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Abstract

The study of the ichthyofauna of the bodies of water of Alizhan, Ardak, and Arkar in the
Balkhash district of the Almaty region was conducted to assess the species composition,
ecological characteristics, and commercial potential. The analysis was carried out using data
from standard fish catches using nets of different mesh sizes, as well as ecological parameters of
the water (depth, mineralization, oxygen content).The article provides a general description of
the ichthyofauna of the bodies of water of Alizhan, Ardak and Arkar, and also presents the results
of studies of the ichthyofauna of all three bodies of water. 13 species of fish were identified,
representing 10 families, including commercial species (carp, snakehead, catfish, roach, asp,
crucian carp) and the rare Balkhash perch, included in the Red Book of Kazakhstan. The Shannon
(2.76-2.87) and Simpson (0.81-0.83) indices confirmed the high level of biodiversity.
Commercial species demonstrate good biological indicators (fatness factor 2.00-3.21), and the
concentration of juveniles reaches 0.063 specimens/m*.The findings highlight the importance of
rational use of water resources, conservation of rare species and adaptive management of
ecosystems to ensure sustainable biodiversity and fisheries productivity.

Keywords: Balkhash basin, ichthyofauna, species composition, body of water, biodiversity,
aboriginal species, young fishes, rural bodies of water.
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INTRODUCTION

The Balkhash basin represents a dynamic and relatively young hydrosystem from a geological perspective. Its initial
ichthyofauna was shaped by species migrating from adjacent basins, followed by prolonged isolation and adaptation to diverse
abiotic conditions, leading to the emergence of endemic fish species and subspecies unique to this region [1]. This ongoing
process of morphogenesis makes the Balkhash basin a valuable natural laboratory for studying evolutionary mechanisms at the
population, species, and community levels. Research on the ichthyofauna of Lake Balkhash and the Ili River dates back to the
early 19th century, underscoring the scientific significance of these ecosystems for understanding regional biodiversity [2].

A key feature of the basin is the Ili River Delta, Central Asia’s largest wetland complex, spanning approximately 8,000
km?. This delta serves as a critical refuge for biodiversity, sustaining unique habitats for numerous plant and animal species,
including rare and endemic taxa. Beyond its ecological value, the delta supports vital ecosystem services, such as freshwater
supply, fisheries, water filtration, climate regulation, and erosion control [3]. Recognized as a Ramsar site ("Ili River Delta and
Southern Lake Balkhash"), it remains one of the few deltaic systems in the region maintaining a stable hydrological regime
despite increasing anthropogenic pressures [4].

Freshwater fish communities are integral to aquatic ecosystem stability, yet their composition is highly sensitive to
environmental changes, including urbanization and altered hydrological regimes [5, 6]. In the context of global biodiversity
decline, systematic monitoring of aquatic ecosystems has become a priority for conservation and restoration efforts [7-9].
Reliable taxonomic inventories are essential for assessing biodiversity patterns, delineating species distributions, and guiding
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conservation strategies [10, 11].
This study aims to provide an updated inventory of ichthyofauna in the Balkhash region, combining field observations

with existing scientific data. Special emphasis is placed on the role of deltaic ecosystems as biodiversity hotspots, offering
critical conditions for fish reproduction and survival. By documenting species diversity and identifying conservation priorities,
this research contributes to the broader understanding of freshwater ecosystem resilience in the face of environmental change.

MATERIALS AND RESEARCH METHODS

Ichthyofauna studies were conducted in 2023 in three bodies of water located in the Balkhash region (picture 1), 25
km south of the village of Karoy. The area of he bodies of water under consideration ranges from 29 to 65 hectares. Maximum
depths range from 4.3 to 5.5 m. The bodies of water differ in morphological characteristics and hydrochemical composition

(table 1).

