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Abstract. When conducting engineering and geological surveys, one of the main tasks is to determine the physical and me-
chanical properties of soils. The physical properties of soils are necessary for accurate soil classification, while the mechanical
properties are essential for calculating the stability of foundations, as well as the foundations of buildings and structures. This
article presents the results of a study on the physico-mechanical properties of cohesive soils in deluvial-proluvial and alluvial
deposits of the Alakol depression. Modern geological processes and phenomena in this region are mainly influenced by human
engineering and economic activities, particularly land reclamation and construction. Until the 1960s, the development of cer-
tain UCPs (Unified Classification Points) was sporadic. The erosion activity of water flows was primarily observed during
spring floods and heavy rains, leading to the washout and collapse of riverbanks. Deflation was evident in the Aeolian rework-
ing of alluvial-lacustrine deposits, resulting in the formation of blow basins, sand dunes, wind ripples, and other microrelief
features. Additionally, salinization and waterlogging led to the widespread development of salt marshes and puffin formations

in areas with shallow groundwater levels.
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1. Introduction

The natural boundaries of the region include Lake Bal-
khash to the north, the Tarbagatai Ranges to the northeast, the
Chu-lli Mountains to the southwest, and the spurs of the
Dzungarian Mountains to the south. The absolute elevation of
the plain surface varies from 600 m in the south to 340 m in
the north.

Most of the region is covered with extensive sandy mas-
sifs. In the west, deeply dissected Taukum sands dominate,
while the center is characterized by the Saryesik-Atyrau and
Muyunkum sands. To the east, the Mokkum and Zhamanzhal
sands are prevalent, and between Lake Balkhash and Lake
Sasykkol lie the Karakum and Sarykum sands. All sand mas-
sifs exhibit narrow, elongated ridges aligned with seasonally
alternating northwesterly and northeasterly winds. The eleva-
tions of dunes and sand ridges range from 3 to 30 m, reaching
up to 50 m in the Taukum massifs (Figure 1).

The valley of the Ili River, the largest river in the region, is
situated between the Taukum and Saryesik-Atyrau sands. The
modern and Late Quaternary river deltas of the Ili River (cov-
ering an area of 8 000 km?) are dissected by a dense network
of meandering channels and dry branches known as bakanas,
some of which are partially covered with sand. The entire
region is composed of a thick (up to 2 000 m) sequence of
loose, weakly lithified Cenozoic deposits [1, 2].

© 2025. M.M. Alzhigitova, M.R. Zapparov, E.S. Auelkhan, E.M. Kuldeyeva

SOUTHEASTERN KAZAKHSTAN

DEPOSITS

AN A SOOIt it

Figure 1. Map of the Alakol depression

The formation of the Alakol depression in the Upper Trias-
sic period was accompanied by the accumulation of a terri-
genous coal-bearing formation (TT3-JJ1), consisting of inter-
bedded sandstones, conglomerates, and siltstones with coal
interlayers. During the Paleogene-Neogene period, lacustrine
and lacustrine-alluvial sediments of the terrigenous red-
colored formation were deposited under hot, arid climatic
conditions. These include montmorillonite-rich, red-colored
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carbonate clays, pinkish-gray Eocene marls, and light-toned
bentonite clays, which are overlain by brick-red sandy clays
with lenses and interlayers of red-colored clay sands (P3-N1).
These deposits occur at significant depths and are, therefore,
poorly studied from an engineering and geological perspective.

2. Materials and methods

Under conditions of intensified mountain-building tecton-
ic movements in the border areas of the region, Pliocene-
Quaternary red-colored molassic formations were deposited
alongside the subsidence of depressions. The geotechnical
assessment of Quaternary deposits is based on geological-
genetic complexes and their geomorphological association
with the corresponding geotechnical zones.

