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BJIMAHUE PA3PYIIEHHA OTAEJIbHBIX DJEMEHTOB
POCTBEPKOB ITOPTOBBIX M IPOTEXHHYECKHX
COOPYXXEHMI HA X HECYIIYIO CHOCEHOCTbD

Masypenxo JI.B. (Ooecckasn 2ocyoapecmeennan akaoemus cmpoumenscmesa
U apxumexmypui)

B crarbe paccmaTpuBaercs 3ajada pacuera Hecyumieid cnocofHocTH po-
CTBEPKA C YYeTOM CJA0KHOI0 HANPAKEHHOI0 COCTOSTHUS KOHCTPYKUIHH.
PaccMOTpeH TakKe BOMPOC yueTa sAiBJICHHA NOTEPH HecymeH cnocobno-
CTH OTXEJIbHbIX CBAH B Pacyerax COOPyXeHHs N0 npeaeibHbIM COCTON-
HUAM.

HCXOnHBIM MOJIOKEHUEM TYT ABJIAETCS TO OOCTOATENBLCTBO, YTO B [CH-
CTBUTEJILHOCTH BCE€ Marepualibl OrpaHUHEHbl 1Mo aedopMalusM, T.€. aua-
rpaMma G-& CONEPIXKUT TOYKY NpekpaiieHust KpuBoi. ¢ dexThi, CBA3aHHBIE
C €€ HAJIM4YKeM, OTOOPAXAIOT BIUSHUE pa3pylIeHHs Ha KOHCTPYKLuio. J{ua-
rpaMma tena llpanarns B 3TOM ciydae umeeT BUJl, NOKa3aHHbIN Ha puc. 1

c |
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Puc.1. [luarpamma o-€ npu orpannyennu aedopmaiuii

YcioBue paspyuieHust B CAIOXKHOM HANPSHKEHHOM COCTOAHMM &; = £,
yCNOBHE Pa3spylleHHs B OJHOMEPHOM HaNPAXKEHHOM COCTOSHHH £ =¢ .

Beuay orcyrcTBus QyHxumii cBsA3M ycunui U nedopmaiiuii B CIOXKHOM
HANpPsH>KEHHOM COCTOSSHMM HE YAAJIOCh NIOKA ONpenenuTh Bnuanusa 3¢pdexTos
paspymenus [1]. Ho ecnu, xak 310 zgenaercs B HacTosiuiee Bpems NpH pac-
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yeTax pamHbIx cucreM [2], [3], npeneOpeus BnusHUEM NMPOACJIBHBIX (BbINA-
[aeT aHAJIM3 YCTOMYMBOCTH) M NONEPEYHbIX CHJI, TO TAKOH aHAIU3 MOXET
ObITh NpoOBeAeH N0 KOHUA [4].

HU310KUM HACHO ¥ CXEMY PELHEHHA.

BriBeeno ypaBHenue M-K nnst crajguu paspywieHus (anst yripyrou u
VIPYTrOMIaCTHYECKOM craauu OHO u3BeCTHO [5]). I'padmyecku 510~ HHCXO-
nsiiasi BeTBb rpaduka o-g. [IpuBenem 3ddexTuBHbiii npuMep, MOKa3bIBAKO-
Ui OONbUIOE BAMSHUE Pa3pyLICHHA HAa HECYUIYIO CIIOCOOHOCTb, HO 3TOT
NpUMEP OKa3aJiCd, KaK BUIHO M3 HMKECIEOYIOLIEro, €AMHCTBEHHHIM. [Joka-
3aHO, 4TO 30HA Pa3pylICHUA HE MOXXET 00pa30BBIBATHCA, BO3MOXHO JIMLIb
HaJIM4Yue cedyeHud paspyumieHuda. Hecyumas criocoOHOCTL CHCTEMEI Orpene-
JIAETCA C MCIOJIb30BAHHEM YpaBHEHMI COBMeCTHOCTH aedopmauuii (ycno-
BUSA pa3pyuieHust TYT He GUrypupyroT, H00 30Ha paspyuI€eHHs OTCYTCTBYET)
u3 npenenbHoro ycnosus 4V _ .

dA

ITpu sToM, ecnu kpuBas v-A He UMeeT B TOUKE (Vyax; Ayax) NPOU3BOIHOM,
TO Vyax ONPEACAAETCA TOM TOYKOH Ay,y, B KOTOPOH NPOH3BOAHOM HE Cylile-
CTBYET.