Picture 1: Map of the location of sampling points in the studied bodies of water of the Balkhash region

Sampling scheme maps: 1
1 - Research area (Scale 1:500000)
2 - Sampling stations (Scale 1:50000)

— Rivers
® Sampling stations
® Settlements ™

Lakes Alijan, Arkar, and Ardak currently experience relatively low levels of human impact compared to more heavily
modified ecosystems in the region. Their remote locations, smaller size, and limited economic use have helped preserve their

natural hydrological and ecological characteristics.
The lakes' water regimes remain largely undisturbed, as they are not major sources for large-scale irrigation or drinking
water supply. No major dams or water diversion infrastructure directly affect these lakes, allowing them to maintain natural

seasonal fluctuations.

Table 1: Characteristics of the studied lakes

5 g E
5 g £ g E: 3 28 E)
5 5 g g £ ks =
P =) = o o = S & g
g 8 = o) < < ;5’ g S
A S
Alizhan 0,99 0,70 5,5 65 345 621,27 8,29
Arkar 0,78 0,51 52 29 346 624,42 10,3
Ardak 1,37 0,60 4,3 43 347 539,06 9,26
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Materials on ichthyofauna were collected from reservoirs that are part of the local reservoir system of the region. When
collecting the material, we used fixed nets with a mesh size of 1680 mm, every 25 m long, and a fry seine (mesh size 3 mm).
In total, more than 236 fish specimens were caught. Office processing of the material was carried out using generally accepted
methods [Ommoka! Uctounuk cepliikn He HaiineH.]. The coordinates of the stations were determined using the Garmin GPS
navigation system. Identifiers were used to identify fish species. [12, 12, 13].The Latin names of most fish are consistent with
Eschmeyer's Catalog of Fishes and Fish Base [14, 16]. Statistical processing of data was carried out according to the guidelines
of G.F. Lakin [Omm6ka! UcTouHuK cchliikn He HalineH.| and Press W.H. et al. [Ommoka! UcTOYHHK CCHIJIKH HE Hali/IeH. |,
using the computer program of Excel.

To determine the degree of fatness of fish (Fulton fatness coefficient), the following formula was used:

Q* 100
— 1—3

Where F is the fatness factor; Q is the weight of the fish, g; | is the length of the fish from the beginning of the snout
to the end of the scaly cover (by ad), cm. To assess the species diversity of the studied stations, the common indices Shannon
and Simpson were used [Ommnoxa! Ucrounuk cepliikn He HaiineH.]. The yield of young fish was calculated using the formula
[Omubka! UcTouHUK CCHUIKH He HaliIeH. |:

Py

PxN

* U, thousand spec./ha
1
Where P is the area in which the number of young fish is determined (it was always taken to be equal to 1 ha), N is

the number of caught young fish, Pi is the area of he catchment area (it was always taken to be equal to 30 m?), U is the
catchability of the fishing gear (it was always taken to be equal to 33%).

The following indices were calculated: S — total number of fish species in the community (species richness), D —
Simpson diversity index, E — Simpson distribution uniformity, H — Shannon diversity index, J — Shannon distribution
uniformity.

Hydrochemical water samples were collected at two points in each reservoir.To determine the mass concentration of
dissolved oxygen (mg/1) and the percentage of water saturation with oxygen, the MARK-302M analyzer operating in immersion
mode was used.The determination of water mineralization was carried out in accordance with the requirements of GOSTP
54316-2020 [Ommbka! UcTOYHNK CCHIJIKM He Hal/IeH. ].

RESULTS AND DISCUSSION

Based on the analysis of net and snail catches, only 13 species belonging to 10 families were found — Cyprinidae,
Xenocyprididae, Gobionidae, Leuciscidae, Siluridae, Channiidae, Adrianichthyidae, Odontobutidae, Gobiidae and Percidae
(table 2).

Among them, 6 species of fish (carp, snakehead, catfish, roach, asp, crucian carp) are considered the main commercial
species, the sharp-bellied fish is a low-value commercial fish, the remaining species have no commercial value, belong to the
Chinese complex, and are introduced species.[Ommoxa! McTounnk cepliiku He HaiieH.] The introduction of new fish species
in the 20th century significantly changed the ichthyofauna of Lake Balkhash: by 1972, 98% of the commercial catch consisted
of introduced species, and the proportion of native species decreased to 2% [Ommuoka! McTOYHNK CCHIVIKM He Hali/leH. ).

