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Mpumep paboTbl rpacmyeckoro uHTepgerca CST STUDIO SUITE ans npuknaaHbix 3aaay: 3D EM moaenvpoBaHue abcontoTHOTO 3Ha4eHus Nonst BOKpYr MoBunbHoro TenedoHa.

CST STUDIO SUITE

Maket CST STUDIO SUITE™ 2012 npeacTtaBnsieT co6on
06006LLEeHHbIN pe3ynbTaT MHOTONMETHUX UccrnenaoBaHUm 1
pa3paboTok B o6nactu a¢pheKTMBHOIro U TOYHOro
YMCNEHHOro MoAENUPOBaHUA TPEXMEPHbIX
3N1eKTPOMArHUTHLIX CTPYKTYP.

MakeT BkntoYaeT B ce6s LUIMPOKUIA HAOOP UHCTPYMEHTOB
Ansi pa3paboTku, cuHTe3a n ontumusaumm 3D EM
CTPYKTYP B LUUPOKOM AManasoHe 4acToT, aHanu3a
TennoBbIX U MexaHU4Yeckux adpcpekToB, a TaKxke
MOAEeNMpPOBaHNA CXeM.

[ocTyn Ko Bcem nNporpaMmMaM ocyLeCcTBNAeTCA Yepes3
eAUHbIN NoNb30oBaTeNbCKUA UHTepdelic,
obecneynBaloLLMi COBMECTHOe ModenupoBaHue
pa3nunyHbIx husmnyeckux adpcpekToB.

Y10 ob6wero B RFID ycTponcTBax, aNeKTPOHHbIX
nyLwKax 1 aBTOMOOUIbHbIX aHTEHHaXxX?
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JTtobble 13 aTUX NPUNOXEHN MOryT ObITe MPOMOAENUPOBaHbI C
nomoubto naketa CST STUDIO SUITE, koTopbii npeanaraeT LWWUPOKU
Habop BbIMUCIUTENBHBLIX (PYHKLMIA, aAanTUPOBaHHBIX AN peLleHns
caMbIx pa3HoobpasHbix EM 3agau. MNocne Toro, kak Bbl HACTPOUNU NakeT
Ons pelleHus crneumduyeckor 3agayn, oH MOXeT ObITb ferko
nepekrnoYveH Ha 06paboTky ApYrMX NPOEKTOB C MaKCUMarlbHbIM
MCMNoNb30BaHMEM BaLLIEro OnbiTa, HaBbIKOB paboTkl B MHTEpdelice,
3HaHWI MOTOKa NPOEKTUPOBaHNsA 1 meTogonorui. CoBpemMeHHbI Habop
BbIYMCIIUTENbHbBIX MOAYNEN BKIOYAET: aHanu3 B YacTOTHOM U
BpPEMEHHO 0bnacTsx, MeToabl MHTerparnbHbIX YpaBHEHUA, ObICTPbIX
pe3oHaHCOoB, COBCTBEHHBIX MOJ, aHanu3 cTaTU4YeCcKUX U CTauMOHapHbIX
nonewn, TENNOBbIX NMPOLIECCOB, MEXAaHUYECKUX HaMNPSKEHUI,
MOZenupoBaHue TPaeKTOPUI 3NeMeHTapHbIX YacTuL, SMEKTPUYECKNX
CXeM 1 MHoroe apyroe.
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CST STUDIO SUITE

WHTerpupoBaHHas cpega NpoeKTMpoBaHus, NpefocTaBnsaloLWas nonb3oBarento
AOCTYN K LULMPOKOMY HaGopy BbIYUCIIUTENbHbIX TEXHONOIUI U 00 bLeaAnHsLWan
cpeacTBa aHanusa cxem u MynbTuduanyecknx apgeKkTos.

CST MICROWAVE STUDIO (CST MWS) — MHCTPYMEHT Ansi 6bICTPOro 1 TO4YHOro YMCINEHHOro
MOZENMPOBaHNS BbICOKOYACTOTHBIX YCTPONCTB (aHTEHH, (PUNbTPOB, OTBETBMTENEN MOLLHOCTU, NNaHapHbIX U
MHOTOCHOWHbIX CTPYKTYP), @ Takke aHanusa npobrnem LenocTHOCTY CUrHamNoB U 3rEKTPOMAarHMTHOM
COBMECTMMOCTH.

CST EM STUDIO (CST EMS) — nakeT ons MOAeNMpoBaHNs CTaTUYECKMX N HU3KOYACTOTHbIX
3NEKTPOMAarHUTHLIX NOMe B TAKUX YCTPOMCTBAX, Kak AaTYMKW, akTyaTopbl, TpaHcdopMaTopbl,
3NeKTPOMEeXaHN4YecKme N3MepuUTeNbHbIE FONIOBKW, SKPaHUPYHOLLME KOHCTPYKUMKU. 34eck nMeeTcs
BO3MOXHOCTb aHanmsa aneKkTpo- 1 MarHUTOCTaTUYECKNX Nomnewn, BUXPEBbIX N MOBEPXHOCTHbIX TOKOB.

CST PARTICLE STUDIO (CST PS) — cneunanuavpoBaHHbIV NakeT Afis aHanvM3a noBegeHns 3apspkeHHbIX
YacTuL, B 3NEKTPOMAarHUTHbLIX MOMSX M MOAENMPOBaHUS TakUX YCTPOWCTB, Kak 3NEKTPOHHbIE MyLUKY,
KaToAHble NnyyeBble TPYOKU, MarHETPOHbI.

CST CABLE STUDIO (CST CS) — cneuvanusmpoBaHHbIii NakeT ons mogenvpoanns EM adhdekTos B
kabensax, No3BONSIOLLMIA ONTUMU3NPOBATL BEC M pa3Mep OAMHOYHBIX MPOBOAOB, BUTLIX Map, a Takke
CMOXHBbIX XIYTOB C HEOrPaHWYEeHHbIM YMCIIOM NPOBOAHMUKOB. [porpaMmma no3BosisieT OUeHUBaTb HaNpsKeHNs
B pa3HbIX Toukax kabenen, TokM Yepes onpeaerieHHble NPOBOAHWKM, S-napaMeTpbl, UMNeaaHChl, a Takke
B3aMMHble HAaBOAKM NPOBOAHMWKOB APYr Ha Apyra.

CST PCB STUDIO (CST PCBS) — cneuuanv3npoBaHHbI NakeT, NO3BOMAIOLLNIA BbINOMHATL aHanm3
LIeNIOCTHOCTY CUTHArOB M NEPEKPECTHBIX UCKaXKEHUIA HA BbICOKOCKOPOCTHBIX LIMPOBbIX, CMELLaHHbIX
aHanoro-uMdpoBbIX NnaTax, a Takke B UCTOYHUKAX NUTaHWUS.

CST MPHYSICS STUDIO (CST MPS) — cneuvannampoBaHHbIv NakeT AN aHanu3a TennoBbIX U
MeXaHN4ECKNX Harpysok.

CST DESIGN STUDIO — MHCTPYMEHT, NO3BOMSAOLLMIA pa3buTb CIOXHOE YCTPONCTBO Ha OTAENbHbIE YacTy,
npoMoaenmpoBaTh KX MO OTAENBHOCTU U 3aTEM MHTErPUPOBaThb NOSyYeHHble AaHHbIE B €QNHOE Lieroe.
Kpome Toro, 3gecb MmeeTcsi BO3MOXHOCTb OfHOBPEMEHHOIO MOAENPOBaHUS arekTpuyeckux cxem n 3D EM
CTPYKTYP.

CST, CST STUDIO SUITE, CST DESIGN ENVIRONMENT, CST MICROWAVE STUDIO, CST EM STUDIO, CST PARTICLE STUDIO,
CST CABLE STUDIO, CST PCB STUDIO, CST MPHYSICS STUDIO, CST MICROSTRIPES n CST DESIGN STUDIO siBnsitotcst
3aperncTpUpOBaHHbIMM TOProBLIMU Mapkamu komnaHun CST. [ipyrue ynoMsiHyTsIE UMEHa KOMMNaHWiA U MPOAYKTOB SIBASIOTCS
3aperncTpUPOBaHHbLIMU TOPrOBLIMU Mapkamu UX BRagerbLes.



