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OB YCTOMUYUBOCTU COCTABHBIX COEPUUECKHUX TEJ
C BLICOKOIMIOPUCTOM OCHOBO
N NPEAJHAINPAKEHHBIMHU OAHOPOAHBIMU ITIOKPBITUAMU
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Annoranus. [1lupokoe Mcronbp30BaHNe B Pa3IMYHBIX OTPACISIX IPOMBIIUICHHOCTH 00yCIIaBIMBACT aKTy-
aIbHOCTb BOIPOCA aHAIN3a YCTOMUNBOCTH COBPEMEHHBIX KOMIIO3HUTOB CO CI0KHOW MUKPOCTPYKTYpPOI U BHY-
TPEeHHUMU HarnpspkeHusiMu. Hacrosimast paboTta rmocsieHa U3ydeHnio OUQypKauyu paBHOBECHUS COCTaBHBIX
HEJIMHEHHO-YTIPYTUX CPepUIECKUX TEJ, KOTOPBIE SBIISIOTCS paclpoCTPAaHEHHBIMHU JIEMEHTaMU KOHCTPYKITHH.
B pamkax o01ieit TpexMepHO TEOPHH YCTOHYMBOCTH PACCMOTPEHO BBIITyYHBAaHHUE TPEXCIIOMHOTO MTOJIOTO IIapa
IIPY BHYTPEHHEM U BHEIITHEM JiaBlieHHH. [Ipu 9TOM nosnaranoch, 9To cpeiHU Ci10# mapa (0OCHOBA) BHIITOJIHEH
13 BBICOKOIIOPHCTOTO Marepyaia, a BHyTPEHHHUI U BHEIIHUH CIIOM (TIOKPBITHS) OAHOPOHBI, IPEABAPUTEIIHLHO
neGopMHUPOBaHbI M COAEpIKAT BHYTPEHHUE HaNpsyKeHMs. [Ipu ero MoJeMpoBaHny B IaHHOM CTaThe MCHOJb-
30BaJICS OPUTMHAJIBHBIN MOAXO/: AJIsl ONMUCAHUS MOBEJEHUS HOPUCTOH OCHOBBI IPUMEHSUINCH OMPEIEISIONINe
ypaBHEHMsI HETUHEHHOTo koHTUHYyMa Koccepa, a moBefieHne MOKPHITUIN H3ydanoch B paMKaX KJIaCCHYECKON
YIPYTOCTH. JTO TO3BOJIMIIO JICTAJIBHO yYECTh BIMSHUE MHUKPOCTPYKTYPhI Marepuaia Ha OudypKauio pas-
HoBecHs. C UCNOIb30BAHUEM NPEJCTABICHUIN YPaBHEHUH COCTOSHHUS OTHOCHUTENIBHO PA3HBIX OTCUETHBIX KOH-
¢urypanmii jurst Moaenu (GpU3MIECKU-ITMHEHHOTO MaTepHaa MoiydeHbl ypaBHEHHsT HEHTPAILHOTO PaBHOBECHS,
OIUCHIBAIOIINE TTOBEJEHUE COCTABHOTO IIapa C BBICOKOIIOPUCTON OCHOBOW U MPEAHANPSKEHHBIMU OTHOPOAHBIMU
TIOKPBITHSIMH B BO3MYIIIEHHOM COCTOSIHMH. VccieioBanre yCTOHYMBOCTH B OOIIEM CIlydae CBEICHO K PEIICHUIO
JIMHEHHOW OTHOPOJIHOM KpaeBOM 3a1auu JUIsl CUCTEMBI ABEHAAIATH AU (EpeHIIMATBHBIX YPaBHEHHH B YaCTHBIX
pou3BoAHBIX. OJJHAKO B CIy4ae OCECUMMETPHUYHBIX BO3MYIIEHUN MOKA3aHO, YTO MPU UCHOIb30BAHUM CHEIH-
aJbHOM MOACTAaHOBKY Ha OCHOBE MOJUHOMOB JlexkaHpa /Ui aHaIu3a yCTOHUMBOCTU JOCTATOUHO PEIIUTD YIPO-
IIEHHYIO JITHEapU30BaHHYIO KPAEBYIO 3a/1ady JUIsl CHCTEMbI OOBIKHOBEHHBIX (P PEPEHIIMAIBHBIX YPAaBHCHHUH.

KiroueBble cjioBa: HeJIMHEHHAS YIPyrocTb, yCTOWYNBOCTH jAedopMaIiii, MUKPONOJISIpHAs cpelia, BHY-
TPEHHUE HAMPSHKEHUs], TPEXCIIONHBIN MOJIBIHN 11ap, TOPUCTasi OCHOBA, IPETHANPSKEHHBIE MOKPBITHUSL.

ON STABILITY OF COMPOSITE SPHERICAL BODIES
WITH HIGHLY POROUS CORE AND PRESTRESSED UNIFORM COATINGS

D.N. Sheydakov', I.B. Mikhailova', V.A. Lyzhov'

Abstract. Widespread use in various industries determines the relevance of the issue of stability analysis
for modern composites with a complex microstructure and internal stresses. The present paper is dedicated
to studying the equilibrium bifurcation of nonlinearly elastic composite spherical bodies, which are common
structural elements. Within the framework of the general three-dimensional theory of stability, the buckling
is considered for a three-layer hollow ball under internal and external pressure. It is assumed that the middle
layer of the ball (core) is made of a highly porous material, while the inner and outer layers (coatings) are
homogeneous, pre-strained and contain internal stresses. An original approach is taken when modeling the
ball in this paper: to describe the behavior of the porous core, the governing equations of a nonlinear Cosserat
continuum are used, and the behavior of the coatings is studied within the framework of the classical elasticity.
This made it possible to take into account in detail the influence of material microstructure on the equilibrium
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bifurcation. Using the representations of the constitutive relations for different reference configurations, neutral
equilibrium equations were obtained for the model of a physically linear material, describing the behavior
of a composite ball with a highly porous core and prestressed uniform coatings in a perturbed state. The study of
stability in the general case was reduced to solving a linear homogeneous boundary value problem for a system
of twelve partial differential equations. However, in the case of axisymmetric perturbations, it was shown that when
using a special substitution based on Legendre polynomials, it is sufficient to solve a simplified linearized boundary
value problem for a system of ordinary differential equations for the stability analysis.

Keywords: nonlinear elasticity, deformation stability, micropolar medium, internal stresses, three-layer
hollow ball, porous core, prestressed coatings.
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