Table 2: Species composition of the ichthyofauna of the studied water bodies

Species name Water bodies
Latin English Lake Alizhan Lake Lake
Ardak Arkar
Cyprinus carpio (Linnaeus, 1758) Common carp + + +
Carassius gibelio (Bloch, 1782) Prussian carp + + +
Hemiculter leucisculus (Basilewsky, 1855) Sawbelly + + +
Pseudorasbora parva (Temmick et Schleger, 1846) Stone moroko + + +
Rhinogobius cheni (Nicholos, 1931) Chinese gobiid fish + + +
Rutilus caspicus (Linnaeus, 1758) Caspian roach + + +
Leuciscus aspius (Linnaeus, 1758) Asp + + +
Channa argus (Cantor, 1842) Snakehead + + +
Oryzias latipes (Temminch et Schlegel, 1846) Japanese rice fish + + +
Micropercops cinctus (Dabry et Thiersant,1872) Chinese eleotris + + +
Silurus glanis (Linnaeus, 1758) Wels catfish + - -
Abbottina rivularis (Basilewski, 1855) Chinese false gudgeon - -
Perca schrenkii (Kessler, 1874) Balkhash perch - -
Note: “+” — the species can be found in catches, “-” — the species is absent in catches.
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The calculated indices of biological diversity indicate that, despite the significant species diversity of fish noted in all
the studied water bodies, biocenoses are characterized by a simplified structure. The values of the Shannon species diversity
index vary from 2.76 to 2.87, and the Simpson species diversity index vary in a narrow range from 0.81 to 0.83, which indicates
their insignificant fluctuations and a relatively stable structure of biocenoses in all studied water bodies (table 3).

The fish community analysis of Lakes Alizhan, Arkar and Ardak reveals generally similar biodiversity patterns with
minor variations in ecological structure. All three waterbodies maintain relatively high diversity, as evidenced by Simpson
Index values ranging between 0.81-0.83 and Shannon Index values of 2.76-2.87, indicating no single dominant species
controlling these ecosystems.

Table 3: Indicators of diversity of fish communities in water bodies

Indicators Body of water
Alizhan Arkar Ardak

Fish caught (n) 68 76 92
Species richness(S) 11 10 10
Simpson Diversity Index (D) 0,81 0,82 0,83
Simpson's Uniform Distribution (E) 0,62 0,73 0,71
Shannon Diversity Index (H, log2) 2,76 2,87 2,84
Uniformity of distribution according to Shannon (J, log2) 0,80 0,86 0,85

However, some noteworthy differences emerge in distribution patterns - Ardak demonstrated the highest catch
abundance (92 specimens), while Alizhan contained the greatest species richness (11 species). The uniformity metrics suggest
Arkar maintains the most balanced community structure (Simpson's E=0.73, Shannon's J=0.86), compared to Alizhan, which
shows slightly higher dominance (E=0.62, J=0.80). These subtle variations in species distribution could reflect differences in
habitat characteristics, resource availability, or historical factors among the lakes. The findings suggest these lakes represent
relatively healthy aquatic ecosystems with well-established fish communities, though continued monitoring would be valuable
to track any future changes in community structure.

The study examined various fish species across three reservoirs in the Balkhash-Ili basin: Lake Alizhan, Lake Arkar,
and Lake Ardak. Fish lengths ranged from 12.8 to 57.0 cm, with weights between 33 and 2164 g. Age analysis revealed seven
generations, with 3-4-year-olds being dominant across species.

Caspian roach (Rutilus rutilus) was the most abundant in all three lakes, though its commercial value was lower than
other species. Fish sizes ranged from 12.8 to 29.6 cm and from 33 to 562 g, with an average length of 20.1 cm and weight of
177 g. The largest catches occurred in Lake Alizhan (22 individuals), followed by Lake Arkar (12), and Lake Ardak (5). The
population displayed seven generations, with 3-4-year-olds being most prevalent.

