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O moaxojie K penieHuIo 3a71a49 0 MeXK(a3HbIX TPeninHaX,
3aPOAUBIINXCS B YIJIOBBIX TOYKaX KYyCOYHO-O/IHOPOJ/HOTO
Tesia

(IIpedcmasaeno axademurom HAH Yrpaunw A. H. I'yzem)

IIpedaosicer nodrod x pewenuto 3a0a4 METAHUKU PASPYWEHUS KOMNOSUMHHLE MAMEPUALOE
0 MENCPAZHOIT MPEUWSUHAT, 3aPOOUSWULCA 6 Y2A08HLL MOYKAT KYCOUHO-00HOPOOHO20 MEA.
Jlarnvili nodxod noseoasem nepelimu om ucrodnol 3adauy K 360ave meopuu ynpy2ocmu Oal
KAUHOBUIHO20 MEAG ¢ MeHCPHadHOT MPEewuHoli 8 6EPUUHE U YCAOBUEM HA OECKOHEUHOCTU,
YUUMBEAIOUUM BAUAHUE BHEUHEZO TLOAA.

Sagaun MeXaHUKU Pa3pyIIeHus KOMIIO3UTHBIX MATEPUATIOB O MEK(MA3HBIX TPENIHAX B KyCOU-
HO-OJTHOPOJIHBIX TE€JIaX UCCJEJOBAJINCH MHOTUMU aBTopaMu. [Ipu 3TOM ¢ mpuMeHeHUEM paz3ind-
HBIX METOJIOB PACCMaTPUBAJINCH KAaK CTaTUYeCKUe, TaK U JuHaMudeckue 3ajaqu. Jlocrarodno
HOJIPOGHO M3YYEHBbI OTKPBIThIE MeKbasHble TpenuHbl [1-7| ¥ TperuHbl ¢ KOHTAKTUPYIOIIMI
6eperamu [8-11]. TIpeamnosaranoch, 4ro rpaHuma pasjesa Cpejl sABISeTCs TTIaJIKOMN, IPeXK/Ie Bee-
ro, npsiMostnHeitHoi. OTHAKO UMEHHO BOJIM3H YTIJIOBBIX TOUYEK HEIVIAJKON MPAHUIIBI pa3Jiesia cpel,
MPEJICTABJSIONIUX COOOH OCTPOKOHEUHBIE KOHICHTPATOPLI HAIPSKEHUN, CIeIyeT OXKHUIATDL Pas3-
pPbIBa CIJIONIHOCTH W 3aPOXKJIEHUsI UCXOJSANNX M3 HUX TPEIIMH B MEPBYIO ovepeb. OcobeHHo
OllacHa 3apOJMBIIAdACA B YIVIOBOM TOYKE I'DAHUIBLI pasjela cpell HeyCToM4YuBasl TPEIIMHA, Tak
KaK I10CJIe JIOCTUKEHUsI COCTOSIHUS IPEJIEIbHOIO PABHOBECHS PEXKUM €€ Pa3sBUTUs OyJeT JTuHa-
MHUYECKUM.

[TockonbKy jtuHa 3apO/IUBIIAXCs TPEIIUMH 3HAYUTEIHLHO MEHbINE Pa3Mepa TeJl, TOYHOCTH pe-
[IEHUsI COOTBETCTBYIOIIUX 3aJ[@d TEOPUU YIPYrocTu o0 ompeiesieHnn KO3(OPUIMEHTOB WHTEH-
CUBHOCTHU HAIIPSXKEHUI YUCICHHBIMU METOJ[AMHU CHUXKAeTCs. B Takoil cuTyanum akTyaJbHBIM
IIPeJICTaBIAETCS NCIOJb30BaHUE MOJX0/Ia, MUPOKO NPUMEHAEMOIO0 B MeXaHHKe KBa3UXPYIIKOTO
pa3pyIleHus i OIpeeseHns] MaJIOMACIITAOHBIX 30H Ipeapas3pylienns BOIU3U KOHIIOB Tpe-
IIIH, B OCHOBE KOTOPOI'O JIE?KUT Pa3JIOKEHHEe PACCMATpPHBAEMON 3ajadn (3ajada B II€JI0M) Ha
BHEIITHIOI0 W BHYTPEHHIOK 3aJ[a9M. DTO IO3BOJISIET OCYIIECTBUTH IIEPEX0Jl OT HMCXOMHON 3aja-
91 K 3a/1a9e O MOJyDECKOHEIHON MPSIMOINHENHON TpeIuHe ¢ 30HOI Mpeapas3pyIleHns B KOHIIE,
B KOTOPO#l HA OECKOHEYHOCTH CTABUTCS JIONOJTHUTEILHOE YCIOBUE HATPYKEHUS, OIIPEJIEIIsIeMOe U3
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Puc. 1

