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Hccnenosanne ycroifyuBoCTH IIACTHH ¢ lepeKTaAMR
THIR KPYTIbIX OTCHOCHHI'

B ranHo# paboTe paccMaTpHBaeTCA 3a1a4a 0 HENHHEHHOM NOBEACHHH fHIACTHHLI C KPYITILIM OTCIOEHHEM
U3 CAOHCTBIX MATEPHANOB RiPH NOTepe YCTONYHBOCTH «CMELIAHAOro» TUia, [lofyuenst B RBHOM BUAE XapakTe-
pUCTHaECKHE YPABHEHHA ANA OMpeNieNieHid KPITHYECKOH HArPy3ku NiacTHusl ¢ AePHeKTAMHN THNA OTC/NOCHHT B
INEMEHTaX KOMCTPYKUHE, MpH ONHOBPEMEHHO NOKANbLHOTN H £100aIBHON NOTEpH YeTONYHBOCTH.

© L.A. Bohoeva
Research of stability of plates with defects such as circular delamination

In the paper presents an nonlinear analysis of a plate with circular delamination from layered materials. The
characteristic equations for definition of critical loading of a plate with defects of type circular delamination in
elements of designs are received in an obvious kind, at simultaneously local and globat loss of stability.

Mpu npoexTHpoBaHUM KOHCTPYKUMIT u3
CIIOUCTHIX  KOMITO3WLMOHHBIX — MAaTepHaNOB
BECbMa BaXKHOH 3ajaueH ABNseTCs 3a4a4a
NPOTHO3UPOBARMA NOBEACHUSA HX MOA HAarpys-
kOH. JleekTel Tuna OTCNOEHHS ABJAIOTCA
pacnpocTpaHEHHEIM BHAOM AedeKTa W 4acTo
CYUTAIOTCA ONPENSNAIOIUHAM (HAKTOPOM NPH
pellieHWN BOTIPOCA 00 UCMOML30BaHUM KOMIIO-
3BHUOHHBIX MarepyaioB. B 2aBHCUMOCTH OT
OTHOCHTENBHEIX BEVYMH TOIWMHLL U ANHHBL
OTC/IOEHHA NMOR HEHCTBHEM CHKHMAIOWMNX Ha-
rpy30K HabGRIOBAIOTCA TPW BHEA NMOTEpH yc-
TOHYHBOCTH 2AEMEHTOB KOHCTPYKUMIA: ofmas
noteps ycToHUMBOCTH {rnobaibHad); JoKanb-
Hag NOTEpA YCTOHYMBOCTH B 30HE AcheKTa;
OJHOBPEMEHHO JIOKaNBHAs W TiobanbHas
{«cMeanHan»). :

Ana AnuMHHBIX OTCA0OCHHH nedopMHpOBa-
HHE HAYHHAETCH C JIOKANBHOTO BHIMYYHBAHHUSA
TOHKQIO OTCAOMBLICTOCA CNOS, HO NPU YBENU-
YEHHH HArpy3kH wirubxoie aedopMatuy Bo3-
HMKAlOT M B OCTAJILHBIX YACTAX DAEMEHTA KOH-
cTpykudH. B nannoii pabore paccMaTprBaeTca
3alaua O HEJIMHEIHOM MOBEJCHHH JUIACTHHBI C
KPYrablM OTCIOSHUEM NpH IOTepe ycToiuu-
BOCTH «CMmewanHoro» rtuna. Mz ananmsa cy-
WECTBYIOIUMX TOAXOAOB AN pelicHMA DTOH
33784y CHERAYET, UYTO MEeTOR MAaTeMaTHYECKH
b0 CTPOT M CIMIIKOM caoseH, nubo npex-
A0NaraeT MPOBEACHHE TPYROCMKHMX BEIYHCIE-
HHil, TloatoMy Haspesa HeoOXoguMOCTH f10-

nydeHus NPUONMKEHHOro pacuyeTa 3aKpHTH-
yeckux aedropmanuii, KOTOpeie HpellecTsy-
0T pacnpocTpakenuo aedexTa, ynobHoro ans
PAaKTUYECKOTO HCHIONB3OBAHUA WHKEHEpaM-
KOHCTPYKTOpaM.

