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OcranHiM 9acoM iHTEHCHUBHO PO3BUBAETHCS JOCTIKEHHS PYHHYBaHHS MaTepialiB TIPU CTUCKY
B3/IOBXK TPINUH. Y BUMAJKY KOJU MaTepiajl HaBaHTAKYETHCS B3/I0OBK MJIOMIMHU PO3TAITYBaHHS
TPIIIMH BUKOPUCTOBYETHCS TI/IXi/I, 3aIIPOIIOHOBAaHUI B po6oTi [ 1], sikuii 3HANIIIOB 3aCTOCYBaHHS
i moganpIIMii pO3BUTOK B poboTax [2—6]. Ak mMipa pyliHyBaHHS B IbOMY BUIAJKy BUKOPUCTO-
BYETBHCS KPUTEPil JIOKAJIBHOI BTPATU CTIMKOCTI MaTtepiaiy B OKOJIi TPIIMHU B paMKax TPUBUMIP-
HOI JliHeapru30BaHoi Teopii MPysKHOI cTilikocTi [1]. 3TiAHO 3 IIUM MiZXOIO0M, ITpolleC PYyHHYBaHHS
iHII[IOETHCSI MOMEHTOM JIOKQJBHOI BTPaTH CTIHKOCTI Marepiajy mob/u3y TPIlMHU, a KPUTUYHI
rapaMeTpu CTUCKY BU3HAUAIOTHCS 3 PO3B’I3aHHS BIJIMOBIJIHUX 33/1a4 HA BJIACHI 3HAUEHHST B PaM-
KaxX TPUBUMIPHOI JliHEapU30BaHOI TeOPii CTIMKOCTI.

B poborax [2, 3] 171 pisHUX CXeM PO3TAIlyBaHHS B3AEMOJIIOUNX TPIl[H BU3HAYEHO KPH-
TUYHI YKOPOYEHHST 1 HAIPYKEHHST CTUCKY B 3aJIe;KHOCTI BiJl BiICTaHi MiK TpimuHaMu abo Tpi-
IIMHOTO Ta BLILHOTO TIOBEPXHEIO JIJIsI Pi3HUX MaTepiasiB. B gaHiit poboTi fJist TOCTIKEHHS pyii-
HYBaHHSI KOMITIO3UTHUX MaTepiajiB 3 /iIBOMA NapajeJbHUMHU CIIIBBICHUMU TPIIIIMHAMU iJ[ 4ac
CTHCKY BHKOPUCTAHO YMCEJIbHO-aHAJITUYHUI METOJ, 10 A03BOJUJ 30LIbIIMTH TOYHICTH Ta
OTPUMATHU HOBI pPe3yJbTaTH JIJIsSI BUCOKOEJTACTUUHUX MaTepiaiB [4].

PosriistHeMo KOMITO3UTHMIA MaTepias 3 TBOMa TUCKOMOMIOHIMY TPIIIIMHAMU pajiiyca a, po3-
TAITOBAaHUMH B IUIONIMHAX X3 =0 Ta x5 =-2h 3 nenrpom Ha oci Ox3 (puc.1). [litoui B3noBK
TPINIMHU TTOYATKOBI HANIPY:KEHHS BiJIMOBIIAIOTh JBYOCHOMY PO3TATY—CTUCKY. HamnpykeHHs1 Ha
Geperax TPilUHU BiZIcyTHI. B pe3ysibraTi piBHOMIPHOTO CTUCKY B HECKIHUEHHOMY TiJli BUHUKAE

© B.M. Hazapenko, M.B. [loBxuk , 2017
ISSN 1025-6415. /lonos. Hay,. axad. nayx Yxp. 2017. Ne 2 31



B.M. Hasapenxo, M.B. /losicux

OTHOPIAHUN TOKPUTUYHUN CTaH;

533—0 511—522 ¢0 UO jm(7\‘ )]’ 7b1:7\«2¢7\.3; kj:COHSt,

ie A; — BUJOBKEHHS B3/IOBXK OCEH; X; — JIarpaHKeBi KOOp/AMHATH, 110 30iraiotbes B Hesedop-
MOBaHOMy CTaHi 3 IeKapTOBUMIL; Sj; 0 KOMITOHEHTH CI/IMeTpI/I‘{HOI‘O TeH30pa HaIlPY>KEHb; u? —
nepeMillieHHs, sIKi BiiINOBiJal0Th HOLIaTKOBI/IM HAIPYKEHHAM S

