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O KoMnaHuu

Poccumckmin UT wnHTerpatop wn paspaboTynk nporpammHoro Hawwu sepkanbHbie LeHTpb
obecneyeHna gnAa NPoMbILWIEHHbIX Npeanpuatuit. bonee 10 net . KpacHoApcK
onbiTa W YCMNEWHOW peanusaymm npoeKToB B o0bnactu * . YenabuHckK
*  TI.[poO3HbIN WS
UMPpPOBM3aLMN MNPOMbBIWAEHHOCTU CAENanN Hawy KomaHAay P o
aKkcnepTamm B oTpacau CAE pelieHui.

Obpas3oBatenbHaa AMUEH3UA U COOCTBEHHbLIA WHMKEHEPHbIN
LEHTP pPeanusylowmn NPoeKTbl UMNOPTO3aMELLEHNA NOA KoY
NO3BONAIOT B KOPOTKME CPOKU PEanm3oBaTh gaxKe aMmbunumosHble
NPOEKTbI.

CBOM NPOEKTbl HaMm A0BEPAIOT BeAyLime BbICOKOTEXHONOIMMYHbIE
KomnaHuu Poccun n CHI.

Ham posepstoT

©ogxk &Y rocsron

OcHoBHoW oduc NHXeHepHbIN LEHTP YyebHbIN ueHTp 3 BEPTONETH| POCCHH SEROCOE o/‘K\E‘;:E:':::#ﬁm
r. EkaTepuHbypr, r. EkaTepuHbypr, r. EkaTepuHbypr, -~ KoPnor i
yn. PenuHa 95 yn. KoHCcTpyKTOpOB 5 yn. Copbm KoBanesckoii 66



BupTyanbHbIM NPOTOTUN: BO3MOMKHOCTH

MonHasa cumynauma paboTbl byayuwiero npoaykKra: Pa3paboTka npoayKTa Ha OCHOBE MOAENUPOBAHUA:

* peanbHOe NoBeAeHUe B peasbHbIX YC/IOBUAX; 1. MUHUMM3UpPYET obLLee Bpems pas3paboTku;

*  KOMMNAEKCHbIA MyNbTUPU3INYHDBIN aHANNS; 2. CHM)KaeT OWNBKKN NPOEKTUPOBAHMA N Bpak;

*  MOJHbIN UMK MOAENNPOBAHMS; 3. [aeT getanbHOe nNpeacTaBieHne o paboTe
YCTPOWCTBA;

dunsmyeckni
NPOTOTUNM
Ynpasnaemoe
o MOAEeNnpoBaHue
KoHuenuua n insanH PaspaboTKa
NpoAyKTa
Vao (o) Time:0.000000 mc
NH3KEHepHbIIA ﬂp0M3BOp,CTBO
aHanus3

[aHHble n
CTaTUCTUKA




[Mepenosoe poccumnckoe MO Ana NHKeHepHbIX 3aaay

o) noroc noroc noroc

W EIRESYS A3PO-TMIPO npourocts L] Tenno
- PoligonSoft '
ar s A ocvon ANTADIA A8

LVMagflow sz 5Sminfech M/ Seven CADFId®



MoaennposaHue TexXHO/I0rM4eCcKuUx NpoLLeccos

HOB

NHXUNHWPUHT
Buapbl TEXHONOrMYECKUX MNPOLLECCOB: Llenn mogenupoBaHus:
* JInTbe meTannos * [lporHo3supoBaHue U ycTpaHeHne aedeKToB
* O6paboTKka MeTanNoB AaBNEHNEM * [loBbllleHME KayecTBa U3aenni
* CBapKa M TepmoobpaboTka * DKOHOMMA MaTepuana
* [pon3BOACTBO KOMMO3ULMOHHbIX * [loBbllLIEeHNE CTOMKOCTU OCHACTKMU
mMmaTepuanos * CHM)KeHMe 3aTpaT NPOM3BOACTBA Ha

NPoeKTUpoBaHMe N AopPaboTKy TEXHONOTMK

MULTI FASS WELDING OF A PIPE

Temperature . Temperature_NO
s Min = 20 at Node 1
? Max = 20 at MNode 1

1/ 0.000000

7\

Y
—s o s
cooo
ooOooO

Jlntbe B necyaHble Gopmbl [yroBas cBapka Ob6TAMKKa /IUCTa MpeaBapuTenbHana popmMmoBKa
KOMMO3UUMOHHOW NaHenu




MO anA BUPTyaNbHOro Npomn3BOACTBa:
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Moaennpyemblie BUAbI INTENHbIX AeHEKTOB

PackpalunBaHue noToka

KopobneHue, ropsuve u

XO0noAHbl€ TPELUNHDI Mpurap

3axBaT BO34yxa, OKCuabl, HeAoNMB

MoaenupoBaHue TNTENHbIX AePEeKTOB:

KpuTtepuii Husima Kpucrannusauyms: ) /3anom-|e|-me: ) o
no taper 5° taper 10° taper -MaKponopucroctb -Heponue
% -MunKponopucTocTb -3axBaT BO3A4yxa
i -la30BasA NOPUCTOCTb -OKeunapl
] -PakoBuHbI -BkntoyeHma
\\ﬂbnnosuey3nm ,/ \\:Hecnaﬁ ,/
/H,D,C OT/IUBKMU: \ /p,pyrue napameTpbl: \
-fopAyne TpeLwmHbl -[edeKTbl CTPYKTYpbI
-XonoaHble TpeLLnHbl -JInKBaLmMA sINemMeHTOB
-HanpsaxeHuna -MexaHuyeckune
-KopobneHue cBONCTBa
TennoBble y3/bl YcanouHas YcTanoctHas PasmepHbie gonycku

NPOYHOCTb
g MOPUCTOCTb M
fw PaKOBVHbI
P




[Tpmep moaenmnpoBaHUA INTbA AeTanu
«KonoHka» ana HA3 «Cokon»

4y HOBA

NHAKNHNPUHT

Bua antba: B necHaHo-rnHUCTbIE GOPMbI 3COKO”

Mapka cnnasa: AM4,5K4
YTO caenaHo: npu moaenupoOBaHUN BbIABAEHbI MECTA KOHUEHTPALMN OCTAaTOUHbIX HANPSAXKEHUN,

COOTBETCTBYIOLLMX MOABNEHUIO TPELLWH B peasbHOM npouecce. [MpeacTtaBieHbl peKoMmeHaaumm no NU3SMeHeHUo

