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Abstract

The article discusses modern approaches to assessing and analyzing the water balance of the
Bartogai Reservoir, located in the Shelek River basin. The Bartogai Reservoir is located in the
Bartogai tract, 175 km from Almaty and 70 km from the village of Shelek. The total design capacity
of the reservoir is 320 mIn.m?, the dead volume is 70 min.m?3, the useful volume is 250 min.m3, the
dam height is 60 m, the dam length is 325 m, and the length of the connecting dams is 250 m.

A comprehensive analysis of the main elements of the balance was conducted, including inflow,
water withdrawals for economic needs, evaporation, filtration losses, and the operating mode of
hydraulic structures. The balance covers the period from January to December 2024, with the result
as of January 1, 2025. The volume of water at the beginning of 2024 was 184.0 million m3. During
the year, the volume fluctuated: the maximum was 296.9 min.m* (May—June), and the minimum was
156.1 mIn.m* (November). At the end of the year (January 1, 2025), it was 186.3 min.m?. By the end
of the year, the reservoir level had almost returned to its initial value (an increase of 2.3 min.m?).

Based on the collected and processed hydrological data, the effectiveness of current water use
was assessed and key problems related to uneven water supply and increasing anthropogenic pressure
were identified. The results of the study can be used to optimize reservoir operation modes, improve
water supply reliability, and conduct long-term planning in the region's water resources sector.
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Introduction

The calculation of a water management balance is a fundamental prerequisite for the rational
use of water resources and effective economic activity. A water balance determines the amount of
water available for use; it confirms whether these resources can meet projected economic
development or indicates the presence of a water deficit. It also establishes the principal measures
required to address water shortages under various scenarios of water-demand distribution such as
reservoir flow regulation, inter-basin water transfers, and other management strategies. In some cases,
it also identifies the remaining water volume available for use beyond the study area [1-2].

The water balance of a reservoir consists of inflow and outflow components. The inflow part
includes: natural surface runoff (Qg); a portion of groundwater withdrawals that are hydraulically
unconnected to surface waters (Qn); return, drainage, mine, and wastewater inflows within the basin
(Q); inter-basin water transfers (Q.s:) and reservoir storage changes over the calculation period (QA).

These storage volumes are later incorporated into the outflow section during reservoir filling or
into the inflow section with a negative sign.

The outflow section of the balance typically includes: water withdrawals from the river
upstream for irrigation, lake recharge, municipal, and industrial water supply (adjusted for return
flows if discharged upstream) (Q.); water diversions to other basins (Quep); Water losses through
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additional evaporation from reservoirs and ponds; losses from groundwater drainage induced by river
regulation (Qpond) and downstream releases below the control section (Qopon)-
These releases are required for maintaining water intakes, ensuring sanitary flow conditions,
supporting navigation, and under certain conditions for floodplain and spawning area inundation.
Thus, the general water balance equation can be expressed as [3-5]:

Qin + Qreturn + Qtransfer - Qloss - Qrelease = AS (1)

Most of the outflow component is determined by special releases downstream of the control
section, set according to the water requirements of different users. Clear discharge requirements
currently exist mainly for navigation and irrigation. However, consistent approaches for establishing
ecological (environmental) releases are still lacking.

When compiling water balances, it is important to consider all water withdrawals upstream and
the required releases downstream. Balances are typically computed in tabular form for flow
conditions of varying probabilities (e.g., 50%, 75%, 90%, and 95% reliability) [6].

Materials and methods

The Bartogai Reservoir is located in the Bartogai tract, 175 km from Almaty and 70 km from
the village of Shelek. The total design capacity of the reservoir is 320 mIn.m?, with a dead volume of
70 min.m3, a usable volume of 250 min.m?, a dam height of 60 m, a dam length of 325 m, and a
connecting dam length of 250 m.

The working spillway consists of two separately located tunnel lines: the left tunnel is 355 m
long, the right tunnel is 331 m long, the tunnel diameter is 3.0 m, the outlet head diameter is 2.2 m,
the flood discharge is 143 m®/sec, operating flow rate at GMO — 120 m?/sec.

