3akiroyeHnue dkcnepra no sepuukanuu nporpammbel ANSYS

B cootBercTBHMM ¢ nopydyeHneM pykoBojcTBa Hayunoro coera PAACH “IIporpammHbie
CpE/ICTBa B CTPOUTEILCTBE U apXUTEKType” (10 JOTOBOPEHHOCTH ¢ Tpencenarenem coera B.H.
CuaopoBbIM) HacTOsIIIAs 3KCIEPTU3a BEPUPHUKAIMOHHBIX TECTOBBIX INPUMEPOB OTHOCHUTCS
UCKJIIOYMTENIBHO K 3aJjauaM pacyeTa KOHCTPYKLUN Ha YyCTONYMBOCTh PAaBHOBECHS U HE KacaeTcs
OCTaJIbHBIX Pa3/eNIOB MPOLEAYPbI BEpUPHKALIHH.

[IpencraBneHHble MEPBOHAYAIBHO HA PACCMOTPEHHUE 3KCHEPTU3bl BEpU(PUKAIIMOHHBIE
IPUMEPBl PAcyeTOB KOHCTPYKIMHM IPAKTUYECKHM HE COJIEp)Kald TECTOB, I03BOJISIOLINX
YCTAHOBUTH KOPPEKTHOCTh PE3YyJIbTaTOB PACUYETOB KOHCTPYKLIHMA HAa YCTOMYHMBOCTH PABHOBECHS.
HckmroueHne cocTaBiisieT TecT 4, B KOTOPOM paccMaTpuBacTcs Kiaccuueckas 3anada [Ipanaris
— YCTOHYMBOCTH PAaBHOBECHS BBICOKOW OajKu MPH JEHCTBUHU TONEPEYHOW CHIIBL. B cBs3W C
3TUM 3KCIIEPTOM OBUTH MPEJIOKEHB! JOMOJHUTEIBHO 12 TECTOBBIX MPUMEPOB, (POPMYIHPOBKA
KOTOPBIX IPUBOJNUTCS HUAXKE.

[Ipennararores cnemyromnie 12 TeCTOBBIX IPUMEPOB MO pacyeTy Ha yCTOWYMBOCTD:
1-as rpynna npumepoB

5 TtecroBeix mnpumepoB S1,S2,S3,S4,S5 — ycTOMYMBOCTH 3aKpy4MBAcMOIO MPSAMOIO
CTEpKHs. OTHU TpuUMephl npuBeneHsl B kHure [1] Ha ctp. 552 puc. 8.9. Tam xe manbl
TEOPETUYECKHE PE3YIbTaThl A1l KPUTHUECKOM Harpys3Ku.

2-asi rpynmna npuMepoB

5 TectoBeix npumepoB S6,57,S8,S9,S10 — ycroitunBocTh IIOCKOM (GopMbl H3ruda
KOHCOJIBHOTO CTEP>KHSA. DTH TPUMEPHI NMpuBeneHbl B kHure [1] Ha cTp. 573 puc. 8.14. Tam xe
JIaHbl TEOPETUUYECKUE PE3YJIIbTATHI I KPUTUUECKON HAarpy3KH.

IIpumep S11

YcroitunBocTh MI0CKO (opMbl M3rnda MAPHUPHO ONEPTOrO CTEPXKHS MO JIeHCTBHEM
PaBHOMEPHO paclpeieIeHHOM MOMEHTHON Harpy3ku — cM. [1] ctp. 582 puc. 8.17. B BbIBOzE
OKOHYaTeNbHON Qopmynsl (5.62) ctp. 584 B [1] Bkpanack ommbka, koTopas OyAeT ucmpaBieHa
BO BTOPOM U3JaHUU 3TOM kHHUTH. [IpaBunbHast popmyia Takas
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[Tpumep S.12. TecroBas 3anaua AJis pacyeTa Ha yCTOMYUBOCTh
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Croliku paMbl CUMTAIOTCS aOCOJIOTHO JKECTKUMH. B pacueTHOW cxeme 3Ty pamy
IpeiaraeTcsl paccMaTpUBaTh COCTOSIICH W3 €IUHCTBEHHOTO CTEpXHS (pUrens), HO TaKoro,
KOTOpBIHA CHAa0XEH )KECTKMMM BCTaBKaMU Ha CBOMX KOHIaX (MHE Ka)KeTCsl, YTO B TEPMUHOJIOTUU
ANSYS Takue xeCTKHe BCTaBKH UMEHYIOTCs Kak Offsets). DTu sxecTkue BCTaBKH M MOJCITHPYIOT
HepeopMupyeMble CTOMKU. ECIM TOMBITaThCsS BBITIOJHUTL PAcdeT HA YCTOWYUBOCTH TaKOU
pambl, TO MHOTHE PacClpOCTPaHEHHBbIE MPOrpaMMBbI (€cid He OOJBIIMHCTBO!) CIOTHIKAIOTCS Ha
3TOHM MPOCTOH 3amave, BbIAaBas OMMOOUYHBIA OTBET 00 aOCONIOTHON yCTOHYMBOCTH pambl. Ha
caMoOM Ke JieJie 9Ta 3aJja4a UMeeT BIOJHE 3JIEMEHTApHOE pellieHne, KOTopoe AaeTcs (opMyIIoi:
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PesyibTaThl Bepu(pUKaLHOHHBIX PACYETOB

