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OO0 MHTEHCUBHOCTM HAIIPSI?)KEHUI B KOHIIaX MexK(a3HbIX
C/IBUTOBBIX TPENIVH B YIJIOBOII TOYKE I'PAHUIBI pa3/iesia

cpen
(ITpedcmasaeno axademurom HAH Yrpaunw A. H. I'ysem)

Pacemompena cummempuunas 3a0a4a MEOPUY Ynpyzocmu 0 MeHcPhasHvll cO8Uu2068bLx MPEUU-
HAX 6 Y2A0601 Mouke 2panuyb pazdena cped. Jaa pewenus sadauu npumerer memod Bunepa—
Xonga. Horyuwena dopmysa oas xosdhduyuenma wHMEHCUSHOCTIU HANPAHCEHU.

Katouessle €a08a: MexaHUKa Pa3pyIleHns] KOMIO3UTHBIX MaTePHAJIOB, HEIVIAIKAs IPAHUIA
pasneia, MexkdasHasi TpemuHa, MeTos Bunepa—Xonda.

Kax cBuieTe/IbCTBYIOT JINTEpATYPHBIE HICTOUYHUKH, IIPU PACCMOTPEHHUH 33181 MEXaHUKH Pa3pyIiie-
HUAST KOMITO3UTHBIX MaTEPHAJIOB O MeK(a3HBIX TPEIUHAX B KyCOUYHO-OTHOPOIHBIX TeIaX IPe/-
noJjiaraeTcs, 9TO IPaHUIA pasjesa cpell siBisercs riaakoi |1, 2]. B To xe Bpemsi, B 1epByIo
odepenb BOM3U YIVIOBBIX TOUYEK HErJIAJAKONW T'DPAHUIBI pa3jesa Cpel, MPEeICTaB/IAoNmx coboit
OCTPOKOHEYHBbIE KOHIIEHTPATOPHI HAIPSKEHUH, ceayeT OXKHUIATh 3apOXKJEHUE HUCXOJAANINX U3
HAX MeXK(]pa3HbIX TPENINH.

Hmxke maercs pernenne cUMMETPUYHOR 3amadu o0 olpeneeHun KoddpUImeHTa HHTEHCHB-
HOCTH HAIPS?KEHUN B KayKJIOM M3 KOHIIOB MeXK(A3HBIX CIBUTOBLIX TPEIIUH B YIJIOBOH TOYKE
TPaHUIBl pa3jiesia Cpedl.

B ycaoBusx mmockoit medopMariun B paMKaxX CTATHIECKON CHMMETPUYIHON 3a/1a9u PacCMO-
TPUM KYCOYHO-OJHOPOJIHOE TEeJIO C TPaHUIlell pasjiesia cpeld B popMe CTOPOH yIja, KOTOPOe CO-
CTaBJIEHO U3 M30TPOIHBIX YIPYIUX dacrteil ¢ mouyusimu By, Fo (Ep > FEo) u koaddunuenramu
Ilyaccona v, vo. I3 yryioBoit TOYKH TpaHUIBl pasiesia CPel UCXOMAT MexKda3Hble CIBUTOBBLIE
TPEINHBI, JUIMHA KOTOPBHIX B 3HAYUTEJbHON CTEIEeHN MEHbINEe pa3MepoB Teja. [Ipenmnosaraercs,
9TO TPEHHE MEXKIy OeperaMu TPeIwH OTCYTCTBYET.

C ydeTroM MaJjOCTH TPEIINH IPUXOANM K IIJIOCKOH CTaTHYeCKOl CHUMMETPHUYHON 3ajade Te-
OpuM YIPYIOCTU [JI KYCOYHO-OAHOPOJHON HM30TPOIHON IIJIOCKOCTH C IpaHUIE pasiesa Cpem,
B dOpMe CTOPOH yIJia, colepzKalleil pa3pe3bl KOHEYHOH JJIMHBI, UCXOASINe U3 YIJIOBOH TOYKH
U pacloJioKeHHble Ha 3Toil rpanute (puc. 1). Ha GeckoHedHoCTH peasn3yercsi acUMITOTHKA,
peICTaBIAoNasi coboil perenne aHaJIoruaHoi 3a1aun 6e3 paszpe3os (3amada K), nopoxkmaemoe
eJIMHCTBEHHBIM Ha uHTepBaJle | — 1; 0] KOpHEM ee XapaKTepUCTHIeCKOro ypaBHeHusl. [Ipon3Bosib-