Crucian carp (Carassius gibelio) was found in all three lakes but had limited commercial value. Fish ranged from 8.6
to 28.9 cm in length and 16.0 to 643.0 g in weight. In Lake Alizhan, specimens aged 2, 6, and 8 years were caught, with an
average Fulton condition factor of 2.59. In Lake Arkar, sizes ranged from 16.5 to 29.5 cm and 141 to 685 g in weight; in Lake
Ardak, from 26.2 to 30.0 cm and 520 to 780 g, with an average condition factor of 2.84.

Snakehead (Channa argus), found in all three lakes, showed size variation from 39.7 to 57.0 cm and weights from 690
to 2164 g. The Fulton condition factor ranged from 1.04 to 1.42, with Lake Arkar's highest at 1.26. The average size and
condition indicate successful adaptation to these reservoirs, consistent with prior studies on its acclimatization in the Ili-
Balkhash basin. The largest specimen, 57 cm, was from Lake Alizhan.

Common carp (Cyprinus carpio) was rare, with only 11 individuals caught. Sizes ranged from 22.0 to 42.5 cm, and
weights from 225 to 1605 g.

Asp (Aspius aspius) was scarce, especially in Lake Alizhan and Lake Ardak, where young fish were common. Sizes
ranged from 14.6 to 32.0 cm, and weights from 39 to 441 g. Its low presence may result from limited suitable habitats, as it
prefers areas with active currents and abundant food like small fish and insects.

Wels catfish (Silurus glanis) was rarely recorded, with only one specimen caught in Lake Alizhan, measuring 36.0 cm
and weighing 362 g. Its low body condition factor of 0.78 might indicate food shortages or competition.

These findings align with previous research on the Balkhash-Ili basin's fish populations. Caspian roach, though
abundant, remains of limited commercial value, consistent with Pazylbekov et al. [25], who noted its widespread presence but
low commercial worth. The size and weight distributions also mirror earlier studies, suggesting stable populations.

Despite reaching sexual maturity by 2-3 years, crucian carp showed limited commercial value, consistent with earlier
reports by Tagaev [26], describing it as unpretentious but commercially insignificant. The data suggest a mostly female
population, with fertility ranging from 7.7 to 83.3 thousand eggs, highlighting reproductive potential.

Snakehead has successfully adapted to all studied reservoirs, thriving in low-flow lakes with abundant vegetation, as
described by Zharkenov and Dukravets [27], [28]. Size and condition variations suggest that food and habitat quality influence
growth. Larger specimens in Lake Alizhan indicate beneficial environmental conditions.

Common carp remains scarce, aligning with Magauina [29], who reported low populations despite regular stocking,
likely due to hydrological changes affecting breeding and survival.
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The low presence of asp corroborates earlier findings [30], noting its preference for strong currents and rich food. The
presence of young asp in Lake Alizhan and Lake Ardak suggests it is poorly adapted to the calmer, nutrient-poor environments
here.

Finally, the few wels catfish caught might be underrepresented because of the fishing methods used, as reflected by
the low catch rate and condition of the singular specimen. Its low condition might also be due to competition and limited food
in these ecosystems.