PelleHns YUCTO YIPYToil 3a1a4u (II0CTAHOBKA 331891 O TOHKON CTPYKType KOHIla TpermuHbl [12]).
B pesysbrare perienust JaHHON 3aJ@9M YCTAHABIUBAETCS CBSI3b MEXKJY Pa3MEPOM 30HbBI IIPEJl-
paspyirenus u Kod(G UIMEHTOM UHTEHCUBHOCTH HAIIPS?KEHUI B KOHIIE TPEIIUHbI.

Huke ykazaHHBIN 1OJX0/ IPUMEHSIETCA TP PACCMOTPEHUH 3a/1a491 O IIPEIEIHLHOM PaBHOBE-
CHH KYCOYHO-OJHOPOIHOIO YIPYTOro TeJIa ¢ TPeIuHAME, 3aPOJAUBIIMMUCS B YIJIOBOI TOUKE.

B pamkax miockoii (mrockast gedopMaliysi) CTaTuIecKoil CHMMETPUIHOMN 331841 PACCMOTPUM
KYCOUYHO-OJTHOPO/IHOE U30TPOIIHOE YIIPYIOe TEJIO ¢ TPaHulleli pasjena cpej B (popMe CTOPOH yriia
(puc. 1). Ha rpanure Tesa 3a1aHbl IPOU3BOJIbHBIE KPAEBbIE YCIOBHSI.

B cuity o61ux 1oJI0zKeHui 0 TI0OBEICHUY HATIPSIZKeHUH BOJIM3H YIJIOBBIX TOUEK yupyrux Teu 13|
yIJIOBasi TOUYKa MPAHUIIbI pasjesa cpei O sBJsieTcsi OCTPOKOHEYHBIM KOHIIEHTPATOPOM HAaIIPsizKe-
HUif CO CTENeHHO 0COOEHHOCTRIO U IpK 7 — () IVIaBHBIE YWIECHBI PA3JIOKEHUT HAIIPSIZKEHUI B acuM-
OTOTHYECKUE PSIIbl IPEJICTABISIOT CO0Oi pereHne OJHOPOIHON 3aa9l TEOPUU YIPYTOCTH IS
KYCOYHO-OJTHOPO/THOII TIJIOCKOCTH € TpaHuIleii pas/esa cpef B opme cTopoH yria (3amada A), mo-
POZKJIaeMOe eJIMHCTBEHHbIM Ha nHTepBaJie |—1; 0] KopHeM A ee XapaKTepUCTUIECKOTO yPABHEHHsI

A(—z —1) =0, A(z) = 80(2) + 61(2)e + da(2)e?,
00(2) = (sin2za + z sin 2a) [ sin 2z(7m — «) + z sin 2a,
61(2) = (1 4 2¢1)(1 + 369) sin? 2 — (sin 2z + 2z sin 2a)) [ sin 22(7 — @) + zsin 20] —
— [sin2z(m — ) — zsin 2a](s2 sin 2z — zsin 2a), (1)
02(2) = [sin 2z(m — a) — z sin 20 (2 sin 2za — z sin 2a),

1+ 1 FEq
= e en = —
T+v 0 0T By

e n10 =3 — 42

(Eq2 — momymu IOmra; vy 9 — roaddunuentst [lyaccona). B gacraocty,
o9(r,0) = Cgr* + o(1) (r —0),
g =g cosha + g" cos(\ + 2)a,
d=[A+2)e—X=2][(A+2)cos A\(m — a) sin(\ + 2)(7 — a) —
— Asin A(m — @) cos(A + 2)(m — )] cos(A + 2)accos(A + 2) (7 — a) +
+ (14 321)(A + 2)[cos(A + 2)asin(A + 2)(7 — a) +
+sin(A + 2)acos(A + 2)(m — a)] cos A(m — ) cos(A + 2) (7 — «),
g =0 —A=1De+ X+ 2][(A+2)cos \(m — a) sin(A + 2)(7 — a) —
— Asin A(m — a) cos(A + 2)(m — a)] cos Aa cos(A + 2)(m — a) —
— (14 22)[(A+ 2) cos Aasin(A + 2) (7 — a) + Asin Adacos(A + 2) (7 — a)] x
X cos A(m — av) cos(A + 2)(7m — a).
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[Mocrostanas C' Jo/IZKHA ONPEJIENSITHCS U3 PEIleHrs] KaxK/ 10l KOHKPETHON 3a/1a4i TeOPUU YIIPY-
FOCTH, TIPEJICTABJIEHHON Ha puc. 1.

