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Influence of compaction conditions on the liquefaction
characteristics of pumice sand with non-plastic fines

Abstract. In this study, the liquefaction characteristics of pumice sand were investigated
focusing on the relationship with compaction conditions. The new findings obtained in
this study are summarized as follows. In the pumice sand with a large amount of non-
plastic fines, liquefaction resistance R, ,, can be expected to be only about 0.2 at a degree of
compaction of 90%, however, it can be increased to be 0.3 or more if the soil is densified by
compaction up to degree of compaction of 95% or more. In addition, the skeletal structure
is also important even at the same dry density, and a higher liquefaction resistance can
be expected under the compaction conditions on a dryer condition in water content at
compaction. On the other hand, the tenacity for deformation in liquefaction under cyclic
loading may be lost in the compaction conditions on the dryer condition, so the tenacity for
liquefaction should also be noted.

Keywords: pumice sand, volcanic sand, non-plastic fines, liquefaction, compaction
condition, cyclic loading triaxial test.
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1. Introduction

Satozuka District of Kiyota Ward in the southern part of the City of Sapporo is located
almost at the end of a plateau consisting of pyroclastic flow deposits (Spfl) ejected by eruption
of Shikotsu Volcano about 40 000 years ago. The Shikotsu Volcano is a large caldera lake today
due to the eruption. In the 2018 Hokkaido Eastern Iburi Earthquake that occurred on September
6, 2018, an earth-fill constructed in a valley at the end of the plateau liquefied over a wide area,
causing enormous damage [1]. The pumice sand in this region is characterized as a large content
of non-plastic fines if it is compared to that found in previous studies [2][3]. In this study, we
investigated the liquefaction characteristics of pumice sand with non-plastic fines, which is the
earth-fill material in the Satozuka district, focusing on the compaction conditions.

2. Soil sample
The pumice sand examined in this study was a soil sample excavated and collected at Satozuka

Chuo Popura Park where is one of the damage areas liquefied due to the 2018 Hokkaido Eastern
Iburi Earthquake. The grain size distribution curve of the pumice sand is shown in Figure 1. It
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is characterized by a wide range in grain-size distribution, a high non-plastic fine particles (less
than 0.075 mm) content of about 45%.

In the following, the sample name is referred to as F45 reflecting the value of fine content.
Since the grain size distribution of the sample collected immediately after the earthquake was
slightly different from that of the sample collected one year after the earthquake, the sample
name was distinguished as FB45. In addition, pumice sand artificially prepared by reducing
fine particle content from 45% to 40% and 20%, and call them F40 and F20, respectively. The
physical properties of the sample are tabulated in Table 1. The maximum dry density p,  and
the optimum water content w_, are the values read from the compaction curve shown in Figure
2 obtained by the compaction test in non-repetitive method according to the A-c method of JIS A
1210. The minimum void ratio and the maximum void ratio are the values obtained by applying
JIS A 1224 mutatis mutandis.

®

100 J.
| A y/
= 80 i
=X RF7 K
g ! ¥ %
lE?R I Q\Q'
g 60 | g /G&
E | |
2 40
5
=i
S 20 |
20
'g i t/
§ 0 L L RN I I L
o 0.001 0.01 0.1 1 10 100

Particle diameter D (mm)

Figure 1. Grain-size distribution curve.

Table 1. Physical properties of the pumice sand

F45 F 45 F40 F20
Soil particle density p_(Mg/m’) 2.376 2.392 2.376 2.376
Maximum dry density p,  (Mg/m’) 1.068 1.094 - -
Optimum water content w,, (%) 42.7 42.7 - -
Minimum void ratio e_, 1.405 1.276 1.269 1.594
Maximum void ratio e__ 2.494 2.194 2172 2.557
BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 9
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Figure 2. Compaction conditions
3. Test conditions and test procedure

Specimens for triaxial test were prepared by statical compression in the mold to be densified
to the target dry density. The compaction conditions of the specimen are plotted in Figure 2, and
the loading conditions of the cyclic loading undrained triaxial test are tabulate in Table 2.

The numbers in brackets in the test case name indicate the order in which the tests were
conducted, followed by sample name consisting of alphabet and number indicating the fine
particle content, and the next alphabet indicates the vicinity of the optimum water content (O),
and dryer side (D) or wetter side (W) than that, and the number following it is the value of the
compaction degree D . In addition, in consideration of that the skeletal structure of the compacted
soil is generally governed by degree of saturation at compaction even if the soil is non-plastic
[4], the compaction conditions with different degree of compaction were set at the same degree
of saturation in some cases.

Table 2. List of test cases

Test ID At compaction After Consol.  Cyclic loading stress
consolidation Press. ratio
w p, Mg/ D D D D, o' (kPa) R=1/20"

0 c T c

(%) m?) (o) (%) (%) (%)

(0) F 45072 47.3 0.794 72.6 19.6 77.1 39.3 30 0.065, 0.080, 0.109

(1) F450100 42.3 1.069 100.1 116.7 1014 1194 50 0.500, 0.652, 0.805, 0.902
(2) F45090  42.7 0.963 90.1 94.2 91.3 970 50 0.150, 0.200, 0.300, 0.400
(3) F45D90 34.1 0.959 89.8 933 91.1 96.6 50 0.140, 0.199, 0.301, 0.450
(4) F45W90  51.2 0.964 90.2 944 983  99.0 50 0.141, 0.204, 0.300, 0.401
(5) F45D95 31.1 1.011 94.7 105.0 95.6 107.0 50 0.381, 0.500, 0.598, 0.803
(6) F4A5W95  46.9 1.017 952 106.3 96.5 109.2 50 0.251, 0.352, 0.500, 0.704
(7) F45590 55.3 0.957 89.6 928 95.8 107.6 50 0.110, 0.139, 0.200, 0.299
(8) F40XX 35.6 1.051 = 99.9 - 1021 50 0.501, 0.999, 1.507, 1.995
(9) F20XX  42.8 0.919 - 100.8 - 1033 50 0.500, 0.802, 1.501, 2.007
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Test case (0) FB45072 is a specimen that reproduces the density of the embankment in the
Satozuka area [1], which was damaged by the 2018 Hokkaido Eastern Iburi Earthquake. Test
case (7) F45590 is a specimen made by pouring a liquified sample with a target water content
into a mold, i.e.,, without compaction. Its initial dry density was equivalent to a compaction
degree of 90%, however, the dry density during the process of cyclic loading was equivalent to
a compaction degree of 95% because it became dense during the saturation and consolidation
process. Although F20 and F40 with reduced fine particle content are in a densely packed state,
the part of test case name corresponding to the degree of compaction is indicated as XX because
the volume of the soil sample was not enough for the compaction test.

Table 2 also summarizes the degree of compaction D_and relative density D, of the prepared
specimens just after soil compaction (i.e., in the initial state) and after consolidation (i.e., during
the cyclic loading). The specimen was saturated by carbon dioxide substitution method and
applying back pressure of 100 kPa (200 kPa for FC20XX and FC40XX) with upward water
infiltration to confirm that the Skempton’s pore water pressure coefficient B value became 0.95
or higher. The effective consolidation pressure ¢, was set to 50 kPa (FB45072 was 30 kPa). The
cyclic stress ratio was set as appropriate values corresponding to two points each smaller and
larger than 20 times of cyclic loading to reach liquefied state. Here, relationship between the
cyclic stress ratio R = /20", and the number of loading cycles N_will be described later in the
section of test results.

4. Test results and discussion

From the test results obtained in the series of cyclic loading undrained triaxial tests, the
number of loading cycles N_ when double amplitude strain DA reached 5% is read, and the
relationship between the cyclic stress ratio 7/20”, and the number of loading cycles N_is plotted
in Figure 3.

2.5 :
o (0) FB45072
e (1) F450100
.= 2.0 on a(2)F45090 ||
Qb ® (3) F45D90
=
I  (4) F45W90
~ 1.5 ol & o(5)F45D95 |
-2 A (6) F45W95
£ o (7) F45590
g 1.0 o (8) F40XX
@ 0 (9) F20XX
2
S
5\ 0.5 g
0.0 LT L MR
1 10 100 1000

Number of loading cycles N,
Figure 3. Relationship between cyclic stress ratio and number of loading cycles

The liquefaction resistance R ,, defined as the cyclic stress ratio 7/26°, when the number of
loading cycles N _is 20 times and the double amplitude strain DA reaches 5% is about 0.5 for the
(1) F450100, which was densely compacted. Higher values of R ,, of around 1.0 were obtained
for (8) F40XX and (9) F20XX. It is suggested that the liquefaction resistance R, increases by
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densification, while the liquefaction resistance R, tends to be smaller in the cases of sample F45
with a high fine particle content of 45%.

The liquefaction resistance R, of both (1) F450100 and (5) F45D95 is almost the same as 0.5;
however, when the cyclic stress ratio R is higher, (5) F45D95 with lower degree of compaction
on dryer side has a higher liquefaction resistance. It can be said that the specimen compacted on
dryer side shows a higher liquefaction resistance is consistent with (8) F40XX (with only 5% or
less fine particles), which showed extremely high liquefaction resistance.

However, the liquefaction resistance R, ,, of (6) F45W95 compacted on a wetter side is as
low as about 0.3, indicating that even with the same degree of compaction as the above two
cases, there is a nearly double difference in liquefaction resistance depending on the compaction
conditions.

The density of F45590 after pouring the liquified sample is essentially equivalent to degree of
compaction of 95%, but the liquefaction resistance is lower than that of the test cases with degree
of compaction of 90% described below. These differences in liquefaction resistance for the cases
with the same degree of compaction (i.e., dry density) indicate that the liquefaction resistance
strongly influenced by the skeletal structure. However, the liquefaction resistance R,  was about
0.2 in all the cases of (2) F45090, (3) F45D90, and (4) F45W90 with a degree of compaction of
90%, indicating that there was almost no difference in the liquefaction resistance among them.
In the loosely packed (0) FB45072, which corresponds to the in-situ state at damaged earth fill
in Satozuka District in the City of Sapporo, the liquefaction resistance of R, is less than 0.1,
indicating that it is significantly liquefaction prone.

As some typical test results in which it required about 25 times of cyclic loading to reach
double amplitude strain DA of 5%, observed data for (1) F450100, (5) F45D95, (6) F45W95 and
(3) F45D90 are shown in Figures 4, 5, 6 and 7, respectively.
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Figure 4. Test result of (1) F450100
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The strain amplitudes observed for (1) F450100 and (6) F45W95, which were prepared at a
high degree of saturation in densely compacted state, increased gradually by almost the same
increment for each loading cycle. However, the effective stress path indicated almost liquefied
state by only the first several loading cycles before double amplitude strain increased to 5%. It
can be seen that because of the densely packed state, even if the effective stress is almost liquefied
due to the generation of excess pore water pressure, there is tenacity against deformation.
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On the other hand, in the densely packed case (5) F45D95 and the slightly loosely packed case
(3) F45D90, which have a lower degree of saturation at compaction, the rigidity was maintained
while the number of loading cycles was small, and then the strain amplitude suddenly increased
significantly to reach liquefaction. This suggests that it lacks tenacity against liquefaction, and
even if the liquefaction resistance R, ,, is the same as in (1) F450100 and (5) F45D95, indicating
that the tenacity which does not appear in the index such as R, is very important to evaluate the
performance of liquefaction resistance.

5. Conclusions

In the pumice sand (volcanic ash sand) collected from the earth fill at Satozuka District in
the City of Sapporo, Japan, with a large amount of non-plastic fines examined in this study, the
liquefaction resistance R, can be expected to be only about 0.2 at a degree of compaction of
90%, but if the soil is densified by compaction at a degree of compaction of 95% or more, the
liquefaction resistance R,  can be expected to be more than 0.3. Densification by compaction is
required to increase liquefaction resistance. In addition, the skeletal structure is also important
even at the same dry density (i.e., degree of compaction), and a higher liquefaction resistance
can be expected under the compaction conditions on a dryer condition in water content at
compaction. On the other hand, the tenacity for deformation in liquefaction under cyclic loading
may be lost in the compaction conditions on the dryer condition, so the tenacity for liquefaction
should also be noted.
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Mownunu Batabe
Xoxxaiido Ynusepcumemi, Cannopo, 2Kanonus

TeIFbI3aay KaFrgariaapbIHbIH I11aCTUKAABIK eMec ycak ¢ppakiuschl Oap remMsa KYMBIHBIH,
CYVIBIATY CHIIaTTaMaJlapbIHa acepi

Anpaatnia. bya seprrey memsa KYMBIHBIH CYMBIATY CHIIaTTaMadapblH 3epTTell, THIFbI3Aay
>KarJaiidapbIMeH DallaaHbIChIHA epeKille Hasap aydapabl. OCbl 3epTTey HOTIU KeCiHAe aabIHFaH >KaHa
HOTIKeAep Kedecigell KOPBIThIHAbBLAaHaAbL. IlaacTukaablk eMec OealexTepi Kem ImemM3a KyMbIHAA

R, ,, cyitbiaTyra Tesimaiairi 90% TeiFbizaay gepexkecinge mamamen 0,2 6Goaaabl Jem KyTyre 004aabl,
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Oipak erep Tomsipak 95% HeMece 04aH Ja KOII THIFBI3Jay Adpe>keciHe AeiliH THIFBI3gaaca, oHEl 0,3
HeMece OJaH Ja KeIIKe AeliiH apTTeipyra 0oaaapl. COHBIMEH KaTap, paMaablK KYPBLABIM KYpFak
OoaraH Ke3e e Oipaeil THIFBI3ABIKTA 4a MaHBI3AbI JKOHe THIFBI34ay Ke3iHAe cy 00AFaH Ke3Ae THIFbI3ay
>KarJaifblHAa JKOFaphl CYMBIATYFa TO3iMAiAiKTi KyTyre 604aapl. EKiHII >KaFbIHAH, OUKAAIK JKyKTeMe
Ke3iHAe CyIbIATY Ke3iHge depopManiisira Te3iMAiAiK KeNTiprimre THIFbI3AAy >KaFAalibIHAA YKOFAAYBI
MYMKiH, COHABIKTaH CYMBIATYFa TO3IMAIAIKTI A€ ecKepy KaxKeT.

Tyitin ce3aep: meMsa KyMBbl, >KaHapTay KYMBI, I1AaCTMKaABIK eMeC OeAIleKTep, CYWBIATY,
TBIFBI3JAy IIAPThI, YIII OChTI IUKAAIK JKYKTE€MEHi ChIHAY.

MNowam Batabe
Yrusepcumem Xoxxkaiido, Cannopo, fnonus

Bansinue ycaoBmii ymaOTHEHIs Ha XapaKTePUCTUKIU Pa3KIKEHNsI IIEM30BOTO ImecKa ¢
HeIaacTUYIHOM MeAKO¥ (ppaKIen

Annoranmsa. B sTom mccaesgosaHmym ObIAM PacCMOTPEHBI XapaKTePUCTUKIU Pa3KVKEHI
IIeM30BOTO IIeCKa, y4eass 0coOoe BHMMAaHNE B3aMMOCBA3M C YCAOBMAMMU yrAOoTHeHus. Hosbre
pe3yaAbTaThl, HOAYYEeHHBIE B XOJe DTOTO0 MCCAeJOBaHUsA, Pe3IOMUPYIOTCSI CAeAYIOIIUM o0pa3oMm.
B memsosom mecke ¢ 0GOABIIMM KOAMYECTBOM HEILAACTUYHBIX YacCTUIL MOXKHO OXHUAATh, YTO
CONIPOTUBACHNE Pa3KIKEeHNUIO RL20 coctaBuT Bcero okoao 0,2 mpm cremenn yraotHeHms 90%,
O/HAKO OHO MOXKeT OBITh yBeandeHo 40 0,3 nau 604ee, ecau IPyHT yILAOTHAETCS IyTeM YILAOTHeHNs
40 cremieHy ynaotHeHus 95% mau Goabire. Kpome TOro, kapkacHas CTPyKTypa TakXe BaykKHa
AaxkKe IIPU TOM Ke ILAOTHOCTM B CyXOM COCTOSIHUM, ¥ MOKHO OXIAATh 0O/Aee BBICOKON CTOMKOCTH
K Pa3XIKeHUIO B YCAOBUSAX YIIAOTHEHMSI B 0Olee CyXOM COCTOSHUM IIPU COAeP KaHUIU BOABI IIpU
ynaorHenun. C ApyToit CTOPOHBI, YCTOMUMBOCTD K AepOPMaLUM IIPY CXKVKEeHUHU TP IUKANIeCKO
Harpy3ke MOXKeT OBITh yTpaueHa B yCAOBMAX YILAOTHEHUsS B CyIIMAKE, IIODTOMY TaKXKe caeayer
YYUTHIBATh YCTOMYMBOCTD K CKVKEHUIO.

KaroueBble ca0Ba: IT€COK M3 II€M3BI, BYAKaHMYECKUII IT€COK, HEIAACTMKOBBIE YaCTUIIBL
CKIDKEHIE, yCAOBYe YILAOTHeHNs, MCIIBITaHIe Ha TPEXOCHYIO IMKAMYECKYIO HarPy3Ky.
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Investigation of boring pile integrity of road systems in
engineering-geological condition of Kazakhstan

Abstract. The paper considers the testing of pile foundations for continuity at Atbasar
pipeline facility. For testing monolithic concrete and reinforced concrete structures, a
variety of the pit (pile integrity test) method is used — low-deformation dynamic tests.
This is the most modern technique in the world practice of recent years. It allows you to
check the continuity of all types of monolithic concrete and reinforced concrete structures,
including concrete (reinforced concrete) piles, to identify defects in them. Based on the
obtained pile data, as a result of testing for the continuity of foundations, the number of
non-defective piles and defective piles are reflected, and solutions are proposed to ensure
the reliability and safety of the pipeline operation. A total of 10 bored piles, which were
located in 4 separately standing foundations, were investigated in the work. The results
showed that 3 piles could have defects in the form of cracks or narrowing of the cross-
section of the bored piles.

Keywords: pile tests, highway, overpass, defects.
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Introduction

For many years scientists have been studying geotechnical problems associated with
the railway [1]. Particularly important is the quality construction of elevated structures over
railroads. It is very important in this case correctly and qualitatively build the foundations for
these structures.

In Kazakhstan, the actual problem is the main track at the intersection of the railway with
the highway, which lead to accidents and other risks.

The construction of overpasses serves not only for the safety and reliability of main roads,
but also for the operation of communications.

Tests of piles integrity were carried out at the construction site is “Reconstruction of the Heat
Supply Network Over the Railway Line in Atbasar” [2].

According to the geological conditions, the soils are weak. Bored piles were used in the
project. 10 bored piles with a diameter of 300 mm were subjected to tests.

The purpose of the tests is to determine the depth of immersion of piles and to identify
defects. Tests of piles for continuity were carried out in accordance with the requirements
regulated by standard [3-4].

The work of checking of piles integrity by a non-destructive method is divided into two
stages:

— testing of piles at the construction site;

— interpretation of the received information with the help of special software.

BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 19
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Investigation of boring pile integrity of road systems in engineering-geological condition of Kazakhstan

The pile tests were carried out on August 14, 2018. The outside air temperature at the time
of the test was +30°C. Figures 1 and 2 illustrate the construction site.
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Figure 1. General view of the construction site
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Figure 2. General view of the site
Research methods

Pile test’s is a user-friendly, highly flexible solution for testing a large number of deep
foundations quickly and accurately [5-7].
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The principle of this method is based on recording the parameters of elastic waves generated
in the monitored objects (piles) by means of an impact pulse, transmitted to the pile face [8-9].

The method involves:

- performing a mechanical impact with a hammer, carried out in parallel to the longitudinal
axis of the pile parallel to the longitudinal axis of the pile;

- measuring, by means of a sensor (accelerometer) mounted on top of the pile, the amplitude
of the vibrating wave induced by the impact sensor (accelerometer) installed on top of the pile,
measuring, through a sensor (accelerometer), the amplitude of the vibrating wave induced by
the impact.

Calculation of the distance L from the point of reflection:

—either the duration of the reflected longitudinal wave from the time domain of the signal (1):

L=05xCXAt )

— or frequency deviation from the time of signal reception in the frequency domain (2):

L = 0.5x% C/Af 2

Requiring little-to-no training, PET is a modular, computer-independent system that
connects to any compatible computer protocol.

The PET system utilizes the pulse-echo method [4, 5]. To test a pile, the use strikes it with
PET’s lightweight handheld hammer. The resulting signal, or reflectogram, is captured and
transferred, providing real-time information about the length and shape of the pile (Fig. 3).

Figure 3. General view of the pile grillage
Results and discussion

The modulus of elasticity and concrete density for determining the wave velocity in the case
of bored piles (and other types of piles installed in situ), it is recommended to use modulus and
density values based on experimental studies (actual values at the time of testing) in accordance
with the requirements of current regulations (fig. 4)
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Figure 4. Testing procedure with PET

Install the sensor on the head of the pile, having previously placed a connecting element that
promotes the propagation of mechanical waves. Make sure that external sources of vibration do
not make additional measurements.

Make a hammer blow on the head of the pile parallel to the longitudinal axis. Visualize and
register the signal. To obtain three signals suitable for processing in a similar way.

Table 1. Results of testing piles

No Pile Depth (m) Remarks

1 59 Crack or narrowing in cross section
C01 ) ata depth of 2.5 m

2 C02 5.6 No defects found

3 C03 4.7 No defects found

4 Cco04 6.6 No defects found

5 6.1 Crack or narrowing in cross
C05 ) section at a depth of 3.3 m

6 Co06 6.5 No defects found

7 C07 5.0 No defects found

8 53 Crack or narrowing in cross
Co08 ) section at a depth of 2.3 m

9 C09 3.7 No defects found

10 C10 3.4 No defects found
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If piles that do not have access to the head need to create conditions for carrying out a blow
parallel to the longitudinal axis of the pile in the following way: make a niche in the pile shaft
and prepare a vertical surface sufficient for testing, but not less than 10x10x15 (width, length,
height) (fig.5)

ff"

i =

Figure 5. Vertical surface preparation
Conclusion

It can be noted that the continuity test is an important procedure for evaluating the quality
of the foundation. The test itself is a check to determine the quality of the work to be done. Due
to the results obtained it is possible to additionally recalculate and determine the final bearing
capacity of the piles.

According to the results of these tests, the following is recommended:

If necessary, in agreement with the design organization, test piles (which showed a shorter
length compared to the design one or turned out to be defective) to determine the actual bearing
capacity;

For inspection of piles that do not have access to the head is recommended excavate the soil
from the accessible side of the tested pile to a depth of 1-2m, depending on the depth of the tip
immersion.
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XK.A. Illaxmos, I.'T. Taeyaenosa
A.H. Tymunes amviridazor Eypasus yammorx ynusepcumemi, Acmana, Kasaxcman

KasakcTaHHBIH MHXXeHepaiK-Te010TUAABIK XXaFaalaapblHAa K04 KylieaepiHe apHaaraH
OypyaraH Kagaaapabl 3epTTey

AngaTtna. Makaaaga AtOacapaarbl KyOBIp OOBeKTiCiHAeri cabaKTacThIK YIIiH KadadapAblH
ipreTactapblH ChIHAYy KapacThIpbLAaAbl.

MoHoAUTTI OeTOH >koHe TeMipOeTOH KOHCTPYKLIMsAapBbIH ChIHAY YIIiH IIYHKBIP 94iciHiH Oip
TYpi KoaAaHblaaAbl (KajadapAblH TYTaCTHIFBEIH TeKcepy) — AepOopMalisIChl TOMeH AMHaMUKaABbIK
CBHIHAKTap.

bya conFpl XbBlAgapaarbl 94eMAiK ToXipuOegeri eH 3amaHayu ogic. Oa MOHOAMUTTI OeTOH
>KoHe TeMipOeTOH KOHCTPYKUMAAAPBIHBIH OapABIK TYypAepiHiH, COHBIH illiHAe OeTOH (TeMipOeTOH)
KadaJdapAblH TyTacTLIFBIH TeKCcepyTe, 04apJarbl akaydapAbl aHbIKTayFa MyMKiHAIK Oepeai.

Kagasap Ttypaanl aablHFaH MoJiMeTTep HeTidiHAe ipreracrapAblH Y3AiKci3airine Ttecriaey
HOTIKeCiHAe akayabl Kajadap MeH akayabl KajadapAblH CaHBl KepceTideAi >KoHe KyOBIpABI
naiigaAaHy/blH CeHIMAiAir MeH KayiIlci3AiriH KaMTaMachl3 eTy YIIiH IIelliMAep YChIHbLAaAbL.

TyiitiH ce3aep: Tecrizep, scrakaga, Aepopmanus, jedexrisep.

XK.A. ITaxmos, I.'T. Taeyaenosa
Espasuiicxuii nayuonarvnviii ynusepcumem um. A.H. ['ymuresa, Acmana, Kasaxcman

MCCAEAOBaHI/Ie 6ypOHa6I/IBHbIX CBall Ha CIIAOITHOCTD AOPOKHBIX CMICTE€M B MHXXK€HEePHO-
reoaA0rmiecKmnx yCca0Bmsix Kaszaxcrana

Annortarnms. B craThe paccMaTpuBaeTcs MCIIBITaHUE CBalfHBIX (PyHAaMEHTOB CILAOITHOCTU Ha
TPyOOIIPOBOAHOI Marucrpaau s r. Atdacap.

AAs VCHBITaHUS MOHOAUTHBIX O€TOHHBIX M >KeAe300eTOHHBIX KOHCTPYKIIMII ICIIOAB3YeTCs
Pa3sHOBMAHOCTh MeTOJa KOTJOBaHa (IIpoBepKa 11eAOCTHOCTM CBall) — AMHaMMYeCcKye VICIIBITaHUs C
HUBKO Aedpopmariyer.

DTO camasi cOBpeMeHHas MeTOAMKa B MMPOBON IIpakTHKe IocaeaHux AeT. OHa II03BOAseT
IIPOBePUTH I1eA0CTHOCTb BCeX TUIIOB MOHOAMTHBIX OTOHHBIX M >KeAe300€TOHHBIX KOHCTPYKLIMIA,
BKAIOuYasi OeTOHHBIe (3keAe300eTOHHBIE) CBal, BEISIBUTH B HUX AeeKTHI.

Ha ocnoBanmum rnoaydeHHBIX g4aHHBIX O CBasX, B pe3yAbTaTe TeCTMPOBaHMS Ha HeIIPephIBHOCTD
JpyHAaMEHTOB OTpakaeTcs KOANdecTBO Oe3AedeKTHBIX cBall 1 Ae]eKTHBIX CBall U IIpejaaraloTcs
pellenus A4s obecriedeHNs HaAe>KHOCTY 1 0e30I1aCHOCTH 9KCIlAyaTaluy TpyOOIIpoBoJa.

Karouesnbie caoBa: TecTsl, 5cTakaga, Aepopmanyis, AepeKTsl.
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JeHec maTbIp — KyMOe3 OeTiHiH aTaybIHBIH KaAbIIITacybl MeH
OeTTi >XaHa >)X0o0Oaaay Toaciai

Anaatna. Maxarada kymbes amayviroly, xkaudan naida 0oAanol XoHe Kuis yiloir
Kymbes Oemine wamovicvl Oapoin kapacmuipdvik. Conovimen kamap Kymbes Oemmi
skobaraydvir xamna mypi kepcemirzet. bya sepmmeyde duxeadpammor myparendipyoir
PAPUKANVIK YAICIH NATI0AAAHLIN, MYPACHEMTH HY3Y CLI3bIKIIH, A2HU 11 1Po0dpasdvit
ap nyxmeci kymbes Oeminit KUMACHIH KYPpAumuviH HyKmeAepze mypaeredi, ar myprerin
omuvipean mysy colsvik kKymoes bemirir kumacoin depedi. Coda cor, maduvirzan Kymobes
Oeminir; ocol Kumacorn Ox, miK KUMACLIHA KAMbICMbl auHAAIvpbin, i30en omvipaan
KymOe3 bemit aramots. AAviHamuii kK ymobes Oemi ar0viH AAd MAAANMAP2A CaiLKec K00aray
Kesitde Kumanviy niulimi mer eautemdepi Oepiredi. Condvixman Kymbes Oemminiry
KUMACHIH, S2HU KyMmO0e30i Kucblk Oemmit, Xko0acoii x00aray Kezde YCbiHvln omblpear
oureadpammuot myprendipy adici K00AAAYULLIAAP2A MIKPUOEATK MYpeuldan oHaAll XKate
keria adic 60Abin madviaadvl. bya ycoinvin omotpear adic 03iHit kapanatioimMovAblzbIMeH
ap MypAi ocotndail Kucvik Oemmepdi xatie urxKeHepAix ecenmepoi uteulyze apHaraovl.
Tyitin cesaep: kymbes bemi, kymbes karxacol, Kymobes mypaepi, 20m0a0, buxeadpammot
MYPAEHOIPY, 20 MEMPUANLIK MYPACHIIPY, Outceadpammuvl MypAeHOIpYIHiH 2paPuKkarvk
yAzici.

DOI: doi.org/10.32523/2616-7263-2023-143-2-26-35

Kipicmie

Kypsiabicra kym0Oe3 GeTi KaObIKIIadapblH JKoDaJay KesiHAe OChI OeTTiH MHiIiMiHiH aaemi
JKoHe cyay 00aybl, COHBIMeH Oipre KymOe3 OeTiHiH a®pOAMHaMUKAAbIK CUIIaTTaMachl MeH
OeTTiH Oyitip OeTiHiH ayJaHBI MeliAiHIlle MMHUMAaAbAbl 00Aybl eckepiaHai. COHbIMEH KaTap
KyMOe3 OeTTiH >ko0aaaybl Me€H OHBIH KYPBLABICH], SIFHU CaABIHYBI €49Yip a3 YaKbIT IIeH 9p TYPABI
KYPBIABIMAAPbIH a3ailTyAbl KaxeT ereai. COHABIKTaH KypblabicTa KymOe3 OeTi KaObIKIaaap
OeTiH KypBLABIMAAybl COYAETTIK JKoDasayaa ©3eKTi Maceae 00abIll TabbLaaab! [3, 13].

Exxeage Kypblabic calacel ©pKeHAeY JdyipiHge yilaep MeH FuUMapaTTapAblH YCTiH
’Kaly KesiHAe, SAFHM IIaTBHIPAAPBIH KOHCTPYKIMAAAPABIH 9P TypAai O0ABIIT gaMyBl OAapAbIH
aTTapbIHBIH KaAbllTacyblHa oacep eTTi. OpTa racklpga apad XaAMHaTBIHBIH Ialiga 004ybl, op
TypAi FRLABIMAAPABIH OCHI Ke34e JaMybl op TypAai caaara acep erti. HlaTbipaapabiH aTaybiH
apabrap «Ky00ar» gen aTaasl. MyHBIH Ka3ak TidiHAeri MaFbIHaChl «TOHKepPiATeH acllaH» JereH
co3 00aaapl. ApaOTapMeH KaTap Iapchl TidiHiH BIKITaAbl 4a 0i34iH co3 OallABIFLIMBI3Fa 9Cep eTTi.
[Tapcor Tiainae TeHKepiareH acnaH martsipaapsl «[om6aa» aem aTaaabl. bya cesain aysapmMacsr
«A©Hec AT PABI» Aell atadaabl. Keae 6ya ces «Kymbes» cosine alfHaABIII XaABIKTEIH CAHACBIHA
CIHiIT KeTKeH.
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Conpimen «Kym0es» ©OeTi gereHimis yaAKeH apaablKTapda KOAAAQHBIAATBIH IIATBIP
KYPBLABIMAAPBIHBIH KeH TapaAraH TYPiH aiTaabl. MyH a1 sxaObiHAapABIH MeTaAAl HyCKadapbhlH
TaHJAay YHeMAiAiKKe, MaTepuaAa ChliibIMABLABIFBIHA JKoHe KYPBLABIMAAPAbl OPHATYABIH a3 eHOeK
CBIIBIMABIABIFBIHA OaiiaaHbICThL. Exeari ke3geH KymOe3 OeTTepiH Heri3iHeH TacTaH Hemece
KYJTIeH KipHiInTeH >kacaAfaH. bya exxeari kym0OesaepaiH TabaHAApBIHBIH AMaMeTpAepi, sSIFHU
MaKcuMaaAbl Y3bIHABIFEL 40 M-re geirin OoaraH, Mbicaara Cupusga, Exxeari Pumaa, Vpanaa,
Meconoramusa >xeHe Opta asmsaga [6, 7]. OcblHgait KipmimTeH caapiHFaH OpTa facblpda
opTaAblK A3usjarbl eH yaAKeH KymOe3 Oeri Typkicran KaaacwiHgarel Kosxa Axmer Slcaym
KeceHeciHAeri KymOe3 00AbII TaOblaaabl. OpMHe KepaMMKaAbIK KipIIIITeH caAblHFaH KymOe3
OerTiHiH KaOBIpFachl KaaAblHJAall, caamarbl oceai. Kasipri samanaym yakpiTTa KymOe3 OerTiH,
SFHU KymOe3aep Kypblabic OacblHAa MeTaAa KoHe TeMipOeTOH KOHCTPYIUsAapbiH KOAAAHBIII,
0AapAblH apaAblKTaphl y3apTyra HeMmece KeHiTyre >koHe KaOBbIKIIaJaphl aHa FypAbl a3aliTyFa
MYMKiHZiK naiiga 00a4b1. KymOes Geti — Oy HerisiHeH yIII 91eMeHTTeHTYpaAbl, SFHU apaAblK
KYlieci: TOMeHII TipeK cakMHachl, KaObIK, JKOFap¥hl TipeK caKMHackI [8].

ConbpiMen KaTap KyMmMOe3 OeTTepi reoMeTpusaablK cyabasapbiHa OaildaHBICTBI OeTTepAiH
KYPBLABIMABIK KaHKaJapbl HeTi3iHeH yII Typre 0eaiHeai: OipiHmii Typi — KbIpABI, AFHI KyMOe3
OeTiHiH KMMaCBIHBIH >KapTBICBIH OOAIIl aAbIIl Kypay; eKiHII Typi — KbIpABI-CAKUMHAABI , SIFHU
OeTiHiH KMMAaCBIHBIH KapTBICBIH BepPTUKAAABl TypAe >KMHAIl, op TypAai AeHreiige >kep OeTiHe
IapaAleAb CaKUHadapMeH Kypay; aa yIimiHmi Typi — topasl [3, 4]. Kymbesaepain OacpiM
KOIIITiAiri HeriziHAe >KapTsl cpepa Topi3Ai eTil caAbIHFaH.

Bya xympicTa >KOFapblga KepceTiareH KaHKaAbl KyMOe3 OeTiHiH sko0aaaybiH OMKBagpaTThI
TypAeHAipyiH naiigaaaHblln KyMOe3iH KaHKaChlH Ke3 KeATeH IilliMe >kacayra 00AaThIH 94iCiH
KapacTbIpaMBbI3.

JeHec maTbIp — KymMOe3 OeTiHiH aTaybIHBIH I1ajija 60AybI

Kasakrapaply maligasaHplll KYpreH Kuis yiiaepi Koaa 4ayipaeH 0OacTazagpl Jerl
TY>KBIPBIMAANABL Tapuxiiblaap. bizaing asyipimisre aeitin 7 racelp OypbIH XaAbIK apacblHAa
KeHiHeH KoaJaHa Oacraran. Mine ocbiHAall KMi3 yiiaiH TabaHbl MeH KaObIprachl meHOep 0o.ca,
aa Tebeci AeHreaAek >KapThl ail Topidai Ooabinn KeareH. Kmis yizai KplcTa IIOIIAMTHII al >Kasaa
KaBII TireTin 00AFaH, COHABIKTaH TOOeCiHiH Mmintimi Je esrepimn oTsipraH. bipak 6apidipae ki3
ylaig mimiMin cakraraH. Eprese xasakrap Typran yiiaepin «lomraza» gem ataran [1]. bya
IIOIIaAaHbl aralliTaH TOpAall HeMece TacTaH AOHTeAeK JKapThl all CUAKTHI eTin XKacaaaabl. Kuis
Yi1 ©3 KyphLAbIMbIHA OaliAaHBICTBI Kepere, YhHIK JKoHe IIaHbIpaKTaH Typaabl. YIAiH KaObIprachl
Kepere, AFHM OipHellle KaHaTTaH Ty pca, a4 ToOeci Hemece >KaOBIHBI yBIK ITeH IIaHblpaKTaH Ky paafaH
AGHTe/AeK KapThl all Topisai KypblabiMHaH Typaabl. XVIV raceipapiH OipiHIi >KapThIChIHA AeMiiH
Kaszak Kuis yiiaepi 12, 15 xone 18 kanaTtTan TypfaH. bya yiaepain tebeaepi «kymoOes» Topisai
Tipeyci3 >xapThl ail cekiaai OoaraH. SlFHM KymMOe3 aTaybIHbIH €XKeATi IIBIFyBl TapUXbl TepeHae
Katpip. bya ces exxeari Typik TiziHge exi OybIHHaH Typaabl «KyM» JKoHe «OHCBbI3». MarbiHachI
«KOJIMa», «Ca3AaH >KacalfaH >KaObIH», «>Kep» JKoHe «TOIIbIPaK» JereH co3lepai Oepeai. A Kasak
TiaiHAe «TeOe» AereH MarbiHa Oepeai. CebeOi KaliTeic 00AFaH ajaMAapFa eCKepTKilll peTiHAe ca3
DaAIIbIKTaH KacaAFaH KipIIillITeH KaJaHFaH Ma3apaapAbl aiitaael. Bya Typaas 1860 >KbLab1 opbIc
casxaTiieicel M.V, BeHiokos e3iHiH K04 >KaszbaaapblHAa aTaKThl adaMAapblHa apHaAFaH eXKeAri
eckepTKilTepi MeH ara-0abasapbIHBIH KaOipaepiH KypMeTTelTiH, COHBIMeH KaTap Kabipaepain
ycCTiHe Tac KaOpFaaapsl Oap >KapThl alIIbIK IilTiHAL Kabipaep TypFbI3aTLIHBIH aTal KeTKeH [2].

KapTer almblK Topisai Aereaex >KaOBIHABI KMi3 YIAIH YCTiHII >KaFbIH aAbIIl KaMTBIC
OoaraH agaMHBIH YIIINrN peTiHAe >KacaraH. bya Kmis yiaiH KaHKACBIHBIH HeTi3ri KypaMBI
YBIK IIeH IIaHbIpaKTaH TypaAbl. YIAIH YBIK >KacaAdyblHa, SIFHU MidyiHe OaliaaHbICTBI OipHere
DeaikTepaen Typaabl JKoHe 004iKTepaiH ©3 aTThIphl Oap. YBIKTBIH KepereMeH OalidaHaThIH Oip
YLLIiH g0FaFa yKcac 00aybIHa OailaaHBICTBI OHBIH aThIH «Jofadain» (1) aeiiai. Aa yBIKTBIH MiareH
JKepiH «UBIFBI» (2) Aen aTaiAbl. VIBIK K1i3 yiire TyCKeH KYKTi KOTepill TYpaThIH YBIKTHIH OeAiri
004pII TaOblaaabl. AA YBIKTBIH YIIiH TOPT KBIPABI €Till YIITaIl IIaHbIpaK Ke3iHe KaJaAaTbIH
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Oeairin «kaaam» (4) geiiai. Ocpl KadaM MeH YBIKTBIH
UBIKKA AeliHri Ty3y Oeairin «kapbl» (3) 4eml aramiabl.
YBIKTBIH AOFaAavibIH TECIIl SKiHiIIKe KblAAaH >KacaAfaH
Oayapl «ybikOay» (5) aen aTaiiapl. Mine ochl Kni3 yitaig
YBIKTapBbIHAH >KMHAABII «KyMOe3» OeTiHiH KaHKachl
naiiga 0oaaapl. bya ypiKTapgaH >KuMHaaraH KaHKaHBIH
reoMeTpUAABIK MinTimMi yIn cdepaHbl >KaHaIl ©TETiH
KUCBIKTaH Kypadaabl. Eaimis «apa® xaaumnartsi»
KypaMbIHAa O0AFaHABIKTaH Oi34iH co3 KOpbIMbI3Fa apad
Tiainge «Ky0O0Oaf» MarbplHaCBl «TOHKepiAreH acllaH» JeTreH Ce3i MeH I1apchl TidiHiH «l'om0aa»,
SIFHI MaFBIHACHI «J©HeC IIaThIpAbl» AereH co3lepineH «KymMOes» cos3i XaabIKKa CiHill KeTKeH.

Kymbes OGerrepi Exxeari Ilapcer sxene Pumaik osaeminge kxeninen taparaH. /JeHreaex
TabaHAapsl Oap KyMOeslepaeH Ooaek KBaapaTThl TabaHAaphl Oap KyMOesdep coa OeTrepain
reoMeTpUKaAbIK CIMBOAMKACHIH KopceTedi. KymbOesai keMeAAiKTiH, MOHTIAIKTIH J)KoHe aclIaHHBIH,
FapBIIITHIH MOJeAi peTiHAe epekIlle CUMBOAMKAChIH AxeMeHATep MeH YHAi OmaeyiriaepiHin
Pum Ouaeymriaepi eaikren kabblajaraH.

buksagparTsl L, TypaeHAIpyiH KOA4aHybIMEH KVICBIKTapAbL ady

Kym0esai GeTTiH KaHKACBIH >Ka3bIK KVICHIK CBI3BIK, SIFHI O€TTiH KMMAachl TY3y CBhI3BIK peTiHAe
9p TypA4i Taciagepimen Oepyre 60aaAb [4].

Y CBIHBLABIII OTBIPFaH Oy A ToCiAAe >Ka3bIK KIUCBIK CBI3BIK KyMOe3 OeTiHiH KaHKACBIH 11 KUICBIFH,
SFHU TpoOOpa3 den aAbll, OMKBaApaTThl L, TypAeHAipyiHe aliHaAABIPHII, COHBIH HOTVKeCiHAe
00pa3 — 1’ KMCHIK ChI3BIFBIHAKTHI KVCBIFbI TaObIAaAbI [4]. Backa ce3ben aniTkanAa, 1’ 00pa3 KUCHIFbI
n IpooOpassl MeH L, OMKBagpaTThl TypAeHAipiayi apKblabl Oepiaeai.

Conrimen, Oya nmpoo0Opas Keaeci TeHAeyMeH Oepiaeai:

x,=kx +m,
MYHJQFBL: k, 11 — TypaKThl KoappunmeHTTepi (KepceTkimrepi).

BuksaapatTel L, Typaenaipiayi keaeci TeHaeymMeH Oepiaeai:

2 12
X, + X

MYHJAAFBL: X/, X,/ 00pa3 HyKTeciHiH KOOpAUHATTapHI;
X, X,- IpoOoOpa3 HYKTeCiHiH KOOpAMHATTapBI.

/2 /? /2 /2
X, +Xx —k X, —X
2 2

MYHAQFBL k, 1 — TypakTsl Koo PuimeHTTepi (KOpceTKimTepi).

-m=0
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Kymbes GetiniH KaHKachlH TaOy YIIiH, ad4bIMeH TY3Y CBI3BIK 71 IIpOOOpa3 peTiHJAe aabll,
OukBaaparThl L, TypaeHAIpyAiH HeTisi OeTTiH KaHKachl YKa3bIK KUCBIK CBHI3BIKTEI n’ 0Opa3bIH
tabamb13. Kymbes Geti caay yIiiH,coa TaOblaFaH >Ka3bIK KVCHIK CBISBIKTBI, SFHM 11’ OOpa3biH ©3
oci OoribIMeH anaaHapipamsls [9, 10, 11].

CoHbIMeH KaTap, >Ka3bIK KUCHIK CBI3BIKTHI 11’ 0OpasblH MiImiHi 11 Mpoobpas TeHAeyiHiH m
>KoHek KepceTKimmTepiHe, sFHM KOD(PPUITNEeHTTepiHiH MoHAepiHe Oail1aHBICTHL.

buksagparrel L, TypaeHaAipyiH rpadmkaabik TypiHAe OpbIHAAY
Buksaapartsl L, Typaenaipyinin rpadukaabik yArici TypiHAeri TypaeHaipiayi I-1mi cypeTre

KeaTipiaren, Oy xxepae A (mpoobpas) nykrecinin A/, A/,A./, A, (obpasaap) TepT HyKTeaepiHe
TypAeHaipyi caabiHraH [5].

0—0
—<

A 4 A4 A4
4 T 5 2 4

AL 40—04

Cyper 1. buxsagpartst L, TypaeHAipyain rpadukaabik yAarici

AaapIMeH A HYKTECIH aaaMbl3, CO4aH KelliH OChl HyKTedeH Ox, OciHe IIepIIeHANKYAsp coyae
xyprisin 1 Hykreci asampir;, Ox, OCiHEeH OChI KMBIABICKAH TiK Ty3yai Xyprizemis. ConbiMeH
Karap, 6epiaren A nykrecinen Ox, OCiHe ITapaaaeAp T TY3yiH XXyprizeMis. 1 HyKTeAeH 2 HyKTeAe T
Ty3yiMeH KMbLABICKaHFa AelfiH eHTpi O HyKTeciMeH IeHOep KyprizeMis. 2 HyKTedeH 3 HyKTeje
Ox, ociMeH KMBIABICATHIH TiK T3y Al Kyprizemis. 3 HykreaeH 4 HykTege Ox, OCiMeH KUbIAbICKaHFa
aeriin enTpi O HyKkTeciMeH meHOep XXypriseMis. 4 HykTe apkbLabl Ox, OcCiHe lapaaaeasb t Ty3yiH
KYypriseMis. 1 HyKTeAeH T Ty3yiMeH KMBIABICKaHFa AeliiH LIeHTpi 5 HyKTeciMeH I1eHOep Ky prisim
A, HYKTeCiH aaaMbI3. A, HyYKTeCiHeH ¢ TiK Ty3yiH XXYpTi3emis. { )XoHe g Ty3yAepAiH KUBLABICYbI
A /mykTecin anpikTaiMpi3. Ox, ociHe KaTwICThl A/ HyKTeci A/ HyKTeciHe CUMMeTPUABI 50AaAbI.

. ; .4 . N
Ox, ocine KaTeIcThl A,' HyKTeci A HyKTeciHe cuMmMmeTpusiabl 60aaapl. KoopannaTa XyiieciHin
OacramaceiHa A, HyKTeci A,/ HyKTeciHe cuMMeTpusAAbl 604aabl.

2-m1i cyperre OMKBaApaTThl L, TypaAeHAipyi aifachlHAArbl TypAeHAipy ©OAaThIH ariMak

KepcetiareH [12, 14].
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Cyper 2. bukBaapaTrsl L, TypaeHAipy aliMarbl
KyMmOes3ai aaania asa GepiareH napameTrpaepi 60ribIHIIA )X00aaay

Kymbes Oerinin KuMacel, sSFHI KaHKAChl >KaAIbl Kafjaliga OpHadacKaH TY3Y CBI3BIKTBIH
OMKBaApaTTH TYPAEHAIPYiH ITaligaaHBIII aHBIKTAy eceOiH TOMeHe KapacThIphLAabl.

Kymb6esai sxobaaay yiriH, aagpiMeH KyMOe3 OeTiHiH KMMacBIHBIH (KaHKACBIHBIH) OMiKTiri
(b) men TabaHBIHBIH Y3BIHABIFH (1) (auaMetp) Oepizeai (Cypet 3). Ocsl a xoHe b mapameTpaepai
naiigasaHa OTHIPHIN OeTTiH KMMachH aHBIKTay YIiH OMKBagpaTThl L, TypaeHaipy a4iciH aabi,
OeTTiH MpooOpa3kl peTiHAe 4eKapTThl KOOpAMHATap JKylieciHAe JKaAIlbl JKardalja OpHalacKaH,
x,=x, ocine 30" rpagyc 604aTBIH TY3y CBI3BHIKTHI a1aMBI3.

Cypert 3. Kymbes OeTiniH KMach

Kymbes Oerin KypblapiMAay YIIiH aaAbIMeH 0OOpa3AblH MoHIH aaAAbIH ada OepiareH
IapamMeTpaepi apKblabl IpooOpas3AblH IIapaMeTpiH, SFHI KJUCHIK CBI3BIKTBI Tayblll adaMbl3. bya
KVICBIK CBI3BIK KeAeci ToMeH/eri TeHAeyMeH Oepiaeai:

X =yx-x

=¥ 0 "

MYHAAFBL: X/, X,/ 00pa3 HyKTeciHiH KOOpAMHATTaphl;
X, X,- IpoOOpa3 HyKTeCiHiH KOOPAMHATTaPBI.

Erep mpIcaa KapacTeIpaThiH 00ACaK, TyPA€HETiH T3y CBI3BIKTHI, SIFHM 1 IPOOOpa3bIH 4-111i
CypeTKe ColKeC >KaAIlbl KarAalAarbl TY3y CBHI3BIFBI aABIIl KoHe OHBIH TeHAEYiH Keaecigel eTiIl
JKa3aMBbl3:

x,=kx +m, 2

MYHAQFBL: k, 1 — TypaKTel KOOPPuImeHTTepi.
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C. [C

] 4

Cyper 4. TepriHmi peTTi KUCHIK (KyMOe3AiH KUMachl)

Ty3y CBIBBLIKTBIH, SIFHU 11 KUCBIK CHI3BIKTBIH ITPpOOOpa3AblH k >KeHe m KepceTkimrTepin taby
yIliH OuMKBaapaTThl L, TypaeapyiHiH rpadukaablk MoJeaiHe caablll aHBIKTaiiMbI3. Bysan
DeaeK Ty3y CBIBBIKTHIH OacKa 1 Impoodpasgapsl petinae B men C HyKTeaepin aaameis. MyHaa B
mpoobpas — HyKTeci koHe B, 0Opas — HykTeci a/2 mramacsiaa TeH 6ip et abciuccara e 604a4bl.
B/xone B, nykTeaepi 4-111i cypeTTeriaeit 7' KMCBIK ChI3BIFBIHA COMIKeC OOPa3bIHBIH CBIPTKBI ITiITiH
Oepetin HyKTeaepi 0oapnn TaOblaaAbl. OcblFaH OallaaHBICTEI B HYKTeCiHiH KOOpAMHaTTapbhlHa
TeH 004aAbl, COHABIKTaH KOOpAMHaTaJap MaHi ToMeHJerigelt 00aaabr:

-2
X p 2’ 3)
%5=0. (4)

buksaaparter L, TypaeHaipyiHiH rpadukaablk MogeaiHiH kemerimen C HYKTeciH
Typaenaipin, Ox, ocinae xaratei C,/=C,’ sxone C,/=C,/ 0O6pas 004aThIH HYKTeAePAi TaybIIl OCKe
cazambiz. Myngarsr C/=C/ obpas 60aaTein nykreaep (0; b+c) KoopaguHaTasapbeiHa TeH 604aabl.
Aa 6ya C/ HyKTeciHe KOOpAMHATTAPHI X, =X, IMAPTHIH KaHAFraTThIpaThiH C HyKTeciHe cail Keaeai.

Enai C1/ HYKTeCiH aHBIKTay YIIiH KeAeci TeHAey apKbLABI IIeIIeMis:
2 2 2
X+ x% = (bto

®)
MYHAAFBI C MOHIH TOMeH/JeriJell TeHAey apKblAbl Ta0aMbI3:
_m
1-k .
X, =X, ecKepe OTBIPBITI, (5) TeHAeyAeH X, TabaMbI3:
(6)
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_b+c

xlc = W = xzc
Ty3y cBI3BIKTBIH 11 IpO0OPa3bIHbIH B koHe C HyKTeaepi apKbLAbl ©Tedi. OChI ITapTThl ecKepe
OTBIPBII, TeHAEY JKYJeCiH KypacTblpaMbI3:

0=k £, m;
2 7)
b+c —k b+c m
22
(7) TeHaey xyiteciHin OipiHII TeHAeyiHeH, 7 MaHIH TaybIIl adaMbl3:
m=—k 4
8)

Kezaeci m mMarpIHaCBIH aHBIKTAy YIIiH(7) >KylieciHAeri eKiHII TeHJeyiHe eKiHII TeHJeyiHe
KOJIBITI, kK KOPCETKIIlliH aHBIKTalIMBI3:
k= M

V20 +c)-a )

Enai (9) Tenaeyine (8) TeHaeyiHe KOJBIIL, 171 MOHIH TaybIIl aA1aMBbI3:

_ a( LB +e) j

m——E \E(b+c)—a

OcplaaH KeMMiHTYy3y CHI3BIKTHIH 12 TPOOOPa3hiH OMKBAAPATTH L, TypAeHAipyiHiH radpmkaabik
MoJeAabTe Caablll, adAbIH ada OepiareH mapTrapabl KaHaraT eTe aJaThlH KymMOes OeTiHiH i3ger
OTBIPFaH KMMAaCBIH TaybIIl adaMbl3. By K1Ma ChI3LIFBIHBIH TeHAeYi TypAeHAIpyiHe altHaAAbIPBIIT
aAAbIH ala OepiareH mapTTap¥fa KaHaraT eTeTiH KyMOe3aiH keaecigeil ©pHeKIIeH JKa3blaabl:

X +xl 2@+ a) x5 =x af 2>a+n) o - (10)
2 J2a+i)—a 2 2\ J2(a+7)-a
ConpiMen 1pooOpashiH  OuKBaApaTThl L, TypaeHaipyiHiH rpadukaablk MOJAediH
IaiijaAaHblll, T3y CHIBIKTBIH 71 IIPOOOPa3bIHbIH 9P HYKTeCiH KyMOe3 OeTiHiH KuMace! 004aThIH
KVICBIK CBI3BIKTBIH TOPT HYKTeCiHe TypaeHeai. Erep TaObiaran kym0Oes Getinin Kkumacea Ox, oci
OolipIMeH alHaAAbIpaThIH 004cCaK, OHAA i34e1T OThIpFaH KyMOes Oetin aaambis (Cyper 5).

Cypert 5. Kym0es Oerri
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KopsoITBIHABI

Maxkasaga kymOes OeTiHiH aTaybIHBIH KaildaH I1aliga OOAFaHBI >KoHe eXXeAJeH Keae
JKaTKaH Kasak XaAKBbIHBIH Typarbl KIi3 yildiH KymMOe3 OeTiHe KaTbIChl Oaphl aHbIKTaaabl. byaan
Oeaexk OukBagpaTThl L, TypaeHAipyiHiH radpukaablK MOAeAiH MalijaAaHbll, TY3y ChI3BIKTBHIH
9p HYKTeciH KymOe3 OeTiHiH KMMachel 00AaThIH KUCBIK CHI3BLIKTBIH TOPT HYKTeCiHe TypaeHAipe
OTBIpBII KyMOe3 OeTi aHBIKTaaAbl. beTTiH aaabiH asa mimriMaepi Oeariai ©GoaraH >Kardaiija
YCBLABII OTBIPFaH 94ic TUiIMAL 9pi OHall caabiHaAbI 004aAbl. Tarsl 4a KymOes OeTiHiH op KMMachl
Oip TeHaeyMeH OepiseTiH OOAFaHABIKTaH KOMIIBIOTEPAIH KoMeriMeH OeTTi caay, sSIFHU MyHAJail
UHXKeHepiK ecelTepAi IIemnry aHarypAbIM KeHiagenai. KeOine kym0Oesai Gerrep >xapTel cdepa
cexiaai 6errep Goapin Keace Oya OMKBaApaTTHl TypAeHAIPY 9AiciH IaildalaHbII KaHKaChl Ke3
Ke/TeH MimiMae >kxodasarll >kacayra 601a4bl.
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Brinmykaas xpbimka — popMupoOBaHMe Ha3BaHMsI KyII0A000pa3HOV HOBEPXHOCTU U
HOBBIM CII0CO0 IIPOeKTUpPOBaHNe IIOBEePXHOCTH

Annoranms. B craThe MBI paccMOTpeAn ITPOUCXOXKAeHNe Ha3BaHMs KyIloa U €0 OTHOIIIeHNe K
COAHEYHOI OBePXHOCTH I0PTHL. TaksKe IMOKa3aH HOBEIN B4 OPOPMACHIUS KYIIOABHON ITOBEPXHOCTH.
B »rom wmccaeaosanmm, wmcnoandys Tpaduueckyio MoJeab OMKBagpaTHOTO IpeoOpa3OoBaHIs,
KaxkJasl TouKa IpeoOpas3yeMoil IIPsIMOIL, T. €. 1 IpooDOpasa, mpeodpasyeTcst B TOUKHU, o0pasyiomue
cedyeHe ITOBePXHOCTH KyII0Aa, B TO BpeMs: Kak IIpeo0Opasyemas npsamas gaeT ceueHue IOBePXHOCTU
Coanna. 3aTeM IoBOpauMBaeM DTO CeueHNUe HallAeHHOI KYIIOABHOM IOBEPXHOCTM OTHOCUTEALHO
BepTUKaAbHOTO cedenmst Ox,  1oaydaeM UCKOMYIO KYITOAbHYIO ITOBepXHOCTS. I Ipu mpoektnposanum
CLEeMHOI KYIIOABHOM IIOBEPXHOCTM B COOTBETCTBUU C IIpeABapUTEAbHBIMU TpeOOBaHMUAMU
3agarorcst popMar m pasmepnl cedeHus. Takum oOpaszom, MeTo/ IpeoOpasosaHmsl OuKBagpaTa,
KOTOPBINT MBI IpeAdaraeM IPM IIPOEKTUPOBAHUM CeUeHUs KyIl0A1000Pa3HON IIOBePXHOCTU, TO
€CTh IIPOeKTa KyI101000pa3HOM M30THYTOI ITOBEPXHOCTH, ABASETCS MPAaKTUIHBIM M IIPOCTHIM A4S
pOeKTUPOBIUKOB. ITpesaaraeMsii MeToZ B cBoell MPOCTOTe IIpeJHa3HauyeH A4Sl PEeIleHIs TaKMX
Pa3ANIHBIX KPUBOAMHENHEIX IIOBEPXHOCTEN M MHKEHEePHBIX 3a4ad.

KaroueBble ca0Ba: IOBEPXHOCTh KyIoOJa, KapKac KyroJa, TUIIBI KyIlo4a, OuKBagpaTHOe
npeoOpa3oBaHme, TeoMeTpuueckoe IipeoOpasoBaHme, Tpaduueckmii Ia0A0H OMKBagpPaTHOTO
rpeoOpa3oBaHILsL.

A. Baidabekov’, E. Kemelbekova', B. Yermekbayev?
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
?Astana Kurylys Materialdary, Astana, Kazakhstan

Convex cover — formation of the name of the domed surface and a new way
of designing the surface

Abstract. In the article we examined the origin of the name of the dome and its connection
with the sunny surface of a yurt. The new design of the dome surface is also shown. In this study,
using a graphical model of the biquadrate transformation, each point of the transformed line, i.e.
n of the prototype, is transformed into points forming a cross-section of the dome surface, while
the transformed line gives a cross-section of the surface of the Sun. Then we rotate this section of
the found dome surface relative to the vertical section Ox, and get the desired dome surface. When
designing a removable dome surface, the format and dimensions of the section are set in accordance
with the preliminary requirements. Thus, the biquadrate transformation method that we propose
when designing a section of a domed surface, that is, a project of a domed curved surface, is practical
and simple for designers. The proposed method in its simplicity is designed to solve various similar
curved surfaces and engineering problems.

Keywords: dome surface, dome frame, types of domes, biquadrate transformation, geometric
transformation, graphic pattern of biquadrate transformation.
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TaambiKTapAbIH O€TOHHBIH OepiKTiK cuIIaTTaMaaapbiHa
acepiH Oaraaay

AngaTtna. Maxanrada yeax myiipuiikmi 0emoHH bl 0epikmik cunammamarapvlia acep
ememin apMypAl MAAULIKMAapobl 3epmmey Hamuxerepi keamipirzen. Pudpobemon
Yulin KOAOAHBIAAMUbIH MAAULIK MYPAEPIHIH, Hezi3el CUNAMmMAMArapbl KOpPCcermiizet.
bLemorndapdvt Jucnepcmi apmamyparayza apHarean HOAUNPONUAEH Kate 0a3abim
MAAULGIZDIHDIY,  3ePMXAHAAVIK  3epmimey Homuxerepi Keamipirzen. bepixmikmin
032epyin 0azaray Yuiit yAZiAep 33ipAeHin, KAAbINmbl blAeardviAvikma kamaiean 3, 14
Kame 28 mayrik mepsiminde covizviay Oepikmizite coinardvl. Taiurorkcvls (baxviray
yazici) xame uemenm maccactinan 0,1, 0,5, 1,5, 2,5 % norunponuren maruivizvii
Kame yemerm maccacuinarn 0,05, 0,1, 0,2, 0,5 % 6asarvm maruivizbii eHzisy apKblAbl
coizblAy Kesindezi Oepikmik uiezin aHviKmay Hamuxerepi keamipirzer. Iloaunponunen
MAAWbIZYIH Kochaza enzi3ydin, ety muimdi wexmepin uemenm maccacornan 0,5 % den
canayea 6oramoiHdvievl Kepcemiadi, 0y daxviaay yazicimen carvicmopearda 9,09 Y-za
Odetiint cvieblAy Oepixmizinit apmyovina akeredi. Llemenm maccacviror 0,1 Y% moruiepinde
yeax myiiipuixmi 0a3aAbm MmaruLotkmol 0emon KOCHACLIHA eHzi3Yy cuizbiAy Oepikmizit
11,4 % apmmuoipyza mymxindix Oepedi.

Tyiiin ce3aep: Ppubdpodemor, NOAUNPONUAEH MAAULBIZDL, 0A3AALI MAALLLIEbL, OepiKmik,
Kocna.

DOI: doi.org/10.32523/2616-7263-2023-143-2-36-45

Kipicne

Aucriepcti apmartypadaHfaH KYpPBIABIC MaTepuaajapbl MeH OyIbIMAapbl KeliHIi KesJe
KeHiHeH KoaAjaHblaa OacTaabl. COHFBI JKblAJaphl OETOHFa cepIiMAidiK KacueTTepiH Oepy YIIIiH,
CO3bIAY OepiKTiriH >KoHe chI3aTTapfa TO3iMAIAIKTI apTTHIPY YIIiH, KYPBIABIC MHAYCTPUACHIHAA
apMaTypaHBl TaifdalaHyAbl a3aiTy, amMOeOall KOHCTPYKIMsAAapAbl >Kacay VIIiH AMCIIepCTi
apMmarypaJay KeHiHeH KoA4aHblAaAbl [1].

Berongap MeHn Kypblablc epiTiHgiaepiHiH maligadaHy cHUIIaTTaMaAapblH apTTHIPYAbIH
IIepCrIeKTUBAaABIK TaciaaepiHiH Oipi oaapablH KypaMmblHa MUKpOQUOpaHBI €Hri3y OOABIII
Tabbraaabl [2-3]. Bya maTtepuaaapl aiigaaany 1ieMeHT TaChIHBIH OePiKTiriH apTThIpyFa MyMKiHAIK
Oepeai, CBIFBLAY M€H 1ily Ke3iHAe KOFapbl OepiKTiKTi KaMTaMachl3 eTeAi, COHBIMEH KaTap, IIeMeHT
Heri3iHAeri KypBlAbIC MaTepuaAAapbiHbIH Oacka Aa cuIlaTTaMalapblH apTThIpaAbl.

IToanmponnaeH TaABIFBIH pUOPOOETOH TEXHOAOTUCHIHA], ChlAaK, Kalay >KoHe MOHTaXKAay
epiTiHgidepiHde, IMAPOTEXHUKAABIK >KOHE VSIAbBl OETOH TeXHOAOTMICBIHAA KOCIaAapAblH
KaTIlapAaHYbIH a3aliTy YIIIiH, Cy ©TKi30eyIIiAikTi, as3fa Te31MAiAiKTi, KOppO3UsiFa TO3IMAIAIKTI,
COKKBI OepiKTiriH apTTBIPY YIIIiH KOAJaHyFa 00AaAbl.

CumnarramMazapsl >KakcapTelafaH (PuOpOOETOHABl ©HAIpYy YIIiH OeTOH-MaTpuila MeH
TaAIIBIKTapABIH TEXHOAOIMAABIK YIAeCiMAiAiTiHe KOA >KeTKi3y KepekK. TaAIllbIKTBIH KOCIara
KeceK KylliH/Ae TycCyiHe TBIIBIM CaAblHaAbl, OHBl ©Te MYKIAT apaAacThlpy KaxkeT [4].
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®uOPOOETOHHBIH apTHIKIIBIABIKTapblHA OHBIH JKOFaphl ©HIMAIAIriH >KaTKbI3yFa 0OJaAbl.
Kypampinga taamsirel 6ap OeTOH KapalnaiiblM OeTOHFa KaparaHaa carachl, OepikTiri OoybIHIIa
aa4eKkanga xorapel. OgaH XacaaraH OyiibIMAap Kakaadyra >KeHe XUMUAABIK acepre Te3imai
604aapl, KYMBIC Ke3iHge dedpopMalinaiaHOai bl )KoHe Y3idy MeH CO3bIAy OepiKTiri KOrapsl
6o0aaapl. PUOPOTAAIIBLIKTEL apMaTypaAblK MaTepual peTiHAe MHaligadaHy — OeTOH eHiMAepiH
OHAIPYAIH KypAeaiairin egayip TomeHgeTeai. MyHaall KOHCTpyKIMAAapFa MeTaAAl XKaKTayaap
MeH TOpAapAblH KeMeriMeH KOChIMIIA KYIIeNTy KaxkeT emec. bya gpakrop Kyphlabic mponecin
e49yip XblagaMAaTaAbl >)KoHe eHOeKTi KOl KakeT eTeTiH IIbIFbIHAapAaH apblATaAsl [5-6].

TaAmbIKTHI eHri3y Kesinaze OeTOHHBIH cUIaTTaMaAapblH JKaKCapTy TaAlIBIKTHIH KOMIIO3UT
MaTpullachIMeH e3apa dpeKeTTecyi HoTroKeciHe nmaiija 60aaabl. Taabik 6eTOH MaTpuIjacbIMeH
OippIHFall >KyileHi KaAbIIITacTBIPy apKblAbl IIery AepOopMalMsACBIH TOMEHAETYMEeH >KoHe
OTKI3TIIITIiriH apTTEIPYMeH KaTap, CO3bIAY )KyKTeMeaepi Ke3 e OeTOHHBIH OepiKTiriH apTTHIpYyFa
MYMKiHAiKk Oepeai. CoHbIMeH KaTap, OeTOHAArbl TAAIIBIKTHIH AYPBIC TaHJAaAFaH MeAIIepi
dpusnKa-MexaHNKaAbIK >KoHe IalijalaHy KepCceTKillITepiH XKoFaphlaaTyFa MYMKiHAiIK Oepeai.

[ToauMepai TaAIIBIKTBIH €H KOII KOAAAHBLAATBIH TypAepiHiH KaTapblHa ITOAUIIPOIINAEH
TaAIIBIFBl JKaTaAbl. Iloaumponnaen TaAlIbIFbl OpraHMUKAAbIK TaAIIBIKTap KAacCblHa >KaTa/bl.
TaampikTeig Oya Typi TemeH OaracbiMeH, TOMeH CepIliMAi MOAYyAbMeH, >KOFapbl CO3bIAY
K0 PUITMeHTIMeH JKoHe KOppOo3usAFa Te3iMAiairimen cunatraaaasl [7]. Kopposusira tesimMaiairi
SKOFaphl TAAIIBIK KBIIIKbIAAAap MEeH CiaATiaepAil acepiHe yIIbIparaH Ke3je KOA4aHyFa MYMKIiHAIK
Oepeai, Oy acipece ciaTiaik epiTiHaizepmen OeaceHAipiareH OeTOHAAp YIIIiH ©Te MaHBI3AHI [8].
[MoaumponmaeH TaAIIBIFEL SKCTPY3MST apKBLABI Ta3a IMOAUITPOIIMACH TYMipIIiKTepiHeH y34iKci3
daicrieH aabiHaAbl. TaambikTap Oeariai 6ip TeMIleparypara >KeTKeHAe, 0AapAblH OeTiHe MaiiAbl
KypaMAbl KoagaHaabl. Joa ocel KypaM apkacbiHAa OeTiHiH iAiHyiHe >XKoHe ITOAMIIPOINAEH
TaAIIBIFBIHBIH O€TOH epiTiHAiciHe TapaAybIHa bIKITaA eTedi. TaAIbIK 9pTypai MeAIIepAeri XKyKa
aK IIOAUIPOINAEH TaAllIBIKTaphl CUAKTHL, OAap CiaTidepre XoHe apTypAi XMMUAABIK 3aTTapra
Te3iMAl MHePTTi 3aT 004BII TaObLAaAH [9].

bazaapT TaAIIBIFBIH KOAAaHY KapallallbIM arperaTThiK TysidiMaepain maiiga OoAaybIHa
oKeaeai, TYTKBIp MiaiMAl KacmeTTepi esrepegi, Oya >KylieHiH IIAacTMKaABIK OepikTiriHig
JKOFapblaayblHaH KepiHegi. TaaIllbIkTap MUKPOKYPBIABIMABL KaKcapTa/bl, [I€MEeHT TaChIHBIH
iIIKi KepHeyi MeH IIeryin asaiTaabl. KypblasiMbl iziHici ecebiHeH HeMece KaTaThIH MaTepraAAbIH
>KaHa TaAIIBIKTapBIHBIH Oipiryi apkblasl KymeiTiaeai [10].

bazaapT TaamipiFel 6a3aabT Tay SKBIHBICTAPBIHBIH OaaKbIMaJdapblHaH aablHaabl. ducnepcri
apMarypaJayfra apHaaraH 0a3aAbT TaAIIBIFBIHBIH aPTHIKIITBLABIFBI — KOFapBl OepikTikIleH KaTap,
04 XYKTeMeAepAiH ocepiHeH CO3blAMaiiAbl, KOpIIaraH OPTaHBIH XUMMAABIK, KOPPO3UAABIK
KoHe TePMUSABIK 9CepiHe TeMIlepaTypa ©3repici MeH KapKbIHABI aybICIaAbl JKyKTeMeaepine
Te3iMAl, COHBIMEH KaTap, Oaracel ap3aH. ba3aapT TaAIIBIFEI (KeciareH Oa3aAbT TaAIIBIFbI) — Oy 4
9p TypAi 6eToH yIIiH OepiKTiKTi KyIIeiTeTiH Kociia 00AbIN TaObLAaTBIH Oa3aAbT TaAIIBIFBIHBIH
cermenTTepi [11]. BazaabT >KbIHBICTapbIHAH KacaaraH TaAIIbIKTap >KOFapbl TaOMFM OacTarKbl
OepikTikke, arpeccuBTi OpTara Te3iM4i, DAeKTpAiK OKIIayaday KacueTTepiHe e, TaOUFH,
DKOAOIMAABIK Ta3a IMKi3aTTaH >kacaaraH. COHABIKTaH, 0a3aabT TaAIIBIKTaphl ©HEPKICiIITe,
KYPBLABICTa, DHEPreTuKaja XXui KOA4aHblAabl.

FprapiMu Ky MBICTBIH HETi3Ii MaKcaThl: CTAaHAAPTTHI OeTOH YATiAepiHiH ChIFbLAYFa OepiKTirine
TaAIIBIKTHIH 9cepiH Oaraaay.
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DKCIIepUMEeHTTIK JKYMBICTapAbl KYPTi3y YIIIiH OaiiAaHbICTBIPFBIII PeTiHAe IOPTAaHALIeMeHT
IT1140040 xocmackr3, mibiH THIFBI3ABIFEI — 3100 kr/m?, yitiHAl TeIFBI3ABIFBL — 1100-1600 xr/m?
rnalijaAaHblAABI.
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Tarwvikmapdoiy, 0emoHHbIH 0epiKmiK cUunammamarapoina acepin 0azaray

ToaTeipreimTeiy ycak ¢ppaxumscs petinge MEMCT 8736-2014 «KypblabIc >KyMBICTapbIHa
apHaAfaH KyM» TaJlalTapblH KaHaFaTTaHABIPATHH 1,48 ipiaik Moayai Oap TaOuFyu KBapI] KyMEI
KOAAAHBLAABL.

MexaHMKaAbBIK KacueTTepAi ChIHAy YIIiH ycak TYHipmIikTi ¢puOpobeTOHHBIH apMaTtypaday
AdpexxeciHe DallAaHBICTBI IOAUIIPONIAEH JKoHe 0a3aabT TaAlllBIKTaphl TaHAaaAb! (lcyper).

a)

Cypert 1. a — HOANIIPONIAEH TaAIIBIFE, 6 — 6a3aAbT TaAIIIBIFBI

[Toannponmaen Ttaambirel nemeHT MaccaceiHaH 0,1, 0,5, 1,5, 2,5% wMeamepinge
ycaK TYMipIIiKTi OeTOHfa apHaAfaH KypFfaK KoOCIlaFa €HTi3idin, KelliHHeH MYKMAT CyMeH
apaaacTeIpblaabl. bazaapT Taamsbrrsl 1eMeHT MmaccaceiHaH 0,05, 0,1, 0,2, 0,5% wMearmepinge
aabiHABL. TaAIIBIKTHI MealllepaeyaiH TaHAaAFaH apaAblFbl HOPMATUBTIK Ky’KaTTapAbIH
TaJaNTapbIHa JKoHe JAalibIHAAyIIIBIHBIH YCHIHBICTapBIHA ColiKec Keaedi. TaampiKkTapAbH pusnka-
MeXaHUKaABIK CUIIaTTaMaJaphbl 1-kecTeje KeATipiareH.

1 xecte. TaambIKTapAbIH HETi3ri KacueTi

TaamsIk Typi THIFBI3ABIFR, | Y3BIHABFH, | AuameTpi,|Ysiayre Oepikriri, | Y3iayre AeitiHri

Kr/m? MM MKM MlTa y3apysl, %
IToannponmaen |620 10 22 170-260 150-250
bazaanT 3100 12 18 3000-4840 3,1-6,0

MEMCT 23732-2011 «beTtonaap MeH KypBlABIC epiTiHAiAepiHe apHaAFaH Cy» TaAdallTapblHa
coliKec KeAeTiH OeTOH KOCIIaChlH ady¥a apHaAFaH Cy KOAAaHbIAABL.

BepikrikTi Oarasay blAFaaapl aya >KarjalbiHAa cakraarad >keHe MEMCT 10180-2012
«beronaap. bakplaay yariaepi OoribiHIIIa OepiKTiKTi aHBIKTay dJicTepi» coiikec 3, 14 >xoHe 28
ToyAirinae xaapimTel Katarfas, 100x100x100 MM eameMaeri TekImeai yariaepae Tekcepiaai.

Yariaepai aaiiblHgay¥Fa KeTKeH IINMKi3aT IIBIFBIHBI 2-KecTe e KOpCceTiAreH.

2 kecre. beTon yariaepiniy KypaMmbl

b e T o u | Lewmenr, rp Kupipmeik Tac| Kym, rp Taammix, % | Cy/llemenT
KOCIIaChIHbIH ezeri (0TceB), Ip KaTbIHACDI
TypAaepi

[ToaumnponnaeH TaAIllbIFBIMEH
1 Typi 500 1120 530 - 0,5
2 Typi 500 1120 530 01 0,5
3 Typi 500 1120 530 0,5 0,5
4 Typi 500 1120 530 1,5 0,5
5 Typi 500 1120 530 2,5 0,5
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bazaapT TaammeireiMen
6 Typi 500 1120 530 0,05 0,5
7 Typi 500 1120 530 0,1 0,5
8 Typi 500 1120 530 0,2 0,5
9 Typi 500 1120 530 0,5 0,5

Kocnraaap MEMCT 310.3-76 catikec bIABICTa KOAMEH apaAacThIpbIAAHI (2 (a) cypeT). AaAbIH
asa JalibIHAA/AFaH LIEeMEeHT, KUBIPIIBIK Tac e/eTi >KoHe KyM KOCIIachl 2 MUHYT apaAacTbIPbLAABL,
CogaH KelliH ofaH 4 MIUHYT OOJBI TYpPaKThl apaJacThipa OTBIPHII, TaAIIBIK OipKeaKi eHrisiain,
CyMeH apadacTeipblaabl. Kocriansl galiblHAaFaHHAH KeliH OHBIH KoHcucreHunscel MEMCT
310.4-81 celikec ciakiaey ycTeAiHAe aHBIKTaAAbL. 28 ToYAiK bLAFaAAbI XKaFjalija KaTalFaH [IeMeHT
Mmaccaceigas 0,1, 0,5, 1,5, 2,5 % moanmponnieH TaAIIBIFbIHAH KoHe IleMeHT MaccackiHaH 0,05,
0,1, 0,2, 0,5 % GazaabT TaAIIBIFBIHAH JAaiibIHAAAFaH YATidep, COHBIMeH KaTap, Oakblaay yArici
(TaAILIBIKCHI3) 3epTTeaAl.

a) )

Cyper 2. a — KOCIIaHHI JaiibIHAAY; © — ChIHAK OacTaAfaHFa AeliiH; O — CbIHaK asKTalfaHHaH KeliH

3, 14 >xoHe 28 Toyaik OOJBI KaABIITEI KaTaiodaH KeitiH Automatic Pilot 500kN mpecinge
CBIFbLAYFa OepiKTiK IIleri aHbIKTaAAsI (2 (9, O) — cyper).

3epTTey HoTIIKeaepi JKoHe 0AapAbl TaAKbLaay

[ToannponnaeH TaAlIBIFBIH KOCBLAFaH O€TOH YATiAepiHiH ChIFbIAyFa OepikTiriH ceiHay
HoTIoKeAepi 4-7- cyperrepae kopceriaren. 3 — cyperre 3, 14 >xoHe 28 ToyaiKTeri TaAIIBIKCEHI3
ycakK TYMipIIiKTi O€TOHHBIH ChIFbIAYFa O€pIKTiK IIIeri KopceTiareH. Op yAri TypiHiHiH 3 MoHiHeH
OpTallla HaTVXKe KOPCETKIIIiHiH MoHi aabHABL Juarpammara ceyikec, 3 ToyaAiKTeri opTaiia
MaHiHiH HeTioKe Kepcetkimni 10,15 MIla, 14 TeyaikTeri opTallla MoHiHiH HITMXKe KOPCeTKIiIi
18,02 MI1a, 28 Teyaikreri opraiia MoHiHiH HoTV>Ke Kopcerkinm 44,91 MIIa kepcereai.
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Koraprigarel gmarpaMmmara calikec, 28 toyaikreri Oakblaay yaricimen caapicteipranga 0,1%
ITOAMIIPOIAEH TaAIIIBIFBIH KOCKaH Ke3Jae (4 — cypeT) ChIFblay OepikTiriHiy 2,27% — Fa 1maMaasl
yaraionl Oaiikaaaasl. 0,5% TaAIIBIK KOCBLAFaH Ke3ae (5 — cypeT) cuiFblay Oepikriri 9,09 % apraabl.
Ycak TynipmrikTi 6eToHFa IIOAUIIPONNAEH TaAIIBIKTaPbIH IJeMEeHT MacCachlHaH 1,5% eHrisrenae
(6 — cyper), HaTmKe KepceTKimi neMeHT MaccachiHaH 0,5% NoAMIpONMAeH TaAIIBIFbIH
eHrisreHJeriMeH caasIcTeIpranAa 4,17% TemeHAereHi Oarikaaaabl. Apsl Kapail HOUIIPONNAEH
TaAIIBIFBIH IIeMEeHT MaccachlHaH 2,5% KockaHaa (7 — cypeT), ChIFblAyFa OepiKTiK IIeri reMeHT
MaccaceiHaH 0,5% KOCKaH yari HoTiokeciHe Kaparanda 8,3 % TemeHgerniai. Hortmokeaepre
colikec OeTOHAAFBI TOAMUITPOINAEH TaAIlIBIFBIHBIH OHTaABl KYpaMBbl IleMeHT MaccachiHaH 0,5%
TaAIIBIKTEI €HTi3y OOABII TaObLAaAbIL.
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8 — cyperre 0a3aabT TaAIIBIFBIH IleMeHT MaccacsiHaH 0,05 % Mealepae eHrisreH KesJe,
TaAIIBIKCHI3 YATi HOTUKeAepiMeH (3 — cypeT) caabICThIpFaHAa ChIFbIAYFa OepiKTiK KepceTkinti 6,8
% apTtaapl, coiikecinmre 0,1 % meamepae (9 — cypert) 11,4 % apraapr. Ycak TyuipIIikri OeToHFa
0a3aabT TaAlIBIKTapbIH IleMeHT MaccackiHaH 0,2 % enrisrenge (10 — cypeT), HOTVOKe KOPCeTKili
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TaAIIBIKCHI3 OaKblaay yATiMeH caAbICThIpFaHAa 6,8 % >KorapaaraHbl OalikadaAbl. Apbl Kapaii
0a3aabT TaAIIBIFBIH IleMeHT MaccachiHaH 0,5 % Mearepae enrisren kesde (11 — cyper), HoTioke
KOPCeTKiITiHiH opraimia MaHJAepi Oacka Oas3aAbT TaAIIBIFBI KOCBIAFaH yAridepre KaparaHJa
TOMeH ereHiH OaiKaiMbI3.

backa aa aBTOpAapablH 3epTTey >KYMBICTapPBIHBIH HOTM>KeAepiH CaAbICTBIPMaaAbl Typae
TaAKbLAAUTEIH 0o0acak, Yaoxya Lz sxone Kedaas [12] 0,05%, 0,1%, 3% xeaemaik yaeci H6ap
0a3aAbT TaAIIBIFBIHBIH KOCKaH Ke3Je KbIcy OepikTirin 3,74%-aaH 6,49%-Fa AeiliH apTThIpFaHbIH
xabapaaapl. Ycak TyiipimrikTi 6a3aabTTsl (prOpOOeTOHABI ChIHAY HOTVKeAepiH TaaAall OTHIPHIII,
1ieMeHT MaccaceiHaH 0,1 %-bIH ycak TyiipIIikTi OeTOH KocrackiHa 0a3aAbT TaAIIBIFBIH €HTi3yAiH
OHTalLABI LIIeTi eIl caHay¥a 00aTBIHABIFBIH aTall ©TKeH >KoH. by >xaraaria ChIFblLAy OepiKTiriHiH
eH yakeH ocyi 11,4 % Kypaiiabl.

KopsoITBIHABI

CrIFplay KesiHAe ycaK TYHipIIiKTi OeTOH yAaridepiHiH OepikTiri TaAIIBIKTBI KOCITaHBI
KoaJaHy¥a OaitaaHbIcThL. LlemenT maccaceiHan 0,5% KOCKaH Ke3je MOAUIIPOIINAEH TaAIIBIFDI
KOCBLAFaH OeTOH yATiAepiHiH chIFbIAY OepikTirinig 9,09 % — ra ecyi Oalikaaaabl. bya en tnimai
Meaepi 004 TabblAaAbl, ce0edi MOAUIPONNAEH TaAIIBIFBIHBIH MOAIIEPIH O4aH 9pi apTybI
CBIFBIAY KYIIIiHIH TOMeH/eyiHe akeaedi.

Ocsplaarinra, 6eToH KocracbiHa IleMeHT MaccachiHaH 0,1 % Mearepinae 0a3aabT TaAIIBIFBIH
ycak Tyiipimikti OeToHra eHrisy ceirblay Oepikririn 11,4 % apTThIpyra MyMKiHAIK Oepeai.
bazaapT TaAIIBIFBIH MeAIIepAeH TLIC €HIi3TeH Ke3Je, ycaK TYMipIIiKTi OeTOH KOCIIachbIHBIH
KBIAKBIMaABLABIFBIH €49Yyip TOMeHJeTeai, 00pnblajak >KoHe OaliaaHbICIIall Kaaaabl, Oy.A CBIFbLAY
OepikTirine Tepic acep ereai.
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Espasuiickuil nayuonarvrviii ynusepcumem um. /.H. I'ymuresa, Acmana, Kasaxcman

Onenka Bansiays ¢puOpPOBOAOKOH Ha HIPOYHOCTHBIE XapaKTepUCTUKM OeTOHA

Annoramms. B cratbe 1ipeAcTaBaeHs! pe3yAbTaThl UCCAEAOBAHNS PAa3ANIHEIX GUOP Ha BAUSHUE
IIPOYHOCTHBIX XapaKTePUCTUK MeAKO3ePHMUCTOro OeToHa. JaHbl OCHOBHBIE XapaKTePUCTUKU BUAOB
BO/AOKOH, UCIIOAb3yeMble A5 U3roToBAeHus pudpobderona. [Ipusesensl pe3yabTaThl 24a00paTOPHBIX
UCCA€J0BAaHUIT TIOAUIIPONNAEHOBOM 1 0a3aabToBOM (GUOPH 4451 AMCIEPCHOTO apMUPOBaHIL
H6eroHoB. Jas OLEHKU M3MEHEHMII IIPOYHOCTM OBIAM M3IOTOBAEHBI OOpPa3Lbl M UCIBITAHBI Ha
okaTtue B Bospacte 3, 14 u 28 CyTOK HOPMaAbHO-BAAXKHOCTHOTO TBepAeHMs. JaHbl pe3yAbTaThl
omnpejeleHus Ipejeaa MPOYHOCTY IPYU CXKATUU MeAKO3epHUCToro ¢pudpoderona 6es go0aBaeHIs
ubpPBI (KOHTPOABHBIN COCTaB) U C AoDaBaeHmeM mnoaumpornaeroson ¢uodper 0,1, 0,5, 1,5, 2,5%
oT Macchel riemenTta u 0asaanptosoit 0,05, 0,1, 0,2, 0,5% ot macce! 1ieMenTa. IToka3zaHO, 4TO caMBIMU
ONTUMAaAbHBIMU IIpeJedaMU BBEACHUS IOAUIIPONNIAEHOBONM (PpUOPH B cMech MOryT cumrarbes 0,5
% OT Macchl IIeMeHTa, 4YTO IPUBOAUT K IPUPOCTY IPOYHOCTH 11pu cxaTtuu 40 9,09 % 1o cpasHeHUIO
C KOHTPOJABHBIM COCTaBOM. BBeseHne B GeTOHHYIO CMeCh MEAKO3EPHICTOro OeToHa 0a3aAbTOBOI
¢uodpor B kxoanmgectse 0,1% OT Macchl HeMeHTa I103B0AseT TOBBICUTD IIPOYHOCTD Ha cxKaTue Ha 11,4 %.

Karouesbie caosa: pubpoberon, noanmnponuaenosas Gpubdpa, 6azaabrosast Gpudpa, IPOYHOCTD,
CMech.

M. Nurbayeva, L. Aruova, R. Lukpanov
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Evaluation of the effect of fibers on the strength characteristics of concrete

Abstract: The article presents the results of research of different fibers on the effect of strength
characteristics of fine-grained concrete. The basic characteristics of the types of fibers used for the
manufacture of fiber concrete are given. The results of laboratory research of polypropylene and
basalt fibers for dispersion reinforcement of concrete are given. To estimate the strength changes
the samples were made and tested in compression at the age of 3, 14 and 28 days of normal-moist
hardening. The results of determining the compressive strength of fine-grained fiber concrete
without adding fiber (control composition) and with the addition of polypropylene fiber 0.1,
0.5, 1.5, 2.5% of the mass of cement and basalt fiber 0.05, 0.1, 0.2, 0.5% of the mass of cement
are given. It is shown that the most optimal limits of the introduction of polypropylene fiber
in the mixture can be considered 0.5% of the weight of cement, which leads to an increase in
compressive strength up to 9.09%, compared with the control composition. The introduction of
basalt fiber in the mixture of fine-grained concrete in an amount of 0.1% of the weight of cement
can increase the compressive strength by 11.4%.

Key words: fiber concrete, polypropylene fiber, basalt fiber, strength, mixture.
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Revisiting Kazakhstan’s Hydraulic Structures: A GIS-Based
Approach to Dam Design and Allocation Considering Climate
Change and Land Use Scenarios

Abstract. This article discusses the importance of hydraulic structures, particularly
dams, in Kazakhstan’s economy due to water scarcity in many regions. The article
highlights the need for a comprehensive approach to the location and design of dams
considering climate change and land use scenarios. The article also emphasizes the need
to update the design parameters and characteristics of dams to consider changes in land
use and climate. The Samarkand reservoir hydrosystem is used as an example to discuss
the potential hazards of the new spillway and the need for technical upgrading. The
article suggests that the development of an integrated GIS-based approach to survey
works, location, and design of dams could improve the quality of design and survey
works and lead to the modernization of design and operation of reservoirs. The study
proposes the use of modern research methods, including space methods, to provide
more flexible and safe management of river flow with consideration of environmental
and economic interests. The article concludes that the comprehensive GIS-based
methodology for the location and design of dams, considering potential changes in river
flow characteristics and the impact of changes in land use and climatic scenarios, can
improve efficiency and optimize the work of hydraulic engineers.
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During the Soviet period in the 1940s to 1960s, Kazakhstan underwent industrialization,
which included the construction of numerous hydraulic structures such as large river reservoirs
and water intake reservoirs [1]. These structures continue to play a vital role in the economy of
the country as the majority of Kazakhstan experiences water scarcity, with annual precipitation in
some areas ranging from 250-500 mm. While some river basins such as Yertis and Balkash-Alakol
have sufficient resources of surface and groundwater, others such as Nura-Sarysu, Yessil, Tobol-
Torgay, Zhaik-Caspian, Aral-Syrdarya experience deficits in both [2]. This scarcity of water leads
to dry vegetation and watercourses during summer months, and the need for irrigation of crops
using water from artificially created reservoirs. Irrigated farming is the largest consumer of fresh
water, accounting for 65% of intake. However, the needs of industry, urban and rural utilities,
and irrigated agriculture are covered during low-water periods by the operation of hydraulic

46 Ne 2/2023

A.H. I'ymures amovindazor EYY xabapuivicol. TexHUKAAVK 2bIAVIMOAP KaHe MexHOA0ZUS cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



A. Aldungarova, I. Pidal, Sh. Zharassov, S. Anapyanova, G. Mamyrbekova, Yu. Yeremeyeva

structures. Despite this, many regions still experience water deficits, and a comprehensive
approach to the location and design of dams is required, considering climate change and land use
scenarios in river basins that are subject to urbanization [3-4].

The calculated parameters and characteristics of dams during their design in the 1940s to
1960s require updating, and the existing methodological approach to their determination needs
to be revised. The main factors that have undergone significant changes since the time of dam
design are land use and climate change. These changes can completely alter the characteristics
of river flows, which can, in turn, affect the location and design of the structure, and ultimately
the stability and performance of dams. Therefore, it is crucial to calculate and design predicted
parameters of river flow under the influence of changes in land use and climatic scenarios during
the design of new dams or the reconstruction of existing hydraulic structures [5].

The Samarkand reservoir, located on the Nura River in the eastern region of Temirtau city in
the Karaganda district, was constructed in 1939 to regulate the flow of the Nura River and provide
water supply to the Karaganda industrial district . Between 1974 and 1988, the spillway structures
of the hydrosystem were reconstructed due to changes in the system’s functions, an increase in
the capital class of its structures, and the unsatisfactory technical condition of the former spillway.
The current hydroscheme is partially operational and has a total volume of 253.70 million m? at the
normal supporting level of 490.17 m and a useful volume of 100.2 mln m® with level fluctuations of
1.5 m. The hydroscheme comprises a supply canal, a new spillway, a diversion canal, an earthen
dam, an old spillway, a temporary earth cofferdam, and a siphon spillway. The new spillway is
potentially hazardous and requires reconstruction and technical upgrading [6].

Hydrologists and hydraulic engineers closely involved in the task of analyzing the current
state of design, construction, and operation of dams provided their opinions. The research in this
direction is expected to be novel since modern space methods are rarely used in Kazakhstan.
The primary objective is to develop an integrated GIS-based approach to survey works, location,
and design of dams, taking into account changes in the Earth’s surface and climatic scenarios
in the river catchment areas under conditions of urbanization. This study is of significant
importance in practice, as the low-quality construction and reconstruction projects are often
due to imperfect methodology and incomplete implementation of survey works and incomplete
consideration of factors affecting the regime of rivers and reservoir operation [7-10]. The above-
mentioned approach can improve the quality of design and survey works, which can lead to
the modernization of design and operation of reservoirs. It is expected that the use of modern
research methods, including space methods, can provide more flexible and safe management of
river flow with consideration of environmental and economic interests. This will enable correct
zoning and effective use of new irrigated lands, leading to increased profitability [11].

However, some experts suggest that the design, filling, and operation of reservoirs require
large-scale research works, whereas only exploration works are currently being carried out.
They propose that to improve the situation in basins of regulated rivers, all technological links of
design, preparation, and operation of reservoirs must be improved, and the concept of rational
use of reservoirs must be implemented under increasing anthropogenic water [12].

The present study aims to develop a comprehensive GIS-based methodology for the location
and design of dams, considering the potential changes in river flow characteristics and the impact
of changes in land use and climatic scenarios, using the SCS-Curve Number method for modeling
river flows. The application of the SCS-Curve Number method based on ArcGIS PC is expected
to optimize the work of hydraulic engineers and improve efficiency. The object of the study is
the Samarkand reservoir hydrosystem, including its location, history, construction details, and
current condition. This study also highlights the need for reconstruction and technical upgrading
of the system, as well as the use of digital terrain models and GIS-based methodology for the
location and design of dams, considering potential changes in river flow characteristics and the
impact of changes in land use and climatic scenarios [13].
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Materials and methods

To collect climatic data for the study area, the nearest local weather station was located using
a web service [14]. Historical data from the archives of the local weather station in Karaganda,
Kazakhstan were collected, which had a latitude of 49.80, a longitude of 73.15, and an elevation
of 553 m above sea level. The Institute of Geography and Water Security in Kazakhstan created
a map to identify areas affected by significant climate change, which was used in the study.
Soil maps and soil characteristics in the study area were obtained from the FAO-UNESCO Soil
Map of the World and the Unified State Register of Soil Resources of the Russian Federation,
as domestic libraries were insufficient [15]. The level of urbanization and location of buildings
were determined using a topographic map of Kazakhstan, which was also used in the study [16].
Open web resources of DEM space images libraries were analyzed, and appropriate software for
DEM space image processing was selected for data processing in GIS [17-22]. The study team
identified individuals within government agencies who could provide data in an official capacity.
However, it was discovered that there is no unified national database of climatic indicators, and
data were collected manually for 30 years by searching each day, month, and year on several web
services containing climatic data libraries. Commercial [23-27] and free software tools [28-32]
were utilized for data processing in GIS.

A crucial component in GIS analysis is the Digital Elevation Model (DEM), which contains
information about elevation without considering objects on the terrain surface. It is important
to differentiate DEMs from Digital Surface Models (DSMs), which include information about
elevation marks along with objects on the terrain surface. DEMs are derived from satellite or
airborne imagery, and their quality is determined by their vertical and horizontal resolutions.
In GIS, the vertical resolution of the DEM is critical for identifying watershed boundaries, which
refers to the difference in height between modeled or detected elevations and the actual elevations
of the terrain surface. DEMs with resolutions of 10 m, 30 m, and 90 m are widely available for free.
For research purposes, more accurate DEMs with resolutions of less than 1 m can be obtained
through an official request to authorized bodies, but their cost is typically high. DEMs are typically
available in formats such as .tif, .shp, and others [33-35].

The relief of a territory plays a critical role in natural processes and environmental
differentiation, particularly in the distribution of water and solar radiation. Accurate information
on the relief is essential for efficient water resource management, planning, forecasting, ecological
modeling, and design. One common approach for catchment area calculation involves the
following algorithm: first, prepare a digital elevation model (DEM), such as the Shuttle Radar
Topography Mission (SRTM) DEM, which can be downloaded from free sources. Next, spatially
bind the image to a relevant coordinate system, such as the WGS_1984_UTM_Zone_43N (Figure 1).

a b

Figure 1. Examples of inconsistencies in the boundaries and dimensions of the DEM and the study
area: a) the study area; b) the intersection area of the study area with the image area; c) the image
area outside the study area
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To determine the catchment area of a pilot site, utilize horizons and elevations of scale 1:25000
and topographic surveys to produce a DEM with a relatively even and topologically correct relief,
with a resolution of 10 meters per image pixel (Figure 2). Finally, apply the Catchment Polygon
Processing tool in Arc Hydro Tools to transform the input watershed grid into a class of watershed
polygon objects. For the Samarkand reservoir, the catchment area is defined in the plain part and
has no sharp differences in elevation, with a maximum height of 1500 m. The coordinates of the
research object are latitude 50° and longitude 73°.

w

a b
Figure 2. Examples of DEMs with different resolutions: a) 5 m; b) 30 m

In order to simulate the movement of water volume along the slope, a scientific approach
was employed using the Flow Accumulation tool. This tool applies a similar methodology to the
previously used Flow Direction tool, but instead of determining the direction of flow, it identifies
the volume of water flow. The resulting pixel values are then filled, with the flow volume
receiving a value of 0 and the surrounding terrain taking a value of 1. This technique is essential
for accurately modeling the flow of water along a slope and predicting potential issues such as
erosion or flooding. By using this method, scientists and engineers can better understand the
behavior of water in a given area and make informed decisions about land use, infrastructure
development, and other important factors.

The formation of drainage basins is a crucial step in delineating catchment boundaries for the
Samarkand reservoir. This process involves converting the raster dataset into polygons using the
Raster to Polygon tool, which utilizes the size of similar contained cells to identify the drainage
basin area and differentiate it with a distinct color from other boundaries outside the study
catchment area. The final processing step involves cutting out a fragment of one feature class
using one or more objects of another class, specifically clipping the DEM along the watershed
boundary from the resulting polygon using the Clip tool.

The selection of image processing software was based on the ArcGIS Desktop software,
which is produced by ESRI (USA) and has a high demand rating of 97% among programs of this
type. ArcMap software enables full manipulation of raster data and processing of various images.
Alternatively, the QGIS software of second or third generation was considered as another option,
with the second version being free and open for private use and implementation of custom tools.

The determination of watershed boundaries was a complex process that involved several
steps, each utilizing different tools of the ArcMap software. The aim of this analysis was to provide
a representation of the qualitative composition and spatial distribution of land use and land cover
across the entire watershed area. To achieve this, three basic flow calculation algorithms were
employed (Figure 3).
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a c d
Figure 3. Flow calculation of DEMs: a) directing threads according to pixel value; b) accumulation of
pixels into one common stream; c) all drainage basins; d) boundary of the allocated catchment

To supplement the available information on domestic resources, the world soil map
developed by the Food and Agriculture Organization of the United Nations (FAO) was used. This
map contains all necessary data for all continents and countries, providing a valuable resource for
this type of analysis (Figure 4).

[ rounsmmas Kapra KAZAXCKOR COP
SOt MAR OF THE KATAKH SSA
132 500 000

Figure 4. Overlaying catchment boundaries: a) the world soil map; b) the national soil map

TheFood and Agriculture Organization of the United Nations (FAO) provides acomprehensive
system for the classification of soil types worldwide. In this system, the Republic of Kazakhstan
(RK) is assigned a unique number or CNTCODE, which is registered as No. 312. The names of the
main soil types found in the catchment area were deciphered, and their areas were calculated and
presented in the table 1.

