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BBegeHue

Wcnosb3oBaHme COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHI TIO3BOJISIET JIOCTUYb BBICOKHX ITPAK-
THUYECKUX U 9KOHOMUYECKUX PE3YJIBTATOB B PA3JIMUYHBIX 00JIACTSAX IPOMBIIILIEHHOCTH. B HacTos1-
1iee BpeMst MHGOPMAIMOHHbIE TEXHOJIOTUH, UCIIOJIb3yeMble B ITPOEKTUPOBAHIY, PA3BUBAIOTCS
GuicTpbiMu TeMiiaMu. TTosiBIIsieTcs Bee Gosibliiee KOJMYeCTBO Pa3HOOOPA3HBIX TPOrPAMM KOMITBIO-
TEPHOTO MOJIEIMPOBAHUS, A/[AITUPOBAHHBIX K 33/1a4aM CTPOUTEIbCTBA. TakKe COBEPIIEHCTBYET-
Cs1 allliapaTHast YaCTh BHIYMCIUTEIbHBIX MAIIUH, YTO IO3BOJISIET Pa3pabaThiBaTh CI0KHBIE PECYP-
COEMKHe€ MTPOEKTDI, XapaKTePHbIE JIJIsT CTPOUTETBHON OTPACIIH.

Cerozns cymniectByeT Gosiee COTHH TIPOrpaMMHBIX KoMILiekcoB (ITK), opueHTUpOBaHHbIX Ha
pelenue 3agad crpoutesbersa. OHa U3 HauboJee PacIpoCTPAHEHHBIX KaacCu(MUKAIUN TAKOTO
IPOrpaMMHOT0 obectiederust POPMUPYETCst UCXO/ST U3 1eJIeld, KOTOPbIE JOCTUTAIOTCS B IPOLECCE
UCIIOJIb30BAHKS TOTO MJIM WHOTO MPOrPAMMHOTO MPOAYKTa. TAaK, MOKHO BBIAEIUTD [[BE OOIIIe
rpymmbl KomiekcoB: CAD-cucremsr (Computer-Aided Design) u CAE-cucremsr (Computer-
Aided Engineering).

CAD-cucremsl npegcrasisiior coboii ITK, npennazHaueHHbIe Jist aBTOMATU3AIUU [IPOIECCa
npoektupoBanust. OcuoBuast 1eb CAD-cuctem 3aKIioYaeTcst B ONTUMUBAINK U TIOBBIIIEHUN
3G GEKTUBHOCTH TPY/Ia TPOEKTUPOBIIUKA, BOBMOKHOCTH MCIOJIB30BaTh HAO0P MHCTPYMEHTOB
¥ TEXHOJIOTUH JI7I51 TIOATOTOBKY POEKTHBIX YepTeskeir m 3D-mopneneit. [Ippumepamu CAD-cuctem
SBJISAIOTCS Takue poayKThl, kKak AutoCAD, Revit, SolidWorks, Kommnac.

CAE-cucrembl npeHasHayeHbl JJisi MOJIEJIMPOBAHUS U aHAJIN3a PAasHOOOPasHbIX (husnye-
CKHUX IIPOIECCOB, TAKUX KAK HArPysKeHUe OAJIKH, pa3pylleHre KOHCTPYKIMU, TeYeHHE BO3IyXa
B BEeHTHJISIIIMOHHBIX MIAXTax U T. . boipmmHcTBO coBpeMeHHBIX CAE-crcTeM 0CHOBaHO Ha TI0JI-
HBIX MATEMATUYECKUX MOJIEJISX, IIPEACTABIISIOIIX COOOM CUCTEMBI YPaBHEHU N B YaCTHBIX [TPOU3-
BOJHBIX, KOTOPBIE PEINAIOTCS C IIOMOUIBIO METOAOB KOHEYHBIX pasHocTel [1], KoHedHbIX 06hEMOB
[2] (MKO) u koneunsbix asnementos [3] (MKO).

Hacto CAD- u CAE-cucTemsbl HCITOTB3YIOTCS COBMECTHO KaK JIOTIOTHSIIONIHE IPYT IpyTa 9Ta-
Il IIpollecca MPOeKTUpoBaHus. [loaTomy paspaborunku crpeMsaTcs: 00beguHUTh B ofHOM [TK
cBOIicTBa 00enX cUCTEM WK co34aTh 3(h(hEKTUBHbIE MEXAHU3MbI B3aUMOJIEICTBYS, UHTETPALIUK
1 0OMeHA JJAHHBIMU MEK/Y HUMHU.

Hawubosee nzectapimu CAE-koMILTeKCaMu, TIO3BOJISTIONIMME PETIIATH 322491 TPOEKTHPOBA-
HUS U WCCTIeIOBAHMS CTPONTETBHBIX KOHCTPYKIINHT, 3MaHU U coopy:keHnH, aBstoTcsa ANSYS,
NASTRAN, LS-DYNA, ABAQUS u T. 1. B Poccun nmmpokoe pacrpocTpaHeHne TakKe Moy Yun
ocroBannble Ha MK3 kommiekcst SCAD u Jlupa. B mocyiesnme rogbl akTUBHO Pa3BUBAIOTCS
orevyectBennbie 11K Fidesys st MoesinpoBanust 3aa4 MeXaHUKK 1e(OPMUPYEMOTO TBEPIOTO
tesia u [1K Jloroc ais 3agad tuipo-  Ta30BOM AMHAMUKH.

Huzke npuBezieM KpaTKy1o XapakTepUCTUKY HeKOTOPbIX ronyasphbix [TK CAE.

SCAD: BbIYNCIUTETBHBIN KOMILIEKC [IJIs TPOYHOCTHOTO AHAJII3a KOHCTPYKITHIA € TOMOIIIBIO
MKO3. IIporpaMMHBIil KOMIIJIEKC MO3BOJISIET TPOU3BOAUTL PAacyeT HATPsKeHHO-1ehOPMUPO-
BarHoro coctostans (H/C) KoHCTPYKINiT U3 pa3iuIHBIX MAaTePHAIOB, BKIIOUAsT CTEP>KHEBBIE,
[JIACTUHYATHIE, TBEPAOTE/bHbIE 1 KOMOMHUPOBAHHbBIE KOHCTPYKIUU. HeocropuMbiMu ipenmy-
IECTBAMMY JJAHHOTO KOMTLJIEKCA JIJIST POCCUIICKUX TIPOEKTUPOBIIUKOB SIBJISIOTCS €70 JIOKATU3ATIHS
B COOTBETCTBHH C POCCHIICKUMU CTAaHIAPTAMH IIPOEKTUPOBAHUS M HATTUYHE PYCCKOSI3BIYHON Bep-
cun. CTOUT 3aMETHTB, UTO Ha IAHHBIN MOMEHT IIPOTPAMMHBII ITPOYKT UMeeT OTpaHIMYeHHBII Ha-
60p TEXHOJIOTUIT yueTa HeJIMHEHBIX CBOICTB MAaTEPHAIOB, a TAKKE He [T03BOJISIET PElaTh 3a1a4n
MEXaHUKHU JKUAKOCTU U Ta3a, YTO CYIIECTBEHHO TP OTIPe/IeJIEHNU BETPOBBIX HATPY30K HA 3MAHN,
MTPOEKTUPOBAHUU CUCTEM BEHTHJISIIUH U T. JI.

Jlupa: MHOrOGYHKIIMOHAIBHBIN TPOTPAMMHBIN KOMILJIEKC IS PacueTa M MPOEKTUPOBAHUS
CTPOMTEJIBHBIX U MANIMHOCTPOUTEJNBHBIX KOHCTPYKIIUI PA3IMYHOrO HazHaueHUs. [JTaBHBIM /10-
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CTOMHCTBOM [IPOIPAMMObI SIBJISIETCSI HAJIMYKUE UHCTPYMEHTOB KOHCTPYUPOBAHUSI 5KeJIe300€ TOHHBIX
7 CTAJTBHBIX 2JIeMEHTOB B cooTBeTcTBUN ¢ HopMaTuBamu ctpad CHI, Esporsr m CIIA, a Takske
BO3MOJKHOCTb IOJTy4eHHs pab0YnX YepTekeil KOHCTPYKIIUI MEXaHU3MOB (MapKHPOBOYHbIE CXe-
MBI, BE/IOMOCTH 3JIEMEHTOB, y3Jbl, crienudukaiumn) B cpene AutoCAD B aBTOMaTH3MpOBaHHOM
peskume. C TTOMOIIIBIO TPOTPaMMBbI BBITTIOTHAIOTCS pacueTsl H/IC KOHCTPYKIMi, TUHAMUYECKIe
U ceficMUYecKue pacyeTsl U T. /. BO3BMOKHOCTD CyIepasleMeHTHOIO MO/IEJIMPOBAHNUS T103BOJISET
2(GPEKTUBHO peniaTh 3a1a4u GONBIION Pa3MEPHOCTH.

