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Abstract. Rational use of water resources, improvement and development of new technology 

and technical means for its implementation, ensuring the economy of irrigation water is one of 

the most important issues of today. This article is devoted to the issues of technology for 

improving the method of irrigation along furrows and creating a technical means, running in and 

testing directly on experimental fields, selected in each region of the proposed technology and 

the created technical means, technical requirements for a machine for cutting furrows with a 

given slope and profile, as well as analysis the results obtained. A database has been created for 

the mechanization of existing technologies and technical means of cutting furrows along a given 

slope and compaction of soil in their beds with the formation of a design section and a 

longitudinal profile of a furrow on the lands of farms in arid zones. A project of technological 

maps for the production of cutting grooves with a given slope and with a variable density of their 

bed, taking into account the granulometric and volumetric composition of the lumps, has been 

drawn up.  

1.  Introduction  

One of the most important issues in the world is to improve the reclamation state of irrigated lands. The 

main goal of the intensification of irrigated agriculture is to increase the effective soil fertility. Under 

irrigation conditions, the level of soil fertility is largely determined by the relief, the state of the surface 

of the sown area [1]. Long-term studies of world scientists give full reason to believe that the state of 

the surface of irrigated lands does not yet meet the requirements of intensification and mechanization of 

agricultural production, the unevenness of the relief does not allow full use of the potential fertility of 

the land. In these hidden great reserves of increasing the yield of irrigated crops.  

The weakening of the attention of farmers to the nature of the relief of irrigated plots is explained by 

the underestimation of the relationship between the state of the relief and crop yields [2]. In conditions 

of an acute water shortage, it is urgent in the arid zone to increase the efficiency of the irrigated field. 

The main link in the irrigation system that creates the potential for fertility is the irrigated area. The 

effectiveness of reclamation and agro technical impacts depends on the parameters and state of the 

irrigated area. 

2.  Materials and methods 

The technical requirements for the machine have been developed to ensure a stable profile of the cross-

section of the furrow and its design slope. The research was carried out on the basis of the methodology 

adopted at the National Research University "TIIAME", NIIIVP and JSC "GSKB-AGROMASH". 
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Laboratory, experimental and production testing of the machine was carried out to ensure a stable cross-

sectional profile and design slope of the furrow [3]. 

Appointments of the machine is as follows. 

1. The furrow cutter is intended for cutting furrows with a given slope of their bottom for any 

agricultural crops from irrigated along the furrows. 

2. The furrow cutter should automatically maintain the longitudinal profile of the furrow when 

traveling in roughly graded fields. 

3. The work of the furrow cutter must be ensured in stable dense soils up to category IV. 

4. The furrow cutter should replace similar machines used for furrowing in irrigated areas. 

Place in the machine system: The furrow cutter must be part of the “machine system for the 

comprehensive mechanization of agricultural production”. 

Areas of application: The use of the furrow cutter is expected in the republics of Central Asia, where 

furrow irrigation is carried out. 

Working conditions: 

1. Soils are mainly loess-like loams and sandy loam of I ... III categories and cemented with gypsum 

of IV category with stony inclusions no more than 150 mm in diameter. 

2. The work of the furrow cutter is provided when driving on roughly planned fields with a transverse 

slope within the limits of the allowable for stable operation of this kind of machines - 0.01 g in any 

direction from the horizontal surface. 

3. Maintaining the longitudinal profile of the furrow (bottom) with a given slope should be ensured 

with automatic control, and in the horizontal plane by manually adjusting the direction of movement 

during operation. 

4. The work of the furrow cutter can start from both open temporary sprinklers and closed sprinklers 

[4,5]. 

Qualitative indicators of the technological process: 

1. Cutting a furrow with a given slope of their bottom is carried out in one pass of the furrow cutter, 

in which all basic operations are combined; 

- digging (cutting) furrows with a width of 300 mm to 500 mm and a depth of 0.1 m to 0.5 m. 

2. The design longitudinal profile of the furrow with a given slope of their bottom is obtained by 

automatic control when the furrow cutter moves along roughly planned fields in accordance with the 

resolution of the automatic control system. 

Technical and operational requirements and indicators regulating reliability: 

1. The method of mounting the furrow cutter is not regulated, that is, it can be mounted, semi-

mounted or trailed. 