Within the basement plains on the Paleozoic folded foun-
dation of the region's northeastern part, cover eluvial-
deluvial and deluvial-proluvial accumulations have devel-
oped. These are distinguished as stratigraphic-genetic com-
plexes of Quaternary eluvial-deluvial and deluvial-proluvial

deposits (pl.1). The modulus of deformation of loams ranges
from 17.6 to 50 MPa, while the degree of corrosion varies
from 1.5 to 2.3 g/m? (the uniform corrosion rate of carbon
steel is 2.55 mm/year) [3]. The physical and mechanical
properties of cohesive soils in deluvial-proluvial (QII-11)
and alluvial (QI11-1V) deposits of the Alakol Depression are
summarized in Table 1.

Rocks of the alluvial-proluvial and alluvial complexes are
mainly distributed on submountain inclined accumulative
plains. Quaternary alluvial-proluvial deposits form sediment
cones and fans at the base of mountains. The structure of
these cones distinctly exhibits two accumulative cycles,
beginning with gravel-pebble deposits containing individual
boulders and sand-clay aggregates, and ending with variously
grained sands and dense loams containing small pebbles and
gravel. The thickness of the Lower Quaternary deposits
ranges from 5 to 20 m, while Middle and Upper Quaternary
deposits reach thicknesses of 80 to 140 m. The properties of
cohesive soils in these complexes are presented in Table 2.

Table 1. Physical and mechanical properties of cohesive soils in deluvial-proluvial (QI1-111) and alluvial (QIl1-1V) deposits of the

Alakol Depression

Indicators Loam Loam Loam Loam
dp Qum dp Qum aQum aQwv aQm aQw
. . s 2.68-2.75 2.70-2.74 2.66-2.75 2.70-2.82 2.65-2.72 2.66-2.73
Particle density, gicm 2.72 (15) 2.72 (36) 2.71 (29) 2.72 (35) 2.68 (63) 2.69 (31)
. . 1.49-1.88 1.41-1.93 1.40-2.10 1.34-2.03 1.43-2.01 1.30-2.19
Density, g/cm 1.67 (15) 1.68 (36) 1.75 (28) 1.74 (35) 1.71 (63) 1.67 (31)
. s 1.32-1.64 1.28-1.59 1.37-1.65 1.30-1.85 1.31-1.71 1.20-1.85
Skeletal density, g/cm 1.48 (15) 1.48 (36) 150 (12) 1.49 (35) 152 (63) 151 (31)
Porosity. 9% 403515 41.8-59.2 ) 34.4-52.3 ) 42.7-54.3
¥, 45.8 (15) 455 (36) 47.6 (25) 48.4 (6)
: - 0.66-1.06 0.72-1.12 0.56-0.98 0.47-1.098 0.495-1.061 0.438-0.921
Porosity coefficient, % 0.85 (15) 0.84 (36) 0.76 (28) 0.81 (35) 0.75 (63) 0.66 (25)
o . 2231 18.5-25 22-38 15.7-41 17-33 17-30
Yield point humidity, % 26 (15) 231 (36) 26.7 (30) 28 (14) 23 (63) 243 (31)
. 7-117 3269 5-17 5-16 17 17
Plasticity number, % 8.9 (15) 5.6 (15) 9.4 (30) 11 (14) 46 (63) 48 (31)
Internal friction angle, degree: 17-30 19-29 } 12-46 ) 22-45
at natural humidity 24 (7) 26 (11) 28 (13) 36 (15)
Adhesion at natural humidity, 10° Pa 0(')155 8)8 g 72819) - 1—003;6%) - 7%22?@3
Relative drawdown coefficient at 0.017-0.11 0.006-0.113 0.002-0.1 ) ) )
P=0.3 MPa 0.07 (7) 0.04 (27) 0.033 (9)
Table 2. Physical and mechanical properties of cohesive soils in the quaternary alluvial-proluvial deposits
. Sandy loam Sandy loam
|
ndicators apQ apQiim apQui-v apQ apQu-m apQuv
. . s 2.65-2.73 2.65-2.73 2.68-2.74 2.6-2.81 268282 270275
Particle density, g/cm 2.88 (89) 2.88 (44) 2.72 (18) 2.71 (65) 2.72 (62) 2.73 (9)
Density. a/em’ 1.36-2.09 1.41-1.93 1.25-1.99 1.17-2.09 140201 = 154-1.76
Y. 9 1.75 (89) 1.67 (44) 1.64 (18) 1.64 (62) 1.55 (62) 1.61 (9)
. s 1.38-1.77 1.28-1.75 1.28-1.75 1.07-1.77 1.31-1.72 )
Skeleton density, g/cm 155 (72) 1.49 (44) 154 (15) 1.46 (34) 1.49 (62)
Porosity coefficient 0.29-0.98 059-1.13 0.58- 0.29-1.38 058-1.05  0.63-0.85
Y 0.70 (89) 0.84 (44) 1.17 0.76 (18) 0.79 (63) 0.87 (62) 0.75 (9)
o L 16-30 18.5-26.8 21-25 22-51 196259  22.6-30.7
Yield point humidity, % 23 (89) 23 (38) 225 (10) 27 (65) 235 (10) 27.7 (9)
. 17 3.2-6.9 2266 7-17.3 12.1-18.8 9.0-11.7
Plasticity number, % 4.6 (90) 5.6 (38) 5.1 (10) 9.1 (65) 17.1 (10) 10.7 (9)
Internal friction angle, degree: 20-37 14-46 14-46 21-48 11-46 )
at natural humidity 26 (27) 26 (16) 28 (8) 27 (14) 28 (18)
o 11-17 11-17 11-37
when soaking with water - 16 (5) 15.8 (5) - 18 (44) -
Coupling, 10° Pa: 0.08-2.7 0.2-1.9 0.7-1.9 0.10-3.8 04-1.7 )
at natural humidity 0.37 (36) 0.86 (16) 1.03 (5) 0.64 (40) 0.98 (18)
o 0.3-0.9 0107
hen soaking with water - 05 (5) -- - 0.43 (44) -
Module deformations, MPa % -- - %_(19(; -
Relative drawdown coefficient at ~ 0.001-0.150 0.006-0.113 0.001-0.06 0.002-0.20 _ )
P=0.3 MPa 0.045 (11) 0.04 (27) 0.02 (3) 0.065 (9)
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Loamy alluvial-proluvial deposits exhibit subsidence
characteristics [4]. The amount of subsidence varies as fol-
lows: apQIl loam thickness ranges from 5.4 to 72.8 cm,
apQIl-111 from 16.5 to 16.8 cm, and apQIlI-1V up to 5 cm.
The most subsident deposits are the Lower and Middle Qua-
ternary alluvial-proluvial loams of ancient sediment cones.

