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NPEAVNCIIOBUE

Hacrosiuiee yueOHoe mocobue 000O0ILIaeT HAKOMJEHHbIH aB-
TOpaMH OMbIT NMpenoIaBaHUs B paMKax ICHCTBYIOLUMX y4yeO-
HBIX MPOrpaMM OCHOB CXEMOTEXHHYECKOro MpPOEKTUPOBAHHMS
M MOJAEIMPOBAHMUS PaIHO3JIEKTPOHHBIX YcTpoiicTE (PDY) ¢
NpUMeHEHHEM COBPEMEHHBIX CPEICTB aBTOMATH3allUH.

CoaepxaHue y4eOHOro Moco0OMs BKJOYAET YETHIpE pasje-
Jla ¥ MIPUJIOXEHHE.

B nepBoM pasgene paccMaTpuMBalOTCSA 3aJauyd M ITallbl
MpoeKTHpOBaHUA PAY, cyllIHOCTE cXeMOTeXHUYeCKoro ((pyH-
KLUMOHAJBHOI0) npoeKTUpoBaHus P3Y, meronbl ONTUMH3a-
LMK TIPOEKTHBIX pElUeHMUi, a TaKXe COBPEMEHHBIE MaKeThl
MPUKJAAHEIX MPOrpaMM aBTOMATH3MPOBAHHOIO MPOEKTHUPO-
BaHus P3IY.

Bropoii pa3zen nOCBALIEH MAareMarTM4eCcKMM OCHOBAaM
MOJE/JIMPOBAHUS KOMIIOHEHTOB P3DY pasnuyHoro ypoBHs
CJOXHOCTH M aliropuTMaM aHalu3a aHaJIOrOBbIX U LUGPO-
BBIX YCTPOMCTB.

B tperbeM pasaene maeTcs onucaHue CHUCTEMbl aBTOMa-
THU3UPOBAHHOIO NPOEKTUPOBAHHS W MOAeAHpoBaHUs POY
DesignLab 8.0 (OrCAD), npuBoasTCcsi MpUMepbl NOCTPOEHHUS
U HMCCNeJJOBAaHMS CXeM paguO3JeKTPOHHBIX YCTPOMCTB B pa3-
JUYHBbIX peXMMaX aHaau3a.

YerBepThlii pa3men MNOCBALUIEH TPUMEHEHHIO CMCTEMBI
DesignLab 8.0 an1s mMonenMpoBaHWs aKTHBHBIX aHaJIOrOBBIX
M UHGPOBLIX YCTPOMCTB € HINIOCTpaliMeil HA KOHKPETHBIX
npuMmepax. TpeTHH M 4YeTBEpTHIH pa3genbl KHMIM COMpo-
BOXJAIOTCS KOMMBIOTEPHBIMHM MoaensaMu (12 cxem), npen-
Ha3HaYeHHbIMHM 11 3aKperJieHuss W3y4aemMoro Marepuana M
(hopMUpOBaHHS y YMTATENS! ONMPENENEHHBIX HABLIKOB B IPO-
BedeHMU MoaenupoBaHus B cucteme Designlab 8.0.

B npunoxeHuu mnokasaH mnpuMep pa3pabOTKH meyar-
HOM njaTbl ACAMUTENS YACTOTbl C HCIOJAb30BAHHWEM CHCTEMBbI
DesignLab.

YuyebHoe nocoOMe npenHa3HAYeHO CTYISHTaM, 3aHMMaio-
LLMMCSI U3YYEHHEM TTPOTrpaMMHBbIX KypcoB «OCHOBbI KOMIIbIO-
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TEPHOrO MPOEeKTUPOBaHHUA U MoaenupoBaHusi PAC», «CxeMo-
TEXHHMKA aHaJOrOBbIX 3JIEKTPOHHBIX YCTPOWCTB», «LlndpoBbie
YCTPOHCTBA U MMUKPOMNpPOLIECCOpbl». KHUIa MOXET ObITh 110J1€3-
Ha acnmMpaHTaM, NpernogaBaTe/NisiM M Hay4HbIM pabOTHUKAM,
MPUMEHSIOIIMM CPEICTBAa aBTOMAaTU3MPOBAHHOIO MPOEKTHPO-
BaHus PYY. [1pu 3TOM npennonaraercs, YTo YMTATENb 3HAKOM
¢ kypcamMu «OCHOBBI TEOPUH LIETIEH» U «DIEKTPOHUKA».

IMpenucnosue, pazaensl 1, 2 HanucaHbl A.[. PaguHbiM,
pasaens 3, 4 ¥ npunoxeHue — P.B. AHTUIEHCKUM.
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antic@vmail.ru.
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OCHOBHBbIE NMOHATUHA
CXEMOTEXHUYECKOIO
NPOEKTUPOBAHUA
PAONOI3NEKTPOHHbIX
YCTPOMCTB

1.1. 3apa4mn n atanbi NpoekTupoBaHua P3Y.
CyWHOCTb CXEMOTEXHWUYECKOrO
npoekTuposaHus PIY

HeobxonMMocTb COKpalleH sl CPOKOB W MOBbILIEH Mst KAYeCTBa
pa3paboTKu paavo3NeKTPOHHBIX YCTpoHcTB (POY) M cucteM
npenonpeaeanna Mpokoe npumeHeHue 9BM u Meronos aB-
TOMAaTH3alluK NPOEKTUPOBAHMS PAJUOINEKTPOHHON TEXHUKH
pa3nMuyHOro HasHauyeHus. [1pu 3TOM LEIbI0 NPOEKTUPOBAH UST
sIBJIsSIETCS co3aaHMe Qonee coBepiueHHBIX PAY, otanyuaonimux-
Cs OT CBOMX aHAaJlOrOB W TIPOTOTHIIOB 00J€e BHICOKOH 3(-
(EeKTUBHOCTBIO 33 CYET MCIMOJBL30BAHUS HOBBIX (PUIMUECKMX
SBJIEHUI U NMPUHUMNOB PYHKLUMOHHUPOBaHUS, Oosiee coBep-
ILIEHHOH 3/71eMEHTHOM 0a3bl M CTPYKTYDbL.

C yuyeToM CTeneHW HOBM3HbI pa3pabaTbiBaeMbIX M3IENMA
pasauyaroT CAEdyIOLIME 3aAa4H NPOeKTHpPOoBaHuA [l]:

. YactuuHas MomepHU3auusi cyluecTByloiero PIY 3a
CYET U3MEHEHMS €r0 NMapaMeTPOB CTPYKTYPbl U KOHCTPYKIIHH,
obecrnieunBaloLas CpaBHUTENBHO HeOONbIIOE (OO0 HECKOJNBbKHX
JECSITKOB [MPOLIEHTOR) YAYULLUEHUE OAHOIO UM HECKOIBKHX I10-
KasaTteJiel KauecTBa IS PELUEHUS TeX K€ MU HOBBIX 3amay.



Tasa 1. OcHogHble ROHAMUS CXEMOMEXHUHECKO2O NPOCKMU-
@/ DOBAHUA PAOUOINEKMPOHHBIX YCMPOlicMe

2. CyluecTBeHHasi MOAEpHH3allK 4, NPeANno/aralouas 3Hay -
TEJbHOE (B HECKONBKO pa3) yayullueHHe nokalare/iel KayecTsa.

3. Co3naHue HOBbIX PBDY, ocHOBaHHBIX Ha paHee HE NMpH-
MEHSIBLUMXCST MPUHLMNAX AEWUCTBUS, OJsi pe3Koro (Ha He-
CKOJIbKO MOpPSAIKOB) yBeJWUYEHMs MOKa3aTeleldl KayecTBa IpH
PELLIEHHMH TEX XE€ WM CYLIECTBEHHO HOBBIX 3a/auy.

C TOuKM 3peHHs MOCIEN0BATENbHOCTH BLIMOTHEHUS pa3-
JIMYAIOT OCHOBHLIE CTAAHH MPOEKTHPOBAHHA:

1. [lpeaBapuTenbHOE MPOEKTUPOBAHHKE, PE3YJbTATOM KO-
TOPOrO SIBSIIOTCS TeXHHYECKHE NpeNoKeHHA (ABAHNPOEKT).
Ita cTanus B HaubONBIIEH CTENEHU HACHILEHA 3JIEMEHTaMU
Hay4yHOro MOMuCKa, TEOPETHYECKMMH pacuyeTaMu, 3KCMepH-
MEHTa/JIbHBIMH UccleaoBaHUAMU. OHM 3aBeplIaloTcsi OOBIYHO
co3gaHHeM J1abopaTOPHbIX MAKETOB.

2. DCKM3HOE MPOEKTUPOBAHME, PE3YNBTATOM KOTOPOrsiB-
nsercs 3cKU3HbIA npoekT. Ha 3Toii ctanuu ycunud pa3pabor-
4YUKOB BO MHOrOM HalpaBieHbl Ha MOMCKH 3GhHEKTUBHBIX
KOHCTPYKTOPCKUX pelieHUi. OHa TakXkKe CBS3aHa C OOMbLIUM
00bEMOM TEOPETUUECKHMX M3BICKAHWH, CJIOXHBIX pPacyeToB
W 3aKaHYMBAETCs CO3MaHMEM IKCEpMMEHTalbHOro odpasia
NMPOEKTUPYEMOrO HU3AeNAHS M €ro TLIATebHBIMH 3KCIIEPUMEH-
TaJIbHBIMH UCCJIENOBAHUAMM (HATYPHBIM MOIENUPOBAHUEM).

3. TexHHUECKOE MPOEKTHUPOBAHUE, NMPU KOTOPOM BBINOJ-
HAETCA TILaTeNbHas MpopadoTKa BCEX CXEMHbIX, KOHCTPYKTOP-
CKHMX M TEXHONOTHYECKHUX peleHuid. Ha ctanuu TexHHYEeCKOo-
ro NpOeKTHPOBAaHHSI CO3[0AETCA TeXHUUECKas JOKYyMeHTaLus
Ha pa3pabaThIBAEMYIO anmnaparypy U Mpolecchl ee MPOHU3BOI-
crBa. TOroM siBnsieTcs TeXHHYECKHH MPOEKT, CoAepXalluii
HEOOXOIMMYIO TOKYMEHTALIMIO U ONBITHBIH 00paseLl U3ae/uii,
NpoLUeaIIUi BCECTOPOHHHE UCMbITAHHS B PEaJbHbIX YCIIOBU-
six akcnayatauuu. [Ipu 3TOM clienyeT nmog4yepKHYTb YPE3Bbl-
YyaiHyl0 BaXXHOCTb W TPYAOEMKOCTb CO3AaHHUs TEXHHYECKOM
JOKYMEHTAallMH, Ha OCHOBE KOTOpPOIi MPOUCXOIUT AaJIbHEHLLIEeE
eIMHUYHOE, CEPUITHOE MJIH MAaccoBOe TPOU3BoACTBO POY.

Mo comepxaHK1O pelaeMblX 3a1ay MPouece NPOEKTHPOBA-
HMS MOXHO pa30MThb Ha clienylolllde YeTobipe atama [l]:

1. CncTeMOTEeXHHYECKOE NPOEKTHPOBAHHE, TPH KOTOPOM
BbIOHpatoTCs U POPMYJTUPYIOTCS LIETH MPOeKTHPOBaH M, 060C-
HOBBIBAIOTCSl UCXOAHBIE JaHHbIE W ONPEAEASIOTCS MPUHIMIEI



1.1. 3adavu u smanst npoekmupoganus P3Y.
CywHocms cxemomexHu4ecko2o npoexmuposarus P3Y Q)

nocTpoeHUs cuctemsbl. [Ipw atoMm Qopmupyercs cTpykTypa
MPOEKTUPYEMOTO 0ObEKTa, €r0 COCTaBHbIX 4acTed ((hyHKIHO-
HaJIbHO 3aBEpPLICHHbIX OJIOKOB), ONPEACNSAIOTCA IHEPreTHYEC-
Kue U MHGOpPMallMOHHbBIE CBSI3M MEXIY COCTABHBIMU YaCTAMH.
B pesynbrate (hOpMUPYIOTCS YAaCTHblE TEXHHYECKHE 3aJaHus
Ha NPOEKTHPOBaHUE OTAENbHBIX COCTABHBIX YacTel 00beKTa.

2. Cxemorexnnyeckoe ((PyHKUMOHAbHOE) NPOEKTHPOBAHHE
PBY, umelouiee Lenbl0 annapaTypHYl peanu3aluio COCTaB-
HbIX yacTtei ycTpoiictBa. [lpu 3TOoM BbIGOp 3MeMeHTHOIt Gasbl,
NPUHLIMIMHAJABHOA CXEMBbl, CTPYKTYPHBI M NMAapaMETPUUECKUIR
CUHTE3 PalMO3/IEKTPOHHBIX CXeM (ONTHMU3alUMd NapamMeTpoB)
NPOU3BOIATCS C PACUETOM 0DeCileYeHUsl Hauaydluero (pyHKLHo-
HHUpoBaHUA (M 3 peKTUBHOrO npou3eoacTsa). [1pu BeIOOpE 316-
MEHTHOH 0a3bl U CUHTE3€ PalHOIEKTPOHHBIX CXEM HEOOXOIHMO
YUYUTHIBATL KOHCTPYKTOPCKO-TEXHONOrMYECKHE TPeOOBAHUSL.

3. TexHnuecKoe NMpPoeKTHPOBaHHe (KOHCTPYMPOBAHHE), pe-
1Iaolllee 3aJayd KOMIOHOBKM M pa3MeElieHUsT 31eMEHTOB
W Y3J10B, BbINOJHEHWS MEYATHBLIX M MPOBOAHBIX COSIMHEHHIA,
a TAKXe 3a7a4M TenJooTBOOA, EKTPUYECKOH TPOYHOCTH,
3aLIMTbl OT BHEIIHWUX BO3NECHCTBUIA U T. I.

Ha 3TOoM 3Tane paspabarbiBaeTcsl TEXHUUECKAS] JOKYMEH-
TalMs 1S U3TOTOBJEHUSA M 3KCIyaraiiuu PIY.

4. TexHoNoruyecKkas NoaAroTOBKA NPOM3BOACTBA, NPENNOJIA-
raiouas pa3paboTKy TEXHONOTMYECKMX MPOLECCOB U3rOTOB-
JIEHUS OTAENbHBIX OIOKOB M BCEH CHUCTEMbI B LIEJIOM.

CxeMOTEXHMYECKOE NMPOEKTHPOBAHME, KAK W JIPYyTUE Mepe-
YUCJAEHHBIE 3Tanbl, CBOAMTCA K (HOPMUPOBAHUIO OMMCAHUM
npoekTupyeMoro POY u COCTOMT M3 OTACNbHBIX MPOEKTHBIX
MpOLENYp, Pealu3yeMbIX C NMOMOLIbID MAKETOB NMPUKIALHbIX
nporpaMM aBTOMaTU3MPOBAHHOrO NMPOEKTHPOBAHUSA M 3aKaH-
YMBAIOLMXCA YACTHBIM MPOEKTHLIM pelueHueM. THNHUYHBIMHU
IS CXeMOTEXHHUYECKOr0 NMPOEKTHPOBaHHS POY npoeKTHBIMHU
fnpouenypaMu SBISIOTCS aHAAM3 M CHHTE3 MX ONMMCAaHHMK Ha
Pa3IMYHBIX YPOBHSIX pacCMOTPEH USl.

Ilpouenypa cuHTe3a 3aKNIOYaETCAd B CO3JaHMM MPOEKTHOrO
pelleHus (ONMHCaHus) Mo 3aJaHHbIM TpeOOBaHMAM, CBOWCTBaM
W orpaHryeHusM. Hanpumep, ILIMPOKO UCMOAB3YIOTCS [IPH [1PO-
ekTHpoBaHuu PDY npouenypbl cCMHTE3a 3MEKTPOHHBIX CXEM IO
MX 3aJaHHbIM XapaKTepUCTHKAM B YaCTOTHOM MJIM BPeMEHHOM



Tasa 1. OcrosHole ROHAMUSA CXEMOMEXHUMECKO20 RPOEKMU-
@0 DOBAHUA PAOUOINEKMPOHHBIX YCMPolicme

obnactu. Ilpy 3TOM NpOEKTUPOBAHHWE pPACCMaTPMBAETCA Kak
nocJieoBaTeIbHOE pellieHHe ABYX 3aJay: BhIOOpa CTPYKTYpPHOI
CXEMBbI, Ha3blBAEMOr0 CTPYKTYPHbIM CUHTE30M, M OMpeaeneHHs
napaMmeTpoB €€ 37IeMEHTOB (obecrneyuBalolUX TpebyeMble Xa-
pPaKTepUCTUKH), Ha3bIBAEMOrO MapaMETPHUECKHM CHHTE30M.

Ilpouenypa anaam3a COCTOMT B ONpeAc/CHHU CBOMCTB 3a-
JaHHoro onucanus P3Y. IlpumepoM Takoii mpouenypsl Mo-
JKET CNYXMTh PacyeT YAaCTOTHLIX WM TMEPEXOAHBbIX XapakTe-
PUCTHK 3JE€KTPOHHBLIX CXEM, OMNpeeNeHHe peakKUMH CXEMBI
Ha 3alaHHO€ BO3AEHCTBHE M Ap. AHAIU3 MO3BOJSIET OUEHUTD
CTEMeHb YIOBJIETBOPEHUS [POEKTHONO PELIEHMS 3aJaHHBIM
TpeDOBaHUAM M €r0 MPUTOIHOCTD.

[Mpouenypel cMHTE3a M aHAAM3a B MPOLIECCE NPOEKTUPO-
BaHUsA PBY TecHo cBsi3aHbl MEX 1Y COO0M, MOCKONBKY 006€ OHU
HanpaeJieHbl Ha CO3AaHHE MPHUEMIEMOTO MU OMTHUMANBLHOIO
MPOEKTHOTO pelleHHUs.

TunuuyHOi mpoekTHOW npouenypoil IBASETCS ONTHMH3A-
UHA, KOTOpas MPUBOAUT K ONTUMAJIbHOMY (I10 ONpeIeIeHHO-
MY KPUTEPHIO) MPOEKTHOMY pelieHuo. Hanpumep, Liupoko
MCIONIb3YeTCs OMTUMM3AIMS TIApAMETPOB 3MEKTPOHHEIX CXEM
C LIEJIbIO HAMJTYULIIEro IPUOAMKEHU S YACTOTHBIX XapaKTepUC-
THUK K 3aJaHHbIM. [Ipolenypa onTUMMU3aLKK COCTOMT B MHO-
FrOKPaTHOM AaHAalM3€ MpU LENEBOM W3MEHEHUHM TapaMeTpOB
CXeMbl IO YIOBJIETBOPUTENbHOIO MPUOJMKEHHS K 3aJaHHBIM
XapakTepuCTHKaM. B cylHOCTH, onTUMU3aLUA obecrneymnBa-
€T CO3/1aHUe WUJIM CHUHTE3 NMPOEKTHOrO PEeLUeHHUS C NO3TaNHbIM
aHAJM30M MJIM OLIEHKOH XapaKTEPUCTHK.

IlpoekTHble MpoUEAYpPbI COCTOSAT M3 OTAENbHBIX MPOEKTHbIX
onepaumii. Hanpumep, B npoliecce aHaaM3a MaTeMaTHYECKUX MO-
aeneit POY npuxonutea peurats auddepeHiManpHee U anred-
panyecKue ypaBHEHMs, OCYLLECTBISTL ONePaLuu ¢ MaTpiaMu
¥ T. 1. Takue ornepaumu MOTyT HMETb 000OCOO/IEHHBIHN XapaKTep,
HO B LIEJIOM OHM 00pa3yloT eWHYI NPOSKTHYIO TTPOLEAYPY.

[IpoeKTHBIE NMpoleayphl M ONepaluy BRIMOAHAIOTCH B OIl-
peneneHHON MOCAea0BaTENbHOCTH, HAa3blBAEMON MaplUpyTOM
MPOEKTHPOBAHHWA. MapIpyThl MPOEKTHPOBAHUS MOTYT Ha-
YUHATBCA C HHXKHHMX HEpapXW4YeCKHX YPOBHEH OMMCaHHi
(BOCXOnsiLLIEE TPOEKTHPOBAHUE) UM C BEPXHHUX (HHCXOAsALLEE
NpOEKTUPOBAHHE).



Cywpocme cxeMoOmexHu4ecKoeo npoexmuposanus P2y

1.1. 3adauu u smanst npoexmuposarus P3Y. \)

Mexay BceMM 3TanaMu NMPOEKTUPOBAHUSA CYLUECTBYET ITY-
0oKas CBsizb M B3aMMOCBsA3b. TaK, onpe/ie/ieHHe OKOHYATEIbHOM
KOHCTPYKLIMH U Pa3pabOTKa BCEH TEXHUYECKON TOKYMEHTALIUH
4aCTO HE MOrYT ObITb BBIMOJHEHbl A0 OKOH4YaHMS pa3paboT-
KM TexHoinoruM. B mpouecce KOHCTpyMpOBaHHMSA M pa3pabOTKH
TEXHOMOTHH MOXET NMOTPeBOBaThCA KOPPEKLIMSA NPHHLIUITHANDb-
HBIX CX€M, CTPYKTYPbl CMCTEMbl M JaX€ MCXOAHbIX NAHHBIX.
[NoaTomy npougecc MpoeKTUPOBAHMS SIBJSIETCH HE TOJLKO MHO-
ro3TanHbIM, HO H MHOMOKPaTHO KOPPEKTUPYEMbBIM MO MEpE €ro
BBIMOJIHEH S, T. €. MPOLIECC HOCUT UTEPALIMOHHBIN XapakTep.

B npolecce npoeKTHpOBaHUS HEOOXOIMMO HE MPOCTO CO-
31aTh anmnaparypy, Koropass OyleT odecneyuBaTb 3agaHHOE
(OYHKUMOHMPOBAHKE, HO W ONTUMH3MPOBATh €€ MO ILIMPOKO-
MY CHekTpy GYHKLIMOHAIbHBIX, KOHCTPYKTOPCKO-TEXHOJIO-
TMYECKHUX, IKCILIYATAUMOHHBIX U SKOHOMHYECKMX I0Ka3aTe-
Neil. Ha oTaenbHbIX 3Tanax Ans OTAENbHBIX YACTHLIX 3aaay
ONTUMM3ALIMI0 MOXHO OCYUIECTBUTh HA OCHOBE pa3paboTaH-
HBIX (POpMaNbHBIX MaTeMaTUuecKuX MeToaoB. OHaKO 3ajaya
ONTUMU3ALMU YacTO He noagaercs dbopManuzaumu. B takux
clAy4asix paccMaTpMBaeTCd HECKOJbKO BAapMAHTOB peLLUEHUS
MOCTaBJIEHHOM 3aJayy, MOACKA3aHHBIX, KaK IMpaBUO, Nped-
LIECTBYIOIUMM OMNBLITOM, MHTYMLMEH, U BBIOMpaeTCs JYYLUUMA
M3 HUX. TakoH noaxoa Ha3blBAETCS IBPUCTHYECKHM MHOroBa-
PHMAHTHbLIM aHaAM30M. OIHAKO B CBA3M C BCE BO3pacTalolLEH
cloXHocThio PDY, ¢ noBellieHWeM TpebOBaHWII K HUM He-
00X0AMMBbIE pacyeThl OKa3bIBAlOTCHA BCe Oosiee TPYIAOEMKHMH,
a KOJMYECTBO BApUAHTOB, LieAeCOOOpa3HbIX IJif paccMOTpe-
HHSA, KaTacTpodhuyecKy Bo3pacTaeT. ITa CUTYallUs MOJydyHIa
Ha3BaHHE <«TUPAHUM asibTepHaTMB». YacTo Ha 3Tane Npoek-
THPOBaHMUA HE yAaeTcs NpelBMIeTh HEKOTOpHIE TpeboBaHHUA,
BBITEKAIOUIME M3 YCIOBHH 3KcruyatauMu. B Takux ciayudasx
JIOBOAKA amnmnapaTypbl NPOMCXOAMT B IPOLECCE MCMBLITAHHM,
4YTO YIOPOXAET M 3aTArMBaeT NPOEKTHPOBAaHUE BO MHOrO pa3.

[TonobHoe nonoxeHUe SBASETCA Pe3yNbTATOM BO3HMKLIE-
ro NMpUHLMWIKHAILHOIO HECOOTBETCTBUA TPaaAMLIMOHHOIO Noa-
X0[la K MPOEKTHPOBAHHIO M CIOXHOCTH COBPEMEHHLIX PaaHO-
3MEKTPOHHLBIX CPEACTB. YKa3aHHOE MPOTUBOPEYHE U BhLI3BAJIO
WHTEHCHBHOE pa3BUTHE HOBOI TEXHOJOIMHM MPOEKTUPOBAHUA
PDY, Gasupyolleiica Ha CHUCTEMHOM MOAXOAe M COBEPLUEH-
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CTBOBAHMU MPOLIECCOB MNPOEKTUPOBAHUSA C NMPUMEHEHUEM Ma-
TEMaTUYECKHX METONOB U CPEACTB BbIYUCIWUTENbHON TEXHU-
KM, KOMIUJIEKCHOH aBTOMAaTH3alUWU TPYAOEMKHX M PYTHHHBIX
MPOEKTHbBIX paboT, 3aMeHE MAKETUPOBAHUSA U HAaTYPHOTO MO-
IeIVUpOBaHU A MaTEMATUYECKUM MOIEIUPOBAHUEM, UCTIONB30-
BaHHEM 3(PEKTUBHBIX METOJOB MHOTOBAPUAHTHOIO IMpPOEK-
TUPOBAHUS W ONTUMHU3AaLUMHU, a TAKXE MOBbILIEHWEM KauyeCTBa
YIIpaBJIEH U [IPOEKTHUPOBAHUEM.

CHcTeMHBIH MOAXOM MO3BOIAET HANTH ONTHMANBHOE, B LIH-
POKOM CMbICJIE, PELLIEHME 3aJa4H NIPOEKTUPOBAHUA 3a CYET BCEC-
TOPOHHEro, LIEJIOCTHOrO pacCMOTPEHUS KaK MPOEKTUPYEMOro
W3I€A1s, TaK M CAaMOro NMpoliecca MpOeKTUPOBAHHUS M CITOCOOEH
NPUBECTH K MOMIMHHO TBOPYECKUM HOBATOPCKUM DELUEHUAM,
BKJI}0Yasi KpyIHbIe M300pETEHUA U HAYYHbIE OTKPLITHS.

Huxe paccMaTpuBalTCAd METOABI OMTUMM3ALMU NMPOEKT-
HBIX pelLleHU.

1.2. MeToabl onTMMKU3auun
NPOEKTHBLIX PeLIeHUin

Ontumansisie PYY MoryT ObITb MOCTpOEHBI JUOO MeTOoxA-
MH KJACCHYEeCKOT0 CHHTe3a, TU0OO MeTONAMH ONTHMH3ALHH HA
DBM ¢ npuMeHeHEM NaKeTOB NPUKJIaIHbIX TPOrpaMM aBTO-
MaTH3alWH NMPOEKTUPOBAHHS.

Knaccnyeckuii cCHHTe3 MO3BOISET MPOEKTHPOBATh OTHO-
CHUTEJIbHO HECJIOXHbIe, B OCHOBHOM, MAacCHUBHbIE YCTPONCTBA,
[ KOTOPBIX CYILECTBYIOT aHAJUTHYECKHE COCOObl CHHTE3a
ONTUMaNbBHBIX cxeM. K HUM OTHOCATCS OoNTUMAaJbHbIE YacTo-
THBIe (UABTpBI ¢ annpokcumauueit Yebsinena, Kayspa u ap.,
ONTUMAaJIbHBIE IIMPOKOMOJOCHBIE COIIAcylllue YCTPOHCTBa
c annpokcuMauuein PaHo, a Takxe pa3IMYHOro Kiacca yac-
TOTHO-pa3NeJuTebHBIE U MOCTOBBIE YcTpoiicTBa [1,6].

BONBIIMHCTBO Xe YCTPOHCTB U3-32 OTCYTCTBUS aHANIUTH-
YeCKMX METOIUK CUHTE3a IPOEKTUPYETCH METOIAMM ONTHMH-
3auun Ha OBM. Tlpu 3TOM pa3nuyaloT CTPYKTYPHYIO M napa-
METPHUYECKYH) ONTHMHU3ALMIO,

[py CTPYKTYpHOH ONTHMU3AUMH OMpENENSieTCS HAUNY4Y-
uiasg CTpyktypa P3Y, ynopieTBopsioliasg 3alaHHbLIM Tpebo-
BaHUAM.



1.2. MemoOvbt onmumusauuu npoeKmubix peuienuti IE)

[1py napamMeTpnuecKoi ONTHMM3ANMNKH OTPEEIAETCA TaKas
COBOKYTNTHOCTb BHYTpeHHHWX NMapameTpoB P3Y, npu kortopoi
3apaHee BbIOpaHHBIE BBIXOAHBIE NapaMeTpbl MPUHUMAKOT Ha-
MJYYILME BO3MOXHBbIe 3HayeHudA. [lomHoe peleHMe 3amayu
npoekTHpoBaHua PHY MeTogaMM napaMeTpUyecKoil ONTH-
Mu3aUuKd Ha IBM npou3BonuTcA B TpU 3Tana:
* MOJENHPOBAHME YCTPOMCTBA,
* COCTaB/IeHHE IIeeBoi (YHKIIMM C BBIOOPOM TeX HWJIH
MHBIX KPUTEPHEB €r0 Ka4eCTBa,;

* MMHUMH3aUUs (MakCMMH3auus) LeJeBoH QYHKUUH
IS MOJYYEHUS ONTUMAJbHbIX BHYTPEHHUX MapaMeT-
POB YCTPOWCTBA.

[Ipn npoektupoBaHuu PDY LIHNPOKO NPUMEHSIOTCS MeE-
TOAbl ONTHUMM3ALWU TMPOEKTHBIX pELIEHUN, OCHOBAHHbIE Ha
PELUEHMU 33134 MATEMATHYECKOro (JIMHEHHOIO M HEeJIMHEHHO-
ro) nporpaMmupoBanua. B aTHX 3a1ayax npoM3BOMTCH MOUCK
MHHUMYMa UM MAaKCUMyMa HEKOTOpOH LeneBod (YHKLIMH,
3aBMCALLEN OT MHOTMX [IEPEMEHHBIX IIPY HAJTMYHU OrpaHuye-
HUH Ha 3TU NepeMeHHbIE.

[Mpu mpoexTupoBaHuu PIY nenesas dyHkius orobpaxaer
KayecTBO pabOTH, CTOMMOCTh anmnaparypbl U MHbIE XapaKTepHC-
TUKH, 3aBUCALLME OT [1apaMETPOB KOMIOHEHTOB, ONTHUMaJsIbHbIE
3HAYEHUS] KOTOPbIX TPEOYETCS HAHTU B pe3ybTaTe pPELUeHMS 3a-
nayu. OrpaHuyeHUs Xe HOpMYIUPYIOTCS B BUE CUCTEMBI COOT-
HOLLIEHUH, CYXAIOLIMX JOMYCTUMYIO 001acTh U3MEHEeHMs napa-
METPOB KOMITOHEHTOB IPH PELLIEHUM 3aa41 ONTUMHU3aLuu PIY,

Ecniu MuHMMH3MpyeMasi (MakCMMU3MpyeMas) 1ejieBas
(GYHKUMS ¥ OrpaHUYeHUS JIMHEIHO 3aBUCAT OT NEPEMEHHBIX,
TO ONTHMMM3ALMUSA MPOEKTHBIX PELIEHUI MOXET OBITh BBINOJ-
HEHa Ha OCHOBE M3BECTHBLIX M3 Kypca MaTeMaTUKU MeTOIO0B
JHHEHHOTO MporpaMMHupoBaHnA. K 3TUM MeTOJaM OTHOCAT-
Cs CHMIJIEKC-METOA M METOIbl LEJOYMCICHHOrO JMHEHHOro
nporpaMMHMpOBaHUS.

[Mpu HenHMHEeHHOH 3aBUCHMOCTH LieIeBOM (PYHKLUMU U Or-
PaHHYEHHIT OT MepeMEeHHbIX ONTUMAaJbHOE NPOEKTUPOBAHHE
P3Y npoM3BoAMTCHS HA OCHOBE pPEILEHUS 3a4a4H HEJIHHEHHOro
NporpaMMHpOBAHHA METOIAMH OJHOMEPHOro IOUCKA OMNTH-
MaJibHOTO pellieHHA, a TAKXKE rpaJUEHTHbBIMM MJIU CTATUCTH-
YeCKHMM METOJAMH ONTUMHU3ALHH.
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[IpoekTuporaHue P3Y B cOOTBETCTBHH C HOBOM TEXHOJIO-
rMeid OCHOBBIBAETCA Ha CJIEYIOLIHX NATH NIPUHIIUIIAX,

IlepBbili MPHHUMN MpEANoOJAracT KOMILJICKCHOE pELIEHHE
obleil 3a1a4yM NpPOEKTHPOBAHUSA 3a CYET B3aUMHOM YBA3KM
MIPOLEAYP PEUIEHUS YACTHBIX 3alay W 3TanoB MPOEKTUPOBa-
Hu4. [1pu 3TOM ycTaHOBJIEHUE TECHOH MH(POPMALIMOHHOM CBA3M
MEXIY 3TalaMu W MpouUeaypaMH MO3BOJSET COo3laBaTh Oonee
adpdekTiBHbie POY ¢ TOYKM 3peHUs KoMmIuiekca (PyHKLHO-
HaJIbHBIX ¥ KOHCTPYKTOPCKO-TEXHOJIOTHYECKUX TPeOOBaHUIA.

BTopoit NpMHOMI 3aKA109A€TCS B MHTEPAKTHBHOM pEXHME
NPOEKTUPOBAHU S, MPH KOTOPOM OCYLIECTBJISETCS HETIPEPHIB-
HBIM NPOLECC JIMAJIora «yejaoBeK-MalllMHa». ITpu 3ToM cucTe-
MbI aBTOMATHU3aLMH NIPOEKTUPOBAHUS BBICTYNAIOT B KAYECTBE
MOILHOrO CpeAcTBa 0OECrevYeHUs TBOPYECKOHM aKTHBHOCTU
NPOEKTUPOBIIMKA, a He 3aMeHs 0T ero. 60 HeBO3MOXHO co-
30aTh WM MOAEPHU3UPOBATh CIOXHYIO PaJAUOIEKTPOHHYIO
anmnapatypy 6e3 TBOPYECKOTO y4YyacTUd CHeluMaaucra, CKolb
HU BesJMKa Obl1a Obl MOLUHOCTH BbIYMCIMTENBHBIX CpPEACTB
M CKOJb HM CJIOXKHBI (M M30LIPEHBbI) ObIIM OBl (POPMaNbHBIE
METOJBI MPOEKTUPOBAHHMS.

TpeTnii NpUHOMN 3aKJI0YAETCS B IUMPOKOM TIPUMEHEHUHU
MMMTALHMOHHOTO MOASJUPOBAHUS PaJMO3NEKTPOHHBIX CHC-
TEM M CPEICTB C BOCIIPOM3BEAEHHUEM YCJIOBUH pabOThI, OIM3-
KHX K peaNbHbBIM. UMUTaLMOHHOE MOAEIUPOBAHUE NAET BO3-
MOXHOCTb MNpeIBUAETh PEAKLMIO MPOEKTHPYEMOro o0BbEKTa
Ha caMbl€ pa3JMyHble BO3MYLUEHHS, TIO3BOJISET CIIELMATIUCTY
B MpOLECCE NMPOEKTHPOBAHUSA <«BUIETh» IJIOABI CBOETO TPY-
Jla B JeHCTBHM Oe3 MaKeTUPOBAHMSA M HATYPHOTO MOAEIMPO-
BaHuA. UMHUTAUMOHHOE MOJEIMPOBAHHE [aeT BO3MOXHOCTh
MPOBOAMTbL MUCIBITAHUS pPa3iMYHbIX BAPHMAHTOB NMPOEKTHBIX
pelleHMi U B MpUEeMJIEMbIE CPOKM BBIOMpPATh JIYUILIHA U3 HUX
C YYETOM BCEBO3MOXHLIX Cy4yalHbIX (PAKTOPOB U MOMEX.

YeTBepTblif NPUHOHN COCTOUT B TNPHUBIAECYEHUH I
pelIeHUs 3agay MPOeKTHPOBAHUSA HOBEHIUIMX BBICOKO-
3¢ deKTUBHBIX annapaTypHbIX ¥ HH(POPMALUOHHO-MPO-
rpaMMHBIX CPeACTB obecneyeHUs MPOEKTHPOBAHUS U MO-
nenupopaHus PIY.

M, HakoHell, nATbIH NPHHUHN COCTOMT B 3aMKHYTOCTH
npolecca aBTOMaTH3UPOBAHHOTO MpoOeKTUpoBaHus P3JY.



1.3. axemot npukiadnbix npocpamm aémomamu3uposanioeo
ApoeKmMUposanua u modeauposanus PIY | i)

[Ton 3TUM noapa3ymeBaeTcs, UYTO NPOEKTUPOBILUMK BBOAUT
B 9BM uH}opMaLIKMIO HA YPOBHE 3aMbIC/a, 4 B pe3yibTare
IMAJIOroBOro Ipolecca NPOeKTUPOBAHHSA BbINAETCH TeEX-
HUYECKOE pelleHHe M AOKYMEHTAlLIMA AJs W3TOTOBJIEHMUS
P3Y. Huxe paccMaTpuBalOTCA TMIIOBBIE NpPOrpaMMHbIE
CpeAcTBa aBTOMATH3MPOBAHHOrO NMpPOEKTUPOBAHUS U MO-
neaupoBaHus P3Y.

1.3. MakeTbl NpUKNagHbLIX NPorpaMm
aBTOMAaTU3UPOBAHHOIO NPOEKTUPOBAHWUA
n MmogenupoBaHus P3Y

CucTeMbl MporpaMm, NnpeiHa3Ha4yeHHbIE 11 aBTOMaTU3aLUU
NpoeKTHpoBaHusl PDY, MOXHO pa3neNuThb Ha IBE OCHOBHbLIE
[PYINBI CUCTEMBI CXEMOTEXHUUYECKOrOo MNpPOEKTUPOBAHUSA
U KOHCTPYKTOPCKOro NpoeKTHpoBaHusa PIY. DTo neneHue
ABJISETCA BeChbMa YCJIOBHBIM, OCODEHHO [/ CUCTEM MNpPOeK-
THMPOBaHHUS MUKPO3JEKTPOHHOM anmnapatypsl, a Takxe CBY-
U U3NyYalolLIMX yCTPOiCTB. B nocnenHee mecaTuieTHe Hame-
THIach SABHAs TEHAEHLIMS WHTErpalHyu MaKeTOB IIpOrpamMm
IJISI CXEMOTEXHHYECKOTO U KOHCTPYKTOPCKOrO MpOeKTUpOBa-
HUS PaAdH0O3JeKTPOHHBIX YCTPOMCTB.

KpoMe 3THX OCHOBHBIX IpPYII MAKeTOB [POrpaMM B CHC-
TeMax aBTOMaTU3WPOBAHHOIO NPOEeKTUPOBaHUA PDY wiupoko
UCTONB3YIOTCA pa3IMyHble BCMOMOraTe/lbHble MaKeThl: MaTe-
MaTHYEeCKMe NakeThl, 0a3bl JaHHBIX, TpadUyecKHe U TEKCTO-
Bbl€ PEIAKTOphI, 3IEKTPOHHbIE TAOJAULIBI U T. M.

1.3.1. MNakeTbl NporpaMm CXeMOTEXHUYECKOro
NPOEKTUPOBAHUA PaAUNO3INEKTPOHHbIX
CpPeancTe U yCTPOWCTB

B HacTosiliee BpeMsi M3BECTHO OOJILLIOE YUCIO NAKETOB NPO-
rpaMM, IpeAHa3HAYEHHbIX 151 BHINOAHEHUA CXEMOTEXHUYEC-
KOro NpoeKTHPOBaHHUS PalHO3IEKTPOHHBIX cpeacts (PDC).
CucTeMbl CXEeMOTEXHUYECKOTO MOJIEIMPOBAHMSA AHAJIOro-
BbIX MU LM(POBLIX YCTPOMCTB M NPOCKTUPOBAHMSA IE€YaTHBIX
maar DesignCenter 1 Designlab paspabotaHbl KoprnopalHe
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MicroSim [1,8]. B oCHOBY 3THX CHCTEM MOJIOXEH HM3BECTHbI
naker nporpamM PSPICE, nepsbie BepcHMM KOTOpOro Oblnu
pa3paboTaHbl B Hayane 70-x romos mpoiuioro Beka B Kanu-
¢opHuiickoM yHUBepcuTeTe. BO3MOXHOCTM 3THX CHCTEM Cy-
LIECTBEHHO 3aBUCAT OT BapMaHTa MOCTAaBKHM W ONEpallMOHHOM
cuctembl. OHM NO3BOJISIOT BRIMOJHATH MOJIETMPOBaHHE aHAJIO-
rOBbIX, CMELIAHHBIX aHAJIOro-UHU(MPOBbIX U MPOCTO LIM(PPOBLIX
PaaMO3IEKTPOHHBIX YCTPOMCTB, CUHTE3 LIM(PPOBBIX YCTPOHCTB
Ha 0a3e MHTErpajJbHBIX CXeEM C NpOrpaMMHpyeMoOH JOTHKOIA,
a TakXe MOJEJMpPOBAHUE C YYETOM [Mapas’MTHbIX EMKOCTei
W MHIYKTUBHOCTEH, MPUCYIIMX peaJbHbIM [EYATHBIM IL1aTaM.

Cucrembl DesignCenter u DesignlLab ocHaueHnbsl rpa-
¢HYEeCKUM pelakTOpOM NPUHUMNUAAbHBIX cxeM P3Y, ko-
TOPBIA ONHOBPEMEHHO ABJISAETCA YIIPaBJSIOWEH 000/104YKOM
IUIS 3allycKa NpOrpamMMHBIX MOIYJEH Ha Bcex cTaaudax pa-
60Thl ¢ cucTeMaMi. CUCTEMBI MO3BOASIOT BHINONHAThL pacuer
PEXUMOB PaJMO3MEKTPOHHBIX YCTPOWCTB MO MOCTOSHHOMY
U TepeMEHHOMY TOKY, CMEKTpalibHbIH aHaJu3, MOIENUpOBa-
HUE MEepeXoaHbIX NpoueccoB B PAY, pacyeT ypoBHel 1UyMa,
CTAaTUCTUYECKUI aHAJIM3 C YUYETOM BapuallMM TEMIIEpaTypbl
npu paborte ycrpoiictBa. MoaenupoBaHHue aHanoro-uudpo-
BbIX M UMGPOBLIX YCTPOMCTB BBHIMOJHAETCS Ha JIOTMYECKOM
YPOBHE C MOAKJKUYEHHEM aHAN0ro-uudpoBbIX U LUPpo-aHa-
JIoroBblX MHTepdeHcoB a8 obecrneyeHUs CBSI3M aHAJIOrOBOM
U uudposoi yacreit POY.

B cucremax MoXeT BBIMOJHATBCH NapaMeTpUyecKas ofl-
TUMM3aUMA aHajaoro-uu@poBbIX YCTPOHACTB RO 3aJaHHBIM
KPUTEPHUSAM PU HATHYMHK HEIUHEMHBIX OrpaHMYeHMI Ha Na-
paMeTpbl BAPbUPYEMbIX KOMIIOHEHTOB.

CucTeMbl UMEIOT rpaduyecKUii penakTop NeYaTHbIX IJ1aT,
KOTOpBIH B aBTOHOMHOM peEXMMe BOCIIpHHMMaeT MHopMa-
M0 o coenHeHuax B gopmare P-CAD, a B cocTaBe cucTe-
MBI — OT rpadMuecKoro peaakTopa NPUHLUMIHATLHBIX CXEM.
KommnoneHnTsl P3Y aproMarnyecku MM BpYUHYIO pa3Melia-
I0TCS Ha OJHOI WJM IBYX CTOpOHAX Me4YaTHOH [J1aThl, nocie
Yero BO3MOXHA TpPacCMPOBKA MHOTOCIOHHBIX COEIMHEHUIH
B ABTOMAaTHMYECKOM WM MHTEPAKTUBHOM pexuMe. [1o pesynb-
TataM TPaCCHMPOBKM CO3[AIOTCS KOMaHAHbIe (aiibl aas U3-
roropiaeHus GoTouiadJIOHOB H CBEpPIAWJIBHBIX CTAHKOB ¢ YITV.



1.3. llakemor npuriadnbix npoepamm agmomamusupoeanHozo
nPOeKmMUposanus u modeaupoganus P3IY Q)

Bo3MoxHa nepenaya gaHHbiX B cucTeMy AutoCAD nns Bbi-
MYCKa KOHCTPYKTOPCKOM NOKYMEHTALIMH.

K cucremam DesignCenter n DesignLab npunaraiorcs
MHOTO4YUCJIEHHbIE OUOIMOTEKH rpadUyYecKuX CUMBOJIOB 3Jje-
MeHTOB POY u GaHKH jJaHHBIX ¢ DO/Iee YEM BOCEMBIO ThICH-
YaMW MaTEMaTHYECKMX MOIENEH KOMIIOHEHTOB (IMOIOB, TH-
PUCTOPOB, OUMONSAPHBIX M MOJEBLIX TPAH3UCTOPOB, OMNTONAp,
ONEpallMOHHBIX YCUJIMTeNEH, KOMMapaTOpOB HamnpsXeHMs,
KBaplEeBbIX PE30HATOPOB, MArHUTHBIX CEPAEYHHMKOB, LUppO-
BbIX M aHaJoro-uM@poBbIX MHUKpPOCXEM) MPOM3BOACTBA pa3-
anuynbix GupM CLUA, 3ananHoi Esponel v Anonuu. MUmMeet-
csl BOBMOXHOCTb NOMNOAHEHUS GUGITHOTEK,

[IpyMEPHO TAKMMM X€ BO3MOXHOCTAMH C TOYKH 3pe-
HUS CXEMOTEXHMYECKOro NpOeKTHPOBAHUA 00JIafaeT CUCTe-
ma ICAP, paspaboraHHas ¢pupmoid Intusoft. B ocHoBy 3TOid
CUCTEMBI TakXke nonoxeH naket nporpaMm PSPICE. Cucrema
ICAP oTnuuaercd y1o0HbBIM OKOHHbIM PE1aKTOPOM, BO3MOX-
HOCTbIO PaboThbl ¢ U3MEPUTEJIbBHBIM 000PYAOBAHUEM, COBMEC-
THUMOCTBIO BbIXOAHbIX (paitnoB ¢ naketoM P-CAD.

IMonyyuBLIaA LIMPOKOE pacnpocTpaHeHue B KoHle 70-x—
Hauane 80-x ronoB mepmas Bepcus nporpaMm Super-Compact
BbIABUHYTa dupmy Compact Software B OIHY M3 BEAYLIUX
B MUpe no pa3paboTke nporpaMMHoOro obecneyeHus ais npo-
€KTHPOBAHUS PaJAHOYACTOTHBIX yCTpolicTB, ocobeHHo CBY-
nuanasoHa. [laket Super-Compact oka3ajcsi OUeHb YIaYHbIM.
JocTaTOYHO TOYHbIE MaTeMaTHYECKKHe MOAEIM LIMPOKOTO KpY-
ra snemeHToB CBY-Lieneif, yno6CcTBO BXOIHOro fi3biKka W psi
JNPYTUX TOCTOMHCTB MPHBEIU K ILIMPOKOMY PaclpoOCTPAHEHUIO
3TOrO MakKeTa, OPMEHTHPOBAHHOrO Ha MPOEKTHPOBaHHE (PUIb-
TPOB, COTJAacylOLIMX lieneil U ueneii cesa3u CBY-guana3soHa.

