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AHHoTtanusa. PaccMoTpeHo ocecMMMeTpUYHOe e(hOPMUPOBAHHUE TPEXCAOHHON KPYTrOBOH MIAaCTHHBI
IPpY NOBTOPHOM 3HAKONlEPeMeHHOM Harpy’KeHHWM H3 IJIaCTHYeCKOH 00JacTH JIOKAJbHOH Harpys-
Kod. Jlasi onucaHus KMHEMAaTHKH HEeCHMMeTPHYHOro MO TOJIIMHEe MaKeTa IJIACTHHBI MPHHSATHI
TUIOTe3bl JIOMAaHOH JIMHUM. B TOHKHMX YNpPYyronaacTUYeCKHMX HEeCYLIMX CJO0SIX HCIOJb3YIOTCS TH-
note3bl Kupxroda. HenuHellHo ynpyruil OTHOCHTE/JbHO TOJICTHIH 3aMOJHHUTE/b HeCXKHUMaeM IO
ToJILUHe. [l/1f Hero npuHUMaeTcs TUNoTe3a THMOILIEHKO O MPSIMOJMHEHHOCTH U HeCXKHUMaeMOCTH
ne(pOpMUPOBAHHOH HOpPMaNHW C JHHEHHOH anmpoKCHMalWed MepeMelleHWH M0 TOJILHHE CJIOS.
YuuTblBaeTcsl paboTa 3aMoJIHUTENs B TaHTeHLMAJbHOM HampaBjeHUH. PHU3uyecKre COOTHOLIEHHS
CBSI3U HaNpSI’)KeHUH U Je(popMalUi COOTBETCTBYIOT TEOPHH MaJsblX YIPYromJacTHYeCKUuX AedopMa-
LMHA. YuTeHO BO3[elCTBHe TEeIIOBOrO MOTOKA. TeMnepaTypHoe MoJjie B IJaCTHHE PAacCYMTHIBAJIOCH
no QopmyJse, MOJy4YeHHOH C MOMOILBIO YCpPeJHEHHs TelJo(HU3HYeCKHUX NapaMeTpoB IO TOJILIHU-
He nakera. Cucrema audQepeHLHaIbHBIX YPaBHEHUH pPaBHOBECHsI NMPU HArpy>KeHWH IJIACTHHBI
M3 eCTeCTBEHHOI0 COCTOSIHHSI IOJy4deHa BapualMOHHBIM MeToaoM Jlarpanxka. CgopMysaupoBaHbI
TPaHMYHBlE YCJIOBUSI Ha KOHType MJacTHHBI. PellleHHe COOTBeTCTBYIMOLIEH KpaeBOH 3ajaud CBe-
IEHO K HaXOXKJEHHIO TpeX HCKOMBIX (PYHKUHH: Nporuba, CABUra U pajua/bHOIO IepeMelleHHUs
CPeIMHHOH MOBEPXHOCTH 3anojHUTesl. /15 3TUX (YHKUHMH BbIIMCaHAa HEOQHOPOAHAsl CHUCTeMa
OObIKHOBEHHBIX HeJIMHEeHHBIX AU((epeHLHalbHbIX ypaBHeHUH. Ee aHanmnTUuecKoe MTepalOHHOE
pelleHMe NosyyeHo B pyHKUHUAX Beccesst metonom ynpyrux pewmenuit Mnsomuna. [Ipu nosTopHoMm
3HaKOIepPEeMEeHHOM Harpy»KeHHH IIJIACTHHBI PelleHHe KPaeBOU 3afa4d CTPOUTCS C MOMOILBIO TEOPHH
nepeMeHHOro Harpyxenusi MockButhHa. B 3ToM ciydae wncnosb3yeTcss THIOTE3a O MOAOOHH
(DYHKUMH NJIaCTUYHOCTH Ha KaxKAOM liare HarpyxxeHusi. Mx ananuTudyeckuil BUA NPUHHMaeTcCs
He 3aBUCSILIMM OT TOUKM pasrpys3kd. OnHako BXOAsllMe B alNpOKCHMaLMOHHBIE (DOPMYJ/bl MaTe-
pUasibHble KOHCTAHThl OyAyT APYrHe. YUHUTbIBaeTCsl LUKINUECKOe yIIPOUHeHHe MaTepuaJa Hecylux
cnoeB. IIpoBeneH nmapameTpuuecKHH aHa/M3 MOJYYEHHBIX peLIeHHH NP PasJU4YHbIX I'PAaHUYHBIX
YCJOBUAX B C/ydae JOKa/JbHOH HArpysKd, paclpefeseHHOH MO KPyry. YUMC/JIeHHO HCC/IeL0BAHO
BJMSIHUE TeMIepaTypbl U HeJHMHEHHOCTH MaTepHaJIOB CJI0eB Ha NePeMelleHHUs B IaCTHHe.
KiroueBble cjoBa: TpexcJ/oiiHas Kpyroras MJacTHHA, NJaCTHYHOCTb, [IOBTOPHOE 3HaKOIllepeMeH-
HOe JIOKaJIbHOe HarpyKeHue, TeMreparypHoe moJe, yncaeHHbl ananus HIC