[Tpeanomnoxum, aro Cg < 0. Torma, cornacuo (2), og(r,0) — —oo npu r — 0 u Ha TpaHuIe
pazjena cpeji BOJU3KM yIrJoBOi TOYKKM HOPMAJIbHbIE HAIIPSXKEHUs OY/LyT CXKUMAIOMUMU. B 3ToM
CJIydae BCJIEICTBUE BBICOKON KOHIEHTPAIUU HAIIPS?KEHUN B yTJIOBOM TOYKE BO3MOXKHO 3aPOXKIe-
HUEe UCXOJANIUX U3 Hee MexK(a3HbIX TPEIIUH C IIOJHOCTHIO KOHTAKTUPYIONMMU GeperaMu, JJInHa
KOTOPBIX B 3HAYUTEILHON CTEIEHN MEHbIIEe pasMepoB Teaa. CuuraeM, 4TO TpeHne MexKLy Oepe-
raM TPEIIUH OTCYTCTBYET.

Bajiady 0 3apOJMBIIMXCs TpEIUHAX — 3a/ady B [eJoM (pHC. 2) pas3jioyKuM Ha BHEIIHIO
U BHYTPEHHIOI. BHelHssI 3aa49a MpejcTaBieHa Ha pUc. 1, BHYTPEHHssT — IIOCKas CTaTHIeC-
Kasl CUMMETPUYHAs 3aJ1a4a TEOPUH YIPYTOCTH JIJIsi KyCOYHO-OHOPOHON M30TPOIHOMN TII0CKOC-
TH ¢ TpaHuIeil pasjena cpei B popMe CTOPOH yIjia, CoJepIKalleil TPelHbl KOHEYHOH JIJINHbI,
UCXOIAIIAE U3 yTJIOBON TOYKM U PACIIOJIOKEHHBIE HA 9TOM IpaHulle, — Ha puc. 3. YciaoBue Ha bec-
KOHEYHOCTH BO BHYTpPeHHell 3ajade chOpMyIUpyeM CJIe/YIONIM 00pa3oM: TIPU T — 0O TJIaBHbIE
YJIeHbl PA3JIOKEHU HAIPSIKEHUI B aCUMITOTHYECKUE Psibl COBIIAIAIOT C IJIABHBIMU YJICHAMU
Pa3JIOXKEHNil HAPSZKEHWI B aCUMIITOTHIECKHIE PAIBI BO BHEIIHEH 3a1a4u pu r — 0 1 npeacras-
JISTIOT €o00ii perenune 3aja4u A, 0 KOTOPOM TOBOPHJIOCH Bbiie. Takast (hopMyITUpOBKa yCIAOBUSI Ha
OECKOHEYTHOCTH TIO3BOJISIET Y/IOBJIETBOPUTD YCIOBUIO CIITUBAHUS PEIIeHNi BHEIIHell u BHyTpeHHeit
3aJ1a9 TIPU T, 3HAYUTEIHHO OOJIBINKMX [, HO 3HAYUTEIHLHO MEHBIIUX, YeM pa3Mepbl Tena. Ipyru-
MU CJIOBaMHU, BO BHyTpeHHEl 3aja4e (cM. puc. 3) Ha GECKOHEYHOCTHU PEeajin3yercs aCUMIITOTHUKA,
peJIcTaB/IsoNas coboil pelenre aHaJIOrMIHON 3a/1a9u 6e3 TPEIuH, MOPOKIAeMOoe eJIMHCTBEH-
HbIM Ha uHTepBase |—1;0[ kopuem A ee xapakrepucrudeckoro ypasaerust (1). Ilpoussosbuas
nocrosinasi C', BXOJSIINAsl B yKa3aHHOe pelleHne, cauraercs 3ajannoii. OHa xapakTepusyer WH-
TEHCUBHOCTH BHEITHETO IMOJI U JIOJXKHA ONPEJEISIThCA U3 PEIeHsT KarXK 10l KOHKPETHO BHEIII-
Hell 3aJ1a4u.