B nakeTe ucnoab3yloTcs 0a30Bble 3JIeMEHTH B BHIE
IBYX-, Y€TbIpeX-, IIECTH- M BOCBMHIMOJIOCHUKOB, XapakTe-
pusytowuxcs A-, S-, Y-nmapametrpamu. donyckaetcs BKJIIO-
YyeHHUe NMPOU3BOJbHBIX MHOTONoOMIOCHUKOB. TlakeT nossonsieT
aHanusupoBath CBY-uenu, comepxkawime Haubosee ynorpe-
OouTeNbHble KOHGUIYpaLMK 2JEMEHTOB ¢ pacnpe/eleHHbIMHU
M COCpeldOTOYEeHHBbIMM MapaMeTpaMu. PacrnpenefneHHble 3Je-
MEHTbl MOTYT TMpPENCTaBAATL PA3NUUYHbIE THIbl CBA3AHHBIX
M OIMHOYHBIX OTPE3KOB JIMHHU I nepenayu: MUKpPONOJOCKOBLIE
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Y TMOJIOCKOBbIE, TMHUH C MOABEIIEHHOH NOJIOXKOH U KOAKCH-
aJibHble, KOMIIJTAHApHBIE U 1LIEJIEBbIE, MPAMOYTOJbHbBIE U KPYT-
JIble BOTHOBOAbI. PacnpeneneHHble 3/1eMEHTBI MOTYT XapakTe-
pH30BaThCs KaK FeOMETPUYECKMMM, TaK U 3NEKTPHYECKHMHU
napaMeTpamu. I1pu mogenuposanuu CBY-ycTpoHCTB yYUTHI-
BAIOTCA SJEKTPUYECKHE HEOJHOPOAHOCTH, BIUAHHUE JAUCIIED-
CHUM, U3JIYYEHUS], MHOTOCJIOMHOW META/JIM3aLUH [POBOJIHH-
KOB, LUEPOXOBATOCTH IMOBEPXHOCTH, NOTEPU B INPOBOLHMKAX
W IUIJIEKTPHKaX.

Monenu noaynpoBOOHMKOBbIX NPUOOPOB OMKMCHIBAKOTCH
rnapaMeTpaMM paccesHMs MO0 MaTpMLaMHM KJacCHYecKon
Teopuu ueneit. Monenuposanue CBY-ueneit BbinoaHseTCH
Ha OCHOBE amlmnapaTa Y-MaTpHlbl, IpHYeM OTAE/bHbIE YaCTH
LENU MOTYT OMUCBIBATLCA C [TOMOLUBIO amnnapara A-MaTpULL.

OnucaHMe YCTPOMCTBA NPOW3BOAWTCS MOKOMITOHEHTHO,
MpUYEM B OJHOH CTPOKE YKa3bIiBalOTCA abOpeBMAaTypod TN
KOMIIOHEHTA, CNOCOO €ro NOAKIIOYEHUS B LIENIU U MMapaMeTphbl
KOMIIOHEHTa ¢ JONYCTMMbIMU IPaHMLAMU M3MEHEHUs Mapa-
METPOB B MpOLIECCE ONTUMU3ALIMU.

OnTUMHU3aLMA TNapaMETPOB YCTPOHCTBA MOXET BbINOJ-
HATbBCA ONHOBPEMEHHO [/ HECKOJAbKHX XapaKTepHUCTHK
U B HECKONBKUX cocTtogHuAX. Hanpumep, CBY-nuoaHblil ne-
PEKIOYATEb MOXET OJHOBPEMEHHO ONTHMU3HPOBATLCA B pe-
XuMax «BknoueHo» U «BbiknoyeHo». 1N ONTUMU3ALIHM UC-
NMOJIL3YETCH ONHA M3 Pa3sHOBHMIHOCTEH rpaguWeHTHOro Meroaa
U ciyyalHbIi mouck ¢ camooOyuenueM. [1pouecc ontumusa-
LMY NapaMEeTPOB YCTPOHCTBA BEAETCHA B rpaHULIAX U3MEHEHUSA
BapbUPYEMBIX MapaMeTpoB, OMpeAeaseMblXx WX (H3UYECKOi
peaIM3yeMOCTbIO U TOYHOCTBIO MOAEIed KOMIIOHEHTOB.

HOns obecneyeHus pa3paborumka uHdopMmauMeil o napa-
METpax NOJYNPOBOAHHUKOBBIX KOMIIOHEHTOB, IPOBOJHHKOB
U IUIIEKTPHYECKMX MATEPHAJIOB B NTAKET BKJIIOYEHO HECKOJIb-
KO 0aHKOB JAHHBIX, KOTOpPBIE MOTYT BBI3bIBATHLCH Ha KOMaH-
IHOM YpOBHE 1N OTLICKAHWS KOMIIOHEHTa ¢ 3aJaHHBIMU
TeXHUYEeCKMMHU XapakTepucTkamu. [lakeT nossonaser paspa-
60TuUMKYy dhopMUpOBaTh CBOM OAHKHW NaHHBIX.

BriBog MHQOpPMalIMH OCYLUECTBASAETCH HA 3KpaH MOHH-
Topa, neyaTb, rpadonocTpoMTENb U MOXET BKJIIOYaThb CXEMY
YCTPOHCTBA M €€ pa3/lM4YHbIE YAaCTOTHLIE XapaKTePUCTUKH



1.3. Ilakemur npukaadubix npoecpamm agmoMamu3upo8anHoeo
npoekmupoganus u modeauposanus P32y IQ

B TabAMYHOM BMIe NMOO B BMAE rpadMKOB B MOJAPHBIX HJIH
IeKapTOBBIX KoopauMHaTaXx. [lo TpeboBaHHIO pa3paGoTyMKa
Super-Compact MOXET MOCTPOUTb TMHUHU PABHOTO YCHJIEHMS,
YPOBH#A LUIyMa, CTAOMJIBHOCTH yCTpOMCTBA. s TOYHOro U3y-
YeHMA OTACJbHbIE YYAaCTKH XapaKTePUCTHK MOTYT ObITh NMpem-
CTaBJIEHbI B YBEIMYEHHOM MacluTtabe.

HansHeilluuM pa3suTHeM naketa Super-Compact gsasieTcs
BblllieAlass B cepeanHe 80-X Toj0B U MOJHOCTBIO C HUM COB-
MmecTuMast cucrema Microwave Harmonica, nmo3ponsiolasi Bbi-
NOJIHATb MOJIEIMPOBaHKE U psaa HenuHeiiHbix CBY-ycTpolicTs,
TaKMX KaK MajoLIyMSLIWE YCHJIMTENN U YCUJIUTENIH GOJBLLOTO
YPOBHSI MOLLHOCTH, CMECHUTENIM, T€HEPATOPHI, MEPEKIIOYATENH
W IpyruMe yCTpOHCTBAa paguMo4yacTOTHBIX TpakTos. [is Moje-
JIMpOBAHUSI HEJIWHEHHBIX YCTPOMCTB B 3TOH CUCTEME MUCIIOJNb-
3yeTcs MeTod rapMoHudeckoro 6anaHca. B Hauane 90-x rogos
nosiBaseTCS Bepcust cucteMsl Microwave Harmonica, opyeHTH-
poBaHHas Ha rulatdopMmy Windows. Pasnuunbie Bepcuu cuc-
TeMmbl Microwave Harmonica mupoko ucnosab3ylorcsi B Poccuu
pa3paboTYMKaMU paguoannaparypbl pa3TM4YHOTO HA3HAYEHHUSI.

B nocnegHue TOABl 3TY JHHHWIO NpPOrpaMM pa3BHBaeT
dupma Ansoft, KoTopoit 6b11M pa3paboTaHbl HOBBIE MPOrpam-
MHBIE CHCTEMBI:

Serenade, no3Bongolas BHINOAHATL MOAETMPOBAHHE
U ONTHUMHU3ALUI0 He Toabko CBY-, HO M ONTO3JEKTPOHHBIX
YCTPOHCTB M MMEIOLLIAs MHOTO BEPCUM, B YHUCIE KOTOPHIX ECTh
BEPCUM, OPMEHTHPOBAHHbIE Ha TOMOJIOMMUYECKOE TpeacTaB-
JIeHHe MOJeTHpYyeMoro ycrpoiictea. MMeloTcss BepcHM 3TOi
CHUCTEMbI, OPUEHTHpPOBaHHBIE Ha rIaTGopMmbl Windows 95
1 Windows NT;

Super-Spice, B KOTOpO#l MyTeM MOAKIIOYEHUS M3BECTHOMH
nporpaMMbl Spice pelueHa 3agada MopenupoBaHusa CBY-yet-
pPOMCTB BO BpeMEHHOM 0071aCcTH;

Microware Success, MO3BOJIAMIOIIAS BbINOJHATb MOAEIH-
pPOBaHUE CUCTEM pagUOTENEPOHUH;

Microware Explorer — cucteMa Ans MOAEJIHMpPOBaHHUA
3NEKTPOMATHUTHEIX T0JiEil B pa3IMYHBIX JIEMEHTAX paavo-
3JIEKTPOHHBIX YCTPOKUCTB.

Kpome paspaboTku nporpaMmHoro obecneyeHus bUpMoil
Ansoft nogaepxxuBalTCd 0aHKHU JaHHBIX ¢ TUHEHHBIMM U He-
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JIMHEeMHBIMHA MoaenaMH aneMeHToB CBY- u ontoanekTpoH-
HOW TeXHUKHU.

B nocaeaHue roiabl WIMPOKOE paclpoCTpaHEHHE Noaydyuia
cucreMa APLAC 7.0, npenHa3HayeHHad /14 IPOCKTUPOBAHU A
M MOIeIMpOBaAHMA 3/MeKTpuyeckux cxem POY. B cocras cxem
MOTYT BXOIHMTb KaK IIM(pPOBbIE, TAK U aHAJIOrOBbIE KOMITOHEH-
Thl, B TOM uyMcne ycrporcTsa CBY-auanasona. IlpenycMot-
PEHBI CICAYIOLIWE BUAbl PACYETOB: PEXHMM IO MNOCTOSHHOMY
TOKY, YACTOTHBIE XapaKTEPUCTHUKU, CIIEKTpaibHaf MJIOTHOCTh
W KO3(OULUMEHT 1yMa, YYBCTBUTENbHOCTb U NTapaMeTpUIeC-
Kasi ONTHMM3ALMSA, TEePEXOLHbIE IPOLIECChl, CIIEKTPbl CHI-
HaJIOB, aHa/IM3 NMEepPUOIHYECKHX PEeXHMOB, CTATHCTUYECKHM
aHanu3 no Merony MoHrte-Kapno. B ocHOBHOM 3TOT Habop
ONMUMI CTaHIAPTEH, OLHAKO AHAJOIMYHBIE pacyeThbl MPOBO-
JATCA OOBIYHO C MOMOLLBI HECKOJBKMX pa3HbIX NPOrpaMm,
a cuctema APLAC 7.0 npenoctaBiseT Mojab30BaTeIIM UHTEr-
PHMPOBaHHYIO cpely pa3paboTKH paavo3JIeKTPOHHOI annapa-
Typbl. dpyras BaxHas ocobeHHocTh APLAC 7.0 — Hanuuue
Oonblnoro Habopa OUOIUOTEK JIEMEHTOB MPUHIMIIUANBHBIX
CXeM U OTJIEJIbHBIX OJIOKOB, NMPUMEHSAEMBIX B aHAJIOrOBBIX
M uudpoBbix cucteMax ceg3u. [lo cBoeMy (QyHKIHOHAIb-
HOMY C€OCTaBY 3TH OMOJMOTEKM IpeBOCXoaAT OMOJIUOTEKH
npyrux cucteM. Kpome Ttoro, B coctaB APLAC 7.0 Bxoout
MOAIMpOorpaMMa pacyeTa TpeXMePHBIX 3JIEKTPOMArHUTHEIX TM0-
JIed MHUKPOTOJOCKOBBIX KOHCTPYKLUMH M IpyruX YCTPOWCTB
auanazoHa CBY. Cucrema APLAC 7.0 takxe npenocTapis-
€T BO3MOXHOCTb BBOJA pe3yJbTAaTOB W3MEpPeHHH M BbIBOJA
YNPaBASIOUIMX CHIHAMOB C NOMOILUbI0 MHTepdEeiCHbIX TIaT
crangapta IEEE-488 [10].

Cucrema Electronics Workbench B oTaMuue oT apyrux
MporpaMM CXeMOTEXHHMYECKOro MOAENMpOBaHUS M300pa-
XKAeT HAa IKpaHe M3MEpHTEeNbHble MPUOOpPbI C OpPraHaMM YIi-
paBJe€HUs, MaKCHUMAaJIbHO MPUONMXEHHBIMH K DPEaJbHOCTH.
[Tonb3oBatens ocBoOOXAaeTCS OT M3Yy4YEHMs OOBONALHO abc-
TPaKTHBIX TIPaBUJ COCTABJIEHWS 3aJaHUil HA MOAETHpPOBaHHE.
JocTaTOYHO Ha CXeMYy MOMECTMTb JBYXKaHajlbHbli OCLMJI-
norpad v redepaTop CMrHajJoB — M NporpaMmma cama coob-
Pa3’HT, YTO HYXHO aHaJIM3UpOBaTh MEPEXONHbIE MPOLECCHI.
Ecau xe Ha cxeMe pa3MeCTMTb aHajlu3aToOp CNEKTpa, TO Oy-
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JeT pacCYUTaH PexXHM MO MOCTOSAHHOMY TOKY, BBHIMOJHEHA
JVHeapu3auMus HEJIMHEHHBIX KOMIIOHEHTOB M 3aTE€M IPOM3-
BeIEH pacyeT XapaKTEPUMCTHUK CXeMbl B YaCTOTHOM obGmacTu.
Jlvnana3zoH aHaJIU3MPYEMBIX YacTOT, KO3(hGULHUEHT YCUNEHUA
M XapakTep oUMMPOBKH JaHHbIX (B TMHEHHOM WAH Jorapud-
MHYECKOM MacllTabe) ycTaHABIMBAIOTCS Ha JIMLIEBOM TIAHEIH
C MOMOILbIO MbIIIK. YToOBl HayaTh MOOEIMpPOBAHHE, JDOCTA-
TOYHO WIEJKHYTb BbIKJItOYaTesneM. Ilocie 3Toro Ha ycTpowic-
TBaX MHAWKAUMU UU(POBBIX BOJABTMETPOB M aMIlePMETPOB
OyneTt 3aMKCUPOBAH PEXUM MO MOCTOSSHHOMY TOKY, Ha 3K-
paHe M3MepUTessi HAPMCOBAaHbI YaCTOTHbIE XapaKTEPHUCTHKH
(aMIIUTYAHO- MK (Pa304acTOTHbIE), @ HA IKpaHEe OCLIMJLIOT-
pacda OyIyT HEMpepbIBHO M300paxarbest 3MI0pbl HANPAXeHUH
IO TeX Mop, MokKa He 3amoNHUTCA OydepHas MaMsTh, a 3aTeM
MOXHO MpPeKpaTUTh MOAETHUPOBAHUE UM OGHYIUTh NMaMsTh
U TIPONOMIXUThL HabmoneHus [10].

Cucrema Micro-Cap ¢dupmbl Spectrum Software Hauia
HauboJibllIee pacrpoCTpaHeHWE B CTYIEHYECKOH cpene Kak
Haubonee mMpocTas W JOCTYMHAasA B U3YUYeHHH, OJHAKO Nepe-
YyeHb ee BO3MOXHOCTed JoctarouyHo wupok [9]. IMporpamma
HMeeT YIOOHBIH MHOrOCTPaHWYHBIA pelakTop TPHHUMITH-
aJbHBIX CXEeM, TMOAAEPXMBAIOUIMI pa3NUYHBIE CTPYKTYDBL.
UMeeTca BO3MOXHOCTH OMUCAHWA UHMEPPOBLIX KOMIIOHEH-
TOB C TMOMOIUBIO JIOTMYECKHX BbIpaxkeHUH, YTO B COYCTAHUHU
¢ 6ubnuoTekol rpacuyecKUX CUMBOJIOB THITOBBIX Onepauyi
(cyMMMpOBaHHE, BbIYHTAHHUE, YMHOXEHHE, UHTErPUPOBAHUE,
npuMeHeHHe npeobpazosaHuii Jlanmaca u ap.) Mo3BoigeT MO-
JevMpoBaTh JMHAMHYEeCKHME CUCTEMBbl, 3aJaHHBIE He TOJBKO
NPAHUMMHAIBHBIMHY, HO M (YHKLUHOHAJbHBIMM CXEMaMH.
Kpome toro, B cucreme Micro-Cap uMeeTcs cneluaJbHas
nporpaMmMa MODEL nns pacyeta napamMeTpoB MaTeMaTH4eC-
KHUX MOJE/Ied aHa/IOTOBbIX KOMITOHEHTOB M0 CMPABOYHBIM HJIH
IKCMEPHMEHTAIbHBIM JaHHBIM.

[lakeT nporpamMm Micro-LOG paspaboTaH Takxe (pup-
Moii Spectrum Software W npenHa3HaueH 41 MOAETHUPOBA-
HHUA UHDPOBLIX YCTPOHCTB Ha JIOrHYecKoM ypoBHe. [1pu Mo-
IeTMPOBAHUM B MaKeTe WCMOJb3YIOTCA 0a3oBble JOrHYECKHE
3MIEMEHTBI U MAaKpopacUIMpPeHHd, MpeacTaBisiolliie coboi
paHee CO34aHHBIE CXeMbl Ha OCHOBe 0a30BbIX JOTHYECKHX
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3JIEMEHTOB — OTAEJAbHbIX TPUITEPOB, PETUCTPOB, JUHUN 175
COeNMHEHMS BXONOB M BHIXOIOB OTIOEJIbHBIX 3JI€MEHTOB, MpPO-
rpaMMHUpYeMbIX IeHepaTOpOB BXOAHbIX CHIHANOB, TAKTOBBIX
reHepaTopoB, 3aJal0lHX IKaNy MOAEIbHOrO BPEMEHH.

MoaenupoBaHue LHU(PPOBBIX YCTPOMCTB BO3MOXHO 03
ydyeTa 3aJepxkeK cpabaThiBaHUSI (CHHXPOHHBIMH alropuMTMa-
MH) U C YYETOM 3aliepXeK cpabaTbiBaHUA (ACHHXPOHHBIMH
aJropuTMaMHu), KOTOpPbIE IJIsl OTAEAbHBIX BEHTHJICH MOTYT Bbl-
OupaTbCsl paBHbIMM MaKCHMalbHBIMM UIH MUHUMAaIbHBIMH
JUTS JAHHOM TeXHOoJorHU, Mubo ¢UKCHpOBAaHHBIMU M3 GaHka
IAHHBIX TI0 KOHKPETHOW cepud MuKpocxeM. IlakeT mosso-
JIIET OJHOBPEMEHHO CO3[4aBaTb M MOIEJMPOBAThb 10 AEBATH
pa3nuyHbIX UM(POBLIX GJIOKOB, KaXIblif U3 KOTODBIX MOXET
conepxartb 10 200 BeHTHIEH.

Pe3ynbTaraMu MoOZENIUPOBAHUSL ABIAIOTCA BpeMEHHbBIE
AWarpaMMbl CUIHAaJOB Ha pa3iu4yHbIX y3jax uudpoBoro yc-
TPOMCTBA HA MPOTSIKEHUM MOAEILHOTO BPEMEHM, OMNpene-
JIEHHOTO 4YHCJOM TakToB. [lporpaMMupyeMble TE€HEPAaTOPbI
BXO/IHBIX CMTHAJIOB MOTYT BKJ104aTh A0 1024 TakTOB, MUHU-
MaJibHasl AJIMTENILHOCThL TAKTAa paBHa | HC.

Onucanue MoaenupyeMoro uUMGppoBOro YycTpoHWCcTBa
OCYILUECTBAAETCA C TIOMOLUBID WHTEPaKTHUBHOW MalIWH-
HOH rpaMKM C pucoBaHHUEM CXeMbl YCTPOMCTBA HA 3KpaHe
MoHUTOpa. CHcTeMa BJIOXEHHbIX MEHIO TMO3BOJSIET JIETKO
BHIOMpAaTh TEKYLUME 3JIEMEHTHI, PelaKTHPOBAaTh CXEMY YyC-
TPOMCTBA, BLIMOJHATL onepauMu ¢ ¢dailnamu, U3MEHATHb
NpencTapieHue pe3yJbTaTOB MOAEJUPOBAHUSA W BHIITOJHATD
IpYTHe OnepalHH.

Hns obecneyeHus paspaborumka wHpopmMmallMed o napa-
MeTpax LM(POBLIX YCTPOWCTB B MakeT BKJIOYEH GaHK daH-
HBIX, comepxalmit uHopmauuio o cepusax TTJI u KMOII
MHKpPOCXeM, Haubosiee IIMPOKO MCIONb3YEMbBIX B TPaKTHUKe,
CTaHIAPTHLIE FeHEepaTOPbl BXOAHbIX CUTHAJIOB H TAKTOBLIE Ie-
HepaTopbl. BaHK MOXeT pacluvpsAThLCA MOAb30BATENEM.

BeiBon MHGpOpManMH O pe3yabTatax MOAENTUPOBAHUA
OCYIIECTBJISIETCA Ha 3KpaH MOHMTOpa, Me4yarb Jubo rpa-
donocTpouTeNb U BKIIOYAET cxeMy LHMGPOBOro ycTpoicTBa
W BpeMeHHbIe IMarpaMMbl CUTHAJIOB Ha BbIOPaHHBIX MOMbL30-
BaTesieM y3Jax.
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1.3.2. MNakeTbl NpoOrpaMm KOHCTPYKTOPCKOro
NPOEKTUPOBAHUA Paa03NEeKTPOHHbIX
CpeacTB 1 YCTPOUCTB

B GonbmiMHCTBE W3 pPacCMOTPEHHBIX BbIlE MAKETOB CXEMO-
TEXHUYECKOTo TpoekTHpoBaHUs PIY mpenycMoTpeHbl omne-
palLM¥ KOHCTPYKTOPCKOrO IpPOEKTUPOBAHUA.

OQHAaKO CYILECTBYIOT YUCTO KOHCTPYKTOPCKHE MAaKeThl,
obecnedyrBatoue donee NONMHOE pellieHHe pa3sAUYHbIX 3a1a4
KOHCTPYKTOPCKOTO MpoeKTUpoBaHus PDY,

[Taket nmporpamm P-CAD ¢upmbr Personal CAD Systems
Inc. — 3TO MONHOE KOMIIJIEKCHOE NPOrpaMMHOE peLeHHe s
MPOEKTUPOBAHUSA 3JIEKTPOHHBIX YCTPOMCTB, B YaCTHOCTH IS
BBOIA CXE€Mbl M TTPOEKTHPOBAHUS CXEMHOW TMEUYATHOH NJaThHI.
KoMmiekcHoe peleHue MpeanosiaraeT, YTo JOrMKa, OMMucaH-
Hag B CXeMe€, BOIUIOLIAETCA B TOMOJIOTMIO MMEYaTHOM [1aThl,
a MporpaMMbl OCYIUECTBALIOT QYHKUMU JIOTHYECKOTO MOIET K-
POBaHM4, NMpOBepSIOT coOMIONeHHE MPABUIT MPOEKTUPOBAHUS,
CO3Jal0T CMUCOK COeIWHEHUI 1S MOMIeNupoBaHUd, aBTOMa-
TUYECKH DPa3MENIAOT KOMTIOHEHTHI U TPACCHUPYIOT MEYaTHYIO
MJaTy, CO34aK0T NIOKYMEHTHI J/1s aBTOMATU3UPOBAHHBIX MIPOU3-
BOJCTBEHHBIX cHCTeM. [1akeT comepXUT B3aMMOIEHCTBYIOLLIUE
CpeAcTBa MPOEKTUPOBAHHUSA, YIOOHYIO 11 nonb3oBaTens obo-
JIOYKY WM MHTEJNIEKTYyalbHY0 0a3y AaHHLIX, 0bWHpHYO 6Ub-
JIMOTEKY, AWAJIOrOBbIE PENAKTOPbI, CPEACTBA COIPSIXKEHHUS C M0-
NyJsspHbIMU CpeACcTBaMM aHanusa. [lakeT uMeeT OTKpBITYIO
apXUTEKTYpy, obecreyuBaeT BblIa4yy TOTOBLIX JOKYMEHTOB 115
TEXHOJIOTMM MOHTAXAa U APYroi MPOeKTHON AJOKYMEHTALMHU.

BriBOA AOKYMEHTALMM MOC/AE KOHTPOJIS Ha AMCILIee MO-
XKET OCYLIECTBIATHCH HA MPUHTEP, MJIOTTEP WM (oTonnoT-
Tep. OBoNOYKa CHCTEMBI MOMOTAET MOJbh30BATENIO ABUIaThCH
CKBO3b I1POLIECC MPOEKTHPOBAHUS C MOMOLLbIO MEHIO, TTOACKA-
30Kk 4 npaBok. CHcTemMa MpPOEKTUPOBAHMSA IMeYaTHOH IJIaThl
obecrneuuBaeT CpeacTBa AJS MOAHOI pa3paboTKU TOMOJOrMHU
OT IMANOTOBOr0 peAakTopa A0 aBTOMaTHUYeCKOro pasMellieHus
KOMIIOHEHTOBR, AaBTOTPACCHPOBKH, TMPOBEPKM CcOOMI0AEHUA
NpaBU NMPOEKTUPOBAHUS M COMPAXEHUS C MPOU3BOACTBOM.

bubnuoTeka makeTra COmEPXKUT ODLIMPHYK HMH(pOpPMALUIO
0 KOMITOHEHTaX 3JEKTPOHHBIX CXeM OT OMUCKPETHBIX M 3JIEK-
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TpOMeXaHWUYEeCKUX JieTaneil 10 CyLIeCTBYIOLIMX W 3aKa3HBIX
MHUKPOCOOPOK HMHTerpasbHbix cXem. IlporpaMMHble cpeacTsa
COTMPSKCHUSA MpPEBPAILAIOT JaHHbIE W3 CIKMCKA COSOWHEHMS
KOMITOHEHTOB cXeMbl B ¢opMaT, HeOOXOMMMBIN 7151 KOHKDET-
HOM nporpaMMbl MOIETHMPOBaHUs LM(PPOBOH M aHANOrOBOi
cxeMbl (Tuna PSPICE wm ap.). [1akeT mo3BonsieT npoeKTHPOBATH
neyatHsle riarhl, uMetomue a0 500 anemeHToB U 2000 cBa3eid.

INaket nporpamm OrCAD ¢upmbr OrCAD Sistem Corp.
ABNASAETCA 3aKOHYEHHbIM M TMOKMM TMpOrpaMMHBIM OJIOKOM
CXEMOTEXHHUYECKOr0 M KOHCTPYKTOPCKOro MpPOeKTHPOBaHHS.
OH obecrnieunBaeT BBOI M BbIBOJ Ha Me4yaTh MPUHLMMHANBHbIX
CXeM, TPaCCHMPOBKY Me4yaTHOM miartsl ¥ apyrue onepauuu. Ila-
KET YIpaBaseTcs ¢ MOMOIIbIO HEPapXHUYECKO pa3BEeTBICHHOU
CHCTEMbl MEHI0, JIeroK B 0Oy4yeHHWH, obnamaeT MHOTHUMM J0-
MOJHUTENbHBIMKM BO3MOXHOCTAMHM BBOIA M BbIBOMA CXEM.

Bubnuoteka nakera conepxut 2700 uzobpaxeHuit KoMIo-
HeHTOB PDY U no3BoJisgeT Jerko co31aBaTh COOCTBEHHEBIE HaUYep-
TaHUA 3IEMEHTOB. [1pOCTHIM HaXaTHEM KJIABU LU JIETKO BbITION-
HSAIOTCS MHOTME rpachyyecKHe OnepalMy Mpv BBOIE M BbIBOIE
CXeM: yBeJIMYeHHUe U YMeHbllleHWe MaciuTtaba, npeobpa3oBaHue
(BpalieHMe, MepeHoc, oTobpaXkeHHe M TIp.) 3JEMEHTOB M JIO0-
ObIX 3aJaHHBIX (DparMeHTOB cxeMbl. B cucTeMe mpenycMOTpeHO
CO3[IaHUE MEepeyHs 31eMeHTOB (cneuudruKauui), BO3MOXHOCTh
pa3BeleHUsl TTPOBOJHUKOB, LLIMH, BXOOOB MOOY/IEH.

[TakeTr OrCAD B HacTosiLIIee BpeMs SIBJISIETCS CAMBIM Y100~
HBIM ¥ OOraThIM MO CBOMM BO3MOXHOCTSAM JJIS BBOJA W BBIBO-
Aa rpadpyyeckux U300pakeH Ui MpUHUMTHANBLHBIX cxeM POC,
B ero coctas ¢ 2003 roaa BKIIOYEH MTAKET CXEMOTEXHHUUYECKOTO
npoektupoBaHua Designlab, uMetominil yio6HbBIA BbIXOL Ha
MOACHUCTEMBI MOIEIUPOBAaHHA U aHanu3a PIY, a Takxe apy-
rue rpadpuueckue naketsl (PSPICE, P-CAD u ap.).

IakeT yHuBepcaabHoro HasHaueHHs AutoCAD dupmbl
AutoDesk pa3zpaboraH Ha caMOM COBpPeMEHHOM YpOBHe Ma-
WIMHHOW rpadMKH W TIPEACTaBJsieT pa3pabOTUUKY UCKJIIO-
YUTENBHO UWIMPOKHE BO3MOXHOCTH TMMPOEKTUPOBAHUS pa3-
HOOOpa3HbIX 0OBEKTOB, TEXHUYECKMX CUCTEM M YCTPOWCTB.
Ilaker npencraeaser coboil cUCTeMy aBTOMATU3MPOBAHHOH
pas3paboTKH ueprexked, NpuyeM UepTekUu, PUCYHKH U CXeMbI
CO3JaI0TCA B MHTEPAKTHUBHOM peXHUME, YNpPaBIsIeMOM CUCTE-
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MOH Mepapxuyeckux MeHo. B n1106oit yepTex MoxeT ObITh
BCTaBJICH MOACHSAOIIMH TekeT. B Habop ¢yHKUMA BXOAUT na-
HOpaMMPOBAaHUE, YBEJIMYEHHE, MacluTabupoBaHue, MOBOPOT,
CeKIIMOHMPOBaHHe, LWITPUXOBKA M APYTHE olepaluu Tpeod-
pa3oBaHuga H300paxeHWid. B cucTeMe npeaycMOTpeHbl Moa-
CKa3KH B J1I0OOM COCTOSIHMM M O A1000i KOMaHabl.

B nakere pa3pabotan ©oratbiii BbIOOp npaiiBepoB rpacgu-
YeCKUX YCTPOHCTB — rpapu4ecKux [IUCMIEEB, MaTPUUHBIX
MPUHTEPOB, rpacM4YeCKUX MIAHIIETOB U TIOTTepoB. ONHUM U3
BaKHEMLUMX JOCTOMHCTB MAKETA SBISETCH BO3MOXHOCTb pabo-
Thl C TPEXMEPHOW rpadUKOM, MO3BONAIOIEN CTPOMTH peasibHble
00BEKTBI, KOTOPBIE MOXHO HAbM0OaTh B Pa3lMYHBIX paKypcax
(Npy XeNaHMM HEeBUAMMBIE TMHUHK HAa U300pa’KeHUU CTUPAIOT-
cs1). B 3ToM makerte MpUMeHeH crelMalbHblid METON NMOMUIH-
HUI 1715 BBIBOJA CIOXHBIX KPUBBIX KOHTYPOB NeTaeil.

Cuctema AutoCAD HenpepbsIlBHO cOBeplleHCTBYeTCH. Tak,
B MOC/EAHHE BEPCUU CUCTEMBI BKJIIOYEH MHTEPIIPETATOp S3bl-
Ka AutoLisp — omHo#i M3 BepcHii sisbika LISP, mmpoko npu-
MEHSEeMOro B CHMBOJIBHOM 00paboTKe M B CUCTEMAaX UCKYCCT-
BEHHOI'0 MHTeJJIeKTa. Mcrnonb3oBaHMe 3TOTO A3bIKa MO3BOJISET
MOJ1b30BATENI0, C OAHON CTOPOHBI, ONpPeNesITh COOCTBEHHbIE
pyHKUMU U KoMaHaH B cpene AutoCAD, ¢ npyroit — obec-
neyuBath cBA3b AutoCAD ¢ apyrumu npunoxeHusamu. Ceii-
4yac HAYMHAIOT NPUMEHAThCA ellle Oosiee CIOXHBIE CHCTEMEI,
BKJIIOHAIOLIHUE HE TONLKO S3bIK NMPOrpaMMUpPOBaHUSA, HO U K-
CMEPTHBIE CHCTEMbI (IKCMEPTHbIE HACTPOMKU) 1151 TIPHHATHA
pelIeHHI U TTOACKA30K KOHCTPYKTOPY B Mpoliecce pa3paboTKH.
B 3TH HacTpoHKM BKJI104YeH Ha0Op NpaBu U MaTeMaTHYECKHUX
MoJeJield, C MOMOLLBIO KOTOPLIX KOHCTPYKTOpP B Ipouecce pa-
OOTBbl MOXET MOJYYHTb «COBEThI» MO ONTHMANBHOMY BhIOOPY
TeX WU WHBIX MapaMeTpPoB pa3padaTbiBaeMOM CHCTEMEI.

1.3.3. lMporpamMmmHbie CUCTEMBI N9
3NeKTPoOANHAMNYECKOro MoaenMpoBaHns
CBY-ycTponcTe n nonewn

Ons  snekTponMHamuueckoro Mogenupoanus CBY-ycr-
POICTB M IOJIE B HACTOsALlEe Bpems LUHPOKO TPUMEHSAET-
¢a nporpammHas cucrema Microwave Office. DTa cucteMa



Thasa 1. OcHosHble ROHAMUS CXEMOMEXHUHECKO2O NPOCKMU-
@6 POBAHUS PAOUOINEKMPOHHBIX Yempolicme

BKJIIOYAeT OBa OCHOBHBLIX MporpaMMHbIXx Moayasi: EMSight
u Voltaire XL, KoTophle MO3BOJAAIOT pellaTh WMPOKHH Kpyr
3a/a4, BO3HMKAIOUIMX MPH MPOEKTUPOBAHHWH BBICOKOYACTOT-
HbIX MHTErpajbHbIX W MOHOMUTHBIX CBY-Mukpocxem, aH-
teHH, CBY-cornacyowux ueneid ¥ GUALTPOB, yCUJIHUTENEH,
CMECUTeJIel M aBToreHepatopos [l].

B makete EMSight nns aHanusa moneid HCMONb3yeTCs
MeToo MOMeHTOB lanepkuHa, TnpelcTaBASIIOILMNA TOYHBIH
M YCTOMUYMBBLIA aJrOpUTM 3MEKTPOIMHAMMYECKOrO0 MOAETH-
poBaHMA. 3Aech TAaKXe MCIOJb3YeTcS ajroOpuTM ObICTpOro
YacTOTHOTO CBUIMPOBAHMS, MO3BOJNSAIONIMI HAa MOPSIOK CO-
KpaTUTh BpEMS MOIEJTUPOBAHUS MO CPaBHEHMIO C OOBIYHBIM
MOTOYEYHBIM METOIOM YacTOTHOrO aHajau3a.

[Taker EMSight no3sonsgeTr aHanM3MPOBATh MOJIS B CIIOUC-
TBIX CPeJax ¢ MPOBOLHUKAMHU MPOM3BOJILHOM (DOPMBI, paccu -
ThIBaTh MOJSI aHTEHHBI B JajibHeH 30He M T. 1. [laker uMeer
pacliMpeHHble Tpadruyeckue BOZMOXHOCTHU, KOTOPbIE MO3BO-
JISLIOT pa3paboTyuKaM Hab0daTh peaIMCTUYHOE aHUMALLMOH-
Hoe M300pakeHHWe TOKOB BBICOKOH 4acTOTHI, MOKa3blBalollee
KakK aMILTUTYAY TOKa, TaK W ero HampaBJieHUe B TPeXMEPHOM
npocTpaHcTie. [lakeT Takxxe UMeeT OOl UPHBIE BOZMOXHOCTH
1151 00pabOTKK U MPEACTABICHHUS MOJTYUYEHHBIX MPH MOIETU-
POBaHMM pe3y/bTATOB.

B makere nporpamm Voltaire XL ucrnonb3yiorcs caMble
nocjefHue pa3paboTKM METOIOB CXEMOTEXHMYECKOro mone-
NupoBaHud. Monynb nakeTta, NpeaHa3HauYeHHBIA 1S JIMHEH-
HOTO MOIE/NMPOBAHUSA B YAaCTOTHOM obnactu, comepXut Gonee
500 mopeneit cocpenOTOUEHHbBIX U pacrpeaeieHHbIX 1eMEHTOB
CBY-uerneit, BKN10Yasi MUKPOIOJIOCKOBbIE, KOMIAHAPHBIE U 1lie-
JIEBBIE 3JIEMEHTDI, MOJIble MU AUINEKTPUYECKHE BOJTHOBO/DI.

s aHanu3a HeNWHEMHBIX YCTPOWMCTB HCIONb3YIOTCH
OHO- U MHOrOYacTOTHbIH MeTOobl rapMOHWYecKoro GanaH-
ca, 1A aHaJI13a UHTEPMONYISILMOHHBIX UCKAXEHUN — pAIbI
Bonbsrepa, KOHBEpCMOHHO-MAaTpUYHBIA METON I/ aHaMU3a
cMecuTeneid. B nakeTe MCrMonb3yeTcs BBICOKOCKOPOCTHOM Me-
TOA LIYMOBOIO aHaaM3a, a TakKXe WHTErpUpOBaHHAas CUCTe-
Ma OMUCAHUSA CXEM CO BCTPOEHHOM noaaepxkoi ans aii-
noB cucTeM Spice 1 MMICAD. [NakeT no3BojiseT BbINOAHATD
HEJIWHEHHbIM AHANWU3 YCHIIUTENEH, CMECHTENICil U aBTOrEHE-
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paTopoB, HEJWHEWHBIN IIYMOBON aHaJIM3, BKJIWOYas aHaMHU3
¢a30BbIX IIYMOB, LLIYMOB CMECHUTENICH, a TAKXe HETUHEHHBIH
aHAM3 UX YCTONYUBOCTH.

EMSight u Voltaire XL HanucaHbl Ha 00BEKTHO-OpU-
€HTHpOBaHHOM si3bike C'*, MMeloT OOLIMHA ApYyXeCTBEHHbIN
MOJb30BaTEN 0 UHTEpGEHC, MOTYT MHTETPHPOBaTh B ce0sl HO-
Bbl€ METOIbI MOAEAMPOBAHHUSA MO MEpe MX MOSABICHHS.

Microwave Office paGoraer mon ynpasnaeHuem 32-pas-
PSAOHBIX OMEPaLlMOHHBIX CHUCTEM, TakuX Kak Windows 95,
Windows 98, Windows NT, ¥ onTuMu3upoBaH 1Js paboThbl
NnoA HUMH.

dupmoit EAGLEWARE co3ngaHa yHuBepcanbHas Tpo-
rpaMMHas cucteMa Genesys, NpedHa3HayeHHas AJaS TMPOEK-
TupoBaHus LC-dunwTpoB, ycunuTelei, cMecuTteNleid U aB-
TOreHeparopoB, pacripeneneHHbIXx CBY-cornacymoiuux uenei
U (GUIBTPOB, aKTUBHBIX (DUJILTPOB, BhIpABHUBATeENEil Ipyr-
MOBOTO BPEMEHM 3aJepXKKH M ApYyTrMx 37eMeHToB POY. Cuc-
teMa Genesys BKJI1I0YaeT MHOXECTBO MPOrpaMMHBIX MOLYJIEH,
OCHOBHBIMM M3 KOTOpHIX siBAsitoTcst SuperStar Pro, Schemax,
Layout, Filter, Oscillator, Match, T/Line u ap.

IMaket SuperStar Pro mpeacrabinser cofoil BhICOKOCKO-
POCTHYIO TIPOrpaMMy OJs MOIEJMPOBAHUA PalMOYACTOTHBIX
Lerneii, COIepXKallyl0o MHOXECTBO MOJENei MAacCCHUBHBIX KOM-
noHeHToB Lenei kak CBY, Tak u Oomee HU3KOYACTOTHBIX
JAMArna3oHoB. AKTHBHbIE KOMMOHEHTHI paJMOYacTOTHBIX Le-
neld MOIENUPYIOTCSA ¢ HCIONb30BaHWeM S-napaMeTpoB. Ilpu
MOJEJHPOBAHHH [NOMYCKAeTCs NMPOU3BOJBHOE YHMCIIO TMOPTOB
B Lienu. B nmpotiecce paGoThl MpOrpaMMbl MOTYT BBIYUCASITECS
pasNuyHble UMMNeJaHCHbIE U AAMUTTAHCHBIE XapaKTEPUCTHKH
paccesiHMsl, a TaKXKe pacrpele/ieHHs MoJjei no npoBoAHUKAM
MOIENMPYEMOr0 YCTPOHCTBA.

[TakeT Schemax 1Mo3BoasieT HAa HHTYMTUBHOM YPOBHE CO3/1a-
BaTh rpaduyeckme 0bpa3bl MoeTHpyeMbIX aieMeHToB POY nns
nepeaaqyu onucanus B SuperStar Pro. Iporpamma uMnopTupyer
daiinb onucanusa ueneit M3 cucrem DesignCenter, DesignLab
M IpYTUX CTaHIApTHBIX ¢opMaToB onucaHus ueneid CBY.

[TakeT Layout no3Bo/isieT Nno OMUCAaHWIO MOAEIHPYEMO-
ro ycrpoictBa B SuperStar Pro u Schemax cuHTe3upoBaTh
€ro TOMOJIOTUIO M NPEeICTABUTh TPEXMEPHYI0 aHMMALIMOHHYIO
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KapTHHY pacrpenelieHHsl TOKOB 1o npoBogHuKaM. OH obec-
MeYMBAET BO3MOXKHOCTb MCIMOMb30BAHUS B YCTpOMCTBe g0 128
CJI0CB, BKJIIOYAS METAJUIM3ALMIO, AUINCKTPUUECKHE MOLTOX-
KM, MOHTaXHBIE CJIOU U T. 1. [IporpaMma coaepXxXuTt OONbLIYIO
OMOIHOTEKY TreoMeTpHUeCKHMX 00pa30B MACCHBHBIX M aKTHB-
HbIX KoMnioHeHTOB CBY-uenei. BoixoaHoit daitn nporpaMmabl
Layout coorBeTcTByeT DXF-baiiny cucrems AutoCAD.

PaznuuHble Moaudukaumuy naketos Filter 1 nporpamMmsl
Oscillator Mo3BoAAOT CMHTE3HMPOBAaTh Pa3HOOOpPa3Hbie THIbI
CBY-, LC- 1 akTUBHBIX (PMJIBTPOB, aBTOT€HEPATOPOB U YCH-
JIUTeNe ¢ BLIMOJIHEHWEM aHa/IM3a IIYMOB.

[Taker Match npeaHa3HayeH AAd CMHTE3a COCPEAOTOUYEH-
HBIX M pacrpeae/eHHbIX COMMACYIOUIMX Lienew, BKIYEHHBIX
MeXY IBYMS TTPOU3BONBHBIMU KOMIUJIEKCHBIMU Harpy3kamu.
[TakeT mno3BosisieT peuiaTh 3amay¥d MaKCMMM3alMU TIOJOCHI
MPONYyCKaHUsA TIPU 3aJaHHOM YPOBHE OTpaXeHWd CMrHaja
MO0 MMHUMM3ALIMKM OTPAXKEHHUS B 3aJaHHOMH MOJIOCe YACTOT.

[MTaker T/Line mo3BonsieT BbIMOMHATL aHAJM3 U CUHTE3
ONWHOYHEIX M CBSI3aHHLIX MEpefamliux JIMHUI pa3niuyHon
KOH(PUTYpALIUM 10 UX TEOMETPUUYECKUM MU NEKTPHUECKUM
XapaKTepUCTHKaM.

B cucreme Genesys MCNOAb3yeTCsl COBEpLUEHHBbINH rpadu-
yeckKuit MHTepdeiic, noaaepxuBaercs OUMOIMOTEKA ANs He-
CKOJIBKMX THICAY BbIMYCKA€MbIX MPOMBILIJIEHHOCTbIO aKTHB-
HBIX M MacCUBHBIX KoMmmoHeHTOB. Cuctema Genesys uMeer
MOJIb30BATeNLCKUH HMHTepdelc, MOJHOCTbIO COBMANAIOLINA
CO CTAHJAPTHBIM WHTEPGhEHCOM MPOrpaMMHOTo obecneyeHus
dupmbl Microsoft, cHabxeHa MHOTOYMCAEHHBIMU (aiaamMu
MOMOILIU, YTO JeNaeT ee yI0OHOM N UCIONbL30BAHUSA U Jier-
KOH AN OCBOEHUSI.



NMABA 2

MATEMATUYECKWE
OCHOBHbI
MOZAEJINPOBAHUA
KOMIMNOHEHTOB P3Y
PASJINYHOI'O YPOBH4A
CNOXHOCTU

2.1. MaTtematu4eckue mopenu Py
U UX 3NEeMEHTOB

KoMnbloTepHOE MpPOEKTHPOBAHUE PpPaJMO3NEKTPOHHBIX YC-
TPOWCTB TpearnonaraeT TpeABapUTEIbHOE OMUCAHUE 3TUX
Cpe/ICTB Ha fA3blKe MaTeMaTWKM B BUJIe, YAOOHOM s ero an-
rOpPUTMUYECKOM peanu3alivu.

MaTtemMaTUueckoe ONMUCaHHUe T[POeKTUPYeMOro oOBeKTa
Ha3bIBAETCH €ro MaTeMaTHyecKoi Moznesbio. MaremaTuyeckas
Moleldb — 3TO COBOKYIHOCTh MAaTeMaTHUYECKUX 3JIEMEHTOB
(uucen, riepeMeHHbBIX, BEKTOPOB, MHOXECTB M T. I.) U OTHO-
LIEHUA MexXAy HUMH, KOTOpble ¢ TpeOyeMOoH 1Jisl MpOeKTU-
POBaHMS TOYHOCTBLIO OIMMCBHIBAIOT CBOMCTBA MPOEKTUPYEMOIO
obbekTa. Ha KaxaoM 3Tane NMpoeKTHPOBAHUS HCIIONb3YeTCH
CBO€ MAaTEMATHYECKOEe OMUCAHUE MPOEKTUPYEMOro 00BEKTa,
CJIOXHOCTh KOTOPOrO HOJXHA ObITh COTJMACOBAHA C BO3MOX-
HOCTSIMU aHaju3a Ha DBM. [losToMy NMpu NpoeKTUPOBAHHUHU
ONHOro 00BEKTA MOXET TMPUMEHSTbLCS HECKOJIbKO Modeei
Pa3UYHOr0 YPOBHS CIIOXHOCTH.
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B obuieit Teopun MaTreMaTHuyecKOro MoAeJHpOBaHHA Ma-
TeMaTH4ecKass ModeNb Jiboro oO0bEKTa XapakTepulyercs
BHYTPEHHWMHM, BHEIIHWMH, BbIXOAHBIMU NapaMeTpaMu U ¢a-
30BbIMH TIEpEMEHHBIMH [4].

