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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
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most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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THE NEGATIVE IMPACT OF ANTHROPOGENIC FACTORS
ON THE STATE OF GROUNDWATER OF KAZAKHSTAN

Abstract. This article reviews the negative impact of anthropogenic changes on groundwater.

The main changes in physical and geographical conditions that occur under the impact of anthropogenic
pressures and that have the most significant influence on the state of groundwater, as well as a negative impaction the
conditions of the formation of groundwater are: changes in the landscape caused by agricultural works, mining,
construction of settlements, etc.; changes in the hydrographic network caused the construction of hydroelectric power
facilities; changes in the composition of the atmospheric air; changes in the groundwater level regime, climatic
conditions. The most significant factor of change in groundwater formation conditions is the progressive
anthropogenic pollution of groundwater. It negatively influences the number of resources and their quality.

Key words: Groundwater, anthropogenic changes, groundwater pollution.

Introduction. The features of climatic conditions have left their mark on the formation of the river
network. The increasing anthropogenic impact on the environment results in quantitative and qualitative
changes in the state of the environment, including changes in hydrogeological parameters of aquifers and
aquifer systems.

Water resources of Kazakhstan have decreased by 20 km® per year over the past 50 years, and this
process is going on. The decrease in water volumes is associated with global and regional climate changes,
and most of all with increased water withdrawal from both groundwater resources and from transboundary
rivers in neighboring countries. Large rivers flowing through our country’s territory originate in
neighboring countries. This led to the problems in the rational use of transit rivers and their ecological
state.

The most significant factor that causes changes in the state of groundwater is progressive
anthropogenic pollution. It does not directly affect the volume of resources but, in some cases, reduces the
volume of available groundwater resources because water quality characteristics do not comply with
sanitary norms [1,2]. For example, during exploitation of the Almaty groundwater deposit in the city of
Almaty, as a result of pollution, aquifers lying at a depth of less than 150 m, according to the requirements
of sanitary and epidemiological authorities, can only be used for technical purposes and are not suitable
for drinking water supply.

Groundwater deposits in the city of Astana are not exploited due to progressive pollution [3]. In the
Republic of Kazakhstan, there is groundwater pollution in Aktobe, Akmola, Almaty, East Kazakhstan,
South Kazakhstan regions. It causes restriction of use and, consequently, reduction of operational
groundwater reserves.

It was established that the biggest changes in the state of groundwater caused by anthropogenic
factors occur in the industrial centers, urban agglomerations and in the ecological disaster zones in the
Aral Sea region and at the Semipalatinsk nuclear test site.
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Methods. A comprehensive analysis of hydrogeological materials on the territory of Kazakhstan was
used as a research methodology to determine the negative impact of anthropogenic factors on the state of
groundwater.

Anthropogenic impact on landscapes. The diversity of geological-geomorphological, climatic, soil
and vegetation conditions of the territory of Kazakhstan determines the diversity of landscapes. As solar
heat increases from the north to the south and precipitation decreases, there is a consecutive change of
natural zones: forest-steppes, steppes, semi-deserts and deserts.

Technogenic impact on landscapes of Kazakhstan is quite significant. The change of landscapes
results in overwetting of lands, swamping, oppression of natural vegetation and its replacement by
hydromorphic species. The share of landscape areas in terms of the degree of anthropogenic impact is as
follows: the areas of medium and strong disturbance are approximately equal and reach 42% in total; the
areas of light disturbance make up 38%; the areas of very light and insignificant anthropogenic impact
make up 20%.

According to the land balance data, as of November 1, 2017, there were 247.7 thousand hectares of
disturbed lands in the Republic of Kazakhstan. There are quarries, overburden rocks and mining dumps,
tailing dumps, ash dumps, oil fields and barns on these lands. In all industrial regions there are
ecologically dangerous zones that have a negative impact: spoil tips, dumps, quarries, drilling wells,
wastes of mining production; they occupy a total area of more than 60 thousand hectares and constantly
pollute the soil [4].

Diverse anthropogenic impact on nature leads to significant changes in the natural zones. Agricultural
production has the most significant impact on the natural territorial complexes of Kazakhstan. 85.3% of
the land of the country is used for agricultural production; it significantly affects the landscape and
ecological status of the land. An agrogenic impact, impact of reclamation and impact of pasture are the
main agricultural impacts on landscapes. Steppe landscapes disappear; indigenous forest landscapes are
replaced by derivatives; swamps are drained; deserts are irrigated, etc.

Change in natural hydrogeological conditions. An anthropogenic impact on groundwater has become
particularly significant in this century due to the development and intensification of industry and
agriculture, the growth of large cities and the expansion of urbanized areas. It manifests itself in the
depletion of groundwater resources and deterioration of their quality.

The anthropogenic intervention in the natural groundwater regime has a significant impact on
ecosystems. Intensifying anthropogenic pressure on groundwater resource potential leads to progressive
deterioration of ecological and hydrogeological conditions in Kazakhstan. This is primarily associated
with the depletion of groundwater resources, formation of cones of depression and water afflux zones,
groundwater pollution, which significantly impacts the environment (including the geological
environment) and human habitats. These negative changes happen with the most intensity in the areas of
development of mining, oil and gas production and chemical industry [2,5].

