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YCTOMYUBOCTH MHOT OCJIOMHBIX OBOJIOYEK BPAIIIEHUS
C OCJIABJIEHHBIM KOHTAKTOM MEXAY KECTKUMH
CJIOAMHA

Ha ocHOBe TUCKPETHO-CPYKTYpPHOI TEOPHH TOHKHX 000JTOYEK MPEUIOKEH BapHAHT ypaBHEHHII yCTOH-
YHBOCTH, BKJIFOYAIOIIHH ITapaMeTphl KPUTHYECKOH 3arpy3Kn TOHKOCTEHHBIX 000JIOUEK BPAICHUS CIIOU-
CTOM CTPYKTYpBI ¢ OcnabieHHBIM Mex(pa3HbIM KOHTaKTOM. CUHTaeTcsi, YTO HANPSDKCHHUS MOMEePEYHOro
caBUra U o0’KaTHs Ha TPAaHUIE KOHTAKTAa COCEIHMX CIOEB PaBHBI IPYr ApyTy. JomyckaeTcs ympyroe
MPOCKAaNIb3bIBAaHUE 110 MOBEPXHOCTH KOHTAKTA COMPSIKEHHBIX CIIOEB. YPaBHEHUS YCTOWYMBOCTH BKIIO-
YalOT KOMIOHEHThI '€OMETPUYECKH HEIMHEHHOT0 MOMEHTHOTO JJOKPUTHUYECKOIO COCTOSIHUS CXKAThIX
TOHKOCTEHHBIX JJIEMEHTOB. YCTAaHOBJIEHO, YTO M3MEHEHHE KMHEMATHUECKUX M CTATHICCKHUX YCIOBHH
KOHTaKTa Ha MexX(a3HBIX I'PAHHIAX CIIOMCTBIX DJIEMEHTOB TOHKOCTCHHBIX KOHCTPYKIHMH OKa3bIBacT
3aMETHOE BIIMSHUE HA BEJIMYMHY KPUTHYECKUX HANpPsKEHUH.
KiroueBble ¢10Ba: TeOPHsI TOHKHX 000JI0YEK, KpUTHIECKUE HAIPSDKEHUI.

B GoxpummHCTBE paboT, MOCBSIIEHHBIX CCIEA0BAHUIO YCTOHUUBOCTH 00010~
YeK W3 KOMIIO3HUTOB, IPEIIIONIAraeTcs, YTO MEXIY CIOSMH BBIITOTHACTCS YCIOBHE
WACUTFHOTO KOHTaKTa. DTO TPEAINOJIOKEHHE SBIACTCS OIHOW W3 WIeann3alui
pacdeTHOl MoxenH cioucToi oboimoukd. Ha mpakThke Ha rpaHUIAX CIOEB, Kak
MIPaBUJIO, UMEIOT MECTO JIOKAaJIbHbIE YYacTKH HENPOKIes U OTCIoeHHH. B 3Tom
cllyyae TPENNON0KEHHE O HENPEPHIBHOCTH MEPEMEINEHUH WM HaNpsDKeHUH Ipu
nepexo/ie 4epe3 IPaHully KOHTAKTa He BBIITOJIHSETCS.

PacueTHast Mozenb 000JIOUEK C PAcCIOCHMSAMH, B KOTOPOH HAlIMYMe MEXK-
CJIOEBBIX JIE(PEKTOB YUUTHIBACTCS IyTeM MOAU(DHUKALNY BBIPAKEHHS U1l U3THOHON
JKECTKOCTH, IIpeJICTaBIsIeTCss Hanbojee MpOCTOW M TpejylaraeTcsi, HapuMmep, B
pabore [1]. O4eBuaHO, YTO 3Ta MOJIENH HE TIO3BOJISIET MPOAHAIN3UPOBATH MHOXKE-
CTBO MEXaHHUYECKUX SBJICHHUH, KOTOPBIE COMYTCTBYIOT MPOILECCY JOKPUTHYECKOTO
nedopMHupoBaHMS ¥ OTEpPE yCTOHINBOCTH CIIOUCTBIX KOHCTPYKIIHH.

Pemenne 3aga4n yCTOMYMBOCTH 3JIEMEHTOB KOHCTPYKIIMH C PACCIOCHUSMH C
YyUeTOM JIOKaJIbHBIX 3¢ eKToB aaHo B [2, 3]. biaronaps takoi mocTaHoBKe, Mpo-
BEICHO MCCJIECOBAaHNE BIIMSIHUS Pa3MEpPOB M PACIIONOKEHHUSI MEXKCIIOEBBIX Ae(eK-
TOB Ha YCTOHYMBOCTh HWIMHAPUYECKHX U chepudeckux obdomouex. MHOTroCioi-
HbIe 000JIOYKH BpPAIICHHUS C 3a30paMHU MEXITy CIOSMH pacCMaTPUBAIKCEH B [4].

Bompoc o TOYHOCTH pe3ynbTaToOB pacyeTa yCTOMYMBOCTH 00OJOUYEK C pac-
CJIOCHUSIMH, TOJYYEHHBIX MPU MOMOIIN Pa3IMYHOTO POja AOMYIIEHUH, ObUT H3Y-
yeH B [5]. OTmeuaeTcs, 9TO AByMEpHas TEOpHUs B 3aJadax yCTOMYUBOCTH CIIOM-
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CTBIX 000JI0YEK C HEHJIeaJbHBIM KOHTAKTOM CJIOEB MPHUBOJUT K OOJiee CYIECTBEH-
HBIM MOTPEIIHOCTSIM, YeM B Cllydae 000JI0YeK HEOIHOPOIHOW CTPYKTYpPhI Oe3 Jie-
(exra.

B nanHO# paboTte 11t MOAEIMPOBAHUS YYaCTKOB OCIa0JIEHHOTO KOHTaKTa Ha
MeK(a3HBIX TPaHHUIAX PACCMATPHUBACTCS OJWH U3 BAPUAHTOB MOJICIIH KOHTAKTHOM
3aJlaud COTPSKCHUS KECTKUX aHU30TPOIHBIX CcI0eB. [l 3TOro BapHaHTa MOJCIH
(mepBast MOJIeNIb) XapaKTEPHO BBITIOJIHEHUEC CTATUYECKHUX YCJIOBUH KOHTAKTa IO
MTOBEPXHOCTU COMPSKCHUS OTACIBHBIX cloeB. CUNUTAETCS, YTO HATIPSIKCHUS IOTIC-
PEYHOro CABHra v 00KaTHs HAa TPaHHIIE KOHTAKTA PAaBHBI MeX 1y coboi. [Ipu aTom
JIOMYCKAeTCsl YIpyroe MPOCKAIb3bIBAHUE MO TOBEPXHOCTH KOHTAKTa CMEKHBIX
cnoeB. Ecnu Ha HEKOTOPOM JIOKAIBHOM y4YacTKe O0OJOYKM KiIeeBasi MPOCIoiKa
OTCYTCTBYET, B 3TOil 00JaCTH yYMTBHIBAETCS OJJHOCTOPOHHUN KOHTAKT MEXIy Ke-
CTKHMHU CJIOSIMH.

