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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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GEOMORPHOLOGICAL ANALYSIS OF THE ILI RIVER BASIN
CATCHMENT AREA FOR INTEGRATED DEVELOPMENT

Abstract. Based on long-term informational and analytical materials of the World Meteorological Organization
(WMO), the Weather and Climate reference portal and stationary meteorological stations of the RSE Kazhydromet
located in the catchments of the Ili River basin, which cover the Almaty region (Narynkol, Tekes, Sumbe, Dobyn,
Aydarly, Kapshagay, Usharal, Bakanas, Kokzhide, Kuigan) of the Republic of Kazakhstan, Xinjiang Uygur
Autonomous Region (Tekes, Xinyuan, Tokkuztara, Yamata, Kuldzh) of the People’s Republic of China and using
the law of geographic vertical zoning, the energy resources of river basins and groundwater, the climatic potential of
natural systems that characterize the heat and moisture supply of natural landscapes and ecological and
hydrogeochemical indicators showing the direction and intensity of the hydrogeochemical process on a spatial scale,
which allowed for geomorphological zoning, are determined catchments of the Ili river basin, characterizing the
natural functions of the river basin, to have runoff and environment formation, which are the basis for environmental
management and environmental engineering.

Key words: climate, nature, resources, river, pool, environment, landscape, catchment, system, heat, moisture,
security, potential, process, nature management, environmental management, function.

Relevance. The general current situation of the catchment of the basin of the transboundary Ili River,
located on the territory of the People’s Republic of China and the Republic of Kazakhstan, is characterized
by a rather intense geoecological state. This situation is caused by the progressive involvement and
development of the natural resource potential of vast territories (in our case, watersheds), the increase in
technogenic impact on them and the disruption of the relationship between natural components in
geosystems and in the human-nature system.

Therefore, to solve the geoecological problems of the watersheds of the transboundary river basin, it
is necessary to consider and study them in the form of geosystems of a certain rank, including an
interdependent set of components and developing as a whole on the basis of geomorphological
schematization, describing the main processes of the functioning of watersheds with a possibly large set of
parameters that take into account changes in the components of geosystems catchment areas.

The main natural function of the river basin is, firstly, drainage, secondly, peculiar combined
geosystems (the principle of unification here is the unity of hydrogeochemical flows having one object for
their discharge) and, thirdly, this is a spatial basis for nature management (allocation of land for various
purposes ) and environmental management, that is, objects of a comprehensive arrangement of their
watersheds.

With a comprehensive arrangement of the catchments of the river basin, the catenary approach is the
basis of the geomorphological schematization of the catena, which consists of four facies with different
altitudinal positions. The eluvial facies represents a hill near the dividing line, the transeluvial facies
represent the slope to the inflection point, the transaccumulative facies represent the slope after the
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inflection point, and the supersquale is the lowland of the floodplain terraces. The floodplains of the
rivers, despite their significance, were not considered in the work. The transeluvial and transaccumulative
facies form the transit facies of the slope, and the supequal facies adjoins the watercourse.

Purpose of the study — based on geomorphological schematization of catchments of river basins
using the catenary approach, zoning of the landscape system of catchments of the Ili River basin to
identify regional differences and the need to accurately determine their economic and economic
capabilities.

Object of study - The Ili River, which originates in the Central Tien Shan on the territory of the
People’s Republic of China (PRC) after the confluence of three tributaries - the rivers Kash, Kunes and
Tekes, with the latter having a large tributary - the Koksu River and its flow formation zone (Halyktau and
Narat) is characterized by the largest layer of precipitation - more than 1300 mm / year. The sources of the
Tekes river are located on the territory of Kazakhstan on the Muzart glaciers and their length is 438 km,
the catchment area is 28100 km” (within the Republic of Kazakhstan, respectively, 218 km and 4250 km?).
The river, high in the upper reaches, at the intersection of the Tekes Depression loses a significant part of
its flow for water consumption in the branches of the economy, but after the confluence of the tributaries
Kokpak, Bayankol, Narynkol, which feed on meltwater from the Khan-Tengri glaciers, the water content
of the river increases significantly. Then it flows through the territory of the People’s Republic of China
(East Turkestan), where it merges with the Kunes and Kash rivers, and at the 250-th km from their
confluence enters the territory of Kazakhstan with the Ili river with many waters. After exiting the
Kapshagai Gorge, the Ili River flows through the deserted Balkash plain to Lake Balkhash. Downstream
the riverbed is unstable, replete with elders and islets. When it flows into the lake, the river forms a
delta with an area of about 9000 km?, which is divided into three systems of branches - Topar, Ili and
Zhideli [1].

Research Methods and Materials. The work used information and analytical materials of the World
Meteorological Organization (WMO), the reference and information portal «Weather and Climate» and
stationary meteorological stations of the RSE «Kazhydromet» located in the catchments of the Ili River
basin, which cover the Almaty region (Narynkol, Tekes, Sumbe, Dobyn, Aydarly, Kapshagay, Usharal,
Bakanas, Kokzhide, Kuigan) of the Republic of Kazakhstan, Xinjiang Uygur Autonomous Region (Tekes,
Xinyuan, Tokkuztara, Yamata, Kulja) of the People’s Republic of China [2]

By the methodology of the comprehensive arrangement of the catchments of river basins, given the
multidimensional nature of the problem, the whole set of methodological approaches that exist in
environmental management, that is, the geosystem and catenary approaches, has been adopted.

