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IMPUJIOKEHUE K CBUAETEJBCTBY O BEPUPUKAIIUU IIC
Ne 02/ANSYS/2009

Bo03MOKHOCTH KOMIUIEKCa, TOATBEPKACHHbIE BepuprKanuen

ANSYS Mechanical — yauBepcanbHblii IPOrPaMMHBIN KOMIUIEKC ISl PELICHUs 3ajad
CTALIMOHAPHBIX U HECTALMOHAPHBIX TEOPUU MO (TEIUIONPOBOAHOCTh U (UIBTpALUs), pacuera
CTaTUYECKOT0, TEMIEPATYPHOTO M TMHAMUYECKOTO HANpPsKEHHO-Ie(POPMUPOBAHHOT'O COCTOSIHUS
Y ONTHUMM3ALNN IPOCTPAHCTBEHHBIX KOMOMHUPOBAHHBIX KOHCTPYKIMH, 3JaHUH U COOpPYKEHHH ¢
yueToM 3PQPeKToB (U3NYECKON, T€OMETPUUYECKOM, CTPYKTYpHOW (KOHTaKThl C TPEHHEM) H
TEHETUYECKON (MCTOpHUsSI BO3BEACHUS W HArpyXeHHUs) HEIMHEHHOCTEM Ha OCHOBE MeETojAa
KOHEYHBIX JIEMEHTOB.

Buowt mooenupyemvix cmpoumenvHvlx KOHCMPYKYUIL, 30AHULL U COOPYHCEHUIL:

[Ipon3BoabHBIE  MPOCTPAHCTBEHHBIE  KOMOWMHUPOBAHHBIE  (MAacCCHBHO-000JIOYEHYHO-
IJIUTHO-CTCPIKHECBLIC U3 PA3JIMYHBIX MaTepI/IaJIOB-CpeI[), BKJIFOYad:

— Ha3eMHBIC U TI0J3€MHBIE, BBICOTHBIC W OOJBIICIIPOICTHBIC, MOHOJIUTHBIC U TIAaHEJIbHBIC,
BaHTOBEIC;

— MeTauTMYecKue (CTaJIbHbIC, YYTYHHBIE, CIUIaBbl), OCTOHHBIC, JKEJIE300€TOHHBIC,
CTaJIe)Ke.He306eTOHHBI€, KaMCHHBIC nu KHUPIIUYHELIC, JACPCBAHHBLIC, PC3UHOBLIC u
pEe3NHOMETAIUTNIECKHE, TPYHTOBEIC;

— CJI0’KHBIE KOHCTPYKTUBHBIE y3IIbL.

I'panuunvie (Kpaeswie) ycnosus

3aoauu meopuu nons

3ananHbie TeMIeparypsl (PUIBTpallMOHHOE JaBJICHKE) B 33JaHHBIE MOMEHTHI BPEMEHH;
3aoauu pacuema H/{C

3aJlaHHbIE IEPEMEILIEHUS U KHHEMATUUECKUE CBSA3H Py Y3JI0B

Hazpy3xku u eo30eiicmeus

— 3aJIaHHbIE TETUIOBBIE TTOTOKH (TEOPHS TIOJIA);

— CTaTH4YecKue OOBEMHBIC, MOBEPXHOCTHBIC, JIMHEHHBIC U Y3JIOBBIE CHJIBI U MOMEHTHI,
BKJIIOYasi TeMIepaTypHbIe, BECOBbIE, CHETOBBIE, CPETHUE BETPOBBIE U JIP.;

— MyJbCaIlMOHHAs (IMHAMUYECKAs) COCTABIISIONIAS BETPOBOW HATrPy3KU;

—  celicMuyeckue, 3aJaHHble  TPEXKOMIIOHEHTHBIMM  CHEKTpaMH  OTBETa H
akcesjeporpaMmmamu;

— CHJIOBBIE TMHAMUYECKHE, 3a/ITaHHbIE BPEMEHHOW pealin3aluei;

— BUOpAIIMOHHEIE, 3a/IaHHBIC AMITUTYJaMH H YaCTOTAMH BO3/ICHCTBHUS;

— CIy4yalHbIe TMHAMHYECKHE, 3aJJaHHbIe crieKTpaibHO (PSD).

