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USE OF ARTIFICIAL GROUNDWATER RECHARGE TECHNOLOGIES
FOR CENTRAL KAZAKHSTAN PASTURES WATERING

Abstract. The most acute problem of pasture watering is bound to one of the arid regions of the Republic that is
Central Kazakhstan. Under the current conditions, groundwater plays a significant role in providing high-quality
drinking water resources. Conservation of surface flow in underground aquifers in arid and semi-arid areas of Central
Kazakhstan is of great importance. For the first time in the practice of watering pastures in the foothills and hilly
areas of Kazakhstan, the process of creating underground reservoirs based on low-power flows of underground
fissure-groundwater is studied. The result of this study is a substantiated and developed concept scheme for creating
watering structures on pastures based on artificial groundwater recharge (creation of mainly small underground
reservoirs) in the hilly areas of Central Kazakhstan (Sary-Arka pasture).

Keywords: water resources, Sustainable Development Goals 2, groundwater, artificial groundwater recharge,
pastures watering.

Introduction. One of the conditions for sustainable development of the nation state is a water supply
to economic sectors, the largest water consumer of which is agriculture, an industry designed to provide
the population with food. This problem has priority attention in the 17 sustainable development goals
(SDGs) developed in 2015 with the main goal being SDG-2: Zero Hunger, which aims to end hunger,
ensure food security, improve nutrition, and promote sustainable agricultural development. Current
estimates suggest that nearly 690 million people, or 8.9 % of the world's population, are hungry. Food
security is also one of the main directions of national security of the Republic of Kazakhstan. At the same
time, the development of traditional cattle breeding requires solving the issues of watering livestock.

Research developments on the effective use of groundwater for the sustainable development of farm
livestock are very relevant and prompt. Pasture watering plays a major role in the use of groundwater
resources in Kazakhstan [1, 2, 4].

Within the bounds of Central Kazakhstan, predominantly structure of free-flow fractured waters of
shallow circulation is distinctive for the region. It is confined to the zone of open fractures of effusive,
intrusive, terrigenous-sedimentary and metamorphic pre-Paleozoic and Paleozoic formations. Good
exposure of the rocks promotes active water exchange and the development of fresh, slightly brackish and
brackish waters [7, 5].

Slightly inclined accumulative plains, situated in wide ancient and modern river valleys, play a
crucial role in the surface structure for artificial groundwater replenishment [3]. Karaganda region, in
general, has an underdeveloped river network. In this region, alluvial-proluvial deposits of buried valleys,
which underlie both permanent and temporary surface watercourses, serve as natural collectors for storing
surface water emissions [13].

Materials and research methods. Among the main natural factors that determine the possibility of
using the method of artificial groundwater replenishment in the region, as well as influencing the
effectiveness and the choice of rational technological schemes, the physical and geographical conditions
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of the region have prime importance and include geomorphological, geological, hydrogeological, climatic
(mainly precipitation ) and hydrological (development of the hydrographic network) factors [8]. These
factors determine natural collectors and the possibility of artificial collectors creation which are suitable
for surface water storage, allow to assess and collect unused water runoff, are cost-effective foe
replenishment [12].

For practical application, the following schemes and methods of artificial groundwater recharge are
used:

a) Direct non-pressure circuits:

* Flooding of the area;
* Use of infiltration basins or reservoirs;
* Increasing the planned size of surface water flow;
* Use of infiltration channels or trenches;
b) Direct pressure circuits:
* Use of discharge wells;
* Use of absorption pits and mines;
* Use of absorption wells;
* Pouring water into boreholes;
* Filling natural (karst) cavities and caverns with water;
¢) Combined methods:
* Infiltration pools in combination with pits or wells;
d) Indirect methods
* Recharge from a surface water source caused by a decline in groundwater levels;
« Artificial modification of the aquifer (hydraulic fracturing, crushing of water-bearing rocks using
explosions, etc.).

The method of artificial recharge consists of increasing the incoming component of the general
balance of the exploited aquifer during the year or certain seasons by filtering surface stream water from
special structures (pools, canals, trenches, etc.), or through occasional flooding of natural depressions [6].

