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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 269-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

MpuurHoit pa3paboTku cTaHdapTa aensAeTca HeobXogMMOCTb CTaHAAPTU3aLMU NpoLecca MoLenupoBa-
HWA aHamNOroBbIX U CMEeLIaHHbIX LM po-aHanoroBeIxX aNeKTPUYEcKUX CXeM, BXOAALWUX B COCTaB NpOeKTUpye-
MO 3NeKTpoHHOW annapatypbl (DA).

CTaHOapT pacnpocTpaHsaeTcs Ha MapLIpyT MOAENUPOBAHUS SNEKTPUHECKUX CXEM, TO €CTb NpoBeaeHue
BUPTYarnbHbIX UCMLITAHWA CXEMbl U MOACXEMbI, MPOLEAYP ONTUMM3ALUK, BbIGOP ONTUMANbHOTO CXeMOTEXHMU-
YecKoro pelleHusl, ¢ MPUMEHEHUEM aBTOMATU3UPOBAHHLIX CUCTEM MPOEKTUPOBAHWSA U BUPTYanbHOMO MoAe-
NUPOBaHWA 3NeKTpUYecknx cxem. Ero Lenbs — aBTomaTtuzaunsa paspaboTku SNeKTPpUYecKUX NPUHLANUANBHEIX
CXEM, C MPUMEHEHWEM MATEeMaTMUYeCcKOro MOAENUPOBaHMWS, U CHVKEHUE 3aTpaT Ha pa3paboTKy, NpOM3BOACTEO
n o6cnyxuBaHue A 3a cHeT NOBLILLIEHWS kadecTBa pa3paboToK U CKOPOCTH NMPOEKTUPOBAHUS.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

Cuctemsbl dBTOMAaTU3NPOBaAHHOIO NPOEKTUPOBAaHWUA 3JTEKTPOHUKN

TUNOBOW MAPLUPYT NPOEKTUPOBAHUA U MOOENUPOBAHUA AHANOIMOBbIX
U CMEWAHHBIX LUU®PO-AHANOIOBbLIX ANIEKTPUYECKUX CXEM

Electronics automated design systems.
Design flow for design and simulation of analog and mixed electronic circuits

Data BeepeHuna — 2024—04—01

1 O6nacTb npUMeHeHus

1.1 Hactodwwuin ctangapT npegHasHadeH 4nd NnpUMeHeHus NpeanpusaTUaMKM MPpOMBbILWNEHHOCTH U Op-
raHM3aumnsiMu Npyu UCMNonNb30BaHUKU 3NEKTPOHHBIX CUCTEM MPOEKTUPOBAHWS U MOAENUPOBaHUSA BUPTYalbHbLIX
OBOWMHUKOB 3MEKTPOHHbIX Y3roB (3Y) Ha paHHWX aTanax NpoeKTUPOBaHUSA, M3rOTOBMNEHNUS U UCMbITAHUA 3Y.

1.2 Cuctembl NPOEKTUPOBAHUA U MOLENMUPOBAHNA SNEKTPUYECKUX CXeM NPUMEHSAKTCS NPWU NPOEKTUPO-
BaHMM DA W 3NEeKTPOHHON koMNOHeHTHON Ba3sbl (3KB) cnegytolero HazHavyeHns: Anst 060pOHHO-NPOMbILLINEH-
HOTO KOMMMeKca, ANs a3pPOKOCMMYECKON oTpacnu, AN Cy4OCTPOEHUs, MEOULWHLI, aBTOMOBWMNLHOW OTpacnu,
AN HaBUrauum 1 paguonokauuu, notpebuTenscKon oTpacnu, ANns CBA3W (TENeKoMMYyHMKaUWW), Ans cuctem
©esonacHoCTW, ANg aBTOMaTU3MPOBAHHOIO TPAHCMNOPTa U ABMXYLLENCS pOBOTOTEXHUKN.

1.3 BupTyanbHoe MogenupoBaHue 3NeKTPOHMKM HE MOXKET MOSTHOCTLH 3aMEHUTh HaTypPHbIE UCMbITaHWSA,
OOHaKko MOXeT AOMOMHUTL UX U NO3BOMUTL NOMYYUTL AaHHbIE, KOTOPLIE CNOXHO W UHOMAA AaXe HEBO3MOXKHO
Nony4MTb METOAOM HaTYPHbIX UCNbITAHUMNA.

1.4 BupTyanbHble UChbITAHWUS 3MEKTPOHUKU NPOBOAAT:

- Ha paHHWX 3Tanax NpoeKTUPOBaHUA (40 U3rOTOBMNEHUS OMLITHOrO 0b6pasua);

- Mocrne W3roTOBMEHUST U HATYPHBIX MCMbBITAHUA ONbLITHOrO oBpas3La ons npoeepku pabotocnocobHOCTH
OA n 3KbB B ycnoBusax BB®, B TOM uncne B KPUTUHECKMX PEXMMAX, KOTOPbIE HE MOTYT BbiTh BOCNPOU3BEAEHbI
C MOMOLLbIO HATYPHbBIX UCTMbITAHUA.

1.5 KpanHe BaxHOW xapaktepucTukon npu Beibope CAMNP ons npoekTnpoBaHWa U aBTOMAaTM3NPOBAaH-
HOMC MOAENVPOBaHUS IMEKTPUUECKUX CXeM SIBMNAETCA BO3MOXHOCTb W Ka4YecTBO ee MHTerpauun ¢ gpyrumu
npuMeHsembiMu B opradusauum CAlMP, B nepeyto odepens ¢ CAMP M.

1.6 HacTtoawwun ctangapt bazupyetcs Ha [1].

2 HopmaTtuBHbIEe CCbISTKK

B HacToAwWeM cTaHOapTe MCNOMb30BaHbl HOPMAaTUBHbLIE CChINIKK HA cnefylolue cTaH4apTbl:

FOCT P 70201 CucTembl aBTOMaTU3MPOBAHHOIO MPOEKTUPOBaHWUs anekTpoHukn. OnTumanbHoe co4veTa-
HWEe HaTypPHbIX U BUPTYarnbHbIX UCNbITAHWUI 3MEKTPOHNKN Ha HAAEXHOCTb U BHELLHWE BO3OeACTBYOLME dhaKTo-
pbl. TpeboBaHWUa U NOPSAA0K NPOBEOeHMs MPU BbINOMHEHUW TeXHUYeCcKoro 3agaHusa Ha HAOKP

FOCT P 70290 CucteMbl aBTOMaTU3MPOBAHHOIO NPOEKTUPOBAHUSA 3NEKTPOHUKK. TepMUHbLI 1 onpeae-
neHwus

MOCT P 70292 CucteMbl aBTOMaTtnanpoOBaHHOIO NpoeKTUPOBaHUA SNeKTPoHUKK. Nogcnuctema aBtoma-
TU3UPOBAHHOMO CO34aHUA KapT paboyumx peMMOB SNeKTPOHHOW KOMMNOHEeHTHoW 6a3bl

