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PazpyumieHne MHOroc/10iiHBIX MATEPHAJIOB C YCTAJIOCTHOH TPELHHOMH

AHHOTALIHS

Lempro paOoThl ABASAIOCE HCCIACAOBAHUC Pa3pPYIICHHS MHOTOCIOMHBIX MATEPUAJIOB C
YCTANOCTHOH TPEIIMHOM.

Ilpennoxena wmozenp pa3pymIeHHS MHOTOCIOMHBIX MAaTEPHATIOB C  YCTaJOCTHOH
TPELIMHOW HOPMAIbHOro paspbiBa. CUMTANOCh, YTO VIPYTHE CIOH B KOMIIO3HTE JKECTKO
CLICTIIICHBI MEXy co0oi BAOMb miockocTeld. O JONrOBEYHOCTH MHOTOCIONHON KOHCTPYKLHU C
LECHTPATBHOH TPECLIMHOH CYAWUIH MO JONTOBEYHOCTH (YUCITY LHKIOB A0 Pa3pyLICHHU:) CIOA,
COZIEPIKAIIETO TPEIIHHY.

UccnenoBano BamsHuEe (HUIHKO-MEXAHWICCKUX CBOMCTB M JPYTHUX KOMIUICKCHBIX
[apaMeTPOB Ha POCT YCTATIOCTHBIX TPEIIHH.

Jnsg mpakTHYecKoro BEIMHCICHHS JOITOBCYHOCTH HEOOXOAMMO, MMOMHMO CBEICHHH O
TEOMETPUN KOHCTPVKIIMM W JEWCTBYIOIIMX HArpy3Kax, pacrojararb AAaHHBIMA O HAYaIbHOH
JUTMHE TPEIIMHBI M KOHCTAHTaX MaTeprasa.

KiiroueBble cj10Ba: JOITOBEYHOCTD, YCTAIOCTh, KPUTHUCCKAS ITHHA TPCLIUHEL.

Ha ocHOBe 0000meHHON (EHOMEHOTOrHMYECKOH MOMENH KBa3WXPYIKOTO Pa3BHTHS
VCTANOCTHBIX TPCLIMH € YYETOM KHHETHYECKHX 3((QeKToB, AN ommcaHHs CKOPOCTH POCTa
TPCHIUH HOPMAJIBHOI'O pas3pbiBa Ha BCCX YUACTKaX AUarpaMmbl YCTAJIOCTHOI'O Pa3pyLICHUA,
TIOJIVICHA CICAYIOIAS 3aBUCUMOCTE [1]:

2 _p2 . K*Z —K2
A -p K e ZKI""" +In— = +é{ch[4z(1<m + K, U 4AK, . — K, )]+3 -
dN K2 KL -KL, | o (1)

—4ch[22.(Kyp g + Kii)1 o[22 (K = Kiin)13 = S (K e Kiyin) -
B [2] paccmoTtpeHa 3agada o0 LEHTPATBHON TPEMHE B 1 (1=>])-CIOWHBIX KOMIIO3UTHBIX
MaTepuanax.
[lycts yopyrue ciou B KOMIIO3UTE KECTKO CLECIUICHBI MEKAY COOOM BIOMb IIOCKOCTCH
x=1xh, (k=1..,n). Lentpanbhbiii c1oil |x|<h, |y|<oo CcOAEPKUT TpemMHY OTpbIBA

y=0,

MPUJIOKEHO CHMMETPHIHOE OTHOCHUTEIBHO TUIOCKOCTH X—=( HOPMATIbHOS HAMPSKCHUE (KACATCIHHBIC
HANPSDKSHUS paBHbL HYT0). Ha OSCKOHEUHOCTH HANPSLKSHUS OTCYTCTBYIOT, @ CMEIICHUS HCUC3AI0T.

x| <] <h, NCPNCHIMKYIAPHYIO HOBEPXHOCTH x =+h (puc. l). K Geperam Tpemmmnbl
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Pemenne manHOM 3amaum B [2] CBEACHO K PEIICHHIO WHTCTPATBHOTO VPABHCHUS
®pearoasma BTOPOTo poaa.

[peamonoxum, 4TO MOTPAHUYHBIC CJIOH B 1 (1 >1)-CIIOWHOM MaTEPUAIC OTCYTCTBYIOT,
T.C. B IPEACIAX TPAHHUL] KAXKAOTO /-TO CIOSI MATCPHUANT CUUTACTCSA OTHOPOAHBIM, U30TPOIHBIM U

VIPYTHM M €r0 UUKIHICCKAS TPCIHHOCTOUKOCTh XapaKTEPHU3YETCs MOCTOSHHOM K i}) .