Results and its discussion. Central Kazakhstan has many pasture areas confined to various natural-
geographical zones. Predominantly, these are dry steppes, where the amount of precipitation does not
exceed 100-300 mm/year. Under these conditions, water is the main factor limiting the use of pastures due
to its low water supply. Pasture lands, occupying a significant area (more than 160 million hectares), are
located in arid climatic conditions and are generally deprived of surface water sources [4]. Nevertheless,
they have a large feed capacity potential, sufficient to support, for example, more than 80 million sheeps.
The pastures harbor large areas of fertile land, which, if irrigated, could produce high and stable yields of
high-calorie feed. However, modern effective pasture areas development systems in the region are
hampered by the lack of surface watercourses. A significant part of the Central Kazakhstan pasture lands
is located far from the rivers; in addition, surface waterflow of the region is defined mainly as small rivers
and temporary watercourses with a pronounced spring flood, which occurs within 0.5-1.5 months and
makes up to 90% of the annual flow. Therefore, areas watered by rivers (about 2150 thousand hectares)
are areas with low reliability to water sources, which are periodically inactive. Jointly with unwatered
areas, this amounts to more than 50% of all pastures in the territory.

Additionally, vast areas of pastures cannot be flooded with groundwater due to either: the low
productivity of the aquifer, the absence of fracture zones, or the reduction of groundwater reserves during
seasonal droughts (July-September) [2]. The water of wells existing on pastures is often highly
mineralized, whereas filling trenches quickly dry out in the climatic conditions of Central Kazakhstan
(high temperatures and strong winds) [1]. The scientific developments of Kazakh scientists carried out in
recent years make it possible to solve this complex problem by artificially recharging groundwater
reserves of the upper aquifers and extraction it to the surface [8]. The use of specific technologies makes it
possible to create watering points in artificial ground reservoirs on the thinnest groundwater aquifers and
stage-by-stage restoration of productive pasture lands.

Despite the fact that certain problems of storing groundwater for water management facilities are
reflected in a number of fundamental works by scientists from the CIS and Kazakhstan [14, 16, 17], listed
research has not covered the issues of artificial regulation of groundwater flow of small temporary
watercourses by underground dams with the creation of groundwater reservoirs and, thus, increasing
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groundwater reserves specifically in pastures. The unique scientific developments available in Kazakhstan
for the creation of watering points at ground reservoirs can significantly increase the possibilities of
grazing livestock in Central Kazakhstan and contribute to the solution of this major national economic
problem [4]. The issue of creating watering points in Central Kazakhstan allows to practically approach
the solution to the complex problem of watering the Sary-Arka pastures. Watering points can be created
by dint of the water accumulated in artificially created underground reservoirs, within underground
drainage basins, in narrowed areas in places of “exit” and “crimps” of the underground flow cross-section
[15].

These watering points are provided with water all year round, are environmentally friendly, have the
necessary pressure and volume for watering large (up to 500 heads of livestock or more) flocks of sheep,
cattle and camels, do not damage pasture lands as all structures are hidden underground, and are simple in
service. One such watering point is capable of watering about 3 thousand hectares of pastures.

The artificial recharge of groundwater reserves considered in this work, and the construction of
irrigation structures on this basis ensure a sufficient amount of water of drinking quality in pastures,
simplicity and accessibility of maintenance, low cost and quick payback of construction costs [10, 11].
The research carried out will make it possible to stop the threat of further spread of land degradation and
desertification of pastures. For the first time in the practice of watering pastures, the process of creating
underground reservoirs and regulating low-power flows of underground fissure-groundwater on this basis
is being studied. The prospects of research are determined by the ability to create highly efficient watering
structures in a short time, with low construction costs, that will solve the problem of creating productive
pasture lands in Kazakhstan.

As a water collector for underground reservoirs, a large area with a leveled surface, surrounded by
small hills (a cirque in an inter-hill saddle with the dimensions of 2x3 km) is selected. The selected
territory turns out to be in a saddle-like terrain where solid precipitation accumulates and where melt water
flows. Well-divided relief and intense fracturing of rocks create favorable conditions for the infiltration of
precipitation. The zone of exogenous fracturing, which has a relatively small thickness, forms in the
selected area a kind of relatively small underground runoff basin, the boundaries of which are determined
by the terrain. In this case, the boundaries of underground and temporary surface flow usually coincide.
There are practically no permanent surface watercourses here. Groundwater drainage basins in Central
Kazakhstan are usually interconnected, so underground overflow occurs from one basin to another,
located lower hypsometrically. It was this circumstance that was used in the theoretical substantiation of
the idea of building artificial underground reservoirs for watering pastures - in the closing section of the
basin, in narrowed areas in the places of “exit” and “pinching” of the underground flow section [9]. The
amount of underground flow that is planned to be used for a watering point is determined by the drainage
area of the basin.