O1ieHKa JOCTOBEPHOCTH PE3yJIbTATOB, MOJYUYEHHBIX MO MEPBOW MOJIEIH, OCY-
LIECTBJIAIACh C MPUBJICYEHUEM HENPEPBIBHO-CTPYKTYPHOM MOJENIN TEOpUU Ila-
CTHH M 00oyouek (BTOpasi MoJiellb). BTopas Moens XOpomio M3BECTHa M 4acTo
HCIIOJIB3YETCA IPU PaCyYETC aHU3O0TPOIMHBIX TOHKOCTCHHBLIX 3JIEMEHTOB, KOrjJa Ky-
COYHO-HEOHOPO/IHAS 110 TOJIIIMHE CJIOKMCTasl IIACTHHA WM 000JI0YKa paccMaTpH-
BAIOTCS KaK KBa3WOJHOPOJHBIC C MPUBEIACHHBIMU YIPYTUMH XapaKTCPUCTHKAMU.
[Ipu 3TOM yYHUTBIBACTCS, YTO BEIMOJIHSACTCS JOMYIICHUE 00 HIICATLHOM JKECTKOM
KOHTAKTE CMEXHBIX CJIOCB.

IHocranoBka 3agauu. B cOOTBETCTBUM C AMCKPETHO-CTPYKTYPHOU TeOpHUEH
MaTeMaTH4ecKass MOAETh paccMaTpUBaeMOl 3/1eCh MHOTOCIOWHOW OOONOYKH CO-
CTOMT W3 /7 TOHKHX aHHM30TPOMHBEIX cioeB. Kaxmprii crmoit HeaedopMupoBaHHOI
0GONIOUKH OTHECEH K OPTOTOHAIBHONM KPHBOJIMHEHHOH CcHCTeMe KOOpIMHAT o

(i=12), z2®, Koopaunara 2® HaTpaBJICHa M0 00IIeH HOpMaTH m® CpEeIUHHOI

k . k

nosepxHocti S u sxBumMCcTanTHOM MoBepxuoctn S.*; k — HOMep crost. MHaekc

«z» TIpU BBEJICHUHU JAPYTUX CUMBOJIOB O3HAYAET, YTO COOTBETCTBYIOIHE BETUMIUHBI
T 2 & N 3

otHocsiTes K Touke (o, o, zM) sxBummcTanTHOI MoBepxHOCTH S.¢ ),

BCKTOp IMOJIHOT'O MEPEMCIICHUA ﬁgk) TOYKH KECTKOIr'o CJI0sA COrJIaCHO YyTOY-

HeHHoM Teopuu obosouek C.I1. TuMoIIeHKO MOYKHO MPEACTaBUTh B BUIIE
~(k) (k) (k) — (k) (k) — (k)
u. =u +z y +o¢ (z)u/ , (1)

(k) k)

rae @'Y — Bexrop mepemernenms Touex cpemunmoil mosepxuoctn SY; 7 — Bek-

TOp-(QYHKIUSI YTIIOB IOBOPOTa U 00XATHSI BOJIOKOH, MEPIICHUKYJISIPHBIX K HeJle-
(hOpMHPOBaHHOM CPETUHHOMN MTOBEPXHOCTH 5®: go(k)(z) — HEJIMHEWHAas HelpepbIBHAs
(GYHKIMS pacnpesiesieHHs] TaHTeHIMANbHBIX MepeMEeNIeHH 10 TONIKHE ci1os [6];

1/7“‘)(0(1(1‘), aék ))— BekTop dyHKIMil caBHra. KOBapHAHTHBIC KOMIIOHEHTHI BEKTO-

® - 7® 5 ® sanucwsarores TIPH TIOMOIIH CICAYIONMX BEIPAKCHHUH

pos u’, 7,y
(k) _ (k)i (k) (k) (k) —(k) _ (k)i (k) (k) (k) — (k) _ (k)i (k)
uo=rou+mowo Yy =y, Am Ty oy =y 2)

i
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KOMITOHEHTHI TeH30pa KOHeUHBIX aedopmammii B Touke (o', of, z%) onpene-
JSIFOTCS KaK MOJIyPa3sHOCTH KOMIIOHEHTOB METPUUYECKUX TEH30pPOB JI0 M IIOCTe Jie-
(dopmarn

oz _ k(B

_ . Kz _ (b)* (k) , Kz (b)*
251)’ =8 —&; 26, =85 —835 28, =g, ~L (€)

C yderoM BBeNeHHBIX 0003HaYCHWI BapHAllMOHHOE ypaBHeHHE PeficHepa
IUTSI MHOTOCJIOMHOM 00O0JIOUKH 3aITUAILIETCS

5R=§5R(")=§5A;’f)—§ J.JJ;E(JS(I;E((;)—F(“)dV —0 (@, f=1,2,3). (4
=] =] = VK

Hywmepanus cioeB HauMHAeTCs CO CTOPOHBI OTPUIATEIBHBIX 3HAYCHUH KOOp-
JMHATB 2 OT eAUHHIBL 0 n. [Ipu sToM F® — yrenpras mononsutensHas pabora

ne(opMarum; g&/;’, gé’g — KOMIIOHEHTBI TEH30pa HANPSHKEHUH M TeH3opa aedop-

MaIyi.
Ecnu o conpsiKeHHBIM JIMIEBBIM MMOBEPXHOCTSIM  CJIOSI BBITIOJIHSIOTCS yCIIO-
BHUS M€aIbHOIO KOHTAKTA:

(k.k-1) (k1) B _h
B Uy > X(/c,k—l) - X(k—l,k) 4 (5)
BapHaIuio aneMeHTapHoﬁ pa60T1,1 BHEIIHUX CHJI 0Ar MOXKHO NIPEACTaBUTH B BUIE
A, ZﬁA -y H( M, 767" + B 7" + M Geln Vs +
k=l s