B paGote paccmarpuBaetca ynpoweHHas
KOHQUrypauusa Kpyriiod NiactuHel ¢ paguy-
COM @, KOTOpas uMeeT AeeKT B BHAE KPYTAoH
TUIATHHMI ¢ paiuycoM R, npuuem And Hee Bbl-
TIOMHAOTCH CASIYIOMWHE TTPEATIONOKEHNIA:

1) CyinecTByeT eJMHCTBEHHOE fIPHMO-
BEPXHOCTHOE OTCNOEHYE KPYTHoH hOpMSI;

2) D710 oTCnoeHHEe OTHEASET TOHKHH
H30TPOMHEL CNOW TOMUMHOH A OT OCHOB-
HOH [HIATUHBE TOMUIHHOH M,

3) Pasmepsl nedekra R manel no cpae-
HEHMIO € OCHOBHOW TINACTHHOU, HO BEJMKM
N0 CPABHEHHUIO ¢ TOJMHOK OTCAOUBLIETrO-
¢ cnos A.

B ofractv gedekra mnactuHa COCTOMT U3
ABYX YacTei: OTCAOUBLIAACSA HACTH (BEPXHss)
ToNKHON A ¢ uaMeHeHuem paguyca 0<r <R
W HUXHAA 4acTh, PAcCNONOXKEHHAs HHKE OT-
CNOEHUA, TONILMHA KoTopore paeHa (H-h) ¢
uiMeHeHuem pagvyca 0<r<R. [lnactuna
pasOubaeTcs Ha TpH yuacrtka (puc.l), u BBO-
AATCA caeayromne o603HaYeHUA:

e=L; R=Li; 3%
R H a
rae #,(r} - paAuajbHOE MEpEMELEHHE, W;(7) -
dyakuug nonepeustoro nporuba,  {(i=1,2),

! PaBora BLIIONHEH B pamxax uenesofl nporpaMmsl MOrH P «Passutue HayuHoro NOTEHUHANA BRICHISH

wikone (2006-2008 rr.)» (npoexr Ne PHIT.2.1.2.5517).

85



BECTHUK BYPATCKOI'Q T'OCYIAPCTBEHHOI'O VHUBEPCUTETA 2007/6
86 w,(r) U w(r)- OYHKIIMM DEpeMEIUeHHi, T0- e D= EH* D (H-WE
myyennsie B paGote (1. Tlyere B(r), B (), Ae = 120~ 4% 2T 120-45°
P(r) cOOTBETCTBEHHO Harpyska Ha I,2,3 yua- HE
CTKAX. BBC};fM cﬁoanaqeﬂnﬂ: 2 3° 12(- %)
O (&)= LR =13, 2= PzR , PaccMoTpum BTopoit yuactox. B nosspHoi
D, D, CUCTEME KOOPAWHAT OCHOBHOE JMHEapH30-
R (r RAHHOE YPaBHEHWE AN KpYrAcH RRACTHHGL,
wiey=—"20_ (0o <y, »

hrJ601— 17
w ()= w (§), wy,(r)=wy(S), w,(g)=w,(r),
(1)

HarpYXeHHOH KOHTYPHBIMH ycunnamn P
NPHUHUMAET BHA :

'

Rir , :
I:—;{";%Wz(g)JL J = _Azw:(g) 1 (OSgS] )‘

He ofpamaroineecs B GeckOBeYHOCTE TIpH
r=0 pemieHne A CNAOLIHON NIACTHHEI KAk
NpH OCECHMMETPIYHOM, Tak M NPH HeOoCeCUM-
METPUYHOH dopMe NOTepH YCTOKYHBOCTU Onl-
pesefeTCA 3JABHCAMOCTBIO

wy(r) = BJy(J5) + B,,
rae  Jy{A¢) — dynxumsa Beccens, nepsoro po-

, A
a3 Jo(Ag)=——=J(A5).

ChnegoparenbHo,
aw 1,
*df r = M2 (ry=—(BA/R)J, (Ag).