M punMevyaHne — I'Ile nornb3oBaHMKM HAaCToALLKMM CTaHOapToM LIE‘J'IECOOGDHSHD NPOBEPUTE ,ﬂeﬁCTBVIE.‘ CCbINnoY-
HbIX CTAHOapTOB B VIHCbOpMaLI,VIOHHDﬁ cucreme O6LL[E‘FO nonb30BaHWA Ha OqDMLiMaJ'!bHDM canTe CDe,qepaanoro areHTcrtea
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Mo TEXHWYECKOMY PETyNUPOBAHUKO W METPONIOTUKU B CETU MIHTEPHET UMW MO eXerogHoMy WHM(OPMaLWUoHHOMY ykasaTe-
o «HaunoHanbHble CTaHAAPTHI», KOTOPLIA ONyBNYKoBaH MO COCTOSAHMIO HA 1 AHBAPA TEKYLLero roga, U no BbiNyckam
eXeMecauYHoro MHOPMAaLIMOHHOTO yKa3aTens «HauuoHansHble CTaHAapThi» 3a TeKyLUWiA roa. Ecnu 3aMeHeH CChINOYHbIN
CTaHOapT, Ha KOTOpLIM AaHa HefaTUPOBaHHAsS CChINKa, TO PEKOMEHOYETCS UCTMONb30BaTh AEUCTBYIOLLYI BEPCUID 3TOMO
CTaH4apTa C YY4ETOM BCEX BHECEHHbIX B AaHHYIO BEPCHI0 M3MeHeHWi. Ecnin 3aMeHeH CChINoYHbIA CTaHAapT, Ha KOTOPbIN
JaHa [aTvpOBaHHas CCbiNka, TO PEKOMEHAYETCH MCMONb30BaTh BEPCUIO 3TOM0 CTaHAapTa C yKasaHHbIM BbILLIE FOAOM yT-
BepXaeHWs (NpuHsaTKs). Ecnv nocne yTBEPXOEHWS HAcTOsALero CTaH4apTa B CCbIOMHBIA CTAHAApT, HA KOTOpLIA AaHa
[aTpOBaHHasA CChINKa, BHECEHO M3MEHEHWe, 3aTparBaioLLiee NONoXeHWe, Ha KOTOPOE AaHa CCbINka, TO 3TO NOMOXEHNE
pPEKOMEHOYETCA NPUMEHHATE Be3 y4eTa 4aHHOrO U3MeHeHUs. Ecnu cebinoyHbIn cTaHgapT oTMeHeH 6e3 3aMeHbl, TO Nomno-
XKEHWE, B KOTOPOM [aHa CChINKa Ha HEro, PEKOMEHAYETCH NMPUMEHHATE B YacTU, HE 3aTParvBaloLLei 3Ty CChInky.

3 TepmuHbI, onpegeneHnsa U COKpaLleHus

3.1 B HacTosiweM cTaHaapTe npuMeHeHsl TepMuHbl no MTOCT P 70290,
3.2 B HacTosLWeM cTaHAapTe UCNoNb30BaHbl CrieyoLlLne coKpalleHWs:

BB® — BHelHWe BO3aeNCTRYOWME hakTophl;

B — BUPTYanbHbIe UCMbITAHWUS;

nc — WHTerpanbHas cxema;

KMOI — koMnnemeHTapHas CTpyKTypa MeTanmn — OKCUA — NONynpoBOAHMUK;
KPP — kapTbl paboyux pexumMmos;

HTO — HopMaTWMBHO-TEXHUYECKAsA OOKYMEHTauus;

M — ne4yaTHas nnara;

CAMNP — cucteMa aBTOMATU3NPOBAHHOIO NMPOEKTUPOBAHUS;

T3 — TexHW4ecKoe 3agaHue;

TTI1  — TpaH3UCTOPHO-TPaH3UCTOPHAas NTOr1Ka;

YO — ycnoBHo-rpaduyeckoe obo3HaveHue;

SA — SMNEeKTPOHHaA annaparypa,

Yy — 3MNEeKTPOHHLINA y3en, KOTOPbIA MOXeT ABAATbCA (IYHKUMOHANbHOW 4YacTbl Me4vaTHoro yana,

nnbo, HBOGODOT, COBOKYMHOCTb HECKOJIbKMX NeYaTHbIX Y3IroB, 00beANHEHHbIX eAUHbLIM (byHK-
LUWOHalnbHBEIM Ha3Ha4YeHWeM;

OKBE — anekTpoHHasa KOMMNOHEHTHanA b6asa;
3PV — anekTpopaauounsnenve;
3P3 — aneKkTpopaanoanemMeHT.

4 OowmMe nonoxeHnn

4.1 Uenblo pa3paboTkuM HacTosLwero ctaHdapTa SBNsieTcs ycTaHoBneHue TpeboBaHWil K aBToMaTn3u-
pPOBaHHOMY MpPOLIECCY NPOEKTUPOBAHUA IMEKTPUYECKMX CXEM, HA OCHOBE CO3[aHUsA BUPTyanbHOrO OBOWHMKA
aneKkTpU4eckow cxembl U nposegeHus BY B cooteetcTBun ¢ TOCT P 70201.

[na nocTuxeHUs NOCTaBNeHHOW Lienu B cTaHAapTe yCTaHaBNUBAKOTCA cneayollne equHele TpeboBaHus:

- K NOpAOKy WU BUAY NpOBOAMMbIX paboT, B COBOKYMHOCTW COCTaBMSOLLUX LLIENOCTHbLIA YHU(ULNPOBaHHbLIN
MapLUpyT NPOEKTUPOBAHUSA CXEMbI;

- K COCTaBy BUPTYarbHbIX UCMbLITAHWA, NO pe3yrbTaTaM KOTOPbIX BbIAAETCA 3aKNioYeHUe O KOPPEKTHO-
CTW MPOEKTa 3MEeKTPUHECKON CXeMbl C TOYKM 3peHuss cooTBeTcTBMA TpebosaHmam T3 B YacTu noTpebneHus
NUTaHWsA, PYHKLMOHAMNBHBLIX NapaMeTpoB, YacTOTHLIX AMAana3oHoB, cTabunsHOCTU paboThl CXEMbI U APYTUX
napamMeTpoB, CBA3aHHbIX C WYHKLUOHUPOBAHWMEM 3NMEeKTpUYeckon cxembl B coctaee A ¢ yyetom BB® u ros-
MO3KHbIX OTKNoHeHun HomurHanoB SKb.

4.2 OpraHmauuﬁ paGOT no NpPUMEHEHNHK CNCTEM aBTOMAaTU3NPOBAHHOIO NPOEKTUPOBAaHNA
U MoOennpoBaHWA INEKTPUYECKUX CXeM

Mcnonb3oBaHne Tex unu MHelX MHCTpymeHToB CAIMP MoxeT BbiTh «TOYEeUHBIM», MporpamMmmHoe obecne-
UYeHKMe 3a4acTyl NpUMeHsaeTcs pazpaboTyukamum CUTyaTMBHO, MO Mepe HeobxogumocTn. OgHaKo peKoMeH-
OyeTcAa cnefoBaTh YKa3aHWsIM HACTOSALLEro cTaH4apTa U BeICTPOUTE B OpraHu3auuu, paspabateiaollen JA,
YHUDULMPOBAHHBLIM CKBO3HOM MapLlpyT paspaboTkn Ha ocHoee CAlMP mogenvpoBaHWs aHanoroBbIX U CMe-
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LWAaHHbIX 3NEeKTPUHECKNX CXeM, NMO3BOMNAKLLMA KaK MCNONb30BaTh aBTOMaTM3aL M0 Ha BCeX aTanax NPOEKTNpPO-
BaHuWs, Tak 1 BoUTKU B CAlP «Tove4yHo» Ha nwobom na 9TanoB, 4YTO AaeT BO3MOXXHOCTb COKPaTWTb 3aTpaTtbl Ha
paspafSOTKy N YCKOPUTL BbIXO Ha PbIHOK.

