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MHOT'OCJIOWHBIA IMIMHJP
C HEJIMHEHAHO-AE®OPMUPYEMbBIMH CJTOSAMHA

B cBA3H ¢ LUMPOKUM MPUMEHEHHEM KOMITO3HLIH-
OHHBIX MATEPHAJIOB B COBPEMEHHBIX MAIIMHOCTPOH-
TeIbHBIX KOHCTPYKLHMSAX BO3HHKAET HEOOXOAUMOCTh
H3y4YEeHHs IPOLIECCOB, NIPOUCXONSIIMX HA CTAJIMH 110~
Jy4eHHs KOMITO3UIIMOHHBIX MaTEPHAJIOB U CO3IaHUA
KOHCTPYKUMHU U3 HUX [1-4]. I1pu co3nauum KOHCT-
PYKLIMH U3 KOMITO3MLIMOHHBIX MaTePUAJIOB BONPOCHI
NMPOEKTUPOBAHMS, ONTHMM3ALIMY KOHCTPYKLIMH U pa3-
paboTKa TEXHOJNIOrHUYECKUX MPOLIECCOB ABJAOTCA He-
pa3feNMMbIMH CTOPOHAMH TPOLIECCA U3TOTOBICHUS
usfenus. Marepuan MaTpHLbl OTpefierisieT BayKHbIE
3KCIUTyaTal[HOHHbIE KaueCTBa KOMITO3MLIMOHHBIX Ma-
TepuanoB. Marepuansl MaTpHLbl KOMITO3ULHOHHBIX
MaTepHaIOB MOI'YT ObITh MIIACTUYECKUMH HITH XPYIT-
kamu [5]. ApMUpyroLHe 37€EMEHTB MOryT fedop-
MHPOBATBCS JIMHEHHO BILUIOTH O paspyuieHus. Pan
BOJIOKOH IIPOSIBJIIOT aHU30TPOIHBIE CBOHCTBA ¥ MO-
IyT paccMaTpUBaTbLCS KaK TPaHCBEpCanbHO-H30-
TPOMHBIC TeNa, & HEKOTOPbIe BEAYT ceOs KaK U30T-
ponHble Tenaa. MeTosbl pacueTa KOHCTPYKUMH M3
CJIOMCTBIX KOMITO3UIIMOHHBIX MATEPHAJIOB AOIKHBI
OBITE OCHOBAHB! Ha COOTBETCTBYIOIIHX CJIOHCTBIX
mozensx. icrnonb3oBaHue CJIOUCTBIX MofeNiel AaeT
BO3MOXHOCTh O0Jiee pealbHO OLIEHHThL HanpsKeH-
HO-1€(DOPMUPOBAHHOE COCTOSHME KOHCTPYKLMH.
Takum obpasom, paspaboTka Haubonee MOMHBIX U
AOCTATOYHO 3¢ PEeKTHBHBIX MATEMATUYECKHX MOJE-
fiel Co3ianug MaTepHaioB H KOHCTPYKLMH, @ TAKKe
pa3paboTKa COOTBETCTBYIOIUX METONOB HX peLie-
HHS ABJIAIOTCS OQHOM M3 BayKHEHMIUMX 337134 B cO3/1a-
HHY KOMIIO3HIIMOHHBIX KOHCTPYKLMHA.

PaccmarpuBaeTcst MHOTOCIOMHBIN LILITMHAP C
BHYTPEHHUM T,=a M BHEIWIHUM I =b panuycawmu,
cocroaiiui u3 N croeB. LlunuHap HaxoauTcs 1oz
JEHCTBHEM BHYTPEHHETO Y BHELIHEIrO NaBJICHHH.
Ha Topuax umnvHapa AEHCTBYIOT OCEBbIE CHIIBI
TaK, YTO LMJIMHAP HAXOJUTCS B YCJIOBHAX IUIOC-
xo# nedopmauun. CuUTaETCA, YTO CIOH HKECTKO
ckperieHbl Mexay coboit. Marepuansl cioes
SBISIOTCS TPAHCBEPCAIbHO-U30TPONHBIMU HJIH
usotponHbiMU. OCh aHU30TPOINHUH COBMAAAET C
0CbI0 LMIMHApA.

