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CHUPAAPE TUAPOKHUMEBHU PEXKUMUHUHI MAKOH BA BAKT BYHUYA Y4
VAYAMAM (3-D) TAXAUAU

Masrkos Cepreit BaapAnmuposny,
TeXHUKA paHAAPH AOKTOPH, «IMAPOAOTHK MOAEAAAIITUPHUILI> OYAUMU MyAUPH

FI/IAPOMeTeOPOAOI'I/IH PIAMI/IfI-TCKH.IHPHIlI HHCTUTYTH, YSI'I/IAPOMCT

Annoranus. Ep ea cys pecypcaapudar oKurona $otidaranuus 6yiuua urmuil acocAaHzan makAudAGpHU ui-
A0 HUKULLOA KUULAOK XYIHAUU EPAAPUHUHE CY20pusaduzar Xydyorapudan xamoa dapé xassacudan mytiunaduzan
dapéraprune eudpoKUMEBUTI PEXCUMUHU MAXAUA IMULL 3apyp. Aapérap xas3arapudazu ep 8a Cyé pecypcAapua an-
Mponozen OMUAAGDP MABCUPY, J3 HABOAMUJA, 1034 cysAapHUHe cuamu J3zapuuiuea oaub kesadu. Maxorada aco-
cutl 0apénune y3yHaueu 6yiiuva MUHeparu3ayus Muk0OpUHUH2 MaKoH 6a 6akm 0yiuda mapKasuuunu y4 yA4amiu
Modeav acocuda dapéraprunz UOPOKUMEBULL PENUMUHU MAXAUA KUAUIUHURZ SH2U MeMOOU MAKAUP IMuAaou.
Masxkyp memod dapérapza uprocranmupysuu mo00AAGPHUHE KEAUO MYUUIUHU MAXAUA KUAULL, 0apErap 2udpo-
KUMEBUIL PEXCUMUHUHZ WAKAAGHUWY 80 UPAOCAGHUMUHUHZ ACOCUTE CABAOAGPUHL AHUKAAUL UMKOHUHY bepadu.

Tastaa TyNIyHUaAAp: MUHEPAAUSAYUS, 2UOPOKUMEBULL PEXCUM, MOOEALGUIMUPULL, CY20pULL, UPAOCAGHUL,
dapé xassacu.

TPEXMEPHBII (3-D) IPOCTPAHCTBEHHO-BPEMEHHOY AHAAU3
TUAPOXVMHYECKOTO PEXXMMA PEKM ChIPAAPBS

Misrxkos Cepreit BAapnmuposny,
AOKTOP TeXHUYECKIX HayK,
3aBeAyIoIui oTAeAOM «IHapoAsorugeckoe MopeAnpoBaHMe >

Hayuno-nccaep0BaTeAbCKHIT THAPOMETEOPOAOTUYECKUI HHCTUTYT, Y3THAPOMET

AnnoTanus. Ais paspabomKu Hay4Ho 000CHOBAHHBIX PEKOMEHOAYUTL N0 PAYUOHAALHOMY UCOAL30BAHUI
BOOHBIX U 3eMEADHDIX PECYPCOB HEOOX00UMO NPOBOOUMb AHAAU3 ZUOPOXUMUHECKO20 PENCUMA PEK, NUMAIUUX OpO-
wiaemvle MePPUMOPUL CeACKOXO3AUCIMBEHHDIX 3eMeAb 6 bacceiine peku. AHMPONozeHHOe BAUSHUE HA B00HbIE U
3eMeAbHbIE PECYPCbL 6 OACCElHAX PeK HeU30eHCHO BAUSEM HA USMEHEHUE KAYeCBa NOBEPXHOCHIX 800. B cmamoe
npedrazaemcs HO8vitl MemMod AHAAU3A 2UOPOXUMUMECKO20 PeXUMA Pek Ha ocHose mpexmepHozo (3-D) moderupo-
BAHUS NPOCHPAHCINBEHHO-BPEMEHHO20 PACNPOCHPAHEHUS MUHEPAAUSAYUL B00bL O OAUHE OCHOBHOT peKil. AaHHbLl
Memo0 n0360As5em nposodums GHAAUS HOCIYNAEHUS 3AZPSHIOUUX BEUYeCINB 6 PEKY, BbIBASIMNb OCHOBHbLE NPU-
UUHDL NOCIYNAEHUS. 3A2PA3HEHUTE U POPMUPOBAHUL 2UOPOXUMUHECKO20 PENCUMA PEK.

