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Ymancokuii oeporcasnuti nedazoziunuil yHigepcumem

OCOBJHUBOCTI JIOKAJIBHOI'O NOJIAA HAIIPYJKEHD B1JISI
BEPHIMHU TPIIIWHU, IO BUXOAUTD 3 KYTOBOI TOYKH MEKI
HOALTY MATEPIAJIIB

Pestome. B ymogax niockoi degpopmayii 3a 00nomMoeoio Memody po3euHeHb 3d 61ACHUMU (DYHKYISIMU
BUKOHAHO PO3PAXYHOK HANPYICEHO-0ehOpMOBano20 cmawny Ol GepuuHu MPiyuHy, AKA GUXOOUMb Y
00GITbHOMY HANPAMKY 3 KYMOBOI MOUKU JaMaHol Mmedxci noodiny 08ox pisHux mamepianie. /Jocniodceno eniug
Kyma 31amy medici nooiny, opienmayii mpiwyunu i npyjIcHux napamempis 3'€OHanux mamepianié Ha NOKA3HUK
CuHzynapnocmi 6 okoai eepuiunu. Buseneno icHyeamHs napamempie 3aoaui, npu AKux nepeddoauacmuvcs
KoHmakm bepezie, ma 6CMaHo8lIeHO YMOGU OONYCHMUMOCHI BUKOPUCTAHHSA 8i0N08IOH020 PO36S3KY.

Knwuosi cnosa: kymosa mouxa medici nooiny mamepianis, mpiwjuna 008inbHoOI opieHmayii, NOKA3HUK
CUHZYTIAPHOCMI HANPYIICEHD.

M. Dudyk, V. Fen'kiv

PECULIARITIES OF THE LOCAL STRESSES FIELD NEAR THE
CRACK TIP WHICH GOES OUT FROM THE ANGULAR POINT
OF THE BROKEN INTERFACE

Summary. The homogeneous problem of the elasticity theory about the stress-strain state of piece-
homogeneous body near the tip of the semi-infinity crack of arbitrary orientation under the plane strain is
considered. The crack tip coincides with the corner point of the broken interface of two different isotropic elastic
media. The ideal joint on the interface is supposed. Using the Wieghardt - Williams formulas of the expansion of
the stresses near the tip of homogeneous wedge in terms of its own functions, the formulated static boundary
problem of the elastic theory is reduced to the system of algebraic equations for unknown coefficients of the
expansion. A characteristic equation of the problem, the roots of which determine the degrees of distance to the
tip in the expansion of the asymptotic field of stresses and displacements near the crack tip, is derived from the
condition of non-triviality of the desired solution. The analytical expressions for the calculation of the expansion
coefficients are found.

The numerical analysis of the roots of the characteristic equation of the problem for some elastic
parameters of the joined materials, the crack orientation and the interfacial angles reveal the presence of values
with negative real part among them — the singularity index, which stipulates the stress concentration at
approaching to the crack tip. It is discovered that the singular behaviour of stresses near the crack tip differs
from the root. Physically incorrect spatial oscillations stipulated by the presence of imaginary part in the index
of singularity superimpose on the power singularity of stresses in some interval of interfacial angles depended
on the elastic parameters of the joined materials and the crack orientation. It is supposed that the formation of
the contact area of crack lips corresponds to this situation. The expression for the crack opening near the tip
was found and the possible contact zone sizes were estimated. On the basis of this expression the condition of
correctness of the found problem solution was formulated. The received results can be used for the estimation of
the fracture toughness of piece-homogeneous body with an arbitrary orientation crack, which goes out from the
corner point of the broken interface.

Key words: corner point of the broken interface, crack of arbitrary orientation, stress singularity
index.

Beryn. Hlupoke BuxopucTtaHHs y OyIIBHUITBI, TEXHIlll Ta IHIIMX Taly3sx
MTPOMHUCJIOBOTO BHUPOOHHMIITBA KOMIIO3HTIB, KJICEHHWX 1 3BApHHUX 3'€HAHb TOINO, SKi MarOTh
KYCKOBO-HEOJHOPIJTHY CTPYKTYpPY 1 MICTSATh pPi3HOMaHITHI KOHLIEHTPATOPH HANpyXeHb Y
BHTJISI/II BHPI3iB, TPIIMH Ta IHIHUX JeeKTiB, MOPOJIKYE IIIBUINCHUA IHTEpeC 0 aHaJli3y


https://core.ac.uk/display/60806969?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BICHHMK TEPHOITIJILCBKOI'O HALIIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCHUTETY. Ne3 (79) 2015

