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AHann3 BeayLmx MMPOBbIX Pa3paboToK
B 06/1aCTU UHXEHEepPHOro
NnporpammHoro obecrneyeHus c
OTKPbITbIM NPOrpaMMHbIM KOAO0M
(yacTtb 1)



CalculiX

OTKpbITbiK, CBOOOAHbBIN NPOrPAMMHbIN MaKeT,
npeAHa3HaYeHHbIN ANA peeHnsa NMHENHbIX U
HE/IMHENHbIX TPEXMEPHDbIX 33134 MEXaHUNKM
TBEPAOro AePopMUPYyEMOro Tena € MOMOLLbIO
METO3a KOHEYHbIX 3/IEMEHTOB

PacnpoctpaHaeTtca noa amueH3smnen GNU GPL

MN3HayanbHO NpoOrpammHbIv NakeT co3aaBasnca Ana
Linux, B HacToALLEee Bpems CYLLLEeCTBYHOT COOPKM
ana Windows n MacQOS



CalculiX

LC4:NDTEMP
Tim:1.000000

CalculiX npegHa3Havanca ana S

min: 7.86e+02

NPOYHOCTHbIX U TEMJIOBbIX PACYETOB o

AeTanen n y3nos asMagsuratenem,
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56e+02

NO3TOMY OCHOBHOW YMNoOp B HEM CAENaH Hej i
obbemHble KOHEYHbIE 3/IEMEHTBI, npmquI

9.16e+02
9.06e+02
§.96e+02
8.86e+02
g.76e+02

88888888
EEEEEEEE

Hanbonee TOYHbIE — C NPOMEKYTOUHbIMU I
y3namm.
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MNopaepxuatoTca GopmaTbl KOMMEPYECKOTO NPOrPaMMHOro
KomnaeKkca Abaqus.

KoHe4yHO-3/1eMeHTHAA CeTKa, CreHepupoBaHHaA B NpenpoLleccope,
MOXeT MCNONb30BaTbCA Kak B KommepyecKkux nporpammax (ANSYS,
Abaqus, Nastran), Tak n B nporpammax c oTKpbITbiMm Kogom (Code
Aster, ISAAC, OpenFOAM).



CalculiX

C CalculiX cBA3aH eanHCTBEHHbLIM B CBOEM poae
nHTepHeT-npoeKkt Online FEA Solver

C ero noMoLLLb0 MOXHO He TO/IbKO PaccynTaThb
KOHCTPYKUMUIO NN AeTaNb, HO 1 caenaTb
TONONOINMYECKY0 ONTUMM3ALUIO U3aenna. 3arpy3us
6ecPopMeHHbIN KYCOK MaTepmana, MOXKHO MOJIY4YUTb
KOHCTPYKLUMIO ONTUManbHOU GOpPMbl: cNeLMaNbHbIN
CKPUNT aHAaNN3UpPYyeT CMa0Bble INHUK U, obecneyns
CONPOTUBNIEHUE MPUArae€MbIM HarpysKkam, yaanaer
n36bITOK maTepuana.



CalculiX

Sun Microsystems npeanaraet ncnonb3osaHue CalculiX B
cBOEM Kommepyeckom PUe Sun Grid.

CalculiX Take BxoauT B coctaB cBOO6OAHOIO MHKEHEPHOTO
anctpubyTtmea CAELinux, opueHTUpPOBaHHOTIO Ha
MCrMoJ1Ib30BaHWE A/1A aBTOMaTU3aL MM BbINOJHEHUA
MHXXEHEPHbIX 33434, MaTeEMATUYECKOro MOAEeNNPOBAHUA U
HAaY4YHO-UCCNea0BaTEe/IbCKOU AeATENbHOCTMU.

B nocnepHtoto Bepcuio CAELinux 2011 Bxoaut CalculiX 2.3.
Ona nonb3oBatenen CalculiX nmeetca 6onbluon popym, Ha
KOTOPOM MOHO NOJIY4UTb KOHCYNbTaLMUIO 1 3a4aTb BONPOC
pa3paboTyMKam Nporpammeil.



