AITiHIH Y3bIHABIFDL:

H = hi, nemece H = lsin a. (1.6)

Hatixeaep

Beamexrepai KaambiHa KeATipyAiH >KaHa o4icTepiH KoAJaHY apKblAbl OAapAblH OepiKTiriH
apTTBIpY ylIiH asToMoOnapdepain LIITT saemenTrepiniH nHTepdeiicTepiHiy kaHa KOHCTPYKIMAAAPEI
TeOPUSIABIK HeTidgeATeH >KoHe a93ipAeHAl.

Hotixe periHAe YCHIHBIABIII OTBHIPFaH INENIiMHIH INIbIHAMBI (PU3MKAABIK MOJeAi >KacaAFaH.
[TopireHpAiK THIFBI3AAFBIINTEIH OJaH Opi AaMybl IIOpIIEHbAI aBTOMOOMAb >KOHE ©HEepKICIITIK
KOMIIpeccopAap¥a apHaAfaH KOMIIO3UITUAABIK ITOPIIeHbAIK cakiHa 004451, cypet 2 xxaHe 3 [6].
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&

Cyper 3. J)Kana ausaiiHaarbl MOpIIeHbAl J)K9He NOPIIeHbAi CaKVHa KITHAFBI 0ap KOMIIPECCOPABIH maTyH
bya ausariara KP Ne4636 naiigaasl MoAeAb IIaTEHTi aAbIHABL.

ITopimienbAiK TOOTHIH KOMIIpECCHs CaKMHaAapbl KOAAAHBLAMAWTBIH IEePCHeKTUBTI LIelrimMaep
Victorian kommnaHmsCcbl O€H3MH MeH AM3eAbAiK KO3FaATKBIIITHIH AM3aliHBIH O0AalllakTa yAKeH e3repicke
aablll KeaAyi MYMKIH TeXHOJOIMSMEH >KYMBIC >Kacall >KaTKaHbIH xaOapaaligbl. BappanamOyaga
OpHaJacKaH AM3aliH )KoHe MHXXMHIPUHITIK prpma Dynex mopireHs MeH IUANHAP KaOBIpFachl apackIHa
OpHaTBLAATBIH Cepinmeai MeTaAl THOPIIeHbAIK CaKMHaHBI KOAAaHOAMTHIH TOPIIEHbAIK AM3aliHABI
asipaeai. «bya TexHoaorms KbICy >KoHe >KaHY calacChIHAAFBI KeTiCTikTepre akeaei», - Aeai Dynex Oac
Aupexropsl bparnan Tpurr.

Herisri xabap MbIHaga: >KyMBIC aOCOAIOTTi TBHIFBI3ABIK COHINIAABIKTBI MaHBI3AbI eMeC JereH
riroTe3ara Heri3jeAreH >KoHe O4aH Ja MaHbBI3ABICH - IIMANHAP KaObIpFachlHa IOPIIEeHbAIK CaKMHajap
’KacaraH YIHKeAicTi >KOIOFa KOA >KeTKidy, Oya TyTacrail aaraHAa KO3FaATKBIII KYPBLABICHIHA eaeyai
e3repicrepre akeAyi MYMKiH.

TexHOAOIMSHBIH Herisi - IIOpIIeHb KOPIIYCbIHAAFbl CaHbliaylap apKbIAbl aya KO3Fa/bIChl
HOTIDKeCiHAe marida 0oaaTBIH MakKCUMaAAbl aya KBICBIMBIH apTTHIPY VIIiH IIOWMBIH ITOPIIEHbAIK
CaKMHaJapAbl «BUPTyalAbl CaKMHalapMeH» aybICTBIPY.

CakmnHazapablH OpHBIHA opOip IOpIIeHbAe YCTiHII >KarblHAa >KapThlaall IleHOep Topisai
KOIITereH Tas3, OYPHIITHIK OMBIKTap Oap. OaapAbIH apachlHAAFI KillliTipiM KaIIBIKThIKTa ITOPIIIeHbAIH
KO3¥aAbICHI JKOFaphl >KblAAaMABIKTDI KYIIBIHABLAAPABL JKacalAbl - aya KbICBIMBIH apTThIpaAbl KoHe KbICY
>K9He KyaT COKKbLAapbl Ke3iHAe arblll KeTy MeH JKOFaAyAbl a3aliTy YIiH HOPIIeHbAIK caKMHaAap CUSKTBI
dpeKeT eTeai, cyper .

«bya nopireHpAep MeH IUANHAP KaOBIPFaChIHBIH apacklHAA eIIKaHAall OaillaHbIC JKOK AereHAl
Oiaaipeai. IIeiH MoHiHAe, yiiKeaAicTiH OoAMaybl MeXaHU3MHIH MaillayAbl Ka’keT eTIIENTIHIH >KoHe
y¥iKeic >KynTapbIHAa TO3YABIH JKOKTBIFBIH Oiagipeai », - aeviai Tpurr.

CoHbIMeH KaTap, >KaHy KaMepachIHBIH allHaAaChIHAAFHI «aya >KaCTBIFBIHBIH» I1ali4a 0OAyBI OTHIH-
aya KOCIIaChIHBIH OarbITTaAfaH KOPBIH >Kacailgbl - MHXKeKIMaAbK Hpoduab OOaAiKTiH OpTachIHAAFBI
KOCIIaHBI OalibITaAbl JKOHe OHBI IIIeTKe Kapall bIFBICTBIPaAbL.
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Cyper 5. )Kana nopmeHnbAi TpMOOXYyNTacybl 6ap KO3FaaTKbIIT

Pecelige xeaik KypaablH naiigaaany kesinge LIITT saemenTrepiHiy ceHiMAiAiriH apTTRIPY JKoHe
JKYMBIC KaOiAeTTiAiriH KaABIIITH yCTayFa KeTeTiH IIBIFBIHABL TOMEHAETy CalachIHAAFBl 3epTreyaep
9PTYPAi FBIABIMU >K9He OKY OpPBIHAAPBIHAA, COHAANl-aK OipKaTap ILIeT eajepde Kyprisiaeai. Jerenmen,
naitgaasl acep kooppunmentin (ITOK) apTTeipy, KO3FaATKBIIITHIH KBI3MET €Ty Mep3iMiH apTThIpY, KyaT
KOPCeTKIIITepiH >KOFapAaTy VINiH >KaHa TPUOOXYITH KOAAaHy >Kallapl Oacka 3epTreyaepain
KyprisiareHi TaObLAMaABI.

bizaiH sepTTeyimisain 0ObeKTici - imTeH >xaHy Ko3FaATKBIIBIHEIH (IDKK) LITTT-HBIH K0A4BIHBLABIC
Ke3iHJeri >KyMBIC ictey mporjectepin 3eptrey. Ocblaaiiilia, 3epTTey TaKbIPbIObI YCBHIHBIABII OTBIPFaH
IIenriMre FBIABIMI HeTi3geMe >Kacayfa, KO3FaATKBIIITBIH ITOPIIEHbAIK TOOBIHBIH 9AeMeHTTepiHiH
PecypchIH yAFaliTyFa >KoHe IHOPIIeHbAIK caKMHaJapAbl MalidalaHyAaH O0ac TapTyFa MYMKiHAIK OepeTiH
’KaHa TpuOonapaapAsl Iaiijaaady 00apin Tabblaaabl. COHBIMEH KaTtap, KO3faATKbIITapeiHeH LITTT-p1H
JKOH/eY ITUKAAapbIH, aBTOMOOMAbAepre TeXHNKAABIK KbI3MeT KopceTy KoHe JKOHAeYAiH TeXHOAOTUAABIK
IIPOIIECiH 93ipaey >KoHe eHIi3y Koe3aeayae.

bya xarsaliga IMAMHAPINIIAIK KeHICTIKTI TrepMmeTmsanysiay >KYMBIC TeMIlepaTypachIHBIH
OapAbIK Amara3oHbIHAA Yiikeadic >KyObiHBIH Oipaeit TKK (Temmeparypaablk keHelo KO3(UIVEeHTi)
eceDiHeH >Xy3ere acblpblAybl KepeK. ByjaH, >KyMbIc TemIlepaTypachblHbIH OapABIK AMalla30HbIHAAFBI
TpubomyQrajarsl allllaKThIK KellTelicTepre akeAMey YIIIiH YHeMi MMHIMAaAABI JKoHe KeTKiAiKTi 60AbIIT
Kasaapl. Oa yIIIiH >XeH MaTepuaAblHa KaTBICTHI CHISBIKTBIK KeHelo KO®(PUIIMeHTi yKcac MaTepuaaAbl
TaHAay Ka’keT.

KopuITBIHARI

ABTOpAap ycbIHBIAFaH (PYHKIIMOHAAABI TIOHMHI peTiHAe YCBIHBIAFaH >KaHa cepinIleai cakuHa
ilnTeH >KaHy ABUTaTeAiHiH OaepikTiriy apTThIpyfa HeridgeareH. YCBIHBIAFAH IIeIIiM OoOiibIHIIA
(pusmkaablK MoOAeab KypacTBIPBLABIII 9HKCIIEPUMEHTKe JalibIHABIH Ke3eHiHJe Typ. ODKCIepuMeHT
OappIcbiHAa cepinmeai cakMHalapAbIH OepiKTiriH TeopMsAbIK 00AKaMJapMeH CaAbICTBIPY¥a, CHIPTKBI
>KYJieHiH OFaH acepiH 3epTTell HIelliMHiH KOAJaHbIC Heri3i3AeMeciH aay Ke3aeaeai.
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A.K. Kymaanes, P.b. Kopabaii
Espasuiickuti nayuonarvnoii ynusepcumem um. A.H. I'ymunresa, Acmana, Kasaxcman

PaspaboTka peMOHTHOIO KOMILAeKTa LI ¢ IpyMeHeHreM HOBOIO TpUOOCconpsiKeHsI
Kak BMAa PYHKIIMOHAAbHOIO TIOHVMHTA

Annoramms. B ganHON craThe IIpeAcTaBAeHa HOBasi KOHCTPYKIMS MHHOBAIIMIOHHOIO
peMKoMIIAeKTa AAs aBToMoOuAeil. PaccMoTpeHsl HOBble NPUHIMIIBL ¥ 9P PEKThl CHUKEeHUSI TPeHIs B
y34aax TPaHCIIOPTHBIX cpeacTB. OCHOBHBIM OTAMYMEM HOBOTO PpeIlleHMsl SBASeTCS MCIOAb3OBaHIe
IPY>KMHHBIX KOJeIl BMeCTO OOBIYHBIX KOMIIPECCMOHHBIX ITOpIIHEeBBIX Koazell. Ilo mpesaoskeHHOMY
pelleHnIo cosjaHa ¢usnyeckass MoAeAb U IoAydeH mareHT. OCHOBHOM 11eAbl0 (PYHKIIMOHAaAbHOTO
TIOHMHTA SIBASeTCs yBeAdeHNe JOATOBeYHOCTM ABUTaTeAs M TeXHMYecKuX ITOKasaTelell Asurareas. B
cTaTbe OIIMCaHbl OpUIMHaAbHbIe IIPY>KMHHBIE KOAbIla M TPUHIOUIBL MX paborel. B mporecce
IpeABapUTEABHBIX paOOT IlAaHUpPYeTCs yCTaHOBUTL HOBYIO TEXHOAOIMIO B ITPaKTMYeCKOM 3ae3le Ha
ABUTaTeAb BHyTPeHHero CropaHus U II0AYy4UTh HOBbIEe AaHHbIe B pe3yAbTaTe 9KCIIepUMeHTa.

Karouesble caoBa: TpaHCIIOPT, TPaHCIOPTHAs TeXHMKA, TPUOOCONPSYKeH!sI, HOBbIe ITPUHITUIIBI
1 9P PeKThl, CHIKeHNe TpeHNsl, HaJe>KHOCTb.

D. Kushaliev, R. Korabay
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Development of a cpg repair kit with the application of a new tribo joint as a type of
functional tuning

Annoramms. This article presents a new design of an innovative repair kit for vehicles. New
principles and effects for reducing friction in vehicle joints are considered. The main difference of the new
solution is the use of spring rings instead of ordinary compression piston rings. According to the
proposed solution, a physical model was created and a patent was obtained. The main purpose of
functional tuning is to increase the durability of the engine and technical indicators of the engine. The
article describes the original spring rings and their working principles. In the preliminary works, it is
planned to install the new technology in a practical round on an internal combustion engine and obtain
new data as a result of the experiment.
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Maxcapbl MalibIH ©Hgipyre apHaaraH IIpecc >XaOAbIFbIH JKOOaaay JKoHe ecerrey

Tyrin. CoHFHI Ke3Je MaKcaphl OHiMAepiHe gereH cypaHBIC XXblAJaH XKBLAFa ©Cyae, OFaH
€TiCTiK aAKaNTapbBIHBIH apTybl MeH MaKcapbl MaiiblH TYTBLIHYIIBIAap apachblHAAFbI
TaHbIMaAAbLABIFBL. CeOebi MaKcaphbl MalibIHBIH ajaM JeHCayABIFbIHA IaligaAbl JKaKTapbl
oTe >KOFaphl.

FriapmMu-zepTrey SKyMBICTaphl HeTisiHAe MaKcaphl MalibIH ©HAIPYAiH ITpecTey >KaOABIFbI
KapacTeIpplaabl. Ilpecrey KbICBIMAQpPBIHBIH allblpMachlH peTTeyai IIHeK IIeH 3eepAai
LMAMHAP apachlHAAFbI CaHblAayAapAbIH KeMeTiMeH icke acklpy agictemeci OepiareH. Ocel
Ke3Jeri Ipecc >KaOABIFBIHA CaIlaAbIK >KOHE CaHABIK CHUIIaTTaMaJapblH OepeTiH
MaTeMaTMKaAbIK >KoHe HOMOTIpaMMaablK MOJeAb YCbiHblAaabl. Kasipri aaemae >xene
Kasakcran PecriybankacsiHAa XKYpTisiareH sepTTeyaepre 94e01m moayaap KepceTKeHAeil
rpecc >KaOABIFBIHBIH OHBIH iIIiHAe IIHeK >KaOABIFBIHBIH Kasipri aHaJorrapaaH
KaFMAATTBIK CUIIATTaFbl aliblpMallbLABIKTaphl MeH epekKileikrepiHe Tokraacak. Kaii
cadaja 0oAMachIH IITHEK KYPBIAFBICH OipHelre QyHKIUAAapABl Oip MeseTTe >KoHe
Y34iKci3 aTKapaTBIHABIKTAH KeH KOAAAHBICTarbl Oipereil >KYMBIC Kypaabl OOABII
Tabbl1aapl. COHABIKTAaH Ja IHEK KYPBIAFBICBIH OHBIH iIliHAe IIpecTeyImni IITHEK
KYPBLAFBICBIHA MaTeMaTMKaAbIK CHUIIAT Oepy oTTe Kypaeadi OoaraHABIKTaH o4e0u
1104y AaFbl OapAblK, eHOeKTepde ©3J4epiHiH MaKcaTThIK epeKIllelikTepiHe OaillaHBICTHI
JKeKe/ereH IeliMaepMeH IIeKTeATeH. SIFHM, KBICBIMABI peTTeyAiH 0i3 YCHIHBII OThIPFaH
dJicTeMeciHe KoAJ4aHa aaMalMBbI3. Bi3aAiH SKYMBICTBIH epeKIlleiri rpecreyi IHeK IeH
3eepai UAMHAPAIH T€OMeTPUSAABIK KOHCTPYKIMACH MEH INMKi3aTThIH KYPBLABIMABIK-
MeXaHMKaAbIK KacueTITepiH eckepe OTHIPBIII OHTaliAbl KBICBIMJAp aibIpMachl IIeH
OHIMAiAiKTi TaHAAITl aayFa MyMKiHAiK OepeTiH MaTeMaTHKaAbIK KaHa eMecC COHBIMeH Oipre
HOMOTpPaMMaAabIK MOJeAbAeyAiH KYJieciH yChIHaMBI3.

TyriiH ce3aep: xabABIK, IIpecc, IITHEK, KBICBIM PETTETiIII, CBIFY, MaKcaphl, ©CiMAiK Malibl.

DOI: doi.org/10.32523/2616-7263-2023-142-1-74-88

1 Kipicrie

Makcapsl Maiibl — ©ciMAiK TeKTec Oipereri ©HiM, OHBIH XMMUAABIK KYpPaMbl OHBI MeAVIIMHAABIK,
KOCMETOAOTUAABIK MaKcaTTapaa, TaMakK ©HiIMJAepiH eH4ipy YIIiH IalijadaHyFa MYMKiHAiK Oepeai [1].
Buramunaep mMen ¢ocdoanmnuarepAid OMOAOTUAABIK, KYHABLABIKTAphl MeH Oall KypaMBIH ecKepe
OTBIPHII [2] MaKcaphl MaifbIH ©HAIPY Ka3ipri yakbITTa ©3eKTi Maceae O0ABII TaObLAAABI.

OciMaik MaliaapblH ©HAIPY TeXHOAOTUACH ©HAeAeTiH Mall IIMMKi3aTblHA opTypAai acepaepai
KaMTHABL. TexHoaAOIMs4a MeXaHMKAABIK IIpolLiecTep MaHbI3AbBl OpBIH ajaabl [3]. Ocimaik MaiibiH
eHAIpyJe Herisri TaciagepiHiH 6ipi npectey a4ici 604bIn Tabbl1a4bl. MeXxaHMKAABIK IIpecTepMeH Maliabl
CHIFyABI OipHellle 3epTTeyIIilep MaliAbIH IIBIFYbIH KaMTaMachl3 Ty YIIIiH opTypAi Mailabl AaKblaAapAbl
KO/JaHa OTBIPBII XY Ppri3ai[4, 5, 6, 7, 8]. IInekTi npecrepail >KYMBICBIHBIH TOABIK, TEOPMACH 941 A€ JKOK
JKoHe 04apAbl >Kacay HeTi3iHeH ®DKCIepMMEHTTIK 3epTTeyJepre >KoHe SKCIepUMEeHTTepAeH aAblHFaH
SMIIMPUKAABIK Toyeaaidikrepre HeridJeareH. bya minekri npecrepain npecrey KaHaAbIlHAA IIpecTeAeTiH
IIMKi3aTTBIH KacleTTepi e3repeTiHAiriHe OailAaHBICTBI: TBIFBI3ABIK, ©AIIEM >KoHe I'PaHyAO0MeTPUABIK
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KypaMm, Mait moamepi [9].

FeiapiMu ogeOnertepde MaKcapbhl MalibIH ChIFyFa apHa/AfaH IIHEKTi ITpecTepAiH eHiMAiairi
TypaAabl a3 FaHa AepeKTep Oap >KoHe >KaAIlbl ©CiMAIK MaiibIH CBHIFY Ke3iHAe KBICBIMABI OipKeaKi 0eay yIItiH
AnadparmaHbl peTTelTiH MexaHn3Mi Oap >KyMbIC OpTaHBIHBIH KYpPaMbl Typaabl AepeKTep O4aH 4a as.

Kern6ip raasimaap [10, 11, 12, 13] KbICEIMABI peTTey MexaHU3Mi Oap 3epTXaHaAbIK OypaHAaAbI
IpecTi KoAJ4aHa OTBIPBII, IIpecTey IIPOLleciHiH SKCIIEpUMMEHTTIK HaTIKeAepiH YcbIHABL Ilpecc
>KaOABIFBIHBIH OYA TYpi 94eTTe 9pTypAi HIBIPHIHAAPABI OHAIPY YIIiH KOAJaHbLAaAbI >KoHe OHBI ©CIMAIK
MallbIH OHAIpYy4e KOAAaHY ic >Ky3iHAe KOA4aHbLAMaAbL.

JKorapriga anTblaraHAapabl ecKepe OTBHIPBII, a3 KyaTThl ©HAipic >KargallblHAAa TOMEH >KoHe
JKOFaphl Maiiabl JaKbligapAaH MaiiAbl CBHIFY YIIiH amOeOall Impecc >kaOAbIFbI KaxkeT. bis asipaeren
DKCIIEPUMEHTTIK >XKabABIK MaKcapbl TYKbIMBIHAH Maligbl XMMUAABIK d4icTep MeH ®KCTpaKIusdapAbl
KoagaHOail ©eay IIpolleciH >KeJeaAaeTyre MYMKiHAIK Oepeai, OHBIH OMOAOIMAABIK KYHABLABIFBIH
caKTalapl, ollepauys apaAblK TackbiMaAAay MeH >KYMBIC KYINiHiH IIBIFBIHAAPBIH a3aliTagbl, COHbIMEH
Oipre oHbI NaiigaaaHy TMiMAiAiTiH apTTBIpaAs! [14, 15].

Ocpl TyprhIgaH aaraHja, Oya 3epTTeyAiH MakcaThl KBICBIMABI OipKeaAKi peTTey MeXaHU3MiH
93ipAey apKbLAbI IITHEKTI IIPecTi KeTiaAipy 0oabin Tabblaaabl. byl MexaHM3MMeH peTTey KesiHAe oHIM
OHIMHIH IIbIFa Oepic caHbLAayBIHBIH TapbLAYBI dCepiHeH ITpecc >KaOABIFBIHBIH KaMepachblHia KOCBIMIIIA
KBICBIM I1aiiga 004aAbl.

2 Marepuaaaap MeH dgicTep

IIpectey mporeciH KapkblHAaTyJa 3epTTeAeTiH KOpCeTKiIlTep TeMeHJerijeil TaxKipnoeaik
3epTTeyaepaiH OarbITTaphbl HeTi3iHAe JKYprisiaai:

- IpecTey yaKbITBIH >KblAJaMABIKTapAbIH ©3Tepici acepinge seprrey (w = 5,2 pad/c; w = 6,2 pad/c;
w = 6,8 pad/c; w = 7,3 pad/c);

- TIpecTey KbICBIMJAApBLIHBIH 9CepiH IITHeK IIeH 3eepAi IMAUMHAPAIH OacTallKpl >KoHe COHFBI
anadparmMaablK caHbLAayAapABIH ©3repici apkpLast 3eprrey (§ = 1-10730; 8 =3-10730; § = 5-1073;
§=7-10"3m)

Makcapsl MaifbIH ady IIpOlleciH 3epTTey OapbIchiHAa 1-CypeTke caliKec aTaafaH MallAbl 4aKblAAbI
eHey yirin dream Modern ODM-01 nipecc >kaOABIFbIHBIH KYMBIC OpTaHbl JKaHFBIPTHLAABI.

1 - kopmyc; 2 - mpeccTeymri HeK; 3 — KBICBIMABI peTTey MeXaHU3Mi;
I - KoHyc Tapi3ai 3eepai IMANMHAPALIH caHbILAAYbI
Cypert 1. Marianl 6©4iII aayFa apHaaAfaH Ipecc >Ka0AbIFbIHBIH JKYMBIC OpTaHBIHBIH Cya0achl

ToxipuOeaik mpecc >KaOABIFEI MBIHaHAAN HeTisri OeallekrepMeH >KaOABIKTaAfaH: 3eepai
UMAUMHAPAAH (CypeT 2), UIMANHAPABIH iITiHAe OpHaJlackKaH KOHYC Topi3Al IIpecTeyIlli IIHeKTeH (cypeT 3)
Typaabl. COHbIMEH KaTap KbICBIM peTTelTiH MeXaHIM3MMeH >KaOAbIKTaAFaH.
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Cyper 2. 3eepai imanHaap Cyper 3. IIpecTeymnri mHek

bya mexaHmsmae mpecreymni IIHEKTI iArepi-KeliHAI KO3FaAbICKa KeATeTiHAeN >KacaAbIHFaH.
IMHekTi iaTepi-KelliHAl KO3FaATa OTBIPBIII IITHEK OpaMbIHBIH CBIPTKBI-IIIKi AM1aMeTpAepiHiH KOHyC Topisai
’KacaAybl HeTi3iHge 3eepAi IIMAMHAPMEH IIeHeK apachiHAAFbl CaHblAayAbIH ©JellleMAepiH TapblATaMbl3.
bya >xaraait opOip opaM KMMAacCBIHBIH TapbLAybIHa >Kafjail TyABIPBII, IIMKi3aTKa €Ki >KaKThl Oyitipai
KBICLIMHBIH Oip Me3eTTe OepiayiH KaMTaMachl3 eTeAi.

KBICBIMABI peTTeriln MexaHU3M - cepillliejeH, >KaIllla raiikagaH, OaKplaay rajikachlHaH >KoHe eKi
ChIpFaHay ¥LLIT1per1 MeH I11aii0ajaH, Pe3NHAAbl HhIFBI3AAFIII CAKMHAAAH TYPaARI (CypeT 4).

r) a) e)

a) KbICBIMABI peTTeTinl cepimniie; 0) JKalllla rajika; B) CbBIpfaHay YIITiperi; I) 6aKkblaay ralikachl; 4) Ianoa;
€) HBIFBI3AaFbIIl CaKMHa
Cypert 4 — KpICBIMABI peTTerilt MexaHn3sM

Ketiaaipiaren >xaOABIKTBIH KYPhLABIMBIHA KBICBIM PeTTETrilll MeXaHU3MiH Kiprisy HoTUKeciHAe,
IIIHeK IIeH 3eepAi IMAMHAP apachlHAAFbl CaHblAayAbIH TyTac ©3repyiH KaMTaMacbl3 €Te OTBIPBII
KBICBIMHBIH, IITHEKTiH OOJABIK ©ciHe OipKeaKi TapalyblH KaMTaMachl3 €Ty apKblAbl Mail 6eAy IpolleciH
KapKbIHAATBIII, MEHIITKTi KyaT IIBLIFBIHBIH a3aliTyFa KOA JKeTKi3eMis.

HoeTmxeaep MeH Taakblaayaap

1. Kaapimraynibl apHaHbBIH IIBIFBIHABI-aPBIHABI CHMIIaTTaMachl

FprabiMuy XyMBICTBIH MakKcaThlHa CoViKeC IpecTeyIi ITHeK IIeH 3eepAi IIMAUHAP apachlHAAFbI
caHbLAAYAbl TapBLATY apKbLAbI KBICBIMABI peTTey >KOABIH YChIHBLAFaH 00AaThIH. SIrHu 0i3AiH Xargaiija
KaAbIIITAaylllbl apHa peTiHge IpecTeyl IIeHeK IIeH 3eepai LMAMHAP apachlHAAFbl CaHbLAAYAbI
KapacTbIpaMBbI3.

5 cyperke colikeCc Y3BIHABIFBI |, KMMachkl TiKTOPTOYPBINTH 0OAaThIH Tas3 eMeC apHa YIIiH
Ilyaccon TeHaeyiH chlpraHay >KaFJaiibIH eCKepMelTiHAel IIeKTiK Xarjaliga KapacThIpcak

76 Ne 1(142)/2023 A.H. T'ymunes amondazor EYY Xadapuivicor. Texnuxarvi; zoAotM0ap Kare mexHoAOUSAAD cepuschl
ISSN: 2616-7263, eISSN: 2663-1261



M.T. Mypcarvixosa, M.M. Kaxumos, A./l. Kacenos, B.A. Aodacenko, b.M. Vckakos

dY

2esh

Cypert 5. TikTepTOYpBIIITEI TasA3 eMeC KaAbIIITayIIbl apHaHBIH eCeNTiK cyabachr

v,(0,y)=0, v,(w,y)=0;
v,(x1)=0, 0v,(x,H)=0,.

ITerre OTBHIPHIT TOMEHAETI TEHACY aAbIHAABI

2n+1 ny
- . ch -
16° h®Ap & (-1) 2 4h 2n+1 2x
, =5 > 51~ cos — 1, (1)
7t nl = (2n+1) ch 2n+1lrx 2 4h
2

Keaemaix ©HIMAiZIKTi aHBIKTay YIITiH €Ki eceAeHIeH MHTerpaaAbl ecerTeimis

Q =

O e T

w
Jv,dxdy. 2)
0

beariai memim keaeci Typae >Ka3blaaabl

K
Q, =—"Ap, 3)
773(1)

myHaa K, -KaAbIIITaynisl apHaHbIH KMMa reOMeTPUsChIHA ToyeaAl KodpPUITMeHTTi;

N»¢. - Macca YIIiH TMiMAil TYTKBIpABIK, [1a-c.

bisain >xaraaiiga 6 cypeTke colikeC KaABIIITAyIIbl apHAHBIH MillliHi CaKMHAABI-KOHYCTBI OOABIIT
TaObLAAADI.

Rb

- -

Cypert 6. CakHaabI-KOHYCTBI KaAbIIITAYIIBI apHa

KonycTbl  >Ka3bIKTBIK, 0OABIII TaOBIAATBIH aiiMaKTa COHFBl KOA0eyAik IMAMHAP OOABII
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KeJeTiHAiKTeH, ©HiIMHiH OacTallKpl >KoHe COHFbl KOHYCTBIH AlaMeTpAepi apachlHaH opTallla
apudMeTnKaabIK AaMeTpAi adaMbl3, OHAA

32 43(d, ~d, Joos 7,
? 128l,(d3 -d?)

, (4)

MyHAa da=Rat1a, dv=Rbt1b - OpTaIma anmamerpaep;

O
COS ¥,

(3) TeHaikke caliKec MaTpullaAbl KaAbIITayIlbl apHaAarbl ©HIMAIAIK (LIBIFBIHABI-aPBIHABL

- ApHaHbIH Y3bIHADBIFbI.

cUITaTTaMachl) MbIHa TypAe aHBIKTaAaAbl, M3/c

_ 3zd}d;(d, —d,)Apcosy,
“ 128y,,),(d3-d?)

, ®)

MyHAa AQ — MapTHUIIaAbl KaABIIITAYIIBl KYPBLAFBIAAFBI KBICBIMAAp aitbipmacsl, [1a.
Oprama auamerpaepai da, dv mnHekriH imki guamerpi d, apHagarbl eHiIMHIH KaOaTBIHBIH
KaABIHABIFBI O, KOHYCTBLABIK OYPBIIIIBI Yo IIaMalapbl apKbIABI CUIIAaTTacaK

d —d+—2 db=d+i+2|@-tga=d+(5+2'¢s'”7¢). ©)
oS 7, COS 7, COS 7,

AapiaraH da, do MoHAepiH (5) TeHAIKKe KOMBII KaABINITayIIbl apHadarbl Qo eHiMAiairi meH p
KBICBIMAAPABIH O AmadparMmaabslK caHbL1ayAap KaOaTBIHBIH KaABIHABIFBIHA ToyeaA4iairi HoMorpamma
TypiHAe kepcetemis. Toyeaainikrepai kepcereTiH kea0eyaiK CHI3BIK KOOpAMHAT OachlHaH OacTasdagsl,
SIFHI HOAAIK KO3FaAbIC KesiHge. bya 7 cypeTtke colikec HOMOrpaMMaZaH OaliKaliTHIHBIMBI3 KaABIIITayIIIbI
KBICBIMABI pPeTTey MeXaHM3MiHiH KeJeprici apTKaH caliblH ©HIMAiAiri KeMWUTIHAIT CcOraH coViKec
KBICBIMHBIH apTaTBIHABIFBIH Kepyre ©Ooaaapl. Homorpamma kemeri Herisinde MaTeMaTMKAaAbIK
MOJeAAeyAiH capalTaMaAblK JKyieci apKblabl IIPeCTeyIli IIeHeK IeH 3eepAi UIMAMHAP apachlHAAFbI
caHbLAayAapAbIH ©3repiciHe Toyeaai, MallAbIH THiMAL 061iHyl KasKeTTi yiiaeciMAl ©HIMAiAiK (IIBIFBIHABI-
apBIHABI CUIIaTTaMachl) ITeH KbICBIMABI aHBIKTAIl, TaHAAI aAybIMbI3Fa 00aAbL.

Qg.xr/c

/oy
/1)

Ve
6 ‘// ‘ ‘ ‘

..
0 5 10 15 20 25 p-10°IIa
KpIcBIM

1/-0=1-10"3 m; 2/- 3=3-10"3 m; 3/- 0=5-103 ™m; 4/- 0=7-10"3 m.
Cypet 7. AuadpparmaablK cagblaayAapFa KaTbICThI MaligblH OeaiHyiHe Ka’KeTTi yiiaeciMai IIbIFbIHABI-apbIHABI
CUIaTTaMachl MeH KbICBIMABI TaHAAII aAyABIH capanTaMaabIK Xyreci
AapiHFaH MaHJAepAi maldadaHblll, U-~TrD-nrcosa  IIHEKTI apHaHBIH  IeOMeTPUABIK

OuiMainik
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k0> PUIINEHTIH aHBIKTAIMBI3

7D cos o
Max0Oypaik azoin — =-h- (a+b)' Fov, ()
2 2
3
(a+b)-h® ,
241, ’

MyH/a ) - HBIOTOHABIK eMeC MaccalapAbIH BIFBICYBIH eCKepeTiH Koo(pPuIeHT;

(8)

Kapcovt azoin —

Fq, Fp - imki KaTbiHacTapAbl eckepeTiH ¢opmyaasap KodpPuIMeHTTepi, caHABIK MoHAepiH
KeitOip okyablkTapda [16 (52 Oer)] HOMorpamma OoifbIHIIIA aHBIKTaraH, aa 0i3 1 KecTere colikec
aHbIKTaMbI3 [17 (242 Ger)].

Kecre 1 - Imki KaTbIHacTapAbl ecKepeTiH KO9pPUITNEeHTTepAiH cCaHABIK MoHAePi

h h
(a”’j Fq, Fp ¥ (Mj Fq, Ep v
2 2
0,1 0,92 0,91 0,707 0,5 0,72 0,69 0,695
0,2 0,87 0,87 0,702 0,6 0,67 0,63 0,672
0,3 0,83 0,83 0,699 0,7 0,63 0,57 0,667
04 0,78 0,74 0,697 0,8 0,59 0,51 0,647

(7), (8) popmyaasapra corikec IIpecTeyIlli IITHeKTiH OHiMAiAiTiH Keaeci Typae aHBIKTaliMbI3, M%/c

ﬂDCOS(Z-h-L—i_b aLbh?’ ©)
2 2 Ap
— -F -w-n- -F -
QH 2 o V/ 12|H p 773(/)
MyHAQFBI 1)»p. - Macca YILIiH TUiMAL TYTKBIPABIK, [Ta-c
0,
Moy = =0 (10)
4
: Gl o
MyHJa } = m - BIFBICY Ke3iHgeri AepopMaLyist KbLA4aMABIFHL, 1/c;

d - IITHeKTiH iImKi AnameTpi, M;

Oo - 1IeKTiK BIFBICY KepHeyi. [1a.

Erep mpecreymi IIHeKTiH reoMeTpusChIHAH MoXKOYpAi aFBIHHBIH — KoHe Kapchl aFbIHHBIH
koopunmentrepin  Kui, Kz Oearizecek, oHAa IIBIFRIHABI-APBIHABI CHUIIATTaMachiH  Keaecigeir
KBICKApPTBLAFaH TypAe >Kadyra 004aabl

K (11)
_ H?2
QH =Kyn— Ap
773(]).
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QH, e \
0,2
0,166

0,13 ———

["1 \
0,066
0,033

[' T T T T —6
0 5 10 15 20 25 p-10 IIa

KbicbiM

OuimMmaiaik

1- w=5,2 paal/c; 2 - w=6,2 paal/c; 3 - w=6,8 paa/c; 4 - w=7,3 paalc.

Cyper 8. IIpecTeymli IIHEKTiH KblAdaMABIKTapfa ToyeAAi MIBIFBIHABI-aPBIHABI CMIIaTTaMaChI

bya 8 cyperen Qu. mpecTeyini IIHEKTiH IIBIFBIHABI-aPBIHABI CHUIIATTaMachlHaH KBICBIMAAP
aiiplpMaceiHa Ap >KoHe IITHEeKTiH alfHaAbIC XKMiAiriHe n CBI3BIKTHI TypAe ToyeaAidiriH KepeMis.

2. 3eepai MAMHAP AiH MIBIFBIHABI-APBIHABI CUIIATTaMaChI
bisaiH >xaraaiiaa seepai DUANHAPAETI caHblAayAap OOMABIK Typae caabiHFaH. Oaar Ooaca seepai
UMAVHAPAIH apHACBIH YCaK TIKTOPTOYPBIII peTiHAe KapacThIPYbIMBbI3Fa 001a4bl.
Byngait ycak caHblaay apHaJap YIIiH Oyifip KaObIpFaHBIH ocepiH eckepMell >KoHe 0i3 IITeKcis
o%v,
62

=0. Qaain

>KiHIIIIKe CaHbLAayAbI KapacTBIPHII JKaTKaHABIKTaH, Uz X OOVIBIHIIIA ©3TepMelial SFHM,

6oaca IlyaccoH TeHairi bIKITTaMAaaaAbI
o,  Ap (12)

ay2 773(1)'

Ocpl TeHAiK KOMeTiMeH 3eepAi IMANHAPAIH apHacblHAAFbl OOAIHIII JKaTKaH MaliAbIH IITBIFBIHABI-
apbIHABI CUIIaTTaMachlH TabaMBbI3.
ApHaHplH KaObIpra OoiiMeH CplpfaHamMay MYMKIHAITIH IIbIiFapambid. OcCbl >KaFdail TypaKThl

TYBIHABL aHBIKTAY YIIH TeMeHJerigell IIeKTiK IapTThIABIKTH KOAJaHyFa MYMKIHAIK Oepedi, Y = E

Ooaranaa v=0, Yy = _E 0oaranza v-=0.

