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Cnuncok HOBbIX ®YHKUMN 1 BOSMOXXHOCTEW
nporpaMmMHbIX NPOAYKTOB NUHEUKN «APM» v19

YBaxaemble Konneru u .qpysbﬂ!

Konnektns HTL, «AlMM» coobwyaeT, 4to a3umon 2021r. BbIMAeT HoBas 19-a Bepcus Hawmx
NPOrpaMMHbIX MPOAYKTOB — PACYETHbLIX CUCTEM FIMHENKN «APM» .

B aKTyalibHOM COCTOAHUN pPa3BUTUA NPOAYKTbl MOryT nNoACKa3aTb Mosfib3oBaTesio
onTuMalsibHble KOHCTPYKTUBHbIE peLleHnA (OI'ITI/IMaJ'IbeIe CTPYKTYPY WU napamMeTpbl
KOHCprKU,VII/I) C MOMOLLbK TOMOSIOrNYECKON W napamepr-leCKoM onTMnMmnsaunnm Ha
OCHOBe npoeeageHHoro Npo4YHOCTHOro aHasiim3a, 4YTo ABJIAETCA Ba)HOW 3aJa4en B paMKax
NPOEKTUPOBaHNA KOHKypeHTOCI'IOCO6HbIX n3genun.

Hwke Mbl NpUBOAUM CMUCOK HOBbLIX (PYHKLMA N BO3MOXHOCTEN OCHOBHbIX pPacHeTHbIX
MoAysfen n NPpoAyKTOB.

APM Structure3D

Moaynb pacyeTa HanpsXXeHHO-Ae(hOPMUPOBAHHOIO COCTOSIHUA, YCTOMYUBOCTHU,
COGCTBEHHbIX U BbIHY)XAEHHbIX KonebaHun aetarnen N KOHCTPYKLUA
MeTOAOM KOHEeYHbIX 3/IeMEeHTOB

1. CyuwecTBeHHO pacwmpeH dyHKUMoHan gnsa paboTbl ¢ Mogenblo Yepes AepesBo
«PacuyeTHas mogenb». B nepeBo nobasneHbl Takme pasgenbl Kak:
e CTaTnyeckune Harpysku;
e CeueHus 6anoyHbix/depmeHHbIx KO;
e CaovicTBa Tpy60onNpoBOJOB;
e /IHXeHepHOo-reoniormyeckme gaHHble
e CoeanHeHus.

2. B pepeBo «PacuyeTHas mogernby» AobaBneHbl HOBble TUMbl pacYETHOro aHanmaa:
«HenuHenHbIn ctatnyeckni pacdeT» n «AnHammyeckmn pacyeT». OHU yYnTbIBaKOT
BONMbWMHCTBO BO3MOXHOCTEM MPUCYLUMX OTAENbHbIM  BuMAAM  HENUHENHbIX
pacyeToB, KOTOpble ObINM peann3oBaHbl B NpeablayLnX BepCUsx.

3. [na npoBefeHus HENUMHENHOro aHanusa gobaBneHa oyepenHas HOBasi MoAesb
HenuMHerHbIX CBOMCTB MaTepuana: «lunepynpyraa wmogens Compressible
NeoHookean».

4. PacwmnpsawTcs BO3MOXHOCTM pasgena « apMoHudeckun aHanmsy. PaboTta no ero
HacCTpOMKe W 3anycky nepeHeceHa B AepeBo «PacyeTHas mMogenb», a Takke B
HoBOW Bepcum OygeTr poctyneH ydeT WCB (WKMPOKONOMOCHOW CryYanHoOW
BMbpauun).

5. PeanusoBaHbl cneunanbHble  KOHEYHblE  3fIEMEHTbI: KECTKAA  3fEMEHT,
aecopMmpyemMbin  ANEMEHT, ypaBHEHME CBSA3WM. JTO MNO3BOSIUT CYLLECTBEHHO
pacLMpUTb BO3MOXHOCTM MO MOLENNPOBAHNIO KOHCTPYKLUUN.

