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Mpumep paboTbl rpacuyeckoro nHTepdeiica CST STUDIO SUITE anst npuknagHbIX 3a4ay: NOKOMNOHEHTHOe NpeAcTaBneHne
MoGunbHoro Tenedona. flaHHas moaens TenedoHa Gbina paspaboTtaHa B CST STUDIO SUITE ans pacyeta xapakTepucTuk
aHTEeHHbI 1 yaenbHoro koadduumeHTa nornowenus (SAR).



NMOYEMY HEOBXOAMMO MOAEJNIMPOBATbL?

Mpy NPOEKTUPOBAHUN COBPEMEHHOTO 3NIEKTPOHHOIO 060PYA0BaHMA KpaiiHe BaXKHO MornyyaTb
KaueCTBEHHbIN pe3ynbTaT Mo UToram NnepBoro LMKna NpoekTMpoBaHus. BupTyansHoe npoToTunmnpo-
BaHWE U 31IeKTPOMarHUTHOE MOZENPOBaHNe NO3BOJISAOT CYLLECTBEHHO COKPaTUTh YMCIIO UTepaLuii
MPOEKTUPOBAHUSA U, TEM CaMbiM, CyMMapHOe BpeMsi paspaboTki. KomnbloTepHoe MoaenupoBaHue
No3BOSisieT NpoaHanM3poBaTh ¥ ONTUMU3MPOBATL NOBEAEHNE OTAENbHbIX YacTeil o6opyaoBaHMs Ha
paHHUX 3Tanax NPOEKTMPOBaHWS, YTO PE3KO CHUXKAET CPOKM 1 3aTpaTbl MO BbIXOAY KOHEYHbIX U3Oenuii
Ha PbIHOK.

NMOYEMY CNEOYET BbIBPATb CST STUDIO SUITE?

Maket CST STUDIO SUITE npepncTtaenset cobon Habop MHCTPYMEHTOB 7151 NPOEKTMPOBAHNS,
MOAENUPOBaHMS 1 ONTUMU3ALUN TPEXMEPHbBIX 3NEKTPOMArHUTHBIX CUCTEM, MCMNOSb3YIOLLUACS CaMbIMU
nepenoBbIMU TEXHONOTMYECKUMU U UHXUHUPUHTOBLIMU KOMMNaHUSIMU BO BCEM MUpPE. Tpu KpaeyrosbHbIX
KaMHs1 nexaT B ocHoBe npoAykToB CST: TOYHOCTb, CKOPOCTb U MPaKTUYHOCTb.

TOYHOCTb

B ocHoBe kaxgoro moayns naketa CST
STUDIO SUITE nexwuT TwartensHo
NPOBEPEHHbIV anropuTM, KOTOpPbIN
npepcTasnseT cobor 0606LLEHHI
pe3ynbTaT MHOTOMNETHUX UCCNEeAoBaHNA 1
pa3paboTok B o6nacti adhpeKkTUBHOro 1
TOYHOIO YUCMEHHOTO MOAENMPOBaHNA
TPEeXMEepPHbIX 3NEKTPOMarHUTHbIX CTPYKTYP.
OT1penbHoe BHUMaHue cdovpma CST
yOENsieT COBEPLIEHCTBOBAHUIO TEXHOSIOMUIA
NocTpoeHust Moaernen 1 NpocTpaHcTea
AMCKpeTM3aumun Ans Hux.

lNodpobHee yumalime Ha cmp. 4.

CKOPOCTb

CKOpOCTb M TOYHOCTb BCeraa uayT pyka oo
pyky. HeBaxHo, siBnsieTcs N CTpyKkTypa
3NeKTPUYECcKkM GOMNbLLION UMM ManeHbKOM,
Y3KOMOIOCHOW UK LUIMPOKOMOMOCHOMN,
LLUMPOKUIA HAboP BbIYUCIIUTENEN NakeTa
CST STUDIO SUITE o6ecneunBaet
aheKTNBHOE MoZenNMpoBaHWe 3agay
no6on cnoxHocTu. OyHKLUM
BbICOKONPOU3BOAUTENbHbLIX BbIMUCIEHUIA
(HPC) n onTMu3aumu JONONMHUTENBHO
pacLUMpsItOT BO3MOXHOCTU BblYUCTIUTENEN.

lModpobHee yumatime Ha cmp. 10.

NMPAKTUYHOCTb

dupma CST ypensieT 60nbluoe BHUMaHWe
WHCTPYMEeHTaM, Npu3BaHHbIM MOBbLICUTb
KkBanudukaumo nonb3osarenen. K takum
MHCTPYMEHTaM OTHOCATCS rpadmyeckuii
MHTepdenc Ha oCHOBE AUHAMMUYECKH
06HOBMSIEMbIX NaHenemn, KoTopbIn
no3BoNseT rPynnnpoBaTb PYHKLMK U
pasfenbl MeHI0 B 3aBUCUMOCTU OT UX MecTa
B npouecce MOAENMpPOBaHus, a Takke
TEXHOMNOrMsA MOAENUPOBaHNS COCTaBHbIX
npoekToB (SAM), ynpoluatowias
MOAENUPOBaHWE CIOXHbIX NPOEKTOB Yepes
pa3bueHmne nx Ha HeCKOIbKO YacTen,
aHarnm3a KoTopblX MOXET ObITb BbINOMHEH
pasHbiMK MeToAaMu.

lModpobHee yumalime Ha cmp. 14.

Bnaropaps Takou koHuenuumn npoaykt CST STUDIO SUITE nonyyun wmpokoe pacnpocTpaHeHne Cpeamn MHXeHepoB 1 pa3paboTynkos,
paboTatolmx B caMbIx pa3nuyHbix obnactsx: BY, CBY 1 onTnyeckoi aneKkTpoHWKe, 31eKTPOMarHUTHON COBMECTUMOCTU, AUHAMUKE

3apsAXeHHbIX YacTul, HW3KOYACTOTHOWN TEXHMKE.

Umobebl y3Hamb bonbuwe 0 npunoxeHusix, 0ns modenuposaHusi Komopsbix ucrionbdyemcsi CST STUDIO SUITE, o6pamumecs k cmpaHuye 20.
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TOYHOCTb

Moppo6GHee 06 ucTopum ycnexa
komnaHun Read Frauscher Sensor
Technology MoxHO npoyecTb No
appecy: www.cst.com/Frauscher
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PesynbTaThl MOAENMPOBaHMS CUTHaNa co BCTpanBaeMoro korecHoro Aartuvka Frauscher RSR180 npekpacHO cornacytTesi C U3MepeHHbIMU JaHHbIMU.

"Mpodykm CST STUDIO SUITE dan Ham
803MOXHOCMb bbICMPO U MOYHO OUEHUMb
napamempsb! Halux 0am4yuKo8 ¢ y4ermom ux
CJ/I0XKHO20 83aUMOOelicmeusi C OKpyXXatouumu
aneMeHmamu KOHCMPYKUUU, 4mo rnpocmo
He803MOXHO bb110 6bi cOenamsb
aKcrnepumMeHmarnbHo. bes nnoHumaHusi demarnel
amoeo e3aumodelicmeusi bbina 6bbl
Hes03MOXXHOU pa3pabomka HO8020 MOKOEHUS
damuyukos 8 bydywem. Hy u KoHe4YHO, Xxomenoch
661 omMemumb OpyxxecmeeHHoCMb U
KomniemeHmHocme repcoHana CST, komopabll
Mycmb U HE HanpsiMyto, HO BHEC C80I0 Yacmuuy
8 ycriex Haweu pabomel."”
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Dr. Gavin Lancaster, paspabotuuk, R&D Sensors,
Frauscher Sensor Technology

JIMHUM MarHuTHOro nons BOKPYT KaTyLIK BCTPanBaeMoro KoOfiecHoro gatyvka
nokasblBaT BSEMMOﬂeﬁCTBME ee C KonecHon napoﬁ.


http://www.cst.com/Frauscher

MONHbIA HABOP PELLEHWX ONS
3D EM MOAENNPOBAHUA

Bbicokuii ypoBeHb TexHonorun mogenvpoBanmsa CST 6bin OCTUTHYT
nyTemM MOCTOSIHHOrO COBEPLUEHCTBOBaHMUS BbIYUCITUTENBHBIX
Mogaynewn, obobLiatoLmx B cebe onbIT MHOTONETHUX UCCNeaOoBaHNI B
061acTu TOYHbIX U 3MEKTUBHBIX BIMUCIUTENBHBIX METOOB.
Bbicokasi 4OCTOBEPHOCTL pe3ynbTaToB paboThl NakeTa nporpamMm
CST STUDIO SUITE nossonsieT nonb3oBaTtensm co3gaBaTb
BMPTYyanbHble NPOTOTUMbI, MOAENMPYIOLLME NOBEAEHUE pearnbHbIX
YCTPOWCTB, COXpaHsisi TEM caMbiM BPEMS U CPEACTBa Ha aTane
pa3paboTku.

CoBpemMeHHas Bepcusi naketa CST STUDIO SUITE Bkntoyaet
crneaywoLiMe Moaynu:

* BbMMCNUTENN OBLLETO Ha3HAYEeHUs BO BPEMEHHOM 1 B YacTOTHOM
06nacTax A4nsa MOAENMPOBaHNS HU3KOYACTOTHBIX U BICOKOYACTOTHbIX
3apav;

* NMONHOBOJTHOBLIN BbIYUCIIUTESb C UCTONb30BAHWEM UHTErpPanbHbIX
YypaBHEHWN;

¢ MoAynb OAnA nNonyvYeHua COBCTBEHHbIX MO U aCMMMTOTUYECKUI
BblHUCNUTENNDb;

» camocornacoBaHHebIn Particle-In-Cell (PIC) anroputim;
* CTaTUYECKWIA Y MYNbTUPUINYECKUIA BBIYUCTIUTEND;

* MHOXEeCTBO OOMNONHUTENbHbIX cneunann3mpoBaHHbIX
BbIYUCIUTENbHbIX Mop,yneﬁ.

KombuHaumsa nepeuncrnieHHbIX Mogynen obecneynBatoT TOYHbIN U

MopenupoBaHue MarHeTpoHa TpeGyeT yueTa athheKkToB, CBA3AHHbBIX C MHOTOTPaHHBIN MOAXOA ANNA PELLEHNS LUIMPOKOTO kpyra saaad.

