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10 MOOKIACC CAMP — CUCTEMbl ABTOMATU3UPO-
BAHHOIO MPOEKTUPOBAHUSA NEYATHbIX MIAT
(CAMP M)

10.1 BeBeaeHue B CATIIP MMM

Brenpenne B MHXKEHEPHYIO IIPAKTUKY METOAOB aBTOMATHU3ALMU
MPOEKTUPOBAHUS MO3BOJISET MEPEUTU OT TPAAULUMOHHOIO MAKETUPO-
BaHMs pa3zpadaTbiBa€MOM anmnapaTypbl K €€ MOJEIUPOBAHUIO C ITOMO-
IIb0 NEPCOHATBHBIX KOMIBIOTEPOB (11K).

N Gonee Toro, ¢ nmomoimpto [IK BO3MOXKHO OCYIIECTBUTH MOJ-
HBII LUK MPOEKTUPOBAHUS MEUYATHBIX IUIAT (TaK HA3bIBAEMbIN LUK
CKBO3HOTO IPOEKTUpOoBaHus). C MOMOIIBIO TaHHBIX MPOrPAMM, HA3bl-
BacMbIX «CHCTEMBI aBTOMATHU3MUPOBAHHOIO MPOCKTUPOBAHUS II€YAT-
Hbix mwiat (CAIIP ITIT)», ocyiiecTBisitoT:

® CHUHTE3 CTPYKTYPhl U (YHKIIMOHAIIBHOM CXEMbl YCTPOMCTBA —
rpauyecKuii BBOJ CXEM, CO3aHUE TPUHUUITUAIIBHONW CXEMBI;

® KOHTPOJIb OIIMOOK B CXEME, aHAJIU3 €€ XapaKTepUCTUK B pa3-
JUYHBIX PEXUMax € y4eToMm paszdpoca mapamMeTpoB KOMIIOHEHTOB U
HAJIMYUA JeCTa0MIN3UPYIOMUX (GAaKTOPOB;

® CHHTE3 TONOJIOTUH — YNAKOBKY CXE€Mbl HAa MEYaTHYIO IUIATY,
PYYHOE W/WJIA aBTOMAaTUYECKOE Pa3MEILICHHUE 3JIEMEHTOB Ha IUIATE;

® pPYYHYIO, MHTEPAKTHUBHYIO W/WJIW aBTOMATHYECKYIO TpaccCH-
POBKY IPOBOJHUKOB (MEXIJIEMEHTHBIX COCIMHEHUN );

® KOHTPOJIb OLIMOOK HAa TMEYaTHOM IIaTe, MapaMeTPUUYECKYIO
ONTHUMU3ALMIO U BEPUPHUKALINIO TONOJIOTHH;

® BBINNYCK KOHCTPYKTOPCKOM JTOKYMEHTALIUH.

B ocnoBaoMm, nipoext B CAIIP IIII npexncrasmseTcs B 1ByX BH-
Jax: B BUJAE CXEMBI JIEKTPUUYECKOM IPUHIMINAIBHOW W B BUJIE IIE-
YaTHOW IUIATHI.

B coorBerctBumu ¢ 3tum B CAIIP IIII umerorcs aBa rpaduye-
CKHMX pellaKTopa:

- CXEMHBIH peakTop, 00eCIeunBaIONIMNA CO3AaHue MPUHITUATIH-
aJIbHOU CXEMBI;

- TEXHOJIOTUYECKUHN PENAKTOP, NMPEIHA3HAYCHHBIN Uil PEAaKTH-
POBaHUs TONOJIOTUM ITE€YATHOM IUIATHI.



B nauane pa3paboTKu IiaThl UCHOJIB3YETCS CXEMHBIN peaakTop,
B HEM ITPOM3BOJIUTCSA CXEMOTEXHUUYECKOE MOJIECITUPOBAHUE U B PE3YJIb-
TaTe CO3/IACTCS MPUHIMITHATIBHAS CXEMa IIJIATHI.

CxeMHBIH pelakTOp MCIOJIb3YET CXEMHYIO0 (CHUMBOJIbHYIO) OHO-
JUOTEKY, COCTOSIIYI0 U3 YCJIOBHBIX O0O03HAUCHUU IJIsI CXEMBbI MMPUH-
HUNHAATBHON 3JEKTPUYECKOU. J[aHHBIE JIEMEHThl UMEHYIOTCS CUMBO-
JaMH.

CUMBOJIBI HECYT CIEAYIONIYI0 HH(POpMaIHIO 00 dIIEMEHTE:

e cro (PyHKIIMOHATBHYIO CXEMY;

® HOMEpPA KOHTAKTOB B COOTBETCTBUM C JIAHHOU CXEMOM;

® JJIEKTPUUECKHE XaPAKTEPUCTHKHU dJIeMeHTa (Tpumep: uudpo-
Bor aniemeHT (DD), ananoroBeiii (DA)) M KaXxJI0ro €ro KOHTAKTa
(mpumep: nens nuranus (Power), mudposoit BBoa (DI), nudposoii
BbIBOJI (DO)).

OCHOBHOM MPUYUHON OMIMOOK B MEYATHBIX IIJIaTax SIBJSETCS HE-
JIOCTATOYHBIN KOHTPOJIb MPUHLIMIUAIBHOU cxeMbl. [ToaToMy B m000M
CXEMHOM DPEIAKTOpPE MPUCYTCTBYIOT CPEACTBA I ONTUMMU3ALUWHA M
Bepudukauu (IpoBepKH) co3laHHoM cxeMbl. [IpoBepka mpou3BOAUT-
Csl HA OCHOBE OMOJIMOTEUHBIX JJAHHBIX 00 3JIEMEHTaX U UX COCIMHEHU-
X Ha cxeme. K coxkalneHnro, aBTOMaTU3aly MOAJAETCS JIUIIb KOH-
TPOJIb MPOCTHIX CHHTAKCHUYECKUX OIIMOOK (LIeMH, MPUCOCIUHECHHBIC
TOJBKO K OJJHOMY BBIBOJY MJIM BOBCE HE UMEIOIIUE Y3J10B, HEMOIKIIO-
YEHHBIE BBIBObI, PA3JIMYHBIC SJICKTPUUECKUE OIIUOKHU U T.1.).

ITociie 3aBeplIeHUS CXEMOTEXHUYECKOTO MOJICIIMPOBAHUS U3
CXEMHOTO PENAKTOPA MEPEXOAUM B TEXHOJIOTUUECKUN PEAAKTOP, THAE
Ha 0a3e CO3JaHHON NMPUHIUIIMAILHON CXEMBbI pa3padaThiBA€TCs TOIO-
JIOTYsl TIEYaTHOW IUIaThl. B TEXHOJIOTMYECKOM PENAKTOPE OCYLIECTB-
aseTcs pasMenienue demeHToB Ha [1I1 u TpaccupoBka coeIMHEHUM.

TEeXHOJOTUYECKUN PEAAKTOP HCIIOIb3YET TEXHOJIOTMUYECKYIO
OMOJIMOTEKY, OMPEACISAIONIYI0 «ITOCATOYHBIE MECTa» 3JIEMEHTOB s
UX YCTAHOBKU HA MEYaTHYIO IUIaTy. JTO MHQPOpMALUS O PacIOiIokKe-
HUW U pa3Mepax KOHTAKTOB 3JEMEHTA, KOTOPhIE COOTBETCTBYIOT HO-
MepaM KOHTaKTOB U3 CXEMHOMN OHMOJHUOTEKH, OOIIHMe rabapuTHBIE pa3-
MEpHI JIEMEHTA (IIUPHUHA U JJIMHA) JJIsl UX PACCTAaHOBKH Ha TUIaTe.

Takke B TEXHOJIOTMYECKOM PEAAKTOPE MPOBOJUTCS BepUPUKa-
Y8 Tonojoruu miatbl. OHa HeoOXxoauMa JJIsl KOHTPOJISI COOI0ICHUS



TEXHOJIOTUYECKUX HOPM, IPOBEPKU HA COOTBETCTBHUE CO3JaHHOU TO-
IIOJIOTUM UCXOIHOM NMPUHIUIINAIIBHON CXEME.

10.2 3Tanbl co3gaHMA neyaTHOM NNnaTbl

Becph nukn pador, BemmonansemMbix CAIIP IIIT npu co3ganuu me-
YaTHOM IIAThl, MOKHO PA3JICJIUTh HA 5 3TAIIOB:

1) aTan co3ganusi IPUHIUNUATBLHON CXEMBbI;

2) aTan mepexojia OT CXEMHOI'0 K TEXHOJIOTHYECKOMY IpeJICTaB-
JICHUIO W3JICIINS;

3) sTam pa3MeIIeHus JIEMEHTOB Ha MeYaTHOW TiaTe;

4) sTan co3aHus TOINOJOTUY MEYaTHOM 1IaThl (pa3BOjIKa);

5) »Tamn noAroTOBKY MPOU3BOJICTBA MI€YATHOM IIATHI.

1. Dman co30anus NPUHYUNUATLHOU CXEMbL.

JlauHbIi 3Tan OTHOCUTCA K (aze PyHKIHOHATBHOTO (CXEMOTEX-
HUYECKOT'0) MPOCKTUPOBAHUS U JJII TEXHHUYECKOTO M KOHCTPYKTOP-
CKOTO TMPOSKTUPOBAHUS, HEOOXOIUM JJIsI CO3J]aHUs JOKYMEHTa «CXe-
Ma 3JIeKTpUYecKas MPUHITUITHAIbHASY: OMMCAaHUE COCTaBa JIEMEHTOB
U 3JIaHMS DJICKTPUYECKUX CBSI3eH MEXKIy KOHTAKTaMU ATHUX DJIEMEH-
TOB.

dopManbHO CO3JaHWE NPUHIUIHAIBHON CXEMBI HE SIBIISICTCS
00s13aTeILHBIM 3TAIlOM, ITOCKOJIbKY CYIIIECTBYET HECKOJBKO CIIOCOOOB
OMKCaHUsl MPUHIUIIUAIBHONU cXxeMbl. KpoMe cinydaeB mosydeHus Ta-
koro onucanus u3 apyrux CAIIP Ha stane dyHKIIMOHANBHOTO (CXe-
MOTEXHHUYECKOT0) TTPOCKTUPOBAHHUS, BO3MOKHO TEKCTOBOE OIHMCAHHE
AIEKTPUUYECKHUX CBSI3€U MPOEKTa, KOTOPOE BHITIOIHIETCS TIPU MTOMOIITH
CIEMAIPHOTO SI3bIKa OMHCAHMS MPUHIMIHAIBHOU cXembl (Oojee
noApoOHOE onucaHue oJHOro u3 3Tux sa3bikoB VHDL B myHkTe naH-
HOT'0 TTOCOOUS).

DOTan 3aKaHYMBAETCS CO3JaHUEM CIHMCKA COETUHEHUN CXEMBI,
TaK Ha3biBaeMbIi (haitn netlist.

2. Oman nepexooa om CXeMHO20 K MEXHOI0SUYEeCKOMY Npeo-
CMAasIeHU0 U30eausl.

JlaHHBIN STanm SBISICTCS ONHUM W3 HamOOJICe Ba)KHBIX. 37IECh
MPOUCXOAUT 3aMeHa Oazuca OMOIMOTEYHBIX 3JIEeMEHTOB. CXEMHbIC
OMOJMOTEUHBIE DJIEMEHTHI 3aMEHSIIOTCSI Ha TEXHOJIOTMYECKHUE OuOIINO-



TeYHbIe DJIEMEHTEI. Heo0X0auMoO OTMETUTD, UTO OMOJIMOTEUHEIE DIie-
MEHTBHI, UCTIONIb3yeMble Tipu co3aanuu [1I1, comepkar kak rpaduyueckoe
ONMHCaHWe, TaK M YIAKOBOYHYIO MH(pOpPMAIMIO. YIIaKOBOYHasT HHPOP-
Malusl MPeJICTaBISIET CO00M TEKCTOBOE OMKMCAaHNWE KOHTAKTOB M B3aWM-
HBIE CCBUIKHM Ha HyMEpAaIio KOHTAKTOB B CUMBOJIAX CXEMHOHN OMOJIHO-
TEKH U MOCAJOYHBIX MECTaX TEXHOJOrM4ecKoinl OmbOmmoreku. JIroOas
omuOKa Ha TAaHHOM 3Talle MPUBEACT K OOJBIITNM CI0KHOCTSIM B JaTh-
HEHUIIIeM, BIUIOTH J0 IMTPOBEACHMS BCETO MMPOCKTUPOBAHMSI 3aHOBO.

3. Oman pazmewenus 31eMeHmo8 Ha NeYamHou niame.

OTtan pa3MeNieHUs BBITOJHACTCS JIMOO B aBTOMAaTHYECKOM, JIH-
00 B moslyaBTOMaTH4YE€CKOM pexkume. Ha maHHOM 3Tame rociienoBa-
TEJIbHO MPOU3BOIATCS PaOOTHI:

- CO3JIaHHME 3aroTOBKH MEYaTHOM IIaThl. BKiroyaeT B ce0s cO3-
JaHUE KOHTYypa Ie4YaTHOM IUIaThl, B KOTOPOM OyJeT HMPOU3BOIUTHCS
pacctaHoBKa 3yemMeHToB. CrleayeT TMMOMHHUTB, YTO €CJIM BBl coOmpae-
TE€Ch HCIOJb30BAaTh ABTOMATUYECKYIO) TPACCHUPOBKY, TO KOHTYp Ii€e-
YaTHOM IIJIAThl JIOJKEH MPEJCTABIATh COOOM 3aMKHYTYIO JIMHUIO. A
TaKKe 3aJaHue 00sacTel 3ampeTa JJjIs pa3MeIIeHus JJIEMEHTOB — He-
00X0MMO B Cllyyae MPUCYTCTBUS B 3aJIaHHOM KOHTYpE IUIAThl CTO-
POHHUX JieTalieil (BUHTOB, KPENEkKEH U T.1.);

- PpACCTaHOBKA 3JIEMEHTOB — Kay€CTBO Pa3MEUICHUS OLICHHUBA-
€TCs 110 UHTETPAJTLHOMY KPUTEPHUIO OLICHKH, YUYUTHIBAIOIIEMY OOIIYIO
JUIMHY 3JICKTPUYECKUX CBI3€M HA MEYATHOM I1are. Yem MeHbIle -
Ha CBSI3€M, TeM JIydIlle ¥ KaueCTBEHHEH OyJIeT MPOBEACH CICAYIOITUN
ATan pa3BOJKM;

- TMPOBEPKA Pa3MEUICHUS SJIEMEHTOB — BBITIOJHSAECTCS aBTOMATH-
Yyeckasi MpOBEpPKa Ha COOMIOJICHUE 3aJaHHBIX I0JIh30BaTEIeM MUHH-
MaJIbHO-JOMYCTUMBIX PACCTOSHUNA MEXKAY COCEIHUMH KOPITycamu
AJICMEHTOB.

4. Oman co30anus monoyio2uu ne4amHuo niameol.

JlaHHBIN Tan, UMEHYEMbII MHAaYe KaK «pPa3BOJKA IUIaThD», — TaK
K€ KaK M MPEIbIAYIIHNI dTall, MOXKET BBITIOIHSATHCS MOCPEICTBOM aB-
TOMATHYECKOW TPACCHPOBKH COCIWHCHUN W/HWIIM MPHU ITOMOIINA HHTE-
PaKTUBHOM (MOJIyaBTOMATUYECKOM ) MTPOKJIIAJIKU TPacc.

JI1s aBTOMaTUYE€CKOM TPACCUPOBKM HEOOXOJAMMO CO3/1aTh (paiin
ctparerun. Paiiyl cTpaTeruy — 3TO COBOKYIMHOCTh HACTPOCUYHBIX Ta-



paMeTpoB aBTOTPACCUPOBKH, BKIIIOYAsi TUIl ABTOTPACCUPOBIIUKA H
JIpYyrue HeoOXO0MMbIE JaHHBIE JI1 TPACCUPOBKH MEYATHOM IJIATHI.

CymiecTByeT Ba TUIIA aBTOTPACCUPOBUIMKOB IO THUILy HCIOJIb-
3yEMOI'0 aJITOPUTMA TPACCUPOBKHU:

A) IlepBblii TN airopuTMa Ha3bIBAETCS «MOCIEI0BATEIbHAS
TPAaCCUPOBKa» — aBTOTPACCUPOBIIUKHU JAHHOI'O TUIA Pa3BOLAT ILUIATY,
MIOCJIEIOBATENIBHO TPOPUCOBBIBAS MO OAHOM CBA3U. [lonmp3oBarenp
MOXET 3aJaTh MOPSAAOK TPACCUPOBKM CBS3EH, HAIPUMEP, HAYATh CO
CBSI3€ MUHUMAJIbHOW JJIMHHBI WJIM HA4aThb C TPACCUPOBKHU «3EMIIS-
HBIX» MPOBOJHUKOB U T.1. [Iprmep aBTOTpacCHpOBIIMKA JAHHOTO TH-
na — 310 PCAD 4.5.

b) Bropoit Tun anropurma Ha3bIBa€TCA «TPACCHUPOBKA C yCTpa-
HEHHUEM KOH(MIMKTOBY» — aBTOTPACCUPOBIIUKU JAHHOTO THUIMA Ha Tep-
BOM 3Talle MPOU3BOJAST MPOPUCOBKY aOCOIIOTHO BCEX MPOBOJHUKOB
0e3 oOpallleHHs] BHUMaHUS Ha BO3MOKHBIE KOH(JIMKTHI, 3aKIIOYal0-
IMeCd B MEPECCYCHUU NPOBOJHUKOB HAa OJHOM CJIO€ U HAPYIICHUU
3a30poB. /Jlanee aBTOTPACCHUPOBIIMK IPOU3BOIUT YCTPAHEHUE BO3-
HUKIIUX KOH(DJIMKTOB — pa3pbiBasi U NPOKIaJbiBas BHOBb CBSI3H, pas-
JIBUTas NTPOBOJHUKU U T.4. [I[puMep aBTOTpacCHpOBIIMKA TAHHOTO TH-
ma — 3To Specctra.

Ha nanHoe Bpems HE JOKAa3aHO KAKOW TUII aBTOTPACCUPOBILHUKOB
Jy4llle, HO HA MPAKTUKE IOJYy4YEHO, YTO €CIIM IuUlaTa HE Pa3BOAUTCS B
OJIHOM THUIIE€ aBTOTPACCHUPOBILMKOB, TO OHA PA3BEIETCS B APYTrOM TUIIE.

B pesynprare BBIIIOJHEHUS dTalla MHOJIYy4YarOT UCXOAHBIC TaHHBIE
0 KOHPUTypaluu TPOBOJIHUKOB, KOTOPBIE JaJbIIE UCTIOIB3YIOTCS Ha
JTarne MOAroOTOBKE IMPOU3BOACTBA.

5. Oman nooecomosxu npouzeoocmaa.

JlaHHBIN ATan BKIOYACT B ceOsl TpU THIIA padoT:

A) DNEKTpUYECKUM M TEXHOJIOTMYECKHU KOHTPOJb Ie4YaTHOU
IJ1aThl. BBIMOJIHAETCS KOHTPOJb 32 UACHTUYHOCTBIO DJIEKTPUUYECKUX
COCIMHECHUN HAa CXEME BJICKTPUYECKOW MPUHIUMITMAIIBHOW U Ha IeYar-
HOM IIJIATE, & TAKXKE BO3MOXKHBIC BHECEHUS WCHPABICHUN B TOTOBBIU
IIPOEKT KAaK CO CTOPOHBI CXEMBbI AJIEKTPUUECKOW NPUHLMUITAAIBHOU,
TaK U CO CTOPOHBI MeYaTHOUN 1athl. [[poU3BOAUTCS pacyeTr 3JIEKTpHU-
YECKHUX XApPaKTEPUCTUK CXEMBI C YYETOM IMAPa3UTHBIX IApaMETPOB,
MPUCYIINX KOHKPETHOW KOHCTPYKIMH. B pe3ynbraTre BHECEHHBIE W3-
MEHEHHUS JIOJKHBI OBITh YUTEHBI B ITPOCKTE.
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b) ®opmMupoBaHue ymnpapisSIOUIMX NPOrpaMMm JJisl CTAHKOB C
YITY: ¢orto-koopauHaTorpadoB u CBEpAUIbHBIX CTaHKOB. [ ¢oTO-
KoopJuHaTorpada reuepupyercs ¢aisn «doToiradion», coepKaiiui
PUCYHKH BCE€X MCIOJb3YEMBIX CJIOE€B Me4YaTHOM muiatel. s cBep-
JUIBLHOTO CcTaHKa (opmupyercs (aiia «CBEpJIOBKH», COJIECpKAIINMA
KOOPJMHATHI U TUAMETPhI OTBEPCTUI Ha TIaTe.

B) Odopmienue BBIXOAHON MOKYMEHTAllMU Ha u3aenue (Tia-
ThI):

DnekTpuyeckas NPUHITUIIHAIbHAS CXeMa YCTPOUCTBA.
Texaudeckoe 3aanne Ha pa3pabOTKy IJIATHI.

Yeprex TOMOJIOTUU NMEYATHOM TUIATHI.

Cxema pacroioKeHus JIEMEHTOB Ha MOBEPXHOCTH IJIATHI.
Buennuii Bug uzaenust (1aThl) ¢ ABYX CTOPOH.

e MapupyTHas KapTa, KOTOpasi OTPa)KaeT MOCIeI0BATENLHOCTD
MPOU3BOJICTBA IIJIATHI, CIIMCOK MCIOJIb3YeMOro 000py/1I0BaHUs U Ma-
TE€pPUAJIOB U T.]I.

Ilpumeyanue. Haubonee ycnemno B CAIIP IIII pa3pabaTsiBa-
IOTCSl TIeYaTHBIC TLIAThl ITU(POBBIX YCTPOMCTB, TJ€ BMEIIATEIHCTBO
YeJI0BEKa B MPOLECC CUHTE3a TOMOJIOTMH CPAaBHUTEIBHO HEBEIHUKO.
Pa3paboTka aHaJIOrOBBIX YCTPOMCTB TpeOyeT ropaszao OOJbIIero yya-
CTHUS YEJIOBEKa B IPOIECCE MPOEKTUPOBAHUS, KOPPEKIIUU U, MPU HE-
00XOMMOCTH, B YaCTUYHOW MEPEACNIKE pPe3yJIbTaTOB aBTOMATHU3U-
POBAaHHOI'O MpPOeKTHpOoBaHUs. OCHOBHAS CIIOKHOCTh MPU pa3zpadoTKe
aHAJIOTOBOM ammapaTyphbl 3aKJII0YaeTCS B aBTOMATU3alMU CUHTE3a TO-
MOJIOTUH ¥ 00ECIIEYEHUH B3aUMOJICHCTBHS ITPOTPAMM MOJICIUPOBAHUS
CXEeM U cuHTe3a Tomnojioruu. KpoMe Toro, 1octaTouyHo cioxHo (op-
MaJiIi30BaTh MHOT'OYMCJICHHBIE JOMOJHUTEIbHbIC TpeOOBaHUS K aHa-
JIOTOBBIM YCTPOMCTBA, HAMpUMEpP, TPEOOBAHUE HSIIEKTPOMArHUTHOM
COBMECTUMOCTH KOMIIOHEHTOB U JIp.

Boeiiensitor nBa TUMa TPOBEPKH ILJIATHI: MapamMeTpuyeckas Hu
BpeMeHHas Bepudukanusa. TepmuH «BepuuKanusd» 03HA4aeT ycra-
HOBJICHHE pabOTOCTTIOCOOHOCTH.

IMapamerpuyeckas BepuduKamusa — 3TO NPOLEAYpa YCTAHOB-
JeHusl paboTOCHOCOOHOCTH YCTPOIMCTBA C YUETOM BCEX €TI0 CXEMOTEX-
HUYECKUX U KOHCTPYKTOPCKHUX mapameTpoB. OHA CBOAUTCSA K MOJICIIH-



11

poBaHui0 Ha DBM KOHCTPYKIUHM YCTPOMCTBA U UCCIEIOBAHUIO BCEX
PEXKUMOB €r0 padOTHI.

Oco0OeHHOCTh Tpoleaypbl Bepu(pHUKaIIMU 371eCh 3aKJIFOUACTCS B
Mojaenu, koropas wuccienyercs. HMcmonwszyercs KOMIIIEKCHASA
MO/JIEJIb, koTopasi BKIIOYAET B ce04:

® MOJIEIIb KOHCTPYKLIUU U3IECIIHS;

® MOJEJb JIEKTPUUECKON CXEMBL.

ITocTpoeHue MoJIHON NEKTPOAUHAMUYECKON MOJEIN KOHCTPYK-
AU U3JEIINS IPEACTABISAET BECbMA CIOXKHYIO 3a1a4dy. [loaTtomy B psi-
JIe CIIy4aeB OTPAHUYUBAIOTCS TOJIBKO MOJIEIBIO CXEMbI, KOTOpas HC-
MOJB3YETCSl Ha J3Tale aBTOMATU3UPOBAHHOTO CXEMOTEXHHYECKOTO
npoektupoBanud. [Ipu aTom abctparupyrorcs oT PU3HUECKON KOHCT-
PYKTOPCKOM peann3aiy 3TOM CXEMbl, YTO BHOCUT ONPEJICIICHHBIE MO-
TPENIHOCTU B PE3YJIBTATHI BBINOJHEHUS 3Talla MapaMETPUYECKON Be-
pudukauu.

CienyeT UMETh B BHJY, YTO YEM BBIIIE€ YACTOTHBIM JHANA30H
CUTHAJIOB, 00pabaThIBA€MbIX MPOECKTUPYEMBIM YCTPOHUCTBOM, TEM
BA)KHEW UMETh €ro aJIcKBATHYIO MOJIEIIb KOHCTPYKILIMH.

BBuay Cl10XHOCTA NOJTHOM KOMIUIEKCHOM MOJENM JUId psija 3a-
Ja4y MIPUMEHSIOT YIPOIIEHHBIN MOJIXO0] K MapaMeTpUuecKon Bepudu-
Kanuu. B dactHOoCcTH 111 MGPPOBBIX CXEM MPUMEHSIOT BPEMEHHYIO
Bepu(UKAIIMI0 KaK YacTHBIM ciydall mapameTrpuueckod Bepuduka-
LUH.

Bpemennasi Bepudgukanus — sBISETCS YaCTHBIM CIydaeM Iapa-
MeTpudeckoi Bepudukaruu. OHa mpuMeHUMa K ITU(POBBIM CUCTEMAM.

[lenpro BpeMEHHOUW BepU(UKAIIUU SBISICTCS YCTAaHOBJICHUE Bpe-
MEHHBIX COOTHOUIEHHUN B CUCTEME MEXIY COOBITUAMU CpadaThIBAHUS
MukpocxeM. [Ipu npoekTupoBaHuu UMPOBBIX CUCTEM COCTABIISIOTCS
BPEMEHHBIE JUarpaMMbl, KOTOPBIE KECTKO CBSI3aHBI C OChIO BPEMEHH.
Ha sT0i1 ocu pukcupyrorest «coodbitusi cpadareianus» MMC. Bes mo-
ruka paboThl J1000r0 MUGPOBOTO YCTPOUCTBA KECTKO U OJHO3ZHAYHO
yBsSi3aHa C BPEMEHHBIMHU auarpamMmamu. IIpu 3ToM Bce HHTEpPBaJIbI
BPEMEHU TAKKE€ OYEHb TOYHO OMPE/ICIICHBI.

Bpemennas Bepudukaiiusi, KOTopasi OnepupyeT TOUHbBIMU MOJe-
JSIMH JIMHUW Y1 MUKPOCXEM, MO3BOJISICT OLICHUTH C MOBBIIMICHHON TOY-
HOCTBHIO BCE BPEMEHHBIE COOTHOIIICHUS B CUCTEME.
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10.3 JeTtanusauma (pyHKLUN OCHOBHbLIX 3TanoB
TeXHOJIOrM4YeCKOro NpoeKTMpoBaHUA nsaenus
(nnatel) B CAINP MN

1. Oman kxomnonosku.

3aauyd KOMIIOHOBKM — 3TO 3aJ1a4M PA3JICJICHUs YCTPOWMCTBA Ha
OTHENbHBIC YacTH (OJOKM, TEYaTHBIC IIIAThI) C yYETOM 3aJaHHBIX
KPUTEPUEB:

e MuHUMYM MEXKOJIOUYHBIX COCIUHEHUN (COCAUHEHUE MEXKITY
IJ1aTaMy) WK BHEIITHUX BBIBOJOB OJIOKOB.

e BrIjeiieHUe THUIIOBBIX OJIOKOB IS MHUHUMH3ALUM YHCIIA TH-
OB UCTIOJIb3YEMBIX MOJTYJICH.

e DJIEKTpUYECKasi, MarHUTHAas U TEILJIOBAs COBMECTUMOCTh JJle-
MCHTOB.

e MuHHUMU3AIUS YUCIIa HEUCTIOJIB3YEMBbIX 2JIEMEHTOB B MOJTyJIC.

KoMIoHOBKa akTyajbHa B OCHOBHOM JIJISI CJIOKHBIX M3CTUMN.

B 3amadyax KOMIIOHOBKH, KpPOME KOHCTPYKTHBHBIX XapaKTepH-
CTHUK MOJyJIel, CYIIECTBEHHbl U UX (PYHKIIMOHAIbHBIC XapaKTEPUCTH-
ku. OHM BO3HHMKAIOT Ha 3Tale Mmepexojia OT (PyHKIMOHATBHBIX MU JIO-
THYECKUX CXEM K DJIEKTPUYECKUM MPUHIIUIHATBHBIM CXEMaM, YIUThI-
BAIOIMM 33JJaHHYI0 CHUCTEMY JJIEMEHTOB, U CBOJATCS B Ha3HAYCHUU
AJIEMEHTOB JIOTUYECKOW CXEMBbI B TUIIOBBIE MOJYJIM U3 33JIJaHHOI0 Ha-
oopa.

AJITOpHUTMBI KOMIIOHOBKH JICJISTCS Ha JIBa Kjlacca:

1) mocienoBarenbHble — Ha Ka)KJIOM IIare JaHHOTO aJIrOpUTMa
MOOYEPETHO JT00ABIISIETCA IO OJHOMY HOBOMY JJIEMEHTY, BhIOHMpae-
MOMY M3 CIIMCKA 10 ONPEACICHHOMY IIPUOPUTETY;

2) nmapajuieabHO-TIOCICA0BATEIBbHBIC — CHayajla BbIICISAETCS He-
KOTOPOE MCXOJHOE€ MHOXXECTBO TPYMI 3JIEMEHTOB, KOTOPOE 3aTeM
pacupeaesseTcs Mo YacTsIM ¢ yUETOM 3aJJaHHBIX KPUTEPUEB U OIpaHHU-
YEeHUM Ha KOMMIOHOBKY. OOBIYHO €r0 MCHOJIB3YIOT MPU PEIICHUH 3a-
a4 KOMIIOHOBKHU CO CIEIMaJIbHBIMU TPEOOBAHUSIMU (HAapUMEpP, MU-
HUMU3AIIHUS YUCIIa OJTHOTUITHBIX OJIOKOB).

Crneayer MOMHUTB, YTO COKpAIIEHHWE HOMEHKJIATYPbhl HCIIOJIb-
3YEMbIX YacTeil MO3BOJISIET YMEHBIIIUTh 3aTPaThl HA TPOCKTUPOBAHUE.
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2. Oman pasmeujenus d1emMeHmos Ha niame.

[Tocne pacnpeneneHnsi KOHCTPYKTUBHBIX 3JIEMEHTOB YCTPOICTBA
[0 NE€YaTHBIM IJIaTaM Pa3JIMYHOIO YPOBHSA U UEPAPXUU, I KaXKIOU
MOJIYYEHHON B PE3YJbTaTE KOMIIOHOBKM €AWHUIIbI (IJIAThI) TPOU3BO-
IST pa3MEIlEHUE BKJIIOUYEHHBIX B €r0 COCTaB 3JIEMEHTOB, T.€. BbIOU-
paroT TaKoe€ MX B3aMMHOE PACIIOIOKEHHE, IPU KOTOPOM HAWITYUIIUM
00pa3oM YUYUTHIBAIOTCS IPEABSIBICHHBIC K anmaparype TpeOoBaHuUs.

B o0iiem Buze 3a/1aua pa3MenIeHrs COCTOUT B CIEAYIOIIEM: He-
00X0MMO pa3MeCTUTh HA0Op (PUKCUPOBAHHBIX AJIEMEHTOB Ha 3aJ1aH-
HOM IUIOLIAU C YYETOM KPUTEPUEB PA3MELLECHNUS

e Kpurtepuii paBHOMEPHOCTH Pa3MEILICHHS 3JIEMEHTOB Ha IJIaTe,
C TOYKH 3peHHs] 00ecleyeHus: paBHOMEPHOU IIOTHOCTU CUTHATBHBIX
COCIMHEHUH Ha Pa3IUYHBIX y4acTKax IIaThl.

e MUHHMYM CpeHEN IJIUHBI CHTHAIBHBIX COCIMHEHUM.

e MUHUMYM CyMMapHOU JJIMHBI CUTHAJIBHBIX COCIUHCHUI.

e COBMECTUMOCTB 3JIEMEHTOB C TOUKHU 3PEHHUSI JOIYCTUMBIX I10-
Ka3aTeJiel Mo/ TEIUIOBBIACICHUE HAa PAa3IMYHbIX YYaCTKaX IJIaThI.

e COBMECTUMOCTh B3aUMHOI'O pPACIIOJOKEHHS DJIIEMEHTOB C
TOYKH 3PEHUS] MUHHUMU3ALUH 3JIEKTPOMArHUTHBIX HaBOJIOK.

e OnTuManpHOE (PALMOHAIBHOE) PAa3MEIICHUE BHEIIHUX BBIBO-
ZIOB DJIEMEHTOB.

e PaBHOMEpPHOCTH pa3MELICHHS JJIEMEHTOB IO MOJII0 KOHCTPYK-
THBHA.

Hcxonnoit nuHpopmaleit mpu peiieHuy 3aj1ad pa3MenieHus sB-
JSFOTCHL:

® JlaHHBIE O KOH(Urypaluu MU pa3zMepax KOMMYTAIIMOHHOTO
IPOCTPAHCTBA, ONpEJEsieMble TPEOOBAHUAMHU YCTAaHOBKH M Kperuie-
HUS JAaHHOW COOPOYHOM €IMHUIILI B almapaType;

® KOJMYECTBO U TEOMETPUUECKUE pPa3MEpPbl KOHCTPYKTHUBHBIX
AJIEMEHTOB, NOJIEKAIINX PA3MEIICHUIO;

® psJl OrPAaHMYCHHI Ha B3aMMHOE PACIOJOKEHUE OTAEIbHBIX
AJIEMEHTOB, YYMTBIBAIOIIUX OCOOCHHOCTH pa3padaTbIBAEMONl KOHCT-
PYKIIMH.

3agaya CBOAUTCS K OTBICKAHUIO JJISI KaXKJIOrO0 Pa3MEIIaeMoro
AJIEMEHTa TAKUX IMO3UILMI, TP KOTOPBIX ONTUMH3UPYETCS BBIOpaAH-
HBII MMOKa3aTeb KauyecTBa U 00ECIeYNBAIOTCA HanboJiee OJ1aronpusT-
HBIE YCJIOBUS JUIS IMOCIEIYIOMIETO AJIEKTPUIECKOTO MOHTAXKA.
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Kauecmeo pasmewenus oyenueaemces no kpumepusm:

1) MUHEUMYM CYMMAapHOUW B3BEILICHHOW JIJTUHBI COCIUHEHUI;

2) MUHAMYM 4YHCJIa COEAVUHEHUM, IJIMHA KOTOpPBIX OOJblle 3a-
JAHHBIX;

3) MUHUMYM YuCJa IEPECEUEHUN TPOBOIHUKOB;

4) MaKkCUMaJbHOE YHCIIO COCAVMHEHUN MEXKIY 3JEMEHTaMH, Ha-
XOJSAUIUMUCS B COCEIHUX MO3UIMAX, JTUOO B MO3UIUAX, YKa3aHHBIX
pa3paboOTUUKOM;

5) MakCUMyM 4HCJIa [enel MPOCTON KOH(UTypalluH.

Haubomnbiuee pacrnpocTpaHeHre B alrOpUTMax pa3MeUIeHUs Mo-
JY4YWJ TIEPBbIA KpUTEPUNA. ITO OOBSACHSIETCS CIAEAYIONIMMU MPUUMHA-
MHU: YMEHBUICHHWE JUIMH COCIWHEHUN YIY4IIaeT JJEKTPUYECKHUE CO-
€IUHEHMS YCTPOMCTBA, YIIPOLIAET TPACCUPOBKY IEYATHBIX ITPOBOIHU-
KOB M CHUYKAET TPYJOEMKOCTb U3rOTOBJIECHUS.

[lepen pa3zOueHHEM MOBEPXHOCTH KOMMYTAllMOHHOW IUIAThl HA
NO3ULMHU BBIACISAIOT 00JIACTU JUIsl pAa3MEIIECHUs] BHIBOJHBIX KOHTAKT-
HBIX 30H CXEMbI, & TAaKXe€ 3alpelieHHble 00JIaCTU, B KOTOPBIX HE
JOJKHBI pa3MEIIAThCS 3JIEMEHTHI CXEMBI.