The catenary approach is the basis of the geomorphological schematization of catenas when
substantiating the need for a comprehensive arrangement of catchments of river basins [3,4,5].

In the geomorphological schematization of landscape catenas of catchment areas, in order to justify
the need to equip river basins, each catchment within the same physical and geographical area is
represented by a catena consisting of four facies with different altitude positions, determined by the depth
of the relief: eluvial, transit, superaqual and subaquatic. If the watersheds have extended slopes, the transit
facies is divided into the transeluvial and transaccumulative facies [5].

Thus, the basis of geomorphological schematization of watershed landscapes based on the geosystem
approach, based on the excess of the earth's surface over the watercourse, makes it possible to more
objectively differentiate the zones of facies locations.

However, in the quantitative description of the hydrogeochemical processes of catchments of river
basins, the main integral factor is the energy of the groundwater flow, that is, the speed of their movement,
the mass of water, depending on the thickness of the aquifer, filtration energy, and evaporation energy,
which are not taken into account when using the excess of the earth’s surface over the watercourse as a
criterion for geomorphological schematization of river basins, i.e A; and AH characterize the excess of the
earth’s surface over the watercourse, then you can imagine the energy or work performed by the flow of
groundwater in the following form [4]: AE = A; = m;-g-AH = m;-g-A;, where AE — change in
energy at the site dx, kJ; A; — work performed in an elementary volume by the flow of groundwater in the
area dx, kJ; m; — groundwater mass; A; u AH — height exceeding the Earth's surface above the bank of the
watercourse, m.
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Construct geomorphological circuit landscape catenas possible using hydrogeochemical potential
groundwater flow river basin (M), characterizing work (4,),committed by a liquid in the process of
precipitation to the ratio of the concentration of soil solution (C,),that is, they can be considered as the
ability of the soil cover to be released from readily soluble salts from the upper to the lower reaches of the
river basins: M = A, / C,, where: M — hydrogeochemical potential of river basins; A, — work performed in
an elementary volume by the flow of infiltration water in the soil layer of river basins; ' — average salt
concentration in groundwater flow [4]: 2

A= 0/[f--DT-B)| ¢ =[c,+1-0OT1A-8)C/O]/ Com,

where: R — radiation balance; O. — precipitation; L — latent heat of vaporization; C, — initial
concentration of soil solution in the soil layer; - permissible concentration of salts in the soil solution,
which corresponds to the parameter of non-saline soils; C. — salt concentration in groundwater;
(1 — ¢) — infiltration action time (¢ = 7/365), T — duration of the biological active period; A = A/Ayp,
A — groundwater depth: A, — critical groundwater depth.

Research results. For the geomorphological zoning of the watershed territories of the Ili River basin,
a catenary approach was used, which involves a geomorphological schematization of landscape catenas of
the watersheds of river basins characterizing landscapes in the mountain class (eluvial facies), piedmont
landscape subclass (transelyuvial facies), foothill plain landscape subclass (transaccus) flat class of
landscapes (super-aquatic and sub-aquatic facies).

Based on the above methodological approach, the energies and work performed by the groundwater
flow in the catchments of the Ili River basin are determined (table 1).

Table 1 — Energy resources of the catchments of the Ili River basin

Natural and climatic zones The absolute height AH Groundwatelzjﬂow enerey
Weather stations of the earth’s surface, ’
landscape . m
facies m A; YA;
class
Basuarkor 4059,0 - - -
Mount Eluvial Narynkol 1806,0 1797,0 17628,6 31961,3
Tekes 1766,0 40,0 3924 14333,3
Sumbe 1232,0 534,0 5238,5 13940,3
. . Tekes (China) 1203,0 29,0 284,5 8701,8
Piedmont Trans-eluvial - -
Xinyuan (China) 947,0 256,0 2511,4 84173
Tokkuztara (China) 773,0 174,0 1707,0 5905,9
Yamato (China) 723,0 50,0 490,5 4198,9
Gulja (China) 663,0 60,0 588,6 3708.,4
Piedmont Trans Kokdala (China) 627,0 36,0 353,2 3119,8
lowland accumulative Dubyn 596,0 31,0 304,1 2766,6
Aydarly 576,0 20,0 196,2 2462,5
Kapshagay 540,0 36,0 3532 2266,3
Ili 490,0 50,0 490,5 1913,1
Bakbakty 459,0 31,0 304,1 1422,6
Usharal 397,0 62,0 608,2 1118,5
Super aqual
Bakanas 396,0 1,0 9,8 510,3
Plain Akdala 390,0 6,0 58,9 500,5
Akkol 384,0 6,0 58,9 441,6
Araltobe 357,0 27,0 264,9 382,7
Subaquatic Kokzhide 350,0 7,0 68,7 117,8
Kuigan 345,0 5,0 49,1 49,1
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As can be seen from table 2, in the catchment areas of the Ili River basin in the territory of the
Raiymbek district of Almaty region, that is, the zone of runoff formation, where the mountain class of
landscapes with eluvial facies is located, has rather high energy resources of river basins and groundwater,
which are 23259.5 kJ. At the same time, in the watershed territories of the Ili River basin, which pass
through the borders of the Xinjiang Uygur Autonomous Region of the People’s Republic of China, are
located in the piedmont class of landscapes with transeluvial facies, the energy resources of river basins
and groundwater are reduced to 8034.4 kJ. The energy resources of river basins and groundwater in the
foothill lowland class of landscapes with a transaccumulative facies of catchments of the Ili River basin,
which cover part of the territory of the Xinjiang Uygur Autonomous Region of the People’s Republic of
China and the Uyghur District of the Almaty Region of the Republic of Kazakhstan, amount to 2285.8 kJ.
At the same time, in the territories of the catchment part of the Republic of Kazakhstan, covering from the
Dobyn hydrological post to the city of Kapshagai, it amounts to 500.3 kJ, that is, the energy resources of
the river basin and groundwater are sharply reduced. In the territories of the flat class of landscapes with
superaqual facies, covering the Ili and Balkhash districts of the Almaty region, the energy resources of the
river basin and groundwater are reduced to 1530.3.1 kJ, and in the zone of the subaquatic facies it
decreases sharply to 333.6 kJ.

