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HEJWHEWHBIE KOJJEBAHUS MHOT'OCJIOMHBIX IIJIACTHH

© I''M. Kyauxos, 10.B. Kynemos

Kulikov G.M., Kuleshov Y.V. Non-linear vibrations of multi-layered plates. The article looks at free and forced non-linear
vibrations of multi-layered rectangular plates made of transversely isotropic materials. The vibration damping is based on a
linear hypothesis and the influence of elastic rods associated with plate edges is also included. A number of governing
equations in terms of force function and the displacement function are solved by the Bubnov-Galerkin method. The ampli-
tude-frequency equations are obtained by using the non-linear Timoshenko-type plate theory as well as the simplified non-
linear plate theory based on the well-known Berger hypothesis. Simple and convenient formulas for characteristics of free

and forced vibrations of plates are deduced.

B paGorax [1, 2] uccnenoBaHbl HEIHMHEHHBIE KOieOa-
HHUS MHOTOCTOMHBIX IUIACTHH IO YPaBHEHMSM, NOIydYCH-
HBIM Ha OCHOBE runoTte3bl beprepa [3, 4]. 3xecs u3yqaror-
csi cBOOOHBIC W BBIHY)KACHHBIC HEJIMHEHHBIE KOJIeOaHUS
MHOTOCJIOWHBIX MPSAMOYTOJIBHBIX IUIACTHH HAa OCHOBE IIOJI-
HBIX YPAaBHEHUI MHOTOCJIOMHBIX IUIACTHMH TuHa TuMo-
HIeHKo [5].

PaccMoTpuM MHOTOCHONHYIO TNPSIMOYTOJIBHYIO IUIa-
CTHHY, COCTaBIeHHYIO u3 N TpaHCBEpCATbHO M30TPOIHBIX
clloeB. YpaBHEHUSI BBEIHY)KACHHBIX MOMEPEIHBIX KOIeOaHNi
MOJyYuM U3 ypaBHeHHH riaBsl [11 MmoHOTrpaduu [5], moma-
ras, 49TO KPHBH3HBI M Kpy4eHHE KOOPAWHATHBIX JHMHHI
paBHBI HYNIO, W JOOABISSI MHEPIMOHHYIO ¥ JIMHEHHYIO
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Crnenys [6], cauTaem, 9TO KPOMKH IIACTHHBI CBSI3aHBI
C YNPYIMMH, HEMCKPHBIISIOIIUMHUCS B IUIOCKOCTH IUIACTH-
HbI peOpamu. [IprumMeM, 4TO Ha €AMHHMILY JTHHBI CTOPOH b 1

a MPHXOJTCS IUIOIIAAM cedeHn pebep F, u Fy . O6o-
suaunm b/ F, =V, h/Fy =V, . Belpaxenne a1 npo-

ruba IIapHUPHO OHepTOﬁ TJIAaCTUHBI BLI6epeM B BUJIC
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Moncrasmsas (4) B (1) m pemas momydenHoe audde-
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Ha puc. 1 mpencraieH oOmHii BUI CKETETHBIX KPUBBIX
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[IPY PA3IUYHBIX 3HAYEeHUsX Kodduuuenrta k. U3 pucyn-
ka 1 BuaHO, 9TO NpU k| >1 HENWHEHHBIA XapakTep Koje-

0aHMiI MHOTOCIIOMHOW TUTACTHHBI BBIpaKEH OoJiee CHIIBHO,
4YeM y OJTHOPOJIHOM, a IIPH k| < 1 MEHEee CHIIBHO.