BbICOKOYACTOTHLIMW U CTaTUYECKUMM 3NEKTPOMArHUTHLIMU NONSIMK, @ Takke 3hdeKToB <
AVHAMUKK 3apsikeHHbIX YacTuLl. Bce 9T0 MoOXeT BbITb NPOMOAENMPOBAHO B pamkax B pane cny4aes pelleHne oaHou 3aaaqmn Moxet GbiTe peann3osaHo ¢

OfHOrO MpoeKTa B €AMHON Cpeae NPOEKTUPOBAHNS. ncnonb3oBaHnMeM pa3HbiX BbIYUCITUTENbHbIX METOOO0B.
YHuBepcanbHbi noaxod CST no3sBonsieT BbINOMHSATL BEpUdMKaLm0
NOMyYeHHbIX AaHHbIX MyTEM CPaBHEHUS pe3ynbTaToB
MOAENNPOBaHWS, MOSYYEHHBIX C UCMONb30BaHUEM Pa3NNYHBLIX
BblYMCNIUTENEN B eAnHon paboyen cpefe. MoaobHas nepekpecTHas
npoBepKa NoBbILWAaeT JOCTOBEPHOCTL MOSTyYEHHbIX Pe3ynbTaToB U
noMoraeT MHXeHepaMm BbISIBUTb OLLUMOKM B OMUCaHUM MpPOeKTa unv B
npouecce NsMepeHun.
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CeHCOpHbIe 3KpaHbI TpaHcdopmaTopsbl fatunkn RFID meTku MoGurnbHble ycTporcTBa DOTOHHbIE YCTPOWCTBA

CST STUDIO SUITE BkntoYaeT BbIMUCNIUTENM NS PELUEHNS 3aA4aY, NepPeKpbIBaloLLIMX BECb CNEKTP 3MEKTPOMAarHUTHBIX N3MyYeHWiA.
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MOLUHAA CPEOA NOCTPOEHUA NPOEKTOB

Tunbl maTepuanoB, ucnonb3dyembix B CST STUDIO SUITE:

m [nanekTpuku
m MeTannbl ¢ notepsamu
m AHM30TpONMYeckne MaTepuansl
m MaTtepuanbl ¢ BpeMeHHOW 3aBUCUMOCTbIO
m MaTtepuansl ¢ TemnepaTypHON 3aBUCUMOCTbIO
m [JucnepcuoHHble matepuansl
* Mogenb Apyaa (Drude)
* Mogenb 1e66m (Debye)
* Mogensb JlopeHua (Lorentz)
. SJ'IGKTDO- N MarHuTo- rupockonmyeckne matepuarbl
m HenvHenHble maTepuansl
* HenuHelHble MOoJernn BTOPOro U TpeTbero nopaaka
* Mogenb Keppa (Kerr)
* Mogenb Pamana (Raman)
* HenuHenHble MarHuTHble Matepuanbl
m MaTtepuvansbl ¢ NoKpbITUEM
m Paguonornowatowme matepuansi
m MaTtepuvanbl 13 TOHKMX MITOCKUX CNOEB
m OeppomarHeTukm
m [pacheH

] MaTepmanu C HENMHenHbIMK TemMnepaTypHbIMU cBoWCTBaMU

m MaTtepuvansl ¢ NOBEPXHOCTHBIM MMMNEAAHCOM
m [10BEPXHOCTU C BTOPUYHOM 3MUCCUEN 3NEKTPOHOB
* Mogenb ®ypmana (Furman)

* Mogenb BoraHa (Vaughan)

S-Parameters [Magnitude in dB]

'
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-T0 4 i
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Hanuune peannucTudHbIX Moneneﬁ MaTtepuanoB 1 OUCKPETHbIX 3NIEeMEHTOB JaeT
BO3MOXHOCTb Ka4ecTBEHHO npomoaenuposate CBY dunbTp Ha SMD anemeHTax.

[nsi ka4eCcTBEHHOrO MOAENMPOBaHUS TpebyeTcst MPoeKT ¢
NpaBuIbHO OMUCAHHOW CTPYKTYPOW. OTO O3HA4aeT, 4To MoAerb
[OOIMKHa OnucbIBaTh pearbHble 0ObEKTbI Y YYUTbIBATb LLUMPOKMUIA
Habop BO3AEVCTBYIOLMX HA HMX 3NEKTPOMAarHUTHbIX adpdeKToB.
Maket CST STUDIO SUITE BkntoYaeT MOLLHblE CPeacTBa
nocTpoeHus n umnopTa mogenen n3 CAD cuctem, momoratoLme
Nonb30BaTEN NOCTPOUTL NPaBUIIbHbIX NMPOEKT aHanNM3npyeMoro
yCTpONCTBA.

MmMeeTca psa MCUMNNVH, Hanpymep, MarHeTMam unu oToHMKa,
rae XapakTepyCTUKW SMEKTPOMArHUTHbIX 3hheKToB ABMNAOTCH
TOMNbKO pe3ynbTaToM B3auMOAENCTBUSA C UCMONb3YyeMbIMU B
YCTPOWCTBE HennHenHbIMu MaTtepranamu. Maket CST STUDIO
SUITE npepnaraeT Wwypokuin Habop TMNoB maTepuarnos,
NO3BONSIOLLMIA MOAENNPOBaTL camMble pa3HoobpasHble
dhur3nyeckne SBMeHNs, HanpuMmep, Na3MOHHbIN U (POTOHHBIN
achdekT, deppomarHeTMam, BTOPUYHYIO SMEKTPOHHYHO SMUCCUIO,
nporpes BUONOrMYecknx TKaHew.

CMelUaHHbIN aHanu3 anekTpuyeckux cxem u EM cTpykTyp Bo
BpPeMeHHOIN 06nacT No3BonseT paccynTbIBaTh
3MEKTPOMarHUTHbIE MOrsi, BO3HUKAOLWLME B pesynbTaTe
B3aUMOLEWCTBUS C HEMMHEWHbIMW 3MEMEHTaMN CXEMbI,
Hanpumep, Avogamu unu TpaHsuctopamu. LLinpokononocHas
npvpoaa aHanusa Bo BPeMEHHOMW o6racT JaeT BO3MOXHOCTb
y4ecTb Npu aHanuse WMPOoKWiA HAaBoP rapMOHUYECKNX
COCTaBnAOLYMX cUrHana.

M3amepeHHble faHHble, HanpUMep, XapakTepuUcTUKK Nons B
GnxHen 30He Nnn S-napameTpbl NONYNPOBOAHNKOBBIX YCTPONCTB
TOXe MOryT 6bITb UMNopTMpoBaHbl B nakeT CST STUDIO SUITE.
OT0 NO3BONSET UHTErPUPOBATL 3TW AaHHbIE B MPOEKT U YNy4LUUTb
onucaHne usn4ecKom CUCTEMbI.



TOYHAA OUCKPETU3ALINA CTPYKTYPbI

[ins MoaenupoBaHus 3Tol pechNeKTOPHON aHTEHHbLI MOTYT UCMONL30BaTHLCS
pasnnyHble MeToAbl ANCKpeTU3auum NpoCTpaHCTBa: AnA NPAMOYrofibHbIX U
TeTpasgparbHbiX (KpUBOMUHENHBIX) SYeeK, Ana rMBpUAHbLIX KPUBONMHENHBLIX
NOBEPXHOCTHBIX AYEEK, a Takxke opuriHansHas TexHonorus CST naeansHom
annpokcumaumm rpaHnydHbix yenosuii (Perfect Boundary Approximation, PBA).

[N npUMeHeHUs K CTPYKType YMCIIEHHOro MOAeNIMpPoBaHNs TpebyeTcs BbINOHUTb
NPOCTPaHCTBEHHYIO AMCKpeTU3aumio nccnegyemon mogenu. flobasneHve 4ononHu-
TenbHbIX S4eeK yBenuymBaeT TpeboBaHUs K BbIMMCIUTENBHBIM pecypcam. JTo
0O3HayaeT, 4To Hanbonee nonesHbiM ByaeT anropUTM, MakCUManbHO TOYHO
onucblBatoLwymM hopMy 06bEKTOB C MPUMEHEHNEM MUHUMATIbHOTO KONMMYECTBa S4eek.
Maket CST STUDIO SUITE BkntovaeT cpeacTaa NOCTPOEHUS NPSMOYTONbHbIX,
TeTpaspparnbHbIX U MOBEPXHOCTHBIX CETOK, KOTOPbIE MO-Pa3HOMY NOAXOAAT ANs
MOAENUPOBaHMNS Pa3nYHbIX CUTYaLMIA.

[INs NoBbILLEHNA TOYHOCTM NPSMOYrONbHOro pasbreHns 6e3 peskoro yBenMyeHns
TpeboBaHuii K BbluncnmtenbHelM pecypcam naket CST STUDIO SUITE ucnonbsyeT B
CBOEM BblUMCIUTENE BO BPEMEHHOW 0611acTy OpUrMHasbHylo TEXHOMOMMIo
annpokcumauum Anst naeanbHbIX rpaHuyHbIX yernosuii (Perfect Boundary Approximation,
PBA) npumeHnTENLHO K AOCTaTOYHO 06LeMy MeToAy KOHeYHbIX uHTerpanos (FIT).
TexHonornsi PBA coxpaHsieT CKOPOCTb BbIYMCIIEHUI HA YPOBHE NPUBLIYHOTO BCEM
NPSIMOYrofibHOro pa3bueHunsi, HO ANs KPUBOMUHENHBIX 0O BLEKTOB No3BonseT n3bexartb
U3NWLLHEro n3MenbyeHuns ceTku Ansa 6onee TO4HOro onncaHns opmel.

Mpun TeTpasgpanbHOM pa3breHnn oNONHUTENBHbIE MPeUMyLLEeCTBa Npu
MOAENUPOBaHNM HU3KOYACTOTHBIX M BbICOKOYACTOTHBIX CTPYKTYP MOTYT ObITb MOMy4YeHb!
6narogaps MCNONbL30BaHMIO KPMBOMUHENHbLIX sveek. Kpome Toro, B BbluMcnUTene B
YacTOTHON 0bnacTn peanusoBaH OpUrMHanbHbIN anropuTM ONTUMU3ALMK CETKN,
nonyuuBLLniA Ha3BaHue True Geometry Adaptation. OH NpoekTUpyeT "ounLLEHHY" CeTKy
06paTHO Ha OPUrMHAnNbHYIO MOAENb, CrNAXNBasA UCXOAHYIO CETKY C rPaHAMM, Yem
obecneunBaeT 6onee BbICOKYIO TOYHOCTb MOAENMPOBAHWS.
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PasnnyHble cnocobbl NOCTPOEHUS CEeTKM pa3breHns Ans KoakcUarbHOro BOSIHOBOAA:
TpaauuMoHHBIN (cneBa) u aganTuBHbIn True Geometry Adaptation (cnpasa).
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MYJNIbTUOU3IUYECKUN AHATIN3

OneKTpomMarHeTn3m TECHO CBA3aH C ApPYrvMU OU3NYECKMN
OucumnnMHamu, Hanpumep, MexaHUKon 1 TepMoamHaMumkon. Bo
MHOTUX CIy4Yasix 3NeKTpUYecKme N MarHuTHble adpdpekTbl
HEeOTAENVMbI OT TENSIOBbIX UMM MEXaHUYECKUX 3 DEKTOB,
HanpumMep, BO3AeNCTBME CUrHana 60onbLIOo MOLLHOCTU Ha UnNbTp
BbI3bIBAET €r0 HarpeB, a CBA3aHHblE C 3TUM MEXaHUYEeCcK1e
nedopmaLmm KOHCTPYKLMU Bbi3blBaOT M3MEHEHWNE YaCTOTHbIX
XapaKkTepucTuK unbTpa.

[na aHanun3a Takmnx CNOXHbIX B3aMMoaencTeuin B nakete CST
STUDIO SUITE umetoTcs BblMUCAMTENM CTALMOHaPHBIX U
nepexoaHbIX TEMNMOBbIX MPOLECCOB, a TakKe MeXaHUYeCKui
BbluncnuTens. Bece 3T MynbTudusmyeckne Mogynm TeCHO
WHTEerpmMpoBaHbl ¢ EM BbluMCAIMTENSIMU, U MOAENVMPOBAHME C UX
NMOMOLLbIO MOXET ObITb aBTOMATUYECKN MHULIMMPOBAHO C
ucnonb3oBaHnMeM TexHornorun SAM (cm. ctp. 19). Bnarogaps
TexHonorum SAM, paccuMTaHHOe pacnpeeneHue TemnepaTypbl 1
necopmanmm moryT 6biTe NnepeaaHsl obpaTHoO B EM BbluncnnTens
[ONs BbINOMHEHWUS aHanu3a YyBCTBUTENBHOCTM UMW aHanuaa
CXOOMMOCTM Af1s pacyeTa CTauMoHapHOro pexuma paboTbl
YCTPOWCTBA C Y4ETOM BIUSIHWS TEMNMOBOWM 0OpaTHOM CBSA3U.

[ns nogaepxkvu mynbTudmanyeckoro aHanusa naket CST
STUDIO SUITE BkntoyaeT Habop maTepuarnoB C HENMTMHENHBIMW U
TemnepaTypHO-3aBUCUMbIMU CBONCTBaMW. [4ns Takmx
B1ONorMyecknx NPUNOXEHUN, Kak MarHUTHO-pe3oHaHCHas
ToMOrpadusi U BbICOKOYACTOTHasA AnaTepmus, yHUKanbHble
CBOWCTBA TKaHEeW YenoBEeYEeCKOoro Tena, Hanpumep, oxnaxaeHue
NMOTOKOM KPOBW, KOTOPOE M3MEHSIETCS B 3aBUCUMOCTU OT
TemnepaTtypbl Tena, MOryT oka3blBaTb CYLLECTBEHHbIA 3ddeKT Ha
TemnepaTtypbl onpeaeneHHo TOYKM BHYTpY Tena. Tennosble
BbIYNCIMTENN BKIOYaIOT B cebs OMO-TennoBble ypaBHEHWS,
[awoLume BO3MOXHOCTb peanncTUYHO MOAENMpPoBaTh YyCTPOMCTBA
BHYTPU YenoBe4ecKkoro Tena.