Bce koncmpykmueHvie semenmyl, noonedxdcawjue pasmeueHuro,
MOJICHO YCIO0BHO pA30eiumsb Ha MPU PYNnblL.

1) HepukcupoBaHHBIC PIIEMEHTHI, MECTOIIOJIOKEHUE KOTOPHIX Ha
TUIaTe 3apaHee He U3BECTHO;

2) TpaHUYHBIE AIIEMEHTHI, K KOTOPBIM OTHOCSITCSI DJIEMEHTHI, CBSI-
3aHHBIE C pa3beMaMH, OCYIICCTBIIIONINE DJICKTPUUYCCKYIO CBS3h C
AJIEMEHTAMHM, PACIOJIOKEHHBIMUA Ha JIPYTHMX KOMMYTAIlMOHHBIX IIJia-
Tax. T.K. pa3bemMbl OOBIYHO TTOMENIAIOT HA BHEIIHEW CTOPOHE KOMMY-
TAIMOHHOMN TIATHI, TO 3TH JIEMEHTHI JKEJIATEIbHO pacIoiaraTh y rpa-
HUIIBI KOMMYTaIIHOHHOTO TTOJIS;

3) ¢pukcupoBaHHBIE SJIEMEHTHI, MECTOMOJIOKEHNE KOTOPBIX 3a-
paHee U3BECTHO (yKa3aHO pa3pabOTUUKOM).

3. Dman mpaccuposku niamsl (CO30aHue MonoaoculL).

HcxomHble TaHHBIC 11 TPACCHPOBKH OIPEICSISIOTCS MPH  CO-
CTaBJICHUU MCXOJIHOTO 3aJlaHMs Ha MPOCKTHPOBAHNUE U JOIOIHSIIOTCS
MIOCJIC BBITIOJIHEHUS OTepariiii KOMIIOHOBKHM W pa3MelieHus. B mrore
BXOJHAS WHGOpPMAIUA JUII TPACCHPOBKHU IPEJCTABISICTCS JBYMSI
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KOMIIOHEHTAMH: CIUCKOM TPACCUPYEMBIX KOHTAKTOB M MOJEIbIO
peACTaBICHUS MOJIsl IEYaTHOM TUIaThl.

OrpaHuyeHus IpU TPACCHUPOBKE CBA3AHBI C BO3MOXHOCTBIO U
HEBO3MOKHOCTBIO MPOBEJAEHUS Tpacc (IPOBOJAHUKOB), HAIMYKMEM Ha
MOBEPXHOCTU TEUATHBIX TIAT (KOMMYTAIIMOHHBIX TOJIEH) 3anpeiiéH-
HBIX JUIsl MPOKJIAJAKU MPOBOJHUKOB YUYAaCTKOB MOJISI, BO3MOXKHOCTBIO
WJIM HEBO3MOXHOCTBIO M3TrOTOBJICHHS JIByCTOPOHHUX W MHOTOCJIOM-
HBIX M€YaTHBIX TUIaT U T.11.

ConepxxaHue 3aJayd TPACCUPOBKH 3aKJIOUAETCS B IMOJIYUYEHUHU
KOH(UTYypaluy Tpacc MEXCOEAMHEHUN, KOTOphIE B AaibHEHIIEM Oy-
IyT peaqnu30BaHbl B BUJE EYATHOTO MUJIM IPOBOIHOIO MOHTAXKA.

Pemenne 3amauum  TpPacCUpPOBKM COEAMHEHUN MPEIOIaraet
MPEABAPUTEIBHOE BBIIIOJHEHHUE CIEAYIOIINX OCHOBHBIX ATAIOB:

1. Onpenenenue cnucka BCEX MPOBOJIHUKOB, KOTOPHIE JIOJKHBI
OBITh IPOJIOKEHBI MEXKTY MTApaMU Pa3IMYHbIX KOHTAKTOB.

2. Pacnipenenenre npOBOJTHUKOB I10 CIIOSIM.

3. OnpeneneHue MocjieA0BaTEIbHOCTH TPACCUPOBKUA MPOBOJI-
HUKOB B Ka)XJIOM cJio€ (Ha3HAUYE€HUE MapHbIX COCAUHEHUN B KaHaJbI
Opy KaHaJbHOW TPacCCUPOBKE).

4. CoOCTBEHHO TPACCUPOBKA MTPOBOJIHUKOB

B kauecmee yenesou Qynxkyuu (Kpumepuu kaiecmea)  anco-
pUmMMax mpaccuposKu UCNOAb3YI0Mm.:

1. MUHUMaNIbHYI0 CYMMAapHYIO JJIMHY BCEX MPOBOJHUKOB (CHUT-
HaJIbHBIX COEJIMHEHUH ), TOTYUYEHHBIX B PE3YJIbTaTe TpaccupoBku. [Ipu
MPOEKTUPOBAHUHU anmapaTypbl, paboTaroel Ha MOBBIIIEHHBIX YacTO-
Tax (MOBBIIMIEHHOTO OBICTPOJCUCTBUS), JAHHBIM KPUTEPUN CIEAYET
UCIIOJIb30BaTh C OCTOPOKHOCTBIO.

2. MuHuMainibHasg JJMHA CaMOro JUIMHHOTO MPOBOJHUKA. JTO
TaK Ha3bIBAEMBIA «MHHUMAKCHBIW» Kputepuiu. [Ipu ncmonp3oBaHuun
TOT0 KPUTEPHUST HA KAXKJOM IIIare TPacCUPOBKHU BBIOMPAETCS Camblii
JUIMHHBIN TPOBOIHUK U MUHUMU3UPYETCS €ro JJINHA.

3. MuHHManbHOE KOJIUYECTBO CIOEB COCTMHEHHM.

4. MUHUMAJIbHOE KOJIMYECTBO MEKCIIOMHBIX MTEPEXO/IOB.

5. MuHUMaNbHOE KOJHUYECTBO OTJIECNbHBIX (PAarMEHTOB COEIU-
HCHUM B LEJSX CBS3H JJIEMEHTOB — MPOBOJAHUK HOJDKEH HUMETH 10



16

BO3MOKHOCTH TIPOCTEHINYI0 KOH(MUTYpalui0 — B HUjeaje MpeicTaB-
JSITH COOO0M OTPE30K MPSIMOM JIMHUH.

6. MUHAManbHOE KOJWYECTBO B3aWMMHBIX IIEPECEYECHHUM CUT-
HaJIbHBIX COEIMHEHUN.

Bce ancopummsr mpaccupoexu coeOuHeHuli MONCHO pa3zoeiumso
Ha mpu OCHOBHblE 2PYNNbL!

1. BonHOBBIE U €r0 MOJaU(UKAIUY.

2. KananpHble.

3. DBpUCTHUYECKHE.

1. Bonnosvie ancopummuvl mpaccuposku u e2o Moougukayuu.

Cpenn MHOXKECTBa alrOPUTMOB TPACCUPOBKU BIEKTPUUECKUX
COCMHEHMI Hanbosiee pacpOCTPAaHCHHBIM SIBJISIETCS BOJIHOBOM  ai-
roput™ (asroput™ JIn). /laHHBIE aNTOPUTMBI CKAaHHPYIOT BCE TOJIE
TPACCUPOBKU IPU NPOBEACHUU KAXKAOTO OTACIBHOTO MPOBOJIHUKA, CO
BCEH COBOKYITHOCTBHI) KOHCTPYKTUBHBIX OTPAaHUYECHUM.

OTHU aITOPUTMBI BCETa TAPAHTUPYIOT MTOCTPOCHUE TPACCHI, €CIU
yTh JUIsl HEE B MPHUHIUIIE cyllecTByeT. OHM BBIAAIOT BBICOKOE Kaue-
CTBO pEIICHUM, HO MEHEe ObICTPOACHCTBYIOIIHE.

JlaHHBIN aaropuT™M 00J1a7a€T BBICOKOM CTEIEHBIO OOIIHOCTH,
IIPOCT B pealln3aliyi U UMEET IIUPOKUN CIIEKTP MPUMEHUMOCTH IS
TPaCCUPOBKHU JIBYXCJIONHBIX, MHOTOCJIOMHBIX MedaTHbIX mwiat, bAC u
T.1. OCHOBaH Ha «IIPOCMOTPE» BO3MOKHBIX BAPUAHTOB PEUICHUN WU
BBIOOpE M3 HUX OJIHOTO, YJOBJIETBOPAIONIETO TPeOOBAHUSM MOCTaB-
JIEHHOM 3a71a4M.

Pemienue 3agayd ¢ HMCIOJAB30BAHUEM BOJIHOBOTO QJITOpPUTMaA
MPEAIOJIaraeT ABa dTamna: Ha MEPBOM OCYILIECTBIAETCA IMOUCK BO3-
MOXHBIX PEIICHUN — pacpOCTPpaHEHUE BOJHBI, HA BTOPOM BBIOUpAECT-
CA pEUICHUE, YIOBJIECTBOPAIOLIEE YCIOBUSAM ITOCTABJIECHHOMN 3a1auu —
MOCTPOCHHUE OOPATHOTO Cliesa.

2. Kananvnoie memoouwi.

OCHOBHOM €IUHUIICH MOJIEJIM MO NMPU KaHAJBbHOM TpacCH-
POBKE SIBIIICTCS KaHaJ, IPEICTaBIISIOMIMNA MHOKECTBO CBOOOIHBIX JIJIS
TPACCUPOBKH BEPTUKAIBHBIX U TOPU3OHTAJIBHBIX KaHaJOB-MarucT-
pajieil, pacroJIO)KEHHBIX MEXAY psAaMH 3alpenieHHBIX Il TPacCH-
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pOBKH 30H.COEIUHEHUS MEXIY COCEIHMMM KaHalaMU OCYLIECTBIIS-
IOTCSl 4epe3 TaK Ha3bIBa€Mble MPOXOJHBIC OJIOKM WM Yepe3 BHEIII-
HIOIO 00J1aCTh MOHTaXa.

KananbHble METOABI TPACCUPOBKH OINPEAEISIIOT OJHO U3 CaMo-
CTOSITEJIbHBIX HAIPABJICHUHN PEIICHUs 3aJad TOIOJOTHYECKOrO0 CHH-
T€3a. OTU METOJbl UMEIOT OTPEICIICHHBIE TPEUMYIIIECTBA NIEPE JPY-
rumu (K npumepy, oHu B 75—100 pa3 ObicTpee BOJTHOBBIX), HO UM
MPUCYIIU TAKKE U HEJIOCTATKHU.

IIpouiecc kaHaIbHONH TPACCUPOBKM OOBIYHO pa3JCNsIlOT Ha
HECKOJIbKO ATaroB.

A) Co3nanue kaHana.

Ha sToM miare 3neMeHThl yxKe pa3MEeNIeHbl, U HHTEPBAJIBI Me-
Ky HUIMU JIOCTATOYHBI JJIsI MPOBEACHUS JIFOOBIX MPOBOJHUKOB MHUTA-
HUS U 3a3€MJICHUS, KOTOPBIE JOJKHBI HAXOIUTHCA B 3TUX UHTEpBaiax,
U COAEpKaT HEKOTOPOE MPOCTPAHCTBO JJIsi MPOBOJAHUKOB JIPYTHUX
LETICH.

Ham He HYy’>XHO O0COOEHHO 3a00TUTHCS O HIUPUHE WHTEPBAJIOB,
ITOCKOJIBKY, €CJIM HaM HE YAAcTCAd HAUTH PA3BOAKY CETEN B BBIIE-
JIEHHOM TPOCTPAHCTBE, MbI CJEJIAeM OUYEPEIHYIO MOMBITKY C JIYUIIUM
MOHMMAaHUEM TOT0, KAKOM BEJIMYMHBI JIOJHKEH OBITh KaXJblil UHTEP-
BaJl B ICICTBUTEIHHOCTH.

MBI JOJDKHBI pa3iesiuTh BCE MYCTOE MPOCTPAHCTB BOKPYT 3Jie-
MEHTOB Ha KaHaJbl, KOTOPBIE OMNPENIEIUM KaK YCIOBHBIE MPSIMO-
YTOJBHUKH ITyCTOTO MpocTpaHcTBa. OCHOBHAA I1€Ib 37€Ch COCTOHT B
TOM, YTOOBI BBITIOJIHUTH pa3eieHUE KaK MOXHO IMPOIIE; «IPOCTOTa»
dbopMalIbHO OMpecieHa TEM YCIOBUEM, YTOOBI 00Ias JIMHa peoep,
pa3ACISIONMX MPSIMOYTOJBHUKHA KaHAJIOB, Obljla MUHHMAaJIbHA.

b) 'moGanwHas TpaccupoBKa.

Crnenyrorieit 3agaueit siBasieTcs rio0aibHas TPacCUPOBKa ICTIeH,
MHA4e roBOpsi, BBIOOP JJIS KaXKJIOM ILIENHU JepeBa KaHaJIOB, KOTOpHIC
OHA JIOJDKHA 3aHSTh. 3JIECh BO3MOXHO MCIIOJIb30BAHUE AJITOPUTMOB
HaxOXXJACHUS Kparuaimiero mytd. Hamm mytd OyayT IpOXOIuTh MO
TOYKaM CEpPEJIMH TpaHMI] KaHaJ0B, HAYMHASCh W 3aKAaHUYMBAsICh Ha
BBIBOJAaX OJHOM M TOMU K€ IICHH.
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B) YnopsaounBaHue nepeceyeHnii Mexay KaHalaMHu.

Ha nmanHoM 3Tame MpOUCXOAUT BHIOOP TOYEK, B KOTOPBIX MPO-
BOJIHUKM TIEPECEKAIOT CTCHBI MEKIY KaHalaMH, OTAAaBas MPHUOPUTET
BBIOOPY TMOJIOKEHHUS MPOBOJHUKOB BHYTPH KaHAJIOB.

I') TpaccupoBka coeAMHEHU B KaHAJIaX.

BriOpaB mo3uiuu st BCEX TOUEK MEepecedeHus: CTeHbI, Mbl MO-
KEM TPOJIOKUTH TPACChl MPOBOJHUKOB BHYTPHU KaXKJIOTO KaHaja OT-
JEIbHO, TO, YTO MBI JIeJlaéM B OJIHOM KaHajle, HE MOBJIHUSET Ha Jpy-
roii. bonee Toro, OoJbIlIe HE HYKHO pa3leNsATh TOUYKH HA TpaHUIIAX
KaHaja Ha TOYKW BBIBOJOB 3JIEMEHTOB M TOYKH NMEPECEUCHUN CTCHHBI.
Kone4yHo, MOCKOJIBKY IIMPUHA KaHAJIOB MEPBOHAYAIBHO BbHIOMpAACh
YCJIOBHO, HET TapaHTUH, YTO MOXXHO BBITIOJIHUTH TPEOyeMyr0 Tpac-
CUPOBKY JTaHHOTO KaHajla JIJa)k€ CaMbIM YMHBIM U HCUEPIBLIBAIOIIUM
aIrOPUTMOM. B 3TOM HET HUYEro yKaCHOr0, MOCKOJbKY, KOTrJa Jaxe
OJIMH KaHaJ HE MOXET ObITh 00paboTaH, MOCJIEAYET yBEIUYEHUE Ka-
HAJIOB U MOYTH BECH MPOIIECC Pa3BOJIKM HAYMHACTCS CHavaJIa.

Hawnbosee n3BECTHBIM METOJIOM KaHAJIbHOW TPACCUPOBKU SIBJISI-
ercs meto CtBosioB W BerBeli. OH mMeEeT OHO OrpaHUYECHUE, CO-
CTOSIIIIEE B TOM, YTO KaXJAOW TpynIe COCAUHUTEIBHBIX IPOBOIHU-
KOB COOTBETCTBYET OJIHA rOpu3OHTabHas Tpacca (CTBOJ), W MO3TO-
My OTPEENIUB, KAKyI0 TOPU30HTAIBHYIO JOPOXKKY CIEAYET UCIOIb30-
BaTh B JJAHHOM CJIy4ae, 3ajlayy TPACCUPOBKU BEPTUKAIBHBIX MPOBOJ-
HUKOB (BeTBeil) MOXKHO pelInTh aBTOMaTHYECKHU.

3. Depucmuueckue ancopummsl mpaccuposKu.

B ocHOBe 3TuX aaropuTMoB, Kak MPaBUIO, JISKUT HEKUW 3BPU-
CTUYECKHUM MPUEM, KOTOPBIN JTOKEH MPUBOJIUTD K YJIOBIETBOPUTEIb-
HOMY pe3yJIbTary.

Haubonpiiee pacrnpocTpaHeHUE MOTYyYWSIA METO/AbI, OCHOBaH-
HbIC Ha OLICHKE JTMHBI IIPOBOIHUKOB.

CyllecTBYIOT JIB€ UX PA3HOBUHOCTHU:

1. CoenuHeHrne NMPOBOAHUKOB B TMOPSAKE BO3PACTAHUS JJIMHBI
OTJICJIbHBIX MPOBOJHUKOB (B KaY€CTBE OLEHKHU JJIMHBI MTPUHUMAETCS
KpaTyauiinee pacCTOSTHUE MEXAY COCTUHSIEMbIMU KOHTAKTaMM). ODTOT
METOJl OCHOBAaH Ha TOM COOOpaXEHUH, YTO KOPOTKHUE MPOBOJHUKU
BHOCSIT MEHbIIIE KOHPIUKTHBIX CUTYyaIUH.
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2. CoenvHeHWE TIPOBOJHHUKOB B TMOPSJIKE YOBIBAaHUS JJIMHBI
MPOBOJHUKOB, TaK KaK JUIMHHBIC MPOBOJIHUKU TPYIHEE TPACCUPOBATH.

C TOYKM 3peHUsT MUHUMAJIbHOW CYMMAapHOW JIJIMHBI COCTMHEHUI
o0a Mmoaxo/ia Jar0T MPUMEPHO OJIMHAKOBBLIE PE3YJIbTATHI.

Jpyrue MeToabl YMOPSAJIOYEHUS] CBSI3aHBI C YUYETOM CTEICHHU
BIIMSIHUSL TTPOBOJAHUKOB JIPYT Ha JApyra Mo IUIOIIAAU MEPEKPHITUS
MUHUMAJIbHBIX MPSIMOYTOJBHUKOB, C YYETOM YHCJIa KOHTAaKTOB, IO-
NaJIaloIUX B MUHUMAJIbHBIA MPSIMOYTOJIBHUK, WM C IPYTUMHU KpUTE-
pUAMHU.

OTHU aNropuT™Mbl OYEHBb OBICTPOJEHCTBYIOIINE, HO HE TapaHTU-
pytoT 100% TpaccupoBKY ILIATHI.

10.4 CocTtaB nporpamm CAIP MM

Bce BbllIENEpeUYnCIEHHBIE ATAbl CO3JaHUS II€YATHOM ILJIATHI
BBITIOJIHSFOTCA B CIIELIMAJIBHBIX MPOrpaMMax, U3 KOTOPBIX U COCTOUT
CAIIP IIIT:

CXeMOTEXHUYECKHUM PETAKTOP.

Menemxep OMOIUOTEK.

OTiaauuK NPUHIUIUAIBHBIX CXEM.
TexXHONOTnYeCKUi peIaKkTop MEeYaTHbIX IUIaT.

Cxemomexnuueckuil pedaxkmop

TumoBoit cXeMOTEXHUYECKUM Ipaduyeckuil peakTop (cucrema
CO3/IaHUS MPUHIMITHATBHBIX JIEKTPUUECKUX CXEM) MPEAHAZHAYCH JJIs
MPOCKTUPOBAHUSI MHTErPAIBHBIX CXE€M; Pa3pabOTKU CXEM JIsi KOM-
IJIEKTa MEYaTHBIX TUIaT, COAEPIKAIINX aHAJIOroBbie U HU(PPOBBIE OJ10-
KU, CO3IaHUs OJIOK-CXEM H T.J.

CXxeMOTeXHUYECKUN peJaKTOp — MOITHOE U YI00HOE CPEICTBO:

e rpaduyeckoe, IIJIOCKOE U UEPAPXUUYECKOE IPECTABICHUE
MIPOEKTA CXEMBI B PEJIAKTOPE;

® OMNpeAeisIEMbIN MOJIB30BATEIEM HEOTPAHUYEHHBIN CITUCOK Ia-
pPaMEeTPOB JIJIsl KOMIIOHEHTOB, 11eTieH, TMHOB M Ha3BaHMI OJIOKOB;

e rpaduka u cucok neneit B EDIF-popmare;

e mojjepxkka GopMaToB U UHTEPPEHUCHI ISl OMUCAHUS HA SI3bI-
kax HDL/VHDL/Verilog u nporpamMmm mMoelnpoBaHus;
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® MOIIHbIE MHCTPYMEHTHI 3arpoca Jjisi MOWCKAa KOMITOHEHTHI,
B KQUECTBE KPUTEPUs MOMCKA MOXKHO HCMOJIb30BaTh JIIO0YI0 KOMOM-
HaIMIO 3HAYEHUUN NTapaMETPOB;

® TecHas JBYHAIpaBJICHHAsi HWHTETpalusl C TEXHOJOTHYECKUM
PEIAKTOPOM — TapaHTUPYET COOTBETCTBUE MEXKIY  CXEMOM
u Tonosioruert 111 nmpu u3mMeHeHnn 0003HAYCHUS WIIM BEJIWYWH IMapa-
METPOB KOMIIOHEHTA, a TaKXe MPHU JIF0OOH MepecTaHOBKE €ro CEKIUu
WJIU TIUHA;

e o0ecrneynBaeT MHOTOCTPAHUYHBIN CTPYKTYPUPOBAHHBIM pe-
UM BBOJIa CXEMbI, MOJJICPKAHHBINM HMHTEUIEKTyalbHbIM Trpaduue-
CKUM MHTEpdErcoM, BKIIOUYAIOIIMM UCUEPIBIBAIOIMINN HAOOp KOMaH/
PEIAKTUPOBAHUS U YCTAHOBKHU IMapaMeTPOB, OMpPEICTIIeMbIX MOJIb30-
BaTEIIEM,

® T[OJJICP)KUBAECT HEOTPAHWUYCHHOE YHCJIO BBOJUMBIX KOMIIO-
HEHTOB, CBSA3€H, Pa3JIMYHBIX aTpuOyTOB [JIs 3aJaHus MapaMeTpOB
CXEMBI;

® T[03BOJIACT UCIOJIB30BaTh pycuduimpoBanubie mpudtel True
Type, nognepxuBaempie WINDOWS, a Takxke oCylmecTBIATh onepa-
MW MIEPEHOCA YacTel MPOEKTa MEXKAY Pa3IWYHBIMH MPUITIOKECHUSIMU
WINDOWS, uto ymnpoiaetr opopmiIeHUE TEXHUYECKOW JTOKyMEHTa-
1H,

e o0ecreyuBacT MEPBUYHYIO TPOBEPKY CXEMBI C YUETOM KpHUTE-
pHUEB, ONPEEIISIEMBIX TTOJIb30BATEIEM.

CxeMOTeXHUYECKU TpauuecKkuil peJakTop UMEeT MEXaHH3M
anekTpudeckoro koHtposisa (electric rule check) cxembl — mpoBepka
IpaBWI CO3JaHUS CXEMbI AJIEKTPUUYECKON MPUHIMIHNAIBHOM, CBSI3aH-
HBIX: C IMPOBEPKOU LENEN, UMEIOIIUX MEHEE ABYX KOHTAKTOB; C IIPO-
BEPKOI IpaBWILHOCTU (pOpMUpPOBaHUS MIHH (IIETIh B IUHY BXOJUT, HO
HE BBIXOJIUT); C KOHTPOJIEM 3a MpaBWIaMU COCJAUHEHHS B OJHY KOM-
MIOHEHTY CBSI3aHHOCTH PA3JIMYHBIX TUIIOB KOHTAaKTOB (HAampUMeEp, B
OJIHOM 1IeMH HE MOTYT ObITh COCIMHEHBI OJTHU BBIXOJHBIC WJIM OJHU
BXOJHBIE KOHTAKTHI) U JP.

Meneooicep bubuomex

B coBpemennbix CAIIP IIIT co3nanre OMOIMOTEYHBIX JIEMEHTOB
MIPOU3BOAMUTCS B OTJACIBHON IIporpaMme, UMEHYeMOW MeHemkep Ouo-
motek. KpaTkoe Ha3HaueHue — Co3/JaHue YIIaKOBOYHOM MH(POPMALIUU U
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rpaduyeckoro oopasa 3JeMeHTa: JJIsi CXEMHOTO pefaKkTopa — CUMBOJIA,
a JUIsl TEXHOJIOTHYECKOTO PelaKTopa — MOCaJ0YHOI0 MECTA.

bubanoTeuHslil 3eMeHT rpadUYecKoro pejakropa — 3TO Ipa-
dbuueckas uHpopmalus, co3aaHHas rpa@uuIecKuM peIakTOpoOM B Crie-
UAJIBHOM pexxuMe (popMupoBaHusi OMOJIMOTEUHBIX AJIEMEHTOB, 3aIlu-
CaHHasl B OTAEIbHBIN (paiin win momenieHHasi B OUOJIMOTEKY 3JIEMEH-
TOB W MpeIHa3HAYCHHAsl JIJIsl TTOCJIEAYIOIIETO NYTITUIMPOBaHUs (MHO-
TOKpPaTHOM BCTAaBKH) B ITPOCKT.

BuOnnoTeuHsbI 3JIEMEHT XapaKTepU3yeTcss TOUYKOW MPUBS3KU U
CHUCTeMOM aTpuOyTOB. bHOIMOTEUHBIN AJEMEHT COJICP)KUT OINHUCAHWE
rpauyecKor M ynakoBouyHOH WHGOpMAIMU. YTakoBoYHass HH(OpMa-
1Y DJIEMEHTA NPEACTABIIET COO0M TEKCTOBOE OMUCAHUE KOHTAKTOB U
B3aUMHBIE CCBUIKM Ha HYMEpAIMI0 KOHTAKTOB B CHMBOJIAX CXEMHOM
OMOJIMOTEKH U TOCATOUYHBIX MECTaX TEXHOJIOTHUECKON OMOIMOTEKH.

PaznuuaroT mpocThie OMONMOTEUHBIE AJIEMEHTHI M Hepapxuye-
CKHE MOMYJIH.

IIpocToit OMOIUOTEUHBIN JIEMEHT MPEICTABISAET JIEMEHTAPHYIO
rpaduuecKyro MH(PpOpMaIUIo, CO3IaHHYI0 U3 rpapUUYeCcKUX MTPUMUTH-
BOB: KOHTaKTOB, OTPE3KOB MPSMBIX, Ty OKPYXHOCTH, MPSMOYTOJIb-
HUKOB, TEKCTa, aTpuOyTOB U T.N. [IpocThie OMOJIMOTEUHBIE FJIEMEHTHI,
KaK TPaBUJIO, MIOMEIIAOTCA B OUOIMOTEKH dJeMEHTOB. M3 mpocThix
OMOJIMOTEYHBIX FTIEMEHTOB, KaK U3 «KUPIUYUKOBY, CTPOUTCS MPOEKT.

Hepapxuueckuid 35eMeHT (MOIYJb) KpoMe TIpauyecKux Ipu-
MUTHUBOB COJEPKHUT MPOCThIE OMOJIMOTEUHBIE DJIEMEHTHI U dJIEKTpUYe-
ckue uenu. MepapXxudeckuil 3JIEMEHT, COJIEPKAINN APYTUE UepapXu-
YECKHUE AJIEMEHTbI, HA3bIBAIOT CJIOKHBIM HUEPAPXUUECKUM JIEMEHTOM.

B 3aBucumocTH OT THIA IpauyecKoro peaakTopa pa3anyaroT
CXEMHBIE M TEXHOJOTHYECKHE OMOIMOTEUYHBbIE 3JIeMEHThl. CXEMHBIC
OMOJIMOTEUHBIC PJIEMEHTHI (CUMBOJIbI) MPeAHa3HAYECHBI 711 (PopMUPO-
BaHMSI CXEMbl MPUHIIUIHUATIBLHON AJICKTPUUYECKONU. TEeXHOIOTHYECKHE
OMOJIMOTEUHBIE DJIEMEHTHI TPEJCTABISIIOT COO0M TrpadHUYecKHe H30-
OpakeHus MOCAJOYHBIX MECT ISl pa3MElICHUs] Pauol’JIEMEHTOB Ha
MIEYaTHOM ILIaTeE.

Menemxep OMOIMOTEK OCYIIECTBIISIET:

® CO3/IJaHHE CXEMHOI'0 (CUMBOJIBHOT0) 00pa3a 3JI€MEHTa;

® CO3JlaHKME MOCAJOYHOr0 MECTa JJIsl PaguodJIEeMEHTa Ha Iedart-
HOM maTe (mpuyueM MpaBWiia CO3JaHUsI MOCAJOYHBIX MECT JJIsl dJie-
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MEHTOB CO IITHIPEBBIMH W IIJIAHAPHBIMH KOHTAKTAMH OTJIWYAIOTCS
JpYT OT JApyra);

® CO3JaHHE B3aMMOCBS3M MEXIYy CXEMHBIMH M TEXHOJIOTHYC-
CKHMH OMOJIMOTEYHBIMHU 3JICMECHTAMU,

e BHECCHHE OMOIMOTCYHBIX 3JIEMCHTOB B OMOINOTEKHU,

® CO3JIaHME KOHTAKTHBIX IUIOIIAI0K.

CylecTByeT ABa BapraHTa HOBOI'0 OMOJIMOTEUHOTr 0 JIEMEHTA:

I. MOXHO 4YE€CTHO pHCOBaTh 3JIEMEHT OT Hadajga 0 KOHIA H
OIHcaTh BCIO YIAKOBOUHYIO MH(pOpMaIHio (BUI KOPITyca, AIEKTpUIe-
CKMH THUIN BBIBOJA U T.1.).

2. MOXXHO HEMHOTO0 M3MEHHUTh Tpaduueckoe MpeAcTaBiIeHUE U
YIaKOBOYHYIO0 MH(OpMAIHIO yKE CYIIECTBYIOMIETO (IMOX0XKEro) ouo-
JUOTESUYHOI'O DJICMEHTA.

[TpoeKTUPOBIIMK B Ka)KIOM KOHKPETHOM CJIydae caM BBIOMpAcT
HanOoJIee ONTHUMAILHBIN CITOCO0.

Omanaoyux NPUHYUNUATLHBIX CXeM

Jlnst ycTpaHeHusl OIIMOOK Ha CTaauMd MPOEKTUPOBAHUS DJICK-
TpoHHBIX cxeM B CAIIP IIIT HeoOxoauM OTiIag4uK — CPEJICTBO pac-
4YeTa U MOJICJIMPOBAHUS CO3/IJaHHBIX B CXEMOTEXHUUYECKUX PElaKTOpax
CXEM DJIEKTPUUYECKUX YCTPOMCTB.

JlaHHBIN KJIacC IporpaMM OOecCHeuHUBaeT MOJHO(MYHKIIMOHATIb-
HOE MOJICIUPOBAHUE TMOBEJACHUS CIOXKHBIX DJICKTPOHHBIX YCTPOMCTB
(IpOEKTUPOBAHUE BHICOKOYACTOTHBIX CHCTEM, pa3pabdOTKa yCTPOUCTB
MaJiol MOIIIHOCTH Ha 0a3e MHTErpajibHbIX CXEM CO CJIOKHBIMU BHYT-
PEHHUMU MOJICIISIMU).

[IporpamMa 1Mo3BoISIET MOJEIUPOBATH MOBEJACHUE JIIOOOU KOM-
OMHALMM AHAJIOTOBBIX U IU(PPOBBIX YCTPOWCTB, UMEIOIIUX CUTHAJIBI
pasHbeIX (popMm M BenmmuuHBI. braromapsi B3amMOyBsS3aHHBIM BCTPOCH-
HBIM aJITOpUTMaM aHaJIOTOBOTO U IU(PPOBOTO MOJEIUPOBAHUS C ITUK-
JUYECKON 00paTHOM CBS3BIO MPOrpaMMa aBTOMATHYECKU PACIIO3HAET
u oOpabaThIiBaeT aHAJIOrO-IU(poBbIe W MUGPO-aHATOTOBBIE HHTEP-
(beichl.

OTnaguuK TPUHIUIHAILHBIX CXEM — 3TO:

® 10JIyaBTOMaTHYE€CKOE ONMMCAHWE KOMIIOHEHTOB YCTPOMCTB Ha
OCHOBE JJAHHBIX MPOU3ZBOAUTENS U MPOCMOTP CIUCKA MOJKIHOYEHHBIX
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OMOIMOTEK MaTeMaTUYECKUX MOJECNEH, coaepkamux 6omee 16 Thicsy
aHAJIOTOBBIX U AaHAJIOTO-IU(PPOBBIX YCTPONCTBR;

® II0JIHAsi COBMECTUMOCTD CO CXEMOTEXHUYECKHM PEAAKTOPOM,
YTO TO3BOJISIET IPOBOJAUTE BCECTOPOHHEE (PYHKIIMOHATIBLHOE TECTUPO-
BAHUE BBEJCHHOTO C €r0 IMOMOIIBIO MPOEKTA, aHATUTUYECKOE 3a/IaHUE
U TpaduyecKkoe peIaKTUPOBAHUE BXOIHBIX BO3ICHCTBHI;

® KOHTPOJIb 3HAYEHHUI NMapaMETPOB HEMOCPEICTBEHHO HA CXEME
U WX BBIBOJI B OT/ICIbHBIA TEKCTOBBIN (hail;

® TIPOCMOTP I'paUKOB PE3YJIbTATOB MOJCIUPOBAHMUS;

® BBHIIIOJHEHHUE PACUETOB PEKUMA IO MOCTOSHHOMY TOKY U UyB-
CTBUTEJILHOCTH CXEMBbI K pa30pocy mapaMeTpoB KOMIIOHEHTOB;

® IIpoBEpKa PabOTOCIOCOOHOCTH CXEMBbI MPU HAUXYIIIEH KOM-
OMHAIMU OTKJIOHEHUW OT HOMUHAJIA;

e paboTa COBMECTHO C MOMYJSIPHBIMHU MAaKE€TaMu pa3padbOTKu
CPLD u FPGA wmukpocxem, mpou3BoaumMbix (upmamu XILINX,
AMD, Altera, Actel, Lattice, QuickLogic, Lucent, Vantis;

® TOJJICP’KKA OCHOBHBIX MPOMBIIUICHHBIX CTaHAAPTOB OIHUCA-
HUS TPOrpaMMHUPYEMOH JIOTUKH, ITyTeM HCIOJIb30BaHUS YHUBEPCATb-
HbIX ()OPM OMMCAHUS TUIOB CUTHAJIOB W KOMIIOHOBKH 3JIEMEHTOB Ha
si3pike VHDL;

® HMHTEPAKTUBHBIA MOLIATOBBIA U MPOTPAMMHBIA PEXKUM OTJIA]I-
KM C 33JJaHHBIMH TOYKaMU OCTAHOBA M YYETOM pPEabHbIX BPEMEHHBIX
3a1EPKEK MEXKAY Y3JIAMU CXEMBL.

Texnonocuueckuil pedaxmop neuamuulx niam

JlaHHBIE TTPOrpaMMbl MTPEJHA3HAYEHBI I TPOEKTUPOBAHUS TO-
MOJIOTUM TIEYATHBIX IUIAT, UMEIOT UHTEpdeic BBOAa MHPOpMaIUU U3
rpauyYecKuX pPeaakTOpOB, IBYCTOPOHHHUE CBSI3U C JPYTUMH TPO-
rpaMMaMu, MPEeAJiaraloT CpeicTBA MPOCMOTpa MEYaTHOM IIIaThl, pas-
MEILEHUS KOMIIOHEHTOB Ha IUIaTe, pa3IMYHbie BO3MOKHOCTH aBTOMa-
THUYECKOU TPACCHUPOBKH LIETIEN.