Catastrophic mine spillway diameter — 11.0 m, combined with a construction tunnel length —
402.0 m, flow rate — 282.0 m%/sec. Rock-fill dam with a loamy core height of 60 m.

Currently, the reservoir is in accumulation mode. This work is being carried out in accordance
with the Bartogai Reservoir operating mode, as agreed with the Balkhash-Alakol Basin Inspectorate
for Water Resource Use and Protection [7].

Results and discussion

The Bartogai Reservoir accumulates the flow of the Shelek River and is an important source of
water resources for the region. Water consumption from the reservoir includes several main areas:
agricultural water supply, water consumption for irrigation of agricultural land, and meeting the needs
of the fishing industry.

Water consumption associated with agricultural land irrigation consists of two components:
subsurface irrigation through sluicing and sprinkler irrigation. In addition, part of the water resources
is distributed through irrigation canals to ensure uniform water supply to agricultural areas. Summary
data on the structure and volumes of water use are presented in Diagram 1 and in Table 1.

1200

1099
1037 1072 1035

1000 387
800
600
400
500 164,554 160,002
100,874 86,461 83,037
o I = S . .

2020 2021 2022 2023 2024

| Water intake for regular irrigation, million m3 @ Areas under regular irrigation, thousand hectares

Figure 1 — Water use for irrigation in the Big Almaty Canal Zone (BAC)
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The diagram reflects changes in water abstraction volumes for regular irrigation and areas under
regular irrigation for the period 2020-2024.

Overall, over the five-year period under review, there has been a mixed trend in the two
indicators. Water intake in 2020-2022 is characterized by a steady upward trend: from 1,037 min.m?
in 2020 to 1,099 min.m3 in 2022, which is the maximum value for the period under review. However,
in subsequent years, there is a noticeable decrease in water intake: to 1,035 min.m?3 in 2023 and to
938.7 mIn.m?® in 2024. Thus, since 2022, there has been a steady downward trend in water
consumption.

The area under regular irrigation has been steadily declining throughout the period. While
164,554 thousand hectares were under irrigation in 2020, only 83,037 thousand hectares were under
irrigation in 2024, which is about 50% of the levels at the beginning of the period. The most
significant reduction occurred in 2022, when the area decreased from 160,002 to 100,874 thousand
hectares.

A comparison of the two indicators shows that the reduction in irrigated areas is outpacing the
reduction in water abstraction. In 2020-2022, this led to an increase in specific water consumption
per hectare, which may indicate increased water capacity of irrigated land, uneven water supply, or
reduced water use efficiency. Only starting in 2023 did the reduction in water abstraction become
more proportional to the decrease in irrigated areas.

Overall, the data presented indicates a continuing process of water use optimization in
conditions of limited water resources and a reduction in irrigated areas. It is important to note that the
reduction in water abstraction in 2023-2024 may be the result of both a decrease in demand due to a
reduction in area and measures to improve water efficiency or restrictions on water supply during that
period.

Table 1 - Water Use of Major Reservoirs from January 1, 2024 to January 1, 2025

Expenditure, min. m? Reserv
Volum oir
Desig | eat _the Inflow Water Losses Filling | volum
n beginn durin intake due to | Irrigatio (+) e at
capac | ingof Ing Downstr g Discha the
. period from evaporat n
iy, the Total eam . . rge (-) | end of
. , min. the ionand | withdra
min. | period, m3 reserv releases filtratio wal min. the
Redi m?3 min. oir 0 m3 period,
eﬁ]lo River m3 min.
name | OF area m?
of of last last last last last last last last last
format year's | year's | year's | year's . . year's year's | year's
reserv . - - - .| year's year's X . .
; ion reporti | reporti | reporti | reporti . .| reportin | reporti | reporti
oir reporting | reportin
ng ng ng ng period g period g ng ng
period | period | period | period period | period | period
reporti | reporti | reporti | reporti reporting | reportin reportin | reporti | reporti
ng ng ng ng : ; g ng ng
> > > ; period of | g period t ; ;
period | period | period | period the of the period | period | period
of the | ofthe | ofthe | of the of the ofthe | ofthe
current | current
current | curren | curren | curren current | current | current
year year
year tyear | tyear | tyear year year year
Barto | Shelek 195,70 | 9739 | 9856 | 9520 | o5p 05 | 3357 11,70 | 184,0
gai river 320 5 5 8
1442, | 1440, | 1395,
184,0 82 52 m 1395,44 45,08 +2,3 186,3

The actual inflow to the reservoir in 2024 amounted to 1,442.82 min.m®, which is 468.87
min.m3s more than last year (973.95 min.m3).

