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ABSTRACT: The article studies the problem of water resources management in the channels of machine water lifting
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I. INTRODUCTION

Once the ecological situation has been assessed, it is important to consider how water can be efficiently managed
within the pumping station cascade. This may involve assessing the capacity of each station, as well as the amount of
water that is being pumped through the system. It may also involve considering the source of the water, including whether
it is being drawn from a local river or other waterway, or from an underground aquifer [25,26].

In addition to the strategies mentioned above, it may also be important to consider the potential impacts of
climate change on the water resources in the area. This could include changes in precipitation patterns, increased
frequency and intensity of extreme weather events, and changes in the timing and amount of snowmelt. By planning for
these potential impacts and implementing adaptation strategies, such as increasing water storage capacity or
implementing more flexible pumping schedules, it is possible to ensure that water resources can continue to be managed
effectively in the face of changing environmental conditions.

Another important aspect of optimal water management is stakeholder engagement. This may involve consulting
with local communities, businesses, and other organizations to understand their needs and priorities related to water
resources. By engaging with stakeholders in a transparent and collaborative manner, it is possible to build support for
water management strategies and ensure that they are implemented in a way that is equitable and inclusive [27].

Finally, it is important to regularly monitor and evaluate water management strategies to ensure that they are
achieving their intended goals. This may involve monitoring water quality and quantity, tracking changes in local
ecosystems, and assessing the social and economic impacts of water management strategies. By regularly evaluating and
adjusting water management strategies based on new information and changing conditions, it is possible to ensure that
water resources are being managed in the most effective and sustainable way possible.

Any complex hydrographic scheme of the channels of machine water lifting systems can be divided into several
simple structures, which are a graph-tree. The tree graph structure is divided into hierarchies. The hierarchy in the graph
is defined using two parameters [1-3]

Q, :{[i, Ki”’] Viel} @)
i - hierarchy number; K,FP— number of groups in the given hierarchy.

Groups are a set of sections connected to their beginnings. A group can have one or more parcels.
Each group is defined by the following numbers [3,4]

Q, = {[jil" Ny Kyrb Ky € NijF' Vi €l Vie I}’ @
Jir —group number in the hierarchy; njj-—number of the section connected to this group with its end; «ij;r —number of

groups in the given hierarchy; Nij-—set of numbers included in this group of sections of the river; lir —set of group
numbers included in this hierarchy.

ir
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Each section of the graph is defined as follows [5,6]
Q, = {[m, Kogs KoMy b VK € Ko, VK e K, Ve M } ©)

m - plot number; kms, kmz 1 m, - respectively, the number of water intakes, tributaries and plots at the end; Kms, Kmz u
m, - set of numbers of water intakes, tributaries and numbers of sections located at the end, respectively. Each section of
the channel has its own morphological and hydraulic characteristics, which, for example, for trapezoidal prismatic
sections, will be written as follows, m —plot number, bom —bottom width, my, - slope factor, nin-roughness factor, in -site
bottom slope, I -section length, #m -channel section efficiency.

In the case of a non-prismatic section of the channel, the characteristics are given as follows [7,8]

Q ={m h,, By, Q. 1] Viel,, vmeM|, 5)

where m — is plot number, hin - depth, Bin - width on top of plot in vertical section i, Qin - water consumption
corresponding to this mode, i.e. consumption characteristics of the canal sections.

Thus, the structure of the main canal is determined by the knowledge of sets (1) - (5) and they fully characterize
its topology and hydraulic characteristics [9]

Q, =0,UQ,.UQ,. (6)

On the basis of the linear scheme of the main canal, hierarchies, groups are determined and all sections, branches,
tributaries of the canal are numbered. After that, the sets @, Qr, Qu are compiled in the form of a table with the
corresponding fields, these tables are filled in accordance with the accepted numbering of sections, branches, tributaries,
groups and hierarchies. This representation of the structure of the main canal is very convenient for developing a database
and solving problems of managing the water resources of the main canal.

Let us consider the record in the given terms of the database of balance relations in the channel sections from
the condition of the presence of steady modes in the channel sections.
The water flow at the beginning of the m — section of the canal is determined as follows [10,11]

K
Qn + 2 Qpy = 2 Quuy
e —
QY = J€dn Il . VmeM, @)
U
rae Q% , Q7 - water flow at the beginning and end, Qgsmj, Qsmj -Water consumption of water intakes and tributaries, #m

- is the efficiency of the m - section of the channel.
In the groups jir in i - hierarchy of the structure of the main channel, the balance ratios are written as [12]

QK = Z Q;:r’ vnijFEIiF’ (8)

Ny

mB ! mB! mi7?