TEXHONOTUN NTNTbA ONA YCTPAHEHUA BblIABNEHHbLIX ,EI,e(I)eKTOB

ProCAST

KoH UEeHTPaUNA OCTATOYHDbIX

3anosiHeHne GopMbl CNAABOM Kpuctannmsauma oTanBKM §
HanNPsAMKeHUN B OT/INBKE



MoaenvpoBaHue NpoLLeccoB CBapKK

* HDOBepKa TOYHOCTU N3TOTOBEHUA

Llenn

CBApPHOM KOHCTPYKLUMU

* [poBepKa TEXHONOITMYECKON NPOYHOCTU

OugeHMBaEeTCs No nNepemeLLeHNAM
(KopobneHuam) B xoae/nocne cBapku

CBapHOro WwBea

OcHoBbIBaeTCcA Ha aHanm3e
HanpAXeHun n gedpopmauni B
npouecce CBapKu

* [poBepKa aKcnayaTauMOHHOM
HaAeHOCTU CBAPHbIX LLBOB

MpoBOAMTCA C Y4ETOM OCTATOYHbIX
HanpAXXeHnn n gepopmauynim nocne

CBapKM

BO3MOXXHOCTU
Mopenunpyembie BUAbl CBAPKMU:
* ABTOMaTM4eCKaa AyroBaA CBapkKa
* Py4yHaa ayrosaA cBapKa
* JlazepHaAa cBapKa
* MHoronpoxogHaa cBapkKa
* PoTauuoHHaa cBapKa TpeHMnem
* (CBapkKa TpeHuem c nepemelinBaHnNeEm
* KOHTaKTHaA TovyeuyHaA cBapKa

* (CBapkKa conpoTmBaeHUEM

HOB

NHARUHWNPWNHD

ARC WELDING OF A T-JOINT
1/ 0.000000

Temperature © Temperaturs_NOD
Min = 20 at Mode 3089
Max = 20 at Mode 3089

S]] ] ] —
.
o
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TemnepaTypa B 30He CBapHOro LWBA

ARC WELDING OF A T-JOINT
14 0.000000

Stress  Siress NON Vn Mises —
ARC WELDING OF A T-JOINT
Stress - Stress_NOD Won Mises

Min = O & Mode 3063
Max = 0 at Node 3063

1/ 0.000000
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Hal'lpﬂ)KeHl/lﬂ B 30HE CBAPHOrO WBa



PacyeT KopobneHni 6okoBom pambl KombaitHa
(POCTCEJ/IbMALL)

Llenn nccnegosaHua (moaennpoBaHua):

* [lpoBepKa COOTBETCTBUA OCTATOUYHbIX
Pa3mMepoB NOC/ie CBAPKM
TpeboBaHmam K;

BxogHble gaHHble

* CAD mopgenb petanu

 CAD moaenb CBapoO4YHOM OCHACTKM

* PexXunmbl cBapKku (oanHaKoBbIe ANA
KaXJoro wBea);

* MaTtepunan getanu:
HU3KOYrNepoamncTas n
HW3KO/1IermMpoBaHHaA CTalb

dopma 0bwmnx KopobneHnt n3pgenna

ROSTSELMASH
Professional Agrotechnics

CAD mopenb aetann «6okoBUHa»
N CBApPOYHOM OCHACTKM



MoaennpoBaHue CBapKU MOCTa Yepes Boary -
TMNPOCTPONMOCT

Llenb npoeKkra: nporHOo3 KOpob/MeHUM UM OCTATOYHbIX  HANpPAXEHUH,
ONTMMMU3ALMA NOCNE[0BATENbHOCTM CBAPKU W YCNOBUW 3aKpenseHua anAa
nosydyeHna 3ag4aHHOW TeoMeTPUM MOCTa U  CHUXKeHua pedopmaum w
OCTATOYHbIX HAaNPAXKEHUN

HOB

NHARUHWUPWNHTD

Pe3ynbTaTt npoeKTa: NPoeKT AAnnca 2 roga. boina paspaboTtaHa KomnbloTepHas
MoZeNb NPoLLecca CBapKM CHavyana KOHTPO/bHbIX 06pa3LoB, a NOTOM U LIEbIX
nposnetos (25-30 meTpoB ANNHOM).

MocT nocTpoAT B pamMKax npoekTta «MapuwpyT EBpona — 3anagHbin Kutam».
MopgennpoBaHme nMO3BOAMAO COKPATUTb 3aTpaTbl HA 3SKCNEPUMEHTbl W
HarNA4HO NOCMOTPETb, KaKMe eCTb aJibTePHATMBbI TPAAULMOHHBIM NOAX04aM K
CBapKe, a TaKXe KaK 3TU aNbTePHATMBbI MOXKHO YAYy4LLNTb




Mopaennpyemsblie npoueccol B QForm

9 e

Ob6bemHaga WwrtamMmnoBka Packatka koneu [NpeccoBaHne

onepeuHo-knnHosas JInctosas wramnoska [MonepeyHo-BrHTOBAS TepmoobpaboTka 1 NPOrHo3npoBaHue
npokaTtka
P NnpokKaTka MUKPOCTPYKTYpbI



Bo3amoxHoctn PAM-STAMP

Mogenupyembie Bnabl NPOLLECCOB:

* XonogHaAa, ropa4van, Tennad
LUTaMMNOBKa

* BbITAXKKa

Ob6TaXkKa

* 3adnaHuUOBKa

* TpybornboyHoe moaenmpoBaHue
 [ugpodopmoBKa

* [locnepoBaTenbHas WUTaAMMNOBKA
(DopMOBKa 3/1aCTUYHOMN Cpeaow

Thickness

2.000
1.900
1.800

1.700
1.600
1.500
1.400
300
Min = 1.292
Max = 3.493

ApanTtaumsa CeTkm B
npouecce LWTaMnoBKU

Pelwaemble 3aga4u:

PacyeT 1 KoMNeHcauua NPyKMHeHUs

MporHosnpoBaHMe TpeLMH, Pa3pbiBOB
N CKNagokK

AHanNn3 KOCMETUYECKUX AePEeKTOB

Signed displacement

5.912
l 3.513
, Max = 3.493 1114

-1.285
-3.684
6083  Min=10.881
-8.482

-10.881

Min =-10.881
Max = 5.912

TonwmHa, Mmm

BennuunHa NPYy>XUHEHNA, MM



[TpoeKTMpoBaHWE TEXHO/IOMMN NNCTOBOW
wramnosku ona OAO «HIMO «CaTtypH»

Llenb: co3gaHue TeXHOI0rMmU U3roToBIEHUS U3AEe/INS COMTaCHO TEXHUYECKOro 3a4aHns, ONTUMM3aLMSA TEXHOOMUM MO
YMCNY NepPEexoaoB, y4eT A0MNYCKOB M Hannuma aedpeKToB Npu NpPon3BoACTBE