The actual discharge from the reservoir in 2024 amounted to 1,395.44 min.m3 (in 2023 — 952.08
million m3), or 443.36 mIn.m®more than in 2023.
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The largest volume of water in the reservoir (292.34 min.m?®) was observed on April 21, 2024,
at a level of 1066.42.

Water withdrawal from reservoirs for irrigation in 2024 amounted to 677.264 min.m?3,
including:

- above the BAC — 77.950 mIn.m? (with a water intake limit of 115.456 miIn.m?3, efficiency of
0.77%) or 5.327 mIn.m? less in 2023 — 83.277 min.m3 (83.289 min.m3);

- according to BAC —299.735 min.m?® (with a water intake limit of 365.984 mIn.m?, efficiency
of 0.69%) or 33.242 mIn.m? less than in 2023 — 332.977 mIn.m?;

- below BAC —332.977 min.m? (with a water intake limit of 332.992 min.m?, efficiency of
0.78%) or 8.60 mIn.m? less than in 2022 (341.577).

After analyzing water usage volumes, a water balance for the reservoir was compiled for 2024
(Table 3). Water balances are usually formed based on the results of long-term observations, which
allows for the identification of stable trends and patterns in water supply. However, an annual
assessment of the water balance provides an operational overview of the current state of water
resources, allows for an assessment of the effectiveness of their use, enables the timely identification
of deviations from regulatory regimes, and facilitates the necessary management decisions to
optimize water use in subsequent years [8-10].

Table 3 - Water Management Balance of the Bartogai Reservoir for 2024

Ne| nameof | & months
water g
balance %
items § _ _ 9
£ S - 3 2 o
5 |2 |8 |5 |_ 3 |£E |5 |5 |E |3
= 2 S 5 = @ 2 > =) =4 =] S 8 =
S S | 8 = g | € S |3 | 2 2 8 e | 35 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 | Reservoi | min.
rvolume | md
at the 184, | 214, | 239, | 268, | 296, | 290, | 235, | 168, | 188, | 195, | 193, | 156, | 184,
beginnin 00 15 88 84 95 58 64 95 00 90 00 14 0
g of the
period
2 | Level of m
reservoir
s at the 105 | 105 | 106 | 106 | 106 | 106 | 106 | 105 | 105 | 105 | 105 | 105
beginnin 6,91 | 985|219 | 467 | 695 | 6,44 | 1,82 | 535 | 7,31 | 8,10 | 7,81 | 3,23
g of the
period
3 m¥s | 12., | 11,8 | 124 | 16,5 | 62,3 | 60,2 | 82,7 | 110, | 69,5 | 48,7 | 35,4 | 22,0
Water 57 3 4 1 7 6 1 88 3 3 6 2

inflow | min. | 33,6 | 29,6 | 333 | 42,8 | 167, | 156, | 221, | 296, | 180, | 130, | 91,9 | 58,9
intothe | m* | 7 | 3 | 3 | 0 | 06 | 19 | 53 | 98 | 23 | 52| 0 | 8
reservoir | incr | 33,6 | 63,3 | 96,6 | 139, | 306, | 462, | 684, | 981, | 116 | 129 | 138 | 144 | 144
ease | 7 | 0 | 3 | 43 | 49 | 68 | 21 | 19 | 142|194 384|282 282
4| Water | m¥fs | 1,11 | 1,36 | 143 | 1,74 | 1,81 | 1,92 | 1,64 | 1,43 | 1,44 | 127 | 1,01 | 0,96
lossesin | min. |5 g5 | 340 | 383 | 4,50 | 4,86 | 498 | 440 | 3.82 | 3,73 | 3,39 | 262 | 2,57
reservoir m
sdueto | incr
filtration | ease

