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Results of patent and analytical review of the task of complex structured mixture
transformation are demonstrated and classified in the paper. The selection and analysis of
the most effective science and technological solutions in area of the research are analyzed.
The search and selection of the most important periodical sources for research (including
foreign sources) are also demonstrated. The generalized diagrams of scientific sources
analysis by the imprint date and by the publishing country are show as a system analysis.
The results, obtained during the research, allowed to get the adequate representation about
the current developments in the field of complex structured mixtures, to determine the
degree of field developments, and also to plot a vector for the further work in this research.
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Introduction

There are so many different branches of industry and national economy, where the
complex structured mixtures are exists, especially nowadays. At the specific stages of
production, some actions are inevitably influence on mixture and after that it changes
its own structure and composition. In this context, the works is inevitable to identify
interrelations between structure and composition of the mixture at the input and at the
output. However, very often it’s impossible to describe analytically the process of changing
the mixture structure and composition, that is why, the research of the empirical data,
received in help with the process monitoring, is necessary for each individual case with
complex structured mixture in order to build a mathematical model of the task. It is
evident that every mathematical model will have its own distinctive characteristics, which
depend on the use of complex structured mixture, on the type of conditions, and on the
influence to the mixture. The authors of the paper [1] developed a universal model for
representation the composition of complex structured mixture, which is changes due to
some influences. This model has been successfully applied to the task of determining the
structure of charge materials for electric arc furnace. This allowed the developing of a
mathematical model of formation the residual elements (chromium, nickel and copper)
in the steel, consisting of two sequential multi-criteria optimization tasks [2|. This task
has been solved with the tree methods of multi-criteria optimization and the comparative
analysis of the decisions has been made |3]. Considering the successful model testing on
the task of the charge materials composition optimization, it was decided to develop a
universal software for forecasting the composition of the complex structured mixture and
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for identifying the interrelations between the mixture structure at the input and at the
output on the basis of work with empirical data. That is why, it is necessary to analyze
and evaluate the existing solutions in the field of working with the complex structured
mixtures and to research the condition of the problem by the periodical sources in order
to determine the current level of technology, as well as the trends of further works with
the mixtures. Examples of these solutions are:

1) search and selection of the most effective scientific and technological achievements;

2) search and selection of the most important periodical sources for the research
(including foreign publications);

3) systematization and analysis of selected materials. The two large researches of the
problem state: patent and analytical have been conducted for the goal achievement. Lets
review the results, which were received during the researches.

1. The Results of Patent Research

In the period from 06/03/2015 to 29/03/2015 the search and analysis of patents,
claims for inventions and for utility models have been implemented, and the search of
registered software for ECM and data bases has been implemented also [4]. Patent search
by the methods of determining of the mixture composition and by the ways of mixing the
components allowed to find 12 analogs. Among them:

1) 5 patents for inventions. The earliest patent for invention was registered in 1971,
the last one, which was suitable for the research topic — in 2012.

2) 4 applications for inventions. Claims were registered in the period from 2002 to
2005.

3) 4 registered software for the ECM. Software was registered in the period from 2014
to 2015. Analysis of selected materials showed that existing solutions are applicable only
for the individual steps of solving the task of complex-structured mixture transformation.
In particular, "The device for controlling the batching" ensure the increasing accuracy of
the batching the components of the complex mixture, but not provide the opportunity of
the calculation the mixture composition at the input and at the output [4]. However, the
device uses an automatic control of the compliance its weight to the mixture formula, thus
the process state monitoring is executed, as in the case of the author’s task. "Device for
selection an optimal solutions" [4] allows to select the optimum solution not only in the
system exploitation process, but also in the process of its development. However, there
are no opportunities for determining the predicted values in this device also. But, in this
device the method of the main criterion is used for solving the task, whose applicability
has been tested on the problem assigned by the authors. "Analog device for calculation
the composition of the complex mixture in percent" [4]| allows to determine the percentage
composition of the mixture, but it is the only opportunity of the device. The analysis
allowed to consider a variety of devices for solving optimization tasks. It will help in future
to test the solution methods, which are used in the devices, on the problem of determining
the structure of the charge materials. In addition, the analysis allowed to ensure the that
the interest of determining the mixture compositions is appeared a long time ago, but
the existing technical solutions are not universal and do not allow to implement the ways
of organization the prediction process of the complex structured mixture composition,
specifically the identification some interrelations between the input and output system
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parameters in the process of changing the control actions. In connection with this, the
own development of software for calculating the predicted values of the complex-structured
mixture parameters for solving the task of the complex-structured mixture transformation
is necessary and has no existing analogues.

