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Abstract. This article presents a set of works that must be performed to 
maintain the ecology of the soil in the process of planning by planning 
machines. The smoothness of the movement of agricultural machines is 
ensured by reducing the unevenness of the surface of the cultivated field. In 
these studies, it was noted that the utilization rate of the planning machine 
depends on the speed of the unit, the length of the field section, the time 
spent on eliminating technical malfunctions, etc. Taking into account the 
mathematical dependencies, the coefficient of utilization of the shift time in 
function depends on movement speed, working width and specific working 
conditions and the value of the actual productivity of the planner per hour of 
shift time. The capacity of the planner was calculated according to the 
equation proposed by the researchers of this article, and does not differ much 
from the unit performance obtained during field tests, and the percentage of 
difference is 5 ... 6%. Therefore, the results of this work can be used for 
preliminary design and kitting-up of machine-tractor units for planning 
works of pre-sowing background of irrigation agriculture. 

1 Introduction  

Careful planning of great importance on saline lands [1]. High efficiency is achieved when 
washing irrigation on planned saline lands. Due to the equal distribution of the rinsing water 
on the leveled surface of the sites, the identical effect of washing the soil over the entire area 
of the field is ensured. Approximately half the amount of rinsing water is used on soil washing 
in such areas, while labor costs for cutting and leveling the rollers are reduced by two times 
due to an increase in cotters and a significant decrease in the height of the rollers. At the 
planned sites, the cost of installing a temporary irrigation network is reduced by 1.9 times, 
the usable area is freed up to 4.6% and the productivity of tractor units is increased. 
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2 Materials and methods  

The article mentions the method of theoretical research to determine the optimal values of 
the coefficients depending on the working time of the shift of earth-moving machines by the 
method of mathematical planning of experiments [2, 3]. 

As shown by an experimental field test of the planner on the fields of the farm "Rakhim 
bobo" of Gijduvan area of Bukhara region, their real operational actual productivity differs 
by 10....20% from the earlier derived equation of theoretical productivity. Therefore, the 
researchers of “Irrigation and mechanization of agricultural production” Department made 
an attempt below to determine the theoretically actual productivity taking into account the 
coefficient of utilization of shift time (𝜏)from the previously derived equation for the 
theoretical performance of the planning machine 

The coefficient of utilization of the shift time is influenced by many factors, the main of 
which are: 

 the movement speed of the unit, the length of the working sections of the field, the 
time spent on troubleshooting technical malfunctions, etc. 

To consider the influence of these factors, we express the coefficient of utilization of shift 
time through the network time Тр and the total time Тhа per hectare of processed area, i.e. [4-
7]. 

𝜏
Трℎ

Тℎ
                                                         (1) 

Working time for the planning machine is determined 
Трℎа ;                                                         (2) 

where, Wm- theoretical productivity per hour of net work, per / hour. 
The total processing time of one ha (Тhа) can be expressed as: 

Тℎ Т ℎ
Т

Т
                                                           (3) 

where Тоp га - operational time for processing 1 ha / hour:  
Тсm – shift time, hour; 
Тоp - operational shift time, hour. 
Time Тоphа is determined as: 

Тоphа = Т р hа + Т hа+ Тper hа+ Тто hа                                                           (4) 
Here Т р , Т pov , Тper  

accordingly, the elements of the time spent on processing 1 ha of working time are turnaround 
time, travel time and maintenance time. The operational shift time is determined as: 

Т pov = Тсm – (Тmо+ Т wiz)                                                   (5) 
where Тmо, Тwiz - time spent during a shift for maintenance and physiological needs that are 
not directly dependent on the area being processed [8, 9]. 