OpenFOAM

Open Source Field Operation And Manipulation CFD
ToolBox — «cBo60AHO pacnpocTpaHAeMbln
MHCTPYMEHTAPUUN BbIYUC/TUTENBHOWN TMAPOANHAMUKMN
AN15 onepauum ¢ NONAMMUY, CKAJIAPHbIMU U
BEKTOPHbIMMU.

Ha ceroaHALWHMIN AeHb ABNAETCA OAHUM U3
«3aKOHYEHHDbIX» N U3BECTHbIX MPUIOKEHUN,
npeAHa3Ha4YeHHbIX ANA BbIYNCAEHUN METOA0OM
KOHEeYyHbIXx 06bemoB. PacnpocTpaHaeTca nos,
nmueH3nen GNU GPL.



OpenFOAM

Koa OpenFOAM pa3pabotaH B BennkobputaHnm B
KomnaHnn OpenCFD 1 ncnonbsyetca mHOrMmm
NPOMbILWIEHHBIMM NPeanpPUATNAMU yrKe bonee 12 ner.

CBoe Ha3BaHWE U NOEONOTUI0 NOCTPOEHUA Koa bepeT oT
npeawectseHHUKa FOAM (Field Operation And
Manipulation), KoTopbin ABNAETCA 3aKPbLITbIM U
NpPOAONXKAET pa3BmBaTbCA NapannesibHo ¢ OpenFOAM.

[lepBoHa4vyanbHO OpenFOAM npeaHasHa4vanca anAa
NPOYHOCTHbIX PacyYeToBs.



3aga4m, pewaemble B OpenFOAM

MPOYHOCTHbIE pacyeTbl

rmapoanHaMmMKa HbIOTOHOBCKUX U HEHbIOTOHOBCKMX
BA3KUX KUAKOCTEN KaK B HECKMMAEMOM, TaK U
CUMaEMOM NPUBAUKEHNN C YY4ETOM KOHBEKTUBHOIO
TennoobmeHa n AencTBMem CUA rpaBUTaLMK, PeLleHne
103BYKOBbIX, OKO/103BYKOBbIX M CBEPX3BYKOBbIX 33434

3a/la4M Ten/IonpPoBoAHOCTU B TBEPAOM Tesne

MHOFO(I)a3HbIe 3a4ada4n, B TOM HNUCNIe C ONMNCaHNEM
XMMUNYHECKUX peaKLI,Ml\/JI KOMMOHEHT NMOTOKA

3a4a4u, cBA3aHHbIe ¢ AedopmaLMen PaCHETHOMN CETKHU

COMPAXKEHHbIE 3a4a4un



OpenFOAM

B ocHOBe Koaa nexxut Habop bmubnmnorex,
NnpeaoCTaBAAWUX MHCTPYMEHTbI ANA pelleHnsa CUCTEM
andpdpepeHuUmManbHbIX YpaBHEHUN B HACTHbIX
NPOU3BOAHbIX.

Pabounm a3biKkom Koaa asnaetca C++ um Java.

BmecTe ¢ Kogom nocraBaaeTcs Habop nporpamm-
peluaTenen, B KOTOPbIX peasn3oBaHbl Pa3inyHbIe
MaTemaTU4YecKne Mmoaem MexaHUKM CnJIoLWHbIX cpea,

[lakeT OpenFOAM nmeeT MHOXeCTBO YTU/IUT, KOTOpPblE

NO3BOJIAIOT KOHBEPTMPOBATb CTOPOHHME POpPMaTbl B
dopmaTt OpenFOAM.



Open CASCADE

CneunanmsnposaHHaa ceBoboaHasa bubnamnoreka,
Ha OCHOBE KOTOPOM MOXHO C034aBaTb
becnaaTHble NI KOMMEPYECKUE peLleHUA.

CeroaHa Open CASCADE — 370 Uenbin Habop
bnbnnoTeK n cpeacTs pa3paboTKM NPOrPaMmmHOro
obecnevyeHnsa 4NA TPEXMEPHOTO MOBEPXHOCTHOIO U
TBEPAOTE/IbHOIO MOAENNPOBAHUA, BU3yaam3auum,
obmeHa AaHHbIMU C APYTMMUM NPOrpaMmmamm ANs
NPOEKTUPOBAHUA N YNC/IEHHOTO MOAETMPOBAHUS.