NASTRAN: xoneuno-anementHsil [1K, moszBomstoniii npoBoants pacuetst H/C xorCTpYK-
111, COOCTBEHHBIX YAaCTOT ¥ (hOPM KoJIeGaHUH, yCTONYUBOCTH, KDUTHYECKUX YACTOT U BUGPAIUIT
POTOPHBIX MAIIIMH, UCCJIEA0BATh ANHAMUYECKUE U HEJIMHEWHBIE TIPOIECCHI, CJIOKHbIE KOHTAKT-
HbIe B3aUMOJIEHCTBUS, a9POYIIPYTOCTD, @ TAKXKE PEIIATh TEIJIOBbIE 33/1a4K U 3a/[a4l aKyCTHKH.

ABAQUS: koneuno-anemenTHbIN [1K, yHUBepcasbHast cucteMa obIIEro HazHaueHwsl, peIHa-
3HAYEHHA JJIs1 [IPOBEJIEHUS] MHOTOIIE/IEBOTO, MHKEHEPHOT0, MHOTOIMCIUIUIMHAPHOTO aHa/IM3a B 00-
JACTSAX O0IIeil MEXaHUKHU U T€OMEXaHUKH, MAIIMHOCTPOECHHUS, ABTOMOOUIIECTPOECHHS, 3ICKTPOHUKH,
MeTajutypruu, Hebreo0brau 1 nepepaboTKIL

MIDAS: 1103B0JISIET BBIIOJIHSTh IIPOEKTUPOBAHUE U PACUET YHUKAIbHBIX OOBEKTOB IPaK-
JIAHCKOTO, MTPOMBIIILIEHHOTO ¥ TPAHCIIOPTHOTO CTPOMTEIbCTBA. BrirloyaeT HaGop MopyJieit st
[IPOEKTUPOBAHKSI MOCTOBBIX KOHCTPYKIWIi U rpaxkaanckux coopyskenuit (MIDAS Civil), kom-
IJIEKCHBIX PacyeToB reotexHnueckux o0bekroB (MIDAS GTS), MozenupoBaHus: HeJMHEHHBIX
nporteccoB (MIDAS FEA), B ToM 4nciie pacueTa yCTOWYMBOCTH C YI€TOM HEJMHENHOCTH, KOH-
TAKTHBIX 33714, TPEIMHOOOPA30BAHYS U T. [I.

PLAXIS: npesiHasHaueH st KOMILIEKCHBIX PACYETOB FeOTEXHUYECKUX OO BEKTOB PA3INIHOTO
HazHavyeHus. B cocTaBe KoMILIeKca IpUCYTCTBYIOT MoxyJin it pacyeta H/IC u ycroitunBoctn
¢ nomonipio MK (PLAXIS 2D/3D), nunamuueckux pacueroB (PLAXIS 2D/3D Dynamics),
MOJIETIMPOBAHYSI TpoTiecca GUIBTpaiuy B HOPOYIPYruX BoJgoHackeHHbIX cpefax (PlaxFlow),
Termioneperoca u remieparypubix gedopmarmii (PLAXIS 2D Thermal). B iporpaMMHbIx Moy -
asix ITK PLAXIS peanzoBato 60JIbIloe KOJMYECTBO (PU3UKO-MATEMATUUECKUX MOJIETIEil IPYH-
TOBBIX MAaTEPUAJIOB U CKAJIbHBIX OPOJI.

COMSOL: no3BosiieT MoieMpoBaTh MPAKTUYECKU Bce (hU3UUECKHe TPOIECChl, KOTOPbIe
onuchBaoTcs AnddepeHInantbHBIMI YPAaBHEHUSIMU B YACTHBIX TPOU3BOJIHBIX, B TOM UNCJIE 33/1a-
Y1 MEXaHUKH KUAKOCTH M Ta3a, TEOPUU YIPYTOCTH U TVIACTUYHOCTH, 9JIEKTPUYECTBA U MATHETU3-
Ma, PacIIPOCTPAaHEHUs BOJIH, aKyCTUKH, XUMUYECKOH TEXHOJIOTUU, TeO(DU3NKH, 3TTEKTPOXIMHUU.

ITporpammuoe obectiedenne ans CAE/CAD Takke MOXKeT OBITh KIacCH(DUIMPOBAHO TI0
THITY TIPEAOCTABISIEMbIX Pa3pabOTYNKOM JUTIEH3UII:

1) cBoGomHO pacpocrpatsieMoe porpammuoe obectiederne: CalculiX, OpenFOAM, BRL-
CAD, Electric, freeCAD (A-S.Koh’s), FreeCAD (JuergenRiegel’s), gEDA, KiCad, Li-
breCAD urT. 1;

2) nponpuerapuoe (KomMepueckoe) tporpammuoe obecrieuenne: ANSYS, NASTRAN,
SCAD, SolidWorks, Spectra, SprutCAM, T-FLEX CAD, Tecnomatix, TopoR, Turbo-
CAD, VariCAD, ZwCAD, Komniac u T. 1.

B nacrostiem y4e6HOM 110COOMH MbI PACCMOTPUM BO3MOKHOCTH ¥ IPUHIIAIIBI pabOThI KO-
HEeYHO-3JIeMeHTHOTo KoMIiekca ANSYS (wWww.ansys.com), KOTopblii 00beIUHSIET U CBA3bIBAET
MHOZKECTBO TIPUJIOKEHUH U1 pacyeTa 3a/1a4 MeXaHUKH 1e(hOpMUPYEMOTO TBEPJIOTO TeJla, THIPO-
ra3oluHaMUKy u 3jekTpomaruetTusma. Ha ceropusnuii nenb ANSYS siiisiercst oqHuM u3 Hau-
6osiee OTHBIX U 9PPEKTUBHBIX 110 CBOEMY WHCTPYMEHTAPUIO NIPOrPAMMHBIX KoMILIekcoB. [TK
ANSYS nosBoJisieT 1poBoMTH YMCJAEHHbBIH aHAIN3 33/1a4 MEXaHUKH CILJIOITHON CPe/ibl U TIpejio-
CTaBJISET IIMPOKKUE BOBMOKHOCTH JIJISI TOJITOTOBKY TEOMETPHYECKUX M CETOUHBIX MOJIETIeil 1 110-
caepyotieit 06paboTKH pe3yabTaToB pacyera. Kpome TOro, mporpaMMHBIIT KOMILIEKC OCHOBAH Ha
3 GEKTUBHBIX aJITOPUTMAX PACTIAPAJIIETUBAHMS, YTO II03BOJISET CYIIECTBEHHO COKPATUTH BPEMS
pacueTa Il PeCyPCOeMKHX 3a/1au CTPOUTEJIbCTBA.
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1.1. AcTtopusa: aTanbl pa3sBuUTUS
nporpamMmMHOro KomrJsiekca

Bort yxxe 60ee 30 siet mpoaykThl Kommanuu ANSYS mpoKo UCIOJIb3YIOTCS Ha PhIHKE
CIIEIMATM3UPOBAHHOTO MTPOrPAMMHOTO obecriedeHust. B TeueHre aTOro BpeMeH! KOM-
nanuss ANSYS HenmpepbIBHO COBEPIIEHCTBYET CUCTEMBI YMCJIEHHOTO MOJIETUPOBAHUS
7SI IIMPOKOTO KPYTa OTPAC/IEN TPOU3BOICTBA.

Joxrop I:xon Csencon ocuoBan ¢pupmy ANSYS, Inc. B 1970 1. ¢ 11es1pt0 KOMMED-
[UATU3ANNNA METOJ0B KOMITBIOTEPHOTO MozeanpoBanus. CBEHCOH OIHUM U3 MEPBHIX
BHEJIPUJT KOHEUHO-3sieMeHTHBIN anammns FEA (Finite Element Analysis) B wHKeHEpHOE
porpaMMHOe obeciedeHne, YTO CIIOCOOCTBOBAIO CTAHOBJICHUIO WH/YCTPUY KOMITHIO-
TepHOTO TIpoekTHpoBanus. B 1971 1. peasmsoBana Bepcust 2.0 cucTeMbl KOHEUHO-3JTe-
mentnoro ananusza ANSYS, a yxxe B 1975 1. peasin30BaHbl KOHEUHBIE JJIEMEHTHI JIJIST
pEIleHsI TEOMETPUYECKU HEJTMHENHBIX 1 TEPMOIIEKTPIUUECKUX 3214,

B 1981 1. ANSYS paspabarsiBact Bepcuto ITK s pabounx cranmuumii. B 1983 .
BIIEPBbIE PEATU30BAHBI BOBMOKHOCTH TI0 aHAIU3Y 3JEKTPOMATHUTHBIX 3a1a4. B 1985 1.
nosieasiercst HelpOnline, a Takske BOSMOKHOCTH MapaMeTPUYECKOTO aHAJIU3a W pellie-
HUA 3a1a4 OIITUMU3AIINN KOHCprKHI/IfI.