[lononHnTenbHbIe BO3MOXHOCTN MySbTUU3NYECKOrO
MOAEnNMpoBaHns MOryT BbITb peannaoBaHbl NOCPeACTBOM
B3aumMogencTeus ¢ naketom SIMULIA (cm. cTp. 16).

Mp1Mep MOAENMPOBaHUS 3MEKTPUYECKOTO MOSIS BHYTPU MUKPOBOSTHOBOM Neyu (3KpaH Ha ABEPLIE U HAPYXHbII KOPMYC He NokasaHbl) U CBA3AHHOTO C HUM MporpeBa oGbekTa.



BUO ANEKTPOMAIHETU3M (BIO-EM)

C nomolLLpbio NpoekTa MarHUTHO-pe3oHaHcHoro Tomorpada 7 Tesla MR, BkntovatoLero 8 MeaHapoBbIX MUKPOMOMOCKOBBIX 3NIEMEHTOB U
noapoBHyIo BOKCembHYI0 Moaenb Tena Yernoseka Gbinn MonyyeHs!: pacnpeaenexue nons B, (cnesa), Touka SAR (B LeHTpe) 1 pacnpeaeneHme
TemnepaTypbl BHYyTpY Tena nocne 10 MuHyT obnyyexus (cnpasa). Mpumep npegocraeneH nHctutytom Erwin L. Hahn Institute for MRI, OcceH,

FepmaHus.

B3aumopeiicTBue anekTpoMarHMTHOro norns ¢ TKaHAMK
YeroBEeYEeCKOro Tena sBMNSAETCS O4YEHb BaXXHbIM MpuW paspaboTke
MEAULIMHCKUX CUCTEM NSt MOHUTOPUHIA, BU3yanu3aumm un
neyeHusl, a Takke psiaa APYrUX NPUNOXKEHUNA, TakNX Kak
MOGUMbHbIE TenedoHbl, aBBTOMOBUbHEIE AaHTEHHbI U YCTPOWCTBA,
BbIMOSIHEHHbIE NO TexHornorun "nHtepHeT Belen" (10T). Tak kak
N3MepeHVst BHYTPU Tena YerioBeka 3aTpyaHeHb!,
3NEeKTpOMarHMTHOE MOAENUPOBaHNE SBMSIETCS €AMHCTBEHHbBIM
[OCTYMHBIM CNOcoboM OLieHKM pacnpeaerneHus Nons BHyTpY Tena
Ons noaTBepXaeHus dakta PyHKUMOHMPOBaHNSA YCTPONCTBA, a
Takke Ans NOHUMaHUA NpeaesnioB Bo3AencTBuUa Bo n3bexaHne
noBpexaeHus TKaHew 3a cyeT nornoweHnsa SJ'IeKTpOMaFHVITHOVI
3Hepruu.

TouHbI aHanu3 aNeKTPOMarHUTHbIX NOMel BHYTPU YerioBeYecKoro
Tena TpebyeT HanUuKs CROXHBIX U aHATOMUYECKU TOUHbIX
Mozeneii C NPaBUbHO ONUCaHHBLIMU XapaKTEPUCTUKaMM TKaHen!,
KOTOpble, KPOME TOro, MOTYT MEHSITLCS B 3aBUCMMOCTH OT
BO3pacTa, 4acToTbl 1 Temnepatypbl. CST npeanaraet
nonb3oBaTensm u CAD-Moaenu, v BoKCenbHble MOAENU Ten
pasnuyHoro BospacTa, fnorna, paamepa, a Takke creLuarnbHyo
61bnmoTeky MaTepuanos.

Bce ANEeKTPOMarHnTHble yCTpOﬁCTBa, pa60Tarou.w|e B

HenocpeACTBEHHOM BIIM30CTM C YENOoBEKOM, Kak nMpaBuso, TpedyoT

rocygapCcTBeHHOW cepTudmkaumm, Kotopasi B OCHOBHOM
DasupyeTcs Ha oueHKe yaernbHoro koaduumeHTa nornoLweHns
(SAR), xapakTepu3ytoLLero CTENEHb MOrMOLLEHNS
3NeKTpOMarHMTHOro nonsi Tenom venoseka. Maket CST STUDIO
SUITE Bknto4aeT BO3MOXHOCTb NPAMOro pacyeTa BcexX TUNoB

SAR: SAR gnsa Toukn, SAR ans 1 rpamma, ocpegHeHHoro SAR ans

10 rpammoB, SAR ansi Bcero Tena. 3To 4aeT BO3MOXHOCTb
MHXeHepaM OLLeHNTb YpoBHU SAR Ha paHHWX 3Tanax
NPOEKTUPOBaHMWS YCTPONCTB U n3bexatb npobnem ceptudmkaLmm.

HarpeB TkaHel YenoBeyeckoro Tena sBnseTcs ewe ogHUM
BaXHbIM 3(hPEKTOM, KOTOPLIN TPEOYETCS yUMThIBaTbL NpU
NPOEKTUPOBaHUN YCTPONCTB. B psae MeanLMHCKMX YyCTPOWCTB,
Hanpumep, NpegHa3HaYeHHbIX A9 NTeYeHNs paka, Harpes
SIBNSIETCS XXenaeMbiM BO3AeNCTBMEM, B TO BPEMS, Kak B ApYyrmx
npunoxeHunsx oH He Tpebyetcs. Maket CST STUDIO SUITE
BKIIOYaET MOAYMb MyNbTUAM3NYECKOTO aHanmaa BKIoYatoLLmnii
crneumnanbHble 6MoTENNoBbIE BEIMUCIMTENN, KOTOPLIE MOTYT
oueHMBaThb pacnpegeneHne TemnepaTtypbl ¢ y4eToM adeKTOB,
CBOWCTBEHHBIX XXUBbIM TKaHAM: OOMeHa BelLLecTB,
KpoBOOGpaLLeHNs, TepMOperynsaumm.
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[ns BeinonHeHus EM mogenupoanust CST npepnaraet nonb3osatensm CAD-
Mozenu (cnesa) UK BoKCesbHble MOAenu (cnpasa) YenoBeyeckoro Tena.



CKOPOCTb

MopaenupoBaHve 30HbI NokpbITMA Wi-Fi Mogema. dnekTpudeckoe none Ha yactote 2.45 M BHYTpM aBToByca MOAENMpOBanoch C UCMONb30BaHUEM BbIYUCIIMTENS BO BPEMEHHOW 0BpacTu.

I'Iepequb AOCTYNHbIX BbIYNCIIUTENbHbIX TeXHONorun

Bbicokue 4acToThbl m Bbluucnntens Bo BpemeHHon obnactu (Transient Solver) — obwiue 3agaum
m Beuucnutens B yactoTtHou obnactu (Frequency Domain Solver) — o6wue 3agaun

m Bbluucnutens ¢ ncnonb3oBaHuem nHTerpanbHbIx ypaBHeHui (Integral Equation Solver) — anekTpuyecku
BonbLune cTpykTypbl, RCS

m AcuMmnToTuyeckuii Belumncnutenbs (Asymptotic Solver) — anektpuyecku 6onbLume cTpykTypbl, RCS
m Bbuucnutens pesoHaHcHbIx Mog (Eigenmode Solver) — 06beMHbIN pe3oHaHC
m Moaynb cuHTesa cdunbtpos (Filter Designer 2D) — cuHTe3 1 aHanua CBY cdunbtpos

m Moaynb cuHTesa cunbtpos (Filter Designer 3D) — cuHTe3 1 aHanma CBY cunbTpoB co cBA3aHHbIMK
06beMHbIMU pe3oHaTopaMu
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Huskue yacTtoThbl m OreKTpocTaTnYeckunin u MarHuTocTaTuyeckuii Boluncnutenu (Electrostatic / Magnetostatic Solver) —
cratuyeckue 3agaqm

m Bbluucnutens craumnoHapHbix Tokos (Stationary Current Solver) — aHanua noCTOSAHHbLIX TOKOB

m Bblumcnutens Bo BpemeHHo obnactu (Transient Solver) — 3agaym ¢ HenvHenHeIMKM MaTepuanamm
m Bblumcnutens B yactotHol obnactu (Frequency Domain Solver) — BuXpeBble TOKW, TOKU CMeLLeHUs

EDA m BbluucnuTens ¢ ncnonb3oBaHneM YacTUYHBIX 3KkBMBaneHTHbIX cxeM (PEEC Solver) — ogHocrnoliHble nnaThbl
m Beluucnutens ¢ ncnonb3oBaHuem matpuubl nvHWn nepegay (TLM Solver) — uenocTHoCTb curHanos

m TpexmepHbI BbIMUCTIUTENb METOAOM KOHEYHbIX 31eMEHTOB B YacToTHoW obnactu (3D FEFD Solver) —
LIeNoCTHOCTb Lienein nuTaHus

m [NpoBepka npaemn npoekTupoannsa (EMC u SI Rule Check) — npoBepku orpaHnderunii EMC un Sl Ha nnaTtax

OvHaMuka yacTuy m Beuucnutens TpekuHra yactuy, (Tracking Solver) — H13KOYacTOTHbIE YCTPOMCTBA, 3NIEKTPOHHbIE MYLLIKU
m Beuucnutens Particle In Cell (PIC Solver) — BbicokoyacToTHble npurnoxeHust, CBY yctponcTea
m Bbumucnurens kunbBaTepHbix nonen (Wakefield Solver) — yckoputenbHasi TexHuka
MynbTudusmka m CTaumoHapHbIv 1 nepexofHbivi Tennosble Bbluucnutenu (Thermal Solver) — anekTpomarHUTHbIN Harpes,
6nosagaum
m MexaHunyecknin Belumcnutens (Structural Mechanics Solver) — TennoBoe pacluvpeHve, aecdopmaum

EMC m Bbluvcnutens ¢ ncnonb3oBaHneM matpuupbl NuHuid nepegad (TLM Solver)
m Bbiumcnutens kabenew (Cable Solver) — kabenb u kabenbHble XryTbl
m [poBepka npasun npoekTnpoBaHuns (EMC Rule Check) — npoBepku orpaHnyennii EMC Ha nnatax
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MoppoGHee 06 ucTopuu ycnexa komnaHum Airbus

[=] P[]
Defence & Space MOXHO NpoyecTb No agpecy:

E http://www.cst.com/MPO

"brazodaps npodykmy CST STUDIO SUITE u e2o 803MOXHOCMSIM
8bICOKOMPOU3800UMESTbHbLIX 8bIHUC/IEHUU Mbl CMO2/IU CMOOenuposams
pabomy RF koMMyHUKayUuoHHO20 060pydosaHusi KOCMUYECKO20
annapama u cghopmuposame Orisi Heeo 060CcHO8aHHbIe mpebosaHusi Mo

anekmpomMagHUmMHoul coemecmumocmu."

Dr.-Ing. Christian Imhof, Satellite Products, Airbus Defence and Space

NMPABUJIbHbIA BbIEOP BbIYUCITUTENSA

MpuMep MOAENMPOBaHUS PasMELLEHUst aHTEHH Ha CyTHUKE
BepiColmobo Mercury Planetary Orbiter. CnaGoHanpasneHHble
aHTEHHbI NpeACTaBneHbl B BUAE UCTOYHUKOB MOSS.
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MogenvpoBaHue xapakTepucTuk criaGoHanpasieHHOM aHTEeHHbI C NMOMOLLbI0 MLFMM BbIYMCAMTENS HA OCHOBE UHTErparbHbIX ypaBHEHWN.
XOpOLIJO 3amMeTHa 0bnacTb TeHU OT pﬁCnOﬂO)O(EHHOVI psagom HaanBﬂeHHOVI AHTEHHbI.

