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Abstract. The article presents an analysis of prospects of development of 
mobile crushers for utilization of rice straw using the method of assessing 
engineering and technical significance of inventions. The method consists 
of study of retrospective patent fund for previous 10-15 years which allows 
to make forecast of possible ways of technology development for the next 
10-15 years. Based on obtained data of a patent, there was designed the 
graph of change in level of prospects of combine harvesters and mobile 
crushers by years of research. The presented results of forecast data 
showed that development of mobile crushers is a promising trend.  

Krasnodar Territory is a main agricultural region of Russia, where more than 80% of rice is 
produced. 

Every year, rice is grown on area of 130 – 135 thousand hectares in Krasnodar Territo-
ry, and its gross production reaches 900 thousand tons. In the coming years, it is planned to 
increase production of rice to 1.0 million tons. 

But with increase in rice production, production of rice straw is increased too, which 
hitherto finds applications neither in agriculture nor in industry because of its specific fea-
tures 1,2. 

The utilization of rice straw by embedding it in the soil is the only possible and appro-
priate in this situation. Qualitatively crushed and split non-grain part of the rice crop is an 
excellent organic fertilizer [3]. 

It was found that rice straw, which was embedded in surface soil layer since autumn, ac-
tivates functioning of organisms, promotes mobilization of elements of mineral nutrition 
and increases yield of rice, and also significantly affects the replenishment of carbon re-
serves in soil [1]. The greatest mobilization of carbon of rice straw in humus occurs while 
introducing different types of nitrogen fertilizers. 

In soil fertilized with rice straw, there is an extremely active reproduction of saprophytic 
microorganisms, which affects mobilization of nutrients for plants. Yield increase under 
rice straw introduction occurs mainly due to better assimilation of soil nitrogen reserve. 

The main obstacle to use rice straw as organic fertilizer is crushing and embedding of 
straw into soil, because it differs greatly from straw of grain crops.  At present, both crush-
ing and embedding of rice straw into soil are not technically worked out, that does not al-
low the use of technology of utilization of IPA (initial part of accelerator) with embedding 
of straw into soil in production scales [4]. 
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The process of rice straw crushing can be performed in two ways: by crusher installed 
on harvester simultaneously with rice threshing, and mobile crusher operating separately 
from harvester with picking-up of straw from roller [5, 6]. 

Preliminary results of our research of technology of rice straw crushing with subsequent 
embedding into soil showed that quality of mobile trailed crushers in some cases is much 
higher than quality of crushers hung on rice harvesters [6]. 

Moreover, when using a hinged shredder, combine harvester's performance is reduced 
by 30%, fuel consumption is increased by 15 %, and its service life is reduced by quarter. 
Power consumption of rice harvester engine for shredder’s drive reaches 45-50 kW. There-
fore, providing rice harvester with function of rice straw crushing, accompanied by a signif-
icant decrease in its productivity, leads to increase in time and reduces quality of harvesting 
[7,8]. 

However, should we assume that mobile shredders are the most promising among rice 
straw crushers? 

The answer to this question can be obtained as a result of scientifically based forecast 
based on patent developments for the period of researches. 

Forecasting is now an integral part of scientific research, allowing to establish its most 
promising areas, contributing to selection of the most likely and optimal solutions to vari-
ous research issues. 

The analysis of prospects for development of shredders for straw utilization was per-
formed by us for the period from 2001 to 2015 using the method of assessing engineering 
significance of inventions. 

The initial problem underlying forecasting methodology is a statement that study of ret-
rospective patent fund for the previous 10-15 years allows to make forecast of possible 
ways of technology development for the next 10-15 years [9]. 

Selection of inventions was carried out according to developed structural scheme of 
classification of straw shredders [10]. 

Transfer of patent information into quantitative characteristics was performed by deter-
mining completeness coefficient of invention according to the formula: 
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where 𝑃𝑃�� – evaluation in scores, j – position, i – characteristic; 
   𝜑𝜑(𝑖𝑖) - function that normalizes the weight of characteristics in a ranked sequence; 
         n – number of characteristics; 
    𝑃𝑃��� – maximum evaluation in scores. 

