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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
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
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
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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ECOLOGICAL AND WATER ECONOMIC ASSESSMENT
OF THE YESIL RIVER BASIN CATCHMENT AREA

Abstract. Based on the system analysis of the long-term information and analytical materials of the RSE
«Kazhydromet» on water pollution in the Yesil river basin and the use of the Shannon index and the maximum
pollution coefficient V.V. Shabanova made an assessment of water quality by hydrochemical indicators on a spatial
and temporal scale in the conditions of anthropogenic activity to identify the causes and consequences of the
formation of the hydrochemical regime of water bodies. On the basis of the conducted multivariate assessments and
rationing of the water resources of the Yesil River, the directivity and intensity of changes in water quality, that is,
their pollution with the main ions (CI, Na, SO.), biogenic elements (NHs, NO,, NOs) and heavy metals (Cu, Zn) are
shown on a spatial-temporal scale which are one of the main environment-forming systems for the life of the
population of Central and Northern Kazakhstan. In this case, the maximum pollution coefficient (K,;) in the
catchment area of the Yesil River Basin on a time scale from the hydrological station - the village of Turgenevka to
the village of Dolamatova are increasing and, by degree of pollution, mainly refers to the contaminated and trophic
status of E.S. Shannon - eutrophic, which must be considered when developing environmental protection measures to
restore and improve the eco-capacity of water bodies in Central and Northern Kazakhstan.

Key words: analysis, assessment, pollution, water, state, hydrochemistry, system, elements, ions.

Introduction. At the present time, in the catchment area of the Yesil river basin, there is a difficult
water-ecological situation, which is explained, first of all, by its transboundary position, and also due to
the upper and middle parts of the basin to the arid inland regions of Northern Kazakhstan, where the river
almost does not accept tributaries. The situation is aggravated by the fact that it is in these areas within
Kazakhstan and the Russian Federation that the Yesil River is the main waterway and the source of water
supply for the population and various sectors of the economy. The main areas of population, as well as
industrial and agricultural development, are gravitated to its valley. Irrational economic activity in the
catchment area, including the use of water resources, also has a great influence on the ecological status of
the catchment area of the Yesil river basin.

Thus, the catchment area of the Esil river basin is under a multifactorial anthropogenic impact that
affects the biotic and abiotic characteristics of them, and in order to effectively manage their hydro-
ecological state, it is necessary to have long-term information and analytical data, characterizing the state
of the managed system, which are obtained during hydrological, hydrochemical and hydrobiological
observations of water bodies, as well as data on all significant factors affecting this state using methods of
comprehensive assessment of the state of natural systems, allowing to evaluate water quality.

The purpose of the research — on the basis of long-term information and analytical materials of RSE
«Kazhydromet» on the pollution of the water resources of the Yesil River, to determine the features of the
formation of their hydrochemical regime in the conditions of anthropogenic activity.
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The object of research. The Yesil River originates in the low Niyaz mountain range of the Kazakh
Hills and over 775 km flows from east to west, receiving a number of large tributaries flowing from the
Kokshetau Upland from the spurs of the Ulytau Mountains. In the upper reaches flows mainly to the
north-west and west, mainly in a narrow valley, in the rocky shores [1].

Below Astana, the valley widens, south-westward beyond Atbasar. At 1578 km near the town of
Derzhavinsk (conditional boundary of the upstream Yesil), the riverbed drastically changes its direction to
the meridian - from south to north. Below Sergeevka, the river enters the West Siberian Plain and flows
along the flat Yesil plain in a wide flood plain with numerous waters, in the lower reaches it flows among
the marshes and flows into the Irtysh near the village of Ust-Yesil [2,3].

The Yesil river catchment area is 177,000 sq.km, of which about 20% of the area falls on the territory
of Russia, within which about 30% of the flow is formed.

The main tributaries (on the territory of Kazakhstan): the right - Kalkutan, Zhabay, Akkanburlyk,
Imanburlyk, the left - Terisakkan. The main tributaries of the Yesil (in Russia): the right - Karasul (flows
into the Yesil, near the village of Burovoye), Ik, the left - Badger.

The catchment area of the Kalkutan River is 17,400 sq.km, length - 233 km, the average height of the
catchment area is 360 m, and the density of the river network is 0,10 km / sq.km. The catchment area of
the Zhabay River is 8,800 sq.km, the length is 196 km, the average height of the catchment is 364 m, and
the density of the river network is 0,11 km/sq.km. The catchment area of the Terisakkan River is
19,500 sq.km, the length of the river is 334 km, the average height of the catchment is 350 m, and the
density of the river network is 0,15 km / sq.km. The Akkanburlyk River originates from the Zhaksy-
Zhangiztau lake from the west bank, flows into the Yesil river to the right at 1,280 km from the mouth,
1,176 km long, the catchment area is 6,720 sq.km, including 731 sq.km of non-flowing river, the total fall
of the river is 188 m, average slope is 1%.

The Yesil river nourishment predominantly snow. The river freezes in early November, opens in
April - May. The average water discharge at the village of Vikulovo 100 km from the mouth is 56,3 m%/s,
the largest 686 cub.m/s. The maximum water discharge of the Yesil River in the upper reaches near the
Astana city is 1080-1100 cub.m/s, the annual flow volume is 1,299,967 thousand m?/year. Average annual
water consumption 1,11cub.m/s.