(k) (k)

o (75 o) (k) _ (k) S (7 ) - o
+> ([)(q>(k)5g +G( 57 + L, 09 ydl+ Y ([ (cb(k)é'zl +G o7+ L 00 +
I 2

k=1 k=1 k)

2

+ (’Z(k) _ﬁg))&p(k) + (77(k) - 77_£k))5G(k) + ('/7(/() - ng))él(k))dl : (6)
3necs SY — cpemmmnas mosepxuocts ciost; %, L% — wactu xomrypa ¥
X () M k) é(k) — BEKTOPHI BHEIIHHUX YCHJIMI, MOMEHTOB H JOIOJHHUTEIBHBIX

MOMEHTOB COOTBETCTBEHHO.
DnemeHTapHas pabora (6) Takke BKIIOYACT BEKTOPHI YCHIIHS &Jfk), MOMEHTa
é(i) , JOTIOJIHUTEIFHOTO MOMEHTA Z(Sk) , KOTOpbIE BO3HHKAIOT OT JACHCTBUS 3aJaH-
HBIX BHEIIHHX KOHTypHbIX cwi Ha /,*). Bekrops! ycumms (i)(k) , MOMEHTa é(k),
JOTIOJTHATEIEHOTO MOMEHTa Z(k) , IMEIOT MeCTO B Toukax koutypa L, mpu mamu-

YHMH 33JJAHHOT'O BEKTOpA MEePEMENICHNI TOUYEK KOHTypa ﬁgk).
Bropoe ciiaraemoe ypaBHeHUS (4) clietyeT peJCcTaBUTh B BUIE

o Z( ey} ZW i OplV = ZLU(GF“”@ o boar o)
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51‘[(21‘[3 - _'[T”) 5W(‘kf)dV - _.UJ; {(aF(k) /ao'fjb - 5;;); )50'(1]1;) + (6F(k) /60'('2) - 25i(;)£)><
y Y

x ooty +(0F® 1003 - e# ol Jav (i, j=1.2).

IToncraBuB reomerpudeckue cootHomenus (1)-(3) B (4), Ha ocHOBe Bapua-
IIHOHHOTO TpUHIKIA PelicHepa HECI0XKHO MONYYUTh I KaKI0r0 OTACIBHO B3si-
TOTO CJI051 00OJIOUKH CUCTEMY YpaBHEHHIA paBHOBECHS, (HPU3NUECKUE COOTHOIICHHUS,
CTaTUYECKUEC U KHHEMATHUCCKUE TPAHUYHBIC yCIOBUs. [IpuMeHeHne 0000IeHHOTO
3akoHa ['yka, HEJTMHEHHON TCOPHH CPEeTHEro M3ruda 0OOJIOYKH 3HAYUTEIBHO YII-
poIIaeT BHIBOJ YPABHCHUI PaBHOBECHS M IPAHUYHBIX YCIOBHU.

JluHeapu3oBaHHble YpaBHeHHUs yCTOHYMBOCTH. /[y BBIBOJA JIMHEApH30-
BaHHBIX YPAaBHEHMH YCTOHYMBOCTH MHOTOCIOHHBIX 00OJIOYEK BPAILCHUS HCIIOIb-
3yIOTCSI TEOMETPUYECKH HEIMHEHHBIE YPAaBHEHHUS AUCKPETHO-CTPYKTYPHOH Teopun
U CTaTHYeCKUi KpuTepuid Diliiepa, TO eCTh JOMYCKAIOTCs CMEXHbIe (DOPMBI paBHO-
BECHs C)KaToOro 3JEMEHTa KOHCTPYKIWH, OJIM3KHE K UCXOIHOW, HO OTJIMYHBIE OT
Hee. KpuTnueckass Harpyska omnpenensercsi Kak HauMEHbIIas U3 Harpy3ok, MpH
JOCTHKEHHH KOTOPBIX HapsAy ¢ UCXOJHOM (hopMOil paBHOBECHSI BOZMOKHBI CMEXK-
Hble (YOPMBI PABHOBECHSL.

[TycTp cymiecTBOBaHME CMEXHOM paBHOBECHOH KOH(UTypanuu NpH JeicT-

BUU BHEITHEH Harpys3ku onpeacisi€TCs BbIpAKCHUAMU

u[(k)o + u[(k); W(k)0 + W(k); }/l.(k)o + }/.(k); l//[(k)0 + l//l.(k);

1

Py 0 g0 gl g0 gl g0 ),

i 12 2 i3 i3 2 i ii

Y L Ly G LIS PRI ST

M12 12° ii i 12 12°

31ech KOMITOHEHTBI HCXOMHOTO JOKPHTHYECKOTO HANPsKEHHO-Ie(hOpMHUPO-
BAHHOT'O COCTOSAHUA OTMCUYCHBI HyHeM Ha MCCTC BerHCFO HUHACKCA, JOMOJHUTCIIb-
Hble KOMIIOHEHTHI NEPEMEIEHUN U YCWIMH BO3MYLICHHOIO COCTOSHUS yKa3aHbI
0e3 uHIeKca.

IMoacrasisst (8) B ypaBHEHHS PABHOBECUS M BBIYUTAS U3 MOJYYEHHBIX COOT-
HOIIIEHUH ypaBHEHHS PABHOBECHSI UCXOHOTO COCTOSHHS, INHEAPU30BAHHbBIE YpaB-
HEHUSl YCTOWYMBOCTU k-TO CJIOSi MHOTOCIIOWHON OOOJOYKH, KOTOpPBIE MO3BOJISIOT

Y4eCThb ,Z[e(bOpMaL[I/II/I nonepeyHoOro caABura 1 06)KaTI/I$I, NPUHUMAIOT BUJ

a8 1Y) alarl)  ad oY
wot———w thh —w T —mt
60:1 60{2 60:2 60:1
+ 4B WRY — 0 (24 8Y);
(6) (&) (6) )
) AR gogotnt i)
oa oa
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a(B(")Mff)) a(A(k)M(k)) <>6A”_ wos"
W o My My
oa oa oa 60{1

1 2 2
_ 4wl )(R(") AP (P (P <k>0) 0 (1 o224 o B(k));
(k) (/c) (k) (k) (k) (k)
o\B"'L o\4"'L
( )+ ( ! )+L(l;;) 04 W oB

1 12 _
da (k)

(k) k 22
] oa, oa, oa,

AW g (1 24" o Y ) )

