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Abstract: We examined a machine for depositing the water storage materials layer by layer while in subsoil soil. As a result of this 

activity, improve physical and chemical properties of the soil, and yields have tended to increase sustainable. The article justified basic 
technological parameters of the machine to achieve the best results. The inclusion of such a machine technology for growing crops tasked 
along with higher yields reduce the negative impact of the processes that lead to soil degradation. 
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Introduction 
Soil degradation is due to a combination of factors. One of them is 
their annual deep plowing. By this way the soil leave for several 
months exposed to the vagaries of nature. Rainfall represented by 
raindrops and their energy, destroying the structure and by 
activating anthropogenic erosion. 
In intensive tillage to reverse the plow layer mobilize a number of 
other processes in which oxidizes and burns organic matter and 
organic matter content in the soil is constantly decreasing. The use 
of large quantities of fertilizers has an indirect negative impact as 
mineral nutrition is not powered soil and direct food plants. 
Additional commercialization of crop rotation (their deliberate 
distortion to produce crops that have higher purchase prices), also 
lead to negative effects, one of the main signs is destroying the 
structure of soil aggregates. 
It has been found that the application of fertilizers and water into 
the subsoil layers contributes to the enhanced development of the 
root system of the plants, which is a factor for sustainable 
development, especially in case of strong drying soil. This is mainly 
due to the accumulated in soil layers deep the productive moisture, 
whereby the roots of the plants easily derive nutrients from the soil. 
Thereby avoiding stress on the development of plants during the dry 
period, and it provides resistance yields. 
The purpose of this study is to justify and determine the values of 
the main technical parameters of the machine for laying deep the 
water storage materials (VSM). 
In relation to the target are resolved following tasks: 
• Experimental study of a machine for applying VSM soil 
• Optimization of the process parameters of a machine for applying 
VSM soil 
 
Decision examined problem 
To carry out the experimental studies using presented in Figure 1 
test machine for laying the water storage substances in the depth of 
tillage. 
 
 

 
Figure 1. Experimental machine 
  
 
 

By three-point lifting mechanism experimental machine is 
aggregated with a tractor with a power of 260 kW, which is 
equipped with autopilot and navigation system. On the machine 
frame symmetrically there are three working stations. The width of 
the machine is equal to 1,4 m, while its working width is equal to 
2,1 m. Working sections are composed of three located one behind 
the other subloil working tools. Each of them worked at various 
depths, which from the first to the last amended in × 0.10 m, 
starting of 0.40 m and up to 0.60 m. The tines are of the type with a 
subsurface structure, which allows after each of them in the soil to 
form a channel which is filled with a water storage material fed 
from the metering apparatus. A metering unit feeds material only 
those who work at the same depth. The appliances are of grooved 
type, whose dose can be changed by modifying the volume of the 
grooves therein. The relationship between dosing apparatus and 
subsoilers authorities by means hose diameter ∅50 mm. The length 
of the hose coming out of a machine is the same for all three 
working bodies that are powered by the given system. 
With the above described test machine is intended uniformly laying 
the water storage substances in the root layer of soil in which the 
plants to be secured with the necessary moisture during the growing 
season. 
Tillage without turning the plow layer it is known and applied in 
cases where its subsoil layer is sealed over acceptable values and 
the water erosion is strong and yields progressively reduced. The 
potential of this type of treatment, combined with innovative 
technical solutions and appropriate technology can be used to solve 
many problems relating to maintaining and increasing soil fertility. 
In accordance with the tasks conducted active experiment. By its 
nature, it is a multifactor regression analysis conducted during the 
field operations. 
To carry out the regression experiment as control factors are 
involved: the speed of the machine and the soil moisture. It is 
known that the nature of the phenomena that occur in the process of 
deformation of soil affect multiple and elusive factors, but selected 
two have a strong influence on them. Accepted levels of control 
factors are consistent with the recommended values that are given to 
them in the literature. 
The task in the conduct of these trials is to assess the quality of the 
effort in soil water storage materials and on this basis to optimize 
machine operation. Performance (optimization parameters), which 
was performed this assessment are: 𝑌𝑌1- depth of water retention 
groove; 𝑌𝑌2 −maintain the set norm. 
The study used the cyber approach. This approach allows to study 
and manage an object only in its effects arising from the exercise on 
it called externalities factors - steered ( mxxx ,..., 21 ) and unmanaged 
(( qwww ,..., 21 ).). In the fixed values of control factors xi (i = 1,2 ..., 