10,2 | 14,7 | 19,5 | 245 | 28,9 | 32,7 | 36,5 | 39,8 | 42,5 | 45,0 | 45,0

and 2,98 | 6,38
evaporati 1 1 7 5 5 7 0 9 1 8 8
on
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
5 | Discharg | m%/s 62,9 | 79,5 | 105, | 102, | 65,0 | 48,5 | 48,6

0,20 | 0,20 | 0,20 | 3,93 9,80

e of
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water | min. 10,1 | 168, | 206, | 283, | 274, | 168, | 130, | 126, | 26,2
fromthe | me | %%4 | 0501 054 74 57 | 15 | 82 | 11 | 60 | 03 | 14 5
reservoir | incr 11,7 | 180, | 386, | 670, | 944, | 111 | 124 | 136 | 139 | 139

ease | 004 | LOA T L8 | o Tt a9 | 31 | 42 | 302 | 3.05 | 9.19 | 544 | 544
6 Water min.
volume m3

at the 214, | 239, | 268, | 296, | 290, | 235, | 168, | 188, | 195, | 193, | 156, | 186, | 186,

end of 15 | 88 | 84 | 95 | 58 | 64 | 95 | 00 | 90 | 00 | 14 | 30 3

the

month

7 | Technica | m3s | 0,20 | 0,20 | 0,20 | 3,93 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 0,20 | 0,20

| water min. 10,1

losses me | 054 [ 050 | 054 | “o7 | 268 | 2,59 | 2,68 | 2,68 | 2,59 | 2,68 | 052 | 0,54
along the | incr

Shelek | ease 11,7 | 144 | 17,0 | 19,7 | 22,4 | 24,9 | 27,6 | 28,1 | 28,7 | 28,7

River 054 11041158 | "o 1 "5 | " 2 | o | 9 | 7| 9| 3| 3

bed

8 m3/s 10,2 10,2

Sanitary - - - - 996 | 797996996 | Ty - - -

clearance | min. 26,6 | 26,6 | 26,6 | 26,6 | 26,6

accordin | m? ) ) ) ) 74 74 7 7 7 ) ) )

gto BAC | incr 26,6 | 53,3 | 80,0 | 106, | 133, 133,

ease | ) ) ) 74 5 2 70 | 37 i i i 37

9 mds | - - - - | 366|781976]704]113]| - - - -

Water = 9,80 | 20,2 | 26,1 | 188

intake 3 - - - - 2,92 - - i, -
above the — m ! 45 3 5

BAC incr . . . 1980300561750 779| ] ] ]

ease 7 5 8 3 5
1 mds | - - - - | 283|609]|756]546]|086]| - - - -
o | Water o 757 | 157 | 20,2 | 14,6

supply 3 - - - - 2,23 - - - -
above the — m 2 82 5 2

BAC incr . . . | 757233436 582604 ] ] ]