Open CASCADE

NcxoaHbin Koa, bubnmotekn Open CASCADE
AOCTYNeH U pacnpocTpaHaeTca 6ecniaTtHo no
nnueH3snm Open CASCADE Technology Public
License, asnaowenca npomssogHomn ot GNU LGPL
(Lesser General Public License)

CTOpOHHMeE pa3paboTyMKM MOTYT UCMNOIb30BATb
Kog Open CASCADE B cBOMX NpoAyKTax (B TOmM
4ynucsie Kommep4yeckux), oaHaKo 06sa3aHbI
coobuwaTb O NOObIX N3MEHEHUAX B UCXOAHbIX
OPUTMHAJIbHOMY Pa3pPaboTYMNKY



Open CASCADE

Cpeaun nporpamm, pa3paboTaHHbIX HA OCHOBE
Open CASCADE, ectb n cBo60aHO
pPacnpoCTpaHsAEeMble, U KOMMEPYECKME, N AaXKe
Crneunann3mpoBaHHbIE 3aKPbITbie CUCTEMbBI ANA
NMPOMbILIJIEHHOTO NPUMEHEHUA, HanNnPUMep, B
aBUACTPOEHUU N AAEPHOMN IHEPrETUKE.

Hanpumep, yKpanHckaa cuctema OKeaH-CAD,
npeaHasHa4YeHHaA Ana moaeimpoBaHuA
aBMaLMOHHbIX ABUraTeneun paspabortaHa ¢
nomoubto Open CASCADE.



BoamoXXHocTtn Open CASCADE

aArTOPUTMbl NOBEPXHOCTHOIO M TBEPAOTENbHOIO
MoaenmpoBaHumA (CKpyrieHna n Gacku, NOBEPXHOCTU
CMELLLEHNA U NPOTATMBAHUA, byneBbl onepaunm)

obmeH AaHHbIMUK (KaK ¢ HerTpanbHbiMn dopmaTtamm IGES u

STEP, TaKk u co cneundunyHbimu, Takumm Kak ACIS, Parasolid u
DXF)

ncnpasneHue («shape healing» — «ne4yeHne» HEKOPPEKTHbIX
reomeTpmnYecKkmnx JaHHbIX M BOCCTAHOBNEHME NOBEPXHOCTEN)

BM3yanun3auma (BKA0YaA NPo3pavyHOCTb U Ha/IOXKeEHMEe
TEKCTYp)

nosiHasA cpeaa pa3paboTku npunoxkeHuin ana 3D-
MOZE/IMPOBaHUA U BU3YyaNnN3aLUU



FreeCAD n HeeksCAD

FreeCAD — 3T0O 0A4Ha 13 NOMNbITOK CO34aTb
cBOOOAHYO CUCTEMY aBTOMATU3NPOBAHHOIO
NPOEKTUPOBAHMUA

PaspaboTtumnk FreeCAD, KOpreH Purens,
NO3ULMNOHMPYET CBOKO NPOrpammy Kak NnepBblin
6ecnnaTHbIM MHCTPYMEHT NMPOEKTUPOBaAHUSA
MeXaHMKN, CO3AaHHbIN HAa OCHOBE bUbanoTeKkun
Open CASCADE. Cam aBTop cpaBHuBaeT FreeCAD ¢
TaKUMM PAa3BUTbIMU KOMMEPYECKUMMN CUCTEMAMMU,
Kak CATIA n SolidWorks.



FreeCAD n HeeksCAD

R
1 B uHTepaktnBHom pexxkmnume FreeCAD npeacrasneH anwb

6a30Bbl UHCTpYyMeHTaput bubnmotekn Open CASCADE,
60NbLWMHCTBO onepauunin BbINOJHAETCA U3 KOMaHAHOM
CTPOKM.
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FreeCAD n HeeksCAD

[pyron oTKpbITbi NpoeKT Ha 6a3e Open CASCADE —
HeeksCAD npepoctasnaet 60ablLe BO3MOKHOCTEN ANA
PeAaKTUPOBAHUA N AarKe NO3BOAAET NOAK/OYATb
NOMNONHUTE/IbHbIE MOAYIN PACLUNPEHUS

HeeksCAD no3BonfaeT MMNOPTUPOBATb TBEPAOTE/IbHbIE
moaenn ns damnos STEP u IGES, TaKkXe eCcTb BO3MOXHOCTb
BU3Ya/IM3NPOBATb MOAEN, BbINOJIHATb PpeAaKTUpoBaHme C
NOMOLLbIO CMeLWNBaAHNA 1 ByneBblX onepaLmm, COXPaHATb
HapaboTkn B popmaTtax IGES, STEP n STL

Onctpnbytns HeeksCAD noKa AOCTYNEH TONbKO
nonb3oBatenam Windows.



