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Introduction. We refer to the Kirchhoff-Love (KL) model of beams, plates
and shells as to a classic model. A short issue of some non-classic models is given
here. Among them there are the Timoshenko-Reissner (TR) models, the plates and
shells made of a material with the general anisotropy, the multi-layered plates, the
plates and shells lying on the elastic foundation. We are bounded with the static
problems, with the vibration and buckling problems. The problems of the non-
stationary waves propagation [1, 2] are not discussed here. Also such important
problems as the 2D models of the higher than 10 orders [3, 4], the 2D Cosserat
shells [5], the shells made of a momentous elastic material [6], and many others re-
main out of consideration.

The TR model. The first step of the KL theory generalization is the TR theory
including a transversal shear. The differential order of the TR theory is equal to 10,
and the boundary conditions formulation in this theory is simpler compared with the
KL theory. But sometimes the TR theory is asymptotically incorrect [7, 8] in the
following sense. Accept that at the asymptotically correct 2D shell theory the wave
length in the tangential directions of the internal stress strain state (SSS) is much
larger than the shell thickness. Consider a plate or a shell made of isotropic or or-
thotropic material and suppose that the transversal shear elastic modulus is of the
same asymptotic order as the rest modules. Then among solutions of the TR theory
equations there are solutions of the boundary layer type which quickly decrease
away from the shell edges. But in all cases it is impossible to describe correctly the
boundary layer by the 2D theory [9]. The exactness of the internal SSS given by the
TR theory is the same as the exactness of the KL theory. Therefore for such materi-
als the TR theory is useless.

The small transversal shear modulus.The opposite answer is in the case
when the transversal shear modulus is much smaller than the rest elastic modules. In
this case the TR theory is asymptotically correct and it gives results which are es-
sentially more exact than the results of the KL theory. In all cases the exactness is
estimated by comparison with the solutions of the 3D problems which have the ex-
act or the asymptotically exact solutions. Note that if the transversal shear modulus
is very small then the 2D theories are unacceptable [8]. As an example the classical
problem of a circular cylindrical shell axial compression is studied and the differ-
ence between isotropic and anisotropic materials is discussed [10].

The general anisotropy of material. Consider plates and shells which made of
materials with the general anisotropy describing by 21 elastic modules [11, 12]. To
deliver the 2D model it is necessary to accept the generalized TR cinematic hypothe-
ses. Only in this case we get the model which is asymptotically correct in the zero ap-
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proximation with respect to the small thickness parameter. The obtained system of
10™ order is comparatively new and it is not sufficiently investigated. For plates this
system does not divide in two parts describing the tangential and the bending defor-
mations. For shells the typical SSS are constructed, namely the membranous state, the
pure bending state, the edge effect. For the mixed state the system of Donnell’s type
is delivered. By using this system some static, dynamic and buckling problems are
solved. The main problem which is to be solved for this model consist in excluding
the boundary layer and to reduce this system to the system of 8™ order (in the case
when all elastic modules are of the same asymptotical orders). The difficulty is to cor-
rectly formulate the boundary conditions for this system. Also the case when the as-
ymptotical orders of elastic modules are different is to be investigated. As an exam-
ples the multi-layered plates and the plates and shells reinforced by fibers are studied.
The averaging of elastic properties leads to the anisotropic material.

The elastic foundation. The plates and shells lying on the elastic foundation
are studied. The exactness of Winkler’s, Pasternak’s, and Ilgamov’s models is dis-
cussed. The typical vibration and buckling modes for shells on the foundation are
the local modes [13]. Dependence of the critical load on the Gaussian curvature of
the shell midsurface is investigated.

The compressed plate on foundation.The buckling modes of an infinite
compressed plate lying on the elastic half-space is investigated. Firstly [14] it is es-

tablished that the set of modes w(x, y) = w, sin pxsingy with p? +qg? =r? =const

corresponds to the critical compression. By using the post-critical non-linear analy-
sis it is found that the minimum energy corresponds to the chessboard-like mode
(p=gq). In [15] the issue of mechanical and biological phenomena accompanied
with the chessboard-like buckling modes is presented. The exact analysis is given in
[16]. It is established that in the linear approximation the any solution of the Helm-

holtz equation Aw+ r’=0 corresponds to the critical load. Examples of the possi-
ble buckling modes are presented. Note that the modes of free vibrations of an infi-
nite plate on the foundation are the same as the buckling modes. Nonlinear analysis
of the super-critical behavior of a compressed plate shows again that to the chess-
board-like mode the minimum energy corresponds.
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ONPEJEJEHUE ®U3NKO-MEXAHUYECKNX CBOHUCTB
BUOJIOTMYECKUX TKAHEH HA OCHOBE MOJIEJIEN
BA3SKOYIIPYI'OCTHU APOBHOI'O ITOPAJAKA
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VYray6iienue u paciiupeHue 3HaHUM B MEXaHHU3MeE PACIPOCTPAHEHUs] MEXaHU-
YEeCKHUX BOJH B BA3KOYNPYTHX MaTepuajaXx U CTPYKTYpax UMeeT OOJbIIOe 3HAaUeHUE
JUIS TATBHEHIIIETO pa3BUTHUS Pa3HOOOpPa3HBIX MPUKIATHBIX TeXHOJIOrui. Takue Tex-
HOJIOTMM UMEIOT OOJIBLION CHEKTp MPUIOKEHUH, KaK B MEAMLMHE, TaK U B OHoMe-
xaHuke [1, 2]. B kauecTBe nmpuMepa MOXHO NMPHUBECTH COBEPIICHCTBOBAHHUE M Pa3-
BUTHE TEOPETHUYECKUX OCHOB METOAOB MEIUIMHCKOW TOMOTpapuu (IMHAMUYECKON
anacrorpauu), COBEPILIEHCTBOBAHUE METOJUK OIPENEIECHUS COCTOSIHUS OMOTKa-
Hell. Mcrnonp30BaHKME B METOIMKAX MMOCTPOEHUS U300paKeHNN OMOJTOTMYECKHUX TKa-
HEH MOJIX0/I0B, OCHOBAHHBIX HA HEMHBA3UBHBIX U3MEPEHUAX JBW)KEHUS BOJH CIABHU-
ra B MATKUX OMOJIOTHYECKHUX TKaHSX, MO3BOJIAET MOIY4YaTh YHUKAIBHYIO MPOCTPAH-
CTBEHHYIO JIOKAJIM30BaHHYIO HMH(OpMAIUI0 O CBOiicTBaXx Marepuaia. MeToauku,
HCIOJIB3YIOUIME TaKyl0 MH(POPMAIHIO, MO3BOJISIOT MPOCIEAUTH BO BPEMEHU pa3BU-
THE TIATOJIOTHH M U3MEHEHU OMOMEXaHHMUECKUX CBOMCTB OMoTkaHel. Kpome Toro,
TEXHOJIOTUM, OCHOBAHHBIE HA M3Y4YEHUHM PACIPOCTPAHEHUS MEXAHMUYECKUX BOJIH,
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