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Abstract. An analysis of the experience of dredger operation in various
industries allows us to identify the following main problems that need to be addressed
to improve their efficiency: improvement of papillonation schemes and structural
enhancement of the main equipment from a hydraulic perspective. The current soil
intake devices, suction lines, and soil pumps do not always fully meet the specific
requirements of soil development conditions. The objectives of the present research
were to propose ways to enhance the performance of systems for automatic control of
dredger work movements and automatic regulation of the soil intake process. These
proposals aim to create a parabolic cross-sectional shape of the canal during
development, ensure the highest productivity and lowest energy consumption, as well
as low work costs, using modern control devices. The effect of the proposed technology
for canal development using dredgers with automated papillonation consists of the
following: providing the developed canals with a stable cross-sectional shape;
automating the papillonation of the dredger and optimizing the operation of the soil
pump, Implementing shift-based production accounting, using soil meters in the
automated system. Giving the developed canal a cross-sectional shape that is stable in
both hydraulic and static aspects has allowed for the following benefits: increased
sediment transport capacity of the flow, while simultaneously reducing the cross-
sectional area, growth of vegetation, water level fluctuations, water losses, and the
right-of-way strip, reduced the volume of cleaning work by up to 20%; increased the
period between cleanings by ensuring uniform flow movement; enhanced the
productivity of dredgers by concentrating sediment on the canal slopes without
changing the overall volume of cleaning.
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AnaaTna. Op mypri cananapoagvl  JHCepcopabl  CHApAOMAapulH  NAUOALAHy
madcipubecin manoday onapovbly MUuiMOLliciH apmmulpy al0blHOA MYPRaH Keleci Heli3el
npoonemManapovl aHblKmayea MyMKIHOIK Oepedi: nanuiioHoay cxemManiapvli Heeminoipy;
2UOPABIUKA MYPBICLIHAH Hez2i3el dHcabobiKmul KoHcmpykmuemi ocaxcapmy. Kazipei
VaKulmma KONOAHbICMAZbl  HCEPCOpbl  Jicelliepi, MONbIPpAK Ccopavliapbl pOaubim
MONbIPAKMmMbl U2epy wapmmapslHbly, HAKMbl MAlanmapblia moJvlK calikec Keie bepmetioi.
Ocvl 3epmmeynepoiy MinOemmepi apHauvl mazanay npoyecinoe KoloeHeH KUMAHbIH
napabonanvlk niwinin bepyee, ey JHcoeapvl OHIMOINIK NeH eH a3 dHepeust ColUbLMObLIbIZbIH,
COHOAU-aK 3amMaHayu 0aKwvliay KypanoapblH NAatodiaHa OMmulpuli, HCYMbICIbIY MOMEH
KYHbIH KAMMAMACb3 emyee MYMKIHOIK 0Oepemin dHcepcopebl  CHAPAOLIHBIY  HCYMbIC
KO32a/IbICIAPbIH A8MOMammyl 0ACKapy HCyuenepiniy JHeymvlc Kabiiemminicin apmmoipy
JHICoHe  MONbIPAK JHCUHAY NPOYeciH asmomammyvl pemmey YCblHblcmapvl 00710bi.
AemomammaHObipblIzan NANULIOHOAYbl Oap HCePcopeblul CHAPAOMAapMeH apHAaIapobl
a3ipneyoiy YCLIHbLIZAH MEXHONOSUACHIHbIY JCepl MbIHANAPOaH MYpaovl. MAa3alaHbin
HCAMKAH aAPHANAPEa MYPAKMbl KOJOeHeH KUMA NIWiHIH Oepy; Hcepcopebl CHAPAObIHbIH
NANULIOHAXCHIH — ABMOMAMMAHObIPY — JCIHEe  MONbIPAK — COPRLICLIHBIY — IHCYMbICHIH
OHMAUNAHObIPY; COPRLIHBIY — AYbICHIMObLIK  eceDiH  KONOAHY, A8MOMAammaHOblpbliaH
Jcyiie0e  monvipax — emweziwumepoi  nauvoanany. Tasanamein  dcamkan — apHaza
2UOPABTUKATIBIK HCIHE CIAMUKATLIK MYPbLOAH MYPAKMbl KOJIOEHeH KUMAa Niinin bepy:
KOJI0eHeH KUMAHbIH ayOaHblt, OCYIH, Cy OeHeeliHiy ayblMKYblH JHCIHE UlbI@bIHbIH, COHOAlL-
aK uenikmeH WbI2APY IHCONARLIH A3AUMA OMBbIPbIN, ALbIHHBIY KYMObl MACLIMALOAY
Kabinemin apmmulpyza, mazapmy sxcymvicmapvinviy kenemin 20% - 2a Oeilin azatmyza,
aebiHHbIY OIPKENKI KO38ANbICbIH KAMMAMACHI3 emy eceOiHeH ma3apmy Ke3eyin Ya2aumyed,
2HCEPCOPELL CHAPAOMAPBIHBIY OHIMOLIICIH apmmbipy2a MYMKIHOIK bepeoi.

