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3I''H IJACTUHHU 3 KPYTOBUM OTBOPOM TA PANIAJBHOIO
TPIIIVHOIO 3 YPAXYBAHHAM HIMPUHMU OBJIACTI
KOHTAKTY Ii BEPEI'IB

Bixrop OIIAHACOBWY, Mukona CIOBOJAH, Bacuns BEJPIN

JIveiscvKUll HAYIOHANBHUL YHI8epcumem iment learna Dpanxa,
sya. Yuigepcumemcevxa, 1 79000 Jlveis, Yxpaina

Poap'asaso Bsafjauy npo JBOCTOPOHHINA 3rME isoTponHoi mnJIacTMHM 3 KPYrOBMM
OTBOPOM i HacKpisHOW pafiaJibHOI TpAMOJiHifHOW Tpilunnolo, 6epern Kol riagko
KOHTAKTYIOTh 1nobausy opniel 3 ocHoB NmacTuHM. 3 BUKOPMUCTAHHAM MeTOXIB Teopii
GdYHKIIA KOMIJIEKCHOI SMiHHOI Ta KOMIJIEKCHMX [OTeHUiasiB po3p’szok sapadi
3BeJEeHMit [0 3ajay JiHIAHOrO CHpsAMeHHd, Ha MiAcTaBi AKMX OTPMMAHO CHUCTEMY
CMHTYJIADHMX IHTerpaJbHMX piBHAHB CTOCOBHO HeBifjomux yHKLi# cTpubkis xyris
MOBOPOTY Ta rOPM3OHTaNbHUX fepemimieds Ha Tpiumui. Kpaitosi yMoBu Ha Kpyropomy
OTBOP! BafOBOJILHAIOTHCA aHaniTuyHo. [lobyaoBano rpadiyni 3ane’KHOCTI KOHTAKTHOrO
sycunna mix Geperamm Tpinuy, koedillieHTiB IHTEHCHMBHOCTI MOMEHTIB i 3ycuas.

Knarouoei caosa: 3ruH, NJacTMHA, KpPYroBuii OTBip, KOMILIEKCHI NoOTeHLianaw,
KOHTaKTHMI THUCK, koedilienTy iHTeHCHBHOCTI MOMEHTIB i 3ycuan.

Beryn. IlnacTuHYacTi eleMeHTM IIMPOKO 3aCTOCOBYIOThH Yy MalluHoOyAyBaHHI,
aBialiifHiit, OyzaiBenbHiN, cyaHoOyxiBBesibHIVM Ta IHmMMX ranysax TexHikm. Il
eJIeMEHTM 3 TeXHIYHMX MipKyBaHb MOXYTh MicTUTH Kpyrosi orsopu. Ilig yac
BCTAHOBJEHHA YU B IIpoleci excmayaTamil y HMX MOXYTb BUHMUKATH
TpiumHononibui  necdexTnn. Ilix  Ai€r0  30BHIIHBOrO  HaBaHTAXKeHHA B
NJIaCTUHYACTUX eJeMeHTax 6inA TpinmmuOonoAibHMX AedexTiB BMHMKAIOTh BMUCOKI
KOHIeHTpanil Hanpy»keHb. BaxkauBo 3HaTH, Ak LI AedekTy OyAyTh BIIMBATY Ha
Hanpy’eHo-ZedOopMOBaHUi CTaH 1 Ha MIlHICTh IUIACTHMHM NPMU 3TUHL

3 isuuHMx MipKyBaHb 3pO3yMiJio, IO 3a 3TMHY NJacTMHM Oeperm TpimmH
OynyTe KOHTaKTyBaTM. Posp’a3aTu 3ajgady 3ruHy IJIACTMHM 3 KpPYTOBUM
oTBOpoM i TpimuHamyu, Oeperm AKUX KOHTAKTYIOTh, Yy TPUBMMIPHOMY
dopmyoBaHHI JocuTh ckiaaHo. HabaraTo mpocrinie pos3s’azaTu Taky 3ajauy,
BUMKOPMCTOBYIOYM KJACUYHY Teopilo 3rMHY NJAacTMH 1 IJIOCKY 3ajJady Teopil
[IPY»KHOCTI.

