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a higher thermal conductivity than type 2 for the same structure. Moreover, for them the maximum deflection 
is greater from above, since they are only one film TiN. Structure 2 has the best sensitivity Rv. Summarizing 
all the parameters, it is shown that the microbolometer 2b of structure 2 has the best characteristics.  

ACKNOWLEGMENTS 

The research is funded by and carried out within the state program of scientific research “Photonics and 
electronics for innovations” (task 3.04). 

REFERENCES 

[1] R.A. Wood, C.J. Han, P.W. Kruse, "Integrated uncooled infrared detector imaging arrays", Solid-State 
Sensor and Actuator Workshop, 5th Technical Digest, IEEE, pp. 132-135, 1992. 

[2] D. Takamuro, M. Tomohiro, S. Takaki, "Development of new SOI diode structure for beyond 17um pixel 
pitch SOI diode uncooled IRFPAs", Proceedings of SPIE - The International Society for Optical Engineering, 
8012, 80121E, 2011. 

[3] C. Li, C.J. Han, G.D. Skidmore, C. Hess, "DRS uncooled VOx infrared detector development and 
production status", Proc SPIE, Vol.7660, 76600V, 2010. 

[4] B.E. Cole, R.E. Higashi, R.A. Wood, "Micromachined pixel arrays integrated with CMOS for infrared 
applications", Int. Conf. on Optical MEMS, IEEE, P. 63, 2000.  

[5] A.J. Syllaios, et al., "Amorphous Silicon Microbolometer Technology", Proc. Mater. Res. Soc., San 
Francisco, CA, USA, 2000, Vol. 609, pp. A14.4.  

[6] E. Mottin, et al., " Uncooled amorphous silicon technology enhancement for 25-um-pixel pitch 
achievement" Proc. SPIE Infrared Technology and Applications XXVIII, Seattle USA, 2003, Vol. 4820, pp. 
200. 

[7] C.-L. Tisse, J.-L. Tissot, A. Crastes, "An information-theoretic perspective on the challenges and 
advances in the race toward 12μm pixel pitch megapixel uncooled infrared imaging", Proc. SPIE 2012, 8353, 
83531M1. 

[8] J. Wang, et al., "Fabrication and parameters calculation of room temperature terahertz detector with 
micro-bridge structure", J. Infrared Milli Terahz Waves, 35(12), 987-1082, 2014. 

 

MODIFICATION OF THE RLA MODEL FOR PRESENTING A CLUSTER SYSTEM OF A COMPOSITE 
MATERIAL WITH A FRACTAL FILLER STRUCTURE 

A. Belko, N. Babarika, I. Zeylikovich, A. Nikitin 
YankaKupala State University of Grodno, Grodno, Belarus 

belko_av@grsu.by 

I. INTRODUCTION 

In [1 - 4], the quantitative characteristics of the spatial distribution of filler-copper particles in the matrix of a 
composite material based on polytetrafluoroethylene were investigated and determined using images of the 
surface obtained by optical microscopy methods. To determine the quantitative parameters of the structure 
of clusters, the method of cluster recognition based on threshold segmentation (Otzu method) was applied. 
Analysis of the distribution structure of copper particles in a polymer matrix at filler concentrations in the 
range of 1-20 wt. % shows that the structure of the filler forms clusters can be described within the reaction-
limited aggregation (RLA) model. It was found that the fractal dimensions of the profile of the selected 
segments of copper clusters in the polytetrafluoroethylene matrix are in the range from 1.65 to 1.72 with a 
change in the mass concentration of copper from 1% to 20%. The fractal dimensions of the profile of the 
clusters, the structure of which was calculated within the framework of the RLA model (for three-dimensional 
lattices), vary from 1.62 to 1.72 when the probability of adhesion of a diffusing particle and cluster particles in 
the adhesion zone changes from 0.2 to 1. The fractal dimensions of the profile of the clusters, the structure 
of which was calculated within the framework of the RLA model (for three-dimensional lattices), vary from 
1.62 to 1.72 when the probability of adhesion of a diffusing particle and cluster particles in the adhesion zone 
changes from 0.2 to 1. Such a parameter of the RLA model, as adhesion probability, can serve as a link 
between the fractal dimension of the cluster profile and its mass fractal dimension. 

In accordance with the RLA model, one seed particle of the cluster is placed in the space under 
consideration, and then one new particle is added to the space. Each new particle moves according to the 
law of random walks. If a particle reaches the boundary of space, it is reflected from it. The particle continues 
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to move until it is in the vicinity of one of the cluster particles. Further, the diffusing particle is attached to the 
cluster in accordance with the given probability of adhesion of the diffusing particle and the configuration of 
the cluster particles in the adhesion zone. If a diffusing particle joins a cluster, then the next particle is 
launched into space. If the attachment of the particle to the cluster did not occur, then the particle continues 
to move according to the law of random walks. Thus, a cluster is formed [5–7]. 