Table 1. Name of soils and their occupied area in the territory of Samarkand reservoir

No | NeFAO Abbreviation and full name of the main soil on Total area for types of
the FAO map landfills, km?

1 3034 Ck1-2ab Ck Calcic Chernozems 2 966

2 3959 Gm18-3a Gm | Mollic Gleysols 12 592

3 3102 I-C-2c I LITHOSOLS 461

4 3156 Kh1-2a Kh | Haplic Kastanozems 5852

5 3994 Kh1-2b Kh Haplic Kastanozems 49119

6 3161 Kh25-2a Kh Haplic Kastanozems 62 600

7 4007 Kl36-3a Kl Luvic Kastanozems 39 073

8 4008 KI37-3a Kl Luvic Kastanozems 54 597

9 4042 Sm12-3a Sm | Mollic Solonetz 1517
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Results

Through the implementation of multi-step processes on Digital Elevation Model (DEM) data,
the boundary of the Nura-Sarysu basin was generated and its corresponding area and boundary
length were quantified to be 22877 km? and 1118 km, respectively. The resulting .shp file can be
utilized to perform geographic overlays with other types of spatial data, enabling the selective
emphasis or exclusion of information within or outside the hydrological catchment.

The hydrological catchment boundary was established and computational algorithms were
applied to simulate water volume flows along the slopes, based on the analysis of pixel values.

Subsequently, a DEM of the Nura-Sarysu watershed was generated in raster format, which
can be employed in conjunction with other ArcGIS software tools to facilitate a comprehensive
analysis of the hydrological basin (Figure 5).

a
Figure 5. Flow processing of Samarkand reservoir: a) watershed boundaries; b) Catchment boundary
with directional flows; c¢) Catchment boundary with processed raster data

The methodology evaluated in this research has increasing practical relevance in contemporary
Geotechnical Systems (GTS) design principles. There have been widespread discussions at
conferences and in numerous articles concerning the incorporation of Geographic Information
Systems (GIS) into the design and construction of GTS. For instance, the first imagery acquired
from the Kazakhstani remote sensing satellite, KazEOSat-1, was used to forecast floods in the
Zhabai River basin, a frequent phenomenon in the Central Kazakhstan region. The study’s focus
was to model and predict flood frequency using the obtained DEM in combination with data
obtained from the hydrometeorological service, Kazgidromet. Furthermore, another area where
GIS is extensively applied is in the processing of forest resources in Kazakhstan. The resulting
model enables the identification of forest areas that have been subjected to alterations such as
logging and fires. Overall, the application of GIS techniques has the potential to solve numerous
global strategic tasks, given the availability of high-resolution satellite imagery and powerful
technical equipment for efficient data processing.

Due to the nonlinearity of hydrometeorological processes and the various feedback
mechanisms involved, natural oscillations with distinct time scales are stimulated in the climate
system. In order to comprehend and anticipate the behavior of such a complex system under the
influence of external forces (both anthropogenic and natural), it is essential to employ statistical and
physical-mathematical models of the climate system that provide an adequate degree of reliability
and detail in describing the processes within the specified media. The construction of a climate
model starts with defining a system of equations, which serve as a mathematical representation
of the physical laws governing the climate system. However, solving the corresponding partial
differential equations analytically is challenging, and thus, computational methods are frequently
utilized. Despite the rapid advancement in computational technology, the need for regional
climate models to provide spatially detailed assessments of future climate change, beyond what
global models can offer, persists. In such models, the values obtained from global models at the
borders of the region are inputted and recalculated with higher spatial resolution. Hence, this
study adopts a regional approach to climate modeling in key regions of the Nura River basin.

The input data used for the calculations comprise statistical long-term climate data, such as
annual average precipitation, maximum daily precipitation, and air temperature obtained from
the Karaganda meteorological station.
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The simulation of excess precipitation schedules is based on the amount of precipitation
available for direct surface runoff, which is known as excess precipitation. The graphs below
depict the entire volume of precipitation minus any absorption processes, such as interception,
storage in depressions, and infiltration, showing a clear increase in excess precipitation (Figure 6).
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Figure 6. Simulated graphs of excess precipitation by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The modeling of excess cumulative precipitation plots is a crucial aspect of this study.
Similar to cumulative precipitation plots, excess cumulative precipitation plots exhibit a
considerable surge due to the December 20 severe event, as illustrated in the figures below
(Figure 7).
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Figure 7. Simulated graphs of cumulative excess precipitation by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The modeling of precipitation loss plots is a key aspect of this research. Precipitation loss
occurs due to various factors such as interception, evaporation, transpiration, accumulation in
depressions, and infiltration. The results indicate that there is a decreasing trend in precipitation
loss from 1998 to 2018, which can be attributed to the changes in land use (Figure 8).
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Figure 8. Simulated graphs of precipitation losses by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The simulation plots of cumulative precipitation loss hold immense significance in the
domain of water resource planning and management. These plots present a comprehensive view
of the cumulative precipitation loss over a period of time and enable the identification of peak
water flows. In the present study, the cumulative precipitation loss graphs portray a significant
surge owing to the December 20 exceptional event. This information can be valuable for making
informed decisions, such as for assessing flood risks or devising water flow plans during a drought
(Figure 9).
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Figure 9. Simulated graphs of cumulative precipitation loss by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The meteorological time series for the selected weather station spans over 50 years, meeting
the minimum requirement for stationary meteorological observations. The coefficient of variability
(Cv) ranges from 1.1 to 1.4, which is generally considered high, indicating a significant level of
variability in the observed data. A low variability is classified as Cv <0.05, medium as Cv between
0.05 and 0.10, and high as Cv > 0.10.

To calculate the security curve, theoretical parameters Q0, Cv, Cs, and kp% were utilized
through the Foster-Rybkin method. The resulting probability curves were constructed using
monthly and annual mean water discharges. A summary table was compiled, specifying the
meteorological parameters for the 4%, 20%, 50%, 75%, and 95% probability levels.

Homogeneity of the long-term meteorological series was analyzed using statistical criteria,
including Fisher’s, Student’s, and Wilcoxon’s testsin the Stockstat program. Two out of three criteria
indicated homogeneity between the compared samples at a significance level of 0.05. Empirical
probability curves were then constructed to visualize the results, indicating the percentage of the
year in which a particular amount of precipitation occurs. These curves are based on the stationary
observations from the Karaganda meteorological station and were calculated using a grouped
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series for homogeneous populations. The probability curves can provide useful information for
planning water-related activities and analyzing climate changes in the region (Figure 10).
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HH¥EEASSEEERER

Figure 10. Assessment of homogeneity: a) multiyear meteorological series - sum of mean annual
precipitation; b) total annual precipitation; c) total daily maximum amount of precipitation; d) mean
annual air temperature

It is important to highlight that the region under consideration experiences an annual total
precipitation of 298 mm in dry years with 75% security, while in the most favorable years with
4% security, the annual total precipitation reaches 494 mm. Furthermore, the maximum daily
precipitation during years with 4% probability of high precipitation over a multi-year period is 46
mm per day, whereas during dry periods it is 18 mm per day, which is less than twice as much.

This study presents a geoprocessing toolkit that offers a comprehensive framework for
handling geographic and related data. The toolkit is equipped with an array of geoprocessing
tools that enable automated spatial analysis and management of geographic information system
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data. By utilizing a digital elevation model, a trimmed shapefile comprising land use/land cover
polygons, and a CNLookup table, the proposed geoprocessing program can perform watershed
delineation and create a grid of curved numbers simultaneously. Developed using the Python
programming language, the geoprocessing program integrates multiple procedures into a single
entity (Figure 11).

Satellite images
(Landsat)

Precipitation Land use-soil map

Curve Number

Figure 11. Geoprocessing toolset

Watershed delineation is crucial for identifying surface water characteristics within a
watershed and comprehending downstream effects when planning and implementing measures
to protect and mitigate water quality and quantity. While some dams worldwide can be
appropriately represented in a single basin, others require division into several sub-basins. The
rainfall flow mechanism employed and a range of hydrologic characteristics influences the size
and definition of sub-basins.

Curve numbers are widely utilized in hydrologic modeling, including rainfall-runoff models
for predicting runoff volume and peak flows. The curve numbers serve to approximate the
infiltration, interception, and storage capacity of various land covers and are determined based
on soil cover and soil type.

Currently, determining catchment boundaries and obtaining curve numbers are complicated
and time-consuming procedures. However, the developed geoprocessing program offers a
simpler approach to calculate catchment boundaries and a grid of curve numbers.

Conclusion
The results of this study have significant implications for the development of the construction

sector in Kazakhstan. The developed integrated approach for the location and design of dams,
taking into account climate change and land use scenarios in river basins affected by urbanization,
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represents an effective domestic solution for hydrological monitoring. The approach can lead to
more precise and reliable monitoring of water resources in these river basins, ensuring safer and
more efficient construction of dams, and enabling the effective management of water resources
in these areas.

Moreover, the developed approach can contribute to the sustainable development of the
country, ensuring the proper management and conservation of water resources, while also
promoting the economic development of the region. By taking into account the impacts of climate
change and urbanization, the approach can help to mitigate the risks of flood and drought, and
ensure the long-term sustainability of the water resources.

In conclusion, the developed integrated approach for the location and design of dams, taking
into account climate change and land use scenarios in river basins affected by urbanization,
represents a valuable contribution to the field of hydrological monitoring and the construction
sector in Kazakhstan. The approach can ensure the sustainable development of the country by
promoting the efficient management of water resources, mitigating the risks of flood and drought,
and ensuring the economic development of the region.
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4. Cepixbaes amwirdazvl Lvievic Kasaxcman mexnuxarvik yHusepcumemi, Ockemen, Kasaxeman
’Madpud noaumexnuxarvix yrusepcumemi, Madpud, Vicnanus
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Ka3sakcTaHHBIH IIApOTeXHMKAaAbIK KYPhlabICTapbiH KaiiTa Kapay: 'AJK apkbiabr
KAVIMATTBIH ©3repyi MeH Xepai NaljaaaHy clieHapuiidepiH eckepe OTBIPHIIL, Oererrepai
’)KoOaaay MeH OpHaaacThIpY daici

Anpatna. bya Maxkasada KemTereH eHipaAepJeri Cy TalIbIABIFbIHa OaitaaHbICTEI Kazakcran
HKOHOMUKACBIHAAFHI IIAPOTEXHUKAABIK KYPBLABICTapABIH, aTall ailTKaH4a OereTTepAiH MaHbI3AbLALIFI
KapacTeIpplaaabl. Makasaga KAMMATTBIH ©3repyi MeH JKepAi IaiigadaHy CLeHapuiidepiH eckepe
OTBHIPHII, DereTrepai OpHasacTHIPy MeH >KoOaJayFa KellleHAi KO3KapacThlH KaXKeTTiairi kepceTiaren.
Maxaaaaa cOoHBIMEH KaTap >KepAi naiijadaHy MeH KAMMAaTThIH ©3repyiH ecKepe OTBHIPLII, OereTTepAiH
>K0DaabIK IapaMeTpAepi MeH cuIlaTTaMadapbiH >KaHapTy KaxkeTTiairi kepceriaren. Camapxang
Cy KOJMAaCBhIHbIH TMAPOXKYIieci JKaHa TeriayAiH bIKTMMaA KayilTepiH >KoHe TeXHMKAABIK >KaHFBIPTY
Ka’KeTTiAiTiH TaAKblAay YIIiH MbIcaa peTiHge Iaiijasanblaaabl. Makasaaa isgectipy >KyMbICTapbIHa,
OererTepai opHaJacThIpyra >KeHe kobDasayra I'AJK merisinge kemenai taciagi asipaey sxobaaay-
i3aecTipy >KYMBICTapBIHBIH CallachblH apTTBIPHI, Cy KOJMaJapblH >kKoOaJay MeH MHalijadaHyAbl
JKaHFBIPTyFa oKeaAyi MYMKIH gen 0oa’kaHaAbl. JepTTey DKOAOIMAABIK >KoHEe DKOHOMMKABIK,
MyAdeaepai eckepe OTLIPBIII, ©3€H aFbIHBIH UKeMAl KoHe Kayillcis OackapyAbl KaMTaMachl3 eTy YIIiH
3aMaHayu 3epTTey a4icTepiH, COHBIH illliHAE FapBIIITHIK 94icTepai naligaaaHyAbl ycbiHaAbl. Makaaaga
©3€H arbIHBIHBIH CUIIaTTaMaAapbIHBIH BIKTIIMaA ©3repicTepiH XKaHe JKepai IalijadaHy MeH KAMMATTBIK,
CIieHapuiiaepAeri esrepicTepain acepin eckepe otnipsin, I'AJK Herizingeri GereTrepai opHaaacTIpy
MeH >KobazaayAblH KeIlleHAl aJicTeMeci TMAPOTeXHMKAABIK MHKeHepAepAiH THiMAIAIriH apTTHIpHII,
>KYMBICBIH OHTallAaHABIPYBI MYMKIH A€TeH KOPBITBIHABIFA KeAAl.

Tyriin cesaep: Oeret, Toran, 'AK, CPM, Landsat, >xep >KaMBLAFBICEL.

AK. Aaaynaraposa'?, .M. IInaaa>, II1.2K. J)Kapacos?®, C.b. AnanbsHOBa',

I''K. Mambip6ekosa’, I0.H. Epemeesa’
"Bocmoutio-Kasaxcmariciuti mexnuveckuti ynueepcumem umenu /. Cepuibaesa, Yemo-Kamenozopcx,
Kasaxcman
[Toaumexnuyeckuil yuusepcumem Madpuda, Madpud, Vicnanus
3TOO CSI Research&Lab, Acmana, Kasaxcman

IlepecmoTp rmaporexamdecknx coopyxenmii Kasaxcrana: I'MMC-ioaxoa x
HPOEeKTUPOBAHUIO U PACIIOA0XEHMIO IIA0TUH € Y4eTOM ClieHapyeB M3MeHeHNsI KAuMaTa
M 3€MAeT10Ab30BaHMsI

Annoranus. B ganHOI cTaThe paccMaTpuBaeTcs BaXKHOCTD I'MAPOTEXHIUYECKMX COOPY>KeHIIA, B
4aCTHOCTM IIA0THH, B 9KOHOMUMKe KasaxcTaHa B cBs31M C HeXBaTKOM BOAbI BO MHOTMX pernoHax. B craTbe
II0AYe PKMBaeTCsI He0OX0AMMOCTh KOMILI€KCHOIO IT0AX04a K pa3MeIlleHIIO 1 ITPOeKTHPOBaHUIO ILA0TUH
C y4eTOM M3MeHeHUs KAuMaTa U ClLieHapueB 3eMAeIoAb30BaHus. B craThe Takke noJuepKmBaeTcs
He0OX0AVMOCTb OOHOBAEHNS IIPOEKTHBIX ITapaMeTPOB I XapaKTePUCTHK ILAOTUH C y4eTOM U3MeHeHMIT
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B 3eMJeNoAb3oBaHMM I KaumMmare. Ha mpumepe rmapoysaa CamapKaHACKOTO BOAOXpaHMAUIIA
paccMaTpMBalOTCs ITOTeHITaAbHbIe OTIaCHOCTY HOBOTO BO40COpoca 11 HeOOXOAVMOCTD €T0 TeXHIIECKO
MoJepHu3anym. B cratpe BbICKa3bIBaeTCs IIpeAIOA0XKeHNe, 4TO pazpaboTKa KOMILAEKCHOTO I104X04a
Ha ocHose I VIC k usbIckaTeabCKMM paboTaM, OIpeseAeHNIO0 MeCTOIIOA0XKEeHNS I IPOEeKTIPOBaHIIO
IILAOTVH MO>KeT ITOBBICUTH Ka4eCTBO ITPOEKTHO-M3BICKaTeALCKIX paOOT M IPUBECTU K MOAEePHU3AII NI
MIPOEKTUPOBaHIl U DKCIAyaTalluy BOAOXpaHMAMUII. B mccaesosaHmm mpejaaraeTcsl MCIIOAB30BaTh
COBpeMeHHbIe MeTOABI MICCAe40BaHNUs, B TOM 4lcAe KOCMIYecKue, A4 obOecriedeHns: 0oaee TMOKOTO
11 6€30I1aCHOTO yITpaBAeHIsI PEYHBIM CTOKOM C YI€TOM DKOAOTHMIECKUX ¥ DKOHOMIYECKIX MHTEPeCoB.
B cratne aeaaeTcs BLIBOA, UTO KOMILAeKCHas MeTogoaorms Ha ocHose ITIC aas pasmemenns u
MIPOEKTUPOBaHI:l IIAOTNH, YIUTHIBAIOIIas IOTEHI[MaAbHble M3MEHEHM: XapaKTepUCTUK PedHOTO
CTOKa I BAMSIHIE U3MEHEeHNI B 3eMAeI0Ab30BaHNI U KAMMaTUYeCKUX CIIeHapIIX, MOKEeT ITOBBLICUTD
9(pPeKTUBHOCTS U ONITUMU3UPOBATH PA0OTY TMAPOTEXHIKOB.
Karouesbre caosa: naorunsl, 4am6s1, IVIC, IIMP, Landsat, mouseHHBIN ITOKPOB.
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Investigating the Superpave Mixture Design Approach for
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Abstract. The purpose of this research was to assess the feasibility of constructing high-
performance paving (Superpave) for Kazakhstan with only locally sourced ingredients.
Similarly, astandard Marshall technique combination that meets the technical requirements
of Kazakhstan was compared. One granite aggregate supplier, 2 aggregate grading,
and 2 types of asphalt binder made up the test design. Consensus and source aggregate
characteristics requirements met with the Superpave design mix method using locally
manufactured granite aggregate. Also, the mixtures volumetric parameters indicated that
the asphalt binder content of the superpave combination has shown lower than locally-
traditionally Marshall mix. The combinations of Superpave fared better in rutting and
moisture resistance tests than those made in the conventional manner. After the ITS values
from both samples were averaged, the decrease in significance for the superpave mixtures
was 9.1%. It was below the 20% loss level required by the Superpave guidelines. Also
by rutting resistance results were significantly differences for 85.5% PG70 with 9.5mm
NMAS. All of these results point to the superiority of new method Superpave over the
Marshall method.

Key words: Superpave, Marshall mix design, rutting, asphalt pavement, moisture
resistance.
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1. Introduction

Extreme rutting (permanent deformation) and moisture-induced problems in hot-mixture
asphalt (HMA) pavements caused by repeated high loadings and sharp continental environment
are a global issue of great concern in the transportation business. New build pavements may
deteriorate prematurely as soon as 2 years after completion. Transportation agencies at the
municipal level have noticed this, and the massive yearly budget for upkeep is indicative of this.
Pavement design is being done using the classic designing approach (pressing) and the Marshall
method in many industrialized nations, including Kazakhstan. In Kazakhstan, HMA mixes are
being developed using the Marshall mixture design approach.

The Hubbard-Field approach was the first formal design method for asphalt mixes, as per
Roberts et al. (2002); the Hveem method of asphalt mixture design was finalized in 1959, and the
whole process was published in the Asphalt Institute Manual Series 2 and in ASTM 1557. Back in
the years before 1943, Bruce Marshall tried to come up with a technique to measure the asphalt
content of mixes in the lab by developing a process called the Marshall mixture design method.
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Not only in the United States, but also in a broad variety of other nations, did the Marshall
mixture design approach see extensive adoption. Unfortunately, several highways began
experiencing issues, such as early rutting, throughout the pavement’s service life in the 1980s.
Many engineers speculated that the difficulties stemmed from the impact compaction process
used to create the specimens [1-5]. Impact compaction does not replicate the densification that
happens under traffic, and the Marshall mixture design approach lacks a rigorous theoretical basis
(Roberts et al. 2002). A considerable budget was allocated in 1987 under the Strategic Highway
Research Program to begin the changeover from the Marshall technique of mixture design to the
Superpave approach. Superpave, an abbreviation for better performing asphalt pavements, is a
novel performance-based mixture design process created in 1993 [5-7]. Most of the states in the
United States now use Superpave. For this reason, now is the perfect opportunity for all nations
to embark on a paradigm change to either improve their current HMA design system or switch
to one that is more effective. Kazakhstan was chosen as a case study country so that its design
performance could be compared to that of other nations” using Superpave HMA mixes [8-12].

2. Methods and Materials

There were two parts of this investigation. For the first part of this research, researchers
employed the Superpave mixture design approach and the more traditional Marshall method
to create HMA blends. Local aggregate qualities were also examined to ensure they met the
rigorous consensus and source aggregate criteria used in the Superpave system before the
mixture design process began. For the Marshall mixture design, we additionally double-checked
that the aggregate conditions outlined in the local standards were met [13, 14].

A total of eight mixes were created for this purpose, four of which were created using
the Marshall method and the other four using the Superpave method. For the purpose of this
research, the provider of aggregates were local factories of the region used in road building.
All aggregate gradations were chosen for their compatibility with the local specifications and
Superpave gradation requirements, and they all fall within the top and lower limitations [15].

Although the weather in Kazakhstan varies from region to region, the supply of performance-
graded (PG) asphalt binder is based on the higher temperature that is typical its part of the area.
The effect of the decreased temperature is disregarded. Asphalt binders PG 64 (B1) and PG 70
(B2) were employed in this study. Each of these bindings is equal to a Penetration Grade (PEN)
of 70/100 or 60/70.

In the second stage, the HMA mixes were tested to determine their properties and how well
they performed. HMA's long-term deformation was measured using the moisture susceptibility
and rutting tests, and mixes were characterized using the resilient modulus and dynamic creep

tests [16-19].
3. Results and Discussion

3.1 HMA's testing volumetric qualities

As can be shown in Table 1, the aggregate qualities satisfy the acceptance requirements set
forth by both Superpave and local technical specifications for HMA mixtures use. The features
that are generally agreed upon are the angularity of the coarse aggregate, the angularity of the
fine aggregate, elongation and flakiness, and clay content.
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Table 1. The aggregate properties

Test names Results Specification limits
Coarse agg. angularity 77% 55-100 %
Fine agg. angularity 54% >45
Flat and elongated sand 6.21% <10
Equivalent 47.2% >45
Soundness 6.5% >10-20%
Toughness 12% <45%
Deleteriousness 2.1% 0.2-10%
Local specification requirements for aggregates:
Impact value 23% <30%
Abrasion 23% <30%
10% Fines 270 kN >100 kN
Water absorption 0.8% 2%

Useful characteristics in the evaluation included toughness, soundness and the presence of
harmful substances.

Medium-to-high flow of traffic was selected for mixed design project. Design density for
PWD mixture was achieved by compacting specimens with 75 blows per face, which is equal to
60-30 million ESALs for the Superpave mix design procedure [20-24]. To achieve this loading
by Superpave, we need the gyration number 100. The aggregates design lines (Figures 1 and 2)
that were created to fulfill Superpave and Marshall requirements for nominal maximum size of
aggregate (NMAS) of 12.5 and 9.5 mm, respectively, are shown.

Aggregate was mixed with asphalt binder at 4% to 6.5% by weight in all of the batches. The
parameters of optimal binder content, bulk density, voids filled with asphalt (VFA), and flow
were calculated for a traditional mix with a 4% design air void content.
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Figure 1. Aggregate design lines with size 12.5 mm

64 Ne 2/2023  -H. Tymunres amvindazor EYY xabapuivicol. TexHUKarvik 2oiAbimMIap 5kaHe mexHOA02Us. CepusiCol
ISSN: 2616-7263, eISSN: 2663-1261



S. Kosparmakova, Zh. Shashpan, D. Bazarbayev

100 A
Traditional L e R
upper limit
80 PP it |27 8" Traditional
N Superpave \1( 7 y lower limit
= upperlimit ——>ll P
g 60 / X
Al .
%‘T /
g 40
E }/ $ Superpave
R ,/ < lower limit
20 - pain
" a
{3’ A Sievesizes, mm
0 . o
sne 8 % 9 0 5 2

Figure 2. Aggregate design lines with size 9.5 mm

Mixed at optimum binder, the specimens of Superpave should exhibit volumetric qualities
that are satisfactory in light of the predetermined Superpave standards. A SGC Compactor was
used to compress the Superpave samples. The parameters of pressing for 6,000,000 ESALs were
used with starting (N, . 8 gyrations), design compaction (N, 100 gyrations), and maximum effort
(N, .. 160 gyrations). Each specimen measured at designed gyration 150 mm in diameter and
between 110 and 120 mm in height, depending on the relative density of the mixes. After estimated
bulk specific gravity (G, ,) and theoretical maximum specific gravity (G _ ) of the mixture. The
Superpave mix’s optimum binder was then determined in order to provide desirable volumetric
characteristics with air percentage 4%. For the volumetric characteristics usually take the VMA,
VFA, Va (air voids) and DP (dust percentage). In Table 2, we can see the volumetric features of
the design mixes that are associated with optimum binder content for all mixture [25, 26].

Superpave mixes with the same NMAS had lower optimum binder than conventional way
of designing HMA. Most of the researchers came to the same conclusion between 2000-2007.
Whereas both of the method mixtures faced with the standard limits and the combination show
almost 0.5% greater than that of the Superpave mix. As a result, the Superpave mixes use less
asphalt binder than conventional ones do for the same designed aggregate. It's possible that
varying compaction techniques are to blame for these phenomena.
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Table 2. The mixtures volumetric qualities

Test names 12.5-1 12.5-2 9.5-1 9.5-2 Standard

limits

Traditionally mixes

Optimum binder 5.7 5.9 6.0 6.3 -

Stability, kN 10.1 10.2 10.3 10.9 >8 kN

Flow, mm 3.6 3.6 3.2 3.4 2-4 mm

VFA, % 74 75 76 76 70-80%

SuperPave mixes

Optimum binder 5.0 5.2 5.3 5.5 -

Va, % (air voids) 3.89 4.1 3.96 4.2 4%

VMA, % 14.1 14.6 14.2 14.5 >14

VFA, % 73.0 73.5 73.1 73.6 65-76%

DP 0.7 0.7 0.8 0.8 0.6-1.2

Note: 12.5-1 refers to PG 64 and 12.5-2 refers to PG70

The optimum binder of mixes with gradation size 9.5 mm is greater compared to mixes
with 12.5 mm because the finer aggregates surface area requires a greater quantity of bitumen
to cover the particles. The need for the minimum VMA is an essential signal that the mixture
should have at least the minimal amount of binder that is authorized. This will guarantee that
the combination will be durable.

3.2 HMA'’s pavement performance qualities

The sensitivity and durability of the Asphalt mix to deformations may be determined
by evaluating the performance of the pavement. This is a very crucial step. As part of this
investigation, tests for rutting and moisture susceptibility were carried out to ascertain the level
of resistance to permanent deformation and, separately, damage caused by moisture.

The moisture sensitivity test uses AASHTO T283 method without taking into account the
soundness test treatment [27]. It was shown that 2 subgroups of the compressed specimens, both
had 4% air voids on average. Due to the climate condition in Kazakhstan the vacuum taking
levels between 70-80 % were used for the test. The conditioned samples being stored in water
bath at 60°C for 24 hours. Then the specimens moved to the 25°C degrees water bath for 2 hours
before the testing. Table 3 displays all the results calculation that clear both conditioned and
unconditioned samples tensile strength ratio (TSR) based on ITS measurements. Superpave
mixes ITS loss meaning were 9.1% after averaging both samples ITS. This met the 20% losses
threshold stipulated by Superpave standards (Asphalt Institute standard 2001). Figure 3 shows
the apparatus representation used in moisture susceptibility test.

Table 3. Moisture susceptibility test results

Design Indirect Tension Test (kPa) TSR Indirect Tension Test (kPa) TSR
types Unconditioned Conditioned (%) Unconditioned  Conditioned (%)
Superpave mix Traditional mix
1251 626.4 513.9 82.0 460.8 459.6 99.7
12.5-2 671.5 634.7 94.5 464.1 451.7 97.3
9.5-1 703.7 615.8 87.5 544.6 536.1 98.4
9.5-2 640.2 632.4 98.8 515.8 497.9 96.5
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Figure 3. Moisture susceptibility test setup

The rutting depth test conducted by 20-4000 Wheel track testing machine which is designed
to test asphalt concrete for rutting resistance in air and in water. The unit is compatible with
asphalt samples obtained on a sector press or in the form of samples. Simultaneously two
samples can be tested and there are several mould configurations have been developed for
testing: 320x260 mm; 340x280 mm; 300x300 mm; 410x260 mm; 400x300 mm, but for tests the
samples diameter must be - 150 mm in 2 pieces. Overall testing procedure program were set
according to EN 12697-22. First, the samples were prepared on a 300x300 mm mold in special
sector compactor, which is designed for the preparation of compacted asphalt samples 320 x
260 mm (410 x 260 mm optional) with a height of 40-120 mm in accordance with EN12697/33,
Part 5.2. Thereby the samples were prepared approximately in 10 min, with 300x300 mm and 50
mm height by traditional method of designing, also samples compacted by SGC in circled form
to save on material. After compactor, samples cooled in room temperature not less than for 24
hours, subsequently, tested for 20000 passages by 2 samples in parallel in 9 hours. The received
results are assumed as high temperature and intensive movement rutting resistance indicator,
which meet the standard.

As the result, Superpave mixes was much greater resistant for rutting than conventional
method. A reduction of frictional resistance within aggregates is thought to be the consequence
of too much bitumen in combination, leading to decreasing load capacity. Superpave design
were shown to be less prone to rutting than the conventional way of designing. As can be seen
in figure 4, the Superpave designs that make use of the PG 70 bitumen type are most resistant.
The study’s comparison results of various mixes show that HMA mixture is really affected by
bitumen binder type and the design methodology.
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Figure 4. Rutting results diagram and SGC compacted samples after test

4. Conclusions

The purpose of this study was to assess the feasibility of implementing the Superpave
mixture design in Kazakhstan using locally sourced materials. A standard mixture developed
using the Marshall approach and meeting regional technical requirements served as a point
of comparison. According to the data collected during the experiments, it was concluded that
granite aggregates are suitable for use in the Superpave mixture design method. As shown by
their volumetric characteristics, Superpave-designed combinations need far less binder than
conventional mixtures. This is associated with the increased mixture density produced by the
compactive effort using SGC, which generates a better aggregate orientation. All of the mixes
tested demonstrated good resistance to moisture-induced damage, however the ITS was found
to be greater for the Superpave-designed combinations than the control groups. ITS result values
from both samples were averaged, the decrease in significance for the superpave mixtures was
9.1% that is below the 20% loss level required by the Superpave guidelines. When put through
dynamic creep testing, Superpave combinations do better than regular mixtures when it comes
to resisting ruts. Specifically, rutting outcomes were much better by PG grades, and then by
NMAS sizes 12.5 mm and 9.5 mm, providing 79% and 85.5% better rutting resistance for PG70,
respectively.

In the United States, the Superpave system is being widely used. The findings reported
should be verified via a trial project so that the Transportation Ministries in Kazakhstan may
have a deeper understanding of the Superpave system and how well these pavements performed
in comparison to the standard approach presently utilized. Long-term field project monitoring
should be included into future studies that aim to compare the two HMA mixture design

approaches.
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C.A. Kocrmapmaxkosa, JK.A. Illammanx, A4.0. basap6aes
A.H. I'ymunres amuvindazor EYY, Acmana, Kasaxcman

KasakcraHgaa pIcTBIK apaaac acpaabTka (HMA) apHaaran Superpave KOcItacbIH )X00aaay
TaciaiH sepTTey

Angaatna. bya seprreyaiy makcaTer KasakcraH yIIiH TeK JKepridikTi MHIpeAUeHTTepAeH JKOraphl
THiMAI K0 >KaOLIHEIH (Superpave) >Kacay MyMKiHAirin 6araaay 00a4p1. Coa crsakTel KazakcTaHHBIH
TeXHUKAaALIK TaJallTapblHa CoJiKeC KeAeTiH MapIraaa TeXHMKachHBIH CTaHAAPTTH KOMOMHAIIMACHIH
CaABICTBIPY >Kyprisiagi. I'pammrrti arperaTToiy Oip >KeTKi3yImmici, arperaTTolH 2 Typi >KoHe
acdaabTOETOHABI Oall1aHBICTHIPFLIIITHIH 2 TYPi CHIHAK >KOOaChIH >Kacabl. bacTamKbl TOATLIPFBIIITHIH
eHiMAiiriHe calikec TadamTap >KepridiKTi I'PaHMTTi TOATBIPFBIIITH KOAAaHa OTBIPBII, Superpave
design mix ogiciH KoadaHa oOTHpHII OpbiHAadaabl. CoHBIMEH KaTap, KOCHaJdapAblH KeaeMAik
ImapameTpAepi superpave KOMOMHAIMACBIHAAFBI acPpaabTOETOH TYTKBIP KYpPaMBIHBIH AdCTYpAi
Mapiiasa kKocrmacelHa KaparaHga TOMeEH eKeHiH KepceTTi. Superpave KOMOMHANMsAaphI dAeTTeri
dJicrieH >KacaaraHJapfa KaparaHJa MKeMAIAiK IeH blAFaAfa TO3iMAiAIK ChIHAKTapblHAA >KaKChl
HOTIDKe KopceTTi. KocnmanslH cnmaTtTamaaapbiH TaadaFaHHaH KelfiH, 0i3 cynep-0eTTik Kocmaaap ocbl
casaja KOAAaHBLAATBIH 94€TTeTi apaacThlpy oJiciHe KaparaHaa KaTThIpakK eKeHiH aHbIKTaAblK. Exi
yariniy ge ITS MaHAepi opTalla aabIHFaHHAH KeiliH CyIlep ToceATeH KOCITalap YITiH MaHbI3ABLABIKTHIH
temengeyi 9,1% kypaanl. bya Superpave nyckayaapor Tasan eretin 20% XoraaTy aeHreliiHeH
toMmeH 0oaapl. Congait-ak, 9,5 MM NMAS Gap 85,5% PG70 ymrin coxkbIFa Te3iMAiAiK HoTIDKeaepi
aliTapABIKTall allbIpMaIIblABIKTap 004451, Ochl HOTIDKeAepaiH OapabFbl JKaHa Superpave aiciHig
Mapiaaa saiciHeH apTHIKIIBLABIFBIH KOpceTeai.

Tyiiin cesaep: Cynepmaiis a4ici, Mapiraaa agici, acpaabTOeToOH, bLAFaAFa TO3IMALAIK, A6HTEAeK

i3iHe Te3IMAiAiK TeCTi.
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S. Kosparmakova, Zh. Shashpan, D. Bazarbayev

C.A. Kocnnapmakosa, K.A. [llammanx, A4.0. basap6aes
Espasuticxuii nayuonarvrwiii yrusepcumem um. A.H. I'ymuresa, Acmana, Kasaxcman

Uccaeaosanme moaxoaa K pacdeTy coOCTaBa CMeCH IO Superpave 44si TOPsIIero
acpaapTOOeTOHHOTO NOKpBITHA B Kasaxcrane

AnsoTtammst. lleapio gaHHOroO wmccaeaoBaHMsi Oblaa OILIEHKA BO3MOXKHOCTM — CO3JAaHIS
BBICOKOD(P(PEKTUBHOIO AOPOXKHOTO MOKpHITH: (Superpave) Aaa KasaxcraHa MCKAIOUMTEABHO U3
MECTHBIX MHIpUAMEeHTOB. TakyM >xe 06pa3om ObL10 ITpOBeAeHO CpaBHeHIe CTaHAaPTHOM KOMOMHAII I
obopygosanmst Marshall, orsevaromieit TexanueckuMm tpebosanmsam Kaszaxcrana. OAnH mocTaBImmk
TPaHUTHOTO 3aIlOAHUTEAs, 2-X BUAOB 3allOAHNUTEAS M 2-X BUAOB acaAbTOOETOHHOTO BSXKYILIETO
paspaboTaa TeCTOBBINI IIPOEKT. B 3aBMCHMMOCTM OT XapaKTepMCTUK OCHOBHOIO 3aIlOAHUTEAS
TpeboBaHMsI BBIITOAHIIOTCS C MCIIOAb30BaHMEM MeToga Superpave design mix ¢ MCIIOAb30BaHUEM
MECTHOIO I'PaHMTHOTO 3amnoAHnTteas. Kpome Toro, oObeMHbIe ITapaMeTphl CMeceil IToKa3aAl, 4TO
cogep>kaHue BI3KOCTM acdaabToOeTOHa B KOMOMHAIMM Superpave HIDKe, 4YeM B TPaAMIIMIOHHON
cmecn Marshall. Kom6unarum Superpave mokasaau Aydilye pe3yAbTaThl B TeCTax Ha TMOKOCTDb U
BAarOCTOVKOCTb, YeM Te, KOTOpble OBLAM M3IOTOBAEHBI OOLIMHBIM crioco0oM. llpoanaamsmposas
XapaKTePUCTUKYU CMeCH, MBI OOHaPY>KIAH, YTO CyIIepIIOBEPXHOCTHBIE A400aBKU 00€ee TBepable, YeM
OOBIYHBIVI METO/, CMEIVBaHMs, ICIIOAb3yeMBblil B ®TOI oTpacan. Ilocae ycpeanenns snauennit ITS
AAs1 06oMx 00pa3IloB CHIDKEHNE 3HAYMMOCTH 4451 CMeceli ¢ CynepMoIrieHneM coctasnao 9,1%. 9o
65110 HIKe yposHs 1toTeps 20%, TpeOyeMOoro pyKosoAAmmuMy IpuHInnamu Superpave. Taxke 1o
pesyAbTaTaM YCTOMYMBOCTU K KO1eeoOpa3oBaHNIO ObLAV OOHAPYy>KeHBbI 3HAYUTeAbHbIE Pa3ANIs 415
85,5% PG70 ¢ 9,5 MM NMAS. Bee 111 pe3yabTaThl ITIOKa3bIBAIOT IIPEBOCXOACTBO HOBOTO CBEPXBOAHOBOTO
MeToJa Ha/, MeToZoM Mapiaaaa.

Karouesrre caosa: Cynepaiis, Mapiraaa, mog6op cocrasa, acpaabToOeToH, Koaess00pa3oBaHIe.
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2Kozapor keAik Kkare KOMMYHUKAUUs KOAredxKi, Acmana, Kasaxcman
(E-mail: bakytulanbek02@mail.ru, “akarazhanov@mail.ru,

alipbaev.1977@mail.ru, torebekova-s@mail.ru)

/Jl0HFazaak IleH peabCTiH e3apa apeKeTTecy XyliecCiHiH
arbIMAA¥FbI XKaraanbl

ABgaTtna. Makarada memip XKOA KAl caracvinda ysax yaxvim 00ibl emxkip
00oAbIN KeAe Kamkan Heziszi KaHe pecypcmvl Ken Kaxem ememin macererepdir; 0ipi
«0OHZANAK, — PeAbC» XKYytieci apaceindazbl mypaxmul esapa apexemmecydit; azbimoazol
kaegdativt kapacmolpoiAdvl. oHAAAK neH peAbCmi, apacbindazul mo3yoovly, mypaepi
KAM-KAKIMOL 3epmmenin, Hamuxerepi padux nex 0Uazpamma apkblAbl KOpcemiaoi.
Hoamuoxeaepden xoAdviH KuUColk yuackerepindezi 00HAAAKmapoolt, xate pervbcnepdit
domaray Oeminin, KapkbiHdvl mo3yvl 0acka mosyodvil, mypaepine kapazanda 0acoim
exerti Oaiikardol. Ocvt mo3ydoviy, ardvii ary OotiviHuia ocvbl Kesze Jeiiin — Kenmezew
YCOIHbICMAP XKACANAH KIHe 3epmmeyrep Kypeisiadi. bipax xypzizirzen sepmmeyrepze
Kacarean mardayAap Hamusxeci dOHZAAAKMAP MeH peAbcmepoit, KUCOIK Cbl3blkmapiazol
KAPKbIHOD! 1103y MICEAECT MOAIKKAHOD! ieuiAMezeHin arvlk Kepcemmi. /JoKkomomus,
6a20H KaHe KOA UWAPYAULDIALIZbIHOAZEL JOHRAAAK — PeAbC KYiiecitdezi apmolx mosyea
Oatirnanvicmol  Mamepuardvlx  pecypemapooly, ubleoindapol, eH, ardblMeH, KOAJblH
KUCOLK allmakmapoinda aimapivikmaii xoeapvl detizeiide. Coa cebenmi orapdvl asatimy
00ULbIHULA Sepmmey KYMOICMAPbIH KYP2isy 03eKMmi MaceAeze AtlHAAbII ONIbIp.

Tyitin ce3aep: mosy, 0oHaAaK, peAvbc, Xoma, 00HaAaK KYOol.

DOI: doi.org/10.32523/2616-7263-2023-143-2-72-78

Kipicmie

JKbLaXpIMaAbl KypaM MeH TeMip JKOAABIH ©3apa opeKeTTecy IIPOLIeCiH aTaKThl FaabIMAap
H.ILIlerpos, H.E.Kyxosckmii, B.A./lazapan, B.b.Megean, K.IIL.Kopoaes 3eptreren. Ocnl
FaAbIMAapAbIH 3epTTeyAepiHiH HOTUKeAepi KOAABIH KUCBHIK ydacKeaepiHge AOHFaaakK — peabc
Kyliecinge TypakThl ©3apa apeKeTTecyai apTThIpy MaceaeciH IIelryaiH OipHelle OarbITTapbiH
aHBIKTay¥a MYMKiHAiK Oepai:

® JOHFaJlak >KoHe peabC OachIHBIH Oyuip OeTiH MailaayAblH TeXHMKAABIK KypaadjapblH,
TeXHOAOIMAAaPbIH JKoHe Maliilay MaTepuaaaapblH XKacay;

® TO3iMJiairi >KOorapel MaTepuaajapAbl THailjadaHy (AOHTeAeKTep MeH peabCTepaiH
KaTTBLABIFBIH apTTHIPY YIiH);

® OKYMBIC PeXMMAEPIH >KoHe >KBLAKbIMaAbl KYPaMHBIH K04 JKoHe Xypic Oeairi Kaxer
eteTin AJK — aBlI XeTiaaipy, OHBIH illiHAe apOajdapAbl XKaHapTy, 4OHFaAakK (AaHelTepiH Tocey
KoHe IIBIHAAY;

® peabC KOAbIHAA OpurajaaapAblH KO3FaAbIChIH OaKblaay;

® JKaHa K04 >K9He KBLAXXbIMaAbl KypaM KOHCTPYKIMsAAAPbIH a3ipaey.
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Y. baxwim, A.A. Kapaxaros, 2K.P. Aaunoaes, C.O. Topebexosa

To3yablH Typaepi >XoHe naligaaaHy >KaFAavibl OOVIBIHITIA iCTeH MBIFyAap OOMbBIHIIA
MaaiMeTTep MeH KepceTKimrep

25 >XplAAaH acTaM yaKbIT OOJbI TeMip K04 KOAiTiHiH aa4blHAa Ty PFaH HeTi3ri >KoHe peCcypCThl
KOII KaKeT eTeTiH MaceaeaepAiH Oipi 5KOAABIH KUCHIK aliMaKTapbIHAAFbl JOHFaAaKTapAbIH JKoHe
peabcTepAin AoMaday OeTiHiH KapKbIHABI TO3y Maceaeci 604bIml Tabblaaab! [1]. JoHrasakTapAblH
JKoHe peAbCTepAiH TO3yra ©3apa 9cepi KUCHIK ChI3BIKIIeH JKYPY Ke3iHAeri XKy pic Ty3y CBhI3BIKIIeH
XYpyTe KaparaHja o44eKaliga KoIl. bya Xargail KHUCBIK CBI3BIKTapAarbl >KBLAXKBIMAAbI
KYPpaMHbIH OaFbIThl A0HIeAeKTep MeH peabCTep apachlHAAFbl ChIpFaHay yliKeAic KyIITepiH JKeHy
VILIH KaXkeTTi KeaAjeHeH KyIITepAiH eceOiHeH Ialiga OOAaTBIHABIFBIHA OaliAaHBICTBI. KuMcbIK
K04 yyackeaepi Kasakcran temip >KOA4apbIHBIH >KaAIlbl Y3BIHABIFBIHBIH 30% -4aH acTaMbIH
JKoHe OHepKaCiNTik keaikTe 60-70% KypaliTBIHBIH eCKepe OTBIPHIII, KMCBIK K04/4a JKBIAKbIMaAbl
KYPaMHBIH AMHAMUKAABIK CallachlH >KaKCapTaThiH >KaHa TeXHUKAAbIK KypaaJapAbl AaMbITyFa
DarpITTaaraH 3epTTeyaep OyTiHIi TaHAa ©3eKTi 00aMaK.

Cypert 1. Coipranay OeTiHiH TaOMFI TO3YBIHBIH HeTi3ri Typaepi: a) goHreaekrep; 0) peancrep

JKyx BaroHgapbsIHBIH KaTThl AOHFaJlaKTapbIHBIH alHaAyBIHLIH Herisri ceberrepi cOHFbI 15
KBl HeMece 0JaH J4a KoIl OOABII TaObIAFaH 04 TO3YBI, aCTBIHAH Keciayi >KoHe Cyifip IpoKaTTapsl
6o4b111 TaObLAaABL, 0Aap OapABIK OYpBLABICTapABIH opTama 27,8 % — 39,3% kypaiiael. JoHraaak
SKYHITapBIHBIH >KOTaJlapbIHBIH TO3YybIHa OallAaHBICTBI Kalipay yJAeci AOHFadaKTapAblH aiHaAy
meHOepiHiH TO3ybIHa OallAaHBICTHI Kalipay yAeCiHeH OH ece apThIK, COHBIH caljapbIHaH JKMeKTiH
Ka/ABIHABIFBI OOJBIHIIIA MeTaAAABIH JKOFaAybl )KoHe ChIpFaHay OeTiHiH TaOMFM TO3yBl OOMBIHIIIA
KallpayMeH CaAbICTBIPFaHAA AOHFaAaK >KYIITapBIHBIH PeCypPChIHBIH KapKbIHABI TOMEHAeYi OpBIH
asaapl. OITKeHi, )KOTaHbIH KaABIHABIFBIH 1 MM-Te yAFaliTy YIIIiH 40HFaAaKThIH JOMaJay OeTiHeH
opTa ecelreH KeMiHge 1,5 MM goHFasak IIeHOepiHiH KaABIHABIFBIH aAblll TacTay Kepek. byrinri
KYHi Malilay KypaAAapbIHBIH KeHiHeH eHriziayine OailaaHBICTBI 4OHFaAaK >KYIITapbIH SKiHiIlIKe
>KOTaMeH Kailpay caHbI ChIpfaHay LieHOepi OOJbIHIIIA TAOMEN KaHACYABIH Kalipay CaHbIHAH YII
ece KoIl.
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Aotzarax nen peavcmity e3apa apexeminecy xKyiecinit, azoimoazvl xkazatiol

m OHBIK TypiBaeri Kegip - Gyasp
® JToHFaNMaKTHl ChIPFaHAY OeTiHiR

3aKBIMI3AHYEI

m Cripranay OeTiHferi MeTanasIg
BIFBICYHI

Kengerer npoduas OoHBHmA
OipKesKi eMec CaKHHATH TO3Y

B backanapsl

m [Tpoxar (celpFaHay OeTiHIH
TaOHFH TO3YHI)

B OKiHIIKe XaaIsH

Cyper 2. JoHraaak >KyOTapbIHBIH Oepiay cebentepi

BarongapaplH >keke KOAfa ©TyiHe >KoHe CTaTHCTUKAABIK MdAiMeTTepAl >KMHAYAbIH
KUBIHABIFbIHA OaitaaHbIcTh AnarpamMmada Tek «KTXK» ¥K AK» kocinmopHs! ycbiHFaH MaaimMeTTep
KepcetiareH. JuarpaMMmajaH Kepill OTBIpFaHBIMBbI3Aall, AOHFaJaK >KYIITapBbIHBIH ChIpraHay
OetiHiH TaOMM TO3y ceGerntepi OOIBIHINA €H KOl aFrbITIIadap (KarganaapAsig 39%) >Kacaaaasl,
Oya peTTe TaOUFM TO3Y — AOHTeAeKTepAiH chIpFaHay OeTiHJeri kaHacy ceOebiHeH arbITIIadapAbIH
yaeci 1% - gaH a3 60a451. AuarpaMMasaapgaH Kepil oTeIpraHbIMBI3Aalt, 2019 — 2022 >xbragapmMeH
caAbICTBIPFaHAAFBI JKaF4all alTapAbIKTall e3repreH >KOK >KoHe Kasipri yakbITTa BaroHAapAblH
aKayAblK eceOiHeH akbIpay kermmmiairi — 40%  >kardaiiga, AOHFaAakK >KUBIHTBIKTapPBIHBIH
KBIAKBIMaAbl OeTiHiH TaOMFM TO3ybIHa OaliAaHBICTHI >Kacaladbl, al ©34iriHeH KO3FalaTbIH
SKBIAKBIMaAbl KypaMaapAbIH OCBl cebenTeH axkbIpay yaeci 4%-4aH co4 apThIK,.

B OHeI TYPIHAET! Ke1p - O¥Aslp

B NoHFATaKTapIElH CEIPFaHAY OETIHE KATRICHI HOK

B JoHFanasTsl CEIpFaHay DeTIHIH 3aKEMMTaHY bl

© NoHFATAKTE CEIPFAHAY OCTIHIE TAOHFH TOSYEL

B [TnacTHEATEE AadopualsT HaTexecinTe Taiaa GoIfaH MEFBIHEE]
= JHimimse HoTa

B CripraHay OeTiHIH TOIVE]

Cyper 3. 2019 — 2022 sxcx. «KT)K» YK AK mnaitgasany akayaapsl OOIBIHIIA XXYK BaTOHAAPbIH
aFbITYyABIH ceDenrtepi
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Y. baxoum, A.A. Kapaxaros, 2K.P. Aaunoaes, C.O. Topebexosa

«/loHFfaaak — peabc» JKyleciHiH e3apa ic-KMMBIABIH JKaKcapTyabl KAMTaMachl3 eTeTiH
TeXHMKAABIK IIemimMaep

«/loHrasaK — peabc» ©3apa 9peKeTTecy IIapTTapbl AOHFaJdakK IIeH PeAbCTiH KbI3MeT eTy
Mep3iMiHe, >KOAABIH HETi3Ti KYPBIAFBLAAapPBIHBIH YIBIMAACTBIPBIAYBIHA >KOHE >KBLAXKBIMAALI
KypaM MeH  TeMipXoajapAbl MNaiigadaHy IObIFBIHAAPBIHBIH HErisri KOMIIOHEHTTepiHe
alTapAbBIKTal acep eTedi. /KoaabIH KUCHIK ydackeaepiHae «AOHFalaK — pPeabc» Xyliecinae o3apa
9peKeTTecy TypaKThl 0OAYBI YIIIiH, KeAeci OarpITTapAbl KapacTeIpy KakeT:Mallday; KaTThl JKoHe
Oepik MaTepuaajapAbl HaligaaaHy; peAabc KOABIHAAFBI DKUIIaK KO3FaABICHIH OacKapy; AOHFaaak
>KyObIHAA A6HTeaeKTepAiH Oip-OipiHe KaTBICTHI ToyeACi3 alfHaAybIH KaMTaMackI3 eTy.

«/loHFasaK — peanc» KyObIHBIH Oip-OipiMeH >KaHacy aliMarblHa Maiiday MaTepuaablH
JKaryAblH KeJAeciJell yII TeXHOAOIMSCHl KOAAAHbIAaAbl: >KeKe >KOTa MallAarblIITaphlH,
JKBLAXKBIMAABl peAbC MallAarblIITapbIH JKoHEe CTallMMOHAPABIK KOA MaliAaFbIIITaphlH KOAJAAHY.
JKbL2AKBIMaABl peAbC MaliAarbpllITap apHalbl >KBLAXKBIMAAbl KYPaMHBIH Ke3 KeAreH pyKcaT
eTiATeH >KblAJaMABIFBIMEH ChIpFaHay >KoHe Maliday OeTiHe Tycrell, peabcTiH Oyiip Oerine
«KOTa — peabC» >KaHacy aliMarblHa Maliday MaTepuaAblH aBTOMATThl Typae >KaHacCyChl3
Mealepaen Karyra apHaarad. CTallMOHapABIK peAbCTi MaiiaayIbl peAabc OachIHbIH ilIKi Oyitip
OeTiHe apHailblAaHABIPBIAFAH MalidayAbl aBTOMATTHI TypAe Meallepaeyre apHaAraH. MyHaaii
TeXHOAOIMSAHBI KOAJaHy eKi peabCTi >KoajapAbl Oip yakbITTa Maiidayra MYMKiHAIK Oepeai, Oya
OarpITTaMaAblK ayJapbiMAapabl Maiiday KesdiHge MaHbI3Abl JKeke >KOTa MaifAarblITaphbl KOA
eHOeriH naiigaaan0aii, OHBIH KMCBIK yJacKeepe peAbCTi carlaabl aBTOMaTTaHABIPBLAFaH Maiiaay
YIIiH KOAgaHblAaAbl. Aaiija )KOTa MeH PeAbCTi MailAarblTap TypAepin Koa4aHy OaphIchiHAA
KeaecCigell KUBIHABIKTAp TYBIHAAWABL: ydacKeJeri Iloe3jap IlapaMeTpAepiHiH IIeKTi caHbIHa
Dal1AaHbICTHI Keldip yuyackeaepae peabCTi Maiiday ©TKeAAepiHiH caHbIH KOOeTy MYMKIH eMec;
AGHTeAeKTepAiH peabcTepMeH iaiHicy Ko®(pQPUIIMeHTIH apTTHPy VIIiH AOKOMOTHUBTIH TapTy
pexxuMinge «iaiHicyai» KoagaHy KMCBIKTapa MailAarblIITapabl Maiijalanyabl 004AbIpMaiabl;
MalidarplITapAbl KOAJaHy OJapra >KMi TeXHMKAABIK KbI3MET KOpceTyai KakeT eTeai; TOMeH
TeMIlepaTypa >KarjdalblHAa >KaHa MallJarbplliTapabl IaligadaHy MYMKIH emec; KopIllaraH
OpTaHBIH MBIHAaFaH TOHHA Maliday MaTepualjapbIMeH AacTaHyBhl.

Kasipri Tanga keH Tapaaran gOHFaJaKTap >KyHTapbl Oy — OCbKe «CaHblpay» callTaMaHbIH
acepineH Oip — OipiMeH TBIFBI3 DallaaHBICTBI 0OAATBIH JOHFaJdaKTap KynTapel /oHradakrap
apachIHAaFbl KOHYCTBIK ChIpFaHay OeTiMeH TOMOKIHeTMKaAbIK OalldaHbICTbIH apKacklHAA AOHFaAaK
KyOBI JKOAABIH Ty3y OeaikTepiHAe KO3Faly Ke3iHJAe ©3iH-031 OpTaAbIKTaHABIPY KacHeTiHe ue
Kyiie 00AbIN TabblaaAbl, Oy AOHFaJakK >KyOBIHBIH OypaaMaabl KO3FaAbIChIH KaMTaMachl3 eTeai
JKoHe JOHFaJak >KOTaJdapbIHBIH peAbCTepMeH dpeKeTTecy yaKbIThIH a3aliTagbl, COHAall-aK eHi
OoripiHIIIa OipKeaKi emec TO3y AeHTreeriHiH maiida 00aybiHa kK04 Oepmerigi. JoHraaaKTapAbIH
KOHYCTBIK JOMasak OeTi gOHFaJaK >KOTackl MeH peabC OachlHbIH Oyiiip OeTi apachlHAAFbI
OarpITTaylIbl KyLITepai asaiiTaabl. HaTexxecinge KuCHIK >XKoagapda AeHTedeKTepAiH oOTyiH
KeHiageTei. JKaaIbl KaacCMKaAbIK yATigeri AOHFaAak >KyHITaphl 2 FackblpAaH acTaM yaKbIT OOVbI
KeTiaaipycis keae xxatbip. Oran ceben KOHCTPYKIMACHIHBIH KapanaibIMABLABIFEL MEH >KOFapbl
cenimgiairi. beariai 6ip >kargaiiaapda COKKblAapAblH 9CepiHeH KO3FaAbIC KblA4aMABIFLIHBIH
JKOFapblAaybIMeH JKOA >KOCHapblHAA JKoHe JOHFaJaKTapAblH KOHYCTHIK OeTKelliHAe AOHFalak
JKYTITaphIHBIH KO3FaABICHIHBIH KapKbIHABI Oypaamaasl TepOeaicTepi maiiga 004aAbl, 0AapAbIH
aMIIAUTyAachl T€K AOHFaJak >KOTaJapbIHBIH peabcTepaid Oyifip OeTrepiMeH Mesria-mesria
JKaHaCybIMeH IlIeKTeleAl, aa TepOeaic >KMiAiri KO3faAbIC >KblA4aMABIFbIHA IIPOIOPLIVIOHAAABL
604aap1 [7,8]. Kosraabic 5Kbla4aMABIFBI JKOFapbl 00AFaH Ke3 e peabcTepae KoAJeHeH KyKremeaep
apTaabl XoHe OypaaMaAabl KblAAAMABIK aiHaAy >KMUiAiriHiH KBagpaTbhlHa IPOIIOPLMOHAAALI
6oaaabl. Peancrepre acep eTeTiH KeaaeHeH KYIITep ailTapAbIKTall MeAIlepre >KeTyi MyMKiH
JKoHe Kelldip >KarjaiidapAa peAbCTi IIIaaabl TOPABIH BIFBICYBIHA HeMece AOHTeAeKTi peabcKe
CBIPFBITYFa 9KeAiIl COFybl MYMKiH. bya daxTopaap AeHreaekTiH peabclieH KapKbIHABI TO3YbIH
aHbIKTaMAbI[7,8].
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X. XeiiMaH JOHFaJdaK >KYITapBIHBIH aliHaAy >KOABIHAH aybITKybl (0oc Hemece apOa
’KaKTaybIMeH DallaaHBICKaH) TeK ChIpFaHay TypiHAe OailKaaybl MyMKiH eKeHiH aTtan oTTi. OHbIH
aliTybIHIIA, OOMABIK ChIpFaHay €Ki peAbCTeH IBIKKaH, JOHFaJaKTapAblH Oip-OipiMeH goHraaak
>KyObIHa 04apABI KOCAaThIH OCh apKbLABI KaTThl OalidaHbICKaH Ke3ae naiga 004aaabl.

Kasakcran teMip >XK0a4apbiHJa KeHiHeH KOAJaHbLAAaThIH IIapalapra KapamacTaH, TUIITIK
AOHFa/AaK >KyObl OFaH KOMBIAAThIH TadallTapFa JKeTKiAiKTi gopeskee Kayall OepMeliai, OMiTKeHi
AOHTE/AEKTep MeH peAbCTepAiH TO3ybIHaA 9KeAeTiH Ka’KeTCi3 KyIITep MeH KO3FaAbICTapAbl JKOIO
MYMKiH emec .

«DKMITaX —K0A» XY IeCiHiH KMHeMaTUKaChIH XaKCapTy TY PFhICBIHAH BaIOH AOHI€ A€KTepiHiH
AoMajay IeHOepi ChIpraHayAblH  OOJABIK  CBI3BIKTBIK  JKBIAJaMABIKTApbIH  OapbIHIIA
a3aiTyAbl, 0OAapAblH peabcTepre TyCy OYpPBIIIBIH a3alTyAbl KoHe JOHTeleKTepaiH >KaHacyFa
Ka/BIIITEI allHAAYBIH a3aliTyabl KaMTaMmachl3 eTy KakeT. CoHgali-aK, AOHFaAdaK >KYNTapbIHBIH
KO3FaABbICBIHBIH, KMCBHIK TPaeKTOPUACHIHBIH TOAKBIH Y3BIHABIFBIH 3KOAABIH Ty3y OeaikTepinge
YAFalTy JKoHe OHBIH KMChIKTap4a pajnaibl OPHATBLAYBIH KaMTaMachl3 eTy KaxerT [3]. Oa ymrin
allHaAMaAbl KblAAaMABIKTapABIH alibIpMaIlbIABIFBIH ©Teyre MYMKIiHAIK OepeTiH KOCBIMIIA
DAE€MEHTTePAl eHri3y apKblAbl AOHTeAeKTep AMaMeTpPiHiH TeHCI3AiriH JKOI0 KaXKeT.

ATaaraH IIapTTapAbl OPBIHAAYABIH €H YAKEeH MYMKIHAIKTepi AOHraAdakK >KYNTapbIHBIH
KOHCTPYKTUBTI JKeTiaAipiayiHeH TybIHAAybl MYMKiH, HOTUXecCiHAe Oip JKYNITHIH eKi AoHTeAeTiHiH
aliHaAybl apachIlHAaFbl KaTaH OallaaHbIC JKOMBIABII, OAap¥a apTYPAi KblAdaMABIKIIEH aifHaAyFa
MYMKIiHAIK Oepeai, Oipak Keaeci TeHAIKTI caKTall OTBIPY Kepek:

ml'T]_:fA.}z'Tz:F (1)

MYHAAFbl @, W,— AOHFaAaKTapAbIH alHaAy >KMiAiri;

I, I,— AOHFAaAaKThI ChIpFaHay OeTiHiH paAnychl;
U — KBIAKBIMAABl KYPaMHBIH KO3FaABbIC KBLAAAMABIFEL.

JKoraprigarbl mapT OOMbIHIIA AOHFadaK — >KYOBIHBIH KOHCTPYKUMSCHIH KeTiagipy,
«AOHFalaK — peabc» YHKeaic >KYOBIHBIH KMHeMaTUKaABIK JKoHe AVMHAMUKAAbIK >KarjalldapblH
JKaKcapTy YIIiH yAKeH MaHbI3Fa 1e.

KopsoITBIHABI

Kabriaganran IapasapablH CoTTidiriHe KapamacTaH, AOHFadaKTap MeH peaAbCTepaiH
KVICBIK CBI3BIKTapAarbl KapKbIHALI TO3yBl MaceAeCi TOABIFBIMEH IIellliAMereHi aHbIK OaliKaaaabl.
/JloHFasaKkTapAbIH OCbKe KaTThl OpHaAacy KOHCTPYKIMAChIHAA AOHFaAaK >KYIITaphIHBIH OipKaTap
KeMIIliaikTepi6ap, 0ya 4g6HreAeKTep MeH peAbCTepAiH KaTThl TO3ybIHa 9Keaedi /l0KOMOTHB, BaroH
JKoHe JKOA IapyallblABIFbIHAAFEI AOHFaJakK — PeAbC >KylieciHgeri apThIK TO3yFa OailAaHBICTHI
MaTepuaAAblK pPecypcTapAblH IIBIFRIHAAPEL, €H aAAbIMeH, >KOAABIH KHCBHIK YydacKeaepiHae
aliTapAbIKTail >KOFaphl AeHreiige. bya kemimizikTepai >KOIOra HeMece KeM JereHae as3aliTyra
KOIITeIeH dpeKeTTep Kacaaanl. Aaaiiga, KOAAaHbBLAATBIH Kypaajap MeH Kasipri yakbITTa KoAiKTe
icKe acpIpblAFaH KOHCTPYKIMsAAP KBLAXKBIMaAbl KypaM JAOHTeAeKTepi MeH peabCTepAiH TO3ybIH
azaliTy MiHAeTiH COHbIHA AelliH Iemreiiai. Maiiaay aaici cebernirepai emec, MaceAeHiH caa4apblH
JKOIOFa OarbITTaaraH, COHABIKTAH MaceJeHi IIeIly BarOHHBIH KYypic 0e4iKTepiHiH >KyMBICHIH
YIBIMAACTBIPYABI TyOereliai e3repTeTiH >KaHa TeXHMKAABIK IIelliMAepAi Taaall eTeai.

JKoaap KUCBHIK ydyackeaepiHAe TapTBLAMANUTBIH >KBIAKBIMAAbl KYPaMHBIH KO3FaAbIChI
Ke3iHJe JOHFaJaKTap MeH peabCTepAiH pecypchlH AnudpepeHInaiasl OpelHAaAaThIH JOHFalaK
JKYNTapblH 93ipaey apKblAbl AOHFalaKTapAblH peAbCTepMeH >KaHacy HyKTeAepiHaeri ylikeaic
KYILITepPiHiH >KoHe ChIpFaHay >Kbl41/4aMABIFBIHBIH IIIaMaChlH TOMeHAeTy eceOiHeH apTThIPY apKbIAbI
K04 KeTKi3yre 60aaAbl.

76 Ne 2/2023  -H. Tymunres amvindazor EYY xabapuivicol. TexHUKarvik 2oiAbimMIap 5kaHe mexHOA02Us. CepusiCol
ISSN: 2616-7263, eISSN: 2663-1261



Y. baxwim, A.A. Kapaxaros, 2K.P. Aaunoaes, C.O. Topebexosa

OaedueTTep Tizimi

1. ITomrosa /1.H. J)KoaAbIH KUCBIK yuacKeAepiHae CBIPTKBI JKoHe iIIIKi peabcTep il TO3y cebenTepin
izgey. Upkyrcex: VpI'VIIC 2010. - C. 150

2. Bunnuk A.B. donrasak >xyOsiHbIH AnddepeHiinaaasl aitHaayst//Temipskoa keairi. — 2005 -
Nell. - C.66

3. T'oaybenko A./l. AeHreaektiy peabcred iainicyi. Kues: Bumoa, 1993. — 448c.

4. Beases A.V. Ddextusnas aabTepHaTnBa KoaecHoit mape [Texkcr] / A.V. Beases, 10.B.
Memepun, ITIO. Ilprankos // XKeaesHoopoxxHs Tpancrmopt. — 1999. — Ne 10. — C. 28-32.

5. Hprrankos I1.JO. CosepieHcTBOBaHME KOHCTPYKIINI TeAeXKeK CKOPOCTHBIX A0KOMOTHUBOB C
LeAbl0 yAydiieHus ux sAuHamuku [Texcr]: auc. ... KaHA. TexH. Hayk: 05.22.07: samumena 14.06.06: /
Iprrankos Iasea IOpresma. — Mocksa, 2002. — 215 c. — bubanorp.: c. 140-162. — 61 02-5/1741-1.

6. Ppeaepux, ®. (Frederich F.) VMccaeaoBaHme OIBITHON TeAeKKHM C OTAEABHBIMIU KOJecaMU
[Texcr] / @. Opeaepnx // Keaesusie goporu mmpa. — 1988. — Ne 9. — C. 33-37.

Y. BaknrT!, A.A. Kapaxxanos', JK.P. Aaun6aes’, C.O. TopeGekoBa®
'Eepasutickuil Hayuonarvioti ynusepcumem umenu /.H. T'ymuaesa, Acmana, Kazaxcman
2Buicuiul KoAredK mpancnopma u kommyHuxauui, Acmana, Kasaxcman

Texy1iee cocTOsTHIIE CHICTEMBI B3aMIMOAEJICTBIUA «KOA€CO — peabC»

Annorammsa. B cratbe paccMOTpeHO TeKylllee COCTOSHIE YCTOMYMBOIO B3aMMOAEMCTBIS
CHCTE@MBI «KOA€CO — peAbC», OAHOI M3 OCHOBHBIX M PeCypCOeMKIUX IIpo0.4eM, KOTopasi 40Aroe BpeMst
ocTaBaJach OCTpPOIl B 004acTy >KeAe3HOJOPOKHOIO TpaHcHoOpTa. Buawl maHoca Mexay Koaecom
U peAbcoM OBLAM TIAaTeAbHO WM3ydeHBl, a pe3yAbTaThl ITOKa3aHbl Ha rpaduke u amarpamme. I3
pe3yAbTaToB BUAHO, YTO MHTEHCUBHBIN M3HOC IIOBEPXHOCTY MPOKATKI KOAeC U peAbCOB Ha KPUBBIX
ydacTKax 4oporu rpeodaagaeT Haj APyTUMU BugaMy u3Hoca. Jo cux nop 065140 IpeAA03KeHO MHOTO
IpeaJ0XKeHnii 1 IIpoBeeHa paboTa 10 IpeJoTBpallleHnIo 9Toro u3Hoca. Ho npogeaannas pabora
Haras4Ho I10Ka3aaa, YTO IOAHOCTBIO PeIINTh MPo0AeMy MHTeHCHBHOIO M3HOCa KOAeC U peAbCcoB Ha
KPMBLIX He Y4a410Ch. 3aTpaThl MaTepuaAbHBIX PeCyPCOB, CBA3aHHbIE C M3OBITOYHBIM M3HOCOM KOAEeCHO-
PeAbCcoBOIT CUCTEMBI B AOKOMOTMBHOM, BarOHHOM M JOPO>KHOM XO3ANCTBe, B IIepBYIO odepedb Ha
KPMBOAMHENHBIX ydacTKax IIyTH, HaX0AATCs Ha 4OCTaTOYHO BEICOKOM yposHe. IlosToMy Heodbxoaumo
IIPOAOAXKUTH pabOTy I10 MX COKpaIeHHIO.

KaroueBble caoBa: 3HOC, KO4eco, peabc, rpedeHb, KoAecHas rapa.

U. Bakyt!, A. Karazhanov’, Zh. Alipbayev?’, S. Torebekova?
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
*Graduate College of Transport and Communications, Astana, Kazakhstan

Current state of the wheel - rail interaction system

Abstract. The article considers the current state of stable interaction of the wheel-rail system,
one of the main and resource-intensive problems that has long remained acute in the field of railway
transport. The types of wear between the wheel and the rail have been thoroughly studied, and the
results are shown in a graph and diagram. It can be seen from the results that intensive wear of
the rolling surface of wheels and rails on curved sections of the road prevails over other types of
wear. So far, many proposals have been proposed and work has been done to prevent this wear
and tear. However, the work done clearly showed that it was not possible to completely solve the
problem of intensive wear of wheels and rails on curves. The costs of material resources associated
with excessive wear of the wheel-rail system in the locomotive, wagon and road facilities, primarily
on curved sections of the track, are at a fairly high level. Therefore, it is necessary to continue work
on their reduction.

Keywords: wear, wheel, rail, ridge, wheelset.
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I'mOpuATi aBTOK©2iKTEp TeXHOAOTMsIAapbIH 3epPTTey XKaHe
DAeKTP KOHABIPFBICHIH TaHAay IMIapTTapbl

Anpaatna. XX-XXI zacviprapdazol endipicmik-eHepKICinmix Caranbll, KapKoiHovl
damybviia caiikec, MYHAll Met 243 OHIMOepit KoADaHYObLH Kypm eckerdizi 0eAzial. Amarear
paxmop 63 Kesezitlde, KOpULAZAH OPIMAHLIH AACAHYbL, IACMOIK EMNEPamyparvl, e3zepyi,
MYHAIl pecypcmapuitbil, manuibiAvizbl cotHool Macererepdit; nauda O0AYLIHA IKeAin
cokmol. Amanean cebenmepze OAUAAHBICHILL AGMOMOOUAL KOMNAHUAAAPLL 2UOpUOMi
MEXHOAOZUAAAPOLL  KYHOAIKMI  eMipze eHzi3Yy MAKCamovinda 3epmmeyiep XKypzise
bacmadoel. Maxara zubpudmix mexHoA02UAAAPObIH, NAOA OOAY MAPUXVIH, HKatHe 0Aapdbit
Kasipzi Keser0ezi KOAOAHOIAAMbIH MEXHOAOZUAAAPLIHA ULOAY KACAYMeH Kamap, Kymolc
icmey npunyunmepi men Heazdepin kapacmuipadvl. Maxara Toyota Prius, Astrolab
cottdol KOADAHDICHAZLL KOMMEPUUIAbIK AGHIOKOAIKMEPIit, KACAAY MeXHOAOZUSIAAPDI,
condati-ax.  zubpudmi asmoxeAikmepde KOAOAHLIAAMbIH  OMbIH  MeH WUKi3amKa
Kamoicmuvl sepmmeyaepze Hezisderzen. Maxarada Kapacmuvipoirza mexHoA0ZUAAApOblH
APMLIKULBIALIKMAPLL MeH KeMULiAikmepi, 2upudmi KeAikmepdity 0oAawmakma 0ernsuoi
Kame OuseAvdi asmokeAikmepdity 6AAAMACHL DOAAMbIHObIZLL MYPAAbLL KOPLIMOIHODIAAY
KeAMIpiAZeH.

TyitiH ce3aep: asmokoik, zudpuomi xaHe dIAeKMpAIK KoAikmep, bamapes, Kopuiazar
opma, Kyam xe3depi.

DOI: doi.org/10.32523/2616-7263-2023-143-2-79-91

Kipicme

Hukoaayc OTTOHBIH iIITeH >KaHY KO3FaATKBIIIBIH Olidan TaOyBIHBIH apKacklHAa aBTOKOAIK
’Kacay caJacblHAa peBoaionys 00a4p1. KeitiHipek OeH3MH MeH A13eAb OTBIHBI OCBI aBTOKOAIKTep
YIIiH Heri3ri OTHIH Ke3i 0044pl. Bya TexHoa0TrMs HapbIKTarbl KOMMEPUUAAAHABIPY apKbLABI
aZaMHBIH THiMAl KO3FaATKBIIITAp KypacThIpyJarbl eHOeriH aliTapABIKTall >KeHiaAeTTi. ©1eM
20-11BI FacpIpFa Tall 0O0AFaH Ke3Je, Oy TeXHOAOIVSHBI TUiMAL JKoHe YHeMAi eTyre OarbITTaaraH
KeIlTereH >KeTicTikTep 0044b1. Ocblaaliia 04 KOMMePUMAABIK TaObICKa KOA KeTKi3Ai >KoHe OHBI
KYHAeAiKTi eMipJe K044aHy apTThl. bya TexHoAornsmeH ajgaMmaap MblHAaFaH IIaKbIPbIM/MILABTe
>KeTyi MYMKIHIIIiAiri naitga 604AybIMeH KaTap OHBIH JKaFbIMCBI3 JKaKTaphl Oap eKeHiH ge Oiaemis.
Kewipreri Toteirsr (CO) MeH keMipKbIKbiA Ta3bIHBIH (CO2) OeaiHy >KblaAaMABIFBI 21 FackIpABIH
DacplHAa KeHeTTeH >KOFaphl AeHTelire AelliH ocTi >KoHe 04 03 Ke3eTiHAe 91eMAiK DKoXKYyliere Tepic
acepiH Turizoei KoMaabl. ATaafaH MaceaeAepAi ITely >KOAbIHAa KOIlTereH aBTOKOiK JKacay
KOMIIaHNAAAphl aAbTePHATHBTI KO3FaATKBIIITap JKacayFa KipicTi.

JKoraprlga KeAaTipiareH aBTOKOAIKTepAiH 3UAHABI KacHeTTepiH a3ailTy MaKcaThlHAA COHFBI
Ke3Jepae TMOPUATI KoHe DAeKTpAi, KyH DHepIusChIMeH KyaTTalaThIH, CyTeTi OTBIHBIH TY ThIHAThIH
KO4iK Typaepi naiiga 60a4bl. ATaAMBIII TUOPUATI K@AiKTepre TOKTala Kele, 0AapFa KaparaHAa
TeXHOAOTUAABIK TYPFBIAQH KaparaibIM >KoHe DKOAOTUAABIK TaJlalTapFa TOABIFBIMEH >Kayarl
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Tubpudmi asmoxeAikmep mMexHOAOZUAAAPLIH Sepmmey KaHe IACKMP KOHIbIP2bICLIH MaHIay wapmmapol

OepeTiH KOAIK — 04 DAEKTp KeTeKTi KeaikTep, odap OeH3UH, AM3eAb HeMece TaDUFV ChIFblAFaH
ra3 HeTi3iHAe >KacaAfraH KoAiKTepre KaparaHJa 3VSHABI DAeMeHTTepAl MIbIFapMaiiabl. JereHMeH
OHBIH TOABIK 3apsigTadraH OaTapeschl ©Te aAlllakK KaIlbIKTBIKTapAbl OarbIHABIPYFa KeaAMeai,
0AapAbIH OaTapesChIH KailTa TOABIK, KyaTTay YIIIiH OipIllaMa yaKbIT JKoHe apHalibl KOPeKTeHAipy
IIOCTTaphl KaxkeT. Kopiaran oprara 3MsHAbI a3aliTy JKoHe A€ Y3aK KaIIbIKTHIKTapAbl KUbIHABIKCHI3
OarplHABIPY MaKCaTbIHAA «KOChLAAThIH TMOPUATI KOAIK Kypaaapel» naiija 60445l

Toyota Prius — tubpuaTi »aexTpaix keaik Typi, Astrolab — rubpuari Keaik KyH Kypaabl,
Chevrolet Volt — KocbLaaTBIH TMOPUATI KOAIK Ky paAbl.

a) Tex vaexrpai

b) ['mbpung, / aexTpaix koeMex

c) batapes kopekTeHaipy

d) Pexyniepatusri Texxey

Cyper 1. 'uOpnATi aBTOKOAIKTIH XKYMBIC icTey MPUMHINITL
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PexyrepanmsaabiK TeXXey — SHePIUAHbLI KaAllblHa KeATipy MexaHu3Mi 004bII TaOblaaabl, 04
KOiKTi OasyAaThII, OHBIH KMHETMKaABIK SHePIUACKH Oacka popmara, 94eTTe KaxkeT 0oca coa
Me3eTTe >KyMcaJdaThIH HeMece DaTapesifa KOFapbl KepHey yaKbIThlHAa KaxkeT OOJAFfaHFa AeifiH
caKTaJaTbIH DAEKTP DHEPIUACHIHA ayBLICTBIpaAbl. DAEKTP KO3FaATKBIIIBI I'eHepaTop peTiHge
9peKeT eTeTiH TeXKey HeMmece KO3faly yaKbIThIHAa Kepi OarbITTa >KyMbIC icreiigi. Potopaap
TaPTKBIII DAEKTP KO3FaATKBIIILI 40HTeAeKTepre KOChlAFaH, 0Aap KapaMa-Kapchl MOMEHT, O TKeHi
KO3FaATKBIII KaTyIllIKalapblHAA TOK MHAYKIMsAAaHAAbL. JeHrelekTep KMHETUKAABIK SHePIUAHbI
Oepiaic KopaObl apKblAbl TeHepaTopra XiOepeai. ConpiMeHn Oipre reHepaTOpAbIH KejepriciHeH
aAbIHFaH DAEKTP KyaThl KOAiK KypPaAbIHbIH KO3FaAbICBIH DasgyaaTasbl. YAKeH TeXKey KyIIli KaxkeT
Doaranaa, Oip reHepaTop Oepe asaTblH MOMEHT KOCBIMINIA YIIKeAiC TeXKerimrTepiMeH Texkeyai
Ky3ere acblpajbl.

Marepuaaaap xoHe aaicTep

Tubpudmi xeAik Kypardapoinviry myprepi. T ubpuaTi K@ik — Oya KeAik KypaabIHbIH Oip Typi,
0/ DAEKTP KO3FaATKBIIIBI MeH iIIITeH JKaHy KO3FaATKBIIIBIHBIH KbI3MeTTepiH Oipikripeai. Hemece,
TeXHUKAABIK TiAMEeH alTKaHAa, TMOPUATI aBTOKOAIK — Oy MeXaHMKaABIK ITPUHIIUIIIIEH KYMBIC
icTeNTIH KeAiKTepAl Ae, COHBIMEH KaTap »1eTpoMoONAbAep TEeXHOAOIMSCBIH Ja YiidecTipe
KaMTUTBIH KoAiK Typi. ['mOpmaTi KeaikTiH GacTel HAIOCH — OTBIH IIBIFBIHBI a3. 2021 >KBIAFEI
Toyota Prius apaaac nukage 100 xm-te 4,3 autp OeHauH TyThiHaAbl. KyaTTbLABIFLI OOJBIHIIIA
caapicteipMaanl Skoda Octavia 1,6 MPI 6ipaeir >karaaitaapaa 7,5 AUTP OTBIH XKyMcaliAbl.

KesexTi tmopma. bya >xaraariga imki >kaHy KO3FAATKBIIIBI (IIKi >KaHY KO3faATKBIIIIBI)
TeK TeHepaTopAbl KyaTTaliAbl KoHe JKeTeKIll 4oHreleKTepMeH MeXaHMKaAbIK OailAaHbIChl JKOK.
I'enepartop ©3 Keserinae TapTKBIII 9AeKTP KO3FaATKbIIIbIHA apHaaraH (TOK) paexTp sHeprusaceH
eHJipel HeMece KOChIMIIA 3apsaTaiigbl. ABTOKOAIKTIH Ka>KeTTi >KYMBIC Pe>KMMiH KaMTaMachl3
eTy YIIIiH reHepaTOpAbIH dHeprusch XKeTicriece, TOK akkyMyasTopaapaaH KOChIMIIA KyaT alaapl,
aa apTHIK OO/AFaH KaFdaiida OHBI AMcKire Oepeai. Keaik apkalan 94eKTp KyaTbIMeH KO3Falaapl.
Amnarmazon-150-200 mrakeipeiMHaH. barapest Taycblaran ke3ge iImki >KaHy KO3FaATKBIIIBI icKe
KOcbldaZbl. MyHAa 04 JeHreaekrepre Tikeaell KOCblAMaraH reHepaTop peTiHAe KbI3MeT eTeAl.
KosfaaTkplll TypakThl allHaAbIMJapda TBIHBIII peXUMAe KYMBIC icTellgi, COHABIKTaH OA
Ko4iMTri KeaikTepre KaparaHJa aa4eKaiida Oasy Tosaabl. JKanapmaii mbireiHel 100 kM-Te 1,5-TeH
3,5 autpre aeniiH. cepmaablk MbIicaadap a4i ge a3, Chevrolet Volt sxane Opel Ampera-HbI ecke
Tycipyre 601a4pl.

Barapes

Cyper 2. KezekTi rudpuga cya0acst

IMapaaaean rm6pma. Exinmi ron — mapaaaeas rudpua. bya cxemaga DKK MexaHMKaAbIK Ky 1T
apKblAbl Oepiaic KOpaObl aBTOMOOMABAIH JKeTeKIIli AeHTeleKTepiHe apHaiibl XYiie apKbLAbl KyaT
Depeai, 94eKTp KO3FaATKBIIIBIHBIH r'eHepaTOPbIH (KAl TBIMALI DAeKTP MallliHaChIH) MaligaAaHblII,
apThHIK, KyaT aly apKblabl DaTapesiHbl KyaTTail adaAbl. DHEpPIWs TaIlIIBLABIFEI Ke3iHAe 494 OCHI
Kyife apKbplABl aBTOMOONAB AMCKideH KOCBIMINIA KyaT ada adaabl. MyHAa >KOAABIH IIeKTeyAi
Deairinae >KYMBIC iCTeMeITiH iIlIKi >KaHy KO3FaATKBIIIIBIMEeH KO3FaAbIC MyMKiH. ABTOKOIK iIlITeH
JKaHy KO3FaATKBIIIBIH icke Kocmai 30-150 km-Te AeifiH Tasa ®AEKTp KyaThIMEH JKype aJaAbl.
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Kebinece KochIMINIa KO3FaATKBIII HETi3Ii KO3FaATKBIII IleH Oepidic KOpaObl apachIHAAFBI KyaT
6a0orpiHa opHaThlaaael. CogaH KeliiH OHBIH KyaTsl a3 — 50 ar kymine geitin. Oa 30-60 xm/car
TYPaKThI KbIA4aMABIKIIeH, AMHaMIKaABIK cepIliaiccis >KypreHJe ©3AiriHeH >XyMbIc icreiigi. Bya
ansaniaasl Volkswagen, Porsche, Audi >xone Mercedes-Benz naiigazanaasr.

Erep 94eKkTp KO3FaATKBIIIBI 0©4€K OpHATblACA, OHBIH KyaThl IIeKTeaMelai — Keldip
Mozeabaepae 04 200 aT kymriHeH acaapl. TuiciHIme, ci3 Ta3a 9AeKTp KyaTbIMeH >KaKChl AMTHaMMKa
aaace13. Toyota, BMW >xane Lexus Oya TeXHOAOTUAHBI >KaKChl Kopeai.

Kernge imki >XaHy KO3FaATKBIIIBI MEH DAEKTP KO3FAaATKBIIIEI 9PTYPAi OCbTePTe OpHATLLAAAbL.
Ocplaaiiia, caabICTBHIPMaAbl TypAe KaparaiibiM MeXaHMKaAbIK TisOeri 0ap TOABIK >KeTeKTi adyFa
604aap1. ABTOKOAIKTIH Tpaduri apTagbl, OTHIH IITBIFBIHBI a3asAbl, ©HAeY KaKcapaasl. bya cxema
6orpiHIa Peugeot, Citroén, Nissan sxkone FIAT ruOpuaTi MarmHaaapel >JKyMBIC icTeiiai.

JleHrenex

Batapes

Cyper 3. Ilapasaean rubpug cyadace

Kesekri-mapaaaeab rmOopug. Congaii-ax, YIIiHIII eIl aTaAaThIH Ti30eKTi-1lapalaeab cxema
Hemece 0i3 OHBI «CILAUT» eIl aTaliMbl3, OHbI CEPUAABIK JKoHe Ilapaldelb CUMOMO3 cxeMadap
Jerl caHayra 0oaaapl. OHAa iIIKi JKaHy KO3FaATKBIIIbI, TeHepaToOp JKoHe 9AeKTP KO3FaATKbIIIIBI
Oip-OipimMeH >KoHe aBTOMOOMAbAIH KeTeKIIli 4oHreleKTepiMeH apHalibl MeXaHUKAABIK KYPbLAFEI
apKbLABI OailaaHbICaAbl, OHBI CILAUTTEp Aell aTay¥a 004aAabl, Oya naaHeTaablK Oepisicten Oacka
emTeHe emec. MyHaall TeXHMKAABIK IIENIiM apTBHIKIIBIABIKTapAbl OipiKTipyre >KoHe >KYyMBIC
peXMMaepiH >Kysere acbhlpyfa MYMKIiHAIK Oepeai TmOpMATI ®AeKTp CTaHUIMACH >KOFaphlja
CUIIaTTaAFaH €Ki cxeMa CHUSAKTHL.

Myngait tuOpuATi aBTOMOOMAD €Ki AM3aliHHBIH epeKileikrepin Oipikripeai. Oa TypaKTbl
KapKbIHMEH Teric >KOAMEeH KeJe >KaTKaHAa, ilIKi JKaHy KO3FaATKBIIIBI KyaTThl TeHepaTOpPAbI
aliHaAABIpaAbl )KoHe OaTapesHbl 3apsaaTaiiAbl. JKyKTeMe KoTepiareH Ke3ae 9AeKTP KO3FaATKBIIIbI
KOCBLAa/bl, 04 YAETKIIITI Xbla4aMAaTaabl JKoHe COKKbLAAapAbI XKeHyre KoMekTecedi. bya cxema
Toyota-usI >xetiaaipai. Oner Volvo sxene BMW - ge e Tabyra 604aAbl.

KoaaanbicTarbl 9Heprusi yHeMAey TeXHOAOTMsIAAapbIH Taaady. Keaik OTHIHHBIH Kol
MeAIepiH TyTeiHaAbI, Oipak Tek 10-16 % 04 Tikeaeil KO3FaabICKa KeTeAi. DHepIus IIBIFBIHBI OChI
DHePIUSIHEI MalijadaHy ITpUHINII OOJibIHIIIA TaHAaAFaH (pakTOpaapra OeaiHedi. ABTOMOOMAbAIH
My AbBTUMeAUSABIK JKYIieci, JKbIABITY,

KOHAUILIMIOHEP, >KapBIKTaHABIPY, KAMMATTHIK Oakbliay >KoHe 0Oacka Ja aBTOMOONAD
5AeMeHTTepi CBIHABI T1aiiAaAbl KbI3MeTTep Oeaek OeAiHreH, KaaraH 0©iri >KbLAKbIMAaALI yiIKeAic,
KBIAY IIBIFAPY >KoHe T. O. CUSAKTbI DHePIVS IIBIFBIHBI DAEKTP DHePIMUsAChIHA MYKTaXXK MakOypai
Jakropaaparr ga kepcereai.
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KepceTKiwTep

—\

= K03FaNTHBILL KYMBICHI = HoFanfaH Kyl
= A3pOAWHAMMKANLIK Keaepri AKceccyapnap KonaaHy
m BK moFanfaH aHepruacsl m Temey KesiHgde WorFanfaH aHeprua

m Tepbenic kepeprici

Cyper 4. ABTOKOAiKTeTi K044aHbLAaTBIH DHEPIUIHBI JKiKTey

JKanapmaiiabig Tek 17%-bI KO3FaabICcKa >KyMcaaaabl. backariia aiiTkanaa, KeAikTeri TMiMAiAiK
Tek 17% Kypaiiapl. bya KepceTkinn 6apAbIK KapChLABIKTapAbI JKeHyTe KeTKeH DHeprus MeAlepi
YAKeH eKeHiH Aaaeaseriai. blHraiiapl Ko3raabic yIIIiH OapAbIK MeAMaHbl MalijadaHy KakKeT KoHe
aBTOMOOMABAIH Oacka KepeK->KapakTapsl, Oy opTara eceriieH 2% Kypaiiasl. Hotiokecinge

Kanapmaiiabiy 19%-p1 IIBIHBIMEH MakKcaThiHa cail NHalijadanblaadbl. Kes kearen sHeprus
yHEMJEY TEeXHOAOTVCBIHBIH OacThl MaKcaThl KaAraH 81% ®Heprusi IIBIFBIHBI KOPCETKIIliH
MYMKIiHAITiHIIIe TOMEHAeTY.

Cyperre kepceTiareHJeil - KO3FaATKBIII IIbIFAPaTBIH JKbIAy cCaKTayfa OOJaThbIH KOAiKTiH
Ko3faapichl sHeprusceiHblH 10-30 % Kypaiiapl. Texxey mpoljeci opra ecelreH 9SHepIUSHBIH
30% -. cinipeai. Keaix xosraay mporieciHae eHcepeTiH Keaeprilep, oAap IaiAaAbl SHEPIUsIFa
OarbITTaAybl MYMKiH 9HeprusiHbiH 10% - Ha aeiiiH aaaapl.

DHeprusiHbl YHeMAENTiH TexHoaorusaap, 50-70% sHeprusiHsl 6ipre yHeMAeyre, THMiMAIAIKTI
3-4 ece aprThIpyFa KaOizeTTi. bya o3 keseringe SHeprusHbl YHeMAENTIH TeXHOAOIMSAapAbl
3epTTey KOAiK MHAYCTPUACBLIHBIH AaMBITY OarbITTapbIHBIH €H MaHbI3AbLAapBIHBIH Oipi ekeHairi
AeIl KOPTBIHBIABI JKacayfa MYMKiHAIK Oepeai. YChIHBLAFaH TeXHOAOTMAAAp KasipAiH e3iHae OyKia
aaeMJe a3ipaeHyJe.

PerenepaTusti Texxey xyiieci (CPT) kebiHece ruOpmATi KO3FaATKBIIITaphl Oap >KaHa OybIH
aBTOMOOMABAepiHAe Ke3Aecyi MyMKiH. OHBIH Herisri 0eiri KUHeTKaABIK, SHePIVITHBI DAeKTPAiK
KalTapy o4ici O0ABIII caHalaAbl.

bya smeprus asToM0OOMADBAIH KO3FaABICH KediHAe maiiga 0oaaabl. Texxey kesiHge maiiga
004aTbIH apThIK KMHETUKAABIK DHEPIVs TeXKerilll >KyleciHgeri >KacThIKIIalap MeH TeXKeTill
AVICK YMKeAiCci apKbIAbl JKbIAy SHepTUsACbIHA aybicagbl. OCblgaH ®Heprus IIBIFBIHBI I1aiida
0oaaapl. ABTOKOAIKTiIH Oepidic KopaObIHa KipeTiH DAeKTp KO3FaATKbIIIB, SRT-ae Texxey yiriH
KoaaaHblaaAbl. Ko3raaTKpim OasyaaTy KesiHAe reHepaTOpPABIK peXXUMJe SKYMBICBIH DacTaiigpl,
KO3FaATKBIII Oidirinae Oap Teskey MOMEHTI KoHe DAeKTp DHepIMsCH OaTapesja KMHaKTalaabl.
bya peseps ogan api Kapalt K04iK KO3FaAbICHI YIIIiH ITaligaAaHblAaAbL.

Korapriga aTaaraH DAeKTp DHePIMSCHIH KaAIlbIHa KeATipy aiciHeH OacKa SHepIVAs IIbIFhIHBIH
6oaapIpMayAbIH OipHelre 6acka HycKadapel Oap:

-  MexaHukaabIK

- TuapaBankaabix

- IIneBmaTmkaabK
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bipinmii Hycka >keHe OHBIH HeTi3iHAe KacaafaH KMHeTHKaAbIK S9HePTUAHBI KaAllbIHa KeATipy
xyiieci (Kinetic Energy Recovery Systems, KERS) en Tanbimaa 0oaapl. Keaik KypaabHbIH
DHEePIUCH], KO3FaAbIC IIpOIleciHAe TOKTay Ke3iHJe KaAllblHa KeATipiaeai >koHe OHBI DoaalllakTa
naiijaaaHy MYMKiHAir yiriH maxoBukTiH kemerimen cakraaaabl. SRT men KERS apacbingarsn
alibIpMaIIbLABIK MbIHaJa: COHFBICHI TeXKey MOMEHTiH 00AAbIPMaiiAbl.

MaxoBuk KeaikTiH Oepizic KOpaObIHAA, 01 BaKyyMABIK KaMepada allHaAMaAbl CUIIaTKa Ie
Ko3raabIc kacaliabl. Koncrpykiums epekieaikrepi 600 x>k sHeprus meH KyatTsl 60 KBT-Ka aetiin
caKTayra MyMKiHgik Oepeai, Oya aT KynriHe aybickana 80 a. K. KaaribiHa keATipiareH SHepTusHbI
OJaH api KBIAAaMABIKTBIH KYPT ©Cyi, cepIlidic HeMece KOAiK KypaAabl Ko3fada OacTaraH coTTe
nalgadaHy¥a 0oaaabl.

I'mb6puarikeaikrepaixobaaay KesiHaeri KyaT Ko3iH TaHAayAbIH HeTi3Ti KpuTepuiiaepi.
Kenia keaikTep YIIiH KO3FaATKBIIITHIH MaKCHMMaAAbl KyaTbhl oJeTTe >KOAJa MaKCUMaaAAbl
KBLAAAMABIKTBI KaMTaMachl3 eTy Herisinge TaHAadaAbl. JKorapbl >KblagaMABIKKa >KOFap¥bI
Oepiaicre K04 >KeTKisiaeai. MakcnMaaAbl KyaT IeH >KblA4aMABIKTHI OHAIPYIi KOAiK Ky PaAbIHBIH
TeXHUKAABIK CUIIaTTaMachlHAa MoaaiMAeligi, 04 3 KeseriHge cepTuduKarTay ChIHAFbBl Ke3iHJe
Tekcepiaeai. Ko3FaaTKBIII COHBIMEH KaTap >K0AJ4a Oachlll 03y Ke3iHAe aBTOMOOMAbIe >KaKChI
AVHMaMKaAbIK KacueTTepMeH KaMTaMachl3 eTy KepeK. ABTOMOOUAbAIH AMHaMMKaABIK KacueTTepi
KO3FaATKBIIITHIH MaKCIMaAAbI alfHaAy MOMEHTIHIH ITaMachlHa >KoHe OHBIH CBIPTKBI JKbLAAaMABIK,
cUIlaTTaMachlHa OpHacAacyblHa OallAaHBICTHI.

Koa >xyxremeciniy Kypamgac OeaikTepi KO3FaATKBIIITHIH KyaTblH aHBIKTanAbl. Erepae
KBIAAAMABIK ~ (PYHKIIMACBIHAAFBI aBTOMOOMABAIH KO3FaAbIC KeAepriCiHiH >KaAIlbl KyaTbIH
>KoHe Oipgell KOOpAMHATTapAarbl KO3FAATKBIIITHH KyaThH IpadUKaAblK TypAe calcak, OHJAa
KyaTTapAblH KUBLABICHI MaKCHMaAAbl >KblAAaMABIKTBIH MoHiH aHbIKTaiAbl. Keaik KypaabHbIH
KO3FaAbIC TeHAeyepiHe KipeTiH KOMIIOHeHTTep OONbIHINA ecenTeyaep KyaTThlH eH yAKeH MoHi
KyaTTbIH >KOFaAybIHa acep eTeTiHAiriH kepceTei. ABTOKOAIKTIH OeAriai Oip Maccachl MeH OHBIH
MHepLMs MOMEHTI Ke3iHJeri KyaT yJey IlIaMachbIMeH >KoHe YAeyAiH COHFBI >KblAAaMABIFBIMEH
anbpIKTaaaapl. llamMasan ThIC KyaT >KoHe ColIKeCiHIIIe KO3FaATKbIIITEIH KYMBIC KOAeMi KapallalibiM
aBTOMOOMADbAE XKeTKiAIKTi MHTeHCUBTI YAeTKIIll CHIIaTTaMara >KoHe aBTOMOOMAbAIH MaKCUMaAAbl
KblAJaMABIFbIHA IMe 0oAyFa MYMKiHAIK Oepeai, Oipak Oya Tek MaKCMMaaAAbl >KYKTeme
pexumMaepinde FaHa eMec, COHBIMEH KaTap a3 >KyKTeMeAepAe Ae OTLIH IIBIFBIHBIHBIH aliTapABIKTall
ecyine akeaeai. [mOpuaTi aBTOMOOMABAE KyaThl a3 illIKi >KaHy KO3FaATKBIIIBI KOAJaHbLAaABbL,
OMTKeHi DAeKTp KOHABIPFLICLIHAA DAEKTP KO3FAaATKBIIIBI 4a Oap, aa DAeKTP KOHABIPFLICHIHBIH
>KaAIIBl KyaThl KaparlaliblM aBTOMOOMAbAeH KeM eMec. bipak 91eKTp KyaTbIH I1aiijalaHy apKbLAbI
rMOpuUATI aBTOMOOMABAIH OTBIH IIBIFBIHBI KapallaiblM aBTOMOONABIE KaparaHJa eAdyip as.
DAeKTp KO3FaATKBIIIBIHBIH KyaTbhl >KBIAAAMABIKTBIH ©CYiMeH CBISBLIKTBIK ©Cy/Ae, COHABIKTaH
rMOpUATI aBTOMOONABAIH AVHaAMMKACkl Oacka aBTOMOO1AbAepAeH KeM TYCIIelAl.