Tunwt pewiaemuix 3a0au (6udwvl pacuemos)

— CTalMOHAPHBIC 33/1a4U TEOPHH TTOJIS (TETUIOMPOBOTHOCTD, (DUIBTPAIUS U T.I1.);

— HECTAIMOHAPHBIE 33J1a4U TEOPUH TOJIS (TETTIONPOBOAHOCTD, (DUIBTpAIUS U T.11.);

— IUHEWHBIC CTATUUYECKHE;

— COOCTBEHHBIE 4acTOThl M (HOPMBI KOJICOAHUA B SHEPTETUUYECKH 3HAYMMOM YacCTOTHOM
narnasoHe (4acTU4Has mpodieMa COOCTBEHHBIX 3HAYCHH);

— TMHEHHAs yCTOWYUBOCTH (YacTUYHAs MpobiieMa COOCTBEHHBIX 3HAUCHH ),

— rapMOHUYECKUH aHanu3 (YCTaHOBUBIIHECS KOJIeOaHUsI-BUOPALINN);

— JIMHEHHO-CIIEKTpaJIbHAS TEOPHS CEHCMOCTOMKOCTH (Ha CIIEKTPHI OTBETA);

— CIEKTpalbHBIA JMHAMUYECKUN aHaAW3 (C paslioKeHHEM MO COOCTBEHHBIM (hopmam
KoJIeOaHmil),

— TepexoJHble JUHAMHYECKHE TMpoIecchl (IMpsSMOe WHTErPUPOBAHUE YpaBHEHHIA
JIBIDKEHUS )
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— HEJNMHEWHbIE CTaTUYECKUE U JMHAMHUYECKHE (B TOM uHucie, “MOHTaX M pacdyeT Ha
nporpeccupyroliee oopyuieHue);

— CIIEKTPAJIHHBIN aHAIN3 CIYYalHBIX KOJIeOaHMIA;

— ONTUMHU3ALUS T€OMETPUUYECKON (POPMBI M CTPYKTYPBHI.

Henuneiinvie pakmopui:

— FrCOMCTPHUICCKUC HCJ'H/IHGI\/'IHOCTI/I;

— (Qusnyeckas HeTMHEHHOCTh (IJIACTHYHOCTH, TIOJI3YYECTh, BS3KOILIACTUYHOCTD,
TUIEPYHPYTOCTb....);

— CTPYKTypHasi HEIMHEHHOCTh (KOHTAKTHI C TPEHUEM);

— TeHETHYECKasi HEJTMHEHHOCTh (MCTOPHS BO3BEICHUS-HATPYKEHUSA ).

I'eomempuueckue nenuneinocmu

— Oonbiue aedopmanmu;

— OosblIME TIEpEMEIICHHUS;

— YIIpOYHEHHE MPU HArpy)eHuH (stress-stiffening).

Mooenu nosedenus mamepuanoe (6K104as uU3UUECKyI0 HETUHEIHOCHLb):
— YIIpYTU€ U30TPOIIHbIE, TPAHCBEPCATbHO-U30TPOIHBIE, OPTOTPOITHEIE;

— MJIACTUYHOCTH METAJUIOB (TEOpHsI TEUCHHSI C Pa3IMUHBIMH YIPOYHEHUSIMH);
— MOJI3y4€eCTh METAILJIOB;

— BSI3KOILJIACTHYHOCTh METAJIJIOB;

— o0pa3oBaHHe TPEUTUH B OETOHE U KEIE300€TOHE;

— HeNMHEHHas MOJIENIb KUPITUYHON KIIaJKH;

— JICpEBSIHHBIC KJICCHBIC;

— TUTIEPYTIpYTHE (HEC)KUMAEMbIE) PE3UHONOJO0HBIE;

— HenuHelHas Mmojenb rpyHTa (Apykepa-Ilparepa).

