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Abstract. Feasibility of the energy-information method use, both at a stage of conceptual 
design of control systems elements and at a stage of their outline designing is proved in the 
paper. It is shown that the use of the fractal approach to modeling of the physical principle of 
operation of sensors considerably increases possibilities of the power-information method, 
broadening the area of the synthesized technical solutions. The paper presents energy-
information modeling of deformation of a flat membrane on the basis of the fractal approach. 
The offered approach unlike the classical approach allows taking into account anisotropic 
properties of semiconductor materials of a microelectronic membrane. The advantage of the 
provided method in comparison with other approximate methods consists in a possibility of 
transition from a stage of conceptual design to a stage of outline designing with the use of a 
single platform that considerably increases operational efficiency of designers. 

1. Introduction 
In connection with onrush of science and technology, the requirement to control systems elements 
continuously increases. The initial stages of sensors designing are the most important since at a stage 
of conceptual design developers make fundamental decisions on the structure and the principle of 
operation of the developed device. The initial stages of designing are characterized by conversion of 
considerable amounts of information, a large number of the studied engineering implementation 
options. The solution of these tasks is in many respects determined how the developer will be provided 
with the new information technologies, strengthening his intellectual capacity, allowing to automate 
processes of search and information processing on the basis of application of the system approach to 
sensors and their elements development. The paper is devoted to creation of such technologies [1-2]. 
Most effectively this problem is solved by the theory of energy-information chains [3-6] with the use 
of the knowledge base based on a general concept about a class of objects [7-9]. The energy-
information method allows describing the phenomena and processes of various physical nature by 
means of the equations, invariant to the nature.       

Technical progress requires continuous development of the theory. The use of the fractal approach 
for the description of the principle of operating of technical devices allowed lifting a part of 
restrictions of the energy-information method and broadening the area of the found solutions [10]. 
Besides, the offered approach can be applicable not only at a stage of conceptual design, but also at a 
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stage of outline designing. This process is shown by authors by the example of energy-information 
modeling of a flat membrane deformation. 

2. Materials and Methods 
Designing the flat membrane working at small deflections, the classical method of calculation based 
on solution of the differential equations [11] is used. However, it does not consider mechanical 
anisotropy of semiconducting materials, of which microelectronic technical devices are made. On the 
other hand, development of new sensors and their analysis is essentially at a loss with the fact that the 
description of physical processes on which their principle of operation is grounded, is, as a rule, 
carried on in the language inherent to the given class of the physical phenomena. Thus, descriptions of 
various classes of the physical phenomena essentially differ from each other on the basis of 
traditionally used mathematical apparatus.  

This problem is solved based on the theory of energy-information models of chains (EIMC) of the 
device of parametrical block diagrams (PBD). The EIMC Theory provides consideration of the 
phenomena of the various physical nature by means of the equations, invariant to the physical nature 
itself; graphical representation of the operation principle of the converter; deriving of analytical 
dependences of one value from another; the possibility concerning simple search automation of new 
technical solutions [2]. It is applied at a stage of retrieval designing to automation of synthesis of new 
technical solutions. Design of converters will become more effective if the EIMC Theory also will be 
used at the following stage for predesign of units of the synthesized converters. This causes a choice of 
a power-informational method for the approximate calculation of a flat membrane taking into account 
mechanical anisotropy of properties of semiconducting materials. 

3. The model of a flat membrane deformation 
The flat membrane can be presented as the round slice fixed on the edge and loaded with pressure or 
concentrated load. Limiting the task to the area of small motions (movements), we will consider that 
the slice works only in bending; therefore, during task solution it is possible to become limited by 
consideration of parameters and values only of the mechanical angular nature.  

As the slice has polar symmetry, for a material with isotropic properties, power factors of power 
and deformation are constant along a circle, but can vary on the plate radius. For membranes from 
semiconducting materials, deformation in various points of a surface differs not only in a radial, but 
also in a district direction. Therefore, when defining values and chain parameters, it is necessary to 
consider the corner value between the selected direction of consideration of deformation and the main 
axis of the material. It is proved that the membrane can be considered as a line with the distributed 
parameters [3]. In figure 1, the circuit of load of a flat membrane is presented. 

 
Figure 1.The circuit of load of a flat membrane: a) along radius, b) a segment. 