A typical technological scheme of a watering point based on artificial replenishment of groundwater
reserves using ground reservoirs is shown in figure 1. A water retaining dam with an inspection well is
built at the closing section of the underground drainage basin. At a depth of 2.5-3.0 m, a drainage trench
located in the dam site and filled with water-bearing soil (stone clastic material, coarse crushed stone)
reveals the aquiferous zone of bedrock. In addition, the complex includes: a tubular water conduit, a
storage tank and a water trough.

Figure 1 — Typical technological scheme of a watering point based on artificial replenishment using groundwater reservoirs:
1 — earth dam; 2 — inspection well; 3 — drainage trench; 4 — tubular water conduit; 5 — storage tank; 6 — watering trough
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Figure 2 shows a system of artificial replenishment of groundwater with the placement of the entire
complex of structures on one site with a) linear single-row and b) double-row arrangement of infiltration
structures (pools). It is advisable to use such schemes to: increase the productivity of existing water intake;
increasing groundwater reserves in the area of the newly designed water intake; reducing the length of
capture structures in conditions where permeable rocks are characterized by sand or gravel-pebble
deposits of sufficient thickness with a total thickness of cover low-permeable layers of no more than four
meters. This scheme is acceptable for water supply to rural settlements located in pastoral areas of the
region.

g

Figure 2 — Open scheme of artificial groundwater replenishment (type I) using infiltration basins:
1 — water intake from a surface source; 2 — first lift pumping station; 3 — water preliminary treatment facilities (if necessary);
4 — infiltration basins; 5 — wells; 6 — facilities for groundwater purification; 7 — clean water tank;
8 — pumping station of the second lift; 9 — installation for water disinfection

When designing systems for artificial replenishment of groundwater, the following steps should be
carried out: selection of the technological scheme of the system; choosing the type, design, operating
mode and method of regeneration of infiltration structures, determining their performance; calculation of
the flow rate of capture structures and changes in water levels in the zone of their influence, taking into
account the flow of water from infiltration structures; determination of the required degree of water
preparation from the replenishment source, the design and composition of treatment facilities, taking into
account predicted quality of water in groundwater intakes.

The design of devices for collecting water from a replenishment source and its transportation, pre-
and post-treatment facilities for water, clean water reservoirs, pumping stations and water pipelines is
carried out in the same way as the design of corresponding structures in conventional (without replenish-
ment) domestic and drinking water supply systems using surface water and groundwater.

The examination and analysis of proposed schemes of artificial replenishment of groundwater have
facilitated their systematization and justified the organization and creation of underground reservoirs for
collecting and storing flood runoff and meltwater, the result of which is shown in the table.

Zoning of Central Kazakhstan was carried out according to the terms of the artificial replenishment of
groundwater. The map (Figure 3) highlights the schemes for artificial groundwater recharge and identifies
areas where large underground reservoirs could potentially be created:

1. Valleys of densely populated and industrially developed main rivers of the region — Nura,
Sherubai-Nura, Taldy, Zharly, Tunduk, Kengir, Sarysu, etc. For these areas, an open replenishment
system (type 1) with infiltration basins is proposed. A typical technological replenishment scheme involves
using gravity to convey surface water, including settling basins, infiltration basins, and horizontal water
intakes.