WHTerpnpoBaHHas cpena NpoeKTUPOBaHUA

Cpepa npoektupoBanuna CST STUDIO
SUITE npegctaensieT cobon

nporpaMMHyto 060M04Ky, CryxaLlyto Ans +EFare
NOATOTOBKW NPOEKTa K MOAESIMPOBaHWIO, : : X s i LB P s
BblGOpa 1 HacTpomkn Heo6xoaMMOro : ; ' =
BbIYUCNIUTENBHOMO MOAYS.
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Cpepna 6bina paspaboTtaHa ¢ y4eTom
NMOCTOSIHHO BO3pacTatoLmx TpeboBaHuii k
CMOXHOCTN MOAENMPYEMbIX 3(H(EKTOB 1
UX B3aMMOCBSI3eN:
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cxeM n EM ctpyktyp cpeacteamu CST =
DESIGN STUDIO (CST DS).

P2 Tianced1]
[ T0 Cater
b T0vohagn

o ¥ 5 ok Samuns 13k
e TennoBow aHanu3 c y4eToM BCex I§ 1y it =
BWAOB 3neKTpuyeckux notepb B 3D st s »
2§ Cewiewn
CTPYKTYpE. T I — o
st 06l

e AHanus mexaHu4yeckux Harpysok.

03SpF == /| SMMD340
. 6all H
e AHanus noseaeHuns 3apskeHHbIX i - 2 2 4 e s ©
YacTuy B CTaTUYECKOM UIn o . s Frequency [ ¢
pe3oHaHCHOM rore. = = o 1
oG - = L
T G
i o v : o
e MarHuTocTaTM4eckuii aHanus nonen : gt
TOKOB. (e /"1 l:::meammmhm;m¢w =

= == e e ek YA G 8 g o

e 3D EMC/EMI aHanu3 gns Tokos B
kabensax u NPOBOAHMKAX Ha NeYaTHbIX CkBO3HOE MOZEeNMpoBaHMe NpoeKTa HaHOCEKYHAHOIO reHepaTopa UMMybCOB Ha YpoBHE cxeMbl U EM cTpykTypbl.
CurHan ¢ yactoToit 60 My npeoGpasyeTcs B CBEPXKOPOTKUIA MMMYIILC, KOTOPbIA NOAAETCS Ha ANOA, C HaKONNEHUEM

nnatax. 3apsifa C SIPKO BLIPAXEHHON HENMHENHOCTbIO.

Jlerkvin B MCNonb3oBaHuy rpadonyeckuii Nosib3oBaTeNbCKui
MHTEPENC NO3BONSIET OTKPbIBATL OAHOBPEMEHHO HECKOIbLKO
NPOEKTOB, CoAepaLlunx pasnuyHble 3D Moaenu u AOKYMEHTHI.

Mporpamma CST DS B coctaBe naketa CST STUDIO SUITE
urpaeT posib HEKOETO CBSA3YHOLLENO 3BEHA, BbINOMHSIOLLETO
CXeMOTEXHUYECKOE MOAENMPOBaHNE COBMECTHO C aHanusom EM
cTpykTyp. [Ins kaxgon mogenupyemon B CST MWS TpexmepHon
cTpykTypbl, B CST DS aBTOMaTU4ecku co3gaetcsi 6rok, KoTopblii
MOXeT BbITb BCTPOEH B cXeMy. OTO 4aeT BO3MOXHOCTb
MOZEenupoBaTh NaccuBHbIE YacTOTHO-U3bMpaTernbHbIe CTPYKTYPbI B
KOMOWHaLUW C aKTUBHBIMU HEMWUHENHBIMU 3NeMEHTaMM.
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Kpome Toro, nonb3oBatenb UMeeT BO3MOXHOCTb BbINOSHUTL
[EeKoMMO3MLIMI0 CROXHOWM EM CTpyKTYpbI, pa3buB ee Ha OTAenNbHbIe
6onee npocTble YacTu, HYTO NO3BOMAET 3HAYUTENIBHO SKOHOMUTL
pecypchbl Mpy aHanu3e 1 oNTUMU3aLMK CnoxHbiX EM cTpykTyp. Ha
ocHoBe CST DS peanu3oBaHa HOBas TEXHOOMMSA MOAENMPOBaHUs
cocTaBHbIX NpoekToB (System Assembly and Modeling, SAM),
ynpoLiatoLLas MoaenMpoBaHue CroXHbIX NPOEKTOB.

BcTpoeHHbIN onTummnsaTop No3BornseT ynpasnsTh
napaMeTpu3oBaHHbIMU AAHHBIMWU HE3AaBUCMMO OT METOAa,
NPUMEHSIEMOrO ANS aHanM3a ToW UM MHOWM YacTu NpoekTa.
MiMeeTca BO3MOXHOCTb LIEHTPann3oBaHHOIO ynpaBeHus
BblUMCNIUTENSIMU C NOMOLLblo VBA MakpocoB, a Takke obMeHa
AaHHbIMK Yepe3 COM/DCOM uHTepdeiic.

MO,CLEJ'IVIPOBEHI/IE MarHeTpoHa ¢ NOMOLLb0 PIC BbluucnuTens. 5
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NMPOU3BOOUTEJNIBHOCTb U TOYHOCTDb

[ins MoaennpoBaHus 3Tol cepbl MOTYT UCMOMNL30BATLCA PA3NNYHbIe METOALI ANCKPETU3ALMM NPOCTPAHCTBA: KNAaccuieckne ANs NPsiMoyronbHbIX v
TeTpasaparibHbIX S4eeK, a Takke opuriHanbHas TexHonorust CST annpokcuMaunm Ans uaearnbHbIX rpaHnyHbix ycnosuit (Perfect Boundary Approximation, PBA).

SO hEKTUBHOCTb MOAENNPOBAHUS
onpegensieTcs BpeMeHeMm, Tpebyembim Ans
norny4eHusi TOYHOro pesynbTaTa YACHEHHOro
peLLEHNs C MOMEHTA BO3HUKHOBEHUS
HavanbHoW naen. HeobxoanmocTb aHanusa
BonbLunxX 1 Gonee CNoXHbIX CTPYKTYp, TpebyeT
HernpepbIBHOrO HapalLBaHus
Npon3BOANTENBHOCTU MOAENNPOBAHUS.

MporpammHble npoaykTel CST AeMOHCTpUpyoT
3P PEKTUBHOCTb MOAENNPOBAHUSI HA CaMbIX
pasnuyHbIX YPOBHSIX: Ha 3Tane co3faHus
TPexXMepHoO MOAENU, Ha YPOBHE UHTErpaLmmn
NMOTOKOB MPOEKTUPOBAHWS, peanusauum
METO[OB Y/CMEHHOTO aHanuaa,
BbICOKONPOW3BOANTENbHbIX BbIYUCIEHNIA,
aBTOMaTUYECKOW OLEHKN 1 onTummsaumm. Bece
3TO ABNAETCA HEOOXOAMMbIMU 3rIEMEHTAMM
Ans GbICTPOro U YCMELUHOro NPOEKTUPOBaHUS.

Annpoxcumauml Ana ngeanbHbIX rPAHUYHbIX yCHOBMﬁ

MaBHbIM NPEMMYLLECTBOM BbIYMCIIUTENBHBIX TEXHOMOrMn KomnaHum CST aBnseTcs
MCMonb30BaHWe annpoKCMMaLuum Ans naearnbHbIX rpaHnyHbIX yerosui (Perfect
Boundary Approximation, PBA) npumeH1TENbHO K 4OCTaTOYHO 0bLLeMy meToay
KOHe4HbIX nHTerpanos (FIT).