KayecTBO pe3ynbTaToB 1 CKOPOCTb MOAENNPOBAHUS CYLLLECTBEHHO
3aBUCUT OT BbIOOPa BbIYMCIMTENLHOTO MoAyns. Beluncnutens,
KOTOPbIN XOPOLLO paboTaeT ¢ OAHUM TUMOM MOAENEN, MOXET
nokasbiBaTh NIIOXWe pesynbTaThl Ha ApYrMx Moaensax. 3To oaHa us
npuynH, noyemy naket CST STUDIO SUITE BkntoyaeT B cebs
LUMPOKMIA Habop pasHbIx BeluMCnUTenen. bnarogaps atomy, Bceraa
MOXeT ObITb HaAeH UHCTPYMEHT Haumny4LumMm obpa3omM noaxoas-
LA ANSA NPUNOXEHNIN OYEHb LLIMPOKOrO YaCTOTHOrO AnanasoHa
(OT NOCTOSIHHBIX NONEN ANst ONTUYHECKOro AnanasoHa) 1 CUIMbHO
OTMMYAIOLLMXCH Pa3MepPOoB (OT HAHOYACTULL 4O SNEKTPUHECKN
60nbLUNX OBBLEKTOB).

Hanpumep, BblMMCAUTESNb C MCMOMNBb30BaHUEM MHTErpasribHbIX
YpaBHEHWI N aCUMMNTOTUYECKUI BbIYUCTIUTEND MOEeanbHO NOAXOAAT
ONsa peLleHns Takux 3aaad, Kak pasmeLLeHne aHTeHH, OLeHKN
acbcpekTnBHOM NnoLaan otpaxeHus obvekta (RCS), roe
aneKTpuyeckue paamepbl CTPYKTYPbl MOTYT HACUYUTbLIBATb COTHU
UMK ThICSYM AJIVH BOSTH.

ManeHbkvie pe3oHaHCHbIe CTPYKTYpbl MOTYT MOAENMpoBaTbest Gonee
3(pHEKTUBHO C MOMOLLbIO BLIYUCTIUTENSI COGCTBEHHBIX MOA, MU
BbIUUCMUTENS B YACTOTHOI 06nacTu, KoTopble pas3paboTaHbl
crneumarnbHo aHanmusa Takvx yCTPOWCTB, Kak (punbTpbl unu
yCKOpSIOLLME PE3OHATOPBI.

MHorve mogenupyemble KOHCTPYKLMM MOTYT COCTOSATb U3 OTAENbHbIX
KOMTMOHEHTOB, Ka4ECTBEHHOEe MOAENUPOBaHNE KOTOPbIX MOXET ObITb
CAenaHo TONbKO pas3HbIMU MeTodamMu. [Ins Takux cnyvaes
peanusoBaHa TEXHOMNOrsS MOAENUPOBAHNS COCTaBHbIX NPOEKTOB
(System Assembly and Modeling, SAM), koTopas no3sonseT pasbuTb
6onbLUYl0 CTPYKTYpY Ha Menkue o6bekTbl, MPOMOAENNPOBaTh UX
Havboree NOAXOASLUMM BbIMACIIUTENEM, @ NOTOM OGbEANHUTL
nonyyYeHHble JaHHblE 1 MONYYUTb NOMHbIE XapaKTePUCTUKN BCEro
yCTPOMNCTBA.
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BbICOKOMPON3BOAUTEJIbHBIE U OBJIAYHBIE BbIYUCIIEHUA

“Bo3MOXXHOCMb epaghuqdecKo20 YCKOPEeHUs r1o3eosunia Ham
pewums psAd crioxKHbIX 3aday, HEBLINOHUMBIX paHee.”
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Matt Fuller, Selex ES

Komnanust CST npegnaraeT nonb3oBaTensam pasnnyHblie MeToabl
YCKOPEHUSs BLIYMCNEHUIA: UCMONb30BaHNE MHOTOMNPOLECCOPHbIX
nnatdgopm, noaaepxKy rpacdmyecknx yckoputenen, knactepHole
N pacnpeaeneHHble BbIMUCNIEHNS. DTN TEXHONOMMI NO3BONSIIOT
MOBbICUTL BO3MOXXHOCTU paboyeli CTaHUMKU Unn pasaenuTtb
MoAenupyemyto 3aavy Cpeau y3noB pacyeTHoro knacrepa.
Mcnonb3oBaHve METOA0B BbICOKONPOM3BOAUTENbHbBIX
BbIYMCIIEHUIA JOCTYMHO NPaKTUYECKU ANS KaX40ro Tuna 3agad u
ntoboii kKoHUrypaumm o6opyaoBaHus: OT HE3aBUCUMbIX paGoumx
CTaHUMIA 40 CNOXHbIX NPOMBbILUIIEHHbIX KNacTePOB.

YTtobbl NpegocTaBuTb NOMb30BaTENSIM MaKCMMaribHO MPOCTON U

3O HEKTUBHBIN CNOCO6 MCMONb30BaHNUSA 3TUX METOA0B, KOMMNaHUS
CST paspaboTana cneupanbHyto CXemy NULEeH3NPOBaHWs Onuui
akcenepauun. C e€ NoMOoLLbI0 UHXEHEPbI MOy4Uv BO3MOXHOCTb
KOMGUHMPOBAaTb pPa3Hble CMOCOObI BbICOKONPOU3BOANUTENbHBIX
BblYMCIIEHUIA, COBMELLasi M HacTpavBasi HeobxoaMMble MeToaMKN -
YCKOpPEHUS.

[ns HeGonbLWMX KOMMNAaHWI, HO ¢ NOTpPeBHOCTLIo B
06paboTku kpynHbIX 3agay, naket CST STUDIO SUITE
npeanaraeT MCNOMb30BaHWE yAaneHHON TeXHONorm
BbluncneHus. C eé nomoLLbio Moaenb nepeaaeTcs o
3alLMLLIEHHOMY NPOTOKOMY NpoBanaepy
BbICOKONPOW3BOAUTENBHOMO CepBEPa U BbIYUCIIEHUS
BbINOMHSIOTCS HA €ro annapaTHOM KoMmnnekce. 1o
03Ha4yaeT, YTo Nonb3oBaTesNn, NEPUOANYECKM
cTankuearLpmecs ¢ notpebHocTbo B 06paboTke
CMOXHbIX 3afa4y, MOryT KX BbINOSHUTL 6e3
HeobxoaMMOoCTM NpuobpeTeHns n 0b6CnyxMBaHKs
KPYMHbIX BbIYMCIIMTENbHBIX KNacTepoB.

Maket CST STUDIO SUITE noaaepxuvBaeT kKOMGUHaLMM METOA0B
BbICOKOMPOW3BOAUTENbBHBIX BbIMUCTIEHUIA. BCe OHM MOryT BbiTh peanvsosaHsbl
KaK Ha nokanbHOW annapaTHol nnatdopme, Tak 1 B obnake. OTaensHble
BbIYVCNINTENN NOAAEPXMBAIOT OrPAHNYEHHbI KNacc TEXHOMOMUA YCKOPEHWS.

Moppo6Hee 06 ncnonb3yembix 8 CST STUDIO
SUITE meTopaax BbICOKONPOU3BOANUTENbHbBIX
BbIYUCIEHUIA MOXHO npo4ecTb No agpecy:
http://www.cst.com/HPC

[MockonbKy NOCTpOEeHMe BbICOKOMPOU3BOAUTESBbHBIX annapaTHbIX
KOMMIeKcoB TpebyeT 3HauuTenbHbIX MaTtepuanbHbIX 3aTpar,
npeacTaBUTENSIM 3aKa3yrka, 3aHMMAaLLUMCS 3aKynkamuy v
0BHOBNEHNEM BbIYMCIUTENBHBIX CUCTEM, PEKOMEHAYETCS CBA3AThCA
co crneumanuctamu dompmbl CST ansa cormacoBaHust KOHUIypaumu,
Haunyywmnm obpasom NoaxoasiLen ANs PELUEHNS KIUEHTCKUX
3apad. Tawkke dupma CST BefeT COBMECTHYO paboTy C LieHTpamu
TEeCTMPOBaHWsA annapaTHoro obecneyvyeHuns, rapaHTMpys TemM cambiMm,
4yTO NogobpaHHas koHdUrypaums obopynoBaHusi Haubonee
acppekTUBHO NogonaeT Ans paboTtbl naketa CST STUDIO SUITE.
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ABTOMATUYECKAA ONTUMUIALIAA

MukponornockoBasi pasnpoBaHHast aHTEHHas peLueTka,
HacTpoeHHasi B AnanasoHe yactotr WLAN: go
onTumMmU3aumm (crneea), nocne onTUMKU3aumu (cnpasa).

Ha xapaKTepucTuku gaxe camoro npocToro yCTporucTBa MoOXeT OnTumusaTtopsl, goctynHblie B CST STUDIO SUITE:
oKasaTb BMUsiHVE LUMPOKWI AnanasoH napameTtpos. OnTummsaums
aBTOMaTU3NPYET NPOLIECC HACTPONKN HEOOXOANMBIX MEPEMEHHBIX
C Lienbio NonyYyeHust 3Ha4eHni, yaoBneTBOPSOLWNX
yCTaHOBIEHHbIM TpeboBaHNAM. BCTpoeHHbIe onTuMmn3aTopbl BO

JlokanbHble

m MeTtop noBepuTenbHbix obnacter (Trust Region Framework)

Bcex moaynsx CST STUDIO SUITE npuMeHUMb! A5 HACTPOMNKM m CumnnekcHelit MeTo Hennepa-Muna (Nelder-Mead Simplex
noGoro napameTpa, BKIOYas reOMeTpUYecKue pasmepsbl Algorithm)

MOZeny, CBOMCTBa MaTepuarsnos, a Takke (opmy curHana m VIHTepnonsuMoHHBI KBasUHLIOTOHOBCKUIA MeTog, (Interpolated
BO36YXaeHus. Quasi-Newton)

B nakete CST STUDIO SUITE gocTtynHbl rnobansHble 1 m Knaccuueckun metop MNayanna (Classic Powell)

JoKalbHble ONTUMM3AaTOpPbI. JlokanbHble TEXHWKN BbINOMHAOT

MOWCK PeLLEHMIA B OKPECTHOCTM HaYyarbHOro 3HauYeHNs! FnoGankHele

napameTpa, No3TOMy MX PEKOMEHLYETCA NPUMEHATL ANA m [eHeTuyecknit anroputm (Genetic Algorithm)
Mogenen, brnmsknx K onTuManbeHbIM. [MobanbHble METOANKN .

paboTaloT B NONHOM AManasoHe napameTpos, BBMAY YEro OHM = Anroputm post 4acTiy (Particle Swarm)

OKaXXyTCA ropasfo npakTu4Hee rokarbHbIX ONTUMN3AaTOPOB B m OBOJNIOLMOHHAs cTpaTernst ¢ agantaumuen matTpuubl
cryyae rpy6o HaCTPOEHHbIX MOZENEN UM CHIOXKHBIX CTPYKTYP. koBapuaLmit (CMA-ES)

MpenBapuTENbHLIN aHanU3 YyBCTBUMTENBHOCTH (sensitivity
analysis) No3BONUT 3amMeTHO yny4wmnTb paboty Trust Region
Framework ontummusaTtopa CST. YkazaHHas TeXHWKa BbINOSHAET
ObICTPYIO OLEHKY BMUSHWUSA Ha paboyne XxapakTepucTuku
HebOomnbLUNX U3MEHEHWIA NapamMeTPOB MOAENW, NPeaoCTaBnss
Ba)kKHble Ha4YanbHbIE YCNOBUSA AN paboTel onTummnsaTopa. AHanms
YyBCTBUTENBHOCTM TakKe NO3BOMNUT OLEHUTb BCETO 3a OAMH
BbIYMCIIUTENbHbIN LMK BIIUSIHWE JOMYCKOB U3rOTOBIEHUS HA
M3MeHeHVe paboyumnx xapaKTePUCTUK CTPYKTYPbI.