Y npauax [1-5] poss'a3ano 3ajadi 3rMHy NJACTUH 3 TpilmHaMu, 6eperu AKUX
rJIafKO KOHTAKTYIOTH MO JiHiI Ha OAHIA i3 OCHOB nnacTuHu. Bnams mmpuxn
objacTi KOHTaKTy TpiliMH Ha HanpyXeHo-ZedOpPMOBaHMIA CTaH IJIACTUHMU
BuB4daau y [6-9]. B [10-13] poaraanyTo ABOCTOPOHHIA 3rMH NJACTMHMY 3 KOJIOBOKO
MeXkelo MoAily MaTepianiB i npAMoniHilinumu Tpimuuamu, Gepery AKUX TJIafKo
KOHTaKTYIOTh MO JIiHil Ha OZHi i3 OCHOB MJACTUHMU.

Meta Hamiol npani — XOCHIAMTH BNJAMB IIMPUHM 00JIacTi KOHTAaKTy TPIlLIMHYU
Ha Hanpy»KeHo-/echopMOBaHMil CTaH I30TPONHOI IJIACTUHM 3 KPYTOBUM OTBOPOM
1 paziaJIbHOIO TPIIMHOIO.

dopmymoBanua 3aaagi. JocnigkeHo 3agady mnpo ABOBicHMI 3ruH GesamerxkHOI
isoTponHoi NJAaCTMHM 3aBTOBIIKM 2h 3 KpyroBuMm oTBOpoM pajiyca R Ta
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pafiaJbHOI0 TpinMHOK 3aBHoBXKKKM 2/. BynemMo kopuctyBaTHCh JeKapTOBOK)
cucrtemoro koopauHat Ozy i NONAPHMMM KOOpAMHaTaMu 7, 6 3 NOJAPHOIO

Biccio Oz . Beperu TpilwmHEM Nif AI€I0 PO3MOALIEHMX 3TMHAJBHUX MOMEHTIB Mf"’
i M;’" Ha HeCKiHYeHHOCTI NPMXOAATH Yy IJIaJKui KOHTAKT ITo obJacTi mocriiHol

mupurn  hy mobsmsy BepxHboi ocHoBu mactuHM [8] (puc. 1). 3a paxyHok

KOHTaKTy Oeperie TpinmMHM po3B’A30K 3azayi MOJAETHCA y BUIMIALI pPO3B’A3KIB
JIBOX 3ajiay: 3ajad4i 3TMHY IIJJaCTMHM Ta IJIOCKOoI 3ajaui.

B B T

ff?%i%iiiiy,_"

/’ /> /’ /’_/’ /*[/’ /’ /’(/" _____

Puc. 1. Cxema HaBaHTa’KeHHA MNaCTUHMU Ta PO3MIILIEHHA TPILIMHN

3azaya po3B’'A3aHa 3a TaKUX KPaiioBUX YMOB:

0,=0,0,=0,M =0,P =0,na L, (1)

£ + __ + _ £ _
o =—N[(2h), of =0, P* =0, My =M, z€ L, (2)
M, =8N, 8, [vp]|+ad][w|=0,z€L, (3)

2 Ly

020,5(1-1-(1—7) )h,5=(1—7/.5)h,7=hl/n, (4)
ne N — xonTakTHMI THCK MK Oeperamm TpiluHY, Opys Oyyr O 1 &y~
KOMIIOHEHTY TeH30pa HalpyXeHb; ¥, — KOMIIOHEHTa BEKTOpa MepeMillleHb Y
IJIOCKi# 3ajmadi;, w — INpPOrMH IUIACTMHM B 3ajadi 3TUHY, My i M~

sruHanbHUi MomeHT, P i P - ysaraneHeHi B ceHci Kipxroga nepepisysaibgi
(37078 [f]: ft — f, sumaykammu “+” i “—” nosHayeHi rpaHUYHI 3HaYEHHA

dbyHKII Mpy NpAMYBaHHI TOYKM IJIOIIMHEM A0 TpituueEM npu y, — £0.
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Posp’azox 3zagadi. 3 BMKOPMCTaHHAM KOMIJIEKCHMX NOTEHIias]iB IJIOCKOI
3ajaui [14] 1| kjmacuyHOl Teopil srmAy naactuH [15], amayorivso ax y [10],
PO3B'sI30K 3ajadi 3BeAeHMit [0 3afay JiHIAHOrO CIpAMKEHHA, Ha IiJicTaBl AKUX
OTPMMAaHO CUCTEMY CHUHTYJAPHMX IHTErpajbHMX PIBHAHb CTOCOBHO HEBiJOMMX
dyHKLi cTpubKIB KyTiB MOBOPOTY HOpMaJi 0 CepeAMHHOI NJIOIIMHM y 3ajpavi