II. DESCRIPTION OF THE MODEL AND OBTAINED RESULTS 

One of the options for modifying the RLA model is the condition for the termination of cluster growth. Usually, 
in the RLA model, the condition for the termination of cluster growth is that the cluster reaching the 
boundaries of the region. However, this condition can be changed by setting a finite amount (volume 
concentration) of primary particles from which a cluster is formed. Calculations, provided that the cluster 
reaches the boundaries of the region, show that the volume concentration of particles corresponds to 2%. 
The volume concentration of primary particles is related to the mass concentration of copper in the matrix of 
the composite material based on polytetrafluoroethylene and can be another parameter for comparing real 
clusters and model objects. 

Real physical systems usually consist of several clusters (cluster system). In order to obtain a model of such 
a system, the RLA method can also be modified. In our case, unlike the RLA model, during the clustering 
process, seed particles are randomly added that do not move over the region and from which clusters can be 
formed. Also, during the clustering process, in accordance with the RLA model, particles are sequentially 
launched that diffuse over the area. If a diffusing particle enters a cell next to a cluster, then, depending on 
the adhesion probability, it either joins the cluster or continues to diffuse over the region. Thus, it is possible 
to build a cluster system. In this work, the RLA model was modified to study the properties of the cluster 
system in the range of the volume concentration of particles from 2 to 5% and the probability of adhesion of 
diffusing particles and cluster particles in the adhesion zone from 0.2 to 1. 

In this case, an informative characteristic of fractal clusters of the system can be their average fractal 
dimension. Calculations have shown that the average fractal dimension of clusters in the system 
corresponds to the fractal dimension of clusters, the structure of which was calculated within the RLA model 
with the corresponding probability of adhesion of diffusing particles and cluster particles in the adhesion 
zone. 

A computational experiment to determine the mutual influence of the adhesion probability and the volume 
concentration of particles on the formation of fractal clusters in a cluster system was carried out in 
accordance with the second-order orthogonal central compositional plan (OCCP) [8]. As a result of a 
computational experiment in accordance with the OCCP, the dependence of the mass fractal dimension of 
clusters from the volume concentration of particles and the probability of diffusing particles adhesion and 
cluster particles in the adhesion zone was obtained: 

2
0,1750,50,385-2,1672,524 PnPPnD     (1) 

where D is the average mass fractal dimension of clusters, n is the volume concentration of primary particles, 
P is the probability of adhesion of diffusing particles and cluster particles in the adhesion zone. 

III. CONCLUSIONS 

The paper proposes a modification of the RLA model to study the properties of a cluster system. A 
computational experiment to determine the mutual influence of the adhesion probability and the volume 
concentration of particles on the formation of fractal clusters in a cluster system was carried out in 
accordance with the second-order orthogonal central compositional plan. As a result of the computational 
experiment in accordance with the OCCP, an equation was obtained for the dependence of the mass fractal 
dimension of clusters on the volume concentration from 2 to 5% and the adhesion probability of diffusing 
particles and cluster particles in the adhesion zone from 0.2 to 1. The developed methods for modeling a 
cluster system can be used to present the structure of the filler in composite materials and predict the 
physical properties (thermal conductivity) of composite systems. 
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I. INTRODUCTION 

In the context of building an individual educational scheme for students, it becomes especially important to 
analyze the assimilation of theoretical and practical material in order to make corrections in the 
methodological aspects of teaching the mathematical cycle disciplines. As well as forecasting the level of 
mastering disciplines. This approach is especially important in a blended learning environment, when 
knowledge control takes place in a distance format. 

II. MAIN TEXT 

In the first semester, the working curriculum for students of economic training areas provides for the study of 
two disciplines of the mathematical cycle: linear algebra and mathematical analysis. As shown by the 
analysis of the final testing in the discipline "mathematical analysis", less than 10% of students scored more 
than 20 points out of 50 possible. The main part barely crossed the required minimum of 16 points to get 
credit. In this regard, an analysis was made of possible difficulties that students faced when completing 
assignments. The main problems include: 

- Weak basic mathematical preparation, caused by the usual memorization of only the necessary 
mathematical apparatus for the successful passing of the exam. 

- Lack of skills for attentive work with the text of the assignment. 

- The use of Internet resources, which knocked off the correct decision inherent in the software testing 
algorithms. 

The performed correlation analysis of the test results in the disciplines of linear algebra and mathematical 
analysis showed the presence of a close linear relationship between the test results and the exam, and the 
analysis of the exam results in linear algebra, that the same problems were present during testing in this 
discipline. 

To reduce the dependence of the results of mastering the material on the identified problems, at the 
beginning of the semester, a repetition of what was learned was carried out at the beginning of the semester, 
analysis of typical mistakes made when completing the test assignment, as well as the order of studying the 
sections assigned to the second semester was changed. These measures led to an improvement in the 
assessment of the forecast of the success of the exam, which was confirmed by the results of examination 
testing. The projected 30% of those passing increased to 57%. 

The exam result, from our point of view, is still unsatisfactory. The reasons for this result are the following: 