Channel facies are represented by gravel-pebble deposits
with a sand aggregate, frequent interlayers, and lenses of
different-grained sands. The clastic material is well-rounded
and differentiated by strike and section. Boulders and gravel-
pebble deposits with a sand-clay aggregate form the base of
the section. Sand and gravel formations with lenses and in-
terlayers of different-grained sands and loamy rocks usually
lie above. Near the surface, coarse-grained rocks are overlain
by gray loams and sandy loams.

The soil properties are very similar, despite testing being
carried out in different river valleys of the northern and
northeastern slopes of the Dzungarian Alatau. The loams of
the first above-floodplain terraces (aQllIl) are saline in some
areas, and the soils exhibit increased corrosivity. Single de-
terminations showed a degree of corrosion of 2.2-12 g/m?
(the corrosion rate of carbon steel is 2.5-13.3 mml/year).
Loam is slightly shrunken in some areas, and its subsidence
under household loads is less than 5 cm [5].

The characterization of engineering and geological condi-
tions and map construction is based on the principle of geo-
logical-genetic (formation) analysis. The territory is divided
into geological bodies-the primary objects of mapping. These
bodies represent parts of geological formations, including
stratigraphic-genetic and lithological-facies complexes of
rocks and their characteristic combinations. The sediments
were studied for the depth of development of lithified rocks
capable of supporting structural loads. Neogene clay deposits
were taken as a regional water barrier.

3. Results and discussion

Quaternary deposits are widespread from the surface
throughout the entire research area, where most hazardous
geological processes occur. Based on the conducted studies,
the following first-to-surface stratigraphic-genetic complexes
were identified within the study area. These differ in genesis,
geological age, and lithology.