Significant changes in natural hydrogeological conditions occur when groundwater is exploited for
water supply, irrigation, watering of pastures. Aquifers are depleted, i.e. overlying and adjacent aquifers’
groundwater reserves are exhausted; extensive cones of depression occur; hydrogeological conditions in
oil and gas aquifers change during the development with maintenance of reservoir pressure, which
contributes to the penetration of aggressive oil and gas fluids into the upper aquifers; groundwater and
surface water are polluted; chemical composition of groundwater changes [11].Thus, at the oil fields of the
Yuzhno-Embinsky oil and gas production complex, about 18-20 million m® of produced water is extracted
in the process; only about 30% of it is re-injected into the oil-bearing formations to maintain reservoir
pressure; the remaining water is discharged into the nearby salinas.

Hydrogeological conditions significantly change on the irrigated lands: water and salt balance of the
irrigated zone changes; there is an increase of groundwater level; groundwater is polluted with toxic
fertilizers and chemicals, i.e. their hydrochemical regime changes; there is (widespread) soil salinization,
which is the main scourge of irrigated agriculture and one of the important negative factors of impact on
the geological environment.

Influence of groundwater exploitation for various purposes (water supply, irrigation, watering of
pastures, etc.). Great changes in natural hydrogeological conditions of a particular area occur under the
influence of groundwater exploitation for water supply, land irrigation and, considerably on a smaller
scale, for watering of pastures.
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All the negative processes manifested themselves particularly strongly at large exploited groundwater
deposits used for the water supply of Almaty, Taraz, Shymkent, Kentau, Ust-Kamenogorsk, Semey,
Kyzylorda, Baykonyr, Zhezkazgan and other cities (table 1) [6].

Tablel —Formation of cones of depression in the areas of large water intakes

Administrative Settlements, The maximum decrease The cone
regions districts in the groundwater level, m | of depression’s area, km?
West Kazakhstan
Aktobe city 25-30 40-45
Aktobe Khromtau town 20-25 30-35
Qil fields 120-170 7,000-9,000
Atyrau Oilfields 130-200 22,000-24,000
Uralsk city 30-35 35-40
West-Kazakhstan Oil fields 100-150 5,000-6,000
Mangistau Oil fields 130-190 10,000-12,000
North Kazakhstan
Kostanay Kostanay city 25-35 25-30
North-Kazakhstan Petropavlovsk city 15-20 15-20
Akmola Kokshetau city 15-20 20-25
. 15-20 15-20
Pavlodar Pavlodar city 50-60 70-80
Central Kazakhstan
Karaganda city 60-120 80-200
Zhezkazgan city 80-130 80-250
Karaganda Baikonyr city 40-60 50-70
& Shakhtinsk town 50-100 70-110
Temirtau city 50-100 70-110
Balkhash city 40-90 50-90
East Kazakhstan
. 35-60 30-40
East-Kazakhstan USt'Kgénrggc’%‘i’trSk city 15-20 25-30
yay 30-50 35-40
South Kazakhstan
Taldykorgan city 20-25 30-40
Almaty city 20-40 140-150
Almaty Talgar town 70-80 140-150
Ushtobe town 30-35 40-50
Dostyk railway station 30-40 60-70
Taraz city 65-70 >100
Zhambyl Karatau town 80-100 60-65
Turkestan city 10-15 15-20
Turkestan Shymkent city 25-30 110-120
Kentau town 550 >1500
Kyzylorda city 40-45 =90
Kyzylorda ] ) >25,000
East Sub-Aral area Oil fields 130-150 3.000-5.,000

Cones of depression with the area of 140-150 km* each occurred at the exploited Almaty and Talgar
groundwater deposits (an alluvial fan).

A typical example of the influence of drainage of mine workings during long-term exploitation of
solid mineral deposits is the Mirgalimsayskoye polymetallic deposit, which is karst carbonate rocks of the
Karatau mountain range. For the 25-year period of industrial development of the deposit area, the total
reduction of the level of fissure-karst water in the center of the minefield reached 550 m and a huge cone
of depression with the area of more than 1500 km? occurred. The processes of intensive drainage of water-
bearing limestone and drainage of the territory not only led to a radical change of the conditions for the
formation of the regime of fissure-karst water but also caused a significant violation of the natural regime
of almost all types of groundwater which are common in the deposit area.
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Fluctuations of groundwater levels. Another type of anthropogenesis of the natural groundwater
regime is the increase of its levels which is accompanied by flooding of various structures and which
spreads on the larger area [7]. About 300 settlements in Kazakhstan are periodically hit by flooding to
some extent. Among them, there are such large cities as Nur-Sultan, Almaty, Karaganda, Kokshetau,
Atbasar, Shchuchinsk, Pavlodar, Atyrau and others[1,5,8,9].

1. Areas that are drained and heavily drained with terrain fragmentation of >50 m and prevailing
groundwater depth of more than 3-5 m, less frequently 10 m. These territories occupy 15-20% of the area
of the Republic of Kazakhstan and are located mainly in the Central Kazakhstan Uplands, the Mugodzhar
Hillsand mountain systems of the orogenic belt of Eastern and South-Eastern Kazakhstan.