Thus, in accordance with the principle of geographical zonality existing in energy and groundwaters,
from 31,961.3 to 49.1 thousand catchment areas of the Ili River basin (table 2).

Table 2 — Geomorphological schematization of landscape catenas in the catchment areas
of the Ili River basin according to the energy resources of the river basin and groundwater

Natural Geomorphological
and climatic zones indicator
Landscape Faci The absolute height Groundwater flow energy,
class cles of the earth's surface, m kJ

Mount Eluvial <1800 <175000
Piedmont Trans-eluvial 800-1800 8000-17500
Piedmont lowland Trans accumulative 540-800 5500-8000

Super aqual 350-540 3500-5500
Plain

Subaquatic >350 >3500

The natural heat and moisture supply of the active surface is the most important constituent element
of the complex of natural productive forces, that is, natural landscapes that are actively involved in the
biological process in general and in the formation of natural-technogenic complexes, especially the
catchments of river basins [6,7,8].

Based on the long-term information and analytical materials of the located meteorological stations in
the catchments of the Ili River basin, their average long-term energy resources and natural and climatic
potentials are determined, that is (table 2): the sum of the air temperature for the biologically active period
of the year (3. t,°C), amount of precipitation (O., mm), evaporation level (E,, mm), and photosynthetically
active radiation (R, kJ/cm?) (table 3).

As can be seen from table 3, the energy resources of the watersheds of the Ili River basin from the
mountainous class of landscapes (eluvial facies) to the plain class of landscapes (subaquatic) increase, the
sum of the biological active air temperature from 2338.0 to 3800.0 ° C, volatility from 844, 0 to
1472.0 mm and the radiation balance from 134.0 to 182.0 kJ / cm?, and precipitation decreases from 433.0
to 144.0 mm. Under these conditions, landscape-geochemical catenes are formed in the catchment areas of
the river basin, that is, the simplest cascade landscape-geochemical system, characterized by the intensity
of hydrogeochemical flows, which largely depend on their energy resources.
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Table 3 — Natural and energy resources of the catchments of the Ili River basin

Natural and climatic zones . Absolute Natural and climatic indicators
. Weather stations .

(landscape class, facies) height (H), m O.. mm Yt,°C E mm | R Kl/em?
Mountain class of landscapes Narynkol 1806,0 4330 2805,0 1001,0 149,0
(eluvial facies) Tekes 1766,0 421,0 2338,0 844.0 134,0
Picdmont subclass Sumbe 1232,0 377,0 3074,0 1122,0 158,0
of landscapes Tekes (China) 1203,0 259,0 3100,0 954,0 159,0
(transeluvial facies) Tokkuztara (China) 773,0 2480 | 35790 | 894,0 175,0

Yamato (China) 723,0 252,0 3130,0 1269,0 162,0

Gulja (China) 663,0 248.0 3800,0 1284.,0 182,0

Piedmont lowland subclass Zharkent 641,0 213,0 | 3950,0 | 1661,0 187,0
of landscapes

(trans accumulative facics) Dobyn 596,0 226,0 4100,0 17480 192,0

Aydarly 576,0 364,0 4305,0 1247,0 199,0

Kapshagay 540,0 370,0 3750,0 1528.,0 180,0

Plain class of landscapes Usharal 397,0 354,0 3622,0 1168,0 176,0

(superaqual facies) Bakanas 396,0 273,0 3700,0 1527,0 179,0

Plain class of landscapes Kokzhide 350,0 2240 3700,0 1474,0 179,0

(subaquatic) Kuigan 345,0 144.,0 3800,0 1472,0 182,0

At the same time, the energy resources of river basins and groundwaters of the natural system are
additionally characterized by hydrogeochemical processes of groundwater, which are characterized by
ecological and hydrogeochemical parameters of landscape of river basins, which are extremely important
in the ecological and hydrogeochemical zoning of landscape and geographical zones and water
management assessment of catchments of the Ili River basin (table 4).

