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responding to low-frequency spectrum of free vibrations of the three-layered circu-

lar thin cylinder with embedded nonuniform MR layer. On the contrary, another ex-

ample demonstrates capability of the magnetic field to skew and suppress the natu-

ral modes localized near the «weakest» line on the surface of three-layered noncir-

cular cylindrical panel containing MRE. Dependencies of natural frequencies, 

damping decrement and parameter characterizing the power of the eigenmode local-

ization upon the intensity of applied magnetic field are analyzed. 

Finally, applying the asymptotic method developed in [8], the problem on soft 

suppression of localized vibrations running over the adaptive MR shell surface un-

der the effect of the nonstationary magnetic field is studied.  
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Introduction. Biomechanical contact problems involving transmission of 

forces across biological joints are of considerable practical importance in orthopedic 
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surgery and numerous numerical models for contact interaction of articular cartilage 

surfaces in joints have became recently available [1]. At the same time, the necessi-

ty of analytical models becomes an important issue in developing improved under-

standing of load distribution in the normal and pathological joints, which affects the 

mechanical aspects of osteoarthritis. It is known that the joint degradation in the 

early stages of osteoarthritis may be reflected in changes of material properties of 

articular cartilage layers, which were observed to become thicker, softer, and more 

permeable [2]. On the other hand, since the cartilage represents an essentially thin 

biological structure exhibiting complex material properties, direct FEM  ehavior 

for large time scale may become unreliable and at least needs verification. Thus, 

having at hand an analytical model of the joint, it is easy to predict the correspond-

ing behavior of the important contact parameters such as the maximum contact 

pressure and the contact area and to provide an insight for more extensive numerical 

analysis. This, in turn, gives a chance widening our knowledge on the evolution of 

osteoarthritis especially in its early stages. 

Abstracts. When studying contact problems for real joint geometries, a numeri-

cal analysis, such as the finite element method, is necessary, since exact analytical 

solutions can be only obtained for a simple enough geometrical configurations. Such 

analytical solutions have been obtained for two-dimensional, or axisymmetric and 

simple geometries [3–8]. On the other hand, analytical solutions for more complex 

geometries considered as benchmarks are of extreme importance for researchers as 

they allow verifying numerical computations made any commercial software that in-

volves various complicated biomechanical models. Moreover, exact formulas allow 

also analyzing various trends in solution behaviors and determine its  ehavior ty 

with respect to material and geometrical parameters without heavy and time consum-

ing numerical computations. These arguments show a strong need in evaluation of an 

exact solutions for the biomechanical problem exhibiting more complex geometry. A 

new methodology for modeling tibio-femoral contact presented in this study is based 

on the recently developed asymptotic models of frictionless elliptical contact interac-

tion between thin viscoelastic and biphasic cartilage layers. There is a large body of 

literature associated with contact interaction of thin layers. Even in the case of pure 

elastic behavior of the material, the contact problem presents significant difficulties 

for analytical solution [9]. But the contact problem for biphasic layers is time-

dependent, and such problems for non-symmetrical contact have not been widely in-

vestigated before, while their analysis requires development of novel asymptotic 

methods. Some of the new results reported in [10–14] will be discussed. 
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Introduction. Current methods of reducing three-dimensional problem of the-

ory of elasticity to two-dimensional problem of theory of plates and shells are the 

followings: a) hypotheses method, b) method of expansion by thickness, c) asymp-

totic method [1, 2]. Review of researches in direction of theories of micropolar elas-

tic thin plates and shells is done in papers [3, 4]. 

The main problem of the general theory of micropolar and classical elastic thin 

plates and shells is in approximate, but adequate reduction of three-dimensional 

boundary-value problem of the theory of micropolar elasticity to two-dimensional 

problem. From our point of view, for achievement of this aim [5-8] during the con-

struction of applied general theory of micropolar or classical plates and shells main 

results of the asymptotic solution of boundary-value or initial boundary –value prob-

lem of three-dimensional micropolar theory of elasticity in thin domain of the shell or 
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