2. The edges of the main river basins of Kazakhstan represented by deltaic strata, floodplains of river
valleys, numerous lake systems and water reservoirs are the complete opposite of intensively drained
mountain and lowland areas. These areas are periodically flooded by river water during high water and
flood periods. The groundwater depth is less than 2 m during most of the year. The drainage of these areas
is extremely low - the depth of terrain fragmentation is usually less than 5 m.

3. Weakly and medium-drained areas with terrain fragmentation of <50 m and with groundwater
depth of 3-5 m have an intermediary position. Geomorphologically, these areas belong to the southwestern
part of the Caspian Plain - its sandy plains, the Ural-Emba denudation plateau, the central part of the
Mangistau Plain, the Karatau mountain range and the most part of the Mugodzhar area’s uplands, the
southern part of the Torgay table plain and the northern part of Aral Sea region, the eastern part of the
Aral structural-denudation-accumulative plain, the denudation plain of the Kazakh Uplands, the northern
and southern parts of the Shu-Sarysu denudation-accumulative plain; the western, southern and eastern
parts of the Syrdarya accumulative plain and the most part of the Balkhash-Alakol Plain.

From the anthropocentric point of view, it is necessary to identify degrees of territorial disturbance of
landscapes, ecosystems and their corresponding zones [10,11]:

- environmental well-being; in this case, the state of natural complexes is close to their natural
functioning, ensuring traditional forms of economic activity without damage to the health of the
population; these are lands of the first category;

- environmental risk; in this case, there is a fixed change in the natural properties of natural
complexes which leads to negative consequences for nature and people; these are lands of the third
category;

- environmental crisis; in this case, the change in the properties of natural complexes poses a threat to
economic activity and people's health;

- environmental disaster; in this case, negative changes of natural complexes lead to disruption of the
existing economic activity; to a significant increase in human morbidity; a serious system of measures is
required to eliminate the damage;

- environmental catastrophe; in this case, negative changes of natural complexes lead to the impos-
sibility to conduct traditional economic activity and human habitation; a vivid example is the environ-
mental catastrophe of the Aral Sea which passed consistently through the environmental crisis and
environmental disaster.

Anthropogenic pollution of groundwater. Groundwater in Kazakhstan experiences various hydro-
geological conditions and suffer from severe anthropogenic impact. It is primarily manifested in the
pollution of groundwater. The main sources of groundwater pollution are industrial wastes of mining
complexes and oil and gas production complexes, agricultural facilities, cities and large settlements, large
dumps of industrial, household and radioactive wastes, etc. The largest polluted sites are located near
enterprises that discharge industrial wastes and sewage to the earth's surface or into the river network
without preliminary treatment. In 2016 the total volume of sewage discharged into the river network was
5.9 km’/year, including 0.131 km®/year (2.25%) of untreated sewage [4]. Such facilities include the
majority of enterprises of mining, processing, construction, livestock and transport industries, as well as
urban agglomerations with an unreliable industrial and household sewage treatment system or without any
system. For example, some water intakes used for domestic purposes in the cities of Aktobe, Temirtau,
Karaganda, Shemonaikha and Ridder (Leninogorsk). Mining and industrial enterprises of Karaganda, East
Kazakhstan and Aktobe regions have the greatest impact on groundwater.

In recent years, the number of identified and potential sources of pollution has remained almost
unchanged. The reasons include the economic downturn in the country, the decrease in the growth of
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industrial and agricultural production and the associated decrease in the volume of pollutants and in the
volume of wastewater. At the same time, there is an increase in the pollution level of water bodies by the
number of ingredients, which is probably due to an increase in the inflow of scattered pollution sources
into water bodies with surface runoff caused by the lack of systematic, targeted work to eliminate such
pollution sources. Intensive development of mining and processing of minerals resulted in the fact that the
basis of modern industry in the country is formed by the most environmentally hazardous enterprises in
metallurgy, fuel and energy and mining industries. They make up 88.5% of all emissions to the
environment. In Kazakhstan, the largest sites of polluted groundwater are within the Karaganda, Pavlodar-
Yekibastuz, Rudno-Altyi, Kostanay and Karatau (South Kazakhstan) mining complexes, as well as in
Almaty and Semipalatinsk regions.

Based on the results of the monitoring, in the area of large cities, the sites with polluted groundwater
were discovered in the zone of influence of individual water intakes. Large sites with polluted
groundwater are located near these water intakes, which leads to a failure of entire groundwater intakes or
their sections. Withdrawal of water for domestic purposes is stopped at the sites with polluted groundwater
of Aktobe, Ust-Kamenogorsk and Karaganda cities.

The main criteria of natural water's quality by hydrochemical indicators are values of Maximum
Permissible Concentrations (MPC) of pollutants. It is valid for water sources used for domestic purposes,
for utilities and for the fishing industry.

According to the data of the Groundwater Monitoring Service, more than 1100 potential sources of
groundwater pollution are detected on the territory of the Republic of Kazakhstan. 350 of them directly
impact the hydrogeochemical state of groundwater. The greatest number of sources of pollution were
found in Pavlodar region (255 sources), Karaganda region (210), East Kazakhstan region (117), Akmola
region (103) and Almaty region (103) (table 2). These are the most environmentally unfavorable regions
of Kazakhstan in terms of pollution levels. One should consider the ecological status of groundwater in the
administrative regions of Kazakhstan [6].