SALOME

OTKpbITaa UHTErpmupyemas naatpopma Ana
YNCNEHHOIro MOAE/IMPOBAHUA

PacnpocTtpaHaeTtca Ha ycnhosmax GNU LGPL

B HacToAawee Bpema SALOME obbeaunHset B cebe
Pa3/INYHblIe MOAY/IN, NPUMEHAEMbIE B
NPUNOKEHNAX YNCNIEHHOITO MOAE/IMPOBAHNA — OT
co3naHma moaenen B CAINP no napannenbHbIX
BbluncneHmmn. CAlMP-cpeactsa 8 SALOME
PEANIN3YIOT BO3MOXKHOCTU TEXHOOTNM

Open CASCADE



SALOME

SALOME — 310 nnatpopma, NnpeaocTaBaAtoLl,as
GYHKUUKN NpeaBapuUTeNbHON U OKOHYATE/IbHOM
06paboTKM 3aga4m (pre-processing u post-
processing)

onpeaesnieHne reomeTpum
NOCTPOEHUE CETOK
onpeaeneHmne «TpaeKTopumn» BblYNCAEHUN

BM3Yya/In3aLMs pe3ynbTaToB U T.4,

B SALOME oTcyTcTBYIOT pewatenu



NMuTepdenc SALOME

[MpMmep NocTnpoLeccuHra pesybratoB pacyéTta —
CKasiApHOe nose
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SALOME

BO3MOKHOCTb NOAKNOUYNTL K 060N104Ke peluaTenm
ANSYS 1 gpyrux Kommep4yeckmx NakeTos C MOMOLLbIO
HanMCcaHMA cneumnanbHbIX MOAYNEN NN
YNPaBAAOLWMX CUeHapUeB Ha A3blKax Python nau
C++.

BHYTpeHHMM A3bIKkoM naaTPopmbl aABaAeTca Python,
npuyem B camoun nnatpopme MmeeTcsa BCTPOEHHasA
KOHco/b Python, KoTopaa MmorKeT Ucrnosib3oBaTbCA
151 BbIMOJIHEHMA MO/Ib30BATENbCKUX CLLEHAPUEB U
aBTOMATM3aLMKMN 0O6pPabOTKM MHOKECTBA TUMOBbIX
33434 (nakeTHOM 06paboTKN).



SALOME

MpoekT SALOME Ha cerogHAWHMIK AeHb 0bbeanHaeT 20
YY4aCTHUKOB, BK/1tOYaA

Renault (aBTomobunectpoeHmne)
Bureau Veritas (KopabnectpoeHue), EADS (aBnactpoeHume) un
Ap.

Mpu noaaepxKe MNpasutenoctsa PpaHLUMM, OAHON N3 CaMbIX

cepbe3HbixX obnacten npumeHenma SALOME ctana agepHas
JHepreTuKa.

Mnatpopma SALOME mncnonb3yetcs Kak 6a3a AnAa NpoeKTa
NURESIM (European Platform for NUclear REactor SIMulations),
KOTOpbIM NpeaHa3HavyeH Ana nosHomacwTabHoro
MOJEeNNPOBaHUA AAEPHbIX PEaKTOpPOB.



GMSH

BecnnatHbiM (GNU General Public License) npe-
nocTnpoueccop A/ NOCTPOEHMUA
napameTpU30BaHHbIX TBEPAOTENbHbIX MOAENEHN,
NoJIy4eHMA CETOK, a TaK»Ke AnA BU3yanmsauunm
pe3ynbTaToB pacyeTa

[Mporpamma GMSH HMKaKux pacyeToB He
BbIMOJIHAET, U MOXKeT ObITb UCMONb30BaHA B
KOMMNJEKTe C APpYyrumm nporpammamm-
pewatenamm, Takmmu Kak Code-Aster, CalculiX,
Impact u T.A4.