5 Jranbl NPoOeKTUpoBaHNA U MogennpoBaHUA 3NEKTPUYECKUX CXeM

5.1 BBog aneKTpuU4ecKon NpUMHUNNUANLHOW CXeMbl

MepBbiM 3TaNOM MapLUpyTa NPOEKTUPOBAHWUA ABNAETCH BBOA SMEKTPUYECKOW NPUHLMNWANBHOW CXEMbI
oTOenbHbIX Y3M0B, TPAKTOB W/UNW cucTeMbl B Lenom. Pegaktop ans paspabotku cxem B CAlMP gomkeH no-
3BONATL pa3buBaTb CXemy Ha OTAeNbHble CTPaHWULbl, COCTABMATL Kak NMOCKUE, Tak U MepapXxuyeckue CXeMbl,
a Takke NpenocTaBnAaTh NOMbB30BATENK BO3MOXHOCTL PeakTMPOBaTh (M3MEHSTb M KOMUPOBATb) CXEMHble
anemeHThl (YIO), cospaBaTb HoBble YO, BeCTW YHUDULMPOBAHHYH BUBMMOTEKY CXEMHbLIX 3NEMEHTOB C BO3-
MOXXHOCTLIO NapamMeTpUYECcKoro Noucka, a Takke HasHa4yaTb CXeMHbIM 3NeMeHTaMm HeoBXxoanMble Moaenu Ans
AanbHellero NpoBeAeHnsa MOAENUPOBAHUA SNEKTPUYECKON cxembl. [locneaylume aTansl MOAENMPOBaHNS
pa3paboTynk MOXeT BbiBUpaTe MU KOMBUHMPOBATL B 3aBMCMMOCTW OT (DYHKLMOHANbHOMO COCTaBa M Ha3zHa-
YEHWs CXEMbl, @ TaKKe OT npeanonaraembix YCrnoBWiA aKkcnnyaTayun. B 3aBMCMMOCTM OT pesynsTatoB Moge-
MUPOBAHUA TEX UMK MHBIX Y3M0B CXeMbl pa3paboTuMK NPUHUMAET COOTBETCTBYIOLLME PELLUEHNS — O 3aMeHe
3MEKTPOHHLIX KOMMOHEHTOB, U3MEHEHUM HOMWHAMOB UMK OOMYCKOB UMM O KOPPEKTUPOBKE 3MEKTPUYECKON
CXeMbl B LLENom.

5.2 [logrotoBKa «UCNbITaTellbHbIX CTEHOOB» U «BapWaHTOB UCNONMHEHWUA»

ﬂ,J'IFI peanu3aunn 0aHHOro atana CAINP MogenvupoBaHnAa OOIKHa No3BONATb paapaGOTHwa BblOENATb
oTOeNbHbIE YAaCTW CXeMbl U BbIMOITHATE X MOOENMPOBaHWE B BUOE TaK Ha3bliBaeMbIX UCMbITATEITbHbIX CTEH-
[oB, C 3afdaHnem TDEGyEMbIX napameTpos Moaernen, U ¢ nogadven COOTBETCTBYHOLLUX HaI'IpFI}KEHVIFI WMCTOYHN-
KOB MUATaHUA U BXOOHbLIX CHUTHAlbHbIX WUITA LUYMOBbLIX BO3AENCTBUN. Taknum oﬁpasoM, pa313860T‘-WIK nony4vaet
BO3MOXXHOCTL BbIMOJTHATL MOOeNnMpoBaHUe 1 aHanma oTAerlbHbIX Yy4aCTKOB CXeMbl, NMpU 3TOM He Tp96y8TCF|
KonMpoBaTbk UMK NEPeHOCUTb 3TU «NMoACXEeMbI» B OTAENbHbIN penakTop, 4To CHWXaeT BEPOATHOCTEL BHECEHWA
owmnbok n yCTpaHAaeT «4enoBe4YeCcKnin CbaKTOD)) Ha 3Tane mogennpoBaHund.

5.3 AHanu3 TOYKM cCMeLleHUA cxXeMbl

O,EI,HMM M3 NepBbiX 3TANOB MOAENUPOBaHUA ABNAETCA aHanums Hal'lpFI)KEHMl:’! 1M TOKOB B pa3nun4HbIX Lensax
SﬂeKTpM‘-IG‘CKOPI CXeMbl B YCTaHOBUBLLUEMCH pexunme. Ha stom atane mMOXHO onpegennuTe U NMpoOBepuTb Ha-
NpsAXXeHWA CMeLlleHnA, HanpuMep, Ha BbiBOOAX TPAH3UCTOPOB, TOKW MOKOA, M APpYrne XapakTepUuCTnkn CxemMbl.
AHanM3 TOYKN CMELLEHUS y4uTbiBaeT ntobble UCTOYHMKN HanpsxXeHnd, nogaBaemMblie Ha CXemy, U nobble Ha-
YallbHble YCNOBUA, YCTaHOBIEHHbIE O1A yCTpOﬂCTB UK y3rnoB B CXemMe (Hanpmmep, Ha4dYanbHOE HanpsaxeHue
Ha KOHOeHCaTope Ui HadalnbHOEe COCTOAHUE Ll,l/l(prBOFO BEHTVIJ'IFI). Pe.‘ByﬂbTaTbl 3TOro atana UCnonb3yHTCA
MHOTMMW JarnbHenWnmMy atanamm MOoOenUpoBaHUA, NO3ITOMY CAINP AOIMKHa aBaTbh BO3IMOXHOCTb He TONMBKO
OTOGpa)KaTb pe3yrnbratbl MOAENTNPOBAHWA Ha 3KpaHe, HO U COXpaHATb X B BUae c.’paﬁna Ona ganbHewnwero
MCNONb30BaHNA.

5.4 AHann3 cxemMmbl MO NOCTOAHHOMY TOKY

Ha stane anHanusa no NOCTOAHHOMY TOKY BbIMWUCIMAKT TOYKY CMELLEHWA CXeMbl B OWana3oHe 3HaYeHun
NpW BapbMpoBaHM HOMWHaNa NCTOMHWKa HalpAaxXeHWAa nnn ToKa, Temnepartypbl, rnoGansHoro napameTpa Unun
napametpa Kakon-nnbo mogenu. Bapbnpyemoe 3Ha4YeHWe MOXeT yBenndmneatbCA B NUHENHOM UMK norapmcb-
MuYeckom macwitabe nnu npeacTaBenATh coBon Cnrucok BO3pacTarLlnx 3HadeHun. Ha aTtom atane paapa60T-
YUK nony4aet fonee NONHYH MHd)OpMEILI,MID 0 TOM, KakK beHKLI,MDHVIpOBaHVIe CXeMbl 3aBVUCUT OT BapbMpoBaHWA
TEX UITN NHbLIX NapaMeTpPoOoB. 370 nonesHo, Hanpumep, ecrin Da3D860TLiMK XO4YeT YBMOETb peakUyo CXeMbl Ha
M3MEHEHWEe HanpAaXeHna nMTaHnuAa Ui NoCMOTPETb, Kak M3MeHeEHNEe HOMUWHana pe3ncTtopa BrnAaAeT Ha peak-
UM CXeMbl.