Table2 — Distribution of sources and sites of groundwater pollution by the administrative regions
of the Republic of Kazakhstan and the availability of the monitoring network as of January 1, 2016

Number of potential Number of detected sites with groundwater pollution
Administrative region sources of Were inspected Have the monitoring
groundwater pollution total in 2015 network
Akmola 103 6 5 6
3 areas in Akmola region 40 10 8 10
Aktobe 37 11 11 11
Almaty 103 10 10 10
Atyrau 11 5 5 10
Fas Kasakhstan region 100 6 g 6
EastKarakhsian roion 17 3 13 13
Zhambyl 19 16 15 16
West-Kazakhstan 38 10 10 10
Karaganda 210 62 31 31
Kyzylorda 11 3 2 2
Kostanay 70 5 5 5
Mangistau 23 17 15 15
Pavlodar 255 22 22 22
North-Kazakhstan 47 1 1 4
Turkestan 29 17 3 17
Total in the Republic of Kazakhstan: 1113 214 162 188
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Among the total number of monitored polluted sites, the majority of sites (250) are characterized by
increased mineralization, the hardness of water; by sulfate and chloride content exceeding the MPC.
About 87 sites are characterized by an increased content of nitrous compounds in groundwater, 52 sites -
by an increased content of oil products, 63 sites - by an increased content of heavy metals, 45 sites - by an
increased content of phenols, 92 sits - by an increased content of inorganic compounds and 30 sites - by an
increased content of organic compounds.

By hazard class of detected pollutants, 114 monitored sites have moderately hazardous groundwater
pollution, 51 sites have hazardous pollution, 34 sites have highly hazardous pollution and 15 sites have
extremely hazardous class.

At 151 deposits and 44 intakes of groundwater used for domestic purposes, pollution of various
classes is detected. In most cases, the pollution is associated with anthropization. Moderately hazardous
pollution is detected at 64% of deposits, hazardous pollution - at 19% of deposits, extremely hazardous
pollution - at 17% of deposits. The highest percentage of deposits with extremely hazardous pollution is in
Karaganda region (44%), and in total, with hazardous pollution, it makes up half (50%) of all polluted
groundwater deposits of the region. In East Kazakhstan region 72% of polluted deposits have hazardous
and extremely hazardous pollution.

In Kazakhstan, there is the areal pollution of groundwater by oil products in the territories of almost
all oil and gas production complexes. In addition, the pollution of groundwater by radionuclides is
detected at oil production sites. The main sites of technogenic radioactive pollution of groundwater are at
the Semipalatinsk nuclear test site and in the zone of its influence; in the places where peaceful nuclear
explosions were conducted (including the so-called «Azgir trace» in the northern part of the Caspian Sea
region); in the areas of radioactive waste burial and storage (especially in the territories of Kokshetausky,
Kengir-Akbakaysky, and Chiganak-Aksuyeksky mining complexes); in the areas of currently developed
uranium deposits, especially in the areas of the deposits which are developed by the method of
underground leaching (in the Shu-Sarysusky mining complex where uranium deposits of Uvanas,
Kanzhugan, Mynkuduk, and Moinkum are being developed).

Results. When conducting the research, the following main results were obtained:

1. The negative impact of anthropogenic factors on the state of groundwater in Kazakhstan is
confined to industrial centers, urban agglomerations and environmental disaster zones in the Aral Sea
region and at the Semipalatinsk nuclear test site.

2. Significant changes in the state of groundwater are associated with the anthropogenic impact on the
regime of surface runoff due to its regulation in the river basins.

3. Important fact ors that change the state of groundwater in Kazakhstan include changes in the
temperature regime of the territory and anthropogenic pollution of groundwater.

4. Changes in natural conditions under the influence of anthropogenic pressures cause a trend towards
an overall reduction in available water resources.

5. A reduction in groundwater reserves of drinking water caused by progressive groundwater
pollution of exploited aquifers is forecast in Kazakhstan.

C. B. Ocunos!, A. M. Epmen6aii!, A. 7K. AKpL10exoBal, 10. H. Jlupunckmuii', Qiitope Anap6exos’

ISatbayev University, AXmencapun aTbIHIAFBI THAPOTEOIOTHS
JKOHE T€0dKOJIOTHA HHCTUTYTHI, AnMatsl, Kazakcran;
2IWMI-Opransik A3us, Tamkent, ©36excTan

