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Abstract. This paper presents a rationale for typical artificial groundwater recharge schemes, considering the physical,
geographical, and hydrogeological conditions of large underground reservoirs in Central Kazakhstan. The aim of the paper
is to analyze modern aquifer recharge methods and assess their effectiveness and applicability depending on reservoir char-
acteristics, the availability of water sources, and the region’s water demand. The paper examines various technological
schemes for artificial groundwater recharge and measures to regulate filtration processes, assessing their technical and eco-
nomic feasibility. The obtained results allow for the development of recommendations for the optimal use of the region’s
water resources, ensuring a sustainable water supply, and mitigating the negative impact on natural ecosystems. Further-
more, the paper emphasizes the importance of an integrated approach to water use planning that considers both geological

and socioeconomic factors.
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1. Introduction

Rational use of groundwater is a key factor in ensuring
sustainable water supply and preventing the degradation of
natural ecosystems. Managed aquifer recharge (MAR) is
considered an effective tool for increasing aquifer resources,
regulating filtration processes, and meeting water needs in
arid and semi-arid regions [1, 2].

The effectiveness of MAR is determined by a combina-
tion of physical, geographical, and hydrogeological condi-
tions, including the geomorphological structure of the territo-
ry, the lithological composition of rocks, the filtration prop-
erties of the vadose zone, the groundwater regime, as well as
climatic parameters (precipitation, temperature, evaporation),
and the characteristics of the hydrographic network [3-5].

Managed aquifer recharge (MAR) and aquifer storage
and recovery (ASR) are widely used in various countries
worldwide, including Europe, the United States, Israel, and
Australia [1]. The main applications of this technology in-
clude ensuring water supply in resource-scarce conditions,
creating strategic water reserves, preventing aquifer saliniza-
tion, and improving water resource management [2, 3]. Sur-
face water, including flood runoff, can be used as recharge
sources, which is especially relevant for arid areas [4].

The artificial groundwater recharge method is based on
increasing the water inflow into an exploited aquifer
throughout the year or during individual seasons. This is

achieved through surface water infiltration through special
structures (pools, canals, absorption wells, etc.) or by tempo-
rarily flooding natural depressions.

This method addresses a number of important issues,
primarily in the area of domestic and drinking water supply,
and also contributes to environmental improvements. Artifi-
cial recharge makes it possible to regulate the hydrogeologi-
cal regime during water withdrawal, considering both the
quantity and quality of water at the recharge source.

Furthermore, the accumulation of water in the aquifer and
the presence of infiltration structures make it possible to shut
off the water supply if necessary, for example, if its quality
deteriorates (increased turbidity, contamination, odors, etc.),
thereby reducing the risk of groundwater contamination.

Storing groundwater during periods of high-water levels
increases the reliability of water supply, especially for alluvi-
al horizons, and helps avoid interruptions in water supply
during low-water periods.

Central Kazakhstan is characterized by a distinctly conti-
nental arid climate, complex, low-hill terrain, and a poorly
developed river network (Figure 1). The region’s rivers have
a pronounced seasonal regime, with up to 80-90% of annual
runoff occurring in the spring [6, 7]. Furthermore, the alluvi-
al sediments of river valleys have high filtration capacity,
creating productive conditions for groundwater infiltration
and accumulation [6].
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Figure 1. Hydrogeological map of Central Kazakhstan

The choice of technological schemes for artificial replen-
ishment of groundwater reserves is determined by the pres-
ence and characteristics of aquifers, the availability of re-
plenishment sources, the current and future needs of the
region for water supply, as well as the economic efficiency
of the implemented measures [1, 4, 5].

The use of zoning of the territory according to the condi-
tions of artificial replenishment of groundwater reserves
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allows us to take into account the spatial heterogeneity of
hydrogeological conditions and justify the choice of the most
effective solutions for groundwater resource management.

The aim of this study is to substantiate large-scale under-
ground water storage systems in Central Kazakhstan by as-
sessing hydrogeological conditions, zoning the territory for
managed aquifer recharge, and selecting appropriate recharge
schemes.
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2. Materials and methods

The territory of Central Kazakhstan is a mountainous and
folded region within which unconfined fissure waters with
shallow circulation are widespread. They are confined to the
fractured zone of volcanogenic-sedimentary complexes of
pre-Paleozoic and Paleozoic rocks [8].

