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1 Introduction
The irrigated lands in the cotton-growing areas of republic of Uzbekistan are divided into three
regions according to the natural-climate and soil conditions, the mechanical composition of the
soil, the technologies of its processing and the types of machines used, as well as the
agrotechnical requirements on them. In the Bukhara, Navoi, Khorezm regions and the Republic
of Karakalpakstan with saline soils, which belong to the third region, during the period of cotton
cultivation, longitudinal and transverse pawls are formed between cotton rows, the cultivated
areas are divided into small pieces and irrigation by salt washing method. Because in these
regions, it is possible to get a sufficient yield of cotton only by using this method. Otherwise,
namely, if the cotton is not full watered, as a result of the rise of soil salinity to the surface of the
field, the development of plants deteriorates (even cases of their drying are observed), and
productivity decreases.
Longitudinal pawls are taken once before the first irrigation for the entire season, while
transverse pawls are made before each irrigation and broken after irrigation before inter-row
processing of cotton. Because if they are not damaged, the cultivator's working equipments will
not be able to work stably according to the working depth, the load on the working equipments
will increase, and as a result, their deformation and breakage will be observed. For this reason,
after each watering, as soon as the soil is ready for cultivation, the transverse pawls are broken
up, and then the rows are cultivated with a cultivator. Before the next watering, the transverse
pawls are formed again. Until now, making and breaking of transverse pawls is not mechanized
and is done by hand, and this causes an increase in the cost of production in cotton cultivation [1].

2 Research object and method
Based on the above, a device was made for the cotton cultivator to form transverse pawls
between the rows of cotton in the Scientific-Research Institute of Agriculture Mechanization
(SRIAM).
The device consists of five buckets (soil stackers) that making transverse pawls, which are
installed on the grids of the cultivator sections after the working equipments (Fig. 1). The
buckets are moved to the working position in the areas where the transverse pawls is formed
with a special shaft, hydraulic cylinder and pullers installed on the frame of the cultivator and
are lifted after the pawl is formed.
This article presents the results of multifactorial experiments conducted on the basis of the
parameters of the device that formes transverse pawls between cotton rows.

1 Corresponding author: holimov@mail.ru
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The optimal values of the parameters of the device that obtain the poles were determined using
the method of mathematical planning of multifactorial experiments.

а) б)
a) the bucket is in working condition; b) in the raised position
1-cultivator frame; 2- reducer; 3-parallelogram mechanism; 4-beam; 5-hung locks; 6-support
wheel, 7-shovel; 8-sweep; 9-hiller; 10-bucket lifting shaft; 11-device hydraulic cylinder; 12-
bucket adjustment screw; 13-puller; 14-bucket lifting and lowering mechanism; 15-bucket; 16-
transverse pawl.
Fig. 1 The scheme of the cultivator section in the position where the bucket is installed

In this case, it was considered that the effect of the factors on the evaluation criteria is fully
explained by the second-order polynomial and the experiments were conducted according to the
Hartley-4 (Ha4) plan [2].
​ Table 1 lists the factors, their designations, change intervals and levels.
When conducting multi-factor experiments pawl height (Y1, cm) and device traction resistance
(Y2, N) were accepted as evaluation criteria.
Table 1
Factors, their designations, change intervals and levels

Factors and their units of measurement Conditional
designation

Change
interval

Levels
lower
(–1)

main
(0)

high
(+1)

height of soil stacker h, cm Х1 5 35 40 45
horizon angle of soil stacker β, ° Х2 15 45 60 75
curved radius of working surface of soil
stacker, R, cm Х3 15 20 35 50

Aggregate movement speed, V, km/h Х4 1 5 6 7

In order to reduce the impact of uncontrollable factors on the evaluation criteria, the sequence of
experiments was determined using a table of random numbers [3].

3 Analysis and results
The data obtained in the experiments were processed according to the "regression analysis"
program created at the experimental testing department of the Scientific-Research Institute of
Agriculture Mechanization [4] and the following regression equations were obtained that
adequately represent the evaluation criteria:

- pawl height, cm:

Y1 = 21,343 – 0,493 X1 + 1,318 X2 + 0,307 X3 –
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– 1,183 X4 – 1,205 X1X1– 0,516 X1X2 + 0,284 X1X4 – 1,255 X22 –

– 0,225 X2X3 – 0,367 X2X4 + 0,790 X32 – 0,375 X3X4 – 0,126 X42; (1)

- device traction resistance, N:

Y2 = 945,159 + 29,932 X1 – 50,050 X2 + 96,648 X3 +
+ 52,453 X4 – 29,901 X12 +13,066 X1X2 + 24,950 X1X3 +
+ 10,552 X1X4 – 121,822 X22 + 18,306 X2X3 – 15,016 X2X4 –
– 40,000 X32 – 20,838 X3X4 + 79,738 X42; (2)

The analysis of regression equations (1) and (2) at the same time graphical connections built on
them (Figures 2 and 3) shows that all factors had a significant impact on the evaluation criteria.

1,2 and 3 respectively X4

When -1; 0 and 1

Fig. 2. Graphs of change of pawl
height Y1 depending on factors X1,

X2, X3 and X4

1,2 and 3 respectively X4

When -1; 0 and 1

Fig. 3. Graphs of change of device
traction resistance Y2 depending on

factors X1, X2, X3 and X4

Regression equations (1) and (2) were solved from the conditions that the "Y1" criterion, that is,
the height of the pawl is in the range of 18-22 cm, and the "Y2" criterion has a minimum value,
and the following values of the factors ensuring the fulfillment of these conditions were
determined (Table 2).
Table 2
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Acceptable values ​ ​ of the device that receives the transverse pawls
Х4 Х1 X2 X3
coded real coded real coded real coded real
1 7 0,9946 44,97 0,2840 64,26 0,3915 40,87
0 6 0,8512 44,26 0,1274 61,91 0,6074 44,11
-1 5 0,7646 43,82 0,2384 63,58 0,7512 46,27

According to the given data, the height of the soil stacker is 44-45 cm, the angle of installation of
the soil stacker relative to the horizon is 62-64 ° and the curved radius working surface of the
soil stacker is 44-45 cm in order for the device to create a transverse pawl with low energy
consumption at aggregate movement speeds of 5.0-7.0 km/h. curved radius of working surface of
soil stacker should be between 40,87 – 46,27 cm.
At these values of the factors, the height of the transverse pawl is 18,73-22,26 cm, traction
resistance of the device is 1040,18 – 1098,72 N.

4 Conclusions
According to the results of the conducted studies, in order to ensure the required height of the
transverse pawl with low energy consumption, the height of the soil stacker should be 44-45 cm,
the angle of installation of the soil stacker relative to the horizon should be 62-64 ° and curved
radius working surface should be 41-46 cm.
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