Kpowme Toro, nmpexamonaraercs, 9To aMIUIATYJa PACTATHBAIOINX HANPSHKEHUH U CBOWCTBA
MaTEpHAIA TIEPBOTO CJIOSI TAKOBBI, YTO KPUTHYECKAS UTHHA TPELIUHEI /,, MEHBIIE TOMIIIIHBI IEPBOTO
cios h;. Kputraeckast AyIMHA TPEIIUHEI /,, OIPEACTICTCA KaK HAUMEHBIIHH KOPEHb YPABHEHHUS:

KImax (pr) = K’S‘) . (2)
31ech:
[ h
Kim = Come NAW| L—,— | (3)
hl h2

Oyukiys wx(...) I JaHHOH 3aJavd OMPEACISICTCS W3 HHTCTPAIBHOIO YPaBHCHHS
Opearoapma BTOporo poaa [2]. dyHkuums s(...) A1 HEKOTOPHIX MPAKTHUYSCKH BAXKHBIX
CIy4acB COUYECTAaHUM VIPYTHUX CBOMCTB CJIOEB TPEX- M YETHIPEXCIOWHBIX MaTEpHUAIOB
anmnpoKCUMHUPOBAHA OJUHOMOM BHJA:

[ h, J Loy
wo L— L =>d,|—] - @)
[ hl hz =0 ! hl

3nauenue d { mpuBeaeHO B pabore [2].
I
Cornacuo dgopmynam (2)-(4) 6e3pasmepHas KPUTHIECKAs ATMHA TPEIMHEL =7, 3ABHCUT

JMIIb OT GE3Pa3MEPHOTO HATPYKCHHSL:

B o 5)

<

O ZOIroBEYHOCTH MHOTOCIOHHOH KOHCTPYKLIUH C LCHTPAIbHOM TpEemMHON OyaeM
CYUTh IO AOJITOBEYHOCTH (MUCTY LIUKIIOB M0 PA3PYIICHHUS) CIIOS, COACPKAIIETO TPCIIHUHY .

Pemenue nuddepeniuansuoro ypasuenus (1) (N=0 npu [=[y) MoxHO 3amucaTh B BUIC:

1
Ve[ ©
A f(KI.max’KImin)
v 8 f{Kimaw Kimin) AacTCs ipaBoi yacthio (1).

Ecnu B kadecTBE BEPXHErO Mpeiacia HHTCIPUPOBAHUS B (6) MOACTABHTh KPUTHYCCKOS
3HaueHue /=/,,, To dopmyna (6) onpeaenut odIIEe YUCIO MUKIOB HATPYKEHUS, TpeOyeMoe A1l
MOAPACTAHUS TPELIMHBI OT HAYANBHOH amuHbI [y (/p<h;) 10 ee xpurnaeckoil amunsl /y, (1,<hy),
T.€. YKCJIO0 LUKJIOB HATPYKCHUS, TPCOVIOIIMXCS /IS PA3PYIICHHS MHOTOCIOHHOM KOHCTPYKIUH.
O4eBUIHO, YTO AT BEIUYUHA MPSACTABIISACT OOJBIION MPAKTHUCCKUI HHTEPEC.

Cuwuras Kj,,,;,,=0, samuiem (6) ¢ yuerom (1) B ciaeayromem BUae:
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C yuerom (3)-(5) uz (7) noayuaem:

BN, B gr
4 = : 8
h @ ®)
f(o) =B2{Z4:dqqu + lnll - Bzz{idqqu } -
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U3 (8) cmenyer, uto mpu (QUKCHPOBAHHBIX 3HAYCHUAX YIPYTUX CBOHCTB M TOIIIHHEL
ﬂNf 10

N, =

coeB Oe3pasMepHast JOJArOBEUYHOCTD . 3aBHCHT UIIb OT ; U B, ecnm A=0.
1 Kp
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Ecmu A #0, To u3 muarpamMMbl YCTAJIOCTHOTO Pas3pyLICHHS CICAYET HAWTH MOCTOSHHBIC
Marepuaia, Bxoasmero B hopmyay (1).

Hmxe pacemotpum cyuaii, koraa A=0, T.c. HE pacCMaTPUBACTCS BIUIHHC KHHETHICCKUX

3(dekToB Ha POCT YCTATOCTHBIX TPCIMUH. JTOT CIIyYal HMEET MECTO I METALIHYCCKUX
MHOTOCJIOMHBIX MaTEpHAJIOB.

l}
Ha puc. 2 mpusexens rpaduxu (yHKIUH N*:N{BO’IOJ JIsL ciaydasi TPEeXCIOMHOU
xp

KOHCTPYKLIUH.

04

2
A\
3 \l [NJE | /EJ[E1/Es]S1/Sa
0.3 3 \ 11 1.0 | 1.0 | 1,0 |3
\\\ 2100 | 0.1 [10,0] 02
01 | 1,0 | 1
02 \\ 3] 100 ] 0,

0,1

Puc. 2.