Fracture-karst waters of Devonian-Carboniferous car-
bonate rocks are also widespread, forming numerous
brachyanticline and synclinal structures [8, 9]. Each of such
structure represents a unique groundwater deposit, containing
significant volumes of water resources [2, 3]. Majority of
Central Kazakhstan is epresented by a mountainous, folded
region dominated by shallowly circulating, unconfined fis-
sure waters confined to the open fracture zone of volcano-
genic-sedimentary complexes of pre-Paleozoic and Paleozoic
rocks, including effusive, intrusive, terrigenous-sedimentary,
and metamorphic formations. Good rock exposure facilitates
active water exchange and the formation of fresh, slightly
brackish, and brackish waters.

Fracture-karst waters of Devonian-Carboniferous car-
bonate and terrigenous rocks are also widespread, forming
numerous small brachyanticline, synclinal, and large com-
plex structures. Each of such structure essentially represents
a groundwater deposit with significant reserves, particularly
in the southwestern part of the region — the Zhezkazgan-
Ulutau, Niyaz-Yerementau, and other districts. The high
degree of fracturing and Karstification of carbonate rocks
ensures intensive absorption of precipitation and floodwaters
from rivers and streams; in the Zhezkazgan-Ulutau district,
effective precipitation accounts for up to 60% of winter-
spring runoff. Furthermore, these aquifers can be replenished
by surface water from rivers.

A combination of climatic, topographic, geomorphologi-
cal, and hydrogeological conditions, including the composi-
tion of water-bearing rocks and the presence of large hydro-
geological reservoirs, creates favorable conditions for artifi-
cial groundwater recharge. This creates large underground
reservoirs for multiple purposes: for municipal and industrial
water supply of large population centers, as well as for agri-
cultural needs.

Taking into account the region’s physical and geograph-
ical conditions, including geomorphological, geological,
hydrogeological, climatic (precipitation), and hydrological
(development of the hydrographic network) factors, a zon-
ing of Central Kazakhstan was conducted based on condi-
tions for artificial groundwater recharge. This allows to
determine patterns in the hydrogeological environment and
serves as the basis for a differentiated assessment of the
potential for artificial groundwater recharge. The zoning
methodology is based on taking into account a complex of
natural and artificial factors affecting the effectiveness of
recharge and is used to identify areas with similar or differ-
ent conditions for artificial recharge of groundwater re-
serves. The assessment of natural conditions during zoning
is carried out in order to identify:

1) the recharge object — a natural or artificial collector;

2) recharge sources and methods of preliminary water
treatment;

3) the need for artificial recharge;

4) the economic feasibility of artificial recharge of
groundwater reserves.
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The methodological basis of the study was a comprehen-
sive hydrogeological analysis of the territory, including:

— Analysis of the geological and hydrogeological condi-
tions of the region;

— Study of the lithological composition of water-bearing
rocks;

— Filtration properties of rocks (transmissibility coeffi-
cients within 300-1000 m?/day);

— analysis of the hydrological regime of rivers.

The following criteria were taken into account in the pro-
cess of zoning:

1. Availability of natural reservoirs for groundwater ac-
cumulation (alluvial valleys, fissure-karst structures);

2. Availability of replenishment sources (surface water,
precipitation, flood runoff from the Nura, Kengir, Sarysu,
and other rivers);

3. Water resource requirements;

4. Economic feasibility of artificial groundwater replen-
ishment projects

The geomorphological factor was used as the main classi-
fication feature for zoning, allowing to establishe the rela-
tionship between relief forms, lithological composition of
rocks and groundwater occurrence conditions.

3. Results and discussion

Based on the conducted zoning of Central Kazakhstan
according to the conditions of artificial replenishment of
groundwater reserves, four groups of territories were identi-
fied, characterized by a set of geomorphological, geologi-
cal, hydrogeological and hydrological indicators that de-
termine the possibility of creating various types of under-
ground reservoirs:

1. Large multi-purpose reservoirs — construction is possible:

a) in river valleys with high population density and de-
veloped industry;

b) in areas with developed carbonate aquifers.