GMSH
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GMSH

[Tporpamma coCTouUT U3 TPEX MOAY/EN:
NOCTPOEHMNE TEOMETPUN
NOCTPOEHME PACYETHOMN CETKMU
[MocTobpaboTKa

BBoa napameTpos co3aaBaemoro o6bekTa B
MOZY/IN ocyLlecTBnAeTcA MO0 MHTEPaKTUBHO —
cpeacTBamm rpaPmUyeckoro noab3oBaTeNbCKOro
nHTepdenca, 1mbo npm nomoluum Tekctosbix ASCII-
dannoB c ncnonb3oBaHMem cO6CTBEHHOIO A3bIKa

cueHapmnes GMSH.



GMSH

GMSH aBnaeTca TakXXe reoMeTpUYeCKMm Moae/INIepPOoM,
NO3B0/1AA CO3aBaTb MOAENb HE TO/IbKO B peXXmume
KOOPANHATHOIO BBOAA, Kak 60/bLLUMHCTBO NOA0OHbIN
NPOrPaMMHbIX NPOAYKTOB, HO U B peXnme cBoO6OAHOro
PUCOBaHMUA.

GMSH — npakTnyeckn eamHCTBEHHan cBoboaHas
anbTepHaTUBA TaKUM cucTemam, Kak GiD (Kommepueckui
npe- n noctnpoueccop)

[Mporpamma GMSH xopowo AOKYMeHTUPOBaHa, UMeeT
NHTEPPENCHI B3AaUMOAENCTBUA C TAKUMU PaCYETHbIMMU
cuctemamu, Kak Code Aster nam Elmer. CoemectHo ¢ GMSH
TaKXe pacnpoCcTpPaHAETCA KOHEYHO-3/IEMEHTHbIN pelwaTenb
GetDP.



Elmer

KomnnaeKc nporpammHoro obecnevenums Elmer
pacnpocTtpaHaetca no amueHsmn GPL v.2

Elmer npeaHasHayeH A8 YNCNEHHOTO MOAe/IMPOBaHUA
dU3NYECKNX ABNEHUN PA3ZNNYHOMN NPUPOAbI METOAOM
KOHEYHbIX 3/1IEMEHTOB

Pa3paboTaH B UHCKOM LLEeHTPEe KOMMNbIOTEPHbIX HaYK,
COBMECTHO C PUHCKUMU YHUBEPCUTETAMM, MPOMBbILLIEHHbIMU
dnpmamm n nccnenoBaTeNlbCKMMMN nabopaTopmamm

K HacToAwemy BpeMEHUN KOMMJIEKC NO3BO/ISIET pPeLlaTb
334341 U3 061acTU AMHAMUKN XKNUOKOCTU U Fa3a, MEXAHUKMW,
3/IEKTPOMArHeTu3mMa, nepeaadm Tenna, akyCTUKn n saepHom
dU3nKun



Elmer

JlocTynHO pelleHne ogHOMEPHbIX, ABYMEPHbIX U
TPeXMepHbIX 33434 U3 pa3Hbix obnacten GUnKu:
TennonpoBoOAHOCTH,
rMAPoOAVHAMUKN,
MEXaHWUKN TBEPAOro Tena,
aKYCTUKMN,
31eKTPOMarHeTnusma,

KBAHTOBOM MeXaHWKMU.

3a4a4M ONUCbIBAKOTCA B BUAE /IEMKO YNTAEMBbIX
TEKCTOBbIX $anIoB.



Elmer

B ElImer He BXOAUT reoMeTpUYecKknin moagennep, Ho

OH COBMECTUM C APYrMMmM nNporpammamu,
Hanpumep, ¢ GiD, GMSH, ANSYS.

[1na nonb3oBaTesien Ha canTe Pa3paboTYMKOB
Elmer noctynHa noapobHas AOKYyMEeHTaUna U
BO3MOHOCTb MONYYNTb KOHCYNbTALLMIO OHMAWH.