m), by the action of the unguided (disturbing) factors Wk (k = 1,2 
..., q) each of the parameters (responses) Yj (j = 1 2 ..., p) the output 
will be random in nature. If controllable factors are quantitative 
(measurable) general appearance of the relationship between 
parameters Yj (j = 1,2 ..., p) and control factors is represented by the 
so-called. "Function response": 
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[ ] ( )mmj xxxxxYE ,...,,...,/ 211 ϕ= ,                                   (1) 

where [ ]mj xxxYE ,...,/ 21
 is the conditional mean value of the 

parameter Yj. 
 The equation (1) is called the regression equation, and the 
surface that it describes the - surface of the response. The type of 
function ( )mxxx ,..., 21ϕ depends on the nature of change of the 

parameter jY in the selected area of climate factors mxxx ,..., 21 . In 

carrying out the multi-factor experiments, which are in the nature of 
the optimization problems for obtaining the type of the equation (1) 
using a polynomial model of the second level which, when the m
factor has the form: 
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Where: mβββ ,...., 10 the parameters of the model. 
It should be borne in mind that the polynomial model simply 

approximated with some accuracy the function 
( )mxxx ,..., 21ϕ

in a relatively not big range of variation of control factors. One of 
the major tasks of any experimental research is the search for a 
zoom function response based on the received experimental data. 
To make good this approximation should attempts be held under a 
special scheme - run the experiment. 
With many good properties are the plans of type Bm. In order to 
simplify recording the conditions of the experiment and to ease 
processing of the experimental data for the planning of experiment 
plans using the encoded values of the factors. If the factor xj, j = 1, 
2, ..., m varies at three levels - lower, middle and upper encoded 
have the value of these levels will be respectively -1, 0, and + 1s. 
Since the selected control factors are quantitative in finding a 
mathematical model of the processes studied using regression 
analysis, [11]. 
In conducting multi-factor experiment was monitored climate 
parameters optimization (Y1 и Y2) in case and two controllable 
factors (х1 and х2)  and the second in changing only the speed of 
the machine and the depth of processing. 
Because of the possibility of error in experimental data and because 
of their finite number are determined not true 

mβββ ,...., 10   
model 

parameters and their estimates Therefore, to describe the area of 
optimum parameters optimization separately for each expression is 
represented in the form: 
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where

 0b , 
ib , 

kib ,
, and 

iib are experimental coefficients of the 

equation. For finding a polynomial of the type (2) related to the 
series of experiments used term of the second order B2 [2.4], which 
is recorded in Table 2. The use of such compositional plans to study 
the test machine allows you to search and optimal operation. 
To determine the optimal operation of the machine using the 
methods of optimization by using the function of desirability. For 
this purpose, the target functions Y1  and  Y2 are represented by 
generalized function of desirability that parameter is Y1 type: 
  

21.ddD =  ,                                                (3) 
Where 1d and 2d  are private functions desirability defined by the 

equation: 
( )[ ]`expexp iYd −−= ,                                         (4) 

And for the parameter Y2 is as follow: 
d = exp �−�−Yi

`�
n
�                                          (5) 

 
 
 

In determining the function of desirability are used restrictions such 
as: minYYi ≥  and Ymin ≤ Yi ≤ Ymax . For the indicator Y1 lower 
limit of the limit is 75%, which provide the necessary dimensions 
shaped by the machine grooves. In the indicator Y2 lower limit of 
the limit is 31,5 m3 ha⁄  and 38,5 m3 ha⁄ , which are a prerequisite 
for even applying the water storage materials in depth. The 
summary function of desirability is determined for two series of 
experiments. Thus, from the values obtained for her look the most 
and determine the optimum values of factors. The possible values 
for summary function of desirability are listed in Table 1. 
Table 1. Values on the scale of desirability 
 