MowaroBoe n3ameHeHve napameTpa B crny4yae ToKarnbHOW onTuMusaunn.
C KaxablM NnocneayoLmm LaroM 3HaveHve Lienesow yHKLUmn
nepemMeLLaeTcs U3 06nacTm MakcumarnbHbIX 3HaYeHUit (kpacHasi) B
o6nacTe MUHUManNbHbIX (CUHSS).

Moapo6Hee 06 ncnonbayembix B CST STUDIO SUITE
MeTofax oNTMMMU3aLIMM MOXHO NPOYeCTb NO aapecy:
http://www.cst.com/optimization
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BHelUHWit BUA NONb30BaTENLCKOrO MHTEpdeiica Npy NOCTPOEHUM NPOEKTa Ansi MOAENMPOBaHUS EMKOCTHON CEHCOPHO KnaBmaTypebl.

Mpwn TakoM o6LWLIMPHOM Habope MHCTPYMEHTOB, KOTOPLIV cenyac
poctyneH B nakete CST STUDIO SUITE, o4eHb BaXHO, Y4TODbI
HY>XHbIA UHCTPYMEHT ObIn Nof pyKow B HY>HbIA MOMEHT. Ons
obnerdyeHns paboTbl Nonb3oBaTens B NakeTe peanusoBaH
MeXaHN3M HaCTPOMKM Cpebl NPOEKTUPOBAHUSA MOA, KOHKPETHbIE
HyObl Ha onpeaeneHHoM aTtane paboTel, 6yAb TO NOCTPOEHVE
CTPYKTYpbl, MOAenvpoBaHue nnu obpaboTtka pesynbTaTos.

padhmyeckuii MHTEpPENnc Ha OCHOBE AUHAMMUYECKN
0GHOBRSIEMbIX NaHerne No3BoNseT rpyNNMpPoBaTh yHKUMK U
pasfernbl MEH0 B 3aBUCUMOCTU OT MX MecTa B npouecce
MOAENUPOBaHMS. ATO AaeT BO3MOXHOCTb npeanaratb
nosib30BaTeNto TOSNbKO Te AeWCTBUS, KOTOPbIE AOCTYMHbI Ans
[aHHOM YacTu NpoekTa Ha onpeaerieHHoM aTtane paboThl.
ﬂOI'IOJ'IHI/ITeJ'II:HI:Ie KOHTEKCTHble NaHesnun nosaBnaTca npu
BbINOMHEHWN cneundudecknx 3agad, Hanpumep, Npu HacTporike
ceTku pasbueHuns nnm NpocMoTpe pesynbTaToB aHanmaa.

CTaHgapTHbIN NoAXof4 K OpraHvM3aumm LMKna npoekTMpoBaHus
npegnonaraeT, YTO UHXEHep cam BblOUpaeT HyXHble MoAyNn
nporpaMMHOro obecneyeHnst 1 BbINOMHSAET B HUX HEOOXoauMble
HacTponku. B nakete CST STUDIO SUITE peann3osaH
cneunanbHbIvi TOMOLLHUK CO3aHNsA NPOeKTa, NPU3BaHHbIN
CYyLLECTBEHHO YNPOCTUTb HAaCTPONKY U KOHpUrypaLumio
MOZEnNnpoBaHus.

MacTep KOHMrypaLmm No3BonsEeT NErko HAaCTPOUTL CUCTEMY
€4MHL, U3MEPEHMS], TPaHNYHbBIE YCIOBMSI M aBTOMAaTUYECKM
BbIGpaTh Hanboree NOOXOASALLMIA ANS PeLleHnst KOHKPETHO 3agaqmn
BbIYMCNIUTENbHBIA MOAYb. ONbITHBIN NONb30BaTENb MOXET
COXPaHUTb OAHaXAb! CAeMNaHHbIE HACTPOMKYU BHYTPY MNOMOLLHUKA
ANl NTOBTOPHOTO MCMOSb30BaHWs NpU peLleHnn Nnogo6Horo poaa
3agav.



MHTEIPALUA MNOTOKOB NMPOEKTUPOBAHUA

LLinpokuii HaGop mopynel nMmnopTa/akcnopTa obecrneynBaeT Ka4ecTBEHHbI 0OMeEH MoppepxuBaemble hopmatbl:
OaHHbIMK ¢ pasnuyHbiMM CAD cuctemamu, Npu4eM UMMNOPTUPOBaHHbIE CTPYKTYpPbI

MOryT ObITb MOAN(ULIMPOBAHBI, NAapaMeTPU30BaHbl M ONTUMU3MPOBaHbI Ha aTanax CAD
npoekTupoBaHus. Mogenu, pa3paboTtaHHble B cuctemax SOLIDWORKS u PTC Creo = ACIS SAT
(Pro/E) nMnopTupytoTCst B MONHOCTLIO NapameTprU3oBaHHOM chopmaTte, 4To

CYLLIECTBEHHO MOBbILLAET YPOBEHb MHTErpaLymn NpoLeccoB NPOEKTUPOBaHUS. = STEP
Bo3MoxHOCTb MNopTa 1 3KcnopTa CTPYKTYPUPOBAHHOWM MH(OPMaLnM SBnseTcs  STL
dyHAaMeHTanbHOM OCHOBOW B3aMOAENCTBUSA NOTOKOB MPOEKTUPOBaHus. imnopt = OBJ

Tononorui n3 EDA cuctem, B cuny ocobeHHoCTeW NpeacTaBneHns AaHHbIX B HUX, a NASTRAN
NpUBOAMUT K MOSIBMEHMIO B CTPYKTYpPE MHOXECTBA rpaHel 1 3a30poB Marnoro pasmepa,

CUMNBLHO YCNOXHSIOLLMX 3a4a4y moaenuposaHus. Maket CST STUDIO SUITE skniouaeTt m IGES

CMOXHYI0 MHTENNEKTyanbHyo npoLeaypy YACTKM U aBTOMaTUYECKOrO BOCCTaHOBMNEHNS = Pro/ENGINEER®

MMMNOPTUPYEMOI CTPYKTYPbI, KOTOPasi B KOMOMHALMW C MOLLHON CUCTEMOW MOCTPOEHUS
ceTku pa3brneHus obecneumBaeT ahppekTMBHOE MOAENMPOBaHME Aaxe NPu N3HavarbHO
nospexaeHHbIx CAD faHHbIX. n CATIA® v4 and v5

m SolidWorks and Solid Edge
m Parasolid

m Autodesk Inventor®

m Siemens NX™
m Biological voxel data

EDA

m ODB++

m IPC-2581

m Zuken CR-5000/8000
u GDSII

n SPICE

m Touchstone

n
-
O
o
I
T
=
—
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m Single and multi-layer Gerber

m Mentor Graphics® Expedition™

m Mentor Graphics PADS®

m Mentor Graphics HyperLynx®

m Cadence® Allegro® PCB Designer
m Cadence Allegro Package Designer
m Cadence SiP Digital Layout

m Agilent ADS®

» AWR Microwave Office®

m Synopsis® Saber

m Synopsis® HSPICE

m Sonnet®

MMnopTupoBaHHas TpexmepHas KOHCTPYKLMS Buaeokamepbl 6bina
LieNn1KoM NpoMOAEenpoBaHa 1 NocrneAoBaTensHO MOAVMULIMpOBaHa ¢
Lenblo obecneyeHus cooTBeTcTBUSA TpeboBaHusam FCC Class-B.
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MHTEINPALUA NOTOKOB NMPOEKTUPOBAHUA

Komnanusa CST cTtporo cnefyet npasuny npegnaraTe CBOUM B psige cnyyaeB nonb3oBaTento MoryT notpeboBaTtbcs

KINMeHTaM TOMbKO NyyLllune pelleHunsi. BMecto Toro 4tobbl creumanuaMpoBaHHble NPoayKThl, HanpumMep, Antenna Magus ans
npegnaraTb Nonb3oBaTeNsM yHUBepCcasbHble NporpaMmbl cuHTe3a aHTeHH, Optenni Lab ans ontumusaumy uenen

peLleHnsa cambix pa3Hoobpa3HbIX 3aAady, KOMNaHus cornacosaHus, moaynu Filter Designer 2D u Filter Designer 3D ans
cdokycupoBanack Ha pa3paboTke cneumnanu3npoBaHHOro nakeTa pa3paboTkM NnaHapHbIX 1 06 BEMHBIX (OUNBTPOB Ha CBA3AHHbIX
ansa 3D EM mopenupoBaHusi u obecneydnna npocTon 1 NOHATHbIV pesoHaTopax. Bce aTn npoayKTbl MMeOT NpsiMolt nHTepdelic ¢
MEeXaHN3M CBSA3U C NyYLUMMK B CBOEM Knacce nporpaMmMmamu naketom CST STUDIO SUITE u pacnpocTtpaHstoTcsa Yepes

Opyrvx npoussoauTenei, cneunanM3npoBaHHbIMA Kaxabiv B anctpubbiotopoB CST.

cBoel obnacTu. . .
MmeeTca cneumanbHbivi HTEpdEnc obMeHa AaHHbIMU MeXay

CneuuanbHble MHTepdencel obmeHa aaHHbIMK ¢ apyrumn EDA naketamm CST STUDIO SUITE n SIMULIA komnaHum Dassault
cucTemMamu npefHasHadeHbl ANs pelleHns 3agay aHanusa Systemes, 4To pacLMpsieT BO3MOXHOCTU MeXaHN4YeCcKoro
LIenoCTHOCTH cUrHanos, cmellanHoro EM n cxemoTtexHuyeckoro MoAenupoBaHus. BsaumogeicTerne aTux NpoayKToB No3BonseT
mMoaenupoBanmns. CneumarnbHbIN A3blIK MakpokomaHg, Ha 6ase Ka4yeCTBEHHO MOAENMPOBaTb CUCTEMBI, (DYHKLMOHUPYIOLLME Ha
TexHonoruii VBA n OLE no3sonsieT Hanpsimyto obMeHmBaTbCst OCHOBE MyInbTUM3nyecknx acpekTo, Hanpumep, MOTOpbI,
AaHHBIMW MeXay pasnu4HbIMK Nporpammamu, HanpuMep, CUCTEMbI MHOYKLUMOHHOIO HarpeBa, rmbkue aneKTPOHHbIE CUCTEMBI.

MATLAB® nnun MS Excel®. MNaket CST STUDIO SUITE Takke
yMeeT BbINOMHATb 9KCTPAKLMIO CNUCKa COeAnHeHn B hopmarte
HSPICE, koTopblii aBTOMaTUYEeCKV NepegaeTcs B NakeT Synopsis
HSPICE ans nocnegyoLwero MoaenupoBaHns KOHCTPYKLUMIA Ynn-
Kopnyc-nnata ¢ y4eToM napasutHbIX 3PEeKTOB B kaHanax
nepegavn curHasnos.

OPTENNI
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MpvMep MHTerpaummn pasnuyHbIX NporpaMm Anst NpoekTupoBaHns GSM ycTpoicTBa Ans CrexeHus 3a AoMaLLHUMU XUBOTHBIMK (cnpaBa BHU3Y). [porpamma Antenna Magus
16 ncnonb3oBanack Ans paspaboTku PIFA aHTeHHb! (CnpaBa BBEPXY), Aanee ¢ NOMOLLbIo nporpammbl Optenni Lab 6binv nonyyeHs! Lien cornacoBaHNs aHTeHHbI C TPaHCUBEPOM
(cneBa BBepxy) v 3aTem B nakete CST STUDIO SUITE 6bIn0 BbINOMHEHO MOJIHOE MOAENIMPOBaHNE XapakTEPUCTUK YCTPOWCTBA, 3aKPEnEHHOro Ha Tene OBLbI (CNeBa BHU3Y).