30eCh. V — MHOXHUTEIb NPONOPLUMAOHAJIBHOCTA JJIsi AaHHOHW Harpysku
(paccMaTpuBaeTCs Cly4yad NMpPOCTOrO HArpy>XXeHus, KOrja BCe BHELIHME CU-
Jibl M3MEHSKOTCS TIPOIIOPLIMOHANIBHO O4HOMY [Iapamerpy),

A- xapakTepHOe nepeMelieHue (T.€. TO nepemMelieHue, KoTopoe ObICTPO
BO3pAacTaeT NpH pa3spyLICHUN CHCTEMBI). 3ameTuM, 4to A nas modboro 3Ha-
YEHUS V HAXOJMUTCS U3 YPaBHEHHI COBMECTHOCTH AepOpMaLMii U HE 3aBu-
CUT OT yCjaoBui paspywenus. OTciona HEMEAJIEHHO BbITEKAET W HE3aBUCH-

dv "
MOCTb —— OT 3THUX YCJIOBHH.
dA

YpaBHeHHS COBMECTHOCTH M TPEAEIbHOE YCIOBUE OOpasyloT CHCTEMYy
YPAaBHEHHH, U3 KOTOPOH ONPEHESSIOTCA U «JIMIIHUE» HEU3BECTHBIC U HECY-
as crnocoOHOCTh, HE3aBUCHMOCTE KOTOPOH OT YCIOBHH pa3pyLI€HUs BbITE-
KaeT U3 He3aBUCHMMOCTHM OT HMX CaMOH CHUCTEMbl YPABHEHHMH. JlOKa3aHHOE
YTBEPIKACHHE HOCHT XapakTep BaXKHOH TEOPEMBI,

bouabioi uHTEpEC npeacTasser coboM aHaau3 BIMSAHUS Ipouecca pas-
PYLUEHHs [PU Y4eTe HOPMAJIbHONH CHUJB M M3rHOarLuX MOMEHTOB IO fe-
dbopMHpPOBAHHON CcXeMe. DTO NO3BOJMT IOJYYUThb YTBEPXKACHHUA, OTpa-
KAOUKME 3aBUCHMOCTh WIH HE3aBUCMMOCTB HECyliel CroCODHOCTH MpU
oTepe yCTOHYHBOCTH OT paspylueHusi BOJIOKOH 3JIEMEHTOB. B 5ToM cayyae

LISt [IIOCKOM paMBbl.
fO")=viM;N;y) (M
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[Mpuuem npeanonaraercs, 4ro Beipaxenue (1)Bimnouaer B ceds 4HacTh
NOBEPXHOCTH, XapPaKTePU3YIOLLYIO NMPOUCXOASIIUE IIPOLECCH Pa3pyIICHHUs.
Ecnu cuuraTh He 1o 1eopMUpOBaHHON CXEME, TO TaK KaK B POCTBEPKAX
HOPMAaJIbHAsl CHJIA B K&XJAOM CTEPXKHE NP NaHHOHN Harpys3ke rnocrosiHHa, TO
JUIA JI0Ka3aTeIbCTBA HE3aBUCHMOCTH Hecylieil cnocoOHOCTH OT paspylue-
Hus OyeT JMInb A0CTATOYHO nokasaTh (npyu puxcuposanHoH BeauyuHe N),
4YTO HUCXOAsmas BerBb KpuBoil M-K HaumHaercs ¢ Ha4ajoM IMpPOLECCOB
pa3pyineHust BONOKOH. Jlanbine Bce paccyxaeHus OyayT COBEpLIeHHO aHa-
JIOMMYHBI CIY4ar0 BO3NEHCTBHS TOJIbKO M3rubaroiero Mmomenra. Ilpu pacue-
Tax 1Mo neOpMHPOBAHHOH CXEME BBIIIEYKa3aHHOEC HEOOXOAHMMO MOKa3aTh
npu pukcHpoBaHHBIX N 1 y.
Vuer nonepeyHoi Cuiibl HEM30EeXHO CBA3aH C OYE€Hb OOJILIIMMH aHAJIH-
TUYECKUMH TPpyaHOCTAMHM. [lpencrasisiercss BO3MOXHBIM PELIUTH BOMNPOC
cnenyrum obpasom:
1.  IlpoBoaurcsi aHaIW3 BJIMSAHUA pa3pyLIEHUs 3JIEMEHTOB Ha HECY-
Y10 crnocobHocTh no nedopMUPOBAHHOH CXEME C Yy4E€TOM HpO-
AONLHON CUJIbI M U3rH0a0LIero MOMEHTA.

