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SPECIFIC FEATURES OF FLOW FORMATION AND WATER USE IN THE
CATCHMENT AREAS IN THE TOBOL RIVER BASIN

Abstract. On the basis of long-term information and analytical materials of the RSU Tobyl-Torgai Basin
Inspectorate for Regulation of the Use and Protection of Water Resources of the Water Resources Committee
of the Ministry of Agriculture of the Republic of Kazakhstan, characterizing the use of water resources in
the economic sectors of administrative districts and cities of the Kostanay region, the conditions for the
formation of surface flow and regional features of water use in the catchments of the Tobol river basin were
determined.To assess the change in the average annual discharge in the catchments of the Tobol River basin
under the influence of natural and anthropogenic activities, integral curves of average annual discharge were
determined for the hydrological stations of Akkarga, Grishenka, Kostanay, and Milyutinka, which showed
that in the period under consideration from 1996 to 2005, there was a slight increase in the average annual
discharge for all hydrological stations under consideration, and from 2006 to 2017 - their constant decline,
which is a signal to ensure the safety of economic activities in the region. To assess the peculiarities of water
use in the catchments of the Tobol River basin, the volumes of water consumption by housing and public
services, industry and agriculture were used, which gradually decrease over the period of 1996-2016, since
the industry is mainly located in the cities of Lisakovsk, Kostanay and Rudny. and agriculture in Kamystinsky,
Zhitikarinsky, Denisovsky, Taranovsky, Kostanaysky, Karabalyksky, Fedorovsky and Mendikarinsky districts
is developing within the dryland cultivation, which determines the type of linear trend, which is characterized

by a polynomial equation of third order.

Key words: river, basin, flow, expenditure, water, resources, water use, analysis, evaluation, method,

trend.

Relevance. The catchments of the river basins
of the steppe zone of Northern Kazakhstan, as a
kind of component of geographic objects, perform
to a certain extent environment-forming functions
as a regulator of the water regime of landscapes,
maintaining the ecological balance of natural
systems. One of the main features of the river basins
of the steppe zone, formed due to the melting of snow
cover and atmospheric precipitation, determines their
hydrological and hydrochemical specificity, that is,
a close connection between the formation of flow
and the landscape systems of the catchment area of
river basins. At the same time, the main function of
the catchment area of the river basins of the steppe
zone, belonging to the system of small rivers, is
the natural possibility of flow formation, providing
the generation of ecological, economic and social
environments, which seem to be the spatial bases of
management of natural resources and environmental
engineering. In this regard, the problem of water
security has recently acquired special relevance to
meet the needs for water resources of all categories
of water users, including by increasing the rationality
and ensuring the complexity of water use.

The goal of the researchis to analyze and assess
the natural conditions for the formation of water
resources in the catchment basins of the Tobol River
and to identify the spatial features of the water use
arrangement to optimize management decisions in
the field of water use.

Target of study. The Tobyl River is one of the
main waterways of Northern Kazakhstan, where
the runoff formation zone is located on the eastern
spurs of the Southern Urals, 10 km southwest of the
Sarzhan village and flows into the Irtysh River from
the left bank near the city of Tobylsk. The catchment
basin of the Tobyl River is 395 thousand km?, of
which part 121 thousand km?2 of its catchment area
is located within the Kostanay region, and the total
length of the river is 1591 km, of which 682 km is
the upper river[2].

Research materials and methods. To achieve
the objectives set there are used a basin approach, the
method of an integrated study of geographical objects,
mathematical statistics and hydrological calculations,
based on linear trend using the Microsoft Excel.

Onthebasisoftheobtained system ofmathematical
equations using the Microsoft Excel program, the
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restoration of annual flows in the catchment area of
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Figure 2 - The long-term progress of hydrological
flow in catchments of the Tobol river basin (ordinate
- annual flow volume (mln m?); the abscissa - years;

hydrological positions: 1- Akkarga 2- Grishenkov;

3- Kostanay; 4- Milyutinka)

To identify the peculiarities of water use in the
catchment areas of the Tobol River basin, long-term
information and analytical materials of the RSU
Tobyl-Torgai Basin Inspectorate for the Regulation of
the Water Resources Use and Protection of the Water
Resources Committee of the Ministry of Agriculture
of the Republic of Kazakhstan, characterizing the use
of water resources in the sectors of the economy of
administrative regions and cities of Kostanay region,
located within the river basin proper, that is, for
housing and public services, industry and agriculture
(table 2).

Table 2 - Trend of water use by administrative
districts in the catchment areas of the Tobol river
basin, million m?