6. [obaBneH HoBbIM TUN coeguHuTenen «OQHOCTOPOHHAS CBA3b». WMHCTPYMEHT
yHMBEpCarnbHbIN U nogaepxmeaeT paboTy Kak B pexuMe «TOMbKO pacTaxeHuney /
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«TOSIbKO CXaTuve», Tak M B pexume «pacTskeHue/cxatve» € pasHbIMU
XapaKTepUCTUKaMK KECTKOCTU (B TakOM BapuaHTe BO3MOXHO MoOAervpoBaHue
CUNb(OHOB).
[lononHeH yHKUMOHaAN pacdeTa «Tonoforndyeckas onTuMmsauma». [Ons
pacLMpeHns nepeydHs pelaemblx 3agad 6oinm 4ob6aBneHb!:

e HoBbIn kKpuTEPUIN PabOTOCNOCOBHOCTM KOHCTPYKLUUN — «YCTONYNBOCTLY;

e B03MOXHOCTb ONTUMM3ALMM C yHETOM COBCTBEHHbBIX YaCTOT KOHCTPYKLNN;

e HoBbIN OTKNKK - NOSTHOE NepemeLLeHne y3roB;

e HoBbIN OTKNKK - NOSTHAA peakunsa B ONOpe;

e BbIGop HECKONBKMX Y3r0B 4115 OrpaHUYeHus peakuun B ornope;

e HoBbIn MeTOA4 oNTUMM3ALUN.
lMpoBeneHa popaboTka pacyeTHbIX anropuTMOB, WCMOSMb3YHOLWMX TEXHOMOMNI0
CUDA, a Takxe ycoBeplleHcTBOBaH MeTop peweHmns CITAY — TENSORTRAIN.
Mpn nposegeHnn «PacyeTa yCTOMYMBOCTWUY» Ternepb BO3MOXEH Bbl6Op cpasy
HECKOMbKUX «3arpy>xeHum».
YCKOpeHO pelueHne 3agay YCTOMYMBOCTM € ucnonb3oBaHnem metoga MK (nomck
KOPHEN OeTepMUHAHTA).
PeannszoBaHo coxpaHeHue JIOl-cpanna ¢ wuHpopmauuen O [OencCTBUSX
nonb3oBaTens U nNporpamMmmbl Ha AUCK. [lpuyem nonb3oBaTeslb CaMOCTOATENbHO
MOXeT HacTpouTb «0ObeM COXpaHsieMbIX [aHHbIX» B HECKOSbKMX BapuaHTax:
HOpMarbHbIN, paclUMPEHHbIN, OTNa404YHbIA, CUCTEMHbIN.
[obGaBneHa @QyHKUMA Ha3Ha4YeHUs] «ropsaYMx Knasuw» Ha nwobble KomaHAabl,
HeobxoauMble Onsi MOCTPOEHUs pacyeTHOW Moenu, ee pacyeTa M aHanuaa
pe3ynbTaToB.
PeannsoBaH HOBbIN pexnm «dparMmeHTaumnsa Mogenm», KOTopbli N03BoSsieT 6bICTPO
caenatb BUAMMOW TOMbKO Ty YacTb KOHCTPYKUWUW, C KOTOPOW HenocpencTBEHHO
cenyac paboTtaeT nonb3oBaTerb.
Crtana BO3MOXHa HaCTpoWKa BblBOAA 3HAYEHUMM Ha LWKane pesynbTaToB
(BecaTMYHOE/aKCNOHEHLManbHOe N KONMYECTBO 3HAKOB Nocse 3ansTon).
PeanusoBaH [OMNOMHUTENBHBLIM (PYHKUMOHaAN «Kanbkynatop» B MNonax BBOAA
3Ha4YeHun B ANANOroBbIX OKHaX.
Peanu3oBaH MexaHn3m OTODOpaXeHMs CeYeHNs MoLenu Ha KapTax pe3ynbTaToB.
Ana yoobctea ucnonb3oBaHns Obina yHUdUumpoBaHa onepaumsa «NHdopmaums
06 anemeHTe».
Mpn oTkpbiTM anna *.FRM, nonyyeHHoro mu3 APM Studio wnn APM FEM
BO3MOXEH NPOCMOTP peakumin B onopax, CrpynnmpoBaHHbIX N0 o6bekTam.
[NobaeneH dcunbTp Buaa AnNsa  OTKKOYEHUA  OToDpakeHus  LIapHUPOB,
0CBODOXAEHUS CBA3EN.
Hob6aeneH ounbTp Braa Ans OTKNHOYEHNSA YCKOPEHUNA.
PasHble Tunbl Harpy3ok Tenepb BM3yaribHO pacuBeYeHbl pas3HbiMU LBETaMU.
«EanHnupel nameperunay gobaeneHsl B AepeBo «HacTponkm nporpamMmmebly.
PeanusoBaHa pononHuTenbHas HacTtponka «CHumMaTb BblgerneHue nocne
ornepauuny.
BHeceHb! ynyJweHnnsa ansa pasbueHns rpynnbl CTEPXKHEN «C NPUBA3KON».
B ananor «KOHCTpYyKTMBHbIE 3neMeHTbl» fobaBneH ounbTp, KOTOPLIN BbIKIOYaeT
NoKa3 KOHCTPYKTUBHbLIX 3NIEMEHTOB BXOOALMX B rpynnbl. Takke OH BbIKIOYaeT
MnoKa3s rpynn, KoTopble HaXOAATCH B APYruX rpynnax.
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26. Ona ypobctBa paboTbl C  KOHCTPYKTMBHbIMK  3fiEMEHTaMM  peanu3oBaH
aBToMaTudeckuin nokas JICK Ha CcTepXXHEBbIX KOHEYHbIX 3fIEMEHTaX.