13
IIpu yuere oOxkatus k-ro cios k cucteme (9) mo6aBnseTcs BOCKMOE ypaBHe-
HUE
(k) 5 (k) (k) /(&)
5(3 M 9(A M ) (¥ (k)( Ky A0 0 ) (6,0 )6 W)
(k)13)+ (k)23 —AVB U\ M k) M) kUL kL, +0, )=0.(10)
oa, oa,
Amnanornyno ypasaeHusM (9) — (10) smHeapu3yrOTCsl U TeOMETPUYECKUE CO-
OTHOIIIEHHS:

28.(.]{) = e.(.k) + e(.l.c) + a).(k)a)(.k)o; 2;(.(./() = V.]/(.k) +V .7.(k) - sﬁk)ye(.k) - 6(.k)7e.(k);
b J Jt i J b L) Jh t Jr J iy
' i, (
281.(;‘) = 231_(;{)7 +ol (Z)l//i(k); Eg) = (11

VYpasuenust (9) — (10) cieayeT AONOTHHUTH MPAHUYHBIMU YCIOBHSIMH, KOTO-
pBI€ ONpENeNsIoTCs U3 YCIOBHH 3aKPEIUICHHsI TPaHUIl pacCMaTpUBacMOW TUIACTH-
HBI WJTH 000JIOUKH.

Ipu BEIBONE ypaBHeHuii (9)-(10) momonHuTeTbHBIE mepemernenus u,X, w
CUUTAINCh MAIBIMU BEIIMYMHAMH, UTO MOCTY>KWJIO JOCTATOYHBIM OCHOBAaHHEM HE
YUUTBHIBATh 3TH BEIMYHHBI BBIIIE NEPBOH creneHu. 1103ToMy Ha OCHOBE MOIy4eH-
HOH CHCTEMbI YPaBHEHMI MOXHO HAaWTH TOJNBKO «BEPXHHE» 3HAUEHUSI KpUTUYE-
ckux Harpy3ok. IloquepkHyThle claraeMble B Ye€TBEPTOM U ISATOM ypaBHEHHAX (9)
NPy JIONMYNIEHHH O Oe3MOMEHTHOM JOKPHTHYECKOM COCTOSHHM OOpaliaroTcs B
HYJIb.

Ha ocHoBe nuHeapu30BaHHBIX ypaBHeHHH ycroidunBocTH (9) — (10), reomer-
puueckux cootHomeHui (11), pU3MYEeCKnX COOTHOIIEHWI M 3aJaHHBIX TpaHHY-
HBIX YCJIIOBHI MMEET MECTO paspeliaromias cucrema u3 14—Tu oTHOpOIHBIX Iud-
(epeHIMATBHBIX YPAaBHEHUH B YaCTHBIX IPONU3BOIHBIX IS A-TO CII0S1 000IOUKH

(k)

oy ) 0 ) V%
ﬁ—:F a5,V S 1] k=12,..,n, (12)
A(k)aalk) { B(k)aazk
rae
= (k) k) Sk k) (k) o (k) c (k) () (k) (k) (k) (®)I(F
S/( {S/( y( 73/( } {111 127 ]\417 11; 127 1 Uy, W 771 :7/2 ’l//l :l/lz } -

BEKTOp peIIeHUH.
[Monarasi, 4To (U3MKO-MEXaHUYECKUE W T€OMETPHUYECKHE XapaKTEPHUCTHKH
000JI04eK BpAILEHUS] HE M3MEHSIOTCSI B HANpPaBICHUH KOOPAWHATHI O, PEIICHHE
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paspemaromux ypaBHeHu# (12) 3amaum yCTOHYMBOCTH MOXKHO TPEACTaBUTH B
BUE psnoB Dypre

f(k):iyl cosna,; 372k)=§j37§fn sinna,, (13)
rae - "~
=t 1A 0 a1 ) o)
W 8 0 A
T

IMocne moacranoBku (13) — (14) B cucremy ypaBHenuit (12) momywaercs
cucTeMa OOBIKHOBEHHBIX OJHOPOIHBIX TU(PepeHIHaTbHBIX YPaBHEHUH

Y e, g
—7" =F"N”, n, ¥V, k=12,...,n. (15)
3nech
= (k) (k) (k) (k) (k) ) ) (k) (k) L) LK)
Vo= {yl,n > yZ,n""’ y14,;1}r = {Tll,n’ TlZ,n’ Rl},n’ Mll,n’ M12,n’ Lll,n’ le,n’

() &) ) &) (k) (k) (k)T
ul,n 2 u2,n’ Wn 4 }/l,n 2 7/2,)7’ l/ll,n 2 1//2,}1} -
BEKTOp pemeHnil. Takas cucrema 1yt k-ro c10si 000JIOUKH MMEeT YeThIpHAAAThINA
TIOPSIZIOK.
I'paHnuHBIE yCTIOBHUS, KOTOPBIE OMPENEINSIOT YCIOBHUS 3aKPEIUICHHS TOPILIOB
k—T0 c110s1 000JI0YKH MOXKHO TIPEICTABUTH B MATPHYHON (hopme
®y, (o ®))=0.  pWy ( (k))_
BV lal))=0: BV (a0, (16)
roe B%, B,® MPSIMOYTOJIBHBIE MAaTPHUIIBI pa3MepHOCTH 7% 14.

YcToiunBbIf BEIYUCIUTENBHBIN MPOLIECC ITPU YUCIEHHOM PEIICHUH KpacBOil
3amaun (15) — (16) obecnieurBaet MeToa opToronansHoi nporonku C.K.I'ogyHoBa.
B pesynbrare uHTErpUpOBaHUs NPEACTABICHHBIX YPABHEHUM UMEET MECTO CHCTE-
Ma ceMH alreOpanyuecKuX YpaBHEHUI OTHOCHUTEIBHO KOMIIOHEHT BEKTOpa MpPOM3-
BOJBHBIX MOCTOSIHHBIX C ¢

k k K
897", 2)c% <0
(k .

3necy Z (aln) , 4] — MaTtpuna pasmepa 7x7, koapuIeHTs KOTOpOoii moryde-
HBI B pe3yJIbTaTe OPTOTOHAIM3AINY 1 HOPMHUPOBAHUS CUCTEMBI BEKTOPOB PEIICHHS
Ha KaXXJIOM IlIare YMCIEHHOTO WHTETPUPOBAHMUS, A —COOCTBEHHOE 3HAYEHHE.