Des i rab i l i t y  Values on the scale of 
desirability 

Exc el l en t  
Ve r y  g o od  

Go od  
Sa t i s f i ed  

Not  sa t i s f i ed  
Bad  

Ver y  b ad  

1 ,0 0  
1 ,0 0 -0 ,8  
0 ,8 -0 ,6 3  
0 ,6 3 -0 ,4  
0 ,4 -0 ,3  
0 ,3 -0  

0  
For each of the two generalized functions of desirability seek 
appropriate regression model and using it are optimum values of 
control factors. With the resulting optimal values of the factors are 
calculated each indicator. 
The processing of all results of experiments and numerical 
determination of the required characteristics of the studied 
parameters was carried out with the help of specialized software 
"Statistica" 10 [11]. 
Essential to the reliability of the test results is the exclusion of 
conflicting mode of study experienced machine. Such a regime at 
the trials is the process of scratching ripening tools working to a 
depth of 0.60 m. Determine the length of this section are the way of 
the detachable machine to the linkage of the tractor and constructive 
set back corner of the working bodies of the last row of the 
machine. This mode is removed in the region corresponding to the 
path of scratching of ripening tools not conducting measurements. 
The duration in various attempts multifactor experiment at a 
constant length of the test section is amended in the range of 
95÷150s depending on the set speed of the unit. Within this interval, 
the experimental installation process strips right have 142.8 m 
length of which in 5 m is done through reporting parameters such as 
initial 5 m are not involved in measurements due to the above 
mentioned reasons. 
Experiments were carried out in areas of the field from which it is 
retracted and no previous culture performed after this treatment of 
the soil. Using a simulator for intense rainfall are handled certain 
parts of the field so that the absolute humidity of the soil in them to 
reach the required attempts upper level. Reporting humidity is 
performed with moisture to soil. For reached the upper level of the 
absolute humidity is assumed that its value corresponds to about 
70% of FC soil type in the box. Determining the type of soil is done 
according to its mechanical composition [43]. 
       By using a device whose principle use is shown in Figure 3 is 
taken into account the distance from the "notional line" to the soil 
surface -h (t). 

 

Figure 3. Principle of the notional line 
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Reporting h(t) is carried out in two points of the profile of the right 
of each of the parallel trials. One point is at the bottom of the open 
groove and the second is at the cutting edge of the furrow. In the 
reported results are calculated, their coefficient of variation from 
which to judge the depth of the open groove. 
In the hopper of the machine is mounted a device for monitoring the 
level of material therein. It consists of a tube, graduated divisions 
over 0.01 m, in which slide "cap" (horizontal plane), located in 
constant contact with the material. Upon reaching the point of 
parallel experiments in a series of rock pipe into account the 
thickness of the layer material leaked from the bunker. The result is 
then used to calculate the volume of imported soil VSM. 
The results for both parameters optimization (Y1 and Y2) at the 
respective levels of the factors and output matrix of the experiment 
are shown in Table 2. The graphical representation of these results 
include relevant surfaces of response and lines at the same level 
shown in Figure 2. 
Table. 2. 
Levels of factors matrix experiment and results of research 
conducted by B2 plan to process with software "Statistics" 

 

Leve ls  

Factors 
Working 

speed  
 1x – кm/h 

Soi l  
moisture 

x2 -% 
Down (-1) 6 16 

Average (0) 7 18 

Upper (+1) 8 20 

Factors in code Indicator Y  

№ х0 х1 х2 
%,1Y  damY 3

2 ,  

1 1 +1 +1 0,15 1,86 

2 1 -1 +1 0,15 4,27 

3 1 +1 -1 0,17 2,08 

4 1 -1 -1 0,17 3,72 

5 1 +1 0 0,16 3,74 

6 1 -1 0 0,16 5,31 

7 1 0 +1 0,14 3,86 

8 1 0 -1 0,14 3,93 

9 1 0 0 0,16 3,73 

 
After treatment the results with the software product "Statistika" -10 
for regression equations is obtained: 