3TUHY Y(n_] Ta CTpuOKiBR mepewmiileHs Ha Geperax TpilMHM y NJIOCKiNA 3anmadi

G(n), axa nabyna Burnany

X

fl{Km)%—Ln, &)}, (n d'n*—}-c-——c‘j gel-1, 1, (5)
]{R(n:i)—s(mé)}%(n)dw0, £ € -1, 1, (6)

f{L mé) = K (m&)}Y, (n)dn +

o B
+ 2% [ {R(n) + 5(n€)}G (n)dn = P(€), €€[-1 1], (@
w
ne
: B B B A 2BX%2~1 5 &A
P(£)=—&A+—'T+A*EEE—E+F+? X B—;{—Z—
1| & A 2% 1 1=7?
Klne) __{ﬂ"5+5 X(TX -1) +E5"('1“}(-1)2 '
 (1-7%)(27X® - 37X +1)
B rx*(1-T1x)
2 _ X*oTX — 1} ~38TX +2
L(M)Ei 4 12— : #12+ ( ) 2+
2| p(rx —1) X(TX-1) TX X3(TX 1)
1 A 1 1~7*
R(n,€) = o + +
nt) n—¢ 2AX(TX-1) p(rx 1)

+(1 ~7?)(27X® - 3TX + &)~ TX (1 - TX)’

El

X (11X}
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s(ng)zi - 1 1 _ X*(2TX —1) - 3TX +2
" 2p(rx —1) X(TX-1) X ¥lrg -1)
A:-—»-—H_’i-l—-« “=3+‘v $3_‘U :_.__.E_E:.__..._..
élul)(lwi-v)’fi 1—:u’R 1—|—v”u 2(1+‘U)’
= 1-p_ = 2 . 1 M
B=—'__ sD‘_"_-__H! e :__-_!-_,
2 m 3(1_U2) e D»(l-—v) i M

A=YR,e=d[R, T=14+ec+M, X =1+¢c+M,

y(2)BRS /M = Y (2) = Y, (2) +i%(2), y(s) = (1+ &) [0 ,w +id w],

hzj;;w) = G(Sﬂ) = G (53) & 3'6’2(:{:): Qf (fﬂ) - ?(1_2.56[83:(1"‘? ¥ wp)]’

Yz, Yo, Gy, Gycz> —piiichi cynrnii; £ — mogyns IOxra; v —
koecpinient Ilyaccona.
Baysaxumo, mio Ha nigcrasi (3) dyHrmii 01(7?) i Y, (n) oB’A3aHi
CTIiBBiIHOMIEHHAM
ol + &)
G 4 Y;i2)=0, nel|~1 1. (8)
1("?) (l-l—n)(l—i»v) 2( ) [ ]

Pisuauusa (5)-(7) LONOBHIOEMO [OZATKOBMMM YMOBAMMU

[Y(n)dn =0, [n¥;(n)dn =0, (9)

AKi BUpa’)kaloTb, BIANOBIZIHO, OJHO3HAYHICTL KYyTiB MNOBOPOTY Ta MPOIUHY

NIaCTUHY NPY 00XOAI KOHTYPY TPILIMHA.

JIlna BSHaXom)KeHHA cTajoi ¢ BMKOPMCTAEMO OIHO3HAYHICTL MNPOTUHY

naacTUHM NPy 06X0/li KPYroBOro OTBOPY

1
ol = lfm (10)

Tord T

BpaxoByiouM yMOBY OJHO3HAYHOCTI mepeMilieHb 0Opu 0OXoAl KOHTYDPY
TPIMHN, OTPUMAEMO

1
[¢&(n)dn=o. (11)
B |
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KonrakTHe 3ycuansa Mmisk 6eperamu Tpimman o64mcaumo 3a GopMysion

N' () = hjsz)

== 2]{R(n,§) + 3(7?15)}(?1(72)4??, £ e [--1, 1].

