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AHHOTALIUA

[TpuBOAMTCS AOKA3aTEIBCTBO UACHTUYHOCTH JIBYX MOJXOJOB K OMPEACICHUIO
KPUTHYECKON HArpy3KH LEHTPAIBHO CXKATOTO CTEP>KHs B MaTpuuyHOil popme. Oaun
M3 HUX OCHOBAaH Ha TpeacTaBieHuH AU EepEeHIINaTbHOTO ypaBHEHUSI TOTEPH
YCTOMYMBOCTA B MATPUYHOM BHJE C MOCIEAYIOIIMM BBIYHCICHUEM HAMMEHBIIETO
3HAUYCHHUS COOCTBEHHOTO YHMCJA MATPUIIBl KPUTHYECKOTO COCTOSHUSA. B OCHOBe
OPYTOro JIEKUT MEXAHWYECKass MOJENb CXKATOrO CTEpP’KHs, PACUICIUIEHHOTO B
MPOJOJILHOM HAIlPaBJICHWU Ha JIB€ BETBHM, OJHA M3 KOTOPBIX «OTBETCTBEHHA» 3a
u3ruOHbIe nedopmaruu, a Apyras, CBs3aHHAs C MEPBOM KOPOTKUMHU TOMEPEUYHBIMU
CTepKEHbKaMU, — 3a TIPOJIOJIbHBIE edopMaliuy CKaTus. BBITTOIHUB AUCKPETU3AIINIO
00enx BETBEH, ypaBHEHHE MOTEPU YCTOWYMBOCTU CTEPIKHS, KaK U MEPBOM cCllydae,
MOHO 3amucaTh B MatpuyHoM Buje. OpgHako, HOBasi (hoopMa ypaBHEHHS TTO3BOJISIET
HaXOJUTh KPUTHUYECKHUE HATPY3KHU JUISl CTEPKHEH, KOTOPhIE MOTYT OBITh Harpy>KEeHbI

BHCINHUMHU IIPOAOJBbHBIMH CHJIAMH HC TOJBKO Ha TOpPHAX CTep)KHefI, HO W JIIOOOM



MMOIICPCUYHOM CCUCHMH, PACIIOJIOKCHHOM MCKAY TOpLIaMHU. MGTOI{I/IKa aHaJIim3a
KPUTHYICCKOTO COCTOAHUA HAa OCHOBC BTOPOTI'O IMOAXO0Aa MOKCT OBITH pacpoCTpaHCHa
M Ha CTCPIKHCBBIC CUCTCMEIL.

KarwueBble cioBa: CTCPKCHb, CTCPKHCBAA CHUCTCMA, MCXAHUYCCKAA MOACIIb,

MaTpuia KpUTUHICCKOro COCTOSAHUSA, ITIOTCPs YCTOI‘/’I‘H/IBOCTI/I, KPpUTHYCCKaA Harpys3kKa.
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Abstract

We present a proof of identity of two approaches to determination of critical
load on a compressed bar, in a matrix form. First approach is based on a differential
equation of stability loss in a matrix form, followed by calculation of critical load via
maximum eigenvalue of critical state matrix. The second approach is based on a
mechanical model of compressed-bent bar, split longitudinally into two parts, one
"responsible” for bending deformations, and another, connected with the first part by
transverse bonds, - for longitudinal compression deformations. After a discretization
of both parts, the equation of stability loss can be written, as in the first approach, in a
matrix form. The specified form of equation allows to find critical loads for bars

loaded by external forces not only at the ends, but also in any cross-section. The



method of analysis of critical state, based on the second approach, can be applied to
bar systems.
Keywords: bar, bar system, stability loss, critical load, mechanical model,

critical state matrix

MeToauKy CpaBHUTEIBHOTO AaHAIN3a KPUTHUUYECKOTO COCTOSIHUS CTEPXKHS Ha
OCHOBE JBYX PA3JIUYHBIX ITOAXOJOB MOXXHO HPOJEMOHCTPUPOBATH HAa IPUMEPE
IIAPHUPHO ONEPTOrO CTEPHKHS, CHKATOIO MPOAOIBHBIMU CHJIAMH, NIPUIOKEHHBIMU Ha
Topuax crepxkHs (pucyHok 1,a). ['eomerpuyeckne pa3Mepsl, )KECTKOCTh CTEPHKHS Ha

U3ru0 U BHEUIHSS Harpy3ka MpUBOISTCS HAa PUCYHKE.
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Pucynoxk 1 — PacueTHast cxema cTepHs

BrInoaHUB AMCKPETU3ALNIO CTEPKHS U OTPAaHUYUBASICh MPU STOM JIeJICHUEM Ha
YeThlpe ydacTKa oOjuHakoBoW mjuuHbl 0=l/6, Ha mepBoM srtame pacuéra