KaroueBbie CAOBA: MUHEPAAUAYUS, 2UOPOXUMUHECKULL PeXcUM, MOOEAUPOBAHLE, OPOLLEHUE, 3a2psi3HeHLe,
bacceiin pexu.
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Abstract. The analysis of the hydrochemical regime of the rivers feeding the irrigated territories of agricultural
land in the river basin is essential to develop scientifically based recommendations on the rational use of water and
land resources. Anthropogenic influence on water and land resources in the basins of the rivers inevitably affects the
change of surface water quality. A new method is proposed for analyzing the hydrochemical regime of the rivers based
on three-dimensional (3-D) modelling of the spatio-temporal distribution of water mineralization along the length of
the main river. This method allows to analyze the flow of pollutants into the river, identify the main causes of pollution

and the formation of the hydrochemical regime of rivers.

Keywords: mineralization, hydrochemical regime, modeling, irrigation, pollution, river basin.

Introduction
A change in the system of agro-industrial

use of irrigated land inevitably leads to a change
in the water intake regime and volume of
drainage discharged collector - drainage water
hydrological regime of return water and the
amount of substances dissolved in the water. The
hydrochemical regime of the main watercourse
used in the irrigation system inevitably changes,
since water is taken in to produce better water
and the discharge of collector-drainage water has
a higher salinity [9].

The used methods of water balance and
their statistical processing are used in the
analysis of water regime irrigated areas to
ensure efficient use ofland and water resources.
These studies and their application in practice
create conditions for increasing the fertility
of irrigated tracts. The scientific study of the
elements of the water balance of irrigated
territories and their expression in the form of
a balance equation, as well as the improvement
of methods for the quantitative assessment
of the constituents, is of great scientific and
practical importance [10].

For  hydrological  calculations  and
calculations of the irrigation regime, it is
necessary to take into account the hydrochemical
regime of the main river bed, the mineralization
of which determines the calculation system for
water consumption.

The application of the analysis of the spatial
and temporal distribution of salinity in the river,
based on the construction of three-dimensional
(3D) surface in which the axis «X> defer space
consisting of a line n -OPERATION, or distance
from the top of the hydrological alignment to the
lower, axially «Y> to delay time and the axis “Z”
values of mineralization, the resulting surface can
serve as a basis for the analysis of the development
of the hydrochemical process in the river.

The model of the formation of the
hydrochemical regime

In general terms, the water balance equation
for an irrigated area can be written as follows:

X+V+G p+P=+Go+E+K+AB (1)

where X is precipitation, V is water intake for
irrigation, Gp is groundwater inflow, P is surface
water inflow (streams, slope runoff, etc.), Go -
underground outflow from this territory, E is total
evaporation from the surface and transpiration by
plants, Kis water used for industrial and domestic
needs, = AB is the discrepancy of balance.

In the work of Vandewiele Gl and Elias
[12], a detailed formula of the salt balance of the
irrigated area is given:

Viw * Ciw + Vgw * Cgw + Sm + Sf - Vdw *
Cdw - Sp - Sc = Saw (2)

where Viw, Vgw, Vdw — volumes of irrigation,
groundwater, drainage water; Ciw, Cgw, Cdw
— salt concentrations. ng is not groundwater,
but water, which is in the root zone and where it
comes from groundwater. Sm - salts formed from
weathering of minerals, the value is negligible
and neglected.

W salts which are already present as a solid
precipitate in the soil and the soil, are described
by the general salt balance formula:

(3)
where AS is the change in the total salt reserve;
Sz is the total salt reserve at the beginning of the
balance period; Suw is the input of salts from
groundwater into the soil; suw is the outflow
of salts from groundwater into drains; Siw is
the input of salts with irrigation water; Sv is the
removal of salts with the crop, can be neglected
by irrigation.

Scheme of the relationship between water
and salt balance:

AS = Sz + Suw - suw + Siw - Sy,
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J¥C=Q*Cl+Qdr*C2, (4)
where J is all kinds of irrigation water inflow,
C is the concentration of salts in the irrigation
water, Q is natural outflow of groundwater, C1
is the concentration of salts in naturally flowing
groundwater, C2 is average actual groundwater
salinity in the soil area, Qdr is drainage outflow
without waste water, Ck is critical concentration
of salts in groundwater.

Capacitive model of water-salt balance
dynamics

Imagine the river in the form of elementary
sections connected in series, and some
elementary section of the river when used and
irrigation water in the form of a diagram (Fig.
1). The water intake is performed upstream and
discharge of return water occurs downstream.
Then for each element of the river section, we
give a simplification of the equation of water
balance.

o (W) (W)
T )
1LY

W3 ]

Figure 1: Balance sheet of a river section with
water intake and discharge of return water.

The equations for each elementary volume
are written as follows:

dw,/dt=Q,-Q,-¥,
dw,/dt=Q -Q,+II,
dw,/dt=V -,

(5)

where W . - number and honors water in a
volume element, Q - water flow between the
elements, ¥ - volumes of water per unit time, IT -
return water volume per unit time.