Pemraembie 3aziaun:

® pa3MeEIlIeHUE FJIEMEHTOB CXEMbI Ha MEYaTHOM IJ1aTe;

e COOJIIOJICHNE BCEX TEXHOJOTUYECKUX TpeOOBaHUM K BBICOTE
BBIBOJIOB AJIEMEHTOB U 30HAM KX MOHTaXa, K YCTAHOBOYHBIM OTBEP-
CTHUSM, IPOBOJHUKAM Ha IEYATHOM IJIaTE U JPYTUM €€ SJIEMEHTaM;
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® TPacCHPOBKA AJIEKTPUUECKUX CBA3EU B COOTBETCTBHUH CO CXE-
MOM, yCTpaHEHHUE UX B3aUMOBJIMSHUS U 00€CTICYEHUE HAJCHKHOCTH;

TexXHOIOrnYeCKU peJaKToOp — 3TO:

e COBMECTHOE WJIM WHAUBHAYAIBHOE PA3MEIICHHE KOMIIOHCH-
TOB.

e ABTOMAaTHYECKOE pa3MEIICHHE KOMIIOHEHTOB BHYTPHU 0O0Jac-
TH, ONPEACIIEMOM MOJIb30BATEIEM.

e ABTOMAaru4ecKas U MHTEPAKTHUBHAS MEPECTAHOBKA JIOTUYECKH
SKBUBAJICHTHBIX OTIIEYATKOB KOPIMYCOB, CEKIIMN U MMHOB KOMIIOHEHTA.

e BriOop anbTepHATUBHOIO TUIA KOPITYCA.

e ABTOMAaru4ecKas U UHTEPAKTUBHAs MPOBEPKA MPaBUJII MTPOECK-
TUPOBAHUSL.

e KOHTpPOJIb BBICOTHI KOMIIOHEHTa Y OTPAHUYECHUN HAa €ro pas-
MEILICHUE.

e OTueTr 0 pa3MENICHHBIX U HEPA3ZMEIICHHBIX KOMIIOHEHTAX.

e [lognepkka HEOTPAHUYECHHOTO YKCIIa CIOEB.

e TpaccupoBKa C NPUMEHEHHEM COBPEMEHHBIX MEXAHU3MOB
NPOTAJIKUBAaHMUS TPOBOJAHUKOB M OTMOAHWS TPEMSATCTBHM 1O Oecce-
TOYHOM TEXHOJIOTHUH.

e ABTOMAaTHYECKOE OMNPEACIICHUE pa3MepOB (JIMHEHHBIW, 3HA-
YeHUE BEJIUYMHBI, YTJIOBOM, paJUalIbHBIN, JUaMeTpalbHBIN, (acka)
C coOIr0icHHeM MpoMbIUIeHHBIX cTanaapToB (ANSI, ISO, BSI, JIS,
AFNOR, DIN).

e ABTOMAaTru4ecKas NpOBEpPKa TEXHOJOTHUUYECKHUX JIOMYCKOB.

o Hamuuue untepdeiica ¢ mexannueckumu CAIIP (AutoCAD,
Autodesk Inventor, CATIA, Pro/Engineer, SDRC, Solid Edge).

o CAM-unrepdeiic ¢ cucremamu ajisi paboOThl ¢ (OTOIIOTTE-
paMH.

Cmpykmypa cioes mexHoa02uiecko2o peoaKkmopa

CJIon PEJJAKTOPA — 3To BbIIENCHHAs YacTb HWH(POPMAIIUH
rpaduyeckoro pegakTopa, oTroopakaemasi OJHHUM LIBETOM U XapakTe-
pu3yeMasi COCTOSTHUEM.

PaznuuaroT 4eThIpe THIa COCTOSHUS CJI0S peaaKTopa:

1. Boikntouennwiii cioti — HE OTOOpaXKAETCA HA DKpaHE JUCILIES
U HE TOJJICKHUT PEJaKTUPOBAHMIO, XOTS MPH 3TOM TpadudecKas HWH-
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dbopmanus, TpuHAUIeKAIIasi TaHHOMY CJIOI0, COXPAaHSAETCS U CTaHET
BUJAMMOW IIPU BKIFOYEHHUH CIIOSI.

2. Buoumwiii (unu 6xnrouenHslll) cioi — OTOOpa)kaeTCs Ha dKpa-
He auciuiesi, Ho rpaduyeckas uHdoOpMalus, MPUHAATIEKAITAs CIIOIO,
HE TMOJJICKUT PEJAKTUPOBAHMUIO.

3. Jlocmynnuoui cnoii — 0TOOpakaeTcs Ha dKpaHe TpadUuuecKoro
penakropa, a uHboOpMalus, MPUHAAJEKAIAsd JaHHOMY CJIOH0, JOC-
TylHa ISl PEeaKTUPOBAaHUS (BBIACJICHUS, NIEPEMEIICHUS, TTOBOPOTA,
3epKaii3alliy, YIaJICHUS WU BUJIOU3MEHEHUS ).

4. AKTHUBHBIN CJIOM — UM MOXET OBITh TOJIBKO OJUH M3 JOCTYII-
HBIX CJIOEB TpauuecKkoro peaakTopa. B akTHBHOM CJ10€ MPOUCXOIUT
pUCOBaHUE HOBBIX Ipa)UUE€CKUX MPUMHUTUBOB (JJIsI KOMaH] pUCOBa-
HUsS) MO0 B MIEPBYIO OYEpPEIb MPOUCXOAUT BBIACICHHE TpadUuecKux
OOBEKTOB ([IJ11 KOMaH]l BblAeneHus ). [ HeKOTOpbIX KOMaH rpadu-
YECKOr0 PEIaKTOpa aKTUBHBIM MOKET CTaTh TOJIBKO CHEIUAJIbHBIN
BHJI CJ10s1 (Cpelid AOCTYMNHBIX ciaoeB). Hampumep, TONbKO CUTHATIBHBIN
cJIoi rpaUUecKOro peakTopa MOXKET ObITh AKTUBHBIM JJIsI KOMaH/
MPOKJIAJIKU WIH PEJAKTUPOBAHUS TPACC DIECKTPUUYECKUX COCTUHEHUUN
Ha IE€YaTHOW IUIaTe.

OCHOBHBIMU TpyHIaMH CJIOEB TEXHOJOTHYECKOTO peaaKTopa
aBisitoTCs BepxHue ciou (Top) m HuxHue ciou (Bottom). Jlns kax-
JIO¥ TPYIIIBI UMEETCS CII0W HaHeCeHHs Haamucei (Assay), ciiou men-
korpadum (Silk), crnoii MackupoBanus (Mask) u crnoii HaHeceHus
npunos (Paste). OtaensHo orcrout cnoit Board, B koTopoM pucyercs
KOHTYp medaTHou muiatbl. CJIOW XapaKTepU3yrTCs HOMEPOM, LIBETOM
U COCTOSIHHEM.

CiioM TEXHOJIOTMYECKOTO PENaKTOpa MOJPa3AesIOTCS Ha TPU
TPYIIIIbL:

1) cucnanvuwvie cnou rpadpuueckoro pegaxropa (Top u Bottom) —
ATO CJIOW IEYATHBIX MPOBOJHHUKOB. [[711 3THUX CJIOEB BBINOJHAIOTCS
JOTIOJTHUTENIbHBIE HACTPOMKHU, Kacarouuecs TPACCUPOBKH MPOBOHU-
koB. CHUrHaJibHBIE CJIOM TpadUUuEeCKOro penakropa (Ciaou TNeyaTHOU
wiaThl Wik (U3UYECKHUE CJIOU) MPEACTABISIOT COOON TOKOMPOBOJIS-
AN CJIOW, OTACIEHHBIA OT JAPYTHX CIIOEB AUAJICKTPUUYECKUM MaTe-
puanoM. TOKOIPOBOAAIINUM CIIOW COIEPKUT MEYATHbIE MPOBOJIHUKH,
SKpaHbl U ApyTrHUe rpadudeckre 00beKThI, HOPMUPYIOIIUE dIEKTpUYE-
CKHE COCAMHEHHS B JAHHOM CJIO€. DJICKTPUUECKHUE COCTUHEHUS MEX-
Ny CUTHAJIBHBIMU CJIOSMH (HOPMHUPYIOTCS TIPU MOMOIIU MEPEXOTHBIX
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oTBepCcTUU. PU3NUECKOMY CIIOK0 MEYATHOW IUIATBI KPOME TONOJIOTHH
CUTHAJIBHOTO CJIOS TMPUHAMNEKUT Tpaduyeckas uHbopmanus KOH-
TaKTHBIX TJIOMIAJ0K U MEPEXOHBIX OTBEPCTUM, HAXOIAIIASICA HA JIaH-
HOM YpOBHE IEYaTHOW TMIaThl. Jpyrumu cioBaMu, K (PU3HUECKOMY
CJIOI0 TIEUYAaTHOM IUIaThl OTHOCHUTCS BCsi rpaduueckas uHdopMarus,
nomeniaeMas Ha (poTromadiioH AJisI U3TOTOBJICHUS TAaHHOTO CJIOS Tie-
YaTHOW TUJIATHI.

2) cnoii 6HympeHHel npo8oOUMOCmU — ITO BHYTPEHHUN CIIOM
NEYaTHOW TUIaThl, B KOTOPOM (OPMUPYIOTCS 30HBI MPOBOJUMOCTH,
NPEICTABISAIOMINE COOOW MONUIOHANBHYIO TOKOIPOBOJAILYIO 00-
nactb. KoHTaKkTHBIE TUIOMIAAKA WU TMEPEXOJHBIE OTBEPCTUS MOTYT
<BBIXOJIUTH> HA ATy 00JACTh (T.€. SIEKTPUUECKU COCTUHITHCS B OJHY
LEMb) I UMETh JTUAJICKTPUUECKUN 3a30p BOKPYI METAJUIM3alMHU OT-
BEPCTHUSI KOHTAKTHOM TUIOIIAIKY UJTU MEPEXOTHOTO0 OTBEPCTHS;

3) unghopmauuonnvie (unru HecuzHaIbHBIE) CA0U TICUATHOUN
IJIaThl MCHOJIB3YIOTCSA ISl HAHECEHUS MOSCHUTEIbHBIX HAANUCEH U
rpaguyeckoid MHPOpMaILMK, KOTOpas BBIBOAUTCS JMOO Ha rpadoro-
CTpPOUTEND, TM00 Ha (hOoTOKOOpAMHATOTpaA(d IJIsl MOCIEYIONIETO HaHE-
CEHUsl Ha TMEeYaTHYIO IJaTy crnocoboM menkorpaduu. HecurnanbHbie
CJIOW OTPENETSAIOT IPaPUUECKYI0 HHPOPMALIUIO JJI1 YTHINT Tpaduye-
CKOr0 pellaKTopa (Hampumep, 00acTH 3ampeTa, CETKH TPacCUPOBKHU
WIM pa3MEIIEHHUs, TEXHOJIOTHYECKOT0 KOHTPOJIS );

4) uadopmaluoHHbIe (MM HECUTHAJIBHBIE) CJIOM TIEYaTHOM IIjia-
Thl UCTOJIB3YIOTCS JJIsl HAHECEHHUS MOSICHUTENbHBIX HAJMUCEN U Tpa-
dbuueckort wHOpMAIMK, KOTOpas BBIBOAWUTCS OO Ha rpadormo-
CTpPOUTENb, TM00 Ha (oToKOoOpAMHATOrpad 11 MOCIEYIOIETO HaHe-
CEHUS Ha MEYATHYIO IUIaTy CiocoOOM HIEIKOrpaduu.

10.5 CAIP NN n npousBoAacTBO nevyaTHbIX NnaT

IleyaTHasi mJjara CiIy>XUT OCHOBAaHHUEM JJII MOHTaXa MHUKPO-
CXeM, 0ECKOPIYCHBIX PaJN03JIEMEHTOB, paIMOICTANICH U o0ecrieunBa-
€T KOMMYTAIIMIO BCEX AJIEMEHTOB B COOTBETCTBUH C MPUHIUMHUATIBHOMN
CXEMOM.

Pa3HOBUIHOCTH II€YATHBIX ILIAT: IEYATHBIC ILIATHI M3 CTEKIIO-
TEKCTOJIUTA (OJHOCIOWHBIE, JIBYXCIOMHBIC, MHOTOCJIOMHBIC); MHOIO-
CJIOMHBIE KEPAMUUYECKHUE TUIAThl; MHOTOCIOMHBIC TIJIAThl HA OCHOBE I10-
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JVAMUJHOW IUJICHKH; METAJUIMYECKUE OCHOBAHWS, MOKPBITHIE CIEHH-
aJIbHBIM JUAJIEKTPUKOM.

OIHOCJIOMHBIE U IBYXCIOMHBIC TIEYATHBIE MIAThl COCTOSIT U3 OC-
HOBaHUsI, HA KOTOPOE C OJTHOW CTOPOHBI WK C ABYX CTOPOH HAHOCST-
Csl mevaTHble MPOBOAHUKK. OCHOBAaHUS IUIAT JOJKHBI 007a7aTh J10C-
TaTOYHOU MEXAHWYECKOW MPOYHOCTHIO, MAJIBIMU JUBJICKTPUUECCKUMU
MOTEPSIMHU, BBICOKOW HATPEBOCTOMKOCTBHIO M XOPOULIEH aJre3ueu mare-
PHAJIOB IUIAThl U MEYaTHBIX MPOBOJIHUKOB. [Ipy M3roTOBICHUY TEeUaT-
HBIX TUIAT MCHOJIB3YETCA CTEKJIIOTEKCTOJIUT, CTEKIOTKAHb, MPOMHUTAH-
Hasi SNMOKCUIHOW CMOJION WIIA MOJIMAMHUIOM.

Onnocroponnue nevatnsie miatsl (OITIT)

Puc. 5.1 — OgHoCcTOpOHHSIS IeyaTHas IJ1aTa

Henoctatku (popMupoBanusi JUHUM CBSI3M HAa OJHOCTOPOHHHUX
I€YaTHBIX IJIATAX:

e JluHUA HE DKpPAaHUPOBAHA, JOCTATOYHO CHUJIBHO M3JIy4aeT W,
KPOME TOI'0, YyBCTBUTEJIbHA K BHEITHUM ITOMEXaM.

e [IpakTUyeCKu CIO0XKHO pPEAIU30BATh ITOCTOSHCTBO CEYEHMUS
JVHUYU TI0 €€ JJIMHE, YTO COOTBETCTBOBAJIO OBl MOCTOSHCTBY CTPYKTY-
PBI IOJIS.

e Henocrarouno miomaay miatel, 4ToObl chOpMUPOBATH JIHU-
HUM CBS3U JIJISI BCEX MPOBOJHUKOB.

B oanoctoponnux IIIT He ypaercs chopMupoBaTh KayecTBEH-
HBIC JIMHUU CBSI3U; UX TAKXKE HE PEKOMEHIYETCS UCIOIb30BaTh I
CBEPXOBICTPOICHCTBYIOIIUX CUCTEM.

I[BYCTOpOHHI/Ie NCYaTHBIC I1JIaThI

/_\I—ll—\
(77T T Tiv

1

Puc. 5.2 — JIByCTOpOHHSIS IeyaTHas IU1aTa
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JIByCTOpPOHHHE TI€YATHBIEC IJIATHI UMEIOT Psif JOCTOMHCTB OTHO-
CUTEIBHO OJHOCTOPOHHMX MEYATHBIX ILIAT:

e Bo3MoxHO (HhOpPMHpOBAHWE YACTHYHO SKPAHHPOBAHHOW JIH-
HUAHU. DTO MO3BOJISIET CHU3UTh YPOBEHb M3IYyUYECHHUS IMOMEX M BOCIIPH-
MMYHUBOCTh K BHEIIHAM ITOMEXaM.

e DJIEKTPOMAarHUTHOE TOJI€ JIMHUU COCPEJAOTOYCHO B 00JacTu
MEXK1Yy MPOBOJIHUKOM U DKPAHOM, T. €. JIOKAJIM30BAHO. ITO MO3BOJISIET
C JIOCTaTOYHOM TOYHOCTBIO PACCUUTHIBATH 3HAUYCHUS JIEKTPUUYCCKUX
IIApaMETPOB YEPE3 TEOMETPUIO CEUEHUS JINHUM.

JIByctoponnue 1111 mo3BOJISIIOT cO31aTh JUHUUA CBSI3U MPUEMIIE-
MOTO Ka4€CTBa, OJIHAKO UX TUIONIA/Ib OTPAHUYCHA.

Mmnozocnotinvie neuamuvle niamol

MHorocioiHbIe eYaTHbBIC TIJIaThl TPEJACTABISIOT COO0M eIMHbIN
MOHTa)KHBIM y3€JI, COCTOSAIIMN U3 YEPEAYIOUIUXCS CIOEB TOKOIPOBO-
JAIIETO W U30JISIIIMOHHOTO MaTepraa.

MHOrOCIIOWHBIE T€YaTHBIE TIAThl W3TOTABIUBAKOT IIyTEM COCIH-
HEHUSI OTACJBHBIX CJIIOEB C HAHECEHHBIM PUCYHKOM COEIUHEHHM (Ha
nacTax, CoACpKaIIMX MOJIUO/ICH) U X MOCJICTYIOIIUM CIIEKaHUEM.

MHOTrOCIIOWHBIE TE€YaTHBIE IUIATBI HA OCHOBE MOJUAMHUIHOU
MJIeHKH (QOPMHUPYIOTCS Ha 0a3e ABYXCTOPOHHUX TMOKUX ILIAT, U3 KO-
TOPBIX HAOMpaeTCs MHOTOCJIOWHBIN makeT. [lakeT ycTaHaBIMBaIOT Ha
METAJNINYECKOM OCHOBAaHUHU (aHOJIUPOBAHHBIN amomuuwuii). [IpoBoa-
HUKHU Ha IJICHKE CO3/Ial0T METOJAMH TOHKOIIJIEHOYHOW TEXHOJIOTHH.

Puc. 5.3 — Tpéxcnolinas nedyarHas riara

MHOroCI0MHBIE MEYATHBIE TUIATHI UMEKOT PSII JOCTOUHCTB:
e B MHOrocjIoMHBIX I€YaTHBIX IUIaTax (popmMupyeTcs MpakTH-
YECKH ITOJIHOCTHIO SKPAHUPOBAHHAS JIMHUHU CBSI3U.
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e (OOecneunBaeTcs MaKCUMajbHas JOKAJIU3alMs dSJIEKTpoMar-
HUTHOTO MOJIs, a CJIEAOBATENbHO, U MaKCUMaJIbHasi TOYHOCTh pacue-
TOB BJIEKTPUYECKUX MapaMETPOB YEPE3 TEOMETPUIO CEUCHUS.

e Hamnuue Oonbumioro umciia ciao€B MO3BOJIAET peaqn30BaTh
MPAKTUYECKU JIFOOYIO TOMOJIOTHIO.

MIIIT aBmsieTcsi OCHOBHBIM M3ICIHEM, B KOTOPOM PEaAIU3YIOTCS
COCMHEHHUS B BUJIE JIMHUU CBSI3U ISl OBICTPOJCHCTBYIOIIEH U CBEPX-
OBICTPOJICUCTBYIOIIEH anmaparypsl.

Mmuoeocnouinvie neuamuwie niamol (MIII1)

X npuMeHeHHE MO3BOJAECT YBEIMYUTh MUIOTHOCTh MOHTAXa U
COKpATUTh JJIMHY COCAUHUTENbHBIX JuHMM. JIro6as MIIII coctout u3
HECKOJIbKAX IE€YaTHBIX CJIOEB, CIPECCOBAHHBIX C MCIOJb30BAHUEM
V30JISIHUOHHBIX MPOKIAJ0K METOJOM IONapHOr0 MPECCOBAHUA WU
METAJJIA3AMHA CKBO3HBIX OTBEPCTHUM:

1) nonapnoe npeccoeanue. Vicnonb3zyercsi IByXCTOPOHHUN JTH-
aneKTpuK. Hamo uMeTs IBE 3aroTOBKH, HA KaXKJI0W U3 KOTOPBIX Pa3BO-
AT MOHTQX, U METAJUTM3UPOBAHHBIE OTBEPCTHS, KOTOPBIE COETUHSIOT
MOHTaX C (DOJBrodl C APyrol CTOPOHBI. 3aTe€M 3TU JBE 3arOTOBKU
CIIPECCOBBIBAIOT MEYAThIO BHYTPb, M30JHUPOBAB IMPOKIAIKOM. 3aro-
TOBKa UMeET M0 00€ CTOPOHBI CIUIOMIHYIO (OJIBIY C METANTU3UPOBAH-
HBIMU OTBEPCTHUSIMH, KOTOPBIE COCAMHSIOT (DOJBry C TEYaThi0 Ha
omkaiimem cioe. [lociae 3Toro BBIOTHSIOT MOHTaXX Ha HApPYKHBIX
CIOSIX U METAJUIM3UPOBAHUE OTBEPCTUM, KOTOPHIE COCIHHSIOT MPO-
BOJTHUKM Ha HApYyKHBIX ciosix. Kaxmoe oTBepcTue Ha JH0OOOM Clioe
MMEET KOHTAaKTHbIE IUIomanaku. Hegocratok MeTona B TOM, 4TO MOXK-
HO MOJIYYUTh TOJIBKO 4-CIIOWHYIO IUIaTy. YCTaHOBKAa 3JIEMEHTOB Ha
BHEIIIHUX CJIOSIX JIEJIA€TCsl OOBIUHBIM CIIOCOOOM;

2) Memoo memaniuzayuu CKe03HvIX omeepcmuil. 1lpu 3T0M
METO/IC 3aTOTOBKH BBITIOJIHSAIOT U3 JBYXCTOPOHHErO (hOJBrMPOBAHHO-
ro AuAJIEKTpUKa 0e3 oTBepcTUil. B MecTax, rae HyKHO CJieJIaTh JJICK-
TPUYECKUE COCIAUHEHUS, ACIAIOT KOHTAKTHBIE IUIOMIANKHA, KOTOPBIE
pacrojararoT oy Haja aApyroi. [lTorom HaGoOp 3arOTOBOK MPECCYIOT C
MPOKJIIAAKAMU W3 CTEKIIOTKAHHW, @ HA HAPYXKHBIX CIOSX XUMHAYECKUM
CIIOCOOOM Pa3BOJIAT MEYATHBIM MOHTAXK M JIETIA0T CKBO3HBIE METaJIIH-
3UPOBAHHBIE OTBEPCTHS, KOTOPHIE COEAUHSIOT IIONIAJKH BO BCEX
CJI0SIX B 30HE 3TUX OTBEPCTUM.
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Yucno cioeB MOXKET ObITh JIF0ObIM (10 10 coeB). DTO CIOKHBIHI
npoliiecc U TpeOdyeT 04eHb TOYHOI'O COBIAJICHUs ciioeB. JlJist 3TOro mno
KpasM IUIaThl 3a €€ rabapuTaMu JIeJIal0T OTBEPCTUS, B KOTOPHIE BCTaB-
JSIOT HAMPABJISIONIAE IITHIPH, a TMOTOM HUX OTpe3aroT. Ha Gombmimx
€BpOIlIaTaX TaKWe OTBEPCTHUS JI€NAl0T U B cepeauHe miatbl. CTou-
Moctb MIIIT npumepno B 10 pa3 6onsbiie OIIIL.

Henocratku:

1) Oonee HU3KAsT HAJEKHOCTh M3-32 OOJBLIOTO YMCIA BHYTPEH-
HUX KOHTaKTOB;

2) TPYJIOEMKOCTh BHECEHUSI U3MEHECHUH, T.K. MPAKTUYECKH HYK-
HO MEHSITH (DOTOIIA0TOHBI BHYTPEHHUX CJIOCB;

3) HU3Kasi PEMOHTONPUTOJTHOCTb.

IToaromy npumenenne MIIII cnexyer Bcssueckn orpaHUYNBaTh U
JenaTh Tam, re pa3BojKka 0OBIYHBIM cIOCOOOM HeBO3MoxkHa. Hemoc-
TaTOK METOJIa B TOM, YTO MOKHO MOJYYUTh TOJIBKO 4-CIIOWHYIO TJIATY.
YcraHoBKa 3JIEMEHTOB HAa BHEIIHUX CJIOSIX JENaeTCsi OOBIYHBIM CIIO-
cobom;

3) memoo memanauzayuu cKe03HvIX omeepcmuil. IIpu 3TOM
METO/I€ 3arOTOBKH BBIMOJHSIOT U3 JABYXCTOPOHHETO (POJIBIMPOBAHHO-
ro JudJIeKTpuKa 0e3 oTBepcTuil. B MecTax, rie HyKHO ClIenaTh JJIEK-
TPUUYECKUE COCIUHEHUs], JEIal0T KOHTAKTHBIC IUIOMIAJAKU, KOTOPHIC
pacroyiiaratotT ogHy Haj apyroil. [lorom HaOoOp 3aroToBOK MPECCYIOT €
MPOKJIaJIKaMUd U3 CTEKJIOTKAHHW, a Ha HAPYXKHBIX CIOSX XUMHUUYECKUM
CIIOCOOOM Pa3BOJISIT NMEYATHBIM MOHTAX U JIETIAI0T CKBO3HBIE METAJIIU -
3UPOBAHHBIE OTBEPCTHUS, KOTOPBHIE COEIUHSIOT IUIOMIAJIKU BO BCEX
CJI0SIX B 30HE 3TUX OTBEPCTUM.

Yucno ciaoeB MOXKET ObITh JII00BIM (110 10 cioeB). DTO CoKHBIN
npoiiecc U TpebyeT 04eHb TOYHOI'O COBIAJICHUs clioeB. JJist 3TOro mno
KpasM IUIaThl 3a €€ rabapuTaMu JIeJal0T OTBEPCTUS, B KOTOPHIE BCTAB-
JSIOT HAMPABJISAIONIAE IITHIPH, a TOTOM HUX OTpe3aroT. Ha Gombmimx
eBpOIlIaTaX TaKWe OTBEPCTHS JIeNaloT U B cepeauHe miatbl. CTou-
mocTb MIIII npumepno B Npa3 6osbiie OINTI.

Henocrarku:

1) Gonee HU3KAs HAAEKHOCTH M3-3a OOJIBIIIOTO YKCIIa BHYTPCH-
HUX KOHTaKTOB;

2) TPYJIOEMKOCTh BHECEHHUS M3MEHEHUM, T.K. TPAKTHUECCKU HY¥XK-
HO MEHSThH (POTOIIA0IOHBI BHYTPEHHUX CJIOEB;

3) HU3Kasi PEMOHTONPUTOJTHOCTb.
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[Toaromy npumenenne MIIII cnenyer BcI4eCKn OorpaHUYNBaTh U
JienaTh TaM, TJie pa3Bojika OOBIYHBIM CIIOCOOOM HEBO3MOJXKHA.

Mamepuanwst 0151 newamuwlx niam

JI1st U3roTOBJICHUSI TJIAThl HEOOXOUM JIUCTOBOM JTUAIEKTPUK C
IIPUKIIEEHHON K HEMY C OJHOW WJIA C JIBYX CTOPOH METAJUIMYECKOU
donbrou. s I npumeHstoT:

1) M30JISIIIMOHHBIC TTPOKJIAIKN U3 CTEKJIOIUIAaCTUKA U (OIBIUPO-
BAHHBIN CTEKJIOTEKCTOJUT TOIKUHON 0,8 — 3 MM Mapok CD1 u CD2;

2) GOoNBIUPOBAHHBIM CTEKJIOTEKCTOIUT TOBBIIMICHHOW Harpe-
BaeMOCTH ToJiIuHOM 0,5 — 3 MM;

3) posbrupoBaHHBINA T'MITEHAKC TOIIIMHON 1,5 — 3 MM, HO OH He
BJIArOCTOEK, MMPUMEHSETCS B OCHOBHOM B OBITOBOM ammapatype. IIpo-
U3BOJUTCS BBIPYOKa IJIAThl U BCKPHITHE OTBEPCTHH.

Hzeomoenenue monmasica

IIporiecc M3roTOBJIEHUS IUIAThl COCTOMT B OCHOBHOM M3 JBYX
OIepaLuu:

1) co3ganue wU300paKEHUS TMEYATHBIX MPOBOJHUKOB ITyTEM
KOMUPOBAHUS C HETaTHUBA WM C MO3UTHBA HAa CBETOYYBCTBUTEILHBIN
CJIOM WJIY MeYaTaHue U300paKeHUs Kpackom uepes3 Tpadaper;

2) co3/1aHuE TOKOIIPOBOISIIIIETO CJI0SI HA €€ OCHOBAHMH.

CyliecTByeT TpU METO/1a U3TOTOBJICHHUS TIATHI:

1) xumuueckuui — ipyu KOTOPOM MPOUCXOJUT BHITPABIMBAHUE HE-
3aIUIIEHHBIX YYaCTKOB (hOJIbIH;

2) anexmpoxumuyeckuti — Crocod, Ipu KOTOPOM METOJOM XH-
MHUYECKOI0 OCaXJCHHUS CO3JacTCs CJOM MeTauia TodamuHou 1 — 2
MUKpPOHA, KOTOPBIN 3aT€M HapaliBaeTCs TraJIbBAHUYECKUM CIIOCOOOM
70 HYXHOW TOJIUHBL. OJHOBPEMEHHO METAUIM3UPYIOT CTEHKH OT-
BEPCTUH, KOTOPBIE HCHOJB3YIOT KaK IEPEMBIYKH JJIsi COCIMHEHUS
MPOBOJHUKOB Ha Pa3HbIX CTOPOHAX ILJIATHI;

3) KombuHuposanmwlli METOA — ATO COYETAHHE MEPBBIX JABYX.
[IpoBOIHUKY MOJy4YatOT TPABJICHUEM, @ OTBEPCTHS — AICKTPOXUMHYEC-
CKHM CIIOCOOOM.
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[Ipu BBIMyCKE MOKYMEHTAIMM JIFOOBIM CIIOCOOOM Ha TEYaTHYIO
naTy aenaercs Tabnuia nenei ast npoBepku 111 Ha ycraHoBKax aB-
TOMATU3UPOBAHHOTO KOHTPOJIS.

10.6 YcTaHOBKa pagno3srieMeHTOB

OCHOBHBIE MpaBUJla YCTAHOBKHA PAJUORJIEMEHTOB Ha MEYATHYIO
JaTy:

e DJIEMEHTHI CO IITHIPEBBIMU BBIBOJIAMU HYKHO YCTaHABIIUBATH
Ha IUIATy C OJHOM CTOPOHBI, JJIsl IUIAT C OJJHOCTOPOHHEN (OIbroil —
CO CTOpOHBI, rJe HET (OoJbru. ITO JAAET BO3MOXXHOCTH MPUMEHUTH
MIPOrPECCUBHBIN CITOCOO MANKKU «BOJTHOU MPUIION.

e DJIEMEHTHI C IUIAHAPHBIMU BBIBOJAMH MOXKHO Pa3MECTUTh C
00enX CTOPOH IUIaThl OJAWH MPOTUB JAPYroro. A HaBECHBIC AJIEMEHTHI
pacrnoyiararoTcs Ha IUIaTe, MCIOJIb3ysl MECTa JJIsl YCTAaHOBKHU KOpPITyC-
HBIX DJIEMEHTOB.

e J[ia Bcex TUIOB 31eMEHTOB cTporo orpanuyeHo OTY u TY
MHUHUMAaJIBHOE PACCTOSTHUE OT KOpITyca, HAa KOTOPOM MOXHO ITPOU3BO-
JUTh CrMO0aHue BbIBOJA, U MUHUMAJILHOE PACCTOSIHUE 10 MECTa MpH-
noxkeHusa nasuibHuka. bMAC ycTaHaBIMBalOT HA METAJUIMYECKYIO He-
CYIIYIO0 paMy, BBIOJHSIONIYIO 3a0JHO POJIb TEIJIOOTBO/IA, WA HA WUH-
JTABUAYaJIbHBIE MPOKJIAAKU TOJIMUHOW 0,5—1,5MM, WM cnienuanbHbIC
pPa3bEMBI.

e TemoBpaensony0 Wi MomHyrw MC ycraHaBauBarOT Ha
TEIUIOOTBOISIINE IIIUHBL.

e KopnycCHble MUKPOCXEMBI PACIIOJATalOT HA IJIAT€ T€OMETPU-
YECKHU NMPABWIBHBIMU PsiIaMu ¢ marom 2,5 nin 1,25mm.

e IlepBbiil BBIBOJ KOPITyCa MUKPOCXEMbBI COBMEIIAETCA C IIEp-
BOM KOHTAaKTHOM IUJIOLIAJIKOM, KOTOPasi UMEET KITFOY.

e [Ipu paccTaHOBKE 3JIEMEHTOB JOJKHA OBITH MPETyCMOTpPEHA
BO3MOKHOCTh KOHBEKIIMU BO3JyXa OKOJIO 3JIEMEHTOB, KOTOPHIE BBIJIEC-
JISIFOT TETUIO.

e [Ipu ycTaHOBKE TpaH3UCTOPOB, B ammapaType, padoTtaroiieit
npu yJaapax U BUOpalyu, KOPIyC €ro J0HKeH ObITh MPUKIICEH K Iija-
T€.
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10.7 NMawnka

Ecth 3 MeTo1a B 3aBUCMMOCTH OT THUIIA POU3BOJICTBA!

1) maiika «BOJIHOM TPUIIOS» — MPUMEHSAETCS B OCHOBHOM JJISI
OJIHOCTOPOHHHUX ILJIAT;

2) BTOpOM — CBapKOWl Ha CHEIUAJIBHBIX aBTOMAarax — 3TO OJU-
HOYHAs CBapKa WJIM IPYIIIOBast U1l IJIAHAPHBIX BBIBOJIOB;

3) TpeTuii — MaJIOMOITHBIM MASTILHUKOM C 3a3€MJICHUEM.

ITociie KOHTpOJIA IJIaThl HA PabOTOCIIOCOOHOCTh €€ MOKPBIBAIOT
3aIIUTHBIM JIAKOM JO IIATH CJIOEB C MPOMEKYTOUYHON CYIIKOM.

10.8 CokpaweHune u onpepnenexne B CAIP IMN

ATPUBYT — napametp, npuHajjiexanuyii rpapuieckomy o0b-
€KTYy U INpeJIHa3HAYCHHBIN ISl MPOrpaMM WK YTUIUT. ATpUOYT UMe-
eT uMs W 3HaueHue. MimeHna arpuOyToB 3ape3epBUPOBAHBI MPOTPaM-
MaMmH, oOpalaThIBaIOIIMMU JJaHHYI0 HMH(popmanuio. Hanpumep, mpo-
rpaMMa aBTOTPACCUPOBKU OOpabaThiBaeT aTpuOyThI, 3adarolue IIH-
PUHY Tpacchl WX BEIUYUHY 3a30pa.

BUB/INOTEKA 23JIEMEHTOB — (aiin, uMeronui cremu-
aNbHBIA (opMaT U coAepKalui OMOIMOTEUYHBIE 3JIEMEHTHI. B 3aBu-
CUMOCTH OT THUIIOB OMOJHMOTEUYHBIX 3JIEMEHTOB, BKIIOUYCHHBIX B OHO-
JUOTEKY, pa3IM4aloT TEXHOJOTMYECKYI0 U CXEMHYI0 OMOIMOTEKH
sneMeHToB. CucTemMa UMEH 3JIEMEHTOB OMOJIIMOTEKH MO3BOJISIET CO3/1a-
BaTh KOIHUH — JIOTIOJHUTEIbHBIC UMEHA /IS OMOJIMOTEUHOTO dJIEMEHTA.
B O6ubnuoTeke MOXET XpaHUTHCS OTAEIbHO rpaduyeckas v ymako-
BOYHas uHGopManusl. DJIEMEHT OMOIMOTEKH OOBEIUHSIET YINAaKOBOY-
HYI0 HHGOPMAIIMIO U CUMBOJI WJIU TT0CAI0YHOE MECTO.

INEPEXO/IHOE OTBEPCTHE — MecTO CBEpJICHHS IS Me-
TaJJI3alMU  DJICKTPUUYECKOTO COCJAUMHEHUS MEXIy (U3NUYECKUMU
CJIOSIMU TIJIAThI, a TaKKe OOJACTH IS DJIEKTPUUECKOTO TOACOCTUHE-
HUSI K TICYATHBIM ITPOBOIHUKAM.

IJVIOINAJAKA KOHTAKTHASA - wmecto cBepieHus s
MITBIPEBOTO KOHTaKTa U 00JIACTH DJIEKTPUUECKOTO TOJCOSTUHECHUS K
IeYaTHLIM IIPOBOJHMKAM JIJISI BCeX (PU3UUECKHUX CJIOEB MeYaTHOM IIjIa-
Thl. Iy MeTaaIM3upOBaHHbBIA y4acTOK Ha IJIaTe€ WM Ha KpPUCTAILIE,
CITy>Kalllui JJIs1 TPUCOECAMHEHUS BBIBOJIOB PaAuO3JIEMEHTOB.
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MHNOCAIJOYHOE MECTO - rpaduyeckoe mzoOpakeHHe pa-
JTMOAJIEMEHTA, BBITIOJHEHHOE I 00O3HAYEHMUs MeCcTa pa3MEICHUs
paguodJIEMEHTa Ha II€YaTHOM IUIAT€, B COOTBETCTBUM C HPUHATOU
(hOpMOBKOM BBIBOJIOB PaIMOAIEMEHTA U PACTIONOKEHUEM KPEIEKHBIX
OTBEPCTHUM.

PEKUM IN'PPAOUYECKOI'O PEJAKTOPA — ocHOBHOE CO-
CTOsTHUE TpaduuecKoro penakTopa. Pa3nuyaroT CUMBOJBHBIN PEXKUM
rpadUuecKoro peaakTopa (KOTOPBIM TMpeaHa3HAuYeH IS CO3JaHUs
OMOJIMOTEUHOr O JIEMEHTA) U OCHOBHOM PEXUM (B KOTOPOM MPOUCXO-
TUT O0beaWHEHHE OWOJMOTEYHBIX JJIEMEHTOB B CXEMY JJIEKTpHYE-
CKYI0 TPUHLUMIHUATIBHYIO (IS CXEMHOIo rpaduyeckoro peaakTopa)
WM B TOMOJIOTHMIO MEYaTHOM TUIaThl (JIJI1 TEXHOJIOTMYECKOro rpadu-
YECKOI'0 peAaKkTopa)).