I'nbpuati keaikti >xobasay >keHe OipiHII KedeHAe KyaTThl TaHJAay Ke3iHAe aBTOMOOMAD
KaTa/AOITapbIHBIH CTAaTMCTMKACBHIH IalijadaHy bIHFanAbpl. [mOpuari asromoOmasgepain (HV)
DAEKTP KOHABIPFblAApBIHBIH IlapaMeTpAepiH Taajgay KOpCeTKeHAel, DAeKTP KOH/BIPFLICHIHBIH
>KaAIIBI KyaTbl, 94eTTe, aHaJAOITHIK aBTOMOOMAbAe OPHATBLAFaH iIKi JKaHY KO3FaATKBIIILIHBIH
KyaTbIHaH CoA1 a3 Hemece TeH TaHAadaAbl. bya rmOpmATi KeaikTe OTHIH IIBIFBIHBIH a3ailTyAbIH
Oeariai Oip HaTILKeciH Oepeai [1, 2]. Anaaor gereHimis - coa ©HAIPYIiHIH JKoHe COA KAaCTaFbl
A9dcTypai 6eHsnH mMarmHacel. CTaTUCTUKAABIK KO3 PuImeHTTep OoibIHIIa OipiHIIi XXYbIKTayda
5A€KTPp KOHABIPELICLIHBIH I1apaMeTpAepiH TaHAAIMBI3.

KyaT KOHABIPFBICBIHBIH BDHEpreTMKaAblK IapaMeTpAepiH CTaTUCTUKAAbIK KpuTepuiiiep
(kondppurnuentrep) OorbHIIa OipiHII XybIKTayda TaHAayFa 0oaaabl. O YINiH TeXHUKAABIK
aaebueTTepae Oap TMOPUATI aBTOMOOMABAEPAIH 9pTypAi MoJeAbaepiHiH KyaT MapameTpaepi
TypaAbl CTaTUCTUKAABIK aKIlapaTThl MalijadaHyFa 00aaapl [3, 4].

Kos¢punmenr

K1=N2A/Ni KK (1 )
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Oepiaren kecrte 1, rMOpUATI aBTOMOONUABACPAIH DAEKTP KO3FAATKBIIIBI MEH iIlTKi KO3FaATKBIIII
KyaTTapbIHBIH KaThIHACBIH CHUIIATTaligbl. I'mOpmaTi aBTOMOOMABACPAIH 9pTypAai Mogeabaepi
OOVIBIHIIIA DAEKTP KOHABIPFBIAAPBIHBIH ~ DHEpreTUKAABIK IapaMeTpAepiH  CUIIaTTailThIH
CTaTUCTUKAABIK JepeKTepai Taasay YIIH IOpIIeHAI KO3FaATKBIITapAblH >KymbickiHa (Vh)
OaraaHbICTl K1 KO®PPUIIMEHTIHIH >KoHe DAeKTp CTaHIMAJAApPLIHBIH Oacka IapaMeTpaepiHiH
e3repyiH KapacThIpy bIHFaiiabl, eiiTkeHi VH ruOpuari aBToMOOMABAIH 5A€KTP CTaHIVACHIHBIH
KyaTbl MeH OTBIH YHeMJiAirine scep eTei.

Cyperre op Typai rubpuari asromobmangepain Kl kosddurmentiniy cratmcrnkacs
KepceTiareH. Op Typai rmOpuATi aBromobmapdep yuriH k1 kosddunmentiniy moni 0,0045
(BMW 7) xone 0,073 (Mercedes-Bens S400) 0,95 (Toyota Camry) apaasireiHaa esrepeai. K1
K0®PPuUIIMeHTiHiH eH TeMeHTIi MoHi - 15 KBT ®aeKTp KO3raATKBIITaphl Oap >KoHe iIIKi >KaHy
KO3FaATKBIIIBIHBIH Y/AKEeH JKYMBIC Ke/1eMi Oap aBToMOo0MAbAepAiH MoJdeabAepi, aa eq yaKeHi - 105
KBT naexTp Ko3raaTkbimie 6ap Toyota Camry Keairi >KeHe iIlIKi >KaHy KO3FaATKBIIIBIHBIH I1TaFbIH
JKYMBIC KeaeMi - 1,36 4. Aitta kety kepek, K1 xosgduiinenTinig yAKkeH MoHi aBTOMOOMABAIH
TOMEeH OTBIH IIBIFBIHBIHA KOA >KeTKi3yAiH Kermiai Ooasbinn TaObamaiiabel. ConbiMen, 30 kBt
9AeKTp Ko3raaTKpiel Oap Hyundai Sonata xeairinge (x1=0,24) orsa misreeiaer 70 kBT, saexTp
Ko3faATKpIbl Oap Ford Escape-ke KaparaHga OeH3MH aHaAOTbIHAa KATBICTBI aMepuKaHABIK, EPA
cblHaK nukadapsiHaa temeH (k1=0,61). bya Toyota Camry rubpnaine >xoHe Dacka MogeAbjepre
ae xatbIcThl. Erep Hyundai Sonata xeairiHiH >kaHapMaii IIBIFBIHBI Ka4aAblK 1TuKaAAe 45% >kKoHe
apaaac nukage 29% 6oaca, exiHmii xeaikre corikeciHme 36% >xoHe 18%, aa ymiamricinae 36%
>xoHe 24% Doaaapl.

10 >xone 15 kBt saexTp KosraaTkeimtaps 6ap Honda Insight sxene Honda Civic rubpuari
keaikTepinge k1 xoapurmenti ge 0,15 sxane 0,23 Tomen MaHgepre ne. Aaaiija, 0ya ruopuaTi
KeJikTepde aHaJAOITapfa KaTBICTBI OTBIH IIBIFBIHBI aliTapAbIKTall TeMeHAeai. bya HoTiokere
Oeariai Oip Aopekee KOA >KeTKi3iAai, eliTKeHi aBTOMOOMABAEPAIH OCBl MOJAeAbAepiHae iIlIKi
>KaHy KO3FaATKBIIIBIHEIH XyMbIC keaeMmi Honda Civic anaaorsHa kaTsicTer 2,0 a-aeH 1,34 a-re
AeViiH TOMeH/eAl, aA Heri3Ii KO3FaATKBIIITBHIH KyaTsl colikeciHIe 148 kBr-tan 65 >xane 70 kBr-Ka
Jeiiin ToeMeHzeai. KabOplagaHraH mentimM cplHaK LMKAJApbIHAA OTHIH IIBIFBIHBIH €49Yip azaliTyFa
MYMKIiHAIK OepAi.

[ubpuati aBTOMOOMABACPAIH aHaAOITapblHAa KATBICTBI OTBIH TUIMAIAITiH CaABICTHIPMAaABI
Oarasay 1-xecrege keatipiaren. I'mOpuari aBTOMOOMABAEPAIH DAEKTP KOHABIPFBLAAPBIHBIH
TUIMAIAITIH CaABICTBIPY YIIiH aMepuKaHABIK (Pesepaaanl EPA >xene eypomaanik EU cpiHak
LIMKAAapbl OOVIBIHITIA OTHIH IIBIFBIHBIH a3aliTy HalibI30eH kopceTiareH. CoHall-aK, DHepreTUKaAbIK
KOHABIPFBIHBIH K1 KO®(PUIMeHTiHIH MoHAepi >KoHe IMOPUATI aBTOMOOMABAEPAIH OTHIH
THUiMAiairi KepceTkimTepi KeaTipiareH.

DAeKTp  KOHABIPFBICBIHBIH ~ Oacka ®SHepreTMKaAblK IapaMeTpAepiH  CUIIATTaliThIH
kooddunmentrep, mpicaabl, KK meH 9aexTp KO3FaATKBIIIBIHBIH alfHady MOMEHTTepiHiH
apaxaTbIHAChl, DAeKTP KOHABIPFBICBIHBIH JKaAIbl KyaThl JKoHe aBTOMOOUAbAIH TOABIK Maccacsl,
Kataaor[3] maaimeTTepi OOJIBIHIIIA ecelTeAreH, 2-KecTede KeATipiareH. DAeKTp KO3FaATKBIIIEI
MeH iIITeH >KaHy KO3FaATKBIIIBIHBIH aliHady MOMeHTTepiHiH apaKaTbhIHACHIH CUIIaTTaliThIH

K2=MK3/\ / MKJ (2)

koadPunnenrti sagerreri 6ysangapaa (HEV) 0,65-1,46 apaasireiHaa 001a4bL

Makcumaaapr mMoHi k,=2,8 >KaHa TuUITeri 4eKTp KoHAbIpFbickl (PHEV) 55 kBt ®»aextp
KosraaTKpimel 0ap Chevrolet Volt rmbpuari aBromo6mas. bya asToM0oO1MAbL COHBIMEH KaTap
aJeTTeri rubpuATepre Kaparanaa 16 KBT / caF KyaTTsl AMTUI-MIOHABI aKKYMYASTOPFa Vi€ 5KoHEe OHBI
DAEKTp KeAiCiHeH KaliTa 3apsATayFa MyMKiHAIK Oepeai, Oy.a oraH Oip 3apsiaTa 61 KM KaIlIBIKTHIKTEI
JKypyTre MyMKiHAIK Oepeai. Ocbl aBTOMOOMABAEPAIH DAEKTP KOHABIPFBICHI OAaPABIH >KYMBICHIHBIH
epekileirine Oail1aHBICTEI 064K KapacThIpyfa AalbIK. AliTa KeTy KepeK, COHFDLI >KblAAapbl
Koaimri rmbpuarepain (rum) aBTOMOOMADL HapKiHiH KapKbIHABI JaMybIMeH epekiie OydaHAap
(PHEV) Chevrolet Volt, Toyota Prius Plug-in >xene 1.6. maitga 60441, 6ya OydaHaap 94eKTp
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’KeJiciHeH KaliTa 3apsATaJaThIHABIFBIMeH epekinedeHeai (plug-in hybrid vehicle — xocaaksr

rmOpuATi aBToMoOMab). Oaap DAEKTP TapTBIMABIALIFBIH OapblHINIA IlalijadaHaAbl, ald erep

OaTapes TaycblAFaH 00.ca, 0Aap ilIKi )KaHy KO3FaATKBIIIBIHAH TapThlAY¥a ayblcagbl. 3apsaTay

YIIiH Ko9iMTi DAeKTp >KeaAici K0AJaHbl1aAbl HeMece apHalibl 3apsAATarblIITap KOAAaHbLAaAbL.
Yminnni kosdppuiiment

k=N, /NY )

KK KyaTbIHBIH 9A€KTP KOHABIPFBICBIHBIH >KaAIlbl KyaTblHa KaThIHACBIH CUIIaTTallAbl JKoHe
0,73-0,9 apaabirpiHaa 60aaapt. Chevrolet Volt rubpuari keairi en Tomenri manre ne x,=0,57. N
, = NY/m}). xoadduimenTi 94eKTp CTaHIMACHIHBIH JKaAMbl KyaThIHBIH aBTOMOOUAbAIH TOABIK
MaccachlHa KaTbIHACBIH curarranast skoHe 0,044-0,096 apaabirpiHga 0oaaasl. N1-4iH eH yakeH
MoHi - Porsche Cayenne cMAKTHI >KbladaM TUOPUATI KeaikTep. ABTOKOAIKTIH MaKCHMaA/bl
JKBIAAAMABIFBI 242 KM/caF >KoHe >KOFaphl AMHAMUKAABIK calladapsl Oap, 6ip xepaen 100 km-re
AeViH yAeTKillI 6,5 ¢ Kypanapl.

3. Hotmxeaep meH Taagayaap

Kecre 1. K| KO®(pPUITMEHTIHIH ChIHAaK OUKAAApBIHAAFEI aHaAOITapFa KaTBICTBI THOPUATI
aBTOMOONABbAEPAiH OTBIH IIBIFBIHBIH a3aliTyFa acepi

k1=No241/NixKK, CpiHak DMKABIHAQFE | AHA/AOTIIEH CaABICTBIPFaHAQ
No | ABTOK®OiK KB1/xBT OTBIH IIBIFBIHGL, 4/100 | OTBHIH MIBIFBIHBIHBIH, a3a0kbl,
KM %
1 |Toyota Corolla 0,82 EU 56/31/43
(rubpna) 3,8/3,8/3,8
2 |Toyota Corolla - EU -
(GensuH 8,7/5,5/6,7
3 | Toyota Camry 0,95 EPA 36/ - /24
(rndpna) 6,9/7,1/6,9
4  |Toyota Camry - EPA -
(OensumH) 10,7/7,3/9,1
5 Hyundai 0,24 EPA 45/ - /29
Sonata 6,4/6,0/6,2
(rubpua, )
6 |Hyundai Sonata Fe - EPA -
(OensuH) 11,7/6,9/8,7
7 | Ford Escape 0,61 EPA 36/18
(rnbpmna) 7,6/6,9
8 |Ford Escape - EPA -
(Oensun) 11,8/8,4
9 Lexus RX (rubpua) 0,67 EPA 49/ - /26
7,3/8,4/7,8
10 | Lexus RX 350 - EPA -
(GenzuH) 14,3/8,4/10,6
11 |[Mercedes-Bens 0,073 EU 0/ -/41
5400(rnbpua) 10,8/6,4/4,8
12 |Mercedes-Bens S350 - EU -
(GensuH) 10,8/6,5/8,1
13 |Cadillac Escalade 0,24 EU11,6/10,7/11,1 41 /5/24
(rubpmna) EPA 11,8/10,2 54/22
14 |Cadillac Escalade - EU 20,1/11,3/14,5 -
(6ensuH) EPA 18,1/13,1
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15 |Porsche Cayenne 0,139 EU 45/6/27
(rnbpmna) 8,7/7,9/8,2
16 |Porsche Cayenne - EU -
(GensuH) 15,9/8,4/11,2
17 |BMW 7 (rubpua) 0,045 EU 26/15/21
12,6/7,6/9,4
18 |BMW 7 - EU -
(Oen3mH) 17,1/8,9/11,9

Honda insight rubpuainin >xone onerH Honda Inspire GeH3uH aHa/AOTBIHBIH ©HIMAiAiriH
Taajay KepceTKeHJeil, illITeH >KaHy KO3FaATKBIIILIHBIH KyaT pe3epByapbIHBIH JKYMBIC KOAeMiH
YTBIMABI TaHAQY JKoHe 9pTYpAi peskuMaepae DAeKTp KO3FaATKBIIIBIH OHTAllABI TalijadaHy apasaac
eypOoIIaAbIK IIMKAAe OTHIH IIBIFRIHBIH 36% - Fa TOMeHAeTyre MyMKiHAiK Oepeai [3, 4]. JKanapmait
yHeMJeyaiH eaayip OeairiHe iImiki >KaHy KO3FaATKBIIBIHBIH AUTpiH 3,47 autpaen 1,34 anutpre
AeliiH a3ailTy >KoHe aBTOMOOMAbAIH OOC caaMarblH a3aliTy apKblAbl KOA KeTKisiaai. bya perre
9AEKTP KOHABIPFBICBIHBIH >KaAIbl KyaTsl 10 KBT 94eKTp KO3FaATKBIIIBIHBIH KyaThl Ke3iHge 72 KBt
KypaAbl. AHa/A0TKa KaTBICTHI KyaT eKi ece/eH acTaM ToMeHAeAl, TMOpUATI KOAiKTiH MaKCUMaAAbl
KbLAAaMABIFBI 186 KM/ca¥F, aa yaey yakprter 100 km/car - 12,6 c.

Cyper 5. Op Typai rubpuATi aBTOMOOMAbAEPAET] illITEH JKaHy KO3FaATKBIIIBIHBIH JKYMBIC Ko1eMiHe
GariaanbicTsl K1 Koo PuiimeHTiHiy MoHi

DAeKTp KO3FaATKBIITBIHBIH KyaThl 5XblAAaMABIKTBIH KOFapblaaybIMeH CBI3LIKTHI TYPAe ecedi,
COHABIKTaH ITMOPUATI aBTOMOOMABAIH AMHAMIUKACH 49CTYPAi aBTOMOOUAbAEPAEH KeM TyCIIenai.
Kymepic xeaemi 1,6 - 1,8 a4 Goaatein 6ip kaacter Oensuuai DKK 6ap Toyota ¢gpupmacsiabg
aBTOMOOMABAEpi coa pupMaHblH 3,5 AUTpre KaparaHja ChIHaK IMKAJAePiHAe OThIH IIBIFBIHBI 18%
- Fa as.

K, xosdpdunnmenti 1 kecrege KeaTipiareHn NM/NW, TMOpPUATI aBTOMOOMABAIH DAEKTP
KO3FaATKBIIIIBI MeH iIIKi KO3FaATKBIII KyaTTapbIHBIH KaTbIHACBIH cHuIaTTanAel. Imbpmari
apromoOmapAep yinin K, koapduiuenrinig mani 0,073-ten 0,95-kxe eitin esrepeai. Imxi xany
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KO3FaATKBIIIIBI MEH 94eKTPp KO3FaATKBIIIBIHAH TapTyAbIH Heri3ri Ke3AepiHiH KyaTTbLABIFbIHBIH
OHTalAbl apaKaTbIHACBI, COHAAI - aK DHePINs CBHIIBIMABLABIFBI MEH SHEPTIUSHBI CaKTay KyaTbl
rnopuATi aBTOMOOMABAIH KaHAall KO3FaAbIC peXKMMAepiHAe KYMBIC icTelTiHiHe OailAaHbICTHI.

K, k0o PuUImenTi 9AeKTp KO3FaATKBIIIB MeH iIlTeH KaHy KO3FaATKBIIIHI MOMEHTTepiHiH
apakaTblHaChIH cunaTranaml, k,=Midsc/Miar xone 0,69-3,1 meringe. K, xosdpunmenti imki
>KaHY KO3FaATKBIIILIHBIH KyaThl MeH 9AeKTP CTaHLVIACHIHBIH JKaAIbl KyaTbIHBIH apaKaTbhIHACBIH
cumatraiigsl k3=Ndvs/N). N1 xo»ddumuenti 1eKTp KOHABIPFBICBIHBIH >KaAIlbl KyaThIHBIH
aBTOMOOMABAIH >KaATIbl CaAMarblHa KaThIHACKIH cunarranapt N,=N xe/my (kBm/xz) xxone 0,039-
0,125 apaasirpiHza 004aAbl. DAEKTP KOHABIPFBLAAPBIHBIH DHEPIeTuKaAblK IlapaMeTpaepiH
CUIIATTaUTBIH KO®(QPUIUEHTTep, MBbICAAbl, iIITeH >KaHy KO3FAATKBIIIBI MeH 9AEeKTP
KO3FaATKBIIIBIHBIH, MOMEHTTEPiHiH apaKaTbhlHachl, iIIITeH >KaHy KO3FaATKBIIIBl MeH 9AeKTpP
KO3FaATKBIIIBIHBIH KyaTbl, aBTOMOOMABAIH TOABIK MaccachblHa KATBICTBI DAEKTP CTAHUVIACHIHBIH
>KaAIlbl KyaThl KecTe/e KeATipiareH.

KopoiTbiHABI

Tubpudmi asmoxerikmepdir, ApmMuIKULLIALIKMAPLL MeH KeMuLiAikmepi. DHepIUAHBIH €Ki TypiH
OipikTipeTiH aBTOMOOMABJAEP Typaabl alTaThIH DOACaK, COHFBI d3ipaemesep MeH >KoDaaap
OappIChIHAa MHXKeHepiK oillap KailTa 3apsaTalaThlH IMOp1/ KylieAepiHiH TUiMAiAiri alikbIH
kopineai. Oaap ke3 KeareH Oacka IMOpPMATI KOAiKTepMeH CaAbICTHIpa KeAreHAe TUiMAipeK
Ooarpinn TabOblaaabl. Kaiita sapsarasarein rubpuarepain Oepisic KopaObl eki KO3FaATKBIIIIIEH
Ae, DAeKTPAIK >KoHe iIlIKi )KaHy KO3FaTKBIIILIMEeH KaTap, (Ilapalaeab ruOpuaTep) KoHe DAeKTp
KO3FaATKBIIIIBIMEeH KO3FaAbICKa KeATipiAeTiH iIIKi >KaHy KO3FaATKBIIIIBI Oap (CepUsAABIK TMOpuATep)
apKbIABI 4a JKYMBIC JKacall adaapl. Pexxumaep apachbiHAa aybICyAbl AeKTPOHABI OacKapy 0A0THI
Ky3ere acblpaabl, Oy OTBIH IIBIFBIHBIH a3aliTyAbl KaMTaMackl3 eTeai, HoTVKeCiHAe, AacTayIIlbl
3aTTap IIbIFapLIHABLAAPLIHBIH ACHTeiH TOMeHAeTY MaKCaThl JKy3ere achlpblaajbl.

Kaitra sapsaraaatsin ruOpuaTep agerTe illIKi >KaHy KO3FaATKBIIIBIHBIH JKbIAY DHEPIMSCHIH
JKoHe AUTUI-MIOHABI CHIIBIMABIABIFEI JKOFaphl aKKyMyAsATOPMEH KaMTaMachl3 eTiATeH 9AeKTp
DHepPrusChH OipikTipeai. bya keaikke OaTapesHbIH KoaeMiHe >XoHe OHBIH CHIIaTTaMalapbIHa
0allAaHBICTBI DAEKTPOMOOUAb peXXMMiHAe KO3Fadyra MYMKiHAIK Oepeai. Kaiita sapsaaraaaTein
rubpuATepaiy 0OackasapgaH 0acThl alibIPMAIIbIABIFBI IMOPUATI KOHABIPFBLAAP OaTapesHbl
3apaATayAbl KapamaibIM 91eKTPOMOOMAbAETiAell DAEKTp >KediciHe KOCy apKbIAbl >Kys3ere
acpipyra 0oaaapl. TaapiMgap MeH MHXKeHepAep AU3aHHBIH KypAeAidiri MeH yJAey yaKbIThIH
a3aiTy, 9AeKTPOMOOMAb PeXMUMiHAeri KO3FaAbIC yaKbITBIH apTTBIPY YIOiH >KYMBIC icTeiiai.
Kone Oya >XyMBIC ©3€KTi, ©IiTKeHi aBTOMOOMAbAep Kobipek ¢pupmasap KaliTa 3apsAgTalaThiH
rubpuarepai Kypacteipaanl. Meicaasr, Mitsubishi 2020 >xprara xapail 94eKTp SHepIVICHIHA
apHa/AraH aBTOMOOMAD IIapKiHe TOABIFbIMeH OeT Oypaabl.

CoHbIMeH KkaTap, TMOpPMATI aBTOMOOMAbAEPAIH TeKey Ke3iHAeri DAeKTP BSHepPTIUCH,
>KaHapMall KYIO CTaHI[MsAapbl apachlHAA JKYPic KaIIbIKTBIFBIH YAFaMTyFa KoHe DHePIVAHBIH eKi
TYPiH IaligasaHyfa MYMKiHAIr 6ap, COHABIKTaH O4ap yHeMAi >KoHe 9KOAOIMAABIK Ta3a 0O0ABII
KeaeAal.

[ubpuarepain keMiigikrepiHe o4apAbIH TeXHMKAABIK KYPBLABIMBIHBIH KypAeAidiri >koHe
coliKeciHIIle >KOfaphl Oara >kaTaabl. Meicaasl, Mitsubishi Outlander aBrokeairiniH ruopumAaTi
HYCKACBIHBIH KYHBI O€H31H MOJeAiHiH KYHBIHaH eKi ece >Korapbl. CogaH KelliH mailjalaHblAFaH
OarapesiaapAbl KaliTa ©HJAEY KaXkKeTTidiriH aTam eTy Kepek, OJdapAblH KbI3MeT Mep3iMiHH
conbIHAa mamameH 30% 3aps4 KaaaAbl, OyA KeAiKTi KyaTTaHABIpYFa JKeTKidikcis. FaapiMaap Oya
OarapesiaapAbl OaaaMaabl KO3A€PAEH aAbIHATBIH DAEKTP DHePIMUACHIH caKTay YIIIiH HalijalaHyAbl
yceiHaan! . CoHbIMeH KaTap, OaTtapesdapda KailTa ©HAeyAl KaXKeT eTeTiH KbIMOaT CupeK MeTaaAA -
antuii 6ap. OraH Koca, OaTapesiHBIH ©HIMAiAiri KoplllaraH OpTaHBIH TeMIlepaTypachl MeH
BLAFAAABIABIFbIHA DaliaaHbICThL. Tarbl Oip aiiTa KeTeTiH Maceae, TMOpUATep >KOFaphl KepHeyAiH
0oaybIHa OallAaHBICTHI JKOA-KOAIK OKMFalaphl Ke3iHAe Kasy XKy priHiriaep ymrin kayinri. Kasipri
yakbiTTa TMJ eazepi >KoagapbiHAa KeIlTereH ImOpMATI MoJeaAbaep maiiga 0oaabl. Aaaiiga,
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9AEKTp MalllHaJdaphl YIIH aaMblFfaH MHQPaKypbIABIMHBIH OOAMaybl KaliTa 3apsiaTalaThiH
rmopuATepAiH AaMyblHa KedeprTi KeaTipeai. Aaaiiga, >KakblH apaja Ka30a OTBIHAAPBIHBIH KOPBI
a3aliblIl, IMOPUATI KOAIKTep KeH TapaAybl MYMKiH.

Ocplaariiia, aBTOMOOMABAIH OTBIH IIBIFBIHBIH a3aliTy4arbl IIENIyIl peai DAeKTp
KO3FaATKBIIIBIHBIH TaHJAaAfaH KyaThl FaHa eMeC, OHbBIH 0acka cumarramadapbl - DAEKTP
KO3FaATKBIIIBIHBIH >KYMBIC aATOPUTMI, aBTOMOOMABAIH 9PTYpPAi KO3FaAbIC peXuUMAepiHge
DAEKTP KO3FAaATKBIIIBIH KOCY PEeXUMIiH aHBIKTalThIH TasKIladap, COHAAN-aK KO3FaATKBIIITHIH
KYPBLABIMABIK, €peKIeaikrepi. [ITeH >XaHy KO3raATKBIIIBIHEIH KOII ITapaMeTpAi cunaTraMalapsl
OHTalABl aliMaKTa >KYMBIC icTeyre MyMKiHAiK Oepeai. bipak coHpiMen Oipre, yHemAidik
TYPFBICBIHAH OHTANABl aATOPUTMAi iCKe achIpy VINiH 9AeKTP KO3FaATKBIIIBIHBIH Oeariai Oip
KyaThl Ka>KeT eKeHiH aTall OTKeH JKOH, 01 KaAaAblK KoHe MarucTpaabAblK VKA JXyKTeMeAepiHig
KeH ayKbIMBIHAA DAEKTP TapTKBIIIIIeH JKYMBIC icTey Al KaMmTaMachi3 eTedi. JKorapriga keaTipiareHn
CTaTUCTUKAABIK MdAiMeTTepre cylieHe OTHIPBIII, TMOPUATI KOAiKTi >)KoDaaayAbIH OipiHIIT Ke3eHiHae
OHBIH KyaT 0AOKTapBIHBEIH KyaT KaTbIHAChIH TaHay¥a 00aaabl.
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MccaeaoBanms TeXHOAOIIN TMOPMAHBIX aBTOMOONMAE M yCAOBMSI BBIOOpa
92eKTPOYCTaHOBKM

Annoranms. 1I3BecTHO, YTO B COOTBETCTBMM C OBICTPBIM pa3BUTHMEM IPOU3BOACTBEHHO-
IpoMBIILieHHOM oTpacan B XX-XXI Bekax pe3ko BO3p0cCA0 UCIO0Ab30BaHVe HepTerazoBbIX IIPOAYKTOB.
JaHHBIT (PaKTOp, B CBOIO OuepeAb, IpuUBeA K BOZHMKHOBEHMIO TaKMX IIpo0O.eM, KaK 3arps3HeHye
OKpY>KaloIllell Cpeabl, M3MeHeHMe MIPOBLIX TeMIlepaTyp, Aepuunut He]TIHBIX pecypcos. Ilo
yKa3aHHLIM HpUYMHAM aBTOMOOW/AbHBIE KOMIIAaHMM Hadaay IPOBOAMTL MCCAEJOBAHMS C I1eABIO
BHeApeHNsl TMOPUAHBIX TeXHOAOTHII B IIOBCeAHEBHYIO >KM3Hb. B craThe paccMaTpuBaeTcsl MCTOpMS
BO3HMKHOBEHIs TMOPUAHBIX T€XHOAOTNI, IIPUHIIAIIBI M OCHOBBI MX (PYHKIIMOHMPOBAHI, a TakKe
0030p MCIIOAB3YEeMBIX TEXHOAOIMII Ha coppeMeHHOM »Tarte. CTaThsl OCHOBaHa Ha MCCAeJO0BaHUAX,
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Tubpudmi asmorerikmep mexHoOAOZUAAAPbIH Sepmimey Kare IAKHP KOHObIP2bICOIH manday wapmmapol

KaCaloIIMXCsl TeXHOAOTUI M3TOTOBAEHNS CYIIeCTBYIOIINX KOMMEPYEeCKIX aBTOMODONAeI, TaKuX, KakK
Toyota Prius, Astrolab, a Taxxkxe Tomamsa M CBHIPbS, MCIIOAB3YeMBIX B I'MOPUAHBIX aBTOMOOMAsX. B
CTaThe MPUBOASATCA IAIOCH M MUHYCHI PACCMOTPEHHBIX TeXHOAOTHI, BLIBOABI O TOM, UTO TMOpUAHEIE
aBTOMOONAM B OyAyIlleM CTaHyT aAbTePHATUBOM OEH3MHOBBIM U AM3€ALHBEIM aBTOMOOUASIM.

Karouesble ca0oBa: asToMOOMADL, TMOPUAHBIE aBTOMOOMAN U DAEKTPOMODONUAM, aKKyMyASITOD,
OKpY>KaloIllas CpeAa, MCTOUHUKN TN TaHMSI.

Y. Nazarbayev, Zh. Alipbayev, A. Karazhanov, U. Kokayev
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Research of hybrid car technologies and conditions for choosing an electrical installation

Abstract. It is known that in accordance with the rapid development of the industrial industry
in the XX-XXI centuries, the use of oil and gas products has increased dramatically. This factor, in
turn, has led to problems such as environmental pollution, changes in global temperatures, and a
shortage of oil resources. For these reasons, car companies have begun to conduct research in order
to introduce hybrid technologies into everyday life. The article examines the history of the emergence
of hybrid technologies, as well as the principles and fundamentals of their functioning, as well as an
overview of the technologies used at the present stage. The article is based on research concerning the
manufacturing technologies of existing commercial vehicles, such as Toyota Prius, Astrolab, as well as
fuel and raw materials used in hybrid cars. The article presents the pros and cons of the technologies
considered, conclusions that hybrid cars will become an alternative to gasoline and diesel cars in the
future.

Keywords: car, hybrid cars and electric vehicles, battery, environment, power sources.
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ApxureKkTypa agMMHNUCTPAaTUBHBIX 34aHNI B TOPOACKOI cpeje

AnBoramus: B cmamuve paccmampuearomes cnocoovt opmuposans i pacnoroxeHus
30aHULL AOMUHUCTIPAMUEHO20 YNPASAEHUS 6 CO8pemerHotl 2opodckoii cpede. Ommeuaemcsl
6AXKHOCTIL 00bemMa 20p00CK0ll AOMUHUCTIPAYUY 6 CHIPYKIYPe COBPEMEHH020 KPYNHO20
20p00a, 6 co30AHUY AMMPAKMUGHOT cpedbl U COXPAHEHUU KYALIMYPHLIX UeHHOCHel
MemodoM CUHIME3A HOSCULAUX NPUEMOE APXUMEKMYPLl U 2padocmpouImeAvcmsea u
6LIPAOOMANHBIX 6peMeHeM COUUAADHDIX NPUSASAHHOCHIEIL 8 20p00CKOM NPOCTHPACIGe,
yCAOBUIT A4S MaAOMOOMABHOI IPYIIIILI HaCeA€HUA.

Karouesbie caoBa: 30am1s AOMUHUCTIPANIEHO020 Ynpasaenus, zopodckas cpeda, Tapas,
CoyuarbHoe yuacmue, 00ujectmeeras XK ustib 20p00a, MpaHcHopmarus 20poockoii cpedbvl,
20podckas naouadv, Azopa, ypoarusatus.
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1. BBeaenue

B cBs131 ¢ OpICTpBIM TeMIIOM ypOaHU3aI UM B ropogax HapsAy ¢ POCTOM JKMANINA Ha yAUIIax
rOpOJOB yBeANUMBAIOTCA aAMUHUCTPATUBHEIE 34aHMs Pa3AMYHOro HazHadeHns. CoBpeMeHHbI
ropog npejcrapAsieT cOOOM CUHTe3 pa3HOOOPa3HBIX CTPYKTYP, TECHO CBA3aHHBIX APYT C APYTOM
(>xmaas cucreMa, oOIIeCTBeHHas CUCTeMa, TPaHCIIOPTHAas CucTeMa U Ap.).

Kpome Toro, agmMunucrpatusHele 34aHns M OPUCHBIE ITOMelleHus TpeOyIOT IOCTOSHHOM
MOAepHU3aluy. DTO CBA3aHO C TAKMMU OCOOCHHOCTAMH, KaK CMeHa BAaAeAblleB U apeHJaTOpOoB
34aHUIi, M3MeHeHre 00beMOB ¥ TpopUAs AesATeAbHOCTH, Pa3MeIalOIMXCsl B HUX OpraHM3al i,
U3MEHEeHNs YMCAeHHOCTU IIepCcOHada M ero CTPYKTYypBl, C AMHAMUKONM Ppa3BUTUS HOBBIX
yIIpaBAeHYeCKIX TeXHOAOTHIA, @ TAK>Ke C CO3AaH1eM COBPeMEHHBIX apXUTEKTYPHBIX KOHCTPYKIIMAI
1 MaTepuaaoB. BMecTe ¢ Tem, B HacTosIIIee BpeMs HeAOCTaTOYHO MCCAe40BaHbl 1 pa3paboTaHbI
MeTOABI BLIOOpa apXUTEKTYPHBIX pellleHNii, HallpaBAeHHble Ha AOCTVKeHMe BHICOKOTO YPOBHs
9 PeKTUBHOCTY aiMMHNICTPATUBHBIX 3JaHUI I UX PerrMoHaabHO cierudukm [1].

Ileap cratem. VI3ydeHme 5BOAIOLMM apPXUTEKTYPhl KAACCMYECKMX U COBPEMEHHBIX
aAMVHNICTPaTUBHBIX 3AaHNIA.

2. MeToabl

BricTpriii poct ypOanmsanum npuBogUT K OOABIIIOMY CIPOCY pabodmx MecT B TopoJax,
4TO CIIOCOOCTBYeT pOCTY pa3AMYHBIX aiMMHUCTPATUBHBIX 34aHMI Ha yAMUIlaX TOpoAos. I'opog
1I0A00eH TOCy4apCTBy, 4TO HAXOAMUT OTpakeHMe B CyIIecTBYIOIIell cucTeMe yIpaBAeHUs
I ee pacrIpejeldeHMM IO YPOBHAM (pecryDAMKaHCKMe, 00JacTHbIe, TOPOACKUE, pailOHHbIe,
MOHOTOpOga). I'opoa uMeeT CAOXHYIO CTPYKTypy yHpaBAeHUs C COCTaBASIOIIMMM €ro
MexaHu3MaMl, MUMeIOIIMMM PpasHble (PYHKIMOHAaAbHbIE OOA3aHHOCTM U TepPPUTOPUIN.
[IpaBnapHO OpraHM3oBaHHas 1 PYHKIMOHUPYIOITas CIICTeMa yIIpaBAeHIs TOPOAOM, CITOCOOHast
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BbBICTpamBaTh Hp}IMOfI ANal0r MeXay T1opoaoM UM €ro >KUTeaAsMu, AO0A>KHa COAEMCTBOBATh
BBISIBACHNIO CMABHBIX CTOPOH 0OABIIHCTBA KOHITEIIIUN O I'padoCTpOUTEADBHDBIX KOHIEIILNNIX 11
MaKCMMalabHO BHMMAaTEAbHO BOIIAOIIATD X B JKIM3Hb.

Tab6amumna 1. Kaaccudukanms aAMUHUCTPAaTUBHBIX 34aHNI yIIpaBAeHNs 1 QyHKIun [1]

ITo HasHayeHnIo ITo OynKuMm ITo nasHayeHnIo
aAMUHUCTPATNBHOMY YPOBHIO
3aKoHOAaTeAbHBIE Pecrrybankan Munucrepcrsa Koopaunanust
ITpaBooxpanuTeapHbIE cKue T'ocyaapcTBenHbIe KOMUTETEI YnupasaeHne
CormaabHble ObaacTtHbie A AMVHUCTpaTUBHO- ITocoawscTBO
Paitonnsie XO3AJICTBEHHbIE Koncyabctso
l'opoackue YIpeKAeHUs ITpeacrasu
MecrHzrle IOpuanyeckne yupex geHns TeABCTBO
JenapraMeHTbI

Bmecre ¢ mpo6aemMoil 0OOIIeCTBEHHOIO y4JacTUs IOABAseTCA B3alIMOCBs3aHHas HeyBs3Ka
nHpopMaTH3anuy DTOTO IMpPOIlecca, YTO BHI3BIBAET HEOOXOAVMMOCTh CO3JaHMS A4Sl DTOTO
COOTBETCTBYIOIIEro OpraHa ylpaBAeHNs U IIpOoCTpaHCcTBa. beiBaeT, 4To 0g4HU 1 Te Ke PyHKIIUK
BBITTOAHAIOT HECKOABKO OpraHM3anuit, Ayoaupys gpyra. Pemmenne 5Toit mpo0.1eMBbl CTOUT I1epes
apXUTeKTOpaMIl B COBpeMeHHOM oOmecTBe. Takumm BompocamMyu JOAXKHBI OAHOBPeMEeHHO
3aHMMATbCS KaK apXUTeKTOPBI, Tak I CUCTeMBI yIlpaBAeHns. MHOIVe 3HaMeHNUTble apXUTEeKTOPBI
co3jaay OOBeMbl, BKAIOYaloliue B ceOsd KaK TeHAEHIIUMM MHOTOQYHKIIMOHaAbHOCTU
IIPOCTPAHCTBA, TaK U TeHAEHINN IIpeJeAbHOTO OOIIeCTBEHHOIO KOHTaKTa MeXKAy rOpO>KaHaMI,
Tak HaspiBaeMble parymu. CoppeMeHHasl paTyllla sBAseTCA IIPeAMeTOM DBOAIOLUU MOPUU U
AeA0BOTO LIeHTpPa 3a CYeT HaChIIIeHMsI 30HaMI OTAbIXa AAs CO34aHNs MaKCUMaAbHO KPacuBOIl
CpeAbl, CIIOCOOCTBYIOIIEN yAOOHOMY HPOXMBAaHUIO U pa3leAeHUI0 TPyAOBOTO U A0CYTOBOIO
IIpolleccoB AAsl OoJee YCIIEIIHOIO pe3yaAbTara. B pesyabTaTe MHTEHCUMBHOCTM IIPOLIECCOB,
MIPOMCXOASAIINX B 34aHUM, CAy4alOTCs MHOTOYMCAEHHBIE IlepecedeHNs ITOTOKOB COIIMaAbHBIX
IpyIIl B MecTax COBMecTHOro mHTepeca. Coopy>KeHMs1 TOPOACKOM aAMMUHHICTpaLMM Bcera
ObLAM OAHMMU U3 CaMBIX 3HAUMTEABHBIX B rOpoJe, 4TO OOyCAOBAEHO MX HalpaBAeHNEM B
KauecTse «IITaba» ropoAa, LieHTpa IPUHATHUA TOCYyapCTBeHHDIX pellleHNl], T0A0COBaHNs, MecTa
IpOBeAeHNsI BCeBO3MOKHBIX ODIIeCTBeHHBIX M KyAbTYPHBIX Meponpusatuii. OobeMm 3JaHns B
TOPOACKOI1 cpede CyIIecTBOBal PsAAOM C ero 11eAO0CTHOM I1A0IaAblo (IAaBHOM, LIeHTpaAbHOI
I110111aAbI0), KOTOpas TakKe paboTada MPOCTPaHCTBOM A4Sl PYHKIIMOHMPOBAHNS BCeX T AaBHBIX
IIPOLIeCCOB TOPOACKOIO YIIpaBAeHMsI 1 CKOILAeHMs HanOOAbIIero Koamdecrsa Aiodent. Takum
00pa3oM, B KPYITHOM IrOpoJe agAMUHUCTpaIus (TopojcKas NAM palloHHasd) IIpeacTaBAseT coOoii
KOMIILJ€KC CTPYKTYp, 0Opas3yoINX AP0 COLMAaAbHO-aAMHICTPATUBHON XU3HY TopoJa [2].

Apesnsaa Adunckass Aropa urpada 0OABIIYIO POAb B OOIIECTBEHHONM KU3HU >KUTeAel
Adun. D10 MecTo OBIAO Ba’KHOI 4YaCTHIO IOBCEAHEBHON >KM3HU apUHSAH, a TakXkKe MecTOM
pacoAoXXeHus pa3ANMYHBIX 34aHUI aAMUHNICTPpaIUM, IPaBOCyAus, TOCY4apCTBEHHOTO apXIBa,
IOCTULINY, KOMMepPUYecK!X CTPYKTyp U OmusHeca. B ceBepo-zamaaHoil 4acTym maomaayu Obla
BO3BeJeH AaTapb ABeHaAllaTy 0oros (522 TI. 40 H.D.), OT HEro OTCYMUTHIBAAM BCe AOPOKHEIE
paccrosiHus. B 3amaaHol wacti Aropnl IOCTeIIeHHO BO3HMKAaJa LieHTpaAM3OBaHHAas clucTeMa
Adun. BaxHple agMMHUCTpaTUBHBIE 3aaHUsA U cBATMAMIa Adun: Kpyraeiii Toaoc (470
I. 40 H.9.) — pe3nAeHINs a(pUMHCKOTO IIpaBUTEABbCTBa, byaesrepuit (KoHerm V B. 40 H.3.) C
amdureaTpoM, IpejHasHauyeHHBII AAs IPOBeAeHUs pa3AM4YHBIX coOpaHuit byae — oprana
BAacTy, paspabaThIBalOIIero 3aKOHOJaTeAbHbIE JOKYMEHTHI Ilepej MX BbIHECEHUEM Ha
paccmoTtpenne Hapoanoro coopannms. Taxke Ha Arope HaxoamAacsa MeTpooH (2 BeK 40 H.9.)
— 34aHNe M3 4YeThIpeX IOMeIleHNniI ¢ KOAOHHaAoil Ha (pacaje AAs pa3MeIleHNs CBATUANIIA
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Marepu Ooros n ropoackoro apxmsa. Kak sugno B Jpesnux Adunax ajiMUHUCTPaTUBHbIE
34aHIs, pacliOA0KeHHBIe Ha IIeHTPaAbHOM I1A011aAu ATOpe, UMeAN TeCHYIO CBA3b C Ky AbTOBBIMU
U PEAUTMO3HBIMU 3JaHUAMU U PacIioAaralnuch o coceAcTBy ¢ Humu [3].

Pucynox 1. AamunucrpatusHoe 3aanne Jpesneit I'perjuu - Toaoc [3]

OaHOII 13 cCTapMHHBIX paTylll, COXpaHMUBIIasACA A0 HaIIMX AHell, ABAseTcsa bydakas. 3aanmue
BBICOTOIT 37 METPOB B cTUAe DapOKKO SIBASIeTCS IIeHTPaAbHON AOMIHAHTO U CIMBO/0OM TOpoJa.
ITepsonayaabHO patyiiia Oblaa yBeH4aHa 18-MeTpOBBIM IIITNIAEM U yKpalleHa 17 cKyAbITypaMm
1 OapeabepHBIMM y30paMmu Beidarorerocs BasTeas V. Innseas. K coskaaennio, 60AbIITyIO 4acTh
CKYABOTYP YHUYTOXMUA moxap 1865 roga. baarogapst yroHueHHOMY CUHTe3y apXUTEKTYPbI
U CKyAbBITYpbl, Dbydankas paTyllla cumMTaeTcsl BBIAAQIOIIMMCS IIpOM3BeJeHleM MUPOBOI
apXUTEKTYypPBl DIOXM I1034Hero Oapokko B ropoge bydaue na Tepnonoasmmne. Paryma B
bydade — TBOpeHme AByX TalaHTAMBBIX MacTepos: beprmapaa MepeTuna, pykoBOAUBIIIEIO
crpouteapHpiMu pabotamu, n VMoranaa I'eopra IlmH3eas, KOTOpPBEII 3aHMMAACS BHEIIHEN
OTAeAKOI 34aHNs1. Bpillle BTOporo sTa’ka paTylila uMeeT OTKPBITYIO OO30pHYIO I1101aAKy. 3AaHue
BIAHO 13JazeKa U HallOMMHAeT MHOTAA LEePKOBb C KOAOKOAbHell. CBOOOAHOE IIPOCTPaHCTBO
BOKPYT paTyIliu I103B0As€eT IIPOBOAUTD KPYIIHble TOPOACKIe MepopuATus [4].
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Pucynox 2. Patyma B byuaue [4]

VM3menennst KacaloTcsl M TOPOACKON MAOIaAN, KOTOpast y3KO CBsI3aHa C aAMUHUCTPAaTUBHBIM
34aHueM, B YaCTHOCTHU, BBeJeHMEe JOIOAHUTEABHBIX QYHKIUII MAM TpaHcpopmaius B
abCOAIOTHO cCBeXKee HpOoCTpaHCTBO. TakuM 00pasoM, MOXKHO OTMETUTDL ITOAOXKUTEAbHYIO
TeHAEHIIMIO B IOAJep>KaHUMU CIIpoca Ha I140Iadb C CO3JaHueM AOIOAHUTEABHBIX T'OPOACKIX
00beMOB, a TakXke MHOIJa ycuAeHueM OAaroycTpolicTBa M CO3JaHMeM CKBepPOB, TOPIOBO-
BBICTAaBOYHBIX I141011ajell OTKphIToro tuna. OTpuiiareabHol TeHAeHIMel, Bedyleil K morepe
oOBemMa TopOACKOTO IIPOCTPAHCTBA M CY>KeHMIO IIPOCTPAHCTBA, sABASETCA IOoNIpaBKa (PYHKIIUN
IIPOCTPaHCTBa, BKAIOUEHIE eTo B TeXHMYeCKIe 30HbI LAY IIpMMeHeHle B KadyecTse I1A0aAK A4
HOBOTO CTpOUTEALCTBA, HE CBAI3aHHOIO C aAMIUHNUCTPATNBHBIM IIpaBAe€HUEM. ‘Zl,aHHafl CUTyan st
HabA104aeTcsl BO MHOTMX TOpoax.

B ropoae Tapase, obaactHoM wnentpe JKamOblackoll 00aacTu A4s paOOTHI pa3ANYHBIX
aAMUHUCTPAaTUBHBIX OpTaHM3alMil BLIOMPAAUCh 3JaHNs, UMeIOIINe UCTOPUIECKYIO IIeHHOCTD I
HaxoAsIIMecs 1104 OXpaHO rocy dapcTBa. DTa KapTiHa BIAHa Ha IleHTpaAbHOM naomaau Tapasa.
B agMuHMCTpaTUBHBIX 34aHMAX HAIeTO TOpoJa, IIOCTPOEHHBIX B 50-rojax MpoIa0To BeKa, Tak
HaszbIBaeMbIX 34aHNIX «CTaAMHCKOTO aHcaMOAs», PYHKUMOHUPYIOT aAMVHICTPAIMsI aK/MaTa
ropoga Tapas, pegaxiium 004acTHBIX Ta3eT, aAMUHUCTPaIs 004acTHOM HaA0TOBOM MHCIIEKIN
n Apyrme yapeXaeHr:. B cBs3u ¢ YCKOPEHHBIM TEMIIOM POCTa HaceAeHM: 1, COOTBETCTBEHHO,
BBICOKOII ITIAOTHOCTY 3JaHNIA ¥ COOPY>KeHMII Ha OIlpejeAeHHBIX ydacTKax ropoja HabA0 aeTcs
,ZI,I/ICKOM(l)OpT KaK 1 4451 TOpO2KaH, TaK I 4451 pa6OTI)I AaAMUHNUCTPATMBHDBIX opraHmsauMﬁ.
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Pucynok 3. LlentpaasHas naomaab ropoda Tapasza
https://www.inform.kz/ru/taraz-vosstanavlivaetsya-posle-yanvarskih-sobytiy-fotoreportazh_
a3888335

Pucynox 4. AAMUHCTpaTHBHOe 34aHMe peiaKny 00AacTHBIX TazeT «AK JKoa»,
«3HaMms TpyJa» B ropode Tapase
https://varandej.livejournal.com/628582.html

TpancriopTHo-nIenexogHas Harpyska Ha OKPY>KalOLIyIO0 TePPUTOPUIO 3JaHMUS C y4eTOM
IIoceTuTeAeil, COTPyAHUKOB, MaAOOMALHOM TPYIIIbI HaceAeHNUs TOALKO IIOBBIIIAETCS, YTO
IoB/AedJeT 3a COOO0J ITOCTeIIeHHYIO TpaHCPOPMaIINIO I1aBHO F'OPOACKOI I1A0IIaAM - IIPOe3ABI K
a/MMHIUCTPAaTUBHBIM 3JaHUIM U MeCTa A5 aBTOCTOsHOK. Ho Tpancdopmanus He Bceraa yaaercs
TOPOACKUM BAACTSM, TaK KaK CyIIeCTBYIOLINE CTPOEHNs BAOAb YAUL] He IIO3BOASIOT IIPOBECTU
pacimupenne U PeKOHCTPYKUIUIO TOPOACKON Cpeapbl.
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M.T. Hozatibexosa

Ha ocHoBe nsy4yeHnms1 cxem CTaHOBUTCSI OUEBUAHO, UTO I110111a4b MMeeT OOAbIIION OTeHIIaA
COLINAaAbHOTO BAVSHILS, B €e IIpedelax PacoA0XKeHH 3AaHNS Pa3ANIHOrO (PyHKIIVOHAABHOTO
XapakTepa, OTI1A0IIaA OepyTHaYaA0 TAaBHble YAUIBI TOPOAOB. /laHHOe pellleHrie MOSKHO YBUAETh
Ha reHepaabHbIX I1aHax Ilapirka, bapceaonsl, Benerun, ®aopennun. OcsoeHne LeHTpaabHOI
I1A0Ijaayl MOKHO OIlpeAeAuTh KaK XOPOIIMiI BapMaHT CO34aHUs MHOTOQYHKIIMOHAAbHOTO
IIPOCTPAHCTBA B TOPOACKON cpede U OObeAVHEHNMs aAMUHNICTPATUBHOMN, KYyABTYPHONI U
COIMAaAbHOM (PYHKITUM B XOPOIIIeM COCTOSIHIM, 4100 CO3AaBaAlCh HOBble 00beKThl, OTBeJalolye
HOBBIM HaITpaB/AeHIAM apXUTeKTYPbl IPY CTPOUTEAbCTBE.

Koneuno, He Bcerga BO3MOXKHO MCIIOAB30BaTh CO3JaHHBIE IIaDAOHBI B ITOIIBITKE CO34aTh
00pas1ioBoe 0OIIecTBeHHOe IIPOCTPAHCTBO (4a’ke IOAHOLIEHHAs I110I1adb KaK HeoTbeMaeMas
JacTh aAMMHUCTPATUBHOTO 3JaHMsI He Bcerjda MOXKeT OBITh IlelecooO0pa3HO OpraHM3OBaHa B
CYLLIEeCTBYIOIIell TOPOACKON cpee). YUUThIBas OCOOEHHOCTI KaXKAO0I TePPUTOPNUN, UCIIOAD3Ys
IIpOBepeHHbIe BpeMeHeM 11 HOBeNII/e apXUTeKTyPHbIe IIPUHIINUIIL, BO3MOXKHO CO34aBaTh HOBLIE
apXUTeKTypHble OOBeKTHl ¥ 00pasbl, coueTaTh B I'PalOCTPOUTEALHON KOMIIO3MLNN CTapylo U
HOBYIO 3aCTPOVIKY, TOYKM COLMAAbHOTO IPUTSKEHNS U MeIIeXOAHbIe CBA3MN.

MynnnumnaasHoe oducHoe 3aanme B /le-DpOne, paspaboraHHOe (PPaHITY3CKOM
cryamenn Atelier du Pont, mpeacraBaser coboit sipkuit oOpasel] CUHTe3a CKYABITYPBI C
OKpY>KaloIllel Cpesori.

il

| gl Fonf I'fil .

Pucysox 5. MynunumazasHoe opucHoe 3aaHne B /le-Dpobe, Ppannt [5]

OcHOBHOI1 3agaueil apXUTeKTOPOB OBLA0 cO3AaHMe 0Opa3a, KOTOPLIN cTaa OBl HPOA0AKeHNEM
Bo3BedeHHOIO B cepeanHe XIX sexa DpOre Cutm Xoaaa M CBs3aa0 OBl BOeAVHO KyAbTYpPHOeE
HacAeJue, COBPeMEHHOCTb M HPUPOAHOe OKpy>KeHHe. 3jaHue C IIAaBHBIMU (popMaMm U
HE>KHBIMI IIBETOBBIMI IaMMaMI CO34aeT MHTepPecHBIN aHCcaMOAb B codeTaHum ¢ Dpove Curtn
X0440M U pesgKUMU PacKUAUCTBIMU AepeBbsiMu [5].

[Ipu cosaanny HOBBIX PaliOHOB aAMUHMICTPaTMBHBIE 34aHIS He UIPAAN IAaBHOI pOAN B
rpajoCTpOUTEABCTBE, B YaCTHOCTY, X apXUTEKTYPHOMY BUAY U MHTETpaIiuy B TOPOACKYIO Cpeay
C co3AaHNeM OOIIeCTBeHHOI ITPUBAEKAaTeAbHOCTH y>XKe He yAeAs1A0Ch AOCTOMHOIO BHUMAaHMA.
Ecam B mpomaom agMUHUCTPAaTUBHOE 3JaHNeE - TOPOACKOe coOpaHue/paTylia - ObLA0 TAaBHBIM
34aHIeM TopoJa AN palioHa U OTpa’kalo HaMAydlIllle yCIIeX! apXUTeKTyphl TOIO BpeMeHH, TO
I03/Hee apXUTeKTypa DTOro TiUIla HECKOABKO YCAOBHa.
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Aeaosoii 1ienTp Aedanc I[Tpesnaent @pannnn Ilapas ge 'oaab 4aa ykas BO3BeCTH ¢ 11€4bI0
pasrpyskm MCTOpUYECKMX paitoHoB Ilapy>ka OoT MHOroumcaeHHBIX OaHKMPOB, KOMMEPCAHTOB,
O13HeCMEeHOB 1 HayYHbIX paOOTHIUKOB.

DTOT MHTepHALMOHAABHBIN IIPOEKT, HadaThlil B KOoHIe 50-X T040B, IMeA CBOell OCHOBHOI
1IeAbI0 PasIpy3uTh LEHTP TIOpoda OT MHOTOYMCAEHHBIX HPOOOK, BBIBeAs OOABIIMHCTBO
rOCyAapCTBEeHHBIX (PMHAHCOBBIX YIPeKAeHNUIT 1 OPUCOB KOMIIaHMI B OAVIKANIINIT IIPUTOPOA.
3agayda Oblaa yCIIEITHO BBIIIOAHEHA, 34eCh BBl He II0IIajeTe B TpaHCIIOPTHBIN KoAaaric. HeoObranoe
M OpPWUIMHAABHOE pelIeHN’e pa3BedeHUs] TPaHCIOPTHBIX M AIOACKMX TIOTOKOB SBASETCS
YHMKaABHBIM M €AMHCTBeHHbIM B Mupe. Tynnear JedaHc, Bce TpaHCIOPTHBIE MarucTpadn,
pasBaA3KM, aBTOOyCHbIE CTaHLIMM, aBTOCTOSIHKM, CTaHUMs IIPUTOPOAHBIX 9aekTpudek RER
pacroA0>KeHsl 110/, 9CIldaHal0l, TpeACTaBAsIoNnIell cOO0M OrPOMHYIO OETOHHYIO 114aTdOPMYy C
TelexoAHO! 30HOM U BEICOTHBIMU 3AaHUSIMIAL.

Bech apXxuTeKkTypHBII KOMIIAEKC HPUTATMBaeT K ceOe pasHOOOpasHBIMM oOOpasamu
aAMUHNICTPAaTUBHBIX 3JaHMII M COOPY>KeHMI, MHTePeCHbBIMU DAeMeHTaMM 04aroycTpoiicTBa.
Hurae Bp1 604b111e He yBuAuTe Takoe ODoraToe pazHooOpasue apXUTeKTyPhl aiMUHUCTPaTUBHBIX
3AaHUIL.

®paniry3sl He ObLAM OB CaMUMM CODOIL, He CO34aB HEYTO OCOOeHHOe. Buabl BeanKoaeIHsl,
OAVHAKOBO ITPeKPacHbI B AHEBHOE U BedepHee BpeMs [6].

o e

A
-

Pucynox 6. Aeaosoii nentp Adedanc B [Taproke [6]

DcrnaaHaga pelllaeT cepbe3Hble Mpo0AeMbl B 004acTu ®KoAorum B kpaprade JedaHc, 1mog
KOTOPOJ HaXOAUTCS IOA3eMHas aBTOAOPOTra, aBTOCTOSIHKM, MH>KeHepHble KOMMYHMKauuu. B
IIpoeKTe AeA0BOro IleHTpa JedaHC HapuKCKue apXUTEKTOPBl CMOTAM yCTPaHUTh IpodaeMy
OecKOHEUHBIX IIPOOOK, odecreunan Oe30MacHOCTh IernexodaM. Bcs TpaHcopTHas cucreMa
HaJEXHO CIIpsATaHa 1104 9CIJAAaHAAON: CKOPOCTHOE MeTpO, >KeAe3HOJOPO’KHBIe AVHUI,
aBTOMarucTpaAy, aBTOCTOSHKIL.

3. PesyabTaThl M 00CyXaeHue

CoszaaHne 0OIIIeCTBEHHBIX [IEHTPOB Ha OCHOBE CYIIEeCTBYIOIINX aMIHICTPATUBHBIX 34aHUI
MO>KHO OTHEeCTM K IIOIBITKE AOCTMYDL AYYIIMX Pe3yAbTaToB 3a CYeT MUHUMMU3anuu pador.
PexoHCTpyKIMs MPOCAY>KMBIINX MHOIO A€T aAMMHUCTPATUBHBIX 34aHUII UM HAIlOAHEHMe MX
HOBBIMM (PYHKIIUAMM — DTO IIPOIlecc, MoKa3aBIINii CBOIO IT0AOXKUTEABHYIO pe3yAbTaTUBHOCTD
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Ha IIpakTUKe BO BCeM MMpe 3a I10CAeAHNe FOAbl, a TakKe 3Ha4MMOCTh OOIIeCTBEHHOTO Y4acTus.
[IpeoOpasosanne 34aHMIi MO3BOAsAET apXUTEKType ajallTUPOBATLCA K HOBBIM TpeOOBaHUAM,
3aTparnpaomMUM QYHKIIUM ¥ KOMQOPT MPOCTpaHCTBa. 34aHus aiMUHUCTPATUBHBIX IIeHTPOB
TOPOACKOTO CaMOYIIpaBAEHMS B COBPEME@HHOM Topoge AOAKHBI OBITh MECTOM AAs COBMECTHOI
paboTHI BAACTH M KUTEAC TOPOAa, TIODTOMY BaKHO He 3a0bIBaTh O CO34aHN s PYHKIMOHUPYIOIIIe
OQUCHOM CTPYKTYpPBl — «MHAUBUAYAABHOCTM, O€30IIaCHOCTM, OTKPBITOCTH, CBOOOAHOCTU W
IIpO3payHOCTI» apXUTeKTypbl. COraacHO HOBBIM CIIOCOOaM B OpraHM3al Uy O(PUCHBIX 3JaHUIA
Ba>KHO OPTaHM30BaTh COBMECTHYIO pabOTy U B3aIMOAENCTBUE B HEIIPEepPhIBHO MEHSIONIeMCs
IIPOCTPaHCTBe aJMIHUCTPAaTUBHOTO IIeHTpa, KOTOpOe MOXKeT B 1100011 MOMEHT a4alTMPOBaThLCs
K Hy>KAaM [10Ab30BaTeAell.

Taxxe Hago oOTMETUTB, 4YTO B TOPOJ4ax 4YaCTUYHO OTCYTCTBYeT apXMUTEKTYPHBIN
aAMUHUCTPATUBHBIN 00AMK. B morome 3a aerkumm geHbramMm OM3HECMEHBI UM MeCTHOe
yIIpaBAeHle TopoJax He 3aiHTePeCOBaHbI B 3aKa3e Ka4eCTBEHHOTO U MHAUBUAYaAbHOTO IIPOeKTa
apxuTeKTOpaM-IipodeccioHaldaM AAsl HOBBIX aAMUHMCTPATUBHBIX 34aHuUil. Yarre Bcero Ml
BUAVIM Ha yAUIlaX HAIlX TOPOAOB HOBbIE aAMUHUCTPATUBHbBIE 34aHNsI, BBIIIOAHEHHBIE 10 CTaPLIM
TUIIOBBIM ITpOEKTaM MAM 3JaHM:, BRIIIOAHEHHbIe He TPOQeCcCcrOHaAaMIU-ITIPOeKTUPOBIIIKAMIA.

Bear BO MHOIMX aAMMHMCTPaTUBHBIX 34aHMAX 3aTPy4HEH AOCTYII IIOCETUTEASIM U
Ma/Z0MOOMABHOI TPYIIIIe HaceAeHMs: CAY>KObI OXpaHbl, 3allpeThbl, Oapbephl, II1AI03bI, OTCYTCTBIe
COOTBETCTBYIOIIUX AUPTOB U TOABEMHIKOB.

K sTum ¢akropam Taxke OTHOCUTCSI OTCYTCTBME IaHAYCOB BO BXOAHOMN TpyIIIe 3JaHNI
U COOpY>KeHUIl, a NpY HaAUMIUU IaHAYCOB MX HECOOTBETCTBME TpeOOBaHMUSAM HOPMaTUBHBIX
AOKYMEHTOB (CKOAb3KMe ITOKPBITH:A, HelIPaBUAbHBI yKAOH IIaHAYCOB, HeBepHBIE ITapaMeTpPhl
IIepUA U OrpakA€HUI, OTCYTCTBUE 3alIUTHBIX KOHCTPYKIMI OT IIOIIagaHs OCaAKOB).

[Ipu Haamyum B umcae pabOTAIOMIUX MaAOMOOMABHBIX COTPYAHMKOB, MOAb3YIOIIMXCS
KpecaaMM-KOAsICKaM!, B 3a4aX COBeIaHUil 40AKHbBI ObITh MecTa AAs HUX U3 pacyeTa He MeHee
1,65 M? Ha O4HO MecCTO.

Tab6anmna 2. [IpeanpusTust TUTaHUA 445 00CAY>KUBaHNUA COTPYAHUKOB U TTOCeTUTe el
aAMVHUCTPaTUBHO-OBITOBLIX 34aHNUI [7]

HanmenosaHme opraHusanuii u HopwmaTuBHas BeandnHa 1 TUIT peKOMEeHAyeMBbIX
YIPEeXKACHUI OpeANpUATUAN IIUTaHNS
[IpeanipysATIs, agMUHUCTpaTUBHEIE | 25% YMCA€HHOCTY pabOTaIOIINX B CMEHY (MaKCMMaAbHYIO).
3AaHs CroaoBas1, KOMHaTa IpyeMa U
Koncrpykropckue u mpoeKkTHbIe Croaosast - 20 % cOTpyAHUKOB
OpraHM3aluu
3AaHusA yIpaBAeHNs U I0pUAMdecKe 25 % 41CAEHHOCTU COTPYAHUKOB; A0 50 COTPYAHMKOB -
YUIpeKAeHNs KoMHaTta mpuema numy, ot 50 20 200 - kadperepnii, 6oaee

200 - croaosas1, 6oaee 1500 cOTPyAHMKOB - AOIIOAHUTEABHO
Oapbl Ha BTa>Kax

bankn 25 % OT YMCAEHHOCTH COTPYAHUKOB; 40 50 COTPYAHMKOB -
KoMHarta rnpuema numy; ot 50 g0 100-kaderepnii (6ap); ot
100 40 200 - xade; 60aee 200 - cToaoBast

Cyant Ot 20 % A0 25% OT 4ncaa cOTPyAHUKOB, OypeT

HpMMeanme - ,Z',A}I Oopranmsanmm AMNETNYEeCKOTO IINMTaHMs B CTOJAOBBIX IIPpU ITPOMBIII/ZAE€HHBIX
OpeanIpusATIAX PEKOMEHAYEeTCI OTBOANUTD 20 % ot 06Luero Koanm4gyecTBa MecCT.

[Tromaap moMenieHNI 445 PaOOTAIOMIVIX MaAOMOONABHBIX COTPYAHMKOB, ITOAB3YIOILIVIXCS
KpeclaMI-KOAsICKaMU, cAeAyeT IIPUMHUMATh I3 pacyeTa He MeHee 7,6 M2,
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CTOSHKIM AMYHOTO aBTOTPaHCIIOPTa MaA0OMOOMABHBIX IPYIII A0AKHBI Pa3MelaThCs He Jalee
50 M OT KOHTPOABHO-IIPOIYCKHBIX IYHKTOB. Ha KpyITHBIX 11 peKOHCTPYMPYEMBIX IIPeAIIPUATIIX,
/e paccTOSIHUA OT aBTOCTOSIHOK OOIero ImoAb30BaHMs IpeBhIIaioT 50 M 40 MPOXOAHBIX, a OT
IIPOXOAHBIX IIyHKTOB 40 BXOJ0B B 3JaHNs, I4e PacIOA0XKeHbl paboune MecTa Maa0OMOOMABHBIX
COTPYAHMKOB, B cymMe npepbimaioT 300 M, aBTOCTOSHKM 445 MaAOMOOMUABHBIX COTPYAHUKOB
caeayeT aeaaTb 00OCOOAEHHBIMU UM pasMelllaTh UMX B IPOU3BOACTBEHHO 30HEe MpPeAlpUATI
paccpes0TO4eHO, BOAM3M BXOA0B B OBITOBBIE KOpITyca. B 9T1x cayJasix B 14aHMPOBKE KOHTPOABHO-
IIPOITYCKHBIX IIYHKTOB MAM IPOXOAHBIX IpPeJyCMaTpUBalOT BO3MOXKHOCTD IPOIYCKa AMYHOTO
aBTOTPaHCIIOPTa MaAOMOOMABHOTO COTPYAHMKA Ha 3aBOACKYIO TEPPUTOPUIO.

IToxppITHE TeIexoAHBIX AOPOXKeK, TPOTyapoB U IIaHAYCOB AOAXKHO OBITH U3 TBEPABIX
MaTepualoB, pOBHBIM, IIIepPOXOBaThIM, Oe3 3a30p0B, He CO34al0IMM BUOpaLuio IIpU ABVKEeHNH,
a Takke IIpeAO0TBpalllaloNIMM CKOAbXKeHMe, T.e. COXPaHAIOIIM KpeIlKoe CllellAeHNe IT0AOIIBbI
00yBU, OIOP BCIIOMOTaTEeABHBIX CPEACTB XOXAEHMS U KOAeC KPecea-KOAsSCOK IIPU ChIPOCTU U
cHere [7].

KoHTpoABHO-TIpOITyCKHbIE ITIYHKTBI, OOOpYAOBaHHBIE TYpHUKETaMM, JAOAXKHBI IMeTh
IIpoe3Abl 445 Kpecea-KOAsICOK IMNPUHOI He MeHee 1,2 M.

Ha myTu nepeasu>keHns Maa0MOOMABHBIX COTPYAHUKOB C HAapYIIeHUAMY (PYHKINI 3peHIs]
YCTPOJCTBO TYPHUKETOB-BePTYIIIeK HeKeAaTeAbHO.

BxoaHble y34pI, KOMMYHMKalUy, IIOMEIIEHMsI M 30HBI OOCAY>KMBaHUs, AOCTYIIHbBIE A5
MaA0MOOMABHBIX TIOCETUTEeAeN, a TakKe MecTa, IpeJHa3HaueHHbIe AAs CTOSIHKM aBTOMAaIlNH
UHBaANUAOB, A0AXHBI 0003HaUaThCsA 3HaKaMI yCTaHOBAEHHOTO MeXXAyHapogHoro oopasia. Tam
caeAyeT IpelycMaTpuBaTh BU3yaAbHYIO, 3BYKOBYIO U OCs3aTeABHYIO CHCTeMBI MH(pOpMAIUI O
BIJE U MeCTe IIPeAO0CTaBAseMBbIX yCAYT I O BO3MOXKHOM oracHocTy [8].

B xommaexkc Mockosckoro Kpemas BXO4AT pa3dAuduHbIe IIPaBUTEALCTBEHHBIE U
agMuHucTpaTtusHble 34aHusa Poccun. B Iloremnom asoprie Mockosckoro Kpemas nipu Ilerpe
I paboraa IToanmerickuit npukas. C 1806 roga B HeM pacIIOAOXKMANCE U (PYHKIVOHUPOBAAN
KoMeHAaTypa Mockspl 1 >kmaple InoMemieHus. B Apesneit Pycu B I'panosuroir maaare u
3oaoron apuipnoit ITasate Mockosckoro Kpemas mpoBoananchk BCTpeun ¢ 3apyOe>KHBIMU
IIpaBUTeAbCTBEHHBIMU JeAeTalsIMU, 4aBaAlCh TOP>KeCTBeHHbIe 00eabl. JaHHble MepOIIPUATIS
IIPOBOASATCA B HACTOsIIIee BpeMs 110 TOP>KeCTBeHHBIM JaTtaM 1 coObITusAM [10].

Pabouas pesmaenums Ilpesuaenta Poccuiickoit Pegeparum B Kpemae pacrioaaraercs
B 3aannuu Cenara (B XIX Beke OHO Ha3bIBaAOCh 3JaHMEM IIPUCYTCTBEHHBIX MecT, B XX Beke —
3aanueM Cosera Munncrpos CCCP). 3aanne Cenara nocrpoeno B 1779-1787 rogax pycckum
apxurekropom Matseem KasakospiM B cTuae Kaaccunmuama. B 1995 roay Cenarckuii gBopers Obia
oTpecraspuposaH. B Hacrosamee spems pesugenuus Ipesuaenra Poccun 8 Cenarckom gsopiie
COCTOUT U3 AeAOBOV U HpPeACTaBUTeAbCKOI (napaAHoﬂ) yacrell. /leaoBast 4acThb BKAIOYAeT B
ceOs1 pabGoumit M TpeacTaBUTeAbCKUIT KaOuHeTsl IlpesmaeHTa, KaOWHeTH ero OAVKAMIINX
IIOMOIITHIKOB, 3a4 3acedanuii Cosera bezomnacnocty, nipe3anaeHTcKyio 6udanorexy [11].

Kpemaescknit Jsopers 0p1a coopyskeH B 1959-1961 rogax Ha MecTe pa3oOpaHHBIX IIPU €ro
CTPOUTEALCTBE 34aHNUII HepBoil moaoBuHb XIX Beka, HauboOAee M3BECTHBIM M3 KOTOPBIX Oblaa
crapasa Opy>xeltHas ntaaata apxurekropa V. B. Erorosa. Vaea pasmenienns 3gannsa 8 Kpemae
npuHagaexaaa amdHo raase Coserckoro Corosa H.C. Xpymesy. ABTOpcKMil KOAAEKTUB
apXUTeKTOPOB, IIOAYYMBIINI 3a IIPOeKT ABopiia /ennHckyio npemuio 1962 rosa, Bo3raasasia
BbIAaIOIuIics copeTckuit 3oa4umnit M. B. ITocoxmn. ITponsseseHnss MOHyMeHTaAbHOTO MICKYCCTBa,
yKpamlaiomniue ABopel], OblAM BBIIIOAHEHBI M3BECTHBIMU XyJOoXKHUKaMu A.A. /JeiiHekoi
n A.A. MpapnukoseiM. B kxommnaexkce Mockosckoro Kpemas mpaBuTeAbCTBeHHBIE U
a/MUHUCTPAaTUBHBIE 34aHNS B COCEACTBE C YHMKAABHBIMU APEBHUMU CODOpaMM U IIepKBsIMU,
Lapp-mymkoit, Llapp-koaokoaom, wmoryummy OamHamy, KpacHoil Imaomagpio co3gaior
HEeIIOBTOPMMBIN XyA0>KeCTBeHHBII aHcaMOAb apXUTEKTYPHI.
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M.T. Hozatibexosa

BJIHAHHE APXHTEKTYPBI ATMHHHCTPATHBHBIX 3TAHII HA F'OPOJCKYIO CPEIY

ATTPAKTHBHOCTh COXPAHEHHME YPOBEHb  c1pyKTVPHPOBAHHE

(O¥] X = CO3JAHHE
I'OPOJICKOH HCTOPHYECKOIO MOPATIH TOPOJICKOI TKAHH :
CPEJBI OBJIHKA MECTHOI'O %%ﬁ&lg}"g
MECTHOCTH HACEJIEHHA ASAMECL:

TabGamnmna 3. YpoBHU BAMSHIS apXUTEKTYPbl aAMUHMUCTPAaTUBHBIX 3AaHNI
Ha ropoAcKyIo cpeay [1]

Ba>xHO ITOMHUTE, YTO TOpOJ, HpeXJe BCero, 9TO KUBYIIUE B HEM AIOAY, a apXUTeKTypa —
9TO CIIOCOD, CpeACTBa M s3BIK, OTpa’kalollye M OpraHMU3YIOI[Me COBPeMeHHbIe TeMIIbI
KIU3HeASATeALHOCTH TopoxXaH. Ilo®ToMy MOXHO TBepAO CKa3aTh, YTO CO3JaHUE HOBBIX
aAMIUHUCTPATUBHBIX IIEHTPOB C Ileabl0 (POPMUPOBaHUA U OOYCTPOICTBA COOTBETCTBYIOIINX
COLIMaABHBIX POCTPAHCTB, a TaKXXe yBeAMdeHUe MHTepeca K pa3BUTUIO TOPOJa M COCTOSHMIO
€ro OKpY>KaloIllell cpeAbl SABASIOTCA TIAaBHBIMU 3ajadaMyl U OAHOM U3 TAaBHBIX IPoOJeM
COBpEMEHHOJ apXMUTeKTyppl U ypOaHmM3Ma. AJAMUHNICTpaTUBHBIE 3JaHMs YacTO TepILAT
M3MEeHeHNs I Iepell1aHpPOBKY BCAeACTBIE PeopTaHu3alliil U IpeoOpa3oBaHMil OpraHM3aIiil
U yIPeKAeHUIL.

B Tapase B Tpex 3jaHmsaX OBIBIINMX KPYIHBIX IIPOEKTHBIX MHCTUTYTOB CETOAHS paboTaioT
obaactHas nipokyparypa, «Kasrpancras», AB4 JKambsrackoit o6aactu. JaHHble 34aHUs ObLAU
IIOCTPOEHbI MO IPOEeKTY Kak CIelMalAu3UpOoBaHHble ITPOeKTHbIe OpraHM3aluy C DOABIIMMU
IIPOCTOPHBIMM KaOMHeTaMU AAsl apXUTEeKTOPOB, MHKeHepPOB-KOHCTPYKTOPOB, MHXKeHepOB-
CaHTeXHMKOB, MHXeHepOB-DAeKTPUKOB U T.4. Temepb T OoAblIMe IPOCTOPHBIE KaOMHETHI
IpeTepriean cepbe3Hble U3MeHeHNs, OHM pa3jeleHbl Ha HeCKOABKO KaOMHeTOB C APYIMMU
rapaMeTpaMu, ITIOHU3UACDH B HUX YPOBHI €CTeCTBEHHOTO OCBEILeHN s ¥ MHCOAS IV BHYy TPEHHEro
IIPOCTPaHCTBA.

4. BeiBOABI

HemnspectHo, Hackoabko 9(QeKTUBHBI TaKye IIpOCTpaHCTBa OyayT B OyayieM, HO
TpaHCPOPMUPYEMOCTh UM aBTOHOMHOCTh KaK OCHOBHBIE KadecTBa STON KOHIIEMNIIUM MOTYT
obOecrieunTh UM aAalTUBHOCTL U CTaOMABHYIO BOCTPeOOBAaHHOCTH, PaCTYIIyIO BMecTe C
yBeAMdeHreM TII0TOKa MH(pOpMaTU3allMy ¥ IIOTEHIIMAaAOM BBICTPAaMBAHMA COIIMAABHBIX
Anaaoros Bo Bcex cdepax >KusHM ropoga. KoHeuno, He Bcerga BO3MOXKHO WCIIOAB30BaTh
BeIpaboTaHHbIe ITaOAOHBI B ITOIBITKE CO3JaHMS 1A€aAbHOTO OOIeCTBeHHOIO ITPOCTpaHCTBA
(Aa>xe ITOAHOIEHHAs I1A0ITalb KaK HeoTheMAeMasl 9acTh aAMUHICTPATUBHOTO 34aHM: He BCeraa
MO>KeT OBITh paIlIOHaAbHO OpTaHN30BaHa B CyIIIeCTBYIOIe TOPOACKOI cpeje), HO OTTaAKMBasCh
OT MHAVBYAYaAbHOCTYU Ka>kK 0¥l TEpPUTOPUI, VICITOAB3YsI IIPOBepeHHbIe BpeMeHeM U HOBeTIIIye
apXUTEKTypHBIe IIPUHIINIIB, MOXKHO CHHTE3MPOBaTh YHMKaABHbIE apXUTEKTYPHBIE OOBEKTHI I
o0pa3pl, 00be AMHAION Ve BHEIITHNE 1 BHYyTPeHHNe IIPOCTPaHCTBa, CTapble U1 HOBBIE TIOCTPOYIKY,
TOYKI COIMAABHOTO IIPUTSKEHVIS U TIeIIIeX0HbIe CBA3M.

AAMUHMCTpaTUBHBIE 3JaHUsA B TPyIHIe OOIIEeCTBeHHBIX 3J4aHUI ABAAIOTCA CaMBIMMU
YSI3BUBBIMU U TEPILIIMMY YaCTO M3MEHEeHIs BCAe ACTBYIE ITOBAEHN S HOBBIX aAMUHUCTPAaTUBHBIX
crpykryp. Ceroana Habai0jaeTcs TeHAEHIUA ITOSABAEHUS MHOTOQYHKIIVIOHAABHBIX 3JaHUIL,
CuUTN-X0440B C pasAMYHBIMU AaAMUHMICTPATUBHBIMIU 30HAMM, YTO CO3JaeT OIlpeJeleHHbIe
yA00CTBa 4451 TIOCETUTEAEI Y COTPYAHUKOB.

BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 101
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Apxumexmypa adMUHUCMPAMUSHBIX 30aHUTl 6 20p00CcKoli cpede

AAMVHUCTpaTUBHBIE 34aHUsA (OTAeAeHMe CBsA3M, HOTapuUyc, aKumaThl, ¢puamaasl OaHKOB,
HpOKypaTypa, MUANLNS, CYABl U T.A.) SIBASIOTCSI CAMBIMI IOCEIIaeMBIMI Y MaA0OMOONABHOI
TPyIIIBI HaCeAEHMUsI, IIODTOMY MepPOIPUATISA B 34aHUAX A4Sl UX HOCEIIeHNs U IepeaBUKeHUs
HeoOX0AVMIMO IIpesycMaTpUBaTh B COOTBETCTBUN C TPeOOBaHMAMMU AEJICTBYIOIIX HOPMaTUBHBIX
AOKYMEHTOB.
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M.T. Horaiitbekosa
M.X. Ayramu amuvindazor Tapas enipaix yrnueepcumemi, Tapas, Kasaxcman

KazaabIk opTaga¥el 9KiMIIiAiK FIMapaTTapAblH C9yAeTi

Angatna: Makaaaga Kasipri KaAaAbIK opTaja oKiMIIiAik 6ackapy FUMapaTTapbliH KaABIITaCTEIPY
>K9He OpHaaAacThIpy aJicTrepi KapacTelpblaaabl. Kasipri 3amanrsl ipi KaaaHbIH KYPBIABIMBIHAA Kada
OKIMIIiAITNK ©4eMiHiH MaHbI3ABLABIFEl, KOPHEKTI OpTa KYPY >KoHe CoyAeTIeH Kada KYPbLABICLIHBIH
’KaHa a4icTepiH cuHTe3Aey apKblAbl MaAeH! KYHABLABIKTapAbl CaKTay >KoHe Kala KeHIiCTiriHae yakpIT
OTKeH CaliblH KaAblITackaH 24eyMeTTik OaliaaHbIcTap.

TyitiH ce3aep: akiMIIiAIKTiK Oackapy FMapaTTaphl, Kadaablk opTa, Tapas, 91eyMeTTiK KaTbICy,
KaJlaHBIH KOFaMABIK ©Mipi, KaAaAblK OpTaHbIH TpaHCcPOpManusCchl, KalaablK alaH, Aropa.
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M.T. Hozaiibexosa

M. Nogaibekova
M.Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan

Architecture of administrative buildings in an urban environment

Abstract. The article discusses the ways of formation and location of administrative buildings
in the modern urban environment. The importance of the volume of the city administration in the
structure of a modern large city, the creation of an attractive environment and the preservation of
cultural values by synthesizing the latest techniques of architecture and urban planning and time-
developed social attachments in urban space is noted.

Keywords: administrative buildings, urban environment, Taraz, social participation, public life
of the city, transformation of the urban environment, city square, Agora.
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VHTeaaeKTyaaAbl BUPTYaAAbl KeHeCIIiHi a3ipaeyre apHaaraH
AayBICTBI TaHY d4icTepi

Anpgatmia. bya wmaxaiada  Oustec-npouecmin,  aKNApammuvix  Kytierepimen,
daripex aumxanda ERP xyiecimen xymvic icmey kedinde KemeKuii KYpaa
peminde Mamvi3dbl POA AMKAPAMbIH UHMEAAEKMYAAIbL SUPMYAAIbl KeHeculiti
damvimy ywin Jdayvicmbvl many adicmepi Mmen Mmodyrvdepi 3epmmerdi. bya
sepmmey UMUMAUUAAAHZAH KICINOpbiH pecypcmapbin xocnapaay (ERP) ousmec-
npouecinit, 0a20apAAMANLIK, KAMMAMACHL3 emy XKytiecinde HAKmMol PyYHKYUAAAPILL
naudaranyovity NaioaAbIAbIZbl MeH MuUimMIiAiein  0aearayda  UHMEAAeKMYardbl
supmyardvl Kewecuwiini cunammayea apnarzan. Vnmearexmyardvl supmyardol
xernecuti Web-ERP npomomunimen 0ipikmipirzer. bya sepmmeyde mabuzu mindi
endey (NLP) nezizze arvindv, Mea xuirizinin, kencmparvdol koadduiuenmmepi
arzopummimen leserbepe MaxBaom (LM) >xone Bpoiiden-DPaemuep [ordseapo-
Hlanno (BFGS) adicmepi xoAdanviadv. Koadanvinear adicmepdir; muiMoOirizin
anvrkmay yutit de ocv adicimepze CarblCblpMaAbl marday xacardvl. bya supmyardol
KeHeculinit yaxer apmoikutviavieor — Web-ERP xyiiecinde xymuvic icmey Kesitoe
v3ax Mamindix depexmep epicmepin dayvicner emeizy. bya xyile esexmi 0oAvin
maodviAadvl, eimkeri oA OUsHecmin, Xymolc npovecmepin i30eydi aumapavikmar
kenetimedi. 2XKyile axnapammorx xyiie (AK) nyckayaapuvin ary apioiavl cotireydi
Maminze mypAendipyze MyMKindix Oepedi, orap e3 Kesezitde OHNMOAOZUSLAbIK
depexmep wopvita Oepiredi, onda opoinday YuilinH KOA Xemimdi KoMAHOAAAP
KUHAZLIH AAY YULIH mepMutze Hezisderzer cypay opviidaradol. Mnmearexmyardol
supmyardvl Kerecuiini emeisy nandaraHymviAapvl Kyile apkbiAbl KOA)AHOAHDIH
MYMKIHOIKINEPIH KeHeumin Kana Koumaidvl, CoHbiMeH Kamap naudaratyuioiAapza
coitaey cunmesi apkbiAbl depexmepdi mycindipyze Mymxindik Oepedi. bya
Npomomun UHMeAAeKmyardvl eupmyardvl Kerecuii men Jepexmepdi mardayovl
Oipixmipy OotiviHwa api Kapail sepmmeyrep Yulit naudaranvAadvl.

TyiiiH ce3aep: unmearexmyardvt supmyardvl KeHecuti, 0ayvicnivl mamy, 0ayvicnvl
backapy, OHMOA0ZUSAAbLK depeKmep Kopbl, Oustec-npovecmep, ERP.
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byrinri Tanga Amazon Alexa Hemece Google Assistant cisKTBI gaybIcThl Oackapy YIIiH
VHTEAAEKTyaAAbl BUPTyaAAbl KOMEKIIiZepai ITaligadaHy KOPCeTKIIlli auTapAbIKTall ocyJe
JKoHe JayBICTBIK ©3apa apeKeTTecy OM3HeC KOHTeKCTiHAeTi XKYMBIC IIpoljecTepiHe KaThICThI KOl
nailijadanbiaysa. AKIapaTThIK XKylieaep >KarjaliblHAa KOITereH YIbIMAap MeH KoCiophIHAAp
K9CIITOPBIHHBIH, KBI3MET eTy caJachlHa KapaMacTaH, aKIlapaTThIK Kylieaep KOAAaHbLAaThIH OTe
AVHaMUKAaABIK KoHe eH Kypaeai opTaja >KyMbIc icreiigi. Ocpiran 0allaaHBICTBI aKIapaTThIK
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A.A. Abduroaesa, J.C. XKuiiiavicosa, T.C. Hasap

KyleAepMeH KYMBICicTey Ke3iHAe BUPTyaaAbl KeHeCIliAep peTiHAe KOMEKII KY PhLAFbLAA P KaXKeT
00aap1. JaybICTHIK IIopMeHJep KoHe colidey CUHTe3l KoaszaHOadapaarbl IalijalaHyIIbIHbIH
©3apa 9peKeTTecy AeHreliH apTThIpaabl.

Vnreasextyaaapl BUPTyaaAbl KeHecllizep oJeTTe BeO-caliTTap HeMmece MOOMAbAL
Ko4JaHOalap apKblAbl OpbIHAAAAThIH MOTiH apKblAbl ajaM MeH IlalijalaHyIIbl dpeKeTTecyiH
MoJeAbaey YIIiH TaOMFM TiaAl mangasaHaapl. ExiHII >kaFplHaH, 4aybICThI poOOTTap ceiiaeyai
TaHy TeXHOAOTUACHI apKblAbl TaOUFU Tiad KOMaHJAadapblH TyciHeai. Ockl KyHre AeiliH 4aybICThI
Dackapy yILIiH MHTeAAeKTyaAAbl BUPTyaaAbl KeHecllidepai naiigaaany OM3HeC KOHTeKCTiHAeTi
JKYMBIC IIpollecTepi YIIiH ©Te ©3eKkTi. /aybICThIK IIepMeHJep >KoHe celidey CHUHTe3i eIl
aTaJaThlHAAP KOAJAAHYIIBIHBIH KOAJaHOaMeH opeKkeTTeCcy JAeHIeiiH ailTapAbIKTail apTThIpa
asaaapl. by sepTrey >KyMbIchl KacinmopsiH pecypcrapbiH (ERP) onTaiiabl >xocriapaay MakcaTbiHAA
Ou3Hec-IIpoljecTepMeH JKYMBIC iCTelTiH DaraapAaMaablK OHIMHIH UMUTalUsAAaHFaH JKylieciHae
naligaAaHy TUiMAiAiri MeH aiigaAblABIFBIH OaFalayAa MHTeAAeKTyaAAbl BUPTYaAAbl KeHeCIIiHiH
cUIaTTamMaAaphl MeH Herisri pyHKIMsAAapblH aHbIKTayFa apHaAFaH.

Kasipri yakpITTa ylibIMAap MeH KoCIIOPBIHAAPABIH KOIIIIiAiri KoCilIOPBIHHBIH KbI3MeT
eTy caJachlHa KapaMacTaH, aKIapaTThK Xyliedep KOAJaHBLAATBIH ©Te AMHaMUKAABIK >KoHe
eH Kypaeai opTaga >Kymbic icTeiiai. Ocplran OaiiaaHBICTBI aKIapaTThIK JKyliedepMeH >KYMBIC
icTereHze KOMEKIIi KYpPBLAFBLAAPABIH KaXkeTTidiri TyblHAaAbl. bya kemekmni Kypularblaap
KoCiITOpBIHAAFbI OM3HeC-TIpoliecTepAiH TUIMAIAiri MeH ©HiMAiAiriH apTTEIPyBsl MYMKiH. OaapAbI
KOCIIIKepiK JAeHreliiHae Oocekere KaOiAeTTiAiKTiH >KOFapbl AeHTelliHe >KeTKi3y OacTbhl MakcaT
[1]. VInTeaaekTyaaabl KeHecllidepAiH >KYMBICBIHBIH KaTeTOPMSABIK ©HIMAIAIT  AaybICTBIK
KOMaHJaJdapra OallaaHbICTHL. VIHTeAaeKTyaaAbl BUPTyaaabl KeHeCHIidep TeXHOAOTMACHIH
InaiijaaaHa OTBIPBII, Heri3ri PpyHKIMAAapAbl OpbIHAayFa 00AaAbl.

JKyMpbIcTa OHTOAOTUAABIK KOMIIOHEHTKe KaThICThI KaOblAgaHFaH TocCiadl Taaday >KoHe
KOPCeTY >KY3ere achlpblaAbl, OHTOAOTUAABIK apXUTEKTypa aHbIKTaaAbl, oHaa Oykia ERP xyiieci,
aTall ailTKaHJAa, OHBIH OapAbIK Masipaepi, PpyHKIMsAAapsl MeH epHeKTepi KepceTizeai. bya
OHTOAOTUAABIK XYylieaey ERP-re ToH TepMMHOAOTMAapABI KaTaAOTTayra, COHAAN-aK ©pHEKTep
MeH 0ailaaHBICTEI (PYHKIUAAAPABIH CHHOHNMMAEPiH aTpuOynusAlayFa >KoHe aHBIKTayFa
MYMKiHAIK Oepeai.

Ocpl Makagaga KOAAAHBIAATBIH TEXHOAOTUAAAPABIH TUIMAiAiriHAeri >KpladaM IIpOrpecc
>KoHe 01apAblH KOMOMHAIMACH OHIMALAIKTI apTTHIpyFa MYMKiHAIK OepeTiH BIKTMMaA Kypaeai
KylieaepMeH IaiilaAaHyIIbIHBIH TaOMFU JKoHe XKbl14aM dpeKeTTecy MYMKIHAITIH TyAbIpaAbl.

Ocnl 3eprTey OapbIchiHAa HEMPOHABIK >KeAiHiH >K00aAblK KYPBLABIMBI Kepi TapaayAblH
dpTYpAi aaropuTMAepiMeH KenkabaTTel aara OarbITTaAFaH HEMPOHABIK >KeAiHi OKBITY Ke3iHge
aHBIKTay AdAAiriH OaKbLAalTBIHBI aHBIKTaaAbl. Messenger OoTweiHBIH APl aeGiotinen Oepi
Facebook oaapary >xacananl mHTeaaekT (Al) GorrapbiHbiH 70% IIBIFY >KBLAAAMABIFEI Oap
ekeHiH xabapaaapl. MbIcaabl, 04ap HaKThl CypaKTapra HaKThI JKayan Oepmeriai. bya makaaansig
MakcaThl — MaligadaHyllIblAapAblH KyHAeaikTi emipin xeniagererin WEB-ERP xyitecinin
SKYMBICHI HeTi3iHAe MHTeAAeKTyaAAbl BUPTyaAAbl KeHecti a3ipaey [10].

K. Acmaranberosa, XK. Otap0Oaii, A. TyrinOekos 3 enOekrepiHge KocillopbiHAa Ou3Hec-
npouecrepai 6ackapyAbH IMPPABIK TeXHOAOTUAAAPBIHBIH MOAeAiH ychHABL OCBhl MOJAeAbain
KOMEeTiMeH KoCIiIIOphIH pecypcTapbhlH HalijaldaHy Ke3iHge JAepeKkTepai CMHXpOHJayFa >KoHe
OpTaAbIKTaHABIPYFa 00AATHIHABIFBIH Ad4easereH [2]. Texnoaorusaap gem araaaTbiH, Ad4ipek
alTKaHAa, MHTeAAeKTyaAAbl BUPTyaAAbl KeHeCIIiAep Heri3iHAe SKyMBIC iCTeNTiH KaCillophIHAapaa
OusHec-TIpoliecTepAiy TuiMAiairin apTTeIpy >K0adapbl KepceriareH. Rotimi-Williams Bello
, Auwal Shehu Ali , Daniel Adebiyi Olubummo BupTyaaasl KeHecIizepai TeXHOAOTUAABIK
MHHOBalMsAap TypiHae KepcerTTi. Bya Omusnec Gaciiplaapel MeH KbI3MeTKepAepiH cTpecc IeH
aKIlapaTThIH JKOFalyblHaH KyTKapa adaAbl AeTeH TY>KbIpbhIMFa KeAreH. by skyMbicTa 4aybICTBIK
JKoHe MoTiHAiK MHTepdelicTiH OailaaHbICHIH erskeli-Terskeiiai cunartraara [3]. Daniel Hiisson
and Alexander Holland e3aepiHiH 3epTTey KyMbICTaphIHAA OVM3HEC-TIpOIIeCTepMeH KYMBIC icTey
Ke3iHAe MHTeAAeKTyaAAbl BUPTyaAAbl KeHeclIlidepAi IaijadaHyAblH MaHbI3ABLABIFEI TYpPaAbl
Kazaapl. Oaap MHTeAAEKTyaaAbl BUPTyaaAbl KeHECIIiHiH IIPOTOTUIIH KeAeci yII KepCeTKiIn
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Mnmearexmyardvl supmyardvl KeHecuiini asipaeyze aprarear 0ayvicmvl many adicmepi

OolipiHINIa Oarasaabl i3gey, TYCIHAIpY, >KoHe BUPYCTHIK KeHeCIHIiHiH (YHKIIMOHAAABIFLL.
KopuiThinabiaai Keae, Ou3Hec-IpolleCTepAiH HITUKeAepiH CaAbICThIpa OTBIPBII, ©3repicrep
Oap AereH KOpBITBIHABIFa Keadi [4, 5]. daru»ap XioccoH, Rocio Arteaga Sanchez, Madjid Fathi,
Alexander Holland >xacanAb MHTEA1€KT IIeH MHTEAA€KTyaAAbl BUPTyaaAbl KeHecCIIiAepAiH e3apa
OaliaaHBICEI ©Te TBLIFBI3 JAell >KazaAbl. VIHTeAaeKTyaaAbl BUPTyaAAbl KeHeclidepaiH KabideTiH
>KacaHAbl MHTeAAeKT >KeTiadipeai >KoHe TOABIKTBIpaabl. JKacaHABl MHTeAAEKTTiH KoMeTiMeH
Ke3-KeAreH JaybICThIK KOMaHAa4dapAbl OpbIHAAY Ke3iHAe OHTalldaHABIPY IIpoliecTepi Kacadaapl.
Oprama aaraHga, >KacaHAbl VMHTeAAEKT IIeH MHTeAAeKTyaAAbl BUPTyaaAbl KeHecllidepaiH
MyMKiHgikTepi 31% - gan acram yHeMmJey oaeyeTiHe me. bya ocwl epekieaikrepain
MaHBI3ABIABIFBIH JKOHe Kasipri Om3Hec-miponiecTepdi MoJeabdey KediHAe oAapAbl ecKepy
Ka>KeTTiairin kepcereai [6].

3epTTey aaicTepi

Kanenrrepre KpI3MeT KOpCeTy camlachlH >KaKCapTy JKoHe OJapMeH ©3apa opeKeTTecyai
aBTOMAaTTaHABIPY YIIiH VIHTeaaeKTyaaasl BUPTyaaAbl KeHecllidep KYPFbICH KeAeTiH KoITereH
KOMITaHMsAap KOITereH KUBIHABIKTapra Tar 004aabl, OAapAblH KOIIiiri OapAablk OmsHec
TaJallTapblH KaHaraTTaHAbIPa aAaThIH KacaHAbI MHTeA4eKT (Al) kemeriMeH KeHecIli KypyAbIH
KVBIH/BIFbIHA OallAaHbICTHI.

byrinri 6argapaaMaabik >KacakTaMa HapbIFbIHAAQ MHTEAA€KTYaAAbl BUPTyaa/Abl KeHecIIiaepai
icke acpIpaThliH X00aJap, 94eTTe, aKbIpblHAA aAThIH MapTeOere >KeTeTiH Oip peTTik >kKarjailgaH
Oacraasagpl. bipak >xana maiigaaaHny >Kardaiidapbl JaMblFaH caliblH IIpoOJemMajap mHaiiga 0oaa
Dacraiiapl. ATanm alTKaHAA: OKY JAepeKkTep >KMHAFbIHBIH OCyi KoHe HMeTTepAi aHBIKTayJaH
TYBIHAANUTBIH KaKTeIFbicTap, AT xylieaepiMen nHTerpamus >KoHe BUPTyaaAbl KeHeCIIiHi OKBITY
IIPOLIECiH XKeHyre KOMEeKTeCIIeMTiH aFbIMAAFhl IIelliMAepAiH KOAaiAbLABIFLL.

VIHTeaaexTyaaapl BUPTyaaAbl KeHeCIIiHiH >XYMBICHIHAA OpPbIHAAAaThIH aAFallIKbl dpeKeT-
aliTBLAFaH co34epai Kabblagay, codaepai aiTkaHHaH KelliH 04apAbl MaTiHIe allHaaAbIpy Kepek.
Morinre TypAeHAipiAreHHeH KeliH >KacaHAbl MHTeAAeKT aATOPUTMAepiH KOAJ4aHy apKblAbl
KOMaHJaHBIH HMeTiH aHBIKTall aly KadiseTin Ooaysl kepek. Keaeci xagam-kabizeTTi pacray
0i341H MHTeAAeKTyaAAbl BUPTyaAAbl KeHeCIIiMi3AiH aaABIHFE KadaMaa >KacaAfaH KOMaHAaHBIH
OpBIHAAAY HUeTiHe >Kayall Oepyi. Ilaiigasany1irsl kKoMaHAadapbiHa KeltOip »KayarTap Oeariai 6ip
KYleaik KoMaHgaaapabl OPBIHAAYH KepekK AeaiK, aa JKayallTelH Oacka Typi Dacka KoagaHOaAbI
Oargapaamasay uHTepdeliciHeH akIapaT aay TypiHae KepiHeai. Mpricaanl, Oeariai Oip
KOCBIMINIaJaH ©TKeH aliJaFbl JKalaKbl Typaabl ecell aay. VIHTeaaexTyaaapl BUPTyaAAbl KeHeCIIi
AepeKTep KOpblHAa Oap cesep Herizinge >kayarn Oepeai. Erep nnreasekryaaanl KeHecmri Oyran
TBIM CceHiMai ©oamaca, oa IlaiigasanHymibigan aliTelAFaH ce3gepal Oacka Typde KaliTalayAabl
cypanaspl. AKBIPbIHAQ, HT@AAEKTYaAAbl BUPTyaAAbl KeHECIIi KaHAal opeKeT JKacall KaTKaHbIH
KepceTy YIIiH gaybICIIeH HeMece KaykeT OOAFaH >Karjalida MoTIHMeH Kayall Oepeai.