ease 2 5 0 2 5
1 mds | - - - - 1083|172 220| 158026 | - - - -
1 Losses min. 2,23
above the | m? - - - - 5 | 446|588 | 423|068 | - - - -
BAC incr . . . o228 | 50 (125168 | 175 | ] ] ]
ease 5 ' 8 1 0
mis | ] ] .| 184|247 | 2831323 | o | ] ] ]
1 Water 2 8 7 8 '
2 intake min. 493 | 64,2 | 759 | 86,7 | 23,4
below the | m3 ) ) ) ) 29 24 9 3 6 ) ) ) )
BAC incr 49,3 | 113, | 189, | 276, | 299,
ease | ) ) ) 29 | 55 | 55 | 28 7 i i i i
mis | ] ] o | 127173200 | 226 | o 40| ] ] ]
1 Water 1 1 2 4 '
3| supply | min. 34,0 | 44,8 | 53,6 | 60,6 | 16,5
below the | m3 ) ) ) ) 37 | 59 2 3 4 i i ) )
BAC incr 34,0 | 78,9 | 132, | 193, | 209,
ease | ) ) ) 37 0 51 | 15 | 69 i i i i
mds | - - - - | 571|747 835974267 - - - -
1| Losses | min. 15,2 | 19,3 | 22,3 | 26,0 | 6,92
4 | abovethe | m3 ) ) ) ) 92 | 65 | 77 | 95 0 i i i i
BAC incr 15,2 | 34,6 | 57,0 | 83,1 | 90,0
ease | ) ) ) 92 6 3 3 5 i i i i
3
, mis | ] ] - 107 212,3 471,9 386,9 33| - ] ] ]
g | Water o 2,86 | 552 | 128, | 104,
intake at 3 - - - - 8,77 - - - -
the BAC M 0 71 | 33 | 35
incr 2,86 | 58,1 | 186, | 290, | 299,
ease | ) ) ) 0 3 46 | 81 | 58 i i i j
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m3/s 173 38,8 | 31,6
1| Total i i i - | 086 74 2 1 | 276 - i i i
6 water min. ) i i i 2,31 | 449 | 103, | 84,6 716 i ) ) )
supplyat | m® 8 25 | 97 7 '
the BAC | incr 2,31 | 47,2 | 151, | 235, | 243,
ease | i i i 8 4 21 | 88 | 04 i i i i
m¥s | - - - - 1 020]399]910]735]062] - - - -
% L osses at mlr3'1. ] ] ] | o054]103]243] 196 161 - ] ] ]
the BAC 1 2 5 L -
incr 0,54 | 10,8 | 35,2 | 54,9 | 56,5
ease | i i i 2 9 6 4 4 i i i i
m3/s 12,3 | 22,6 | 19,9
1 - - - - | 107 |7 3 271807 | - - - -
8 | Tausugu | min. 31,8 | 60,6 | 53,5
rbranch | m? ) ) ) - 286 4 1 o | 9] - ) ) )
incr 2,86 | 34,7 | 95,3 | 148, | 156,
ease | i i i 0 31 | 41 | 837 | 803 | i i i
1 m¥s | ] ] ] - | 764 19,0 | 15,8 031 | - ] ] ]
9 Enbekshi 2 0
syl T AR N N AR BN YR I VPR O I R R
branch _m3 02 4 3 ,
incr 19,8 | 70,7 | 113, | 113,
ease | i i i i 02 4 06 | 86 i i i i
2 m¥s | - - - - - 139627318 - - - - -
0| kaskelen m";' - - - - .| 3591167 853 | - - - - -
branch _m 8 9
incr 3,59 | 20,3 | 28,9
ease ) ) ) ) ) 8 9 1 i i i i i
2| Water | m¥s 23,1 | 539 | 860783 | 135
1 | intake at ) i i i 5 1 4 8 6 i i i i
theD. | min. 62,0 | 139, | 230, | 209, | 35,1
Kunaev | m3 ) i i i 0 74 | 45 | 93 4 i i i i
branch incr
ofthe | ease 62,0 | 201, | 432, | 642, | 677,
Kazvodk ) i i i 0 74 | 19 | 12 | 26 i i i i
hoz RSE

The balance covers the period from January to December 2024, with the total as of January 1,
2025. The volume of water at the beginning of 2024 was 184.0 min.m3. During the year, the volume
fluctuated: the maximum was 296.9 min.m3 (May-June), and the minimum was 156.1 min.m?3
(November). At the end of the year (January 1, 2025), it was 186.3 mIn.m?. By the end of the year,
the reservoir level had almost returned to its initial value (an increase of 2.3 mIn.m3). The maximum
inflow was observed in the summer months (June—August), reaching 981.19 min.m?3 (July). The total
annual inflow amounted to 1,442.82 min.m3. Losses for the year amounted to 45.08 min.m3, which is
about 3.1% of the total inflow. The greatest losses occurred in July—August due to high temperatures.
The total discharge from the reservoir amounted to 1,395.44 min.m3. The peak discharge occurred
during the summer period (July—August) — up to 944.42 min.m3. These discharges were used for
irrigation and economic needs.