B 1987 . ANSYS BriepBble peanusyer IIBETHYIO rpaduKy B KOHEUHO-3JIEMEHTHBIX
pacderax, B TOM K€ TOJY TOSIBJISTIOTCS] TIEPBBIE MHOTOCJTIOMHbBIE KOHEYHBIE DJIEMEHTHI.
B 1991 r. B ANSYS peasinzoBanbl BO3MOXKHOCTU PENIEHUST 3a/[a4 BHIYUCIUTETbHOM TH/T-
pomuramuku CFD (Computational Fluid Dynamics) Ha HeCTPYKTYPUPOBAHHBIX CETKAX.

B 1995 r. ANSYS cranosurtcs nepsoit hupmoii-sengopom FEA- u CAE-cucrem, ko-
topast osryuniia ceprudurar ISO 9001. B 1998 . ANSYS paspabarbiBaet aropuTMbl
aBTOMATHYECKOTO TIOUCKA U OMPeeIeHUsI 30H KOHTAKTHOTO B3ANMO/IENCTBHSI.

B 1998 . sxypuan Business Week sxiouaer ANSYS, Inc. B Top100 «Hot Growth
Company» — ciicok HauboJjiee OBICTPO PACTYMIUX KoMIaHuit. B Tom ke rogy ANSYS
npuobperaet kommanuto Centric Engineering Systems, pactumpsisi BoaMokHOCTH ANSY S-
software Ha MOJIEJTUPOBaHIE MHOTOCBSI3HBIX 3a1a4 (Multiphysics Modeling) w npumete-
HUE BBICOKOITPOU3BOAUTENbHBIX cucteM (High Performance Computing — HPC).

B 2004 r. ANSYS npeononeaer 6apbep B 100 man ypasnenuii. B 2005 r. paspaboran
moayib Fluid-Structure Interaction (FSI), no3Bojsionnii pemarh CBs3aHHbIE 3a1a4l
B3aMMO/IEMCTBUS TBEPAOTO TEJA C JKUIKOCTHIO U Ta30M.

IMocsie npuoGperenus B 2006 r. muposoro augepa CFD-cexropa Fluent, Inc. komna-
nust ANSYS, Inc. cranosutcs munepom CAE-pbinka.

B 2007 r. ANSYS paspabatsiBaet 1epByto Bepcuto Moayist Multibody Dynamics,
a B 2008 r. mpeojioieBaeT amoXaibHbIH pybex B 1 Mupa stueek B 3agaue CFD-ananmsa.

CeroiHs BeyIIHe TPOMBITIJIEHHBIE KOPIIOPAIIMY MUPA CYUTAIOT TPOrPAMMHOE 06€ec-
mederrie ANSYS HeoTbeMIIeMoll 9acThio CBOMX BBICOKOTEXHOJIOTUIHBIX 1 HAYKOEMKUX
npousBoAcTB. B uncio kmmentoB ANSYS BXomuT TiepBasi ecsaTKa TPOMBITIIJICHHBIX
KOPIOPAIHil U3 Yrcaa cTa HauboJiee TPOIBETAONINX KOMITAHWHA MUPa, TyOIIMKYEMbIX
B pyOpuke «Global 1005 »xypuama Fortune Magazine. IIK ANSYS wucnosnbsyercss Ha
TaKUX M3BECTHBIX NPEANPUATUAX, Kak ABB, BMW, Boeing, Caterpillar, Daimler-Chrysler,
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Exxon, FIAT, Ford, 6enA3, General Electric, Lockheed Martin, Meyer Werft, Mitsubishi,
Siemens, Alfa Laval, Shell, Volkswagen-Audi u ap.

Ceronns ANSYS — 570 Mo1Has 1 yao6Has IpOrpaMMHasl CHCTeMa, KOTOPast ¢ KaxkK-
JI0Il HOBOM Bepcuel IpefocTaBIIser Bee 6osee 00IUPHbIE BO3MOKHOCTH JIJISI KOMITbIO-
TEPHOr0 MOJIEJUPOBaHKSA (PU3NYECKUX IPOILECCOB. B HacTosiieM 1mocobuu Mbl pac-

CMOTPUM OCHOBHbIE WHCTPYMEHTBI aKTyaJbHOH Ha cerogusAmHuil nenb Bepcun [IK
ANSYS 17.

1.2. CTpyKTypa nporpamMmMHOro Komrniekca

ITK ANSYS — 910 MHOrOI1€IEBOI ITAKET MIPOTPAMM JIJIs1 YUCJIEHHOTO MOJIENPOBAHNS
(bu3MIECKUX MTPOTIECCOB U SIBJIEHUI B 00JACTH TIPOYHOCTH, IUHAMUKH JKUIKOCTEN U ra-
30B, TEMIOMDUINKH, HITEKTPOMATHETU3MA, AKYCTUKH.

Maremarudeckue MOJieiu, ONUCHIBaIOIUe HU3UIECKHUE TPOIECCHI, & TAKIKE YUCTIEH-
HBIE METO/IBI PEIeHN 33144 PeaTN30BaHbI B KOMIIOHEHTAX MPOTPAMMHOTO KOMILTEKCA,
HA3bIBAEMBIX pemaTesssmMu. J[ocTyn K penatesisiM OCYIECTBASETCS ¢ TIOMOTIBIO TPU-
JIOJKEHU, MMEIOTHMX TpaduuecKuil moIb30BaTeIbCKuil nHTepdeiic, HasbiBaeMbIX 060-
soukamu. Takke B cocTaBe TTPOTPAMMHOTO KOMILJIEKCA TIPUCYTCTBYET PSiZl BCIIOMOTa-
TEJIbHBIX MPUJIOXKEHU, OTBEYAIONINX 32 yIPABJIeHUE BBIYUCIUTENbHBIM MIPOIECCOM,
XpaHeHUe JaHHBIX U APYTHE 33/Ia9H.

B 3aBucuMocTH OT (DU3UKK paccMaTPUBAEMON 3ajiaun TpeGyeTcst BBIOPATh MOAX0-
IS PelaTesb — MPOrPAMMHBIN KOMITOHEHT (MOJYJIb), B KOTOPOM Peain30BaHa He-
06XoMMast MaTeMaTHIeCKast MOJIE/Ib,  TAKIKE YNCTIEHHbBIE METO/IBI €€ PEIeHUsI.

B IIK ANSYS npencraByieHbl MHCTPYMEHTBI IS IPOBEAEHUS CJAEMYIONIUX TUIIOB
aHaJIu3a:

1. Fluid Mechanics — MozmennpoBanue TedeHUil KUAKOCTH 1 Tasa. I1o3BoJister uc-
CJIEJIOBATH MUPOKUH CHEKTP MPOGIEM THAPOTA30AMHAMUKH, BKJIIOYAs CTAIHO-
HAPHbIE ¥ HECTAI[MOHAPHBIE TEUYEHUS, CKMMAEMble U HECKUMAeMble TeYeHUs,
HEBs3KHWE, JIAMUHAPHBIE W TypOYJEHTHBIE TEYEHUs, MHOTOKOMIOHEHTHBIE
1 MHOTO(A3HbIE TEYEHUs, TEYEHUST C XUMUIECKUMU PEAKIIUSIMU, TEIEHUST Yepe3
nopucTbie cpezibl 1 T.J1. JIuneiika momyseit ANSYS n1s1 mperipolieccunra, perire-
HUST 1 00pabOTKY PE3yJIBTATOB B 33jlauaX THAPOTA30JNHAMUKY BKJIIOYAET MO-
ayau: Fluent, CFX, Icepak, CFD-Flo, Vista TF, Icem CFD, TurboGrid, TGrid,
BladeModeler, CFD-Post.

2. Structural Mechanics — MozeMpoBatue 3a1a4 AMHAMUKA U IPOYHOCTH, BKJIIO-
yagd JTUHEHHBIN CTaTUCTUYECKUI aHA/IN3, CIIEKTPAIbHBI U TADMOHUYECKU aHa-
JIA3, OTIEHKY TIOTepU YCTOMYMBOCTH, MEXaHUKY pa3pyleHus. JInreitka Momyei
ANSYS s pemenus 3aa4 MeXaHUKHU J1e(pOPMUPYEMOTO TBEP/IOTO TeJla BKIIO-
yaer: Static Structural, Transient Structural, Rigid Dynamics, Steady-State
Thermal, Transient Thermal, Linear Buckling, nCode, Harmonic Response,
Random Vibration, Modal, Response Spectrum, Explicit Dynamics/AUTODYN.

3. Electromagnetics — pacuer pagno3JIeKTPOHHBIX KOMIIOHEHTOB ¥ YCTPOUCTB, WH-
TErpajbHbIX CXeM, AHTEHH, 9JIEKTPUYECKUX MAIUH, IPUBOJIOB, CUJIOBOI DJIEKT-
POHUKH, CHCTEM aBTOMATHUKHU, TPAHCHOPMATOPOB, SJIEKTPUIECKUX batapei u Jip.
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JInHefika TPOrpaMMHBIX TIPOAYKTOB [JIsT PEIIEHUS 3a7ad 2JeKTPOMEXaHUKN
srioyaer: Maxwell, RMxprt, PExprt, Simplorer.