27. [opaboTaH anropuT™M NOCTPOEHMUS KapT HannacTtoBaHMs rpyHTa.

28. Pabota c pasgenom «[pyHTbl» MOMHOCTLIO NepeHeceHa B AepeBo «PacyeTHas
mMogenb». JTO NOBbICUMO yAo6CTBO paboThbl, a Takke MO3BONWMO 3adaTb HOBblE
napameTpbl FPYHTOB, HEOBXOoAMMbIE AN AanbHeNLWero pacyeta yH4aMeHTOB.

29. PeanunsoBaH BbIOOpP KOHEYHbIX 31EMEHTOB NO MHAEKCY (MPUMEHSIETCS, Hanpuvep,
Npv NOArOTOBKE N aHanu3e pesynbTaToB TononorMyeckon onTuMmusauunn).

30. [obaBneHa HoBas koMaHOa «BblgenuTb/pasBblAenvTb yanbl», NpuHagnexawme
BblAEeMNeHHbIM 3fleMEeHTaM.

31. [obaBneH pexum «OTOBPasUTL/CKpbITL Y3rbl», MpUHagnexawme BUOMMbIM Ha
paboyem nosne anemMeHTam KOHCTPYKLUN.

32. lpn oTobpaxeHun BLIHOCKM Ha KapTe pe3ynbTaToB, BO3MOXHO [006aBuTb
KOOpAMHaTBLl TOYKM OTKyZa OHa Obina caenaxa.

33. B pexume «Bbibpatb Bcé» (Ctrl+A) byaeT BblAENATLCH TOSMLKO TO, YTO B JAHHbLIV
MOMEHT BUAHO Ha pabo4vem none. To ecTb, yunTbiBaThCa paboTa pmunbTpoB BUAA.

34. B «Ctpoke coctoaHunsa» aobasrneHo oTobpaxeHue pasmepa NpAMOYrofibHUKa nnu
paguyca OKpY>XHOCTM Npu paboTe onepaumn «BblaeneHne pamkon» (Kak B pexmnme
BblAESIEHUs, TaK U B peXnme pasBblaeneHus).

APM Studio

MOAyﬂb reomeTpun4yeckoro mogesrnimpoBaHus
C MHCTPYMEHTaMN KOHe4YHO-3J1IeMEeHTHOIro aHamnum3a

PeannsoBaH nepexoa Ha HOBbIN NIEHTOYHLIN UHTEpPdENC.

O6GHOBNEHO W pPECTPYKTYPUPOBAHO [LEPEBO pacyeTHonm mogenn. B Hem no

YMOMYaH1IO caenaHa rpynnupoBka MHopMauum B BUAE Creayrowmx pasgenos:

Mnockoctn, Matepuanbl, KoHTakTbl, CoeguHeHusi, 3akpennenusi, Harpysku,

KoHeuHO-3neMeHTHas ceTka.

3. [lns anemMeHTOB AepeBa MOAENWU MO MpaBOX KHOMKE Mbllwn aobasneHa onumsa —
«McknounTb U3 pacyeTa». ATa onuus paboTtaTb Ha BCe 3NEMeEHTbl U onepauun B
aepese. Hanpumep, BbikNOuMTb AeTanb unu Harpysky. Korga uvcknwodaetca us
pacyeTa geTtanb, TO TaKkKe MWCKI4YalTCA M3 pacyeTa BCe CBs3aHHble C Heu
onepauumn.

4. [obaBneHa BO3MOXHOCTb OAHOBPEMEHHOIO pefaKkTUPOBaHMUS rPYMnbl KOHTAKTOB.
Boligensem B gepeBe rpynny KOHTAKTOB, C mcnonb3oBaHuneM [MKM Bbibupaem
«PepaktnpoBaTb» U MEHSIEM, HaNpUMep, TUM KOHTaKTa.