The annual flow rate of the Yesil River, or the average long-term flow, is the main and stable
characteristic that determines the total water content of the river and potential water resources[3].

The research of the regularity of the intra-annual distribution of the flow of the Yesil River is one of
the most important issues, a solution that is necessary for the rational and integrated use of water resources
for various purposes of the national economy. In general, the assessment of changes in the intra-annual
distribution of runoff in a year depends not only on the methods of analyzing and comparing the monthly
runoff and its distribution in a multiyear context with the dynamics of economic activity on the catchment
area, but also to a certain extent on comparing the natural and disturbed flow distribution. In general, the
relative stability of the intra-annual and seasonal distribution of the flow of the Yesil River in natural
conditions is confirmed by data on the relative distribution of the flow over the seasons in the context of
weak economic development of the region and after the construction of large reservoirs (figures 1, 2).
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Figure 1 — Intra-annual distribution of the flow Figure 2 — Intra-annual distribution of the flow
of the Yesil River (Astana gauging station) of the Yesil River (Peropavlovsk hydropost)
of different supply (1-25%; 2-50%; 3-75%) of various types of supply (1-25%; 2-50%; 3-75%)
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One of the factors affecting the formation of the socio-economic complex of the Yesil river basin
catchment is the development of economic activity, that is, the main water consumers are agriculture
(regular and estuarial irrigation, hayfield, agricultural water supply, watering of pastures), industry and the
housing sector.

The volume of water consumption within the Republic of Kazakhstan is currently about 217,7 million
cub.m and by 2020 the volume of water consumption will increase to 480,2 million cub.m.

Water consumption in the Russian part of the Yesil River Basin is an order of magnitude less than in
the Republic of Kazakhstan, its volume currently stands at 16,0 million cub.m, an increase by 2020 is
planned to 28 million cub.m [1].

Very high population density among the Akmola and North Kazakhstan regions, which constitute
12,46 people/sq.km, a high share of industrial production of 36,5 thousand dollars/sq.km, the maximum
plowing of the territory (60%) and livestock loading in the range of 14,6 head/sq.km showed that within
the Republic of Kazakhstan the catchment area of the Yesil River basin has an average degree of
anthropogenic load. At the same time, the largest anthropogenic load falls on large industrial cities, the
average is typical for agricultural areas, low prevails in areas with low population density [1].

The magnitude of the load on water resources is estimated by the coefficient of water use (Kuep ),
equal to the ratio of total water consumption to available water resources, showed that the largest water
load falls on large industrial cities and amounts to 40%, which corresponds to a high load, and in general
the Esil river basin on average, water loads make up 14 -16%, which characterizes a moderate load on
water resources.

Changes in the quality of water resources in the Yesil river basin occur under the influence of a
number of reasons, the main of which was the development of economic sectors and, as a result, environ-
mental pollution and water bodies. At the same time, the main sources of pollution of water resources in
the watershed of the Yesil river basin, that is, from the sources of rivers to the Sergeyevsky reservoir, are
industrial, household and mine sewage of enterprises of Karaganda-Temirtau industrial region [1].

In the Yesil river basin, the total volume of discharges is currently 94,28 million cub.m, including
26,34 million cub.m to natural surface water bodies. The main part of the discharge was wastewater —
86,62 million cub.m and mine- 6,40 million cub.m, collector-drainage water is formed in an insignificant
amount — 1,26 million cub.m. In the future, a significant increase in total discharge is projected at 134,87
million cub.m, that is, up to 229,15 million cub.m, but the increase in natural surface water bodies is
expected to be insignificant, only by 1,28 million cub.m. The main increase in discharges will occur due to
wastewater, the volume of which will increase by 120,19 million cub.m [1].

Research materials. When solving the tasks set in the work, the long-term information and
analytical materials «Annual data on the quality of surface waters» of the Republic of Kazakhstan of the
RSE «Kazgidromet» and the Newsletter of the RSE «Kazgidromet» «On the state of the environment in
the Republic of Kazakhstan» of MEWR RK in the period 1990-2012 were used years and studies of
perennial stock and literature sources on hydrochemical indicators [4,5], including biochemical oxygen
consumption(BODs), ammonia nitrogen (NH,),nitrite nitrogen (NO:), nitrate-nitrogen (NOj3), chlorides
(CI), sulfates (SO,), copper (Cu), zinc (Zn), natrium (Na) and petroleum products. The research methods
of RSE "Kazgidromet" of the Republic of Kazakhstan are based on systematization, system analysis and
synthesis of monitoring results, which were carried out on the basis of the "Manual hydrometeorological
stations and posts (part 3.1 - Hydrological observations at posts. Almaty, 2004)", according to which
observations on transboundary sections are held at least 36 times a year [6].

At the same time, Horiba U-50 series (measuring the physicochemical parameters of water), the
bottom grab gear and Peterson (for sampling macrozoobenthos) and the Jedi network (for sampling
zooplanktons) were used to determine hydrobiological indicators and sampling.