Conclusion

Currently, the water management complex is not operating at its design capacity, which is
explained by both changes in the overall environmental situation in the region and the failure of
individual hydraulic structures. Despite this, an analysis of the water balance of the reservoir in 2024
shows stable water regime operation. The inflow of water has allowed a stable level to be maintained
even with significant discharges, and losses due to evaporation and filtration do not exceed the
normative values. The final volume of water is practically equal to the initial volume, which indicates
balanced water use.
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The results obtained indicate that the current operating regime, although not in line with the
original design solutions, provides the necessary degree of stability of water resources. Nevertheless,
the identified discrepancies in the technical condition of the structures and the changed natural and
climatic conditions require adjustments to the existing approaches to reservoir management. To
improve the efficiency and reliability of water use, it is necessary to modernize hydraulic structures,
update design operating modes, and introduce regular monitoring systems that take into account
current climatic trends.

Thus, the results of the study emphasize the importance of adaptive water management of the
Bartogai Reservoir and the need for a comprehensive review of operational strategies to ensure long-
term water security in the region.
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[enek. [Tomubrit MPoeKTHBIN 00beM BogoXpaHmmma — 320 MJ'IH.MS, MepTBbIi 00beM — 70 MITH. M,

HOJe3HbIH 00beM — 250 MUIH.M°, BBICOTa IUIOTHHBI — 60 M. JJIMHA IUIOTHHBI — 325 M, JUIMHA
conpsrarmux gamo — 250 m.

[TpoBen€H KOMIUIEKCHBIA aHAJIN3 OCHOBHBIX AJIEMEHTOB OajlaHca, BKIIIOYas MPHUTOK, 3a00pHI
BOAbl Ha XO3SHCTBEHHBbIC HYXJbI, HCHapeHue, (GUIbTPAMOHHBIE IMOTEPU M PEXUM pPabOTHI
THJIPOTEXHUUECKUX COOpYXeHHH. bamanc oxBareiBaeT mepuoi ¢ sHBaps mo aekadpb 2024 rona, ¢
utoroM Ha 1 ssHBaps 2025 roga. O6sEM Boabl Ha Havyaso 2024 rona — 184,0 miaH.m>. B Teuenue rona
00bEM KoJeOalicsa: MaKCUMaIbHbIH — 296,9 MiH.M® (Mali—HWIOHB), MUHUMaJIbHBIA — 156,1 miH.M3
(Hos16pB). Ha xoner roma (01.01.2025) — 186,3 muH.M?. YpoBEeHb BOJAOXPAHHWIIMINIA B KOHIIE TOJa
MPAKTUYECKH BOCCTAHOBUWIICS JI0 HAYaJIbHOT'O 3HaUCHHUs (yBEIUUYeHHUE Ha 2,3 MIIH.M?).

Ha ocnoBe coOpaHHBIX U 00pabOTaHHBIX THUAPOJIOTHMYECKHUX MAHHBIX BBIIIOJIHEHA OIICHKA
3¢ (HEeKTHBHOCTH TEKYIIETO BOJOIOJIB30BAHUS WM BBISIBICHBI KIFOUEBBIC MPOOJIEMBI, CBSI3aHHBIC C
HEPaBHOMEPHOCTHIO BOJ00OECIIEYEHHOCTH M BO3pACTaHHEM aHTPOIIOT€HHOM HAarpy3KH.

Pe3ynbrathl uWcclieJOBaHHMS MOTYT OBITh HCIIOJIB30BAHBI IS ONTHUMH3AIUU PEKUMOB
SKCIUTyaTalliy BOJOXPAaHWININA, MOBBIIICHUS HAAEKHOCTH BOJOCHA0XKEHUS M JOJITOCPOYHOTO
TUTAHUPOBAHUS B cpepe BOIHBIX PECYPCOB PETHOHA.

Kntouegvle cnosea. BOIHBIE pPECypChl, BOJOXPAaHWIMINA, BOOIOJIB30BaHUE, BOJ03200D,
BOJIOXO3SIICTBEHHBIN OajaHc.