Pe3ynbtaT: ¢ nomouw,bio PAM-STAMP pa3paboTaHa Tpebyemas TexHON0rmnA, co3gaHbl 06bEMHbIE MOAENIN U YEPTEKMU
MHCTPYMEHTOB C Y4eTOM KOMIMeEHCaUUn NPYXKUHEHUA NONYyYeHUAa n3genna 3a 2 nepexoaa, BMecTo 6 nepexoaos,

PaCCYNTaHHbIX Ha NPeaANPUATUN

Thickness of solids o Distance between objects (numerical)

1.085868 of ‘State 1 : Time = 0.000000"
. 1.043815 and 'State end : Time = 200000000,
0.991781 0.070827 2
0.939708 . 0.060709
0.050591
“ 0.040473
0.030355

o 0.020236
0.010118
0.000000

Min = 0.000000
Max = 0.070827

0.887654
0.835601
0.783548

0.731484

Min= 0.731494
Max = 1.095868

NHCTpYMeHT (MaTpumua 1 NyaHCOH) ans
BTOPOro nepexona

Mone TONWWNHBI, MM Bennynna NPpyxXnMHeHMAa nocne 3arotoBKa nocne BTOpOro
WTaMNOOBKN , MM nepexoaa LWTaMMNOBKH



MoaennpoBaHue Npon3BoacTBa KOMMO3UTHbIX
nsgenum 8 PAM-Composites

PAM-FORM

MoaennpoBaHue NPoOLLECCoB:
* [peaBaputenbHOro ¢opmoBaHMUA
*  BakyymHoro popmoBaHue
TEePMOPEaAKTUBHbIX NPenperos
*  ®dopmOBKa TepMONaacTos
OueHkKa:
*  Cknagok
*  YTONLWEHUN
* [epernbos
*  [Jedopmaunii (cABUrOBbIX U B BONIOKHAX)
* Hanpsa»eHui (cABUTrOBbIX U B
BOJIOKHaXx)
* HanpaBneHuWA BOJIOKOH

PAM-RTM

° MogennposaHue NpoLeccos:

Mpouecca RTM

Mpouecca VARI (nHpy3ummn)
Mpouecca Light RTM
Mpouyecca C-RTM
OTBepxaeHunAa

*  OueHkKa:

Cyxux 30H

YpOBHSA NOPUCTOCTH
BpemeHun BBOAA CMONbI
BpemeHun oTBepKaeHUA
dsontouma TemnepaTypbl
dasneHna B popme

-

Q HOB

NHAWNHWUPWHI
PAM-DISTORTION

° MOAeﬂMpOBaHMe npoueccos:

Kopob6ieHunit, BbI3BaHHbIX NpoLeccamm
npou3BoAcTBa (NpoaoabHOe
KopobneHue, CKpyYynBaHue)

* QOueHKa:

BHYTpEeHHMX HanpAXeHU BO Bpems
oTBEpPXKAEHUA

OCTaTOYHbIX HAMPAXKEHUN NPU BblIEMKe
n3 Gopmbl

KopobneHunin BO BpemsA OTBEPKAEHUA
KopobneHunit nocne nssneyeHuns ns

dbopmbl




OnNTUMKM3aLUA CXeMbI NPONUTKHA aBMaLI,MOHHOﬁ NaHENU

HOB

NHARUHWUPWNHTD

U,El'lb: Onpe,u,eneHme ONTUMANbHOW CXEeMb npomnsBoacTBa NaHeIn

3apaua: [NponuTka aBUaUMOHHOW AEeTaNW, AJIMHA NaHenn — 18 m

* PeweHue: [poBeaeHO UccnegoBaHME HECKONbKUX CXEM MPOU3BOACTBA U3AeNA ANA NpeaoTBpaLleHUA
0bpa3oBaHMA CyXMX 30H

Pe3yanaTb|: B coOTBETCTBMM C NOCTAaBAEHHOW 3a,u,aqel71 6bina onpeaeneHHa onTuMmas/ibHad CXeMa
npounssoactea nU3genund

o | o V|

0.8 - \l/ -

0.7

0 \l/ 0.6
05

I 4 I 0.4
0.3 0.3

0.2 0.2

I 0.1 I 0.1
U 0

L [
Time:0s. * . k
e:0s e

MepBoOHava/ibHaA cxema NPOM3BOACTBA ONTMManbHaA cxema NPOMUTKK



MoaennposaHne KopobneHua naHenn Pro3ennrKa

Llenb: oueHNTb BENINYNHY KOPOBAEHUA NPU OTBEPKAEHUM U MUHUMU3NPOBATL €r0 3a CcYeT
KOMMNEHCauMmM OCHACTKMU

PeweHue: npoBeaeHmne cepmmn yncneHHbix skcnepmmeHTos B 10 PAM-Distortion ¢
nocneayrowmMm nsmeHeHMem paboyen NOBEPXHOCTU OCHACTKM

Pe3synbTraThbl: pewieHa 3a4a4 OTBEPKAEHUA, ONPeaeeHbl BEIMYMHbI KOPOBAEHUI K SPIRIT
OCTATOYHbIX HANPAXKEHUN, NpoBeAeHa NepepaboTKa OCHACTKU A/1a KOMMNEHCcaU UK AEReSTYETENS
KopobneHumn

Tempersture 0.00000
‘ -0.00040
-0.00079
-0.00119
-0.00159
-0.00199
-0.00238
-0.00278
-0.00318
-0.00357
-0.00397
-0.00437
-0.00477
-0.00516
-0.00556
-0.00596

457620
457.200
456780
456.360

-0.00040
-0.00079
-0.00119

] ]| e ———

-0.00159
2 -000198
— -000238
— -000278

_ 000318

-0.00516
000556

-0.00596

3Bonoumsa TeMnepaTtypbl PN OTBEPXKAEHUN
KopobneHune aetanu nocne oTBepXXaeHUs



[IpoeKTnpoBaHME KOMMNO3ULMOHHbIX AeTanen B Fibersim

HOB

Fibersim - 3To nporpammHoe obecneyeHne Ana NPOEKTUPOBAHUA U NPOU3BOACTBA U3AENUN U3
NHAKNHNPWNHT

KOMMNO3NLUUMNOHHbIX MaTepPHUaioB

Fibersim no3sonser:

*  OMUCbIBaTb KOMMO3ULMOHHOE U3AeNne Pas3nnyYHbIMKN cnocobamm

* aHa/AM3MPOBATb CTPYKTYPY NaKeTa

*  YYUTbIBAaTb KOHCTPYKTOPCKME U TEXHO/IOTUYECKNE OCODEHHOCTUN KaXKa0ro cnos

*  MOAenMpoBaTb NOBeAEHME MaTepunana NPu yKAagKe ¢ Y4eTOM TeEXHONOrMYECKNX
0CcobeHHOCTEN NPOM3BOACTBA