Research methods. For evaluation and standardization of water quality in the river basins in the
Americas and Europe uses water quality index CCME (CCQE WQI) - it is a tool to simplify the presen-
tation of water quality data [7] as the only tool for managing water bodies. A significant contribution to
the development of the theoretical base of the water quality index CCME (CCQE WQI) have been made
by D. Couillard and Y. Lefebvre[8], D.G. Smith [9], M.A. House and J.B. Ellis [10], J. Saeger [11],
P.A. Zandbergen and K.J. Hall [12], S. Hébert [13], R. Rocchini and L.G. Swain [14], S. Munger [15],
W. Hart [16], B. Phippen [17], T. Husain [18], C.R. Wright, K.A. Saffran, A-M. Anderson, D. Neilson,
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N.MacAlpineandS. Cooke [19],H. Khan [20], as well as some work done by Canadian scientists W. Hart,
Earle Baddaloo, Jackie Shaw, Kim Hallard, Murray Hilderman, Peter Rodgers, Karl Lauten, I1ze Reiss and
Herb Vandermeulen, Scott Tessier and Margaret Gibbs in the implementation of the project «Canadian
recommendations on water quality for the protection of aquatic life and fauna: water quality index
CCME»[7].

For assessing the quality of water resources and the ecological state of aquatic ecosystems in the
practice of water management in the Russian Federation and the Republic of Kazakhstan, methods based
on the use of complex indicators, that is, the definition of limits of permissible changes (LPC) are widely
used [21], critical threshold action (CTA) [22], maximum permissible concentration (MPC) [22],
hydrochemical pollution index (HPI) [22],as well as methodological support of N.G. Bulgakov [23], V.P.
Yemelyanova [24], T.N. Moiseenko [25], M.Zh. Burlibayev [26] and V.V. Shabanov [27].

In this case, to assess the water quality and ecological status of water bodies in the Yesil river basin,

the method of V.Shabanov is used, by using the maximum pollution coefficient (Kn3) [27-29]:

1 N ¢
Kys=—-2 L

: -1
N 2 UK

where i — number of the water pollutant; N - quantity of substances taken into account; MPC; - maximum
permissible concentration of substances to be taken into account; C; - actual concentration of substances
taken into account; K, - coefficient of pollution that characterize water quality, the state of the river water
body and its water management value, which are estimated in accordance with the classification given in
table 1.

Table 1 — Classification of water quality according to the coefficient of maximum pollution (K,;)

Very clean Clean Moderately clean Polluted Unclean Very clean

<-0.80 -0.80-0.0 0.0-1.0 1.0-3.0 3.0-5.0 >5.0

To assess the degree of water pollution in river basins used trophic status of E.S. Shannon (table 2) [30].

Table 2 — Classification of water quality index by Shannon () [30]

Trophic

Oligotrophic Mesotrophic Meso Eutrophic Eutrophic Polyetrophic Hyper eutrophic

3,06-1,89 1,89-1,69 1,69-1,52 1,52-1,35 1,35-1,25 1,25-1,11

Research results: Based on the methodological approach of V.V. Shabanov based on the coefficient
of maximum pollution (K,;) with the use of long-term information and analytical materials of RSE
«Kazhydromet» on water pollution in the Yesil river basin and integral maximum allowable concentration
criteria (MAC) for fishery water use [3; 4; 31] the water quality was assessed by hydrochemical
parameters (figure 3 and 4).

Thus, the assessment of the quality of water in the catchment area of the Yesil river basin carried out
on a spatial-temporal scale, starting with the flow formation zone (hydrological station Turgenevka) to the
mouth of the river (hydrological station Dolamatova), made it possible to determine the directivity and
intensity of their pollution with the main ions (Cl, Na, SO.),biogenic elements (NH4, NO2, NOs)and heavy
metals (Cu, Zn). As can be seen from table 3, the waters in the catchment area of the Yesil river basin are
mainly polluted with heavy metals (Cu, Zn), sulfates (SOs)and petroleum products, which requires the
need to take into account when developing environmental protection measures. It should be noted that the
coefficient of maximum contamination (K,;) in the watershed of the Yesil River Basin on a time scale
from the hydrological station, the village of Turgenevka to the village of Dolamatovo increases and by
degree of pollution, mainly refers to polluted (Figure 3), where the water pollution is represented by the
trophic status of E.S. Shannon [30].
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Figure 3 — Changes in water quality according to the limiting Figure 4 —
pollution factor in the Yesil river catchment area in the space- The probability curve of the coefficient
time scale: 1 - very clean (oligotrophic); 2- pure (mesotrophic); of maximum pollution (K,3)

3 - moderately polluted (meso-eutrophic)

As can be seen from figure 3, water quality assessment by pollution factor was carried out in a
multiyear section (1990-2012) and on a spatial scale, which allowed us to obtain water quality
characteristics for years of varying degrees of supply and various hydrological posts located along the
catchment area of the Yesil basin (figure 4).

To assess the ecological state of the aquatic ecosystem in the catchment area of the Yesil river basin
the Shannon index (H) dependence is used and pollution limit coefficient of V.V. Shabanov (X,,), which
has the following form: H =3,06-exp[—0.23(K ;5 +2)].

