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AHHOTAIUA

Ouuk CyB XaB3ajapuaard CyB OKUMU TUHAMUKACUHUHT ACTEPMUHIIN (IETEPMUHUPOBAHHBIC)
TypJU MOJAEIUTAPUHY UIIUTA0 YUKHII Ba YIIOY MOJAEIUIAPHU COHJIM SKCIIEPUMEHTIapHU amalra
OLIMPHIN YCYJJITAPUHU TAaKOMUJUIAIITHUPUII eTapiuya Ypranwiarad. J[ap€ Ba kaHasapnaa
Tabuuil €KUM aHTPONOreH OMMIUIAP TabCHPUIA CYB OKHMHHHMHI THAPABIMK MapaMeTpliapu
SXTUMOJUIMK KOHYHUSITJIapu Oyiimya y3rapanu. LIyHUHr ydyH THIpaBIUK >Kapa&HIIapHU
MOJICJUTAIITHPHUIIIA CTOXaCTHK MoJeiUiapjaaH  Qoijaranum camapa Oepamu  ae0
xucoOmaiiMmu3. Kanamnapnaru 6exapop CyB XapakaTHHH Hdoaaiamia CTOXaCTUK TH3UMIIAP
yeyJutapuaan GoiaaTaHuII Macaiajaapy eTapiuda ypraHuiMaras.

KamT cy3aap: mMareMaTHK MOJeN, CTOXaCTHK MOJEIIap, MarucTpan KaHal, Oekapop CyB
XapakaTH, OKUMM TE3JIMIH, T'MJIPABIUK Xapa€Hiap, cyB capdu, CyB caTXu, TaOuuil &xku
AHTPOIIOTE€H OMIIIIAP, TUAPABIMK apaMeTpIap.

Introduction

AHHOTALUA

PazpaboTka pa3nuuHBIX JI€TEPMUHUPOBAHHBIX (determinirovannie) Mojeneld TUHAMHUKHU
BOJHOTO MOTOKAa B OTKPBITBIX BOJIOEMax K COBEPILICHCTBOBAaHUE METOJIOB IPOBEICHUS
YHUCJICHHBIX SKCIIEPUMEHTOB C 3TUMH MOJEISIMHU IOCTATOYHO U3yUYeHbI. B pekax u kaHanax mnop
BO3/ICHICTBHEM MPUPOJIHBIX WM AHTPONOTEHHBIX (PAKTOPOB TUIPABINYECKUE MapaMeTphl
BOJHOTO TIOTOKA U3MEHSIOTCS 110 3aKOHOMEPHOCTSIM BEpOSTHOCTH. [103TOMY MBI cunTaem, 4To
UCIIOJIb30BaHUE CTOXACTHUECKUX MoJIeel 3P PEeKTUBHO MPU MOAECTUPOBAHUY THIPABIHUECKUX
nporeccoB. HemoctatouyHo M3ydeHBl BOMPOCHI HCIOJIB30BAHMS METOJOB CTOXACTHYECKUX
CHCTEM TIPH ONMCAHUH HEYCTAHOBUBIIIETOCS JBUKEHUS BOJIBI B KaHAIAX.

KuloueBble cioBa: mareMarudeckass MOJENb, CTOXAaCTUYECKHE MOJETH, MarucTpalbHbII
KaHaJl, HEYCTaHOBMBILIEECS JIBUKEHUE BOJbI, CKOPOCTh MOTOKA, THAPABINYECKHUE MPOLIECCHI,
pacxoJi BOJbl, YPOBEHb BOJIbI, IIPUPOAHBIE MM aHTPOIIOTE€HHBIE (DAKTOPHI, THAPABINYECKHUE
napameTphl.
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Abstract

The development of various deterministic models of water flow dynamics in open water bodies
and the improvement of methods for conducting numerical experiments on these models have
been sufficiently studied. In rivers and canals, under the influence of natural or anthropogenic
factors, the hydraulic parameters of the water flow change according to probability laws.
Therefore, we believe that the use of stochastic models in modeling hydraulic processes is
effective. Issues regarding the use of stochastic systems in describing unsteady water movement
in canals have not been sufficiently studied.

Keywords: Mathematical model, stochastic models, main canal, unsteady water flow, flow
velocity, hydraulic processes, water discharge, water level, natural or anthropogenic factors,
hydraulic parameters.