Memoowt peutenus (pacuema)

MeToa KOHEUHBIX 3JEMEHTOB B mepemMerieHusx (ans 3amad onpenenenus HJIC) c
npeacrtaBuTensHOW  OmOnmotekor KD,  Bkmowarommii ¢ ¢dexktuBHBIE  “permmarenn’
OoJblIIepa3MepHBIX CTATUYECKHX, HECTAIMOHAPHBIX U AMHAMUYECKUX JIMHEHHBIX U HEJUHEHHbBIX
3a1ay:

1) pe3yapTHPYIOIIMX CHCTEM JHMHEHHBIX aireOpauyecKuX YpaBHEHUIl paBHOBECHS U
TEOpUU MO (MPAMOM € ydyeToM pa3peKEHHOCTH MAaTpHIl U UTEPALMOHHBIN, peanu3yromui
METOJ CONPSHKEHHBIX IPAMEHTOB € IMPeA00yCIIaBIMBAHUEM);

2) yaCTUYHOM MpOOJIEeMBbl COOCTBEHHBIX 3HAUYEHUH (METOJ UTepaluii MOANPOCTPAHCTBA U
BapuaHThI 0J109HOTO MeTo/a JIaHmoa);

3) HesBHbBIE CXEMbl MHTETPUPOBAHUS 10 BPEMEHHM PEAYLMPOBAHHBIX M MCXOJHBIX
ypaBHenui quHamuku (Heromapka, HHT);

4) cxema MHTEIpPUPOBAHUSA II0 BPEMEHM YpPAaBHEHUN HECTALIMOHAPHON TEOPUM IOJIS
(Xpromxeca);

5) Hreiotona-Pagcona ¢ aBromMarnyeckuM BBIOOpOM IIara W ypaBHOBEUIMBAIOIIUMHU
UTEepalMsIMU A1 PU3NUECKU M TEOMETPUYECKH HEJIMHEMHBIX 3a/a4;

6) “arc-length” (okaiimmsrommx ayr) A 3agad ¢ OONBIIONM TeOMETPUYECKOM
HEJIMHEHHOCTBIO, BKIIIOYAsl y4eT 3aKPUTUYECKOTO ITOBEACHHUS;

7) wmeronsl 1mTpadHBIX (yHKOMHA, MHOXUTened Jlarpamxka W uUX KOMOMHAIMU-
pacIIMpeHus s pelICHNs] KOHTAKTHBIX 3a/1a4;

8) IpsAMbIE METOABI ONITUMU3ALINN «HYJIEBOTO» U «IIEPBOIO» MOPSAKA;

9) craryc «oku3Hb» U «cMepThb» KD i pemieHus, B TOM 4YMCIE, TI'€HETHYECKH
HEJIMHEHHBIX 3a/a4;

10) cynepajaeMeHTHBIE CXEMbl TPOW3BOJBLHON HepapXuH (CTaTHKa, IMEPEXOIHBIC
IIPOLIECCHI, JIMHEHHAs! yCTONYUBOCTh, MOJAJIbHBII CUHTE3).
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Habop éepugpuyuposannvix KOHeuHbIX IN1eMEHMO08

N3 o6mmpHoii OubnnoTekn KomIuiekca BepuduirpoBansl 6osee 50-u TunoB (moapodHee
CM. B MaTpuIax Bepu(puKanum — COCTAaBHON 4aCTH BEpUPHUKAIIMOHHOTO OTYETA), BKIIFOYAs OHO-,
IBYyX- 1 TpexMepHble KO, a Takke ux 1omycTuMble KoMOUHAMK B oHOU KD-Monenu:

1) “onemenmapuvie” npysicunsl, maccol, demngepsvl i X KOMOWHAIUY;

2) cmeporcHessvie (8 m.4., GaHMOosble), padoTaIOIIUe Ha PACTSHDKEHUE U/UITH CKATHE,

3) banouno-cmepoicuegvie ¢ pasIUUHLIMU 2UNOME3AMU, YIUTBHIBAIOIINE pPaCTSHKEHHE-
C)KaThe, M3rud, CIABUI, KpydeHHe, BKJIOYas BO3MOXHYIO JACIUIAHALMIO CEYEHUS U
OKCICHTPHUCHUTET;

4) obonoueunvie C PpazIMYHBIMU TUNOTE3aMHU (TOHKO-, CpEIHE- U TOJCTOCTEHHbIE
IUTACTUHBI U 000JI0YKN);

5) naocko-nHanpsaxiceHno20,  NIAOCKO-0e@OPMUPOBAHHO20 U OCECUMMEMPUUHO2O0
COCTOSIHUSI TEOPUH YIIPYTOCTH;

6) obvemnozo H/[C Teopun ynpyroctu;

7) KoHmaxmmusie (y3108ble, NUHElHble U NOBEPXHOCMHbIE) C OTKPHITUEM-3aKPBITHEM U
TpEeHUEM;

8) 2-x u 3-x mepHvle meopuu nous (TETIONPOBOIHOCTD, GUIBTPALIMS U JIP.);

9) mampuunsie (B T.4., CyNIepITEMEHTHI).

