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YCTOUYUBOCTH COCTABHOI'O KPYT'OBOT'O IIUJIUHJIPA
C BBICOKOMMOPUCTOM CEPILIEBUHON
U NPEJHANPSI)KEHHBIM OJHOPOJHBIM NOKPBITUEM
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AnHoTanusi. PaboTa nocssiiena ncciaenoBannio Ondypkauyu paBHOBECHS COCTaBHBIX HEIMHEHHO-YTIPY-
TMX KPYTOBBIX IIMJIMHJIPOB, KOTOPBIE SBIISIOTCS PACIPOCTPAHEHHBIMH 2JIEMEHTAMH MHOTUX MHKEHEPHBIX KOH-
CTPYKLMHA. B pamkax oOreil Teopuy poaHaaIu3upoBaHa MOTepsl yCTOHUYUBOCTH JIBYXKOMIOHEHTHOTO I[MJIMH-
JPUYECKOTO CTEP>KHS IIPH OCEBOM CXKAaTUU U BHELTHEM AaBieHuu. [Ipu 3ToM nonaranoch, 4To €ro BHYTPEHHSSA
4acTh (Cep/LeBUHA) BHIITOJIHEHA U3 BBICOKOMIOPHUCTOTO MaTepyaia, a BHEIIHSS YacTh (MMOKPBITHE) OJHOPOIHA,
TIpeIBapUTEIbHO JeOpMHUpOBaHa M COACPKUT BHYTPEHHHE HANpsDKEHMs. B Xone MopennpoBaHUsT paccMo-
TPEHHOTO COCTABHOI'O CTEP>KHS IPUMEHEH OPUTHHAIBHBIN MOAXO/: /I ONUCAHUS ITIOBEICHUS OPUCTON Cep-
LIEBUHBI HCIIOJIB30BAJIMCH OITPEACIIAIONINE ypaBHEHHS HeNMMHeHOTo KoHTHHYYMa Koccepa, a nepopmupoBanne
TTOKPBITHS NCCIIEA0BAIOCH B PAMKaX KJIACCHYECKOM TEOPHHU YIIPYTOCTH, YTO TIO3BOJIMIIO O0JIee AeTAIBHO YIEeCTh
BIIMSTHHE MUKPOCTPYKTYpbI Marepuaia. C nomomnipio popmyi mpeodpa3oBaHus ONMPEIEIISIONINX COOTHOILCHNH
MIPY U3MEHEHNHU OTCYETHON KOH(UTYpanuu Juist MoAenu (pU3nYecKy JJMHEHHOTO MaTepraia MoJlyYeHbl ypaBHe-
HUSI HEWTPAJIBHOTO PAaBHOBECHUS, OMHUCHIBAIOIINE MOBEICHUE ABYXKOMIOHEHTHOTO LMIMHAPUYECKOTO CTEPIKHS
C BBICOKOTIOPUCTOHN CEpALIEBUHON U NPEIHANPSHKEHHBIM OTHOPOAHBIM MOKPHITHEM B BO3MYILIEHHOM COCTOSTHHU.
CrenpanbpHast MOJCTaHOBKA MO3BOJISIET CBECTU AHAIM3 €r0 YCTOMUMBOCTH K PEIICHUIO TMHEHHON OHOPOAHOM
KpaeBOM 3a/1auMl JJIsl CUCTEMBI JICBATH OOBIKHOBEHHBIX JH((epeHInalbHbIX YpaBHEHUH. B pesynsrare ymc-
JICHHBIX PACYETOB JUIS COCTABHOTO KPYyTrOBOTO LIMIMHAPA C CEPALIEBUHON U3 MIOTHON MONNYpPETaHOBON MEHBI
Y TTOKPBITHEM U3 MOJIMKAapOOHAaTa YCTaHOBJICHO, YTO TIPEIBAPUTEIILHOE PACTSIKEHHUE IIOKPBITHS CTAOMIM3NPYET
paccMOTpPEHHYIO JIe(OpMaNMIO IIMIMHAPA, B TO BpeMs KaK BIHMSHHUE MPEABAPUTEIHLHOTO CXKATHUSI MOKPBITHS
HETaTUBHO.

KitroueBble cjioBa: HeJIMHEHHAS YIIPyrocTb, yCTOWYNBOCTH JAedopMaliii, MUKPONOJISIpHAs cpelia, BHY-
TPEHHUE HAMpPSDKEHUs], COCTABHON LIWINHPUUECKUN CTEp KeHb, TIOPUCTasi CepALIEBUHA, MPEIHANPSIKEHHOE 110-
KpBITHE.

STABILITY OF COMPOSITE CIRCULAR CYLINDER
WITH HIGHLY POROUS CORE AND PRESTRESSED UNIFORM COATING

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

Abstract. This paper is dedicated to studying the equilibrium bifurcation of composite nonlinearly elastic
circular cylinders, which are common elements of many engineering structures. Within the framework of a
general theory, the buckling is analyzed for a two-component cylindrical rod under axial compression and external
pressure. It is assumed that its inner part (core) is made of a highly porous material, while the outer part (coating)
is homogeneous, pre-strained and contain internal stresses. An original approach is taken during the modeling
of the composite rod under consideration: the governing equations of the nonlinear Cosserat continuum are used
to describe the behavior of the porous core, and the deformation of the coating is studied within the framework
of classical elasticity theory, which made it possible to take into account the influence of material microstructure in
more detail. Using formulas for transforming the constitutive relations when changing the reference configuration,
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neutral equilibrium equations were obtained for the model of a physically linear material that describe the behavior
of a two-component cylindrical rod with a highly porous core and a prestressed uniform coating in a perturbed
state. A special substitution allows us to reduce its stability analysis to solving a linear homogeneous boundary
value problem for a system of nine ordinary differential equations. As a result of numerical calculations for a
composite circular cylinder with a core made of dense polyurethane foam and a polycarbonate coating, it was found
that preliminary tension of the coating stabilizes the considered deformation of the cylinder, while the effect of
preliminary compression of the coating is negative.

Keywords: nonlinear elasticity, deformation stability, micropolar medium, internal stresses, composite
cylindrical rod, porous core, prestressed coating.
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