2. Medium-sized reservoirs, primarily for agricultural
purposes, located in large buried valleys.

3. Small reservoirs — associated with Paleozoic rocks of
varying ages, intended for pasture irrigation.

4. Unpromising areas — territories unsuitable for the con-
struction of groundwater reservoirs, for example, due to
geomorphological conditions or the absence of aquifers.

A feasibility study was developed for each group of terri-
tories, and a standard technological scheme for artificial
groundwater replenishment was proposed.

This study focuses on the justification and design of
large underground reservoirs, as these facilities provide
strategic water reserves for the integrated water supply of
settlements, industrial facilities, and agricultural needs in
the region. Large reservoirs are considered a key element of
groundwater management, enabling the most efficient use
of flood and surface water, regulating filtration processes,
and increasing the sustainability of water supply in the arid
and semi-arid climate of Central Kazakhstan. Geomorpho-
logical, hydrogeological, and hydrological characteristics of
the territory, as well as the physicochemical properties of
aquifers, are analyzed, enabling the substantiation of opti-
mal technological schemes for groundwater replenishment
and predicting their long-term effectiveness.
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This group of areas includes the valleys of the region’s
largest rivers: the Nura, Sherubay-Nura, Taldy, Zharly,
Kengir, Sarysu, and several other streams. The water-bearing
rocks here are modern and Upper Quaternary alluvial depos-
its, consisting of inequigranular sands, sandy-gravel-pebble
formations with interlayers of clays and loams. The thickness
of the alluvial deposits is typically 15-30 m, but in some
valley sections it can reach 40-50 m.

A characteristic feature of these deposits is the absence of
a consistent aquiclude between the Quaternary formations of
different ages, resulting in the formation of a single under-
ground groundwater flow.

The depth of the groundwater table within the river val-
leys ranges from 1.5 m in floodplain areas to 6-8 m on the
above-floodplain terraces.

The filtration properties of alluvial deposits are character-
ized by high values. Transmissibility coefficients reach 300-
1000 m?/day, indicating the high-water content of these rocks.

Groundwater recharge occurs primarily through the infiltra-
tion of river floodwaters. Spring floods play a decisive role in
shaping the water balance of river valleys. During this period,
up to 80-90% of the annual runoff passes through river systems.

These conditions create favorable conditions for the appli-
cation of artificial groundwater recharge (MAR) technologies.

The most effective technological scheme for this group of
regions is an open artificial groundwater recharge system
using infiltration basins.

Within this scheme, surface water is directed into special
infiltration structures, where it gradually seeps through the
alluvial sediments into the aquifer.

Such systems are widely used worldwide and have prov-
en their effectiveness in arid climates [1]. Large groundwater
reservoirs in Central Kazakhstan are planned primarily in the
valleys of the region’s main rivers: the Nura, Sherubai-Nura,
Taldy, Zharly, Tunduk, Kengir, Sarysu, and others. The
water-bearing rocks are modern and Upper Quaternary allu-
vial deposits-inequigranular sands, sandy-gravel, and pebble
layers interbedded with clays, loams, and sandy loams. The
absence of a consistent impermeable layer forms a single
underground stream with a depth of 1.5-6 m and a water-
bearing rock thickness of 15-30 m; the water capacity varies
from 300 to 1000 m?day. The width of the natural stream is
3-5 km, while large valley widenings reach 10-14 km in
diameter and up to 40 km in length, forming isolated deposits
with high exploitable reserves. Groundwater is primarily
recharged by the filtration of river flood discharges, which
account for 80-90% of annual runoff.

Topographic, geomorphological, and hydrogeological
conditions, including the composition of water-bearing rocks
and the presence of large hydrogeological reservoirs, create
favorable conditions for the development of multi-purpose
reservoirs for municipal, industrial, and agricultural water
supply, including irrigation. For such areas, the use of an
open Type | MAR system with infiltration basins is recom-
mended. The typical design involves gravity-fed surface
water with a settling basin, infiltration basins, and horizontal
water intakes (Figure 2).