Based on the coupling equation characterizing the dependence of the Shannon index and the pollution
limit coefficient (K,;) their quantitative values were determined by hydrological posts located in the
catchment area of the Yesil river basin on a time scale (table 3).

Table 3 — Comparative assessment of the ecological state of the aquatic ecosystem in the catchment area
of the Yesil river basin using the Shannon index (/) and coefficient of maximum pollution (Ks3)

Years
Hydrological 1990 2000 2005 2012
posts
Kys H K H K H K H
Turgenevka village -0,264 2,050 -0,243 2,041 0,072 1,900 -0,117 1,983
Astana city -0,470 2,151 -0,385 2,111 0,120 1,876 0,146 1,867
Kamennyi quarry village -0,291 2,066 0,309 1,799 0,078 1,897 0,168 1,860
Sergeyevka city -0,181 2,013 0,168 1,860 -0,002 1,934 -0,169 2,007
Petropavlovsk city -0,222 2,032 -0,100 1,977 0,220 1,836 -0,406 2,121
Dolamatovo village -0,120 1,986 0,131 1,876 0,288 1,805 0,146 1,870

Thus, on the basis of systematization and system analysis, as well as predictive calculations to
determine the pollution limit index and the Shannon index, it was possible to evaluate the water quality
and ecological state of the aquatic ecosystem in the Yesil river basin in the space-time scale, that is, the
water quality in all hydrological posts are estimated at the level of «moderately polluted (mesoeutrophic)»
and «polluted (euthophic)».

Discussion. Currently, the hydrological regime of the Yesil river basin has changed under the
influence of anthropogenic activities, that is, 80% of the river flow is completely regulated by the
construction of large and small reservoirs to meet the water needs of growing and developing industrial
facilities, cities and agriculture.

The volume of water consumption within the Republic of Kazakhstan is currently about 217.7 million
cub.m and by 2020 the volume of water consumed will increase to 480.2 million cub.m.
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Most of the wastewater from the Esil river basin is formed in the catchment areas of the Kazakhstan
part, which in the future from 134.87 million cub.m to 229.15 million cub.m, are the main sources of
chemical and biogenic pollution of surface runoff.

The magnitude of the load on water resources was estimated by using the coefficient of water
resources use (K.qp),equal to the ratio of total water consumption to available water resources showed that
the largest water load falls on large industrial cities and makes up to 40%, which corresponds to a high
load, and in general, the Yesil river basin has an average water load of 14 -16%, which characterizes
moderate load on water resources.

The quality of water in the catchment area of the Yesil river basin carried out on a space-time scale,
starting from the runoff formation zone (hydrological station Turgenevka) to the mouth of the river
(hydrological station Dolamatovo), made it possible to determine the direction and intensity of their
contamination with the main ions (CL. Na, SO4), biogenic elements (NHs4, NO,, NO3) and heavy metals
(Cu, Zn). At the same time, it is mostly contaminated with heavy metals (Cu, Zn), sulfates (SO4) and oil
products, which requires the need to take into account when developing environmental protection
measures. It should be noted that the coefficient of maximum pollution (K,) in the catchment area of the
Yesil river basin on a time scale from the hydrological station of the Turgenevka village to the
Dolamatovo village increases.

Assessing water quality and the ecological status of the aquatic ecosystem in the Yesil watershed by
using the coefficient of maximum pollution (K,;) and Shannon index (H) allowed to determine the degree,
intensity, direction and nature of pollution of water bodies in the space-time scale and to obtain the
dependence of the coefficient of maximum pollution (K,;) and Shannon index (H) in the estimated
provision (P), which showed that the quality of water for all the considered hydrological posts is estimated
at the level of «moderately polluted (mesoeutrophic)» and «polluted (euthophic)».

At the same time, the obtained information on the current state of the aquatic ecosystem of the
catchment area of the Yesil river basin within the Republic of Kazakhstan makes it possible to develop a
system of measures for the rational use of natural resources and the prevention of possible emergency
situations based on the quantitative characteristics of natural self-purification.

K. C. Mycragaes!, 9. T. Kosnikeesa!, A. H. Kanmauiosal,
A. E. Anusiposa!, Apsunac Iosunaiituc?

'Kasax ynTThIK arpapiiblk yHuBepcuteTi, AnMarsl, Kazaxcran;
’Burosra Bemkoro yausepcureri, Kaynac, Jlutsa