Introduction

These technical parameters indicate that the Tashkent Main Canal is a large and complex
hydraulic system. The canal is 61.1 km long, covering a wide area and having the capacity to
convey a large volume of water. The design discharge of the canal is 87 m*/s, indicating its high
conveyance capacity. However, the variation in the actual discharge from 7.5 m?/s to 86 m?/s
indicates that the hydraulic regime of the canal is non-uniform. This condition may result in
additional loads on the canal structures and accelerate their deterioration.

The main technical parameters of the Tashkent Main Canal are presented in the following table.

Table 1. Main Technical Parameters of the Tashkent Main Canal

Ne Parameter Value

1 Total canal length 61,1 km

2 Total length of the canal network 105 km

3 Canal bottom width 810 m

4 Canal depth 4,75-5,0 m
5 Longitudinal canal slope 1,5 %o

6 Design discharge 87 m’/s

7 Actual discharge 7,5 — 86 m®/s
8 Irrigated area ~68 000 ha
9 Canal service life 85 years
10 Amount of sediment ~0.3 %

Materials and Methods

The canal bottom width is 8—10 m and its depth is 4.75-5.0 m, indicating that the canal is
designed to convey a large volume of water. In canals of this size, the accumulation of sediment
(silt deposits) is more pronounced.

One of the main problems of the canal is the amount of sediment (approximately 0.3%). This
leads to sediment accumulation along the canal bottom, a reduction in its water conveyance
capacity, and an increase in operation and maintenance costs.
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In addition, as a result of long-term operation of the canal, cracks and deformations have
developed in the concrete lining. This increases seepage losses and reduces the canal's
efficiency coefficient. These conditions indicate the need to develop scientifically based
measures to improve the technical condition of the Tashkent Main Canal, increase its efficiency,
and ensure reliable operation.

Results and Discussion

The Tashkent Main Canal is a complex hydraulic system along its length, and its effective
operation largely depends on the technical condition and hydraulic characteristics of individual
sections. For a comprehensive and in-depth analysis of the canal, it is conditionally divided into
separate sections. In this study, based on the canal scheme, only Sections 1-5 representing the
main canal were considered, while Sections 6 and 7 were excluded from the analysis because
they are inter-branch sections.

The division of the canal into sections is carried out based on the following main factors:

« Changes in the hydraulic regime;

e Location of hydraulic structures;

« Differences in the geometric parameters of the canal;

e Degree of sediment accumulation;

e Operating conditions.

Section 1, which represents the initial part of the canal, covers the area from PK0+00 to
PK41+76 downstream of the head structure. Since the water flow in this section is directly
regulated through the head structure, the hydraulic regime is relatively stable and controllable.
In this section, the right bank is reinforced with concrete lining from PK0+00 to PK15+50,
while the left bank is reinforced from PK0+00 to PK8+90.

The discharge in this section has relatively high values, and the flow velocity is also higher than
that observed in other sections. According to the scheme data, the flow velocity in this area may
be approximately v = 1.0-1.2 m/s, while the discharge may range from Q =~ 80—-87 m?/s.

Section 1 — Canal Characteristics and Concrete Lining Locations
PKO+00 — PK41+76

Bridge

Hydraulic regime

Section 1, which represents the initial part of the ‘
canal, covers the area from PKO+00 to PK41+76
downstream of the head structure. Since the water

RB: PK0+00 — PK15+50 flow in this section is directly regulated through

’_i Concrete lining (right bank) ] the head structure, the hydraulic regime is relatively
stable and controllable.

Concrete lining locations

* Left bank: PKO+00 - PK8+90
e Right bank: PKO+00 — PK15+50

Tajkhant (méin) canal

PK 0+00
7

H=430m LB: PKO+00 - PK8+90
Concrete lining (left bank) |

PK 17+50

PK 19+67 Flow parameters (approximate)

e Flow velocity: v=1.0-1.2m/s ‘
e Discharge: Q= 80-87 m3/s

Main characteristics ‘

The discharge in this section has relatively high
Aqugduct values, and the flow velocity is also higher than
that observed in other sections. The hydraulic regime

PK41+76

is stable and controllable due to the direct regulation
of the head structure. ‘
Summary
- e High flow and discharge
w- v=10-12m/s

the head structure ensures a Right bank: PK0+00 - PK15+50.
stable and controllable flow.

o Stable hydraulic regime e Concrete lining
Direct regulation through Left bank: PKO+00 — PK8+90
Q =~ 80 -87 m3/s

Figure 1. Tashkent Main Canal. Linear Scheme of Section 1
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The main characteristics of the section are as follows: high discharge, relatively high flow
velocity, a relatively stable hydraulic regime, and a dense distribution of hydraulic structures.
Under the influence of high flow velocity and hydraulic pressure, erosion processes may occur
in the canal bed and side slopes. In particular, when defects are present in the concrete lining,
their rapid expansion may be observed. This negatively affects the long-term operation of the
canal.

