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Y emammi poszensanymo 3adauy cmitikocmi mpumapogoi niacmuHKyu cumMempudroi 6y0oeu
30 MOBWUHOIO 3 Ie2KUM MPAHCEEPCATbHO-I30MPONHUM 3AN0BHIOBAYEM, WO NIOKPINAEHA OOHUM
NOB3008HCHIM PeOPOM HCOPCMKOCTI 3 YPAXYBAHHAM Oii NO300BIHCHIX CUNL Y CEPEOUHHUX NAOUJU-
HAX 308HIWHIX wapie ma 6 pedpi. OOIPYHMOBAHO AKMYANbHICMb NUMAHHS CIILIKOCmI came
NIOKPINAeHUX mpuwiaposux niaCmuHoK, fAKi ugyeHi HeoocmamHvo. Bioznauena siocymuicme
NPAKMUYHUX Ma MmeopemudnHux 0a3 0 NApamMempuiHux 00CAiONHCeHb CIMIUKOCMI 3a3HAYeHUX
HAACTMUHOK.

3asnaueno, wo 3a donomocow eapiayiinoco npunyuny Ocmpozpadcvkoeo— Iaminemona
OMPUMAHT PIGHAHHS PYXY MPUUIAPOBOI NAACMUHKY CUMEMPUYHOT 0Y008u, nioKpinaenoi pebpamu
HCOPCMKOCTI Y OBOX 83AEMHO NEPREHOUKVIIAPHUX HANPAMAX 3 YPAXYSBAHHAM Oii NOOOBICHIX CUTL
VY CepeouHHUX NIOWUHAX 308HIWHIX Wapie i pebpax, epaHuyHi ymosu i yMO8uU no JiHisx pebep.
11i0 yac eusedenns pieHsaHb nepedbauanocs, Wo 3an08HIEAY 1e2Kull, a pedpa Marms 00HAKOBY
HCOPCMKICMb 6 OOHOMY HANPAMKY U PO3MAWLOBAHI HA OOHAKOBUX GIOCMAHAX. [NA 308HIUHIX
Hecyuux wiapie nputimanucs cinomesu Kipxeogpa—Jlasa, a onsa 3anosuroeaua i pebep — niHitiHUL
3AKOH 3MIHU MAHZEHYIATbHUX NepeMilyeHb 3a MOBWUHOIO A 8PAX08y6aECs 32Ut pebep y eepmu-
KabHill NIOWUHI.

Ompumani oupepenyianvni pigHAHHA CMIUKOCMI OLISIHKYU NJIACMUHKU, KA 3AMKHEHd
Midic pebpom ma Kpasmu nAacmunku, 0e3 ypaxy8anHs 32UHANbHOI HCOPCMKOCMI 3068HIUHIX
wapis. 3a 00noMo2010 2paHUIHO20 Nepexooy OMpPUMAani YMosU no OOKAX NAACMUNKY Ma JTIHIT
pebpa 3a Hasa6HOCMI HA ONOPHUX KPOMKAX diagpazm be3 ypaxy8aHnus KpymuibHOI JHcOpCmKo-
cmi pebep.

Ompumano pieHAHHS CMIUKOCMI MPUULAPOBOT NAACMUHKU CUMEMPUYHOT 6Y008U 3 TecKUM
MPAHCEEPCATLHO-I30MPONHUM 3ANOEHI08AYEM, NIOKPINIEHOT OOHUM NOB3008ICHIM PeOPOM JiCOp-
cmxocmi. Ompumani piHAHHA Ol BUSHAYUEHHS NApAMempy JHCOPCMKOCMI ma napamempy Kpu-
muynux cun. Ilpoananizoeani ghopmu smpamu cmiukocmi 3a3Ha4eHol naaCmuHKu.

Kniouogi cnosa: mpuwaposa niacmunka, 1e2Kuil 3an08HI08ay, pebpo JHcoOpCmKoCcmi, cmii-
Kicmb, H#COPCMKICMb NAACMUHKU, HCOPCMKICMb pebpa, napamemp 3Cygy, Napamemp HcopCmko-
cmi, napamemp KpUMuyHUX Cujl, PIBHAHHA CMIUKOCMI MPUWIAPOB0I NIACIMUHKU, SPDAHUYHI YMOBU.
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Yemelianova T.A. Investigation of a three-layered hinge-supported plate supported by one
longitudinal rib of rigidity

The article considers the problem of stability of a three-layer plate of symmetrical structure
in thickness with a light transversely isotropic filler, supported by one longitudinal rigidity rib
taking into account the action of longitudinal forces in the middle planes of the outer layers
and in the edge. The urgency of the question of the stability of the reinforced three-layer plates,
which are insufficiently studied, is substantiated. The lack of practical and theoretical bases for
parametric studies of the stability of these plates is noted.