-1

Koedinientn inrencusnocti momentis (KIM) K = K, —iK, Ta aycuns (KI3)

k = k, — ik, moxxna obumucauryu 3a opmynamu [16]

k=hlim (f(2)d'(2)), /(= )= J(EZ -2,

K = F4B8 (34 0)(3(1-0?))" lim (f(2)y(z)).

-+l

Yucnosuii awaniz sajgadi rta BucHoBKM. OTpumaHa cucTemMa iHTerpaJibHUX
piBHaHb (5)-(11) posB’A3aHa wuMCEJBHO 3a [ONOMOrO MeTOAy MeXaHIYHMX

kBajpatyp (17, 18l mpu v = 0.3, v = h.l/h, =113,

N*A
095 4 N*4
il 4
0.85 +
09 + :
075 1 2
0.8+ 1
065 1 ail
055 + 06 +
t t t } } > } t t t + >
-1 -06-02 02 06 1 & -1 ~06~02 02 06 1¢
a 6
Puc. 2. I'pachivna 3asekHiCTh 3BeJ€HOT0 KOHTAKTHOIO 3yCUILIA MK Deperamu
TPIILMBEN

Ha puc. 2, a 306pakeHo rpacidHy 3aJIe’KHICTb 3BEeJEHOTO0 KOHTaKTHOrO

aycusa N = hN/ M;’o Mizk Oeperamm TpimmuM Bix Ge3posMipHoi KoopauHaTH
& = xl/l upu A = Z/R =09, = Mf/M;"’ = 1. Kpusa 1 nobynosana npu

e:d/R:I, kpuBa 2 — € =15, kpusa3 — € =2, kpuBad - e =5. fx

BMJAHO 3 Nboro pucyHka, 31 30inbnieHHAM BiJHOCHOI BiAcTaHi € Big HeHTpa
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TPIIMHM [0 KPYTOBOro OTBOPY KOHTaKTHE 3YCMJIA Mixk Oeperamy Tpimmeu
3MEHIIYETLCA, & IPU € — 00 OTPUMAEMO pedyabrTaTi [8]
Ha pwuc. 2 6 3obpakenHo rpadiuHy 3aJIeKHICTh 3BeJeHOro KOHTAKTHOrO

aycunna N = hN/ M® wmix Geperamy Tpimmuu Bif GespoamipHoi KOOpAMHATH

E= xl/Z npu A =08, €¢=1. Kpusa 1 nobynosana npum p =0, xpusa 2 —
p=1, kpuBa 3 — p =2, KpuBa 4 — = 4. Baummo, mo 3i 36inbiieHHAM
BilHOIIEHHA MOMEHTIiB p = M’ / M koHTakTHe 3yCMJUIA y BEpIIMHI a

3bisbmIyeThed, @ y BepuIMHI b — 3MeHIIyeTbeA. 3 pHUC. 2 BUJHO, L1[0 KOHTAKTHUM
TUCK MaKCHUMAaJIbHOTO 3HaueHHA HabyBae y OavixHiN BepmmHi TPimmEM A™~ _.5HO
KPYTOBOTO OTBOPY.

KA
09t
081
0.7t
0.6+

0.5

Puc. 3. 3Beneni koedilieHTH IHTEHCUMBHOCTI MOMEHTIB

Ha puc. 3 noxasano rpadidHy 3aJie)KHiCTh 3BeleHoro KoedilieHTa
iHTeHcuBHOCTI MoMeHTIiB (KIM) Kf = Kl/( M;‘C\ﬁ) y BepmmmHi a (puc. 3, a) Ta y

BepmuuHi b (puc. 3, 6) Bifg BigHOCHOI BificTaHi LeHTpa TPILMHM A0 KPYroBOTO
otBopy € npu p = 0.5. Kpusi 1 nobypnosani npu A = 0.2, kpusi 2 — A = 0.5,
kpuBi 3 — A =08, xpusi4 — A =09. 3 puc. 3 suano, mo KIM y pepmuni
Tpiman a € Ginbrummu, HiX y Bepuimei b. 3i 36inb1eHHAM BiHOCHOI JOBXKMHU
Tpimmau A KIM y Bepmuui Tpinmuuyu e 306iabl1yioThed, a y BepmuHi b maiike
He 3MmiHiooTheA. IIpu Binnanenui Tpimmuan Bix orsopy KIM y Bepmuuax a Ta b
TPILIMHEYM 3MEHOIYIOTBCA 1 MNpPAMYIOTh [0 OAHi€l BeNMYMHM, fAKa Bijnosinae
BUNAAKY OZHi€l i30aboBaHOi TpimmuM [8].