VuTeasexTyaaabl BUPTyaaabl KeHeCHIi-OyA TaIlcelpMadapabl OPbIHAAMTBIH, KbI3MeET
KOpCeTeTiH HeMece IaiilalaHyIIBIHBIH KOMaHJadapbhlHa HeMece cypayaapblHa JKayall peTiHae
opexerTepAi OacTailThiH OargapaaMadarlk kacakrama. Oa agamaapMeH AMaAoTThl cakTay YITiH
taburn Tiaai eHgeyai (NLP) xoaganaasl. JKacaHAbl MHTeAA€KT MHTeAAEKTyaAAbl BUPTyaAAbl
KeHeCIIi >XyJeciHiH TeXHOAOTHACBHIHBIH HeTidiHAe >KaThIp. bya KaskeTTi HaTyKere >KeTy YIIIiH
TaAKblaay KapKbIHBI MeH TaKbIphIIITapblHa acep eTedi. VIHTeaaeKTyaaAbl BUPTyaaabl KeHeCIIi
JKYJieciHiH >KaAIlbl e3apa 9peKeTTecy apXuUTeKTypachl l-cyperte kepceriareH. bacray yimin
Kylie TaligaAaHyInbl eHTi3reH MaTiHAl adaabl JKoHe ColIKeC XKayallThl aHBIKTay YIIiH OHBI ©3iHAe
apHaiibl JaliblHAAAFaH A€PEeKKOPBIMEH caablCThipaabl. /Kylie OHBI TallKaHHaH KeliH opralla
KYPBLAFBIFa AYPBIC MOTIHAIK IIBIFY bl XiOepeai. HoTukecinge eH Kypaeai 9aeMeHT-HaKThI MOHAL
aHBIKTAy apKbLABI, Kayall KaiiTapy IPOLIeCccCi icke achlpblaajbl.
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¥chIHBIAFAaH TaCiAAIH 9pTypai OeaikTepi YIIiH KapacThIpblAFaH 9pTypAi IIemnimaepre
coliKec, YIII Herisri 6eaikTi OipikTipeTiH KYpPBIABIM KOMaHAaJap apachlHAa TaAKblAaHABI KoHe
TapThlAFaH KAMeHTTepMeH OekiTiagi. bacrankeiga kamenrtrig ERP xyitecinge >KapamAabl
AAYBICTBHIK, IIOPMEHA] aHBIKTalThIH TPUITEP OPHATbhIAaAbl, COAAH KeliH 04 MOTiHAIK IopMeHre
TYpAeHAipy VIIiH TyciHAipizeai >xoHe eHJeaeai. Keaeci OpHbIZaaaThIH 9peKeT, aAbIHFaH MOTiH
CeMaHTUKAABIK TypAe TeKCepiAill, OHTOAOTUAABIK AepPeKTep KOPBIMEH CaAbICThIpblAaAbl, erep
coTTi O04ca, ERP yurin >xapaMApl IIopMeHAL OHBIH Kas3ipri KOHTeKCTiHAe KanTapaabl. COHbIMEH,
YCBIHBLAFaH KYPbIABIM (1-cypeT) yIII MOAyAbAiH KOMeTiMeH erskeli-TerKeliai curarralraH:

1) aaybICTBIK OeACeHAIAIKTI aHBIKTay MOAYAi;

2) ceitaeyAi TaHy MOAYAl

3) OHTOAOTUAABIK MOAEAD.

Icke acprprraran Mogyabaep KoAgaHbICTarbl (POHABIK Iy HeTi3iHeH >KYMBICIIbLAAp JKoHe
/ HeMece Y11 imniHAe OpHaJlacKaH KYPBLAFbLAAp INbIFAPAThIH ABIOBICTApFa AeiH a3ailThIAaThIH
KeHce opTachlHAa KOAJaHyFfa apHaAfaH KOCBIMIIIAHBI a3ipaeyre OarpiTTaaraH. Jemek, Opaysep
TycipreH ayamo curHaa (MuKpogoH Kipici) KoagaHOa IaijaaaHyIIBICBIHBIH MaAiMaeMeaepiH
FaHa eMecC, COHbIMeH KaTap Oap (OHABIK ITyAbl Ja KaMTUAbL MyHaall Karjaiiaapa >KoHe
colileyai eHJAey aATOpUTMJepi YIIiH AMalla30HAArbl Iy JEHTeliH ecKepe OTBIPHIN, coliley
DeikTepiHe apHaAFaH Kipic ay410 CUTHAABIH TaAjay YIIiH Kedeprire Te3imMai aaAbH ala eHAey
MOAYAiH KOCKaH >KOH.

VHureasextyaaapl BUPTyaaAbl KeHeCIIl ajamMaap KOAMEH aHBIKTalTBIH KOITereH co3
TipKecTepiHiH JAepeKTepi Heri3iHAe OKBITbIAFaH TaOUFM Tiaal eHgey xyiiecin (NLP), mammnaapik
okpITyAbl (ML) maitgasanaasl. MyHBI «ceiideyAi MoTiHTe aliHaAABIPY» JAel arayfa 0o0AaAbl
(Speech-To-Text). JaybICTBI >Ka3y >KoHe OHBI DA€KTp CHUTHAAbIHA aifHaAABIPY YIIH oai Je
MUKPOPOH KaxkeT 001aabl. ML cajikecTik TankaHIa sp (ppasaHblH aKyCTUKACBIH CaAbICTBIPAADI,
CogaH KeifiH OepiAreH TOABIK MaTepual HeriziHAe AyphIC co3Ai OoaxKay yIIiH (poHeMasapAbl
NLP-re martiH peTtinge xibepeai.

Naesa-6eariai Oip co30eH Hemece TyliMeHi Oacy apKbIAbI iCke KOChLAaThIH DargapaaMaablk
’KacaKTaMaHBI Kypy, 0y4 MaKadaja MHTeAAeKTyaAAbl BUPTyaAAbl KeHeCIIiHi MHUITHaAu3alusaay
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ylIiH OaTelpMaHBl Oacy ic-opekeTi apKblAbl icke acagpl. Ocbl OaThIpMaHBI OacKaHHaH KeliH
TBIHAAy Ipolieci OacTadaspl >KoHe KeHecCIi ITalijalaHyIIbIHBIH allTKAaHbIH ThIHAAM OacTaiiAbl,
aliTbLAFaHAapAbl Oarajaiigbl, COZaH KeiliH TUIiCTi opekeTTepai OpbIHAANABL. AKBIpbIHAA, OA
KaOblagaHFaH 9peKeTTi TY>KbIPhIMAAy apKbLABI JKayall Oepeai HeMece KOMaH/AaHbI TyCiHOeTeHiH
Kalrtapaabl. JKaHa Mogeap >kacay ymriH mL Tpurrep cesiH aHbIKTay MoOJeAiH IlaligadaHyra
00aaapl. OCcbl MaKcaTKa KeTYAiH KOAallAbl 94ici — co34iH ABIOBICHIH >)Ka30a4aH MIBIKKAH 4bIOBICTIEH
caabICTBIPY, Oipak Oya cesai cysy >koHe opHaaacTsIpy yiuriH NLP Mogeaimen >XyInTacThIpbLAFaH
Speech-To-Text MogeaiH KOAgaHy apKBIABL Aa >KacaAybl MYMKiH. CoTTi MOJAeAb AepeKTepain
aayaH TYpAiAiriH Ka’keT eTeai >KoHe JepeKTep KUBIHTBIFBIH Oeariai Oip KoagaHOara coiikec
CysiIl, caTci3, KaiiTadaHaThIH CO34eP MeH apThIK CO3 TipkecTepiH ko010 Kepek. COHbBIMEH KaTap,
Oy >KyMBIC OKY YIIiH KaXKeTTi JepeKTepAiH yAKeH KoaAeMiHe OaillaHbICThI Kypdeai 00AbImd
Keaeai [8].

JKyiie icke KOCbLAFaH Ke3ae 04 ailTblAFaH CO34epAi )Kasyabl OacTaliAbl >KoHe NaligadaHyIIIbl
TOKTaraH Ke3je alThLAFaH Ce34epAil >Kasyasl TOKTaTagbl, CcoJaH KelliH >KasOausl Python
OarzapaamMaday Tidi apKbIABl >KacaAfaH 2-CypeTTe KepceTiAreHJAeil MOTiHIe ceiiley yAriciHe
xibepeai. Speech-To-Text mogeai NLP, >xaceipsra Mapkos MoJeAi >KoHe y3ak, KbICKa Mep3imai
>kaapl (LSTM) Gap HeltpoHABIK keaire HerizgeareH. Google Web Speech APl tanaaaybiHbIH cebedi-
Kyliere Tipkeameii-ak HeMece APl KiaTin aamaii-ak naigasany MyMkingiri. Oa mamamen 120
TiaAe XYMBIC icTell aaaabl, Oipak KyHiHe Tek 50 MaTiHHeH MaTiHTre TypAeHAipyMeH IlleKTeaedi,
0y KOpCeTKilll MHTeAAeKTyaAAbl BUPTyaAAbl KOMEKIIiHi Kypy KYMBICBIHAA JKeTKiAIKTi.

L
(o -

Cailrey ” Aaemcr

oy

Cyper 2. Ceitaeyai Python apksrasl TypaeHAipy

OHTOAOTMABIK KOMIIOHEHT (HeMece OHTOAOTMAABIK aeHreir) — Oya ERP cemaHTMKaABIK
AucriaeitfiMeH 0OalfAaHBICTEI OapABIK IIPOILIECTi KaMTUTBIH JaMbIFaH MOAYAb >KOHE OHBI
KOMIIaHUsAAapFa eHridy opKalllaH KOMIIaHMs >KYMBIC iCTENTiH KOHTeKCTIIeH OallaaHBICTHI.
Ocplaariiia, KOMIIAaHUSAHBL CUIIATTalITBIH HOpCe, eH aAAbIMeH, YIBIMABIK KOHTEKCTTi, COHAall-
aK KOMITaHMsHBI CUIIAaTTalTBIH KbI3MET CeKTOPBIH aHBIKTay >KoHe Taljay KakeT. OcplgaH KeiliH
KOMIIaHIUSHBIH iIIKi IIpolecTepiH, op OeaiMae OpBIHAaAaTBIH Ky>KaTTaAfaH dpeKeTTep MeH
TaIlCbIpMajapAbl )KoHe 04apAbl OPBIHAAMTLIH OPBIHAAYIIbIAapAbl TalJayFa Hasap ayJapy Kepek
[9].

Opi Kapail, OCbl OHTOJAOIMAABIK JepPeKKOPABl BU3yaaAusallusl KypaablHa OipikTipyre
KipiceMi3, oHAZa MyAJeal TapanTap cysriaepai KoadaHa aaaabl, A€PEeKKOpPAbl ©HJEN aaAaabl
HeMece IaligaAaHyIIbIFa bIHFallABl TYpAe JKaHa TepMUHOAOTHA MeH KaThIHacTapAbl KOca alajpbl.

Opsingaaran okpiTysaH KeliiH NLP Moaeai >koHe pexypeHTTI HelipoHABIK >keai (RNN)
apKachblHJa KyIITi MarpiHara me 0oaaanl. bya xaraaiigaa RNN K044aHYABIH apTBHIKIIBIABIFBI-
Ova ¢pasagarsl OapAablK TepMUHAEPAIH ©3apa Toyeadiairin eckepeai. Ces Tipkecrepingeri
co3/epaiH peTTiairi MarbiHaFa HeMece MaKcaTKa acep eTyi MyMKiH 0OAFaHABIKTaH, COMAeMHIiH
MarblHAChIH IIIBIFAPy ©Te MaHbI3Abl. KypacThIpblABIII >KaTKaH MHTeAAeKTyaAAbl BUPTyaaAbl
KeHecIiHi Imaijasany oHait. Kes kearen koaganOaasl Oargapaamaaay mHTepdericin (API)
narjasZaHy VIIiH cIieHapuii cypay >KiOepyi Hemece API-aen >kayam aaysl Kepek. /JereHmeH,
eKi orepalnns ga AypbIC KyMBIC icTeyi yIIiH Oipa3 4alibIHABIKTHI KaxkeT eTeai. CoTTi cypaysan
KelliH MHTeAAeKTyaAAbl BUPTyaAAbl KeHecllIi >KayalTbl KalTapaabl. bya kayan agerre JSON
¢opmaTeiHga Keaeai, COHABIKTaH OHBI CYy3y Kepek, OMiTKeHi OH/Aa KOIITereH KakeT eMec aKrapaT
Oap, oaapabl cy3y >KoHe >K0I0 KaxkeT. Cy3yJeH KelliH clleHapmil IemriM KaOblajay YIIiH
nalijalaHaThH aKIIapaTThl adaabl.
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Mel-xuirixmi kencmparvdul koappunuerimmepi (MFCC)

Ceriaeyai aBTOMATTH TypAe TaHyABIH Ke3-KeATeH >KyleciHeri OacTarkpl KedeH-(POHABIK
1y, ®MoLMsAAap KoHe T.0. CUAKTH OapAbIK HopCeHi eaeMeil, AMHIBUCTUKAABIK Ma3MYyH/BI
aHBIKTay¥a Ilaligaabl Oeariaepai IIbIFapy HeMece ayAMO CUTHAaA KOMIIOHEHTTepPiH aHbIKTay
6oapin Tabblaagel. Ceitaey Typaabl ecTe caKTay Kepek eH MaHbI3Abl Hopce — Tia MeH Ticrepai
KaMTUTBIH AaybIC TPaKTiHIH IIilmiHI ajaM IIbIFapaTBIH AbBIObICTapAbl cysedi. Ilaiiaa ©oaran
ApIOBIC Ochl popMaMeH aHbIKTadaAbl. Mel-kniaikTi kericrpaababt koo Ppuimenti (MFCC)
AaybIC >KOABIHBIH e3repiciH kepcereai. Temen xmiaikti Kercrpaapr kosdduimentin agam
AAayBICBIHBIH alipBIKIIa KacueTTepiH aAy VIIiH IaiijadaHyra 0oaaapl, coHbiMeH Katap MFCC
aJaM JayBICBIHBIH KBICKA Mep3iMAi KyaT crekTpin Oiagipeai. Mel >xmiaikTi-KericTpaapAbr
KOD(PPUITNMEHT CBI3BIKTBIK eMeC JKIiAiK ITKadachiHAa A0rapuPpMAiK KyaT CIIeKTPiHiH CBI3BIKTBIK
KOCHMHYCTBIK TYpA€HyiHe HeTi3geAreH >KMiAiK KeIlCcTpaAblH CUIIATTalTHIH KO®(pPuImeHTTepai
aAy YIIIiH Koa4aHblaaAbl. Mel 1m1kaaacel agam A4aybIChIH A2AipeK JKaKblHAaTaAbl, O TKeHi XKMiAiK
’KoaaKTapsl Oipkeaki opHaaackaH. XKwuiairi Mel xuiaix kericrpaast Mel mikazacsr OovibHIIIa
Oipkeaki 6eaineai >xoHe Oy >xuniaik 1000 I'i-ren Tomen Mel 111kaaachIHBIH MOHAEPIH CBI3BIKTBHIK
TypAe 0eay >KoHe CBI3BIKTBIK KeHICTIKTIiK cysriaepai KoadaHa otsipsir, 1000 I'i-Ten sxorapsr mel
IITKa/AaChIHAAFbI CUTHAAABIH A0rapudMAIK KyaThIH aHBIKTay YIIIiH KOAJ4aHblAaAbl. bop sxuiairin
Oepy AaybICTHI JKaKChl KOpCeTy YIIiH naiigaasl [14]. Yarini oKpITy >KoHe yATriaepai caabICTBIPY
Iporecinae eKi MaHbI3Abl DA€MeHT O0ABIIl TaOblAaAbl.

Onrosormaaslk Aepekrep OasaceiHAa Web-ERP-re KaTbicTBI OapABIK akIapaT, ©pHEK
>KoHe (PYHKIIMOHAAABIABIK Oap. Bya mporecc isgey >KylieciH OHTalldaHABIpYFa MYMKiHAIK
Oepeai. Conaaii-ak, 4aybICTBIK KOMaHJaHBIH AYPLIC OpbIHAAAYybIHa KeIliaaik Oepeai. bya aaic
VHTeAAEKTYaAAbl BUPTYaAAbl KeHECIIiHiH >KYMBICHI Ke3iHAe AaybICTBIK KOMaHAaAapAbIH
KaliTadaHybIHa K04 Oepmeriai.

Odaaitn pexxnmae >xymeic icreiitin Kommonent ERP-ge Oap 0apablK KOHTEKCTTiH
OHTOAOTUAABIK KOpiHiciHe KaTbeIcThl. OHTOAOIMAABIK KapTara TyCipy YIIiH OpbIHAaAaThIH
ITporecc cotiaeyai Tany MmoayaiHe OaiiaaHbICTEL. «ColiaeyAi MaTiHTe altHaAABIPYAbI» KOA JKeTiMai
eTeTiH ©pHeKTep MeH Co3AepAiH reHepalusAChIH eCKepe OTHIPLIIL, COA OPHeKTep 04apAbl OipkaTap
CMHOHUMJepMeH OalllaHbBICThIPa OTBIPBII CaAbICTHIpBLAaAbl. Kaprara Tycipy mepapXmsabk
TypA4e >Ky3ere achlpbldaabl, AFHU Oip Masipgeri OapablK ©pHeKTep OpTak KOMaHJaJdapra K04
JKeTKi3e aAaThIHABIFbIHA KO3 JKeTKi3y YIIIiH MaHbI3AbL.

OnTOA0TMAABIK AepeKTep KopbiHAa Oykia ERP muTepdeiici, atan aifTkaHAa OHBIH Ma3ipi,
9p Masipgeri Oap QyHKIUsAAap KoHe TINTi op (PyHKUMS IlaparblHia KOpCeTiAreH ©pHeKTep
KopceTiaeai. bip marbiHaga op Typai ce3aepai K0A4aHyAbI JKeHy JKoHe OCbI KapTaHbI XKacay YIIIiH
ERP-ae Dap epHekTepAiH opKailChIChIHA CMHOHMMAEP >KMBIHTBIFBIH KOCYy KaXkeT 00aabl. bya
i3gey XylieciH OHTalldaHABIPYFa MYMKiHAIK Oepeai >KoHe AaybICTHIK IOPMEH apKblAbl KaHAall
isaey Xyprisiace ae, HoTMXKe AYPBIC KalTapbldaThIHbIHA Kelliagik Oepeai. bip >karbiHaH, Oya
94ic 494 OCBHIHAAl aTayMeH epHeKTepAiH OpPLIHAAAYLIH O00AABIpMAliAbl, ad eKiHII >KarblHaH
9P KOMaHJaHbIH JKaKChl JKoHe KblA4aM OPbIHAAAYbIH KamTaMacel3 ereai. Ocplaaiiina, MyHAa
YCBIHBLAFaH MaKCaT-COHFBI I1aiiJalaHyIlblFa AaybICTBIK KOMaHAaap apKblAbl HillliHAep Al i3geyre
>KoHe TOATBIpyFa MyMKiHAiK OepeTiH ERP-re OipikripiareH BupTyaaAbl KeHecCIIliHi a3ipaey.

Bepiaren >xympIcTa yCBIHBLAFaH OHTOAOTUAABIK AepeKTep KOPbl ©Te epeKIlle curiaTraMadapra
e, OMITKeHi 04 Til MeH Hy CKaHbIH TipKecyi apKblAbl AepeKTep Oa3achlH yIIbIMAACTBIpyFa apHaAFaH.
CoHbIMeH KaTap, Ochl depeKTep Oa3achbIHBIH 9pKallChIChl Keaeci TyiiHAepi Oap mepapXusablK
KypblabIMFa ue 00aybl Kepek: Moayas (GeT); pyHKIMOHAaAABIABIK; OpHEKTep MeH CMHOHUMAEP.
OHTOAOIMAABIK AepeKTep KOPBIHBIH OChl KYPBIABIMABIK epekIleaikTepiHeH Oacka, TyuiHaep
Name, ID, commandId cusaxTer 3-cyperTe cumarTaarad KacueTTepaeH HeMece aTpuOyTTapdaH
Typaabl (Oya crieHapuiire HeMece url MexeH->Xaiibl apkblabl ERP-re GarpITTayra apHaaraH).
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9 OCTaHACBT ACCTAEK] ToBDOE, opra a0

10 oTpakeH/e e yeOBHA TYas, OTpaenHe
OTRRHTS OMEPAYAS QTIPY3KH 032008

12 wzy, orpazma nep
OTpaMTs NOTEEGHOLT KAMEHTOR 8 NoKyTKE

12 roeapos, syerye, orpacms orpeb

13 ofopums P . ofcpwrmmaces

140} » y ofpwmcps o

15 | ofopmnensz roctaski Tosacoe; ofcpwre-nenoctaa hitps:jdema promezse.rujsource/mapoing/:
ofopuess rpremos, nzpsoace,

16 yaoneHenn TpyapeoE; ofcpresnenpuem hit

17 |nzpfiop nocrasuy<oa Tzezpos; nogbop nzerse T esse.n

Ont_data_base % a1l u 1

s:/jdemo.prorrezse.rujsource /mapoing/453

Cyper 3. OHTOAOTHUAABIK AepeKTep KOPBIHBIH KacueTTepiHiH cuIaTTaMacsl
3epTTey HaTIKeaepi

Icke acpIpyra Kipicriec OYpBIH OafgapaaMaablK >KacaKTaMaHBI 5 Herisri Oeaikke Oeaemis.
bipinmii 0GeaiM - «icke KOCy», MHTeAAeKTyaAAbl BUPTyaaAbl KeHeCIIiHi IaiigaaaHyIIbl
MHTeAAeKTyaAAbl BUPTyaAAbl KeHeCIIiHi icke KOCy VIIiH TylimeHi OackaHHaH KeJliH icke
Kocblaaabl. Exinmni Geaim — «ceiiaeyai MaTiHTe aliHaAABIPY», MHTEAAEKTyaAAbl BUPTyaAAbl
KeHecIIi ITaliJa1aHyIIbIHbIH aliTKaHbIH JKa3a Dacraiiapl, cogaH KeliH OHbI MOTIHTE anHaAAbIpajbl.
Yminmi 6e4iM — «HMeTTi TaHy», 04 KeAeci KajaMFa Tyl aHbIKTay¥a ThIpbIcaAbl. OMTIIece, KeHeCITi
narjaZaHyIIbljaH MYHBI TaFsl Oip peT KallTaJall, ceiideyai MoTiHre TypAeHAipyre opaAybIH
cypaiiasl. Teprinmii 6eaim — «eHAey >KoHe OpbIHAAy», OHAA TUICTi apeKeTTepai sKacaaaapl, sFHI,
CypaaraH HopCeHiH HIMeTiHe cylieHe OTBIPBIII OHTOAOIMAABIK AepeKTep KOpPLIH IaiijadaHy.
OIiTIIece, KeHeCIIIi IaligadaHyllIbIFa TUICTi 9peKeTTi OpblHAall aaMaraHbIH XabapaaiiAbl. COHFBI
0o1iM — «MITiHHEH celiaeyre TypAeHAIpY», OCBI Ke3eHJe MHTeAAeKTyaaAbl BUPTyaAAbl KeHecIIi
cypayra >kayai Oepeai.

Web-ERP e3i (4-cypeT) opbIC TidiHAe >XYMBIC iCTeIITiH OpTaFa apHalbl >KacaaraH. bapabik
KOMaHJaJap MeH OpbIHAaAaThIH PYHKIMAAap OPBIC TidiHAe, ©MITKeHi JaMblFaH MHTeAAeKTyaAAbl
BUPTYyaAAbl KeHecClIi OpbIc TidiHAe ceiiaeyai TaHyfa yupertiareH. ITpomecri eHrisy kesiHge
Oipinmri Kagam-»ceiiaeyai MaTiHre afHaAABIPY» KOHTeKCTiHAe MaligadaHyIbl aliTKaH co3lepai
>Kasy >KoHe TaHy, MaTiHAl celileyre Typ/AeHAIpy apKblabl I1aligadaHyIIbIMEH ©3apa apeKeTTecy
YIIiH KaXkeTTi aicTi Tady [9].

TanblaraH Ma3MyHABI uUHTepripetanusiay web-ERP-re enriziaren, oa ¢popmaHbsl Hemece
ecentepai allyMeH e©3apa opeKkeTTeceli >KoHe IlalijalaHyIIbIHBIH ©3apa opeKeTTecyiH
KaMTaMace3 eTedi. Ic-mmapaga opHaTbiaraH Oeariai Oip THIHBIIITBIK yaKbITHIHAH KeiiH TaHy
aBTOMATTHI TypAae ToKTaTbldaabl. Ochl KigipicTeH KeliH >KYMBICTBI KaAFacTBIPY KiAT-TpUITep
ces3Jep HeMece MHTeAAeKTyalAbl BUPTyaaabl KeHecurigeri beacenaipy Tyiimecin 6acy apKbLAbI
JKy3ere achIpbliajbl.
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Cypert 4. Web-ERP-ra nnrerparnusianrad UHTEAAEKTyaAAbl BUPTYaAAbl KEHECIII

AKBIpBIHAQ, >Kayall Oepy yIiH VIHTeAaeKTyaaAbl BUPTyaAAbl KeHeCIi MaTiHAI ceiiaeyre
alfHaAABIPYEI KepeK e4i, o4 yuriH 0i3 KeHecliire coTTi ceiiaeyre MyMKinaik Oepetin Text-To-
speech API KoasaaHABIK.

Ocpl >KYMBICTBIH HOTUKeCiHAe MHTeAAeKTyaAAbl BUPTyaAAbl KeHeCIli CypaHbICTapAbIH
OHTOAOTUAABIK AepeKKOPbIHAa OpHaJlacKaH KiAT ce3jepai aHBIKTayAbl OelceHAipyAiH >KaKChI
Aaaairine ne. OcblFaH cylieHe OTHIpHII, 0i3 OeaceHAIpY Ad14iriH keM JAereHge 80% AeHreitiHe
>KakbIHAATTHIK. Speech-To-Text 2914iri ToMeHipek ekeHi aHbIK. OKy Ke3iHAe HIeTTi TaHy, COHbIMeH
KaTap, OardapaaMa ogeTTerigell SXYMBIC icTell TypFaH Ke3de MOAeAbAl OKBITY MYMKIHAITIHIH
apKacelHAa JKOraphl 0044b1. OHgey, apekeT eTy >KoHe Kayall oepy 90% >KyMbIc icTeitai.

Temenge web-ERP >xyiiecinin naitgaaaHyIsLaapsl COMAENTIH gepeKTep Oa3achIHBIH HeTi3Ti
curiattamadapsl, Oip ceilaeMAi OKy ceaHCHI JKoHe JKeKe Coliley cuIaTTaMalapbiH 3epTTeyTe oTe
BIHFal1ABl CAABICTRIPMAaAbI TYpAe YAKeH coliaey yAriaepi keatipiaren. 5-cyperre aptypai MFCC
KopPunueHTTepi >KoHe eki KabaTThl HEMPOHABIK TiKeael OalidaHBIC >KeaAici KepceTiAreH.
Aepexrep KopbiHaa 50 crinkep, 20 oriea >xoHe 30 ep agam Oap.

Sl =B
o)

Bipinmri kadat

- g EET

e
Exinmi gafat

Cyper 5. Exi KaDaTTbl HeMIPOHABIK TiKeaell OalildaHbIC JKeAiCiHiH KYPbLABIMBI

JKasba oxpity (70%), Tekcepy (15%) >xone Tectiaey (15%) Oeaimaepine 6eainai. ConsiMen
kartap, /lesenOepr-Mapksapar (LM) oxpiTy nnpornieci, baitec pery aspusanmsicel, KBasu-HbIOTOHABIK
cepriimai kepi (BFGS) tapaays! >koHe MaciiTabTaaraH KOHBIOTAT I'pagyeHTi YIIIiH aATopuTMAaep
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SKUBIHTBIFBI KOAJAAHBLAAABL. 6-CypeTTe apTypAi oKy aaropurmaepi 6ap 10 MFCC kosdPuiimenti
YIIiH HelpoHAap caHbIHa OaifaaHbBICTHI TaHy manb3el (RP%) kepceriaren. ConpiMeH Katap,
6-cypeTTe 9pTYpAi OKy aaroputMmaepiniy >xeaiaepi 6ap 13 MFCC kosdduimenti yirin

HelIpoHJap caHbIHa OaliaaHBICTEI TaHy Manb3sl (RP%) xepceTtiares.

6-CypeTTeH KOpill OThIpFaHBIMBI3Jali, aKIapaTThIK >Kyliere KaThICTbI OapAblK ce3lepai
TaHyABIH eH >XKorapsl naitbi3el 13 MFCC kosddurnenti 6ap JAesendepr-Mapksapar LM okbiTy

aArOpUTMiHe Heri3geAreH.

Cyper 6. Heiiponaapapig canbsiHa skone MFCC xoaddurineHTTepi KaThIHACBIHAAFBI TAHY

7-cypeTTe HeMpPOHABIK >KeaidepAiH >KachlpblH KabOatbiHAa 50 Heliponbpl Oap /lesenOepr-
Mapksapar (LM) makcaTTbl >KoHe HaKThl depeKTep apacblHAAFbl JKOFapbl OHIMAlL KOppeAsi s

KOpCeTiAreH.
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Cypert 7. /leenOepra-Makpsaara (LM) aaici HerisiHAeri MaKcaTThI )KoHe HaKThI AepeKTep
apacblHarbl TaHy KOpCeTKiIIi

8-cyperTe HEIPOHABIK >Keli OKBITBIAFaH Ke3Je OKY JepeKTepiHgeri KaTeAikTepaiH a3alobl
KOpCeTiATeH.

Best Training Performance is 0.032074 at epoch 1000

N

Mean Squarcd Errcr (misa)

i o SR LT 00 B0 o el LU

1000 Epochs

Cypert 8. HelipoHABIK >KeAiHi OKBITY Ke3iHJeTi KaTeAiKTep4iH asaionl

Tamcerpeic OepymIiHiH Ka’KeTTiAiKTepiHiH TOABIK ColiKeC KeAyiH KaMTaMmachl3 eTy YIIiH
93ipAeHreH IIPOTOTUIIKe DKCIIEPUMEHTTep XYPpriziaai. bya skcnepument EHOek pecypcrapbin
(mepconaaAbl) KaMTaMachl3 €Ty >KOHiHJerl o3re Ae KbI3MeTIIeH aliHaAblcaThiH «Management»
JKIIC kpIsmeTkepaepi OHTOAOTUAABIK AepeKTep KOphIHJAa Cypay cadyadapAbl TecTidey YIIiH
ipiKTeAill aAbIHFaH HaKThl )KaFAalira >KaKbIH JKarJalildapAa ©TKiziaAl. DKclleprMeHT HOTI KecCiHAe
>Kayall Oepy yaKbITBIHBIH CallachlH KoHe IaligadaHyllIblFa KaliTapblAaThIH aKIlapaTThIH callachlH
Oaraaayra MyMKiHAiK Oepai.
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AaaBIH ala XMHaJAFaH KOMaHJaJap SKUBIHTBHIFBIMEH alfThLAFaH ABIOBICTH HeMece KOMaHAa
coliKec Keace, reHepalys JKYPri3iaill MHTeAAeKTyaaAbl BUPTyaa/Abl KOMEKIII >Kayarl KaiiTapaapl.
Erep maligasaHymipl IepMeHAl OpblHAAY VINIH TOABIK aKHapaTThl aiTIiaca, OHJ4a ®KpaHJa
«KaiiTasanpiHpI3, ci3 aiTKaH KOMaHJa TaOblAMaabl!» BUPTyaaabl KeHeCIIiHiH JaybICBIMeH
cylieMeaAey apKblAbI IIBIFBIIT TYPa/bl.

Erep narigaaaHyIs! aifTkaH KOMaHAa Ay pbIc 00.4ca JKoHe aa/bIH-aa XIMHaAFaH KOMaHJAaJlap
SKUBIHTBIFBIHA COJIKeC Keace, BUPTyaaAbl KeHeCIIi cypalfaH KOMaHJara >Kayan Oepeai >koHe
opwliHAaNABL. bBipaeit kiaT cesaepi Oap KomaHAadap OopTak KOMaHJa peTiHAe KapacCThIPBIAYHI
MYMKiH. MyHgail >xarjaiidapda OHTOAOTMAABIK AepeKTep KOPbl OPbIHAaAaTbhlH KOMaH/aHbBI
aHbIKTayFa KeMmeKkTeceai. OcpifaH 0allAaHBICTHI CO3AePAiH CHMHOHMMAEPIH KOCYy KasKeTTiairi
TYBIHAAABL.

VnTeaaexTyaaAbl BUPTYyaAAbl KeHECIIiHIH JKYMBICBIH TeKCepPy Ke3iHAe OHTOAOTUSABIK dAiCTi
KOJJaHa OTBIPHII, KeJeci HOTUKeAep aHBIKTaAAbl, JKayall Oepy yakbIThI MeH aKIapaT carlachl
85%-ra >KaKcapABL.

KopsuIThIHABI

Ocr1 3epTTey ascbiHAa OM3HeC-TIpOollecTePAiH JKYMBICH YIIIiH colidey i TaHy aATOpUTMAepiHe
Taaaay acaaabl. HoTtiokeaep OusHec-TipoliectepMeH KyMbIc icTey kesiHAe web-ERP nerizinge
JKYMBIC iCTEMTIH MHTEAAEKTyaAAbl BUPTyaAAbl KeHECIIiHiH MHTerpauusachl yAKeH MaHbI3Fa
e ekeHiH kopcerrti. ERP xyiteci OmsHec-mponecTtepAiH >KYMBICBIH OHTAlAaHABIPY >KoHe
aBTOMATTaHABIPY KOHTEKCTiHAETi eH KbI3BIKTHI JKoHe O3bIK MHHOBAIMAABIK TeXHOAOTHs OOABIIT
TaOblAagbl. 3epTTey HOTVUXKeCiHAe UHTeAAeKTyaaAbl BUPTyaaAbl KeHECIIiHi OHTOAOTMSAABIK
MOAYyAbMEH HHTerpanusiay Ke3iHAe KeHecCIli OpBIHAANUTBIH CYpaHbICTapAbl OHTAlAaHABIPY
MYMKiHAiTi Oap ekeHAiri aHbIKTaaAbpl. JaybICTBI MOTiHTe TYypAeHAIpY KesdiHAe TepMUH
OHTOAOTHUAABIK JepeKTep KOpbIHa cypaHbIc KiOepeaH. Ocobl cypayfa coiikec ERP sxyitecinig
THiCTi (PYHKIIMOHAAABIFBI OpblHAaAaAbl. HoaTmkecinge OHTOAOIMAABIK JepekTep KOpbIMeH
OipikTipiareH AaybpICTHl KOMaHAaJap Ty pPiHAe TAaHUTBIH MHTeAAeKTyaAAbl BUPTYaAAbl KeHeCITiHiH
JKYMBIC apXUTeKTypachl >)kacaaabl. Feedforward xikTey MakcaTTapsl yIIIiH Tikeaeit OaiiaaHBICKaH
HEeMPOHABIK >KeAi OKBITBIAABI >KoHe Oearidepai axkwIpaTry yiriH Mel-kuiaik KercrapAabpAbl
koo PuimenTTepi, coHaaii-ak /lesendepr-Makpsaar (LM) skone bpoiigen-®aetuep-I'oaasapo-
Manno (BFGS) saicrepi Koa4aHblaAbl. OHiMAlAIKKe HerizgeareH eH >KaKCbhl TaHy KOPCeTKiITi
(%) >xacpIpbIH KabaTTa Tikeaeli OaitaanpicKaH 50 HeIIpOHHaAH TypaThIH eKi KabaTThl Mel->xmiaik
KeIlcTpaabAbl aATOpUTMiHIH 13 kKoadPuiinenTi ekeHi aHbIKTaaAbl. OHTOAOIMAABIK A€ peKKOPMeH
UHTerpalusAHbIH apKachlHJa >Kayall Oepy yakbIThl 85%-Fa >Kakcapca, AaybICTBIK KOMaHJara
apHa/AfaH aKIapar caracel 95% apakaTblHachIiHa 1€ 00AABL.

JKorapel 6HIMA1AIK YIITIH KOMaHAaAap Ty PiHAe 4aybICTEI TaHY 94iCTepi MeH aATOpUTMAepiHe
Herizgearen Python Oaragapaamasay TiaiH KoaAgaHa OTBIPBIN, UHTEAAEKTyaAAbl BUPTYaAAbI
KeHeCIli >kKacaaApl. O3ipAeHIeH KeHecIlli OpTa >KoHe IIarblH OM3HeC KICiIOpPBIHAAPBIHLIH
SKYMBICBIH JKaKcapTaapbl.

bya sepTrey >KyMBICBI AayBICTBI TaHYABIH JAaMybIH 3epTTeyre HUeTTi  0Ooaamax
3epTTeyllilepre AMHaMMKaAbIK aKIapaTThIK >Kyllelepaeri OMaHec-IpoliecTepAil >KYMBICHIH
OHTallAaHABIPY JKoHe aBTOMaTTaHALIPY KOHTEKCTiHJe Ae Ialigaabl 00Aybl MYMKIH.
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A.A. Abanapaesa, 4.C. Xeoiiavicosa, I.C. Hazap
Kasaxciuil Hayuonarvhviil ynusepcumem umenu arv-Qapadu, Axmamot, Kasaxcman

MeTOZl,bI paciio3HaBaHMsI TOA0cCa 4451 paSpa6OTKI/I MHTeAAeKTyaabHOIO BUPTYyalabHOIO
KOHCYAbTaHTa

Annorammsa. B oToit craThe OblAM M3y4YeHBI METOABI M MOAYAM pacliO3HaBaHMs roJoca
AAs pa3pabOTKM MHTeAAeKTyaAbHOIO BMPTYyaAbHOIO KOHCyAbTaHTa, KOTOPBI MIPaeT BaKHYIO
poAb B KauecTBe BCIIOMOTaTeABHOIO cpejcTsa Ipu pabore ¢ mMHEPOPMAIMOHHBIMHU CHCTeMaMU
busHec-nporeccos, a Tounee ¢ ERP-cucremoit. D10 mnccaegopanne npejHasHauyeHO AAs OIMCAHMS
UHTEeAAeKTyaAbHOTO BUPTYaAbHOTO KOHCyAbTaHTa B OlleHKe I104e3HOCTH ¥ 5(PdeKTUBHOCTU
UCTI0AB30BaHM: peaabHBIX PYHKINII B IIPOrPaMMHOI CHCTeMe DU3Hec-Iporiecca MOAeAMPOBaHIs
naanuposanus pecypcos npeanpusatus (ERP). VinTeasexTyaapHbINI BUPTYaAbHBI KOHCYABTaHT
unrerpuposan ¢ npororuriom Web-ERP. B »rom wnccaejoBanmm Oblaa ocHOBaHa 0OpaboTKa
ectectseHHOTO s13bIKa (NLP) ¢ ncrioarzosannem metol0s /leseHOepra Maksaara (LM) u bpoiigeHa-
®aeruepa ['oagsapba-Ilanno (BFGS) ¢ aaroputMoM kercrpaabHbIX Kod¢PpuiieHToB yacToTel Mel.
CpaBHNMTeABHBIN aHAAM3 DTUX METOAOB TakKe ObLA IIpoBejeH Aas omnpedeaeHns 5PpeKTUBHOCTU
UCII0Ab3YyeMBIX MeTOAO0B. boAbInM npenmyIiecTsoM 9TOrO BUPTyaAbHOIO KOHCYAbTaHTa sBASETCS
rOA0COBOI BBO/J, AAMHHBIX TEeKCTOBBIX IIOAell JaHHBIX Ipu pabore B Web-ERP. Dra cucrema
aKkTyalbHa, TaK KaK 3HauMTeAbHO paclIMpseT MHOMCK paboumx mnporeccos Omsneca. Cucrema
I103BOASET IIpeoOpa3oBLIBATh Pedb B TEKCT, II0AyJas MHCTPYKIuy nHpopmanmonHoii cucremsl (V1C),
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Mnmearexmyardvl supmyardvl KeHecuiini asipaeyze aprarear 0ayvicmvl many adicmepi

KOTOpBHIe, B CBOIO O4depeab, IlepeAaioTcsl B OHTOAOTMIecKyIo 0a3y AaHHEIX, I4e BBIITOAHSAETCS 3aIIpoC
Ha OCHOBe T€PMIHOB AJs IOAy4eHIs HaOopa KOMaHJ, AOCTYIIHBIX AAs BBIIIOAHEHU:. BHeapenme
MHTEAAEKTyaAbHOTO BUPTYaAbHOIO KOHCYAbTaHTa He TOABKO PacIInpseT BO3MOKHOCTHU IIPUAOKEHIAS
A4 TI0Ab30BaTeAel uepes CIUCTeMY, HO TakK>Ke ITI03B0AseT I10Ab30BaTeAsIM NHTepIIpeTpOoBaTh 4aHHbIE
C IIOMOIIBIO CHHTe3a pedun. DTOT IPOTOTUII OyAeT MCII0AB30BATHCS A AaABHENINNX MCCAeJ0BaHNII
110 MHTerpaluy MHTeAAeKTyaAbHOTO BUPTyaAbHOTO KOHCYAbTaHTa I aHAAM3a AaHHBIX.

Karouesble caA0Ba: MHTEAAEKTYaAbHbII BUPTYyaAbHBII KOHCYAbTaHT, pacllO3HaBaHMe roa0ca,
r020COBOe yIpaBAeHle, OHTOA0TdecKre Oas3bl AaHHBIX, Ou3Hec-mIporreccel, ERP.

A. Abdildayeva, D. Zhyilyssova, G. Nazar
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Voice recognition methods for the development of an intelligent virtual consultant

Abstract. In this article, methods of voice recognition were studied for the development of an
intelligent virtual consultant, which plays an important role as an auxiliary tool when working with
business process information systems, or rather with an ERP system. This study is intended to describe
an intelligent virtual consultant in assessing the usefulness and effectiveness of using real functions in
a business process modeling software system for enterprise resource planning (ERP). An intelligent
virtual consultant is integrated with a Web-ERP prototype. In this study, natural language processing
(NLP) was based using Levenberg Marquardt (LM) and Broyden-Fletcher Goldwarb-Shanno (BFGS)
methods with the Mel kepstral frequency coefficients algorithm. A comparative analysis of these
methods was also carried out to determine the effectiveness of the methods used. The big advantage
of this virtual consultant is the voice input of long text data fields when working in Web-ERP. This
system is relevant, as it significantly expands the search for business workflows. The system allows
you to convert speech into text by receiving information system (IS) instructions, which, in turn,
are transmitted to an ontological database, where a query based on terms is executed to obtain a set
of commands available for execution. The introduction of an intelligent virtual consultant not only
expands the application’s capabilities for users through the system, but also allows users to interpret
data using speech synthesis. This prototype will be used for further research on the integration of
intelligent virtual consultant and data analysis.

Keywords: voice recognition, intelligent virtual consultant, ERP, voice control, business
processes, ontological databases.
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XTTAP 55.03.45

b.A. Komnangaapos, P.T. Caxeibaes*

M.X. Ayaamu amoindazor Tapas eripaix yrusepcumemi, Tapas, Kasaxcman
E-mail: kaf_mim206@mail.ru, *Sakhybayev@mail.ru

CobiHa OeaaikTi BapmaTop KYpy

Angarna. TexHoA0ZUAADIK MAUUHAAAPOBIH K YMBICULD K BIADAMODIZOIH, THEXHOAOZUSAMEH
KapacmuipvliAeam apHada, cCamviAamaii pemmeyze coiia 6erdikmi 6apuamopdvl naidaramy
veunviazan. bipax, kasipei 6ap apnaiivl coina 0eAdikmi 6apuamopovly, muimoirikmi
memendememin xemutirikmepi 0ap. Ocvizan 0AUAAHBLICHIbI, CHAHIAPMINGL KemeKmiK
cotna  OeAdikmi, kemexkmeei uikugi 0ipdeti cexmopaapea 00AiHzeH, ceKmopAapovl
paduarvoel 6azvimmapoa CUHXPOHObL KOIAKBIMbIN XKemekmezi uKusmit, duamempin
e3zepmemin eapuamop Kypy ycuiroiran. Cmandapmmol xemekmix cvina 0eAdikmi
Kare kemexmezi WKUGI KONCEKMOPAbL 6APUAMOPIbL 3epimmeyMer CeKmopAap Cambl,
KONCEKMOPALL WKUSMIY, mapmy Kadiremi, Koncekmopavl ULKuemil, ouamempaepi,
0eAdiKkmit, KOnceKxmopAbl uLKuske mycipemin Hopmarbobl KolCblM KYULi CUsKHbL 0acnivl
napamempAaepi aHvlKmarzan, 0Aap 0cbiHOail 6apuamopovl X00aray YuLin Kaxemnt.
TyitiH cesaep: sapuamop, cvita 6eAdik, uikue, cekmop, Kyut, opay Oypotuiol, duamemp,
OepiAic KamvtHACHL.

DOI: doi.org/10.32523/2616-7263-2023-143-2-118-128

Kipicme

OHgipicTik MamMHaAapAaFbl TEXHOAOTIMAABIK JKbIAAaMABIKTEL peTTeyai, 6acka ajicrepMeH
CaAbICTBIPFaH/a, MeXaHMKaABIK BapraTOpAbIH KOMeriMeH caTblaaMail perrey TuiMai [1-3].

MexaHuKaAbIK BapuaTtopAapAblH illliHeH cblHAa OeAAiKTi BapMaTOPABIH apThIKIIBLABIFEI
>KOFapbl: KYPBLABICH KaparlaiblM, KYHBI TOMeH, JKYMBICBI CeHIMA], peTTey apHachl >KeTKiAikTi [4].

Crina OeagikTi BapuaTtopaap IIKUBTIH HeMece IIKUBTEPAIH AMaMeTpiH e3repTy ajiciMeH
epekieaeHeai [4-6].

[TxnBi Gipine Oipi >KaKbIHAAM TBIH HEMece aAbICTalThIH €Ki KOHYC AMCKi TYpiHAe KypaMdaafraH
cbiHa OeaaikTi BapuaTOop KoAJdaHbIC TamnkaH [4,5]. Bipak, MyHaali BapuaTOpra apHAalibl
’KacaaaTblH, eHi yAKeH CblHa Oeaaik KoaaaHblaaabl. MyHJAall BapuaTOpABIH KeMIIidiKTepi:
apHalfbl CbIHa 0eAAiKTiH KYHBI JKOFaphl; peTTey Ke3iHge KOHYC AMCKilep chiHa OeAAiKTi eHiHeH
CBIFBIIT JKBLAXKBITaAbl, COHABIKTaH, apHalibl CbIHa 0eAAIKTiH JKYMBIC JKacay Y3aKTBIFbI KbICKapaabl;
BapMaTOpAblH Oepilic KaTBIHACBIHBIH ©3Tepy apHAchl IIeKTeATeH, ChlHa OeAAiKTiH eHiHe
Tayeaai [4].

Ocpiran OaiiaaHBICTDI, CTAHAAPTTHI XKeTeKTiK ChIHa OeAAiKIIeH JKYMBIC JKacaliThIH, JKeTeKTeri
ImKNBi OipJeit cekTropaapra ©OeaiHreH, ceKTopAapabl paguadbabl OarbITTapda CUHXPOH/ABI
SKBIZAXKBITBIII ITKMBTIH AMaMeTpPiH ©3repTeTiH chiHa 0eAAiKTi BapuaTOp YChIHBLAFaH [6].

Ocpingait ceiHa OeAAiKTi BapuaTOPABIH 9peKeTTi cxeMach! 1-cyperTte kepceTiagi: 1-auamerpi
TYPaKTHI JKeTeKIII IIIKIB; 2-CTaHAAPTTHI JKETeKTiK ChIHA 0eAAiK; 3->)KeTeKTeTi IKUBTiH CeKTOPHL.
Mynaait cpiHa 6ea4ikTi BapuaTOPABIH apTHIKIIBLABIFBL CTAHAAPTTHI JKeTeKTiK ChbIHa OeAAiKkieH
SKYMBIC >Kacaybl; JKeTeKTerl IIKUBTIH AraMeTpiH OHTaliAbl IllaMara AeMiH YAKeITy MYMKIiHAITi,
CeKTOPAapAbl CHMHXPOHABI >KBIAXKBITY apKblAbl; KeMIIiAir: ceKTopAapabl >KBLAXKBITaTBhIH
MeXaHM3MHiH 0O0AyBl; IIKUBTIH KYPBLABICBIHBIH KYpAeAeHYi.
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JKerexreri mxusi Oipaeit cekTopaapfa OeAiHreH chlHa OeAAiKTi BapUTOPABI KYpy YIIiH,
aAaAbIMEH, IIKMBTI KYPaThIH CeKTOPAAapABIH OHTallAbl CAHBIH, CeKTOpAaHFaH JKeTeKTeri IKUBTIH
TapTy KabizeTiH, OeaAik opalaTelH ceKTOpAapra TyCeTiH KbICHIM KYIIIiH 0iay kepek 004aabl.

Cekropaapra OeaiHTeH IIKMBTIH BapuaTop >KOOaJdaHaThIH HOMMHaAbAbI KyaTThl UIepyi
OHBIH TapTy KaOideTiHe OaliaaHBICTBI, aa TapTy Kabiaeti, OipiHmmigeH, cpiHa OeagikieH
OipyakpITTa KOCBLABICTA DOAATBIH CEKTOPAap CaHbIHA, eKiHIITiAeH, ChbIHa 0eAAiKTiH ceKTopAapAbIH
KaHa4JapblHa TOABIK KMidyiHe OailaaHbICTBI 0O0AaAbI.

Crina Oeagikri Bapuatop >k00asaHaTbIH HOMUHAAbABL KyaT

N,=F, -V Br, 1)

Cyper 1. XeTekreri mKnBi ceKTopaapra O6AiHreH cTaHAaPTTHI ChIHA OeAAIKTi BapuaTOpAbIH
9PEeKeTTi cxemMachl

MYHJa: N, |- KeTeKIII KNBTeri Kyar, Br;

F, - xerekreri mkusreri mendepaik kyi, H;
V — cpiHa OeAAIKTiH JKbLA4aMABIFBI HEMece JKeTeKIII IITKNMBTIH IeH0epAiK KblAAaMABIFEL, M/C.
Conga, >xeTeKTeri MIKUBTIH KyaThl Keaecigeit 601y Kepek

N,=n-N,=n-F -V Br, (2)

MYHJa, 7] - cbiHa 6ea4ikTi OepiaicTiH Mmanaaasl oacep KO9(pPUIIeHTi.

JKerexTeri mKuBTeri KyaT OcblHAal 00y YIIIiH ceKTopAap¥a O©AiHTeH IKUBTiH IIeHOepAiK KyIITi
KeTeKIIIi IIKUBTeTi MeHOepAiK KyIIIKe TeH 001y Kepexk.

JKerexi mkusTeri 1meHOepAiK KyIII OFaH OepileTiH KyaTKa Toyeaai

F =% H. 3)
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[Tenbepaik KyII OeaikKe ©Ty YIIIiH OHBI aAABIH ala Kepedi [7]

F, (d"™ +1
S, == | H (4)
2 \ad" -1
MyHJa: f — cbiHa 0eAAiK IIeH IIKUB apachIHAAFbI YIiKeAic Koo PUIleHTi;
& — cbIHa OeAAiKTiH JKeTeKIIli IIKUBTI opay Oy pBIIIEL, paj;

F, - xerexmmi mkusreri meHb6epaix kyrm, H.

JKerekmi mKus aitHaAfaHAa ChiHa OeAAIKTIH OFaH OpaAyFa KeAeTiH TapMarbl JKeTeKIll, aa 0O4aH
OpaAayJaaH HILIFaTBIH TapMarhbl JKeTeKTeri 0045l Ooaineai. bya kesae 6eaaikTiH TapMaKTapbIHbIH
Kepiayi 6ipaeir 6oamaitasr [7]:

1
S =F-— H; 5
1 t d/a—l ()
i
SzZFt'W H. (6)

BeaaixTiy TapMakTapblHBIH Kepiay Kymrtepi (S,S,) cekropaapra OeaiHTeH >KeTeKTeri
IIIKMBKE Je Tyceai.
CoHABIKTaH KeTeKTeTi IIKMBTeTI IeH0epAiK KyII Keaecigeir 00aaasr [7]

F=5-5 H 7)

bipak, Oya KyI >keTekTeri IIIKMBKe OTY VIIIiH CeKTOpAap MeH ChiHa 0eA4iKTiH apachlHAAFbI
yiikeaic koodPuienTi (f) koHe OeAAiKTiH >KeTeKTeri IIKUBTIH CEKTOPAapBIH Opay OYpPBIIILI
JKeTeKITi IKusTeri yiikeaic kosdduiienti (f) MeH oHBI OeaaikTiH opay OypbIIIBIHAH KeM
6o0aMaybI Kepek
D

-D
a, =180°——=—— p L.57° rpan, 8)

MyHAa: D, >KeTeKIll IKUBTIH AaMeTpi, MM;
D, >keTekTeri IKUBTIH AaMeTpi, MM;
4 — >KeTeKIII >KoHe JKeTeKTeTi IIKUBTePAiH 6CTepiHiH apaKalllbIKThIFb, MM.
Bapuatopaa >xerexTeri IIKMBTIH AuMaMeTpi o3repeai, COHABIKTaH, &, OYpBIIIBIH yAKeH
anamertpre (D, ) ecemnTenai.
Cekropaapra DeaiHreH >KeTeKTeri IIKUBTI 0eaAiKTiH opay Oy pBILIbI Keaecigeir 004aAbl
a,=z,-a, rpaj, 9)
MYHAQ: (, JKeTeKTeri IIKMBTiH CeKTOPBIHbIH Oy PHIIIbI, TPaJ;
z,, 6eaAiK OpaAaThIH XXYMBICIIEI CEKTOPAAP CAHbL.
JKerekreri mKusTiH OeA4ik OpaaaTbIH >KYMBICIIBI CeKTOpAap CaHBIH KeJeci IIapTTaH
aHBIKTay¥a 00AaAbl:
a
a,=a; z,0.=a; Z, :a_ . (10)
c
Bya mapr opeingaay yIiin 0ea4ik >KyMBICTaFbl CeKTOpAapFa TOABIK, OpadaThiH 001y Kepek.
Erep, 6eaaix ceKTOpAbIH CeKTOPABIK OYPBIIIBIH KAMTHICA, OHAAQ OHBI TOABIK OpaiiApbl.
beaaixTin >XyMbICTarbl ceKTopaapapl opay TypiH aHbIKTayFa KYpbLAFaH eceIlTey CXeMachl
2-cypetTe KeaTipiaai: 1 — >KeTekreri IKMBTI Oipaell cekTopaapra D01y cxeMacsl; 2 — CeKTopAapra
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OeiHreH >xeTeKTeri IIKUBTIH AnaMeTpaik (D,) menbepi; 3,4-IIKUBTIH >XyMbBICTaFbl €Ki KOpPII
CeKTOpAaphl.

JKetekreri IKMBTIH AMaMeTPiH ©3repTy YIiH OipAeil ceKTopaapabl pagnaababl OarbITTapFa
CHMHXPOH/ABI KBLAXKBITaAbL.

Kepmri cexkropaapabiy (3,4) >KYMBICIIBI JOFaJapbIHBIH OpTaAblK HyKTelepiH (A >KeHe
B) xocatein Ty3y chI3BIK (AB) OeaaikTiH OChl HyKTeAep apachblHAAFbl Kepidy CHI3BIFBI 004aAbl
(2-cyper).

Cyper 2. Cexktopaapra 0eAiHIeH IIKMBTI ecerTey cxeMachl
Erep, AB Ty3yi cexTopaapAblH imriHeH eTce, oH4a 0OeAAiK CeKTOpAapAbl OpaiiAbl >KoHe
0AapAbIH apaabIFbiHAa Kepiaeai (CD Ty3y CBI3BIFBI).

CekTopaapAbIH TapameTpi: & ceKTop OypwIinib;; D, ceKkTop gnamerpi.
CekropaapAblH aAbIMABIK OYPBIIIBI CEKTOP Oy phIIIbIHA TeH

ZAOB =«,.
OAB ymoOypsIbl TeHOYipAi YIIOYpBIIIT
OA=0OB.

AB Ty3yi, cekropAap JOfaJapbIHBIH OPTaAblK HYKTeAepiH KOCaTblH, >KeTeKTeri IIKUBTiH
anametpaix (D,) menOepiHiH XxOpaacht

AB =2 AK.

OKA TixOypeoiurst ymoypsiurad (OK L AB):

AR in%.04=05-D,; 4K =05-D,-Sin%;
04 2 2
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COHAA
AB=D, -Sin% . (11)

JKerexreri MKMBTIH guaMeTpi yAKelreH caiibH ceKTopAap OipiHeH Oipi KaIbiKTaii Oepei.
AB Ty3yiHiH ceKTOpaapAblH illliHe Kipy TepeHairi (2-cyper)

CC'=DD'"=0C-0C".
O,C'A tikOypeimrer ymoypsimran (O,C 1T OK)

01C] a, I a,
A= Cos%: 04=05-D;0C=05-D; OC' =05-D;-Cos
1

2

COHAa
aC

CC'=DD'=0,5-D,-0,5-D, -Cos

b

aC

CC' =DD' =0,5-D,-(1-Cos 2) . (12)

Bbya tenaey AB Ty3yiHiH ceKTOpAapABIH illliHe Kipy TepeHAiri TypaKThl 001aTLIHBIH KOPCeTTi,
JKeTeKTeri IIKUBTIH AlaMeTpiHe Toyeaai emec.
Crina Geagik IIKMBTIH AMaMeTpAiK I1eHOepiHeH ToMeH Kapail KaHaAfa Kipill opHaJacaAbl

(3-cyper).
Erep, AB Ty3yiHiH ceKTOpAapAblH illliHe Kipy TepeHAiri, cblHa OeAAiKTiH IITKMBTIH
AVaMeTpAiK IIeHOepiHeH KaHaAara Kipy TepeHJiriHeH yakeH 0o4ca, oHga 0eaaik ceKropaapAabl

TOABIK OpaiThIH 00AaAbI

CC'=DD' >h-y,;

(12) popmyaans! eckepreHge

O,S-Dl-(l—Cos%)>h—yo, (13)

myHAa D >>h GoaaThIHABIKTAH ChiHa OeAAiK CeKTOp AOFfachlH OapAbIK YaKbITTa TOABIK
OparAblL.
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Yo

Cyper 3. CoiHa 6e44iKTiH IIKMBTiH KaHaAbIHa OpPHAaAaCybl
CriHa OeAAiKTiH ceKTopAap apaAbIFBIHAAFBI KePiay Y3bIHABIFHI (2-CypeT):
CD=AB—-(AC' +D'B); AC'=D'B; CD=AB-24C’;
O,C'A tikbypsimursr ymoypsinran (O,C I OK):

1
AC =Sin&; A0, =05-D; ACI=0,5-D1~Sina"
AO, 2 2

Ocprnbl >xoHe (11) popmyaaHbl eckepreHge

cD=(D, —Dl)-Sin% . (14)

JKerekTeri mKUBTIH guaMeTpi ©ckeH callblH 0eAAIKTiH CeKTopAap apaAbIFbIHAAFBI Kepiay
Y3BIHABIFBI y3apaabl.
beaaixTin cekTopab! opay y3bIHABIFEL

[, = 15:[00 -a,+0,5-D,=0,0087-D,-c,; .=0,0087-D,c,. (15)

bya y3pIHABIFBI TYpaKThl, @3repMeniai.
beaaikrtig cekToparbl >KoHe CEKTOpAapAblH apaAbIFBIHAAFBl Y3BIHABIKTApBl TeHeceTiH
>KeTeKTeri IKUBTIH AuaMeTpi:

CD=1; (D, —D,)-Sin%zo,oom-q o

OCbIJaH
0,0087-a,
D,=D, [ 1+>——"" 1 (16)
Sin—=
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Bapuaropapiy Oepiaic KaThIHAChl ©CKeH CaliblH, CeKTOpJAaHFaH >KeTeKTeri IIKMUBTIH
reoMeTpUsAABIK (PpOpMachl, g6HredekTeH OacTan gofa OYpBIIITHI JKoHEe Ty3y CBISBIKTBI Oeaik
KaObIpraapl KOIIOYpHIIIKa aybicagbl. bya kesae, OeaaikTiH cekTopra opaady >KoHe CeKTopaAap
apaAbIFbIHAA Kepidy Y3bIHABIKTapbIHBIH apaKaTblHAChl e3repeji, 0eaAiKTiH Kepidy y3bIHABIFLI
YyAKelieai, KoOYPBIIITELIH KaObIPFachl y3apaApl.

JKerexreri IIKMBTiH ceKTOpAap caHbIH TaHAAyFa KOMbLAATHIH IIapTTap:

1. Kem cexTopaapaaH KypaaraH IKUBTiH (pOpMach! JeHreleKKe >KaKbIH 604y Kepek.

2. CexTopaap caHbI JKYII caH 00/ca IIKMUBTIH eKi >JKapThlaapbIHAAFbI CEKTOPAap caHbl Oipaeii
0oaaapr. Ocplaait 0oaraHAa OeAAiK OpaadaThlH CeKTOpAap CaHbl ©3repMeligi, TypaKkThl 00aaAbl.

3. llIkmBTeTi ceKTOpaap caHbl Kol 004ca 0AapAbl XKBLAXKBITATHIH MeXaHU3MAEP Ae KoOeitin,
IIKUBTIH KYPBIABICH KypAeaeHeai.

Bipinmii mapt opblHAaAy YIIiH ChIHa OeAAiK IIeH ceKTopAap AYpPbIC KOIIOYPBIII KypaThiH
004y Kepek.

Aypric KenOYPHIIT KYpaThIH eH KiIlli >Kyn caH (OypbIIITap caHbl) — 6, MYHBIH aAAbIHAAFbI
caH — 4, 04 KeIOypBhIII eMec KBagpaT Kypaabl.

ConapIKTaH, >XeTeKTeri IKUBTI KyPaThIH CeKTOPAapAbIH €H a3 CaHbl

z2=6.

c

JKerekreri mKuBTi cekTropaapra 6e4eTiH OypoIII

aﬁ:360 :360 :6 O,_ aﬁ=60
z, 6

JKerexreri KMBTIH cbiHa OeAAiK OpaAaThIH JKapThICBIHAAFBI CEKTOPAAp CaHbI

Cpina 0eaaiKTiH IMIKMBTiH JKapTHICBIHAAFBI CEKTOpAapFa OpaAy Oy phIIIIbI

a,=z,-a,=3-60 °=180°;, «a,=180°.
Herizinae, Oea4iKTiH JKeTeKTerl AOHTeAeK IIKIBKe OpaAy OYpBIIIEI Keaecigeir 00aaasl [7]
D, -D,

a, =180°+ =21
a

3 ° rpaa. (17)

Bya ecenke aapiHran OyphIIITaH yAKeH

a,>a,.
BeaaixTin >xerekii mkusTi opay Oypseimsl (8-popmyaa)

a, <180°,

COHABIKTaH
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a,>a.

Ocrpiaait 604aca, cekTopaapra OeAiHTeH >KeTeKTeri IKMBTIH TapTy KabiaeTi BapmaTopAbH
HOMIHaAbABI KyaThIH UTepyTe JKeTKiAiKTi.

Crrna 6e14iKTi BapmaTOpAbI HeTi3iHeH JKbl14aMABIKTEI TOMEHAeTyTe KOA4aHaAbl, COHABIKTAH,
BapMaTOPABIH eH TOMeHTi Oepiaic KaThIHAChI

U, =1.
Oceiran 0arlAaHBICTHI XKeTeKTerl IIKMUBTIH eH Killli AraMeTpi >KeTeKIIli MIKMBTIH guaMeTpiHe
Tey 004aAbl

D,. =D,

min

JKerexmi mkusTiH AmaMerpiH cbiHa OeAAiKTiH KUMacbhlHa >KoHe >KoOaJaHaThIH KyaTKa
Kapaii TasAanapr [4].

CongpikTaH Oipgeil ceKTopAapfa SKeTeKIi IIKMBTell INKuB Oeaineai. CekTopaapablH
eH TOMEHIi OpbIHAAapbIHAA OAap Oipirimn >kKeTekImi IIKMBTIH AuMaMeTpiHAel >KeTeKTeri IIKMBTI
KYpaAbl.

Cekropaapasl paanaabAbl OarbITTapAa TYpAi >KOAFa CMHXPOHABI KBLAXKBITBIN, AMaMeTpi
9PTYpAi XeTeKTeri IMKUBTI Kypaasl. KeTekreri IKMBTIH A1aMeTpiH ©3TepTKeHAe BapuaTOPAbIH
Oepiaic KaTbIHACEHI ©3repeai

v=22
D

JKerexTeri IMIKMB CeKTOPABI >KBLAXKBITAaTHIH MeXaHIU3MMeH XaOAbiKTaaaabl. IIkusTe Heme
ceKTOp 604ca COHIITa MeXaHU3M 00AaAbl.

beaaikreH ceKTOpra TyceTiH KBICHIM KYIIIi KBIASKBITATBIH MeXaHU3MTIe TyCeTiH KapChLABIK
Ky1i 601a4pl.

bBeaaikriH cexTopfa TycipeTiH KBICBIM KYIIiH Diiaepain auddepeHInaibAbl TeHAeyiHeH
aHBIKTayra 601a4pl [7]

N =S-da,

myHza S =S, -d’" — mxuBTeri 6eaAikTiH Kepiay xyimi, H.
BeaaikTiy mkusTeri Kepiay KyIriH eckepin auddepeHinaababl TeHAEYAl Keaeci Typae >KasdyFa
0oaaap1

& =S - da.

bya Tenaeyai nunterpaapaan 0eaAiKTeH IIKMBKe TYCETiH KBICHIM KYIIIiH aHBIKTalIMBI3:

© ——y 2

& :TSI,-df“-da;
0

OCBIgaH
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oS g S
A A
Nz%-(df“—l). (18)

BeaaixTin >xeTekTeri TapMa¥rbIHBIH Kepiay Kyi [7]
S, =8,05-F, (19)

MyHAa: S, = 0, - A - 6eaaikriy Oacranksl Kepiay Ky, H;

o, =1,2+1,5 H/mm?~ cbina GeaaikTi GacTanksl Kepiay KepHeyi;

A — cpiHa 0eAAiKTiH Kea4eHeH KMMachIHbIH ay4aHbl, MM%;

F, >xerexmri mkusTeri menoepaik xym, H.

beaaixkTen mKuBKe TyceTiH KbICBIM KYIIi JKeTEKIII TapMaKTaH >KeTeKTeri TapMakKa Kapall oceai.
CoHaBIKTaH ceKTopAap¥a TYCeTiH KbICBIM KYIITep apTypai 00aaapl. CeKTOpAbI XKbLAXKBITaThIH
MeXaHU3M YAKeH KBICHIM KYIIIKe ecelrTeleai.

YakeH KBICBIM KYIIIi >KeTeKTeri TapMaKTaH >KeTeKIi TapMaKKa Kapail aAfaHAa, 0OeaaikTiH
SKeTEKTeri IIKIBKe a, OyphIllIKa OpaAFraH KepiHge 004aAbl

S ofa
N =— (@ =1). (20)
f

KopsoITBIHABI

1. CranaapTThl >KeTeKTiK ChlHa OeAAiKIleH BapuaTOp KYpyFa >KeTeKTeri IIKMBTI Oipaeit
ceKTopaapra 0e4iIl, 0aapabl paanMaababl OarbITTap¥a CUHXPOHABI >KBIAXKBITHIII IIKMBTIH
AVlaMeTPiH ©3TepTy 94iCi YChIHBIAABL.

2. CpiHa Oeagik, OapAbIK Ke3Ae, >KYMBICTAFbl CEKTOpPAAapAbIH KaHAaABIH TOABIK OpamAbl,
COHABIKTAH, CeKTOpAapra OeJiHreH >KeTeKTeri INKUBTIH TapTy KaOideTi BapmMaTOpAbIH
HOMMHA/AbABI KyaThIH UT€PYTe JKeTKiAiKTi.

3. Bapmaropapiy Oepiaic KaTbhIHachl ©CKeH cailblH, CeKTOpJAaHFaH >KeTeKTeri IITKMBTIH
¢opmacel, AeHTesekTeH OacTall 40Fa OYPHIIITH JKoHe TY3y CBI3BIKTHI Oea4iK KaObIpFaabl AyphIC
KOIIOYPHIIIKA ayblCabl.

4. JKerexTeri MIKMBTIH KiIlli A1aMeTpi >XeTeKII IKUBTIH AIMeTpiHe TeH, OCBI IIKUBTI OipAeir
cekTopaapra Deaeai.

5. CexTOpaaHFaH IIKUBTiH TeOMeTPUAABIK (pOpMack A0HTeAeKKe >KaKbIH AY PBIC KOIIOY PHIII,
api, Oeaaix opasaTelH CeKTOpAap CaHbl TypaKThl 0Oy YIIiH IIKMBTI aAThl Oipaell ceKTopaapra
004y YCBIHBIAABL.

6. beasikTeH MIKMBKe TyCeTiH KBICBIM KYIIiHiH ©3repy 3aHAbLABIFbI JKoHe CeKTOpFa TyCeTiH
YAKEH KBICBIM KYIII aHBIKTaAAbl, OyA CeKTOPABI JKBIAXKBITaTBIH MEXaHM3MHiH TeXHOAOIMAABIK
KYIITi.

7. 3epTTey HoTUKeAepi cTaHAAPTThI CbIHA 0eAAIKTi, KbIA4aMABIKTEI TOMEHAETeTiH BapuaTop
KYpyFa MYMKiHAIK Oepeai. JKeTekIni MKMBTI ceKTopAaHFaH ITKMBIIEH ayBICTBHIPBIN €Ki OarbITTa
JKYMBIC >KacaliThIH ChIHa OeAAiKTi BapuaTtop Kypyra 00aaabl.
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b.A. Konarigapos, P.T. CaxpiOaeB
Tapascxuii pezuorarvrvlii ynusepcumem um. X. Ayaamu, Tapas, Kasaxcman

PazpaboTKa KAMHOpEMEHHOTO BapuaTopa

Annorammsa. Jas OeccTylleHYaTOrO peryAmnpoBaHMsl pabouell CKOPOCTU TeXHOAOTIMYeCKMX
MalllMH B IIPejyCMOTPEeHHBIX TeXHOJAOIMeil Juara3oHaX pPeKOMeHAyeTCsl  ICII0Ab30BaTh
KAMHOpeMeHHBII Bapuarop. OjHako MMeIOI[Mecs B HacTosIee BpeMsa KAMHOPeMeHHbIe
BapMaToOPLI CO CIIelMaAbHbBIM KAMHOBBLIM peMHeM MMeIOT CylleCTBeHHbIe HeJO0CTaTKM, CHIKAIoIIe
ux 5¢$PeKTNBHOCTb. B CBA3M ¢ BTUM IpejJo’KeH KAMHOPEMEHHBINl BapuaTop CO CTaHAApPTHBIM
IPUBOAHBIM KAMHOBBIM peMHeM, BeAOMBIil IIKMB KOTOPOIO pasjedeH Ha OAMHAKOBbIe CEKTOPHI,
CUHXPOHHBIM ITepeMellleH/eM DTUX CeKTOPOB I10 paaliaAbHBIM HallpaBAeHMAM M3MEHSIOT AraMeTp
BeJ0MOTIO LIKMBa. B pesyabTaTe n3ydenns KAMHOpeMeHHOIO BapyaTOpa o CTaHAaPTHLIM IIPUBOAHBLIM
KAMHOBBIM peMHeM 11 MHOTOCeKTOPHBIM Be4OMBIM IIKMBOM OIlpeJeAeHbl TaKle IAaBHble IapaMeTphl,
KaK YlICAO CeKTOPOB, TSATroBasl ClIOCOOHOCTh MHOIOCEKTOPHOTO IIKMBA, AXlaMeTPhl MHOTOCeKTOPHOTO
IIKMBA, CIiAda HOPMaAbHOTO 4aBA€HIsI peMH: Ha MHOTOCeKTOPHBII IIIKIB, KOTOpble HeOOXOAMMBI ITPU
IIpOeKTUPOBaHUM BapuaTopa.

KaroueBble caoBa: BapmaTtop, KAMHOBBINI peMeHb, IIKNUB, CeKTOpP, yroa obOXxBaTa, AuamMmerp,
IepegaToYHOe OTHOIIIeHMe.

B. Koyaidarov, R. Sakhybayev
M.Kh.Dulaty Taraz Regional University, Taraz, Kazakhstan

Development of a V-belt variator

Abstract. For stepless regulation of the operating speed of technological machines, in the ranges
provided by the technology, it is recommended to use a V-belt variator. However, currently having
V-belt variators with a special V-belt have significant disadvantages that reduce their effectiveness. In
this regard, a V-belt variator with a standard drive V-belt is proposed, the driven pulley of which is
divided into identical sectors, the diameter of the driven pulley is changed by synchronous movement
of these sectors in radial directions. Studying a V-belt variator with a standard V-belt drive and a
multi-sector driven pulley, the main parameters such as the number of sectors, the traction capacity
of a multi-sector pulley, the diameters of a multi-sector pulley, the force of normal belt pressure on a
multi-sector pulley, which are necessary when designing a variator, were determined.

Keywords: variator, V-belt, pulley, sector, girth angle, diameter, gear ratio.
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Imki 0OMABIK >KapbIKIIaKThIH >KOFapPFbI )KaFbIHAAFbI PeabC
KOHCTPYKIVsIAapbIHBIH KepHeyi KYIiH 3epTTey

Angarna. Hlynkbipaap aumazbindazul Keprey Xa0aubii 3epmmey Yulin iuiki
botavi okapuikuaxmorry (IB2K) ywmapvinda naiida Ooramvir  Kepreyrepoi
YAZicin  Kapacmolpmaii Xare mardaymai aKknapam moavik 00Amaildvi, cebedi
cotHakmap Kesitde keudip peAvbC yAZiAepinin, OY3viAyol 0aA orapdan 0acmardvi.
IB2K-xa xyxmemetit, op mMYpAl mypAepinil, acepin 0a2aray WYHKLIPAAP MeH
ULYHKLIPAapObit, naida 00AY MeXaHusmin meperipex mycityze xaHe ocbl 0eAimde
11 xarie 21 axayrapuitivi Heze Ke3decneumitin mycindipyze Komexmeceoi.
Kapvikmapvl 6ap koncmpyxyusrapdoly, Keprey Kyiin 0azarayovi, maroi3vl
Kpumepuiirepinin, 0ipi xeprey KapxviHoviavizvinviy koapPunuenmi (KKK) borvin
madviaadvl. OA KApuIKUAKMbIH XK02ap2bl KazoiHdazvl KepHey KYUiH aHblkman Kana
KOUMALdbl, COHLIMEH KAmap ecy KapKulHbl MeH XKapulkuakmol 00AXxay yulin de
KOADAHDIAL AAAODL.

Condokman ocvl sepmmeydiny, maxcamol wKi 00UAbIK KepHeydit, aAdviH2bl
Hykmeaepitdezi KepHeyreplit; KaApKLIHOGIALIK —KodpPuluenmmepin  anvikmay
0oAvI MAdbIAAdbL.

Tyitin cesaep: iwki 00UAbIK Kapoikulax, —Keprey —KAPKuIHObIAbIZbIHIH
Ko Puuermi; perocmep, akay.

DOI: doi.org/10.32523/2616-7263-2023-143-2-129-135

JKyxTeMeHiH >KaAIlbl >KaFAalibIHAA KapbIKIIaKThIH JKOFaPFbl XKarbIHAAFbl KepHeY KYJiH yIII
KapamaiblM >KaFdallAbIH CYIepIO3MLNACE peTiHAe edecTeTyre 004asbl-TOPMOHaAABl OeAiny,
DOIIABIK >KoHe KoAJeHeH aybIcy. YIII JKaFAaliAbIH 9pKaliChIChIHAA IIIbIHFA KaKbIH KepHey epici
¢opmyaasap OGoVIBIHINIA aHBIKTaAaAbL:

K
6 =—f;;(0
Y \/z_nrf‘ 1)
Ky 1
5 = (D
Y 2nr fi
Kiy
S:: = fii
Y 2mr
myHaarbl K, K K, , THiCTI XyKTeMe >KaraalblHa apHaAfaH KepHey KapKbIHABIABIFBIHBIH
koo Purmenti(KKK);
BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 129

BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Tuirci OOTUABIK KAPLIKULAKTNDLH, XK02AP2bl KAZLIHOAZDL PEADC KOHCHPYKUUAAAPLIHBIH KepHeYAL KYilin 3epmimey

7,6 — >KapBIKIIAaKThIH JKOFapFbI JKarblHAa OacTaaaThIH HYKTEHIH ITOASPABIK KOOPAMHATTaPHI.

KKK skcriepuMeHTTiK MoHAEPiH NOASPU3aIUAABIK-ONTUKAABIK 9AiCTep apKbLABI aHbIKTayFa
6oaaarpl. Keprueyaep MeH oaapablH KOMOMHAIMAaPbIHBIH KaPKBIHABIABIK KOO PUITeHTTepin
aHbIKTayJa eH YAKeH A49141K KypaMa MoJeAbJep d4iciHe ne, OyA >KapbIKIIaKThIH A HyKTeciHAeri
KepHey KYIliH 3epTTeyre MyMKiHAiK Oepai, )KyKTeMe Ty piH aHBIKTay YIIIiH KeAecCi 9KCIIepyMeHTTep
KakeT 00AAbI:

a) CO3BlAY >K9He KBICYy KepHeyaepi epiciHaeri OoiaplK >kaprikmak KI MyMkiH MaHAepiH
Oarazay yIIiH;

0) K|, MaHepi yIIiH XXaphIKIIaKThl PeAbCTiH KOA4eHeH KIMachIHAAFHI aybICy KepHeyAepiH
3epTTey >KoHe JKapBIKIIaKThl TePeHAeTYAiH eH KayillTi OpHBIH JKoHe TiriHeH Kea0ey OypBIIILIH
aHBIKTAY;

B) aAABIHFBl DKCIIEpMMEHTTepAiH HOTIKeJepiH eckepe OTLIPBII, aAAbIHFBI A HYyKTeciHAe
KKK 6araaay.

3epTTey aaicTeMeci

Kricy sxoHe co3blay KepHeyAepiHiH acepiHeH OOIABIK >KapbIKIIaKThIH JKOFaPFbI KaFbIHAAFbI
KepHey KyIiiH Daraaay yIIiH OOJABIK JKaphIKIIaKThl PeAbCTiH XKaAallak MogeAiHae >KoHe 11 akaysr
Oap HaKTBLI peAbCTe DKCIIePUMEHTTep KYPpTiziaai.

MyHgai Mogeab-Onikriri 180 MM >xoHe y3bIHABIFBL 420 MM, y3bIHABIFEI 50 MM >koHe eHi 0,115
MM 004aTbIH, XKapbIKIaKThl nMuTanusaaanTe, CO3-2 onTukaaslk OeaceHAl ILaeKcUriacTaH
>XacaaraH. Mogeap yIn HyKTeaAi miayre >KyKTeAAi, OChblAalIlla >KapBIKIIaK CO3bLAFaH HeMece
KBICBLAFaH KepHeyJep aliMarbiHAa 0044b1. POTODAACTUKAABIK CypeTTepai Taalay KopceTKeHAel,
eKi JKarJaiija Aa, IIbIHFA >KaKbIH KepHey ©piciHiH Oy3blAybl, TillTi >KapbIKIIAKTBIH >KOFapPFbI
JKarblHa JKaKblH JKYKTeMe KOAJaHbLAFaH Ke3je e MaHbI3Abl emec. OCBIHBI 4a KeATipiareH
¢opmyaaaapra coiikec XXyprisiareH ecenreyaep KaAbIITH Y3i4ic >KapbIKTaphl YIIIiH pacTaiibl:

8 = K fiiox = ud] cos—(l—singsinﬁﬁ)
2ar YT \2mr 2 2 2
/ v 9 .3
0y = —mCOSE(l + SlTlESlTLEﬁ)
K, 9 Y 3
Tyy = sin—=cos—=cos =1V (2)

\ 21T 2 2 2

o, =v(0y+0y), Txz =Tzy =0

K [T 19x—1+ .,

u—ﬂ 2ncosz( 5 sin 2)

K [ 9 x+1 , U

u—# 27Tsmz( > cos 2)
W=0

l-cyperte 1OAApABIK KOOpAMHATTapAa Oepiaren ¢opMyaasapra coiikec O, 0, T,
KepHeyAepiHiH Tapaaybl KepceTtiareH. Paauyc-BexTop OoiibiHIIa KeifiHre KaaAbIphLAFaH OapAbIK
p mamaaap K, /\/27Tr, r=const geI >Xikreaeai.

Aaaliga, )KapbIKIIaKThIH JKOFapFbI >Karbl KOHTaKTiAl MipiareH >KinTep4iH acep eTy aliMarblHa
TYCKeH/Je, >KapBIKIIaKTapAblH >KOFapFbl aliMarblHAA KaAbIIThHI Y3iAiCTiH >KapbBIKTapblHa ToH
uHTepgepeHIus yAarici naiaa 6oaaapl. Kepuey TeH30pbIHBIH KypaMaac 0eirin 0e4eK aHbIKTay
apKbLABL XKYPri3iareH KepHey opiciH Taaday Oya Kargaliga >KapbIKIIaKThIH JKOFapFbl JKaFbIHAA
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KbICy OacblM OOAaTBIHBIH KOPCEeTTi, SIFHU JOHFaAaKThl >KapBIKIIAKTBIH YCTiHEH aliHaAAbIpy
Ke3iHJe >KapbIKIIAKTBIH allblaybl OpbIH adaabl. IlIbIHaaFel KepHeyaepAiH KOHIIEHTPaLVsAChI
JKapbIKIIaKThIH COHFbI €Hi Oap Kecyre yKCailThIHABIFBIHAH TYBIHAAMAbI, JKaFadap KbICLAFaH Ke3Je
Oip-Oipine KpIchIM >Kacamarigpl. K MaHi Tepic

¥ i

Cypert 1. KaasmnTsl y3iaic Typi OOMbIHIIIA XKapbIKITaK IIBIHBIHBIH IIaFBIH MaHBIHAAFBI
KepHeyaepAiH Tapaaysl

Ad4 OChIHAAN HOTVKeAep HaKThl PeAbCTeri >KapbIKINaK >KaradayAapbIHbIH >KbLAXKYbIH
3eprrey KesiHae aabiHFaH. MyHJa akay TaOblAFaHHaH KelliH >KOAJaH IIbIFapblAFaH HaKTbI
peabc P65 cpinaaapl. JKapbIKiak >KaradayAapbIHbIH OPBIH aybICTBIPY TIOAOTpapUsAABIK
nHTepepeHIus ajicimen seprreadi. Oa yIIIiH aHBIKTaAraH >XKapbIKITakTel P65 peanci CDM-
200 cpiHAK MaIIMHAChIHAA YII HYKTeAi Midy cxeMachl OOMBIHIIIA CMMMeTPUs >Ka3bIKTBIFbIHAA
Kxykreaai. T'oaorpapmsaasik mHTEpdepoMeTpAiH OpPBIH aybICTBHIPYBIH aHBIKTayFa apHaAfraH
roaorpammazapAbl kaszy Tycipy oObekriciHge Tipxeymri opra (dpoTonaactuHka) OekiTiaeTiH
Kapcel coyaeaepae XKyprisiaai, srum. I19-2 ¢doTornaacTmHKackl peancTiH Oyiip Oertine k-18
KaTaAn3aTOpPBIMeH KaTallThLAFaH ONTUKAABIK MOAAIpP sctn KaydyKiHiH KemeriMeH OekiTiaai.

QoTomaacTUHKara >XYKTeATeHIe JeiH >KoHe KeNiH >KapblAFaH PpPeAbCTiH Ccyperrepi
>Ka3plaabl (€Ki sKcriosunus). I'oaorpammasapasl kasy Kes3iHAe A€, OHBI MOHOXPOMAaTMKAABIK
KOTepeHTTi CoyAeHiH Ke3i peTiHAe KaAllbIHa KeATipy KesdiHae ae koaanumartopsl Oap LH-36 aasepi
KOAJaHbIAABL. AABIHFAH aKIapaTThIK YATire cyiieHe OTBIPBIN, MHTepgeporpaMMaHbl KaAIlbHa
KeATipy Ke3iHJe 3epTTeaeTiH OOBeKTiHiH HyKTeAepiHiH KO3FaAbIChIH Oarasayra 00AaAbl.

JKaprpikItakTarsl KO3raablCTapAbIH ceKipyi oaapabiH JKapbIkiiaKkTraH ©Tyi Ke3iHge Kedepri
>KOAaKTapBIHBIH Y3idyiMeH KepiHeai. JKapblaraH peasc YIIIiH aabIHFaH MHTepdeporpaMmMmasapaa
KeJepri >KoAaKTapbl JKapbIKIIaKThl y3iaiccis Kecin eTeai, Oya Oip-OipiHe KaTBICTHI >KapBIKITaKThIH
JKaraAblK OpPBIH ayBICTBIPYBIH >KOKTBIFBIH KopceTeadi. Ocplaaiiina, KOPBITBIHABLAAN Keae
niay KepHeyaAepi KaABIITBHI Y3idic TypiHe coiiKec >KapBIKIIaKThl >KYKTeMeliai, KepiciHIe
JKapBIKIIaKThIH KaOblLAybIHA 9KeAeAl.

OpbIH aybICTBIPY KOHTaKTidl KepHeyaepaiH acepiH aHbIKTay YIIiH DA-16 I1aiibIpbIHBIH
Heri3iHAeri DIOKCUATI KOCBIABICTBIH KAaABIHABIFBI 2 MM IIAaCTUMHAAaH >KacaaraH Mogeab P65
peAbCiHiH Ke4/eHeH KMMackl Ty piHAe >KacaaAbl.

KaabiHaprrpieiy eni 0,15 MM OMBIK TypiHAe eaikTeaai, ©MTKeHi peAbCTiH KoA4eHeH
KIMacbhlHAAFbl aKay4blH OpPHBI KeH IIeKTepAe e3repyi MyMKiH (2-9 MM TepeHairi, 8°-45°
KeJeHeHiHeH Kea0ey), 6 >koHe 9 MM >KapBIKIIAKTH TepeHJeTeTiH >koHe 15°, 30°, 45°keabey
oypsimtapel Oap 6 Moageas septreagi. Mogeavaep VIMAII-KB-2  KOHABIPFBICHIHAA
KBLAKBIMaABl KYpaM JAeHreJeTiHiH nmpoduaine carikec keaeTiH nmpoduabmen [1] meprabanmen
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KyKTeaai. TypaKTBLABIKTBIH >KOFaAybIH O0AAbIpMay YIIIiH MOAeAb KapBIKIITaKTHl a3aiTy YIITiH
HOVIATVIM-205 maiibIMeH aaAblH-ada MalidaHFaH 2 oJHeKTiH apachlHa OpPHAaAaCTHIPLIAABL.
JKaprikIak aliMarbIHAAFbI 5KOAaKTapAbIH XKaAIlbl CypeTi, COHAal-aK OH INTaMIITBIK IIO3U I AaFbl
>KapbIKTap LIBIHEI aliMaFbIHAAFEI JKOAAaKTapAbIH YAKeH cyperTepi cyperke Tycti. HlTamnTey yi
MO3UIINACBIHAA pebop4, JKyKTeMeaepi MMUTaIusIAaHFaH. JKapbIKTapAbIH eH KayilTi >KaralibIH
aHpIKTay YIIiH IIbIHFA >KaKblH OpHaJacKaH HeTi3ri KepHeyaepaiH (3KOAaKTapAblH peTi)
ayiBlpMaIIBIABIFBIH CaABICTBIPY >KYPTidiadi. JKapbIKTBIH >KOFaprbl >KaFbIHAAFBI >KOJAaKTapAblH
peTiH aHBIKTay (POTO®AACTUKAABIK CypeTTi BM3yaaAbl Oakbllay KesiHAe >KOAaKTapAbl CaHAy
apKBbLABI XKYPTiziaai.

bapaplk Mogeabdepderi ealley HOTIDKeAepiH Taaday ic XKysiHae OapAbIK >KyKTeMe
nosunuslapeiHga (OyitipaeH Oacka) eH >Korapbl KoHIleHTpanusa 30° KoHe 6 MM TepeHAiKTe
DaliKaaaTBIHBIH KOPCETTi.MYHAali >KaphIKIIaK Oy PHIIILI ecelITeATeHre XKakbiH - 35°, aa TepeHaeTy
eH >KIi Ke3JeceTiHre colikec Keaedi. ¥Kcac HOTMKe peAbCTiH OachlHAAFBI T_Max MaKCHUMaA/bl
TaHIeHC KepHey/lepiHiH OarpITTapblH TaljaydaH aAblHaAbl. T_max OafbITBl CypeTTepdeH
aHBIKTaAAbl M30KAMH KapbIKChI3 peabc MogeaiHAe. COHBIMEH, >KapbhIKIIaKThIH TeOMeTPUAABIK
OpTaAbIFBIHAA T_max OarbIThl JKYKTeMeHiH Oipinmn mosmumsaceiHAa 15° - tan ceamaga 30° - xa
AeliiH e3repeai.

En kayinTi akay yin (a =30°, 6 MM TepeHJey) >KaphIKITIaK aliMaFbIHAAFBI (POTODAACTUKAABIK
JKOAaKTapAbIH CypeTTepi KepHeyAiH KapKbIHABIABIK KO®PPuImeHTTepiH aHbIKTaAbl. barbiTTap
ic xy3iHAe >KapbIKIIaKTBHIH OaFbITHIMEH COMKeC KeleTiHAIKTeH, MYHAa OachIM OafblT KeadeHeH
aybICBIM 0OAYHI Kepek.

8,-8,=(2Ky1 N 27r) J c0s%0 + 7 sin%0 3)

Ocpr  ¢popmyaa OOJBIHINIA aABIHFAH >KOAaKTapAbIH YATiCIH SKCIEPUMEHTTIK yATiMeH
Ca/ABICTBIPY OAapPABIH calladbl TypAe CoOMKeC KeAeTiHAITiH KOpCeTTi, SFHMU >KapbIKIIaKTbIH
JKYKTeAyi TeK K0AAeHeH apKbLABI XXypeai, aemek, yin myMkid KIMH-aen K11 anbIKTaiiThiH MoHTe
ue.

Moaear peabCTiH >KYMBICHIH OeliHeAeMTiHAIKTeH >KoHe IlaMaMeH caraAbl HaTUKeaep
peAabCTiH OOMBIHAAFI JKapPBIKIIAKThIH ©Te YAKEeH Y3bIHABIFbIHAA FaHa KapaMAbl O0AFaHABIKTaH,
K11 ecenitey >xeHiageTiaren popmyaa OOIBIHINIA JKYPriziaai:

Ky = Zaregm @)

MyHnaarsr: O_0"o OarpIT OOJIBIHIIIA MOAEAD JKOAAFbIHBIH OaFachl;

m - K0JaK TopTiOi;

I' - >JKapBIKIIAaKThIH JKOFapFbI XKaFbIHAH JKOAaKThIH KIUBLABICY HYKTeCiHe JKoHe >KaphIKIIIaKThIH
>KaAFracy ChI3BIFbIHA AEMiHIT KAIlIbIKThIK.

K, MoHi TiK XyKTeme Ke3iHAe OaiiaaHbIC HYKTeCiHiH OapABIK ITO3UIAAaPhl YIITiH €CenTeAAl.
bapanbik >xargaitaapaa cypeT yII >KyKTeMe JeHreifiHAe Tipkeadi. Op0Oip mHTepdepeHITs
KO/AaFpl YIIiH OHBIH >KapBIKIIAKTHIH KaAFacy CBI3BIFBIMEH KUBLABICY HYKTeCiHiH KOOpAMHAThI
anpiKkTaaAbl. CogaH KelliH OepiareH >KyKTeMe JeHTelli YIIiH aAbIHFaH MoHAEPAiH opTallla MaHi
aHBIKTaAABL. OJeTTe, MOHAEPAIH OpTallla MOHHEH aybITKyHl +8% - AaH actagbl, Oya COHBIMEH
KaTap >KOAaKTapAbIH eCellTiK >KoHe DKCIIePMMEeHTTIK YATiCiHiH JKaKChl COMKECTITiH KepceTei.

BoiiabIK >KaphIKITIak HyKTeciHAeri KepHey KyifiH Taaaay (pOTODAacTUKaABIK JKaIllChlpMaaapbl
Oap KypaMa MoJeAabAep o4icTeMeci OOMBIHINA XYPriziaai. O yIIiH nmaekcuraacrad Y3bIHABIFEI
150 MM O0aaTBHIH PeABCTiH peabC MOJeAl )KacaaAbl.TeTic MOoAeAbJe aAbIHFaH HOTVKeAepre ColKec
JKaphIKIIaKThIH TepeHAeyi MeH OaFbIThl 6 MM >kKoHe KoaaeHeHiHeH 30° Oy poIt 004451 JKapbIKITTak
y3bpiHABIFEL 50 MM, eHi 10 MM >xoHe KaabHABIFE 0,15 MM 00aTBIH cOIaKIIa OMBIKKA eAiKTeaAl,
04 peabc OachIHBIH TaHAaAfaH 0eairiH Mojeabre >Karchlpmac OypbIH Keciagi. JKarcsipma-0ya
>KapbIKIIaK >Ka3bIKThIFbIHA 45° OypbrllireH OarbITTaafaH SIIOKCUATI KOCBIABICTBIH KaABIHADBIFBI
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2 mm naactuHa. Bya xariceipma GaFbIThL 0, KoHe O, 0, 0, KdHE 0, KepHeyaepiHiH OOMAbIK
aypiceiMbiMen 0-re TeH OoaybiMen GaitaaHbICThl. HoaaeH albpMaIlbIABIFRI TeK O, KoHE O, ,
KepHey.epi 00AbII TaOblAaAbl, COHABIKTAH erep >KaIlChIpMa Xy >Ka3bIKThIFbIHAA OpHaJacca, OHAa
DOIABIK HaIPsKBICY KepHeyAepi OHAarbl KeJepri >KOAaKTapBIHBIH YATiCiHe eIllKaHAall yaec
KOCITallApbl.

Karmceipmaner 45° OypellliTa OpHAAacTRIPy VINIH KOAaKTapAbIH CypeTi OOJMABIK >KoHe
KO/4€eHeH aybIChIMbIHAH KepHeyTe bIKIaa eTeai. AHbIKTaHbI3 - K sxone K| MoHAepiH caabICThIpy
apKBLABI XKY Pri3iagi- D0MABIK aybICEIM OOJbIHINIA KOAACHeH KJMa YIIIiH TeHAeyAep IIelliMae piHig
CyHepIIO3UIIACE aPKbIAbI TEOPUAABIK JKOAaKTaphl Oap KaaTa:

_ Ky .0

Ty, = sin— 5
XZ 21T 2 ( )
Ty, = Kuur cose

, = _

Y 27T 2

KoaakrapapiH cypeTi OOMBIHIIIA I JKoHE O KOOpAMHATTaphl OyTiH >KoHe >KapThl PeTTi
Kas3bIKThIKTapAa >KaTkaH 30 HykTe oatenai. Ocel HyKTeaepae K sxone K op Typai Mmonaepinaeri
HETI3ri KepHeyAepaiH aiblpMallblAblFbl ecenreai, K sxene K, MoHAepi yiniH Herisri
KepHEeYyAepAiH TEeOPUAABIK TYPFbIAAH eCeIlTeAreH alblPMallbLABIFBIHBIH HKCIIePUMEeHTaAAbI
TypAe aAblHFaH >KUBIHTBIK OpTallla KBaJpaTTHIK aybITKybhl MIUHMMaAAbl OOAaTBIH MoHAEP
Kabpraganael. Hotmxecinge, 6aliaaHbic aliMarbl peabc ociHeH 12.5 MM-Te aybICKaH Ke3Ae, HaKThl
peAanCTi ecernitey KesiHae MaHAep TeH 00445l (OChbKe JKyKTeMe

200 KH) 61 H/mm*? >xene 300 H/mMM*?, TuiciHie, aa >XbLAXKbIFAaH apHaafad 17.5 mum - 105
H/mm®? sxone 520 H/mm*?2. JKorapriga KeATipiareH HoTMIKeAepaeH KOpPill OTBHIPFaHBIMEBI3AAIL,
OaltaaHbpIC aliMaFBIHBIHMeITbICYbl >KorapblaaraH caiibiH K_IDkene K_IIlabGcoarorti maHAepi
apraabl, Oipak 04apAblH apacblHAAFBI KaThIHAC KH/ K, = 5 + 6.-fa TeH TypaKThl 0O0ABIIT KaAaApbl.
Ocplraaiiina, >KapbIKIIaKThIH KOFapFhl JKarbIHAAFbl KePHEY KOHIIeHTPalMUsAChIHBIH Heri3ri yaeci
AOHFaJaK IeH PeAbCTiH XXaHacCyblHaH TyblHAaFaH OOJABIK KepHeyAepi 00ABII TaOblAaAbl.

KopsIThiHABI

Tepenairi 4 MM-4eH acaTBIH eCKi peabCTepAiH IMKAAIK >KoHe KONpPAiK CbhIHaKTapbl
JKMHaKTaAfaH TOHHaX 11 akayaapel Oap peabcTepaiH KYpPBIABIMABIK OepikTirine as oacep
eTeTiHiH KoepceTTi. Bya akayasl peabcrepaiy Kenmriairinge metaaarl 005y OacTaaraHHaH KelliH
naiiga 00AaThIH ailTapAbIKTall reoMeTpusAbIK eamemaepi Men IBXK ymrapsr 6ap mepounaep
YAKeH KepHey KOHIIeHTpaTopAapbl 00AbII TaOblAaThIHABIFbIHA OaliaaHBICTEL. AKayaapnl Dap
peabcTepAin KepHey Kyiti Ty prbichiHaH 11 eTkip kepHey KoHIlleHTpaTopaaps! IBX ymrrapsr sxene
peAanCTiH cplpraHay OeTiHiH reoMeTpUCHIHBIH ©3repy OpbIHAApPHI (1IeTTepi) 004 TaObLAaABI.
Oaapgan HMKAJIK )KoHe KOIIPAiK ChIHaKTap KesiHJe chiHamMaAap Oy3blaraH Ke3ae OapAbIK 4epaik
CBIHBIKTap OacTaaaapbl.
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Espasuiickuil nayuonarvrviii ynusepcumem umenu /.H. I'ymuresa, Acmana, Kasaxcman

ViccaeaoBanme HaIIpsIXKE@HHOTO COCTOSIHNSI KOHCTPYKIIUI peabC Y BepIIMHbI
BHYTPEeHHEeN IPOA0AbHON TPeIHbI

Amnnoranus. Vccaegosanue HaIpsi>KeHHOIO COCTOSAHMNS B 30HE BBIKOJAOB OyJeT HeIloAHBIM Oe3
AeTaAbHOIO pacCMOTPeHIs U aHaAM3a KapTUHBI Hallps>KeHuil, Bo3HuKaomux Ha Konrax BIIT, seas
MMEHHO OT HUX HauMHAaA0Ch pa3pylleHne HeKOTOPBIX 00pasljoB peAbcoB Ipu ucnbTanmsax. OneHka
ACVICTBMSI pa3AMYHBIX BUAOB Harpykenms: Ha BITT momosker Ooaee rayOOKO ITOHATL MeXaHM3M
00pa3oBaHMs BHIKOAOB U BBRIIEPOMH U OOBACHUTD, IOYEMY He BCTpedaloTcsa B JAaHHOM CedeHMU!
Aedexrsr 11 n 21.