Tyiiin ce3nep: cyapy xanandapwl, srcepcopevi cHapsiomapwi, bemkeiiiep, mazapmy,
Kauma sHcaneblpmy HCIHe HCOHOE).
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AHHOTAUUSA. AHanu3 onvima SKCNIYamayuu 3emMcHaApsa008 8 pa3iudHblX OMpAacysx
N0360JI51em 8bIAGUMb Cle0YIOujUe OCHOBHbIE NPOONeMbl, Coswue nepeod NOGbIULEHUEM UX
apekmusHocmu.  cosepuiencmeosanue cxem NANUTLOHUPOBAHUS, KOHCMPYKMUBHOE
VIyuuleHue OCHO8HO20 000py008anus ¢ Mouku sperus euopaeiuxu. Cywecmeyiowue 6
Hacmosuee 8pemsi 2pyHmo3abopHble YCmpoucmea, 6caculearouyue IUHUU, 2PYHMOHACOCHL He
6ce20a NOIHOCMbIO OMBEUAION KOHKPEMHbIM Mpebo8aHUAM YCI08ULL paA3pabOmKu cpyHma.
3aoauamu nacmosiwux ucciedosanull ObLIU NPeOoAHCEeHUSA NOBLLCUMb PADOMOCNOCOOHOCHb
cucmem a8MOMAmMU4ecko20 YNpasieHus paboyuMu nepemMeweHusIMU 3eMCHapsaoa U
A8MOMAMUYECKO20 pe2yIupo8aHusi npoyecca epyHmozabopa, no3eonsawue 8 npoyecce
Paspabomku Kanaia npuoams napadoIULecKyio opmy nonepeuHoco ceveHus, obecneyums
HAUBbICULYI0 NPOU3BOOUMENLHOCMb U HAUMEHbULYIO IHEP2OEMKOCb, d MAKiCe HU3KYIO
cebecmoumocms pabom, UCHONL3YSL COBPeMeHHble Npubopvl KOHmpoas. Ippexm om
NPEONONCEHHOU — MEXHONOo2UU — pa3paboOmKU  KAHAN08 3eMAECOCHbIMU  CHAPSAOAMU  C
A8MOMAMU3UPOBAHHBIM ~NANUTLOHUPOBAHUEM CNA2Aemcs. U3 Cledylouje2o. npuoanue
PazpabamuvléaemMbiM KAHALAM YCIMOUYUBOU POPMbL NONEPEUHO20 CeYeHUsl, A8MOMAamu3ayul
NAnUIbOHANCA 3eMCHAPA0A U ONMUMUZAYUU PAOOMbl SPYHMOB020 HACOCA; NpUMEHeHUe
NOCMEHHO20 YyYyema 6blpaboOmKU; UCNONb306AHUE 6 ABMOMAMUZUPOBAHHOU CUCHeMe
epynmomepos. Ilpudanue paspabamuieaemomy KaHaxy YCMOUYUBOU 6 2UOPABIUYECKOM U
cmamuyeckoM OMHOWEHUU DOpMbl  NONEPEeuyHO20 CedeHUsi NO360MUN0:; NOBbICUMDb
HAHOCOCMPAHCROPMUPYIOWYIO CHOCOOHOCMb NOMOKA, NpU OOHOBPEMEHHOM CHUMNCEHUU
NI0WaAoU NONEPEUHO20 CeYetUsl, 3apacmanis, KoneOanus ypoeHs u nNomepsb 600bl, a MAKHce
NOJIOCbl OMYYHCOCHUSA, YMEHbUUUMb 00bem ouucmuvlx pabom 0o 20%, 3a cuem obecneyenus
PABHOMEPHO20  O8UICEHUS NOMOKA YEeTUHUUMb MEHCOYUCMHOU Nepuod; NOBbICUMb
npoU3600UMENbHOCHb 3eMCHAPAO008 3d Ciem COCPe0OmMOo4eHUs HAHOCO8 HA OMKOCAX KAHALA
npu HeUSMEeHHOCMU 00uje20 00bema OYUCMKU.