Years Trend of water use in the economy in
the Tobol river basin, million m?
28
2 :
e0 3 > =
g .2 Z 5 -
=i = g= ]
£2 |E  |< =
1996 104.42 |37.39 |78.12 219.93
1997 90.77 37.05 |48.71 176.53

To determine the level of water situation, I.A.
Shiklomanov proposed an indicator of specific
available water supply (thousand m?*/year per person
or km?/year per million people), which determines not
only the shortage of water resources, but also allows
one to judge the overall state of water resources in the
natural conditions of their formation and functioning
[2].

In this case, the indicator of available water
supply (pB) in the catchment areas of river basins is
determined by the formula [2]:

PB=[1-(W_ /W )]
rae Wop — real water resources of river basins, km?/
year; W, - irretrievable water consumption, km?/
year.

The water expenditure module of river basins
was determined by the formula: K=Q/Q_ where Q—
the average annual river water expenditure of year;
Q_- the average long-term annual river discharge.

The estimated water flow in river basins is
determined by the following equation: p=[m/
(n+1)]-100, where m - ordinal number of order; n -
quantity of order.

Research results. On the basis of long-term
information and analytical materials of the RSU
Tobyl-Torgai Basin Inspectorate for Regulation of
Water Resources Use and Protection of the Water
Resources Committee of the Ministry of Agriculture
of the Republic of Kazakhstan, covering the years of
1996-2017 and the use of the method of hydrological
calculations, the hydrological characteristics of the
flow of the catchments of the Tobol river basin were
determined for the hydrological stations of Akkarga,
Grishenka, Kostanay and Milyutinka to reveal their
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territorial differences in the space-time scale.

To evaluate the change in the average annual
discharge in the catchments of the Tobol River basin
under the influence of natural and anthropogenic
activities, the integral curves of the average annual
discharge were determined for the hydrological
stations of Akkarga, Grishenka, Kostanay and
Milyutinka (Figure 3).
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Figure 3- Integral difference curve of average
annual flow in the catchments of the Tobol River
basin (ordinate - integral difference curve; abscissa -
years; hydrological stations: 1- Akkarga;

2- Grishenka; 3- Kostanay; 4- Milyutinka; trend
in the area of maximum discharge by hydrological
posts: 5- Akkarga; 6- Grishenka; 7- Kostanay;

8- Milutinka)

As can be seen from Figure 3, the shown
differential integral curves of the average annual
water flow of the Tobyl River, constructed from
the hydrological stations of Akkarga, Grishenka,
Kostanay and Milyutinka, describing the course
of the accumulated difference Zizl“(ch'l) in time
show that the slope of the trend line atpositive value
corresponds an increase in the average annual flow
of the river in this period of time, and with a negative
value corresponds to a decrease in the average annual
flow.

The equation for the trend line for hydrological
stations is as follows:

- at the Akkarga hydrological station: positive
slope (Kp-1)=0,0009-t R?=0,4525) and negative
slope (Kp-1)=0,0014-t; (R*=0,7564)

- at the Grishenka hydrological station: positive
slope (Kp-1)=0,0001-t (R*2=0,0369) and negative
slope (Kp-1)=0,0008-t (R?=0,7721);

- at the Kostanay hydrological station: positive
slope (Kp-1)=0,0004-t (R?=0,7955) and negative
slope (Kp-1)=0,0012-t (R?*=0,4525);

- at the Milyutinka hydrological station: positive
slope (Kp-1)=0,0004-t (R?=0,3005) and negative
slope (Kp-1)=0,0011-t (R?=0,7814);

Thus, until 2005 in the catchment basins of the
Tobol River there has been a slight increase in the
average annual water flow at all hydrological stations
under consideration, and since 2006, their constant

decrease, which is a signal to ensure the security of
economic activities in the region.

The concept of “available water supply” mean
not only ensuring the water consumption schedule
of the population, but also providing the natural
components of the landscape system and sectors
of the region's economy with water resources. To
evaluate the available water supply of the catchment
area of the Tobol river basin, they are conditionally
divided into two water-resources regions, that is,
the upper reaches (from the flow formation zone
to the Kostanay hydrological station) and the
midstream (from the Kostanay hydrological station
to Milyutinka) and within their determination of the
level of water resources use in the economic sectors
region (Figure 4).