Jlnist cymecTBOBaHMs HETPUBHAIBHOTO PEIICHUS 3a/1auu ycToiunBoctu (15) —
(16) MOIKHO BBITTOJIHSATHCS YCIOBUE

k k
5, (o z)‘:o. (17)

In 2

PaBenctBo Hym0 onpexenurens (17) maet BenuyuHy COOCTBEHHOTO 3HAUCHHS
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3amaun A. Benmmunua A mpencrtaBisieT co00H BEPXHIOI KPHUTHYECKYIO HArpy3Ky U
HaXOJHUTCsl METOJOM T0A00pa, TOKa AT IBYX IOCIEIYIOINX UTepanuii A onpee-
autens (17) He OyAeT MEHsTh 3HaK. YTOUYHSIETCS BEIWYMHA COOCTBEHHOIO 3Haue-
HUS A METOIOM XOPJI JI0 BBIIIOJIHEHUS YCIOBHS

A=A

i i+

A

i

<&,

rZie € — 33/laHHOE YUCII0, KOTOpPOE OIpeAeisieTcs ¢ TpeOyeMOil TOYHOCTBIO pelle-
HM, [ — 1Iar UTepaLyu.

Ecnm o0omnouka cocTaBieHa U3 IBYX M 00Jee )KECTKUX CIIOEB, TO IIPH COCTaB-
JIEHUM pa3pellarollell CUCTEMbl YPaBHEHUM YCTOMUYMBOCTH TaKOM CIIOMCTOHM cHC-
TEMbI HEOOXOMO YUeCTh CTaTHYECKNE M KHHEMATHYECKHE YCIOBHS KOHTAaKTa IO
COIPSKEHHBIM MTOBEPXHOCTAM KaXJIOTO CIIOSL.

KunemaTtndeckne U CTaTHYECKHE YCIOBUS HIEAIBHOTO KOHTAKTa OTHAEIIBHBIX
CJIOEB TOHKOCTEHHBIX 3JIEMEHTOB IO JIMLIEBBIM CONPSKEHHBIM IOBEPXHOCTIM 3a-
MUY TCS:

(k1) (k1) (k+1) (k1)
2%@ :ufk”) +u§k—1) h }/i(m) N h 7}/(71) 3 (p(k+1) h ‘/’,-(M) +¢(/¢—1) h l//fk—l) (i=12),

2 2 2 2

(k+1) (k-1)

2l = e e, (18)

W gl gl =),

(3 (k+1)- (k- (k=1)+

O3 =03 > O3 =033 - (19)

Bemonuss kunematndeckue (18) u crarmueckue (19) ycmoBus KOHTaKTa 110
JIMLEBBIM CONPSDKEHHBIM ITOBEPXHOCTSIM IPH IIOMOIIM MeToja mTpadHbIX QyHK-
LU, HETPYZHO COCTaBUTH ITOJHYIO CHCTEMY paspellaroimux ypaBHeHud (15) s
peLIeHMs] KOHTAaKTHOM 3a1auy JUCKPETHO-KOHTHHYaJIbHON TEOpUU MHOTOCIOWHBIX
000I0ueK.

BenenctBue TOro, 4to MeXIy KECTKHMH CIOSIMH B IPOLIECCE M3TOTOBJICHUS
AHM30TPOIHBIX 000JI0UeK 00pa3yeTcst MeK(ha3HbINA MATKHIA KIICCBOU CIIOH (TOJIIIN-
HY 3TOTO CJIOsI, KaK MPaBHJIO, CYUTAIOT PABHOW HYJII0), B TpeAaraeMoM BapHaHTe
MOJIENIN JOMYCKaeTCsl YIpPyroe NMpoCKajib3bIBaHUE JKECTKUX CJIOEB APYT OTHOCHU-
TEJIBHO JpyTa, TO €CTh MO JIMIEBBIM CONPSHKEHHBIM MOBEPXHOCTSIM BBITOIHSAIOTCS
TOJIBKO CTaTHYECKHE yCIOBHI KOHTaKTa (19).

o (k) (k)0 (k)
Cucrema ypasHenuii (9) Bkmovaer ycumma 77,7, T\5", Ty, , nepemene-
HUs W JedopmManmy  CABHTa KOOPAWHATHOM  IOBEPXHOCTH k-TO  CIIOS
ugk)o, w{)k), yl(k)o, 251(13‘)7 0 KOTOpBIE OMPENENSIOT JOKPHTHIECKOE HATIPSIKEHHO-
ne(opMHUpOBaHHOE COCTOSIHHE.

ITpoBeneHHOE COMOCTaBIEHHE CHCTEM pPa3pelIaAlOINX ypaBHEHHH paBHOBE-
CHs M YPaBHEHHH YCTOMYMBOCTH yKa3bIBa€T Ha MX MOAOOWE, YTO MO3BOJSET IIO-

ISSN 2078-9130. Bicnuk HTY «XIII». 2013. Ne 58 (1031) 105



CTPOUTDH COUHBINA BBIYMCIUTEIBHBIN MPOIECC ONPENCTICHUS HAIPSHKEHUH 1 1edop-
Maluii HEMMHEHHOTO MOMEHTHOTO JOKPUTHUYECKOTO COCTOSHMS O0OJIOUYEK Bpalle-
HUS U BBIYUCIICHUA KPUTHYECKHUX ITapaMeTPOB BHEIITHEH Harpy3KH.

Ecnu Mexay ciiosMu OOOJIOYKH JIONTYCTHTh OTCYTCTBHE KHHEMAaTHYECKHX
cBsi3eif, TO HA TOBEPXHOCTH compsvkenns tux cimoeB S.* ! moryr Bosmmkats

HEU3BECTHBIE BEKTOPBI YCUIIHI %{), q(km KOHTaKTHOro B3aumogeicteus. Co-

r1acHo 3-ro 3akona HeloToHa MMEET MecTo 3aBHCHMOCTB: G, =—¢,, . Jus yue-

Ta BJIMSIHUS YCHIIMM KOHTAKTHOTO B3aMMOJICHCTBHS CIIOCB B BapHALIOHHOE ypaB-
HeHne npuHnuna PeliccHepa (4) HE0OXOAMMO BBECTH CllaraeMoe, Y4WTHIBAfolIce
pa0oTy cmJI KOHTAKTHOTO B3aMMOJCHCTBHS HA BEKTOPE MEPEMEIICHHS KaXKI0To
CJIOSI yJacTKa COTPSHKEHHOH MTOBEPXHOCTH

A=S [l

m=1 S;m,mﬂ)

(k)

Yceunus KOHTaKTHOTO B3aMMOJEHCTBUA ¢y =qék);7,-(k) +q(3k)r?1 BO3HHUKAIOT

TIPY BHITIOJTHEHUH YCIIOBUS
~(k)  —(k+)
(u, —u, )<0 (20)
B 30HAaX COIPSsDKEHHS KECTKHX clioeB. B ciryuae, korma HepaBeHCTBO (20) HE BHI-
TOJTHSIETCS. TIPH TiepeMenttennn Todek odmactn S.* Y B mporecce medopmarmm,
KOHTAKTHOE JIaBICHHE ((;) B YPABHEHMAX DABHOBECHS NPHHAMAET 3HAYECHHE

Gk =0 . Pemas ykasanHyro 3a1a4y HECIOXKHO C 3aJaHHON TOYHOCTBIO HAHTH 3Ha-

YeHHe KOHTAKTHOTO JaBJICHUSI JIOKPUTHUECKOTO COCTOSHUSI Ha OCHOBE UTEpallu-
OHHOT'0 METO/1a, MPEJIOKEHHOTO B [4].