Section 2 covers the area from PK41+76 to PK200+00. As the canal flow moves farther away
from the head structure, it gradually becomes more stable; however, the influence of external
factors on the hydraulic regime increases in this area. In particular, the flow parameters are
affected to some extent by water intake structures and distribution systems. In this section,
concrete lining has been provided at the following locations: on the left bank from PK54+89 to
PK71+85; on the right bank from PK54+89 to PK126+00; on the left bank from PK96+11 to
PK97+21; on the right bank from PK120+00 to PK125+50; on the right bank from PK139+83
to PK177+20; and on the right bank from PK167+00 to PK168+80.

In this section, the discharge partially decreases, and the flow velocity also tends to decrease.
According to the scheme data, the flow velocity in this area may be approximately v = 0.7-0.9
m/s, while the discharge may range from Q = 60-75 m?/s.

The main characteristics of the section are as follows: a gradual decrease in discharge, a
reduction in flow velocity, and an increased likelihood of sediment accumulation. As the flow
velocity decreases, sediment particles suspended in the water begin to settle on the canal bed.
As a result, the cross-sectional area of the canal becomes narrower and its water conveyance
capacity decreases. If this process continues for a long period, it may lead to a significant
reduction in the efficiency of the canal.

Section 2 - Canal Characteristics and Concrete Lining Locations

PK41+76 - PK200+00
Left bank (LB) PK41+76 Right bank (RB)

Hydraulic regime

[j: PK54+89 — PK71+85]—«|_. :
Concrete lining (left bank) L [ RB: PK54+89 - PK126+00 ]

P
= | Concrete lining (right bank)

| Section 2 covers the area from PK41+76
| to PK200+00. As the canal flow moves

| farther away from the head structure,

‘ it gradually becomes more stable;
\

however, the influence of external factors
on the hydraulic regime increases in this area.

In particular, the flow parameters are affected

l
LB: PK96+11 - PK97+21 :'}; - t ek bowaterint kerctriict
Concrete lining (left bank) :IL [ RB: PK120+00 - PK125+50] ‘ 0 some extent by water intake structures
|

L Concrats lining (righebank) and distribution systems.
\

£ Left bank:  PK54+89 - PK71+85

JFlow O Right bank: PK54+89 - PK126+00 ‘
direction== : ‘
S Concrete lining (right bank) * Leftbank:  PK96+11-PK97+21

|

Concrete lining locations

Right bank: PK120+00 - PK125+50
¢ Right bank: PK139+83 - PK177+20

i Right bank: PK167+00 — PK168+80
A j,___{ RB: PK167+00 - PK168+80_]
I Concrete lining (right bank) Flow parameters (approximate)
- * Flow velocity: v=0.7-0.9 m/s
¢ Discharge: Q=~60-75md/s

PK200+00

Summary

Section 2 (PK41+76 - PK200+00) is characterized by a more stable hydraulic regime compared to the head
section, but the influence of external factors increases. Concrete lining is provided at the specified locations,
and the flow parameters in this section are approximately v = 0.7-0.9 m/s and Q = 60-75 m3/s.

§id

Figure 2. Tashkent Main Canal. Linear Scheme of Section 2
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Section 3 covers the area from PK200+00 to PK340+00. Section 3 represents the middle part
of the canal, where the natural transformation of the flow is clearly manifested. In this section,
the operating regime of the canal becomes more complex under the influence of hydraulic
structures, water intake points, and changes in flow conditions.

In this section, concrete lining has been provided at the following locations: on both the left and
right banks from PK268+70 to PK270+20; on the left bank from PK283+50 to PK284+00; on
the right bank from PK283+00 to PK289+00; on the right bank from PK312+90 to PK320+00;
and on the left bank from PK315+00 to PK320+00.

In this section, the discharge and flow velocity are variable to some extent. According to the
scheme data, the flow velocity is approximately v = 0.5-0.8 m/s, while the discharge ranges
from Q = 50-70 m3/s. Such conditions create a favorable environment for sediment
accumulation.

The main characteristics of the section are as follows: variability of discharge, regulation of
flow through hydraulic structures, and intensified accumulation of sediment. In this area,
sediment layers gradually form along the canal bed. If cleaning works are not carried out in a
timely manner, the increasing thickness of the sediment layer reduces the canal cross-section
and leads to a decrease in its water conveyance capacity. As a result, the overall operational
efficiency of the canal deteriorates.