KiroueBbie c10Ba: opocumenvHble KaHAbL, 3eMAECOCHble CHAPSAObl, OMKOCH,
OUUCIKA, PEKOHCPYKYUS U PEMOHMI.
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1 INTRODUCTION

The basis of rational technology and work organization is the comprehensive mechanization of all
tasks with the best technical and economic indicators. In this case, all labor-intensive main and auxiliary
operations of the technological process must be performed by a machine or a complex of machines. The
use of machines in the construction or reconstruction of canals should ensure the highest labor
productivity under specific conditions, at the lowest cost and shortest duration of work (Novruzova,
2023).

It should be noted that in the comprehensive mechanization of tasks, the productivity of the entire
complex is determined by the productivity of the leading machine (Kadirova, 2023). Other machines
involved in performing auxiliary operations and included in the complex should be interrelated by main
parameters in such a way as to ensure the uninterrupted operation of the entire complex. The complex
should include the minimum number of machines for the given specific working conditions (Wen et al.,
2014). The use of machines in construction should be determined by the actual operational productivity
and duration of working time (Usmonov et al., 2023). The working time of machines should include the
duration of performing technological process operations, moving under their own power along the work
front within one construction site or from one site to another, technological breaks in the work of
machines, preparation of machines for work at the beginning of the shift and handing them over at the
end of the shift, technical maintenance of machines during the shift, and the regulated rest period for the
operator during the shift (Novruzova, 2022).

To quantitatively equip the machines needed to carry out the construction or reconstruction of
irrigation canals, it is necessary to determine the required number of machine-hours that allow completing
the work on the site (Rakhmanin et al., 2020). Then, all work operations should be divided into groups,
considering the possibility of performing each operation or group of operations independently of each
other in time, but with the necessary technological sequence (Zebardast et al., 2015). This division will
make it easier to coordinate the number of machines in each group of operations. If there is no need to
perform several operations simultaneously, each can be performed by one machine after the completion
of the previous process (Novruzova, 2023).

2LITERATURE REVIEW

Technological machine complexes recommended for the construction and reconstruction of rational
profile canals in inter-farm and intra-farm networks (Rakhmanin et al., 2020):

1. For irrigation network canals with a depth of up to 1.5 meters, an excavator-ditch digger with a
swinging rotor based on the K-701 tractor is recommended.

2. For canals with a depth of 2 to 3 meters, screw-rotor ditching excavators of the ETR-207 type
are suitable.

3. For irrigation network canals with a parabolic profile, reclamation dredgers with selected
technical characteristics are recommended.

It is advisable to carry out the work for constructing canals with a parabolic cross-section using a
flow method (Cheng et al., 2022). This method ensures the even loading of all mechanisms during the
work shift. The main features of flow construction are uniform and continuous production, based on the
segmentation of the overall production process, division of labor, combination, and rhythm of work
processes (Naumova et al., 2019).

To enhance the level of mechanization and the efficiency of using machine complexes in the
construction of irrigation networks with a full range of canal sizes, it is crucial to correctly justify the
choice of their sizes and ensure the flow execution of work with minimal costs (Lee et al., 2020).

For the construction of rational profile canals, three technological construction schemes with the
use of rotor excavator-ditcher working bodies have been developed:

1. Scheme 1 — with a dual-rotor type working body (Figure 1a).

2. Scheme 2 — with a swinging type rotor working body (Figure 1b).

3. Scheme 3 — with a screw-rotor working body (Figure 2).

The distinctive features of the proposed schemes compared to existing excavator-ditcher working
bodies are as follows:
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- For Scheme 1 — the installation of rotors (cutters) in space with angles of inclination to the
horizontal plane () and rotation in plan (B) relative to the longitudinal axis of the machine, which together
allows achieving a canal profile close to parabolic.

- For Scheme 2 — the swinging of the rotor during operation relative to the vertical axis, which, in
combination with passive knives at the top of the slopes, allows obtaining a parabolic canal profile.