2. The average specific pressure on the ground in the working position should not exceed 0.02 MPa, 

and the maximum - 0.06 MPa. In the transport position, the maximum specific pressure on the ground 

should not exceed 0.1 MPa [6]. 

The use of industrial designs of machines for cutting furrows in a new way: 

1. Studies of the actual profile of the surface of the irrigated field and the longitudinal profile of 

irrigation furrows led to the development of a new method for cutting furrows and a device for 

implementing this method. Based on the results of the analysis of a new method of cutting furrows, we 

identified the technical feasibility of using a furrow cutter for cutting irrigation furrows in a new way. 

 2. Today in agriculture for agricultural crops irrigated along the furrows are used agricultural 

machines with mounted furrow cutting working bodies. In particular, when growing cotton, which is the 

main agricultural crop in the Republic, a mounted cultivator of the KRH-4 or KHU-4A brand is used 

for cutting furrows. 

3. Below is the classification of linkage mechanisms with a tractor, theoretical studies of the 

kinematics of industrial furrow cutters used at present [7]. 
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3.  Results and discussion 

Methods for connecting to a tractor. According to the method of connection with tractors or self-

propelled chassis, furrow-cutting machines and tools are divided into trailed, mounted and semi-

mounted. 

Trailed machines are connected to the tractor at one point, and mounted and semi-mounted at three, 

two or one. The mounted machine is lifted with the ABCDEKD1 mechanism (Fig. 1). 

In the working position, it is connected to the tractor by the F1 G1 M1 D1 mechanism (Fig. 1, a). The 

deepening of the working bodies is limited by the support wheel. If the lower link joints D1 is 

disengaged, the machine is connected to the tractor at three points: the two joints D1 and the joint F1. 

 
Figure 1. Hitch mechanism schemes: a - three-point; b - two-point; c - single point. 

 
Figure 2. Scheme of the action of forces on the working bodies of the cultivator with a single-

hinge system. 

 

A two-point connection is also used, when the D1 hinges are brought together (Fig. 1, b) and a single-

point connection, which are not connected with the upper link and have only one-point D1 (Fig. 1, c) [8, 

9]. 

4.  Stability of the stroke of the working bodies of the cultivators of the existing industrial design 

Furrow cutters and cultivator tines are fixed to the frame rigidly or with hinges. The rigid connection is 

the simplest: it is used with cultivators for continuous soil cultivation. The articulated joint is more 

complicated, but it ensures that the field contours are followed, and, consequently, the accuracy of soil 

cultivation at a given depth. Connections can be single-hinged, in which the amount of movement of the 

working bodies is associated with a change in the angle of entry of the paws (or furrow cutter) into the 
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soil, and multi-joint (parallelogram), in which the angle of entry of the furrow cutter into the soil remains 

constant. 

The depth and stability of the furrow cutter in a single-joint system (Fig. 2) depends on the 

dimensions H and L, the weight G of the cultivator and the reaction R of the soil. Deepening is possible 

if the torque from the action of external forces relative to point O has a positive value. The most output 

is a system in which the deepening of the working bodies and their balance in the working position are 

provided only by the resultant force S without additional vertical loads. To prevent protrusion of the 

working body, the dimensions H and L are selected so that the moment SК remains positive even at the 

minimum values of the angle ψ. 

The depth and stability of the stroke of the working bodies in the multi-hinged system (Fig. 3) 

depends on the angle α of the installation of the four-link link relative to the horizontal (or dimensions 

h and X) and does not depend on the height of the section suspension point and the length of the beam. 

The system will be in equilibrium if the direction of the force S, transferred parallel to itself to point B, 

coincides with the direction of link AB. When the direction of the force S changes, equilibrium can be 

achieved by changing the height h of the four-link bar. The penetrating moment can be increased by 

means of a compression spring. In mounted cultivators, the value of the sinking moment is adjusted by 

changing the position of the instantaneous center of rotation of the system, which is achieved by 

lowering or increasing the point of attachment to the tractor of the central link of the mounted device 

(Fig. 4) or by changing the height of the cultivator's trailer post. With such a control system, the values 

of H and L can vary within significant limits. With an additional vertical load for deepening, it is 

necessary that the torque SК> 0 [10, 11]. 