PesyabraTsl pacdera. Ouenka 3QQeKTHBHOCTH NIpemIaraeéMoro BapHaHTa
pacyeTHOH MOJEIH MPH PEIICHUH 3a7ad yCTOWIMBOCTH CXKATBHIX IMIMHAPHIECKUX
000JI09eK TIPOBOANTCS Ha TECTOBOM IipuMepe paboTsl [7]. PaccmarpuBanich 1Byx-
CJIOWHBIE IUIMHAPHI U3 CTEKIJIOIUIACTHKA CUMMETPHYHOM CTPYKTYpPbI C TONIIMHON
Ka)JIo0ro cjosi i = 0,5-1073 M.

HunuHzapel oTiIMYaIUCh APYTr OT JApyra YIVIAMH apMHUPOBaHUS CIIOEB (:
[0°/0°], [20°/-20°], [30°/-30°], [45°/—45°], [60°/—60°], [75°/~75°], [90°/-90°].
Bcero mccrnenoBanoch ceMb THIIOB IIJIMHAPOB C Pa3HOW CTPYKTYPOH apMHpOBa-
Hust. Pagnyc obonouek R = 0,1 M, nnmna L = (2,4)R ¢ otHomenueMm R = (100,45)A.
Ou3NKO-MEXaHNYECKUE XapaKTEPUCTHKH BOJIOKOH W MAaTpPHUIBI COOTBETCTBEHHO
pasusl: E, = 8,6 - 10° MITa; E,=3,5-10°MIla; v,=021; v,=0,35.

O0BeMHOE colep)KaHHe CTEKIOBOJIOKHA coctaBiseT 45 %. OcranpHbIe ma-
paMeTpsl CTEKIIOIIIACTHKA OTIPEIEIBUINCH IT0 METOIUKE, peaoxeHHoi B [§8]. Tak,
HalpuMep, A TWINHIPOB CO CTPYKTYPOH MEPBOTO THIIA MOIYJIb CABHUTa, MOIYJIN
YIPYTOCTH CTEKJIOIIACTHKA B MEPUAMOHAIFHOM M OKPY>KHOM HAIIPaBICHHUAX CO-
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OTBETCTBEHHO paBHBI — G,=4,0-10° MIla; E =44-10" MIla;
Ey»=1,2-10"MIla.

HccnenoBanust mpoBeneHbl AJIs IBYX BapHAaHTOB PacueTHOM MOJIENH aHHU30-
TPOIIHBIX DJIEMEHTOB. YYHTHIBAIOCH BIMSHUE HEIMHEHHOTO MOMEHTHOIO JOKpHU-
THYECKOTO COCTOSIHHS, AehopMaIiiii OMEPEYHOTO CABUTa U 00XKATHS Ha BETHYUHY
KPUTHYCCKUX HAMPsHKEHUH (CM. TaOHITy ).

Ta6m/ma — 3HaveHust KPUTHYCCKUX HaHpSI)KeHI/Iﬁ 1IpHU OCEBOM CIKATUHU HUIMHAPUICCKUX
000J1049€K M3 CTEKJIOIIACTHKA

z a Owp» MlIla
- £ o dopma norepu yCTOHUUBOCTH
g E i § OCCCUMMETPUYHA HEOCCCUMMETPUYHA
£ LE; KJac. MOJIENb MOJIEIIb
° ' TEOpHsL BTOpAst nepBast BTOpast nepBas
1 2 3 4 5 6 7 8
R/h=100,0
2,0 131,99 59,12 5?};8 4(51’8)0
1 [0°/0°] 132,74 501 24.62
4,0 131,25 59,12 (21) (é)
[20%/ — 2,0 106,99 69,34 7?%;1 5?;))0
2 20°] 123,23 78,57 55,70
4,0 106,99 69,34 (4") (é)
[30°/ — 2,0 94,26 69,34 9?6§6 526(;1
3 o 116,13
307 4,0 94,26 69,34 9?6§6 SZé?)’7
[45°/ — 2,0 97,99 39,89 8?i(;6 3?(’39
4 o 112,07
457 4,0 97,99 39,89 8‘8(;6 3?(’)2;9
[60°/ — 2,0 94,26 45,93 9?6§6 4?(’33
> 60°] 116,13 94,26 45,93
4,0 94,26 45,93 ((’)) ((’))
[75°/ — 2,0 131,99 69,34 725’35 4(21’?)4
6 o 127,13
7 4,0 126,99 69,34 7(()?”;3 4(21’?)4
2,0 131,99 69,34 5?%(;6 161’8)5
7 132,74
[90°/ ’ 52,01 45,67
~90°] 4,0 131,25 69,34 3) ®)
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[IponomkeHue TabIUITBI

T2 51 4 [ s [ 6 [ 7 [ =
R/h =450
20 27502 | 135,06 “(65,)99 10(‘;,)56
L | [0°0°] 294,98
40 275,02 129,93 11(65,)99 10(4;,)56
o | >0 239,99 110,01 17(75,)99 10(4;,)00
L T 181,92 102,02
4,0 239,99 109,74 . 2
3o/ | 20 219,99 9541 20(%)00 9?{)16
3 o 258,07
sy | 20 188,43 7759 | ! 8(%)43 7Z6§9
4 o 249,04
—45°] 4,0 188,43 77,02 18(51,)07 726(;2
60/ | >0 210,01 127,99 18(35»;)1 8?1())8
5 o P 182,85 88.69
4,0 210,01 123,99 2 ¢
(752 | 20 245,01 136,04 17&’)02 SZé(;l
6 o 282,52
T 40 24501 | 135,66 16(95,)14 g?%?
90 | 29 275,02 108,95 12(25,;)1 7?;))2
7 o 294,98
-90°] 4.0 275,02 108,95 12(25,)01 7?é;9

