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AHTUMJIOCKA AE®OPMALIA NMPYXHOIo TU1A )
3 CUCTEMAMU KOJIIHEAPHUX APMYHO4YUX EJIEMEHTIB PI3HOI
KIJIbKOCTI

B yMoBax aHTunnockoi gedopmauil po3rfnsiHyTo Hanpy»<eHo-ae-
¢OopMOBaHUN CTaH MPYXXHOr0O MAaCUBY 3 CUCTEMAMM XOPCTKUX CTPiYKO-
BUX BKJIlOYEHb. [locnimKeHo BNIMB B3aEMO3B'13aHOCTI Ta KiNIbKOCTI
BKJIlOMEHb Ha NPUKIaAax ix KosliHeapHoro po3srawyBaHHA. 064ncneHi
CTPUOKM Hanpy)XeHb Ta KoediLliEHTU iIHTEHCMBHOCTiI HaNpy)><eHb B OKONi
BepLUMH BKJIlO4EeHb, N06yaoBaHi rpagiku nepeMilieHb KOMMNO3UTY.
3po6neHi BUICHOBKM NP0 BUKOPUCTAHHSA 3B'A3aHMX B3AEMOHEPYXOMMUX
apMyBaJibHUX €/1IeMEHTIB B CTPYKTYPi KOMNO3UTIB.

KnrouoBi cnoBa: npy)He Tino, N0O3A0BXHil 3CyB, BK/IOYEHHSA, CTPUGOK
Hanpy»eHb, KoediLi€eHT IHTEHCMBHOCTI.

Cepen, KOHCTPYKUIMHMX MaTepianiB LUMPOKO BXMBAaHUMWU 3anulla-
TUCA KOMMO3MLINHI, 30KpeMa apMOBaHIi, OCKIJIbKU IX BUKOPUCTAHHSA 3a-
6e3neyvye 3Ha4YHMN pecypc pobOTU NPM NOMIPHUX EKOHOMIYHMX 3aTpaTax.
| Ak pe3ynbTaT NOCTAHOBKW 33a[4a4 BMBYEHHS HAMPYXEHOro CTaHy Tin 3
YyXKOpPiAHUMU BKKOYEHHAMM [1; 2], ansa akux aHTMnnocka aedopmadin
MacuBY 3aNMWIAETbCSA Hambinbw 3py4yHot mopennto. Pi3Hi cnocobu ap-
MYBaHHSI OTPMManu OOCUTb LUMPOKE 3aCTOCYBAHHSA B TeXHOJOril BUPO6-
HUMUTBA MaTepianie i € epeKTUBHUMUK crnocobaMu perynoBaHHA | ynpas-
NiHHS npouecaMn X CTPYKTYPOYTBOPEHHS Ta B/IaCTUBOCTEW FOTOBOrO
npoayKTty. Tak, ona nigBULLEHHS XOPCTKICHUX XapaKTEPUCTUK eNIEMEHTH
apMaTypu MOXYTb 3B'I3yBaTUCb B EANHWUIN KapKac, Wo 3YMOBJIOE NoTpe-
Oy y HOBMX NMOCTAaHOBKAax 3afia4 MexaHiKy KOMMNO3uTIB.

