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NMOYEMY HEOBXOAMMO MOAEJIMPOBATbL?

Mpy NPOEeKTUPOBaHUIN COBPEMEHHOTO 3NEKTPOHHOIO 060pYaA0BaHMS KpaiiHe BaXKHO MonyyaTb
KayeCTBeHHbI pe3ynbTaT Nno UToram NnepsBoro LMKMa NpoekTMpoBaHus. BupTyansHoe npoToTUnmnpo-
BaHMWE W 3MeKTPOMarHUTHoe ModenupoBaHue No3BonsAT CyLLECTBEHHO COKPaTUTb YMCIO UTepauui
NPOeKTUPOBaHUS U, TEM CaMbiM, CyMMapHoe BpeMsl paspaboTku. KomnbloTepHoe ModenuposaHue
No3BoNisieT NpoaHanManpoBaTh 1 ONTUMU3MPOBaTL NOBEAEHME OTAEeNbHbIX YacTel 0GopyaoBaHNA Ha
paHHUX 3Tanax NPOEKTMPOBaHWS, YTO PE3KO CHUXKAET CPOKM U 3aTpaTbl MO BbIXOAY KOHEYHbIX U3aenuii
Ha PbIHOK.

NMOYEMY CINEOYET BbIBPATb CST STUDIO SUITE?

Maket CST STUDIO SUITE npeacrtaensieT cobon Habop MHCTPYMEHTOB ASS NMPOEKTUPOBaHNS,
MOZENMPOBaHNSA U ONTUMMU3ALUN TPEXMEPHbIX 3NEKTPOMArHUTHLIX CUCTEM, UCMOSb3YIOLLMIACA CaMbIMU
nepenoBbIMU TEXHONOMMYECKUMU U UHXUHUPUHIOBLIMU KOMMaHUSIMU BO BCEM MUPE. TpU KpaeyronbHbIX
KaMH$ nexar B ocHoBe npoayktoB CST: TOYHOCTb, CKOPOCTb U NPAKTUYHOCTb.

TOYHOCTb

B ocHoBe kaxxgoro moayns naketa CST
STUDIO SUITE nexuT TwaTtensHo
NPOBEPEHHbIN anropmuTM, KOTOpPbIV
npencraensieT cobon 0606LLEHHbI
pe3ynbTaT MHOFOMNETHUX UCCeaoBaHU U
pa3paboTok B o6nact acheKTUBHOIO 1
TOYHOrO YUCMEHHOrO MOAENUPOBAHUS
TPEeXMEepPHbIX 3NEKTPOMarHUTHbIX CTPYKTYP.
OTgenbHoe BHUMaHue cmpma CST
YAENsieT COBEPLUEHCTBOBAHMIO TEXHOIOMMIA
NMocTPOeHNs Mofenei 1 NpocTpaHcTea
AncKkpeTM3aunn Ans Hux.

lModpobHee yumalime Ha cmp. 4.

CKOPOCTb

CKOpOCTb M TOMHOCTb BCcerga uayT pyka ob
pyKy. HeBaxHo, siBnsieTCcst N CTPyKTYypa
3neKTpUYeckn 6onbLUO UMK ManeHbKoN,
Y3KOMOJIOCHOWN UMK LLUMPOKOMOSIOCHON,
LUIMPOKUIA Habop BblYMCIIUTENEN NakeTa
CST STUDIO SUITE o6ecneunBaet
achdhekTBHOE MOAeNMpoBaHue 3agad
no6bon cnoxHocTn. PyHKUMK
BbICOKOMPOU3BOAUTENbHbIX BbIYUCNIEHNI
(HPC) n onTumusauum 4ONOMHUTENBHO
pacLUMpsIOT BO3MOXHOCTU BblUMCTIUTENEN.

lModpobHee yumatlme Ha cmp. 9.

NMPAKTUYHOCTDb

dupma CST yaenset 6onbluoe BHUMaHWe
WHCTPYMEeHTaMm, Npu3BaHHbLIM NOBbLICUTb
kBanudukaumo nonb3osatenen. K takum
MHCTPYMEHTaM OTHOCATCS rpadm4eckuia
UHTepdeVic Ha OCHOBE ANHaMUYecKkn
06HOBNSIEMbIX NaHenen, KoTopbIi
no3BonseT rpynnupoBath pyHKUMM 1
pasfenbl MeHIo B 3aBUCUMOCTU OT UX MecTa
B MpoLecce MOAENUPOBaHUS, a Takke
TEXHONOrNs MOAENMPOBAHUS COCTaBHbIX
npoektoB (SAM), ynpoLiatoLias
MOAENUPOBaHME CIOXHbBIX MPOEKTOB Yepe3
pa3breHne nx Ha HECKOMbKO YacTen,
aHanmus KoTopbIX MOXeT ObITb BbIMOMHEH
pasHbIMK MeToAaMK.

lModpobHee yumalime Ha cmp. 13.

Bnarogaps Ttakon koHuenuum npogykt CST STUDIO SUITE nonyunn Wwmnpokoe pacnpocTpaHeHue cpeay MHXEHEPOB 1 pa3paboTumKoB,
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pa60Tarou.w|x B CaMbIX pa3finyHbIX obnactsax: BY, CBY n ontnyeckon ANIEKTPOHUKe, 3]'IeKTp0MaFHI/ITHOI7I COBMECTUMOCTHU, ANHaMUKe
3apsaXXeHHbIX YacTuu, HU3KOYaCTOTHOWN TEXHMKE.

Umobel y3Hamb bonbwe o0 npuioxeHUsix, Ons modenuposaHusi Komopbix ucrionsdyemcsi CST STUDIO SUITE, obpamumecs kK cmpaHuye 22.



TOYHOCTb
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Pe3ynbTaThl MOgENMpoBaHWs cUrHana co BCTpaMBaeMoro konecHoro aatymka Frauscher RSR180 npekpacHo cornacytoTcs
C N3MEPEHHbIMU AaHHBIMMU.

"Mpodykm CST STUDIO SUITE dan Ham
803MOXHOCMb ObICMPO U MOYHO OUEHUMb
napamempbl Hawux dam4yuKkos ¢ y4emom ux
CIT0HO20 83aUM00elicmeusi C OKPYXarouwumu
anieMeHmamMu KOHCmMpPYKUUU, 4mo rnpocmo
HEe803MOXHO bbir10 6b1 cOerlamep
aKkcriepumeHmarbHo. bes noHumaHusi demarnel
amoeo e3aumodelicmeausi bbina 6ol
HeB803MOXXHOU pa3pabomka HO8020 OKOIeHUS
Oamyukos 8 bydywiem. Hy u KOHeYHO, Xomesioch
661 ommemumb dpyxxecmeeHHOCMb U
KomnemeHmHocmb riepcoHana CST, komopsbili
nnycme U He HarnpsiMyto, HO 8HEC C80K0 Yacmuuy
8 ycrnex Hawel pabomel.”
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Dr. Gavin Lancaster, paspa6otuumk, R&D Sensors,
Frauscher Sensor Technology

JIMHUM maruuTHOro nons BOKPYT KaTyLlK/U BCTpanBaeMoro KoJieCHoro
AaTtyvKka NokasblBaloT B3aUMOAENCTBME ee C KONEeCHoN nap0|7|.



NMONHbIA HABOP PELLEHWWA ONS
3D EM MOAENTMPOBAHUA

Bbicokuii ypoBeHb TexHonorun mogenmposanmsa CST 6bin AOCTUIHYT
nyTeM NOCTOSIHHOrO COBEPLUEHCTBOBaHNSA BbIYUCIMTENBbHBIX
Mogaynewn, obobLatoLmx B cebe onbIT MHOFONETHUX UCCreaoBaHUA B
06racTy TOUYHbIX U APDEKTUBHBIX BIMUCIIUTENBHBIX METOLOB.
Bbicokasi BOCTOBEPHOCTb pe3ynbTaToB paboThbl NakeTa NporpaMm
CST STUDIO SUITE nossonsieT nonb3oBaTensM co3aaBaTtb
BMpTYyaribHble MPOTOTUMbI, MOAENMPYIOLLME NOBEAEHUE pPearibHbIX
YCTPOWCTB, COXpaHsAsi TEM CaMbIM BpeEMS U CPeACcTBa Ha aTane
pa3paboTku.

CoBpemeHHas Bepcus naketa CST STUDIO SUITE skntovaet
crieqytoLme Moaynu:

* BblUMCIIMTENN OOLLEro Ha3Ha4YeHus! BO BPEMEHHOW M B YaCTOTHOWN
obnactsix gns MoaenmpoBaHNA HU3KOYaCTOTHbLIX U BbICOKOYACTOTHbLIX
3ajav;

* MOSIHOBOJTHOBbIV BbIYMUCIIMTENb C UCMNOSIb30BAHNMEM MHTErPanbHbIX
YPaBHEHUN;

¢ MoAdynb AnNA nony4veHusa COBCTBEHHbIX MO U aCUMMTOTUYECKUI
BblHUCIUTENDb;

» camocornacoBaHHbin Particle-In-Cell (PIC) anropuTwm;
* CTaTMYECKU 1 MyNbTUUINYECKUIA BBIMUCTINTEND;

* MHOXXEeCTBO AONOJIHUTENbHbIX cneunann3mpoBaHHbIX
BbIYUCNTUTENBHbIX Mo,qyneﬁ.

KombuHaumsa nepeuncrneHHbIx Moaynen obecneyunBatoT TOYHbIN U

MHOrorpaHHbIi NoOAXoA AN PELLEHNs LUIMPOKOTO Kpyra 3afau.
MogenupoBaHve MarHeTpoHa TpebyeT yyeta addeKToB,

CBSI3aHHbIX C BbICOKOYACTOTHBIMU U CTaTUYECKUMU B psige cnyyaes pelleHve 04HOM 3aaayun MOXeT ObITb peanv3oBaHo ¢
3MNEeKTPOMarHUTHBIMU NOMSIMU, a Takke 3dEKTOB AMHAMUKM UCMONb30BaHNEM Pa3HbIX BbIMUCIUTENBHBIX METOLOB.

3apshKeHHbIX YacTuu. Bce aTo MoXeT GbITb NpOMOAENMpPOBaHo B YHuBepcanbHbiii noaxon CST no3BonsieT BbINONHATL BepudmkaLmio
pamMKax O[JHOro NpoekTa B eA1HOl cpeae NPOeKTUPOBaHUS. MOMYYeHHbIX AaHHbIX NYTEM CPaBHEHWSI PE3YNbTaTOB

MOZENMPOBaHNS, NOMYYEeHHbIX C NUCMOMb30BaAHNEM Pa3NUYHbIX
BbluMCrMTENEN B eanHoi paboyelt cpege. MNogobHasi nepekpecTHas
npoBepkKa MOBbILIAET JOCTOBEPHOCTb NMOMYYEHHbIX Pe3yrbTaToB U
nomMoraeT MHXeHepaM BbISIBUTb OLLNOKM B ONUCaHWM NpPOeKTa unm B
npowecce U3MepeHui.

TOYHOCTb

CeHCOpHbIe 3KpaHbl TpaHcdopmaTopsbl 3apsigHble ycTporcTBa RFID meTku Mo6unbHble ycTpoiictBa  ®POTOHHbIE YCTPOWCTBA

CTaTun4yeckue nons

CST STUDIO SUITE BkntoyaeT BbIMUCIIUTENMN ANSA peLleHns 3adaq, NepeKpbiBaloLLMX BECb CMEKTP 3MEKTPOMarHUTHbIX U3NyYeHUN.



MOLLUHASA CPEOA NMOCTPOEHUA NPOEKTOB
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Hanuune peanunctuyHbix Mogenei MmaTepuanos U ANCKPETHbLIX
9NeMeHTOB JaeT BO3MOXHOCTb Ka4eCTBEHHO npomoaenuposats CBY
dunbTp Ha SMD anemeHTax.

[lns Ka4yecTBEHHOro MoaennpoBaHus TpebyeTcs NPOeKT C NPaBUMNbLHO
ONMNCaHHOM CTPYKTYpOMr. DTO O3HAYaET, YTO MOAErb A0IKHA
onucbiBaTb pearnbHble 06bEKTbI U y4UnTbIBaTb LWUMPOKUIA Habop
BO34EVCTBYIOLMX HA HUX SNEeKTPOMarHuTHbIx adpdektos. Maket CST
STUDIO SUITE Bknto4aeT MOLLHbIE CPeACTBa NOCTPOEHUS U MMNopTa
mogenen ns CAD cuctem, momoratoLme nonb3oBaTernto NocTponuTb
npaBuIbHbIX NPOEKT aHanu3vpyemoro ycTpoucTBa.

WmeeTcs psag AMCUMNIWH, HaNnpumep, MarHeTuaM unu PoToHuKa, rae
XapaKTePUCTUKMN 3NeKTPOMarHnTHbIX 3(PEKTOB ABNAOTCSA TONBbKO
pe3ynbTaToM B3aMMOAeNCTBUSA C UCNONb3yeMbIMU B YCTPOCTBE
HenuHevHbiMn maTtepuanamu. Maket CST STUDIO SUITE npepnaraet
LLUIMPOKMI Habop TUNOB MaTepuarnos, MO3BOMNSALLMA MOAENNPOBaThL
camble pa3HoobpasHble hranyeckme SBNeHNUs, Hanpumep,
NNa3MOHHbIN U POTOHHBIN 3P EKT, heppomMarHeTM3m, BTOPUYHYIO
3MEeKTPOHHYI0 3MUCCUIO, NPOrpeB BUOMNOrMYEecKMX TKaHeN.

CwmelLlaHHbIN aHanua anekTpuyeckux cxem n EM cTpykTyp Bo
BpeMeHHOVI obnacTtu nossonseT paccynTbiBaTbh 3N1IEKTPOMArHUTHbIE
nongd, BO3HMKawLWwme B pedynbrate B3aI/IMO,E|eI7ICTBVIF| C HEeINMHEeNHbIMN
3NieMeHTamMun cxembl, Hanpumep, amogamMmu Unu TpaH3NCTopamu.
LLinpokononocHasa npupoaa aHanvu3a BO BPpeMeHHON obnactu gaet
BO3MOXHOCTb y4€CTb Npu aHanunse LIJI/IpOKI/IVI Ha60p rapMoOHMNYeCKnx
COoCTaBNALWMX cCUrHana.