© Craposorito 2. 1., Neorerrxo 4. B., 2021



W

2. N. Craposoritos, A. B. NeoHeHKo. [ToBTOpHOE 3HAKONEPEMEHHOE HarpysKeHne nnacTrHb @&,'

BaarogapHocTtu: Pabora BoimosnHeHa npu (unaHcoBoil nopnep:xkke BPDDPU (mpoekt Ne T20P-
047).

Hns uutupoanus: Cmaposoiimos 3. H., Jleonenxo /[. B. [loBTopHOe 3HaKOTepeMeHHOe Harpy-
JKeHHe YIPYToIIacTUUeCKOH TPexCJOHHOH MacTHHBI B TeMnepaTypHoM nose // M3Bectus Capa-
TOBCKOro yHMBepcuTeTa. Hoas cepusi. Cepusi: Matematnka. Mexanuka. Muadopmaruka. 2021.
T. 21, Bein. 1. C. 60-75. https://doi.org/10.18500/1816-9791-2021-21-1-60-75

Cratbst omnyOaukoBaHa Ha ycjaoBusix JuieHsun Creative Commons Attribution License
(CC-BY 4.0)

Article
https://doi.org/10.18500/1816-9791-2021-21-1-60-75
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Abstract. Axisymmetric deformation of a three-layer circular plate under repeated alternating
loading from the plastic region by a local load is considered. To describe kinematics of asym-
metrical on the thickness of the plate pack is adopted the hypothesis of a broken line. In
a thin elastic-plastic load-bearing layers are used the hypothesis of Kirchhoff. A non-linearly
elastic relatively thick filler is incompressible in thickness. It is taken to be a hypothesis of
Tymoshenko regarding the straightness and the incompressibility of the deformed normals with
linear approximation of the displacements through the thickness layer. The work of the filler in
the tangential direction is taken into account. The physical relations of stress-strain relations
correspond to the theory of small elastic-plastic deformations. The effect of heat flow is taken
into account. The temperature field in the plate was calculated by the formula obtained by
averaging the thermophysical parameters over the thickness of the package. The system of
differential equations of equilibrium under loading of the plate from the natural state is obtained
by the Lagrange variational method. Boundary conditions on the plate contour are formulated.
The solution of the corresponding boundary value problem is reduced to finding the three de-
sired functions: deflection, shear and radial displacement of the shear surface of the filler. A
non-uniform system of ordinary nonlinear differential equations is written for these functions.
[ts analytical iterative solution is obtained in Bessel functions by the method of elastic solutions
of Ilyushin. In case of repeated alternating loading of the plate, the solution of the boundary
value problem is constructed using the theory of variable loading of Moskvitin. In this case,
the hypothesis of similarity of plasticity functions at each loading step is used. Their analytical
form is taken independent of the point of unloading. However, the material constants included
in the approximation formulas will be different. The cyclic hardening of the material of the
bearing layers is taken into account. The parametric analysis of the obtained solutions under
different boundary conditions in the case of a local load distributed in a circle is carried out. The
influence of temperature and nonlinearity of layer materials on the displacements in the plate is
numerically investigated.

Keywords: three-layer circular plate, plasticity, repeated alternating local loading, temperature
field, numerical analysis SSS
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