5. BblgeneHne oObeKkTOB AgepeBa peanvM3oBaHO C McMnonb3oBaHmem knaeuw Shift
n/vnn Ctrl. KnaBuwa Shift ncnonesyetca anga BolgeneHus ot nepsoro 4o N-oro
anemMeHTa, a Ctrl onga BblaeneHne kaxgoro, KOTOpbIN Obin ykasaH.

6. HasBaHua maTepuanoB B AepeBe MO ymonyaHuio Tenepb bepytca mn3 gmanora
«MaTtepuan».

7. [dobGaBneHa BO3MOXHOCTb WMHTEPAKTUBHOIO pedakTUpPOBaHUSA reoMeTpun getanu

(netanu n3 cbopkn), C nocrneayrLlen aBToMaTn4eckon 3ameHon ee B cbopke B

pexume BbinonHeHna KO-aHanusa. MNpun aTom He TpebyeTcs NOBTOPHOro 3agaHns

rPaAHNYHbBIX YCNOBUIA N MPOYNX HACTPOEK.

N
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8. [obaBneHbl cneynanuanpoBaHHble « PUNbTpbl BbligeneHma» ansa yaobcetea Bbibopa
Ha paboyem none: Toyek, pebep, rpaHen, Ten.

9. [obGaBneH pexum «Bbloenntb BCEY.

10. Pexum «BblgeneHne pamkon» Tenepb AOCTYNEH NPU 3a4aHuUM rpaHNYHbIX YCITOBUN,
MaTtepuanos, TOMWMH 1 T.M.

11. B «Ctpoke coctosHusi» OobaBreHbl TEKCTOBblE MNOLCKA3KWM, KOTOpble MNOMOryT
NONb30BaTENIO BbIMOMHUTL TY UMM MHYIO ONepaLmio.

12. PacwwupeHbl BO3MOXHOCTWU WHCTPYMEHTA U3MEPEHUs reomeTpun. Tenepb
BO3MOXHO MNomepuTb ANuHY pebpa, agnameTp OTBEPCTUS, a TaKkKe BbIMUCIUTb
nnowaab NoOBEPXHOCTU, 06beM Tena.

13. TlosiBMNacb BO3MOXHOCTb YCTAHOBKW LUAPHUPHbLIX ONOP Afs TBEPAOTENbHbLIX WU
NOBEPXHOCTHbIX AeTanen. [JaHHas BO3MOXHOCTb peann3oBaHa B pamMKax HOBOM
KOMaHgbl «YOaneHHoe 3akpenneHune».

14. [obGaBneHa komaHaa «YNnpyroe 3akpenneHney.

15. [Jo6asneHa komaHaa «[ MapocTaTuyeckoe gaBfieHNE».

16. [dobGasneHa komaHaa «CocpegoTovyeHHasa macca.

17. [Jo6asneHa komaHaa «YganeHHasa cunay.

18. [obGaeneHa komaHaa «CoeanHeHue» Ans MogenmpoBaHns CBA3en/LapHUPOB.

19. JlokanbHble HacTporkun KO-ceTkKm Ha petanax MoryT paboTtatb Ang rpynnbl
BblOeneHHbIX peTtanen. B utore B pgepeBe «KOHEYHO-3MIEMEHTHBIN aHanNM3»
nosABNAeTCA OTAENbHAA CTPOKa, PUKCHpyoLas nposegeHne nogobHom onepauuu,
KOTOPY MOXHO OTpeaakTupoBaTb, yAanuTb UM UCKINKYNTL N3 pacyeTa.

20. T[pepBaputenbHoe pa3dbuneHne pebpa Ha getanu Tenepb MOXHO 3agaBaTb B TOM
4Yncne n KoriM4eCcTBOM 351IEMEHTOB.

21. [ns nomowm nonb3oBaTento B BbIbOpe KOPPEKTHOro wara pasbueHuss mogenu B
ananore «MapameTpbl pa3bnenHus...» BbIBOAUTLCA ANMHA HAMMeHbLLero pebpa.

22. [obaBneHa aBTOMaTU4deckas (PYHKUMSA «MPOBEPKU LESTOCTHOCTM» MOAenu nepepg
npoueccoMm reHepaumm KO-ceTkn. 3TO akTyanbHO ANsi MPOBEPKM MPaBUNbHOCTU
NnoaroToBKWU K pacyeTy mogenen cbopok.

23. [losBMNnacb BO3MOXHOCTb OCTaHOBKM (NpepbiBaHWs) npouecca reHepaumm KO-
CEeTKM Ha Moaenu.