2. The Results of Analytical Research

According to research of the complex-structured mixture transformation task there
were analyzed the 51 periodical sources, among them the 20 articles written by the Russian
authors and the 31 by the foreign authors. Most of the Russian scientists works are
concentrated within the 1980 — 2000 gg., but the foreign authors began to publish works
on multi-criteria optimization relatively recently, and most of the works are dated by 2015.

For the works of the foreign authors, such as F. Le Huede and N.D. Pankratova,
the scientific novelty of the methods of solution the multi-objective optimization tasks,
making its own contribution to the task solution and the development of the hybrid
methods for solving the tasks is specific, for example works |5, 6]. For the Russian
scientists” L.A. Rastrigin and A.V. Timofeev works is typical to research the existing
methods and to make the attempts for classification them according to different criteria
[7, 8]. In the research of Russian scientists a great attention is given to the methods of
solving multi-criteria optimization based on convolution of the criteria (in particular, the
pairwise convolution of criteria), and ranking them by importance, that is, reducing the
task from the multi-criteria optimization task to the one-criterion optimization task [9-11].
The research of different multi-criteria methods application is being carried out by both
Russian and foreign scientists. For example, the authors C. Zopounidis and M. Doumpos
from Greece are evaluate the financial risks using the models, which are containing the
milti-objective optimization methods [12], and scientists from the USA apply the multi-
criteria optimization techniques in the oil industry [13]. An important part of the research
is carried out to research of multi-criteria optimization tasks under uncertainty. The works
of the authors Yu.M. Volin and L.G. Gurin are focused exactly on this. According to this
analysis we can make two main conclusions:

1. The analysis allowed to investigate the different multi-objective optimization
methods. At the same time, the applicability of some methods for solving the problem
of determining the percentage of residual elements in the steel, such as the method of
concessions, the method of restriction and the method of criteria convolution have already
been tested in [3]. Having a lot of other methods makes it possible to check the possibility
of using them for solving the same problem, as well as an opportunity of finding more
appropriate solutions than those that were obtained by three methods listed above.

2. Taking into account the fact that the authors of [1] have developed a universal model
of representation of the composition of complex-structured mixture, and the fact that it
has been applied only to represent the structure of the charge material for electric arc
furnace, makes the analysis needed to identify other applications of the complex structured
mixtures. During the analysis a large number of fields using complex-structured compounds
were found and it can be possible to use the same model for a more convenient and visualize
the structure of the mixture.
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3. The Bibliometric Evaluation of Researches

The comparative charts were built to perform the system analysis of the analytical
research results in the field of multi-objective optimization and complex-structured
mixtures. Figure 1 is represents the chart of the distribution of the scientific papers by
the country of its publication. Based on the chart shown above, we can conclude that the
research topic causes the interest and studied widely in different countries.

Fig. 1. The chart of the distribution of the scientific papers by the country of its publication (in
percentages of the total amount of papers)

According to research, there were founded the 51 periodical sources, among them: 14
in Russia, 6 in USA, 2 in China, 6 in USSR, 2 in Turkey, 1 in Sweden, 2 in Italy, 2 in
Poland, 1 in Portugal, 4 in Germany, 2 in Brazil, 1 in Georgia, 1 in Japan, 4 in France, 1
in Ukraine, 3 in Spain, 1 in Algeria and 1 in New Zealand. Also, the systematic analysis
of the publication activity of the research topic allowed to build a chart of distribution
scientific papers by the year of publication. This diagram is shown in figure 2.
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Fig. 2. The chart of distribution scientific papers by the year of publication (in percentages of
the total amount of papers)