CyTTeBUIM BNAMB 3B'A3aHOCTI AOCNIAXKEHO B psAfi pobiT i3 3aranb-
HOI MOCTAaHOBKOK [OBINIbHOrO pO3TallyBaHHA BKJYeHb [3-6], 3
PO3B'A3KaMW 019 YaCTKOBWUX BMMNAAKIB KOJNIHEAPHOro Ta napanenbHoro
PO3TalWlyBaHHA CTPIYOK 338 HABAHTAXXEHHS OAHOPIAHMM MNOJIEM Hanpy-
)eHb Ha 6e3MexHOCTi [3; 4], un 33 BUTArYBaHHSA MOrOHHMMMK CUNAMW,
npuMknageHMn 6esnocepegHbo A0 BK4YeHb [5]. OkpeMo po3rnsHyTo
Hanbinbw Hebe3neyHy OpiEHTALI0 OQHOPIAHOMO 3CYBY ANSA AiaAwn AOBI-
JIbHO PO3TalLOBaHMX CTPiYOK [6] i TOHKOCTIHHMX BMCOKOMOAYNIbHUX da-
COHHUX npodinis [7]. AHani3 nogaHux pe3ynbTaTiB CBIQYUTL NPO 3Ha4yHe
NMOKpalleHHSA (Pi3MKO-MexaHIYHMX BNAaCTMBOCTEN KOHCTPYKLIiM, 30KpeMma
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NigBULEHHS 1X YXOPCTKOCTI B pe3yfnbTaTi 3B'AI3aHOCTI HaBiTb OKpPeMUX
apMyBasnbHUX eneMeHTIB. Ane 3 iHWoro 60Ky ue npu3BoauUTb [0 36inb-
LUEHHS KOHLUEHTpauil Hanpy>XeHb B MacuBi, WO MoXxe OyTM Hacnigkom
nepenyacHoOro pyMHyBaHHS.

MpooeMoHCTpYeEMO edeKTU 3B'SI3aHOCTI CTPIYKOBOI apMaTypu Ha
3a43a4ax No340BXHbOMO 3CYBY MPYXKHOrO TiSla 3 MHOXXUHOK B33aEMOHEpPY-
XOMMUX XKOPCTKUX BKJIHOYEHD.

MocTtaHoBKa Ta iHTerpanbHi piBHAHHA 3aaavi. Po3rnsHeMo i3oTpo-

. 3 .
nHe TI0 (X, y, Z)ER , dpMOBaHe CUCTEMOK KOJIIHEeapPHUX 6e3MexHo
TOHKUX TYHEJNbHUX BKJIOYE€Hb, NMPOTAXHUX B30O0BX oci z. I'Ionepeqqﬂ

BKJIOYEHb Y NMOWMHI Xy — ue Biapi3kn L, 3 posmipamn 2/, (k=1,N).
MpnnMaeMo, Wo BKIOYEHHA € aOCONOTHO XKOPCTKMMM Ta NnepebyBatoTb B
iDeanbHO MexaHiYHOMY KOHTaKTi 3 Matpuueto. [JocnigKyeMo 36ypeHHs
Hanpy»eHo-AedopPMOBAHOro CTaHy KOMMNO3ULil, BUKIMKaHe OOHOPIOHUM
nosieM Hanpy»eHb 3CyBY Ha 6e3MeXKHOCTi.

KpavnoBa 3apgava aHTunnockol gedopMadii 4nsa MacuBy i3 B3aEMO-
HepyXoMMMu HeaedpOopMiBHUMU BKKOYEHHAMU Mae Burnsag [3]:

N
wVw=0, (x,y)eR*\ U L; (1)
k=1
M0, (e y)el,, k=1, N; (2)
os
0 ©
ya—wzrfo,y—wzrz. (x,y) > ©; (3)
ox oy

3 0OOATKOBMMUM YMOBaMM BiACYTHOCTI B3aEMHUX MepemilieHb Ta rnoba-
JIbHOT piBHOBArM cUcTeMun 3B's13aHMX MiXK CO60H0 Yy EANHUIN KapKac BKIIO-
YyeHb BiANOBIAHO:

N
wi=w, =0, (x,y)eL;, Ly, j#k; Z I[rnz]k(s)ds =0. (4)
k:lLk
Y pasi He3B'A3aHNX BKOYEHb 3aMiCTb YMOB (4) NnpuiiMaloTh:
I[rnz]k(s)dS:O. k=1N. (5)
Ly
TyT w=w(X, ¥) — Z-KOMMNOHEHTa BEKTOPA MepeMilleHHs, (L — MOAy/b

. . w2 _A2/A2  A2/A2
3cyBy Marepiany matpuui, V- =0 /6x +0 /éy - onepaTop Jlannaca,
[7,,] — CTPUBKM Hanpy»KeHb Ha BKJIOYEHHSX, 71, S — HOPMasb Ta AOTUYHA

[0 KOHTYpY.