UnTerpaasan >KeHe IIEKTiK INAapTTBIABIK OpbIHAAaAFaHaH KeliH COHBIHAA TOMeHAeTl TeHAIKTi
aaaMbI3

z

2 2 (13)
_ Apb 1_@)
81, | b

Ocsl TeHAiK OOVIBIHINIA Uz apHAHBIH OMiKTiri OOMBIHIIA TYpaKTh 00AManiabL. IIIbIFEIHABI TaOy yIIIiH
ady »1eMeHTapABI adaHIIaHBI KOOpAVHATa OacklHAH y epKiH KaIlIBIKTHIKTa 064iIl KapacThIpcak, OHAA
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(14)

dQ =wv,ady
b/2 b/2 (15)

Q= [ dQ= [v,ady
-b/2 -b/2
(2) TenairineH v KOJIFaHHAH KeJIiH >KoHe MHTeTpaljall
1ab’ a9
Q= 12 1 Ap
U

(16) Tenairi MalAbIH IIBIFBIHBIHBIH apHaA apKblabl Ap Oyiipaik KBICBIMHBIH alibIpMachklHA
TayeAaAiairin Oepeai >KoHe ge MallAbIH IIBIFBIHABI-aPBIHABI CUITaTTaMackl O0ABIIT TaObLAAAbL.
Erepae Gn1aai1 Geariaecek

1ap® 17)

2 1

MyHJa K3 — 3eepai muannApai apHaHBIH reoMeTpusAABIK, KOD(PPUITEHTi.
Oaart 604aca, ocbl KOOSPPUIMEHT apKbLABI MalABIH IIBIFBIHABI-aPBIHABI CUITATTaMacklH MBIHA
Typae >Ka3yra 60aaabl
K,. (18)
_ N3
Qu = - Ap
My

Ocp popMyaaHbIH KOMeTiMeH OCbl 3eepAi IMAMHAPAIH OOIMABIK caHblAayAapblHaH aFraThIH Maii
arbIHBIHBIH KOAE€MAIK INBIFBIHBIH aHbIKTacakK, M3/c
3
_ N, -ab”-Ap,

Qu="p P (19)

MyH/a Api - 3eepai IMAUHAPAIH TeCikTepiHiH a KMBIHABICBIHAAFBI KbICBIMAAp alibipMacsl, I1a;

Nu - MaMABIH TYTKBIPABIFHL, [1a-c;

a - Oip opaM mIeriHaeri caHblAayAapAbIH Y3BIHABIFBI, SIFHN IITHEKTiH KagaMbIHAAFEI t, M;

b - caHpLAAyAapABIH €Hi, M;

N: - seepai TMAMHAP caHblAayAaPBIHBIH CaHBL;

1 - Mait araTBIH caHblAayAapABIH apHACBIHBIH Y3bIHABIFBI, SFHV OVANHAPAIH KAABIHABIFDL, M.

3eepai UAMHAPAIH CcaHblAay/AapBIHBIH a apaAblFbIHAAFBL KBICBIMJAp alibIpMachIH Api opralia
MOHMEH aAalbIK,

o _ Aprrrax
Api =1I- pop. =1 NO 4 (20)

myHaa AP, o =& AP, - paauaa 6ac Kpiceim, [1a;
& - KBICBIMHBIH OY11ipaAik Koo PpuimenTi;
No - ITHeKTep apHACBHIHAAFBI OpaMAap CaHBbI;

Apmax - IITHEKTIH KaABIITAyIIbl KYPBLAFBICBIHAAFEI KBICBIMAAP alibIPMachL.
3eepai IMAMHAPAIH TeCiKTepiHEH ©TeTiH >KaAIlbl MallABIH KOAEMAIK IIBIFBIHEL, MP%/C
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No No ab? Ap. N ab® No (21)
Qu =N,- D Q =N,- t= <D Ap; =

. ; ; 121ny 12Iny, ;
_ N,ab® Ny _ Ngab® N, -Ap, ... N Lb°Ap

iy, 2 P 2417, 2417,

MyHJa L - ec GoiibiHIIIa 3eepai caHblAayAbIH Y3bIHABIFDL.

IIpecteymri mHekTiH OipKaABIITH KO3FaAbIChl Ke3iHAe 3eepai IMAMHAPAIH TeciKTepiHeH oTeTiH
SKaATIbIl MaABIH KOAEMAIK IIBIFBIHBI, M3/C

(22)
N, ab® N.ab®-& Ap,, AP,
QM: 3 'é.Apm: 3 g' p :K3 p )
241n, 241 N N
A2 MaccaAbIK IIBIFBIHBL, KI/C
A (23)
m, =Qy - ou =K, P
UM

MyHAa Ks - 3eepai nmanuapaiy reomerpusaabik Kosdppuimenti, M3
OM - MaliABbIH THIFBI3ABIFDIL.

(po MallABIABIKTaFBI MaccaAblK OHIMHIH IIBIFBIHEI M = Q 17 * P TeHAITi apKbLABI ©pHEKTeceK

m =Qp-py=Kyi-npy, (24)

MyHAa Qr1- IIpecTiH IIBIFBIHABI-aPBIHABI CUIIaTTaMachl, M%/c
TeHAIKTiH IapTTRIABIFBIHBIH caKTaAysl yuria My, =(, M >xoHe ocbIFaH calikec
APy - P
max M _ . .
K s =0 Qn P
779¢>

Ocbl TEHAIKTEH KaXKeTTi KbICBIMABI aHbIKTanMbI3, I 1a

Q p
Prax =—H773¢ 'qo_Hr
K3 M

(25

ConpiMeH, mpectey OapbICbIHAA Maligbl 00A4ill aAy YIIiH, 9pi IIapTTapblH KaHaFaTTaHABIPAThIH

KaABIIITAyIIbl KYPBIAFbIAQ HeMece IIHEeKTiH OOVABIK eci OOIBIHINA KBICHIM MOAIIepi TeMeHJerigeir
©pHeKIIeH TaOblAaAbl:

(26)
Q,
P K3

MYHJa (e — Maligbl Oeariai Mmeamiepae 0eail aayAarsl callaablK KOPCETKIIIL.

pnax =q 773(1)

3. IIpecc xxabaABIFBIHBIH MIBIFBIHABI-apBIHABI CHIIATTaMachl

K1, Kn.2 5xone Ko MaHAepiH (21) TeHAiKTepre KOMBII, IIpecc >KaOABIFBIHBIH OipiHII JKoHe eKiHII
reoMeTpuAAbIK KO PUIMeHTepiH aHbIKTacak,

K = K, (27)
T Kyt Ky
n2tRe
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K Ko (28)

K. =
" Kiz+ Ko

(27) TeHaikTeH (5) TeHAikTeri MaTpuIllaabl KaAbIITayLIbl KYPBLAFBIAQFEI KBICBIMAAP aliblpMachlH
aHbpIKTanMbI3, [1a

Ap =Ky 1,y -0, (29)

OcplaaH mpecc >KaOABIFBIHBIH KaAITbl OHIMAIAIriH aHBIKTacakK, KI/c

(30)
Qu =Ky, n-py,
MYHJa Qn — IIpeCcTeATeH ©HiIMHIH THIFBI3ABIFBI, KI/M3;
(30) Tenaik mpecTiH COHBIHAAFBI KBICLIMABI aHBIKTayFa MYMKIHAIK Oepeai
K,, -K
e N1, (31)
T (K, + K(p)
. Pr . . . .
MyHAa (, =0, —— - MaiAbl THIMAL Mea1epae De4iI1 aayaarsl cartaAblK KOPCETKIIII.
Pwm
Ocmr (31) Tenaixreri Ks 3eepai 1imanHApais reoMeTpusAAbIK KOO(PPUITeHTi
N L, b3 é:
K, (32)
241

3

bs — 3eepai canpLAayAapABIH €Hi, M;

L: — 3eepai caHpLAayAapABIH Y3BIHABIFDL, M;

ls - 3eepai IIMAMHAPAIH KaOBIPFachIHbIH KaABIHABIFBI, M;

& - KBICBIMHBIH OY11ipaik Koo puiimeHTi;

N - 3eepai canblaayAapABIH CaHBI.

IIpecc >xaOapirpiHa 7, 8 cypeTTepre coiiKec KaABIIITAyIIbl KBICHIM Oepy MexaHU3Mi MeH
KBLAAAMABIKTapABl CUIIATTAlTBIH HOMOTpaMMaJdapAabl OipikTipin, 9 cypeTke coiikec KeaOeyaik
esrepicrepaiH KMBLABICTapBIHAH MallABIH THiMAl OeiHyiHe KaXKeTTi yiiaeciMal ©HiMAiAiK ITeH KbICBIMABI
TaHAAaIl a1aMBbl3.
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QH,KF/C \
0,2

0,166 /8/2741
— /i

T

[' ' T T T T -6
0 5 10 15 20 25 p-10 TIa

Kbicbhim
1/- 0=1-10"3 m; 2/- 8=3-103 Mm; 3/- 0=5-10" m; 4/~ 0=7-10" m;
1- w=5,2 paalc; 2 - w=6,2 paa/c; 3 - w=6,8 paa/c; 4 - w=7,3 paal/c.
Cypet 9 - Kaabmraymibsl KbICBIM Oepy MeXaHM3Mi MeH JKblAAaMABIKTapFa KaTBICTHI MaViABIH THiM Al
GeaiHyiHe KaXXeTTi ©HIMALZIK ITeH KBICBIMABI TAaHAAII a4y ABIH CapanTaMaabIK XKyrieci

OHIiMIOIOIK

Kazpimraymbsl KpIcBIM Oepy MexaHM3M >KoHe IIpecTeylli IITHeK KYpBlAFbldapblHa >KacaAfaH
MaTeMaTMKaAblK MoOJeaAeyAiH capanTama >Kylieci, Ipecc >KaOABIFBIHBIH Oeariai Oip meHOepaeri
KblAJaMABIKTap MeH KaAblITayIllbl CaHbllay apachlHAArbl OaillaHbICBIHAH MalAbIH TUiMAl OeaiHyi
Ke3iHAeTi eHIMi4iK ITeH KbICBIMHBIH ©3TepiCiH aHBIKTayFa KOMeKTecei.

beariai ©Oip meHOepaeri >KblaJdaMABIKTap MeH AuadparMaadblK —caHblday —apacbhlHAAFrbl
OaliaaHBICBIHAH IIpecTey IIPOlIeCiHiH TaJdalTapbhlH KaHaraTTaHABIPATBIH, yiideciMal mapamerpaepi
®=2,093 paa/c KplLaaaMABIK 1eH 0=6-10 M IITHeK IeH 3eepai IMAMHApPAep caHblAayAapHBIH Kea0eyaik
KMBLABICTapBIHAH KOPCeTiATeH Y3iK ChI3BIK apKbIABI MalAbIH THiMAI OeaiHyi KesiHAeri eHIMAiAIK IeH
KBICBIMABI aHBIKTaABIK. ToKipmOeaik aablHFaH HoOTUKeJAep MeH MaTeMaTMKaAblK MogealeyAiH
caparTaMa >KyJeciHiH HoTVDKeAepi apachIHAAFbl COMIKeCTiKTepiHiH aybITKy Mealtepi 4,6 % acraiabl.

KopoIiTbiHABI

KertiagipiareH >kaOABIKTBIH KYPBLABIMBIHA KBICBIM peTTerill MeXaHM3MiH Kiprisy HoTVKeciHAe,
KOHYCTBI IIIHEK IIeH KOHYC Topidai TOpABIH apachlHAArbl CaHblAayAbIH TyTac ©3repyiH KaMTaMachl3 eTe
OTBIPBIIT KBICBIMHBIH IITHEKTiH OOMABIK eciHe OipKeaKi TapaAybIH KaMTaMachl3 €Ty apKbLABI IIBIPBIH 061y
IpoLeciH KapKbIHAATBII, MEHIIIKTI KyaT IIBIFBIHBIH a3aliTyFa KOA >KeTKisyre 0oaasel. Hatiokeaep
KOPCEeTKEeHAell, >KYMBIC MaKcaTTapblHa ColIKeC KeJAeTiH OHTallael Ilapamerpaep w=2,093 paa/c
KbLAAAaMABIKTa JK9He IIpecTey MPOIleCiHiH TalanTapbiH KaHaFraTTaHABIPAThH 0=6-103 M Anadpparmaabix
caHblAayJa aHBIKTaAABI.

OaebmeTTep Tisimi

1. Alfonso Cerrotta, Lilia Ivone Lindstrom and Viviana Echenique. Selection tools for oil content and fatty
acid composition in safflower (Carthamus tinctorius L.). Article in Breeding Science October 2020 DOI:
10.1270/jsbbs.20053. Pages 11-20.

2. Suryakant Chakradhari, Ingus Perkons, Inga Misina, Elise Sipeniece, Elzbieta Radziejewska-Kubzdela,

84 Ne 1(142)/2023 A.H. Tymunres amoindazor EYY Xabapurvico. Texnukarvi zoiAvimoap xatie mexXHoAOZUAAAP cepusicol
ISSN: 2616-7263, eISSN: 2663-1261


https://link.springer.com/article/10.1007/s00217-019-03414-w#auth-El_bieta-Radziejewska_Kubzdela

M.T. Mypcarvixosa, M.M. Kaxumos, A./l. Kacenos, B.A. Aodacenko, b.M. Vckakos

Anna Grygier, Magdalena Rudziniska, Khageshwar Singh Patel, Monika Radzimirska-Graczyk & Pawet
Gornas. Profiling of the bioactive components of safflower seeds and seed oil: cultivated (Carthamus
tinctorius L.) vs. wild (Carthamus oxyacantha M. Bieb.). European Food Research and Technology,
Volume 246, pages 449-459 (2020).

3. A.Chapuis, ].Blin, P.Carre, D.Lecomte. Separation efficiency and energy consumption of oil expression
using a screw-press: The case of Jatropha curcas L. seeds. Industrial Crops and Products Volume
52, January 2014, Pages 752-761

4. Savoire, R. Screw Pressing Application to Oilseeds. Reference Module in Food Science, 2017. Pages
243-259

5. Spyridon A. Petropoulosa, Angela Fernandesb, Ricardo C. Calhelhab, Nikolaos Danalatosc, Lillian
Barrosb, Isabel C.F.R. Ferreirab. How extraction method affects yield, fatty acids composition and
bioactive properties of cardoon seed o0il? Industrial Crops & Products. journal homepage:
www.elsevier.com/locate/indcrop. Pages 158-172

6. Natacha Rombaut, Raphaélle Savoire, Brigitte Thomasset, Jeremie Castello. Optimization of oil yield
and oil total phenolic content during grape seed cold screw pressing. January 2015. Industrial Crops and
Products 63: p. 26-33. DOI: 10.1016/j.indcrop.2014.10.001

7. ErnaSubroto, Robert Manurung, Hero Jan Heeres, Antonius Augustinus Broekhuis. Mechanical
extraction of oil from Jatropha curcas L. kernel: Effect of processing parameters. January 2015. Industrial
Crops and Products 63: pages 303-310. DOI: 10.1016/j.indcrop.2014.06.018

8. Fantino V. M., Bodoira R. M., Penci M. C,, Ribotta P. D., Martinez M. L. 2020. Effect of screw-press
extraction process parameters on the recovery and quality of pistachio oil. Grasas y Aceites. 71(2): e360.
DOI: 10.3989/GYA.0107191.

9. Wu C,, Ge F., Zhang G., Wang G., Zhao M., Wu L., Guo H. 2021. Design of Screw Type Automatic
Apple Juicer. Journal of Physics: Conference Series. 1750(1): 012042. DOI: 10.1088/1742-
6596/1750/1/012042. pages 198-210

10. Muratzhankyzy N., Kassenov A., Kakimov M., Orynbekov D., Moldabayeva Zh., Tokhtarova S.,
Tokhtarov Zh. Design and Engineering calculation of a screw press for extracting juice from sea
buckthorn. ARPN Journal of Engineering and Applied Sciences. VOL. 16, NO. 8, APRIL 2021

11. Nnamdi U. B., Onyejiuwa C.T., Ogbuke C.R. 2020. Review of Orange Juice Extractor Machines.
Advances in Science, Technology and Engineering Systems Journal. 5(5): 485492 p.

12. Kakumos M.M., XKoaxakcnna A.J., [Tapumbekos 3.A., Kacenos A./l., Toxrapos K.X., OpsiHOexoB
A.P. Illpipsin Geill aayra apHaAfaH IIHEKTi IIpecc. OHepTaObIcKa MHHOBAIIMAABIK, IIaTeHT CUIIaTTaMachl.
B30B 9/12 (2010.01).

13. M.T. MypcaarsikoBa, M.M. Kaxumos, A./l. Kacenos, b.M. Vickakos. IllareiH eHaipicTik IiexTap
JKaFJaiiblHAa MakKcapbhl MaliblH ©HJipyre apHaAfraH IIpecc >KaOABIFBIH >KeTiagipy. Aamatbl
TeXHOAOTUAABIK YHUBepCUTeTiHiH xabapbicel. 2022. Nel. 58-65 6.

14. M.T. Mypcaasikosa, M.M. Kakumos, A./1. Kacenos, A.P. Opsia6exos, JK.X. Toxrapos, b.M. Vckakos,
IIMarp1H eHAipicTe MaKcapbl MaliblH ©H/EyTe apHaAFaH TeXHOAOTMAABIK Xeaici. /1.H. I'yMuaes aTeiHAaFbI
EYY Xabapuibicsl. TeXxHIKaABIK FRLABIMAAP SKoHe TexHoAorusiaap cepuscsl No 1 (138)/2022. 59-67 6. ISSN:
2616-7263, ISSN: 2663-1261

15. Kyk I''A. TIporneccs!l 1 anmnaparhl MOAOYHOJ IIPOMBIIILAeHHOCTH. — M.: IIniiesas mpoOMBIIILA€HHOCTD,
1973. - 768 c.

16. ®egopos B.I'. TermaoMeTpus B IuieBoit IpoMblliAeHHOCTH. — M.: ITninesas mpomeiiiaeHHocTs. 1974.
- 176c¢.

17. Angpmm A./l., Maasn D.A. CraTucTiyeckoe MoAeApoBaHe CUCTeM MacCOBOTO OOCAY>KMBaHMA. —
M.: Cos. 1978. — 248c.

BECTHWMK EHY umenu A.H. Tymunresa. Cepus mexnuueckue HayKu 1 mexHoA0Ul Ne 1(142)/2023 85
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series


https://link.springer.com/article/10.1007/s00217-019-03414-w#auth-Anna-Grygier
https://link.springer.com/article/10.1007/s00217-019-03414-w#auth-Magdalena-Rudzi_ska
https://link.springer.com/article/10.1007/s00217-019-03414-w#auth-Khageshwar_Singh-Patel
https://link.springer.com/article/10.1007/s00217-019-03414-w#auth-Monika-Radzimirska_Graczyk
https://link.springer.com/article/10.1007/s00217-019-03414-w#auth-Pawe_-G_rna_
https://link.springer.com/article/10.1007/s00217-019-03414-w#auth-Pawe_-G_rna_
https://link.springer.com/journal/217
https://www.sciencedirect.com/science/article/abs/pii/S0926669013006729#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669013006729#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669013006729#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669013006729#!
https://www.sciencedirect.com/journal/industrial-crops-and-products
https://www.sciencedirect.com/journal/industrial-crops-and-products/vol/52/suppl/C
https://www.sciencedirect.com/journal/industrial-crops-and-products/vol/52/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S0926669014003513#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669014003513#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669014003513#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669014003513#!

Maxcapv mativir ondipyee apnarean npecc Kadovievin x00aray xaHe ecenmey

M.T. Mypcaasixkosa!, M.M. Kaknmos?, A./l. Kacenos?, b.A. /lo6acenko?, b.M. lckakoB?
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HpOeKTI/IpOBaHI/Ie " pac4er 1pecca 4451 IIpoMn3BOACTBa Ca(l)[lOpOBOI‘O Macia

Annoramis. B nocaegnee speMs cripoc Ha capA0POBYIO ITPOAYKIIUIO pacTeT U3 Toja B TOA, YTO
1oJpasyMeBaeT yBeAudeHMe ITOCeBHBIX ILAOIIajeil M IIOIMyAsSpPHOCTh capAOpOBOrO Macaa cCpeAn
rnorpedureaeit.

B saHHOI cTaThe Ha OCHOBe Hay4HO-MCCA@A0BAaTEAbCKMX paOOT OblA pacCMOTpeH IIHeKOBLIN
rpecc AAs IPOU3BOACTBa capA0pOBOro Macaa. JaHa MeTOAMKA peryAupoBaHIUs Pa3HOCTU AaBAEHMUIA
IIpeccoBaHmsl C TIOMOIIBIO 3a30pOB MeXAy IIHEKOM I 3eepHbIM ImamHApoM. Ilpeaaaraercs
MaremaTHyeckas M HOMOIpaMMHas MoOJeab, KOTOpas JaeT KauecTBeHHBle U KOANYeCTBeHHbIe
xapakrepuctuku mpecca. Kak mokasaam amrteparypHble OO30pBI MCCA€AOBaHWII, IPOBEJeHHBIX B
coppeMeHHOM Mupe u Pecniybanke KazaxcraH, caeayeT OoCTaHOBUTBCA Ha OTAMYMAX M OCODEHHOCTSIX
Ipecca, B TOM 41cAe NPUHIINIINAABHOTO XapaKTepa COBpeMeHHbIX aHa/0TOB IITHeKOBOTO 000PYAOBaHMA.
B 2100071 OTpacan IIHEKOBOe YCTPOICTBO ABASETCs YHUKAaABHBIM pabOuMM MHCTPYMEHTOM IIMPOKOTO
IIpMMeHeHNs, ITOCKOABKY OHO O/JHOBPEeMEHHO I HeNpPepbhIBHO BHIIIOAHSIET HEeCKOABKO (PYHKITUIL.
ITockoABKy OYeHb CAOXKHO AaTh MaTeMaTUMYeCKyl0 XapaKTepUCTHUKY IITHEKOBOMY YCTPONCTBY, B TOM
gycae U IpeccyionieMy IITHEKOBOMY YCTPOJICTBY, BO BCceX paboTax, pacCMOTPEHHBIX ITPY AUTepaTypPHOM
0030pe, OIpaHMYMBAIOTCA OTAEABHBIMM PpeIIeHUAMM, CBA3aHHBIMU C IleAeBBIMM OCOOEHHOCTSIMI.
OcobeHHOCTBIO ®TOI paboOTBI  ABAsSETC He TOABKO MareMaThyeckoe, HO U HOMOTpPaMMHOe
MOJeAMpOBaHIe, II03B0AsIOIIee IT0400paTh ONITUMaAbHbIe pasHUIlY AaBA€HUII U TPOU3BOAUTEALHOCTD
C Y4eTOM TeOMeTpMYecKOl KOHCTPYKIMM IIPeCCOBOTO IITHEKa ¥ 3eepHOro IMAMHApPA, a Takxke
KOHCTPYKTMBHO-MeXaHIYeCKMX CBOVICTB CBIPbs.

KaroueBble caoBa: oOopyaoBaHme, IIpecc, IIHEK, PeryAsTop JaBAeHMs, OTXUM, cadaop,
pacTuTeabHOe MacAo.

M. Mursalykova!, M. Kakimov?, L. Kassenov?, B. Lobassenko?, B. Iskakov?
IShakarim University, Semey, Kazakhstan
2S. Seifullin Kazakh Agrotechnical University, Astana, Kazakhstan
L. Kemerovo State University, Kemerovo, Russia

Design and calculation of a press for the production of safflower oil

Abstract. Recently, the demand for safflower products has been growing from year to year, which
includes an increase in acreage and the popularity of safflower oil among consumers.

In this article, based on scientific research, a screw press for the production of safflower oil was
considered. The method of regulating the pressure difference of pressing by means of gaps between the
screw and the core cylinder is given. A mathematical and nomogram model is proposed, which gives
qualitative and quantitative characteristics of the press. As the literature reviews of studies conducted in
the modern world and the Republic of Kazakhstan have shown, we will focus on the differences and
features of the press, including of a fundamental nature from modern analogues of screw equipment. In
any industry, the screw device is a unique working tool of wide application, since it simultaneously and
continuously performs several functions. Therefore, the mathematical nature of the screw device,
including the pressing screw device, is so complex that in all works in the literary review, due to their
target features, they are limited to individual solutions. A feature of the work is not only mathematical,
but also nomogram modeling, which allows you to choose the optimal pressure difference and
productivity, taking into account the geometric design of the press screw and the seed cylinder and the
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structural and mechanical properties of raw materials.
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/Jv3eab KO3FaaATKbIIITapbIHBIH HeTi3ri KopceTKilllTepiHe apalac OTBIHHBIH aCepiH
9KOAOTUSIABIK OaFraaay

AnaaTna. Makasaga aabTepHaTUBTI >KaHapMaildapAblH KOAAAHBICTAFbl TypAepiHe KaH
- JKaKTHI TalJayaAap >KYPrisiain, oHBIH immiHAe XMMUAABIK, — PU3MKaABIK, KacKeTTepiHe
TepeH 3epTTeyaep >Kacaaabl. SepTTey HOTeXXMeCiHiH KOPHITBIHABICH OOMBIHIIA AMMETIA
5¢upi TasAaabIHABL AuMeTIA CIUpPTiHiH Oeariai 6ip MeAIlepiH Au3eab >XaHapMalibIMeH
apaAacTBIPHII JKoHe Iaiiga 60AFaH KOCIIaHbI I1alidalaHFaH Ke3Ae KO3FaATKBIII JKYMBICEIH
Oafajay YIUiH CBI3BIKTBIK perpeccrsi Taajay a4ici KoaaaHbLAABL CBISBIKTBIK perpeccus
koodPuIenTTepiHiH MoHJepiH TaOy TeXHMKAABIK ecellTey MacelelepiH IIelryre
apHaJAfaH KoaJdaHOaabl OargapaamMadap makeTinigy (MATLAB) xemerimen >Xypriziaai.
3epTTeyaep HoTexXmeci AuMeTnA PUPiHiH yIITeH Hip GOAiriH AM3eAb OTHIHBIHA KOCY
AM3eAbAl KO3FaATKbIIITapAaH IIBIFaThIH KaAABIK Ta3dlapAblH KOPCeTKIIITepiH ToMeHAeTy
VIIiH eH TMiMAl KOcIlaHbIH yAeci ekeHiH kepcerti. KaaablK rasgap kepcerkimrepiniy
TOMEHAeYi DKOAOTUAABIK KOPCETKIIITKepAiH >KaKcapyblHa aAblll KeaeAi.

Ty1iH ce3aep: cTaTUCTUKAABIK, CBIHAK, 94ici, paKTOPABIK AVICITEPCHS], TYTiH, a30T OKCHA].

DOI: doi.org/10.32523/2616-7263-2023-142-1-89-97

Kipicne

CBIBBIKTBIK PerpecusablK Talday apadac OTBIHHBIH (AMMETUA CHUPTI MEeH AM3eAb OTBIHBIHBIH
KOCBIHABICHI) A3€Ab KO3FaATKBIIIBIHBIH JKYMBICBIHBIH TUiMAl KOpCeTKillTepiHe >KoHe KOAJaHbLAFaH
razaapAblH YBITTBIABIK dCepiHe TOABIKKaHABI Oarajay >Kyprisyre MyMKiHAIK Oepeai.Perpeccusanik
TaajayAap >KaHapMail IIBIFBIHBL, KOAJaHbLAFaH ra3japAblH TeMIlepaTypackl MeH MaKCUMaAAbl KyaThl
YLIiH Kacaaapl. OTBHIHHBIH TOABIK OepiayiH KaMTaMachl3 eTeTiH PeXXMMHIH Mogeai XKacaaapl. JKacaaran
PeXMMHIH Heri3iHge KOAJaHBIAFaH rasjapAblH YBITTBIABIFBIHBIH MOJeAbdepi Kypwraanl. Mogeabaep
OYpKyAiH OacTaay KbICHIMBIHA, OYPKYAiH 03y OYpBIIIbIHA KoHe AMMETNA CIUPTIHIH yaeciHe Tikeaeir
OariaaHbICTEL. Perpeccnsaablk Taagay HoTeXKeCiHAe JKacaAbIHFaH MOJeAbJepP KO3FaATKBIII JKYMBICBIHBIH
THiMAL KOpCeTKillITepiHe KOA JKeTKi3y >KoHe NaliJalaHblAraH Ta3AapAblH YBITTBLABIFBIH A€HTelliH KaXKeTTi
AeHrelre JeiliH Tycipy VIIiH KOCIaHBIH 9pTYpAi KypaMbIMeH >KaHapMail >KaOAbIKTapbIHBIH
IapaMeTpepiH TaHJay¥fa MyMKiHAIK Oepeai [1].

Marepmnaagap MeH aaicrep
Taburu MoHAEpMeH Oalla1aHBICTH PaKTOpAaPABIH KOATaAFaH MOHAEPi (Xi) KaTbIHacTap OOVIBIHITIA
ecerrreaai [2]:

p—-20 0-10 p—-20
Xl = ’ X2 = 7 X3 = (1)
10 3 10
Kecre 1. Osrepertin ¢akropaap >koHe 01apAblH ©3repy AeHreiaepi
®akrop DakTOABIH NnTtepsaa Osrepy aeHreiiaepi
KOABI -1 0 1
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%, AMD (@) X1 10 10 20 30
0 X2 3 7 10 13
Py X3 2,5 12 14,5 17
Kecre 2. ®akTopaapablH peTi

No X1 X2 X3

1 0 0 0

2 1 0 0

3 -1 0 0

4 1 0

5 1 1 0

6 -1 1 0

7 0 -1 0

8 1 -1 0

9 -1 -1 0

10 0 0 1

11 1 0 1

12 -1 0 1

13 0 1 1

14 1 1 1

TeopusaablK >Kocllapaay4blH MaTeMaTMKaABbIK allllapaTbl CTaTMKAAbIK CbIHAy oJici, eH a3

KBaJparTap 94ici, perpeccusiAblK Tallay CUAKTBI CTaTUCTUKAABIK Tal4ay a4icrepie cyiieHeai [1].

TeopusabIK >)KOAMeH aAbIHFaH AepeKTep Keaeci aic OolibIHINIa ©HAeAeai. bapabiK OaKblLaaHATHIH

MaHJep4iH opTailia MaHi [2]:
PG _
2V

ﬁ _ r=1 j=1

a
MYHAAFBI, I — ©11Iey AeHTelliHiy peTi (r =1,2....p);
j — op AeHreiigeri eameyain peti (j =1,2....qx);
TonTeIK opTamaHslyg MaHi [1]:
Oy
yrl

DakTOopabIK Aucriepcus [2]:

p
2
(B - B)
D. = r=1
F p—1
Kocriaparpig 6apabIK HyKTeaepiHAeri gucnepcusaapAbiH Oipkeakiairi Koxpen eamemi
OoribIHIIa XXYprisiaeai [2]:

)

®)

4)

©)

90 Ne 1(142)/2023

A.H. T'ymunes amondazor EYY Xadapuivicor. Texnuxarvi; zoAotM0ap Kare mexHoAOUSAAD cepuschl

ISSN: 2616-7263, eISSN: 2663-1261



A.A. Kapaxanos, X.P. Axunbaes, Y.111. Koxaes, A.b. 3aouesa, C.O. Topebexosa

MYHAAFBbI, Di max ~ YAKEH CBI3BIK AVICIIEPCISICHI.

TeopusaablK >Kocllapaay MaceAeciHiH MaTeMaTUKaABIK, TY>KbIPBIMBI KeAecideil.

Kipic >XMBIHTBHIFBIHBIH IIapaMeTpAepi X= (X1, X2....Xn) MEH IIBIFbIC alfHbIMaAbldapbIMeH y = (Y1,
y2....yp) CUIIATTaAaThIH OOBEKT Oap[3].

Hricanra Oysymsl pakropaap z = (zi, Z2....Zq) 9cep eTeAi. YaKBITTBIH 9pTypAi coTTepiHae 0OBeKT
Kipic >KoHe IIBIFBIC alfHbIMaAblAapbIH OaliAaHBICTBIPATHIH ToyeAAidiKTepMeH aHBIKTaAaTbIH 9PTYpAi
Kyiiaepae 0oaagpl. bis KapacTBIpbBIII OTBHIpFaH pPerpeccusiAblK MoJedb BEeKTOPABIK TeHAey TypiHge
>Kasblaaasl [1].

bisain >xargaiiga >Korapblda KYpbLAFaH >KOCIIapAbl €CKepe OTHIPBII, Perpeccust TeHAeyi keaeci
Typ4e epHeKTeaeai [2]:

Ri = Ao + A1X1 + A12X1X2 + A13X1X3 + Azxz + A3X3 + A23X2X3 + A11X12 + A22X22 + A33X§ (6)

Perpeccust  xo»ddunmentrepi eH a3 KBadparrap oJiciMeH aHbBIKTaaAbl. Perpeccust

K09 PUIMEHTTepiHiH MaHBI3ABIABIFBIH Oaraday perpeccuss KOs(PQPUIMEHTTepi VINIH CeHiMAiAik

apaABIFbIH KYPY apKbLABI Ky3ere acelpblaadbl.Erep mapr opeiHaaaca, perpeccust Koo puUIieHTTepi
MaHbI3AbI OOABIN caHaAaAsl [4]:

D
Az A =tfy, @)

MYHAAFDI, t - Croroaent KpeTepuiii
Hoertexeaepai MaTeMaTMKaAblK MOJAeAbMEH YCBIHYABIH >KeTKiAiKTizirin Oarasay Ouirep
KpUTEepUIi apKbLABI XY3€ere achlpblaazbl [2]:

F, = 8)

MYHAAFbI, Da() - JKeTKiAIKTiAiK AMcIepCcusCh;
D y~ PETIPOAYKTUBTIAIK AVICIIEPCUSICHL.

Ocsplaarina, CTaTUCTMKAABIK MaHBI3ABI eMec KOD(PPUIIMEeHTTepAi aAblll TacTaraHHAH KelliH,
KYpacTBIpbLIFaH MOAeAbAep Keaeci Typre ue 001aasr [2]:

T, (°C)=594.009 — 31546 x, + 20,192 x, — 38,974 x, + 6,538x,x, +16,059x% — 7,852, (9)

AapIHFaH MOJeAbJeH IIIBIFATBIH Ta3dAgapAblH TeMmIlepaTypa AeHTeili KocIlajarbl AMMeTHA
»¢upiHiH KypaMbIHa Oail1aHbICTBI 00AaTHIHABIFBIH KopyTe 00aaap! [1].

Ecenteysep HaTeXeci MeH perpeccusablK Taljay HoTe>XKeciHAe aablHFaH MOJAeAbAeH IIIbIFaThIH
rasaapAblH TeMIlepaTypa AeHrelli KocIladarbl AMMeTUA CIMPTiHIH KypaMblHa TikeAeil OallaaHBICTHI
eKeHiH KepceTTi. Ju3eab OTbIHBIHA KOCATBIH AMMETIA CHUPTIHIH yAeci apTKaH caiiblH TeMIleparypa
pexnmi ToMeHAelt Oepeai. A30T OKCHUAIHIH IIBIFapBIHABLAAPBIHBIH AeHTelli MeH Ty3ily MeXaHU3MiHiH
TePMIABIK CMUTIaTTa 60AYbl KOAAAHBLAFaH ra3lapAblH ITMKA TeMIlepaTypachIHbIH AeHrelliH KepceTeai
>KoHe ©3 Ke3eTiHAe IMKAAIH TeMIlepaTypachbiHa Oail1aHbICTBI €KeHiH ecKepeTiH 004caK, perpeccisiablK
Taajay TlailjadaHblAFaH Ta3japAblH TeMIlepaTypachiIMeH OipJeil JeHreiige aemnl DOoa’kKaM >Kacayra
6o0aaapl. CTaTUCTUKAABIK eAeycis3 perpeccyss KOd(PpPUINMEHTTEPiH aAblll TacTaraHHAH KeliH MOJAeab
Kezeci Typae epHekTeaeai [2]:
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NO, (ppm) = 304.35 —19.061x, + 21.441x, — 29.113X, +5.067 X,X, — 28.836 X; +12.452X> (10)

Korapriga kepceriaren Mogeab NOx HIbIFapbIHAbLAAPBIHBIH JAeHIeill KeIl >Kafdaiida apadac
OTBIHHBIH KYypaMBblHa >KoHe IIMKAAIH TeMIlepaTypacblHa Tikeaell OalidaHBICTEL. bya perre asor
OKCHUATEepiHiH IIBIFapbIHABLAAPBIHA (perpeccusAblK ipikrey Koo(@uiieHTTepiHe coliKec) OTBIHAAFBI
AnMetna 5QupiHiH >Korapsl yaeci O kaparanaa P tnimai pikraa ereai [5].

0=0.3

¢=01
NOx,ppm

330
330

100
270

240
210

8°U.6.6.6 i

Cyper 1. Uinai 6iaikTiyg Oypblay OypHIIIbIHA JXKo9He KbICBIMFa 0aiaaHbIcTEI NOx IIBIFapBIHABLAAPEI

1 cyperTe KopceTiareH O6eTTiK gepeKTepAeH AMeTIA SPUPIiHiH YAeCiHiH apTybIMeH ColiKeciHIIe

TeMIlepaTypaHblH TeMeHAeNTiHAiriH OarikaiiMbrs. IIlTaTThik perTeyaepde a3oT OKCUATEPiHIH

merFapeHAbLAapB: NOx = (¢ =0,1; 0 = 11,5° n666; Po= 15 MIla) = 300 ppm; NOx = (¢ =0; 0 = 11,5° n666;
Py =15 Mlla) = 266 ppm; Bysan ImIbIFaThIH IITATTHIK peTTeyAep Ke3iHAe a30T IIbIFapbIHAbLAapbIHBIH
Aenrentin 8 — 21 % - 5 — ra aeliiH ToemeHaeTyTe 601a4b1[6].