CETKA ITPOEKTA - ogHopoaHast WM HEOJTHOPOHAS CHUCTE-
Ma y3JIOB Ha pabodeM MpOCTPaHCTBE I'paduyuecKOro perakropa, Io-
3BOJISIFOIASL  PETYJISIPU3UPOBATh ABTOMATUYECKOE Pa3MELICHHUE 3Jie-
MEHTOB TPOEKTa MOCPEACTBOM MX MPUBA3KU K y31aM ceTku. OmHo-
pOJHAs CETKa MPOEKTa XapaKTepU3yeTCsl IIaroM CETKH (pacCTOsTHUEM
MEXy y3namu) no ocsiM X U Y. HeogHopoaHasi ceTka UMEET mepe-
MEHHBIU IIar CETKH.

TOUKA NPUBA3KUN - mMectro Ha OUOIMOTEYHOM 3JIEMEHTE
(xoopauHathl X U Y), KOTOPbIM OMOJIUOTEYHBIN 3JIEMEHT «IpPUKIICe-
BaeTCs» K Kypcopy rpadudeckoro peaakropa. OTHOCUTEIBHO TOYKHU
MPUBSI3KY BBIMOJHIETCA MOBOPOT OMOIMOTEUHOTO 3JIEMEHTA.

INIWUHA (na nedaTHOH IJ1aTe) — Coco0 peryasipHoro GopmMupo-
BaHUS DJICKTPUUYECKUX CBSI3€H, BBIMOJHEHHBIX JUOO MEYaTHBIM, JTMOO
HaBeCHbIM MOHTaxoM. HaBecHast mmHa (jumper) Ha MEYaTHOM IIaTe
n3o0pakeHa B BHUAEC CHCTEMbl SKBUIIOTECHIHAIbHBIX KOHTAKTHBIX
IJIONIAI0K, KOTOPBIE 3aTE€M JJICKTPUUECKU COCIAMHSIOTCS APYT C Jpy-
rOM BHEIIHEN («HABECHOW») IJIACTUHOM, UMEIOIIEH IITHIPU ISl BCEX
KOHTaKTHBIX Tuiomafok. [leyatHas mmHa npencTaBisieT coOoi pery-
JSIPHO TIPOJIOKEHHBIE 00J1aCTH (ITOJUTOHBI, YKPAHbI, IMIUPOKUE JTUHUU
U T.I1.), K KOTOPBHIM MOAKIIOYAIOTCS N€YaTHbIE MPOBOAHUKH. OOBIYHO
3JIECH UCIIOJIB3YIOTCS AIEKTPUUYECKHE CBOMCTBA SKPAHOB.

IHNIWHA (Ha NpUHIUIHAIBHON CXeMe) — choco0 rpynmupoBa-
HUS DJIEKTPUUYECKUX CBA3EU B 00pa3 KryTa, B KOTOPbIA BXOJAT U BBbI-
XOJISIT UMEHOBaHHbIE Lienu. [llMHAa HAa NPUHIMIIHAIBHON CXEME H30-
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OpakaeTcsi B BUJI€ IIMPOKOM JTMHUU, MPOJIOKEHHOM MO cXeMe U 00be-
JTUHSIONIEN BXOASAIINAE U BBIXOSIINE LETIH.

IKPAH - nonuroHanbHas CTpyKTypa (MHOTOYTOJBHHK), pac-
MOJIOKEHHAsT Ha OJIHOM U3 (PU3UYECKHUX CIIOEB IEYATHOW IUJIaThl U
ITOJIKJIFOYEHHAs! K OJJHOW 3JIEKTPUUECKON LENU MPUHIUITAAIBHON CXE-
MblL. [Ipy mpoBepke TEXHOJIOTHMYECKUX MPABWI MPOCKTUPOBAHUSA IIC-
YaTHOM IJIATHI SKPaH SIBISIETCS PA3HOBUIAHOCTBEO IMEYATHOTO MPOBOJ-
HUKa CJIO)KHOU (opMbl. B skpaHe MOTYyT HaXOJUThCA «OKHa» M «Ka-
HaJbl», TO3BOJISIIOIINE OOECIEUUTh OTCYTCTBHE HEXKEJIATECIbHBIX
AIEKTPUYECKUX KOHTAKTOB C KOHTAKTHBIMHU IUIOIIAJKAMH, MEPEXOI-
HBIMHU OTBEPCTUAMU U MEYATHBIMU MPOBOJHUKAMHU, ITPUHAJICKAIINMHA
JIPYTUM DJICKTPUYECKUM LIETISM.

10.9 Pupmbi-usrorosutenu CAIP MM n CAM-cuctem
ana CAIP Mn

B nmanHo#t Tabmuile mnpeacTaBieHbl Beaylide (QpUpMbI-U3roTo-
uten CAIIP TII1.

Ne OUPMA- HA3BAHUE KPATKOE OITMCAHUE
N3I'OTOBUTEJIb MMPOAYKTA

1 | ACCEL ACCEL EDA BBITIOJIHAET TOJIHBIA IMKI MPOEKTHUPO-
Technologies BaHMsI TMEYATHBIX TUIAT, OPUEHTHUPOBAHA

Ha OCOOCHHOCTH AaHAJIOTOBBIX M CMe-
IIAHHBIX  aHAJIOTO-IM(PPOBBIX  YCT-
poiicTB. MMeercs MexaHH3M MepeHoca
M3MEHECHUIN TNEYaTHOM IUIaThl HA CXEMY

U Ha000poT
2 | Personal PCAD PENAKTOPBl NPUHLUIIAAIBHBIX CXEM U
CAD Systems MHorociounsix III1, mporpammser Moze-
CADAM Company JUPOBAHUS IUPPOBBIX YCTPOWCTB, aB-

TOMAaTHUYECKOT0 pa3MEIleHUus] KOMIIO-
HeHTOB Ha [III m TpaccupoBku coenu-
HEHMH, BbIJIAUM YepTeKel Ha MPUHTED,
IJIOTTEP, (POTOMOCTPOUTENh, BBIJAYH
JAHHBIX Ha CBEPJIMJIbHBIE CTaHKH C
UYIIY, a Takke BCIOMOrarejibHbIE CEp-
BUCHBIE POIPaMMBbl

3 | Mentor Graphics Mentor BoardStation | Hanbosee MoIIHOE pemieHne B 001acTH
npoekTupoBaHus Iiat. OCHOBY CHUCTe-
MBI cOCTaBlIeT cpena AutoActive, mo-
3BOJISIIOIAST peain30BaTh Takue (yHK-
UM, KaK TPEATOIOIOTHIESCKIA aHan3
IIEJIOCTHOCTU CUTHAJIOB, MHTEPAKTUBHAS
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OPMA-
N3I'OTOBUTEJIb

HA3BAHUE
IMPOAYKTA

KPATKOE OIIMCAHUE

Y aBTOMATHYECKAasl TPACCUPOBKA C yué-
TOM TpeOOBaHMI BBICOKOYACTOTHBIX
IUIaT U CHEIUAIbHBIX TEXHOJOTUYECKUX
OTpaHUYEHUH, HaKIAJAbIBAEMbIX  HC-
II0JIb30BAaHUEM COBPEMEHHON 3JIEMEHT-
Hoit 6a3bl (BGA). Enunas cpena mo3so-
aseT ¢ nomouesto monyna ICX mopenu-
pOBaTh HABOJAKH B MPOBOJHUKAX HETO-
CPEICTBEHHO NpPH MPOKIAZKE TPACChl
WIM IIUHBI U KOHTPOJIMPOBATH IMPEBBI-
IIICHUE MU 33JJaHHOT'O YPOBHSI

OrCAD System
Corp

OrCAD

umeeTcs Tpadudeckuil peakTop MpuH-
nunuanbHbix cxeM u I1I1, a Taxxe npo-
rpaMMbl  MOJIETHPOBaHUS IUDPOBBIX
YCTPOMCTB M TPACCHUPOBKU COCIMHEHUN
(omHaKoO mporpaMMa aBTOMATHYECKOTO
pa3MeIIEeHUs] KOMIIOHEHTOB OTCYTCTBY-
eT). [IpuBieKaTebHOCTh 3TOMY MaKETY
NpUAaOT YIAOOHBIN Tpaduueckuii pe-
JAKTOP ¥ BO3MOXHOCTh MEPEKOJIUPOBA-
HUS CIIMCKA COCJMHEHUN CXeMBI B (pop-
MaTbl Takux mporpamm, kak P-CAD,
PSpice u n1p

Wintek Corp

smARTWORK

OIMH W3 CaMbIX TMPOCTHIX TAKETOB,
BKJIIOYAET B ceOs rpaduueckuil penak-
top naByctoponneit IIII, mporpammy
PYYHOM M aBTOMATHYECKOW TPacCUpPOB-
KU COCAMHEHUN M MPOrpamMmy BbIJAUU
YepTeKeH Ha INIOTTEP

Saisy Systems
Corp

Personal Logican

HO3BOJISIET MPOEKTHPOBATh LUPPOBBIE
YCTPOICTBA, BKJIIOYasi MUKPOIIPOLECCO-
pbl, KOHTPOJUIEPH! U YCTPOWCTBA Mamsi-
TU. bosnbline ycnexu JOCTUTHYTHI B
coznannu CAIIP 1udpoBbix ycTpoicTB
Ha 0a3e NpOrpaMMHUPYEMBIX JIOrHye-
ckux marpui (IJIM)

Altium

[IponyxTs Protel

o0OecrieurBaeT CKBO3HOM IIMKJI IPOEK-
TUPOBaHMS  CMELIAHHBIX  aHAJIOro-
UQPPOBBIX TEYATHBIX TUIAT C UCTIOIH30-
BaHUEM IPOrpaMMHUPYEMOIl  JIOTUKU
¢upm Xilinx u Altera. Bkimogaer cpen-
CTBa MPEATONOJOIMYECKOr0 M IMOCTTO-
MOJIOTHYECKOTO aHali3a LEIOCTHOCTH
curHasioB ['aBHOE OT/IMYME — TOMOJIO-
TUYECKUN  AaBTOTPACCUPOBIIUK, IpHU-
3BaHHBINA peann30BaTh HOBBIM MOIXOA K
ABTOMAaTUYECKOM pa3BOJKE IIaT
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Ne OUPMA- HA3BAHUE KPATKOE OITMCAHUE
N3IrOTOBUTEJIb I[MPOAYKTA
8 | Cadence SPECCTRA SIBJISIETCSI HECOMHEHHBIM JIMJIEPOM Cpe-

1 TOIOJIOTUYECKUX peaakTopoB. OnHa
YCIIEIIHO pa3Mel[aeT KOMIIOHEHTH B
ABTOMATUYECKOM PEKUME U TPaCCUPYET
TUTATHI OOJIBIIION CIIOXKHOCTU OJlaroaps
NPUMEHEHUIO OPUTHHAIBHOTO MPUHIIH-
na TpeAcTaBiIeHUs TrpadUyecKux IaH-
HBIX Tak Ha3eiBaeMoil ShapeBased-
TEXHOJIOTHH. VICTIONb3yeT aganTuBHBIC
AITOPUTMBI, peau3yeMble 32 HECKOJb-
KO MPOXOJIOB TPACCHPOBKHU

9 | Xilinx Foundation | Xilinx XACT dupma Xilinx crenmanuzupyercs Ha
Series Development System | BeIlTycke NpOrpaMMHUpPYEMBIX JIOTHYE-
ckux uHTerpandbHbiX cxem ([TJIMC wmm
FPGA u FPLD) u kommiekca ux mpo-
rpammHoro obecnedenus. Jlannoe 110
BBITIOJTHACT KOMIWISIIHIO — OTHCAHUS
[IJINC (cocTaBneHHOTO Ha S3BIKE BbI-
cokoro yposHs tuna VHDL wim npen-
CTaBJICHHOTO TPUHIUIHAIBHON  cXe-
MOI{), KOMIIOHOBKY M TPAaCCUPOBKY KpH-
craiuia. Cucrema Xilinx BBITycKaeTcs B
HECKOJIbKUX BapUaHTaX, OTIMYAIOIINX-
csi HAOOpOM MOJJEP>KUBAEMBIX CEpHid
MHUKpPOCXEM (B OCHOBHOM COOCTBEHHOTO
IPOU3BOICTBA)

BaxHpIM 3TamnoM IPOSKTUPOBAHUS II€UATHBIX IUIAT SIBJSETCS
MOJrOTOBKA YK€ pa3pabOTaHHOrO MPOEKTa K MHpou3BOACTBY. Ilon
ATUM TOJIpa3yMeBaeTCA TeHEpaIys yHpaBISONuX (ailaoB s U3ro-
TOBJICHUS (POTOIIA0IOHOB, CTAHKOB JIJIsi CBEPJICHUS OTBEpPCTHM, 000-
PYJOBaHUS JJI1 aBTOMAaTUYECKOT0 TECTUPOBAHUS ILJIAT U PACCTAaHOBKHU
KOMITOHEHTOB. Kak mpaBuiio, BCE CHUCTEMBI MPOCKTUPOBAHUS MEYAT-
HBIX IJIaT MMEIOT BCTPOCHHBIE CPEJICTBA I'eHEpalMu Takux (Hailios,
TEM HE MEHEE, UMEETCs Pl 3a/1a4, KOTOPhIE HEOOXOAMMO BBITIOJHSITh
B CIEHMAIbHO MPEAHA3HAYCHHBIX JJI1 3TOTr0 npoaykrax — 3to CAM-
cucteMmsbl 1t CAIIP I1I1.

JlocTynHbI€ TIO 1IEHE U 10CTaTOYHO MOIHbIE CAM-cucteMsl 1ist
CATIIP IIII, paboTaromiue Ha PhIHKE.
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OUPMA-
N3I'OTOBUTEJIb

HA3BAHUE
[IPOJIYKTA

KPATKOE OIIMCAHUE

PCB Frontline

Genesis 2000

OpHECHTHpOBaHA Ha MOIIHbBIC arma-
patHele IUIATGOpPMBI, padoTarolue
MOJl yTpaBJICHUEM OIEPAMOHHON
cucrembl UNIX, uro onpenensier e€
OTHOCHTEJIEHO BBICOKYIO CTOMMOCTb.
OcHOBHasi  OCOOGHHOCTb  TaKeTa
Genesis 2000 — BBICOKHH YPOBEHb
aBToMaTtu3auu 00paboOTKU TOMOJIO-
ruid. 31ech MMEIOTCS CHelHaIbHbIe
cpencTBa BepudUKaIu U KOPPEKTH-
POBKH, KOTOpBIE IO3BOJISIOT yBEIH-
YUTh TEXHOJOTUYHOCTh IJIAThl U
y4ecTh OCOOCHHOCTH TPOM3BOJICTBA
Ha faHHOM npennpusatud. Hlupoxuii
Habop uHTepdeiicon UMIIOp-
Ta/PKCIOpTa  TMO3BOJSIET  OOMEHU-
BaThCSl JAHHBIMHA C OOJBIIMHCTBOM
W3BECTHBIX CHUCTEM IPOEKTUPOBAHUS
MIEYATHBIX TUIAT

Downstream
Technologies

CAM350

HanOonee momyssipHas B Poccum.
Panee oOnerueHHass BepcHsl 3TOTO
IIPOAYKTA IOCTABISUIACh C MAKETOM
ACCEL EDA, nostomy nmMena cxo-
JKYI0 C HEH MJIC0JIOTHIO U TIO3BOJIsIA
3arpyatb MPOEKT IUIaThl HE B BHUJE
Habopa Gerber ¢aiinos, a ¢aitn PCB
¢ coxpaHeHneMm wuHpopmaruu 00
NIEKTPUYECKUX CBs34X. Bplmenmas
B maprte 2003 HOBas Bepcusa 8.0 mo-
Jy4yusia TOJHOCTbIO OOHOBIEHHBIH
MOJIB30BATEILCKUM MHTEp(Eiic, yco-
BEPILIECHCTBOBAHHBIE CPEJICTBA KOH-
tpoas npasuwii DRC u DFM, ynyu-
LIIEHHBIE CPENCTBA TE€HEPALUU CIIH-
CKOB COEIUHEHHI C YYETOM CKBO3-
HBIX, CJICNIBIX U TIIYyXUX MEPEXOIHBIX
orBepcTuil. OTIMYUTENBHOM  OCO-
OEHHOCTBIO SIBIISIETCA TO, UTO B Kaye-
CTBE OCHOBHOTO CTaHJapTa OOMEHa
JaHHBIMM cedvac OpuHAT ¢dopmar
ODB++, copepanuii MOJHYIO HH-
dopmanuoo O MpPoeKTe U MOJIACPKHU-
BaeMblii  OOJBIIMHCTBOM  CHCTEM
YIOPaBIEHUS pPECypcaMy IpeAnpu-
ATHUS.

Pentalogix

CAMMaster

MPEAOCTABIIAIOT CIELHAINCTAM BCE
HEOOXOIUMBIE CPEJICTBA MOATOTOBKH
MEYaTHBIX IUIAT K MPOU3BOACTBY, OT-
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Ne OUPMA- HA3BAHUE KPATKOE OIIMCAHUE
N3I'OTOBUTEJIb [TPOAYKTA

JUYUTEIHHOU OCOOCHHOCTBHIO KOTO-
pBIX SIBISIETCS TOANEPKKA  SI3bIKA
MakpockpuntoB Visual Basic for
Application

4 | Wise GerbTool 3Ta TporpamMMma IOCTaBJIseTCS B CO-
CTaBe ATOTO MAKETa MPOEKTUPOBAHUS
OrCAD kak wratHeii CAM-
MOJIyJIb. 3/1eCh UMEETCsI MOTHBIN Ha-
0Op MHCTPYMEHTOB TEPBUYHOM IOJI-
TOTOBKH MPOEKTOB TIAT K MPOU3BO/I-
CTBY: 00paboOTKa TOMOJIOTHH, TeHe-
pauus (aiinoB cBepineHus u (Qpese-
pOBaHUs, CpeACTBa BepUPUKAIMH H
VIIYYIICHUS] TEXHOJIOTHYHOCTH

5 | Altium CAMtastic MOCTaBJIIETCI OECINIATHO B KAUeCTBE
mratHoro CAM-cpeicTBa COBMECT-
Ho ¢ maketamu P-CAD 2002 u Protel
DXP. Ilocnennss Bepcusit CAMtastic
DXP, B pomonHeHue kK oOpaboTke
dopmara Gerber, MO3BOJISET aBTOMA-
THU3UPOBATh OOJIBIITMHCTBO TPOIEAYP
C TOMOIIBIO CIEUHAIBHOTO S3BIKa
Client Basic

B npunoxenun Nel npuBoautcs Oojee JIeTalibHOE OMUCAHUE
HauOouee sipkux npeacrasuteneit CAIIP I1I1.
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11 NOAKIACC CAINP - CUCTEMbI CXEMOTEXHMU-
YECKOIo MOAENNIMPOBAHUA (CAMNP CM)

CnoXHOCTh COBPEMEHHBIX OOBEKTOB, COACPKAIUX COTHU ThI-
Csi4, a MOPOM M MUJIJIMOHBI KOMITOHEHTOB, JIEJIAeT UX MIPOCKTUPOBAHUE
TPAJUIIMOHHBIMU (PYUYHBIMHU) METOJIAMU C O0SI3aTE€JIbHBIM HM3rOTOBJIC-
HUEM MaKeTa MPAKTUYECKU HEBO3MOKHBIM.

NMeHHO 1o 3TOM MPUYMHE PE3KO BO3POC MHTEPEC pa3padoT4H-
KOB 3JIEKTPOHHOM ammapaTyphbl MOJKIACCY CUCTEMaM aBTOMAaTHU3UPO-
BAHHOT'O MPOEKTUPOBAHUS — CUCTEMbBI MOJIETUPOBAHUSI.

Cuctembl mopenupoBanus (CM) mO3BOJISIIOT TPOBEPATH HE
TOJIBKO TMPABUIIBHOCTh PA0OThI MPOCKTUPYEMOrO YCTPOMCTBA, HO U
BBISICHSITh €70 OCHOBHBIE XapaKTEPUCTUKHU, HAUMHASI C CAMBIX MEPBBIX
I1aroB, KOrja MpopadaThIBAIOTCS TOJBKO aAPXUTEKTYPHBIC PEIICHUS
OyayIlEero MpoeKTa.

MopeanpoBanue — OOIIMII METOJA, OCHOBAHHBIM Ha W3Y4YEHUU
ONPEeCIEHHOTO 00BhEKTA MOCPEICTBOM YCTPOMCTB U 00pa3IioB, MO/IE-
JUPYIOLIUX €r0 MOBEJICHHUE, ¢ MOCIEAYIOUMM MEPEHOCOM IOIY4YEeH-
HbIX 3HAHUU C MOJIETIM Ha OPUTHUHAIL.

IIpu pazpaboTke a000r0 NMEKTPOHHOIO YCTPOMCTBA HEOOXOIU-
Ma MPOBEPKA COOTBETCTBUS €r0 XapPaKTEPUCTUK 3aJaHHBIM WM OXKH-
JA€MBIM C YYE€TOM BCEro MHOI000pa3us Kak BXOJHBIX CUTHAJIOB, TaK U
JIPYTUX BHEIIHUX BO3JCHUCTBUIN WK ()aKTOPOB COOTBETCTBYIOIIUM pe-
aJIbHBIM YCJIOBHUSIM €r0 M3rOTOBJIEHHUS (MPOU3BOJICTBA) U IMOCIEIYIO-
U DKCIUTyaTaluu.

Bo MHorux ciyyasx, JJisi JOBEJICHUSI BCEX MapaMeTpOB U Xapak-
TEPUCTUK TAKOTO YCTPOWCTBA JI0 KEJIA€MOT0 YPOBHSI, IPEABAPUTEIIb-
HO M3rOTaBJIMBAIOT MAKETHBIN 00Opasell, MPOBOAST €ro MCCIEI0BaHUE,
UCIIBITAHUE B PA3JIMUHBIX YCIOBUSIX U MO pe3yJibTaTaM BHOCAT COOT-
BETCTBYIOIIME M3MEHEHUS] WM YTOUHEHHUSI B CXEMY WU KOHCTPYK-
LHUIO.

D10 TpeOyeT ONpeNeIeHHBIX MaTepUalbHbIX U BPEMEHHBIX 3a-
TpaT W, B BUJly UX OIPAHUYEHHOCTH, HE BCErJla rapaHTHPYET OITH-
MaJIbHOCTh WJIM JIOCTATOYHOCTHh MPUHUMAEMBIX TEXHUYECKHX pellle-
HUM.

B 10 ke Bpemsi COBpEMEHHBIN YPOBEHb PAa3BUTHS BBIUUCIUTEIb-
HOM TEXHUKHU TMO3BOJISIET JJI MPOBEICHUS 1IEJIOT0 PsAJia MCCIISTOBAHUM
3aMEHUTh PEAIbHBIM MaKeT (CXeMy) COOTBETCTBYIOIIEH MaTemaTuye-
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CKOM MOJIENIbIO U TIONTy4aTh HEOOXOIUMBIE pe3yJIbTaThl ObICTpEE, Kaue-
CTBEHHEE, C MUHUMAJIbHBIMU 3aTpaTaMu U B KOPOTKHUE CPOKH.

B coBpeMEHHBIX YCIOBUSIX 3TO C YCIEXOM MOKHO PEaii30BaTh C
MOMOIIBIO CHCTEM MOJICJIMPOBAHUS HA MEPCOHATBHOM KOMIIBIOTEPE,
KOTOPBIE PEIIAIOT CIEAYIONINE 3aJJaUH:

® peanu3alus MaTeMaTUYECKUX MOJEJEH BHEIIHHX BO3IEHCT-
BUI;

® peanu3alus MaTeMaTUYECKUX MOJIENICd JJIEKTPOHHBIX YCT-
POWCTB;

® peanu3aius AJIrOPUTMOB MNPeoOpa3OBaHUN BXOJHBIX CHUTHA-
JI0B;

e peaju3alus aIroOpuTMOB 00pabOTKU PE3yJIbTaTOB MOACIUPO-
BaHUSI.

ITpu s3ToM monenupoBanue Ha [IK cBOaUTCS K IIPOBEIECHUIO YKC-
IIEpUMEHTOB C MAIIMHHOM IpOrpaMMOM, UMHUTUPYIOIIEH padoTy OIl-
PEICICHHOTO JJICKTPOHHOTO YCTPOWCTBA MPHU 3aJaHHBIX B OO0IIEM
cillydae CIy4alHBIX BO3JICMCTBHSX, M K CTAaTUCTHYECKOM 00paboOTKe
PE3YyJIbTATOB ATUX IKCIIEPUMEHTOB.

Cnenyer, oqHako, BCErJa MUMETh B BUJY, YTO MOJIEJIb, OMUCHI-
Baromas GopmMaaInu30BaHHBINA Mpoliecc GYHKIIMOHUPOBAHUS DJICKTPOH-
HOTO YCTPOWCTBA, KaK MPAaBUJIO, B COCTOSIHUM OXBATUTh TOJBKO OC-
HOBHBIE €r0 3aKOHOMEPHOCTH, OCTAaBIISIsi B CTOPOHE BTOPOCTEIIEHHBIE
(bakTophl, CIETOBATEILHO, OHA HE MOXET CUHUTAThCA IMOJHOCTHIO
UJICHTUYHOU peaIbHOMY YCTPOUCTBY.

UYeM BbIIIE CTENEHb UICHTUYHOCTH, TEM CIIOKHEE MOJIENb, TEM
OoJIbIlIe BpeMEHU HEOOXO0AMMO 3aTPAaTUTh Ha €€ pa3paboTKy M IMOciie-
IYIOIIYI0 OTJAJIKy MpOrpaMm, MO3TOMY BCET/la HY>KHO CTPEMUThLCS
HAaWTH Pa3yMHbIA KOMIIPOMHCC MEXIY TOYHOCTBIO PE3YJIbTAaTOB MO-
JETUPOBAHUS U CIOKHOCTHIO MoAEIU. OOBIYHO 3TO JOCTUTAETCS MPU
MCIIOJIb30BAHUM MPUHITUIIA OT MIPOCTOTO K CJIOKHOMY, T.€. IIPU MOCIIe-
JIOBATEJIbHOM YCIIOXKHEHUU MOJEIHN C YYETOM MOJIYy4aeMbIX PE3yJIbTa-
TOB.

[IpeumyiiecTBaMu KOMIBIOTEPHOTO MOJICIUPOBAHUS SIBIISIFOTCS

® BO3MOXHOCTb MCCJICOBAHUS IPOIIECCOB OOJBIION CI0XHO-
CTH C YYETOM OOJIBIIIOTO KOJNYECTBA (DAKTOPOB;

® [IPOCTOTAa OpraHU3alMU SKCIEPUMEHTOB, OTHOCHUTEIHLHO HE-
OO0JIBIIIOE BPEMSI U CTOUMOCTD SKCIIEPUMEHTOB;
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® BO3MOYKHOCTb KOHTPOJII BCeX (DAKTOPOB U PE3YIbTATOB IKC-
NIEPUMEHTOB;

® T[OBTOPSAEMOCTh PE3YyJIbTATOB.

OrneHka TpeOyeMbIX MMapaMeTPOB C MOMOIIBIO MOJCTUPOBAHUS
OOBIYHO JTIOCTATOYHO MPOCTA, HO HEOOXOIUMOCTh MPOBEPKH COOTBET-
CTBHUSI MOJIETIM PEalbHOM CUCTeMe TpeOyeT TaK Ha3bIBaeMOM KanO-
POBKH MoJIeJiel, KOTopasi, IO CYIIECTBY, CBOJUTCS K COTJIACOBAHMIO
PE3YIBTATOB MOJIEITUPOBAHUS C HATYPHBIM SKCIIEPUMEHTOM.

[Tpu sTOM 0011125 33772492 OTPAOOTKHU MOJIENIH COCTOMT:

® B YCTAHOBJICHHH MMOJOOMS UCXOIHBIX JAHHBIX, MTOCTYMAIOIINX
Ha BXOJ MOJIETI U PEAIbHBIX YCTPOUCTB;

® B YCTaHOBJICHUU IMOJ00USI OCHOBHBIX MAapaMETPOB MOJIEIU U
pEAbHBIX YCTPOMUCTB;

e B BbIOOpEe 00bEMa M YCIOBUM MPOBEICHUSI IKCIICPUMEHTA Ha
MOJIEU U PEATbHOM OOBEKTE;

® B COIIACOBAaHUHU PE3YJbTATOB MOJICTUPOBAHUS M HATYPHOTO
IKCTICPUMEHTA.

[Ipu cornmacoBaHuu B ciiydae HEOOXOJMMOCTH MPOBOISAT KOP-
PEKTUPOBKY (10pabOTKY) MOJEIH.

TunoBas B3aMMOCBS3b OTJIETBHBIX ONEpalMi B TIPOILIECCE MOJIE-
JUPOBaHUs OTpakeHa Ha OJIOK-cxeMe puc. 1.

CucTeMHBIN aHa-

N3 N KOPPEKTK-

poBKa Mmoaenun B
Lernom

N\ Y

MmuTtaums BHeLw- MopaenupoBaHue O6paboTka pe-

HUX BO3OENCTBUN paboTbl Uccrne- 3ynbTaTtoB Moae-

ayemoro obbekta nMpoBaHus
(cnctembl)

KoppekTtuposka
BHELLHWX BO3A4en-
CTBUI (CUrHAnoB)

Puc.1 — biok-cxema opranuszanuy TUIIOBOTO
porecca MOACIUPOBAHUS
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CoBpemenHble CM 371€KTPOHHOM almaparypbl MO3BOJISIIOT:

® MPOBEPUTH MPABWIBHOCTh PabOTHl MPOCKTUPYEMOTO YCTPOM-
CTBa;

® BBISICHUTh €r0 BPEMEHHBIC 3aJICPKKU U MPOKOHTPOJIUPOBATH
BBITIOJITHEHHUE TPEOYEMBbIX BPEMEHHBIX COOTHOIIEHUM B CXEME;

® MPOBECTH MOJICTUPOBAHUE C YUYETOM JIOIMYCTUMBIX HArpy30K
Ha BBIXOJHBIE KOHTAKTBHI;

® MPOKOHTPOJHUPOBATH JOMYCTUMYI) MOIITHOCTH PacCEHUBAHUS
Ha Ka)J0M KOMIIOHEHTE;

® TMPOMOJICIUPOBATH PadOTy UJICATHHON CXEMbI U TOM Ke CXe-
MBI C YYE€TOM Tapa3uTHBIX MMapaMETPOB U BIUSHUSA OJIM3KO Pacriojo-
KEHHBIX KOMIIOHEHTOB.

MoXHO pa3aIu4uTh JBE Pa3HOBUIHOCTH MOJICIUPOBAHUSA: Tapa-
METPUUYECKOE U CTPYKTYPHOE.

o [lapamempuueckoe mooenuposanue (Parametric modeling)
MO3BOJISIET paccMaTpPUBaTh CUCTEMY Ha YPOBHE €€ CUCTEMHOTO CBOM-
cTBa B (h)OpME€ COBOKYIMMHOCTHU JIUCKPETHBIX 3HAUCHUN OCHOBHBIX Iapa-
METPOB CHUCTEMBbI MpU (YHKIIMOHAIBHOM aHAJIU3€ MHOXXECTB €€ HC-
MOJTHEHUSI 1 KOMIIOHEHTOB. [Ipu pazpaboTke mapaMeTpuueckon mMoje-
JY IPUHUMAIOTCSI BO BHUMAHHE B3aMMOCBSI3U MTapaMETPOB CUCTEMBI U
Cpelibl, CACTEMBI M 00Pa3yIOIINX €€ KOMIOHEHTOB.

o CmpykmypHoe mMooenuposarue — UCIOJIb3YeTCs MPU HE00XO-
JTUMOCTH OTOOPa)KEHHSI COCTaBa U CTPYKTYPHON KOMIIO3WUIIUM CUCTE-
MBI B (pOpME COBOKYITHOCTH B3aUMOCBSI3aHHBIX 3JIEMEHTOB U OTHOIIIE-
HUH.

11.1 MogenunpoBaHue Ha 3Tanax XXU3HeHHOro uuKna
n3genus

NHCTpyMEHTBI MOJEIUPOBAaHUS MPUCYTCTBYIOT HA BCEX 3Tamax
MIPOEKTUPOBAHUS AIllapaTHBIX U MPOTPAMMHBIX CPEJICTB.

MopenupoBaHue BBITIONHACTCS Jis MPOTrHO3UPOBaHUS OyTyIIie-
ro, a 0OCOOCHHOCTH MPOJYKTA CUCTEMATUUECKU BAPbUPYIOTCA C LEJBIO
YIIYUIICHUS] XapaKTEPUCTUK MPOAYKTa HA PaHHEM dTale pa3padOTKH,
IIPY 3TOM PELICHUS O TEXHOJOTMYECKOM U MAaTEPHUAIIBHOM OCHAILCHUHU
MPUHUMAIOTCS 3apaHee.
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MoaenupoBaHuEe MOMOTAET MPOEKTUPOBUIUKAM TMOHATH, KAKHUE
KOMIIPOMUCCHI U PEIICHHUSI B 00JIACTH MPOEKTa OHU JIOJHKHBI CAEIaTh
T ONTUMHU3AIMHA CBOEH MPOAYKITUH.

MoaenupoBaHUE COKpAIAET U 3aMEHSET JOPOTOCTOAIIUNA -
TEJbHBIA MPOLIECC CO3aHusl PUBNUECKUX MPOTOTUIIOB U UX TECTUPO-
BaHUSI.

MoaenupoBaHue MOXKET BO3JAECHCTBOBATH HA KAXKIBIA M3 IyHK-
TOB, 0003HAYEHHBIX BBIIIE, MPUBOAS Bac K yBeIWUEHHUIO MPOJAX U
COKpAIIICHUIO 3aTpaT Ha pa3pabOTKy MPOIYyKTa.

MoaenupoBaHUE MOXKET MCIOJIB30BATHCS ISl COKPAILCHUS Bpe-
MEHU Ha KaXKJIOM dTare mpoluecca MpOeKTUPOBAHHUS.

IIpuBeneM (GYyHKIMH CHUCTEM MOJCIUPOBAHMS HaA ATarax >KHU3-
HEHHOI'O IIUKJIa U3CIIHUS:

1. Mooenuposarue na smane HUP.

Kak yxe rosopuiiock Bhwiie, Ha 3Tane HUP uner paspaboTka
KOHIICTIIIUM, MPUHUMAIOTCSI OCHOBHBIC PELICHUS O OyIyIeM U3Jeauu
UCXOJsl U3 PHIHOYHBIX MOTpeOHOCTEH, TpeOoBaHUN (HYHKIIMOHAIBHO-
CTH TIPOAYKTA U HYX]l OM3Heca.

MopaenupoBaHre Ha OSTOM JTale IMO3BOJSET pa3padoTUrKam
KOHIIENIIIUK MPOBEPUTH €€, YTOObl YOEIUTHCS, YTO MPOAYKT MOKHO
U3rOTOBUTH B COOTBETCTBUU C 3aJlaHHBIMM TPEOOBAHUSIMU U TIO-
TPEOUTEIbCKUMHU CBOMCTBAMH.

MopaenupoBanue oOJier4aeT MEPBOHAYAIBHYIO OIEHKY pas-
JUYHBIX KOHIEIMIHWN MPOEKTa, MPEIOCTABISAI BO3MOXKHOCTh YJIOBJIE-
TBOPEHMUS BCEX TPEOOBAHUM K (PYHKIITMOHATLHOCTH B YCTAHOBJICHHBIX
paMKax BPEMEHU U 3aTpaT CPEJICTB Ha BHITIOJIHEHHE padOT MO JaHHO-
MY IIPOEKTY.

2. Mooenuposanue na smane OKP u mexHuyecko2o npoekma.

Ha »Tom 3Tame mpoekT B LEJIOM yKe OINpeJesieH, BKIoYasl ero
OTJICJIbHBIE y3JIbI U KOMIIOHEHTHI C 3aJlaHHBIMU  MOTPEOUTEIHCKUMU
cBoiicTBaMu. OnpeiesieHbl T€OMETPHSI, MaTepUainbl U CTaIUU MPOU3-
BOJICTBEHHOT'O MpoIiecca.

MopaenupoBaHre Ha 3TOM 3Tale MO3BOJISIET YAOCTOBEPUTHCH,
YTO JAHHBIN MPOEKT peajeH, ero MOKHO OyJeT BBINOJHUTH U IOCTa-
BUTh Ha PEILCHI CEPUMHOTO TTPOU3BOACTBA.
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Bech IMPOCKT MOXKCT OBITH CMOICIIMPOBAH, OT CUCTCMbI B LICJIOM
J0 KaXJI0I'0 OTACJIBbHOI'O KOMIIOHCHTA. OC}’H_IGCTBHHGTCH A€TaJIbHOC
HNCCICIOBAHUC BJIMAHHUA HA IIPOCKT OTACIbHBIX (I)aKTOpOB, H IIPOU3BO-
AUTCA OIITUMU3AIUA ITApaMCTPOB IIPOCKTA.

Ha »Tom »srame MOACIIMPOBAHUC BBIINMOJHACTCA HHKCHCpPAMU-
p33pa60TqHKaMH N HHXCHCPAMHU-TCXHOJIOIaMH, IINIAHUPYIOIIUMHU
IMPONU3BOACTBO.