[Ipn pemenun Bcex NPEUIOKEHHBIX TMPUMEPOB OBLIM HCIONb30BAHBl HECKOJIBKO
MEXaHMYECKUX MOJIeNel, KaK CTepXKHEBble, Tak W 0Oojiee H3OIIPEHHBIC, COCTABICHHBIC M3
o0vemHBIX K3, X0T4 10 3aMbICTy AKCIIEpTa UMENIOCh B BUAY MPUMEHEHUE UMEHHO CTEP)KHEBBIX
MOJCIICH.

s nmopapnsiomiero OOJIBIIMHCTBA 3aad TOYHOCTh IOJYUEHHBIX PEIICHUH Kak IpH
UCTIOJIb30BaHUM CTEPKHEBBIX MOJEINIEH, TaK M MPH MPUMEHEHUU B PAaCUeTHOM cxeme 00BEeMHBIX
KD BrmosnHe nocraro4Ha.

Opnako, g 3amaun S4  (YCTOMYMBOCTH KOHCOJM TMPU  3aKPYUYMBAHMHM €€
MOy TAHTECHIIMAIbHBIM MOMEHTOM) CTEp)KHEBasi MOJENb HE MpHBeJia K BbIJade KOPPEKTHOTO
pe3ynbTara, XOTsS C MOJAENbIo, coaepxkamieit oOwemHble KO mist atoit ke 3amaun, ANSYS
YCHEIIHO CIpaBWICA. DKCIEpTa MOpPaJ0Bajo TO HEOXHUJAHHOE Uil HETrO OOCTOSITENbCTBO, YTO
ANSYS He cnoTkHysncs Ha Oojee KOBapHOH 3amade S5, B KOTOpOHl KOHCONb MOJBEpXKEHA
BO3/ICHICTBUIO IBYX B3aUMHO TacsIIUX KPYTALIMX MOMEHTOB.

3agaun S6-S10 Guumsku no cMmeiciy 3agadam S1-S5. Otauuue B TOM, YTO TeNeph peyb
uaeT 00 YCTOMYMBOCTH IUTOCKOM (OpMBl M3THOA CTEpPKHS TP BHEIIHEM BO3JCHCTBUH,
BBI3BIBAIOIIEM HAIPSKEHHOE COCTOSIHWE KOHCOJIM B BUJE YUCTOTO M3ruda. JIroOombeITHO (M faxe
HECKOJBKO cTpaHHO), 4To ANSYS koppekTHo 00pabdoTan 3aaaqy S9, XOTS CO CBOUM aHAJIOTOM
3amadeil S4 B CTEp)KHEBOW MOJIENU pelleHHe MOMYYUTh He yaanock. OCOOEHHOCTHIO 3THX JIBYX
3anad (S4 u S9) aBisieTcst To, YTO B TAHHOM CITy4ae Mbl UIMEEM JIeJI0 C KPAaTHBIMH KPUTHIECCKUMU
Harpy3kamu. Ha 3TOM OCHOBaHMM s Mpeamnojaraio, 4yTo creuuuka 3agady YCTOWYMBOCTH C
KpaTHBIMU KPUTHYECKMMH Harpy3kaMu He MOJHOCTHIO YUT€Ha B alrOpUTMax, MPUMEHSIEMBIX B
ANSYS, Tak 4TO pe3ynbTaTbl pacyeToB B TAKUX 3aJadax HE BIIOJIHE HAAEKHBI. XOTs,
CIPaBEJIMBOCTHU PaJid, CTOUT OTMETHUTh, YTO HAa MPAKTUKE NMOAOOHBIE 3a]Ja4l 3TO PEIKOCTb.