IlaiiaasaHblAFaH rasgapAblH TYTiHI Kedecigell epHekTeaeai [2]:
T(6HSU) = 26.526 —13.816 X, +1.908, — 4.12X, +1.586 X, X, — 3.62X,X; + 0,3X,X, + 0.793x’
+0.643x5 +1.245%; —0.314 X, X, X, (11)

Qo
~

s [ ]
o~/r B°MEE5. - 40
PoMla < T

Cyper 2. BypkyaiH 03y OypHINIbIHA JKd9He KbIChIMFa KOAaHBIAFaH Ta3aapAbiH TYTiHAiAiriHiH Toyeaaiairi

74

AuMeTna CHOUPTIH AU3eAb >KaHapMaliblHa KOCy Ta3japAblH TYTiHAEY AeHTeliH KypT
TOMEHAETETIHIH perpeccusIAbIK ToyeAAiliK IIeH aAblHFaH OeTTepre aHAAM3 Kacay apKbLABI OarKayra
0021aap1. Ju3eab OTBIHEI OOVIBIHINIA IITATTHIK peTTeyAep Ke3diHJe NalijadaHbLAFaH ra3dapAblH TYTiHAITL:
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ot 30% AMD - T =14,13 6HSU , 10% AMD =T =37,5 6HSU, Tasa ausean orbiHbl Kesinge T = 40
OHSU Ttey [1]. Ocsblaaiiiiia, OTBIH aIllapaTypachlH INTATTHIK peTTey Ke3iHAe, apadac OTHIHABI
nalijalaHy Ke3iHAe, AM3eAb OTBIHBIHAAFI  KO3FAATKBIIITBIH >KYMBICBIMEH —CaAbICTBIpFaHAA
TalijalaHbLAFaH ra3jdapAblH TYTiHAeHY KOpCeTKillliHiH IaMaceiH 64,4% - ra (30% AMD kesiHge) KoHe
6,5% - ra (10% AMD kesinae) ToMeHAeYiH aayFa 00aaasr [1].

ITaiiaaaaHblaraH rasaapaas mbiratbiH CH mibIirapeiHAbLAQPEL Keeci Typae curaTradassi[2]:

CH (ppm) =162.384 — 23.219x, +53.893X, —32.145X, + 3.216 X, X, —10.417 X, X, +8.517 X, X,
+5.007 7 +12.307 x2 +17.813%2 (12)

¢=0,3 ¢ = 0,1

CH ppm

250
200
150
100

N LU
)
ey

L% @
Py, MMa AV~

Cyper 3. KemipTek mbIFrapbIHABLAaPBIHBIH OYPKYAiH 03y OypbIINIbIHA JKoHe KbICBIMFa TayeaAiairi

ITaitaasansiaran razaapsl 6ap CO mibIFapbIHABLAAPBI MBIHAAAM ©pHEeKTepMeH cuIlaTTalaabl [2]:

CO(ppm) =1197.67 —33.899x, + 223.002 X, —55.158 X, + 41.67 X, X, —4.936 X, X; +9.1X, X,
+17.758 % +115.749 x5 +11.33x2 (13)

1400

1200

1000

Kl

PpMMa o7 6° MB56

800

Cyper 4. KemipTek oKcnaiHiH mbIFapbIHABIAaPBIHBIH OYPKYAiH 03y OYpPHIIIbIHA JK9He KbICBIMFa
Toayeaaiairi

3epTTeyaep MeH Taljay HoaTeXXeaepi apaaac OTBIHABI KOAJaHFaHAa MalijalaHblAFaH Ta3gapAblH
KYPaMBIHAAFbl KOMIPTEK >KoHE KOMipPTeK OKCUATEepPiHiH IIbIFapbIHABLAAPBIHBIH AeHTeli Au3eab
OTLIHBIMEH J>KYMBIC Ke3iHJe OeaiHeTiH MeAlllepMeH CaAbICTBIpFaHFa KapafaHga Oipmmama >KOFapbl
ekeHiH KopceTTi. COoHpIMeH ITaTTHIK, perTreyaepae CH mibirapbiHAbLAaphl MBbIHaAapAbl Kypanas:: CH =
(¢ =0,1; 0 =11,5 1.6.6.6. ; Po=15MIIa) = 160 ppm, CH = (¢ = 0,3; 0 =11,5 n1.6.6.6. ; Po= 15MI1a) = 199
ppm. CH aenreitiniy keTepiayi tuicinme 18% >xone 26,7% - ¥a KyTiaeai [1].

HITarTeik perreyaep kxesinge CO OoribiaIIa ykcac kepkimrep: CO = (¢ =0,1; 0 =11,5 n.6.0.0. ;
P¢y=15MIla) = 1118 ppm, CO = (¢ = 0,3; 6 =11,5 n1.6.6.6. ; Po=15MI1a) = 1012 ppm. Ocspraarima 10 %
AMD kocnacs! kesinge CO 1,5 % aptaarr 4a, aa 30 % AMD kesinge 2 % - ra Tomengeniai [1].
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DKOHOMMKAABIK TYPFBIAAH KapacThIpaThIH 00AcCaK AuMeTnA >PUupiH AM3eAb OTBIHBIHA KOCY
tniMai. bya xepinic kypamsinga 30% - ra geitin AMD Oap Kocraaap kesiHge Oarikaaaasbl, aa 30% - AaH
acaTbIH 00Aca AM3eAbAiH KyaTTBLABIFBL MEH D9KOHOMMKAABIK KOPCETKIIITepi KypT ToMeHAelAi [1].

HoTexeaep MeH Taakblaayaap

CBhI3BIKTBIK perpeccusAblK MoJeabley MeH ToyeAAdidiKTep Au3eAbAi KO3FaATKBIIITBIH TUIMAL
KOPCeTKIIITepiHiH e3repyiHe, AuMmeTna puUpiHiH yaeciHe, miHAi OiaikTiH Oypblly OYpBIIIBI MeH
KBICBIMBIHA ~ OaifA1aHBICTBI ~ DKOAOTMAABIK ~ CUMNATTMaJapblH >KoHe OTHIH  allllapaTypachbIHBIH
IapameTpaepiH Oaradayra MYMKiHAIK Oepeai.OcbiHAall HOTEXKere >KeTy YIIIH OTHI3 MHalbl3 AVMMeTIA
9PuUpiH KOAJaHFaH >KeTKiAikTi. Jdumerma »PupiH KOAAAHYABIH Tarbl Oip apTBHIKIIBLABIFEL,
HaligadaHblAFaH ra3gapAaH IIbIFaTbIH TYTIHAEPAIH MeAIepiH ToMeHAeTeAl.

MO, ppm TytiH,0. HSU

340 45
330 !he"}“‘-\_\_:\\ 3 40
320

> '\_\ 135 [mNO-
300 \ \\ | @ Tyt
290 =\ 1925
280 1
270 S \\. 20

115

260 w
250

T T T T T T EI
0 5 10 15 20 25 30 3§

Kocnapar gumerwn ynecd

Cypert 5. Apaaac OTBIHHBIH 9KOAOTMABIK KOPCETKIiITepre acepi

140
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_ -
80 W=
60 [Jamay
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201 ﬂ
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NO CcO HC TyTiH Krna

Cyper 6. Au3eab OTBIHBI MEH apaJac OTBIHHBIH CaAbICTBIpMaabl KOpCceTKinmTepi
KopoITbIHABI
CBIBBIKTBIK perpeccusAblK MoJAeabAey MeH TayeAAidiKTep Au3eAbal KO3FaATKBIIITHIH TUiMAi

KOPCeTKIIlITepiHiH e3repyiHe, AuMmeTna spuUpiHiH yaeciHe, niHAi OiaikTiH Oypblay OYpBIIIBI MeH
KBICBIMbIHA ~ OallAaHBICTBI ~ 9KOAOTMAABIK ~ CUIIAaTTMaJapblH >KoHE OTBHIH  amllapaTypacbhIHbIH
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napamMeTpepin 6arasayra MyMKiHAiK Oepeai. Aumetna spupin 413eab OTBIHBIHA €HT13Y DKOAOTUAABIK,
KOpCeTKIITepAi >KakcapTadpl. AumeTna 9puUpiHiH OTHI3 IalbI3BIH AM3eAb OTBHIHBIHA KOCKaH Ke3je
TYTiHA1AIK YIII ecere, aa a30T OKCHATepi OoH ceri3 ecere kemMnai. CoHbIMeH KaTap >KOrapblga aTaAfaH
AuMeTnA »PUPIiHIH YAeCiH KOCy KO3FaATKBIII KYPBLABICHIH ©3TepTyAi KakeT eTmeligi, aa Oya e3
Ke3eriHge THiMAL KepceTKillTepaiH esrepMeNTiHAIriH kepceresi. KoasaHblaraH Tocia Am3eabain
DKOAOTUAABIK >KardallbIH >KaKcapTaabl, KaliTa >KaOABIKTayAbl Ka’KeT eTIIelAi, IMKi3aT OasachblH
yAFaiiTyFa MYMKIHAIK Oepeai.
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DKoaormIecKasi OIleHKa BAVISTHMSI CMeCOBOIO TOIIAMBA Ha OCHOBHBIE ITIOKa3aTeAn
AN3eAbHDBIX ABI/ITaTEIIef/I

AnnoTarms. B cratbe nposeseH BCeCTOPOHHMIT aHAAM3 CYIIIeCTBYIOIIX BUAOB aAbTePHATUBHBIX
TOIIAMB, B TOM 4HCAe YIAyOAeHHBIX MCCAeAOBaHMI XUMMKO- ¢uanmdecknx csoicrs. Ilo mroram
uccaeAoBaHus OblA BpIOpaH AMMeTHAOBBIT »¢up. Ilpu cMemmBaHMu OIpeAeAeHHOTO KOAMYeCTBa
AVIMETU0BOIO CIIUPTa C AM3eABHBIM TOILAMBOM M MCIIO/AB30BaHIY OOpPa3yIOLIericss cMecu AAs1 OLIeHKI
padoThl ABUTaTeAsl MCIIOAB30BAACS MeTOJ aHaam3a AMHeNHON perpeccyun. HaxoxaeHme sHadeHmit
KOO PUIINEHTOB AMHEHON perpeccuy IpoOBOAUAOCh C IIOMOIIBIO ITaKeTa MPUKAAAHBIX IIPOTpaMM
(MATLAB) aasa pemenuns 3ajad TexHu4deckoro pacdera. ViccaeaosaHms mokasaamu, 4to goOaBAeHIe
OAHOI TpeT! AVMETIAOBOIO 3pupa B AU3EeABHOE TOILANBO SBAseTCs Hanboee 9(PpPeKTUBHON 400aBKOIT
AASl CHIDKEHMsI IIOKazaTelell OCTaTOYHBIX Ta30B, BBIOpAchIBAEMBIX AU3EABHBIMU ABUTATEASIMIL.
CHirKeHMe oKaszaTeell OCTaTOYHBIX Ia30B IPUBOANUT K YAYYIIIEHUIO DKOAOTMIECKIIX ITIOKa3aTeAell.
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Environmental assessment of the impact of mixed fuel on the main indicators of diesel
engines

Abstract. The article provides a comprehensive analysis of existing types of alternative fuels,
including in-depth studies of chemical and physical properties. According to the results of the study,
dimethyl ether was selected. When mixing a certain amount of dimethyl alcohol with diesel fuel and
using the resulting mixture to evaluate engine performance, a linear regression analysis method was
used. Finding the values of linear regression coefficients was carried out using an application software
package (MATLAB) to solve technical calculation problems. Studies have shown that the addition of one
third of dimethyl ether to diesel fuel is the most effective additive for reducing the residual gases emitted
by diesel engines. A decrease in the indicators of residual gases leads to an improvement in
environmental indicators.

Keywords: statistical test method, factor dispersion, smokiness, nitric oxide.
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A comprehensive approach to concrete strength testing: combining destructive,
non-destructive and wireless sensor methods

Abstract. To assess the condition of the structures of buildings and structures it is
necessary to perform a comprehensive analysis of the factors affecting their performance
characteristics - concrete strength, thermal conductivity and humidity of concrete, frost
resistance, and water resistance. However, with a variety of controllable parameters the
control of concrete strength takes a special place because the main factor of structure
condition estimation is the correspondence of actual concrete strength to the design
requirements. The paper presented the basic methods of concrete strength control which
are used while examining the constructions of buildings and structures. The results of the
experiments comparing the data obtained by destructive, non-destructive, and
alternative methods were investigated. A wireless sensor of concrete strength, produced
in Kazakhstan, was used when carrying out the tests with the use of smart technology.
And the graphical quantitative-qualitative method "web" used by the authors allowed to
determine and identify the features of each method.

Keywords: concrete, strength, samples, test, monitoring.
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1. Introduction

Concrete strength is one of the most frequently monitored parameters during the construction
and inspection of reinforced concrete structures. The strength characteristics of concrete determine the
reliability and durability of structures. There are many control methods used in practice. To obtain
qualitative results from concrete strength testing, it is necessary to thoroughly study the features and
order of application of various techniques.

Thus, the authors [1] note the control of concrete strength by combined methods. In-situ tests of
concrete of monolithic columns having close terms of strength gain are carried out by non-destructive
methods, including the method of tearing off with shear (OMSH-1), ultrasonic pulse method (IPS-MG4),
and a combined method. Field tests have shown that in some cases acceptable for practice the accuracy
of concrete strength control of the design classes of strength C20/25-C30/45 can be obtained based on
standardized test methods without using the procedure of correction of their graduation dependencies.

In the research work [2] the core strength test according to the European standards is presented
and the European methods of concrete compressive strength estimation in building constructions are
considered. The purpose of this study was to obtain important information about the quality of concrete,
the type of aggregate, its granularity, and the structure of concrete and to identify any defects within the
structure. One of the most promising nondestructive testing measurements that can be applied to verify
the quality of concrete in existing structures appears to be the shear tear-off method, particularly CAPO-
TEST. Studies have proven that shear-bar method measurements provide an accurate assessment of the
strength directly in the structure.

The authors considered [3] the problems of reliability of concrete strength estimation by non-
destructive methods. In the course of the work, the classification of methods of concrete strength
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estimation has been considered. The advantages and disadvantages of direct and indirect methods of
strength estimation have been analyzed. Graduation dependences linking actual compressive strength
of concrete and indirect strength characteristics by non-destructive methods which use impact energy
and speed of ultrasound as indirect characteristics have been built and corrected. The authors concluded
that more reliable results are the data obtained by an ultrasonic non-destructive method using the device
Pulsar-1.1. In the research work [4], the analysis and evaluation of methods for determining the strength
of concrete for additive technology. The purpose of the study is to substantiate and develop a method for
determining the strength of concrete as applied to 3D-printing technology. The authors have proposed
and investigated the methods of forming and preparing samples to determine the strength of the cured
concrete mixture as applied to additive technology in three ways.

Based on the experimental studies [5], an algorithm for nondestructive control of concrete
strength by the parameters of the electrical response to elastic shock excitation has been developed. The
research was carried out by means of a laboratory complex, allowing to make pulse mechanical excitation
of materials and registration of an electric signal. Impulse mechanical excitation of samples was carried
out with the help of an electromechanical shock device, with the normalized force of impact. The studies
have shown that the proposed generalized amplitude-independent parameter for nondestructive
strength control using the phenomenon of mechanical-electrical transformations gives significantly
higher accuracy of strength prediction in comparison with the standard mechanical method. The error of
strength determined using the proposed algorithm is 9% for heavy concrete.

2. Methods and materials

This study examines the features of the methods of determining the strength of concrete: the
destructive method (press), the non-destructive method (ultrasound device), and the alternative method
(sensors maturity). Tests to determine the strength of concrete by the destructive method of the press and
the ultrasonic device are conducted in accordance with GOST 28570-90 [6]. This standard regulates the
methods of determining the strength of concrete in precast and monolithic concrete and reinforced
concrete structures and products, taking samples from structures, and making control samples from
these samples. GOST 10180-2012 [7] methods of determining the strength of reference samples are
distributed to concretes of all kinds, used in all areas of construction, and established methods for
determining the breaking strength of short-term static tests of specially referred concrete samples.
Determining the strength of concrete in accordance with this standard consists of measuring the
minimum force, destroying the specially made control samples of concrete under their static loading at
a constant rate of increase of load, and the subsequent calculation of stress under these conditions.

The test algorithm for the destructive method is presented in Figure 1.

The ability of concrete to effectively resist external influences due to internal stress is directly
related to the cement grade and the constituent components of the mortar. When checking the concrete
for compliance with the specified grade, the examined sample should be free of deformations, fractures,
delamination, and cracks [8].

A great influence on the strength of the concrete being tested, have an external environment in
which the pouring and hardening of concrete. The strength is also significantly increased using vibration,
which removes air bubbles from the monolith, making it denser [8].
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Continuous loading of

Placing the sample under specimens with gradual
the press increase in force until

the specimen fractures

Selection and
preparation of concrete
samples

Fixing the maximum
compressive forces after
each test

Visual inspection of the
destroyed specimen

Figure 1. Algorithm of concrete testing with a compression press

In this study, concrete grade M350, c1.C20/25, selected during the pouring of the structure in a
special ready-made form (Figure 2) to make a cube sample of size 100x100x100 mm was used.
Accordingly, on the 7th and 28th day the test was carried out.

Before testing specimens, a visual inspection for defects was carried out. The specimen was
centered on the axis of the press so that the layers of concrete in the cube when hammered were parallel
to the lower and upper bed. The compressive strength was then tested by destructive testing under the
press starting loading at a constant rate of acceleration until it failed.

a) Dbefore the start of he testl‘ b) during the test
Figure 2. Destructive method

The following test was conducted by a non-destructive method using the IPS device.

The test for the ultrasonic method of determining the strength of concrete is carried out in
accordance with GOST 17624-2012[9], which regulates the ultrasonic measurements in concrete by the
methods of through or surface sounding.

The test algorithm for determining the strength of concrete by non-destructive method with the
ultrasonic device "IPS" is shown in Figure 3.

Connecting the By holding the Location of the - - .
device and transducer the transducer ﬁ‘getrr a:rq:fﬁ:!::rg Displaying the tﬁ‘gtﬁ,: erarllsearsel;rqgr?t's
entering the bike lever must perpendicular to the triaer must results on the are autor%aticall

measurement be raised until the the tested surface b 99 d display d Y
mode latch locks of the product. € presse processed.

Figure 3. Concrete strength test algorithm with non-destructive method

The test was carried out on 3 cube specimens at 28 days. During the test, the instrument was
positioned so that the force was applied perpendicular to the tested surface.
In determining the strength of concrete, the number and location of the controlled areas were
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taken at least 3 and no more than 15. The distance between the test points (place of impact) was taken at
least 15 mm.

When determining the concrete on specimens, the test was carried out on the sides of the
specimens, with the specimens clamped in the press with a force of 30 kN. The operation of the device
was carried out by bouncing from the surface of the concrete sample, then the results were displayed on
the screen of the device. As a unit value of concrete strength was taken as the average strength of concrete,
defined as the arithmetic mean value of the strength of concrete in the controlled areas.

Figure 4. Measufiﬁg device IPS-MG

And one of the modern methods of determining the strength of concrete is sensors of maturity
and strength of concrete. Application and installation of wireless sensors in concretes are applied in the
world according to ASTM C1074-98 [10]. This standard provides a procedure for evaluating the strength
of concrete using the maturity method. It also requires setting the strength-to-maturity ratio of the
concrete mixture in the laboratory and recording the temperature condition of the concrete for which
strength is to be evaluated. The algorithm of application and installation of wireless sensors for concrete
strength control is shown in Figure 5. In the study, a waterless sensor for monitoring the strength of
concrete BDM-1 was used (Figure 6).

Selection of

Connecting Continuous
szr:]s(;){;gge laboratory insti?lr;ii(gn at sensors to Signal recording of Analysis of
according to tests critical design devices for acquisition concrete the data
technical locations temperature and processing casting data in obtained
recording real tim
parameters

Figure 5. Algorithm of application and installation of concrete strength control sensors

A fully integrated sensor measures the temperature of the concrete in situ and then calculates it
into concrete strength data. It then reads the temperature data in real-time and then calculates the
strength according to ASTM standard requirements [11].

BECTHMK EHY umetu A.H. I'ymunesa. Cepus mexruseckue HayKu u mexnor02u Ne 1(142)/2023 101
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



A comprehensive approach to concrete strength testing: combining destructive, non-destructive and wireless sensor methods

Figure 6. Wireless Concrete Strength Monitoring Sensor [12]
3. Results and discussion

The results of the tests carried out by destructive, non-destructive, and alternative methods are
shown in Table 1.

After testing all specimens, the values are derived, and the design strength of the concrete is
calculated that the concrete is fully compliant with the grade M350 (C20/25). The test results of the
concrete specimens are recorded in the test report (Table 1).

Table 1. Test report

No.of Class of Concrete  Strength parameters, kg/cm?
experience concrete age Destructive Non-destructive ~ An  alternative
method (press) method method (wireless
(IPS) BDM sensor)
1 B25 28 days  334.4 335 333.4
2 B25 28 days  331.4 331 3314
3 B25 28 days  330.4 331 330.8

Analysis of the results of experimental studies shows that the values of strength indicators
determined by different methods differ from each other by no more than 2%. That confirms the reliability
of the obtained results.

Also, the graphical quantitative-qualitative method "web" allowed a multi-criteria comparison of
these methods. Two circles were plotted for orientation, a large circle, and a small circle for method
evaluation. Radiuses equal to the number of criteria (Table 1) marked with Roman numerals from 1 to 8
were drawn on the circles. For each radius, there is a different jackal and a notation to measure the values
of the methods' parameters in percent according to Table 2.

Then each method of strength control was marked with letters, for the destructive method - A,
non-destructive method - B, and alternative method - C. In the diagram the control method is marked
with lines, the destructive method of strength control is marked with yellow color, the non-destructive
method of strength control with red color, alternative method with purple color (Figure 7). The
previously mentioned labels of each method (A, B, C) are connected by lines. After entering all the values,
an analysis is done on the diagram. According to the area of the connected lines, the quality and
convenient method of concrete strength control are determined.

Table 2. Criteria for evaluating concrete test method

Criteria Method of monitoring concrete strength
A b C
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Destructive Non-destructive An alternative
method method method (sensor)
I Regulated by 100% 100% 70%
standards
II Accuracy of 100% 75% 80%
performance during
testing
III  Speed 75% 85% 90%
IV Availability 100% 100% 50%
V  Automation of device 55% 85% 100%
and data processing
VI  Obtaining absolute 90% 75% 80%
values that are
important for the
operation of the
product
VII  Direct testing of 95% 60% 90%
material samples
VIII  Saving time 75% 85% 90%

Destructive method (A)
Non-destructive method (6) ——
An alternative method () ——

Figure 7. Diagram of assessment by the quantitative-qualitative method "Web"
According to the criteria, the destructive method has the highest percentage of 86.25%, the non-
destructive method has 83.125%, and the alternative method has 81.25%. This analysis shows that the
results for the selected criteria do not differ from each other by more than 3.3%.

4, Conclusion

When inspecting a building, one of the indicators of its condition is the actual residual strength
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of its building materials. The strength and deformation characteristics of reinforced concrete will change
under load and over time. The quality of concrete and reinforced concrete products and structures largely
depends on the efficiency and effectiveness of concrete strength and homogeneity control.

The study identified the best practices of the world, based on which were analyzed techniques
and objectives of methods of temperature-strength control of concrete, the requirements of which led to
the effectiveness of the results. According to the results of the quantitative-qualitative method analysis,
all 3 methods of concrete strength control have their positive and negative qualities.
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Kemenai TaciameHn 6eTOHHBIH OepiKTiriH cbiHay: Oy3y, Oy30ay >KoHe CBIMCBHI3 CEHCOPADIK,
Oakblaay agicTepiHin yiiaecyi

Angarna. 'mMmaparrap MeH KYPBIABICTapABIH KYPBLABIMAAPBIHBIH >Kali-KyiiH Oaraday YIOiH
0JAapAbIH ©HiMiairiHe acep ereTiH (pakTOpAapAbIH - OETOHHBIH OepiKTiriH, >KblAYy ©TKIi3TiIITITiH >KoHe
OEeTOHHBIH BLAFAAABIABIFBIH, as3fa TO3IMAIAIriH >KoHe Cyra Te3iMAiAiriH KelmeHAl Taagay KasKeT.
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Jerenmen, apTypai OakblaaHATBIH IlapaMeTpAepMeH OeTOHHBIH OepikTirin Oakblaay epekile OpBIH
asaApl, OMTKeHi KOHCTPYKLIMsAapAbIH >KarJaiiblH OaradayAblH Herisri (pakTopbl OeTOHHBIH HaKThI
OepikTiriHig >KO0aABIK TaJlalTapfa coliKecTiri ©Ooabin TaObliagbl. Makasada fuMMapaTTap MeH
KYPBIABICTapABIH KOHCTPYKIMAAAPBIH TeKcepyde KOAJAaHbLAaThIH OeTOHHBIH OepikKTiriH OaKblaayablH
Herisri agicrepi keatipiareH. JdecTpyKTusTi, OyAAipMeNTiH XoHe aAbTepHATUBTI 94iCTepMeH aAbIHFaH
MoJiMeTTepAl CaABICTBIPY OOJBIHINIA SDKCIIEPUMEHT HoTuKedepi 3eprreaeai. VIHTeaaexkTyaaAbr
TeXHOAOIUsAapABl KOAJaHY apKblabl TecTizey kesiHae Kasakcranga IIbIFapblAFaH CBIMCBHI3 OeTOH
OepiKTiri gaTunri naiAalaHelAAbl. Al aBTOpAap KOAJAaHATBIH IpapMKaAbIK CaHABIK-CAIlaAblK 94ic «BeO»
9P 94iCTiH epeKIleAiKTepiH aHbIKTayFa >KoHe aHbIKTayFa MYMKIiHAIK OepAi.
Tyiiin ce3aep: 6eToH, OepikTiK, yariaep, cbiHay, OaKblaay.
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KomriaekcHbmi II0AX0A K UCITbITAHUIO OeToHa Ha IIPOYIHOCTDb: cOIeTaHne
paspymialomiero, Hepaspymialomiero n 6eCl'IpOBO,Z|,HOI‘O CEHCOPHOIO M€TOAOB

AnnpoTamms. /A5 OLEHKM COCTOSHMS KOHCTPYKIIMII 3JAaHMII M COOPY>KEHMI HeoOXOAUMO
IIPOBOANTH KOMILAEKCHBIN aHaAu3 (PaKTOPOB, BAVAIOIMIMX Ha MX DKCILAyaTallVIOHHBIE XapaKTepPUCTUKI:
IIPOYHOCTh ~ O€TOHa,  TeNAONPOBOAHOCTh UM  BAQXKHOCTh  OeTOHa,  MOPO3OCTOVIKOCTh U
BOJOHeIpoHNIlaeMocTs. OJHaKO HpM MHOrooOpasuym KOHTPOAMPYEMEIX IlapaMeTpOB KOHTPOAb
IIPOYHOCTM OeTOHa 3aHMMaeT Oco0Oe MeCTO, TaK KaK OCHOBHBIM (PaKTOPOM OIIeHKM COCTOSHIUS
KOHCTPYKIIMII SIBASIETCSI COOTBETCTBUE (PAKTIIECKON IPOYHOCTM OeTOHa IPOEeKTHBIM TpeOosaHMAM. B
cTaThe IIpeACTaBA€HbI OCHOBHBIE METOABI KOHTPOAS IIPOYHOCTY O€TOHA, KOTOPBIE MCIIOAB3YIOTCS IPU
o0caeA0BaHNMY KOHCTPYKIIMII 34aHUI M COOpY>KeHmit. ViccaeaoBaHBI pe3yAbTaThl DKCIIEPUMEHTOB 10
COIIOCTaBAEHUIO JaHHBIX, ITOAYyYEHHBIX pPa3pyLIAIONIMMIY, HepaspyIIalOIMM U aAbTePHATUBHBIMI
MeTogamu. Ilpu mpoBedeHMM WCHBITAaHMIT C IIPMMEHEHNMEeM WHTeAAEKTyaAbHBIX TeXHOAOTWIA
UCIIOAB30BaACsI OeCIIpOBOAHONM JAaTUMK IIPOYHOCTY OeTOHa Ka3axXCTaHCKOIO IIPOM3BOACTBA. A
MICIIOAb30BaHHBI aBTOpaMy rpadpuIecKmii KOANIeCcTBeHHO-KaueCTBeHHBIII MeTO/, «I1ayTHHa» II03B0ANA
OIIpeAeANTH U BBIABUTh OCOOEHHOCTI Ka’K40TO MeTOoJa.

Karouespie ca0Ba: GeTOH, TPOYHOCTD, OOPa3LIbl, VICITBITAHIE, MOHUTOPVHI.
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Effectiveness of reinforcement on soil subsidence

Abstract. The application of methods of improvement of ground bases in subsidence
areas is an urgent issue today. This is evidenced by the continuing difficulties with the
operation of transport structures. This study presents experimental studies of soil
reinforcement. An important factor is to determine the properties of the soil, so the paper
presents the results of laboratory tests. The angle of internal friction and the deformation
increases to a greater extent when the reinforcing element is embedded in the ground,
which will increase the bearing capacity of the foundations and reduce the deformability
and settlement of the soil mass. The use of a reinforcing element in the ground not only
makes it possible to improve the physical and mechanical properties of the soil but also
gives an economic effect. It allows you to reduce the cost of the volume of earthworks.
The results obtained in this study have considerable potential for eliminating problems
arising from the construction of structures in subsidence areas.

Keywords: soil, geosynthetics, subsidence, reinforcement, properties.
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1. Introduction

When planning new construction complexes, it is necessary to consider the complex engineering
and geological conditions of collapsible soils [1]. Before erecting structures in such areas, it is necessary
to apply various methods to increase the soil's bearing capacity and stability [2]. The bearing capacity of
such soils is low, so before making foundations on them, applying different soil stabilization methods is
necessary [3]. Three groups of methods are used for the improvement of soil bases: constructive methods
of base improvement; compaction of soil bases; and consolidation of soil bases [4-5]. Indirect methods [6]
of determining collapsibility are used at the earliest stages of the investigation of loess soils in the territory
under study to determine the propensity of soils to collapse. Based on their assessment of the choice of
methods of further research of soils and justification of appointments of field and laboratory tests, the
approximate evaluation of the volume of work. But unlike direct methods, they don't allow for estimating
the numerical collapsibility value of loess soils. And one of the methods for improving soil base is
applying geosynthetics.

Geosynthetics is a common classification terminology for all kinds of synthetic materials used in
various construction branches, including road construction [7]. This term includes geotextiles, geogrids,
geonets, geomembranes, and geocomposites.

Using geosynthetics opens new opportunities to solve various problems in the design and
construction of roads and the most complex engineering structures. First, polymeric fabric helps evenly
distribute the weight load on the whole area of the object. In addition, the material prevents liquid and
moisture from penetrating the road base, thus saving it from destruction and erosion. Also, a multilayer
construction of a road object constructed with geosynthetic materials is less subject to mechanical
damages - potholes, holes, cracks, and ruts [8].

Geonets are filament meshes made of glass fiber to reinforce asphalt concrete pavements and
weak subgrade soil. Using geonets increases the operational reliability and service life of road structures,
improves work conditions and quality, simplifies construction technology, reduces construction time,
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reduces the consumption of traditional road-building materials, and uses local soil [9]. Geonet is used to
construct and reconstruct highways and temporary roads on weak substrates to strengthen slopes and
inclines.

The main advantages of geotextiles are good extensibility and excellent water-transmissibility,
while their high strength and deformation resistance make it possible to initially reduce the roadbed's
thickness. All the above advantages in the characteristics and properties of geotextiles influenced the
choice of this material as a study material and its application in the structural and technological solution.

2. Methods and materials

2.1 Laboratory determination characteristics of soil

2.1.1 Determining particle size distribution (grain) composition using a sieve method

To determine the granulometric (grain) composition of soils by sieve method, the following
apparatus and equipment were used: sieves with the size of holes 10; 5; 2; 1; 0,5; 0,25; 0,1 mm; laboratory
scales; technical scales with a relative error of weighing of not more than 0.1%; porcelain mortar; pestle
with a rubber tip; porcelain cup; rubber bulb; brush. The average sample of soil g; was selected by
quarting and then weighed on the scales. The sieves were mounted by the column and placed on the
pallet to increase the size of the holes. The selected sample was transferred to the top sieve of the first set
(diameter of holes from 10 to 0,5 mm), closed with a lid, and sieved with light lateral blows with the
palms of his hands until the soil was completely sorted. Soil fractions lingering on the sieves were poured,
starting from the upper sieve into a mortar, then were additionally grinded with a pestle with a rubber
tip, again sieved on the same sieves.

The completeness of the sieving of soil fractions was checked by shaking each sieve over a sheet
of paper. Each fraction of the soil trapped on the sieves was weighed separately (df). The soil loss during
sieving was allocated to the fractions in proportion to their mass.

2.1.2 Determination of granulometric (grain) composition of soils by the areometric method

To determine the granulometric composition of the grounds were applied the following
instruments, equipment, materials, and reagents: areometer with a scale of 0.995 - 1 - 1.030 and the
division price of 0.001; a set of sieves with a pallet; sieves with the size of holes 10; 5; 2; 1.0; 0.5; 0.25; 0.1
mm; scales; mortar and pestle made of porcelain; pestle with a rubber tip; porcelain cup; a desiccator
with a silica gel indicator; drying cabinet; conical flat-bottomed flask with a capacity of 500 cm3; funnels
of about 4 and 14 cm in diameter; measuring cylinder with a capacity of 1 1 and a diameter of (60 + 2)
mm, a thermometer with an accuracy of 0.5°C.

Without splashing out and foaming, the suspension has been shaken with a stirrer for 1 minute
until sediments are completely stirred from the bottom of the cylinder. The time of areometer reading
was determined after the end of suspension shaking. Then for 10-12 seconds before measuring the density
of the suspension, the areometer was carefully lowered into it, which should float freely without touching
the walls and the bottom of the cylinder, and the reading was taken by the areometer R. The duration of
areometer reading was not more than 10 s (Figure 1).
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‘a) start testing b) end of the test
Figure 1. The measurement of slurry density

The temperature of the suspension was controlled by temperature measurement with an error of
up to 0.5°C during the first 5 min (before the experiment) and then after each measure of the density of
the suspension with an areometer. If the temperature differed from 20°C, a temperature correction was
added to the areometer readings. The data obtained by the areometer method are shown in Table 1.

Table 1. Obtained data in determining the grain composition of the soil

Time, min Areometer t, °C
1 10.04 23
30 9.98 23
180 9.98 23

Then was calculated the percentage of soil fractions larger than 10; 10-5; 5-2; 2-1 mm and the mass
of the dry average soil sample. To determine the moisture content of the soil by drying to constant weight,
the following equipment was used: a drying cabinet; laboratory scales; metal or glass beakers.

Samples of soil for moisture determination were selected from 15-50 g, then placed in a pre-dried,
weighed numbered beaker and sealed tightly with a lid. When sampling from a disturbed specimen, the
soil was thoroughly mixed to ensure that the moisture was evenly distributed throughout the specimen.
The soil sample in the buster was weighed. The open buster was placed in a heated desiccator. The soil
was dried to a constant weight at (105+2)°C. After each drying, the closed bust was cooled to room
temperature and weighed. The sample was dried until the difference in mass of the soil with the box at
the next two weightings did not exceed 0.02 g.

2.1.3 Determination of the upper limit of plasticity - liquid limit by the balancing cone method

The liquid limit was defined as the moisture content of the paste prepared from the studied soil,
at which the balancing cone is immersed under the action of its own mass for 5 seconds to a depth of 10
mm. Equipment used: drying cupboard; laboratory scales; metal boxes; Vasiliev's balancing cone with a
cylindrical cup; metal box 7-8 cm in diameter; spatula; mortar with the pestle; sieve with a 1 mm hole;
fine grater; petroleum jelly.

To determine the liquid limit, disturbed specimens were selected for which preservation of
natural moisture is required. When tested using an air-dry soil sample, it was ground in a porcelain
mortar, not allowing the soil particles to be crushed and at the same time removing vegetation residues
larger than 1 mm. It was sifted through a 1 mm mesh sieve. Soil passed through the sieve, moistened
with distilled water to a thick paste, stirred with a spatula, and kept in a sealed glass jar.

The prepared primer paste was thoroughly mixed with a spatula and placed in a cylindrical cup
in small portions densely (without air cavities). The surface of the paste was smoothed with a trowel

BECTHMK EHY umetu A.H. I'ymunresa. Cepus mexruseckue HayKu u mexnor02uu Ne 1(142)/2023 109
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Effectiveness of reinforcement on soil subsidence

flush with the edges of the cup. A balancing cone lubricated with a thin layer of vaseline was brought to
the surface of the ground paste so that its tip touched the paste. The cone is then gently released, allowing
it to sink into the paste under its own weight. Immersion of the cone in the paste for 5 s to a depth of 10
mm shows that the soil has moisture corresponding to the yield boundary (Figure 2).