BHyTpeHHHe napaMeTpsl MOIENM OIpEaeNsAIOTCS Xapak-
TEPUCTUKAMU KOMIIOHCHTOB, BXOASIUUX B NMPOCKTUPYEMbIH
00bEeKT, HAnmpuMep, HOMUHAJaMH 3JeMEHTOB MPHHIMMHU-
anbHOM cxeMbl. EciM npoeKTHpyeMblH 0O0BEKT CONEPXHT
n 3MeMEHTApHbIX KOMIIOHEHTOB, TO M €ro MareMaTuyeckas
Monesib GyaeT ONpenensThCs MapaMeTpaMy w..w,, KOTODbIE
06pa3yloT BeKTOp BHYTPEHHMX napametpoB W = |w,..w |
Kaxnblii U3 napaMeTpoB w,, B CBOK O4Yepelb, MOXET ObITh
¢yHKILIMeH, BEKTOPOM UM ellle Gojee CNOXHBLIM MaTeMaTu-
yeckMM (YHKILIMOHANIOM B 3aBUCMMOCTHU OT 00OBEKTA MPOEK-
THPOBAHHUSI.

BeixoaHble napameTpbi MOJIEIM — 3TO MOKA3aTeNH, Xapak-
TepusylouiMe GyHKIUMOHAIBHBIE, IKCIIYATAIMOHHbIE, KOHC-
TPYKTOPCKO-TEXHOJIOTMYECKHE, 3KOHOMUUYECKMEe W Jpyrue
XapakTepUCTUKH TpOoeKTHpyeMoro obwekta. K Takum moka-
3aTesIIM MOTYT OTHOCHUTLCS KOG dHULIMEHTHI NMepenayu, Macca
M rabapuThl TPOEKTHPYEMOro 00BEKTA, HAaIEXHOCTh, CTOM-
MOCTb U T. I

[ToHATUS BHYTPEHHHX H BLIXOAHBIX NAPaMETPOB HHBAPUAH-
THBI, TAK KaK Py MOAEAHMPOBAHUHU HA GoJiee BLICOKOM YPOBHE
BLIXOAHLIE MapaMeTpbl MOTYT CTaTb BHYTPEHHHMHM H Haobo-
poT. Hanmpumep, CONpOTHBIEHHE Pe3UCTOpa SBASETCS BHYT-
PeHHUM MNapaMeTpoM MNpH MOACNMPOBAHUM YCHIHTENBHOIO
YCTPOMCTBA, KOMIIOHEHTOM KOTOporo oH sBnserca. Ho ato
K€ COMpPOTHUBIEHHE OYIeT SIBASTHLCS BbIXOLHBIM NApaMeTpoM
MpH MOAETHPOBAHHHM CAMOTO Pe3UCTOpa MpPH IIEHOYHOM ero
HCTIOJTHEHHH. BeKTOp BHIXOJHBIX MapaMeTPOB MOJENH MPHHS-
T0 06o3Hauath F = |f...f,|".

BHemnue napamerpnl MOAENM — 3TO XapaKTEPUCTHKH
BHELIHEH MO OTHOILUEHHIO K MPOEeKTUpyeMOMY OOBEKTY cpe-
NI, a Takxe paboyue ympaBAsiollive BO3IEHCTBUA. BekTop
BHELUHWX MMapaMEeTpPOB B OOLIEM Cy4yae COAEPXKHUT MHOXeC-
TBO CaMbIX Da3liMuYHbIX cocTapiasomux. K ero cocrapnasio-
LIHMM C MOJHBIM MTPABOM MOXHO OTHECTH BCe, UTO TOBOPHUJIOCH
paHee O COCTaBISIOWIMX BEKTOpa BHYTPEHHHWX MapaMeTpOB.
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BekTop BHELIHMX NapaMeTpOB MOAENW NMPUHATO 0003HAY4aTh
0 =lg,.q,I"

YpaBHeHUs MaTeMaTHYeCKOH MOOEJIM MOTYT CBS3bIBaTh
HEKOTOpblE (PU3MYECKHE XaPAKTEPUCTUKH KOMIOHEHTOB,
KOTOpbI€ [MOJHOCTBIO XapakKTEpU3YIOT COCTOSSHUE 00BeKTa,
HO He SBJISIIOTCS BBIXOAHBIMHM WM BHYTPEHHUMHM MapaMeT-
paMu Mozend (HAanNpUMEpP, TOKM M HATIPAXKEHUS B PalHO-
2JIEKTPOHHBIX YCTPOHCTBax, BHYTPEHHMMH TIlapaMeTpaMu
KOTOpBIX SIBJASIIOTCA HOMMWHAJIBl 3JEMEHTOB 3JEKTPHUUYCCKUX
CXEM, 4 BbIXOOHBIMM MapaMeTpaMHd — BbIXOJHAasl MOLWHOCTD,
KO3(@ULUUEHT mnepemayd W T.1.). Takue XapaKTepUCTUKU
Ha3bIBAlOT ()a30BLIMH TNepeMeHHbIMH. MUHMMaIbBHBIA 1O
Pa3MEPHOCTH BEKTOp (ha3oBbIX MEPEMEHHBIX V = [v,..v |,
MOJTHOCTBIO XapaKTepuUsymolUi paboTy oOBEKTA TNMPOEKTH-
poBaHM$, Ha3bIBaeTca 0a3zucHLIM BekTopoM. Hanpumep, npu
COCTaBJIEHUM YpaBHEHUIl MaTeMaTU4eCKOW MolesM paguo-
3JIEKTPOHHBIX YCTPOMCTB B KayecTBe ©Oa3MCHOTO BeKTOpa
V' MOXHO MCMONb30BaTh NEPEMEHHBIE X COCTOSHUSA B BUJIE
BEKTOpa Y3JIOBEIX MOTEHUMANOB WM BEKTOpPA HaMNpAXEHWH
Ha KOHIEHcaTopax M TOKOB B MHIYKTHBHOCTAX. Mcnone3o-
BaHHe BeKTOpa (ha30BbIX MepeMeHHBIX TTO3BOJISET YIIPOCTHTD
NMpOrpaMMHpOBaHWE YpaBHEHMH MaTeMaTH4YeCcKol Momenu
YCTPOICTBA.

B o6uieM ciyyae BuIXOAHbIE MapameTphl F IpeaCTaBis-
I0TCA ormepaTopaMu oT BekTopoB V, W, Q u MOryT 6bITh
ompeaeNeHbl M3 pelIeHUs CHCTEMBl YpaBHEHMH MaTemaTH-
yeckoi Moaenu ycrpoiicta. C y4yeTOM BEILIECKA3aHHOTO
MaTeMaTHyecKas MoIeab J000ro paiHOTEXHHUYECKOro 00b-
€KTa MOXeT ObITh MpeiacTaBiaeHa B BUAC CJACAYIOLUHUX CHCTEM
YpaBHEHUIA:

oV, W,0)=0 2.1

F =), (2.2)

rae @ M Y — oIeparopsl, onpeaeisiollHe BUA CUCTEM ypaB-
HEHUN Monenu.

Cucrema ypaBuenuii (2.1) MOXET MpeacTaBIsATL COOOM
CUCTEMY JIMHEHHBIX anrebpaMyecKMx ypaBHEHWi, HEJIH-
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HEeHHbIX YpaBHEHWI pa3JIMUyHOTO BUAa, AH(pdepeHLHANb-
HbIX YPaBHEHHMH B MOAHBIX MM YACTHBIX MPOU3BOIAHBIX
H ABJAAETCA COOCTBEHHO MATEMATHYECKOH MOJE/bi0 NpOeK-
THpyemoro o0bekTa. B pesynbrare pewieHus cucteMbl (2.1)
OTIPENENIAIOTCA AEHCTBYIOLIME B YCTPONCTBE (ha30BbIE INe-
peMeHHbIe V.

Cucrema ypashenmil (2.2) onpenensieT 3aBHCHMOCTb Bbi-
XOJHBIX MapaMeTpoB 00LEKTAa OT (ha30BbIX MepeMeHHbIX V.

B yacTHBIX clyyasix cOCTaBAsIOLIHE BEKTOpa ¥ Mo-
YT SBJISITbCHA BHYTPEHHUMM WJIH BbIXOAHBIMMU MapaMeT-
pamu 0oGbeKTa, M TOrda cCMCTeMbl ypaBHeHMit (2.1), (2.2)
yrnpoularwTcs.

YacTo Moae/JHpoBaHHEM HA3bIBAalOT JMLIb COCTaBJCHME
cucrembl (2.1). Peurenue ypasHeHMil (2.1) U OThICKAHUWE BEK-
Topa F ¢ noMouibio ypaBHeHMs (2.2) Ha3blBAIOT AHAIHIOM
MaTEeMaTHYECKOH MOJIE/H.

Ha kaxaom ypoBHe MOAeIMpPOBAHUS pa3lvuyaloT MaTeMa-
THYECKHE MOJIEIH MPOEKTUPYEMOro pagvuoTEXHHUUYECKOTO 00b-
€KTa U KOMIIOHEHTOB, U3 KOTOPBIX COCTOMT OOBEKT.

MareMaTH4YeCKHe MOJIEJIH KOMIOHEHTOB MPeICTABISAIOT CO-
0ol cucTeMbl ypaBHEHMMH, YCTaHAB/IMBAIOUIMX CBS3b MEXKIY
¢a30BbIMHM NEPEMEHHbIMH, BHYTPEHHUMH U BHELUIHUMM MNa-
paMeTpaM¥, OTHOCSIUMMMCS K NAHHOMY KOMIIOHEHTY. DTH
ypaBHEHWS Ha3bIBAlOT KOMIMOHEHTHBLIMH, 3 COOTBETCTBYIOILYIO
MOIENb — KOMOOHEHTHOH.

MareMaTH4yeckylw Moaedb 00BEKTa MPOEKTUPOBAHMA,
NpeacTaBngaIero obbelHMHEHHWEe KOMIIOHEHTOB, MNOJIY-
YalT HA OCHOBE MATEMATHYECKMX MoJe/ieil KOMINOHEHTOB,
BXOASILMX B 00beKT. ObbeaMHEHHE KOMIIOHEHTHEIX YpaB-
HEHMH B MaTreMaTH4YEeCKY10 MOaeab 00bEKTa OCYLUECTBIA-
€TCs Ha OCHoBe )yHAaMeHTaAbHbIX (PM3MYECKHUX 3aKOHOB,
BBIPAXAKLIKX YCJIOBUA HENpPEpPbIBHOCTH W PpaBHOBecUd
¢a30BbIX MEpeMeHHBbIX, HanmpuMep, 3akoHoB Kupxroda.
YpaBHEHUA, ONMCbIBAIOLIME 3TH 3aKOHbI, Ha3bIBAlOT TO-
MOJIOTHYECKUMHM, TaK KakK OHM OTpaxaloT CBA3U MeXOy
KOMIIOHEHTaMHU B ycTpoicTBe. COBOKYNHOCTh KOMIIOHEH-
THBIX H TOMOJOTHYECKMX YPaBHEHHH N5 NPOEKTUPYEMOro
00beKTa M 00pa3yeT ero MaTeMaTHYeCKYI0 MoJejb B Bule
cuctembl (2.1).
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Ucxona u3 3amay KOHKPETHOro 3Tamna MpOeKTHPOBAaHMA,
MaTeMaTuyeckasd MOJeNlb MPOeKTHPYeMOro o0beKTa JOMXKHA
OTBEYaTh CaMbIM Pa3iMUYHBIM TPeOOBAHUSM:

* OTpaxaTb C TpeOyeMOil TOUHOCTBIO 3aBUCHMOCTH BBI-

XOOHBIX TAapaMeTpoB OOBEKTA OT ero RHYTPEHHUX
U BHEIIHUX TIAPAMETPOR B IIIUPOKOM JIMAIa30He UX W3-
MEHEeHUS;

* UMeTb OJHO3HAaYHOE COOTBETCTBME (PU3HMUYECKHM IpO-
eccaM B 00BeKTE;

* BKJIIOYaTb HeoOXoaWMble alnpoKCUMAalUMKU KU yTIpollie-
HMs, KOTOpbIE TT03BONAOT PEaTU30BaTh €€ MPOrpaMMHO
Ha 9BM c pa3nuyHbIMU BO3MOXHOCTAMU;

* UMeTb OONBLIYIO YHUBEPCAJIbHOCTD, TO €CTh OBITb NMPH-
MEHHMMOH K MOAECTMPOBAHHIO MHOTOYHCIEHHOH IPyTbI
OMHOTHUTIHBIX YCTPOHCTB;

* ObITb IKOHOMMYHOH C TOUKM 3PEHMS 3aTparT MallWH-
HBIX PECYPCOB U T. M.

D1 TpeboBaHUA B cBOeEM OONBUIMHCTBE ABJISIOTCH TMpO-
TUBOPEYMBBIMH, U YIAUHOE KOMIIPOMUCCHOE YIOBJIETBOPEHHUE
3TUX TpeDOBAaHUI1 B ONHHMX 3ala4aX MOXKET OKa3aTbCH JaJEKUM
OT ONTUMAaJIBHOCTH B Apyrux. [lo 3Toi npuyuHe oIS OMHOTO
M TOr0 Xe KOMIOHEHTAa WM YCTPOMCTBA 44acTO MPUXOLUTCS
MMETb HE OIHY, a HECKOJIBKO MoaeJieil. B cBsA3M ¢ 3TUM Kiac-
cuduKaLMsa Moaeseil paIMo3IEKTPOHHBIX YCTPOHCTB N0JXHA
BBITIOJIHATBCSA MO MHOXKECTBY [IPU3HAKOB, YTOOLI OXBAaTHUTh
BCE BO3MOXHBIE C/TyYau.

[To ypOBHIO CNOXHOCTH Pa3iHualOT HoaHble MOOeAU U MaK-
pomodeau. floansie modesu 0OBLEKTa TPOEKTUPOBAHUSA MONyYa-
IOTCS MYTEM HENOCPEACTBEHHOro 06beNMHEeHUsI KOMIIOHEHT-
HbIX MoZesnei B OOLIYI0 CUCTeMY ypaBHeHU. Maxpomodeau
MPECTaBAAOT cOGOM YMpoOlIeHHbIE MaTeMaTUYyecKue Moze-
JIM, anMpOKCUMUPYIOLIUE TIONTHBIE.

B cBoiwo ouepeab, MakpoMOIENW OENAT Ha [BE TPYIIIHL
dakmopHble U aszossie.

DakxmopHsie MOIENU TIpeIHA3HAYEHBI 171 HCTIONB30BAHMA
HA TMOC/NEAYIOHIMX 3TAnax MPOEeKTUPOBAHUSA B KAauecTBe KOM-
MOHEHTHBIX Mojeneil. UX BEIXONHEIMM NapaMeTpamH sABJIs-
I0TCA (Pa30Bble MepeMeHHBlE MOTHBIX MaTeMaTUYeCKUX MOojie-
Jeit A9 CnenyIolero 3tana NpoeKTUPOBaHHUS.
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Pa306ble MAKPOMONEIH MCMOAB3YIOTCA Ha TOM Xe 3Tare
NPOEKTUPOBAHH A, HA KOTOPOM MX MOJNYYAlOT, M MpeaHa3Haue-
HbI IJ1S COKpallleHUs pa3MEPHOCTU pelliacMoi 3anayi.

[To crnocoby rnonydyeHHsi MaTeMaTM4YeCKME MOOEIU paavo-
TEXHUYECKUX OOBEKTOB NEAATCA Ha ¢husuyeckue U hopmanvrbie.

PDusuyeckue MOIEIH TIONYYAOT HA OCHOBE U3YYEHUS (DH-
3MYECKUX 3aKOHOMEPHOCTEH (YHKUHMOHUPOBAHUS MPOEKTH-
pyeMoro o0beKTa, Tak 4TO CTPYKTYpa YpaBHEHUH W mapameT-
pPbl MOAEAM MMEIOT SICHOE (PM3MUYECKOE TOJKOBAHHUE.

Dopmansibie MOIEIN TIONYYAlOT HA OCHOBE W3MECPEHMS
M YCTAHOBJIEHMS CBSI3M MEXJY OCHOBHBIMHU TMapaMeTpamu
00bEeKTa B TEX Cayyasax, koraa ¢u3uka paboThl €0 MU3BECTHA
HegocTtaToyHo TNonHo. Kak npaBuno, ¢dopMmaljibHble MOISTU
TpebyT 60MBWIOT0 YMCIa M3MEPEHH W MO CBoed npupone
SIBJISIIOTCS JIOKANbHBIMU, CTIPABEITMBBLIMU BOTM3U TEX PeXU-
MOB, B KOTOPBIX TPOM3BOAMIUCL U3MepeHUs. Takue monenu
MHOrJA Ha3bIBAKOT MOACJASMH «YEPHOIO SALIMKA»,

B coBpeMEHHBIX CHUCTeMaX aBTOMAaTU3MPOBAHHOro Mpo-
eKTUPOBaHUS (POpPMUPOBAHHE CUCTEMBI YpaBHEHWH MaTeMma-
THYECKOH MOOEJM TMPpOeKTHpYeMOoro o0beKTa BbINOJIHSAETCS
aBTOMAaTHYeCKU C rnoMolibio DBM. B 3aBUCHMMOCTH OT TOrO,
YTO MOJIOXKEHO B OCHOBY aJropuTMa (hOpMUPOBAHUSA CUCTEMBI
ypaBHEHWI, MOIEJM paJHOTEXHHYECKHMX O00BLEKTOB MOXHO
pasaeNUTh Ha TPU IPYNILL: dAeKmpudeckue, QU3UK0-monoao-
euyeckue U mexHoiocu4ecKue.

[TonsaTue anexmpuueckoid modeau BKIAOYAET NUOO CHUCTE-
MY YPaBHCHHWM, CBA3LIBAIOIIMX HAMPSXKEHHUS U TOKH B 2JICK-
TPUYECKOM cxeMe, ABAAKOLWIEACS MoAenbld 00beKTa, JMbOo
caMy O3JIEKTPUYECKYI0 CXeMy, COCTaBJIEHHYK M3 0a30BbIX
371eMEHTOB (pe3uCTOPOB, KOHIEHCaTopoB M T. 1.). Ha ocHoBe
3JIEKTPMUYECKOH Mojelu MOXHO B 3BM nony4uTb CACTEMY
YpaBHEHHUH, CBA3BIBAIOLINX HAMPSAXKEHWS U TOKW B MOIEIH
obbekTa.

B gusuxo-mononoeuneckux modeasx UICXONHBIMHM NapaMeT-
pamMHu ABIAIOTCA TeOMETPUYECKHE pa3Mepbl OTpeae/aIommnX
obnacteil MpoekTUpyeMoro obbekTa U MEeKTpoduU3uyecKue
XapaKkTepUCTUKU MaTepHasa, U3 KOTOPbIX OHU cocTosT. B pe-
3y/7bTaTe pPELIEHUS] CMCTeMbl YpaBHEHWM 3TOH Moaenu orn-
penensiloTcss NoTeHUMaNbl BHYTPH M Ha BHELWIHWX BbiBOAAX
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ycTpoiicTBa. Takue MOAeNU NMPUMEHSIOTCS TNMpU pa3padoTke
MOJIYNPOBOAHUKOBBIX Tpubopos, CBY-ycTpoiictB M B psne
IPYTHX CNy4acs.

Texnonocuveckue modeau OCHOBLIBAIOTCS Ha TapameTpax
TEXHOJIOTMYECKHM X TTPOLIECCOB U3rOTOBJIEHUS MPOEKTUPYEMOTO
obbekTa (TeMriepatype U BpeMeHHW Iuddy3nu, KOHLIEHTPALIMU
Iu@dy3aHTa U T. 1.). BIXOOIHBIMHY NMapamMeTpaMM TakKoH MoO-
JENU ABIAETCA COBOKYIMHOCTb (PU3HUKO-TOIOJOTHYECKHX T1HO0
TE€XHOJIOTMYECKHUX MapaMeTpOB.

[To cnocoby 3apaHUs BHYTPEHHUX M BHELLIHUX NapaMer-
POB MaTeMaTHYeCKMWE MOIEIM AEISATCA Ha JABE TPYNIbl: JUCK-
pemHuble I HenpepbiaHeie.

Pa3nuualor MONENU cmamuyeckue U OuHamu4eckue B 3a-
BUCUMOCTH OT TOr0, YYMTHIBAlOT JIM YpPaBHEHMUS MOIEIH
WHEPLUMOHHOCTb IPOLIECCOB B TPOEKTUPYeMOM 0O0bBEKTE
WUIH HeT.

Cmamuueckue modeau OTPaxaloT COCTOSIHUE 00BEKTA TNpO-
eKTHUPOBAHMUSA MPU HEU3MEHHBIX BHEIIHHMX TMapaMeTpax U He
YUYHUTBIBAIOT €ro NEepPeXoqHble XapaKTePUCTUKH.

Junamuueckue modeau NONOJTHUTEIBLHO OTpaXxaloT Iepe-
XOIHBIE Mpolecchl B 00beKTe, MPOMCXONAIINE MPU M3MEHE-
HMH BO BpEMEHU BHELUHHUX [apaMeTpoOB.

CylecTBYIOT M Ipyrde BapHaHTHI KiaaccU(puUKalLHUK MaTe-
MaTHUYECKUX MOJEJIEi 2JIEMEHTOB M Y3JI0B paJHOyCTPOICTB.

[Ipy npoekTHpOBaHMM PAIMOTEXHUYECKHX 00BEKTOB Ha-
ubonee LIMPOKOE paclpoOCTPaHEHHE MOJYYHUIIM 2JEKTPHYEC-
KHe MOoIeNH.

[TporpamMa MOJEJIHPOBAHHSA pPagHOTEXHUUECKHX
W IpYTrHX 00BEKTOB NOJIXKHA aBTOMAaTHYECKH (POpPMUPOBAThL
CHUCTEMY ypaBHEHHIt MaTeMaTHYeCKOM MOIENH U3 Da30BOro
Habopa 3MeMEHTapHBIX CXEMHBIX 3JIEMEHTOB, KOMIIOHEH-
THBIE YpaBHEHMUS [UIA KOTOPBIX XpaHATCA B OMOIHOTEKE
NporpamMMmul.

s cMHTe3a afeKBaTHBIX pealbHOMY OOBeKTY MoJenei
GONBLUMHCTBA PaJHOTEXHHYECKUX YCTPOUCTB Ga30BLIi HAabop
JONXEH COAepXarThb, M0 KpalHEed Mepe, NATbL TUMOB COCPENO-
TOYEHHBIX CXEMHBIX 3JIEMEHTOB, NMEpevYMC/ICHHBIX B TabIHLE
2.1. B Tabnuue npyMBeAcHBI U KOMIIOHEHTHbIE YPaBHEHHA I
KaXa0ro M3 3jeMeHTOB 6aszoBoro Habopa.
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Taba. 2.1. CxeMHble 2/1EMEHTHI PAAMOTEXHHUYECKHUX YCTPOMCTB M MX
KOMIMOHEHTHBLIC YPABHECHHA

KOMMNOHEHTHbIE ypaBHEHMS
bazoBbie -
aneMeHThl | B ONEPATOP- | BO BPEMEHHOR o o dopme
HO# dopme dopme
1. Pe3ucrop:
JINHEHHbBIA u= Ri(s) u(® = R i@ u(w) = R i(w)
yTnpaBse-
Mblit TOKOM | u = r(i) i(s) | u(D=R[i(®] (1) | u(® = Rli(w)] {w)
ynpasnse-
Mbli Hanps- [i = G(u) u(s)| i(t)= Glu@)] w(® | (w) = Glu(w)] u(w)
KeHUEM
2. KoHpaeH-
caTop:
JIMHEAHbBIT i= Csu(s) i(Hh=cdu/dr i(w) = jo Cu(w)
ynpasise- _i(S) _ i) i)
Mblii TOKOM ~5C0) alt) = fC(r‘) o He= jo C(i)
ynpabnse-
MbIi Hanpsi- | i = sCu)u(s) | d[C(u)u(I)] i(w) = jo C(u) u(w)
KEHHEM i(t) = =
!

3. MHayk-
TUBHOCTb:

" o di(t) _ . .
JIMHeHHas u= Lsi(s) u(t) = LT u(w) = jo L i(w)
ynpasinse- .

Mas TokoM |u = sL(i) i(s)| u(t) = d—[qgr—l(’—)] u(w) = jo L) i(w)
ynpasnse-

Mas Hanps- u = s (s) u(r) = % u(w) = jo M(w)
KEHHEM dr
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4. Uctou-
HUK Hamps-
KEHUA:

He3aBHCH- u = E(s) U= E® u(w) = E(w)
MbI |

yrpas-
JIsieMbl i u=E[i (s)]| u()= E[i,0] u(w) = Ei (w)]
TOKOM [,

yrpasise-
Mblid Hanps- |u = Elu,(5)]| w(t) = E[u,, (1] u(w) = Elu ,(w)
KEHMEM U,

S. Ucrou-
HHUK TOKa:

He3aBHCH- i= I(s) i= I (W) = Hw)
MBblit

yrpas-
JISIEMBbIi i=1[i,(s)] i = Ii (] i(w) = I1i ,(w)]
TOKOM [,

ynpasise-
Mblif Hanps- | {
KEHUEM uab

MNu, (9 | i0) = Iu,0] (w) = Iu, ()]

KOMMoHeHTHbIE YpaBHEHHUSI MOTYT CBf3blBAaTh MTHOBEH-
Hble 3HAaYEHH A HaNpsXeHWH U TOKOB, IeACTBYIOLIMX Ha 6a30-
BOM 3JIeMeHTe, TMOO MX KOMIUJIEKCHBIE aMIIIMTYAbl. B nepsom
cJly4yae roBopsAT O MOIEIMPOBAaHMM BO BpeMeHHOH obnacTu,
BO BTOPOM — B 4acToTHoW. YeM Oosbuivid HaGop 0a30BBIX
KOMITOHCHTOB IO3BOJSACT MUCNOJIb30BaTb CUCTEMAa aBTOMATH-
3UPOBAHHOI0 NMpOCKTHUPOBAHHUA, TCM bonee MHOI‘OCl)yHKLlHO-
HaJIbHOM OHa fABJSAETCA.

[1pu npoekTHpoBaHUHK U MoaenvpoBaHuU PIY B kayecT-
BE€ BXOAHBIX BEJIUYHUH UCIIOJB3YIOTCA pa3/IMUHbIC BUIbI OeTeEpP-
MWHHUPOBAHHBIX U CI!y‘-IaF!Hle CHUIrHanos.
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K neTepMMHMPOBAHHBIM OTHOCATCS CleaylolIHe CUrHAbL [5]:
* HEMOOYJMPOBAHHbBIE FAPMOHMYECKHE M MOLYJIUPOBAH-
Hbl€ 110 3aJaHHOMY 3aKOHY KonebaHHs;

* CTYNEHYaThif (TOCTOSHHBINH) CUTHAJ;

* JIMHeiHO Bo3pacTalolluii (yObIBalolIMii) CUTHAUT,

* OUCKPETHBI MMMYIABCHBII CUTHAM,

* CMTHaJIbl, 3aJaBaeéMble JBY3HAYHbLIMM (JBOMYHBIMH)

Y MHOTO3HAYHBIMH ajichaBUTaMU.

K cayyaiinbiM cMIrHajaM OTHOCATCH rapMOHHYECKHE CHUT-
Ha/lbl C U3MEHSIOLIMMUCS MO CAy4aHHOMY 3aKOHY TapameT-
paM¥ (aMIIMTYa0M, (a30ii), CUTHaJbl B BUIE MOC/IEI0BATE/b-
HOCTEHN ClTy4yalHBIX YUCEJ, AMCKPETHBIC CUrHAJbI ClIy4YailHOM
aMIUTMTYObl, CUTHAJBLI B BUAE «BeJIoro wymas v ap.

OCHOBHO#M MPUHLMI MOIETUMPOBAHUS JETEePMUHUPOBAH-
HBIX (B MEPBYIO OUEpENb, KOJEDATENBHBIX) CUTHAIOB Da3upy-
€TCSl Ha YTBEPXIAEHUM O TOM, YTO J1I0OYI0 (PYHKLIMIO BpEMEHHU
MOXHO pacCMaTpHBaTh KaK pelieHHue HekoTtoporo anddepeH-
LHanbHOro ypaBHeHUd. [103TOMYy CYLUHOCTbE MOAETUPOBAHUSA
J11000ro CUrHana, ONMUCHIBAEMOro HEKOTOPOI (yHKUMeH Bpe-
MEHH, 3aKJIoJyaeTcsd B CHMHTe3¢ no 3TOH (yHKuMM gudde-
PEHLIMANBLHOTO YPaBHEHUA, pelueHue KoToporo Ha OBM npu
3aJaHHBIX HAYaJ bHbIX YCIOBUSAX M Aa€T UCKOMBIIl CUTHaJ.

K HacrosiieMy BpeMeHM HakorieH GOJBbLIOI OMBIT B CO-
30aHWUH TUTIOBBIX GJIOKOB M MIPOrpaMM, BLITIOTHSIOILUX (DYHK-
MM T€HEPAaTOPOB rapMOHMYECKHUX KONeOaHUH C MOCTOSHHBI-
MU M YNpaBIseMBIMH NapaMeTpaMH, aMIIJIMTYAHBIX (a30BBIX
M YaCTOTHBIX MOLYIATOPOB U AEMOIYIATOPOB, HHTErpaTOPOB,
CYMMAaTOpOB, KOpPPEJsTOPOB, JIMHUH 3a0epXKH, OTpAHHYHTE-
JIeil aMTUTHUTYIbl, TEHEPATOPOB KoJiebaHWH crieuraibHON G op-
MBI U 1p. KomMbuHauuu nepeyrciaeHHbIX OIOKOB TMO3BOJAIOT
noay4yaTb Moae/lv paslTd4YHbIX BUIOB CUTHAJIOB.

CayyailHble CMTHaJIbl TIpM aHaiau3e W cHHTe3e PDY uc-
MoJb3YITCH A (HOPMHUPOBAHUSA HAYaJbHBIX YCJIOBUM, AJf
BOCIIPOM3BEACHUS 3HAYCHUH CHy4YalHBIX [MapaMeTpoB, OT
KOTOPBIX 3aBUCUT MoaeauMpyemasi QyHKUMS, a TaKxke Iaf
¢dopMupoBaHua cay4yalHbix ¢yHKUMA BpemeHu. Bo Bcex
MEPEYMUCICHHBIX CIAY4YasiX MCXOAHBIM ABIACTCA MOJY4YacMbld
OT CNELMAJbHOTO LWYMOBOrO T¢HEpaTopa CTAHAAPTHBIN Ciy-
YaiHbIM MPOLECC ¢ 3aaHHbIMM CTaTMCTHUYECKMMH XapakTe-
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puctikamMu. O6bIYHO B Ka4eCTBE CTAHAAPTHOIO NMPUMEHAETCA
reHeparop 6enoro 1ymMa ¢ paBHOMEPHBIM WJIM HOpPMaJbHBIM
3aKOHOM paclpeae/ieHHsl ¢ HYJEBBIM CPEIHHUM 3HauycHHUEM
Y €AMHUYHOM JAUCTIEPCHEH.

CnydaliHble CMTHalibl € JAPYTMMM pacripeleieHUsAMHU
U TpebyeMbIMM CTaTUCTUYECKUMM XapaKTepUCTMKaMH ¢op-
MUPYIOTCA Ha OCHOBE HEJIMHEHHBIX O€3bl HCPLMOHHBIX TIPE00-
pa30BaHUH WJIM JTMHEHUHOU (PUIBTPALMM MCXOAHOI'O CHIHala
B BMe Oenoro wyma. B [12] npuBoasATCS MoOENH ClyyailHbIX
CHUTHAJIOB M1 UX MCTOJIb30BAHMA B MHXCHEPHBIX U HAYUHBIX
Lensx.

[Ipu npoekTupoBaHuu PIY B obracTu paavocBs3u Bax-
HOE 3HAaYCHUE UMEET UCCCI0BAHUE XapaKTEPUCTUK YCTPOICTB
B YC/IOBUAX BO3AECHCTBUSA NpelHAMEPEHHBIX TIOMEX, CO31aBa-
€MBbIX CpeiCTBaMM paaMO371eKTPOHHOW ©opedel. Hekoropeie
MOJIEIU TNpeIHAMEPEHHBIX MMOMEX U crocodbl X pa3paboTKH
npuBoaAaTca B [3].

[lpuMeHsiemMble 1NPYM WMMMTALMOHHOM MOJETUPOBAHUU
U CTAaTHCTUUYECKOM onTHMu3auuu PBY curHanel B BUIE MoOC-
JlefoBaTebHOCTEW CAYYaMHBIX yucen ¢ J0OBIM 33JlaHHEIM
3aKOHOM pacnpeseieHHss MOACTUPYIOTCS € MOMOLLBIO Mpo-
rpaMMHBIX F'€HEPATOPOB (IaTYMKOB) CAYUYAMHBIX YMCEIL.

B ocHOBe TakMX MpoOrpaMMHBIX [€HEPATOPOB Pa3JMUHBIX
pacrnpeaeneHU caydyaiiHbIX YMCEN JIEXUT TeHepaTop paBHO-
MEPHOTO pacnpenejeHus Ha MHTepBaJie OT HYJ8 10 €AUHULIBL,
BXOISILUMI B COCTaB CTAHAAPTHOrO MporpaMmHoro obecneye-
HUs DBM.

B coBpeMEHHBIX cUCTEMax aBTOMAaTH3MPOBAHHOIO MPOEK-
TupoBanusg POY M cuctemax aBTOMarM3aLMU MaTeMaTHyec-
KUX pacyeTOB MOT'YT NPUMEHSATLCS arnmnapaTypHble U Nporpam-
MHble 610kH, HOPMHPYIOIIIME MOIENM AETEPMUHVPOBAHHbBIX
H cnyqauﬂmx CHUTHAJIOB B BHAE:

NOCTOSTHHOM (CKaNApPHOIA, BEKTOPHOI MU MaTPU4YHOM)
BEJIMUMHBI;
HEMpepBIBHOIO CUTHAIa NMPOU3BOJIBHOM (OPMHBI;

* @NIMHWYHOr0 JMCKPETHOr0 CMrHaja C 3aJaHHBIMH Na-

paMeTpamu;

* TMHEMHO Bo3pacTralowero (yobiBaloLEero) cMrHaa,

rapMoOHHMYeCcKoro KoaebaHMs NOCTOAHHOW YacTOThI,
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* TApMOHMYECKOTro KojiebaHUst mepeMeHHON YacToThI;
* IMCKPETHOIO MMIYJIbCHOIO CUrHaJja;
* HEMNpPEpPbIBHOTO BPEMEHHOrO CUTHaJa;
* IUCKPETHOrO BPEMEHHOroO CMTHana;
* IUCKPETHOIO CHUrHaja Cly4ailHOW aMIUIMTYyIbl, pac-
npeaeJeHHONW M0 HOPMaJTbHOMY 3aKOHY;
- «besoro mwymMa» ¢ OrpaHMYEHHOM TOJIOCOM Mpomnycka-
HHSA U OP.
Huxe paccMaTpuMBaloTCa ajJropMTMbl aHaJM3a aHaJloro-
BbIX H UM(POBBIX YCTPOMCTB, a TAKXE METOIbI MOIEIHPOBa-
HUA TOJEH,

2.2. ANropyTMbl aHann3a aHanoroBbiX
YCTPOWUCTB

MaremaTHueckass MoAeNnb J1000ro aHaJIoroBOro pamMoMIeKT-
POHHOTO YCTPOMCTBA MOXET ObITh MpEACTaBAcHa B BHAE OBYX
cucteM ypaBHeHMid. IlepBasi cuctema siBiseTcsl COGCTBEHHO
MaTeMaTH4ecKoil MoIe/ibio MpoeKTHpyeMoro ofbekTa B BUIE
JIMHEMHBIX anredpanyecKkux, HeJTMHeiHbIX, 1uddepeHaNb-
HBIX U IPYTMX YpaBHEHHW . PelleHue 3Toi CHCTEMBI NO3BOJISET
ONnpeNeuTh OEHCTBYIOLIME B YCTPONHCTBe (Da30BbIE NEpEeMEH-
Hble. Bropas cucTteMa ypaBHEHHUil onpenensieT 3aBUCUMOCTh
BBIXOAHBIX TMapaMeTpOB pPaJUOTEXHUYECKOTO YCTpPOHCTBA OT
(ha3oBbix nepeMeHHbIX. KOHKpeTHbI# BHA anroputMa ¢op-
MHPOBAHHUSA CHUCTEMbl YPaBHEHMMA MaTeMaTHMYecKOW Monenu
3aBMCHMT OT BBIOpAHHOTrO BEKTOpa ()a30BLIX MEpeMEHHBIX.

B 3aBucumocTH oT TOro, ABASIOTCA JM (ha3oBbe Iepe-
MEeHHble (PYHKUMUSIMHA BPEMEHM MJIM KOMIUJIEKCHOM 4YacTOThI,
pa3iMyaldT MaTEMaTHYECKHE MOAENM paguOIIEKTPOHHBIX
YCTPOMCTB MU CUCTEM BO BpPEMEHHOI M 4acTOTHOH obyacTax.
B oboux cayuagax npu HOpMUPOBAHUM CHUCTEMbl YPaBHEHU
MaTEMaTHYECKON MOAENU OOBIYHO WCMOJb3YETCH ONEpaTop-
Has ¢dopMa 3anmMCH KOMIIOHEHTHBIX ypaBHEHHH ang 6a3o-
BbIX 3JIEMEHTOB JIEKTPUYECKUX Mojaenei. ITo obObsAcHAeTCA
yaI0OCTBOM aJITOPUTMHUUYECKOTO TNpeoOpa3oBaHUS CHCTEMBI
WHTerpo-qudpepeHUMANBHBIX  YpPaBHEHMU,  3aMHCAHHBIX
B oneparopHoil ¢opme, K BUay, Haubonee ynobHOMYy s
YUCJIEHHOrO PELUEHUs!, a TaKXKe ynobCTBOM Mepexona OT orne-
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paTopHOi (HOpMBI 3aMTHCH K YacTOTHBIM MOIEASAM 3aMEHOM
orneparopa § Ha MHUMYI0 YacTOTy jw M LEJeCo00pa3HOCThIO
MCIOJIL30BaHMA 0OpaTHOro npeodpaszopaHus Jlannaca.

Moznenn Bo BpeMeHHOM oOjacTh Haubosiee yIOOHBI WIS
aHanM3a NepexXodHbIX MPOLIECCOB B PajHOINEKTPOHHBIX YCT-
pOMCTBax, a TaKXe MPH UCCIIENOBAaHMH CTaTUYECKOTO pexXuma
M NIPOEKTHPOBAHHUHU HEJIMHEHHBIX YCTPOMCTB.

[lpy nNpPOEKTHPOBAHHM PANHOIJEKTPOHHBLIX  YCTpOMCTB
U 3JIEKTPOHHBIX CXEM IPUMEHSIIOTCS CJNEAYIOLHE aJrOPUTMBI
(GopMHUpOBAHHSA CHUCTEMBI YpaBHEHMH MX MaTeMaTHYECKHX
MofeJieil Bo BpeMeHHO# obaacTu [4]:

* TabNUYHBIA METON;

* METO. Y3JOBBIX MOTEHIIHAJIOB U KOHTYPHBIX TOKOB,;

* METOJ NepeMeHHBIX COCTOSHUS,

* MOIeJUpOBaHME CTaTHYeCKOro pexuma PIY;

MOZAeNHMPpOBaHME NepexonHbIX npoleccoB B PIY.

Tabdauunpiit Merod oGecrieunBaeT (GOPMUPOBAHUE CUCTE-
Mbl YPaBHEHUH MaTeMaTHYeCKON MOIENM HAa OCHOBE WCIIOJb-
30BaHMS B KauyecTBe (ha30BbIX MepeMEHHBIX TOKOB BeTBEH,
HamNpsiXKeHUWI Ha HUX, a TaKXe Y3JOBBIX MOTEHLMANOB, OT-
CUUTAHHBIX OT 3a3EMJIEHHOTO Yy3Jla 3JIEKTPUUECKOH MOJEeINH.
HenocratkoM 3Toro Metoga siBisiercs 0oJblIas pa3sMEpHOCTD
CHCTEMbl YDaBHEHMWH, YTO 3aTPyLHSIET €ro MCMoJb30BaHUE
NpyU aBTOMaTU3UPOBAHHOM MPOEKTUPOBaHUHU PIY.

MeToa y3/10BbIX NMOTEHUMANOB Mpeanosnaraer rnpeodpaso-
BaHME BCEX MCTOYHHMKOB HAMpSKEHWsl 3JEKTPHUYECKOH MO-
IeJW PpaiHOIEKTPOHHOTO YCTPONCTBA B MCTOYHMKW TOKa
B COOTBETCTBUM C TEOpPeMOH 00 3KBHBaJ€HTHOM TeHepaTo-
pe. B pesyabrarte 3nekTpuueckas Moneab OyAeT COAepXaThb
TONAbKO MAaCCHBHbIE 0A30BbIC IEMEHTHl U MCTOYHWMKH TOKa.
DTO JaeT BO3MOXHOCTb BbIPa3HThb [JISl BCEH COBOKYITHOCTH
MacCUBHbBIX 0A30BbIX 3JIEMEHTOB CBSI3M MEXAY TOKAMH BETBEH
U HANPSKEHUSMH Ha HUX Yepe3 NMPOBOAMMOCTL B MaTPUYHOMH
oneparopHoii topMe. B koHeuHOM uTOre MareMaTH4ecKas
Monenb PBY npeinctaBnsercs B BUIe cucTeMbl nHddepeHLU-
aJbHO-aNredpauyecKMx YpaBHEHMH OTHOCMTEJNBHO Y3JOBBIX
NMOTEHLIHAJIOB, ABJISIONIMXCA HEU3BECTHLIMM (Da3OBBIMU Mepe-
MeHHBLIMK. B [6] uMTaTENDh MOXET HANTH OOCTATOYHO MMOJIHOE
ONMMCaHue JAHHOro METoMa.



Tasa 2. Mamemamuueckue ocHosbl MoOdeauposanus KomMno-
@2 Henmog P3Y pazauunoeo ypoens caodcHocmu

[1pu MoagenVpoBaHMH MO METOAY KOHTYPHBIX TOKOB B Ka-
yecTBe BeKTOpa a30BbIX TMEpeMEHHBLIX BbLIOMpaeTcsi BEKTOP
TOKOB B Xopnax rpacga snektpuueckoil moaeau. [Ipu atoMm Bce
3aBUCHMMBIE W HE3aBUCHMBIE UCTOUHUKHM TOKA B MOAENH yC-
TPOHCTBa AOJKHBI ObITh NMpeoOpa3oBaHbl B 3KBHBAJEHTHBIE
UCTOYHHUKH HanpsixeHud. B pesynbrate MaTeMarHueckas Mo-
[e/ib ycTpoicTBa OyAeT MpeactaBiassTb co00M ynoOHYI s
peanusaum Ha OBM cucteMy ypaBHEHMH OTHOCHTEJBLHO
TOKOB, MPOTEKAIOU[MX Yepe3 MAacCUBHbIE 3JEMEHTbHI U 4epe3
MCTOYHUKU HATPSIKEHUS.

MeTton nepeMeHHbIX COCTOSIHHS TO3BOJISIET TIPEACTABUTh
MaTeMaTHYeCKYl0 MOIE/b YCTPOWMCTBA B BMAE CHCTEMbI OUD-
¢epeHUMaNbHBIX YPABHEHHUI NMEPBOro nopsiika OTHOCUTENb-
HO TMepeMeHHbIX, Ha3blBaeMbIX TEpeMEHHbBIMU COCTOSHMUS,
BEKTOpPA BXOMHBIX BO3JNEWCTBUA M BEKTOpa BBIXOAHBIX Mapa-
MeTpoB. [1pu 3TOM YHCieHHOE peuieHUe CUCTEMbl YpaBHEHU I
OTHOCHUTEJIbHO BEKTOpa ba30BbIX NMEPEMEHHBIX SIBJSIETCH Ca-
MBIM MPOCTHIM B CPABHEHHHW C APYTUMH METOLAMMU MOAEIU-
pOBaHMA,

MoaeaupoBaHHe CTATHYECKOro pexumMa (pexuma paboTbl
Mo NMOCTOSHHOMY TOKY) PBDY mpeanosnaraer nocTpoeHUe Mo-
IeNM YCTPOWUCTBA B BUJE CHUCTEMbI HEJIMHEMHBIX YpaBHEHUIA
OTHOCHTEJIbHO BHIOpaHHOro BeKTOpa (a30BbIX MepeMEHHbIX
(Y3/10BBIX MOTEHLIMAJIOB WJIK NMEPEMEHHBIX COCTOSHUSA).

Mozaeanposanue nepexoansix npoueccos POY npoussonurcs
Ha OCHOBE OMNpeaeaeHUs BPEMEHHON 3aBUCHMOCTH BBIXOIHOTO
napameTpa Moxeau B BUae (GopMyJibl MPpUOAUXEHHOrO 00paT-
Horo npeobpa3oBaHMs Jlanaca, HCIOJNb3YeMOH 118 ONMUCAHUS
NMepeXOqHbIX MPOLECCOB B IMHEHHBIX SJMEKTPUYECKHUX LIETIAX.

[Mpu moneanposanun PDY B yacToTHO! 00aacTh Hanboee
IIHPOKO TIPUMEHSIETCA MeToA KOMIJIeKCHbIX ammautya. [lpu
mMoaenupoBaHuu P3Y MeTonoM KOMIUIEKCHBIX aMIUIMTYI
(CneKTpanbHOr0 aHAMM3a) B KayecTBe (ha30BhIX MEPEMEHHbIX
MPUMEHSIIOTCSl HANpsAXeHWSI U TOKH Ha OTAEJbHBIX 3JIEMEH-
Tax, BXOAaX YETBIPEXIMOACHUKOB (MHOTOMOMIOCHMKOB) H JIU-
HeliHble KOMOMHALIMY HanpsAXeHUH U TOKOB Lienu. B KauecTse
BBIXOAHLIX NapameTpoB PDY ucnosib3yloTes BXOAHBIE U Nepe-
JlaTOYHbIE KOMIUIEKCHBIE COMPOTHUBAECHHSI U MPOBOAMMOCTH,
KO3(PPUUMEHTBI OTpaxeHUs W Mepelavyd Mo HaNpPsXeHHUIo
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W TOKY, KO3(hHUHMEHTH YCHJIEHHMs PaJAUO3JIEKTPOHHBIX YC-
TPOHCTB U AP.