IpoIleciB pyHHYBaHHS KOMIIO3UTHUX MarepianiB. MaTemMaTHyHe MOJETIOBaHHS TaKuX
MPOIIECIB y CTPYKTYPHO-HEOTHOPITHUX CEPEIOBHUINAX € aKTYaIbHOIO MPOOJIEMO0 MEXaHIKH
pyitHyBaHHs MatepiaiiB. [Ipu nbomy nepeBakHa OUTBIIICTE AOCIIPKEHb CTOCYIOTHCS TPIIIUH,
pO3TaIIOBaHUX HAa MEXI TOJITY JBOX PI3HUX MarepialliB. 3HAYHO MEHINE POOIT MPUCBIUCHO
TpillMHAM, IO BHUXOJSITh Ha MEXY MOAUTY MaTepiamiB. 30kpeMa, B [1-8] posrismaeTses
TpIllIMHA, IO BHXOJUTh HA IIOCKY MeEXY IOAUTY TiJ JOBIILHUM KyToM, a B [9-11]
JIOCITIJKEHI CUMETPUYHI 33/1a4i PO TPILIMHY, IO HOUIMPIOEThCS 3 KYTOBOI TOYKH JaMaHOL
MesXi MOy MaTepialiB y3/0Bxk OiceKTpHCH KyTa. IX 4acTMHHMM BHIIAIKOM € pobotH [12—
15] mpo TpimuHy, MEepneHAUKYSIPHY A0 MeXi moaimry. Pa3som 3 TuM, 3HauHMiA iHTepec
BUKIIMKAE pO3B’SI3aHHS OUIBIN 3araJibHOI HECHMETPHYHOI 3agadi [po  HaMpyKeHO-
neGopMoBaHMil CTaH B OKOJIi BEpIIMHU TPIIIMHHU, IO BUXOAUTH B OJMH 3 MaTepialiB 3
KYTOBOI TOYKH MEXKi TOJIUTY JBOX TUT y JJOBUIBHOMY HAIPSIMKY.

MeToro pobdoTH € 3HAXO/KEHHS TOJIiB HAPYKEHb 1 NepeMillleHb B OKOJIi BEpIIUHU
KyTa JIaMaHOI MeXi TOJIIY JBOX NPYXKHHX MaTepiamiB, 3 SKOI Yy JIOBIILHOMY HAINPSAMKY
BUXOJIUTH TPIIIKHA, Ta JOCTIHKEHHS 3aJIeKHOCTI OCOOIMBOCTEN HANPYKeHO-1e(hOpMOBaHOTO
CTaHy BiJl XapaKTEPHUCTUK 3’ € THAHUX TiJl.

IToctanoBka 3agaui. B ymoBax 1uiockoi aedopmariii po3risiHEMO CTaTUYHY

OJIHOPIJIHY 3a/1ady Teopii MPYy>KHOCTI MPO TOJIe HANPY>KeHb B OKOJI KyTOBOI TOYKH JIAMaHOT
MeKi OJIUTy IBOX Pi3HUX OJHOPITHUX 130TPONHHUX MarepiaiiB 3 mogynsmu FOsra E,, E,
(E; # E») 1 xoedinientamu Ilyaccona v,, v,, 3 sKOi y JOBUIBHOMY HalpsMKy BUXOIHUTh
MpsMOJTiHIHA TTiBHECKIHYeHHA TpimuHa (puc. 1). Ha Mexi moiay MaTepiaiiB y3JI0BXK JIiHIN
0 =0 1 @ = npunyckaeTbes ifealibHe 3YeIUICHHS. bepern TPIlUHM BBAKAEMO BiTBHUMH
BiJT HaBaHTaXeHb. TO/Ii I HAPY)KEeHb 1 3MIIIEHb MAIOTh MICIle HACTYITHI TPAaHWYHI YMOBH:

0=0: {0y)=(1,9)=0, (u,)=Cuy)=0;
O=a: <0'9>=<r,9>=0, <u9>=<ur>=0;
O=a+yU-p: 0,=0, 7,,=0, (1)

ne < f > Mmo3Havyae CTpUOOK BEIMYUHU f Ha BiJMOBIIHIN TiHII.

Pucynoxk 1. Po3paxyHkoBa cxema 3amadi

Figure 1. The calculation scheme of the problem

IToOyaoBa po3B'si3sky 3agadi. BukxopucroByrounm ¢(opmymu Birxapara-Binbsmca
PO3BHHEHB 3a BJIACHUMH (YHKIIISIMHA TIOJISI HANPY)KEHb OLJI1 BEPIIMHUA OJHOPIIHOTO KIIMHA
[16 — 17], mogamo IyKaHi HapyKeHHS 1 MMOX1/THI IePEeMIIleHb Y BATIISIII

7.0= 21" £900), 0p=Dr"£20), 0, = 1" £0).
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82u9 1+, /’tré $)(g 14y r (s)
- _ 1 N _ 1 N 9 , 2
PR DY ). ° L 252 © @