4. CBsI3aHHBIE PAacUeThl — MOJIEJIMPOBAHNE 33/1a4 HAa CTBIKE PA3IMYHBIX Pa3/eIoB
(pusukm, HarpuMep B3auMOEHCTBUS TIOTOKOB SKUJIKOCTH WJIM Ta3a CO CTPYKTY-
pamu (FSI). [To3BosisieT mpoBOANTh MHOTOAUCITUTIINHAPHBIN aHAJIN3, OCHOBAH-
HBII HA COYETAHUW PA3JTUYHBIX TUTIOB PeIaTesei.

Kak npaBuio, KaK/Iblil pelaTesib COOTBETCTBYET OT/IEbHOMY TIPUJIOKEHUIO B Cpe-

ne porpammbl. Ofpatierivie K TOMY WM HHOMY PEIIATENTo, & TAKXKe B3aMMOECTBIE
MEKY TMPUJIOKEHUSIME OCYIIECTBIISIETCS] ¢ MMOMOIIBIO pacyeTHoi o6osmoukn ANSYS

Workbench.

1.3. NMNnardopma Workbench

ILrardopma Workbench nmeer MoxyIbHBI IPUHITKIT OIIMCAHKSI PACYETHOTO MPOEKTA,
YTO TMO3BOJISIET HATJISIZTHO MPEJICTABUTH TTOCIEI0BATETHHOCTD TIPOBEIEHUS BCEX pacye-
TOB, a TAKXKe CUCTEMAaTU3UPOBATH U XPAHUTH MOJTyUYE€HHBIE PE3YTBTATHI.

IMonbzoBarenbeknit naTepdeiic Workbench (puc. 1.1) comepsxut ciemyrorine ma-
HEJIW ¥ OKHA:

1 — oxno Project Schematic, B koTopoM oTOGpakaeTcst cxeMa MpoeKTa, BKIIYA0-
1ast Habop UCMOJIB3YEMbIX B IIPOEKTE MOYJIeil U IPUJIOKEHH;

2 — maHesb UHCTPYMEHTOB 00berHsIEeT 00Ire HACTPOIKH 1 OIIIUU MIPOEKTa, I0-
3BOJISIONINE TIPOUBBOJUTH omepanuu ¢ (aitmaMu (OTKPBITh, COXPAaHUTh, aPXUBUPO-
BaTh ¥ T. JI.), HACTPAUBaTh BUJ OTOOPasKeHUsT TpaduuecKoil HHGOPMAIK B IPOEKTE,
yCTaHABJIMBATh IJI0OAbHBIE HACTPOWKY JJISI OTJAEIbHBIX MOAYJIEH TPOEKTa, BKIOUAs
pemaTenu (CBONWCTBA UMIIOPTA U HKCIIOPTA TEOMETPUUECKUX MOJIETIeH, BO3SMOKHOCTH
MOBBINIEHUS TIPOU3BOIUTEIBHOCTH BBIYMCIEHUH 1 T. /1.), a TaKXKe BBIOMPATh €MHUIIBI
HU3MePEeHHUs], UCIIOJIb3yeMble B ITPOEKTE, U MHTETPUPOBATh B PabOUyIo cpesy coOCTBEH-
HbIE TIPOTPAMMHBIE TTPUITOKEHUS (PacITUPeHs );

3 — manenb Properties copep:KUT omicaHne CBOMCTB BbIIeJIEHHOTO B OkHe Project
Schematic o6pekra. [To yMOTIaHNIO TTAHETH CBOCTB CKPHITA M BBHI3BIBAETCS O30~
BaTeJIeM Yepe3 KOHTEKCTHOe MeHI0 BhIOpaHHOro oObekTa. [TaHesb mpecTabisieT coboit
TabJuIly U3 ABYyX CTOJIOIOB. B 1epBOM CTOMOIE MEPEUNCIISIOTCS HA3BAHKS CBOWCTB,
a BO BTOPOM — WX 3HaueHus. Bcee cBOliCTBA MMEIOT HEKOTOPbIE 3HAUCHWS, 3a/laHHBIE TI0
ymosrdaruio. Eciii sHaueHre kakoro-imbo cBoicTBa 0ToOpaskaeTcst Ha cepoM GoHe, TO
OHO He MOXKET OBITh U3MEHEHO TT0Jb30BATEIEM;

4 — nanesnb Toolbox orobpaskaer Bce OCTYIIHbIE MOLYJIN U IPUJIOKEHNS, UHTETPU-
posantbie B cpery Workbench. HaGop mocTyHBIX MOJyJIell 3aBUCHUT OT THIIA JIAICH-
3un ANSYS.

ITanens Toolbox Beerza BKIIOUAET IISTh PA3/IesIOB:

1) pasmen Analysis Systems comepsKUT TOTOBBIE TAOJOHBI [JIST PA3TNYHBIX THTIOB

YMCJIEHHOTO aHaJIN3a, HAlpuMep i cratudeckoro ananusa H/IC koHcTpyK-
UM, aHAJM3a TOTEPH YCTOWYMBOCTU U T. J. Kak MpaBUsIO, KasKAbIH MIabJoH
numeet saapo B Buje onpeneaenHoro pemrarenst (Fluent, CFX, Static Structural
U T. II.), & TAK’KE BKJIIOYAET BCIIOMOTATEIbHbIE MOJYJIH JIJIsI TOJTOTOBKU T€OMET-
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Puc. 1.1. UHTepgeric Workbench

puyeckoii mogenu (Design Modeler), koHeuHO-3/1€eMEHTHON MM KOHEYHO-00b-
emHolt mogenu (Meshing), saganus cgoiicts marepuasnos (Engineering Data)
u mocTobpaboTku pe3y asratoB pacuera (Results).
Ha puc. 1.2 uso6paxen npumep mabiaona Fluid Flow (Fluent) aia monenupo-
BaHMsI TEYEHUIT JKUKOCTU ¥ Tasa ¢ ucrnosib3oBanueM pemnraresst Fluent. [liist go-
GaBenust MabIoOHA B TIPOEKT TOCTATOYHO MEPETAITUTD eTo ¢ manesn Analysis
System B pabouee npocTpaHcTBO MpoekTa Project Schematic. CTout oT™MeTHTB,
YTO OJIHOBPEMEHHO B PabOUeM MPOCTPAHCTBE MTPOEKTA MOKET HAXOJUTHCS He-
OTPaHMYEHHOE KOJTMYECTBO MAOIOHOB, MEKIY KOTOPHIMU MOTYT OBITH YCTAHOB-
JIEHBI CBSI3U (HAIIPUMED, AJIT MEKAUCIIUTIINHAPHOTO aHAJIH3A);
2) pasznen Component Systems BKJIIOYaeT OCHOBHBIE U BCIIOMOTATEJIbHbIE MOJIY-
JIH, UCTIOJTb3YeMbIe TIPH PelieHnn 3a1a4. Tak, B pabodee MPOCTPAHCTBO MPOEKTA
MOJKET OBITH OTAETHLHO M06aBIeH KOMIOHEHT JIJIst TOCTPOEHUST TEOMETPUYECKOI
MOJIeJIH, TOCTOOPABOTKHI PE3yJIBTATOB U T. [1.;
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Puc. 1.2. Heobxonumsbie atarsl MOAE/NPOBaHUS

3) B pasgese Custom Systems cojiepsKaTcst TOTOBbIE CBS3KHU MIa0JIOHOB VIS peliie-
HUS MEXIUCHUATLIMHAPHBIX 3a4a4. Hanpumep, kommnonent Thermal-Stress no6a-
BUT B IIPOEKT JIBA CBSA3aHHBIX IMa0I0HA — CTAIIMOHAPHBIN TEILTOBOI aHAIN3 U OC-
HOBAHHBIN Ha €TO Pe3yJbraTaX CTATUYECKU aHAIN3 TPOYHOCTH. /IS pemens
CBSI3aHHBIX 33J1a4 MOKHO TaKyKe HCIIOJb30BaTh MabIOHBI 13 pas/ena Analysis
Systems, BpyuHyT0 yCTaHaBIUBAS MEKy HUMU CBSI3M;

4) paspgen Design Exploration 1mo3BoJisieT penaTh 3aauy ONTUMHU3AIWHN JJIsT Tapa-
METPOB, KOTOPbIe 3a1a10Tcs B uHTepdeiice Parameter Set (1abop napamerpos);

5) pasuen External Connection Systems mo3BoJIsIeT HHTErPUPOBATH TOJIb30BATEb-
CKW€ BHEIIHUE MTPUJIOKEHWS U TIPOIIECCHI B TPOEKT.

Jajiee mpuBeseM KpaTKiil 0630p OCHOBHBIX MOAYJIEH M MPUJIOKEHUH, HCITOIb3Ye-
Mmbix B ANSYS Workbench 11 moarotoBxu u nposeseHus: 4ucjaeHHOIO aHAIU3a.

Engeneering Data — wntepdeiic mst ympaBienust 6a3oil JaHHBIX (HU3MIECKUX
¥ MEXaHUYECKUX CBOMCTB MAaTEPHAJIOB, & TAKKE BXO/IHBIX TAPAMETPOB MAaTEMAaTUIECKUX
MoOjIeJien.