Puc. 1
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Has nocTosinHast C, BXOJsIasi B YKa3aHHOE pelleHne, canTaercs 3ajannoit. OHa xapakTepusyer
MHTEHCUBHOCTDb BHEIIHEI'O II0JIf U JIOJIZKHA OLPeJeIAThCd U3 PelleHUs] BHEIIHel 3a/ladu.
panuuHble yCI0BUs paccMaTpuBaeMoi 3aja4u (CM. puc. 1) UMEroT CJIeyIonuii BUI:

=7 —a, T =0, ug = 0; 0= —a, T =0, ug = 0; (1)

=0, (og) = (1r9) =0, (ug) = 0;

0 =0, r<l, e = 0; 0 =0, r>1, (up)y =0; (2)
1

=0, r — 00, Tr(;:Cgr’\—i-o(;). (3)

Baech —a < 0 < m— «; (a) — ckavok a; g(a, eg,v1,v2) (eg = E1/E2) — usBectnasi QyHKIUS;
A — equHCTBeHHBI Ha nHTepBase | — 1;0[ KOpeHb ypaBHEHUS

A(—z—1) =0, A(z) = 80(2) + 61(2)e + a(2)e?,

do(z) = (sin2za + z sin 2ar)[eeq sin 2z(7m — «) + zsin 2a/],

61(2) = (1 + 2e1)(1 + @) sin? 21 — (sin 2za + 2 sin 2a)[ee; sin 22(7 — @) + 2z sin 2a] —
— [sin 2z(m — ) — zsin 2a](ze9 sin 2za — z sin 2av),

da2(z) = [sin2z(m — «) — z sin 2¢ (&g sin 2z — 2z sin 2av),

1+ vy
e =
1+ v

€0, X12 = 3 — 42}172.

Pemmenne chopmyanpoBaHHOi 3a/1a9u TEOPUU YIPYTOCTU MPEICTABIAET COOOM CyMMy perre-
HUI CJIeyIomuX AByX 3aaad. [lepBast oTsimaaeTcst OT Hee TeM, YTO BMECTO IIEPBOTO yCaoBus (2)
uMeeM

0 =0, r<l, Trg = —Cgr)‘, (4)

a Ha GECKOHEYHOCTH HalpsizkeHHst 3aTyxaioT Kak o(1/7) (B (3) orcyrcrByer mepBoe ciaraemoe).
Bropasa 3amaga — zamgada K. IlockonabKy permerne BTOPOi 3aJa<dyu W3BECTHO, JIOCTATOYHO IIO-
CTPOHUTDL PEILICHUE IEPBOIA.

Cpenu MeTOJOB pellleHrs 3a1a9 MEXaHUKU Pa3pylleHns, IPUMEHsIEMbIX B HACTOSIIEE Bpe-
Mst [2-6|, omauM u3 b dekTUBHBIX siBisiercss Mero Bunepa—Xomnda. s mocrpoerust TO9HOrO
pelteHnst IEPBOit 3a1a49u OyIeM UCIOIb30BaTh MeTo Bunepa—Xomda B cOYeTaHNN C AIlTapaToM
UHTErpajibHOrO peobpasoanust Mejummna |7, 8|.

[Ipumensist mpeobpazoBanue MejuinHa K ypaBHEHUSIM PABHOBECHSI, YCJIOBAIO COBMECTHOCTH JI€-
dbopmanuii, 3akony I'yka, ycioBusim (1) u yaursiBasi Brpoe yciaosue (2) u yciaosue (4), Ipuxoaum
K CJIeIyIoIeMy (DyHKIMOHATLHOMY ypaBHeHnto Bunepa—Xorida:

T (p) + ]ﬁ = ActgprG(p)®~ (p),
(I +e)[1+ a1 + (1 + a)e] ~ Gilp)
A= 2[ze1 + (1 + se12e0)e + se0e?] Glp) = Ga(p)’

Gi(p) = [ze1 + (1 + 21202)e + 22e?][ag(p) + a1(p)e] sin pr,

ISSN 1025-6415  Jlonosidi HAH Yxpainu, 2015, N8 29



Ga(p) = [1+ a1 + (1 + 22)e][bo(p) + b1 (p)e + ba(p)e?] cos pr,

ap(p) = (1 4 &1)[cos 2p(m — @) — cos 2¢(sin 2pa + psin 2a),
a1(p) = (1 + &2)(cos 2par — cos 2a)[sin 2p(m — a) — psin 2q], (5)
bo(p) = (sin 2pa + psin 2a)[ee sin 2p(m — a) + psin 2a],
bi(p) = (1 + a1)(1 4 a5) sin? pr — (sin 2par + psin 2)[zeg sin 2p(7 — @) + psin 2a] —
— [sin 2p(m — &) — psin 2a](eey sin 2pa — psin 2a),
ba(p) = [sin2p(m — a) — psin 2a] (&2 sin 2pa — psin 2a), T =—Cgl?,