Table 4 — Environmental-hydrogeochemical indicator
of the landscape system of the catchment area of the Ili River basin

C Indicators
Natural and climatic zones Weather stations H.m _
(landscape class, facies) C, ol . ol Am i c i
Mountain class Basuarkor 4059,0 0.30 1.00 10.0 0,73 0,60 | 1,21
of landscapes Narynkol 1806,0 0,30 1,00 10,0 0,79 0,60 1,32
(cluvial facies) Tekes 1766,0 0,30 1,00 100 | 060 | 060 | 1,00
Picdmont subclass Sumbe 1232,0 0.40 1.20 10.0 0.60 0,80 | 0,75
of landscapes Tekes (China) 1203,0 0.40 1.30 10.0 0.41 0,80 0,51
(transeluvial facies) Tokkuztara (China) | 773,0 0,40 130 | 100 | 035 | 080 | 044
Yamato (China) 723,0 0.50 1.50 6.0 0.39 1,00 | 0.39
, Gulja (China) 663,0 0.50 1.50 6.0 0.29 1,00 | 0.29
Piedmont lowland subclass

of landscapes Zharkent 641,0 0,50 1,50 6,0 0,34 1,00 | 0,34
(trans accumulative facies) Dobyn 596,0 0,50 1,50 6,0 0,29 1,00 | 0,29
Aydarly 576,0 0,50 1,50 6,0 0,46 1,00 | 0,46
Kapshagay 540,0 0,50 1,50 6,0 0,51 1,00 | 0,51
Plain class of landscapes Usharal 397,0 0,90 3,50 3,0 0,50 1,50 0,33
(superaqual facies) Bakanas 396,0 0,90 3,50 3,0 0,38 2,50 | 0,25
Plain class of landscapes Kokzhide 350,0 1,50 6,00 3,0 0,31 1,80 0,17
(subaquatic) Kuigan 345,0 1,50 6,00 3,0 0,20 1,80 | 0,13
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In this case, the work, as can be seen from table 4, performed in an elementary volume by a flow of
infiltration water in the soil layer (4,) from the mountain side (eluvial facies) to the lowland (subaquatic)
zones gradually decreases from 0.73 to 0.20, and the average salt concentration in surface water - soil —
“groundwater" system (C"), on the contrary, increases from 0.60 to 1.20. Consequently, the ecological-
hydrogeochemical potential or soil-reclamation indicator of the landscape (M), obeying the law of vertical
zonality, decreases from 1.21 to 0.13, which characterizes a saline collection basin in the area of
hydrogeochemical flow stacking. This regularity shows the available possibilities for the formation of
hydrogeochemical processes in the catchment areas of the Ili River basin, which are damaged by the
spread in the flat class of landscape with superaqual and suaqual facies, where salinization of soils with
low ecological productivity are widespread [57], which are estimated using integrated criteria for
environmental and climatic productivity natural landscapes (table 5):

- humidification coefficient (K, = O. / E,), where O, — precipitation, mm; E, — volatility over the
biological active period of the year, mm: E, = 0.0018 - (25 + £)*(100 — a), where ¢ — is the average monthly
temperature °C; ¢ — monthly average relative humidity, % [9];

- dryness index (R = R/LO,, where L — specific heat of vaporization, assumed constant and equal to
2,5 kJ/em?); R — photosynthetically active radiation, kJ/cm*[10]: R = 13.39 + 0.0079 - Y.t > 10°C, here
Y. t,°C —the sum of the air temperature for the biological active period of the year [11].

At the same time, under natural conditions, the formation of landscape hydrogeochemical facies
largely depends on the heat and moisture supply of the catchment areas of the Ili River basin, since the
natural humidity coefficient decreases from 0.50 from the mountain class of landscapes (eluvial facies) to
the Plain class of landscapes (subaquatic) to 0.10, and the "dryness index", which characterizes the degree
of balance of moisture and heat, rises from 1,273 to 5,056, which show the presence of sufficiently high
energy resources.

Table 5 — Geomorphological schematization of landscape catenas of catchments of the Ili River basin

Humidity Indicators of heat and moisture The absolute height of the

zones Weather stations K, R earth's surface, m

Administrative districts

Mountain class of landscapes (eluvial facies)

. Narynkol 0,43 1,370 1806,0 4
Wet mountain Raiymbek
Tekes 0,50 1,273 1766,0

Piedmont subclass of landscapes (transeluvial facies)

Sumbe 0,34 1,676 1232,0 Raiymbek
Arid mountain Tekes (China) 0,27 2,456 1203,0 Ili Kazakh Autonomous
Tokkuztara (China) 0,29 2,822 773,0 Prefecture
Piedmont lowland subclass of landscapes (trans accumulative facies)
Yamato (China) 0,20 2,571 723,0 Tli Kazakh Autonomous
Gulja (China) 0,19 2,935 663,0 Prefecture
o Zharkent 0,13 3,510 641,0 Panfilov
Arid piedmont -
Dobyn 0,13 3,398 596,0 Uigur
Aydarly 0,29 2,187 576,0 Kerbulak
Kapshagay 0,24 1,946 540,0 Kapshagay city
Plain class of landscapes (superaqual facies)
. ) Usharal 0,30 1,988 397,0 i
Arid plain
Bakanas 0,18 2,622 396,0 Balkhash
Plain class of landscapes (subaquatic)
] Kokzhide 0,15 3,200 350,0
Very arid - Balkhash
desert Kuigan 0,10 5,056 345,0
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Thus, using the laws of geographic vertical zonality, the energy resources of river basins and
groundwater, the climatic potential of natural systems characterizing the heat and moisture supply of
natural landscapes, and ecological and hydrogeochemical indicators showing the direction and intensity of
the hydrogeochemical process on a spatial scale, which allowed geomorphological zoning of catchments
of the Ili River basin, characterizing the nature valued functions of the river basin, ie runoff and
environment formation and is a basis for environmental management and environmental engineering
(table 5).