OCYIIIECTBIISIETCS TIOCTPOSHUE TE€OMETPUICCKON MaTPHIIBI cTepkHs [1]:
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ManI/IIIa KPUTHUYCCKOI'O COCTOSIHUSA CTCPKHSA B COOTBCTCTBHH C IICPBLIM

MIOJIX0JIOM HaxouTcs 1o ¢popmyite [2]:
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Haubombpmee 3HadueHue cOOCTBEHHOrO 4YHCIIa HaHHOﬁ MaTpUuIlbl, BBIYUCICHHOC IIO

nporpamme EIGEN, paBHO ®1x=0,099



[Iporpammoil mHpexycMaTpuBaeTCs Ie€4aTb B MATPUYHOM BHUIE HE TOJIBKO

CTApIICro Ymcjia, HO U OCTaJIbHBIX:
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Kpome TOro, mewaraercs © MaTpulla COOCTBEHHBIX BEKTOPOB B
HOpMaJIM30BaHHOM BHje (cM. cTonOuel Matpuilel [G]), xapakrepusyromux (GpopMsrl

MOTEPU YCTOMUYUBOCTH CKATOTO CTEPIKHS
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mvmb Ha 0,053% otimyaercs OT TOYHOM BEIUYMHBL P, =

OnucaHHBIN BbIIIE AJIT'OPUTM II0JYYCH HAa OCHOBC PCUICHUA YPABHCHHUA IIOTCPU

YCTOWYHBOCTH
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(n :\/g — mapaMeTp MPOJOJbHOM CHbl P), MPEACTaBICHHONO B MAaTPUYHOM
dopme [2]
AT [8]- o [E]|=0.

OOpaiasicb KO BTOPOMY MOJIXO/ly, CHayaia cieayeT HalTH MaTpHIly BHEUTHEH

KECTKOCTH
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A 3aTeM, 00paTHB MOCJEIHION, IEPEHTH K MaTPUIIC BHEITHEH MMOJATIMBOCTH

[A](5x5) = [R](slxs) =
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XapakTepu3yomied u3ruOHple aeopMali ynpyroi BETBU MOJEIU CXKATOTO

CTCPIKHA. HOHy‘{CHHaH MaTtpula ABJICTCA OOHUM U3 COMHOXKHUTEJIEH MaTpHUIbI

KPUTHYECKOTO COCTOSIHHS paccMaTpuBaeMoro metoza [3]

[A](sxs) = [A](5x5)[N ](5x5),

(dbopMHUpOBaHUEM KOTOPOU 3aKaHUYMBAETCS MEPBHIN ATal pacuéTa Ha YCTONYHBOCTb.
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CtpykTypa MaTpullbl pPAaBHOBECHS ILIAPHUPHOM LEMU, T.€. BTOPOH BETBU

MOJCIIN CKATOI'0 CTCPIKHA, IIPU JAHHOM HArpy’>XCHHUU UMCCT BUI
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BrruncnuB nmpousBeneHre MaTpull coriacHo (*), a *MEHHO:
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B pe3yJbTaTe MPUXOIAT K MATPHUIlE, COOCTBEHHBIC YKCIIa W BEKTOPHI KOTOPOM
COBIIQJIAIOT C TEMH, YTO TIOJy4EHbI B TIEPBOM cCiydae. A OTO M SBISETCS
MOATBEPKIACHUEM HJICHTUYHOCTH U3JI0KEHHBIX METOJIOB ONpPEAEIICHUSI KPUTHUECKOMN
Harpy3kKd CXaroro ctepkHs. I[IpermyinecTBoO BTOpOro moOAXOJa K aHAIU3y
YCTOMYMBOCTU 3aKJIIOYaeTCs B TOM, 4YTO C IIOMOIIBIO MAaTPHUIIBI PaBHOBECHS
IAPHUPHON LIENH MOXHO paccMaTpHUBaTh 33/1aud, B KOTOPBIX MPOJOJIbHBIC HATPY3KHU
MOTYT OBITh MPHUJIOKEHBI B JIIOOBIX IMOIMEPEUYHBIX ceYeHUsX cTepkHsa. K Tomy xe,
MaTpuila BHEIIHEH TMOJATIMBOCTH YIPYrod BETBU TO3BOJISIET PacCMaTpUBATh
YCTOMYMBOCTh CTEP/KHENU IEPEMEHHOTO CEYCHMUS.

OdyeBHUIHO, pacuéT CTEPXKHSA Ha YCTOMYMBOCTb MOJKHO  TOJHOCTBIO
aBTOMATH3UPOBATh U BBITOJIHATE ¢ ToMoinbio [19BM [4,6].

3HaYeHUEe KPUTHUYECKONW HArpy3KH MOXKHO YTOYHUTbh, €CJIM MOBBICUTH CTEIICHB

AUCKPCTHU3AINU CTCPIKHA 10 HICCTH-BOCBMMU.
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