As the figure shows, the theme has sparked interest in 2000, 2007, 2008, 2014 and 2015.
The first works, which can be attributed to the analysis of the task of the transformation
the complex-structured mixture, are dated by the 1981, so, this topic is relevant for almost
40 years. Analysis of the research in the field of working with multi-criteria optimization
tasks showed that until now the attempts to classify the existing methods of multi-criteria
optimization and development of new ones are made. At the present time the methods
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for solving multi-criteria optimization tasks under uncertainty, the methods for solving
multi-criteria optimization tasks based on neural networks and the other methods that
are utilized in different fields are developed. The scheme of classification the existing
researches in the field of work with the tasks of multi-criteria optimization is shown in
Figure 3.
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Fig. 3. The scheme of classification the researches

In terms of classification, shown in Figure 3, master studies related to the research
of the applicability of the known methods of multi-criteria optimization to predict the
composition of the charge material for electric arc furnace.

Conclusion

The authors of the paper are made the analysis of the patent and analytical research
of the task of the complex structured mixture transformation. Patent search by the
task of transformation the composition of complex structured mixture allowed to find
12 analogies. At the same time, the existing solutions are suitable for individual stages
of solving the problem of the transformation of complex-structured blend, and research
is needed to develop a common method of working with mixtures. In addition, the
review of the periodical sources was made and the 51 source by the research topic was
found. Analysis allowed to reveal possible areas for the application of the developed
methods to predict the composition of complex-structured mixture. In addition, variety
of methods of multi-criteria optimization has been analyzed. It is necessary to make a
further analysis, justification of advantages and disadvantages and possible applications
of the task of predicting the composition of complex-structured mixture on the example
of the calculation of the structure of the charge material for electric arc furnace.
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PE3VYJ/IBTATHI ITATEHTHO-AHAJINTNYECKOI'O
NCCJIEAOBAHUS 3A/TAYN TPAHCOOPMAILINN
CJIOKHO-CTPYKTYPUPOBAHHOII CMECHU

0.C. Jloeynosa, H.C. Cubuaesa

B pabore npuBOmgTCS M CHCTEMATU3UPYIOTCS PE3yJIbTATHI ATEHTHOTO U AHAJUTUYE-
CKOTO UCCAENOBAHUN 33189 TPAHCHOPMAINK CJI0KHO-CTPYKTYpUPOBAaHHOH cMmecu. [Ipons-
BOAUTCS OTOOP ¥ aHau3 Hanbosiee 3(HEKTUBHBIX HAYIHO-TEXHUIECKUX JTOCTUXKEHUN B 00-
JIACTHU MCCIeIOBaHus. Takke, TPUBOAATCs 0DOOIIEHHBIE PE3YIBTATHI IOUCKA U 0TOOPa Hau-
6oJiee 3HAYMMBIX JIJIS UCCIIEIOBAHMS UCTOYHUKOB MEPUOAMYECKON mevaru (BKIIOYas 3apy-
GexkHble u3/anud). B KadecTBe cUCTEMHOrO aHaIM3a NPUBOAATCs OGOOIIEHHBIE AUArDAMMbI
aHAIN3a HAYYHBIX PabOT IO TOMy WU3JAHWS W MO CTpaHe myOaukaruu. Pe3yabrarTsl, mosy-
YEHHBbIE B XOJIe MPOBEIEHHBIX UCCIEI0BAHNU, TTO3BOJISIOT Oy YUTh AJEKBATHOE TPEICTABIIE-
HEE O TEKYIIUX pa3padoTKax B 06acTu paboT CO CJI0KHO-CTPYKTYPUPOBAHHBIMYU CMECAMH,
OTIPEJIETINTH CTENEHb PA3BUTHA TAHHON OOJACTH, a Tak¥Ke 3a7aTh BEKTOD JJIs TATHHEHITHX
paboT 1o MCCIeOBAHUIO 33/1a91 TPaHChOpMaIUy CIOKHO-CTPYKTYPHUPOBAHHON CMECH.

Karoueene ca06a: namenmuo-aHaAUmMuUIeckoe Uccaed08anue; MHOZ0KPUMEPUAALHAA
ONMUMUIAGUUA; SUHETHOE TPOZDAMMUPOBAHUE; CAONHCHO-CMPYKMYPUPOBAHHGA CMECD.
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