Thus, based on the geomorphological schematization of the catchments of the transboundary Ili river,
based on the drainage of river basins as a thermodynamic system, the boundary of which coincides with
the altitudinal zonality, it is possible to assess changes in the hydrological, ecological, soil, and ecological-
hydrogeochemical regime of landscape systems taking into account natural and territorial differences as
performing important environment formation or environmental functions.

Conclusions. Based on long-term informational and analytical materials of the World Meteorological
Organization (WMO), the Weather and Climate reference portal and stationary meteorological stations of
the RSE Kazhydromet, located in the catchments of the Ili River basin, which cover the Almaty region
(Narynkol, Tekes, Sumbe, Dobyn, Aydarly, Kapshagay, Usharal, Bakanas, Kokzhide, Kuigan) of the
Republic of Kazakhstan, Xinjiang Uygur Autonomous Region (Tekes, Xinyuan, Tokkuztara, Yamata,
Kuldzh) of the People’s Republic of China and using the law of geographic vertical zoning, the energy
resources of river basins and groundwater, the climatic potential of natural systems that characterize the
heat and moisture supply of natural landscapes and ecological and hydrogeochemical indicators showing
the direction and intensity of the hydrogeochemical process on a spatial scale, which allowed for
geomorphological zoning, are determined catchments of the Ili river basin, characterizing the natural
functions of the river basin, to have runoff and environment formation, which are the basis for
environmental management and environmental engineering.

K. C. Mycradaes', O. T. Kozbikeesa', JI. M. Ppickys16eKoBa’,
A. E. Anqusipoa’, Apunac Ilouaaiiruc’

'Kazak VITTBIK arpapJblK yHUBepcuTeTi, AnmaTel, Kasakcran;
¥Yue1 ButoBT yHuBepcureri, Kaynac, Jlutsa

KEIIEH/I YAJIECTIPY YIIIH LJIE ©3EHIHIH, CY J)KUHAY AJIABBIH
TFEOMOP®OJIOTUAJIBIK TAJIJIAY

Annoranus. Kazakcran Pecnyommkacer Anmatet ooneickiHBIH (Hapeiakon, Tekec, Cymbe, JloObIH, Ainapist,
Kammrarait, Ymapan, bakanac, Kowxkunme, Kyitran) sxome Kpitaii Xanmsik PecmyOnukacbiablH CHHBLBSH-
YWrpIp aBTOHOMUSUTBIK ayJaHBIHBIH aiiMarblH KaMTUTHIH Liie ©3¢HiHIH Cy jkuHAy ana0blHa opHamackaH «Kasrumpo-
MeT» PMO-HIH TypaKThl METEOpPOJOTHSUIBIK OEKETTepiHIH XOHE OJEMIIK METEOPOJOTHSUIBIK YKBIMHBIH (OMY)
«Aya-paifpl XoHE KIMMAaT» aHBIKTaMaIIbIK-aKITapaTTHIK KXYHECiHIH KOIDKBUIABIK MOJIMETi HETi3iHIe XKOHE Teorpa-
(usTBIK TiK Oerney 3aHBIH MaianaHa OTHIPHII, ©3¢H alaOBIHBIH JKOHE KEPACThl CYbl aFbIHBIHBIH YHEPTETHKAIBIK,
pecypcrapbl, TabUFH KYHEHIH TaOUFU-KIMMATTHIK TOTSHIIMAIBIH CUIATTATHIH TaOUFH JTaHAIIA(QTTapABIH BUTFAIMEH
KaMTaMachI3 €Ty KOpPCEeTKILITEpi, THAPOreOXUMUSIIBIK YepicTep OarbIThIH )KOHE KAPKbIHBIH OCHHENeHTIH yaKbIT-
KEHICTIK MacCIUTa0bIHIAFbl JKOJOTHSUIBIK-TUAPOTCOXUMUSUIBIK KOPCETKIIITEPl aHBIKTAIIBI, ajJ O OHBIH HOTHXECl
03c¢H anaObIHBIH TaOWFU KBI3METIH CUIATalThIH [ne e3eHiHiH cy *uHay ajnaOblHAa reoMop(dOJIOTHSUIIBIK ayJaHibl
JKYpri3yre MYMKIiHAIK Oepji, SIFHH OHBIH Cy arbIHBIH )KOHE OPTaHbl KYPYIIbl KacHeTi, TaOMFATThl Maiaany >KoHe
TaOuFaThl yiliecTipy/IiH Heri3i OOJIbII caHaabl.