MakeT CST STUDIO SUITE moxeT ObiTb MCNONb30BaH AN
pa3paboTkM Kak Mano3NeMeEHTHbIX, Tak U1 MHOFO3NIEMEHTHbIX
aHTEHHbIX PELLETOK, a TaKkke UX CONyTCTBYHLLEro 060pyaoBaHUs,
HauMHas C CMHTE3a OTAENbHbIX 3/IEMEHTOB U 3aKaHYMBas NMOSHbIM
aHanu3oM KOHCTPYKLUK C Y4eTOM (PUAEPOB U 3aLLUTHOTO KOXYXa.

TexHonorus MHorokaHarnbHbIx aHTeHH (MIMO, multiple-input,
multiple-output) LUMPOKO NCNONb3yeTCH B COBPEMEHHBIX CUCTEMax
MOBUIBbHBIX KOMMYHUKaLWUIA C Lienbio NOMy4YeHWst 4OMOMHUTENBbHBIX
NpenMyLLecTB OT MHOMOMNy4eBOro pacnpoCcTpaHeHUsl PaauoBOIH 1
ONs ynyyleHns nprema CUrHanoB B KOMIMIIEKCHOM OKPY>XeHWUW, a
TakxKe Kak OCHOBAa 1151 MOCTPOEHUS YMHBIX M KOTHUTUBHBIX CUCTEM.
Maket CST STUDIO SUITE BkntovaeT cneumanbHblii Habop
MHCTPYMEHTOB Ans onpeaerneHus napameTpos MIMO aHTeHH,
TaKuX Kak crnekTpanbHas 3hEeKTUBHOCTb 1 KOPPENnsLUus no
orvbaroLLen.

OTanbl NPOEKTUPOBaHMS PELUETKN AN CUCTEMbI CBSI3W: CHavarna paspabartbiBaeTcst
OTAENbHbIN 3NIEeMEHT (BBEPXY), 3aTEM aHaNU3UPyeTCsl BCS PeLeTka B KOXyXe (B
Ll,eHTpe) W B KOHLIE BbINONTHAETCA MOAENNPOBaHME XapaKTEPUCTUK aHTEHHbI C
Y4YETOM €€ pasMeLLEHNst Ha caMosieTe (BHN3Y).

MOAENIMPOBAHUE AHTEHHbIX PELLETOK

Ha cnyyain pa3apaboTkyn MHOrO3MeMEHTHbBIX aHTEHHbIX PEeLLEeTOK
naketT CST STUDIO SUITE BkntovaeT cneumanbHbli mactep,
CYLLECTBEHHO ynpoLuarLLmnii npoLecc npoekTnpoaHusi. CHavana
MOZENupYyTCA OTAENbHbIE ANEMEHThI A4S pacyeTa v ONTMMU3aumn
UX MMNeJaHca U AvarpaMMbl HanpaBreHHOCTH, 3aTemM
aBTOMaTUYecKkM (HOpPMUPYETCS NONHasi MoAerNb aHTEHHOW peLLeTKu
U BbIMNOJTHAETCH ee 3NeKTPOMarHMTHOe MOAENMPOBaHNe C y4eToM
B3aVMHOrO BMUSHWUS 31IEMEHTOB M KpaeBbix adpdekToB. CBsA3b C
WMHCTPYMEHTaMM CUHTE3a peLLeTok U3 nporpammsl Antenna Magus
romoraeT Mosfb30BaTeNsM HalTu NOAXOASILLYHO TOMOSONMI0 PeLeTKN
1 crnocobbl ee 3anuTkn

16-3neMeHTHas MUKPOMOIOCKOBas aHTEHHas peLleTka, ONTUMU3MPOBaHHas ANs
pabotbl B AnanasoHe yactoT WLAN (cm. cTp. 13).
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B3AUMOOEMNCTBUE BbIYNCINUTENEN U TMBPUOHOE MOOENUPOBAHUE

[nsa mogenupoBaHusi Takux cuctem B nakete CST STUDIO SUITE
peanu3oBaHbl pa3nnyHble Crocobbl B3anMoAeNCTBUS METOAOB, HauYMHas
CO CXEMOTEXHUYECKOTO NPEeACTaBMNEHUS Yepe3 UCTOUHUKY B AaribHew
30He [0 MOJIHOro aHanm3a UCTOYHUKOB MOoNs B GrkHeN 30He. 3To
NO3BOSSIET BLINOMHATL MMOPULHOE MOAENUPOBAHWE, UCTIOSb3YS CUMbHBbIE
CTOPOHbI ONpeAerneHHbIX METOAOB B paMKkax OfHOMN 3aJauu.

Kaxabli MeTof; MOAENMPOBaHWS! UMEET CBOW CUTNbHbIE CTOPOHbI 1
onTMMarnbHbLIM 06Pa3oM NOAXOAUT AN peLLeHNUs onpeaerieHHoN
3agaqn. OgHako, 6OMbLUMHCTBO pearbHbIX CUCTEM TPYAHO
noABECTM Mof, Kakyo-nnGo ofHy kaTeroputo 3agad. Kak npaeuno,
HaobopOT, OHN 06BEAMHSIOT B cebe abCOMTHO pasnuyHbie
OVCUMNIAUHBI.

Mpumep 1: anekTpuyeckuit pas3psag B asTomobune

[iByHanpaBneHHoe rubpuaHoe MoaenuposaHue
Mo3BOSISIET OLEHUTL HABOAKY C kabernsi Ha Kopryc
aBTOMOGUIS, pacnpocTpaHeHe HaBOAKM Mo Koprycy ¢
rocnegyowmm o6paTtHLIM BO3AENCTBUEM Ha kKaberb.

Kopnyc aBTomo6unsi. dnekrpuyeckn 6onbLuoi 06beKT ¢
MHOXEeCTBOM MENKNX ,quaneVl 1 60NbLWMMM 3nieMeHTaMmn
NOBEPXHOCTUN C OTHOCUTESNTbHO npocmﬁ reomeTpmeVl.
XopoLLo MoAENMPyeTCs METOAOM MaTpUL, NIMHWIA Nepeaay
(TLM).

MposoaHoN xryT. O6beKkT 6oNbLION ANWHBI, HO Manoro
nonepeYyHoro ceveHus. XOpOLIJO mMogenupyetca
cneynanus3npoBaHHbIM BblHucnuTenem CBL.

Mpumep 2: aHanNu3 xapakTepUCTUK pedrieKTOPHOM aHTEHHbI
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CenekTop nonspusaLuu. Y3konomnocHas
3ajaya, XopoLlo MoAenupyeTcs B
yacToTHOM obnacTu (Bbluncnutens F).

PynopHbiii obnyyatens. LLinpokononocHas
3ajja4a, XOpoLLO MOJENMpyeTcsi BO
BpeMeHHoM obnacTy (BblaucnmTens T).

Mapabonuyeckuit oTpaxatensb.
OnekTpuyeckn 6onbLIOV O6BEKT, XOPOLLO
MOZENMPYETCsi C MOMOLLbIO BbIYMCIIMTENS
Ha OCHOBE WHTerpanbHbIX ypaBHeHw (1).

CoctaBHoit NpoekT. OTAenbHble YacTu
MoryT 6biTb 06beANHEHBI Ha YPOBHE
CXeMbl UNK Kak MCTOYHMKM nonst. PacyeT
YacTeln NPOU3BOANTCS MOJTArHO C
nocneAayoLMM COBMECTHbIM
MOZENMpoBaHeM BCEro npoekTa.



TEXHOJNOIMMA SAM — MOAEJNTIMPOBAHUE COCTABHbIX NPOEKTOB

Ananus pasmeLleHna aHTeHH Ha CNyTHUKe. CHavana Ha Kopnyce CrnyTHUKa pasMeLLaroTCA TOYKMU pacnonoXeHusa, nocne 4Yero BblNOnNHAeTCA Bbl60p TUMOB @HTEHH.

TexHomnorvs MoaenupoBaHusi COCTaBHbIX NPOEKTOB (System Hanpumep, nonb3oBaTtens MOXET 3a4aBaTb CBA3aHHbIE
Assembly and Modeling, SAM) ynpoLiaeT MmogenvpoBaHue nocrnefoBaTenbHOCTY 3anyCKOB PasfUYHbIX BblYMCIUTENEN:
CNoXHbIx NpoekToB B nakete CST STUDIO SUITE. NepPBUYHBIN 3NEKTPOMAarHUTHbIV aHanua unbTpa, 3aTeM ero Tennosoe
PaspabaTtbiBaemoe yCTPOMCTBO MOXET COCTOSITb U3 HECKOMbKUX MOOennpoBaHue, 3aTeM aHanm3 ero MexaHn4eckmx gecopmavnin n
yacTeW, Ka4ecTBEHHOE MOJENNPOBaHNE KOTOPbIX MOXET ObITb KOHEYHbI 3NEKTPOMAarHUTHbIN aHanmMa unbTpa C Lenblo OLEHKN ero
cOenaHo ToNbKO pasHbIMU MeToAaMu. Tak Kak KOHEYHblEe paccTpoiiku. Takum ob6pasom, TexHonornss SAM gaeT BO3MOXHOCTb
XapaKTepUCTUKN TaKuX CIIOXHbIX YCTPONCTB obecneyvBaoTcs OTHOCUTENBbHO NPOCTO ONPEAENUTbL U BbINOMHUTL NOSHbIN
B3aMMOZENCTBMEM OTAENbHbLIX Er0 YacTen, ONTUMMU3ALNN KaxKa o MynbTUMU3NYECKUIN aHann3 yCTponcTBa. ﬁ
U3 4acTu NO-OTAENBbHOCTM MOXET BbITb HegocTaTo4Ho. TpebyeTca 8
ONTUMW3aLMS BCEro ycTpoiicTea B c6ope, 1 TexHonorna SAM PoGasnsas & cxemy Apyrne 3D Moy, MOXHO NOCTPOUTE CRIOXHYIO =
NPeaoCTaBNSeT Takyto BOSMOKHOCTb. TPEXMEPHYI0 KOHCTPYKLMIO. IHCTpYMeHTbI TexHornorum SAM aatot g
BO3MOXHOCTb BblpaBHMBATb M COMpsratb OTAENbHbIE YacTu NpoekTa. B
Mpw ncnonb3oBaHun TexHonorun SAM ycTporicTBo MogaenupoBaHue MoxeT BbITb onpegeneHo Ans OAHON UMM HECKOMNbKUX §
npeacTaBnsieTcs B BUAE NPUHLMMMANBHOW CXEMbl, COCTOSILLEN N3 yacTew, Ans Kaxaon U3 vyacten MoryT ObiTb BbibpaHbl onpeaeneHHble o
oTAenbHbIX 3aneMeHToB. B camom npocTtenwem cnyyae MeTOoAbl aHann3a ¢ co6CTBEHHBIMU HAaCTPOMKaMM akcenepauum =
YCTPOWCTBO MOXET COCTOSATb U3 OAHOW €AMHCTBEHHOM BblUMCIIEHMI. YacTu ycTponcTBa MOryT ObiTb ONMUCaHbI UNN X S-
napameTtpusoBaHHol 3D mogenu. MNMonb3oBatenb onpegenseT napaMeTpamMu, Unu 3KBUBANEHTHbIMW UCTOYHMKaMK NOns Ans
MoZenupoBaHue 3TON MoAenu NOCPeACTBOM OnvcaHus 3agad MOOENNPOBaHNsA BCEN cnctemMbl. KombrnHaumsa Bcex aTux cnocobos
aHanusa. SAM TexHonorns No3BonsieT CpaBHUTL Pe3ynbTaThl, MOZENUPOBaHUsi Ha pa3NUYHOM YPOBHE MO3BOMSET MNOMNYYNUTh
NonyYeHHbI€ C MOMOLLIbIO Pa3HbIX BbIYMCAUTENbHBLIX MOAYNEn unm Ka4yeCTBEHHbI pe3ynbTaT U CHU3NUTb TPEOOBaHUSI K BbIMUCIIUTENbHBIM
ONsi pa3HbIX Bapyauuii Mogenu B paMkax O4HOro NpoekTa. pecypcam. PasymeeTcs, TexHonornsa SAM no3sonseT onpeaenvTs n
BbIMOSHUTb 3MEKTPOMarHUTHOE MOAENMPOBaHNe BCEro YyCTPOUCTBa
LeNMKoMm.