2. DKCIEepHMEHTaJIbHO YCTaHABIMBAETCA HECyllas criocoOHOCT (Ha
METAIMYECKUX M XKene300eTOHHBIX paMax) M, €CJIM OHAa Bbille
WM paBHa Teoperuyeckoi no n. 1, apdexrom Bo3nencTeus nome-
PEYHBIX CHJI MOXKHO npeHeOpeub, ecliv XK€ OHa HHDKE TEOpeTHYe-
CKOM, TO CJIOXKHEHIIMI aHaIu3 STOro rnpouecca Heobxoaum.

OcTaHOBHMCA Ha pacuere Hecymel CrnocoOOHOCTH C y4€TOM CJIOKHOTO
HAIPSDKEHHOIO0 COCTOAHUSA KOHCTPYKLHHU.

Hanuume yHkumit cBsa3u ycunui U aepopmauuii 1aeT BO3MOXHOCTD,
MCIIOJIb3Ys YPaBHEHMUSI COBMECTHOCTH JieopMaLivii U NpeneiibHOe yCIOBHE

rana 4V _ 0, HANTH Hecyyio criocoOHoCTh. OnHAKO, IIPH 3TOM HE HAXOAMT
dA

OTpaXkeHHss TOT (PaKT, YTO B KAKUX-TO HACTAX KOHCTPYKIMM MPHU noTepe
YCTOHYMBOCTH MOXKET TPOUCXOAUTHL pasrpy3ka. Ilocnenyss umeer MeCTo
MpU Pa3NUYHBIX BUAAX AedopMaiinu OT BHEUIHEH HArpy3KH M MPH MNOTEpe
ycroituuBocTH. «Ecnu BHEMIHHE HArpPy3KH BbI3BIBAIOT nedopmaumu, oTBe-
YarOL[KeE BhICIIEH GopMe NMOTEPH YCTOWYMBOCTH WM KOMOMHALMH HECKOJIb-
KMX BhICIIMX GOPM, TO NMOTEPA YCTOHYUBOCTH MPOUCXOJUT paHee NOCTHKE-
HUSE COCTOSIHHS MPEAENIbHOIO pasHOBecHs B hopme nepopMupoBaHus, OTBE-
Yaroulei HU3LIeH KPUTHISCKOMN Harpy3kmw» 1 nanee [6].

HecMmoTpst HA TO, 4TO MOAOOHBIE KA4ECTBEHHBIE BBIBOMABI JIMUICHbI aHA-
JIMTHYECKOM MHTEpIpeTalny, ONaCHOCTb NMOAODHOrO ABJEHMS OT 3TOr0 He
YMEHbIIAETCS.
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Hanpumep, cumMMmeTpu4Has CBOOOAHAs pama IpU CUMMETPUHHON Ha-
rpy3ke uMmeer KococuMmerpuuHyro Gopmy norepu yctoiumBoctu. «Hecy-
1as CnoCOOHOCTh KOHCTPYKILIMU NOCTHXXKHMA TOJIBKO B T€X CHy4asix, KOria
dopma nedopMHupOBaHHS KOHCTPYKLIHM COBHajaer uauM Onuska x dopme
[IOTEPU YCTOHUYUBOCTH KOHCTPYKIIMHM NPH HUILIEH KPUTHUYECKOH HArpy3Ke»
[6].

OTtMmeueHHoe Bbinie HauboJiee peanbHOE COYEeTAaHME HArpy3ok (BepTu-
KaJIbHOH U FOPH30HTAJIbHOM) ACHMMETPHYHO M BbI3bIBAET KOCOCUMMETPHY-
HyI0 AedOpMaLIHIO, KaK IMPU MaJIbiX HArpy3Kax, TaK M Mpu norepe yCrondu-
BOCTH. YuuThiBas 60NbIIYIO XECTKOCTh puress (B5-10 pa3s Oonbuiyio, 4eM y
CBaH) H OTHOCHTEIBLHO MAaJbie NMposieThl ero (5-8M), MOXKHO YBEPEHHO CUM-
TaTh, YTO Npu AePOPMHPOBAHHU PUTeEJib HE TEPSET YCTOWYMBOCTH, Popma
XK€ MOTEPHU YCTOMYUBOCTU CBAAMHM IPEAONPENENCHA HAIMYUEM I'OPU30H-
TaJIbHOM HArpy3ku. JTO O3HAYaeT, YTO MPHU pacyeTe NOPTOBLIX POCTBEPKOB
MbI UMEEM ZIEJIO C TUIMUYHOH 3aa4eil NOTepH YCTOMYMBOCTH BTOPOIO POJa,
korzaa ¢opma nehopMupoBaHUs CTEpXKHEH HE U3MEHSETCS H Ka4eCTBEHHO
HOBbIE (hopMel paBHOBecHst (Oudypxaiinsi) HEBO3MOXKHBL.