Komnaekc nogaepmusaet MynbTUMPOLECCOPHYHO
CUMMETPUYHYIO 06PabOTKY M MOXKET NPUMEHATLCH
Ha Knactepe, noaaepxusatowem MPI.

Elmer HanucaH Ha a3bike Fortran, C u C++.



Moaynu Elmer

ElmerSolver — ocHoBHOM moaynb, peliaTenb

ElmerGUI — rpadpunyeckuin nutepdenc ans sagaHua u
reHepaunm BXoaHbIx AaHHbIX ana ElmerSolver. BoamoXHocTH
CO34aHMNA ABYMEPHOTO U TPEXMepPHOro pa3dbuenmns obnactm Ha
KOHEYHbIE 3/IEMEHTbI, @ TaKXKe MMMOPT PAaCYETHbIX CETOK,
CO3[4aHHbIX B APYrMUX Nporpammax.

ElmerPost — moaynb ana susyanmsaumm u noctobpaboTkm
Pe3yNbTaToB BblYUCEHUN, NnonyveHHbIX u3 ElmerSolver nam
APYrNX NPOrpamMmm An8 KOHEYHO-3/IEMEHTHOMO aHaNM3a.

ElmerGrid — moaynb ans nocTpoeHus U UsmeHeHUss KOHeYHOo-
3/1EMEHTHbIX PacyeTHbIX CETOK.



Elmer
I S

-1 Bce moaynu Elmer moryT ncnonb3oBaTbcAa HE3aBMCUMO APYT OT Apyra.

Hanbonee paspaboTaHHbIM siBnaeTcs pewaTtens ElmerSolver, ana npe- u
MOCTNPOLECCMHIA MOXKHO BOCMO/1b30BATLCA APYTMMU MPOrpammamu,

Mpumep BU3yannsaumm pesynbratos B Elmer: ckopocTu 1 gasneHme B NOTOKe 33
UMAMHAPOM npu uncne PerHonbaca 1000



Impact

[MporpaMmHbI KOMMAEKC AN PACYETOB METOAOM KOHEYHbIX
3N1EMEHTOB YNPYrUxX 1 ynpyro-naacTu4yHbIxX aepopmaumii npu

yaapax
AHanor Kommepyeckon nporpammbl ANSYS LS-DYNA

ABHble cxembl MO BpemeH!

[Mporpamma pa3paboTaHa Ha A3blKe Java n MoXKeT bbiTb
MCNO/Ib30BaHa B Pa3/INYHbIX ONEPALMOHHbIX CUCTEMAX
(Windows, Linux, Solaris, Unix n ap.)

Impact nogaepxmBaeT napannenbHyto 06paboTKy Ha Java
KnacTepax, UMeeT pa3BuTble MHTePPEnChbl ANA NpPorpamm
GMSH, GiD n nepBuyHbIN nHTEepdenc K Nastran

PacnpocTtpaHaeTca no amueHsunm GPL



Impact
33

7 MopenupoBaHue ¢opMON3IMEHEHUA, NPECCOBAHUA, COYAaPEHMS
Ten

o
o1 MonyyeHHble gaHHble MOryT UCNO/Ib30BATbCA U ANA APYIrUX

pPacyeToB, HAaNPUMep, ANA pacyeTa YCTaJIOCTHON NPOYHOCTU U
OLLleHKU A0/ITOBEYHOCTU KOHCTPYKLUU B LLE/IOM WU OTAENbHbIX ee

y3/10B.



Moaynu B Impact

PreProcessor (co3gaHue reomeTpmnyeckom moaenm u NnoarotoBka
BXOoAHOro ¢pamna ana pacyeTa)

Processor (peluaTtenb, NCNONb3YeTCA AN KOPPEKTUPOBKU U
npoBeAeHnA pacyeTa)

PostProcessor (BM3yannsauua pesynbtatos pacyeTa)

Graph (oTobparkeHne YMcnoBbIX AaHHbIX U TPadPUYECKUX
3aBUCUMOCTEN)

Bce BbixoAHble U BXOAHbIE AaHHble NPeACcTaBAAITCA B TEKCTOBOM
Buae. OHM NONIHOCTbIO OTKPbLITbI 4151 NOAb30BaTeNA U NOAPOOHO
ONMuncaHbl B AOKYMeHTauuun. NonyyeHne reomeTpmyecknx AaHHbIX
N3 APYyrux cuctem ocyulecrensetca yepes ¢opmat STL. Moaenu
3a4,a4 MOTYT UMNOPTUPOBATLCA, HaNpPUMep, U3 NPorpamm
NASTRAN nan GMSH.