 
Figure 3. Scheme of the action of forces on the working organs of the cultivator with a multi-hinge 

(parallelogram) system 

 
Figure 4. Scheme of the action of forces on the working organs of the cultivator (1, 2, 3 - points 

corresponding to different positions of the section). 
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Lifting mechanisms of the cultivator. The transfer of the cultivator from the working position to the 

transport position and vice versa is carried out using a mechanical or hydraulic drive. Automatic 

machines with a mechanical drive were used on trailed cultivators. Currently, such cultivators are 

equipped with external hydraulic cylinders powered by the tractor hydraulic system. The device for 

installing an external hydraulic cylinder on the cultivator instead of a mechanical automatic machine 

consists of a pivot shaft with levers, a link and a bracket for the cylinder. The use of external hydraulic 

cylinders on cultivators contributes to an increase in labor productivity and a decrease in the weight of 

cultivators [12, 13]. 

Lifting and deepening of mounted cultivators connected to the tractor using a three-point hinged 

system is carried out by the tractor's hydraulic lift. 

The known forces acting on the mounted cultivator (Fig. 5) are its weight G and the reaction of the 

soil Rzx to the working bodies, and the unknown are the reaction N on the rim of the support wheels and 

the forces: РB in the upper link of the linkage mechanism and PH in the lower links. Geometric addition 

of forces using the force polygon method allows you to find these unknown forces. To do this, draw a 

straight line parallel to the resultant forces G and Rzx through point 1 of the intersection of the directions 

of the forces G and the reaction of the soil Rzx, until it intersects with the direction of the force. The 

resulting point 2 will be connected to the point of the trailer O, and in the power polygon we will draw 

a line parallel to the direction 2-0, intersection with the direction of force N. The intersection point 

determines the values of N and the traction force Rzx, at which the system will be in equilibrium. 

Expanding the force Rzx in the direction of the links, we find the magnitude of the efforts РB and PH 

acting in these links [14]. 

 
Figure. 5. Diagram of the forces acting on the lifting mechanism of the mounted cultivator 

 

As can be seen from the above, the existing furrow makers do not always meet the requirements of 

agricultural technology. According to theory, these machines should copy the depth set by the driver, 

relative to the planned surface of the field, i.e. the longitudinal profiles of the bottom of the cut furrow 

and the surface of the earth must be parallel. To obtain these values, the surface of the irrigated field 

must be ideally planned. To achieve such an accuracy of the field surface is not only costly and resource 

intensive, but also practically impossible. In addition, it should be noted that even when the ideal 

leveling of the daytime surface of the field is achieved, the marks of the bottom of the furrow may differ. 

Since the existing furrow cutting machines are not able to meet the agro technical requirements, all 

furrow cutting units are mounted. 

Our research has shown and verified that when the machine is moving during cutting, the furrows 

are strongly deflected. The slightest deviations of the basic tractor drastically change the parameters of 

the cut furrows, since all elements of the furrow cutter are pivotally attached and hinged to the tractor 

[15]. 
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According to the proposed technology, the process of cutting furrows along a given slope of their 

bottom should be performed automatically. It is impractical to install automation on a mounted machine. 

The working body (furrow cutter and compactor) must have independent control and support, regardless 

of the movement of the trajectory of the base tractor. Therefore, it is considered inappropriate to use 

existing furrow cutting machines for cutting furrows with the installation of automation. 

The use of this proposed device for the formation of profiled furrows, i.e. cutting furrows along a 

given slope and compaction of the soil in their beds with the formation of the design section and 

longitudinal profile of the furrow in one pass will save costs on planning work, since it allows you to 

increase the permissible deviation for the leveling of the field surface. On the sections of the cut furrows, 

using the new technology and the proposed devices, uniform soil-soil moisture is provided along the 

entire length of the furrows, both in depth and in area. This, in turn, has a positive effect on the saving 

of irrigation water, which is the main resource in conditions of their acute shortage [16]. 

5.  Conclusions 

A database has been created for the mechanization of existing technologies and technical means of 

cutting furrows along a given slope and compaction of soil in their beds with the formation of a design 

section and a longitudinal profile of a furrow on the lands of farms in arid zones.  

A project of technological maps for the production of cutting grooves with a given slope and with a 

variable density of their bed, taking into account the granulometric and volumetric composition of the 

lumps, has been drawn up.  

A methodology for technological and economic assessments of the selected schemes for cutting 

furrows with a given slope and variable density of their bed has been developed.  

Recommendations have been developed for the mechanization of cutting furrows with a given slope 

and with a variable density of their stock of farm lands and a technical requirement for the machine. 
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