N3mepeHHble AaHHble, HanpyUMep, XapakTepUCTUKV Nons B BvbkHeN
30He N S-napameTpbl NONYNPOBOAHNKOBBLIX YCTPONCTB TOXE MOTYT
6bITb UMNopTHpoBaHbl B nakeT CST STUDIO SUITE. 31o no3sonset
VHTErpypoBaTh 3TV AaHHbIE B MPOEKT U YNyYLLNTb ONMcaHne
U3NYECKON CUCTEMBI.

Tunbl maTepuanos, ucnonb3dyembix B CST STUDIO SUITE:

m [InanekTpuku
m MeTannel ¢ notTepamun
m AHM3OTpOMMYecKne matepuarnsl
m MaTepuansl ¢ BpeMeHHOW 3aBUCUMOCTbIO
m MaTepuansl ¢ TemnepaTypHON 3aBUCUMOCTbIO
m Matepuansl ¢ rpagMeHTHbIMU CBONCTBaAMU
m [lncnepcuoHHble matepuansl
* Mopenb [pyaa (Drude)
* Mopenb [1e66u (Debye)
* Mogensb JlopeHua (Lorentz)
M SneKTpo- 1N MarHUTo- rmpockonuyeckme matepuarbl
m HenvHenHble maTepuansl
* HenuHeliHble MoZenn BTOPOro U TpeTbero nopsaka
* Mopenb Keppa (Kerr)
* Mopgenb PamaHa (Raman)
» HenvHeliHble MarHnTHbIE MaTepuansl
m Matepuansl ¢ NokpbITUEM
m Pagronornowatowmne matepuansl
m Matepuanbl U3 TOHKUX MAIOCKMX CNOEB
m MaTepuanbl ¢ NOBEPXHOCTHBIM UMMNEAaHCOM
m [TOBEPXHOCTU C BTOPUYHOW 3MUCCHEN INEKTPOHOB
* Mopenb ®ypmaHa (Furman)
* Mopenb Borana (Vaughan)

m Matepuansl ¢ HenMMHENHbIMU TemMnepaTypHbiMU
cBOWCTBaMU 1 6MOMaTepMaJ‘lbI

m OeppomarHeTukm
m [pacbeH



MYJNIbTUOU3UYECKUA AHANU3

3nekTpomMarHeTam TECHO CBsi3aH C APYrMMU (PU3NYECKUMM [nsa nogaepxku MynbTudusnyeckoro aHanusa naket CST
OucumnnvHamm, Hanpumep, MexaHUKoON n TepmoanHamMmukon. Bo STUDIO SUITE BkntoyaeT Habop MmaTepuarnoB C HENMHENHbIMA U
MHOFUX Cryyasx anekTpuyeckme U MarHUTHble adpekTbl TemnepaTypHO-3aBUCMMbIMU CBOMCTBaMU. [Ans Takux
HeoTAenMbl OT TEMMOBLIX UMM MeXaHUYeckmx aHEKTOB, BMOMOrMYECKUX NPUIIOXKEHUIA, KAaK MarHUTHO-PE30HaHCHas
Hanpumep, Bo3OencTBne curHana GonbLIoN MOLHOCTU Ha punbTp ToMOrpadusi U BbICOKOYACTOTHasA AnaTepMus, yHUKanbHble
BbI3bIBAET €ro HarpeB, a CBA3aHHble C 3TUM MexaHu4eckue CBOWICTBA TKaHel 4enoBeY4ecKkoro Tena, Hanpumep, oxnaxaeHue
nedopmaummn KOHCTPYKLMMW Bbi3bIBaOT M3MEHEHWE YaCTOTHbIX NMOTOKOM KPOBWU, KOTOPOE M3MEHSIETCS B 3aBUCUMOCTU OT
XapaKkTepuCTuK unbTpa. TemnepaTypbl Tena, MOryT OKa3blBaTb CYLLECTBEHHbIV apdeKT Ha

TemMmnepaTtypbl onpeaeneHHon TO4KK BHYTpU Tena. Tennosble
BbIYMCIIUTENM BKIOYaOT B cebsi buo-tennosbie YpaBHeHUA,
Jaruine BO3MOXKHOCTb pearmMcTu4HoO MoaeninpoBaTtb yCTpOVICTBa
BHYTPW 4YerioBeveckoro tena.

[na aHanusa Takux CroXHbIX B3aumoaencTeuin B nakete CST
STUDIO SUITE umetoTcs BblYMCMTENW CTALMOHaPHBIX U
nepexoHbIX TENMOBbLIX NPOLECCOB, BLIMUCNINTEND NepeHoca Tenna
(CHT), a Takke MexaHu4eckuii BbluncnuTens. Bee atu

MynbTUdU3NYECKMe MOAaynu TECHO UHTerpupoBaHsl ¢ EM n PCB [ononHuTenbHble BO3MOXHOCTN MynbTUU3N4ECKOro
BbIYMCINTENSAMU, U MOAENMPOBAHME C UX MOMOLLIbIO MOXET ObITb MOAENMpPoBaHNS MOryT BbITb peannaoBaHbl NOCPeACTBOM
aBTOMaTUYECKN MHULIMMPOBAHO C UCMOMNb30BaHMEM TEXHOMOrm B3aumogdewcTusa ¢ naketom SIMULIA (cm. cTp. 16).

SAM (cm. ctp. 21). Bnarogaps TexHonornum SAM, paccumTtaHHoe
pacnpeperneHue TemnepaTypbl 1 gedopmaumm MoryT 6bITb
nepefaHbl 06paTHo B EM BbluMcnnTens ANs BbINONHEHWS aHanusa
YyBCTBUTENBHOCTU NN aHann3a cxogMmMmocCTn AnA pacyeTta
CTauMOHapHOro pexuma paboTel yCTPOMCTBA C YHETOM BNUSHUSA
TennoBor obpaTHON CBA3N.
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Mpumep MoaenupoBaHUst ANEKTPUYECKOro Noss BHYTPY Mpumep MoaenupoBaHusi oxnaxaatoLero BO3AyLIHOro NoToka
MVKPOBOIHOBOW NeYn (3KpaH Ha ABepLie U HaPYXKHbIV Kopnyc He BOKPYF MevyaTHOM NnaThbl U UTOrOBOrO pacnpeaeneHns TeMnepaTyp
rokasaHbl) ¥ CBA3@HHOTO C HUM NporpeBa obbekTa. B CTALVOHApHOM pexume.



TOYHAA OUCKPETU3ALIUA CTPYKTYPbI

[na mopenupoBaHus 3Ton pednekTopHOM aHTEHHbI MOTYT
1Cnonb3oBaTbCA pasnuyHble MeToAbl ANCKPeTU3aLmm
npocTpaHcTBa: A5 NPAMOYrofnbHbIX U TeTpasapanbHbIX
(KPMBONMHENHBIX) S4eekK, AN rMOPUAHBIX KPUBONTMHEWHBIX
MOBEPXHOCTHbLIX 4EeK, a TakkKe OpuUriHanbHas TeXHonorus
CST ngeanbHow annpokCcUMaLmmn rpaHnYHbIX YCroBUiA
(Perfect Boundary Approximation, PBA).

[ns NpUMeHeHNs K CTPYKTYpe YNCMEHHOro MOAENMpPoBaHns TpebyeTcs BbIMOMHUTL
NPOCTPaHCTBEHHYIO AMCKpeTusaLmio nccnegyemon moaenu. [lobasneHve 4ononHu-
TenbHbIX AYeeK yBenuimBaeT TpeboBaHMs K BbIMMCIUTENBHLIM pecypcam. JTo
03HayaeT, 4To Hambonee NonesHbIM 6yAeT anropuT™M, MakCUManbHO TOYHO
onucbiBaloLLMM opMy 06BEKTOB C NPUMEHEHUEM MUHUMANbLHOTO KONMNYECTBa Sveek.
Maket CST STUDIO SUITE BkntoyaeT cpeacTsa NOCTPOEHUS NPSIMOYTOfbHbIX,
TeTpasapanbHbIX U MOBEPXHOCTHBIX CETOK, KOTOPbIE MO-Pa3HOMY NOAXOANAT ANS
MOAENUPOBaHNS PasnnYHbIX CUTYaLUNA.

[Ins NOBbILLEHWSI TOYHOCTU NPSIMOYTONbHOrO pa3bueHns 6e3 pe3koro yBenuyeHus
TpeboBaHuii Kk BbiuncnmTenbHblM pecypcam naket CST STUDIO SUITE ucnonbayet B
CBOEM BbluMCnUTENE BO BPEMEHHOW 06nacTu OpuUriHasnbHylo TEXHOMOTUo
annpokcMmMauum ans naeanbHbIX rpaHnyHbIX yenosuin (Perfect Boundary Approximation,
PBA) npumeHnTENbHO K AOCTaTOYHO 06LeMy meToay KOHeYHbIx nHTerpanos (FIT).
TexHonorusa PBA coxpaHsieT CKOPOCTb BbIYUCIEHWUI HA YPOBHE MPUBbLIYHOIO BCEM
NpsSIMOYTonbHOro pasbueHus, Ho ANst KPMBONMUHENHBIX OGBEKTOB NO3BONSAET n3bexaTtb
U3NULLHEro n3MenbyeHust ceTku Ans 6onee TOYHOro onucaHuns opMel.

Mpwn TeTpasgpanbHOM pa3bueHnn 4oNoNHUTENbHbIE MPenMyLLEecTBa Npu
MOAENUPOBaHNM HU3KOYACTOTHBIX U BbICOKOYACTOTHBIX CTPYKTYP MOTYT BbITb MOMy4eHb!
6naroaaps UCNonNb30BaHUIO KPUBOMUHENHBIX S4eek. Kpome Toro, B BbluMCnUTENE B
YacTOTHOW 06nacTy peanu3oBaH OpPUrMHasbHbIA anropuTM ONTUMU3aLIMK CETKY,
nony4usLLni Ha3BaHne True Geometry Adaptation. OH npoekTupyeT "ounLLEeHHY" ceTKy
0o6paTHO Ha OpUrMHarnbHY0 MOAenb, CrIaXnBas UCXOAHYHO CETKY C rpaHAMM, YeM
obecneynBaeT 6onee BbICOKYIO TOYHOCTb MOAENNPOBaHUS.
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CKOPOCTb

Mopenuposanune 3oHbl nokpeiTua Wi-Fi mogema.
OnekTpuyeckoe none Ha YactoTe 2.45 [Ty BHYTpy aBTOOyCca MOAENMpoBarnoch C MCMOMb30BaHWEM BblYMCIIMTENSA BO BPEMEHHON 06pacTu.

MepeyeHb AOCTYNHbIX BbIYUCITUTENbHbLIX TexXHOmNorun

Bbicokue 4acToTbl

Huskue yactoTthl

EDA

AvnHamuka yacTuy

MynbTudmsmka

EMC

m Bbiuncnutens Bo BpemeHHou obnactu (Transient Solver) — obume 3agaun
m Bbiuncnutens B YactoTHow obnactu (Frequency Domain Solver) — o6wme 3agauu

m Beluncnutens ¢ ncnonb3oBaHnem vHTerpanbHbiX ypaBHeHun (Integral Equation Solver) — anektpuyeckn
6onbLune cTpykTypbl, RCS

m AcvmnToTuyeckuit Belumcnutenbs (Asymptotic Solver) — anektpuyecku 6onbluve cTpykTypbl, RCS
m Beluncnutens pesoHaHcHbix Mo (Eigenmode Solver) — o6beMHbIN pe3oHaHe
m Moaynb cuHTesa dunbTpos (Filter Designer 2D) — cuHTe3 1 aHanua CBY cdwunbTpos

m Mogynb cuHTesa dunbtpos (Filter Designer 3D) — cuHTe3 1 aHanma CBY dunbTpoB co cBA3aHHbIMY
06beMHbIMK pe3oHaTopamu

m OnekTpocTaTuyeckuii n MarHuTocTaTudeckuii Beluncnutenu (Electrostatic / Magnetostatic Solver) —
cTaTuyeckve 3agaym

m BbluncnuTens cTauuoHapHbIx TokoB (Stationary Current Solver) — aHanua nocTosiHHbIX TOKOB

CKOPOCTb

m Bbiuncnutens Bo BpemeHHon o6nactu (Transient Solver) — 3agaun ¢ HenWHERHBIMKU MaTepuanamm
m Bbluncnutens B yactoTHol obnactu (Frequency Domain Solver) — BuUxpeBble TOKW, TOKU CMELLEHUS]
m Mopynb aHanu3sa cuctem (System Simulator) — pacyeT uHTepdepeHLMmn rpynmnbl UICTOYHUKOB

m Bbluncnutens ¢ ncnonb3oBaHnem YacTUYHbIX akBUBaneHTHbIX cxem (PEEC Solver) — ogHocnoiHble nnathbl
m Beluncnutens ¢ ncnonb3oBaHnem maTpuubl nuHWA nepegay (TLM Solver) — uenocTHoCTb curHanos

m TpexmepHbIi BEIMUCIMTENb METOLOM KOHEYHbIX 3M1IEMEHTOB B YacToTHow obnactu (3D FEFD Solver) —
LienoCTHOCTb Lienen NUTaHus

m NpoBepka npasun npoektupoBaHus (EMC n S| Rule Check) — npoBepku orpaHuyenuin EMC un Sl Ha nnaTtax

m Beluncnutens TpekuHra yactuy, (Tracking Solver) — HU3KOYaCTOTHbIE YCTPOWCTBA, SMEKTPOHHbIE MYLLUKN

m Beiuncnutens Particle In Cell (PIC Solver) — Bbicoko4acToTHble npunoxexus, CBY yctpoiictea

m Beluncnutens kunbBatepHbix nonen (Wakefield Solver) — yckopuTenbHas TexHuka

m CTaumnoHapHbIN 1 nepexoaHbln Tennosble BelucnuTenu (Thermal Solver) — anekTpoMarHUTHbIM Harpes,
6uozagaun

m MexaHnyeckun BeiumucnuTens (Structural Mechanics Solver) — TennoBoe paclunpexve, gedopmauum

m Bbiuncnurens ¢ ncnonb3oBaHvem matpuubl nuHun nepegad (TLM Solver)

m Boiuncnutens kabeneit (CST CABLE STUDIO) — kabenb 1 kabenbHble XryTbl

m Moaynb aHanusa nomex (Interference Task) — BbICOKOYACTOTHbIE MOMEXU

m [poBepka npasun npoektupoaHus (EMC Rule Check) — npoBepku orpaHuyeHnii EMC Ha nnatax
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NPABWIIbHbLIA BbIEOP BLIYUCIIUTENA

"bnazodaps npodykmy CST STUDIO SUITE u e20 803MOXXHOCMAM
8bICOKOMPOU3800UMEIbHbIX 8bIYUCIEHUL Mbl CMO2/1U CMOJernuposamsb
pabomy RF KoMMyHUKayUuOHHO20 060pydo8aHUs KOCMUYECKO20
annapama u cghopmuposams 05151 He20 060CHO8aHHbIE MpebosaHusi Mo

anekmpomazHUmMHoul coemecmumocmu.”

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

MpuMep ModenMpoBaHUs pasmeLleHnst aHTEHH Ha
cnyTHuke BepiColmobo Mercury Planetary Orbiter.
CnaboHanpaBneHHble aHTEHHbI NPEACTaBMEHbI B
BUAE UCTOYHMKOB MONS.

MopgenupoBaHue xapakTepucTuk crnaboHanpaBneHHoW aHTeHHbI ¢ nomoLlbio MLFMM BbluMcnnTens HA OCHOBE MHTErpanbHbIX YPaBHEHWUN.
XopoLuo 3amMmeTHa 06nacTb TEHM OT PacroSIOKEHHOW PSAOM HanpaBreHHON aHTEHHBI.

KayecTtBO pe3ynbTaToB M CKOPOCTb MOAENUPOBAHNS CYLLIECTBEHHO
3aBUCUT OT BblIbOpa BbIMMCIIUTENBHOIO MOAYNSA. BeluncnuTens, KOTOpbI
XxopoLuo paboTaeT ¢ o AHUM TUNOM MOAENEeN, MoXeT NnokasblBaTb
nnoxue pe3ynbTaTtbl Ha APYrMxX Modensx. ATo oAHa U3 NPUYMH, MOYeMy
naket CST STUDIO SUITE BkntoyaeT B ce6s1 LUMPOKMIN HAbop pasHbIx
BbluncnuTenei. bnarogapsi aTomy, Bcerga MoxeT GbITb HaigeH
MHCTPYMEHT Haumyywnm o6pasom noaxoasaLnii Ans NpunoxeHun
OY€eHb LLUMPOKOro YacTOTHOro AnanasoHa (OT NOCTOSIHHbIX Nonew Ans
ONTUYECKOro AnanasoHa) v CUMbHO OTNMYaIOLLMXCSA pa3mepos (OT
HaHo4acTuL, A0 dneKTpuyeckyn 6onbLIMX OOBEKTOB).

Hanpumep, BbluMCUTENb C UCNOMNBb30BaHWEM UHTErpPanbHbIX
YPaBHEHWI 1 aCUMMNTOTUYECKUIA BbIMUCIIUTENb MAEanbHO NOAXOAAT ANS
peLleHns Taknx 3aaad, Kak pasmeLLleHne aHTeHH, OLeHKN adpdeKTnBHOM
nnowaamn otpaxeHns obbvekta (RCS), rae anekTpuyeckne pasmepsbl
CTPYKTYPbl MOTYT HAaCUUTbIBaTb COTHW UMW ThICSAYN ANUH BOSH.

ManeHbkre pe3oHaHCHbIE CTPYKTYPbl MOTYT MOAENUPOBATHLCS
6onee 3heKTUBHO C MOMOLLbI BbIYMCIIUTENS COOCTBEHHBLIX MO,
WK BbIYUCIIUTENSI B YaCTOTHOWM 06GnacTu, KoTopble pa3paboTaHbl
cneuunanbHO aHanusa Takux YCTPOWCTB, Kak punbTpbl unm
yCKOpPSIOLLME pe30oHaTopbI.

MHorve mogenupyemMble KOHCTPYKLMW MOFYT COCTOSITh U3
OTAEeNbHbIX KOMMNOHEHTOB, KAYECTBEHHOE MOZENMPOBaHNE KOTOPbIX
MOXeT BblTb CAEMAHO TOMbKO pa3HbIMKM MeToAamu. [nsi Takmx
cryyaeB peanvaoBaHa TEXHOMOMMSI MOAENVPOBaHUS COCTaBHbIX
npoekTtoB (System Assembly and Modeling, SAM), koTopas
no3BonsieT pas3buTb GOnbLLY CTPYKTYPY Ha Menkue 06bekTbl,
npoMoAenMpoBaTh Ux Hambornee NOAXOAALMM BblUUCIIUTENEM, a
NoToM 06beAUHUTL MOSYyYEHHbIE AaHHbIE U MOMNYYUTh NOSHbIE
XapaKTepuCTMKM BCEro ycTporcTea (cMm. cTp. 21).



BbICOKOMPOU3BOAOUTEJIbHBIE U OBJIAYHBIE BbIYUCIIEHUA

“Bo3mMOxXHOCMb e2paghudecKo20 YCKOPEeHUs no3eosiuna Ham
pewums psid CHOXHbIX 3adad, HEBbIMOTHUMbIX paHee.”

Matt Fuller, Selex ES

KomnaHnua CST npegnaraet nonb3oBaTensam pasnuyHbie
METOAb! YCKOPEHUS BbIYMCIEHUIA: UCMONb30BaHUe
MHOFOMPOLLECCOPHbIX NNaTdopM, NoaaepKy rpadpuyecknx
ycKopuTeneii, knacTepHble 1 pacnpefeneHHble BblYUCTIEHUSs.
OTU TEXHOMOMMMU MNO3BONSIOT NMOBLICUTE BO3MOXHOCTU pabouyer
CTaHUuW Unu pasaenuTb MOAENUPYeEMYIO 3afady cpeau y3nos
pacyeTHoro Knactepa. Vcnonb3oBaHue MeETOA0B
BbICOKONPOM3BOANTENbHbIX BLIYMCIEHUI AOCTYMHO NPaKTUYeCcKn
Ons kaxkgoro Tuna 3agadv u nobon koHdurypavumm
060pynoBaHus: OT HE3aBUCUMbIX PaboYnX CTaHUMIA [0 CIOXHbBIX
NPOMBbILLSIEHHBIX KNacTEPOB.

YT06bI NPEeAOCTaBUTL NOML30BAaTENSAM MaKCUManbHO NPOCTON 1
3ahheKTVBHBIV CNocob Ucnonb3oBaHNA 3TUX METOA0B, KOMMAaHUA
CST paspaboTtana cneumanbHyo CXxemy NULEeH3NpoBaHns onuui
akcenepauun. C e€ NoOMOLLbIO UHXEHEPbI NONy4unm
BO3MOXHOCTb KOMOUHMPOBAaTL pa3Hble Ccrocobbl
BbICOKONPOW3BOANTENbHBIX BbIYMCMEHNI, COBMELLAs 1
HacTpaunBas HeobXxoAMMble METOAVKN YCKOPEHWS.

[nst HeGOMbLUMX KOMMAHWIA, HO C NOTPEBHOCTHLIO B
06paboTku KpynHbIx 3aaad, naket CST STUDIO SUITE
npeanaraeT UCnosib3oBaHWe yaaneHHoN TEXHONorum
BbluncneHus. C eé nomollbio Mofenb nepesaeTcs no
3alLMLLEHHOMY NPOTOKOIY NpoBaiaepy
BbICOKOMPOW3BOANTENBHOIO CepBepa U BbIYUCIIEHUS
BbINOMHSIOTCS HA €ro annapaTHOM KoMmnnekce. 1o
03HayvaeT, 4YTO Monb3oBaTenu, NepUoANYEcKu

cTankuearowmecs ¢ notpebHocTbo B 0bpaboTke /
CMOXHbIX 3afa4, MOryT VX BbINOMHUTL 6e3 /
HeobxoaumMocTu NpuobpeTeHnst n o6Cnyx1BaHUs |
KPYMHBIX BbIYNCIIMTESbHBIX KNacTepoB.
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Maket CST STUDIO SUITE nopgaepxuBaet
KOMOMHAaLMM MEeTO0B BbICOKONPOU3BOANTENbBHBLIX
BblYMCIeHniA. Bce oHM MoryT BbITe peanu3oBaHbl kak
Ha nokanbHoW annapaTHou nnaThopme, Tak 1 B
obnake. OTAenbHbIE BbIYMCIINTENN NOAAEPKUBAIOT
OrpaHNYeHHbIN KNacc TEXHOMOMNI YCKOPEHWS.

Mockornbky NOCTPOEHME BbICOKONPOU3BOAUTENBHbBIX annapaTHbIX
KOMMMEKCoB TpebyeT 3HauMTeNbHbIX MaTepuarnbHbIX 3aTpart,
npeacTaBUTENSM 3aKasvuka, 3aHUMaLWMMCS 3aKyrnkaMu u
0BHOBMNEHNEM BbIMUCIIUTESNBHBLIX CUCTEM, PEKOMEHAYETCS
cBsi3aTbCA co cneymnanuctammn mpmbl CST gnsa cornacoBaHus
KOHdUrypauum, Haunyywimm obpasom nogxoasiuen ans
peLleHust KnneHTckux 3agad. Takke mpma CST BegeT
COBMECTHYI0 paboTy C LieHTpamu TeECTUPOBAaHWUS annapaTHoOro
obecneyeHuns, rapaHTUpys TeM caMbIM, YTO NogobpaHHas
KoHdUrypauusi obopynosaHus Hanbonee aHEKTUBHO
nogonget ansa pabotel naketa CST STUDIO SUITE.

- O6nako ~

PacnpepneneHHble
BblYUCIeHusa

KnactepHble
BblYUCIeHnsA

Ucnonb3oBaHue
rpacpuyeckumx
yckopuTenewn

MHoronpoueccopHble
BblYUCIIeHUA
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ABTOMATUYECKASA ONTUMUSALIUA

MukpononockoBasi pa3npoBaHHas aHTeHHas
pelleTka, HaCTpoeHHasi B AuanasoHe 4acToT ‘
WLAN: go ontumm3auuu (crnesa), nocne .
onTuMM3auuu (cnpasa). % g

CKOPOCTb

12

Ha xapakTepucTtvkm gaxe camoro npocToro yCTponcTaa MoxeT
okasaTb BMUSHWE LUMPOKMIA AnanasoH napameTpoB. OnTummaaums
aBTOMaTM3MpyeT NPOLECC HAaCTPOWKN HEOBXOANMbIX NepPeMEHHbIX
C Liefblo NOMyYeHns 3HaYeHW, yA0BNEeTBOPSIOLLNX
yCTaHoBMNeEHHbIM TpeboBaHWsAM. BCTpoeHHbIe onTuMmusaTopsl BO
Bcex moaynsax CST STUDIO SUITE npumeHUMBbI AN HACTPOWKK
ntoboro napameTpa, BkIOYas reomeTpuyeckne pasmepsbl
mMofenu, CBOMCTBa MaTepumarnos, a Takke hopMmy curHana
BO30OYyXaeHUS.

B nakete CST STUDIO SUITE gocTynHbl rnobanbHble u
riokarnbHble ONTUMU3aTopbI. JlokanbHbIE TEXHUKU BbIMOSHSOT
NMOMWCK PEeLLEHMIN B OKPECTHOCTM HaYasrlbHOrO 3HaAYeHUs
napameTpa, N03TOMY UX PeKOMeHAYeTCS NPUMEHSITb ANs
Mogaenen, 6nm3knux K onTumanbHbIM. nobanbHble MeToanKn
paboTaloT B NOMHOM Avana3oHe napaMeTpoB, BBMAY YEro OHU
OKaXyTCsl ropasfo NpakTUYHEee NokanbHbIX ONTUMU3aTOPOB B
cny4vae rpy6o HacTPOEHHbIX MOAENEN UMW CIIOXKHbBIX CTPYKTYP.

[MpenBapuTenbHbBIN aHanu3 YyBCTBUTENbHOCTY (sensitivity
analysis) no3sonuT 3ameTHO ynyywnTb paboTy Trust Region
Framework ontumunsaTtopa CST. YkazaHHas TeXHWKa BbINOMHAET
BLICTPYIO OLIEHKY BMMSHNSA Ha pabo4ne XxapakTepucTuku
HebonbLIMX M3MEHEHWIn NapamMeTPOB MOAENM, NPeAOCTaBnsAsA
BaXHble HavarnbHble ycrosus Ans paboTbl onTummaatopa. AHanus
YyBCTBUTENMBHOCTU TaKXe NMO3BOMUT OLIEHWUTb BCEro 3a OANH
BbIYNCINTENbHBIV LMK BAMSHWE AOMNYCKOB U3rOTOBIIEHNS Ha
n3mMeHeHne pabounx xapakTepUCTUK CTPYKTYPbI.

Mpumep ontummnzauumn unbTpa. Ha rpacduke
nokasaHbl XapakTepucTukn 4o (KpacHasi) 1 nocne
(cvHsIA) oNTUMK3aLMK METOAOM JOBEPUTENbHbBIX

-6

OnTumusartopsl, gocTtynHble B CST STUDIO SUITE:
JlokanbHble

m MeTtop pnoseputenbHbix obnacten (Trust Region Framework)

m CumnnekcHbi meTog Hengepa-Muaa (Nelder-Mead Simplex
Algorithm)

m VIHTepnonsLUMOHHBI KBa3uHbIOTOHOBCKMIA MeTop, (Interpolated
Quasi-Newton)

m Knaccuueckuin metog Mayanna (Classic Powell)
Fmob6anbHbIe

m [eHeTnyeckun anroputm (Genetic Algorithm)

m Anroputm pos yactuy, (Particle Swarm)

m DBOMIOLMOHHAsA cTpaTers ¢ aganTtauuein maTpuLbl kosapuauuii
(CMA-ES)

S-parameters [Magnitude in dB]

0
1940 1960 1980 2000 2020 2040 2060
Frequency / MHz
e Optimized === Initial

obnacten (Trust Region Framework). @




APY>XXECTBEHHbIN NONb30BATEJIbCKUA UHTEP®ENC

NMPAKTUYHOCTb

Croma acten

BHeLlwHui B nonb3oBaTenbCckoro nHTepderica npyu MoaenmpoBaHMmn 3agaym rpo3o3alntbl CTapToOBOM NMOLWAAKM KOCMOAPOMA.

Mpu Takom 0BLIMPHOM HaBope UHCTPYMEHTOB, KOTOPLIN ceitvac
poctyneH B nakete CST STUDIO SUITE, o4eHb BaxHO, Y4TOObI
HY>XHbI MHCTPYMEHT ObIn MoA PyKOW B HYXHbIN MOMEHT. [Ans
obneryeHus paboTbl NONb3oBaTENS B NakeTe peann3oBaH
MexaHU3M HaCTPOMKUN cpeabl MPOEKTVPOBaHWNSA NOA KOHKPETHbIe
HYX[bl Ha onpeaeneHHoM aTane paboTsl, 6yAb TO NOCTPOEHWE
CTPYKTYpbl, MOAENMPOBaHMe 1nu obpaboTka pesynbTaTos.

paduyecknn nHTepdenc Ha oCHOBE ANMHAMUYECKN
06HOBNAEMbIX NaHenemn No3BonsAeT rpynnmpoBaTb MYHKLUN 1
pasgernbl MEHIO B 3aBMCMMOCTU OT MX MecTa B npoLiecce
MoZenupoBaHusi. 3To AaeT BO3MOXHOCTb npeanaratb
Nnonb30BaTento TOMbKO Te AEeWCTBUS, KOTOPble AOCTYMHbI ANS
[aHHOW YacTu NpoeKTa Ha onpeAeneHHoM aTane paboThbl.
[ononHWTenbHblE KOHTEKCTHBIE NaHenu NOSIBNSTCA NPy

BbINOMHEHWUW crieunduIeckmx 3agad, HanpumMep, Npu HacTporike

ceTku pasbreHns unm NpocMoTpe pe3ynbTaToB aHanmaa.
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CraHaapTHbIN NOAX0A K OpraHvM3auuy LyKna NpoeKTMpoBaHust
npeanonaraeT, YTO MHXEHep caM BbIOGUPaeT Hy>XHble MOAYNn
nporpaMMHoro obecrnevyeHuns 1 BbINOMHSET B HUX HeobxoanMble
HacTpolikn. B nakete CST STUDIO SUITE peanv3oBaH
cneumanbHbIi TOMOLLHUK CO3AaHWSA NPOoeKTa, NPU3BaHHbIN
CYLLECTBEHHO YNPOCTUTb HACTPOMKY U KOHDUrypaLmio
MOZEnNMpoBaHus.

Mactep KOHCbVIpraLI,MVI No3BONAET JIerko HaCTpoUTb CUCTEMY
eanHul, N3MepeHus, rpaHU4YHble YCrioBUA 1 aBTOMaTUYECKU
Bbl6paTb Hanbonee nogxoaAwmn aAns peLUeHnsa KOHKPeTHOW 3afauun
BbIYNCIIUTENbHbIV Moaynb. OnbITHBIV NonNb3oBaTeNb MOXET
COXpaHUTb OAHaXxAbl cAenaHHble HaCTPOVIKI/I BHYTPU NOMOLLHMKa
Ana NOBTOPHOro Ucnosib3oBaHUA npu pewueHnn nogo6Horo poaa
3ajad.

13
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MHTEIMPALNA MNOTOKOB NMPOEKTUPOBAHUA

LLnpokuit Habop Moaynei umnopTa/akcnopTa obecneunBaeT kayecTBeHHbI 0GMeH
AaHHbIMUY ¢ pasnuuHbiMu CAD cucTemMamu, NpuydeM MMNOPTUPOBaHHbIE CTPYKTYPbI
MOryT 6bITb MOAMMULMPOBAHbI, NapaMeTPU30BaHbI U ONTUMU3MPOBaHbLI Ha dTanax

MoppepxuBaembie popmaThbl:

CAD

npoektupoBaHus. Mogenu, paspaboTtaHHble B cuctemax SOLIDWORKS n PTC Creo a ACIS SAT
(Pro/E) nmnopTupyloTCS B MOMHOCTbLIO NapameTpusoBaHHOM dopmare, 4To
CYLLECTBEHHO MOBbILLAET YPOBEHb MHTErpaLmMmn NpoLEeccoB NPOEKTUPOBAHUS. = STEP

o m STL
Bo3mMoXHOCTb MMNopTa 1 aKkcnopTa CTPYKTYpUpOBaHHOW MHpopMaLmMm ABnseTcs
dyHOaMeHTanbLHON OCHOBOW B3auMOAENCTBMSA NOTOKOB NPOEKTUPOBaHus. imnopt = OBJ

Tononoruii ns EDA cuctem, B cuny ocobeHHOCTeln NpeAcTaBneHns AaHHbIX B HUX,
NPUBOAMT K MOSIBMIEHMIO B CTPYKTYpPE MHOXECTBA rpaHel 1 3a30poB Maroro pasmepa,
CUINbHO YCNOXHALWMX 3aaady mogenuposaHus. MNaket CST STUDIO SUITE sknioyaet
CMNOXHYIO MHTEMMEKTyanbHyl0 Npoueaypy YMCTKM U aBTOMATUYECKOrO BOCCTAHOBMNEHNSI
MMMOPTUPYEMOW CTPYKTYpPbIl, KOTOpasi B KOMOMHALMK C MOLLHOW CUCTEMOW NOCTPOEHUSI
ceTku pa3bueHus obecneumBaeT apPeKTUBHOE MOAENMPOBaHNE AaXe NpU U3HaYanbHO
nospexaeHHbIX CAD gaHHbIX.

[nsa peanusauunn psga cneumnanbHbiX PYHKUUIA, CBA3AHHBIX C NPOEKTUPOBaHNEM
nHTerpanbHbix cxem CST npegnaraet mogyne CST Chip Interface. OH nossonsiet
MMMOPTUPOBATh ABYMEPHOE NMOCMOVHOE OnncaHne, 3MynmnpoBaTh TEXHOMOrMYECKUIA

npouecc N3roToBfieHNA TONOJSIOrMK U Ha BbIXOAe Nnony4atb peariMCTUYHY0 TpeEXMEPHYHO
CTPYKTYPY MUKPOCXEMbI.

= NASTRAN (TBepaoTenbHbIn 1
MELLVHT)

m IGES

m PTC/Creo™ (Pro/E)

m Autodesk Inventor®

um CATIA® v4-v6

m SolidWorks and Solid Edge
m Parasolid

m Siemens NX™

m Biological voxel data

EDA

m ODB++

m |IPC-2581

m Zuken CR-5000/8000

u GDSII

m SPICE

m Touchstone

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® HSPICE, Saber

m Sonnet®

m Harness Description List

m Cadence Virtuoso®

MeTtannuyeckoe waccu n nnarta ynpasneHus npuHTepa, umnoptmposaHHas B CST
STUDIO SUITE gns BbINOSHEHWA aHanns3a 3nekTpoMarHMTHON COBMECTUMOCTH.
Bnaropapst atomy, ntkeHepbl Fuji Xerox cmornu BbisiBUTb BO3MOXHblE Npobnembl
EMC po nsrotoneHus npororuna.

m Si2 OpenAccess

14



MHTEMPALNA MNOTOKOB NMPOEKTUPOBAHUA

Komnanus CST cTporo criegyeT npaBuny npegnarate CBOUM B psige cnyyaeB nonb3oBaTtento MoryT notpeboBarbes

KINMeHTaM TOnbKo Nydline pelueHunsi. Bmecto Toro 4tobbl cneuvanusnpoBaHHble NpoayKThl, Hanpumep, Antenna Magus ans
npeanaraTb NOMb30BaTENsIM yHUBEPCaribHble NPorpamMmebl CUHTEe3a aHTeHH, Optenni Lab ana ontummsauum uenein

peLueHus cambix pa3HoobpasHbIX 3aaay, KOMNaHust cornacoBaHusi, SPARK3D ansa mogenupoaHus BY npobos n
cdokycrpoBanack Ha pa3paboTke creuuanvM3npoBaHHOro naketa FEST3D anst MmogenupoBaHust BONTHOBOAHBIX KOHCTPYKLMIA. Bece aTn
ansa 3D EM mogenvpoBaHus n obecneynna npocTon v NOHATHBIN npoayKTbl UMEIOT NpsiMon nHTepdenc ¢ naketom CST STUDIO
MEeXaH13M CBA3M C NyYLMK B CBOEM KIlacce nporpaMmmamMu SUITE u pacnpoctpaHstoTcsa yepes anctpubbiotopo CST.

ApYrux npovasoauTenen, cneLmanusaupoBaHHbIMU KaXabli B
cBoel obnactu.

CreumnanbHble nHTepdencel obmeHa gaHHeiMK ¢ apyrumu EDA
cucTeMamm npefHasHayeHbl ANa pelleHns 3agad aHanusa
LLenoCTHOCTH curHanos, cMelaHHoro EM 1 cxemoTexHuueckoro
mMogenupoBaHus. CrneumanbHbIN S3blKk MakpokomMaHna Ha 6ase
TexHonorui VBA n OLE nossonsieT Hanpsimyto o6MeHMBaTbCst
AaHHBIMU MeXAy pasfnMyHbLIMU NporpamMmMamMu, Hanpumep,
MATLAB® nnu MS Excel®. Maket CST STUDIO SUITE Takke
yMeeT BbINOSHATbL 3KCTPaKLMIO CNvcKa coeanHeHuii B oopmaTte
HSPICE, koTopblii aBTOMaTM4eCKN NepegaeTcs B nakeT Synopsis
HSPICE ans nocnegytowero MoaenmpoBaHns KOHCTPYKLIMIA Ynn-
Kopnyc-nnata ¢ y4eToM napasunTHbIx 3ddeKToB B kKaHanax
nepeayn CUrHasnos..

o0

AntennaMagus

Explare. Design, Deliver
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[Mprmep nHTerpauum pasnuyHbIX NporpaMm Ans NpoeKTMPOBaHWA CMapT-npoekTopa (cnesa BHK3Y). Mporpamma Antenna Magus

ncnonb3osanack Ans pa3paboTkn aHTEHHbI (CrneBa BBepXY), Aanee ¢ nomoLlsio nporpammel Optenni Lab 6binu nonyyeHb! Lenm

cornacoBaHus aHTeHHbI (cnpaBa BBepxy) 1 3aTem B nakete CST STUDIO SUITE 6bino BbINOMIHEHO MOAENVPOBaHNE XapakTepucTuk 15
YCTPOWCTBA C y4ETOM KOHCTPYKLIMM 1 pa3meLleHns (cnpasa BHU3Y).



COBMECTHOE NPOEKTUPOBAHUE MEXAHUKU N SNTEKTPOHUKUN

C okTabpst 2016 nporpammHoe obecneyeHne CST cTano yacTbio
o6wumpHoro cemenctea npoayktoB SIMULIA komnaHun Dassault
Systémes, kOTOpOe BKIOYAET pasnmyHble MHCTPYMEHTbI ANs
MOZENMPOBaHNS Ha PasnUYHbIX 3Tanax NPOeKTUPOBaHNS 1
npoussoAcTBa. NpoeKkT cMapT-4acoB HarnsAHO AeMOHCTpUpyeT
npeunMylLLecTBa, KOTopble JaeT COBMECTHOE NPOEeKTUPOBaHUE Npu
pa3paboTke COBPEMEHHOIO 3M1EKTPOHHOrO 060pPYAOBaHMS, a Takke

Kak, kombuHunpys CST STUDIO SUITE ¢ apyrumu MHCTPYMeHTamu,
MO>XHO MOBBICUTb CKOPOCTb NPOEKTUPOBAHUS U CHU3WUTL 3aTpaThl Ha
TeCTMpoBaHMe.

B naHHOM npumepe cmapT-4ackl COCTOAT U3 OCHOBHOIO MOAYMS C -
CEHCOPHbIM 3KPaHOM U HECKOJbKMX AOMONHUTENbHBIX MOAyNeNn,
pa3sMeLLEeHHbIX B peMeLLKe U CBA3aHHbIX Mexay coboi rmbkumm
coeanHUTENsMU. 34ecb UMEHOTCS MHOTO AeTarnen, rae nposiBnsieTcs
B3aVMOJENCTBME MEXaHUYECKNX N ANIEKTPOMarHUTHbIX 3deKTOB,
Hanpumep, AecopMaums 3KpaHa NPy HaXaTuM Ha Hero nasnbLuem
UK MEXaHU4eckasi MPOYHOCTb U LIeNOCTHOCTb CUrHamNoB

coeavHUTenewn.
CwmapT-4ackl, coBMecTHbI npoekt CST-SIMULIA

CeHCOpHbII 3KpaH

N
|_
©)
®)
I
J
AN
—
X
<
[a W)
-

EmkocTHas maTtpuua
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CBY ®UIbTPbI

PaspaboTka 1 onTummnsaums punbTpoB SBASETCH OOQHUM U3
KntoyeBbix HanpaeneHuin CST STUDIO SUITE: nporpammHoe
obecneyeHve cogepxXxuT Habop cneumnanbHbIX UHCTPYMEHTOB
MOZENMpoBaHNs ANs KaxAoro atana NpoekTMpoBaHus hunbTpa,
BKIO4as CUHTE3 HayanbHOW TOMOMOrMK, TOYHYIO HACTPOIKY, aHanu3
TENMNOBOW PacCTPONKMN 1 BbICOKOYACTOTHbIX NPOBOEB.

OTnpaBHOW TOYKOM B NpoLecce pa3paboTku unbTpa SBnseTcs
cocTaBneHne KoppeKTHoW cneundmkauum. Kak npaBuno, npoeKkTHbIe
TpeboBaHNsA He OrpaHNYMBaOTCS NULLL ONUCAHNEM YacToT
NpomnycKaHWs 1 3anuMpaHuns, a BKIYaloT onpeaeneHve Hynemn
nepefayu n oTpaxeHusl, BENNYMHbl JOBPOTHOCTU, YPOBHS
nynbcaunin B Nofioce nponyckaHuns, TpebosaHns no rabapuram,
TENnnoBOMY pPeXuMy n ctoumoctn. Kpome Toro knioyeBon 3ajaven B
npotecce pa3paboTku siBNsieTcst BbIGOP NoaxoAsLelnt Tononorum
unbTpa, COOTBETCTBYIOLLEW NPOEKTHBIM TPEGOBAHUSIM U NPU 3TOM
HaxodsLLencs B yCTaHOBMNEHHbIX rpaHnuax. C uenbto Beibopa
HayvanbHOWM TOMOSIOMMM U NOMyYEHUsi COOTBETCTBYIOLLEN MOAENU B
coctaBe CST STUDIO SUITE npegycmoTpeH MHCTpyMeHT Filter
Designer 3D (FD3D) ans cnHTe3a pe3oHaTopHbIX (UMbTPOB 1
[AWNMEeKCOpPOB C y4ETOM MEXaHN3MOB KPOCC-CBsi3u, U npoaykT Filter
Designer 2D (FD2D) ansa cuHTe3a punbTpOB NfaHapHOro Tuna.
Bo3MOXHOCTb aKkCTpakumm maTpuubl cBsian B FD3D no3sonset
apdekTnBHO HacTpamsaTtb 3D CTPYKTYpbl PUMLTPOB.

XapakTtepucTuku peasnbHbix (UnbTPoB ByAyT OTNNYaTLCA OT
napamMeTpoB UX UAeanbHOW MaTeMaTMYecKo MoAenu us-3a
BIUSIHASA CBOWCTB MaTepuaroB, HETOYHOCTEW U3rOTOBMNEHNS,
HanMuns MexaHW3MOB CBA3UN W BUSIHWUSE KOHHEKTOPOB. YncneHHoe
moaenupoBaHve B CST STUDIO SUITE nossonsieT He TOMbKo
BbISIBUTb OTMEYeHHble 3 DEKTbI, HO U KOMMNEHCUPOBATb MX
cpeacTtesamMu onTummusauum. CoBmecTHast paboTa 4acTOTHOTO
BbIYUCIIUTENS Y MOLLHBIX anropuTMOB ONTUMMU3auum (cM. cTp. 12)
nossonseT apeKTUBHO HAacTpanBaTb HeobxoanMble KOMBMHaLUK
NPOEKTHLIX TpeboBaHMin. TEXHONOMUA CMELLEHUS Y3I10B CETOYHOTO
pa3BueHnst CHUKXET YPOBEHb LLYMa AMCKPeTU3aLmm, NoBbiLLas
CKOPOCTb U TOYHOCTb HACTPOMNKN OUMBTPOB, KOTOPLIE KpaiHe
YYBCTBUTENbHbI K KOHGUrypaLmmn pasbueHus.

B npouecce akcnnyaTauum notepu aNeKTpoMarHUTHON 3Heprum
NpuBOAAT K HarpeBy n Aecdopmaumu dpunbtpa. CoBMecTHOE
MynbTUM3nYeckoe MogenuposaHue (Cm. cTp.7) ceasbiBaeT
pe3ynbTaTthl EM, TENNOBOro n MexaHn4eckoro MoaenupoBaHus,
No3BOMsAs Y4ECTb TENSOBYK paccTpoviky unbTpa nepes
nsrotoBneHnem paboyero makeTta. Kpome Toro, BO3MOXHOCTb y4eTa
noBeAeHNs 3apsKeHHbIX YacTul BeiumcnmTenem CST Particle-in-Cell
(PIC) n nporpammoint SPARK3D nossonsieT aHanuamposaTb
appekThl, CBSA3aHHBbIE C MYTNbTUNAKTOPHBLIM U BbICOKOYACTOTHBLIM
(KOpOHHBIM) pa3psigamu.

Mpumep MogennpoBaHnsa NiaHapHOro ounbTpa HUXKHUX YacToT C
nomoubto mogyns Filter Designer 2D
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MakeT CST STUDIO SUITE moxeT 6bITb UCnonb3oBaH Ans
pa3paboTKM Kak ManoanieMeHTHbIX, Tak U MHOFO3IEMEHTHbIX
aHTEHHbIX PELLETOK, @ TakKe UX CONYTCTBYIOLWEro 06opynoBaHus,
HauMHas C CMHTe3a OTAENbHbIX ANIEMEHTOB U 3aKaH4YMBas NOMHbLIM
aHanM3oM KOHCTPYKLMU C y4eTOM (hMOEepOB U 3aLLUTHOMO KOXKyXa.

TexHonorms MHorokaHanbHbIX aHTeHH (MIMO, multiple-input,
multiple-output) LWMPOKO MCNONb3yeTCs B COBPEMEHHBLIX CUCTEMAX
MOBWNBbHBLIX KOMMYHUKaLMIA C Lienbio NONYYeHUs 4OMNOMHUTENbHbBIX
NpenMyLLEecTB OT MHOTOMy4eBOro pacrnpocTpaHeHnst paavoBOSH U
AN ynyyweHns npyema CUrHanoB B KOMIMIIEKCHOM OKPY>KeHWUM, a
TakKke Kak OCHOBa AN NOCTPOEHUSA YMHbIX Y KOTHUTUBHBIX CUCTEM.
Maket CST STUDIO SUITE BkntovaeT cnewuuarnbHblil Habop
VNHCTPYMEHTOB Ans onpegenexuns napametpos MIMO aHTeHH,
TaKWX Kak cnekTpanbHas 3ddeKTMBHOCTb 1 KOpPensaums no
orvnbatoLLen.

OTanbl NPOEKTUPOBAHUSA peLleTKU AN CUCTEMbl CBA3U. CHa4Yana

paspabaTbiBaeTcs OTAENbHbIN ANEMEHT (BBEPXY), 3aTeM aHanmanpyeTcs
BCA peLueTka B KoXyxe (B LEHTPE) U B KOHLE BbINOMHSAETCS MOAeNMpoBaHue

MOAEJIMPOBAHUE AHTEHHbLIX PELLETOK

Ha cnyyan pa3paboTkv MHOrO3NEMEHTHbIX aHTEHHbIX peLLeToK
naket CST STUDIO SUITE BkntoyaeT crneuunanbHbiil Mactep,
CYLLECTBEHHO YNpoLLatoLLmMiA NpoLecc NpoekTupoBaHus. CHavana
MOZENupYyTCH OTAESbHbIE 3NIEMEHTHI AN pacyeTa v onTMmMmnsaumm
VX UMMNegaHca v auarpaMMbl HanpasBneHHOCTH, 3aTeM
aBTOMaTMYeCkM (HOPMUPYETCH NMONHas MoAeNb aHTEHHOW peLueTkn
1 BbINOMHSIETCS €€ 3MEeKTPOMarHMTHOe MOAENMPOBaHNE C y4ETOM
B3aVMMHOrO BIISIHUASA 31EeMEHTOB U KpaeBbix adpdekToB. CBS3b C
MHCTPYMEHTaMu CUHTe3a peLueTok M3 nporpammel Antenna Magus
roMoraeT Nosib30BaTeNsiM HATU NOAXOASILLYHO TOMOOMI0 PeLleTKM
1 crnoco6bl ee 3anuTKu.

[aHHas aHTeHHas pelueTka aBTOMOBGUNbLHOrO pajapa
cuctembl ADAS 6bina onTumMmnsmpoBaHa Ans paboTbl Ha
yactote 77 Ty,

XapaKTepUCTUK aHTEHHbI C Y4ETOM ee pa3MeLLEeHNs Ha camorneTe (BHU3Y).
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B3AUMOOENCTBUE BbIYNCNUTENEN U TUBPUOHOE MOOENUPOBAHUE

[ns mogenvpoBaHus Takux cuctem B nakete CST STUDIO SUITE
peanuaoBaHbl pa3nuyHble Crnocobbl B3avMoaencTBUsl METOLOB, HauMHas
CO CXEMOTEXHUYECKOTO NPeACTaBNeHNs: Yepes UCTOYHUKU B JarbHeln
30He [10 MOSIHOro aHanmn3a UCTOYHUKOB Mons B GrnkHel 30He. ATo
NMo3BOSIAAET BbINOMHATL TMOPUAHOE MOAENUPOBAHWE, UCTONb3YS CUNbHbIE
CTOPOHbI ONpeAeneHHbIX METOAOB B paMkax OZHOW 3aaauyu.

Kaxxablii MeToa MOAENUPOBaHUSI UMEET CBOM CUIbHBIE CTOPOHbLI U
onTMManbHbIM 06pa3oM NOAXOAUT AN PeLleHUs onpeaeneHHon
3agayn. OgHako, 6ONbLUMHCTBO pearbHbIX CUCTEM TPYOHO
noaBecTn nop kakyto-nmbo ofHy kateropuio 3agad. Kak npasuno,
HaobopoT, OHM 06beanHsIOT B cebe abCcontoTHO pasnuyHbIe
ANCLMMINHBI.

Mpumep 1: anekTpuyeckuin paspsg B asTomobune

Kopnyc aBTomMOGUns. OnekTpudeckm
60nbLION 06BEKT C MHOXECTBOM MENKUX
petaneu n 6onbWNMK 3NeMeHTamu
NMOBEPXHOCTU C OTHOCUTENBHO MPOCTON
reomeTpuei. XopoLLo ModenupyeTcs
MeToAOM MaTpuL NMuHuiA nepepad (TLM).

MpoBoagHon xryt. O6beKT 6OMbLLON ANWHBI,
HO Maroro NonepeYHoro cevyeHns. XopoLuo
MoaenupyeTcsi cneumann3mpoBaHHbIM
Bblumcnmtenem CBL.

[iByHanpaBneHHoe rubpugHoe
MoAenupoBaHue No3BonseT OLEHUTb
HaBOAKy C kabens Ha kopnyc aBTomobuns,
pacnpocTpaHeHue HaBoAKM Mo KOprycy C
nocneayroLmm obpaTHbIM BO3AeiCTBNEM
Ha kabernb.

Mpumep 2: aHanNu3 xapakTepUCTUK pedsIeKTOPHOM aHTEeHHbI
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CenekTop nonspusauuu.
Y3kononocHas 3afaya, XopoLuo
MOAENUPYETCS B YAaCTOTHOM
obnactu (BblumucnuTens F).

PynopHebii obnyyatens.
LLinpokononocHas 3agava,
XOPOLLO MOAenupyeTcs BO
BpeMeHHon obnactu
(BbluncnuTens T).

Mapa6onuyeckuin oTpaxaTenb.
OnekTpuyeckn 6onbLuomn
06BEKT, XOPOLLO MoAenMpyeTcs
C NOMOLLbIO BbIYMCTIUTENS Ha
OCHOBE MHTEerparbHbIX
ypaBHeHu# ().

CocCTaBHOW MPOEKT.
OTaenbHble YacTu MOryT GbITh
06beauHEHbI Ha YPOBHE CXEMbI
WINN KaK UCTOYHUKM NOnsi.
Pacuet yacten npoussogutcsa
noaTanHo ¢ MocneayLmm
COBMECTHbIM MOAENMpoBaHneM
BCEero npoekta.



TEXHONOINMA SAM — MOAENMMPOBAHUE COCTABHbIX MPOEKTOB

TexHonorus MoaennpoBaHNsi COCTaBHbIX NPOEKTOB (System
Assembly and Modeling, SAM) ynpoLiaeT mogenmpoaHue
CnoxHbIx NpoekToB B nakete CST STUDIO SUITE.
PaspabaTbiBaemMoe yCTPOMNCTBO MOXET COCTOATb U3 HECKONbKUX
yacTel, ka4eCTBEHHOE MOAENUPOBaHME KOTOPbIX MOXET ObiTb
CAEenaHo TONbKO pa3HbIMU MeToAamMu. Tak Kak KOHeYHble
XapaKTepUCTMKM TaKkMX CIIOXHBIX YCTPONCTB obecneymBatoTcs
B3aUMOAENCTBUEM OTAENbHbLIX €r0 YacTen, ONTUMU3ALMM KaXKaon
13 YacTu NO-OTAENBbHOCTM MOXeET OblTb HefocTaTo4HO. TpebyeTcs
onTUMK3aLmMs BCero ycTponcTaa B cbope, u TexHonorust SAM
NpefocTaBnsieT Takyt BO3MOXHOCTb.

Mpwu ncnonb3oBaHun TexHonorunm SAM ycTporicTBo
npeacTaBnsieTcs B BUAE NPUHLMNMANbHOW CXEMbI, COCTOSILLEN 13
oTAenNbHbIX 3NemMeHToB. B camom npocTteviwem criyyae
YCTPONCTBO MOXET COCTOSATb U3 OHON €ANHCTBEHHON
napameTpusoBaHHon 3D mogenu. MNMonb3oBaTenb onpegenset
MogenvpoBaHue 3TON MOAenu NocpeacTBOM ONUCaHus 3agad
aHanunsa. SAM TexHonorns No3BoNsAeT CPaBHUTL pe3ynbTaThl,
MONyYEHHbIE C MOMOLLIO Pa3HbIX BbIYUCIMTENBbHBIX MOAYNEN Unn
O pa3HbiX Bapyauuii Mogenu B paMkax O4HOro NpoekTa.

AHanus pasMeLlleHna aHTeHH Ha CNyTHUKE. CHavana Ha Kopnyce cnyTHUKa pasmellarTca
TOYKU pacnosioXXeHns, nocrne 4Yero BbiNONHAETCA Bbl60p TUNOB aHTEHH.

Hanpumep, nonb3oBaTens MOXeT 3a4aBaTb CBA3AHHbIE
nocrnefoBaTenbHOCTU 3anyCKOB Pa3NUyHbIX BblYMCIINTENEN:
NepBUYHBIN 3MEKTPOMArHUTHbIA aHanua unbTpa, 3aTem ero TensioBoe
MOJENVpoBaHne, 3aTeM aHanmn3 ero MexaHun4eckux aedopmauui n
KOHEUHbI 3NEKTPOMarHUTHbIN aHanua punbTpa ¢ Lesnbio OLEeHKN ero
paccTpoiiku. Takum obpasom, TexHorornss SAM gaet BO3MOXHOCTb
OTHOCWTENBHO NPOCTO ONPeAenuTb 1 BbINMOMHWUTL MOSHbLINA
MYMbTUPU3NYECKUI aHanNn3 yCTPOMCTBa.

[obasnss B cxemy apyrve 3D Moaenu, MOXHO NOCTPOUTbL CIIOXHYIO
TPEXMEPHYI0 KOHCTPYKUMIO. IHCTpYMeHTbI TexHonorun SAM gatot
BO3MOXHOCTb BblpaBHUBATL W COMNPsiraTb OTAENbHbIE YacTW NPOeKTa.
MogaenupoBaHve MoxeT BbITb ornpeAeneHo Ans OAHON NN HECKOIbKUX
YacTen, AnS Kax[on 13 yacten MoryT ObiTb BbIOpaHbl onpefeneHHble
mMeToAbl aHanmaa ¢ COBCTBEHHbIMM HACTPOKaMmn akcenepauum
BblYMCIIEHUIA. YacTu ycTpoicTBa MOryT BbiTb ONUCaHbI UK UX S-
napameTpamMu, U SKBUBANEHTHbIMW UCTOYHMKaMM Nons ANs
MopaenupoBaHusi Bcel cucteMbl. KombuHaumsa Bcex aTux cnocobos
MOAENMPOBaHUS Ha Pa3NMYHOM YPOBHE NO3BONSET MOMYy4UTh
Ka4yeCTBEHHbIN pe3ynbTaT U CHU3NTb TPeOOBaHNSA K BbIYMCIIUTENBHBLIM
pecypcam. PasymeeTcs, TexHonorns SAM nossonsieT onpeaeniTb u
BbIMOMHWUTL 3NEKTPOMarHMTHOe MOAENMpPOBaHNe BCEro yCTponcTea
LienMKoM.

MPAKTUYHOCTb

Bnarogaps TexHonorun SAM oTaenbHble 3NeMeHTbl NPoekTa KOMBVHMPYIOTCS B €AMHYI0 MOAENb, KOTopasi MOXeT ObITb
npomMogenupoBaHa uenukom. C Apyron CTopoHbl, TexHornorns SAM no3BonsieT cBA3aTb OTAENbHbIE 3NIEMEHTbI NPOeKTa Kak 21

WUCTOYHUKKN NONsA U BbINOJNTHUTb rV|6p|/|,que MoaenunpoBaHue.



Pa3paboTka aHTEHH SIBMSIETCS OAHUM U3 [MaBHbIX NMPUMOXEHUI
naketra CST STUDIO SUITE, nostomy 3aecb peanv3oBaHO
HECKONbKO pa3nnyHbIX CMOCOBOB 1 METOAOB NMPOEKTUPOBAHUS.
AHTEHHbI MOryT pa3pabaTbiBaTbCs U ONTUMU3NPOBATLCS Kak
oTAernbHblE YCTPONCTBA, HO MOTYT pacCMaTpMBaTbLCS U Kak
3M1eMEHTbI aHTEHHbIX PELLETOK C MOAENUPOBAHUEM Ha YPOBHE
OTAENbHON AYEVKU UMW BCEW PELLETKU, @ Takke MOryT ObiTb
pasMelleHbl Ha anekTpuyecky 6onblumx obbekTax (3gaHusx,
camoneTax, kopabnsax u cnyTHUKax) Ans yyeta ux BUsSHUSA

WHTerpaumns c npogyktom Antenna Magus npegnaraet
nonb3oBaTensM OYeHb NMPOCTOW CNOCOD HANTN KOHCTPYKLIMIO
aHTEHHbI, HaunyyLw1m 06pa3oM NOAXOASALLYI0 NoA 3aAaHHY0

Maker CST STUDIO SUITE npeanaraet MHXeHepam MOLLHbI
VHCTPYMEHTapuin ANsi UCCrefoBaHNA XapakTepUCTUK aHTEHH,
pa3MeLLeHHbIX Ha MayTax, aBToMOBUNSAX Unn BO3AYLLUHbIX CyAax, a
Takke BCTPOEHHbIX B MOBUIMbHbIE 3NIEKTPOHHbIE YCTPOWCTBA.
AHTEHHbI MOTyT ObITb YacTbto NpoekToB EM mMogenvpoBaHus
6uornormyecknx 06bLEKTOB (CM. CTP. 24), YTO AaeT BO3MOXHOCTb
OLIeHUTb YAenbHbIN KoadduLmeHT nornowenns (SAR) ans
YCTPOMCTB, HAXOASALMXCHA B HENOCPEACTBEHHOM BnmM3ocTn ¢ Tenom
YeroBeka.

n
I
I
L
[
L
<

22

cneundukaumio, Nocne Yero co3gatb Ans Hee Moaernb Ans
aHanuaa.

Mpumep pacyeTa AnarpamMmmbl HanpaBneHHOCTH V2V aHTeHHbI, yCTaHOBMEHHON Ha
TIErkoBOM aBTOMOGMNE, 3aTEHEHHOM CTOSILLIMM PsiioM aBTOBYCOM.



MogenupoBaHWe BbICOKOYACTOTHbIX 3MEKTPOMArHUTHbIX ronem
ABNSETCA OCHOBHbLIM HanpaBrieHWeM aesiTenibHocT hupmbl CST.
Maket CST STUDIO SUITE no3BonsieT NpoekTnpoBaTh LLUNPOKUIA
Habop BY, CBY 1 onTu4eckunx yCTponcTB C MpUMEHEHNEM
MOJIHOBOJSIHOBLIX METOAOB aHanu3a, rmopuaHoro MoaernMpoBaHus,

BY U CBY 3JIEKTPOMAFHWUTHBIE NOJIA

TexHonorusa SAM (cMm. cTp. 21) ynpoliaeT MogenupoBaHve
CIOXHbIX KOHCTPYKLWIA, NO3BONSA 06 beANHATL MHOXECTBO
OTAENMbHbIX KOMMOHEHTOB B CUCTEMY U MOAENVPOBAaThL UX COBMECTHO
B pamKkax Of|HOro npoekTa. OTO CYLLEeCTBEHHO YCKOPSIET NpoLecc
NPOEKTUPOBaHWSA BCEN KOHCTPYKLMK, Tak Kak AaeT BO3MOXHOCTb

MynbTUN3NYECKMX B3aUMOLENCTBUIA 1 COBMECTHOMO
MogenvpoBaHus cxem u EM cTpykTyp.

MnaHapHble 1 BonHoBogHble CBY anemeHTbl MoryT 6bIThb
ONTMMW3VNPOBAaHbI HANBUAYANBHO UNW B cOCTaBe 6onbLUION
cuctembl. Paspabotka CBY chunbTpoB sSiBASiETCS rnaBHbIM
npunoxeHuem naketa CST STUDIO SUITE, noatomy 3aecb
MMeeTcs LIMPOKUIA Habop cneumanuanpoBaHHbIX MHCTPYMEHTOB
ans aTux uenen. Mogynu npoekTMpoBaHus UNbTPOB NO3BONSAIOT
CUHTE3MpOoBaTh U HACTPOUTL (OUNBTPbI, AAXKE ECNU OHU UMEIOT
OYeHb CMOXHYH TOMOSIOTNI0 N O4EeHb YYBCTBUTENbHBI K ManbIm
N3MEHEHWsIM napameTpoB (cM. cTp. 18).
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OLIEeHUTb B3aUMHOE BMUSIHWE 3NIEMEHTOB APYr Ha Apyra Ha paHHUX
aTanax paboTbl.
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[vnnekcep, cenekTop nonspusauny, BOTHOBOAHASA MUHUS U pynopHasa aHTeHHa 06beanHsTCA B 0aNH

NPOEKT U MOAENUPYIOTCA COBMECTHO C NOMOLLIbIO TexHonornun SAM.
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OBBbEMHbBIN PUNBTP Ha CBA3HBIX AUSNEKTPUYECKUX PE3OHATOPa BOCLMOrO Mopsiika C HyMsaMU nepeaayu,

CMNPOEKTUPOBaHHLIN U onTuMM3npoBaHHbIM B CST STUDIO SUITE.

BY 1 CBY 3JIEKTPOMAIHUTHBIE MOJ1A
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BUO JJNIEKTPOMAIHETU3M (BIO-EM)
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n BWNO SNEKTPOMATHETU3M (BIO-EM)
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noapo6Hyo BOKCENbHYIO MOAENb Tena Yenoseka Gblv NonyveHsb! (cneBa Hanpago): pacnpe,qeneHme nons By', Touka SAR, pacnpegenexue
Temnepartypbl BHyTpy Tena nocne 10 MMHyT o6nyyeHust u Tennosas gosa (CEM43°C). Mpumep npegoctaBneH nHctutytom German Cancer

Research Center (DKFZ).

B3anmopencTene anekTpoMarHMTHOro Nons ¢ TKaHAMM
YerioBeYeCcKoro Tena SBMAeTcs 04eHb BaXHbIM Npu pa3paboTtke
MEANLMHCKNX CUCTEM AN MOHUTOPUHIA, BU3yanu3aumm n
neYyeHus, a Takke psga Apyrnx NPUNOXeHUN, Taknx Kak
MO6UInbHblE TenedOoHbl, aBBTOMOBUMbHBLIE aHTEHHbBI U YCTPONCTBA,
BbINOSTHEHHbIE MO TexHonorun "uHTepHeT Bewen" (IoT). Tak kak
N3MEpEeHVs BHYTPU Terna YenoBeka 3aTpyaHEHbI,
3MeKTpoOMarHUTHoe MoAenupoBaHue ABNSETCA eANHCTBEHHbIM
[OCTYMHbIM CNOCO60M OLieHKV pacnpeaeneHusi nons BHyTpY Tena
Ans noATBepXxAeHns dakta PyHKLUMOHMPOBaHMS YCTPONCTBA, a
TakkKe AN NOHMMaHUS NpPeferioB BO3AENCTBUSA BO nbexaHue
NMOBPEXAEHNS TKaHEN 3a CHET MNOTMOLLEHNS SNEKTPOMArHUTHOW
3HEepruu.

TOYHBIN aHann3 aNeKTPOMarHUTHbLIX MOMel BHYTPU YenoBEeYECKOro
Tena TpebyeT HannYMs COXHbBIX 1 aHaTOMUYECKM TOYHBIX
MoZernen ¢ NpaBUIIbHO ONUCaHHBIMU XapaKTEPUCTUKaMU TKAHEW,
KOTOpble, KPOME TOro, MOTYT MEHATLCS B 3aBMCUMOCTM OT
BO3pacTa, YacTtoTbl U Temnepatypbl. CST npegnaraet
nonb3osatenam n CAD-mofenu, n BokcenbHble Mogenu Ten
pasnuyHoro Bo3pacTa, nona, pasMepa, a Takke cneLmanbHyo
6ubnmoTeky maTepuanos.

Bce anekTpomarHuTHbIE yCTpPOMCTBaA, paboTatoLime B
HenocpeAcTBEHHON BrM30CTM C YENOBEKOM, Kak NpaBuno, TpebytoT
rocygapCcTBeHHON cepTudurkauum, Kotopasi B OCHOBHOM
6a3npyeTcs Ha OLeHKe yAenbHOro KoadduLUMeHTa NOrmoLeHns
(SAR), xapakTepuaytoLero cteneHb NormoLeHns
3NeKTPoOMarHMTHOro nonsi Tenom Yenoseka. MNaketr CST STUDIO
SUITE BkntoYaeT BO3MOXHOCTb MPSIMOro pacyeTa Bcex TUMoB
SAR: SAR gns toukn, SAR gnsa 1 rpamma, ocpegHeHHoro SAR ansi
10 rpammoB, SAR gns Bcero Tena. 310 AaeT BO3MOXHOCTb
MHXeHepaMm OoLeHNTb YpoBHU SAR Ha paHHMX aTanax
NPOEKTUPOBaHUS YCTPOWCTB U n3bexaTb npobnem ceptudmkaumm.

HarpeB TkaHel YenoBeyeckoro Tena SBNseTCs ewe oOgHUM
BaXXHbIM 3pDEKTOM, KOTOPLIN TPebyeTcs yYnTbiBaTh Npu
NPOEKTMPOBaHUN YCTPOWUCTB. B psige MeanLUmMHCKMX YCTPOWCTB,
Hanpumep, NpegHa3HaYeHHbIX AN eYeHNs paka, Harpes
SABMSETCS XenaemMbiM BO3AEVCTBUEM, B TO BPEMS, Kak B APYrux
NPUNOXeHUsX oH He TpebyeTcs. Maket CST STUDIO SUITE
BKITIOYaET MOAYNb MyNbTUMN3NYECKOrO aHanmaa BKIYatoLLuii
crneumnanbHble 6MoTennoBble BbIMUCIMTENN, KOTOPbIE MOTYT
oLeHuBaTb pacnpegeneHne TemnepaTypbl ¢ y4eToMm adhdeKkToB,
CBOMCTBEHHbIX XXMBbIM TKaHIM: 0OMeHa BeLLecTB,
KpoBOOOpaLLEeHNS, TEepPMOPErynsaumn.

Ons BeinonHeHuss EM mogenupoBanus CST npeanaraet
nonb3osatenam CAD-mopenu (cnesa) unu BoKCenbHble MOAenu
(cnpaBa) YenoBeyeckoro Tena.



OMTUKA
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MpyMep HENMMHENHOTO NOBEAEHMSI ONTUYECKOTO YCTPOICTBA. BbiXoA KOMMYTUPYETCS MOCPEACTBOM JIOKarnbHO NpUnaraeMoro K Yactu
OMTMYECKOro BOJIHOBOAA BHELLHETO MO, B Pe3yrbTaTe YEro N3MeHsIeTcs KO3(MULIMEHT NPENOMIIEHUS B OQHOMN U3 NPSIMbIX CEKLWA.
PesynbTupytoLiee nsmeHeHme asbl NPUBOAUT K AECTPYKTUBHON MHTEPEPEHLMM Y M3MEHEHUIO BBIXOAHOMO CUrHana B 6onbLuyio unm
MEHbLLYO CTOPOHY.

OnTtuyeckune, POTOHHbIE 1 NNA3MOHHbIE YCTPOWCTBA YXe cenyac
ABMATCS KNOYEBLIMM NIEMEHTAaMM B Pa3fNYHbIX 061acTsax Hayku,
TaKUX Kak TeENeKOMMYHUKaLMKN, AUCTaHLMOHHOE 30HAMPOBaHe,
MeAMLMHCKNE NPUIIOXEHUS, U porb UX B Byaylem byaeT Tonbko
Bo3pacraTb. MoaenvmpoBaHue Taknux yCTPOMCTB NOMoraeT
ONTUMM3NPOBATL UX XapaKTEPUCTUKU, A TaKKe CHU3UTb CTOUMOCTb
pa3paboTku u npoussoactaa. MNaketr CST STUDIO SUITE BkntovaeT
cneuunanbHbI NOTOK MPOEKTUPOBAHNS ONTUYECKNX YCTPONCTB.

[Insa mogenpoBaHUs 4acTo UCMOMb3YEMbIX B OMTUYECKUX
yCTpONCTBax HenuHenHbix adpdektoB CST npeanaraeT LUMPOKUN
Habop Mopenen HenMHenHbIX MaTepmanoB (CM. cTp. 6). Tak kak
n3ry4yeHVs 30ecb MMEOT OYEHb KOPOTKYIO ANNHY BOJSIHbI,
MOAENUPOBaHNE ONTUYHECKUX YCTPONCTB O3HAYaeT MogenvpoBaHue
3MEeKTPUYECKMN Ype3BblYariHO BombLuMX CTPYKTYpP. [MpruMmepom moryT
CNYXWUTb OTBETBUTENM Ha 6a3e AndpaKLMOHHOW peLLeTKA Unu n3rmbel
BOJSIHOBOAOB. QM HEKTNBHLIM NMOAXOA0M K NOMHOBOSIHOBOMY
MOZENNPOBAHNIO TakMX 3a4ay MOXeT CMY>XWUTb UCMOSb30BaHNe
BbICOKOMPOW3BOANTENBHbIX BblYMCNEHNN (CM. cTp. 11).

"B Hawel epyrre mMbl Yacmo ucrosb3yem npodykm CST STUDIO SUITE ons
U3YYeHUs ONMUYeCcKUX Memamamepuarnos U nia3MOoHUKU, U HaM Hpasumcs
€20 eubkocmsb, y0obcmeo U moYHOCMb MpU MOOEIUPO8aHUU CIIOXHbIX 3aday.

”

A. Alu, agbroHkT-npodeccop, University of Texas B OctuHe

OMNTUKA
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C poCTOM CKOPOCTEN Nepeaayn AaHHbIX, yMEeHbLIEHneM
rabapuToB 1 YCIIOXHEHNEM TOMOJIOMUIA COBPEMEHHbBIX NEYaTHbIX
nnaT U UHTEerpanbHbIX YCTPOWCTB 06ecneveHne
anekTpomMarHuTHon coemectumoctu (EMC), uenoctHocTm
curHanos (Sl) u uenocTtHocTn uenen nutaxus (Pl) ctaHoBuTCS

E—
i

_— i [0CTaTO4YHO cnoxHow 3agadvent. MNaketr CST STUDIO SUITE
==

* *
:‘ * nveet cneynanbHbIn HaGop WHCTPYMEHTOB, NPpU3BaHHbI NOMOYb
P < nHXeHepam I'IpOSKTVIpOBaTP, aHanu3npoBaTb U ynydwaTtb
i e XapaKTePUCTUKM TOMNOJIOrMK NeYaTHbIX nnar.
. d

Otn WHCTPYMEHTbI MNO3BOJIAKOT O4E€Hb 6bICTpO OLEeHUTb
XapaKTepPUCTUKU TOMNOJIOrUK U NONYy4YUTb Takne napameTpbl, Kak

v H npacrp

| | NUTaHWSA, UCKaXXEHNs1 (POPMbl CUTHANOB B CUTHANbHbIX Lensx, a
Takke aBTOMaTU4YECKM ONTUMU3NPOBATL pasMeLLeHne

MHoroypoBHeBas rnaskosasi auarpamma, rosnyyeHHasi npy aHanuae pasBssbiBatoLmx koHgeHcaTopos. [Naker CST STUDIO SUITE

LernocTHocTn curHanos cpeancrsamu CST STUDIO SUITE. Takke BrtoyaeT nporpammy CST BOARDCHECK™, kotopasi

paboTaeT Ha ypoBHe DRC 1 no3BonseT aBToMaTU4eCckun BbISBUTb
BeposTHble SI/Pl n EMC npo6nemsi.

Tononorust MoXxeT ObITb MMNOPTUPOBaHa M KOHBEPTMPOBaHa B
CMOXHY TPEXMEPHYIO CTPYKTYPY ANS MOSIHOBOJIHOBOIO
MOZenMpoBaHUs UK NpeacTaBieHa B BUAE IKBUBATIEHTHON
CXeMbl 3aMeLLeHNs AnS MOAEeNMPoBaHUsS Ha ypoBHe cxembl. [Mpu
aHanuse nofgobHbIX MPOEKTOB NCMOMb3YIOTCH CneuuanbHble
anropuUTMbl MOCTPOEHUS CETKM, ONTUMU3UPOBAHHLIE ANS CIOXHbIX
niaHapHbIX TOMOMOrMI, KOTOPbIMU ABMSAOTCA NeYaTHbIe NNaThbl.
TononorMm MHTerpanbHbIX CXEM MOTYT BbITb UMNOPTUPOBAHbI
yepes crneunanbHbIi UHTepdenc, BbINOMHALWNA IMYNALMIO
TEXHOSOrMYeCKoro NpoLecca U3roToBMEHNS MUKPOCXEM U
hOPMUPYIOLLMIA PEANUCTUYHYIO TPEXMEPHYIO CTPYKTYPY
KpucTanna.
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B pesynbTate MogenupoBaHus BUPTYarbHbIX MPOTOTUMOB
paspabaTtbiBaeMbIX YCTPONCTB MOTYT ObITb NOMyYeHbI
XapaKTePUCTUKM, aHaNorMyHbIe Nosy4yaeMbiM B X04€e NPUBbLIYHBLIX
nabopaTopHbIX U3MEPEHWI, HAaNpUMep, S-napameTpbl, MasKkoBbie
amarpammbl, pehnekToMeTpusi Bo BpemeHHon obnactu (TDR).

- 370 NO3BOMSET CYLLECTBEHHO CHU3UTb CTOMMOCTb U CPOKM
NMPOEKTUPOBAHUS.

PesynbTtat MogennpoBaHusi aNeKTpUYeCcKoro nons B kaHane
moavnen O3Y DDR4.

26



UcnonbsoearHue CST MICROWAVE STUDIO dns
aHanusa EMC u EMI dano Ham KOHKYpEeHMHbIe
fpeumywiecmea U rosbIcusio ypogeHb 008epusi
rosib3oeamerniel K Hawum rnpodyKmanm.

Ralf Kakerow, Continental Automotive GmbH
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NEKTPOMATHUTHAA COBMEC

MoBEPXHOCTHLIE TOKM, TEKYLLME OT HOCAa K XBOCTY MO
KOpMyCy BO3AYLUHOrO CyAHa, NPy yAApe B HEr0 MOMHUM
rpo30BOro paspsiga.

OnekTpomarHuTHas coBmectumocTb (EMC) n cToikocTb K
3neKkTpoMarHnTHeIM nomexam (EMI) aBnsioTca TeCHO CBSA3aHHLIMM
avcuunnuHamu. [ina ynosnetsopeHus TpebosaHnam EMC
TECTMPYEMOE YCTPOWCTBO HE AOMKHO reHEpPUpOoBaTh U3Ny4yaemMble Unu
KOHZOYKTUBHbIE MOMEXU, KOTOpble MOTYT HeraTMBHO BO3OENCTBOBaTh
Ha cocefHue ycTpoincTea. C Apyrot CTOPOHbI OHO AOMMKHO ObIThb
[OCTaTO4YHO CTOWKUM K BO3AENCTBMIO BHELLHMX nomeXx (EMI)
HE3aBWNCMMO OT X NPUPOAbI, Oyab 3TO eCTECTBEHHbIE
3NeKTPOMarHUTHbIE ABNEHNS (HanpuMep, yaap MOMHWUK) Uin
VCKYCCTBEHHOE BpeaHOe BO3AenCcTBME (HanpuMep, MOLLHbIV
3NEKTPOMArHUTHBIA UMMYIbC).

MopenupoBaHUsi 3NEKTPOHHBIX YCTPONCTB C MOMOLLbHO
NMOMHOBOJTHOBOTO BbIYMCINTENSI MOXET ObITb JOMOMHEHO aHanNM3oM
Ha ypoBHe cxeMbl B nporpamme CST DESIGN STUDIO™, koTtopas
npucyTcTByeT B ntobon koHdurypaumm naketa CST STUDIO SUITE.
CoBMECTHbI aHanu3 anekTpuyeckux cxem u EM ctpyktyp gonyckaet
Takue crnocobbl onvcaHns anemeHTos, kak SPICE u IBIS mogenu.
Tonomnorun nevyaTHbIX NAaT MoryT 6bITb NpoBepeHbl Ha ypoeHe DRC ¢
nomoupbto nporpammbl CST BOARDCHECK.

MopenvpoBaHue 3neKTPOMarHUTHOTO
N3ny4YeHWsi BOKPYr nevaTHow nnarbl,
pa3smeLLeHHOi B METaNINYECKOM Kopryce.

EMC/EMI npo6nemMbl MOryT BO3HVKHYTb 13-3a, kKa3anochb 6bl,
He3HauuTenbHbIX AeTanen KOHCTPYKLUMN: kKabenbHbIX BBOAOB,
KOHCTPYKTUBHbIX OTBEPCTUIA U CTbIKOB. [Nsi aHanm3a Takmx
3agay Hauny4wum obpasom nogxoauT TLM Bblumcnutens ,
NOAAEPXKMBAOLLNIA KOMNAKTHbIE MOAENN, NO3BONSAOLLNE
MOZENMPOBaTh CIOXHbIE CTPYKTYPbl BECbMa 3hHEKTUBHO.

BaxkHon npobriemow ABASeTCs OLeHKa B3avMHOr0O BMSHUS
YacTen annapatypbl, 6yab To BY ycTpornctea, pacnonoxeHHble
Ha ofHoV nnaTtdopMe, UMW BbICOKOCKOPOCTHBIE LUWHBI AAHHbIX,
usnyyatoLume B 3up LUMPOKUIA CNEKTP rapMoHuK. Takme BY
NMoMexu HeJoNyCTUMbI, Tak Kak NPUBOANAT K Aerpagaumm
XapaKTepuUCTUK CUCTEMbI B LieroM. [MonHocTbo
uHTerpvpoBaHHbIi B naket CST STUDIO SUITE mogyne CST
Interference Task no3BonsieT oLEeHUTb B3aNMHbIE CBS3U BHYTPU
CUCTEMBI, paccunTaTb BO3MOXHbIE MOMEXM U NMPOBEPUTH
pasnuyHble CLEEHAPUN UX CHUKEHUSI.

Kabenu moryT nonyyaTe momMexu, U3nyyYeHHbIe B OAHON YacTu
CTPYKTYpbl, OCTaBUTb UX B APYrY0 YaCTb CTPYKTYpbI,
nepeunsnyynTb UX TaM 1 cTaTb NPUYMHON HOBbIX EMI npobnem.
Bbluncnutens Bo BpeMeHHOM 06/1acTi MOXeT ObITb AOMOSHEH
BO3MOXHOCTSMU MMOPUAHOITO BPEMEHHOIO MOAENUPOBAHUS
Kabenewn, UCNOMb3YIOLLEro aHanMTUYeCKMe MOAENN OTAENbHbIX
Kabenew unm XryTos.

SJIEKTPOMAITHUTHAA COBMECTUMOCTb
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[IUHAMUKA SNEMEHTAPHbIX

TpaekTopus 3apsXXeHHbIX YacTul, B namne 6eryLuen BonHbl (JIBB).
MopynsiLmsi CKOPOCTY 3MEKTPOHOB M306paxeHa pasnuyHbIMU LIBETAMU.

Mcnonb3oBaHue nporpammHoro obecnedeHnss CST ansa pelueHns Bbluncnutens kunbBatepHbix nonen (WAK) paccumTbiBaeT

3agay B 06nacTy YCKOPUTENbHOM TEXHUKM HAYanoch Ha paHHUX aTanax 3MEKTPOMarHUTHbIE MOMs, CO34aBaeMble CryCTkamm 3apshKeHHbIX
ero pa3sutus. Ceinvac naket CST STUDIO SUITE coaepxut B cebe YacTuL, BHYTPU Y4acTKOB yCKOPUTENbHOro TpakTa. HaBeaeHHble
Habop cneunanbHbIX MHCTPYMEHTOB A1 MOAENMPOBaHNS nosis MOryT BO3HVKHYTb MPY NponeTe nyyka Yepes KonnmmaTopbl
B3aMMOAENCTBUA 3apPSHKEHHbIX YacTUL, C ANEKTPOMArHUTHLIMU NOMSAMU, UNN AeTEKTOPbI, NOBLILLIAA TEM CaMblM BEPOSTHOCTb Pa3pyLUeHNs
HauuHas ¢ paspaboTku CBY ycTpoiicTB (Hanpumep, MarHETPOHOB UK AanbHenwyx crycTkoB. [ns aHanvaa BbICOKOAOOPOTHLIX CTPYKTYP,
3MNEKTPOHHbIX NTaMN) 1 3aKaH4YMBasi MPOEKTUPOBAHNEM Y3IOB TaKnX Kak pe30HaTOpPOB YCKOPUTENEN, BbIMUCINTENb COBCTBEHHbIX
ycKopuTenew ynbTpapensaTMBUCTCKUX My4KOB. MO/, MO3BOMAET BbINOHUTL NOMCK paboynx BUAOB KonebaHui

nccreayemMon CTPYKTYpbl, HEOBXOAUMBIX OMs AarbHelLlero

MO,D,eJ'IMpOBaHMe TPaeKTopun 3apsa>XeHHbIX YaCcTuL, B CTaTU4ECKUX aHanusa PIC BbluMCAUTENEM.

nonsx ¢ y4eToM co6CTBEHHOrO 3apsaa nyyka peanuayercs
cpeAcTBamu Bbluucnutens TpekuHra yactuy (TRK), Heobxogvmoro ans
NPOEKTUPOBaHNSA SMEKTPOHHbIX MyLuek. BoamoxHoctu PIC
BbIYMCIIUTENS NO3BOMSAIOT BbINOMHUTL MOAENMPOBAHWE NporneTa nyyka
C y4eTOM ero CO6CTBEHHbIX MOMew, YTO AenaeT AaHHbIN UHCTPYMEHT
He3aMeHUMbIM Kak Ansa aHanusa MarHeTPOHOB, KIIMCTPOHOB ¥ Nnamn
GeryLuen BomHbl, TaK U ANS U3y4eHns MynbTUnakTopHoro paspsaa. PIC
BblYMCNIUTENb NOAAEPXNBAET TEXHONOIMIO rpadMv4ecKoro YCKopeHus,
NO3BONSIOLLYIO NOBLICUTb €0 BbIYMCMUTENbHbIE BO3MOXHOCTY.

ONHAMUKA SJIEMEHTAPHbBIX YACTUL,

|

TpaeKTopun 3NEeKTPOHOB, PaccUnTaHHbIE C MOMOLLb0 PIC BblMMCAUTENS B KNMNCTPOHE
anvHon 1.24 meTpa. XopoLUo BUAHbI CTYCTKU 3MEKTPOHOB, (hopMuUpyoLLne
BbICOKOYACTOTHbIW CUTHan.



NOCTOAHHBLIE U HUSKOYACTOTHbIE NOJIA

"Makem CST EM STUDIO celi4ac sierisemcsi HeombemeMol Yacmbko fpoyecca
paspabomku pasfu4yHbIX mpaHcgopMamopo8 MoWHOCMU 8 KoMrnaHuu Siemens
(nodpasdeneHue Energy). 3mo pe3ynbmam yda4yHou KoMOUuHayuu UHMyumueHo20
rofib308amersibCKo20 uHmepghetica u Habopa docmyrHbIX ebiqucaumened.”

Ronny Fritsche, Siemens AG Sector Energy T TR PN

3agauu, cBsi3aHHbIE C MOAENMPOBAHNEM HU3KOYACTOTHbIX NOmnew
CYLLECTBEHHO OTINYAIOTCSA OT BbICOKOYACTOTHBLIX MPOGEM,
noatomy B nakete CST STUDIO SUITE nmeeTcsi cneumanbHbIv
BbIYNCIUTESbHBI MOAYb, OPUEHTUPOBAHHLIN UCKMOYUTESNBHO Ha
aHanM3 cTaTUYeckux, KBasucTaTUYeckmnx U HU3KOYaCTOTHBIX
3agau.

Bbicokune ypoBHV HanpsXXeHWn N TOKOB SHEPreTU4eCKUX
YCTaHOBOK HaknagplBaloT cepbe3Hble TpeboBaHWSA No HaAEXHOCTH
1 6e3onacHocTu pa3pabaTbiBaeMbIx Y3MOB U NMUHUIA Nepeaad
(Hanpumep, TpaHcopMaTophbl U U30MATOPLI). ViMeroLwmincs B
nakete CST STUDIO SUITE H13KO4aCTOTHbIN BbIYMCIUTENb
MO3BOSISIET PACCUUTLIBATL MOMSA M TOKU B MOAOBHBIX YCTPOMCTBaX
C Y4ETOM pasfnmnyHbIX cneundunyecknx aheKTos, Hanpumep,
BMXPEBbIX TOKOB. [onyyeHHble pe3ynbTaTbl MOryT ObITh
1cnonb3oBaHbl B MyNbTUHU3NYECKOM aHan1ae Ans pacyeTa
nporpeBa yCTPOMCTBa NpoTeKaloLLMMM Yepes Hero TokaMu v
OLIEHKN BO3MOXHbIX AethopMaLin CTPYKTYpbl 3@ CHET TENSIOBOrO
pacluMpeHns MaTepuanos.

Hu3ko4acCTOTHBIV BbIYMCAUTEND MOXET ObITb UCNONB30BaH Npu
pa3paboTke TakMX SMEKTPOMArHUTHBLIX YCTPOMCTB, Kak KaTyLUKX UIn
MarHuThbl, IPMYeM B pacyeT NPUHUMAIOTCS U HeNMHelHble CBONCTBA
deppomarHUTHbIX MatepranoBs. [loM1Mmo noner B yCTpocTBax
naket CST STUDIO SUITE no3sonsieT paccuntbiBaTth CUMbI 1
BpaLLaloLLe MOMEHTbI, BO3AENCTBYIOLLUME Ha OTAENbHbIE
KOMMOHEHTbI aHanu3npyeMbIx CTPYKTYp. OTO AaeT BO3MOXHOCTb
NPOEKTMPOBaTb TakNe YyCTPOWCTBA, Kak ABUraTenu, reHeparTopbl,
aKTyaTopbl U ANeKTPOMeXaHU4eckue AaTHmKu.

Mpn MoaenvpoBaHuM 3Toro anekTpoAasuraTens kapta adpdekTMBHOCTM Bblna nomyveHa ¢ NOMOLLbIO BCTPOEHHOIO
MacTepa KoHUrypaumm.

MNOCTOAHHbBIE N HUSKOYACTOTHBIE MOJ14
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CST STUDIO SUITE

UHTerpupoBaHHas cpefa NpoeKTMpPOBaHuUs, NpeaocTaBnsiolas nonb3oBaTento
AOCTYN K LUIAPOKOMY Habopy BbIYUCITUTENbHbIX TEXHONOMMIA U 06beanHsAowas
cpeAcTBa aHanusa cxem U mynbTudunsmnyeckux accekros.

CST MICROWAVE STUDIO (CST MWS) — MHCTPYMEHT Ans BbICTPOro 1 TOYHOTO YMCIIEHHOrO

MO eNMPOBaHNS BbICOKOYACTOTHBIX YCTPONCTB (aHTEHH, (DUNbTPOB, OTBETBUTENEN MOLLHOCTU, NNaHapHbIX 1
MHOFOCIMOMHbIX CTPYKTYP), @ Takke aHanuaa npobnem LenoCTHOCTU CUrHAmNoB 1 3NeKTPOMarHUTHOW
COBMECTMMOCTH.

N\ CST EM STUDIO (CST EMS) — nakeT ons MoaenupoBaHWs CTaTUYECKMX U HU3KOYACTOTHbIX

D)E 3MNEKTPOMArHUTHBIX NONe B Taknx YCTPOWCTBAX, Kak AaTyvky, akTyaTophbl, TpaHcopMaTopsl,
3NEKTPOMEXaHNYECKNE U3MEPUTESbHBIE FONOBKU, 3KPAHUPYIOLLME KOHCTPYKLUUN. 34ecb MMmeeTcs
BO3MOXXHOCTb aHanun3a anekTpo- 1 MarHUTOCTaTUYECKUX MONEN, BUXPEBBIX 1 MOBEPXHOCTHBLIX TOKOB.

CST PARTICLE STUDIO (CST PS) — crneuvan1aipoBaHHbIN NakeT A5 aHanu3a noBeAeHns 3apsXeHHbIX
4yacTuL, B 3NEeKTPOMAarHUTHbIX NOMNSX Y MOAENMPOBaHUSA TaKUX YCTPOWMCTB, Kak 9NeKTPOHHbIE MYLLKY,
KaTofHble NyyeBble TPYOKWN, MarHETPOHBI.

CST CABLE STUDIO (CST CS) — crneuvan1aMpoBaHHbIi NakeT ans mogenvposaHus EM adbdekTos B
kabensix, No3BoNsLLMIA ONTUMM3NPOBATE BEC U pa3Mep OAMHOYHbIX MPOBOAOB, BUTLIX Map, a Takke
CINOXHbIX XIYTOB C HEOTPaAHUYEHHBIM YMCITOM NPOBOAHUKOB. [porpaMMa no3BonsieT oLeHBaTb HanpsKeHNs
B pa3sHbIX Toukax kabGenen, TokM Yepes onpefeneHHble NPOBOAHMKM, S-napaMeTpbl, UMNeaaHChl, a Takke
B3aMMHble HaBOAKU NPOBOAHUKOB ApYr Ha Apyra.

CST PCB STUDIO (CST PCBS) — cneunanuavpoBaHHbI/ NakeT, NO3BONSOLNIA BbINOMHATL aHanm3
LIeNTOCTHOCTU CUTHArOoB U NEPEKPECTHbIX MCKaXKeHUIN Ha BbICOKOCKOPOCTHBIX LMMDPOBbIX, CMELLaHHbIX
aHanoro-UMgpoBbLIX NraTax, a Takke B UCTOYHUKAX NMUTaHUS.

L
=
S
0
o
&)
=
'_
0
'_
0
O

CST BOARDCHECK (CST BC) — cneumnannampoBaHHbI NakeT, MO3BONSAOWMIA BbINOMHATL UMNOPT
NPOEKTOB NeYaTHbIX NaT, BbIMOMHEHHbIX B PA3NUYHbIX CUCTEMaX NPOEKTUPOBaHUS, U BbISBASATL B HAX
BO3MOXHblE NPOBNEeMbI 311eKTPOMarHUTHOM COBMECTUMOCTU Mo Habopy 3adaHHbIX OrpaHUYeHNiA.

CST MPHYSICS STUDIO (CST MPS) — cneuLuvannaMpoBaHHbIA NakeT Afsi aHanu3a TENoBbIX U
MeXaHW4YEeCKNX Harpy3okK.

CST DESIGN STUDIO — MHCTpPYMEHT, NO3BOMSOLLMIA pa3buTb CNOXHOE YCTPOMCTBO Ha OTAEMNbHbIE YacTw,
NpoMoAenMpoBaTh X MO OTAENBHOCTU U 3aTEM MHTErPUPOBATL MOSyYEHHbIE AaHHbIE B €4VHOe Lienoe.
Kpome Toro, 3gecb MMeeTcs BO3MOXHOCTb OAHOBPEMEHHOTO MOENMPOBAHUSA SMEKTPUYECKUX CXEM U

3D EM ctpykTyp.
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CST — Computer Simulation Technology

O komnaHuu CST

KomnaHnua CST B HacTosiLLee BpeMs NpeanaraeT KnneHTam
cBow npogykT CST STUDIO SUITE, npeactasnstowni
coboii camblli LLMPOKWIA HABop NporpamMMHOro obecneveHns
Ons TPEXMEPHOro MOAENUPOBaHUS SNEKTPOMAarHUTHbBIX
noreu Bo Bcex Anana3oHax YacTtoT. CekpeT ee ycnexa
KpOeTCsl B MCMOMb30BaHNUKN CaMblX COBPEMEHHbIX
BbIYNCMNTENbHbLIX TEXHOMOMI, B APY>KECTBEHHOM
nornb30BaTeNbCKOM MHTEpence U B KBaNnMMULNPOBaHHOM
nepcoHane TeXHUYECKON NoAAePXKKH.

B uucne knueHToB komnaHun CST BeayLme npeacTaBuTeNny
CcaMbIX pa3HOOOpasHbIX OTpacnei NPOMBbILLIIEHHOCTH,
3aHMMaroLLmMecs pas3paboTKon TENEKOMMYHUKALIMOHHOTO,
aBMaLIMOHHOIO, aBTOMOGUITLHOTO, 3M1IEKTPOHHOIO,
MeauvunHckoro obopyaosaHus. B HacTosee Bpems
nporpaMmmMmHoe obecneyveHne CST aBnseTcs YacTblo
cemelicTBa npoayktoB SIMULIA, 6paHaa komnanun Dassault
Systemes.

Bonee nogpobHyto nHdopmaumio o CST MOXHO HalTu no
agpecy www.cst.com.

O npoaykTtax SIMULIA

MpopgykTbl nuHernkn SIMULIA, 6paHaa komnaHumn Dassault
Systémes AaloT BO3MOXHOCTb MOSb30BaTeNsimM 3a4efcTBOBaTh
h13n4eckM-oCHOBaHHOE MOAENUPOBAHME U BbICOKONPOW3BO-
AVTEnNbHblE KOMMNbIOTEPHbIE BLIMUCIEHUS AN HEMPEPbIBHOMO
pa3BUTUS MIHHOBALWI B NPOAYKLNMW, NPUPOAE U KU3HMU.
PeanusoBaHHble Ha 6a3e opurmHanbHoi Dassault Systemes
nnatdopmel SDEXPERIENCE, npoayktel SIMULIA
BbINOSHAOT peanucTU4YHOe MOAENUPOBaHNE U ONTUMMU3aLIMIO
NPUNOXEHWI, TEM CaMbIM YCKOPSIS MPOLIECC CO3AaHNs
KPUTNYECKN BaXKHbIX MPOEKTOB N MHXEHEPHbIX PEeLLUEeHU A0
NMOCTPOEHWSA AOPOrMX U 3aTPaTHbIX MO BPeMeHU dn3n4eckunx
NpOTOTMNOB.

MogpobHee: www.3ds.com/simulia.

O komnaHum Dassault Systémes

KomnaHnusa Dassault Systemes (3DEXPERIENCE)
npefocTaBnseT nogsM 1 6usHecy BUPTyarbHYH BCEMEHHYIO
ANs NOCTOSIHHOTO PasBUTUA MHHOBauMiA. Ee nuaupytolmne
peLleHnsi TPaHCOPMUPYIOT CNOCOGbI, KOTOPLIMU NMPOAYKTbI
pa3pabaTbiBatoTCs, MPOM3BOAATCS U NOSAEPKMBAIOTCS.
Pewwenunsa Dassault Systémes’ ctumynupytoT coumnanbHble
WHHOBALMW, PacLUMPSIOT BO3MOXHOCTM BUPTYanbHOro Mupa
no ynyudlleHuto peanbHoro mupa. KomnaHus nmeet 6onee
210 TbiCs4 Nonb3oBaTeneln pasHoro ypoBHs BO BCEX
oTpacnax nHgyctpum B 6onee 4yem 140 ctpaHax.

MoppobHee: www.3ds.com.

CST, CST STUDIO SUITE, CST MICROWAVE STUDIO (CST MWS), CST EM STUDIO, CST PARTICLE STUDIO, CST CABLE STUDIO, CST PCB STUDIO, CST MPHYSICS
STUDIO, MPHYSICS, CST MICROSTRIPES, CST DESIGN STUDIO, CST EMC STUDIO, CST BOARDCHECK, PERFECT BOUNDARY APPROXIMATION (PBA), Antenna
Magus, norotun CST, 3DEXPERIENCE, norotun Compass, norotun 3DS, CATIA, SOLIDWORKS, ENOVIA, DELMIA, SIMULIA, GEOVIA, EXALEAD, 3D VIA, BIOVIA,
NETVIBES, IFWE n 3DEXCITE sBnstoTca 3aperncTpMpoBaHHbIMU TOProBeIMM Mapkamu dpaHLy3ckor komnaHum Dassault Systemes (Versailles Commercial Register # B 322
306 440) nunu ee goyepHux doupm B CLUA 1 apyrux ctpaHax, [ipyrie ynomsiHyTble MMeHa KOMNaHui 1 NpoayKTOB SIBMSIOTCS 3aperncTpMpoBaHHbLIMU TOPTroBLIMU Mapkamm 1x

BnagenbLes.

CST
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