Ine e3eHiHIH Cy >XuHAy anaObl alMarbIHBIH TAOWFU JHEPreTHKAIBIK pPECypcTapbl JaHAMIA(TapIbIH TayJibl
TONTapbIHaH (MoBHaNABIK (arusanan) manamadTTapabiH jKa3bIKTHIK TOOBIHA (CyOaKBaIbbIK (anusFa) Kapai ecel,
SIFHU OMOJIOTHSIIBIK OEJICEHIi aya TeMIepaTypachiHbiH KUBHTEFS 2338,0 °C-tan 3800,0 °C-Ka, GyaHyIbsIH mamMachl
844,0 mm-ner 1472,0 MM-Te >XoHE paanMaIUIBEIK TeHrepme 1340 KI[)K/CMZ-TaH 182,0 KI[)K/CMZ-KEI EeHiH, ai
aTMocgepainblK JKaybIH-IambH mamacel 433,0 mm-neH 144,0 mM-re meiiiH TeMeHAEH Il oHE OCHI JKaFaifra TOH
NaHIAQTTHIK-TEOXUMHSIIBIK KAaTeH, SFHA [C€OXUMMSUIBIK aFbIH KAPKbIHBI apKbUIbl €PEKIICICHETIH, reorpadusIbK
aiiMakThIK (OesIeyIliK) 3aH/bUIbIFbIHA OaliIaHBICTHI CAThUIAHFAH JaHIIIA(TTHIK-TEOXUMHSIIBIK XKYie maiaa 0oma bl
KOHE KOIITereH jKarlaiia >KepacThl Cybl arbIHBIHBIH YHEPTeTHKAIBIK KyaTbl COFaH OaillaHBICTBI OOJFaHIBIKTAH,
OHBIH CaHJIBIK IIaMaChl TIOBHAIIBIK (halusaad cyOakBaabablK Ganusara kapait 31961,3 k/[x-gan 49,1 x/x-ra neiin
OipTiHAEN TOMCH/ICH I, a1 OJI ©3¢H aliMarbiH TeOMOP(OIOTHSUIBIK JKENIJICYTe MYMKIHIIK Oepe/ti.
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CoHbpIMeH, TaOUFW OpPTaHBIH HAKTBUIAHFAH KOJEMIIETi TOMBIPaK KaOaTBIHAAFBl CY3UITEH Cy aFBIHBIHBIH aTKapa-
TBIH SKyMBICHIH (A,) Taymbl (37MI0BHANABIK (alusaaH) Ka3bIKTHIK (CyOakBaablK (arusra) aiiMakka Kapaii 0,73-Ten
0,20 -ra nieiiin TeMeHzEece, «Kep OETi CyBI-TONBIPaK-KePacThl CYbD) KYHECIHAETT Cy aFbIHBIHBIH OpPTAllla TY3/bUIBIFBI
0,60-tar 1,80-re metiin ecemi. COHABIKTaH, TeorpadUsIIBIK aHMakTHIK (OenmeyiiK) 3aHIbUIBIFRIHA OailIaHBICTHI
SKOJIOTHSUITBIK-THAPOTCOXUMHUSITBIK, HEMECE TOMBIPAK-MEINOPATHBTIK KOPCETKIII (1\71) 1,21-men 0,11-re neiiiH TOMEH-
Jelai, an 01 THAPOTCOXUMUSIIBIK aFbIHHBIH KOpJIaHy aliMarbIHAa TY3 XKMHAJIATHIH alallThIH KaJIbIITacaThIHBIH CHIIAT-
Talapl, SFHA OYJ1 3aHOBUIBIK e e3eHHIH cy >KuHay anaObIHBIH aiMarbIHOAFbl THIPOT€OXUMILUIBIK YAEpicTepaiH
KaJIbIITaCy MYMKIHIIUTITIHE OaiJIaHBICTBI, OHBIH Ka3bIKTHIK aliMarblH/a CYNEPAKBAIIBIK JKOHE CYyaKBaIABIK (ariusi-
JIap/IbIH TapayblHa aaien 0oJia asapl.

CoHbIMEH KaTap, TaOWFU KaFAaiaarsl JIaH A TTHIK-THAPOr€OXUMHUSUIBIK (hallusuIapbIHbIH KalblnTacybiHa [ie
©3CHIHIH Cy JKMHAy aJaObIHBIH JKbUTY JKOHE BUIFQJIMEH KaMTaMachl3 €Ty JJpeXkeciHe Tikened OainaHbIcThl, ceOeli
naHamadTTapAbIH TayJbl TONTApbIHAH (NIIOBHANABIK (arusaan) JaHqmadTTapabH Ka3blK TONTapeiHa (CyOakBai-
IBIK (anusra) Kapaih Tabury putFanuany kepcerkimi 0,50-gen 0,10-ra meitin TemeHnael O6acTaiijibl, an >KbUTY JKOHE
BUTFAJIIBIH TEHTePMEIK JOPEKECIH CUTIATAUTBIH «KYPFAKIIBUIBIK Oenrici» 1,273- ten 5,056-Fa neifin »orapbuiaisl,
an Oynaif xarail ailMaKThIH YHEPTETHKAIIBIK PECYPCTaphIHBIH 0T )KOFaphl CKCHIITiH KOpCeTeIi.