YucsoBuit aHadia BuABuB, o Oeperm TpimmmHM OyAyTh  3aBXKAU
koHTakTyBaTu. KoedilieHTM iHTEHCHMBHOCTI MOMEHTIB 1 3ycuib y OJymexHii
BepLUMHi TPIlMHM CTOCOBHO OTBOPY 3aBiKAu Oliblli, HiK B JlajbHIi BepIINMHI
IIpu v =0 orpumaemo peayabraTn poboru [10]. Kpim Toro, mix 3BeneHum
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roedilieHTOM IHTEHCMBHOCTI 3yCHUJb k; = hk, /(M!‘:“\/E) i xoedinienrom

. . . * . .
IHTEHCUBHOCTI MOMEHTIB K, = K| / ( M ;’C‘ Ji ) icaye 3aJIeHKHICTE

ko 3a(l+v) B 6 8 R e o

T Sy, a 5 = 1 = npyu TaKOMY PO3MILIEHH]I TPIIITMHA
K, (3 +:U)h’ : ’
CTOCOBHO OTBODY.
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N3Ir'Nb IJIACTUHBI C KPYTOBbBIM OTBEPCTUEM U
PAIVAJJIBHOMN TPEHIMHOU C YYETOM HIMPUHBI OBJACTHU
KOHTAKTA EE BEPETOB

Bukrop OITAHACOBUY, Huxoxait CIOBOAAH, Bacvauit BEJIPH]?[

JIveosckull HAYUOHAABHBLU YHUBepcumem umenu Veana @ panko,
ya. YHueepcumemcexas, 1 79000 Jlveos, Yixpauna

ViccnepoBano 3apgauy o0 wusrube W3OTPONHOM INIACTUMHEI C KPYIOBEIM
OTBEPCTMEM M pPaaAMalIbHOM NPpAMOJMHENHOM TPeIMHONA ¢ Y4YeTOM IUMPUHBI
obnactu koHTakTa ee OeperoB. JMcrnone3dya MmeTon —TeopuM DYHKIMIA
KOMILIEKCHOTO MEPEeMeHHOIN0 ¥ KOMIIJIEKCHbIE MOTEHIMAaJbl MJOCKON 3ajauu M
KJIacCHUYecKoy Teopuy yuaruba IIIACTMHBI, pellleHMe 3aJauy CBeeHO K cucreMe
CUHTYJIAPHBIX MHTErpajbHBEIX YpaBHeHMII Ha TpeIlluMHe, KOTopad pelleHa
yycsenHo. [IpoBeien 4McaeHHbIA aHAIM3 3a/la4un.

Kawouegvie caosa: uarub, macTuHa, KpPYroBoe OTBEpCTHME, KOMILIEKCHBIE
NOTeHNUaJbl, KOHTAKTHOE ycuaue, xodduliMeHTsl MHTEHCUBHOCTY MOMEHTOB U
YCUIUA.

BENDING OF THE PLATE WITH A CIRCULAR ORIFICE AND A
RADIAL CRACK WITH THE WIDTH OF THE CONTACT AREA OF
THE SHORES
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The bilateral bending of an isotropic plate with a circular orifice and a
radial crack with considering of the contact it’s shores is investigated. With
application of methods of the theory of functions of complex variable and
complex potentials the solution of a problem is shown to a system of integral
equations, which is solved by numerical method with the help of method of
mechanical quadratures. The numerical analysis of a problem is conducted,
because of which are constructed of graphic dependence of contact pressure,
coefficients intensity moment and efforts.
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two-dimensional problem of the theory of elasticity, classical theory of bend,
complex potentials, contact pressure, coefficients intensity moment.

Crarra Hagiimnia no peakodserii 15.03.2012
ITpuituara no npyky 31.05.2012


http://www.tcpdf.org

