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vAK s39.3
fyaa O.B., Tuuorqyr 8.M.,. Kpa1iHosa T.A
Jlyurrcn ff Har tioHalrun ii rexH i.tHH fi yHinepcurer

METOA BI,IBEAEHHfl PIBH' H 6 P IBHOBATU ts HEKJIA CIdqIH'IiA fIOCTAH OBIII

fyaa O'8., 'Iumouryr B. M., KpaaiHoaa T. A. Meroa snseaeuHn pirunus piaxoraru a serlracxqsiii nocrauonui. V
aarriii po6ori tta ocHopi aapiartifiHoro npnlturuy Jlarpatrxa.qrr nosHoi oleprii lrpl'xHoi cHcrerru Br.rRr.nclro piRrrllrrr piouorirnl.
[aui pierruHr BpaxoByrcr6 AeQopvauii rronepcqlroro 3cyBy ra o6rucHeHH.s.

Krurosi c.noaa: i:orponni ra rpaxcrponui n,ractnsll, lronepevuuii 3cyx. nonepeqHe o6TrclrelrHr. :lrl*ra-qrsi i\roNrorrrn.
noncpevui clrJui. tlpofr.tH, Hanpyxer{Hn.

<Dopm.. 12. JIir. 6.

fyaa O,B, Tunrouryn B.H, Kpaarauosa T.A. Meroa aunora ypanrenuii paBHoBecufl B HeKJtaccHqecxofr nocranosre.
B aansofi pa6ore c.noMolrlrto BapnarluoHl{ofo flpnHqnna JlarpaHxa arr noluofi 3HeprHH ynpyrocrrl floryqeHbr ypaBHelys
paBHoBecur, Koropbre y"trrrbrsalor geQopuaqurl nonepeqHoro c.{Br.rra n olxarun.

Knrcqealre cJroBa: Ir3orponuble u rpaHcrponubre ntacruHLr, nonepevxrtft cnBnr, flonepevxoe o6xarre, crs6a.;nnue
MoMeHrbr, nonepeqnble cunu, uzru6, HanprxeHxe.

Guda O.V' Tymoshchuk V.M., Kradinova T.A. The method of withdrawal equilibrium equations in the nonclassical
setting. In this paper, rvhich based on the Lagrange variational principle for the complete power ofelastic systems, rhe equations of
equilibrium were derived. These equations take into account the deformations oftransverse shift and compression.

Key words: isotropic and transtropic plates, transverse shear, transverse compression, bending moments. transverse forces,
deflection, stress,.

ffocraHonrca rpo6reMu. Icnyroru pi:Hi uero4H BHBoAy 4u$epenuiarbHHx piBHrHb piBHoBarH
TOHKHX ruracTr4H. oAnUu is ocHosHHx i aafinorunpeuiruux Mero.niB BHBoAy raKKX piBHrrHb e BHKopHcraHHt
piBHrHb pinHouaru B MoMeHTax i :ycalnrx. Hegolixov rlbofo Meroay e HeBNrorHBoBaHicrb 3an:lrcy
rpaHr.rqHux yMoB Ha Kparx nracruHll. Fillur AocKoHuurHMr.r e Bapiaqifini ueroAu (Ilarpaura, peficcHepa,
3MimaHoro MeroAy), tKi Ao3BoJrrtorb, panoM is piaH.nuurun piBHoBarH, Br.rBoArlrn eHeprerrqHo
BMorHBoBaHi rpaHnr{Hi yMoBI{. y 6ararrox nparlffx nir.{l,tsHxHr4x ra 3apy6ixHr4x AocniAHr.rKiB
BHKopI'IcroByIorb po3paxyHxoni pinu.rHH.s nracruH ra o6onoHoK y HeKracHr{Hifi nocrauoeui. Eirsulicrr
rcH)'roqpx HeKJracHr{HHX reopifi nJlacrHH i o6o;roHorc BpaxoBy}orb aeQopuarliro nonepeqHoro 3cyBy, a rerKi,
rracTKoBo, BpaxoByloTb ule i no[eper{He o6THCHeHHr. lIpOTe, rK [oKa3yroTb Aocni.{rKeHur, y po3paxyHKax 3a
Aii xoHraxrHux Ta noKuuri3oBaHHX HaBaHTOKeHb, cniA ypaxoByBarr.t no'nepevue o6THcHeHH, srcuarlnoaHirue,
rqo ro3BoJrfle 3aAoBolrbHrra 6iasruocri yMoB Ha norepxui

