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Abstract 
By means of the program with an open source code of ImageJ the 

features change of a relief of a surface of particles of AgI connected with a 
desorption of atoms or ions from the surface of iodide of silver under the 
influence of a bunch of electrons were investigated. The images received by 
method of raster electronic microscopy are analysed. 

Keywords: processing of images, ImageJ package, raster electronic 
microscopy, a desorption of atoms or ions from the surface of iodide of silver 
under the influence of a bunch of electrons. 
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INTRODUCTION 
One of the main tasks of binarization of the image is simplification of 

reading of information from the photo of the studied sample. Integration of the 
developing technology solutions helps to improve and facilitate. The relevance 
of this research is caused by need of search of new solutions of physical tasks at 
the applied level.  

Now a large number of algorithms of processing of binary raster 
images is offered. The program package of an open source code of ImageJ 
which is written by employees of National Institutes of Health 
(http://imagej.net/Welcome) and is intended for processing of results of medical 
and biochemical researches became the practical and modern decision. This 
product, despite opportunities characteristic of the graphic editors intended for 
work with art illustrations is the important tool for processing of scientific data. 
[1]. There is rather large number of algorithms of obtaining the bitmap. The 
ImageJ package includes 16 methods of binarization applied to the analysis of 
the black-and-white image. 

It is more effective to investigate properties of substance on the basis 
of his images, using the program, than to make an experiment in laboratory for 
identification of various properties and regularities.  

As the studied sample silver iodide has been chosen. This substance 
has broad application in the photo in connection with its photosensitive 
properties, as the rain forming agent thanks to similarity with a crystal lattice 
with ice, in medicine in a look antiseptics in connection with antibacterial 
properties of silver and iodine. However the most interesting and perspective 
use of iodide of silver – in electrical equipment: creation of stores of energy, 
accumulators, supercondenser, condensers in communication of characteristic 
properties of iodide of silver of an ionics of a solid body. Alternative option - 
silver iodide use in the form of the high-quality catalyst. 

 
MATERIALS AND METHODS 
The method of the raster electronic microscopy (REM) by means of a 

raster electronic microscope of Zeiss Merlin has investigated dynamics of 
modifying of a surface of particles of the powder AgI at constant energy of a 
stream of electrons and at different times of influence. In an experiment three 
phases of a condition of substance (Picture 1) were considered: initial (a), 
intermediate (b), final (c). 
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а b c 

Picture 1. Three conditions of substance where: a - an initial condition 
of substance, b - an intermediate condition of substance,  c-pointed condition of 

substance 
 
Substance changed under the influence of electronic beams. At 

increase in time of influence of a bunch of electrons at the powder AgI change 
of morphology of a surface of particles was revealed. It is visible that on sides 
of particles of powder which at the beginning of the experiment were almost 
smooth smaller particles which size doesn't exceed ∼50 nanometers are formed. 
After radiation of particles a bunch of electrons during 216 seconds about the 
relation of a share of atoms of silver to a share of atoms of iodine in the same 
area of the powder AgI makes about 1.4: 1 within experiment accuracy. Thus, 
radiation of the mechanically modified powder AgI a bunch of electrons is 
resulted by violation of an equimolar ratio between atoms of silver and iodine 
towards increase in content of silver approximately for 40%. At impact within 
1980 seconds on surfaces of particles of AgI more noticeable changes of a relief 
are observed. The size of small crystals has increased to ∼ 70 nanometers, there 
was time which at the beginning of the experiment was absent. Time of 
influence of an electron beam was chosen taking into account the high speed of 
change of morphology of a surface of particles. The corresponding histograms 
of distribution of values of influence, gray after different time, by an electron 
beam on a sample are provided on the pictures 2. 
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a b c 

Picture 2. Histograms of distribution of values of influence gray after 
different time, an electron beam on a sample: initial structure of substance (a), 
structure after influence during 216 seconds (b) ,structure of substance after 
influence during 1980 seconds (c). 

 
All methods of binarization can conditionally be divided on threshold 

and adaptive. In particular, the ImageJ package offers 16 such options. Already 
existence of such large number of versions leads to the conclusion that even 
such by sight "simple" process as binarization is rather difficult task. In this 
regard there is a question of confidence to the obtained data if they strongly 
differ from each other. 