KiJFENijF

K i ) . . H
Qn - water flow at the end of the section njj--section connected to this group by its end, QK”T water flow at the end
iir

of section kijr - the section of the canal of group jir.
For end sections in groups, water flow rates are set at the end of these sections [13,14]

K
ka :ka, vm, eM,, 9)
K L . .
where Qm - water flow rates at the end of the end sections in the groups of the my -section connected to this group by
k

its end, Qm - given water flow in the end sections of the main canal, M, € M - set of numbers of end sections of
k

the main canal.

Using expressions (7) - (9) with known values of water flow rates at the outlets of water intakes and inflows, as
well as at the ends of the final sections of the main canal, starting from the last hierarchy of the canal structure, it is
possible to calculate the required water flow rates at the beginning of all sections of the main canal. The resulting water
flow rates provide the specified flow rates at the water intakes and end sections of the canals, taking into account the
known water flow rates at the inflows at given efficiency values of k.p.d. channel sections.

In the problem of determining water needs in the annual planning of water distribution for the growing season,
crop irrigation regimes i are used, in which for each hydromodule region k in each irrigation j, irrigation norms Wiz,
irrigation dates, i.e., start tijz, end tijx and duration of watering Tig= tijx - tiix. Irrigation rate Wixo for the growing season
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N

is determined as the sum of irrigation rates, i.e. W, , = ZWikJH . For planning water resources for each crop, ten-day
j=1

hydro- and irrigation modules are calculated. The ten-day hydromodule is the required specific water consumption (l/s/ha)

supplied evenly for a given decade of the growing season. A ten-day irrigation module is the required specific area

(ha/irrigation) irrigated in a given decade of the growing season.

1. SIGNIFICANCE OF THE SYSTEM

The article studies the problem of optimum water resources management of large main canals with cascades of
pumping stations. The study of methodology is explained in section 11, section 1V covers the experimental results of the
study, and section V discusses the future study and conclusion.

I1l. METHODOLOGY

The algorithm for calculating the ten-day hydro - and irrigation module for crop irrigation regimes for the
growing season, which is necessary for implementation in the water management database, has the following form:

1. Irrigation regimes for agricultural crops are selected in accordance with the hydromodule area of the region
under consideration.

2. For a given hydromodule region of the region, the irrigation regime of the selected crop, starting from the
first decade of the growing season, the start and end dates of the decade are compared with the start date of crop irrigation,
there may be the following cases:

a. the initial date of irrigation of agricultural crops is outside the decade, in this case, for this decade, the ten-
day hydro - gikinz and irrigation modules sz are equal to zero, i.e. [15,16]

Qikjnz=0, (10)
sik,-ng:O, (11)
where (iknz is ten-day hydromodule (I/s/ha), Sijnz is irrigation module (ha/irrigation), i — is crop, k -is

hydromodule area, j — is irrigation number, n — is current decade number.
b. if the start date of irrigation of agricultural crops is between the start and end dates of the decade, then
for this decade the ten-day hydromodule gijn; and irrigation sijnz modules are determined by the following dependencies

[17,18]
Wiggnz (Tig —Yijer —1)
Uiy = , (12)
N 86,4T,,
(Tt D)
Siking = % (13)
ikj

tnm 1S the start date of the decade, n — is the number of the current decade,
c. if the start and end dates of the decade are between the start and end dates of irrigation of crops, then for
this decade the qijny hydromodule and Signy irrigation modules are defined as [19,20]

W,

ikin
L =— 14
qlkJnZZ 8614Tikj ( )
T,
Sut = T_m’ (15)
ikj

where Ty is the number of days in a given decade.

d. if the end date of irrigation of agricultural crops is between the start and end dates of the decade, then for
this decade the ten-day hydromodule is determined as follows [21]

iy = Wikjng (tiij _tnK)
it 86,4T,,

(16)
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(tyor —tuc)
Siking = e, (17)
Tikj
where tox— is the start date of the decade, n is the number of the current decade.
3. Ten-day hydromodule of agricultural crops is determined by summing ten-day irrigation hydromodules
Nik
Qiknr = Zqikjnzz ‘ (18)
n=1
Nik
Sikng = Zsikjrﬂ . (19)
n=1

In (10) - (19) ten-day hydromodules gijnz has the dimension (l/s/ha), ten-day irrigation modules Sinz -
(ha/irrigation), irrigation duration Tiq; and date differences, for example tijz — tax (days).