250
« ¥ £ 0,0003x7 - 1,2647xF + ]2'0,4L
200 \ R+ 079
y \ ¥ = 0[0002xf - 0,9759%2 +980,21x
\" \ %40,]51
150 —+
"‘) \\"\.\
-
Dy -
100 .
\"—1 mb’-'-‘"\-; N g - =g
YRR T
30 VeGSO 28 202y
Pl L 120,457
; =
2000 2005 2010 2015

Figure 4 - Trend of water use by water-resources
regions in the catchments of the Tobol river basin
(mln.m?) with linear trends (1-upstream water;
2- midstream; 3-catchment area of the river basin)
(ordinate - volume of water consumption in
economic sectors; abscissa - years)

The peculiarities of water use in the catchments
of the Tobol River basin are determined by the
volume of water consumption by housing and
public services, industry and agriculture, which
are gradually decreasing over the period 1996-
2016, since industry is mainly located in the cities
of Lisakovsk, Kostanay and Rudny, and agriculture
in  Kamystinsky, Zhitikarinsky, = Denisovsky,
Taranovsky, Kostanaysky, Karabalyksky, Fedorovsky
and Mendikarinsky areas is developing within the
dry farming, which determines the type of linear
trend, which are described by a polynomial equation
of third order, having the following shape:

- for the upper water of the river:
W, =7E-0,5-t-0,289-t*+290,42-t;
- for middle reach:
W, =0,0002-t°-0,9759-t*+980,21t;
- for the catchment of the river basin:
Wse=0,0003-t3-1,2647-t*+1270,4-t.

Based on the information and analytical materials
given in Tables 1 and 4, the predictive calculations
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were made to determine the available water supply in - [ 1999 [ 111.02 85 54 0.230
the water-resources regions of the catchment areas of
the Tobol River basin (Table 4). 2000 | 1171.20 83.12 0.929
2001 [ 457.30 71.45 0.843
Table 5 - Ecological indicators of specific available 2002 | 766.40 68.56 0.910
water supply in the catchment area of the Tobol 2003 1314.50 70.85 0.774
river basin by water-resources regions : : -
; 2004 | 454.20 81.26 0.821
Years | Tobol water-resources regions
Upper reaches ofcatchment areas of the 2005 | 962.00 67.35 0.929
Tobol River 2006 | 127.00 73.53 0.421
Actual Irretrievable | Available 2007 1 298.00 05.92 0.779
water water water 2008 | 264.00 69.68 0.736
resources | consumption (| supply 2009 |155.00 | 66.54 0.571
(W, mln. | W_ minm?® |indicators . . .
m’) P 68m> ( PB) 2010 | 95.00 69.98 0.263
2011 119.00 64.06 0.461
1996 |111.00 48.31 0.565 2012 |200.00 66.59 0.667
1997 |52.00 41.13 0.209 2013 [299.00 74.83 0.749
1998 |306.0 29.54 0.903 2014 |297.00 78.27 0.736
1999 | 87.37 23.25 0.734 2015 | 172.00 70.80 0.588
2000 |659.19 24.22 0.963 2016 |305.00 69.81 0.771
2001 |209.40 21.74 0.896 As can be seen from Table 5 giving the available
2002 |596.00 19.58 0.967 water supply in the catchments of the Tobol river
2003 19870 1981 0.799 basin by Water—resourges regions, show thgt in the
upper reaches the available water supply indicator
2004 |463.6 16.06 0.965 ranges from 0.209 to 0.967, which corresponds
2005 |552.00 13.85 0.975 to values from low water supply to high water
2006 |23.97 16.52 0311 supp}y depegding on the water content of the river,
and in the middle reaches, their quantitative values
2007 ] 328.02 1691 0.948 range from -1.336 to 0.929, which shows a very high
2008 |162.75 17.35 0.893 available water supply.
Discussion of results. The practical significance
2009 |12.62 18.07 -0.432 . i :
of evaluating the conditions for the formation of
2010 |114.17 13.33 0.833 surface flow in the catchments of the Tobol River
2011 [266.20 15.00 0.943 basin and the peculiarities of their use in the sectors
2012 125295 15.07 0.940 of the regional economy resi'des in the fact that the
research results focus on solving applied problems of
2013 1 66.86 13.95 0.791 increasing the efficiency and quality of management
2014 |356.40 15.52 0.956 decisions in the water resources use and protection.
The database obtained in the course of the study on
2015 |207.85 15.46 0.926 the structure and trend of water use and available
2016 |181.00 14.93 0.918 water supply indicators in the catchment areas of the
Tobol River basin on a space-time scale may become
Years | Tobol water-resources regions a basic component for further research in the field
of increasing and efficiency of water resources use,
Upper reaches ofcatchment areas of the . ’ s
. ensuring the standard quality of drinking water and
Tobol River . .
- _ wastewater treatment, protection of water bodies, as
Actual Irretrievable | Available well as making timely management decisions towards
water water water achieving and maintaining a state of sustainable and
resources | consumption | supply environmentally safe water use.
(W,,, mln. | (W, min indicators
m3) m3) (PB)
1996 | 72.54 171.62 -1.366
1997 | 58.35 135.46 -1.321
1998 | 365.3 103.05 0.718
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O.T. Ko3bikeena', )K.C. Mycradaes', B.E. Tacremuposa’, Jozef Mosiej*
Kazak ¥1TThIK arpapibik yHUBepcuTeTi, AnMathl, Kazakcran
Bapmaga aparbiibicTany FRUIBIMIApBl YHUBEpcHUTETI, Bapmaga, [Tomnbira