5

Figure 2. Dipping the cone into the paste

After reaching the fluidity limit, samples of 15-30 g were taken from the past to determine the
moisture content in accordance with the requirements.
2.1.4 Determination of the lower limit of plasticity - plastic limit

The plastic limit (plasticity) should be defined as the humidity of the paste prepared from the
studied soil, at which the paste rolled out in a roll with a diameter of 3 mm begins to break up into pieces
of 3-10 mm. Equipment used: drying cabinet; laboratory scales; metal boxes; vasiliev's balancing cone
with a cylindrical cup; porcelain or metal cup 7-8 cm in diameter; spatula, mortar with the pestle; sieve
with a 1 mm hole according to the current normative documentation; fine grater; vaseline. To determine
the plastic limit, disturbed specimens were used, for which the preservation of natural moisture is
required.

The prepared primer paste was thoroughly mixed, and then a small piece was taken and rolled
out with the palm of the hand on a glass or plastic plate until the bundle of about 3 mm in diameter was
formed (Figure 3).

P o N M y
Figure 3. Rolling out harnesses

Rolling continued until the bundle disintegrated along transverse cracks into 3-10 mm long
pieces. The pieces of the disintegrating bundle were collected in boxes covered with lids. When the
weight of soil in the beakers reached 10-15 g, the moisture content was determined.

Results of determining the lower limit of plasticity number are represented in Table 2.
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Table 2. Results of determining the lower limit of plasticity number

IP=WL- WP,
No. of box m,g ml, g m0, g wL, % wLaver, % o
8 54 13.8 12.7 15.06
504 5.1 13.0 11.9 16.18 15.1 7.9
17 55 14.0 14.0 14.12

2.2 Experimental tests of quasi-collapsing soils performed in a uniaxial compression apparatus

The tests were conducted with the odometer. In turn, the conducted research consisted of two
parts: a study of quasi-collapsing soil [10] and an investigation of collapsing soil reinforced with
geotextile. The second part was conducted to determine the effect of quasi-soil reinforcement by
geotextile on collapsing. For this purpose, a nonwoven geotextile was selected (Figure 4).

The load was applied one kilogram at a time up to 5 kg. To obtain collapsing, the specimen was

soaked at 3 kg during the experiment. After each loading, strain values were taken from watch-type
indicators (WTIs).

Figure 4. Non-woven geotextile
3. Results and Discussion
The results of soil grain composition by sieve method are presented in Table 3.

Table 3. Results of determining the grain size distribution of soil [11]

No. of sieves Msieve, g Misieversoil, & Misoil, % sieved soil, g
500 849.5 943.6 94.1 12.54
250 781.0 979.5 198.5 26.5
100 810.1 1256.4 446.4 59.52
50 803.5 813 9.5 1.27
>50 781.3 782.8 1.5 0.2

The percentage content of each fraction of the soil are: coarse fraction - 1-0.25-66.6%; medium
fraction - 0.25-0.05-66.1%; small fraction - 0.05-0.002-66.1%. The results of determining the moisture
content of the soil are presented in Table 4.
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Table 4. Results of determining the moisture content of soil by drying to constant weight

No. of box m, g mi, g mo, g w, % Wep, %
8 5.4 18.9 16.8 18.4
19 5.2 19.0 17.7 104
12 5.2 18.3 16.4 17 18.24
5 5.4 20.1 16.9 27.8
504 5.1 15.8 14.2 17.6

The results of determining the upper limit of plasticity are shown in Table 5.

Table 5. Results of determining the upper limit of plasticity

No. of box m,g mi, g mo, g wr, % WeLaver, %
19 5.2 20.2 17.4 22.95
12 5.2 19.8 17.0 23.73 23%
5 5.4 17.4 15.2 22.45

Results of determining the lower limit of plasticity number are represented in Table 6.

Table 6. Results of determining the lower limit of plasticity number

No. of box m, g mi, g mo, g wi, % WeLaver, % Ir=WL- Wp, %
8 54 13.8 12.7 15.06
504 5.1 13.0 11.9 16.18 151 79
17 55 14.0 14.0 14.12

Change of quasi-soil coefficient of relative collapsing when changing the percentage ratio of
components (soil - quicklime) with and without geotextile reinforcement presented in Table 7 [12].

Table 7. Results of coefficient of relative collapsing

Coefficient of relative
collapsing without geotextile
reinforcement, &

Percentage proportion of Coefficient of relative collapsing

soil and lime in quasi-soil with geotextile reinforcement, ¢

Soil 60% - Quicklime 40% &g = 0.03>0.01 &g = 0.021 > 0.01
Soil 50% - Quicklime 50% &g = 0.035>0.01 £g = 0.03 > 0.01
Soil 40% - Quicklime 60% &g = 0.04 > 0.01 &g = 0.0315 > 0.01

4. Conclusion

When designing structures on collapsing soils, the possibility of increasing their moisture content
due to soaking the soil from external sources (rainwater, meltwater) from above should be considered. It
is necessary to provide a set of measures, including the elimination of collapsible properties (water
protection and structural measures).

Itis necessary to apply to the pavement «capping layer» structure in areas where the groundwater
level is close to the bottom of the embankment for a more rigid resistance to loads from the above
structure. It also reduces the chance of differential settlement in the slab by supporting it more
homogeneously than an unimproved subgrade. It is also much easier to compact a subbase on a capping
layer than on saturated clay, meaning that by installing a capping layer, delays in constructing the
subbase due to wet weather can be reduced.

In this investigation has been laboratory proven that reinforcement of the collapsing soil with

112 Ne 1(142)/2023 A.H. T'ymunes amondazer EYY Xadapuivicor. Texnuxkarvix; zoAutM0ap Kare mexHoAOZUANAD cepuschl
ISSN: 2616-7263, eISSN: 2663-1261



A. Tulebekova, G. Tanyrbergenova, A. Zhankina, G. Baizakova

geomaterials, namely geotextiles, increases the bearing capacity of the soil and improves its deformation
properties. The coefficient of relative collapsing for samples with a ratio (soil 60% - 40% lime) is
&1=0.03>0.01 (not reinforced with geotextile), es1=0.021>0.01 (reinforced with geotextile), for samples with
a ratio (soil 50% - 50% lime) is &s1 =0. 035>0.01 (not reinforced with geotextile), £1=0.03>0.01 (reinforced
with geotextile), for samples with the ratio (soil 40% - 60% lime) equal to &1=0.04>0.01 (not reinforced
with geotextile), £5=0.031>0.01 (reinforced with geotextile).
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2Kasaxcmarn zeocurmemuxarvix kozamol, Acmana, Kasaxcman
3/. Cepixoaes amoindazor Lvizvic Kasaxcmarn mexnuxarox yriusepcumemi, Ockemer, Kazaxcman

TonbIpakThIH MIOTyi Ke3iHAeri apMaTypaHbIH TUiMAiAiri

Anaarma. [lleringi aymakTap/a TOIbIpak Heri3gepiH >KaKcapTy a4icTepiH KoaAaHy OyTiHIi TaHAa
©3eKTi Maceae 004bII TaObLAaAbl. byraH KeaiK KYpBLABICTApBIH IaiijadaHyaFrsl KUBIHABIKTAP 4914
604a aaaapl. bya >KyMpIcTa TOIBIPAKThl HBIFAITY OOIBIHINA DKCIIEPUMEHTTIK 3epTTeyAep YCHIHBLAFAH.
TonplpakThIH KacueTTepiH aHBIKTAy MaHBI3AB (PaKTOp OO0ABII TaOblaaAbl, COHABIKTAH >KYMBICTa
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Effectiveness of reinforcement on soil subsidence

3epTXaHaABIK 3epTTeyAepaiH HoTiKeadepi KeatipiareH. Imiki yiikeaic Oypsimisl MeH aedpopmariys
apMaTypaAblK 9JeMeHT JKepre eHreH Ke3Je >KOrapblaaliabl, Oy ipreTacTblH KOTEPTilTIiriH apTThIpaAbl
JKoHe >Kep MaccachIHBbIH AepopMaliusAcel MeH IeryiH asaiiTagbl. TonmbplpakTa apMaTypaAblK 9A€MeHTTi
KOAJaHy TOIIBIPAaKThIH (pU3MKa-MeXaHMKaAbIK KacleTTepiH JKaKcapTyFa MYMKIHAIK Oepill KaHa KoiiMaii,
DKOHOMMKAABIK acep Oepedi. bya >kep >KyMbICTapBIHBIH KYHBIH TOMEHAeTyre MYMKiHAIK Oepeai. Ocebl
3epTTeyse aAblHFAaH HOTVDKeAep INeriHAi ayMakTapaa KypbIAbICTap cady Ke3iHge TybIHAAWTHIH
npo0.1eMasapAbl >KOIO YIIIiH aliTapAbIKTall 91eyeTKe 1e.
Tyi1in ce3aep: TorbIpak, reOCMHTETHKA, IIIOTY, apMaTypa, KacueTTepi.

A. TyaeGexosal, I. TanbipOeprenosa?, A. Kankunal, I'. barisakosa3
IEspasutickuti Hayuonarvrvll yrusepcumem um. A.H. l'ymunresa, Acmana, Kasaxcman
2Kasaxcmaticioe zeocutimemuyecikoe o0uecmeo, Acmara, Kasaxcman
3Bocmouno-Kasaxcmarckuil mexnuveckuii ynusepcumem um. /. Cepuxoaesa, Yemo-Kamenozopcx,

Kasaxcman

P PeKTUBHOCTb apMUPOBAaHM Ha IIPOCAjd0OYHOCTb IPYHTA

Annoramms. Ilpumenenne MeTOA0B yAyYIeHNMs TPYHTOBBIX OCHOBaHMII Ha ITPOCAJOYHBIX
TEePPUTOPUAX SBASETCS aKTyaAbHON IPOOAeMON Ha CerogHsAIHU AeHb. OO DTOM CBUAETeAbCTBYIOT
COXpaHAIOIIeCcs] TPYAHOCTUM C 9KCIIAyaTalliell TPaHCIIOPTHBIX COOpyXeHmit. B aannoir pabote
IpeACTaBAeHbl DKCIIepMMEeHTaAbHble JCCAeJ0BaHMs II0 YKpeIlAeHMIO I'PyHTOB. BakHpiM (axTopom
SABASIeTCA OIpejeaeHNe CBOJICTB IPyHTa, II09TOMY B paboTe IIpeACTaBA€Hbl pe3yabTaThl Aa00paTOPHBIX
uccAeAOBaHMIA. YT0A BHYTPEeHHEIO TpeHus 1 gepopMaliusl yBeAndnBaloTCs B 00AbIIIeil cTelleH!, KOrja
apMUpPYIOIINII DA€MeHT BHeAPseTCs B IPYHT, YTO YBEAMYUT HECYIIYIO CIIOCOOHOCTh (yHAaMeHTa I
YMEHBIINUT AepOPMUPYEMOCTh M OCeJaHue TPYHTOBOTO MaccuBa. JIcrmoab3oBaHme apMMpPYIOIIETO
9JeMeHTa B TPYHTe He TOABKO IT03BOASAET YAYUIIINTh PU3NKO-MeXaHIJIecKe CBOJICTBa IPYHTa, HO I AaeT
HKOHOMMUYECKNIT 9PPeKT. DTO MO3BOASET CHUBUTh CTOMMOCTh O0ObeMa 3eMASHBIX padoT. PedyabTars,
IoAy4eHHble B JaHHOM MCCAeJ0BaHNY, MMEIOT 3HaYMTeAbHBIN ITOTeHI[MaA AAs ycTpaHeHus Ipo0aeM,
BO3HUMKAIOIINX PV CTPOUTEALCTBE COOPY>KEeHMI Ha ITPOCaA0YHbBIX TEPPUTOPIIX.

Karouesble ca0Ba: TpyHT, TeOCUHTETHKA, IIpOCcalka, apMUpOBaHye, CBOJCTBa.
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Survey of overpass foundation in engineering-geological condition
of Kazakhstan

Abstract. The aim of the work is to present the results of the inspection of the foundations
of the overpass and to determine the causes of the defects. This is a particularly relevant
task for countries with a large and extensive territory, such as Kazakhstan. This area is
located in the centre of Eurasia, where many international routes between Europe and
Asian countries have crossed since ancient times until the present day. One of the main
international highways is Yekaterinburg - Almaty (2336 km), which is one of the main
transport routes between Russia and Kazakhstan. This road was intensively
reconstructed in 2013. An overpass was built on the 1114-1137 km section of the
Yekaterinburg - Almaty Road. Unfortunately, there was downtime in the construction
process. It is therefore proposed to inspect the foundations of the structures, the subgrade
soil before continuing the construction. The overpass is located in the village of Zhaltyr,
Akmola region.

Keywords: highway; overpass; deformation; survey, foundations, defects.

DOI: doi.org/10.32523/2616-7263-2023-142-1-116-126

Introduction

The purpose of the overpass construction is to ensure traffic safety when crossing the railway and
to ensure uninterrupted traffic on this section of the route.

Seasonal freezing and thawing of the ground is an external impact on the condition of the girder
structures. Technical inspection of the deformed section of the trestle and technical solutions are the main
task to ensure the safety and durability of the structure.

In terms of the climatic region, the trestle relates to the fourth climatic zone. The climate is
characterised by a strong continental climate and low precipitation. Engineering and geological
conditions of the overpass area were determined by Kazdorproject Ltd. in 2006. At a depth of 3 m there
is a layer of sandy loam of hard consistency.

Under it there is a layer of sandy clay of semi-solid and hard consistency. This is followed by
gravel with sandy aggregate [1-2]. A scheme of the overpass is shown in Figure 1.
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Figure 1. Overpass drawings

Materials and research methods
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The overpass is located on a straight section of the route in plan and on an ascending branch of a
convex vertical curve with a radius of 15,000 m in longitudinal profile, in accordance with the required

parameters for road category II as required.

The width of the overpass is accepted on the carriageway 11,5 m with operational passages of
0,75 m. The total length of the overpass is 70.8 m. The span of the bridge is 7 m.

The bridge superstructure is a sectional beam of three girder spans (21x24x21 m), with rubber-

metal supports.

The carriageway is paved with asphalt concrete. The cross slope of the carriageway is 20%. Safety
lanes are paved with cement concrete. Service pedestrian paths - paving stone with reinforced concrete

curbs 0,75 m high. Railings - metal 1.1 m high.

The visual and instrumental inspection of the monolithic foundations (MF) included:

- inspection of the conditions of the MF;
- inspection of the quality of the MF surfaces;

- verification of compliance of the actual dimensions of the MFs with the design ones.
The general view if foundations are presented in figure 2.
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Figure 2. Foundations

Supports - reinforced concrete with a section of 40x60 cm on a natural base. The extreme supports
of the viaduct are the bulk foundations of the gantry type. Intermediate supports - rack-mount single-
row. In the foundation sockets, the stoics are mounted with the incorporation of monolithic concrete
(Figure 3).
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Figure 3. Supports and beams

Results and discussion

Visual and instrumental inspection of the monolithic foundations of MF#1, MF#2, MF#3, MF#4
revealed defects such as:

- delamination and spalling on the surface of foundations (Figure 4);

- cracks on the surface of monolithic foundations (figure 5);

- Exposed rebar in foundation pits.

Figure 4. Failure of concrete foundations
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Instrumental inspection of foundations revealed geometric deviations from their design
dimensions of MF Ne3 foundation by 10-12 cm (Figure 6).

ﬁ&
Figure 6. Detected defects in foundation structures

Corrosion of the reinforcement in the foundation wells is shown in Figure 7.
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Figure 7. Corrosion of fittings in foundation wells for props

Cracks on the surface of the foundation are shown in Figure 8.

- N o

Figure 8. Cracks in the surface of the MF#4 foundation

Voids under the foundation of MF3 are shown in Figure 9.

Figure 9. Voids underneath the bottom of the MF#3 foundation
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Determination of actual strength of reinforced concrete monolithic structures conducted by KGS
LLP testing laboratory was carried out by non-destructive method, using IPS-MG4 device (electronic

concrete strength meter) according to Figure 10.
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Figure 10. Dimensioning the monolithic foundation along the edges

The results of the investigation presented in Table 1 showed that the concrete strength

corresponds to the required design strength.

Table 1. Comparison of actual and design concrete strength

Required design strength

Average actual concrete

1 o,
Item brand of concrete strength Safety margin, %
Rs, MPa | Concrete grade | Rb, MPa | Concrete grade
Mon
olith
Monolithic foundations »
foun
datio
ns
MF#1(1-12) 32,7 B25 32,9 B25 1
MF#1(13-24) 32,7 B25 33,0 B25 1
MF#1(25-36) 32,7 B25 36,0 B27,5 9
MF#1(37-48) 32,7 B25 36,6 B27,5 11
MF#1(49-60) 32,7 B25 42,2 B30 23
TOTAL:
Average safety margin of MF No. 1 9%
MF#2(1-6) 32,7 B25 36,0 B27,5 9
MF#2(7-12) 32,7 B25 36,4 B27,5 10
MF#2(13-18) 32,7 B25 41,5 B30 21
MF#2(19-24) 32,7 B25 41,1 B30 20
MF#2(25-30) 32,7 B25 36,3 B27,5 10
TOTAL:
Average safety margin of MF No. 2 14%
MF#3(1-6) 32,7 B25 40,3 B30 19
MF#3(7-12) 32,7 B25 36,0 B27,5 9
MF#3(13-18) 32,7 B25 36,6 B27,5 11
MF#3(19-24) 32,7 B25 29,3 B20 -12
MF#3(25-30) 32,7 B25 36,5 B27,5 10
TOTAL:
Average safety margin of MF No. 3 7,4%
MF#4(1-12) 32,7 B25 41,5 B30 21
MF#4(13-24) 32,7 B25 41,4 B30 21
MF#4(25-36) 32,7 B25 42,5 B30 23
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MF#4(37-48) 32,7 B25 36,8 B27,5 11
MF#4(49-60) 32,7 B25 36,6 B27,5 11
TOTAL:
Average safety margin of MF No. 4 17,4%

According to the actual concrete strength test results, concrete grade B25 M350 has a safety
margin:

- for MF#1 was 9%;

- for MF#2 was 14%;

- for MF#3 was 7.4%;

- for MF#4 was 17.4%.

which indicates that the concrete of the monolithic foundations has sufficient strength.

Conclusion

The assessment of the reliability and quality of the monolithic foundations has been carried out
in accordance with GOSTs and SNiPs of RK [1-3].

Visual and instrumental inspection of the monolithic foundations (MF#1, MF#2, MF#3, MF#4) did
not reveal any serious damages and deviations from GOSTs. All foundations have defects in the form of
spalling, delamination, cracks, in some parts the armature is bare.

The actual concrete strength of the monolithic foundations corresponds to the design strength.

According to the results of determining the protective layer of concrete, the maximum deviation
was +5-8 mm, which corresponds to the requirements [2].

The inspection of the monolithic foundations for continuity showed the absence of cracks and
voids within the bodies of the foundations.
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XK.A. IlIaxmos, I'T. Taeyaenosa, E.b. Yrenos
A.H. I'ymuaes amvindazor Eypasus yammurx yrusepcumemi, Acmana, Kasaxcman

KasakcTaHHBIH MHKeHepAiK-Te0A0TUsIABbIK XaFaalblHAa KYObIpABIH HETi3iH 3epTTey

Angarna. JKyMBICTBIH MaKcaThl — 9CTaKaaHbIH ipreTachlH TeKCepy HOTMKedepiMeH TaHbICTLIPY
>K9He aKayaapAblH ceOentepin anbikTay. bya Kaszaxcran cisIKTBI yAKeH JKoHe KeH ayMaKThl eadep VIIiH
oTe ©3eKTi MiHgeT. by aiimak Eypasusanbiy opraaplFbiHAa OpHaaackaH, MyHJAa Eypona men Asus eagepi
apachIHAAFBl KONTereH XaAblKapaAblK MapIIpyTTap KeHe 3aMaHHaH OYTiHIi KyHre JAeiiiH Kecill ©TKeH.
Herisri xaapIKapaablK aBTOMOONAB >K0AAapbIHBIH Oipi ExaTepnuOypr — Aamarsr (2336 kM) Peceit men
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Kasaxcran apacelHaarbl Herisri keaik OarbITTapbIHBIH Oipi Ooabimn Tabblaaasl. bya sxoa 2013 >xprabr
KapKbIHABI Typ4e KaaAIlblHa KeATipiaai. EkatepmuuOypr-Aamatsl >koasiHelH 1114-1137 xm yuackeciHge
JKOA eTmeci caablHABL OKiHIillIKe oOpaif, KYPBIABIC OapbIChiHAA TOKTayadap 004abl. CoOHABIKTaH
KYPBLABICTH JKaAFacThIpMac OYPBIH KYPBIABIMAAPABIH ipreTachlH, >Kep acThl TOIBIPaKTaphlH TeKcepy
ycbIHBLAaAbL. Ko eTkeai AKMoaa 004BICHIHBIH JKaaThIp ayblAbIHAA OpHadacKaH

Tyiiin ce3aep: Tac >xo04; 5cTakada; AepopMallist; Tycipy, iprerac, akayaap.

XK.A. IlIaxmos, I'T. Taeyaenosa, E.b. Yrennos
Espasuiicxuii nayuonarvnvii ynusepcumem um. A.H. I'ymuresa, Acmana, Kasaxcman

OO0caegoBanNe OCHOBaHINSA MyTeIPOBOAA B MIDKEHEPHO-TeO0AOTMIeCKMX YCAOBUX
Ka3zaxcrana

Annoramms. Ilear paboTel - TmpeacTaBUTh pe3yaAbTaThl OOcAeAoBaHMS (PyHAAMEHTOB
IIyTeIIpOBOAa ¥ OIIpeAeAUTh IPUIMHBI AeeKToB. DTO OCOOeHHO aKTyaabHas 3ajada AAsl CTpaH C
©OABIIION 1 pa3BeTBAEHHON TeppuTOpMel, Takux Kak KasaxcraH. DTOT palioH paclioA0XKeH B IIeHTpe
EBpasun, rae ¢ ApeBHUX BpeMeH 40 HaIlluX JHell IepeceKaanch MHOTVe MeXAyHapOAHbIe MapIIpPyThI
mexxay Esportoit n asuarckumuy crpadamu. OgHOI U3 TAaBHBIX MeXXAYHapOAHBIX MaryucTpaAeil SIBAsSeTcst
ExarepunOypr - Aamatbl (2336 KM), OCHOBHOM TPaHCIIOPTHBINI MapuipyT MexXay Poccmeit n
Kasaxcranom. Dta gopora Oblaa MHTeHCHMBHO pekoHcTpymuposaHa B 2013 roay. Ilyremposos Obia
roctpoeH Ha yuyactke 1114-1137 xm asrogoporu Exarepun0Oypr - Aamarsr. K cokaaennio, B mporecce
CTPOUTEABCTBA MPOM30IIIea IpocToit. ITosromy npeaaaraercs ocMOTpeTh PyHAAMEHTBI COOPY>KEHMI,
TPYHT 3eMASHOTO II0A0THA, IIpeKJe yeM IIP0J0AKaTh CTpOUTeAbCTBO. ITyTerrpoBoy pacrioaoskeH B ceae
Kaaterp AkmoanHckoi 061acTm.

Karouaesble caoBa: 1mocce, myTerposod, gepopmanis, oocaesosanne, PyHAaMeHTHI, AePeKTHL.
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Cmaprt kaaanbig TKIII pecypcTrapblH HaKTHI YaKbIT peXXMiHge Kedea OacKkapy
YIIiH MyabTHareHTTiK XYIieHi a3ipaey

Annoranms. Makasaga HaKThl yakpIT pexkuMinge cMapt kaaansiy TKII pecypcrapon
Oackapyra apHaAfaH MyAbTMareHTTIK >KylMeHi a3ipaey HpUHIMIITepi cUIIaTTaAfaH.
My AbTHareHTTIiK >Kylie XYMBIC IIpolleciHAe TYBIHAAMTHIH KYTIIeTeH OKMFadapra MKeMAi
skayan Oepyre, TKII mepconaabl MeH TeXHMKACBIHBIH HaKThI YaKbITTaFbl KYMBICHIH
>KOCTlapAay¥a, OHTalldaHABIpYFa KoHe OaKkbplaayFa MyMKiHAiriH Oepeai. CoHBIMeH KaTap,
aJaITUBTI pecypcTapAbl JKocCIapAay a4ici, Herisri pyHKIMAAaphl, apXUTEKTypachl >KoHe
KyiteHiH nHTepderici ychHBLAFaH. VIHTeA1eKTyaaAbl KYIieHi eHTi3y apKbIABI JKYMBICTBI
OHTallABl yaKbITTa OpBIHAAyFa MYMKIHAITiH OepeTiHi KepceTiareH.

Tyiiin ce3aep: cmapT Kaaaaap, myabTuarenTTi xyiie, TKII(TypFoIH yII-KOMMYHaAABIK
IIapyaIIblABIFED), Keaea JKocllapaay, YAKeH gepeKTep.

DOI: doi.org/10.32523/2616-7263-2023-142-1-127-136

1.Kipicmre

Myaptnarentrik >xyie TKII >XyMBICBIHBIH THMiIMAiAiriH apTThIpyFfa OarbiTTaaraH. Kes-kearen
CMmapT Kaaa KaraiiblHAa TYBIHAQMTBIH OKMFalap¥a OallaaHBICTBI KOPIlaFaH OpTaHBIH ©3repyiHe >Kayarl
peTiHae JepekTepai aay >KoHe oHJey apKbLAbl Ky3ere acblpblaabl. HaTukeciHge >Xyiie HaKThI yaKbIT
pexmnmMiHAe pecypcrapabl 0eay, >Kocllapaay, OHTalldaHABIPY, MOHUTOPMHI >KoHe JKYMBICTEI OaKblaay
npoljectepin Oip yakbITTa >Ky3ere acelpybl KaskeT. JKyiteHi yHemi >KaHaIIBLAABIKIIEH, Yiilep MeH
KOIlle/epaiH OpHaJacCybIHBIH €49yip KYpAeaidiriMeH, COHJali-aK HaKThl yaKbIT PpeXuUMmiHge
604>kaHOANMTBIH OKMFadapFa peakijus KesiHJe OeiliMaeayi Ka’keT eTeTiH aya-palibIHBIH ©3IepyiHiH
JKOFaphl AMHaMMKacbIMeH cuniarraaaTein CMapT Kadaaapaa KoagaHyra 00aaabl. JKyiie coHpIMeH KaTap
aya-paifbIHBIH HaKThl AePeKKOPBIH, >KaOAbIKTap MeH >KYMBICIIBIAapAbIH CaHbIH, COHAAl-aK KasKeTTi
JKYMBICTapABIH YaKTbIABI OPBIHAAAYBIH KaMTaMachl3 eTy YyaKBITBIH Kypy YIIiH mHaiigaasl, Oya
>KaOABIKTBIH iCTeH INBIFYBIH, aya-palibiHa OailaaHBICTBI JKYMBICTBIH KeIiIyiH >KoHe T.0. KAMTUTLIH Ke3
KeATeH OKUFaJap YIIiH JAd4ipeK >KoHe (PU3MKaABIK OPBIHAAAATBIH >KOCIapAapAbl KYpyFa MYMKiHAIK
Oepeai.

2. MyabTHnareHTTepre HerisgeareH xxocmnapaay adgici

ITakeTTik pexXumAae >KYMBIC iCTENMTIH YWBIMHBIH pPeCypCTapblH >KOCIIApAayAblH AdCTYpAi
KyifeaepiHeH alibIpMaIbIABIFE (KYHAEAIKTi, anTaablK, ailAblK >KOCIapAay IIMKAJaphl IIeHOepiHAe),
YCBIHBLAATBIH KYTie Taiiga 00AFaH OKMFadapra OailaaHBICTBI HAKTBI YaKbIT PeXIMiHAe cepBepae yHeMi
SKYMBIC iCTeIl, HAaKThl yaKbIT PeXMMiHAe aAbIHFAaH MaAiMeTTep acep eTeTiH TaHJAaAFaH pecypcTapAbl
OeitimMAeI KaliTa JKocapAay¥Fa MYMKiHAIK Oepeai. HakTeI yakbITTaFbI OHTalABI JKOCIIapAayAbIH Oya a4ici
TUMNTIK >KaOAbIK KAAaCTapbIH, OHIM KYPBLABIMBIHBIH CUIIaTTaMaAapbIH JKoHe TeXHOAOTUAABIK IIpoIecTepAi
(DGariaaHBICTBI OmepaIusalap >KUBIHTBIFBIH), KYMBICIIBIAAPABIH JaFAbIAapBIH >KoHe T.0. KaMTUTHIH
OHTO/AOIMSHEI KOAJAHATBIH My/AbTHATeHTTIK Xyliere [1] Herizaearen.
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OHTalAblABIK - TIITI «KiIIiripiM» OKMFa «TypaKchl3 Tele-TeHAiKTe» 00AaThIH >KocHapAapAaFsl
KyTIIeTeH y3aK e3repicrep TizOeriH TybIHAATYbl MyMKIH(>KYJie eIlIKalllaH TOKTaMaliAbl) AeTeH MarbIHaHbI
Oepeai. bipax ic xysinge Oya «esrepic TOAKBIHAAPBI» areHTTepAiH BUPTyaaAbl HapBIFBIHAAFDI
ChIllaKblAap MeH aifbIIIyAJapMeH IIeKTeAir, Oeariai 6ip KagamaapAaH KelfiH Te3 COHiIl KaAybl Hemece
TOKTaTBLAYBI MYMKIiH.

JKyMpIc >KOcITaphbl KAacCuKaAbIK KOMOMHATOPABIK i34ey TypiHAe aAbIHFaH CTaTUKAABIK AepeKTep
¢aiiabl peTiHAe FaHa eMec, COHbIMEH KaTap KaKTBIFbICTapAbl aHbIKTay >KoHe areHTTepMeH Kediccesaep
JKYPri3y apKblAbl KOA JKeTKi3iATeH areHTTep IpolieciHe KaThICaThbIH Ka>KeTTiAiKTep MeH MyMKiHAIKTepAiH
MyJJelepiHiH Telle-TeHAIri peTiHge Kypblaaabl. Keaiccesgep OaprichiHAa >Kylte >KOcHapAapAbIH
arbIMJarbl >Kall-Kyii MeH aya palibl >KarJalidapblH, ToyAiK yaKbIThl MeH Kellle KYPBLABIMBIH, >KoHe
SKYMBICIIIBLAQP CaHbIH, KaOAbIKTapAblH, MaTepraljap MeH KypaajapAblH KOAXKeTiMAIAITiH, 5Ky MBICTBIH
peTTiairi MeH onepanysalapAblH OPBIHAAAY YaKbITBIH eCKepeAi.

Kaxxer 0oaca, okimImi Ke3 — KeAreH YyakKbITTa >KOCIlapfa OeaAceHAi Typae apaaachll,
JKOCITapAayabl KoAMeH XeTiadipe aaaapl («drag & drop» - «rapTy >KeHe AaKTBIPY» KaFAachl OONbIHIIA),
aa OapAbIK Toyeaal omepalusidap YIIiH KOCIap aBTOMAaTTHl Typde esreprizeai. Kpismermrizepre
apHaAraH >KOCIapAay HoTI KeJdepi MeHeAXepaep MeH >KYpridyllidep >XKoHe >XYMBICIIbLAapMeH
VMHTepaKTUBTi Oail1aHbIC MYMKIHAITiH KOAAAITBIH CEHCOPABIK TepMIHaAJapAa KopiHeAi.

Bya wMywMKkiHgiIKTepaiH OapabIFbl >KOCHapAayAblH KypAeadidirin eaoyip asaliTyFa, OHEI
KbLAAaMABIFBIH apTTEIPY¥a, OHbIMeH Oapabap >koHe 491 ceHiM/i eTyre, COHBIMEH KaTap HalijalaHyIIbra
BIHFAILABI €TyTe MYMKiHAIK Oepeai.

3. XKyiieHiH KypblabIMBbI )X9He MHTeperici

Onraiiapl >Kocmapaay >Kyileci (2 cypeT) areHTTep apacbhlHAAFbl YMBIMAACTBIPY >KoHe
KOMMYHUKAIIUs YIIiH BUPTyaAAbl HapBIK TY>KBIphIMAaMachlH, COHAAl-aK MaHAIK cada Typaabl 0iaimMai
YCBIHY >K9He >KOcIlapAay IIpolleciHAe TyBIHAQMTBIH XaFAaiidapAblH (KOpiHicTepaiH) yAriaepin cunarray
YILIiH OHTOAOIWAHEI NaiijalaHaThiH MyAbTHAreHTTIK TeXHOAOTMAAap HeTidiHAe KypblaraH [1].

MyabTuareHTTiK TeXHOAOTUAAAPABIH MOHI KAacCUMKaAblK MaTeMaTUKaAbIK, d1iCTepMeH IIbIFapa
aAMailThIH, IIeITiMi Kypaeai ecentepai 1mentyin TyOereiiai >kaHa o94ici 604bIT TaObLAAADL.

Eceni mremnyaiy KaaccukaAablK, 94icCiHeH aifbIpMalllbIABIFEI, €CeNTiH eH KaKChl IIeliMiH Tabyra
MYMKiHAIK OepeTiH HaKThl aHBIKTaAFfaH (4eTepMUHIPAEHIeH) aATOPUTM OOVIbIHINA IIIelliM HyCKalapbhIH
KOMOMHATOPABIK i34ey >KyprisdiareH Kke3Je, MYyAbTUAreHTTIK TeXHOAOIMAJAapAa MIcCeAeHi IIenry
DacekeaecTik IleH KooIlepalysra KabideTTi JKoHe ©3iHAIK KpuTepuiilepi, Kadayaapbl MeH IleKTeyaepi
Oap KkenrereH OargapAaMaAdblK areHTTepAiH ©3iH-03i YIBIMAACTHIPYBI apKblAbl aAblHaAbl. ATeHTTep
e34epiHiH JeTepMMHMpPAeHOeTeH ©3apa dpeKeTTecyi Ke3iHJe MaceleHi Iemly yIIiH KaOblaJaHaTbIH
>KaKcapThlAMaraH KOHCeHCyCKa (yaKbITIIIa Telle-TeHAiK HeMece MyJJaeaep Tele-TeHAITi) K0A KeTKi3reH
Ke3/e IIelIiM TabbLAABI Aell CaHaaaApbl.

MyHgait >XylieaepAeri MaceaeHi Ienly opKalllaH >KYJVeHiH AMHaMMKaAbIK TOKTaybl peTiHAe
aAbpIHFaH yaKpITIIIa «Telle-TeHAik» (TypaKThl HeMece TYpaKChI3 Telle-TeHAIK) peTiHAe KapacThlpblaaAbl,
erep areHTTepAiH eIKalichIchl OyAaH Oblaail ©3 XKaFAaliblH XKaKcapTa aaMaca, TillTi erep areHTTepAiH Oip
Deairi TOABIK KaHaFaTTaHABIpbLAMaraH 0oaca Aa, OyA aKblAFa KOHBIMABI BIMBIpaFa KeayAdi, Myadaeaep
TeIle-TeHAITiH HeMece ITpoOJAeMaAablK >KaFjaiigpl Iemryde OapAbIK KaTBICYIIBIAapABIH KeAiciMiH
(yiaecimaiairin) kepcereai.

3aTTap MHTepHeTiHAe >KOCIap/AaHFaHAall areHTTep MYMKIiHAiriHIe Kell gaKTopaapAblH Terle-
TeHAIriH Taly YIIiH ajaMHBIH aThIHAH Aa, COHBIMEH KaTap Ke3 KeATeH (QU3MKaABIK JKoHEe JepeKcis
HBICAaHAAp aTbIHaH 4a 9peKeT eTe alaabl.

AreHT TyCiHITIHIH KenTereH aHBIKTaMaJapbl Oap, OipaK OafdapaaMasbIK areHTTiH Herisri
Oearizepi TemeHaerigern:

® ABTOHOMABIK: aBTOHOMABIKKA Ve, SIFHI ©3iHiH aaablHa MaKCaT KOIBIII, OFaH KO/ >KeTKi3e aaaabl;
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e aliHa/AaChIHAAFBI ©3TepicTepre Kayar Oepe aaaapl, IeITiM KaObLa4aiiAbl KoHe MaKcaThIHa JKeTy
YLLIiH 0OAapAbl OPbIHAAMABL;

e 91eyMeTTiAiK: Oacka areHTTepMeH HeMece IalidalaHyIIblLAapMeH OeACeHAl opeKeTTeceAl.

1 cypeTTe MyabTHareHTTi TEXHOAOIMSIHBIH HeTi3Ti aliplpMalllblABIKTaphl KeATipiATeH.

Kaaccukaabik xyiteaep MyapTHareHTTi Xylieaep

e y/KeH DarjapAamadap MepapXusIChl; e IIIAFBIH areHTTePAiH YAKeH >Keaiaepi;
e orepauuslapAbl peTiMeH OpbIHAAY; e olepauusAlapAbl KaTap OpbIHAAY;

e >KOFapbl4aH TOMeHIe apHaAfaH HycKayAaap; e Keaicceszep;

® OpTaAbIKTaHABIPBLAFaH ILIeIiMAep; e TapaTblAFaH IIelliMAaep;

e JepekxTepai Oackapy; e 0OiziMMeH OacKapbL1ajbl;

e  DOAXKaMABIABIK; ®  0O3iH-031 YIIBIMAACTBIPY;

® TYpaKTbLABIK; e  DBOJAIOLINS;

®  KUBIHABIKTBI a3aliTyFa YMTBLAY; e  KUBIHABIKTBI apTTBIPYFa YMTBLAY;

e >Kaamsl OaKplaay. e JaMy VILIH >XaFrAaii kacay.