Design Modeler (nyukr Geometry B pasaeie Component Systems) — npuiio-
JKeHme 17151 co3nanus reomerpudeckux 2D /3D-monesneit. Takxe Moaybp MoOXKeT pa-
60TaTh ¢ UMIIOPTUPOBAHHON 13 cTOPOHHUX CAD-KOMILIEKCOB TeOMeTpHUell: 03B0-
JISIeT UCTIPABJISATD 1e(PEKTHI B TEOMETPUH, U3MEHSTH UJIU YIPONIATh TEOMETPUUECKYIO
MO/JIEJIb.

Meshing (nyukr Mesh B pasnene Component Systems) — MHOrO(GYHKIIHOHAIb-
HBII CETOYHBIN TTPETPOIeccCOp, KOTOPBIH MO3BOJISIET TEHEPUPOBATH BHICOKOKAYECTBEH-
HbIE PACUETHBIE CETKU B AaBTOMATUYECKOM PEXKUME JIJIS PA3JIUIHBIX TUTIOB WHXKEHEPHO-
ro aHaau3a. MoIyJIb IPEAOCTABJISET IMUPOKIIT HAOOD HHCTPYMEHTOB JJISI TIOCTPOEHHS
PaCUETHBIX CETOK HAa OCHOBE TPEYTOJBHBIX M YETHIPEXYTOJBHBIX 9JIEMEHTOB 17151 2D-Mo-
Jieiell 1 Ha OCHOBE TETPa’[POB, TEKCA3APOB WJIH NMUPAMUAAILHBIX 3JTEMEHTOB JIJIsI
3D-mopeseit. B mporpaMMe 3a/10:KeHBI aATOPUTMBI 7151 TOCTPOEHUST CTPYKTYPUPOBAH-
HBIX U HECTPYKTYPUPOBAHHBIX PACUETHBIX CETOK, a TaKXKe BO3MOXKHOCTH KauyeCTBEH-
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HOTO pas3pelieHus] PACUETHON CeTKU BOJIMBU TBEPIBIX CTEHOK U APYTHX 0COOEHHOCTEH
MOjIeJiel, 4TO 0COOEHHO BAXKHO [IJIsT THAPOANHAMUYIECKOTO aHATN3A.

Static Structural npexHasHaueH ISt pelieHUs 3a1a4 MeXaHUKK 1e(OPMUPYEMOTO
TBEPIOTO TeJia B CTATUYECKOU mocTaHoBKe. I1pu ncmoib30BaHn KOMaH/HBIX BCTABOK Ha
st3bike APDL dyHKIIMOHAI MOy ISt MOKET ObITh PACIIUPEH JJIsI PEIIEHUs], HATIPUMED,
CBSI3aHHBIX 33124 (TEPMOYIIPYTOCTh, IOPOYIIPYTOCTh, AIEKTPOYIIPYTOCTH U T. 1.).

Transient Structural — Mozysib 1JIst penieHus 3a1a4 IMHAMUKE KOHCTPYKImid. Oc-
HOBAaH Ha HESIBHBIX CXeMaX WHTETPUPOBAHUS YPABHEHUH ABVIKEHIIS.

Explicit Dynamics/AUTODYN/LS-DYNA — Mo/yJii1, OCHOBaHHBIE Ha SIBHBIX Pe-
aTessAX U pacdeTa 3a/a4u JUHAMUKN KOHCTPYKIUI 1 MOJIeTUPOBaHUS OBICTPOTIPO-
TEKAIOINX HeJMHEHHBIX TIPOIIECCOB: BBICOKOCKOPOCTHBIX YAAPOB, TPoOUTHIA, (hparMeH-
TaIH, Pa3pyIIeH U T. 1.

Rigid Dynamics npesHasHaueH JJIs MOAETNPOBAHMSI IMHAMUKH MOJABUKHBIX CUCTEM,
MeXaHU3MOB. KmHeMaThKa MeXaHU3Ma OTMCHIBAETCS MTyTeM 33J[aHUs CHCTEM KOOPJIH-
HAT, CBSI3aHHBIX C JIETAJISIMU, U BEIOOPA MTAPAMETPOB, KOTOPbIE OHO3HAYHO OIIPEIEISIIOT
B3aUMHOE T0JI0KeH e leTasell 1 KOHGUTYPAInIo Bcero Mexanun3ma. [lepemernenus ten
OIMCBIBAIOTCS ypaBHeHUAMMU ABMKeHns B hopme Kelina [4], uTo obeciieunBaeT BbICOKYIO
TOYHOCTH ¥ CKOPOCTH PEIeHNsT 3a/[aUu.

Steady-State Thermal /Transient Thermal — anaius ycraHOBUBIIETOCS /HECTAIIO-
HapHOTO TEIJIOBOTO TOJISI HA OCHOBE PEIeHUs YPaBHEHUS CTAIMOHAPHOM /HECTAINO-
HapHOU TEIJIOIPOBOAHOCTH.

Fluid Flow (CFX) npexgHasHaueH s pelieHus 3a1ad TUAPOANHAMIKH, a TAKKe
3aj1a4 COMPSIKEHHOTO TertoobMeHa. [103BoJIsIeT MOJIETMPOBATD MNIMPOKUN CrieKTp dhu-
3WYECKUX TIPOIIECCOB B JKUIKOCTSX ¥ Ta3aX, TAKUX KaK HECTAIIMOHAPHOCTD, TypPOYJIEeHT-
HOCTb, MHOTOKOMITOHEHTHOCTh ¥ MHOTO(A3HOCTh CPEbl, XUMUYECKUE PEAKINH, pa-
AUATIMOHHOE U3JTydeHre, aKyCTUYECKUEe BOTHBI M T. 1. XOPOIIIO 3aPEKOMEHIOBAT Cebst
B 3a/[auaX TYPOOMANIMHOCTPOEHWS, T/le HEOOXOANMO MOJIEJIMPOBAHNE TEUEHUH KUKO-
CTeli ¥ Ta30B B YCJOBUSIX BPAIIAIONIIXCS MEXAaHIU3MOB.

Fluid Flow (Fluent) nmeer ananornunsiii Mmoayso CFX dyHKIIMOHAI, 0JHAKO CO-
nepyRUT GoJiee MUPOKUH CIIEKTP MOZIEJIEH 1 METO/IOB JIJIsT MOJIETMPOBAHMUST TEUEHUI € XU~
MUYECKUMU PeakImsiMi. Takske 00J1aaeT BCTPOEHHBIM PEAKTOPOM PACUETHBIX CETOK.

Electric — MozmenmpoBaHue 2JeKTPUYECKUX MOJIEH TTOCTOSHHOTO TOKA B MPOBOJI-
HUKAaX.

Thermal-Electric — craioHapHbIi 9JEKTPOTEPMUYECKUI aHAINS, TIO3BOJISAIONIUI
HCCJIEIOBATD TIPOIECCHI TETIJIOBbIIENIEHIS TP ITPOXOKAEHUH AJIEKTPUUECKOTO TOKA MO
IPOBOJIHUKY, & TAK)KE IPOIECCHI TETLIIONIEPEHOCA B TBEPABIX TeJIax.

Modal — MoganbHbIil aHa M3, pacuyeT cCOOCTBEHHBIX YacTOT U (GOpM KosreGaHuid.

Harmonic Response — rapMoHIUeCcKUIT aHAIN3 1751 OTIpe/leIeHNsT OTKINKA KOHCT-
PYKIIMU HA [efiCTBUE TAPMOHUYECKUX HATPY30K. [103BOJIsIET OIIEHUTD HETATUBHBIE 1TO-
CJIE/ICTBYSI BBIHY KIEHHBIX KOJEOAHUI — PE30HAHCA, YCTAJIOCTH U T. JI. PACCUUTHIBAIOTCST
TOJIBKO YCTAHOBUBIIMECS] MOJIbI KOJIEOAHU B OTIPe/IeJIEHHOM JIUATIA30HE YaCTOT.

Response Spectrum — aHasM3 OTKIMKA KOHCTPYKIIMK HA JI€HCTBIE TUHAMUYECKUX
HATPY30K, 33/IaHHBIX aKcesieporpaMMoii. C MOMOIIbIO INHEIHO-CIIEKTPATBHOTO METOIA
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OIPEIENISTIOTCST MAaKCUMaJIbHbIE OTBETHBIC YCKOPEHUsI OJHOMACCOBON K0JIeOaTeIbHOI
cuctembl. Mlcrionb3yeTcs A7 pacyeTa CeiCMOCTONKOCTH COOPY>KEHUH.

Random Vibration — anamm3 oTKIMKa KOHCTPYKITMHU Ha IEWCTBHE CIyYalHBIX BUO-
PAITMOHHBIX HArpy3o0K. [IpukiasbBaeMas Harpy3Ka 3a/I1a€Tcsl C MOMOIIBIO BEPOSTHOCT-
HBIX BEJTNYITH.