PaccMarpuBaemble MeTOObl A€NATCA Ha ABE TPYIHI,
B MEPBOH M3 KOTOPbIX MCMOJIb3YETCS CBSA3b MEXAY BPEMEHHbI-
MU M YACTOTHBIMU XapaKTePUCTHKaMH LIETIEH, a BO BTOPOH —
BbITIOJIHAETCA HEMNOCPENCTBEHHOE MONECJIMPOBAHHE BHIXOIHBIX
napameTpoB POY.

MeTtonbl nepBoii rpymnnbl 00OecrneyuBaloT ONpeleeHue
YaCTOTHOrO KO3(@HLIMEHTa Mepefayd C MOMOLLbIO MPAMOro
npeobpa3zoBaiua @ypbe, pacyeT CIEKTPOB BLIXOOHBIX CHTHA-
JIOB MO 3aAaHHBLIM BXOAHBIM CHTHallaM M HaXxoXOeHWe Bpe-
MEHHBIX XapaKTEPUCTHK BBIXOJAHBIX CHUTHAJOB C TMOMOLILIO
obpaTtHoro npeodpa3oBaHusa Dypee.

B Mmetopax BTOpoil rpynnel AnsA aHaau3za POY ucnonb-
3yeTCsl 3aBUCHMOCTb CIMEKTPA BbIXOAHOrO CHMIHAla OT Ipo-
W3BEJIEHUS CIEKTpa BXOAHONO CHMIHajla U YacTOTHOM mMepe-
natoyHoil dyHkuMK. Tlpu 3TOM yacTOTHBIE DyHKLUM leneii
MOJENIUPYIOTCS 10 BHYTPEHHUM NapaMeTpaM ycTporcTB. Me-
TOAbl BTOPOM IPYIMNbI MO3BOJAIOT ISl PA3JIHUHBIX 3HAYEHU
pabouyMX 4acTOT IMPOM3BONMTH BbIYMCIEHUS 3HAUYEHMH Yac-
TOTHBIX XapaKTepPUCTUK YCTPOWCTB, TO €CTb PEaJM30BLIBATHL
TaK Ha3blBaeMbIi YHCIEHHDbIH cNeKTpaabHblii moaxod. [loaTtomy
OHH MCTIONIBb3YIOTCA 3HAYKMTENBHO YaLlie.

Ilo cpaBHEeHHIO ¢ BpeMEHHBIMH METOJbl YACTOTHOTO aAHA-
Ju3a u Moaeanposanna PDY obnanaloT BLICOKHMM ObICTpOaeiic-
TBUEM M BO3MOXHOCTbIO OLEHKH ycToituuBOCTH. OcobGeHHO
NMpOSBNAOTCA WX AOCTOMHCTBA, €CAM IJI MONETMPOBaHMSA
P3Y, paauoyacTOTHBIX M W3Jy4YaloOllIMX YCTPOICTB, pajgHo-
3NIEKTPOHHBIX CUCTEM TPUMEHSIOTCSI MATPHIBI KJIACCHYECKOH
4 BOJIHOBO#H TEOPHH 4eThIPEXNOJIOCHHKOB.

IIpn NpOeKTHPOBAHHMH # MOOEIMPOBAHHH PAIMO3IEKTPOH-
HBIX YCTPONCTB M paJHO3JeKTPOHHbIX CHCTEM BO3AEHCTBUA
Ha BXOZax W BbIXo#axX MX (YHKLHMOHANBHLIX 3JIEMEHTOB pac-
CMATpUBAOTCA KakK ¢(pa3zoBbie MEpeMEHHbIE MaTeMaTHYeCcKOH
Moaenau. Cnocob onucaHus ¢$a3oBbIX NepeMEHHbIX, OKa3blBa-
IOLIMHA CYLIECTBEHHOE BAMSIHME Ha COCTaB MOIEIM U MAKpO-
mMonenu OYHKLHOHANBHLIX OJIOKOB, onpenensieT GakTHYECKH
METOJ NMEPEXoaa 0T MATEMATHYECKOH Moleld K uudposoii. Cy-
L1ECTBYET MHOXECTBO METOJO0B MeEpexoda OT MareMaTHYECKOM
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MoJieau K LM(ppoBoii, K Haubonee pacnpocTpaHeHHbIM CPeAr
KOTOpbIX B HacTosllee BpeMsa oTHocATes [1]:

* METOA HecyulIe#, KOraa MCMoJib3yIOTC MTHOBEHHbIE 3Ha-
yeHHM S (a30BbIX NepeMEHHbIX, BXOOIHbIX CUTHANIOB M HX
CMECH C NMOMEXaMH;

* MeTOoJ KOMIIJIeKCHOH orudamwmieii, Korna ¢pa3oBbie nepe-
MEHHbIE M BXOAHBbIE CHTHAJIbl OMMCBIBAIOTCH C TOYHOC-
ThIO 10 UX KOMITJIEKCHBIX OrM0aolimx;

* MEeTOX CTATHCTHYECKHX JKBUBAJEHTOB, KOrda peajibHble
CllydyalHble TIPOLECCHl B PaAHMO3JIEKTPOHHOW CHCTEME
MPEACTABJISIIOTCA CBOMMHU CTAaTUCTUYECKMMM XapakTe-
PHUCTHMKAMM, HAIpUMEDP MaTeMaTHYECKMMU OXHMAaAHUA-
MU M JUCMEepCUs MU, MO0 KOrna peanbHbIE MPOLIECCHI
3aMEHS0TCA APYTHMMM, HO CTaTUCTHYECKU afeKBaTHBI-
MH UM B paMKaXx BbIOpAHHOro KpUTEPHUS, HANIPUMEp, IO
COBMAAEHUIO OMNpPeAeIEHHOI0 YUCTA MOMEHTOB;

+ MeToa MHGOPMAIIMOHHOIO NapaMeTpa, KOria BMECTO MC-
CleJoBaHUS TPOXOXACHUS peanbHOro CUrHajaa B Mo-
JIeJIU CUCTEMBbl pacCMaTpUBAeTCAd IPOXOXAEHUE 4Yepes
MoAeNb WHGOPMAlLIMOHHOIO mNapaMeTpa, As IpUeMa
1 00pabOTKHM KOTOpPOro 3Ta CUCTEMA MpedHa3HAUYEeHa;

* KOMOMHHMPOBAHHbIE METOIbI.

MeTon Hecyureit Mcronb3yercsa o8 NMOCTPOEHUs Moaeneit
BBICOKOYACTOTHbLIX M HMU3KOYACTOTHBIX 3BEHbEB PaaMO3JIeK-
TPOHHBIX CHUCTeM. MaTeMaTHyecKue MOAENU IO MEeTOHy He-
CyLIe MOTYT CTPOMTbLCH Ha OCHOBE KaK NMPUHUMITHUANBHbLIX,
TaK U CTPYKTYPHBIX (DyHKLIMOHANbHBIX) cxeM. [Ipu aToM ans
onucaHus npeoOpa3oBaHWd CUTHANIOB M MOMEX B 3JIEMEHTaX
CXeMBbl MOTYT HCIOJIb30BaThCA CIIEKTPalbHble MM BpEMEHHbIE
npeoOpa3oBaHusd, a Takxke AHddepeHManbHbIe YpaBHEHMS.
Haunbonee lHpOKO (KaK YKa3blBaJOCh paHee) MCMOJIbL3YIOTCs
NpH ONUCAHUHM CUTHAJIOB W noMex a1 depeHLMaabHbIe ypaB-
HEHHS. DTOT METON TMO3BOJIAET ¢ HEOOXOAMMOM MOMHOTON
M 3aJaHHOM TOYHOCTbIO pealu30BbiBaTh B LM(PPOBOH MOAETH
ornepaliiu, BbITIOJTHSAEMBIE KaXAbIM 3JIEMEHTOM.

MeToa KoMILIEKCHOI orndaroneil npMMeHAeTCs Toraa, Koraa
MHGbOpPMaLMOHHBIH npouecc A = A(f), XapaKTepU3YIOLIUii Mpe-
obpazoBaHue HH(MOPMALIMKU B CUCTEME, 3AKJIIOYEH B KOMILJIEKC-
HOW orubatoweii curHana. [1py 3ToM HE0OXOAMMOCTL BOCMpPO-
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M3BENEHUS B MOJEJIM Hecylled, He coaepxaulei uHhopMalny,
ornagaet. @opMupoBaHUe MOAENM B ITOM CJIy4ae COCTOMT
B OTBICKAHWH aJIrOPUTMOB, MO3BOJIAIOLIMX MONYYaTh KOMILIEK-
CHbIE OrudaroliyMe pa3IM4YHbIX CUTHANIOB U TIOMEX W BHIYHCIATD
MTHOBEHHbIE 3HaYeHHMsl KOMIUIEKCHOH orubaroleil Ha BhIXOle
Mo0Oro 3/1EMEHTa CUCTEMbI 110 MTHOBEHHBIM 3HAYEHWAM Ha
Bxoze. [1n1st MoAenMpOBaHMSA METONOM KOMILUIEKCHOU orubalo-
uieil paspaboraH psg crnocoboB MaTeMaTHYECKOTO OMMUCaHUA
TUTOBLIX 3JIEMEHTOB (3BEHBEB), CUTHAJIOB M MOMEX Ha OCHOBE
MeTOna MeJIEHHO MeHstotuxest ammiutyn Ban-nep-Tlons.

CywmHOCTh METOOAa KOMILJIEKCHON orubaroiueil CBOLMT-
¢ K 3aMeHe 3JIEMEHTA (3B€HA) PaaHO3IEKTPOHHONU CHCTEMbI
C Y3KOMOJIOCHBIM BXOAHBIM BO31€HCTBMEM 3KBHUBAJEHTHBIM
HU3KOYACTOTHBIM 3BEHOM C BXOJHBIM BO3[CIICTBUEM B BUAE
KOMIUJIEKCHOH orubaloLlei y3kornoaocHoro curnaia. [lpu us-
BECTHBIX OIMCAHUAX TUIIOBBIX 3/IEMEHTOB PaJiHO3JIEKTPOHHbIX
cHcTeM (reHepaTopoB, MOAY/IATOPOB, AEMOAYJIATOPOB, YCHIIH-
Tejled, CyMMaTOpOB, MHTETpaTopoB U T. A.) MOAEJMpOBaHME
METOIOM KOMILIEKCHO#M orubaroiieil cBoauTcsd K KOMOMHUPO-
BaHMIO U3BECTHBIX aJITOPUTMOB B COOTBETCTBUH ¢ (PYHKLIMO-
HaJIbHOM CXEMOW MOIETUPYIOLIEH CHCTEMBI.

MeToa cTaTHCTHYECKHX 3KBHBAJIEHTOB COCTOMT B 3aMeHe
peanbHOro 2371eMeHTa (3BeHa) PaRUOINEKTPOHHON CHCTEMBI
MaTEMAaTHYECKOM MOLENBIO, ABJISIIOLIEHCS SKBUBAJIIEHTOM 3TO-
ro 3seHa. [IpyM 3TOM CTaTUCTHUYECKMH SKBHMBAJIEHT 3JIEMEHTA
CUCTEMBI 00ecreyuBaeT aneKBaTHOCTb BLIXOZHOIO CHIHala
JIMIIb B CTATUCTUYECKOM CMBIC/IE, C TOYHOCTHIO 10 3aAaHHBIX
CTAaTUCTHYECKHUX XxapakTepucTUK. Haubonee yacto B KayecTBe
OLIEHUBAEMBIX CTATUCTUYECKUX XapaAKTEPUCTUK UCMIONb3YIOTCS
nepBbie 1Ba MOMEHTA (BLIOOPOYHbLIE CPEAHUE U JUCIEPCUH).

3ameHa peasnbHBbIX 3J€MEHTOB CHCTEMBI MX CTaTUCTHYEC-
KHUMU 3KBHBAJIEHTAMH MOXET IMPOU3BOAUTLCH Ha OCHOBE Me-
TOAA CTATUCTHYECKOH NMHeapu3auMu, GOpMYAbLHOTO METOAA,
METOAA rapMOHWYECKON CTaTUCTMYECKOH peanM3aluH H Ap.
Tak, HanpuMep, MeTOI CTATUCTHUYECKOHN JIMHEApU3aLlUU NPH-
MEHSIETCS L1 MOAETMPOBAHMUS HU3KOYACTOTHBIX HETMHEHHbIX
9JIEMEHTOB NyTEM 3aMeHbl UX THHEAHBIMY CTATHCTUYECKUMHU
akBMBaneHTaMUu. OH oGecrneyrBaeT aaeKBaTHOCTb MaTEMaTH-
YeCcKOro OXHJaHWA W (IIOKTyaluHMH CUTHajla OTHOCHUTEIBHO
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MaTeMaTH4eCcKoro OXMIAaHHMS. DTOT METon sABJsSETCS I0CTa-
TOYHO COBEPLICHHBIM JIMLIb MPU HOPMAJbHO pacrpenciaeH-
HBIX CIy4YaWHBIX BO3NEHCTBHUSX.

Merton wndopMaUHOHHOrO mapaMerpa NMPUMEHSETCS AN
MOCTPOEHUA MaTeMaTHYECKHMX MOAENEH TaKMX pPajMO3IEKT-
POHHBIX CUCTEM M CPEICTB, B KOTOPBIX OCYLLIECTBsETCS Mpe-
obpasoBanue MHpopMalUKMOHHOro napamerpa. OH LIMPOKO
MPUMEHSAETCS TPHU MOJEIMPOBAHMU CJENYIOLIMX THUIIOB pa-
IMOJIEKTPOHHBIX CUCTEM U CPEACTB:

* M3MEpUTEJIel napaMeTpoB ABUXEHHWA 00bEKTOB (ZanbHO-

CTH, CKOPOCTH, HaNnpaBJieHUsl, MECTOIONOXEHUS U T. I1.);

* PJIC-cnexeHus 3a LENBIO CHCTEM CAMOHABEAECHMS;

* YCTPOMCTB aBTOMAaTMYECKOro cleXeHHs 3a da3oi MU

YaCcTOTOM CHUrHana.

B kauecTBe MH(MOpPMaLIMOHHOTO NapaMeTpa A(f) MOXeT ObITh
J1000i1 napaMeTp, OTCIEXUBAEMbIi CUCTEMOIA: aMITIMTYla, Yyac-
TOTA WIH (pa3a cUrHasIa, YIJI0BOE OTKJIOHEHHUE 10 a3UMYTY U YTy
MecTa, QaJbHOCTh LUenu W ap. CyliHocTh MeToaa WHQopMaLM-
OHHOrO MapameTpa 3aKJIKYaeTcs B 3aMeHe CTPYKTYPHOI CXeMbl
peasbHOi CHCTeMbl C BXOAHBIM CMIHAJIOM B BUIE CMECH X(f, A)
CTPYKTYPOH 3KBMBAJIEHTHOM CUCTEMbI aBTOMATUYECKOrO PeryJiu-
pPOBaHMS C BXOAHBIM BO3AEHCTBUEM B BMAEe WH(OPMALIMOHHOrO
napaMetpa A(f). [Ipx 3TOM IJIaBHBIM BOMPOCOM ABjsieTcs obec-
neyeHHe CTATUCTUYECKOM aJeKBAaTHOCTH MONEIM U peaibHOH
cucreMbl. Kak npaBuiio, anekBaTHOCTb MOIEIY M CHCTEMbI 0Dec-
NeYMBaeTcsl WACHTUYHOCTRIO DH(bepeHIHATBHBIX YPaBHEHUH,
MO3BOJMAIOIINX HAWTH OLEHKY HH(OPMAllMOHHOIO MapameTpa

(), WJIN BeJIMYMHOM CUrHaJja OWMOKH B BuAE e(f) = A(f) — ')\u(t).

MeTton nHbOpMaLlMOHHOIO NapameTpa sBaseTcsd YHUBED-
CajIbHbIM 1151 PaAvO3JEKTPOHHBIX CHCTEM CHAEASIEro TUIIA,
TaK KakK OH I[I03BOJIAET OCYIIECTBUTL HMX MOAEIMPOBAHHE
C €AMHBIX MO3HULIUHA.

KoMOHHHpORAHHBIE METOAbI TPUMEHSAIOTCH B TeX Clydasx,
KOT/1a 11€JIbI0 MOAEJMPOBaHMS SABASAETCS BhISIBJIEHUE BAUSHUA
napaMeTpoB OTAC/AbHBIX 3JEMEHTOB PaaHO3IEKTPOHHON CHC-
TeMbl Ha ee 3¢ heKTUBHOCTD (MOKa3aTead KauyecTBa), HarpH-
Mep, MPH ONTUMM3ALMK CHCTEM.

Ilpn koMOMHUpOBaHHOM MeTole pa3paboTKX UUQPOBOWH
MOJENH YacTb 3JEMEHTOB PagHO3JEKTPOHHOM CHUCTEMBI (He-
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CYLIECTBEHHO BAMAOLIAA HA €¢ 3((DEeKTHBHOCTb) NpeacTaB-
nseTcs PYyHKLUMOHANbHBIMY MOAEISIMH BXOISAILLMX B Hee 3je-
MEHTOB, a Apyras 4acTb BOCIPOM3BOAMTCS B Moaeau Oosee
TOYHO, B BHAE nuddepeHHalbHbIX YPaBHEHHH, COCTABJICH-
HbIX, HAMPUMEpP, MO NPUHUMUINMHAAbHOKH cxeme. KoMOMHMHpO-
BaHHbIC METObI MO3BOJSAIOT YIIPOCTUTH MOOENb PaTHO3NEKT-
POHHO#H CHCTEMBbI B LIEAOM, CYLUECTBEHHO PACLUMUPASA IIPU 3TOM
BO3MOXHOCTH MPH MCCAER0BAHUU HaMbOJIee BaXHBIX C TOUKH
3peHHMs BKJaaa B 3(PPEKTUBHOCTb CUCTEMBI XapaKTEPUCTHK.

2.3. Anroputmsbl aHanmaa undpoBbIx
YCTPOWUCTB

B ocHoBe aHaM3a LUGPOBLIX YCTPOHCTB JIEXUT UCMONb30BaHHE
ux GU3NYECKUX U JIOTMUYECKUX MOAEIEH A5 MOIYUYEHHUsT KapTH-
Hbl JIOTMKO-BPEMEHHOIO MNOBEACHUS YCTPOHCTBA TPU pasyiMu-
HbIX BXOOHBIX BO3AeHCTBUAX. Monenu LIM(pPOBLIX YCTPOWCTB,
UCTOJIb3YEMbIE DU MPOEKTHPOBaHMU PIY, MOXHO pa3aenutb
Ha JIB€ OCHOBHBIE TpyTMbl: DHU3NUECKHE U Jorrueckme [1].

[Ipy ¢u3nyeckoM MOZeTHPOBAHHH OTIOE/bHBIE IJEMEHTHI,
13 KOTOpbIX COCTOMT LiMdpoBoe ycrpoiictso (L1Y), npencras-
JIAOTCA UX 3JIEKTPUYECKMUMH MAKPOMOAEASAMH, COCTOALIUMHU
13 6a30BBIX 37IEMEHTOB TEOPUH LieTIeit (TIJIEHOUHbIX PE3UCTOPOB
W KOHJIEHCATOpOB, TU(PPY3HBIX PE3UCTOPOB U KOHAEHCATOPOB,
ounonsproro wau MJITI-TpaH3ucropa, noaynpoBoIHUKOBO-
ro aMoaa). Ha ocHOBaHHM CUCTEMBI 3TUX MakpoMoznenei ¢op-
MUpYeTCs MOJHas 3JeKTpUuueckaa moaens LY.

®usnueckue monenu LIY nossonsior HanboIee MOJHO NMpej-
CTaBUTb paboTy YCTPOWHCTBA BO BPEMEHM C YYETOM peajibHbIX
3ajiepxkeKk cpabaTblBaHMs IEMEHTOB. DTH MONEIU lienecoob-
Pa3HO UCMOJb30BATh HA 3aKJIOYUTENLHOM 3TAne NpoeKTHPOoBa-
HUs POY u3-3a 60/bLIMX 3aTPaT BpEMEHH HA MOAETMPOBaHUE,
KOraa HeOOXOIMMO MMETH JaHHbIE 00 YCTPOMCTBE, KOTOpbIE He-
JIb351 IONYYUTh C MOMOLLLIO DOsee MPOCThIX MOIENEH.

IMpy noruyeckoM MoleqMpOBaHHM Kax bl snemeHT LY
MpeACTABASAETC YNPOLIEHHONH (OpMalbHOM MOAENBLIO B BUIAE
JIOTUYECKOT0 COOTHOILLEHHMS, OIMUCHIBAIOLLIErO JIOTUKY €ro
dyHkuuoHuposanus [1]. [1pu MeHblIei neTaau3audy padoThl
B CpPaBHEHUM C (PU3MYECKUMH JIOrMYECKHe MOAeaH o0nanaoT
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BO MHOI'0 pa3 0oJIbIIMM ObICTPOACICTBHEM M NMO3BOJAIOT pe-
1IaTh PAA BaXXHbIX MPAaKTHUYECKUX 3a1ay:
* TMPOBEPATH NMPABUJIBHOCTb JIOTMYECKOro yHKIIHOHHPO-
BaHus LY,
* CpaBHHBaThb XapakKTePUCTMKH pa3lHyHbIX BapHaHTOB
CXEMHBIX PELICHH;
* pa3pa0aTbiBaTh NpPOLENYPHI TeCTOBOro KoHtpons LY
Y MPOBEPSITb UX NMPaBHJILHOCTb U TIONHOTY;
* MpoBepAThb paboTy 1enei yctaHoBKM LY B HauanbHOM
COCTOSIHHMH.

B Hacrosiiiee Bpemsi pa3paboTaHO MHOTO aJrOPUTMOB, MaKe-
TOB NPUKJIAIHBIX IPOrPaMM M JaXe CNeUHaTHU3UPOBAHHBIX S13bl-
KOB 1711 aHa/nu3a W mMopenupobaHus LY Ha noruyeckoM ypoBHe.

I1pu MoenMpoBaHHM HA JIOTHYECKOM YpOBHe duanyeckas
NpUpoaa CUTHaNoB (TOK WM HanpsixeHue) B 11Y He KOHK-
peTusupyetcs. CHrHaAbl 321a10TCA CHMBOJIAMH, COBOKYITHOCTb
KOTOPBLIX OMUCBLIBAET COCTOSIHUE U paboTy 31eMEHTOB, U3 KO-
TOpbIX cOCTOUT 11Y. COBOKYNHOCTb MUCIOJb3YEMBIX MPA 3TOM
CUMBOJIOB Ha3blBaeTcs AA()aBUTOM JOTMYECKOr0 MOAeJMpOBa-
ausA. [Ipu 3TOM Mexay peanbHbBIMHM CUTHaJaMH M CUMBOJaMHU
YCTaHAaBJIUBAETCs OAHO3HAYHOE COOTBETCTBUE.

ITpocTeH1uMM ABAAETCA ABOMUYHBINA aJipaBUT, BKIIOYAIOLL WA
Bcero npa cuMmBonia: 0 u 1. OH obecrieurBaeT MaKCHMAbLHYIO
CKOPOCTb MOJAEIMPOBAHMS, HO HE TMO3BOJSIET BbIABNATL HEOI-
HO3HaYHOCTb paboTsl L1Y M XxapakTep rnepexonHbiX MpoOLECCOB.

MonenupoBanune LIY ¢ nmomoluibio MHOro3HauHbIX (TpO-
MYHBIX, MATU3HAYHbIX, AEBATH3HAUHbIX, OECKOHEUHBIX) aJi-
¢aBUTOB 0DEcreuMBaeT BO3MOXHOCTb MOJIyueHUsA Oosblleit
WHbpopMmaumu o LIY. [Ipy 3TOM oTAenbHblE 37EMEHTH MO-
NENVPYIOTCS MHOMO3HAYHBIMH TaOMMLUAMM UCTHHHOCTH, YTO
MPUBOAMT K YBEJIHMYEHHIO TpeOyeMoro BpPEMEHH MOAENVpo-
paHus. B kavecrBe Moneseit anemeHToB LIY Mcnonbsyrorcs
(opManbHblE MOAENH <«4YEPHOrO fAIIMKA», B KOTOPBIX CBSI3b
MeXAY BXODHbIMHM M BLIXOAHBIMW CMTHAJIAMHM 2JIEMEHTA 3a1a-
€TCsl ¢ MOMOLIbI0 Oy/ieBbIX YypaBHEHHMH JU00 TabAMLL MUCTUH-
HocTH. Tak, Hanpumep, nw0doe LUbpPOBOE YCTPOUCTBO MOXET
ObITh peajiM30BaHO HAa OCHOBE KOMOMHALMH npocTeiiuux Ga-
30BbIX 21eMeHTOB Ludposbix cxeM U, NJIH, HE, onepauuu
CIIOXEHUS 110 MOIYJIIO ABa U AP.
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I1pu monenupoBaHuu L1Y Ha OCHOBe MMKpOCXEM cpemHeit
M OONBLIOH CTENEHM UHTErpallMM OoJiee CIOXKHbBIE JIEMEHTHI
(TpUrTephl, perucTpbl, YCTPOMCTBA MaMSATH) MOTYT TpeACTaB-
JIATbCA B OOHUX ciayyasaxX KOMOMHAUMSIMHU MpocTeHlInX Oa-
30BbIX 3JIEMEHTOB, a B JIPYTHX CJIyyassiX ONMUCHIBATLCS B Tep-
MWHaX BBITIOJHSEMBIX UMM ornepauMii (0e3 pasnoxeHWs Ha
COCTAaBJISIIOLIME X MPOCTEHILNE 37EMEHTHI).

Takum oOpa3zoM, MaTeMaTHUYeCKass MOAENb 1IH(POBOro yc-
TPOICTBA NMPEACTABANAET cO00M cHcTeMy OyJieBbIX YPaBHEHUWH,
KaXKJ10€ U3 KOTOpPbIX OnucbiBaeT oquH 31eMeHT L1Y nubo cuc-
TEMY MHOTOMEPHbIX TaOJHL, MCTMHHOCTH. Takue MaTeMaTH-
YecKHe MOAEJM MOTyT ObIThb peajin3oBaHbl HA DBM paznuny-
HbIMH crocobamu.

Anroput™Mel aHanu3za LY B 3aBMCHMMOCTH OT yyeTra MU
HeyueTa 3a/IepXeK B MX cpadaTblBaHWUM JENATCA HA CUHXPOH-
Hble U aCUHXPOHHbIE, A TIO CIoco0y OpraHu3alMu Mnpolecca pe-
LUEHWS CUCTEMbI YPABHEHUH — Ha CKB803Hbie U cobbimutinbie.

Monenu, peanM3yIOIUE CUHXPOHHbII An20pumM aHaIuza,
COOTBETCTBYIOT paboTe CMHXPOHHOrO aBTOMara, B KOTOPOM
CHTHaJbl Ha Bxodbl 1Y nocTynaioT TONbKO B MOMEHTHI NMOAa-
Y¥ CUHXpOCUTHaNoB. B ocTtanbHOe BpeMsl BXONHBIE CUTHAJIbI
He MOryT usMeHsATb cocTosiHue LY. INepexonHble npouecco
B YCTPOMCTBE 00s3aTEIbHO 3aKAHYMBAKOTCA K MOMEHTY TpH-
X0Jla CIEeAYIOIET0 CHHXPOCUTHANA.

B Monensix, peaqusyOIUIUX aCUHXPOHHbIL aneopumm aHa-
JIM33a, MOAENb KaXAO0r0 SJIEMEHTA MpeACTaBaAsieTcss B BUIE
KaCKagHOr0 COeAMHEHUS UIeasibHOro O6e3bIHepLIMOHHOrO JIo-
TMYECKOTO 3JeMEHTa M JIMHUU 3alepXKU Ha Bpems (cpaba-
ThIBaHUA 27eMeHTa) 1. He3aBMCMMOI nmepeMeHHON MpH 3TOM
ABJISETCA BpemMs #, NMPOJABUTaeMoe C 1aroM, paBHbIM MMHH-
MaJIbHOM 3ajiepxXKe cpabaTbiBaHUS 3JIEMEHTa B YCTPOMCTBE T.

ANTOPUTMbI CKBO3HO20 MOOEAUPOBAHUA PEAJIU3YIOTCA B Ma-
KeTax MpUKIaAHbIX NMPOrpaMM ABTOMATU3aLMUH NPOEKTUPO-
BaHUs PDY Ha ocHoBe MeToma MpPOCTOH UTEpaLMM, a TAKXKe
Ha OCHOBE METOIOB UTEpalMM 3einenss ¢ paHXHUPOBAHHUEM
1 0e3 paHXUpPOBaHUS YPABHEHUIA.

ANrOpUTMbI COBBIMULIHOZO MOOeAUpOBaHUA TAKXKE DPeaJiu-
3yIOTCS METONAMM MPOCTOM HTEpAUMHU M UTepauuu 3eine-
Asi. OHU NPUMEHSIIOTCS B TeX Cliy4yasix, KOrZa BBIMIPBLILI OT
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yMEHBUIEHHU I YUCIa pelllaeMbIX YypaBHEHU I Ha BCEX UTEpALIU-
AX NPEBLIUACT 3aTpaThbl HA aHAJIKW3 2JIEMCHTOB 1y

2.4. Metoabl MOOENMPOBAHUA NONen

[1pu npoektupoBaHuu PDY MoxeT pewiaTbcd 3ajada mMone-
JIMPOBAaHMSA 0JIel, BO3HUKAIOIUMX B paguoanmnaparype. [Tpu
3TOM MOTYT MOJAE/IHMPOBATbCS KaK AMHAMHUUYeCKHUE (JIEKTPO-
MarHUTHbIE, TETMJIOBLIE), TAK ¥ CTAaTHYECKHUE (JIEKTPUYECKHE,
MAarHMTHBIE, MEXaAHWYECKHE U [Ip.) MOJIA.

Kak 1 B 060l (usmyeckoi cucteMe, MeXay TOJSIMHU
CYWIECTBYIOT MPUUYMHHO-CIEACTBEHHBIE CBA3U. [lo3ToMy
3[€Ch TaKXe MOXHO TOBOPHUTb O GHYymMpeHHUX TapaMeTpax
Moaend (KOH(PMrypauuu 3JeMeHTOB, CO3JAIOWIMX TO0Jf),
@HewHUX NnapamMeTpax (BO3AeHCTBHAX, BO3MYIIAIOLIMX 10J15)
U @bIX00HBIX TIApaMeTpax — peaklHUsAX pe3yJlbTUPYIOIIEro
Moas Ha BO3MYLUEHUA. 3aKOHbI COXpAaHEHUS 3HEPTUU U He-
NpepLIBHOCTH MPUMEHUMBI K JI000MY BHAY MO — 3JieK-
TPHUUYECKOMY, TEMJOBOMY, aKycTHUYeCKOMY M T. n. [loaToMy
TOMOJIOTHYECKHUE YPABHEHUS IJIS1 MOAETUPOBAHUSA CUCTEMBI
nojned ©OyayT WHBapMaHTHLI OTHOCHUTENBHO (HU3UYECKOH
MPHPOLbI MO,

Kak npaBuio, Mpd MOOEIMPOBAHHUM 3JEKTPOHHBIX CXEM
UCTIONB3YIOTCA (ha30Bble NEpEMEHHbIE TOJBKO OAHOrO THIIA,
M MaTeMaTvyeckasi Mojejb MojiyyaeTcsd B BUAE OOLIKHOBEH-
HbIX auddepeHUHANbHBIX (1MO0 anredpanyecKMx) ypaB-
HeHui. PelleHMe WX CBOOMTCA K pa3de/ieHUIO TepeMEHHBIX
U oMnpeeleHHIo peakliMd Ha 3agaHHOe BO3IEHCTBHE.

ITpu MonenupoBaHUM NoNei UCTIONB3YIOTCS (hpa3oBble Me-
PEMEHHBIE IBYX THIIOB: CKaJsIDHBIE U BEKTOPHbBIE, TaK KaK M3-
MeHeHHe (Pa30BbIX MEPEMEHHbBIX MO MPOCTPAHCTBY U BPEMEHH
HMMEeT CpaBHMMYIO BenuM4yKuHYy. OObIYHO, €C/IM BHEUIHHE BO3-
NEACTBHA 3alaHbl B BUAE NMEPEMEHHBIX ONHOrO THIIA, (a30Bbie
MEPEMEHHBIE, ONPECIAIOlIME PEAKIIMI0O CUCTEMBI, OTHOCATCA
K IpYTOMY THIy, © HA000pOT.

[lpy MoAeNMPOBAHWUM 3INEKTPOAUHAMHUYECKUX OOBEKTOB
(anTenH, ycrpoicTs CBY u ap.) ucnonb3yeTca cucTeMa ypas-
HeHWiT MakcBemna B auddepeHIMaNbHOM HOPME ¥ MaTepH-
albHble YpaBHEHUS, 3aBUCALLIME OT CBOMCTB Cpellbl.



2.4. Memodw: Modeauposanus noaei 5@

PereHue Bcex 3TUX YpaBHEHHI C YYETOM IpPaHHMYHBIX YCJO-
BUH (KpaeBas 3a/1a4ya MaTeMaTH4ecKOH (PM3MKH) BO3MOXHO aHa-
JIUTMYECKHU TOJBKO s MpOCTEHIIUX 00BbEMOB, KOrIa MOBEpPX-
HOCTH pa3[e/ia cOBMAgaloT ¢ KOOPAMHATHBIMM TMJIOCKOCTSAMH.

PeanbHble 00BEKTBI 3MEKTPOAMHAMHMKH  JOCTAaTOYHO
CNOXHBI, M YCIOXHEHHEe MX KOHG(HUrypaluMH BedeT K OBbICT-
POMY POCTY TPYAOEMKHX BbIYHCIMTENbHbIX MPOLECCOB IpU
pelIeHHH eIMHOH KpaeBOH 3agaqyH.

Iloatomy Hambosiee yHHBepcaJbHBIM METOAOM MOJEH-
poaHMsi M aHanu3a CBY-ycTpoiicTB siBNseTcss NeKOMMO3M-
LIMOHHBIN nogxol — pa3OHMeHHe CJIOXHOro YCTpOMCTBa Ha
psaa 6osee MPOCTBIX YCTPOHUCTB, JONMYCKAIOUIMX HE3aBUCHMBIH
aHa/M3 M XapaKTepU3YEeMBIX TEMH MJAM MHBIMM MaTpHLUAMHU
napaMeTpoB [1]. DTu mpocThie ycTpoiicTBa Ha3bIBAIOT 0a3o-
BbIMH 3N1eMeHTaMH (O10KaMH).

Hcnons3yercs nBa criocoba aHanu3a 06a30BbIX 2JEMEHTOB.
ITo nepBoMy M3 HHMX KaX/Iblil 0a30Bblil 3JIeMEHT 3aMeHAeTCH
HEKOTOpPOM CXeMOM 3aMeLueHMS, COCTOSILUEH M3 COCpeloTo-
yeHHbIX 3neMeHTOB L, C M R, a TakXe peryisipHblX OTpe3KOB
JIUHUM Tepefayy, 4YeThIPEXMOJIOCHUKOB M MHOTOMOJIOCHH-
KOB. DNeKTpOOIHWHAMM4YeCKHME pacyeThl Kaxaoro M3 0a30BBIX
3JIEMEHTOB BBIMONHAKTCA 3a0/1aroBpeMEHHO, a pe3yJbTaThl
NpeacTaBasIOTCS B BUAE NPHUOJMXKEHHBIX (OPMYI M ClIpaBOY-
HbIX TabnuIl, OMpenensAoNMX CBSi3b HOMHHAJIOB JIEMEHTOB
CXeMBI 3aMellleHHS ¢ FreoOMeTpHYeCKUMU pa3MepamMy 6a30BOro
3JIeMEeHTa, YaCTOTOM, CBONCTBAMU CpEIbI.

ITo BTOpOMY cnocoby — CBY-ycTpoiicTBO pa3buBaeTcs Ha
aBTOHOMHEIE OJIOKH B BMJ€ OMNpeNeIeHHBIX TeOMETPUYECKUX
KOH(UTrypalMuil, TONYCKAIOWHUX aHAJTHTUYECKOE MJIM YUCIIEH-
HOe pelleHMe KpaeBOM 3ajayd M ompelejieHMe MaTpull Ma-
paMeTpoB. ajee, Kak ¥ 1o nepBoMy crnocoby, coctaBageTca
Mo[e/lb BCEro YCTPOHCTBA.

K apyruMm MetoaaM MOOEIMPOBAaHUS MNOJEH OTHOCATCH:

* MPOEKIIMOHHBIE METOIbI PELLIEH U 3NEKTPOIM HAMMYECKHUX
3a1a4 ang oTaenbHbiX 6a3oBbiX 6;10Kk0B CBY-yCTpPOMCTB;

* METOI KOHEUHBIX Pa3HOCTEll (YMCIEHHBIH METOA pelle-

HHUSA 3JIEKTPOOIMHAMMUYECKHUX 3aaay);
* METOI KOHEYHBIX 3JIEMEHTOB (MPOEeKLIMOHHO-CETOUHbIH
MeTom).
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OCHOBbI
NCIMOJIb3OBAHUA
CUCTEMbI DESIGNLAB
and MOOAENNPOBAHNA
PAOVNOINEKTPOHHbLIX
YCTPOUCTB

3.1. CocTtaB 1 BO3BMOXHOCTN CUCTEMBI
CXEMOTEXHMYECKOro MOAENMPOBaHUA
P3Y DesignLab

[IpoekTHpoOBaHME 3NEKTPOHHOM anmnaparypbl NpeacTaBis-
eT co00H MTepaLlMOHHBIM MPOoLECC, COCTOSIIMMA M3 3TAIIOB
(QYHKLUMOHAJBHOIO IPOEKTHpPOBaHMSA, pa3paboTKH NpH-
HUMNOMAJABHONA CcXeMbl, pa3paboTKM TedYaTHOI nnaThl, ee
M3TrOTOBJIEHUS, TIPOBEAeHUS MCOBITAHWI, nopaboTKM no
KX pe3yJibTaTaM NPUHIMMHAIBHON WM QYHKIIMOHAIBHOH
CXEMBI, BHECEHUA U3MEHEHHH B MEYaTHYIO NJaTty W T. 1.,
M OCYIUECTBJISIEMBIA 10 TE€X MOp, NMoka He OyOyT yAOBJET-
BOopeHBl Bce TpeOoBaHMsA TexHUYeckoro 3amzaHus. C mo-
BbILLIECHUEM CJIOXKHOCTHM allllapatypbl, fnepexoaoM K Gosee
BbICOKMM [OHana3oHaM YacToT, [pPUMeHEeHUEeM CMellaH-
HbIX aHAJOro-uM@pPOBLIX YCTPOUCTB YHUCI0 UTEPALIMH MO-
IeJIUPOBAHMS CXeM yBeaUYMBaeTca. CBS3aHO 3TO C TEM,
YTO AHAJUTUUYECKH TPYIHO YYECTb napasuTHbie 3ddek-
Thl, MNPUCYLUIME KAK 3JIEKTPOHHBIM KOMIIOHEHTaM, TakK
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M NMPOBOAHWKAM MEYATHHIX IJIAT, M MX B3aMMHOE BIKd-
HUe. EOAMHCTBEHHBIA BBIXOA M3 MOJIOXEHWS 3aK/aloyaeTcsd
B OpPraHM3allM¥ CKBO3HOIO LMKJa aBTOMAaTH3UPOBAHHO-
ro NpoeKTUPOBAHHMSA amnmnapaTypbl, BKJIIOYAIOLLETO B cebs
MOJIeIMPOBAHWE KaK WOeaJIbHOM CXeMBbl, TaK M pealbHO
KOHCTPYKLIMH H €€ HCIBITAHUH NpHU OEHCTBUH Pa3IMUyHBIX
JecTtabunusnpyrowux GakTopos ¢ yyeToM pa3bpoca napa-
METPOB.

Ha naat¢gopme nepcoHaibHbIX KOMIIBIOTEPOB B HAacTO-
silllee BpEMS MMEETCA JOCTAaTOYHO MHOro CMCTeM, obecrie-
YHUBAKOIKX CKBO3HOE MPOEKTHPOBAaHME PaJHOIEKTPOHHOM
annapatypbl. HauGonbluiee pacnpocTpaHeHHE CpeldH pas-
pabOTYMKOB paaMO3JIeKTPOHHON anmapaTtypbl [MOJy4HJa
cuctema DesignLab koprnopauuu MicroSim. OcHoBy cuc-
tembl DesignlLab cocrtaBaser nmporpamma PSpice, KoTopas
sBliseTcd Haubonee U3BECTHON MonudUKaMel IporpaMmsl
cxeMotexHuueckoro Moaenuposanuss SPICE (Simulation
Program with Integrated Circuit Emphasis), pazpaboTanHoii
B Hauane 70-x romoB B KanupopHHIACKOM yHUBEPCHUTETE T.
bepkau. OHa okazasack OYeHb YOAYHOMH, C TeX MOpP MHTEH-
CMBHO pa3BMBaeTcH M ae-(GaKTo CTaja 3TaJOHHOMH Nporpam-
MO MOOeNHpPOBAaHUA AHAJNOTOBBIX YCTpoiicTB. IIpuHATHIE
B HEl MaTeMaTH4yeCKHe MOJENH TMOJYNPOBOIHUKOBBIX MpPH-
OOpOB MCMONB3YIOTCd BO MHOTMX aHaJIOTMYHBIX TIpOrpam-
Max, a CMMCKHU coequHeHuid cxembl B (popmare SPICE noa-
JEPXKUBAIOTCA OONBIIMHCTBOM CUCTEM MOAeNUpOoBaHUA POY
(Micro-Cap, Dr. Spice, OrCAD, P-CAD, ACCEL EDA,
Viewlogic, COMPASS, Design Architect n agp.). Ileppas
Bepcus nporpaMmbl PSpice ans IBM PC cosgana B 1984
r. kopnopauueit MicroSim. C 2003 r. cucrema DesignLab
BrkJroveHa B coctaB naketa OrCAD. Cucremsr DesignlLab,
DesignCenter ¥ nporpamMma PSpice mocraTouHO M3BECTHBI
B Poccuu M MCNonb3yloTcs Ha MHOTHX MPEANpHATHAX MPO-
MBILIIEHHOCTH M B TEXHHYECKHX YHMBepcHTeTax [8]. B cBs-
34 C 9THUM [JajibHelllee M3JI0XKEHHE OCHOB MOAENMPOBAHHUA
pPanMO3JIEKTPOHHOM annaparypsl aBTOpaM TpeacTaBiseTcs
Haubosiee LenecooOpa3HbIM, 0a3upydach Ha BO3MOXHOCTAX
NaKeTa TPUKJAJHBIX MpPOrpaMM CHCTEMbl CXeMOTEXHUYEC-
Koro mMoaenupoaHusa DesignLab.
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Ihasa 3. Ochoev ucnoavsosarun cucmemst Designlab dan
MOOeaupoaanus paduo31eKmpoHHbIX YCMpPolucme

3.1.1. CocraB CMCTEMBI, Ha3HaYeHue U NOPAOOK
NCMONb30BaHUs NPoOrpamm

B cocra cuctembl DesignlLab BxogdaT cneayioliye 0CHOBHbIE
nporpammsl [8]:

rpapuyecKkMil pelakTop TNPUHLMIHAJBHBIX  CXeM
Schematics;

nporpamMma MOJEJIMPOBAHHMA aHAJOTOBbIX U LMMPOBBIX
ycTpoicTs PSpice;

nporpamma rpaguyeckoii 06paGoTKH pe3yisTaTOB MO-
aenupoBaHus Probe;

nporpaMMa cCoO3JaHHMs M pEAAKTHPOBaHHUS BXOIHBIX
curHanos Stimulus Editor;

rpapHyYecKit peJaKTOp MHOTOCJIOMHBIX MeYaTHbIX MJIaT
MicroSim PCBoards.

Ha puc. 3.1 npuBeaeHa ynpollueHHAas CTPYKTYPHasd CxeMa
CHUCTEMbI, OTPAXA4lOLIas B3aMMOCBA3b BXOHAIIMX B HEE [1pO-
rpamMm.

PenakTop Schematics no3pojsieT co34aBaTh YEPTEXKH TIPH-
HUMIIHAJABHBIX cXeM B cpele Windows M OCyLIECTBAATH 3a-
nyck apyrux nporpamm (PSpice, PLogic, Probe, StmEd, Parts,
Polaris, PSpice Optimizer, PLSyn, XACTstep u PCBoards).
MonenupyeMad cxemMa MOXeT BKJIIOUATh CJIEIYIOLIMe THIIOBbIE
KOMIOHEHTBI: PE3MCTOPhI, KOHOEHCATOPbl, WHAYKTHBHOCTH,
TpaHchopMaTophl (B TOM YMCJIE C MATHUTHBIMM CepaeYyHMKa-
MH), TMONBI (BKAKOYAS CTAOMIMTPOHBI M BapMKalibl), Ounonsp-

rpaduyeckue
6ubnroTexn
KOMMOHEHTOB

Schematics

MicroSim
PCBoards

MaTEMATHYECKHE
MOJENH
KOMTOHEHTOB

6ubnmoTexn
KOprycoB
KOMIIOHEHTOR

Stimulus Editor

Puc. 3.1. Cocras cucremsl DesignLab
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Hble, apceHua-Tannuesblie, nonaesbie, MOII- u OunoaspHbie
CTAaTHYECKH MHIYLIMPOBAHHBIE TPAH3UCTOPHI, KJIIOYH, YIIPaB-
JIIeMbI€ TOKOM W HaMNpsKEHHEM, THHUM Nepefayu ¢ rnorteps-
MM, aHanoro-ungpoBbie ¥ LKU(po-aHATOTOBEIE NMpeobpa3oBa-
TeH, UUPPOBbLIE 3NIEMEHTHI (BEHTHJIM, TPUITEPbI, YCTPOHCTBA
KOHTPOJIS, 3alIOMWHAIOLLME YCTPOMUCTBA U MPOrpaMMHUPYEMbIE
Joruueckue Martpuubl). KpoMe Toro, U3 3TMX KOMIOHEHTOB
MOXHO C034aTh MaKpPOMOAENU HMJIH HMEPAPXUUYECKHE CTPYKTY-
pbl Oojiee CIOXHbIX KOMIOHEHTOB M YCTPOWCTB, HampUMep,
ONEpPalMOHHBIX YCUJNMTENEH, KOMIapaTOpPOB HAaTpsXKEHUS,
PEryJaATOPOB HaNpPSXEHHUS U Ap.

[TIporpamMma PSpice obecrnieyuBaeT pacyeT XapakKTepHe-
THK CXeMbl Ha OCHOBE 3aJaHUs, COCTABJIEHHOro MporpaMmoii
Schematics, ¥ ¢ MCMOAB30BAHHEM MATEMATHUYECKUX MOJENEi
KOMIOHEHTOR CXEM.