C y4eroMm CUMMETPUU IPAHUYHBIE YCJIOBHs 33Ja4u (CM. PUC. 3) 3allUIleM TaK:

0=m—a, 0 =0, ug = 0; 0=—a, 0 =0, ug = 0; (3)

=0, (og) = (19) =0, (ug) =0;

0 =0, r<lI, 0 = 0; 0 =0, r>1, (urp) = 05 (4)
1

=0, r — 00, 70 = Cgrr + o<r>. (5)

Buech —a < 0 < m — a; (a) — cKAYOK a; JUIsI g1 UMEeT MEeCTO BbIPpayKeHue, 11000H0e ¢.
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Puc. 4

Ha ocHoBe pelienunst 3aa4u TeOpur yIpyrocTu ¢ rpaHudHbiME yesaosusamu (3)—(5) onpese-
nsercss KoaddUIMenT NHTeHCHBHOCTH Hanpsxkennit Ky B xonne O TPeIIUHbl 1 H3y9aeTcs BOI-
POC O TIPEJIEIbBHOM PABHOBECUH TeJIa ¢ MeK(Da3HBIMU TPeIUHAME (UCC/IeLyeTCsl PABHOBECHE TPe-
[IMH H& YCTONYMBOCTH, YCTAHABJIUBAETCS YCJIOBHE UX CTPArMBaHUsl, AHAJIU3UPYETCS TOBEICHIE
HAIIPSZKEeHUH BOJIM3M YIVIOBOH TOYKH).

Opmoit 13 BOBMOXKHBIX BHEITHUX 33744 II0 OTHOIIEHUIO K 3a/a4e B IIeJ0M SIBJISIETCS 3a1a9a
TEOPHUU yIPYTOCTHU JJIT KYyCOYHO-OTHOPOJIHOM IJIOCKOCTU C HETJIAJIKOW I'paHuIleil pasjesia cpes,
coJieprKalteil. BHyTPEHHIOI HoTybecKonednyo Tpermuny (puc. 4). Bepera Tpenmnbl HAXOmATCS
o1, JieficTBUeM HOPMAJILHOT'O JIABJIEHHsI, PACIIPE/IEJIEHHOIO 10 3aKOoHy F'/ 1"2, r > L (F — 3ajannas
HOJIOYKUTEIbHAST [TOCTOSHHAS, UMEIOIAsi PA3MEPHOCTh CUJIBI).

Fpa,HI/I‘IHI)Ie ycjoBHuA 3a/a9U TaKOBDBI:

0= aqa, (00) = (170) = 0, (ug) = (ur) = 0; (6)
0 =0, T = 0; 0=, 79 = 0, ug = 0;

F
0 =0, r<L, ug = 0; 0 =0, r> L, 09 =~ 3 (7)

U3 pemenus 3amaiu ¢ rpanndabiMu yerosusMu (6), (7) onpenesnsercs nocrosinaas C.
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Hremumym mexanury um. C. 1. Tumowenko Hocmynuao 6 pedaxyuro 19.12.2014
HAH Yxpaunw, Kues

0. JI. Kinnic

IIpo miaxia M0 po3B’sai3aHHs 3a7a4 PO MiKdas3Hi TpimmHM,
110 3aPO/IWJINCS B KyTOBUX TOYKAX KyCKOBO-OJIHOPiTHOrO Tijia

3anpononosano nidrid do poss’azanna 3adad METGHIKU PYTHYEAHHA KOMNOSUMHUT MAMEPIaAi6
npo Miochasdni MPIUUHY, Wo 3aPOOUAUCH 8 KYMOBUT MOYKAT KYCK080-00HopidH020 misa. JlaHull
nidxid dozeoasae nepetimu 610 suxidnoi 3adawi do 3adawi Meopit NpPyYscHocmi 0Af KAUHONO0IOH020
mina 3 Miocadnoro mpPILuHol0 Y GEPUUHE MA YMOBOI HA HECKIHUEHHOCT, AKA 8PATOBYE GNAUG
B08HIUWHDO20 NOAA.

A. L. Kipnis

On an approach to solving the problems of interface cracks originated at
the corner points of a piecewise homogeneous body

An approach to solving the problems of fracture mechanics of composite materials as for the
interface cracks that originated at the corner points of a piecewise homogeneous body is proposed.
This approach allows one to go from the original problem to a problem of elasticity theory for a
wedge-shaped body with the interface crack at the vertex and the condition at infinity that takes the
influence of an external field into account.

ISSN 1025-6415  Jlonoeidi Hauionasvhoi axademii nayx Yxpainu, 2014, Ne10 99