YpaBHeHHst paBHOBECHS LIMJIMHPA OTHOCHUTESIb-
HO KOMTIOHEHT BEKTOpPa NepeMeLIeHHs IS KaKA0ro
cnos MMetoT Bug [6)
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KoMnoHeHTH nepeMeieHuil oThiCKuBaloTes B
BH/I€ TPHIOHOMETPHUYECKHX PSAOB
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Jlis MHOrOCJIOMHOTO LIWIMHAPA, COCTOSILEro M3
N cioeB, oOuiee peiieHue cucTeMsl (1) umeer B
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Ha ocnoBe 3akoHa I'yka HaxoasTcs KOMNOHEH-
Thl HANIPSOKEHUA G, G, , G, O,. Koapduumentei C,
ONpeJeNAoTCS U3 33JaHHbIX Ha BHYTPEHHEH U BHELl-
Hel NOBEPXHOCTAX LIMIMHAPA FPaHHUYHBIX yCIOBHI
U YCJIOBHH KOHTaKTa CJIOEB.

B cnyuae Manoii ynpyromiactuueckoi gegop-
mauuid i onpenenerus HAC unnurapa yno6Ho
MCTIONB30BaTh CUCTeMY AU depeHIaIBHBIX ypaB-
HEHMI nepBoro nopajaka U HeaudpepeHuranbHoe
YPaBHEHHE OTHOCHTENIBHO OKPY)KHOW KOMIOHEHTBI
HaMpAKCHHA O
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B mMarpuuHoii hopme paspeluaronme ypaBHeHHs
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TTpu uccnenosanuu HJIC mMHorocnoliueix o6o-
JIOYEK 1 JAUCKOB, OTAEIbHbIE CIIOM KOTOPBIX H3TOTOB-
JIEHbI U3 THHEHHO-1EOPMHPYEMBIX TPAHCBEPCaIb-
HO-M30TPOMHBIX MAaTEPUANIOB, a JPyrUe — U3 HEJH-
HEeHHO-/1e(POPMHPYEMBIX H30TPOTIHBIX MATEPHAJIOB,
OydyT MCIOJIb30BaThCs ypaBHeHus (6) ¢ 0600eH-
HBIMH Ha YKa3aHHbIE CITyan 3/IEMEHTaMH a, MaTPULIbI
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A ¥ xoMnoHeHTamu BekTopa F. [1pu aToM nomxHbI
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Pewenye Y cucremMs! aud(pepeHIMAIbHBIX ypaB-
HeHui TiepBoro mnopsigka (7) npu 3aJaHHLIX KUHE-
MaTHYECKHX WJIM CTaTHYECKHX YCJIOBHMAX Ha pa-
JIMAJIGHBIX TIOBEPXHOCTAX I' = a, I = b MoxeT ObITh
NOCTPOEHO KaK JIMHeWHasA CYNeprio3HLius peleHuH
Y, Tpex 3ana4 Kouw (i = 1, 2, 3). IIpu atom

Y=CY, +GY,+Y, (10)

3nece Y, u Y, ABAAIOTCA THHEHHO HE33BUCHMBI-

MM pelueHUsAMH 3anaud Koww asis oJHOpOAHOMH

CHCTeMBI YpaBHEHHU#, COOTBeTCTBYIOLIEH (7) MpH

F =0, aY,- pemennem 3anauu Kowu ais nonxoi

cucTeMsl ypaBHeHHH (7) IpH OAHOPOAHBIX rPaHNY-

HBIX YCJIOBHSIX Ha JIEBOM KOHLE (I = ) UCCIIeTyeMOro

tena. [loCTOAHHBIE HHTETPUPOBAHMS OJKHBI OBITH

onpeeNieHbl 3 TPAHUYHEIX yCJIOBHH MHOIOCIIONHO-
o LMJIMHJpA.

[lpu peumleHMM ynpyroriacTHYeCKux 3ajadq
npeamnosiaraeTcs, uro o6seMHas nedopmanusd € (€=
=[gt+E + €,)/3) TMHEHHO 3aBUCUT OT BCECTOPOH-
Hero jaBnenusa 6 (6 = (6, + c,* c,)/3) kak B obnac-
TH yIIPYTUX, TaK ¥ TI1aCTHYecKuX aedopmarmii. ITpu
3TOM B COOTHOLIEHUH

oc=E (e-3a'T)/(1-2v) (11)
moayib ynpyroctd E u koadduument Ilyaccona v
ABJAIOTCA YUCTO YMPYTUMM XapaKTEPUCTHKAMH.
B Teopuu Majibix YIpyromiacTH4eckux Aeopmanmii
MOJIAraloT, YTO KOMIIOHEHTbI IEBHATOPa HAMPsYKEHHHA
(s, s, S,) M ieBHATOpA nedopmanuii (e, €y e ) npo-
MIOPLHOHAIBHBI M CBA3aHbI 3aBUCUMOCTAMH
e=g—-e=¢s =¢(c ~0),
e¢=e¢—s=¢s¢=¢(0¢—c),
e.=¢-c=¢s,=¢(c,—0)