Ons po3B’'si3aHHA 3apadvi  BUMKOPUCTAaEMO GyHOAMEHTasIbHUMN
PO3B'A30K piBHAHHA Jlannaca (1): BUpa3 nepemilleHHs Yyepes3 HeBigoMi
CTPUOKM HanNpy»eHb N0JaMO y BUrNsALi

337



Cepis «TexHi4Hi HayKun»
Bunyck 2(74) 2016 p.

w(x, y) = w' (o, y)+—zjan(§ 02+ (- ) [7,.1;(s)ds

H = lL
(& m)el;, (6)

ne w'(x, y):(floo/y)x+(r§°/,u)y — BiAOMa QYHKLIA OCHOBHOrO CTaHy
ANS CyuinbHOro Tina 6e3 BKJOYEHb (BM3HayeHa 3 TOYHICTIO A0 CTasol).
Opyruin popaHok y dopmyni (6) onncye 36ypeHHs, iKe BHeCeHe cucTe-
MO0 BKJTHOUEHb.

HocnignmMo cuctemMu nNpsAMONIHIMHUX BKAKOYEHb, NapanenbHUX A0
oci abcumc. Togi 3 ypaxyBaHHsAM yMoB (2) (3) oTpUMYEMO CUCTEMY CUHTY-
NSAPHUX iHTErpanbHUX PiBHAHb 3a4a4i CTOCOBHO HEBIAOMUX CTPUOKIB Ha-
NPy>KeHb:

0_ 0 _
ZI i SN pr y(@de=1],

TSy (o _xk +&— xk) +(y, )
kaLk, kzl,N, (7)
e x,?, y,? — KOOPAMHATU LEHTPY k-0ro BKIKOYEHHS.
Ons 3B'A3aHUX BKJIOYEHb CUCTEMY IiHTErpasibHMX PiBHSAHb Chig

pO3B'A3aTV 3a A0AATKOBUX YMOB (4), AKi y TepMiHax GYHKLIN CTPUOKIB
MaTUMYTb BUTNAL,

N
0,0 0\ 0,0 0y, | (x"‘ka)"‘()’ J/k)
W 1)W1 +=—> [ In S[7,.1:(§)dé=0,
2”,”5:1_11, (xi +&—x 1) (y 1)
_ N i

k=2,N: > j[ryz],-(am:o. (8)

i=1-1,

Yucnosi po3B's3KM iHTerpanbHUX piBHAHbL (7) 3 BignoBigHMMK Oo-
AATKOBUMK yMoBaMu 6yayBanv MeToooM MexaHiuyHux keagpatyp [8]. 3a
3HaNOeHUMN PYHKLISMU cTpUbKa obuncnoBanmn KoedilieHTN iIHTEeHCUB-
HOCTI HanpymeHb (KIH) B oKONi BEpLUMH BKJIOYEHb

k3ik = lim V [Tyz ]k

2 lk x—>El,
T MPYXXHi NepeMilWeHHs KOMMNOo3Muil BiQHOCHO MOYaTKy KOOPAWHAT:
w(x, v)=w(x, y)—w(0,0).
Po3rnsHeMo okpeMi BUNaaKy po3TallyBaHHSA BK/OYEHb 3 O[QHAKO-
BMMW po3Mipamu 2/, =2/.
CuctemMa n'ATU KosniHeapHUX BKJIOYEHb, PO3MillleHMX Mo oci abc-
uMC Ha Biggani d ogvH Big OOHOr0 3 reOMETPUYHUMU LLEeHTPaMu (xk, 0),
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x,? =(k-3)d, k =1,_5 (puc. 1, N =15). B3aeMHe po3TaluyBaHHA BKJO-
4eHb onucyBaTMMeMo 6e3po3MipHUM napametpom A =2//d . Pesynbtaty
PO3paxyHKiB MOPIBHEMO 3 OTPUMAHMMK O ABOX Ta A8 OQHOIO BKJIO-
yeHb [2; 4] BignosigHo oo cxemn Ha puc. 1 (N =2, N =1).