OTrciona BeITEKAeT, MTO HECYillasi CoCOOHOCTh KOHCTPYKLIMHU JOCTUraeT-
csi npu HM3WMX GopMax MOTEpPH YCTOWYMBOCTH M MOXKET OMPENeNsAThCsA
pacyeToM Ha «yCTOMYMBYIO MPOYHOCTHY MO AePOpMUPOBAHHOMN CXEME.

Onnaxo, Bonpoc cMeHbl popm aehOpMUPOBAHHS NTPU HArPYIKEHHHN HME-
er OONbLION MPaKTUYECKU U TeopeTuYecKuil cMbica Boobue. Ham npen-
CTaBJISI€TCA, YTO B 3TOM IUJIaHE MOXHO MPEJIOKUTD CIEAYIOLIee:

1.  H3BecTHO, 4TO 3a/1a4M YCTOHYMBOCTH 3TO — MO CYTH 3a/ja49d Ha

OTBHICKMBAaHME COOCTBEHHBIX 3HAYEHUM pEIICHUN HEKOTOPBIX
nupdepesLHaANbHBIX YPABHEHU.

2. YpaBHeHus CBA3M ycuiui v nedopmauuii 3to — nuddepeHiu-
aJibHbIC YPABHEHHUS U MOTYT MMETD LIENbIi Pl COOCTBEHHBIX 3HA-
YEHUI.

3, dopma NOTEPH YCTOMYMBOCTH MOJHOCTHIO Onpenesnsierca cober-
BEHHbIM 3HaAYCHHE.

dv
4, DopmMyIHPOBKA NPEAEIBLHOTO yClIoBUs B Buie — = () coxpaHs-
dA
eTCH.
3. Bce crepxnu pasaensaroTcs Ha rpynnel. B npenenax kaxnon M3

HUX HOPMAJIBHBIE CHJIBbI OTJIMYAIOTCSH OPUEHTUPOBOYHO J10 2-X pa3
(3TO CBA3aHO C T€M, YTO B NMPAKTUYECKHX CIy4yasx paccMaTpuBa-
torca  Gopmbl He Bbiie 4-i, a OTHOIIEHHWE KBaJipaToOB
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1'('2;,]('3?;1('2;_,,]('1;1 paBuo 16:9:4:1:0).Kaxjgoii rpynne npunuchbi-

BAETCH OHO XapaKTEPUCTUUECKOE YHCIIO.

6. KomOuHnauus XapakrepucTH4eCKuX 4Yucell, NMPUBONALIAN K Hau-
MEHBbILIEH Hecylen CocOOHOCTH Vv, ABAETCS pacyeTHOM, a hop-
Ma nepOopMUpPOBAHUA CHCTEMBI B MOMEHT HCYEpTIAHWsA HECylIe
CIIOCOOHOCTH ONpenensiercsi 3TUMHU XapaKTePUCTUYECKUMH YHUC-
JIAMH.

( XapaKkTepHCTHUYECKHX YHCEN, OTIIMYHBIX OT HYJs, JAOJDKHO OBITH
CTOJILKO, YTOObI YHCIO NHKBHIUPYEMBIX CBsi3el (npu mnorepe yc-
TonuuBocTH) ObUIO He Oonee nt1 (nmpu moTepe yCTONYMBOCTH OJ1-
HOI'O CTEPXKHA JIMKBUAUPYETCS 3 CBA3H).

Y10 Kacaercs noi3y4ecTd TO, pacyernl Hecyimei cnocobHocTu He
JIOJDKHBI TTPOBOAUTLCA C €€ y4eTroM, HOO nepBoe NpenenbHOe COCTOSHUE
MOJKET CYIIECTBOBAThL JNHINb KPAaTKOBPEeMEeHHO (Hanbouibiias neperpyska).

IIpencrasiser uHTEpEC PACCMOTPEHUE BOMPOCA YHETa ABJCHUA KIIOTEPH
HECyLIel CrIoCOOHOCTH) CBail B pacueTrax Io NpeneibHbIM COCTOSHHAM.