3. Mooenuposanue na smane Mcnoimanuti.

DTO OJUH U3 BaXXKHBIX 3TANOB B )KMU3HU MPOEKTA, T.K. OH OMpe/Ie-
JSeT JATBHEHINYI0 Cynb0y HW3[enus. DTal HUCIBITAHWH HAaYMHACTCS
TOTJIa, KOTJa JOCTYIeH oOpa3zell. BoabIIMHCTBO KOMIAHWUN CO3/1al0T
HECKOJIbKO HATYpPHBIX MPOTOTUIIOB M TMOABEPTalOT UX THIATEILHOMY
TEeCTHPOBaHUIO. Ecn sKkcniepuMeHTaabHbIe 00pa3iibl He TPOXOIST UC-
NBITAaHUHN, MPOEKT U3MEHSETCS M 00pa3ell MPOXOAUT HOBBIC HCIIBITA-
HUS 10 TE€X MOp, MOKa He OYAET MOJTYUYEH MOJOKUTEIbHBIN Pe3ybTarT.
Takol MK CO3JaHus, UCTIBITAHUS W yCTpaHeHUs JePeKToB TpedyeT
3HAYMUTENIbHBIX BPEMEHHBIX, MPOU3BOJICTBEHHBIX U (DPMHAHCOBBIX 3a-
Tpar.

MopenupoBaHre MOXKET HCIIOJIB30BaThCA HA ITOM CTaIuW s
YMEHBIIICHUSI YUCIIa MPOTOTUIOB U (PU3UYECKUX ITUKJIOB BOCCTAHOBJIC-
HUS U TTIOBTOPHOT'O UCIBITAHUS, IyTEM MOJEIUPOBAHUS TECTUPYEMOTO
oOpasma Ha KoMmIbloTepe. Ecim TecTupyembiii oOpaser; He TPOXOIHT
MOJICJIbHBIX MCIBITAaHUHN, TOBTOPHOE HW3MEHEHHUE MPOEKTa OYeHb He-
noporo. Mcrnomnb3ysi KOMIbIOTEPHOE MOJACIMPOBAHUE HA JAHHOM ATa-
ne, yJIaeTcsi COKpaTUTh 3aTpaThl Ha pa3pabOTKy MPOTOTUIOB Oojiee
yem Ha 50%, a 3TO 3HAUMTENIbHAS SKOHOMHS BPEMEHU M CPEJICTB.
Kpome 3toro, MojenupoBaHue MOKET ObITh MCIOJIB30BAHO [JIsl CO-
KpalieH!us BpeMeHH U 00beMa UCIIBITAHUN HATypHOTO o0pasiia.

Hampumep, mnpu moMoIu MOAEIUPOBAHUS MOXKHO «Ipooe-
XKaTbCs» IO 00pa3Ily, COOOIIUB «JIaHHBIE», KOTOPBIE ObI U3MEPSIINCH
npu GU3NIECKOM HUCTIBITAHUH. JTO MO3BOJIIECT HH)KEHEPaM, IIPOU3BO-
JSIUM UCTIBITAHHUE, 3apaHee U 00Jiee KaueCTBEHHO OMPENeNsiTh KPH-
TEPUU U3MEPEHUN U HArPy3KW/IMHAMUYECKOTO HArpyKEHUs, SIKOHOMS
BpEMs U UCKJIIOYasl «padoTy BCIEIYIO», KaK 4acTo ObIBAeT mpu J1abo-
PaTOPHBIX UCCIEAOBAHUSX.
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4. Mooenuposanue na smane lIpouzsoocmaa.

BceM MOHSTHO, 4TO HA 3TOM 3Tane NPOAYKIHS HU3rOTABIMBAECT-
cs. B maHHOM ciydyae MOJEIMPOBAHUE WCMOJIB3YETCA ISl ONTUMU3A-
AU IIPOLECCOB NPOU3BOACTBA C LEIb0O MHUHUMH3ALMUA OTXOJIOB W
3TanoB 00paboTku. MojaenupoBanue yiydiaeT npoleaypy U3roToB-
JICHUS! IPOAYKTA U CHUIKAET 3aTPAaThl HA TAPAHTUNHBIA PEMOHT, BBISIB-
JsAs. U ACKIII0Yasl T€ IMapaMeTpbl MPOEKTa, KOTOPbIE MOTYT BbI3BATh
nedeKThl BO BpeMsi Ipoliecca IpOou3BOICTBA.

5. Mooenuposanue na smane IKchiyamayuu.

MoienupoBaHUE MOKET UCIOJIB30BATHCA HE TOJBKO Ui pa3pa-
00TKM U Tpou3BojicTBa Bamel nmpoaykiuu. OHO Takke MOXET IpH-
MEHATHCS IS MapKeTUHra u npojaax Bamen npomykuuu. Mo-
JETMPOBAHUE MOYKHO MCHOJIb30BATh B KOMMEPUYECKUX MPEIIOKECHUAX,
4yTOOBI MTOKa3aTh, Kak Barn npoayKT OyJIeT BBITISAAETh B KOHKPETHBIX
YCIOBUSAX M KaKUMH WHTEPECHBIMH CBOMCTBAMH OH MOJXET OBITh WH-
TEPECEH MOKyMnarento. Pe3ysbTaTel MOJICIMPOBAHUS MOTYT UCIIOJIB30-
BaThCsl B pekjaMe i npujaaHus Baiiemy npoaykTy oOpas3a «BbICO-
KOTEXHOJIOTUYHOTO». Bamm mpomaku yBenwyarcsi Oiarojgaps Tomy,
YTO MOJICIMPOBAHUE YIY4IIa€T JHU3aiH, & TAKXKE caMy MOPOMYKIIHIO,
T.€. €€ MOTPEOUTEILCKUE CBONCTRA.

B nanpnelimem, mocne peanusarnuu, Bama npomaykmus OyaeT
HYXIaTbCSl B MOJJIEP)KKE, TEXHUUYECKOM OOCIYKUBAHUM, KalUTAIb-
HOM W TEKYyIIEM peMOHTE. MOAEeIMpOBaHUE MOXKET HCHOJIb30BaThCS
Ha 3TOM JTarne JJIs1 TPOBECHUS PEMOHTA U 11 MOAUGBUKALINKN U3JIe-
s, oOecreunBas KOPPEKTUPOBKY MPOOJIEMbl, MPU 3TOM OJIHOBpE-
MEHHO COXpaHss (PYHKIHMOHAJIBLHOCTh IMEPBOHAYAIBHOIO JW3aiiHa W
Ha0OP MOJIE3HBIX CBOMCTB. 3a/1auu ATOT0 dTara 0YeHb YeTKO MPOocMaTt-
PUBAIOTCA B a’POKOCMHMYECKOW MHPOMBIIUICHHOCTH, TJI€ MOICIUPO-
BAHUE MPUMEHSCTCS IJIs1 MPOJJIEHUSI PECYpPCa )KU3HEHHOTO IMKJIA U3-
JICITAN.

6. Mooenuposarnue na smane Ymuauzayuu.

OTOT 3Tan 0COOEHHO aKTyalbHBIM B HacTosiiee Bpems. Huuto
HE BEYHO B 3TOM Mupe. Koraa cpok mojae3Horo UCrnoiab30BaHUS U3/E-
JUsl 3aKOHYEH, OHO YTUJIIM3UPYETCS UK NepepadaThIBACTCS.

MonaenupoBaHue 371€Ch MPUMEHSETCS JJIsI BEIOOpA TaKUX MPOU3-
BOJICTBEHHBIX MPOIECCOB U YIAKOBOYHBIX MAaTEPUAIIOB, TPU KOTOPHIX
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BO3MO>KHA SKOHOMMYHAsI TepepadoTKa U3ens, BKIOYas pa3inyHbIe
TUTBl MAaTEPHUATIOB, KOTOPhIE OBLIM MCIIOJIB30BaHbI JJIsI €r0 HM3TOTOB-
JICHUS.

B kauecTBe nmpumepa MOKHO MPUBECTH POCCUMCKYIO OpOUTANIb-
HYI0 CTaHIMI0 «Mup», B KOTOPOH MPOIECC YTUIN3ALMUKU ObLT CMOJIe-
JUPOBAH U 3aJI0KEH B HEE, €IIe TPU M3TOTOBJICHUU CTAHIIUU.

Bo MHOrux oTpacisix NPOMBIIUIEHHOCTH YHUCIO «KOHTaKTH-
PYIOIIMX YacTei» BO BpeMs MPOU3BOJICTBA HA MOPSIAOK IMPEBBIIIACT
yucao (aKkTUYECKUX YacTel B MPOIYKTE.

[IpruMeHeHre MOJEIUPOBaHUS MMO3BOJISIET CIUIAHUPOBATH UX IIO-
BTOPHOE MCIIOJb30BaHUEe WU A(PPEKTUBHYIO YTHIM3AIMIO €II€ Ha
ATare 3CKU3HOTO MPOEKTUPOBAHUS CAMOI0 U3JEIUs, 3HAYUTEIbHO 3a-
JIOJITO JI0 Hayaja €ro SKCIUTyaTalHH.

11.2 CTpyKTypa 1 oTNUYMNTENbHbIE YepTbl
coBpemMeHHbIx CAINP CM

CoBpeMeHHbIe npodeccruoHanbHbie CM UMEIOT CIEAYIOIIUE OT-
JUYUTEIbHBIE YEPTHI:

e rpaduyeckuil MoJIb30BATENLCKUN UHTEP(DEIC, MO3BOJSIONINNA
«pUCOBATH» HA DKPAHE MOHUTOPA MPOEKTUPYEMYKO CXEMY U BPEMEH-
HbIC TUarpaMMbl Ha €€ BXOJaX;

® HWHTEPAKTUBHYIO Pa0OYyI0 Cpely MPOCKTUPOBAHUSA — YIIPaB-
JSIOITYI0 000JI0YKY, TO €CTh CIEHHATBHYIO MPOrpaMMy, U3 KOTOPOM
MOYHO 3aIlyCKaTh BCE WU OOJBIIMHCTBO JPYTHX MPOTrpaMM IaKeTa,
HE 00pamasch K yCiayram MTaTHOM ONEpPallMOHHON CUCTEMBI;

e coBpemeHHbie CM NoAAepKUBAOT UEPAPXUUYECKOE MPOCKTH-
POBAaHUE KAK CBEPXY — BHHU3, TAK U CHU3Y — BBEPX;

® MHOTOYPOBHEBOE MOJECIMPOBAHUE W METO/I JIOKAJIbHOM JIeTa-
JV3alHKU MPOEKTA, HEPA3PHIBHO CBSI3AHHBIC C MEPAPXUUYECKUM MPOEK-
TUPOBAHUEM;

® MHOTOpa3ps/IHbIE KOHTAKThl M IIWHBI, MO3BOJISIONIME Ha
BEPXHUX YPOBHSIX UEPAPXUU BEChbMA JIJAKOHUYHO OMUCHIBATH MPOEKT U
TYT K€ BBISICHATH €ro pab0TOCIOCOOHOCTH;

e Hamnuue B coBpemeHHbIX CAIIP m ACM mnocroponeccopos
MOJICJIMPOBAHMS TIO3BOJISIET HE TOJIBKO MPOCMATPUBATH B y00HOM 1JIs
noJsib3oBaTensi (opMe pe3ysibTaThl MOACIUPOBAHUS, HO U 00padaThI-
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BaTh TH PE3YJIbTAThl, OTHICKUBASI HY>KHbIE COOBITHSI WJIU COCTOSIHUS B
CXeMe, U3MEPSATh BpEeMEHHbBIE HHTEPBAJIbI, KOHTPOJIUPOBATH COOJTIOIEC-
HUE BPEMEHHBIX COOTHOIIEHUM B CXEME;

e coBpeMeHHbie CM moaaepXUBalOT OHMOIMOTECYHBIH METO]
MPOEKTUPOBAHUS, TO €CTh COJAEPKAT OTPOMHOE UYUCIIO TpaPUuUECcKux U
(GYHKIIMOHAIBHBIX ONMUCAHUN KOMIIOHEHTOB; IPUYEM 3TH OMOINOTEKH
OTKPBITHI ISl T0OABJICHUSI B HUX HOBBIX OMUCAHUN, KOTOPHIE MOXKET
cAenaTh caM MOJIb30BaTEb;

e B coBpeMeHHbIX CM peanu3yercss COOBITUIHBIN MEXaHU3M
MPOJABMIKEHUSI MOJICIBHOTO BPEMEHHU, OCHOBAaHHbBIM Ha mpuHuune dz;
3TO O3HAYaeT, YTO MOJICTbHOE BpEMsl MPOABUTAETCS, OMUPASICh Ha
omkaitiee coObITHE, @ HE Ha OYEPETHON TaKT;

® MOJICJIMPOBAHUE BBIMOJHIETCA C YUYETOM PEAIbHBIX BPEMEH-
HBIX 3aJ€PKEK, CBS3AHHBIX C PACIPOCTPAHEHHEM CHUTHAJIOB BHYTpHU
KOMIIOHEHTOB; MPHU 3TOM MOTYT YYUTHIBATHCSA HE TOJBKO CPEIHHUE 3a-
NEPKKH, HO M MAKCHUMaJbHbIE MX 3HAYCHMS, a TAKKE HAUXYIIHAN
cilyuyai mpu ux pazopoce;

® ABTOMATHYECKYH) T'E€HEpAIMI0 MOJEIM BCEH CXEMbl IO €€
CTPYKTYPHOMY OIUCAHMUIO;

® MHOTO3HA4YHbIN andaBUT MPECTABICHUS CUTHAJIOB B CXEME,
BKtouaronumi (kpome Jsior. 0 u jor. 1) 3nauenusa X, Z, R u F, To ectb
HEHU3BECTHOE 3HAYECHUE, BHICOKOOMHBIA BBIXOJ, MEPEKIIOUYECHUE CUT-
Hana BBepX (Rise — ¢ponTt) u Bau3 (Fall — cnan);

® HWHTETPUPYEMOCTh C JIPYTMMHU IMAKETAMU AHAJIOTMYHOIO Ha-
3HAYEHUsI, KOTOpas 00eCneYrMBaETCS COOTBETCTBYIOIIMMH IPOTpPaM-
MaMHl — KOHBEPTOpPAaMH, MO3BOJISIIOIIUMU UMIOPTUPOBATh U 3KCIOP-
THPOBATh JAHHBIC U3 OJTHOM CHCTEMBI B IPYTYIO; BhICIIECH (hOpMOH Ta-
KOT'0 B3aUMO/JICUCTBUS SIBJIACTCS «ropsyasi cBsi3b» — Cross Probing.

Memoowt u anzopummel, UCnOIb3YEMbLE 8 CUCIEMAX MOOETU-
posanus:

1. Mnozeoyposnesoe modenuposanue 1 Mmemoo JA0KALIbHOU Oema-
auzayuu oovexkma.

[Ipu mHozcoypoenesom modenuposanuu pa3IUvHbIE YaCTU O0b-
exTa ((pparMeHThl) IPeACTaBICHBI HA PA3JIMYHBIX YPOBHAX UEPAPXUMU.
Hanpumep, npoekthpyeMass B HACTOAIIUA MOMEHT BPEMEHHM 4YacTh
00BEKTa pacKphITa A0 YPOBHSI MPOCTHIX MHTETPATbHBIX MUKPOCXEM U
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UMHUTHPYETCS CTPYKTYPHOM MOJIEIBIO, a OCTaJIbHBIE (DparMeHTHI (TIpo-
rpaMma Ha MHUKPOIIPOLIECCOPE, CBSI3b C KOMIIBIOTEPOM), IIPEICTABIICH-
HbIE€ Ha cOoCe/IHEM 00Jie€ BLICOKOM, UMUTUPYIOTCS TOJIBKO MOBEJACHYE-
CKHMH MOJCISIMU.

3aKOHYUB MPOCKTUPOBAHHUE JAHHOTO (hparMeHTa, pa3padOTUUK
MPEACTABUT €r0 IOBEICHYECKOW MOJICNIBIO, TO €CTh CIPAYET JeTalu
CTPYKTYPHOTO OIHCAHUSI B «UEPHBIN SIITUK», U pacKkpoeT Oojee moj-
poOHO Npyroil pparMeHT 0O0bEKTa, KOTOPBIN €Ile MPEeJACTOUT MPOECK-
THUPOBATS.

Dta mporieaypa MOBTOPSAETCS CTOIBKO pa3, CKOIbKO ()parMEeHTOB
HEOOXOIMMO CIPOCKTHPOBATh Ha JTAHHOM YpOBHE uepapxuu. Omnu-
CaHHBIN METOJI NMPOEKTUPOBAHHUS HA3BIBACTCS MemoooM JOKANbHOU
demanuzayuu 006vekma, MOTOMY YTO B KaXKJBIM MOMEHT BpPEMEHU
noAPOOHO MPEACTaBJICH TOJILKO OJWH (parMEeHT — TOT, KOTOPhIH Ha-
xoauTcsl «B padore». OctalbHble (PparMeHThl CBEPHYTHI B «YEPHBIC
AIIMKW» U HE NEPETPYKAOT MOJAEIb HEHY>XHBIMHU ISl PELICHUS Te-
KYIIEH 3a1a4M JIETAISIMU.

2. Bubauomeunulii Memoo nPoeKmupoB8aHus.

CyTh MeTO/Ia 3aKJIFOYAETCS B TOM, YTO B MPOIIECCE MPOCKTUPO-
BaHMUS OOBEKT JETATU3UPYETCA O HEKOTOPHIX 3JIEMEHTapHBIX (ppar-
MEHTOB, Ha3bIBAEMbIX CTPYKTYpPHBIMH NpUMUTHBaMHU. KaxxIblii mpu-
MHUTHB UMEET CBOIO IMOBEJACHUYECKYIO MOJIEb.

B kadecTBe NMPUMHUTHBOB OOBIYHO BBHICTYHAIOT KOHCTPYKTHUBHO
3aKOHYEHHBIE PAIUOAJICKTPOHHbIE KOMIIOHEHTBHI, HANpuUMep WHTe-
IpaJibHbIe MHUKPOCXEMBbI WM (DYHKIIMOHAIBHBIC SYEHKH TOIOJIOTHU
KpHUCTaJljia KPEMHHUS.

[IpUMUTHBBEI U UX MOJIENI OOBEIUHSIOTCS B OMOIMOTEKH, KOTO-
phI€ TOCTYITHBI JIIOOOMY MPOSKTUPOBIIHUKY.

Pa3pabatpiBaeMblii OOBEKT MpEACTaBISICT COOOW HEKOTOPYIO
KOMOWHAIINIO CTaHAAPTHBIX MPUMHUTUBOB. ['eHepalus KOHKPETHOTO
BapUaHTA CTPYKTYPHI BBIMOJHIETCS HA 3aJJaHHOM Habope OubiImoTey-
HBIX IPUMUTHUBOB METOJIOM MPOO 1 OIIUOOK.

[Tonydyennoe pemieHue TpeOyeT MPOBEpPKH Ha pabOTOCIOCOO-
HOCTb ¥ COOTBETCTBUE TPEOOBAHUSAM TEXHHUYECKOTO 3a/TaHUSI.

C 9TO#l 1EeNbI0 CTPOUTCS CTPYKTypHash MOJENIb OOBEKTa Kak
KOMOWHAIMSA TIOBEACHUYCCKUX MOJCICH CTPYKTYPHBIX IPHUMHUTHBOB,
COCTABJISIFOIIUX OOBEKT.
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[IpuBnekaTenbHas CTOpOHA OMOIMOTEYHOTO METO/1a TPOCKTUPO-
BaHHS COCTOUT B TOM, YTO CTPYKTYPHBIC MPUMHUTHUBBI MOTYT IPHUHA/I-
JeXaTh Pa3IMYHBIM HEPAPXUUYECKUM YpPOBHSAM. briaromapst stomy,
3HAUYUTEJILHO TOBBIMIAETCS YPHEKTUBHOCTh MojaeaupoBaHus. [1oHsT-
HO, YTO IOBEJICHUYECCKHUE MOJIEIN JOJDKHBI BEChbMa TOYHO OTOOpPaKaTh
BPEMEHHBIC TTapaMeTPhbl IPUMHUTHUBA.

Tunoeoii cocmae npogheccuonanbHOU cucmemovl MOOETUPOBAHUS

TumnoBoii coctaB mpodhecCUOHATBLHON CUCTEMbI MOJACIUPOBAHUS
BKJIFOYAET B ceOs:

o ['paduyeckuili uIM TEKCTOBBIM sA3bIK ONUCAHUSL O00bEKMA
(A100), ¢ moMoIIBEI0 KOTOPOTO MOJIL30BATENb BBOJUT B CUCTEMY MO-
nenupyemMyro cxemy. Jlis COOBITUMHOTO MOACIMPOBAHUS HCXOTHOE
OMMCaHhe O0BEKTa OOBIYHO MPEJACTABISICTCS B TaOIW4YHOU (dopMme.
[IpoekTHpoBaHUE CXEMBbI BBITIOJHSETCS C HCIOJIB30BAHUEM 0a30BBIX
CTPYKTYPHBIX IPUMUTHBOB, Tpaduueckue u (YHKIMOHAIBHBIE OIU-
CaHUsI KOTOPBIX COJEPHKATCS B COOTBETCTBYIOIINX OUOIUOTEKAX.

o Tpanciamop AOO nipeoOpazyeT UCXOIHOE ONMKMCAHUE TTPOCKTA
B (popmat, IpUTOIHBIN JIJI1 MOJICTUPOBAHUSL.

e MojenupoBaHUE BBINOJHACTCS CHENUATIBHOM MNPOrPaMMON,
Ha3bIBAEMOU ynpasisowel npocpammon MoOeaupo8anus, Uil KOpoT-
KO — Mmooyramopom. Ha MonynsTop OOBIUHO BO3JIArarOTCsl CIEAYIO-
e QyHKINH:

- HavaJbHAasl MHUILMATU3AIUS MOJICIUPYEMOU CXEMBI;

- 3aJlaHie BPEMEHHBIX JUarpaMMm Ha BXOJaX CXEMbI (4acTo 3Ty
(YHKIMIO BBIMOJHSAET JpyTas mporpamma, Ha3blBaemas peaakTOpOM
BXOJIHBIX CUTHAJIOB);

- TPOJBUXKEHHE MOJEIBHOTO BpeMEHU Mo mnpuHuumy Dt wim
dz, a mpu MOJEIUPOBAHUN CMEIIAHHBIX (aHAJOTO-IIU(PPOBBIX) CXEM
UCIIOJIB3YIOTCSI OTHOBPEMEHHO 00a MPUHITUIIA;

- aBTOMAaTMYECKas WM MOIllaroBasi peajau3aius 3ariaHupOBaH-
HBIX 10JIb30BATEJIEM MOJICIbHBIX YKCIIEPUMEHTOB;

- TOJJIep)KaHUE Juaiora ¢ moJjib3oBaTesiaeM (3ampochl, AUArHO-
CTUUYECKHE COOOIIEHHUS, OITMOKH);

- HakoIuleHue u (ukcauus pe3yabTaTOB MOJIECIUPOBAHUS U
MpeJICTaBICHUE UX B KemaeMoi Gopme (OOBIYHO B BHUJIE€ BPEMEHHBIX
JarpamMM WM TaOIull).
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e Jlns BBIBOMA, HAOMIOACHUS U 00paOOTKH PE3yIbTaTOB MO/IEC-
JUPOBAHUS UCTIOJB3YETCS JApyras Mmporpamma, Ha3blBaeMas MOCTIPO-
1eccopoM MozenupoBaHus. Yacto oHM OOBEAUHSAIOTCA TOA OOIIHUM
Ha3BaHHWEM: HWHCTPYMCHTAJIBbHBIC cpeacTBa MojenupoBanus. Croma
MOTYT BXOJIUTh U HEKOTOPBIC APYrHUe MPOrpaMMBbl, HaIIpUMeEp, MEHE/I-
KEp HEpapXvuu, MEHEIKEp IPOEKTa, MporpaMma >3JIESKTPHUUYECKOTO
KOHTPOJISI CXEMBI, OMOIMOTEeKaph, OTJIATYUKH TOBEACHYCCKUX MOJIC-
JIe, MPOTrpaMMbl aBTOMATHYECKOW T'€HEpALMU MaKpOMOJIEJEU, IMPO-
IPaMMHBIE JIOTUYECKUE aHATU3ATOPHI U T.II.

CoBpemMmeHHbIe TpoMbIIeHHBIE CM HUMEIOT TakXke CpeACcTBa s
MIPOCKTUPOBAHHUS TTOBEJEHYECKUX MOJICNICH, BKIIFOYAIOIINE SA3bIKU JI0-
auueckoeo mooenuposarusi (S1JIM) u COOTBETCTBYIOIINE KOMNULAMO-
povt AJIM.

Nudopmanus o npoekte xpaHutcs B 0a3zax naHHbix CM, koTo-
pble pa3densioTCs Ha COpaBOYHbIE W padoure. Ympasistomas o0o-
nouka CM ocymiecTBIIIEeT BI30BEI HY)KHBIX IPOTPAMM H JeiaeT pabdo-
Ty C CUCTEMOU yIOOHOM JIJIsl MOJI30BATEIIS.

CoBpeMeHHasi CUCTEMa MOJEIMpPOBaHUS OOBEIUHSET B cebe
CpelcTBa:

® HHTEPAKTUBHOI'O BBOJIa CTPYKTYPHOM CXEMBbI MPOEKTHPYEMO-
T'0 WJIM UCCIEAYEMOT0 00BEKTa;

® ABTOMATHUYECKOT0 MOCTPOECHUS (F€HEepALH) €ro MOJIEIIH;

® HMHTEPAKTUBHOI'O BBOJA BPEMEHHBIX JUArpPaMM BXOJHBIX CHT-
HAJIOB, B TOM YHCJIC U HETIOCPEJACTBEHHO B rpaduueckoit popme;

® aBTOMATHYECKOI'O IMPOBEACHUS MMHUTAIIMOHHBIX JKCIICPHUMEH-
TOB C IIOCTPOECHHOM MOJEIIBIO;

® AaBTOMATH3UPOBAHHOW WJIM WHTEPAKTUBHOM 0OpaOOTKH pe-
3yJbTAaTOB MOICTUPOBAHUS.

OpHoit U3 camMbIX CIAOBIX CTOPOH MOJIEITUPOBAHUS SBIISCTCS HE-
BO3MOKHOCTh UMHUTHPOBATh pab0OTy OOBEKTa B pealbHOM MacIiTade
BPEMEHH, TO €CTh IMOAJACPKUBATH TEMII, C KOTOPHIM MPOTEKAIOT MPO-
IIECChI B MOACITHUPYEMOM OOBEKTE.

Hwuzkast 3phekTHBHOCT, MOJETUPOBAHUS BO MHOTOM OOBSCHS-
€TCSl HEBO3MOXXHOCTBIO aJICKBaTHO MOJCIIMPOBATh MapauieIbHO IMPO-
TEKaIOI1e MPOIECChl Ha OJHOIPOIIECCOPHBIX BBIYMCIUTEIBHBIX CHUC-
TeMax. Takue Npolecchl MPUXOAUTCS MOACIUPOBATH KBa3zuIapal-
JeIbHO, 00pabaThiBasi OHO 3a APYTUM OJHOBPEMEHHBIE COOBITHUS MPU
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OCTaHOBJICHHOM (3aMOPOKEHHOM) MOJEIbHOM BpemMeHHU. OHO OCTaeT-
csi PUKCUPOBAHHBIM JI0 T€X IMOP, MMOKa HE OyayT oOpaboTaHbl BCEe O-
HOBpPEMEHHBIE (KpaTHBIC) COOBITHS, MPUBSI3AHHBIE K TEKYIIEMY MO-
MEHTY BPEMEHH.

ITocne 3TOr0 MOMAEIBHOE BpEMs OMSTh OXKMBACT U HAYMHACT
JIBUTAThCS JAJIbIIE IaraMu paBHOU JiuHbI (ipuHuun Dt — nomaxkmo-
80e MoOdenuposaHue) W Npbiras HEPaBHOMEPHBIMU CKauKaMUu OT Te-
KyIero coObITUS 0 Ommkaiiiero Oyaymiero (nmpuHiun dz — cobwi-
MUIIHOE MOOeUpPoBanue).

st noBbitieHus 3G (HEKTUBHOCTH MOJEIUPOBAHUS HUCIOJIb3Y-
I0TCSI CJIEIYIOIINE METO/IbI:

® BBICOKOYPOBHEBOE MOJEIUPOBAHHUE;

MHororporueccopubie BC;

COOBITUIMHBIN MEXaHU3M ITPOJIBUKEHUS MOJICITHHOTO BPEMEHH;
MHOTOYPOBHEBOE MO/ICIUPOBAHUE;

METO/1 JIOKAJIbHOW JIeTaau3aliy IPOeKTa;

CETEBOE MOJICIUPOBAHUE;

® KOMNWISTHUBHBIN METOJ MOJICTUPOBAHUS (BMECTO UHTEpPIpE-
TUPYIOIIETO);

® anmnapaTHbIC aKCEIEPATOPhI (YCKOPUTEIN) MOJICITUPOBAHMUS.

11.3 A3bik onucaHusa annapatypbl VHDL

Beeoenue 6 VHDL

B cucremax CXeMOTEXHHMYECKOTO MOJCIUPOBAHUS OOJIBIIYIO
POJIb UTPAIOT CPEACTBA ONMUCAHUS aNNapaTyphl IS MOCIEIYIOIIETO €€
MO/JICITUPOBAHUS.

PacumiudpoBka ad6peBuarypei: VHDL (Vhsic Hardware
Description Language) — s3bIK onucaHus annapaTypbl Ha 0aze cBepx-
CKOPOCTHBIX MHTETPATIbLHBIX CXEM.

VHDL — 310 s3Ik OnrcaHus anmnaparypbl, KOTOPbIA TOLAEPHKH-
BACTCS B HACTOSILEE BpPEMSI MHOTMMH CHUCTEMAaMHU MOJICIMPOBAHUS,
takumu, kak GMVHDL, Active VHDL, Accolade Peak VHDL,
OrCAD wu np.

ITosinenne s3pika VHDL B ompeneneHHON CTENEHU MO3BOJISET
aBTOMATHU3UPOBAThH 3aJ1a4l MPOCKTUPOBAHUSA OT ONMMCAHUS AIITOPUTMA
(GYHKIIMOHUPOBAHUS CUCTEM JI0 pealii3allii KPUCTAIIIOB MUKPOCXEM.
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[Tpu 5TOM NOHSITHE CUHTE3 CIIEAYET ONpPENEIUTh Kak (pOpMaInu30BaH-
HBII MPOIECC MOCTPOCHUSI CXEMbl U3 HEKOTOPOro 3aJIaHHOTO Habopa
KOMIIOHEHTOB.

Hcmopua cozoanus azeika VHDL

VHDL - 310 He mepBbIi s13bIk onucanust annapatypsl (10A),
OHM U3BECTHBI JIABHO.

Onnum u3 niepBbix AOA 601 LOTIS — dpopmanibHbIii S3bIK, ONU-
CHIBAIOIIUI JIOTUUECKUE MEPEMEHHBIE U TUCKPETHBIE cXeMbl. OH pa3-
paboran lmnmu (IBM) B 1964 1.

3arem B TeueHue cemuueciaThix rogos B EBporne u CIIIA Obuio
pazpaborano mHoro AAOA, ux HacuuthiBajgoch 0osiee 200 — oTeuect-
BEHHBIX U 3apyOexHbIX. CambiMu u3BecTHbIMU sBisitorcss MOJINUC,
MOJINC-B78, Astokon, MILJI, OCC-2, ®OPOC, EPICURE, CDL,
DDL, ISPS, CONLAN, HILO, CASCADE, REGLAN wu np.

OnHako Bce OHM CTpajaid OAHUM HEAOCTATKOM — MOJAEIUPYS
GyYHKIMIO 00BbEKTa, OHU HE UMETU Pa3BUTHIX CPEJCTB JJISI OITMCAHUS U
KOHTPOJISI BPEMEHHBIX COOTHOIIIEHHH B IudpoBoii annapatype (LIA).

Oco0eHHO OCTPO ATO OILIYIIAIOCH MPU Pa3padOTKE CBEPXCKOPO-
ctHbix uHTerpanbHbix cxeM (VHSIC — Very High Speed Integrated
Circuits). Cxema npaBWJIbHO pabOTaeT Ha yMmMepeHHbIX dacTtoTax. Ho
Ha BBICOKMX YaCTOTaX CHHXPOHM3ALMM MOSBISAIOTCS cOOM, U paboTo-
cnocoOHocTh LY Hapymiaercs. MoaenrpoBaHreM Ha CYILECTBYIOIINX
70 CUX MHOp fA3bIKaX OOHAPYXHUThb 3THU MPEACIIbHBIE JISI annapaTypsl
4acTOTHI HE YAaBaJOCh.

Pa3pabotka si3pika VHDL Obuta ocyniecTBi€Ha HHCTUTYTOM
WHXKEHEPOB MO 3JiekTpoTexHuke u paauodniektponuke (IEEE) mon
¢buHaHcupoBaHueM BoeHHOro BegomcTBa CIIA.

B 1987 roga »TOT s3bIK OBLI MPUHAT B KauecTBE CTaHIapTa
ANSI/IEEE Std 1076-1987.

CranmapTbl HEOOXOAUMBI KaK JIJIi TOTO, YTOOBI YIydIIUTh 3(¢-
(EeKTUBHOCTh pa3pabOTKU MPOTrpaMMHBIX CPEACTB IMOCTABIIUKOB
CAIIP, Tak u 11 OCYILIECTBIIEHUS PEATBHOM BO3MOKHOCTH BHEIPE-
HUS COOOIIECTBOM IMOTPEOUTENICH MPOIECCOB ONMTHUMAIBLHOTO TMPOEK-
TUPOBAHUS IJIEKTPOHHBIX YCTPOMCTB.

DTO0 0COOEHHO BaKHO, TaK KaK OOJILIIMHCTBO II0JIb30BATCIICH
UMEIOT CMECh KOMMEPYECKHX MPOrpaMMHBIX MPOAYKTOB, KOTOPHIC
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JOJKHBI OBITh COBMECTHO MHTETPUPOBAHBI U 00PA30BHIBATH B3aUMO-
CBSI3aHHYIO LIETIOYKY.

BaxHO, 4TO WCMHOJIB30BaHWE CTAHAAPTHOIO S3bIKA IO3BOJISIET
KOMITAaHUY 3aIIUIIATh €€ NMPOCKTHBIE JaHHBIE IyTEM COXPAHECHUS UX B
HEMATCHTOBAHHOM CTaHAApTEe, B TO K€ BPEMsI HE aAalTUPYs UX MO/
ONPENEICHHOTO MoJb30BaTena. Ho Takxke BaXXHO U TO, YTO 3TO 3allv-
HIaeT BKJIaJbl KOMIIAHUU B 00y4Y€HHE U JIa€T BO3MOXKHOCTh MH)KECHE-
pam, 3HakoMbiM ¢ VHDL, ucnons30BaTh MHOTOYHUCIIEHHBIE IPO-
rPaMMHBIE MMPOJTYKTHI.

C ytBepxkaenuem ctangapta Ha VHDL nro6as paspadotka u g0-
KYMEHTHPOBAHHUE ammaparypbl U aaroputmMoB (GHYHKIIMOHUPOBAHUS
CHUCTEMBI JIOJDKHBI COIPOBOXKIAATHCS onucaHueM Ha s3bike VHDL, T.
e. VHDL-onucanue sBISIETCS HEOTHEMIIEMOM YaCThIO JIOKYMEHTAIUU
U JUIs pa3pa0oTyrKa, U JJIs 3aKa3yuKa.

MunuctepctBo o6oponsl CIIIA 00s13a510 CBOMX IMOCTaBIIUKOB
NMC npencraBisiTb B COCTaBE JIOKYMEHTAIIMM HAa HOBBIE HW3IECIUS
VHDL-moznenu u rectupyromue ux VHDL-BeKTOpBHI.

B CINA co3zmana VHDL Users Group, B EBpome — VHDL
FORUM - rpynmsl, KOTOpbIE 3aHUMAKOTCA BHEAPEHUEM ATOTO A3bIKA.
B osiBriem CCCP Takske cyiiecTBOBaJIa Mo 100Hasi acCOIaIUs.