IV. EXPERIMENTAL RESULTS

Ten-day hydro - and irrigation modules of crops calculated according to the algorithm (10) - (19) are the basis
for calculating the water demand of crops for the growing season, depending on the sown areas of the respective crops.

Next, consider the sequence of calculating the needs of the water resources of the main canal consisting of me
M sections, in each section of the canal there are branches j € Jn, and each branch j irrigates the areas wjmik where j &€ Jn
are the numbers of branches in the m- section, Jn are the sets of numbers of branches in the m-section;

—m € M —numbers of sections of the main canal, M — is the set of numbers of sections of the main canal,

—i e Imj—types of agricultural crops sown on suspended lands of the j - branch in the section of the canal with
the number m; Iy - a set of types of agricultural crops suspended by the lands of the j - allotment in the section of the
canal with the number m

—k € Kk - types of hydro-modular areas suspended from the lands of the j — branch on the canal section with
number m, Kmj - set of types

—hydromodule areas suspended from the lands of the j —branch in the section of the canal with the number .

Thus, wmiik is the structure of the sown areas of the entire main canal, then for each branch, taking into account
the modes of irrigation of crops, the need for water resources is determined as follows [22]

Jui iyt Prmiik
QOmjn = Z Z : - ! (20)
il keKp;i exmj
17 17
Qmjn = QOmjn + qﬂﬂmjn J (21)

where ik — ten-day hydromodules of the i —crop of the k ~hydromodule region for the n — decade; Q”omjn is
the required flow for irrigation of water, zmmjn — is the required flow of non-agricultural consumers, Q”mjn is the total
required water flow of the j— outlet of the m —section of the main canal for the n —decade; 74qm is the efficiency factor
of the on-farm canals of the j — outlet of the m — section of the main canal..

Irrigated areas by consumers are determined as

Sn1171n = Z zsikrﬂa)mjik (22)
i€l keKpyi

where S7j, — irrigated areas of the j —outlet of the m —section of the main canal for the n —decade of the growing
$eason; Sikny - ten-day irrigation modules of the i —crop of the k —hydromodule region for the n — decade.

Similarly, according to formula (20), the required water flow rates at the end outlets of the main canal are
determined.

The required costs and irrigated areas suspended by the m —plot in the n — decade of the growing season on the
plots are determined as follows

Qm = >.Qu. (23)

jedy
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Son=.Smin (24)
i€dn
where Jm; —are the sets of branch numbers of the m — section of the main canal.
According to expressions (20) - (21), the needs of the canal sections in water resources for the n - decade
of the growing season are determined.
The sequence (algorithm) for calculating water flow rates for sections of the main canal is as follows:
1. In accordance with (9) and (20), the required water flow rates are calculated for the n - decade at the
end of the final sections of the main canal

Q;;’ingnk, vm,eM,, VneN,, (25)

2. Then, starting from the last hierarchy by hierarchy groups in the sections, the required water discharges
for the n- decade at the beginning of the sections of the main canal are calculated as follows [23]

1K b4 b
IH __ an + Qan _Qﬂmn

Qun = " , Vmel,, VneN,, (26)
m
ann = Z(Q(Z?ij—i_ qﬂHmjn): QC]);Bm_i_qLIHmn’ vm € IiF’ Vn € N ! (27)
jedn
ngn = ZQIIYYm/‘n’ Vm € IiF’ vn € NB’ (28)
jed !
Qgan = ZQg}?mjn’ vm € IiF' vn € NB’ (29)
jedn
qﬂHmn = .ZJ:BqﬂHmjn’ Vm € Ii]"’ vn < N ' (30)
JE m

where Q™ , Q. - water flow at the beginning and end of the site, Q”zmn, Q"rmn - total water consumption
of required water intakes and forecast inflows, Q”opm, Qummn - total water discharges of required water intakes for

T B . . i . .
irrigation and other consumers, J,, - set of numbers of water intakes on the site, J, - set numbers of tributaries in the

section, IiF - set of section numbers in the group under consideration, nm - efficiency of the m — section of the canal,
Nz - numbers of the decade of the growing season.