Stratigraphic-genetic complex of modern alluvial deposits
(aQIV). Deposits of this complex are confined to floodplains
and low terraces (up to 5 m) of nearly all major rivers in the
region. They also form the extensive deltas of the Yrgaity,
Terekty, Takyu, and Chindaly rivers, among others. Riverbed
and floodplain terrace deposits are composed of loam and
sandy loam with gravel and small pebbles, boulder-pebble
aggregates with sand-gravel inclusions, and low-power lenses
of different-grained sands and clays (Table 3).

Boulders ranging in size from 30-40 cm to 1.0-1.5 m in
diameter are observed in the beds and floodplains of moun-
tain rivers. All detrital material is well-rounded. In contrast,
the flat part of the area is characterized by finer-grained
alluvial deposits, primarily sandy-clay material with gravel
and small, well-rounded pebbles. The thickness of alluvial
deposits in mountain valleys reaches 10-12 m, whereas,
within the flat plain, it does not exceed 3-5 m [6].

According to previous studies, groundwater is encoun-
tered at depths of 2-5 m, occasionally reaching 10-15 m. The
water is fresh, with a mineralization of 0.1-0.2 g/dm?. Due to
the limited development area, this complex is considered
unsuitable for construction purposes.
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Table 3. Physical and mechanical properties of gravel-pebble
deposits with sand aggregate (aQlV)

N Physical and mechanical Minimum Maximum | Arithmetic
properties value value mean
1.  Soil density, g/lcm®
2. Volume density of soil, g /cm?®:
Loose 1.10 2.18 1.67
Compacted 1.12 1.94 1.63
3. Clay fraction, % 0.73
4. Dust fraction, % 2.16
5.  Sand fraction, % 31.68
6. Gravel fraction, % 65.43
7. Natural humidity, % 0.60 4.20 1.93
8. Filtration coefficient, m /day 30.70 77.40 77.40
9. Natural slope angle, deg:
dry 37.0 53.0 46.47
underwater 35.0 49.0 42.87

Figure 2 shows a typical granulometric composition graph
for gravel-pebble deposits with sand aggregate. The filtration
coefficient, determined using the Boldyrev method in experi-
mental pit infusions, ranges from 9.18 to 31.10 m/day.

—
20 ./
e

_——

0010005 005001 01005
—=— Gravel and pebble deposits with sandy aggregate

02501 05025 1-05 241 52 105 20010

Figure 2. Integral curve of the granulometric composition of
modern alluvial deposits

Coarse-grained sand is rarely found as interlayers. Two
samples were taken (w-5/1, 0 and 2.0 m). The composition of
these deposits includes 63.6-78.0% sand and 22.0-36.4%
gravel. The compacted soil’s volume weight ranges from
1.57 to 1.60 g/cm?®, while the soil skeleton’s density is 1.74-
1.89 g/cm®. Natural moisture content varies between 1.0—
1.2%. The natural slope angle is 40-42° for dry ground and
39-42° under water [7,8]. Loam is widely developed in the
area, overlying boulder and pebble deposits.

Figure 3 presents a typical graph illustrating the granulo-
metric composition of loam. Additionally, five monoliths
were extracted from these loams (M-6/2.0 m, M-7/2.5 m, M-
8/2.0 m, M-9/2.5 m, and M-10/1.0 m).
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Figure 3. Granulometric Composition of Gravel-Pebble De-
posits with Sand Aggregate
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The soil density is 2.70 g/cm®. The volume weight of
dense soils ranges from 1.43 to 1.54 g/cm?, whereas loose
soils range from 1.34 to 1.47 g/cm?. Natural moisture content
varies between 5.0% and 13.5% (Table 4).