CoHBIMEH, 6Te MaHBI3Ibl OPTAHbI KYPYILBI )KOHE SKOJOTHSIIBIK KBI3MET aTKapaThIH ©3CHHIH CY j)KUHAY alalbl cy
aFBIHBIHBIH KaJIBINTACY JKaFAaiblH TePMOJMHAMUKAJIBIK JKYiie peTiHAe KapacTblpa OTHIPHIN, HIeKapaiblK lie e3eHiHiH
Cy HHay anaOblH reoMOp(OIOTHsUIIBIK JKENIey HEri3iHe KoHe aiiMak HIeKapachlHbIH OWiK Oeneyikke cail kemnyi,
OHBIH JaHAWA(T KYHECIHIH THIPOJIOTHSIIBIK, 3KOJIOTHSJIBIK-TONBIPAK JKOHE OSKOJIOTHSIIBIK-THIPOTEOXUMHSLIBIK
TOpTIOIHIH ©3repyiH, TaOUFU-aliMaK ©3rellIiriH eCKepe OTHIPBII Oaranayra MYMKIHAIK Oepei.

Tyiiin ce3mep: kiumar, TaOWFaT, KOp, ©3€H, ajam, OpTa, JaHamadrt, cy >KuHAy, *Kyhe, XKbUTy, BUIFA,
KaMTaMachI3 €Ty, MOTEeHINall, Yepic, TaOMFaTThl MaiiianaHy, TaOuraT yHiaecTipy, KbI3MeT.

XK. C. MyCTa(l)aeB', A. T. Ko3bikeea', JI. M. Pblcxynﬁexona',
A. E. Anmusiposa’, Apsunac Iosunaiiruc’

'Kasaxckuii HalMOHABHBII arpapHblii yHHBepcHTeT, AnMatsl, Kasaxcram;
*Yuuepcurer Burosra Benukoro, Kaynac, JTutsa

TEOMOP®OJIOTMYECKHA AHAJIN3 BOJOCBOPA FACCEﬁHA
PEKH NN U151 KOMINVIEKCHOT'O OBYCTPOUCTBA

AnHoTanus. Ha ocHOBe MHOTOJIETHUX HH(OPMAIIMOHHO-aHAINTHYECKUX MaTepraioB BceMupHoit MmeTeopoio-
rudeckoii opranusanuu (BMO), cnpaBouno-uH(GOpMarnmonHoro moprana «llorojga W KIMMarT» W CTallMOHAPHBIX
MmeTeopostornueckux cranuuii PI'TI «Kasruapomer», paciookeHHBIX B BogocOopax Oacceiina peku Min, KOTOpbie
0XBaTBIBAIOT ANMaTUHCKYI0 00sactTh (Hapeiakoi, Texkec, CymbOe, JloObiH, Alinapnel, Kammaraii, Ymapan, bakanac,
Koxxkune, Kyitran) PecnyOnuku Kazaxcran, CusblBsH-Yirypckuit aBToHoMHbIH paiion (Texec, CuHbIOaHb,
Toxky3srtapa, SAmaty, Kynpmka) Kutaiickoit Haponnoi#t PecnyOnuku u ¢ MCIONB30BaHHEM 3aKOHA reorpapuuecKkoim
BEPTUKAJIBHON 30HAJILHOCTH, OIPEJICNICHbl JHEPreTHYeCKne pEecypchl PEeYHbIX 0acCeHOB W MOA3EMHBIX BOJI,
MIPUPOTHO-KIIMMATHYECKOTO TTOTEHIIMANIA IPUPOJHBIX CHCTEM, XapaKTEepU3YIOMINX TEIUIO- M BJIAaroo0ecIie4eHHOCTH
€CTECTBEHHBIX JIaHA(PTOB M HKOJOrO-TMIPOTCOXUMHUYECKUX II0Ka3aTesell, MOKa3blBAIOIUX HAIPaBICHHOCTh U
WHTCHCUBHOCTH THAPOTCOXMMHUYIECKOTO TpoIlecca B MPOCTPAHCTBEHHOM MaclITade, KOTOPBIE TO3BOJIMIHA IIPOBECTH
reoMop(oJIOTHYECKOe palOHNPOBaHNE BOI0cOOpOB OacceitHa pexn Wim, XapaKTepH3yIOUINX NPUPOIHBIE (HYHKIUU
pedHoro OacceifHa, TO ecTh CTOKOOOpa3OBaHHE M Cpeoo0pa3oBaHUE, SBIMIOMINXCA 0a3UCOM IS MPHUPOIOIONH30-
BaHUS U IPUPOA000YyCTPOIiCTBRA.

[IpupoaHble >HEPreTHYECKHE PEecypchl TEPPpUTOpHH BomocOopoB OacceifHa peku Mim oT ropHoro kmacca
nanamadroB (moBuanbHas Gaius) B CTOPOHY PaBHUHHOTO Kiacca jaHamadToB (CyOakBajibHas) MOBBIMIAETCS, TO
€CTh CyMMa OMOJIOrMUYECKOM aKTHBHOM TeMIepaTypsl Bo3ayxa ot 2338,0 no 3800,0 °C, ucnapsemocts ot 844,0 1o
1472,0 MM u paguanuoHHbi Gamanc ot 134,0 no 182,0 xJlx/cM?’, a arMocdepHble OCAAKM YMEHBIIAIOTCA OT
433,0 no 144,0 MM 1 B 3THX YCIIOBHUSX B BOJOCOOPHBIX TEPPUTOPHUSIX peyHOro Oacceiina popMupyercs naHamadTHO-
TeOXUMHYECKHE KaTeHbl, TpOoCTeiinas KackaaHast JaHAma(THO-reoOXuMrdIecKast CHCTEMa, OTIMYAIONIascsi HHTCHCHB-
HOCTBIO THIPOT€OXMMHUYECKHUX TIOTOKOB, KOTOPBIE BO MHOTOM 3aBHCAT OT UX YHEPIreTHYECKHX PECYPCOB IOA3EMHBIX
BOJ, TOAYUHSIOMINXCS OT 3aKOHa Treorpa)uieckoil 30HANBHOCTH, OT JIIOBHANBHOW J0 CyOakBambHOU (amuu
mocteneHHo ymenbmaercs ot 31961,3 x/Ix go 49,1 xJIk, 9T0 AaeT BO3MOXXHOCTh Ha MX OCHOBAaHUH IPOU3BOJIUTH
reoMOp(OJIOTHYECKYIO CXEMaTH3AINIO JaHIIA(THRIX KaTeHOB BOJIOCOOPHOI TeppuTopuu OacceiiHa pexu Mmu.