5.5 AHann3 cxembl N0 NepPeMeHHOMY TOKY

3T0T atan MCNonb3yeTcda OAnA pacyeTa 4acCTOTHOM M (pa30BOW XapakTEPUCTUK CXeMbl nyTem BapbWpoO-
BaHWA 4aCTOTbl CUTHana MCTOYMHWKa nepemMeHHOro Toka, NoAKMHYeHHOro K cxeme. OTO NUHENHBIA aHanwua,
KOTOPbIA BbIYUCNAET OTKITMK CXEMbI Ha cnabblid curHan B 3agaHHOM guanasoHe 4acToT, nyTemMm 3amMeHbl nobbIx
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HEeNMMHEeMHLIX MOZEenel CXeMHbIX YCTPOWCTB NMHeHbIMU Mogenamu. MNepea BbINoONHeHWeM 3TOro atana Bbl-
MorHAeTCs aHanmsa TOYKM CMeLLeHKUs Mo NMOCTOAHHOMY TOKY, YTO UCNonb3yeTcs Ans ahekTUBHON NMHeapuaa-
LMK CXeMbl BOKPYT TOYKM cMelleHus. CnegyeT oTMETUThb, YTO aHanua NepemMeHHOro Toka He MOo3BONsAeT yuu-
TblBaTb Takue HemnuHelHble adbdekThl, Kak oTcedeHue. HeoBXoaMMO BbINOMHUTL 3Tan aHanuaa nepexogHbixX
npoueccos, YTobbl NpoaHanuanpoBaTth U YY4ecTb Takue 3pdeKThI.

5.6 NoaroToBka BXOOHLIX BO3AeMCTBUMA — CTUMYIOB

Mepea npoBeaeHWEM AanbHERLWNX UCNbITAHWMA cXeMbl pas3paboTynk OOMKEeH BbINOMHWTL aTan nof-
rOTOBKW CTUMYMUPYKOLLNX BO3AEACTBUM Ha cxemy. Ons atoi uenu B CAIMP gomkHbl ObiTh NpeaycMOoTpeHbI
COOTBETCTBYHOLLME NapaMeTpU30BaHHble BMBNUOTEKM TUMOBLIX CUrHAmNoOB, a TaKKe peaakTop, No3BOMNAHLLNA
BbIMOMHWUTL HACTPOWKY U peaaKTUPOBaHWE CUTHANbHbLIX BO3OENACTBUIA, KOTOpLIE ByayT NodaHbl Ha BXOJ 3Mek-
TPUYECKOM CXeMbl NpYU MOAENUPOBaHMK ee paboThbl.

5.7 AHanu3 nepexo4HbIX MPOLECCOB CXEeMbI

Ha aTom aTane BLIMONHAKT pacdeT OTKMMKA CXEMbl Ha BXOAHble BO3OENCTBUA 33 Nepuod BpeMeHM,
3afaHHbIA Nonb3oBateneM. Ha cxemy nogaeTcsd nuTaHue W BXOOHbIE CTUMYNUpylOLMe Bo3gdencTeud. Pas-
paboTyMK aHanu3npyeT KOpPPeKTHOCTbL paboTkl cxeMbl U ee OTAeNbHbIX y3noB. HayaneHoe cocTosiHWe CXeMel
OCHOBbIBAETCA Ha pe3ynbratax atana aHanvsa Todku cmellennd. CAMNP MogenvpoBaHua JomKHa NO3BONATb
NnaHWpoBaTbh U3MEHEHWe TEX UMK UHbIX MapamMeTpPoB Ha NPOTSHKEHMM NMpoLlecca MoLenupoBaHus (Hanpumep,
MOXeT BbiTb Bonee ahPeKTUBHbIM YMEHbLUIWTL OTHOCWUTENbHYK TOYHOCTbL mogenupoBaHus ¢ 0,001 % po
0,1 %, B Nep1oabl MeHbLUEN aKTUBHOCTWU CXeMbl, 3a4aB U3MEHEeHWe TOYHOCTU Kax Ayl MUNMMCEKYHAY). Takke
CArlP pomkHa npefocTaBnsiTb BO3MOXHOCTL YCTaHaBMMBATL KOHTPOMNbHbBIE TOYKM B MpoLEecce MoAenupoBa-
HuA. MNonb3oBatens MoxeT ahheKkTUBHO OTMeYaTh M COXPaHATb COCTOSHWME MOOENUPOBAaHMSA NepexomHblX
NMpoUeccoB B KOHTPOMbHOM TOYKE WM NepesanyckaTb MOAENMpOBaHUe NepexofHbiX NPoUeccoB C OnpeaerneH-
HbIX KOHTPOIbHbLIX TOYEK. 3TO NO3BOMSET 3anyckaTb CUMMYNALUMK B BbiBpaHHble nepuogbl. 3TO NONEe3Ho, ecnu
y paspaboTymka ecTb Npobnemsl CO CXOQUMOCTbIO, MOCKONbKY MOXHO 3anyCTUTb CUMYMALMIO C ONpeaeneHHOoN
KOHTPOMBHOW TOYKW, OTMEYEHHOW BO BPEMEHM A0 OWWMOKM CUMYNALWUM, BMECTO TOro, YTobbl 3anyckaTk BCH
CUMYMSLMIO C CAMOro Havana.

5.8 BapbupoBaHue napameTpoB

3Tan BapbWpOBaHWS NapaMeTpoB, UK NapaMeTpuyecKkas pa3sepTka, N03BONseT aHanuanpoBaTh CXemy
C M3MeHeHneM BbiIbpaHHOro NapameTpa B Avana3oHe 3Ha4YeHWid U MOXKEeT BbIMONHATLCSA NPV aHanuae nepexoq-
HEIX MPOLIECCOB, aHanuae no nepeMeHHoOMy Uru NocTosiHHOMY Toky. MapameTpsl, koTopele CATP Moaenvpo-
BaHWA JOIMKHA NO3BOMATL U3MEHATh, BKITHYAKT UCTOYHUK HAMPSKEHUS UMW TOKa, TEMNepaTypy, Kakon-nuco
rmoGanbHbli NapaMeTp UNKU napaMeTp onpefeneHHol Modenu. MobanbHbli NapaMeTp 06bIYHO MOXET Npea-
CTaBnsATb cOBON MatemMaTUYecKkoe BbipaXkeHue, a TakKe NepeMeHHYIo.