I[J'IH HUCCIACAOBAHU: BJIIMSHHA Ha JOJTOBCUYHOCTH MHOTOCITIOMHOM KOHCTPYKIUU JJIUHBI

TPELIMHBI U TOJIIIHHBI CPSAHETO C10s (IPOCTOHKH), IPH HEM3MECHHOH OOIICH TONMIIUHE MaKeTa
H, 6e3pa3mepHyIO JOATOBEYHOCTD MPEACTABUM B BHIC:

PN,
N..= . 9
H ©)
I'padux pyaxmpm p,, = N**[ Bo,l—oj ,TIE B =0, _"”( }1?’ MIPUBCACH HA pUC. 3.
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W3 anamiza rpadukos Ha puc. 2 U 3 caeayeT:

- ipy (PUKCHPOBAHHBIX VIIPYTHX CBOHCTBaX CIOCB M 3aJaHHOM XapaKTepe HATPYKCHHS,
KOTJa KPUTHYECKas JUIMHA TPELIMHBI OJHO3HAYHO ONIPEACIcHA, NMPH VBEIHUCHUH HAYATbHOM
JUTMHBI TPEIMUHBI JOITOBEYHOCTh KOHCTPYKIIMH YMEHBINACTCS,

- IpH ONHUX M TEX JKE& YIPYIrUX CBOMCTBAX CIOEB W JJIHHE HAYAIBHOM TPEIIMHBI
JOITOBEYHOCTh MHOTOCITOMHOM KOHCTPYKIIMH 3aBHUCHT OT BHAA HATPYKECHHS: TIPH MEPEXOAE OT
PaCTHKCHUS K U3rHOY AONTOBEYHOCTh YBEIMYHBACTCS, NPUUEM VKazaHHBIN 3ddekt Haubomice
3aMeTeH MPH MaJIbIX HaYaIbHBIX pa3Mepax TPEIIHH;

- nmpu Gonpmmx qmuHax tpemuH (0,6 /, u Goiaee) JOATOBEUYHOCTh CTAHOBUTCA C€nabo
3aBHUCHMOM OT JUTMHBI TPEINUHBI, BETUIHNHBI H BHA HATPY3KH;

- HAUIMYIHE «MSTKOM» MPOCIOMKH, CUMMETPUYHO PACHOIOKEHHOM IO TOIIUHE MAKETa,
CHIDKACT JOITOBEYHOCTh KOHCTPYKLMH; HaHHBIH B¢QeKT ycUIuBaeTcs NPU YBETHUCHUH
TOJIIUHBI TPOCTOUKH; MPH MPOYNX PABHBIX YCIOBHUAX BIHSHHE TONLIWHBI MPOCIOUKH HanOoIee

3aMETHO IIPU AJUHE HAYAJIBHON TPEIMHBI b 0.1:
7~

- [Ipu YBCIIMUCHUUN BHCIITHCH HArpys3K BJIUSAHHUC TOJJIIUHBI «MSITKOM» HpOCHOﬁKH Ha
AOJITOBCYHOCTD KOHCTPYKIUHU YMCHBIIACTCA.

Ji pakTHYECKOTO BBIYUCICHHS JOJTOBCUYHOCTH B COOTBETCTBHH C (8) HEOOXOAMMO,
TIIOMHMO CBC,Z[GHI/Iﬁ O TCOMCTPHUU KOHCTPYKLIUU U ﬂCﬁCTByIOLHHX Harpys3kax, pacnojaraTtb
JAHHBIMH O HAYaJIBHOHU JIINHE TPEIINUHBI /) M KOHCTAHTaX Marepuaia S u K.

Bornee obmras hopmyaa At CKOPOCTH pOCTa YCTATOCTHBIX TPEIIHMH MOTyYeHa B padote [3].

PaSHbIC, B TOM YHCJIC MAaTCMATUUCCKUC, BOIPOCHl AJIA OLCHKU MPOYHOCTU YCTaHOCTHOﬁ
JONTOBEYHOCTH HCCleaoBaHbl B padotax [4-3]. Taxxke B qpyrux padoTax aBTOPOB HCCICAOBAHO
BIMSHAC MCXAHH3MOB IUIACTHYECCKOM aedopMand W BPEMEHHBIX 3(QQEKTOB B Pa3NMHIHBIX
YCJIOBHSIX 3KCILTYyaTallMl KOHCTPYKIIHIA.
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Destruction laminates with a fatigue crack

Resume

The article shows the dependence to describe the rate of growth of normal tension cracks
in all areas of the diagram of fatigue fracture of multilayer materials. The problem of a central
crack in a laminated composite materials. Elastic fibers in the composite discussed in the article,
rigidly linked together along the planes and to the shores of the crack applied symmetrical
relative to the plane normal stress. Also suggested that the boundary layers in the laminate are
missing, respectively, within the boundaries of each layer of material is considered
homogeneous, isotropic and elastic. Also critical crack length considered in the article, was
considered less than the thickness of the first layer of material. About durability of multilayer
structures judged by durability (number of cycles to failure) layer containing a crack. The
formula, which determines the total number of loading cycles required to grow up from the
initial crack length to its critical length. Ie This formula will determine the number of loading
cycles required for the destruction of multilayer structures. The formula for the investigation of
the influence on the durability of the multilayer structure of crack length and thickness of the
middle layer (layer) at a constant total thickness of the package. The paper noted that for
practical computation durability besides geometrical and structural characteristics of the acting
loads, it is necessary to have data on the initial length of the crack and the material constants.

Keywords: durability, fatigue, critical crack length.
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