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Y emammi posenanymo zaoavy cmilikocmi mpumiapogoi niacmuHku cumempudnoi 6yoosu
3a MOGWUHOIO 3 €KUM MPAHCEEPCATbHO-I30MPONHUM 3AN0BHIOBAYEM, WO NIOKPINAeHd OOHUM
N0B3008HCHIM PEOPOM HCOPCMKOCMI 3 YPAXYBAHHAM Oii NO3008HCHIX CUN Y CePEOUHHUX NAOUJU-
Hax 308HIWHIX wapie ma 6 pedopi. OOIPYHMOBAHO AKMYAIbHICMb NUMAHHA CMIUKOCMI came
NIOKpINAeHUX Mpuwaposux NIACMutoK, SKi 6ueueni Hedocmamuvo. Biosnauena giocymuicmo
NPAKMUYHUX MA MeopemudHux 6as 0Jisl NApamempudHux 00CAi0NHCeHb CMIUKOCMI 3a3HAYEHUX
NAACMUHOK.

3asnaveno, wo 3a donomocolo eapiayiiinozo npunyuny Ocmpocpadcvkoco— I amitemona
OMpUMAaHi piGHAHHS PYXY MPULLAPOBOT NIACMUNHKY CUMemPUudHoi 6y008uU, niokpinaenoi peopamu
HCOPCMKOCMI Y 080X 83AEMHO NEPREHOUKVIAPHUX HANPAMAX 3 YPAXYBAHHAM Oii NOOOBHCHIX CUT
Y CepeOUuHHUX NAOWUHAX 306HIWHIX Wapie | pedpax, cpanuyni ymMosu 1 ymosu no Jainisax peoep.
I1i0 yac eusedenns pieHsaHb nepeddAYAIOcs, Wo 3an06HIV6AY 1e2KuUll, a pedpa Marms 0OHAKOSY
HCOPCMKICMb 6 OOHOMY HANPAMKY U PO3MAWIO8AHI HA OOHAKOBUX 8i0CmaHAX. i 306HIUHIX
Hecyyux wapie nputimanucs 2inomesu Kipxeogpa—Jlaea, a ons 3anosniosaya i pebep — niniinut
3aKOH 3MIHU MAHSEHYIANbHUX NepeMilyeHb 3a MOBWUHOIO MA 6PAX0EYEABCs 32UH pebep y 6epmiu-
KanbHIU NAOWUHI.

Ompumani oughepenyianvhi pisHaHHA cmiUKocmi OIIAHKYU NAACMUHKU, KA 3AMKHEHd
Midic pebpom ma Kpasmu naacmuHku, 6e3 ypaxyeanus 32uHAIbHOL JCOPCMKOCMI 306HIUHIX
wapis. 3a 00NoMo2010 epanuyHo20 nepexooy OMpUMAHi yMosu no 6OKAxX NAACMUHKU ma AiHiT
pebpa 3a Has8HOCMI HA ONOPHUX KpOMKaAX diagppazm 6e3 ypaxysants KpymuibHOI HCOPCMKO-
cmi pebep.

Ompumano pigHanHA CMIUKOCMI MPUWLAPOBOT NAACMUHKU CUMEMPUUHOT 6Y006U 3 €KUM
MPAHCBEPCAIbHO-I30MPONHUM 3AN0BHI0BAYEM, NIOKPINIEHOT OOHUM NOB3006ACHIM PedPOM Hcop-
cmrocmi. Ompumani pieHAHHA 015 6USHAYEHHS NAPAMempy JHCOPCMKOCMI ma napamempy Kpu-
muunux cun. [lpoananizoeani popmu empamu cmiukocmi 3a3Ha4eHoi NAACMUHKU.

Knrouogi cnosa: mpuwaposa niacmunka, 1e2Kuti 3anoenio8ad, peopo H#opcmrKocmi, cmii-
KiCMb, HCOPCMKICMb NAACMUNHKU, HCOPCMKICMb pebpa, napamemp 3Cysy, napamemp JHcopcmro-
cmi, napamemp KpUmuyHuX Cui, PiGHAHHA CMIUKOCMI Mpuuaposoi Naacmunku, paHudti ymMoeu.
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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.

INocTanoBka npodiaemu. OCTaHHIM YaCOM IIAPOBI KOHCTPYKIIi1, @ caMe TPUIIAPOBI
IUTACTUHY, 3HAXOATh IIUPOKE 3aCTOCYBAHHS B TAKUX HAYKOEMHUX Tajly3sX, sIK IPOMHC-
JIOBE Ta LUBLIbHE OYyIIBHUIITBO, JIITaKOOYMyBaHHS, CyaHOOyayBaHHs Tomo. [Ipobnema
CTIMKOCTI TPULIAPOBUX KOHCTPYKIIIH BUCYBA€THCS HA MEPIIUH IJIaH, OCKUIBKH 3 METOIO
€KOHOMIi1 MacH BOHM BUKOHYIOTHCSI TAKMM YMHOM, 110 30BHIIIHI OOIIMBKYU € TOHKUMH,
a CepeJMHHUU IIap € JeTrKUM. TpHIIapoBi MIACTHHU 32 MOPIBHSIHO HEBEIUKOI Baru
BOJIOJIFOTH BUCOKHMH XapaKT€PUCTUKAMHU MIIIHOCTI Ta JKOPCTKOCTI Ta B pa3l HaJIEKHOTO
BUOOpY MapaMeTpiB BOHU MOXKYTh CIIpUNHMATH 3Ha4yH1 HaBaHTakeHHA. OHAK BEIMKHI
BIUTHB NOTIEpeYHUX JedopMaliii 3cyBy 3alI0BHIOBaYa HA pOOOTY 30BHILIHIX IIAPIB MOXKE
CHOPUYMHHUTH BTPATY CTIMKOCTI KOHCTPYKLII B IIIIOMY, TOMY AOLITBHO HIAKPIIIIOBATH
TPUILAPOBI IUTACTHHU peOpaMu KOPCTKOCTI [1].

