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Abstract 
Experiments were carried out with the use of mathematical tools such as multi-factor experiment 23. As 
the optimization parameter, the following elements have been selected: deviation diameter and the burr; 
factors: frequency of spindle speed, feed and the length of treatment. We carry out a statistical analysis 
of the results of the regression equation (Student criterion and Fisher’s exact test). According to the 
yielded findings, adequate model we calculate the value of the studied parameters (diameter deviation, 
surface roughness) for any combination of values of the factors that are in the area of experimentation. 
The analysis of obtained dependences revealed that by increasing the rotational speed and reduction of 
the feed, diameter deviation and surface roughness are bound to decrease. 
The processing precision of holes of 5-6 match to the degree of accuracy, quality class 1-2 that is higher than the 
processing hole boring cutters and reamers standard. The surface roughness within the Ra 0,8 ... 3,20 microns. 
 

Keywords: cutting, hole, reamer, quality, accuracy, surface roughness, experiment, factor, model. 
 

Experiments were carried out with the use of mathematical tools such as multi-factor experiment 23 [1]. 
The treatment of holes by incisal compiled reamers with peakless tines was carried out on a 

vertical drilling machine of 2A135 type. Processing holes of 40 mm in diameter on the material - steel St3 
mark length 0,5 d, d and 1,5 d, where d is diameter of the hole.  

As the optimization parameter, the following elements have been selected: deviation diameter 
and the burr; factors: frequency of spindle speed (max - 140 turnover / min ; min - 68 r turnover / min) , 
feed (max - 1,22 mm / turnover ; min - 0,25 mm / v) and the length of treatment (max - 60 mm ; min - 20). 

According to [1], upper and lower variation limits are set, planning matrix has been developed. 
According to the presented formulas [3, 4], the necessary calculations, the results are summarized in 
tables 1 and 2. 

It is necessary to check the reproducibility of the experiment by Cochran’s criteria before one 
defines a model of the experiment in the form of the regression equation. 

Then we carry out a statistical analysis of the results of the regression equation, which includes 
verification of the following:  

- significance of the coefficients of equation (Student criterion);  
- suitability or adequacy of the developed equation or a description of the process (Fisher’s 

exact test). 
Table 1 

The deviation of the diameter of the holes Ø 40 mm 

Number of 
experience 

Results 
iу  

The average 
value 

у  

Dispersion 
2
iS  

The optimization’s 
option  

ŷ  
1 9 17 0,018 0,399 0,014 0,144 0,049 0,068 
2 10 18 0,000 0,002 0,016 0,006 0,00008 0,082 
3 11 19 0,025 1,028 0,050 0,368 0,327 0,443 
4 12 20 0,018 0,399 0,016 0,145 0,049 0,069 
5 13 21 0,014 0,012 0,014 0,013 0,000001 0,185 
6 14 22 0,011 0,000 0,005 0,005 0,00003 0,070 
7 15 23 1,050 0,050 1,022 0,707 0,324 0,632 
8 16 24 0,012 0,006 0,012 0,010 0,092 0,086 
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Table 2 
Surface roughness processing holes Ø 40 mm 

 

Number of 
experience 

Results 

iу  

The average 
value 

у  

Dispersion 
 
2
iS

 

The optimization’s 
option 

ŷ  

1 9 17 1,25 1,00 1,25 1,167 0,021 1,290 
2 10 18 0,80 1,10 0,80 0,900 0,030 0,777 
3 11 19 3,20 2,50 3,20 2,967 0,163 2,844 
4 12 20 2,00 1,60 1,60 1,733 0,053 1,856 
5 13 21 1,60 1,60 1,25 1,483 0,041 1,475 
6 14 22 1,00 0,80 1,00 0,933 0,013 1,056 
7 15 23 3,20 2,50 2,00 2,567 0,363 2,690 
8 16 24 2,00 1,60 2,50 2,033 0,092 1,910 

 
The significance’s verification of the coefficients is carried out using the Student criterion 

according to which non-significant coefficients are excluded from the regression equation. 
After the exclusion of non-significant regression coefficients, we got the model in coded 

variables  
                         y = 0,175 – 0,133x1 + 0,133x2                                                      (1) 

 
According to the yielded findings, adequate model we calculate the value of the studied 

parameters (diameter deviation, surface roughness) for any combination of values of the factors that are 
in the area of experimentation. The magnitude of the coefficient in front of this or that factor in the model 
can be judged on the impact of this factor on the investigated parameter. The higher the numerical value 
of the coefficient, the greater the effect of a factor. A sign of the coefficient indicates the direction of 
impact factor, i.e. with the plus sign, an increase in the numerical values of the coefficient leads to the 
increase of the explored parameter.                                                                 

With the minus sign - decrease [3, 4]. 
To obtain the model numbers of variables n, S, L we must substitute X1, X2 with the expressions 
 

  1
68ln401ln
401lnln2 1

1 




XX


,   1
25,0ln22,1ln
22,1lnln2 2

2 




XX


                                    (2) 

 
The transformation formulas are obtained by substituting the upper and lower levels of the 

factors in (1). 
 

   

















 




 1
25,0ln22,1ln

22,1lnln2133,01
68ln140ln

140lnln2133,0175,0ln Snd                    (3) 

 
We find the dependence of the deviation of the diameter of the factors studied the processing of 

the hole  

                                               
368,0

167,0

09,7
V
Sd                                                                 (4) 

 
Similarly, data processing is performed to determine the surface roughness of the hole  
 

                                           897,0

909,1

36,128
V
SRa                                                             (5) 
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Thus, based on the dependences of the model, the rotational speed, pitch and length of the 
cutting diameter deviation designation values, surface roughness values of any combination of factors 
that are in the experiment, we get the following conclusions:  

1. The processing precision of holes of 5-6 match to the degree of accuracy, quality class 1-2 
that is higher than the processing hole boring cutters and reamers standard. 

2. The surface roughness within the Ra 0,8 ... 3,20 microns. 
3. The analysis of obtained dependences revealed that by increasing the rotational speed and 

reduction of the feed, diameter deviation and surface roughness are bound to decrease. 
4. In the processing of the cutting holes by incisal compiled reamers with peakless tines, the 

length of processing does not have a significant impact on diameter deviation, as evidenced by the 
results of experimental research. 
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Abstract 
In the article we envisage the relevance of the use of modular portable high operational systems - 
clusters of renewable energy with a set of renewable energy sources. Modular design of the micro-cluster 
RES and scale of clusters of RES by capacity are presented in this article. The necessity and potential 
demand in clusters of decentralized renewable energy to remote areas of Russia are demonstrated in 
this article. 
 
Keywords: renewable energy, renewable energy sources (RES), clusters of renewable energy, solar, 
wind, hydro-power plants. 
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