- For Scheme 3 — the structural features of conical screw side cutters, whose generatrix is made
curvilinear (barrel-shaped), which, in combination with the rotor and the finishing blade, allows achieving
a parabolic profile canal cross-section.

a) b)

Figure 1 - Schemes for developing a parabolic profile canal
using a dual-rotor type ditcher working body (a) and a swinging rotor type ditcher working body (b)
(author’s material)

B

Figure 2 - Scheme for developing a parabolic profile canal using a screw-rotor type ditcher working body (author’s
material)

By changing the angles of inclination and rotation of the rotors in the first scheme, the angle of
swinging in the second scheme, and the inclination of the screw side cutters in the third scheme, not
only can canals with different cross-sectional profiles be achieved, but the cross-sectional area of the
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canal, machine productivity, energy consumption, as well as specific power and productivity costs
are also affected (Bai et al., 2019). Understanding the influence of the angles of rotation and
inclination of the rotor and screw on the indicators will allow for the selection of optimal operating
modes for the working bodies when developing rational profile canals (Rakhmanin et al., 2020).

Figure 3 shows the dependence of soil cutting force Pz on the rotor rotation angle B at different
values of the inclination angle a for a bucket with an elementary profile cutting perimeter.

As is known (Moldamuratov, 2020), one of the main indicators of a machine is its productivity,
which reflects the work process. For continuous operation excavators, productivity particularly
depends on the efficiency of the digging process. Therefore, when optimizing the technological
parameters of ditcher-excavators, the decisive factor determining the energy consumption of the
machine is the determination of the loading dependence of the working bodies for various design
parameters and the physical-mechanical properties of the soil (Rakhmanin et al., 2020).
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Figure 3 - Dependence of soil cutting force Pz on the change in rotor rotation angle B at different values of inclination
angle a for a bucket with a cutting perimeter of an elementary profile
(author’s material)

An analysis of the experience (Boutsioukis et al., 2022) of dredger operation in various
industries allows us to identify the following main problems that need to be addressed to improve
their efficiency:

- Improvement of papillonation schemes. While the existing work movement schemes may
somewhat satisfy soil development in quarries, they require further refinement for the conditions of
developing profile excavations and especially for maintaining canals with curvilinear cross-sectional
shapes in working condition.

- Creation of modern, reliable control and measuring equipment, particularly for monitoring
soil intake processes, papillonation, and production accounting.

- Automation of the papillonation process.

- Enhancement of the suction capacity of dredgers by improving the working characteristics of
soil pumps.

- Structural improvement of the main equipment from a hydraulic perspective. The current soil
intake devices, suction lines, and soil pumps do not always fully meet the specific requirements of
soil development conditions.

- Increasing the wear resistance of the equipment.
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- Lack of a sufficient number of standard sizes of reclamation dredgers.

3 MATERIALS AND METHODS

In the practice of hydraulic construction and the operation of hydro-reclamation systems, the
most widespread methods for constructing and cleaning canals from sediment involve using separate
funnels and trenches. Several authors (Boutsioukis et al., 2022) believe that these methods of soil
development create favorable suction conditions. The tip develops the soil around its entire perimeter,
and the deeper it penetrates the deposits, the better the suction conditions become due to the formation
of a funnel or trench, along the slopes of which particles slide towards the intake opening (Wang et
al., 2020). This ensures a high consistency of the slurry, thereby increasing the dredger's productivity,
measured in linear meters of canal developed per hour of pure work compared to other methods
(Rakhmanin et al., 2020).

As production studies (Pishgar et al., 2022) have shown, the method of cleaning the canal with
separate funnels has the following significant drawbacks:

- Uneven surface of the canal bottom after its development;

- Over-deepening of the canal bottom's design profile, leading to increased water filtration from
the canal due to the removal of the colmatage layer (when cleaning canals from sediment);

- The inability to continuously bring the intake opening of the tip closer to the face, which
practically, in the absence of consistency meters, leads to a decrease in the slurry's soil content;

- Relatively short working time (20-25% of the dredger’s pure working time) of the soil pump
with satisfactory slurry consistency (soil content around 10%);

- The possibility of using some looseners and other intensifiers for soil intake.