B o6nacT Qu3MUECKH IMHEHHBIX (ynpyrux)
nedopmanuit k03 HHIMEHT MPONOPLHOHAILHOCTH
¢ cuuraercs pasHeM ¢ = (1+Vv)/E. Ilpu nennnei-
HBIX leopMaLusiX ronaraot, 4ro ¢ = 3e/20,. 3nech
MHTEHCUBHOCTH JiehopMaLuii € U HANpPSDKEHUHA O,
BBIYMC/IAIOTCA U3 COOTHOIIEHHI
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PaccMarpuBaeTcs ABamLIATHCIIONHBIA TOJCTHIH
UHIMHAD ¢ YEPEAYIOWMMUCS CIIOSIMH aJTIOMUHHE-
goro craa Al — 33 (h, ) u 6opamomunus [5].
[Ipu 5TOM TONMIUIMHAMME CrioeB u3 ctaBa Al — 33 u
Gopanomunms (hy ) ¥ ux MecTopacnonoxeHHeM
MOXHO BapbMpoBaTh. OGCyiknatoTcs pe3ynbTaTsl
BbIYMC/IEHHH 1151 IByX BapMaHTOB TOJILIMHBI uepe-
Aytownxes cnoes —npu h, = 0,7 mm 1 hy = 0,3 mm,
atawke npu h,; = 0,3 mm, h, = 0,7 Mmm. BryTpen-
Huit (a = 56,8 MmM) 1 HapyxHsiit (b = 66,8 MM) pa-
JHYyCBl HWJIMHAPA B pacueTax OCTaBalUCh IIOCTOSH-
HpiMU. CpaBHEHME pe3ynbTaToB pacyera NeMOH-
CTPUPYET, 4TO BHIOOP TOMIMHBI CJIOEB MO3BOMAET
YIPaBJIATh yPOBHEM HaIPSKEHHMIA B OTAEBHBIX CIIO-
AX. JIeHCTBUTENBHO, NIPX OTHOM U TOM K€ 3HAYEHHH
BHyTpeHHero naeiexns (P = —52 MIla) Bo Bropom
BApHaHTe, KOTJa TOJIIIHMHA CclioeB Gosee XKECTKOro
GopamOMHUHHA OONBIIE, MAKCUMAJIbHBIE 3HAYCHUS
KONBLIEBBIX HATIPSHYKEHUIT o, (458 MIla) mouty B ABa
pasa MeHblLI€ WX 3HaueHui B mepsoM (814 Mlla)
sapuanTe. [Ipy 3TOM ypoBHM miacTuyeckux nedop-
MaLui B ci1oe u3 antoMuHueBoro criiaea AJl— 33, a
TaKoKe YPOBHH OCTaTOYHBIX HAMPSIKCHHH B KOHCT-
PYKLMH C OTHOCHUTENTBHO TOJICTBIMU aJIFOMHHHEBBIMU
CI0SMH 3aMETHO IPEBBILIAIOT X 3HAYEHHUs BO BTOPOM
BapuanTe. JleCTBUTEIBFHO, BO BTOPOM BapHaHTe
IIACTHYECKM A€(DOPMHUPYIOTCS TOIBKO [[Ba MEPBBIX
cnos u3 AJT— 33, Toraa kak B nepBoM BapHaHTE Bce
ATIOMMHHUEBbIE CIIOH Ae(pOpMUPOBaHBI HETHHEIHHO.
Takum o6pa3om, HanpspkeHHOE COCTOSIHUE CJIOEB
COCTaBHOHM KOHCTDYKLMH MOXXHO PEry/JyMpoBaTh B
MMPOKHMX MpefiesiaX COOTBETCTBYIOLMM BHIOOPOM
TONKUHBI OTAEIBHBIX CIIOEB.