Po3nogin pyHKUIN CTPUOKIB HANpPy>XeHb NO MIBWMPWUHI LEeHTpanb-
Horo x € (0,/) Ta cnpaBa Bif HbOrO PO3TalIOBAHUX BKOYEHb AN dik-
cosaHoi Bigaani mix Humm (1 =2//d =0,5) nonaHo Ha puc. 2. Puc. 3 pe-
MOHCTPYE 3anexHocTi 3Hepo3mipeHoro KIH Big napameTtpa 36nmxeHHs
BKJIIOYEHb, @ puUC. 4 — rpadikm 3HEepOo3MipeHoro nepeMileHHs TO4YOK
MPYy>HOro Macuey Ans 6nmMsbko posTtawosaHux (A =0,9) koniHeapHux

BKJ1IOYEHD.
© ®y T;OG 2l
® =5 — . _ . go
T y|— Ly L, Ls d L4 Ls o
® N=2 —_—
/0 . Ll/ 2d \Lz ©
© 2 N L’ 2d+1
@ @ @
Puc. 1. Cxema po3TallyBaHHSA KOJliHEAPHMX BKJIOYEHb
[7).]
= N LA
U 4 q S 1
2 7 V4 /l
/ — 7 | VeI L 0%
vedd FOTRTR TP TR P P B F No3 v
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/ /
) £ !/
r=05 |l |
P l |
0 1 3 d/l 5 7 2d/11 X/l

Puc. 2. CTpubKM Hanpy»eHb: CyUiNbHi NiHil — 3B'A3aHa, a WTPUXOBI — He-
3B'A3aHa cucTeMa 3 N'atu BKoYeHsb (N = 5), NYHKTUPHI — 04He BK/IOYEHHS
(N = 1) Ta cuctema 3 gBox BkAYeHb (N = 2)
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Puc. 3. KoediuieHTM iHTEHCUBHOCTI Hanpy»eHb: @ — 3B'A3aHi, 6 — He3B'A3aHi
CTPIYKM; CyUiNIbHI NiHIT — NpaBi, @ WUTPMXOBI — J1iBi BEPLUNHU BKIIOYEHb NPU
N =5, nyHKTUpPHi—-N=1TaN=2
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Puc. 4. NepeMilweHHS TOHOK NPYXKHOr0 MacuBy: @ — 3B'A3aHi,
6 — He3B'sI3aHi CTPIUKMK

[ns 3B’A3aHMX BKJIOYEHb BUABWIM TaKi 3aKOHOMIPHOCTI: Hebe3ne-
YHILMMM KOHLEHTPATOPaMn € BEPLUMHWU BKJIOYEHb, AKi Aanblle po3Ta-
LWOBaHI Bif LEeHTpa; Npu BigAaNeHHi CTPIYOK KOHLEeHTpauis HanpyXeHb

. + .
NiABULLYETHCA (|k3| - cnagHa ¢yHKUiA napametpa A Taka, LWo

lim k;‘r = F00); Npu 36NUMKEHHI CTPIYOK KOHLEHTPaUia Hanpy»XeHb nob-
A—>0

I3y BHYTPILWHIX BEPLINH NPAaKTUYHO 3HWKAE, @ Y KPaWHiIN npaein Bep-
LWWHI NPSIMYE 40 CTanol BeJIMYMHUN, XapaKTepPHOI A5 BN'ATEpPO WMPLLOTO i
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NOOAMHOKOro BKUYeHHS (ky — 7, +/5/). Ins He3B'si3aHWUX BKJIIOYEHb
A—1

CNOCTepiraeMo NPOTUNEXHI TeHAEHUII: 3aBXAM Hebe3neYyHUMn € 6AnXKYI
[0 MOYaTKy KOOPAWHAT BEPLUIMHW; NPWU BigAaneHHi BKAOYEHb KOHLEHT-
pauis Hanpy»eHb 3MEeHLIYETbCS, a NPU 36JIMXKEHHI — 3pOCTaE.