In Central Kazakhstan, a promising area is the use of in-
novative technical solutions for groundwater regulation,
which can be integrated into MAR schemes. Below are the
most interesting devices and methods applicable to the re-
gion’s river valleys, including the Nura, Sherubai-Nura,
Taldy, Zharly, Tunduk, Kengir, and Sarysu.
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Figure 2. Scheme of the open gravity-flow MAR system, type I:
a—plan view: 1—river; 2 —river water intake; 3 —settling basin;
4 — pipelines supplying water to the infiltration basins; 5 — infiltration
basins; 6 — horizontal water intakes (drainage pipes); 7 — collection
well with chlorination; 8 — water conduit to the consumer; b — cross-
section: 2 — infiltration basins; 3 — drainage pipes; 4 — aquifer

The groundwater accumulation regulating device (patent
RU 2621359, Figure 3) pertains to water supply systems. It
includes underground water intake wells or boreholes, shut-
off and control pipelines, and a watertight barrage that com-
pletely seals off the aquifer in thickness and width, creating
an underground reservoir.

Figure 3. Device for regulating underground water accumula-
tion

Distinctive features from the prototype include:

—the combined location of the above-ground dam and
underground barrage within the same section;

—the formation of an underground screen between the
piles;

— a water intake well located above the flood level;

— the possibility of mutual water transfer between the un-
derground and above-ground reservoirs;

— reservoir volume control using pipelines;

— minimization of environmental impact.

This combination of features ensures reliable water intake
throughout the year, including low-water periods, with effi-
cient use of the underground and above-ground capacity of
the mountain river valley (RU 2621359).

Device for regulating freshwater reserves (patent
RU 2621268, Figure 4) is used to control underground and
surface runoff in mountain river valleys with periodically
drying up watercourses, increasing the reliability of water
intake and providing the possibility of increasing its volume.
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Figure 4. Device for regulating groundwater reserves

Underflow filtering water intake of combined design (pa-
tent RU 2518634, Figure 5) is designed for rivers with chal-
lenging hydrological conditions. It includes a collection
gallery with a filter intake consisting of a metal grate and two
rows of flexible filter mats laid along and across the channel
flow. This design increases the reliability of the water intake
system and allows it to be used for drinking water supply to
small towns, enterprises, and as a backup supply for large
population centers.
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Figure. 5. Underflow filtering water intake

The high-turbidity water treatment unit (patent RU
2321440, Figure 6) is a floating water treatment plant with
inclined thin-layer modules, a floating filter bed, water col-
lection channels, and a backwash collector. It ensures the
effective removal of suspended solids (up to 5-10 g/l), organ-
ic and mineral impurities, and complete water disinfection
without the need for additional sedimentation facilities.

Figure 6. Device for purifying highly turbid waters

Air pumps are installed within the water intake zone,
periodically pumping air to form a watertight barrage and
an underground reservoir in the upstream pool. As the
groundwater level drops, air supply is resumed to maintain
the required reservoir capacity.
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During the cold season, when groundwater flow accu-
mulates in the unconfined aquifer, a trench is dug in the air
pump area, removing the vegetation layer and snow cover.
This increases the depth of soil freezing and ensures the
reliable operation of the underground reservoir.

Method of regulating groundwater reserves (patent RU
2244785, Figure 7) involves creating an impermeable bar-
rage across the river valley, which partially or completely
blocks the aquifer, reduces groundwater flow beyond the
barrage, and stores groundwater during high-water periods.
During low-water periods, water is released according to
demand. Air pumps are installed within the intake zone to
control the reservoir’s level, and in winter, if necessary,
measures are taken to increase soil freezing to maintain water
storage capacity.

Figure 7. Device for regulating groundwater reserves

The use of such devices allows for the regulation of under-
ground reserves, ensuring a stable water supply for settlements
and industrial facilities, and creating strategic water reserves
for agricultural irrigation. The process flow is adjusted de-
pending on natural, climatic, and hydrogeological conditions.

For example, at the Zhartas groundwater deposit
(Sherubay-Nura River valley), aquifer replenishment is
achieved through the filtration of surface runoff, a reservoir,
and flood discharges, while water intake capacity is in-
creased by periodically flooding the central section of the
infiltration water intake. Similarly, the water intake near
Karaganda uses a 13 million m? infiltration basin fed from
the Tonarskoye Reservoir, designed for long-term flow regu-
lation on the Sherubay-Nura River. In the Karaganda region,
a 13 million m?® reservoir, functioning as an infiltration basin,
is used for artificial groundwater recharge at a water intake
used for municipal and industrial water supply. The reservoir
is replenished by periodic water releases from the large To-
narskoye Reservoir, a long-term regulated reservoir on the
Sherubai-Nura River.