0o 1

_ FE ou,
T (p) = 1/7%9(/)170)/?’761/77 " (p) = =2 O/<W>‘giglﬂpdﬂ-

Buecy —e1 < Rep < €9, €12 — JOCTATOUHO MaJIble IOJIOXKHUTEIbHBIE UUCIIA.

QOyukuusa G(it) (—oo < t < 00) mpeicrapisier cobOil JIefCTBUTENBHYIO IIOJOXKUTEIbHYIO
yeTHy0 (PYHKIUIO ¢, cTpeMsIlyiocsa K enuuuie upu ¢ — oo. CiriegoBaTebHo, HHIEKC (PYHKIUHA
G(p) mo mMHUMOI ocu paBeH Hymo. Ilockosbky, kpome Toro, dbyuknus G(p) Ha MHUMOI ocu
YJOBJIeTBOpsieT ycyioBuio Lesibiiepa, umeer Mecto daxkropusars [9)

100
1 InG(z) GT(p) (Rep<0),
— dz| = _ (6)
2mi z2—p G~ (p) (Rep>0).

—100

G = G (Rep=0). exp[

Oyuknuo pctg pr MoxkuO dbakropuzoBarh Tak [10]:

petgpr = KY(p)K~(p), K™ (p) = %

(I'(z) — rammva-dbyHKIWUSN).
C nomorpio daxropuszanuii (6), (7) ypasuenue (5) mepenuiieM B BHJE

) T _AK=(p)®~(p)
K*(p)Gt(p) (+A+1)K*T(p)G*(p) pG~(p)

CHpaBe,ZLJH/IBO npeacTaBJICHUE

(Rep = 0). (8)

T T 1 1
PHATDE ()G D) p+A+1 [K+<p>G+<p> TR A DG (A 1)] i

T

Fo DR A DG A Rer=0) ®)
[Moncrasngs (9) B (8), nosyuaem
Ot (p) N T [ 1 B 1 } B
K+(p)G*(p)  p+A+1[KH(p)GH(p) EFH(-A-1DGH(=A-1)]
_AK (p)® (p) T _
=T iR ey (Rer=0)k (10)
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Oyukius B aepoit yactu (10) anasuruuna B nosymiockoct Rep < 0, a dyHKnus B npasoii
gacru (10) anamurudna B nosymuiockoeru Rep > 0. B cuity npuHnumna aHaIuTuIeckoro mpoJioJi-
JKEHUs 9TH (DYHKINKA PABHBI OMHOM M TOM »Ke (PYHKIMH, aHAJIUTHIECKONR BO BCEH ILJIOCKOCTH P.

B6smm3u KoHITa TPEIuHBI B CUIY OOIMUX IOJIOXKEHUIT O TOBEJCHUN HAIPSIYKEHUN B OKPECTHO-
CTSIX YIJIOBBIX TOYEK yIpyrux e [11] peamusyercs aciMITOTHKA, TIPEJICTABIISIONIAst COOOI pere-
HUE OJHOPOHON CTATUYECKON 3aa4il TEOPUU yIPYrOCTU JJIs KyCOYHO-OJHOPOIHON NU30TPOITHONI
IJIOCKOCTH, COJIeprKalliell Ha MPsIMOJMHEHHONW TpaHUIE pasfesia CpPel MOJIyOeCKOHEUHYIO JIMHIIO
pa3pbiBa KacaTeJbHOIO CMEIIEHUsI, HOPOXKIaeMoe KOpHeM —1/2 ee XapaKTepUCTUIECKOrO ypaB-
HeHHUsi. B 9acTHOCTH, MMEIOT MECTO ACUMITOTUKN

e1+e+1+ae  Kjg
2(1 + &qe) on(r —1)

%> _4(1—V12)891+6 K
or Ey 1+ /211 — 1)

0=0, r—1+40, Tro ~
(11)

0 =0, r—1-0, < .
Baech K — ko3 punmenT HTEHCMBHOCTH HANIPSAYKEHUIT B KOHIIE TPEITUHBI, TIOIIeYKAIIN Ope-
JICJICHUIO.

