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YCTAJIOCTHASA NPOYHOCTDb OPUEHTUPOBAHHBIX KOMIIO3UTOB

B pabome nokazano, umo ycmanocmuas npouHoCms KOMRO3UMOS, 8 YACMHOCMU CMEKIONIACMUKOS,
3aeucum om makux ¢Hakmopog, KaK Mun Cea3yiowe2o, acumMmempus yukia Hazpyxcenutl. Ilpu smom
NOKA3AHO, YMO NpU OPMOLOHATLHOM —APMUPOBAHUU CMEKIONIACTIUKA  3HAYUMENbHOE  Y@enudeHue
KOU4ecmea 60JI0KOH 6 OOHOM HANPAGNEHUU 8 OMHOUWEHUU YCMALOCMHOU NPOUYHOCIU MOJICEM OKA3AMbCS
HeahPeKmuHvIM U 0adxice NPUBECML K ee CyWecmeeHHOM) CHUICCHUIO.

Knroueeswvie cnosa: Komnosum, CmeKjioniacmuk, npoYHocnts, ycmaiocns, apmuposarue.

OnHUM U3 BaXKHBIX MPEUMYIIECTB KOMIIO3UTHBIX MATEPHAIIOB SIBISIETCS BO3MOXKHOCTh YCHJICHUS HX
MEXaHHYECKHX CBOMCTB B HAIIPABJICHUH, B KOTOPOM HaMe4aeTcsi BO3JICHCTBUE pacyeTHOW HArpy3Ku, 4To, B
CBOIO 0Y€pe/ib, MO3BOJISIET YIYUIINTh SKCIUTyaTallHOHHBIE CBOMCTBA BCEH KOHCTPYKIIHH.

PerynupoBaHne MeXaHHYECKHX, @, HWMEHHO, MPOYHOCTHBIX CBOWCTB MaTepuaia HpH COXPaHCHHH
HEM3MEHHBIMH JIPYTHX (HaKTOPOB, TAKHUX, KaK THII CBA3YIOIIETO, THIT BOJIOKHA U T.JI., TOCTUTAeTCsl BLIOOPOM
O6T)CMHOI‘O COACPIKAHWA HAIIOJIHUTEIA IO ONTUMAJIBbHOM BEIWYUHBI U peryjainpoBaHueM 4YHCJia BOJIOKOH B
HY>KHOM HaIIpaBJICHUU.

[Ipu 3TOM HEOOXOAMMO OTMETHTB, YTO BOMPOCHI PEryIUPOBAHUSI CBOMCTB IMOJMMEPHBIX KOMIIO3UTOB
MPU CTATHYECKOM M IMKIMYECKOM Harpy>KEHHSAX MyTEM MCIONB30BaHMS B OJHOW MaTpHIle KOMOWHAIMN W3
Pa3IMYHBIX BOJIOKHUCTBIX HaHOJ’IHHTeJ’Ieﬁ, U3MCEHCHHUA UX OG’LéMHOFO coacpiKaHusd, B3aNMMHOM OpUCHTAllUU U
T.JI., UMEIOT TaKoKe OosbIioe 3Ha4YeHue [1].

Haxomienasle K HacTOANIEMY BPEMCHH OKCIICPUMCHTAJIBHBIC OAHHBLIC II0 YCTaHOCTHOfI IMPOYHOCTHU
TMMOJIMMCPHBIX KOMITIO3UTHBIX MAaTCPUATIOB B YCJIOBHUAX HU3KOYACTOTHOI'O HArpy>XCHUA Kpalee HEIO0CTaTOYHbI
JUIL  BCECTOPOHHETO aHajiM3a SBJICHUS IIOTEPU Hecylmleld CHOCOOHOCTH MaTepHaia B YCIOBHSX
MAaJIOIMKIJIOBOTO HArpy»eHHs U pa3pa0OTKH Ha €ro OCHOBE COOTBETCTBYIOUIMX METOJOB pacuéra M, Kak
CIIEJICTBUE, Pa3padOTKH METOAMK MO ONTUMH3AIMH YCTAIOCTHOM MPOYHOCTH KOMITO3UTHBIX MaTEPHAIIOB.