¢ BbIMOJIHATbL MOoAeNNPOBaHNE YKNAAKN CN0EB HA NMNOBEPXHOCTb OCHACTKU

* [aBaTb pe3ynbTUpyloWmMe AaHHble A0S NPOU3BOACTBA U JOKYMEHTALUMIO B BUAE
TEXHOJIOTMYECKUX 3CKM30B U Tabaul, cnoes

* MONYyYaTb Pa3BEPTKU AN1A PACKPOMHbIX CTAHKOB, paliNibl CUCTEM N1Aa3EPHOM NPOEKLUN,
obopyaoBaHUA ANA BbIKNAAKK

¢ aBTOMATU3UNPOBATbL 3Tan ONMMCaHUNA Usgenma n UsMeHeHNA KOHCTPYKLUUU



NHTerpauma pacyeTHbIX CUCTEM, aBTOMATM3aLLMA PACHETOB U
onNTUMM3aLUMA N30ennn N NPoLEeccoB

D/ Seven

., » Design space In-house tool
*®*" exploration Program

S W SolidWorks h E‘:fn?;l:i?:;s




MHTerpauua, onTMmMmMsauma u NporHo3

« DT Seven npegHasHauyeH gn4:.

« ABTOMaTK3aLMV NPOLLECCOB NPOEKTUPOBAHNSA U
NHTErpauui BHELWHVX NPOrpaMm 1 AaHHbIX B
eAVNHYHO LIernoykKy

 PelleHwns NHXEHEPHbIX 3a4a4 Npuv noMoLLN Ha6opa
NHCTPYMEHTOB ANA NCC1eJOBaHUA, ONTUMN3aLNA A x
NnpeankKTnBHOIro Mo4e/iMmpoBaHNA AHanmTnyéc

« DT Seven no3ssongder:

« CobupaTtb MoAenu noBeaeHNs N3aennst Ha OCHoBe [aHHBIX
HabopPOB AaHHbIX, AHAINTUYECKNX UMW PACUYETHbIX
MoJenew

 llccnepoBatb U onTNMMM3NpoBaTb 3T MOAEJIN C
NMOMOLLBHO NMHCTPYMEHTOB NCCTIEAOBAHNA U
onTNMM3aunun

» [porHo3npoBsaTk NoBejeHNe HOBbIX BapaHTOB D7 Seven
N3NNI NN PEXNMOB X PaboTbl NP MOMOLLM
MHCTPYMEHTOB MNPeANKTVBHOIO MOAENPOBaHNS

PacueTHble
MoAenu

NHTerpauyms

NccnepoBa
HVe

MNporHos




UHTEepdenC N KOMNOHEHTbI

[MocTpoeHMe pacyeTHOM CXeMbI

HOB

NHARUHWUPWNHTD

NccnepoBaHume
N onT|/||\4|\|/|3au,v|s'-|

[MpeankTnBHOE
MOZENNPOBaHmne AHanus pesynbTaToB



Mpsamas uHterpauma uHxkeHepHoro MO n CAD/CAE nakeTtos

* DT Seven nogpgeprkmBaeT npamyr UHTerpaumto ¢
6onblumnHcTeom nsBectHbix CAD/CAE cuctem u apyrum MO,
MCNONb3YyeMOM MPU NPOEKTUPOBAHUMN:

NHTerpaumna nHxenepHoro lMO:

* ANSA (beta)

* ANSYS Workbench
* CATIA (beta)

* Creo

e Excel Mpamana nuterpauyma c CAD-cuctemamu:
* FloEFD
e FMI models S W SolidWorks
* Kompas3D

* NX-Bwupgeo (aHrn.) launch _
* SimlInTech (beta) S CATIA (X9 Kompas3p
* SimulationX (beta)
* Solid Edge (beta)

* SolidWorks Mpamas nHterpayus ¢ CAE-cuctemamu:
* STAR-CCM+
* Jloroc (beta) ’A‘ ANSYSWorkbe... Ly sTAR-ccm+
e T-FLEX CAD (beta)
* CADFlo (beta)

fmi FmMImodel XEH Excel

SimulationX @




[loumeHeHune DT Seven anA TeXxHONOrnMYeCcKmx 3aaau e -

HOB

* MapameTpuyeckasa n/mnm reometTpmyeckans onTMmm3auma VHXXUHUPUHI

TEXHONIOMMYECKOro nNpouecca AN NOBblWEeHNA KavyecTBa U3aenni
nnn abPeKTMBHOCTMN NPOU3BOACTBA

e ABTOMATM3aUMA TUNOBbIX PACYETOB C HONbLUMM KONNYECTBOM
PACYETHbIX NCccneaoBaHNm

* PeweHne obpaTHOM 3a4a4n A1 KOPPEKTUPOBKU HaYya IbHbIX |
YC/IOBMI NpOLLecca Ha OCHOBE 3KCMEPUMEHTA/IbHbIX AAaHHbIX PARYIS I

| é 26°
* Hanpumep: !

* KoapPuuUMEHT TPEHUA CMA3KU

* Ko3adPpuuMeHT TennooTaaum oxnaskaaemomn cpeabl

]
©® Auto (230 iterations )
00 @@ 100 iterations

e KoaddpunumeHT Tennonepenaum mexay Tesamm

!

I ' —_— Referenc;a LY
l 7004
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400

300 4
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OnTumMM3auua npouecca NpoKaTkm 6atoma

HOB

* 3apava:
* YMeHbWUTb MaKCMMaNbHOE 3HayeHue Kputepua paspyweHua Jlatema-KokpodTa VIHARVHNPURE
BAO/1b KPaA 3aroTOBKM.
. ‘ I ‘ SBO phase
*  CnoxHoctwm: - “M‘ / ; \ AL
o - I l | ‘ (Y A R
* [InutenbHoe BpemA pacyeToB B HECTALMOHAPHOWM NOCTaHOBKe. . "’#‘J‘p\ i T
1 H.\‘ ‘,‘\‘ H]“K : \ /‘ \ "
‘ J‘ “‘ ‘.\ | A \’ \ | A i | [ |
* Pewenve: S MY WA »w
- g e [ RIS 1 O 41O ) e O, 8”0 P | | NP |
* MoaennpoBaHue npokatkm B O FORGE (ctaunmoHapHbI pacyeT B TpU 3Tana . f -~ 'ﬁ ETin vaiisils 'j i s e . ﬁ‘i_ et 7TV T
’ | ] | [ Il [ [ A
MPOXOXAEHNA 3aroTOBKM Yepes 3 KneTu). ARV ‘i y‘ || | L1 W
- | | [ \ M‘ | ‘\ 1|
* [lepBOHayYasbHOE BbINOSIHEHNE NNAHMPOBAHNE 3KcnepnmeHTa (50 Touek) Ana oueHKkn - \\\‘.J 1 'w& : = N \_/} IR ’;‘
HAZEXHOCTM PaCYeTHOM LLeMOYKN U KOPPEKTHOIO NOBEAEHMA MOLENN. ;‘ -t N \‘ f A‘\\!“f‘ 1
. . oE'phase ~
* Ontmmnsauma 3agadum metogom SBO ¢ yyeTom nNONyvYeHHbIX wTepaumm npu * : N s —f
NAaHUPOBaHUM aKcnepumeHTa: 35 pacueTos (Bcero 85). o N