Ucxoms uz (11), mo Teopeme abesieBa THIA MOJIYyIaeM

®1t+e+1+ae Kip b (p) & te Ky
2(1 + ae0e)  /—2pl’ P 1+ eey /2pl

Us (6), (7), (12) caeayer, uro dpyHkuu B JeBoil u mnpasoit dactsx (10) crpemsiTcss K HyJIO
npu p — 00 B nosryItockocTsax Rep < 0 uw Rep > 0 coorBercTBenno. B cuny Teopembr JInyBuiis
elrHasl aHAJIATUYIECKast (DYHKIINS TOXKIECTBEHHO paBHA HYJIIO BO BCEH IJIOCKOCTH P.

Takum o6pasoM, perenne ypasHeHusi (5) mMMeeT BuUj

p—oo,  ®F(p)~ (12)

_ 7K (p)GT(p) 1 1
YW= 0T oo oy, Rer<o »
I G~ (p)
o (p) = AKH (A= DG (A= D)(p+ A+ DK (p) (Rep>0).
C nomomipo (13) HAXOAUM ACHMIITOTUKY
D — 00, T (14)

)~ AR A e (A= Dy

Cornacuo (12), (14), moayuaem cieayortyto dhopMysty st KodhUImenTa MHTeHCHBHOCTH
HaIIpPsKEHWI B KOHITE MeXK(Aa3HOH CABUTOBOIN TPEINHBI:

2v/2(1 4 aege)gl(\ + 3/2) OPH2

K= 1421 + (1 4+ 22)e]D(A +2)GFH (=X — 1)

Takum obpazoMm, B paboTe paccMOTpeHa ILIOCKAsl CTATHUYECKAs CUMMETPUYHAsi 3aJa9a TEeOPUn
YIIPYI'OCTH O PABHOBECUU KYyCOYHO-OJHOPOIHON N30TPOIIHOM IIJIOCKOCTH € I'paHulleil pas/iesia cpes,
B opMe CTOPOH yIJia, B BEPIIUHE KOTOPOT'O 3aPOJUIUCH JiBe MexKdazHble Tpemutbl. C uCoib-
30BaHUEM allllapaTa WHTerpaJbHOro npeobpaszopanus MesnHa 3a/1a4a cBejieHa K QyHKIMOHAb-
HOoMy ypaBHeHuio Bunepa—Xomda. Ha ocHOBaHUN TOYHOIO aHAJIMTUIECKOTO PEIIeHUs PyHKIU-
OHAJILHOT'O yPaBHEHMS IIOJIyYeHO BbIparkeHue s Ko3(hOUIMEHTa THTEHCUBHOCTH HAIIPSIYKEHUIH
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B KOHIIE TPEIINH, 3aBUCSINEE OT JJIMHBI TPEIUHbI, Ko3ddummenton [Tyaccona u oTHOIIEHUST MO-
nyneit OHra marepuaJios.
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B. M. Hazapenko, O. JI. Kinnic

IIpo iHTeHCcuBHiCTh HaNpy>KeHb B KiHIIIX MikK@da3HUX 3CYBHUX TPIIlUH
Yy KYTOBiii TOYIli Me>Ki IOy cepeIoBuIIL

TacruryT mexaniku iMm. C. 1. Tumormenka HAH Ykpainu, Kuis

Poseasarymo cumempuuny 3adawy meopii npyscHocmi npo mMictcdadi 3cyeHi mpityuHy 8 Kymosid
mouyi meorci nodiay cepedosuny. Jlas pode’azanna 3adayi 3acmocosaro memod Binepa—Xonda.
Odepoicaro Popmyay 0as KoediyieHma IHMEHCUBHOCTNE HANPYIHCEHD.

Karouwost caosa: MexaHiKa pyiHYyBaHHS KOMIIO3UTHAX MaTEPIajiB, HETVIAIKA MeXKa MOy, MiXK-
daszna Tpimwuna, metros Binepa—Xomnda.

V.M. Nazarenko, A.L. Kipnis

On the stress intensity near the tips of interfacial boundary shear cracks
at a corner point of the interface

S. P. Timoshenko Institute of Mechanics of the NAS of Ukraine, Kiev

The symmetric problem of the theory of elasticity for interfacial shear cracks at a corner point
of the media-separating boundary is considered. To solve the problem, the Wiener—Hopf method is
used. The formula for the stress intensity factor is obtained.

Keywords: composites fracture mechanics, non-smooth interface, interface crack, Wiener—Hopf
method.
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