24. PaclumpeHbl BO3MOXHOCTU MO UCMNOSb30BaHUIO PasnuUYHbIX MOgenen Matepmarnos,
4YTO aKTyanbHO ANs NpoBeAeHUs HENMMHENHOro aHanmaa.

25. [lobaBneHa BO3MOXHOCTb MPOBEAEHUS HENMHENHOrO aHanm3a ¢ y4eToMm 6onbLumx
nepemMeLLEeHNIn KOHCTPYKLMM NPU NIMHENHbIX CBOMCTBaxX Matepuna.

26. Pa3BuTO KOHTEKCTHOE MeH (Bbi3oB no NMKM) ana obbekToB B paboyen obnactu
penaktopa. [oGaBneHbl onepauun: «[dobaBuTb agetanb wunuM nNoacbopky»,
«lMokasatb Bce», «Bknountb B pacyeT Bce getanny, «Bbigenutb Bcey», «CHATb
BblaeneHue», «MHBepTMpoBaTh BblAEMNEHNEY.

27. Pa3BUTO KOHTEKCTHOE MeHIo (Bbi3oB no NMKM) ans aetanu. [JobaeneHsl onepaunm:
«Ypanntb», «CKkpbiTb», «CKpbITb OCTanbHble», «WCKNOYNTL M3 pacyeTar,
«OTKpbITb geTanby», «KO ceTka Ha geTanm».
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APM FGA

AHanuns3 TeyeHU XUOKocTen U rasoBs

1. PeanusoBaH aHanuad TedeHum CToKCa B pasnunyHbIX KOMOMHAUMAX MOCTAHOBOK
3agav:

e CTauMOHapHOM / HecTauMOHaPHOMN,
e N30TEPMUYECKOMN / TEPMUYECKON,
e OoaHoasHou / aByxdasHon.

2. [obGaBneHbl rpaHuM4yHOe ycnoBme M CBOMCTBO @a3dbl «O6bemMHas gond» ans
aHanu3a TedeHun CTokca cO CBOOOAHOW MNOBEPXHOCTBID B  ABYX(asHOM
NMOCTaHOBKeE.

3. [obGaBneHbl HayvanbHble YycnoBus: «HavanbHoe pAaBneHue», «HavanbHas
ckopocTby, «HauanbHass TemnepaTypa» pAOns aHanu3a TedeHun CTokca B
HecTauMOHapHOW NOCTaHOBKE.

4. PeanusoBaHa noggepxka aHanmsa TedyeHun CToKca B MNOCTAHOBKE 3ajad
oAHocTopoHHero FSI.

5. 3apaHue rpaHuYHbIX YCINOBUIA «CTEHKa» Ha CBOOOAHbLIX MOBEPXHOCTSAX 0O bEMHbIX

9N1IEMEHTOB peanM3oBaHO B aBTOMATMYECKOM pexume npu OTCYTCTBUM B MOoAenu

AAHHbIX rPaHNYHbIX YCoBUA Anst aHanu3oB TedeHnn Ctokca n Haebe-CTokca.

PeannsoBaHa oTpucoBka rpaHuyHbIx ycnosun B mogyne APM Structure3D.

[obGaeneH pesynbTaT aHanu3a «PaccTtosiHie OO0 CTEeHKU» ONsl aHanmMsa TevYeHun

Haebe-CTokca B TypOyneHTHOM NOCTaHOBKe.

8. PacwupeH dyHKuMOHan  nocTnpoueccopa  HOBbIMW  OOMOSTHUTENbHbLIMN
pesynbTatamu ansa aHanu3oB TeveHun Ctokca n Hasbe-CToKca:

e ong ckopocTen geopmaumimi n 3aBUXPEHHOCTH,
e MMWHMMarbHblE, MAaKCUMarnbHbIE U CPEOHNE 3HAYEHUS MONEN XapaKTepPUCTUK
Ha BblAESIEHHbIX MOBEPXHOCTAX OO bEMHbIX 3NIEMEHTOB.

N o

[lpu nodzomoske nocredyrwux eepcull _pacyemHbix cucmem JIUHelKU «APM»
nnaHupyemcsi _npoeodums __pabombl 0 co8epuweHCcmeo8aHu  uHmepdgelca,
aneopummos U __MemoOuUK _pacyema, a _MmakXe pacWupeHUK Cyuwecmesyrnuiux
B803MOXHOCMEU, 8 MOM Yucsie U 0 MoxesnaaHusM nosb3oeamesieu!

C yBaxeHMeM 1 noxenaHmem ycnexos B paboTe,
konnektus HTL «AlNM»