CraHgapTHas peanusaumsi MeToda KOHeYHbIX Pa3HOCTeN BO BpeMeHHoW obnacTtu
(FDTD) ¢ ucnonb3oBaHWeM NpsiMoyrofibHON CeTKV JEMOHCTPUPYET XOPOLLWIA
pe3ynbTaT npu 6OnbLIOM YKcne s4eek pa3bueHuns. Yl UMEeHHO 3TO ABNSeTCSA rMaBHON
npobnemon npy onUcaHnn CTPYKTyp NPon3BOSIbHON hOPMbI.

Mpu MmoaenuposaHum 3D CTPYKTYp, COAEPKALLMX NOBEPXHOCTU CMIOXHON KPUBU3HBI,
UCMONb30BaHUE KNaccu4eckoin NpsiMOYrosibHOM CETKW pa3bueHnst NpUBoAMT K
Heo6X0AUMOCTH UCMOSIb30BaTh CIMLLIKOM MESIKYI0 CETKY U HeonpaBaHHo GorbLuoe
YMCIIO AYEeeK.

Wcnonb3oBaHue TeTpasaparnbHOi CETKM YacTUYHO peLLaeT npobnemMy 1 no3BonsieT
CHU3UTb TPebOBaHNA K BbIMUCIINTENBHBIM pecypcaM. TexHonorua PBA ucnonbsyet
npeunMyLLecTBa 060Mx NepeyncrneHHbix Noaxoaos, Ho obecneymBaeT
GecnpeLefeHTHbIN NPUPOCT NPOM3BOAUTENBHOCTU 63 NOTepU TOYHOCTU
BbIYMCIEHMWIA ANS GONbLUMHCTBA NPUNOXEHUIA.

PasnuuHble dyHKUMUK, HANPUMEP, N3r1b AeTanu, NO3BONSIOT CYLUECTBEHHO YCKOPUTBL M YNPOCTUTL NPOLIECC NOCTPOEHUS! TPEXMEPHOM MOAENN.



AJanTUBHbIA MeXaHW3M NOBTOPEHUSA reoMeTpPumn

B psige cnyyaes npu ucnonb3oBaHWM TPaAMLIMOHHBIX BblUUCIIUTENEN B
YacTOTHOM 06nacTy NPOCToe U3MENbYEHNE TETPa3AparibHON CeTKM
pa3bueHns He ynyyllaeT pesynbTaT aHanuaa ns-3a Hanmumsa spko
BblpaXeHHbIX rpaHeii. PaspaboTtaHHbii CST aganTuBHbIA MeEXaHU3M
NOBTOPEHUSI reoMeTpUM No3BonsieT 6onee TOHYHO onvcaTe reoMeTputo
MOAENUPYEMO CTPYKTYPbI 1 NMONy4nTb Gonee BbICOKYI0 TOYHOCTb
pe3ynbTaToB.

PasnunyHble cnocobbl MOCTPOEHUS CeTkN pa3bueHnst Anst KoakcUanbHOro BONIHOBOAA:
TpaAuLMOHHBIN (CNeBa v B cepeaMHe) U afanTuBHbIN (cnpaBa).

LLinpokononocHoe mogenupoBaHue

Mpu oLEeHke XxapaKTEPUCTUK aHTEHH B paMKax OHOro ceaHca
MOZENUPOBaHUsI MONy4atoTCsi He TONbKO MX S-NapameTpbl B
LLIMPOKOM AManasoHe YacToT, HO M MOJHbIN Habop XapakTepPUCTHK B
nanbHen 3oHe. B xoge ogHoro 3anycka BpeMEeHHOro aHanusa

e MOXXHO NOMYy4YUTb pe3ynbTaThl BO MHOXECTBE YaCTOTHbIX TOYEK C

w NPOU3BOSIbHBLIM LLIATOM.

28 o
Freq {GHz)

MpekpacHoe cornacoBaHue B LUMPOKOM AnanasoHe YacTOT U3MEPEHHbIX U PacCHUTaHHbIX
XapaKTepuCTUK ABYXrpeGHEBON pynopHO aHTeHHbl CaTtumMo.

"Haw pasbem ERNI Ermet zeroXT criocobeH nepedasamb
oughgpepeHyuansHbie NRZ cuegHarnbl co ckopocmsimu 0o 10
r6um/cek. lNonHoe modesnuposaHue Mnpoekma, a UMeHHO:
aHarnu3 aneKkmpomMagHUMHbIX rnoned, pacdem umnedaHcos u
yposHel napa3umHbIX MePEKPECMHBIX UCKaxeHuU, bbi1o
8bIMosiHeHo ¢ nomouwbro nakema CST MICROWAVE STUDIO.
Bbriazodapsi nony4eHHbIM MOYHbIM OaHHbIM, Pa3beM oWerl 8
ceputro cpasy, 6e3 dornonHumerbHbIx dopabomok."

Dr. Thomas Gneiting,AdMOS

Pasbvem ERNI Ermet zeroXT
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TpexmepHas Mofenb kopnyca, UMnopTupoBaHHas u3 naketa Cadence Allegro Package Designer (APD).

MpaBunbHbIK BbIGOP BblYUCUTENS

KauecTBO pe3ynbTaToB U CKOPOCTb MOAENUPOBaHUSI CyLLLECTBEHHO
3aBUCUT OT BblGopa BblYMCIMTENbHOTO Moayns. Hambonee
BaXHbIMU KPUTEPUAMU 34ECH SBMSIOTCS: reoMeTpuyeckasi
CMOXHOCTb aHanu3npyemoW CTPYKTYpbl, 3NEKTpUYECKUe pasmeps,
CKIMOHHOCTb K pe30HaHCy, OAHAKO He BCEeraa aTu KpUTepum UMeroT
oavHakoBbI Bec. Hanpumep, BblYMCNIUTENb BO BPEMEHHOM
obnactn geMoHcTpupyeT cebsi O4eHb XOPOLLO Ans GonbLUMHCTBA
3ajlay MOZEeNMpPOBaHMs KOPNYCOB C MHOXECTBOM MENKMX AeTanen,
HO BbIMMCMIUTENb B YACTOTHONM 06NacTy MoXeT GbiTb ONTUMarbHbIM
ans paboTbl ¢ 3NeKTPUYECck MasbIMu CTpykTypamu. CyTb noaxona
koMmnaHumn CST 3akntoyaeTcs B obecneyeHnn nonb3oBartens
MakcMmarnbHbIM HABoOPOM BbIYMCIIUTENBHBLIX MOAYEN, AOCTYN K
KOTOPbIM OCYLLECTBSETCA B paMKax e4UHOIO MNosib30BaTeNbCKOro
nHTepderica.