Section 3 - Canal Characteristics and Concrete Lining Locations

PK200+00 - PK340+00

Hydraulic regime

Section 3 covers the area from PK200+00 to

Left bank (LB) PEEOGR00 Right bank (RB)
PK340+00. This section represents the middle
part of the canal, where the natural transformation

[ LB: PK315+00 - PK320+00 ~— of the flow is clearly manifested. In this section,
Concrete lining (left bank) - RB: PK312+90 - PK320+00 the operating regime of the canal becomes more
Concrete lining (right bank) complex under the influence of hydraulic structures,

water intake points, and changes in flow conditions.

Concrete lining locations
 Bothbanks:  PK268+70 — PK270+20
¢ Left bank: PK283+50 — PK284+00

‘—‘[ 28 PKZ?“OO P:zig"i(j * Rightbank:  PK283+00 - PK289+00
oncrete lining (right bank) « Rightbank:  PK312+90 ~ PK320+00
o Left bank: PK315+00 — PK320+00

[ LB: PK283+50 - PK284+00 \—.
Concrete lining (left bank)

Flow parameters (approximate)
RB: PK268+70 - PK270+20 e Flow velocity: v = 0.5-0.8 m/s
Concrete lining (right bank) e Discharge: Q=50-70 m¥/s

Sedimentation

[ LB: PK268+70 - PK270+20 |
L Concrete lining (left bank)

for sediment accumulation. Sediment layers gradually
form along the canal bed. If cleaning works are not
PK340+00 carried out in a timely manner, the increasing thickness
of the sediment layer reduces the canal cross-section
and leads to a decrease in its water conveyance capacity,

|
| These conditions create a favorable environment
|

Main characteristics of the section resulting in a deterioration of the overall operational
efficiency of the canal.
_—— 0 Variability of discharge e Regulation through structures Intensified sediment accumulation
a- The discharge and flow velocity The flow is regulated by hydraulic Sediment layers gradually form along
are variable to some extent. structures and water intake points. the canal bed, reducing the cross-section

and water conveyance capacity.

Figure 3. Tashkent Main Canal. Linear Scheme of Section 3

Section 4 covers the area from PK340+00 to PK483+85. It is located in the area close to the
lower part of the canal, where a significant reduction in flow velocity is observed. The hydraulic
regime in this section is non-uniform, with flow velocity and discharge values developing at
relatively low levels.
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In this section, concrete lining has been provided at the following locations: on the left bank
from PK347+00 to PK395+00; on the right bank from PK347+00 to PK401+10; on the right
bank from PK410+00 to PK425+00; on the right bank from PK444+90 to PK472+55; and on
both the left and right banks from PK483+78 to PK483+85.

According to the scheme data, the flow velocity in this area may be approximately v = 0.3-0.6
m/s, while the discharge may range from Q = 40—-60 m?/s. Such conditions create a favorable
environment for sediment accumulation.

The main characteristics of the section are as follows: a sharp decrease in flow velocity, an
increase in the degree of sediment accumulation, and the potential occurrence of deformations
in the concrete lining. In this section, if regular cleaning works are not carried out, large volumes
of sediment layers may form along the canal bed. As a result, the canal cross-section becomes
considerably narrower, and its water conveyance capacity decreases sharply. This negatively af

Section 4 - Canal Characteristics and Concrete Lining Locations

PK340+00 - PK483+85
Left bank (LB) PK340+00 Right bank (RB)

Hydraulic regime

Section 4 covers the area from PK340+00 to

PK483+85. It is located near the lower part of the canal,
where a significant reduction in flow velocity is observed.

v RB: PK347+00 - PK401+10 The hydraulic regime is non-uniform, with relatively low

Concrete lining (right bank) ) flow velocity and discharge values.

LB: PK347+00 - PK395+00 [
Concrete lining (left bank) <

Concrete lining locations

o Left bank: PK347+00 - PK395+00
e Right bank:  PK347+00 - PK401+10
e Right bank:  PK410+00 - PK425+00
* Right bank:  PK444+90 - PK472+55
* Both banks:  PK483+78 - PK483+85

RB: PK410+00 - PK425+00
Concrete lining (right bank)

Flow parameters (approximate)

f RB: PK444+90 - PK472+55 .
% Concrete lining (right bank) * Flow velocity: v=0.3-0.6 m/s
S * Discharge: Q ~40-60 m*/s

|

Main characteristics

—

- ﬁ Sharp decrease in flow velocity, increased sediment

%: LB & RB: PK483+78 - PK483+85 accumulation, and potential deformations in the concrete
— : lining. If regular cleaning works are not carried out,

LB: PK483+78 - PK483+85
Concrete lining (both banks)

Concrete lining (both banks)

large sediment layers may form along the canal bed,

PK483+85 . which narrows the cross-section and significantly
reduces the water conveyance capacity. ‘
Summary
-_—— Low flow velocity e Sediment accumulation e Risk of lining deformation
w Possible deformations of the concrete lining.