It is noted that the equations of motion of a three-layer plate of symmetrical structure
supported by stiffening ribs in two mutually perpendicular directions taking into account
the action of longitudinal forces in the middle planes of outer layers and ribs, boundary conditions
and conditions along ribs are obtained using the Ostrogradsky-Hamilton variational principle.
In deriving the equations, it was assumed that the filler is light, and the edges have the same
stiffness in one direction and are located at equal distances. The Kirchhoff-Lev hypotheses were
accepted for the outer bearing layers, and the linear law of change of tangential displacements in
thickness was accepted for the aggregate and edges, and the bending of the edges in the vertical
plane was taken into account.

Differential equations of stability of the section of the plate, which is closed between the edge
and the edges of the plate, without taking into account the bending stiffness of the outer layers.
By means of the boundary transition, the conditions on the sides of the plate and the rib line
are obtained in the presence of diaphragms on the bearing edges without taking into account
the torsional stiffness of the ribs.

The equation of stability of a three-layer plate of symmetrical structure with a light transversely
isotropic filler, supported by one longitudinal stiffening rib, is obtained. Equations are obtained
to determine the stiffness parameter and the critical force parameter. The forms of loss of stability
of the specified plate are analyzed.

Key words: three-layer plate, lightweight aggregate, rigidity, stability, rigidity of the plate,
rigidity of the ribs, shear parameter, rigidity parameter, stability equation of a three-layer plate,
boundary conditions.

ITocranoBka npodaemu. OCTaHHIM YacoM IIapOBi KOHCTPYKILil, a caMe TPUIIAPOBI
TUTACTHHHY, 3HAXOJSTh ITHPOKE 3aCTOCYBAHHS B TAKUX HAYKOEMHUX Tally3sX, SIK IPOMHC-
JIOBE Ta LUBLIbHE OYIiBHULITBO, JiTaKoOyAyBaHHS, CyqHOOyyBaHHs Touo. [Ipobnema
CTIMKOCTI TPHIIAPOBUX KOHCTPYKIIIM BUCYBA€THCS HA TEPIIHMH TUIaH, OCKITBKH 3 METOIO
€KOHOMI Macl BOHU BUKOHYIOTBCSI TAKAM YMHOM, IO 30BHIITHI OOIIMBKY € TOHKHMH,
a CepeMHHMN IIap € JerkuM. TpHUIIapoBi IUIACTUHU 32 MOPIBHSHO HEBEIIUKOI Baru
BOJIOZIIOTh BUCOKMMH XapPaKTEPUCTHKAMHI MIIHOCTI Ta )KOPCTKOCTI Ta B Pa3i HAJIEKHOTO
BHOOpY MapaMeTpiB BOHM MOXYTh CIIPHAMATH 3HAYHI HaBaHTaKeHHs. OTHAK BEIMKHNA
BIUIUB MOMEPEUHHX AeopMalliil 3cyBy 3alIOBHIOBa4a HA pOOOTY 30BHIIIHIX IIAPiB MOXKE
CIPUYMHUTH BTPATy CTIMKOCTI KOHCTPYKIIIi B IIIOMY, TOMY JOIIUIEHO TiAKPIILTIOBATH
TPHILIAPOBI TNIACTHHU peOpaMu JKOPCTKOCTI [1].

JlocmipkeHHAM  CTIMKOCTI HEMiAKPIIEHUX TPUIIAPOBUX IUIACTHH MPUCBSUCHE
JocHTh Oararo myOmikaiii [2; 3; 4; 5]. YV pobotax [6; 7] HaBeIeHO YHCEIbHI METOIM
PO3paxyHKy 3a3HAYCHUX IUIACTHH Ha CTIiMKICTh. Po3paxyHkaM Ha CTIMKICTB MiIKpi-
TUICHUX TPUIIAPOBHX IJIACTUH MPHUCBSUEHO HE3HAYHY KUIbKICTh mpans [8; 9; 10], 1 mi
JIOCTIDKEHHS HE HOCATH CHCTEMAaTHYHOTO XapakTepy. ToMy IOITyK HOBHX METOXIB
PO3B’sA3aHHA 3a/1ad Ha CTIHKICTh MiJKPIINIEHUX TPHIIAPOBHUX IUIACTHH, AKi JO3BOJSATH
OTpHUMAaTH HalOIIBII TOYHI PO3PaXyHKOBI MApaMETPH, € aKTYaJIFHOIO 33/1a4eIO.