Table 4. Physical and mechanical properties of loam aQiv

N Physical and mechanical Minimum | Maximum = Arithmetic
properties value value mean

1. Soil density, g/lcm® 2.70 2.70 2.70
2. | Volume density of soil, g/cm?:

Loose 0.65 1.65 1.26

Compacted 0.82 1.69 1.36
3. | Clay fraction, % 11.29
4.  Dust fraction, % 44.98
5. | Sand fraction, % 55.02
6. Gravel fraction, % -7
7. Natural humidity, % 2.90 26.80 9.91
8. | Yield point 22.20 46.40 35.54
9. Rolling border 15.20 29.30 21.84
10. | Plasticity index 7.0 17.70 10.70
11. Turnover rate -1.46 -0.48 -1.12
12.  Water saturation coefficient 0.15 0.36 0.24
13. | Filtration coefficient, m /day 0.04 0.08 0.06

According to compression test results, these loams are clas-
sified as medium compressible, with a compressibility coeffi-
cient (mo) of 0.015-0.068 kg/cm?. The soil is highly compacted,
with a skeleton density of 1.35-1.47 g/cm®. The yield index
ranges from 0.48 to 1.64, indicating solid and plastic properties,
while the total deformation modulus reaches 24.1-
123.2 kg/cm?. The soil’s porosity ranges from 45.6% to 50.3%,
and the natural state porosity coefficient (e) is 0.713-1.015.

Stratigraphic-genetic complex of modern lake sediments
(IQIV). This complex is prevalent along the southern coasts
of Lakes Alakol and Zhalanashkol. The lake plain is general-
ly flat and smoothed, with a slight (<1°) slope toward the
northeast. Lake deposits consist of dense loams, clays, clay
loams, and sands, interspersed with well-rounded pebbles
and gravel, with a thickness varying from 1-3 mto 6 m.

According to previous studies, underground water is
found at depths of 0.5-1.5 m, with a significant portion of the
surface swampy. The water quality is fresh, with a salinity of
0.2-0.5 g/cm?. Gravel and pebble deposits with a loamy ag-
gregate have developed from the surface (Figure 4).

o
<0,005 0010005 005001 01005 02501 05025 105 2 52 10-5 200-10

a— Gravel and pebble deposits with loamy aggregate

Figure 4. Integral curve of the granulometric composition of
modern lake sediments

Experimental data from pit infusions using the Boldyrev
method indicate a filtration coefficient ranging from 9.18 to
31.10 m/day (Table 5).
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Table 5. Physical and mechanical properties of gravel-pebble
deposits with loam aggregate (IQ1V)

N Physical and mechanical Minimum  Maximum | Arithmetic
properties value value mean
1.  Soil density, g/ cm® - - -
2. Volume density of soil, g
fem®: - - -
Loose/compacted
3.  Clay fraction, % 3.77
4. Dust fraction, % 12.40
5.  Sand fraction, % 30.0
6. Gravel fraction, % 53.83
7.  Natural humidity, % 9.00 33.30 18.53
8. | Filtration coefficient, m /day - - -
9. Natural slope angle, deg:
Dry/Underwater - - -
10. | Yield point*(for placeholder) 18.30 29.20 23.40
11.  Rolling border*(for place- 11.60 21.30 16.03
holder)
12. | Plasticity number*(for aggre- 6.70 7.90 7.37
gate)

Figure 5 shows a typical graph of the granulometric com-
position of loams.
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Figure 5. Integral curve of the granulometric composition of
modern lake sediments

Stratigraphic-genetic complex of upper quaternary alluvi-
al-proluvial deposits (apQIIl). This complex extends across
the foothill plain and the Alakol depression as a continuous
cover. According to prior studies, deposit thickness varies
from 8-20 m to 80-155 m and consists of boulder and gravel-
pebble deposits interspersed with sand and loam (Table 6).

Table 6. Physical and mechanical properties of loam with
gravel IQiv

N Physical and mechanical Minimum Maximum | Arithmetic
properties value value mean
1.  Soil density, g/cm® - - -
2. Volume density of soil, g/cm®: - - -
Loose/compacted
3.  Clay fraction, % 4.75
4. | Dust fraction, % 19.74
5.  Sand fraction, % 45.35
6. Gravel fraction, % 30.16
7.  Natural humidity, % 13.30 30.80 23.43
8. Yield point 18.50 40.00 27.50
9. Rolling border 12.10 22.80 18.58
10. | Plasticity number 6.40 17.20 8.92
11. Flow rate 0.47 1.21 0.82
12. Water saturation coefficient - - -
13. | Filtration coefficient, m /day - - -



M. Alzhigitova et al. (2025). Engineering Journal of Satbayev University, 147(1), 24-30

Fieldwork indicates that underground water in this area is
mainly non-pressurized or low-pressure, with a pressure
range of 1.7-5.0 m, and is encountered in wells at depths of
5-8 m to 11-25 m. Loam with gravel appears from the sur-
face, occurring as interlayers throughout the section, alternat-
ing with sand, clay, and silt [11, 12].