ITpu paunoHanbHOM NPOEKTUPOBAHUE KOHCTPYKIUA JOJDKHA UMETh MU-
HUMAaJIbHbIH BEC, KOTOPbIii BO MHOIOM 3aBUCHUT OT IJIMHbI onop. OT anuHbI
OMOpP TAKXE 3aBUCHT U KO3DPULMEHT YyNpyroi nogaTiuBOCTH, HO C HEKO-
TOPOH JJTMHBI OH HE MEHSAETCSI.

ITycTe 3agavya ynpyromnacTu¥eckoro pacuyera peleHa B NPENronoxe-
HUH YIIPYTOH MOAATIMBOCTH ONOP, BCE YCWIMA B CHCTEME ABJIAIOTCHA DyHK-
LMSAMH T1apaMeTpa v, B TOM YHCJI€ U TPOAOJIbHbLIE CHJIbl B CBasiX:

N, = y/“(v); N, = y/u(v) ............... N = wh,(v)
HPH Nl - NZ = e Nn " aned ﬂOJIY‘I&EM Vlnped; Vlnped“"vn.nped Haﬂ-

MEHbIIee M3 psila 3THX V JIaeT BEJIHYHHY V U CBalO, KOTOpas NepBOii Tepser
HECYIHYIO CIIOCOOHOCT.

Eciu nipesenbHOe yCIOBHE NA€T V > Vi ey, TO MOTEPS HECYLEH CHO-
CODHOCTH K-TOH CBau NMPOMCXOAMT PaHee pa3spylleHUs KOHCTPYKIH. Jlann-
HEHIIHK pacyeT A0okeH ObiTh nponosmkeH npu Ny=Np.., B K-TO¥ cBae. Cre-
eHb CTATMYECKON HEOMNpPEACIUMOCTH paMbl NOHU3WIACH HA CAUHULY.
Onsary, onpenenAaercs U3 NPEAEILHONO YCIOBHS NapaMerp vV, B NPEAnolo-
JKeHHU YIIPYro# MOJATIMBOCTH BCEX CBAll U CPABHUBACTCSA C MapaMETPOM V ;3
apen, MUHUMAJIBHBIM NTAPaMETPOM, KOTOPO# BLIOMPAETCs U3 YCIOBHIA:

N, = wﬂ(v) N, = ;r/n(v); ............... N,=y,, (v)

Ecnm vy > v e , TO MOTEPA HECYLIEH CIOCOOHOCTH COOPYIKEHHA ITPOUC-
XOJMT MOCHE NOTEPH HeCcyulel cnocobHocTu |-To¥ cBau U T.14.
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[Ipeanonaraembiii IPHEM UCIONBL3YET IIPH OINPEACICHUU TIOJIHOM HECY-
e CrnocoOHOCTH MACK (CTATHYECKOrO» METOJA MOCIENOBATEIBHOrO 00-
pa30BaHus IMNACTUYECKUX LIAPHUPOB.

TpynoemkocTs Nog0OHOTr0 METOZ1a O4EHD BEJIUKA.

[ToaTOMYy MHTEPECHO annpOKCMMHUPOBATh AMArpaMmy OCaIOK CBau OT
HOPMAaNbHOM CHJIBI OJIHOM AOCTATOYHO MpOoCToM (pyHkiuen. 1o BooOIine
CHAJIO Obl BCE «IMOCNENOBATENbHBLIC) WIArM M cAeniajio Obl pacyer XOoTs |
Oosiee CHOXHBIM, HO OJJHOKPATHbBIM.

ITonoOHbIiA MyTh HaM npeacTaBisercs 0osee NPeanOYTHTEILHBIM.

BuiBoawbi:

ITokazaHa BO3MOXHOCTbL PellCHMA 3aJa4yd y4dera paspylleHHs OTAE)]b-
HBIX 3JIEMEHTOB POCTBEpKA Ha HECYIUIYIO CIOCOOHOCTH BCEro COOPYXEHHS.
[IpuBenena cxema noaoOHOro pacyera C y4eTOM CJIOXKHOIO HAanpsiKeHUs
COCTOSIHHA KOHCTPYKLMM M AaHAa TOCHAENOBATEJBLHOCTh PAacyeTa C y4eTOM
NOTEPU HECYIeH CrnocoOHOCTH OTAECbHBIX CBAH.
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