— 4) ——
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Types of technological schemes of artificial replenishment of groundwater

Recommended
tecS}:?lI(;(li:;iical Sche Description. Operating princ_iple
schemes me of a standard technological scheme of a standard technological scheme
of artificial No.
replenishment
Open technological schemes
Type I 1 An open system of artificial groundwater Water from the replenishment source is directed to a
replenishment structures with infiltration water intake structure, where it is pumped through a
basins distribution pipeline into infiltration structures, such
Type I 5 An open system of artificial groundwater as pools. Frgm these structures, the water percolates
replenishment structures with infiltration into the aquifer, replenishing the groundwa‘\ter
basins with a preliminary reduction reserves. Groundwate.r can be ext.racted using
in water turbidity (used when using various stmctufes designed for this purpose, sugh
flood waters) as wells or horizontal catchments, with wells b;mg
the most commonly used. The extracted water is
Type I 3 A system for artificial groundwater then collected in a storage tank. If the groundwater
replenishment in sandy areas meets GOST standards for drinking water, the
storage tank serves as a clean water reservoir.
Typel 4 | A system of karst carbonate structure However, if the groundwater contains substances
with places of point and area infiltration in concentrations exceeding permissible limits for
of recharged fissure-karst waters and drinking water, treatment facilities are incorporated
groundwater into the system to remove these contaminants.
Type I 5 Cascade of water retention dams The treateq water, compliant with SanPIN
standards, is then supplied to consumers. In all
Type I 6 A system using reservoirs on rivers cases, the water undergoes disinfection using
within alluvial fans in areas chlorine at the treatment facility.
of intensive water intake
Closed technological schemes
An important feature of closed-type systems
is the preliminary improvement of water quality,
the turbidity of which should not exceed 1-3 mg/1.
Type 11 7 Groundwater replenishment system These systems cons%st of rows of Wells, which
through absorption wells can be both infiltration and water 1nta!(e wells.
This arrangement helps combat clogging
(calmatization) and restore the injectivity of the
wells. Additionally, preliminary water treatment
is included to meet the required standards.

2. Areas of development of carbonate structures. In these regions, an open replenishment system
No. 4 (type 1) is recommended. This is particularly relevant for areas where carbonate structures are
prevalent.

Areas of possible creation of underground reservoirs associated with the largest buried valleys. Many
modern rivers on the platform plains of Central Kazakhstan have ancient buried valleys formed during the
Lower Quaternary and Pliocene periods. These regions are suitable for the accumulation of underground
runoff and spring floodwaters to replenish groundwater reserves. An open replenishment system No. 6
(type 1) is suggested for these areas.

3. In certain areas, a closed replenishment scheme No. 7 (type II) is recommended, utilizing
absorption wells to enhance groundwater reserves.

Conclusion. Reservoirs constructed in the bowels of the earth under appropriate hydrogeological
conditions do not disturb the environment and are economically beneficial.

Detailed knowledge of the geological and hydrological features of the area is necessary in order to
select a site and structure for artificial groundwater recharge. In this case, it is necessary to take into
account and consider the following factors: geological boundaries; hydraulic boundaries; groundwater
inflow and outflow; volume of aeration zone; porosity; hydraulic conductivity; surface water resources
available for groundwater recharge; water balance of the territory; lithology and depth of the aquifer.
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Figure 3 — Location of typical schemes of artificial replenishment of groundwater in the Karaganda region.

Note: the color and geological index correspond to the age of the water-bearing rocks. Digits indicate the number of the
recommended standard technological scheme of artificial replenishment from table.

Aquifers with high vertical and moderate horizontal water conductivity and a significant thickness of
the aeration zone are best applied to organize artificial groundwater recharge. In any case, when carrying
out artificial groundwater recharge, the thickness of the aeration zone should not be less than 3 m to
prevent flooding of the area.

For the first time in the practice of watering pastures in the foothills and hilly areas of Kazakhstan,
the process of creating underground reservoirs based on low-power flows of underground fissure-
groundwater is being studied.

The results of the conducted research within the framework of this work showed that in Central
Kazakhstan there are favorable conditions for the widespread use of methods for artificial replenishment
of groundwater reserves, depending on hydrogeological conditions and the availability of surface water
sources.

REFERENCES

[1] Akhmedsafin U.M., Dzhabasov M.Kh., Zhaparkhanov S.Zh. Groundwater in pasture areas of Kazakhstan. Alma-Ata:
Science, 1968. P. 178-213 (in Russ.).

[2] Akhmedsafin U.M., Dzhabasov M.Kh. Groundwater in Kazakhstan is a reserve for irrigated agriculture. Alma-Ata:
Science of the Kazakh SSR, 1988. 127 p. (in Russ.).