Bornee T0ro, MecTo pacrnosioxkeHuss HAMOTKH U3
BBICOKOMO/YJIBHOTO 60PaTFOMUHHSA TAKXKe OKa3bIBa-
€T ONPEAEIEHHOE BJIMAHHE Ha YPOBHH U pacrpene-
JIEHHS PeajiM3yeMbIX B COCTaBHON KOHCTPYKLMH Ha-
npsxkeHui. 1Ipy NeHCTBHM BHYTpEeHHEro JaBieHMs
fonee paLMOHAILHO pacnoaraTh HeCyIMe CJIOH Ha
nepudepuy. OgHAKO TaKkoM pe3ynbTaT CBSI3aH C TEM,
YTO CHIDKEHHE HAlPYKEHHOCTH O0pa/IFOMHHHSA MOXET
ObITH 00YCIOBIEHO MOBBIILIEHHEM HAIPSKEHHOCTH
clos M3 altoMMHMEBOro ciiiaBa. Kpome Toro, cre-
gyet 06paTHTh BHUMaHUe Ha TO, YTO NMPH NPUOIH-
3HTENBHO OfIMHAKOBOH 0011 TONIHHE HAMOTKH U3
6opanioOMHHUSA OMMHAKOBbIE YPOBHH IIaCTHYECKHX
aedopmauvii B aNIOMMHUH B MHOTOCJIOMHON KOH-
CTPYKLIMH PEATN3YIOTCA pH 60ee BLICOKHX 3Have-

HUSAX BHyTpeHHero faBienus (p, = —52 Mlla Bmec-
10 p, = —38 Mlla), yeM B gByXCOiHBIX. IT03TOMY,
€CJIA HaNpsIKEHHOCTh BHYTPEHHETO CIIOA ABIACTCA
OrpaHUYEHUEM TIPU NPOEKTUPOBAHMH KOHCTPYKILHH,
TO LeJIecOO0Pa3HO UCIOJBL30BaTh MHOTOCIOMHYIO
TpYOy.

HaxkoHen, ecnu paccmarpuBaeTcss MHOTOCIOM-
HbIH (ABaALATHUCIIOWHBIN) TOHKHI AMCK TeX Xke
pa3MepoB M TaKXe Harpy>XeHHbI BHYTPEHHUM
nasneHueM p, = —52 Mlla, To pacyeTHEIe 3HaUEHUS
HamNpsHKEHUH OKa3aMCh HeCKOIbKO Bbime. Hanpu-
Me€D, MpPH MIOCKOM HaNpPs)KEHHOM COCTOSHUM KOJIb-
UeBbIC HAaMPAXKEHHA G, cocTaBuin 464 u 880 Mlla
BmecTo 458 1 814 MIla npu nuockoii aedopmanmu.

Pa3paGoraHHbie U OnMCaHHbIE BHILIE METOABI
pelleHys CHCTEMBI HeIMHEeHHbIX quddepeHLnans-
HBIX ypaBHEeHHH (6) ¢ KyCOYHO-TIEpeMEHHBIMU KO3)-
¢$ULHEHTaMH MPHMEHEHB! K MHOTOCJIOMHBIM KOH-
cTpykuusam. IlonydeHHble pe3yabTaThl pacyeToB
MMEIOT Ba)XKHOE MpHUKIAJHOE 3HauyeHue. JlelcTBH-
TEJBbHO, MHOIOC/I0MHasA koHCTpykuus Ha 30-40%
s bexTHBHEE, YeM ABYXC/IONHASA, IPH OJMHAKOBOM
TOMLIHHE H [IPH OJHHAKOBOM OTHOCHTEIBHOM COCP-
’KaHHHU CJIOEB C PAa3/IMYHBIMHU XapaKTEePUCTUKAMHU.
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Pesiome

Ken kabaTtTbl UMAMHAPAIH KepHeyiri ecebiH wewy
anroputMi KenTipiireH. ¥CuiHbIIFAH aJICOPUTM KOJIAAHbI-
JIBIN XHMbipMa Ka0GaTThl LMNHHAPAIH, KepHeyJi-nedopma-
UUANBIK KYHi ecebi mentinred. AjbIHFaH HOTHXeNep Tal-
kbinavFaH, KanbsiHabirsl Oipaeit GonFanna KenkabaTThl
UMIMHAPIIH eKiKabaTThl UMIMHAPTe KapaFaHa THiMAiiri
KepCeTiJireH.
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