BucHoBku. KoMnosuuinHMi MaTepian 3i 3B'3aHOK CTPiYKOBOH
apMaTypol  3MOAEeNbBAHO MPYXHWM CEepefoBULLEM 3 CUCTEMOIO
B33aEMOHEPYXOMUX XOPCTKUX TYHeNbHUX BKAOYeHb. CpopMynboBaHo
KpanoBy 3afa4yy aHTMNNOCKOI AedopmMaLii i30TPONHOro Tisla 3 cMcTeMamum
HepedopMoBaHUX BKtOYeHb. [TobynoBaHO Ta NpPoaHani30oBaHO YMCIOBI
PO3B'A3KMN ANS N'ATU KONiHEaPHUX CTPIYKOBUX BKIOYEHb 33 YMOB OOHO-
pigHoro 3cyBy Ha 0e3MexHocTi. BusBneHo, WO Hanpy»XeHo-
nedbopMoBaHUIM CTaH KOMMO3MLiT i3 B3aEMO3B'A3aHOI0 CTPIYKOBOK apMa-
TYpPOK MA€E CYTTEBI BIAMIHHOCTI MOPIBHAHO 3 BMMNAAKOM PO3MEXO0BAHOro
ApPMYBaHHS.
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ANTIPLANE STRAIN OF ELASTIC BODY WITH A SYSTEMS OF
DIFFERENT NUMBERS OF REINFORCING ELEMENTS COLLINEAR

In terms antiplane strain is considered stressed-strained state of
elastic systems with an array with the systems rigid ribbon-like
inclusions. Influence of connection between inclusions and their
quantity on stress-deformed state elastic space has been analyzed on
the example collinear inclusions. Jump of stress and stress intensity
factors in the inclusions tips are calculated, diagrams of displacement
of composite are shown. Conclusion about using reciprocally unmoved
reinforced elements in the structure composites were made.
Keywords: elastic body, longitudinal shear, inclusion, jump of stress,
intensity factor.

Kynapat A. M., K.¢.-M.H., aoueHT (HaunoHanbHbIA YHUBEPCUTET BOAHOMO
X0341CTBa U NPMPOAON0SIb30BaHus, r. PoBHO)

AHTUMJI0CKASA OE®OPMALUA YINPYIOro TEJIA
C CUICTEMAMMU KOJITUHEAPHbIX APMUPYIOLLIUX IJIEMEHTOB
PA3HOI0 KOJINYECTBA

B ycnoBusix aHtunnockon apepopManmm pacCMOTPEHO HaNpPsHXXeHHOo-
AedopMupoBaHHOE COCTOSIHME YNPYroro MaccuBa C CUCTEMaMM XecT-
KMX JIEHTO4HbIX BKNOYeHU. UccnepoBaHo BAMAHUE B3aUMOCBA3aHHO-
CTU U KOJINYECTBA BKJIIOYEHUN HA NpUMepe UX KOJIJINHeapHoro pacno-
NOXXeHUs. BbluncneHbl CKaYKu HanpsXXeHUM U Ko3pPULUMEHTbI UHTEH-
CUBHOCTM HanpsiXXeHUN B OKPECTHOCTSAX BEPLUMH BKJIOYEHUN, NOCTpoe-
Hbl rpadMKmn nepemMellieHM Komno3suTa. CaenaHbl BbiBOAblI 06 UCNONb-
30BaHUMU CBA3aHHbIX B3aUMOHENOABUXKHbIX aPMUPOBAHHbIX 3/1IEMEHTOB
B CTPYKTYpe KOMMNO3UTOB.

KnroueBble cnoBa: ynpyroe Teno, npoaAosnbHbIA CABUT, BKJIIOYEHMe,
CKAQYOK HanpsiXeHUn, Ko3apPULMNEeHT UHTEHCUBHOCTM.
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