Dynxkyuonanvuvie xapakmepucmuxu VHDL

OcHosHble PYHKYUOHANbHbIE XAPAKMEPUCTIUKU U BOZMONCHOCMU
VHDL:

e S3pik VHDL unmeer pa3BuTyro o0IIearOpUTMHUUYECKYI0 0asy,
3aMMCTBOBAHHYIO OT si3bIKa nporpammupoBanust PASCAL.

e OH COAEPKUT TIIATEIBLHO MPOPA0OTaHHBIE KOHCTPYKIUU IS
MOBEICHYECKOr0 ((PyHKIIMOHATBHOTO) U CTPYKTYpPHOTO IpejCTaBiie-
HUM, a TAKXKE CPEJICTBA ISl JOKYMEHTUPOBAHHUS ITPOCKTOB.

e DTO MHOTOYPOBHEBBIN SI3BIK, MOJJICPKUBAIOIIUN HUepapXuye-
CKOE€ IIPOEKTUPOBAHNUE — BBICOKOYPOBHEBBIE ONMKMCAHUS MOTYT KOMOU-
HUPOBATHCS C HU3KOYPOBHEBBIMH MPUHIUITHATBHBIMUA CXEMaMHU.

e OH sBns€TCS A3BIKOM alNapaTHOro onucaHus. JlaHHBIN S3bIK
JIa€T BO3MOKHOCTh OINKCHIBATh MPOEKT HA BEPXHEM ypOBHE aOCTpak-
1107058

e SI3pIk MMeEET cpeacTBa sl ONMKMCAHUS MPOTEKAIOMINX BO Bpe-
MEHH MPOIECCOB, ISl 33JJaHNs BPEMEHHBIX 3aJ€PKEK Ha JIEMEHTaX.
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e C ero nmomomip0 MOXHO ONKHCATh BPEMEHHBIC THarpaMMbl Ha
BXOJIaX MOJICIIMPYEMOM CXEMBI U B3aUMOJICUCTBUS MEXKIY OTACIbHbI-
MH YCTPOMCTBAMH YEPE3 CUCTEMHYIO LIVHY.

e [IpoexktupoBanue UGPOBON anmapaTypbl Ha APXUTEKTYPHOM
YPOBHE U OJTHOBPEMEHHOE OTOOpaKEHUE PE3YJbTaTOB HA KOMIIbIOTE-
pe.

e BHeceHue B IPOEKT CEPbE3HBIX U3MEHEHUN B MAJOM CTEIICHU
MOBJIMSIET HA €r0 CTOMMOCTh M CPOKH MOATOTOBKH ITPOU3BOJICTBA.

e 3pik VHDL mno3Bossier cHayaja co3JaTh aOCTPAKTHOE OIU-
canue (QyHKIUH, a 3aTeM (10 Mepe MpOopabOTKU MPOEKTA) OCYIIECTB-
JSATh UX JETAIU3AIMIO, BIUIOTH 10 TOTO MOMEHTA, KOT/1a JIJI1 HUX CTa-
HYT SICHBIMH CTPYKTYPHBIEC PEIICHHUS.

Cucmemvt mooenuposanus, noooepacusaroujue sazvik VHDL,
BKIIOYAIOM 8 Ce0s1.

- KoMnuiATop s3bika VHDL;

- OTJIQJYUK UCXOJHOTO KOJA;

- MHTEPAKTUBHYIO MOJICUCTEMY ITUPPOBOTO MOJICTUPOBAHUS.

e JIONMOMHUTENBHO, HEKOTOPHIE BKJIIOYAKOT CXEMHBIM PEJAKTOP
WM Nporpammy-apaisep unrerpauuu ¢ apyrumu CAIIP, nmerommmu
Takou penaktop. Hanmpumep, myis co3ganus NPUHIUITMAIBHON CXEMBbI
ucnosb3dyerca maker OrCAD, a cnenuanbHas nporpamma-apanBep
KOHBepTUpYeET rpaduueckoe onucanue B VHDL-koz.

Cpeocmea u cmpykmypa VHDL

B otnuume ot npyrux s3bIKOB OMUCAHUS M MOJCIUPOBAHUS arl-
napatypsl, 36k VHDL He HaBsi3biBaeT pa3paOOTUMKy KOHKPETHBIM
MeToA poekTupoBanus. OH BOJIEH BbIOpATh JIHOOOM CrIOCOO IPOEKTH-
POBaHUS C MCIOJb30BAHUEM KaK MOBEJACHYECKHX, TaK U CTPYKTYPHBIX
NpeACTaBICHUN KOMIIOHEHTOB, MOXHO NMPUMEHUTh KaK BOCXOJSIIEE,
TaK M HUCXOJIAIIEe MPOCKTUPOBAHKUE HIIM KOMOMHUPOBATH UX.

A) Cpeocmea 01151 MoOenuposarus 80 8peMeHU.

Baxxnedmmmu B anropuTMax MOJICIUPOBAHUS CUCTEM SIBIISIFOTCAL:

® UMUTAINS PEATBHOTO BPEMEHHU;

® UMHUTAlMS TapaJIeIbHBIX IPOIECCOB B OJHOIPOIIECCOPHOMN
Mo ienupyromein IBM.
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Jns oprannzanuu MouenupoBanuss BO BpeMeHu B VHDL mpu-
MEHSIETCS IPUHITUTT COOLIMULIH020 MOOeIUposaHus Kak Hanbosee (-
(EKTUBHBIN 1O OBICTPOICUCTBUIO.

OCHOBHBIE €r0 XapaKTEPUCTUKH:

® BpeMsl B MOJIECNIAX MPEICTABISACTCS JUCKPETHBIM U MOXKET 3a-
JaBaThCA B IMANa30HE HATYPAIbHBIX €IUHUI] BPEMEHU OT HAHOCEKYH-
Il J10 Yaca;

® IpUpAlICHUE BPEMEHU Ha KaXKOM IlIare MOoJCIMPOBaHUS;

® BeJIMUMHA TEPEMEHHas, paBHAasi MHTEPBAY BPEMEHH MEXKIY
JBYMsI MTOCTIEYIOINMU COOBITUSIMU (COOBITHEM B MOJIE/ISIX HA3bIBACT-
cs1 TI000€ U3MEHEHUE OJTHOTO U3 CUTHAJIOB B CXEME).

b) Paznoobpasue gpopm onucanusi 06vekma npoexkma.

K 3ameuarensHbiM cBoiictBam VHDL, mo3BoisioniuM HCIOIb-
30BaTh €ro I PEUICHUs 3aJad CUHTE3a M0 METOJO0JIOTUH HHUCXOJIS-
IIEro MPOEKTUPOBAHUSI, OTHOCUTCSI BO3MOXXHOCTh ONMUCAHUSI O0OBEKTa
MPOEKTA C PA3JIUYHON CTENIEHBIO AETaTU3alUU:

® Ha MOBEJCHYECKOM yPOBHE C MOMOIIBIO JIBYX (hOPM: MOTOKO-
BOW, MMUTHUPYIONIEH MOBEeJAEHUE OOBEKTa MPOEKTAa KakK IOCie/I0Ba-
TEIBHOCTh MPOXO0XKJICHUS MOTOKA JAHHBIX W CUTHAJIOB YIPABJICHUS,
POLIECCHOM, UMUTHUPYIOLIEH MOBEJACHUE 00BEKTa MPOEKTa KaK COBO-
KYIMHOCTh HE3aBHUCHUMBIX, HO CHHXPOHU3UPYEMBIX BO BPEMEHHU IIPO-
[IECCOB, OMPEACIAIONINX AITOPUTM (PYHKIIMOHUPOBAHMS;

® Ha CTPYKTYpPHOM YPOBHE€ UMHUTHUPYET OOBEKT MPOEKTA KaK CO-
BOKYITHOCTh KOMIIOHEHTOB CTPYKTYPbl U CBSI3€Ml MEXAY HUMH, MPH
TOM ISl OMIMCAHMSI KOMIIOHEHTOB MOJKET OBITh BbIOpaHa Jt00ast u3
MIePEUMCIICHHBIX (PopMm.

B) Onucanue oovexma npoexma ¢ VHDL.

[Tonnoe onmucanue VHDL-Monenu o6bekTa MpoeKkTa COCTOUT U3
TPEX 4aCTEMu:

1) onucanne unTepdeiica oobekta npoekra (ENTITY), Bkito-
gaporiee PORT (cmucku BXOOHBIX W BBIXOJHBIX CHTHAJIOB) U
GENERIC (cniucok 3ajiep:Kek NepeKIIOUeHUS U JPYTUX KOHCTAHT);

2) apxutektypa oOnekTa mpoekta (ARCHITECTURE), Bkito-
yarolias 00bABICHNE IEPEMEHHBIX U JIOMOJHUTENIBHBIX (BHYTPEHHUX )
CUTHAJIOB OOBEKTa MPOEKTAa M ONEPATOPHYIO YacCTh, OMHUCHIBAIONLYIO
OOBEKT MPOEKTa HA CTPYKTYPHOM HJIA MOBEJEHYECKOM YPOBHE.
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3) onucanue KOHGUTYpaILMH, 3aIa0IIEH MOAKIIOUeHUE OnOIHo-
TEKH MOJEJICH THUIIOB AJIEMEHTOB M BBIOOPKY MX B KaueCTBE KOMIIO-
HEHTOB CTPYKTYPbl 00BEKTa MPOEKTA.

1) Cucmemvr VHDL-cunmesa.

B cpene VHDL-cuHTe3a Bce MOJIen U CPEJICTBA JIOJAKHBI pado-
TaTh COBMECTHO. ClemoBaTeNbHO, cpela MPOEKTUPOBAHUSA, OCHOBAH-
Hast Ha VHDL, nomkxHa BKIIIOYaTh:

e noBeacHueckoe VHDL-onucanue npoektupyemoit J1C;

® METOJ U CPEACTBA JEKOMITO3UIMU MTOBEIEHYECKOrO ONUCAHUS
JIC (ompenensieTcss METOJ0M CHHTE3a M Ha0OPOM THIIOBBIX AJIEMEHTOB
anmnaparypsl);

e HaOOp MOBEACHUECKUX W/ WK CTpYKTypHbIX VHDL-onucanuit
KOMITOHEHTOB, COOTBETCTBYIOIIIUX THUIIOBBIM 3JIEMEHTAM allapaTyphl;

e mnpasuia BeiOOpa popmbl VHDL-onucanus KOMIOHEHTa IS
€ro amnmapaTypHON pean3aluu.

JIns yCnemHoro pemeHus 3a1a4 BbICOKOYPOBHEBOTO CUHTE3A C
MOCJEAYIOIIUM TMEPEX0I0M Ha 0oJiee HU3KHE YPOBHH C HCIIOJb30Ba-
HuemM VHDL-onucanuii (VHDL-cuHTE€3a) MOMXKHBI BBINOJHSITHCS
CHENYIOIINE TOIYILCHUSA:

® TCHEPUPYIOTCS CXEMbl, (PYHKIIMOHUPOBAHUE KOTOPBIX aJeK-
BaTtHO VHDL-onucanmsm;

e MHOroooOpasue HabopoB VHDL-onucanuii B OuOnnorexe
KOMIIOHEHTOB JJI1 Ka)KJOM almnapaTHOM pealin3aluyd COOTBETCTBYIO-
el pyHKIuu obecredynBaeT BHIOOP ONTUMAIBLHOIO BapyuaHTa 1o 3a-
JAHHOMY KPUTEPUIO CUHTE3a CXEMBI;

e noseneHueckoe VHDL-onucanue JIC, ciyxaiiee BX0JI0OM I
VHDL-cuHTE3a, OOBIYHO HE 3aBHCHT OT TCXHOJIOTMHM HM3TOTOBJICHHS
CUCTEMBbI, HO JJis1 3P(HEKTUBHBIX aNlapaTHBIX PEIICHUN CIEAYET Y4u-
THIBATh TEXHOJIOTHYECKYIO HHGOPMAIMIO KaK MOKHO paHbIIIE.

B HacTosiiee BpeMsi HauboJiee yCIeIIHbIM OKa3bIBACTCS MPUMeE-
HeHKe noBeneHuyecknx VHDL-Moaenen ajisi cuHTe3a yCTPOMCTB, TO-
CJIEIOBATEIIBHOCTh 00PAa0OTKH JAHHBIX B KOTOPBIX MOXKET OBITH CTPO-
ro CTPYKTypUPOBAaHA U MPEJCTABICHA B BUJIE CXEMbI aJrOPUTMA WUJIU
COOTBETCTBYIOIIETO MOTOKA CUTHAJIOB.

) O6zop CAIIP u cucmem MmoOOenupo8anusi, UCNOIb3YIOUIUX
azvik VAHDL u cucmemor VHDL-cunmesa:
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B HacTtosiiiee Bpemsi CymiecTByeT OOJBIIOE YKCIO MAaKEeTOB U
CHUCTEM IIPOCKTUPOBAHUS, cHonb3yromux VHDL.

OmHM U3 HHUX OTHOCATCS K NPOMBIIUJICHHBIM CHCTEMAM:
COMPASS, CADENCE, TANNER, SMASH, Mentor Graphics,
Cadence, Workview Office.

Jpyrue ucnonb3yroTces B chepe 00pazoBaHus (YHUBEPCUTETCKUE
cuctembl): ALLIANCE, AMICAL, VANTAGE, SYNOPSYS.

XapakTepHbIM 11 TAHHBIX CHUCTEM SIBISCTCA MPUMEHEHHUE MeE-
TOJOJOTUU HUCXOASIIETO MPOECKTUPOBAHHUS, UHTEPAKTUBHBIE CPEJICTBA
MOJICJIMPOBAHUSI C MHOTOOKOHHBIM pPEAaKTOpPOM, OOJbIION HabOp
YTUJIUT, OPUEHTUPOBAHHBIX HA TOAJCPIKKY KOJIJIEKTUBHOU paOOTHI.

Psn cucrem (mampumep, SYNOPSYS wnu cucrema XACT ains
pa3pabOTKU MPOrpaMMHUPYEMBIX JIOTHYECKUX MaTpull ¢pupMbl Xilinx)
MO3BOJISIIOT pa3paboTuuKy BeIOMpaTh, kpome VHDL, npyrue cpencrsa
OMMCaHMs anmnapaTrypsl, HanpuMep Verilog, CHHTaAKCUYECKO OCHOBOM
KOTOPOTrO siBjsieTcs a3bIk CHu.

OueBUAHO, YTO HU OAMH SI3BbIK ONMUCaHUA U(PPOBOI ammapary-
pbl, B TOM umuciie ¥ VHDL, HE MOXET NMOJHOCTHIO YAOBJIETBOPUTH
pa3paboT4YMKa B YaCTHU aJ€KBATHOTO CEMAHTHUYECKOIO OTOOpaKEHUS
NOBEICHYECKUMU MOJIEISAIMU AUCKPETHBIX cucTeM. [loatomy co3npa-
I0OTCSI CHCTEMBI, KOTOpbIE Ha 0a3e IMOAMHOXKECTB CPEACTB S3bIKa
VHDL npononHstoT U pacmupstoT (QyHKIIMOHAIbHBIE M CEMaHTHYE-
ckue BO3MOXKHOCTU VHDL-KOHCTpYKIMI B KOHKPETHBIX OO0JIACTSIX
MPOEKTUPOBAHUS.

Cuctema Silicon 1076 (CAIIP cnenuanuszupoBanusix BUC, pas-
pabaTbiBa€MbIX TI0 TPUHLUUIY MNapauIeIbHOTO MPOESKTUPOBAHMS)
BKJIFOYAET CPEAYy MHTEPAKTUBHOTO apXUTEKTYPHOrO CHHTE3a, I KO-
TOPOr0 UCXOAHBIM SIBJISIETCS MOJMHOKECTBO CPEJICTB MOBEICHUYECKHUX
VHDL-onucanuii. Cucrema MoaIep>KMBACT MHOTOLICIIEBOM CUHTE3A-
TOpP YPOBHSI PETHUCTPOBBIX IEpenad, CIEIUATN3UPOBAHHBIE CPEIICTBA
CUHTE3a 3a[IOMUHAIOIINX U apU(PMETUIECKUX YCTPOUCTB.

B kauecTBe 3aKIIOYEHHS MOXHO OTMETUTh, YTO IS PEUICHUS
3aa4 cuHTe3a ¢ npuMmeHeHueM si3pika VHDL B pamkax CAIIP HeoO-
XOJIUMO:

e co3IaHue OMOJMOTEKU MOJEJIEN MOBEICHUECKOrO0 THIIA IS
IPOEKTUPYEMBIX O0OBEKTOB B lieoM. Hampumep, ans mpoieccopa —
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3TO TOCJIEAOBATEIHLHOCTh MUKPOOIIEPALIMM 1T BBIMIOJHEHUSI KOMaH/
IPOIIECCOpa;

e co3JaHue OUOIUOTEKU MOJAEIEH KOMIIOHEHTOB, KOHCTPYKTHUB-
HBIX OJIOKOB pazpabaThiBaeMOro kiacca o0bekToB. Hampumep, s
cuHTe3a npoieccopa: AJIY, HaOOphl perucTpoB, CUCTUYUKHU, MYJIHTHUII-
JIEKCOPBI U T.11.;

e pa3paboTKa MpOLEAYphl CUHTE3a C YKAa3aHHEM CBSI3EH MEXIy
MOBEJICHYECKUMHU U CTPYKTYPHBIMU Mojaensmu. Hampumep, mis npo-
Iieccopa ImpoIieaypa CHHTe3a J0JKHA BKIIIOYATh U KPUTEPUU BBIOOpA
JUIMHBI CJIOBA, CIIOCOOOB OpPraHU3aIlii aJrOPUTMOB BBITIOJIHEHUS OT-
JIETFHOM KOMaH/Ibl, HAIIPUMEDP, YMHOKEHUS.
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12 NOAKIIACC CAINP - CUCTEMbI MATEMATUYECKOIO
MOLOEJINPOBAHUA (CAIMP MM)

12.1 BBeageHue B cuctemMmbl MaTeMaTuyeckoro
MoaenupoBaHus

Poct cioxHOCTH pelraeMbIx 3aa4d Mo 0ObEKTUBHBIM MPUYUHAM
BEJIET K CIOKHOCTH aJITOPUTMOB M WX PeaM3alliii Ha alropuTMHYe-
ckux si3pikax Cu, Ilackans, @oprpan u np. Em€ Oosbliiie BpemeHU
yXOJIUT Ha OTIAJKy KoJa. DTH MPUYUHBI NIpUBENIU K co3nanuto Cuc-
TeM aBTOMaTtH3upoBaHHOTO npoekTupoBanus (CAIIP), B koTophie 3a-
JIO’K€HBI HEKUE aTOPUTMBI.

Takue cucTembl MOSIBUIUCH JOCTATOYHO JABHO M OBUIM y3KO-
cnernanusupoBadHbiMi. Cpenn Marematudeckux CAIIP manGoub-
myto nonyispHocte npuoopenn MathCAD  (MathSoft Inc.),
Mathematica (Wolfram Research, Inc.), MATLAB (MathWorks Inc.),
Maple V (Waterloo Maple Inc.). MoxHO BbIIEINUTH TaKKe KJlacc Cre-
[IUATU3UPOBAHHBIX PEHICHUN 11 MOJICIHPOBAHUS JTUHAMHYECKUX
nporieccoB (DyMoLa, Dynast, Multisim, VisSim, MBTY, MVS,
Simulink).

IIpu ucnonb30BaHUU TOM WIIA UHOM IPOTPAMMBI, I10JIb30BATEIO
HY>KHO OMPENENUTh MOCIEI0BATEIbHOCTh MaTEMaTHYECKUX (YHKIIHHA,
KOTOPBIC JTOJDKHBI OBITh BRIYUCIICHBI MATEMATHICCKUMH SIAPAMH.

12.2 CTpyKTypa nporpaMmm MmaTeMaTmyiecKoro
MoaenupoBaHus

TunoBas cTpykTypa mporpaMMbl MaTeMaTHYECKOTO0 MOJIEIUPO-
BaHMsI BKJIFOUAET B CEOSI:

o ['paduueckuii maTepdeiic, OpUEHTUPOBAHHBIN Ha YEJIOBEKA U
OTBEUAIOIIUN 3a TPEJCTABICHUE MATEMaTHYECKON MOJIeTH B BUJIE,
MOHSTHOM IIMPOKOMY KPYTY CIEIHAIUCTOB. DTO MOTYT OBITh OJIOK-
CXEMBbI, CXeMbl (U3UYECKUE TPUHIUITNATbHBIC, THOPUAHBIE KapThl CO-
CTOSIHUH U TIP.

e CucreMy ymnpaBiieHHs: 0a30il TaHHBIX, OTBEUAIONIYIO 3a Xpa-
HEHHE OOBEKTOB COCTABJICHHOM IOJIb30BATEIEM MOJEIH, U Tpeodye-
MbIe TpaHCHOpPMAITUU CTPYKTYPHI €€ XPaHHUIIUIIIA.



61

e MaremMaTu4yeckoe AP0 — MOAYJIb, BBIITIOJHSIOMIMNA OCHOBHYO
BBIYMCIIUTENbHYIO Harpy3ky. OH o0ecrneunBaeT UCIOJIHEHUE TOTOKOB
MaTeMaTU4YeCKUX (PYHKIMHA COIVIACHO 3a/JIaHHOM Mporpamme, pyKoBO-
JCTBYSICh TOTOBHOCTBIO apIyMEHTOB M MPHOPUTETHOCTHIO MAaTEMATH-
YECKUX ONEpaIHM.

e CepBephl BU3yalU3allMd O0ECMEUMBAIOT HUHTEpPEc MExXITy
(GYHKIMOHUPYIOIUM MaTeMaTUYECKUM SIPOM M TOJIb30BATENIEM: OC-
qUIUIOrpagupyronme, NoOKa3bplBaIINe U HHAULUPYIOIIHE NPUOOPHI.

MonyneHas cTpykTypa
MOAE NHP Y IWWX
nporpaMM

MpadHYeckHi
HHTEEheRC

1

o)

i

-
bMaTemaTuueckoe
. e Iy

1

Cepeeptl
EM3YaIMIaLMK

M Online
EOZOEHACTEMA )

Puc. 1 — TunoBas cTpykTypa nporpammsl
MaTEeMaTU4YECKOI0 MOACIUPOBAHUS

12.3 N'pachbuyecknn uHTepcenc nporpamm
MaTeMaTU4yeCcKoro moaenmMpoBaHus

I'paduueckuii unTepdeiic — 3To camoe «ciaaboe MECTO» Mpo-
rpaMM MaTEMaTHYE€CKOTO MOACITHUPOBAHUS JUHAMUYECKUX CHCTEM.

[TormpoOyeM pa3zoOpatbCs ¢ TEM, YTO MOKET TOHUMATh PYyCCKOsI-
3BIYHBIN CHENUATUCT T0J] CKPOMHBIM AHTJIMHCKHUM TEPMHUHOM JHUa-
rpamMa (diagram), eciaum ¢ momomiblo Heé TpeOyeTcs TMpeaCcTaBUTH
OIMMCaHUE MOJIEIN CUCTEMBbI Ha TOM WJIM MHOM yPOBHE B rpad)UuecKoiu

dhopme:
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1. Bi1oK-cXeMbl WM OKOJIO JECATKa MMEHOBAHHBIX HAIlpaBIICH-
HBIX IpadoB.

2. CxeMbl (pU3HMYECKHUE MPUHIMIHAIBHBIE JJECKTPUUYSCKUX, Mar-
HUTHBIX, TCIJIOBBIX, THAPABINYECKUX, aKYCTHYCCKUX, MEXaHUYECKHX,
POTAIMOHHBIX U JIp. IeTNel MpeoOpa3oBaHUs YHEPTUH.

3. I'uOpuHble KapThl COCTOSIHUS WM UMIYJIbCHBIE MMOTOKOBBIC
rpadsl, rpadbl IEPEXOTHBIX COCTOSHUM.

4. I'padbl anrOpUTMOB MPOTPAMM.

5. CTpyKTypHBIE€ CXeMbl, (DYHKIIMOHAIBHBIC CXEMbI, MHEMOCXEMABI.

6. 1 maOTOE NIpYyTOE.

C 3agadeil KaueCTBEHHOTO OTOOPa)XE€HUsI BCEro IMEePEeUUCICHHO-
ro, B JIOOBIX MacIiTadax, Ha JIIOOBIX YCTPOMCTBaxX BBOJIa BHIBOAA, MO-
T'yT CIIPaBUTHCS JIMIIb PEIAKTOPHI BEKTOPHOU rpadukm.

12.4 KpaTtkuun o630p nporpamm CAINP MM

MATHCAD - npennaraer OoyibIIOd HA0Op BBICOKOKJIACCHBIX
WHCTPYMEHTOB JIJIsI PELLICHUS] M aHAJIU3a IUPOKOT0 CIEKTpa TEXHHUYE-
CKUX MpoOsieM. YIydllleHHbIE MaTEMaTUYECKHUE CIIOCOOHOCTH IMpo-
rpaMMbl U BO3MOXKHOCTH BU3yallM3allUM TO3BOJISIIOT OCYILECTBIISATH
caMbl€ CJIOHBIE pacueTbl U JIy4yll€ MOHSATh CyTh paccMaTpuBacMoOu
npobsemsl. [larentoBannas texunonorus IntelliMathTM aBromaTtusu-
pPYET pyTHHHBIC ONEpaIiy, YBEJIUYUBAsI TEM CaMbIM ITPOU3BOJAUTEb-
HOoCcTh. Mathcad Takxe IO3BOJIIET COCIUHSATH B OJHOM JIOKYMEHTE
TEeKCT, (popmyJsibl U TpaduKy, 4TOo OOJIeT4yaeT CO3JaHHUE TMOAIMUCEH K
pacueraM M UX WUIIOCTpauuio. bosjee Toro, «okuBoi» HHTEpGEUc
Mathcad aBTomaTnuecku OOHOBIISIET PE3YJIbTAThI, TO3BOJISISI OOONTHUCH
MUHUMaJIbHBIMU Tiepepacueramu. Eine oaHO yIoOCTBO 3TOM mpo-
rpaMMBbl — JIETKOCTb BBOJIa U TPOCMOTpPa YPaBHEHUM, B X0J1€ KOTOPBIX
UCIIOJIBb3YETCS CTaHJApTHAs MaTeMaTU4YecKas CUCTeMa 3amucH (BMe-
CTO TPOrpaMMHUpPOBaHUSA B KOMaHJIHOW cTpoke). Kpome »storo,
Mathcad no3Bossier co3naBaTh TOYHbIE TEXHUYECKUE TOKYMEHTHI, CO-
OTBETCTBYIOIINE BHYTPEHHUM M BHEIIHUM JIEJIOBBIM CTaHJapTaM, Ta-
kuM, kak 509000; Takue JOKYMEHTBI MOXHO JIETKO NE€pPeCciaTh, HHTET-
pUPOBATh, UCIIOIL30BaTh CHOBA U T.]I.

MATLAB — yHuBepcalibHasi cucTeMa JJisi aBTOMAaTU3aluyd Ma-
TEMAaTUYECKUX M HAYYHBIX PAacu€TOB, MOJACIUPOBAHUS CUCTEM yIIpaB-
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JeHUs. DTO TEXHHYECKas BBIYUCIUTEIbHAS cpeaa, OO0BEIUHSIONMAs
YUCJIOBBIC BBIYMCIICHUS, TTOCTPOCHUE TPapUKOB U MX BU3yaTU3AIUIO,
SI3BIK TIPOTPAMMMPOBAHUS BBICOKOTO YPOBHSA. 3aJayy MOCTPOCHUS aJl-
TOPUTMOB, aHajn3a rpauKoB, MOJICIUPOBAHUS JIETKO PEIIAIOTCS MPH
nmomomi MATLAB. I'mOkuii, nuamoroBeii MATLAB — sa3bIKk mo3BoO-
JSI€T BbIpaKaTh TEXHUYECKHUE HJECH IPOCTO U OJIHO3HA4YHO. OOmmp-
HbIC M MOIIHBLIC YHCJIOBBIC BBIYMCIUTEILHBIE METOAbI II03BOJISIOT
MIPOBEPATH U UCCIIEIOBATH AIbTEPHATUBHBIC UJICH JIETKO U OBICTPO.

MATHEMATICA - o0beawHsSeT BO3MOXXHOCTH aHAJIUTHYE-
CKUX W YHUCJICHHBIX BBIYMCJICHUN, BH3yalH3allMk M JIOKYMEHTHPOBA-
HUs B equHOM cpene. Mathematica momoraet 3gphekTuBHO paboTaTh ¢
MOMEHTA TOSIBIICHUS WJICH JI0 TTOJYUYCHHUSI OKOHYATEIIHbHOTO Pe3yJIbTa-
Ta.

Maple V kopnoparuu Maple Waterloo — npennasnauena ass
BBITIOJTHCHUS CJIOKHBIX aHAJIMTUYECKUX W YUCJICHHBIX PAcUeTOB IIH-
POKOTO KJlacca MareMaTudeckux 3anad. OHa umeeT Oojee AByX C Mo-
JIOBUHOM THICSY BCTPOEHHBIX (YHKIIMI, 00J1aJa€T Pa3BUTHIM S3BIKOM
IPOrpaMMHUPOBAHMS, TTO3BOJISIONIMM IT0IH30BATEIII0 CAMOMY PacCIIu-
PATH BO3MOXKHOCTH Maple V npu penrennn crienuaibHbIX 3a/1a4, mpe-
KPAacHBIMU TpapUUECKUMH CpEJICTBAMH W CpeACTBaMHU Ipodeccuo-
HaJIBLHOTO 0(OPMIICHUS BBITTOJTHEHHOMN paOOTHI.

B nipunoxkenuu Ne3 nipuBesieH 0030p HanOoJjee SpKOro npeacra-
BUTEJIS TAaHHBIX CHUCTEM MaTeMaTH4YEeCKOro MOJEIMPOBAHUS — MaKeTa
nporpamm MATLAB.
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13 OCHOBHbIE HATMPABJIEHUA U KPUTEPUA
PA3BUTUA CAINP

13.1 Kputepumn passutusa CAIP

Pa3zsutne CAIIP ocymiectBisieTcss 3a CY4ET MOCTOSSHHOTO COBEP-
IICHCTBOBAHMS TAKWUX XapaKTEPUCTHK, KaK: MpOrpaMMHOEe obecrieue-
HUE, OBICTPOJCHCTBUE, KaU€CTBO BBIBOJUMBIX MAaTEPHAIOB, OTHOIIIE-
HUE [IEHBI K TPOU3BOAUTEIBHOCTH U JIP.

CoBokynHocTh KpuTepueB pasButus CAIIP moxxHO pa3outh Ha
YEThIPE OCHOBHBIC IPYTIIIHI:

1) dbyHKUHMOHAIBHBIE KPUTEPUH;

2) TEXHOJIOTHUYECKUE KPUTEPUH;

3) 2KOHOMHYECKHUE KPUTECPUH;

4) aHTPOIOJIOTUUECKUE KPUTEPUH.

PaccmoTrpuMm nx 6osee moapoOHo.

1. @ynuxyuonanvuvie kpumepuu pazeumusi CAIIP.

OyHKIMOHATBHBIE KPUTEPUU XapaKTEPU3YIOT CHUCTEMY Ha CTa-
JIMU €€ DKCIUTyaTaluu.

K 4uciy OCHOBHBIX ()YHKIIMOHAIBHBIX KPUTEPHUEB Pa3BUTHUS
IPUHSATO OTHOCHUT:

o Kpumeputi oyeHku npou3eooumeibHOCmuy — MPOU3BOIUTEIb-
Hocte CAIIP 3aBucutr or 00beEMa 3HAHUN U HEOOXOIUMBIX JaHHBIX,
3QJI0’)KEHHBIX B cucTeMy. [loa 3HaHUSMM MOHUMAIOTCS MpaBUiia MPU-
HATHUS NPOCKTHBIX PEIICHUH M METOJAMKH pacuera YUCIOBBIX Mapa-
MeTpoB. [log TaHHBIMM MOHMMAIOTCS JTaHHBIE HOPMATHUBHO-CIIPABOY-
HOM MHGOpPMAILIMU U apXUBHbBIC JaHHbIC pa3pa00TaHHBIX paHEE MPOEK-
TOB.

o Kpumepuii oyenku ckopocmu oopabomku ungpopmayuu — 3TO
00bEM BBITIOJTHEHHOW MPOEKTHOW padOThl 3a €IUHUIYY BpeMeHu. B
JAHHOM CiIydyae OOBbEM BBITIOJTHEHHON paOOThI U3MEPSETCS B JIUCTAX
dbopmarta A4 (OyMakHbIe HOCUTENIM) WA B KOJM4YeCcTBE OallT uHop-
Malluy IpU NOCTPOCHUU MHPOPMAIMOHHOW MOJIENIA MPOEKTUPYEMOTO
TEXHUYECKOr0 00BEKTA WU MpoIlecca.

o Unugpopmayuonunviti kpumepuii 3¢hgpekmusnocmu CAIIP. ITOT
KPUTEPUIN SABJISIETCS aHAJIOTOM JHEpPreTUYecKoro kKoddduimenTta mo-
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JIC3HOTO JACHCTBUS U TPEICTABISACT COO0H yCpPEAHEHHOE OTHOIICHHE
o0beMa BBIXOJIHOM MHGOpPMALMKU K CYMMapHOMY OObeMY BXOJIHOW U
BbIXOAHOUM nH(popManu. O4eBUAHO, YTO CUCTEMA TEM COBEPIIECHHEE,
YEeM MEHBIIIE, TPU MPOYUX PABHBIX YCIOBHSX, B HEE€ HYKHO BBOJIUTH
JAHHBIX, YTOOBI MOJYYUTh HEOOXOAUMBIN TpoeKT. [IpenenbHpiM MHU-
HUMYMOM SIBJIIIOTCSI JTAaHHBIE TEXHUYECKOTO 3a/IaHUsl HAa MPOEKTUPO-
BAHUE U3JEIUS WU TEXHOJIOTHYECKOr0 MPoIiecca.

o Kpumeputi coemewieruss yHKUUOHAIbHBIX Onepayull — orpe-
JESIeT BO3MOKHOE KOJIMYECTBO OJJTHOBPEMEHHO BBIMOJIHAEMBIX HA OJ-
HO paboyeil cTaHIMU (PYHKIIMOHATIBHBIX ONEpallnil.

o Kpumepuu asmomamuzayuu. JJaHHBIA KPUTEPUN ONPEICIISAECT
CTEIIeHbh aBTOMATHU3alMK TpyAa. s nocTmkeHust BBICOKOTO Kod(pdu-
IMeHTa aBToMaTu3aiuu HeobOxoauMm oxBat B CAIIP makcumanbHO-
BO3MOKHOTO KOJMYECTBA MPOEKTHBIX OIEpalil ¢ MEePBOOUYEPEIHBIM
BKJIIOUCHHEM HanbOoJiee TPYJI0EMKHUX.

o Kpumeputi Henpepvl8HOCMU NPOYecca NPOeKMmupoBaHUsL.

CKBO3HOHM MPOLIECC KOHCTPYKTOPCKO-TEXHOJOTMYECKOTO MPOEK-
TUPOBAHUSL TPEPHIBACTCS] MO MHOTOYMCICHHBIM OpraHU3alMOHHO-
TEXHUYECKUM TMPUYMHAM. DTO CBSI3aHO KaK C MEPEXO0JIOM OT HEaBTO-
MAaTH3UPOBAHHBIX MPOEKTHBIX MPOLEIYp W ONEepaluii K aBTOMAaTU3H-
POBaHHBIM M HA0OOPOT, TaK U C MPOJOKEHUEM ITPOCKTHOTO MPOIIeC-
ca B JPYrux MOJApa3feieHUsIX U Aaxe npeanpusitusx. B pesynbrare
OOImM MUK Pa3pabOTKH KOHCTPYKTOPCKO-TEXHOJOTHYECKOM JTOKY-
MEHTAIlMd Ha HW3JCJIME CYIIECTBEHHO MPEBBIIIAET YUCTYIO TPYI0EM-
KOCTh IPOEKTUPOBAHUS HA BCEX ATalax.

Kpurepuii HenpepbIBHOCTH TIpoliecca MPOCKTUPOBAHUS TPE-
CTaBIISIET COOOM YCPEAHEHHOE OTHOIICHUE YUCTON TPYJIOEMKOCTU
MPOEKTUPOBAHUS K JJIUTEIBHOCTH Pa3pabOTKU MPOEKTAa OT Hayajaa g0
KOHIIA.

Texnonocuueckue kpumepuu pazeumus CAIIP.

TexHoMOTHUECKHNE KPUTEPUU CBSI3AHHBI C PA3BUTHUEM U aJlarTa-
el CHUCTEeM MPUMEHHUTEIHHO K KOHKPETHBIM IPOHM3BOJICTBEHHBIM
YCJIOBHSIM.

o Kpumepuui mpyooemxocmu pazpabomku CAIIP. Kpurepuii
PaBEH OTHOIICHUIO CyMMAapHON TPYJOEMKOCTU pa3pabOTKH M MOJro-
TOBKM K JKCIUTyaTallMl CUCTEMBI K TJIABHOMY ToKa3aTento ee dhdex-
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TUBHOCTH, B KA4E€CTBE KOTOPOI'O BBICTYNAET HATYpPAJIbHBIM WM WH-
dbopManMOHHBIN MOKa3aTellb NPou3BoaAUTENbHOCTU. Kpurepuii npea-
CTaBysieT coOOM yleNnbHYI TpyaoeMKocTh co3iaanuss CAIIP na eau-
HUITY TToayd9aeMoi 3()(PEKTUBHOCTH | SIBJIICTCS MOJOKHUTEIBHO OTpe-
JIEJICHHOW U MOHOTOHHO YOBIBAIOIIEH BO BPEMEHHU BEITMUUHOM.

o Kpumepuu mexnonocuyeckux eosmodxchocmet. Kpurepuii ot-
paxaet npoctoty pa3zpaborku CAIIP u moAroToBku ee K 3KCIUTyaTa-
IIMM Ha KOHKPETHOM IPEAIPUATHM.

Ixonomuueckue kpumepuu pazeumus CAIIP.

DKOHOMUYECKAN KPUTEPUN PA3BUTHS PABEH CTOMMOCTH IOJIO-
KUTEITHLHOTO A(PeKTa aBTOMATU3AIMU POCKTUPOBAHUSA K BEIUYMHE
IIPOM3BEJICHHBIX 3aTpaT. B KauecTBe IKOHOMUYECKOTO KPUTEPHSI TTPH-
HSTO MCIIOJIb30BaTh BEJINYHUHY T'OJIOBOTO SKOHOMHYECKOT0 3PeKTa oT
ucnosb3oBanus CAIIP.