AKXTyaJIbHOCTh TOJOOHBIX HMCCIICIOBAaHHI OUYEBHHA B TOM AacCIEKTEe, YTO MapaMeTpbl apMHPOBAHWS,
ONTHMAJIbHBIC Ul Pa0OThl KOMIIO3UTA B YCIIOBHSX KPaTKOBPEMEHHOT'O Harpy)XEHHs, MOTYT OKa3aTbCsl HE
COBCEM ONTHMAJIBHBIM M TPHU LUKINYECKOM BO3IACHCTBUM HArpy3ku, T.e. Kak oOTMmedaercs B [2],
ONTHUMH3ALMS Tpeeia MPOYHOCTH CTEKJIOIUIACTUKOB €Ile He O3HayaeT ONTUMHU3AIMU HMX YCTAIOCTHOM
MPOYHOCTH.

B cootBercTBHM C TONydeHHBIMH B paboTax [3,4,5] maHHBIMH, CTEKJIOIUIACTHKH, B KOTOPBIX BCE

BOJIOKHA YJIOXKEHbl TapajUieIbHO JWHUHM JIEHCTBUS HArpy3KH, MPOSBISIOT BBICOKYIO TPOYHOCTH Ha
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pacTsHKEHUE U C)KaTHE IPU KPAaTKOBPEMEHHOM HArpyXEHUHU WM IPU HECKOJBKUX IMKJIAaX A0 paspylLIeHHUS,
HO MX YCTaJIOCTHAas MPOYHOCTH OBICTPO MaJaeT C YBEJIWYCHHEM YHUCIa IUKIOB 0 paspylueHus. Bmecte ¢
TeM, 700aBKa HEOOJBIIOTO MPOLEHTa BOJOKOH B HAmpaBlCHWH, MEPIEHAUKYISIPHOM K HPUOPUTETHOMY
HaTpaBICHUIO apMHUPOBAHMA, WM JOOaBICHHE YEPEAYIOMIMXCS CIOEB MOJ HEOONBUIMM YIIIOM K OCH
Harpy3KH OPUBOJUT K 3aMETHOMY IMOBBIIICHHUIO YCTATOCTHOW MPOYHOCTH CTEKJIOILIACTHKOB.

[lpuHsATEl BO BHUMAaHHE pa3IMYHBIE TEXHOJNOTMYECKHE (AaKTOphl, BBHIABICHHBIE HA OCHOBE
IKCIIEPUMEHTAIBHBIX JaHHBIX, CHIDKAIOIINE TPOYHOCTHBIC TOKA3aTEIH CTEKIOIIIACTUKOB [6].

HyxHO OTMETHTB, YTO AJIS1 KOPPEKTHOM OLEHKH YCTaJOCTHBIX XapaKTEePUCTUK MaTepuaia HeoOX0J1MMO
MPOBECTHU OMpEETICHNE eT0 CTATHIECKO MpodHOoCTH. [l03TOMY aHaIM3 yCTaJOCTHBIX KPHUBBIX KOMITO3UTHBIX
MaTepraioB, TAKUX KaK CTEKJIOIUIACTHKH, YIJICIUIACTUKH | T.1. B KoopauHaTax K-IgN (rme K-xoa¢pdummeHt
YCTaJIOCTHOM HMPOYHOCTH KOMIIO3UTHOro Mmarepuaia, N — KOJMYecTBO LIMKJIOB HAarpy>eHus) MO3BOJSIET B
HEHCKaXCHHOM BHJE PACCMOTPETh BIMSIHHWE CTENEHH OPTOTOHAJIBHOTO apMUPOBAHMS Ha H3MEHEHHE
YCTaJIOCTHOM MPOYHOCTH KOMIIO3HUTA.