Table 4: Biological parameters of fish species caught in the studied lakes

L (length), cm Q (weight), g Fulton
Fish species min-max min-max min-max N
M M M
Lake Ardak
22,0-34,4 225-825 2,00-2,62
Common carp 27.6 519 2.29 8
. 26,2-30,0 520-780 2,54-3,21
Crucian carp 27.9 616 2.84 8
. 13,0-20,8 35-148 1,54-1,73
Caspian roach 14.7 59 1.62 5
Snakehead 13,104;’270,8 35;1948 1,5;4’-612,73 7
Asp 14,6 40 1,29 1
Lake Alizhan
Common carp 28,4 548 2,39 1
. 8,6-28.9 16,0-643.0 2.41-2.87
Crucian carp 17.4 249,0 2.59 7
Caspian roach —’—’—1228 1_ ’299 6 33.0-562.0 202_;’602 0 1.50-2.19 510’ ;325 19 22
39,7-57,0 690-2164 1,04-1,24
Snakehead 48.2 1367 115 8
Wels catfish 36,0 362 0,78 1
Asp 14,9 39 1,18 1
Lake Arkar
Common carp 38,2-42.5 1064-1605 1,91-2,09 )
40,3 1334 2,0
. 16,5-29.5 141-685 2,56-3,14
Crucian carp 22.9 328 2.89 10
Caspian roach 20,2-27,5 120-377 1,43-2,17 12
23,7 246 1,77
33,4-53,0 468-1790 1,01-1,42
Snakehead 434 1096 126 9
Asp 32,0 441 1,35 1

Note: M —medium value

The ichthyofauna of the coastal shallow water zone of the studied reservoirs was characterized by moderate species
diversity and a certain specificity of dominance of individual fish species.

Five species of juvenile fish were found in the Alizhan reservoir: the sharp-bellied goby, the stone moroko, the eleotris,
the Japanese rice fish, and the Chinese gobiid fish. The average concentration of juvenile fish in catches was 0.018 specimens/m®.
The greatest number was demonstrated by the stone moroko, the concentration of which reached 0.05 specimens/m?, which
allowed it to occupy a dominant position in the ichthyofauna of this reservoir.

The ichthyofauna of the Ardak reservoir turned out to be more diverse and was represented by 7 species of young fish:
river abotina, crucian carp, sharp-bellied goby, Chinese gobiid fish, stone moroko, eleotris and Japanese rice fish. The average
concentration of young fish was 0.024 specimens/m?, which exceeds the indicators of the lake Alijan. The largest share of the
catches was made up of stone moroko with a concentration of 0.10 specimens/m?, confirming its leading role in the structure of
the ichthyofauna of the coastal zone of the reservoir.

The highest density of young fish was noted in the Arkar reservoir, where 6 species were registered: Stone moroko,
Japanese rice fish, Balkhash perch, sharp-bellied goby, Chinese gobiid fish and eleotris. Among them, the Balkhash perch is a
species included in the Red Book of the Republic of Kazakhstan, therefore, during the analysis, the fish was not dissected and was
returned to the reservoir. According to E.B. Kozhabaeva (2019), the Balkhash perch is an endemic species of the Balkhash basin.
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The native species inhabited various ecotopes, with the exception of mountain reservoirs. However, as a result of acclimatization
measures in the basin, its range has significantly decreased. The Balkhash perch is a commercial species and is listed in the Red
Book of the Republic of Kazakhstan and the International Union for Conservation of Nature (JUCN)[Ommoxa! HMcTounux
ccblIKM He HaiigeH.]. The average concentration of juveniles was 0.063 specimens/m?, which is the maximum value among the
studied reservoirs. The catches were dominated by stone moroko, which together demonstrated a concentration of 0.30
specimens/m?, which emphasizes their importance in the coastal ecosystem of this reservoir (table 5).

Table 5: Biological parameters and concentration of juvenile fish in the studied water bodies