3. In the groups jir in the i hierarchy of the structure of the main channel, the balance ratios are written
as [24]
1IK 11H
Qnijrn = Z QKijr”’ Vnijf < IiF’ Vne NB’ (31)
KiJFENijr

K
where Qn is the water flow at the end of the n;;-section.
iir
4. Next, the calculation is repeated in steps 2 - 3 for the next hierarchy in the structure.
Thus, the planned modes of operation of sections of the main canal are calculated to meet the needs of all
consumers, which are characterized by the following set:

Qﬁn = {[m! Qr{']YnH' n1’17nK’QZI?7mn’ QIIYYmn’ Qgan'qZHmn’ SI’;Yn] Vm € M ! Vn < NB} (32)

. Here Q™ , Qn— are the water consumption at the beginning and end of the site, Q"zmn, Q"/yzmn— are the
total water discharges of water intakes and tributaries, Q”opmn, §”zimn— are the total water consumption for irrigation and
other consumers, S7mn — are the irrigated areas of agricultural crops suspended on the plot m for the decade n of the
vegetation period.

HIT
The head required (planned) water flow Qmen corresponding to the initial section of the canals of the machine

water lifting system for decades of the growing season is the required flow for all consumers of the canal. Here m, — is
the number of the initial section of the main channel.

Determining the need for water resources by consumers of the main canal in the non-vegetation period is similar
to that for the growing season. The only difference is that instead of irrigation regimes for crops, leaching rates of
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irrigation of saline lands by types of salinization, the irrigation rate of grain and other crops during the non-vegetation
period, and the rates of water-charging irrigation are used.

For the non-vegetation period, leaching regimes for saline areas are determined by salinity types i, in which
leaching rates, irrigation rates for grain crops and the rate of water-charging irrigations Wiz, irrigation periods, i.e. start
tije , end tigx and duration of irrigation Tij= tijx — tiix. The leaching rate, irrigation rate for cereals during the non-
vegetation period and the rate of water-charging irrigation Wigz are determined as the sum of leaching and irrigation

N;
rates, i.e.. W, = ZWiij )
j=1

Appendix 6 to Table Al.2 shows the flushing regimes for saline lands during the non-vegetation period. For
planning water resources for each type of saline lands, ten-day flushing hydro and irrigation modules are calculated. A
ten-day leaching hydromodule is the required specific water consumption (I/s/ha) supplied evenly for flushing saline
lands in a given decade of the non-vegetation period. A ten-day irrigation module is the required specific area
(ha/irrigation) irrigated in a given decade of the non-vegetation period. Ten-day hydro and irrigation modules for the
non-vegetation period are calculated according to the algorithm (10) - (19) using the data in Table Al1.2.

The algorithm for calculating the planned water supply regimes for sections of the main canal for the non-
vegetation period, to provide leaching irrigation of saline lands, irrigation of grain water-charging irrigation of all outlet
consumers is characterized by the following set [25]

gZI-M[BI7 = {[m’ QHH o QZI?Ymn’ QIIYann’ Qgan'qIHYHmn’ Sr;?n] vme M ’ Vne NHB } (33)

mn ? mn !

Here Q" , Q' — are the water discharge at the beginning and end of the canal section, Q"”gmn, Q"jzmn— are
the total water discharges of water intakes and tributaries, Q”osmn, q"”zmmn— are the total water discharges for irrigation
and other consumers, S”m, — are the irrigated areas of agricultural crops suspended on the plot m for a decade n outside
the growing season, Nxz—the numbers of the decade of the growing season.

The elements of the set (33) are calculated on the basis of saline lands leaching regimes, irrigation of crops
during the non-vegetation period, according to the structure of areas of saline lands, the structure of crops of grain and
other crops irrigated during the non-vegetation period.

With the calculation of all elements of the sets (32) - (33) according to the above algorithm, the problem of
determining the planned needs in the annual planning of irrigation of irrigated lands is solved

V. CONCLUSION AND FUTURE WORK

As a result of the research, the methodology for calculating the improved operating modes of the facilities of
the machine water lifting system for irrigation - the cascade of the Jizzakh pumping stations has been refined:

« analysis of water intake and water supply regimes of the Amu Zangsky pumping station cascade;

* parameters of pumping units and pressure pipelines were determined and specified;

* the methodology for calculating the modes of water intake and water supply of pumping stations based on the
theoretical-set approach has been refined;

« the methodology for calculating the steady-state operating modes of sections of the cascade channels has been
refined.

It should be noted that the developed method for calculating the operating modes of the objects of the machine
water lifting system for irrigation, using the example of the Jizzakh pumping station cascade, will improve the operating
modes of the system objects, reduce the consumption of water and energy resources during water lifting in the system
and increase the operational efficiency of the system objects by increasing the speed of obtaining, storage and processing
of necessary information.
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