1 cypeT. MyabTHareHTTi TeXHOAOTVSTHBIH HETi3Ti alfbIpMaIIbLABIK TaPbI

HaxTel aaeMaeri ap0Oip OacraMaHbIH MyAbBTHATeHTTiK MoJeAiHAe OChbl ODacTaMaHbIH MyAJdeaepiH
OiaaipeTin XoHe ©3 IIenIiMAepiH Oacka areHTTepMeH yiidecTipe adaThiH DaFrlapAaMaablK areHT ColiKec
KeJeai.

Osin-e3i  yIBIMAACTBIPYIIBI  KylleaepAi KypyFa MYMKIiHAIK OepeTiH MyAbTHMareHTTiK
TeXHOAOTUAAAPABIH apTHIKIIBIABIKTaphl, acCipece, KOpIllaraH d4eMHiH OeArici3Airi MeH >KOfapbl
AVIHaMUKachl >KarJaliblHAa KepiHeai. SIFHM HaKTBl yakbIT peXXUMiHJAe OKMFaJapfa HeTi3geAreH o3
JKOCIlapAapbIH KaliTa Kypa alaTbhlH OeiliMAeATrill JXylieaepAi KypyFa MyMKiHAik Oepeai.

ConbIMeH, JXocllapAay MeH OHTallAaHABIPYABIH KAacCUKaAbIK 94icTepiHde OapABIK TaIlCHIPBICTap
MeH pecypcTap aaablH-ada Oepiain, MacedeHi Imemry OapbIChIHAA ©3TepMeligi Aerl caHadaAbl, aa
KOMOMHATOPABIK >KapBIABICTH 00AJAbIpMay HeMece MaceAeHi IellyAiH ®KCIIOHeHIIMaAAbl >KblAjaM
OastyaayblH 00A4bpIpMay YIMiH MaceAeHiH eAIIeMi aliTapAbIKTall IIeKTeAeA.

bacranksl >karaaliga yCBHIHBIABIII OTBIpFaH oJiCTep MeH aATOPUTMAEpAe €eCemTi IIemryre
YAecTipiareH Tacia KOAAaHblAaAbl, MyHJa KypAeAi TalichipMa KelTereH ycak, TalicblpMadapra 0eaineai,
COAaH KeliH aAplHFaH INelliMAep apachlHAAFbl KaMIIbIABIKTap ©3iH-031 YMBIMAACTBIPY apKbIABI
mierrizeai. CoHblMeH Karap, Oya Kylie >KaaAfrbl3 >KahaHABIK Imemrimai isgeMerigi, Oipak KeIlTereH
rnapaaJeab >XoHe aCHMHXPOHABI ©3apa 9peKeTTecyAepAaiH apKachlHAa TYpAi KoHe XUi KapaMa-KallIllbl
Kpurepuiiaepaiy 60ayblHa KapamacTaH, Ke3-KeATeH eAllleMJeri Maceleaepae PYKCaT eTiATeH YThIMABI
mrertriMai te3 Tabaast [2].

Kaxerrizikrep MeH MyMKiHAikTep >Keaici areHTTepiniH oaemi (ITB-xeai)/Bupryasssr HapbIK-
areHTTep KAacTapbIHbIH HYCKaJaphl iCKe KOChLAaThIH JKoHe OpblHAaAaThIH 11B->keai arenTTepiHiH >KyMbIC
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OpHBI. ATeHTTep aTKapyIIbl >KylieHi Oackapa OTBIPBIN, 94eMJe KYPBLAYBI JKoHe >KOMBIAYBI, 24eMJe
004yl xabapaaMasapAbl KaOblaAaybl >KeHe XiOepyi, aKkItapaTThl OKy YIIIiH caxHara IIBIFybl, aKITapaTThl
caxHara >Ka3ybl, OKMFalapra >Ka3bLAybl JKoHe XabapAaHAbIpyAap aAybl )KoHe T.0. CUAKTB MyMKiHAIKTepre

ne.

Ontoa0rMsI — OacTamlKbl >KaFdalidapAblH MoOJeAbAepiH Kypy HeMece OJapAbl Ty3eTy YIIiH
KOAJaHBLAATBIH MOHAIK calaHBIH 0iaiM MoJeaiH KepceTeTiH AepekTep KypblAbIMBL [loHAik caaara
MaMaHAaHABIPbLAFaH YFBIMAAp MeH KaTbhlHacTap, COHJAal-aK opOip >KeKe VIBIM YIIiH apHalibl

KeHelTiMAepMeH TOABIKTBIPBLAYBI MYMKIiH.

JKyiteHiH KypbBIABIMBI TOPT HETi3Ti AeHreiideH Typaabl: I1aTtdpopma, ©HiM, TI9HAIK aliMakK >KoHe
KocbIMIIIa(2 cyper).

OprbiHgaymsl Kyite-0ip Kyli4eH eKiHINi KyJire aybICKaH Ke3Je areHTTep OarjapJaMalapbIHBIH
aCIHXPOHABI OpBIHAAAYBIH KaMTaMachl3 eTeTiH iIIKi >Kylie (areHTTep MeHeJ)Kepi) >KeHe areHTTep

apaceIHAarbl Xabapaamaaapasl Oepy, Oy Kepae areHT OKMFalapAbl OHAeyre «KBaHTTBIK» YaKbIT alabl
>KoHe KeJeci aTeHTTepAi iarepisery yuiiH OackapyAasl ACIIeTdepre KaliTapaAbl, SIFHI areHTTep TyliHAec

OaraapaaMadap peTiHAe SKYMBIC icTeiai.

Oxurazap Keseri-ChIpTKbI 91€MHEH KeJeTiH OKUFalapAblH JKMHAKTaAybIH JKoHe oAapAbl A911eKTi
eHJeyAl KaMTaMachl3 eTeTiH imki xyie. JKyite oknraaapmeH 0acKapbLABIIL, 9p Oip OKMFa OHBIH Kealy
yaKBITBIHBIH OeAriciH cakTanasl. OKurazapAblH eHAeyTe TyCy TOpTiOi Keaeci OKUFa aaABIHFBI OKVFAHBI
eH/ey asKTaAFaHHAH KelliH KeATeH Ke3Je peTTeaeai, OipiHII ke3ekTe OacbIM OKMFalap TaHAAAaAbl JKoHe

T.0.
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2 cypert. XKyiieHiH KypbIABIMBI

Opringay >Kyiieci areHTTepaiH >KYMBICBIH JKoHe OJapAblH ©3apa opeKeTTecyiH KaMTaMachl3
eTeTiH KOMIIOHeHTTep > KUBIHTBIFBIH Kopcereai. OpblHAayIIbl OKyJeHiH Heridinge mIapaaaeab
rpouecrepai Koagay >KoHe oOJAapAbl CHMHXPOHJAYABIH TUICTi TeTikrepi Oap areHTTepAiH >KYMBIC
ClieHapuiiAepiH OpBIHAAYABl >Ky3ere acelpaThblH IlapadJeAb MalllMHa >KaTelp. Op areHT VI
OaraapaaMaHBIH SKMBIHTBIFBI PeTiHAe KapacThIpblaadbl: KOpINaraH OpTajarbl >KarjaliAbIH e3repyiHe
GariaaHbICTEI Oip-OipiMeH OHall aybica adaThIH ClleHapuiiaepai KaOblajay, 04apAabl JKOcIlapaay >KoHe
opriHgay. COHBIMEH KaTap, aTeHTTep apachlHAa Xabap aaMacyabl, I1alijalaHyIIbIMeH e3apa d9peKeTTecyai
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>KoHe T.0. KoaJayFa OallaaHBICTHI KOMIIOHEHTTepi Ke3aecei.

OnToA0IM:A KOHCTPYKTOPBI-OacTankbl KOPiHIiCTI KOAMEH peTTeyre HeMmece >KYMBIC OapbIChIHAA
OFaH e3repicTep eHrisyre MyMKiHAIK Oepeai.

Kocrnapaay kiramnxanazapni-IIB >keaici areHTTepi KaacTapbIHBIH >KYMBICHIH >KoHe OJapAblH
BUPTyaAAbl HapBIKTarbl KeJicce3gepiH KaMTaMacbhld eTeTiH Herisri >KeHe MaMaHAaHABIpbLAFaH
KOMITOHEHTTepAeH Typaabl (MbICaabl, KaKTBHIFBICTAapAbI aHBIKTay, KabOaTTacy aliMaKTapblH aHBIKTay,
aybICBIMAApPABI ecenTey >KoHe T.0.), KaraaliAblH GOopMaababl MOAEAIH KAMTUTBIH CaxHara KOA JKeTKi3y,
COHJall-aK areHTTepAiH KpuUTepuiidepiH, KalayJapbl MeH IIeKTeyJepiH cepIliMAi eHJey, Koaday
areHTTepAiH MiHAeTTepi >koHe Oacka QPYHKIIMIAapPbIH KAMTUTBIH KOPIHIC.

MaMaHnaaHABIPBIAFaH KOMIIOHEHTTEp >KoHe YIIIHIII Tapall KylielepiMeH MHTerpaunsi- IIoHAIK
aliMaK VIIH KOChIMINA (PYHKIUAAApAbl OpbIHAAyFa MYMKIiHAIK OepeTiH KOMIIOHeHTTep (MBbICaabl,
MalIllfHaJap YIIiH KapTa KaIlIbIKTHIFBIH ecerTey KoHe T.0.).

OaeMJ4iK KepiHiCcTep-CBIPTKBI 94eMAeri >KargalidblH pecMM MoJeAiH KaMTUTBIH Herisri
MaJiMeTTep KYPbIABIMBIH OHTOAOTMS apKblAbl HaKTbllayFa >KoHe MacelelepMeH TyseTyre 0OJajbl.
Kepinicre >xaraanably OacTankpl cumarramMackl 0oaaabl, 01 OJaH opi OipTiHAeNn Keaill TycKeH
OKMFalapAbl ecKepe OTBIPBIII, MaceleHi LIelIyre aiHaaaabl. HaTikeciHge KepiHicTe HaligalaHyIIbIFa
apHaJfaH >KaHa iC-KMMBLA >KOCIIaphl maiiga 004aAbl (TeXHMKa >KYPri3yIIici, TazaAayIbl, >KYMBICIIEI
>koHe T.0.).

Jepek Kopbl-OacTallKpl >KoHe apaAblK KOpiHicTepai, COHAall-aK MoceAeHi IIelTry HITVKeci Oap
KepiHicTepAi caKkTayfa MyMKiHAIK Oepeai.

Yaken gepexrtep — 3aTTap MHTepHeTiHeH KeAeTiH AepeKrep (aya paiibl >Kargalidapbl, >KaybIH-
IITATITBIH >KoHe T.0.).

Kocmapaay >XyieciHiH Heri3Ti A0TMKachl aya-paiibl XKarganiaaphl, TOYAiK YaKbIThI, )KYMBICIIbLAAD
caHbI, TeXHMKa, MaTep1raAlap CaHbl KoHe T.0. aThIHaH XKYMBIC iCTeIITiH areHTTepAiH KypaMbIHJAa JKy3ere
aceIpplaaabl. OMipaiK IIMKA HOpolieciHje areHTTep OKMFaJapfa >Kayan Oepe adajbl, COHBIMEH Karap
npo0aeMaaapAbl aHBIKTAIl, 0AapAbl IIIEIITyTe THIPBICHITI, OeACeHAl JKYMBIC icTeiiai.

O3ipeHreH HeTi3ri areHTTepAiH TisiMi 1 KecTege KeaTipiareH.

1 xecre. AreHTTepiH HeTisri KaacTaphl

ATeHTTiH aThl ATeHT cuIiaTTaMachl ATpubyrrap
Taricerpma Tamcerpma icke acbhIpyAbIH eH >KaKCpl | APTBIKIIBLABIK, Mep3iMm,
MYMKIiHAIKTepiH i3Aenai Oacka MaaimeTTep

Yiteimaacteipyminl | JKyiie TuiMAiAiTiHiH HerisTi kepceTkimrepiHe Koa | ¥IBIMAACTEHIPY,
KeTKi3yre >KoHe JKaKCapTyFa THIPhICaAbl, XKaraaliAbl | KYTiAeTiH  HoTVKeaep
Oakplaaiigbl, CTpaTeTusAHBI ©3TepTeji, Ipollecke | MeH KOpCeTKilrep
KATBICYIIIBl TapanTapAblH KeAiciayiH KaMTaMach3
€Ty YIIiH IIeKTeyAep MeH apThIKIILIABIKTapAbI
eHrizeai

bI3MeTKe Bapabik >KymbICc yakbIThiHAQ OOC emec 00AfbICH | YIIBIMAACTBIPY, KOCHap,
Y y y

Keleai, COHBIMEH Karap OiAiKTiAiKTiH >KOFfapbl | MYMKIHAIKTEp,

AeHIelliHe >KeTy VIIH >KYMBIC JAaFAblAapblH | OHIMALAIK

>KeTiaaiprici keaeai

AreHT 1m1emIiM KaOblAAayhl YIIIIH MaKcaTKa >KeTy MYMKIHAITiH aHBIKTalThIH epeskeaepi KaskeT.
Atam anTKaHAga, MYMKiHAIK areHTi Oeariai Oip KakeTTiaikTiH ©0oaysl Typaasl Oiain, OHBIH
IapaMeTpAepiH OChl KaXKeTTiAiKTiH IapameTpaepiMeH caabICTBIPYHI Kepek. Erep mapamerpaep Geariai
Oip mapTTHl KaHaraTTaHABIpPCa, OHAA MYMKIHAIK areHTi Ka’keTTidiK areHTiMeH OaillaHBICBIH >KYyprize
aaaApbl, erep KOK 00.ca, Oacka Ka>KeTTiAiKTi i3gectipeai (;koHe KepiciHIle). AreHTTepAiH 9pKaiiChICBIHBIH
memriMi OipHeme Oasama HycKadap OOAFaH Ke3je OAapAblH opKalChICBIHAA >KeKe OearieHeTiH
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MakcaTTap HeriziHge KaObLAAaHaAbI.
Pecymu Typae 6i3 N TypiHiH >K1bIHBIH TybIHAQYIIBL PV 5Keaici gert aTariMbia (1):

N={A,R,P,G), (1)

MyHg4a A - OepiareH IoHAIK cada YVIIiH KaXKeTTidikTep MeH MYMKIHAIKTep areHTTepiHiH
SKUBIHTBIFBI,

R - KaxkeTTiAiKTep MeH MYMKIiHAIKTep areHTTepi apacblHAAFbl KaTbIHACTap >KUBIHTBIFDL;

P - memrim Kabpla4ay >koHe OaliaaHBIC OPHATY/Y3y epeskeepiHiH JKUBIHTBIFDI;

G - areHTTepre KOblLAFaH MaKcaTTap >KUBIHTHIFDL.

PV -xeazicinig S >xy3ere acbIpplaybl N areHTTepAiH KyJiH allbIK >KYJeHiH Ka’KeTTiAiKTepi MeH
MYMKIiHAIKTepiH >KoHe 0JapAblH apacklHAAFel OeAriai Oip yakbITTarbl KaTbIHacTapAbl KepcereTiH PV -
>KeAiCiHiH TaraliblHAaAFaH KOH(pUIypauMschl (caXHackl) Aeml ataaaabl. JKymbic GapbicbiHAa Kylie Sl
KyliHeH S2 kyitiHe P epeskeepiH Ko14aHa OTBIPHIII >KoHe G MaKcaTTapblHa HeTideill eTeai.

Kaaa >xocniappl 6y TanicbpMa MeH oIlepaljusaapAbl, oneparsaiap MeH SXYMBICIIbLAapAbl JKoHe
T.0. 0aifAaHBICTBIPATBIH  >KOCHapAay OHTOAOTMACHIHBIH ~ OOBeKTidepi MeH KaTbIHACTapbLIHBIH
CeMaHTMKaABIK >Keaici TypiHAe KaabllITacaThlH o4eM KepiHiciH kepcerteai (3 cypert). baiiaansic
AepeKTepiH areHTTep YHeMi 3epTTel, KOMOMHATOPABIK i3AeyAi IIeKTeyre >KoHe >KOCHapAbIH
«TOIIOAOTUACBIH» (ONepanusdap OailaaMAapbiH) Taaday apKblAbl KOJAailAbl HycKadapabl TaOyra
KOMEKTeceAl.

DKpaH/a arbIMAarbl Kyii 6ap OapAbIK Kellledep MeH KYMBICIIBLAAp JKoHe 0OAapAbl KOpceTy YIIiH
9pTYpAi  cysrizep  Kyiteae  kepceriaeai. JKywmplcThlH < THNTIK  MopTebeci:  Oacraamaiiabl,
’KocrnapaaHOaiiabl, OacTadagbl, OpbIHAAAaAbl, AAMBIHABIK ITpOIleCiHAe, TOKTaTblaaAbl, KelliKTipiaeai,
KelliHre KaaAbIpblAaabl JKoHe T. 0. Typaabl.

Oxkura keseri naiigadaHyllipldapra >KaHa OKHUFaJap Typaabl akIlapaTThl eHridyre >KoHe >KaHa
TaIlCBlpMaHBI ©HAipicKe eHTi3y CHAKTHI KaliTa KOocIlapAay IpolleciH OacTayra MyMKiHAik Oepeai. OHaey
omnepanmsaapsl apachlHAarel OaiiaaHbicTel [anT nen IlepT agnmarpaMmMasapbiHBIH KOMOMHAIMAapbIHAA
Kepcetiaeai. ITaitigaaanyInl Kke3-keareH onepallisiHbl TaHAall adaabl koHe «drag&drop» aaicin KoasaHa
OTBIPBIII, OHBI Oip >KYMBICIIIBIAAH eKiHIITiciHe cylipell anlapa aAaAbl, onepalusaapAbl OipikTipinn Hemece
Dea4irl, OKura >KOCHapbIH peTTeil adaAbl, AFHM Oya OyKia >KYMBIC >KOCIapbIHAA THUICTi aBTOMAaTTHI
earepicrep TizOeriH Tyablpaabl. Erep KpIamMeTKkep onepalisiHbl OpbIHAAY YIIiH XKeTKiAiKTi AaFablaapra 1e
Doamaca, Kigipicrep Hemece Oacka MaceJelep TybIHAAFaH >Kafgaliga >Kyile Oya oIlepalyisHbI KbI3bLA
TycIHeH 0eaAill, naiijadaHyllIblFa eCKepTy xabapaaMachlH Xibepeai.

Ocpl GargapaaMaHbl €HIi3y YIIIiH capaliTaMaAablK, d4iCHaMaAbIK JKoHe 3epTTeyAi icke achIpyFa
aKIlapaTTHIK JKopAeMAecy YIIIiH KY3bIPeTTiAiK OpTaAbIFbIH KYPY KaKeT.

JepexTep ayaaH KapTacblHAa OpHaJAackaH JaT4MKTepJeH Keaeai (3 cyper).
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3 cypert. Ay,qéﬁkép”racm

Oaap MyabTHareHTTIK XylieAepAiH KoMeTiMeH eHJeleTiH KY3bIPeTTiAiK OpTaAblFbiHa Tyceai (4

cyper).

O/l cocronnus
IloauBHBIX padoT

MO/ cocrossnust
MycopHBIX KOHTeiiHepOB

IO/ cocronnnns
JIOPOKHOTO MOJIOTHA

TI'oponckoii
AKHMAT

Oo0aacrHoil
AKHMAT

Hacenenmne

Pupmbl
HOAPANYHKH

MyabTuareHTTiK KyiieHiH MiHAeTi O0ABIII, MYMKiHAITiHIIIe KOIl AepeKTepAi ©HAeY, TallChlpMaHbI
eIy AiH eH OHTallAbl HYCKAChIH Oepy >KoHe HaKThl yaKBITTarbl JepeKTep ©e3TepreH KesdJje >KaHapTy

MYMKIiHAII aiiThlAaABI.

4 cypet. KysbIpeTTep OpTaabIFbl
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4. KOpBITbIHABI

Maxkasaga mremiMm KaObladay IIpoliecTepiHge akIapaTThl ©HAEYAIH THIMAIAIriH apTTBIpY
MakcaTbIHAa alllblK MYy/AbBTMAreHTTIK JKylieaepAi KYPYABIH TeOpUABIK Heridgepi MeH OafAapAaMaablK
KYpaaaapblH KYPYADIH FBLABIMI MaceAeci KapacTbIpbLAFaH.

OHbI menryAiH yChIHBLAFaH TOCLAIHIH MoHI allIbIK JKYJieHiH KaXKeTTidikrepi MeH MYMKIHAIKTepiH
aHbIKTay >KoHe CBIPTKBI OpTajarbl e3repicrep Ke3iHAe OCBHl >KeAiHi aBTOMaTThl Typde KaiiTa
KoHpurypanusaay yuiH I1B keaizepin osipaey Goabpim Tabblaagsl. I1B sxeaicin Kypy MeH Kaiita
KOH(pUIypanusiayAblH 93ipAeHreH NpUHIMUIITEPI OaFdapAaMasblK areHTTepAiH e3apa opeKeTTecyiHiH
YCBIHBIAFAH oJicTepiMeH apHalibl 0iaiM 0Oaszasapbl  (OHTOAOIMsIAApBl) Oap OCBl  KedidepAiH
D/eMeHTTepiMeH, COHJall-aK Ka’KeTTiAiKTep MeH MYMKiHAiKTepai celiKecTeHAIpy >KeHe KeaiciareH
menriMaep Kadblagay KypaadapbIMeH Ky 3eTe acblpblaadbl. AKBLAAB KaladapAa 93ipAeHIeH aicTep MeH
Kypaldapabsl KoaJaHy IIemriM KaOblagay IIpolleciHAe aKHIapaTThl ©OHAEYAIH >KeleAAiriH eadyip
apTTBIPY¥a >KoHe COA apKbLABI IIelliMAepAiH callackl MeH TUiMAIAITiH apTTBIpyFa MYMKIHAIK Oepeai.

MyapTrareHTTi TeXHoAOIMsAAap¥a Heri3JeAreH MHTeAAeKTyaAAbl >Kylledepal  AaMBITY
HOTIIKeAepre KO JKeTKi3yre MYMKIHAIK Oepeai:

- ByppiH aBTOMaTTaHABIpBLAMaFaH Ky pAeAi TalicbipMadap Ilelntiayae;

- [llemrim HoTM>KeA€pi adaMHBIH HIENIiMiMeH CaABICTBIPBLAATHIH callaHbI Oepeai;

- bacranxps! mentimM TmiMAi (CBI3BIKTBIK, HeMece KOIMYIIeAiK)Kyphlaaabl;

- Ic-mapaaap OoJbIHIIIA HAKTHI yaKbIT peXXUMiHAe SKYMBIC XKYpridiaeai;

- IlaligasaaHyIIBIMEH A11aA0ITa Mace€eHi 1Ielly MyMKIiHAITl KaMTaMachI3 eTizeai;

- OTe KypJeai ecenrepai enty yIIiH ecenteyepai oHail apaaleapieyre 604aaAbl.

HaTumxecinge, My AbTHareHTTiK TeXHOAOTHsAAP >KOFaphl allIBIKTBIFBIMEH, MKEeMAIAiTiMeH >KoHe
THUiMJidiriMeH,  eHiMAiziriMeH, MaciiTaOTaAybIMeH, CeHiMJidiriMeH >koHe  eMiplleHAiriMeH
epeKIlleleHeTiH >KaHa OyBIHHBIH 3MATKePAiK KylieAepiH KypyFa MYMKIiHAIK Oepeai.
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PaspabGoTka MyAbTHareHTHOJ CHCTeMBI 4451 OlepaTUBHOIO ynpasaeHns pecypcamm JKKX
CMapT ropoga B peXXyiMe peaabHOTO BpeMeH!

Annorams. Omnycassl TPUHINIIBL Pa3pabOTKM MyAbTHATeHTHOM CHCTeMBI, ITpejHa3HaueHHO
Aasa ynpasaeHns pecypcamu JKKX cmapr ropoga B pexxume peaabHOTo BpeMeHN. MyabTuareHTHast
cucreMa oOecIiednBaeT BO3MOXKHOCTD TMOKO pearnpoBaTh Ha HellpeABIAeHHbIe COOBITIS, BOSHMUKAIOIINe
B yCAOBMAX pabouero Imporiecca, 4To I103BOAsET I1AaHMPOBATh, ONTUMU3MPOBATL U KOHTPOAMPOBATH
paboty mepconasa u texuukn JKKX B peaarHoM Bpemenn. IlpescraBaeHbl pa3paOOTaHHBINI MeTO/
aJanTUBHOTO IAaHMPOBAHUS PecypcoB, OCHOBHbIe (PYHKIINMM, apXUTeKTypa U MHTepeiic CUCTeMBI.
IToxazaHo, 4TO BHeApeHMe UHTEeAAeKTyaAbHOI CHUCTEMBI JaeT BO3MOXKHOCTb BBIIIOAHUTL padOTy B
ONTUMaAbHbIE CPOKI.

KaioueBble caoBa: cmapr ropoga, MyabTmareHtHas cucrema, JKKX, omneparusHOe
IL.AaHNpoBaHue, 00AbIINe JaHHbIe.

Zh. Akhayeva'?*¥, A. Zakirova?, G. Tolegenova'?, L. Aldasheva?
1Astana International University, Astana, Kazakhstan
2L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
3Astana IT University, Astana, Kazakhstan

Development of a multi-agent system for operational management of smart city housing and
communal services resources in real time

Annotation. The principles of the development of a multi-agent system designed to manage the
resources of the housing and communal services of a smart city in real time are described. The multi-
agent system provides the ability to flexibly respond to unforeseen events arising in the working process,
which allows you to plan, optimize and monitor the work of personnel and housing and communal
services equipment in real time. The developed method of adaptive resource planning, the main
functions, architecture and interface of the system are presented. It is shown that the introduction of an
intelligent system makes it possible to complete the work in optimal time.

Keywords: smart cities, multi-agent system, housing and communal services, operational
planning, big data.
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Factors affecting the cost of grain transportion in Northern Kazakhstan

Abstract: The article considers the factors influencing the cost calculation for thegrain
transportation in the conditions of Northern Kazakhstan. Grain production is the leading
branch of agriculture in Kazakhstan. Therefore, it has great strategic importance in
implementing priority state programs aimed at developing the agro-industrial complex
and rural regions. In turn, the sustainable development of agriculture is the provision of
the food security strategy of Kazakhstan.

The grain industry is costly due to substantial production volumes, the involvement of
many human resources, technical support, and transportation.

Minimizing grain transportation costs by identifying factors affecting them will increase
competitiveness and accelerate the development of grain logistics. When planning for
harvesting and transporting grain, it is necessary to consider the peculiarities of
transporting agricultural goods. Finally, implications for pricing, capacity, and
understanding the basis of pricing are discussed.

Keywords: transportation costs, grain transportation, load capacity, cargo turnover,
wheat, transportation, route.
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Introduction

Crop production is the basis of agriculture. Crops such as spring wheat, oats, barley, corn, millet,
buckwheat, and rice are grown on the territory of the Republic of Kazakhstan.

The main branch of agriculture in Kazakhstan is the production of grain. To date, the total crops
of grain occupy about 80% of the sown area of crops. At the same time, as seen in Figure 1, based on the
data for three years (2019, 2020, 2021), the main areas for grain production are three regions of
Kazakhstan: Akmola, Kostanay, and North Kazakhstan regions, which are adjacent to each other. These
regions are distinguished by the presence of chestnut, black soil, forest loamy soils, and a temperate
climate [1].
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Figure 1. Gross grain harvest (wheat) for 2019-21

The average annual growth rate of gross crop production in the Republic of Kazakhstan for 2012-
2020 amounted to 31.6%. In 2020, gross crop production reached 3,606 billion tenge, an increase of 27.9%.
The share of crop production in the country's total GDP is 5.1% at the end of 2020. In 2020, investments
in agriculture, forestry, and fisheries increased by 12.6% compared to the previous year, amounting to
573 million tenge. The average annual growth rate for the period 2016-2020 equal to 22.8% [1].

At the end of 2020, the main grain-growing regions: North Kazakhstan, Akmola, and Kostanay,
sent 242 billion tenge to the industry, which amounted to 42% of the total agricultural investment,
forestry, and fisheries. 88% of assets were directed to cultivating one- or two-year-old crops [1].

This amount of work implies a significant role of transport in agricultural production. As a link
in a single technological agro-industrial output chain, it provides material flows of various farm products
at all stages of production. In addition, it acts as an integrator of the production activities of agricultural,
processing, and service enterprises [2].

Reducing the cost of agricultural products and increasing the profitability of enterprises of the
agro-industrial complex is possible by reducing the total labor costs for production, transportation, and
handling operations, which reach 40-45%, and fuel costs up to 50% [2].

The main tasks of vehicle transport used in the harvesting of grain crops are: timely and safe
transportation of grain from specialized machines to granaries; creating conditions for the rational use of
harvesting equipment, reducing downtime in the process of loading and unloading vehicles; ensuring
traffic safety and fire safety; creating conditions for the introduction of advanced methods of organizing
the work of the harvesting and transport process and, on this basis, reducing labor and material costs [2].

To solve the problems of uninterrupted provision of the harvesting and transport process by
vehicles, it is necessary to take into account the yield of grain, the area of the harvested territory, the
distance from the field to the granary, the number and technical characteristics of each harvester, as well
as the carrying capacity of all vehicles involved in grain logistics [2].

Due to the emergence of software and hardware, it has become possible to increase the efficiency
of harvesting and transport processes and improve harvesting technologies. So, for example, scientists
studying transportation in agriculture found their specific features, the constituent elements of which are
characterized by patterns inherent in the conditions of only this transportation. In addition, the operations
that make up the transportation process are heterogeneous and differ in duration. Some operations, when
combined, create certain stages of this process, each of which performs its tasks. Separate operations and
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stages of the process depend on each other (for example, before transporting, it must be loaded, etc.).
Thus, this process is multi-stage and multi-operational, with a considerable technological and economic
heterogeneity of operations.

Moreover, it is cyclical. This means that the movement of goods is carried out by repeated
production cycles, following one after another. The rhythm of these cycles is determined by their
frequency, which, in turn, depends on the average duration of one cycle. The cycles of individual
transportation processes fluctuate over time [3].

Other researchers solve the task of grain transportation logistics by determining the number of
cars and start by assessing the volume of grain transportation from each specific field. Harvesting grain
is inseparable from the transport process [2]. When harvesting grain crops, harvesters with storage bins
are used, necessitating vehicles' uninterrupted arrival. Therefore, the determination of the required
number of vehicles for the transportation of grain from combines must be carried out, taking into account
the performance of the technological machine [2].

Thus, the main results of grain transportation research are the development of software products
based on which various compilations and modeling of transport and technological processes are possible.

Problem statement

Grain production, as one of the main directions in the agricultural production of Kazakhstan,
requires sustainable modernization. The concept "from field to counter" is a complex multi-stage system
that includes many factors that affect both the quality of the final product and its cost. One of these factors
is the transportation of raw materials.

The aim

The purpose of the study is to consider the features and factors that affect the cost of transporting
grain in the conditions of Northern Kazakhstan.

Research methodology

One of the fastest way to increase the efficiency of the use of vehicle transport in agriculture is to
improve the system for transporting crops from the fields.

Transportation of agricultural goods has a number of features:

- the main feature is the seasonality of harvesting;

- due to seasonality - significant fluctuations in the volume of traffic, which in turn leads to a
change in the need for the number of vehicles;

- high coefficient of repetition of transportations;

- fluctuations in yield;

- uneven distribution of the volume of agricultural production in the regions of the country;

- sometimes severe road conditions, especially in spring and autumn;

- short terms of harvesting and its removal from the fields, which leads to the hard work of road
transport.

Cereal crops are transported mainly in bulk. Vehicles are loaded with grain directly at the place
of harvesting from the bunkers of combines that move across the field within a particular rectangle.

There are several transportation schemes:

1) harvester—threshing-floor - grain-receiving enterprise (elevator);

2) harvester - threshing-floor- elevator;

3) harvester — threshing-floor.

The need to deliver grain to the threshing-floors is because the main grain receiving points could
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be overloaded due to the short harvesting time.

The choice of crop transportation scheme depends on the geography of the harvesting site, the
distance to the elevator, and the availability of transport and harvesting equipment.

Also should be considered a factor as the presence of many small non-commercial farms. About
200 thousand agro-formations operate in the agriculture of Kazakhstan, of which 94% are individual
entrepreneurs and peasant (farm) enterprises. Small farms mainly produce a small volume of agricultural
products. In the structure of gross output, they account for 31%; on average, one peasant farm accounts
for 6.9 million tenge.

Further, using the example of one of these medium-sized agro-formations, how the costs of grain
logistics are formed could be considered.

Pobeda Taiynsha LLP is located in the North Kazakhstan region, Taiynshinsky district,
Chermoshnyanka village. The sown area of the enterprise is 9 thousand hectares. The yield at the
enterprise varies on average from 13 to 15 q/ha. On this farm, wheat is subject to transportation.

AkZhar&Co LLP is a grain-receiving enterprise located in the North Kazakhstan region,
Taiynshinsky district, the village of Bolshoy-Izyum. It is engaged in accepting, handling, drying, storing,
and shipping grain.

1. The average transportation radius is calculated by Formula 1:
S

mR? =215 1)
where R is the average radius of cargo transportation;
So is the area of agricultural land, m?
0.8 - the average share of agricultural land in the area of land use;
1.5 - increase in the average distance of on-farm transportation due to the inadequacy of the

territory, the curvature of roads, and the location of crop rotation fields [5].

2. The average distance from the farm to the elevator is 25 - 30 km.

The route for the transportation of grain crops in the direction of the enterprise - grain-receiving
enterprise is shown in Figure 2.
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Figure 2. Wheat transportation route in the direction of grain-receiving enterprise in Tayynshinsky district
Compiled by the authors based on the source “Yandex maps”.

3. Transport work could be carried out throughout the year, while from August to November and
April-May, 60% of the total volume of transported wheat is produced.

4. There are three units of equipment for transporting grain on the farm: 1 dump truck Kamaz
45143-6012-50, carrying capacity of 22.4 tons; 2 dump trucks Kamaz 65115-6059-50 with a carrying
capacity of 14.5 tons.

Transportation of grain in bulk from the enterprise is carried out by trucks of the Kamaz dump
truck brand with an average service life of 8 years. However, since some vehicles have a carrying capacity
of only 14.5 tons, this leads to an increase in the number of trips with a load.

According to the methodology used in the farms, the calculation uses the tariff for transporting
one ton of grain per one kilometer of the distance traveled. The transportation tariff includes the costs of
fuel and lubricants, drivers' salaries, and maintenance and repair of transport [6].

When transporting grain on the h-the model of a vehicle from the i-th field to the k-th temporary
storage point, the economic costs are found by the Formula 2:

Pign = Tign * L - Qp tenge 2)
i=1,...;k=1,...; h=1,...,

where Tikh is the tariff for grain transportation in the unit of the h-th vehicle model from the i-th
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field to the k-th temporary storage point, t/t-km;

L is the distance from the field to the storage point, km;

Qh is the carrying capacity of the h-th model of a vehicle, tonnes.

The tariff for the transportation of grain during the harvesting period in 2021 was 93 t/t-km, which
is the average for the North Kazakhstan region, where it fluctuates between 80-100 t/t-km.

Results and discussion

Substituting the data in Formula 1, the following mathematical expression becomes:
R 1,25-5,-15  [1,25-9000-10000-1,5 7330
I 3,14 -

where 10,000 are square meters of 1 ha;
9000 - area of agricultural land, ha [5].

Thus, the average transportation radius of goods from the field: is r =7.3 km.

The tariff for grain transportation in this case was equal to 96,1 t/t-km. For harvesting an area of
9000 hectares, the optimal number of combine harvesters for two weeks, considering the variation in
yield, is 30 units.

P; =96,1-30- 14,5 = 41,803.5, tenge.
P, =96,1-30-22,4 = 64,579.2, tenge.

Substituting these values into formula 2, we get that the economic costs of transportation from the
farm to the grain-receiving enterprise amounted to 64,579.2 tenge when using Kamaz 45143-6012-50 (P,)
while using a Kamaz dump truck with a carrying capacity of 14.5, economic costs amount to 41,803.5
tenge (P;). Thus, on average. The financial costs of transporting grain using all types of transport on the
farm will be 53,000 tenge per 1 trip.

In the studies of many scientists, ways to improve the efficiency of grain production are analyzed.
For example, some offer timely and high-quality fieldwork [6], and others reduce crop losses during the
harvesting period, choosing the optimal plan for harvesting and transporting grain [5].

Since grain crops are distributed throughout the territory of Northern Kazakhstan, it is necessary
to make zoning of the territory to identify the required costs and time for moving combine harvesters to
the harvested fields, evenly load all available granaries, harvest various crops as they ripen [6].

As the main grain-growing regions, Akmola, North-Kazakhstan, and Kostanay regions need to
be equipped with modern agricultural equipment, most of which is obsolete.

According to the Ministry of Agriculture of the Republic of Kazakhstan, agricultural machinery
in Kazakhstan is outdated and worn out by 70%. The percentage of equipment renewal in this sector is 2-
4%. At the same time, to ensure the industry's normal functioning, at least 8-10% of machines must be
updated annually, depending on the types of equipment.

In turn, using worn-out and obsolete equipment increases the cost of repairs and fuels and
lubricants by an average of 20%, which ultimately leads to an increase in the price of production.
Furthermore, the depreciation of agricultural machinery also leads to severe crop losses and mechanical
damage to grain during harvesting. Also, it prevents the use of innovative technologies in the grain
industry of agriculture in modern Kazakhstan [8].