This region, part of Kazakhstan's largest drainless basin,
includes three artesian groundwater basins. Underground
water associated with terrigenous coal-bearing (T3-J1J1) and
terrigenous red-colored (K-N11) formations exists locally at
great depths and does not significantly impact the region’s
engineering-geological conditions.

The Neogene pressure waters sometimes emerge through
clay «windowsy, interacting with overlying aquifers. Local
groundwater is found in eluvial-deluvial and deluvial-
proluvial deposits [13, 14]. The boulder-gravel deposits con-
tain fresh water, which transitions to gravel-sand and loam as
the distance from foothills increases. Aquifer stratification
results in pressurized lower horizons, with water-bearing
interlayers reaching thicknesses of 180 m in foothill zones,
but reducing to <50 m in depressions.

In the direction of the center of depressions, it decreases
sharply and usually does not exceed 50 m. The depth of
groundwater near the mountains reaches 100 m. Towards the
center of the depression, it gradually decreases, and at the
border with the lacustrine-alluvial plain, water wedges in the
form of springs and hollows are noted [15].

4, Conclusions

The capacity of water supply points in the Alakolsky ba-
sin is 2.5-50 dm?/s. The flow rates of self-spilling wells reach
50 dm?®/s. The waters are mainly sodium and calcium bicar-
bonate, with mineralization not exceeding 0.7 g/dm?. Sedi-
ments of stratigraphic-genetic complexes associated with
accumulative hummocky-ridge and flat concave plains are
linked to groundwater with a level depth (depending on the
relief) ranging from 0 to 20 m or more. The mineralization
and chemical composition of groundwater are highly diverse.
As the groundwater flows toward the center of the depres-
sions, an increase in water salinity is observed, ranging from
1 to 10 g/dm3. Accordingly, the composition changes from
calcium bicarbonate to magnesium-sodium sulfate-chloride.

Groundwater, mostly occurring at shallow depths (1-5 m),
is associated with alluvial deposits. In floodplains and river
deltas, the groundwater level depth is no more than 1 m. The
thickness of alluvial aquifers does not exceed 30 m. The water
content of rocks varies widely. Flow rates of tenths of a liter
per second prevail, and only in the upper reaches of rivers,
where the water-bearing rocks are pebbles, do well flow rates
reach 3 dm?®/s. The mineralization of the waters reaches 5-10
g/dm? and, in some cases, even 50 g/dm?. The composition of
the water is sulfate and sodium chloride [16, 17].

The natural regime of groundwater is characterized by
smooth, shallow-amplitude (0.5-1.0 m) fluctuations in levels
throughout the year, with weakly expressed spring maxima
and summer minima. The main autumn-winter maximum is
due to the filtration flow of irrigation and wastewater from
irrigated areas. The level rise is 1.8-2.2 m, and in areas of
rice crop rotations, it reaches 5m. An irrigation-type
groundwater regime has developed over a large area.

Modern geological processes and phenomena in the re-
gion are mainly associated with human engineering and
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economic activities, particularly land reclamation construc-
tion. Until the 1960s, the development of a number of DGPs
was episodic. The erosive activity of water flows was ob-
served only during spring floods and heavy rains, leading to
bank erosion and collapse. Deflation was evident in the eoli-
an processing of alluvial-lacustrine sediments, resulting in
the formation of blow basins, sand dunes, wind ripples, and
other microrelief forms [18, 19]. Salinization and waterlog-
ging occurred in the form of extensive development of salt
marshes, sores, and puffs in areas with a shallow groundwa-
ter level.