BHumaHue K getanam
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PasnunyHble npakTuyeckue 3agayv MeT pasfmyHble
YPOBHU AeTanusaumm B OTAENbHbIX YAaCTAX MOLENMpPYeMoit
cTpykTypbl. KomnaHus CST ucnonbayeT pasnuyHbie
TEXHOJOTMM AJ1st ONTUMAarbHOMO PELLEHNS KaXK4oro

KOHKpeTHoro cnyyas. Ana FEM Bblamncnutens
NMPUMEHSIIOTCS YNOPSAOYEHHBIE 3NIEMEHTBI CMELLAHHOMo
TMNa, ANs LMPOKOMNOSIOCHbIX BPEMEHHBIX METOA0B
pearnu3oBaHbl pa3nMYHble CXEMbI MOCTPOEHMUS NMOACETOK,
KOMMaKTHble MOAEeNV No3BOMAT 3aMeHUTb Menkue
3MeMeHTbl CTPYKTYP, Hanpumep, OTBEPCTUS U LUBbI

MakpomMmoaensamu. PeByJ‘IbTaTbI pacyeTa

ANEeKTPOMarHUTHbIX Nonew MoryT ObITb AOCTYMHbI B APYrmnx
BblHMCNINTENAX Yepes cneumarnbHble LUMPOKONOOCHbIe

MCTOYHUKM nonA.
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MapameTpu4yecknin n CTaTUCTUYECKUNA aHanNu3

B psine NpoekToB XxapakTepucTUKy yCTponcTea MoryT ObiTb
YYBCTBUTESbHbI K UIBMEHEHWIO OTAENbHBIX NAPaMeTPOB.
Mporpamma CST MICROWAVE STUDIO nosBonsieT oLeHUTb
3aBWCUMMOCTb S-NapameTpoB, OCHOBbIBAsICb Ha pe3yfbTarTax
BCEro OHOro 3arnycka BPEMEHHOMO UM YacTOTHOTO
BbluMcnmTens. Tak kak pe3ynbTaTthl Ans pa3nuyHblx Habopos
napameTpoB MOryT ObITb NOMyYeHbl 6€3 AONONHUTENbHbIX
3anyckoB MOJHOrO aHanu3a, 310 AenaeT BO3MOXHbIM
BbINOSIHEHNE NapaMeTPUHECKOro U CTaTUCTUYECKOTO aHanunsa
6e3 CyLLeCTBEHHbIX AOMOSTHUTENBHLIX BPEMEHHbIX 3aTpaT.

OnTnmunsaumna

Mouck Hanny4Llero TEXHUYECKOro PeLLEHUs] CYLLIECTBEHHO
obneryaeTcs Npu UCMoNb30BaHNM NOAXOASLLEro MeToaa
ontummsauun. Maket CST STUDIO SUITE BknoYaeT HECKONBbKO
pasnuYHbIX METOOB aBTOMAaTUYECKON FIOKanbHON Unn
rnobanbHol onTumusaumun. Metog Trust Region 6narogaps
MCNonb30BaHWI0 Pe3ynbTaToB aHanu3a YyBCTBUTENLHOCTU
Mo3BonsieT MUHUMU3MPOBATb YNCHO 3anyckoB 3D
MOAENUPOBaHMWS 1 NOMYYnTb ONTUMAsIbHOE peLIeHne Ans
3aaHHoro Habopa uenen ontTuMmsaumun. B HoByto Bepcuto
BBeAeHbl onTummaatopsl Nelder-Mead Simplex Method, Particle
Swarm n CMA-Evolution Strategy.

{# NMPON3BOANTE/IBHOCTb U TOYHOCTb

1k




PacnpepeneHHble BbIYUCIIEHUA

Cunctema opraHusaumm pacnpegeneHHbix BoluncrieHmn CST no3sonsieT nonb3oBaTensim
MofyYnTb AONONHUTENBHYIO BbIFOAY OT UCMOMb30BaHNS HECKONbKMX KOMMbIOTEPOB B JIOKAIbHON
ceTn 6e3 HeobxoAMMOCTM NPUMOBPETEHNSA AONOMHUTENBHBIX NMNLEH3UI Ha KaX Ayl OTAENbHYIO
MalLLUHYy.

Mcnonb3oBaHue pacnpeaeneHHbIX BbIYMCIEHNI NpeanonaraeT KBasuMHENHbI NpUpocT
Npou3BOANTENBHOCTH B 3aBUCMMOCTM OT YKCIIa UCMOSb3yeMblX KOMMbIOTEPOB MPU PeLleHnm
TaknX PYTUHHbBIX 3a4a4 NPOEKTUPOBaHWS!, Kak ONTUMM3aLMs U NapamMeTpPUYECKU aHanu3

CTPYKTYp.
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MpuHUMN NpupocTa NPOU3BOAUTENBHOCTU NPU pacnpeaeneHHbIX BbIYUCIEHUAX.

10



K.ﬂaCTeprle BblYUcneHus

TexHonorns pacnapannenMBaHns BbIYUCIEHWUIN HA HECKOMbKNX
KOMMbloTepax B paMkax ceTu, peanunsosaHHasa pupmon CST 6asunpyeTca
Ha ucnonb3oBaHun nHTepdeiica MPI (Message Passing Interface).
MpnpocT Npon3BOAMTENBLHOCTU B 3TOM Clly4ae MOXeT ObITb NonyyeH AByMs
cnocobamu:

1. CHwxeHue BpeMeHn MmoaennposaHnsa 3a cHeT O4HOBPEMEHHOro
MCNoJib30BaHUA NPOoLECCOPOB BbIYUCIIUTENbHbIX MaLUUH.

2. BO3MOXHOCTb MoAenmpoBaTtb CIULLKOM OonbLUNe ¥ CIOXHble NPOEeKTbI
MeToAOoM AeKOMMNo3nLum Ha obnacTu.
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MpuMep vcnonb3oBaHUs AEKOMMO3NLMK CIOXHOTO NpoekTa. MHTepdenc MPI pacnpeaenseT oTAemNbHble YacTy NpoekTa Ans
aHanm3a Ha HECKOSbKUX KOMMbIOTEPAX B pamMkax CeTu.
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nOBEpXHOCTHbIE TOKM, 5036y»q:|aeMb|e paCI'IOJ'IO)KEHHOI;I BHYTpU aBTOMOGWNS @aHTEHHOMN.

jult

1GPU
(Tesla Cio6o)

1GPU
(Tesla C2o070)

2GPUs
(Tesla Cro60)

4GPUs
(Tesla S1070)

4GPUs
(Tesla S2050)

MpUpOCT NPON3BOANTENBHOCTU BLIYMCIIEHWIA NPU UCNOMNB30BAHUM PA3NUYHbBIX
rpachuyeckux npoueccopos (GPU).

Mcnonb3oBaHMe MHOronpoLecCcopHbIX CUCTEM U
rpacdmyecknx yckopurenemn

MeTop annpokcuMaumu Ans naeanbHbIX rPaHnyHbIX yerosui (PBA)
[aeT BO3MOXHOCTb Ha NOPSIAKM MOBLICUTb NPOU3BOANUTENBHOCTb
BbIYMCIIEHMI MO CPABHEHMIO CO CTaHAAPTHLIMU NoAXoAaMMU.
[ononHnTenbHbIN NPUPOCT NPOM3BOAUTENBHOCTU MOXHO NOMNYYUTb
Yepes onTMMU3aLMIO KoAa M Ucnornb3oBaHus 6onee MoLLHoM
annapaTtHou nnatgopmsbl.

CoBmecTHble ycunusa dounpm CST u Intel nossonunu nonyynTe Ans
naketa CST STUDIO SUITE kog, onTUMM3VPOBaHHbIN Ans paboThbl
Ha nocrnegHWX cepusix MHOTOsiAEPHBbIX npoueccopos Intel.

MoMUMO 0BLUMX yryyLLIEeHUI, CBSA3aHHBIX C COBEPLUEHCTBOBaHNEM
MpoLIeCcCcopoB, NoaaepKKa annapaTtHbIX rpadnmyeckunx yckopuTesnei
(GPU) gaeT OOMNOMHUTENbHBIA M OTHOCUTENBHO AeLLeBbIi crocob
HapalL1BaHUa NPOU3BOANUTENBHOCTY BbluMceHnin. dupma CST
3aHMMaeT Beayllee MecTo cpeay NMOHEePOB AaHHOM TEXHOMOMM 1
cTapaeTcsi MakcMMarbHO MCMOSb30BaTh €e BO3MOXHOCTM Af1A
MNOBLILLIEHNS! CKOPOCTU 1 TOYHOCTU aHanmaa.