5.9 CoszpnaHue mopenei TpaHcopMaTOpPoOB M aHanu3 paboTbl TpaHchopMaTopoB

CAlNP MomenupoBaHWs OOMKHA NOgOepXMBaTb MOAENUPOBAHWE ITMHEMHBIX U HENMWHEWHbIX TpaHC-
dopmaTopos, CO30aHNE U KOPPEKTUPOBKY Moadenen, y4eT adpdpoekta ructepesumca n gp. Pegakrop mogenen
TpaHcgpopmaTopos B CAlNP gomkeH NpegocTaBnsaTe BO3MOXHOCTE BBOAA KpWBOWA ructepeanca B-H v gpyrux
napameTpoB mogenw. 3T1an Bblibopa M BBOAA KOPPEKTHbIX MOZenen TpaHcOopMaTopOoB AOMKEH npeawe-
CTBOBATb 3Tanam aHanv3a CXxembl Mo NepeMeHHOMY TOKY U1, B cry4ae HeobxoAMMOCTH, aHanu3a nepexoaHbIX
NnpoLeccos.

5.10 AHanu3 YyBCTBUTENbLHOCTU CXEMbI

[aHHbIF aTan no3BonseT HAWTU B CXEMe Te KOMMOHEHTHI, KOTOpble Hanbonee cylWecTBeHHbIM 06pasom
BMMAIOT Ha YHKUWOHWPOBaHNE cxXeMbl. Kawabli KOMNOHEHT MMEET OOMYCK Ha CBOW XapakTEPUCTWKM, YTO B
COBOKYMHOCTW C HemaeanbHbIMW BXOOHLIMY MapameTpamu cxembl faeT BonblOon guanasoH BO3MOXKHbLIX CO-
CTOSIHWIA U MapaMeTPOB Ha BbIXOAE CXeMbl. [poaHanuanpoBas YyBCTBUTENbHOCTb CXEMbI, MOXHO HaMTL Kak
Hanbonee KPUTUYHbIE KOMMNOHEHTbI, CUNbHEE BCEro BNUALLIME HA pesynbTaT, Tak M BTOPOCTENEHHbIe, Aony-
ckawlume Bonblion pasbpoc cBoMxX napameTpoB. Mo pesynsTaTam aHanuaa paspaboTyuk nonydaet MHdop-
Maumi, B Ntobom nu cnydyae cxema 6yaet paboTaTe NPaBUMbHO, TAe CNeAyeT NoCTaBUTb KOMMOHEHTEI C MEHb-
UMM OOMYCKOM, a rae MOXHO COKOHOMUTL Ge3 Bpena v 06oMT1Ch Bonee HeAOPOrMM BapuaHTOM 3MEKTPOHHOIo
KOMMOHEHTa.
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5.11 NogcTporka U ONTUMM3ALUA CXeMbl

Ha atane I'IO,‘J,CTpOI?IKM CXeMbl paspaGOTquK MOXET aBTOMaTtnanpoBaHHbIM cnocobom M3MEHUTb napame-
TPpbl KOMMNOHEHTOB, YTOObI I'IpM6J'IVISVITb XapaKkTepucTuKkn pa6OTbI CXeMbl K TpeGyEMbIM no TexHn4ecKkomy 3afa-
HUIO. Ha aTom aTane MOXHO caenartb I'IO,D,GOD HOMWHaloB KOMMNOHEHTOB, Y4NTbIBaA TDBGOBaHVIH K BbIXOOHbIM
napametTpam Cxembl, npeacTaBrneHHble KakK YACNeHHO, Tak U B BUOE KPUBbIX. 370 y,D,06HO, Korga nog pyKOPI He
OKa3blBaeTCA HeOGXO,EMMb!X KOMMOHEHTOB, a 3aMeHa 4acTh U3 HMUX BNe4YeT nepecHeT BCeX OCTallbHbIX.

5.12 AHanu3 paboThbl CXeMbl B pa3HbIX peXumax

JTOT 3Tan no3BonseT 3anartb rpynny «M3MEepPeHWin» Ha BbIXOLE W B y3Max CXeMbl, C Lenblo nonyde-
HUS XapakTepucTuk paboThl CXeMbl B PasNMYHbIX pexuMax. PaspaboTynk nonyyaet ceMeilcTBo rpadmkoB
HanpsHXKeHWA 1 TOKOB W/WMKU pag M3MepeHHbIX 3HadeHWid. HanpuMep, nocne pasBepTku (BapbUMpoBaHWs) Ons
HECKOMNBKMX BbIXOAHbIX 3HAYEHUH UCTOYHMKA HaMPSKeHWs, NOAKIMIOYEHHOMO K cXxemMe, MOXeT BbiTk nonydeHa
rpynna rpacMKoB AnNs KPUBLIX 3apaaa KoHaeHcaTtopa. AHann3 paboTbl CXEMbl C M3MEPEHUEM 3HAYEHUS Bpe-
MEHW HapacTaHWsA B yKa3aHHON TOYKE CO30acT psif 3HaYeHUi BpEMEHU HapacTaHWUs, HAHECEHHbIX Ha rpaduk
B 3aBMCMMOCTM OT BapbWPOBaHWA HANPsKeHWs UCTOYHUKA. PaspaboTunk Ha OCHOBaHWMW NOMYYEHHbIX OaHHbIX
[enaeT BbiBOAbLI 0 paboTOCNOCOBHOCTU CXEMbI B Pa3NMYHbIX PEXUMaXx

5.13 MNpoBepka Ha pa3bpoc HOMUHAaNOB

Ha gaHHom aTane paspaﬁowwx BbIMOMNHAET aHanuma, OGpaTHbII?I I'IO,D,CTpOI;IKE CXeMbl. YKasbiBasd CIUCOK
BO3MOXXHbIX HOMWUHAIOB KOMMOHEHTOB, MOXHO MONYy4YUTb HaﬁOpbl rpad)HKOB BbIXOOHbIX NapamMmeTpoB WU yﬁe—
OWUTbCA, YTO B nobom crny4dyae cxemMa 6y,E|ET pEGOTaTb npenckasyemo 1 B HEOGXO,EI,VIMI:IX pamMKax.

5.14 AHanu3 HageXHOCTU CXeMbl

Ha panHOm atane aHanusa cxembl 3a OTNPaBHYH TOYKY 69pyTCF| AonyCcTuMble yCcnoBuA paGOTbI Aansa
Kaxaoro KOMNoHeHTa, Ux noBegeHue npmu usmMeHeHu temnepartypbl 1 HEOGXD,EIMMbII‘:’I 3anac no HagexHoCTw.
PESyJ'IbTaTOM 6y,E|8T YKa3aHe KOHKPETHbIX KOMMOHEHTORB, KOTOPbIE MOTYT OTKa3aTk BO BpeMA 3KCnnyartaynun.

