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BU®YPKAIIUA PABHOBECHUSA
MHOTOCJOHHBIX MUKPOIIOJSAPHBIX COEPUUYECKHUX OBOJOYEK
C BHYTPEHHUMMU HAIIPAKEHUAMUAN
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AnHoTauus. [lorepss yCTOMUMBOCTH 0] JEWCTBUEM BHELIHUX HArpy30K HEPEIKO CTAHOBUTCS NMPUYMHOMN
pa3pymLIeHNs pa3IUIHbIX CTPOUTEIBHBIX M WHKEHEPHBIX KOHCTPYKIMH. B CBA3M ¢ 3TUM 1OCTAaTOYHO aKTyaJeH
BOIPOC aHAJIN3a YCTOWYNBOCTH COBPEMEHHBIX CIOMCTBIX KOMITO3UTOB, IIMPOKO IPHMEHSIONINXCS B PA3HBIX
OTpPAaCIIX TPOMBIIIIEHHOCTH. OHH YaCTO UMEIOT CIOKHYI0 MUKPOCTPYKTYPY U COAEprKaT BHyTPEHHHE HAIIPs-
YKEHUsI, KOTOPbIE MOTYT BO3HHUKATH B Ipoliecce COOPKHM KOMIO3UTA 3a CUET IUIACTUYECKUX Je(opMaluii, Harpe-
Ba 1 (pa30BBIX NIEPEXOJI0B MIIN CO3/IABATHCS HCKYCCTBEHHO. B pamkax o0melt TeOpuH yCTOHYIMBOCTH TPEXMEPHBIX
TEJ HCcCceIoBaHa On(ypKarys paBHOBECHS TOJICTOH MHOTOCIIONHOM ceprudeckorl 000I0UKN P BHYTPEHHEM
1 BHEIIIHEM JaBiieHnH. [1py 3TOM mpenonaranock, 9To ee CIOM MOTYT OBbITh NPEIBAPUTENBHO J1e(hOPMUPOBAHBI
1 cojiepyKaTh HavdalbHbIE (OCTAaTOUHbIE) HANpPsDKEHUS. I onMcaHns TIOBEACHNS] pacCMOTPEHHOH ceprnieckoit
00O0JIOYKH TPUMEHSIIACH MOJIENb MUKPOTIOISPHOI CPEJIbI, YTO MO3BOJIMIIO YUECTh BIMSHUE MUKPOCTPYKTYPBI Ha
TOTEpI0 ycToHunMBOCTH. C HMCTIOIB30BaHUEM TPEACTABICHUSI OMPEACIISIONINX COOTHOIIEHUIH OTHOCHTENBHO pas-
HBIX OTCUETHBIX KOH(PHTypaliii B CiTydae MOAEIHN (PpU3MIECKU-THHEHHOTO MUKPOIIOJISIPHOTO MaTrepraia roryde-
HBI ypaBHEHHSI HEUTPAIbHOTO PaBHOBECHSI, OTMCHIBAIOIINE TIOBEACHNE CIOMCTONH 000JI0UKH € IIPEIHANPSIKEHHBI-
MH 9acTsIMH B BO3MYIIIEHHOM COCTOSHHAH. C TIOMOIIBIO CHIENNAILHOM MOJCTaHOBKH HA OCHOBE ITOJIMHOMOB Jle-
JKaHJIpa MCCIIE0BAHIE YCTOHUYNBOCTH TOICTON N-CIOWHON MUKPOIIOJSPHON cpepraeckoiil 000I0UKH B CITydae
0CECUMMETPHUYHBIX BO3MYILIEHUH CBEICHO K PELIEHUIO JIMHEHHON OAHOPOAHON KpaeBOW 3a/1auu JJisl CUCTEMBI
6N 00BIKHOBEHHBIX A dhepeHITnanTbHBIX ypaBHeHHH. [Ipy 3aJaHHBIX YIIPYTHX ITapaMeTpax MaTepraia CIoeB,
MX TONIIMHE M HAYaJIbHBIX Ae(opMaIisix AaHHAs KpaeBas 3a/ada MOXET OBITh JOCTATOYHO JIETKO pellcHa
YHCIIEHHO C MCIIONb30BAHUEM KOHEYHO-PAa3HOCTHOTO METO/Ia.

KoaroueBble cioBa: HelMHEHHAs YIPyrocTb, yCTOMYMBOCTD AedopManiy, MUKPOIIOISIPHAs cpesa, BHY-
TpEHHHUE HANPSHKEHHS, MHOTOCIIOHAs cheprueckas 000I0uKa.

EQUILIBRIUM BIFURCATION
OF MULTILAYER MICROPOLAR SPHERICAL SHELLS
WITH INTERNAL STRESSES

D.N. Sheydakov', I.B. Mikhailova'

Abstract. Buckling under external loads often becomes the cause of collapse for various buildings and
engineering structures. Due to this, the problem of stability analysis for modern layered composites, which are
widely used in many industries, is quite relevant. They often have a complex microstructure and contain internal
stresses that can appear in the process of assembling a composite due to plastic strains, heating and phase
transitions, or be created artificially. In the present paper, within the framework of the general theory of stability
for three-dimensional bodies, we have studied the equilibrium bifurcation of a thick multilayer spherical shell
under internal and external pressure. It was assumed that its layers could be preliminary deformed and contain
initial (residual) stresses. To describe the behavior of the considered spherical shell, the model of a micropolar
medium was applied which made it possible to take into account the effect of microstructure on buckling. Using
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the representations of the constitutive relations with respect to different reference configurations, in the case of
a physically linear micropolar material model, equations of neutral equilibrium were derived that describe the
behavior of a layered shell with prestressed parts in a perturbed state. By applying a special substitution based
on Legendre polynomials, the stability analysis of a thick N-layer micropolar spherical shell in the case of
axisymmetric perturbations was reduced to solving a linear homogeneous boundary value problem for a system
of 6N ordinary differential equations. Given the material parameters of the layers, their thickness and initial
strains, this boundary value problem can be quite easily solved numerically using the finite-difference method.

Keywords: nonlinear elasticity, deformation stability, micropolar medium, internal stresses, multilayer
spherical shell.
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