YcKopeHue BbIMUCIIeHUN

Komnanusi CST npegnaraeT nonb3oBaTensm pasnnyHbie
MeTObl YCKOPEHUSI BbIMUCTIEHWIA: UCMONb30BaHWE
MHOFOMPOLIECCOPHbIX NNaTdhopM, NoAAepPKKY rpadpuyecknx
ycKopuTeneii, KnactepHble 1 pacnpefeneHHble
BbluMcrieHusi. YToObl NpegocTaBuTh Nnonb3oBaTensm
MaKCMMarbHO NPOCTOM N 3PEKTUBHbBIV CNOCOD
MCMNONb30BaHUsl 3TUX MeTOA0B, komnaHus CST
pa3spaboTana cneumanbHyH CXemy NULEH3MPOBaHWS ONuniA
akcenepauum.

Cxema nuueH3MpoBaHus nogpasymeBaeT Hanuuue
HECKOMbKUX YPOBHEN, BKMHOYAOLLMX pa3fnyHble onuui
akcenepauum BbIYUCIIEHMIA UK X kombruHaumu. Hanpumep,
nonb3oBaTeny, UMeLLME NMULEH3NIO HA BTOPOW YPOBEHb
akcenepauum, MoryT Ui MoZenvMpoBaTh 04HOBPEMEHHO 16
NopTOB, UM MOAENNPOBAaTbL OAHOBPEMEHHO 16 YACTOTHbIX
TOYEK, UMK BbINOMHATL ONTUMU3ALMIO NO 4 NapameTpam,
UKW BbIMOMHATbL KNacTepHbIE BblYUCEHUs Ha 4
KOMMbOTEPAX, UMK UCMONb30BaTh 2 rpaddnyeckmx
ycKopuTensi.

PacnpefeneHvie TokoB Ha kopryce camorneTa npu
06ny4YeHnn ero NMOCKoW BOIHOA.

"Ucronb3osaHue Hamu rnpodyKmos Pacn peAeneHHble Bbl4ncneHns

CST oyeHb 3¢hgheKmuBHO, U Mbl O4EHb
8bICOKO OUEHUBAEM YPOBEHL
npedocmasnsieMol Ham MexXHU4ecKol MapameTpbl KnacTtepHble BblYMCNEeHUsA
no00epxxku. @akmuyecku, 3mo
2n1aeHasi npu4uHa, noyemy Mol 6yoem
110/1b308aMbCS 3MUMU IPOOYKMamMu & Mopri Mapannenshbie AnnapaTtHoe ycKkopeHue
6y0yuwiemM, MoOMUMO MEXHUYECKUX BbIYMCTIEHMS C Vcnonb3oBanve Vlcronb3oBaHme
npeumyuwecms, pasymeemcs." NpUMeHeHneM rpacuyeckinx MHOTOMPOLECCOPHbIX
- uHTepdeiica MPI "
v (Sl pep yckoputenei (CUDA) nnaTopm

Western Digital Corporation

YacToTHble TO4KM

PasnnyHble MeToabl yCKOPeHUs BbIYWUCIEHNIA, peannsoBaHHbIe B NporpaMMHom obecnevennn CST.
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UHTEPALUA NMOTOKOB NPOEKTUPOBAHUA

MHTerpaLlMﬂ Nny4dylunx B CBOeM Kriacce npoayKroB

Komnanua CST ctporo crniegyeT npaBuny npeanarate CBOUM
KNUeHTaM TOSbKO Nyylune pelleHusi. BMecTo Toro 4to6hl
npeanaraTb Nonb3oBaTensM yHUBEpcanbHble NporpaMMbl peLLIEHUs
caMbIx pa3HO06pa3HbIX 3agad, KoMmnaHus cokycupoBanach Ha
pa3paboTke cneumanusmpoBaHHoro naketa ans 3D EM
MoaenupoBaHusi 1 obecnevnna NPoCToN M NOHSATHLI MeEXaHU3M
CBSI3¥ C Ny4LLUMU B CBOEM Kracce nporpaMmmamu gpyrmx
npousBoamnTenein, cneumanMaMpoBaHHbIMU KaXKablil B CBOEW
obnactu.

BBopa npoekTa

Mopenuposahue cxem

CpepcTsa pa3paboTki Tononorui

MapameTpusoBaHHble 3D Mogenn

CAD MHCTPYMeHTbI

CST cpepacTaa nocTpoeHus Moaenen

BcTpoeHHble cpepcTsa
OnTUMU3aUNnN aHanus

Maket CST STUDIO SUITE nerko nHterpmpyeTcs B nobon
CyLLEeCTBYIOLLMIA NOTOK NpoekTMpoBaHus. LUnpokuii Habop moaynen
MMnopTa 1 aKkcnopTa no3BonsieT 06MeHUBaTLCSt FeOMETPUYECKUMM
AaHHbIMK ¢ 6onbLlunHeTBOM nonynsipHeix CAD cuctem. Kpome Toro,
BCE CTPYKTYpbl MOCNe MMnopTa MoryT 6biTb OTpeAaKTMPOBaHbI UK
napameTpu3oBaHbl, YTO AeNaeT BO3MOXHbIM BbINOMHEHWE UX
onTUMU3aLMM U NapaMmeTpPUHECKOro aHanmsa.

CneuuanbHble HTepdencel obmMeHa AaHHbIMK ¢ ApyruMn EDA
cucTeMamy npedHasHaveHbl 4ns pelleHns 3aday aHanmsaa
LEeNoCTHOCTM CUrHarnoB, cMellaHHoro EM 1 cxeMoTexHuyeckoro
MOZENMPOBaHUS.

CreupmanbHbIv 36K MakpokoMaHa Ha 6a3e TexHonoruii VBA n OLE
NO3BONSIET HaMNPsIMy0 06MEHNBATLCS AaHHBIMU MEXAY Pa3fUYHbIMU
nporpammMamu, Hanpumep, MATLAB unu MS Excel.

[daHHbIe

AHanus

Bbruncnutenn CST STUDIO SUITE

MynbTudmandeckuit WHTepoeic

COM/DCOM

-

BHelLuH1e NpoayKTbl TpeTbUX ypM



KayecTBeHHbIN UMNopT

B HacTosiee Bpems B 6onbLUMHCTBE NakeToB EM mMogenvpoBaHus
MPUCYTCTBYIOT CPEACTBA MMMNOPTa TPEXMEPHbIX CTPYKTYP, 3a4acTyto
UX 3¢pHEKTUBHOCTL ONPEAENSETCs He 3aMETHLIMW Ha NEPBBbIN
B3NS4 AeTansamMuy.

HeT Gonee 6eccmbicnieHHO 3a4ayn, YeM Nocne yCneLHoro
umnopTa 98% AaHHbIX B TEYEHNE HECKONBbKNX AHEN BPYYHYHO
BOCCTaHaBnMBaTb NoTepsiHHble 2% MHdopMaLun, 6e3 koTopoi
npaBunbHOE MOAENNPOBAHUE CTPYKTYPbl HEBO3MOXHO.

Kpome Toro, npocton umnopt Tononoru n3 EDA cuctem, B cuny
0cobeHHOCTEN NpeACTaBneHUst AaHHbIX B HUX, MPUBOAUT K
MOSIBNIEHNIO B CTPYKTYPE MHOXECTBA rpaHen 1 3a30poB Masnoro
pa3mepa, CUMbHO YCMOXHSALWMX 3a4a4vy MOAENPOBaHS.
Mporpamma CST MWS BKkntoYaeT CNOXHYI0 UHTENNEKTyanbHyo
npoueaypy YACTKN U aBTOMATU4ECKOro BOCCTAHOBIEHMS
UMMOPTUPYEMOW CTPYKTYPbl, KOTOpast B KOMOMHALMW C MOLLHOM
CUCTEMOW NOCTPOEHUSI CETKM pa3bneHns obecneynBaeT
acbpeKkTBHOE MOAENMPOBaHNE Aaxe Npu U3HaYarnsHoO
nospexaeHHbIX CAD gaHHbIX.