[3] Govindaraj V., Thirumalasamy S., Sankar J.I., Gopi S. Groundwater potential mapping and natural remediation through
artificial recharge structures in Vellore District, Tamil Nadu, India using geospatial techniques. Desalination and Water Treatment,
2022, 254, p. 229-237. https://doi.org/10.5004/dwt.2022.28351

[4] Groundwater in pasture areas of Kazakhstan. Alma-Ata: Nauka, 1968. 318 p. (in Russ.).

[5] Hydrogeology of the USSR. Central Kazakhstan. Karaganda region. Vol. XXXIV. M.: Nedra, 1970. 564 p. (in Russ.).

42




ISSN 2957-8280, eISSN 2957-9856 Ne 3, 2024

[6] Jagannathan K., Kumar, N.V., Jayaraman V., Manivel M. An approach to demarcate Ground water potential zones
through Remote Sensing and Geographic Information System // International Journal of Remote Sensing, 1996, 17, p. 1867-1884.
https://doi.org/10.1080/01431169608948744

[7] Janusz-Pawletta B., Jabassov A., Atanov S., Gorshkova E., Oravcovda M. Groundwater management at Pretashkent
Aquifer and Ecological disaster zone of the Aral Sea region (Kazakhstan). Catalogue of Hydrologic Analysis for Asia and the
Pacific. Vol. 3. Groundwater. P. 64-90.

[8] Jin Z., Tang S., Yuan L., Xu Zh., Chen D., Liu Zh., Meng X., Shen Zh., Chen L. Areal artificial recharge has changed
the interactions between surface water and  groundwater // Journal of Hydrology. 2024. 637.
https://doi.org/10.1016/j.jhydrol.2024.131318

[9] Lagutin E.I. Underground reservoirs in pastures of Central Kazakhstan. Taraz, 2009. Pp. 25-37; 135-138 (in Russ.).

[10] Makhmutov T.T., Burakov M.M., Zhumataev B.K. Scientific foundations and principles of artificial replenishment of
groundwater // Proceedings of the international. scientific-practical conf. "Water: resources, quality, monitoring, use and
protection of water." Almaty, 2008. P. 51-53 (in Russ.).

[11] Makhmutov T.T., Sagimbayev S.S., Burakov M.M. Artificial replenishment of groundwater reserves in carbonate
structures of Central Kazakhstan // Using the achievements of scientific and technological progress in the field of nature
conservation in Kazakhstan. Alma-Ata, 1990. P. 44-50 (in Russ.).

[12] Mishra U., Mohapatra A.K., Mandal A., Singh A. Identification of potential artificial groundwater recharge sites in an
alluvial setting: A coupled electrical resistivity tomography and sediment characterization study // Groundwater for Sustainable
Development, 2023, 20, https://doi.org/10.1016/j.gsd.2022.100875

[13] Shafa N.S., Babazadeh H., Aghayari F., Saremi A. Optimal utilization of groundwater resources and artificial recharge
system of Shahriar plain aquifer, Iran. Physics and Chemistry of the Earth, Parts A/B/C, 2023, 129.
https://doi.org/10.1016/j.pce.2023.103358

[14] Sychev K.I., Chernov A.S., Plotnikov N.A. and others. Methodological recommendations for the use of IVZPV systems
in various natural conditions of the territory of the USSR. M.: Vsegingeo, 1985. 90 p. (in Russ.).

[15] Yermenbay A., Shagarova L., Absametov M., Osipov S. Prospects of water supply with fresh groundwater under
anthropogenic impact conditions / GEOLINKS International Conference, 2020. P. 281-289
https://doi.org/10.32008/GEOLINKS2020/B1/V2/29

[16] Zhaparkhanov S.Zh., Zhumataev B.K. On the issue of zoning the territory of Central Kazakhstan according to the
conditions for creating artificial groundwater reserves // Mater. international scientific-practical conf. “Geological science and
industrial development of the Republic of Kazakhstan.” Almaty, 2010. P. 333-336 ( in Russ.).

[17] Zhaparkhanov S.Zh., Zhumataev B.K. Artificial replenishment of groundwater reserves in arid regions of Central
Kazakhstan. Almaty, 2012. P. 53-68; 94-128; 129-137 (in Russ.).