TOBBLJ1 63EHI BACCEHHIHIH, CY KUHAY AJIABBIHIA AFYBIH/IbI KAJIBIIITACTBIPY
KOHE CY/JbI IAUJAJIAHY EPEKIIEJIIKTEPI

Annotauus. Kocranaii 001bICEIHBIH SKIMIIIIIK ayJaHaapbl MEH KaJlalapblHBIH SKOHOMHUKA callajlapblHaa
Cy pecypcTapblH naiiaananyapl cunarTaiTeid Kasakcran PecryOnukace! aybul mapyambuibiEbl MUHACTPITIT
Cy pecypcTapbl KOMUTETIHIH «Cy PecypCcTapblH NaijanaHy/bl peTTey KoHe Kopray keHinaeri ToOsu1-Toprait
OacceifHaik mHcnekuuscs» PMM  KeIDKBUIIBIK aKmaparThIK-capanTama MaTepHajilapbIHbIH HEri3iHue
ToObL1 e3eH1 OacceiiHiHIH Kep YCT1 aFbIHBIH KaJIBINTACTBIPY MIAPTTAphl KOHE CyAbl HalJanaHyablH eHipIiK
epeKuIeNiKTepi alKpIHAanFaH. TaOuFu )oHEe aHTPOIIOTeHIIK KbI3MEeTTepAiH acepineH ToObu1 e3eHi bacceiiHiHIH
Cy ’KMHAayJIapbIHAAFbl OpTallla )KbUIJBIK LIBIFBIHBIHBIH ©3repyiH Oaranay yurin Akkapra, [ pumenka, Kocranait
XKoHEe MWIIOTHH TUAPOJIOTUSIIBIK OeKeTTepi OOMBIHIIA OpTallla KOl >KbUIIBIK MIBIFbICTAPABIH HHTETPATAbIK
KHUCBIKTaphl alKbIHAAIIBI, OJlap Kapajblll OThIpFaH keseHzae 1996 skpuiman 2005 xpurra neifin OapibIK
KapaJblll OTBIPFaH THAPOJIOTHSUIBIK OeKeTTep OOWBIHIIA CyIbIH OpTalla bUIABIK IIBIFBIHBIHBIH OipliaMa
wiraobd, an 2006 xeurgan 2017 xpUiFa AeliH onapAbIH TYPaKThl TOMEHICY1 OallKanFaHbIH KOpPCeTTi, Oy
OHIP/IiH NIapYaIIbUIBIK KbI3METIHIH KAYIICI3ir H KAMTaMachl3 €Ty CUTHAJIbI OOJIBIT TaObLIa b,

ToOb11 e3eHi OaccelHiHIH Cy KUHAyIapbIHa Cy/bl Aai1alany epeKIIeNTiKTepiH Oaranay yIliH TYPFbIH Yi-
KOMMYHaJIJIBIK [IaPYalIbUIBIKTBIH (KOPCETUIETIH KbI3METTIH), OHEPKACINTIH XKOHE aybUl IapyalbUIbIFbIHBIH
Cy TYTBIHY KejeMi maimananeliabl, onmap 1996-2016 xwuimapmapnan Oepi OipTiHzen aszaiibln Kemneni,
eliTKeHi eHepkacin Heri3iHeH JlucakoBck, Kocranaii sxoHe PynHblii KananapelHAa opHajlacKaH, all aybll
mapyawbuibEbl Kambictsr, Xitikapa, Jenncos, Tapan, Kocranaii, Kapabansik, ®enopos xxone Menaikapa
ayaaHaapbIiHaa Oorapibl Kep eHjaey HIeHOepiHae AaMyaa, Oyl YUIHII PeTTi MOJIMHOMHHAIIbI TeHICYMEH
CHUTATTAJIATBIH KEJUIIK TPEHATIH TYPiH alKbIHIaNHIbI.