Kpumepuii speconomuunocmu.

OpProHOMUYHOCTh — 3TO CBOMCTBO CHCTEMBI YE€JIOBEK-MallllHA
U3MEHSTh CBOIO A(D(PEKTUBHOCTH B 3aBUCUMOCTU OT CTETIEHU UCTOJIb-
30BaHUsI BO3MOKHOCTEN YETI0BEKa-0NepaTopa.

[Tockonbky CAIIP sBnsieTcsi 4€NOBEKO-MAIIMHHOW CHUCTEMOM,
BOXXHOCTh ATOT0 KpUTEpHsl Bo3pacTaeT. Kpurepuii sproHoMUYHOCTH
CAIIP paBeH OTHONIEHUIO peanu3yeMol 3(PEHEKTUBHOCTH CUCTEMBbI
YeJI0BEK-MallliHa K MAaKCUMAaJIbHO BO3MOKHOU 3(P(PEKTHUBHOCTH ITOM
CUCTEMBI.

Kputepuii 3proHoOMUYHOCTH MOKHO TPEACTABUTH Kak K03 Pu-
[MEHT MOJIE3HOTO JICMCTBUS YEIOBEKA B CHCTEME YEJIOBEK-MAIIIMHA.

13.2 HanpaBneHusa passutusa CAIP

Hcxonst w3 BBIJEICHHBIX KPUTEPHUEB M ONMHPAsICh Ha 0030p co-
BpeMeHHBIX TakeToB mporpamMm CAIIP, wacTe w3 HMX mpuBeIcHa B
HACTOAIIEM Y4eOHOM ITOCOOMH, MOXKHO CHOPMYIHUPOBATH HECKOIBKO
OCHOBHBIX HAIPABJIICHUH MAIBHEHIIIETO Pa3BUTHS CHUCTEM aBTOMATH-
3MPOBAHHOTO MPOCKTUPOBAHMS:

® TIepexoj OT aBTOMATH3allUH MMPOCKTUPOBAHMS OTISIBHBIX pa-
OOT WJIM 3TanmoB K MHTETPHPOBAHHBIM CHCTEMaM, OOCCIICUMBAOIIUM
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LEJOCTHYIO aBTOMATH3aLUI0 Pa0OT Ha MPOTSAKEHUU BCETO KU3HEHHO-
ro HKJIa IPOCKTUPYEMOT0 OOBEKTa/IPEANIPUITHUS;

® MepexoJl OT TEXHUKO-DKOHOMHYECKOTO OOOCHOBaHUSA M 3C-
KU3HOT'O TPOEKTUPOBAHHUS O aBTOMATU3ALMK YIIPABICHUS YKE CIPO-
€KTUPOBAHHOT'O U MOCTPOEHHOTO MPEANPUATHUS;

® epexoj OT aBTOMATH3allUM OTIENIbHBIX PabOYMX MECT K aB-
TOMAaTU3allMM B MacliTabax BCEro MPOEKTa W MPEANpUSITUS U K pac-
OpEACIEHHOMY MPOEKTUPOBAHUIO U MOJEIUPOBAHUIO, TO €CTh K CO-
IJIACOBAaHHON OJTHOBPEMEHHOM pa3pabOTKE MPOEKTa COUCIIOTHUTEIIS-
MU Pa3IMYHBIX (UPM, KOTOPHIE MOTYT HaXOIAUTHCA B Pa3HBIX YaCTAX
3€MHOTI0 111apa;

® UCIOJIb30BAHUE OOBEKTHOW TEXHOJIOTUH U BO3MOXKHOCTEH
Internet B CAIIP.

[IpuBeneM HekoTOpbie NporHo3bl pazButust CAIIP:

e B o0nactu npuKIagHOTO MPOrpaMMHOI0 OO0ECTICYEHHUS JTallb-
Helflee pa3BUTHE OYJIET CBSI3AHHO C HCIOJb30BAHUEM TEXHOJIOTUHU
<Plug. Play>. D10 o3HayaeT, 4TO MPUKIAJAHBIE MPOrpaMMbl OYyIyT
NpEJCTaBIATh CO00M Kak Obl HAOOp BJIEMEHTApPHBIX KUPIUYUKOB-
NPWIOKEHUM, KOTOpbIE Oylarogapsi CTPOTOMY COOJIOJICHHIO BCEX
CTaHAApTOB U MPOTPAMMHBIX UHTEP(DENCOB OYayT JIETKO COCTHIKOBBI-
BaThCS M B3aUMOJICHCTBOBATH JIPYT C IPYTOM U U3 KOTOPBIX KOHEUHBIM
[0JIb30BaTENIb CMOXKET COOMPATH IIEJIOCTHBIE CUCTEMBI C HEOOXOMH-
MBIM €My Ha00poM (yHKITUH.

e B o0nactu XpaHeHHs W yIpaBiIeHUS TAHHBIMUA MPOU3OUAET
nepexoa oT pensiuoHHbIX CYBJ[ Kk OOBEKTHBIM WU OOBEKTHO-
pensiumonHbiM CYBJ[ 1 noctyny k uHpOpManuu ¢ UCMOJIb30BAHUEM
cetelt Internet/Intranet u Web-texHomnorumu.

e Pa3BuTue OOBEKTHOM TEXHOJIOTMU MO3BOJSET CO3/1aBaTh HE
IPOCTO TPEXMEPHYIO F€OMETPUYECKYH) MOJIENb MPOEKTa, HO U MO-
JIeJb, JIEMEHTHI KOTOPOU 00JaaloT ONPEeNEIEHHBIM «UHTEIIIEKTOM
U MOJEIUPYIOT MOBEICHUE COOTBETCTBYIOIIUX OOBEKTOB PEATBHOTO
MUpa.

e [lepexon Kk e1MHON KOMIUIEKCHOW CUCTEME TPOECKTUPOBAHUS —
CAIIP, criocoOHBIX BBIMOJHATH Pa0OTHI HAa BCEX 3Tamnax >KMU3HEHHOIO
UKJIa 00BEKTOB. DTO MEPEXO OT CO3/IaHUs UHCTPYMEHTOB MPOEKTH-
pOBaHUS ISl UHAUBUIYAIbHBIX KOMIIBIOTEPOB K CO3JaHUIO CHCTEM
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MH()OPMALIMOHHOTO yIPaBJICHUA W MPUHATUS PEIICHUN Ha MPOTSKe-
HUHW BCETO )KU3HCHHOTO ITUKJIA TTPEAITPUATHA.

e B CAIIP Oynmer ocTaBathCsi aKTyallbHbIM TpeOOBaHHE K CO-
BMECTHMOCTH C YK€ CYIIECTBYIOIIMMU CUCTEMaMHM, TaK KaK HUKTO HE
XOUYEeT YTPATUTh TO, YTO YK€ HapabOTaHO, U HUKTO HE XOUET HAUYMHATh
C YUCTOTO JINCTA UIIN «U300peTaTh BEIOCUTIEI.

[Ipu pa3paboTke HOBBIX CHUCTEM HEOOXOJMMO YUYWUTHIBATH Clie-
OYIOLIME 3aMeYaHus:

® BHOBB pa3pabaTbiBaeMasi CUCTEMa JIOJHKHA 001a7aTh, B CpaB-
HEHUU C CYIIECTBYIOIIMMH aHAJIOTaMU, CYIIIECTBEHHO HOBBIMU MOTPE-
OUTEIbCKUMH CBOMCTBAMH, MPUBJICKATEILHOCTh KOTOPBIX MOOYXKaana
OBl MOJIb30BATEIICH BHEAPSTH €€ /1JI 3aMEHBI YK€ OCBOCHHBIX;

® HOBas cUCTeMa JIOJKHA 001aAaTh 0oJiee HU3KUMU 3aTpaTaMu
Ha JKCIUTyaTaluio, a TAKKEe Ha COMPOBOXKICHUE U PA3BUTHE, KOTOPHIE
OKynayu Obl pacXOJbl HA €€ MPUOOPETEHUE U BHEJIPEHUE.

13.3 Kputepumn Boioopa CAIP

[Ipu BBIOOpE METOJIOB U CPEJCTB KOHCTPYHUPOBAHUS, MOMHMO
IPUBEJCHHBIX BbIIIIE KpUTEpUEB U HanpaBiieHul pa3sutusi CAIIP, He-
00XOIMMO TaKX€ YUUTHIBATh:

® HOBHU3HY U CIIO)KHOCTb KOHCTPYKTMBHOI'O MCITOJHEHUS pas3pa-
0aThIBAEMOTO U3JICJIHS U €0 CBOMCTB;

® HaJIMYME UCXOHBIX HAYYHO-TEXHUUECKUX PEIICHUM 10 pa3pada-
ThIBAEMOMY OOBEKTY, €r0 KOMIIOHEHTaM, MaTeprajiaM M X CBOMCTBAM;

® BJIMSHHUE BHIOMPAEMBIX METOJOB KOHCTPYMPOBAHHUS Ha Kaue-
CTBO BBINIOJIHSIEMBIX palOT, B MEPBYIO OYEPEb — HA MPOU3BOAUTENb-
HOCTh TPyJla KOHCTPYKTOpA, MOJHOTY M TOYHOCTH IOJy4a€MBbIX pe-
3yJIbTATOB.

Jlst npaBuiibHOTO BhIOOpa CAIIP HEOOXO0IMMO OPUEHTHPOBATH-
Csl Ha CJIEAYIOIIUE KPUTEPUU:

e CAIIP pomxkHa aBTOMAaTU3UpOBaTH padboTy. MHCTpyMEHTHI
CAIIP nomxHBI SKOHOMUTH Ballle BpeMmsi, 00eClieYuBaTh MPOTYKTHUB-
HOCTb ¥ HE IPOTUBOPEUHUTH TPAAUIIMOHHOMY ITPOECKTUPOBAHUIO.

o CAIIP nmomkHa ObITh HamexHOW. He ciemayer 3a0biBaTh, 4TO
JAHHBIC, XpAHAIIAECS B JIEKTPOHHON (hopMe, HEAOCTYIHBI JIsl IPSIMO-
ro yTeHus (A7s AOCTyNa K HAUM KaK MUHHMYM HY>KHbI KOMITBIOTEP H
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cnenuanbHas nporpamma). [loromy, mokymas cucremy ¢ HeCTaHIApT-
HbIM (popMaToM XpaHeHUs] HHPOPMAIH, Bbl COBEPIIIAECTE OLINOKY .

e [Ipocrora poctyma mnosb3oBarenss k CAIIP. Peamusyercs
OJIMHAKOBBIMU CPEJICTBAMHM OMHUCAHHUS TMPOCKTUPYEMOTIO0 OOBEKTa,
OpPUCHTUPOBAHHBIMU HAa KOHKPETHOTO MOJIL30BaTENsl, U YHUBEPCAIb-
HBIM MaTE€MaTUYECKUM O0ECIEeUeHHEM, TPAHCIUPYIOIIUM 3TO OMHUCa-
HHE B COOTBETCTBYIOIIYIO MPOTPAMMHYI0 MOJieb. Takke HeoO0Xoau-
MO YJIeJIUTh BHUMAaHUE BO3MOKHOCTH HEMOCPEACTBEHHOTO oOpaiiie-
HUS TI0JIB30BaTENIsl K IPOTrpaMMHO-WH(OPMAIIMOHHBIM CpEICTBAM
CAIIP, T.e. BO3BMOXXHOCTH OINEPAaTUBHOI'O BBOJA TAHHBIX U OTOOpa)ke-
HUS pe3yJIbTaTOB MPOECKTUPOBAHMUSI.

o CAIIP nmomxkHa ObITh gocTynmHOW. Ecmm mocie mNOKymKu
CAIIP BBl HE CMOXKETE MPONUTH HEOOXOJUMOr0 OOyUYECHUS WM HE Ha
BBICOTE OKAXKETCS TEXHHYECKasl MOJJIEpKKa, HOpMaJbHas paboTa Jto-
oot CAIIP (nmaxxe camoii JJerkoi U1 yMHOM) MaJIOBEpOSITHA.

e CAIIP nomxHa ObITh OTKpHITON. Ecnu cuctemy Henb3si Ha-
CTPOUTDH WJIU J0paboTaTh MO Ballld MOTPEOHOCTH, BHIOOP TaKO# CHC-
TE€MbI — OIIUOKA.

e CAIIP pomxna umers namsaTb. He crout mokynate CAIIP,
KOTOpasi MeHsieT (popMaThl TaHHBIX U HE TMOJIJICP)KUBAET CBOU CTaphie
dbopmatel MO0 MEHSIET OJHO MAaTEMATHUYECKOE SJIpO Ha JPYroe, 3TO
MPU3HAK HEHAJIC)KHOCTU CUCTEMBI.

o CAIIP pomxna ObITh nonroBeyHo#. [TomHUTE, UTO, MOKyMNas
CAIIP, Bl BhIOHMpaeTe ee Bcepbe3 M Hanoiaro. HopmanbHbld X0 pa-
00T M CTaOWUJIbHOE KAa4eCTBO CIIOCOOHA TapaHTHUPOBATH JIUIIb JIOJITO-
BEUHas cucTeMa (He3aBUCHUMO OT KOJIMYECTBA BHIITYCKAEMbIX BEPCUH U
OOHOBJIEHUI).

o CAIIP nomxna ObITh yHUBEpcanbHOU. boittece CAIIP, koTo-
pas «cama B ce0e», TaKe e€Clid OHA M yCTpauBaeT Bac M0 (PyHKIIMOHA-
ay. IlogymaiiTe 0 cCMEXHUKAX W MacCIITaOUPyeMOCTH CUCTeMbl. Ecim
CMEKHHMKaM OyeT Tshkeiao oOpabaThiBaTh Baily WHGOpPMAIUIO, €Clu
CO BPEMEHEM Bbl HE CMOXKETE YBEJIMYUTH MOIIb CUCTEMbI HJIM PACIIN-
PUTH KPYT pEIIaeMbIX 33/1a4, TO TAKYI0 CUCTEMY MOXHO CUHTAaTh «O/I-
HOJHEBKON»: OyAYIIIEro y HEE HET.

e CAIIP nomxua ObITh cTaOmiIpHOW. CHcTeMa HE MOJDKHA I10-
CTOSTHHO MEHSITh OCHOBHBIC MPUHITUIIBI pa0oThl. Pabota B CAIIP 310
o0blYal W CBOJIbI TMPaBW, U MO3TOMY TOJBKO TMOCTOSIHCTBO CTHJIA
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CAITIP no3BosuT BaM BOBpEMS M KAYECTBEHHO BBITIOJIHUTDH 00s3aTeNb-
CTBa IO MIPOEKTY.

o CAIIP nmomxna oxkynate cebsi. Ecau mpemnaraemyro CAIIP
MYYUTEIBHO TPYJIHO OCBaMBaTh, €CJIU €€ HEBO3MOXHO MPUMEHUTH 0€3
JOTIOJTHUTEIBHBIX 3aTpaT, U OHA HE MPUHOCUT 0KHUIAEMOI0 Pe3yJIbTa-
Ta, mokymnarb Takyro CAIIP HeT cMmbIcia.

e HeoOxonumo ynenuth BHUMaHue U «OoTKpbiTocTU» CAIIP.
Ecnu npupercs pa3pabarbiBaTh YTO-TO CHEHUAIBHOE MMOJI YHUKAIb-
HYIO0 U HETIOBTOPUMYIO 3aJa4y, ri1aBHOE, YTOObI (PUPMBbI U KOMITAHUHU
— pazpadoturiku 11O cMoOrim caMOCTOSITEIbHO HAMUCATh 3aKa3aHHbIC
Bamu npuioxeHusa. Kcrartu, B atoil o6nactu y AutoCAD HeT KOHKY-
peHToB: odunmansHas noaaepkka Microsoft Visual C++, Autodesk
AutoLISP, Microsoft VBA (Basic), Bo3amoxkHa nopajaepxkka Delphi,
Borland C u apyrux

e CAIIP pgomxkHa ObITh MacITAOMPyEeMOM, TO €CTh UMETh BO3-
MOXHOCTb pocta. Xopomas CAIIP y1oBIeTBOPUT JIFOOOH «KOIIETEK.
OHa 1O3BOJIUT BaM Ha4yaTh C «MAJIOTO PELICHHS» U CO BPEMEHEM pac-
IIUPUTH CUCTEMY JI0 KEJIAEMOI0 YPOBHS.

o CAIIP nomxHa ObITh HaMOOJIEE YHUBEPCAILHON — YHUBEPCATIb-
HOCTb OIPEAEISIETCS CTENEHBIO YHUBEPCATHLHOCTH MPOrpaMM IO OTHO-
HICHUIO K IPOCKTHBIM 33/1a4aM. IJTO MO3BOJISIET PEIIaTh ¢ MOMOIIBIO O-
HUX U TEX K€ MPOrPAMMHBIX CPEJCTB ITMPOKUM KPYT MPOEKTHBIX 3aau.

e CAIIP nmomxHa MMETh BO3MOXXHOCTH aJalTallid K YCIOBUAM
IIPOEKTUPOBAaHUs. AJANITUPYEMOCTh, B OTJIMYHUE OT YHUBEPCAIBHOCTH,
IpeAnoJaraeT IIaBHbBIM 00pa3oM BO3MOKHOCTb BKIIFOUEHHSI B CUCTE-
MY HOBBIX MPOTPaMMHBIX CPEACTB MJisI pabOThl C HEMNPEIyCMOTPEH-
HBIMHU U3MEHEHUSIMU CPEIbI TPOEKTUPOBAHUA.

e (Oco0oe BHMMaHUE HEOOXOJIMMO YACIHUTh CPEICTBAM CBSI3U
CAIIP ¢ npowuszBoactBoM. lIpn aBTOMAaTU3UPOBAHHOM MHPOU3BOIACTBE
oO0szaTenpHol juisi CAIIP sBnsiercss mocTaBka yHpaBsIONIUX MPO-
rpamMMm Uit craHoyHoro napka ¢ UIIY u aBromatoB koHTposd. s
TPaJUIIMOHHBIX PYy4YHBIX ciocoOoB npousBojictBa CAIIP nomkna mo-
CTaBJISITh TEKCTOBYIO U IrpaMyeCKylr0 KOHCTPYKTOPCKYIO JIOKYMEHTa-
A0 U ONIMCAaHUSI TEXHOJIOTHYECKUX MTPOLECCOB.

o Jlokymenrtarusi o CAIIP (yueOHUKHM, pyKOBOJCTBA) JOJKHA
OBITH JIETKOJAOCTYITHOM.
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NMPUNOXEHUE 1. OB30OP CUCTEM CAIP NN

P-CAD

Cucrema P-CAD npenna3zHaueHa [ TPOEKTHPOBAHUS MHOTO-
cioiHbiX nedyaTHbIX 1IaT (I111) BRIUKUCIUTENBHBIX U PATUOIIEKTPOH-
HBIX YCTPOMCTB.

P-CAD sBnsieTcsi HHTETPUPOBAHHBIM HAOOPOM CIEIUATU3UPO-
BaHHBIX MPOrPAMMHBIX MAKETOB, pabOTAIOIIUX B JUAJTOTOBOM PEXKHU-
Me. CpencTBa CUCTEMBI MO3BOJISIIOT MPOEKTUPOBATH MPUHIIMITUATIEHbBIC
JNEKTPUYECKUE CXEMbI, NEYaTHbIE IUIaThl (B TOM YHCIE U MHOIO-
CJIOMHBIE), @ TAKXKE MOJIy4yaTh BCIO HEOOXOJIUMYIO KOHCTPYKTOPCKYIO
JOKYMEHTALIHIO.

P-CAD BBINOJHSET MOJHBIA UK OPOCKTUPOBAHUS MEYATHBIX
J1aT, BKJIIOYAONIMNA B ce0s rpaduyeckuii BBOJ CXEM, YIIAKOBKY CXe-
MBI Ha MEYATHYIO IJIaTy, PyYHOE pa3MEIleHUE KOMIIOHEHTOB, PYYHYIO,
WHTEPAKTUBHYIO W/WJIM aBTOMAaTHUYECKYIO0 TPACCUPOBKY MPOBOIHUKOB,
KOHTPOJIb OIIMOOK B CXE€ME€ M MEeYaTHOM IIaTe U BBIMTYCK JTOKYMEHTa-

onn.
CrpykrypHas cxema cucrembl P-CAD

P-CAD
Schematic

v

Quick  |q+  p.cAD PCB
Route
A

Shape Based <
«——

Library
Executive

Baza nanHbIx

Route

o e Tpaucnatop <
—P CCT - P-CAD

SPECCTRA
Tpaucnatop
» P-CAD - GCT +

PRO Routa

Puc. 1.1 — Crpykrypa cucremsl npoekruposanusi P-CAD

B cucmemy 6xo00am cnedyrwoujue nakemaoi:
e [lakeT s MPOEKTUPOBAHUS MPUHUUIHAIBHBIX 3JIEKTpUYE-

CKMX CXE€M M CO3JIaHusi 00pa30B PaJHOIIECKTPOHHBIX KOMIIOHEHTOB
(P-CAD Schematic).
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e [IporpaMMmbl HU3BJIICYEHHS CIMCKA DIJIEKTPUUECKUX CBA3EU W3
rpadudyeckoro obpasa MPUHIMIIMAILHOM JJIEKTPUUYECKONM CXeMbl. B
pe3yabpTare co3naeTcs Tabania COeTMHECHHM.

e [IporpamMmma oObeAMHEHHUS B3aMMOCBS3aHHBIX TaOJIMI] COEIU-
HEHHI, HAXOASIIUMXCA B Pa3IMUHbIX 0azax, B €IUHYIO0 0a3zy JaHHBIX
BCEl mpuHUUNUaIbHOU 3nekTpuueckor cxemsl (P-CAD Library Ex-
ecutive).

e IIporpamma npeoOpa3zoBaHusi TEKCTOBOTO (haitiia OMOIMOTEKH
UCIIOJB3YIOIIUXCSI B CXEME KOMIIOHEHTOB B JBOHMYHYIO OHMOIHMOTEKY
OMMUCaHUSI KOMIIOHEHTOB.

e [IporpaMma ynmakoBKM BEHTHJIEH Ha KPUCTAILIAX MUKPOCXEM
U TIOJICOCIMHEHNE KOHCTPYKTHBA, €CJIU 3TO HEOOXOUMO. DTOT MaKeT
peanu3yeT 3aJayy KOMIIOHOBKM KOHCTPYKTMBHOIO MOIYJs, TO €CTh
pacupeneseHue MEKTPUYECKON MTPUHIMIIMAIBHOU CXEMBI 110 KOPIy-
caM UHTETPAIbHBIX MUKPOCXEM.

e [IporpaMmma aBTOMATHYECKOrO WM PYYHOTO pPa3MEIICHUS
KOMIIOHEHTOB IO TOJI0 KOHCTPpYKTHBA. OCHOBHBIM KPUTEPUEM pa3-
MEILEHUS SIBJISIETCA MUHUMYM CPEJIHEH IJIMHBbI CUTHAIBHBIX COEJIUHE-
Hui. OOecrieynBaeT penieHue 3ajlayd TPACCUPOBKU CHUTHAJBHBIX CO-
eauHenuii. /lokazano, uro Haubosee 3pHEKTUBHBIM KPUTEPUEM SIBIISI-
€TCA KPUTEPU PAaBHOMEPHOTO Pa3MENIECHHS AJIEMEHTOB C TOUKH 3pe-
HUS JJIMHBl CUTHAJbHBIX COCIMHEHWWA MO MOJIK0 KOHCTPYKTHBA, TO
€CTh HE JIOJHKHO OBITh OYE€Hb KOPOTKUX W OUYCHb JJIMHHBIX CBS3EH.
[Ipy HWcCnoNb30BaHWU KPUTEPUST MHUHUMH3ALMMU JJIIUHBI CUTHAIBHBIX
COCIMHEHUH MOJIy4aroTcsi 00JaCTH C OUYE€Hb BBICOKOM IJIOTHOCTBIO CO-
CAUHECHUI U OCYIIECTBUTH PAa3BOJIKY COCIUHEHUN B ITUX 00JacCTAX
OYEHb TPYJHO, IO3ITOMY HCIOJIB3YETCSI KPUTEPU PABHOMEPHOTO pa3-
Mmetienus (P-CAD PCB).

e [Iporpamma KOppEKUUU NPUHUUIIHAAIBHON JICKTPUUYECKOU
CXEMbI C YYETOM BO3MO>KHBIX U3MEHEHUHN B pe3yJibTare padoThl Mpo-
rpaMMbl pa3MeEIICHHUS.

e [IporpaMma aBTOMaTU4ECKOM TPACCUPOBKHU MEYATHBIX IUIAT C
HACTPOMKOM cTpaTeruu npouecca tpaccupoBku. [Iporpamma peanuszo-
BaHa Ha OCHOBE BOJHOBOro ajroputma (aaroputma JIu), eciu BO3-
MOXHOCTb €€ MPOBEAECHUS B IPUHLMIE CcyllecTBYeT. Maes anropurma
COCTOUT B TOM, YTO HayaJbHOW TOYKOW pacmpeieciCHUs BOJHBI SIBJISI-
€TCS KOHTAKT UCTOYHMKA. [IepBbiii PPOHT BOJIHBI PACHPOCTPAHSIETCS
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Ha OJIHY €IMHUIY THCKPEThl KOMMYTAaIMOHHOrO mois. MctouHnkom
BTOpOTO (hpOHTA SIBISETCS KaxKJas Mpeablaylas AUCKpeTa U Tak Ja-
jee, ToKa He JIOWJIET 0 TOYKM MpUEeMHHUKa (BOJHA MOXKET pacrpo-
CTPaHATHCS TOJIBKO BEPTUKAIBHO WM FOPU30HTANIbHO). Koraa uncio-
Bas BOJIHA IMOCTPOEHA, TO HAYMHAETCS IMPOLECC MOCTPOEHUS TPACCHI,
KOTOpasi CTPOUTCSl B 0OpaTHOM HampasieHuu. [Ipu sToM kaxxaas mo-
CIEAYyIOIAas AUMCKPETa KOMMYTAMOHHOTO TOJIS NOJKHA UMETh BEC Ha
CAUHUIY MEHbIIE MPEbIAYyIIe, YTOObl 00ECIeUYnTh MUHUMAJIBHYIO
JUIMHY CUTHAJbHBIX COE€NUHECHUH. Ecin CylmecTByeT BO3MOKHOCTH
BBIOOpA M3 MPOBOJHUKOB OJAMHAKOBOM IIJIMHBI, TO BBIOUpAETCS MPO-
BOJITHUK C MEHBIIIUM YUCJIOM HM3TMOOB, TO €CTh C MEHBIITUM KOJUYECT-
BOM MEXKCIIOWHBIX MEPEXOAO0B, TAK KaK KOJIUYECTBO MEXKCIONHBIX IIE-
pexooB onpeaensier Haae:kHOCTh MoayJist (P-CAD Autorouters).

e lHTennekTyalbHbIN IpaduuecKuid peakTop MevYaTHbIX MIaT.

e BepudukaTop TOMOJOTHUY MEYATHOHN IJIATHl HA COOTBETCTBHUE
KOHCTPYKTHUBHBIM TEXHOJIOTUYECKUM TPEOOBAHUSIM.

Kpome sTtux mporpamm, B CUCTEMY MOTYT BKIIFOYAThCS MAKETHI
(YHKIIMOHAIBHO-JIOTUYECKOTO  MOJICIUPOBaHUS  MPUHIIUITUAIBHBIX
AJIEKTPUUYECKHX CXeM. B cucreMe Takke MpelyCMOTPEHA BO3MOXK-
HOCTh TIOJTy4eHUs (PaitioB 1Jisd BBIBOJIa YEPTEKEH Ha TUIOTTEPHI WIIM Ha
IIOCTIPOLIECCOPHI 11 CTAHKOB C YHWCJIOBBIM IIPOTPAMMHBIM YIIPABJIC-
HUEM.

P-CAD Schematic u P-CAD PCB — cooTBeTcTBEHHO rpaduye-
CKME PENAKTOPBI NMPUHUUNUAIBHBIX JJIEKTpudeckux cxem u III1. Pe-
JAKTOPbI UMEIOT CUCTEMBbI BCIUIBIBAIOIMX MEHIO B cTriie Windows, a
HanboJiee 4acTo MPUMEHSIEMbIM KOMaHaM Ha3HAYEHbl TUKTOTPaAaMMBI.
B mocTaBisieMbIx BMECTE€ C CHCTEMOW OUOJIHUOTEKaxX 3apybediCHbix
uugpposvix UMC.

Penaktop P-CAD PCB moxkeT 3amyckarbCsd aBTOHOMHO U IIO-
3BOJISIET Pa3MECTUTh MOAYJIb Ha BBIOPAHHOM MOHTa)XHO-KOMMYTa-
IAOHHOM II0JI€ U MPOBOAUTH PYYHYIO, ITOJyaBTOMAaTUYECKYIO0 U aBTO-
MAaTHYECKYI TpaccupoBKy IpoBOAHUKOB. Eciu P-CAD PCB BrbI3bI-
Baercss u3 pepakropa P-CAD Schematic, To asmomamuuecku co-
CTaBJIIETCS CIUCOK coeauHeHui cxeMbl U Ha moJie [l mepenocsTes
nU300pakeHusl KOPIyCOB KOMIIOHEHTOB C YKa3aHUEM JIMHUHN AJIEKTPH-
YECKHUX COCAMHEHUN MEXK]y UX BBIBOJaMHU. DTa ONepalus Ha3bIBACTCS
YIAKOBKOHW CXe€Mbl HA MMEYATHYK ILIATY. 3aT€M BbIUYEPUHMBACTCS
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koHTyp IIII, Ha HEM pa3MemarTCs KOMIIOHEHTHI U, HAKOHEL, MPOU3-
BOJIUTCSI TPACCUPOBKA MPOBOJHUKOB.

[Tpumenenue mpudtoB True Type mo3BosisieT UCIIONIB30BaTh Ha
cxeme u 111 Hapnmucu Ha PyCCKOM SA3BIKE.

ABTOTPacCCHPOBIIMKH BBI3bIBAIOTCS U3 YIPaBJIAIONIEH 000J1049-
ku P-CAD PCB, rae u npou3BOaUTCA HACTPOMKA CTPATETUM TPACCH-
poBku. MHpopmaiio 00 0COOEHHOCTAX TPACCUPOBKHU OTIEIbHBIX 1I€-
el MOXHO C TTOMOIIBIO CTaHAAPTHBIX aTpUOyTOB BBECTH Ha dTarax
co3AaHus npuHUunuaibHor cxemsl wid I1I1. IlepBbiit TpaccupoBIIUK
QuickRoute oTHOCHTCS K TpacCHpOBIIUKAM JIAOUPUHTHOTO THUIIA U
IpeaHa3HayeH [y TpaccupoBku npocrermux [II1. Bropoit aBToma-
trnueckui TpaccupoBik PRO Route tpaccupyer I1I1 ¢ yncnom cur-
HaJbHbIX cioeB 110 32. TpaccupoBmuk Shape-Based Autorouter —
oeccetounas nporpamma aBrorpaccupoBku I1I1. TIporpamma npeana-
3HAYCHA Ui aBTOMATUYECKOW PA3BOJKH MHOTOCIOWHBIX MEYATHBIX
miaT ¢ BBICOKOW IUIOTHOCTBIO pa3MeIleHUs J1eMeHTOB. D¢ deKTuBHA
MIPY NOBEPXHOCTHOM MOHTAKE€ KOPIYCOB 3JIEMEHTOB, BHIITOJTHCHHBIX B
Pa3IMYHBIX CHCTEMAaX KOOpAWMHAT. MIMeeTcs BO3MOXHOCTh pa3Melle-
HUSI IPOBOJHUKOB MO/ PA3JIMYHBIMU YTJIAMU HA PA3HBIX CIIOSX IJIATHI,
ONTHUMU3AIUM UX JJIUHBI U YHCJIa IEPEXOIHBIX OTBEPCTH.

Document Toolbox — nononuurensHas onuust P-CAD PCB u
P-CAD Schematic nmsa pazmenienus Ha yeprexax cxeM v [1I1 paz-
JUYHBIX AUarpaMM M TaOJull, COCTaBJICHUS PA3JIMYHBIX CIIUCKOB U OT-
YETOB, KOTOPBIE JIWHAMUYECKH OOHOBJISIIOTCSI, TAOJIMI] CBEPJIOBKH,
JAHHBIX O CTPYKTYpE IUIAaThl, TEXHOJIOTUYECKOW U yuyeTHOU MH(pOpMa-
[IAH, PA3MEIICHUS Ha YEPTEKAX CXEM CIHCKOB COCIUHECHUI, BHIBOJOB
MOJKIIOUCHUS TUTAHUS W Jpyroil TekctoBod wuHdopmanuu. IIpo-
rpaMma NOpeJHa3HA4YeHa Uil PACIIMPEHUS BO3MOXXHOCTEM BBIITYCKA
TEXHUYECKOW JOKYMEHTALUU 6e3 UCHONb308AHUSl UePMENHCHbIX Npo-
epamm muna AutoCAD. Document Toolbox mo3BomnsieT aBTOMaTH-
3UpOBATh CO3/IJaHUE KOHCTPYKTOPCKON JOKYMEHTAIMH, HEOOXOIuMOMN
JUI TPOM3BOCTBA NMpoeKkTupyembix I1I1.

SPECCTRA — nporpamMma py4HOroO, MOJyaBTOMAaTHYECKOTO M
aBTOMAaTUYECKOTO PA3MELICHUS KOMIIOHEHTOB M TPACCHUPOBKU IIPO-
BoJHUKOB. Tpaccupyet I1I1 60ib1110# CIOKHOCTH C YUCIIOM CJIOEB J0
256. B mporpamMMme HCHOJB3YE€TCS TaK Ha3biBaeMmasi OecceTouHas
Shape-Based — TexHOJIOTHS TPaCCUPOBKH. 3a CYET ATOrO MOBBIIIACT-
cst appexkTuBHOCTH TpaccupoBku I1I1 ¢ BBICOKOM MIOTHOCTHIO pa3Me-
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IICHUSI KOMIIOHEHTOB, a TaK)Ke 00eCTIeUnBaETCs TPACCUPOBKA OJHOU U
TOW K€ WEemU Tpaccamyd pa3auyHou wmupuHbl. [Iporpamma
SPECCTRA umeer monyns AutoPlace, mpenHa3HayeHHBIN 11U aB-
TOMATUYECKOro pa3menieHus KomnoHneHToB Ha [1I1. Bei3oB mporpam-
MBI MPOU3BOAUTCS ABTOHOMHO M3 cpeabl Windows Win u3 mporpam-
Mbl P-CAD PCB.

P-CAD Library Executive — meHemxep oubnuorex. Mumezpu-
posannvle oubnuomexku P-CAD conepxat kak epaguueckyro nadop-
MAIMI0 O CUMBOJIAX W TUIIOBBIX KOpITycaX KOMIIOHEHTOB, TaK U MeK-
cmogyro uHGopMaIuio (4UCIIO CEKIUM B KOPIYce KOMIIOHEHTa, HOME-
pa 1 UMEHA BBIBOJIOB, KOJIbI JOTMYECKON SKBUBAICHTHOCTH BHIBOJOB U
T.1.). [Iporpamma nmeer BcTpoeHHble Moayiu: Symbol Editor . as
CO3/IaHUA W PENAKTUPOBAHUS CHUMBOJIOB KOMIIOHEHTOB u Pattern
Editor . 15 co3nanus v peJaKTUPOBAHUS MTOCAJOYHOTO MECTa U KOp-
IyCca KOMIIOHEHTA. Y TAKOBKA BEHTWJIEH KOMIIOHECHTA, BEJICHUE U KOH-
TpoJib OMONMOTEK ocyuiecTBIsAOTCS MoxayjieMm Library Executive.
Mopynb uMeeT cpeacTBa NpocMOTpa OUOIMOTEUHBIX (PaiiIoB, MOUCKA
KOMITOHEHTOB, CUMBOJIOB M KOPIYCOB KOMIIOHEHTOB IO BCEM BO3-
MOYHBIM aTpuOyTaM.

BcnoMorarenibHble yTHIAMTBI, oOpasyromue uHTepdeiic DBX
(Data Base Exchange), B yacTHOCTH, NPOU3BOIAT MEPEHYMEPALIUIO
KOMIIOHEHTOB, CO3/Ial0T OTYETHI B TpeOyeMoM (dopmaTe, aBToMaTuye-
CKM CO3/1al0T KOMIIOHEHTHI, BBIBOJIbI KOTOPBIX PACIIOJIOKEHBI HA OK-
PY>KHOCTH WJIM OOpa3yrT MAacCHB, PACCUUTHIBAIOT Mapa3uTHBIC Mapa-
meTpsl [T u T.11.

Ocnosnble xapakmepucmuku cucTemsl npoektupoanns P-CAD
PUBEICHBI HUXKE.