Pacxoxznenue pe3ynbTaToB KIACCMUECKOM TEOPUU IIPU OCECUMMETPUYHOU
(dbopMe moTepu YCTOMYMBOCTH, KOTOpbIE MOJYYEHBI MpPU MOMOLIM (OPMYJIIBI

o, = hyE E, /(Rx/g ) U IpejyaraeMoro BapuaHTa YTOYHEHHOW TEOpHUH, COCTa-

Buio 1-19 % npu R/h =100,0 u 6-25 % npu R/h = 45,0. B BeIpaxkeHue 1 Haxo-
XKIEHHUS 0,, BBeAEHO o0o3HaueHue K = E) (1-v,v,,). 3aMeTHOE CHUKEHHE Be-

JIMYUHBl KPUTHYECKUX HANpPSDKCHUH HCCIeAyeMbIX 000JIOYeK JaloT pacdeThl Ha
OCHOBe IepBoi Mojenu. CuuTanoch, 4To 000JI0UKa BKIIOYAET 1BA JKECTKHX aHM-
30TPOIHBIX CJIOSI OJIMHAKOBOM TOJIIMHBI C OCJIA0JIEHHBIMH YCJIIOBHSMH KOHTAaKTa
T10 CONPSDKEHHBIM JINIIEBBIM TTOBEPXHOCTSIM.

AHanu3 pe3ysibTaToOB MO3BOJISIET OTMETHTb, 4TO (hopMa MOTEpH YCTOWYUBOCTH
HCCIIEYEeMBIX 2JIEMEHTOB, HCKIIOYasi [IIMHIPHI ¢ yriaMu apmupoBaHus — 30°,
45°, 60°, sBiseTcss HeoceCUMMETpUIHOH. [Ipu 3TOM pe3ynbTaThl, MOTyYEeHHBIE
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COTJIACHO BTOPOM PacdyeTHOM MOJENH, BO MHOTOM OIIPEIEIISIOTCS HAIpaBIeHHEM
apMHpPOBaHHMS OTHENBHBIX CIIOEB LIIHMHApa. Tak, HapuMep, KPUTHIECKHE Harps-
JKEHUsI 000JIOUKH C TPETHHM THIIOM CTPYKTYpBI Ooliee ueM B 1,7 pa3a BbIlle KpH-
TUYECKUX HAIPSDKEHUN LWIMHIPOB CO CTPYKTYPOM IIEPBOIO U CEABMOI0 TUIIOB.

3HaueHHUs KPUTHUYECKUX HANpsDKEHHH, KOTOpPBIE ONPENeNSUINCh Ha OCHOBE
MIEpBOH PacueTHON MOJIENN, MaJIO 3aBUCAT OT HAIpaBJICHUS apMUPOBAHUS CIIOS U
OTJIMYAIOTCS APYT OT Jpyra He Gosee yem Ha 30 %.

BriBoa. B mnporecce nccienoBaHuii yCTaHOBIIEHO, YTO U3MEHEHHE KWHEMa-
THYECKUX W CTATHYECKHX YCIOBHI KOHTaKTa MO CONPSDKCHHBIM IMTOBEPXHOCTSIM
KECTKUX CIIOSB aHM30TPOITHBIX JJIEMEHTOB TOHKOCTEHHBIX KOHCTPYKIHH CylIecT-
BEHHO BJIMSET Ha XapakTep pacrpejielieHus nedopManuii mornepeyHoro COBura u
SIBIICTCSA OJHHM M3 OCHOBHBIX (DaKTOPOB OIPENEIIOIIMX BEIHYHMHY MapaMerpa
KPUTHYECKOH Harpy3Kd paccMaTpUBaeMbIX IMIMHIPOB. BapuaHT Monenw, korma
HaIpsDKEHUS TIOIIEPEYHOro CABUra M 00kaThs Ha MexX(a3HbIX IPaHMIAX KOHTAKTa
PaBHBI MEX]ly COOOM, HO MPH 3TOM JIOIYCKAETCsl YIPYroe MpocKaib3bIBAHUE ITHUX
CIIOEB JPYT OTHOCUTENBHO JpYra, aAeKBaTHO OTpaxxaeT paboTy CIOMCTBIX TOHKO-
CTEHHBIX KOHCTPYKIHHU TIpH OONbIINX AehOpMaIHsX.

Cmucox aurepatypsl: 1. Fa6uy /].B. BnusHue paccioeHHs MaTepHana Ha yCTOHYHBOCTH OPTOTPOI-
HBIX HWIMHApUYECKHX obonouek / [J.B.babuu // Tlpuknannas mexanuka. — 1988. — T. 2, Ne 10. — C. 52-
56. 2. Awuopees JIL.B. O Oudypkauuu paBHOBecHs CPEepUUECKHX OOOJNIOYEK C pPACCIOCHUSIMHU /
JI.B.Anopees, U.I1.)Kenesko, H.H.O600an // TIpobnemsl npounocti. — 1986. — Ne 2. — C. 49-53. 3.
Bonomun B.B. JleeKkTsl THIA paccIOCHUH B KOHCTPYKIHMSX M3 KOMIIO3UTHBIX MaTepuaioB /
B.B.boromun // MexaHuKa KOMIIO3UTHBIX MaTepranoB. — 1984. — Ne 2. — C. 239-255. 4. Kaumop b. A.
KoHTakTHBIe 3aJauM HENWHEWHON Teopuu obonouek Bpaumenuss / B.A.Kaumop / OtB. pen.
A.H.Iloozopnuiii; AH YCCP. Uu-T npobnem mammHoctpoenus. — K.: Haykosa gymka, 1990. — 136 c. 5.
Tysv A.H. MexaHuka paspylleHHs IPU CKATHH KOMIIO3UTHBIX Matepuanos / A.H.Iyss. — K.: HaykoBa
nymka, 1990. — 630 c. 6. horomun B.B. MexaHWKa MHOTOCIOWHBIX KOHCTPYKIWMiA / B.B.Bonomuwn,
FO.H.Hosuuxos. — M.: MammnocTpoenue, 1980. — 375 c. 7. Bacunves B.B. MexaHuka KOHCTPYKIHI U3
KOMITO3MIIMOHHBIX MaTepuanioB / B.B.Bacunves. — M.: Mammnoctpoenue, 1988. — 272 c. 8. Bepewaka
C.M. HenuneitHoe nehopMUpOBaHNE H YCTOMYHBOCTH MHOTOCIIOMHBIX JJIEMEHTOB KOHCTPYKIHH C Jie-
¢dexramu ctpykrypsl / C.M.Bepewaxa. — Cymsr: Uza-so CymI'Y, 2009. — 286 c.
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YIK 539.3

YcToiiuMBOCT MHOTOC/IOHHBIX 000/104¢K BPAILECHUA € OCJIA0JCHHBIM KOHTAKTOM MEKAY
skecTkumu ciosimu / I'. U. JIbBos, C. M. Bepemaka // Bichuk HTY «XIIl». Cepis: [lunamika i min-
HicTh MamuH. — X.: HTY «XIII», 2013. — Ne 58 (1031). — C. 99-110. — Bi6umiorp.: 8 Ha3B.