In addition to river valleys, areas of carbonate structures,
which are widespread in Central Kazakhstan, particularly in
the southwestern part of the region, are promising for artificial
groundwater recharge. Most of these structures are located
near residential and industrial facilities requiring domestic and
drinking water. Many structures have been explored, and their
groundwater reserves have been confirmed by the State and
Territorial Cadastre of Reserves. For example, the total ex-
ploitable reserves of 24 aquifers near the city of Zhezkazgan
amount to 441 million m3/year, of which 145 million m®year
are approved by the State Reserves Committee.

The high filtration properties of carbonate rocks ensure
efficient groundwater accumulation and flushing, making
them suitable for water supply to large facilities. Geological
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and hydrogeological studies allow us to accurately determine
the marginal boundaries of these structures and calculate the
volume of their reservoirs. Aquifer complexes of carbonate
and terrigenous rocks of the Devonian-Carboniferous period
are identified within the brachyanticline, synclinal, and more
complex structures of the Zhezkazgan-Ulutau, Niyaz-
Yerementau, and other districts [10]. The areas of aquifers
vary from 60 km? (Saryopan) to 850 km? (Zhailmen), with a
thickness of water-bearing deposits of 30-50 m, in places
reaching 150-200 m.

Groundwater in carbonate structures occurs at depths
ranging from 5-10 m at the periphery to 40-50 m in the cen-
ter of the basins. Groundwater pressure can reach 4-30 m,
with piezometric levels ranging from 0.6 to 18 m above the
surface. The main reserves are located in the karst zone and
limestone fractures, forming subartesian basins with uncon-
fined and confined waters.

The carbonate structures of the Zhezkazgan region are of
particular economic importance. Studies on the Aidos
brachyanticline, cut by the Karakengir River valley, have
shown high filtration of the bottom of the reaches, composed
of coarse gravel, crushed rock, and pebbles. The hydraulic
relationship between groundwater in alluvial deposits and the
surface waters of the river is significant. The Karakengir
aquifer and the fissure-karst waters of carbonate rocks pro-
vide a replenishment rate of up to 2.75-10° m®/day at the
Aidos water intake site. Similar results are observed at 12
aquifers near the city of Zhezkazgan, where the total
groundwater replenishment volume exceeds 30 million
m®/year (=1000 dm?/s).

For the creation of large underground reservoirs, it is rec-
ommended to use open, gravity-fed artificial groundwater
replenishment systems (Type 1) with artificial reservoirs to
accumulate flood runoff and recharge groundwater. Direct
withdrawal of water from reservoirs for domestic and drink-
ing purposes is impractical due to the high content of sus-
pended solids and the unstable sanitary and bacteriological
condition of the water, which requires preliminary treatment.
The most suitable for artificial groundwater replenishment
are closed brachyanticline basins, such as the Eskulin,
Zhanai, Aidos, Sarybulak, Mashuran, and Alaigyr structures,
composed of permeable rocks capable of retaining significant
volumes of water. Groundwater replenishment can be
achieved by using surface water from the Zhezda, Kengir,
Sarybulak, Sherubai-Nura, and other rivers.

For type Il aquifers, closed process systems employing
infiltration wells at depths of up to 15-20 meters and absorp-
tion wells at greater depths are rational. These systems can
also be used to dilute brackish groundwater in limestone
structures. The process system includes preliminary treat-
ment and preparation of river water before injection to im-
prove drinking water quality and reduce suspended solids
and microorganisms.

4, Conclusions

In conclusion, the study emphasizes that Central Kazakh-
stan possesses significant and largely underutilized potential
for the implementation of artificial groundwater replenish-
ment technologies. This is due to a combination of favorable
hydrogeological conditions, geomorphological features, and
the region’s arid and semi-arid climate. The conducted
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zoning of the territory allowed us to substantiate the identifi-
cation of zones of varying potential, forming a scientific and
practical basis for a differentiated approach to the design and
placement of artificial groundwater replenishment systems.