A. M. Jizka6acos', A. M. EpMeHGaﬁz, A. K. Kaxunbaesa ™, ¥0. H. Tusuucknii*

! Te0norus-MHHEPAIOT S FBUTBIMAAPBIHBIH KAHIMIATHI, XKEP aCThI CYJIaphl 3ePTXAHACHIHBIH MEHIepYIIic
(«Y. M. AxmencaduH aTBIHIAFBI THAPOTEONOTHS JkoHe reoskonorus nHCTUTYTED JKILIC, Anvatsr, Ka3akcTas;
Jjabassov.abai@mail.ru)

% Jep acThI Cy/Iaphl 3epTXAHACKIHBIH FHUIBIME Kbi3MeTKepi («Y. M. AxmencaduH aThIHAaFb THAPOTEONOr s
xoHe reoakostorust UHCTUTYTHD JKIIC, Anmarsl, Ka3akcran; ms.ermenbay@mail.ru)

3" JKapaThUTbICTAHY FHUTBIMIAPBIHBIH MATHCTPI, XKep aCThI CY/Iaphl 3epTXAHACHIHBIH Killli FRUTBIMH KbI3METKEpi
(«Y. M. AxmencaduH aTbIHAAFBI THAPOTEONIOTHS JKoHE reodkosiorus nuHCTUTyTh JKIIIC, Anvatel, KazakcTas;
zhakibaeva8@gmail.com)

* ['e00rHsI-MUHEPATIOTHS FHUTBIMIAPBIHBIH KAHIHIATHI, XKep aCThI CY/Iaphl 3ePTXAHACHIHBIH KETEKII FHITBIMA
Kp13MeTkepi («Y. M. AxmencaduH aTbIHIAFBI THAPOTEOJIOTHS JKOHE Te03K0I0THsI HHCTUTYTHI» JKIIC,
Anwarer, Kazakcran; livinskii_yur@mail.ru)

OPTAJIBIK KA3BAKCTAHIAFBI "KANBLIBIMIAPBI CYAPY YIIIH
')KEP ACTBI CYJIAPBIH )KACAH/IbI TOJITBIPY TEXHOJIOTUSLJIAPBIH KOJIJIAHY

AnHoTanusi. JKailbutbIM/IbI CyapyIblH €H OTKip Moceseci pecrnyOJIMKaHbIH KYpPFaK alMakKTapbIHbIH Oipi —
Opranbik Kasakcranga Gonsin oTelp. MyHzail xarnaiiapaa skep acTbl CyJapbl camalibl aybl3 Cy PecypcTapbIMEH
KaMTaMachl3 €Tyne MaHbI3bl pen atkapanbl. Opranblk KasakcTaHHBIH KYpPFak jKOHE jKapTbulail Kyprak aiiMak-
TapbIHAAFBl JKEP acThl CyJIbI FOPU3OHTTApbIHIA JKEP YCTi aFbIHBIH CaKTay[blH MaHbI3bl 30p. KazakcTaHHBIH Tay
OeKTepiH/er] jKoHE TayJibl aliMaKTapbIHAAFbI KaUBUIBIMIAPABI Cyapy TOKIpUOECiHIEe ajFalll peT Kep acThl JKapbIK-
Tapbl-)KEp acThl CyJIApbIHBIH KyaTTBUIBIFBI a3 aFbIHIapbl HETi3iHIe )KepacThl Cy KOWMallapblH KYpy IIpOLeci 3epTTe-
nyzne. Opranbik KasakcranHbiH Tayisl aiiMakTapbiga (Capelapka jKaiylayblHaa) JKep acThl CyJIapbIH )KacaH bl TYpAe
TOJIBIKTBIPY (HETI3IHEH IIarblH KepacThl Cy KOHNManapblH Kypy) HETri3iHze >KalbUIbIMIapAa cyapy KypbUIbICTapbIH
KYPYABIH HETi3Ti CXeMachl Heri3/1em/i )KoHe 931pIeH]I.

Tyiiin ce3mep: cy pecypcrapsl, Typakrel Jamy MakcaTrapbl-2, kep acThl CyJNapbl, jKacaHAbl TONBIKTHIPY,
JKaWbIIBIMIAPIBI Cyapy.