ONTMMM3NPOBAHHDLIN
BapuaHT

(Temnepatypa Bankos, KO3OOULMNEHT TPEHUA, CKOPOCTb BPALLEHWNA Ba/IKOB, Ha4YabHasn
TemnepaTypa 3aroToBKM)

H

*  Pesynbrart:
* 3HauyuTeNbHOE YMEHbLUEHMNE KpUTEPUA pa3pylleHna meHee Yem 3a 80 utepauun.
* [onyyeHHble pe3ynbTaTbl ObIAM NOATBEP!KAEHbI HA MNOJMIHOM pPaACYETHOM MOAEeNu
(menkas ceTka)

HayanbHoe
B 3HayeHue

* BapbupoBaHMe 4 TEXHONOTMYECKUX MNapaMeTpoB B npouecce ONTUMMU3ALUK i X




OnTUMM3aLMA NpoLecca NPoA0/IbHOM NPOKATKU aIlOMUHUEBOTO C/INTKA

* 33pa4a
* [lonck PacCToAHNA MmexXay Ba/lkamMin B Kamp,of/i KNnetTn NpPoKaTHOro CtaHa
Aana obecneyeHunn ONTUMaNbHOM creneHum ob6xkaTuna C/INTKa

MWHUMMU3AUMM M3HOCA MHCTPYMEHTA W YyCTpaHeHuMa GOpPMUpPOBaAHUS
AedeKToB Ha NOBEPXHOCTM 3aroTOBKM.

* C/IOXHOCTU:

* bosblloe KOANYEeCTBO KaeTe B cTaHe (Ao 18), Tpebytowmnx onTmummnsaumnm
MEXKBaJIKOBOro 3a3opa u/unm paboyero npoduns.

* [pAmaa 3aBUCUMOCTb CTEMEHWU OOXKaTUA MeXKAy KNeTAMU: U3MEHeHMue
reoMeTpuM UHCTPYMEHTa B OAHOWN KNeTU NoTpebyeT KOPPEKTUPOBKM ANA
BCEX NOC/NEeAYOLWMX.

* [nutenbHoe Bpems pacyeta B QForm (ot 12 yacos).

* PeweHue

* Co3gaHue pacyeTHoOM uenodykm B DT Seven pna nocnepoBaTe/ibHOMU
ONTUMM3AUMN TEOMETPUM BAJIKOB KaXAOM KNEeTM OT nepBoro K
nocneagHemy ¢ ncnosnbsoBaHmem metoga SBO.

* Pe3synbraTt

e ABTOMAaTU3MPOBAHHOE pelleHne Ans ONTMMM3aLUMM NpoLecca NPOKaTKMY,
COKpallleHMe BPEMEHM MPOEKTUPOBaHMA TexHonormu B 2-3 pasa no
CPaBHEHUIO C PYYHbIM MOAXOA0M.

., s Optimizator03

-, s Optimizator01
*" Design space e...

*" Designspacee...

ToolGeom01
SW solidworks

Workpiece_Mo...
e PythonScript

ToolGeom02
SW solidworks

-, s Optimizator02 Workpiece_Mo...
*" Designspacee... e PythonScript

ToolGeom03
SW solidworks

Stand03

Stand02
e PythonScript

Stand01
e PythonScript

e PythonScript

QForm 11.0.2

OI'ITI/IMI/I3I/1pOBaHHaH reomeTpma BaaKOB ANA TPEX NepBbIX KneTeu



OnTMMM3auua pasmepos NpubbLINK

HOB

* 3ajava: NHMKUHUPUHI
* CoOKpaTuUTb BpemMs Ha MPOEKTUPOBaAHME Pa3MepoB npubbine,
NOBbICUTb KayecCcTBO OT/INBOK (OTCVTCTBMe yca,u,qublx
nedeKkToB), COKPaTUTb pacxod MeTansna (MoBbICUTb BbIXOA

rogHoro)

* CnoxHocTtu:

* HeobxoaMmocTb  ydyeTa  HECKONbKMX  (aKTopoB  Npu
NPOEKTUpOoBaHUM nNpubblnen: MapKy cnaaea, MaTepuan
bopMbl, KOHOMUrypauuio  OTAMBKW, TUM  NPUMEHAEMbIX
npubbinen, 4Yto yacto TpebyeT 6OONbWIOrO KOANYECTBO
pacYyeTHbIX UTepaLmin Ha OTPAbOTKY TEXHONOTUM.

® anI orpaHnM4eHHOM BpemeHn He Bcerda yaaetca AOCTUTHYTb
OoNnTUMa/ZIbHOIro BapmaHTa TEXHONOIMMU

Ycapo4vHas PaKoBWMHaA
B OT/INBKE

o vt Pecen 14 [—

. PeweHue:

. Mcnonb3oBaHme DT Seven ana aBTOMaTM4eCKOM ONTMMM3ALIMN
pasmepoB npubbinel (aMameTpa M BbICOTbI) € M3MEHEHMEM (BbIXOA, roaHoro 67,3%)
reomeTtpumn B SolidWorks n noarotoBku pacyeTtHon moaenn u
3anycka mogennposaHua B 10 ProCAST.

MepBOHaYabHbI BapuaHT |§:I

*  Pesynbrar:

*  ABTOMaTM3MPOBAHHAA pacyeTHas Uenoyka Aana noagbopa
ONTUMaNbHbIX pasmepoB MpubbiNe ANa  KOHKPETHOWM
reomMeTpum OTIMBKM MO3BO/IAET COKPATUTb Bpemsa TeXHONOora
Ha NPOEKTMPOBaHMUSA nuTatoLLLeN cUCTEMBI 7
MaKCMMM3MPOBaTb BbIXOA FOAHOIO /INTbA.