Pa6ora B ANSYS Workbench ocyiecTsiisiercst B MHTEpaKTHBHOM PeKUME Uepes Tpa-
dbuueckuii mospzosatebekuii uatepdeiic GUI (Graphic User Interface). Onnaako 601b-
IIHHCTBO TIPUJIOKEHUH, MHTETPUPOBAHHBIX B CPEILY, MOJKET padOTaTh Kak B MHTEPAKTHB-
HOM, Tak U B TakeTHOM pexkume. Hampumep, 1ist pabotsr ¢ ANSYS Mechanical moxxer
ObITh MCIOJIb30BaH TEKCTOBLIN (haiin Ha s3bike APDL, comepskaniuii KOMaH/(bl I 101
TOTOBKH W 3aITyCKa Ha pacyer.

1.4. OCHOBHbIE€ NPUHLUMUNbI peleHnsa 3apa4
B Workbench

ITankl perieHus 3aiauu B 00IIEM Cydae MOTYT OBITh OMUCAHBI CXEMOI, TIOKA3aHHOM
Ha puc. 1.3.

Co3aaHne/MMnopT reoMeTpryeckoi Moaenu

MpocTpaHCTBEHHAs! ANCKPETU3ALIMS pacyeTHON obracTy
(NOKpbITUE rEOMETPUYECKON 0BNIAcTU CETKON KOHEYHBIX
3reMeHTOB/KOHEYHbIX 06bLEMOB) —> [penpoueccop

BbiGop dm3nko-maTtemaTnyeckon Mogenm,
OnMcaHne pacyeTHON CXEMbI,
3afjaHu1e rpaHNYHbIX U HavarbHbIX YCIOBMI

lMpouecc peluexuns 3agauu,

—> [poueccop
KOHTPOMb 3@ CXOOAMMOCTbIO PELLIEHNS

O6pabotka 1 aHanus pesynsraTtoB — [locTnpoueccop

Puc. 1.3. Otanbi pelueHns 3agaqv

IlepBbiM aTarioMm pelieHusl 3ajjaun SABJSETCS CO3[aHME IeOMeTPUYECKON Mojenn
WM UMTIOPT TOTOBOI Mojenu u3 cropoHux CAD-cucrem. B Workbench st atoro
ucnoJspdyetcs Moayab Geometry, KOTOPBIN 1TO3BOJISET BBI3BATh MpuiioskeHue Design
Modeler wiu SpaceClaim Direct Modeler.

Ha BTopoMm ararie BBITIOJHSETCS MPOCTPAHCTBEHHAS MUCKPETU3AIUsS PacyeTHON
06J1acTH, KOTOPasi COOTBETCTBYET MCXOAHOM TeOMEeTPUYECKON MOJIEJIH, TONyIeHHOI
Ha mpeabLyieM mmare. [locTpoeHne pacyeTHON CeTKH MOXKET OBITh BBIOJIHEHO C TIO-
Moripio mogyJeit Meshing u ICEM CFD.
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[lanee B 3aBUCHMOCTH OT THIA aHAJIN3a, KOTOPBIH IIPEATIONAraeTcsl NCIOIb30BaTh
B paboTe, IPOU3BOIUTCS OTMCAHNE MATEMATUYECKON MOJIEJN ¥ MTOJA0MpaeTcst HeoOXO0-
JVIMBII pacyeTHBIN MOzyJib. Hampumep, miist pacuera HanpsikeHHO-1ehOPMUPOBAHHO-
ro cocrostanst (HJIC) koHCTpYKIMU 1O/ /IeHICTBUEM CTAaTUYECKUX HATPY30K CJIEyeT
MCIIOTB30BaTh MOAYIb Static Structural. Ha garnnoM aTame HeoOGX0IMMO 3a1aTh CBOT-
CTBa MaTEPUAJIOB, FPAHUYHBIE ¥ HAYAIbHBIE YCJIOBUS 3a/1a4i, BRIOPATh METOIbI PACUETA,
HACTPOUTb PENIATENb B COOTBETCTBHUH C IPUHATON (PU3UKO-MaTEMATHYECKON MOJIENBIO
1 33/1aTh TPEOYEMYIO TOYHOCTD pacyera.

ITporecc pacdera SBIsIETCS MOJHOCTBIO aBTOMATH3MPOBAHHBIM, OJTHAKO PEKOMEH-
NIyeTCsl OCYNIECTBJISATh KOHTPOJIb HAJ TIPOIECCOM PEIIEHUS: CJAEINUTDb 3a TOBEICHUEM
peleHNs ¥ er0 COOTBETCTBUEM KPUTEPHIM CXOJAMMOCTH, BBIBOJMTD HA 9KPAH MOTIOTHH-
TeJIbHBIE MTAPAMETPBI, TTO3BOJISIONIIE OIIEHUTh HEOOXOANMbIE KOJMYECTBEHHBIE XapaK-
TEPUCTUKU PEIIEHUS, U T. II.

IToce 3aBepieHust pacueta HEOOXOAMMO TPOAHATIU3UPOBATD TIOJYyYEHHbBIE PE3YJIb-
TaThI U, €CJIU €CTh BO3MOKHOCTD, CDABHUTD UX C UMEIONTIMHUCS KCIIEPUMEHTATbHBIMU
ITaHHBIMU. Tak:ke ciieyeT IOMHHUTB, UTO TIOTyYeHHOE PellleHIIe He OJKHO 3aBUCETh OT
pa3Mepa CETOYHBIX AJIEMEHTOB, UTO OGBIYHO TOCTUTAETCS TPOBEIEHIEM CEPUU PACIETOB
Ha CETKaX Pa3JUYHON MJIOTHOCTH.

Ha puc. 1.2 npeacrasien ma6son Fluid Flow (Fluent), KoMIIOHEHTBI KOTOPOI'O CO-
OTBETCTBYIOT OMMCcanHoOI Ha puc. 1.3 cxeme. Pabota ¢ KoMIoHeHTaMH MabI0Ha BBITIOJ-
HSIETCSI TIOATATTHO: TOCTPOEHIE PACIETHON CETKHM HEBO3MOXKHO O€3 MPeIBAPUTETHHOTO
3a/IaHUsT TEOMETPUYECKON MOoJIesn U T. /. HalpoTHB Kask0TO KOMIIOHEHTA B IabJI0He
pacIioJioxkeHa NKOHKA CTaTyca JAaHHOTO KOMIIOHeHTa. [1o Mepe 3amoiHeHusT 0JIb30Ba-
TeJIeM JTAHHBIX B KOMIIOHEHTaX MKOHKA OyeT n3aMeHsaThes. B tabu. 1.1 npuseneno omu-
CaHWe CTaTyCOB KOMIIOHEHTOB M COOTBETCTBYIOIIUX UM MKOHOK.

Tabnuya 1.1. CTaTtycbl KOMMNOHEHTOB LUAO/IOHA

UkoHka CraTyc
v Bce aaHHble, Heo6xoayMble Ans paGoTbl KOMMNOHEHTA, NPEA0CTaB/EHbI, KOMMOHEHT OGHOB/IEH
va TpebyeTca 06HOBNEHME KOMMOHEHTA, TaK Kak AaHHbIe, NPea0CTaBNeHHbIE APYIMM KOMMOHEHTOM
B KQ4eCTBE BXOOHbIX, Oblfivi USBMEHEHbI
F TpebyeTca 06HOBNEHME KOMMOHEHTA, TaK Kak AaHHbIe BHYTPY KOMMOHEHTA (SlokanbHble AaHHbIe) Bbinn
! M3MEeHEeHbI
= KOMMOHEHT He roToB K UCMO0JIb30BaHWNIO/3aMN0NHEHMIO AaHHBIMM, TaK KaK He NPefoCTaBIeHO HUKAKNX
5

BXO[HbIX AaHHbIX C npeabiayuiero atana-KoMnoHeHTa

= TpebyeTcsa BBeAeHNE JaHHbIX 419 TEKYLLLEro KOMMOHEeHTa

z BbINOHAETCA NPOLECC peLueHns

& Mpouiecc 06HOBNEHNS KOMMOHEHTA HE BbIMOJIHEH 13-3a OLWNBOK

¥ Mpouecc 06HOBNEHNS/peLLeHNs NpepBaH

B KOMMOHEHTEe NPOBEAEHO PeLLeHne, OJHAKO BXOAHbIE AaHHbIE bl n3MeHeHbI 1 TpebyeTcs
NPOV3BECTN NPOLECC PELLEHNS MOBTOPHO

B Workbench cymiectByer BoaMoskHOCTS 0OMEHa TAHHBIME MEXK/TY PEIaTEISIMHU, Ha-
pUMep, IS TIPOBEJICHUS MesKAMCIUIIIMHApHOTO aHasiu3a. Ha puc. 1.4 nokaszan nmpumep
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Tepesiauy IaBJIeHUS B KadeCcTBe HAarPy3KM Ha CTEHKU KOHCTPYKIH u3 pentarens CFD
Fluent B pemaresns Mechanical pst nanbHeiimero uccnenoBarust H/IC KOHCTPYKIINH,

CiielyeT OTMETHUTB, YTO IMHUH-KOHHEKTOPBI, COCANHSIOIIIE IA0JI0HbI, MOTYT HMETh
pasnuunbiil Buz (puc. 1.4). B ciyuae coemunenus: moayseit Geometry aByx mabJoHOB
KOHHEKTODP MMeeT KBaJPaTHYI0 (OPMY, ITO O3HAYAET MCIIOIB30BAHNE MOIYISIMU 00-
mux AaHHbIX. Kpyrias (opma KOHHEKTOpa COOTBETCTBYET MEXaHU3MY, KOT/IA JJaHHBIE
OJITHOTO MOZLYJIS1 SIBJISIIOTCS BXOJHBIMU JUISL IPYTOTO MO JISL.