I'IpoeKT ANna MoAenupoBaHusa Bpaljarouiero MOMeHTa U MOLWHOCTH
[laHHOTO LLIAroBoro Auratens ¢ kopo6koi nepeaay Gbin UMNOPTUPOBaH
yepes IGES ¢opmaT 13 mexanudeckort CAD cuctemsi.
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"CST cneyuanusupyemcsi Ha 3D EM modenuposaHuu naccusHbIX
cmpykmyp, Ho briaeodaps 83aumodelicmeuro JIy4wux 8 Ce0emM
Kracce nakemos aHanu3sa, oHa npespamusna 00cmamoyHo
CII0XHYH0 3a0ayy COBMECMHO20 MOOeupo8aHus U ornmumu3ayuu
8 06b14HYt0 npoyedypy npoekmuposaHus. CST MICROWAVE
STUDIO mowHyro, HO fieeKyro 8 0C80EHUU CUCMEMY MOCMPOEHUSsI
mpexmepHbIX Modernel, a Wupokul Habop uHmepgetcos
umMnopma ro3eosisiom Ka4ecmeeHHoO obpabamsieams U
napamempu308bi8amb obble 2eomempuyeckue 0aHHble."

3D EM Application Team,
Infineon Technologies AG

MMnopTupoBaHHas TpexmMepHas KOHCTPYKLUMSA Buaeokamepb! 6bina Liennkom
npomMogenMpoBaHa 1 nocneoBaTenbHO MOANGULIMPOBAaHA C Lienblo obecneyerns
cooTBeTCcTBUSA TpeGoBaHusam FCC Class-B.
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NOJIHbIN HABOP PELLEHWA ONs 3D EM MOOENMPOBAHUSA

| MOJIHBIN HABOP PELLIEHWI NS 3D EM

" MOOENMPOBAHMA

16

Eule gecsaTb net Hasag creuuanucTsl Copunu, Kakue metodsl 6yayT AOMUHMpOBaTL
Ha pblHke 3D EM MofenupoBaHvsi: BpeMeHHbIE U YacTOTHbIE. PelueHne Bo
BpeMeHHOW 0611acTi XOpoLLOo 3apekoMeHA0Bano cebsa Ansa pelleHns 3agad ¢
6OMbLWMM YMCIIOM siYeeK. YacToTHble METOAbI, UCMIONb3YHoLLMe BMECTO
NPSAIMOYTONbHON TeTpaaapasibHyto CETKy pa3bueHuns, NpeanaraioT nyyLyto
annpoKcMMaLmio reoMeTpumn CTPYKTYpLI. 3a npollesllee BpeMst o6a Tuna MeTonos
MONy4Yunu CyLLecTBEHHOE pasBuTue, a paspabotaHHas CST TexHonorus
npeoaoneHus Npobrnem CTyneH4YaToro NPOCTPaHCTBa ANCKPETU3aLMM BO BPDEMEHHOM
obnacTu gokasana CBO BaXKHOCTb.

Ho dakT ocTaeTcst pakToM: HET Kakoro-nmbo yHMBEpCanbHOro MeToaa peLueHus],
noaxoasLiero Ans abcontoTHo Bcex 3adad. MimeHHo noastomy CST paspaboTtana
COBOCTBEHHOE BbIMUCTIUTENBHOE A4P0, paboTatoLLee B YacTHOW obnacTu,
[OMNOrHMBLLEE OCHOBHOM BPEMEHHON BbluMcnUTEmNb. [o3aHee B nakeT Gbin
nobaBneH BbluMcnuTenb Ha ocHoBe TLM mMeToza, ONnTUMU3NPOBAaHHbIV AN peLUeHNst
EMC/EMI 3agay. , AONOMNHUIO CYLLECTBYOLMIA paf Bbluncrutenen. Ewe nosxe CST
nobaBuna B CUCTEMY BbIMMCIIMTEND Ha OCHOBE UHTErparnbHbiX ypaBHeHun (MLFMM,
Multi-Level Fast Multipole Method), koTopbIin nCNONb3yeT NOBEPXHOCTHYHO
OUCKPEeTM3aUmMIo OOBEKTOB U pacLUMpsSieT BO3MOXHOCTU aHanm3a anekTpu4eckn
BOOonbLUNX CTPYKTYP, @ TakKe aCUMNTOTUYECKUN BblYUCTIUTENMb.

PacnonoxeHue ryTos NpoBOAOB BHYTPU aBTOMOGUNS U 1X
ceveHus: Ana aHanusa EMC ncnonb3oBanucb paccunTaHHble
3HayYyeHUA NOBEPXHOCTHbIX TOKOB.



PesynbTtaT MoaenupoBaHus RCS
kopabns Ha yactoTe 16.8 [Ty

Moyemy BaXXHO MMEeTb NOJIHbIA HAabop peLueHnn?

MporpammHoe obecneveHvre CST faeT BO3MOXHOCTb NErko NepeknovaTbCs Mexay
Pa3nUyHbIMU BbIYMCIMTENBHBIMW MOAYNSMU 6e3 M3MEHEHWS MOAENW U HAacTpoek
napametpuaauumn. Tako Noaxof AaeT BO3MOXHOCTb pa3paboTumnky camocTosTeNbHO BbiGnpaTth
MeTopA, Hauny4ylwnm o6pa3om NOoaxXoAsLLEeN ANsi peLleHNst KOHKPETHON MHXEHEePHON 3afauyu.
Naxe ecnu y paspaboTynka OTCyTCTBYET NMULIEH3NS HA KaKoW-NMBO AONONMHUTENBHbIA MOAYTb,
MMeeTCst BO3MOXHOCTb BPEMEHHO aKTUBMPOBATbL Ero 1 MPOBEPUTL NOSTyHYEHHOE peLleHne ApYyruM
mMeToaoM. B nonoxutensHom criyyae npuobpeTeHve AoNONHUTENBHOTO Moayns Bceraa oynet
6onee peHTabenbHbIM peLleHneM, Yem NpMobpeTeHne HOBOro aBTOHOMHOIO NPOAYKTA.
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PacnpepeneHvie TOKOB Ha MeTannIMyeckon NoBEpXHOCTH kopabns AnvHoi 155 MeTpoB 1 06y4aemMoro niockor BOMHOM curHana ¢ yactoton 400 MIy.
Mpn MoAenNupoBaHUM yuUTbIBaNach OTHOCUTENbHAS ANANEKTPUYECKAs NMPOHULAEMOCTb coneHol Boabl (81) u ee yaenbHas nposoaumocTb (0.01 Cm/m)

MepekpecTHble NPOBEPKU BbIYUCIIEHUIA

He cekpeT, 4TO MHOrAa pesynbTaThl UISMEPEHUI HE COBMaaatoT C
pesynbTaTamu mogenuposaHus. Ecnv namepenns n pacyetsbl
BbIMOMHANUCH Pa3HbIMU rPynnamMmn CneynanucToB, TO O4EHb YacTo
fAenaeTcs BbiIBOA O HEAOCTOBEPHbIX pe3ynbTaTtax aHanusa.
MogenvpoBaHve 04HOro 1 TOro e NPoekTa B HaCTOTHON 1
BpEMEHHOW 061acTax NO3BONSET BbINOMHUTL NEPEKPECTHYIO
BepumKaLmio BbIYUCIEHNIA.

Ecnu aBa pasnuyHbIX YUCTEHHbIX METOAA AaloT CXOAHbIN pe3ynbTar,
HO OH MPOAOIKAET OTNNYATLCS OT U3MEPEHHBIX JaHHbIX, TO 3TO
rOBOPWT O TOM, YTO paccornacoBaHue onpeaenseTcs UHbIMU
¢pakTopamu, HaNpuMep, HenpaBUmNbHO 3a4aHHbIMK NapameTpamu
mMaTepuarnos, HenpaBUmbHbIMY METOAVKAMY U3MEPEHUN U T.4.