Ilporpamma Probe BBIBOAUT Ha 3KpaH pe3yJbTaThl MOJIE-
JIMPOBaHMS, NMPOU3BOAMUT MX MaTeMaTHYecKylo oOpaboTKy M
oToOpaxaet B TabnMUHOI OpMe MX BaXHEHLIIHUE XapaKTEpUC-
THKH, HAHOCHUT Ha rpaUKH NOACHSAIOIIME HAATMCH U TTO3BO-
JIFeT NMONAYYaTh XKECTKHE KOMUM pe3yNbTaTOB MOAETIMPOBAHUSA
B rpaduyeckoit ¢opme. MartemaTnyeckme npeodpa3oBaHuUs
Hal rpadMKaMU 3aKJII04AKTCH B BbINOJHEHUH apUpMeTHYEC-
KHMX onepauui, BBIYMCIAEHHH pa3TUUYHBIX (GYHKUHI, B3IATHH
MHTETPajioB, pacyeTe CMEKTPOB, TMCTOrpaMM, HM3MepeHHH
napamMeTpoB GhopMbl rpacdMKOB, TOCTPOEHUM 3aBMCHUMOCTEH
no00i XapakTepMCTMKHM rpaduKa OT J1000ro BapbUpyeMOro
rnapaMeTpa CXeMbl.

Penaktop BXomHbiX curHasoB Stimulus Editor nossonsier
NMpoCMOTpeTh (hOPMY aHANOTOBbIX M LM(POBBIX CUTHANIOB, MC-
NMOJIb3YEMBIX B Ka4eCTBE BXOAHbBIX, OTPEJaKTHPOBATh MX MIIH
co3aarh BHOBb. C MOMOILbIO MbILLIH 3aAalTcs Gopma aHano-
rOBOTO KYCOYHO-TMHEHHOro CUrHajaa U BpeMEHHble QMarpam-
MbI JIOTHYECKHX CMT'HAJIOB.

I'padmyeckuii pegakTop MHOIOCNOHHBIX MEYATHBIX MJ1aT
MicroSim PCBoards no3BonsieT MCClea10BaTh B3aMMHOE BJIH-
SIHHE KOMIMOHEHTOB Ha TJIaTe€ CIPOEKTHPOBAHHOIO YCTPOMcC-
TBA U HA OCHOBE DTOr0 ONMTHMM3HUPOBATL MX PACNOJIOXKEHHE,
MPOM3BECTH TPacCCHPOBKY CXeMbl (IIPOPUCOBKY 3JIEKTpHYEC-
KHX COeAMHEHHH KOMMOHEHTOB).
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[Ipu co3maHUM NMPUHLIMIHAJIBHBIX CXEM M MNeYaTHbIX
MnJaT, NpPOBEACHWM MOAEIMPOBAHUS, CHHTE3a Mporpam-
MHPYEMbIX JIOTMYECKMX MATPUII U BbIMOJHEHHUU JAPYLUX
MPOEKTHbIX OMNEpaLMit HMCNONb3YIOTCS pa3HooOpa3HbIe
oubnnoTekH, pasmellaeMmble B @aitnax co CleyOIHMHU
pacliMPEHHUSAMH UMEHH:

lib — mareMaTHMyecKMe MOAENH KOMIIOHEHTOB, CO3Ha-
I0TCsA nporpammoii Parts;

slb — cumBosbl TpacHyeCKUX M300paKeHHi KOMIO-
HEHTOB Ha CXeMe, Co31aloTcs nporpaMmoi Schematics;
plb — uHbopManus 06 ynakoBke KOprycOB KOMITOHEH-
TOB, CO371aeTcs TiporpamMmoii Schematics;

fib — KOHCTPYKTHBBI TUTIOBbIX KOPIYCOB KOMIIOHEHTOB,
co3palotesa nporpammoil PCBoards.

Bce 3TH 6MONMOTEKH MTOCTABNSAIOTCS BMECTE C CUCTEMOM
DesignLab u Moryrt paciuupaThcd W HOTMOJHSITHCH TOJb-
30BaTeNsIMU. MHOrve (QUPMbI-NPOU3BOAMTENH 3NEKTPOH-
HbIX KOMIIOHeHTOB, Hanpumep, Analog Devices, Philips,
Precision Monolithics, Siemense u gp., nyOGJIMKYyIOT CBe-
JIEHHS O napaMeTpax Mojejieil KOMIOHEHTOB B opmMmare
SPICE u cBoGOIHO MX pacrnpoCTpaHAaIOT, B YACTHOCTH Ye-
pe3 UHTepHerT.

Pabora ¢ cucremoii DesignLab o00bluHO HauMHaeTcs
C CO3JaHMA MPUHLMIHANALHOM CXEMBI C IMOMOLLBIO PEJAKTO-
pa cxem Schematics. M3 ynipaBnsioieil obonoyku Schematics
BO3MOXEH BBI30B ADYTHX MOAYJIeH CUCTEMBl (MX IepeyeHb
ykasbiBaeTcs B ¢haiine Msim.ini), 4TO He MCK/JIKYAET U HX
ABTOHOMHOTO 3aIycKa.

BeiOpaB cOOTBETCTBYIOLIMHA PEXXMM MOIENMPOBAHHS, TIPO-
eKTUPOBILMK 3aMycKaer porpaMMy mojeiupoBaHusa PSpice,
KOTOpas BblOAeT pe3yNbTaThl MONEAMPOBAHHS B TpadryecKuii
npoueccop Probe. Mcnonb3aysa paznuyHbe BOZMOXHOCTH 3TOH
MPOrpaMMbl, NOJb30BAaTE/b MPOU3BOAWT aHAH3 MONYYEHHBIX
XapaKTepUCTHK M KOPPEKTHUPYET HOMMWHAJAbl KOMITOHEHTOB
CXEMBI, [OCJI€ YEro BHOBb BHIMOJHSET MOIEJIHpPOBaHME A
KOHTPOJIS1 BHECEHHBIX MU3MEHEHHH.

[lo 3aBeplieHMM MOAENHPOBAHWS YCTPOHCTBA HMeEETCSH
BO3MOXHOCTb CNPOEKTUPOBATL Te4aTHylo njary. [as arto-
ro B nporpamme Schematics cHavana BbIMOJHAETCH <«yna-
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KOBKa» CXEMBbI, 3aTeM CO34aeTCd CIMCOK COSOMHEHMH CXeMbl
B ¢opmaTte BbIOpaHHOro penakTopa meyaTHeiX rmiar. [lepe-
HOC MH(GOPMALIMK O CXEME Ha MEYATHYIO TJIaTy NMPOH3BOAMT-
ca B nporpamme MicroSim PCBoards, nocie 3agaHus Mme-
HM (daina coenMHeHHH (MMeeT pacliupeHue MMeHM .nlf) Ha
MoJjie NMeYyaTHO# IJIaThl MEepeHOCSITCS M300paXeHUS KOPIIyCOB
KOMIIOHEHTOB, JIMHUU 3JIeKTpudyeckux cBsized. WMisrotoeus
MeYaTHYIO TIJIaTy YCTPOMCTBA, MPOEKTHPOBIIMK TPUCTYMAET
K HU3MYECKOMY MOJEIMPOBAHMIO, TIpK 3ToM padoTa ¢ cucTe-
moi DesignlLab 3akaHuyuBaeTcs.

3.1.2. Monb3oBaTenbLCKUn MHTEPGENC CUCTEMBI

HMHrepdeiic nonb3osBaTeNss HMHTErPUPOBAH B IPOrpaMmy
Schematics, KOTOpast IBNSETCS CBSI3YIOLMM 3BEHOM CHCTEMBI.
B 370if mporpaMMe ocyilecTBASIIOTCA rpaduueckKUi BBOA CXe-
Mbl, 3alaH1e JMPEKTUB MOJEJIMPOBAaHUA U 3aMyCK Mnpolecca
MOJENHPOBAaHMUS, MO0 OKOHYAHMM KOTOPOro aBTOMAaTHYeCKM
3anyckaercsl mporpamMa rpacduyecKoro aHajJiu3a nojy4eHHbIX
xapaktepucTuk Probe. B obGonouke mporpammel Schematics
TaKxe 3aJaloTcsd OCHOBHbIE MAapaMeTpbl CUCTEMBI, TIOITOMY
M3ydyeHue UHTepdeica Moab30BaTeNsl HAYMHAETCA MMEHHO
¢ mporpaMmbl Schematics.

Penaktop Schematics MMeeT rnaBHOe MeHI0 M TIAHEJb
WHCTPYMEHTOB ¢ KHOMKAMHM DBICTPOro 3amycka, Kak U Bosb-
wuHcTBo Windows-nipuioxeHuid. B BepxHel yacTu 3KpaHa
pacrojiaraeTcsi FOpM30HTaJbHOE MEHIO, COCTAaB [MYHKTOB KO-
TOpPOro 3aBMCHT OT BbIOpAaHHOrO pexXxHma pelaKTHPOBaHHUA
(penakTHpoBaHHME NPUHUMMHMANBLHBIX 2JEKTPUYECKHX CXEM
nubo pelakTHPOBaHME CUMBOJIOB, T. €. YCIIOBHBIX Tpaduyec-
Kux 0003HaYeHH# koMmnoHeHToB). Ha puc. 3.2 noka3aH ¢par-
MEHT OKHa nporpamMMbl Schematics.

I'pynna menio File conepxxuT koMaHabl A8 paboThl ¢ ai-
JlaMH — CO3[IaHHUe HOBOH CXeMbl, OTKPbITHE pPaHee CO3IaHHOM
cXeMBbl, coxpaHeHHMe haiina Ha auck U T. 1. ['pynna MeHio Edit
npeaHa3HayeHa I8 peJaKTUPOBAHUS CXeMbl (KOTIMPOBaHHUA
B Oy(dep, BcTaBku (PparMeHTa M3 Oydepa B aKTHMBHOE OKHO
penaktopa M Ap.). Huxe npuBoauTcs Ha3HaY€HHE OCHOBHBIX
KOMaHJ rJIaBHOrO MEHIO0 CUCTEeMbI IO rpyrinam.
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Puc. 3.2. ®parmeHT okHa nporpammbl Schematics

I'pynna koManpn File Bknioyaer cieaymwilliMe OCHOBHBIE
KOMaHIbI:

File/New — coznaHue HoBoro ¢aiia;
File/Open — oTKpBITHE CYLIECTBYIOIIErO Ha aucke (aiina;
File/Close — 3akpbiTHe (aiina;
File/Save — coxpaHeHue (aiina Ha DUCK;
File/Print — meuars aiina (cxeMbl) Ha IPHHTED;
File/Exit — 3aBepiieHHe pabOTBl CUCTEMBI.

I'pynna komana Edit BkaroyaeT cnenyolne 0OCHOBHbIE KO-

MaH/ibl:

Edit/Undo — oTMeHa nocieaHero BbIMOTHEHHOTO IEHCTBUS,
Edit/Redo — nostop orMeHeHHoro komaHmoi Undo
JNEACTBUA,
Edit/Cut — nepemelleHHe BblIeNeHHOro (dparMeHTa
B Oy(ep oOMeHa;
Edit/Copy — xonupoBaHHe BbIAEJNEHHOro ¢parMeHTa
B Oycdep o6MeHa;
Edit/Paste — BcTaBka comepXuMoro Oydepa oOMeHa
B CXEMY;
Edit/Delete — ynanenue BbiaesieHHOro )parmMeHTa;
Edit/Attributes — BeIBOI crniMcka aTpuOyTOB BblAE/IEH-
HOTO KOMIIOHEHTA;
Edit/Symbol — pepakthpoBaHue rpacpuyeckoro u3ob-
paXKeHHUs BbIJEIEHHOTO KOMITIOHEHTA;
Edit/Rotate — rnosopoT Ha 90 rpaaycoB BblA€IEHHOTO
tbparmeHTa;
Edit/Flip — 3epkanbHoe oToGpa)XeHHE BblAENEHHOTO
(bparmeHTa.
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I'pynna komana Draw (rpadgmyecknii BBOI B CXEMY) BKJIIO-
YaeT CJELYIOUIME OCHOBHbBIE KOMAHIBI:
Draw/Place Part — noMecTUTb Ha CXeéMy KOMIOHEHT;
Draw/Text — NOMECTHUTb Ha CXeMY HalIHCh;
Draw/Wire — aKTHMBM3MpOBaTb pEXHM pPHCOBAHMSA
3NEKTPHUYECKUX MTPOBOJAHMKOB,;
Draw/Bus — aKTHBM3HMpOBAaTh pexXXMM PUCOBAHUS CHTI-
HalbHbIX IUMH (AN4 UM(PPOBLIX KOMITOHEHTOB).
I'pynna komana Navigate (paboTta ¢ JHMCTaMM TPOEKTAa)
BKJIIOYAET CJeAYIOLHE OCHOBHBIE KOMaHIbI:
Navigate/Previous Page — nepexol K mnpenbiayilei
CTpaHHULE;
Navigate/Next Page — nepexoa K cleaylouei cTpaHuLE;
Navigate/Select Page — BbIGOp cTpaHHIIbI,
Navigate/Create Page — co3nath HOBYIO CTpaHHMILy MPOEKTa;
Navigate/Delete Page — ynanuTh TEKyUIYIO CTpaHMLY
NpOEKTa;
Navigate/Copy Page — KonupoBaTb COIEpXHMOE TEKY-
e crpaHuuUbl B Oydep obmeHa.
['pynna komaHa View (BUMI TeKylleil CTpaHHWIIbI) BKJIIOYA-
eT cledyiolre OCHOBHbIE KOMaHhl:
View/Fit — BbIBOA Ha Becb 3KpaH BCeil CXEMBI;
View/In — yBenuMueHune Macuitada;
View/Out — yMeHbliIeHHe MacluTaba;
View/Area — BBIBOJ Ha BeCh 3KpaH OKaMMJIEHHON yac-
TH CXEMBI (BBIAEACHHOMN MBIIIBIO);
View/Previous — BOCCTaHOBJEHHME TMpedbIAYILEro BUAA
TeKYLLEeH cTpaHHLIBL;
View/Entire Page — BbIBOA Ha Bech 9KpaH Bceil cTpa-
HMLIbI, BKJIKOYas YIJOBOH LUTAMIT,
View/Redraw — obHoBneHHMe M300paXeHUs Ha IKpaHe
(nepepucoska);
View/Pan — New Center — ycTaHOBKa KYPCOPOM MO3HU-
UMM Ha CXeMe JIJIS BbIBOAA B LIEHTP OKHA.
['pynna komaHa Options (HacTpoiKa nmapaMeTpOB CHUCTE-
MbI) BKJIIOHAET CNENYIOLIHE OCHOBHBIE KOMaHABL:
Display Options — ycTaHOBKa OMUHMA OTOOpaxe-
HUSA (BBIBOA CETKH, MpHUBA3KAa OOBLEKTOB K Yy3JaM
CETKH);
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Page Size — BbiGop ¢popmaTa uepTexa, CUCTEMB! eIU-
HHL (I10HMBI, MHUJIJIHMETPBILY;
Auto-Repeat — aBTOMaTHYeCKOe pa3MellEHHE Ha CXeMe
KOIMHHM Mpeblayluero o6bekTa, CMELUEHHONW Ha 3amaH-
HOE PacCCTOSTHHUE;
Auto-Naming — aBTOMaTH4Y€CKOe Ha3HA4YECHHUE MO3MLIMOH-
HbIX 0003Ha4eHMI1 KOMITOHEHTOB M MMEH NMPOBOAHHKOB;
Set Display Level — ycTaHOBKa ypOBHA JAeTaJH3alHH
IIpH BbIBOJE rpadHMyecKoi M TEKCTOBOM MHGOpMaLHK;
Editor Configuration — BBoA crMcKa MMeH 3arpyXKaembix
OMOMMOTEK CUMBOJIOB, TTYTEH JOCTYIA K HUM M BCEX IPYTUX
rapamMeTpoB KoHMHUrypauuu (B T. 4. YCTAHOBKA 1IPUDTOB).
OctanbHble rpynnbl KomaHa Analysis, Tools, Markers rnag-
HOTO MEHIO CHMCTeMBI OyIyT pacCMOTpPeHBl HUXE MPH M3JTI0XKEHUH
NIOpsAIKa MOAEIMPOBAHHS CXEM B Pa3TMYHBIX peXHMaxX aHaIu3a.

3.1.3. OcHOBHble BO3MOXHOCTHU CHUCTEMBI

[TpounnocTpupyeM OCHOBHbIE BO3MOXHOCTH CHCTEMBI Ha ITPU-
Mepe MOIeJMpOBaHMS pe30HAHCHOro ycuaurtens. dns atoro
B INporpaMme Schematics ocyiuecTBaseTcs: rpaguyecKuii BBOI
CXEMBI M 33[al0TC MapaMeTpbl KOMIIOHEHTOB B COOTBETCTBHH
C pacyeTHBIMM JAHHBIMH. 3aTeM B CXeMY BBOIMTCH MCTOY-
HHUK CMrHajaa (3To 006s3aTe/ibHBII 00BEKT, KOTOPBIH Onpejae-
JISET BXOJHOE BO3JEHCTBHE), MapKephl AJiSl TMOJYyYEHUS BbI-
XOMHBIX 3aBHCUMOCTEN B KOHTPOJBHBIX TOYKAX CXEMBI, MOCIIE
4yero cxema MpoBepsieTcss Ha MpeaMeT OTCYTCTBHS OLIMOOK.
Ha puc. 3.3 nokasaH ¢parMeHT OKHa nporpaMmel Schematics
CO CXeMOIi Pe30HAHCHOIr0 YCHJIUTEN .

Hanee BHIOMpaeTCA PeXXHM MOIENHMPOBaHUS (YACTOTHBIM,
BpeMeHHOM aHalHW3 WIH aHaJu3 Mo MOCTOSHHOMY TOKY), 3a-
JIal0TCs MapaMeTpsl COOTBETCTBYIOLIEH THPEKTHUBbI MOAEIHPO-
BaHMs M BBIMOJNIHAETCA MOAENHPOBAHME, MO OKOHYAHMH KOTO-
pOro pe3yiabTaThl ABTOMAaTHYECKM nepenaloTcss B MporpaMmy
Probe. Ha puc. 3.4 npeacraeieH ¢pparMeHT OKHa IpoOrpaMMbi
Probe ¢ aMnaMTy1HO-4YaCcTOTHOH XapaKTepPHUCTHKOMN pe3oHaH-
CHOro YCHIMTES.

HU3MeHUB YaCTOTHbIM peXHMM aHalM3a Ha BpeMEHHO U 3a-
JNAaB HeOOXOAMMBIE MapaMeTpbl AUPEKTHUBBI MOAEJTHPOBAHMHS,
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Puc. 3.3. OxHo nporpamMmbl Schematics co cxeMoif Pe30HAHCHOTO
yeuauTens

MOJIYYUM Ppe3y/ibTaThl, NpenctaBieHHble Ha puc. 3.5. INepen
BBINIOTHEHUEM MOIETUPOBAHUSA Mbl BBEIM B CXeMY MapkKep
(Ha BXOI CXEMBI) IJIsI TOTO, YTOOBl MOCMOTPETH BUJl BXOZHOTIO
CHUTHaJla U CPABHUTD €ro ¢ CUrHaJioM Ha Bbixone. M3 pucyHka
BUIHO, YTO BBIXOOHOW CHMTHajJ HUMeeT OOJIbILIMH YpOBeHb IO
CpPaBHEHHIO C YPOBHEM BXONHOTO, XapaKTepU3ys TEM CaMBIM
Ko3hPULMEHT YCHIeHHS.

Huxe paccMaTpHBaIOTCH NMOPANOK CO30aHUS CXEM pas-
JUYHBIX YCTPOMCTB, IOC/JIEAOBATENBHOCTbL ONEpauMid AJA
3aJaHUs OUPEKTUB MOINENUPOBAHUS M aHaNM3a TMOJYYEH-
HBIX pe3yiabTaToB. Marepuan u3naraeTcs B CAEAVIOIIEM
TMOpsiiKe: CHayana IPHBOASATCH MOAPOOHBIE MHCTPYKLHHA
MO BHIIIOJIHEHUIO T€X MJIM WHBIX Olepauuii, a 3aTeM Ipel-
naraeTrcd 3agaHWe OIS 3aKperIiCHUS MmaTepdasa WM Noiay-
YeHHs MpPaKTHUYECKHX HaBbIKOB paboThl ¢ cucTemoi. Yu-
TaT€Jb MOXET BBIMOJHATH MOJEIMpPOBaHUE COOCTBEHHBIX
CXEM MJIM UCIOJb30BaTh CXEMbl U3 KAaTajaora ajs MpoBepKH
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Puc. 3.4. ®parmenTt okHa nporpammsl Probe ¢ amMmnauTynHo-4yacro-
THOM XapaKTEPUCTHKOH PE30HAHCHOIO YCUIUTENS

MPaBMJIBHOCTH BBOJA W 3aJlaHUsi MApaMETPOB JUPEKTHUB
MoJenupoBaHusa POY.

3.2. Mpadmyecknin BBOL CXEM
Paan03NEeKTPOHHBLIX YCTPOUCTB

OTKpbB nporpaMMmy Schematics, Nnojiib30BaTe/lb NPUCTYNAET
K rpaduyeckoMy BBOOY CXEMbl — BBOIMT CHMMBOJIbI KOMIIO-
HEHTOB, 3a04€T UX ITapaMETpbl H COCAUHAET NMPOBONHHUKAMH.
3anyck rpaMYecKoro peiakTopa OCYLIECTBISIETCA JBOHHBIM
LIETYKOM MBIIIH TIO SIPJIBIKY % pacnoyioXeHHOMY Ha pabo-
YeM CTOJIE WJIM B TPYIINE SPJBIKOB 3aMycKa, JOCTYMHBIX MO
ceoinke Iyck/ITporpammbl/MicroSim DesignLab. B nmpouec-
C€ ero 3arpy3kKH MONKIKYarTcsa OubivoTekH rpaduyeckux
CHMBOJIOB KOMITOHEHTOB (pE3HMCTOpPOB, KOHAEHCATOPOB, WUH-
INYKTMBHOCTEH, TpaHC(HOpMaTOpOB, AMOIOB U T. I.).
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Puc. 3.5. PeaynsTarhl MOOENMPOBAHUS PE3IOHAHCHOTO YCHUJIMTENSA
B PEXUME BPEMEHHOI'O dHaiau3a

3.2.1. Beog v pa3melleHne KOMMNOHEHTOB

CosnaHue cXeMbl HAaYHHAETCHA C Pa3MELIEHUsS] KOMIIOHEHTOB.
Bbibop KOMIMOHEHTa MOXKHO OCYIIECTBUTb M3 ajitaBHUTHO-
ro crnucka B oTAenbHoi OMbIHOTEKE MO0 MyTeM IMOMCKA Mo
KJIIOYEBBIM CJIOBAM 0 BceM KomIloHeHTaM. Haubonee yno6-
HbIM fABAsETCH crnoco® BbiOOpa KOMIOHEHTOB M3 COOTBETC-
TBYIOIUIMX OMOMHoTeK. s 3TOro cieayeT HaxaTb KHOIKY
BbIOOpa KOMITOHEHTOB 3] WM BBITTOJIHUTH KoMaHay Draw/
Get New Part, B packpbiBiiemcss okHe Part Browser Basic
HaxaTh KHonky Libraries (buGnuoteku), B mosne Library Bbl-
Opath 6UGIHOTEKY Analog.slb (aHaIoroBble KOMIIOHEHTHI), @ B
none Part — HyXHBIH KOMMOHEHT (puc. 3.6).

[Mpu Haxatuu kHomku Place (MOMeECTUTb KOMIIOHEHT)
unu Place & Close (moMecTUTh M 3aKpbITb OKHO BbiOOpa KOM-
MOHEHTOB) KOMIIOHEHT pa3MellaeTcad Ha cxeme. KomaHIoou
Rotate (Bpawenue) B MeH0 Edit uaM omHOBpeMEHHBIM Ha-
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Puc. 3.6. Iuanorosoe okHO AJisi BeIOOpa OMOAMOTEKM M KOMITOHEHTA

xarueM KnaBuu Ctrl+R MoXHO noBepHyTb KOMIIOHEHT Ha 90
rpanycoB, komaHgoi Flip Ctrl+F — nony4yuTth ero 3epkaib-
Hoe otobpaxeHue. Lllenyok neBoil KHONMKH MBILUHM (PUKCHPYET
KOMTIIOHEHT Ha CXxeMe, NpH 3TOM OH NMpUOOpeTaeT 3esieHbli
UBET (MO0 YMOJYAHMIO), U TOCJAE ITOTO MOXHO DPa3MECTHThb
Ha cxeMme ewe omHy ero komuio. lllenyok npasoit KHOMKH
MBIILM TpeKpallaeT BBOA JAHHOTO KOMIIOHeHTa. Mcronb3ys
PacCMOTPEHHBIA cnoco®, BBEAUTE aHAJNOTOBbIE KOMITOHEHTHI
(peauctop (R1), koHpeHcarop (Cl), uHayktusHocTth (L1)),
Kak 370 MokKa3aHo Ha puc. 3.7.

HMmena nocaeaHux 10 pasMelleHHBbIX Ha CXEME CMMBOJIOB
3aHOCATCA B CTEK OJIsl YCKOPEHHS MOMCKa U MOBTOPHOTO BBO-
Ia Haubosiee pacrpoCTpaHEHHBIX KOMIIOHEHTOB. Comepxu-
MO€ 3TOro CTeKa pacKkpbiBaeTcsi Nno komaHzae Place Part wnu
LIEJIYKOM MO CTPEJIKE CMMCKA, Pa3MELIEHHOrOo Ha OCHOBHOIA
NnaHeJd HHCTPYMEHTOB:

BrIOpaHHBIit B pacKpLIBLLIEMCS BHU3Y CITHCKE CUMBOJI KOMIIO-
HEHTA Pa3MELLAETC HA CXEME LLIENYKOM JIEBOH KHOMKH MBILLH.

[NpocTaHoBKa MO3MLMOHHBLIX OOO3HAYEHUH TPU UX BBOMIE
MOXET OCYLLECTBISATbLCS aBTOMaTU4ECKH MM BpyuHYI0. [ns aB-
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i; MicroSim Schematics - [*SchematicZ p.1 ]
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Puc. 3.7. [Mpumep nna rpadpuyeckoro BBoga KOMIOHEHTOB

TOMAaTUYECKOM NpOCcTaHOBKU HYXHO B MeHI0 KoMaHasl Options/
Auto Naming BKJIIOYUTDb pEXHM W TIPOCTABUTh HAYaJbHBIH HO-
Mep No3ULIHOHHOTO 0003HaYeHHUsA. COOTBETCTBEHHO /151 PYYHOM
MPOCTAHOBKH TIO3ULIMOHHBIX 0003HAYEHHIT ITOT PEXUM Cleny-
€T OTKJIOYHTb, NMPH 3TOM [ocje npedrkca KOMIOHEHTa Oyner
MpOCTaBIATLCA 3HAK Bornpoca (Hanpumep, R?).

Jns penakTMpOBaHUS MO3ULIM-
OHHOTO 0003HaYeHHs BBEAEHHOTO [ —
KOMIIOHEHTa HeoBXOAMMO ILeT4-
KOM MBIIIKM BHIOpPaTh KOMITOHEHT.
JBOITHOI 1LIETHOK JIEBOM KHOIMKOH
MBILIM TIO TIO3UIIMOHHOMY 0603-
HaYe€HHUI0 KOMIIOHEHTa OTKpPhIBAET
JIUAJIOTOBOE OKHO JUISI PENaKTUPO-
BaHUs (puc. 3.8).

Hcnonb3ys  pacCMOTPEHHBIM  Puc. 3.8. Bua okHa penakTi-

crnocod, NepeonpeaeauTe NO3MLH- poBaHMs NO3MLHOHHOrO 0003-
HAYEHWUS KOMIMOHEHTA
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OHHBIE 0003HAYEHH S BBEICHHBIX paHEC KOMITIOHEHTOB: pE3HC-
top — RK, KoHaeHcatop — C2, uHAyKTHBHOCTL — LK.

3.2.2. PepakTupoBaHne napamerpos
KOMMOHEHTOB

Bce KOMIOHEHTHI XapakKTepH3YKTCSd CTMCKOM aTpHOyToB (na-
paMeTpoB), KOTOpPbI OTKpBLIBAETCA OBOWHBIM LUETYKOM MO
mo0oil TouKe, HaxodsdlUeHcss BHYTPM W300paxeHUs KOMIIO-
HeHTa. Ha puc. 3.9 B kauecTBe mpuMepa MpPUBENEH CMHCOK
aTpubyToB pe3ucTopa. JIAsg penakTHpoBaHUS Kakoro-nmubo ar-
pubyTa HeoOXoaMMO BhIIENUTE ero B criucke. [1pu 3ToM B none
Name (uMs) NOsSIBUTCA MM BblIEIEHHOro atpubyra, a B nose
Value (3HaueHHE) — 3HAYEHUE 3TOro aTpubyTa, KOTOPOE MOXK-
HO 30eCh Xe M OTpenakTupoparb. JIsi coXpaHeHMS HOBOrO
3HaYeHUs aTpuOyTa HEOOXOAMMO HaxXaTb KHOMKY Save Attr
(coxpaHMTh 3HaYeHHe aTpubyTa) UK KaaBuily Enter.

Crnenyet 0OTMETUTh, UYTO 3HAUEHME HOMMHAJIA KAKOTO-TH60
MacCHBHOro KOMIIOHEHTa, 0TOOpaxaeMoro Ha cxeMme, ylnobHee
pPenaKTUPOBaTh MHAMBHAYAIbHO, NBaXAbl LIEJKHYB [0 HEMY
JIeBOM KHOMKOH MBILIM (10 0ToOpaxkaeMoMy 3HAUEHHIO).

[Mpy 3amaHuM 3HayeHUil NAcCMBHBIX KOMIIOHEHTOB YKAa3bl-
BaTh €IWHULY U3MePEHKs (pa3MepHOCTb) He HYXKHO (NporpaMma
yXe 3HaeT, YTo A/ pe3ucTopa, HarnpuMep, eiMHULA H3Mepe-
HUA — | Om). HeoOxonuMo nuilib yKa3zaTb MHOXHTEb B OyK-
BEHHOM Buae. Jns 3TOro B cUCTEME NpeaycMOTPEHO MaciluTtabu-
pPOBaHHWE YMcea (BETHYHMH HaMpsKeHHWH, TOKOB, CONPOTUBIEHU I
M T.1.) c noMoulsto cyddHKCOB, MPUBEAEHHLIX B Tabauue 3.1.

Bi Patbame: B

TOLERANCE=
PKGTYPE=RCO5
GATE=

Puc. 3.9. Cnucok arpudbyToB KomnoHeHTa R1
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Taba. 3.1.
Cyddukc 3HaueHHe Cybdukc 3HauyeHHe
a 1018 m 1073
f 10713 K 10°
p 10712 Meg 108
n 10-° G 10°
u 108 T 1012

Torma, Hanpumep, ANns 3aJaHUs HOMMHana pe3McTopa
7 xOM mocTtaToyHo aTpuOyTy Value koMnoHeHTa R mpHCBOUTE
3HayeHue 7k. I1pu 3Tom peructpsl cypdrkcoB (BepXxHUN MK
HUXHMH) nporpammoii PSpice He pasnuuaiotcsi, npobenbl
Mexny uudpoil u cybdukcoM He cTaBsTcA. 3agaiTe 3Ha-
YeHUs CAEeIYIOLIMX BBEIEHHBIX BamMH KOMIIOHEHTOB: pe3uc-
top 10 kOM, xoHaeHcatop 15 n®, unayktusHoctb 170 MIH,
nosib3yscb Taba. 3.1.

3.2.3. MNocTpoeHne NPUHUMNUANBHBLIX CXEM

PasMelleHHe COEAMHUTENBHBIX JTHHHH OCYLIECTBISAETCS
nocjie akTUBM3aUMKM KoMmaHawsl Draw/Wire Mau HaxartH-
€M Ha MHKTOIpaMMy . IIpu 3ToM Kypcop npuobpetaer
dopmy kapaHpawia. Hawajo uenu, Touka M3710Ma, TOYKa
COENMHEHUS C JIPYTrod LENnb HMAM BBIBOOAOM KOMIIOHEHTA
dukcupyeTcs wIEAYKOM JNeBod KHonkM Mbiuu. [lemdok
NpaBoil KHOMKOI npekpaliaeT pvcoBaHue nenu. Ecau Ha
NPOBOOHMK HMJH BblBoA OyayT HenaThCd CCHUIKH (B 3TOM
TO4YKe HeoOXoaMMO OYAET, HAMPUMEP, U3MEDPATHL HAIPSIXKE-
HUE), UMEET CMBICI TPUCBOMThL eMy UMH. [N 3TOrO nocie
JIBOWMHOrO WIEA4YKa JIEBOM KHOII-
KOH MBILLM HA MPOBOAHUKE B TO-
ABUBIIEMCA OKHE YKaXute umMa
npoBoaHuka (puc. 3.10). Houl

Set Attribute Value

Kak npaBuio, B TEXHHUYECKOM _ [ | : . .
JOKYMEHTAUWUH  COENMHUTENbHbBIE B

Puc. 3.10. Iuanoropoe 0KHO
jalaHWMA MMEHH MPOBOAHUKA

JUHUHK NPOBOAATCHA TOJbLKO IO ro-
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- pU30HTaIu U BepTukanu. [loaTomy

{ l ‘ ; ciaenyer B MeHio Options/Display
Options aKTHBHU3MPOBATH OMLIMIO

' \ ‘ ‘ Orthogonal (pucoBaTb TONBKO MEp-
MEHANKYIAPHbIE NPOBOAHHKH).

Puc. 3.11. Mpumep o6pa3o- DIEKTPUYECKHE  COEIUHEHUS
BaHusa T-oBpasHbix coenu- TiepeCeKaIOIIMXCA MPOBOIHUKOB
HEHHH 0003HayaloTCA KHMPHOM TOYKOIA.

Ecniu nposecTd 1Ba NpoOBOOHHKA,
HE OCTAHABJMBAsACh B TOYKE MX MEpPeceyeHus, TO NeKTpuyec-
Koe coelMHeHHe He oOpasyerca. Touka coenguHeHus ana T-
obpa3HbIX nepeceyeHuit (puc. 3.11) obpa3yeTcs aBToMaTHueC-
Ku. Hcrnonb3ysi paccMOTpeHHBIH cnocob, MOXHO COENUHUTD
BBEIEHHBIE paHee KOMIIOHEHTBI C TOMOIIbI0 MPOBOAHHUKOB,
BBecTH T-00pa3Hoe M TepeKpecTHOe MepeceyeHHe MPOBOI-
HUKOB C COeqWHEHMEeM M 6e3 COoeaUHEHMUs, IPUCBOUTL UM
inputl xakoMy-1160 U3 NMPOBOAHMKOB.

Pa3MelleHe Ha cxeMe TIPOM3BOJILHOTO TEKCTa (HampUMep,
rpencrapjieHHoro Ha puc. 3.12), KOTOpbIif BHIBOMUTCS Ha Ie-
YaTHYIO KOIIMIO 4YepTexa, HO He Y4acTByeT B MOAEJHMPOBaHUM,
npousBoautcs no KoMaHae Draw/Text (Ctrl+T) nubo HaxaTu-
eM Ha nukrorpammy (@8],

HM3meHeHue cTHIS M pa3Mepa lIpUdTa TEKYyUIEro TekKcTa
npoussoautcs no komanae Edit/Text Properties. Umst Tuna
wpudra ykaswiBaetca B crpoke Font Name, rae MoXHO BbI-
OpaTb U KUPUJLITHLLY.

[Monb3ysicb M3MOXEHHON BbIllle METOAMKOW, BBEAUTE OIHY
M3 CXeM, npenctaBiaeHHbIX B Tabnuue 3.2. [NocneaHue nsa nons

lanalog

filter

Pue. 3.12. OkHO BBOJA TEKCTA
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TabMMLIBI IPUBOAATCS B KAYECTBE MPOBEPOUHBIX CBENEHUH, KO-
Topsle BaM BO3MOXHO MOHAL065TCS MPH MOAETUPOBAaHUH TIpel-
CTaBJIEHHBIX CXeM. JTO MapaMeTpbl (QUILTPOB, MOCTPOEHHBIX
I Kaxporo BapyuaHTa: FH — yacTtoTa cpe3a ¢uikTpa (Ha ypoB-
He 0,707 ot MakcuMyMma MoJockl npomnyckanus), FB — yactora,
Ha KoTopoll obecneynBaeTcs: TpeOyeMblid YPOBEHD 3aTyXaHHS.

Taba. 3.2.

MpuHuunuansuas | L C, | GG, | RR, | F, B,

i mlH | nd Hp | KOm | klu | ko

151 1 8,5 15 75

®HY Garrepropra 8.1 2.1 1,4 45 170
RO L 32,9 2,2 27 22 88
& és ril 333 3,2 1 45 180
I & 11,7 33 | 1,3 | 30 | 130
30,7 15 2.2 10,6 | 26,5

151 47 1 18 18 55,3

®HH 3onorapesa 8,1 260 1,5 3,6 55,5 | 96,5

Ro | &2 32,9 | 57 22 | 58 | 26,1 | 89,2
L
o L e } w5337 [ 2 (25 | 64 | 142
T T 11,7 | 1400 | 6,3 2,2 22 33
307 | 520 | 69 | 3,2 15 | 40

151 1 7 | 2] 12
GEAeMmEA | a 15 | 32 8 | 38
=W 32,9 22 | 55 | s 16
L rR1| 5,33 2 2,2 8 41

1,7 8 7 | 5 | 14

30,7 6 | 32| 2 | 10

Cnenyer o0paTMTh BHUMAaHME Ha TO, YTO HA cXeMe (ITO
MPaBUJI0 pPACMpOCTpPaHAETCA [JIA BCEX aHaJoroBblX YCT-
poicTB) 00f3aTENIbHO OOMXKEH [PUCYTCTBOBATh KOMIIOHEHT
AGND (ananoropas «3emns») u3 oubnuoreku PORT.slb.
[Mocne okoHuyaHWs rpaduyeckoro BBOAa CxeMbl He 3al0ynbre
cOXpaHUTb ain (Mma daitna JOMKHO colepXKaTh TOMABKO Ja-
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THHCKHME OYKBHI U 1HGpbl!) s NpoaoskeHuss paboTel ¢ HUM
Mo 3aJaHusM, NIPUBEAEHHBIM B MOCAEAYIOLIMX Naparpadax.

3.3. MogennpoBaHue pagnuoaNeKTPOHHbIX
YCTPOWCTB B PEXWUME aHanusa
4aCTOTHbIX XapakTEPUCTUK

B xone MomenupoBaHUs paJuO3IEKTPOHHBIX YCTPOMCTB OCY-
LIECTBJISIETCS [1POBEpKa pa3IMYHBIX XapaKTepUCTHUK YCTPOKMCTB
Ha NMpeaMET YAOBJIETBOPEHUS 3a1aHHBIM TpeboBaHusaM. Hanpu-
Mep, A1 (PUIBTPOBBIX YCTPOMCTB NPOBEPAETCS COOTBETCTBUE
pacCYMTaHHOH TEOpPETUYECKH M IOJYYEHHOH B pe3yabTaTe MO-
JIEJIMPOBAaHUS TONOCKHI NPONYCKAHUS — B 3TOM CIy4ae Clemy-
€T BLIOMpAThb PEXMM aHAIW3a YaCTOTHBLIX XapakTepucTuk. [lpu
aHanM3e UCKaXeHW I UMITYJIbCHBIX CUTHAJIOB B paly03JIEKTPOH-
HBIX YCTPOICTBaX HEOOXOAUMO BOCIIONB30BATHCA PEXHMOM MO-
NENUPOBAHUSI BpeMEHHbIX xapaKTepucTUK. CucreMa DesignLab
NO3BOJISET OCYLLECTBASATh MOAETHPOBAHUE PALUONEKTPOHHbBIX
YCTPOMCTB B pa3IWYHBLIX pexHMax, IIPpH 3TOM Haubonee yacto
WCIIOb3YEMBIMH SIBJISIIOTCS peXHMMBbl aHANM3a YacTOTHHIX Xa-
paktepucTHk (AC Sweep), BpeMeHHbIX xapakTepucTuk (Tran-
sient) ¥ pexXUM aHalKu3a XapaKTEPUCTUK AKTUBHBIX KOMIIOHEH-
TOB IO NMocTosiHHOMY Toky (DC Sweep). Marepuan naparpada
pPacKpbiBaeT MOPSANOK MOATOTOBKH H MPOBEIEHHUS MOEIHUpoBa-
Hus1 POY B pexXMMe aHaIM3a YaCTOTHBIX XapaKTepUCTHK.

3.3.1. BBOO, MCTOYHMKA CUrHana,
pasmeLleHne MapkepoB 1 NPoOBEPKa
CXE&Mbl Ha Hannuyue ownbok

Bbibop MCTOYHMKA CHUIHajla OCYLUECTBJASIETCH B 3aBMCHMOC-
TH OT TOTO, KaKHE €ro XapakTepUCTHKH HEoOXoouMO Hccre-
nosarb. Tak, Hampumep, LISl MOAETHMPOBaHUS BPEMEHHBIX
M YAaCTOTHBIX XapaKTEPHUCTHK YCTPOWCTB CJIEAYET B KauyecTBe
MUCTOYHMKA CUTHAJOB BbIOMpaTh KOMMOHEHT VSIN (McTOuHUMK
CUHYCOMIAaIBbHOTO HAMpPAXEHUs, pasMelEHHBIA B OMOnHoTE-
ke SOURCE), umelowui cneayowme atpuOyThl, 06s3ate/b-
HBIE OIS 3aMOJTHEHHUA:
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AC — aMnIIMTya HanpsiKeHWs MpU AHANM3E B 4aCTO-
THOH 00sacTH;

VOFF — nocTosiHHasi COCTABAAIOLIAS HATIPAXKEHUS;
VAMPL — amnauTyna HanpsxXeHus;

FREQ — yvacroTta KonebGaHus;

TD — 3anepxka konebaHus;

DF — koadduLMeHT 3aTyXaHus;

PHASE — nauyanbHas ¢da3a konebaHus.

Torma, HanpuMep, A 3aJaHUS UCTOYHUKA CHHYCOMIAb-
HOro HanpsixkeHus ¢ yactoroi 50 kI'u v amnaurynoi 0,5 Boasr
HeOOXOOMMO YKa3aTh CJACAYIOLIME 3HAUYEHUSI COOTBETCTBYIOLLIMX
napametpoB: FREQ=50k, VAMPL=0,5. Cnenyetr o0paTuTh
BHMMAHME Ha TO, YTO IS 3aJaHMUSL NECATMYHBIX 3HAYEHUH
HOMMWHAJIOB KOMIIOHEHTOB MOXHO MCMOJIb30BaTh TOJBKO TOUKY
B KQuecTBE pazfeluTend Leaoi u ApobdHOM yacTeil. AHAIOTHY-
HO B CO3JaHHYIO PaHEE CXeMY MOXHO BBECTH MCTOYHUK CHIHa-
na VSIN U1 3anosHUTh aTpubYThl UCTOYHMKA B COOTBETCTBUM
C aHHbIMM, NPUBENEHHBIMU Ha puc. 3.13, 6).

[Mocne BBOZA MCTOYHUKA CUTHAJA W 3amaHMs €ro aTpubyToB
BINONHseTcs koMaHna Analysis/Electrical Rule Check nnsg npo-
BEPKU CXEMBI HA HAJIUYHUE HEMOACOENMHEHHbIX (IJ1aBaloLLMX) Bbl-
BOJIOB KOMITOHEHTOB, COBIAJAIOLLMX MMO3MLIMOHHLIX 0003HAYEH U
W npyrux ownbok. [Ipu obHapyXeHHU OlIMOOK HA 3KpaH BLIBO-
IUTCS WHOpMALMOHHOE COODILEHHME U TIepeUueHb olubok. B co-
obenuax npusoaatcs MHpopmauua (INFO), npenynpexneHus
(WARNING) u omrnbku (ERROR). Ecniu KypcopoM 1IENKHYTh
N0 CTPOKE OLIMOOK, TO 3TO OKHO 3aKPOETCH M KYPCOp MOKAaXEeT Ha
CXeMe CBfI3aHHbIH ¢ 3TOil OLIMOKON BbIBOJ KOMMOHEHTA. B cnyyae
HAaM4MS OIIMOOK MX HEOOXONMMO YCTPaHUTD, MOCJIE YEro ceayeT

a 0
? vz I’aﬂ!’irﬁe:ﬁ\'ﬁiﬁ i .?ﬁg
V. Name " Value b A
{FREQ =12k Savehl | §
e =
% Lo | Charigs Display E

. VOFFs0 S
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l TD=0 i : -

Puc. 3.13. YcnosHoe rpaduueckoe o6o3taueHe komnonenta VSIN (a)
M OKHO JL1sl 3aIaHMs 3Ha4eHHi ero aTpudyToB (6)
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pa3MECTUTb MapKephb! B y3Jlax cxeMbl (0OBIYHO Ha BXO/IE W BBIXOOE
CXEeMbI) 111 aHAJIM3a HAMPSKCHUHA M JIPYriX XapaKTePHUCTHK.

BBon MapKepoB OCYLIECTBIACTCA NYTEM NPOCTAHOBKHU Ha CXE-
ME COOTBETCTBRYIOLIMX MapKepoB B KOHTPOIbHBIX TOUKax. Mapke-
pbl MOTYT pa3MelliaThCs B 11000# TOUYKE MPOBOIHUKA WM B KOHLE
BbIBO/IA KOMMOHEHTA. BbIOop Mapkepa 11 aHaIM3a HanpsKeHU i
(MIM JIOTMYECKMX YDOBHEM LETei mns LMGPOBLIX YCTPOMCTB)
ocyluecTsisiercs no koMaHae Markers/ Mark Voltage/Level, npu
3TOM Kypcop npuobpeTaer Bua uiyna. PasMecTB Kypcop Ha cxe-
Me, CJIEIYET LLUEeJKHYTh JIeBOi KHOMKOM Mbiluu. Ha puc. 3.14 no-
Ka3aHa cxeMa (OUJIBTPa C MapKepOM HaIpsiKeHHs].

B karanore cxeM MMeeTcst Moneab puasTpa barrepsopra,
I8 3arpy3KM KOTOpO# cienyeT M3 nporpaMMbl Schematics
OTKpbITh daiin pl.sch. Janee Mbl paccMOTpUM, KakUM oGpa-
30M YCTAHABIMBAIOTCS [1apaMeTpPhbl IMPEKTUB MONETUPOBAHUSA
U 3amyckaeTcsi caM npouecc MoaenavpoBaHus. Iloka xe Bul
MOXETEC MPOBEPUTH CeOs1, MPABUABHO JIM BBLIMOJHEH BBOJ CXE-
MBI M 3aJlaHUE NapaMeTPOB KOMITOHEHTOB.

Jns aHanM3a APYTMX XapakTePUCTHUK CXEeMBbI CJIEVET BOC-
NoJB30BaThCA MapKepaMu, BhI3bIBAEMBIMM MO KomaHine Mark
Advanced... (pacirMpeHHblit BLIOOp MapkepoB). [Ipu 3TOM Ha 3K-
paH BBIBOAMTCS OUAJOrOBOE OKHO, B KOTOPOM CJIEOYET YKa3aTh
TUN Mapkepa. Huxke npuBoautcs paciindpoBka 0003HAYEHUH
HEKOTOPLIX MapKepOB, JIOCTYIMHBIX 1o koManae Mark Advanced:

vdb — HampsaxeHue B neLubenax;
idb — Tok B meuubenax;
vphase — da3a HampsaxeHusd;

. Jelel g 3 As

out
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Puc. 3.14. Cxema dunbTpa ¢ MapkepoM HanpskKeHUs
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iphase — ¢a3a ToKa;

vgroupdelay — rpynnoBoe Bpems 3ama3nbIBaHUA Ha-
NpAXCHHUSA;

igroupdelay — rpynnoeoe BpeMs 3ana3fiblBAHUA TOKA,
vreal — neiicTBUTENIBHAA YaCTh HANPAXKEHU,

ireal — neicTBUTENBHAA YACTh TOKA,

vimaginary — MHMMas 4acTh HanpsaXcHM;
iimaginary — MHMMas 4acTh TOKa.