TIpu r=R 3aBUCHMOCTD MEX/Y NiepeMene-
HHAMU Ha 2 U 3 y4aCTKaxX HMEEeT BHA

Py (1)
Jo(1- )ax(a)
Tak kak npu ocecummMeTpryHOi dopme mo-
TEPH YCTOHYHBOCTH HanpshKeHus M aedopma-

B =-

LMH Ha 2 yYacTKe paBsHbl

P B~
O'rzo‘{):u 2 58}‘:80:__2(‘1_‘{{)_’

{(H-h) E(H-h
BEJMYHHA PAajHMKANLHOIO TNEPEMELLEHHA NPH
r=R
(1- )RF,
¥ = 2
4y )/na B (2)

[Ipu =R niporu6 aedexra (3 y4yacToK) u
nedextHoro yuactka (2 y4acTOK) NOMKHBL
ObiTE  rEOMETPH4ECKM COBMECTUMBL, T.e.
NO/DKHO ObiTh BBINORHEHO Heobxoanmoe yc-
NIOBYE COBMECTUMOCTH

(R =1,(R)+ S Wi (R,
Henonesaysa zaucumMocty (1) 1 (2), umeem
(1~ 1)RA’E(H - h) -
E(H -I2R* (1 - %)
Hh (1)
= - (R)+ — e
%) 2RJ6(1 - i)




JLA. Boxoesa. Hccredosanue yemoiuugocmu haacmun ¢ Qedexmamu muna Kpyaaslx OmcRoeHuti

Ortciona ciedyeT BepakeHne ang A
22 =_]2R(I +"£f)u3(R)+
(H-hy
J72 6(1 N ,u)
(H hy’

Ha nepeom yuacTke nnq)cpepeuunanbuoe
ypasHeHue OYACT UMETh BUA:
L

{E{rwf(g)} } =-0{s(s),
FlR

Iégsf—.

(3}

(l)

Beeaem obo3HageHue GyHKINK )

_WeWe(l- 4R
f(g) - h 3

Toraa AuddepeHianbHOe YpaBHEHHE MOXHO
NpeaCTaBHTh B BUAC

Rlr a

*{—f(g)} =-Q(5)f(¢), 1<gc=<—,

r | R R
npur=R f(l)=w(l).

ITepBbIii Y4acTOK MOMKHC MPEICTABHTL B
BHAS TOJCTOCTEHHOH TpyObl, Haxoasmekca
Nnoa AcHCTBHEM BHEUIHEro AABJACHHA, TOTA&
HanpaKeHUs U NEPEMEILEHHS PaBHE

o.(r)=A-Br?;
o(r)=A+ Br?;

wr)= lE[A(l —r+ B+ p)%}.

YpaBHEHHE COBMECTHMOCTH BTOPOro H
NEPBROTO YYACTKOB NpH r=RK, NMOSYYCHHOE U3
YCIOBHA YKOPOYEHUA MOA HEHCTBHEM CXKH-
Mmatollel  Harpy3kM W JOTIOIHMTENBHOIO
cGrikenus BBI3BAHHOTO W3rHOoM OedekTa,
MOXHO 3a1MCaTh B BHAE.

R =w® IR, @)

C yuerom ypaeHenuii (1), (2), (3) ypasHe-
HHe (4) npeobpazyeM caeaylownM obpasom
A - @R+ B(l+ ) =

_(-pAD, _FEy(D) . )
(H ~h) st(s — i)
e PR =A'D,.

Tax kak dyHxumio w({l) MOXHO npeacTa-
BHThH B BHIC

2
w(l)= / 1_’” (H'h) L

2R [ ’
(1+ w) 3(R)

Hh \]6(1
TOrAa ypaBHeHHe {5) uMeeT BAJ
1~ AD
AL~ )R + B(1+ ) =LA D,
(t- 1) (T+ ) oon T
WE (H-hy

2\{6(1—;; ) 6(l+#) Hh
WE 12ROU-u) | t-u
2J6(t-p%y  Hh 60+ p)
=_(l—p)/l'.2D2 . hE(H -hy
H-h  2-6(H-hH

J . ]_)” ;"2“‘_
(T = X1+ )1+ p2)

L 12RER ‘j(n X1+ X - 1)
2H (1 + @)1= )1+ 2)
(1-p) 2D, (1-k)  _

- ) + RERu,(R) =

u;(R)=

,(R)y=

=(1-w)A’D, % + REhu,(R)

Caenae npeoOpasopanus, DONy4aem
A(l mﬂ)Rz +B(l+ )=

6
,12 D, + RERu,(R) ©

B ceuenvn Ha rpaHvue gedexra ACTKHO
BLIIOMHATBECA  YPAaBHCHHE PABHOBECHA CHA
(nipy z=R):

Py=PytP;
_9mp, , XD, , 0D,
i Rz ’ 2 Rz * 3 Rz
WIH
omD, _ oMb, 4D,
R R R

Tax kax MpH r=R HWMeeT MecTo CIACAYIO-
ulaa 2aBUCHMOCTE

o/ _,=A-BIR = (

, TOTAA

A-BIR =~(Q,()D, + A°D,) HR.