1 1

£8(0) =—aj, cos(4, +2)0 - ab, ;tis 20052S6?+a§s sin(4; +2)0 +dj, % 2sinis¢9,
S + S

£5(0) = afsin( 4, +2)0 + dy, sin 4,0 + i cos (A +2)0 +d’, cos 4,0,

£3(0) = —aj,sin(4, +2)0 - db, i +§smi 6 —alycos( A +2)0 - dj, i +§cosﬂ. 0,
£50) = al, (A +2)cos( A, +2)0 + dh (A + 1+, )cos 4,0 — di (A, +2)sin (4 +2)60 -
—dy, (A, +1+x;)sin 4,0,
F0) = af (A +2)sin (A, +2)0 +ab, (A +1-k;)sin 4,0 + ai (A +2)cos(4 +2)0 +
+dy, (A, +1-K;)cos 4,0,

ae d s A, — HeBIZIOMi cTali, sIKi BU3HAYalOThCS B XOJi PO3B’s3yBaHHA 3amavi (j=1+4;

iHmexc i=1 m1 a<O@<a+y,i=2 ma 0<O<a, i=3 ma —f<60<0; aHymepye A,y
HOPAIKY 3pOCTaHHs; k| = k3 =3 —4v,, kK, =3 —4v, — crani Konocosa.

[Ticns mincranoBku (2) B rpanwuHi ymoBu (1) 3aBnaHHs 3B0,Z[I/ITBCSI JI0 pO3B’sI3aHHS
cucTeMu 12 JHIAHHX OJHOPIMHMX anreOpaidHUX PpiBHAHB BIJHOCHO d' s>
PO3B'SI30K KO BHUMAarae piBHOCTI HymO 1ii jJerepMmiHaHTa. ['poMi3AKuil poO3paxyHOK
JeTepMIHAHTA TPHU3BOJUTH J0 XapPaKTEPUCTUYHOTO PIBHSIHHS 3ajadi IS BU3HAYCHHS
CYKYITHOCTI TIOKa3HHUKIB Ay PO3BUHEHHSX (2), iK€ Mae BUTIISL:

D(4)=0, ©)

HETpUBIaTbHUHN

D(0) =[843834 — 844833 ] Ay +[84483 — 842834 ] Ag +[84383, — 842833 ] A3 +
+[841833 = 843831 ] Ay +[841834 — 844831 ] As +[842851 —841832] A
A, =—(1-p)(1+ p)l(A+1Dsin2B —sin2(A +1)B];
A, =—4(A+1)’sin* B+2p,cos2(A+1)B + p; +1;
A, =(/1+2)[(/1+1+p3)(/1+1—p2)+/1(/1+1+p1)]—(/1+1)[(/1+2)(/1+1—p2)+
+(/1+1+p1)(/1+1+p3)]cos2,8—[(2/1+2+pl)p3 +p2]cos2(/’t+l)ﬂ;
Ay =22 +2)| 2(2+1) = pf = p3 |=2| (2+1) py = pipy [c0s2(2+1) B -
—(A+D[AA+1+ p)(A+1+p))+(A+2)(A+1-p)(A+1- p,)]cos2;
As =—/’L[(/1+1+p2)(/1+1—p3)+(/1+2)(/1+1—p1)]+(/1+1)[/1(/1+1+p2)+

+(/1+1—p1)(/1+l—p3)]cos2,8+[(2/1+2—p1)p3 —p2]cos2(/1+l),8;
Ay =1=p)(A+ p)[(A+D)sin2 +sin2(A+1)4}
8y, = pysin(A+2) (@ +7) = (A + Dsin(A +2)(a - ) + (A +2)sin[(1 + 2)a — Ap)}
835 =2(A+1)(A+2)sinycos[(A+1)y — Aa]-2(A+1+ p,)cos Aasin(A +2)y +
+(/1+2){p1 sinA(a + )+ p, sin[(/1+2))/+/1a]};
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8,3 = pscos(A+2)(a+y) —(A+1)cos(A+2)(a — )+ (A +2)cos|(A+2)a - Ap)}
834 =2(A+1)(A+2)sinysin[(A+1)y — Aa]+2(A+1+ p,)sin Aasin(A+2)y +
+(A+ 2){pl cosA(a +y)+ p,cos[(A+2)y + /Ia]};
0y = p;cos(A+2)(a+y)+(A+1Dcos(A+2)(a—y)— /’tcos[(/’t +2)a— /’L}/)];
8y = Ap cos A(a +y) —2(A+1+ p,)cos Aacos(A +2)y + py (A +2)cos[(A+2)y + Ao ]+
+(A+ 1){(/1 +2)cos[(A+2)y — Aa]— Acos[A(a - 7/)]} :
8,3 = pssin(A+2)(a@ + 7)) — (A +D)sin(A +2) (& — y) + Asin|[(1 + 2)a — Ap)}
Oy =—Ap;sind(a+y)+(A+ 1)[(2 + 2)sin((/1 +2)y - /”ta) + Asin A(a — )/)] —
=P, (A+2)sin[(A +2)y + Aa |+ 2(A+1+ p,)sin dacos(A +2)y;

_l+ex, _kj—ek, K te 1+v, £y
n= D= . P3= .e= (e=1).