R

Bnarogaps TexHonornn SAM oTAernbHbIe 3NIeMEHTLI NPOeKTa KOMOUHUPYIOTCS B C Apyroii CTOpoHbI, TexHonorust SAM no3BonsieT CBA3aTh OTAEMbHbIE 3MEMEHThI MPOEKTa
e[VHYI0 MOAENb, KOTopast MOXeT GbITb MPOMOAENMPOBAHA LIENIMKOM. KaK MCTOYHUKM NOMS U BbINONHUTL MMBpuaHOEe MoAenupoBaHue. 19
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lMNocTosiHHbIE 1 _ BY n CBY

HM3KOYaCTOTHbIE 3NeKTPOMarHUTHbIE
3NEKTPOMarHUTHbIe nons
nons

IvHamuka MpoekTupoBaHue
3M1eMEHTapPHbIX SMEKTPOHMKM
YyacTuy,

SneKTpomarH NTHagd COBMeCTUMOCTb

Maket CST STUDIO SUITE ncnonb3yeTcs B NPOMBbILLNIEHHOCTY UMW akageMUYECKUX UCCIEAOBaHMSX AMs PELLUEHUS LUIMPOKOro Kpyra
3afad, HaumHasa ot pa3paboTtkm CBY ycTpoWicTB 1 HAHOCTPYKTYP, ¥ 3aKaH4YMBas aHanu3om B3anMOoAenCcTBUS NOMs U YeroBeYECKoro Tena.
Bce 9T 3agaun MoXHO yCroBHO CrpynnupoBath B NSATb obnacTten, Ans kaxaon ns kotopbix naket CST STUDIO SUITE nmeet
COBCTBEHHbIE CpeacTBa pa3paboTku, aHanMsa 1 onTUMMU3aLnn.




[lunnekcep, cenekTop nonsipusaluy, BOJHOBOAHASA IMHUSA U PYNopHast aHTEHHa 0GbEAVHSIIOTCS B OAWH NPOEKT U MOJEMNMPYIOTCS COBMECTHO C MOMOLLbIO TexHomornn SAM.

Mpumep pacyeTa AnarpamMmMbl HanpaBNeHHOCTH V2V aHTEHHbI, YCTaHOBIIEHHOWN Ha NerkoBOM
aBTOMOOMITE, 3aTEHEHHOM CTOSILLMM PSiiOM aBTOGycoM.

MopennpoBaHue BbICOKOHACTOTHBIX SMEKTPOMArHUTHbIX Nonemn
SIBMSIETCS OCHOBHbLIM HanpasneHnem AeatenbHocTu pupmbl CST.
Maket CST STUDIO SUITE no3BonsieT NpoeKTMpoBaTh LLUMPOKUIA
Habop BY, CBY 1 onTnyeckux ycTponcTs C NPUMEHEHNEM

NOJIHOBOJTHOBbLIX METOOOB aHalusa, FM6pI/1,D,HOFO MoAernmpoBaHu4,

MynbTUDU3NYECKNX B3AMMOAENCTBUIA 1 COBMECTHOIO
MoZenupoBaHusi cxem u EM cTpykTyp.

AHTEHHbI MOTyT pa3pabaTbiBaTbCA U ONTUMU3UPOBATHLCS Kak
oTAerbHbIE YCTPOMCTBA, HO MOTYT PacCMaTpuBaTLCS U Kak
3MEMEHTbI aHTEHHbIX PELLUETOK C MOAENMPOBAHWEM Ha YPOBHE
OTAENbHON AYENKN U BCEW PeLLeTKW, a Takke MOryT GbiTb
pa3MeLLeHbl Ha 3NeKTpUYeckn BonbLUNX OBbeEKTax (3O0aHusIX,
camoreTax, Kopabnisix 1 CryTHWUKaxX) Ans y4eTa ux BAVUSHUS.

MnaHapHele n BonHoBoAHble CBY anemeHTbl MOryT ObiTh
ONTUMU3NPOBaHbI UHAVMBUAYANLHO UMW B cocTaBe 6omMbLUON
CUCTEMbI OJMHAKOBO XOPOLLIO ANS TeparepLioBbiX, ONTUYECKUX NN
(POTOHHBIX YCTPONCTB.

MpomoaenupoBaHbl MoryT 6biTb CBY nons BOKpYr 3neKTpuyecku
BonbLUNX 0O6BEKTOB, TAKMX Kak, Kopabnu, camoneTbl U 3aaHus, a
TakkKe Nons BHYTPU OYEHb CIOXHbIX CTPYKTYP, Hanpumep, BHYTpY
yenoBeyeckoro Tena. MNaketr CST STUDIO SUITE nossonset
nonyyaTb U aHanuaMpoBaThb KOMIMEKCHbIE XapaKTEPUCTUKK,
Hanpumep, apeKTUBHYO Nnolanb oTpaxeHns obbekTta (RCS) nnm
yAenbHbI koadduumeHT nornolleHns (SAR), a Takke
ONTUMU3NPOBATL PACMONOXKEHNE aHTEHH, HacTpamBaThb OUNbLTPbI U
n3nyyaroLmne KaTyLKn.

BY 1 CBY 2JIEKTPOMATHUTHBIE MOJ1A
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KTPO Ut

Ucnonb3osaHue CST MICROWAVE STUDIO 05

aHanu3da EMC u EMI dano Ham KOHKypeHmMHbIe

rpeumyu,ecmea U rnoebICUsio ypog8eHb 0osepusi

rnonb3oeamersiel K Hawum rnpodyKmam. P

Ralf Kakerow, Continental Automotive GmbH ”

MopenupoBaHusi 3IEKTPOMArHUTHOTO U3Ny4eHust
BOKPYF NevaTHoM nnatbl, pa3MeLLeHHoN B
METasNYeCcKoM Kopryce.

OnekTpomMarHuTHas coBMecTumocTb (EMC) 1 cTonkocTb K
3 3MeKTpoMarHTHbIM nomexam (EMI) aBnstoTca TecHo
\ CBSi3aHHbIMM AnucuynaMHamun. [Ans yaoBneTBopeHus
& TpeboBaHuam EMC Tectupyemoe yCTPOMUCTBO HE AOMKHO
¥ reHepmpoBaTh U3ny4aemble Unu KOHAYKTUBHbLIE MOMEXMU,
T KOTOpbIE MOrYT HEeraTMBHO BO3AEVICTBOBATL Ha coceaHne
k‘ ycTpovicTBa. C Apyrovi CTOPOHbI OHO AOSKHO ObITb AOCTAaTOYHO
i CTOMKUM K BO3[EMCTBUIO BHELLHKX NoMex (EMI) HesaBucumo oT
1X Npupoael, byab 3TO ECTECTBEHHbIE 3NEKTPOMAarHUTHbIE
ABNEHWS (Hanpyumep, yaap MOMHWUK) UMW UCKYCCTBEHHOe
BpeaHoe BO3AeNCTBUE (Hanpumep, MOLLHBbIA
3MEeKTPOMAarHUTHbIA UMMYIBC).

MogenmpoBaHns 3NeKTPOHHbIX
YCTPOWCTB C NMOMOLLbIO
MOJTHOBOSTHOBOIO BbIYUCIINTENS MOXET
6bITb ONONHEHO aHanM3oM Ha YpOBHe
cxeMbl B nporpamme CST DESIGN
STUDIO™, koTopasi NpucyTCTByeT B
no6on koHdurypaumm naketa CST
STUDIO SUITE.

-
= Q f CoOBMeCTHbIV aHanu3 anekTpuyeckux cxem n EM crpykryp
[OOnycKaeT Takue cnocobbl onmcaHns anemeHToB, kak SPICE u
IBIS mogenu. Tononoruy nevatHbIX nat MoryT BbiTb

[MoBepXHOCTHbIE TOKM, TEKYLLME OT HOCA K XBOCTY MO KOPMycCy NpOBEPEHbI Ha YPOBHE DRC ¢ NOMOLLIbIO MPOrpaMmebl CST
BO34yLWHOro cyaHa, nNpu yaape B Hero MonHuM rpo3oBoro paspsaa. BOARDCHECK

EMC/EMI npo6nemMbl MOTryT BO3HWKHYTb M3-3a, kKa3anoch Obl,
He3HauMTenbHbIX AeTanen KOHCTPYKUMK: kabenbHbIX BBOAOB,
KOHCTPYKTVBHbIX OTBEPCTUI 1 CTLIKOB. [1ns aHanm3a Takmx
3agay Hauny4ywum obpasom nogxoamt TLM BelamcnuTens ,
noaaep>KvBatoLLMiA KOMMNaKTHbIE MOAENW, NMO3BONSAOLLME
MOZENMPOoBaTh CIOXHblE CTPYKTYPbl BECbMa 3 HEKTUBHO.

Kabenu moryT nony4aTtb Nomexu, U3ny4yeHHble B OAHON YacTu
CTPYKTYpbl, 4OCTaBUTb UX B APYryto 4acTb CTPYKTYPHI,
nepensnyymTb UX TaM U CTaTb NPUYNHON HOBbIX EMI npobnem.
Bbluncnutens Bo BpeMeEHHON 0611acTn MoXeT 6bITb AONONHEH
BO3MOXHOCTAMM MMBPUAHOrO0 BPEMEHHOIO MOAENNPOBaHUS
Kabenew, NCMomnb3yHOLEro aHanUTUYeckne MOAENV OTAEMbHbIX
Kabenew unu xryTos.

http://www.cst.com/EMC
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Mcnonb3oBaHue nporpammHoro obecneveHnss CST ansa pelueHns
3afay B 06macTu yCKopuTenbHOWM TEXHUKM HaYanochb Ha paHHWX aTanax
ero pa3utus. Cernvac naket CST STUDIO SUITE copepxut B cebe
Habop crneumanbHbIX MHCTPYMEHTOB AN MOAENUPOBAHNS
B3aMOLEVICTBUS 3apSKEHHbIX YACTULL C SNEKTPOMArHUTHLIMU MOMSIMU,
HaumHas ¢ paspaboTkv CBY ycTpoicTB (Hanpumep, MarHETPOHOB UIu
3MEKTPOHHbIX NTamn) U 3aKaH4YMBasi NPOEKTUPOBAHMEM Y30B
ycKopuTerneit ynbTpapensiTUBUCTCKUX MyYKOB.

MopenvpoBaHue TPaeKkTopUi 3apsKEHHbIX YacTUL, B CTATUYECKUX
MonsiX C y4eTOM COBGCTBEHHOrO 3apsiAa Nyyka peanusyercs
CpeacTBaMu BbluMCRUTENS TpeknHra YacTuy (TRK), Heo6xoammoro anst
NPOEKTUPOBaHUSA SNEKTPOHHBIX MyLlek. BoamoxHoctu PIC
BbIYMCNINTENSA NO3BONSIOT BLINOMHUTE MOAENMPOBAHME NporieTa nyyka
C Y4EeTOM ero COGCTBEHHbIX MOMEN, YTO AENAET AAHHbIA MHCTPYMEHT
He3aMeHUMbIM Kak Ansi aHanusa MarHETPOHOB, KMUCTPOHOB W namn
GeryLuen BomHbI, TaK 1 AN U3y4eHns MynbTunakTopHoro paspsaa. PIC
BbIYUCNIUTENb NOAAEPKMBAET TEXHOMOMMIO rPahNHECKOrO YCKOPEHMS,
MNO3BOJIAKOLLYIO MNOBbLICUTH €ro Bbl4UCIIUTENbHbIE BO3MOXHOCTU.

PR~ TpaekTopus 3apsbKeHHbIX YacTul, B namne Gerywien BonHbl (JIBB). Mogynsaumsi ckopoctu
— 9NEKTPOHOB M306paXeHa pPasnNYHbIMM LiBETaMU.