OanuM 13 BaKHEMIINMX KpUTepHeB OIeHKM HaIpPs>KeHHOIO COCTOSHMA KOHCTPYKIMI C
TpemuHaMu siBAsieTcst Koodpuiiment mureHcusHoctu Hampsokenus: (KIVH) [2]. On He ToABKO
ompeeaseT HaIlps>KeHHOe COCTOsAHMNe B BepINHe TPelIMHbI, HO X MOXeT OBITh MCII0Ab30BaH A5
IIPOTHO3MPOBaHI CKOPOCTU pocTa TpetuHbl. [Io9ToMy 11e4b10 HaCTOIIIeTO CCAeA0BaHMS ABASETCS
onpeseaeHne Ko3pPUIMEeHTOB MHTeHCMBHOCTH HaIIpsIKeHui B Toukax ¢pponTa BITT.

Karouesble caoBa: BHYTpeHH:ss IIpOAOABHasl TpemiuHa, KO3(QQPUIINEHT WHTeHCUBHOCTU
HaIIpsKEeHUs, PeAbChl, AeeKT.

B. Togizbayeva, A. Zabiyeva, A. Karazhanov, Zh. Alipbayev, K. Balabekova
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Investigation of the mechanics of rail failure in the event of contact fatigue defects in cold
conditions

Abstract. The study of the stress state in the puncture zone will be incomplete without a detailed
consideration and analysis of the picture of stresses arising at the ends of the VAC, because it was
from them that the destruction of some rail ends began during testing. An assessment of the effect
of various types of loading on the VP will help to understand more deeply the mechanism of the
formation of gouges and gouges and explain why defects 11 and 21 do not occur in this section.

One of the most important criteria for assessing the stress state of structures with cracks is the
stress intensity coefficient (KIN) [98, 101]. It not only determines the stress state at the crack tip, but
can also be used to predict the crack growth rate. Therefore, the purpose of this study is to determine
the stress intensity coefficients at the points of the VAC front.

Keywords: internal longitudinal crack, stress intensity coefficient; rails, defect.
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'Kasaxcxuil azpomextudeckuil uccA006ameAvCKutl yHusepcumen
um. C. Cetipyaruna, Acmana, Kasaxcman

2 AGH Kpaxoscxuii ynusepcumem, Kpaxos, [Toavuia

(e-mail: saltanat.nurkusheva@kazatu.kz)

O0630p npuMeHeHMsI IIOAbEeMHOIO 0OOPYAOBaHMS B
aBTOTeXO0CAyXVMBAaHNUM I. ACTaHbI

AnHOoTamms. B dannoii cmamve paccmampusaenics npodrema  3PPexmusrozo
npumeHeHus. asMmoMoOUADHBIX NOODEMHUKOE OAS AZKOGLLX ASMOMOOUAeLl, A Makke
AHAAUS  MEXHUYECKUX NAPAMempos NnodvbeMHUKOS HA asmocepsucax 2. Acmarol.
Lleavto uccaedosarus s6asemest co3darue mMeopemuieckux 0cHO8 OAs 1NOGbluleHUs
appexmusrocmu U 0e30nACHOCHIU NpUMeHeHUs No0LEMHUKOS HA NPeonpusLmusx
asmocepsuca. O0beKmom UCCA)06aHUS A6ASLENCS  NPOU3E00UMEADHOCTL  mpYyoa
asmocepsuca ¢ npumereruem nodvemnozo obopydosarus. Ha ocrose anarusa obsopa
CYU4ecmeyouux KOHCMpYKUUil paspadomana KAGCCUPUKALUS C UeAbI0 MOJePHUSAUUU
U co30aHusl MOGLIX G6UO06 AGMONOOLEMHUKOE, KOMOpPAS NO0360A5€H  OUEeHUTD
cywecmeytonue  nodvémmuxu. Ilpusedenvl pesyromamol CcpasHeHUs. OMOEAbHBLX
Munos nodveMHUKOS, Komopvle UCHOAb3ytomcs. 6 cmoAute Kasaxcmana, kpumepuu
oueHKU APPexmueHoCmU U UX NpUMeHeHUs. HA AGMOCepsuce ¢ UeAblo NoGbluleHUs
apPeKmMUeHOCHU UX UCHOALI0BAHISL.

KaroueBble caoBa: asmonodvemmux, nodvemtoe o0opydosative, nOOveMHUK HA
asmocepguce, 000pydosarue OAsL  ASMOMOOUAEL, KAACCUPUKAUUS  NO0DEMHUKOS,
CIMAMUCUYeCKUT AHAAU3.

DOI: doi.org/10.32523/2616-7263-2023-143-2-136-146

1. Beeaeumue

ITo ropoay Acrane HacunTsBaeTcsa 35 OpUIINAABHBIX AA€POB KPYITHBIX aBTOCAA0HOB, He
MeHee 74 cpeAHIX aBTOCePBUCOB, 549 IMIMHOMOHTa>KHBIX CTAHIINII TEXHIYECKOTO 00CAYKIBaHIS
Ha nepmog KoHma 2022 roga. IImpokuii croekrp Mogeaeil M MapoOK TeXHOAOIMYECKOIo
000pyA0BaHNUs MCIOAB3YIOTCSA B aBTOCEPBICAX A4Sl TEXHNYECKOTO 00CAY>KMBaHUS U TeKyIero
PeMOHTa, AMArHOCTMPOBaHMSA W IIPeANPOAAXKHOV IIOATOTOBKUIN CepBlCa aBTOMOOIel],
00beAVHeHHBIX OAHM TePMUHOM «aBTOTeXOOCAY>KMBaHIe».

[Ipumenenne B aBTOTeXOOCAY>KMBAaHUU IIOABEMHOTO OOOPYAOBaHMS —CIIOCOOCTByeT
00/erdyeHnIo AoOCTylla K y3ldaM U JeTaAsAM aBTOTPaHCIIOPTHBIX CPeACTB, a TakXke
CHIDKEHUIO TPYA0eMKOCTM IPOQPUAAKTUIECKMX padOT IpU MX MPOBEAEHNUIN, YTO BedeT K
IIOBBIIIIEHNIO ITPOM3BOAUTEABHOCTU Tpyja paOOTHMKOB cepBuca. PaszpBurime KauecTBEHHOTO
aBTOTEXOOCAY>KMBaHNU MOKET IMETh MeCTO TOABKO IIPY YCAOBUU MOBHIIIEHNST DPPeKTUBHOCTI
Tpyda WCIIOAHUTeAell, KOTOPOMY BO MHOIOM CIIOCOOCTBYIOT IIOAHAas MeXaHM3alus U
aBTOMaTM3alyisl TeXHOAOTMYeCKNX IIpolieccos [1].

AKTyaABHOCTBIO TIp0OAeMBI sBASeTCA 3HAYUMTEABHO BBICOKMII OOBeM CcIIpoca U
NpeAJ0KeH!s] Ha PBIHKE TeXHIYeCKOro OOCAY’KUBaHMS, peMOHTa M CepBlca aBTOMOONAEN,
4TO, B CBOIO O4epeab, oIlpeseasieT BLICOKYIO KOHKYPeHIINIO B 004acTy MHAYCTPUM CePBUCHOTO
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00cAy>XXUBaHUsL TPaHCHOPTHBIX cpeacts. K coxxaseHnio, m3-3a OTCYTCTBUS OTeUeCTBEHHOIO
IIPOM3BOACTBA  aBTOIIOABEMHMKOB, ~MHOIME aBTOCePBMCHI  BBIHY>KAEHBI — IIpuoOpeTaTh
coBpeMeHHOe 0DOpyJoBaHMe y 3apyOeXHBIX OpeHAO0B, cpeAy KOTOPBIX CaMble IOIyAsSpHbIe
Heshbon, Nordberg, Oma, Ravaglioli, Rotary, Sivik.

/etom 2022 roaa 6peng Ravaglioli anoncupoBsaa o pazpaboTke HOBOII CepUM ABYXCTOEUHBIX
noAbeMHIKOB «Legend», KOTOpBIe ONMMCBHIBAIOTCA TaKMMM KPUTEPUAMY, KaK: COBPeMeHHBIN
AU3aliH, UHHOBALIMOHHAs KOHCTPYKIIUA M YCTPEMAEHHOCTD B Oyayiiee. [ToMuMO AByXCTO@UHBIX
noabeMHNKOB, Ravaglioli paspa®oTaa HOBBINT HOKHIMYHBIN TOABeMHUK 13 cepym KBI, koTopsrit
n3o0pa>keH Ha pucyHke 1.

Pucynox 1. Hoxxanuneni nogbemMuuk Ravaglioli ceprm KBI
[https://ravaglioli.com/wp-content/uploads/2022/07/Scissor-Lift-Bodyshop-BR-RU-07-2022-screen.
pdf)

baarogapsnakaagxaM «alwayson» HOXKHUIHBIN TOABEMHIUK UCITOAB3YeTCs A A5 ITPOBe AeHs
AOIOAHNTEeABHBIX ONlepanuii. /lamel B KOHCTPYKIUN UMeIOT BCTPOeHHYIO HaKAaAKy, O4arogaps
KOTOPBIM MOTYT OCTaBaThCsl Ha IIOABEMHMKE B JMCXOAHOM II0AOXKeHMH. PasHOBMAHOCTSAMU
KOH(QUIypalnil SBASIOTCA: THEBMOTUAPABANYECKNe C PYYHBIMU AallaMU AAsS MMHIMaZABHBIX
KOMIIaKTHBIX peIlleHNIT; DAeKTpOoruApaBandecke ¢ PydHbBIMI AallaMi 4451 OBICTPOTO HoAbeMa
0e3 PBIBKOB U CKAUYKOB; DAEKTPOTMApaBANYecKle C ITHeBMaTU4eCKMMI AallaMy AAs BBICOKOI
CKOPOCTU ¥ IIOBBIIIEHISI HYPrOHOMUYHOCTHY; DAEKTPOIuApaBAMdecKyie ¢ 3axBaTaMM KoAec AAs
IIPOCTOIO ITO3MIMOHNPOBaHs TpaHCIIOpTHOTO cpeacTsa; ATEX ¢ mHeBMaTHM4YecKMM AallaMi C
11eAbIO B3PhIBO3AIUIIIeHHOI KOHPUTYpall.

Uraapsauackuit 0persa OMCNB 2022 rogy BBIIIyCTIA CBOIO HOBYIO AMHEVKY IIOABEMHIKOB,
cpeAu KOTOPBIX €CTh HOXXKHIMYHBIN ITIOABEMHUK, M300pa’keHHBINI Ha pucyHke 2. /aHHBIN
IIOAbeMHIK OCHallleH 4 pbluaraMu A4s1 IogbeMa AerKOBbIX aBroMoOmaeit. Cpeau OCHOBHBIX
IperMyIIIecTs MOXKHO Ha3BaThb BBICOKMII MOABeM M HeOOABIIYIO IIMPUHY I1AaT(POPMBI, UTO
I103B0AseT YA400HO 1 AeTKO paboTaTh 1104 aBTOMOOMAeM.
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Pucynoxk 2. Hosxxanunsiii mogbeMHK OMCN
[https://www.omcn.it/wp-content/uploads/2015/02/mini-catalogo-omcn. pdf]

Tem He MeHee, KaXKAbIlI OpeHJ eXerogHo yAydlllaeT U IpeAoCTaBAseT IIMPOKUIL BHIOOP
IIOABeMHOTO 0DOpyAoBaHUsA. Y Ka’kKAOTO M3 TUIIOB IIOABEMHUKOB €CTh CBOM IIpeMMyIllecTsa
U HeAOCTaTKM, pa3AMuMs TeXHUYeCKMX XapaKTepUCTUK 3aTpyaHseT BBHIOOpP 00OpysoBaHUA
BAaJeAblleB aBTOCEpBUCAa U TEeXHMYECKUX AupeKTopos. IlosToMy B aaHHON cTaThe aaH
1104 pOOHBIN aHAaAM3 KOHCTPYKTUBHBIX OCOO@HHOCTE 1 TeHAEHIIUM Pa3BUTIS aBTOIIO b€ MHIUKOB,
JCIIOAB3YeMBIX B aBTOCepBICaXx I10 I. AcTaHe.

2. MeToabl

AAsl AOCTVKeHUs IIOCTaBAEHHON LleAM I pelleHMs 3ajad MCCAeAOBaHMI Obld M3ydeH
U IIpOaHAaAM3UPOBaH PsiJ MaTepualoB Pa3AMYHBIX AUTEPaTyPHBIX MCTOYHMKOB IIO BBLIOOPY
MEeTOANYECKOTO II0AX0Aa K PeIIeHMIO ITOCTaBAeHHOV mpobaeMsl. Jas oOpaOOTKM AaHHBIX C
11eAbIO MX aHaAlM3a MCI0Ab30Balach IIporpaMma paboThl ¢ 9AeKTPOHHbBIMM Tabaumamu Excel,
a MMeHHO MaTeMaTM4yecKye M CTaTMCTUYecKue pacdeThl. B craTucTiueckoM aHaaAmse AaHHOI
CTaTby MCIIOAb30BaHBI METOABI OINMCaHMsA (OIMcaTeAbHas CTaTUCTHUKA) I METOABI X 00pabOTKI
(aHaanTHYecKas cTaTUCTNKa). Aasa oTOopa Hamnboee CBSI3aHHBIX AaHHBIX OBLAO MCIIOAB30BaHO
HaxoXaeHne ontuyma. CUMILAeKC-MeTOJ, MCIIOAB30BaHHBIN B XOJAe pellleHNs, OCHOBaH Ha
IIpeABapUTeAbHOM BBIOOpe 1cx0AHOTO pertteHns. [Ipu BsIOope crcTeMBl ¢ HOBBIM ITOKa3aTeAeM
IIPOBOAMACS aHAAU3 Pe3yAbTaToB, ITI0Ka He OblA HallgeH ONTHMaAbHBIN BapuaHT [2-5].

3. PesyabTaThl 1 OOCyXKAeHMe
B xoge wmaydenms aAmMTepaTypHBIX MCTOYHMKOB HaMM IpejJaraercss 0OOOOIIEHHas

Kaaccudukanus (pUCYHOK 3), cOCTaBAeHHas Ha OCHOBaHUM CYIeCTBYIOIIMX KAacCpUKaIlnii
MMOAHLEMHUKOB.
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Pucynox 3. Kaaccndukanyss aBTOMOOMABHBIX IOABeMHUKOB

AHaan3 1 0030p CYIIEeCTBYIOIINX KOHCTPYKLINII IOKa3aa, YTO HayOOABIIYIO IOy ASIPHOCTD

noAy4YnAn SACKTpOIMApaBAMdecKre m MexXxaHn4yeckme I10AbEeMHIKIL.

IIpeobaaaaromum

OOABIIHCTBOM IIOAbEMHIKOB Ha KPYIIHBIX aBTOCEpBIICaX TI. AcTaHbI SIBASIIOTCS: AByXCTOG‘IHI)IiI,
YEeThIpEeXCTOEYHbIE 11 HOKHIMYHbIE ITOABEMHUKIL.

CraunonapHbIe

IIPON3BOACTBEHHO-TeXHITIEeCKOI1 Dase [6-12].

IIOABbEMHIUIKIM Ha

CeroAHSMIIHUIL  A€eHb

SABAAIOTCSI  ITOAABAAIOIITNIM
OOABIIHCTBOM BBIITYCKa€MBIX IIOABEMHIKOB, IIpeJHa3Hade€HHble A4S IIOCTOB TO u TP nHa

Hicke npuseJeHa Ta6/11/1ua 1 IIOABEMHIKOB, JMCIIOAb3YEMBIX B aBTOCaA0HaX I'.ACTaHI:vI, C

TeXHUYECKMMU XapakTepuctukamu [13-26].

Ta6anna 1. IlogpeMHNKY, 1CIIOAB3yeMbIe B aBTOCaA0HaX I.AcTaHbl [13-26]

Ha3Banme aBTOCaaoHa

Mapxka nogbeMHMKa

Allur Auto Astana

Ravagliolis.p.a.

Ravagliolis.p.a.

Crystal Renault Astana

Nordberg

Ravagliolis.p.a.

ABTOMMP LIEHTP Masaa

Rotary lift

Rotary lift

Toyota City Astana

Ravagliolis.p.a.

Oma

Ravagliolis.p.a.

Ravagliolis.p.a.
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Heshbon
AC «OKAUTIC» OMCN -
ITHeBMaTHYECKNUIT IIOABEMHIK T.M.
EPMAK
Hyundai Premium Astana Blitz Rotary
CTO «Yaaua» N412A-4T Nordberg
Push Start Trommelberg tst45sw
«Hypdan» EPMAK
SCT-service aBTOCEpPBIC Heshbon HL-27M
CTO «IOr» Ravagliolis.p.a.
CTO Mustang Rotary lift
BOSCH Auto Service Sivik
Nordberg
Truck auto Nordberg
Toyota LlenrpEcnasp Ravaglioli RAL
. . Nordber
Fit Service Nordberg 4%155
Rotary

Autoland Heshbon HL-27M

B pasanuHbIX aBTOCAA0HAX MCIIOAB3YIOTCS CXOKIe IIOABeMHIK, IIODTOMY Aajee IpyBeseM
TabAMILY 110 MOAeAu 000pyA0BaHIs O3 TOBTOPHBIX ITOAbeMHIKOB I ITPOBeAeM CTaTUCTUIeCKII
aHaAM3 reHepaAbHOV COBOKYITHOCTH, UCII0AB3Y: mporpaMmy Excel. Bce moayuennsle sHaueHns
OCHOBHBIX KpUTepHeB 3aIliCaHbl HICKe B TaOAMIle 2, OCHOBHBIMU 13 KOTOPBIX SIBASIOTCS: CpeaHee
3HaveHIe, CTaHAAPTHOe OTKJAOHEeHNe, MUHMMAaAbHbIe ¥ MaKCMaAbHbIe 3Ha4eHIIs], AVICTIePCU I
K0P PUIINEHT Baprali.

Tab6anmna 2. CtaTuCTIIecKnif aHaAu3 pa3HOBUAHOCTHU ITOABLEMHIIKOB

No
- Mogean nogbeMHIKa I'pysonosabeMHOCTD

1 HESHBON HL-51G 3500
2 HESHBON HL-27M 6000
3 N412A-4T Nordberg 4000
4 Norberg N631L-3 3000
5 Norberg 4122A-4T 4000
6 Norberg 4455 5500
7 Omab26B (450AT) 4000
8 Ravaglioli RAL 4500
9 Ravaglioli RAV 4655L 6500
10 Ravaglioli RAV 4505L 5000
11 Ravaglioli KPS244HEK 3200
12 Rotary lift ATO77 3500
13 Rotary lift SPOA10 4500
14 Sivik 5000
15 Trommelberg tst45sw 4500
16 EPMAKIIT'A-3500-E 3500

Cpeanne 4387,50

Aucniepcus 952343,75

CKO 1007,89
Ko»d.sap. 22,97
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PesyapraTamMy cTaTMCTUYECKOTO aHaAM3a SABAAIOTCA II0AYyYeHHbIe JaHHBbIE, Cpeall KOTOPBIX
cpeanee 3HaueHne pasusiercs 4387,50; crangapTHas ommnbka — 251,97; meaunana — 4250; moaa —
3500; cranaaptHoe oTkaoHeHne — 1007,88; aucnepcens seioopku — 1015833,33; okcrjecc — (-0,22);
MuHNMYM — 3000; makcumyM — 6500; cymma — 70200; cuet — 16; yposens HagesxHocTHu (95,0%) —
537,06.

Jazee olpedeaVM pasMax BapbMpPOBaHU: Pe3yAbTaTOB M3MEPEeHMs IO CAeAyIoIemMy
BBIPa>KeHUIO

R:Xmax_Xmin’ (1)
rae R— PpasMax BappMpOBaHILL, CM,
max? Xmin_ COOTBETCTBEHHO MaKCMMaAbHOE I MUHIMIMAa/AbHOE 3Ha4Y€HIe I'Py30II0AbEMHOCT,
KT.
CrpynrmpyeM BCe IT0OAYy4Y€HHbIE 3HAUYEHIIT B k Tpy1II.

Beanunny mnTepBajsa rpymir orpeaeAnM 1o COOTHOIIEHUIO

i=—

o )

k=An 3)

rAe i — BeAU4MHa MHTepBaala, CM;

k —ancao rpymm.

B Hamem caydae 11e1ecooOpasHO B3SATh ceMb IPYIII. B 9TOM caydyae IOAydnM JaHHBIE B
Tabamnre 3.

Ta6amiza 3. PacueT KBagpaToB CYMMBbI OTKAOHEHUI

Murepsaa  Yacrora, f Cp. _ -
smav-meno  f-X, X-X, f(}—Y) f(Y—Y)Z

rpyIie
X i
1 2 3 4 5 6 7
[3000-3500] 5 3250 16250 937,5 +4687,5 4394531,25
[3500-4000] 3 3750 11250 437,5 +1312,5 574218,75
[4000-4500] 3 4250 12750 -62,5 -187,5 11718,75
[4500-5000] 2 4750 9500 -562,5 -1125 632812,5
[5000-5500] 1 5250 5250 -1062,5 -1062,5 1128906,25
[5500-6000] 1 5750 5750 -1562,5 -1562,5 2441406,25
[6000-6500] 1 6250 6250 -2062,5 -2062,5 4253906,25
Wroro 16 67000 0

[Tpu mocTpoeHun rucrorpaMMel 13 Iakera aHaamsa Excel Oplaa mcrioapzosana QyHKINS
«gacrora». [Ipy 5TOM Bech AMana3oH M3MeHeHnii OblA Pa3OUT Ha MHTepPBaAbl PAaBHON ITMPVHEI
(xapMaHnbI). B s2aHHOM caydae koanuecTBO KapMaHOB cocTasAseT 7. 11o Bceii BoIOOpKe ollpeleaeHO
9ICAO TIOTAaJaHMII 3HAUYeHUI TPY30IIOABEMHOCTeN B KaXKABI U3 MHTepBaaos. Vlcxoas ms
9TOTO, BRIYMCASAIOTCSI OTHOCUTEAbHBIE JacTOThI, II0 KOTOPBIM Oblda IIOCTpOeHa IMCTorpaMMa U
BBIOOpOUYHas PYHKIU pacrpejeAeHNs CTaTUCTIIeCKIIX BePOATHOCTeNl Ha PUCYHKe 4.
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Pucynox 4. I'mcrorpaMmma 1 Be10OpodHas QyHKIMA pacpeseleHNs CTaTUCTUIeCKIX BePOATHOCTeIN

Vcxoast m3 TIOAyY4eHHON TIMCTOTpaMMBI M BBLIOOPOYHON QYHKINHM pacrpeseeHns
CTaTUCTUYECKUX BePOATHOCTEN TeHepaAbHON COBOKYIIHOCTU rpy3sonogbeMuoctu ot 3000 xr a0
6500 Kr MO>XHO cAeAaTh BBIBOA, 4TO PyHKIM: HapacTaeT 40 100%, mpu ®ToM C yBeAndeHUeM
IPy30II0ABEMHOCTY ITIOZbeMHIIKa CHIKaeTCsl 4acToTa BEIOOpa, YTO AOKa3bIBaeT MCIIOAb30BaHIe
0o.ee yHUBepCcaAbHBIX IOABEMHIKOB CO CHUKE@HHOI TPY30I10AbeMHOCTBIO.

DPPeKTUBHOCTh NCIOAB30BAHNS ITOABEMHIUKOB Ha aBTOCEPBMCAX 3aBVMCUT OT CUCTEMBI
opraHmMsanuy pabOT U HACKOABKO TOYHO OIIpeeleH MPeACTOAIINII 00beM padoT 10 KaXXAOMY
KOHKPEeTHOMY aBTOMOOMAIO, CKOABKO pabounx OJAHOBPEeMeHHO paboTaeT Ha IIOAbeMHUKE,
KaK OpraHmusoBaHa JOCTaBKa 3allaCHBIX yYacTell UM MaTepuadoB K mocTy. HemaaoBakHbIMU
SIBASIIOTCST Takue (aKTOphl, KaK HaAe>KHOCTh CaMIX ITOABEMHUKOB, VIX PEMOHTOIPUTOAHOCTD
n npucnocobaennocts Kk TO, cymiectsyromas cucrema TO m peMoOHTa INOABEMHUKOB, a
TaKKe IIePUOANIHOCTh X TEXHIYECKOro oOcAyKuBaHUA. DPPeKTUBHOCTb MCIIOAb30BaHII
IIOABEMHUKOB 445 apToMoOmaeit Ha CTO aBTocepsuca olleHMBaeTCs IPYIIION OIlepaTUBHBIX
(BpeMeHHBIX) ¥ DPKOHOMMYECKNX (CTOMMOCTHBIX) IIOKasaTeaeil. K omlepaTuBHBIM HOKa3aTeAsIM
OTHOCSTCS: CpegHee BpeMs 00CAy>KMBaHNs O4HOTO aBTOMOON A Ha ITIOAbeMHIKe, KODpPUITIeHT
[I0A€3HOTO MCII0Ab30BaHus oAbeMHuKa K , mporyckHas CITOCOOHOCTH ITOABEMHIKA Knp. ITpn
HTOM K DKOHOMMUYECKUM KPUTEPUIM OTHOCATCS: CPeAHsIs TPYyA0€MKOCTh 00CAY>KMBaHMsA OAHOTO
asromobuas T, , KoodpuImeHT MCIoAb30Ba s IOABEMHIKA 110 TpyAoeMKocTn K, cronmMocts
nposeAeHHBIX pabor C, cheM ycayr ¢ oaHoro mogbemunka C, . IIOMHMO ONepaTHBHBIX U
DKOHOMIUECKUX IIOKazaTeAeil AAs OLeHKN »(PPeKTUBHOCTU VCIIOAB30BAHNSA IMOABEMHIKOB
MCIIOAB3YIOTCS AOTIOAHNUTEAbHBIE TTIOKa3aTeAn: KO9(PPUIIMEeHT OCHAII[eHHOCTY TeXHOAOTMYeCKIX
30HK , KOAMYECTBO arperaTos aBTOMOOMAS 11, AOCTYITHOCTh K arperataM aBTOMOOMUAsl, yA00CTBO
paboThI, KOD(PPUIIMEHT UCII0AB30BAHIL TOABEMHIIKA 10 IPY30II0ABEMHOCTH K, , KOO puImeHT
VICTIOAB30BAHN TIOAE3HON TIAOIIAAN K, .

Huxe nmpuseseHsl B KayecTse IpUMepa IIATh aBTOCEPBICOB C pa3AMIHBIMU BUAaMy padoT,
KOTOPBIE SABASIOTCS PacIpOCTpaHeHHBIM OOABIIMHCTBOM U caMbIM TpygoeMKuM [Tab. 4].
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Tab6annia 4. HazpaH1e aBTOCEpBUCOB C BUJaMU padOT

Allur Crystal ~ ABTOMIIP .
Toyota City AC
Buawr pabor Auto Renault LEHTP Astana GOKANIIC
Astana Astana Masga
Morixa + + - + -
TO + + + + +
l'apanTHnitHoe
+ + - + -
06Ccay>KUBaHIe
Caecapnble + + + + +
KectstHO-cBapOUHBIE + + + + +
ITposepka yCTaHOBKI KO/1eC + + + + +
4. BeIBOABI

C measi0o mposegdeHmMs aHaamsza SPQPEKTUBHOCTM MCIOAB30BaHUS ITOABEMHUKOB
oOcaea0BaH psiJ TUIIOBBIX aBTOCEPBUCOB Pa3AMYHON MOIIHOCTM, B pe3yAbTaTe 4Yero OBLAO
BBIB/AEHO, YTO IOABEMHIKI AA51 aBTOMOONAET IIPUMEHSIOTCS Ha 30Hax: mpueMku, morikn, TO,
PEMOHTa B Ky30BHOM Ilexe. 3arpy>KeHHOCTh IIOCTOB 10 CpeAHeMY YMCAy aBTOMOO1e3ae340B B
3HAYUTEABHBII CTEIIEH! MEHsETCs B 3aBICUMOCTU OT BpeMeHN roja. B BeceHHe-aeTHMII mepuog
Hanboaee 3arpykeHbl 30HbI TO, peMOHTa M AMArHOCTUKM, a B OCEHHe-3MMHUII BO3pacTaloT
c/lecapHBIe U JKeCTsIHO-CBapOYHBIe paOOTHL.

Camas OoabIllasi IPOIYCKHas CIIOCOOHOCTD MOCTa C IpUMeHeHneM NOoAbeMHMKa — B 30Hax
cMasku 1 guarHocTukin. B sonax TO 1 Ky30BHEIX paOOT ITPOITyCKHAsI CIIOCOOHOCTH IIOCTa HAMHOTO
HIDKe. 3aHIKEeHHOe 3HaueHne Ko»(QuIlMeHTa MCII0AB30BaHUs IIOABEMHUKA IIO BpeMeHU
0OBsCHsAETCST OOABIIMMU IOTEPSIMI BpEMEHN Ha Bbe3J U Che3/ aBTOMOOUAS C ITIOABEMHIKA, a
TaK>Ke IIPOCTOsIMI 13-3a HECBOEBPEMEHHOI0 0OecIIeueH s 3allaCHBIMI YacTsIMU U MaTepralaMu.
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AcTaHa KaaacbIHBIH aBTOTeXHMKAaAbIK KbI3MeT KopceTyae KOTeprinl kabaAbIKTapAbl
KOAJaHYy¥Fa MIOAY

AngaTtna. bya Makasdaga >KeHia aBTOMOOMAbJepre apHaAfaH aBTOMOOMADL KeTeprilliTepiH
THUiMA] TIaligadaHy Maceaeci, cOHAal-aK AcTaHa KaJachbIHBIH aBTOCEpPBUCTepPiHAETi KeTeprilmrepaiH
TeXHUKAABIK IlapaMeTpAepiH Taaday KapacThIpbliadbl. 3epTTeyAiH MakcaThl — ABTOCepBIUC
KoCIIIOphIHAAPbIHAA KOTepriluTepai KoAAaHyAbIH THIMAIAITI MeH KayillCi3airiH apTTRIpy YIIiH
TeOPUAABIK HeTi3Aep Kypy. depTTey oObeKTici KoTeprilll >kaOABIKTHI KOAJ4aHa OTBIPBIII, aBTOCePBICTIH
eHOeK eHiMAiairi 6oapin TaObl1aabl. KoagaHbIcTarsl KyphIABIMAApPABI IIIOAYABl Taljday HeTidiHAe
KO/JaHBICTaFbl KoTeprimrepai Oaradayra MyMkiHAik Oepetin ABTO keteprimrepais >KaHa TypAepiH
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JKaHapTy >KeHe KYpPy MakcaThlHAa KikTey Kacaaabl. Kasakcran acraHachiHAa KOAJ4aHBLAQTHIH
KOTepIillTepaiH >KeKeJereH TYpAepiH CaAbICTHIPY HOTIDKeAepi, 04dapAbl HaligadaHy TUiMALAiriH
apTTHIPYy MakKcaTblHAA TUiMAiZiKTi Darasay >KeHe o4apAbl aBTOCEPBUCTE KOAJaHy KpuTepuiiiepi
KeATipiareH.

TyitiH cesaep: aBTOKOAIK KOTepriml, KeTeprimn >KaOABIK, aBTOCepBUC, apba >KaOABIFDI,
KOTeprilTepaiH JXiKTeAyi, CTaTUCTUKAABIK TaaAay.

S. Nurkusheva', M. Bembenek?, O. Kostyuchenkova®
!'S. Seifullin Kazakh Agro Technical Research University, Astana, Kazakhstan
2 AGH University of Krakow, Krakow, Poland

Overview of the use of lifting equipment in auto maintenance in Astana

Abstract. This article discusses the problem of the effective use of car lifts for passenger cars, as
well as the analysis of the technical parameters of lifts at car service stations in Astana. The purpose of
the study is to create theoretical foundations for improving the efficiency and safety of the use of lifts
at car service enterprises. The object of the study is the labor productivity of a car service with the use
of lifting equipment. Based on the analysis of the review of existing structures, a classification has been
developed in order to modernize and create new types of lifts, which allows you to evaluate existing
lifts. The results of comparing individual types of lifts that are used in the capital of Kazakhstan,
criteria for evaluating the effectiveness and their use at a car service station in order to increase the
efficiency of their use are presented.

Keywords: car lift, lifting equipment, car service lift, equipment for cars, classification of lifts,
statistical analysis.
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TexHMKaABIK KbI3MET KOpPCeTy KOA1eMiH OHTalAaHABIPY
HeTi3iHge Mogeai y35.615 rmapoMexaHNKaabIK Oepiaic KOpaObI
CeHiMAiairiH apTTBIPY

Angaatna. [laiidarany cenimOiAiziH XKacay uLblzbiHOAPbIH ecentmey 2U0POMexXaHUuKarblk
bepiric xopabuindazet (ITMBK) Oepiric xopadvinviry (BK) 0ysviAyvin sxkotivin, oHu
KYMUICHIHVIH, KAANBIHA KEAY Npouecmepinin 3an0bAblkmapuii K010 Ke3inde azuimoazol
Kkerdey Kymuvicmapoitoly, cunamot eckepirdi. XKemicneyuirixmin, Hezisei GyHKUULCOIH
ecenmey KOMnotomepoit Kymolc icniey kabiremmiAizin KAANbIHA KeAmipy yoepicmepite,
convity iutinde arekmpondvix ecenmeyiut mamuna (DEM) asipaenzen Komnvromepaix
Modeavdey 0a20apAAMACHIHLIY, KOMEZIMEH XAANLL CHAUUOHAPALIK emec yoepicmepee
KAMbICMol Ky3eze ACblpuiAaobl.

Tyiiin ce3aep: zudpomexarurxarvix Oepiric kopadv,, IEM, komnvromeprix modervdey,
Ppormarvdi mueziu, Xui icmen uLplzamol 0eAuULeKmep.

DOI: doi.org/10.32523/2616-7263-2023-143-2-147-155

Kipicme. MamnHa KOHABIPFBICBIHBIH CeHIMAiAiriH apTTeIpy yIIiH OipAeckeH aybICTBIPY
Deaikrepinig eH ceHiMai TonTapwiHbH (I, I, III) cenimaiairin apTTBIpy apKbIABI aFbIMAAFLI
JKOHAEY CaHBIH a3aliTy YChIHBLAAABL.

Oa maxkcarra mogeai ¥35.615 IMbBK-ubiH BK-HbIH >Xui icTeH HIBIFAaTBIH OeAllleKTepiHiH
KYHBIH >KoHe peCcypPCThIK KOpceTKiITepiH apTTeIpy yiniH ODEM Mogeabaey xyprisiaai [1].

BK (I 6eamekrep ToOb1) OoAIIeKTEPiHiH eH a3 ceHiMAi TOOBIHBIH CeHIMA1AiK KopceTKimTepin
DEM Mogeasey HoTUKeAepiH KapacToipaiiblK [2]. CoHbIMeH KaTap, ollepalysaAblK CeHiMAiAIKTi
KaMTaMachl3 €Ty IIBIFBIHAAPBIH MOAEAbAEY CITCI3AIKTIH ©3repy CHUIIaThIH ecKepe OTBIPBII
>KacaaAbl, IFHNU, aKayAbIK aFbIHBIHBIH JKeTeKIITi (pyHKIIMsAChIHa HeTi3geareH. byran Koca, TyTacraii
aaraHga Mogeai ¥35.615 ITMBK-ueiy BK cenimMaiaik kepceTkimrTepi eckepiaeai.

KommnpioTepaik Mogeabaey HoTVKeCiHAe eH TOMeHTi JKUBIHTHIK, OipAiKTepAiH C o min
KYHBIH OaKplaay KypaaaapblHBIH KypaMaac 0eaikTepinin eH a3 ceHiMAi I TOOBI y3ak yakbITKa
ToyeAAiAiri aHbIKTaAABI.

1 cyperre eH a3 ceHimai DeallekTepaiH y3akK KbI3MeT eTyiH apTTBIPyAbl MMMTalMsAay
kesingeri C ., ©srepicrepain cumatel kepcetiareH. KapacThlpblabin sKaTKaH OOALIEKTEp
TOOBIHBIH, y3aK KbI3MeT eTy YaKBLITHITHIHBIH ©CyiMeH, eH TOMeH OpTallla >KaAIlbl COMMAaABbIK
IIBIFBIH TOMEHACTIAL.
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Cyx min, USD
5,430
5,380
5,330
5,280
5,230
5,180
5,130
5,080
5,030
4,980
4930
4,880

T T T

1 125615175 2 22526275 3 32535375 4 42545475 5 5p5

Cypet 1. Mogeai ¥35.615 IMBK-usy BK-HbIH Oea1mrexTepi TOOLIHBIH a3 ceHiMAl pecypcTapbIHbIH
e3repyiHe OaliAaHBICThI, €H TOMEHTI XKaAIIbl IIbIFBIHAAPBIHBIH AVHAMIKACHI

Mogaeai ¥35.615 ITMBK-ueiH BK en a3 cenimai OeairiHiH y3ak KbI3MeT €Ty Mep3iMiH

apTTHIPYABI Q = 3,5 ece yAraliTyAbl MOJeAbJey Ke3iHe Cy()min €H TOMEHT1 MoHTe JKeTeai, coaaH
KelliH IIpOIOPLUMOHAAABL ©CiM KYHBIH YAFaITy HOTMKeCiHAe HIBIFLIHAAP Ocye.

3eptrey aaictepi. Boarmexrepain pecypc kopbiubiy apTyst ecebinen C o min AnHamMukacsim
Taajay, MHAEKC ©3TepiciHiH yII cumaTraMaAblK aliMarblH aHBIKTall KepceTyre MYMKiHAiK
Oepeai. Aaramkpl aMak THiMAipek (p-HiH MaHAep apa KaIIbIKTBIFbIHAA — 2,25), MyHJa
Oackapy TeTiKTepiHiH eH a3 ceHiMAl TOOBIHAAFBI PeCypPCThIH YAFalobl OalikaaaAbl. EKiHIIi aitMak
UHAMKAaTOPABIH €H TOMEHTi MoHiHe >KeTKeHIIIe C o min TOMeHAey KoepceTkilli OasyaaraHja
JKeTKiAIKTi TmiMAl eMec (p-HiH MiHJAep apa KallIbIKTBIFBI 2,25 aeH 3,5 aeitin). Bipinmi >xeHe exiHimi
aiMaKTap apachlHAAFLl IIeKapa CeHiMAiAiK KOPCeTKIIliHiH eH yJAKeH ©o3TepiciHeH & MoHiMeH
aHbpIKTadaAbl (80% Imeringe o Iamachl CeHiMAiAIK TeopusChIHAA KOPCeTKIiITepAiH KOAailAbl
MoHJepiH OpHaTy YIIiH IaligadaHblaaAbl). YIIiHIN aiiMak Tuimcid (3.5 >KeHe 04aH >KOFaphl

apaabik Mauaep apaasirbiars) Comin ocyi Gacrasagsr.

Toxxipnbeaik MaHBI3bI TY PFBICHIHAH, MOAeAbAey Ke3iHAe OipiHIll >koHe eKiHIIl aiiMaKTapAbIH
60ays1 DEM Mogeabaey apKbLabl OypbIiHHaH Oap BK KOHCTpyKIusAapbIH >KaHapTy YIIiH OHBIH
CeHiMAiAiriH IekTeiTiH, OipaeckeH OipiH-Oipi ayBICTBIPY TONTapbIH apTTHIPY Ka’KeTTiAiriH
Kkepcereai. CoHbBIMEH KaTap KapaJaTbIH TYMiHHIH , CeHiMAiAiri eH a3 GeallekTep TOOBIHBIH
KBI3METi Y3aKTBIFBIH apTTLIPY apKbIABl KaHFLIPTY (KakcapTy) KarJalblHAa 04 eKiHIIl aliMaKTa
(ic-rmapaHBIH YKOHOMUKAABIK HeTidgeMeci TYpPFBICHIHAH) IIBIFbIHAAP MaHI C a3aliThIAYBI
Kepex.

Oaant OoamaraH >Karjaiiga, KapacThIpblAFaH OealleKkTep TOOBIHBIH Y3aK KbI3MET eTy

yomin

Mep3iMiHiH C 1o min ocyimMeH, MaHAEPp YIIiHII aliMakTa opHasacaasl. C , . €H a3 MoHIe XeTy
CoTiHAe KOMIIbIOTepAe MMUTAIIMAABIK IIPOIIeCTi TOKTaTy Ka’keT, OMiTKeHi ODacKapy TeTiKTepiHiH
eH a3 CeHiMAl TONTapBIHBIH Y3aK YaKbITTBIK TYPaKTBIABIFLIH O4aH opi MMMUTaLNAAAY apKbLABI
KO/ >KeTKi31ATeH OH HoTV>KeHiH >KOVBIAybIHa 9KeAel.

3eprTey OapBICBIHAA 93ipAeHTeH MaTeMaTMKaAblK MoJeAab, ecemnrey OarjapAamMadapsl

arperaTThlH Oe/IIeKTepiHiH >KoHe TYIiHAepAiH eHAipicTik camaceiHbIH (C n, t
eHIMAiAiK ceHiMAiaiK KepceTKimTepiH apTTEIPyFa MYMKiHAIK Oepeai.

bya xaraaiiga eHAipicTiH camachlHBIH ©3TepyiH Oarasday YIIiH OeallexTiH (OearrexkTep
TOOBIHA) PecypCThlH IIambipay KoopPUIMeHTi IaijadaHblAAbl. OpUHe, Bapualusd
KO®PPUIIMEHTIHIH HeFypAbIM ToMeH 004ybl (pecypcThlH IIallIbIpaybl), OeAllekTepAiH

(OeamexTepAin TOOBI) cariachl HEFYPAbIM JKOFapbl eKeH/iriHe Ke3 >KeTKisiareH [3].

yomin’ ont’/ THO )
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2-cypeTTe pecypcThlH e3repyiHe >koHe Mogeai ¥35.615 IMBK-ubiy BK-#pIH  cenimaiairi
eH a3 OeaIleKTepiHiH pecypcTapblH ©3TepTyiHe JKoHe Iambipay Koo duieHTiHe 0aiiaaHbICTHI
MUHUMAaAABI KaAIbl IIBIFBIHAAPABIH AMHAMMKACHI YCHIHBLAFAH.

Kepininn typranaaii, ceHiMAiairi eH a3 ceHiMAl Oealekrep TOOBIH AallbIHAAY CallachblH
XKOFapbLAaTy KaraaitsiHaa, DEM mogeavaey ymin C o, i, MUHMMaAAb MOHAEP P MOHAEPIiHIH

TOMEH MoHiHe KO/ >KeTKi3iaeai. ATam aliTKaHAa, g = 1,5 en TOMEHTI1 MOHTe >KeTKeH Ke3Je,
pp

Cyo min P = 4,0 KOA >KeTKi3laeai.
DEM Mozeabaey ceHimaiiri TomeH Goantexrep TOObIH Kacay canackably C o, i, TOMeHAEY
YATiCiH aHBIKTayFa MYMKiHAiK Oepeai (2-cyper).

Cya.min,
598 -
597
—o—Kpp=1 ——Kpp=1,1
596 —h—Kpp=1,2 —%—Kpp=1,3
595 A
594 A
593
592 4= — == — = - = == ===
1
591 T T I T T I\ T T Ll T T T T ' p

225 25 275 3 325 35 3,75 4 425 45 475 5 525

Cyper 2. ¥35.615 mogeai 'MBK-ub1H bK-HEIH OearrexTepi a3 ceHiMAi TOOBI peCypCHIHBIH
e3repyiMeH OHBIH cellidyiHe Oaif1aHBICTHI XKaAIlbI MIHIMAAABl CyMMapABIK OpTallla ITBIFEIHAAPABIH
AVHaMUVIKaChl

3epTTey OapbiChiHAa IIBIFBIHAAP KO®(PPUIMEHTIHIH ocepiH aHBIKTayfa, pecypcTapAabl
KebernTy KodpPuimeHTiHe KoHe KOPeKTeHyAiH eH Halllap TONTapBIHBIH pecypcTsiH ¥Y35.615
Mogeai I'MBK-upy BK 7 Tyracrail aaraHaa ceHIMAiAIK AeHrelii OOJBIHINIA CaAbICTBIPMAaAbl
IIaIIbIpaybIH a3aiiTyFa Kol KeHia 0eaiHai. HeicaHHBIH e3repy cumaThiH Taaday KesiHge Oepiaic
KOpaOBbIHBIH eH a3 ceHiMAi 0eairiHiH y3ak KbI3MeT eTy KOepCeTKiITepiHiH >KaKcapyblHaH YIII
aiiMaKTHI p paKTOPBI OOVIBIHIIA aXKbIpaTyFa 004aaabl (CypeT-3).

n
1,64
1,62

1,60

1,58

——Kpp=1 ——Kpp=1,1 —&—Kpp=1,2

——Kpp=1,3 —%—Kpp=14 —8—Kpp=1,5

2,25 25 2,75 3

—
™
LN
3
o
N-

Cyper 3. ¥35.615 IMbBK-ub1H BK eH a3 ceHiMAl TOIITaFsl pecypCcTapbIHBIH ©3TepyiHe OallAaHbICTEI
ceHiMAiaiK AeHTelli Ke3eHAepiHiH cunaTraMacsl
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Aaramikpl aiiMak (p-HiH apa-KaIIBIKTHIFEI 1,75-Ke AeliiH) TuiMai O0oabInn TabblaaAbl, MYHAA
n ceHiMAiiriHig aeHreitinig ey ken yaraiobsl IMBK-ubig BK cenimaiairi ey a3 GeamexrepiHig
PecypCThIK ecyi HoTIKeciHAe Oalikaaaabl.

Exinmmi ariMak >KeTKiAikTi Tuimai eMec (apaabik MaHAep 1,75-Ten 2,25-Ke 4elliH apaAbIKTa),
erep Kapa’kaT MHBeCTUIIMsAChIHA KapaMacTaH KOPCeTKIllITep eH >KOFapFbl MoHIe JKeTKeH coTTe N
©Cy KapKbIHBI OastyAaiiabl.

Yurinmii arimak tmimcis (2.25 >keHe p oJ4aH KOFaphl apaAblKTa), OHJAa €H >KOFapbl MoHIe
SKeTKeHJe N TOMeHAelAl.

3-cypeTTe KeATipiAreH TayeaAAidiKTepaiH Taaaaybl, p> 2.25-geri Y35.615 yaricingeri BK-
HBIH eH Halllap TONTapbLIHBIH OJ4aH opi >KeTiaaipiayiHiH TmiMci3airin kepcereai. bya maprrer
OpbIHAaMay, OChbl KapacTLIPBIABIII OTBHIPFaH arperaTThlH CeHiMAiAIK JAeHreliHiH TeMeHAeyiHe
9KeAyi MyMKiH.

Moaeai ¥35.615 'MBK-ubiy BK cenimgiairi Tomen OeallekTepiHiH ceHiMAiAik AeHreltiH
OEM Mogeasey HoTIDKeCiHAE OHBIH CeHIMAIAIK AeHTelliHiH JKaKcapy IIeTi aHbIKTaAabl.

I'MBK-upms  BK  kyHBI KO®PPunmeHTiHiH ceHiMAIAIK AeHrelliHiH AMHaMMKaCBIHBIH,
KapacThIpblAfaH OelleKTep TOOBIHBIH pPeCypPChIHBIH apTybl JKoHe PeCypCTBHIK IIaIlblpayAblH
korapbeidayel, I'MBK-ueiy bK 0OeaikrepiniH TOObIHa IIBIFBIHAAP MeH pecypcTapAblH
IIPOIOPIIMOHAAABI YAFaIOBIMEeH OHBIH JKaKcapy IIeriH kepcereai (4 cyper).

Beamekrep TOOBIHBIH pecypchl Q0 = 2.25 AelfiH apTaabl, aa pecypcTHIK Inamipipay 1,5 ece
aszasAbl, CeHIMAIAIK AeHTelli n eH >KOrap¥bl MoHiHe — 1,65 aeitin >xeteai. OcblgaH KelliH, Oackapy
KypaadapuiabeiH ToMeHaeyi, IMBK-upiH BK cenimai GeartekrepiHiH MpoHoOpIIMOHaAAbl ©CIIT
Ke/e >KaTKaH KYHDIH YAFalTyABIH calJapblHaH OacTasaabl.

¥35.615 TMBK-ub1y BK-HbIH eH ceHiMAl TONTapbIHBIH PecypchblH YAFalTyAbl MOAeAbAey
ke3inge Oeariai Oip merine geitin BK cenimaiairi apraTeiner anbikraaran (3-cypet). Ocblaaiiina,
TAO Oepisic KOpaOBIHBIH CeHIMAiAIK KOpPCeTKIillliHiH AMHaAMMKacblHAQ OHBIH ©Cy KapKbIHBIH
OaceHaey ypaici OaiiKaaaapl.

Ketiagipiaren 6beamexrepais (Doalekrep il TOObI) KbI3MET €Ty Mep3iMiHiH Y3aKTHIFbIHBIH
xorappiaaybl IMBK-upig BK-HBIH KyMBIC YyaKBITBIHBIH aAFaIllKbl iCTeH IIBIFyFa JAeNiH
JKOFapblaayblHa MYMKIiHAIK OepMeNTiHAIKTeH, 04 IeKTeyJeH yAKeHipek 004aAbl, COHABIKTaH
Tek Oip OealekTep TOOL! pecypChIHbIH (€H a3 ceHiMAl) ecyine HaraansicTel T\ | ©cy MyMKiHAiri ic
Kysinge taycelaaanl. Cogan xeitin TMBK-ubiH BK-HBIH Keaeci ceHiMci3 OeaikTepiH KeTiaaipyai
MoOJeAbAeyAl MMUTanuslay Kepek.

Moaeai ¥35.615 I'MBK-ubiH BK-HpiH Oipinmii icten mbirybiHa Ageitin BK Nl skene Nob
Do lIeKTepiHiH KapacThIPBIABII OTBIPFaH KaAfaH OOAIIeKTepi JKaAIlbl YAeCTiK IIBIFbIHAAPABL,
CeHiMAiAiK JAeHreifiH >KoHe OipiHINI icTeH IIbIFyFa AeMiHIi yakKBITTBI ecerTey YIIiH YKcac
HOTIDKeAep aAbIHABL.

1-mm1i xkecre Mogeai ¥35.615 I'MBK-ubiy BK-HbIH KbI3MeT KepceTy Mep3iMiHiH ceHiMAiaik
KkepceTkimTepin DEM mMogeabaey a4iciMeH KeTiaAipy HOTMKeAepi KeATipiareH [4,6].

Kecte 1. Mogeai ¥35.615 I'MBK -nb1H BK cenimaiaik kepcetkimrepin DEM Moaeabaey apKbLAbI

aHbIKTay
CenimaiaikTiy KepceTkimrepi bacranker | NelGearrekrep | No2Gearrekrep | NedGearmekrep
MOHI TOITTAPBI TOITTAPBI TOITTAPHI
bipaixTiH >XaAnel MMHUMAaAABI
C 600 592 600 610
IIBIFBIHBL — ¥0min  TeHre/MOTO-C
CeniMaliAiK ageHTel n 1,25 1,65 1,58 1,5
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Ocp1aaiimia, DEM (ceHiMAiAiK TYPFBICBIHAH) MOJAeAbAey HoTuKeciHae Amkogop 342C-04 6ip
memimTi ¢ppoHTaabai Tnerimrepinin mogeai ¥35.615 IMBK-urig bK ceniMmaiairin mekreiitin
DeaIexTep TONTapPbIH JKeTiAAipy TeXHMKAABIK KoHe YKOHOMMKAABIK ©A11eM OOJbIHIIa OHBIH
CeHiMA1AiK KOpCeTKIITepiHiH ONITMMaAAbl MOHAEPiH aHbIKTall aAAbL.

CeniMaiaik geHreitine kerry >koHe DEM Moeabaey kacay Oip KY PBLABIMABIK-TEXHOAOT ML ABIK
aliMaKkTa OpHaJacKaH OeAllleKTep TONTapbIHbIH pecypcTapbiH OipikTipyre MyMKiHAIK OepAi.

3eprrey OapbIChlHAa arbIMAAFbl JKOHAEY >KYMBICTapBIHBIH KOJAEMiH OHTallAaHABIPY
MakcatbiHAa aaTel AJKT-gan ¥35.615 IMBK-ub1H BK Mogeainiy sxobazay >KoHe TEXHOAOTUAABIK
OHIMi4iriH ecernike aaa oTeIpsi, yir AJKT-ai Kypy yCBIHBIAABL

ConbiMeH Karap 3-KYPbLABIMABIK-TeXHOAOIVIIABIK aliMaKTa opHaJackad Nol sxome No2
beamekrep TonTapsl AJT 3-ke OipikripiareH; 2-11i KYpBLABIMABIK-TEXHOAOTUAABIK aiiMaKTa
opHaaackaH No 3 >xene No 4 OGeaikrepain tontapbl AJT 2-tre Gipikripiaren, No5 sxone N6
6eaikrepiniH TonTapsl AT 1-ae (2-kecTe) OipikTipiareH.

Kecre 2. AMmxogop 342 C-04 tnerimining mozeai ¥35.615 IMbBK —nbrg BK-HbIH pariionaaabik
KapTacsl (bealeKTepAiH Y3aKTHIABIFLIH ecellke ada oThIphII, BK ceHiMaiairin anmMuTTeHAipeTin)

E é YakpIT Kocaaxpl Oea1ekTepais KaskeTTiAiri
EH g HOpMachbl,
Xz agam.-¢ 100 AXT-re
2 32 = o
AXT arays g E E‘ B 1;[:;1?5;;?12?: beamiexrepaiy aTaysl [05) ;
SKOHe OHBIH &3 ’c:ts? 5 5 ° Dadr ataysl, = E
TaraitsHAAAYN | & & & XKaOABIKTap, KYypaaaap | o < Karaaor 691/{1,1Hu_1a = g . g
gz (Turti, Mogeai) 5 5 HOMipi ?-@* Z 3
2 S 3 IS <= 8 (SR
5 5 = g (cpr3bacer) X s
<~ A g S
X g -
= =
1 2 3 4 5 6 7 8 9
AXT 1 ITocrrarsl >xyMbICTap 325-011-366 1,0 | 100 | 958,2
TaralibIHAAAYbIL: YIIiH: QPUKIMAABIK AUICK 1,0 | 100 | 253,4
-BK >xyMmbIcKa Kyk xetepy Y3 5.61501.065 1,0 | 100 | 123,6
KabizerTiairin MYMKiHAiri Oap keTepy HOpIIEeHb 1,0 | 100 | 121,8
KayiTa KaAIlblHa Kyporarbicel: 1000 (xr) 881-07-9016
KeATipy lavikanbIH KiaTi THIFBI3AAFBIIN CAaKHA 1,0 | 100 | 732,6
10,7 1.541.0004 476-07-2044terrpizaareinr| 1,0 | 100 | 758,9
— TypOMHAABIK Tpy6ansm xiati RWUn cakKIHa 1,0 | 100 | 112,6
0iaix Yuackeaik >KyMbIcTap AVICK 1,0 | 100 |1230,6
YLLiH: V3 5.615-01.062 Tipex 1,0 | 100 | 668,5
Kpyraory6isr RSKn- auckici Y3 5.615-01.068
200 1,6 | 5,8 |morbIHTipek 42210.8338
Kpyraory6ier RSKm- TerepImik
200 ¥3 5.615-01.200
Cpemunk 1.549.0002 SKeTeKII Anck Y 35
MpicTs Oaara .615-01.072ppUKITNAABIK
1.519.0750 AVICK
AlireexTi opHaTaTLIH
crep>xens 1.547.0018
OpnatpiaraH BTyAKa
8N54-65/85x300
OpnatpraraH BTyAKa
8N54-66/85x250
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CpemHuk 1.549.0002
MprrcTor 6aara 1.519.0750
CpeMHIK
«SandvirBelze» 4542-B
AJire1eKTi opHaTaTBIH
crep>kens 1.547.0018
OpHaTbLAFaH BTyAKa
8N54-65/85x300
OpHaTbLAFaH BTyAKa
8N54-66/85x250
barprrraymsr 3.547.1042
barprrraymsr 1.547.0200

KaKTIIaK,
U35.615-01.304 BTy AKachI.

AXT 2 ITocrTars! >xymbicTap ¥35.605-00.531 >xyMbIC 1,0 | 100 |1503,2
TaraiibIHAQAYDI: YIIiH: ayKbIMBIHBIH, SKeTeKIITi
- BbK >xymbIcka XKyx xerepy TerepIiri, 1,0 | 100 |1302,5
KabiaeTTiairin MYMKiHAiri Oap xetepy ¥35.605-00.537 xeaix
KarTa KaAIlbIHA 12,7 Kyporarbicel: 1000 (xr) ayKbIMBIHBIH SKeTeKIITi 1,0 | 100 | 42,3
KeaATipy T'arikanbIH KiaTi TerepIiri, 1,0 | 100 | 38,5

1.541.0004 M48x1,5.1!871 compr 1,0 | 100 | 1154
— apaabIK Tpy6ansiy xiati RWUn ¥35.615-01.058 11anoda, 1,0 | 100 | 320,6
Oiairiniyg Yyackegeri JKympIcTap ¥35.615-01.505 cakuHa, 1,0 | 100 | 115,3
OealeKkTepin YIIiH: 50411.2893 monpmaTipex | 1,0 | 100 | 1154
ayBICTBIPY) 3yonao 8N24-5 B 55 .13942 caknna

Kpyraoryomsr RSKm- 311.8338 MOIBIHTIpEeK 1,0 | 100 |1503,2

200 ¥35.605-00.536 1,0 | 100 | 125,2

Kpyraoryomsr RSKn- OepiaicTiH >KeTeKIi 1,0 | 100 |1205,2

200 TerepIiiri eKiHii

CpbeMHIK 1,6 | 8,8 |(TopTinmii)

«SandvirBelze» 4542-B ¥35.615-01.304-02,Teaxe

MBpicThI 6aaFa ¥35.605-00.547apaasbIk,

1.519.0750 uiH

barprrraymsr 325-01-

000/4, 21.547.0010

AjireaexTi opHaTaThIH

crep>xens 1.547.0018

Bryaka 8N54-76/95

OpHaTbLAFaH BTyAKa

8N54-65/85x300

OpHaTbLAFaH BTyAKa

8N54-66/85x250

IndepbaarTsr

MUKPOMETPHUABIK

nHankarop MDAa-10/1
AXT 3 ITocTTars! >XyMbIcTap ¥ 35.615-01.302 xepi 1,0 | 100 |1230,6
TararipIHAQAYBL: YILLiH: OackapblaaThIH Oepiaic
— BbK >xymbIcka Kyx xetepy MyMKiHairi I11eCTePHICH, 1,0 | 100 |1510,2
KabiaeTTiairin Oap KeTepy KYPBLAFBICHL: ¥35.615-01.305 Kepi
KaliTa KaAIlbIHA 1000 (xr) KO3FaATKBIIIT minminig| 1,0 | 100 [1210,8
KeaATipy 14,6 |T'amkaHbIH KiaATi raccmi, 1,0 | 100 | 320,6

1.541.0004 ¥35.615-01.301 kepi| 1,0 | 100 | 489,4
— apTKBI JKYpicTi TpyOuHaHbIH KiaTi OarpIT mini, 53608.24696| 1,0 | 100 |1317,8
>KoHe Oasty RWUn alre/eri,
SKBIAAaMABIKTHI Yyackeaik >XyMbICTap 308.8338 artreeri, 1,0 | 100 |1317,8
GiaikTepain YIITiH: ¥35.615- 01.303-01| 1,0 | 100 | 132,5
OealIekTepin Kpyraoryousr RSKn-200 TBIFBI3JAy CaKMHACEL, 1,0 | 100 | 125,5
ayBICTBIPY Kpyraoryousr RSKm- 16 la1 B 9 0.13133 ToIFBI3AQY

200 17" |cakmmace, 35.6 15-01.035

Eckepriie — OpbIHayIbIHBIH KOC101 koHE OLTIKTLNIr] — cliecapb, 4 pa3psj

152 Ne 2/2023

A.H. I'ymures amovindazor EYY xabapuivicol. TexHUKAAVK 2bIAVIMOAP KaHe MexHOA0ZUS cepusichl
ISSN: 2616-7263, eISSN: 2663-1261




I''H. Batizyxuna, A.b. Cazambexosa, I.A. Ymenoea, /1.b. Vsanosa

Taakpiaay. AAbIHFaH HOTIDKeAePAiH TaXKipnbeaik MaHbI3ABLABIFEI DEM Mogeabaey aaiciMen
DeaIekTepAiH TONTapBIHBIH KYHBIHa ©CiM KO9(PUIMEHTiHiH MoHiH aHBIKTalAbl, AMKOAOP
342C-04 PppoHTaapAbl XKYK THerimTepinig Mogeai ¥ 35.615 I'MBK-ubiH BK ocbl >KyMBICTaFbI
arperaTTbIK pecypcTapbIHbIH ©cyiHe OailaaHbICTH [5,7].

bypminbipak anbikraarangait, IMBK-ueig BK ceniMaiairin kaMTaMachl3 eTy IIBIFBIHAAPBIH
OHTalAaHABIPY YIIiH, N03 OealrexTep TOOBIHBIH KbI3MeT eTy yaKbIThIH y3aprty 1,13 ece, No5 —
1,15 ece, aa No 1 — 2,05 ece aprTeipyFa 604aasl. bya BK catbin aayra >KoHe OHBIH KBI3MET €Ty
Kabizerriairin 13,44% -fa cakTayra >KyMcaAaTbIH JKaAITbI IIBIFBIHAAPABIH KOA€MiH azaiTaAbl.

Connimen Kartap Y35.615 mogeainiy BK Moaeainin >KyMbIc ceHiMA1AiTiH caKTayFa apHaAFaH
LIBIFBIHAAPABIH YHEMAeAyl OHTaabl pecypc 00aaAbl:

AC, ()=C,,. O—C,, (1)=12972—65423=6429,7 renre.

Hucx

100 aBroMOOMabAl mapk ymiiH maptThl Typde 1800 moto-car Ten V¥35.615 I'MBK-HbIH
BbK yaricimen >xabapikraaran Amkoaop 342C-04 ¢poHTaabAi THeTiIITepiHiH >KbIA CallbIHFBI
SKYMBICBIHBIH Y3aKTBIFBI JKbIA CalibIHFbI PKOHOMMKAABIK, TYPFBIAaH Keaeci TmiMaiaikTi Oepeai:

N, T, AC, (¥) ~ 100-1800,0- 6429,7
Toum 7982

HeMece Oip >xplara 100 mammna 0,153 mas teHre. ¥35.615 mogeai IMBK-us1H BK ToabiKTan
icke KOChLAFaH >Karjalija, 93ipAeHreH YChIHBICTapAbl MaligadaHyAblH DKOHOMUKAABIK TUIMALAiTi
73%-fa apTsl, >XblabHa 100 MarmHara 2,265 MAH KypanAsl.

2

=144994,5  renre,

200

KopbIThIHAB

Moaeai AMkogop 342C-04 Tuerimrepin >KeHAeYAlH TEXHOAOIMAABIK epeKIleAiKTepiH Taaday
HOTIKeAepi OOMBIHINA OAapABIH CeHIMAIAIriH IIeKTelTiH OeAllekTep MeH KOMIIOHEHTTepAiH
KBI3MET eTy Mep3iMiHiH y3aKTBLIABIFEI MEH KYHBIH ecKepe OThIpbN, MoJeabi ¥35.615 'MBK-
HblH BK-HBIH ceHiMAiairiH apTTRIpy VIIiH YCHIHBICTAp 93ipAeHAl. O3ipJAeHIeH YChIHbICTapra
ToH epekireaik — DEM Mmogeanaey Herizinae Mogeai ¥35.615 IMDBK-upiy BK-HbIH arsiMaars
JKOHAEY >KYMBICTAPBIHBIH YTBIMABI KeIleHiHiH KaAbIITacyblHa FBIABIMM Heri3geAreH Toci.
Kypactoiporaran ycoinpictapra AXKT kapraaaper kipeai. JKorapriga KepceTiarenaeit, oaapAabt
nalijazany KYpPBIAFBIHBI JKOHAEY CaHbIH, COHAAN-aK, OHbIH CeHiMAiAiriH caKTay¥a >KyMcaAaTbIH
IIBIFEIHAAPABL €49yip KBICKAapPTYhl MyMKiH[63] .

Bbya ycpmbictap KoaganOaabpl cumaTKa Me SKoHe ToXKipmOeadik KoaJaHy YIIH Kejea
KoCiIIOpBIHAAP TYPFBICBIHAH XKapaMAbl. Ocbiran OallaaHBICTHI, 3epTTey OaphIChIHAA 93ipAeHTeH
AXT xaprasap mogeai ¥35.615 IMBK BK OGeamrekrep TonTapbIHBIH CEeHiMAIAIriH KepceTe
oteipein, IMBK 6epiaic KopaObIHBIH JKyMBIC CeHIMAiAiTiH >KOFapblaaTy OOJMbIHIIA YCHIHBIM AapFa
eHri3iaai.
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C. Ceiipyaruna, Acmana, Kasaxcman
2Espasutickuti nayuonarvhuli ynusepcumem um. A.H. l'ymuresa, Acmana, Kasaxcman

IloBbimenne Haae>XXHOCTH IIAPOMeXaHn4eCcKOl KOpOOKM nepeaad moaean y35. 615 Ha
OCHOBe OMTHMMM3aluy 00beMOB TEXHUUIECKOTO 00CAY KMBaHMsI

AnnpoTarms. Pacyer saTpaT Ha co3JaHMe DKCILAYyaTallIOHHON HaAe€>KHOCTU IIPU yCTPaHEHNI
HEUCIIPAaBHOCTEl KOpPOOKU Ilepejad B IMAPOMEXaHMUYECKOV KOpoOKe Iepejady U yCTpaHEHNUU
3aKOHOMEPHOCTENl BOCCTAHOBUTEABHBIX IIPOIIECCOB ee PabOTBl YUMTHIBAACA XapaKTep TEKYIIUX
peMoHTHBIX paboT. Pacuer ocHOBHO PyHKIINY AeUITUTa OCYIIIECTBASETCS B OTHOIIIEHUI IIPOIIECCOB
BOCCTAHOB/AEHM:I pabOTOCIIOCOOHOCTM KOMIIBIOTEpPA, B TOM 4MCJA€ B I€/10M HeCTal]MOHaPHBIX
IIPOLIECCOB C IIOMOIIBIO ITPOTPaMMBI KOMIIBIOTEPHOTO MOAE AN POBaHMs, pa3pabOTaHHOI 51€KTPOHHO-
BBIYMCAUTEABHOV MarmHou (OBM).

KaroueBble caoBa: rugpomexaHudeckas KopoOka mepegady, BDBM, KoMIIblOTepHOe
MOJeAnpoBaHue, PPOHTAABHBII IIOIPY3UNK, YaCTBIN OTKa3 AeTalell.

G. Baiguzhina', A. Sagatbekova’, G. Utepova’, L. Izanova?
! S.Seifullin Kazakh Agro Technical Research University, Astana, Kazakhstan
’L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Improving the reliability of the hydromechanical gearbox model u35. 615 based on the
optimization of maintenance volumes

Abstract. Calculation of the costs of creating operational reliability when troubleshooting
gearbox in the hydromechanical gearbox and eliminating the regularities of the restoration processes
of its operation took into account the nature of the ongoing repair work. Calculation of the main
deficit function is carried out in relation to the processes of restoring computer operability, including
non-stationary processes in general, using a computer simulation program developed by a computer.

Keywords: hydromechanical gearbox, computer, computer modeling, front loader, frequent
failure of parts.
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AcTaHa KaaacbIHBIH KOAiK TyliHAepiHAe KO3FaAbICThI OacKapy
TUiIMAiAiTiH apTTBIPpY Maceaeaepi

Angarna. Kasipzi manda KeAix kenmericmepi Acmana «. Keule-K0A KeAicitoe
K032aAbICIbl 0acKkapydvit, e e3eKmi Macereepinit 0ipitie aitnardol. Karanviy kenmezen
KouieAepi (0arzuiAdapol) KOAIK KenmeAicmepinir, XyieAl myviHoayoimer Cunammaiaobl.
Koaix xenmericmepinity yAzarovl, KOAIK KYpaAAOapbiHbll, XK02apbl mblzvl30blebl MeH
KO032AAVIC KAPKOIHOBIAbIZDl KOULe-)KOA JKEAiCi KbisMeminit, muiMOirizin memerndeyire
acep emin, XKOA anammapuvl mMyviHdAyviHovlY Heziszi cebenmepinin, Oipite ainardvl. bya
Kazdaii acipece KoUle-K0A XKeAiCiHIH KoAlkmik myiindepinde (Kuviavicmapuinda) Xui
opoitt aradol. Keute uviavicmapvindagol K032aAbic Kidipicmepinit, acepi kenmeicmepoit
KUl MYvIHOAYBIHA, KAMBIHAC K BAIAMObIZOIHbIY, MmeMendeyite, KAHAPMALvIH Hei3Ci3
apmorK MymolHoAYbIHA XKaHe KOAK KYPAAJapbiHoLlH, MY iLiHdepl MeH azpezammapulibll
Mo3Yyvita aKeAenmiti 0eAZiAL

Kararvx  Or0dxemme  xapaxam — manuoiAviebl  Ka0auviH0A  KOA  K032AADICHIH
yivimoacmuipydvit, esekmi adicmepinit, 0ipi KOAik azetndapuin Oackapy muimoirizin
apmmotpy 00AvIN MadLIAAOLL.

bya maxarada Acmana k. Kabanbaii Oamvp men ¥av Adara 0anzuiAdapbinbii
KUBIABICOIHOA  K032aAbIC Kidipicmepin a3atimy, KOAIK azbiHOApuiHoly, et ymoimovl
MaAparyviH KAMMAMACHL3 emy makcamvinda 6azdapuiam Holcanbii dackapy muimdirizin
apmmolpy Macererepi

Kapbarac yaxwvim reserdepinde K032aAbIC KAPKbIHOLIAbIZbIH AHBIKHIAY OOTLIHILA ULHIHALLbL
0aKvIAGYAdp ApKHIALL Sepmmiey Hamuxerepi arvinovl, Kabanbaii oamuvip men Yav Jara
0aHeLIADAPLIHLIY, KUDIADICOIHOA (PASAADIK Mapany cyAdAchl XKone 0azdapuiam Houlcarvl
KYMUIC peskuMin mysemyze rezizdeme xacardol. Onoir Hezisirde 0azdapulamovlx pemimey
UUKAT KYPHIABIMUIH DL, 032epYIMeH COA XKaK OYPulAviciibl 00AIN, KOAIK AZblHOAPLIHLIH et
YMBIMODL MAPAAYLIH KAMMAMACHL3 ememin YCblHbICMap Kacayza MymKindik oap.
TyitiH cesaep: Kouie-K0A KeAici, KOAIK Kypardapel, KOAIK myiliti, Koule KUDIADICDL,
Oazdapuam woicanvl, 0azdapuiamdvik pemmey UUKAL, KO32AADIC KAPKBIHOLIALIZbL,
K032AALICHIbL 0ACKAPY, KOAIK AZOIHDL.

DOI: doi.org/10.32523/2616-7263-2023-143-2-156-166

Kipicmie

Kemre->xxo0a >xeaicingeri xemnreaic >Karjalidapbl KadaAblK >KoOcCIapAayAblH MaHbI3AbI
acrekTici OoaraHabIKTaH Keaik Kypaadapbl (KK) rtipkeayinin ecyiHe >koHe KoOJiKKe JereH
CypaHbIcKa OaliAaHBICTHI IIEIiAyi TUiC Kypaeai Maceaere aitHaaApl [1]. Baraapimammen perrey
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A.M. 2Kandapoexosa, M.V. Apnabexos, K.A. Mypsabexosa

KUBLABICTapAaFsl (KOAiK TyliHAepiHAeri) KenTedicTepai asaifTyAbIH eH TUiMAi o4ictepiHiH Oipi
DoaraHABIKTaH KOAiK aFbIHAAPBIH OacKapyAblH MaHBI3AbI Kypaabl 00AbIII TaObLAaAbI [2].

XaAbIK CaHBIHBIH >KoHEe aBTOKOAIK Kypaajaphl TipKeAyiHiH ecyi >K0A-Ke4iK OKUFalapbIHbIH
(KKO) >xane 0aapAbIH 3apAanTapbIHBIH aybIPABIFBIH D0AKay KYpaaAapbIHbIH Oipi ekeHi Oeariai
[3]. Conrpr o xblaga AcTaHa K. XaAbIK CaHBIHBIH >KoHE >KeHid aBTOKOAiKTepA4iH TipkeayiHe
OallA1aHBICTBI aliTapABIKTall ©Cy AMHAMMKacbhiHa Kyo 0044bIK (1-kecte). COHFBI OHXKBIAABIKTA
(2012-2021 >x>x.) AcTaHa K. XaAKbIHBIH caHbl 40% KyBIK, a1 aBTOKOAiKTep caHbl 16% >KYBIK OciII,
270 mpig Oipaikten actol (1-cypert) [4]. 2022 x. conplHa Kapaill eaopaa xaakbl 1340782 agam
CcaHbIHA >KeTTi.

1-kecTe. AcTaHa K. XaAbIK CaHBIHBIH JKoHe aBTOKOAIKTep TipKeAyiHiH ©cy 4MHaMMKachl
(2012-2021 xx.)

Koia- XaabIK, Ocy/ Kenia KK Ocy/ XaABIKTHI KeHia Ocy/
Aap CaHbI, TOMEH- CaHbl, MBIH TOMEH- aBTOKOAiKTepMeH TOMEH-
ajgam aey,% Oipaik aey, % KaMTaMmacsnI3 eTy, 1000 aey,%
ajgaMra Oipaik

2012 778083 5,48 233,6 12,90 287 8,71
2013 814401 4,67 236,5 1,24 278 -3,14
2014 852882 4,73 248,9 5,26 276 -0,72
2015 872655 2,32 2445 -1,77 263 -4,71
2016 972692 11,46 246,9 0,94 249 -5,32
2017 1030577 5,95 250,9 1,63 233 -6,43
2018 | 1070196 3,84 261,1 4,08 230 -1,29
2019 1078384 0,77 270,7 3,67 221 -3,91
2020 1184411 9,83 273,1 0,88 231 4,52
2021 1295711 9,40 273,7 0,23 211 -8,66

Kypprrapic aitmarbia urepyai eckepeTin AcTaHa K. 4aMy >KOcCIapbiHa cavikec 2035 K. geitin
ezopaa xaakpIHbIH caHbl 1 228 800-aen (2022 >x. HakTH depekrtep) 2 081 800-re aeitin (2035 k.
Doaxamabl depekrep) eceai dem 6oakaHyda [5]. Kaaa KypBLABICEIHBIH HeTi3ri aymarbl AcTaHa
K. COA >Karadaybl 0OAFaHABIKTaH OadaMaabl )KOAAAPChI3 «KOAiK KOAAAIIChl» TybIHAAYybl MYMKiH
>KoHe OyA MoceJeHi INemly YIINiH Ke3-KeAreH KYPBIABIC OOBEKTiCiH caayiaH OYpBIH KOaAik
MHQPaKYPHIABIMBIH KOcCIapaay MaHbI3Abl. OcblfaH 0aliaaHBICTBI KaAaHBIH ©Cy KapKBIHBIH,
KOAiK aFrpblHBIHBIH TapaAyblH YHeMi >KocHapJay Ka’KeTTiri TyblHAanAbl. beariai Oip yakKbIT
apaAbIFbIHAA KO3FaAbIC KapKLIHABIABIFBIHBIH (TpadpuriHiH) Kadail e3repeTiHi, AFHU ToyAiKTiH
9pTYpAi KeseHAepiHAeri OHBIH IIaMacBIHBIH ayBITKYBIH 0Oiay KaxkeT. bya Moaceaeni keaik
MHQPaKYPHIABIMBIHBIH a’kblpaMac 0eairi 004bIII TaObLAATBIH MHTEAEKTyaAAbl KOAiK XKylieciH
AaMBITy apKbLABI TUiMAL ITenryre 00AaAbl.

Keaix kenrreaictepinin  >kmizeyi, KK  KO3FaAbICBIHBIH >KOFaphl TBIFBI3ABIFBI  MEH
KapkbpiHABIABIFBI KOKOK >xyMmbIc icTeyi TmiMaiairiniyg temeHgeyine, HatiokeciHge KKO >xone
OHBIH ayBIPABIK CaaJapbIHBIH ocyiHe acep eTei. COHFbI Ke3ae AcTaHa K. COA >KaraJay ayAaHbIHbI
KOKK kublapicTapbiHAa KO4iK KidipicTepi apThlill, OHBIH calapbl Ke3eKTep MeH KelTeAicTepaiH
>K1i TyBIHAQYbIHA, KaThIHAC JKbIA4aMALIFBIHBIH TOMeH/eyiHe oKeAeTiHi Oalikaaaabl.

Acrana K. Keaik kemreHiH Oackapyaa KaOanOait Oateip men Yasl Jdasa AaHFBLAAQPBIHBIH
KUBIABICBIHAA >KOA KO3FaAbICBIHBIH alTapAbIKTail KMBIHAAQY >Karjalibl OpbIH adaabl. Ocbl
3epTTeyJe aTaafaH KMBLABICTa OaFrAapinam HeicaHbl (BH) sxyMbic pesxnMiH Ty3eTy KakeTTidirine
Heri3JeMe >Kacay KapacCThIpblAajbl.
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3epTTey MaTepuaaaaphbl MeH dicTepi

3eprrey OaprichiHAa OacTankbl akmapaTTel kmuHay yirin KP Crparermsasix >kocrapaay
’KoHe pedopMadap areHTTIriHIH YATTBIK CTaTHCTMKa OOpochiHBIH MaaiMerrtepi, KP bac
IIPOKypaTypachlHbIH KyKBIKTHIK CTaTUCTIKa JKoHe apHalibl ecelke aay KOMUTETIHIH gepeKTepi,
KOAiK aFbIHBI KOPCETKIIIITePiH IIbIHAlBI OaKblaayAap HOTVDKeAepi KOAAaHBLAABL.

CraTucTtukaablK Taajay, KOAiK aFrbIHBIHBIH KOPCEeTKIllITepiH IIbHalibl OakKblaay (3epTTey),
OaraapIiaM HbICAHBI JKYMBIC peKMMIH TaaJay a94icTepi KOAAaHBLAABL.

AAbIHFaH HITVIKeaAep

Kasipri tanga KabanbOait 6areip >xeHe TypaH AaHFBLAAAPBIHBIH apachlHAAFbl ayMaKTarbl
KapKBIHABI KYPbIABICTEIH ocepinen (3038 meTepre apHaaraH 7 yii) >keHe TypaH JaHFbLAbIHAH
ArntmatoB KemleciHe geriiHri ¥asl Jajsa AaHFBIALIHBIH OONMBIHAAFBI JKOAABIH Te3 aIlblAyblHa
GartaanpicTel BH K0a4aHBIMAQFBI JKYMBIC peKMMi KOAIK aFbIHBIHBIH aFBIMAAFBI KoHe 0015KaMAbI
KapKBIHABIABIFBIHA COMIKeC KeAMEMNTiHI aHBIKTaaAbl. 3epTrey aymarbl «boTanmkaabk 0Oax»,
«9KCTIO-2017» kermreniHe >kakbplH opHaaackaH (1 cyper).

KabauOait 6atsip men Yabr dasa A4aHFBIAAQPBIHBIH KUBLABICEIHAAFEI KOAIK KellTeaicTepine
6artaansicTel (Kepeit JKoHiOek xaHaap KelrleciHeH >koHe YAbl Jaja AaHFBIABIHAH COAFa OyphIAY
JKepiHge) IIbIHalBI Dakblaayaap Xypridiagi. Ocbiran opail, KapacThIpblaFaH KUBLABICTBEIH BH
SKYMBIC PEXKUMIiH aFrbIMAAFbl KO3FaAblC KAPKBIHABLABIFBI IIIaMaChlHa COVIKEC Ty3eTy Ka’KeTTiAiri
TYBIHAAIIABL.

e ik

KaGanGan GaTeip ¥aHe ¥n6 Jana
OaHfBEINA3PEIHBIH KABINCE

3KHCNO - 2017

Cyper 1. Keaix arbiMbI KopceTKiITepiHe IibiHaliel OakbliayAap XYPrisy ydackeci
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3epTTey ayMarblHAA KO3FAaAbICTHI YIIBIMAACTBIPYAAFbl €4€y Al KUBIHABIKTAap KYMBIC KYHiHiH
DacTtaaybl MeH asKTaAybl Ke3gepiHJAeri ToyAiKTiH TaHepTeHTIi >KoHe KeIIKi yaKbITTapblHAa
KO3FaAbIC KapKbIHABLABIFBIHBIH KYPT ©cyiMeH (koOiHece ToyAiKTiH opTallla MoHiHe KaparaHaa 2-4
ece KoII) 0allAaHBICTHI €H JKOFaphl JKyKTeMeAep TYBIHAAMTHIHBI aHbIKTaaabl. COHBIMEH KaTap,
JKOFaphl KaPKbIHABLABIKTAFbl KOAIK aFbIHAAPBIH ©TKi3yre 0allaaHbICThI KUBIHABIKTAP «KAKTBIFBIC
HYKTeAepiHiH» 00AybIMeH apTa TyceTiHi Oalikaaaabl.

KapacTeipbraran KMBLABICTBIH aFbIMAAFhI JKargaiibiH Taagay byxap Kerpay kereci >xarpiHan
Kabanbait OaTelp AaHFBLABI DOVIBIHAA COA KaK OYPBLABICKA KO3FAaABICTBIH JKOFaphl CYpPaHBICHIH
koepcereai. ConrsiMeH Kartap, Yaul Jaaa gaHrblabiHga (acipece TypaH AaHFbIABI KaFpiHaH) No26
DaraapAbIH KaAaAbIK >K0AayIIblAap KOAiTi KO3FaAbICBIHBIH XK1 KeIIiryi opeiH asaabl. Ocel KedeHae
KMBLABICTBIH COAFa OYPBLABICTaphI KOII JKOAAKThI Kollere mblFaTeiH 60aranabikTan JKKO nerisri
ceOentepiHiyg OipiHe aitHaaabl. CTaTUCTMKAABIK AepeKkrepre coaiikec, 2022 >K. KOPBITBIHABICHI
OOJbIHIIIa KapacTHIPBLABIIT OTBIPFaH KO/ ydacKeci allaT OIlarbl 00BN TabblaaAbl, Oya Kepae
JKasty Ky priHIIiaepre COKKBI (Karbill KeTy) skoHe KK coxrTrirpicypiMen OaiaanbicTel TopT KKO
TipkeareH (2 cyper) [6].

Cypert 2. Kapacrsipbraras 504 ydackecinge JKKO ronorpadpusaabik Tasgay HOTVOKeAepi
(2022 >x. 12 aripl OoiBIHIIIA)

ATaaraH KMBIABICTAa OpHaTbIAFaH OeliHeKaMepalapAblH MYMKIiHAIKTepi KOAAaHBIABII,
KO3Fa/AbIC KAaPKBIHADBIABIFBI IIIaMachIH aHBIKTay YIIiH IIIbIHAlbI OaKbliayAap apKbLABI 3epTTey
Kyprisiaai. 3 cyperrte keartipiaren nudporpamma KabanOait 6ateip AanrblabiH - Yabl Jdaaa
AAHFBLABIMEH CaABICTBIPFaHJA TaHEPTEeHTI KoHe KelllKi kapOaaac yaKbIT Ke3eHaepiHae KO3FaabIC
KapKbIHABLABIFBI IITaMachl OachIM >KaHe CypaHbICHI JKOFaphl eKeHiH KopceTeai.
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Cyper 3. Kabanbaii 6atsip MmeH YAl Jaia AaHFBLAAAaPBIHBIH KUBLABICBIHAAFEI
KO/iK aFbIHBI KapKBIHABLABIFBIHLIH 111 pOrpaMMachl

Kabanbait 6ateip MeH Yanl Jada AaHFBLAAAPBIHBIH KUBLABICBIHAAFE BH >kyMmbIc pexxnmine
Tal4ay >KacaAblll, OyA KUBIABICTA TOYAIKTIH op Ke3eHIHAeri KO3¥aAblC KapKBIHABLABIFLIHBIH
IIIaMachl eckepileTiH OipHelle GarzapaamMaabl OarjapIliaM peXKUMi eHTisiAreHi aHBIKTaAABI.
SIFHM, JKYMBIC JKoHe JeMaabIC KyHAepiHe apHaaraH OargapllaM pexXimiHiy ymr Oarjapaamaas
JKYMBICBI KapacThIpBIAFaH. 4 cypeTTe MbIcaa peTiHge ockl KublAbIcTeIH BH ¢asaawik Tapaty
cya0achl >xoHe OarJapiiaM pe>XKMMiHiH Oipiniti OaraapaaMachlHBIH JKYMBIC KeCTeci KeATipiareH.
Aiira ety Kaxet, 2019 . 6acran Acrana K. KJKJK xosraabic Kayincisairin KamMTamacsl3 eTy
MaKcaTblHAA IIeTeAAik ToxXipmubOeHi Taasay HeriziHAe OarAapIllaMHBIH >KAcCblAd >KBIIBIABIKTAY
CUTHAABIHBIH JKaHy Y3aKTBIFBIH 4 CeKyH/ IllaMacklHAa OeAridey TypaAasl IIemiM KaOblaAaHFaH.
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Cypert 4. Kaban0aii 6aterp >xone ¥anI Jada AaHFBLAAAPBIHBIH KUBLABICBIHAAFEL (Pa3aablK TapaTy
cyabacer xxane BH sxymprc pexxmmi (16.08.2022 5. Nel 6argapaama)

KabGanbait 6aterp meH Yabl Jasa 4aHFBIAAaPBIHBIH KVBIABICH ayMa¥rbIHAA SKOA KO3FaABbIChIH
YIBIMAACTBIPYABIH, >KaFJaliblH Taadjay KOAJaHBIMAArbl KOAiK >KyleciHiH >KyMBIC icTey
MaceJeAepiH aHBIKTayFa MYMKiHAIK Oepai. OHbIH HerisriaepiHiH Oipi KeaiK >KeaiCiHiH ©TKi3y
KabileTiHiH aFbIMAa¥Fbl KO3FaAbIC KAPKBIHABIABIFBIHA COIIKEC KeAMeyi.

Toyaik Goripl OaKblLAaHATHIH KO3FAaABIC KAPKBIHABIABIFBI IIaMAaCLIHBIH ©3repyi Oargapiram
SKYMBICBHI IIMKAIHIH >KoHe pyKcaT (’Kachld, >Kachla >KbIIIBIABIKTay) CUTHAAAAPBIHBIH Y3aKTBIFbIH
Ty3eTyaiKaxeT eteai. COHbIMeH KaTap, IIIbIHAIBI OaKbliayAapFa CylieHe OTBIPBIIT apaKalllbIKThIFbI
700 M KypanTeiH Oip asgadaMadaH Keadeci asgajaMara JeiHIi ydJackede KadaAbIK >KOAayIIbI
KoiriHig 10 MMH. Im1aMackIHAa YaKbIT JKOFaATaThIHbI aHBIKTaAABI [7].

ConpIMeH, OpbIHAaAFaH IIbIHANEI OaKbliaydapAblH HOTVKeCiHAe KapacThIphLAFaH yJacKkee
KO/ KO3FaAbICHIH YIIBIMAACTBIPYABIH KOAJAaHBIMAAFBI CyADachl KOAiK arblHAapbIHa KeTKiAiKTi
THiMA] KbI3MeT KepceTnenTiHi aHbIKTaaAbl (5 cypet). Ocbl KMbIABICTa TOYAIKTiH op Ke3eHAepiHae
KO3Fa/AbIC KAaPKbIHABIALIFBI IIaMachIHBIH ©3repyl ecKepideTiH KeAiK arblHbIHBIH KO3Fa/ABICHIH
MOJeAbJey apKblAbl YCBIHBICTAp KYpacThIpyFa MYMKiHAIK Oap. Bbya maceaeni Tuimai mremry
YILIiH KO©4iK aFbIHBI KO3FaABICBIH MOJAeAbAey OargapaaMadapbiHbIH KOA4aHy Kaxer [8, 9].
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a) AsBTOOYyC asiagaMa ITyHKTiHeH IIIBIFBIII, Ke3eKTiH COHbIHA
Typan aaHFbLABI XXaFblHaH Keaedi (18: 41: 39)

T

ey
Wiy,

{
Hipe
e
M O

6) AproOyc Kabanbait 6aTeip MeH ¥AbI ga4a 4aHFbIAAAPLIHBIH
KUbIAbIChIHA Keaeai (18:48: 50)
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¢) AsTOOyC Keaeci asiagaMa ITyHKTiHe Keaedi — «OKCIIO-2017» (18:50:29)

Cypert 5. No 26 Hargapaarsl aBTOOYC KO3FaABICBIHBIH KEIIiryiH 3epTTeyeH pparmeHT
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Taakbiaay

KabanOait Oateip >xoHe Yawl Jasa AaHrbladapbiHblH KublapiceiHAarel KK kigipicrepin
asalTy MaceaeciH Ienry YIIiH ¢aszaablK TapaTy CyA0achlH Ty3eTy OOJBIHIIA YCBIHBICTAp
KYPacThIPyABIH Herisi 6oabI Tabblaaabl. Coara OYpBIAYABIH OTKi3y KabideTiH apTTHIpy YIIiH
BH perrey 1juxainin y3aKTLIFBIH JKoHe OHBIH DAeMeHTTepiH BeGcrep agicreMeci K0A4aHBIABIII,
apHalibl ecerireyaep >Xyprisiaeai [10].

KaxTLIFBICTBIK HYKTeAep caHbIH, KOAiK KigipicTepiH a3aiiTy >KoHe coara Oyphlay KesiHje
KayiIci3gikTi >)kakcapTy YIIiH Keaeci agicTepai KoaaaHy ycbiHblaaab [11]:

- KapaMa-Kapchl OaFbITTaAFaH aFbIHABI Kecy 94ici;

- DargapiiaMAbIK peTTeyAin sKeke (pasachlHa cOA KakK aliHaaMaAbl KO3FaAbICThI D0AY.

bipinmii saic Ko3raablc KapKbIHABLABIFBI TOMEH YaKbIT Ke3eHJAepiHge KOAJaHy KOAaliabl,
myHga KK 6ip Geairi kapcor G6arpittarsl KK KosraabicbiHa ko4 Oepinl, coara Oypblaadbl, aa
Oip Oeairi MaHeBpAl KUBIABICTBIH OpTachlHaH OaFJaplllaMHBIH Capbl CUTHaAbIHA AeMiH Ke3eK
TybIHAATIIAMl asgKTall adaabl. AJdalija, KOAIK arbIMbl KapKbIHABLABIFBIHBIH >KOFapbliaybIMeH
Kapchl OarbITTaFrbl KO3FaAbICKa K04 Oepimnl coara OypblAybl KMBIHAAI, KMBIABICTBIH aAAbIHAA
Ke3eK TyblHAall Oacraiiapl. bya xargaiiga OargapinaMAbIK peTTey HMKAIHIH JKoHe coliKeciHIe
KMBIABICTAFBl KiZipicTep yaKBITBHIHBIH y3apyblHa oKeJeTiH coara Oypriay ¢asachiH Oeayai
KapacThIpaThIH eKiHII aaicTi KoadaHraH aypeic [11]. bipak, Texipmbe kepceTkeHaeil Oya
94iCTi KO3FaAbIC KapPKbIHABLABIFBIHBIH IIIaMachkl JKOFaphl eMec yaKbIT Ke3eHJepiHge KOAJaHy
DKOHOMMKAABIK TYPFbIAAH aKTaaAMalAbL.

KopsoiThIHABI

[IrpiHaiier 6aKblaayaap apKbLABL 3epTTey KYpridy HoTykeciHge Acrana K. KXKK Kabanbait
Oateip MeH Yapl Jajda AaHFBLAAQPBIHBIH KUBIABICBIHAA YKOA KO3FaABICHIH YIBIMAACTBIPYAbIH
arpIMJarbl JKarJaiibiHa OaliaaHbICTHI OipKaTap Maceaeaep aHBIKTaaAbl. OChl KMBIABICTa KOAIK
arbIHBIH TapaTyJa KO3FaAbIC KapKBIHABLABIFBI IIIaMacChIHBIH ayBITKYbIH eckepiain BH >xymbic
PEeXUMiH Ty3eTy Ka’KeTTidiriHe HerizgeMe >kacaa/bl.

ConpIMeH KaTap, KapacThIpblaFraH ydackeJe KaJaAblK >KOAayIIblAap KOAiri KO3FaAbIChIHBIH,
MaceeepiHe alipbIKIa KOHia 0eaiHAl, aTan aiiTKaHAa, KOAiK KenTeaictepi caagapbiHan No26
Dargapaa aBTOOYC KO3FaAbICHIHBIH KMBIHAAYbIHA aTaAfaH KMBLABICTHIH BH >kyMbic pexxuminin
BIKITa/Abl aHBIKTAAABL.

Ocp1 3eprreyain xxaaraceiHga KabanOait OaTelp gaHFBIABIHAH COAFa OYPBIAYABIH XKoHe YABI
Jaaa AaHFBIABIHBIH OOMBIHAAFBI TiK OaFbITTaFbl KO3FAABICTHIH OTKi3y KaOideTiH apTTHIPY YIIiH
PYKcaT CUTHAABIHBIH JKaHYBIH y3apTyAbl ke3aeiTiH, KabanOait OaTelp AaHFBIABIHHBIH ipreaec
KubLabIicTapbiHga BH ciHXpoHABI 5Ky MBICBIHBIH CaKTaAyblH KaMTaMachl3 eTeTiH (pa3aablK TapaTy
cyabachbiH xoHe BH >xyMbIc pexxuMiH Ty3eTy OOJbIHINA yChIHBICTAp Oepiseai. KapacToipplaran
KOAiK TyHiHiHAe KO3FaAbICTBI OacKapy THUIMAiAiriH apTTBIpy MaKcaThlHAA KOAiK aFbIHAApPEI
KO3FaABICBIH MOJeAbAeY apKbIAbI, KeIITeAic >KargaiilapblH aaAbIH ady¥a JKoHe JKOI0Fa MyMKIHAIK
OepetiH ic-1mapasap KypacThIpblaabl.
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Bonpocei nosbimennst 9p@PeKTMBHOCTA yIIpaBAeHNsI ABVDKeHIEM B TPaHCIOPTHBIX
y3aax ropoga AcTaHbl

Annotammsa. AKTyaabHOCTb. Ha ceroagHsmnmit 4eHb TpaHCIIOPTHBIE 3aTOPEI CTaAl OAHOM U3
CaMBIX aKTyaAbHBIX IIp0DAeM yIpaBAeHus ABV>KeHMeM Ha yANMYHO-AOPO>KHOIN ceTu I. AcTaHbl. Jas
MHOTHUX yAHUL (IIPOCIIEKTOB) TOpOJa XapaKTepHbIM CTaHOBMTCS BO3HMKHOBEHMe CHCTeMaTHYecKuX
TPaHCIIOPTHLIX 3aTOPOB. ¥ BeAdeHNe TPaHCIIOPTHLIX 3aTOPOB, BBICOKasI II10THOCTD ¥ MHT@HCUMBHOCTD
ABVDKEHIVSI TPaHCIIOPTHBIX CPeACTB CHIDKAIOT ®(PQPeKTUBHOCTh (PYHKIIMOHMPOBAHMUSA yANIHO-
AOPO>KHOI CeTU I, KaK BCAeACTBUE, SBASIOTCS OAHOM M3 OCHOBHBIX HPUYMH BO3HUKHOBEHN
AOPO>KHBIX aBapuii.

OcobeHHO OCTpPO OHa IPOsBASETCA B Y3AOBLIX IIYHKTaX (II€peKpecTKM) yAUIHO-JOPOSKHOIN
ceTn. 34eCh yBeAMUYMBAIOTCSA TPaHCIIOPTHBIE 3ajep>kKKM, OOpasyloTcs odepeau I 3aTOPBI, 4TO
BBI3BIBAET CHIKeHMe CKOPOCTU COOOIIeHNs], HeollpaBAaHHbIN IIepepacxod, TOILAMBA M ITOBLIIIIeHHOe
M3HAIIMBaHIe Y3108 I arperaToB TPaHCIIOPTHEIX CPeACTB.

B ycaosusx gedunmra cpeacts B TOpoACKOM OlOogXeTe OAHUM M3 aKTyaAbHBIX CIIOCODOB
OpTaHM3alMM ABVKEHUs sABAsSeTCA IoBbleHre 5¢QQeKTNBHOCTY YIIpaBAeHUs TPaHCIIOPTHBIMU
IIOTOKaMIA.

B aaHHOTIcTaThe pacCMOTPEHBI BOIIPOCH ITOBHIIIeHNA (P PeKTUBHOCTU Y IIPaBAeHILI CBe TOQOPHBIM
oObekToM Ha nepeceuenuy Kadanbait 6atsipa 1 Yasl Jaaa I. ACTaHBI C 1IeAbIO CHUDKeHMS 3a4eprKek
ABVIKeHI:, oOecIieyeHNs HalAy4lIero pacrpeaeleHns TpaHCIIOPTHBIX IIOTOKOB.