5.15 CTaTUCTUYECKUIA aHanu13 cxembl

Kak npaBuno, sToT atan npoBoguTcA ¢ NnpumeHeHnem metoga MoHTe-Kapno, n no3BonseT BbINOMNHATb
aHanu3 BbIXOLa rofHbIX M3OEenuil Npy 3a4aHHOM KOHUIypauumn cxeMsbl. Ecnmn ycnoBusl TakoBbI, YTO HET BO3-
MOXHOCTU CNIPOEKTUPOBAaTL YCTPOMCTBO, Be30TkasHo paboTatllee B Ni0BoM crnyyae, MOXHO MPOBECTU aHanmn3
TOro, Kakum BydeT KONMYecTBO roAHbLIX U3Aenuid Npu Beinycke 6onbloin naptun. AHanua MoHTe-Kapno — ato
CTaTUCTUHECKUIA aHanm3, KOTOPbIN BbIYUCIIAET OTKIUK CXEMbI, KOr4a napameTpbl MOAenu cryYyanHeiM obpasom
M3MEHAKTCA Mexay 3afaHHbIMK NpeJenamMu 4onycka B COOTBETCTBUN C 3aaHHbIM CTaTUCTUYECKMM pacnpe-
peneHnem. [INCKpeTHble peanbHble KOMMOHEHTbI, TAKMe KaK Pe3NcTopbl, KaTyLIK1 MHOYKTUBHOCTW W KOHOEHCA-
TOpbI, UMEKT onpedeneHHbIA OoNyCcK, MO3TOMY, HanpuMmep, peauctop ¢ HommnHanom 10 kOm u ¢ gonyckom 1 %,
MOXET UMeTk haKkTUYeCKOe M3AMEPEHHOE 3HaYeHue B MHTepeane mexay 9 900 u 10 100 Om (tak kak 1 % oT
10 000 Om cooTBeTcTRYET pa3bpocy B 100 Om OoTHOCUTENLHO HOMUHaNA). [pyrne OUCKPETHbIE KOMMOHEHThI
¥ MOMYNPOBOAHMKK B Lenu Takke DyayT MMeTb CBOMW SOMNYCKKW, MO3TOMY COBOKYMHbLIN 3(heKT LOMYCKOB BCEX
KOMMOHEHTOB MOXKET NPUBECTUN K 3HAYMTENbHOMY OTKITOHEHWID OT OXKMOAEMON peakumn cXxembl. 3To 0CODEHHO
aKTyanbHO AN KOHCTPYKUWA (PUNbLTPOB, r4e OONYCKUM NPUMEHAEMbIX KOMMOHEHTOB MOTYT NPUBECTU K OTKIO-
HeHWo oT Tpebyemol xapaktepucTuku cunstpa. CAMNP mMogenupoBaHusa OomkHa NPefoCTaBMsATL BO3MOX-
HOCTb BbINOMHEHUSA CTAaTUCTUYECKOro aHanu3a ¢ ykasaHueM Kak MHAUBUAYanNbHbIX JOMYCKOB, TaK U rPYMNMnoBbIX
JOMYCKOB — ANS BeIOpaHHbIX Ipynn OUCKPETHLIX KOMMOHEHTOB.

5.16 AHanwu3 wyma

3Tan aHanwWsa wyMa BbIMOMHAETCA TakuM e CrnocoboM, Kak U aHanu3 no nepemMeHHOMy TOKY, U Mo-
3BOMAET BLIYUCIUTL BbIXOAHON LUYM W SKBUBAMEHTHLIA BXOOHOW LWyM B Uenu. BbIXxoaHOW WYM B yKa3aHHOM
BbIXOZHOM y3ne npeacTaBnsaet coboit cpegHekeagpatuuHyo (RMS) cymmy LWiyma, co3gaBaemMoro Bcemu pe-
3UCTOpaMU U MONYNpOBOAHUKAMMW B Lenu. Ecnn cxema cuutaetca GecluyMHOR, TO 3KBMBANEHTHBIN BXOOHOM
LUYM OnpefensieTcs Kak Wym, HeoGXoouMbli Ha BXo4e AMNs CO34aHMs TaKoro e BbIXOLHOTO WymMa. 3To To Xe
camoe, 4YTO W AerneHne BbIXOOHOrO LWyMa Ha KO3 MULIMEHT YCUMEHWUA CXEMbl AMA NONYyYeHUsl SKBUBANEHTHO-
ro wyma. CAIMP MooenvpoBaHusi 4OMKHa NpefocTaBnsTe COOTBETCTBYIOLLMIA MHCTPYMEHTapWiA ANA aHanusa
wyma.
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5.17 TemnepaTypHbIA aHanus3

Ha gaHHom aTtane paapaﬁomwx npoeepdAeT BlMAHNE U3MEHEHNA TeMnepaTypbl Ha paGOTy cxembl. W3-
MeHeHWne TemMnepatypbl MOXET CYLWeCTBEHHbIM 06p330M NOBIMUATbL Ha pa60Ty M XapaKTepUCTUKKU CXeMbl.
KOMMNOHEHTHI, Hanbonee nogBepXKeHHble NBMEHEHWUKD TEMNEPATYPbI, BKINKO4YakT NonynpoBOOHWKNA, PE3NCTOPDI,
KOHOEHCaTOpbl N KaTyWKN MHOYKTMBHOCTH. Bce 3Tk KoMnoHeHTwl B CAMP MoaennpoBaHua OOJTKHbI UMETE
BCTDOEHHbIF‘I napameTp Mmoaernuv TemnepaTypHoFi 3aBNCUMOCTH, TaK YTO BbINOJIHEHWE Pa3BEPTKM NO TeMnepa-
TYype M3AMEeHWUT KOMNOHEHT WU nocneaywllee nosegeHe CxemMbl.

5.18 AHanuz unddpoBbLIX CXEM

Ha naHHom aTane, ecnu 310 HeobxoamMmo, paspaboTynk npoBepsieT paboTy LMMPOBOIA NOMMKKN B CXEME
c nomouusto CAMP mogenuporaHusa. CAMP MOXeT MCNonb30BaTbh OOWH M TOT K€ MeXxaHW3M MOAEeNMPOBaHUA
Kak ans aHanoroBblX, Tak W Afs LWMPOoBLIX YacTel, Unu 310 MoryT ObiTb pasHble anropyuTMbl U MPUHLMMALI
mopenupoBanus. Lindppoesie yactu TTI n KMOIT o6kivHO MogenupyroTca Kak NogcxeMbl U BKMOYatoT B cebs
o6Lme ungpoBbie PYHKLNW, TAKKe KaK BEHTUIW, PEMUCTPLI, TPUITEPBI, MHBEPTOPLI U T. 4. B kaxaon nogcxeme
umdpoeow npumute CATP coctasnsieT dyHkumo BeHTuns (U, WA v 1. o.) n onpegenaeT CMHXPOHU3aLN0
1 cneyndukaunio nHTepdenca ans MyHKUMM BeHTUNAa. B cnyyae coBMecTHOro uudpo-aHanorosoro Mogenu-
poBaHus CAMNP gormkHa npefocTaBnsaTe HEOOX0AUMbBIE «COEAMHUTENbBHBIE» MOAENUPYOLWME 3EeMEHTHI A4
CUMYNALMM B3AUMOLENCTBUSA MEX Y aHanorosbiMn 1 LUGPOBLIMKA YaCTAMU CXEMBI.