AHTPOIIOTEHJIK ®AKTOPJIAP/IbIH KABAKCTAHJAFBI
’KEP ACTBI CYJIAPBIHBIH KAFJAMBIHA TEPIC 9CEPI

Annoranusi. Kopmaran opTara aHTpONIOT€H/IK 9CepAiH YiFailyblHa OaiilaHbICTBI OHBIH KYHIHJIE CAaHABIK JKOHE
camanslK e3repicTep, COHBIH iMIiHAe CyNIbl KadarTap MEH KeIIeHAEPAiH THAPOTEONOTHSIIBIK ITapaMeTpiepi 0omasl.
AHTpPOTIOTEHIIK KBICBIMAAPIBIH JCEpiHEeH Maima OOJaTBIH JKOHE JKep acThl CyJapbIHA,COHBIH IMIHIE OJIAP.IBIH
KaJIBIITaCybIHA TEPIC ocep eTeTiH (U3UKANBIK-TeorpadUsUIbIK JKaFIaiIapIblH HETi3Ti e3repicTepi: aybUImapyanisl-
JIBIK, KYMBICTaphl, Tay-KeH XYMBICTaphl, €I MEKeHIep Caly JKoHe T. O KaFmaiimapaa >KeprimikTi JaHamadTapIsH
e3repyi; THAPOIHEPTETUKANBIK OOBEKTIIEp Il caly HOTH)KECIHAE THAPOrpadUsIIbIK KENiHIH e3repyi; aTMochepabik
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aya KYpaMbIHBIH €3repyi, )Kep acTbl CyJapbIHBIH AEHIeH PEXUMIHIH e3repyi, KIMMATThIK >KaFAaiIapablH e3repyi.
Xep acThl cynapbIHBIHKAIBINTACY JKaFIaiapbIHBIH 63repyiHiH, OJapAbIHPECYPCTaphl MEH callachlHa Tepic acep
€TeTiH MaHbI3/1bl (PaKTOPBI,)KEP aCThI CYJIAPBIHBIH MPOTPECCHBTI aHTPOIOTSHIIK JaCTaHybl OOJBIIN TaA0bUIA/IBL.

XKep ycri arbIHOapblH aHTPOIOTEHIIK PETTEYAIH cepi JKep acThl Cylapbl pecypcTapblHa alTapiibIKTail acep
ereni. bip >xarblHaH e3eHAeple pe3epByapiapibl Kypy Cy KolMachlHa ipreiec >kaTKaH aHFapliapAblH aJUTFOBHAIIBI
HIeTiHAUIEpiHAE Kep acThl CyJapblHBIH pecypcTapblH KeOeilTeni, eKiHIIl XKaFblHaH, pe3epByapiaapisl Kypy KesiHjae
JKep acThl CYJIapbIHBIH >KHHAIYBI JKEp acThl CYJIApBIHBIH JEHICHiHIH JKOFapblUlayblHa OHE Cy KOHMaapbIHbIH
JKaraJlayJapblHIa JKep acTbl CyJapbIHBIH Talbl3 Maijga OONybIMEH ONapiblH OeTiHeH OyJlaHy/AbIH >KOFapblIaybIHa
oKeJe i, OYJI JKep acTHI CyJIapbl peCypCTapbIHBIH KOJIEMiH a3aiTaIbl.

Kep acTel cymapbIHBIH KYHiH €3repTyAiH MaHBI3IBl (aKTOPHI MPOTPECCHBTI aHTPOIOTCHIIK JIACTAHY OOJBITI
TaOBUTAIBI, O pecypcTapAbIH KeJeMiHe Tikenmed ocep ermeimi, Oipak KeiOip karmaiiapia CyIbIH CarlaibIK
CHUIIaTTaMallapbIHbIH CAHWUTAPJBIK HOpPMaJlapra ColKec KenMmeyiHe GailaHbICTHI MaifanaHyra OONATBIH Kep acThl
CyJapbIHBIH MOJIILEPIiH a3aiTabl.

Kasakcran PecriyOnukaceiHbIH aymarbiHaa srHA AKTe0e, Akmona, Anmartsel, [lIsreic Kazakcran xone OHTYC-
Tik Kasakcran oOJibicTapblHIa MaiganaHy [IEKTENyiHe, JEMEK, JKEp acThl CYJIApbIHBIH MailanaHy KOpJIapbIHBIH
a3aloblHa OKEJIETIH JKEeP acThl CyJIapbIHbIH JaCTaHybl OaliKaaibl.

KazakcTaH ayMarbIHBIH T'€OJIOTHSUIBIK, T€OMOP(OIOTUsIBIK, KINMATTHIK JKOHE TOIBIPAK-OCIMIIIK JKaFmainia-
PBIHBIH aJlyaH TYPJIUIri JaHamadTTapAblH aryaH TYPJIUITiH aHbIKTaiael. KyH KBUTybI COJNTYCTIKTEH OHTYCTIKKe
Kapail KeTepulil, >ayblH-IIAIIBIH a3as OacraraH caiiblH TaOWFW 30HaJapia TYPaKThl TYpAe e3repic Ooiaipl:
OpMaH[bI Jaja, Jaja, MIeJeHT )KoHEe IOl

KazakcranubIH qaHqmadTTapelHa TEXHOTEHAIK ocep aitapisikrail. JlanamadTTapasiH e3repyi KepiepIiH THIM
KONl TYCYiHEH, OJapIblH OaTmaKTaHybIHAH, TAOWFH ©CIMIIKTEpAiH ©CyiHEH >KOHE OHBIH THAPOMOP(THI TypiepMeH
QJIMACTBIPBUTYBIHAH KOPiHEe.