ECLJI ©3EHIHIH CY )KUHAY AJIABBIH DKOJOI'USJIBIK-CY
INAPYAIIBUIBIK TYPFBIJIA BAFAJIAY

Annoranus. Kasipri yakeirta Ecin e3¢eHiHiH OaccelHIHAE KYP/elli Cy-IKOJIOTHIIBIK KaFaail OpbIH ajFaH, Oy,
€H aJIJIbIMEH, IIeKapaapalblK OPHAIACYBIMECH, COHBIMEH KaTap ©3¢H OacCEeWHIHIH KOFapFbl XKOHE OPTAaHFbI OOJIriHIH
Contycrik KazakcTaHHBIH KypFrak jkepiiepiMeH OaiylaHbICThI 00JybIMEH TyCiHIipiieai. JKarnaiapl olaH opi YIIbIK-
TeIpaThlH Macene Kaszakcran men Pecelt @enepanusicbiHblH merinae Ecin e3eHi XaJbIKTHI jKOHE YKOHOMHKAaHBIH
OPTYpJIl cajajapblH, TYPFBIHIAPABIH HETI3r1 aylaHJapblH, COHIAl-aK ©HEPKACINTIK J>KoHE aybLIapyallbLIbIK
JIlaMyBbIH MaruCTpaJIbJIbIK Cy JKOJIBI )KOHE CyMEH KaMTaMachl3 €Ty Ke3i Ooubin tadbiiansl. Cy xuHay alaObIHAAFBI Cy
pecypcTapblH THIMCI3 MaiinanaHynsl ecKepeTiH Ooicak, Ecinm e3eHi OaccelHiHIH SKOJOTHSUIIBIK JKaFJaiblHa YIIKEH
acep erei.

Ecin e3eniniH OacceifHiHmeri TeriHmi cymapapH kemr Oemiri Kazakcran OeiriHiH Cy XHHAy ydacKelepiHme
KaJblnTacansl, onap Gonamaxra 134,87 mun m>-men 229,15 ma M3-re meiiin GeTKi aFBIHABI JACTAYIBIH XMMUSIIBIK
JKoHe OMOTEHIIK HEeT13r1 Ke3aepi O0IbIT TaObLIA L.

Axmona sxone Contycrik KazakcTan 00JIbICTaphl apachIHIa XAIBIKTBIH THIFBI3ABIFE 12,46 anam/km?, OHEpKaCin
eHIipiciHiN korapbl yieci 36,5 MbIH fosuiap / KM%, ayMakTa >Kepjli *KbIPTYbIH JKOFaprbl kepceTkinn (60%) sxoHe
14,6 man 6ackl/kM? xaraiinarsl Man 6achIHbIH kykTeMeci Kaszakcran Pecry6nukachIHbIH aymarsiHaa Ecin eseni cy
KHMHay anaObIHIaaHTPONOT€H/IIK KYKTEMEHIH eoyip OFaphl €KeH/IrH KOpCceTTi, OYJI )Kep YCTi Cy pecypcTapblHbIH
XUMHUSUIBIK ’KoHE OMOTeH/Il JTacTaHyBIHBIH KJIBIIITACYbIHA 9CEP eTe/l.

Ocpuraiinira, Ecint e3eHiHIH Cy XUHAY ana0bl OHBIH OMOTHKAJBIK JKOHE aOMOTHKAJIBIK CHUIIATTaMallapblHA ocep
€TeTiH Kenl (aKTOpPJIbl AHTPOIIOTEHIIK acep e 00Jabl, ©3C€HHIH TUAPO3KOJIOTHSIIBIK XKaFIaibIH THIMII OacKapy YIiH
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Cy HbICaHZApbIHA TMAPOJIOTHSIIBIK, THAPOXUMUSIIBIK JKOHE THAPOOHOIOTHSIBIK 3€PTTEYIIep JKYPri3y Ke3iHAe ajblH-
raH OakpUIaHATBIH XYHEHIH >KaFfaiblH CUIIATTAHTBIH Y3aK MEP3iMJIi aKIapaTThIK KOHE aHATUTHKAJIBIK MOIIMETTep
0oJTyBl K2)XKET, COHBIMEH KaTap OFaH ocep eTeTiH OapJblK MaHbI3Ibl (hakTopiap Typaibl MajJiMeTTep Oipre CyablH
carachblH aHbIKTayFa MYMKIHIK OepeTiH TaOuFy JKYHeHIH jKaraaiblH KaH-KaKThl Oarajiay oJIiCiH maiiianaHy Kaxer.

Makanana Ecin eseniHiy OacceliHiHzeri cyablH Jactanybl Typaibl «Kasruapomer» PMK yzak mepsimai
aKnapaTThIK-aHAIMTHKAIBIK MaTepHalIapbiHbIH Kyienik tanaaysl, lllennon nanekci men B.B. 11labaHOBTBIH Mak-
CHUMAIIBI JIACTaHy KOA((UIIMEHTI HEeTi31HIe CY HBICAaHIAPBIHBIH KCHICTIK-YaKbIT MaCIITaOBIHIAFbl THIPOXUMUSITBIK
KepceTkilTepi OOHBbIHIIA CYABIH canackl OaraslaHbIN, aHTPONOIEHMIK acep Ke3iHAe THIPOXUMMUSUIIBIK PEXHUMIHIH
maiina 6oy cebernTepi MEH calgapblH aHBIKTAIIBL. Ecill @3¢HiHIH Cy pecypcTapblH KEeHICTIKTIK-yaKBITTHIK MacITad-
Ta Oaranmay YIOiH JK.pTi3iIreH 3epTTeyiep HeTi3iHAe Cy pecypCTapbhIHBIH XYKTEMECI Cy pecypcTapblH MaimalaHy
k03(h¢punmenHTiH (Kyq) KONIAHA OTHIPHIN, Cy PECYPCTAPBIHBIH JKaJIbl CyIbl TYTHIHYIBIH KOJ KETIMAI Cy pecypc-
TapblHA KATBIHACHI apKbUIbl €CETITENreH, eH YJIKEeH Cy J)KYKTeMecl ipi eHepkacinTik Kananapra 40% neiin sxeTti, Oy
JKOFaphl J)KYKTEMere colikec Kelesi, ai skanmbl Ecin e3eHiHiy OacceiiHinge cy xykremeci opraiia ecenter 14 -16%
Kypazpl, OYJ Cy pecypcTapblHa TYCETiH )KYKTEMEHIH KaJbIIThI JKaraiibIH CHIIATTal bl