5.19 CozgaHune KPP 3KB — B cooTtBetcTtBMM ¢ TOCT P 70292.

5.19.1 Paspabotunkmn cxem 3A nony4yawT W NepefarT BCe IMEKTPUYECKUE XapaKTepPUCTUKK, Heobxo-
aumele ana KPP 3KB, paboTHMkaM noapasgeneHua npeanpuatus, Ha KOTopoe BoanoXeHa 00a3aHHOCTb Bbl-
nycka KPP 3KB.

5.19.2 PaboTHMKM noapa3sgeneHva nNpeanpusTUs, Ha KOTOpoe BO3noXeHa 0bsA3aHHOCTb 3anofHeHMS
Ba3zbl gaHHbIx KB, perynspHo ana Hoeon 3IKB 3aHocaT B 6a3y gaHHbix KB BClo nHdopmauuo, Heobxogu-
Myto ans cosgaHus KPP, cogepxalwytocsa B konoHkax «[Mo HTO».

5.19.3 lNMocne npoeepku npaBunsHOCTU npumeHeHus 3KB B 3A BLIBOOATCS AaHHble O pe3ynsbratax
OLEHKN HOMEHKNaTypbl, YCITOBUIA JKCMMyaTaLun, 3MeKTpUYeckMx 1 TemnepaTypHbIX pexumMoB paboTel JKB.
3TV OaHHble B BMAE YMCMOBbIX 3HAYEHWUI NMapamMeTpoB, XapakTepusylwmx dakTndeckue n NpeanucaHHele B
HT Ha 3KB ycnoBums ux akcnnyatauum 1 pexxumsl paboTel, opopmnsitoTes B Buge KPP. TpaguumnorHo B KPP
nuwetcsa He 3KB, a SPK.

Mpumep cucTeMbl MOAENUPOBaHUS anekTpudeckux cxem — CAIP PSpice A/D npueeneH B npunoxe-
HUK A.

Mpumep cuctembl cozgaHua KPP 3KB npueeaeH B npunoxeHun b.
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MpunoxeHune A
(cnpaBo4Hoe)

Mpumep cucTemMbl MogenUpoBaHNA anekTpuveckux cxem — CAIP PSpice A/D

OpHUM U3 cambiX NOMYSAPHBIX U MOLLHBIX MHCTPYMEHTOB NS NPOEKTUPOBAHUA 1 MOAENUPOBAHUA 3NEKTPUYECKIX
CXEeM 3acryXeHHO CYMTaeTca nporpaMmmHbii npoaykt PSpice A/D npom3eoactBa komnaHum Cadence Design Systems [2].
3TOT UHCTPYMEHT NOCTOAHHO 0OHOBNSETCA U UMEET NPOCTOKN, OOCTYNHLIA ANA NOHUMaHUS UHTepdenc.

MHcTpymeHT PSpice A/D siBnsieTcs aBTOMaTU3UMPOBaHHOW NPOrpaMMHON CUCTEMOI, NO3BONSAKLLEN COo30aTb anek-
TPUYECKYIO NPUHUMMMATBHYI0 CXEMY WM NMPOBECTU BUPTYalbHbIE UCMBITAHUA JMEKTPUYECKOW CXEMbI, & TaKKe BbIMONHUTL
npu HeOBXOAMMOCTU AaBTOMAaTU3MPOBAHHYIO ONTUMU3aLMI0 NapaMeTpoBR CXeMbl ANa OOCTVXEHUs HeoOXoaUMbIX xapakTte-
pUCTUK.

CumynsaTop umcppo-aHanoroebix cxem PSpice A/D coBMecTHO € onuuen npogeuryToro aHanuaa PSpice Advanced
Analysis (AA) no3eonaeT npenckasarb NOBeAEHWE W3LENnWa 00 ero W3roTOBMEHUS, YTO HE TOMbKO MOMOraeT MCNpaBuTb
OLWNBKA C MEHBLUMMK NOTEPAMW, HO U NMPOBECTMW YydlLeHWe cxeMbl, BbicTpo nogobpae Hanbonee onTUMansHbIE KOMMO-
HEHTBI.

PSpice no3eonser KOMNaHUSAM COKPaTUTb NOTEPW W PacXombl:

- BPEMSA Ha ANarHOCTMKY W MOWCK HEWCMNPaBHOCTEN NMPU NCMbITAHUSX

- Bpems Ha pa3paboTKy cneayolwen peBrM3nKn (KOCBEHHbIE NOTEPN)

- CTOMMOCTb W3roTOBMEHUS HOBOW UTEpauMy NPOoToTUNa (NpsMbIe 3aTparthbl)

- BpPEMS Ha NpaBKu M3-3a OTKA30B NpuW SKCNyaTauMv nagenvsa

- BPEMS Ha MHXEHEPHYI0 paboTy BMECTO NCMONb30BaHWUA ONTUMU3ALNA

KoHdwmrypaumsa npogyktoB Ha base PSpice:

PSpice A/D — cumynaTtop cxemM Ha ocHoee Mogeneit SPICE;

PSpice Advanced Analysis — onuus npoaBMHYTOro aHanusa anga PSpice;

OrCAD PSpice Designer (Capture + PSpice A/D) — cxemHbl pegakTop u PSpice;
OrCAD PSpice Designer Plus (Capture + PSpice A/D + PSpice AA);

OrCAD PCB Designer Professional with PSpice — CAINP OrCAD n PSpice.

WHcTpymeHThl PSpice Advanced Analisys

Sensitivity (aHanm3 4yBCTBUTENBLHOCTU CXEMbI):

KaxabliA KOMNOHEHT UMEET AOMYCK Ha CBOM XapaKkTepUCTUKKU, HTO B COBOKYMHOCTU C HEWAEaNbHBIMW BXOAHLIMW na-
pameTpamu cxembl AaeT 6onbLUIoN Anana3oH BO3MOXHbBIX COCTOSHWIA U NapaMeTPOB Ha BeIxoAe cxemel. [MpoaHanuavposas
YYBCTBMTEMNBHOCTL CXEMbI, MOXHO HaWTK Kak Hanbornee KpUTUYHbIE KOMMOHEHTEI, CUNbHee BCEro BMSOLME Ha pesynkLTaT,
Tak W BTOPOCTENeHHble, JonycKalolwme BonbLlUoi pa3dpoc B CBOMX CBOWCTBAX. [0 pesynsraTtaM aHanu3a BbISICHSAIOT, B
nobom nv cnyyae cxema bynet pabotate NpaBUNEHO, rAe cneayeT NoCTaBMTe KOMAOHEHTEI C MEHBLUWM AOMYCKOM, a rae
MOXXHO C3aKoHOMWTE Be3 Bpeaa n oboitnce Gonee HeQOPOrMM BAPUMAHTOM.

Optimizer (nogcTpoiKa cxembl):

MoxHO coenatb Nnogbop HOMWHAMNOB KOMNOHEHTOB, Y4UTLIBaA TpeboBaHWSA K BbIXOOHLIM MapaMeTpamM CXeMbl, Npea-
CTaBMeHHbIE KaK YACMNEHHO, Tak U B BUAE KPWBbLIX. 3TO yA06HO, Koraa nog, pykor He OKasbiBaeTca HEOBXOAMMBIX KOMMO-
HEHTOR, @ 3aMEeHAa YacTWu U3 HUX BINEYET NEePEPACYET BCEX OCTAmNLHbIX.