The cleaning of the canal with longitudinal trenches has found wide application in deepening
works with large dredgers. In this method, dredgers without looseners develop the soil in separate
trenches, moving forward along the designated cut (Figure 4). To fix the position of the dredger and
perform its movements when working against the current, a bow anchor is brought forward, and two
side anchors are placed. The trench method is characterized by its simplicity (Rakhmanin et al.,
2020).

The disadvantages of the trench method for cleaning canals include:

- The ability to develop mainly light soils through free suction;

- Over-deepening of the cleaned canal bottom, which can lead to increased water filtration from
the canal into the underlying soils;

- Increased volume of development due to the over-deepening of the canal bottom;

- Unfavorable suction conditions (part of the perimeter of the intake opening of the tip draws
in clean water). This reduces the consistency of the slurry, and consequently, the productivity of the
soil pump concerning the soil,

- The presence of idle movements, which reduces the utilization factor of the shift equipment
and increases the cost of cleaning work.

Cleaning the canal using papillonation strips is a progressive method. In this case, the soil intake
device moves from one bank to the other across the canal, and the soil is developed with transverse
trenches. When the dredger is equipped with a pile apparatus, pile papillonation is used (Figure 5);
in its absence, papillonation on cables is used (Moldamuratov, 2020).
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i

Figure 4 - Soil development using separate funnels (a) and longitudinal trenches (b)
(author’s material)

4 RESULTS AND DISCUSSION

The papillonation scheme yields good results when developing dense soils of small thickness
with the mandatory use of looseners. It provides a good finish for the canal bottom surface and, by
eliminating idle movements, increases the utilization rate of shift equipment. In pile papillonation,
the dredger body turns by 350 - 450 degrees, which determines the width of the developed cut
(Rakhmanin et al., 2020).

Thus, when cleaning canals of a given width using the trench scheme and separate funnels, the
values of the over-deepening of the developed canal bottom and the volume of excess excavated soil
decrease as the distance between adjacent trenches or funnels across the canal is reduced. However,
as the distance between adjacent trenches or funnels decreases, the necessary number of trenches or
funnels across the canal increases to achieve the design width of the developed canal bottom (Figure
6a, b). With many trenches or funnels in the cross-section of the canal, the time for the dredger's
working movements will constitute a significant portion of the work shift, leading to a reduction in
the utilization rate of working equipment during the shift, thus decreasing the productivity of the soil
pump (Shaazizov et al., 2020).
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Figure 5 - Soil development using papillonation strips (author’s material)

Conversely, reducing the number of trenches and funnels in the canal cross-section leads to
increased values of the canal bottom over-deepening and the volume of developed soil. Therefore,
when setting the distances between adjacent trenches or funnels, these mutually opposing factors
should be considered (Shaazizov et al., 2020).

When the lengths of the shore or floating slurry pipelines are equal for all three soil development
schemes, and when developing narrow canals (with the slurry being discharged onto the shore by a
slurry nozzle), the time spent moving the dredger for the trench scheme is greater than for separate
funnels, due to the additional time required for returning the dredger to the initial development
position. For the canal cleaning scheme with separate funnels, the time spent moving the dredger is
greater than for the papillonation scheme, as additional time is needed to move the suction slurry
pipeline from one funnel to another. Thus, the papillonation scheme requires the least time for non-
productive movements (Tarasyants et al., 2021).

Production studies have shown (Shaazizov et al., 2020) that for removing a sediment layer up
to 0.5 meters thick, it is not rational to use cleaning schemes with separate funnels and trenches.

Therefore, in the papillonation canal cleaning scheme, the bottom over-deepening, the volume
of excess excavated soil, and the non-productive time spent moving the soil intake device are
minimized. Additionally, a relatively smooth surface of the canal bottom and slopes is ensured
(Figure 6¢).

158



QazBSQA Xao6apunbicel. Cayier xdHe KypsbLibic. Ne2 (92), 2024

The application of the papillonation scheme allows for increased productivity of dredgers in
terms of soil and especially the length of the developed canal. During canal cleaning, it
simultaneously preserves the layer of colmatage soil (without increasing water loss in the canal due
to filtration) and maintains the stability of the canal slopes after cleaning. The use of the papillonation
soil development scheme will reduce the extent of over-deepening of the canal bottom's design
profile, thus mitigating the disadvantage inherent in the hydraulic mechanized method of soil
development during the construction and maintenance of hydro-reclamation system canals
(Rakhmanin et al., 2020).