Ecin e3eHiHiH Cy pecypcTapblHa KEHICTIK-YaKbIT MAacIITaOBbIHIA JKYPTi3UIreH KOl IoyesaeMelli Oaraiay by
JKOHE MeJIIIepIIey/1iH HeTI3iH/e CYy/bIH CalachiHbIH ©3repyiHiH OarbIThl )KoHE KapKbIHbI KOpCETLIreH, sFHH OpTajbIK
xoHe Conrycrik KazakcTaHHBIH TYPFBIHAAPBIHBIH TIPIIUTIK KbI3METIHHIH OpTa XKYHECIH KYPYIIbl HEri3ri HOHAapMeH
(Cl, Na, SOs), ouorerzik amemerrepmer (NHy, NO,, NO3) xone aysip MeranmapmeH (Cu, Zn) yiactany aopexkeci
kepcerinreH. ConbiMeH, Ecin e3eHiHIH cyXKHHAYy alaOBIHBIH YaKbIT MacTIITAaOBIHAAFbl LIEKTENTeH JIaCTaHy KepceT-
kimi (K,;) TypreHeBka aybUIBIHBIH TYCHIHAAFBl THAPOJIOTHIBIK OekeTTeH JlomaMaToB aybUIbIHA JCHiH JTACTaHY
JIopexeci ecelli KoHe JacTaHy adpexeci OoibrHma nac xkoHe E.C. [lleHHOHBIH TpoQuKambslK MopTeOeci OoMbIHIIA
IBTPOQUKAIBIK TOMKa >kKaTambl, an OyHbIH e3iH Opranblk skoHe ContycTik KasakcTaHHBIH Cy HBICAaHIAPBIHBIH
SKOJIOTHSUIBIK CHUBIMIBUIBIFBIH KaJIIIbIHA KENTIPy JKOHE XKaKcapTyFa apHaJFaH TaOMFaThl KOpFay IIapalapblH KYpy
Ke3iHJe ecKepy Kepek.

ConbiMen Karap, Kazakcran PecnyOnukaceinnarbl Ecint e3eHi 6acceliHiHIH Cy ail/IbIHBIHBIH Cy 3KOXKYHECIHIH
Kazipri jkarjaiibl Typajibl ajbIHFaH aKnapar TaOWFM pecypcTaplbl YTHIMIbI MaiilaaHy >KoHE MYMKIH OOoJlaThlH
TOTEHIIE J>KarJalnapibplH alJblH aly OOWbIHIIA Iapanap jKydeciH TaOufu >Kydenepai TaOWFHM ©3iH-31 Ta3zapTy
MPOLIECTEPiHIH CaH/IBIK CHIIaTTaMajlapbIHa CyiHeHe OTBIPBIIN XKacayFa MYMKIHIIK Oepeni.

Tyiiin ce3nep: Tannay, 6aranay, Jactany, cy, JKarIaibl, THAPOXUMHUS, KYHeE, DIEMEHT, HOHap.

K. C. Mycragaes!, A. T. Kosbixeena', A. H. Kanvamosa!,
A. E. Angusiposa’, Apsuaac [lopmiaaiiTuc?

'Kazaxckuii HAMOHABHEIN arpapHbI yHUBEpCHTET, Anmarel, Kazaxcram;
2YVuusepcurer Burosra Benmkoro, Kaynac, Jluta

3KOJIOI0-BOIOX03SIMCTBEHHAS OIIEHKA BOJIOCEOPA BACCEMHA PEKM ECUJIb

AnHoTanusi. B Hacrosiiiee Bpems B BojocOope OacceliHa peku Ecuib cioxuiiach C0XKHasi BOAHO-IKOJIOTH-
4yeckasi 0OCTaHOBKA, YTO OOBSICHSETCS, NMPEXIE BCEro, ero TPaHCIPAaHWYHBIM IIOJIOXKEHHEM, a TaKkXKe HpPUypOuYCeH-
HOCTBIO K BEpXHEH W cpenHel uwacteil OacceiiHa K 3aCyNUTMBBIM BHYTPUKOHTHHEHTAIBHBIM paiioHam CeBepHOro
Kazaxcrana, rae peka oyt He IPUHUMAET NPUTOKOB. YCyTyOIIseT CUTYalMIo TO, YTO MIMEHHO Ha 9THX Y4acTKax B
npenenax Kazaxcrana u Poccuiickoin ®denepaunu peka Ecuib sSBIs€TCS OCHOBHOM BOAHON apTepuell U HCTOUHUKOM
BOJI0OOECTICUEHHS] HACENEHHUs W PA3IMYHBIX OTpPacied XO3iHCTBA, K €ro JOJIMHE TSATOTEIOT OCHOBHBIC apeaibl
3aCceNEHHOCTH, a TAKXKE MPOMBILIUIEHHON U CEIbCKOXO035IMCTBEHHOW 0CBOEHHOCTU. HepannoHanbHas X034iCTBEHHAs
JIESITEIBHOCTh Ha BOJOCOOpE, BKIIIOYAsl MCIIOIb30BAHUE BOAHBIX PECYPCOB, TAKKE OKA3bIBAET OOJBIIOE BIUSHHUE HA
9KOJIOTUYECKOE COCTOSIHUE BoJocOopa baccelina pexu Ecuib.