CmellaHHbIN aHanu3 anekTpuyecknx cxem u EM ctpyktyp

CMeLLaHHbI aHann3 afekTPUYEecKMX cxem
1 EM cTpykTyp BO BpemeHHoi obnacTu
noapasymeBaeT obmeH nHdopmaumen o
TOKax U HanpshkeHUsIX B nopTax Mexay
nporpammamu CST MWS, roe
BbinonHsaeTcs EM mopgenvpoBaHve
CTpyKTYpbl, 1 CST DS, rge BbinonHseTcs
aHanu3 cxembl, NO Mepe pacnpocTpaHeHus
curHana B mogenu. Takon nogxon MMeeT
[Ba npeuMyLLecTBa No CPaBHEHMIO C
06bIYHBIM CMELLaHHbIM MOAENMPOBaHNEM
cxem u EM ctpykTyp:

LLInpokononocHbIi 6anaHCHbIA yCUNMTENb MOLLHOCTU
Avanasona 3 — 5 My, npoMoaenupoBaHHbIii BO
BpeMeHHol obnacTty kak cxema ¢ EM cTpykTypamu.

m He TpeGyeTcsa gnutensHoe
anddepeHLpoBaHmne NoHoOW MaTpuLbl
EM cTpyKTypbl, TaK Kak CXEMHbIE 3MEeMEeHTbI
BCTPauBaTCsi HEMOCPEeACTBEHHO B
MOZEenupoBaHne 3NeKTPOMarHUTHbIX
nonem. 3To MOXeT AaTb CyLECTBEHHbIN
NpUPOCT NPOU3BOANTESNIBHOCTU
BblYMCIIEHUIA, OCOGEHHO NpU aHanuse
neyaTHbIX NraT ¢ 60MbLUMM KONMYECTBOM
MOPTOB U COCPEAOTOYEHHBIX 3/IEMEHTOB.

MMI'IOpTI/IpOBEHHa;I TOMOMorUsa NevyaTHow nnathbl Aana
aHanusa ueneﬁ nnTaHnAa

m CMeLLaHHbIN BpEMEHHOW aHanm3a
No3BOMSET paccynTbiBaTh
3MEKTPOMarH1THbIE MOMs, BO3HMKaOLLMe B
pesynbTaTe B3aMMOAENCTBUSA C
HENMUHeNHbIMU 3NeMEHTaMU CXeMmbl,
Hanpumep, anodamu. LLinpokononocHas
npupoaa aHanusa Bo BpeMeHHow obnactm
AaeT BO3MOXHOCTb y4eCTb Npy aHanvae
HECKOIMbKO rapMOHUYECKNX COCTaBMSAIOLLMX
curHana.

JInHeliHbIN fedekT BoNHOBOAA B (DOTOHHOM KpucTanne.
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MOAenMpOBaHMe COCTaBHbIX NMPOEKTOB

Hanuuyve wmpokoro Habopa BblMMCIUTENBHBIX MOAYNeN SBnseTcs
KntovesbIM npenmylectsoM naketa CST STUDIO SUITE, Tak kak
OHO JaeT BO3MOXHOCTb BblbpaTb MeToA, ONTUManbHbIA A1t
MOAENMPOBaHUA onpeaenieHHOro KOMMOHeHTa.

B Bepcun CST STUDIO SUITE 2012 caenaH ovepegHon war Ha
NyTW MHTErpaLmmn pa3nuyHbIX BelYUCIIUTENEN: peanv3oBaHa
TEXHOMNOrVs MOAENMPOBaHNS COCTaBHbIX NPOEKTOB (System
Assembly and Modeling, SAM), ynpoliatowas mogenvpoBaHue
CNOXHbIX NPOekToB. PazpabaTbiBaeMoe yCTPOUCTBO MOXET
COCTOATb U3 HECKOMNbKUX YacTel, Ka4eCTBEHHOEe MOAeNpoBaHne
KOTOpPbIX MOXET ObITb CAeNaHo TOMbKO pasHbLIMU MeToaaMu. Tak
KaK KOHeYHble XapaKTePUCTUKN TaKUX CMOXHbIX YCTPONCTB
obecneyrBaloTCA B3anMOAENCTBNEM OTAENbHBIX €70 YacTen, To
ONTUMM3ALNM KaXOOW U3 YacTu No-OTAENbHOCTU MOXET ObITb
HepgocTaTouyHO. TpebyeTcs onTMMM3aLmMsi BCEro yCTponcTea B
cbope, 1 TexHonoruss SAM npefoCTaBnsAET TaKylo BO3MOXHOCTb.

Mpu ncnonb3oBaHun TexHonorm SAM yCTpocTBO
npeacTaBnsieTcs B BUAE HEKOTOPOWN CXeMbl, COCTOSILLEN 13
oTAenbHbIX 3arleMeHToB. B camom npocTeiiliem crniyyae ycTponcTBO
MOXET COCTOSITb U3 OQHOM €ANHCTBEHHON NapaMeTpu3oBaHHon 3D
mogenu. MNonb3oBaTenb onpeaenseT MogenMpoBaHue 3Tomn
MoAenu nocpeacTsoM onvcaHusa 3afad aHanusa. SAM TexHornorns
NO3BOMSAET CPABHUTL Pe3ysbTaThbl, NOMYyYEHHbIE C MOMOLLbIO
pasHbIX BblYUCAUTENBHBIX MOAYNEen Unu Ans pasHblX Bapuauum
MOoZenu B paMKax ogHoro npoekra. Hanpumep, nonb3oBarenb
MOXET 3aaBaTb CBA3aHHbIE NOCNef0BaTENbHOCTU 3aMyCKOB
pasnnyYHbIX BblYUCAUTENEN: MePBUYHbBIN 3NEKTPOMarHUTHbIN aHanua
dunbTpa, 3aTemM ero TENIOBOE MOAENMPOBaHME, 3aTEM aHanm3 ero
MexaHn4ecknx aedopMaLnii U KOHEYHbI 3IEKTPOMArHUTHbIV
aHanua unbTpa € Lenblo OLEeHKN ero pacCcTpovku. Takum
obpasom, TexHonornst SAM faeT BO3MOXHOCTb OTHOCUTENBHO
NPOCTO ONPeAEenuUTb 1 BbINOMHUTL MOMHbLIA MyNbTUMUINYECKUN
aHanua ycTpoucTaa.

Mpumep TexHonorun SAM: HECKONBKO NPOEKTOB OTAETNbHLIX YaCTel yCTpoiicTBa
06BLEANHSOTCS B OAHOM MPOEKTE U MOAENMPYIOTCH COBMECTHO (CenekTop nonsipusaumm,
pynopHasi aHTeHHa 1 pednekTop).

[ob6aenss B cxemy gpyrve 3D Mogenu, MoOXHO NOCTPOUTL
CMNOXHYI TPEXMEPHYHO KOHCTPYKLMIO. VIHCTPYMEHTbI TEXHOMOMMK
SAM galoT BO3MOXHOCTb BblpaBHMBATL U conpsiraTb OTAENbHbIE
yactu npoekTa. MogenupoBaHue MOXeT ObITb onpeaeneHo ansi
OLHOW NN HECKONbKMX YacTewn, ANs KaXaow u3 yacten MoryT 6biTb
BblOGpaHbl onpeaeneHHble MeToabl aHanmaa ¢ COGCTBEHHbIMM
HaCcTpoWMKamu akcenepawummn BblMUCIEHUA. YacTu ycTporcTBa MoryT
ObITb ONUCaHbI UK NX S-NapaMeTpamu, Unn Kak 3KBUBaNeHTHbIe
MCTOYHVMKM NOMsi AN MOAENNPOBaHNA BCEN CUCTEMBI.
KombuHaumsa Bcex aTux cnocoboB MoaenmpoBaHus Ha pasnnyHoOM
YPOBHE MO3BOISET NOMYYNUTb KAYECTBEHHbIN PE3yNbTaT U CHU3UTb
TpeboBaHUs K BbIMUCIIMTENBHBIM pecypcam. Pasymeetcs,
TexHonorna SAM no3BonseT onpeaenuTb U BbINONHUTb
3MNeKTPOMarHMTHOE MOAENMPOBaHNE BCErO YCTPOMCTBA LIENMKOM.
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MpoeKT MarHUTHO-pe3oHaHcHoro ToMorpacha 7 Tesla MRI, BkntoyatoLLero 8 MeaHapOoBbIX MUKPOMOMOCKOBbIX
anemeHToB. Mpy MOAENMPOBAHNW UCMONbL30BANUCH MPAAUEHTHbIE KaTYLLKW U NOAPOGHas BOKCeNbHasi Moaenb
Tena yenoseka. Mpumep npegocrasneH MHCTUTYTOM Erwin L. Hahn Institute for MRI, ScceH, Fepmanus.