Ozpanuuenus Ha pasmepHocmay

“Ilogpemubie” pazmepHocTn KD-monmenu (y370B, 3JEMEHTOB) U  PE3yJIBTHPYIOUIUX
BBIUMCIUTENBHBIX 3a/a4 (cTeneHeil cBoOOAbI, COOCTBEHHBIX 3HAYCHMIA, IIaroB MO BPEMEHU U
T.I.) OTpaHMYEHBbl JOCTYIHOW OINEpaTUBHOM U JUCKOBON mamaTbio OBM, pa3psaHOCThIO
mpoleccopa M ONEpaIliOHHOM CHCTEMBI, pacrojiaraéMblM BpeMeHeM cueTa (TocienHee
OTpaHUYECHUE MOXKET OBITH CHATO MPEIOCTABIIEMBIMI BO3MOKHOCTSIMU PECTAPTOB).

Ha ucnonb3oBasueiics [I19BM (kondurypauus WIN XP 64, OII 8 I'6, 3aneiictBoBaHO
JBa Ipoueccopa) 3adUKCUpOBaHBl CJIEAYIOLUIME TOKa3aTedud JUisl  3afad  «OOJbILOi»
pa3MepHOCTH:

6 300 000 crenieneii cBOOOBI (YpaBHEHUIN) TSl CTATHYECKHX 3a1a4 — 3957¢.;

2 099 400 creneneit cBOOOIBI ISl YACTUYHON MpoOIEMBbl COOCTBEHHBIX 3HAYCHHIA
(ompeneneHo 7 HU3MMX COOCTBEHHBIX 4acTOT/hopM)— 5507¢.

Bo3moxHO pelnieHre 3a1a4 1 CyIIeCTBEHHO OOJbIlel pa3MEepPHOCTH (JIECATKA MUJUTUOHOB
HEU3BECTHBIX), OCOOCHHO MPHU HMCIOIB30BAHUH JOCTYITHON MHOTOINPOIIECCOPHON U KIaCTEPHOU
TEXHOJIOTHH.

Pezynomamut pacuemoe

3aoauu meopuu nons

— y3JI0BbI€ TeMIepaTypbl ((PUIBTPALIMOHHOE JaBJICHUE) B 3aJaHHbIE MOMEHTBI BPEMEHH;

— TEIJIOBBIE IOTOKU U TpasueHThl B KO B 3a1aHHBIE MOMEHTHI BpEMEHU

3aoauu pacuema H/{C

— 3HaYMMbIe KOMIIOHEHTBI y3JIOBBIX NMEpEMEIeHUI (CTaThKa), CKOPOCTeH M yCKOpPEHUH
(nnHAMMKA);

— peaKkuMy B IPaHUYHBIX y3J1axX (OMOpax) U JaBJICHUE HA BUHKIEPOBCKOE OCHOBAHMUE;

— BHYTPEHHHE yCHUJIMs (CHJIBI 1 MOMEHTHI) B TOUKax MHTerpupoBanuu KO u y3nax;

— KOMITOHEHTHI jAedopMaruii, riaBHble aedopMali U SKBUBAIECHTHBIE IedopMaruu
(Museca, Tpecka) B Toukax uWHTerpupoBanus KD u y3max, ¢ pasneincHHEeM Ha yIpyTrue,
TEMIIEPATYPHBIE, IIJIACTUUECKUE U TIOJI3yUHE COCTABIISAIOLINE;

— KOMIIOHEHTbI HaNpsDKEHUH, IJIaBHBIC HANPSIKEHUS WM SKBUBAJICHTHBIC HaNpsOKEHUS
(Muszeca, Tpecka) B Toukax unterpuponanus KO u y3nax;

— COOCTBEHHBIE YacTOTHI U (OpMBI KoJieOaHUH (TpedyeMoe KOIMYECTBO WIIH B 33JIaHHOM
YaCTOTHOM JIMAITa30He);

— KPUTHYECKUE HArpy3Ku U (POPMBI IOTEPH yCTONUNBOCTH;