Boisogpr: [loaydyensl pesyabTaThl HaTypHBIX HaDAIOAEHMII IO ONpejeAeHNIO MHTeHCHBHOCTU
ABVDKEHIISI B 4achl MUK, 4aHO 0OOCHOBaHIEe KOPPeKTUPOBKI CXeMBbl IT0(asHOIo pasbesla U pexkumMa
pabotsl cBeToPopHOTO OOBEKTa Ha IepecedeHnn Ipocrekros Kadanbait 6ateipa n Yasr daaa, uto
IIO3BOANUT BBIA€AUTH A€BBIII IOBOPOT C M3MEHEeHNeM CTPYKTYPHI IJIKAa CBeTOPOPHOTO peryAupOBaHNs,
obecrieunBas HauAydlllee paclpeeleHne TPaHCIOPTHAIX IIOTOKOB.

Karougesble ca0Ba: yAMYHO-AOpPO>KHas CeTh, TPaHCIOPTHLIE CpeACTBa, TPAHCIOPTHBIN y3ed,
nepeceyeHne, CBeTOQOPHEINI OOBEKT, IMKA CBeTOQPOPHOIO PperyAMpOBaHMN:, WHTEHCHBHOCTD
ABVIKEHIs], yIIpaBAeHNe ABV>KeHeM, TPaHCIIOPTHLIN IIOTOK.

164 Ne 2/2023  -H. Tymunres amvindazor EYY xabapuivicol. TexHUKarvik 2oiAbimMIap 5kaHe mexHOA02Us. CepusiCol
ISSN: 2616-7263, eISSN: 2663-1261



A.M. 2Kandapoexosa, M.V. Apnabexos, K.A. Mypsabexosa

A. Zhandarbekova', M. Arpabekov?, K. Murzabekova®
1S. Seifullin Kazakh AgroTechnical Research University, Astana, Kazakhstan
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Issues of increasing the traffic management efficiency in the transport hubs of the city of
Astana

Abstract. Relevance. To date, traffic congestion has become one of the most urgent problems of
traffic control on the road network of Astana. For many streets (avenues) of the city, the occurrence of
systematic traffic jams is becoming characteristic. The increase in traffic congestion, high density and
traffic intensity of vehicles reduce the efficiency of the road network, as a result, have an impact on
the growth in the number of traffic accidents.

It is especially acute in the nodal points (crossroads) of the road network. Here, transport delays
increase, queues and congestion are formed, which causes a decrease in the speed of communication,
unjustified excessive fuel consumption and increased wear of vehicle components and assemblies.

In the context of a fund shortage in the city budget, one of the relevant ways to organize traffic
is to increase the efficiency of traffic management.

This article discusses the issues of improving the efficiency of managing a traffic light object
at the intersection of Kabanbai Batyr and Uly Dala in Astana, in order to reduce traffic delays and
ensure the best distribution of traffic flows.

Conclusion: The results of field observations were obtained to determine the intensity of traffic
during peak hours, the justification was given for adjusting the phase-by-phase passing scheme and
the operation mode of the traffic light object at the intersection of Kabanbay Batyr and Uly Dala
avenues, which will make it possible to identify a left turn with a change in the structure of the traffic
light control cycle ensuring the best distribution of traffic flows.

Keywords: road network, vehicles, transport hub, intersection, traffic light object, traffic light
control cycle, traffic intensity, traffic control, organization of left-hand traffic, traffic flow.
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MHTGHCI/I(I)I/IK&LII/I}I CIIOAb30BaHMsI TPAHCIIOPTHBIX IIAPKOB
3€pHOIIPOAYKTOBOI'O KOMIL1€KCa

AuspoTanmst:  Msyuenovl  603MOXKHOCU — MOGLIUEHUS  2PY30M00LEMHOCTIU U
MeXHOAOZUMECKOl  AOANMUGHOCTIY — MPAHCHOPMHLIX — NAPKOS  3epHONPOOYKINO6020
KOMMAEKCA U, CACDOBAMEALHO, UHMEHCUPUKAYUS UX UCHOALIOSAHUS.

B xauecmee paxmopa, 0mHoCUmMeAbHO KOMopozo paCCMAMPUSAACS YPOseHb MeXHUUECKOTL
adanmueHoCmu  ZpY306biX amomoOuAei, 6viOpan nepemertbvlii Paxmop 00vemHOil
2pY30modbeMHOCTIU  CeAbCKoXO03sTicmeerHblx  2py306. Tpancnopmuposoutiviil  npoyecc
3ePH06020 NOOKOMNACKCA UMeen C6010 CHeuuduxy u mpebdyem OnMUMAALHOZ0
popMmuposanus U payoHAALHO20 UCTIOAbI06AHUS MPAHCHOPIHBIX cpedcms. Yuumovleas
KOpomKue CpoKi, Ce30HHOCTD U 6bICOKUTL 00beM NepesosUMo20 2py3a, a maxxie mo, umo
CEALCKUM XO3STUCTIEOM SAHUMAIOMCS 6 OCHOGHOM MeAKue U cpedrue KpecmvsHcKue
X0311CMe6a, KOmopble He MO2Yym MN0360AUMb cebe 6bl0eAUmb 0MOeALHbIL NO0SUKHOT
napx a6momoOUAei MoAbKO OAsl NEPesOsKU 3ePHOGLIX KYADMYP, UMEeNnT CMLICA USYUUTID
NYMu NOGLIULEH IS MEXHOA0ZUNECKOT A)ANMUSHOCTIY UMEIOULUXCA 6 XO3STLCHIGE 2PYY306b1X
aA6MoMO0UAeTl K USMeHIeMbIM Pakmopam o0vemHoti maccvl epysa. Oonum us naudoree
APPexmuUHLIX U IKOHOMUUHBIX CHOCO006 GAUAHUS HA KOIPPuuenm adanmayuu
MpAnCNopmHoz0 cpedcmea K nepementomy Paxmopy o0veMHoil MACChl 2py3a MOKHO
paccmMampusanv usmererue 6bicomol 60pIos Ky306a 2ply306020 ASHOMOOUASL.
KarogeBble ca0Ba: ceAbCkox0341icmeeHHble ZpY3bl, MPaHCHOpHIHble CPeOCHIsa, 3epHOGble
KYALIMYPbl, MPancnopmuposka 3epta, 00bemHas 2py306Mectnumoctib.

DOI: doi.org/10.32523/2616-7263-2023-143-2-167-176

1. BBeaenmne

Baxknerimen sasayeil CTpaTermyeckoro PasBUTKSA M IIPOLIBETAHM: BCEeX CTpPaH sBASIETCS
IOBBIIIIeHNe IIPOJ0BOAbBCTBeHHOI Oe3onacHocTH [1].

OganuM 13 TEpBBIX UM OCHOBOIIOAATalOIIMX OTPacAeil CeAbCKOIO XO3SNCTBA SBASIETCS
pacrennesoAcTBo. Onpegeass nepedeHb KyAbTyp, HanOoAee BBITOAHBIX A4S IIPOM3BOACTBA, B
IIePBYIO O4epeab CMOTPAT Ha CIpOC. boapmmm cripocom B ceabCKOM XO3SJICTBE, B YaCTHOCTH,
B PaCTEeHUEBOACTBE, OAB3YIOTCsI 36PHOBEIE KyABTYPBI, IIPOAYKINS OBOIIEBOACTBA, CA40BOACTBA,
IIPOM3BOACTBO TeXHMYECKMX KyAbTyp 1 KOMOMKopmoB. Vl, B ocnosHOM, cTpannl Cpeaneir Asun
004bI10€ BHUMaHNe YAeASIOT Pa3BUTUIO arpOIIPOMBIIILAEHHOIO KOMIIAeKca [2].

Tak Kak 3epHOBbIE SABASIOTCA MPOAYKTOM DKCIIOPTa B APYyIUe CTPaHbl, IIPOU3BOACTBO UX B
Kazaxcrane s1BAsIeTCS BaXKHOM OTPacAbIO AAs Pa3BUTUSA B DKOHOMUKM cTpaHbl. Takum obpaszom,
Pas3BUTHE CeAbCKOTO XO3SICTBA SABASIETCS BaXKHOM 3a4adeli HapOAHOTO XO3:JICTBa B CTpaHe.

Bue 3aBrcuMocTu OT Xapakrepa CeAbCKOTO XO3AMCTBA (DKCT@HCUBHBIN MAM MHTEHCUBHBIIN)
OJHUM U3 pe3yAbTUPYIONIUX (HaKTOPOB BLICTyIIaeT AOIMCTUKA IIePeBO30K pe3yAbTaToB
MIPOU3BOACTBA.
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D¢ dexTuBHOE MAaHMPOBaHME AOTUCTUKU MMeeT OYeHb BakHoe 3HadeHue. ONTUMaAbHO
CIIAaHMpPOBAaHHAs TPAHCIOPTUPOBKA TPy30B I103B0AsdgeT coKpaTuth Ha 30% KOAMYeCTBO
IICTI0Ab3yEeMBIX IPY30BUKOB 1 Ha 20% COKpaTuTh IPOIAEHHOe paccTosHMe. DTO, B CBOIO O4epeab,
BeJeT K 3HauMTeAbHOV HSKOHOMMUM 3aTpaT Ha TPaHCIOPTUPOBKY, AaBas IOKazaTeAu B 9%-HBIi
IIPUPOCT C TOYKM 3PEHMs TPAHCIIOPTHBIX PacxXOA0B. 3aTpaThl Ha XpaHeHUe U TPaHCIIOPTUPOBKY
TPaAULIMIOHHO COCTaBASIOT 3HAYUTEABHYIO YacTh OOIUX 3aTpar.

Ceabckoe XO3AMCTBO B PasBUBAIOIIMXCS CTpaHaX 4yacTto OasupyeTcs Ha CyIIeCcTBOBaHUU
MEeAKMX M CPeAHMX KPeCThIHCKMX X03siicTB [3,4,5]. 'aaBHOI 1Tp0OA€MOIi ITpU TAKOM COCTOSTHUN
IIPOM3BOACTBA SABASETCS TO, YTO TaKue XO3sICTBa He MOTYT IIO3BOAUTH cede A0pPOToCTOSIIYIO
Y3KOCIIeIIMaAM3MPOBAaHHYIO TeXHMKY, HaIlpyMep LUCTepPHBLI-3€pHOBO3BI, KOTOpbIe OyAyT
IICTI0Ab30BaThCA TOABKO B KOpPOTKHUIT ce30H yOopku. IlepeBosumkaM-TiocpeJHMKaM ToOXe
HEeBBITOAHO MMeTh TOABKO OAVH B/ TPaHCIIOpTa I10J KOHKPeTHyIO 3ajaudy. Takum oOpasoM,
TaKUM XO3SJICTBAM M KOMIIaHUAM-TIepeBO3YlKaM TpeOyeTcsi TPpaHCIIOPT, KOTOphbIl OyJaer
aJanTUPOBATLC 110/ pasHble BUABI TPY30B U MCIIOAB30BAThCS He TOABKO B KOPOTKMII Ce30H
yoopxu ypoxkasi. I1aroc MHOTHE XO3571CTBa U TPAHCIIOPTHBIE KOMITAHUM MMEIOT 0a30BYIO TeXHUKY
— OoproBble aBTOMOOUAN. /451 COOCTBEHHUKOB OOPTOBBIX TPAHCIIOPTHBIX CPeACTB OYeHb Ba’KHO
HalITV BCe BO3MOKHbIE CITOCOObI yBeAMdeH sl IPY30I10AbeMHOCTI U a4alITUBHOCTH K Pa3AMYHBIM
BIIAaM TPy30B [6].

Baxnoe ycaosue opranmsanum 3¢Qp@QeKTUBHOTO CeAbCKOXO3SIMCTBEHHOTO ITPOM3BOACTBA —
9TO ONTUMAaAbHOE U palliOHaAbHOE UCII0Ab30BaHMe KaK BCell MaTepuaAbHO-TeXHINYECKOM Oa3bl
3€pHOIIPOAYKTOBOIO KOMILAEKCa, TaK U TPAaHCIIOPTHOTO COITPOBOXKAEHNS IIpo1iecca.

[lepsoouepeanoit 3agadeil B HacTosIee Bpems SABASETCA OCyllecTBAeHHe cOopa u
TPaHCIIOPTUPOBKY BRIPAIIIeHHOTO yposKas Hanboaee 9PpPeKTUBHBIM I DKOHOMUYHBIM CITOCOOOM.
[TosTomMy mccaesoBaHMs, MOCBAIIEHHBIE M3YYeHMIO agallTUBHOCTU TPaHCIIOPTHBIX CPeACTB K
repeMeHHOMY (PaKTOpy OOBbEMHOII MacChl Tpy3a IIpU TPaHCIIOPTUPOBKE CeAbCKOXO351/CTBeHHBIX
IPY30B, SABASIOTCSA aKTyaAbHBIMI.

2. MeToabl

2.1.Ilocmatiosxa npodremot

Iloanoe packpbITHe IIOTEHIIMAABHBIX BO3MOXKHOCTEN TPaHCIIOPTHOIO —oOOecreyeHms
arpoIIpOMBIIILAEHHOTO KOMILAeKCa SABASeTCsA aKTyaAbHON 3ajadeli [7]. OCHOBHBIMU DAeMeHTaMU
TPaHCIIOPTHOTIO IpOLecca SBASIOTCA TeXHOAOTUs IIePEeBO30K, TPaHCIIOPT, TPY3bl II0 BUAAM U
o0pemy, TpyA pabounx 1 mHPOpPMaIIMIOHHOE COITPOBOXKeHIe ITpoIjecca IepeBo3oK.

IlepeBo3ka ceAbCKOXO3SICTBEHHBIX TPY30B IMeeT CBOY OCOO@HHOCTH:

- CPOYHOCTb M TEPUOAMYHOCTL TPAHCIIOPTUPOBKU, 00ycAOBAMBaeMas CKauykaMu oObnema
TPaHCIIOPTHBIX pabOT B 3aBUCUMOCTM OT Ce30Ha, IPUBOAUT K Pa3HOI IIOTPeOHOCTU B IPYy30BOM
TpaHCIOpTe B TeYeHNe r0Aa;

- HeKOTOpPBIe TPY3bl TPeOYIOT CIIelMaAbHBIX YCAOBUII IIEPeBO3KY, TaK KaK 4yBCTBUTEABHBI K
TeMIIepaTypPHBIM U MHBIM OKPY>KaIOIUM yCAOBUSM;

- OoabIIas HOMEHKJaTypa ¥ HEOAHOPOAHOCTh IEePeBO3UMBIX TPY30B, UTO TakxkKe TpeOyeT
BBICOKO a4allTUBHOCTY TPAHCIIOPTHBIX CPEACTB K BIi4aM IPy3a;

- AOpPOJXHBIE YCAOBUs, PETrMOHBI CeAbCKOTO XO3sICTBAa He Bcerda 004asaioT pasBUTON
MHPPACTPYKTYPOIL;

- paccrosiHme. PacrioaokeHne ceabCKUX XO3AVCTB M IIYHKTOB IIpMeMa Ipy3a MOXKeT OBITh
OuYeHb pa3pPO3HEHHBIM U IIOKPLIBAaTh OOAbIINe TeppuTopun [8, 9].

Tpancopt B TpaAMIIMOHHOM IIpeACTaBA€HUM - HTO COBOKYIIHOCTH IIyTeil COOOIIeHMNs,
TeXHUYECKUX YCTPOJICTB M COOPY>KeHMI, a TakKe pa3ANYHBIX BUAOB TPaHCIIOPTHBIX CPeACTB
[10]. Ognako B cmMAy pacCMOTPEHHBIX OCOOEHHOCTe! BHYTpeHHell TpaHCIIOPTUPOBKU
CeAbCKOXO3SJICTBeHHBIXTPY30B Ha HeOOAbIIINe PaCCTOSHIS B CeAbCKOM XO3JICTBe ITpeBaAupyloliee
ICII0AB30BaHMe MMeIOT MMeHHO Ipysosble apTomoOman [10, 11]. B cmay yao0cTBa rpysoBoir
aBTOTPAHCHOPT MCHOAb3YeTCSI ITOBCEMECTHO B Pa3AMYHBIX OTpacAsax XxossiictoBanms [12, 13].
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I'pysoBple aBTOMOOMAM 3aHUMAIOT DTy HUIINY B CUAY CBOMX OCOOBIX KayecTB: MOOMABHOCTb U
CKOPOCTHBIe XapaKTepPIUCTUKN, HEBBICOKMe TpeOOBaHIs, HU3KME PacXOoAbl Ha BDKCILAyaTalllio,
COBMeCTMMOCTD C APyTUMU BIIAaMU TPaHCIIOPTa, HallpUMep, € XKe1e3HOAOPOKHBIM TPaHCIIOPTOM
[15]. Bce »Tm KadecTBa IIOBBIIAIOT IOTEHIIMAA TEXHNYECKON aJalTUBHOCTH TIPY30BBIX
aBTOMOOMAell B 004acTy TPaHCHOPTUPOBKM CEeAbCKOXO3SMCTBEHHBIX I'PY30B IIO OTAEAbHBIM
¢JakTOpam ycA0BUIT DKCILAyaTaLIIIL.

Cpeau TpaHCIOPTUPOBKY CEABCKOXO35/ICTBEHHBIX I'PY30B 0COOOTO BHUMMAaHMS 3aCAy>KIBAIOT
BOIIPOCHl TPaHCIOPTUPOBKM 3€PHOBBIX IPy30B. IIpOoM3BOACTBO M BKCIIOPT 3€pHa ABAACTCS
OCHOBHBIM BI/OM IIPOM3BOACTBA B PacTeHMEBOACTBE MHOIMX CTpaH B MuUpe. A 3HaUUT BOIIPOCHI
¢ PeKTUBHOI TPaHCIOPTUPOBKN 3€PHOBBIX TPY30B M IIOBBIIIEHIS aJallTMBHOCTY TPY30BBIX
TPaHCIIOPTHBIX CPEACTB SIBASIeTCS FA00aAbHBIM.

TpaHcopTIpOBKa 3 PHOBLIX IPY30B OT IIPOM3BOANTEAS 40 IIYHKTOB XpaHeH! s Ha HeOOAbIIie
paccrosnusa B Kazaxcrane, Kak 1 Be3je MUpe, OCyIIeCTBAsIeTCs OOPTOBBIMU 3ePHOBO3aMU. DTO
OOBIYHBIe OOPTOBBIE I'PY30Bble MAIIMHBI, IIOKPBITbIE OPE3eHTOM AAsl COXPAaHHOCTM 3epHa OT
ITOTOAHBIX YCAOBMIA.

[Tpu TpaHCIOPTUPOBKE 3€PHOBEIX CAeAyeT yIecTh IIepeMeHHEIN (paKTop OOBEMHON MacChl,
KOTOPBIN 3aBUCUT OT ILAOTHOCTM BUJa 3€PHOBBIX, a TakKe ee BaakHocTu. Coaep>kaHue BAaru
SIBASETCSL KPUTMYECKMM IlapaMeTpoM IIpu cOope, IlepepaOOTKe, XpaHeHNMU I peaan3alyn
3€pHOBBIX, MaCANMIHBIX 1 00O0BBIXKYABTYP. DTO TaK>Ke CMABHO OTpakaeTcsl TP TPaHCIIOPTUPOBKE,
TakK KaK OKa3blBaeT BAVSIHINE Ha 00BbeMHYIO IPY30BMeCTIIMOCTb TPaHCIIOPTHOIO CpeACTBa.

2.2 Lleav uccaedosarust

Ileapto AaHHOTrO WMCCA€AOBAHUS SIBASIETCSI ITOBBIIIIEHNE TEXHOAOTMYECKOV aAallTUMBHOCTU
IIapKa aBTOTPAHCIIOPTHLIX CPeACTB arpOIIPOMBIIILIEHHOTO KOMILAeKCa K MeHIOmeMycs 00beMy
IPY30B CeAbCKOTO XO35IICTBa 1 MHTeHCUPUKAIIN eT0 MICIOAb30BaHNs.

JocTiKeHne ITOCTaBA€HHOM @AV BO3MOSKHO ITyTeM peIlleHNs CAeAyIOINX 3a4ad:

—IIpOBeCT! aHaAM3 TEKYIIeTO COCTOSHI U 9 PeKTUBHOCTY TPAHCIIOPTHOTO COITPOBOK AeHIS
Ce/AbCKOI'O XO3I1ICTBa;

— IHpoBeCcTM aHaAu3 HOpoOAeM TeXHOAOTMM IIePeBO30OK TPy30B IIpM IIPOM3BOACTBE
CeABbCKOXO3SIVICTBEeHHBIX TPY30B;

— M3YYUTh CIOCOOBI IIOBBIIIEHNUs aJalTUBHBIX CBOJMCTB TPAHCIOPTHBIX CPeACTB K
IlepeMeHHOMY (paKTOpy 0OBEMHO IPy30II0ABEMHOCTH CeAbCKOXO3I/ICTBEHHBIX TPY30B.

3. PesyabTaTthl 11 00CyXKAeHMe

beia mposeaen cuctemusblii cOop mMHPOpPMaANNMM C I1€AbI0 IOAyYeHMs OOBEeKTUBHOTO,
110CAe40BaTeAbHOTO aHaAM3a OTeUeCTBeHHBIX U 3apyOesKHBIX HaydHBIX ITyOAMKaLImIL.

Teopernyeckoit 1 MeTOA0AOTIYECKON MHPOPMAIINOHHOI 623011 IMOCAYKIAN MaTepuaAlsl,
npeAcTaBAeHHble OPUIMAABHBIMM MCTOYHUMKAMM areHTCTB 110 CTaTUCTHUKe, 3aKOHOJaTeAbHbIe
aKTbl UM HOPMaTUBHBIE AOKYMEHTHI, OO30pBHl U aHAAUTHYECKUEe AOKAaAbl, NyOAMKaIUu
B IIepUOAMYECKMX M3JAHMAX M HaydyHble TPyAbl B 004acTu OpraHM3aliuy TPaHCIOPTHO-
TeXHOAOTUYECKOTO 00CAY>KMBAHMS CeAbCKOXO3ACTBeHHO OTPaCA.

[TpumensAcss MeTOA CPaBHUTEABHOTO aHaAM3a U A0TMIECKOTO 0DOOIIeHNsL.

Metoa uccae0BaHNA: M3yYeHNE U aHAAN3 TPAHCIIOPTHO-TEXHOAOTMYeCKOTO COTPOBOXKACHUS
11 00CAY>KMBaHIs ITePEBO3KM I'PY30B CeAbCKOIO XO35111CTBa, B YaCTHOCTH, 36 PHOBBIX.

VccaeaoBaaack creneHs agantanyy IpUMeHAEMBIX TPY30BBIX aBTOMODIAR 4451 TIPEBO3KI
3epHOBLIX TPY30B B CeBepHom Kazaxcrane k nepeMeHHOMY (paKTOPy M3MeHeHM s 00beMHO MacChl
rpy3os. [lo pesyapratam mccaea0BaHUI, M3AO0XKEHHBIX B HAyYHBIX TPyJaX U CTaTUCTUYECKMUX
AAHHBIX, OBLAY PAaCCMOTPEHbI (PaKTOPHI, BAUSIOIINE Ha:

- O0BeMHYIO TIPy30BMeCTMMOCTh TPaHCIIOPTHBIX CpeACTB, IpumeHseMbix B CeBepHOM
Kazaxcrane;

- CTelleHb a4allTUBHOCTY TPAHCIIOPTHBIX CPeACTB K MEHAIOIIeMycsl OObeMy IPy30B.
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Ha paccmoTpenun ObL10: COOTHOIIEHME TIPy30BMECTMMOCTM I14aT(POPM TPaHCIIOPTHBIX
CpeACTB ¥ BO3MOXKHOCTY MaKCMMaAbHOTO HapallyBaHIs BLICOTEI OOPTOB.

B nepuosg yOopounoli KaMmaHUM HOpU TPaHCIOPTUPOBKE YypoXKas IIOKazaTeadb
IPy30BMeCTUMOCTY TPaHCIIOPTHBIX CPeACTB SIBASETCs 3HAYMMBIM U3MepUTeAeM TeXHOAOTMIeCKIX
CBOVICTB.

I'py3oBMecTMMOCTL — BTO II€PeBO3MMBIN TPaHCIOPTHBIM CPeACTBOM 3a OAUH pa3
MaKCHMMaAbHbIN 00beM rpysa. O0beM IepeBO3MMOro Ipy3a, Ipy30I04beMHOCTh TPaHCIIOPTHOIO
CpeACTBa, a TakXXe pasMephl Ky30Ba ABASIOTCSA (PAaKTOpaMy, BAUSIOMINMI Ha KOANYECTBeHHYIO
XapaKTepUCTUKy OObeMHOI Ipy30BMecTuMOCTH. 451 0OBeKTUBHONM OLIeHKM TPy30BMeCTIMMOCTI
IPUMEHAIOT ee YyAeAbHYIO XapaKTepUCTUKy — OObeMHas TIpy30onoAbeMHOCTh. OObeMHasd
IPy30II0ALEMHOCTDb OIIpeJeAsieTcsl OTHOIIeHeM HOMUHAABHON I'PY30II0AbeMHOCTH K II0AHOMY
0o0BemMy OOPTOBOI ITAaTPOPMBL:

Q== M

rae Q- o0beMHasl TPy30II0ABeMHOCTh, M’ Q — HOMHUHAAbHAs IPy30II0ABEMHOCTD, T; v,
- IIO/AHBINI 0OBEM Ky30Ba, M%, a — BHYTPeHH:Is AAMHA N11aTPOPMBEL, M; b — BHYTpeHH:Is IMpuUHa
11.1aTPpopMBl, M; h — BHyTpeHH:sIs1 BBICOTa OCHOBHBIX OOPTOB I11aT(POPMBI, M.

I'OCT peraamMeHTHpPOBaA COOTHOILIEHUE TIPY30IIOABEMHOCTV OOPTOBBIX aBTOMOOMAEN 1
00beMsl nx OopTOBBIX IaaTdopM. Ha pucynke 1 nmpuseseH rpadpuk craHAapTHBIX 3HaUY€HUIA
3aBUCHMOCTY OOBEMHOI TPY30II0ABEMHOCTH B 3aBYICHIMOCTH OT I'PY30II0 A€ MHOCTY aBTOMOOM AL

O6BvemHas rpyzonogsemHocts, Qv, 1/m3

1,5

1

i 0 bEMHEA

- rPYy3onogbeMHOCTE

4 ,aw, T/m3

D I I I I I

1-2 3 5 o 7-12

Pucynox 1. 3aBucuMocTs 00BeMHOM IPy30I0ABeMHOCTH, QV OT IPy30II0/beMHOCTI aBTOMOOAS

Taxxe HEOOXOAMMO yIUTHIBaThL 00beM rpysa (sepHa). OguH KyO 3epHa MOXeT BeCUTDh OT
0,30 a0 0,82 TonH. Heob6x0a1MO yauThIBaTh IIAOTHOCTD 3€PpHa, KOTOpasi MOXKeT BapbUPOBaThCs B
npegeaax 300 ... 820 kr/M? B 3aBMCHMOCTH OT BA>KHOCTY CAMOTO 3epHa, TeMITepaTyPhl U 4aBAeHIS
CpeApl, a TaK>XXe OT CaMOTO BUAa 3€PHOBBIX KyAbTyp. HackImHas 11A0THOCTE 36 pHOBBIX KYyABTYP B
3aBMCMOCTD OT HalIMeHOBaHIsI AaHa B Tabaure 1.

Tabamita 1. HaceinHas AOTHOCTh 3@ PHOBBIX KYABTYP

No HanmMenosaHnme 3epHOBOIL Ky ABTYPBHI ITaorHOCTS, KI/M?
1 MIIIeHUIIA 750-850
2 SIIMEHb 600-750
3 oBec 400-550
4 POXb 700-750
5 IIpOCo 700-850
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BsanmocBsa3bp Macchl M oObeMa 3epHa MacChl OIpeaeAseTcs IPOCTON MaTeMaTUdecKoil

dopmyaoir:
™
V="r (2)

rae V — o6beM; m — Macca, B JaHHOM CAydae IPy30II0AbeMHOCTD; Q — HachIITHAs IIA0THOCTD
3€PHOBBIX.

3a ycpeaHeHHOe 3HadyeHIMe HACBIITHONM MAOTHOCTH IpumeM 750 Kr/m3, 4TO COOTBETCTByeT
HaCBIITHOJ IIAOTHOCTH IIIIEHMIIBI KaK CaMOI1 pacIpOCTpaHEéHHOM Ky AbTyPHI B yca0B1sAX CeBepHOTrO
Kasaxcrana mpu saaxxunoctn 20-22%.

B TaGaniie 2 npuseseHsl 3HaU€HUS TPYy30IIOABEMHOCTI 1 rabapuUThl OOPTOBBIX IAaTdOPM
aBTOMOOMAENI TI0O MapKaM, a TakXe BbIBeJeHHble OOBbeMHas TIPYy30BMeCTMMOCTb, M’ W
o0BeM IIepeBO3MMOI IIIIEHMIIB, M°. 3aBMCMMOCTh OOBEMHON Ipy3omnogbeMHOCTH, QV OT
IPy30I0ABLeMHOCTY aBTOMOONAS ITOKa3aHa Ha pucyHkel.

TaGamza 2. TexHmyeckne XapaKTepUCTHUKY IPY30BBIX aBTOMOOIAET TI0 MapKaM, IIPUMeHIeMBIX
B ceabckoM xossaiictse Cepeproro Kasaxcrana

Mapka, MmoAeas, (TUII Q, — HOMMUHaAbHasA Q, - oobemHas V, -obvem | V| -oObem
aBTO / Ky30Ba) IPy30II0Ab- IPYy30I104B- Ky30Ba, M’ rpysa, M*
€MHOCTB, T €MHOCTD, M°
A3-22107 0,85 0,45 1,85 1,13
«Cob0oab» (0OPTOBOIN)
FAW 1010 (6opToBOI7I) 0,9 0,79 1,14 1,20
Chana SC1026DAN 1,05 0,78 1,34 1,40
(bopTOBOIT)
T'A3 330241 «I'A3eap» 1,5 0,66 2,25 2,00
(bopToOBOIT)
Foton Aumark BJ1039 1,5 0,70 2,14 2,00
V4JD3-RE (6opToBoii)
I'A3-5204 2,5 0,65 3,90 3,33
I'A3-5203 2,5 0,57 4,40 3,33
JAC HFC1045KS/KR1S 2,8 0,88 3,18 3,73
(OopTOBOIN)
31 5301 BE (6opTosoit) 3,0 0,8 3,75 4,00
311/ 5301 EE (6opToBOTI) 3,0 0,68 4,44 4,00
I'A3 33104 «Baaaaii» 3,5 0,88 3,97 4,67
(bopToBOIT)
'A3-53A 4,0 0,72 5,50 5,33
KAMA3-4326 (6opToBOIi) 4,0 0,72 5,57 5,33
I'A3-3307 4,5 1,17 3,86 6,00
I'A3 3307 (6opToBoOii 4,5 0,81 5,53 6,00
AAVIHEHHBI )
FAW CA 1031 5,0 1,04 4,82 6,67
K26L4 (6boptosoii ¢
TEHTOM)
3ul- 130 6,0 1,2 5,01 8,00
3V 432930 MM3 6,0 1,18 5,07 8,00
A-245,9 (6opTosoii)
KAMAS3-43253 7,5 1,40 5,38 10,00
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MAN TGM 9,0 1,64 5,48 12,00
15.280 (6opTosoii c

TEHTOM)

MAS3 5340 (6opToBOI1) 9,6 0,94 10,23 12,80
KAMA3-43118 10,0 0,70 14,15 13,33
(6opToBOIN)

KpA3-65101 15,4 1,30 11,81 20,53

Tabauma Haras4Ho AeMOHCTpUPYeT cAa0yI0 a4alTUBHOCTh TPAHCIIOPTHBIX CPeACTB CTPOTO
npugepxusaommuxcsa 3ajaHHeix 'OCTom rabaputos x IepemMeHHOMY (akToOpy OOBEMHOI
Macchl TPy30B. Y DOABIIMHCTBA pacCMOTPEHHBIX aBToMOOMAelt KodpPUIMEeHT MCI0Ab30BaHs
IPY30IOABEMHOCT HIDKE eAVHUIIBI, YTO TOBOPUT O Hed(PPEeKTNBHOM NCIOAb30BaHUN
TPaHCIIOPTHOIO CpeAcTBa. Takke CTOMT OTMETUTh, 4TO C IIOBBIIIEHNEM HOMIHAABHOI
IPy30IOABEMHOCT aBTOMOOMAA OT 4,5 T., 4YnCAeHHOe 3HadyeHNe OOBEMHOV MacChl TIpys3a
3HAYUTEeABHO ITpeBBIIIaeT BO3MOXHOCTM oObeMa KysoBa. Habaiosaercss TeHAeHIINS, 4TO yeM
0oblIe TPy30I0ABEMHOCTh TPAHCIIOPTHOTO CPEeACTBA, TeM CI/AbHee paspbiB. TakuMm oOpasoM,
rno Ttabaure 5.1 moaAy4yaeT IIOATBEpP>KAeHME TO, 4YTO C IOBBIIIeHNeM TIPy30II0AbeMHOCTH
yaeabHas OObeMHasl IPy30IIOABEMHOCTh () TPaHCIIOPTHOTO CPeACTBa ITOBBIIIAETCS, TIPU DTOM
O/HOBPeMeHHO I1ajaeT YpOoBeHb eTo ajalTalliy K Mal000beMHBIM IPy3aM.

4. BeIBOABI

Vcxoaa m3 M3ydeHHOTO B XOJe MCCAeAOBaHU: MaTepuasda MOXKHO cledaTh cAeAyloIiue
BBIBOADIL:

1. Obecrieuenne MpPOAOBOABCTBEHHON O€30ITaCHOCTM - IIepBOCTeleHHas 3ajada 100011
crpanbl Mupa. Ceabckoe XO3AMCTBO CIIOCOOHO KakK 3aKpBITh—# BHYTPeHHMe IOTPeOHOCTH, Tak
1 paboTaThb Ha DKCIIOPT B ApyIMe CTpaHbl, IOJAHMMasl CBOIO ®KOHOMUKY. Byaydum caosknHoix
CICTEeMOI1, B KOTOPYIO BOBAEYEHO MHOXEeCTBO 9/1€MeHTOB, He0OX0AMMO A00OUTLCA MaKCHMaAbHO
9 PeKTUBHOI U CAa’KeHHOI pabOTHI BceX ee COCTaBASIONIUX. boapiyio poab B 9P PeKTuBHOM
yHIpaBAeHU! CeAbCKOXO3CTBeHHOTO ITPOM3BOACTBA MIPaeT TPaHCIIOPTHOe OOCAy>KMBaHIUE
OoTpacAan.

2. KoHcraTupysi, 4To IlepeBo3Ka ceAbCKOXO3sICTBEHHBIX I'PY30B MeeT Psi CerpUaecKmx
O0COOEHHOCTENI, cAeayeT yAeAUTh BHUMAaHUE TIIATeABHOMY IIAaHMPOBAHUIO TEXHOAOIUM
repeBo3oK. CpOYHOCTD U CE30HHOCTD, pe3KIe CKaukKy 00beMa I1epeBO3MIMOTO I'Py3a I MX IMMPOKas
HOMeHKJaTypa, a cAejoBaTeAbHO, U pa3Has OObeMHas I'Py30BMeCTUMOCTH, ITOBpeXXAaeMOCTh
CeABbCKOXO3MCTBEHHBIX TPY30B, 4OPOKHbIE YCAOBIS U ITIOKPBIBAEMOe PACCTOSTHIE ITPeABIBASIIOT
IIOBHIIIIEHHBIEe TpeOOBaHM: K IT0A0OPY TPaHCIOPTHBIX cpeAcTB. OAHAKO KaAacTep MeAKNUX U
CpeAHMX KPeCThsTHCKIX XO35IICTB 0Opa3yeT OCHOBY ceabcKOTo XozsiicTsa CepepHoro Kaszaxcrana.
VIx mpo6.aemMa B TOM, 4TO OHI He MOTYT IIO3BOANUTH cebe IIpr1odpecTyt y3KOoCIelaAu3/POBaHHbIIA
IIOABVKHOM TapK IPY30BBIX aBTOMOOMAEN, KOTOPBIN OyAeT MCII0Ab30BaThCsA TOABKO B IIEPUOA
yOOpOuHBIX PaboT.

3. Aaa onTuMaabHOTO (POPMUPOBAHNS U PaIIIOHAABHOIO MCIIOAb30BAHMS TPAHCIIOPTHBIX
CPeACTB VMeeT CMBICA W3YYNUTh ITyTV IIOBBIIIEHUS TEXHOAOTMYECKON aAalTMBHOCTU YKe
VMEIOIUXCST B XO3SJCTBe TPY3OBBIX aBTOMOOMAeNl K M3MeHsAeMBIM (aKropaM OOBeMHOI
Maccel rpysa. OgnuMm u3 Hamboaee D(PPEKTUBHBIX M HKOHOMUYHBIX CIIOCOOOB ITOBBIIIEHNS
Koo PuImenTa ajarranyy OOPTOBLIX aBTOMOOIAeT] K IlepeMeHHOMY (PaKTOpy 00BeMHOI MacChl
rpysa sIBAsIeTCs HapallliiBaHue OOPTOB Ky30Ba IPy30BOTO aBTOMOOMAs1. Pe3yAbTaTel II0Ka3aAu, 4To
Aa’ke HapalyBaHue OOPTOB BCero Ha 2 CM CIIOCOOHO yBeAUYNUTh OOBLEeMHYIO I'PYy30BMeCTUMOCTh
rpysoBoii naargopmel B cpeaHeM Ha 5%. PacueTsl yBeamdeHms: BBICOTHI OOpPTOB Ha 5 cM
MOBBICKA0 HPPEKTUBHOCTH UCII0Ab30BaHMs Tpy3osMecTumocTt Ha 20%, a yseandenne Ha 10 cm
IIO3BOAUT YBEANYUTh OOBEMHYIO IPY30BMECTUMOCTD CBBIIIE 25%, UTO 3HAYUTEABHO IIOAHMMAaET
9 PeKTUBHOCTD MCII0Ab30BaHNe I'PY30BOr0 aBTOMOOAS

172 Ne 2/2023  -H. Tymunres amvindazor EYY xabapuivicol. TexHUKarvik 2oiAbimMIap 5kaHe mexHOA02Us. CepusiCol
ISSN: 2616-7263, eISSN: 2663-1261



N.T. Musanbexos, K. Karvim, A.V. Avimxuna

Takum oOpa3om, MOBBICUTH TEXHOAOTMYECKYIO aJallTUBHOCTb I'PY30BBIX aBTOMOOMAel Oe3
KPYITHBIX BAOKeHNIT BO3MO>KHO IIPY HapaIlyBaHNUY OOPTOB IPYy30BOI I11aTPOPMBI, ITO TIO3BOAUT
YBEAUYNUTL OOBEMHYIO I'PY30BMECTMMOCTh TPAHCIIOPTHBIX CPeACTB M IO3BOAMUT MCIOAb30BaTh
TPaHCIIOPTHEIE CPeACTBa IIPU IIePeBO3Ke APYTUX BUAOB IPY30B.
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AcTBIK ©HiMaepi KellleHiHiH KO4iK IapKTepiH IaligalaHy Abl MHTeHCHpUKauusaay

ABpaaTtna. AcTBIK e©HiMJepi KellleHiHiH KOAIKTiK TIapKTepiH oO4apAblH TEeXHOAOTHUSABIK
OerliMAiAiriH apTTHIPY apKbLABI ITaliAaAaHyAbl MHTeHCUpUKAIMAay MyMKiHAIKTepi 3epTTeayae. Kyk
KeAiKTepiHiH TeXHUKaABIK OelliMAeay AeHreifi KapacThIphLAaThH (PaKTOp peTiHAe aybla IIapyariblABIFbI
JKYKTepiHiH KeAeMAiK oTKi3y KabiseTiHiH aybIcriaabl KOD(PQPUIMEHTI TaHAAAABL. ACTBIK KOCAAKBI
KellleHiHiH TacbiMaaJay HpOLleciHiH e3iHAIK epexireairi Oap >KoHe KoOAiK KypaadJapblH OHTalABI
KaABIITacTEIPY MEH YThIMABI aligadaHyAbl Tadall eTeai. TachIMaagaHaThIH SKYKTiH KBICKa MepP3iMiH,
MayCBIMABIABIFBIH >KoHe >KOFaphl KOAeMiH, COHJAali-aK ayblad IIapyalllblABLIFBIMEH Heri3iHeH ITarbiH
JKoHe OpTa Ilapya KO>KaAbIKTapbl alfHaABICATLIHBIH eCKepe OTBIPHIN, O4dap TeK Ad9HAl JaKblaJapAabl
TackIMaAJay YIIiH >KeKe XBLAXKBIMAaAbl aBTOKOAIK HapKiH Oeayre MyMKIiHAITI JKOK, IIapyallblAbIKTa
Dap >KYK aBTOMOOMAbAEPiHiH XYK Ko/1eMiHiH e3repmei pakTopaapblHa TEXHOAOIMSIABIK OelliMaeAyiH
apTTHIPY >KOAJApbIH 3epTTey MarbiHackl Oap. Keaik KypaablHBIH KYKTiH KeaeMAiK MaccachIHBIH
e3repMeai ¢pakropsiHa OeltliMaeny kodpPUIIEHTIHe acep eTyAiH eH THiMAL >KoHe YHeM Al aaicTepiniH
Oipi->KyK KeAiri KOpIychIHBIH OYIiipAepiHiH OMiKTiriHiH e3repyiH KapacTeipyFa 0041aAbl.

Tyitin cesaep: aybla IIapyallIbIABIFBI KYKTepi, KOAiK Kypaajapsl, 49HAI AakKblajap, acThIK
TachIMaAAay, KoAeMAiK SKYK CBIIBIMABIABIFEL.
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Intensification of the use of transport fleets of grain production complex

Abstract: Possibilities of intensification of the use of transport parks of grain products complex by
increasing their technological adaptability have been studied. As a factor, in relation to which the level
of technical adaptivity of trucks was considered, a variable factor of volumetric capacity of agricultural
cargo was chosen. Transportation process of grain subcomplex has its own specifics and requires
optimal formation and rational use of vehicles. Given short periods, seasonality and high volume of
transported cargo, as well as the fact that agriculture is mainly engaged in small and medium-sized
farms that can not afford to allocate a separate rolling stock of cars only for transportation of grain
crops it makes sense to explore ways of increasing technological adaptability of existing cargo vehicles
in the economy to variable factors of cargo volume weight. One of the most effective and economical
ways of influencing the adaptation coefficient of the vehicle to the variable volume weight factor of the
cargo can be considered as changing the height of the sides of the cargo body.

Key words: agricultural cargo, vehicles, grain crops, grain transportation, volumetric cargo
capacity.
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Application of rapid prototyping technology in pump
engineering

Abstract. The article presents the results of the use of rapid prototyping technology
when modifying the impeller of a centrifugal pump in order to increase efficiency. As a
result of the implementation of the technology, the influence of parameters such as the
printing speed of the main layers, the printing speed of the current layers, the thickness
of the layers on the geometric accuracy of printed products was studied. According to the
results of experiments, it was revealed the effect of the feed rate on the OZ axis, an increase
in speed will lead to lower surface quality, higher roughness. The distance between the
layers is 0,15 mm/s, getting a roughness of Ra 6,3 microns, and in the right case we used
a distance of 0,05 mm/s between the layers, getting a roughness of Ral,6 microns. The
article presents the results of the analysis of the effect of exposure time and exposure time
in the UV chamber on the hardness of printed products. The article presents a method for
determining and compensating the geometry of prototypes based on reverse engineering
technology based on the use of an optical scanner. The tests of a centrifugal pump with a
prototype of a modified wheel confirm the need for such innovations as rapid prototyping
to shorten the design cycle of new products, as well as reduce the cost of their development.
Keywords: rapid prototyping, digital twins, 3D printers, printing parameters, efficiency,
centrifugal pump and reverse engineering.
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1. Introduction

There are discussions in the scientific community on the degree of identity of the concepts of
‘innovation’ and ‘novelty’. In science, there are two approaches to the interpretation of the term
‘innovation”:

— process, positioning innovation as the process of implementing an idea and turning it into
a finished result (or individual stages of this process);

— an object representing innovation as the final result, an embedded object [1-5].

Innovations are trends introduced into enterprises: smart factory, digital factory, rapid
prototyping, reverse engineering, new materials. At the stage of the digital factory, the design
and production of a prototype product is concentrated. According to Deloitte, investments in
digital factories have led to an increase in production by an average of 10%.

The key technology at this stage is digital twins. These are virtual models of processes or
material objects. It can be a model of a production chain, an airplane, sneakers, or a self-piloted
rocket. Designing a future product, you can accurately describe its characteristics and calculate
production costs. It can be tested in the same system, while the results of virtual tests will be as
accurate as real ones [5-8].
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One of the directions in the modernization of existing technological equipment in order to
increase energy efficiency is the application of the concept of a digital twin of a system sample
in order to improve its geometry.

Many reviews and scientific articles have already been devoted to the latest technologies
of the digital factory, such as rapid prototyping, reverse engineering. Thus, the authors of the
article [9] systematized the prototyping process in the form of a hierarchical sequence of the
implementation of the process of machine design technology, where level I represents the pre-
design stage, level II is the process of implementing the machine design procedure, taking into
account the possibility of ornamental design of the projected product, if this is provided for by
the requirements of the terms of reference; level III reflects the phase of creating a solid—state
model of the product.

The author [10] presented the results of manufacturing model tooling with the required
accuracy by laser-computer prototyping technology using sheet material.

In the article [11], the author gave an overview of rapid prototyping technologies used more
and more at modern machine-building enterprises to increase the efficiency of design processes.

The main purpose of the research paper. This article will consider innovative methods
in the design and modernization of pumping equipment using the rapid prototyping method.
The research will be aimed at upgrading the impeller blade system and verifying the updated
geometry, through rapid prototyping and laboratory testing of the pump with a model of the
modified wheel made by 3D printing technology.

2. Research methods

The object of the study is the impeller of a brand centrifugal pump SVM (CTP) 15-4.
Pump characteristics:

Pump data Engine data
Nominal flow rate — 15 m3/hour Rated voltage — 380 V
Nominal head — 46 m Rated current— 10 A

Rotation speed — 2850 1/min

The idea of upgrading the pump is to change the blade grid to a blade grid with variable
pitch and different curvature of the blades. The concept of variable pitch (Figure 1) is based
on the ideas of redistributing mainly shock losses at the entrance to the impeller blade system
throughout the impeller.

The implementation of such solutions involves the use of new approaches in design. In
particular, the vane system of the pump is calculated not for one point (Q_,, N_, ), but for the
required feed area (Q(Q,, Q,...Q ), H(H,, H,..H)).

Thus, the hydrodynamic grid formed has different angles of inclination and channel widths.
As aresult, the working area of the pump expands. At the same time, a local decrease in efficiency
may occur near the optimumn_, but its values increase at the boundaries of the calculated range
of Q . and Q__ feeds.Thus, the average integral efficiency of a pump with a heterogeneous
blade system is higher than that of analogues with a classical (homogeneous) blade system.

cald
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Figure 1. Diagram for calculating the parameters of a heterogeneous grid

The prototype of the wheel with an upgraded blade grille was manufactured by SLA
(Stereolithography) technology. Stereolithography is a rapid prototyping process based on
focusing a beam of ultraviolet light generated by a high-intensity LED with a wavelength of
405 nm on a layer of photosensitive resin located in a tank with a transparent bottom. Thus,
the part is printed in the reverse bottom-up position. The product is created on a platform that
is immersed in resin until it reaches the bottom of the tray, and will rise as the thickness of
the “layer” increases. We can distinguish between the “base layers” that are kept under longer
exposure to ultraviolet light to create a stronger base that does not come off the aluminum plate
in the printer. Because of these release efforts, we had to choose the right position for printing
so that there would not be many larger surfaces to separate from the bottom of the tray than the
surface of the base. An Anycubic Photon monochrome printer will be used to print a prototype of
a wheel with a heterogeneous grid. The main characteristics of the printer are: the working space
of the printer is 130x80x165mm, the resolution in the XOY plane is 0,051mm, the step between
the layers (layer resolution), on the OZ axis, is 0,01-0,15 mm, the connection is a USB drive.

The choice of printing the prototype with SLA technology was made for the following
reasons:

—low roughness of 3 microns compared to the widely used FFF technology;

- sufficient strength limit of the photopolymer resin, so we used the Fotocentric High Tensile
material.

Tensile strength of 80 MPa (after exposure at elevated temperature), elongation at break
of 5.6% in Figure 2, the position of the workpiece on the printer table, modeled in the Photon
Workshop 64 program:

° -

Figure 2. The position of the workpiece on the printer table
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The created model will be saved in the KOMPAS program in a file in the stereolithography
file format (STL). The STL file will be opened using the Photo Workshop 64 program, in which
the print position Figure 3 and the location of the substrate will be set. This file will be copied to
a USB drive, which will be inserted into the Anycubic Photon mono printer.
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Figure 3. Technological parameters
The research was carried out on various printed objects, varying the technological parameters
one by one. The samples were measured using an optical scanner with an accuracy of 0,004 mm.

The recommended printing parameters are shown in Table 1.

Table 1. Printing parameters

Intervals Minimum value Maximum value
Parameters
Printing speed of the main layers (mm/s) 5 15
Printing speed of current layers (mm/s) 5 15
Thickness of layers (mm) 0,02 0,15

To study the influence of the orientation position, all technological parameters were
maintained at the same value, changing only the position of the sample, obtaining two marks in
one print, one in a horizontal position and one in a vertical position. The orientation of the parts
and the support for the support can be seen in Figure 4.
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Figure 4. Various support options

The dimensions measured after printing were selected depending on their influence on the
flow kinematics, so 5 points were selected, which are indicated in the drawing of the wheel
(Figure 5).
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Figure 5. Dimensions to be studied

The dimensions were measured at 5 different points, the resulting size to be entered into the
tables is the arithmetic mean of the measurements. The measured size values depending on the
position of the part at the type of printing are shown in Table 2:
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Table 2. Deviation from the original dimensions

Pazmep UCXOAHBII | b, b,, b,, b, b,
OpuenTanms 2 2 2 2 2
mm mm mm mm mm
BeprukaapHas 1.7 1.9 1.8 1.6 1.7
Pazmep ncxoaHbI b, b, b,, b, b,
6 6 6 6 6
Opuenranys mm mm mm mm mm
BeprukaanHas 55 54 5.5 5.3 5.6

According to the results of experiments, it was revealed the effect of the feed rate on the
OZ axis, an increase in speed will lead to lower surface quality, higher roughness. The distance
between the layers is 0,15 mm/s, getting a roughness of Ra 6,3 microns, and in the right case we
used a distance of 0,05 m/s between the layers, getting a roughness of Ral,6 microns. The printed
samples are shown in Figure 6.

Figure 6. The effect of the feed rate on the OZ axis

The analysis of the effect of exposure time showed that there was no dependence on the
thickness of the layer and the speed of exposure. If the exposure time from the bottom is not long
enough, the print may slip off the plate, and the printing process must be stopped.

Experiments have also been conducted on the effect of exposure time at the UV chamber,
the hardness is slightly lower than usual if the curing time by UV radiation is too short and the
curing temperature is too low.he results of the hardness test for various curing parameters are
shown in Table 3.

Table 3. Dependence between the curing parameters

Current parameter | Shore Hardness
Time Temperature
5 30 60
5 100 63
15 30 76
15 100 79
30 30 75
30 100 89

Verification of the printed geometry with the original geometry was performed by reverse
engineering technologies.
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Reverse engineering in mathematical modeling and evaluation of the geometric accuracy
of the part. In modern production based on digital product data, precision control systems (PCS)
are used, which can be divided into contact (coordinate measuring machines or CMM) and non-
contact (optical and laser 2D/3D scanning systems). The first group of PCS is suitable for solid
materials. The second group allows you to work with both soft and hard materials. In both
cases, the result is a set of points having an unambiguous coordinate definition in two- or three-
dimensional space [12].

The main working elements of an optical 2D/3D scanner are a light source and cameras that
allow you to obtain a stereoscopic image. To date, there are no universal cameras that would
allow obtaining high-precision macromodels (over 1 meter), mesomodels (less than 1 meter) and
micromodels (less than 1 mm) of objects. When comparing the dimensions of a manufactured part,
in the case of 2D scanning, a comparison is made with a drawing, and in the case of 3D scanning
with a solid-state model. Moreover, the drawing and the solid-state 3D model are developed in
external CAD programs. Sometimes, when 3D scanning large objects, photogrammetry tools
are used, allowing you to create a reference network relative to which individual scans obtained
during 3D scanning are positioned.

The scanning of the centrifugal wheel was carried out by an optical scanner EX Scan Pro_
V3.7.0.3. According to the following algorithm, Figure 7 shows a photo of the work on the scan
of a project employee.

1. Performing calibration;

2. Scanning mode: manual high-precision;

3. Table turns 8 steps were selected;

4. To increase the accuracy of capture and increase the accuracy, we scan one part several
times at different angles, create 16 fragments;

5. After scanning in the EX Scan Pro_V application, we combine 16 scans (choosing with 3
or 4 points);

6. Edit the resulting point cloud. Remove excess, clean up noise and save the file in a suitable
format;

7. Globalization of the grid. This process helps to improve the quality of the scan;

8. Creating a polygonal grid (stl model).

Figure 7. Photo report of scanning work

Figure 8a shows a part of the “centrifugal wheel”, Figure 8b shows its polygonal model.

BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 183
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Application of rapid prototyping technology in pump engineering

©

model a) geometric model b) polygonal model

The Geomagic Design X program was used to evaluate the printing accuracy of centrifugal
wheels. 3D scanning data processing software allows you to create virtual three-dimensional
models of physical objects in order to perform geometry control and reverse engineering in
CAD/CAM/CAE systems [13-16].

This program allows you to:

— correct errors in the scanned model;

— create polygonal grids and full-fledged parametric solid-state models;

— analyze possible changes and errors;

— conduct a comparative analysis;

— perform size and quality control of physical objects.

Figure 9 shows a model of the initial geometry of the centrifugal wheel with a printed model.
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Figure 9. Combining a 3D model (KOMPAS) and a printed model with SLA technology

The construction of a map of deviations of geometric dimensions before compensation and
after compensation of geometry is shown in Figure 10.
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Figure 10. Measurement results of 3D model and printed wheel model

After certain deviations due to the 3D printing error, a newly compensated geometric
3-dimensional model of the wheel was created, but taking into account the printing error. The
results of measurements of the compensated geometry are shown in Figure 11.

| e v | =] | e o e | I — | =i =e==

Figure 11. Measurement results of the 3D model and the compensated printed wheel model

Repeated scanning of the compensated geometry determined the maximum error of the

printed part O max= 0,05mm, which will not significantly affect the kinematics of the fluid flow
in the wheel during pump tests.

According to the experimental data on the influence of technological parameters of printing
on the quality of the model and the measurement results, the regression equation (1) was derived

y =—0,17X,% + 0.0603X, + 0.2681 )
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where: & ,and X ,» respectively, print speed and layer thickness.
3. Results and discussion
Experimental studies within the framework of this work were carried out at the test stand of

the Department of Mechanical Engineering, which was assembled and automated, the finished
stand and the window of measurement results are shown in Figure 12.

Figure 12. Diagram and readings on the laboratory stand

The stand is filled from the technical water supply and operates on a closed liquid circulation
system. The installation of the stand consisted of an experimental pump of the SVM 3 with an
engine, a tank with a capacity of 0,05 M*, measuring equipment, a pipeline system with shut-off
and control valves, as well as a control box.

The drive of the experimental pump was an adjustable electric motor with a power of 0,8
kW. The maximum speed of the electric motor is 2850 rpm. The flow meter records the flow
values.

Digital pressure gauges controlled the pressure drop at the pump inlet and outlet. The
supply of the experimental pump was regulated by means of a valve on the pressure line. The
measuring equipment provided the ability to remove energy characteristics in accordance with
existing requirements and was transmitted via wi-fi to a stationary computer.

In general, the method of testing the pump to remove their pressure and energy characteristics
corresponded to the developed recommendations in [17]. Further, only general provisions are
noted in determining the quantities necessary to determine experimental dependencies

H=£(Q), N =£(Q), n=f(Q)

The flow was measured by a flow meter.
The pressure of the experimental pump was calculated from the readings of pressure gauges
measuring the pressure in the inlet and outlet dimensional sections, calculated by the formula (2)

H=27s M

Y 2)
Ps.Pp _ are the readings of pressure gauges in the suction and discharge dimensional
— specific gravity of water.

where:

sections, respectively, ¥
The power on the shaft of the experimental pump was determined using
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Ne=U-1-nz-n,cosp-1073,

where: u

I

— is the mains voltage, V;

— the current strength of the consumer from the network, A;
0.9;

0,95

e — engine efficiency, e =

v — network efficiency,"Tv =
cosp = 0,87

_ 9gQH
36N
5, Bt

The measurement results of the equipment are shown in Table 4

Table 4. Measurement results

)

(4)

No Q. P MPa Hm Uuv IA V m/min
m®/h
1 3.3 0.018 1.836735 228 3.2 1.01
2 3.1 0.1 10.20408 226.8 3.18 0.89
3 2.9 0.18 18.36735 226.3 3.15 0.77
4 2.5 0.28 28.57143 226 3.1 0.72
5 2 0.335 34.18367 225.5 3.05 0.54
6 1.5 0.385 39.28571 225 3 0.49

Estimation of measurement result errors. The results of field studies inevitably contain
errors of various origins, when conducting experimental studies, it is mandatory to assess the
accuracy of the measured values. Taking into account [38], it can be concluded that systematic

errors are decisive in the experimental study of centrifugal pumps.

The relative margin of error in determining the feed was determined by the formula:

AQ = ./8Q% + &n? %,

2
where: 6@~ _ relative marginal error of feed measurement, %.

&n’

70 _ the average quadratic relative error of the feed measurement.

— relative marginal error of measuring the engine shaft speed

©)

The errors of direct and indirect measurements are given in Tables 5 and 6.

Table 5. Errors of direct measurements

Measured parameter

Absolute margin of

Relative margin of

RMS relative error,%

error, % error,%
Pressure drop at the 0.4 0.51 0.24
pump A_, MPa
Mains voltage, V 0.3 0.41 0.16
Current strength, A 0.4 0.32 0.16
Supply Q, m*/h 0.4 0.2 0.1
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Table 6. Errors of indirect measurements

The determined value | Permissible limit error Relative margin of RMS

of the test, % error, % relative error,%
Supply Q, m?/s 3.0 1.79 0.9
Pressure H, m 3.0 091 0.48
Power N, W 3.0 1.02 0.51
Efficiency n, % 5.0 2.14 1.07

Based on the analysis of the data in Tables 5, 6, it can be concluded that the errors in
determining the pressure parameters of the experimental pump according to [18] did not exceed
the permissible limits.

Graphs of the pressure and energy characteristics of the impeller model with a heterogeneous
grid are shown in Figure 13.

H-Q N-Q
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0 0,5 1 0 05 1 15 2 25 3 35
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<)
a) characteristic head (blue line for pump with initial wheel geometry, red line for pump with
heterogeneous grid) b) characteristic of the power on the pump shaft
c) efficiency characteristic (blue line for a pump with the original wheel geometry, red line for a
pump with a heterogeneous grid)
Figure 13. Pressure and energy characteristics of the pump

Analyzing the pressure and energy characteristics of a pump with a factory impeller and a
prototype of a wheel with a modified grid, it can be concluded that the discrepancy in the results
of the pressure is about 4%. At the same time, the maximum efficiency values diverge by 3%.

4. Conclusion

Based on the results of the research presented in the article, the following conclusions were
made:

— Rapid prototyping technology made it possible to create a modified centrifugal pump
impeller with 3D printing technology using the SLA method;
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— Coefficients regression equation of the dependence of the geometric deviations of the
printed wheel on factors such as the printing speed of the main layers, the printing speed of
the current layers, the thickness of the layers indicates a greater influence of the printing speed
factor;

— A technique for optimizing the geometry accuracy of printed impellers using reverse
engineering technology has been created;

— The tests of the pump with modified impellers showed an increase in pressure by 4%, and
an increase in efficiency by 3%.

The prospect of using rapid prototyping for mechanical engineering is economically obvious,
since these devices significantly accelerate the process of developing new products, significantly
reduce the risks of design errors, reduce the cost of obtaining a layout, and are already available to
most Kazakhstan enterprises at their prices.
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M.E UcameTosa, F.C. Ob6iaesosa, A.M. Ayiicenraan, A.H. TypcerHOaeBa
Satbayev University, Aamamut, Kasaxcman

COpbe KYPBIABICBIHAA XbIAAaM ITPOTOTUIITEY TeXHOAOIMIChIH KOAAaHYy

Angatna. Makasaga TuiMAiAiKTi apTTBIpy MakcaTblHAAa OpPTaAbIKTaH TEMKilll COPFBIHBIH
SKYMBIC A©HTeAeTiH e3repTy KesiHJe >KblaJaM ITPOTOTUIITEY TeXHOAOTUSCHIH KOAAaHY HaTIKeaepi
KeATipiareH. TexHOAOTMSIHBI iCKe achIpy HoOTMKeciHAe Herisri KabOaTTapAblH OachlIl IIBIFApy
SKBIAAAMABIFBI, aFbIMAA¥Fbl KaOaTTapAbIH OachIIl IIBIFAPY SKBIAJaMABIFEL, KaOaTTapABblH KaAbIHABIFBI
CUSIKTHI ITapaMeTpAepAiH OachIII ITbIFapBIAFaH OHIMAepAiH reOMeTPUAABIK AdAAITiHe ocepi 3epTTeaai.
DKCcIleprMeHTTepAiH HoTIDKeAepi OoifbiHIIa Oepy >KblagaMABIFRIHEIH OZ ociHe acepi aHBIKTaAABI,
KBLAAaMABIKTBIH JKOFapblaaysl OeTiHiH callachIHBIH TOMeHAeYiHe, KeAip-OyAbIpAbIH JKOFaphliayblHa
okezeai. Kabartrap apaceiHgarer kamblkTeIK 0,15 MMm/c Kypaiigs, Ra 6,3 MKM Keaip-OyAnIpAbI
azaApl, aa OH >KakTa 6i3 kabarrap apaceiHga 0,05 MM/c KaIIBIKTBIKTBI KOAAaHBII, Ral,6 MKM Keaip-
OyABIpABI aAaMmbl3. Makasaga Oachlll IIBIFAapbIAFaH ©OHIMAEPAIH KaTTBLABIFBIHA yAbTpaduosaer
KaMepachlHAAFbl DKCIIO3UIMS yaKbIThl MEH 9KCIIO3MIINS YaKbITBIHBIH 9CepiH Taasay HoTyKeaepi
KeATipiareH. Makaaaga ONTHKaABIK CKaHepAi KO0AAaHy HeTidiHAe peBepCUHT TeXHOAOTMACHI HeTi3iHe
IIPOTOTUNITEPAIH TEOMETPIIICHIH aHBIKTay JKoHe oTey adicTeMeci KeATipiareH. MoandukanuaiaHraH
AOHFaZaK IpOTOTUIN OGap OpTaABIKTAaH TEIKiIll COPFBIHBIH ChIHAKTaphl JKaHa ©HIMAepai >kobaaay
LIMKAIH KBICKapTy, COHJali-aK OJAapAbl 93ipAey KYHBIH TOMEHAETY YIIiH KblAJaM IIPOTOTUIITEY
CUSIKTBI MHHOBalMsIAapAbl KOAJaHy Ka*KeTTiAiriH pacraiabl.

Tyitin ce3aep: XplagaM IPOTOTUIITEY, CaHABIK eridgep, 3D mpunTepaep, OachlIl IILIFapy
rapameTpaepi, THiMAi4iK, OpTaAbIKTaH TEIIKIIl COPFEI JKoHEe Kepi MH>KeHepILs.

M.E UcameTtosa, I.C.Ab6nae3osa, A.M. Ayiicenraamu, A.H. Typcoirnbaesa
Satbayev University, Aamamol, Kasaxcman

HpI/IMeHeHI/Ie TEeXHOAOTUN 6bICTpOI‘O IIpOTOTUIIMPOBAHMSI B HACOCOCTPOCHMM

Aunnoranmsa. B cratbe mnpuBsegeHbl pe3yAbTaThl IIPUMEHEHHUs TEeXHOAOTUH OBICTPOro
IPOTOTUIIMPOBAHNUS HPpU MOAMPUKaIUU padodero kKodeca I@HTPOOEKHOTO Hacoca B IIeAsX
nossirenns KI1J. B pesyaprate peaamsanmy TexHoAOTUN OBLAM M3ydeHBI BAMSHIUE IapaMeTpPOB,
TaKMX, KaK CKOPOCTh IeYaT!l OCHOBHBIX CA0€B, CKOPOCTb ITedaTy TeKYIIMX CAOeB, TOAIIMHA CAOeB
Ha TeOMEeTPUYeCKyI0 TOYHOCTh HalledaTaHHBIX u3geanii. Ilo pesyapraTaM SKCIepuMeHTOB OBLAO
BBIIBAEHO BAVSIHIS CKOPOCTU 11oAa4u Ha ock OZ, yBeandeHne CKOPOCTH IpuBeAeT K 604ee HU3KOMY
KauecTBy ITOBEPXHOCTH, OoJee BBICOKON mIepoxosaTtocTn. Paccrosume mexay caosamm 0,15 mm/c,
IoAydJasl IepoxoBaTocTs Ra6,3 MKM, a B IIpaBoM caydae MBI UCIIOAb30Baau paccrosuue 0,05 mm/c
MeXAy CAOSIMU, IT0Aydas IIepoxoBaTtocTh Ral,6 Mxm. B crarpe mpupeseHsl pesyabTaThl aHaAM3a
BAVSHUS BpeMeHM DKCIIO3UIIUU U BpeMeHM Bhigepxku B YOPO-kaMepe Ha TBepAOCTh HalleuaTaHHbIX
nsaeanii. B cratbe npuseseHa MeToAMKa OIIpeAeAeHIs ¥ KOMIIeHCAllU/ TeOMeTPUN IIPOTOTUIIOB Ha
Hasze TeXHOAOTUM peBepCUHXeHIPUHTa Ha OCHOBe IIPUMeHeHNs OIITu4ecKoro ckanepa. Ilposegennsre
MCIBITaHNUS IIEHTPOOEKHOTO Hacoca C IPOTOTUIIOM MOAMMUIIMPOBAHHOIO KOJeca II0ATBePKAAIOT
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HEOOXOAMMOCTD IPUMEHEHN I TAKUX MHHOBaIINIA, KaK OBICTpOe IPOTOTUIINPOBAHME A5 COKPAIeHIs

LMKAa IIPOEKTUPOBAHNS HOBBIX U34@ANI, a TaKXKe CHIDKeHIs1 ceDeCcTOMMOCTH Ha X pa3paboTKy.
Karouesble caoBa: ObicTpoe HpoTOTUNHMpOBaHuMe, LKUPPOBLIe ABONHMKY, 3D-mmpunHTEpHI,

rapamMeTpsl nedary, 9pPeKTUBHOCTD, IIeHTPOOESKHEIN HACOC 1 OOPATHLIN MHKMHUPVHL.
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O030p paspabOTaHHBIX CCTEM OBICTPOCHEMHOIO YCTPOMCTBA
I'MApaBAN9ecKOro 9KcKaBaTopa

Annoratmsa. Kax useecmio, Ha cez00nAunutl et udpaGAUYecKUil IKCKAGANOp
saersemes,  00HUM U3 6e0YUUX  MHO0PYHKUUOHAADHVIX — MAULUH,  KOMOpbIe
IKCNAYAMUPYIOMCS N0 MHOZ0,eAEUIM HASHAYEHUAM, A MAKXKe HAX00Am 6ce OoAvbuiee
npumerienue 0AA200aps  WUPOKOMY UCHOALIOGAHUIO CMEHHLIX Ppabouux opzanos
u pabouezo obopydosanus. Baxno ommemumv, umMo UCHNOALIOSAHUE ULUPOKOIL
HOMEHKAAMYPbl CMeHH020 pabouezo 000pydosarus u pabouux opearos aKcKaeamopos
He MOAbKO HOGbllLAeNT NPOU3E00UNIEALHOCHTL MAULUH, HO U YPOGeHD MeXAHU3ALUl
padom. Bosmoxxtocmo Aezkoti 3ameHbl HACA00K nosviulaent aPPexmusHocmo u c600um
K MUHUMYMY 6epOSMHOCHIb NOSpexOeHus UAU usHoca o00pydosarus, céssarmvie c
3AMeHOU HACAOK PYUHYIO.

Bamecme ¢ mem 21mo n0360AUM COKpAMUNb 6peMsl HA 3aMeHYy pado1ezo 0pzana u YCKopumo
npouecc 6oinoAHeHUs padom.

B dannoil cmamve npousseder aHAAU3 U 0030p UCCA)06AHUIL: NYOAUKAUUL, NATNEHINDL
maxke npedcmasAeHa oueHKa Kauecmea npeddeaemMuvlx peutenuti cucmem 0vicmpozo
Kpenaenus Ha 2UdPaAGAULeCKUX IKCKAGATNOPAX.

Karouesnle caosBa: akckasamop, 0vicmpocveMHblil MeXaHusM, Keuk-kanaep, pabouee
obopydosatie.
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1. BBegenmue

[mapaBanyecknii ®KCKaBaTOp COCTOMT M3 TpexX OCHOBHBIX 4YacTell: XOA0BO YacTwy,
BepXHell KOHCTPYKIIUM M IIepeJHero KpelAdeHNus. BepXHss KOHCTPyKHOuUs BpallaeTcsl Ha
xoa0Bo11 4dactu. COOTBETCTBEHHO, HPOU3BOAUTEABHOCTh IMAPABAMYECKOIO 9KCKaBaTopa
3aBJMICUT OT IIPOM3BOAUTEABHOCTU IIepejHEero HaBeCHOTO ycTpoiicTsa. Pabouee obopyaoBanme
IApaBANYIECKOTO HKCKaBaTOpa COCTOUT 13 TPeX OCHOBHBIX YacTell: CTpeAbl, PyKOATHU 1 pabodero
oprasa [2].

DKCKaBaTOp OTHOCUTCs K KaTeTopuM CIelraAbHOM TeXHUKM, O0e3 KOTOPOI HeBO3MOKHO
IIPOM3BOACTBO pabOT Ha CTPOUTEABHBIX ILAOIIAAKaX ¥ BBHIIIOAHEHNE MOHTa’ka/AeMOHTaXKa
KOHCTPYKIIMIL, a TaKXKe 3eMAEePONHBIX 1 3eMAeyCTpOUTeAbHBIX paboT. Bmecre ¢ TeMm, TpyaHO
NpPeACTaBUTh IUAPABAMYECKUI DKCKaBaTop Oe3 pa3AMYHOrO poda CMEHHBIX paboumx
000pyA0BaHNI1, KOTOPBIE 3aMEeHAIOTCA B IIpollecce, B 3aBUCUMOCTI OT CAOXKHOCTU U XapakTepa
paoor [4].

a5 3aMeHBI KOBIIla 1A AI000TO APYyroro HaBeCHOIo 000PYyA0BaHIsI DKCKaBaTOpa oIlepaTopy
He0OXO0AVIMO BBI3BaTh IIOMOIITHIKOB 1 BPYYHYIO 3aHIMAThCs 3aMeHOT pabodero oprana. OObI9HO
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Ha BTOT IIPOLIeCC 3aTpavyMBaeTCsl 3HaYUTeAbHOE KOAMYEeCTBO BpeMeHM, TaK KaK 3aMeHa HaBeCHOIO
000pyA0BaHNs IIPOUCXOANUT B ITOAEBBIX YCAOBMAX U MHOTAA IIPOMCXOAUT B CAOKHBIX ITOTOAHBIX
YCAOBUSX, IPU TAOXOM BUAVMMOCTU U IIPOYMX HeDAaronpusATHBIX ycaosusax. I[Ipomecc samenst
obopyaoBanus 4autcs okoao 30-60 MuH: onepaTopy HeOOXOAMMO CaMOMY BBITU U3 KaOVHBI
DKCKaBaTOpa, BBHIOMTb MOAOTKOM IIaAbIbl M3 II€PEXOAHON NAUTH OAHOTO O0OpPYyAOBaHMS,
BePHYTLCS B KaOMHY, IIOBEPHYThL CTpeay K ApyroMy 00OPYyA0BaHMIO, TOYHO IIOIIACTh PYKOATHIO
B IIepeXOJHYIO IAUTY APYroro ob0OpyJOBaHM:, YCTaHOBUTb OOpPaTHO I1aAbIlbl, M BEPHYThLC
oOpaTHO B KaOuny [4].

BoaeeToro, Kak mokasbiBaeT MpaKkTHUKa: €CAM Ha I110111aKe BBIITOAHIIOTCS KOMOMHIPOBaHHbIE
paboTHI M DKCKaBaTOp BCETO OAMH, TO HeOOXOAuMMO IlpuderaTh K 3aMeHe opraHa 4-5 pasa. B
TaKOM CAydae OIlepaTOphl HKCKaBaTOPOB Yallle BCero OTKA3hIBAIOTCs 3aMEHSATh KOBII Ha APyroe
obopyAoBaHIe, U TPOAOAKAIOT BBIIIOAHATL APYIUe Ollepalyy KOBIIOM: KOBIIOM M KOIAIOT, U
AEMOHTUPYIOT OETOHHbIE CTPOeHMs, a TaKXKe 3aDuBaloT cBan. Bee 9Ty MaHUITy AS1IMM TPUBOASAT
K IT010MKe KOBIIIa, 4TO B CBOIO OYepeAb MIPUBOAUT K Pa3pPyLIeHUIO CTPeABI B I1eA0M.

1.2.Kaaccuduxaiyst TUIIOB 9KCKaBaTOPOB € OBICTPOChEeMHBIM YCTPOCTBOM

B Kazaxcrane ecTh HECKOABKO KPYIHBIX KOMIIAHUIM, KOTOPbIe IPOU3BOAAT U IOCTaBASIIOT
®KCKaBaTopel, Takne, Kak JCB, Caterpillar, Hitachi 1 Komatsu. PacripocTpanennsie TUIIBI 13 HUX:

e Munn-sKcKkaBaTopbl. MIHM-5KCKaBaTOPhl — 9TO HeOOABIINE DKCKaBaTOPBI, KOTOphIe
OOBIYHO MMEIOT Bec MeHee 6 MeTpudeckux TOHH. OHI YacTO UCIOAB3YIOTCA A4Sl O3€AeHeHMNs],
PBITBS TPaHIIIeN M APYIMX MeAKOMacIITaOHBIX CTpPOUTeAbHBIX ITpoekTos (Bobcat E10z (1,2 1),
Kubota U17-3a (1,7 1), Caterpillar 301.5 (1,5 T), Yanmar ViO17 (1,7 1), JCB 8014 (1,5 T).

e DKCKaBaTOpPHBI CpeaHero pasMepa. DKCKaBaTOphl CpeJHero pasmepa MMeEIOT BeC B
Aunarasone ot 6 40 10 meTpryeckux ToHH. OHM OOBIYHO MCIIOAB3YIOTC AAsl OOIIMX 3€MASHBIX
pabot 1 mpoekTos 110 cHocy 3daHnii (Komatsu PC138USLC-11 (14,1 1), Volvo EC220EL (22,1 1),
Hitachi ZX210-6 (22,4 1), Caterpillar 320GC (21,9 1), JCB JS220LC (22,5 T).

e boapmme sKkckaBaTOpbl. Bec Ooapmmx skckasaTopos Bapbupyercs or 10 g0 90
MeTpudeckux TOHH. OHM UCIOAB3YIOTCA A4Sl TAXKEABIX 3eMASHBIX paboT, TaKux, Kak 40Oblda
II0Ae3HBIX MCKOIIaeMBbIX, padpaboTKa KapbepoB U KPYITHOMAacIITaOHbIe CTPOUTeAbHBIE ITPOEKTHI.
Hitachi ZX890LCR-6 (89,5 1), Komatsu PC700LC-11 (69,7 1), Caterpillar 390F L(94,4 1), Volvo
EC950EL (95 T), Liebherr R 960 (67,6 T).

® DKCKaBaTOPLI-IIOTPY34YMKM. DKCKaBaTOPHI-TIOTPY3YUMKM — 9TO YHUBEpCaAbHbIe
MaINHbI, KOTOpPhIe COYeTaloT B ceOe PPOHTAABHBIN ITOTPY3UMK U DKCKABaTOP, YCTAaHOBAEHHBIN
czaanu. OHM YaCTO MCIOAB3YIOTCS AAsl KOIAaHMS U IIOTPY3KM MaTepualoB B CTPOUTEABCTBE,
AaHamadTHOM AusariHe 1 ceabckoM xossrictse (JCB 3CX (8,2 T), Caterpillar 450 (13,9 1), Case
580 Super N (8,3 1), Volvo BL70 (8,5 T), Kubota L47TLB (4,4 ).

DKCcKaBaTOpPBI Oe3 cucreM ObICTPOPa3bhbeMHbIX COeAMHEeHNI, KaK IIPaBnao, ABAAIOTCs Doaee
CTapbIMM MOAEASIMM, IIOCKOABKY OBICTpOpa3beMHbIe COeAMHEeHNs CTaayl OOBIYHBIM 9AeMeHTOM
COBpEeMEHHBIX KOHCTPYKUMII 9KcKaBaTopos. HekoToprle mmpuMepsl ®KCKaBaTOPOB 0e3 cucreM
OBICTPOPa3LEMHOIO COeAMHEHNS BKAIOYAIOT:

e Caterpillar 320B. Dta Mogeanb DKckaBaTOpa Oblaa mpeJcTaBaeHa B Hadaae 2000-x rog0B u
He IMeeT CUCTeMBI OBICTPOpa3beMHOTO coeauuenns. OHa OcHallleHa IMApaBANYecKUM OOABIINM
IaaplieM AAsl 3axXBaTa U IepeMeleHns IIpeAMeTOB.

e Komatsu PC200-6. Dta Mogear Taxke Oblaa npeacrasaeHa s Hadade 2000-x rogos 1 He
UIMeeT CUCTeMbI ObIcTporo coeaunenns. OHa OcHaIlleHa PYYHBIM OBICTPBIM ClLIeIA€HUeM, IIpu
KOTOPOM OIlepaTopy TpedyeTcs BT 13 KaOMHBI 445 CMEHBI HaBeCHOTO 00OPYAOBaHIASL.

e Hitachi EX200-5. Ota Mmoaeanb ®KckaBaTopa Oblaa BhIIIyIleHa B KoHIe 1990-x — Hagaae
2000-x T0A40B 1 He MMeeT CUCTeMBl DBICTPOpas3beMHOro coeanHeHns. OHa OCHallleHa PY4YHBIM
OBICTPBIM CIeIIAeHNeM U TUAPaBAMYeCKMM OOABIINM IaAblieM AAs 3axBaTa U IepeMellleHIs]
IIpesMeTOB.
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e Volvo EC210BLC. Dra mMogean Oblaa mpeacraBaeHa B cepeaune 2000-x rogoB u He
UMeeT CHICTeMBI ObICTporo coeAuHeHus. OHa OCHaIlleHa PYYHBIM OBICTPBIM CIEIIA€HUEM I
TMApPaBANMIECKUM OOABIINM I1aAblieM.

e JCB ]JS220. Dra Mogeap ®KCKaBaTopa Oblaa IipedcraBaeHa B cepeamHe 2000-x rogos
U He MMeeT CUCTeMbl OBICTpOpazbeMHOro coedmHeHns. OHa OCHallleHa PYYHBIM OBICTPBIM
CIIeII1eHIeM V TMAPaBANIeCKIM OOABIINM MTaAbIleM AAsI 3aXBaTa U IIepeMelleHIs] IIPeAMeTOB.

B sanHoM mccaeagoBanmm mpejaaaraercsi M3ydyeHue U MoJeAMpOBaHUe ObICTPOCH@MHOIO
MexaHM3Ma A4s 9KckaBaTtopa JCB JS205LC, kotopoe, B cBOIO 04epeAb, 00eCIIeunT AeTKYIO 3aMeHy
HaBeCHOTO 000PYyA0BaHI:I, TEM CaMBIM IOBHIIIIaeT 9P PeKTUBHOCTD U IIPOU3BOAUTEABHOCTH PabOT
U CBOAUT K MUHMMYMY BEpPOATHOCTb HOBpeXKAeHns1 obopyaosanHus. DkckasaTopa JCB JS205LC
ABASeTCs HanboAee paclpOCTPaHEHHBIM U IIOIY ASIPHBIM CpeAyt IIOTpeOuTeAeil OTedecTBeHHOTO
priHKa. TouHOE K0AMYeCTBO DKCKaBaTOPOB Ha CETOAHAIIHNI 4eHb OIIpeAe AUTH 40BOABHO CA0KHO,
HO CTOUT OTMETUTD, 4TO B IIPOIjecce U3ydeHus I aHaAM3a PeIHKa ObLA0 YCTaHOBAEHO KOANYeCTBO
3aperncTpupoBaHHBIX padouMX dKcKaBaTOpos 243 eannulr 1o Pecriybanke Kasaxcran [4aHHbIe
n3 11,12,13].

Pucynox 1. I'ycenmunsiit skckaBatop JCB JS205LC

I'ycenmunpiin skckasatop JCB JS205LC oramyaercs 40ATOBEYHOCTBIO, MCKAIOYUTEALHON
IPOMU3BOAUTEABHOCTBIO U yA00cTBOM. Ero XapakrepmcTMKuM M BO3MOKHOCTM JAeAaiOT ero
HaJeXXHBIM BBIOOPOM A5 Pa3AUMYHBIX CTPOUTEABHBIX M 3eMAAHBIX paboT, obecriedmsas
9P PeKTUBHOCTD, MPOAYKTUBHOCTD U YA0BAETBOPEHHOCTh OllepaTopa.

2. MeTOAbI pemienmsi VICIIOAHEHWMSI CUCTeMbI 6bICTpOC"beMH01"O MeXaHm3Ma AAast
ITMAPaBANMIECKOTO BKCKaBaTOpa

B 1960-x rogax Oblaa paspaboTaHa O4Ha M3 CaMBIX PaHHMX BE€PCUI CHCTeMBI OBICTPOTO
coeAVHEeHNs, B KOTOPOIl MCII0AB30BaACs Py4dHON 3anmparommii mMexaHusm. OgHako 3Ta
cucreMa Oblaa IToABep>KeHa ommbKaM oIlepaTropa I IpodemMaM 0e30ITaCHOCTH, UTO IIPUBEAO K
paspaboTke Ir'MApaBAMIeCcKUX 3alIOPHBIX MexaHn3MoB B 1980-x rozax.

CeroaHs1 40CTYIIHO HECKOABKO TUIIOB OBICTPOpPa3beMHBIX CIICTeM, BKAIOJas MexaHIJecKle,
rApaBAndecKyie 1 IOAHOCTBIO aBTOMaTH4ecKe cucTeMbl. MexaHnuecke CCTeMBbl MCITOAB3YIOT
CTOIIOPHBIN IITUPT U KAUH AAs KpeIlAeHN!s HacaAK!, B TO BpeMs KaK I'MAPaBANIeCcKIe CICTEMEI
UCIIOAB3YIOT IIMANHAP AAs PUKcaIuy HacaaKy Ha MecTe. [T0AHOCTBIO aBTOMaTH4eCKe C1CTEeMBI
UICIIOAB3YIOT AQTIUKU U TUAPABAUKY AAs1 aBTOMaTI4eCcKOiT PUKCcall HaBeCHOTO 000y AOBaHUS
Ha MecTe.
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T'udpasauveckas Ovicmpopasvemtas Mmydma AAsl DKCKaBaTOpa — 9TO YCTPOICTBO, KOTOpoOe
I103B0AsIeT OBICTPO U AETKO ITPUCOeAVNHATH U OTCO@AMHSATD pa3ANdHOe HaBeCHOe 00OpyJOBaHMe
DKCKaBaTOpa, TaKoe, KaK KOBIIM, OTOOIHBIE MOJAOTKM ¥ OOABIINE TIaAbIbl, MCIOAB3YS
ruapaBAndeckoe ycuane.

OaHuUM 13 HEAOCTaTKOB IMAPaBANYECKUX OBICTPOPa3beMHBIX MY(PT A5 DKCKaBaTOPOB
SABASETCs IOTeHIMaAbHasl yTeuka I’ paBANdecKoil JKIAKOCTI. Bricokoe gaBaeHne 1 ITIOCTOSTHHOe
ABVDKEHIE B TUAPaBANIECKUX CICTeMaX MOTYT YBeAUYNUTh PUCK BBHIXOAA M3 CTPOs YILAOTHEHUI
1AM po6aeM C MoAKAIOUeHNeM, TPUBOAAIINX K yTedKaM. Y TedK! IMApaBANIecKoil KIAKOCTI
He TOABKO IIPUBOAAT K IOTepe KMAKOCTY, HO M MOTIYT 3arpsA3HATh OKPY>KaIOIIyIO Cpeay U
IIpeACTaBAATh yrpo3y OezomacHocT. Kpome TOro, yTedkm >KMAKOCTM MOTYT IPUBECTH K
CHIDKeHMIO npounssoauteasHoctu u KIT/ cucremsr, uto motpeOyeT AOMOAHUTEABHBIX YCUANIA
10 TeXHNYECKOMY 0OCAY>KMBaHUIO I PEMOHTY AAs YCTPaHeHNUs IIPO0.AeMBI.

Asmomamuueckoe ObICMpopasbemMHoe YCmpoiicneo AAs DKCKaBaTopa — 9TO YCTPOIICTBO, KOTOpoOe
II03BOAsIeT OBICTPO U A€TKO IPVCOeANHATD, I OTCOAVHATH Pa3AMIHOe HaBeCHOe 00Opy0BaHMe
DKCKaBaTOpa, TaKoe, KaK KOBINN, OTOOIHBIE MOJAOTKM M 0OAbIIMe TaAbIbl C ITOMOIIBIO
aBTOMAaTU3MPOBAHHOTO MeXaHM3Ma.

OaHuM 13 HeAOCTaTKOB aBTOMAaTHYeCKOro OBICTPOPa3beMHOTO YCTPOWICTBA SBASETC
BO3MOXKHOCTH HeIllpejHaMepeHHOIO AU IIpeXXAeBpeMeHHOIO pacliendeHns. ABTOMaTIIecKmii
MeXaHM3M, IIpeJHa3Ha4yeHHBINI A4s obecriedeHus yao00CTBa M CKOPOCTM  OTCOeAVHEHN
HaBeCHOTO 0DOPYJ0BaHNs, MHOT4a MOXKeT CpabaThlBaTh HEOXKMAAHHO MAM IIPeXK/JeBpeMeHHO
U3-3a pa3AMYHBEIX (PAKTOPOB, TaKMX, KaK BMOpaI[Ms, MeXaHN4JecKue HeroAaJKM MAV YCAOBUS
OKPY>KaIOIIeil Cpeasl. DTO MOXKeT IIPUBECTN K OTCOeAVHEHNIO KPeTlAeHIs BO BpeMsI KpUTIIeCKIX
orepanuii, 4TO Co3AaeT yIrpo3y 6e30I1acHOCTH OIlepaTopa M MOTEHI[MAaAbHO MOXKeT IPUBeCcT
K TIOBPEXXAEHMIO OOOPYAOBaHMUSA MAU OKPY>KaIOIUX KOHCTPYKIMI. YUTOOBI CHM3UTL STOT
PUCK, HEOOXOAMMO peryaAspHOe TeXHU4Yeckoe oOCAYy>KMBaHMe U IIPOBEPKM AAs oOecriedeHIs
HaJJe’Xamero (QyHKIMOHMPOBAHMSA ¥ HaAeXKHOCTYM aBTOMAaTUYECKOTO OBICTPOpasbheMHOIo
ycrporictsa. Kpome Toro, oOyueHne orepaTopa 1 co6A104eH1e IpOTOKOA0B 0e3011acHOCTI MIMEIOT
pernaloree 3Ha4eHe A5 CBeAeHI: K MMHIMYMY BePOSITHOCTH CAy4aifHOTO BRICBOOOXKAEHIIS 1
obecriedeHns1 6e3oriacHo 1 9(PPeKTUBHON DKCIIAyaTalUA.

Mexanuveckoe Ovicmpopasvemroe coedureHue AAsl PKCKaBaTOpa — DTO yCTPOIICTBO, KOTOpOe
I103BOAsIeT OBICTPO U A€TKO IIPUCOeAUHATH, ¥ OTCOeAUHATH Pa3AMYHOe HaBeCHOe 000pyoBaHue
DKCKaBaTOpa, TaKoe, KaK KOBIIM, OTOOIHbBIE MOAOTKM U OOABIIINE TTaAbIIbI.

ITpenmyIriecTsa MeXaHIYECKOTO OBICTPOPAa3hEMHOTO CO@AVHEHNS BKAIOUAIOT ITOBHIIIIEHHYTO
9} PeKTUBHOCTD U MPOU3BOANTEABLHOCTD, ITIOCKOABKY OHO yCTpaHseT HeOOXOAMMOCTh B PyJHOI
3aMeHe HacaJoK, YTO MOXKeT OTHMMaTh MHOTO BpeMeHHU 1 TpyjoeMkoctu. Kpome Toro, »To
obecnieunBaeT 00ABITYIO TMOKOCTE M yHUBEPCaAbHOCTD B MICITOAB30BaHNUM DKCKaBaTOPa, HIOCKOABKY
pas3auyHOe HaBecHOe 0DOpyJOBaHME MOXHO A€TKO 3aMeHATh 110 Mepe HeoOXOAMMOCTU AAs
Pa3ANYIHBIX 3a4a4. BaXkKHO OTMeTHTD, 9TO IIPU MCIIOAB30BaHNM OBICTPOPa3heMHOIO YCTPOIICTBA
caeayeT co0AI04aTh HaAAeXKallylo TIOATOTOBKY M IIpaBlAa TeXHUKM O0e30I1acHOCTH, ITOCKOABKY
HeIlpaBIAbHOE JICII0Ab30BaHIe MOXKeT IIPUBECTV K HeCIaCTHBIM CAy4dasM U TpaBMaM.

3. PesyabTaThl 1 00CyKAeHIe

Cucrema ObICTPOPa3beMHOTO COeAVHEHNS — HTO MeXaHU3M, VICTIOAb3YeMBbI 4451 OBICTPOTO U
ATKOTO IIPUCOeAMHEHNS ¥ OTCOeAVHEHNS TUAPaBANIECKUX AU MeXaHNYeCKIX MHCTPYMEHTOB
U HaBeCHOTO 00OpyJAOBaHMU:A K TsXKeAOW TeXHUKe, TaKOJ, KaK DKCKaBaTOPBl U DKCKaBaTOP-
norpysuuku. Hauboaee nomyaspHsie sapyOeskHble ydeHble ¥ MHXXeHepbl, U3yJaBIlie AaHHYIO
TeMy:

- Kaayc Moaaenxaysp — aBrop pabots «['mapapandeckue 9KCKaBaTOPHI: MX KOHCTPYKITUS U
HNPUHINUIIE PabOTEI», M3Yy4MA KOHCTPYKIIMIO U DKCIAyaTaluIO IMAPaBANYeCKIX DKCKaBaTOPOB,
BKAIOYas CUCTeMy OBICTPOpPa3beMHBIX COeAMHEHMUI, WCIOAb3YeMYIO AAs KpelAeHUs U
OTCOeAVHEeHNsI MHCTPYMEHTOB.
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— Acconmanus MHXeHepOB aBTOMOOMABHOI mpombinideHHOCTH (SAE) omyOamkosaao
HEeCKO/AbKO TeXHUYECKIX 40KYMEHTOB O CiCTeMe OBICTpOpa3beMHBIX COe AMHeHNI, MCII0Ab3yeMO
B TsKeA0i TexHuke. /JOKyMeHTEl BKAIOYAIOT B ceOs «VIHTepdeiic OpicTpopazbeMHO MyQTHI
J2513 aas skckaBaTOpoB» U «VIHTepdeiic OpicTpopasbeMHOll MyQThl J2514 A48 KOAECHBIX
IIOTPY3YMKOB».

— Caterpillar Inc. - Kommanms Caterpillar sBaseTcs mponssogurteaeM TsAKeA0M TeXHUKM,
KOTOpas U3yunada KOHCTPYKIIMIO U DKCIAyaTalluio ObICTPOPa3beMHBIX CUCTEM, MCIIOAb3yeMbIX
B 11X o0opyaosannu. OHn ory0AMKOBaAM HECKOABKO TeXHUYECKUX AOKYMEHTOB U PYKOBOACTB
IO DTOI TeMe, B TOM 4ucae «DKCIayaTalus U TeXHUdeckoe 0O0CAy>KMBaHUEe IMAPaBANIeCKIX
ObICTpOpasbeMHBIX cucTeM» U «[loHMMaHMe 0CODeHHOCTeN U IPeUMYyIecTs TUAPaBANIeCKIX
MyPT».

— Volvo Construction Equipment — KoMIIaHUsA-IIpOM3BOANTEAD TSIKeAON TexHUKm. Volvo
TaK>Ke U3y4unla CUcTeMy ObICTpPOpa3beMHBIX COeAUHEeHNI, ICII0Ab3YeMYIO B X 000PYAOBaHUI.
Onn ony0amkoBaayM TeXHMYECKMe JOKYMEHTBl Ha BTy TeMy, Takme, Kak «besoracHoctn
OBICTPOPa3bEMHBIX COeAVTHEHMI».

B 1meaom, cucrema OBICTPOpPa3bhbeMHBIX COEAVHEHUII SBAAETCS BaXXHBIM KOMIIOHEHTOM
TsIKeA01 TeXHUKM, U BO BCeM MMpe eCTh MHOTO 1cCAe0BaTeAeil ¥ MHXXeHepOB, KOTOPhIe U3ydaan
1 paspabaTpiBaay pa3AMYHbIe TUIIBI OBICTPOPa3beMHBIX COeAMHEHMI AAs 9KCKaBaTOPOB,
BKAIOYas MexaHudecKue, rmgpasAndeckyie 1 aBToMaTdeckie CIielIHble yCTPOiiCTBa.

Hexoroprie m3BecTHbIe ydpeXXaeHWs, INPOBOAMBIINE MCCAeJOBaHU:A B DTON 00a1acTy,
BKAIOYAIOT YHUBEPCUTETHI U MCCAeA0BaTeAbCKUe IIeHTPhl B TaKux cTpaHax, Kak CoeguHeHHbIe
Irater, Anonns u I'epmanus. Kpome Toro, MHOIMe KOMIIaHIUY, TPOU3BOASAIINE DKCKaBaTOPLI U
HaBecHOe 00Opy/JOBaHMe, TaKXKe MHBeCTUPOBaAM B Pa3pabOTKy TeXHOAOTUH ObICTPOPa3beMHBIX
COeAVHEeHUIA.

Asropamu E.B. Ayranosoi, H.A. 3aropogunm, A.H. CoaogosnnxossiM, A.C. KopHeeBsiMm
B pabore «Studying quick coupler efficiency in working attachment system of single-
bucket power shovel» («Vsyuenme »ddexTuBHOCT OBICTPOpPa3ZbLEMHON MY(PTH B CHUCTeMe
pabodero HaBeCHOrO OOOpPyAOBaHMSA OAHOKOBIIOBOIO 3KcKasaTtopa», 2018) obcysxaaercs
paspaboTka mpoToTuma ObICTPOpa3beMHOro coegunuteas (quick coupler) ¢ HeHarpy>KeHHBIM
yAepKUBaIOIINM MexaHn3MoM. KoHcTpyknns mpororniia Oblaa OCHOBaHa Ha aHAAM3e TUIIMIHBIX
OBICTPOPa3bLEMHBIX COeAMHEHNI, MICIIOAb3YEeMbIX B KaueCTBe IIPOMeXKYTOYHBIX DA€MEHTOB AAs
HKCKaBaTOPOB pa3AMYHBIX IIPOU3BOAUTeAel. ABTOPBI TaKKe IPeACTaBASIIOT MeTOJ, IIOCTPOeHNs
VMMUTAIMIOHHOI MOAeAM IIPOTOTHIIAa OBICTPOPa3beMHOTO COeAVHEHMSI B KaueCTBe aAbTePHaTHUBbI
JpusuIeckoMy MOAANPOBAHUIO 4451 AAABHENIINX MCCAeAOBaHUIA [5].

Croutr orMeTuTh, 4YTO B JaHHON pabOTe IIPOAEMOHCTPUPOBAH OIBIT aBTOPOB B
IIPOeKTUPOBAHNN I pa3dpabOTKe OBICTpOpa3beMHBIX COeAMHEeHMI, a TaK>Ke CITIOCOOHOCTh CO34aBaTh
VMUTAIMOHHYIO MOAEAb A4Sl JaAbHEMINNX MccaeloBaHMil. Kpome TOro, cTouT MOAYEpPKHYThH
IOTeHIMaAbHYIO0 DKOHOMMUIO CPeACTB, CBA3aHHYIO C MICII0Ab30BaHNMeM MMUTALMMOHHBIX MOAeAeil
BMeCTO (PU3MYECKUX A4S TeCTMPOBaHUs M Pa3paOOTKM. DTU HABBIKM M OIBIT MOTYT MMETh
OTHOIIEHMEe K Pa3AMYHBIM TeXHUYECKMM 004acTAM, BKAIOYas MHXKMHUPUHI, IIPOU3BOACTBO U
CTPOUTEALCTBO.

[TarenTHRINI TIOMCK Yepe3 BceMupHylo 0Oasy gannbeix PATENTSCOPE sBoisisna 247
IIaTeHTOB Ha TeMy M300peTeHus KaK caMMX OBICTPOCHEMHBIX YCTPOIICTB, CUCTeM U My(]T, Tak
U COeAVIHEHUII B CUCTeMe OBICTPOIO COeAVHeHUS UAU padbeauHeHus. VI3 9Toro xoamdecrsa
IIaTeHTOB AAs aHaausa oToOpaHbl 2 msooOpereHus. CTOMT OTMETUTH IIOCAejHee U300peTeHue
Sebastian SCHMID (mepesesen Ha 6 s3b1Kk0B) 2022 roja, B KOTOPOM IIpUBEAEHBI KOMIIAKTHO
CKOHCTPYMPOBaHHOE OBICTPOCMEHHOE COeAVHUTEABHOE YCTPOIICTBO 1 CHCTeMa ObICTPOChEMHBIX
MexaHn3MoB. Kak oTMeuaeT aBTop, 4aHHas1 CHICTeMa O3BOAseT YIIPOCTUTL MaHeBP CLIeTIACHIS I
o0ecrieunTs IOBLIIIEHHYIO Oe3011acHOCTh. OTMeuaeTcs, uTo y3ea (pukcaluy Ha ObICTPOCMEHHOM
COeAVHUTEeABLHOM YCTPOJICTBE, COTAaCHO HACTOAIeMYy M300peTeHMIO, COAPKUT, IO MeHbIIeil
Mepe, OAMH 3aXBaTHBIN KPIOK, KOTOPBI YCTaHOBAEH C BO3MOKHOCTBIO IIOBOPOTa Ha HecyllleM
y34e M Ha KOTOPOM pacIlOAOXKeH DAeMeHT AAs yIpaBAe€HMS IOBOPOTHBIM IlepeMellleHreM
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3aXBaTHOIO KpIOKa MeXAY CAOXKEHHBIM U BBIBEPHYTHIM IMOAOKE€HMeM. YKa3aHHBIN HAeMeHT
yIIpaBAeHIUs CKOHCTPYMPOBaH TaKUM OOpa3oM, uTOOBI HPUBOAUTBLCA B ACVICTBME IIePBBIM
COeAMHUTEABHBIM 9AE€MEHTOM U IIPUBOAUTHCSI B AENICTBME HEe3aBMCUMO OT OAOKMPYIOLIero
ycrporictBa. C IOMONIBIO BA€MeHTa yIIpaBAeHIs HacajKa A4 OPyAus ClIOCOOHa MHUITUMPOBATh
nepeMelreHne 3axBaTHOrO Kpioka. Hukaxkux orgeabpHpix npusogos He TpeOyercs. Kpome
TOTO, DAE€MEeHT YIIpaBAeHNUs TakXKe TapaHTUPyeT, YTO (PUKCUPYIOIIMII KPIOK MOXeT OBITh
riepeMelleH B CA0KeHHOe I0A0KeHIe, B KOTOPOM BO3MOXKHA 3aMeHa TOAbKO B TOM CAy4ae, eCAu
COeAVHNUTEABHBIN 91eMeHT IIPaBUABHO PacIiOA0XKeH B PUKCUPYIOIeM KpIOKe.

