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PACYET YCTAJIOCTHOM MPOYHOCTHU KOMITIO3UTHOI'O MATEPUAJIA
CoaoBbeB A.H., 3udopoB E.H. (xagh. «CM», JII'TY, 2. Pocmos-ua-/{ony, Poccus)

Beenenuellpy  skcrulyatanuu — MamMH =~ € HECYIUIMMM — DJJIEMEHTaMM U3
[IOJIMMEPKOMIIO3UTHBIX MAaTE€PUaIOB MOXET BO3HUKATh OIACHOE COCTOSHME, NPUBOMALICE K
CHIKEHHUIO HX IIPOYHOCTHBIX M JKECTKOCTHBIX CBOMCTB. II3MEHEHHME IPOYHOCTHBIX U
JKECTKOCTHBIX ~XapaKTEPUCTUK ITOJIMMEPKOMIIO3UTHBIX JIOHKEPOHOB HECYLIETO BUHTA
BEpTOJIETA CBSA3aHA C HECKOJBKHUMH (DaKTOpaMH, CpPeId KOTOPBIX IHUKIMYECKHE Harpys3KH,
BO3JICHiCTBUE OKpyxkaromed cpensl [1] u ap. B Hacrosimiee Bpemst wmeercss OOJbIIOE
KOJIMYECTBO HAYYHBIX pabOT, B KOTOPBIX YCTAIOCTh M3y4YeHa KaK 3KCIEpUMEHTAIBHO [2,3],
Tak ¥ myrem mojaenupoBanus [3,4]. CoBpeMeHHbIE KOHEYHO-IJIEMEHTHBIC TAKEThl TPEOYIOT
3HAHUS CBOWCTB KOMIIO3UTOB, T.€. JHOO JIOTOJHHUTENBHBIX SKCIEPUMEHTOB, JHOO
BOCCTAHOBJICHHMSI 3THUX CBOWCTB IIyT€M pELICHUS COOTBETCTBYIOIIMX OOpaTHBIX 3ajad.
[Ipobnemoii  sIBISIETCST MOJENMPOBAHUE WHTEPPEHUCHBIX CJIOEB MEXIAy MaTpuleil u
apMHPYIOIIUM BOJOKHOM [5,6].

B pabore paccMaTpuBaeTcs KOMIIO3MLMOHHBIA Marepuai, apMUPYIOIIUME BOJOKHA
KOTOPOTO MpPEIACTABISAIOT COOOH MpOAOJIbHBIE OJHOHAINpaBieHHble HHUTU. IlpoBoasTcs
pacyeTbl Ha yCTaJIOCTHYIO MPOYHOCTH B nporpamMmuoM komiuiekce ANSYS WORKBENCH.
[IpoBeneHs! ABE cepuu pacyeToB: MepBasi Uil MOJCIBHOTO Marepuaa (IIOMHUHHUN U CTallb),
BTOpas - Ul MOJIMMEPKOMIIO3UTA, ITOIYYEHHOTO TEPMUYECKUM OTBEPKICHUEM DIIOKCUIHOTO
CBSI3YIOILIETO YCHUJIEHHOTO CTEKJIOBOJOKHOM. JlMama3oH HampspKeHWH BBIOpaH C  y4eToM
Harpy3ku, JIEHUCTBYIOIIEH Ha JIOHJKEPOH JIONACTU HECylero BUHTa Beprosera. [lomydyeHsl
3aBMCUMOCTH YHUCJIA IIUKJIOB 0€30TKa3HON pabOThl OT HMHTEHCHUBHOCTH HATrpy3KH.

ITocTaHoBKa 3agaun

B pamkax InuHeWHOW TeopuM ymIpyroctu [7] paccMOTpUM KOMIIO3HUITMOHHBIH
MaTepHuan, apMUpPOBAHHBIH OJHOHANpaBlIeHHbBIMM HHUTsMH (puc.l, cneBa) u ero
AIIEMEHTAPHBIA 00bEM COJEpIKaIlUi OJMH apMupyromui memMeHT (puc.l, cnpasa), cuuras,
YTO apMUPYIOLIME HUTH U MAaTPHILIA )KECTKO CBSI3aHBI.

r.