Tyiiin ce3mep: e3¢H, Gacceii, arblH, IIBIFBIC, CY, PECYpPCTap, CyAbl KOJaHy, Tanaay, Oaraay, 9aic, TpEHI.

A.T. Ko3sikeeBa', ’K.C. Mycradaes', B.E. Tacremupona', Jozef Mosiej*
Kazaxckuil HanmoHanbHBIN arpapHelii yHuBepcUTeT, AnMarsl, Kaszaxcran
Baprasckuii yHMBEpCUTET €CTECTBEHHBIX HayK, Bapimasa, [lonbia

OCOBEHHOCTH ®OPMHUPOBAHUA CTOKA U BOAONIOJIB3OBAHUSI HA TEPPUTOPUSAX
BOJOCBOPOB BACCEUHA PEKH TOBOJI

AnHoTtauus. Ha ocHoBe MHOrojeTHUX HMHPOpPMALMOHHO-aHAINTHYeCKHUX MarepuanoB PI'Y «ToObLn
- Topraiickass OacceiiHOBasi MHCIEKUHs TI0 PETYJINPOBAHMIO HCIONB30BAaHMS W OXpaHE BOAHBIX
pecypcoB» Komurera o BogHsIM pecypcam MHUHHCTEPCTBa celbCcKoro xo3siiicrBa Pecybnuku Kaszaxcraw,
XapaKTEPU3YIOIINX UCIIOIb30BaHUE BOJHBIX PECYPCOB B OTPACISAX IKOHOMUKH aIMUHUCTPATUBHBIX PailoHOB
n roponoB Kocranalickoii o0nactu ompezaeneHsl ycinoBHs (HOPMHPOBAHHS ITOBEPXHOCTHOIO CTOKAa H
peruoHanbHbIe 0COOCHHOCTH BOJONONIB30BaHMs BogocOopax Oaccelina pexu Toomon. [yist oeHKH n3MeHeHH s
CPEeIHErof0BOro pacxoa B BogocOopax dacceitna pexu ToOou1 moa BIMsHUEM NPUPOAHBIX U aHTPOIIOTCHHBIX
JEeSTENbHOCTEN ONpeieieHbl HHTErPaJIbHbIE KPUBBIE CPETHEMHOTOJIETHUX PAaCXOA0B IO THAPOIOTHYECKUM
nocraM Akkapra, I'pumenka, Kocranait 1 MumoTUHKa, KOTOpbIE MOKa3ajid, YTO B paccMaTpUBAEMbIN
nepuox ¢ 1996 no 2005 rona HabIIOAAETCS HEKOTOPOE YBEIHMUCHHUE CPETHETOOBBIX PACXOA0B BOJIBI IO BCEM
paccMaTpuBaEMbIM I'HIPOIOTHYECKUM TocTaM, a ¢ 2006 rona 1o 2017 roaa - NOCTOSHHOE UX CHI)KEHUE, YTO
SBJISIETCSl CUTHAJIOM oOecriedeHrs: 0€30IacHOCTH X035 HCTBEHHOH IeSITeIbHOCTH PErHOHA.

s oueHKM 0COOEHHOCTEH BOJOMNONB30BaHMSA B BomocOopax OacceiiHa pexu ToOOJ HMCHONIB30BaHBI
00beMBl  BOJOINOTPEONCHNS JKMWIIMIIHO-KOMMYHAJIBHOTO XO03siiicTBa  (YCIIyTH), TPOMBIIUIEHHOCTH U
CEJIbCKOTIO XO35MCTBa, KOTOpBIE 32 paccMarpuBaeMblil meproa 1996-2016 rogoB NocTeneHHO YMEHBIIAIOTCA,
TaK KaK MPOMBIIUIEHHOCTh B OCHOBHOM pacrojiokeHa B roponax Jlucakosck, Kocrtanait m Pynueiid, a
cenbckoe xo3saicTBo B KambicTunckoMm, Kutukapunckom, denucoBckoM, TapanoBckom, Kocrtanaiickom,
Kapabanbikckom, ®PenopoBckoM M MEHIMKapUHCKOM paiioHax pa3BUBacTCs B paMKax OOrapHOro
3eMeJIeNIeNNs, YTO ONpelessseT BHJ JIMHEHHOIO TPEHNa, KOTOPBIH XapaKTepU3yeTCsl MOJUHOMUHAIHBIM
YPaBHEHUEM TPETHETO MOPSIIKA.

KioueBble ciioBa: peka, OacceiiH, CTOK, pacxof, BoAa, PECYpChl, BOAOIOIb30BAHHE, aHAIH3, OLICHKA,
METOJ, TPEH].
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