PucyHOK 3. 3artaTeHTOBaHHBI OBICTPOCheMHBIN MexaHnsm Ne 3058631

Kpowme ToOrO, 3ameakmparoniniicss KpIOK, IOBPeKAeHHBII B pe3yabTaTe HeIlpaBIABHOIO
JICIIOAB30BaHNs, MOXKeT OBITh A€TKO 3aMeHeH, He TpeOys 3aMeHBI BCero y3aa KperaeHns. Her
HEOOXOAVIMOCTH A€MOHTUPOBATh AN 3aMeHsTh BeCh HeCyIuii y3ea 1jeankom [9].

HecoMueHHO, BHepeH1e OIIMCaHHOI OBICTPOCMEeHHO COeAVHUTe AbHO CIICTeMBI AaeT TaKlie
IperMyIIiecTsa, Kak ITOBBIIIIeHHas 0e301acHOCTb U yIIPOIjeHHble MaHeBphl IIPU COeAVMHEeHUM.
OgHako ®TO TakKe COIPsKEHO C olpeseleHHBIMU HegocrarkaMu. CAO0OXHOCTb CHUCTEMBI 110
CpaBHEHMIO C TPAAMIIMOHHBIMU CUCT@MaMU ITOAKAIOYeHNs MOXKeT IPUBecT! K 001ee BBICOKUM
TpeOOBaHIIIM K IIPOU3BOACTBY VM TEXHIYECKOMY 00CAY>KMBAaHUIO, YTO ITOTEHIINaABHO IIpUBeAeT
K yBeanmdeHmio 3atpar. Ornepatopam MoXeT IOTpeOoBaThcsl oOydeHue A4 >PPeKTUBHOTO
MICIIO/AB30BaHM:I CYICTEMBI, @ OTPaHMYeHIsI COBMECTUMOCTH C CYLIeCTBYIOIIMY MHCTPYMeHTaMI
1AM HaBeCHBIM OOOpyJOBaHUEM MOTYT CHU3UThL ee yHMBepcaabHOCTh. HecmoTpsi Ha TO, 4uTO
cucTeMa OIlMCaHa KaK HageXKHas, BCe >Ke MOIYT BO3HMKHYTDH IIOBPeXAEHNs B pe3yaAbrare
HeIIpaBUABHOIO UCIIOAB30BaHUsA MAM CTOAKHOBEHMII, TpeOyloIiue peMOHTa AU 3aMeHBI.
A5 3aMeHBI OTAEABHBIX 3allle/10K HeoOXOAVMO TeXHuUdeckoe oOCAy>KUBaHUE U yIIpaBAeHUe
3arlacami, a IepBOHada/AbHbIe 3aTpaThl Ha BHeApPeHNe CUCTeMBl MOIyT ObITh Bhimre. Haamune
MHO>KeCTBa KOMIIOHEHTOB 1 B3alIMO3aBVICHMBIX MeXaHU3MOB YCAOXH:iIeT paboty m Tpebyer
peryAspHBIX IIPOBEPOK 445 oOecIiedeHNs1 HajAexKalell PyHKIIMOHaAbHOCTI.

Asropamn KIM, GIL UNG (2021) BHegpeH Apyrol IIOAe3HBI BapUaHT OCYIIeCTBACHIS
1300peTeHNs], KOTOPBIil IO3BOASET BBIIIOAHUTL DAeMEHT yIIpaBAe€HUs B BUAE YAAUHUTEA
Jukcupylomero Kpioka. DTOT DAeMeHT YIpPaBA€HINS IIPOXOAUT B HaIlpaBAE€HNI IIePBOTO
IIPUEMHOIO DAeMeHTa U MMeeT BePXHIOIO ITOBePXHOCTh AAsl yIpaBAeHUs COeAVHUTEeALHBIM
naeMeHTOM. Hecymmit ysea MOXeT MMeTh yrayOaAeHue AAs DAeMeHTa yIpaBAeHNs, KOTAa
ukcupyrommit Kpiok HaXOAUTCA B CAOKEHHOM IIOAOXKEHUM, XOTsA DAEeMEeHT yIIpaBAeHMs
MO>KeT IMeTb Pa3AMYHYyIO KOHCTPYKIMIO. PUKCUPYIOMNIT DAeMeHT MOXKeT COCTOATD U3 OAHOTO
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MAV HECKOABKMX (PUKCUPYIOIIUX KPIOYKOB, KOTOpbIe MOIYT OBITh pa3AeAeHbl AU COeAVHEeHBI.
B mpeamouTuTeAbHOM BapMaHTe OCYIIECTBAHUs ABa (PUKCHUPYIOIMMX KpIOKa YCTaHOBAEHBI
C BO3MOXKHOCTBIO ITOBOPOTa Ha ITePBBLIX IPMEMHBIX DJAeMeHTaX HeCyllero ysJa M MOTYT OBITh
BBIIIOAHEHBI B BIAe OTAEABHBIX AU COeAMHEHHBIX MeXAy co00M (PUKCHPYIOMNX KPIOKOB. /a4
obecrieyeHNsI Hage>KHOTO y e p>KaHNs (PUKCUPYIOIINI KPIOK MOKeT OXBaThIBaTh COe AMHUTE AbHBI
94eMeHT B opMe MOAyKpyra. HIDKH:AA MOBEPXHOCTD 3aljelAsAIoNnero Kpioyka MOXKeT MMeTh
YIIOPHYIO IIOBEPXHOCTb A4S IIPUMMBIKaHUA K IIepegHell TOpPIeBOM OIIOPHON ITOBEPXHOCTHU
Hecymero ysda, B TO BpeMs KakK BerHI/II7[ KOHeLl MO>XeT MMeTb OIIOPHYIO ITOBEPXHOCTb A1
CONIpsIKEeHMs C AOTIOAHUTEABHON IOBEPXHOCTBIO Hecylero ysaa. /as AoCTUXXKeHUs Hale>XKHON
" yAOOHOI KOHCTPYKIIUM (PUKCUPYIOMINI KPIOK MOXeT OBITh YCTaHOBAEH C BO3MO>KHOCTBIO
IIOBOpOTa Ha IOIIePEeYHON OCK Ha COeAVHMTEeABHON IldaHKe Hecyllero ysaa. Gukcupyrommi
KPIOK MO>KeT OBITh yCTaHOB/A€H IIapPHMPHO Ha ITOIIePeYHO OCK C IOMOIILIO MOHTa KHBIX BTYA0K
AAs1 obecriedyeHsI HU3KOTO TPeHMS M Hage KHOM 3amnuThl oT nsHoca. IIItudrt MoxkeT 3akpenaars
IIOIIEpEeYHYIO0 OChb OTHOCUTEAbHO HECYILEero ysaa, YTOOBI IIpeAOTBpaTUTb €€ BblIlad€HIEe VAN
nepekpydnsanne. VizoopereHne takke BKAIOYaeT B ceOsl OBICTPOCMEHHYIO COEAVHUTEAbHYIO
CICTEMY, KOTOpasl BKAIOYaeT B ceDs1 OIIMCaHHOE BBIIIIEe 6I)ICTpOCMeHHOE CoeaMMHUTEeAbHOe
YCTPOJCTBO U ajanTep, KOTOPBIl MOXeT OBITh COeAVHEeH C OBICTPOCMEHHBIM COeAMHUTEABHBIM
ycrporictsom [10].

Hapsay ¢ npeumyniectsaMu 4aHHON MOJeAM CyIIeCTBYIOT 40BOABHO BeCOMbIe HeA0CTaTKI
Kak:

— B 3aBUCHMMOCT OT KOHKPETHOI KOHCTPYKIIUM DA€MeHTa yIIpaBAeHUs ¥ (PUKCUPYIOIIero
KpIO4Ka yCTpOI?ICTBO MOXeT OBITb 00Jee CAOXKHBIM B JI3TOTOBAEHINY, 4YTO IIOTE€HIINMaAbHO
yBeAndnBaeT IPOMU3BOACTBEHHbIE 3aTpaThl.

— Qukcnpylomye KpIOKM, yCTaHOBAEHHBIE Ha IIIapHUpPe, MOTYT TpeOoBaTh IepUOoANIECKOro
TeXHIYEeCKOTro 00CAY>KMBaHU: 1 CMa3KU 4451 ITOAAe P>KaHNs OITMMaAbHOM ITPOU3BOAUTEAbHOCTH,
49TO MOKET OTHUMATb MHOI'O BpeMeHU I OBITDH AOPOTrOCTOSIIVIM.

— /JlonoaHuTeAbHbIe KOMIIOHEHTBI M (PYHKIIMM YCTPOJICTBA MOIYT YBeAMYUTH €rO BeC U
Fa6apI/ITbI, 49TO ITIOTEHIIMaAbHO MOJKeT ITOBANMATH Ha MOOUABHOCTD U IIPOCTOTY MCIIOAb30BaHIISI B
oIpe/eAeHHbIX ITPUAOKEHMAX.

4. BpiBOABI

Vsydyenne ObICTPOCHEMHOIO MeXaHM3Ma AAs DKCKaBaTOpa SBASETCS BecbMa aKTyaAbHbIM
3a CYeT 3HAYMUTEABHBIX yAYUIIIeHNII, KOTOpble OH IPMHOCUT C TOUKM 3peHus 9PPeKTUBHOCTH
1 Oe3omacHOCTU. BO3MOXKHOCTD A€TKOTO IepeKAIOYeHUs] MeXXAy HaBeCHBIMIU YCTPOIICTBaMM,
IOBBIIIIaeT MPOU3BOAUTEABHOCTh U CHMJKAeT PUCK TpaBM I IOBpeXAeHus oO0OpyA0BaHMS,
CBA3aHHBIX C 3aMeHOI HaBeCHOTO 000PYA0BaHIsl BPYUHYIO.

brictpochemnas cucrema Hapsaay ¢ AOCTOMHCTBAMM MMeeT OIIpejeAeHHbIe HeAOCTaTKI,
KOTOpbIe TpeDyIOT paccMOTpeHus. Bo-TiepBhIX, CTOMMOCTh YCTaHOBKM MOKET OBITH BBHICOKOIA,
OCODEHHO MpPU MOAepHU3ALNMM CYIIeCTBYIOIIMX DKCKaBaTOPOB, M MOXKeT BapbUpOBaTLCA B
3aBMCUMOCTM OT THIIa CUCTeMBI M pa3Mepa DKCKaBaTopa. PeryaspHoe Texumdeckoe o0CAy K BaHMe
MeeT pelnaioniee 3HaueHMe AAs obecriedyeHus HaAadeKamero (QyHKIMOHUPOBAHUSA, WU
HecoDAI04eHMe ITPOTOKOAOB TEeXHMYECKOro OOCAY>XXMBaHWUS MOXeT IPUBECTM K BBIXOAY
000pyA0BaHNs U3 CTPOsI, YTO IPUBEAET K IIPOCTOIO U AOPOTOCTOsAIeMy peMOHTY. besomacHoCTh
MMeeT IePBOCTeIIeHHOe 3HauyeHle, IIOCKOABKY HellpaBUAbHAs yCTaHOBKA MAU VICIIOAb30BaHMe
CHCTeMBI OBICTPOTO OTCOEAVMHEHMSI MOXKeT IpPeACTaBAATh OIIaCHOCTh AAs OIepaTOpOB U
pabOTHUKOB. YCcTaHaBAMBATh U OOCAY>KUBATh CUCTEMY AOAXKHBI TOABKO KBaAM(UIIMPOBaHHbIE
CHenMaAyCThl, a DKCILAyaTalls 40A5Ha OBITh paspeleHa ToAbKO OOy4eHHOMY nepcoHaay. MoryT
BO3HMKHYTh IIPOOAEMBI C COBMECTUMOCTBIO, TpeOyIomie MoAu(puKauu UAU 3aMeHbl CTaphIX
HaBeCHBIX YCTPOICTB, 4YTO MOXKeT OKa3aThcsl goporocrosmuM. Kpome Toro, OpicTpopazbeMHast
cucTeMa MOXKeT YBeAMYUTh BeC HKCKaBaTOpa, IMOTEeHIMAAbHO CHIKAs €ro IPy30II0AbeMHOCTH
n BAMAA Ha SPPEeKTUBHOCTL BBIIIOAHEHNUs padOT. DTN HeAOCTaTKM HEOOXOAVMO YUUTBHIBATh
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Ipy NPUHATUN PellleHus o0 yCTaHOBKe CHCTeMbl Ha KOHKPeTHBbIN ®KckapaTop. IIpaBuabnas
yCTaHOBKa, TeXHMYecKoe oOOcAyXKHuBaHUe I OOydeHMe HeOOXOAUMMBI AA4s Oe30mIacHOro u
9(pPeKTUBHOTO MCIIO0Ab30BAHNS CUCTEMBI.

BaxHo npusHaTh IIeHHBIN BKAaJ, KaK y4eHBIX-TeOPeTUKOB, TaK U OIlepaTOPOB-IIPaKTUKOB B
pa3pabOTKy U MOAePHU3ALINIO OBICTPOCHEMHBIX MEXaHM3MOB, IIOCKOABKY VX OITBIT OOecrieuynBaeT
yA00cTBO 11 9PPeKTUBHOCTL padOYUX IIPOLIECCOB B CTPOUTEABHOI OTPACAMN.

Ha ceroagnsmmmit AeHb CyllecTByIOIIMe U M300peTeHHble MOJAeAu OBICTPOCheMHBIX
COeAMHEeHNII MMeIOT OIlpeAeAeHHYIO CAOXKHOCTh B KOHCTpyKIuu. Takas CAOKHOCTH MOXKeT
yBeAUYNTH TpeOoBaHMs K IIPOU3BOACTBY M TEXHUYECKOMY OOCAYKMBAHUIO, 4TO ITOTEHIIMaAbHO
MOXKeT MPUBECTU K yBeAMYeHMIO 3aTpaT. beicTpocMeHHas coeauHuTeAbHas cUCTeMa MOXKeT
UMeThb OIpaHMYEeHMS] B OTHOILIEHUU COBMECTMMOCTM C CYIIeCTBYIOIIMMU OpYAUAMU UAU
HaBecHBIM obOopygosanueM. HapecHoe oOopyaosanme, He pa3paboTaHHOe CcIlelaAbHO
AAsl AQHHOM CHUCTEMBI, MOXKeT OBITh HEeCOBMECTMMBIM AU TpeDdoBaTh AONOAHUTEABHBIX
MoAnpUKAINIL, YTO CHMKaeT YHUBEPCaAbHOCTh cucTeMbl. Haamdme MHOXKecCTBa ABVKYIINXCS
gacTell ¥ B3alIMO3aBMCMMBIX MEeXaHU3MOB MOXKET yBeAUYUTb KOAMYECTBO IIOTeHIMaAbHBIX
TOYeK OTKa3a MAM HeUCIIpaBHOCTell, TpeOYIOIIMX PeryAspHOTO TeXHUYECKOro 00CAY>KMBaHUS U
IIPOBEPOK 4451 oOecriedeHst HajaexXKalrel PyHKIIMOHaAbHOCTI.

HeobOxoaummo  cocpelOTOUMThCsI Ha  YHPOIIEHMM KOHCTPYKLIMM  OBICTpOpa3bheMHBIX
COeAMHEeHNII PV COXpaHeHuU UX PYHKIMOHAABHOCTU U 9PPeKTUBHOCTU. 3a cueT CHYKeHNs
CAOXKHOCTM MO>KHO CBeCTM K MUHUMYMY TpeOOBaHMS K IIPOM3BOACTBY U TeXHMYECKOMY
00CAy>KMBaHUIO, 4YTO IIPUBOAUT K ITIOTeHIIMaAbHOM 9KOHOMMM cpecTs. Kpome Toro, obecrnieuenne
COBMECTMMOCTM C CYyIIeCTBYIOIIMMM MHCTPYMEHTaMI M HaBeCHBIM O0OpyJOBaHMeM MMeeT
pemaioniee 3HadeHMe AAsd MaKCUMaAbHONM YHUBEPCAaAbHOCTU CHUCTEMBI OBICTPOpPa3beMHBIX
coeAMHeHN1. DTOr0 MOXKHO AOCTUY b, CIIPOeKTUPOBAB CYICTEMY B COOTBETCTBIY COOIIITPUHATHIMU
CTaHJapTaMM UAM IIpeAyCMOTpeB IlepexoJHble MeXaHI3Mbl, 0OecIieunBaoIe COBMeCTMOCTD
C Pa3AMYHBIMU MHCTPYMEHTaMM M HaBeCHBIM 00OpyJOBaHNeM.
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Bb.b. Tormsbaesa', K.T. lllepos?, A.C. Jaabsiposa’, 4.M. MambGeToOB!
/. H. I'ymunres amuvindazvl Eypasus yammuok ynusepcumemi, Acmana, Kasaxcman
2C. Ceiipyarun amoindazor Kasax azpomexuuxarvix sepmmey yruusepcumemi, Acmana, Kasaxcman

I'mapaBankaabIK 9KCKaBaTOpAap YIIiH KOAAAaHbIAATHIH JKbIA4aM 00OCaThIAaTBIH
KYPBILAFBICBIHBIH J)KaHApTBbIAFaH MOJAeaJepiHe MIOAy

Anaatna. Kasipri 3amanra colikec OipIIeMIITi IMApaBANKaAbIK 9KCKaBaTOP KOII MaKcaTTa
JKYMBIC iCTeMTiH >KeTeKIi KeIlQyHKIIMOHaAAbl KYPBIABIC MalllMHaJapbIHBIH Oipi 00ABIII
TaObraaabl. COHBIMEH KaTap, aybICBIMABIK JKYMBIC 5KaOABIKTaphl MeH JKYMBIC KYPBLAFbLAaPbIHBIH
KeHiHeH KO/AJaHYBIHBIH apKachlHga KeH TaHbIMaa. /JeMek, aybicriaAbl >KYMBIC >KaOABIKTaphl
MeH 9KCKaBaTOpAapAblH JKYMBIC OpTaHAapbIHBIH KeH CIeKTpiH HaligadaHy MalliHaAapAbIH
OHIMAiAiriH apTTRIPHIIT KaHa KOVIMaii, COHBIMEeH KaTap >KYMBICTBI MEXaHMKAAaHABIPY A€HIeliH e
aprTeipagbl. OaapablH Xaa4ay KYHBI MeH KbI3MeT KOPCeTy KyHBIH TOMEHAETYTIe SKoHe SKYMBICTEI
OpBIHAAY IIPOLIeCiH XXeJeaaeTyre MyMKiHAIK Oepeai.

bya wmaxaazaga seprreyaepre, kapusaaHbIMJapra, IIaTeHTTepre Taajay >KoHe IIOAy
Kacasaapl. COHbBIMEH KaTap TUApaBAMKAABIK DKCKaBaTOopAapaa >KbladaM OekiTy KylieaepiH
3epTTey TaKblphIOBIHBIH ©3€KTiAiTiH Herizgeyre bIKIIaA eTeTiH YChIHBLAFaH IIeIiMAepAiH cartachblH
Darazay yChIHBLAAABL.

Tyiinai cesgep: skckasatop, Kblagam ©OocaTy MexaHmM3Mi, >KblagaM-Kalllep, >KYMBIC
>KaOABIKTapBI.
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Ob30p paspabomariblx cucmem ObiCIPOCHLEMHO20 YCHIPOTLCEA 2UOPAGAUHECKO20 IKCKABAMOPA

B. Togizbayeva', K. Sherov?, A. Danyarova', D. Mambetov'
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2S.Seifullin Kazakh AgroTechnical Research University, Astana, Kazakhstan

Overview of the developed systems of the hydraulic excavator quick release device

Abstract. Nowadays the hydraulic excavator is one of the leading multifunctional machines
that are operated for multi-purpose goals and are also finding increasing use due to the widespread
use of replaceable working bodies and working equipment. It is important to note that the use of a
wide range of replaceable working equipment and working bodies of excavators not only increases
the productivity of machines, but also the level of mechanization of work. The possibility of easy
replacement of nozzles increases efficiency and minimizes the likelihood of damage or wear of
equipment associated with manual replacement of nozzles. Besides, this will reduce the time for
replacing the working body and speed up the work process.

This article analyzes and reviews research: publications, patents; also provides an assessment of
the quality of the proposed solutions for quick fastening systems on hydraulic excavators.

Keywords: excavator, quick-release mechanism, quick-coupler, working equipment.
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MPHTWN 55.03.14

O.M. XKapxkesuu", T.IO. Hukonosa', /1. 'mepr?, A.C. Bepr!, A.A. bepr’

'Kapazanoumcrkuii mexHuueckuil yHugepcumen umeru

Abviakaca Cazunosa, Kapazanda, Kasaxcman

[Tosnanckuil mexrorozudeckuil yrusepcumem, Ilosnarno, [lorvuia
E-mail: *zharkevich82@mail.ru

Anaans KOHCTPYKTUBHBIX I TEXHOAOTIMIECKMX 0COOEeHHOCTeNn
nmrecrepeH49aTbIX HACOCOB

AnnHoTamms. B cmamve npusedetivl 0cHosHble KOHCMPYKMUBHDIE U MEXHOAOZUUeCcKUe
0cobeHHOCU ULeCepEHUANbIX HACOC06, ONUCAHUE KOHMAKINOG 3YOUAMbLX KOAeC npU UX
63AUMOOCIHCINEUY 1 MOUHOCTIU U3201MO06ACHUA. YeeAureHe KOHMAKMOE 6 Mexk3y0HoM
npocmpancmee ymervuiaenm nyivcayuto Ha 75%, yposenv wyma wa 5 derjubeA.
Ipumerierue koco3yovix nepedad nosviuiaern IPPexmuHocHb padomot uecnepeHuanmolx
Hacocos u ymetroutaem nyrvcavyuto. Llecmepernuamuiil HACOC ¢ GHEULHUM 3AUENACHUCM
U 0Ce6oti KOMHNEeHCAUUeil ¢ 6bICOKOLL MOUHOCTbI0 UCHOAHEHUS U 6bICOKAUECHIGEHHDIMU
MAMepUaraMu  Ycmouue K ycmarocmuom Hazpyskam. Lllecmeperiuamoie Hacocw
C BHYMpeHHUM 3SAUENACHUEM UMEIom KOMNAKMHBLE KOpHyc u co30atom Merovlile
uyma. Ha npaxmuie uauie 6cezo UCHOAb3YIOMCS Wiecmeperyanvle Hacocol ¢ 6HEUHUM
savenieruemM Us-3a ux npocmoti Koncmpyxuuu u Huskot yerol. Kopnyc uiecmeperuarnozo
Hacoca nodeepker U3HOCY U3-3a 6bicok020 dasrerus. IIpu pabome nacoca sosHukarom
HepasHoMepHble HANPIKeHUs, 4mo npueooum K YCMAAOCHIHLIM HAZPY3KAM HA 6AA
6 00HOM HanpasAeHuu. ONOAHUMEALHASL NYAbCAuUs 6Aewem 3a co0oti KorebaHus
xorncmpyxuyuu. Cobcmeentvie suOpaAUUY WECEPEHUANO020 HACOCA COCOOCTEY0M €20
6V1X00Y U3 cmpos, ocoberto ecau ckopocmv epauenus cocmasagem 100 000 yuiao6.
IIpu pabome uiecmeperuamozo HACOCA 603HUKACT ULYM, KOMOPOLIL MOXHO 2ACUMD
ULYMOZAYUUMEAIMU UAU demnPepamu, umo yeeauvusaem uery tacoca. Mexsyorioe
NPOMEXYMKU ULeCeperyanozo HACOCA NPpU PesKux ckaukax JasieHus nodsepikerivl
KAGUMAauu, u3-3a Komopoti nosotuLaemcs usnoc. Jas ycmpanenus usHoca, nyAvCayuu,
subpayuu, wyma npedraeaemcs Ho6as KOHCMPYKUUU ULeCHEpeH anoz0 Hacoca c
UCNOAD30BAHUCM PASAUUHDLX MUTI06 MACEA U MEMOOUKU KoppeKuuu Popmbl 3y0ves.

KaroueBbie caoBa: uiecmepénuamoiii HACOC, 3430p, NYAbCAY U, USHOC, KAGUIMALUS.

DOI: doi.org/10.32523/2616-7263-2023-143-2-204-214

1. BBeaeumne

Hacoc-9T0oycTpoiicTBo, KOTOpOe M03B0AseT HepeAaBaTh MeXaHMIeCKYy 0 DPHe PIVIO KUAKOCTI
U IIPOABASAETCA B yBeAMYEHUM DHeprum gasaeHns. Hacockl MMeIOT mMpoKoe NpUMeHeHNe B
HayKe I TeXHMKe, BKAIO4as OOII[eCTBeHHOe BOJOCHaO>KeHMe, MPPUTalyio, HePTAHON CeKTOP
BBEPX/BHIU3 110 T€YEHNIO, aBTOMOONAY, TPAaHCIIOPTHOE 000pyJ0BaHMe U AO3MPOBKY XMMIKaTOB.
[lecTrepeHyaTsiii HACOC SABASETCS OCHOBHBIM BRIOOPOM pa3paObOTYMKOB TOIAMBHBIX CUCTEM M3-
3a AAUTEABHOIO CpOKa CAY>KOBI, HM3KMX 3aTpaT Ha TeXHU4Yeckoe oOCAy>KMBaHME U BBLICOKOI
IIPOU3BOANTEABHOCTIA.

OO0prunbIe 11eHTPOOe>KHbIe HaCOCHI 40AXKHBI OBITh 3aII0AHEHBI B IIePBYIO O4epeab B yCAOBMAX
DKCILAyaTalliy, 3a MCKAIOUYEHMeM CAydaeB, KOTAa BCachlBaHMe MMeeT IOAO0KUTEeAbHbIN HaIlop.
Ha mpaxTuke BO3HMKaIOT CUTyallil, KOTJa BcachblBaHIE Hacoca MMeeT OTpuUIlaTeAbHbIN HaIIop.

204 Ne 2/2023  -H. Tymunres amvindazor EYY xabapuivicol. TexHUKarvik 2oiAbimMIap 5kaHe mexHOA02Us. CepusiCol
ISSN: 2616-7263, eISSN: 2663-1261
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[lecTrepeHyaTsiii HacOC SABASETCS CAMOBCACBIBAIOIIMM M He OIPpaHMYMBAETCS TUIIOM BBICOTEI
scaceiBaHl. [llectepenyarsie HaCOCH XapaKTepU3YIOTC (PUKCHPOBAHHBIM OOBEMOM IT0Aaul Ha
eAMHUIly 000pOTa Hacoca.

BcaeacTsue cTpemMaeHNs IOCTOSHHO IOBBIIIATh ITPOM3BOAUTEABHOCTD, DPPEKTUBHOCTE,
MMHMMU3UPOBATL  pa3Mephl,  yMeHbIIaThb  COOCTBEHHYIO — BMOpauuio,  IIyAbCallMIo,
HeDAaronpuATHBIE HArpy3Ky, KaBUTAIMIO M M3HOC KOMIIOHEHTOB IIIeCTepeHYaToOro Hacoca
TpeOOBaHMS K MaTepuaslaM, TeXHOAOIMAM, IIOCaskaM U AOIycKaM Ha pa3dMepbl IIOCTOSHHO
pacTyT. OTO IPUBOAUT K ITIOCTOSIHHOMY COBEPIIEHCTBOBAHMIO METOAOB M3IOTOBAEHI S KaK CaMMX
HacoCOB, TaK M MaTepualoB, MCIOAb3YeMBIX A4S UX M3rOTOBAEHMU:, a HauboJee Ba>KHBIMU
IOKa3aTeAsIMI SIBAAIOTCA MUHMMaAbHO BO3MO>KHAsl 4acTOTa OTKa3O0B, IIMPOKMUII AMalla3oH
IIPUMEHUMOCTU B AQHHOM OTPacAM, YCTOMYMBOCTD K UBMEHSIOIIMMCS YCAOBUAM, MUHMMAALHO
BO3MO>KHOE IITyMOOOpa3oBaHue U Iy AbCaliys.

[Teapio cTaThy sBASETCA IIPOBeAEHME aHaAu3a KOHCTPYKTMBHBIX U TeXHOAOTMYECKMUX
0CcOOeHHOCTel IIeCTepeHdaThIXHACOCOB A A5 110CAe Ay IOIel pa3pabOTKU ITPOTOTUIIa KOHCTP YKL
IIecTepeHJaToro Hacoca, obecreunBaolero MakCMMaAbHyIO IIPOU3BOAUTEABHOCTh U Pecypc
AeTazell, 3 KOTOPhIX COCTOUT HacocC.

2. MeToanl

A5 aHaAM3a KOHCTPYKTHUBHBIX M TEXHOAOTMIECKIX OCOOeHHOCTel IIPUMEeHIANCh KPUTePUN
TOYHOCTU M3TOTOBAEHNSI IlIecTepeHYaThIX HaCOCOB.

AAsl yCTaHOBAEHMSI CXOACTBA B MeK3yOHBIX IIPOMEKYTKaX IIecTepeH4YaThIX HacOCOB
UCII0AB30BaANCh TEOPUM TOA00MS U Pa3MePHOCTI.

O0OvbeanHeHne XapaKTepUCTUK IIeCTepEHIATHIX HACOCOB (3a30Phl, ITyAbCalllN, IITyM, I3HOC)
OCyIIIeCTBAsIA0Ch ITIOCPeACTBOM CHHTe3a.

3. PesyabTaThl 1 OOCYyXAeHMe

[IpeannpuHMMaeMble B HacTosIee BpPeMs MeTOAbl YAYYIIEeHMs CyIIecTBYIOIIeIro YpOBH:
TeXHMKM BKAIOYAIOT M3MeHeHIe KOHCTPYKLMI 3yOuaThIX KOJeC 3a CdeT Aydllell HOATOHKU
U yBeAMdeHNs TOYeK KOHTaKTa MeXXAy 3yObsAMM. DTO CBSI3aHO C ITOBBIIIIEHMEM TOYHOCTM WX
BBIIIOAHEHN:I, YTO IPUBOAUT K DKCIIOHEHIIMaAbHBIM 3aTparaM. boaee gemreBbiM peleHrem
SABASIeTCs pa3dpabOTKa TaKMX KOAeC, B KOTOPBIX yAYYIIIeHO IpuJeraHue Inap 3yOOB, BXOAAIIX
B KOHTP(QOPCE, T.e. YMEHBIIEHO MeX3yOHOe paccTosHme. DTa IleAb AOCTUTAETCS 3a CUeT
yBeAMdeHUs paauaAbHbIX CUA, A@VICTBYIONINX Ha BaAbl IIlecTepeH. PaccTosaHne MexXAy KoaecaMu
He (PUKCHPOBAHO, UTO IIO3BOASAET MCIIOAB30BAaTh HTOT MeTOJ. CyIecTBeHHBIM HeAOCTaTKOM
TaKoTO I10AX0/a SIBASETCs yBeAdeHye 0AHOCTOPOHHIX Iy AbCUPYIOIIMX YCTaAOCTHBIX HaIrPy3o0K,
M3BECTHBIX KaK Hambo/ee He0AaroNpUATHBIE C TOYKM 3PeHMs KOHCTPYKLUMM MAIINHBL DTO
TakKXXe IIPUBOAUT K YBeAMYEHUIO TPUOOAOIMYeCKOTO M3HOCA, YTO COKpallaeT CPOK CAY>KOBI
u3geaus U, cAej0BaTeAbHO, IPUBOAUT K yBeANIEHUIO 3aTpar B AOATOCPOYHON IIepCIIeKTBe.
Uaes, aexxaniast B OCHOBe HTOM KOHIEIIINN, UAAIOCTPUPYETC PUCYHKOM 1.
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Anarus KOHCMPYKMUBHOIX U MEXHOAOZUUECKUX ocobeHHocmell uiecmepeH1arvlx Hacocoe

a) 3a30pHI 1 ITyAbCalluM B CTaHAQPTHOM Hacoce b) 3asopsl 1 myAbcarniuy B Hacoce C MEHBIINM
3a3opoM (0oblIee coraacoBaHyie IIeCTePeH)
Pucynox 1. KOHTaKTEI B IIIeCTEPHAX B Pa3AMYHBIX KOHCTPYKIIVAX IIIeCTepeHIaThIX HaCOCOB

JaapHelie Hay4yHble ICCAeAOBaHMS JOKa3bIBAIOT, 4YTO yAydllleHMe MeXX3yOHOro
IIpOCTpaHCTBa CHIKAeT Iy AbCalliio Ha 75%, 94TO Tak>Ke IPUBOAUT K 3HAUNTEeAbHOMY CHUKEHUIO
ypoBHs Imyma Ha 5 genubea [1, 2, 3]. JonoaHnTeAbHOE MCIIOAb30BaHME KOCO3YOBIX KO.Jec
AOTIOAHUTEABHO CHVDKaeT ITyAbCaINIO U TOBHIIIaeT 9P PeKTUBHOCTb PabOTHI.

CoszaaBaeMblil IIIyM TUAPaBAMYECKOTO 0DOpPyAOBaHUS UTpaeT TakXKe BaKHYIO poAb IpuU
UICIIOAB30BaHUM €TO Ha IIPOU3BOACTBAX, IIOCKOAbKY OHO SBASETCA IIPeAMeTOM TpyJa 4eA0BeKa,
YTO IIPUBOAUT K eIrje OOABIINM OIpaHMYeHNAM I10 IIIyMY U BUOpaIMsIM, IIPOAMKTOBaHHBIM KaK
CBOOOAHBIM PBIHKOM, TaK U HaI[MOHA/ABHBIMU 1 €BPOIIeNICKMMI HopMaMu. B kagecTse mpumMepa
IIIecTepeHYaToro Hacoca, yA0BAETBOPSIOIIero TakiuM HOpMaM, MOXKHO OTHECT) HacOC C HyA€BBIM
6okoBpIM a10pTOoM 110 rtateHTy Casapp Ne US5624251.

1 - AMcKOBBIIL; 2 - KOPIIYC; 3 - IeCTePHs aKTUBHAsL; 4 - 91eMeHTHas KOMITeHC Al MeXaHUIeCKIX
pajnaAbHBIX 3a30POB; 5 - KOPITyC ITOAIINUITHMKA CKOABXKEHIs; 6 - TIOKpHITHE; 7 — 60ATOB
Pucynox 2. Illecrepenyatsii HACOC € HyA€BBIM OOKOBEIM A10¢pTOM 110 rareHTy Casapp No
US5624251 ot 1997 1.
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Mexannyeckne pemtenus, paspaboranHple 3a 200 AeT IPOMBIIIAEHHON ITPaKTUKM,
IIO3BOAMAMN CO34aTh PeIlleHNs C AByMsI TUIIaMU B3aIMOCBSI3ell MeXXAy 3yOuaThIMu KoaecaMu [4].

[MlectepenyaTble HACOCHl C BHEIIHMM M BHYTPEHHUM 3allelldeHNeM MMeIOT pasHble
XapaKTepUCTUKN ¥ IapaMeTphl, 4TO CO3JaeT AAs HUX pas3Hble phIHOYHBIe HUIIN. B ocHoBHOM
OHM MCIOAB3YIOTCSA B COCTaBe IOABEMHMKOB, CUCTeM YIIpaBAeHUs IOABECKONM TPaHCIIOPTHBIX
CPeACTB, a TakXXe A4s OOIllero TpaHCIIOpTa Macla U TaM, rae TpedyeTcs TOYHOe A03MpOBaHue.
Xora mpuHUMII pabOThl B HacCTOs:AIlee BpeMs OCTaeTCsl HEeM3MEHHBIM, MOXKHO 3aMeTUTh
pasAnyHbIe yAy4IlleHNs, IOBTOPSIOIIMEeCs] B Pa3AMYHBIX IIPpeAJ0XKeHUsAX, HallpaBAeHHbIe Ha
HeKOTOpoe yaydIlieHne paboTsr [4].

Pemenne, npeaaoxennoe kommannert BOSCH, sisasieTcss AnaepoM Ha phIHKe IIeCTepeHYaThIX
HaCcOCOB I10 KaueCTBY MCIIOAHEeHMs 1 yPOBHIO ItyMa [5, 6] (pucyHoOK 3).

Gear pump axial compensation
Axial seal External pressure zone Internal pressure one Radial seal

Cover Fange

Pucynok 3. [llecrepeHuaTsiil HACOC C BHEIIHMM 3aljellA€HIeM I OCEBOI KOMITeHC aI[/el KOMITaHII
Bosh

DTO CBA3aHO C ropasgo ©0oaee BBHICOKMM TEXHOAOTMYECKUM PeXMMOM, TOYHOCTBIO
VICIIOAHEHNUs ¥ HPUMEeHeHMeM BBICOKOKAYeCTBEHHBIX MaTepualoB C MaAOl MCTUPAEMOCTBHIO
U YCTOMYMBOCTBIO K YCTaAOCTHBIM HarpyskaMm. OaHako 0OABIINM HEA0CTaTKOM AaHHOTO BUAa
TUAPaBANIECKOTO 000PYA0BaHMs CAYKUT DOAee BHICOKAs PHIHOYHAs CTOMMOCTD.

[ToMuMO 11€CTepeHHBIX HACOCOB C BHEILIHMUM 3allellAeHIeM, CyIIeCTBYIOT Tak>Ke HacoChl C
BHYTPEHHIM 3allell1eHneM, Tak Ha3plBaeMble TepOTOPHBIe HacOCH [4] (pucyHOK 4).
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Pucynox 4. Illecrepennsiit Hacoc BOSCH ¢ BHyTpeHHUM 3a1ieriaeHriemM

BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 207
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Anarus KOHCMPYKMUBHOIX U MEXHOAOZUUECKUX ocobeHHocmell uiecmepeH1arvlx Hacocoe

BuyTpennue mecrependarsie HaCOCH 3HAYUTEABHO AOPOXKE, HO CO34al0T MEHbIIIe IITyMa I
MMEIOT KOMITaKTHBIN KOpmyc [7].

B nacrosimee speMs B IIPOMBIIIAEHHOCTY Yallle BCeIO MCIOAb3YIOTCS HACOCH! C BHEIIHUM
3alieIiAeHneM, 4YTO 00yCAOBAEHO UX IIPOCTON KOHCTPYKIIMe ¥ HU3KOM I1eHOIA.

[lecTepenyaTbie HaCcOCH IPEACTaBASIOT COOOJ HPOBEPEHHYIO KOHCTPYKLUMIO C PsIAOM
HEOCIIOPUMBIX IIPEMMYIIECTB, OIpeAeAsIOmNX X M0Ae3HOCTh B IPOMBIILAeHHOCTH. TeM He
MeHee, OHM He AMIIeHbI MHOTUX HeAOCTaTKOB. ECTh ps14 KOHCTPYKTUBHBIX U DKCIIAyaTallMIOHHBIX
1po04eM, ¢ KOTOPBIMM PUXOAUTCA CTaAKMBAThCA B COBPEMEHHOJ TeXHMKe MPU IpUMeHeHIN
IIIeCTePeHYaTHIX HaCOCOB.

IIpeacraBaenHple caydanu OTHOCATCS K OTKa3aM HacOCOB, HeOAaroIpMSATHBIM SABACHUSM,
MpeACTaBASIONINM X HeIIOCpeACTBeHHbIe ITPUYMHBI OTKa3a.

OaHUM M3 KAIOUEBBIX SABAEHMII OTKA30B IIeCTepeHJdaThIX HACOCOB SABASETCS YCTaAOCTHBIN
n3HOC 3yOuaThIx Koaec [3, 8, 9, 10] (pucyHoK 5).

Pucynok 5. VsHoc niecrepHn Hacoca

B aurtepatype [11] usBecTHB cayyan, 4TO IPOU3BOAUTEABHOCTh Hacoca OblAa MOBbIIIEHA
3a CYeT yBeAMYeHIsI MOITHOCTH, AY4IIlero BrI0opa reoMeTpun KpuBM3HeL 3yobes. OgHako Ob110
AOKa3aHO, YTO B TaKMX CAydasgX IIPOMCXOAWUT yBeAUMYeHMUe AaBAeHUs, pacxoa >KUAKOCTU U
CKOPOCTM BpallleHNs BadoB, YTO yCKOpseT TaKMe sBAEHMS M3HOca, KaK TodedHasi Kopposus. B
AaAbHENIIeM 9TO SBAEHNe IIPpUBeAeT K CHVDKEHMSIO IPOU3BOAUTEABHOCTH, a 3aTeM K OTKasy
Hacoca.

B cayuae mecrepeHHbIX HACOCOB KOPILYC Hacoca TakKe IogBepsKeH n3Hocy [12]. DTo cazaHO
C BBICOKMM JaBAeHUeM, U B psje cAydaeB IlepeKauMBaHMeM ITPOHUKAIONIUX KMAKOCTeM, T.e.
HBIOTOHOBCKIX JKMAKOCTeN. XapaKTep DTUX SBAEHUI AaBUHHBIN, 4TO CO34aeT AOTIOAHUTEABHYIO
YyTPO3y APYIMM KOMIIOHEHTaM, a B KpalHUX CAyYasX UM yTPoO3y 340POBBIO M KU3HM AIOAEN,
HaXOAAIIMXCs B HEIIOCPeACTBeHHON 0AM30CTU OT TMAPOOOOpyAoBaHNU:A. DTO O3HadaeT, 4To
KAIOYeBBIM MOMEHTOM SBASIeTCS IIPOeKTUPOBaHMe KOHCTPYKIIMII HAacOCOB TaKUM 0OpasoM,
9TOOBI 130€KaTh KOHILEHTpalluM JaBAeHNS Ha IIeCcTepHsAX Oe3 3HauMTeAbHOIO yBeANYeHNs UX
pasmMepos.

[Tocaegnue HaydHBIe MCCAAOBAaHMS C MCIOAB30BaHMEM METOJa KOHEYHBIX DAEMEHTOB
IIOKa3bIBAIOT, KaKue HaIpsDKeHMs BO3HUKAIOT Hpu paboTe IIecTepeHYaToro Hacoca [12].
Apropamn myOaAuKauy I10Ka3aHO, YTO paclipejeleHue AaBAeHIUs B IIecTepeHdaTOM Hacoce
He paBHOMEPHO, M TeM CaMbIM BaAbl HacOCa MCIIBITBIBAIOT YCTaAOCTHYIO Harpy3Ky TOABKO B
OAHOM HampaBAaeHUM (PUCYHOK 6). JonoaHnUTeAbHas MyAbCallyisl IPUBOAUT K AaAbHENIIUM
K041e0aHMsAM KOHCTPYKIIUM, B TOM 4YCAe U BaAa, YTO TOABKO aKKyMyAMpyeT HeOAaronpusATHbIe
SIBACHIL.
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Pucynox 6. Hanpsixenns B KopIiryce Hacoca

YcraHoOBA€HO, 4TO ellje OAHUM aclleKTOM MPOOAeMHBIX XapaKTepUCTUK B paboTe HOCOCOB
ABAAIOTC BO3HMKamomme myapcanmy [1, 13]. Kak yxe Opl10 cKazaHO, DT KOHCTPYKIINM
OTAMYAIOTCsI MaAOJ Iy Abcalliieli, HO TeM He MeHee, BCe ellle IPeAIPUHIMAIOTCs YCUANS, YTOOBI
CBeCTU K MUMHUMYMY 9TO siBAeHUe. EAMHCTBeHHBIM M3BeCTHBIM Ha CeTOAHSIIHNIL AeHb MeTOA0M
SIBASIETCS TaK>Ke BHIITIeYIIOMSIHYTasl KOPPeKINs MeK3yOHOTO ITPOMeXKyTKa.

Heo06x0A1Mo0 BBIAEANTH TaKKe HeO.AaroNpIsITHIE BUOPALVIOHHBIE SBA€HIIs], BO3HIKAIOIe
IpU MOpaKTUYeCKOM HpUMeHeHun TIuapoodopygosanms [2, 14]. CaeactBymeM coOOCTBEHHBIX
BUOpalMil IIIecTepeHYaToro Hacoca sBASIOTCS TakkKe BUOpanUM CaMUX TUAPaBANMIECKIX
AVIHUIL, KOTOpPBIE, IT0ABEepTasich X 0COOOMY BO3A€IICTBUIO, IOABEPKEeHbl YCKOPEHHOMY BBIXOAY
U3 CTPOsI, yBeANIMBasl DKCIIAyaTallIOHHEIe pacXxoel. OcOOeHHO OCTpo BTa IpobJemMa CTOUT B
clydyae C HacocaMl, IAe CKOPOCTh BpallleHNs] OTHOCUTeABHO BBICOKA (COTHU THICSY ITMKAOB). B
HTOM cAydae HeOOXOAMMO B KOHCTPYKLIMI HaCOCOB MCIIOAB30BaTh KOMILAEKTYIOIINEe OOABIIIETO
pasmMepa ¢ HU3KUM KOD(PPUIIMEHTOM I10Ae3HOIO AelcTBusA. DTO TpeOyeT OT pa3dpabOTUMKOB
HacoOCOB JOIIOAHNUTEABHBIX KallMTaAO0BAOXEHMII, YTO HPUBOAUT K JaabHeNIIeMy POCTy UX
PBIHOYHBIX IIeH U BAMseT Ha 004ee MeJAeHHOe pa3BUTHe APYTUX OTpacAeil, T. e. TeX, B KOTOPbhIX
JICIIOAB3YIOTCS IIIeCTepeHHbIe HacOCHI.

[lym — sBAeHMe, IMPOKO IIPU3HAHHOE BPeAHBIM IPOMU3BOACTBeHHBIM (Qakropom. Ha
npo0aemy IIyMma B BuAe MH(QpasBykKa oOpaTnAl BHMMaHME OTHOCUTEABHO HeAaBHO. TOABKO
crangaptel PN-ISO 7196:2002 n PN-ISO 9612:2004 ycraHOBMAM AOIyCTUMBIE 3HadeHU:
nHppaszsykosoro myma s 2002 rogy MUHICTPOM Tpy4a U COIIMAAbHOM IMTOAUTUKN Ha OCHOBAHUM
IpeiBapuUTeAbHBIX MCCAe0BaHMIi [15]. JaHHbIe cTaHAQPTHI OIIpeAeAsIOT MaKCMaAbHLIN YpOBeHb
1IyMa, KOTOPOMY MOJKeT IIodBeprarscs ollepaTop padoramomux MamuH. [TpegaosxenHble Ha
CeTOAHSAIIHNUI AeHb ITyMOTAYIIUTeAN B BUJAe MeXaHMYeCcKUX BUOpOCTabuAM3aTOpOB CO34ai0T
AOIIO/HUTEABHBINI BeC, YTO sBASIeTCA MX HeA0CTaTKoM. KOHCTPYyKIIMI M3BECTHBIX CErOAH:
IIIecTepeHYaThIX HaCOCOB I03BOAseT CHU3UTDL BUOpaIy, HO He BO BCeX AMalla3oHaX ero paboThI
[3, 16, 17]. Kpome TOrO, icioAb30BaHMe 4eMII(pepoB yA0posKaeT KOHEUHbIN ITPOAYKT.

Kapuranms — sBaeHme, conmpopoXKJaloljee KOHCTPYKIIMIO ¥ DKCIIAyaTallMIO0 HacoOCOB C
MOMEHTA MX I10sBA€HNs B IPOMBIIIAeHHOCTH. DTO sIBAeHle MeHee BbIpa>keHO B IIlecTepeHYaThIX
Hacocax [3, 18, 19, 20]. Ognako B Hacoce eCTh TaKe KOHCTPYKTUBHBIE MeCTa, I4e BOZHMKAIOT Pe3Kue
CKa4YKM 4aBA€HI:I, CAeA0BaTeAbHO, OHU SIBASIOTCS HEIIOCPeACTBeHHO IIPUYMHON [IOBBIIIEHHOTO
M3HOCA DTOTO Hacoca. DTUM MeCTOM B OCHOBHOM SIBASIIOTCSI MeK3yOHbIe IIPOMEeXKYTKMU.

OrmmcanHbIe BbIIIe TPO0AeMBI TPMOO0A0TYeCKOTO U3HOCA, HePaBHOMEPHOCTH MMITY AbCHBIX
Harpy3oK, MyAbcalluM ¥ KaBUTAIMI COIIPOBOXKAAIOT BCe KOHCTPYKIIMM M3BECTHBIX Ha pPBIHKe
IIecTepeHYaThIX HacocoB. OHM OrpaHn4eHbl TOYHOCTLIO M3roropaeHns:a. Hecmorpsa Ha 37O, Ha
pBIHKe HaDA104aeTCsl He0CTaTOK HOBBIX, MTHHOBAITMOHHBIX KOHCTPYKTVMBHBIX U TEXHOAOTMYECKIX
pellleHnii IIecTepeHYaTbIX HaCOCOB, YCOBEPIIeHCTBOBAHHBIX C DKOHOMMYECKON TOUKU 3PeHM.

BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 209
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



AHarus KOHCMPYKMUBHOLX U MEXHOA0ZUHECKUX ocobeHHocmell utecmepeHuamovix Hacocos

[lecTtepenyaTsiii HacOC MMeeT MHOXKECTBO IIPeMMYIIecTs, OAHAaKO HeAOCTaTKM B OOAbIIen
CTeIleH! IIPeIIsITCTBYIOT MX MCII0Ab30BaHNIo. Takke cMeHa epeKadyBaeMOoll cpeAbl OKa3bIBaeT
BAVSHIE Ha YXyALLIeHNE €€ XapaKTePUCTUK, YTO ITOATBEP>KAa€TCsl MHOTOYMCAHHBIMY HAYIHBIMU
nccaeaopanusmu. Hermoaxoasmee macao, mornagaHue BOABI, U3MeEHeHle IIAOTHOCTH ITUIIIeBOI
SKMAKOCTYL — BCe 9TO BAMAET Ha YCKOPEHHBIN M3HOC.

Koncrpyknum mecrtepeHYaTsIX HACOCOB MMEIOT MHOTO ITpeuMyInects. baarogaps TounsiM
TeXHOAOTMIM M3TOTOBAEHNs BO3MOYKHA BHICOKasl YHM(UKAITUS ITPOU3BOACTBA KOMILAEKTYIOIINX
AeTajeil, 4TO sIBAseTCs O4eHb XOpolleil 0a3oil A4s BHeApeHUs IlepelOBBIX MHHOBaLMil. Jas
IIecTepEHYaThIX HacOCOB XapaKTepHO MaJdoe KOAMYEeCTBO IOJABVOKHBIX (TPYILIMXCs) YacTeil I10
CpaBHEHUIO C APYTMMM KOHCTPYKIMSMM, HalMeHbIas MIyAbcalls M IIYMHOCTb. VIX aerko
00CAy>K1BaTh, OHM MOTYT ABUTaThCs B OOOVX HaITpaBAeHMIX C BO3MOKHOCTBIO TOUHOI ITepeKauKy
BSIBKMX KUAKOCTEIL.

Takum oOpasom, co3daHMe KOHIIEMIIMM MHHOBAIIMOHHOIO IIeCTepeHdYaTOro Hacoca AAs
IMAPaBANYECKUX CHUCTEM YIpaBA€HUS HPOU3BOACTBEHHBIMI MalllMHaMM C VCIIOAb30BaHNUEM
pa3dAMYHBIX TUIIOB Mace, a TakXXe KOMIIAKTHOIO KOHCTPYKTHMBHOIO pelleHMs AAS TallleHIs
MeXaHI4IeCcKIX KoAeOaH!II, CHU>KeHI s CMAOBBIX HAarPY30K M YPOBHI IITyMa sIBAsIeTCs aKTyaAbHOI
3agadeil 4451 pa3sAMIHBIX 001acTell IPOMBIIILAeHHOCTH. PellteHneM BhIIIe yKazaHHBIX ITpo0.aeM
MOXKET SIBUTBLCSA CO3JaHle IIPOTOTUIIA IIeCTepeHYaToro Hacoca, B OCHOBE KOTOPOIO AEXKUT
koHnenmus V. Kemaepa. Kpurepusamm gasd IIpoeKTUPOBaHUsA YCOBePIIEHCTBOBAaHHON
KOHCTPYKUMM OyAyT sBAATBCA 0O0beM MeXAy 3yObsMM, TaHTeHIMaAbHBle HarpysKH,
IIpOCKaAb3bIBaHNs ¥ KOHTaKTHBIE ITOBepXHOCTH 3yObeB. Takke OyAyT MCIIOAb30BaTLCS METOAVIKIA
Koppeknun (GpopMel 3yObeB, KOTOpbIe HallpaBA€HBI Ha AOIOAHUTEABHOE yBeANdeHre oObeMa
MeXKAY 3yObsIMU, UTO IIPUBOAUT K HOBBIIIEeHNIO 9P PeKTUBHOCTI Hacoca.

4. BeiBOABI

AHaAM3 CyILIEeCTBYIOIINMX ITIOPIIHEBLIX HACOCOB BBIABUA Psi HEAOCTAaTKOB, TaKMUX, Kak:
BBICOKIII YPOBEHbD IIIyMa, I1yAbCalliiy, BBICOKME CILAOBbIe HAIPY3KU, U3HOC AeTalell Hacoca.

Ha ocHose anaamusa ycraHOB4eHO, UTO HeOOXO4uMa pa3dpaboTKa IecTepeHJaToro Hacoca
C YHUBepCaAbHON KOHCTPYKIMeil Aas obecriedeHus dPQPeKTUBHON 3allUThl BCeX JeTadeil
TMAPOCKCTEMBI OT M3HOCA KaK OT CAMOTO MacAa, Tak ¥ OT IIepeMeHHbIX Harpy30K. DTO YMEHbIINAT
YacTOTy pPeMOHTA U 3aMeHbI KOMILAEKTYIOLIIVIX.

HoBass KOHCTpyKIus IIecTepeHYaTOTO Hacoca IIO3BOAUT 3aMEHMUTh CyLIeCTBYIOIIue
MOpIITHEeBbIe HACOCHl, WCIOAb3yeMble B CHAOBOW Tugpapauke. Emre ogHa mnepcrexkTusa
- 3HAYMTeAbHOE CHMJKEHMEe W3HOCa INeCTepeH U APYIUMX KOMIIOHEHTOB, 4TO YMEHBIIUT
DKCIIAyaTalMOHHbIEe PACXOAbl M Harpy3Ky Ha OKPY>KalOLyIO cpeay.

PaspaboTka HOBOJ KOHCTPYKIIMM IIIeCTEPEHYaTOTO Hacoca IIO3BOAUT YMEHBIIUTD
IyAbCalyiyi, KaBUTALVM, IIOBBICUTb AaBAE€HUS B HACOCe U YMEHBIIUTh YTEUKU C TeYeHNHeM
BpemMenn. /laHHble moKazaTean OyAyT MO3UTUBHO BAMUATH Ha yBeandenue KI1/ nacoca n cpoka
CAYXKOBI.
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TicTerepmiikTi cOprblaapAblH KOHCTPYKTUBTI JX9He TeXHOAOIMSIABIK epeKIIeaikTepin
Taaaay

AngaTtna: Makazaga TicTerepIrikTi COpFbLAapABIH HeTi3ri KOHCTPYKTUBTI JKoHe TeXHOAOTUAABIK
epekIeaikTepi KeATipiareH O6episic KOHTaKTiAepiHiH cumIaTTaMachl 0AapABIH ©3apa opeKeTTecyiHe
>KoHe eHAipic aAoaairinge. Ticapaablk Kenicrikreri GarliaaHbICTapABIH apTybl IYAbCALIVISHBI 75%
- Fa, 11y JeHreifiH 5 geumbeare teMeHJereai. KucwikTicTi GepisicTepai KoagaHy TicTerepImikri
COPFBIAAPBIHBIH, TUIMAIAITiH apTTHIpaAbl XKoHe MyAbCallMsHbI azaliTagbl. CRIPTKHI idiHicyi Oap >KoHe
OCBTiK KOMIIeHCalMsChl Oap TiCTereplIiKTi COPFLICHI >KOFaphl J2AAIKIIeH >KoHe >KOFaphl calladbl
MaTepualjapMeH IIapIay >KykTeMelepiHe TesiMAi. Imiki izinicyi Gap TicTerepImikTi cOpFblAapbl
BIKIIIaM KOPIIyCKa I1e >KoHe a3 Iy HIbIFapaabl. Ic )Ky3iHAe kebiHece CHIPTKHI iaiHicyi Oap TicTereprmikTi
COpFbIAapbl  KOHCTPYKIMACHIHBIH —KapanalbIMABIABIFEL MeH ToeMeH ©OarachblHa —OaifAaHbICTBI
KO4AaHblAaAbl. TicTerepnrikTi cCOpFBIHBIH KOPIIYCHI >KOFaphl KbICBIMFa OalldaHBICTHI TO3yFa OelfiM.
Coprpl XXYMBIC icTenn TypraH Kesge Oipkeaki eMec KepHeyaep Maliga 0oaaabl, Oya Oiaikke Oip
OarbITTa IIapiIay KykreMeciHe akeaedi. KocsiMIna myabcanins KYphLABIMHBIH TepOeiciHe akeaeai.
TicTerepirikTi COpFBICHIHBIH ©3iHAIK TepOeAici OHBIH iCTeH IIBIFYBIHA BIKIIAA eTeal, acipece aiHaAy
kb1agamMApiFsl 100000 nmka 6oaca. TicrerepirikTi cOpFpl >KYMBIC icTereHae iy maiida 0oaaabl,
OHBI ABIOBIC OIIiprinTepMeH HeMece JeMIlpepaepMeH coHAipyre 001aabl, Oy COPFLIHBIH OarachIH
apTThIpaabl. TicTerepliKTi COPFBIHLIH TicTep apaAbIKTapbl KBICBIMHBIH KYPT >KOFapbliaybl Ke3iHge
KaBUTalMsAFa YIIbIpaliabl, Oy TO3yAbl apTThipabl. TO3yAbl Iy AbCallSIHEL, AipidAl, Ty ABI KOO YIIIiH
MaliaapAblH 9pTYypAl TypAepiH >KoHe Tic IIIIIiHIH Ty3eTy a4icTepiH KOA/4aHa OTHIPLIIL, TiCTerepIIiKTi
COPFBIHBIH >KaHa KOHCTPYKLMSICH YCBIHBIAAABI.

TyiiiH ce3aep: TicTereplIiKTi COPFBICH, CaHblAay, IyAbCALlVs, TO3Y, KaBUTall s
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'Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan
?Poznan University of Technology, Poznan, Poland

Analysis of design and technological features of gear pumps

Abstract: The article presents the main design and technological features of gear pumps with a
description of the contacts of the gear wheels during their interaction and manufacturing accuracy.
The increase in contacts in the interdental space reduces the pulsation by 75%, the noise level by
5 decibels. The use of helical gears increases the efficiency of gear pumps and reduces pulsation.
External gear pump with axial compensation with high precision and high quality materials resistant
to fatigue. Internal gear pumps have a compact body and are less noisy. In practice, external gear
pumps are most commonly used due to their simple design and low cost. The gear pump housing
is subject to wear due to high pressure. During operation of the pump, uneven stresses occur, which
leads to fatigue loads on the shaft in one direction. Additional pulsation entails oscillations of the
structure. The gear pump’s own vibrations contribute to its failure, especially if the rotation speed
is 100,000 cycles. During the operation of a gear pump, noise occurs that can be dampened with
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silencers or dampers, which increases the price of the pump. The interdental spaces of a gear pump
are prone to cavitation during sudden pressure surges, which increases wear. To eliminate wear,
pulsation, vibration, noise, a new design of the gear pump is proposed using various types of oils and
methods for correcting the shape of the teeth.

Keywords: gear pump, clearance, pulsation, wear, cavitation
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Study of the deformation characteristics of soils with a change in
humidity

Abstract. This paper discusses the anisotropic properties of soils and the issue of the
influence of soil wetness on the stress-strain state of an anisotropic foundation. The study
of material properties and the nature of these properties is directly related to the origin and
structure of the object under study. The most important of them from the point of view of
calculations of foundations, design of buildings, and structures are deformation, strength,
and filtration anisotropy, which introduce changes to a greater or lesser extent in the
stress-strain state of soil massifs. The entire set of physical and mathematical properties of
soils is determined by their structure and texture, which, in turn, are formed depending
on the composition and genesis of soil deposits, as well as under the influence of external
factors leading to the transformation of the stress state of the soil mass. Practically in all
experiments in which the deformation, filtration, strength, and other properties of soils
were studied in various directions, a difference in their indicators was noted. Such results
testify to the anisotropic manifestation of these properties. An elastic (linearly deformable)
soil model is considered a design model of soils that make up an anisotropic base.
Keywords: soil, deformation, anisotropic, properties, model.

DOI: doi.org/10.32523/2616-7263-2023-143-2-215-224

1. Introduction

The anisotropic properties of ground sediments and rocks have been studied by many
researchers. The peculiarity of the object predetermined the study of anisotropy of a number
of properties of rocks and soils, in particular, such properties as deformability, strength,
swelling, permeability, and thermal conductivity [1]. The most important of them in terms of
calculations of foundations, design of buildings, and structures are deformation, strength, and
filtration anisotropy, which make more or fewer changes in the stress-strain state of soil masses:
foundations, embankments, etc [2-3]. Soils as products of rock and rock destruction are dispersed
media. The entire set of physical and mathematical properties of soils is determined by their
structure and texture, which, in turn, are formed depending on the composition and genesis of
soil deposits, as well as under the influence of external factors that lead to the transformation of
the stress state of the soil massif.

In many studies [4-5] in which deformation, filtration, strength, and other properties of soils
in different directions were investigated, differences in their indicators were noted. Such results
indicate an anisotropic manifestation of these properties. It is impossible to develop precise
methods of calculating soil based on the action of the external load because of the influence of
various factors [6-8]. Therefore, in practice, they replace real foundations with simplified ones,
i.e,, models. The existing models of foundations are shown in Fig. 1.

BECTHUK EHY umenu A.H. I'ymuaesa. Cepust mexnuueckue HAyKu U mexHoA0ZUU Ne 2/2023 215
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Study of the deformation characteristics of soils with a change in humidity

Soil base
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Discrete Elastic model

model Linearly

deformed
emvironment

Transversally Geometric

Rheological Homogeneous : : 2
3 isotropic half-

model half-space

nonlinear half-

Figure 1. Models of soil bases

The main computational models of soils are the theory of linear deformation for calculations
of finite stresses and stabilized settlements; the theory of filtration consolidation for calculations
of settlement development in time; the theory of limiting stress state of soil - for calculations of
bearing capacity, strength, stability and soil pressure on enclosures [6].

In addition to theoretical methods, experimental studies are of great importance for
improving the calculated strain anisotropy of soils.

The choice of the optimal type of foundation depends on the data on soils and their properties.

Clay soils are the most unfavorable for laying foundations: they can shrink when drying,
be eroded by floods, and swell when freezing [7]. These properties are due to the fact that clay
soils consist of tiny particles, having mainly flake shape, and a large number of thin capillaries.
Through them, water fills all the pores of the clay and envelopes the soil particles. The created
mutual attraction provides viscosity to the clay soil. The strength of the ground itself has a strong
dependence on the state it is in (moisture saturation, temperature).

It is not only the study of the degree of transferable stress from the mass of the building or
structure that is significant in testing. Significant conditions for calculation are the forces acting
on the building itself. Additional forces such: as atmospheric pressure; additional mass from
precipitation; wind.

At the level of laboratory tests the maximum and safe level of horizontal and vertical loads is
established. This determines the bearing capacity of the soils and the level of hazard that should
be provided for in case of emergency consequences. During the conclusion of such tests, the
main indicator is the resistance to shear deformation, which leads to changes in the integrity and
fracture. Thus, when designing foundations for structures, an important step is the selection of
a design model for soils [9-10].

The strain modulus is determined by testing soils using compression tests, three-axial tests,
and field tests with stamps. In most cases of geotechnical surveys, strain modulus is determined
using compression tests of sandy and silty clay soils under laboratory conditions [3].

Inmost cases, when conducting engineering and geological surveys, the deformationmodulus
is determined using compression tests of sandy and dusty-clayey soils in the laboratory [8].

A brief analysis of the issue under investigation shows that several aspects need to be
deepened. The nature of anisotropy is poorly investigated experimentally.
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Thus, clayey soils of normal layering without apparent layering (most experimentalists tend
to argue that the soil in the direction of the gravitational forces will be less than in the horizontal
compressibility of such there is the opposite though direction, the statements); completely
unexplored anisotropy of sandy soils.

2. Methods and materials

The laboratory study was carried out on the odometer device. In the following sequence:

1. Soil preparation (Fig. 2);

2. Determine the mass of the soil (Fig. 3);

Fine sand has a particle size of (0.25+0.1) mm. In the studied sample of soil particles size >
0.01 mm, was 76%, such soil is called “fine sand”.

D g

Figure 2. Tested soil samples

b) sandy loam

Figure 3. Weighing samples

Place the examined soil samples in the odometer (sample area A =24.6 cm? sample height
h, =20 mm). Leverage ratio h = 1:5 (Fig.4).
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Figure 4. Test of soil

Compression tests were performed for sand and sandy loam.
We determine the characteristics of soils.

Soil density of natural moisture:
_ M
v @
where, m — soil mass, g;
V — cutting ring volume equal to 50 cm?®.

Natural humidity:
m—my
w=—7

T 3)

where, m, — the mass of dry soil, g.

Dry ground density:
Ji

Jtj':!:l+w (4)

Initial soil porosity coefficient:
p ®)

where, P=- density of solid particles.

o

Using the dependence E=/(p), determined the deformation modulus of natural moisture
sand in the pressure interval 0+1.3 kg. We determine the change in the porosity coefficient of the
sample. The calculation of the coefficient of porosity e of the soil of natural moisture is performed
in tabular form.

Vertical stress in soil:

P-g
F = —-
A-n 6)
where, P — a mass of the load, kg;
¢=9.81m/c%
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A — cross-sectional area (24.6 cm?);
n — leverage ratio (lever arm ratio n = 1/5).

Soil deformation modulus:

Ag
E=—(14+1,)F
ﬁe[ + 1)

)
where,
B 2v°
1—vw (8)

Compression tests for sand

Wetness not included

The cutting ring method, the volume of which is V = 50 cm?, takes a sample of sand of
natural moisture. The diameter of the ring is 5.6 cm; the cross-sectional area A = 24.6 cm® The
mass of sand m, = 85 g. The density of sand of natural moisture: p = 1.7 g/cm?;

The mass of dry soil was determined after drying the soil sample at t = 105°C. The value of
the mass of dry soil is obtained m,=78.7 g.

The indicators were determined using the following formulas:

Natural humidity: w = 0.08

Density of dry soil: p, =1.57 g/em?® P4
Initial coefficient of sand porosity: 1, = 0.69
Using the dependence E=((p), determined the deformation modulus of natural moisture
sand in the pressure interval 0+1.3 kg.

Water-saturated sand test.

The sand has been moistened with water until saturation. Saturation is characterized by the
appearance of water on the surface.

The mass of the sand sample in the cutting ring is calculated m,=95.23 g, density 0,=1.9 g/
cm?’

Natural humidity: w, = 0.21
Density of dry soil: p,, =1.57 g/cm®

The degree of water saturation of the sample is:
_Ps Wy
5,.= =0.804 = 0.8
e p'n.'.-'

where, V=50 cm?® - cutting ring volume;

m_ =93 g — mass of loam in the cutting ring;
After drying the sample at 105°C, the mass of dry soil m, ,) = 84 g was obtained.
Natural humidity: w_ = 0.107

Dry ground density: p, = 1.68 g/cm’
Density of sandy loam solids: o_, = 2.75 g/cm®

Initial porosity factor: 1 = 0.64

Deformation modulus of sandy loam saturated with water.
To test the loam with regard to its wettability we moisten the loam sample. The mass of the
sandy loam sample was m_, =99.96 g.
Density of a sandy loam sample: p_, =1.99 g/cm’
After drying the sample at 105°C, a mass of dry soil was obtained m =84 g.
The moisture content of sandy loam: w = 0.19
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Density of dry soil: p,, =1.99 g/cm®
The degree of water saturation of the sample is: S = 0.808 > 0.8 (saturated with water).
Density of sandy loam solids p_, =2.75 g/cm?®
Initial porosity coefficient /= 0.646.
3. Results and Discussion

3.1 Results of compression tests for sand

Determination of the deformation modulus of sand without taking into account wettability
Table 1 shows the calculation of the coefficient of porosity of sand with natural moisture.

Table 1. Calculation of the coefficient of porosity of sand with natural moisture

Load Vertical Conditionally Relative Porosity coefficient
P(kg) tension 6, stabilized sediment, =~ compressive e;
(kg/cm?); (MPa) mm S strain:
=
0.1 0.02 0.01 0.0005 0.6898
(0.00199)
0.3 0.06 0.015 0.00075 0.6896
(0.00598)
0.8 0.159 0.03 0.0015 0.6895
(0.0159)
1.3 0.26 (0.026) 0.06 0.003 0.689

Deformation modulus of sand: E = 30.14 MPa.
Determination of the modulus of deformation of sand saturated with water
Table 2 shows the change in the porosity coefficient when loading the test soil sample with

a load varying from 0 to 1.3 kg.

Table 2. Changing of the porosity coefficient

Load P Vertical Conditionally Relative Porosity
(kg) tension 6, stabilized compressive coefficient
(kg/cm?); (MPa) settlement, mm S, strain: g;
&
0.1 0.02 0.03 0.0015 0.6874
(0.00199)
0.3 0.06 0.045 0.00225 0.6862
(0.00598)
0.8 0.159 0.06 0.003 0.6849
(0.0159)
1.3 0.26 (0.026) 0.066 0.0033 0.6844
Initial coefficient of sand porosity: [ = 0.69
Deformation modulus:
E=10.8 MPa.
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3.2 Sandy loam compression test results
Determination of the modulus of deformation of sandy loam without taking into account wetness
Determine the modulus of deformation of naturally occurring sandy loam in the pressure

range 0-3 kg. Table 3 shows calculation of porosity coefficient of sandy loam.

Table 3. Calculation of the porosity coefficient for naturally moist sandy loam

Load Vertical Conditionally Relative Porosity
P (kg) tension 6, stabilised sludge, mm compressive strain: coefficient
(cg/em?); (MPa) s, £, A
0.1 0.02 0.014 0.0015 0.6388
(0.00199)
0.3 0.06 0.021 0.00105 0.68827
(0.00598)
0.8 0.159 0.034 0.0017 0.6372
(0.0159)
1.3 0.26 (0.026) 0.038 0.0019 0.6368

Determination of the deformation modulus of sandy loam saturated with water
Table 4 shows the calculation of the moisture porosity coefficient W=0.15.

Table 4. Calculation of the porosity coefficient

Load Vertical Conditionally Relative Porosity
P (kg) tension 6, stabilised sludge, mm compressive strain: coefficient
(kg/em?); (MPa) 5, g g
0.1 0.02 0.016 0.0008 0.64468
(0.00199)
0.3 0.06 0.024 0.0012 0.64402
(0.00598)
0.8 0.159 0.042 0.0021 0.6425
(0.0159)
1.3 0.26 (0.026) 0.068 0.0034 0.6404

Considering the character of o distribution in a transversally isotropic half-space under the
action of a vertical point force on its surface, it is seen that when ground layers get wet, stresses
along the line of action of the point force decrease in comparison to those obtained by taking into
account the anisotropy of the ground.

Deformation modulus: E = 6.2 MPa.

The theory of calculation of structures on an anisotropic soil foundation is based on the
solutions of the theory of elasticity of anisotropic bodies [5]. Simple anisotropy schemes are
used to describe and determine the physical characteristics of a homogeneous transversal-
isotropic foundation. A homogeneous elastic-isotropic medium can be composed with a medium
consisting of a number of parallel layers, of different thicknesses, of isotropic materials having
different elastic properties.

If we denote the value of the deformation modulus of an anisotropic medium as a whole
as Ex, for the direction parallel to the length of the layers, and through Ey for the direction
perpendicular to the length of the layers, then these moduli will be related to the properties of
individual layers.

Deformation moduli of the base formed by the two layers:
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Ey =22 MPa;
E =20 MPa.
Strain moduli in the water saturation state:
Ey =8.1 MPa;
E_=8.5 MPa.
E_X =095 — state close to isotropic
¥

These relations are derived from the condition of constant strain for tension along the layers
and constant stress for tension perpendicular to the layers.

4. Conclusion

These relations are obtained from the condition of constant strains for the case of tension
along the layers and the constancy of stresses for the case of tension in the direction perpendicular
to the layers.

Based on the results, the following conclusion can be drawn:

1. Soil deformation modulus changes (decreases) when it is saturated with water.

2. The moduli of deformation of the base in case of layered occurrence of soils have different
values in the direction perpendicular to the layers and along the layers, in the event that the

St <08 e soils in their natural state.

When the soil is saturated with water, at S, < D'E, the deformation moduli in the direction
perpendicular to the layers and along the layers become the same, i.e. soils are isotropic
throughout the volume.

water saturation of the layers is
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A K. AnTkasnma
A. Cepixoaes amuirdazor Ilvievic Kasaxcmarn mexnukarvx ynusepcumemi, Ockemen, Kasaxcman

blaraaaplablk ©3repreH Ke3ae TONBIPAKTLIH 4edpOopManusiabIK CUIIaTTaMalapbIH
3eprrey

AnpaaTtna. bya Makasaga TOIbIpaKThIH aHM30TPONITH KacueTTepi >KoHe aHM30TPOITHI HeTizain
KepHeyai gepopManusidaHFaH KyifiHiH TOIIBIpaK CyAaHyBIHBIH 9Cepi KapacThpblaaabl. MaTtepuaaably
KacHueTTepiH >KoHe OChl KacueTTepAiH TaOWUFaTBIH 3epTTey 3epTTeAeTiH OOBeKTiHiH IILIFy Teri MeH
KYPBLABIMBI MaceaelepiMeH Tikeaeil OaiiaanpicThl. OaapAblH HeTizgepiH ecenrtey, FuMaparTtap MeH
KYPBIABICTapABl KoOaJay TYPFBICBIHAH €H MaHBI3ABICHI-A4epOpManuAAbIK, OepiKTiK >KoHe Cys3TiI
aHN30TpoII, Oya >Kep MaccalapblHBIH KepHeyi-depopManysalaHFaH Ky iiHe a3AbI-KeIITi e3repictep
oKkeaeai. TomblpakTelH (Qu3MKa-MaTeMaTUKAABIK, KacueTTepiHiH OapABIK >KUBIHTBIFBI OJapAblH
KYPBLABIMBI MEH KYPBLABIMBIMEH aHbIKTaladbl, 04ap 03 Ke3erinAe >Kep acThl IeTiHAilepiHid KypaMbl
MeH reHeslciHe OallAaHBICTBI, COHAAN-aK TOIIBIPaK MacCHUBiHiH KepHeyAi KyIiiHiH esrepyiHe okeeTiH
ylIiHII Tapan ¢pakTopAapbIHBIH dCepiHeH KaablTacaabl. Op TypAi OarbITTap OOMBIHIIA TONBIPAKTHIH
AedopMannAAbIK, Cy3y, ODepikTik >KoHe OacKa KacueTTepiH sepTTereH OapAbIK Aepaik Taxxipubeaepae
OJapAblH KOPCeTKIiITepiHiH aliblpMallblABIFEl OaliKaaabl. MyHAall HOTUKeAep OChl KacueTTepaiH
aHM3OTPOIITHl KOPiHiCiH KepceTeAi. AHM3OTPONTH! HeTi3Al KYpPaThIH TOIBIPAKThIH eCeIlTiK MoJeAai
peTiHAe TOIBIPAKTHIH cepIliMai (CBIBIKTHIK-lepopManusiaaHaThIH) MOAeAl KapacThIphLAabl.

Tyiiina cesaep: Tonnipak, sepopmariyisi, aHU30TPOIITE, KacueTTepi.

A K. AinTkasmHa
Bocmouno-Kasaxcmarckuii mexnuueckuil ynusepcumem um. /. Cepuxobaesa, Ycmo-Kamenozopcxk,
Kazaxcman

Nccaeagosanne gepopManiMOHHBIX XapaKTepPUCTUK IPYHTOB P M3MeHeHUN
BAAXXHOCTU

AnnoTamms. B ganHOI craThe paccMaTpuBalOTC aHU3OTPOIIHBIE CBOVICTBA TPYHTOB 1 BOIIPOC
BAUSHNIS HaMOKaeMOCTM TPYyHTa HaIlpsDKeHHO-Ae(pOpMMPOBAaHHOIO COCTOSIHMS aHM3OTPOITHOTO
ocHOBaHM. VIsydeHue CBOJVICTB MaTepuada ¥ IIPUPOABI BTUX CBOIMCTB HEIIOCPEACTBEHHO CBA3aHO C
BOIIPOCaMU ITPOMCXOXKAEHIIS U CTPOeHNsI 1ccaelyeMoro oobekTa. Hamnbo1ee BayKHBIM 13 HMX C TOYKH
3peHILIsT pacdeTOB OCHOBaHMUI, TPOEKTUPOBaHNA 3AaHNI 1 COOPY>KEeHUI ABASIOTCA AepOpMaIIOHHas,
MIPOYHOCTHAs ¥ (PUABTPaLMOHHAs aHM3OTPOMNA, BHOCAINME B OOAbBIIel MAVM MeHBIIeN CTeIleH!
U3MEHeHNs B HallpsDKeHHO-AepopMHUpOBaHHOE COCTOsHME TPYHTOBBIX MaccuboB. Bech HaOop
(}pusuKO-MaTeMaTNYeCKUX CBOVICTB TPYHTOB OIIpeAeAseTCsl X CTPYKTYPOIl M TeKCTypOii, KOTOpEIe, B
CBOIO ouepeAb, POPMUPYIOTCS B 3aBUCUMOCTH OT COCTaBa ¥ TeHe31ca TPYHTOBBIX OTAOXKEHMIL, a TaKKe
10/ BAVMSHIMEM CTOPOHHMX (PAaKTOPOB, IPUBOASAIINX K TpaHCPOPMalMU HaIPSIKEHHOTO COCTOSTHIAA
MaccuBa rpyHTa. IlpakTmieckn BO Bcex OmbITaX, B KOTOPBIX MCCAeA0BaAUCH AepOopMalllIOHHEIE,
(uabTpanonHble, TPOYHOCTHBIE M APYyTUe CBOJCTBA TPYHTOB IIO Pa3AMIHBIM HaIlpaBAeHIM,
OTMe4YaaoCh pasAudyme X IoKasareaell. Takme pesyabTaThl CBUAETEABCTBYIOT OO0 aHM3OTPOITHOM
IPOSIBAEHUM DTUX CBOMCTB. B KauecTe pacyeTHO MOJAeAM TPYHTOB, CAaraioliyX aHM3O0TPOITHOE
OCHOBaHIIe, PacCMOTpeHa yrIpyras (AnHeltHo-AepopMupyeMast) MOJeAb TPyHTa.

Karougesbie caoBa: rpyHT, gepopManyisl, aHU30TPOIIHBIE, CBOVICTBA.
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Research of the stress-strain state of the loaded assembly for
friction welded device

Abstract. This article presents the results of the study of methods for friction welding
of dissimilar materials and the calculations to determine the structural strength of the
most loaded part of a special friction welding device were made. The analysis showed that
the friction welding method has wide technological capabilities and it is used in various
industries. The designs of existing devices and machines for friction welding were also
investigated. It was revealed that the method of friction welding in the conditions of
machine-building plants of the Republic of Kazakhstan (RK) has not found application
due to the little knowledge and high cost of technological equipment. The authors have
developed a special device for friction welding of dissimilar materials. To optimize the
parameters of the parts, in particular the bracket part, the stress-strain state calculations
were performed using the ANSYS software package and the strength calculation by
determining the acting external critical loads. The results of the calculation showed the
applicability of the developed design of the bracket part.

Keywords: friction welding, dissimilar materials, stresses, structural strength, device,
torque.
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Introduction

Friction welding is a high-performance and economical process for joining parts of the
various materials. In which the mechanical energy supplied to one of the welded parts is
converted into thermal energy directly at the place of the future connection. Such a concentrated
heat release determines the main features of the friction welding [1].

In subsequent years, in many countries, the possibility of joining difficult-to-weld promising
materials by friction welding was investigated. One of the such material is cast iron. In Japan,
studies have been carried out on friction welding of the nodular graphite iron (NGI) FCD 450
with corrosion-resistant steels SUS 304 and SUS 430 [1,2,3]. A simplified model is suggested in
this research for determining the rate of heat input into dissimilar joints during friction welding
using a one-dimensional equation of thermal conductivity [2]. In [4], examples of the friction
welding application for joining cast iron and steel are given. These are critical welded units in
cars: a ferritic cast iron axle body and a combined steel part; cam camshaft welded from cast
iron and steel parts; elements of gas equipment (valves, gates) made of ferritic-pearlitic cast iron
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and steel. In Romania, experiments were carried out on friction welding of samples from Fgn
500-7 cast iron with steel 17MnCr10 [5]. Cylindrical samples had dimensions of 16 x 40 mm. It
has been established that high-quality joints can be obtained only in a narrow range of welding
parameters.

In Poland, a series of experiments on friction welding of the cast iron with unalloyed steel
and non-ferrous metal alloys were carried out. Welded pearlite NGI and low-carbon steel [6].
The resulting welded joints NGI + NGI and NGI + steel had low mechanical properties. The
destruction of all samples occurred along the joint plane. Also, technologies for friction welding
of NGI with a copper alloy and NGI with aluminum [3,7], i.e., such pairs of materials that cannot
be joined by other types of welding, were also studied.

The results obtained indicate the need for further experiments to optimize the chemical
composition and technology of the applying facing and intermediate layers, which ensure the
production of the high-quality welded joints of the cast iron with other metals and alloys [7].

From the listed varieties of the friction welding, the most widely used are: in Europe it
was conventional friction welding, in the USA it was inertial welding, in Japan they were both
varieties mentioned above. The remaining varieties in the industry are still of limited use, but
research work is still being conducted in many countries.

In many countries, friction welding is widely used in the manufacture of the automobile
parts, tractors, agricultural machines, modern aircraft, metal-cutting and other machine tools,
cutting tool blanks, electrical industry products, as well as products of metalworking enterprises
in a number of other industries, which belongs to the serial and mass type. productions.

The conducted studies have shown [8,9,10] that the considered method of friction welding
in the conditions of machine-building plants of the Republic of Kazakhstan has not found
application. The reason for this may be, in addition to the above, the following factors:

- little knowledge of the friction welding method;

- lack of the serial (or mass) production;

- inexpediency of the purchasing equipment for friction welding due to the high cost.

For the production conditions of Kazakhstan Republic, it is necessary to develop a technology
for friction welding of dissimilar materials that differs from the existing ones in high quality and
productivity, versatility, low cost, and at the same time, the design of the used equipment was
not complicated, but also easy to operate. For this purpose, studies were carried out to study the
existing designs of devices and machines for friction welding. The friction welding machine is
known for the “pipe-tube sheet” of the" heat exchangers, consisting of a rotation drive, a flexible
shaft, intermediate supports, a power drive, a movement mechanism, a control unit [11].

The disadvantage of the known machine for friction welding is the complexity of the design
and the high cost of manufacturing, as well as the possibility of welding parts only in a narrow
range of diameters. A known installation for friction welding of long and end parts, containing
a friction welding machine, on the frame of which a spindle assembly with a rotation drive
and a chuck for a rotated part is fixedly mounted, a clamping device with a hydraulic drive,
a mechanism and a unit for loading and unloading parts and finished products and welded
product are also installed on the frame [12]. Taking into account all the shortcomings and factors
identified during the study of the existing methods of the friction welding of dissimilar materials,
the authors are developing a new method of the friction welding of dissimilar materials and the
design of a special device for its implementation [13].

The main part

Figure 1 shows a complete lathe based friction welder.
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a —side view; b — view A; c — top view;
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seam; 5 — mount; 6 — bracket; 8 — cams
Figure 1. A friction welding device based on a lathe

screws for fixing; 4 — welded

Calculation of the stress-strain state of the bracket part, which is the most loaded base part
of the device. To perform the calculation of the stress-strain state of the bracket part, we use
the ANSYS software package. The material of the part is the bracket steel 45. In the program
database, we determine the parameters of structural steel 45.

Table 1 shows the parameters of structural steel 45.

Table 1. Parameters of structural steel 45

Common Material Properties
Density 7.85e-06 kg/mm?®
Young’s Modulus 2e+06 MPa
Thermal Conductivity 0.060500 W/mm*°C
Specific Heat 4.34e+05 m]/kg*°C
Tensile Yield Strength 250.00 MPa
Tensile Ultimate Strength 460.00 MPa
Nonlinear Behavior False
Figure 2 shows the bracket part model.
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Figure 2. Model part bracket

The state in which internal changes in the metal lead to its destruction is called the limit
stress state. The conclusion about the reliability of the design should be made on the basis of
a comparison of the maximum stresses that may occur at the most dangerous point with the
maximum allowable values for a given material. The ultimate stress state of a structure is the
boundary beyond which its operation is unacceptable. The reliability of operation is the higher,
the farther from the limit state the level of actual stresses inside the material of the part. Using
the ANSYS software package to perform the analysis of the stress-strain state of a welded vertical
support makes it possible to obtain output results in the form of three values of the principal
stresses 0, which are the roots of the cubic equation determined by the components of the stress
vector:

o, —0gy 1/20,, 1/2d,,

x

1/20,, o0,—0y 1/20,.[=0

1/20,., 1/20,, o,—0

Principal stresses are denoted 0,, 0,, 0,. The principal stresses are ordered in such a way that
0, is the largest positive stress and o, is the largest negative. The voltage intensity is the absolute
value of the largest of the three differences: 0, -0, 0,-0,0ro,- 0, ie.

g, = max{|al - G-zlr |G-z - G'3||G'3 _Gj_lj

The von Mises stresses or equivalent stresses are calculated using the formula:
g, = (S[(o, — ;)% + (0, — 03)* + (o3 — 0,)*])*?

The calculation in the ANSYS software package is based on the method of permissible
conditional elastic stresses. The stress-strain state of the support is determined by the spatial
work of the calculation model under the action of combinations of the operational loads.

Figure 3 shows the load diagram of the support (bracket details).

Fi5y 2

SNBD /N> O00CE O 7lr
>

Figure 3. Diagram of the support load (bracket details)
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Figure 4 shows the results of the calculation of the support (bracket parts) obtained using
the ANSYS program at various time intervals.

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit MPa

Time: 1
18.05.2021 12:07

. 78,315 Max
69,613
60,911
52,21
43,508

&= 34807

~— 26,105

17,404
I 8,702
0,00046237 Min

A: Static Structural
Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit MPa

Time: 1
18.05.2021 12.08

78,315 Max
. 69613
60,911
52,21
43,508
N 34,807
26,105

17,404
l 8,702
0,00046237 Min

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
18.05.2021 1212

78,315 Max
H 69,613
60,911
52,21
43,508
34,807
26,105
17,404
8,702
0,00046237 Min

a — is the initial period of load application; b — is after 60 seconds; c — after 300 sec
Figure 4. The results of the calculation of the stress-strain state of the support (bracket parts),
obtained using the ANSYS program at various time intervals
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Figure 5 shows a graph of the interpretation of the stress distribution results (o) along the
length (h) of the support section.
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Figure 5. Graph of results interpretation

Let’s calculate the structural strength of the bracket part. Let’s build a calculation scheme of
the acting forces on the bracket part in the process of work. Figure 6 shows the design diagram
of the acting forces on the bracket part.
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Figure 6. Calculation scheme of the acting forces on the bracket part
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The calculation scheme gives: P is resistance force; m is a moment; [, is the length of section
IT; [, is the length of section III; [, is the length of section I; L is the total length.

For the calculation, it is necessary to find and determine Ry Ry Hp
Solution:

and create a diagram.

ZFJ{I:G: P—Hy=0; Hg=P
ZFk.=l:l; R,+Rg;=0; R; =—Ry

Zmﬂ[F) 0; Rg*l,—m—Pxl;=0

m+PJ-'E

II section 0 = 2z = L

A ™ Z}r:l:]‘l le
( P,
Zx =0; N,=—P

M; 4 ZmD=G;M:=F*33+m;

= 111 section 0 = 73 = I

Z}’Zﬂi @3 = —Rp
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Figure 7 shows diagrams of the forces operating on the bracket.
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Figure 7. Diagrams of the forces operating on the bracket: a is a diagram of longitudinal forces; b- is
a diagram of transverse forces; c is a diagram of the bending moment

Discussion

In this example, the structural strength of a bracket fixed in two places is calculated. A
mount is attached to the supporting wall of the bracket. In the process of the friction welding,
it is affected by the opposite force (P) and torque (m) arising from the rotation of the workpiece
fixed in the three-jaw chuck of the machine.

Supports are movable (R,) and fixed supports (R;; H;). These supports provide stability to
the structure. As can be seen from the example, this design will be strong and stable, i.e. since the
force P is equal to the force H,, there is no danger of moving. Shear forces are evenly distributed
throughout the structure and therefore do not have a dangerous point. In the torque diagram,
the maximum torque does not exceed the strength condition for the steel material.

As we can see in the diagram, the longitudinal force N describes the forces acting along
the bracket, i.e. along the rod. Therefore, we see that the longitudinal force exists only in the
second and third sections of the frame. The transverse force Q characterizes the forces acting
perpendicular to the bracket rod. As you can see in the diagram, the first and third cross sections
are under the influence of a force. The moment of the force has the greatest value in the second
and third sections.

Conclusions

1. The results of the study showed that in many countries scientific research is being
successfully carried out to create and improve the technology of friction welding of dissimilar
materials. It was revealed that the method of friction welding has wide technological possibilities.

2. The results of calculating the stress-strain state of the bracket part using the ANSYS
software package and calculating the structural strength of the bracket part of a special device
for friction welding showed that the proposed design and parameters of the main base part
(bracket) of the device withstand a critical load during friction welding.
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YiikeaicrieH gsHeKepaeyre apHaafaH KYPbLAFBIHBIH XXYKTeAreH TOpaObIHbIH KepHeyai
AedpopMansiaaHFaH KYJiH 3epTTey

Anaatma. bya makazaga opTekTi MarepmaagapAabl YIUKeJiclleH AdHeKepaey oAicTepiH
3epTTey HaTmXKeAepi OepiareH KeHe YIKeaJiC JsHeKepaeyre apHaAfaH apHailbl KYPBLAFBIHBIH €H
KOIl JKYKTeAeTiH TOpPaOBIHBIH KYPBIABIMABIK OepiKTiriH aHbIKTay YIIiH ecernrTeylep >KacaAraH.
Taapay yiikeaicrieH JoHeKepaey 94iCiHiH KeH TEeXHOAOTMAABIK MYMKIiHAIKTepre me eKeHiH >KoHe
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9pTYpAi casasapia KOA4aHBLAATBIHBIH KepceTTi. CoHJali-aK YiiKeaicIleH JsHeKepaeyre apHaAraH
KOAJAHBICTAFbl KYPBIAFBLAAPD MEH CTaHOKTapAblH KOHCTPyKIusAapel 3eprreadi. Kasakcran
Pecrrybaukaceiabiy (KP) mammba >kacay 3aybITTapbl KargalibiHAa yiKedicIieH JoHeKepaey aici
6iaiMHIH a3ABIFbIHA XKOHE TEXHOAOTUAABIK KaOABIKTEIH JKOFaphl KYHBIHA OallAaHBICTHI KOAAAHBICHIH
TallllafaHBl ~aHBIKTaAAbl. ABropaap Oip-OipiHe yKcamaliThIH Marepuaajapabl — YilKeaicreH
APHeKep/Aeyre apHaAfaH apHallbl KYPBLAFBI 93ipaeai. Bealmekrepain, aTam aliTkaH4a KPOHIITENH
Oeairiniy rmapamerpaepin oHraitaanAepy yurin ANSYS GargapaamaabiK HakeTiH KOA4aHY apKbLALI
kepHey-deopManusl KyIiH ecernrey >KoHe 9peKeTTeri ChIPTKbI CBhIHM >KYyKTeMeaepai aHBIKTay
apKbplAbl OepikTik ecenrey Kypriziagi. Ecenrey HaTumokeaepi KpoOHIITeNH OeAiriHiH e3ipaenren
KOHCTPYKIMSACBIHBIH KOAAaHY MYMKIHAITiH KOpceTTi.

Tyiiin ce3aep: yiikeicrieH gsHekepaey, apTeKTi MaTepualjap, KepHeyaep, KyPBLABIMABIK
OepiKTiK , KYpPBIAFEI, allHaAy MOMEHT.
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Uccaeagosanne Hanips>KeHHO-A4epOPMUPOBAHHOTO COCTOSHIS HAIPY>KeHHOTO y34a
YCTPOJICTBA AAs1 CBAPKU TpeHMEM

Annoraums. B gaHHOI cTaThe HPUBOAATCSA Pe3yAbTaThl MCCA€A0BaHUsS CIIOCOOOB CBAapKIU
TPeHMeM pa3HOPOAHBIX MaTepUaloB U BBIIIOAHEHBl pPacdyeThl II0 OINpeAeAeHMIO ITPOYHOCTU
KOHCTPYKLIMM CaMOI Harpy>kKeHHON JeTaAl CIeIUaAbHOTO YCTPOWCTBA AAsl CBApKU TpeHHeM.
Anaans 1okasaa, 94TO CIIOCOO CBApKU TPeHMeM MMeeT IIUPOKUe TeXHOAOTMYeCKre BO3MOXKHOCTH U
IPUMEHSeTCs B Pa3ANYHbIX OTPACASIX IIPOMBIIIAeHHOCTH. Takke ObLAYM MCCA€A0BaHbI KOHCTPYKITUU
CYIIeCTBYIOIIMX YCTPOMCTE M MaIllMH AAs CBAPKU TPeHMeM. Brrsisaeno, uTo criocod csapku TpeHneM
B YCAOBMSX MaIIMHOCTPOUTEABHEIX 3aB040B Pecrrybaukn Kasaxcran (PK) ne namrea nmpumeneHmst
13-32 MaAO¥ M3Y4eHHOCTM M BBICOKOM CTOMMOCTM TEXHOJOTMYECKOro obopysoBaHUs. ABTOpamMu
paspaboTaHo cHenuaabHOe YCTPONCTBO A4Sl CBApPKM TPeHUEeM Pa3HOPOAHBIX MaTepuaaos. Aas
ONTUMMU3AIUN TapaMeTPOB JeTadell, B YaCTHOCTU AeTaAM KPOHIITENH BBIIIOAHEHBl pacdeThl
HaIIPsKEeHHO-Ae(pOPMUPOBAHHOTO COCTOSHIS C MICITOAb30BaHMeM IIPOrpaMMHOTIO KomIraexkca ANSYS
U pacyeT Ha IIPOYHOCTDL IIyTeM OIpeeAeHNs AeVCTBYIOIIMX BHEIIHMX KPUTUYECKUX Harpys3oK.
PesyabTaTel pacuera okasaan IPUMEHUMOCTb paspabOTaHHON KOHCTPYKLINY A€TaAl KPOHIITEH.

KaroueBble ca0Ba: ceapka TpeHUeM, Pa3HOPOAHBIC MaTepMaAbl, HAIIPSKEHIUs, IIPOYHOCTD
KOHCTPYKIIUMU, YCTPOWCTBO, KPYTSIIINIT MOMEHT.
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Keaik KO3faaTKbIIIITapbIH iCKe KOCYAbI XXeHiageTeTiH
JKBIAYy aKKyMYAsITOpAapbIHBIH JKYMBIC YA€PiCiH TeOpUSsIABIK
3epTTeyaep

Anpaatnia. Kopuiazan opmarvl, memeHzi memnepamypacol K032AAMKbIUUNIbIH
Keuoip  cunammamarapoiiuly, — HAWAPAAYoiHa, — OeAuiekmepldir, — Oepikmizinil
moemendeyine axen coxkmbuipadvl. Condoikmar 3epmmey XYMbICHIbIY, —He2i3zi
03€KMIALZI: KbIAY dHepusrvl cakmaydolt, adicmepi men macirdepine OAAAHLICTIbL
KOAY — AKKYMYALmopdvl  k00aray, OHOIpIC UUKAIHOeZ  KbAYIbL  KOAJAHY,
KaXemmi muimoi mMamepuardapdvl manday xave onvl xemirdipy esexmi. Ocol
mypeoldan  KOHOLIPZbiHbL  NAUIAAAHYOA KIHE KOSZAAMKOLIUUMAD KYMBICHIHLIH
0ativiHObIZbINA KemKeH UbIZLIHDIHOIY, meMeHdeyl apKacoiHda KeAIK eHIMOIALZIHIH,
KOAIK  K0320AMKbIUL CUNAMMAMAAAPLIHBIY, KOAPAAYLIHA KOA XemKi3irdi. bya
KYMOICMA KUIAY AKKYMYASAMOPLIHOIH, KOSZAAMKOIULIGL Kbl300IpY2a KYMCAAANbIH
KBIAY MOAULEPE, KOIAY AKKYMYALMOPLIHOIY, KOpUlazarn opmaza uibleotHOaumuvit
KBIAY MOAULEPIHIH, KOpuiazan opmaza 06AiHZeH XKULIAY KYyamvl, K032AAMKbILAIIL
Kb13001pY0azol KoY aKKYMYAAMOPbIHLIH KOPULAAH 0pmaza wiblzblHOAtMolH KoIAY
MeAuLept AHLIKMAAJDL.