Jlis 3a0e3nedyeHHs peryyispHOi IMOBEAIHKM NepeMillleHb Npu HaOIMKeHHI J0
BEPIIMHHU TPIIIUHK 3 CYKYITHOCTI BCIX MOXJIMBHX KOpeHIB A, piBHAHHS (3) BIIKHIAEMO Ti,

10 3370BOJBHSIOTE yMOBY Re A < —1. Jlng KOXHOTO i3 3aJMINEHNX KOPEHiB, MpUiMaroun
ai, BiloMuM 1 piBHUM C , 3HAXOJUMO 3 BUX1/THOI CUCTEMHU JIIHIHHUX OJTHOPIAHUX PIBHIHb yCi

KoedilieHTH ais Y PO3BUHEHHSX (2):

@, =C,: )
i = M)A =AY MG C,
AR A A=Ay (A)A(A) A +2
GZZS — As(ﬁw)'Az(ﬂu)_A9(ﬁ~s)'A3(ﬂfs) 'Cs;
A2 A (A) = Ay (A)- Ay ()

@’ =- a3, - 8y (A) + a3, -0y () + iy -8y (A) :

| 5y (A)

a, = plad (4 +2)+a (4 +1+p)]:
—plad (A +1=p)+a, (A +1-py);
——plad (A +2)+ (A +1-p)):

(A, +1+p,)
=plal (A +1+p)+a; - 4 (4, 22|,
p4|: 1s ( s p3) 2s ﬂv +2 s

al, = py| @iy - (4, +2)sin2(A; + D + a3, - (4 +D)sin24,0 +

3

3
2

a3, - (A +2)00s2(4, + Da+ aj, - (4 +Deos24a + py) |:

a), = —pyla (A, +Dsin2(4, +2)a +a2, - (2, + Dsin2(4, + D+ 4(4,))+
+al (A, +1)cos2(A, +2)a — py)+a2, - (A +1)cos2(A, + Da— A4, (A, ))];
ab, = p4[ al - (A, +2)cos2(A, +Da — a2, -((A +1)cos2A,a — p,)+

+al, - (A, +2)sin2(A, + Da +al, - (A, +Dsin usa};
a. = p, [afs (A +1)cos2(A, +2)a + ps )+ az, - (A +1)cos2(4 +Da + 45(4,)) -
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—a3, - (A, + D)sin2(4 + 2)a — ag, - (4, + Dsin2(4, + Da - A4(ﬂ,s))],
l-e
l+x,’

A; =050, —=(A+2)6,,6,, 5 Ay =064,0, —(A+2)8,,0,,5 Ay =086, = 6,055 Py =

0y =(A+1+ py)sin(A+2)B —(A+2)sinif;
_AMA+1+Dp,)
- A+2

0y; =(A+1=py)cos(A+2)B —(A+2)cosAp;
0y, =(A+1=p,)cos(A+2)B—(A+1+ p,)cosAf;
A+1+p,

05, sin(A+2)p —(A+1-p,)sinig;

4 = p,sin2a -2 sin(A +2)acosAa;

A+1+p,

4, = p,cos2a -2 sin(A +2)asinda ;

A+1+p,

A4, = p,cos2a -2 cos(A+2)acosda ;

tp

A+1
A =p,sin2a+2——2cos(A+2)asindo .
4y = Dy 142 ( )

3 ypaxyBaHHsM (4) dopmynu (2) 3 TOUHICTIO 10 TOBUTPHHX cTamux C, BU3HAYAIOTH

JIOKaJIbHE TI0JIe HaNpy)KeHb Ol BEPIIMHH TPIIMUHU. Y TPHAHATIH MOCTAHOBIN 3aaadvi ITi
cTali He MOXYTh OyTH 3HalJieHi ¥ BBaXKalOThCS 3aJaHUMH 3a YMOBOK. J[ns KOpeHiB
—1<ReA <0 crani C, moB’s3anHi 3 Koedimi€eHTaMH IHTEHCHBHOCTI, BH3HAYEHHS SKHX

noTpedye po3B’s3aHHS HEOJHOPIMHOI KpaioBOl 3amadi Teopil MPYKHOCTI 3 KOHKPETHUMU
YMOBaMH HaBaHTa)KEHHSI.