 
On the basis of analogies and similarity of chains of the various physical nature, the first and 

second Kirchhoff laws, the Ohm's law, the Hooke's law, the model of deformation of a flat membrane 
has been developed for biaxial stress. Its parametrical block diagram is presented in figure 2. 
Analytical dependences for calculation of deformation of a flat membrane (1-10) are derived. 
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Figure 2. The parametrical block diagram of deformation of a 

 

 

 

 

 

 

 

 

 

 

The parametrical block diagram of deformation of a flat membrane
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There are the following legends

muiU —angular mechanical effect in theory

muiC
*

— parameters defining accordingly 
capacity, p – pressure; R — membrane radius; 
elasticity of Young on axes x and y 
axes x and y of Eulerian coordinates
links of a chain of a membrane, α

Recursive functions have been used to simplify the analytical expressions. The analysis 
resulted in the definition of their physical sense. The function
elastic properties of a material. 
EIMC, and represents the factor of the distributed effect on a sensitive unit.
The value part of the functions for each elementary unit 
force factor Φ  by dimension 
dimension ( )nn×  on a column vector of distributed reaction 

 
Figure 3. Dependence of the size of distributing force factor 

 
The derived dependences are used to create a numerical method of a flat membrane calculation 

basing on the use of matrixes with elements of fractal structures. This method can be implemented on 
the basis of the tabular processor (fig. 
 

( )αµαµ
µµ

2
122

2
211

3
2112

cossin

))(1(12

⋅+⋅⋅
−−

=
EEnh

in
mui

C  

the following legends in figure 2 and in formulas (1-10): 

angular mechanical effect in theory PIMC terms, muiQ   — angular mechanical charge

accordingly the mechanical angular rigidity and the 
membrane radius; hм — thickness of a membrane;  E

on axes x and y of Eulerian coordinates, m12, m21  — Poisson's ratios concerning 
coordinates (for isotropic material, E1=E2=E, µ12=µ21=

α — the angle of the section direction relatively the main axis.
Recursive functions have been used to simplify the analytical expressions. The analysis 

their physical sense. The function is dimensionless and characterizes 
elastic properties of a material. The function has the dimension of a charge in terms used in theory 
EIMC, and represents the factor of the distributed effect on a sensitive unit. 

alue part of the functions for each elementary unit iΦ  is defined by a line matrix of distributing 
by dimension ( )1×n  as a production of distributing parameters matrix 
on a column vector of distributed reaction pI  of the dimension 

Dependence of the size of distributing force factor Фi on a sensitive element from the depth 
of the fractal limit. 

The derived dependences are used to create a numerical method of a flat membrane calculation 
basing on the use of matrixes with elements of fractal structures. This method can be implemented on 
the basis of the tabular processor (fig. 4). 

(10) 

angular mechanical charge, muiW
*

, 

and the mechanical angular 
E1, E2  — modulus of 

Poisson's ratios concerning 
=µ); n — quantity of 
the main axis. 

Recursive functions have been used to simplify the analytical expressions. The analysis has 
is dimensionless and characterizes 

of a charge in terms used in theory 

is defined by a line matrix of distributing 
as a production of distributing parameters matrix Ψ  by 

 ( )n×1 (fig. 3). 

 

on a sensitive element from the depth 

The derived dependences are used to create a numerical method of a flat membrane calculation 
basing on the use of matrixes with elements of fractal structures. This method can be implemented on 
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Figure 4. The illustration of an engineering design procedure of 
the matrixes with elements of fractal structures in MS Excel

4. Results 
Adequacy of the structurally-parametrical model of a 
on the basis of the matching of its usage results with the result of a classical technique of solution of 
the differential equations applied
method is unacceptable for a material with anisotropic properties. Algorithmic knoware and the 
software have been developed to carry out the computing experiment. The result of experiment is 
presented in figure 5. 

Figure 5
 

 
llustration of an engineering design procedure of the flat membrane deformation, using 

the matrixes with elements of fractal structures in MS Excel.

parametrical model of a flat membrane deformation has been checked up 
matching of its usage results with the result of a classical technique of solution of 

ed in case a material with isotropic properties is used
ceptable for a material with anisotropic properties. Algorithmic knoware and the 

software have been developed to carry out the computing experiment. The result of experiment is 

5. The diagram of a flat membrane deformation 

 

flat membrane deformation, using 
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is used. The classical 
ceptable for a material with anisotropic properties. Algorithmic knoware and the 

software have been developed to carry out the computing experiment. The result of experiment is 
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The received inaccuracy of calculation with usage of the developed model is in the limits of 30 %, 
which is acceptable for using the developed method at the stage of sketch design. 

5. Conclusion 
The developed model of deformation of a flat membrane has two purposes: synthesis of new technical 
solutions and preliminary approximate calculation at a stage of sketch design.  

The offered method unlike the classical approach allows taking into account anisotropic properties 
of semiconductor materials of a microelectronic membrane.   

This approach makes the design more efficient by the reduction of expenses for the prototyping and 
field tests. 
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