BbUTH BBIMONHEHBI PACYEThl AMILIUTYA 1O YPABHEHHIO
(23), a Tarxke MO AMIUIATYAHO-4aCTOTHOMY YpPaBHEHHIO,
HOJIyYCHHOMY HHTErPUPOBaHHEM MeToioM bybOHoBa —
Tanepkuna ypapaenus [yddunra uz padots [1]. Pacuers
HOKa3allH, YTO MPH 3HAYCHHSX TapaMeTPOB

m=n=1, v=0,25 A=1,
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JUISL TUTACTHHBI C HECMEIIAIOMUMUCS KPasMH OTHOCHTEIb-
Has Pa3HOCTh 3HAUCHUH aMIUTUTY]] CBOOOIHBIX KOJIeOaHHH,
HAWJCHHBIX 0 TOYHON WM TPUOIMKEHHOW TEOpHSIM, CO-
crasnser 7,87 %.
PaccmoTpuM Terneps BEIHYXIEHHBIE KOIeOaHNS! MHOTO-
cIoitHOM TacTuHEL. IlycTh momepedHas Harpyska pacrpe-
JieTieHa 110 TOBEPXHOCTH IUIACTHHEI IO CIIEIYIOMEMY 3aK0-

HY:
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e q- =¢qg/ 0)% mn — 0C3PasMEpHBI Iapamerp Harpys-
ki. Ha puc. 2 mpuBeeHbl aMILTUTYIHO-YaCTOTHBIE KPUBEIE
CBOOOIHBIX U BBIHYKIECHHBIX HEIEMII(DUPOBAHHBIX KOJIE-
GaHuii MTACTUHBI 7151 AaHHBIX (27) pu ¢« .= 1,532.

0

0 1 2 nooo3

Puc. 1. OOmmii BUJ CKEIETHBIX KPUBBIX MHOTOCIIOMHBIX TUIACTUH
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Puc. 2. AMHJ’IPITyI[HO-‘{aCTOTHI;Ie KPUBBIE U PE30HAHCHBIE TOYKHU
MHOT'OCJIONHBIX TJIACTUH

IIpuGmmxeHHbIe 3HAYCHNSI PE30HAHCHBIX aMIUIUTYH U pe-
30HAHCHBIX YacTOT KOJIeOaHMH MHOTOCIOWHOW TUIACTHHBI
npu ydere AeMI(pHPOBAaHHUS ONPENeTM KaK KOOPAMHATHI
TOYEK MEePECeUeHUs] aMIIUTYAHO-YaCTOTHONW M CKEJIETHOU
KpuBBIX [2, 7]. Wcnone3ys manee ypaBHenus (21) u (23),
MOTY4UM

2 3kqt
Clpes = .|—| J1+———1], 32
Ipes 3k 48% ( )
qx
- 33
Hpes 284C1pes (33)

rae €« =&/, — 0e3pasMepHblil mapamerp Aemndu-

poBaHus. Ha puc. 2 TIOKa3aHbI PE30HAHCHBIE TOYKH, ONIPE-

JIeNIeHHbIe Ha OocHOBe 3aBucumocteit (32), (33) mus cie-
OYIOIMX ~ 3HAYCHUH  mapamerpa  JeMI(UpOBaHMS:
A(ex =03), B(ex =0,2), C(e+ =0,15). U3 puc. 2 suz-

HO, YTO PACIIOJIOKEHHE PE30HAHCHBIX TOYEK COTNIACYETCS C
KJIACCHYECKUMH NPEICTABICHUAMU O BIMSHHU JeMIpHPO-
BaHHsA Ha PE30HAHCHBIC aMIUIUTYABl KOJeOaHHH yNpyrux
cucrem [7].

Taxum 00pazom, pa3paboTaHHBIA METO HCCIICIOBAHUS
HEJIMHEHHBIX CBOOOAHBIX M BBIHY)KACHHBIX KOJeOaHUH

MHOTOCJIOMHBIX IJIACTUH Ha OCHOBE YPABHEHUH YTOYHEH-
HOW TEOpUH IJIACTHH THINA THUMOIIEHKO [5] MO3BOIMI MO-
JIy4uTh 0003pHUMBbIe (HOPMYIIBI AMIs BBIMONHEHUS PacyeToB
OCHOBHBIX XapaKTEPHCTHK KojeOaHuil 0e3 MCIOIB30BaHUS
NpUOIIDKEHHBIX ypaBHEHHI Ha OCHOBE TUIOTe3b beprepa.
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