3ayBaXuMo, IO Y YACTHHHOMY BUIAQJKY TPIITUHHU, PO3TAMIOBAHOI IO OiCEKTpHCI 3
BepImuHM KyTa 31aMy ( S =¥ ), piBHSHHSA (3) 3 TOUYHICTIO /IO CTaJIOr0 MHOKHUKA ITEPEXOTUTh
y BIJIIOBIJIHE XapaKTepPUCTHYHE PiBHSHHS 3 poOoTH [9].

AHaJIi3 0OTpEUMaHUX pe3yabTaTiB. 3 (2) BUIUIMBAE, IO MMOBEIHKA HAPYKEHb O1Is
BEPINUHY TPIIIUHA HOCUTHME CHHTYJISIPHUH XapakTep, SKIIO piBHAHHS (3) MatuMe KOpeHi y
cmy3i —1 <Re A < 0. UnucroBuit aHami3 I OKpEMUX 3HAYCHBb KyTa 3J1aMy MEXI MOy ¢ Ta
MPYXKHUX ITapaMeTpiB 3’ € THAHUX MaTepialliB IMOKa3aB, IO 3aJIEXKHO BiJl KyTa HAXHITY TPIIUHA
710 Mexi S piBHSHHS (3) MOXKe MaTH y it cMy3i 2 abo 3 xopeHi (puc. 2).

0 30 60 90 120 150 180 210 240 p° 0 15 30 45 60 75 Be
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a) b)
PucyHok 2. 3anexHicTb 0Ka3HUKA CUHTYJIIPHOCTI HANpYyKeHb A, BiJ KyTa Haxuiy Tpilnu S and a) a=90° i
b) a=270° (v =v, = 0,33 ; nyHkTupHi ninii — £,/ E, =0,2 ; cyuineni ainii — £,/ E, =5).

Figure 2. Dependence of the stress singularity index A, on the slope angles f for a) a=90° and b) a=270°
(v =v, =0,33; dashed lines — E,/E, =0,2 ; solid lines— E,/E, =5).

Bupasu (2) mug HampyXeHb MICTATh SK CHHTYJSIpHI npuw 7 —> 0 JIOJaHKH 3
—1<ReA <0, Tak i perynspHi JogaHky, sKi BigmoBizaote ReA > 0. Uncnosi po3paxyHKu
MIOKa3yIOTh, IO 3 JIOCTAaTHBOIO TOYHICTIO JIOKAJIbHE IOJ€ HANpy)XKeHb B OKOJI BEpIIMHH
TPIIIMHU MOKe OYTH ONMCAHO TPU BpaxyBaHHI JIMIIE ABOX MEPIIMX WICHIB PO3BUHEHB (2),
IO BiANOBiNAIOTH KOpeHsM A, 1 A,. Bapro Big3HauuTH, IO iCHYIOTH TaKOX IapaMeTpu
KOMITO3UTHOTO 3'€THAHHS, NIPH SKUX JJIS1 BU3HAYCHHS JIOKAIBHOTO II0JIS1 HaPYy>KeHb B OKOJI
BEPIINHM TPIIMHH JTOCTaTHHO BpaxXyBaTH JIMIIE OJUH JOAAaHOK 3 4 (A, ~0) abo HeoOXinHO
BpaxoByBatH Tpu gopanku (A4 U 4, 0 4; <0).

Po3paxyHkn mokazaim, MO IS JIOCHIDKYBAHOTO KYCKOBO-OJHOPIJHOTO Tijla
iCHYIOTh iHTepBaIM KyTiB HaXWiIy TPiuHH (B . ;B ) » U IKUX piBHAHHS (3) Ma€ y cMysi
—1<ReA <0 nBa KOMIUIEKCHO cHpspkeHi KopeHi. 3HaueHHS (f,,;f..) U1 OKpeMHX

napameTpiB 3'¢JHaHHS HaBeIeHO y Tabmui 1.
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Ta6auus 1
[HTepBasn KyTiB HAXUJIy TPIIMHY f, SIKUM B1JIOBIIAaIOTh KOMILJIEKCHO CIIPsDKEH1 KOpeHi
piBHsHHA (3) y eMy3i —1<ReA <0 (v, =v, =0,33).

a E,/ E, (Brin> Brnax)
0.2 (0°:29°40") U (79°10;121°20") U (148°40":190°50") U (240°20";:270°)
0.5 (0°:18°05") U (88°10%:118°30") U (151°30;181%50") U (251%55";270°)
00 0.9 (0°:11°40") U (89°40;115%50") U (154°10;180°20") U (258°20";270%)

1,1 (2°:9%50") U (90°15';114%40") U (155°20';179%45") U (260°10";:268)
2 (91°20/;111°20") U (178°40';158%40")
5 (94°25;106%45") U 163°15":17535")

0,2+0,9 %
700 1.1 0%1°)U (89°;90%)

2 (0°;4°20) U (85°40;90°)
5 (0°;5°30") U (84°30;90°)