 
Y1 = 0,151 + 0. x1 − 0,0067. x2 − 0. x1. x2 + 0,013. x1

2

− 0,0067. x2
2   

 Y2 = 4,489− 0,937. x1 + 0,043. x2 − 0,193. x1. x2 − 0,343. x1
2 −

0,973. x2
2         

(2) 
With so received by the program coefficients for the model Y1 is 
inadequate and that for Y2 is considered adequate. This is confirmed 
by those in Table 3 and Table 4 data.  
The model for the regression parameterY1  shows that none of the 
controllable factors, it does not affect the depth of the furrow. This 
is confirmed by the value of the coefficient of determination (R2) 
which model is equal to 0.7 from which it is clear that only 70% of 
climate parameters was due to controllable factors. Therefore, the 
size of the furrow is not determined by the selection of 
technological factors, by appropriate design parameters of the 
working bodies which they formed. 

 
Ta b le  3 .Reg ress ion  a na l y s i s  f o r   𝑌𝑌1  

  
Ta b le  4 .Reg ress ion  a na l y s i s  f o r   𝑌𝑌2 

      

  
 

 
Figure. 4. Lines with equal level for Y2 

 
However, the depth of the groove formed in the experiments is 
close to the desired, indicating that the structure of the tools is 
suitable. In terms of quantity imported VSM speed impact, as 85% 
R2 = 0.85) of Y2 change is due to it. The linear nature of this 
change can be seen when at a fixed level of insignificant factor x2 
with increasing speed, reducing the amount of imported materials. 
This is mainly due to the fact that with increasing speed deteriorates 
the filling of the grooves in the wheels of the metering devices. 
In this series of experiments desired rate of VSM is 35 m3 ha⁄  with 
tolerances of ± 10%. In the test machine, these requirements are 
covered in the range of coded speed levels of 0.7 to 0.8, which 
correspond to 7,7 km/h and 7,8 km/h in natural values . Maintaining 
these levels ensures optimum operation of the machine, both in 
terms of the parameter Y2, and the machine as a whole. The test 
results reject the need to seek aggregate function of desirability, 
which indicate the optimum in the experiment. 

 
Conclusion 
The justification of technological parameters of the machine for 
introducing VSM is made from two aspects: the degree of loosening 
the soil and depositing the required amount of material at a certain 
depth in the soil. For this purpose are established appropriate 
regression models show that the selected control factors do not 
affect the terms of the depth of the furrow, but in terms of the 
quantity imported VSM influenced only the speed of the machine. 

Regression Summary for Dependent Variable: Y1 (пла  
R= ,83405766 R?= ,69565217 Adjusted R?= ,1884058
F(5,3)=1,3714 p<,42278 Std.Error of estimate: ,01018

N=9
b* Std.Err.

of b*
b Std.Err.

of b
t(3)

Intercept
x1
x2
x12
x11
x22

0,151111 0,007590 19,90836
0,000000 0,318511 0,000000 0,004157 0,00000

-0,510754 0,318511 -0,006667 0,004157 -1,60357
-0,000000 0,318511 -0,000000 0,005092 -0,00000
0,589768 0,318511 0,013333 0,007201 1,85164

-0,294884 0,318511 -0,006667 0,007201 -0,92582

Regression Summary for Dependent Variable: Y2 (пла  
R= ,91936420 R?= ,84523053 Adjusted R?= ,5872814
F(5,3)=3,2767 p<,17875 Std.Error of estimate: ,67902

N=9
b* Std.Err.

of b*
b Std.Err.

of b
t(3)

Intercept
x1
x2
x12
x11
x22

4,488889 0,506114 8,86932
-0,767464 0,227134 -0,936667 0,277210 -3,37890
0,035505 0,227134 0,043333 0,277210 0,15632

-0,128783 0,227134 -0,192500 0,339512 -0,56699
-0,162416 0,227134 -0,343333 0,480142 -0,71507
-0,460441 0,227134 -0,973333 0,480142 -2,02718        

  
  y y y y

 4,6 
 4,1 
 3,6 
 3,1 
 2,6 
 2,1 

-1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0
x1

-1,0

-0,8

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

1,0

x2
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At a speed of 7,7 km/h to 7,8 km/h ensures optimum operation of 
the machine in terms of the parameter Y2. 
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	Soil moisture x2 -%
	Working speed
	Levels
	 – кm/h
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