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Governing equations 

In this section, we use rectangular cartesian coordinates to describe deformations of isotropic nanoplates. 

Our governing equations are derived based on trigonometric shear deformation theory in conjunction 

with nonlocal elasticity theory. We begin with the displacement field [1], 
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(8) 

One can easily find that the present theory is based on four unknown parameter (w, Q , , ). The linear 

strain-displacement relations for trigonometric theory are defined as follow [1], 
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(9) 

According to the principle of virtual displacements to derive the equilibrium equations appropriate for 

the displacement field in Equation 8 and constitutive equations in Equation 1, the following equilibrium 

equations can be obtained [1], 
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where, 
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In order to account the size effects in conjunction with equilibrium Equations 10, following integrations 

are needed 
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where   
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. By differentiating from 

above Equations 12–17 and Equations 19 and 20, the format of governing Equations 10 can be achieved 

easily. 
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Where  
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. By using the classical equilibrium Equations 10 and the above 

equations with considering size effects, four governing equations for investigating the static analysis of 

rectangular nanoplates can be expressed in terms of the unknown displacement components as follow, 
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It can be seen from the above equation that the classical or local plate theory is recovered when the 

parameter μ is set identically to zero. It may be important to mention that the above formulations are 

general and can be used for symmetric anisotropic nanoplates. According to our knowledge about 

analytical methods for macro plates, we can employ the following displacements for simply supported 

rectangular nanoplates as, 
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(34) 

These displacements are automatically satisfied the simply supported boundary conditions. By using the 

above displacement field in governing equations, one can obtain the following equations,  
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(38) 

Now by using MATLAB software, the nondimensional deflections and deflection ratios of rectangular 

nanoplates can be obtained. The difference between the nondimensional deflections and deflection ratios 

will be discussed in the next section of the main manuscript. 
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