B 3amaue S11 Hukakux mpoOieM He BO3HHMKIO, XOTsA 3Ta 3aJada TakKe COMCPIKHUT
MOJIBOJHBIE KaMHHM — HayallbHOE HAIpPSDKEHHOE COCTOSIHUE OTCYTCTBYET B TOM CMBICIE, YTO
3MIOpa MOMEHTOB B Oajike HyJIeBasl.

enpto 3amaun S12 Obuta poBEepKa KOPPEKTHOCTH ydYeTa KECTKHUX BCTABOK Ha KOHIIAX
CTEP)KHEBBIX IEMEHTOB. PerieHue ke 3Tol 3a/1a4l C YUCICHHO OOJBIION KECTKOCTBIO )KECTKHX
BCTaBOK uHTepeca He mnpenctasBmser. K coxanenuto, ANSYS, kak u mnopasidmoliee
OOJIBIIMHCTBO ACHCTBYIONIUX MPOTPAMMHBIX KOMIUIEKCOB, HE YMEET MpaBWJIBHO paboTaTth CO
CTEPKHEBBIMH MOJIEIISIMU, COAECPIKALIMMU KECTKUE BCTABKU. DTO 0OCTOSTENHCTBO AOKHO OBITh
JIOBEJICHO J0 CBEJICHUS MOJIb30BaTENeH, MOCKOJIbKY Ha MPAKTUKE JKECTKHUE BCTABKU B PACUETHBIX
MOJIEISIX BCTpedaroTcs BechbMma yacTo. [1o onmbITy cBOel JMYHOM paboOThl sI HE MPUIIOMUHAIO HU
OJIHOM MPaKTUYECKH BAXKHOW 3aJauyM 3a MOCIEAHHME TOIbI, TAe MOJAOOHOTO pOAa AIEMEHTHI He
BKJIIOYAIMCh ObI B cOCTaB pacueTHOW cxeMbl.  Kcratu roBops, 3Ta ke omMOKa I0JKHA
NPOSIBIISITECS. HE TOJNBKO B 3a7adyax YCTOWYMBOCTH, HO M MPHU PEHICHHH T€OMETPUYECKU
HEJIMHEHHBIX 33a]a4, TaK Kak HCTOYHHK OMHMOKK (OH M3BECTEH M OITyOIMKOBaH, HarpuMep, B [1])
OJIMH U TOT XKe.

BriBoabI

Hacrosimum  pekomennyio mporpammy ANSYS K HCMOIB30BaHMIO B TPHUKIAJIHBIX
pacyeTax CTPOMUTENIbHBIX KOHCTPYKIUN MPUMEHUTEIBHO K 3a/layaM yCTOMYHMBOCTH PAaBHOBECHS.
B nmoxyMeHTanuu K HMCIOJIB30BAHHMIO MPOTPAMMBI 11€JIECO00Pa3HO OTMETUTh, YTO MPUMEHEHUS
JKECTKHX BCTaBOK B CTEP’KHEBBIX KOHEUHBIX 3JIEMEHTAX IIPHU pacueTax Ha yCTOMUMUBOCTh CIETYET



n30eratb. Bo3aMoxHOe penieHne (XOTs U He JIydlliee) 3TO 3aMEHA JKeCTKAX BCTABOK OTICIHHBIMU
CTEPKHEBBIMU AJIIEMEHTAMU C BBICOKOU JKECTKOCTBIO.

PeKOMeH)]aIII/IH K Bepl/l(l)I/IKaIIl/IOHHOMy oTUIEeTY

bl noJjiararo, 410 HNpOBCPKY MPCATIOKCHHBIX TCCTOBBIX 3aJa4 C IMOMOINBIO TPEXMCPHBIX
KOHEUHBIX DJIEMEHTOB MOXKHO HE BKJIIOUATh B OKOHUYATEILHBIM OTUYET. CYTB 1 CMBICJI 3TUX TECTOB
3aKIITOYCHBI B IIPOBCPKE UMCHHO CTCPIKHCBBIX MOI[GJ'IGﬁ " TOJIBKO.
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