Impact

[MporpammHbIn KomnaeKkc Impact no3sonsaeT pewaTb
cneayoliye 3aaaun:

KOHTAKTHbIE NPOCTPAaHCTBEHHbIE 33/1a4M
33341 pa3pyLLUEHUS

334341 POpPMOBaAHUA

4YaCTOTHbIM aHaNn3

334341 ¢ 6boNbWMMKU NepemeLlLeHUAMM

pPacyeT AMHAMMNYECKNX MOAENEN U3 YNIPYTUX,
Heynpyrmx v TBepabix Tes



dPYH/

[Mporpamma ®PYH/] npeaHa3HavyeHa AnA
MOAENNPOBAHUA ANHAMMKN CUCTEM TBEPAIX U YNPYTUX
Ten

®PYH — 310 nporpammHana cuctema GopmmnpoBaHuA
pelweHnn ypaBHeEHUN HEANHENHOU AMHAMUKN, OHA
NO3BONAET NO ONUCAHUIO PACYETHOM CXeMbl CO34aBaTb
YpaBHEHUA MaTeEMaTUYECKOU MOAENN ANHAMUKM
ABUXKEHNA NCCNeayeMON KOHCTPYKLUMN U TEHEPUPOBATb
NpPoOrpammy MHTErpupoBaHMUA 3TUX YPABHEHUN, a TaK XKe
NPoOn3BOANTb UX pelieHne, obpaboTKy 1 BbIBOA,
pPe3ynbrTaTos.



dPYH/

Mogenn AUHaAMUKN CUCTEM TeN AN MaabiX U BONbLUINX
nepemeLleHnm

[TocTpoeHMe maTeMaTUYECKUX MOAEeNEN N peLLeHNEe YPaBHEHNI
AUHAMWKU KOHCTPYKLMUA MALLMH M MEXaHU3MOB C YYETOM

MPOCTPAHCTBEHHOIO XapaKTepa ABUXKEHUN,
YAPYrMx CBOMUCTB OTAE/bHbIX TN,

MHOTOMEPHOCTUN N HEJIMHENHOCTM XapaKTEPUCTUK CBA3EU
MEXKAY TeENaMMu,

CNY4YaMHbIX U AeTEPMUHUPOBAHHbIX Harpysok,
NAMHAMWYECKOro U KNHEMATUYECKOTo CnocoboB BO3MYLLEHUA



OPYH/: npymep ncnosib3oBaHUA

A0TIIIDTEDT OIS,

"'"'t-:.i',.ﬁ':"' a
.;*‘"f" i

0)

PAcYeTHasa CXxema LiaratoLllero annapaTa ¢ AByXnaabLUeBOWN CTOMOM
(cheBa), nporpammHoe (a) n ynpasnaemoe (6) aoBnxKeHue
Lararowero annapaTa B Nonepe4YyHom HanpasaeHuu (cnpasa)



dPYH/

B KauectBe npumepos ncnosab3osaHna PPYH/
MOXHO TaKKe NpuBecTu:

33/1a4y AMHAMUKU MaHEBPMPOBAHUA aBTOMobunen,

PACYET BUBpaL MM TPAHCNOPTHbLIX CPEACTB C YYETOM
YNPYroCT HECYLWUX KOHCTPYKLUHA,

KMHEMATUKY NoaBeCcKn aBTomobunen,

aHa/ M3 NoBeAeHNA MEXaHU3MOB Pa3/INYHOM
CTPYKTYPbl, CUHTE3 YNPaBAAEMOro ABUKEHUA
MHOTF03BEHHbIX MEeXaHU3MOB,

PaCYEeT CMCTEeMHOrOo yaapa.