A.I.2Kanouap', K.M.Tupeyoe’, A.E Anouaposa'”, /I.C. Tynzamap*
YKazax ynmmuix azpapnvix sepmmey ynueepcumemi, Anmamet, Kazaxcman,
ainura.aldiarova@kaznaru.edu.kz*
2C. Celighynnumn amvinoazvl Kazax azpomexHuKanvly sepmmey yuusepcumeni, Acmana,
Kaszaxcman
IIEJEK ©3EHI BACCEMHIHJEI'I BAPTOFAM CY KOMMACBIHBIH CY
HNAPYAHIBUIBIFbI TEHAECTITTH BAFAJIAY )KOHE TAJIJIAY

Anoamna

Maxkanana Illenek e3eHiHiH OacceiiHiHAC oOpHamackan bapTorail cy KOWMACBIHBIH CYy
IapyamIbUIbIFGl  TEHJECTITIH OaFanay MeH TalIayldblH 3aMaHayd TOCUIAEpl KapacThIPBLIFaH.
Baproraii cy koiitmacel baproraii maTtkaneiaaa, Aamarsl KanackiHad 175 kM xone [llenek aybuibiHaH
70 kM xepae opHanackad. Cy KOWMACEIHBIH TOJNBIK 00anblK kenemi-320 maa.M3, ori kenemi - 70
MIIH.MS, maiigans! kemeMi - 250 miH.M>, GererTiH OuikTiri - 60 M, GererTiH Y3BIHJBIFEI - 325 M,
Ty#iceTiH OereTTepaiH Y3bIHABIFBI - 250 M.

TeHnecTIKTIH HETI3r1 3JeMEHTTEpiHe KEeLeH/Al Taljay >KYpri3uill, OHbIH IIIIHAE AaFblH,
[IapyalIbUIbIK KOKETTUTIKTEpre cy aiy, OylaHy, Cy3y IIBIFBIHIAPHI JKOHE THJIPOTEXHHUKAIBIK
KYPBUIBICTap IbIH )KYMBIC peskuMi. Tennectik 2024 KbUTFbI KaHTap/IaH JKeNTOKCAHFa ISHIHT1 Ke3eH/I1
KaMTu b1, 2025 5KbUTFBI 1 KaHTapAarsl KOPHITHIHABIMEH. 2024 XbpUTIbIH OachIHAAFbI cy KeseMi — 184,0
miE.M. JKBIT imniHze KemeM e3Tepill OTHIPABI: MAKCUMyM — 296,9 MiIH.M® (MaMBIP—MaychM),
MUHUMYM — 156,1 MITH.M® (xapama). XXbin conpina (01.01.2025) - 186,3 MUTH. MS. Cy KoiMachIHBIH
JIeHT el Kb COHBIHA ic XKY3iH/Ie 6aCTaNKbl MOHTE JeiiH KalmbiHa Kesi (2,3 MITH.M® yiIraiis!).

KunanraH koHe OHJIETTEH THAPOJIOTUSIIBIK IEPEKTep HEri31He aFbIM/IAFhl Cy MalananyablH
TUIMIUTITIH Oarajay OpBIHAANABl *OHE CYMEH KaMTaMachl3 eTyIiH OIpKeJIKl €MecCTIrlT MeH
AHTPOMOTEH/IIK JKYKTEMEHIH YIIFaloblHA OalIaHBICThI HET13T1 MaceseNnep aHbIKTaIbI.

3epTTey HOTIDKENEepl Cy KOWMAachlH NaijanaHy peXUMIEpIH OHTAWNIaHABIPY, CyMEH
KaOJbIKTay CEHIMIUIITH apTThIPY JKOHE aMaKTBIH Cy pecypcTapbl CallaChIHAAFBl Y3aK Mep3iMIi
YKocTapiiay YIIiH naiJaTaHblTybl MYMKIH.

Kinm ce30ep: cy pecypcrapsl, Cy KOiMachl, Cy naiiiaiany, cy aiy, CylapyambulblK TeHJIECTIK.

Contributions by authors: Conceptualization, Data curation — TKM, AAE; Formal analysis —

ZhAG; Methodology — AAE, ZhAG; Verification — AAE, TDS; Writing — review and editing —
ZhAG, TDS.
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