Indicators
Fish species L.’ mm .Q’ g yield, proportio
min-max min-max species/m?® n 0 %
M M p 9
Lake Alizhan
Sawbelly 53,0 2,15 0,003 1 3,6
Japanese rice fish 20,0 0,03 0,003 1 3,6
20,0-27,0 0,03-0.45
Stonemoroko 234 0.18 0,05 15 53,6
Eleotris 31,0 0,68 0,003 1 3,6
. .. 27,0-46,0 0,34-2,04
Chinese gobiid fish 38.6 1.26 0,03 10 35,7
Total 0,018 28 100,0
Lake Ardak
Chinese false gudgeon 66,0 0,162 0,004 1 2,4
32,0-37,0 0,016-0,020
Sawbelly 34.0 0.017 0,01 3 7,1
. 15,0-17,0 0,001-0,001
Japanese rice fish 16.3 0.001 0,01 3 7,1
20,0-31,0 0,004-0,014
Stone moroko 238 0.008 0,10 25 59,5
. 39,0-42,0 0,08-0,10
Crucian carp 40.7 0.09 0,01 3 7,1
Eleotris 24,0 0,01 0,004 1 2,4
. .. 22,0-51,0 0,01-0,11
Chinese gobiid fish 35.0 0.04 0,03 6 14,3
Total 0,024 42 100,0
Lake Arkar
Balkhash perch” 60,0 0,15 0,01 1 1,6
. 16,0-27,0 0,001-0,01
Japanese rice fish 19.6 0.004 0,15 25 40,3
19,0-30,0 0,001-0,014
Stone moroko 23.6 0.006 0,15 25 40,3
34,0-66,0 0,02-0,12
Sawbelly 50,0 0.07 0,01 2 3,2
. 19,0-22,0 0,004-0,01
Eleotris 203 0.01 0,02 3 4.8
. .. 18,0-43,0 0,002-0,05
Chinese gobiid fish 203 0.02 0,04 6 9,7
Total 0,063 63 100,0

Note: “species listed in the Red Book of the Republic of Kazakhstan

CONCLUSION

The study of the ichthyofauna of the Alizhan, Ardak and Arkhar reservoirs made it possible to obtain comprehensive
data on the biodiversity, ecology and commercial potential of the Balkhash ecosystems, which is important for developing
strategies for the rational management of fish resources. 13 species of fish from 10 families were identified, including key
commercial species (carp, snakehead, catfish, roach, asp, crucian carp) and rare species (Balkhash perch), which emphasizes
the ecological and economic value of the reservoirs. High biodiversity indices (Shannon 2.76-2.87; Simpson 0.81-0.83)
indicate the stability of ecosystems. The ichthyofauna demonstrate good biometric indicators (body condition coefficient up to
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3.21), and the high concentration of juveniles (up to 0.063 specimens/m?® in the Arkar reservoir) reflects their productivity. The
results obtained highlight the importance of rational management of fisheries resources and conservation of rare species, which
requires the integration of data on biodiversity, chemical parameters of the environment and anthropogenic impact to ensure
sustainable use of these ecosystems.
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AHHOTALIMA

Typnik KypaMmblH, SKOJOTHSIIBIK EpEKIIENKTEpiH JXOHE KOCINTIK oneyeTiH Oaramay ymniH AJjMaTtsl oOnbICH banmkarn
ayJaHbIHAAFbl AJlbKaH, Appak jkoHe ApKap cy KoWMallapbhlHBIH MXTHO(ayHachlHa 3epTTey Xyprisinmi. Tammay yorie 0i3
CTaHAAPTTHl OAJBIK ayiay AEpeKTepiH MaijanaHAblK, SpTYPJi YAOIBIKTaphl O0ap Topiapibl, COHal-aK KOpIaraH OpTaHbIH
CYJBIH KOPCETKIITEpPiH (TepeH T, TY3AbUIBIFbIL, OTTET1 MeulIepi) naiaananaslk. Makanaga AnmkaH, Apaak skoHe Apkap cy
KOMMasapbIHBIH MXTHO(AyHACHIHA KAJIbl CHUIIATTaMachl, COHBIMEH Karap OapibIK YII Cy KOHMAacCBIHBIH HMXTHO(AyHAChIH
3epTTey HaTmKenepi OepinreH. bansikTeig 13 Typi anbIKTanpl, onap 10 TYKBIMIACTBIH ©KiTi 00BN TaObUIa (bl, OHBIH IITiHAE
KOCINITIK Typiiepi (ca3aH, XbUIaHOAC OalbIK, *KaWbIH, THIPAH, aKMapka, MeHKe) jkoHe KaszakctaHubiH KpI3pUT KiTaOBIHA
eHTI3UIreH cupek Ke3neceTin bankamr anadyracsl. lllennon (2,76-2,87) xone Cummncon (0,81-0,83) nHaekcrepi OHOIOTHAIBIK
OPTYPIIIIKTIH >KOFaphl JeHredin kepcereai. KocinTik Typriep kakchl MOpGHOOHMOJOTHSIIBIK KOPCETKIIITEpAl KepceTreli
(xoHapIIBIK Koo dumenti 2,00-3,21), an mrabakrap koHueHTpanusicel 0,063 nana/m® xereni. KopbITeIHIbLITAN Kele, TYPAKThI
Cy pecypcTapblH OacKapyIblH, CHPEK KEe3JeCeTiH TYPJIEpAl CaKTayAblH J>KOHE TYpPAKThl OHOATyaHTYPJIUTIK TEeH OallbIK
[IapyanIbUTBIFBIHBIH OHIMIITITIH KAMTaMachl3 €Ty YIIiH OcHiMIeNreH 9K0KYieHi 0acKapyablH MaHBI3IbUIBIFBIH KOPCETEII.