OnTMmanbHaa TexHooruA
(BbIxoa, roaHoro 64,6%)



OnTUMU3aLMa pasmepos NPUbLIAK NPU INTbe B NecYaHble Gopmbl

* 3apava:

* CoKpaTuTb BPeMS Ha NPOEKTUPOBAHME pasmepoB Npubbinei,
MOBbLICUTb  KAyecTBO  OT/IMBOK  (OTCyTCTBME  yCaAO4HbIX
nedeKToB), COKpaTUTb pacxod MeTanna (NoBbiCUTb BbIXOA
rogHoro)

* ChnoXHocTu:

* HeobxoaMmocTb  yyeTa  HECKONbKMX  daKTopoB  npwu
NMPOEKTMPOBaHUN NpubbINEN: MapKy cnnaeBa, MaTepuan
bopMbl,  KOHPUrypauuio  OTAMBKWU, TUN  NPUMEHSEMbIX
npubbinen, 4Yto Yacto TpebyeT 6OAbLWOrO KOANMYECTBO
pacyeTHbIX UTepaunit Ha OTPabOTKY TEXHONOTUM.

* [lpn OrpaHNYEeHHOM BPEMEHW He Bcerga yaaeTcs AOCTUTHYTb
ONTMMA/IbHOTO BapMaHTa TEXHONOMNMU

. PeweHue:

. Ncnonb3oBaHmne DT Seven ana aBTOMATUYECKOM ONTUMM3aLUUMU
pa3mepoB npubblien (AMameTpa U BbICOTbl) C U3MEHEHUEM
reomeTtpumn B SolidWorks n noarotoBkmn pacyetHon mogenn u
3anycka mogenmnposaHua B MO LVMFlow.

*  Pesynprar:

*  ABTOMATM3MPOBAHHAA pacyeTHaA LUeno4vyka Ana nogbopa
OMNTMMA/IbHbIX PA3MepPoB NpubbIIeNn ANA  KOHKPETHOWM
reoMeTpumn OT/INBKM MO3BOJSIAET COKPATUTb BPEMA TEXHOJIOra
Ha NPOEKTUPOBAHUA NUTatoLWEN CUCTEMDI n
MaKCMMM3NPOBATb BbIXOA, FOAHOIO NNTHS.

HOB

NHARUHWUPWNHTD

LVMa4Flow

Ycago4vHaAa pakoBMHa
B OT/INBKE

MepBOHAYaNbHbIN BapuaHT

OnTumanbHasa TEXHONOMMA



ABTOMaTU3aLUMA MOAENNPOBAHUA MPOLLECCOB
NPOu3BOACTBA KOMMNO3UTHbLIX MaTepUasioB

* 3apava
* ABTOMaTM3auMA MOoAe/INPOBaHMA 3a4a4 npou3BoACTBa KOMMNO3UTHbIX

maTtepuanos B cpeae PAM-Composite ¢ uenbto ycTpaHeHna aedpeKToB B U3aennsx,
CHUXEHMA 3aTPaT U MHTEHCUPUKALMM NPOU3BOACTBA.

* CnoxHocCTwu:

* YyeT pas/INYHbIX MNPOLLECCOB, CBA3AHHbIX C W3rOTOB/IEHMEM KOMMO3UTHbIX
nsgenvn: GopmoBKM, NPOMNUTKM CBA3YIOLWMM C NOC/NEAYIOWNM OTBEPKAEHUEM,
KopobneHns nocne noaumepusauMm CcMmonbl. Kaxabih 3Tan U3roToBAEHMA
paccunTbiBaeTca B otaenbHom pelwatene (PAM-Form, PAM-RTM, PAM-Distortion).

* HeobxoAMMOCTb NPOBEAEHUA CBA3AHHbIX PAaCYeTOB C Nepeaayelt NPOMEKYTOYHbIX
AAHHbIX MEXAY Pa3/IMYHbIMK peLuaTensiMmu.

* bonee 10 pasNYHbIX BapbUPyeMbIX TEXHONOTMYECKUX NapamMeTpoB (Hanpumep,
30Hbl NOABOAA CMOJIbl M pPACMONOXKEHUe BEeHT, AaBJieHMe noJayn CMOJbl,
TEMNepaTypHOro penma noammepusaumm u np.).

* PeweHUne

* WHTterpayma PAM-Composite B DT Seven gna nposegeHumA napameTpuyeckoro
nccnefoBaHMA UMAKM ONTMMM3auMM NPOLECCOB MNPOM3BOACTBA KOMMO3UTOB C
OLLEHKOW BAMAHMA pPas3NIMYHbIX TEXHO/OIMYECKMX MNapPaMeTPOB Ha KOHEYHbIM
pe3ynbrar.

* Pe3synbraTt

* ABTOMATU3MPOBAHHOE pelleHWe AN UCCNefoBaHMA M ONTMMM3AUMKM MpoLecca
NPOW3BOACTBA KOMMO3UTHbLIX MaTepnasioB, NO3BOAAIOLIEE MWHMMMU3MPOBATL
KopobneHne u3aenuii, ycTpaHATb AedeKTbl «CyXMX 30H», COKPallaTb Pacxop,
cBA3ytoLLEero u ap.

Bpema BoIASPHKH

15000

14000

13000 H

12000

-

\

HOB

NHARUHWUPWNHTD

Calculation\L.-SHAPE-FILLING_RESULT erfh5

NODE : PRESSURE [ bar | 25/34.817520
Min = 0.1925 at Node 1823

Max= 3.3 at Node 1397

3.30000+00
3.09280+00
2.8857e+00
2,67850+00
2.47136+00
Z 22642400
_ 20570e+00
_ 1.84980+00
_ 1.6427e+00
_ 143550400
L 1.2283+00
L 102126400
L 81400e-01

6.0683e-01
26687~ A4

Mepemewenma 1

Mepemewweny

Temnepatypa JonAa oTeepwA

- P

(.96 A

Time_Delay2 ing ime._| ), DC_Displ_Norm...
@ pythonscripe o it P File

Time Delay Time Delay3
! pythonScript rogra € pythonScript




MeToaunka oueHkn HOC c yyueTtom
TEXHON0OrnM4yecknx nepeKTos

HOB

NHARUHWUPWNHTD

* CoBpeMEHHbIe CPeAacTBa YMUC/IEHHONO MOAE/NMPOBAHUA MMEKT HaANn4yme MHCTPYMEHTOB MO BO3MOXHOCTAM BbIrPY3KM
Pe3yNnbTaToB B Pa3/iMyHble GOPMaTbl AAHHbIX U UTEeHUS/06PabOTKM AaHHbIX TaKXKe B Pas/InyYHbIX popmaTax.