Otherwise, coefficient of completeness of invention was ratio of sum of estimates of the 
patent or invention q to maximum possible sum Q.  

𝐺𝐺 = �
�

    (2) 

For each invention the estimate 𝑃𝑃��  was determined in accordance with general defini-
tion table (GDT). On the basis of this table and formula, an algorithm of transposing quali-
tative features of patent solution into completeness coefficient was developed and a charac-
teristic matrix was compiled. 

It follows from evaluation matrix that maximum possible assessment of invention or pa-
tent 𝑃𝑃���  in scores is 22,030; minimum 𝑃𝑃���  is 4,446. 

To determine prospects of selected competing groups of patent solutions after evalua-
tion of a single invention, we found the number of inventions - Мi, nominal flow of inven-
tions - Nn and generalized completeness coefficient - Go. 
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where 𝑡𝑡�,  𝑡𝑡� - time, for which inventions are estimated, 𝑡𝑡� =2001, 𝑡𝑡� = 2015. 
Function Мi (t) is drawn in points which is defined by value: 

М�(𝑡𝑡) = ∑ 𝐺𝐺��
���     (4) 

where 𝐺𝐺�  – coefficient of completeness i of invention from amount  n of authors’ certifi-
cates obtained to the moment of time t. 

In accordance with adopted system of estimates, quantitative characteristics were intro-
duced to determine prospects of inventions by completeness coefficients G, Go . 

Boundaries of  levels of prospects determined on the basis of evaluation matrix with re-
gard to 𝑃𝑃��� , 𝑃𝑃��� which are presented in Table 1. 

Table 1. Table of prospects of competing groups of inventions. 

Value of completeness coefficient  Level of prospects 
0,80…1,00 High 

0,60…0,799 Above the middle 
0,40…0,599 Middle 
0,20…0,399 Low 

 
Values Мi, Go found according to formulas (3 and 4) for selected competing groups of 

inventions are presented in Table 2. 

Table 2. Value of chanced and nominal numbers of inventions and chanced coefficient of complete-
ness for straw crushers  

Competing groups of 
inventions  

Chanced number of 
inventions  

 

Nominal number of 
inventions  

 

Generalized coeffi-
cient of complete-

ness  
 

Mobile trailed crush-
ers  

 
12,41 13 0,954 

Hinged combine 
crushers  

 
10,68 12 0,89 

The number of progressive patents in particular direction of development of agricultural 
machinery can be represented in form of a normal distribution curve. 

Regression lines were constructed on the assumption that  a patenting curve is an expo-
nent described by the equation: 

𝑁𝑁 = 𝑁𝑁�𝑒𝑒��,     (5) 

where 𝑁𝑁 − amount of progressive patents according  present research: 
      𝑁𝑁 − number of patents in the beginning of period; 
       𝑡𝑡 − time of forecast; 
      𝑏𝑏 −   exponential coefficient. 
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Exponential coefficient took for criteria of present research prospects. If b had mark 
«plus», the trend was in stage of growth, if it was «minus», it regressed. 

If we find a logarithm of the equation (5), we obtain  

ln𝑁𝑁 = ln𝑁𝑁� + 𝑏𝑏𝑏𝑏,    (6) 

The equation (5) was used to draw linear regression and to find prospects due to its cri-
teria. 

On the basis of obtained data of patents, we build a graph (Figure 1) of development of 
straw shredders (according to criterion of prospects) 

 

 
Fig. 1. Graph of changes in level of prospects of trailed combine harvesters and mobile shredders by 
years of researches 

Analyzing graph data, we can make following forecast conclusions that mobile shred-
ders have a high level of prospects 𝐺𝐺𝑜𝑜  = 0,743 with positive value of exponential coeffi-
cient 𝑏𝑏 =+0,0380, it justifies about progressing this trend and increase of invention activity 
in designing mobile crushers. As for crushers, value of exponential coefficient has a value 
of b =-0,0320, which indicates a decrease in inventive activity. Thus, forecast data show 
that creation of mobile crushers is a promising direction. 
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