Conclusion

Ensuring sustainable and balanced development of agriculture is one of the priority areas of food
security in Kazakhstan. Crop production is the basis of agriculture; in turn, grain production is
Kazakhstan's leading branch of agriculture. Occupying 80% of the cultivated area of crops, the grain
industry has large production volumes, requiring a large amount of service, particularly transportation
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and, accordingly, the cost of it. The impact of transport costs on the competitiveness and sustainable
development of agriculture is clear.

The transportation of agricultural goods has several features: seasonality of harvesting, a high
recurrence rate of transport, fluctuations in yield, uneven distribution of the agrarian production volume
across the regions of the country, sometimes difficult road conditions, short harvesting time, and its
removal from the fields, which leads to hard work of transport.

Grain transportation also includes many variable factors that affect its cost, in addition to the
following features: transportation volume, distance (average transportation radius), transport turnover,
condition, number and carrying capacity of vehicles, grain transportation tariff, fuel and lubricants cost,
methods and time loading-unloading.
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. Mu3auo6ekos!, C. beko6ocbriros!, /. AbITKMHa?
T Kasax yammulx sepmmey azpapAvlx yrusepcumemi, Aavamol, Kasaxcman
2Boponex Memaekemmik uHxeHepAIK mexHoA0usAap yHueepcumemi, Boporex, Peceii

Coarycrik Kasakcras >xargaiblHAa acTBIK TacbIMaaaay KYHBIHA dcep eTeTiH pakTOopaap

Andamna.Makasaga Coarycrik Kasaxcran >kafgaliblHAAQ acTBIK TacbiMaaday Ke3iHJe KeaiK
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IIBIFBIHAQPBIH  eceriTeyre acep eTeTiH (akTopaap KapacThipblaraH. ACTHIK ©HAipy KasakcTaHHbIH
aybLAIIapyalllbLAbIFBIHBIH JKeTeKIIIi calachl O0ABII TaObL1aAbl JKoHe MeMAeKeTTiH AOK cazasapbiH >KoHe
aybLAABIK ©HipAepAi AaMbITyra OarbITTadraH OachIM OaFdapaaMadapblH icKe acelpy MoaceaeciHae
CTpaTernsAbIK MaHbI3b! Oap. O3 KeseriHge ayblAIlIapyalllbLABIFBIH TYPaKThl 4aMbITy KazakcTaHHbBIH a3bIK-
TYAiK KayiIci3Airi crpaTernscelH KaMTaMachl3 eTy OOABII TaObLA1aAbl.

AcTBIK casachl ©HAIPICTIH y/AKeH KedeMiHe, ajaM pecypcTapblHbIH KOIl MeAlllepiH IalizalaHy¥Fa
>KoHe TexXHMKaABIK KaMTaMachl3 eTyre Oaill1aHbICThI, COHAA-aK TackiMaAAay KbIMOaT OOABIIT TaObLAaABbL.

ACTBIKTBI TacbIMaagay Ke3iHAe oJapra ocep eTeTiH (paKTopaapAbl aHBIKTay eceOiHeH Keaik
IIBIFBICTAPBIH  OapbIHINIA a3aliTy Oocekere KabiAeTTiAiKTi apTTBIpyFa >KoHe KOAiK AOTMCTVMKaCBHIH
AAaMBITYABI >KeaeaeTyre MYMKIiHAIK Oepeai. ACTBIKTHI >KIMHAy >KoHe TacbIMaljay >KOCIapbIH >Kacay
Ke3iH/e ayblAIlapyalllbLAbIFbl JKYKTepPiH TackiMaajay epeKIleAikTepiH eckepy KaKer.

Tyitin ce3aep: Keaik IIBIFBIHAAPDI, acTBIK TachIMaAjay, >KYK KOTeprIillTiri, >KyK aiiHaAbIMBI,
Ouaaii, TackiMaajay MapIIpyTHI.

. Mu3zau6ekosl, C. bek6ocbrHOB1, /. ABITKIMHA2
IKasaxckuil HAYUOHAALHDLIL UCCACOO0BAIMEAbCKUT azpapHbLil yHusepcumem, Aavamol, Kasaxcman
2Boponexckuti 2ocydapcmeeHotil YHUSepCUmem uHxeHepHvx mexrorozuii, Boporesx, Poccust

®aKTOPHI, BAUSIONVe Ha CTOMMOCTD IIepeBO3KM 3epHa B yca0Busax CeBepHOTO
Kasaxcrana

AnnpoTtamist: B cratee paccMoTpeHsI (PaKTOPHI, BAMSAIONINE Ha pacdeT TPaHCIIOPTHBIX pacXoA0B
npu 1nepeposke 3epHa B ycaosusax CesepHoro Kasaxcrana. IIpomssoacTBo 3epHa sBAseTCsA BeAyllei
OTpacAblO0 CeAbCKOro Xo3sayicrBa Kasaxcrana m mmeer BaKHOe CTpaTermMyeckoe 3HadeHue B BOIIpOce
peaamsanuy IIPUOPUTETHBIX IIPOrpaMM TOCyJapcTBa, HalleAeHHBIX Ha passutie oTpacaent AlIIK u
CeAbCKUX permoHoB. B cBoOIO oudepesab ycTOMMBOE pas3BUTHE CEABCKOTO XO3SICTBA sBASETCS
obecrieyeHneM cTpaTerny poA0BOALCTBeHHOM DesonacHocTy Kasaxcrana.

3epHOBasl OTpacab sBASETCS 3aTpaTHOM B CUAY OIPOMHBIX OOBEMOB IIPOM3BOACTBA,
3a4eliCTBOBaHMsI 00ABIIOTO KOAMYECTBa 4eA0BeUeCKIX PeCcypCoB I TEXHMIECKOTO ODecIieueHns, a TakKe
TPaHCIOPTUPOBKM.

MuHnMusaIms TpaHCIIOPTHBIX PacxXoA0B IPH IlepeBO3Ke 3epHa 3a cyeT BhLABAeHMs (PaKTOPOB,
BAMSIOIIVIX Ha HUX IO3BOAUT IOBBICUTH KOHKYPEHTOCIIOCOOHOCTb U YCKOPUTDb pa3BUTIE TPaHCIIOPTHOM
aoructukn. ITpm cocrabaennn maana yOOpKM M TPaHCHOPTMPOBKM 3epHa HEOOXOAMMO YYUTHIBATh
0COOEHHOCT! ITePEBO30K CeAbCKOXO0351/ICTBeHHBIX I'PY30B.

KaroueBble ca0Ba: TpaHCIOpPTHBIE pPacxoAbl, IIepeBO3Ka 3epHa, TIPYy30IOAbEeMHOCTD,
rpy30000pOT, IIIeHNn1]a, TPaHCIIOPTUPOBKA, MapIIpPyT.
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HpI/IH]'_I]'/Il'IbI rapMoHM3annn l'IpI/IpOAHOﬂ cpeabl B apXUTEKTYPHOM IIPOCTpaHCTBE

AnnoTanms. [TpuanHoIt HanMcaHNM AQaHHO CTaThM CTaA0 MHOT'O1eTHee IIPO>KIBaHIeE B
ropoJe C psAOM HeTaTMBHBIX (PAaKTOPOB KaK IPUPOJHOTO, TaK ¥ aHTPOIIOT€HHOTO
XapakTepoB. SIBASACH HEOTbeMAEMON 4YacTbl0 IIPUPOABI, YeA0BeK yMYAPUACH
pasrpabuThb e€ GoraTcTBa, M3MeHsA OKPY>KAIOIIYIO Cpely 1104, CBOM HY>KABI, OH HUKOUM
obpa3oM He AyMaa O ITOCAEACTBVAX, €XeJHEeBHO 3arpsA3HssA BO3AYX, 3eMAI0O U BOAY,
AVIIast IpUPOAY BO3SMOKHOCTI IIpMUBeCTU ceOsl B OpsAA0K. Takum odpa3oM, mpoOaeMsbl
OKpY>KalOIIleit CpeAbl CTaAl 0COO0 aKTyaAbHBIMU B HaIlle BpeMs.

DHTY3MaCTBhl, HBITAIOIIECS [IOMOYb I MICIIPABUTh IIp0OAeMY 3arpsI3sHeHINs ObLAY BCeraa,
HO B r100aApHBIX MacmTabax ITOMCKOM peIleHNs 3aHAAMCh CpaBHUTEABHO HeJaBHO.
ITepspIMM Cepbe3HBIMM M3MEHEHUAMM MOXKHO CYUMTaTh IPOEKTHI HOBBIX TeHepaAbHBIX
II1aHOB U PeKOHCTPYKIUII KpyIHBIX ropodos Espomsl B XIX Beke. Tak Ob1aM MpUHATHI
pelleHnsa o pasjeleHNM ITPOMBIIIAEHHON U ceAUTeOHON 30H, a TakKKe BHeJpeHIe
ITapKOBBIX 30H B KIAYIO 9acTb ropoJa. [Tapku, KoTopsle B 60ABIIMHCTBE CBOEM SIBASLANCH
IIpe/AMeTOM POCKOINY, HaXOAsCh AMIIL B MMEHMAX OOTaTBIX AIOJel, Terlephb BBIINIAU B
MacChl, TeM CaMBIM ITpeA0CTaBUB ITPOCTHIM AIOASIM AOCTYTI K 60.1ee DKOAOTMIECKY YUCTON
30He, a TAaKXKe 3apOAIAY HOBOE BEKTOP Pa3BUTISI apXUTEKTYPBI, KOTOPBIIL BBLAMACS Yepes
cro aeT B pabotel PpsHKa JAaoiiaa Paitta 1 ero KOHIENIIUIO «A0MOB-IIpepuii».
ApxutekTypa, SBASACH OAHMM U3 CaMBIX KPYIIHBIX MHCTPYMEHTOB BAMSHUSA Ha
ODIIeCTBEHHYIO >KM3HB, BOAPYy3MAa Ha ceOs 3HaMs IIPUHECTM B OOINECTBO WAEI0
eAVHEeHIs C IPUPOAOI. DTO BOILAOTUT B ceDe MAeU rapMOHUM 4del0BeKa U IPUPOABL,
IIO3BOANT yAYUIIUTh MUKPOKAUMAT KaK B OTA€ABHO B35TON KBapTUPeE, TaK U B TOPOJe B
11e40M, 3a4aCT TpeHA Ha COXpaHeHNe eCTeCTBeHHON IIPUPOADL.

AcraHa, ropoJ, KOTOPEIII He IMeeT IPUPOAHBIX OCOOEHHOCTEN, KOTOphle (pOpMUPOBAAN
OBl OAaronpusATHLIE IIOTOAHBIE U KAMMAaTHYecKyue ycAoBUs, Takux Kak B Ilseiinapum.
PacriososxeHre B OTKPBITOM IIOJA€ U BBI3BIBA€T HEOOXOAUMOCTh 0OJee TIaTeAbHO
IIOAXOAUTD K YAYUIIIEHUIO MUKPOKAMMAaTa B TOpoJe.

KaiogeBble caoBa: apXuTeKkTypa, 3eleHas apXWUTeKTypa, IIpUpoda, TOpoO4,
IIPOeKTUPOBaHMEe, PEKOHCTPYKINs, DKOAOTUs, MUKpOoKauMat, OPpsHk Aaoiig Paiir.

DOI: doi.org/10.32523/2616-7263-2023-142-1-146-156

BBeaenue

B XXI Beke akTyaabHOCTh pellleHMsl IPOOJeM OKpy>Kalolleil cpeAbl CcTada OCODO Ba’KHOIA.
Kpynneie opranmsanum o raase ¢ OOH m BO3 mbiTaioTcss HaliTu HOBbIe CIIOCOOBI M3MEHUThH
AeMorpapuuecKyio CUTyaluio.

ApxuTexkTypa Tak>Ke He OCTadach B CTOPOHe OT MUPOBOI TeHAeHIMM. Bot y>xe 6oaee 100 aet ona
HeceT B ceOe MAEI0 eAUHOTO 11eA0TO — IPUPOABl M CO34aHHOTO 4eA0BEKOM IIpOocTpaHcTBa. B cBssu c
pacTymuMmu HoTpeOHOCTAMM HaceAeHUs U eT0 KOAMYeCTBOM 3acTpoiika Co3jaBadach IIO MPUHIUILY
oOBbeMa I CKOPOCTH, OT Yero 3a4acTyio CTpajaaAl OKpy>Kalolllas cpeda 1 IIpuaeraooias teppuropus [8].
IIpn anaamse ropoga MOXKHO YBUAETh IIOJaBAsiOlNee IIpeoOJajaHue 3acTPOVKM Haj 3eA€HBIMU
ydJacTKaMM, 4YTO He KOMIIEHCHPYeT BpeJ OT BBIXAOIIHBIX Ia30B OT MalllnH, 3aB040B 1 (padbpuk. Orcioga
poaunaach ujes BHeAPATh O3eAeHeHe IPsIMO B 3aHNsL.

IMeab mccaegoBanms. JanHoe MccaejoBaHMe HallpaBA€HO Ha BbIsABAeHUEe OOLIMX IpoOaeM
OKpY>KaIOIIel cpeabl, CBA3aHHbBIX C apXUTEKTYPOIi, 1 Ha IIOMCK CITOCOOOB pelleHNs STUX CaMBIX IIpo0aeM
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IyTeM pa3dpabOTKM HPUHIIUIIOB (POPMUPOBAHMS €AVHOTO 11e40TO U3 apXUTEKTYPHl U MPUpoabl. Aas
9TOTO OyAyT pacCMOTPEeHBI UCTOpUYecKye IIPeANOoChLAKY U IIPOLIeCC DBOAIOLNI COBPEMEHHOTO KA,
€ro 3a4a4y U LieAM, a TaKKe IIPOBeAEeH aHaAM3 yKe Peaar30BaHHbIX U IIPeAA0KeHHBIX A€, KOHIIeIITOB
U IIPOEKTOB I10 CO34aHMUIO HOBOW SYENKU XKIAOM CTPYKTYPBI.

3agaun. JanHas cTaThs OepeT cBoé€ Hauaao ¢ pabor ®PpsHKa aoiiga Paiita 1 ero KoHenuun
«a0oMOB-TIpepuii». [losToMy nsydeHne tsopuectsa 1 naeii Pajita craHOBUTCS IIepBOCTEIIEHHOM 3ajaJers,
U VMMEHHO CKBO3b IIPM3MY €ro MAEeOAOIMM ITPOBOAATCS OIleHKa M aHaAmu3 pabdoT M IIOCTpOeHue
KOHIIEIIVJ FapMOHM3aLMI IIPUPOAHON CpeAbl ¥ apXUTEKTYPHOIO IIPOCTPaHCTBa.

AXTyaabHOCTB. Ba>XHOCTD CO34aH1:1 HOBOTO, U B TO K€ BpeM: eAMHOIO 11eA0TO - apXUTeKTYpPEhI
U IIPUPOADI - CTada IIMPOKO ocodHaBaThes B 30-Xx rogax XX BeKa, 4TO IIPUBEAO K CO34aHNIO HOBOIO CTUAS
— OMOHMKM, KOTOPYIO UCIIOAB3YIOT MHOIMe M3BeCTHbIe apXuTeKTopsl. OAHOBpeMEeHHO C DTUM JaHHBIN
CTUAL HecéT ceOe HOBYIO COIIMOKYABTYPHYIO UAEI0 eAMHCTBAa IIPUPOABI M apXUTEKTyphl, a Takxke
OKa3bIBaeT BAVAHME Ha IPOLIECCHl KU3HeAATeAbHOCTH YeA0BeKa VM Ha €r0 CaMOYYBCTBIE, aKLIeHTUPYs
BHMMaHIe Ha MUKPOKAMMAaTUUeCKMX YCAOBMAX KaK BHYTPU ITIOMeIlleH 1, TaK 11 Ha OOIIell KocucTeme
ropoga.

IIpeamer uccaeaosanus. Ilpeameramu mccaegosanus ABaAsioTC: paborsl OpsHka laoiija
Paitta, XoHIemIus «JOMOB-IIpepuii», IIpOOAeMBl COBPEMEHHOTO BAMSAHMS apXUTeKTyphl Ha
COLIMOKYABTYPHBI® acCIeKThl JKM3HeAesATeAbHOCTY YeAOBeKa M M3ydeHlUe COBPeMEeHHBIX TeHAeHIIVI B
pelleHny 4aHHOI IIPOOAeMBI.

Crenenp wm3ydeHHOCTHM. HecMOTpss Ha TO, 4YTO aKTyaAbHOCTb «3€A€HOV apXUTEKTypPhI»
IIOBBIITIAETCS BOT y>Ke OKOAO CTOAETS, A0 CUX IIOP HeT eAMHBIX HOPM, TpeOOBaHMII NAY ITpeAICaHUIA
I10 BHeAPEeHUIO IPUPOAHBIX 91€MEeHTOB B apXUTEKTYPHYIO cpeay. VIMeioTcs AnIb e AMHIYHbIe ITpYMePBI
opOpMAEHNs ¥ TTPOEKTUPOBAHNS 3AaHNI Y COOPY>KEHUII B CTUAe OMOHUKM MAV PEKOHCTPYUPYEMBIX C
AoOaBaeHNeM 3eAeHbIX D1€MeHTOB.

OcHOBHasI YaCTh

Bcé, cymecrByloniee Ha naaHete 3eMAsl SIBASETCS €AVHBIM, 11€AOCTHBIM, SKMBBIM OPraHU3MOM.
OpranmaMoM pasBMBaIOIINMMCS, PacTyIIMM, U MBI, AI0AY, KaK HeOoTbeMJAeMasl 4YacThb 9TOM
MHOTOCTYIIeH4aTOl DKOCUCTeMBI, 40AKHbI pasBUBATLCS M pacT, HO caMoe I1aBHOe — DTO He 3a0bIBaTh O
HallleM eAMHCTBe C Ipupoaoi [2,8].
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Pucynok 1. IlepBoObITHOE XXnauie B Iiemepe

VImeHnHO ®Ta MbBICAB A€Tda B OCHOBY 1CCAeJ0BaHNs, KOTOpOe HallpaB/AeHO Ha M3yJeHue I0AX0Aa
K IIPOEKTUPOBaHNUIO 3JaHNUIT ¥ COOPY>KeHM 1, pOpMIPOBaHNUIO I11aHNPOBOYHOTO peIleHNs 1 0ObeMHO-
IIPOCTPaHCTBEHHOM KOMITO3UIINM 34aHNs. DTO HaIPsIMYIO BANSET Ha 340POBLe M CaMOUyBCTBIE AI0Ael],
BBISIBA€HUE OIIMOOK I HeJ04YeTOB B CYIIECTBYIOIIMX peaausX M pa3paOOTKy HOBBIX HPUHIINIIOB
¢popmMmpoBaHI apXUTEKTYPHOI CpeAbl B COBOKYITHOCTH C IIPUPOAHBIMU DAeMeHTaMI.

Ho aasa navasa ctouT 1ocMoTpeTh Ha MCTOPUIO B3aMMOOTHOIIIEHNs YyeaAoBeKa U IPUPOALI B
KOHTEKCTe apXUTeKTypbl. DBOAIONNS JKIANIIIA HadaAach C IIPOCTHIX ITellep, KOTOpble ObLAY YKPBITEM I
3aIlIMTOl OT HEIOroAkl 1 yrpos (puc. 1).

OcobenHbINT akl]eHT CTOUT cAeaaTh Ha 3alllUTe OT MNPUPOAHBIX UM KAMMATUYECKUX BAMSHUI —
BeTepoBas HarpysKa, 405KAM U BAa>KHOCTb, MOPO3, celicMIyecKas akTMBHOCTD. VIMeHHO TakyIo (PyHKIUIO
BBITTOAHSIET ITelepa, U IO IPOIIeCTBUM THICAY A€T COBpeMeHHbIe 3JaHNsI BRIIIOAHSIOT Ty >Ke (PYHKIIIIO
[2,8].

Koraa a10am Be1Opaanch n3 rerep, iepes HUMI BCTada 3adada - MICKyCCTBEHO CO34aTh yOeXKuIIle,
TaKM 00pa3oM IIOSBUAUCEH IIepBble IIPOTOTUIIBI AOMOB, MMeIOIINe CTeHBI, yTellAeHHbIe IIKypaMu
SKMBOTHBIX 11 BeTKaMI 4€PeBbeB, a TaK>Ke MCII0Ab30BaANCh KaMHU U JaKe KOCTU yOUTBIX SKMBOTHBIX (pIAC.
2).
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Pucynoxk 2. CamogeabHOe XXKIAbé

Ouenn OBICTPO CTaAY MOABASATHCS IOCeAeHNsI, HauyaAy 0Opa3OBBIBAThCA ITepBhle I11aHPOBOYHbIe
pereHns U ageleHus IO (PyHKIMOHAABHOMY HasHadeHMIO. V1 raaBHBIM BOIIPOCOM CTada ITpOOJeMbl
BBIXOAA K €CTeCTBeHHOI IPUPOAe, Pa3phIB MeXKAY HeTPOHYTOM (HaTypaAbHO) M MCCKYCCTBEHHOM Cpe A0t
oburanwms [2,9].

W caeayromieri 0OCTaHOBKOM Ha KapTe MUPOBOTO Iporpecca sipasercsa Jpesnsas Mecororamust.
Haxoas1cp B Mexxaypeune Turpa un Esppata, iusnansanmm, 3apoAuBIINecs B TOT UCTOPUYECKIII ITepUOoJ,
aKTUBHO JCII0Ab30BaAM AaHAIA]T AAs IIPOEKTUPOBAHIS CBOMX TOPOAOB.

Tak, 1o xapTuHaMm, 4OIIeAINNX A0 HAIIMX AHEN, MOXKHO CAeAaTh CpaBHEHMe IL1aHMPOBOYHOIO
perteHis ropoaos /Bypeuns c Benerineii, Tak kak 64arogapst BaXKHOCTY BOAHOM CpeAbl B SKMU3HU AI0Ae,
IIPOeKTUPOBaHMe BeA0Ch C II0CAeA0BaTeAbHBIM PacOA0KeHeM 34aHil I COOPY>KeHUI BA0AD PeK U UX
JICKYCCTBEHHO CO3JaHHBIX OTBeTBAeHuit [2,6]. CymecTsyiomas IIpupoJHas cpeja Takke Oblaa
MaKCMMaabHO He TPOHYTa — A0Ma BO3BOAMAVICh C y4€TOM COXPaHEeHIs €CTeCTBeHHBIX HaCaXKAeHMI, a TaM,
rAe 9TO OBLAO HEBO3MOKHO, OHU MCKYCCTBEHHO co3jaBaauch. OgHUM CA0BOM, OepeXHBIN IT0AXOJ,
COXpaHeHIe M BOCCTAaHOBAEHUE INPUPOAHBIX DAEMEHTOB ObIAM OAHMMU M3 Ba’KHEMIIUX YCAOBUIA
¢popmuposanms ropoackoit cpeasl Apesnert Mecororamun [2,8].

Ho co BpemeneM 4ea0BeK HaydMACs U3MEHSATD IIPUPOAY 1104, ceOsI 1 CBOU HY>KABI M CO BpeMeHeM,
K CO>Ka/A€HMIO, CTa/ BBITECHATDH €€ 13 CBOel MCKYCCTBeHHO cpebl. VI Toabko B cepeanne XX BeKa Ha4aACs
TpeH/ Ha BO3palljeHue IIPUPOAHOI Cpeabl B apXUTEKTypHOe IpocTpancTBo. Hauaao sToMy ABVM>KeHMIO,
KOTOpOe BIIOCAEACTBUY IIPeBPaTUAOCh B ITOAHOLI@HHbIN apXUTEKTYPHBI CTUAD, Ha3BaHHbI OMOHUKOIA,
3agaa @pouk Aaoiig Pairr (puc 3) [1,8,9].
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Pucynoxk 3 Aom Pajita, oTpakaommii KOHIIEIINIO «40Ma-IIpepum»

bronmnka kax crmap BoraomiaeT B ceOe NpUpPOAHLIe I1BeTa U HA€MeHThl, CO34aéTCsl U3 IAaBHbBIX
¢op™m, HaXOAUTCA B ITOCTOSTHHON KOMMYHMKaLIVV C €CTeCTBEHHOI Cpe 0¥ I SIBASIETCs €€ OTOOpaskeHreM,
CO3/aHHBIM PyKaMM apXUTEKTOPOB [8].

Koraa mup ysugea paborsr Paiita, To ero raasHas mgest — «A0Ma-Iipepum» -IIpoOyAiaa HOBBIA
VMHTepeC K eAVHCTBY MNPUPOABI M apXUTeKTyphl. /JobaBuay 3HaYMMOCTh DTOM MAee U IMPoOAeMBbl
aHTPOIIOTEHHOTIO XapaKTepa: 3arps3HeHNe BO34yXa, 9AeKTPOMarHUTHOe BAVSHIE, U30BITOK IITyMOB. DTO
BCE OIMCBHIBAeTCsl KaK HeraTUBHBIE 4451 AI0Aeil (PaKTOPBI, a apXUTEKTypa CO34aéT IpOCTPaHCTBA, B
KOTOPBIX AI0ASIM A0AKHO OBITh KOM(OPTHO, YA00HO, U IMETh 0AarONPUATHBIN MUKPOKAUMAT SIBASIETCS
HaMBa>kKHeIIIel 3agaueit 445 XKIAO0M cTpyKTypsl. ITosTomy HeoOxoauMo paspaboTaTh HOBBII I10AX04, K
IIPOeKTUPOBAaHMIO Ha OCHOBE TapMOHMYHOTO OObeAMHeHUs HPUPOAHBIX DAEMEHTOB B JAOMax U
BHe/peHI s HOBEMIINX pa3pabOTOK OTAeA0YHBIX MaTepualos.
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Pucynox 4. CoppeMeHHOe TUIIOBOe IL1aHMPOBOYHOE penieHie

JaHHBII II0AXOJ paccMaTpuBaeT >KMAOe IIOMeIlleHue KaK COBOKYITHOCTh —Pa3AMYHBIX
(pyHKIIMOHAABHBIX 30H, IA€ KaXKAbIii KOHCTPYKTUBHBII 91€MeHT BHYTPeHHeTO BBIITOAHSeT OollpeJeAeHHbIe
¢ynxym. Kak mpasnao, cerogHs IpUHATO CIUTATh, YTO B 4OMaX y HaC eCTh 30Ha IIPUTOTOBAEHN S IINIITH,
peKpearioHHas 30Ha, C/y, BCIIOMOraTeAbHbIe IIOMeIeHILI (puc. 4).

Tak, mpuH:B BO BHUMaHIe Bce BhIIlIeyKazaHHbIe CBOVICTBA U 3a4a4M SKIADS, BBIABUAY CAeAYIOITe
He/JOYETHI B CYIIIeCTBYIOIEeM JKIAOM CerMeHTe:

1. CoBpeMeHHOe XIABE He pelllaeT BeX >KM3HEHHO BaKHBIX acIeKTOB, KacCalOIIMXCs HaIlen
KM3HeAesTeAbHOCTH. Tak rAaBHBIM HeA0CTaTOK OTAEABHO B3ATHIX KBAPTUP M KMABIX KOMILAEKCOB B
11e10M — He0CTaTOK IIPUPOAHBIX DA1€MeHTOB B OKpy>keHMI. V1 pedn ceityac na€T He O MapKax I CKBepax,
IIpMAETaIONINX K TEPPUTOPUM, a IPUCYTCTBUM 3eA€HBIX Haca’KAeHMI B KBapTUpax M Ha IIPUKBaPTUPHBIX
I101aKax. 9To MO3BOANUT CO3JaTh OoAee OeCIpersiTCTBEHHBIN AOCTYH K 3e4eHON 30He, TeM CaMbIM
pa3baBuB K11A0€ IIPOCTPAHCTBO, 3a0MTOe MeOeAbIO M TeXHUKOI, U CO34aCT BO3MOKHOCTh HAXOAUTLCS Ha
TeppUTOpUN C 6AaTOIPUATHEIM MUKPOKAMMATOM.

2. CoszgaHme B caMIX KBapTHpax «3e4€HOT0 yroaka». MHoOIme >KuTeAn pasHbIX CTpaH 4aBHO YKe
IBITAIOTCA YAYYIIUTh MMKPOKAMMAT CBOMMU PyKaMM — IIOKyIlas I[BeThl B TOPIIKaX M pacCTaBAssd B
pasHble yroaku KsapTupsl. Ho uTo, ecan o1y naero passuts, 1 ceaath HOBOIO (PYHKIIMOHAABHYIO 30HY —
3e1eHyIO 30Hy. DTO pelIuT cpa3y ABe IIp00AeMBbl: ITO3BOANUT YAYUIINTh MUKPOKAMMAT B KBapTupe U
pasHOO0Opa3nuTh nHTEphep [3].

Ha ceroansamumit AeHp mnpoOJema 3arps3HeHHOCTM BO3AyXa BBIXAOIHBIMU TasaMM U
MPOAYKTaMM ITPOMBIIILAEHHOCTU CTOUT 0co00 ocTpo. KoHeuHo, yueHble y>Ke A4aBHO OBIOTCS Ha DTUM,
IIBITAsICh HaTY HOBbIE, DKOAOTMYECKN YMCThIe pecypchl, HO MBI KaK apXUTEKTOPBl MOXKeM IOMOYb B
Oopn0Oe 3a yncroe HeOO. DBOAIOINS AJOMOB He CTOUT Ha MecTe — KOT4a-TO B 40MaX OBLAM TOABKO ITPOCTHIe
JK1ABle KOMHAaThl, CO BpeMeHeM CTaAM IOABAATLCS Mara3MHBI M MeAKMe >KM3HEeHHO HeOoOXOAVMBIe
LIEHTPBI 110 OKa3aHUIO yCAYT — aTeAbe, CTOMaTOA0IUM, MUHI AeTcaapl [6,8]. CeroaHst MaccUBHBIE KIAbIe
KOMIIAEKChl BKAIOYAIOT MHOXECTBO Pa3AMYHBIX (PYHKIIMOHAJABHBIX DA€MEHTOB — Kade, pecTopaHbl,
AeTCKMe caapl, OI0OpO MO OKa3aHMIO (PUMHAHCOBLIX U IOPUANYECKMX YCAYT, PeMOHTHbIe MacTepcKue, a
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0c000 KpyIIHEBIe Jake Ou3Hec-1IeHTpPEI. V1 cioja CrloKOitHO MOKHO OyaeT 400aBUTh 30HY C IIPUPOAHBIMU
DAeMeHTaMMI.

Aas paccMOTpeHMsI CIIOCODOB BHEAPEHMs DTUX CaMBIX 3€A€HbIX 30H BBIOpaHBI CAeAyloliue
CITOCOOBI MIX ITPOEKTU POBAHISA:

1. BHyTpuksapTHpHas «3eAeHas 30Ha» - py O0ABIINX IIA0IIAAAX MOXKET paciioAaraThCs
B TOCTUMHBIX UAM KOPUAOPAX, OAHUM CAOBOM, B MeCTaX 4aCTOTO CKOILAE€HUs AIOAel WAV TPaH3UTHBIX
30HaX A4s1 OXBaTa OOAbIIIell IIA0IaAN.

2. MexxkpapTupHas «3eaeHas 30Ha» - OyJeT pacroJarathCsl Ha IPUKBAPTUPHEIX,
AeCTHUYHBIX I110IJaJKaX, Tak’Ke MOXeT OBbITh 3aIpOeKTMPOBaHA KaK OTAEABbHBIN DTaXKHBIA DAEMEHT,
HaIpuMep, KaK TeXHUYeCKIIT DTax.

3. CyI11ecTBYIOIINI CIIOCOO IMPOEKTUPOBAHMS «3€A€HBIX 30H» - 3UMHIE Cajbl Ha IIEpPBOM
DTaXke, TeM CaMBIM OOBITPBIBAIOTCSA TaMOYp M X044, UAU pacloAoKeHne Ha Kpoiie 3aanus. Cioja xe
MO>KHO 200aBUTh CO34aHNe ITPUPOAHON 30HBI B TPAH3UTHBIX 30HaX MeXAY 3JaHMUAMU OAHOTO KIAOTO
KOMILAeKca (puc. 5).

Kopunop

35 m*

Keapupa-4 KaapuTpa-3 Keaputpa-2

109 w2 54 m? 109 m*

Pucynox 5. Ilpeaao>XeHHBIN BapMaHT paclioA0XXeHMs «3eAeHO0¥ 30HbD» Ha 9Taxe, rpadpudeckas paboTa
aBTOpa, 2022 roa

I Tenepsr oueHb BasKHO BepHYThCsA K paboraMm Paiita — «gomam-Iipepusam», KOTOpble MAEIHO
OAMIIETBOPAT COOOI e AMHCTBO IIPUPOADI M apXUTEKTypbl. OdeHb BaXKHBIM ABASACST I MOPaAbHBIN ITOCHLA
K yea0BedecTBy. buonmka, kak 1 MHOIMe aApyrue CTUAM, paguKaAbHO OTAMYAIOIIVecs APYT OT ApyTa,
CMMBOAM3NPYET YCTaA0CTh U IIePeHackllleHie TUIIOBOI apXUTeKTYpoIi. Il aniib cpaBHUTEABHO HeAaBHO
Ha4yaAUCh ITOITBITKU DTO U3MEHUTH [6,7,8].

Crour TakXe OTMETUTb, 4TO IO TUIIOBBIM IIPOEKTHMPOBAaHMEM IIOHMMAIOTCS He TOABKO
(pacagnble ¥ 11AaHMPOBOYHBIE PeIlleHNs, HO U CTpOUTeAbHble U OTAeAouHble MaTepuaanl. Cerogus B
CTPOUTEABLCTBE I104aBAsIOIIee DOABIINHCTBO CTPOUTEABHBIX MaTepUaA0B COCTaBASIOT KeAe300eTOH U
CTeK410. DTO BCE cO3JaeT y apXUTeKTyphl 00pa3 IPOMaAHBIX M MacCCHMBHBIX OETOHHBIX 4allod, u
pas3baBAAIOT DTy KapTUHY AUIIb €AMHIYHBIE 34aHNsA U coopy>KeHus [3,6,7,9].

bronuka mpussaHa BHeCTU B TOPOACKYIO Cpeay AerKOCTh U ILAaCTUYHOCTh, TaK Kak HepeAKo
OuoHmyeckne 3JaHus UMEIOT IldaBHble (POPMBI, OPTaHMYHO IIOACTPAMBAIOTCS II0A OKpY>KeHMe, a
3a49acTyIO Aake ABASIOTCS ero IpogoaxkeHueM. Taxke 445 OMOHUKY B €€ 3apOXKAeHNN ObLA0 XapaKTepHO
JICII0Ab30BaHMe TOABKO DKOAOTMYECKM YMCTBIX CTPOUTEABHBIX MaTepnaloB — Aepesa 1 Kamu: [8]. Ho co
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BpeMeHeM CTaAll WCIOAB30BaThCA TIMOPUAHBIE MaTepuaabl AAs OOAbIIeNl BapUMaTUBHOCTU B
npoexkTuposanny. CamMble M3BeCTHbBIE 34aHNS aPXUTEKTOPbI CTapalOTCs BIIMCATDh B OKPYKAIOIIYIO Cpeay,
Hanpumep, Buaaa NN B [Toamockosse (puc. 6).

Pucynoxk 6. Buaaa NN kak npumep cOBpeMeHHOV MHTepIIpeTaly KOHLeNINN «40Ma-IIpepumn»
3akaio4deHue

Kak MoxHO Ha0A104aTh, IIPY BCel BasKHOCTYU U aKTyaAbHOCTU TeMBI €€ M3y4eHHOCTh OCTaBAseT
keaaTb Ayuriero. CaMbIM T100aAbHBIM JOIyIIIeHNEM SBASeTCs OTCYTCTBUE eAMHOIO IIoAXOJa B
¢popmMupoBaHuN 3eAeHBIX HacaXKAeHUil B XK1AOM cTpyKType. HecMoTpsl Ha MHOXeCTBO IpUMepOB, KaK
y>Ke peaan30BaHHBIX, TaK M IPOEKTUPYEMBIX, OHI OCTAIOTCs pe3yAbTaTOM eAVHIYHBIX UAeN X aBTOPOB,
VX BUAEHNS U OOIIero IOHMMaHMs KOMIIO3UINY, a TaKXXe MHAUBUAYaAbHOTO aHaAM3a M U3Y49eHUs C
nocaeAyomumu Beisogamu. Heobxoammo codpath BOeAMHO OIBIT MHOTUX apXUTEKTOPOB CO BCeX CTpaH
MMpa, IPOBECTU aHAAM3 UX IIPOEKTOB U CIIOCOOOB apryMeHTallu TeX UAU UHBIX PeIleHnii, BHIABUTH
II0AOKUTeAbHBIe M OTpUIlaTeAbHble MOMEHTBI IIPOEKTOB M IIOCTapaThCsl CO34aTh €AUHYIO CUCTeMY
IPUHIIMIIOB TaPMOHM3AIUN IIPUPOAHOIN CpeAbl B apXUTEKTYPHOM IIPOCTPaHCTBe.