Taburarka *aH-)KaKTbl aHTPOIIOTEH/IIK dcep TaOWFKM allMaKTapblH naiiia OoNyblHA aiTapibIKTail e3repicrep
oKene/i. AybUIIapyalibuiblK oHAIpici - Oy KazakcTaHHBIH TaOWFH-ayMaKThIK KEIIEHIEpiHe dcep eTYAiH Herisri
TYpi, OJ >XepAiH JaHANA(TTHIK-9KOJIOTHSUIBIK JKaFAaiblHa alTapiiblKTail acep erenmi, on emaiH 85,3% Kypaiabl.
JlanmmiadytTapra aybUIIapyambUIbIK OCEPiHIH HETi3ri Typiepi arporeHaiK, MEJIHOPATHUBTI JKOHE >KalbLIBIMIBIK
Oounbin TaObutabL. Jlana nanamadrTTapbl JKOFajdabl, KEPrulikTi opMaH JaHamadTapsl TYBIHIBUIAPFA aybICTBIPHI-
Jabl, GaTaKThl XKepiiep Kyprarl, MeJiep cyapbulajibl kKaHe T.0.

XKep actbl cynapblHBIH TaOUFHM pPEXXHMMiHE aHTPOIIOTCHIIIK apajlacy KOXKYHenepaiH KYHiHe aiitapibIKTail acep
ereni. JKep acTel cynmapbelHBIH pECypCTHIK dJIeyeTiHe TEXHOTeHJIIK JKYKTeMelepniH Kymeroi Kaszakcrannarst
9KOJIOTHSUIBIK KOHE THAPOTSONIOTHSUIBIK XKaFJailiapAblH OipTiHIEN HallapiiayblHa oKejledi. by, eH amibIMeH, xep
acTel CyJapbl PEeCypCTapbIHBIH CapKbUIYBIMEH, JACIPECCHSUIBIK LIYHKBIPIAPIBIH JKOHE CYIBIH Cy aCTBIHAAFbI
aifiMaKTapbIHBIH Maiga GONybIMEH, XKep acThl CyNapbIHBIH JIACTAHYbIMCH, TaOMFU OpTara (TeOJOTHSUIBIKTBI KOca
QIIFaH[a) JKOHE a/laM KOpIIaFaH OpTachlHa alTapIIBIKTail acep eTesi.

COHFBI )KBIIIAPHI JIACTaHYABIH aHBIKTAIFaH JKOHE BIKTUMAI KO3JEPiHIH CaHBI iC JKY3iHIe e3repicci3 Kasibl, Oy
peciyOiinKaiarbl SKOHOMUKAIIBIK KYJIbIpayFa, OHEPKICINTIK JKOHE aybUIIapyallblIblK OHAIPICTIH OCYiHIH TOMEH-
JieyiHe, COHJai-aK OChbl IPOLIECTepMEH OaiJIaHBICThlI JIaCTayIIbl 3aTTap MEH CapKbIHABI CYJIApIbIH TOruTyiHiH
TeMeHieyiHe OaianbicTel. COHBIMEH Kartap, Cy aWAbIHIAAPBIHBIH JIACTAHy NEHreWiHiH OipKarap HMHIPEIHEHTTED
OolibIHIIa KOFapblUIaybl OaliKayaabl, MYMKIH MYHJai OIIaKTap[sl 3aalIChI3JaHAbIpy OOMBIHIIA >KYHeli, MaKcaTThl
JKYMBICTAp/IbIH OOJIMaybIHaH CYZIBIH aFblll KETyi 0ap Cy OOBEeKTiIepiHe JIaCTaHyAbIH TapajFaH Ke3JepiH TapaTyablH
YJIFAIOBL.

3epTTey OmiCiHIH 9MiCTeMeci peTiH/Ie JKep acThl CyJIapblHA aHTPOIOTECHIIK SKOJIOTHSIIBIK ©3TepiCTepHiH dcepiH
aHpIKTay yIIiH KasakcTaH ayMarbIHIaFbl THAPOTe0IOT MsUIBIK MaTepUasiapFa KeIeH Al Talaay jKacay KOJIaHbULIBL

Tyiiin ce3aep: XKep acTsl cynapbl, aHTPOIIOTEHAIK ©3repicTep, JKeP aCThI CYJIapbIHBIH JaCTAaHYbI.

C. B. Ocunos', A. M. Epmenoaii!, A. )K. AkbL16exoBa', 10. H. Jlusunckuii!, Oiitope Anap6exon?

Satbayev University, UHCTUTYT ruApOreoNOruy 1 Teo3Konoruu uM. Axmencaduna, Anmvarel, Kazaxcran;
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HET'ATUBHOE BO3JEHCTBUE AHTPOIIOTEHHBIX ®AKTOPOB
HA COCTOSAHHME NOA3EMHBIX BOJI KABAXCTAHA