* OQHaKO CNOXHOCTb BO3HWUKaeT npu HEOGXOAMMOCTM npoeuunpoBaHnNa MeTOAUKMN HaA PpPa3/indyHble uUusgenna u

npoBeAeHMA MNapameTpuyeckon ontummsaumm. Kpome TOoro, Hepeako npu 3Tom BCcTaeT npobnema Bbibopa
ONTUMA/IbHOrO MaTepuana.

/ MopaenupoBaHue \ / AHanus \

TeXHONormm paboTtocnocobHoCcTH
un3genuAa
[aHHble B
TEKCTOBOM BUAE
HanpsxxeHus
[edopmaunm
[MopucTocTh
n ap.
G W \nsys

T Lo N Y




MeToauKa CKBO3HOIo NpoOeKTUpoBaHUA M3,£I,€J'IMI71 C
Y4eTOM TEXHONTOTNIK

HOB

NWHARWNHUNPWHD
NpumeHeHne DT7 Kak OCHOBHOrO MeToauKa CKBO3HOro MoenupoBaHus
UHTErpaumMoHHOro peweHuna anA
lwabnoHUsa Uunn meToamnku /I'Io.qﬁop MaTepuana no\ / MogenuposaHue \ / AHanus \
KpUTEepUAM TEeXHOJTOrMYEeCKUX pa6oTocnoco6HocTH
npoLeccos uspenus

MpMeHeHne MHCTPYMEHTOB -
napameTpuyeckom onTMMmM3aumu =
(reomeTpuna, matepuan) i

MpumeHeHue Antaria Materials Kak
peKoMeHAaTeNbHOM cMCTeMbI ANA ANTEIA Q] W \nsys
noabopa matepuana n npeaocTaBaeHun \_ A 2R kevseHt /
AaHHbIX 0 PUINKO-MEXAHUYECKUX U !

o PeayﬂbTaTblMOﬂenMDOBaHHH
TennoduUsnYeCcKnUxX CBOMCTBAX

s
-

aHannaa

NHTE rpauusa, ontTuMmunusauuna

D/ Seven

CeolicTBa
Matepuana
Peaynerathl




B3anmopaeincTesue KOMMNOHEHTOB

opraHu3aumnm

LlinHa AaHHbIX

OopraHusauumu

wap]

Message bus

O6bmeH gaHHbiMmuM no REST mexxay D7 u Antaria

[Hanpumep: Apache Kafka, RabbitMQ

A 4

3anpoc:
MepeyeHb CBOMCTB

KpuTepun nogbopa
Xumu4eckuin coctas
AnTtapus Matepuansi

®  DusuKo-MeXaHWYECKUE CBOACTBA
Tennodguinyeckue cBoACTBA
NopGop Ha ocHOBE XMM. cocTaBa

Mowck no Gase 3HaHNA NPeANpUATUR

REST API

/ WHTerpauma, onTUMU3aLUA

\_ ANTAA

OtgeT:
DUINKO-MEXAHWYECKUE CBONCTRA
Tennocunanyeckue cEOCTBa
TexHonoruyeckue cBoWcTBa

\ D7 Seven

BO3MOXXHOCTb nHTErpaununm C 4pyrumm cuctemamum opraHn3aumnm

A4
/ MogenupoBaHue \

TeXHOJIOru4yecKux
npoueccoe

Mepepaya AaHHLIX:
CeoicTBa MaTepnasnos
leomeTpuyeckue NapameTphbl
3anyck peluarens

Peayn bTaTbl MOLAENNPOBAHNA

HOBA

. NHXUHUPWNHI
Bo3morKHOCTb BKAtoYeHUA MAK ¢ A3bIKOBbIMM MoaenaMmmn Ana npeaoctaBaeHna MHdopmaumm ns 6a3bl 3HaHUN

/ AHanus \

pa6oTtocnoco6HOCTU
u3genua

Pesyn bratbl MOAENMMPOBAHNA

\nsys

Mepepaya gaHHLIX:
CBoiicTBa MaTepuarnos
FeomeTpryeckue napameTpbl
3anyck peluarens

> D7 Seven
\

/ WHTerpauua, onTuMusauus \

/




OueHKa MPOYHOCTU CBAPHOIo coegnHeHnA C y4eToM OCTaTOUHbIX HaI'IpFIH(EHMﬁ

UHXWHUPUHT N NPON3BOACTBO

WWWw.nova-e.org




[locTaHOBKa 334a4M

3a/ia4ya: oUeHKa NPOYHOCTM CBAPHOro COeAUHEHUs
YYETOM OCTaTOYHbIX HanpAXeHUN.

0.00 450.00 900.00 (mm)
[ SE—_ S—
225.00 675.00

DYHKYUOHAAbHOE Ha3HAYEeHUEe KOMIOHEHMO8: Obvekr nccnenosatna (K3-cetka)

DT7 — NHTerpaunoHHaa naatpopma
Antaria — CBoncTtsa maTtepmnanos
ESI Sysweld — mogennposaHue cBapku

ANSYS — aHanm3 npo4yHoOCTU Npn paboumx HarpysKax

0.00 450.00 900.00 (mm)
[ S E—
225.00 675.00

Cxema HarpyxeHusa

10.04.2025
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ANropuTMm pelleHuna

[MonyyeHne gaHHbIX O CBOMCTBA MmaTepuana no API

., » DOE
*" Design spacee...

B Marepuans
B Axtapua
Im PoCCHAGKHE MaTEpHEn!
bl

Index_count cure_max
e PythonScript e PythonScript

MonyyeHne aaHHbIX No API
eMbIE U &: eMule RTM_Script
1 "
I KoHCTpyKUMOHHbIE CTanu Tpadhmkmn 1/ Text
I KOoppo3woHHOCTORKHE M KapOonpouH TeK " A— T canicmo Tioasen TecPcTY
= Cramnb 95X18 awuca
b

RTM_Script_Run Postprocessing

Program Program
M Nureditse cranu

I BLICOKONPOHHLIE W NPYXMHHLIE CTar Tpadwmon a crpameye: 5 v 11wl

m HyryHel
BB LserHsie MeTanisl M cnnass!
B KOMNOSHUMOHHLIE MATEPHANb! H PESHH
I CrpovTenbHuie MatepHans M ropHuie
B CreuManv3npoBaHHLIE MOdent Temnepatypa, *C
B NHA3M

BapyGextuie MaTepuans!

okymeHTh

Mpesen Texyvect, MMa

Time_Delay RTM_Solver_Run Postproc_Script
é PythonScript Program Text

I~

* Warn peweHna:
1. Tllony4deHune cesoncts matepunanos ana Sysweld n ANSYS
2. MopgennpoBaHue npoLecca CBapku