PasamecTuB Mapkep HanpsiXeHHsl HA BBIXOAE CXEMBI C I10-
moliblo koMaHael Markers/ Mark Voltage/Level, Heobxonumo
COXpPaHMUThb (hai, Mocie Yero NEepelTH K 3aJaHUI0 MapaMmeT-
POB IMPEKTUBBI aHAJAM3a YACTOTHBIX XapaKTEPUCTUK CXEMBI.

3.3.2. 3apaHve napamMeTpoB AUPEKTUBDI
MOOENPOBAHUS

Boibop pexkMMa MOaenUpOBaHUSA OCYLIECTBISETCH MO KOMAaH-
e Analysis/Setup MM HaxkaTHEM Ha KHOMNKY .

B oTKpbIBLIEMCSt OKHE HEODXOAMMO OTMETUTh HYXKHBIH PEXUM
IEA4YKOM MbIlK B none Enabled-skarodyeHo (pue. 3.13), a Haxa-
THEM COOTBETCTBYIOLIEH KHOMKH B OTKPbIBLUEMCS OKHE 3a1aTh
napaMeTphl JAaHHOTO PeXMMa MOJIEIMPOBAHHUS (JIUPEKTUBEI).

B cucreme DesignlLab npenycmorpeHsl creaywouive au-
PEKTHBbLI MONETHPOBAHMSA:

AC Sweep — pacyeT YacTOTHBIX XapaKTEPUCTHK;
Load Bias Point — 3arpy3ka JaHHBIX peXHMa I0 noc-
TOSSHHOMY TOKY;

Analysis ‘j-e:iup f
Evisbled .

Ersbled

ACSiep.  Oplions., [

o

™ LoadBiaw Paint.. e Pasmatic .

™ Save Bias Paint. . E Gargitheity. .,

- "D Sween. . S Tesmperituie:. -

[ “Monke CaloAvarstCase | T~ Traveiar Function.

W Biss Poiri Detal B Transiact...
Dighal Selup.. HILINX Setup

Puc. 3.15. OkHo BbiGopa ¥ 3a7aHKsa NapaMETPOB AUPEKTHBLI Mole-
JIMpPOBaHUA
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Save Bias Point — coxpaHeHHe IaHHBIX peXuMa IO
NMOCTOSAHHOMY TOKY;

DC Sweep — pacyer pexHMa Mo NocTOSHHOMY TOKY;
Monte Carlo/Worst Case — cTaTUCTHYECKHIt aHaIu3
M HauXyIlWWK cay4Jyan;

Bias Point Detail — noapo6Has WH(pOpMaLKUs O peXU-
M€ M0 MOCTOSTHHOMY TOKY;

Digital Setup — 3amanue napameTpos LUMGPOBLIX yC-
TPOMCTB;

Parametric — MHOroBapMaHTHBIN aHAJIU3;

Sensitivity — 4yBCTBUTEJIBHOCTD IO MOCTOSIHHOMY TOKY;
Temperature — BapMalLlMK TEMMNEPATYPbI;

Transfer Function — pacyeT nepeaaToyHbiX PyHKLUH
M0 NMOCTOAHHOMY TOKY;

Transient — pacdeT nepexoAHbIX MPOIECCOB (BpEMEH-
HOM aHau3).

MOXHO aKTHBM3MPOBATh HECKOJBLKO DEXMMOB aHaliM3a

OJIHOBPEMEHHO, INpPH 3TOM BpEeMs pacyeTa 3HAYMUTENbHO BO3-
pacTtaeT. B cBfi3au ¢ 3TUM cieqyeT BKJIKOYATh OOHH U3 peXU-
MoB. Hanpumep, nns BKJIIOUEHHS pexXMMa aHalu3a 4acTo-
THBIX XapaKTePUCTHK clie[lyeT Haxarb Ha KHonKy AC Sweep
W B OTKPBIBHIEMCS AUAJIOrOBOM OKHE YCTAHOBHMTH MapaMeETphbI
NUPEKTHUBBLI MONEJMPOBAHUSA B COOTBETCTBHM C puc. 3.16.

B rpynne AC Sweep Type yka3biBaeTcsl XapakTep U3MEHEHUS

4acTOThI (TUIT 1lIara [ OCH YacToT). IMHEHHbIHA, OKTaBaMH WK
nekamamu. B rpynne Sweep Parameters 3apalorcss mapaMeTpebl

A Sweep and Noise i

JlManasoHa yacToT /19 aHaau3a: Ko-
nuyecTBo Touek pacyerta (Total Pts),
HayasbHasi U KOHEYHas 4acToThl.

AL Swesp Yice ( fﬁ’%mim’eiﬁ: 8 it

Cthew | Gewble 0| [locne 3amaHuA napaMeTpoB
 Getava | U

o°= | 'm0 | [MpeKTHMBBI MOLENMPOBAHMSA CXe-

{ Decade

Mbl B YaCTOTHOH 00/1acTHM MOX-

L o etage
T~ Hoise Eissting . 7 "

HO 3amyckaTb MpOrpaMMmy Mo-
nenupoBaHus PSpice komannoi
Analysis/Simulate u1M HaxaTuem

e KHOTTKH .

Puc.
rnapaMeTpoB IHPEKTHBbI Yac-
TOTHOTO aHa/u3a

Ipu 3anycke nporpaMMbl MO-
3.16. OKHO 3amaHWS  nenppOBaHUS HA KPAaH BbIBOLUTCH
OKHO ¢ pesyabTataMu (puc. 3.17),
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Memory Used: [0 |

AC [and Noise] Analysis
AL Analysis finished

!
|
t

Start - TN Calculating at [IETITEIR End = [[EITETE |

Pue. 3.17. OxHo cooblenns nporpammbl PSpice

B BEPXHEH 4acTH KOTOPOro MOMeLIeHa CTPOKA MEHIO, HUXKE Bbl-
BOAMTCA UM (aiisia, KOJTMYECTBO KOMIIOHEHTOB CXEMBI U 00BEM
UCrNo/b30BaHHOM namsiTd. B cpenneit yacTu skpaHa yKaselBa-
eTCcsl PEeXMM aHaaM3a M NPUBOAATCH MH(POPMALMOHHBIE CO0D-
nieH!s o pasax BbINOIHEHHS 3anaHUsA W OLIMOKAX, €ClM TaKo-
Bbl€ UMEIOTCA (MOCAEIHUE BBIAEIAIOTCS KPACHBIM LIBETOM).

[To oOKOHYaHMH MOLEUPOBAHMS aBTOMaTUYECKH BBI3LIBAETCS
nporpamma Probe ns npocMoTpa pesy/isTaToB MOACIUPOBaHUSL.

3.3.3. MNposegeHne mogenuMpoBaHUa U aHanm3a
NONyYeHHbIX Pe3ynsTaTos

dns uccrnenoBaHUs YacTOTHBIX XapaKTEPUCTUK (PUIbTpa HaM
CJenyeT YCTAHOBUThL MAapaMeTpbl JUPEKTUBLl MOLEIUPOBAHHA
AC Sweep: Total Pts. = 1000, End Freq. = 4 meg, npoBepUTh
CXeMY Ha HaJlMyMe OIIMOOK C MOMOUIbI KOMaHabl Analysis/
Electrical Rule Check. MonenupoBaHue NpoOU3BOOUTCS Bbl-
MONHEHHEM CJIeNYIOLLEeH MOCNenoBaTeILHOCTH NEHCTBHIA:

1. 3anycTuTe MonenupoBaHWe BBeleHHOH Bamu cxe-
Mbl KOMaHI0#l Analysis/Simulate u HabawooaaiTe pe3yabTaThl
pacuera aMILIMTYOHO-YaCTOTHOW XapaKTEPUCTUKH ¢(UAbTpaA.
Ecnu rpaduk xapakTepuCTUKM ToJydaeTcsl JIOMaHblid (He-
JIOCTaTOYHO TOYEK pacyeTa WM BbIOpaH CAMIIKOM OOIbLION
IWana3oH 4acToT), CJACAYET CKOPPEKTUPOBATh NMapaMeTphl IH-
pextuBbl Total Pts, Start — End Frequency.

2. HM3MeHMUTE 3HAYEHHUE HOMMHAJIA KaKOM-THO0 eMKOCTH
Ha cxeMe B 10—50 pa3 Goablue (MeHblue) 3agaHHOro. Bei-
MOJHUTE MOJENUPOBaHKeE, OoLeHUTe pe3yabraT. OTBEThTE Ha
BOTIPOC, KaK M3MEHMJIACh MOJI0Ca NPOMycKaHus Guibrpa.
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3. ¥Ynpanute MapKep HamnpsiXeHWs Ha CXeMe U TOMECTH-
T€ Ha €ro MECTO MapKep HanpsXeHUs B Acurdesax, UCMONb-
3ya koMaHay Mark Advanced... BeinonHuTe MooeniupoBaHuE,
OLIEHWTE pe3yJbTar.

4. HM3MeHuTe 3HaYeHHEe HOMHHAIA KaKOH-THOO EMKOCTU
Ha cxeMe B 10—50 pa3 6onbiue (MeHbLLIE) 3agaHHoro. Beimo-
HHUTE MOACJMPOBAHHE, OLCHUTE PE3YJbTaT.

5. ¥Ypanute Mapkep HanpsikeHHs B Jeuubenax v rMmomec-
THUTE Ha €ro MecTo Mapkep (a3bl HaNpsXKEHHU S, HCNOJb3YS KO-
MaHny Mark Advanced... 3ToT Mapkep NMo3BOJMUT HaM MOIy-
YUTh (Ha30YacCTOTHYIO XapaKTePUCTUKY PHabTpa. BeinoaHurte
MONEJUPOBAHUE, OLEHUTE PE3yJIbTaT.

6. M3MeHuTe 3HauyeHWEe HOMMHAJIA KAaKOH-TMOO eMKOCTH
Ha cxeMe B 10—50 pa3 Goablie (MeHbllIE) 3aAaHHOr0. BhInonHu-
TE MOIENWPOBaHUE, OLEHUTE pedyabrar. OTBETHTE Ha BOIMpOC,
KaK M3MeHMIAch (Pa304acTOTHAsl XapakTepUCTUKA GUIBTA.

7. Ynmanute Mapkep (a3bl HaNpsiKeHUS U NMOMECTHTE HA
ero MecToO Mapkep TpyNTOBOr0 BpeMEHU 3ana3jibiBaHUsl Ha-
NpsiXEHMs, Ucnonb3yst komanny Mark Advanced...Xapakre-
pPUCTHKA [PYIINOBOro BpeMeHHU 3ana3asiBaHus (I'B3) aensercs
NPOM3BOIHOM OT )a304YaCTOTHOM XapaKTEPUCTUKH U MOKa3bl-
BAeT, HACKOJILKO 33a/IePXUBAIOTCS YACTOTHBIE COCTABJSIOLIUE
CHTHAJIOB B MOJIOCE Mponyckanusa duabrpa. dns 6e3pIcKaxeH-
HOH 00pabOTKM CUTHAJIOB cjefyeT JOOMBAaTbLCS MaKCHMAalbHO
niaockoro xapaktepa I'B3 B mosoce nmponyckanus ¢puasTpa.
BrInoaHUTE MOOENTMPOBAHME, OLIEHUTE pe3yJibTar.

8. HM3menuTe 3HaueHHEe HOMMHAIA KAKO-THO0 eMKOCTH
Ha cxeme B 10—50 pa3 6osblue (MeHbllIe) 3agaHHOro. Boinoi-
HUTE MOIENMPOBaHHE, oLleHUTE pe3yabTaT. OTBETHTE HA BOMN-
poC, KaK M3MEHMIACh XapaKTEPUCTUKA I'PYNIIOBOrO BPEMEHHU
3ana3abiBaHus QuUbTpa.

9.  Vmanute mapkep ['B3 M nomecTuTe nocnaenoBarenbHO Ha
BbIXOI CXEMbl MApPKEpPHI peajibHOH YacTH HANpsSIKEHHUS W MHU-
MOI4 YacTH HaTpsIXKEeHHs, UCNoNb3ys KoManay Mark Advanced...,
W MapKep HarnpsxXeHHMsl, MCronab3ys KomaHny Markers/Mark
Voltage/Level. Ha puc. 3.18 npencraBneH (parMeHT CXeMbl, je-
MOHCTPHPYIOLIMI NMPHUMEP Pa3MELLIEHHUST MapKEPOB.

10. Beimonnute MoaenupoBaHue. AYX, nocTrpoeHHas
C MOMOLIBIO MapKepa HanpsAXeHWs, pacCUYUTBIBAETCA KaK MO-
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Puc. 3.18. Cxema ¢uiibTpa ¢ TONOJIHNTEIbHBIMH MapKepaMHu

IYJb KOMILJIEKCHOIO HanpsixkeHus (peajbHOW U MHMMOWM Yac-
TH) NO opmMye:

ACH(f) = \Jvreal(f)’ + vimaginary(f)* .

OueHHTE BKJAl peajibHOM M MHMMOM 4acTU HanpsAXeHus
B (popmupoBaHue AYX-punsrpa.

11. M3meHuTe 3HaYeHHE HOMMHANA KaKOW-TMO0 EMKOCTH
Ha cxeMe B 10—50 pa3 Gonblle (MeHBblIE) 3anaHHOro. Beimon-
HUTE MONEJUPOBAHME, OLIEHUTE pe3yJibTarT.

3.4. MoaenupoBaHme pagnoaneKkTPOHHbIX
YCTPOWCTB B peXuUMe aHanuaa
BPEMEHHLIX XapaKTepuCcTUK

[Tocne OKOHYAHMS MOIETMPOBAHMS YACTOTHBIX XApaKTEPUCTUK
1 BHECEHHA HEODXOAMMBIX M3MEHEHHUIi (B cyuyae HeobxoaMMocC-
TH) TIPUCTYMAIOT K MOIECNUPOBAHUIO CXEMBI BO BPEMEHHOH 00-
Jactu. [Ipy 3TOM npoBepsieTcs OTCYTCTBME BUAMMBIX MCKaXEHUH
BPEMEHHOTrO TMPEeNCTABIEHHS! BXOOHbIX CHTHAJIOB, BAPbMPYEMBIMH
napamMeTpaMu SIBJISIIOTCS 4YacToTa, YPOBeHb M (pOpMa BXOOHBIX
cHrHanoB. B obiueM ciyyae ucnonb3yetcsi KoMnoHeHT VSIN (uc-
TOYHMK CHMHYCOUAAJBHOTO HAMpSKEHWS), 3adaHue MapaMeTpoB
KOTOPOrO OCYLIECTB/ISIETCS MCXOOS M3 CIEAYIOIUX COOOPaXEHHIA:

e YyaCTOTA MCTOYHMKA CHrHajJa [JOJIXKHA HaXOMUTLCA

B Mpeaesax nojockl NporMmyckaHUs YCTPOHCTBA;
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e 71 aKTHBHBIX paJHO3JIEKTPOHHbBIX YCTPOHCTB aMMiM-
Tyda U YPOBEHb CMEILUEHUS HAmnpsKEHUsT UCTOYHMKA
CHUrHaja HNOMXHbI ObITb TAKMMM, YTOOBI HE CMELIATh
paboyyio TOYKY Ha HETMHEHHbIH y4acTOK.

HOnsa nonyueHus Ooniee NOCTOBEPHBIX PE3YJbTAaTOB MOJE-
JIMPOBaHUSA, MPUOIUKEHHBIX K pE€aIbHBIM YCIOBUAM 3KCILIY-
aralMu MpoeKTUPYEMOro YCTpOICTBa, HEOOXOOAUMO UCIOb-
30BaTh B KayeCTBE BXOOHOTO CHUrHana peajbHBIM CUrHaim,
ynakoBaHHBIM B (aitn, WM ¢parMeHT peajbHOro CUrHana,
MOAYYEHHbIA MYTEM MOACJMPOBAHUSA B JPYTMX CHUCTEMaXx.
B [3] paccMaTpuBalOTCs MPUHLIMIE TOCTPOEHHUS TAKMX Ma-
TEMaTUYECKUX MoZEel U CrocoObl UX MPOrpaMMHOIL peanu-
3alMH.

3.4.1. Beog UCTO4YHMKA CUrHana, pasmeLleHue
MapKepoB 1 NPOBEpKa CXEMbI
Ha Hanu4ine owndok

Jns u3ydyeHuss ocoOeHHOCTEH MOMETHPOBAHHMSA PaSHO3NIEKT-
POHHBIX YCTPOWCTB B PEXHMME BPEMEHHOI'0 aHanM3a Heobxo-
IUMO BBIMIOJHUTb HECKOJBKO MOATOTOBMTENbHBIX OMEpaLIMii.
CHayasia Haao OTKpPBITh (aiin co cxeMoi ¢puIbTpa, CO3MAH-
HBII paHee, U YCTAHOBUTh YacTOTY MCTOYHMKA CUTHaNa, KO-
TOpas MonagaeT B MOJOCY MPOMYycKaHWA (UIbTpa (A7 omnpe-
JIeJIEHWsl TTOJIOCH MPOMNYCKaHUsA (PUIBTpa CleayeT 3amyCTHTh
MOJIE/JIMPOBAHME B PEXMME YaCTOTHOTO aHaymn3a). Jdus n3me-
HEHMs YacTOThl MCTOYHMKA CUTHaja HEOOXONMMO IBaXKIbI
HIETKHYTh HAa CMMBOJIE MCTOYHMKA CHTHAala MU B PacKpbIB-
1weMcsl OkHe B noJie Value (3HayeHue) atpubyTta Freq (yacro-
Ta) 3a/1aTh HOBOE 3HAueHHEe, COXPAaHMB €ro MYTEM HaXaTHs Ha
KHOIKY Save Attr (COXpaHUTb 3HayeHue aTpubyTa).

3ateM cnenyer BBIMOJHMTHL KoManny Analysis/Electrical
Rule Check nnst nmpoBepkKH CXEMbI Ha HaJMYHME HEMOACOEIU-
HEHHBIX (MJ1aBalOIMX) BbIBONOB KOMIIOHEHTOB, COBMANAalOUIMX
NO3MLUMOHHBIX 0003HaYeHUI U ApYrux ownook. B ciyyae Ha-
JIMYUS OLIUOOK MX HCOOXOAMMO YCTPaHWTDL, MOCJE YEro cie-
JIYeT pa3MECTUTbL MapKepbl HAMPSXCHUS HA BXOAC M BBIXOMIE
cxeMbl. Ha puc. 3.19 nokasaHa cxeMa GuibsTpa ¢ MapkepaMu
HanpsixXeHUs Ha BXOIE M BBIXOAE YCTPOMCTBA.
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Puc. 3.19. CxeMa ¢uibTpa c MapkepaMu HanpsKeHHs Ha BXxode W
BbIXOJE YCTPOWCTEA

Janee MOXHO NpUCTYNarb K 3alaHUIO NMapamMeTpoB IM-
DEKTHUBLl MOIEJMPOBAHUS MEPEXOAHBIX MPOLECCOB (PEXKHUM
BPEMEHHOr0 aHa/u3a).

3.4.2. 3apaHne napameTpoB ANPEKTUBDI
MoOenMpoBaHma

Bribop pexxuMa MoaeMpOBaHUS OCYLLECTBJISETCS M0 KOMaH-
Je Analysis/Setup MJIM HaxaTrHeM Ha KHOMKY .

B oTkphIBlIEMCA OKHE HEOOXOOMMO BHIOpPaTh PEXKHUM
Transient wenyxkoM Mbimu B moJie Enabled (BkJjloueHo),
a2 HaXaTHMEM COOTBETCTBYIOLIEH KHONMKHU B OTKPbIBLIEMCS
OKHE 3a1aTh MapaMeTpbl JaHHOTO peXuMa MOAEJTUPOBAHUSA
(IMpeKTUBBI) B COOTBETCTBUU ¢ puc. 3.20.

B rpynmne Transient Analysis yka3biBaloTcs:

Print Step — war IMCKpETH3allMM XapaKTEPUCTUKH
NPy BbIBOAE Ha 3KpaH;

Final Time — koHeYHOE BpeMs pacyeTa,;

No-Print Delay — uHTEpBaJ M0 OCH BPEMEHH, B Teye-
HHE KOTOPOro HE BbIBOAMUTCH Ha rpaduk pacCUuMTaHHas
XapaKTepUCTUKA,

Step Ceiling — war qMCKpETHU3aLMK MNPU pacyeTe Xapak-
TEPUCTUKHU. ITOT NapaMeTp BIMAET Ha TOYHOCTh OTOOpa-
XKeHus rpaduka, no3ToOMYy €ro HaJo YCTaHAaBJIMBATbL Ta-
KHM 00pa3oM, 4TOObI OMHOBPEMEHHO C YIOBJIETBOPEHUEM
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Tronsient %} TpebGoBaHMS 1O TOYHOCTH BpeEMS
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Lo SE acyeTa XapakTEepUCTHKH (Bpems
Prink Step; - E P P P ( p
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EdToe . faw
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IOLLMUE MpOoLECC pacyeTa CIrIEKTPOB
CHUrHaJIoB C NOMOLULIO aJIrOpUTMA
Puc. 3.20. OkHo 3a1auua napa- GbicTporo mpeoGpasoanus My-
METpPOB AMPEKTHUBLI BpeMeHHoro PbE. [locne 3amaHusa napamMeTpoB
dHaJin3a JHUPEKTUBBI MOOECJTUPOBAHHUA BpE-
MEHHBIX XapaKTePUCTHUK MOX-
HO 3amyckaTh nporpaMMmy moneaumposaHusi PSpice xomanmoi
Analysis/Simulate UnM Haxaruem KHOIKH .

[~ Skipsiitial Uansient sobution i

3.4.3. Npumepbl 1 NOPAAOK BbINONHEHUS
3ajaHuii Ha MOAEeNMPOBaHME CXEeMbl
B pexumMe aHann3a BPeMeHHbIX
XapaKTepPUCTMK

[IpM BBIMOJHEHWH clenylowiero 3agaHus Bel Moxere ucnosnb-
30BaTh BBeNeHHYI0 Bamu cxeMy WK ucnonb3oBath aiin p2.sch
M3 KaTaJlora CXeM, B KOTOPOM YX€ YCTaHOBJICHbI COOTBETCTBYIO-
ILLME NMapameTpbl AMPEKTUBHI MOAEIMPOBAHUSA, 3HAYEHHS Mapa-
METPOB UCTOYHMKA CUTHAJA, a TAKXE HEODXOOMMBbIE MAPKEDHI.

3apnaHve 1

1. 3anycrute kKoManmoi Analysis/Simulate momenupo-
BaHUE CXEMbI, MpEACTaBICHHON Ha puc. 3.19, u Habnionaiite
pe3ynbTaThl pacyeta BPEMEHHOTO TMPEACTaBACHMS BXOOHO-
TO U BBEIXOOHOro curHanos. M3 rpaduka BUAHO, YTO PUIBTD
YMEHBLUAET YPOBEHb BXOAHOIO CUrHaua MpUOIU3UTENBHO B 2
pasa (3TO XapaKTepHO IJs MACCMBHBIX (PUILTPOB) U CHrHal
Ha BBIXOZIE (PMJIBTPA MOABJIAETCSA C HEKOTOPOid 3alepXKo# (pe-
3yNnbTaT BAMAHUA Pa304acTOTHOM XapakTEPUCTUKH (UIIETPA).

2. M3MmeHuTe 3HAyeHME 4YacTOThl BXOJHOrO CHIHaja,
yBeaAM4uB ero B 10 pa3. Jlas 3TOoro aBaxibl LIETKHMUTE IO
CUMMBOJ1Y HCTOYHMKA CUTHaJjla MU B pPAaCKpbIBLIEMCSH OKHE yCTa-
HOBUTE HOBOE 3HaueHue atpubyta Freq (yactorta). BeinoaHu-
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T€ MOJE/NMpOBaHUe, OLeHUTe pe3ynsraT. M3 rpaduka suaHo,
4YTO YPOBEHb BBIXOJHOTO CUTHaja (Mo CPaBHEHHIO C IOCTO-
SSHHBIM YPOBHEM BXOIHOTO CHIHaJjla) yMeHbIUHWJICs 6osee Yyem
B 2 pa3a. OTO M eCTh pe3yabTaT QUIbTPALMH. YACTOTHI, HE
nonajamiHe B MoJocy NpornyckaHusa GUnbsTpa, 3HaYUTENBHO
ocnabafgTCA.

3. BeinmonHuTte rpadmyeckuii BBOA CXeMBI, TIPENICTABJIEH-
HO# Ha puc. 3.2]1 (uau Bocmonb3yiiTech (aitiom B Karajsore
cxeM p3.sch). B naHHOM MpUMepe paccMOTPUM 11poLece Puiib-
TPaLMHU CUIHAN0B, MOCTYNAOIKX Ha BXOd (PUNBTPa HUXHUX
4yacToT U3 UCTOYHHUKOB V1 (yacrora=10 kI'1) u V2 (uacro-
ta=80 kI'u). Curnan c yacroroii 80 kI'u Gyaer orduabTpOBaH
(nomasneH), TO €CTh Ha BhIXoae MUIbTPa OYIAEeT TOABKO CUTHAJ
¢ vactoroit 10 kI, monajaroliuii B MONOCY MpONYyCKaHUs
unprpa.

4. 3apaiiTe 3HayeHUs aTpUOYTOB MCTOMHUKOB CUTHAJIOB
B COOTBETCTBUM € pucC. 3.22.

5. 3apaiiTe MMeHa MPOBOTHUKOB inputl, input2, output
(kaK noka3aHo Ha puc. 3.21) ¥ ycTaHOBMTE Mapkepbl Halps-
JKEHHMS Ha 3TUX NMpoBOOHMKax. COXpaHHUTE CXEMY.

6. 3anaiiTe napaMmeTpbl OUPEKTUBLE MOIOECIUPOBAHUS:
Print Step=Iu, Final Time=0,5m, Step Ceiling=lu u BEIMOJ-~
HUTE MOJENUPOBaHME,

7. IlpoaHanu3upyiiTe pe3ynbTaT, BbIBeAEHHbIH I1pO-
rpamMoit Probe. Ha Bxone ¢punbTpa npUCyTCTBYIOT 2 CUrHalla

DiE 8| I8 ;| I 3ajseia] SISO E D el DRI D AR VIl

'l
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v
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Pue. 3.21. Cxema dmabTpa ¢ AByMSt MCTOYHUKAMK BXOLHBIX CHTHAJNOB
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a
év'l PartName: ¥SIN V2 PariName: VSIN
Mavns 10 Ve Hame ; ' Visha
{REFDES =i {REFDES =fv2

{ DCs1

g AC=1

! VOFF=0

| VaMPL=1
&  FREQ=80k
i D=0
i DF=0

Puc. 3.22. 3nauyeHns aTpubyTOB MUCTOUYHUKOB: @ — VI, 6 — V2

C pa3HHIMH yacToTaMH. Ha BeiXome — TONBKO CMTHAI C 4ac-
TOTO¥, NMoNajauiMii B MoJocy nNponyckaHus GpuasTpa.

8. PeanbHOo Ha BXxone (pMIIBTPa MPUCYTCTBYET CMEChH CHUT-
HanoB. Yrto6bl yBMAETH BpeMeHHOE TMpeACTaBIeHHe CMECH
CHIHaJIoB — rapMOHM4YecKoe KollebaHUe ¢ OMeHUSIMH — Te-
PEMECTUTE ONUH U3 BXOIAHBIX MApKEpOB B TOYKY COEIUHEHU S
pesuctopo R2, R3, RO, a npyroit mapkep yaanurte. Brinon-
HHUTE MOOEJIMPOBaHHE, OLICHUTE pe3yJibTar.

9. HM3MeHMTe YaCTOTY BTOPOrO MUCTOYHMKA CUTHanIa, yc-
taHoBUB ee paBHoH 60 k['u (3atem 40, 30, 20 x['u). Beinon-
HUTE MOJCTTMPOBAHHE, OLIEHUTE pe3yJbTarT.

IIporpamma Probe He Tonbko MoXxeT oroOpaxarh rpadu-
KU MOJIYUYEHHBIX Pe3YyJIbTATOB, HO M BBHIMOJHATL UX 00paboTKy,
BKJIIOYAsl CJIOXHEIE aireGpanyeckde orepalMM, BbIUYHUCIIEHHS
MHTerpaJjoB, rnpeobpasosanue ®ypbe M T. 4. Bribop coorBer-
CTBYIOIIIETO NECTBUS OCYLUECTBJSAETCA C TNMOMOILUbBIO KOMAHIbI
Trace/Add (rpacduk/mo6aButh). [locne yero B OTKpBIBHIEMCS
OKHe B [TPaBOM CIHCKE HeOOXOMHMO BBIOpaTh QYHKIIMIO, pHME-
HAEMYIO K JaHHOH XapaKTepUCTHKeE, a B JIEBOM CMHMCKE YKa3aTh
TpebyeMY0 XapaKTepUCTUKY, LUEIKHYB [0 HEl JIeBOH KHOIKOM
MBbIlIM. B HUXHEH CTpOKe BHIBOIMTCH MaTeMaTH4yecKas 3aluchb
00paboTku IS yKa3aHHOW XapaKTepUCTHMKH. Tak, Halpumep,
IUTSL pacyeTa M BbIBOAA rpadMka CYMMBbl CUTHAJIOB (HampsiXeHHe
B Touke inputl + HanpskeHue B TOUKe input2) OKHO 3agaHUsA
oBpaboTku OymeT UMeThb CHaeayolUi BUa (CM. puc. 3.23).

VhaneHue xapakTepHUCTUKH ¢ rpadMKa OCylLeCTBIISETCS Clie-
IOYIOLIMM 00pa3oM: HeOOXOTMMO BbIAENHTH UMS XapaKTePUCTUKH
(MMeHa pacro/IoKeHbl B JIEBOM YTy noa rpadrKoM), EJKHYB M0
HEMY MBbILIKOM, M 3aTEM HaXaTb Ha KJlaBMatype Kjasuiiy Delete.
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Puc. 3.23. Onanorosoe okHO BbiGOpa BLIBOOAMMOI XapaKTEPUCTHKH
W 3aaHH# ee MaTeMaTH4ecKoid obpaboTKu

3apgaHuve 2

1. C nomoibio koMaHabl Trace/Add nob6aBbTe Ha rpa-
(UK xapaKTepUCTHUKY, BBIYMCISEMYIO C MOMOLUBIO BbIpaxe-
Hug V(inputl) + V(input2). 119 3Toro Ha cxeMe o043aTeIbHO
JOJIXXHBI OBITH MPHUCBOEHBI UMeHA inputl ¥ input2 NMpoBOIHMU-
KaM, KakK IoKa3aHo Ha puc. 3.21.

2. OueHute pesynvtaT. Ha rpaduke nosBuiaack HoBast
xapaktepuctika V(inputl) + V(input2), BEIUMCIEHHas MaTe-
MaTHYeCKU U MNOBTOPAIOLLAS XapaKTePUCTUKY, CHATYIO B TOY-
Ke coeauHeHus pesuctopoB R2, R3, RO 1 BeIUUCIEHHYIO ApY-
ruM MetonoM. MMmeercsa Tuiub pa3nuyue B YpoBHE OUEHUH.

3. Tlomsenure Kypcop K HMEHHM XapaKTepUCTHKH
V(inputl) + V(input2) (BHM3y rpacuka) M IBaXIbl LLIETKHHU-
Te MBILIKOH. [TogBUTCS OKHO, B KOTOpPOM Bbl mepBOoHayaabHO
3a]aBajli MaTeMaTH4ecKkoe BbIpaxeHHe U HOBOW XapakTe-
puctuku. B nose Trace Expression (BblpakeHue IS IMOCT-
POEHUS XapaKTePUCTUKH) OTPeLaKTUPYHTE BhIpaKeHUE, B3SB
ero B CKOOKM M pasjenus Ha 2: (V(inputl) + V(input2))/2.
OlleHUTe pe3yJIbTaT, XapakTepUCTUKU TOUTH COBIIAJIH.

4. VYmanute xapaktepucTuKy (V(inputl) + V(input2))/2.
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B nporpamMe Probe MMeeTcs BO3MOXHOCTh pas3lie/ibHOTO
aHa/M3a XapaKTepUCTHK (Ha OTAENbHbIX I'padMKax UK B OK-
Hax aHanu3za). ng nobGasneHUs OKHa aHalu3a HeOOXODHUMO
BBINONHUTE KoMaHay Plot/Add Plot, mocne yero B BepxHei
4yacTH OKHa MporpaMMbl MOSIBUTCHA HOBOE OKHO aHa/M3a (roka
elre 0e3 XxapakTepMCTHKH), a cJIeBa OT HErO NMOSABUTCSA HAANUCh
SEL (BriOpaHoO), NMoOKa3bIBalolias, YTO B JAHHBIII MOMEHT 3TO
OKHO aHanu3a sIBJsieTCs aKTUBHBIM (puc. 3.24). Jlanee Heob-
XOIMMO yKa3aTb XapakTePUMCTHUKY, KaKy10 HeoOXOIMMO BBIBO-
IMTh B 3TO OKHO C INomolblo KoMaHasl Trace/Add. das yoa-
JIeHUS OKHAa aHalM3a HeoOXOAMMO BbIIEIWTH €ro, LENKHYB
M0 HEMY MBILIKOM, U BRINOMHUTL KoMaHay Plot/Delete Plot.

3apanve 3

1. B nporpamme Schematics 3apaiiTe uMst Smes nmpoBoa-
HUKY, coenuHsomeMy pe3uctopsl R2, R3, RO, ycraHoBuTE
MapKepbl HarpsiKeHWs Ha MpOBOIHUKM Smes, inputl, input2
(Mapkep Ha nMpoBOIHHMKE output y Bac momxeH ObITh yXe ycC-
TAHOBJIEH). 3ajaifTe 4acTOTy BTOPOrO MCTOYHWKA CUIHala
paBHoit 60 xT'u. BeimoaHute MomenupoBaHue. Bce uyeThipe
XapaKTePUCTHKH PACIOJIOXKEeHbl B OOHOM OKHE aHanau3a, 4To
HeynobHo. [ToaToMy ocTaBbTe B HUXKHEM OKHE aHallu3a TOJNb-
KO XapakTepHCTHKY V(output), a oCTaJbHble YIaJlUTE.

e DUTEE S| T REe S L BRS S s
o U(smes)

a U(output)

Puc. 3.24. Bun oxkHa nporpammbl Probe npu BBoze HOBOro okHa
aHanu3a
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2. C nomowbio komaHabt Plot/Add Plot no6aswte Tpu
HOBBIX OKHa @Ha/lM3a M BLIBEAMTE B KaXJ0e OKHO [0 OMHOH
XapakTepucTHKe (C nomollbio koMmaHawl Trace/Add, npensa-
PUTEIBHO BBIIEIMB HYXHOE OKHO aHaslu3a). B BepxHee okHO

BbIBEIMTE XapakTepucTuky V(inputl) — BpemMeHHoe Ipel-
craBlleHue curiana 1 ¢ yacrortoit 10 kl'u, Bo BTOpoe OKHO
BBIBEAUTE XapakTepucTHKy V(input2) — BpeMeHHOe Mpei-

cTaBJieHHe CUTHaJ1a 2 ¢ yactoToi 60 kI'11, B TpeThe OKHO BhIBE-
IIUTE XapaKTepUCTHKY V(Smes) — BpeMeHHOE MpencTaBeHHE
CyMMbl IBYX CUTHAaJIOB Ha Bxole (MJILTpAa. B HMXHEM OKHe
y Bac monxHa octaThecsl XapakTepucTHKa V(output) curHana
Ha Bbixode GUIBTpa, MOBTOPSIOLIETO Mo ¢opme curHan 1.
Ha puc. 3.25 nokasaH ¢parMeHT okHa nporpammsl Probe,
KOTODBLIM JOJIXKeH TOJYYHTLCS Yy YMTATENS NP BbINOJTHEHUHU
YKa3aHHBIX BbILIE NEUCTBUIA.

3. Haxag Ha kHonky ¢ Hagnuceto FFT (bsicTpoe npeo6-
pazoBaHue Dypbe), MOXKHO NOCMOTPETH CMIEKTPaJIbHbIE COCTAB-
JISIOLIHe, TTPUCYTCTBYIOIIME B PAa3JIMYHBIX cMrHanax. [loBTop-
HOE HaXaThe 3TOil KHOMKM MPHBEOET K BLIBOAY BPEMEHHOIO
npenctasiedus. [IpousBeanTe crieXTpaabHBIA aHAU3 CUTHA-
JoB, Haxae kHonky FFT. Ouenure pesynerar. Ha puc. 3.26
noxasaH ¢parMeHT OKHa lporpaMMbl Probe ¢ pesyibraTaMu
obicTporo npeobpazoBaHusi Oypbe CUrHAMIOB B KOHTPOJIbHBIX

/\ /\ /\ /\/\/\/

« iinput1)

By

\A f,\&/\/\/\_

Puc. 3.25. ®parmeHT oxHa nporpaMMbl Probe ¢ pa3nenbHO BbiBO-
IWMBIMHU BPEMEHHBIMU XapaKTepUCTUKAMHU

- "mpu
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JaceT ¢ HarnpaBJICHUEM €ro NMocCJeAHETr0 NMEPEMELIEHNUA € TIO-
MOLIBK MBIUIH.

3apanne 5

1. Tlepemectute kypcop Cl BrpaBo, LIEJKHYEB JeBOH
KHOMKOM MEILIK NpaBee OT TOM TOYKH, TIE OH paHee pa3Me-
wanaca. Haxumas Ha KHOMKY nepeMelleHUs K MUKY, CHUMH-
T€ MoKa3aHWs MUKOB XapaKTepUCTHUKH.

2. Koraga kypcop Io#aeT Do KpaiHero npaBoro rnoJjo-
KEHHS, LWEJKHHUTE JIEBOH KHOIMKOW MBILIHK B TOYKE, pacroo-
XeHHo# sieBee. HaxkMMas Ha KHOTMKY MepeMelleHus K MUKY,
HabnoaanTe nNepeMellicHHEe Kypcopa K oYepeaHOMY MUKY Xa-
PaKTEePUCTHKH B ODpaTHOM HampaBIeHHWH.

3. Tlponenaiite medcTBus 1—2 ¢ kypcopom Cl ¢ Ucnosb-
30BaHMEM APYTMX KHOINOK MEpeMellleHUsl Kypcopa.

4, Buinonuwure geiictBus 1—3 nna kypcopa C2, ucronb-
3ysi TIPaBy KHOMKY MBIIIH.

Crenyer OTMETMTb, YTO PAaCCMOTPEHHbIE BO3MOXKHOCTH
nporpaMMbl Probe NOCTYNMHBI M B Ipyrux pexumax aHaausa
(YaCTOTHOM, MO MOCTOAHHOMY TOKY U T. 11.).

PUCYHKHM XapakTepUCTUK, MPUBOIMMbIE B KHUIE, MOTYT
OTJIMYATbCA OT TeX, KOTOpble MOJNY4aloTCAd Yy YMUTaTensi. ITO
CBSI3aHO C HacTpoiKaMM YCTaHOBOYHOro (aiiia mporpaMMbl
msim_evl.ini, pa3MeLleHHOro B KaTajore orepalMoHHON| cUuc-
TeMbl Windows. Hanpumep, nis 3agaHus Opyrod LBETOBOH
cxeMmbl mporpaMmMsl Probe cnenyeT u3aMeHUTh 3HAUEHUS HEKO-
TOPBIX MAapaMeTPOB, NP 3TOM XapaKTePUCTUKU GYIYT BHIBO-
IUTBCA Ha GesloM dOoHe C YepHBIMM HaAIMUCAMU, YTO YAIOOHO
ISl MeYaTH MPUHTCKPUHOB (CHUMKOB C 3KkpaHa). dparmMeHT
YCTAHOBOUHOTO (aiina ¢ U3MeHEHUSIMU TIPUBOIMTCS HUXKE:

[PROBE DISPLAY COLORS]

NUMTRACECOLORS=6

BACKGROUND=BRIGHTWHITE

FOREGROUND=BLACK

[Mocne BHeceHMsT U3MEHEHHWIT B YCTAaHOBOYHBIH ¢aiin ¢ ro-
MOILLIO TEKCTOBOTO pelakTopa «bjokHOT» ero clienyer coxpa-
HUTb W [EPE3aIYCTHUThL CUCTEMY CXEMOTEXHUYECKOT0 MOAEIH-
poBanus DesignLab.



NMABA 4

NCMNOJIb3OBAHUE
CNCTEMbI DESIGNLAB
ANnAa MOOEJIMPOBAHUA
AHAJIOIOBbIX

N ULNPPOBbIX
YCTPOUCTB

B HacTos1Liel raBe OyayT pacCMOTPEHBI CXEMBl PE3UCTUBHOTO
M PE30HAHCHOTO YCWJIMTeJeH B KauecTBe MPUMEPOB MOIENH-
pPOBAaHUS aKTMBHBIX aHAJOTOBBIX YCTPOMCTB. DTOMY MaTepH-
any OygeT NMpedllecTBOBaTh pacCMOTPeHHe UCTOUHHMKOB CHMTI-
HaJIOB, KOTOpbIE MOTYT MCIIOJIb30BATbCSA MPHU MOAETMPOBAHUH
AHAJIOrOBBIX PaJMO3JIEKTPOHHBIX YCTPOMCTB. AHaJOTMYHBIM
06pa3oM, clienys MPUHLIMIY «OT MPOCTOTO K CIOXHOMY», Gy-
OYT pacCMOTPeHbl UCTOUHMKH LHU(POBBIX CUTHAJOB U CXEMBI
uudpoBbIX YCTPOICTB — HENUTENsl YacTOTH M npeoOpa3oBa-
Tens Koma. Momenu paccMaTpuBaeMBIX B HacTOslIeH TiaBe
CXeM uMTaTe] b CMOXET HaWTH B marnke catalog.

4.1. MoaenupoBaHue akTUBHBIX aHaNoroBbIX
YCTPOWCTB

15 MOIe1UpOBaHHSA aHAJIOMOBOrO YCTPOMUCTBA HEOOXONMMO BhI-

NOJHUTL rpadMyecKuii BBOA KOMITOHEHTOB CXeMBI B TIPOrpaMMe

Schematics, ucrnonb3ysi pa3iv4yHble OMOTHOTEKU KOMIIOHEHTOB:
e ANALOG:.slb — ans naccusHbiX eMeHTOB (R, L, C);
e BIPOLAR.slb — 15 OMMONSpHBIX TPAH3HUCTOPOB,
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¢ EDIODE.slb — ans auonos;

e JFET.slb — nns nonesbiXx TpaH3MCTOPOB;

e PORTslb — pna 3aszemaeHus (komnoHeHT AGND —

ILIS1 aHAJIOTOBLIX YCTPOHUCTB).

CnenyeTr ckasaThb, YTO B AEMO-BEpCUHM cUCTeMbl Design-
Lab npucyTCTBYIOT He BCe MepeyHcIeHHbIE OUOIUOTEKH KOM-
noHeHTOB. Tak Moae/b TpaH3UCTOpa HJISI CXeMbl YCHIIHMTENs
pa3melleHa B Oubnnoreke EVAL.slb. s nuTaHHs cxeMbl no
NOCTOAHHOMY TOKY OOBIYHO MCIONb3yeTcss KomrioHeHt VDC
(MCTOYHUK TIOCTOSSHHOTO HamnpsiXeHWs), pacrnoJoXeHHbIH
B 6ubnunoreke SOURCE.slb. B kauecTBe aTpubyTOB MCTOYHH-
ka VDC 3anmaetcs BeJJMUMHA MOCTOAHHOro HanpsaxeHusa DC.
[Tocne BBOZa KOMIIOHEHTOB CXeMbl MOIEIHUPYEMOro YCTpPOHC-
TBa HEOOXOAUMO BBECTH MCTOUMHMK CHTHaJIa, PACMONOXEHHbI i
Takxe B 6ubauoreke SOURCE . slb.

4.1.1. BBOA WCTOYHWKOB aHANOroBbIX CUrHANOB

3agaHMe MCTOMHMKA CHUTHAJIOB OCYLIECTBJSETCS B 3aBUCH-
MOCTH OT THMa aKTHBHOIO YCTPOMCTBA M OT TOro, Kakue ero
XapakTepuCTHKH HeobXomMMo MccienoBaTh. Tak, Hanpumep,
IJ1sl MOIEIMPOBAHUS BPEMEHHBIX M YAaCTOTHBIX XapaKTepHC-
THUK YCTPOWCTB B KaueCcTBé MCTOUHMKA CHMTHAJIOB CJIedyeT
BbIOMpaTh KOMMOHeHT VSIN (MCTOYHUK CHHYCOWAAIBHOTO
HanpskeHUs). PaccMoTpuM napaMeTpbl HCTOYHMKA CHrHada
VSIN ans cxeMbl, npeacTaBlieHHO#H Ha puc. 4.1, a).

B oxHe Analysis Setup 3agaguM mapaMeTpbl AUPEKTHBEI
MOJE/MPOBAHUS CXeMbl B peXXHMe aHaIM3a MepexonIHBIX Mpo-
ueccos (Transient) TakuM 00pa3oM, 4yToObl Ha rpaduke ObIIO
BuaHO 10—15 nepronos konebaHus.