A significant decrease in flow velocity fawrableooncitions(Glsedimerit
in the lower part of the canal deposition due to low velocities
and discharge.

Without regular cleaning, the canal cross-section
narrows, and the water conveyance capacity
decreasessharply.

Figure 4. Tashkent Main Canal. Linear Scheme of Section 4

Section 5 covers the area from PK483+85 to PK611+14. It represents the final main section of
the canal, where the flow energy decreases considerably. The discharge and flow velocity are
maintained at relatively low values, and the hydraulic regime becomes less dynamic.

In this section, concrete lining has been provided at the following locations: on both the left and
right banks from PK487+00 to PK488+50; on the right bank from PK516+00 to PK593+20; on
the left bank from PK516+00 to PK522+00; on the left bank from PK542+50 to PK593+20;
and on both the left and right banks from PK606+20 to PK611+14.

According to the scheme data, the flow velocity in this section may be approximately v = 0.2—
0.4 m/s, while the discharge may range from Q = 30-50 m?s. Under such conditions,
sedimentation processes are most pronounced.
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The main characteristics of the section are as follows: the discharge approaches its minimum

values, the flow velocity is low, and sediment accumulation is observed to the greatest extent.
As a result, the thickness of the sediment layer along the canal bed increases, leading to a
reduction in the canal cross-section and a decrease in its water conveyance capacity. These
processes have a significant adverse effect on the efficiency of the canal. Therefore, regular
mechanical cleaning, monitoring of sediment layer thickness, and implementation of preventive

measures are considered necessary in this section.
Section 5 - Canal Characteristics and Concrete Lining Locations

PK483+85 - PK611+14
Left bank (LB) PK483+85 Right bank (RB)

LB & RB: PK487+00 - PK488+50 '
Concrete lining (both banks)

LB: PK516+00 - PK522+00

Concrete lining (left bank)

LB: PK542+50 - PK593+20

Concrete lining (left bank)

Hydraulic regime

Section 5 covers the area from PK483+85 to PK611+14.
It represents the final main section of the canal, where the
flow energy decreases considerably. The discharge and
flow velocity are maintained at relatively low values,

and the hydraulic regime becomes less dynamic.

'_{ 3 I G el ey ] Concrete lining locations

Sonecets iningdpalikbink) o Bothbanks:  PKAB7+00 - PK488+50
Rightbank:  PK516+00 — PK593+20
Leftbank:  PK516+00 — PK522+00
Leftbank:  PK542+50 — PK593+20
Both banks:  PK606+20 ~ PK611+14

Flow parameters (approximate)

e Flow velocity: v =0.2-04m/s
e Discharge: Q=30-50m¥s

Main characteristics

The discharge approaches its minimum values, the flow
velocity is low, and sediment accumulation is observed ‘
to the greatest extent. As a result, the thickness of the

LB & RB: PK606+20 - PK61‘|+14} sediment layer along the canal bed increases, leading to
. areduction in the canal cross-section and a decrease in its
Concrete I|n|ng (both banks) water conveyance capacity. These processes have a
significant adverse effect on the efficiency of the canal.

PK611+14 Therefore, regular mechanical cleaning, monitoring of
sediment layer thickness, and implementation of preventive

measures are considered necessary in this section.

its minimum values in this section. pronounced, forming thick layers
along the canal bed.

Summary e QR
-_— o Low flow velocity o Sediment accumulation e Risk of reduced capacity
-l The flow velocity decreases to Sedimentation processes are most The canal cross-section narrows,
, water conveyance capacity decreases,

and regular cleaning and monitoring
are necessary.

Figure 5. Tashkent Main Canal. Linear Scheme of Section 5

As a result of the analysis, it was determined that the hydraulic regime and operational
conditions vary across different sections of the Tashkent Main Canal. The flow velocity is high
in the initial section of the canal and gradually decreases toward the downstream sections. The
decrease in flow velocity leads to increased sediment accumulation, particularly in Sections 3—
5. This, in turn, results in a reduction in the canal cross-sectional area and a decrease in its water
conveyance capacity. Therefore, studying the canal by individual sections makes it possible to
accurately assess its technical condition, identify problem areas, and develop eftective
engineering measures to improve the canal's operational performance.
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