3. [Mony4yeHue AaHHbIX MO OCTAaTOYHbIM HaNpsAKeHnAM/aebopmaumnam m
nx nepegayva B NPOYHOCTHOM aHaNU3

zZ

4. AHaNM3 NPOYHOCTM C Y4ETOM OCTATOYHbIX HAMPAXKEHUN 22500 67500 )
Pe3yanaTb| MHTEPNONAUNN HaNpPAXKXEeHUN

0.00 450.00 900.00 (mm)




Pe3ynbTaThl

*  WNHTEHCMBHOCTb NaacTUYECKUX aedpopmauni
oTan4daetca okoso 10%

* KauyecTBeHHble pe3ynbTaTbl Noneu
HanpsxeHun/gepopmaumn umeroT
CYLLLeCTBEHHOE OT/INnYne

MonA ocTaTOYHbIX HANPAXeHUN n gedopmauni

0.00098815 Max 6.0747e-5

H 0.0014079 Max

53153e-5
= 4.556e-5
3.7967e
3.0373e
2.278e-5

. 240.34 Max

21384
187.34
16084

13434
- 10784

B 81339

. 76,655 Max
683

60007
51684

4336
I 3s037

M 26713

1.5187e-5

4 7.5934e-6

2.278e-5
15187e-5
7.5934e-6 z
0 Min A.i 0 Min
18569 Z 09 ’ 0.00 500.00 1000.00 4 ! Y
I 10,066 28339 — " — (e} 000 500.00 1000.00 (mm)
” 250.00 750.00 — —
1.7422 Min ./L 1.8391 Min . 25000 750.00

O 20D 100000 ) 0.00 500.00 1000.00 (mm)
25000 750,00 — — o
250,00 75000 MNHTEHCMBHOCTb NaacTMyeckmnx agedpopmaunii (cnesa — 6e3 yyeta
Mona aKkBMBANEHTHbIX Hal'lpﬂ)-KeHMﬁ no MM3ecy (cneBa — 6e3 y4yeTa OCTAaTOYHbIX H&I‘Ipﬂ)KGHMI?I, OCTATO4YHbIX HEiI'IpFI)-KEHVIVI, cnpaBa — C y4eTOM OCTAaTOYHbIX

CrnpaBa — C y4€TOM OCTaTOUYHbIX HAaNPAXKEHUN) HanpsAMKeHui)



3aKnyeHue

HOB

NHARUHWUPWNHTD

* [lnatdpopma D7 no3BoNsET OCYLLECTBAATD MHTErPALMIO Pa3INyHbIX KomnoHeHToB (M0) anAa peweHun
MEXANCUMNANHAPHbIX 33434 MU NPOBOANTb ONTUMMU3ALMOHHbIE pacyeThbl

° an OouUeHKe pa6OTOCI'IOCO6HOCTM VI3,£I,e}'IVII7I BAXXHO Yy4YUTbIBATb TEXHOJZIOTNHO U3TOTOB/1IEHNA

e CoBpeMeHHble NPOorpaMmHbIe pPeLleHMA NO3BOJIAOT C/IOKHbIE MEXANCUMNIMHAPHbBIE 334a4M, KOTOPble BO3SHMKAKOT
nNpu pa3paboTKe HOBbIX TEXHUKU U TEXHONOTUM

10.04.2025 36



ABTOMaTM3NPOBaHHOE peLleHne ANA CKBO3HOMO

MOOEeNUPOBaHMUA

B3amHaa uHTerpauua Ha 6ase DT Seven nporpammHoro obecnevyeHums
ONA NpoBeAeHnA CKBO3HOro MoAeIMpOBaHUA:

* Antaria (cuctema ynpaBneHuMa [JaHHbIMWM O MaTepuanax W
TEXHONOrnAX)

* ProCast (MogennpoBaHue nnTbAa MeTannoBs)
* Ansys Mechanical (aHann3 npoyHocTH)

MeToauka 3ak/toyaeTcsi B OLUEHKe BAUSHUA (DU3NKO-MeXaHUYeCKUX
CBOCTB MaTepuasioB Ha KayecTBO U3aennst n, B CBOKO o4epeab, BAUsHME
TeXHoNornyecknx aedekToB B OT/IMBKE Ha  SKChjyaTauWMOHHble
XapaKTepPUCTUKMU.

9D (DEKTUBHOCTb U LLEHHOCTb AaHHOro Noaxona — yvyeT BAUsAHUA AedeKkToB
NPOM3BOACTBA Ha TMPOYHOCTHbIE  XAPaKTEPUCTUKN  U3gennsa U
OAHOBpPEMEHHaN OLEeHKa BNMSAHUA BbIOPAaHHOro MaTepuana Ha BeCb LMKJI
NPOM3BOACTBA M UCMbITAHUN

PacyeTHasa uenoyka MOXeT 6biTb co3aHa OAMH pa3 U MacliTabupoBaHa
Ha Apyrve wusgenus npeanpuaTus Ons JOCTUXEHus 6onee BbICOKMX
TaKTUKO-TEXHUYECKUX XapPaKTEPUCTMK MNPOAYKUMM W TMOBbIWEHUS ee
KOHKYPEHTOCNOCOOHOCTM.

HOB

NHARUHWUPWNHTD

MeToauKa CKBO3HOro MofieNnMpoBaHuA

/I'l;,qﬁop MaTepuana nh

KpuTepuAm Ha ocHoee UM

\_ ANTARJA )

CeoicTea
matepuana

/ MogenupoBaHue \

npoueccos NATeRHOro
npowssoAcTea

QS
M

Peayanarbl MOOeNHpoOBaHHA

/ Axanus \

paBotocnocobHoOCTH

Hagenua

\nsys

MHTerpaumnsa, onTUMH3aUmMA

D7 Seven

adan4aa

Peaynetatsl




Kypcbl 0byyeHna ot OO0 «Hosa NHXMPUHT» < =

HOB

Bo3MoXKHO NpoBeaeHMe y4ebHbIX KYpCcoB C Bblaayei ceptudmnKaToB yCTaHOBAEHHOro obpasua o HSKMHUPUHC

noBblilLEHNHA KBaI'II/I(I)MKaLI,MVI.

Pa3paboTaHo 6onee 30 aBTopcKmx Kypcos B obnactn CAE, CAD, U, peBepC-UHKNHUPUHTA,
BK/HOYAA:

* DT Seven

* LVMFlow, PoligonSoft, ProCast
e Sysweld, SIMMAX

* PAM-STAMP, Qform

 PAM-Composites, Fibersim

T

* Fidesys, IOIOC MNpoyHocTb, Ansys, LS-Dyna,
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