After substituting into equation (1) the values of the input quantities from equation (2) 
and (3) we obtain: 

𝜏
Т

𝑊 ⋅ То ℎа ⋅ Т
 

Having replaced the input quantities by their values from equations (4) and (5), we have: 

𝜏
Т Тто Т

Трℎа Т ℎа Т ℎа Тс
                                        (6) 

In the resulting equation, the time Тр hа is determined by equation (2), and the turnaround 
time Тпов га per one ha can be expressed in terms of the time of one turn tpov, the working 
width B and the length of the working working stroke L with the following dependence: 

Т
𝑡

0.36 ⋅ 𝐵 ⋅ 𝐿
, 

In this case, equation (6) takes the form: 
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𝜏
Тс Тто Т

𝑊
1
𝑤

𝑡
0.36 ⋅ 𝐵 ⋅ 𝐿 Т ℎа Тс

 

After the conversion, the resulting equation will slightly change: 

𝜏 то К

.
.

                                                      (7) 

where Кто
Тто
Тс

;К
Т

Тс
- coefficients taking into account the time spent on shift 

maintenance and physiological needs. 
𝑇т  and Тwiz – proportional shift duration.  
V - progressive working speed of the planning unit, km/h; 
Tpov - duration of one turn, sec; 
L, В- working stroke length and working width, m;  
Тperha - travel time per 1 ha, sec. 
The turn time of the unit depends on the movement speed at turn and the length of the 

path: 

𝑡
. ⋅

,                                                                  (8) 

where ln - the length of the turn, taking into account the exit and arrival of the unit, m; 
Vn - progressive movement speed at turn, km/h. 
The length of the path at turn depends on the radius of turn of the unit, the value of which 

is affected by the speed of movement, working width, surface conditions of the turn patch, 
etc. and can be represented by an equation of type [10]: 

𝑙 𝑎 𝑏 𝑉 𝑐 𝑉 ,                                                 (9) 
where a1, b1,с1,  - coefficients determined by experimental material. 

After substituting in equation (8) the values from equation (10), the time of turn of the 
unit is expressed: 

𝑡 3.6
𝑎
𝑉

𝑏 𝑐 𝑉 , 

Investigating the obtained function to an extreme, using the known method of 
differentiation we obtain the optimal speed of the long-base planner at the turn from the 
condition of minimum time consumption at the turn 

𝑉попт                                                         (10) 

If 𝑉попт  significantly different from V, then the additional time spent shifting gears should 
be taken into account and the expediency of switching to the optimal turning speed should 
be determined. 

The total travel time of the long-base planner-perga includes the time spent on moving 
the perga and transferring the unit to the transport position and vice versa, i.e. preparatory-
final time. Travel time per 1 ha may be presented as: 

𝑡 ℎа

10 ⋅ 𝑡
𝑐 ⋅ 𝐿 ⋅ 60

𝑙 ⋅ 10 ⋅ 60
𝑉 ⋅ 10
𝐾 ⋅ 𝐿 ⋅ 60

10 ⋅ 𝐾𝑛
𝐾𝑐 ⋅ 𝐿 ⋅ 𝑉

,  

where 𝐾 ;𝐾  - proportionality coefficients, which are independent of the working 

width and the movement speed of the unit;  
tper - the duration of one move, min;  
В, L - width and length of working site of the field, m;  
lper - length of the unit moving path from site to site of the field, m;  
Vper- constant speed of the unit when moving, km / h. Similarly, preparatory - final time 

can be expressed: 
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𝑡 ℎа

10 ⋅ 𝑡
60 ⋅ С ⋅ 𝐿

10 ⋅ 𝑡
60 ⋅ 𝐾𝑐 ⋅ 𝐿

,hour/ha 

where tpzha - time spent on transferring the unit to the transport position and back, min. 
Finally, the total travel time of the planning unit relating to one ha, taking into account 

the obtained dependencies, will be expressed: 

Т ℎа
⋅Кп

Кс⋅ ⋅ пер

⋅ пз
⋅ ⋅ Кс⋅

Кп

пер

⋅ пз
⋅

,hour/ha            (11) 