3a HasBHOCTI KOMIIJIEKCHO CHPSKEHUX KOopeHiB A, =4, =4, +iA,, piBHAHHA (3) Ha
CTENICHEBY CHHTYJSPHICTh HAmpyXXeHb 3 TIOKAa3HUKOM A, HaKJIaJaloThCS IPOCTOPOBI
A, Inr

m

OCIHJIATIIT 3 "9acToTor0" , TII0 3pocTae 3a Jorapu(GMiTHIM 3aKOHOM TIPH HAOIMKEHHI

70 BepIMHHA. HasgBHICTH TaKWX OCHWJIAIIA 3YMOBJIIOE MOXUIMBICTH (PI3WIHO HEKOPEKTHOTO
B3a€EMHOTO NEPETHHY OeperiB TPILIMHY, IO POOUTH HE3aI0BIIHBHUM 3HAUACHUH PO3B'SI30K MPH
BIIITOBITHUX KyTaxX 3j1aMy MeXi MOy 1 KyTaxX HaxwiIy TpimuHu. [ iX ycyHeHHS B
aHaJOTIUHIA cHTyalii y BHIAAKY MDK(Ga3HUX TPIIMH Ha IUIOCKIH MeXi MoaLTy
MIPUITYCKAEThCSA ICHYBaHHS KOHTakTy OeperiB Oimsg Bepmumau [18, 19]. Ilpore mnpm
nepeBaXkaHHI Yy 30BHINIHBOMY HaBaHTKEHHI BIJPUBHUX HOPMAJIbHUX HANPYXKEHb Y
HaNpsMKY, TEPIEHAUKYIIPHOMY JIO IUIONIMHU TPIIIMHHU, PO3Mip 00JIacTi KOHTAKTy € JyXKe
MaJIM TIOPIBHSHO 3 JCSIKHUM XapaKTePHUM PO3MIpOM Y JIOCIIKYBaHOMY TiJli L (HaIpUKIaI,
JIOBXKHHOIO peabHOI TPIIMUHM) 1 CHIBpPO3MIPHUM 3 HaiOLIBIIOK BiAcTaHHIO 7, <L BiX
BEpIIMHM, Ha SKil OCIHIIOIOUNH PO3B'S30K mepeadadae MmepeTuH OeperiB. 3HAHIEMO TaKy K
BIJICTAHb JUIS TPIIIUHH, SKAa BUXOJWTh Ha JIaMaHy MeEXY IOJUTy, a 3a HEK OIIIHUMO
XapakTepHi pO3MipM KOHTAaKTHOI 30HH, IO JO3BOJHWTH BCTAHOBHUTH OOMEXCHHS Ha
HABAaHTAKCHHS, 3a SKHUX 11 PO3MIpU € MaJMMH 1 JONYCTHMO BHUKOPUCTAHHS OTPHUMAHOTO
pO3B'sI3Ky Ipu KOMIUIEKCHUX A, 1 A,. IlomiOHmit anHamiz s Mixk(a3HOi TpilIUHHM, IO
BHUXOJIUTH 3 KYTOBOI TOUKH MEXI TTOJILTY JIBOX Pi3HHX MaTepiajiB, BAKOHaHO B [20].

3 (2) 3 ypaxyBamHsMm (4) Ta piBHOCTi (|, =C,, sIKa BUIUIUBA€ 3 BHUMOTH, IO
MepEeMIIeHHs € JIIHCHOI BEJIWYMHOIO, 3HAXOIUMO TOJIOBHUH WIEH PO3BUHEHh HOPMAIBHOTO
Hanpy>KeHHsI 01151 BEPIIUHH TPIIIUHU

y(r,0) = 2Re(Cy - Fy(4,0) -1 ™).
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1+v,  fi(%.0)
E,  (4+1)(4+2)

1

ae F4(/11»9) ==

IToramo C, 4epe3 KOMIUIEKCHUI KOe]illieHT IHTEHCUBHOCTI HAaNPYXeHb K = K, +iK,,

SIK T1e 3a3BHYall poOUTHCs y Teopil Mixdazaux TpimmH [21]
C, = Qm) (K, +iK,)L"* = 2x)* |K|L """ exp(iy),

ne y=argK = .’:1rctg(K2 / Kl) — (¢a3oBUil KyT, IKUN XapaKTepU3ye CTYIiHb 3MIlIyBaHHS MOJ
HaBaHTAXEHHS. 3ayBaXXMMO, 1110 Yepe3 BiJICYTHICTh CUMETpii y OyJ0Bi KyCKOBO-OTHOPIAHOTO
TiJ1a 1 BUKJIMKAHE I[UM [IepeMilllyBaHHs MO/l HaBaHTAXXE€HHsI OL1sl BepIIuHU TpiuHu K, 1 K,
HE MOXYTh OyTH CIiBCTaBJIEHI Koe(illieHTaM iIHTeHCUBHOCTI HANpy>KeHb IPU PO3TATY 1 3CYBI,
SIK BOHM TPaKTYIOTbCS B T€Opii TPIIIUH B OJHOpiHOMY Martepiani. ¥ C, BUMYIIEHO BBEACHUH