Bonboras yacte crouHbIX Box Oacceiina pexu Ecunb dopMupyercss B BOZOCOOPHBIX TEPPUTOPHUAX Kasax-
CTaHCKOIl yacTu, KoTopas B nepcrexTuse oT 134,87 mun. M> 10 229,15 MiH. M3, ABIAIOTCA OCHOBHBLIMH MCTOYHH-
KaMH XMMHUYECKOT0 U OMOT€HHOTO 3arpsi3HEHHsI TOBEPXHOCTHOTO CTOKA.

OueHb BBICOKAs IJIOTHOCTh HaceleHui cpeau AxkmonmHckoi u Ceepo-KaszaxcraHnckoit oOsacteil, KOTOpbie
coctaBysior 12,46 4en/km?, BBICOKas JI0Js IPOMBINIIEHHOTO MPOU3BOACTBA 36,5 THIC. J0JUIAp/KM%, MaKCUMAJbHAs
pacnaxanHocTh Tepputopuu (60 %) 1 KUBOTHOBOMUECKON HArPy3KH B mpenenax 14,6 yci. rosi/km? mokasaim, uTo B
npexenax Pecry6nuku Kazaxcran BogocOopHsblii 6acceliH pexu Ecnitb mMeeT J0CTaTOYHO BBICOKYIO aHTPOIIOT€HHYIO
Harpy3Ky, OKa3bIBaIOLIMX BIMSHHE Ha (POPMHUPOBAHUS XUMHUYECKHX W OMOTCHHBIX 3arps3HCHHI IOBEPXHOCTHBIX
BOJIHBIX PECYPCOB.

Takxum oOpazom, BogocOop Oacceitna pexu Ecritb HaxoauTest oy MHOTO(aKTOPHBIM aHTPOIIOTCHHBIM BO3JICH-
CTBHEM, KOTOpPOE BO3/AEHCTBYeT Ha OMOTHYECKHE M aOHOTHYECKHE MX XapaKTePHUCTHKH, 4TO I 3(PPEKTHBHOTO
YIPaBICHUS UX THIPOIKOJIOTMYECKHM COCTOSIHUEM HEOOXOIUMO HMMETh MHOTOJETHHE WH()OPMAalNOHHO-aHAIIHU-

— 129 ——




N E W S of the Academy of Sciences of the Republic of Kazakhstan

THUYECKHE JaHHbIEC, XapaKTEPHU3YIOIINE O COCTOSHUM YNPABIIEMON CHCTEMBI, KOTOPbIE MOIy4YaroT MPU IPOBEACHUN
THAPOJIOTUYECKUX, TMAPOXMMUYECKUX M THAPOOHMONOTMYECKHX HAONIONCHUHM 3a BOIAHBIMH OOBEKTaMH, a TaKke
JlaHHBbIe 000 BCEX CYLIECTBEHHBIX (PakTOpax BJIMSHHUS HA 3TO COCTOSIHHME C MCIIOJIb30BAaHHEM METOJIOB BCECTOPOHHEH
OLICHKHU COCTOSHUA MPUPOAHBIX CUCTEM, ITO3BOJIAIONIUX OUEHUTH Ka4Y€CTBO BO/JbI.