AnHoTanus. BcnencTBue BceBO3pacTalomero aHTPOIIOTEHHOTO BO3ICHCTBUS Ha OKPYXKAIOIIYIO Cpely B ee
COCTOSIHUU TIPOUCXOMAST KOJMYECTBCHHBIE U KaUeCTBEHHBIC M3MEHEHUS, B TOM YHCIIE THAPOTEOIOTHIECKHUX Iapa-
METPOB BOJOHOCHBIX TOPH30HTOB M KOMIUIEKCOB. OCHOBHBIMH HW3MEHEHHAMH (PM3UKO-reorpauuecKux yCIOBHH,
MPOUCXOIAMIMMHI TIOJ] BO3JCHCTBHEM aHTPONOT'CHHBIX HATPY30K M HanOolee CHIBHO BIHSIOIMIMMH Ha COCTOSHUE
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MOJI3EMHBIX BOJI, & TAK)KE OKAa3bIBAIOLUIMMHU HETaTHMBHOE BO3JICUCTBHE HA YCIIOBHSI MX (DOPMHPOBAHMS, SIBISIFOTCS:
M3MEHEHHEe JaHamagTa MECTHOCTH MPU CelIbX03padoTax, pa3paboTKe TMOJE3HBIX HCKOMAEMBIX, CTPOUTEIHCTBE
HACEJICHHBIX MYHKTOB M Jp.; U3MEHCHHUE THAPOrpadUuecKOil CETH B PE3yJIbTaTe CTPOUTEIILCTBA OOBEKTOB THAPO-
SHEPIreTUKH; U3MEHEHHE COCTaBa aTMOC(EPHOro BO3ayxa, YPOBEHHOI'O PEXKMMA IMOI3EMHBIX BOJ, KIUMATHYCCKUX
ycnosuit. Hanbonee 3Ha4yuMMbIM (hakTOpOM W3MEHEHHUs! YCJIOBHH (POPMUPOBAHUS ITOI3EMHBIX BOJ, OTPHULATENHHO
BIUSIIOIIMM Ha BEJIMYMHY HX PECYPCOB U KauyeCTBO, SIBJISIETCS MPOTrPECCUPYIOLIEe aHTPOIMOTEHHOE 3arpsi3HeHue
MOJ3EMHBIX BOJ.

BivsiHME aHTPONOrE€HHOrO PEryJIUPOBaHMsI MOBEPXHOCTHOIO CTOKA B 3HAUMUTENbHOW CTENEHHM BIUSET Ha
pecypchl moa3eMHBIX Bof. C 0THOW CTOPOHBI, CO3aHNE BOAOXPAHIIIHII Ha PEKaX YBEIHUIMBACT PECYPCHI IIOA3EMHBIX
BOJ B aJUTFOBHANBHBIX OTJIOKEHHUSX TOJHH, MPUMBIKAIOIINX K BOIOXPAHWJIHINY, a C APYrOd CTOPOHBI — ITOAIIOP
MOJ3EMHBIX BOJ TIPU CO3/IaHUM BOJOXPAHWIUI BBI3BIBACT IMOBHIIICHHE YPOBHS TOA3EMHBIX BOJ W YBEIWYCHUE
UCMapeHHss C MX TOBEPXHOCTH IPHU HErTyOOKOM 3ajeraHdH MOA3EMHBIX BOJ MO Oeperam BOJOXPAHMIHUII, YTO
YMEHBIIaeT 00hEM PECYpPCOB NOA3EMHBIX BOI.

Hawubosee 3HaunTeNbHBIM (DAKTOPOM HM3MEHEHHS COCTOSHHS MOA3EMHBIX BOJ| SIBISIETCSl MPOTPECCHPYIOIINeEe
aHTPOIIOTCHHOE 3arps3HCHUE, HE BIIMSIONICe HEMOCPEIACTBEHHO Ha OOBEM PECypCcoB, HO, B psfC CIIydaeB, COKpa-
maroriee 00beM JOCTYMHBIX JIJISl UCIOJIb30BAHUS PECYpPCOB IMOA3EMHBIX BOJ M3-32 HECOOTBETCTBHUSI Kaue€CTBEHHBIX
XapaKTepl/ICTl/IK BO/JbI CaHl/ITale)IM HOpMaM.

Ha tepputopun Pecnybnuku KazaxcraH 3arps3HEHUE MOJ3EMHBIX BOJI, BBI3BIBAIOIICE OTPaHUYCHHUE UCIIONb-
30BaHUS M, CJEAOBATEIbHO, YMEHbBIIEHUE SKCIUTYyaTAllMOHHBIX 3alacOB MOJ3EMHBIX BOJ, OTMEYaeTcs B AKTIO-
OuHCKOM, AKMONMHCKOM, AnMaTuHckoi, Bocrouno-Ka3axcranckoi, HOxxH0-Ka3zaxcranckoit 00macTsx.

PazHOOOpasne reonoro-reoMoppoIOrHIecKuX, KIMMAaTHUECKUX W ITOYBEHHO-PACTHTENBHBIX YCIOBUH Teppu-
topuu Kazaxcrana obycrmoBnuBaeT MHOTooOpasue manamadros. [1o Mepe yBemTudeHUs COTHEYHOTO TEIUIa C ceBepa
Ha 10T ¥ YMEHBIICHHUSA OCAIKOB MPOMCXOIUT IOCIEAOBATEIbHAS CMEHA IMPUPOAHBIX 30H: JIECOCTENH, CTEIH, MOIy-
ITyCTBIHU U ITyCTHIHU.

