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main kinematic modelling assumption, called the micro-macro decomposition, is that the displacements of the shell wi(x,z,t), 
i=1,2,3, are expected in the form: w3(x,z,t)=v3(x,t), wα(x,z,t)=[−∂αv3(x,t)+ϕ(x1)uα(x,t)]z+vα(x,t)+ϕ(x1)rα(x,t), where ϕ(⋅) is the 
known fluctuation shape function (being a tolerance-periodic, oscillating function); vi(⋅,x2,z,t) (i=1,2,3) and uα(⋅,x2,z,t), 
rα(⋅,x2,z,t) (α=1,2) are averaged displacements of the shell midsurface and additional kinematic unknowns, respectively, 
being slowly-varying functions in x1. The averaged displacements vi are called macrodisplacements and the new kinematic 
unknowns uα, rα are called fluctuation amplitudes. 

 3   Governing equations 

Denote by µ, ϑ and Bαβγδ, Dαβγδ, averaged over the shell thickness h – the mass density, the rotational inertia and the shell 
stiffnesses, repectively; and by fi the external loadings; by bαβ the metric tensor. After some manipulations, applying the 
tolerance averaging procedure, cf. [9], [7], the model equations take the form: 
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The above equations represent the tolerance model of thin shallow functionally graded shells under consideration. Equations 
(1) describe the effect of the microstructure size on the overall behaviour of these shells by the underlined terms. All 
coefficients of these equations are slowly-varying functions. 
 It can be observed that neglecting the underlined terms in equations (1) we arrive at the following system of equations: 
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which neglect the effect of the microstructure size. The model described by equations (2) will be called the homogenization 
model of thin shallow functionally graded shells under consideration. 

4   Final remarks 

In this note a problem of mathematical modelling of thin linear-elastic shells with functionally graded structure (called 
functionally graded shells) is presented. As a tool of the analysis the tolerance averaging technique is applied, cf. [7], [9]. 
Summarizing our considerations we can formulate some new results and remarks. 
 It can be observed that the tolerance averaging technique makes it possible to pass from differential equations with highly 
oscillating, non-continuous coefficients to model equations having smooth, slowly-varying coefficients. 
 Moreover, the derived equations of the tolerance model describe the effect of the microstructure size on the overall 
behaviour of the functionally graded shells, in the contrary to the homogenization model. It can be marked that the obtained 
equations take into account this effect not only in non-stationary processes 
 More detailed analysis and examples of applications of the tolerance model of the functionally graded shells will be 
presented in forthcoming papers. 
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