The most promising areas, located along the valleys of
major rivers (Nura, Sherubay-Nura, Taldy, Zharly, Tunduk,
Kengir, Sarysu, etc.), are characterized by thick alluvial
deposits with high filtration properties. These conditions
create the preconditions for the formation of significant un-
derground reservoirs, effectively replenished by flood runoff.
In turn, type Il carbonate structures (Zhezkazgan-Ulutau and
Niyaz-Yerementau districts) possess high potential due to
their extensive fracturing and karstification, which facilitates
intensive infiltration and accumulation of groundwater.

The technological schemes for artificial groundwater re-
plenishment, both open and closed, developed as part of the
study allow for the flexible adaptation of engineering solu-
tions to specific environmental conditions. The use of infil-
tration basins, regulated water intake structures, and absorp-
tion wells not only increases groundwater reserves but also
manages their regime. Technologies using absorption wells
are particularly important for carbonate formations, where
targeted dilution of brackish water by injecting fresh surface
water is possible.

Furthermore, ensuring high quality of the injected water
is a key condition for the effective implementation of artifi-
cial groundwater replenishment. The need for preliminary
water treatment and preparation is driven by the unstable
hydrochemical and sanitary-bacteriological conditions of
surface water. The implementation of modern treatment
facilities and water quality control systems should be consid-
ered a mandatory element of the entire process chain.

Equally important are the organizational and environmen-
tal aspects: the successful operation of artificial groundwater
recharge systems requires continuous monitoring of the hy-
drogeological regime, control of filtration and mixing pro-
cesses, and an assessment of potential aquifer contamination
risks. Only by meeting these conditions can the environmen-
tal safety and long-term sustainability of water management
systems be ensured.

Thus, the study results confirm that the integrated applica-
tion of artificial groundwater recharge technologies, based on
consideration of natural conditions, the use of modern engi-
neering solutions, and strict adherence to environmental re-
quirements, is one of the most promising areas for water sup-
ply development in Central Kazakhstan. The implementation
of the proposed approaches will improve the reliability of
water supply, ensure the rational use of water resources, and
create a sustainable basis for the socio-economic development
of the region in the context of increasing freshwater shortages.
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Opraasik Kazakcranaa :xkacasabl TOJIBIKTBIPY dIICTEPiH KOJIaHA
OTBIPBIII, ipi 2Kep acThI Cy KOMMAJIapbIH KYPYAbIH Herizaemeci

A.M. Epmen6aii, A.JK. XKakubaesa®, I'.E. Tykemosa, A.M. [Ixabacos, A.K. Onimrasuna

V.M. Axmeocagpun amoinoasel I'uopoceonozus scane ceoaxonoaus uncmumymol, Armamol, Kasaxcman
*Koppecnonoenyus ywin asmop zhakibaeva8@gmail.com

Anparna. byn makanana Opransik Kazakctanmars! ipi Jkep acTbl Cy KOMMaIApBIHBIH (PU3UKAIBIK, TeOTPAPHUSITBIK KOHE
TUAPOTEONIOTHSUIBIK JKaFrdaiiapblH  €CKepe OTBIPHIN, JKACaHIBl JKE€P acThl CyJapblH KalTa TOJTBIPYIBIH THIITIK
cXeMallapblHBIH HeTi3eMeci KeaTipinreH. MakajdaHblH MakcaThl - Cy KOWMallapbIHBIH CHIIATTaMallapblHA, CY KO3JepiHiH
KOJDKETIMIIIIriHe JKOHE aWMaKTBIH CyFa JIeTeH CYPaHBICBIHA HETi3/IedreH Kasipri 3aMaHfbl CyJabl KaOaTTapabl KalTa
TOJITBIPY OJICTEPiH Taimay d>XoHE OJNIapAblH THIMIUIITI MEH KOJJAHBUTYBIH Oaranay. Makamana jKacaHIbl JKep acThl
CyNapblH KaWTa TONTBIPYABIH OPTYPJi TEXHOJOTHSIIBIK CXEMajapbl JKOHE CY3y HpOIECTepiH peTTey MIapajapbl
KapacTBIPBLIAABI, OJIAPABIH TEXHHKAIBIK JKOHE SKOHOMHKAIBIK MYMKIHAIT OaramaHanbl. AJBIHFAH HOTHXKeEJED alMaKThIH
Cy pecypcTapblH OHTANIBI Maiganany, TYPaKThl CyMEH jKa0pIKTay bl KAMTAMAChI3 €TY KOHE TAOMFH dKOXKYHeaepre Tepic
acepai azaiiTy OOWBIHIIA YCBIHBICTAp o3ipieyre MyMmKkiHaik Oepemi. CoHBIMEH KaTap, MakajaZa TeOJIOTHSIIBIK KoHE
QJIEyMETTIK-2KOHOMUKAJIBIK (DaKTOpJIap sl €CKEPETiH CYAbl MalaamaHyabl KocTapiiayFa KemeH i TOCUIIIH MaHbI3IbIIBIFbI
aTam eTiJITeH.