AHa.rig ocranHix Aocflr.qxeHb ra ny6lixaqiil. B ocHoBy HeKJracHqHHx (yrovHexax) r*ro4erefr
HanpyxeHo-IeQopuonaHoro craHy rrjracrHH cepegxloi ToBtqHHn s 6irsrxocri nunaAxin ix aeropaun
noKlraAarorbcq xiHernqui rinor*a AJ'r.f, cKraAoBpD( BeKTopa nepeuiqeHr, Ae raHreHuianrui clcqaaosi
nepeMiIIIeHb 3MiHlolorbct riHifino (ruracuvHa reopir roHKHx rr;racrnH, reopiT rHny Tr4MorxeHKa, E.
Peilccuepa) nigHocuo nonepe.ruoi KoopAHHarH a6o :a 3aKoHoM xy6ivHoi napa6onu (reopii C.O.
Au6apqyu.rua, 8.3. Bnacoaa, x.M. Myrutapi, B.r. rlicryHona, o.o. pacxasona, o.o. pr6oaa,
P. KpicrenceHa ra iH.). Pagou 3 rHM, BrrJrHB nonepeqHtrx ae$opuauifi y rrnx MoAerqx (:a nnxlroueuHru
B.f. llicryHona) anropaMu BpaxoByBaBcq qacrKoBo. fli3Hirue BnrHB nofiepeqHoro o6rr.rcgeHur rror{aJrn
BpaxoByBarH B 3aAaqax npo KoHTaKTny asaeuo4ito xopcrKux uraMnie ig n,racrunxaMa Ta o6onoHKaMH [5].
Bnlury nonepeqHoro o6racneHnx Ha slrui rracrorn KoJrHBaHb nJracrnH i o6orosox [pucBrrreHo 3Har.rHo
MeHuIe po6ir. V 6ararrox BHna.qKax mri gocri4xeHHJr npoBoAHnr4cb y nocraHoBKrx npoc.r.opoBoi 3aAaqi
reopii npyNHocri.

Merop Aoc.rIirxenuff € BLIBeAeHHT piBHfiHb plxy rpaHcrponHHx rrr'racrHH cepe4uroi ToBulHHH, flKi
BpaxoBylorb ffi eQerra nonepeqHoro 3cyBy, rar i 4eQopMauiro noneper{Horo o6TucHeHHr, nonepeqH€
HopMaJrbHe HanpyxeHr{Jr ra inepuiro o6epTaHH.fl nonepeqHHx nepepirir.

. ocnosni p$yJtbrarn.qocri.qxenHfl. htr BHBe,{eHHr piBHrHb pyxy ra rpaHHqHHx yMoB y Kpyrnifi
mnri nuxopt'tcrano eapiaqifiur.rfi npuuqun llarpanxca AJrr noBr{oi eHeprii upyxHol cnweuu 12,4f

6lf = 6A,

78
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' tt,t\ 0t. ., . dt' ot- ) i:
flrrqo niAcrarnru pinHocri (2) i (3) y rapiauifiHe piruxHun (l) ra upupi&urn '1o Hyrlt o norpifiuouy

iHrerpa,.ri BHpa3H 6i.ns Hlsarexnnx napiauifi 5U, 6V, 6W, ro orpnMaeMo.gnQepeHqialrui pieuruu-a
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@ fyaa O.8., Tumouryr B'M.,. Kpaainona T'A



Hayrcocuir )K,.))prrun "KoMn'rorepuo-iHrerpOsaHi rexHo;1ot'ii: ocsira, HayKa' nupo$uu4rro"

.ll1tqux, 2016. BunYcx Ne 21-25

*.+#**.ry='#'
+.:*.r#.+=o{7
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l!o6 orpnruarr4 pinHrHuR pirHoaaru qepe3 3ycl,ljlJt-q i voI4eHrH' a raKo)K rpauu'lHi yMOBH

n.lacruuKH: Bu(opucraHo npeAcraBneHHt HanpyxeHb qepe3 oHyrpiruui gycwtllfr Ta l\'tol\4eHTH:
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O l-yaa O.B., Tnrrroutyx B.M.,. KpaaiHooa T.A
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O fyaa O.B., Turr,rouryr B'M',' Kpaaixoaa T'A
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siu -h 1<l h . parona ir ruur. TaKa MeroAtiKa He AojBonre orpaMarlt cHeprerHritlo t<openrtti rpaltu'lHi yMoBH
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l+vl a (du l Av ,) 1( ^dr) 2v"(1+v)lOq ,"^,^A".o''* -,; ae[t.; a0*; )-71'-'a0)=--E\l-r); a0-"P"67'

n., ,1*v o (ay, _!ar,*&)_ 1(" *r91"\_4v,_3v"(r+v)%_.4t+__ulr'2r00\dr ro0'r) rt["-a0) 5t,5 hE 0r E0t" 
(10)

-A'?= 
o'W='.