[locnenoBatenbHO M3MeHSsi aTpUOYThl MCTOUHUKA CHTHANa
VAMPL = 5, FREQ = 5k, TD = 2ms, DF = 30, PHASE = 180
M 3anycKas KaXAblil pa3 peXX M MOAETUpOBaHU S CXEMbI C BHOBb
3aJaHHbIM 3HayeHHeM aTpubyTa, MOXHO HaGJI0naTh M3MeHe-
HUE BPEMEHHOTO TIpeNCcTaBleHHUa CUTHana uctToyHuka VSIN,

Ons wuccnemoBaHMs TMPOLIECCOB TMPOXOXKAEHHSA pas-
JIMUHBIX CHMTHAJOB 4Yepe3 aHaJlOTOBble YCTPOMCTBA BO3-
MOXHO MCMNOJIb30BaAHHE CJEAYIOUIMX MCTOYHMKOB CHIHa-
noB: VPULSE — wuMNynbCHbI MCTOYHUK HanpsixXeHHs
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Puc. 4.1. Cxema 1ns MccnedoBaHHs napaMeTpoB (a) U OKHO C aTpH-
6yTaMM KoMMoHeHTa V2 (6)

(puc. 4.3, a), VEXP — skcnoHeHuMan bHbI UCTOYHMUK Ha-
npsixeHus (puc. 4.3, 6) © VPWL_FILE — ucToyHUK Ha-
NpsiXeHWs, 3alaHHbIi B dailne
(puc. 4.3, 6), atpuOyThl KOTO- LESEES
pbIX, 00g3aTeNbHbIe IS 3aloi- o
HEeHUs, TpeldCcTaBJieHbl HUXeE.
B ckobkax yKazaHbl OpUEHTHPO-
BOYHbIe 3HAYEHUS aTpUDOYTOB.
ATpUOYTBl WUCTOYHUKA CUT-
Hana VPULSE:
AC — amnautyna Hanpsi-
XKEHUHA MpH aHa/1KM3e B Uac- Puc. 4.2. OKHO 3anaHus napa-

TOTHO# obnactu (1); METPOB AMPEKTHBL MOIENHPO-
saHua Transient
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Puc. 4.3. YcnoBHbie rpaduueckue ob03HaY€HMS MCTOYHHMKOB CHI-
HanoB: @ — VPULSE, 6 — VEXP u ¢ — VPWL_FILE

V1 — mMuHuManbHoe HanpsaxeHue (0);
V2 — MakcHManbHoe HamnpsikeHue (2);
TD — 3anepxka (0);
TR — nnurtensHocTh nepenHero dpouTa (0);
TF — gnutenbHocTb 3aaHero ¢ppoHTa (0);
PW — agnutenbHOCTh MMITyJIbca (1m);
PER — nepuon noBTOpeHMS UMIYAbCOB (4m).
3aMeHUB B TIpeObIaYLLEH CXeMe MCTOYHUK curHama VSIN
Ha VPULSE u 3anonHuB oGsi3aTe/bHBIE aTPUOYTEHI, BHITION-
HHUTE MOIEJMPOBaHHE CXEMBI B PEXXMME aHaAu3a NepexoaHbIX
npoueccoB. [TocnenoBarebHO U3MEHSS aTpPUOYTHI MCTOYHUKA
curHana V1 =2, V2 =5, TD = 2ms, TR = 0,2m, TF = 0,5m,
PW = 2m, PER = 5m M 3anyckas Kaxabli pa3 pexuM Mole-
JIUPOBaHUSA CXeMbl C BHOBb 3aJaHHbIM 3Hau€HHEM aTpuodyTa,
MOXHO HaOJIoOaTh U3MEHEHHE BpPeMEeHHOro fpeacTaBlecHUs
curHana ucroyHuka VPULSE.
ATpuOYTHI McTOuHMKA curHana VEXP:
AC — aMIIMTyIa HanpsKeHWd MpH aHajlu3e B 4acTo-
THOM o6nactu (1);
V1 — MHHMMabHOe HanpsxeHue (0);
V2 — MakcuManbHoe HanpsixkeHue (1);
TDI — 3agepxka (0);
TCl — nocrodaHHas BpeMeHM MepemaHero (poHta —
BpeMsI, B TeueHHe KOTOPOrO MTHOBEHHOE 3HaueHUe aM-
MJIMTYIB Bo3pacTaeT a0 ypoBHA 0.63*V2 (0.2m);
TD2 — Havano 3anHero ¢poHTa (2m);
TC2 — nocrosiHHasi BpeMeHHM 3alHero (PpoHTa — Bpe-
M$, B TeYEHHE KOTOPOro MrHOBEHHOE 3HaYeHHe aMIlI1-
Tyabl yobiBaeT 10 ypoBHsa V2—0,63*V2 (0,2m).
3aMeHUB B Tpeablayllied cxeMe WCTOYHMK CUrHana
VPULSE Ha VEXP u 3anoiHUB o0si3aTe/bHble aTpUOYTHI,
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BBITIOJTHUTE MOIEIMPOBAHHME CXEMBI B PEXHME aHaau3a Ie-
pexodHbIX mnpolieccoB. IlocienosaresbHO U3MEHAS aTpUOYTHI
UCTOYHHMKA curHana V1 = 1, V2 =3, TDI = Ims, TC1 = 0,3m,
TD2 = 4m, TC2 = 0,3m u 3amyckasl KaXablii pa3 MoOIEIH-
pOBaHHE CXeMbl C BHOBb 3alaHHBIM 3HaueHHeM aTpubyrta,
MOXHO Haba1omarb U3MEHEHWE BPEMEHHOTO IpEeICTaBICHUS
curHana uctouHnuka VEXP.
ATpubyTbl McTOuHMKa curHasa VPWL_FILE:
AC — aMMIMTYIa HampsiXeHHs MpH aHaJlu3e B 4acTo-
THO# obaactu (1);
TSF — macwiTabHbIi MHOXHTENL 10 BpemeHHU (1);
VSF — MaciurabHblit MHOXHUTENB 1O YpoBHIO (1);
FILE — umsa daina (primer.txt);
REPEAT _VALUE — konuyecTBo LIMKJIOB TIOBTOPeHHS (3).
WUwms daitna nns uctounuka curiana VPWL_FILE monx-
HO COCTOSITh M3 JJATHHCKUX OYKB (paciiupeHue txt). JlaHHble
B (baityie HEOOX0OMMO TIPEACTABMTH B cienyloleM dopMare:
(<otcuer BpeMeHH 1>, <oTCYeT aMIUIUTYAbI 1>)
(<otcuer BpeMeHH 2>, <OTCYET aMILTUTYIBI 2>)

(<orcuet BpeMeHH N>, <oTcyeT aMILIUTYObl N>)

®Daitn ¢ TAKMM HUCTOYHMKOM CHMIHAaJa MOXHO CO3IaTh
B nporpaMme «bJIOKHOT» W 3aTeM MOMECTUTh B MANKy, rae pac-
nosioxeH ¢aiin ¢ Momenupyemoii cxemoid. [1pumep daiina ¢ uc-
TOYHMKOM CHTHasa MpeaCcTaB/JeH Ha CACOYIOLUEM PUCYHKE.

ITpuMep cxeMBl ¢ TAaKMM MCTOYHMKOM CHMTHama, a Tak-
Xe caM (palil UCTOUHMKA CHrHaJia pacrojioXeHbl B KaTajore
cxeM. 3arpy3uTe cxemy p4.sch W BBITIOTHHUTE MOAEJHpPOBAHHE
BO BpeMEHHOi obnacTtv, ybenuTech B TOM, YTO CO3JaHHBIN
u3 ailla MCTOYHHUK CHMrHana
NEACTBHUTEJILHO  BOCIIPOM3BOIMUT EEEsE
OTCYETHl CHIHAAa B 3aJaHHple S5 [Bes seower S fmess
MOMEHTBI BPEMEHH. E%ﬁ::?

CnenyeTt CKa3aThb, 4YTO Eé?;ﬂ;&??
B cucteme DesignlLab umeercs | s
BCTPOEHHBIH penaktop Bxog- |~
HbIX curHasoB Stimulus Editor,
MO3BOJIAIOILMI co3gaBaTh aHa- FPHC. 4.4. OkHO TporpaMMEl

«bnokHoT» ¢ daitnom wHcTOU-
JIOTOBBLIE H Llld(l)pOBbIC CHUTIHalbl Hiika citFiiana

B primer - Bnokuor
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HEMOCPEACTBEHHO C MOMOILbIO KYpcopa MBIIIU. DTH CHTHa-
Jibl 3aMUCHIBAIOTCA B (halJl M BKJIIOYAKOTCH B CXEMY C ITOMO-
HIblo ucToyHuka curianos VPWL _FILE, paccMoTpeHHoro
BBIILIE.

[Mocne BBOJA MCTOYHMKA CHTHAJIa CXeMa aHAJIOrOBOIO yC-
TPOMCTBA MPOBEPSIETCS HA OTCYTCTBUE «IJIABAIOILIMX» (HETOO-
KJTIOYEHHBIX) Y3JI0B, B KOHTPOJIbHbIE TOUKH YCTaHABIUBAIOTCS
MapKepbl M BbIMIOJHAECTCS MOACIUPOBAHUE.

4.1.2. MNpumep 1 NOPSAOK BLINOSHEHUS
3a4aHuiA HA MO4EeNMpOBaHKMe
PE30HAHCHOr0 yCUnMTens

YcunuTenu HaxodAT LUMPOKOE NMpPUMEHEHHE B PaIMO3JIEeKT-
poHHoO#M anmnaparype. OnHoit U3 BaxXHeHIINX XapaKTEPUCTUK
YCUJIUTENEH SIBISETCS aMIUIMTYQHO-4acTOTHAs XapaKTepHC-
Tuka (AYX), nokaspiBalolas 3HauyeHue koacduuueHTa ycu-
JIeHHS Ha KOHKpeTHoi yactoTe [6]. i pe3oHaHCHBIX YCH-
JIMTENEe ¢ Harpy3koi B BHJE KojebareabHoro KoHTypa AUX
MMEET BUI KoloKoaa. PaccMaTpuBaeMblit HHXE MTPUMEpP pe3o-
HAHCHOr'0 YCUJIUTEIS AEMOHCTPHPYET Takoil Tunm AYX.

MeTonuka MOOETMPOBAHHMSA PE30HAHCHBIX YCHIIMTENIEH
B PEXMME aHaU3a YACTOTHBIX XapaKTEPHUCTHUK 3aK/IOYaeTCs
B 3KCIIEPUMEHTAIBHOM OIpENcICHHH HOMMHAJIOB JIEMEHTOB,
obecrieynBaloOlIinX TpedyeMyr H30MpaTeabHOCTh U KO3 (dH-
IMEHT YCUJIEHHWs B 3alaHHOM mojoce 4acToT, T. €. AYX coort-
BETCTBYIOLLEH GopMbl. 115 3Toro nocje rpapuyeckoro Beoaa
3JIEMEHTOB CXEMbl, 3aJaHMS HCTOYHHMKA BXONHOrO0 CHTHaja
M IMPEKTUB MONEJIMUPOBAHMUS BHLIMOJHAIOT MOIETUPOBAHME,
3aTeM, B cliyyae HeoOXOOMMOCTH, KOPPEKTHDPYIOT HOMMHAa-
JIBI 2JIEMEHTOB CXEMbl, BHITIOJIHSS TOBTOPHO MOIEIMPOBaHHE
M aHanau3 nmojay4yeHHoi AYX.

Cnenyer OTMETHTBH, YTO B pEXHME aHaJM3a YaCTOTHBIX
XapakTEepUCTHK 4YacTOTa MCTOMHMKA CUTHAJa aBTOMAaTHYECKH
U3MEHSIETCA B OMAara3oHe, YKa3aHHOM [OJb30BaTEIEM IIpH
3alaHWM IUPEKTHB MoaenuposaHus. [ToaToMy, eciyu Ha BXo-
Ie CXeMbl TOJb30BaTe/ib YCTAHOBUT Mapkep, BMecTe ¢ AUX
YCUIUTENA Ha rpaduke Oynet oToOpaxarbcs ropM30HTaabHAsA
JIMHUS, COOTBETCTBYIOLIAA M3MEHSIOLIEHCA YaCTOTE HCTOYHH-
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Ka CHrHaja (He3aBMCHMO OT 3HAueHMs, YCTAHOBJIEHHOTO B aT-
pubyre ncrouHuka curiama FREQ).

[locne wuccnemoBanusi AYX pe3oHAHCHOTO YCHIUTENA
K BXOIY CXeMBI TIOAKJIIOYAETCHA UCTOYHUK CUTHAMA ¢ HecyLuei
4YaCTOTOM, PaBHOI PE30HAHCHOM 4acToTe KOHTYpa, M cXema
UCCIIEIyETCH B PEXMME aHaJlMu3a NMePEeXonHBIX mpoueccos. [To
BPEMEHHOMY ITPENCTABAEHHMIO BBIXOAHOIO CHTHAIa NMPOEKTH-
POBLIMK OIpPENENsET, HE BHOCHUT JIM YCHUJIMTENb UCKaXKEHHIA
B cCMrHajg. B pesynbTare hopMa BBIXOZHOrNO CMrHajia Iocie
3aBEPLUEHUS [MEPEXONAHBIX NMPOLECCOB JOJKHA B TOUHOCTH CO-
OTBETCTBOBATb (pOPME BXOJHOIO CUrHaNa C yuyeToM Koadbu-
LLIUEHTA YCUJIEHHUS.

Ha stom atane MozmennpoBaHue cXeMbl CYMTAETCSH 3aKOH-
YEeHHbIM, TTOC/IE YEro MnepexonsT K pa3paboTke rneyaTrHoi 1Jia-
ThI 111 GU3UYECKOTO MOIETUPOBAHUA (COOPKH) CXEMBI.

st monyyeHUs HaBBIKOB paboThl B cucteme Designlab
BBIMOJIHUTE MONEIUPOBAHME XAPAKTEPHCTUK PE30HAHCHOrO
YCUIIUTENST B peXKMMax YacToTHoro aHanusa (AS Sweep) u uc-
c/lenoBaHuUs nepexonHelXx mnpoleccos (Transient) B cooTBeTc-
TBMHU CO CJENYIOILMMH YKa3aHUAMM.

Hcenedosarue amnaumyono-vacmomnoi XxapaKmepucmuru
DE30HAHCHO20 ycuaumens

1. BoinonHute rpaduueckuii BBOI CXEMBI YCUJIUTEISA B CO-
OTBETCTBUH C IIPUMEPOM, TIPUBEAEHHbIM Ha puc. 4.5 U B Tab-
auuax 4.1, 4.2. B kauecTBe UCTOYHMKA CUTHAJMA UCIIONB3YITE
KoMmrioHeHT VSIN, napaMeTpbl KOTOPOTO TaKXe YCTAHOBHTE
B COOTBETCTBHUM C 3afaHKeM. [1nsa MUTaHUA CXEMEI MO MOCTO-
AHHOMY TOKY Hcnosb3yidTe kKomroHeHT VDC. Pacnomoxure
Ha BXOZIE M BBIXOJE CXEMbl MapKephl IJIsI U3MEpPEeHMsl Harnps-
XKeHUsl, Mcriosib3yst komaHny Markers/Mark Voltage.

Ta6a. 4.1. 3HayeHus aTpubyTOB MUCTOUHMKA curHana (VSIN)

DC | AC | VOFF | VAMPL | FREQ| TD | DF |PHASE

VSIN
L1 o | oo | M

meg
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£ T

0
in
V4

+ 3
0

Puc. 4.5. Cxema pe30oHaHCHOro ycUnuTens

Tabn. 4.2. 3HaueHus aTpuGYTOB UCTOYHHWKA MOCTOSIHHOTO HAmpsi-
x*eHusa (VDC) u Monens TpaH3ucTopa

MOJETb DC
VTI vDC
Q2N2222 +12V

2. 3apaiiTe HEOOXOAMMEbIE NapaMeTpbl JUPEKTHBE aHATHU3a
YaCTOTHbIX XapaKTepPUCTHK cXeMbl (Analysis Setup/AC Sweep):
konuyecTBo Touek rpacduka (Total Pts.), HauanbHoe (Start
Freq.) u koneuyHoe (End Freq.) 3HaueHMs MoJockl 4acToT. 3a-
KpbIB OKHO Analysis Setup, 3anycTHTE peXHUM MOIOCIUPOBAHUSA
KoMaHaoi Analysis/Simulate wau HaxarveM knasuiiu Fl11.

3. Ilo nocTpoeHHOMY B OKHe nporpaMMbl Probe rpadu-
Ky onpeaeanTe KoahOUUMEHT YCHIEHHUS H LIMPHHY TOJIOCHI
MPONYCKAHUSA YCHJIMTE/SI, MCNOAB3Ysd KOMAaHAbl YIIPaBJeHUS
KypcopoM. [Insi 3Toro HeobXooMMO aKTHBU3HPOBATb KHOMKY
Toggle Display of cursor, pacnoioXeHHy Ha NMaHEIH HHC-
TPYMEHTOB nporpammbl Probe.

4. U3MeHuTE MPOU3BOJILHO 3HAYEHH S HOMHHAJIOB EMKOC-
TH WJIH HUHAYKTUBHOCTH B KOHTYPE, BBINOJHWUTE MOIEIMPOBa-
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HUE M OLIEHUTE M3MEHEHME MOJIOCHI MPONYCKAHUS YCUITUTENSA.
B karanore cxem pasmeiueH ¢aitn pS.sch mwis nposepku rnpa-
BUJIBHOCTH BBOJA MPEACTABJIEHHON CXEMBI PE30OHAHCHOTO YCH-
JUTENSA W 3aJaH1s NapaMeTPOB IMPEKTUB MOLEIUPOBAHUA.

Hcenedosanue PE3OHAHCHO20 YCUNUMENA 68 PeHCUMe
axnaiusa nepexodﬁwx npoyeccoe

1. B rpadmyeckoM pemnakTope BBIMOJHHMTE HM3MEHECHME
4acTOThl HCTOYHMKA curHana (napamerp FREQ), yctaHoBUB
ee paBHOH PE30HAHCHOM YacToTe KoJ1ebaTeJbHOro KOHTYpa.

2. 3apmaiiTe He0OXOOMMBIE MAPAMETPbI IUPEKTH BBl MOLIETHN-
poBaHUsA nepexongHbiXx npoueccoB(Analysis Setup/Transient):
KOHe4YHoe BpeMsi aHaau3a (Final Time), BpeMeHHO# 1ar pac-
yeta xapakrepuctk (Step Ceiling). 3akpbiB okHO Analysis
Setup, 3anycTHUTe peXHM MOIEIMPOBaHHWS KOMaHIoi Analy-
sis/Simulate unu Haxaruem kiaaBuiiu Fll. BaxHo oTMETHTB,
YTO IS MPaBUJIBHOrO OTOOpaXEHUS pe3yabTaTOB pacyera
HeoOXOIWMO TakK BBHIOMpATh LAl MEXIY OTCYETAMM CUTrHana,
yTOOBl HAa MEPHUOJ HECYIUEro KoebaHUsl MPUXOAMIOCH HE Me-
Hee 20—25 orcyetoB. Peub uzaer o mapamerpe Step Ceiling
nupextuBbl Transient. Tak njas cxembl U3 dpaitna pS.sch mapa-

SELY>

o U(out)

Puc. 4.6. @dopma curHana Ha BbiXOle PE30HAHCHOrO YCHAWTENS
MpU NpaBUABLHOM 3HaueHuu napaMeTpa Step Ceiling
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meTp Step Ceiling = 0,005 Mkc u hopMa BBIXOOHOro CHTHaIa
noJiy4yaetcs Takoi, Kak Ha puc. 4.6.

Ecnu xe mapamerp Step Ceiling ycTaHOBUTE paBHBIM ().]
MKC, TO OTCYETOB CHIHajia IBHO HEJIOCTATOMHO, PE3YJIbTAThl
MOIEMPOBAHUS HE COOTBETCTBYIOT AECHCTBUTEJIBHOCTH —
¢opMa curHasa UckaxaeTcs, Kak OyaTo Obl MMEET MECTO MO-
OVJASILAST aMTUTUTYIbl BbIXOJHOTO CMTHaNla, YpOBEHb CMTHa-
Na 3HAYUTEJbHO MEHbILE MO CPABHEHUIO C JEHCTBUTEILHBIM.
Ha puc. 4.7 nokasaH pe3yabTaT MOIEJIMPOBAHUS NIPU HEBEPHO
ycTaHoBiieHHOM rapaMeTpe Step Ceiling.

3. Mo rpaduky BBIXOOHOTO CHMTHaja B OKHE Iporpam-
Mbl Probe onpeaenurte kosadpduuueHT yeuneHus (KY) cxemel
U CpaBHHTE €ro ¢ KO3(hMUIMEHTOM YCHUIEHHS, PACCUMTAHHBIM
B peXMMe aHa/JiM2a YacTOTHBIX XapakTepucTuk. Ilpu 3ToM 3Ha-
yenuss KY Moryr pasnuyarbcs. DTO CBA3AHO C TeM, 4TO ai-
FOPUTMBI pacyeTa YacTOTHBIX M BPEMEHHBIX XapaKTEPUCTHK
paznuyualoTcsa. YacToTHRIN aHanu3 ABNAETCA MEHEE TOYHRIM, HO
Oonee OLICTPOACHCTRYIOLIUM, NTOITOMY KOIMDHUILIMEHT YCUNEHHUS
C/IeAYeT ONpene/AaThL MO peldy/bTaTaM BPEMEHHOTO aHallM3a.

4. M3MeHHTe YacTOTy UCTOYHHMKA CHTHAa/lIa B OKHe rpadu-
4yecKoro pejakTopa Tak, uToObI CHTHAJ HaXOQWJICS B TOJIOCE
MPONYCKaHUA KOHTYpa. BHIMOJHUB MoneTupoBaHHUE C U3Me-

Oy cmms s s smn s . e
s Ufout)
Puc. 4.7. MckaxenHas ¢dopma curHana Ha BblXode PE30HAHCHO-
ro YCUNUTeNs npd HeBepHOM 3HAYEHMM napamerpa Step
Ceiling (HEQOCTATOMHO OTCYETOB HA MNEPHON HECYLUEH
4YacToThl)



4.1. Modeauposarue axmusHbix aHAN0208bIX Yempolicme 9@

HEHHBIMM TlapamMeTpaMM, yOeAuTeCh B YMEHbBLIEHUM YPOBHS
BbIXOHOTO CHTHAJIa 10 CPAaBHEHMIO C MPEIBIAYILIAM PE3YIIb-
TaToM (KOraa yacToTa MCTOYHMKA CMTHajla B TOYHOCTH COOT-
BETCTBOBaJIa PE30HAHCHOM YacTOTE KOHTYpa).

4.1.3. MNpumep v NOPSOOK BLINOMHEHUA
3a4aHuin Ha MOAENNPOBAHUE UCKAXEHWNIA
UMNYNLCHBLIX CUFHANoOB NPU UX
NPOXOXAEHUN Yepe3 Pe3nUCTUBHLIN
ycunurens

Pe3MCTUBHBIE YCHJTUTETH TIPDUMEHSIOTCA OIS YCHJIEHHS CUT-
HaJIOB B LIMPOKOM JIMAINa3oHe 4acToT, no3atoMy ux AYX nomnx-
Ha ObITh NMOCTOSHHOH B HEKOTOPOM Auarna3oHe. OnHako W3-3a
HaJIMYMA TapasMTHBIX EMKOCTEH B HEJMHEHHBIX 3JIEMEHTaX
AYX pe3sMCTUBHBIX YCHJIMTENEH B 00JacTH BBICOKMX YacTOT
MMeeT yObIBAIOLLMIA XapakKTep. 3TO MPUBOAUT K UCKAXEHHUIM
CHUTHaJIOB, HECYlIasd 4acToTa KOTOpPbIX OMM3Ka K rpaHM4YHOH
YacToTe IPOMYCKAHUSA YCHIMTENSA, a TaKXe LIMPOKONOJIOoC-
HbIX CMTHAJIOB (HAIIpMMep, HMNYJIbCHBIX) [6].

B c¢Bsi3M ¢ 3TUM 3amaya MOOEJIMPOBAHMS PE3MCTHBHBIX
YCUJIMTENEH 3aK/I04YaeTcsd B OMNpeaeJeHHH HOMMHAJOB KOM-
MTOHEHTOB M MOJEIH aKTHUBHOIO KOMIIOHEHTa, 0OecrneYnuBao-
LIMX YCUJIEHHE 3aAaHHbBIX LLIMPOKOMOJIOCHBIX CHIHAJIOB C MU-
HUMAaJIBHBIMH UCKaXEHUSMU.

B paccMaTpyBaeMOM HMXe NpUMepe HeobXoouMOo omnpene-
JUTh UCKaXeHUS (PPOHTOB MMIYJIBCHONO CHMIHajla Ha BBIXO-
Jle pe3UCTMBHOrO YCHJIMTENS B PEXHME aHa/In3a NMepexoaHbIX
npoueccoB. UMNyabc CYUTAETCS MCKAXKEHHBIM, €CJIH IJIUTENb-
HOCTb (poHTOB t . + t (MEpelHero M 3alHEro) MpeBbILUIACT
IJIUTEILHOCTb BEPILMHEI t_ (MJIOCKOH YAaCTH UMITYIbCA).

S(t)

>t

Puc. 4.8. BpeMeHHoe npeacTrasiieHHWe UCKAXEHHOro HMIYNbCa
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1. B cxeme ycHaMTens BMECTO PE30HAHCHOTO KOHTypa
BKIoYuTe conporupieHne Rk = 15 kOm M 3aMeHMTE MC-
TOYyHHMK curHajaa VSIN na VPULSE, yctaHOBMB nmapaMeTphl
MCTOYHMKA B COOTBETCTBHM C MPUMEPOM, MPHUBEIEHHLIM Ha
puc. 49 u B Tabnuue 4.3.

Taba. 4.3. TlapaMeTpbl HCTOYHHKA UMNYABCHBIX curHanos (VPULSE)

DC | AC | VI A\ TD | TR | TF | PW | PEW

VS
0 (o0l 0 | —-002] 0 0 0 lu 3u

2. 3apaiTe mapaMeTpel IMPEKTHBbI MOIETHPOBAHHUS Te-
pPEXOOHBIX TMpoleccoB (KOHeuHoe BpeMsa aHanau3a Final Time
M BpeMEeHHOM 1iar pacyeta xapaktepuctuk Step Ceiling) Ta-
KHM 00pa3oM, 4ToObl Ha rpadHKe BbIXOJHOTO CUTHAJa BUIHO
ob1o 10—15 mmnynbcos. 3akpbeiB okHO Analysis Setup, 3a-
MYCTHUTE PEXUM MOIEIMpOBaAaHUA KoMaHmoi Analysis/Simu-
late m1u HaxkaTveM kJaBuiuu F11.

3. M3MeHuTe nmapaMeTpbl MCTOMHMKA CHUTHaMa (ANWTeNb-
HOCTb UMITYJIbCOB), YMEHbIIUB 3HauYeHue B 5—10 pa3s, U BhI-

BE00

Rk
15k
C2 out
= —
Q2N2222 20u
RN
Sk[]
+ .
0

Puc. 4.9. Cxema pe3MCTHBHOIO yCUIUTENS
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NOJHUTE MOAENMPOBAHUE C U3MEHEHHBIMM napamerpamu. Ilo
rpaMKy BBIXOJHOTO CUTHANa ONpene/uTe JIHTEIbHOCTD ne-
pelaHero  3aaHero (ppoHToB UMNynbcoB. M3 rpaduka BuaHO,
4YTO MPH AJTUTENBHOCTH UMNYyAbcoB 0,1 MKC nepenHui U 3a-
IHUH PPOHTHI UMMYIBCOB CTAHOBATCH 3aTSXKHBIMH — 3TO pe-
3yJIbTAT BAMSAHUSA MapasdTHBIX EMKOCTeH TpaH3ucTopa. [loa-
TOMY €CNH UCKaXEHH S CHUTHAJIOB MPH HX TIPOXOXAEHHUH yepe3
YCUJIMTENb SIBASIIOTCS 3HAYMTENbHbIMM, TO CJIENYET BbIOUpPaTh
Mojiesib Gosiee BBICOKOYACTOTHOIO TPaH3UCTOpa.

4.1.4. CTaTUMCTUY4ECKMIA aHann3 no Metoay
MoHTe-Kapno

3aBeplUaOLIUM 3TanoM MOENTUPOBAHMA PadUO31EKTPOHHBIX
YCTPOWCTB $IBJSIETCS, KaK MPaBWJIO, aHAIW3 BIMSHUS Das-
Opoca napaMeTpoB 3JIEMEHTOB Ha YX€ pacCYMTaHHbIE Xapak-
TEPUCTUKU cxeMbl. [nsi atoro B cucteme DesignlLab npen-
Ha3HauyeHa nOMpekTUBa MoaenuposaHus Monte Carlo/ Worst
Case — crarMcTHYecKMit aHanu3 o Merony MoHTe-Kapno
u «Hauxynuiuit cnyuaii». JIna merona MoHTe-Kapno cnyuaii-
Hble 3HAYEHUs [apaMeTPOB KOMIIOHEHTOB PAaCcCYUTBHIBAKTCA
no ¢opmyne [2]:

x=x,,(1+&-47),

rae x,,, — HOMMHAa/IbHOE 3HAYe€HHE NapameTpa, BBEAEHHOE
NpPOEKTUPOBIIMKOM; A — pa3bpoc napameTpa, YCTaHOBIEH-
HbI MPOEKTHPOBUIMKOM ISl KaXI0r0 KOMMOHEHTA B aTpH-
oyte Tolerance; & — ueHTpUpoBaHHas ciayuaiiHas BEIHYMHA
B avanasone (—I, +1), bopMupyeMas reHepaTopoM clyyaii-
HbIX YHCell.

Hdnsi akTMBU3AaLMKM CTATUCTUYECKOIO aHaliu3a N0 MeTo-
ny Monre-Kapno Heo6xoquMo 3aiaTh nmapaMeTpbl JUPEKTH-
Bbl Monte Carlo/ Worst Case u B aTrpubyTrax KOMMOHEHTOB
cxeMbl YCTaHOBMTh 3HaueHHe napametpa Tolerance (pa3odpoc)
B MPOLIEHTHOM OTHOLUEHUM. 3agaHue NMapaMeTpoB JAUPEKTH-
Bbl CTATUCTMYECKOTO aHanusa no merony Mounte-Kapno ocy-
LLIECTB/ISICTCA B 1MaJIOFOBOM OKHE, BbI3bIBAEMOM [10 KOMaHIE
Analysis/Setup M HaxatueMm Ha kHonky Monte Carlo/Worst
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Case (puc. 4.10). Huxe npuBoIMTCS Ha3HAUYEHUE OCHOBHBIX
napaMeTpoB IMPEKTUBbI CTATUCTUYECKOrO aHajliu3a Mo MeTo-
ny MonTe-Kapno:

Monte Carlo/Worst Case — BbI6Op anropur™a craTHc-
THYeCKOM 00paboTku (MeTon MoHTe-Kapno uiu meton
Hauxylllero cjiydas);

MC Runs — 4HcI0 CTaTUCTHYECKMX MCNIBITAHUIA (TIpO-
TOHOBY);

Analysis Type (AC, DC, Transient) — BeiOOp Buaa aHa-
nu3a (YaCTOTHHIA aHaliM3, aHajlu3 N0 MOCTOSHHOMY
TOKY, BPEMEHHOH aHaJInu3);

Output Var — BbIXOOHasi MepeMeHHas, 3HaYeHUs KOTO-
poii OyIyT pacCUMTHIBATLCSA W BBIBOOMUTLCH Ha rpaduky;
Function — BbI6Op BHOa CTaTUCTHYECKOH (YHK-
LIMHM, a TAKXKe JOMOJHUTENbHBIX YCIOBH i, O3BOJISI-
IOLIMX OCYUIECTBISTh CEIEKIIMI0 CTATHCTHYECKMX
pe3yJbTaToB;

MC Options/Output — 3agaHUe YUCIAa UIK HOMEPA Bbl-
BOIMMOM peanu3auuru (MporoHa).

YcraHoBKa 3HaueHW i aTpubyTa Tolerance ocyilecTBnsercs
MyTEM MX BBOJA B JMANIOTOBOM OKHE, BhI3BIBAEMOM JIBOHHBIM
LIEJYKOM MBILUM 1O KOMNOHeHTY. IIpu 3TOM ecnu 3HayeHUe

Monte (arfnur Worst E'ei‘!' : i E.j
1~ Analss - " s |
" \Worst Case (¢ Mmet?mb ME Rurs: E

Bnalpsis Type = E
PAE(“ DC(~ Trwsmz Butpzj\-'s mutpuﬂ |
¥ Fummn

C YMAK & WAk C MIN t"‘ RISE FFALL

;RsmgeLnf F%mgeﬁtl
MEQ;E@;: AR, :
THMEE e e
e
EEOE" | 1 Beed:
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[ Eve
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Puc. 4.10. OkHO 3a1aHWA MapaMeTPOB CTAaTUCTHYECKOrO aHaiu3a
no Metony MouTte-Kapno
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atpubyta Tolerance He YCTAHOBAEHO HU Y OJIHOTO KOMITOHEHTA,
TO CTaTUCTHUYECKMI aHanu3 BbInoaHeH He Oynet. Ha puc. 4.11
N0Ka3aHo OKHO ¢ arpubyTtamu KonjaeHcatopa Cl ¢ mapamert-
poM Tolerance = 20%.

[Tocne 3apanus mnapameTpoB pexuma MonTte-Kapno
H YCTAHOBKHM COOTBETCTBYIOLIMX 3HAUEHUH atpubyTOB KOM-
MIOHEHTOB CXEMBbI CJIEAYeT BBIMOAHUTb MoaeaupoBaHue. He
3a0yabTe BKJIOYMTb COOTBETCTBYIOLIYIO IHPEKTHBY MOJe-
avpoBanus. Tak, Hanpumep, And pacuera BJIMSIHMS Mapa-
meTpoB KoHaeHcatopa Cl Ha AYX c¢dwuabrpa Heobxoanmo
noMumo aupektuBbl Monte Carlo/ Worst Case BKJIIOYUTH
aupektuBy AC Sweep M 3a3aTh HeOOXOAWMBIE NapaMeTphl.
[Ipn MoneanpoBaHuu B OKHe nporpammbl PSpice rnokasbi-
BaeTcs UHOpPMALMS O XOAe BbIYUCIEHUH — HOMED MpOoroHa
(CTAaTUCTHYECKOTO MCNBITaHMA) M T. 4. 1o OKOHYAHUU MO-
NEeNTUPOBaHUs B OKHO nporpamMmbl Probe OyanyT BbiBeaeHBI
HECKOJIBKO rpauKoB, KOJWYECTBO KOTOPBIX COOTBETCTBYET
YUCAY 3aJaHHBIX UCTIIBITAHUH,

Ha puc. 4.13 nokazaH ¢parmMeHT OKHa nporpammel Probe
C pe3ylbTaTaMM MOJENUPOBAHUS (DUIBTPAa HUXHMX YacTOT
B peXHMe YACTOTHOTO aHaju3a (UMCIIO UCMThITAHUH paBHO 3,
MO3TOMY BbIBEIEHO 5 XapaKTepUCTHK).

AHAnU3UPysl NOJYyUYEHHbIE XapAKTEPUCTUKH, TPOEKTUPOB-
LMK MPUHHUMAET pelleHu e, SIBISETCA M pa3dbpoc BbIXOAHbIX

X
| TOLERANCE = 20% Save All
T b

. TEMMTE-L “@REFDES %1 %2 7TOLERANCEIC dHEF(_, _..______i"“a i

I ST | pase |

Fie Dlsplay Holp

Simulating circuit:

SAMUAHLD S

* \WSAVADAUSERS\VDES NGU\B\DL APAS

Mente Carlo [5£533

AC [and Noise] Analysis

Puc. 4.12. OkHo coobenuns nporpamMmMbl PSpice npu crtatucTHYec-
KOM aHanu3e no metony Moute-Kapno
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Puc. 4.13. PesynbraThl craTUcTHHeckoro aHanmusa AYX dunstpa
HHMXHKX YacToT no Metony MouTe-Kapno

napameTpoB (XapakTepHCTHMK) AOMYCTHMBIM MM HeT. B ciy-
yae HeylOBJeTBOPUTEJIBHOIO pe3yJbTata HeoOXOAMMO BbI-
OpaTb KOMIOHEHTb! C MEHbLIMM pa3bpocoM MapaMeTpPOB HJIM
nepecYUTaTh HOMUHAJIBI KOMITOHEHTOB.

[MoynpaxHsaiitecb B aHaJM3e CO30aHHBIX paHee Bamu
cxeM no Metony Monrte-Kapno. Bel Takxke MOXeTe BOCMOJb-
30BaTheA (aiisiom p7.sch U3 KaTtanora cxeM, B KOTOPOM aHalu-
3vpyeTcsi BAMsiHME pa3dpoca napaMeTpoB KoHAeHcatopa Cl
Ha AUX ¢uabeTpa HUXHMX YACTOT.

4.1.5. Ctatnctnyeckuin aHann3 MeTo40OM pacyeta
HaWXyALWero cnyvas

DTOT METOI CTATUCTHYECKOTO aHaJu3a OTJIMYAETCS OT METO-
Ia MoHTte-Kapno teM, 4yTo CHayasa rno oyepeau U3MEHSI0TCd
BCE YKa3aHHbIe NapaMeTpbl A8 OLEHKM IapaMeTpUuecKoi
YYBCTBUTEJIBHOCTU XapaKTepucTUK. [IpM 3TOM M3MeHeHHBIe
3HA4YeHUs MapaMeTpPoOB pacCYUTHIBAOTCH Mo dopmyne [2]:

x=x,,(+RELTOL),

rae RELTOL — ponycTuMas OTHOCUTENbHAS OLLIMOKa pacyeTa
[apaMeTpoB KOMIIOHEHTOB, 3a/laBaeMasi 1o KoMaH/Je Analysis
Setup/Options. B 3akJiloueHHE pacCUMTBIBACTCH XapaKTepuc-
THKa NPU OJTHOBPEMEHHOM M3MEHEHHH BCEX MapaMeTpoB (Tak
Ha3bIBaeMblidA HAaMXYALIMA Cciaydaid). 3HayeHUs MapameTpoB
B 3TOM CJlyyae olpenesiloTes BblPaXeHMem
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x=x,,(1x£A).

Jnsi aKTUBH3ALMK CTATUCTUYECKOrO aHAIM3a MO 3TOMY
MeTony HeoOXoaMMO 3aJaTh nMapaMeTpbl AIMpPeKTHBBEI Mon-
te Carlo/ Worst Case 1 B aTpubyTax KOMIMOHEHTOB CXEMbI
YCTAHOBUTb 3HayeHMe napamerpa Tolerance. 3amaHue na-
paMeTpOB AMPEKTHBbBI CTATUCTHYECKOTO aHalu3a Mo MeTo-
ny «Hauxyawuit ciyyai» ocyuiecTBsieTCss B AUAJOTOBOM
OKHe, BhI3bIBAEMOM IO KoMaHIe Analysis/Setup M HaxaTH-
eM Ha kHonky Monte Carlo/Worst Case (puc. 4.14). Huxe
NPUBOAMUTCH Ha3Ha4YeHWE OCHOBHBIX MapaMeTpOB IMpPEK-
THBbI CTATUCTUYECKOro aHaau3a no Metony «Hauxyamwui
clyyamy:

¢ Monte Carlo/Worst Case — BbIOOp anropuTMma cTaTuc-
THYeckoi obpabotku (Metoan MoHTe-Kapno unu Meron
HaMXYALIero ciyyas);

o Analysis Type (AC, DC, Transient) — BeIOOp BMA aHAa-
Jnn3a (YacTOTHBIM aHanM3, aHajlu3 M0 MOCTOSHHOMY
TOKY, BpEMEHHOH aHa/IU3);

e Qutput Var — BBIXO1Hasl TiepeMeHHasi, 3Ha4eHUs KOTOo-
po# OyayT PACCUMTHIBATBCH M BbIBOAMThCA Ha IpahuKu;

T
| ek C e M CORSE AL

Range. Lc_:i Rangs HE E

| i - ~WEass Optignt — -~
eV O e

Puc. 4.14, OkHo 3amaHMs napaMeTpoB CTAaTHCTHYECKOro aHailuia
no mMetony «Hauxymwui cayqai»
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e Function — BHIOOp BMAa CTAaTUCTHYECKOH (YHKLIMH,
a TaKXe JOMOJTHUTEBHBIX YCIOBH I, MMO3BONAIOUIMX OCY-
LIECTBATb CENEKIIMI0 CTATUCTUYECKHX Pe3Y/bTaToB;

e Output All — nepenaya B BbBIXOAHOH (paiin xapak-
TEPUCTUK, pacCYUTAHHBIX MPH BceX KOMOMHAUMSAX
napaMeTpoB;

e Vary — BbIOOp THMINA reHepaTopa He3aBUCMMBIX JIMOO
3aBUCHMBbIX CJYYAaHHBIX 3HAaUEHU;

¢ Direction — BpiOOp HamnpasljieHUsl (BO3pacTaHue HIH
yObIBAaHHME) U3MEHEHMSl MApaMETPOB KOMIIOHEHTOB OT-
HOCHMTEJIbHO HOMWHAJIbHBIX 3HAYEHUIA;

e Devices — Bbibop Tuna komnoHeHToB (R, L, C u ap.),
napaMeTpbl KOTOPBIX JOJXKHbI U3MEHATHCS NPH pacyeTe
YYBCTBMTENBHOCTH.

[Tocne 3amaHusi mapaMeTpoB IMPEKTUBBL M YCTAHOBKH CO-
OTBETCTBYIOILMX 3HAUEHWUH aTpubyTOB KOMIIOHEHTOB CXEMBI
clieyeT BBIMONHUTbL MOAENMPOBAHME, MO OKOHYAHHMM KOTO-
poro B oKHO nporpammbl Probe 6yayT BbiBeaeHbl rpaduku
XapaKTepUCTHK, PACCUUTAHHBIE 1]l OLIEHKH NMapaMeTpuyec-
KOI YyBCTBMTENBHOCTH M Hauxyawero ciyyad. Ha puc. 4.15
nokasaH ¢parmMeHT OKHa nporpammbl Probe c pesyasrataMu
MOJIEIMpOBaHUA (PUIBTPA HUXKHMX YACTOT B PEXHME 4acTo-
THOTO aHa/lu3a U CTATUCTHUYECKOro aHaiu3a no Mertony «Ha-
UXYALIHHA cnyydai».

M3 pucyHka BUAHO, YTO Ha rpacgMke BbIBOASTCH /BE Xa-
PaKTEpPUCTHUKM: 3TAJIOHHBIA cnyyai, Koraa pa3dpoc napamer-

eH

1.z
u < [FIvent)
F

rreyueney

Puc. 4.15. PesynbTathl cTaTHCTMueckoro aHanusa AYX c¢unstpa
HHXHHMX 4acToT Mo metody «Hamxynuwuii cayuai»
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pa paseH 0, U HaMXyA WKW cayyai, Korla pa3dpoc HOMHHAA
emkocTH Cl paseH 40%.

YuTarenb MOXET BOCMob30BaTbes daitaoM p8.sch u3 ka-
TaJora CxeM, B KOTOPOM aHaJM3UPYyeTCs BIMAHME pa3bpoca
napaMeTpoB KoHaeHcartopa Cl Ha AYX duabrpa HHXHUX
4acToT MO METOAY HaUXyILUEero cayyas.

4.2. Npumep 1 NopsaoK BbINOAHEHNS
3afaHuii Ha ModenupoBaHue
UMDPOBLIX YCTPOWUCTB

[TepeueHs undposbix ycrpoicts (1Y), Mcnonb3yeMblx B ar-
napatrype pa3iMyHOro Ha3HauyeHMs, BEChbMa LLIMPOK. ABTOpPbI
CTaBAT LENbI0 HACTOALICH KHMIM TMMO3HAKOMUTL YHMTATENS
¢ obwMMK npuHUMNaMu moaeauposanusa LY ¢ ucnons-
30BAHMEM CHUCTEMBbl CXEMOTEXHWYECKOr0 MOIelMpOBaHMA
Designlab. [Ing 3Toro uuTtarenio NpenjiaraeTcsa BbIMNOJHUTH
MOJEIMpPOBaHMe BCcero JUIlb AByx LIY — nenurens yactorhbl
Y npeobpazoBaTelsi Kold, MPH 3TOM BOMNPOCHI CUHTE3a 3TUX
YCTPOWHCTB CO3HATEJILHO OMNYCKAITCA.

Meronuka monenuposanus LY Gonee nmpocras no cpas-
HeHHI0 ¢ aHaJoroBbiMM ycTpoiictBamu. [locne BBoma cxeMbl
W 3aJaHUSl UCTOYHMKA CMTHaja, HeoOXONMMO YCTAHOBMUTD Ma-
paMeTphl IMPEKTHUBLI MOIETHPOBAHUA BO BpeMeHHOM 00J1acTH,
BBIMIONTHHUTbL MOAETUPOBAHHE W MPOBEPUTH MPaBUILHOCTL pa-
60Tbl cxeMbl. I1py 3TOM YpOBHH LIMGPOBBIX CMTHAJIOB MPUHH-
matoT nBa 3HayeHuss — 0 unu 1. B a0t cBA3M Bpems, 3arpa-
ypBaeMoe Ha MozaeiaupoBaHue L1V, Kak npaBuio, 3HAYUTENBHO
MEHblLIE TI0 CPaBHEHHMIO CO BpeMEHEM MOJCJMPOBAHUS aHAJO-
roBeIX yctporicTs, Mtak, HauHeM ¢ MCTOYHUKOB CHUTHAJIOB.

B cucreme DesignLab npeaycMoTpeHbl cieayioiiue WC-
TOYHUKH UMDPOBLIX CUTHAMOB: KoMmoHeHTh Digclock
(CHHXpOCUTHaN MJIM NepUOoAMYECcKass MMMYJIbCHAsA IOC/EN0-
BaTenbHOCTh), FileStim (McTouHMK uudpoBoro curHaua npo-
W3BOJILHOM (hOpMbI, 3a1aBaeMblii U3 daiia) u DigStim (und-
POBO#i CHIHaJ, CO3IaHHbBIN C MOMOLIbIO MporpaMMel Stimulus
Editor). PaccMOTpUM 3TH KOMITIOHEHTBI C LIEJIBIO U3YUEHHS UX
CBOMCTB.
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4.2.1. BBOO UCTOYHMKOB LIMGDPOBBLIX CUrHANoRB

[ns u3yyeHusa MctoyHurka curuana Digclock cobepure cxemy,
npeacraBieHHy1o Ha puc. 4.16. Il 3TOr0 HAXMUTE KHOMKY
BbIOOpa KOMITIOHEHTOB U B packpseiBulemcsi okHe Part Brows-
er Basic HaxmuTe KHomky Libraries (6ubauvoteku), B mose
Library Bnibepute 6udanoteky SOURCE.slb (MCTOYHUKM),
a B nose Part BbibepuTe HyXHbIA KoMNoHeHT Digclock (cuH-
XPOCHUTrHaJ), nocae yero Haxmurte kHonku OK, 3atem Place
& Close (BBeCTM KOMMNOHEHT W 3aKPbITh 1HAJIOTOBOE OKHO).
[ns BBoma noruyeckoro ayeMeHTa B nonie Library Bhibe-
pute 6ubnuotexky 7400.slb (aHanoru uMPpoBbLIX KOMITOHEHTOB
cepuu 155), a B AeMO-BepCcHH cliedyeT BOCNO/b30BaThCA OMO-
aunotekot EVAL.slb, B none Part BoibepuTe HYyXHBIH KOM-
noHeHT 7404 (uHBepTop). CoeAMHUTE KOMIIOHEHTHI MPOBOI-
HUKaMH, aKTHBU3HPOBAB PEXHM PHCOBAHMUs TPOBOIHHMKOB
KHOIKO# .
Ilocne coznaHus cxeMbl MPOCMOTPUTE aTpUBYTHI UCTOUHH-

Ka CMrHana, 3aJaHHble TI0 YMOMUYaHUIO. 1711 MCTOYHUKA CHT-
Hana Digclock arpu0byThl uMeIOT clienyioine 0003HaYeHH:

DELAY — 3agepxkkKa CMHXPOCUIHANA;

ONTIME — anutenbHOCTh CUHXPOTOCHIIKH;

OFFTIME — nnutensHoCTb nay3bl (reHepaLusi CUHX-

pPOCHUTHa/Ia HaYMHAeTCs ¢ nays3bl);

STARTVAL — HayanbHOe 3HayeHWEe MJIM YpOBEHb Ma-

y3bl (00bIYHO 0);

OPPVAL — ypoBeHb CHHXPONOCBIAKHK (00bIYHO 1).