Y Bunajky Tiza 3 MaKpOTPIlUHAMHA, KOJIM PO3MIpH TPIllUH 3Haqu OL7TBIIT 32 PO3MIPU MiKPO-
CTPYKTYP KOMIIO3UTY, MaTepiajl PO3TJISAIAETbC Y BUTJISI aHI30TPOITHOTO CepPe/IOBUINA 3 HABEJCHU-
MU MaKpOXapaKTepUCTUKAMK [4]. 3 BUKOPUCTaHHIM METO.LY, 3aCTOCOBAHOTO B pobori [4], 3amaua
3BOJIUTHCST [I0 PO3B’SI3aHHSI CUCTEMHU iHTerpaibHUX PiBHsIHD DpeArosbMa 3 JI0TIOMIKHOIO YMOBOIO

1
f<&>+§jM1(a,n>f<n>dn—— [N/ E&memdn=0;
0
1
§O)+— [ My& g (mdn-— j Ny(&m)f (dn+C, = 0
0

1
[e@®)de=0 (0<e<t,0<n<); f(E)=g(at); g(E)=y(ak).
0

Anpa interpampiux piBHgHb (1) BU3HAUAIOTHCS 32 (hopMyTamMu:

M€ ) =R(M+8&)-R(1+E)+ R (n-&) - R (1-E);

Ni@E ) =5 (M+E)+ S5 (n-8); My(Em)=3I,(M+8E)+S,(n-E&); (2)
Ny(& M) =Ry(n+&)— Ry(1+E)+ Ry(n—&)— Ry (1-5).

DyHKIIii, SKi BXOJATD B sizipa (2), MatOTh BUTJISII
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Ry(Q)= (ky +k2){

e +62,c>—§[1_1<2ﬁ1,§>+1_1<2132,c>1},

IO =p@+p>)", 1,(p0)= —ﬁlog«? +p?),

L(p.O=B(* ~C)C+p*) >, B=ha!, B;=B(n))"?, i=12.
Meroauka po3B’s3anns. Oyukiiii (3), ski BXoaaTh B sapa (2) cucreMu iHTErpaJbHUX PiB-

b Dpexprosbma (1), 103BOJIIOTH BUKOPUCTATH METOJI 3arporionoBanuii B [4]. Tomy st no-
JIAJIBIITUX JIOCJIIJIKEeHb 3aCTOCOBYBABCSI UM CEJIbHO-aHAI TUIHUI METO/] PO3B’sI3aHHS iHTeTrPaJIbHUX
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piBasiHb DpezrosbMa, SIKUIA I03BOJIMB OTPUMATH OLITBIN SIKICHI PE3YJIbTaTh MPHU JTOCTIKEHH] Tpy-
JKHUX BUCOKOEJACTUIHUX MaTepiajiB. /(s momyKy KpUTUUHUX YKOPOUEHbD I HATIPY KE€Hb TTPOBO-
JIMJIAch TIPoIieIypa, mobdymaoBana MetooM bybroBa—lambopkina. B sikocTi crcteMu KoopauHart-
HUX (QYHKIIH BUKOPUCTOBYBAJIUCH CTETIEHEBT (DYHKITII.

Ha Bigminy Bix momnepeaHix po0Oit [1—3], ge micist mijcTaHOBKA KOOPAWHATHUX (DYHKILIN B
CUCTEMY IHTEeTPaJbHUX PiBHAHD (1) TP MOAANBITIOMY OCIPKEHHI Bifipasy MPOBOINJIOCH Y-
ceJibHE IHTETPYBAHHS CUCTEMU, 3alPOIIOHOBAHUM YHCEJIbHO-aHATITUYHUN METOJI, I03BOJISE, 3a
JIOTIOMOTOIO0 CYyYaCHOTO MaKeTy CUMBOJIbHUX 0OPaxXyHKIB aHATITHYHO MOPaXyBaTH iHTETPAJIH Bi/l
siep inTerpaibHux piBHsHD (1). Ile 103BOJISIE TPK MOAANBIIMX PO3PAXyHKAX OTPUMATH OiIBIITY
TOUHICTH. /I TIprcKOpeHHst 0OPaxyHKIB iHTerpasiB BUKOPUCTOBYBAIN PEKYPEHTHI CIIBBiHO-
HIeHHs, 3aIIPOIIOHOBaHi B [ 6].