E 1rAt'

n", _1*r t o (ar,. _t oy, *7,)_ t f " _r!r_\_ 8v, _6 v"(l+v) L9St*
^rt- r-vi a0\a;' r o0' r ) r'\" - a0 ) St,(l-v) 5(l-v)hE' r 0r

p O'y, ,, p atlf/
*:_______:__,1 __

E .'i' " ,E e aai^'

K,Lu.- = -Qz *2ph#
dp- I AO 10w, , AQ 

.T--
At'l, 4 + AO lAw 4AO

1-y, W,=;-; a0lVe=; ** U, y,=-6-t; N, yt=- , A."i Ar,V,=--.----'' V/oCr rOA

ii- 
'u- +:+*,++) Eo:*(r* zo)E'; xo=#-", o=#.:*.i#t

3+)(o ' Eo' " 9' '-v/ 2j,C,-""

fr = w + 0.1A' h2 Lw + 0.43a0A"q, /r, .

Taxuu Hh;rs14 11414 oAep)Kalrlr cr{creMy rt'rru pinnrub pyxy B IIryKaHI,Ix QyHxqi.sx Ll,v,w,,/r,Tr,Q.

,{o uux pinurHr Maturb 6yrn npnegHaui rpauuvlri yl'roen (9) ra nouarxoni ynaonu npu / = 0:

w -- wo(r,0),

u = uo(r,0),

v = uo(r,O),

Aw

- = \utlt,U ),
VT

0u
-- = u,(r.U).
0r

1- = vr(r,o),
ot

4e u/q,y6, u6,u1,vt, ra,,- ra4aHi KoMnoHeHTr.I noqarKoBofo nepeuiqeHHq i no'{arxoeoi ueuAxocri

rourcr.r (r.9) .

Cuc'reuy pinruHr pisHonaru (10) yrift vacrnui, Ae Bonpr onucyr.orb 3rlrH IuacrHHKH, Mox(Ha 3Becrl,r

ro 6i:rrur 3Br,rqHoro BHfJrflAy, sxulo saN,ricrb BerHqHH T,.,Te,V,,Vo niAcraeHru ix nrapa:u.repes $yuruii
l,lr,14r., Q :

O fyaa O.B., Tulaouyx 8.M.,. Kpa.uiHona T.A
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( l2)

- Maca oAuttt'lui noeepxni llJlao'l HHKl4;

=o r[t#*u'),
v'.G'

Q=-
2G
Orpr.ruani pinHruHa (12) apaxoryrorb noAarKoBo

TIJ'IACTHHI,I TA BNJIHB HOPM'IJIIHOTO HANPPI(EHTTC O' ' flTuIO

lt)tt=ru+e,qrl D; t' =]$n'. ":d;\'-'(#. o'*)'

iuepuiro o6epraHur roreperlHHx nepepl3lB

noKracrn Hynto napaMerpu t' Ta A' , a raKox

L'=1-eL, ro ui Qaxropu r pinuxuurx (i2) npaxonyBarHcb He 6yayrl' HenpaxynaHur iuepuii BeAe 'qo

Brparl,r npaeoi qacrl'tHll r pinHruHi felsurollqa'

BncnosrH. .I{,rc sgeeAeHrr pirnrul pinuonaru ra rpaHHtIHI'lx yMoB y xpyrlifi r.rluli' BHKopHcraHo

napiaqifiHufi npHHuHn JlarpaHxa AIr nosHoT eueprii npyxHoi cucreMg' orpr'ruani piaHruHr uilttou

crisnaAarorr ra Qopuoro s sianoniaHr", y"orut, tu'iiu"tnHtMll Anfl nnacrHH x'nacuqsoi reopii'

BiAuigHicrr BHoc.flrb aurue xoeQiUieurn, u1o BpaxoBylorb nonepe'ruufi 3cyB ra o6rHcHeHHq' [aHi pirH'rHHr

BpaxoByrorb AoAarKoBo iuepuiro o6eprairHr nonepeqHHx nepepisia nJIacrHHH Ta BniIuB HopMzlJlbHoro

HarrpyxeHH.fl.
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