Pewnas coBMecTHO CUCTEMY ypaBHeHUid (4),
{(6), npy r = R MO HO HAHTH KOIPDHULIIEHTEL
A ¥ B, koTopble pasHs)

B =l{—-—QB(1)D3 + REhu, (R)} ,
2{ H
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1 .
Y- il ~Q (DD, ~24°D; + REJu(R)|.
Tax xax
_ ~ D,
o, ‘?1(”) Q’(gz) =A4- B*E;,
H HR ¥
Toraa
-AHR® BHR*
B + =
Q] (g) Dl Dlrz
2z
2};1? [ Q,(D, - 24°D, + RERu,(R) | +
m'z2 -
4o 5= (0D, + RER(R)) =
1

1y !
=5 Qa(l)(lJrg J
+{1=F) 2* + RERuy(R)——| = 1
3 2D\ &2
Tpu =R eennunna Q () pasHa
- R
0(%z)=37 (”[l”‘a‘z‘)*

3 )
+(1-h) & +REhu3(R)E%-(£5—-1]
. \a

PanuansHoe nepeMeLieHye npy ¥=R paBHo

“I(R)-——[A(l )a+3(1+y)-:;:l=
_(i-p)a

“2EHR
x[-0,(1) D, - 24°D, + REhu, (R) ]+

1+ u
afza—}[{[Qj(l)D3 + REhu, (R)}. (8)

[Ipu 33a0aHHEIX FEOMETPHUECKHX [IapaMET-
pax K xapakTepucTHKax Matephana no ¢op-
mynam (7} 1 (8) MOXKHO ONPEAEIUTH KPHTHYE-
CKYHO HArpy3Ky H NepeMelleHHs KpyrioH rsia-
CTHHBI ¢ AE(EKTOM.

YpasHeHne paBHOBECHA MOMEHTOB MMEET
BUI,

M\(R)= M, (R)+
Ph P(H-h)-
2
IMpu r=R Ha nepBOM y4acTKe

+M,(R)+

v (7)=

ph_ 1 .nls
,uD w(l} -k

R\/l—
R 6( #)
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R2\J6(1- u?)
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Dy () [ 24(1)]

TR Je- ) J(A
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M, (R)=

D,h
= ———e [y (D) + (e + D (D).
R o1 -1 ! |

W13 ypapHeHnsa paBHOBECHA MOMEHTORB NO-
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Dk
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Rz.m[f()w w(1)]
_e_ﬁ_w_{lwﬂﬂ]
R . J6- (0~ u®) Ji(4)

e[ (1)) + 2 (1)]

M,(R)=D,

D,-h
W)+ 1+ ) D]+
e ]
Bk ReCHR)
2 2
;‘.'Z'Dz P = Qj(g) D Qs(l) D
R R R’
cjenae npeoﬁpasosaﬂnﬂ, OKOHYATERbHO [10-

ﬂyqaeM}-(l)z_ﬂw(l)_,_
(-7 (1)[ J ((jﬂ
w1 [w () + (1 + ) (1)]+
JNE -y
2

x[;ﬁ (1-h) -52(1—5)-(23(1)]

rie b, =




J.A. boxoesa. Hecredosanue yemotiueocmu nracmun ¢ Gedhexmams muna Kpyzisix omeaoen

B paboTe nonyyeHsl B SBHOM BUJAE Xapak-
TEPHCTHUECKHE YPaBHEHWS IS OMpeAencHHs
KPUTHYECKOH HArpy3kH H 3aKPHTHYECKOIO
MOBENEHUA [UIACTHHEL ¢ JeeKTaMH THIA
KPYPABIX OTCJIOSHUH B 3NEMEHTAX KOHCTPYK-
HUH U3 CIOHCTEIX MATEPHANOB, NIPH OJHOBpE-
MEHHO NoKanbHOM u rnoGansnofi norepe yc-
TOHYHBOCTH.
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