Abrasion was intensely observed on the southern and
eastern shores of Lake Alakol. The southern shore of the lake
(near the village of Koktum) has moved more than 200 m
over 20 years. As a result of the washout and collapse of the
coastal ledge, part of the village was destroyed. The shore-
line of the lake has advanced very close to the railway track.
The activation of abrasion processes is caused by frequently
recurring hurricane winds and an increase in the lake's water
area. According to measurements from 1862 and 1931, the
lake's size increased in length and width by 5 km. Even more
intensive growth of the water area was established by the
1951 measurements. Over 20 years, the lake’s length in-
creased by 15 km, its width by 5 km, and its depth signifi-
cantly as well [20].
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AJIaKeJ1 OMNATHIHBIH AeJTIBUHAIBI-NPOIIOBHAIABI (Qii-111) XKoHE
aunioBHAIIBI (Q1ii-1v) merinaiiep KeleHaepiniH 0aiIaHbICKaH
TONBIPAKTAPBIHBIH (PH3HKA-MEeXaHHKAIBIK KACHETTEPiH 3epTTey

M.M. Anpxurutosa’, M.P. 3anmapos, E.C. Oyenxan, E.M. Kysbneesa
Satbayev University, Arvamei, Kazaxcman
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Anaarna. MHXeHepIiK-TeoJOTHUIBIK 3epTTeyIep KYPTi3y Ke3iHae eH MaHBI3ABl MiHAeTTepaiH Oipi TOMBIpaKkTHH (pr3nuka-
MEXaHHUKIBIK KACHETTEPiH aHBIKTAy OOJBIN TaObUTaNbl. TOMBIPAKTHIH (M3UKAIBIK KacueTTepi TOMBIPAKTBHIH aTayblH o1
aHBIKTAy VINIH KaKeT, MEXaHHKaJIBIK KacueTTepi IpreractapabiH, FuUMaparrap MeH KYPBUIBICTapAbIH HETi3IepiHiH
TYPaKTBUIBIFBIH €CEMNTey VIIiH KaKeT Makanaga AJakes OWIATBIHBIH JETIOBHANIBI-IPOTIOBHAIIBI JKOHE aJUTFOBHAIIIBI
IIeTiHAIEp KemeHAepiHiH OipTyTrac TOMBIpAaKTApBIHBIH (DHU3UKAIBIK-MEXaHUKAJIBIK KacHeTTepl KedTipumreH. AMMaxk
ayMaFbIHIAFbl Ka3ipri TEONIOTHSUIBIK TIPOLIECTep MEH KYOBUIBICTAp HETI3iHEH aJaMHBIH HHXCHEPIIK-IIapyalbUIbIK
KBI3METIMEH, aTall alTKaHIa MEIHOPAIMUIBIK KYPBUIBICTICH OaiaHbICThL. 60-1Ibl sxbuAapFa fAeiin oipkatap KI'TI-neiH namyst
SmM30AThIK cunarta Oomabl. Cy aFbIHIAPBIHBIH SPO3HSIBIK OCJNCEHIUIN TEeK KOKTEMIT Cy TAacKbIHBI Ke3iHIE IKOHE
JKaraayIap/IplH [IalbUTybl MCH KYJIaybIH/IA XKaHOBIP jKayFaH Ke3Je maiaa 0omabl. Jedanus amroBHaiapl Kol eriHIuIepiH
S0IABIK OHJCYAC Ypiey OacceiHIepiH, KYM/IBI KONICHITKBIITAPIBL, XKeJl TOIKBIHAAPBIH )KOHE MUKpOpenbedTiH Oacka TypiepiH
KaJBINTACTHIpYAa KepiHnai. Ty3naHy jxoHe OaTHaKTaHy >Kep acThl CyJapbl JCHICHIHIH Tas3 JKaTKaH KEPJCPIHIC TY3.bI
OaTmakTapAbIH, KOTICHITKBIIITAp MEH KOTICHITKBIIITAPIBIH KeH JaMybl TypiHae Oonmel. TyHiHmI ce3mep: abcomoTTi Oenrinep,
OWIIaT, KEIICH, aJUTIOBHAJIIBL, ACTIOBHAIIBI, (PH3uKa-MeXaHUKaIbIK KaCHETTePi.