Ha 0CHOBI JIMCKPETHO-CTPYKTYPHOI TEOpil TOHKHX OOOJIOHOK 3alpONIOHOBAHMIA BapiaHT PIBHSHB CTIMKOCTI,
SIKHI BKJTIOYAE MapaMeTpH KPUTHIHOTO HABAHTAXKEHHST TOHKOCTIHHHIX 00OJIOHOK 0OEpTaHHs [IApyBaTol CTPY-
KTypH 3 TIOCA0IeHUM MidK(a3HIM KOHTAKTOM. BBaXKa€eThCst, 110 HATIPY)KEHHS MOTIEPEIHOTO 3CYBY Ta 00THC-
HEHHS Ha TPaHHI[ KOHTAKTY CYCIJHIX [IapiB JIOPIBHIOOTH OJMH OXHOMY. IIpUITYyCKa€eThCS MPY)KHE MPOKOB3Y-
BaHHs Ha MIOBEPXHI KOHTAKTy CyMDKHHX LIapiB. PiBHSHHS CTIHKOCTI BKJIFOYAIOTh KOMIIOHEHTH T'€OMETPHYHO
HENMHIHHOTO MOMEHTHOTO JOKPHTHYHOTO CTaHy CTHCHYTHX TOHKOCTIHHHX €JIeMEHTIB. BcraHoBieHO, mio
3MiHa KiHEMAaTHYHHX Ta CTATHIHUX YMOB KOHTAKTy Ha MDK(a3HHX TPaHUIVIX MIAPyBAaTHX EIEMEHTIB TOHKO-
CTIHHHX KOHCTPYKIIi#i CYTTEBO BIUTHBAE HA BETMYUHY KPUTHIHUX HAIPYIKCHD.
Ka104oBi ci10Ba: Teopis TOHKUX 000JIOHOK, KDUTHYHI HAMPY>KEHHS.
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Based on the discrete - structural theory of thin plates and shells, a variant of the equations of buckling
with parameter of critical loading of thin-walled elements of layered structure with the weakened inter-
facial contact is put forward. It is assumed that the transverse shear and compression stresses are equal
on the interfaces. Elastic slippage is allowed over the interfaces between adjacent layers. The equations
buckling include components of geometrically nonlinear moment sub buckling conditions of the com-
pressed thin-walled elements. It is found that the kinematic and static contact conditions on the inter-
faces of layered thin-walled structural members greatly affect the magnitude of critical stresses.
Key words: theory of thin plates and shells, critical stresses.

VJIK 539.3

I'. ". JIbBOB, n-p TexH. HayK, npodeccop, HTY «XI1N»;

B. A. IEBAIIIOB, xaup. TexH. HayK, 3aB. OTA., [IAO «Cymckoe HITO nm.
M.B.®pyH3er;

0. A. KOCTPOMHIIKAA, nayqn. cotp., HTY «XI11»

YCTAJOCTHASA MPOYHOCTDh PABOYHX KOJIEC
HEHTPOBEXXHBIX KOMIIPECCOPOB

Ha ocHOBaHHMHU pacyeTOB HAIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHUS KOJIECA C/IENIaH MIPOTHO3 YCTalo-
CTHOM JIOJITOBEYHOCTH. Pe3yibTaThl IOKa3bIBAOT B3aUMOCBA3H MEKIY KOJIHMYECTBOM LIMKIIOB JIO pa3-
PYLICHUS W MaKCHMaJbHO JIONYCTHMBIMU HANPSHKCHHSAMH M nepeMelieHusMu. Vcciemyercs 3aBucu-
MOCTb MTOBPEXACHHOCTH OT YKCJIa LIUKIIOB ISl Pa3HBIX PEKMMOB BUOPALIMH HA PE30HAHCHBIX YaCTOTax.

KuiroueBbie €j10Ba: MHOTOLMKIIOBAsh yCTaJlOCTh, JOJITOBEYHOCTH, NOBPEXKICHHOCTD, LUKIHYE-
CKOE Harpy;eHue.

Beenenne. Heo0XoanMOCTh OLIEHKH YCTAJIOCTHON NPOYHOCTH 00yCIIOBHIIA
KaK Pa3BHTHE TCOPETHYECKUX OCHOB YCTAJIOCTH MaTEpPHAIOB, TaK M Pa3padOTKy
HOPMAaTHUBHBIX JTOKYMEHTOB U cTaHaapTos [1,2].

B uncneHHBIX MeTOax pemeHNs 331a4 MEXaHUKN Ae(hOPpMHUPYEMOTO TBEPAO-
TO TeJa Pa3BHBAOTCS /Ba OCHOBHBIX MOJXO0JA K PEIICHUIO BOIIPOCA YCIOBHH pa3-
pyuieHnst KoHCTpykuuid [3, 4]. IlepBolit mOaX0x — MOJIENUPOBAHUE PA3BUTHS Je-
(exToB (TMOpHI, TPELIMHBI U T.I1.) C YYETOM U3MECHEHHS] IPAaHUYHBIX YCJIOBHUIl B pac-
CMaTpUBaCMOM DJIEMEHTE KOHCTPYKLHUH W NEPECTPOCHHE CETKH NPH U3MEHEHHH
pa3mepoB nedekra [5]. BTopoii moaxom — OIEHKa CTEIEeHH MOBPEKIACHHOCTH Ma-
Tepuaja B AJIEMEHTaX KOHCTPYKIMWH IIPU YCJIOBHH, YTO Je(PEKTHl U UX POCT B SIB-
HOM BHJI€ HE paccMarpuBatotcs [6,7].

[TepBeIit moaxo/ ABNISIETCS MHIMBUYaJIbHBIM JUTS KaX/I0i KOHKPETHOH 3a/1auu U
TIPUBOJUT K HAITHCAHHUIO COOCTBEHHOTO MPOrPAMMHOTO 00ECTICUEHHUS T MAaKpOCOB B
CYILECTBYIOIIMX CHCTEMaX KOHEYHO-31eMeHTHOro ananm3a (ANSYS u T.11.).
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