VY craTTi po3nsIIAEThCS TPYKHA CTIHKICTh TPHIIAPOBOI TUIACTHHHU 3 JISTKUM TpaH-
CBEPCaJIbHO-130TPOITHUM 3aII0BHIOBauEM, 110 MiJKPijieHa OHUM IOB30BXKHIM pedpoM
s)KopceTkocTi (puc. 1).

MeTow aociigKeHHs] € OTPHUMAaHHS DPIBHSHHS CTIHKOCTI TPHIIAPOBOI TUIACTHHH
CUMETPUYHOI OYJOBU 3 JIETKUM TPaHCBEPCAIbHO-130TPOIHUM 3alI0BHIOBAYEM, 1O Mif-
KpiljIeHa OHUM TIO3I0BXKHIM PeOpPOM JKOPCTKOCTI 3 ypaxyBaHHSIM Hii MO3I0BXKHIX CHII
y CepeNMHHIX TUTONMMHAX 30BHINIHIX MIapiB Ta B peOpi.
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AHani3 octaHHix Aocaimxens i myOuaikanii. [1ix yac moOymoBu po3paxyHKOBOT
MOJIeITi TPHUIIAPOBOI TUTACTHHHM, MIJKPIIUICHOT pedpamMul B MOB3I0BKHBOMY Ta IOTIC-
pEeYHOMY HampsAMKax, BUKOPHUCTOBYBaBCs BapiauliitHuii npuHunn OcTporpajichkoro —
I'aminsroHa Ta Oyiu NPUIHATI Taki TioTe3u: AJIs 30BHIIIHIX HECYUYHX IIapiB — rinoTe3n
Kipxropa — JlsBa, a juis 3amoBHIOBa4a i peOp — JHIHHUIN 3aKOH 3MIHM TaHTCHITIAb-
HUX NEepeMillieHb 32 TOBIIMHOI Ta BPaXOBYBaBCs 3T'UH peOep Y BEPTUKANIbHIM IIOMHUHI
[11, c. 126-130]. Otpumano audepeHIiaabHi PiBHSIHHSA CTIHKOCTI JUISHKY IUTACTHHKY,
sIKa 3aMKHEHa M peOpamu a00 Mixk peOpaMu Ta KpasMH TUTACTUHKY 3 YPaxyBaHHIM JIii
CWJI y CepeIMHHHUX IJIOUIMHAX 30BHIMIHIX mapis [11, c. 135].

TakoX yCTaHOBJICHO IPaHUYHI YMOBH JUISHKH 00OIOHKH, 3aMKHEHOT MiX peOpamu.
3a J0MOMOTOI0 TPAHHYHOTO MEPEXOy OTPHMAHO YMOBH TIO JIiHIAX pebep 3 ypaxyBaH-
HAM 1 6e3 ypaxyBaHHA Aedopmartiii 3cyBy B peOpax, ane 06e3 ypaxyBaHHS KPyTHIbHOI
*xopcTrocTi pebep [11, c. 139].
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Puc. 1. Cxema mpuwaposoi niacmunku 3 1e2Kum 3anoeHI08aYeM,
KA RIOKPINLEHA OOHUM NOG3008ICHIM PebPOM HCOPCMKOCHIE

Buknan ocHoBHOro marepiaay gochaimzkenHs. OTpuMaeMo BHpIIICHHS 3ajadi
CTiHKOCTI 6€3 ypaxyBaHHS 3THHAIBHOI )KOPCTKOCTI 30BHIIIHIX IIapiB, yBaskarodu D = 0.
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I'panu4Hi yMOBH 10 OOKax MIacTUHKH (pHUC. 1a) 3a HASBHOCTI HA OMOPHUX KPOMKaxX
niadparM MarOTh BUIIIS:
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Ta BpaxoBytouH (1), yMOBH 110 JTiHIi peOpa HaOyBalOTh BUNIISATY
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W — IIPOTHH O0OJIOHKH.
Bupinienns 3agaqi U1 HKHBOI YaCTHHU IJIACTHHH ITYKAEMO Y BHIVISII
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[TinmopsiAKOBYIOYM pilllEHHS AJISI HIDKHBOI 1 BEPXHBOI YACTUHM IUIACTUHM TPAHUY-
HUM YMOBaM (2) 4), (5), (6), OTPHMAEMO CHCTEMY OJTHOPIIHUX PIBHSIHB BiTHOCHO
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SIKio He BpaxoBYBaTH 3CYB Y peOpi, BBakaoun G, = oo, 3 (10), orpumaemo
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SIKIIO 3a1aTUC KPUTUMHAM HANPYKEHHAM /m, JUls TIacTHHY, 3 (14) MoXHa BU3HA-
YUTH BIIMOBiZHE HOMY 3HAYEHHS Y, a MO0 HbOMY, BimnoBimHOo a0 (13), 3HAWTH HEOO-
XIJIHAA MOMEHT iHepii peOpa, mo miakpimiroe. [Ipu 1bOMy KPUTHYHE HaNpPy>KCHHS
m, HE TIOBMHHO MEPEBUIIYBATH KPUTUYHE HATIPY)KEHHS IIAPHIPHO ONEPTOI IUIACTUHKH
MIMPHUHOIO 6/2. SIKIIO X KPUTUYHE HAPYKESHHS MiIKPIIUICHOI IUIACTHHKY CTAE PiBHUM
KPUTUIHOMY HAINPY>KCHHIO MIAPHIPHO ONEPTOi TUIACTHHKHU ITHPUHOIO 6/2 1 3 mapame-
TpoM k, (9) B 40TUpH pasu OLIBLIIMM, TO, SIK 3a3HAYATIOCS BUILE, OTPUMAEMO KPUTUYHE
3HA4YEHHs napameTpa Y =Y,. 3a Bu3HaueHHs Y =Y, 3i (14) 3Ha4eHHs m, 1O BXOAUTH
B (14), Ta mapamerpu f, i ,(9) cni BU3Ha49aTH 32 PIBHAHHAM