JlnTepatypa

(CalculiX)
(CalculiX, canT paspaboTumKa)
(Online FEA Solver)

(CAELinux 2011)
(OpenFOAM)
(OpenFOAM, caunT pa3paboTtumka)

(B. b. MenexuH, X. 6. Maromepnos. iccnepoBaHne U NPUMEHEHUE
MeToA0B YncneHHoro mogenmposaHua B cpege OpenFOAM agna peweHus
33124 r’MAPO3HEPreTMKN Ha ba3e BbICOKONPOM3BOAMTENIbHOTO KNacTepa
ArTY)


http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://ru.wikipedia.org/wiki/CalculiX
http://www.calculix.de/
http://www.onlinefeasolver.com/
http://www.caelinux.org/wiki/downloads/docs/CAETutorials2011/GettingStarted.html
http://www.caelinux.org/wiki/downloads/docs/CAETutorials2011/GettingStarted.html
http://ru.wikipedia.org/wiki/OpenFOAM
http://www.openfoam.com/
http://www.ispras.ru/ru/unicluster/conf/2011/docs/DSTU.Magomedov H.B.pdf
http://www.ispras.ru/ru/unicluster/conf/2011/docs/DSTU.Magomedov H.B.pdf

JlnTepatypa

(K.A. lfaBpunos, B.A. lemunH, Ucnonb3oBaHMe NakeTa
OpenFOAM ana moaennpoBaHUA KOHBEKTUBHbIX TEYEHUUN B AYeiKe Xene-
LLioy)

(M.B. KpanowwH.
Ncnonb3oBaHume oTKpbiTOro koga OpenFOAM gna nposeneHuA
NPOCTPAHCTBEHHbIX TMAPOANHAMUNYECKUX PACYETOB aKTMBHOM 30HbI BBP/ )

(Open CASCADE)

(FreeCAD)
(HeeksCAD)
(SALOME)


http://www.ispras.ru/ru/unicluster/workshop/2011/openfoam/docs/PermGU.GavrilovK.A.pdf
http://www.ispras.ru/ru/unicluster/workshop/2011/openfoam/docs/PermGU.GavrilovK.A.pdf
http://www.os-cfd.narod.ru/small_files/articleXP.pdf
http://www.os-cfd.narod.ru/small_files/articleXP.pdf
http://www.os-cfd.narod.ru/small_files/articleXP.pdf
http://www.opencascade.org/
http://sourceforge.net/apps/mediawiki/free-cad/index.php?title=Main_Page
http://sourceforge.net/apps/mediawiki/free-cad/index.php?title=Main_Page
http://sourceforge.net/apps/mediawiki/free-cad/index.php?title=Main_Page
http://code.google.com/p/heekscad/
http://www.salome-platform.org/
http://www.salome-platform.org/
http://www.salome-platform.org/

Jlntepatypa

o http://www.caelinux.com/CMS/index.php?option=com content&task=vie
w&id=A6&temid=40 (SALOME Meca)

o http//www.code-asterorg/V2/spip.php?rubriquel (Code Aster)

0 hitp://code-saturne.org/cms/ (Code Saturne)

o http://www.laduga.ru/salome/salome.shtm! (ypoku no SALOME)
o http//www.geuz.org/gmsh/ (GMSH)

o http://www.gidhome.com/ (GiD)

o http://www.csc.fi/english/pages/elmer (Elmer)

o http://impact.sourceforge.net/index us.html (Impact)
o http://frund.vsturu/ (PPYHA, npumepbl)
o http://frundovsturu/wiki/doku.php/start (PPYHA, wiki)



http://www.caelinux.com/CMS/index.php?option=com_content&task=view&id=46&Itemid=40
http://www.caelinux.com/CMS/index.php?option=com_content&task=view&id=46&Itemid=40
http://www.code-aster.org/V2/spip.php?rubrique1
http://www.code-aster.org/V2/spip.php?rubrique1
http://www.code-aster.org/V2/spip.php?rubrique1
http://code-saturne.org/cms/
http://code-saturne.org/cms/
http://code-saturne.org/cms/
http://www.laduga.ru/salome/salome.shtml
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.geuz.org/gmsh/
http://www.gidhome.com/
http://www.csc.fi/english/pages/elmer
http://impact.sourceforge.net/index_us.html
http://frund.vstu.ru/
http://frund.vstu.ru/wiki/doku.php/start