- A b4 B
il = Fluid Flow (Fluent) 1
2 Q Geometry ? ., 2 Q Engineering Data +"
3 @@ Mesh %3 @ Geometry 7.,
5 @ Setu F . 4§ Model T,
5 Solution i —— @ Setup =
6 @ Results F . 6 Solution T,
Fluid Flow (Fluent) 7 @ Results .

Static Structural

Puc. 1.4. O6meH fAaHHbIMY MeXAyY peLuaTessmm

ITpu coxpanenun mpoexra Workbench B pabouem karasore dopmupyercs: daiin
IIPOEKTA C PACIIUPEHUEM .whpj, a TAKIKE KATAJIOT, COAEPKAIIUN YITOPSIIOUYEHHYIO CTPYK-
Typy (ailioB 1 BHYTPEHHUX KATAJIOTOB, COOTBETCTBYIONINX ATAIAM M UCIOJb3yEeMbIM
B IPOEKTE MOYJIsIM. UTOOBI TOCMOTPETD CTPYKTYPY (hAliIOB 1 MAIIOK TPOEKTA, HE0OXO0-
Mo BbiGpath KoMauy Files B Mmento View. B HIDKHEl yacTh OKHA [TPOEKTA MOSIBUTCST
Tab/IMIA ¢ Ha3BaHUAMU CO3JaHHbIX (hailIoB U MX pacHo/oxkeHneM Ha aucke (puc. 1.5).

Wwms daiina | OvpekTopus LN

1 Name®#™ v |ce. v | se= + Type - Date Modified = Loaton & -
2 | I\ sopia_M=3,4,5.wbpj 325KB | Workbench Project File| 12.05.2016 9:01:58 Gr\

3 | @ Frragd Az 2MB | Geometry File 12.05.2016 8:58:40 dp0\FFFIDM

4 |@ FFr-lagdh B2 2MB | Geometry File 10.05.2016 13:51:22 dp0\FFF-1\DM

5 |@ FFF2.agdb c2 2MB | Geometry File 12.05.2016 9:01:50 dp0\FFF-2\DM

6 | %R, designPoint.wbdp 87KB | Workbench Design Poir| 12.05.2016 9:01:58 dp0

Puc. 1.5. CTpykTypa ¢aiinos v nanok COXpaHEeHHOro npoeKkTa

1.5. MUHcTpyMeHT ANSYS AIM

Kax mbI Bugum, mwiargopma ANSYS Workbench nossosiser onruMusuposars paboty
TIOJTb30BATEJIS 33 CYET WHTErPAINK PA3HOOOPA3HBIX PelaTesieil i MPUIOKEHIH B e/[1-
HyIo nH(opMarmoHuyio cpeay. CosnaBast OTHeNbHbIe MAGIOHb 1 CBI3BIBAS UX MEKIY
co00ii, MOIb30BATENb MOJIYYAET AOCTYI K Pa3HOOOPA3HBIM HHCTPYMEHTAM YHCIEHHOTO
aHaM3a B 06JaCTH THAPOIMHAMUKH, IPOYHOCTH, SJIEKTPOMATHETU3MA, & TAKIKE JIJIST Pe-
IIEHUS CBA3AHHBIX 33/1a4, HAXOASAIINXCS HA CTHIKE Pa3InYHBIX 00JacTell (PU3UKH.
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OpHaKO CETrOJHsS CTAHOBUTCS aKTyaJbHBIM OGeCIieYeHUe eIMHOTO TPOCTPAHCTBA
MO/IEJIUPOBAH JIJIsI TI€JIBIX KOJIJIEKTUBOB UHKEHEPOB U UCCJIEI0BATENE, TOCKOIbKY
MPOEKTHI B 06JIACTY WHKEHEPHOTO aHAIN3a COCTOSIT U3 HECKOJIBbKUX TPYAOEMKUX ITa-
OB ¥ TPeBYIOT YUaCcTUs CIIENUATICTOB U3 PasJIuYHbIX oOnacTeid. /s yCrenHoro s3an-
MO/IEICTBYS PA3JINYHBIX CIIEIUAINCTOB B MH(MOPMAIMOHHON cpezie Komnanusg ANSYS,
HaunHast ¢ Bepcuu 16.0, peanusosana texHomormio ANSYS Immersive Multiphysics
(ANSYS AIM).

ANSYS AIM xonIenTyanbHO pa3BuBaet ueooruio obomouku Workbench u mpe-
ZOCTaBJISIET IMHUPOKNE BO3MOKHOCTH TSI MHOTOJUCTIUTIIMHAPHOTO W MEKIVCIIATLITN-
HapHoro ananusa. OHaKo, B oTiuune ot kaaccudeckoro Workbench, kotopsiii xorsh
U MO3BOJISIET CBSA3BIBATH OT/IEJIbHbIE BU/IBI PEIIATEIel MEKILY COOO0M, HO COXPaHSIET MH-
Tepelicel perrareseii Kak OT/JeJbHBIE TIPOTPAMMHBIE IPOAYKTHI, B TON WJIM WHOM CTe-
MeHU UHTETPUPOBAHHBIE B elHY10 0007104Ky, ANSYS AIM z1aeT BO3MOKHOCTD UCIIOJTb-
30BaTh eMHbIIH MHTEpdEiC g BCeX TUIIOB pacyeToB. XapakTepHOH 0COOEHHOCTHIO
MAHHOTO TIPOAYKTA SBJSIETCS BO3MOXKHOCTD alallTau pabovero mpoCTpaHCcTBa MPo-
eKTa K TpeGOBaHMIM KOJUIEKTHBA TTOJAb30BaTENeH, MO3BOJAIONAA KOH(PUTYPUPOBATH
Cpefy, aBTOMAaTU3UPOBATh TIPOIIECC PENIeHWs 33/1a4 32 CYET CO3JAHUS MOBTOPSEMbIX
U PEAIAKTUPYEMBIX Ma0I0HOB, CO3/IaBATh CIIENUATH3NPOBAHHBIE TIPIIOKEHIST.

Ceronna ANSYS AIM mnpenocraBiisieT BO3MOKHOCTH JIJIsI PENIEHNS B €JIMHOM WH-
tepdeiice 3a1a4 THIPOIMHAMIKH, TIPOYHOCTH, TETIOOOMEHA, 3IEKTPOINPOBOIAHOCTH, CO-
TIPSI’KEHHBIX 337124, TPOBE/IEHIST ONTUMU3AIINOHHBIX PACIETOB.

Ha puc. 1.6 npusenen rpadudeckuii untepdeiic ANSYS AIM, B koTOpoM Ha BKJIAI-
ke Study orobpaskaeTcsi CIIUCOK TOTOBBIX MIAGJOHOB JIJIST TPOBEAEHS PA3TMUHBIX TH-
OB aHamu3a. B 3aBUCHMOCTH OT BLIOPAHHOTO TTAbI0HA HEOOXOIMMO TIPOM3BECTH P/
HACTPOEK, TIOCJIE YETO M0JIb30BaTe b [T0JYyYaeT FOTOBYIO CXeMY IIPOEKTA.

Unsaved Project - Workbench

 Named Expressions / Values

Named Expression [rea- ]|

Puc. 1.6. Ipapuyeckuii uHtepgeric ANSYS AIM



18 Onmcanvie MK ANSYS

Bce pacuetibie MOy T HHTETPUPOBAHBI B IMHYIO PabOUyIO CPEY C APY/KECTBEH-
HBIM rpadudecknM nHTepdeiicom, moaromy ANSYS AIM MoryT npruMeHSITh TI0JIb30Ba-
TEJTH C JIIOOBIM YPOBHEM TTOJITOTOBKH.

1.6. NMNoppepxka BbiMNCNTESIbHbIX NnaTtdopm

ITK ANSYS pa6ortaer B cpege onepanuonnbix cucrem (OC) cemeiictBa Windows
u Unix. B ta6.1. 1.2 npexcrasien curcok OC (64 bit), koTopble MOTYT GbITh HCHOJIB30-
BaHbl 711 pabotel ¢ ANSYS, naunnasg ¢ Bepcuu 16.0.