[Ticst 3acTocyBanHs JaHOT METOAMKY CUCTEMa IHTeTpaJbHUX PiBHAHD (1) 3BOAUTHCA /10 PO3-
B'g3aHHs cuctemu 3 2N + 3 DiBHSIHb:

N N
Y EE;i+Y GGy =0,
i=0 i=0

N N ~
ZEF2]1 +zGiG2ji +C1 = 0,
i=0 i=0 (4)

N
i+l

3 HeBifoMuMHu Besmuunamu F;, G;, C~1, ie€[0,N], ne Fkﬁ, iji — TOYHI BUPa3H, MOPAXoBaHi aHAJITUYHO,
SKI1 3a71e3KaTh Bijl KOHCTAHT MaTepiasliB n? , ng , ki, Ry, k 1 6e3p0o3MipHIX BiicTaneil Mixk TpingHaMu .

Pe3yabratu. Sk npukiaz mpoBeieHO OCTI/IKEeHHSI KOMIIO3UTA 3 HABEJIECHUMM XapaKTepuc-
THKaMU TpaHCBepcaibHO-i30TpomnHoTo cepenosumnia v=0,3; v'=0,2; G’/E=0,1; E’/E=0,5. Ha
puc. 2 moKazaHa 3aJIeKHICTh KPUTHYHUX HANIPYKEHb Bijl 6€3pO3MIPHUX BijicTaHei MixK TpilrHa-
MU JIJIsE BeJIMKKUX BijictaHeil. [Ipu 1iboMy oTpuMaHi pe3yJibraT 36iraloTbest 3 JanuMu podoru [ 3].

Taxkum 4YMHOM, aHAJII3 OJIEP;KAHUX PE3YJIbTATIB MOKA3YE, 10 YNCETbHO-aHATITUIHUN METO/I,
3aIlpPOTMIOHOBAHUN B POOOTI [4], BiAMIHHO TIPAIiOE MPU JAOCIIKEHHI PYIHYBAaHHS KOMITO3UTHUX
MarepiaJiB 3 JIBOMa lapaJieJIbHUMU CIIIBBICHUMU TPIllIMHAMMU T1i/l 4ac CTUCKY B3/10B3K TpilluH. [le-
pEBATH 1IbOTO METO/LY PO3B’sI3aHHsI HAJl [OMEPEHIMU At0Th Oi/IbIIT TOYHWUE PE3yJIbTaT Ta 103BOJISI-
10Th PO3IIUPUTH JOCII/KYBAHUI IHTEPBAJI TIPU MOAATBITUX JOCIiJIZKEHHIX.
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PASPYINEHNE KOMIIO3NTHBIX MATEPVAJIOB
C IBYMA IMTAPAJUVIEJIbHBIMY COOCHBIMUW TPEHIMHAMU
TP CKATUU BJOJIb TPEHINH

HpOBe]IeHO HccyeoBaHNe HEKJIaCCUUeCKOn HpO6JIeMI>I MEXaHUKHW pa3dpylieHnda MaTepraJja ¢ AByMsA COOCHbIMU
IMapaJuieJIbHbIMU TpelnHaMU ITPU CKaTHUM B/10JIb TPEIIHUH. PaCCMOTpeHa OoCceCMMMETpHUYHasA 3a/iada 11 prI‘JIOfI
TPEIINHBI. B xauectBe IIpuMepa IIpoBeJeHO YUCJACHHOE UCCJIeJoBaHNe /I KOMIIOSUTHOIO MaTepuaJia.

Kantoueswvte cnoea: xomnosumimwiil mamepuail, dee napajjejibivle mpeuwunsl, cicamue 600/ mpewun, Kkpumuuec-
KUe nanpsicenust.
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DESTRUCTION OF COMPOSITE MATERIALS WITH TWO PARALLEL
COAXIAL CRACKS AT THE COMPRESSION ALONG CRACKS

A nonclassical problem of fracture mechanics for a material with two parallel coaxial cracks is studied. The
axisymmetric problem for a penny-shaped crack is considered. The numerical examination of a case of composite
materials is conducted.

Keywords: critical stress, composite material, two parallel cracks, compression along cracks, critical stresses.
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