For the fully calculation for the possible elements of the cost of the shift time, it is 
necessary to introduce into equation (6) and (7) the time spent on eliminating technical 
malfunctions Тmнhа per one ha, which can be determined from the equation of the operational 
reliability coefficient: 

К н

Тр
Тр Ттнℎа

 

To do this, we present the total time for eliminating technical malfunctions during the 
shift of Тmн in the following form: 

Ттн Ттнℎа ⋅ 𝑤т ⋅ Тр Ттнℎа ⋅ 0,1𝑉𝐵𝑇𝑝 
 

when 

𝐾эн
Тр

Тр Ттнℎа ⋅ 0,1𝐵𝑉𝑇𝑝
1

1 0.1𝐵𝑉𝑇тнℎа
 

Solving the obtained equation with respect to Тmн ha, we find  

Ттнℎа
1 К н

0,1𝐵𝑉𝐾 н
,hour/hа 

where, Кeн – coefficient of operational reliability of the unit, for our case can be represented 
К н К нт ⋅ К нп 

Кeнm, Кeнп - accordingly, the coefficients of operating reliability of the tractor and the 
planner. 

Depending on the speed of translational movement of the planning unit (up to 10 km/h) 
[11], these coefficients, as shown by our studies and analysis of works, vary slightly and with 
some approximation can be taken constant. 

Taking into account the above mathematical dependencies, the coefficient of utilization 
of shift time in function of the movement speed, working width and specific working 
conditions can be presented in the following form: 

𝜏
Кту К

,
. п н

, н

                             (12) 

 
Multiplying the expression of theoretical productivity (wт) derived in article [1] by 

expression (12) we obtain the value of the actual productivity of the planning unit in an hour 
of shift time: 

𝑊ч 𝑣 𝑊𝑚 𝑣 ⋅ 𝜏 𝑤 ⋅ х ту К

,
. п н

, В н

            (13) 

3 Results and discussion 

The obtained dependences allow us to determine the actual hourly productivity of the planned 
unit. 

The calculated capacity of the planning unit according to the proposed expression (13) 
almost does not differ from the capacity of the unit obtained during operation-field tests; the 
difference in percentage is 5 6% [12, 13]. 
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According to the obtained equation, the dependences of the coefficient of utilization of 
shift time as a function of the movement speed of the planner and the length of the rut with 
different working widths are formed up (Figures 1 and 2). 

Analysis of the graphs (Figures 1 and 2) shows that with an increase in the movement 
speed of the planning unit 𝜏 decreases in the direction of parabolic dependence, and with an 
increase in the length of the rut 𝜏 increases. An increase in the working width as seen from 
the graphs (Figures 1 and 2) decreases 𝜏. 

Knowing the influence of considered factors on the change of coefficient of utilization of 
shift time, we can determine the shift hourly productivity of the planner at different rut 
lengths depending on the working width and movement speed [14]. 

….  

Fig. 1. Change in the coefficient of utilization of shift time depending on the movement speed of the 
grasp width. 

 
Fig. 2. Change in the coefficient of utilization of shift time τ depending on the length of the rut and 
the grasp width B. 
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Fig. 3. Change in productivity depending on the movement speed of the grasp width B. 

 
Fig. 4. Graph of the dependence of the width of the grip and the length of the head of the planer on 
productivity. 

4 Conclusions 

Analysis of the graph (Figure 3) shows that with an increase in the grasp width and the 
movement speed, the productivity of the unit increases. In addition, according to the graph 
(Figure 4), it can be seen that increasing the length of the rut to 600 meters increases the 
productivity of the unit. At L=600-100 m, productivity is almost unchanged. With a further 
increase in L, a decrease in productivity is observed. 

According to the results of the research, the performance of the planning machine makes 
it possible to increase the efficiency of work performed throughout the year. The smaller the 
working width of the planning unit, the lower the productivity. The use of planning machines 
on large areas ensures high economic efficiency. 
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