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

A. M. JI:xa6acos', A. M. Epmeﬂﬁaﬁz, A. K. Kaxubaesa™, ¥O. H. JTusuncknii*

'K.r.u., 3aBenyrouuil madopartopueit pecypcoB moa3eMHbIX BoJ (TOO «HCTUTYT THIPOTEeOIOTHI
u reodkoorud uM. Y. M. Axmencaduna», Anmarel, Kazaxcran; jabassov.abai@mail.ru)
* HayuHbIi COTPYIHHK 1a00paTOPUH pecypcoB moa3eMubIx Bo (TOO «MHCTHTYT rHAPOTeoIOrul 1
reoskoyorun uM. Y. M. Axmencadunay, Anmatsl, Kazaxcran; ms.ermenbay@mail.ru)

3" Maructp ecTecTBEHHBIX HAayK, MIa/IIIKil HAYYHBIH COTPYIHUK Ta0OPATOPUH PECYPCOB MOI3EMHBIX BOJ
(TOO «MHCTUTYT THAPOTre0IOrny 1 reodkonorun uM. Y. M. Axmencadunay, Anmarsl, Kazaxcran;
zhakibaeva8@gmail.com)

* K. T. H., BeyIuil HAyYHBIH COTPYIHHK 1aB0OPaTOpHH pecypcos moxsemMubix Bog (TOO «UHcTUTYT
THIIPOTE€OJIOTUH U Teo3Kooruu uM. Y. M. Axmezncaduna», Anmarel, Kazaxcran; livinskii_ yur@mail.ru)

MCIOJIb30BAHUE TEXHOJIOI Ml UCKYCCTBEHHOI'O BOCIIOJTHEHU A NMOJ3EMHBIX BOJ|
JJIs1 OBBOJHEHUSA ITACTBUII HEHTPAJIBHOTI'O KASAXCTAHA

Annoranus. Hanbomnee octpo mpobiema 0OBOJHEHHS MACTOUIN CTOUT B OZHOM M3 apHIHBIX PETHOHOB pec-
myomukn — LentpansHom Kazaxcrane. B ATHX yCIOBHSX 3HAUHTENBEHYIO POJh B OOECHEUeHHH TOOpPOKAYECTBEH-
HBIMH pECypcaMH NHTHEBBIX BOJ UTPAlOT Moa3eMHBIE BOABL. COXpaHEHHE MOBEPXHOCTHOTO CTOKA B ITOJ3EMHBIX
BOJIOHOCHBIX TOPH30HTaX B 3aCYIUIMBBIX U MONTy3acylUIMBHIX paiioHax LlenTpampnoro Ka3zaxcrana umeer OoibInoe
3HaueHHe. BrepBbie B NpakTHKe OOBOJHEHHS MACTOWI B MPEATOPHBIX M MEIKOCOMOYHBIX paiioHax Kazaxcrtana
HCCIIEeIyeTCsl MPOLIECC CO3/IaHUs MOJI3EMHBIX BOJOXPAaHWIIMIL HAa OCHOBE MaJOMOIIHBIX MOTOKOB TOJ3€MHBIX Tpe-
IIMHHO-TPYHTOBBIX BOJl. OOOCHOBaHA M pa3paboTaHa MPUHIMIIHAIBHAS CXeMa CO3[aHUs OOBOJHUTEIBHBIX COOPY-
JKCHMI Ha macTOuImax Ha 0a3e MCKYyCCTBEHHOTO BOCIOJIHEHHS MOA3EMHBIX BOJA (CO3JaHUE IPEUMYIIECTBCHHO
HEOOJIBIIMX TOJM3EMHBIX BOJOXPAHWIHII) HAa TEPPUTOPHUH MEIKOCOMOYHBIX paiioHOB lleHTpanbHoro Kasaxcrana
(mactOuma «Capbl-Apkay).

KuaioueBsle cioBa: BoaHble pecypcesl, Lenn Yceroitunoro Pa3BuTus-2, noa3eMHble BOJbl, HCKYCCTBEHHOE BOC-
MOJIHEHHE, 00BOIHEHHE TaCTOMIII.
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