Tyiiin ce3aep: bankam 6accelini,uxTrHodayHa, TYpIiK Kypambl, Cy KoiMaiap, OHoalyaHTYpIILTiK, abOopureH TypJep, nadax,
KEPriTiKTI cyKoimaap.
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AHHOTALIMA

HccnenoBanne nxtrodaynsl BogoémMoB AmxaH, Apaak 1 Apkap banxaimckoro paiffona ATMaTHHCKOM 00JIacTH ITPOBENICHO C
LENbI0 OLEHKH BHIOBOLO COCTaBa, DJKOJOTMYECKHX XapaKTEPUCTHK M IPOMBICIOBOro IoTeHuuana. [l aHamusa
WCTIOJNIb30BAINCH JTAaHHBIE CTAHJAPTHBIX YJIOBOB PBHIOBI C IPUMEHEHUEM CETEeil pa3HOM SYEHUCTOCTH, a TAKXKe HKOJIOTHUECKHE
napameTpsl BoJIbI (TiTyOMHA, MUHEpali3aLus, CoJepikaHne KUciaopoaa). B craTee nana obmias xapakTepucTHKa HXTHO(AYHBI
BOJIOEMOB AumkaH, Apliak 1 ApKap, a TakXKe MPEACTaBIeHbI pe3yJbTaThl HCCIIEI0BaHUH NXTHO(hAYHBI BCEX TPEX BOJOEMOB.
Beisieneno 13 BuzmoB pwi0, npexactasisronmx 10 cemeicTB, BKIIOYas MPOMBICIOBBIE BHIBI (Ca3aH, 3MEET0JI0B, COM, BOOIIa,
Kepex, Kapach) U pelIKuil OaXalcKuii OKyHb, BKIIOUEHHBIN B KpacHyto kaury Kasaxcrana. Magexcer lllennona (2,76-2,87)
n Cumncona (0,81-0,83) moarBep ity BEICOKHH ypoBeHb OnopasHoo0Opasust. [IpoMbICIIOBEIC BHIBI IEMOHCTPUPYIOT XOPOIIIHE
6nonornueckue nokasarenn (koddumment ynurannoctu 2,00-3,21), a koHuenrparust mMonoau pocturaer 0,063 ax3./m>.
IlomyueHHble naHHBIE NMOAYEPKUBAIOT BaXKHOCTh PALMOHAIBHOIO HCHOIB30BAHUS BOJIHBIX PECYPCOB, COXPAHEHHS PEAKHX
BUIOB ¥ aIalITUBHOTO YIIPABJICHHS 9KOCUCTEMaMH JIIsI 0OecTIiedeHHsl yCTOWYNBOIO OMOpa3sHO0Opa3us U PhIOOX03sHCTBEHHON
MPOAYKTUBHOCTH.

KaroueBsie ciioBa: banxamickuii 6accelin, nxtnodayHa, BUIOBOH COCTaB, BOAOSMBI, OMOpa3HOOOpas3ne, aOOPUICHHBIH BUI,
MOJIO]Ib, MECTHBIC BOJIOCMBI.
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