Parametric Sweep (nogbop HoOMUHaNoOB):

AHanms, obpaTHbIA NOACTPOMKE CXeMbl, B KOTOPOM, YKa3blBas CNMCOK BO3MOXHbLIX HOMWUHANO0B KOMMOHEHTOB, MOX-
HO Nony4nTe HaBopkl rPachMKOB BEIXOAHLIX NapaMeTpoB W ybeauTtses, 4To B nobom crnyvae cxema 6ynet paboTtate npea-
CKasyemo 1 B HeOBX04MMbIX pamMKax.

Smoke (aHanu3 HageXHoCTH CXembl):

B aTom aHanuse 3a oTNpaBHY0 TOYKy GepyT AonycTUMble YCNoBUS paboThl ANA KaxO0ro KOMMOHeHTa, UX noeeje-
HWE MPW M3MEHEHUWM TeMNepaTypbl U HeobxoaWMbIA 3anac no HageHocTW. Pesynstatom ByaeT ykasaHue KOHKPETHbIX
KOMMOHEHTOB, KOTOPbLIE MOTYT OTKa3aTk BO BPEMS IKCNMyaTaumm.

Monte Carlo (aHanwu3 Bbixoda rogHbIX M34enuin):

Ecnu ycrnoBuA TakoBbl, YTO HET BO3MOXHOCTM CMPOEKTUPOBaTh YCTPOWCTBO, De30TKazHo paboTawllee B nbom
cny4yae, MOXHO NMPOBECTU aHanus3 Toro, kakum ByaeT KONMYECTBO rofHbIX M3AEenuii npu Beinycke Gonbluoin naptun. MoxeT
okasatbcd, 4To Bpak u3-3a cny4ariHoro pasbpoca napamMeTpoB HAcTOMNBKO ManoBepoaTeH, Yto Bonee TwartensHas npo-
paboTka cxembl U He TpebyeTcs.

YHUKanbHbBIE BO3MOXHOCTU PSpice:
- nHterpauna PSPICE ¢ MATLAB, 4To no3BonsaeT NpoBOAMTL COBMECTHbLIE MOAENMPOBAHMA C NMPUMEHEHNEM WH-
CTpyMEHTOR 0Benx nporpamm;
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- BO3MOXHOCTb CAMOCTOSATENBHOIO co3aaHua PSpice Moaenei Ha OCHOBE Kak JaHHbIX NPOW3BOAWUTENSA, Tak 1 rpa-
hMKOB, NOMYyYeHHbIX M3 NPaKTUYECKNX U3MEPEHWIA;

- HacTpoika MoAenupoBaHUa Nog ynpaBneHWeM pasnuuHbiX «CoBbITUA», NPOMCXOAALLNX B CXEME, C UCNONb30Ba-
HUEeM KOHTPOMBHBIX TOYEK ANS pecTapTa, NPOABUMHYTBLIX anrOpUTMOR CXOAUMOCTH U «MOACTPAUBaHUAY KPUBLIX;

- nononHawwasacs ubnuoteka na 33,000 roToBkIX aHANOrOBLIX U aHANOro-UMpPOBLIX MOAENen, MmaTteMaTu4eckmux
hyHKUMIA, M NOBEAEHYECKOr0 MOAENMpPOBaHWSA.
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MpunoxeHune b
(cnpaBo4Hoe)

Mpumep cucTeMbl co3gaHUA KapT paboumnx pexumon KB

[Noacuctema aBTOMaTU3UMPOBAHHOIO 3anonHeHus Kapt pabounx pexumoB KB «ACOHWMKA-P» siBnsetcs ogHon
n3 13 nogcucteM aBTOMAaTM3MPOBAHHOW cucTeMbl obecrnevyeHns HageXHoCTH W KadecTtBa annapatypbl «ACOHWMKA»
(https://asonika-online.ru/), npegHasHadeHHoOW AnA aHanuaa u obecneveHus ctonkocTu JA 1 KB K KOMMNMeKcHbIM Tenno-
BbIM, MEXaHNYECKUM, 3NeKTPOMarHUTHbIM BO3AENCTBUAM, YCTaNoCTHOW NPOYHOCTY K TENMOMEXaHW4YeCKUM BO34eNCTBIAM,
co3fgaHusa KapT paboynx pexumos OKB, aHanuaa nokazaternen HagexHocTn A 1 co3daHus UMgpoBbIX ABOWHMKOB JA U
OKB.

Ha pucyHke B.1 B kavecTBe npumepa npueedeH gpparmeHT doopmel 58 KPP ons TpaH3ucTopoB, co3naHHoW ¢ no-
mMoLbk nogcuctembl « ACOHUKA-P».

Gopma 58
- Kapra paboiix pesMoB TPEHINCTOPOR M TPEHIHCTOPHEX CHOpoK
5 n o VT1, VT2 VT3 VT4, VTS
; 2TE64.A9 8AD.520.558TY 2T313069 aAD.339.500TY | 2THG4AD aA0.399.564TY
= Paxom paboTal B CXaMS no HTA B CXEMe no HTOQ B CXBMB no HTQ
:q RUGKTOP-SMITTER 1 |24 300 18 40 24 aon
¥ B |Wannextop-Gasa 2 |24 300 18.75 50 24 300
CTamAusCii smTTep-asa 3 1.88 5
= P ROMNeKTopa 4 (0.04 0.5 0.04 o1 0.04 0.5
I,’ oK A Gaaki 5
|KannaKTap-sMTTen L] 18 4
= B |konexrop-Gasa 7 18.75 50
E]
Hﬂw sunTep-Sa3a 8 188
KONNAKTORS g
A ez [
[LeATaNLHOCTL MMITYTR-CE, MKC "
Yactora y 12 |48255627.38 | 50000000 171805319.28 | 200000000 45481845.72 | 50000000
ConpoTHenaHie B Luenu Baaul, Om 13
S —_—__. ~ansTTEp, B 14 |18 44
NaHUH U MBKEMMANLHEIA TOK konnexTopa, A 15 0.04 01
‘,:‘r BHRMIMEHMN | anyrankocTs diporTa {crnans), Mkc 16
g CpagHmn Br 17 |02 0.225 07 02 0.04 05
VIMITYyTIbeHAA MOLUHOETL, BT 18
yoa cpeas {kopnyca), ° G 19 |105 160 104 150 14 150
Koaduh 20 |0.08{17} 0.7 0.35(17} o7 0.08{17} 07
Mpweasaanme 21
S
e |
-]
Pucyrok 5.1 — KapTta pabounx pexumos (dopma 58)
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[1] Wanymoe A.C. JopoxHas kapta pa3sutusa « CAINP anekTpoHWKK Bbille MUPoBOro ypoBH:A». — Koepos: OO0 «HWIA
«ACOHWMKA», 2020. — 24 c. — Pexunm goctyna: https://asonika-online.ru/news/432/

[2] ®wutunaTtpuk [0. AHanoroeoe NpoekTUpOBaHWe W ModenvpoBaHue ¢ ucnonb3osaHnem OrCAD Capture u PSpice.
Btopoe nagaHve
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