Puc. 1. ApMupOBaHHBIN KOMIIO3UT U €TI0 MPEICTaBUTEIbHBIN 00beM

Onmun Toper; snementa (puc.l cmpaBa) JKECTKO 3aKpeIJICH Ha JPYroil JeHCTBYeT
oceBas pacmlpe/ielicHHAss HOpMaJibHAsh Harpyska, XapakTepHas I OKCIUTyaTal[iH
KOHCTPYKIIMH, Ha OOKOBBIX MOBEPXHOCTSX 3aJIAalOTCS YCJIOBHSI TJIAJIKOIO KOHTAKTa. XapakTep
Harpy)KeHUsl MPHUHAT CUMMETPHUUYHBIM C Hucmosnb3oBaHueM Teopur SN-NONe B koHeuHo-
anementHoM makete Ansys WorkBench. B paGore [8] omucano, kak ycTaloCTHBIN pecypc
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MOJKET ObITh HAlJICH B 3aKPHITOM MaTeMaTHUECKON (opMe: KOoraa aHaTuTHUECKYIO Gopmy S-
N KpuBO¥ 00BETUHSIOT C pacHpeeICHUEM BEPOSTHOCTEH ISl pa3MaxoB HaNpsHKEHUH.
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Puc. 2. Kpussle ycranoctu uis cranu (CripaBa) v alroMHHUS (CrpaBa)

Yucaennble pe3yabTaThl. [Ipu pemennu npumMepa ObUTH NIPUHATH MAaTEPHANbI: CTallb
U aJIOMUHUH, WX YCTaJOCTHBIC KPHBBIC HMMEIOTCS B CTAaHIAPTHBIX OMOIMOTEKaX MOMYJS
ANSYS Workbench, Obuti BeIOpaHBl KOHCTPYKLIMOHHAS CTallb (apMUPYIOLIHE BOJIOKHA) H
amomuHui (Matpuna). Kpussle ycranocTu u3 crannapTHoi oubanoTeku kommuiekca ANSY'S
Workbench mpencrasnensr Ha puc.2. (KpuUBbIE YCTAIOCTH IOCTPOCHBI B JIOTAPUPMHUIESCKUX
KOOpJIMHATaX pUC. 2 cOpaBa — CTajb, pUC. 2 ClieBa — AIIOMUHHI) Ha OCH abcIuce
OTKJIA/IBIBAETCSl KOJIMYECTBO LIMKIIOB 110 OCH OpAMHAT HampspkeHue B [1a. Moayns ynpyroctu
u kodpdunment [lyaccona: ans cranmu: E=2-1011 Ia, v=0,3, nisa amomunus: E=7,1-1010 ITa,
v=0,33. CeTka KOHEUYHBIX DJEMEHTOB IIOCTPOCHA C KCIIOJIBF30BAaHUEM IAPAMETPOB IIO
YMOJYAHHIO, C YHNOPSAAOYCHHBIM pa30MEHHeM M TpejcTaBlieHa Ha puc.3, THI 3JIeMeHTa 4-x
y3JI0BO# TeTpa’ip, pasmepom 6-10 mm. (komuuecTBo y3noB — 74089, snementoB — 14922.).

Puc. 3. KoneuHno-anemeHTHas ceTka Puc. 4. HanpspxeHHO-1e(hOpMUPOBAHHOE
COCTOSIHUE

Ha puc. 4 mnokazaHa KapThHAa HaNPsHKEHHO-I1e(OPMUPOBAHHOTO COCTOSIHUS
(HanpspkeHUs: 0 Mwusecy), MoJydeHHas B pe3ysbTaTe cTaThdeckoro pacuera. Ha puc. 5
IIPEACTABJICHBl PE3YJBTAThl pacyeTa YCTaJOCTHBIX KPHUBBIX KOMIIO3ULIMOHHOIO Marepuaa.
Bupno (puc.5, ciema), 4ro Marepuall HE IOJy4aeT YCTAIOCTHBIX MOBPEKICHUN MpU
BbIODAaHHOM HAarpy)KeHUH, KpHBas A KOMIIO3MLIMOHHOTO MarepHaja HaXOJIUTCS MEXKIY
COOTBETCTBYIOUIMMHU KPUBBIMU LIS aPMHUPYIOIIET0 BOJIOKHA U MaTpUIbl (pHC. 5, cripaBa).
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Puc. 5. KpuBsie yctanoctu KoMosura

AHanoruy4Hble pacyeThl A1 MOJMMEPKOMIIO3UTA U3 CTEKJIOBOJIOKHA (E=8,7-1O10 I1a,
v=0,22) u snokcuasoi cmonsi (E=2,55-10° IMa, v=0,22) npeacrasnens Ha puc. 6,7.
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PabGota BeimonHeHa npu yactuuHoW nognepxke PODU (rpanter 10-08-01296-a, 10-
01-00194-a, 10-08-00093-a).
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