The change in the concentration of a
substance in each element is written by the
equation

d(CW,)/dt=CQ,-CQ,-C Y,
d(C,W,)/dt=C Q -C,Q +C,II,
d(CW,)/dt=C ¥, -CIT,

(6)

where C j is the concentration of a substance
dissolved in water.

The volume of return water depends on the
volume of water intake, for example, according
to Ganiev A.M. [2], the functional dependence
of drainage runoff from the water intake of
administrative districts of Syrdarya river basin
in annual terms represent a linear dependence of
the form:

Dkds=A*V+yp (7)

or exponential form:

Dkds =A*EXP (p*V) (8)

where: Dkds - the volume of drainage
and discharge flow, mln. m3, B - water intake
for irrigation, mln. m 3, “A” and “Y” are some
empirical coefficients. In all cases, the correlation
coeflicient is in the range from 0.86 to 0.93.

Earlier, we obtained the dependence of the
volumes of return water entering the river on the
amount of water supplied for irrigation (water
intake for irrigation) in the decade context [6]:

(9)

Where «t> is a certain point in time, n is
the time taken by the passage of irrigation water
through the water delivery system to the field,
filtration into groundwater, drainage system
(in decades), “a” and “B” are the coefficients,
the numerical values of which are obtained by
the least squares method based on hydrological
observations for the main water management
areas of the Syrdarya river basin.

Then the volume of the return water from
a certain territory is determined by a certain
functional dependence: ITj = f (¥ j) therefore,
the total mineralization of water in the river is
determined by the volume of water withdrawal
for irrigation.

In Fig.2. the hydrograph of the average
annual salinity of water along sections of the
Syrdarya river and the main components: the
Naryn and Karadarya rivers is presented.

We note the increase in the total
mineralization of water in the Syrdarya river
from the upper alignment to the bottom of the

IT (t)=alL (t-1)+B[¥ ()+ ¥ (t-n)]
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Fig. 2. The diagram of the distribution of water mineralization (mg / 1) is the vertical axis,
years are the horizontal axis and names of the observation lines, the lower line is the upper
course of the Syrdarya River, the upper line is the lower stream of the Syrdarya.

flow. The change in the temporal dynamics of
mineralization from year to year is clearly visible.
However, in this diagram it is difficult to isolate
and analyze the spatial-temporal dynamics of
mineralization.

In this regard, it is proposed to present these
observational materials in the form of a three-
dimensional (3-D) surface (Fig. 3.).

In Fig. 3. a noticeable decrease in total
mineralization in the period from 1996 to
2018 was observed in almost all sections of the
Syrdarya river. An increase in mineralization in
the middle reaches of the river and a decrease in
mineralization to the lower reaches are noticeable
as well.

The reason for the increase in water
mineralization in the middle reaches of the river
is a large discharge of industrial and return waters
formed in irrigated areas.

The subsequent decrease in water salinity
in the middle reaches is explained by the flow
of more fresh water from the lateral tributaries
of the rivers of the basin, which are formed in
territories without anthropogenic impact.

However, in the subsequent growth of
mineralization is observed again, which is
explained by the flow of water from the Chirchik
and Akhangaran rivers basins, since they

experience a significant anthropogenic pressure,
that is many industrial enterprises, vast areas of
agricultural production, urban agglomerations,
industrial facilities of the cities of Tashkent,
Chirchik, Angren, Akhangaran and others.

Thus, the analysis of the spatial and territorial
distribution of the mineralization of the Syrdarya
river using the three-dimensional (3-D)
representation of the observed values becomes
simpler and clearer, therefore, the development
of recommendations on water use and water
consumption is more justified and scientifically
substantiated.

Three-dimensional analysis allows to
identify the main sources of pollution and salts,
thereby increasing mineralization in the main
channel of the Syrdarya river.

The vertical axis is the values of total
mineralization (mg /1), the observation period
by year, the distance from the upper section to
the lower Syrdarya river.

Conclusions

The use of the three-dimensional (3-
D) method of analyzing the spatiotemporal
distribution of mineralization values allows
to improve the whole practice of designing
irrigation systems.

This approach will improve the compilation
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Mineralization {tmg/h)

Fig. 3. Spatial-temporal distribution of water mineralization in the Syrdarya River, presented
in the form of a three-dimensional (3-D) surface.

of detailed maps: soil, physical-lithological, and when changing the irrigation systems over time,
chemical properties of soil, soil, groundwater, it is necessary to draw up a working - control
maps of bundle inventory salts. (information) water-salt balance, based on the

Since the water and salt balance of territories use of a 3-D salinity analysis in the main river
can be very different from the previous ones, irrigated areas.
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