4l Mo 2 i
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m, = a n Ky 1+4k0 (i) +1+1% (15)
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1+ 4k, (‘j +1
2
5)2
Tyrn=123..., s:’;’—2, a=t.

OCKIJIbKM XapaKTePUCTUKU KOPCTKOCTI pedpa 1 MIACTHHKH NMPUHAMAaIOTHCS OZHOTO
MOPSAAKY, TO Aedopmallii 3cyBy pedpa MpsSMOKYTHOTO IEPETHHY HAAAI0Th MAJINH BILUIUB
Ha BEIMYMHY KPUTUYHOI CHJIH, i HUMH MO)KHA 3HEXTYBaTH.
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BucHoBku i npono3unii. BHacmiok Toro, mo rmiacTuHka 3 pedpoM € CHCTEMOIO,
CUMETPUYHOIO BITHOCHO OCi X, BUMMHAHHS TUIACTHHKH Oyje a0 CHMETpHYHHM, abo
AHTUCUMETPUYHHM, 32 SKOTO peOpo KOPCTKOCTI 3aTHINAETHCS PMUM (puc. 1 B, ¢).

B ocTaHHROMY BHIIAKy By3JI0Ba JIiHis BUITYYyBaHHs MTACTUHKY 30ira€Thes 3 BiCCHO
pebpa, i KoKHA TOJIOBHHA IIACTUHKH TIOBOAMTHCS SIK BUIFHO OMEPTa IUIACTUHKA JOB-
JKUHOIO @ 1 WHUPHHOIO 6/2. Y 1IbOMY BUMNAJKY KPUTUYHE HABAHTAKECHHS TUIACTHHKH
3 peOpoM csirae CBOr0 MaKCUMalIbHOTO 3HAYCHHSI.

AHTHCHMeTprYHa opMa BTpaTH CTiHKOCTI (pHc. 1¢) Mae MmicIie B pasi, KOJIU BiJHO-
IICHHS 3THHAJILHUX YKOPCTKOCTEH OljbIie IeIKOTo 3HaueHHs Yo , sike OyJIeMO Ha3uBaTu
KPUTHIHUM.

V pa3i 301NbIIEHHS Y > Y, MU BXe He OyZeMO OTpUMYBaTH 30UIbLIEHHS KPUTUYHOTO
HABaHTAXXEHHA JJIS TUIACTUHKHU (BOHO OyJe 3ajHIIAaTUCS MOCTIHHUM 1 pIBHUM KPUTHY-
HOMY HABaHTAXXCHHIO BUTBHO OMEPTOi IUNIACTUHKY LITUPHHOIO 6/2).

CumerpruHa (opMa BTpaTH CTIHKOCTI (pHc. 2 B), 32 AK0i pedpo KOPCTKOCTI 3rHHA-
€THCS PA30M 13 IUIACTUHKOIO, Ma€ Miclle 3a ¥ =7,. 3a Y=Y, MOXJHBI 00uIBI GopmMu
BTPATH CTIHKOCTI.

OTKe, AOCHIDKEHHS MOXHAa OOMEXHUTH PO3INIALOM JIMIIE CUMETPUYHOI (opMH
BTpAaTU CTIHKOCTI i BU3HAUEHHAM KPUTHYHOI'O 3HAUCHHS Y =7, .
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