— aMIUIMTYJbl [EPEMELIECHUN, YCWIMM M HalpsOHKEHUHM Ui 3aJaHHBIX 4acTOT
BuOopoBo3aeicTBus (AUX);
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— «CTaTyC» KOHTAKTA, [UTMHA/TUIOIIAb, HATPY3KH HAa KOHTAKTHBIX MIOBEPXHOCTSIX, JIMHHSIX
U y3IIax;

—  KOX(pUIHMEHTHl HMHTEHCHMBHOCTH HANpsDKEHUH W J-uHTerpansl  (MexaHUKa
pa3pyuieHus);

— ONTUMHU3UPOBAHHBIE TTAPAMETPhI KOHCTPYKIUH ((popMa, cedeHus, . ..);

— KapTUHBI 00pa30BaHUs TPEIIMH B OETOHHBIX dJIEMEHTAX;

— HEBSI3KU 10 CHJIaM U MepeMEIIeHUAIM (HEeIUHEWHBIE 3a/1a4u).

Tounocms yucieHHbIX pe3y1bmamos

3aBHCHT OT Kiacca (THMa) 3aaay, “kadectBa’ mocTtpoeHHoW KD-moxenu (ceTku) u, B
0COOEHHOCTH 1711 HEJIMHENHBIX 3aj]a4, OT BHIOpAaHHOTO MeTo/a (cxeMbl) perieHusd. [lonpoOHo — B
MaTpulax BepuuKaIu sl peHIeHHbIX 3a/1a4.

Jlig TMHENHBIX 3a/1a4 MpU COOMIOACHUN U3BECTHBIX U IOKYMEHTUPOBAHHBIX TPeOOBaHUM
K MOJEITUPOBAHUI0O TOYHOCTH OIPEAETICHUS OCHOBHBIX MapaMeTPOB IMOJsI, CTaTUYECKOTO U
nunamuueckoro HJIC cocrasmsier menee 1%. st 3amau ¢ «rimyOoKoi» HEMTWHEHHOCTHIO M(WITH)
OpU  CIOXKHBIX MOJENSIX (U3MUYECKON HETWHEHHOCTH PACXOXKICHHE C «ITaJOHHBIMID
pe3ynbTataMu MoxeT gocturath 15-20%.

Bo3mooscnocme 6KJ/II0Y€HUA COOCMEEHHBIX KOHEUHDBIX Jniemernmoae, Mmooenei
noeeoenus mamepuaiios, pemameﬂeﬁ um.n.
Peamm3oBana c MMOMOIIBIO MPUKOMITMJIMPYEMBIX ITOJIB30BATCIBCKHUX TOAIIPOTrPpaAMM.

Ceedenus o dazax oannvlx (dubdbruomexax koncmanm), ucnov3yemoix ¢ IIK ANSYS

BerpoeHHbIX B TEKCT mporpamMmbl  (pu3MUeCKMX KOHCTaHT HeT. Bcee ¢Qusuko-
MEXaHWYEeCKHe, TeOMETPUUECKHE, IKECTKOCTHBIC, HHEPLIMOHHBIE W  JUCCUIIATUBHBIC
XapaKTePUCTHKU 33JA0TCS SIBHO B UCXOHBIX JIaHHBIX.

OdunuanbHbIe IKCIEPTHI

HauanbHuk otaena pacyeToB MOCTOB
3A0 “Uncrutyt 'mnpocrpoiimoct Cankr-IletepOypr”
I.T.H., Ipo. Cnuskep B.U

3aB. Kadenpoii crpoutenbHON MEXaHUKH

Y BBIYHCIIMTEIBHBIX TEXHOJIOTHIA

ITepMckoro rocy1apcTBEHHOTO

TEXHUYECKOTO YHUBEPCUTETA

I.T.H., Tpod. Kamesaposa I'.T".

3aB. kadeapoii «MHxeHepHas 1 KOMIIbIOTEPHAs TpaduKa

FOxH0-Poccuiickoro rocyapcTBEHHOTO

TEXHUYECKOTO YHUBEPCUTETA

I.T.H., Ipod. laitmxypos ILI1.

[Ipencenarens Hayunoro Coseta PAACH
“IIporpaMMHBIE CPEICTBA B CTPOUTEIILCTBE
U apXUTEKType”, A.T.H., Ipod. Cupnopos B.H.
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