Ha pwuc.] mpuBeneHsI 3aBHCHMOCTH HAIPsDKEHUI pa3pyIIeHHs MPH U3TH0Ee W PACTHKEHHH, yIapHON

BSI3KOCTH CTEKIIOIIJIACTUKOB OT 00heMa COoACpKaHUA BOJIOKHA ITO Macce.
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Puc.1. Brusanue codepiicanus 60J10KHA HA PA3PYIIAIOUee HANPANCCHUE RPU pacmadiceHuu (o,), uszuoe (o,)

u yoapuyo eazkocmsp (a)

Ha pwuc.2-4 npuseneHsl KpuBbie Benepa, WUIFOCTPUPYIOIIME BJIMSHHE CTEINEHH OPTOTOHAIBHOIO
apMHUPOBaHUs Ha a0COJIOTHOE 3HAYCHHE HampspkeHud U Kod(dduimeHta K Ui CTEKJIOIIIACTUKOB THIIA
CBAM Ha snokcu-GpeHoIbHOM U OyTBap-(eHOJBLHOM CBS3YIONIMX. B KauecTBe MaHHBIX ISl MMOCTPOCHUS
KPHUBBIX OBLUTH MCITOJIB30BAaHBI PE3YIIBTATHI, IPHUBEAEHHbIE B [7,8].

AHanu3 00pabOTaHHBIX JAaHHBIX MO 00pasliaM Ha 3MOKCHU-(EHOIBLHOM CBSI3YIOIIEM IOKa3all, YTO IS
OPHUEHTHPOBAHHBIX CTEKJIOIUIACTHKOB XapaKTEPHO CHIDKCHHE IHUKIMYSCKOH MPOYHOCTH B HAMPABICHUH
YKJIaAKd OOJIBIIEr0 YHKCJIa BOJIOKOH I10 CPAaBHEHHIO C OPTOrOHAJBLHO PABHOINPOYHO apMHPOBAHHBIM
cTexoruiacTukoM. [Ipu 3ToM pe3ynbTaThl aHanHM3a TOKa3ald, 9TO Ha JTO SBIEHHE KAYECTBEHHO BIIHSET

TAaKXKC M BUJ ,I[e(l)OpMaL[I/II/I. HpI/I CUMMCTPHUYHOM PACTAKCHUU-CIKATHU 3HAYCHUA YCTaHOCTHOﬁ MMPOYHOCTH
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CBAM 1:1 CBAM 5:1 mano ornugarotcs (puc.l), B To BpeMs Kak B CiIydae MyIbCHUPYIOMIETO PACTSIKCHUS
npounocts CBAM 5:1 npoaomkaeT ocTaBaThCA BBIIIE, YeM MPOYHOCTh cTekomnactuka tuna CBAM 1:1.

C TouKHM 3peHHs BIMSHUS TUIA CBSI3YIOIIETO MPEACTABISIOT HHTEpeC KpuBbie Benepa, mpuBeneHHbIC HA
puc.3. W3 3TuX KpUBBIX BUIHO, YTO NPU TAKOM K€ CUMMETPUYHOM IIMKIIC OCEBOU Ne(hopMaIui IPOYHOCTh
CBAM 5:1 na OytBap-()€HOJBHOM CBS3YIOIIEM HEM3MEHHO BHIIIE, YE€M YCTAJOCTHAs MPOYHOCTh
CTEKJIOIJIACTUKA HA OCHOBE TOTO K€ CBS3YIOLIETO, HO MPU OPTOrOHAJILHO PABHONPOYHON YKIIATKE BOJIOKOH.
Takoe nmoBe/IeHUEe KOMIIO3UTOB MOKHO OOBSICHUTH Pa3IHUUsIMU B aiT€3UBHONM MPOYHOCTH MEXKIY SMOKCH- H

6YTBap-(beHOJ'H)HI>IMI/I CBA3ZYIOIIMMU M CTCKIIOBOJIOKHOM MW MCXAHUYCCKUMH XapaKTCPUCTUKAMU CaMUX

CBA3YIOIIUX.
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Puc.2. Yemanocmuasa ouazpamma cmekioniacmuKka Ha InOKCu-henonbnom ceasyrouem npu
cummempuunom pacmsaxycenuu-crucamuu. a-CBAM 5:1, 6-CBAM 1:1
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Puc.3. Yemanocmnasn Ouazpamma cmeKaoniacmuKka Ha 3"0KCM'¢€H0ﬂbHOM ceéaszyrouiem npu

nynvcupytowem pacmsasycenuu. a-CBAM 5:1, 6-CBAM 1:1
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Puc.4. Yemanocmuaa ouazpamma cmeknioniacmuka Ha Oymeap-henonvnom ceasyouem npu