JlocnmipKeHHAM CTIMKOCTI HEMIAKPIIUIEHUX TPUIIAPOBUX IUIACTUH MPHUCBSIYEHE
nocuth Oarato myOmikaiit [2; 3; 4; 5]. ¥V poborax [6; 7] HaBeaeHO YUCEIbHI METOAH
PO3paxyHKy 3a3HAYEHUX IUIACTMH Ha CTIHKICTh. Po3paxyHkam Ha CTIMKICTH HiAKpi-
IUIEHUX TPHUILAPOBUX IJIACTHH MPUCBSIYEHO HE3HAUHY KUIBKICTH mpaub [8; 9; 10], 1 mi
JNOCIHIPKEHHSI HE HOCSATh CHUCTEMATUYHOIO XapakTepy. Tomy MOIIyK HOBHX METOAIB
pO3B’sI3aHHS 3a7a4 HA CTIHKICTh MIJKPITUIEHUX TPUIIAPOBHUX IUIACTHH, SIKI JO3BOJISATH
OTPUMATH HAMOLIBII TOYHI PO3PAXYHKOBI MapaMeTpH, € aKTyaJIbHOIO 33/1a4€I0.

VY cTarTi po3mISAAEThCS MPYKHA CTIHKICTh TPUIIAPOBOI IJIACTUHH 3 JIETKUM TpaH-
CBEPCAILHO-130TPOITHUM 3a[IOBHIOBAYEM, 1110 MiAKPINIeHa OHUM MOB3A0BKHIM peOpom
XKOpeTkocTi (puc. 1).

MeTo10 A0CJIIKEHHSI € OTPUMAHHS PIBHSHHS CTIMKOCTI TPUIIAPOBOI IJIACTUHH
CUMETPUYHOI Oy/IOBH 3 JIETKUM TPaHCBEPCATbHO-130TPOHUM 3aMIOBHIOBAYEM, IO ITiJI-
KpIIUIEHA OJTHUM MO3J0BKHIM peOpOoM KOPCTKOCTI 3 ypaxyBaHHSIM Jiii MO3A0BKHIX CUII
y CepeIMHHUX IIOLIMHAX 30BHIMIHIX IIapiB Ta B peodpi.
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AHani3 ocTaHHix aociailkeHb i myoaikanii. [1in vac moOynoBu po3paxyHKOBOL
MOJIeNIl TPHUILAPOBOI IIACTUHHU, MIAKPIIUIEHOI pedpaMu B MOB3J0BKHBOMY Ta IOIIE-
pEYHOMY HAamNpsIMKaX, BUKOPHCTOBYBABCS BapiauidHuii npuHiun OCTporpajachKoro —
['aminsrona Ta Oyau NpUMHATI Taki FIOTE3H: I 30BHIIIHIX HECYYHX LIApiB — TIIOTE3U
Kipxroda — JIsBa, a mist 3anoBHIOBavya i peOp — JIiHIMHUI 3aKOH 3MIHM TaHT€HIlIa/Ib-
HHUX IEPEeMILEHb 3a TOBLUIMHOIO Ta BPAXOBYBABCS 3TMH pedep y BEpTUKAIbHIHN MIOINHI
[11, c. 126—-130]. OTpumano audepeHmianbHi piBHIHHS CTIHKOCTI AIISTHKY IIACTUHKH,
sKa 3aMKHEHa MK peOpamu ab0 Mixk peOpamu Ta KpasiMu IJIACTHHKY 3 YpaxXyBaHHSM /il
CHUJI Y CepeIMHHUX IUIOMIMHAX 30BHINIHIX mapis [11, ¢. 135].