Tabnuya 1.2. CoBmectumbie OC-nnargopmsbi

NMnatdpopma (64 bit) 16.0 16.1 16.2 1
Windows 7* v v
Windows 8.1* v v
Windows 10* - -
Windows Server 2008 R2**
Windows Server 2012 R2 (Standard)
RHEL 6.4*

RHEL 6.5*

RHEL 6.6* -
RHEL 7.0* -
RHEL7.1* - - -
SUSE Linux Enterprise 11 SP2***
SUSE Linux Enterprise 11 SP3***
SUSE Linux Enterprise 11 SP4*** - -
SUSE Linux Enterprise 2012 SPO***

<

AN

<
N A A

<]«
<

AN BN
AN RN

NEN AN N

<<

<<
|
|

AN N RN

* Bepcuu Professional /Enterprise.
** Bepcun HPC Server/Standard.
*#* Bepcun SLED/SLES.
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2.1. CpepctBa NnOCTPOEHUSA reOMeTPU4YEeCKUx
Mopaenen

TeomeTpuyeckast MOIESTb — 9TO MATEMATHYECKAST MOJIENb, OTMCHIBAIOIIAS T€OMETPUIO
HEKOTOPOTO peanbHoro oobekta. OCHOBHOE MPeIHAZHAYEHIE TEOMETPUUECKON MOIEITH
B TPOTPAMMHBIX KOMILIEKCAX MH)KEHEPHOTO aHAJIN3a — OMUCAHUE TPAHUI] PACIETHON
obJsactu.

[lnst co3nanms reomeTpudeckux Mojeneii ncrnoabdyioress CAD-cuctemsr. OcHOBOI
m000it CAD-crucTeMbl SIBJISIETCST T€OMETPUYECKHH mpotieccop (Habop MPOrpaMMHBIX
KOMITOHEHTOB, PEATN3yIONNX MATEMATUKO-TEOMETPUYECKYIO MOJIET).

ITK ANSYS npemocTaBiisieT cieayoiiie BO3MOKHOCTH B 00IaCTH TEOMETPUIECKOTO
MO/JIEJTUPOBAHS:

® CO3/1aHUe TEOMETPHUH C HYJIS,

e umnopt reomerpun u3 croporaux CAD-cuctem (AutoCAD, SolidWorks u p.);

® pemaKTUPOBAHNE NMITOPTHPOBAHHON T€OMETPHI;

e ByHAIPaBJEHHOE TTapaMeTpUYecKoe cBsidbiBaHue ¢ paziudabiviu CAD-cucre-

MaMU (MMTIOPT-3KCIIOPT MOJIEJIN ).

OcHOBHBIMU TIPOTPAMMHBIMU MOAYJIsIMU ANSY'S, MCTIONBb3YOMMMUCS 71 CO3/1a-
HUSI TEOMETPUYECKUX MOJIENIEN, SIBJISIOTCSL:

e Design Modeler;

e SpaceClaim Direct Modeler;

e Mechanical APDL.

SpaceClaim Direct Modeler (SCDM) saiBasiercst BerpoenHbiM B ANSYS AIM mopy-
JieM Jiist co3panus u pegakruposanus 3D-reomerpun. SpaceClaim Direct npegocras-
JISIET MIMPOKKE BO3MOKHOCTHU [IJIsI TAPaMEeTPU3AINN U3HAYAIBHO He TapaMeTPUusmpo-
BarHoli CAD-momemn. Monysnbs SCDM saBisietcss uHTErpupoBaHHbIM B cpery ANSY'S
Workbench, mo3BoJisieT 6bICTPO UBMEHSITh KOHCTPYKITUEO WJIU €€ OT/IeJIbHbIE 3JIEMEHTHI
1 OOHOBJISITH PE3YJIBTATHI MOJIETTMPOBAHISL.

[TomrMo TepeyncIeHHbIX MOMYyIel, QYHKIUSMU TEOMETPUYECKOTO MOJIETUPOBA-
HUSI U UCTIPaBJIeHUs e(EKTOB reOMETPUUIECKON MOETN O0JIafaloT APYTHe MOMLYJIN
ANSYS, nanmpumep cetounsiii reaeparop ICEM CFD.

B 37011 riaBe MbI pacCMOTPUM OCHOBHOHM MHCTPYMEHT TIOCTPOEHUSI TeOMETPHUIECKUX
mozedneii B cpere Workbench — ANSYS Design Modeler.

Teomerpuueckuii porteccop Design Modeler ocroBan Ha stape Parasolid u o6ua-
JIaeT BO3MOKHOCTSIME TTapaMerpusainuu reomerpun. Design Modeler siisiercst camo-
CTOSITEJIHHBIM MPUJIOKEHUEM U 3alyckaeTcst uepe3 cpexy Workbench us mabionos
¢ manenu Toolbox.

[TocTpoenne reoMeTpryecKOil MOJIETH MMPOUCXOANUT ITyTeM BBITIOJHEHUS TTOCIe/10-
BaTEJBHOCTH OTEPAINi, MTPOU3BOASIIIX IPeodpa3oBanus reoMeTprn. Bee sTarbl mo-
CTPOEHUS TEOMETPUU XPAHSTCS B BHUJIE€ APEBOBUIHON CTPYKTYPBI, UTO TTO3BOJISIET U3-
MEHSITD [TePBOHAYATBHBIE TTAPAMETPHI B JIOOOH MOMEHT CO3/IaHUS TEOMETPH.

Design Modeler mo3BosisieT cosaBaTh reOMETPHUYECKUE MOJIEIH € TTOMOIIBI0 rpadu-
YecKUX MPUMUTHBOB, Ollepalinii ¢ HUMU U UX TlapaMmeTpruyeckoro onucanusi. [loctpoe-
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HIe TBepAOTeNbHOM Mosies it B ANSYS BO3MOXKHO € TIOMOTIBI0 KOMOUHAIMN BYX BapH-
AHTOB: ITPH TIOMOTIK HAOOPa TOTOBBIX MPUMUTHBOB 1 IIPUMEHEHUST OYJIEBBIX Oeparnit
K HUM WJIM TIPY TTIOMOIIU TTIOCJIE/I0BATEBHOTO HEPAPXITUECKOTO TTOCTPOEHUS 9JIEMEHTOB
MO/, HaunHasAa C OTIOPHBIX TOYEK, 3aTEM JII/IHI/IIl/)I, CILJIAMTHOB U Jajiee TBEPAbIX TEJI.

Design Modeler pacmiosiaraer cpeacTBaMu [ist UMIIOPTa FEOMETPUIECKUX MOJIeJIei
u3 GosbinHcTBa nony sipabix CAD-cucreM, Bkiodass UG u Pro/E, a takke moazep-
JKUBAET YTEHUE TeOMeTPUIECKUX (hOpPMaTOB .iges, .sat, .step v JIp.

2.2. IMNopT reoMeTpun N3 BHELLHUX
CAD-cuctem

Ha sTame co3manmsi TeoMeTpUM CyIIeCTBYeT BO3MOKHOCTb UMIIOPTHPOBATH MOIEJb,
CO3/1aHHYT0 B O1HOM 13 BHeITHUX CAD-cucteM, NCIpaBUTh/MU3MEHUTH,/ YIIPOCTUT JIaH-
HYIO TEOMETPUIO ¢ TTOMOTIBI0 Moy ist Design Modeler n moarotoBuTh €€ 7St ocTpoe-
HUS PACYETHOM CETKHU € yIETOM BBIOPAHHOTO THITA YUCTEHHOTO aHAJU3A.

Jlist 0630pa HaCTpOeK UMIopTa Mojiesieit fobasumM B okHO Project Schematic ma6-
gon Geometry. Bosbimas yactp HacTpoek umnopta mMozeneit n3 CAD-cucrem Haxo-
nutes B pasgenax Basic Geometry Options u Advanced Geometry Options okHa
Properties (puc. 2.1). B oCHOBHBIX HACTPOWKAaX yKa3bIBAIOTCS TUIIBI TIEPEaBAEMbIX

| B Analysis Systems A B
& Fluid Flow (CFX) 1 Property Value
@ Fluid Flow (Fluent) & . 2 =
ﬂ_l Madal 1 8 3 Compaonent ID Geometry
Static Structural 2@ Geometry ? ‘ 4 Directory Name FFF
g Steady-State Thermal 3 6 Mech 2, : o
fzd Transient Structural =
E Transient Thermal & a Setup ® 4 Y =
Companent Systems 5 Solution F 4 : = ometry Optio
Custom Systems 6§ @ Resits T . 0 Soid Bodies
Design Exploration Fluid Flow (Fluent) E Z:;i‘:::;dles
External Connection Systems = Parameters

14 Parameter Key ANS;DS
15 Attributes [=]
16 Named Selections [=]
OkKHO HacTpoek Material Propertes

nmMnopTta MOﬂeﬂeVI B ometry Optio
13 Analysis Type 3D
20 Use Assodativity
21 Import Coordinate Systems [}
22 Import Work Points [}
23 Reader Mode Saves Updated File [}
24 Import Using Instances
25 Smart CAD Update
26 Compare Parts On Update No
27 Endlosure and Symmetry Processing
23 Decompose Disjoint Geometry
2 Mixed Import Resolution Mone

Puc. 2.1. OKHO HacTpoek nmrnopTa Moaenem
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