Mup He cTOUT Ha MecTe, OH pa3BMBaeTCs ¥ MEHAeTCs, He BeeTJa apXUTeKTypa IocrieBada 3a HUM.
Aa, OpLau BpeMeHa, KOTAa IepeAoBble TeXHOAOTUH II03B0ANAN CO34aTh IIeAeBPhl CBOETO BpeMeHM, TaKue
Kak, Harpumep, Diideaepa Oamnsa. Ho Oblan BpeMeHa, KOTr4a apXUTeKTypa MHOIO AeT CTOs.1a Ha OAHOM
Mecre, HampuMmep — Tumosoe crpouteabctBo B Coserckom Corose. CerogHs apxuTekTypa B CTpaHax
IIOCTCOBETCKOTIO ITPOCTPaHCTBa BHOBbL IIpuoOpesa O04HOOOpa3HbI BUJ — U300MAMe IPAMBIX POpM,
IIpeuMyIIecTBeHHO (acaJHble TIaHeAM Pa3HBIX IIBETOB U A0DaBAeHMe B PeAKMX CAydasX BUTPasKHOIO
ocrekaenus. OTcioga BUAUTCS ¥ TBOpUeCKash HEOOXOAMMOCTD B HOBBIX CTUASX, KOTOpbIe pa3HOOOpa3nau
OBI CYIIeCTBYIOITYIO M B KAaKOI-TO CTeIIeH! IIPeChITUBIITYIOCS TOPOACKYIO Cpeay.
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BriBog 1. PazButne naen HaAM4ms «3eA€HBIX 30H» BHYTPY JKIABIX U1 OOI[eCTBeHHBIX ITOMeIlleHIIT
IIOCITOCOOCTBYeT yAYyYIlIeHNIO MUKPOKAMMATa BHYTPY 9TUX IIOMeIIleHNI, YTO 0.AaronpuATHO CKasKeTcs
Ha CaMOUYyBCTBUU U paboTocriocoOHoCTH XuTeaeit. O4HOBpeMeHHO € 9TUM BBeJeHle TaKIX 91eMeHTOB
KapAMHAAbHO IIOMeHseT I04AXO04 K (PYHKIMOHAaABHOMY 3OHMPOBAHMIO KBapTUP, YTO pacIIMpuUT
BO3MO>KHOCTH JKIABIX ¥ OOIIeCTBEHHBIX IIOMeIeHNIA.

BoiBog 2. CosgaHme eauHOro mnoAxoda, C AJaAbHeiiInell pa3pabOTKOIM ITOAHOIIEHHBIX
CTPOUTEABHBIX HOPM U IIPaBIA, ABASETCS CAeAYIOIIVIM DTAIlOM pas3BUTHs uAeit PaiiTa 0 HOBOM IT0AX0A€
K IIPOEKTUPOBAHUIO 34aHUI U COOPY>KeHMI, OTPa>keHHBLIX B HOBOJM KOHILIEIIMU CO34aHUS €AVHOTO
[1€A0TO MeXAY apXUTEeKTYPOil U IIPUPOAOIIL.

BriBoa 3. ApxmrexTypa sIBASETCS A4OCTaTOYHO SIPKUM OTpa’keHMeM KyAbTYPhI U BCerda ymmeda
CBOI1 YHUKAABHBINI 00pa3 B pa3HBIX CTpaHaxX U B pasHoe BpeM:. DTO O3HaJYaeT, YTO pasBUTHE «3e1eHO
apXUTEeKTyphbl» pa3daBUT OOLIMII BIJ TOpOJa, KOTOPBIL B IIOCAeAHee BpeMs IPUCTPACTUACT K
OAHOTUITHBIM (pacasHbIM ITaHeAS M U BUTPa’KHOMY OCTeKAEeHMIO.
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E.K. Ayiice6aii!, P.B. boxaués?
A.H. T'ymuaes amoindaeor Eypasus Yammuix ynusepcumemi, Acmana, Kasaxcman

CayaeTTik KeHicTikTeri TaOMFM OpTaChIH yiiaeCTipy NpUMHIMOTEpPi

Anpaarmia. bya MakasaHbpl >KkadyFa TaOMFM >KoHe aHTPOIIOTeHAIK OipKarap >KaFbIMCBI3
(dakTOpaapAbIH dcepiHeH Kalaja Y3aK yaKbIT Typybl cebent 6044b1. TaOuraTTeiH askbpipamMac 60eairi 604a
OTBIPBII, ajaM OHBIH OallABIFBIH TaJaH-Tapakfa cada 0iaai, O9piH €3 KaKeTTidiriHe OarbITTaAbl.
Kopinaran opranel ©3 KaXKeTTidikTepiHe Kapail e3repTe OTBLIPBII, KYH CallbIH ayaHbl, K€p MeH CyAbI
Aacrarl, TaOUFaTThl TOPTINKe KeATipy MYMKiHAIriHeH aibIpy, OHBIH caljapbl Typaadbl OiiaaHOaAbl.
Ocplaariia, 9KOAOTMSIABIK ITpo0aeMadap 0i34iH 3aMaHBIMBI3Aa epeKIle e3eKTi 604a OacTaspbl.

/lactaHy MaceAeciHe KOMEKTeCyre >KoHe Ty3eTyre THIPBICAaThIH DHTy3MacTap opKallaH 0044bl,
Oipak >kahaHABIK ayKbIMAa IIemIimMAl i3gey caAbICTBIpMaAdbl TypAe >KakblHAa 0044bl. AAFamKke! ipi
esrepicrepai 19 raceipaarsl Eyponagarsl ipi KaaaaapAblH JKocnapaapbl MeH KaiiTa Kypy >ko0aaapsl Ae
caHayra 6oaaap1r. Ocplaaiiina, ©HAIPICTIK JKoHe TYPFBIH ayJaHaapAbl 0eay, COHAaN-aK KalaHbIH TYPFBIH
Oeairinge casg0aK aliMaKTapbIH €HTi3y TypaAasl IIentiMaep KaOblaJaHAbL.
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Kebine conai OyitbiM OoaraH casgbaKTap TeK ayKaTThl ajaMAapAblH Meairinae OOAraHABIKTaH,
Oyrinae KaablH OyKapara KeTTi, Ocblaalillla KapallailbIM Ty PFbIHAAapFa DKOAOTUAALIK Ta3a aliMaKKa K04
JKeTKi3yre MYMKiHAiK OepJai, COHBIMEH KaTap CoyAeT ©HepiHiH >KaHa BEKTOPLIH TyABIPABL KY3 JKbL14aH
KeitiH @poHK /110714 PailTTeIH SKYMBICBIHAA YK9He OHBIH «IIpepuil yilaepi» TY>KbIpbIMAaMachiHAa Malija
DoaraH daMy.

Coyaer KoraM eMipiHe BIKIIad eTyAiH eH yAKeH KypaaAjdapblHbIH Oipi 004a OTHIPHII, KOFaMFfa
TaburaTIieH OipAiK MAEsICBIH eHIi3yAiH TybIH KeTepai. bya agam MeH TaburaT apacslHAaFHI YilaeciMaiaik
ujesAapblH JKy3ere acblpaabl, Oip IIaTepae Ae, KaaAIlbl Kadaja 4a MUKPOKAMMATTHI KakKcapTaabl,
TaOMFaTTHI caKTay >KoHe Oap Kareaepai Ty3eTy Yp4aiciH Oeariaernai.

Acrana - [IBeiinapusigarel AAbIIi TayAaphl CUSAKTBL KOAalAbl aya-palibl MeH KAMMAaTTBIK >Karaalt
TYFBI3aTBIH TaONUFNU epekineaikTepi ae, Peceitgerigeir KaaslH opMaHAaphl Aa KOK Kada. AIIBIK Jajaja
OpHaJacybl >KoHe Kalajarbl MUKPOKAMMATTHI JKaKcapTy¥Fa MYKMAT KapayAbl KaskKeT eTeai.

TyiiiH cesaep: coyaeT, )Kacbla coyAeT, TaOMN KeHiCTiK, Kala, AM3aiiH, peKOHCTPYKL, eKIleaep,
®K0A0IN:A, MUKpOoKAnMaTt, PpoukK Aaoiig Pair.

Ye. Duysebay?, R. Bokachyov?
L.N. Gumilyov Eurasian National university, Astana, Kazakhstan

Principles of harmonization of the natural environment in architectural space

Abstract. The reason for writing this article was long-term residence in the city, with a number
of negative factors, both natural and anthropogenic. Being an integral part of nature, man managed to
plunder its wealth, directing everything to his needs. Moreover, changing the environment to suit his
needs, he in no way thought about the consequences, polluting the air, land and water every day, and
also depriving nature of the opportunity to put itself in order. Thus, environmental problems have
become especially relevant in our time.

There have always been enthusiasts trying to help and fix the problem of pollution, but on a
global scale, the search for a solution has been relatively recent. The first major changes can be considered
the projects of new master plans and reconstructions of large cities in Europe in the 19th century. So
decisions were made to separate the industrial and residential areas, as well as the introduction of park
areas in the residential part of the city.

Parks, which for the most part were a luxury item, being only on the estates of rich people, have
now reached the masses, thereby providing ordinary people with access to a more environmentally
friendly area, and also gave rise to a new vector of architectural development, which resulted a hundred
years later in the work of Frank Lloyd Wright and his concept of "prairie houses".

Architecture, being one of the largest instruments of influence on public life, has hoisted the
banner to bring the idea of unity with nature into society. This will embody the ideas of harmony between
man and nature, will improve the microclimate both in a single apartment and in the city as a whole, will
set a trend for preserving nature and correcting existing mistakes.

Astana, a city that does not have natural features that would create favorable weather and climate
conditions, such as the Alps in Switzerland, or dense forests, as in Russia. The location in an open field
makes it necessary to take a more careful approach to improving the microclimate in the city.

Keywords: architecture, green architecture, natural space, city, design, reconstruction,
plantations, ecology, microclimate, Frank Lloyd Wright.
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Tayapanl 6eTOHABI TacbIMaagay Ke3iHAe aBTOMOOMAD AipiaiH asanTy

Annorammsa: bBya Makazajga aBTOMOOMAB  >KOAJAapBIHAAFLl  OallAaHBICTHIPYIIIBI
Marepraajapabl TacbIMaljayAblH ©3eKTi MaceaeaepiHiH OipiH 3epTTeyAiH HOTIDKeAepi
YCBIHBLAAABL. ~ 3epTTey OapbICBIHAA aBTOMOOMABbJAEpAi KO3ABIpaTBIH  KYIITEpAiH
ayBITKyAapBIH, COHJal-aK, aBTOMOOMABbJAEpAiH TepOeaicTepiHiH OY3BLAYBIHBIH HeTisri
Ke34epiH K04 OeTiHiH ITYHKbIpAapBbl, SKCLIEHTPUKaABIK, OipKeAKi eMec KO3FaAbIChl KoHe
ABHTeAeKTepAiH Telle-TeHAiri, KO3faATKBIIITBEIH aliHaAMaAbl DeaikTepi KapacThIpalbl.
TacsiMaagarsIl  AipiagepiHiH Teric eMec >KOAMeH ToyeAdiairi OaiikaadaAbl, d4eTTe
Ke3Jelicok Tepbeaictepai 6arikanAbl. JKoaabs MUKpOIIpodAi JKOAABIH Y3bIHABIFBIHEIH
Ke34eiicoK PYHKIIMACH PeTiHAe CaABICTHIPBLAaAbL, al KaIIBIKTHIK X-HBIH MoHi peTiHAe
KaObL1gaHaAbl, Oya X-HBIH Ke3 KeAreH MoHIHAeri OpAMHATTaphl Ke3AelCOK, IaMachl.
Maxkaza >X044BIH MUKpOIIpoduaiHe KaTBICTH Ke3AeVCOK (PYHKIIUAHBIH CTaTHCTUKAABIK,
cuIaTTaMaJapblH aHBIK TyciHAipeai. Oa opTak icke acpIpyra HeMece Oip icke achIpyra
KaTBICTHI OpTallladaHraH 004ca, ap TypAai 604aaThIH OopTa MaHAepAi Oiadipeai yakbITbIHAA.
Tyniu coe3aep: aBTOMODOUABAIH  Aipiajeyi, >KaMBIAFBIHBIH KeAip-OyABIPHI,
AOHFaZaKTapAblH TelleTeHCi34iri, Ke3aelicoK PyHKIUsI, CTaTUCTUKAABIK CUIIaTTaMaAapel.
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Kipicmie

HapbIKTHIK 9KOHOMIKA JKafjalibiHAa OailAaHbICTRIPYIIIBI MaTepraalapAbl TackiMaAAay carlachlH
apTTHIPYABI KaMTaMachI3 eTyre KaTTBI-TY PMBICTBIK, KaAABIKTapAbI eHaeyal KeIlleHAl
MeXaHUKaAaHABIPYABIH THiMAl Kypaabl peTiHAe aaliblHAay >KeHe TacbiMaajay YIIiH >KOFapbl ©HiMal
>KaOABIKTBI €HTi3y apKbIAbl KOA >KeTKizideai. JKeTkisyAiH eH IlepcrieKTMBaAbl >KoHe >KOFaphl ©HiMAi
TypAepi-apHaiibl IIaccuAeri aBTOMOOMAbAep. 3epTTeyAiH OarbITTaphl MeH MiHAeTTepiH TaHAAy
004>KayAbIH FRLABIMU HeTi3AeATreH d4icTepiH, KaTThl TYPMBICTBIK KaaAbIKTapAbl KaliTa eHAey >KOHiHAeri
KellleHAepAi AaMBITyAbI TlalijadaHa OTBIPBIIL JKy3ere achipblaaabl. OObeKTire TachiMaajayAblH OHTallAbI
cxeMachl OOJBIHINIA CyChIMaAbl MaTepuaajapAbl KaiiTa ©HJAey IpolieciH KaMTaMachl3 eTeTiH COKKBIFa
Kapchl aMopTM3alus >KoHe Jipia OKIlayJay KypblAFblaapel ©Oap aBTOMOOMABAEPAIH Herisri
IapameTpAepi MeH IepCleKTUBaAbIK, KOHCTPYKIMsIAaphlH OeAariey ©3eKTi Maceae OOABIN TaObliaAbl
>K9He caJdaapaablk MaHre ue [1].

Heri3iri 0eaim

BeToH KocrackIHBIH TYTaCTHIFBIH CaKTay YIIIiH,0aFbITHI JKoHe acep eTy CUIIaThl OOJbIHINA op Ty pAi
Oy3yIIpl KyLITep TyAbIpaThiH aBTOMOOMAbAEPAIH TepOeaicTepiH asaliTy ©3eKTi MiHAeT OO0AbII
TabbIAaABI.

ABTOKOiKTiH TepOeaici OaFbITBI MEH dcep eTy CUITaThl OOMBIHINIA 9p TypAi OY3YIIEI KyIITepieH
TybiHAaMARL. TepOeaicTepain Oy3BIAYBIHBIH HeTisri KesJepi: >koa OeTiniH Oipkeaki ©Ooamaysl,
ASHIeAeKTepAiH SKCIeHTPUCUTeTI >KoHe Oipkeaki aliHaaMaybl, A©HIeAeKTepAiH,KO3FaATKBIIITHIH
aliHaaMaAbl OeaiKTepiHiHTeHrepiMcisairi, Oepisic KOpaObl >KoHe apaAacThIPFLIIITHIH alfHAAYbI.

Kymrep Men correp Herisri aBTOMOOMABAIH >KBLAAAMABLIFBIHBIH HEMECEOHBIH KO3FaAbIC
OarbITHIHBIH ©3TepyiHebaliaaHbICThl, COHAAN-aK adpOANHaMIKaABIK, dcepaep.
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Bya xymrep mMeH caTTrep caapicThIpMaabl Typae Oasy e3repedi >koHe KBa3MCTaTUKAABIK OOABIIT
TaOBLAQTBHIHBIH aliTa KeTy Kepek. TepOeaictepaiH Oacka cebGemnTepi 6OAybI MYMKIH: TachIMaAdJaHAaThIH
KYKTiH MHEepUMABIK ocepi HeMece OOC JKypic Ke3iHAe KO3FaATKBIIITEIH aliHaAy MOMEHTiHiH e3repyi.

Keaik0eri Teric emec >koa4a >KypreHae, aJeTTe, Ke34elicok TepOeaicTep marga 0oaaasl. Xypyai
OipHellle peT KaifTalaraHAa, aBTOMOONABAIH Ke3-KeATeH MaccachIHBIH TepOeaici TaOuFy Typae OGackala
0oaaabl, AFHM OJAap 491, HaKTBl KaliTadaHOanabl. Ce0Oebi, >k0a Ke34eiicoK Oy3yIIBLABIKTapAbIH
opHaJacybl Oap Oerrti Oiagipeai [2]. beron apaaacTeIprelITapdarbl KypdeAi COKKBI >KoHe Aipia
IpollecTepiH Taaday KOBFaABICTHI, >KbLAJaMABIK IIeH YAeyAl CHIIATTaiThIH IIaMaJapAblH yaKbITIIA
TOyeAAiAiriH aHBIKTayAaH OacTraaysl Kepek. Jepekrepai eHaey agici oaapabl KOAgaHY MakcaTbIHa
OartaaHBICTBL. ABTOKOAIKTePAIH COKKHI AipiAiH 3epTTey, COKKbIFa TO3iMAl >KaOABIKTHI 5)K00alay - COKKbIFa
TE3iMAl apaAacTBIPFBIII HeMece HaKThl IIpoliecTepAi ModeAbAey YIIiH 3epTXaHaAblK DKCIIepUMeHTTep
’Kacay KesiHJAe cUITaTTaMaABbIK CIIEKTP >KIi KOAAaHBLAATHIHBIH aTal ©TKeH KeH. CuIlaTTaMaAblK, CIIEKTP
VFBIMBI CBIBBIKTBIK JKoHe yIiKeaiccis Oip epKiHAIK Aopeskeci Oap >Kylie YIIIiH KOAJaHBLAQTBHIHBIH aTall
©TKeH KOH JKoHe Keldip >kaFaalidapAa Haiigaasl akllapaT CBI3BIKTHIK eMec HeMece deMIIdepaik OoaraH
Ke3Je JAe aAbIHyBbl MYMKiH.

CumnarramMaablK — CIeKTp-Oya  SKyHeHiH  peaKIUsACBIHBIH  CaABICTBIPMAaZbl  IIaMachIHBIH
rpadpuKaAbIK KOpPiHiCi (OPBIH ayBICTBIPY, JKBLAAAMABIK, YAey) OY3bL1y XKYyIieHiH epKiH TepOeaic Ke3eHi MeH
Oy3bL1y 9cep eTy yaKbIThIHBIH apaKaThIHaChIHa Oall1aHBICTHI.

Bysslayaap opTypai (usMKaablK IIaMadapMeH aHBIKTaAybl MYMKiH, COHBIMEH KaTap
CHUITaTTaMaABIK CIIEKTP JKYJIeHiH apTYypAi peaKuMslapblH KOpceTe alaabl.

JKyite CBI3BIKTHI >KoHe YIIKeaicci3 eIl caHalIMBI3, aa YaKBITTBIH OeAriai pyHKIMSACH GOABIIT
TaOBLAATBIH OY3bIABIC aBBTOMOOMADBAIH MaccachbIHa Tikeaeil acep eteTiH P(t) kyi 6oaysr MymkiH (1-cyper)
HeMece KO3Fa/AbICHeTi3i, AFHM >KYMeHiH cepmiMAi OaliaaHbICTapblHa oacep eTeTiH aBTOMOOWUAD
I1accriO0AyBl MYMKiH.

KosraaricHerisi S(t) aBToM0OMAb IIacCHiHiH KO3FaABICH PeTiHAe KepceTidyi MyMKiH (2-cyper).
Axaiiga, aBTOMOONAD IIaCCUiHIH KO3FaABICHIH S(t) IaccuiHiH yAeyi TypiHge Oiaaipren xeH (3-cyper).

1 cyper. P(t) kymri TypiHgeri Oy3blay acepiHeH aBTOMOOMABAIH TepOeaici
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2 cyper. S(T) aBToMOOMABL MacCHiHiH KO3FaabICHI TYPiHAeTi OY3BIABICTEIH dcepiHeH 6eTOH KOcI1ackr 6ap
apaaacTBIPFBINITHIH Tepbeaici
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3 cyper. S(t) aBTOMOOMAD IMAaCCHiHIH YAeyi TypiHaeri Oy3bIABICTBIH dcepiHeH 6eTOH KOCIachl 6ap
apaJacTBIPFBINITHIH TepOeaici

Koaapm Muxponpodnai-6ya >K0AABIH Y3bIHABIFEIHBIH Ke34e11COK PYHKIMACH (X 5KOAABIH OTYi),
SIFHU Ke3-KeATeH X MoHiHAeTi OHBIH OpAVHATTapHI Ke3eICOK IaMa.

Koaapry 60i1aBIK MUKpOITpOPUAIHIH Ke3AeiicoK, (PYHKIMACH OHBIH icCKe achIpBLAYBIH Oiagipeai
(1,2), aa xaliTasaHFaHAAPHI - iCKe acbIpyAap >KMBIHTHIFDI (aHCaMO04b). JeMek, HeTi3ri KeaiKTiH TepOeaici t
yaKBbITbIHAA ©3repedi, SIFHU Ke34elICOK IIpoliecc.

Keaik 6ipkeaki Ko3raaaabl gell ecerrreit OThIpbI, X=U.t D0AFaHABIKTaH Ke34el1COK PYHKIMAAAH
Ke34elICOK ITpoliecke eTy Kepek.

Jemek, Ke3aericoK PpyHKUM (yAepic) - Oya icKe acBIpYABIH IIEKCi3 CAaHBIHBIH SKUBIHTBIFBI JKOHE
SKaAIIbI JKarAarida OHBI Keaecigeit Oearizey kepek {h(d,x), myHAarpi—oo < x < coxkaHe d = 1, 2, ..., 0.

boaamakra O0ya QpyHkimaHbl (Hemece yaepicrepai) h(x) 6earizey kaxker. Keszaericox ¢pyHKIms
CTaTUCTUKAABIK CUIIaTTaMalapMeH CUIATTaAybl Kepek. OaapAbl icKe achIpy >KUBIHTBIFBI OOJBIHINA t
yaKbIT MOMEHTI YIITiH HeMece yaKbIT OOJbIHIIIa — Oip icKe acbIpy YIIIiH XXYpPri3ideTiH opTamalaHAbpyMeH
a/bIHAABI.

Kesaericoxk 1mramazap periHge Kapactelpblaatbiih, (X1),hy(x3), ..., hi(y), ...,  ha(Xx),
MUKponpoduainig koopanHarTrapsl. Oaap YIIIiH CoIKeC CTaTUCTUKAABIK CUIIaTTaMalapAbl TaOy Kepek:
MUKpONpo(dpuAb OpAMHATTAPLIHEIH Tapaly 3aHbI JKoHE CaHABIK IIaMaJapsbl, d9pTypAi perTi OacTamKel
HeMece OpTaablK HyKTelep. Oprarmmra icke acelpy KesiHAe MYHAAlN Ke34elCOK (PYHKIVISIHBL Keaeci
OoakamMaapAbl KaHaFaTTaHABIPATBIH Ke34elICOK eMec (PYHKIUs peTiHAe KapacThIPy KepeK: (PYHKIIV
CTalIOHAPABIK JKOoHE ayBITKYABIK, MUKPONPOPUABAIH OpPAMHATH KaABIIITH 3aHFa OaFbIHAABI,
COKKBL1apABIH Y3bIHABIFBI JKOFAPFHI KOHE TOMEHTII IIIeKTepMeH IIeKTeAei, MUKPOIIPO(PUADb XKOAABIH TiK
0OI1ABIK >Ka3BIKTHIFBIHAA FaHa Ke34elicoK e3repeai [3].

Koaapmy MuxponpoduaiHe KaTbICTBI Ke3AelCOK (PYHKIMAHBIH (YAepicTiH) CcTaTUMCTUKAABIK
cuIlaTTaMajaphl OpTallla MaHAep 00abIn TaOblaaabl. Erep icke achIpy >KMBIHTHIFLI OOVIBIHIIIA HeMece Oip
peT icke acwIpy YIIIiH, Y3BIHABIFBI (YaKbITBI) OOJBIHIIIA OpTallladay Ky prisiace apTypai 601a4pl.
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Herisri cratucTukasbplK curarraMaslapAbl KapacThIpFaH >KOH: MUKPONpOPIAbAIH opTamia
OpAMHATHl HeMece MaTeMaTUKaAblK KYTy, OpAMHATTapAblH OpTalla KBagpaTThIK aybITKybl HeMmece
AVICTIEPCHUSICHI, KOPPeAAIMAABIK (PYHKIINS HeMece CIIeKTPAIK ThIFBI3ABIK.

Erep h'(x)- xei1b6ip kea4eHeHiHeH ecenTeAreH MUKpOIpodpuabain opanHarTapsl 604ca, 01,07 (4-
CypeT) OHJa icKe achIpy KMBIHTBIFBIHBIH OpTallladaHybl Keaeciger 00aaabl:

[hep] = lim B, hy G0/ 1)

Bx),

7\
02 \\[f \'/\v/\'v/m/\-’m o2

o7 six)
/s €7
A 2 A 1 » A4 A 7
B @AWA\—;—\VA\% 81
02 Ly AV \j 14 \VX L= 0 2

4 cypet. Ke3aevicox ¢pyHKIIMSIHBI iCKe achIpy JK9He OHBIH OpTalla MdHAepi

JKoa ydackeciHiH y3bIHABIFEI Ke3iHAe Oip caThIABIM YIIIiH OpTalllalaHFaH >KaFgalida MbIHaAapAbl
aaaMbI3

hep = lim (i) shh’ (x)dx @)

Kesaericox ¢pynkumsanasr adcaycca ocin Tikeaeirt OO aan Tikeaeit O101- re aybICTBIPY apKbLABI

OPTaABIKTaHABIPY bIHFaABL. OpTaAbIKTaHABIPBIAFaH (QYHKIUA (4-cyper) h(x) BIHFailaAbl, ©WTKeHi

Oosamakra 04 VIIiH MaTeMaTMKaAblK KyTy KapacThlpplaMaiigbl. Opi Kapaif, 0i3 >XK0a4bIH
MUKPOIPO}UAL OpTaAbIKTaHABIPbIAFaH Ke34elCOK (PYHKITUS AeIl CaHaliMBbI3.

Icke acbIpyaap >KMbIHTBIFBL OoIibIHIIIA opTaniaaaHABIPYAbI )KYPI'iSe OTBIPbIII, 0i3 AVICIIEPCUSTHDI
aJlaMBbI3

. h%i(x)
[he] = lim Tf, 3)
bip icke acbIpyabl OpTalasay Ke3iHje aAbIHFaH OpAMHATTapAbIH aucrepcusicel (Tikeaeir CC),
. 1\ 1
h = lim (E) sihZ (x)dx )

Oprama xBagpatThK aybITKy [hc] Hemece hc amcnepcusagan xBagpaT TyOip aabIHFaH Kesge
aapIHaABL. he mramacer A-A Ty3yiHe covikec Keaei.

MaremartnkaabslK KyTyJAeH ecenTeleTiH Oip per icke acklpy OpAMHATTapBIHBIH abCOAIOTTIK
MoH/epiHiH opTallla MaHi (Tikeaer BB):

— 1 1\ .
he, = 11111—r>réo (lh) Sg (x)dx (5)
— lim Y% DeGohixz)
Kp(xq,%2) = olcl_r}(}o D=1 = (6)
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Koa mukpompoduaiHiH CTallMOHAPABIFBI Typaabl 004XKaM KOPPeASIUAABIK, (PYHKIVISHEI
aHBIKTayAbl e49Yip KeHiaJeTeAi: 04 TeK X| ’K0A KeciHAiCiHiH I1amachkiHa OaitaaHbicThl. Koppeasiusaasik
dyHKIIA OapABIK KapacTeIpblAFaH OeaiMAep YIiH Oipaet 6oaaabl. COHABIKTaH (6) TeHAeYiH Keaecigeit
KOpCeTy Kepek:

Kn(Xe) = lim (1/1)sBh0h(x+xe)dx @)

Erep xoppeasumsaanlK (QyHKIVAHBIH OpAMHATaJapblH ANMCIEpCHUsAFa >KaTKpI3caK, OHJAa 0i3
HOpMa/aHfaH KOPPeAsIUAABIK (PYHKIVITHBI a1aMBbI3:

KH(Xe) = Kp(Xe)/h2ck ®

MYHJAaFbl OpAMHATTap eAIeMcis mamasaap. Erep HopMaisanraH KOppeaAsIUsAABIK, (PYHKI
Oepiace, oHAA >KOAABIH MUKpOIPOPUAiIHIH AMCIIepcHACH (OpTala KBajpaT MoH) Oip yakbITTa Oeariai
00AyBI Kepex.

Erep MukpompodnabAis 501 ydacKeciHiH Y3bIHABIFBI OOJBIHIIIA ©3TepPyi Typaabl TYCiHIK (HeMece
yaKBbIT OOJBIHIIIA Ke3AelicoK TepOeaic mporeci) KOppeaAsuMAAbK (PYHKINS apKblABl KepceTiace, OHAA
Oacka cumarrama (AUCIIepCusAapABbIH CIEKTPAIK TBIFBI3ABIFEI HeMece DHepPIs CIIeKTpPi) COKKbLAapABIH
HeMece Keaip-OyAbIpAapAbIH Y3BIHABIKTAPLIHBIH KallTadaHy >KMidiri (ke3Aeiicok ITpoliecreri OackIM
JKMiAikTep Typaabl) 004bII TaObLAaAbl. CIIEKTPAIK TBIFBI3ABIK «KOA KMiAiri» A€l aTaAaThIH apTyMeHTKe
ne:

Wy = 27/1 )

MYHJaFbl 1-cOKKbLAapABIH HeMece KeAip-OyAbIpABIH Y3bIHABIFDI.

AiiTa KeTy KepeK, Koppeaanusaabk, GyHKms ky (1) 5KoHe AMCIIepCUsHBIH CIIEKTPAIK THIFBI3/bIFEI
Ch(wpyr) ©3apa Oypbe TypaeHAipyi 6OABIIT TaObLAAADL:

o

K, (X)) = ZJ Ch(mnw)cos (wnw),(Xl)d(wHYT);
0
Ch(@nyr) = () [ Kn (X1)cos (wgyr), (XdX, (10)
(10) Tenaey Ky kCp-aen >koHe Kepi aybiCyFa MYMKiHAIK Oepeai, Ke3aeicoK (PyHKIUAAA
IIepMOATHIK KOMIIOHET Dap->KOFbIH 0idy KaxkeT OoAFaHAa, €Ki OacKapy DAeMeHTi Je Ke34elCoK, >KaFrjail
Typaasl Oipaeit aknnapaTThl KaMTUABL. CIIeKTPAiK THIFBI3ABIK KIiAiK KOMIIOHEHTTEepiH aHaFyPABIM aliKbIH
cuIIaTTaligbl JKoHe OHBI Ke3JeiCcoK >kK0A MuKponpoduaineH tysiHaaraH ABC tepOGeaicTepin ecernrey
Ke3iHAe K0A4aHy Kepek [4].
Erep criekTpAik THIFBI3ABIKTBIH IITaMacbhlH AVICIIEpCUsAFa KaTKbI3aThIH 00./AcaK, OHAA CIIEKTPAiK
TBIFBI3ABIKTBIH HOpMaJaHFaH Il1aMachlH aay¥fa 004aAbl.

Cll:ll(wnyT) = Ch(wnyT/hgk) (11)

ToAKBIHABI IIBIFBIHKBIAQP >K9He OlbIcTaphl Oap >koagap ymiH M.A. sxene H.J. Areesrep

>KOTaJlap MeH OMBICTapAbIH OaFbITTapBIH JKOAABIH OOMABIK OCiHe IIepIIeHAUKY AP Aell caHayAbl YCBIHADL.

Bbya >xarsaiiga >K0AABIH MUKpPOIIpOpMAi eKi IapaMeTpMeH cUIIaTTaAdybl KepeK - opTallla

KuMaHblH h(X) opauHaTBl >KoHe KeAJeHeH KuMaHBIH Oypsimbl. bBya kargaiiga  >KOAABIH

MUKpOIIpOPUAiIHiIH CTaTUCTUKAABIK CUIIaTTaMachIH eKi eA111eMAi Ipoliecke KaparaHAa eKi KaparaiibiM,
KOppeAAlAABIK (PYHKIMAMEH KOpceTy KepeK

Kn(X) = lim (i) [ hGOh(x + xo)dx (12)
Kp(X) 5 limG) " BaGOBG:+ x)dx (13)
TaakpLaay

ABTOMOOMADBAEPAIH ayBITKYBI KOA-KOAiK MHPPaKYPHLABIMBIHBIH Herisri OybIHBIHA aliHaayAa,
OJITKeHi OYTiHTi KYHi o4ap FBIABIMM 3epTTeyaep >KYpridy YIIiH TMiMAi >KoHe KaXkeTTi Kypaa OOoABIII
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TaOblaaAbl.  ABTOMOOMABL TepOeadicTepiHiH TOMeHAeyiH ecKepe OTBLIPBII, OallaaHBICTBHIPYILEI
MarepuaajapAbl TackiMaaJay callachlH apTThIPY CadachlHAAFbl COHFBI 3epTTeyaep KYp4eaidiri >Korapsl
MH>XXeHepAiK >KoHe OHAIPIiCTIK MaceaedepAi IIeIIyAiH TUIMAIAITIH >KeHe oOAapAblH XaAbIKapaablK
TaJaIlTapra calikecTiriH kepceteai. CoHgall-aK, capamIlblLlap aBTOMOONAB TepOeaicTepiHiH, AipiaiHig
TOMeH/eyiH ecKepe OTHIPHII, OaliAaHBICTHIPYIIIE MaTepuaalapAbl TackiMaajayFa 0ailaaHbICTEI OipKaTap
’KaHa TeXHOAOTUAAaPABIH AaMYbIH 00/AKalAbL.

Hotmxeaepi

BariaanbIcTRIpYIIIBI MaTepuaajapAbl TacbiMaaAayAblH Oacka Aa >KaHa 94icTepi, aBTOMOOUABAIH
TepbOeaicrepiH, AipiaiH TeMeHAeTYyAiH >KaHa oJicTepi, aram aliTKaHJa AJepeKkTepre, MaaliMeTTepre
JKaKbIHBIpAK —ecerlTeyJep, >KaAllbl IIalidadaHy VIIiH KOA >KeTiMAi 0o0JaThIH >KaHa ecemTey
MapaigurmMajapsl maiga 0oaysl MyMKiH [5]. JKoagwslH Muxpompodmai Keaeci CTaTMCTUKAABIK
curaTraMajapsl Oap Kesaeiicok (YHKIMs peTiHAe KapacThIpBLAYbI KepeK: OopTallla MUKpOHpoQpuAab
OopAMHATacel HeMece MaTeMaTUKaAblK KyTy, OpTalla KBaApaTThIK aybITKy HeMece OpAMHaTa
AVICTIEPCHUSICHI, KOPPeAAIMAABIK (PYHKIINS HeMece CIIEKTPAIK ThIFBI3ABIK.

3epTTey HOTIKeCiHAE JKOAABIH MMKpoHpoduaiHe KaTBICTBI Ke34eicOK (PYHKIMSHBIH
(TporecTin) HeTi3ri CTAaTUCTMKAABIK CUITaTTaMaAapblH aHbIKTay YIIiH ToayeAAiAiKTep aAbIHABL.

KopbITbIHABI

Beron KkocracelHBIH camachlH cakTay VIINiH 9pTypAi CUIIATTarbl >KoHe OarbITTarbl Keaepri
KYIITepiHiH acepiHeH 00AaThIH ©3AiriHeH KYypeTiH OeTOH apaAacTHIPFLIIITHIH TepOeAiciH asaliTy Ke3ek
KYTTipMeiTiH Maceae 00AABI.

Bya maceaeni mremry yImiH e3girineH >KypeTiH OeTOH apaAacTBIPFBIINITHIH OapaOaHBIHBIH
TepOeaicTepiH COHAIPeTiH KYPBIAFLI YCBIHBIAAABI, SIFHU JKOAABIH Keaip-OyAbIphl KesiHae Aipiadi KoloFa
MYMKIiHAIK Oepeai. KypblAFbIHBIH Heri3ri KpI3MeTi calla KepCeTKIiITepiH KaMTaMachl3 eTeTiH
aMOpTU3aTOp KYPBIAFBICBIHBIH ~AM3aiHBIH 33ipaey OOABII TaObldaAbl, HOTVDKeCiHAe 9DHepIusd
IIBIFBIHAAPBIH a3aiTaAbl.
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Kasaxcxuii azpomexnuyeckutt ynusepcumem umenu C.Cetipyaruna, Acmana, Kasaxcman

CHIzKeHMe KOAe0aHMs aBTOMOONMAS IpY IepeBO3Ke TOBApPHOIO OeTOHa

AnHoTamms. B ganHHOM craThbe paccMaTpmuBaIOTCS MCCAeAOBaHMSA OAHOM M3 aKTyaAbHBIX
po0/A€eM IIepeBO3KM CBA3YIOMINX MaTepualoB aBTOMOONASIMM IIO OT€YeCTBEHHBIM Marmcrpaasm. B
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I'.K. Kozenos, H.K. KapOaes, B.T. Opasarues, A. Capcenitisul

1CCAeAOBaHIUM pacCMOTPeHBl K0AeOaH!s aBTOMOOMAe BO3SMYIITAIOIIMMI CLAaMH, a Tak’Ke OCHOBHEBIe
VICTOYHUKM BO3MYIIIEHM: KOAeDaHMil MaIlllH, T.e. HPOBHOCTY ITIOBEPXHOCTM AOPOIM, DKCII@HTPUCUTET,
HEePaBHOMEPHOCTL ABVDKEHUS U HEYPaBHOBEIIEHHOCTL KOJAeC, BpallalOIIMXCs 4YacTell ABUraTeAast,
Tpancmuccun. IIpocaeskuBaercs maes 3aBUCUMOCTY KOoAeDaHMil aBTOMOOMASL OT AOPOIM C HEPOBHOIA
IIOBEPXHOCTBIO, IIPM ®TOM OOBIYHO MCIBITBIBAIOTCA CAydaliHbple KoaeOaHus. Jaercs cpaBHeHUe
MUKpOIpodpuas A0POTH KaK CAydaiiHONM (PYHKINY IPOTSIKeHHOCT AOPOTH, IIPOIIA€HHBII ITyTh B3AT 3a
BeANYMHy X. DTO TOBOPUT O TOM, UTO €TO OPAMHATHI IIpU AI000M 3HadeHNn X SBASIOTCS CAydallHON
BeANYnHOM. B craThe mnpuBeseHO yeTKoe OOBICHEHNE CTaTMCTUYECKO XapaKTePUCTUKU CAydailHON
PyHKIMM NPUMEHNUTeABHO K MUKpoInpodnaio goporn. OHa IpeacraBAsieT coOOll cpegHIe 3HaUYeHNs],
pa3an4HbIe, €CAU IPOBOAUTH OCPeAHEHNe 10 COBOKYITHOCTU Peaan3alu AU AAS OAHON peaan3aluu,
T.€. II0 BpeMeHI.

KaroueBbie caoBa: koaebOaHmUs aBTOMOOMAEN, HEPOBHOCTM  IIOBEPXHOCTH  AOpOIH,
HeypaBHOBEeIIIeHHOCTh KO4ec, CAydaitHasl (PyHKIIM:, CTaTUCTIYeCKIe XapaKTepUCTUKIA.

G. Kalenov, N. Karbaev, B. Orazaliev, A. Sarsenkyzy
S. Seyfullin Kazakh agrotechnical university, Astana, Kazakhstan

Reduction of vehicle vibration during the transportation of ready-mixed concrete

Abstract: This article discusses the research of one of the urgent problems of transportation of
binding materials by cars on domestic highways. The study examined the oscillations of cars by
disturbing forces, as well as the main sources of disturbances of the oscillations of cars, i.e. road surface
bumps; eccentricity, uneven movement and imbalance of the wheels; rotating parts of the engine;
transmissions. The idea of the dependence of vehicle vibrations on a road with an uneven surface is
traced, while usually experiencing random vibrations. The microprofile of the road is compared as a
random function of the length of the road, the distance traveled is taken as the value of X, this tells us
that its ordinates at any value of X are a random value. The article clearly explains the statistical
characteristics of the random function in relation to the microprofile of the road. It represents the average
values, which are different if averaged over the aggregate implementation or for one implementation, i.e.
on time.

Keywords: expected cars, road surface irregularities, wheel imbalance, random function,
statistical characteristics.
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/.B. Baxurosa, K.JK. AabTaeBa*, A.H. Orerenos, T.A. CareimOaeB

Axademus rozucmuxy u mparcnopma, Aamamuot, Kasaxcman
E-mail: vakhitovalv@mail.ru, *zhanar1009@mail.ru, dauletpecom@gmail.com, timasaginbaev01@gmail.com

HYTI/I OIITVIMM3alINN AaAbHVX, ME€CTHDBIX U ITPUTOPOAHBIX ITaCCAXKMUPCKUX
II€peBO30OK B COBPEMEHHDbIX YCAOBMSIX

AnnoTammsa. B saHHOV cTaTbe aBTOpaMM pPacCMOTPEH BOIIPOC ONTHUMM3AIUU
ITacCaXXMpPCKMX  IIePeBO30K  >KeAe3HOAOPOKHBIM  TPaHCIIOPTOM B YCAOBMAX
KOHKYPEHTHOJ OOpBOBI € APYTMMU BUAAMU TPAHCIIOPTA, PeaAu3yIOUUMI IIePEeBO3KY
ITacca>kMpoB Kak 1o Teppurtopuy KazaxcraHa (MeCTHBIE U TPUTOPOJHEIE TTaCCaskMPCKUe
IIepeBO3KN), TaK U B MeXAyHapOAHOM HamlpaBaeHun. [IpoBeaeH aHaAM3 COBPEMEHHOTO
COCTOSIHISI ITacCa>KMPCKMUX I1epeBo3oK B Pecriybamke KasaxcraH ¢ pasgeseHneM IO
BIAaM TpaHCIIOpTa. JI3y4eHsI TeHAEHIINM V3MeHeHNs ITacca’kKMPOIIOTOKOB II0 OCHOBHBIM
BUAaM TpaHcropra pecnyoanku Kasaxcran. BslaeseHBl OCHOBHBIE IPUOPUTETHbIE
HaIlpaBA€HNS PasBUTHA >KeAe3HOAOPOKHOTO ITacCa’kKMPCKOTO TpPaHCIIOpPTa, KOTOpPEHIE
MOIYT IIO3BOANUTH YBEAUYNUTh CIIPOC Ha IMACCaXXUPCKMEe I1epeBO3KI. PaccMoTpeH
3apyOe>KHBII OIIBIT BBEAEHUS U OCODEHHOCTU peaan3aluy IIPOEKTOB CKOPOCTHOTO U
BBICOKOCKOPOCTHOTO ~ ABVDKEHMsI — ITaCCaKMPCKUX — IT0e3J0B  Pa3BUTBIX  CTpaH.
IIpeacraBaeHsl pekOoMeHAaluy Hanboaee SKOHOMMYECKM D(PQPEeKTUBHOIO I0Axoda K
YBeAWYEeHNIO CKOpOCTell ~ ABVDKEHNUs  ITacCaXMPCKUX — II0e340B  Ha ceTn
>Ke/1e3HOAOPOSKHOTO TPaHCIIOpTa.

KarodeBble ca0Ba: IaccaXXUpCKUe IIePeBO3KM, MeXAyHapOJHble I1acCa’kKMpCKue
TIepeBO3KY, IIPUTOPOJHEBIE ITepeBO3KM, KeAe3HOJOPO>KHbIe ITaccaXKMPCKIe ITepeBO3KIA,
BBICOKOCKOPOCTHOE ABIIKEHIIE IT0€3/0B.

DOI: doi.org/10.32523/2616-7263-2023-142-1-165-172

BBeaenue

B coBpemenHoM Mupe B ycAOBMAX yBeAuMdeHMs ITOKasaTeAell ITOABVKHOCTU M MOOMABHOCTU
Hace/eHIsI ITIepeBO3Ka IaccakIPOB SABAsIeTCs BasKHBIM COIMaAbHO-9KOHOMMYECKMM acIIeKTOM Pa3BUTI
DKOHOMMUKI AI000I cTpaHbl. B 9TOi CBsA3M ITacca’kMpPCKUII TPaHCIIOPT UIpaeT OIPOMHYIO POAb B
>K13HeoOecIiedeHN Y COBpeMeHHOTIO 00I1lecTBa.

CeroaHs mepeBO3Ky IacCa’kMPOB CIIOCOOHBI OCYIIeCTBUThL MHOIMe BUABI TpaHCIIOpTa:
aBTOMOOMABHBIN, >KeAe3HOAOPO>KHBIN, BO3AYIIIHBIN, BOAHBIN 1, KaK CA€ACTBME HTOIO, MeXAy HUMU
BO3HIKaeT KOHKypeHTHas OopbOa 3a PBIHKM cObITa CBOeNl IpPOAYKIMHM. A Tak KakK IIPOAYKIIueit
TpaHCIIOpTa SBASIETCA caMa IlepeBO3Ka, TO OOBeKTOM KOHKYPeHIIMM B JaHHOM CAy4ae sBASIOTCA
naccaxupsl [1].

Kaxx b1l B4 TpaHCIIOPTa, y4acTBYIOIIUII B KOHKYPEeHTHOI OOpbOe 3a maccaXkupa, MMeeT CBOU
AOCTOMHCTBA 1 HeAOCTaTKM, KOTOPble OKa3blBalOT BAMsAHNE Ha BBIOOP BUJa TpaHCIOpTa Iacca’kipaMu
npu copepireHnn cpoux mnoesgok. K mpumepy, B Kasaxcrane OCHOBHBIMU BUAaMM TPaHCIIOPTa,
CIIOCOOHBIMU OCYIIECTBUTD ITacCakKMPCKIe IIePeBO3KY, ABAAIOTCA aBTOMOOMABHEIN, JKeAe3HOA0PO>KHBI
u Bo3aymHbli. Kak mmpasnao, KaxkAbIil U3 IIpeAcTaBAeHHBIX BUAOB TPaHCIIOpTa 3aHIMaeT CBOIO HUIIY B
Ipoliecce OpraHM3aly IIepeBO30K acCca>KMPOB: aBTOMOOMABHBIN TPAHCIIOPT 3aHIMaeT CBOM IO3UIIUN
B OCYILIeCTB/AEeHNI TOPOACKIX U IIPUTOPOAHBIX IIePeBO30K, XKeAe3HOA0POXKHEIN yA00eH IIpu IToe34Kax Ha
Aa/bHIIe PacCTOSIHUSL, a BO3AYIIIHBIN AMAVPYET B BLICOKOCKOPOCTHBIX ITepeBo3Kax Iaccakxupos. OgHako
B YCAOBUSIX PBIHOYHOV DKOHOMUKI Ka’KABIN BUA TPAHCIIOPTa CTapaeTcs peaan3oBaTh ceOs He TOABKO B
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Hymu ONMUMU3AUUNU aammux, MeCMmHbBLX U ﬂpuZOpO()Hle naccaXupcKux nepesosox 6 COBPEMEHHLLX YCAOBUAIX

CBOEM CerMeHTe, HO I 3aHATh AMAMPYIOIINe O3UILIMHU B 11eA0M Ha phIHKe ITacCa>kMPCKUX I1epeBo3oK [1].

AHaAM3 CTaTUCTUIECKIX JaHHBIX 110 IIepeBo3Ke naccakupos B Pecrrybanke Kazaxcran 3a siHBapb-
OKTsA0pB 2022 roja 1o OCHOBHBIM BI4aM TpaHCIIOpTa IOKa3al cAeAyIole pe3yAbTaThl [2]:

1. B paccMarpuBaeMblil Ilepuo/ >KeAe3HOAOPOKHBIM TPaHCIIOPTOM IlepeBe3eHO 16,3 MAH.
I1acca>kMpoB, UTO DOABIIIE, YeM B IePHOJ C siHBap: 110 OoKTs0pb 2021 roaa Ha 32,7 %;

2. ABTOMOOMABHBIM ¥ TOPOACKUM DAEKTPUYECKMM TPaHCIIOPTOM 3a IIepuoj C sHBaps IIO
OKTsA0pB 2022 roja repepeseHo Macca>kipos Ha 2,7 % 004bIlle, yeM B aHaA0THYHEIN nepuoa 2021 roaa;

3. B mepuog ¢ sHBapsa 1o okTsA0phs 2022 roga BO3AYIIHBIM TPaHCIOPTOM IlepeBe3eHO 9 MAH.
Iacca>knpoB. 3HaueHne JaHHOTO IT0Ka3aTeAs Ha 15,8 % BrIrtie aHaaormgHoro nepuoda 3a 2021 roa.

JuHaMMKa M3MeHeHMs KOAUYecTBa IIepeBe3eHHBIX I1acCakMpPOB pPasAMIHBIMU  BUJAAMU
TpaHcriopTa Pecriybankn Kaszaxcran npusesena Ha gnarpamme 1.

Konuuecmeo nepeee3eHHblX naccarricupoe, MJiH.uéeil.
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Pucynox 1. AusamMuKa M3MeHeHIsI I1acCakMpOII0TOKA IO OCHOBHBIM B AaM TPaHCIIOPTa B IePMOJ €
2018 mo 2021 roa

Kak BuaHO 13 grarpaMMBl, B I1e410M acCa>kMPOIIOTOK MMeeT TeHAHIINIO pocTa, XoTs B 2020 roay
Ha01104a10Ch CHVKEeHMe [1acCa’kMPOIIOTOKA U3-3a OTpaHMYeHNI B IIepeABVKeHNM B CBA3M C HaHAeMuel
Covid-19. Tem He MeHee IOCAe CHATUSA BCeX OIpaHMYEHUII IOKa3aTeAb I1aCCaXKMPOIIOTOKa YBEPEeHHO
CcTpeMUTCsl B CTOpoHy yBeamdeHus. CaeayeT MpeaAInIoA0KUTh, YTO TaKasl CUTyalusl IPOAOAXKUTCSA B
OAVDKaIIe roAbl, B CBA3M C YeM KaXKAOMY BUAY TPaHCIIOPTa HEOOXOAMMO IMPUAOKUTD He MaA0 YCUANI
AAS IPUBAEYEHNs KAMEHTOB B YCAOBMSX KeCTKOI KOHKypeHumu [2].

Opranmuszanmst IepeBo3KU Iacca’kMpOB OCYIIeCTBASIeTCS Ha pa3audHble paccrosHus. CTpyKrypa
IIepeBO30K IacCa’kIPOB KeAe3HOAO0POKHBIM TPaHCIIOPTOM BblgeAseT HeCKOABKO coOOIeHnit (puc.2).
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.B. Baxumosa, X.2K. Axomaesa, 4.H. Omezeros, T.A. Cazvoimbaes

nepego3Ka é npeodenax npu2opooOHsIX
npuzopoonoe
YUACHMKO8, NPUE2AIOUUX K
coobwenue
KpYnHbIM 20podam (mezanoaucam)
v "
nepesosKa 6
npeoenax 08yx u
npamoe coobujenue
bonee dHcene3Hbix
Jicene3no00policHbIE dopoz
naccax@cupckue oanvnee cneooganue
nepegosxu
nepesosKa 6

Mecmuoe .

npeodenax 0OHou

cooowenue .
Jicene3nol 00pocu
MedHcOyHapoonoe nepeeo3Ka 6 ¢ npedenax 0yx u
coobdwienue bon1ee zocyoapcme

PI/IcyHOK 2. K}laCCI/I(l)I/IKaI_H/I}I XKeAe3HOAOPOXKHBIX ITaCCaXXMPCKUX IIepeBO30K

Vs pucynka 2 caeayeT, 4TO >KeAe3HOAOPOKHBIN B/ TPaHCIIOPTa CIIOCODEH OCYyIIeCTBASATH
IIepeBO3KM ITacca’kMpPOB Kak Ha KOpoTkue (MeHee 150 kM), Tak 1 Ha JaabHMe paccTosHus (6oaee 700 km)
[3].

Kpome TOrO, X€eae3HOAOPO>KHBIN TPaHCHOPT MMeeT psi/ IPeuMYyIecTB, KOTOpble I03BOAseT
KOHKYpMpPOBaTh C APYTMMU BUdaMM TpaHCIIOpTa B O0phOe 3a mpusaedeHne raccaxxupos. K HuMm caeayer
OTHeCTU:

- BBICOKIII YpOBeHb 0e3011acHOCTH;

- He3aBMCUMOCTD OT ITIOTOAHBIX U KAMMAaTUYeCKUX YCAOBUIL;

- BBICOKasI ITPOITyCKHasl U IPOBO3Has ClIOCOOHOCTE;

- BO3MO>KHOCTD peaan3aliii BBICOKIX CKOPOCTels;

- 6oaee KoM(pOpPTHBIE YCAOBNS IT0€340K Ha 00AbIIINe pacCTOSHIAS;

- BO3MO>KHOCTD IIPeA0CTaBAeHNs IIIMPOKOTO CIIeKTpa CePBUCHBIX YCAYT AAs I1acCa’kMpPOB;

- HEeBBICOKasl CTOMMOCTb IIpOe34a;

- HM3KMII YypOBeHb BpeAHOIO BO3JENCTBMS Ha OKpPYXKalOIIylo cpedy (IIpM yCAOBUU
MCIIOAB30BaHM: HACKTPUIECKON Tsrm) [3].

OaHako Ipy CyIIeCTBYIOIIMX IPEeUMYIecTBax, KaK BMAHO M3 pucyHKa 1, Ooabplnas dacTb
Hace/eH!s BBbIOMpaeT aBTOMOOMABHBIN B/, TpaHCIIOpTa AAsl OCyIleCcTBAeHUs II0e3A0K. B aanHOII
CUTyalluy Ha BBIOOp BUAa TPaHCIIOPTa OKa3bIBAIOT BAMSHIE HECKOABKO (paKTopos. B mepsyro ouepeas,
caelyeT OTMETUTD, YTO 3HaUMTeAbHOe DOABIIMHCTBO AAs M0e3A40K (0OCOO@HHO B MECTHOM COOOIIeHIN)
UCIIOAB3yeT AuYHble asToMOOMAM. Kpome TOro, aBTOMOOMABHBIN BMJ TpaHCIOPTa I103BOASET
OpraHM30BaTh II€PeBO3Ky MO HNPUHIMITY «OT ABEPU A0 ABEPU», MCKAIOYas AOIOAHUTEAbHbBIE 3aTPaThl
BpeMeH! IIacCakKMpoB Ha II0e3AKy A0 >KeAe3HOJOPOKHOTO BOk3ada (aspomopra). Taxxke
aBTOMOOMABHBIN BUJ TpaHCIIOPTa OKasbiBaeTcsa 0Oodee NPeAlIOUTUTEABHBIM IIPU  OCYIeCTBAeHUN
110e30K Ha KOPOTKIe pacCTOSHM (IIPUTOPOAHOe COOOIIeHe).

Vlcxoas m3 BBIIIECKA3aHHOTO, AAs YBeAMYeHNs CIIpOca Ha >KeAe3HOAOPO’KHbIe Iacca’kMpCKue
IIepeBO3KM  aJAMMHUCTPAIIUM  >KeAe3HOAOPOXKHOIO  TpaHCIOpTa HeoOXOAMMO  peaaln3OBbIBaTh
MepOIPUATH: 10 IIPUBAEIeHUIO I1aCCa’KIPOIIOTOKOB [4].
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B HacTosiiee Bpems1, Kak oKa3bIBaeT OIIBIT Pa3BUTHIX CTPaH, HanboAee AeVICTBeHHBIMU Iy TSMM
COBEpIIIeHCTBOBaHM:A IIpollecca OpTaHM3alMM IacCa’KMPCKMUX IIePeBO30K Ha >KeAe3HOJ0PO>KHOM
TpaHCIIOpTe ABASAIOTC:

- yBeAN4deHNe CKOpoCTell ABVKeHMs Iacca’KMPCKUX I0e340B, TakK KaK A4s Iacca’kipa CeroAH:
Hanbo.1ee IIeHHBIM ITOKa3aTeAeM sIBASIeTCs BpeMs, 3aTpadylBaeMoe Ha IT0e34KY;

- OpraHM3alus IIpoliecca IIepeBO30K I1acCcakPOB C IMIpUMeHeHeM AOTUCTIYeCKIX II04X0A0B, C
y4eTOM paliOHaAbHOIO 1 COI1acOBaHHOM B3aMMOAECTBI HeCKOAbKIX BIAOB TPaHCIIOPTa;

- COBepIIeHCTBOBaHIEe CUCTeMBl CEePBUCHOTO OOCAYKMBaHUA I1acCa’kKMpPOB C IIpUMeHeHeM
MHPOPMaLVIOHHBIX cucTeM [4,7].

Kak rokassiBaeT mpakTuka, Haubo.1ee XOpoIle pe3yAbTaThl HA0AI0AAIOTCS IPU KOMILA€KCHOM
roaxoge pedopMupoBaHIs ITacCa’kKMPCKUX IIePeBO30K Ha A1000M BuAe TpaHcropra. VHade rosops,
IIpUMeHeHNne IPUBeAEeHHBIX BBbIIIIe MEePONPUITUIL AOAXKHO OBITh KOMOMHMPOBAHHBIM, TaK Kak
pa3po3HeHHOe UX IIpUMMeHeHMe He OKakeT >KelaeMOIO BAMAHUS Ha yBeANdYeHMe CcIIpoca Ha
raccakKMpcKye IIepPeBO3KIA.

B nacrosiiee Bpems MHOIMe CTpaHbl pa3BUBAlOT CKOPOCTHOE M BBICOKOCKOPOCTHOE JBIKeHle
naccakupckmx noe3gos (lepmanns, @panuns, Venannsa, VMraansa, Kura, Snonns, I0xnHas Kopes n
MHorue Apyrue). VsyueHne orbiTa BHe4peHsI BBICOKOCKOPOCTHOTO ABVIKEHIIS B DTUX CTpaHax I10Ka3ads,
YTO TOABKO AUIIL yBeAWYeHVe CKOPOCTell ABUKeHNs HeAOCTaTOYHO AAsl YCIIeIIHOV KOHKYpPeHIIUN
>Ke/e3HOAOPOKHOTO TPaHCIOpTa ¢ APyruMHu BugaMiu. IlapasseabHo ¢ yBeandeHieM CKOPOCTell TakXke
TpeOyIOTCSI  COBEpPIIeHCTBOBaHIE  CEepPBMCHOTO  OOCAYKMBaHNMSA IIaCCaKMPOB U IIpUMeHeHIe
AOTUCTNYECKOIO II0AXO4a AAs ONTUMMM3AalUM IIPOLIeCCOB B3aIMOJENCTBUsA Pa3AMYHBIX BUAOB
TpaHCIIOpTa B IIpoLiecce MepeBO3KM MaccaXXupos [4,8].

Cam mporiecc BBegeH1s1 BLICOKOCKOPOCTHOTO ABVIKeHI I TI0e3 0B, KaK ITPaBIA0, COITPOBOXKAAeTCs
pelleHneM BOIIpocos pMHAHCUPOBAHNS AAHHOTO ITPOEKTa.

ITporiecc pasBuTis BLICOKOCKOPOCTHOTO ABVKEHIS II0€340B B pPa3HBIX CTPaHaX CKAaAblBaeTcsl I10-
pa3sHOMY U Ha Hero OKa3blBalOT BAMSHUE pasAnyHble (PaKTOphl (9KOHOMUYECKNe, TeppUTOpUalbHbIe,
IOAUTUYECKNe, COoIlalbHble, DKOAOTHYecKue u Ap.). B psje crpan 444 ABM>KeHMsT BLICOKOCKOPOCTHBIX
110e340B COOPY>KalOTCsl OTAeAbHBIe BBICOKOCKOpOCTHhIe MarucTtpaau (BCM), a yacts crpaH npuHuMaer
perleHne 00 yBeAMYeHUU CKOPOCTell ABVOKEHUs Ha YKe CYyIIecTBYIOIIMX >KeAe3HOAOPO>KHBIX
Marmucrpaasx Iocae ux COOTBeTCTBYIOIel PeKOHCTPYKIIUN I MOAePHMU3AIIN.

IIpoekTsl cTpouTeAbCTBa OTAEABHO BBIAEAE€HHBIX BBICOKOCKOPOCTHBIX MarucTpadeil sABAAIOTCA
oueHb  goporocrosmumyu. Kak  mokasbiBaeT  OMBIT  CTpaH, aKTUMBHO  9DKCIIAYaTUPYIOIIUX
BBICOKOCKOPOCTHEIe 110e34a, 9(p(PeKT OT BHeApeH s BLICOKOCKOPOCTHOTO ABVIKEHN I IIPU CTPOUTEAbCTBe
orgeapHblx BCM HabGaiogaercs B cTpaHaX, MMeEIOIIMX BBICOKNII ITOKa3aTeAb MHAEKCa XO35/ICTBEHHOTO
passutus teppuropun (Ig). JaHHBI MOKasaTeAb OblA MpeaaoxkeH Treorpadgpom u skoHomucroM A.J1.
/lonIaTHUKOBBIM U YUUTBIBaeT IIA0THOCTDL HaceAeHs1, BBII Ha ay11y HaceaeHus u pasmepsl TeppUTOpUI
cTpaHbl [4].

Ip=V/(P/S)-1/2 1

rae V - BBII (BPII) Ha aymy Haceaenus (MaH goaa. CIIA);
P — HaceaeHne cTpaHBl, THIC. Y€A0BEK;
S — mao1maab TEppUTOPUM, THIC. KM2,

IIpoekTel cTpouTeAbCTBAa OTAEABHO BblgeaeHHBIX BCM aaa  opranmsanum — ABVOKeHU:
BBICOKOCKOPOCTHBIX I10€340B I0Ka3aAy CBOI0 9(PPeKTUBHOCTh B TeX CTpaHaX, MHAEKC XO3ACTBEHHOTO
pasBUTUA TePPUTOPUM KOTOPBIX Ha MOMeHT crpouteabctsa BCM cocrasua [p>200 mam umea
pubAVDKeHHOe 3HadeHNe (Tabamiia 1).

Tabanna 1. 3Hayenns MHAEKCa XO35AICTBEHHOTO pa3BUTIA TeppUTOpUM ITpu cTponteanctse BCM
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No Crpana Haumenosanne BCM ZlaTta BBegeHUsI B NMuaexc
DKCIIAyaTaliio XO3sI/ICTBEHHOTO
pasBUTIA
Teppuropun I
1 SnoHms BCM Toxkno-Ocaka 1964 r. 215
2 Uraansa BCM Aupertnccuma 1992 . 317
3 ®pannua BCM ITapumx — IOro-Bocrok 1981 r. 198
4 Vcnanusa BCM Magpua-Cesuabs 1992 r. 123

MupoBoii OIBIT ITOKa3bIBaeT, YTO OpraHM3alusA BBHICOKOCKOPOCTHOTO >KeJe3HOAOPO>KHOTO
TpaHcriopTa ocymectsuma, ecan BBIT Ha aymry HaceaeHns1, To eCTb ypoBeHb ITOTpeO.AeHNs, A0CTaTOYHO
BBICOK U €CAU B IIpejeAax MAM PsAAOM C IepCHeKTVBHBIM BBICOKOCKOPOCTHBIM >Ke1€3HOAOPOSKHBIM
TPaHCIIOPTHBIM KOPMAOPOM MMeeTCsl OllpejeleHHas IIOTHOCTh HaceAeHMs, HO He 00s3aTeAbHO BCell
cTpaHsI [5,6].

Takum 00pa3oM, MOXHO CJeAaTh BBIBOA O TOM, UTO CTPOUTEABCTBO OTAEABHO BBbIAEA€HHON
BBICOKOCKOPOCTHOJ MarucTpaAu BBITOAHO A5 CTPaH C 4OCTaTOYHO OOABIIION I1A0IIaAbI0 TeP PUTOPUNA,
BBICOKIIM ITOKa3aTeAeM IL10THOCTY HaceAeHNs U BBICOKMM NToKaszaTteaeM BBII Ha aAymry HaceaeHst.

PesyabpTaT pacueTa MHAEKCA XO3SAMCTBEHHOTO pasBUTIs Tepputopun Aas Kasaxcrana cocrasna
Ir<200. CaeaoBaTeabHO, B HaCTOsdAIEe BpeMs CTPOUTEABCTBO BBICOKOCKOPOCTHON Marucrpaau B
Pecniybanke KaszaxcraH He IleaecooOpa3HO, TaK KaK CTpaHa IIPM OIPOMHOV TEpPUTOPUM VIMeeT
CpaBHUTEABHO He OOABINOI IIOKa3aTeAb IIAOTHOCTYM HaceAeHMs U JAHHBI IIPOEKT OKa’KeTCs
HDKOHOMMYECKM He 9PPeKTUBHLIM (Tabau1a 2).

Tabanma 2. CpaBHUTEABHBIN aHAAU3 ITOKa3aTeAell COIaAbHO-SKOHOMIYECKOIO Pa3BUTHS CTPaH

(2021-2022 rr.)

No Crpana BBIT (ITTIC) na Teppuropnsa, | Haceaenne, I1rotHOCTD

AYIy HaceAeHIs], KM? yea HaceAeHus,
aoaa. CIITA yea./km?

1 | Jnonnsa 43194 377 976 125 309 000 332,2

2 | Ppannusa 45 454 643 801 68 084 217 105

3 | 'epmanms 56 226 357 385 83 019 200 232,3

4 | Vicnanms 43154 505 990 47 163 418 94

5 | Ntaansa 40 066 302 073 58 983 122 201,1

6 | Kurain 21291 9 598 962 1411778 724 146,3

7 | IOxmnas Kopes 53 051 100 210 51 744 876 516

8 | Taisaub 62 696 36 197 23 233 593 642

9 | Poccus 32 803 17125 191 147182123 8,59

10 Kasaxcran 30 876 2724 902 19 644 067 6,93

BriBOa

Takum O6p330M, Ha OCHOBaHINV BBIIIEN3/A0>KE€HHOIO MOJKHO cJgdeaaThb BBIBO4 O TOM, 4YTO B
HacTos1Iee BpeMsI COBEPIIIEHCTBOBaHME ITaCCa’KMPCKUX ITEpEBO30K Ha A1000M BliAe TpaHCIIOPTa OCTaeTCsl
OAHOU M3 Ba>KHbBIX q)aKTOpOB pasBuTIs COBpEMEHHOTO O6LL[€CTBa. YcaoBus yBeANYEHINT I110Ka3aTeAsl
MOOUABHOCTU HaceaeHN:I, a TaK>Ke BO3pocHine Tpe6OBaHI/I}I IMacCa’km1poB K CEPBIICHOMY O6CAy)KI/IBaHI/IIO
BBIHY>K4aI0OT TPaHCIIOPTHBIE aAMUHUCTpalyl IIPUMEHSITh pa3ANdHble MepOIIpUATISI, KOTOpbIE
IMO3BOASIOT UM YCIIEMIHO KOHKYpMpPOBaTh C APYIVIMU BUAaMIU TPpaHCIIOpTa IIyTEM YBEANMYEHISI CBOEN
IIpuBA€KaTeAbHOCTN.
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B cospemennom Mupe Hanboaee IpueMAeMBIMU IyTSMU Pa3BUTHS ITacCaXKUPCKUX ITePeBO30K
ABASIOTCS: yBeAUdeHUe CKOpPOCTell ABVKeHM:, COBepPIIeHCTBOBaHUEe CEepPBUCHOTO OOCAYKMBaHUA U
pauMoHaAM3anMs IIPOLIECCOB  B3aMMOJENCTBUA C APYIMMM BMJAAaMM TpaHCIIOpTa Ha OCHOBe
AOTUCTUYECKUX ITPUHIIUATIOB.

Pabora Hag yBeandeHneM CKOPOCTell ABVMYKEeHM 10e340B BeJeTcs YKe 40CTaTOYHO AAUTeAbHbBIN
Iepno/, MHOTMMM cTpaHaMmu. V yxe MMeIoTcs onpejeleHHble II0A0XKITeAbHbIe pe3yAbTaThl B JaHHOM
HaIlpaBAeHUM Pa3BUTUS KeAe3HOJOPOKHOTO TpaHcHnoprTa. JAujepaMu B JaHHOM BOIIPOCEe BBICTYIIAIOT
crpanbl Espormsl, fnonns, Kurait, IOxnan Kopes u T.4. baarogaps nsyueHHOMY OIIBITY peaan3alium
IIPOEKTOB BBEeJeHMSI BBICOKOCKOPOCTHOTO JBIKEHNUs Ha >KeAe3HOAOPOKHOM TPaHCIOpTe, MOXKHO
BBIAEAUTH ABa OCHOBHBIX HallpaBAeHNs: CTPOUTEABCTBO BbIAE€AEHHBIX BBICOKOCKOPOCTHBIX MarucTpadeit
U MOJAEPHM3AIM yKe CYIIeCTBYIOIINX JKeAe3HOAOPOSKHBIX AMHUI 1104, BBeeHle BbICOKOCKOPOCTHOTO
AsvkeHns. Kak ITOKasbIBaeT OIIBIT 3apyOeXKHBIX CTpaH, IIPOEKThl CTPOUTeAbCTBa OTAeAbHbIX BCM
OKa3bIBAIOTCs DKOHOMMYECK! DPQPeKTUBHBIMU B TeX CTpaHaX, KOTOpble MMEeIOT AOCTaTOYHO BLICOKME
IoKa3aTeAlM COIMaAbHO-DKOHOMIYeCKoro passutusa Teppuropun (BBII Ha aymy HaceaeHus1, pasmepsl
TeppUTOpPUM, IIAOTHOCTh HaceAeHus U T.4.). DTU TIOKazaTeAu OIpeleAsiOT IIOKyIlaTeAbCKYIO
CIIOCOOHOCTL HaceAeHMsI 11, COOTBETCTBEHHO, TaKye KpyITHOMacIITaOHbIe ITPOeKTHI, KaK CTPOUTEAbCTBO
BCM 110oka3bIBaloT CBOIO 11e1eCO00pa3HOCTh U CPaBHUTEABHO He OOABIIION CPOK OKyIIaeMOCTH.

Tax kak B Pecriybamke Kasaxcran, KoTopslit 004adaeT OOIIMPHON TeppUTOPMEN U HU3KOII
IIAOTHOCTBIO HaceAeHNs, TaKue IIPOeKThl OyAyT BecbMa He D(PPeKTUBHBIMY, CAeJ0BaTeAbHO, pa3sBUTHe
>Ke/1e3HOA0PO>KHOTO TPaHCIIOpTa B 0041aCTV OpraHM3aIiy IacCakMPCKMX IIePeBO30K A0AKHO ITOMTH 110
IPUHINUITY MOAEPHU3ALMU U PEeKOHCTPYKIIMH Y>Ke MMeIoIleiica MHPPacTPyKTypsl C IpUMeHeHNeM
AOTUCTUYECKUX IIPMHIIUIIOB B BOIIPOCaX B3alMOAEVICTBIS C APYTUMM BUAaMU TPaHCIIOpTa U CepBUCHOTO
00cAy>KMBaHM TTacCa’kIpPOB.
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A.B. Baxurosa, JK.JK. AaptraeBa, 4.H. Orerenos, T.A. CareimOaeB
Aozucmuxa xatie KeAik axademusacvl, Aavamot, Kasaxcman

Kasipri >xaraaiiga aaplc, )KepriaikTi >koHe Kala MaHbIHAAFBI )KOAayIIbL1ap TacbIMaAbIH
OHTaNAaHABIPY X0a4apbl

Anaarma. bya makaaaga aBropaap >xoaaymisiaapabl Kasakcran aymarsl OOMbIHINA (JKepriAikTi
JKoHe KaJa MaHbIHAAFbl JKOJayIllblAap TachkIMaAbl), COHAAM-aK XaAblKapaaAblK OarbITTa TackiMaajayAbl
icke aceIpaThiH Oacka KeaiK TypaepiMeH OacekeaecTiK Kypec >KaFJaliblHAa TeMip>koa KeAirimeH
’KOJayIliblAap TachIMaAJapblH OHTalldaHABIPY MacedeciH KapacTeipabl. Kasakcran Pecrrybamkaceinga
>KOoJaylIbLAap TaChIMaABIHBIH Ka3ipri >KafaaliblHa TaA4ay KYpPrisiain, keaik Typaepi OolibiHIIIa 60AiHAI.
Kaszakcran PecrryOaMKacbIHBIH HeTisri KeaAiK TypAepi OOIBIHINA >KOAayIIbliap aFbIHBIHBIH ©3Tepy
ypaicrepi sepaeaenai. JKoaaymibiaap TachIMaAblHa CYpPaHBICTBI apTTBIpyFa MYMKiHAIK OepeTiH
TeMip>K0oA KoAaylIbLAap KOAiriH AaMBITYABIH Herisri OackIM OarbITTapbl OeaiHAl. JaMblFaH eajepaid
>KO/AayIIblAap Ioe3AapbIHbIH KYPAeK KoHe JKOFaphl KbLA4aMABIKTHI KO3FaAbIChl >KOOaAapbIH eHTi3yAiH
meTeAAik ToXipmOeci MeH icke acelpy epekireaikrepi Kapaaasl. Temipskoa Keairi >keaiciHaeri
>KOAayllIblAap TOMBI3AaPbIHBIH KO3FaAbIC >KbIAAAaMABIFBIH apTThIpyFa HEFYPABIM YHeMAL Taciageme
YCBIHBLAADIL.

Tyitin ce3aep: >Koaaylibldap TackIMaAdbl, XaAblKapaAblK >KOJaylIbldap TachIMaadbl, Kada
MaHbIHAAFBI TaCbIMaAAay, TeMip>K0A >KOAayIlblaap TackIMaAbl, IIOMBI3AaPAbIH KOFaphl JKbIAAAMABIKThI
KO3FaAbICHI.

L. Vakhitova, Zh. Altayeva, D. Utegenov, T. Sagymbayev
Academy of Logistics and Transport, Almaty, Kazakhstan

Ways to optimize long-distance, local and suburban passenger transportation in modern
conditions

Abstract. In this article, the authors consider the issue of optimizing passenger transportation by
rail in terms of competition with other modes of transport that carry passengers both on the territory of
Kazakhstan (local and suburban passenger transportation) and in the international direction. The
analysis of the current state of passenger transportation in the Republic of Kazakhstan is carried out,
divided by types of transport. The trends of changes in passenger traffic by the main modes of transport
of the Republic of Kazakhstan are studied. The main priority directions of the development of railway
passenger transport are highlighted, which can increase the demand for passenger transportation. The
foreign experience of implementation and features of implementation of projects of high-speed and high-
speed movement of passenger trains of developed countries are considered. Recommendations of the
most cost-effective approach to increasing the speeds of passenger trains on the railway transport
network are presented.

Keywords: passenger transportation, international passenger transportation, suburban
transportation, railway passenger transportation, high-speed train traffic.
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