Tyitin cesgep: XvlAYy aKKyMYyASmopuvl, KulAY MeAuilepl, KOpuiazaw OpmaHuvii
memenzi memnepanypaci.
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1. Kipicme

Kezix KO3FaATKBIIITaPBIHBIH KBIAYABIK PeXXMMIH KaMTaMacbl3 eTeTiH, adAbIH aJa icke
KOCYAbl >KeHiAJeTeTiH KOHABIPFBIHBIH KYPBIABIMBIH Heri3jey YIIiH TeOpUAABIK 3epTreyaep
kyrisiagi. KopmraranH opTaHBIH TOMeHIi TeMmIepaTypachl KO3FaATKBIIITBIH  Kenoip
cuIlaTTaMaJapblHBIH HalllapAayblHa, OeAleKTepAiH OepikTiriHig ToMeHAeyiHe 9KeIll COKThIpaAbl.
ConabIKTaH 3epTTey >KYMBICTBIH HETi3ri ©3eKTiAiri: >Kblay SHepTUsAHBI CaKTayAblH d4icTepi
MeH TaciaaepiHe OailAaHBICTHI XKBIAY aKKyMyAATOPABI JKoDaday, ©HAIpiC IIMKAIHAETI JKbIAYAbI
KOAJaHy, Ka>KeTTi TMiMAl MaTepraajapAbl TaHAay >KoHe OHBI JKeTiaAipy e3eKTi Moaceae 0OAABI.
Ocpl TYypFBIZaH KOHABIPFBIHEI MaligadaHyja JKoHe KO3FaATKBIIITap >KYMBICBIHBIH AalibIHABIFbIHA
KeTKeH IIBIFBIHBIHBIH TOMEHJAeyi apKacblHAa KOAiK O©HIMAiAiriHiH, Ke4iK KO3FaATKBIII
cuIaTTaMaJapbIHBIH JKOFapAayblHa KOA JKeTKi3iaA4i.
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TexHnkaablK KAMMAaTOAOIMSHBIH HETi3ri KAMMATTHIK (paKTOpbIHA KOpIIaraH OpTaHBIH
TeMIlepaTypachl KaTaabl. KAMMaTTHIK >KarjaliaapAbl CUITAaTTalITBIH HETi3ri KOpCeTKilTepiHe,
DKCIIAyaTalMAABIK MaTepuaajapablH, (U3MKa-XMMMAABIK KacueTTepiHe, acipece icke Kocy
JKoHe 1IITeH >KaHy KO3FaATKBIIBIHBIH (keaecige — IDKK) >xympicbiHa >KoHe KeaikTepain
Dacka arperarTapplHa 9cep eTeTiH CBHIPTKBI ayaHbIH TeMIlepaTypachlH >KaTKbI3yFa 0OJaabl.
PecnnyOamkambI3ga KAMMATTHIK JKaFail, HeTidiHae, KeHeT KOHTUHeHTTi. OpTamia Temrieparypa
KaHTap KesiHge coaTycTikre —18°C-tan Oacrasaapl, oHTyCTiKTe —6°C-Ka AeiliH TeMeHJel, >Ka3
anbiHAa +32°C-Ka aeltiH xxorapaanasl. Eaimisae 5ka3 OipbpIHFall BICTBIK JKoHe Ky pFak. Temmiepartypa
+50°C-Ka geitin >keTyi MyMKiH (oHTYCTiK Kasakcran o6apicel, Typkicran kaaaceiHaa). Eage xpic
a3 KapAbl )KoHe caaKblH, TemIiepatypa —40°C-ka aeiiin >keTyi MyMKiH (AKMO4a 004bIch], ATOacap
KaJachlHAQA).

2. Metoarap

Kopmaran opTaHblH TeMeHJereH TeMIlepaTypacblHAa MOTOP MaWbIHBIH TYTKBIPADBIFBI
KeHeTTeH ecyiHe aablll Keadeai. HoaTirkeciHge maligblH ©TyiMeH KO3fadybl Dasyaarl, KeHeTTeH
Maliday callachl TOMeHAeIl, KYpFaK >KoHe >KapTbldall KyprakK YIikKeadicTi Tyablpaabl. bizain
FBLABIMI JKYMBICBIMBI3 A iCKe KOCYABI >KeHiAAeTeTiH KYPBLAFEI peTiHAe XKbIAY aKKyMyASTOpAapbl
(xeaecige - KA) rangaaant. JKA GipHellle IMAMHAPAL JKbIAY OKIlIayAaHFaH O©1iKTepAeH Typaabl.
YCLIHBIABIIT OTBIPFAaH KOHABIPFBI KOpIIaraH OpPTaHBIH TOMEHIL TeMIlepaTypacblHAA, apaablK
aybICBIM Ke3iHAe >KoHe alllbIK Tapa’kChl3 caKTaAraH Ke3e aBTOTPaKTOp KO3FaATKBIIITapbIH
JKeHia iCKe KOCyAbl KaMTaMacchl3 eTeli. KO3FaATKBIII >KYMBICKI TOKTaraHHaAH KeliH OHBIH
CaAKBIHAATY >Kylie OAOTBIHAAFBI KBI3FaH >KOFapFbl TeMIlepaTypadarbl CaAKBIHAAQTKBIII CYIIBIK
JKA-Ha KyHBIABIII, COA JKepae OipHele ToyAiK XXbLAYAbIH CaKTaAybIH KaMTUABI[1].

KbrayapiH Tapaaybl >KbIAYOTKI3IIIITiriMeH KaTap >Kypeai. KblLayeTkisrillTiK TeopusChl
KBIAYABIH TapaAdy YpAiciHe FfaHa eMec, SHepPIMIHBIH caKTaAdy 3aHbiHa, Pypbe 3aHbIHA
HerizaeareH [2].

®Pu3MKaABIK IIapT >KBIAYOTKI3TIINTIKTIH AnddepeHInalibK TeHAeyiHe KipeTiH AeHeHiH
(usMKaABIK KOpCeTKiITepiHiH caHABIK MaHAepiH Oepeai.

IMMexTik mapT AeHeHiH IIEeKTiK YpAiCiHiH MaHBI3ABLABIFBIH KOpceTeAl >KoHe Keadeci Typae
Oepiayi mymkiH. IllexTik mapt Gipinmri >Karjaitda AeHeHiH OeTiHAe TeMIlepaTypaHbIH TapaAyblH
TeMeHJeri popMyaa apKbIABI KapacThIPBLAAABL:

t, = f(xy, z,*r]/ 1)

dynknusa ypaic kesinge OipHemre apaanikta OepiareH. Berki Temmeparypa opkaliaH
TYypaKThl OoAfaHAa tc = const, Oya >Karaall KOpIllaraH opTaMeH >KblAJaMBbIpak >KblAy aaMacybl
Oarikaaaasl.

[lexTik mapT ekiHmn >arjaliga JeHe OeTiHAeri >KBIAYABIK aFBIMHBIH THIFBI3/bIFBIH
KapacTbelpabl.

9. = f(xy,27), @)

IMexTik mapT yLIiHII Xafiaisa Oblaail >Ka3blaaabl:

() =att—t) (3)

[TexTik IMapTTHIH YIIiHIII XXaFAalibl TOXKipubele oTe KeH KOAAaHbLAFaH.

OpsiHgaaras Taagay Herisinge JKA-pbl KeaiKTep Al IardalaHyAa KblAy SHEPITSCHIH CaKTall,
KO3FaATKBIIIITHI iCKe KOCy OaphIChIHAA THiIMAI, KOAallAbl KOHABIPFBI OOABIII eCerTeAiHe].

JKp1ay aKKyMyASTOPBIHBIH JKbLAY Oa4aHCHI KeAeci TypAe opHeKTeeai:
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Qakm = Qa.o+ Qk.K + QK.O, 4)

MYHAAFBI,
QaxMm — >KbLAY aKKyMYASITOPBIHBIH TOABIK KbLA1y MeAIepi, JK;
Qa.o — KpIAy aKKyMYAATOPBLIHBIH KOpPIIlaFaH OpTaFa IIBIFbIHAAAATBIH KblAY Meatepi, /AX;
QK.K — KO3FaATKBIIITH KBI3ABIPYFa SKyMcalaThIH XXbIAy MeAarepi, JK;
QK.0 — KO3FaATKBIIITH JKBIABITY OapbICBIHAA KOpIlIaFaH OpTaFa KeTeTiH KblAy MeAlepi, /K.
Ko3FaATKBIIIITHIH CBIPTKBI JKBIAY O0aAaHCBI KO3FaATKBIIIKA €HI€H OTBIH KBLAYBIHBIH TapaAybl
OOoIBIHIIIA JKYMBIC JKacayAbIH MaHBI3Abl CUITaTTaMachIH KepceTedi [3].

QF‘=QE + QE‘.I:I + QM + Qn.r‘ + QT;-:I: + Qp;ar[,’ (5)

MYHAAFBI,

Q

Qe — KO3FaATKBIIITHIH TUiMAi JKYMBICBIHBIH 9KBMBaA€HTi >KblAy MeAlllepi, KBT;

P— KO3FaATKBIIIIKA €HIeH OTBIHHBIH TOABIK KblAY MOALIepPi(>KeTKiAiKTi )KbIAY),KBT;

Qeo — CaAKBIHAATY CYIBIFBIHAH aABIHFAH JKBLAYy MOAIIepi, KBT;

Qu " MOTOpPABI MajiFa KeTKEH KbIA1y MOAIepi, KBT;

Qur— KO3FaATKBIIITAH I1aiijalaHbLAFaH ra3japAaH KeTKeH JKblAY MOAIIepi, KBT;
Qe — TOABIK >KaHOaraH Ke3iHAe KeTKeH OTBIH KbLAYBIHBIH Oip 0e4iri, KBT;

Quar. — KbIAy OaAaHCBIHBIH KYpayIIBICBIMEH ecKepiaMereH IIbIFBIHAAPABI aHBIKTalThIH
JKBLAY MOAIIIepi, KBT.

ABcoa1oTTi OipaiKTeri CBIPTKHI >KblAY OaaaHCHIHBIH TeHAeyi 6oabi TaOb1aabl. TeHaeyAiH
OH XakK Oeairi Amseapal XKeTiaaipy AeHreifiHiH >KYMBIC ypAici MeH KYpBIABICBI OOBIHIIIA
aMKBIHAANTBIH KypaylIbIChl 0O0ABIT TaOblaaabl. JAuseabAi KO3FAATKBIITapAbIH CaAKbIHAATY
CYMBIFbIHAH KeTKeH >KBIAYABl KMHaKTay MakcaTbhlHAa TeOpUAABIK HeridJepai Kypy HerisiH

KYPamThIH Qeo sxone QH-DKLIAyALI naijadaHy MYMKIHAIKTepiH aHBIKTaIl, AU3eAbAl
KO3FaATKBIIITaPABIH >KBIAYABIK TUiIMAIAITiHIH aTKapaThlH OHTallABI IIeIliMAepai Kypyra Koa
SKeTKi3AiK.

Kpray 6azaHCH TeHAeYiHIH MHXKeHepAiK ecelTeyAepiH KYpPri3reH Ke3iHAe CaAbICTBIpMaAbl
OipaikTe KepceTiaeai:

e + Oeo + qm+qn.r + e + qﬂa'r-=100%, (6)
Q. =2 +100;q,, =2=£%100
MyHaa: o L o U
Qoo = Q;; *100q,. .. = QL:‘ # 100
Qs = % #100q,,, = RIS # 100
P P

KoaaansraaTeia )KI)IAyQF' MbIHa popMyaaMeH Oepisei:
Qp = Hu * Gt (7)

MYHAa G, — >KaHapMaliAbIH CeKYHABIK IITBIFBIHBI, KI/C,

H, — OTBIHHBIH XBIAy 001y MYMKIiHAITi, KAXK/KT.
Ko03FaATKBIIITEIH 9KBMBAA€HTTI TUIMAL >KYMBICBIHBIH KBLAYBI:
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Q. =N, ®)
Hnanuap xaOblprasapbl MeH OUAMHAP O/AOTBIHBIH Oac TUeri, IOPIIEHb >KoHe ITOPIIeHb
CaKVHaJapbl apKbLAbI CAAKbIHAATY CYJIBIFBIHAH aAbIHFAH JKbIAy MOAIIIEPi Ke/ec opHeKIIeH Oepyre
0oaaAbI:

Qc‘.u = G{'.l:l *Ceo (tmuaq - teci.p.] (9)

7

MYHJa: Gep — KO3FaATKBIII apKbIABl OTETiH CaAKbIHAATY CYVIBIFBIHBIH MacCaAbIK IIBIFBIHBI,

Kr/c;

Ceo "~ CcaAKBIHAATY CYMBIFBIHBIH CaAbICTBIPMAaABI JKbIAY CBIBIMABIABIFBL, KAXK/ (KT °C);
t t

mek’ “KP.  KO3FAATKBIIIKA IIBIKKAH  SKOHE KipreH CaAKBIHAQTKBIII  CYMBIKTBIH

Temmnepatypacsl, °C.

KosraaTKpIIITaH ajijalaHblAFaH Ta3zap MeH KeTKeH MOAIIepiH Qur kesecigeii ©pHeKIIeH
Oepyre 00aa4bI:

er.r' = Gt * [ME * (p‘cp.r)tn.r * Ml(“cp.r)tm.n], (10)

MYHJa M:,Ml

KMOAB/KT;

" >KaHFaH 3aTTBIH JKoHe >KaHa 3apsATHIH >KaAIbl oHiMi 1 Kr OThIH yIIiH,

HCpr s HCer = xanran saTThIH XoHe sKaHa 3apsIATBIH >KaAIIbl OHiMi OOVIBIHIIIA MOABAIK KBLAY
CBITIBIMABLABIFBI, KAXK/(kMOab °C);

Carlmn — KYOBIpBIHAA ©AIIIeHIeH, IaiijalaHblAFaH Ta3 OeH KO3FaATKBII IIMAMHAIpiHAeTi

eHri3y XXyliecinae >KaHa 3apsaATHIH TeMnepaTypacsl, °C;

An3eAbal KO3FaATKBIIITAp YIIiH a=1 0oaraHaa Quan, 31Qr = 0, HoAre teH 00/4aAbl
HeMece KaAfFaH MyIllere KOCblAa/bl, ©MTKeHi eTe KoIl MeAlllepAe IIbIFbIHAaAaAbl [4].

JKpray GasaHCBHIHBIH KypayILIBICBIMEH eCKepiAMereH IIBIFBIHAAPALI aHBIKTAITHIH KaAfaH
My1ie:

Qm. = Qp - (QE + Q{'-CI + Q]"‘[ + QI.'[.I:‘ + QT.E‘C] , (11)

Kasipri TaHAa¥FbI FRLABIMU-TEXHUKAABIK 94e01ueTTepAe CTaHAaPTTHIK KAMMATTHIK XKaFall4aFbl
TYpAl KO3FaATKBIIITapPABIH CBIPTKBI >KBIAYABIK OadaHCTBl KypaylibldapAblH MaJAiMeTTepi
Oepiaren. Kecre 1-ae craHAapTTBIK KAUMMATTHIK >KaFAaiidarbl HOMMHAAABL PeXUMAe AU3eAbAiH
CBIPTKBI >KBLAYABIK Oa/laHChIH KYPayILIBICBIHBIH MoHAEPi KepceTiareH.

Kecre 1. CTanaapTThl KAUMATTLIK >KaFAaliAaFsl HOMMHAAABL PeXXUMAE AM3€AbAIH CBIPTKBI
KBLAYABIK OaZaHCBIH KYpayIIBICHIHBIH MaHAepi (%)

Amsean Typi a. A Q. Qe | Qem | Qe
Haaayscpis 29-42 20-35 2-4 25-40 0-5 2-7
bipkeaxi HagayBIieH 35-15 10-25 3-7 25-15 0-5 2-7
JKoraprrl HagayBIIEH 40-18 10-18 4-8 20-40 0-7 2-5
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3. Hetmxeaep MeH TaakbLiay

Kopmiaran opTaHbBIH TOMEHTIi TeMIlepaTypachlHJa AU3eAbAiH THiMAli KOpCeTKiITepiHiH
esrepici CTaHAApTTHIK KAMMATTHIK >Karjaiigarbl MaHJepre OallAaHBICTHI eKeHi Oalikalaabl.
NE(

ConbIMeH KaTap Q.= 8) epHeriHiH Ue mmamaceina ten e = Ye GoaaTsin ITatigaast 9dcep

KoadPummentiniy e esrepici xypeai. COHABIKTaH caabICTHIPMAaAbl GipAiKTeri CBIPTKbI Kby
DasaHC TeHAeYiHiH KaadfaH Kypayllbliaphl MoHAepi >KOorap¥bl 1-kecTede KeaTipiareH. bepiaren
KOPBITBIHABI aHBIK €KeHi Mo4iM, KopIllaraH OpPTaHBIH TOMEHII TeMIlepaTypacblHAa HaKTbI
TepMOAMHAMUKAABIK IUKAAIH ©Tyi eaeyai epekineaikrepMeH HeridgeareH [5]. Auseabain
CBIPTKBI JKbLAYABIK OaAaHCHIHBIH KY PayIIBICEIHBIH MOHAePiHe CBIPTKBI OpPTaHBIH TeMIIepaTypackl

T

0.>K9HE OHBIH JKbIAYABIK PEXXMMI CUITaTTalThIH CaAKBIHAATY KYlIeCiHeH IIbIFAaThIH CAAKBIHAATY

CYMBIFBIHBIH, TeMIlepaTypachl Toeee. acep ereai. COHABIKTAH KO3FAaATKBIIITBHIH DKBMBAAEHTTI
TUIMAL >KYMBICBIHBIH >KbIAy ©Oeairi asasgapl. /useabaiH TemIiepaTypachl MeH >KBLAYABIK
pPeXMMiHiH e3repyi KbIAyAbIK 0alaHCBIHBIH KaiiTa 0eAiHyiHe aKeaill COKTBIpaAbl. 2 - KecTege
KbIAy OaZaHCBIHBIH Ky payIIbldapbl KOpCeTiAreH.

Kecte 2. Xb11y GasaHCHIHBIH KypayIibliaphl

Kbray 6aaaHChIH KypayIibLiap Q,;; q,100%
Ko3raaTKBIITBIH TMiMAi JKYMBICBIHBIH 9KBMBAAEHTI Kby MOAlIepi 60800 27,4
KosraaTkpimTan najaaaHblAFaHiap MeH KeTKeH MeAIlepi 69620 31,5
CaaKBIHAATYCYIMBIFBIHAH aABIHFAH KLY MOAIllepi 52360 23,8
ToapIk >xaHOaraH Ke3iHAeri KeTKeH OTBHIH XKBIAYBIHBIH Oip 6eairi 9346 4,2
Kblay 0OazaHCBIHBIH — KYpayIIBICBIMEH eCKepiAMereH  IIBIFBIHAAPABI 28986 13,1
aHBIKTaMTHIH KaAFaH MyIlle
KosraaTKpIIIKa eHreH OTBIHHBIH TOABIK JKblAY MOAIIepi 221112 100,00

JKA-pI caakpIHAATy CYWMBIFBIMEH TOATBIPFaHHAH KelliH, OHBIH CaAKbIHAaybl Oalikaaaabl.
CaakbiHAQY >KblAJaMABIFBIHA KemTereH ¢akropaap ocep eTedi: >KblAy IIOFBIPAAyIIbI
MaTtepuaaAblH TYpi, caaKbiHAAy OeTiHiH ay aHbl, KbIAY TaCBIFBIII Maccachl MeH TeMIlepaTypachl,
CBIPTKBI OpTa TeMIlepaTypachl, KeA >KblagaMAbIFbl. OcbiHAa paKTOpAapAbIH KOITIri KbIAy
aKKyMYyASITOPBIHBIH CaAKbIHAAY YPAICiH 3epTTey KediHAe KMBIHABIKTAp TyFbi3adbl. COHABIKTaH
JKBLAY aKKYMYASTOPBIHBIH CaAKbIHAAY YaKbITBIMEH OFaH acep eTeTiH (pakTopaapaap apachiHAAFbI
ToyeAAiAIKTepAiH aHBIKTay MaceAeAepi TyBIHAAVIADL.

CaakplHAQy ypdici KesiHge yakpITTBIH AT apTkKaH caliblH, Temileparypa 0-re Tycyre
YMTBIAaAbl, SIFHU OKBIAYABIK TeIle-TeHAIKTiH KOpIlaraH aya MeH KOA4 >KeTKidyi 00AbI
ecerniredinei. BapabIk caaKpIHAay YPAiCiH YIII Ke3eHre: TYPaKChl3 PeXKUM, TYPaKThl Pe>KUM >KoHe
CTalMIOHAPABIK peXXnM gen Oeayre 604aabl. bisaiH XKarjaiija TYpakchl3 pe>KMMHIH 60aMaybIHa
JKBIAY aKKyMyAATOp MaTepuaajapAblH KblAy GU3NMKaABIK CUIIaTTamMadapbl apTypai 6oaaawl,
ColIKeCiHIIIe yaKbITThIH OacTalnKbl KeseHinAe At=0 TemIiepatypa Tycyi 9pTypAi eKeHiH KopceTei.
Kp1ay akKyMyASATOPABIH caAKbIHAAY YPAICIHIH TypaKchl3 pesKIMiH eckepMeyTe 004aAbl, cebedi
3epTTeyAep HoTVKeci OOVIBIHIIIA 04 KBICKa Mep3imMai.

TypakTer pexxnm (T:} T1) Gacrankpl maprrap exiHI Kesekke Tycill, ypAic TOABIFBIMEH

caAKbIHAAY >KaFJalbIHBIH JeHe IIeriHAe, JAeHeHiH (U3MKaAbK CUIlaTTamMajdapblHAa, OHBIH
reOMeTPpUAABIK HillliHi >KoHe oAIIeMAepi aHbIKTaAAbI.
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Yurinmn peskum  (CTaIjMOHApABIK) >KBIAY aKKyMYASTOPBIHBIH OapAblK HyKTeAepiHJeri
TeMIiepaTypachl KOpIllaraH OpPTaHBIH TeMIlepaTypacblHa TeH OOAaThIHBI KapacThIpblayjaH
IIBIFAPBIABIN,  IIEKTIK ~ MaH  TeMIlepaTypachlHaH TeMeH 0oJaThlH  ayaHBIH  Tepic
TeMIlepaTypachlHAAFbl KbIAy aKKyMYAsSTOPBIHBIH CaAKbIHAAybl TeMIlepaTypaablK KyiideH Oac
TapTyra 9Keae/i JKoHe JKYMBIC KaFAaliblHa MYMKiH 00AMalAbI.

CoHgbIKTaH AM3eAbAiH icke KOCy AAlbIHABIFBIHBIH «ipikTeMeai» KpUTepUiH BKCIIepUMEeHT
ic XxysiHge KoaganraH ab3al, aa KapacThIpbIAATBhIH KaFjaligarbl AU3EAbAIH >KBLAYABIK KYIiH

cuIIaTTay YIIIiH OHBIH TeMIlepaTypachl OOVbIHIIIA OpTallla KeAeM IlaMachlH eHIi3cek, Teo 3, yaKbIT
OOIbIHIIIA ©3Tepeal, AFHUL:

Tros = Tao: (T [5].
Ko03FaaTKBINITEIH OpTallla TeMIlepaTypackiH Keaeci popMyaaMeH aHBIKTalIMBbI3:

- (12)
KO3, 2 ,

MYHAa Tean- KO3FaATKBIIIITHIH CaAKbIH HYKTeciHiH TeMnepaTypacsl, K;

Tacr.- KO3FaATKBIIITBIH BICTBIK HYKTeCiHiH TeMIneparypacsl, K.
Kopiiaran opraHbIH TOMEHII TeMIepaTypachl, AU3eAbAi icke KOCY Ke3iHAe OHBIH BICTBIK
HYKTeci 0A0KTBIH Oac Tueri >koHe ITUANHAP OAOTBIHBIH KOFapFbl 00iri OOABII ecenTeliHeal -

T

uer= 80°C = 353K. Anseapain OipKaAbIIICHI3 KbIAYbIHA Oal1aHBICTBI, OHBIH CaAKBIH HYKTeCiHAeTi

TeMIlepaTypaHbl Ty—re TeH Jen aaaMbl3. Auseabail icke KOCY AallbIHABIFBIHBIH >KaAIlblaaMa

KpUTepUiHe OHBIH KbI3YLIHBIH COHFLI TeMIIepaTypackl TKDE- = 20°C = 293K Ten 00saanl. CoHaa-
aK, KO3FaATKBIIITLIH OpTallla TeMIlepaTypachl TKD!- >KoHe OHBIH KaOBIpFaChIHBIH TeMIlepaTypachl

T =KII1aMackl OoTibIHIIIa Oip-OipiHe TeH 601a4bl, COHABIKTAH Toe =T
[5] .

An3eAbAiH KbIAY CBIIBIMABIABIFBIH K€KE€ MAaCCACBIHBIH >KbIAY CBIIBIMABIABIFBL peTiHAe
ecerrTeAiHeAi:

KoK /eIl JKOpaMaaAaiMbI3

C,.=M_C,_ +M C_+M_C_ (13)

KOz MET .

Mynga: Ce:u %.- KO3FAaATKBIII XKBIAY CBIIBIMABIABIFBI, Ax/K;

C
&

Ce.- Au3eAbAe OpHalacKaH CYVIBIK JKbIAY TaChIFBIIITHIH JKbIAY CHIIBIMABLABIFEL, JK/(KT K);
M, M, M
v v

MeT. — MeTaAAJaH JKacaaFaH AM3eAbAiH CaABICTBIPMAaAbl KbIAY CHIMBIMABIABIFEL, JK/(KT K);
M.- AU3€eAbJ€e OpHaJAacKaH MaliAbIH JKBbIAY CBIIBIMABLABIFEL, /K/(kT K);
rET £.- AU3€AbAIH CYMBIK KbLAY TaCBIFBIII IIeH MaliChI3 Maccalapbl, KI.

JKpray aKKyMyAsATOPBIHBIH KO3FaATKBIIITH KbI3ABIPYFa XKYMCaAaThIH KLy MeAllepi Qi ;
>KBIAY aKKyMYASTOPBIHBIH KOPIIIaFaH OpTaFa IIBIFbIHAANTEIH JKbIAY MOALIePiHiH Qa.u, KOPpIIIaraH
oprara 0©AiHIeH >KblAy KyaTbl Qk.0, KO3FAATKBIIITEL KBI3ABIPYAAFbl JKbIAY aKKyMYASTOPBIHBIH

KOpIIlaraH OpTaFa IIBIFbIHAAMTEIH XKbLAY MOAIIepi Qo xeseci ¢opmyaamen anbikTasaas [6]:
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=

1 (14)

Q. = E G,p.Cq Z [Tec.i'p.(Ti.+1J + Tm.(’fi]]ﬂ"fi - [Tmup.(THlJ + T [Ti.J] AT,

=

=1

-+

= [T (Tise) + Tmup,('li-lﬂﬂ'[i}

G

MYHJa: ~'v- JKIMHAa/AFaH JKbLAY Ke3iHAeTi CYMBIKThIH KOAeMAiK IIBIFBIHBL, M3/C;
Pe- CYMBIKTBIH THIFBI3ABIFBI, KI/M3;

CE‘C- C¥I7[BIKTBIH CaabICThIpMaAabl XXbIAYy CbIﬂbIMAbIALIFI)I, K,Z',)K/(Kl"

T

“C).

i, T KBIAY aKKyMYASITOPBIHA €HIeH JKoHe IITBIKKaH CYMBIKTHIH TeMIrepaTypacsl, °C;

m - yaKbIT MHTePBaA CaHbl AT, =14 — T,

Kblay aKKyMyASITOPBIHBIH KOpIIaFaH OpTaFa IIBIFBIHAAVTBHIH KbLAYMOAIIEpi Quoxeseci
dpopmyaamen Gepiaeai:

Qa.l:l = C:—:*:Vi.mec..pc[Tedp. - TI:IJE-IF.)/ (15)
V. . . . ME
MyHAa: "ime- KA imki keaemi, ©-
Tiﬂp-,Tmm.- JKA-Ha enreH >koHe IIBIKKAH CYBIKTHIH TeMnepaTypaCH,Gc
— Qao 16
1,.= (16)
o

MyHAQ: Fao- KOpIIaFaH OpTaFa >KblAYAbIH KETKEeH yaKbITbl, C.

KOSFaATKI)ILHTbI KBI3ABIPYAarbl >)KbIAy aKKYMYASTOPBIHBIH KOPIIaraH OpTara IIBIFBIHAATBIH

>KBLAY MeAlepi Qo keseci aapmran ¢popmyaasapmen aHbIKTaaaawl [5]:

= e (17)

1
= G,p.Cy Z [T (Tis1) + T ()14, — Z [Tecip.(THl) + Txip.(le] AT

Qp;_u=2

=1 =1

- [Tmh{P.(THl) + Tmh{?.(Ti)-lﬂTi}

' 3
MyHaa: Jv- opTara KeTKeH CybIKTbIH KOAeMAiK IIBIFbIHBI, I1 / €
_ Qkx (18)
P
o

7

Keaeci 3-xecreje KO3FaATKBIIITHI KBI3ABIPY OolibiHIIa JKA  TypaeHAipeTiH Kblay
Mealepaepi OepiareH.
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Kecte 3. boaskam apKblAbl aabIHFaH ©A111eMep OOMBIHIIA KO3FaATKBIIITHI KbI3ABIPY JKA
TYpAEHeTiH XblAy Keaemaepi [5,6,7].

JKb1ay TachIFBIIT TYPi Cy Antudpus

G, M /c(n/mum) 0,000167(10)

MUHUMAAbAL 0,000333(10)
MaKCuMaaAbl

Co s 2nc/2°C) 4,195 2,093

p. kr/m 971,8 901,54

o
Trep K C]. 353(80)
MIUHIMAaAbAl 363(90)
MaKCUMaAAbI
TII.'IEIF-’ K{GC]
MUHIMAaAbAL
MaKCUMaAAbI

T, o MHH) 2100(35)

2
QA 2859 1323

MUHIMAAbAL 34210 15834
MaKCumMaaAabl

351(78)

4. KopBITBIHABI

KoO3FaATKBIIITEL iCKe KOCY4arbl >KBLAYABIH TypaKTaHybl >KaliAbl TEOPUSABIK 3epTTey
OoIipIHIIIa aHBIKTaAFaH KOPBITBIHABL:

- Msoasuusaaplk MaTepuaisapAbIH TUIIL, OHBIH KO/AXKeTIMAIIT KapacThIPblAABL;

- Kopmaran opranplH TemIlepaTypachiHa OalldaHBICTBI MaTepualjapAblH  KepeKTi
Ka/AbIHABIFBIH, IMIITiHIH TaHAayfa 00AaTLIHbI aHBIKTAaAADI;

- Temenri temneparypaga DKK-upiy Oipinmi icke KocyblHa  yaKBITBIH —>KoHe
DKCILAyaTalMSAABIK MaTepraajapAblH IIBIFBIHBIH TOMEHAETYre MyMKiHAIK Oepeai.
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TeopeTquCKI/Ie uccaea0oBaHMsI pa60qero Imponecca Terr10BbIX aKKyMYyAsITOPOB,
0611erqalommx 3aIrycK ABUTaTeAen TPaHCIIOPTHBIX CPeACTB

Annoramms. Boaee Hu3Kas TemIlepaTypa OKpy>Kalolleil CpeAbl TPUBOAUT K YXYAIIEHIIO
HEKOTOPBIX XapaKTePUCTUK ABUTaTeAs, K CHUIKEHUIO A40ATOBeYHOCTU AeTaselt. IlosToMy ocHOBHAs
aKTyaAbHOCTh ~ HAy4HO-UCCAEAOBATEAbCKON  pabOTh::  MPOEKTMPOBaHMUE  TeILA0aKKyMyAsTopa
crrocobamMu XpaHeHI s TeTL10BO DHePIUM, NCII0Ab30BaHMe TeIl1a B IPOU3BOACTBEHHOM LUK A€, T0A00p
HeoOX0AUMBIX D(PPEKTUBHBIX MaTepUalOB U €r0 yCOBEPIIEHCTBOBAHUE SBASIOTCS aKTyaAbHBIMIU.
C o101 Touku spenns, 6Aarogapsi yMeHBIIIEHNIO 3aTpaT Ha DKCILAyaTalluIio arperara U MOATOTOBKY
ABUTaTeAel, AJ0CTUTHYTO IOBLIIIIeHE IPOU3BOANTE ABHOCTY aBTOMOOMAS M XaPaKTePUCTUK ABUTATE AT
asToM00OMAs. B 9T0I1 paboTe KOAMIECTBO TEIAOTHI, UCII0Ab3yeMOe TeIIAOBLIM aKKyMyASTOPOM AAs
Harpepa ABUTaTeAsl, OIpeAeAsiAu KOAMIeCTBO TeILA0ThI, OTPeDAsSeMOll TeIlA0BbIM aKKyMyAITOPOM
B OKPY>KaIOIIYIO Cpeay, OTAaBaeMylO B OKPY>KamoIyl CpeAy TEMAOBYH MOIITHOCTh, KOANYECTBO
TEeIA0TE, HOTpeOAsSeMON TerAO0BBIM aKKyMyASTOPOM B OKPYKaIOLIyl0 cpedy IIpM IIporpese
ABUTATEAS.

Karouesble ca0Ba: TeIA0BON aKKyMyAsITOp, KOAMYECTBO Teraa, 604ee HU3Kasl TeMIlepaTypa
OKPY>KaIoIIen Cpeabl.

A. Baidullayeva', A. Amanbek? A. Abdrakhmanov', K. Sherov', G. Kalenov?, B. Orazaliyev'
1S. Seifullin Kazakh AgroTechnical Research University, Astana, Kazakhstan
2Scientific-Research Design Institute «Astanagenplan», Astana, Kazakhstan

Theoretical study of the working process of thermal accumulators facilitating the start of
vehicle engines

Abstract. A lower ambient temperature leads to a deterioration in some engine characteristics,
to a decrease in the durability of parts. Therefore, the main relevance of research work: the design
of a heat accumulator by methods of storing thermal energy, the use of heat in the production cycle,
the selection of the necessary effective materials and its improvement are relevant. From this point
of view, by reducing the cost of operating the unit and preparing engines, an increase in vehicle
performance and vehicle engine performance has been achieved. In this work, the amount of heat
used by the heat accumulator to heat the engine was determined by the amount of heat consumed
by the heat accumulator into the environment, the thermal power released into the environment, the
amount of heat consumed by the heat accumulator into the environment when the engine warms up.

Keywords: thermal accumulator, amount of heat, lower ambient temperature.
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Improvement of methods for analyzing and forecasting
industrial injuries in the electric workshop of the Don Mining
and Processing Plant of the Republic of Kazakhstan

Abstract. The article deals with the issues of injury research at the enterprises of the
electric power industry of the CIS countries and Kazakhstan. The study of the causes of
injuries and ways to solve them at enterprises and industries of the mining, oil-gas and
construction sectors has attracted a lot of attention of researchers in recent years and the
study of this issue is also relevant in the western regions of Kazakhstan.

The methodological basis of the study was the modern provisions of the theory and practice
on occupational safety and health, injuries at enterprises and industries of the mining, oil
and gas and construction sectors, as well as at enterprises of the electric power industry
of Kazakhstan.

According to the results of the study, it was also determined that the most common cause
of accidents is a violation of safety and labor protection rules, unsatisfactory organization
of work production. The study of the circumstances of accidents and the identification of
their causes makes it possible to develop preventive measures that prevent the recurrence of
emergencies. The obtained results of the study can be used at the enterprises of the electric
power industry of the CIS countries and Kazakhstan.

Keywords: electric power industry, danger, risk, accident, injury, electrical shop,
statistical method.
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1. Introduction

Due to the rapid growth of the development of mining and processing, oil and gas and
construction industries in the CIS countries and including the regions of Kazakhstan, it requires
a very responsible approach to occupational health and safety in enterprises.

The study of the causes of injuries and the ways to solve them at the enterprises of the
mining, oil and gas and construction sector has attracted much attention of scientists from CIS
countries and abroad in recent years, as well as the study of this issue is relevant in the facilities
of the power grid economy of Kazakhstan.

In recent years, much attention of scientists has been attracted by research on accidents at
power plants with an installed capacity of 25 MW or more and at the facilities of the electric grid
of grid companies and large consumers of electricity, which has a great impact on the work of
metallurgical, mining and processing and petrochemical enterprises [1-25].
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Various statistical data on accidents in the electric power industry as a whole are contained
in the works of [2-21] and other authors.

Data on accidents at power plants and at power grid facilities of grid companies and large
consumers of electricity were analyzed using the example of the Russian power system (Fig. 1).

It should be noted that the number of accidents at electric power facilities tends to decrease.
However, the number of accidents in most joint-stock companies of generating companies is
in the hundreds, and in joint-stock companies of the electric grid economy is in the thousands.
Statistical data on accidents in the electric power industry were taken from the works [3-20].

Among the injury indicators that were widely used back in the USSR, there was an indicator
of the number of fatal accidents per ton of coal mined. If we consider the electric power industry,
then a similar indicator could be the ratio of the number of fatal accidents associated with the
production and transmission of electric energy per 1 TW (1TWT = 1012W) of energy consumed.

Data on occupational injuries were taken from sources and works [8-12]. For 2014-2019, i.e.
for 6 years, electricity consumption in Russia has hardly changed, the total number of accidents
during the production and transmission of electric energy has changed significantly, but the
number of fatal accidents, most of which occur in electric grid enterprises and are associated
with the impact of electric current, has hardly changed.

Thus, this indicator can be used as an indicator indicating the need to use innovative
technical means to ensure the safety of employees at a qualitatively higher level.

The greatest number of injuries occurs in electrical networks. A significant number of them,
20% or more, occurs due to the impact of an electric current and (or) an electric arc on the victim

(Fig. 1).
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Figure 1. Dynamics of injuries in the Russian electric power industry

The largest number of victims are men and women aged 50 to 59 years, who have more
than 10 years of professional experience and are workers in the main professions of electric grid
enterprises (Fig. 2, 3).
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Figure 2. Dynamics of injuries by age in the Russian electric power industry
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Figure 3. Dynamics of injuries depending on the length of work by profession of victims in the
Russian electric power industry

This category of workers was injured during repair work or operational maintenance. All
employees passed introductory, repeated and targeted briefings, most of the victims of electric
current had the 3rd or higher electrical safety group.

This state of affairs leads to the idea of the need to introduce innovative technical means to
minimize personnel errors and thereby significantly reduce the number of possible accidents.
It is possible to reduce the number of accidents due to special training of employees of electric
power enterprises. The program of such training should be developed for each specific joint-stock
company, taking into account the frequency of accidents due to improper actions of personnel.

It should be noted that for decades most of the group, severe and fatal accidents occurred in
electrical installations due to an insufficient level of organizational and operational characteristics
[10-14].

These reasons indicate the presence of serious shortcomings in the work of managers at all
levels of management of a number of subjects of the electric power industry responsible for the
fulfillment by workers of the requirements of norms and rules of labor protection.

Therefore, we have proposed a new method for calculating the occupational risk reduction
program, providing an optimal set of preventive measures and optimal timing of their
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implementation, using the data of workplace certification according to working conditions
as well as the results of the analysis and assessment of occupational risk for employees of the
mining industry. Using the proposed recommendations for optimal planning of control actions
to reduce occupational risk in organizations and enterprises of the mining industry, which are
based on an integrated approach that takes into account both harmful and hazardous production
factors, provides the possibility of more effective planning of all types of activities aimed at
reducing occupational risk.

2. Methods and Materials

In this paper, the object of the study is the persons affected by industrial injuries in the
electric workshop of the Don Mining and Processing Plant of the Aktobe region of Kazakhstan
for the period from 2014 to 2019 inclusive. In all cases, the monitoring unit was the workers of
the Don Mining and Processing Plant who were injured during the calendar year. The research,
analysis and processing of the results were carried out on the basis of the educational institution
“Kazakh-Russian International University”.

The total volume of the studied material for clarity and the results of statistical data on
industrial injuries in the electric workshop of the Don Mining and Processing Plant are shown
in Table 1.

Table 1. Indicators of industrial injuries in the electric workshop of the Don Mining and Processing
Plant in the period from 2014 to 2019

Item Indicator name years
No. 2014 2015 2016 2017 2018 2019
1  The average 137 138 140 141 142 143
number of

employees in the
electrical shop
during the study
period
2 The number 1 1 1
of victims of
accidents at work
with disability for
one day or more,
people.
3 The number of 1 1 1 1
accidents
in total including:
with a mild 1 1 1
outcome
with a fatal 1
outcome

The Don Mining and Processing Plant has developed and operates a “General Classifier by
types of identified hazards”, according to which an identified number is assigned to each type
of hazard. The types of hazards that may be the causes of accidents are included. The classifier
is presented in Table 2.
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Table 2. General classifier by types of identified hazards

Danger Name of the hazard

code
01 Traffic (automobile, railway)
02 Height
03 Falling, collapse, collapses of objects, materials, rock mass, etc.
04 Moving, flying, rotating objects and parts
05 Extreme temperatures
06 Electric current
07 Harmful substances (dust, gas, chemicals)
08 Ionizing radiation
09 Physical overload
10 Neuropsychic stress
11 Contact with animals and insects
12 Drowning
13 Unintentional murder
14 Natural disasters
15 Falling (uneven and slippery surfaces)
16 Unauthorized explosions of explosives during blasting operations
17 Formation of explosive mixtures
18 Vibration and noise
19 Fires
20 Accidents of a natural nature
21 Man-made accidents
22 Hazards, other than those listed, characteristic of the mining industry
23 Other

To study mortality from non-occupational injuries, the section of the electronic card on
injury outcomes was selectively filled in. During the study period, 3 cases of disability at work,
4 accidents and 1 fatal case were registered.

The following research methods are used in the work: statistical, comparative analysis,
content analysis of regulatory documentation, modeling.

To study mortality from non-occupational injuries, the section of the electronic card on
injury outcomes was selectively filled in. To determine the most injury-prone areas, we used a
statistical method, and a quantitative assessment of the risk of danger was determined using the
Kinney method. To quantify the risks in the electric workshop of the Don Mining and Processing
Plant, the Kinney method described in [21] was used. According to which we calculated a
potentially dangerous situation, indicated by the risk according index R to i classifier, according
to the following formula:

R =P -E -G,

where, P, is an indicator of the probability of a dangerous event; E, is an indicator of the
frequency of risk exposure; G, is an indicator of the severity of damage caused by the consequences
of a dangerous event.

The assessment of risk indicators R, for various analyzed hazardous situations is carried out
by assigning a score to each of the above parameters, and the corresponding numerical values
determined in Tables 3, 4, 5 below.

According to the methodology, according to Tables 1 and 3, we will determine the number
of accidents (DNA ) for the main of the identified hazards, for this we will analyze statistical data
on 4 accidents among the staff of electrical shop workers for the period from 2011 to 2016
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Table 3 provides data from which the following dangerous events can be distinguished: -
No. 6 (exposure to electric current) - 4 cases (1 fatal).

Having analyzed the data on accidents in the electrical shop for the period from 2014 to
2019, we can say that the main danger for the manifestation of injuries at work is a dangerous
event No. 6 from the classifier - electric shock. There are 4 cases of this danger.

Table 3. Information on the types of injuries that occurred in the electrical shop in the period from

2014 to 2019
Item No. Date Profession Type of incident
1 11.10.16 Conveyor operator 6
2 22.04.17 Electrician on duty and equipment repair 6
3 19.07.18 Electrician on duty and equipment repair 6
4 16.08.19 Electrician on duty and equipment repair 6

The calculation will be carried out on dangerous event No. 6. The total number of accidents
according to hazard No. 6 will be ANA = 4.
The average number of accidents (ANA) per year,

NAA
ANA = 1

where, T is the reporting study period of 6 years.

NAA 4
ANA=——=—-—=10,67
4 6

The expected frequency of occurrence of the event (FOE) is determined by the formula:
ANA
FOE = ,
n

where, n is the average number of employees in the electrical shop for the study period
ANA 0,67
FOE=—= = 0,005
n 140

P — the indicator of the probability of a possible dangerous event occurring is determined
according to Table 4.

Table 4. Indicator of the probability of a possible dangerous event P

ANA Name Scores
> 1 year’! High degree of probability 10
1 - 1e 10?2 year! Average degree of probability 6
1e 102-1e10*year! Notalways, but maybe 3
1e10%-1e10° year' Low probability 1
110°-1e10°year'  Incredibly, but it is impossible to completely exclude the 0,5
possibility
10105-1 107 year! Almost impossible 0,2
1107-1e10%year'  Virtually impossible 0,1

E is an indicator of the frequency of risk exposure, determined in points from Table 5.
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Table 5. Indicators of the frequency of exposure to risk E

Name Scores
Constantly (at least once an hour) 10
Often (at least once a day) 6
Sometimes (at least once a week) 3
Not constantly (at least once a month) 2
Rarely (several times a year) 1
Very rarely (less than once a year) 0,5

G —the severity of the damage caused by the consequences of a dangerous event is determined
in points from Table 6.

Table 6. Damage severity index G

Name Scores
Tragic consequences (death of several people) 100
Very serious consequences (death of one person) 40
Severe consequences (permanent disability) 15
Significant consequences (temporary disability) 7
Mild consequences (ambulance call) 3
Microtrauma (without disability) 1

According to Table 3, the value of P at PTS = 0.005 corresponds to the value of P = 3 points
(not always, but possible).

3. Results and Discussion

Based on the actual statistical data of the number of accidents for this dangerous event, we
will determine E. During the study period, 4 cases were identified for event No. 6, which is 0.67
cases per year. This value corresponds to the column in Table 4 - Very rarely (less than once a
year), then the value of E = 0.5 points.

According to Table 5, we determine the severity of the consequences of dangerous event No.
6, then G =7 points, which corresponds to the column - Significant consequences (temporary
disability). If the risk index calculated according to this formula does not exceed 50, then the risk
is considered acceptable. Based on the data obtained , we calculate:

R=3x0.5x7=10.5<50. Thus, the risk level is acceptable.

According to the Kinney method, a quantitative assessment of the risk of danger was
established. We have established that the most traumatic profession is an electrician on duty and
equipment repair.

According to the analysis of injuries, we also found that the distribution of accidents due
to the causes of occurrence in the Donskoy GOK electrical workshop for the period 2014-2019
shows that most accidents occur due to violations of safety and labor protection rules.

The occurrence of an emergency in an electrical shop, including with human casualties, is an
extremely rare event, the level of risk in an electrical shop can be considered acceptable.

As additional measures to reduce the potential risks of industrial injuries, we recommend
the subjects of the electric power industry:

- to improve the quality of staff briefings regarding the use of personal and collective
protective equipment by employees, as well as the quality of training in safe methods and skills
of performing work;
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- ensure the proper quality of labor protection instructions and other production
documentation;

- strengthen control over the organization of work by managers at all levels of management
and supervision of workers during the execution of work;

- optimize the number and types of work, reducing as much as possible the number of jobs
that are not the main ones for employees. At the same time, in case of an urgent need for such
work, it is necessary to ensure the safety of employees and continuous monitoring by designated
responsible persons.

4. Conclusion

Injuries at the enterprise are directly related to thelevel of labor organization, compliance with
the norms and rules of work in electrical installations. Traumatism depends on the personality of
the worker, his mental and physical condition, his reaction to emergency situations, a tendency
to unsafe methods of work. It is necessary not only to prevent risks, but also to pay attention
to the composition of the staff, take into account the specifics of the work at the planning stage,
introduce innovative devices that help the employee in difficult situations and ensure control
over the correctness of the actions performed by him. The obtained results of the study can be
used at the enterprises of the electric power industry of the CIS countries and Kazakhstan.
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Taagay aaicrepin xertiaaipy xone Kasakcran Pecmy6ankacer JeH Tay — KeH OaibITy
KOMOVHATBIHBIH 91€KTP IIeXbIHAAFbl OHAIPiCTIK JXXapakaTTaHy bl 601XKay

Angatna. Makasaga Kasakcran xeHe TM/  eagepiHiH  ®AeKTp  ®HepreTHKachl
KoCiITOpbIHAAPBIHAAFBI JKapaKaTTaHyAbl 3epTTey Macededepi KapacTeipblaaabl. COHFBI SKblAJapbl
Tay-KeH, MYHali-Ta3 >KoHe KYPbLABIC calalapbIHbIH KaCiIOPBIHAAPHI caladapblHja JKapaKaTTaHyAbIH
ceOenTepi MeH 0AapAbI Iy 5K0AAaPbIH 3epaeaey 3epTTeyIidepais yAKeH HazapbIH aydapAbl JKoHe
Oy MaceseHi 3epaeaey KasakcraHHBIH OaThIC ©HipAepiHAe Ae ©3€eKTi.
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3epTreyaiH oaicHaMaAbIK Heri3i Tay-KeH, MyYHali-ra3 >KoHe KYPBLABIC CEKTOPAapBIHBIH
KoCiIIOpBIHAAPEl  MeH ©HJipicTtepiHge, coHgall-aKk KazakcTaHHBIH ~ 9A€KTp  DHepreTHMKachl
KaCIiIOpBIHAApbIHAA €HOeKTi KOpray, >KapakKaTTaHy >KOHiHAeri Teopusi MeH NpPaKTUKaHBIH Kasipri
3aMaHFbI epexxeaepi 60AAbL.

3eprTey HoTmKeaepi OOMBIHINA >KasaTalibIM OKMUFalapAblH €H Kenl TaparaH ce0ebi enOex
Kayincizairi >xene eHOekTi Kopray epexkeaepiH Oy3ay, >KyMBIC ©HAIpiCiH KaHaraTTaHapABIKCHI3
YMBIMAACTBIPY OOABIIT TaOBLAATBIHBI AHBIKTAAABL. AIlaTTapAblH MoH-XKalldapblH 3epTTey >KoHe
01apAbIH ceDerTepiH aHbIKTay TOTEHINe JXKarjaiidapAblH KalTalaHybIH 0OAABIPMANTEIH aA/AbIH aAy
ImapaJapbiH a3ipaeyre MyMKiHAIK Oepegi. 3eprrey natmxeaepi Kasaxcran sxene TM/ eagepiniy
DAEKTP DHepPTeTHKaChl KoCIITOPEIHAAPbIHAA allaAaHbLAYBl MYMKIiH.

Tyi1in ce3aep: 91eKTp DHepreTUKachl, Kayill, alaT, Xa3aTallbIM OKIFa, XKapaKaT, DAeKTp IIeXbl,
CTaTUCTUKAABIK dAiC.
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CoBemnreHCTBOBAHIS ME€TO40B aHaavi3a U1 IIPOTHO3MPOBaAHMSI ITPOM3BOACTBEHHOTIO
TpaBMaTHu3Ma B 9aeKTponexe JOHCKOro TOpHO — 000raTUTeAbHOrO0 KOMOMHAaTa
Pecnny6ankm Kaszaxcran

AnHoTammms. B crathe paccMaTpmBalOTCS BOIPOCH  MCCAeJOBaHMSI TpaBMaTH3Ma Ha
npeanpusaTusax saekrposHepretukn crpad CHI' n Kaszaxcrana. VsydeHne npudmH TpaBMaTu3Ma
U IyTell UX pelleHus Ha HPeANpUATISIX U OTpacAsX TOpHOAOOBIBaIOINell, He(Tera3zoBoOil U
CTPOUTEABHOI OTpacaeil B IOCAeJHUE TOABI TIPUBAEKAO OO0ABIIIOe BHMMaHMe lccaeioBaTeleit, 1
M3yJeHe STOT0 BOITPOCa TakKe aKTyaAbHO B 3allagHbIX permoHax Kasaxcrana.

MeToA040THYECKON OCHOBOI MCCA€A0BaHNS ITOCAYKUAN COBpeMeHHbBIe II0A0XKeHIsI TeOPUN U
MpaKTUKMU I10 OXpaHe Tpy4a, TpaBMaTU3MY Ha IPpeAIpUATUIX U IPOU3BOACTBaX TOPHOAO0OBIBAIOIIETO,
He(pTerasoBoro 1 CTPOUTEABHOIO CEKTOPOB, a TakXXe Ha IPeANPUATUIX DAEKTPODHEPTETUKNU
Kaszaxcrana.

Ilo pesyabpTaTam mccaegoBaHUs Takke OBLIO OIpejeAeHO, YTO Hamboaee JacTOV MPUIMHOM
HECUaCTHBIX CAy4daeB sBAsETCs HapyllleHMe IIpaBMA TeXHUKU Oe30ITacCHOCTM M OXpaHBl TPyJa,
HeyJOBAeTBOpUTeAbHAsl OpTraHMU3allls IPOU3BOACTBa paboOT. VIzyueHme oOCTOATEABCTB aBapuii
U BBISIBAEHME UX IPUYUH II03BOAsET pa3padoTaTh IIpeBeHTUMBHbIE Mephl, IIpejoTBpalljaloliue
MOBTOpeHMe upe3BBIYaiiHBIX cuTyauuit. IloayuyeHHble pesyaAbTaThl MCCA€40BaHUS MOTYT OBITDH
MCIIOAb30BaHbI Ha IpeAnIpuATUAX DaekTposHepretuku crpad CHI' 1 Kazaxcrana.

Keywords: »aexTposHeprernka, OIIaCHOCTb, PUCK, aBapisl, HECUYACTHBINI CAy4ail, TpaBMa,
9AEKTPOoIIeX, CTaTUCTUIYEeCKUIT MeTOa,.
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DaeKTp XKyKTeMelepiH 00aKay MOJeabaepi MeH ajicTepi

Anaatna. Kasipei yaxoimma arexmp Kykmemerepin 0oaxamoay manuizdvl mitdem
boavin madviaadvl. boaxamdap ezisinde cMAHUUSIAAPObIH KYMUIC PeXUMI, KeAIHIH
KoHpuzypayuscol ecenmeredi, IACKMP IHEPIUACLIHOIY,  TMUIMOIAIZL  MeH  Canacvl
0azaranadvl, xendey Kymblcmapoinvil Kkecmeci ecenmeredi xKore m. 0. Drexmp
KYKmeMmecin 00AXKaAMOaY dAeKHp IHEPZUACLIH KOCNAPAAYOAzbl Marvisdvl npoecc
00AbI MAODIAADYL KIHe IACKMP KYAMbIH KOCNAPAAY MeH IAeKMP KYileAepin dackapyda
utentyuti poa amxapadol. Conooikmar aAeKmp xykmemecit 60AKay 0ardizi Kyammol
KOCHAPAAY MeH INCKMP KeAiCiH Oackapyda yaAKeH Marpliea ue. DAeKmp KyKmemerepin
0oAKaAMOIAY MOOCAL, IACKIMPIHEPZEMUKANDIK XKy ileAepMer Dackapy Ke3itde 0ackapMarvlk
utentimdepdi kabvirdaydazol ardvi-aaa 00AXKay wKypardapvirvir; 0ipi 00Abin KeAeodi.
Bya maxara arexmpmymuirydvl 60AKaMOaYIoLH, MYpPAL MOOCALIEPIH CAALICITLIPMANDL
sepmmey mer bazarayoa, kypyoan mypaduvl. boaxamdayoda kereci amardap mer adicmep
Kapaardol xkare mardardvl: HetPpoXKeAIAIK, Hetlpo HAKMIBIABIZDL KOK.

TyitiH cesaep: HellpoxkeAi, Helpo HAKMOIAbIZLL KOK OKeAl, XYyKmeme, MO0eAb,
borxamoay.

DOI: doi.org/10.32523/2616-7263-2023-143-2-260-268

Kipicme

backapy ymiin, aagpiH-aza 0oaxail aay KaxkeT. DAeKTpoHepreTHKaAblK >KylieaepMeH
(DDXK) bGackapy kesiHAe OackapMaablK IIemiMmaepai KaOblagay VIIH aaAblH-ada OoasKay
KypaAAapbIHbIH OipiMeH-DAeKTp >KoHe >KBbIAy >KyKTeMealepiH OoakamJaay OOABII Keaei.
DaeKTpoHepIusl OHAipyllidepiHe OonepanusAbK IIBIFEIHAAPABI ONTUMM3aNAAAY, KyaTTapAbl
pesepsiaey, aaAblH-aly >KYMBICTapBIH KYPri3y BIHFallABIABIFBI JKoHe KylieAep Kayilcisairin
KaMTaMachkI3 eTy VIIiH KyTideTiH >XyKTemeaep ©OOA’KaMbl MaHBI3ABL. TYTHIHYIIBLAApP VIIiH
00/KaM IIBIFBIHAAPABIH MUHUMMM3aIMA1aHybIH KaMTaMachl3 €Ty, aTtal aiiTKaHAa, KasKeTTi KyaT
JKeTIIeTeH >Karjaiida ©HAIpicTiH TOKTay MYMKIHAITiH, HeMece AMMUTTEpPAEH achlll KeTKeHAe
alibIIIIY A TOAEY MeH TaIICBIPBIC JKacaAfaH KyaTThIH TOABIKTall INbIFBIHAaAMaraH KeaeMaepine
apTHIK TeAeyAi 6oaabrpmay yiiH KaxkeT. Kasipri yakpiTTa 9aeKTpcTaHIjusAap 5KaOAbIKTapbIHbIH
TO3BIM/ABIABIFBI OTBI3JaH JKETIIiCKe AENiHTi Malbl3gapabl KYpaliabl, OCBIHBI €CKepe OTBIPHIIL
004>KaMHBIH HaKTBIABIFBIH JKOFapAaTy¥a TaJdallTap ©cCTi. DHepIMATYTHIHYABIH peXUMAepiHiH
0oakaMgaayblHa 9AEKTP KyKMelepi yaKbITHIHAAFBI ©3repicrep e3iMeH Ke3aelCoK ITpoliecTep
0OABII KeAeTiHAIKTeH XXYTiHyTe Typa KeAeai, SFHU allTa KyHiHeH (SKYMBIC KYHi, MepeKe), >KblA
MayChIMBbIHaH, aya-palibiHaH (aya TemMIlepaTypachl, OYATTBIABIK A€HTelli) )KoHe ToyAiK yaKbI ThIHaH
Ke34elcoK Typae Tayeadi pynHkumsaaap. CoHpIMeH KaTap, OapablK Oya Tayeadiaiktep Typa
00ABII KeAMeliAl JKoHe apKalllaHaa Oalikada OepMeliai. DAeKTPTYTHIHY AeHTellin Ooaxamaay
MaKCaThl DHepreTHKaAblK OipAecTiKTep SKyMBICBIH JK0oDaaay KesiHae OipiHIIi KaTaparblaapAbIH
0ipi 6oabIn Keaeai. HaTrokecinAe 9AeKTpOHEPIMSHEI TYTHIHYABIH 494 O0/AXKaMbIHa KaXKeTTiAik
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naitga 004aabl, OraH (9AeKTpOHeprusra) alTapAbIKTall acep MeTeopOAOTUAABIK (aKTopaap-
CBIPT ayaHBIH TeMIlepaTypachl, >KapBIKTBIABIK, BIAFAAABIK, >Kea >KblaJdaMABIFBI Oepeai[l].
Toyaikke nemece anTara Typai Typderi mapamerpaepre rpadpuKkrepai >Kocmapaail OTHIPBIIL,
DHepreTUKaAbIK OipaecTikrepain apHalibl 0eaiMAepi DAeKTpOHepTUs KaXKeTTiAiri MeH IentiMin
Taby Kypaadapbl apachlHJarbl ©3apa KaTblHAC TaIICBIPMAacChIH >KoHe OCBI TalChpMaHbIH
OpPBIHAAAYBIH IIemlei. DAeKTpCTaHIMAAap MeH SHepTeTUKaAbIK OipAecTiKTepAiH >KyMbICTapbIH
’Kocnapaay KesiHge DacTbl mapaMeTpaepdin Oipi 6©4eK aAbIHFaH TYTHIHYIIbLAQP MeH >KaAIlbl
Kylie OOMBIHINIA KYTideTiH 9AeKTPTYThIHY OOA’KaMAapBIHBIH >KMBIHTBIFBI 0OABII Keaeai[2].
DAexTp XyKTeMeaAepiH TyThIHY OOAXKaMBIHBIH A314iri OoJalllakTa caThIl adydapAbl >KoHe
DAEKTP DHEPIUs OHAIPiCiH, >XKoHEe Je DACKTp peXUMJAepi ecenTeyaepiH >KocIapaay YIIiH
MaHbI3AbI pakTOp 00BN eceniTeseai. MakcuMaaAbl HAKThI aAbIHFAH HOTVKeAeP DKOHOMMKAABIK
KO3KapacblHaH »AeKTPCTaHINsAAap MeH TYThIHYIIbIAap apachlHAa KYKTeMedepAiH ONTUMaAAbI
DeaiHyiH >KacayFa MyMKiHAiK Oepeai, HoTIKeciHAe OyA DAeKTPYHePIUAHbBI TackIMaaAay, CaThIII
aay >KoHe caTy YIIiH SKOHOMMKAABIK KOJAalAbl KarjalldapAblH >Ky3ere achIpblaybIHa BIKITaa
eteai. TyTBIHYABIH KBICKa Mep3iMAi DoAKaMaaphl AUCIIeTYepAiK rpapUKTepAi KaAbIITacTLIPY
yuIin ¢pyHAaMeHT peTiHJe KbpI3MeT eTeai. ByHpIH apkaceiHaa Oip yakbITTa KyaTTBIH pe3epBTi
KOpAapbIH yAeCTipy MEeH TY ThIHYIIIbLAaPFa KeTKi3y YIIIiH 91eKTPYHe PIUAHBIH KaKeTTi KoAeMAepi
aHBIKTaJa/bl )XKoHe DaradaHaAbl.

bya >xyMmbICcTBIH MakcaThl 9Heprus pecypCTapbIHbIH HaligalaHbIAybIH ONTUMU3alULAAY
MaKcaThIMEH DAeKTPOYHePIMSHBIH TYTBIHBIAYBIH OOAXKaMAayAblH TypAi o4icTepiHiH A2aairin
KeTepy MeH Daraaay, JKoHe ge OaracblH TOMeHAeTy MeH HepreTuKaablK pecypcTapAbl TachiMaajay
MeH AeKTPTYTBLIHY CeHiMAiairin apTTeIpy OoabIn keaeai. Keaeci Mmogeapaep OolibiHIIa Taaaay,
Darazay >KeHe KOPBITBIHABI JKacay KasKeT:

1) CBI3BIKTBIK/AMHEAL perpeccuoHAbl MOAeAbAED;

2) HellpoKeAilik Mogeabaep;

3) HelIpO HAKTHIABIFBI JKOK MOAEAb.

DAeKTPTYTBIHY AbIH 00AXKaMaayAbIH KAaCcCUKaaAbIK dAicTepi

DAeKTpTYThIHYyABl Ooaxamgay KasakcraH »aekTpsHepreTnkKaablk >KyiteciHiy (D9X)
ceHIMAl >KYMBIC >Kacaybl 00AbII Keaeai. KasakcraHaa eki MBIHIIBL XKblAJapAaH OacTail 5AeKTp
DHEPIUACBIHBIH, KOTepMe HapbIFBIHBIH Odcekedec CeKTOphI KyMbIC >Kacall Oacraanl. Otmeai
Ke3eHHHiH KeTepMe HapbIFBIHBLIH JKYMBIC JKacaybl KOTepMe HapbIK KaTbICyIIblAapbIMeH >KoHe
CaThIIl aAylIblAapMeH >KeKe >KOCIIapAbl CaraTTBhIK TYTHIHYABI JKeKe aHbIKTayblHa HeTidgeaeai.
DaexTpsHeprusa OHAipylIidepi yIiH Ky TiaeTiH >KyKTeMe 004KaMbl OTle paliiOHAbI IIBIFBIHAAPABI
ONTUMU3aLNAAAY, KyaTTapAbl pe3epBiaey, aaablH-aAy >KYMBICTAPbIH JKYPIi3y BIHFaliAbLABIFbI
JKoHe JKylleaep Kayillcizairin KaMTamachl3 eTy YIIiH MaHbI3Abl. TyThIHyIIbLAap yIIiH 004KaM
IIBIFBIHAAPABIH MMHIMU3aLIAaHybIH KAMTaMachl3 €Ty, aTall aliTKaHAa, Ka>keTTi KyaT )KeTIIeTeH
>KarJalida ©HAIPiCTiH TOKTay MYMKIHAITiH, HeMece AMMUTTEPAEH achlll KeTKeHAe alibIIINyAa
TO/Aey MeH TalICBIPBIC JKacaAraH KyaTThIH TOABIKTall IIBIFbIHAAAMAaraH KoaeMaepine [3] apThIK
Teaeyai 6oaapipmay yiriH kaxet. 2012 sxprapr MEMCT P 150 50001 - 2012 - «DHepreTnkaabik
MeHeAXMeHT >Kyiteaepi» [4] Kasakcran yaTTeiK craHaapTel Oekitiagi. bya ~ MEMCT
DHEpreTUKaAblK MEHeAXKMEHT KYJeCiH a3ipaey MeH >KaKcapTyfa TadalTapAbl HaKThlAaAbI
>KoHe OeAriaeiigi, OHBIH MaKcaThl DHepreTUKaAblK HOTIKeAiAiKTi, DHepreTuKaAbIK, TUiMAiAiKTi
KOca aAfaHJAa, DHePIUsAHBI IlaiijadaHy MeH TYTBIHYABIH [4] TypakKThl >KakcapThlAyblHa KOA
JKeTKi3yJe KylfeAik aMmaaAbl XKy3ere acblpy MYMKIHAITH YIIBIMAACTHIPYABI Oepy O0ABIIT Keaeai.
beariszenren mMemaekeTTik HOpMaTUBTepre ColiKec DHepreTMKaAbIK >KylieaepMmeH Oackapyaa
DHEPIeTUKAABIK CascaT DHEePreTUKaAblK IlapaMeTpAepdaiH Y34iKCi3 >KaKcapyblH KaMTaMachl3
eTy KepekK. DAeKTpoHepTeTUKaAbIK, KyliedepAiH JKYMBIC JKacay TMiMAiAiriHe KOA SKeTKi3y yIIIiH
MaHBI3Abl IapaMeTpAepiHiH Oipi TYTBIHBLAATBIH >KYKTeMeHi 0oa’KaMaayAblH A394Airi O0ABII
keaeai. boaxxamaayapiy Tarcelpmachl Keaeci Typde TY>KbIpbIMJAadagpl: X(t) yakbITIa Karap
MoHJepiHiH aa4bIHFBI Oide Typa Keaeci MaHAI OoaKayFa 60aaabl
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Daexmp Kykmemerepin 00Axay modervdepi Met adicmepi

x(l+d) = w(x(t),.., x(t—1),(5, &, s Eg) )

Mynaa, d_ boaxamaay KagaMbl, a.-n ToyeACi3 aliHpIMaAbLAapAbIH caHbl [3]. Taagamaabik
DoaxaMaayAblH d4ici: 001KaMAalThIH TaadaMaAblK ©pHeK

2 (R’, t) = Ef: 1 E:l'x:" (q’ t) (2)

MyHaa *r (q:t) . 6oaxaMAaiiTEIH (POPMYAaHBIH HETi3iH KypaiThiH, Oa3aablK ©pHeTi;

T _ xocemia Ty3eTymri KosdduumeHTrep (KyKTeMeHiH KBICTBIK (Ka3AbIK) ToYAiKTiK
rpadpuriHiH THIFBI3ABIFB, KBICTBIKKA KATBICTBI JKyKTeMe TpauriHiH >Ka3AblK TeOMeHAeYi,
SKYKTeMeHiH >KBIAABIK OCyi);

r=1,..., R7 - DaszaabIK ©PHEKTePAiH AdpeKeci.

KemmrizixTepi: aFbIMABI g@peKTep TYCKeHAe HOTVKeAepAl Ty3eTy KUBIHABIFEL; Tal4aMaAbIK,
©pHeKTepAiH ITapameTpaepAid 604’)KaMABl MOHAEPiH aHBIKTaFaHAa ecerTey IpoIieAypadapbIHbIH
YAKeH KoAeMi.

Kasipri yakpITTa >KyKTeMeHiH aHBIKTaMaAbIK >KoHe HaKThl IpapUKTepiHiH aliTapAbBIKTail
epekileaikrepi 0Oaiikadaabl, COHABIKTaH OOAXKaM AdAAIriH KeTepy YVIIiH 0OoaXaMAayAblH
CTaTUCTUKAABIK MOAeAbAepPiH HeMece KacaHAbl MHTeAAeKTiH (HaKThl eMec >KoHe Hellpo>KeAidik)
[3] Boaxxamaay >KXylieaepiH maiigasaHraH Aypbic. boakamgayAblH CTaTUCTUKAABIK dAicTepi:
e3repMeai opra MoJeAbjepi; e3repMeai opTaMeH aBTOPeTrpPeccrOHAbl MOAeAb, MHTeIrpaaAbl
esrepMesi OpTaMeH aBTOPerpeccuOHAbl MOAeAb, PerpeccuoHAbl MoJeabdep. Kemmriaikrep:
OKBITaTBIH CYPBINTayAblH KOPHEKTI KoAeMiHiH 004y Ka’KeTTiAiri; mpoIleccTiy MaTeMaTHKaAbIK,
cUIIaTTaMachIHBIH 004y KaxkerTiairi. Perpeccmonasl Ttasgay kemeaireMmai TaadayAblH Oacka
dJicTepiMeH caaBICTBIPFaHAa K1i KoagaH0aabl. O 6ackIM 0OBbEKTiHIH MaTeMaTUKaABIK MOAeAiH
KYPYM€H, OHBIH MAeHTU(UKalNIlaHybIMEeH OallAaHBICTHI, TaIlIChIpMalapAblH KeH KAacCTTaphbl
Y1IiH ITajigaaaHbiaaabl. O0beKTige >KylieaiAiKTi cuiiarray yIliH MojeAbAl TaHAay TallchblpMachlH
KOJIFaH Ke3Je YII ToH >KarJalidapAbl allbIpaAbl:

1. MogeabAiH KypBLABIMEI )KoHe TUIIi OeAariai, TaHAaMaAabl AepeKTep MOoAeAb ITapaMeTpAepiH-
kodPunmenTTepin Garasay yIIIiH naijalaHblAa bl

2. 3epTTeaeTiH OOBEKTiHI cunaTTay YIIIiH OipHellle MoAeAb IalidaAaHbla alalbl; OAapAbIH
ilTiHeH eH >KaKCBICHIH TaHAAy >KoHe OHBIH ITIapaMeTpaepiH Oarasay KakeT.

3. 3eprreseTiH 0OBEKTiHIH MoJeai aaAblH ada OeAarici3; eH >KaKChl >KOAMEH TaHAaMaAbl
AepekTep OOJBIHIIIA DKCIIEPUMEHTTe KYPBIABIMBI JKOHiIHAe TUIIOTe3a aAfa TapTblda aAaTblH,
944e0ip cunaTrama TaHAaAly KaKeT.

bipinmii exi >karaail >KeTKiAiKTi HaKTbLAaHFaH OOABIII KeJeAl JKoHe TaHAaMaAbl gepeKTepai
YIBIMAACTBIPYABIH TYpAi cTparerusdapblHa 1ientide asaaabl. MogeabAiH HaKTBIABIFBIHCBI3ABIK,
IIapTTapblHAA TaIICBIPMaHBI IIIelIyre KaTBICTBI Oip >KaKTBI >Kayall Oepy MYMKiH emec. bac
KVUBIHIIIBIABIK MOJeAbAiH 004’KaMABl KYPBIABIMBIHA KATBICTHI IIIBIHAMBI TUIIOTE3aHBI TapTyJa
0oapinn Keaeai. Toxxipnbe kepcereai, IMIIOTe3aHbIH IIBIHABLABIFBIHBIH JKOKTBIFBI TaHAAMaAbl
AepekTep OOJbIHIIIA TaHAAAFaH, MOAeAbAIH JKYMBIC icTeMeyiHe oKeaeai.

MogeapaiH KYpPBIABIMBIHA KaTBICTBI TUIIOTe3a OOBEKTige OO0ABII >KaTKaH, IIpoLieccTep
TabuUFaThl JKOHIHAE MYMKiH YAKeH allpropAbl aKIlapaT Heri3iHAe aaFa TapThiAy KakeT. O0beKTige
KyleaikTep MeH ToyeAAiAikTepai aHBIKTATBIH, ToyeACi3 allHbIMaAbldap TaHAaAFaHHaH,
TallCBIpMaHBIH ~ KOAeMAiAiri aHBIKTaAFaHHaH, MOAEAbAIH  CHI3BIKTBIFBIHBIH/AVHENAITiHIH
(mapamerpaep, 14 artHbIMaAbIAap OOMBIHIIA) 00AXKaMABI TUII aHBIKTaAFaHHAH JKoHe OObeKTige
>KacaHABI 9cepaepAi eHrisy MyMKiHAiri OaralaHFaHHaH KelliH FaHa, HeTi3iH perpeccuoHAbl Taajay
KYPailThlH, IIaCCUBTi SKCIIEPUIMEHT CTpaTernschiHa Oypblay¥Fa 00Aasbl.

X KipMeai aliHBIMaAbldapaaH E(X 1&g X k] 944e0ip QyHKUMA TypiHAe, OOBEKTiHIH
Ka/BIIITEI JKYMBIC JKacay peXuMiHJe XKIMHaAFaH JepeKTep OOBIHING, 3epTTeleTiH OOBbeKTiHiH
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MOJeAiH TaHJaIl aayAbl KaXkeT eTeai deaik. bya >xarjaiiga oObekT >KeHiHae Oap Oiaimaep
HeTi3iHAe TeTic >KoHe Yy34iKci3 peTiHae Oya (YHKIIVAHBI €1eCTeTy IIBIHANBIABIFBIH aHbIKTaFaH
aypeoic. Erep oObekT yIniH MyHAall MyMKiHAIK Oap 6oaca, oHAa MoJeaAb peTiHAe KipMmeai
alfHBIMaAbLAap KeHiCTiringe, OacTalKbl HYKTe ayMarbIHAQ, TETiC JKoHe Y3AiKci3 PyHKIMAAap AL
JKaTKpI3y OapbIChIHAA aABIHATBIH, TelAopAbIH Typai Y3BIHABIFBIHAQ CTeleHbAi KaTapAblH

KeciHAizepi TaHAaaa adaAgpl. MpIcaabl, yII aifHBIMAAbl (PYHKIIVS £ =B X, T B, X, T By,
AVIHelAl TIOAMHOMHBIH TYpiHAe HeMece, KeOipeK >KOfaphl KaTapAarbl IIOAMHOMAAp, Karap
KeCiHAl Y3bIHABIFBIHAH Toyeaal TypiHae O04a adaabl:

£= By X) + B Xy + ByX3) + Byg X Xy + Bog XXy + B X XX + 00, ©)

Myngaa moamunom xosddunmentrepi TeitaopablH Toyeacis aliHpIMaAblidap KaTapblHAA
CorikeciHie GyHKIIMsIAapAa KeKe TYBIHABLAAP OOABIII KeAeAl, MBICAADI
ag ac®

Bn = — ,Boy = ——
3 — »Bag e
8xy d%:%;  sxome T. 0.

Kenrixk perpeccust mogeain Kypy 0oakaM 0OBeKTici >KeHiHAe Oap, AepeKTep HeriziHAe
perpeccnoHanl KoodppuimeHTrepai Tabyra >KoHe OOAXKaMFa acep eTeTiH ¢aKTopaapra KeAill
Tipeaeai. Ocblaaliina, perpeccuoHAbl 94iCTep ®AKTPTYTHIHYABIH IIBIKIIAAbl 00AKaMABIK
IIaMachklHa IapaMeTpAepA4iH KeH TaHJAaybIHBIH 9cepiH eckepe aaaapl. JereHMeH TayeAci3 acep
eTeTiH akTOpaapAasl (IpeANMKTOpAapAbl) TaHAAQy Maceaeci aliTapABIKTall KypAeAi 60ABII Keaeal.
bynbi Gopi 94eKTPTYTBHIHYABIH KOI(aKTOPABI PerpeccuoHAbl 00AXKaMABIK MOJeAbAepiHiH
aliTapABIKTall KypAeAi >Ky3eTe acybIHa oKeaeai.

DAeKTPTYTBIHYABI 00AXaMAayAbIH HeIpOsKeAiaik aMaabl

Heriponabr >keai acThlHAQ KapamlaiblM OMOAOIMAABIK IIPOIleCcCTEPAl MOAEAbAENTIH,
ecenTeyilKypblabMAapAbI0iadipeai, 5kuioaap ajgaM MUBIHBIH ITpOIleccTepiMeHaccol s daHabl.

JKorappn! aiiTbiaraH >Keaidep e3iMeH OH >KoHe Kepi acepaepai Taasay >KOAbIMEH aAallTUBTI
OKBITyFa Ka0iAeTTi, TapaTblAFaH >KoHe I1apaaleAbai XKylieaep OOABIIT Keaeai.

bya >xeaizepae eH a3 >koHe KapamaiibIM KYMBIC OipAiriMeH 611010TMAABIK TyIOeliHeciMeH
aHaAOTUACH Oap, HeMPOH OOABIN Keaeai.

Heripon ymr Tunri saeMeHTTepAeH Typaabl: KOOEMTKIIITep, CyMMaTOp JKoHe AMHellAi emec
TypAeHAiprini.

KeOeNTKiITep HellpOHAap apachlHAa 0allAaHBICTHI XKy 3eTe ackIpabl >KoHe OarldaHbIC KYIITiH
CUITaTTaNTHIH, CaHFa KipMe CUTHaAAbl KeOelTeAi.

CymMaTop curHaagapAbH KOCYbIH OPBIHAANABI, OAap CBIPTKBI KipMe CUTHaAAap >KoHe DacKa
HellpoHAapJaH CMHAIITUKaABIK OalldaHbICTap OOVBIHINA Tyceai. AMHeAi eMec TypAeHAIpTiIn
CyMMaTOp IIBIFBICBIH-Oip apryMeHTTiH AmMHeNAik emec (YHKUMACBIH Ky3ere acelpadbl. bya
¢yHKIMA akTMBaIMsA QYHKINMACBIMEH HemMece HeMpOHHBIH Oepiic QyHKIIMACHIMEH aTalajbl.
Heiipon >kaA1Isl BEKTOPABIK apTYMEHTTIiH CKaAspABIK PYHKIIMACHIH Ky3eTe achIpaasl [5].

Heitponnsiy MaTeMaTnKaAbIK MOJeAi:

S=3",wx +b

y=f(s),
MyHJa Wi _ cunamnc caamarsr, b T 1 -1
b_ AAMaCTBIPYIITBI MOH,
5. cyMMaJaay HaTIXKeci;
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*i - xipMe BeKTOpBIHBIH KOMIIOHeHTi (Kipme curnaa), b = 1..n

-

-+ - HeJIPOHHBIH IIbIKIIA CUTHAADL;
™ _ HeilpoHHBIH Kipic caHbI;

F- aKTUBaIMA PYHKIIVACHL.

«Kipme curnaa, caamMaxThIK KOO(PPUITMEHTTep JKoHe aAMacThIPy HaKThl MoHAepAi Kabblajait
aaaapl, Oipak KeIlTereH ITpaKTMKaAbIK TaIlCbIpMaJapAa oAap TeK KeiOip (ukcanmsiaHraH

MaHJAepAi KaOblagamabl. () IIBIKIIAChl aKTUBaLMs (PYHKIMACH TypiMeH aHbIKTadaAbl KoHe
HaKTHI Ja, >KoHe OyTiH ge 0oaa aaaAbl. () KipMe CHUTHa/AbIHa AMHENAIK eMecC TypAeHAipTimn

HelIpOHAAQ ©3iMeH IIBIFBIC OOABIII KeaAeTiH, f {5] IIBIFBIC CUTHAABIMEH >Kayan Oepeai.
AxTuBanoHAs! GyHKIMSHBIH MbIcaadapsl 1. Kecteae [5] yChIHBLAFaH.

Kecre 1. Heiltpongapab! aktusanmsiay GyHKIMAAAPLI

Artaysl Popmyaa MbaHaep 06ABICH
/luHenaik f(s)=ks (-00,4e0)
/l0TKAABIK 1 (0,+o0)
5)=——
f( ] 1 _I_ e_ﬂﬂ'
DKCITOHEeHITa /bl f(s) =eo* (0,+e0)
CuHyconaaaast s (-1,+1)
f(s) =——
a + |5

n
T xipme BeKTOphBl, CyMMaaalThIH OAOK, aKTUBALIMA (PYHKIIMSICHI

Kacanapr HelipoH -
KOMeriMeH CUTHAAAbI Ty pAeHAipy 640151,  ckaaspAbIK IIBIFbIC Hap, DAeMeHTapAbl TYPAeHAIpril
91emMeHT. Op Kipme ' GUOAOTUSABIK «CHHOIITUKAABIK» DaiiAaHBICTBIH KYIITiHe CIliKec KeAeTiH,

Wi caamaxTeik koo PpunmenTti 6ap. CaamakThK KODPPUITMEHTTEP OKBITY IIPOIlecCciHAe peTiHe
keatipizeai. KapamailbiM caaMakThIK KO®(PQPUITMEHTTep KO3ABIPYIIE, aa Kepi - TeXXeyIri
OaliaaHbICTap A€l aTalaThIHAapFa colikec Keaedi. CaaMaKTBIK KOO PUITMEeHTTepAiH I1aMachIHaH
ToyeAAl, CUTHaAAap, KeAl OolibIHIIIa OepiaeTiH, apTa >koHe kemu [5] aaaapr. KocsiMina sxacaHabl
HEeJPOH aAMacy KaMTaMachl3 eTy YIIiH, Wy Ko»pPpuimeHTiMeH Ta KipMmeci eHrisizeai. OgeTTe,

=1 (1 cyper).

AxcoH =
) q
5=i.1‘, i +b
Y=F(S)

OPBIH AYEICY

Cyper 1. JKacanas! HelipoH Mogeai
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Ocplaaitiia, XacaHAbl HeipoH 'n KipMe BekTopbiHbIH T ckasprina Typaenaipiayin xxysere

aceipagpl. JKacaHabl HelIpoOH 2 DTarTa >XYMBIC JKacalApbl.

Heitponabl Xeaizepaiy yIn Herisri TuIliH axbIpaTyfa 004aAbl: TOABIK OallAaHBICTEI,
KeIl KabaTTel HeMece KabaTThlaap, 94cCi3 OaitaanbickaH. Kem kabaTTel HeipOHABI >Kediaepae
HelipoHgap Kabartrapra Oipireai. KabGar OiprbiHrail KipMme cuUrHaagapbiMeH HelpOHAApABIH
SKUBIHTBIFBIH KaMTUARL JKaambl >Kargaliga >Keai coagaH OHFa Kapaill Hemipaenren, Q
KabaTTrapblHaH Typaabl. CBIPT KipMe cuUrHaagap Kipme KaOaTThlH (HOA4iK) HellpoHAapAbIH
KipMeaepiHe Oepiaeai, aa >KeAiHiH IIBIFbICTapbIMeH COHFBI KaOaTTHIH IIBIFBIC CUTHAAAaPbl OOABIIT
keaeai. Kerr KkabaTTel HellpoHABI Keaige KipMe >KoHe IIBIFBIC KaDaTTapdaH Oacka Oip Hemece
OipHerre >xaceIpblH KabaTTap Oap [5]. O3 keseringe, ko1 KabdaTThl HEIIPOHABI JKedilep apacbiHAa
Ke/eci TMITepai a>kKpIpaTaabl.

1) Monoronapr. bya neilipongap meH OaiiaaHpICTapFa KOChIMINIA ITapTTapbiMeH KabaTThl
>KeAailepAiH epekIlle JKar4abl.

2) Kepi OaitaanbiccrIs >xeaiaep. byHaait skeaiazepae kKipMe KabaTThIH HelipoHAapHl Kipme
CUTHaAJap aaaAbl, 0OAapabl TypAeHAipeai kKoHe OipiHII >KachIpbIH KaOaTThIH HelpOHJapbIHa
Kibepeai, >XKoHe appl Kapail KOAJaHYIIbl MeH MHTepIIpeTaTOpLIbl YIIiH curHaa OepeTiH,
IIBIKITackIHa JAeliiH. KabaTTel skeaisepaiH KaaccMKaAblK BapMaHTBLIMEH TiKeaAeil TapaTyIlbl
TOABIK OaifAaHBICKAH >Keaidep OOABII Keaeai.

3) Kepi GaitaansicrapbiMen Xeaiaep. Kepi DaitaaHbicTapbIMeH XXeadidepae akHapaT KelfiHri
KabaTTapJaH aAAbIHFbLAAPFa Kibepiaeai.

DAeKTPTYTBIHYAbI 00AKaMaayAblH HelipO HaKThIABIFbI JKOK aMaAabl

HakTblABIFBI >KOK /AOTMKachIMEeH >Kyliedepai mHaiijadaHyAblH HeTi3Ii TapThIMABIABIFLI
KypJeai mpoueccTep YIIiH MaTeMaTUKaAbIK MOAeAAl KYPy MYMKiHAiriHAe Typaabl, MyHAAl
Mogeabai Dacka (cTaHAAQpPTTH) JKOAMEH aadyfa 0oamaraHAa. TeopusaAbIK OOBeKTiHiH KVMCBIHADI
MaTeMaTHKaAbIK MoeAi erep OD0AFaH >Kardaliga eH >KemicTi 60akaMAap opblHAaAa adaabl. bipak
MaTeMaTHuKaAblK MoJAeabje Kypyaa (MageHTnuduKanusalapAa) HaKTBLABIFBI JKOK MaTeMaTlKa MeH
AOTUKaHBI KOAJaHy dpeKeTTepi apKalllaH coTTi 00aa OepMeliai, elTKeHi anpuopu OiaiMaepai
asanTty MeH popMaan3aIus KaskeTTiairiMeH 6aiiaaHbICTHI OallAaHbICTa MOAEAbAIH KY PBLABIMbIHA
IIIeKTey caAblHaAbI, OChIFaH OallAaHBICTBI IIIeKTey >KOAbIMEH KipMe allHbIMaablAdapAblH
mamacsl asasgAbl. COHpIMEH KaTap, HaKTBIABIFBI JKOK KylleaepAiH KeMIidikTepiHe OKBITYAbIH
SKOKTBIFBIH JKaTKbI3yFa 004aAbl KoHe HOTIDKeCiHAe, MOJeabai MoAMpUKanuslay YIIiH eAlIey
AepeKTepiH mnaiigadaHy MYMKIHAITHIH >KOKTBIFbI. HaKTBIABIFBI JKOK AOTHMKaMeH XylieaepAin
apTHIKIIBIABIELIHA OCHI Calaja DKCIIepTTep ToxKipubeciMeH JKYMBIC icTey SKoHe OChI HaKTHLABIFBI
KOK, epeskeaepaiH KoMeriMeH aAblHaTbhIH, KOPBITBIHABLAAPABIH MHTepIIpeTalysalaHyblHa acep
€TeTiH, HaKTBIABIFEI JKOK epexXkeaep TypiHAe Kypdeai XyMeHiH MOJeAiH aay MYMKiHAiriH
JKaTKpI3yFa 004aAbl. HaKTBIABIFBI JKOK AOTMKaMeH MoJeAbJep MeH >KacaHABl HelpOHABI >KeAi
ic )xysiHge OipJel eKeHAiriH aiiTa KeTy Kepek, Oipak eki a4icTe Ae I1AI0CTap MeH MUHYycCTap Oap.
Helipo HaKTBIABIFBI )KOK MOJeAbAePAe KOPBITBIHABI HAKTBLABIFBI JKOK A0THKa allllapaThl HeTi3iHe
>Kacaslaabl, AeTeHMeH KaThICTBIABIKTBIH Kelbip yKcac PyHKUMAAAPHI JKacaHABI HETIPOHABI JKeAi
OKBITY 94iCTepiHiH KOAAaHBLAYbIMEH OeifiMAeaeai.

boaxxamaay TamcelpMadapblHAa HeMpPO HAKTLIABIFBI JKOK aMaAAblH IIepCIeKTHBTI
epekIidiriveH KipMe (IIBIKIIa) akKIapaTThlH aliTapAblKTail OypMadaHyJdapblHAa ceHimai
HOTIDKeAepai aldy MYMKiHAIrTi 0oabin Keaeai. MyHaail HoTuKeaepai HeMpOHABI Keadiaepae
0oaKaMAalTBIH MOJeAbAepAi KOAJaHa OTHIPHII, adyfa 0oaaabl. Hellpo HaKTBIABIFBI >KOK
>KellaepAiH apTLIKIIBIABIFEL: AOTMKAALIK Taljayfa >KOA OeperTiH, camaasl OiaiMaepaiy 0oaysl,
KaTeaepai TaOy KaparialibIMABIABIFEI [6].

Cupek >xykreMeHi 0oa’kaMAay VIIiH HaKTBIABIFBI JKOK AOTMKAa KOAAaHBLAAAbl, OVITKEHI
HaKTBIABIFBI KOK epexkedepai Kypy YIIiH OCbl cadasdarbl 9KcIepT KaxerT. JKui skcriepTiieH
>KacaaraH 001KaM DHepIUs KylieciHae O0ABII JKaTKaH, IIpolieccTepAi CyObeKTUBTI OaracblHAA
HerizAeaeAi, koHe Oya Oara MHTYUTUBTI curiarra 601aapl.
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HakTelabIFel KOK — epexxedepdain 0azasapblH KYpbhIABIMJAAy >KoHe >Ky3ere achlpy YIIiH
MyHJall IPOILeCTi CUIIaTTalThiH, 3aHALIABIKTapAbl allpMOPABl aHBIKTayAbl KakeT eTeai, Oya
YAKeH >Kyiiedep YIIiH aiiTapAblKTall KUbIH 00abil keaedi. CoHbIMEH KaTap, ®KCIepTIeH
mpolieccTepai curmarray 6aphIChIHAA aKITapaTThl CyOBeKTUBTI (PaKTOpP KYyIITiMeH JKOFaATyBI CO3Ci3.
ConapIKTaH KIi HaKTBIABIFBI XKOK aATOpUTMAEpre HerizgeareH, 944e0ip adicTeMe yChIHBLAAADI
HeMece HelpoXKeailik aMaaMeH yiiaectipy. Mbicaabl, >XyKTemeHi appl Kapail Ooaxamjaay
YIIiH KBIPBIK Ceri3 >KacaHAbI HeMIPOHABI KeAiHiH iliHeH Oipeyin 0oaxkamMaay YIITiH TaHAAyIIIbl,
aya pailibl >KaFjalidapblHaH IIbIFa OTBIPHIN, HAKTBIABIFEI JKOK KAacCUPUKATOPABI IalijalaHy.
Helipo HaKTBIABIFBI >KOK amaaAblH THIMAIAIrl >KacaHAbl HEMPOHABI XKeAal IlalidadaHFaHFa
KaparaHJa >XOfapbl. boa>xaMHBIH ayBITKyAapblH a3aliTy HaKTBLABIFBI JKOK >KeAidepAiH IIeKTi
dyHKUMSAAPABI TETiC allIpOKCUMMaLNsAAay KoHe JKedije «HaKThl eMec» ToCiAMeH JgepeKTepai
yCBIHY KabizeTTiairimen Tycingipiaeai.

JepeKkTepaiH HaKTBl Kipic BeKTopaapbl OipHeIlle >Keaigeri HaKTBI eMecC KOITiKTepre
Tueciai. OsiHie yibIMAacy aArOpUTMi KOMeriMeH OKBITBhLAFaH, HaKTBIABIFBI JKOK JKeaizepae,
KAacTepAapAblH TypAi OpTaablKTapblHa 9KeAy JKOABIMEH AepPeKTepAiH HaKThl eMeC TOIITaAybI
opeiHAa4aAbl. HoTyokecinge ap X BEKTOp KOII IIeHTpAapMeH YChIHbLAaAbl, JKoHe 9PKaliChICHIHBIH
acepi BEKTOpP MoHiHe opTYypAi >KoHe KaTBICTBIABIK (PYHKIIMACHI MoHiHeH Toayeadi. OCBIHBIH
apKachblHJa €H JKaKCBIChI MYMKiH 004aabl >KoHe OKBITYy Ke3iHge IlaiijadaHblAFaH aAFalllKbl
AepeKkTepAiH KeDipek 494 KepceTidyi >KoHe OHBICBIMEH 0oaXKaMJay A9AAIriHiH apTyBl.
Boaxxamaayaply Hepo HaAKTBIABIFBI JKOK aMaajapAblH  apTHIKIIBLABIKTapbIHA >KaTajbl:
anpMoOpABl  aKIapaTThlH >KeTiCIeyIIidirine ce3iMTaAChI3ABIFEI; OypBIHBIpaK OaKblaaHOaraH
OKMFalapabl OoAXKaMmJAay MYMKiH4iri; xaray (opMaamsannsHelH 00Aysl MeH Ooakamjay
9JicTeMeaepiHaaropuTMmusanAay; akapaTThiH €CKipyiHiH eCeIlKe aAbIHY bIHbIH PYKCATTHLABIFbI
(boaxxaMaayABIH Y34iKCi3AiK IpUHINII); 94Ci3 popMaansalsalaHFaH TallChipMalapAbl eIy
MYMKIHAITL; 8gicTeMeaepai anmapartThl XKy3ere acblpy MyMKIiHAITi.

KopsoITBIHABI

DAeKTPTYTBIHYABl OoAXKaMJay >KyilelepiHe XaAblKapaAblK TaJalTap Herisinae Oip
KellleH peTiHAe BDAeKTPSHepreTMKAaABIK >KyliedepaiH >KYMBIC >Kacay AeHIelliH KeTepy >KoHe
DAeKTPMeH >KaOAbIKTay CeHiMAiAiTiHIH AeHTelliH apTTHIPY, JKoHe Je TO3FaH JKelilep MeH DAeKTP
TapaTylbliap >KyKTeMeAepiH OoNTHMMM3aumslay MakKcaTbIMeH, 9AeKTPTYTHIHY4bl DoaXaMmAaay
Ke3iHJe icTerizepmeH Oipre, HeIIPOHABI JKelilepre HeTi3geATeH TeXHOAOTMsIAapAbl JKoHe TipeKTi
BeKTOp/ap aATOPUTMIH IaligalaHfaH Ay PEIC.

Tangaayabln gsiieKkTeyi peTiHAe HelpoXKeAiaik aMaA/AbIH HeTi3ri epeKIidikTepi KepceTiareH:

® K/AACCUKAABIK, d4icTepMeH CTaTMCTMKAABIK IIbIHAVBL HOTUKeAepPAiH aAbIHYbIH
KaMTaMachI3 eTIIeTiH, KilllkeHe OKBITaThbIH TaHJaMaAlapAbl IaligalaHy MYMKIiHAIT;

® TOABIK eMeC >K9He ayBITKBIFaH alfallKbl depeKTepaiH 00AyblHAA TaIICBLIPMAaHBIH AYPLIC
IIeNIiMiH aHbIKTay MYMKIHAITi;

e 0oaXaMaayAblH carachblHa ocep eTeTiH, TypAi KoceMmIna (pakTopAapAbl ecelke aady
MYMKIiHAITi.

Helipo HaKTBIABIFBI JKOK >KOHEe HeMPOHABI JKelilep — yHUBepcalAbl allllpOKCUMarTopaap.
HaxTBIABIFBI KOK MOJAeAbAepAiH apTHIKIIBIABIFLI AOTMKAABIK Taljay¥fa K04 OepeTiH, carlaabl
OiaiMaepaig 60aybl 00ABIII Kedeal KoHe KaTeaAikTepai TaOy KaparanlbIMABIABIFEL. HaKTBLABIFBL
JKOK OKylledepai IailigadaHyAbl IeKTeyaep: Oec KipMegeH KeDipek 0oaca KylieHi >Kysere
aceIpy oTe Kypdeai, OCBIHBI ecKepe OTHIPBINI IICHIIMHIH A944iri aspipak 0oaaabl. Kebipex
KipMeaep caHbIMeH OODBeKTidep VIIiH HelpoHAB >Kedidepai maitgadaHy KaxkeT. HelipoHABI
’KeaiaepAiH apTBIKIILIABIFEL - KipMeaepaiH KeDipek caHBIH KaaAbITacTeIpy. Heliponasn
Keaizep - «roaorpausAABIFBIMEH» - >KacaHABI HePOHAAPABIH KOIl CaHBIMEH >KdHe TOABIK
0aliHaABICTBIABIK, KYIIIiMeH JKeAiHiH Oeariai Oip OeairiH >koiiraH Ke3ae >Keai KacueTTepiH cakray
KaOizeTTizirine ne. HelfpoHABI >KeaidepAiH KeMIIiAiri KaTeAikTi HemMece aKayABIKTHI i34eyAiH
944e0ip Kypaeaiairinge 00AbIII Keaeai.
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MOACIII/I 1 MeTOAbI IIPOTHO3MPOBAHNS DA€KTPUYIECKMX HAIrpy30K

Annorammsa. B nacrosimee BpeMsl IpOTrHO3MpOBaHME DAEKTPUYECKUX HaTPy30K sBASETCS
Ba>KHOII 3aaueii. Ha ocHOBe IPOTHO30B pacCUNTHIBAIOTCS PeKMMBI paOOTHI CTaHINI, KOHQUTYpariys
CeTy, OIleHMBaeTCsl SKOHOMMYHOCTh ¥ KadecTBO JAeKTPODHEPIMM, pacCuMThIBaeTcsl rpaduk
PEeMOHTHBIX paboT U T.4. Mogeab NpOrHO3MPOBaHUs DAEKTPUYECKON HArpy3Ku SABASETCA OAHUM
U3 MHCTPYMEHTOB IIPEABUACHUS AAs NPUHATUA YIPaBA€HYECKUX PelleHUI IIpW yIIpaBA€HNUU
9AEKTPOYHEPreTUIecKUMI cucreMaMu. lleab g4aHHONM CTaTbM COCTOUT B IIOCTPOEHIM, OLIeHKe U
CpPaBHUTEABLHOM MCCAE€J0BaHMM Pa3dAMIHBIX MOJedell IIPOTHO3MPOBAHMSA DAEKTPOIOTpeOAeHMusl.
bolan umsydensl u npoaHaAM3MPOBaHbI CAeAyIOIINE II0AXOAbI M METOABl B IIPOrHO3MPOBAHMMN:
HeIIPOCeTeBO, HeMTPOHEYETKIIA.

Karouesble ca0Ba: HEIIpOCeTh, HelIpOHeYeTKasl CeTh, Harpy3Ka, MOAeAb, IIPOTHO3MPOBaHNe.

G. Tolegenova, A. Zakirova, A. Astankevich
Astana International University, Astana, Kazakhstan

Models and methods for forecasting electrical loads

Abstract. Currently, the prediction of electrical loads is an important task. On the basis of
forecasts, the operating modes of stations, the network configuration are calculated, the efficiency
and quality of electric power is estimated, the schedule of repair work is calculated, etc. The electric
load forecasting model is one of the foresight tools for making management decisions when managing
electric power systems. This article consists in the construction, evaluation and comparative study of
various models for forecasting electricity consumption. The following approaches and methods in
forecasting were studied and analyzed: neural network, neuro fuzzy.

Keywords: neural network, neuro fuzzy network, load, model, forecasting.
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