TakoX yCTaHOBJIEHO IPAaHUYHI YMOBU AUISTHKUA 000JIOHKH, 3aMKHEHOT MiJK peOpaMu.
3a JI0IOMOTroI0 TPAaHUYHOTO MEPEXOly OTPUMAHO YMOBH IO JIiHISIX pebep 3 ypaxyBaH-
HAM 1 6e3 ypaxyBaHHs Aedopmarltiii 3cyBy B peOpax, ane 6e3 ypaxyBaHHsI KPYTHJIbHOI
xopcTtkocTi pebep [11, c. 139].
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I'parnuHi yMOBU 10 OOKaX MIAaCTUHKH (PHUC. 1a) 32 HASBHOCTI HA OMIOPHUX KPOMKAX
niadparm MarOTh BUTTIS!
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SIK110 He BpaxoByBaTH 3CyB Yy peOpi, BBaKarouu G,=»,3 (10), orpumaemo
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Buznauaemo 3HaueHHs mapamerpa y 3 piBHSHHSA cTiiikocTi (12). Bupinryrouun pis-
HSIHHS CTIHKOCTI (12) BIIHOCHO Y, MATUMEMO
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SIKIo 3a1aThCs KpUTUYHUM HATIPY)KEHHAM /m JUIs TIacTuHy, 3 (14) MoXkHa BU3HA-
YUTH BIANOBIAHE HOMY 3HAU€HHS Y, a [0 HBOMY, BiAMOBiAHO 10 (13), 3HaiiTH HEOO-
X1IHUH MOMEHT iHepIii peOpa, mo miakpimmoe. [Ipu nboMy KpUTHYHE HANPYKEHHS
m, He TIOBUHHO TIEPEBUIIYBATH KPUTHYHE HANPYKEHHS MIAPHIPHO ONEPTOI ITACTHHKK
IIUPUHOIO 6/2. SIKII0 K KPUTHYHE HANPYXKEHHS MiJKPIIUIEHOT TNIACTHHKH CTa€ PIBHUM
KPUTUYHOMY HAIpPY)KEHHIO LIAPHIPHO ONEPTOl IUIACTUHKU HIMPUHOIO 6/2 1 3 mapame-
TpoM k, (9) B oTupH pa3u O1IbIIKM, TO, K 3a3HAYANIOCS BUIIE, OTPEMAEMO KPUTHUHE
3HAYEeHHs napamerpa Y =7Y,- 3a BU3HauUeHHA Y =Y, 3i (14) 3HaueHHa m, 10 BXOAUTh
B (14), Ta mapametpu 8,1 4,(9) cnin Bu3HAauaTH 32 PIBHAHHAM
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OCKITBKH XapaKTEPUCTHKHU JKOPCTKOCTI pedpa 1 MIACTUHKHU MPUHAMAIOTHCS OJHOTO
HOpsAAKY, TO AedopMariii 3cyBy pedpa NpsAMOKYTHOTO EPETUHY HAAI0Th MAIUi BIJIMB
HA BETMYMHY KPUTUYHOI CHIIM, # HUMH MO)KHA 3HEXTYBATH.
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BucuoBku i npono3uuii. Bracninok Toro, mo miacTuHKa 3 pedpom € CHCTEMOIO,
CUMETPHYHOIO BITHOCHO Oci X, BUNMHAHHS IJIAaCTUHKU Oyae abo cumeTpuuHuM, abo
AQHTHUCUMETPUYHUM, 32 SKOTO peOpo KOPCTKOCTI 3aIMIIAEThCs PsIMUM (puc. 1 B, ¢).

B ocTannbOMy BUIAKy By3JI0Ba JIiHisS BUITyYyBaHHS IUTACTUHKH 30ira€Thes 3 BICCIO
pebpa, 1 Ko’KHA MOJOBHHA IIACTUHKYU MOBOAMTHCS SIK BUIBHO ONEpTa IJIACTHHKA J10B-
KMHOIO @ 1 IWHUPHUHOIO 6/2. Y 1bOMY BUMAJKy KPUTHYHE HABAHTAXKCHHS IUIACTHHKU
3 peOpoM csirae CBOro MaKCMMAaJIbHOTO 3HAYEHHS.

AnTtucumerpuyHa Gopma BTpartu cTiiikocTi (puc. 1¢) mae Micue B pasi, KOJIU BiJTHO-
IIIEHHS 3TMHAIBHUX KOPCTKOCTEH Oinblie 1eskoro 3HadeHHs Yo, ke OyneMo Ha3uBaTu
KPUTUYHUM.

V pasi 3011bLIeHHS Y > Y, MU BKe He OyZ1eMO OTpUMYyBaTH 301IbIIEHHS KPUTUYHOTO
HABAHTAXXEHHS JUIS IUIACTUHKU (BOHO Oy/e 3aIMIIaTUCS MOCTIHHUM 1 pIBHUM KPHUTHY-
HOMY HABAHTAXXEHHIO BUIBHO ONEPTOI INIACTUHKU HIUPUHOIO 6/2).

Cumerpuuna ¢opma BTpaTH CTIHKOCTI (pHc. 2 B), 3a IKOi peOpO KOPCTKOCTI 3rHHA-
€THCSI Pa30M 13 IUTACTUHKOI, MAa€ Micle 3a Y =Y,. 3a Y=Y, MOXIuBi 00uaBi popmu
BTPATH CTIMKOCTI.

OTxe, MOCHIIKEHHS MOXKHA OOMEXKHUTH pO3IIAIOM JIUIIE CHMETPHYHOI (opMu
BTPATHU CTIMKOCTI ¥ BU3HAUEHHAM KPUTUYHOTO 3HAaUeHHsA ¥ =Y.
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