The wetted perimeter of the canal after its development with longitudinal trenches is greater
than that of the canal developed with papillonation strips. The flow with the highest kinetic energy
occurs in the canal with the smallest wetted perimeter. Therefore, the flow in the canal developed
with papillonation strips has a greater sediment transport capacity compared to the flow in the canal
developed with longitudinal trenches and even more so after cleaning with separate funnels
(Shaazizov et al., 2020).

The application of the papillonation canal cleaning scheme will significantly improve the
quality of work in the construction and maintenance of hydro-reclamation system canals, as it
improves with the reduction in the magnitude of over-deepenings and under-excavations (Shaazizov
et al., 2020).

Due to the small values of the wetted perimeter length and the canal width at the water's edge
in parabolic cross-sections, there are fewer water losses due to filtration (especially for canals with
sandy soil beds) and evaporation. Additionally, the operation of canals with an earth bed and a stable
profile is 2-3 times cheaper than the operation of silted and eroded sections (Shaazizov et al., 2020).

The development of inter-farm canals with a curvilinear shape can only be performed by
dredgers due to their placement within the developed canal during operation and the pendulum
movement of the intake opening of the nozzle (Rakhmanin et al., 2020). The technology of the soil
development scheme using a dredger is shown in Figure 7.

The technological parameters of cleaning schemes for various work methods are presented in

Table 1, which allows for the selection of the optimal option and alignment with technological
indicators (Figure 8).

Table 1
Establishing technological parameters for various work methods using dredgers [author’s material]

Technological indicators Cleaning schemes
9 Separate funnels Longitudinal trenches Papillonation ribbons
d b I b C

Deepening of the canal bottom Py e — P

2m;  2nm, 2m,  2nm, 2m,
2 2

The volume of excessively excavated ndb _ 74y bl _ b C_b

soil 24m, 24nm, | 4m, 4nm, 4m,

The time spent on moving the dredger th t" (t + t“)) th t. t!

per 1 linear meter of the canal being 1—2+L % +2 343

cleaned d |1 | |2 C |3

When the hydraulic mixture is w (t2 + t;)) t_3

discharged by a jet onto the shore d 2 | C
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Figure 6 - Bottom contours of excavations using separate funnels (a), longitudinal trenches (b), and
papillonation strips (c) (author’s material)
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Figure 7 - Technological scheme for constructing a curvilinear canal using a dredger with papillonation strips
(author’s material)

Giving the developed canal a cross-sectional shape that is stable in both hydraulic and static aspects

has allowed for the following benefits:

- Increased sediment transport capacity of the flow, while simultaneously reducing the cross-
sectional area, growth of vegetation, water level fluctuations, water losses, and the right-of-way strip.

- Reduced the volume of cleaning work by up to 20%.

- Increased the period between cleanings by ensuring uniform flow movement.

- Enhanced the productivity of dredgers by concentrating sediment on the canal slopes without

changing the overall volume of cleaning.
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Figure 8 - Establishing technological parameters for various work methods using dredgers
(author’s material)

5 CONCLUSIONS

1. An analysis of operational activities carried out on the canals of the hydro-reclamation
systems of the Republic of Kazakhstan indicates a significant increase over the past 10 years in the
volume of cleaning works (by 3.5 times) and the costs of their implementation (by 6 times). The costs
of performing cleaning works in the republic have exceeded 60% of all operational expenses. This
highlights the need to address issues related to reducing the volume, cost, and labor intensity of
cleaning works, and improving the quality of operational activities.

2. The study of existing soil development schemes, both during the construction and cleaning
of canals using dredgers, indicates the advisability of using the papillonation soil development
scheme, which significantly improves the quality and reduces the cost of works.

3. The main directions for improving the efficiency of soil development with dredgers during
the construction and maintenance of hydro-reclamation system canals in working condition are

improving papillonation schemes, using reliable control and measuring equipment, and automating
the papillonation process.
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	Technological machine complexes recommended for the construction and reconstruction of rational profile canals in inter-farm and intra-farm networks (Rakhmanin et al., 2020):
	1. For irrigation network canals with a depth of up to 1.5 meters, an excavator-ditch digger with a swinging rotor based on the K-701 tractor is recommended.
	2. For canals with a depth of 2 to 3 meters, screw-rotor ditching excavators of the ETR-207 type are suitable.
	For the construction of rational profile canals, three technological construction schemes with the use of rotor excavator-ditcher working bodies have been developed:


