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Mpeancnoeue

1 PABPABOTAH O6uwecTtBoM ¢ orpaHUYeHHOW OTBETCTBEHHOCTBH «HayuHo-MccneqoBaTeNbLCKUA UH-
ctutyT «ACOHUKA» (OO0 «HUWU «ACOHWMKA»), OBLuecTBOM ¢ OrpaHUYeHHON OTBETCTBEHHOCTLI «[1lnaT-
dopm» (OO0 «lMnatcopm») n ObWecTBOM C orpaHuM4eHHon oTeeTcTBeHHocThio «NCBE Codteep» (OO0
«MNCB CodTeep»)

2 BHECEH TexHuueckum komuteToM no ctaHgapTtusaumm TK 165 «CucTemMbl aBTOMATU3MPOBAHHOIMO
NPOEKTUPOBAHMWSA 3MEKTPOHWKNY

3 YTBEPXOEH W BBEOEH B JEWCTBWE MMpukasom ®enepanbHOro areHTCTBa Mo TEXHUYECKOMY
perynupoBaHnio U metponorin ot 29 despans 2024 r. Ne 260-cT

4 BBE[JJEH BINEPBbIE

lNpasuna npumeHeHUss HacmosAweao cmaHdapma ycmaHoeneHbl 8 cmambse 26 @edepanbHO20 3aKoHa
om 29 uroHa 2015 2. Ne 162-03 «O cmandapmusayuu e Pocculickol ®@edepayuu». Mugopmayus ob us3-
MeHEeHUSX K HacmosileMy cmaHdapmy nybrnukyemcs 6 exe200HOM (M0 COCMOSHUK Ha 1 aHeaps mekyuieao
200a) uHhopmMayUOHHOM yKkazamene «HauyuoHansHele cmaHlapmesi», a oguyuansHbIl MmeKem U3MeHeHUl
U ronpasok — 8 eXeMecsayHoM UHhOPMAaULOHHOM ykazamene «HauyuoHansHeie cmaHdapmei». B cryyae
fnepecMompa (3amMeHbl) UU OMMeHbl Hacmosuwe2o cmaHdapma coomeemcemayroujee ysedomieHue bydem
onybnukosaHo 8 binuxaluwieM 6blIycKe eXeMecsyHo20 UHGOPMayUOHHO20 ykasamesns «HayuoHanbHble
cmaHOapmsi». Coomeemcemayioujas UHgopmayus, yeedoMeHUe U MeKcmbl pa3Mewalomcs makxe 8 UH-
ghopmauyuoHHOU cucmeme obLeao nones308aHuUs — Ha oguuuansHoM calime @edepanbHo20 azeHmcmea rno
MEexXHUYECKOMY peaynupoeaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayumny», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NnpoCcTpaHeH B Ka4vecTBe ocbmu,uaanoro n3gaHus tes pa3pewieHna dJe,qepaanoro dreHTCTBa no TexHu4de-
CKOMY perynmnpoeaHu N MeTponornn
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BeegeHue

PaspaboTka cTaHgapTa NpoAvKTOBaHa HeobXoAMMOCTBIO CTaHA4apTU3auMy BbINOMHEHUA aHanusa npo-
ekToB nevatHoi nnatsbl (M) ¢ ToYKKM 3peHnst LeNOCTHOCTM CUTHANOoB W MMTaHWIA Ha HEM Kak OTAEeNbHOro aTana
40 Ha4yana, B MpoLecce 1 Nocre OKOHYaHWs BbINMOMHEHNA aBTOMaTU3MPOBaHHOIO NPOEKTUPOBAHMUSA AMEeKTPOH-
Hol annapartypebl. [ocne 3aBeplleHns 3Tana co3gaHusa cXeMbl, Npu GOPMUPOBAHUN 3afaHWA Ha pa3paboTky
TOMOMOrMK U KOHCTPYKLWM, a Takke B npouecce M No oKoH4YaHuK paspaboTku Tononorum M1, TpebyeTca BbI-
NoMHWUTE BepudMKaLMo MOMyYeHHOro NpoekTa C TOYKU 3peHUsl KavyeCcTBEHHOro hOpMUPOBAHWS TOMOMOrMK
coeVHEHW ONS CUTHanoB, NPOXOAALWMX Yepe3 nedvaTHy nnaTy, U TONomnorMyM CUCTEMEl 3eMenb, MUTaHWW,
pa3BfA3bIBaAKOLLMX KOHAEHCATOPOB VM NOMUIOHOB BO3BPATHBIX TOKOB HA NMeYaTHOW nrnarte, B Luenax obecneveHus
3aaHHbIX napameTpoB paboTbl CXeMbl B COCTABE KOHEYHOro M3Aenns U B 3afdaHHbIX YCMNOBMAX 3KcnnyaTa-
uun. B nutepatype npuHATO Ha3blBaTb 3Ty onepauuio aHanu3oMm LenoCTHOCTW CUrHanoB U nuTaHuin (Signal
Integrity, Power Integrity).

Cranpapt pacnpocTpaHaeTcsa Ha npouecc aHanusa danna npoekta N B aBToMaTn3MpoBaHHoOM cncTe-
Me BupTyaneHoro M mogenvpoBanusd. Ero uens — aBTtomatvsauusa obpaboTku v aHanuaa dpanna npoekTa
Ml c npumMeHeHVeM MaTeMaTM4YecKkoro MOAEeNUPOBaHWUS, CHUKEHWE 3aTpaT Ha pa3paboTKy, Mpou3BOACTBO U
obcny:KuBaHWe 3a c4eT NOoBbILLEHMS KavyecTBa pa3paboTok.

Ha ocHoBe paHHOro craHgapta MOryT ObiTb OCHOBaHbl 3Tan nNpedBapWMTenbHOrO aHanusa (npeg-
TOMOMOrMYEeCcKoro), sTan aHanvaa B npouecce paspaboTkM (BCTPOEHHOr0); U 0BA3aTernbHbIM 3Tanom AOIBKEH
ABMATHCS MOCT-TOMONOMMYECKUIA aHanu3 LenocTHOCTM CUTHaNoB 1 NMUTAaHMIA Ha NevyaTHOW nnaTte nepea Tem,
Kak nepefate dann npoekta M1 B TeXHONOrMYECKYD U NPOW3BOACTBEHHYO MOATOTOBKY. Takke B cTaHdap-
Te opraHuzauMy MOXeT NPUCYTCTBOBaTh 3Tan «KOMMIIEKCHOW MPOBEPKN LIENOCTHOCTU CUFHAMOB WU NMUTaHUA»
ANt HECKOMbKUX NeYaTHbIX Y3r0B, COeJUHEHHbIX Kabenamu, 06begMHUTENbHLIMW NaHeNsaMu, pasbemamu, Unu
npubopa «B cbope».

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

Cuctemsbl dBTOMAaTU3NPOBaAHHOIO NPOEKTUPOBAaHWUA 3JTEKTPOHUKN

AHANMW3 UENOCTHOCTU CUTHANOB U NMUTAHUA HA NMEYATHbLIX NIATAX.
MAPLLUPYT AHAINMU3A NPOEKTOB U OEPABOTKA PE3YILTATOB

Electronics automated design systems.
Signal integrity and power integrity analysis of printed circuit boards.
The flow of analysis of the projects, and interpretation of results

Data BBepeHusa — 2024—04—01

1 ObnacTb NnpUMeHeHus

1.1 HacTtoawwmin cTaHgapT npegHasHayeH Ans npyuMeHeHust npegnpuaTUsiMi NPOMbILLEHHOCTH 1 opra-
HU3aLMAMKM NPU UCNONB30BAHUW 3MEKTPOHHLIX CUCTEM MOLENUMPOBaHUA BUPTYarbHbIX ABONHUKOB 3MEeKTPOH-
HbIX y3roB (JY) Ha paHHUX 3Tanax NPOeKTUPOBaHWUA, U3TOTOBMEHWS M UCMbITAHWA JY.

1.2 CucTEMBl MOLENUPOBAHUA U BUPTYanbHbIX UCMbITAHWA NMPUMEHSIHOT HA PaHHUX 3Tanax npoeKkTupo-
BaHua 3A u OKB crnenyoLero HasHayeHus: NpoMbILLINEeHHas, ANa 3HepreTuku, Ans 060pPOHHO-NPOMEILLMEH-
HOro KOMMMeKca, ANa a3poKOCMUYEcKOn OTpacnu, Ans CyLoCTPOeHUs, MeguuMHcKkas, aBToMobunbHas, ans
HaBurauMm WU paguoniokauum, notpebutensckas, Ans uckansHoOro 1 Toprosoro obopygoBaHus, NS CBA3N
(TENnekoMMyHUKaL M), Anst BEIYUCIUTENbHOW TEXHWKW, ANs aBToOMaTtM3auun W MHTENMeKTyansHoro ynpasne-
HWS, 4Ns cucTem 6e30MacHOCTK, ONs CBETOTEXHWMKW, ANS aBTOMaTU3MpPOBaHHOMO TpaHcnopTa v ABMKYLLEecs
pPOBOTOTEXHUKM.

1.3 Ha 3A, cofepkallylo B CBOEM COCTaBe pasnuuHble 3Y WM coeAMHUTENbHbLIE ANEMEHTbI, OKa3biBakoT
BMMsAIHWE BHeLIHWe fecTabunuampyrolime pakTopbl — 3neKkTpudeckue, TENNOBLIE, MeXaHUYyeckue, KnumaTtu-
Yyeckue, buonornyeckue, pagnaunoHHbIe, 3NEeKTPOMarHUTHbIE, CneunanbHbIX cped U Tepmudeckne. BHelwHre
gectabunusnpyiowme aktopbl MOryT NPpUBOAWTL K HecooTBeTcTBUSM OKB 1 3A TpeboBaHMAM K MX BbIXOZ-
HbIM XapaKTepucTMkam 1 pexumam paboTel. HacToswmii ctaHgapT ycTaHaBnMBaeT YCNoBWs, KOTOPbIM AOMK-
Hbl COOTBETCTBOBATL BUPTYankbHble Mogenu Y, a Takke pesynstaTel MOLENUPOBaHUS NPOXOXAEHUS CUTHAMNOB
No cCoeauHUTENBHBLIM 3IeMeHTaM, B TOM YMche NMUHUSAM nepegadn, ytobel peansHele 3Y cOOTBETCTBOBANM 3a-
ABMEHHbLIM B MacrnopTe W34enusa XxapakTepucTukam Jaxe npu BO3AeNCTBUM AecTabunusnmpyrowmnx hakTopos,
OroBOPEHHbLIX B nacnopTe (unv TY) Ha nsgenue.

1.4 PesynbTatom npoBegeHus NPOBEpoOK SIBMATCA PasnvyHble OTYEThl, Npeanaraemslie Ans paccMmo-
TpeHUsi nonb3oBaTtento B popme Tabnuubl. [JaHHble OTHETHI COLepKaT BCO HEOOXOOMMYKD MHDOPMALMIO Ans
naeHTMdUKaLMKM TUNOB OBHAPYXKEeHHBIX NpoBnem u nux nokanuaayuu.

1.5 [ns npoeegeHus npoeepok MM crnegyeT NpUMeHATb CneuManM3nupoBaHHLIe NMporpaMMHLIe cpef-
cTea. TpeBGoBaHMA K NporpaMMHbIM CPeAcTBaM, a Takke napameTpbl, BHECEHHbIe B napameTpudyeckue Ta-
6nuubl, ycTaHaBnvMBalT B 3aBUCMMOCTM OT TeXHU4Yecknx TpeboBaHuin k npumensemon IKB, ctaHgapToB Ha
NpUMMeHsieMble MHTepgeRchl Nepeaaqm 4aHHbIX U YCIOBUIA SKCMmyaTauum.

1.6 BupTyanbHoe MOAEeNMpoOBaHNE 3MeKTPOHWKN HE MOXKET NOMHOCTbIO0 3aMEHWNTb HAaTypPHbIE UCMbITAHUSA,
00 HAKO MOFYT OOMOMHUTE UX M MO3BOMUTL MNOMYYNTE OAHHLIE, KOTOPLIE CIOXHO W MHOMOa AaXe HEeBO3MOXHO
NONy4YMTb METOLOM HATYPHLIX UCMbITAHWUNA.

1.7 BupTyanbHble UCMbITAHUS 3NEKTPOHUKW NPOBOASAT:

Ha paHHWX 3Tanax NPOeKTUPOBaHWA (0 M3rOTOBMEHMA ONbITHOrO obpasua);
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nocre M3roTOBMNEHUA M HATYPHbIX UCMbITAHWA ONbITHOro obpasua ana nposepku paboTocnocobHo-
ctv 3A 1 3Kb B ycnoeussx BB®, B TOM 4Mcne B KpUTUHECKMX PEXMMax, KOTOpble He MOTyT BbiTb BOCNPON3Be-
OeHbl C MOMOLBH HaTYPHLIX UCMBITAHWHA.
1.8 Hactoawmn ctaHgapTt ocHoBaH Ha [1].

2 HopmaTuBHbIE CCLINKK

B HacTofllem cTaHOapTe UCNonNb30BaHa HOPMAaTWBHASA CChIMNKa Ha criefyoLluid cTanHaapT:
MOCT 15.016 Cuctema pa3paboTky 1 NOCTAHOBKM MPOAYKLUMWM HA MPOM3BOACTBO. TEXHWYECKoe 3afaHue.
TpeboBaHus K cogepxaHu 1 oOpPMITEHNIO.

MpumevaHume — [lpy NONb3OBaHUM HACTOALLMM CTaHAAPTOM LenecocobpasHo NpoBEpUTL OEMACTBME CChINOY-
HbIX CTAHO4APTOB B MHMOPMALUMOHHOW CcUCTEME OGLLEro Nonb3oBaHMA — Ha oduumansHoM caiTe degepansHoro areHT-
CTBa N0 TEXHWYECKOMY PEryrnupoBaHni0 U METPOMNOTUN B CETW MIHTEPHET UMK MO eXerogHoMy MHOopPMaLMOHHOMY yKasa-
Tenw «HaunoHanbHble CTaHaapThl», KOTOPLIA ONYBNUKOBAH MO COCTOSIHWIO Ha 1 AHBaPA TeKyLLero roga, M no BbiMyckam
EXEeMECAYHOro MHPOPMALMOHHOIO yKasaTensa «HauuoHansHble CTaHaapTe» 3a Tekylwmii rod. Ecnm sameHeH CobinoYHbIi
CTaHAapT, Ha KOTOPLIM gaHa HeaaTMpoBaHHAA CCbINKa, TO PEKOMEHOYETCS UCMONL30BaTh ASMCTBYIOLLYIO BEPCUID 3TOTO
cTaHgapTa ¢ Y4eTOM BCEX BHECEHHLIX B AaHHYH BEPCUIO U3MEeHeHWI. Ecnn 3aMeHeH CCbINOYHbIA CTaHOAapT, Ha KOTOpbIi
[AaHa JaThpoBaHHas CCbifKa, TO PEKOMEHAYETCA UCMONbL30BaTh BEPCUID 3TOTO CTaHdapTa C YKasaHHbIM Bbilue rofoM yT-
BepXKaeHWs (NpWHATKS). Ecnn nocne yTBepXOeHWs HacTOSLIero cTaHAapTa B CChINIOMHBLIA CTAHAapT, Ha KOTOpLIA OaHa
AaTUpoBaHHas CCbINKa, BHECEHO M3MEHEHWE, 3aTparnBakLlee nonoxeHne, Ha KOTOpOe JaHa CChinka, TO 3TO MONOXKEHNUE
peKOMeHOYeTCA NPUMeHATL 6e3 yyeTa OaHHOTO U3MeHeHus. ECNU CCbINOYHbIA CTaHaapT OTMEHeH 6e3 3aMeHbl, TO Nono-
)KeHMe, B KOTOPOM [aHa CChIfka Ha Hero, peKOMeHAYeTCA NPUMEHATL B YaCTK, He 3aTparvBaloLLen aTy CCbIMKY.

3 TepmuHbI, onpegeneHnsa U COKpaLleHus

3.1 TepmuHbl U onpegeneHun

B HacToswem cTaHgapTe npumMeHeHsl TepMuHbl o TOCT 15.016, a Takke cneayroliMe TepMUHBL C CO-
OTBETCTBYHLUMMU OnpeaeneHnamMmum:

3.1.1 aneKTpoHUKa: JNeKTpoHHaA annapartypa 1 BXOAsLasa B ee COCTaB 3NeKTPOHHAas KOMMNOHEHTHas
basa.

3.1.2 BUpTyanbHble UCNLITAHUA 3NeKTPOHUKKU: BocnpounasegeHne Ha KOMNbIOTEPE C NMOMOLLbLIO Ma-
TeMaTUYeCcKOro MoaenMpoBaHus YCNOBUA HATYPHbIX UCNBITAHWUIA UKW peanbHbIX YCITOBUIA 3KCMnyaTaumMm anekx-
TPOHUKK B COOTBETCTBUU C TEXHUUECKUM 3aaHWEM Ha pa3paboTKy aNeKTPOHUKN.

3.1.3 rnazkoBan guarpamma: [padmnyeckoe npeacraBneHne LMpoBOro curHana, rae Ha oguH rpaduk
HaknagbiBaeTcs BonblIOe YMCNO MHTepPBanoB nepefayn LnudpoBoi MHOOPMaLIMK, YTO NO3BONAET BU3yaribHO
WK C MOMOLL b0 rpadM4ecKon Macku aHannm3npoBaTk Ka4eCcTBO nepesadn aHHbIX.

3.1.4 umnepgaHc: BonHoBoe conpoTuBneHue.

I puMmevYyaHne — TE.‘pMVIH NPUMEHART KaK Npu aHanmnae CUCTeMbl NUTaHWKA NeYaTHbIX Nnar, ansa 0603HayeHnn
NMOMHOro ConpoTuBNeHMA CUCTEMbI NMTAHMA B 3aBUCUMOCTK OT 4YaCTOThl, TakK 1 NpW aHanu3e UenoCcTHOCTM CUrHanos, OAns
0603Ha4YeHUs1 BOMHOBOTO CONPOTUBNEHWA NMHWUKW Nepenadu.

3.1.5 nuHUA nepegadn: COBOKyI’IHOCTb 3MEeMeHTOB TOMONOrMK neYyaTHoW nNnaTtkl W/WNM coeguHUTENb-
HbIX 2NMeMeHTOB, UCnonb3yemMad anda nepefgadn CUrHana Mexny asymMmsd snektpopaguoarnemMeHTamMmi.

I pumMmevyaHmne — ﬂpMMeHﬂIOT, ecnmn ee cbmsmuecme 1 3NEeKTpOMarHnTHble XapakKTepUCTMKN MOTYT OKa3biBaTb
cyulecTBeHHOE BNMAHWE HAa Ka4eCTBO Nepegadun 3Toro curHana.

3.1.6 nevyaTHbIA y3en: lNevaTHas nnata ¢ YCTaHOBIMEHHBIMU Ha HEW anekTpopagnoanemMeHTamMmu (KOH-
AOeHCaTopamMu, pe3nctopamMm, NCuT ﬂ,.), B COBOKYMNMHOCTW BbINONHAKLWAA onpegerieHHble 3NeKTPOHHbIE prHK-
U mn BSaVIMO,D,eﬁCTByI-DUJ,aH C OpyrmuMun nevyatHblMn y3namum B COCTaBe GHEKTDOHHOI;I annapartypbl 4epes CO-
eaqunHArLWne 3NeMeHThbI.

3.1.7 cuctema aBTOMaTU3NPOBAHHOIO MPOEKTUPOBAHWUA SMEKTPOHUKW B 4acTH BUpPTYyalbHbIX
MCHbITaHMﬁ; CANP anekTpoHukn BU: CocTaBHas 4yacTb CUCTEMBI dBTOMaTU3MPOBAHHOIO NpoeKTpoBaHUA
SMNEeKTPOHWKK, NpedHa3Ha4YeHHasd AnAd aBTOMartu3npoBaHHOINO CXEMOTEXHUHYECKOIo U KOHCTPYKTOPCKOINo Mmoae-
JNIMpOBaHWA 1 BUPTYalbHbIX MCNbITAaHWUA ANEeKTPOHWKW.
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3.1.8 cuctema nutaHus ne4yatHoro ysna: COBOKYNHOCTb MPOBOASLLEN0 PMCYHKa TOMOMOrMM neyat-
HOW MnaTtbl U 3NEKTPOHHbLIX KOMMOHEHTOB (pa3beMbl, KOHAEHCATOPbl, PE3UCTOPbI U T. A.), obecnevmBatoLLmx
©ecnepeboiHOE M YCTOWYMBOE HaMpshXeHWe NUTaHUS ONa 3HepronoTpebnsaLMx KOMMNOHEHTOR Ha NevaTHbIX
nnarax.

3.1.9 aHepronoTpe6nAOLWUe KOMNOHEHThI: 3MEeKTPOHHbLIE KOMNOHEHTLI Ha MeYaTHON NnaTte, NPoOU3BOo-
AsAwme onpegerneHHblie 4eNCTBUA NPW NPOTEKaHNM Yepes HMX SNEKTPUYEeCKOro ToKa nuTaHus.

3.1.10 BER, Bit error rate: YacTtoTta BoO3HMKHOBEHUSA DMTOBbLIX OLUMOOK B KaHane nepegadn LWpPoBOA
MHOpMaLMK.

3.1.11 IBIS: ObwenpuHAaThIA B Mupe doopmMaT NpeacTaBneHns Modenen npueMHbIX U nepegawnx Tpak-
TOB LM(POBLIX 3NEKTPOHHbLIX KOMMOHEHTOB, MO3BONAKLUNIA BEINONHUTE MOAENVPOBaHME Nepenadn v npuema
CUrHaNoB Mexay 3nekTpopagnoaneMeHTaMu Yepes NuHUI nepegavdu.

3.1.12 SPICE: ObuwenpuHaTbid B Mupe dopmaT npeacTaBleHns Moaerneil aHanoroBbiX 3MeKTPOHHbIX
KOMMOHEHTOB, MO3BONAKLLMIA BbIMNOMHATL 3MEKTPUYECKOEe MOAENMPOBaHNE 3N1IEKTPOHHOM CXEMbI.

3.1.13 S-napameTpbi: OOLENPUHATLIN B MUpe copMaT NpeacTaBrneHns moaene coeduHNTENbHbIX
3NEeMEHTOB (BKINOYAA pasbeMbl, NMHUU Nepefadvn U MHOTOBLIBOOHLIE COEAMHUTENMU TUMa «YEepPHbIA ALLKMK»),
NO3BOMALMA BLINOAHATE MOENMPOBaHWE Nepegayun CUrHanoB Yepes coeguHUTENbHbIE 3NeMEHThI.

3.2 CokpawieHus

B HacToawem CTaHOapTe nNnpuMeHeHbl cnejgyruine CoKkpalweHUA:

BB® — BHELUHWe BO3OeNCTBYoWMe hakTophbl;

BN — BUPTYarnbHbIe UCMbITAHWS;

le — WHTerpansHasa cxema;

HWOKP — Hay4Ho-uccnegoBaTenbCkue v ONbITHO-KOHCTPYKTOPCKME paboThl;

M — neyaTtHaa nnaTa;

ny — nevaTtHbI y3en — nevyatHas njarta ¢ yCTaHOBMEHHbIMKU Ha Hel OP3 (koHgeHcaTopamu, pe-
suctopamu, UC u . 0.);

CAlNP — cuctema aBTOMaTU3UPOBAHHOTO NPOEKTUPOBAHUS;

Cnny — cucrema nUTaHUsi Ne4aTHOro y3na;

T3 — TexHW4eckoe 3agaHue;

OA — BMEeKTpPOoHHasa annapaTypa,

€)% — BMEKTPOHHLIN y3en;

3KB — 3MeKTPOHHAaA KOMMOHeHTHas 6asa;

3P3 — 3MNeKTPopPaano3MeMEHT.

4 OOwme NonoXeHunA

4.1 Llensto pa3paboTku HAcTosALIero cTaHaapTa SBMNseTcs ycTaHosneHve TpeboBaHWil K aBTOMaTU3MpO-
BaHHOMY MPOLECCY aHanuM3a LenocTHOCTU CUrHanoB W NuTaHuin ons npoekta MMM Ha ocHoBe nposedeHus BU
B Bbl6paHHO cUcTeMe MOAENUPOBaHUS.

Ona QoCTWXKEeHWS NOCTaBNEHHOW Leny B cTaHdapTe yCTaHOBMNEHb! crieaylolme eauHble TpebosaHus:

K chopmMaTy AaHHbIX, NepeaBaeMbiX B CUCTEMY TEXHOMOMMYeCKoW aganTauunm.

K Nopsgky v Buay NpOBOAMMBIX MPOBEPOK, N0 pesynbTaTaM KOTOPbLIX BbiAAKT 3aKMYeHWe O KOppekT-
HocTu npoekTa MM ¢ TOYKKM 3peHns LeENOCTHOCTM CUrHAMNOB W NUTaHWNA.

4.2 Opranusauusa paboT no NpMMeHeHN0 aBTOMAaTU3MPOBAHHOIO aHanu3a UenocTHOCTU
curHanos u nutaHui npoekTa Ml Ha ocHoBe AaHHbIX, nony4Yaembix U3 CAMP MM

Pazpabotuuk cxembl 3Y u/unu paspabotumk tononoruu NN 8 CAIP I nepenaeT Bcto Heobxooumyro
MHopMaLUo 0 NPOeKTe B 3apaHee OroBOPEHHOM cocTaBe UM hopmarte paboTHUKaM nogpasfgeneHus npeg-
NPUATKSA, HA KOTOpPOEe BO3MoXeHa 0bA3aHHOCTb aHanu3a LenoCcTHOCTU curHanos v nutaHui MMM, B cooTBeT-
CcTBUM C TpeboBaHuaMK T3 Ha 3Y 1 ycnoBUsSIMU 3KCNnyaTauun. B HEKOTOPEIX cnydYasax BO3MOXHO BbIMOMHEHKWE
JaHHOTO aHanuaa cunamum pazpaboTymnka cxembl, pa3paboTymKa TONonorum UNu COBMECTHO, B TOM YKCIe C UC-
Nonb30BaHWEM BCTPOEHHbIX cpeacTB aHanu3a B CAIP MMN. Mo pesynstatam aHanusa NpUHUMAKT peLleHue
O BHECEHWN KOPPEKTUPOBOK B CXEMY 3IMEKTPUHECKYH MPUHLMUNMaNbHYy, B T3 n/unu B TONOMNOIMID NeYaTHON
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nnartbl, And obecneyeHunn TDEGYEMHX XapaKTepucTuKk 3Y ¢ To4KK 3peHnA KavecTBa NMTaHMA U Ka4ecTBa nepe-
Oadvyuy curHanos.

5 OTtanbl aHanusa LEenocTHOCTU CUrHaNoB U NuTaHun npoekra MM

[Mpen-TononorMyecknii aHanms LenocTHOCTU CUIHArNOB M MUTaHWA NPOBOAAT HENOCPeACcTBEHHO nepes
Hayanom pa3paboTku TOMOMorMM NeYyaTHoW nnaTtel NGO paHee, eCnNu NOArOTOBMEHLl YACTUYHbIE CXeMbl JY,
No3BONSAKLLME BbIUMNEHUTb NoKanbHble Y3kl U BepuduUMpoBaTh UX CXeMbl COrMacoBaHus Mexay nepenato-
WMmMK U npueMHsiMn 3P3, paccunTath TpebyeMbld UMNedaHC NUHUA Nepefayn u onpenenuTb Apyrue napa-
METPbl, BANAIOLME HA LENOCTHOCTbL CUrHaMNoB 1 nuTaHnin. B ganbHenwem pesynsrarhl npeg-Tononoru4eckoro
aHanusa HeobxogMMOo MCNonb30BaTh ANA 3a4aHUA KOHCTAaHT, yNpasBnsoLwmMx napaMmeTpaMmn NpoBOAHWNKOB M-
HWUIA Nepegadn W nonuroHoB 3emnu/nutanua B CAMP MMM, a Takke Ana BepuduUkauuu NpoekTa B npouecce
pa3paboTkM TONOMNoruK, a TakKe No OKoHYaHuu paspabotkm M.

[MocT-ToNonornyecknin aHanna ne4vaTHoro yana, korga npoekt Tononoruu Ml nonHOCTE NOATOTOBMEH,
MoeT OblTb pa3buT kak MMHMMYM Ha ABa 3Tana. HadwHaTb crnefyeT ¢ aHanuaa LenocTHOCTU NMUTaHWiA npo-
ekta [I1, Bknoyana aHanM3 NoO NOCTOSAHHOMY TOKY M MO NepeMeHHOMY TOKy. PekomeHayeTcsi npuctynaTb K
aHanuay LenocTHOCTU CUrHanoB TOMNbKO MNOCHEe TOro, Kak Ka4ecTBO CUCTEeMbl NUTaHUI BepuuumpoBaHo, Ham-
OEHHble OLMDOKM NPOEKTUPOBAHUA UCMPABNEHLI U CKOPPEKTUPOBaHHLIA npoekT Ml 3arpyeH B cucteMy Mo-
OenvpoBaHus.

6 OueHka Ka4yecTBa CUCTEMbI MMTAHUA NEYaTHOro y3na

6.1 OueHka kadectsa ClMY HaunHaeTcsa ¢ Nepegadn MHdopmauuu o MY 13 cucTtemMbl NPOEKTUPOBAHUA
[N B cucTemMy MOOENUPOBaHWUS 3NEKTPMYECKUX npoleccoB, npoxogdawmx B MY npu ero pabote. lNepenaya
WHhOpMaL UK OCYLLEeCTBNAETCA TPaHCAALMen AaHHbIX NPOEeKTa U3 OQHOro cTaH4apTa XpaHeHusa MHopMauuu,
npuMensemoin CAMP MMM, B gpyroi ctaHgapT, NPUMEHSEMbI CUCTEMOW MOAENMPOBaHNA 3NEKTPUYECKUX Npo-
LieccosB.

6.2 Mocne nepefay4n AaHHbIX 0 NpoBoAsweM pucyHke MMM 1 ycTaHOBNEHHbIX HA HEel anemeHTax ¢ 06o-
3Ha4YeHWeM KOHTYPOB AaHHbIX 3fIEMEHTOB NPUCTYNAKT K aHanuay cuctemMsl nutaHus M1 no nocTosiIHHOMY TOKY.

6.2.1 [Ins BbINOMHEHMSA aHann3a no NOCTOSIHHOMY TOKY BbiOMpatoT uenu, ykasaHHble B T3 Ha aHanus 11,

6.2.2 B nccnegyemMbix UensAx OpraHU3yoT KOHTYP NOCTOAHHOMO TOKa. YCTaHaBnvBaloT BUPTYanbHbIA aHa-
INOT UCTOYHUKA HanpsXeHusa Ha nocagodHoe mecto, rae Ha Ml gorkHa cToATb MUMKpOcxema NUTaHusa Unu
3MEMEHT, C KOTOPOro CHUMAaeTcs NuTarlLlee HanpsbkxeHne. Ha mecto noTpebutens Toka B MCCcnedyemMon Lenu
yCTaHaBNUBAKT BUPTYanbHy Moaens notpebutens. Kak npaBuno, Mogenu UCToYHMKa U noTpebuTtens onu-
ceiBatoT B oopmate SPICE.

6.2.3 MNMocre ycTaHOBKM NCTOMHUKA M NOTpebuTens 3a4atoT ux cBONCTBA. [N MCTOYHUKA HanpsKeHns —
3TO reHepupyemMoe HanpsbkeHne. [ins notpebutens — 310 noTpebnaembli TOK.

6.2.4 Nocne 3agaHvs BCeX NapaMeTpPoB NCTOYHMKA U NoTpebuTena Toka Npou3BogsaT MoaenupoBaHue
nageHus HanpsKeHWs Ha NyTu TOKa OT UCTOYHKKA A0 noTpebuTtens. [JaHHOe nNageHwe NpoucxoguT M3-3a Ha-
NU4YnNs CONpoTUBMEHUS B nposodsalem pucyHke M. Yem Gonblue conpoTueneHue, Tem Bonblle nageHue
HanpsxeHusa (no 3akoHy Oma).

6.2.5 M3-3a TOro, 4T0 B COBPEMEHHbIX 3MEKTPOHHbIX LU(POBbIX YCTPONCTBAX NOTPebnsemble TOKKU, Kak
npaewno, COCTaBNAKT OT eQuHML 0 AecATKoB AMnep, NpoBosllas CTPYKTypa, COeAMHALWAA UCTOYHUK K1
noTpebuTens TokoB, hOpMUPYETCS U3 NONIMIOHOB M NePEexoaHbIX OTBepPCTUA. MNpumMeHeHne OTHOCUTENLHO Y3-
KUX NPOBOAHWUKOB He AonyckaeTtcs. [1og oTHOCUTENBHO Y3KMM NPOBOAHMKOM MOHUMAaT Yy4aCTOK TPACCUPOBKM,
AnuvHa KoToporo Gornblie WUPKWHEL B NATE U Bonee pas.

6.2.6 lNocne npoeedeHWs MTEPaTUBHLIX PACYETOR ONPEAEensoT KOHEYHOE 3Ha4YeHne NageHns Hanpsxe-
HUA M NNOTHOCTEW TOKOB B MUCCreAyeMoWn nposogsiwen cTpyktype. [NageHne HanpsKeHWa B KOHTYpe TOKOB
00ObI4HO He JOMKHO NpeBbiwaTth 5 % 0T HOMWHANBHOTO HAMPSXEHWA NUTaHWa uccrnegyemMon Lenu. MNnoTHoCTb
TOKOB B NMPOBOASILLEN CTPYKType He AomkHa ObiTe Bbiwe 100—150 A/MM2. Tok, npoxoasiliui Yepes OfHO
nepexogHoe otesepcTtue NI, JomkeH coOTBETCTBOBATL AMaMeTpy AaHHOro nepexogHoro oteepcTud. MNpumep
TpeboBaHus B T3: npn AnameTtpe nepexogHoro oteepctus 0,5 MM Tok, TEKYLLMIA Yepe3 OTBEPCTUE, HE [OITKEH
npesbiwate 500 MA. (MHorga gaHHOe COOTHOLUEHUE MOXET BbiTh HAPYLLEHO B MOMb3y NOBLILEHUSA NPOBOA M-
MOro nepexofHbIM OTBEPCTUEM Toka. MakcumManbHoe 3HadYeHue NpoBOAUMOro NepexoHbiM OTBEPCTMEM TOKA
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coctasnsieT 1 A ana gunametpa 6onee 4em 0,3 MM, XOTS AaHHOE 3HaYeHne ToKa SABMNAETCHs pekoMeHpauuen,
a He nNpaBuIoM).

6.2.7 Pe3ynbTaThl pacdeToB MapameTpoB TOKa, TEKYLEero no npoBOASLLEMY PUCYHKY, OOITKHbBI ObiTb
chopMUpoBaHbl B TabnnYHOR chopMe M COXpaHeHbl Ha XeCTKOM AMCKe MepcoHanbHOro KoMnblTepa Aans
OanbHeWlwero XxpaHeHus 1 aHanuaa.

6.2.8 Mocne aHann3a Nony4YeHHbIX Pe3ynsTaToB NPOM3BOOAT KOppekUuMio npoBoasLlero pucyHka MM gns
YMEHbLUEHUSA NMOTHOCTM TOKa B MOMUIOHax, ECM OHa NpeBblllaeT yKkasaHHyo Bbiwe. MaTtpuuy nepexogHbix
oTBepCcTUil cuctembl nuTanusa MM KoppekTUpyT Takum obpasom, 4Tobbl Yepes Bce OTBEPCTMSA, PacronoXeH-
Hble Bin3ko Apyr OT Apyra, TeK NPpakTUYecku OOWHAKOBLIA TOK. TO eCTk NMeperpy>eHHbie OTBePCTUS NUKBUOK-
pYHOT NepepaccTaHOBKOW M MOBTOPHLIM MOAENUPOBAHUEM.

6.3 MNMocne Toro, Kak Bce Hego4eTkl, 0OHapyXeHHbIe NPY CUMYNALIMKA CUCTEMbI MUTAHUSA MO NOCTOAHHOMY
TOKY, YCTpaHeHb!, MPUCTYNaloT K PACCMOTPEHNI0 YacTOTHOMO OTpe3ka, Ha KoTopom ByayT onpeaensiTe NonHoe
COMPOTUBIIEHWE CUCTEMbI MATAHUSA NO NEPEMEHHOMY TOKY (Tak HasblBaeMblil UMNEeAaHc).

6.3.1 [Ins OUEHKM Ka4yecTBa CUCTEMbI MUTAHUA NPUMEHSIOT NOHATUE MOMHOro BOMHOBOrO COMPOTUBIE-
HUS — UMMeaaHc.

6.3.2 Ha HayanbHOM 3Tane 3afalT MOAENU UCTOMHUKA M NoTpebuTena Toka Ana uccnegyemon uenu
nutaHmsa. locne aToro 3a4arT YacTOTHLIM AMana3oH, Ha KoTopoM ByaeT npoucxoduTh NoAcdeT uMnegaHca
CUCTEeMbI NUTaHKUA.

6.3.3 MNMockonbky obecnevyeHre HU3KOro 3Ha4YeHUsl UMMNeaaHca Ha BbICOKMX YacTOTax HEBO3MOXHO TONMbKO
Npw UCMoNb30BaHUM MeaHon npoBoasLlein Tononoruu MMM, Ha noBepxHocTs MMM ycTaHaBnNMBaT cneyuvanbHblie
(pa3BsA3biBalOLLME) KOHOAEHCATOPLI, COeAMHEHHbIE OOHWM KOHTAaKTOM C LEeNbK 3eMIM, a APYrMM KOHTAKTOM C
uccnegyemMon Lens nutaHud. [laHHble KOHOeHcaTopbl HAZ4Oo rPYNNUMPOBaTh OKOMO KPUTUYECKW BaXXHOTO Mo-
TpebuTens Toka, Tak Kak 0Ha 13 3aad, KOTOPYH OHU BbIMOMHAKT — CO34aHWe NoKanbHOro BbICOKOYACTOTHO-
ro UCTOYHMKA TOKa NUTaHusa Ansa notpebnarnwmx 3P3. OgHako HeKOTOpPOe KONMMYeCcTBO KOHAEHCaTOPOB A0TK-
HO BCerga npucyTCTBOBaThb OKOMO WCTOYHMKA HaMpsKEHWs MUTaHWA, a Takke No BCeW Mnowagu nornuroHa
NUTaHWA uccneagyemMon Lenu. KoOHKpeTHbIe MecTa YCTaHOBKU KOHAEHCATOPOB ONpeaensitoT Npyu BU3yanuaauum
CBOWMCTB NpoBogsen cTpyktypsl M1 Npy BEINONHEHUX MOOENNPOBaHUS.

6.3.4 MNocKkonbKy NONUroHbl MUTaHKS, NepefalLline 3HEPTUI0 OT UCTOYHIMKA HaNpsXeHUs K noTpebutento
TOKa, UMeT HenearnbHble NapameTpel, B YaCTHOCTW Y HUX MMeeTCsl Napa3uTHas MHAYKTUBHOCTb, TO C POCTOM
YacTOTbl MPOXOASALLIEr0 MO NOMMIroHaM TOKa OaHHbIE CTPYKTYPbl Ha4MHAKT co34aBaTh Bce Bonbluee conpoTUB-
neHue. 3TO BbI3bIBAET NafleHNEe HANPSXKEHUA B XapakTepHbIX MecTax NonuroHoB. KpUTUYecKMMU MecTamu,
Hanpumep ABNSAKTCA NPOTSKEHHbIE Y3Kne OTpeskn, obnagawwme 0THOCUTENbHO BONbLUOR MHAYKTUBHOCTLIO,
nunbo y4acTKW MONUIroHOB, yaaneHHble Apyr oT gpyra Ha 1/2, 1/4, 1/8 n Tak fanee ANuHbI BOMHLI NepegaBae-
MOro nepemMeHHoro Toka. Cucrema MoaenMpoBaHUs 40MKHA UMETL BO3MOXHOCTL BU3yanu3mMpoBaTth 3MeKTpo-
MarHUTHbIE M3MYyYeHUs B TAKUX XapakTepHbIX MecTax AN NocrnenyrLllen YCTaHOBKM Ha HUX KOHOEeHCaTopOoB,
KOTOpble ByayT NoKasibHO yMEeHbLUaTh NOMHOE COMpOTHMBIIEHWE CUCTEMBI MATAHUS B MECTe YCTaHOBKMU.

6.3.5 3nekTpuyeckne MoAenu, NpUMMeHseMble Npu pacdyeTax, 3anucbiBaoT B opmarte SPICE nubo B
dopmaTe S-napameTpoB.

6.3.6 lNonHoe BOMHOBOE CONPOTUBMEHWE CUCTEMLI MUTAHWUSA, COCTOALWEN M3 MOAENEN UCTOYHWMKA Ha-
npsbkeHus, notpebutensa Toka U cneumnanbHbIX KOHOEHCATOPOB HAa paccMaTpyMBaEeMOM (KPUTUYECKA BaXXHOM
ans aaHHon 3A) ananasoHe 4acToT, Kak npaBuno, He gormkHo npeebiwats 0,1 OM. Ecnu gaHHoe 3HaveHue
npeebllLIaeTcs, TO HEOBXOOMMO CTPEMUTLCS, YTODLI NPEeBbIlEeHNne NPOU30LLNO HA Kak MOXHO Donee BbICOKOR
yacToTe. Takke NogbopoM HOMeHKNAaTypbl MPUMEHAEMbIX KOHAEHCAaTOPOB M UX pacnonoxeHus Heobxogumo
nobueaTtbcs, YToDbl MOBLILEHME BOMTHOBOrO COMPOTMBIIEHWS C POCTOM 4acTOThl MPOUCXOOMNO nnaBHo 6e3
pEe3KMX NOOCKOKOB (pe3oHaHcoB). Pe3koe n3MeHeH1e NonHoro BONTHOBOTO CONPOTUBIEHUS ABMSETCA KPUTUYE-
CKMM U HELOMYCTUMbIM.

7 OueHKa KayecTBa CUrHanbHbIX NuHUKA Ha MMM

7.1 Ina nepegaun curHanoe mexay 3P3 Ha neyaTHORM NNaTte C BEICOKOW CKOPOCTLIO MCMOMNbL3YHT nevar-
Hble MPOBOAHWMKM W MepexodHble OTBePCTUA CO crnelunanbHbiM 00pa3oM paccyUTaHHbIMK XapakTepucTUKaMu.
Ha BbICOKMX CKOpPOCTHAX NepedayvyM U COOTBETCTBEHHO BLICOKMX YacToTax, COOAEpXKallMXCcs B aNeKTpU4eckom
CUrHane, aTu NMPOBOAHWKM U NepexofHbie OTBEPCTUS CTAHOBATCH NMUHWEN nepedayun, U Ux duandeckne na-
paMeTpbl HAYMHAKT OKa3bIBaTb CUITbHOE BNUAHME HA KadyecTBO nepedayn curHana. OueHka kayecTea NUHUK
nepenayun obelvHO OPMUPYETCS U3 ABYX KPUTEPUMEB: OLEHKM BHOCUMBIX noTepb (Insertion Loss B 3apybex-
HOW NUTepaTtype) 1 OLIeHKN BO3BpaTHLIX noTepb (Return Loss).
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7.2 MNpwn MogenupoBaHUM NPoLECcCoB, MPOMCXO4ALWMX B NMMHMKA nepegadm Ha [, npoucxoanT 3KCTpak-
uMs S-napameTpoB JAaHHOW MUHWUM C NOMOLLLH BblYWCNMTENbHbLIX anroputmor, 2D 1 3D-mogenvpoBaHus ¢
y4eTOM CTPYKTYpbl CNOEB, NapamMeTpoB Auanektpuka v tononorum I, u nocTpoeHue rpadukoB Insertion u
Return Loss Ha 3agaHHOM anana3oHe 4acToT.

7.3 MNpw MmogenupoBaHUK MUHUIA Nepefayn UCNOoMb3yT MOLENU UCTOYHUKOB U MPUEMHUKOB cuUrHana,
cocTaBrneHHble B oblenpuHaToM cdopmate |BIS, nubo IBIS-AMI ons BbICOKOCKOPOCTHbIX MHTEPdEencoB, ne-
pedarLmnx gaHHblie Ha YacTtoTax Boiwe 2 [Ty, [na naccMBHbIX KOMNOHEHTOB, BKITHOYEHHbIX B MWHWUIO Nepeaa4qmn
4aHHbIX, UCNonb3yloT Mogenn B oopmate SPICE nubo B hopme S-napameTtpos.

7.4 IBIS mogenu u IBIS-AMI mogenu onuckIBatOT NpoLecc NnepeknioyeHns gpansepa NMHUKM U3 COCTOS-
HWA NOTMYECKOTO HYNA B COCTOSAHUE NOrMYeckon eanHuLbl 1 HaoboporT. IBIS-AMI mogenwu cogepart anropuT-
MU4YecKkmnin Gnok, nossonaowmin bonee TOUHO MOAENNPOBATEL BEICOKOCKOPOCTHLIE MUKPOCXEMbI NepenaTymMkoB
M NPUEMHMWKOB.

7.5 locne npoBefeHUs UTEPaTUBHbIX BbIMWCMEHWA C 3834aHHOW TOYHOCTBID W NONy4YeHWsa rpadukoB
Insertion Loss n Return Loss npucTynatoT k ux aHanwm3y Ha cooteetctBuMe T13. B obwem cny4ae rpaduk
Insertion Loss He gomkeH onyckaTbes HWke 17 4B Ha Bcem nccnegyemMom guanasoHe yactoT. [paduk Return
Loss He gomkeH nogHuMMathbes Beiwe —5 Ab Ha BceM AguanazoHe uccregyembix YyacTtoT. Heobxoaumo ctpe-
MUTbCSA, 4TobLI rpacdmk Return Loss He nogHumMancs eeiwe —10 ob, ogHako 3To He Bcerga BO3MOXHO.

7.6 Ecnun napameTtpel Insertion n Return Loss yknagbiBaloTca B paMki T3, unu B 3Ha4YeHWs1, NPUBELEH-
Hble B MpeablayLiemM NyHKTe, TO NOCTPOeHWE rMaskoBoi AnarpaMmmel HeuenecoobpasHo. Ecnu rpadwmk Return
Loss HaxoguTcsi B guanasoHe oT —10 go -5 b, pekomeHayeTca NPUCTYNUTL K NOCTPOEHMIO MasKoBoi gva-
rpamMMel NepefaBaemMoro curHana v nogdbopy onTUManbsHOW BEMUYMHBI NpedbicKaxXeHuin, BBogumMeix AMI bno-
koM IBIS-mopenn, ecnu ecTb Takas BO3SMOXHOCTb.

7.7 [Ina nocTpoeHWsa rmas3koBoW guarpaMMbl nepeaBaemMoro curHana cucteMma MogenupoBaHus gOMmK-
Ha MMeTb GnoK, NO3BONALWMI 06ecneYnTb NpeacTaBneHne NMMHWIA nepefadn AaHHbIX Ha CUCTEMHOM YPOBHE
abcTtpakuymu. Ha TakoMm ypoBHe BCs NIMHWMA Nepefadvn OaHHbiX OennTcs Ha ydacTku. Kaablid y4acTok npeg-
cTaBnseTcsi 6nokoMm, KOTOpbIA COAEPKUT BUPTYanbHy mogens B hopmMate IBIS, SPICE unm S-napameTpos.
Brioku cBa3biBatoTCs B BUAe Lenoyky unm rpadpa 1 opMUpyoT NUHERHY0 cTpYKTYpY. [Mpn mogenvporaHum
CTpOAT rpaduk Nnepegayvn nocnegoBaTenbHbIX NepPeKnYeHuin MCTOYHMKA CUrHaNoB U3 COCTOSHWUA NOrMYecKon
eQWHULBI B COCTOAIHWE NOTMYEecKoro Hyns 1 obpatHo, ANs pasHbiX NocneoBaTensHOCTEN HYNen N eQnUHAL.

7.8 MNony4eHHble rpacouKn NepeknioyYeHns MCTOYHMKa BO BPEMEHHOW o6nacTi aHanuaupylT npy npu-
MEHeHUM cneumnanbHbIX WabnoHoB 1 MacoK, onpenensaeMbiX KOHKPETHBIM OTpacneBbiM CTaHO4apTOM, OMUCHI-
BawLWMM NPpUMEHseMbl B JaHHOM crnydyae uHTepdenc nepegayv gaHHbiX. KOHKPETHBIA CMMCOK NPOBEPOK U
KOHKpETHbIe NapameTphbl (Tabnuubl 3Ha4YeHWIA) NPOBEPOK COCTaBNAET OTAenN, OTBEYAOLMIA 32 aHanu3 LenocT-
HOCTM CUTHamnoB W NMUTAHWUA, OHWM SOMKHbI COOTBETCTBOBATL OTPAaCfEeBbLIM CTaH4APTAM Ha KOHKPETHbIE UHTEp-
thencbl Nnepegayn JaHHbIX.
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MpunoxeHune A
(cnpaBo4Hoe)

Npumep cucTeMbl aBTOMaTU3IMPOBAHHOIO aHanu3a LenocTHOCTU CUTHaNoB
1 nutaHuii npoekta MM — CATIP Sigrity

OOHWUM 13 CaMbIX NOMYNAPHBIX U MOWHBIX MHCTPYMEHTOB AN aHanuaa LenoCcTHOCTY CUrHanoB U NUTaHuii NpoeKkTa
nevYaTHOW NnaTtel CYUTAETCA NporpaMMHbIA NpoaykT Sigrity nponasoacTea komnaHnu Cadence Design Systems. 3T1oT MH-
CTPYMEHT NOCTOAHHO 0BHOBNAETCA M UMEET NPOCTOW, OOCTYNHBIA ANA NOHUMaHWA MHTEPdENC.

WHcTpymeHT Sigrity sBnseTcs aBToMaTU3MpoBaHHOW NporpaMMHON CUCTEMO, MO3BOMNANLLEN NPOBECTHM BUPTYalb-
Hble MCMbITaHUA NEeYaTHOro y3na, COBOKYMHOCTYU MeYaTHbIX Y3M0B W COedUHWUTENbHBIX 3MeMeHTOoB, a Takke DA B Lenom.
BxogHele aaHHble npoekta M1 onsa ananusa moryT BbITe NpeacTaBneHsl B 0bwenpuHaTeix dpopmaTtax ODB++ unu IPC-
2581, yTo Nno3BoONAET UMNOPTUPOBRATE NPOEKTHI U3 NonynapHelx dopmatos CATP MMM, Takmx kak Cadence OrCAD/Allegro,
Xpedition, Altium, P-CAD.

[nsa pelleHns pasnuMyHbIX 3a4a4 aHann3a LeNoCTHOCTU CUTHaNoe W NuTaHwi B Sigrity NpMcyTCTBYOT oTAenbHble
WHCTPYMEHTbI, CBSI3aHHbIE Yepes edVHylo cpedy BW3ayanusauuW 1 aHanusa npoekToBs, a Takwke obbeguHseMble NPOn3Bo-
auTenem B Habopk! MULEH3MOHHLIX NPOAYKTOB B 3aBUCUMOCTM OT HazHauYeHusa: Habop AN aKCTpakuuK 3NeKTPOMarHUTHLIX
XapakTepWCTUK Ne4aTHoW Nnatel, Habop Ana aHanmsa LenoCTHOCTW NUTaHuiA, Habop ANg aHanuaa LenocTHOCTU CUTHAmMOoB,
Habop Ans aHanw3a TENMOBbIX XapakTePUCTWK W pacnpegeneHus Tenna. Hwke npuBegeHo kpaTkoe onucaHne OTAeNbHbIX
WHCTPYMEHTOB CUCTeMbI Sigrity.

PowerDC — yHWKanbHbIM NporpaMMHbli NPOAYKT, NO3BOMSWMIA COBMECTHO BbINOMHATL TEMMNEpaTypHOe W anek-
Tpuyeckoe mogenupoBaHue 3Y. Cuctema MoOenvpoBaHUsa YYUTbIBAET He TOMBKO HarpeB MeaHbIX MPOBOAHVKOB W MOMUro-
HOB NUTaHUA M3-3a NPOTEKAaIOLEro No HUM TOKa, HO U M3MEHEeHWe CBOWCTB MaTepuanoB (CHUKeHWe TennonpoBOgHOCTH U
NPOBOAMMOCTU) BCNEACTBME Harpeea. 3To NO3BONAET Kak Nony4YuTe JOCTOBEPHYK KapTUHY TENMOBLIX pacnpeaeneHvii Ha
nedyatHom yane, IC n paguatopax, ¢ y4eToM NapameTpoB OKpyXalowell cpeapl, ckopocTy oBayea 1 CBOWCTB paguaTtopa,
Tak u 6nu3KMe K pearnbHbIM 3Ha4YeHMA NageHWs HanpsKeHUst MTaHusa Ha BeicokonoTpebnawwmx IP3. [Ina mogenvpoea-
HWUS1 NPUMEHST MeToA KOHeYHbIX anemeHToB (FEM).

OB6beKTbl MOAENUPOBAHUA:

NPOBOAHUKK, BeiBOALI, Wapukn BGA, nepexogHele otBepcTus M1,
BCE MedHble 1 guanekTpudeckue crowm M1,

TeMnepaTypHble CBONCTBa 1 3aBUCYMOCTHM Marepuarnos,;
papuaTopel, TepMmaneHsle cniou MM, TennocToku.

PaamMepel, TN 1 maTepuan paguaTopa 3a4atoT Npy BBoAe NapameTpoB ModenvpoeaHus. CBOWCTBa M TemnepaTtypy
OKpy>KatoLLlei cpefdbl, a TakKe CKOpocTb 00AyBa 3afarT B napameTpax.

ToYHOCTE CUMYMALMN NOATBEPKAAIOT NPaKTUYECKUMW N3MEPEHUAMM.

PowerS| — WMHCTpYMEHT Anst aKCTpakumMu aNeKTPOMarHMTHeIX NapamMmeTpoB NpoekTa nevatHow nnatel. OH nomoraeT
GbICTPO 1 TOYHO MPOBECTK TakWe BUAbl BUPTYarbHbIX UCTBITAHWIA, Kak aHanws wyma 3eMnn 13-3a 04HOBPEMEHHOro nepe-
KMKYeHNs MHOXeCTBa noTpebuTenen, NepekpecTHbIX NOMeX, onpejeneHne eMKOCTHOW CBA3M Mexay curHanamu. lNpoeo-
OST OAHOBPEMEHHOE 3NeKTPoMarHUTHOe MOOENUPOBaHWe BCeW nedYaTHoW nnatel. JaHHbIN NporpaMMHbIA MOAYINb MOXET
MCMonb30BaTLCA Kak Ana nNpea-TononorMyeckoro MogenupoBaHua Ana BeipaboTky pekomeHaaumia Ans TpacCUpoBKK, Tak
W nocne 3aBeplLUueHUsa TpaccupoBkW N1, Ans nposBepkn ee KadecTBa. Pe3ynstatel paboTel Mogyna PowerSl moryT 6biTh
MCNonb3oBaHbl B fanbHeNWeM aHanuae Bo BpeMeHHoW obnacTtu ¢ nomMoLlsio moayns SystemSl.

Clarity — wHcTpymeHT, gononHawwmi PowerS| n nossonawowmia nponseecty 60nee TOYHYHO 3KCTPaKUMID 3neKTpo-
MarHWTHbIX NapaMeTpoB AN CNOXHBIX N TPEXMEPHBIX CTPYKTYP (BbIXOAS 3a paMKWM NPOCTO MeYaTHOW nnatkl M No3Bonss
mMoaenupoBaTk pasbemel 1 kabenu).

OptimizeP| — WHCTPYMEHT, KOTOPLIV NO3BONAET ONTUMMU3NPOBATL PasMELLEHWE Pa3BA3bIBAIOWMX KOHAEHCATOPOB
Mo NMTaHWK HA OCHOBAHWWM aHann3a UMNeAaHca W NoKanbHbIX PE30HAHCOB CUCTEMBI MUTAHWIA:

MOXHO 0OHapYKUTb «ropsvyne TOYKU» B TOMOMOrMKM MOMWUIOHOB 3EMMW W NUTaHUS NNaThbl;

MOXXHO YCTpaHWTb NoKarnbHble pe3oHaHChl 3a c4eT aBTo-nogbopa NonoKeHNs U HOMWHaNoB KOHAEHCATOPOoB;

MOXHO ONTUMWU3NPOBATE KOHMMIYPaLMIO NMOMUIOHOB HA OCHOBE PE3yNbTaToB 3MEeKTPOMAarHUTHOrO aHanuaa To-
nonoruu,

MOXHO YMEHBLUMTE KONMYECTBO pa3BA3bIBaLUMX KOHAEHCATOPOB 40 MUHUMaNbHO HeoOxoammoro, 6e3 cHuke-
HWA Ka4ecTBa CUCTEMbI MMTAHWIA, 1 3@ CHET ATOr0 YMEHbLUWTL CTOMMOCTb, rabapuTbl M BEC NeYaTHOro y3na;

NONY4YUTE BO3MOXHOCTE CHU3WTE 3M M3ny4YeHWe OT NeYyaTHoro yana.

SystemSI| — nporpaMMHbIi MHCTPYMEHT, OpUEHTUPOBaHHbIA Ha MOAENMPOoBaHKe NMyTy CUrHana oT KpucTanna nepe-
pawowen MC go kpuctanna npuemHon MC, B Takux nHtepdeiicax kak PCl Express (PCle), HDMI, SFP+, Xaui, Infiniband,
SAS, SATA, USB n gpyrux, a Takke B napannenbHbix uHtepdencax tTuna DDR. MoxHO BbINONHATE OUEHKY KayecTBa
NWHWW NEpefayn npeaBapuTensHo, MCNonb3ys Habopsl MOAENel NepegaTyMKoB v MPUEMHMKOB OT PasnuUyHbIX NMPOU3BO-
autenen UC. Mcnonbaya kadecTBeHHble mogeny WC, coeguHntenein n akcTparvuposaHHyo 3M Moaens nevyaTtHowW nnarthl,
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MOXHO MONYYUTEL pe3ynbTaTel BUPTYanbHbIX UCMbITAHWIA LENOCTHOCTM CUrHaMNoB KaHana nepegadv daHHblX B 3Y, Makcu-
ManbHo Brnnskue K peansHoOCTU.

MopgenupoBaHve nomMoraeT opraHusaumam, paspabaTtbiBalolium OA, CNPOrHO3WPOBaTe NEPEKPECTHLIE MOMEXM U
Ka4yecTBo paboTkl MEXaHW3MOB CUHXPOHM3aLMK U 3aLMTEl OT NOTEPU AaHHbIX, ONpefenTe NapaMeTpkl kadyecTBa KaHana
nepegayu MHopmMaumumn (KoNMYecTBO NOTEPSAHHBLIX BUT, AXKMTTEP M ypoBeHb Wyma). MogenuposaHve napannenbHbiX UH-
Tepdencos B SystemSl, Takux kak DDRx, yunteiBaeT ocobeHHOCTM peanbHON TONOMorMM CUCTEMbl MATAHWA NeYyaTHoro
yana unu énoka (yxygweHve Ux napameTpoB paboTbl OTHOCUTENBHO UaeansHoro cny4yas). MNpu pabote B SystemSI cHa-
yana Hy>XHO cO3[aTb WNKW B3ATb U3 BUBNMOTEKN HaYanbHYK CTPYKTYPHYHO cxemMy Tpebyemoro uHTepdgeica (bubnuoteka
COLOEPXWT rOTOBBIE CTPYKTYPHBIE CXEMbI M MOAENW BoMNbLIMHCTBA COBPEMEHHbLIX LUMMPOBLIX MHTepdelcoB), a 3atemM, no-
cne paspabotku Tononoruu [Nl v Beibopa koHkpeTHbIX C 1 coeguHuTenei, 4ONONHUTL OAHHBIMU U3 Hee, YToBbl y4ecTb
BMUSIHUE KOHCTPYKLMMW, PACMONOXEHNUA CMOEB W COCefHUX MpoBoAgHMKOB. MogenupoBaHue No3BonseT NPoBepUTL Hanuyue
OTPaXeHWs, NepPeKpecTHbIX MOMEX, LYyMbl B MOMEHTLI NMEPEKITIYEHNUS 1 MHOTOe Apyroe.

B utore opraHusauus, paspabaTbiBatowlan A, nonyyaer:

TOYHOE MOAENUPOBaHWE NepefaYyn CUrHanos B AMana3soHe YacToT OT nocTosHHoro Toka ao 10 My,

BUPTYarbHbIe UCMBITAHWUA KaHanoB nepeaady MHopmauum Ha ocHoBaHuK mogenei IBIS-AMI;

ABTOMAaTUYECKYI reHepauuio «rnaskoBoi» auarpaMmmel 1 U-0B6pa3Hoil KpMBOW ONst onNpeneneHns 4yactoTel bu-
ToBbIX owmnbok (BER);

obHapyXeHne oTpaxeHW 1 NepekpecTHbIX NOMeX;

YYET LWYMOB OOHOBPEMEHHOIO NepeKntoveHus;

N3MepeHne BpeMeHW yCTaHOBMNEeHWS 1 hukcaumnm curHana.
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