Hezizzi co30ep. abcomommi 6enzinep, ounam, KeuleH, aniniosuanobl, 0er08Uanobl, PU3UKA-MeXaHuKaIvlK Kacuemmep.
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N3ydyenue pu3NKO-MeXaHMYECKHUX CBOMCTB CBA3HBIX IPYHTOB
KOMILJIEKCOB J1€JTI0BHAJIbHO-TIPOJIIOBUHAIBHBIX (Q1-111) M AJUIIOBHAJIBHBIX
(Qui-1v) OTJI0KeHHIT AJTAKO0JIbCKONH BIAINHBI

M.M. Anbxururosa’, M.P. 3anmapos, E.C. Ayenxan, E.M. Kynbneesa
Satbayev University, Arvamoi, Kazaxcman
*Aemop ons koppecnonoenyuu: M.alzhigitova@satbayev.university

AnHoTrauus. [Ipy npoBeeHUN NHXEHEPHO-TEOJOTNUECKUX U3bICKAHUN OHOM U3 IIIaBHEHMIIMX 3aJad SIBISIETCS Olpenee-
HUC (DU3MKO-MEXaHWYCCKHX CBOWCTB TpyHTOB. DU3MYecKHe CBOWCTBA I'PYHTOB HEOOXOIHMMBI Ui TOYHOTO OIPEICIICHHS
HAVMEHOBAHUS IPYHTA, MCXaHHMYCCKHE CBONCTBA HEOOXOIMMEI JJIs pacyeTa YCTOHYMBOCTH (DYHIAMEHTOB, OCHOBAHHUHN 3TaHUIA
U COOpYXeHHI. B craTbe mpescraBiieHbl pe3yabTaThl (PU3UKO-MEXaHUUECKHE CBOWCTBA CBS3HBIX I'PYHTOB KOMIUIEKCOB JIEITIO-
BUAJIBHO-TIPOJIIOBUAJIBHBIX YU aJUTFOBUAJIBHBIX OTJIOKEHHUH AHaKOHLCKOﬁ BITaAUHBI. COBpeMeHHI)Ie T'€OJIOrMYECKUC MPOLCCChI U
SABJICHUA Ha TCPPUTOPUHN PCTHOHA CBA3AHBI NPECUMYIICCTBCHHO C PIH)i(eHepHO-XO?,HfICTBCHHOﬁ JACATCIBbHOCTBIO YCIIOBCKA U, B
YaCTHOCTH, C MEIMOPATUBHBIM CTPOUTENTLCTBOM. [0 60-X romoB paszeutue psaa OI'Tl Hocuno anu3oIuvecKuil Xxapakrep. Jpo-
3WOHHAS JCSITEIHHOCTh BOJHBIX IMIOTOKOB MPOSBISUIACH TOJNBKO B TIEPHOJ BECEHHUX MOJOBOIWH W BEHIMAJCHHUS JHBHEBBIX JI0-
JXKIel B mMoAMbIBe U 0OpymeHnn O6eperoB. Jledmsmus nposBisiack B 30JI0BOH TepepadOTKe aJUTFOBHATBHO-03EPHBIX OTIIOXKE-
HUH ¢ 00pa3oBaHNEM KOTJIOBHH BBIIYBaHUS, IIECIAHBIX OApXaHOB, BETPOBOM psOM U Apyrux GpopM MHUKpopenbeda. 3acoreHue
1 3a00JaunBaHie TPOUCXOAMIO B (OpME IMHPOKOTO Pa3BUTHS COJIOHYAKOB, COPOB M IYXJIIKOB HAa YYaCTKaX HETITyOOKOTro
3aJieraHus YPOBHS TPYHTOBBIX BOI.

Knrouesvie crosa: abcontomuvie ommemku, NAOUHA, KOMNIEKC, ALIOSUATbHBLI, OeTOSUANbHBI, (DUIUKO-MEXAHUYECKUEe
ceoticmea.
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