cummempuunom pacmsaxycenuu-crncamuu. a-CBAM 5:1, 6-CBAM 1:1

B tabnuue npuBeneHb! 3HAYEHHUs YCTAJIOCTHOM MPOYHOCTH M Kod(duuueHta K CTEKIONIACTUKOB Ha
6ase 10° rmKIoB HarpykeHus. [lpm 3TOoM B Tabmuile s 3HAYEHWH MPOYHOCTH CTEKJIOIUTACTHKA Ha
KPAaTKOBPEMEHHOE PACTSKEHUE M CXKATUE (Oyp U Oye) YKA3aHO CPEIHEKBAJPATHYECKOE OTKIOHEHHE, a JJIs
YCTAJIOCTHOM NPOYHOCTH - OTKIOHEHHWE OT CPEAHEro 3HAYEHHs, COOTBETCTBYIOLIEE IOBEPUTEIBHOMY
WHTEpBay TpuU BeposTHOCTH 95%, paccuutanHoe 1o pacrpenenenuto CreiogeHTa. B ciyuae
MYJAbCUPYIOIIETO PACTSDKEHHS B3STO 3HAYCHHE MAaKCHMAIBHOTO HANPSDKEHUS IMKIA (Omax) M OTHOLICHUS
Omax/Oyp . IlONydeHHBIC [aHHBIE CBHIETENBCTBYIOT O TOM, YTO MOBBIIICHHE CTENCHH OPTOTOHAIBHOTO
apMHUPOBAHUSI KOMIIO3UTa B KAaKOM-THOO HANpaBICHUM IIyTEM YKJIAAKH B 3TOM HalpaBleHUH OOJBILIETO
YHciIa BOJIOKOH, SIBJISIFOILEECS OJHUM U3 CIIOCOOOB MOBBIIIEHHUS KPATKOBPEMEHHOH ITPOYHOCTH, B OTHOLLIEHUU
YCTAJIOCTHOM NPOYHOCTH MOXKET SBUTHCS HE TONBKO HEA(P(EKTHBHBIM, HO M B ONPEAEICHHBIX CIIydasx
MOXET CTaThb NPUYMHON €€ CYIIECTBEHHOrO CHIDKEHMA. ISl CTEKJIOIUIacTHKa Ha SMOKCH-(QEHOIBHOM
CBA3YIOLIEM YKJIaJKa BOJIOKOH 5:1 1o cpaBHEHMIO ¢ BapuaHToM 1:1 yBenM4YMBaeT CTATHYECKYIO
KPAaTKOBPEMEHHYIO IPOYHOCTh HA PACTSDKEHME M CxkaThe moutd B 1,5 pasa, B To Bpems kak npu N=10°
LUKJIOB YCTaJOCTHAasE MPOYHOCTh B OTHYJEBOM pAcTSHDKEHHHM YBEJIWYMBaeTcs Jnumb Ha 25%, a Ha
CUMMETPUYHOE PACTsDKEHHe-ckaThe Aaxke yMmeHbinaercs Ha 20%. [lpu stom kosdduument ycramocTHOH
MPOYHOCTH B 00OMX CITydasiX yMEHbILIAETCS COOTBETCTBEHHO Ha 18 1 41%.

ITpoBeneHHbIE HCCIEIOBAaHMS IOKA3aJd, YTO YCTAIOCTHOE IMOBEICHHE CTEKJIOIUIACTHKOB Ha OyTBap-
(heHOTFHOM CBSI3YIOIIEM WMEET COBEPIIEHHO APYTYI0 MpHpoxy. Takas ke yKiIagka BOJOKOH Kak W IpH
3MOKCH-(DEHOIFHOM CBSI3YIOIIEM NPUBOAWUT K IOBBIIICHHIO HE TOJBKO CTAaTHYECKOM MPOYHOCTH, HO H
YCTaJIOCTHOW MPOYHOCTH KOMITO3WTa HA CUMMETPHUYHBIN IUKJI PaCTsDKeHUs-CoKaTHA. [IpryeM TOBbIIIEHHE
YCTaJIOCTHOM IPOYHOCTH OKAa3bIBAETCS Ja’K€ OTHOCUTENIHLHO OOJIbILIE, YEM YBEIUYEHHUE Ipeseiia IPOYHOCTH,