Bobiumcnutens knunbBatepHbix nonen (WAK) paccuntbiBaet
3MEKTPOMarHUTHbIE MOMs, Co3AaBaeMble CryCTKamu 3apsKEHHbIX
YacTuL, BHYTPY Y4acTKOB YCKOPUTENbHOroO TpakTa. HaBeaeHHble
Mofs MOryT BO3HWUKHYTb MPW NponeTe ny4ka Yepes KonnmMaTtopsbl
UNN OeTEKTOpPbI, MOBbILLIAsi TEM CaMblM BEPOSITHOCTb pa3pyLUEeHUs
AanbHeunLwnx crycTkoB. [1nsi aHanvaa BbICOKOAOOPOTHLIX CTPYKTYP,
TaKuX KaKk PE30HATOPOB YCKOPUTENEN, BblMMUCNIUTENb COBCTBEHHbIX
MO/, MO3BOMSET BbINOMHUTL MOUCK paboyrx BUAOB konebaHuim
nccneayemoi CTpyKTYpbl, HEOBXOAUMBIX ANs AanbHENLLEero
aHanuaa PIC Bbluncnutenem.

MopenupoBaHue kackaaa 3MeKTPOHOB, BO3HUKAIOLLIEro BHYTPU
KOaKCManbHoro pasbema. Habniogaembiii MynbTUNAKTOPHBIN
paspsiA MOXET MPUBECTY K PaspyLLEHMIO YCTPOWCTBA.

a ALY

Bpewms
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CST STUDIO SUITE

WHTerpupoBaHHas cpefia NPoeKTUPOBaHUs, NpeAoCTaBnsolWas NoNb3oBaTesno
AOCTYN K LUUPOKOMY Habopy BbIYMCIIMTENbHbBIX TEXHOMOMMI U 06bLeauHsoLWasn
cpeAcTBa aHanusa cxeM U MynbTudUsndeckux acheKToB.

CST MICROWAVE STUDIO (CST MWS) — MHCTPYMEHT A11si BbICTPOro U TOYHOro YMCIEHHOMO
MOAENUPOBaHMNSI BbICOKOYACTOTHBIX YCTPOWCTB (aHTEHH, (OUNbTPOB, OTBETBUTENEN MOLLHOCTH, MnaHapHbIX 1
MHOrOCMOWVHBIX CTPYKTYP), @ Takke aHanuaa npobnem LenocTHOCTU CUTHAmNoB 1 3MEeKTPOMarHMTHOM
COBMECTVMOCTMU.

CST EM STUDIO (CST EMS) — nakeT gns MOAenMpoBaHNs CTaTUYECKMX U HU3KOYACTOTHbIX

' 3NEKTPOMarHUTHLIX NOMe B TaKUX YCTPOMCTBAX, Kak AaT4MKW, akTyaTopbl, TpaHcdopmaTtopbl,
ANeKTpoOMexaHn4Yeckme N3MepUTENbHbIE FONIOBKU, 3KpPaHUPYHOLLME KOHCTPYKLUMKN. 34eck nMeeTcs
BO3MOXHOCTb aHanmsa aneKkTpo- 1 MarHUTOCTaTUYECKNX Nomnewn, BUXPEBbIX N MOBEPXHOCTHbIX TOKOB.

CST PARTICLE STUDIO (CST PS) — cneunanuanpoBaHHbI NakeT ANs aHann3a noBefeHus 3apsikeHHbIX
YacTUL B SNEKTPOMAarHUTHbBIX MONSX U MOAENMPOBAHUS TaKMX YCTPOMCTB, KaK 3NEKTPOHHbIE MYLLIKM,
KaToAHble Ny4eBble TPyOKu, MarHETPOHbI.

CST CABLE STUDIO (CST CS) — cneuvanu3npoBaHHbIvi NakeT ana mogenunposaHus EM addekTos B
Kabensax, No3BONSOLWMIA ONTUMU3NPOBATL BEC 1 Pa3Mep OANHOYHBIX MPOBOAOB, BUThIX Nap, a Takke
CIMOXHBIX XIYTOB C HEOrPaHWYEHHbIM YMCIIOM NPOBOAHMUKOB. [porpaMma no3BonseT OLeHUBaTb HaNpPsHKeHNs
B pasHbIX TO4Kax kabenen, TOkM Yepes onpeaeneHHble NPOBOAHMKM, S-napamMeTpbl, UMNeAaHChl, a Takke
B3aMMHble HaBOAKN NPOBOAHMWKOB APYr Ha Apyra.

LLeJTOCTHOCTU CUTrHanoB N nepekpecCTHbIX VNCKaXXeHWI Ha BbICOKOCKOPOCTHbIX LI,VIq)pOBbIX, CMEeLLUaHHbIX

N CST PCB STUDIO (CST PCBS) — cneuunanvM3npoBaHHbIA NakeT, NO3BONSAIOLLUIA BbINOMHATbL aHanm3
aHanoro-undpoBbIX NnaTax, a Takke B UCTOYHMKAX NUTaHWS.

CST BOARDCHECK (CST BC) — cneuuanva3npoBaHHbI NakeT, NO3BOMAOLWNIA BbINOMHATbL MMNOPT
NPOEKTOB MeYaTHbIX NNaT, BbINOMHEHHbIX B Pa3fiMyHbIX CUCTEMAX NPOEKTUPOBaHMS, U BbISIBMSATL B HUX
BO3MOXHbIE€ NPO6NeMbl 311EKTPOMArHMTHON COBMECTUMOCTU No Habopy 3afaHHbIX OrpaHUYeHUiA.
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CST MPHYSICS STUDIO (CST MPS) — cneumnan1avpoBaHHbIA NakeT Af1si aHanu3a TennoBbIX 1
MeXaHW4YeCKNX Harpy3ok.

CST DESIGN STUDIO — MHCTPYMEHT, NO3BOMNSAOLLMI pa3buTb CIOXHOE YCTPONCTBO Ha OTAESbHbIE YacTu,
npomMoAenvpoBaTth UX MO OTAENBHOCTM U 3aTEM MHTErpupoBaTh MONy4YeHHble aHHbIe B €iMHOe Leroe.
Kpome TOro, 3aecb MMeeTcsi BO3MOXHOCTb OAHOBPEMEHHOTO MOAENUPOBAHUS 3NeKTpuyeckmx cxem n 3D EM

CTPYKTYP.

PacnpoctpaHeHue u nogaepxka B Poccuu:

00O "EBpouHTex"

140011, Poccus, MockoBckas obn.,

r. lro6epusbl, yn. lO6unenHas, a. 26

TenedoHn/dakc: +7-(495)-749-45-78

E-mail: sales@eurointech.ru

26 http://www.eurointech.ru/cst
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CST — Computer Simulation Technology

O komnaHum CST

OcHoBaHHas B 1992 ropy komnaHus CST B HacTosiLlee
BpEMsi MpeAniaraeT caMblii LUMPOKUIA Habop NporpaMMHoOro
obecneyeHnss Ana TPeXMepHOro MoAenMpoBaHns
3MEeKTPOMarH1THbIX nonen. Yepes rmobanbHyto ceTb
pacnpocTtpaHeHua CST npogaeT KnveHTaMm, npexae Bcero,
cBou rmasHbIn npogykt CST STUDIO SUITE, a Takke psg
NPOAYKTOB TPETbUX PUPM.

MpoaykTbl CST, BKMOYaloLWmMe pag BbluUCIIUTENEN, Kak
obLLero HasHaveHvs, Tak 1 creunanMaMpoBaHHbIX, MOryT
ObITb MCMOMb30BaHbI ANA Pa3paboTKN NPUMOXKEHNI,
NMepeKpbIBaOLLMX BECb CMEKTP SMEKTPOMAarHUTHbIX
N3MNyYeHni, a Takke UHTErPUPOBATLCS B MMEIOLLMIACA
MapLLpyT NpoekTMpoBaHus. KoHuenuus "nomnHoro
nmHcTpymeHTapus" (Complete Technology) no3sonsiet
npoayktam CST AononHATb Apyr Apyra, o6ecrneynsas Tem
cambIM 6onee BbICOKYI0 TOYHOCTb aHanun3a, MHOrorpaHHOCTb
1 NPaKTUYHOCTb.

B uucne knueHToB koMnaHuy CST BeayLume npeactaBuTeny
cambIx pa3Ho06pasHbIX OTpacren NPOMbILLNEHHOCTH,
3aHMMatoLLmecs pa3paboTkov TeNeKoOMMYHUKaLMOHHOTO,
aBTOMOGWNBHOTO, 3NEKTPOHHOTO, MEAULIMHCKOIO
obopynoBaHus. Bce aTo nosuumonnpyet komnanmio CST kak
obLenpuaHaHHoro nuaepa B obnactu 3D EM
MOAENUPOBAHWS, 1 AaeT BO3MOXHOCTb cofepxaTb bonee
300 yenoBek nepcoHana, obecneymBarLLMx pa3paboTku,
NPOAAXN N TEXHUYECKYIO NOAAEPXKKY MPOrpaMMHOro
obecneyeHus.

CST

OcHoBa ycnexa komnaHuu CST

CereT ycnexa koMmnaHum CST KkpoeTcs B UCMOMb30BaHUA
CaMbIX COBPEMEHHbIX BbIYUCIIUTENbHbIX TEXHOMOrnn, B
LPYXeCTBEHHOM MNOJ1b30BaTESIbCKOM VIHTepCbeVICG nB
KBaJ'IVICbVILI,VIpOBaHHOM nepcoHane TEeXHUYEeCKOM noanepXxku.

C momeHTa Bbixoga B 1998 rogy nepBow Bepcuu nakeTa
CST MICROWAVE STUDIO ¢ opurMHanbHOn TeXHONornemn
annpokcMmauuy Ans naeanbHbIX rPaHnYHbIX ycrnosui (PBA)
komnaHma CST nnaHOMEPHO pacLUMpPSAET U COBEPLUEHCTBYET
BblYMCIIUTENbHBIE MOAYMMW, MOCTNPOLIECCOPbI U rpadou4ecKuii
MHTEepenc, 4To NO3BOMUIIO € CTaTb 06LLENPU3HAHHBLIM
nUaepoM B 06nacTu TpeXMEPHOro MOAENMPOBaHUS
3MNEKTPOMArHUTHBIX U3MyYEHUN.

KomnaHua CST BefeT UHTEHCHBHYIO paboTy ¢ napTHepamu
no BCEMY MUPY C LiEMbI UHTETPaLMU C UX MPOrpamMMHbIMU
NPOAYKTaMu 1 CIIOXUBLLUMMUCS MapLUpyTamu
npoekTupoBaHus. [ins 6onee NonHOro yaoBNeTBOPEHUst
HY>J KNMEHTOB KOMMNaHWUs pacnpoCTpaHsieT u
NoAAEPXKNBAET PSA NMPOAYKTOB TPETbMX (UPM.

TexHUYecKyto NoAAepPXKKY KIIMEHTOB OCYLLECTBAET
pa3BuTasi CeTb permoHasbHbIX 0hUCoB 1 AUCTPUGYTOPOB,
HacuYMTbIBaKoLLAas AECATKU BbICOKOKBANUMULMPOBAHHbIX
MHXeHepoB B 6onee yem 30 cTpaHax mupa.

CST, CST STUDIO SUITE, CST MICROWAVE STUDIO, CST EM STUDIO, CST PARTICLE STUDIO, CST CABLE STUDIO, CST PCB STUDIO, CST MPHYSICS STUDIO, CST
MICROSTRIPES, CST DESIGN STUDIO, CST BOARDCHECK, PERFECT BOUNDARY APPROXIMATION (PBA), CST EMC STUDIO sBnsitoTCsi 3apermcTpupoBaHHbIMU
TOProBbIMM Mapkamu komnaHuy CST. [ipyrne ynoMsHyTble MMeHa KoMNaHuii M NpoayKTOB ABMAIOTCA 3aperncTpMpoBaHHLIMU TOPTrOBLIMU Mapkamu X BliadenbLes.

CST STUDIO SUITE siBnsieTca npogyktom CST

CST — Computer Simulation Technology AG, Bad Nauheimer Str. 19, 64289 Darmstadt, Germany
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