[Ipu 3TOM pabota, coBepiuaeMasi B JIEMEHTAPHOM 00beMe MMOTOKOM MH(WIBTPAIIMOHHBIX BOJ B MOYBEHHOM
cinoe (A,) OT CTOPOHBI TOPHEIX (3MIOBMANbHAS (alMs) K PaBHUHHBIM (CyOaKkBaibHAs) 30HAM, MOCTEHEHHO YMEHb-
mraercst ot 0,73 mo 0,20, a cpegHss KOHILEHTpAIUs COJIeH B CHCTEME IIOBEPXHOCTHAs BOZA - IIOYBA - TPYHTOBAs
Boma» (C *), Hao0opoT, yBemmuuBaercs ot 0,60 no 1,80. CnemoBateiapHO, 3KOIOTO-THAPOTCOXUMUICCKAN MTOTESHITHAT
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WIH TIOYBEHHO-MEJIHOPATUBHBINA MoKasaTenb nammadgra (M), MoaYMHASACH 3aKOHY BEPTHKAIBHON 30HATBHOCTH,
ymenbmaercs ot 1,21 mo 0,11, uro xapakrepusyeT B 00JacTH Mara3mHHPOBAHUS THAPOTEOXMMHUYECKOTO ITOTOKA
thopmupyetcsi conecOOpHBI 0OacceiiH, TO €CTh 3Ta 3aKOHOMEPHOCTh MOKa3bIBaeT HMMEIOIINECS BO3MOXKHOCTH
(bopMupoBaHUS THIPOTEOXUMHYECKHX IPOIECCOB B TEPPUTOPHUAX BogocOopa OacceliHa peku Mnm, 4TO MOBpEX-
JIAFOTCS pAcIpOCTPaHEHUEM B PaBHUHHOM KJjlacce JanaumadTa ¢ cyrnepakBalbHON U CyaKBaIbHOM (alusmu.

IIpu 3TOM B €CTECTBEHHBIX YCIOBHAX (POPMHUPOBAHUS JIAHAMIAPTHO-THIPOrCOXUMHUECKUX (DAl BO MHOTOM
3aBHCAT OT TEIUIO- M BIAro00ECIeYeHHOCTH TEPPUTOpUN BOIOCOOpPOB OacceiiHa peku Mim, Tak Kak OT TOPHOIO
kiacca JaHqmadroB (droBHanbHas Qarys) A0 paBHUHHOrO Kiacca JanqmuadroB (cyOakBanbHas) KOI(GHUIHUEHT
ecTecTBEHHOro yBinaxHeHus: ymeHbaerca ot 0,50 no 0,10, a «uHAEKC CyXOCTH», XapaKTepU3YIOLUH CTereHb
cOaaHCUPOBAaHHOCTH BJIATH W TEIUIA, MOBBImIaeTcs oT 1,273 mo 5,056, koTophie MOKa3EIBAIOT HAIMYHAE TOCTATOYHO
BBICOKHX YHEPTeTHIECKUX PECYPCOB.

Takum oOpa3zoM, Ha OCHOBE TeoMOp(oIIOTHIeCKOi cXxeMaTH3alu BOJOCOOPOB TpaHCTpaHWYHON peku Mim,
Oazupyromeiicss Ha TOJOXKEHUIX CTOKOOOPAa30BAHUS PEUHBIX 0acCEHHOB KaK TEPMOAWHAMHYECKOU CHCTEMEI, TPaHU-
I1a KOTOPBIX COBIMAJAET C BBICOTHOM IMOSICHOCTHIO, MO3BOJISIFOT OIEHUTh M3MEHEHMsS THAPOJOTHYECKOTO, SKOJIOTO-
MOYBEHHOT'O U 3KOJIOTO-THAPOr€OXMMHUYECKOT0 PeXXUMa JIAHIIAPTHBIX CUCTEM C YYETOM MPHPOJAHO-TEPPUTOPHATB-
HBIX Pa3IM4YUi KaK BHIMOIHSIONINE BAYKHBIE CPEI000PA3YIOIIUE UITH SKOJIOTnYeCKUe (DYHKIHH.

KiroueBble ci1oBa: Kiumar, Ipyupoia, pecypcsl, peka, bacceiis, cpena, Janmmadr, Bogocoop, CUCTeMa, TEIIo,
BJIara, 00eCIeueHHOCTh, OTSHIIAAI, TPOIIECC, TPUPOIOOIL30BAHUE, TPUPOI000YCTPOHCTBO, (PYHKITHSL.
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