B craThe Ha OCHOBE CHCTEMHOrO aHaJlM3a MHOrOJETHHX MH(OpMalMOHHO-aHaIUTHUeCKHX MarepuanoB PITI
«Kazrunpomer» 1o 3arpsi3sHEHHIO BOJBI B Oacceiine pexu Ecuib u ncrnosszoBanust nnaekca lllennona n xoagpou-
LMeHTa npeaenbHol 3arps3HeHHoctd B.B. I1labanoBa npon3BeseHa OleHKa KayecTBa BOJBI MO THAPOXUMHUYECKHM
MIOKa3aTeJsIM B IPOCTPAHCTBEHHO-BPEMEHHOM MacIITa0e B YCIOBHAX aHTPOIIOTCHHOM JIESTENbHOCTH JJISl BHISIBICHUS
NPUYMH U CIEACTBHS (POPMHUPOBAHMS THAPOXMMHUYECKOTO PEKMMa BOJHBIX 00BekTOB. Ha OCHOBE NMpOBEAEHHBIX
MHOTO()AKTOPHBIX OIIEHOK M HOPMHPOBAaHUS BOJIHBIX PECYpcoB peku Ecuip B NpPOCTPaHCTBEHHO-BPEMEHHOM
MacmTabe BeJMYMHA Harpy3kKd Ha BOJHBIC PECYpChl OLICHHMBAJIAch depe3 KOI(G(HUIMEHT HCIOIb30BaHMS BOJHBIX
pecypcoB (Kiuep), pPaBHBIH OTHOIIEHUIO MOJHOTO BOJOMOTPEOICHUS K pacronaracMblM BOAHBIMH peCypcaM IMOKa3al,
9TO HauOOJbIIAs BOJHAS HArpy3Ka MPUXOAWTCS Ha KPYITHBIE MPOMBIIUICHHBIE TOpoaa U cocTaBisitoT 10 40%, 9to
COOTBETCTBYET BBICOKOH Harpyske, a B II€JI0M OacceiH peku Ecuib B cpefiHeM BOJHBIE HArpy3KH COCTAaBIISIOT 14 -
16%, 4T0 XapakTepu3yeT yMEpEeHHYI0 Harpy3Ky Ha BOJIHBIE PECYPCHI.

KavecTBo Bombl B BojocOope OacceiiHa peku Ecuiib NpoBEJEHHOTO B MPOCTPaHHO-BPEMEHHOM MaciuTale,
HauMHasi C 30HBI (OPMHUPOBAHMS CTOKa (IMAPOJIOTMYECKHH HOCT cello TypreHeBka) NO YCThsi PEKH (THUAPOJIOTH-
4yeckuil moct ceno JlosaMaToBO) MO3BOJIMIIO ONpPEICIUTh HAINPABIEHHOCTH M HWHTEHCHBHOCTH WX 3arpsA3HEHUS
rmaBHbIME MoHamu (Cl, Na, SO4), 6norenasiMu 3nementamu (NHy, NO,, NO3) u Tsoxensimu metaimiamu (Cu, Zn).
[Tpu >TOM B OCHOBHOM 3arpsi3HeHa TspKeibIMu Metamtamu (Cu, Zn), cymbdaramu (SO4) 1 HEPTEIPOAYKTAMH, UTO
TpebyeT HEoOXOAMMOCTH YYHTBHIBaTh INPH pPa3pabOTKE MPHPOAOOXpaHHBIX Meponpustuil. Ilpm stom crexyer
OTMETHTH, 9TO K03 PHULIMEHT mpenenbHo 3arpsi3HeHHOCTH (K,,;) B BogocOope Oacceitna pekn Ecuinb Bo BpeMeHHOM
MaciTabe OT THAPOJIOTHIECKOro TocTa ceno Typreneska 1o cena JloraMaToBO yBEIUIHBACTCS.

O1eHKH KauecTBa BOJBI M 9KOJOTMYECKOT0 COCTOSIHUSI BOTHON 3KOCHCTEMBI B BoJocOope Oacceiina peku Ecunb
¢ wuchosib3oBaHueM Koddduimenta npenenpHoN 3arpssHeHHOCTH (K,;) u uHmekca IllenHoHa (H) MO3BOJIHIN
OMpeAC/IuTb CTCIEHb, MHTCHCUBHOCTDL, HAIPABJICHHOCTD U XapaKTCP 3arpA3HCHHUA BOAHBIX O6’I)CKTOB B IPOCTPAHCT-
BEHHO-BPEMEHHOM MacIiuTabe ¥ MOJIYyYUTh 3aBHCUMOCTb KOX(pQHIHMEHTa NpenesbHOi 3arpsisHeHHocTH (K,;) u
nnaekca lllenHona (/) B pacueTHoit obecnieueHHOCTH (P) , KOTOpas MoKas3aja, 4TO KaueCTBO BOJBI IO BCEX pac-
CMaTpHUBAEMBIX T'MIPOJIOTMYECKUX T0CTaX OLEHHWBACTCS HA YPOBHE «yMEPEHHO-3arpsi3HEHHAst (ME309BTPO(HBIE)» U
«3arpsizHeHHast (3BTO(HBIE)Y.

[Ipn sToM monydeHHass WHGOPMAIMS IO COBPEMEHHOMY COCTOSHHMIO BOIHOW 3KOCHCTEMBI BOIOCOOPHOM
Tepputopun OacceitHa pekn Ecunps B mpenenax PecryOmmku Kazaxcran maet BO3MOXKHOCTH pa3padOTaTh CHCTEMY
MEPOIIPUATHH 1O PAlIMOHAIFHOMY HMPHUPOIONOIb30BaHUIO W MIPEAOTBPALICHUIO BOBMOXHBIX UPE3BBIYalHBIX CHUTYya-
LI Ha OCHOBE KOJIMYECTBEHHOM XapaKTEPUCTUKH MTPOIIECCOB €CTECTBEHHOT'O CAMOOUHIIEHHSI TPUPOIHBIX CHCTEM.

KiroueBble c10Ba: aHau3, OLIEHKA, 3arPsI3HEHHE, BOA, COCTOSHHUE, THIPOXHMUS, CHCTEMA, JJIEMEHTHI, HOHBI.
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