Heczizzi co30ep: sicep acmul cynapul, Hcacanovl Kauma moamvlpy, Cyavl Kabammap, mexHorocuswly cxemanap, Opmanvix
Kazaxcman, eudpozeonocus, cyaa 0eceH CYpaHuic.
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O0ocHOBaHUE CO3IaHUS KPYIHBIX MOJA3€MHbIX BOJOXPAHWIMIIL B
HenTpanbaom Ka3zaxcrane MeTogaMu UCKYCCTBEHHOI0 BOCIIOJTHEHUS
3anacoB

AM. Epmen6aii, A.JK. XKakubaesa®, I'.E. Tykemosa, A.M. [lxa6acos, A.K. AnuMrasuna
Hnemumym 2udpozeonoeuu u 2eosxonozuu um Y.M.Axmeocapuna, Anmamer, Kazaxcman

*Aemop ons koppecnondenyuu: Zhakibaeva8@gmail.com

AnHoTamus. B pabote mpeacraBicHO 00OCHOBAHHE THIIOBBIX CXEM HCKYCCTBEHHOTO BOCIOJHCHHS MOI3EMHBIX BOJ C
yaéToM (pU3MKO-reorpaUuecKux W THIPOTCOJOTHUECKUX YCIOBHUN KPYIHBIX MOA3EMHBIX BOIOXpaHWIHI lleHTpanpHOTrO
KazaxcraHna. Llenb paboOThI 3aKJIFOUAETCS B aHAJIM3E COBPEMCHHBIX METOJ/I0OB BOCIIOJHCHHS BOJJOHOCHBIX TOPH30HTOB, OI[CHKE
uX 3(pPEKTUBHOCTH U MPUMEHUMOCTH B 3aBUCUMOCTH OT XapaKTEPUCTUK KOJUIEKTOPOB, HAJTMYUS UCTOYH UKOB BOJBI U BOJIO-
noTpeGHOCTH peruoHa. B paboTe paccMOTPEHBI pa3iUYHbIE TEXHOJIOTHYECKUE CXEMbl HCKYCCTBEHHOTO BOCIIOJHEHHS IMO[I-
3EMHBIX BOJI U MEPOMPHUSTHS [0 PEryIUPOBAHHUIO (HIBTPAIIMOHHBIX MPOIECCOB, C OLEHKON UX TEXHUYECKOH M YIKOHOMHUYE-
CKoii 1ienecoobpasnoctu. [lodydeHHbIe Pe3yIbTaThl MO3BOSIOT Pa3padoTaTh PEKOMEHAALUH 110 ONTHUMAIBHO MY HCIIONB30-
BaHHUIO BOJHBIX PECYpCOB PETHOHA, 00ECIECUYEHHIO YCTOHYNBOTO BOJOCHA0KEHUS] M CHH)KEHUIO HETaTUBHOTO BO3JCHCTBUS
Ha MPUPOJHBIE dKocUucTeMbl. KpoMe Toro, paboTa moadepKkuBacT 3HAYMMOCTh MHTETPUPOBAHHOTO MOAXO0Ja K IUIAHH POBa-
HUIO BOJIOTIOJIb30BAHUS, YUUTHIBAIOIIETO KaK [EOJIOTUYECKUE, TAK U COLHATbHO-3KOHOMUYEeCKHE (HaKTOPHI.

Knioueevie cnoea: noosemuvle 600bl, UCKYCCMBEHHOE BOCHOIHEHUE, 6000OHOCHbIE 20PU3OHMbL, MEXHOIOSUYECKUE CXeMbl,
Lenmpanvnoii Kazaxcman, euopozeonozust, 6000nompeoHoCmb.
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