MHOXHHUK L " J1Ji YHMKHEHHs 3aJI€KHOCTI HAIpPYKeHb i IepeMillleHb BiJl BUOOPY OIMHHUII
BUMIpIOBaHHs BijacTaHi. B pesynbraTi Bupa3 JUIsl HOpPMaJbHOrO mepeMmilneHHs HaOyBae
BUTIISIITY

tp(r.0) = 22m)" - |K] [y (4.0) -cos[ﬂim I+ + (pj, )

ne @ =argl;(4,0). 3BiIcu OTPUMYEMO pO3KPHUTTS TPIIIMHU SIK BiAHOCHE 3MiIleHHS il
OeperiB

8(r)=—u,(r27 = B)+u,(r.—p)=2Qx)" -r**"|K|-a- Cos(ﬂ‘im ln% Tyt Srj . (0)

ne & =arctg(B/A), a=NA +B, A=‘F4(/11,—ﬂ)‘cosg02 —‘F4(/11,27r—ﬂ)‘cosgol,

B =‘F4 (/119—,3)‘51n¢’2 —‘F4(/11>27T _IB)‘SIH¢1> o =arg Fy(4.27 = ), ¢, =arg Fy(4,-f).

3rigHO 3 (6) PO3KPUTTS ANEPiOUIHO OCHITIOE TPU 3MiHi 7, HECKIHUCHHY KiIBKICTh
pa3 3miHtoroun 3HaK. [Ipu 6 <0 1e o3Havae (i3MYHO HEMOXKIIMBHU B3AEMHHM ITEPETHH
OPOTHJICKHUX OEperiB TPINIMHHU, IO TPAKTYEThCS SIK BHHUKHEHHS KOHTaKTy OeperiB Ha
BIJIITOBITHKUX Bijipizkax. OMIHAMO JOBKUHY BCi€l 001acTi KOHTAKTIB OeperiB 3a HAWOIIBIIOK
3 BiAcTaHedt r, <L, Ha sIKill po3KpHUTTS oOepraeThecst B HyJb. [IpupiBHiotoun (6) 1o HyIs,
3HAXOJIMO

n2-y-¢

7, =L‘6Xp ﬂ— (7)

m

3rigao 3 (7) po3Mip KOHTAaKTHOI 30HW 3aJIe)KHTh BiJ] BHYTPIIIHIX ITapamMeTpiB
MarepiaiB, sKi BXOIATh y piBHAHHA uepe3 A, 1 &, Ta KoH}irypamii 30BHIIITHBOrO
HaBaHTAXXEHHs, sKe IMpeJcTaBleHe (a3oBUM KyToM i . Takoxk 3BiJICH BHILIMBA€E, IO
HEXTYBaHHS KOHTAKTHOIO 30HOIO (7, << L), sKe Ja€ MiJCTaBM BBaXKaTH OTPUMAHUIl BHIIE
PO3B'SI30K NPUUHATHUM JUIs aHali3y HamnpyKeHo-Ae(popMoBaHOro cTaHy OIS BEpIIMHH
TIMHN HA BiACTAaHAX 7, <<7 << L y BHUINAJKy KOMILIEKCHO CIPSKCHHX KOpeHiB A = A,

piBHsHHS (3), MOXJMBE INpH BUKOHAHHI HEPIBHOCTI L(% -y - 5} <<-1 (4, >0).

PesynbTati 4MCIOBUX PO3PAaxXyHKiB 7, /L JUIi OKpeMHX NapameTpiB 3ajadi, HaBeieHi B

im

TaOuI 2, MITBEPKYIOTh iICHYBaHHS TaKWX YMOB HaBaHTaKCHHS, P SKUX 7, << L (KyT y
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BUOMpaBcs HOBUIBHO). [lopyIIeHHs K WX yMOB MPH3BOIAMTS JIO MOSIBA 3HAYHOI 3a pO3MipamMu
KOHTAaKTHOI 30HU i BUMarae po3B’si3aHHSI OKPEMOi 3aj1adi, 1o BiJl CAMOTO ITOYATKY IPHITYCKA€E
iCHYBaHHS KOHTaKTy OeperiB.