CxeMa ans HacTpoiiki 1 ontummusaumm MRI cuctemsl
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MynbTucdmanyeckmn aHanms

OneKTpoMarHUTHbIV aHanm3 sIBMsIeTCsi rMaBHOMN LIeNbio
nonb3oBateneii naketa CST STUDIO SUITE. HecmoTpsi Ha 3T0,
Hanm4ume nomnew MoXeT CTaTb MPUYNHON BTOPUYHbIX 3 eKTOoB,
KOTOpble MOTYT BbITb UM MHTEpPecHbI. [oTepu B MeTannax u
OM3MNEeKTpUKax BbI3bIBAKOT NPOrpeB UMM Aaxe TENNoBoe
pa3pyLueHne CTPYKTYpbl. Bo3HuKatoLme npy 3ToM cunbl MOryT
0edopMrpoBaTh CTPYKTYPY U U3MEHUTb €€ SNIEKTPOMAarHUTHbIE
XapaKTepUCTUKW, Hanpumep, paccTpouTb 06 bEMHBI UNbTP.
Mporpamma CST MPHYSICS STUDIO BkntoyaeT Habop
BblYMCIIUTESBbHBIX MOAYNEN, NpeaHa3HavYeHHbIX Ans aHanusa
CTauMoHapHbIX UMK NepexoaHbIX TEMOBbIX NpoLeccoB (B TOM
yncne un B buonornyecknx obbekTax), a Takke MexaHU4ecknx
Harpysok. Bce BbIYMCIMTENMN NIOTHO UHTErPUPOBaHbI B MOTOK
NPOEKTMPOBaHUS U 0becneymBaloT 4OCTOBEPHbIN
MyNbTUUINYECKUN aHanus.

"lMpodykm CST MICROWAVE STUDIO sienssemcs HaweUl
pabouell nowadkou, ebinonHAowel bbicmpoe u moyHoe EM
ModenuposaHue naccusHbix CBY kommnoHeHmos. OH
obecriequsaem Hac rpoYHbIM hyHOaMeHMOM, ¢ no3uyuli
KOmMOopo2o Hawa KomMnaHusi pacrpocmpaHsiem nepedossie CBY
mexHorsio2uu rno ecemy mupy."
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Dr. Martin Lorenz, Spinner GmbH

<] 5%

A

U7

i HAR
TAVAVAVAVS. 52
WO P
s
aﬂﬂhﬂ’x";ﬁ

L
s

v
S,

,.
v

s

AL
K
o

s
ZIAVAVA

TV
A

s
RTS
A

v
WA

O
A
K

Zy
VARAVA
FAVAVA
007

B
%

A,
TAVAN

A
7

|

ESIN

MynbTuchusnyeckuin aHanms 06bEMHOro hunbTpa, BbINOMHEHHBIN KOMNaHWeh Spinner
GmbH. MoTepw nons B AaneKTpuke (Crnesa), a Takke OMUYECKUE NOTEPU B
NpOBOAHMKAX MPUBOAST K BbAENEHMIO Tenna (B cepeanHe), KOTOpoe B CBOIO oyepeb
SIBNSIETCS NPUYMHON MexaHn4eckvx AedopmaLuin aHanmsnpyemon CTpykTypbl (cnpasa)

22 N U3MEHSET ee YaCTOTHbIe XapaKTepUCTUKN.



CST — Computer Simulation Technology

OcHoBaHHas B 1992 rogy komnaHus CST B HacTosiLee BpeMs npepnaraeT Ha
PbIHOK LUMPOKUI Habop NporpaMmMHoOro obecnevyeHus Ansi MoaenMpoBaHus
3NEeKTPOMarHUTHbIX NOnen.

OpvrnHanbHble TeXHOMNornyecke paspaboTkv BbiBenn komnaHuio CST Ha nosuumn
obLenpumaHaHHoro nuaepa B obnactn 3D EM mogenupoBaHusi.

B uncne knneHToB KOMNaHWM — NPEACTaBUTENMN CaMbIX Pa3HOOBPa3HbIX oTpacnen
NPOMBILLINIEHHOCTH, 3aHMMatoLLMecst pa3paboTKoi TENEeKOMMYHUKaLIMOHHOTO,
aBTOMOGWNBHOrO, 3NEKTPOHHOrO0, MEAMLIMHCKOrO 060opyA0BaHMs, a Takke BegyLUmX
komnaHui IBM, Intel, Mitsubishi, Samsung n Siemens.

CnaxeHHblii KonnekTue komnanum CST 3a CToNb KOPOTKOE BPEMSI CYMEN 3aBOeBaTb
cBbiwe 30% pbiHKa BbicokoYacToTHoro 3D EM MoaenvpoBaHusi.

OcHoBa ycnexa KomnaHuu CST

Ycnex komnaHum CST 6asmpyeTcst Ha UCMOMb30BaHNN CaMblX COBPEMEHHbIX
BbIYMCIIUTENBHBIX TEXHOMOIUIA U APYKECTBEHHOM NONbL30BaTENLCKOM MHTEpdeice.

C momeHTa Bbixoga B 1998 rogy nepeoii Bepcum naket CST MICROWAVE STUDIO
npetepnen psg 3Ha4YnTenbHbIX UBMEHEHWI, HanpaBeHHbIX Ha COBEPLLEHCTBOBaHNE
€ro BO3MOXHOCTEN MOAeNMpPoBaHns 1 rpacpnveckoro UHTepdeiica, n ABNseTcs ApKUM
NpyMepoM, kak MOXHO CAenaTb TPpeXMepHoe 3NeKTPOMarHuTHoe MoAennpoBaHue
nerkum n acbpeKTUBHBLIM. 3aNoroM ycrexa crana opuruHaneHas TexHonorns CST
annpokcMMauun Ans naeasbHbIX FPaHUYHbIX YCMOBWIA, BaXKHOCTb MCMOSb30BaHNS
KOTOPOW XOPOLUO AEMOHCTPUPYIOT (OMHAHCOBbIE JOCTUMXKEHUSI KOMNaHUK.

Pa3BuBast AaHHbIN ycnex, komnaHusa Cq)OKychOBaJ'IaCb Ha AanbHenwem
COBepLIeHCTBOBaHMM CBOETo NpoayKTa U paclmpeHnmn Ha60pa BXOOAWMX B HEro
BblHUCIUTENbHbIX MO,EI,yJ'IeVI. B nTore nonb3oBarens nosly4mn B CBOU PYKN UHCTPYMEHT,
o6beamHsiowmin B cebe camble pasnnyHble TexXHonornm moaennpoBaHua,
NO3BONSIOLLNIA NETKO nepeknt4aTbCa Mexay pasnnyHbiMn MmeTogamu mogennpoBaHusa
N TeM cCaMbiM OonepaTUBHO BbIMOJTHATL NPOBEPKY paHee NonyYeHHbIX AaHHbIX.

Celyac CBbILLE HECKOMNbKUX COTEH COTPYAHUKOB KOMMNaHUW, a Takke pasBuTas ceTb
OMCTpuGYTOPOB, BOBIEYEHb! B pa3paboTky, Mpoaaxu, TEXHUYECKyo noaaepxy EM
npoaykToB KoMnaHum B 6onee yem 30 cTpaHax mupa.
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