¥, MicroSim Schematics - [ p9.sch p.1 (stale] |
§iFle Edt Draw Nevigate View Options Anabysis Tooks Markers Window Help
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Puc. 4.16. Cxema nns MccaeqoBaHUs UCTOUHUKA LMGPOBOTO CUrHana
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3apaHue 1
1. BobiMonHKMTE BBOL MapKepoB C MMOMOIBI KOMAaH/bl
Markers/ Mark Voltage (Level) B ToukM, KaKk noka3aHo Ha
puc. 4.16. [Tocne sToro coxpaHute aiti ¢ Co3TaHHON CXEMOH.
2. B okHe Analysis Setup 3agaiTe napameTpbl IMPEKTH-
BBl MOICJIIMPOBAHMA CXeMbl B DEXHMME aHaaM3a IMCpPeXOmMHbIX
npoueccos (Transient) Takum o6GpasoM, utobbl Ha rpaduke
6bu10 BuaHO 10—15 umnyaecoB (Print Step = 0,lus, Final
Time = 10us). 3anycTUTE PEXXUM MONEIMPOBAHHUSA, B OTKPbIB-
uieMcs OKHe nporpaMMel Probe HabnronaiiTe BpeMeHHYI0 1Ha-
rpaMMy BXOJHOTO CMTHaNla M CMTHajla Ha BbiXOJIe MHBEPTOpA.
3. TlocnenopatenbHO U3MEHSAS aTpUOYThl UCTOUHHMKA CHIHA-
na DELAY = 0,8us, ONTIME = 2us, OFFTIME = lus, START-
VAL = 1, OPPVAL = 0 v 3anyckasi Kax/bli pa3 MOIEJIMpPOBaHUE
CXeMbl C BHOBb 33JaHHBIM aTpuOyTOM, HAOMIONANTE M3MEHEHME
BPEMEHHOr0 MpeacTaBAeHUA CUrHana ucroyHuka Digclock.

VYnanute B cxeMe MCTOMHMK curHana Digclock, BeimenuB ero
JIeBOii KHOMKOI MBILLIKW U HaxaB kiaBuilly Delete. Beenure uctou-
HUK curHana FileStim (MctouHuk uMdpoBoro curHana us daii-
Jia). s 3TOro HaXMHTe KHOMKY BbiOOpa KOMIOHEHTOB M B pac-
KpbiBiiemcsi okHe Part Browser Basic HaxmuTe kHonky Libraries
(6bubnuotexku), B none Library Bribepute 6ubnuoteky SOURCE.
slb (McTouHUKH), a B nosie Part — HyXHBII# KomMnoHeHT FileStim,
nocJjie yero Haxmute kHonku OK, 3arem Place & Close (BBecTH
KOMMOHEHT M 3aKPhITh AMATIOTOBOE OKHO). 3aroHUTe 00s3aTe/b-
Hble aTpUOYTHl B COOTBETCTBMM C [TPUBEIEHHBIM MPUMEPOM.

Sighame=x0
10_-MODEL=0.STM
10°LEVEL=0
ipin{PwR =$G_DF'WR
ipinfGND]=$G DGHD

Puc. 4.17. M3obpaxenne 4 OKHO A5 3alaHUA 3HAYEHHH aTpHOYTOB
uctouyHuka curdana FileStim
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Huxe npMBOAMTCS NMOsACHEHUE 00s13aTeNbHbIX IJIA 3aMoJ-
HeHus atpuOyTOB McTOYHMKA curHana FileStim:

FileName — uMs daiina ¢ MCTOUHMKOM CHTHaa,
SigName — umsa curHana B ¢aiine (MoxeT ObITb HECKOJb-
KO CMTHAJIOB C pa3HbBIMM MMeHaMH B OJHOM (aiine).

Daiin ¢ MICTOUHMKOM CUTHAJIAa CO3J1ATE C MOMOLIBIO MpPo-
rpamMMbl «BiokHOT» B cOOTBETCTBHMM ¢ 00pa3tioM (puc. 4.18).
[1pu 3TOM BHauyaje ykKa3blBaeTCs UMSs CMTHaJa, a 3aTeM Ioc-
Jie TNpPONyHIEHHOW CTPOKM [OJKHBI CJIeA0BaThb OTIEJbHbIE
CTPOKHM «OTCYET BPEMEHW — JIOTMYECKMH ypOBEHb CUIHaJa
(0 unu 1)». Paitn c ICTOUHUKOM CUTHAJIa NOMECTUTE B TAIKY,
rie coxpaHeH (bailn ¢ MOZeTMPYEeMOil CXeMOM, U TMOocCe 3TOro
BHIMOJTHUTE ModenuposaHue. HaGnronaiiTe pe3ynbTaThl Moae-
JIMPOBAHUA CXeMbl C UCTOYHMKOM curHana FileStim.

B cucTteMe cxeMoTexHUUeCKOro moaenvpoBaHusi Design-
Lab npenycMoTpeH TakXe BBOJ MCTOUHMKA CHTHaNa C Mo-
MOLLIbIO BCTPOEHHOI MporpaMMbl CO3JaHMUS CUTHANOB Stim-
ulus Editor. Ins ee Hcrnoab30oBaHHUS HeOOXOAMMO BBECTU
B CXeMy MCTOUHWMK CUrHafja, paclnojoxeHHbIA B 6ubnuore-
ke SOURCESTM.slb (B aemo-Bepcuu 3Ta O6MOIMOTEKA He-
IOCTYIHA, HO McTOYHMK DigStim uMeercs B OubIHMOTEKE
SOURCE . slb). C 3T0# Le/bI0 HAXMHTE KHOIKY BEIOOpa KOM-
noHeHToB, B nose Library eeibepute 6ubaunoreky SOURCE.
slb (McTOuHUKH), a B TTonie Part — kommoHeHT DigStim (uud-
POBOH CUTHaM, CO3JaHHBIHA ¢ MOMOIIbIO NMporpaMMel Stimulus
Editor), nocne yero Haxmure KHonky OK, 3arem Place &
Close (BBeCTH KOMIIOHEHT M 3aKpbITh AUAJIOTOBOE OKHO).

JBaxabl HaXXMHUTE JIEBOI KHOMKOK MBIILKA HA UCTOYHHUKE
curHana. ABTOMATMYECKM 3arpysurtcs nporpamma Stimulus
Editor u nosiBUTCS AMAIOrOBOE OKHO,
B KOTODOM He0oOXOIMMO 3a1aThb fapa-

& signal.txt - Enoxaoy i
Sain Mpases Gopesr Cwemes  METPBI CO3[1aBa€MOro CMrHaga. Hua-

JIOTOBOE OKHO [J11 BBOJA NapaMeTpPOB
unudpoBOro cUrHana MpeacTaBaeHO
Ha puc. 4.19.

[Ipy 3TOM TMOJIL30BATENb MOXET
BbIOMpATh CMIOCOO 3aaHMA MApaMeT-
Puc. 4.18. Tlpumep 114 33-  pop pcTOyHMKA CUrHajia. B mepsom
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MMITYJIbCOB M CKBaxHOCTh (Frequency

and duty cycle), Bo BTopomM — nepuon |~
CJENOBAHMSA M IJIMTEABHOCTD UMIYb- | <ooihy

coB (Period and on time). Ha puc. 4.19 (& Frequency and dity cycle
MOKa3aH MpUMep 3alaHHS NapaMeTpoB {-Eeiind sl orcie
MCTOYHMKA CUrHala, COOTBETCTBYIO- Frequency Hz) [100Kk

LLHHA rIepBoMYy criocoby. B mone Name Dupeycle(x) [05
yKa3aHO MMs CHTHajla, KOTopoe [0 It vahue ]"E?}_ ___________
YMOJYAHHUIO OMNpPENENAeTCa KakK WM Time deley sec) [0
KOMIOHEHTa (MCTOYHMKA CHTHajla Ha ok | Cocel |

cxeme, B HallleM ciyyae — DSTMI14),
B none Initial Value (HayanbHOE 3HAa- Puc. 4.19. OxHo BBONA Ma-
YeHME) 3a0aeTCd HayajbHbIH JIOTM- PaMETPOB HCTOMHMKA CHT-
YyecKMii YpoBeHb CHIHaa. ]“uaS”E d?t‘;‘rporpa”m Stimu-
3anaiiTe napameTpel, Kak [Mo-
Ka3aHo Ha puc. 4.19, naxmute OK.
OkHo 3akpoercst M Ha rpaduke B nporpamme Stimulus Editor
Oynet nmoka3aH curHan, umsi koroporo DSTMI14. B ToMm cny-
yae, ecJI B narnke ¢ aifiioM cxeMEBl yXe ecTb (aiin ¢ UcTou-
HMKOM CHMTHana, co3JaHHOro B mporpamme Stimulus Editor,
Ha rpauk OyayT TakXe BbIBeleHbl MMeEIOIIMeCH B 3TOM daiie
CHUTHAJBI (MMS CMTHA4d U €ero BpeMEHHOE IpeACTaBleHue).
@aiin ¢ MCTOYHMKOM CUTHAJIa UMEHYETCA TaKXe Kak U (aitn
CXeMBI, NI0Ty4aeT paciuuperie * stl u coxpaHsaeTcs B namnke ¢ Mo-
nenupyeMoit cxemoit. [pu stom Ha cxeme arpubyr STIMULUS
MCcTOYHMKaA curHana DigStim nmonyyaer ums curHana (1o yMmomaya-
HUIO UMSA UCTOYHMKA CUTHana, B HallieM ciydyae — DSTMI4).
JIns co3naHMsl HOBOTO CHIHana BBLINOJAHUTE KOMaHIy
Stimulus/New, B IOsABHBILUEMC OKHE BbIOepHUTE BMI CHUIHA-
Ja ¥ 3agaite ero ums. A MCNONIL30BaHUS HOBOTO CHrHalja
B KauecTBe MCTOYHMKA CMTHAJIa B CXeMe HeoOX0oMMO B aTpuOyT
STIMULUS BBecTH Ms COOTBETCTBYIOIEro curHana. Hanpu-
mep, B daiine pl0.stl umetorca curnanel DSTM14, Sigl, X0.
st TOro 4TOOBI HCIOMb30BaTh B KAYECTBE BXOAHOIO CHIHAa-
na B cxeme curHan X0, HeoBXxoauMo B OkHe rporpammsl Sche-
matics, IBaXabl WeNKHyB Ha atpubyte STIMULUS uctouHu-
Ka curHana ¢ uMeHem DSTMI4, sapats ums curHana X0.
BbInonHMTE MOAENUWpPOBAHHME CXEMbl C MCTOYHHMKOM CMI-
Haa, co34aHHbIM B porpamme Stimulus Editor. Habaronaiite



Ihasa 4. Henoavsosanue cucmemor DesignLab onn
@II MOOeAUPOBanUs aHaN0208bIX U LUPPOBbIX yempolicmeé

] Fle - Edit* Stimulus - Plot Ve
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Puc. 4.20. OxHo nporpammbl  Stimulus Editor ¢ curHanamu
DSTM 4, Sigl, X0

Puc. 4.21. TlpxMep 3am0aHUs BXOIHOTO CHIHAaNA C TOMOLILIO HCTOY-
Huka DigStim

pe3y/bTaThl MOAEIMPOBAHHA B OKHe nmporpammbl Probe. Che-
ZlyeT cKasaTb O TOM, 4yTo nporpaMma Stimulus Editor oueHb
«Karnpu3Ha» K MMeHaM KaTraJloroB, B KOTODBIX COXPAaHSIOTCS
tdaiinbl McTOUHHKOB curHanos. [loatoMy nocne ux cozgaHus
He cledyeT meperMMeHOBbIBaTh (aiinbl M Karasord. B npo-
TUBHOM Clyyae MpUIETCSA 3aHOBO BBOIMTh B CXeMY UCTOUHMK
CUrHasa W 3aJaBaTh €ro napameTphl.

4.2.2. MogenupoBaHue genntens 4acTtoThl

HenuTtenb YacTOThl Ha TPUITEpPax WIMPOKO UCIIONb3YETCs
B LM POBLIX CUHTE3aTOPaX YACTOT AJIA NMOJYYEHHUS CETKH Yac-
TOT OT BLICOKOCTAOMJIBHOTO MCTOYHMKA (HAarpuMep, KBaplieBo-
ro reHeparopa). IlocnenoBare/ibHbIM BKJIOYEHHUEM TPHITEPOB
OCYLUECTBASACTCA YBEJIHUYCHHUE IJUTENBHOCTH BbIXOOHOIO HMM-
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nyJibca, YTO PABHOCUJIBHO YMEHbLUEHMIO YacToThl [11]. B Hu-
KeCNeAYyLEM NMTPUMepPe pacCMaTPUBAETCA ONUH U3 BapUAHTOB
ZIENUTENS YaCTOThI, BBIMIONHEHHBII Ha JK-Tpurrepax.

3apaHue 2
1. BolmonHute rpaduueckuii BBOL CXEMbl [AEIUTENS
4acCTOTHl B COOTBETCTBHMM C MPHUBEAEHHBIM PUCYHKOM 4.22
U Tabnuueii 4.4. Ina sei6opa JK-Tpurrepa HaxMUTE KHOTIKY
BbIOOpa KOMITOHEHTOB M B pacKpbiBleMcs okHe Part Browser
Basic HaxxMuTe KHoOMKY Libraries (bubauoreku), B mone Li-
brary BeiGepuTe 6M6auoTeKY EVAL.slb, B none Part — kom-
noHeHT 7472, nocie yero HaxMuTe KHonku OK, 3atem Place
& Close (BBecTH KOMIMOHEHT M 3aKpbITh IHAJIOTOBOE OKHO).

[NopaiiTe Ha MHBEpPCHBIE BXOABI TIPEAYCTAHOBKH B €IUHMY-
Hoe cocTosHMe (S) u cOpoca B HyaeBoe cocTtosgHKe (R) yposeHb
JIOTUYECKOH €OMHMLIbI [N YCTPaHEHHUS HEONpeaeNeHHOCTH.
Ina 3TOro HaXXMUTe KHOMKY BbIOOpa KOMMOHEHTOB M B pac-
KpbiBlueMcsa okHe Part Browser Basic HaxxmuTe kHonky Libraries
(6ubanoreku), B noae Library Boibepurte 6ubanoreky PORT slb,
a B noie Part — komnonent HI (yposeHb normyeckoii ennHu-
1ibl), nocie yero Haxmurte KHonku OK, satem Place & Close.

B kayecTBe MCTOUYHMKA CHIHANA UCIONb3yHTE KOMIIOHEHT
DigClock, napaMeTpbl KOTOpPOro TakXe YCTaHOBHMTE B COOT-
BETCTBHM C NOObIM BapMaHTOM M3 Tabnuubl. COeIUHUTE BCE
BXOJbl TPUITEPA, BKIIOUUB PEXUM PUCOBAHUS MTPOBOIHUKOB,

C UICTOYHHKOM CHUTHaJa.
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Puc. 4.22. Cxema geauTensi yactothl Ha JK-tpurrepax
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Taba. 4.4. BapHanTbl 3a7aHHil 118 MOJETHPOBAHHA NENHTENA YACTOThI

K- ATpMOYTBl MCTOYHHMKA CHrHana
Bapuant | neneHus DigClock
1aCTOTBI DELAY ONTIME OFFTIME

1 2 lu 0,5u 0,5u
2 4 0,2u lu lu
3 3 0,8u 1,5u 1,5u
4 4 0,3u 0,9u 0,9u
5 2 0,5u 2u 2u

2. PacnionoxuTe Ha BXOlIe M BbIXOJE cXeMbl (NPsIMOI Bbl-
XOM) MapKephl 1Js1 U3MEPEHHU S CUTHAJIOB, UCTIONb3Ys KOMaHIy
Markers/Mark Voltage.

3. CoxpaHute cxemy. 3agaiiTe HeoOXoaMMble NapaMeT-
pbl OHWPEKTHUBLHl MOIEIHPOBAHUA TEPEXOAHBIX MPOLECCOB
(Analysis Setup/Transient): koHeuHoe BpeMsa aHanu3a (Final
Time = 10u), BpeMeHHOI 1WIar pacdeTa xapakTepucTHK (Step
Ceiling = 50n) 1 uHTepBaa MEXIY TOYKAMH OTCYETA IMPH BbI-
Bole pe3ynbTaToB MoaenupoBaHusa (Print Step = 50n).

4. B okHe Analysis Setup HaxxmMuTe KHonky Digital Setup
W B packpbiBuiemca okHe B mofe Flip-flop Initialization (yc-
TAaHOBKa HAYaJibHOTO COCTOSHMS TPUITEPOB) AKTHBU3UDYii-
Te onuuio All 0 (Bce B HyneBoe cocTOsiHME). 3aKpbIB OKHO
Analysis Setup, 3anycTuTe pexXUM MOAEIUPOBAHUS KOMaHI0H
Analysis/Simulate unu HaxarueM Kiasuwiu Fl11.

5. B okHe mnporpammbl Probe mo rpagukam BxomHoro
W BBIXOIHOr0 CHTHAaJIOB OnpeaenuTe Ko3addULUEHT aeJeHus
4acTOTH! (YBEJIMUEHUS QTUTEILHOCTH UMTIY/ILCOB).

6. [lobaBbTe B cxeMy eiwue onvH JK-Tpurrep, BHIIOAHUTE
HEOOXONMMBbIE COEOUHEHUSI M OCYLIECTBUTE MOAEIMPOBAaHHE
cXeMbl. Y0enuTech B YBEIUUYEHHUM IJIUTEJIbHOCTH MMMYJILCOB
Ha BBIXOIE MOCJIEIHEro TPUITEPA.

4.2.3. MopenuposaHve npeobpasosarens Koaa

[IpeobpaszoBaTeny KomnoB HAXOAAT LIMPOKOE MPUMEHEHHE B arma-
parype nepefaayy JaHHBIX )19 3allMTH MepeaaBacMoil an)opma—
LIMK OT OIIHMOOK, a TaKXKe 1714 annapaTHOro LHH(bDOBaHHﬂ KaKHX-
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Jnbo ceeneHuil. IlpeobpaszosareneM Kona HasbiBaeTcss LMPpPOBON
y3e1 C m BXONAaMHM M n BbIXOZaMH, MpeoOpa3ylolMidi OoUH na-
paJuienbHblil koo B apyroii [11). MonenuposaHue npeobpa3oBa-
TE/Is KOIA UMEET CBOEH LIeJIbIO BLINIOHHTD MPOBEPKY CHMHTE3MPO-
BAHHOH CXEMBbI Ha MPEAMET COOTBETCTBUSA TAbOIMIIbI MCTMHHOCTH
npeo6pa3oBaHHOIO KOjla C CUTHAJIAMK Ha BbIXOAAaX MOIETUPYEMOM
cxembl. Bonpocht cuHTe3a 1undpoBbix cxeM Moapo6HO paccMaTp-
BatloTcst B Kypce «Llndposbix 1 uMnynscHBIX ycTpolicTs», Huxe
OMUCBIBAIOTCS OCOOEHHOCTH MOIENMPOBAHHS YXe CHHTE3HPOBaH-
HOro npeobpa3oBaress Kona §—4—2—1 B IONOJHUTENbHBI KO,

3ananue 3

1. Co3naB HoBbIi (aiin, BeinonHUTE rpaduyeckuil BBOX
CXeMbl Tpeobpa3oBaTesisl KOJa, OCYLIECTBISIOIIETO Npeo6-
pa3oBaHHWE BXOAHOIO CMTHaia MO CICAYIOWMUM BbIpaXEHHSIM
ans nepeMeHHbIx Y2, Y1, YO:

¥2=X2.X0-X2- X0-X1,
Yl=X1-X0-X1-X0,
Y0 = X0.

BxonHo#i Kon 3amaH caenyoieit Tabnuueit (kog 8—4—2—1).

Taba. 4.5. Kon 8-4-2-1

X2 X1 X0
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

M3 ananu3a BbipaxXeHUH ¥ TabIH LBl BUOIHO, YTO B Ka4eCT-
BE BXOIHBIX MCIIONb3YI0TCA Tpy curHana X0, X1 u X2. [loaro-
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My B cXeMe HeoDOXooMMO OyleT MCIOib30BaTh TPU UCTOYHHMKA
CHMTHaNa ¢ pa3NUYHOH YacTOTON CNeIOBAaHUA MMITYJIbCOB.

Insd co3naHMs TAKMX CHTHAJNIOB BBEAMTE B CXEMY TpH
komnoneHTa DigClock (bubnuoreka SOURCE.slb). 3anpaiite
s MepBOro MCTouHMKa curHana X0 napamerpsi ONTIME
(nnurtenbHocTh uMmnynabca) = 0,5 mkc U OFFTIME (nnu-
TeNbHOCTh Tay3bl) = 0,5 MKC. AHaAOrMYHBIM 00pa3oM BBe-
IMTe B CXeMY W 3ajaiTe napaMeTpbl MCTOYHMKOB CHMTHa-
noB XI (ONTIME = 1 mkc u OFFTIME = 1 Mkc) n X2
(ONTIME = 2 mkc u OFFTIME = 2 Mkc). Ha puc. 4.23
MOKa3aHbl BpEMEHHbIE IHarpaMMbl curHanos X0, X1, X2.

2. JInsa peanu3aliiy JJOrHYECKOro BbIpaXeHH A, B COOTBETC-
TBUM C KOTOPbIM OCYLUECTBASAETCS Mpeobpa3oBaHWe KoOa, He-
00X0AMMO BBECTH JIOTHYECKHE JIEMEHTHl U COOTBETCTBYIOLIHM
00pa3oM BLINOAHUTEL coennHeHus. M3 aHanu3a BeipaxeHus Y2
BUIHO, YTO I8 CXEMHOIN peajM3alMM TaKOH JIOTUYECKOH ore-
pauMu HeobXOAMMO MCTIONb30BATh CIEAYIOLUUE 3EMEHTHI:

+ nByxBxonoebii 3nemMeHT U-HE nnst onepaumit X2- X0,

X0- X2 (xommioneHT 7400);
* TpexBXomoBblii 3neMeHT M-HE nnga pesynsrupymolei
onepauuu (KoMmrioHeHT 7410).

Beeaem nocienoBaTeNbHO TaKME KOMIIOHEHTbI M BbIMOTHHMM
COOTBETCTBYIOILIME COEAMHeHMs. g peanu3audd JIOTHYECKOH
onepauun X2-X0 Heobxonumo BBecTH jaBa KoMmnoHeHTa 7400.
115 3TOrO HaXKMHUTE KHOMKY BbIOOPA KOMITOHEHTOB M B PacCKpbiB-
wemcsi okHe Part Browser Basic kHonky Libraries (Gubnuoteku),
B nojie Library BeibepuTe dubnuoteky EVAL slb, a B none Part —
koMnouHeHT 7400, nocne yero Haxmute KHonku OK, 3atem Place
& Close (BBeCTH KOMNOHEHT M 3aKpbITh AUAJOrOBOE OKHO).

lmMitrus:mProbe fpi1} e
] File Edt Trace Piot ¥ew Tooks Window Hulp
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Puc. 4.23. BpemenHble anarpammbl curnanos X0, X1, X2



4.2. Mpumep u nopadox evinoanenun 3a0anull Ha
modeauposanue yugpposuix yempoiicme | IQ)

CoenMHMM BBIXOL HCTOMHMKA curHana X0 c Bxonma-
Mu KoMMoHeHTa D4A (B pesyabrare Ha BbIXOAE MOTYYHM
3HayeHue X0), BbIXOA KOTOPOTO M CUTHall X2 HeoBXomuMo
3aBE€CTHM Ha BXoAbl KoMMoHeHTa DI1A. ¥ uuTtaTens no3uiu-
OHHble 0003HAYEHU JIOTHYECKHX 3J1eMEHTOB MOTYT OTJIH-
4aTbCsi OT MPHUBOAMMBIX aBTOpPaMH, YTO CBA3aHO ¢ TOCJe-
JIOBAaTENBHOCTbIO BBOJA M Pas3MEIUEHHUEM Ha CXEME caMHX
3JIEMCHTOB.

3areM BBLITTOJHHUM BBOJI €11Ie ABYX KOMIIOHEHTOB M HeoDXo-
JAMMbIE COEIMHEHUS 118 peaiusaunu onepaunu X0-X2: co-
eIMHHMM BbIXOI UCTOYHHMKA cMTHa1a X2 ¢ BXOJaMH KOMITOHEHTA
DS5A, BBIXOI KOTOPOTo M cHrHan X0 HeoOXOOMMO 3aBECTH Ha
BXoAbl KoMmoHeHTa D3A. [ns peanuszauuu rnociegHel one-
pauuu (o6beAMHEHHE 10 TPEM BXOAaM C OTPULIAHUEM) BBEIEM
KoMIoHeHT 7410 (nonyyut umsa D6A). CoenMHUM BXOIbI KOM-
noHeHta D2A ¢ curnanom X1 (nonyuum X1), seixoasl DIA,
D2A, D3A c Bxonamu D6A. [Tonyyum cdparMeHT cxeMsl, pea-
JIM3YIOLUHA BbIXOAHYIO MEPEMEHHYIO Y2 B COOTBETCTBUM € 3a-
JaHHBIM BblpaxeHuem Y2 = X2-X0-X2-X0-X1.

AHanorMuYHBIM 00pa3oM BBeIMTE KOMITOHEHTHI M BhIMNOJ-
HUTE HEOOXONMMBIE COEIUHEHUS ANA pealu3al Ui BBIXOAHBIX
nepemeHHbix Y1, YO.

DS5TME

Puc. 4.24. Cxema, obecrneyunpaiolas peajnu3almio JOrH4YeCKoro Bbi-
paxenusn Y2 = X2-Xi§-}i-X0-m
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3. Jlna ynobcTBa aHanu3a pe3ynbTaTOB MOAEIMPOBAHUA
0003HaybTe¢ BbIXOJAbl MCTOYHMKOB CHrHaoB Kak X2, XI, X0,
a BbIXOIbl KOMIIOHEHTOB, PeaU3yOILNX CXeMHbIE DYHKIIMH, KaK
Y2, Y1, YO. Ina 3toro ABaxnbl HaXXMHUTE Ha COOTBETCTBYIOLLEM
MIPOBOJIHUKE, MCXONSIIEM OT KOMIMOHEHTa, MU B TOSBMBLIEMCSH
JIMATIOTOBOM OKHE BBEIUTE COOTBETCTBYIOLIEE 0D03HAUEHHE.

4. Pacnonoxure Ha 0003HAYEHHBIX NMPOBOOHUKax X2, X1,
XOwn Y2, Y1, YO mapkepbl A1 U3MEPEHHSA CUTHANIOB, MCITIONb-
3yt koMaHny Markers/Mark Voltage u pacctaBnsiss MapKephl
B YKa3aHHOM MOC/Ie10BaTebHOCTH.

5. CoxpaHHUTE CXEMY.

6. 3anaiiTe HeoOXOIMMBbIE MAPAMETPhI JUPEKTUBLI MOIET H-
POBaHUA NepexodHbix npoueccoB (Analysis Setup/Transient):
KoHeyHoe Bpemsa aHanu3a (Final Time = 20u), BpeMeHHO#
war pacyeta xapakrepuctk (Step Ceiling = 50n) u uHTepBan
MEXJlYy TOYKAMH OTCYETA NMPH BLIBOAE Pe3YNLTATOB MOIENH-
poeanusa (Print Step = 50n). 3akpsIB 0KHO Analysis Setup,

¥ Microbion Schematios -§ pit g s f
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Puc. 4.25. Cxema npeobGpazoBatens koga 8—4—2—1 B aononHu-
TeJbHbIH KOI
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3aMyCTUTE PEXUM MOIEJIUPOBAHUSA KoMaHaoH Analysis/Simu-
late unu HaxarveM kKnapuwu F11.

7. B okHe nporpammbl Probe mo rpadukam sxogHoro
M Mpeobpa3oBaHHOrO0 KOAOB IMPOBEPETE COOTBETCTBHME TMO-
JIYYEHHBIX Pe3yJbTaTOB WM TabJMUBl MCTUHHOCTH (Tabiu-
ua 4.6). Jna 3Toro BKJAKOYMTE PEXHMM MPUBA3KH Kypcopa
K MOCTPOEHHOMY rpaduky (KHOMKa ), LWENKHUTE JIEBOMH
KHOMKONH MBbIIIK Ha rpadrke ¥ B AMCKPETHBIE MOMEHTBI
BpEMEHH, COOTBETCTBYIOIIHE HM3MEHEHHIO BXOAHBIX Tepe-
MEHHBIX X2, X1, X0, onpenenuTe 3Ha4eHUA BBIXOAHBIX Ie-
peMeHHBIX Y2, Y1, YO.

dng npoBepku paboOTOCMOCOOHOCTHU CXeMbI Mpeodpa3o-
BaTeNlsl KoJa MpUBOAMUTCS TabaMlla UCTUMHHOCTH MEPBHYHOTO
¥ Npeobpa3oBaHHOTO KOI0B.

Ta6n. 4.6. Tabauna cooTsercTua Koaa 8-4-2-1 u gonoanuTeabHOro Koaa

Kon 8—4—2—1 JlononHUTeNbHBIR KOA,
x2 xl x0 y2 vl y0
0 0 0 0 0 0
0 0 1 1 1 1
0 1 0 1 1 0
0 1 1 1 0 1
1 0 0 1 0 0
1 0 1 0 1 1

B paccMoTpeHHOM NpHMepe MCMONL30BAHBI MPOCTENILHE JIO-
TMUECKHE 3IEMEHTDI, NIPH 3TOM BO3MOXHO MOJEAMpOBaHME UUD-
POBBIX CXEM B JIPYrOM 3JIEMEHTHOM 0asuce, YTo OrpesessieTcs co-
craBoM OubIMoTeK LMMPOBLIX KOMIOHEHTOB chcTeMbl DesignLab.



NMPUNOXEHUE

PASPABOTKA
MEYATHOWN NNATHI
AOENVTENA HACTOTDI

3aK/IIOUMTENbHBIM 3TATIOM TTPOEKTUPOBAHHUSA PAaAHO3IEKTPOHHOTO
YCTPOMCTBA AABAAETCA pa3pabOTKa revyaTHoM MiaThl HA OCHOBE JIaH-
HBIX, MOJYYEHHBIX B TIPOLIECCEe MOICIMPOBAHUA CXeMbl. [1ns 3T0-
ro B cuctemy DesignLab BkiioyeHa nporpamMma pedakTHpPOBaHMSA
nedatHeix niaatr PCBoards, koropas rno3BosisieT npoeKTHpOBaThb
MHOTOCJIOMHbBIE TIEUATHBIE TUTATHI C ABYCTOPOHHUM pasMellieHUeM
KOMIOHeHTOB. Huxe paccMarpuBaloTesl OCHOBHBIE BO3MOXHOCTH
nporpaMMbl peaakTHpoBaHus meyatHeix rnaat PCBoards u npu-
Mep pa3pabOTKH TMeYyaTHOM MaaThl AETUTENS YaCTOTEI.

Obwme ceBepeHna 0 nporpamMmme
penakTnpoBaHna ne4datHoix nnat PCBoards

IMporpamma PCBoards ¢yHKUKMOHaNLHO moapasaensieTcss Ha
penakTop mevaTHbIX niat Layout Editor u pemakTop THMOBBIX
Kopnycos KoMmnoHeHToB Footprint Editor. B pexume Layout
Editor BLINOAHAIOTCS BCe OCHOBHBLIE ONEpauUMM Mo pa3paboTke
NeyaTHoOM ryaThl, BKJIoYas Bbi3oB peaakropa Footprint Editor,
KOTOpBIi, B CBOIO OYepedb, co3iaeT rpaduueckoe H3obpaxe-
HHeE TUIIOBLIX KOPIYCOB KOMIIOHEHTOB U HH(OpMaLIMIO 00 yrna-
KOBKe (KOOpOMHAThl pacroioXeHUs BbIBOAOB, THIT KOMITOHEH-
Ta U T. 0.). MHdopMauua 06 yrnmakoBke KaXI0ro KOHKpETHOro
KOMIIOHEHTA coaepxkuTca B bubnuoreke Package Library u ne-
penaetcs B nporpammy Layout Editor aBromaTHuecku, Kotopas
NepeHOCHT Ha 3KpaH rpadpuvecKkHe M300paXeHHS KOMIIOHEH-
TOB C YKa3aHHMEM JIOTMYECKHX COEAMHEHHH MEXIy BblBOZAMH.
DTOT NMPOLECC M Ha3blBaeTCH YMAKOBKOH CXEMbl HAa MEYaTHYIO
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miaty. 3aTeM BbIYEPYMBAETCA KOHTYP MEYaTHOM MJaThl Mpo-
M3BOJIbHOH (OPMBI M BBIIONHSIOTCS OMEpalMM pa3MelleHHs
KOMTIOHEHTOB M TPACCUPOBKH MEYaTHBIX NMPOBOAHMKOB.

Mubopmaiins 0 meyaTHo# miaTte 3aHOCUTCH B IIPOrpaMMy
PCBoards Ha 19 ciosix, 10NOJNHUTENBHO K KOTOPBIM TI0JIb30Ba-
TeJlb MOXET onpenaeauTs eure 48 cnoes [8]. Co3maHHbIH qomon-
HUTENbHBIH CIOH MOXET 3aHUMATb PA3THYHOE TPOMEXYTOUHOE
MOJIOXKEHUE B MHOrOcCioiHOW ne4yaTHoil msare. CurHajbHbIE
CJIOM IOJIKHBI pacnonaraTbest Mexay BepxHuM [Top] ¥ HUXKHUM
[Bottom] cnosimu. TlepeyeHb cnoeB NeYaTHBIX I1aT, UCMOJb3Ye-
MbIX B nporpamme PCBoards, npusenex B tabmuue I1.1.

Taoa. I1.1.
Hma cios Copepxanne
Jliobbie rpacdryeckme 0ObEKTbl UK UH-
[User defined] dopmanus 06 INEKTPUUECKHX COEIHHE-
HHUSAX 11 TPACCUPOBKM Lienel CHIHANOB
[aGapuThl KOPMYCOB KOMMOHEHTOB Ha
[Boundary Top] Pt Py
BepXHeH CTOpOHE IJ1aThl
I'paduka BLIBOAOB 1A IX KOMIMO-
[SMTAssyDrwTop] pach F0B- TL1aHaDH K i
HEHTOB Ha BEPXHEH CTOPOHE I1JaThl
; I'pachuka KOpNyCcOB KOMIIOHEHTOB Ha
[SilkTop] padHxa xopry
BEpPXHEH CTOPOHE MmaaThl
I'paduka Macky nalkH Ha BepXHeEH
[SolderMaskTop] pagy P
CTOPOHE TIJIaThl
I'pachmka BCTABKM Mailk¥ Ha BepXHEH
[PasteMaskTop] pac P
CTOPOHE NJIaThbl
[Top] BepxHsisi cTOpoHa mnaThl
[Bottom] HuxHsAs CTOpoHA naaTbl
I'paduka Macky naiku Ha HUXHEH
[PasteMask Bottoml] pad
CTOPOHE NJaThl
['padhuka BCTaBKHM MaiKM Ha HUXHEH
[SolderMask Bottom] pady
CTOPOHE NJaThl
. I'pacduka KOprycoB KOMINOHEHTOB Ha
[SilkBottom] PRI RO
HUXHEW CTOPOHE I11aThl
I'pahuka KOpNycoB NMAaHAPHbIX KOM-
[AssyDrwBottom] MOHEHTOB Ha HHUXHEH CTOPOHE MIaThI
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I'pacvka BLIBOAOB MIaHAPHBIX KOMTIO-

[SMTAssyDrwBottom] .

HEHTOB Ha HUXHEH CTOPOHE IJaThl

[abapuThl KOPNYCOB KOMIIOHEHTOB Ha
[BoundaryBottom] PHT priy

HUXKHE! CTOPOHE IIaThl
[BoardsOutline] DuU3MYECKUIl KOHTYP NEYaTHOM M1aThl

Oo6aacTh, rjae pa3pelleHo pa3MellaTs
[BoardsSigKeepin] NPOBOAHMKH, KOMITIOHEHTBI, Nepexo/-
Hble€ OTBEPCTUSA U MOJHUTOHbI

[DrillSymbol] I'pacpuka oTBEpCTH I

[Ritsnas] Jloruyeckue coequHeHHUs BbIBOAOB
KOMITOHEHTOB

[DRC] HUHdopmauus o BbIABAEHHbIX TEXHO-

JIOTHYECKHUX HapyLICHUAX

[TpocMOTp U peaaKTHpOBaHHWE XapaKTEPHCTHK CJIOEB, BBO
HOBBIX CJloeB BbIMONHAKTCA No komaHae Configure/Layers.
YacTb cnoeB 00bENMHAIOTCA B mapbl, 4TOOLI MpH MepeHoce
00BEKTOB C OJHOM CTOPOHBI IJIATHI HA APYTYIO OAHOBPEMEHHO
Ha COOTBETCTBYIOILIME CIOM MEepeHOCHIach COMYTCTBYIOLIAS
UHdopMalu.
INporpamma PCBoards BeI3bIBa€TCS aBTOHOMHO WJIM M3
ynpasaswowmei odonoyku Schematics no komanae Tools/Run
PCBoards. Ilocne 3anycka PCBoards akTUBH3MpYeTCS OKHO
penaktopa. B BepxHeH 4YacTM OKHa pacrojaraeTcss CTpoka
MEHI0, HUXE — CTPOKA UHCTPYMEHTOB.
KoHdurypauus nporpammel PCBoards ycraHaBnMBaeTc
no koManae Tools/Options. B MeHI0 3T0Oi KOMaHAbl 3a4a10TCS
cleqyIolMe MapaMeTphl:
e Units of Measure — cucTema equHML;
e Snap-to-pin Threshold — panuyc obnacru 3axBara npu noa-
COeJMHEH WU Tpacchl MPOBOAHMKA K BbIBOLY KOMIIOHEHTA;

¢ Rotation Increment — yroi noBopota o0beKTa NPOTHUB Ya-
COBOIi CTpesiKM NpH BbIMONHeHUH komaHabl Edit/Rotate;

e Rubber banding — BkJIOYEHHUE/BLIK/IIOYEHHUE PEXHMA
nepeMelleHUsi KOMIIOHEHTOB BMECTE C MOJACOEIMHEH-
HBIMU K HUM MPOBOJHHKAMU;

¢ On-Line DRC — aBromaruyeckasi nposepka cobiwone-
HUS JOMYCTUMBIX MEXIY ODBbEKTAMM 3a30DOB,;
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Puc. I1.1. OkHo 3amanua napamMeTpoB nporpaMmmbl PCBoards

e Crosshair — uzobpaxeHue Kypcopa B BHAE Mepekpec-
Th Ha BECh IKpaH;

e Optimize Rats — aBTOMaTM4ecKo¢ M3MEHCHHE DAacIo-
JIOKEHMSA JIOTHUYECKHUX CBf3eil HauaydyliMuM oOpa3om
MpH NepeMellieHUH KOMIIOHEHTOB;

e Auto-complete CCT — aBTOoMaruyeckoe BO3Bpalle-
HUe U3 nporpaMmel aBrorpaccupoBkn SPECCTRA
B PCBoards nocne 3aBepllieHUs TPAaCCUPOBKHU.

Cnenyet OTMETUTB, YTO B cocTaBe cucteMbl DesignLab ume-
€TCAd MporpaMMa aBTOTPAcCHPOBKM COENMHEHHMI KOMITOHEHTOB
SPECCTRA, HO NpOeKTHPOBILMK MOXET U BPYYHYIO BbIIOJI-
HUATH NIPOPUCOBKY coeAMHEHH B nporpamMme PCBoards.

Ha puc. I1.1 npeacrapneHo nuManoroBoe OKHO Ms 3aia-
HMs napaMmeTpoB nporpamMmbl PCBoards.

Ha6op napameTpoB KOMIIOHEHTOB, MPOBOIHHKOB, TMOJTUIO-
HOB U JpPYrHX ODBLEKTOB odopMmigeTca B BUAE MX aTpubyTOB.
ATpubyThI BbIOpaHHOrO 00bEKTa NMPOCMATPHUBAIOTCA U PEdAKTH-
pylorca no koMaHae Edit/Attribute. THMoBBIE 3HaYeHUS aTpHby-
TOB YCTAHABIMBAIOTCA AJA BCEX OMHOTHMHBIX OOBEKTOB IUIATHI
W 3aTeM MOTyT MHAMBMAYaJbHO penaktupoBatbed. Ha puc. 1.2
npHBeIeH TIPUMEp JHATIOrOBOrO OKHA PENaKTUPOBAHUS aTpUly-
TOB JIOTMUYECKOrO 3JIEMEHTA, HMEIOLUMX CIEAYIOIMHA CMBICT:
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REFDES |~ New. . |
i Change
TYPE_NAME = 7472 : Change |
FOOTPAINT = DIP14 ol |
COMP_LAYER = Component
COMPZANGL =210
COMPX = 250mi
COMP_Y = B00mil Display.
COMP_FIXED = NO

Puc. I1.2. [IuanoroBoe OKHO periakTUpPOBaHUS aTpUOYTOB joruue-
ckoro 3nemMeHTa 7472 (JK — Tpurrep)

REFDES — nosuuMoHHoe 0003HaueHHE KOMIIOHEHTA;
TYPE_NAME — uMs TUIIa KOMIIOHEHTA;
FOOTPRINT — um#a Kopryca KOMIIOHEHTa;
COMP_LAYER — cn0i#t pacrionoXeHusi KOMIIOHEHTA;
COPM_X — koopauHara X pacroJOXEHMs Ha Tjiare
TOYKH TIPUBA3KH;

COMP.Y — koopauHata Y pacronoxeHus Ha njare
TOYKH TIPHUBS3KH;

COMP_FIXED — npu3Hak uKcallM¥ KOMNOHEHTa Ha
njare.

CyllIECTBYET HECKOJIBKO CIOCO00B HauaTh pa3paboTKy ne-
4yaTHOM naatel. [TpocTelnii COCTOUT B CO31aHHU CITUCKA CO-
€IUHEHHUIA CXeMbl M HCTIONb30BaHUU KoHpurypauuu PCBoards
no ymonuaHuio. CrMCOK coenuHeHMit co3maeTcd aBTOMATH-
yecku B mporpamme Schematics, rocjie 4ero cxemy yrnakoBbl-
BalT M MNepeHocaT B nporpammy PCBoards. lanee BpyuHyio
BBHIMOJHSAIOT TPACCHPOBKY MJAThI, HAHOCAT (U3HUYECKHE Ipa-
HHMIbI IEYATHOH MJIaThl U rpaHHULBI 0OJIACTH Pa3BOOKH Ha Clloe
CHUTHAJIOB, IOCJIE Yero MPUCTYNAIOT K CO3IaHMIO TEXHHYECKOH
nokymeHTauuu. is Gonee CIOXHBIX MIaT HEOOXOOUMO BBO-
NHTh JOTIOHHUTEIbHbIE CJIOM W HAcTpauBaTh KOH(HUTYpalHIO
MporpaMMbl B COOTBETCTBHM C OCODEHHOCTSMH TJIATHI.

Mpumep pa3paboTky neyaTHOW Nnarsi
AenuTens 4acToThl

Bocnonb3yeMcsi cxeMoit aenutens yactoTel Ha JK-Tpurrepax,
npenctapneHHod Ha puc. 4.22. Jlna co3dmaHus CNMCKa COEdM-
HEHHWI, KoTopblit Oyner nepenad B nporpamMMmy PCBoards, He-
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00X0AMMO YAATHTb UCTOUHUKH CUTHANOB M MUTAIOLIMX Hanps-
JKEHHH, TaK KAK OHM ABISAIOTCS MCKYCCTBEHHO BBENCHHBIMK Ha
JTane MmoneaupoBaHus cxembl. C nomoiubio KoMmaHawl Tools/
Package ynakoBbIBaloT cxeMy, T0OC/I€ Y€ro 3amyckaioT IporpamM-
My PCBoards komanmoii Tools/Run PCBoards. Ha puc. I1.3 no-
KadaH (pparMeHT akTHBHOrO okHa nporpaMMbl PCBoards mocne
3arpy3kKH CXeMbl M3 mporpamMbl Schematics. TOHKMMHM JIMHHA-
MH MOKa3aHbl COCMMHEHHS, KOTOPbIE HOJXKHbI ObITh BBIMOJHEH b
Ha nare. Tlocae pyyHOiIl TpacCCHPOBKH 3TH JHHWM HMCYE3AIOT,
NOKa3blBas TEM caMbIM pPa3paboTyUKY, YTO HeoOxonuMoe Pu3m-
YeCcKOe COeAMHEHHE peann30BaHO. YUTaTe b MOXET BOCIONb30-
BaThCA CxeMol pl2.sch M KpaTKod MHCTPYKLUHMEH, PHBEAEHHOI
TaM Xe, 4/ MPOCMOTpPa Pe3yJIbTaTOB Mepeaavyd ynakoBaHHOWM
cXxeMbl M3 nporpaMmbl Schematics B nporpammy PCBoards.

IHanee HeoOX0AMMO pPa3MECTHTh OCHOBHbIE U BCIIOMOTraTe/IbHbIe
KOMIIOHEHTBI C [TOMOLIIbIO OTMEpaLiMK NepeMelieHUs (BbLaesisi M Oyk-

CUPYA C [IOMOLLEBIO MbI1LIKM) U BBITOAHUTH TPACCMPOBKY COEMMHEHH I
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Puc. I1.3. ®parment akTuBHOro okHa nporpammel PCBoards noc-
Jle 3arpy3KH cxeMbl U3 porpamMbl Schematics
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¢ nomouibto KoManobi Draw/Trace. B Tom caydae, ecin Tpacchl
(bu3nuecKue COeAMHEH ) NEPECEKAIOTCA Ha CIOE, OHM TIOMEYAIoT-
csl KpecToM, coodliiasi mpoekTUpoBLIMKY 00 otuubke. Ha puc. I1.4
nokasaH (hparMeHT neyaTHOM IJ1aThl AEMMUTENsS YacToThl Oe3 BCno-
MOTaTe/IbHbIX KOMIIOHEHTOB MOC/IE PYYHOI TPaCCMPOBKH.

Kpome Toro, npoeKTHpOBILMK PUCYET HA NEYATHOM Ij1aTe
COEIMHEHUA 1151 BBONA M BhIBOAAZ MH(OPMALIMOHHBIX H YII-
PaBJIAIOIIMX CMTHAJIOB, MUTAIOLLETO HAaNpsAXEeHH, BCIIOMOra-
TENbHBIX 31EMEHTOB U T. 1.

IMocne BBIMOJHEHKUS 3TUX ONEPALIMil OCYILECTBISAETCS Bbi-
BOJl TIEYATHBIX IJIAT HA TIPUHTED, IJIOTTEP UM cTaHKu ¢ LIITY.
ITpy 3TOM MPOEKTHPOBIIMK 3a1a€T HEOOXONUMBIE OMLIMHU, Ta-
KHe KakK dopMar JIMCTa, YPOBEHb AETalu3allMid BbIBOOIMMOA
HHGOpMaLMHK, TONIIMHY JIUHUH ¥ pa3Mep wipudTa U T. I.
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Puc. I1.4. ®dparMeHT neyaTHOW MIaThl ACAMTENA YAacTOThl MOCIE
PYYHOI TPacCUpOBKH
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