As methods of binarization the following algorithms have been used: 
Huang, Intermodes, IsoData, IJ-IsoData, Li, MaxEntropy, Mean, Moments, 
Otsu, Percentile, RenyiEntropy, Shanbhag, Triangle, Yen. Imposing of noise 
wasn't considered. 

 
RESULTS AND DISCUSSION  
Only some binarization algorithms give acceptable results both in 

absolute magnitude and in terms of noise resistance, it is becoming clear after 
experimental findings. There are effective methods – IsoData, IJ-IsoData, 
MaxEntropy, Отsu, RenyiEntropy, Shanbhag, Triangle, Yen. The Results of 
methods are given in table 1. Methods was used to first and last picture. Also, 
there are some no effective methods. Especially, the method Intermodes gives 
the most improbable results. The most effective algorithms were algorithms, 
which gave from 49 % to 60 % about number of white pixels. From the table 1 
became clear that entropy at the end of the observation is higher than at the 
beginning, because the values of all functions are increased in process of  
analyzing the last photo. 
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Table 1 
 

 
 
Also, we used   a function such as «Plot Profile». This function lets to 

make indicative quantitative analysis of the spread of white and black pixels 
over the sample area ( Picture 3).       

   

  
a b 

Picture 3. The scatter of white and black pixels over the area of the 
sample, where: a-initial state, b-final state. 

 
Another indicator of heterogeneity may be the value, which is defined 

as the number of local maxima in the image. In this case, the use of the Find 
Maxima option to the binary image leads to some findings: 701 separated areas 
for the modified and 780 for the unmodified sample. The same results are 
obtained from researching findings in the analysis of figure 3: 63 minimums for 
modified and 78 for unmodified sample. These data are in good agreement with 
each other and generally correspond to the received visual images. The Analyze 
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Particles and Distribution options, which are available in the package allow to 
get the data and build the corresponding histograms. But, we don`t` recommend 
to ues Distribution function (histogram), because the histogram is unsuccessful. 

Methods of binarization of electron microscopy images are useful for 
describing the dynamics of changes in the researching objects. And we think, 
that all algorithms are effective for description common changes.  The use of 
such methods for the absolute quantitative determination of the phase fraction, 
especially for objects characterized by diffusion images, requires great caution 
and preliminary evaluation of the results by other indirect methods. Especially, 
the method Intermodes gives the most improbable results. Also, should pay 
attention to the fact that sometimes the program execution is accompanied by 
unpredictable inverting of the image, which requires attention in the output of 
the results. 

 
CONCLUSIONS 
The surface of silver iodide changes the structure Under the influence 

of an electron beam. Crystals of silver are formed on the surface, the growth of 
which is determined by the time of exposure of the electron beam. The selected 
binarization methods of ImageJ as effective ones proved to be really useful for 
the quantitative evaluation of the structure of a substance after a certain 
influence on it, since it allows one to study and describe the dynamics of a 
change in the sample under study. The most effective binarization methods for 
analyzing the surface state of silver iodide are: "IsoData, IJ-IsoData, 
MaxEntropy, Otsu, RenyiEntropy, Shanbhag, Triangle, Yen." 
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Abstract 
The article considers the efficiency of mixing apparatus with a 

horizontal and vertical mixing device in a liquid-solid system. It presents the 
characteristics of interaction of a particle with a mixer blade and provides the 
analysis of the trajectory of the displacement of a particle when it is grasped by 
the blade. The article also focuses on the multicomponent liquid mixture 
production processes in apparatus with a horizontal and vertical blade shaft. The 
key process characteristics are presented in the form of similarity criteria. 
Empirical equations are obtained for dependence of the indices of the stirring 
process on factors. The study findings are presented as graphs. We have also 
indicated the optimal parameters of the apparatus with a mechanical mixing 
device, which ensure a resource-saving operating mode while maintaining 
stirring efficiency. The article determines the factors of the stirring process that 
affect energy consumption. 

Keywords: mixer, mass transfer, turbulization, energy expenditure, 
hydrodynamic processes, radial circulation, criterial dependence, rational 
indices, performance. 

 
Introduction 
Stirring is one of the main processes in the technology of preparing a 

multicomponent liquid mixture of nutritional feed additives for animals, 