COOTBETCTBEHHO B 2,2 1 1,8 pasa.
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Ta0auna

. 6
3Hauenusn ycmanocmuoit npounocmu u koypuyuenma K cmexnonnacmuxoe na oaze 10° yuknoes

Hazpyscenus
KpaTtkoBpeMeHHbIN Kospduument VYceranocTtHas Koaq)(bmme}?
Tum Tum . ACHMMETPHUH DOUHOCTL YCTaIOCTHOM
pelet IPOYHOCTH, POYHOC 6
UK 6 npo4yHocTH 6ase 10
CBSI3YIO- YKIIaIKU MIla . | Haoaze 10
LIErO BOJIOKOH HATPSACHIH LIUKIIOB, TTHICTOR
MlIIa
Gp Ose GOy GO
1 2 3 4 5 6 7 8
o 1:1 470,445,4 | 353,3+7,8 -1 79,9+4,9 0,17+0,01 | 0,23+0,01
MTOKCU-
benomsroe 5:1 662,0+8,8 | 485,1424,5 -1 68,1+8,3 | 0,10+0,01 | 0,14+0,02
Byrsap- 1:1 350,8+9,8 | 283,2+4,9 -1 31,9+2,9 0,09+0,01 | 0,11+0,01
benomsroe 5:1 | 644,4+17,6 - -1 74,0459 | 0,1140,01 -

M3yueHnue Takoro MOBEACHMS CTEKJIOILIACTUKOB MPHBENO K 3aKIFOUCHUIO, YTO HA TaKO€ TOBEICHUE
KOMITO3UTOB C Pa3HbIM CBSI3YIOIIUM M OPTOTOHAJIBHBIM apMHUPOBAHHEM MOXET BIMATH psii (akTopos. M3
HUX OTMETUM IUIOTHYIO YKJIAJKy BOJIOKOH B OJHOM HANpaBJICHUU, YTO MPUBOAUT K BO3HUKHOBEHUIO
KOHIIEHTpaIu JeopMaliii W HANpPsHKEHUH. YMEHbIIEHHE OOBEMHOTO COICpPXKAHHUS CBS3YIOMIETO B
HaIpaBJICHUU JEHUCTBUSA HArpy3Kd MOXKET IPHUBOJIUTH U K CHUKEHHUIO MEXCIOEBOM CIABUIOBOW MPOYHOCTH
KOMIIO3UTA B 3TOM HalpaBJICHUU.

Takum 00pa3oM, yCWIIEHHE CTETIEHH OPTOTOHAIHLHOTO apMHUPOBAaHUS CTEKJIOIUIACTHKA B KaKOM-ITHOO
HaIpaBlIeHUH ITyTeM YKIAIK{A B OJHOM HANpaBJICHHH OOJBIIETO YMCIIA BOJOKOH, SBJISIOIIETOCS OJHUM W3
CHOCOOOB TOBBIIICHHUS CTATUYECKOTO Tpejea MPOYHOCTH, B OTHOIICHWH yCTaJOCTHOW MPOYHOCTH MOXKET

OKa3zaTbCAa HeBCp(I)eKTI/IBHLIM " OaXXC MMPUBECTHU K €€ CYIICCTBCHHOMY CHUXXCHUIO.
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U.L.Uwupquyul,
L.L.Uwpquyub
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Upprunmnwiipnid gnyg E upyws, np Qupijus dh owpp gnpénbibphg, plswyhupp ki judh nbuwip,
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Up nupnpnipgundp qupny L jpbky ny dhuyl bnyeh hAngliwdughl wdpnipyul pupdpugdwl ny wppynibufln
Enwiwl, wyl puniuy apw poyugdwl yuindwn:
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FATIGUE STRENGTH OF ORTHOGONAL REINFORCED FIBER-GLASS

Depending on some factors, such as type of binding material, asymmetry of loading cycle and etc., the
intensification of fiber-glass reinforcement quantity in any direction may not be effective means of material
fatigue strength increase. It has been shown that it may be the reason of essential decrease of material
fatigue strength.

Keywords: composite, fiber-glass, strength, fatigue, reinforcement.
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