TexHoreHHoe Bo3xaeicTBHe Ha JaHamadTel KazaxcraHa TOBOJBHO 3HauuTeNabHOE. M3MmeHenue naHaniadgTor
B]:lpa)i(aeTCﬂ B nepeanamHeHMM 3€MCJIb, UX 3a60ﬂa‘il/IBaHI/ll/I, yFHeTeHl/Il/I eCTeCTBeHHOﬁ paCTI/lTeJ'H)HOCTl/I u 3aMe-
HIeHNH €€ THAPOMOP(HBIMU BUIAMH.

Pa3HOCTOpOHHEE aHTPONOI'€HHOE BO3ACHCTBHE HA MPUPOAY NMPHUBOAUT K CYLIECTBEHHBIM M3MEHEHHSIM OOJIHKa
NPUPOAHBIX 30H. CenbCKOXO03UCTBEHHOE MPOU3BOJCTBO SBIISETCS OCHOBHBIM BHJIOM BO3AEWUCTBUS HA IPUPOJHO-
TEPPUTOPHUATBHBIC KOMIUTEKChl Ka3axcTaHa, OHO CyNIECTBEHHO BIHSICT Ha JAHAIMIA(QTHO-IKOJOTHYECKOE COCTOSHUE
3eMelib, oxBaThiBasg 85,3% 3emeinb cTpaHbl. OCHOBHBIMU BUIAMH CEIbCKOXO3SHCTBEHHOTO BO3JECUCTBUS HA JIAH-
maThI ABISIOTCS arpOTEHHBIN, MEIMOPATHBHBINA 1 TacTOMIIHEIHN. Vcde3aroT maHAmadTh cTenei, KopeHHbBIE JIECHBIE
TMaHIa(TH 3aMEHIIOTCS TIPOM3BOTHBIMH, OCYIIAIOTCS 00JI0Ta, OPOIIAIOTCS ITyCTHIHU M TaK Jajee.

AHTpOTIOTEHHOE BMEIIATEIBCTBO B €CTECTBEHHBIN PEKUM IOJI3EMHBIX BOJI OKA3hIBACT CYIIECTBEHHOE BIMSIHUE
Ha COCTOSHHE 3KocucTeM. VHTeHCH(HUKAIMI TEXHOTEHHON Harpy3Kd Ha PECYPCHBI MOTEHIMAT IMOJ3EMHBIX BOJ
BeAET K MPOTPECCHPYIOUIEMY YXYIIIEHUIO SKOJIOTO-THAPOTeoormuecKkux ycioBui B Kasaxcrane. DTo cBs3aHo,
MIPEX/Ie BCEro, C NCTOIIEHUEM PECypCOB MOI3EMHBIX BOJI, 00pa30BaHUEM ACTIPECCHOHHBIX BOPOHOK M 30H IOATIOpa
BOJI, 3arpsi3HEHUEM TIOJ[3€MHBIX BOJI, CYIIECTBEHHO BIUSIOUIMM Ha OKPYKAIOIIYIO0 MPUPOAHYIO cpelry (B TOM UHUCIe
Ha Fe0JIOTHYECKYI0) U Cpely OOUTAHUS YeIOBEKa.

B nocnenHue rojpl KOJUYECTBO BBISIBJICHHBIX M MOTEHIMAIBHBIX MCTOYHUKOB 3arpsi3HEHUS] OCTAETCSl Mpak-
THYECKH HEU3MEHHBIM, YTO OOYCIIOBJICHO 3KOHOMHYECKHM CIAJOM B PECIyOJIMKe, CHIDKEHHEM pOCTa MPOMBIII-
JICHHOTO ¥ CEIbCKOXO3SHCTBCHHOTO MPOU3BOJCTBA M CBSI3aHHBIM C 3THMHU IPOIIECCAMH CHIDKEHHEM cOpoca MacChl
3arps3HAIONINX BEMIECTB M O0BEMOB CTOYHBIX BOXA. BMecTe ¢ Tem, HaOMIOZAeTCs POCT YPOBHS 3arps3HEHHOCTH
BOJIHBIX OOBEKTOB TIO PSTy MHTPEIUEHTOB, YTO, BEPOSITHO, 00YCIOBICHO POCTOM MOCTYIUICHHUS B BOIHBIE OOBEKTHI C
MMOBEPXHOCTHBIM CTOKOM PACCESHHBIX HCTOYHHKOB 3arps3HCHHS B CBS3H C OTCYTCTBHEM IUIAHOMEPHBIX, LEle-
HaIpaBJICHHBIX Pa0OT M0 HEUTpAIHU3AIMH TAKUX 0YaroB.

B kagecTBe METOIOJOTUU WCCICJOBAHWIA HWCIIONB30BANICS KOMILIEKCHBIM aHAU3 TUAPOTEOIOTHYECKUX
MaTepHaJIoB 1Mo TeppuTopur KazaxcraHa ¢ Hesnbio ONpeeIeHus BIUSIHUSI aHTPOIIOTEeHHBIX N3MEHEHUH OKPYKaromeit
Cpe[lbl Ha IMOA3€MHBIC BO/JbI.

Kﬂlﬂ‘leBBIe CJI0OBA: IIOJA3CMHBIC BObI, aHTpOHOFeHH])le N3MCHCHHUA, 33Fpﬂ3HeHl/Ie IIOA3CEMHBIX BO/.
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