BucnoBku. B ymMmoBax 1mrockoi medopMarii po3risiHyTO OJHOPITHY KpaioBy 3amady
Teopii IPy>KHOCTI PO HANpPYKEeHO-1e()OPMOBAHHI CTaH B OKOJIi KyTOBOI TOUKH JIAaMaHOT MEXi
MOJIUTY JTIBOX PI3HHUX OJHOPIAHHX 130TPOIHHUX MaTepialiB, 3 SKOi y JIOBIIBHOMY HAINPAMKY
BUXOJHUTh NpsMOJIiHiiiHA TpimmHa. Po3p’s3aHHs 3amadi 31iHCHEHO METOJOM pO3IiICHHS
3MIHHHX 13 3aJiydeHHsM ¢opMmyl Birxapara-BinssmMca po3BHHEHB 3a BIACHHUMH (DYHKITISIMA
I0JISL HANIPY KeHb O1J1s1 BEPUIMHUA OJHOPIAHOTO KITHMHA.

Taoauus 2
OLIiHIOBaHHSI JOBXHWHU 30HU KOHTaKTy 3a MAKCUMAJIbHOKO Bi,[[CTaHHIO HepeTI/IHy 6eperiB I"m
(v, =v,=033)
a El/Ez B ﬂ’l,z v B /L
0.2 10° -0,5692+0,0253i 150° 2,795-107
’ 100° -0,4536+0,0301; 170° 0,203
0.5 10° -0,5284+0,01i -10° 3,858-107"
’ 100° -0,4686+0,0129; 15° 2,297-107
0p° 0.9 10° -0,5039+0,0008; 28° 0,451 ]
’ 100° -0,4936+0,0018i 20° 6,684-10°
. 5° -0,4960+0,00078i 17°30' 0,079
’ 100° -0,5063+0,0015; 25° 0,809
2 100° -0,5576+0,0083i 180° 3,887-10"
5 100° -0,6620+0,0076i 156° 0,721
1,1 0°30' -0,5048+0,00042i 20° 1,712-10
270° 2 40 -0,5403+0,0047i 61° 0,07
5 50 -0,6027+0,0059i 95° 2,857-107

BuBeneHo xapakTepucTHUHE pIBHSHHS 3a/adi JUIsI OOYHMCICHHS IOKa3HHKa
CHUHTYJIIPHOCTI HAINpYy>EeHb Ta 3JIMCHEHO YMCJIOBHU aHai3 3aJeKHOCTI HOTO KOpPEHIB BiJ
IpY)XKHUX TapaMeTpiB 3 €JIHAHUX MarepialiB 1 opieHTauii TpimuHU. BcTanoBieHo, 110
CHHTYJISIpHA TIOBEJ[IHKA HAMIPYKEHb B OKOJIi BEPIIMHA Ma€ CTETICHEBY O0COOJIMBICTh. BusiBiieHO
iCHYBaHHS napaMeTpiB 3'€qHaHHA (KyTiB 37aMy MeXi MOALTY, OpieHTalil TPIUHU, TPYKHUX
XapaKTePUCTHK MaTepiaiiB), MPU SIKUX Ha CTEIICHEBY CHHTYJISIPHICTh HAKJIATAIOTHCS (Pi3WIHO
HEKOPEKTHI TPOCTOPOBI OCHUJIALIT, 00YMOBIIEHI HAassBHICTIO KOMIUIEKCHO-CIIPSHKEHUX KOPEHIB
XapaKTepUCTHYHOTO piBHSAHHSA. [lepenOadaerbes, Mo Takii cHTyarii BiAIMOBITAE iCHYBaHHS
00J1acTi KOHTAKTy OeperiB TPilMHYU 01/ BEpIIMHU. 3/1IHCHEHO OI[iHIOBAaHHs po3MipiB 00JacTi
MO>KJIMBOTO KOHTaKTy OeperiB Ta c()OpMyIHOBaHO YMOBY KOPEKTHOCTI OTPHMAHOTO PO3B'SI3KY
3aaui.

Conclusions. Under the plane strain conditions the homogeneous boundary problem
of the elasticity theory about the stress-strain state near the corner point of the broken
interface of two different homogeneous isotropic elastic materials, from which a rectilineal
crack goes out in arbitrary direction, is considered. The solution of the problem is carried out
by the method of variable separation by means of the Wieghardt - Williams formulas of the
expansion of the stresses near the tip of homogeneous wedge in terms of its own functions.
Characteristic equation of the problem for the calculation of the stress singularity index is
derived and the numerical analysis of its roots dependence on the elastic parameters of the
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joined materials and crack orientation is carried out. It is shown that the singular behaviour of
the stresses near the tip has a power peculiarity. The existence of the joint parameters
(interface angle, crack orientation, elastic characteristic of materials), at which the physically
incorrect spatial oscillations superimpose on the power peculiarity, stipulated by the presence
of complex-conjugate roots of the characteristic equation, is discovered. It is foreseen that the
existence of lips contact area near the crack tip to this situation is responded. The estimation
of the area sizes of the possible lips contact is carried out and the condition of the correctness

of the obtained solution of the problem is formulated.
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