Obwue xapakmepucmuku:

e 32-pa3psajaHas 0a3a JJaHHBIX;

e pazpemaromias crnocooHocts P-CAD PCB u apyrux mpo-
rpamm paBHa 0,001 mm;

e 10 100 OTKPBITBIX OJHOBPEMEHHO OMOIMOTEK;

YHCJIO KOMIIOHEHTOB B OJJTHOM OMOJIMOTEKE — HE OrPaHUYCHO;
10 64 000 3IEKTPUUECKUX LIENEN B OJJHOM MPOEKTE;

10 10 000 BEIBOJOB B OJHOM KOMIIOHEHTE;

10 5000 cekiuii (BeHTUIIEH) B OJJTHOM KOMITOHEHTE;

10 2000 cuMBOJIOB B aTpuOyTe KOMIIOHEHTA;
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e 710 2000 CHMBOJIOB B TEKCTOBOM CTPOKE;

e 510 20 CHMBOJIOB B MIMCHHU BBIBOJIa, MMCHH IICTIH, IMO3UIIHOH-
HOM OO0O3HAa4YeHWHU BBIBOJIA (TIPOOEINBI, 3HAKU TAOYJAIMH, TOYKH U
CKOOKH HE JIOIyCKaIoTCs);

e 110 16 CHUMBOJIOB B UMEHH THIIa KOMIIOHEHTA (ITpoOEIIbI U 3HA-
KU TaOyJISIUU HE TOIYCKaKOTCs);

e ;10 30 CUMBOJIOB B MO3WIIMOHHOM O0O3HAYCHWH KOMIIOHEHTA
(1BO€TOUME, PoOEIIbl, 3HAKK TaOyJISIIIUU, TOUKA U TOUYKA C 3aISTON HE
JIOTTyCKAIOTCs);

e 10 8 CHMBOJIOB B UMEHH (paiisia (B TOM YHUCJIE U TIpU padoTe B
cpeae Windows);

® MHOTOIIArOBBIM «OTKAaT» BIeped W Hazaa. [lo ymMmosganuro
KOJIMYECTBO 3alIOMHUHAEMBIX IIIarOB YCTaHOBJICHO paBHbIM 10, HO 3Ty
BEIIMUMHY MOXKHO IIPH HEOOXOAUMOCTH M3MEHHUTH, PEAAKTUPYS (aiin
KoH(purypamuu *.ini.

e MuUHUMaIBHBIN mar cetku 0,1 mil B aHTIMICKON cuUCcTEME U
0,001 mm B MeTpuueckoun cucreme (1 mil = 0,001 groma = 0,0254
MM, 1 MM = 40 mil). CucteMy enrHUIT MOKHO U3MEHATH B JIF000i1 (a-
3¢ IIPOEKTA.

I paguueckui  peoakmop npunyunuaivHvlx cxem P-CAD
Schematic:

e 710 99 TUCTOB CXEM B OJIHOM MPOEKTE, MAKCUMAJIbHBIN pazMep
aucta 60 x 60 110MMOB;

® [OJJIEPKKA CTaHIAPTHBIX (opmMaToB JUCTOB OT A 110 E, AO-
A4 u 1p. bopmaros;

® JIMCKPETHOCTH yTJIa MOBOPOTa KOMITIOHEHTa 90°;

e paboraet yrwiura ERC mjist npocMoTpa U COPTUPOBKU OIIIH-
OOK B IPUHIIUITUAIIBHBIX CXEMaX;

e tniepekpectHbie cBs3u Mexay P-CAD Schematic u P-CAD
PCB 103BoJSIOT 1711 BEIOpaHHOM Ha cxeMe 1enu BbicBeTUTh Ha [1I1
COOTBETCTBYIOIIUM €i1 TPOBOAHUK U HA00OPOT;

® BO3MOXKHa Tepefaya JAHHBIX B MPOrpaMMy MOJICIUPOBAHUS
Dr. Spice A/D.
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I'paguueckuii pedakmop nevamuwvix niam P-CAD PCB:

e 510 99 cnoes B III1, u3 Hux 11 cioeB npeaBapUTENBLHO Ompe-
JIEJIEHBI;

e wmakcumalnbHbIi pazmep 111 60 x 60 nroKMoB;

® ABTOMATHYECKAs KOPPEKUUS NPUHUUMHAIBHBIX CXEM IO H3-
MEHCHHUSAM B TEYAaTHOW IUIaTe€ W HA0O0OPOT (KOppEeKIus «Ha3zaay H
«BIIEPEN»);

e 710 64 000 TUIIOB KOHTAKTHBIX IIOMIA/I0K B IPOEKTE;

e 1mupuHa npoBoaHuka Ha [1I1 1o 10 mm;

e 510 64 000 cTUsIel CTEKOB KOHTAKTHBIX IJIOMIA0K B TPOEKTE;

® KOHTAKTHBIC TUIOMIAIKA PA3IUYHBIX (OPM: SJUIUIC, OBal,
MPSIMOYTOJIbHUK, CKPYTJICHHBIN MPSMOYTOJIbHUK, CKBO3HOE IEpexoj-
HOE OTBEpPCTHE, MEPEKPECThe s CcBepiieHus (target), HEMOCPEACT-
BEHHOE COEJIMHEHUE, TEIJIOBOM Oapbep ¢ 2 Win 4 nepeMbIuYKaMu;

® KOHTPOJIb COOIIOICHHUS 3a30POB U MOJIHOTHI pa3Boaku I111;

® MUHUMAJBHBIA JUCKPET yIJIa MOBOPOTAa TEKCTa W rpaduue-
ckux o0bekToB . 0,1 rpax;

e TMOJepKKa ynpasistomux (daitnos gorormnorrepoB Gerber u
cBepaIIbHBIX cTaHkoB ¢ UITY tuna Excellon.

HNuTepdeiic nmoab3oBareis

['paduueckue penakropsl P-CAD nMeroT noxoxue nuutepdeico
U CHCTEMBbI MEHIO KOMaHJ, OOIIME CBEACHUS O KOTOPBIX M3JararoTcs
HIDKE.

Ha puc. 1.2 npeacrtaBieH »KkpaH TpaduyuecKOro peaaKTopa
P-CAD Schematic.

I'opu3oHTanbHas MaHeab UHCTPYMEHTOB COJIEPKUT IMHUKTOIPaM-
MBI CUCMEMHBIX KOMAHO, a BEPTUKAIIbHAS MAHEb — KOMAHObL pazme-
uieHus1 00bLEKTOB Ha pabo4eM I10JI€ IKpaHa.

B none paboueco oxna pacmosiaraloT CUMBOJIbI MPUHIMITHAb-
HBIX CXEM U COOCTBEHHO CXEMbI, COCTaBJIECHHbBIE U3 CUMBOJIOB, DJICK-
TPUYECKUX COCIUHECHUH, IITUH U T.II.

Bropas ctpoka cHU3y Ha dKpaHEe — CTPOKa CO0OWeHU.

Camasi HWKHSSI CTPOKA — CMPOKA COCMOAHUU. 3HAYCHUS TOJIEH
CTPOKHU COCTOSIHUS ITEPEUNCIIIOTCS] HUXKE.
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Puc. 1.2 — PaGouunii skpan P-CAD Schematic

Koopounamer X u Y. Uucna B MOJAX YKa3bIBAIOT TEKYIIHE KOOP-
IUHATBHl Kypcopa. Ilepemenienue Kypcopa B 3aJlaHHYIO MOJIb30BaTe-
JEM TOYKY MPOU3BOAMUTCS CIEAyromMM oOpa3om. Eciu akTuBU3MpoO-
BaH pexXuM BblOOpa oObekTa (komanna Edit/Select), To nHaxaTue kia-
Bulin J nepenaer ynpasieHue oo X. Ha knaBuarype MOXHO Ha-
OpaTh 3HaUE€HHME KOOpAMHATHI X, 3aTeM Haxath kiasuiny Tab, Ha-
OpaTh 3HAYEHHUE KOOPAMHATHI Y U Ha)kaTh KiaBuiny Enter. B pe3yib-
TaTe yKa3aHHBIX JEUCTBUUA KypCOp MEPEMECTUTCA B 3aJaHHYIO TOUKY.
Ecau BeiOpana onHa U3 KoMaHa pasmenieHus Place, To MoxxHO yka-
3aHHBIMU BBIIIIE OTIEPAIUIMHU PA3MECTUTh OOBEKT B 3aJJaHHYIO TOUKY.

3nauenua kKoopounam BBOISIT B muiax (mil), MuummMeTpax
(mm) wnu B mroiimax (inch). Beibop cuctemsl enuHHI] M3MEpPEHUS
IPOU3BOAUTCS MPH BbIOJHEHUM KoMaH bl Options/Configure/Units.
Ecnu koopnHaTHl TOYKH 3a7aHbl B mil, TO TOYHOCTH . OJIMH JECITHY-
HBIN 3HAK, a €CJIM B MM — TPH JCCATUYHBIX 3HAKa MOCJIE 3aMsITOM.

Knonku nepexntouenus muna cemxku ABS u Bel. AGcontoTHas
cetka ABS nMeeT Hauasio KOOpIMHAT B HUYKHEM JIEBOM YTy pabouen
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oOnactu skpana. OtHocuTenbHas cetka Rel mmeer Hauano koopauHat
B TOYKE, yKa3zaHHOW noJib3oBareneMm. Cerka Rel Bxirowaercss B ToMm
ciaydae, eciimi B OKHe KomaHnbl Options/Grids akTuBeH pexum
Prompt for Origin. 3HaueHHEe mIara CeTKM YCTAaHABIMBACTCS MPH
HaXaTUW Ha KHOMKY @blfopa (CTpelika), HaXOIAIIyOCs ClpaBa OT IO-
JIs 1ara ceTku. A HaOop IIaroB CeTOK ycraHaBiuBaercs B nojie Grid
Spacing nocye BbeloaHeHus: koManael Options/Grids.

[Ipu akTHBU3aLMKU KHONIKM 3aRUCU Makpokomano M (nim kna-
BUIlIM M) HayMHAETCs 3alKiCh BO BPEMEHHbIN (haill BCEX BBIMIOJHSEC-
MbIX KoMmaH[. [loBTOpHOE HaxkaTve KHONKM M (i kiaBumu M)
npekpaiiaet 3anuck (daitna ¢ umenem _default.mac. ItoT daiin goc-
TYIICH TOJIbKO B TEUCHUE MEK)YUje20 Ceanca.

[Tons Tekymiero umenu cxemsvl ¥ KHOIKA BbIOOpA UMEHU JiUC-
ma OTpaXXaroT YCTAaHOBKHU, MPOBeICHHbIC IO KoMaHAe Options/Sheets
B 3akiianke Sheets. Bce IMCTBI CXeMBI OTHOTO MTPOEKTa COAEPKATCS B
onHOM (paitne ¢ pacmmupenuem .sch. JlobaBiaeHWe JTUCTOB B MPOEKT
ocymiectBisiercs komanaoit Options/Sheets/ Sheets/Add.

[lona wupuna runuu M 66100p WUPUHLL TUHUYU TyOTUPYIOT KO-
Manay Options/CurrentLine. /[ 1o6aBieHuss B CIMCOK HOBOHM TOJ-
HIMHBI JUHUM HEOOXO0UMO IIeTKHYTh 1o KHonke Line Width u BBecTn
HOBOE€ 3HAYEHUE TOJNIIUHBI JIUHUU. Tun auHuy yCTAaHABIUBAETCS KOMaH-
noit Options/ Current Line B o6actu Style 1raioroBoro okHa.

B cTpoke coobuienuit (cnpaBa OT KHOIIKM BbIOOpA ITUPUHBI JIH-
HUI) oToOpaXkaeTcs ciaeayroas mexyuas nHhopMaIus:

® THUII, TO3UIIMOHHOE 0003HAUEHUE WIIK 00I1lee KOJTUYECTBO BbI-
OpaHHBIX 00OBEKTOB;

® 3HAYEHMS NPUPALICHUM IO OCAM X U Y MPU NEPEMELICHUU
BBIOpaHHBIX OOBEKTOB;

® UM BEIOpAHHOM IICTIH;

® PACCTOSIHUE MEXY BBIOpAHHBIMH TOUKAMH U UX MPOEKIIUU Ha
ocu X 1 Y npu BeinojHeHun komauasl Edit/Measure.

Komanab1 0030pa

Komanasl 0630pa pabouero okHa CrpyniupoBaHbl B MEHIO View
U U3MEHSIOT BHUJ, MaciTad M300pakeHUsI 00bEKTa U €ro IMOJIOKCHHE
B IIpejiesiax pabovero OKHa.
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Komanga View/Redraw rniepeuepynBaceT 3KpaH C LEJIbIO yaaje-
HUS «CJEA0BY», OCTABIIUXCSA MMOCJE PEIAKTUPOBAHUS U300paKEHHUS.

Komanna View/Extent maciitaOupyer u3o0pakeHUE Tak, 4TO
Ha DKpaH BBIBOASTCS BCE BBEACHHBIC HA JAHHBIA MOMEHT (h)parMeHTHI
IPOEKTA.

Komanna View/Last BbIBOOUT Ipenplayliiee H300paKeHUEe K-
paHa.

Komanga View/All BEIBOOUT Ha 3KpaH BCE COACPKUMOE AKTHB-
HOI'0 OKHO BMECTE C PaMKOW.

Komanga View/Center (nnu Haxatve Ha knaBuiny C) LEHTpU-
pyeT M300pa)K€HHWE OTHOCHUTENIbHO TEKYULIEro MOJIOKEHUS Kypcopa.
DTa xe KJIaBUIlla UCTIOJIb3YETCs JIJIsl TAaHOPaMHUPOBAaHUS M300paKEHUS
IIpU YCTAHOBKE Kypcopa Ha Kpai 3KpaHa. Eciu Kypcop pacrnoiokuTh
Ha TpaHUIIE IKpaHa, TO CMEIICHNE N300pakeHus (TaHOPAMUPOBAHMUE)
BBIMOJIHACTCS TIPU HAXKATUHU OJHOM U3 KJIABMII CO CTpeiKaMH (<., .> ).

Komanger View/Zoom In wiu View/Zoom Qut yBeIMuMBarOT
WM YMEHBIIAIOT U300paKEHHE OTHOCHUTEIHLHO KOOPJMHATHI, YKa3aH-
HOU KypCcOpOoM, Ha BenuunHy napamerpa Zoom Factor, ykazanHoro B
meHio Options/ Configure. M3Menenne wmacmradba u300pa’keHUs
yao0OHee MPOU3BOUTH MPH YCTAHOBKE Kypcopa B TOUKY, OTHOCUTEIIb-
HO KOTOpPOM OyJIeT MPOU3BEACHO N3MEHEHHE, U MOCIEAYIONIEM HaXa-
TAM Ha KJIaBUIIM cepwvi + win cepvii — Komanga View/Jump
Location nepemeniaer Kypcop B TOUKY C KOOpAMHATaMH, KOTOPBIC
YKa3bIBAIOTCSI B OKHAaX JUAJIOTOBOTO OKHA, MOSIBISAIOLIECTOCS TMOCIE
BBITIOJIHEHHS YKa3aHHOW KOMAaH/IbI.

Pa3meieHue 00beKTOB

Pa3mMernienne 0OBEKTOB B pabovyeM OKHE MPOU3BOJUTCS C TTOMO-
b0 Komana MeHio Place. OTtu koMaHabl AyOIUpPYIOTCS COOTBETCT-
BYIOIIIUMHA MHUKTOTpaMMaMH Ha TaHelIn HWHCTpyMeHTOB Placement
Toolbar.

Komanna View/Snap to Grid nepemeniaer Kypcop TOJBKO IO
y3JIaM KOOPJIMHATHON CETKH 3KpaHa. DTO MO3BOJISET TOYHO MO3HUITHO-
HUPOBATh TOUKH MPUBSI3KH OOBEKTOB.

[Ipu pasmewenuu (M puCOBaHUM) OOBEKTA BHAYAJIE IIETYKOM
MBIIITH BBIOMPAETCS] COOTBETCTBYIOIIAsI MUKTOTpaMMa, a 3aTeéM Kypco-
POM YKa3bIBae€TCS MECTOMOJIOKEHHE O00BbeKTa (MM HayajabHas TOYKa
pucoBanusi o0bekTa). Ilepen pasmenieHMeM HEKOTOPHIX OOBEKTOB
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BO3MO’KHA OTepallysl BBOJA JOMOJTHUTEIHHON uHpOopManuu (MosBIs-
€TCS COOTBETCTBYIOIIEE JUATIOTOBOE OKHO). Touka npussazku oObeKTa
YCTAHABJIMBAETCS B y3Ji€ CETKU pabodero okHa. OOBEKTHI B MPOIECCE
pa3MeNIeHUsI MOXHO nepemewams. JIis 3TOro, mocie ykasaHus Ha-
JaJIbHOW TOYKH pa3MeIieHus (He OTITyCKas KHOIKY MBIIIN), HE00XO0-
JUMO TPOTAITUTh KOHTYP 00BEKTa B HYKHYIO TTO3UIIMIO KpaHa U OT-
MyCTUTh KHOTKY MBIIIIH.

HaxxaTtue xi1aBUIIIM B TPOIIECCE pa3MEIICHUS TTO3BOJISIET HEKOTO-
pbie O0BEKTHI PA3BEPHYTHh MPOTHUB YaCOBOU CTPEIKH HA YTOJI, KpaTHBIN
90°.

Haxarue knaBumum F B pouiecce pasMenieHus mo3BojisieT HEKO-
TOpbIe OOBEKTBI 0mMoOpasume 3epkaivio omuocumenvro ocu Y. Ha-
npumep, o peoakmopa P-CAD PCB sma onepayus 3keusaieHmua
nepeHocy KOMNOHEeHMAa Ha NPOMUBONOTONCHYIO CHIOPOHY NAMbI.

Bb100p 1 penakTupoBanne 00bEKTOB

Peosicum 6v160p 06bekmo6 aKTUBU3UPYETCS TPU HAXKATUMU KJia-
BUIIM S WM IIETYKOM MBIIIK N0 UukTorpamme Select. O0bEeKT BbIOU-
paeTcs IIEITYKOM MBI, IPU 3TOM MMSI BRIOPAHHOTO OOBEKTa U €ro
JTAHHBIC BBIBOJSATCS B CTPOKY HMH(opmaiuu. Ecim oguH 0O0BEKT 3a-
KpPBIBAET JPYroil, TO BBIOOP HEBUIUMOTO OOBEKTAa OCYIIECTBIISIETCSA
MOBTOPHBIM IIIETYKOM MBIIIN WJIM TOBTOPHBIM HAXKATHUEM Ha KJIaBHUIITY
<IIpobGen> (mpu 3TOM Kypcop MOKEH HAXOJUTHCS Ha BBLACICHHOM
o0bekTe). [ns mobaBiieHus: BHIOpAHHBIX OOBEKTOB K Yoice B8blOE/IeH-
HbIM TIEPE IIETYKOM MBI HAKUMAETCA U YJIEPKUBACTCS KJIaBUIIIA
Ctrl. IlleauykomM MpIlIK B CBOOOJAHOM YacTH pabodyero OKHa BBIOOP
O0OBEKTOB OTMEHSETCS.

JIBOWHOM IIETYOK JIEBOM KJIABHUIIEH MO OOBEKTY MO3BOJISIET pe-
JTAKTUPOBaTh Bce ero ampubymeol. 1lleadok npaBoi KIaBUIEH MBIIIN
BBI3BIBAET KOHMEKCMHO-3A8UCUMOE MEHI0 KOMaH].

[Ipu nepemewenuu 00bEKTa €ro MOKHO CIABUraTh HA OJIMH WJIU
HECKOJIBKO IIaroB CETKHU (HE OTMYCKasl KHOIMKY MBIIIN, HAKUMATh CO-
OTBETCTBYIOIIYIO KJIABUIIY CO CTPENIKOM). J[Jist ”3BMEHEHUS TTOJI0OKEHUS
MOYKU NpusA3KY MOcje BbIOOpa 00BEKTa B MEHIO KOMaH/ PEeIaKTHPO-
BaHUSI KOMIIOHEHTa BbIOMpaloT komaHay Selection Point u memykom
MBIIIY YCTAHABIMBAIOT HOBOE MOJIOKEHUE TOUYKHU MPUBSI3KH.

ITocne BrIOOpa 00BEKTHI MOXKHO Bpaiath (R), oroOpaxarts 3ep-
kaybHO (F), BeipaBHUBATH (Align) 1Mo ropu3oHTaIM U BEPTUKAIHU, KO-
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nupoBaTh B Oydep oomena (Copy) unu B aitn (Copy to File), Bctas-
15Tk U3 Oydepa unum nepeaBUraTh B Hy>KHOE MECTO paboyero moJsi.

B P-CAD MOXHO BbIOpaTh OTJEIbHBIN 3JIEMEHT CJIO0KHOTO KOM-
NOHEHTA, IPUMEP BBIBOJ CUMBOJIA, CXEMHOE UMS MM HOMEP KOHTaKTa
KOMITOHEHTA. J[Jig 3TOro mnepes meaykoM MBIIIH HE0OX0UMO HAXKATh
u ynepxkuBatTh kiaBuinry Shift. Tlocie BbiieneHuss oObeKTa U mocie-
AYIOIIEro LIETYKa MPaBOil KHOMKOW MBIIMIM MO OOBEKTY BBI3BIBAETCA
KOHTEKCTHOE MEHIO, TPUMEP KOTOPOro MOKa3aH Ha puc. 1.3.

Froperties. ..

Copy

Copy batris...

Cut

Delete Del
Explode

Highlight

Inihighlight

Highlight Attached Mets
IInhighlight Attached Mets
Align

Selection Point
Dezcend...

Puc. 1.3 — KoHTEeKkCTHOE MEHIO KOMaH/
pElaKTUPOBAHUS KOMIIOHEHTA

[TonHBIM MepedyeHb KOMaH KOHTEKCTHOTO MEHIO TaKOB:

e Properties... — MpOoCMOTpP U pEeIaKTUPOBAHUE XAPAKTEPUCTUK
BBHIOPAHHOTO OOBEKTA;

e Copy — xonupoBaHue o0bekTa B Oyep ooOmeHa;

o Copy Matrix... — MHOXX€CTBEHHOE KOITUPOBAHUE OOBEKTA;

e Cut — ynajieHue BBIOPAHHOTO OOBEKTA C COXPAHEHHEM €TrO
Konuu B Oydepe oOMeHa;

e Delete — ynanenue BbIOpaHHOTO OOBEKTA;

o Edit Nets... — penaktupoBaHue aTpuOyTOB IICTIH;

e Select Contiguous — BBEIOOp CONPHUKACAIOIIMXCS DJIEMEHTOB
eI,

e Select Net — BrIOOp Bceii 1enu (BKiIOYas pparMeHThI 1IEMH,
CBsI3aHHBIC C OOIIEH IITMHOMN);

e Net Info... — BbIBOJ MHpOpMALIUK O LIETH;

e Highlight — oxpamuBanue BEIOpaHHOTO OOBEKTA;
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e Unhighlight — ormena npeapiayniein KOMaHbI;

e Highlight Attached Nets — okpamuBanue 1eneu, MoaCoOeIu-
HEHHBIX K BEIOPAaHHBIM 00BEKTaM;

e Unbhighlight Attached Nets — otmeHa peablIyIe KOMaHbl,

e Align — BrIpaBHMBaHKE KOMIIOHEHTOB Ha pabo4YeM MOJIE;

e Selection Point — W3MeHEHHE MOJIOKEHUS TOYKU IPUBSI3KH
BBIOPAaHHOTO OOBEKTA U TPYHITEI 0OBEKTOB.

JlomoJIHUTEIbHBIE BO3MOXKHOCTH IO BBIOOPY U PEIAKTUPOBAHUIO
napaMeTpoB  BBIOPAHHBIX OOBEKTOB  MPEJOCTABIISIIOT  KOMAaH]Ia
Options/Block Selection mns penaktopa P-CAD Schematic u ko-
manga Options/Selection Mask nna pegakropa P-CAD PCB, xoro-
pble HACTpauBarOT (PUIBTPHI U PEXKUMBI BbIOOpa mapameTpoB. [uano-
rOBbIE OKHA YKa3aHHBIX KOMAaHJ JUJII COOTBETCTBYIOIIMX PEAAKTOPOB
npeacTaBaeHbl Ha puc. 1.4 u puc. 1.5.

Options Block Selection |
— [tems
IV e
¥ Attribute
v Bus — Select Mode
:Z Bus Connechions & Inside Block
v ERC Errors
E - .
¥ Field Outzide Block,
v Junchions ' Touching Block
' Line Lime,..
v Part &
W Fin i
¥ Palygon
v Part Fai|
¥ Eef Point
¥ Table
¥ Test =
e
Set Al Clearsl |
Cancel |

Puc. 1.4 — Hactpotiika mapameTpoB 6J10ka BeIOOpa
penakropa P-CAD Schematic
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Options Selection Mask |
Elock Selection | Single Selection |
— ltems — Lapers

v i BIG,., T

Eal L Al p ,ﬂ'ggy
W Attibute T 5Tk Setal
¥ Component | Componett.. | EE 513:: Clear Al |
¥ Connection Tep
¥ Cu Pour (B0 Eour, Battari
¥ Cutgut Cotaut,.. Bot kMask
V¥ Design View Bot Paste
¥ Detal Bat Silk,

R=E Bot Azsy
V' Diagram Board
¥ Dimension
¥ DRC Ermors
¥ Fiold Layer Set

- - Appl
¥ Eespout Ealiespaut, J il
WL i
)l —I:lne... — Select Mode
v Pad Eadl.. _
W Ficture % |nzide Block
¥ Flane FEren " Dutside Block
¥ Palygon P " Touching Block
¥ Foom Eimam..
¥ Bef Point
¥ Glue Dot
W Pick/Place
¥ Table
W TestPaints  Test ot
v Teut TiEshn
W Wia iiai..

setéll | Clearal |
] 4 I OTraeHa | [ EHE HATE | Crpaeka |

Puc. 1.5 — Hactpoiika mapameTpoB 0ji0Ka BbIOOpa
penakropa P-CAD PCB

B cexuuu Items (DyieMeHT) AMAIOTOBOr0 OKHA yKa3bIBAIOT dJle-
MEHTBI, KOTOPBIE JOJKHBI ObITh BHIOPAHBI MOCIIE BHITIOJIHEHHUS OIepa-
1u 0J109HOTO BBIOOpA. HekoTophie 3jeMeHThI JIEBOTO CTOIOmAa NMe-
IOT KHOIIKH JISl 3a/1aHUs JIOTTOJTHUTENIbHBIX MapaMeTPOB.

B cexmuu Select Mode MoxxHO 3aath criocoO BeiOopa: Inside
Block — BbIOOp 351eMEeHTOB, HaxoAsuuxcsi BHYyTpu Ojoka, Outside
Block . BbIOOp Bcex aneMeHTOB, HaxoAsumxcs BHe Osoka, Touching
Block . BEIOOp BCeX 2JIEMEHTOB, HAaXOJSIIMXCS BHYTpPH OJOKa M Ka-
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CalolUXCsA €ro KOHTypa. BbIOOp OOBEKTOB, yAOBIECTBOPAIONIUX 3a-
JQHHBIM YCJIOBHSIM, TPOM3BOJUTCS 3aJaHMEM Ha PUCYHKE MPSIMO-
YTOJIBHOTO KOHTYypa C MOMOIIbI0 MbIH. Bce BbIOpaHHBIE OOBEKTHI
MOJCBEUYHMBAIOTCSA, U B JAIBHEUIIIEM UX MOXXHO KONMUPOBATH, MEpEME-
1aTh U PEAKTUPOBATD.

IIpn xonupoBanum rpaduyeckue gaHHbie u3 Oydepa oOMeHa
MO>XHO TIepefiaBaTh B JAPYrUe MPOTpaMMbl, paOOTaroIIKe MO yIpaB-
neaneM Windows: MS Word, Paintbrush u np. OTu xe nanHeie He
nepedaromcs 3 rpadpuueckoro peaakropa P-CAD PCB B penaktop
P-CAD SCHEMATIC u nao6opot. 1151 yCKOpeHHsT KOMMPOBaHHUS B
npejenaax OJHOTO JINCTa HEOOXOAUMO BBIOpATh HYXKHBIM OOBEKT, Ha-
xath Kiasuiny Ctrl, u, He OTHyCKas JTEBYIO KHOIIKY MBbIIIH, TIEpeEMec-
TUTh KOMHIO 00OBbEKTa Ha HOBOE MECTO.

N3meHneHue pa3MepoB 00beKTa MPOU3BOJAUTCS IMOCJE €r0 BbI-
NIEJICHUsI, YIEP)KUBAHUEM Kypcopa Ha OJIHOW U3 Y3JIOBBIX TOUEK 00b-
€KTa ¥ MOCJIEAYIOIUM ITEPEMEIEHUEM Kypcopa B HY>KHOM HampasJie-
HUU. V3BMEHSIOTCS, TaKUM 00pa3oM, pa3Mephl JTUHUM, MPOBOJIHUKOB,
IIMH TMUTaHUS U TIOJUTOHBI MPU 3aXBATE KOHIIOB WJIM U3JIOMOB O0OBEK-
TOB.

[Ipu nzyuennn cucrtembl P-CAD mist npoextupoBanus 111 Oy-
JIEM TPUJIEPKUBATHCS CIEAYIONIEH MOCIEeN0BATEIbHOCTH H3JI0KEHUS
Martepuaia:

® CO3/laHME€ CUMBOJIOB KOMIIOHEHTOB (mporpamma SYMBOL
EDITOR, ucnonmasiemsiii paiin SYMED.EXE);

® CO3/]JaHME [I0CAJIOYHBIX MECT KOMIIOHEHTOB (Iporpamma
PATTERN EDITOR, ucnionasiemsrii ¢aitn PATED.EXE);

e mpaBwia BeneHus Oubamorek (mporpamma LIBRARY
EXECUTIVE, ucnonusemsiii ¢paitn CMP.EXE);

® CO3/laHHE MPUHIUNHATBHBIX JJIEKTPUYECKUX CXEM, UX BEpHU-
dbuKkanus, co3JJaHUe OTUYETOB U BBIBOJ pPE3yJIbTATOB HA IedaTh (Tpa-
¢uueckuit penaktop P-CAD SCHEMATIC);

® pa3MeIIeHUE KOMIIOHEHTOB Ha MOHTaXKHO-KOMMYTAIlMOHHOM
moJie, py4Hasi TpacCUpPOBKa AJIEKTpUUYeCcKuX 1enei, Bepudukarus [111,
obopmiIeHUE YEpPTEXKEH, TeHepalus OTYETOB M BBHIBOJ Ha Ie4aTh
(rpadpuueckuii pegakrop P-CAD PCB);

® JCIIOJIB30BAHHUE IPOTPAMM aBTOMATHUYECKOW TPACCHPOBKHU
QUICKROUTE, PROROUTE u SHAPE-BASED ROUTING.
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Crpykrypa 0ubamorexk P-CAD

bubmmnorexku B cucteme P-CAD Ha3bIBalOTCS ummezpuposam-
HbIMU TIO TOW IpUYUHE, yTo OmbnmoTeka (*.lib), momumo mubopma-
A O PUCYHKE CUMBOJIa KOMIIOHEHTA Ha JIEKTPUUYECKON CXEME U MO-
CaJJ0YHOM MECTE KOMIIOHEHTA Ha Me4YaTHOM IJIaTe, COACPKUT TaKXKe U
TEKCTOBYIO MH(POPMAIIUIO O BHYTPEHHEW CTPYKType U (DYHKIHUSIX OT-
JEIBHBIX COCTABJISIONIMX KOMIIOHEHTa. 3aMETUM, YTO CUMBOJI KOMIIO-
HEHTA U €ro MOCaJ0YHOE MECTO MOKHO 3aMKChIBATh HE TOJIBLKO B OUO-
JUOTEKY, HO U B OTAEIbHbIE (Palijibl ¢ paclIMpeHusiMU *.sym u *.pat
COOTBETCTBEHHO.

Kaxxnplii KOMIOHEHT COCTOUT M3 OJIHOM WJIA HECKOJbKUX (01H-
HAKOBBIX WJIM pa3iu4HblX) JOTUYECKUX CEKIUMW (BEHTHUJIEH), KOTO-
pbI€ ynaxoewigaiomces B OJJUH KOpnyc. KOMIIOHEHTHI C pa3HbIMH HME-
HaMU MOTYT MMEThb OJIHY U Ty € rpaduKy Koplyca WIM CUMBOJIA.
Kopmychl 1 CUMBOJIBI B 3TOM CiIy4dae JOJKHBI HAXOJUTHCS B OJHOU U
TOM ke OUOIHOTEKE.

IIpu co3maHnM KOMIIOHEHTOB BBEJICHBI CIIEAYIOIME OOO3HaYe-
HUSL:

e Pad Numbers — HoMep BbIBOJIa (KOHTAaKTHOM ILJIOIIAKH)
KOMIIOHEHTA;

e Pin Designator — no3urimonHoe 0003HAaYCHHE BHIBOJA KOM-
MOHEHTa Ha cxeMe (MoxeT oTanyatbes oT Pad Numbers);

e Symbol Pin Numbers — HOMep BbIBOJIa B CEKIIUU (BEHTUIIC)
KOMIIOHEHTA;

e Pin Names — nums BbIBOJIa B CEKIIUM (BEHTHUJIC) KOMIIOHEHTA.

Otmerum, uto B cucteMy P-CAD BKIIIOUYE€HBI HECKOJIBKO JI€CSIT-
KOB MHTETPUPOBAHHBIX OMOJIMOTEK-KOMIIOHEHTOB (YBBI, HE OTBEYalO-
mux TpedoBanusM poccuiickux 'OCToB), KOMIOHEHTHI KOTOPBIX B
MPUHIMIIE MOKHO OTPEJAKTUPOBATh 10 TapaMETPOB, HYKHBIX JIJISI TE-
Kyuiero npoekra. B wactnoctu, oubnuoreka PCBMAIN.LIB conep-
KUT UHPOPMAIIUIO O KOpNycax OUCKDEeMHbIX KOMHOHEHMO8 W UuHme-
epanvrvix cxem co wimuipesvimu BbiBoiamu, PCBSMT.LIB — xopny-
ca OUCKDEMHbBIX KOMNOHEHMO8 U UHMESPANbHbIX CXeM C NJIeHAPHbIMU
BbIBOJIaMU, PCBCON.LIB — paszsemui.

Jnst co3nanusi OMOIMOTEUHBIX DJIEMEHTOB MPU MTPOSKTUPOBAHUM
AJIEKTPOHHBIX CUCTEM HEOOXOAMMO PEaTU30BaTh CICIYIONIUE IIaru:
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® CO3JJaHHE€ CXEMHOTro (CHUMBOJBHOI0) oOpa3a KOMIIOHEHTa U
3aluCh €ro B OMOJIUOTEKY;

® CO3JJaHHE CTEKOB KOHTAKTHBIX IUIONIAJ0K — YCTAaHOBOYHBIX
MECT KOMIIOHEHTOB;

® CO3JaHHE TOCAJOYHBIX MECT JJIEMEHTOB CO INTBHIPEBBIMU HU
MJJaHAPHBIMKM BBIBOJIAMU JIJIs JAJIBHEUINIETO pa3MEIIeHUs] UX Ha MOH-
TaXHO-KOMMYTAIIHOHHOM IT0JIE;

® 3aMKCh MMOCAJOYHBIX MECT KOMIIOHEHTOB M CTEKOB KOHTAKT-
HBIX IUIOIIAJ0K B OMOJIMOTEKY,

® CO3JaHHE B3aMMOCBSI3H MEXKIY CHMBOJAMH 3JIEMEHTOB U WX
[I0CaIOYHBIMU MECTAMHU.

Anzopumm npoexkmupoeanus mooynsn é cucmeme P-CAD

Hcxoouvimu 0anHbIMU 0151 RPOEKMUPOBAHUS AGTISIIOMCAL:

1. TexHuueckoe 3agaHue Ha pa3padOTKy MOIYJIS.

2. bubnuoTeka 31eKTPOHHBIX KOMIIOHEHTOB.

3. [TapameTpbl CUMBOJIBHBIX OTOOPaXEHHWM KOMITOHEHTOB, HaXO-
JSIIUAXCSI B COOTBETCTBUU C KOHCTPYKTHUBHO-TEXHOJIOTMUYECKUMU 00-
pazaMu 3THUX KOMIIOHEHTOB.

4. IlpuHiMnuanbHasl 3JICKTPUYECKas CXEMa MOJYJS U MEepEUYCHb
VCTIOJIB3YEMBIX 3JIEMEHTOB.

llepsviit sman. Hauanvnasa nacmpoiixa cucmemol.

1. 3aroToBka (aiina, coaepxkaiiero uMeHa BCeX HCIO0Ib3yEeMbIX
KOMITOHEHTOB.

2. Bce cuMBOJIbHBIE OTOOPAKEHUSI KOMITOHEHTOB.

3. Bce KOHCTPYKTHBHO-TEXHOJIOTHYECKHE OTOOPaXEHHUSI KOMIIO-
HEHTOB.

4. 3ajaerca orpaHuudtenb ¢GopmaTa MPUHIIUIHATIBLHON DJIEK-
TPUYECKOU CXEMBI.

5. OnuchIBaeTCsA UCIOIb3yEMbI KOHCTPYKTUB, TO €CTh 3aJar0T-
CsL pa3MepbI UCITOJIb3YEMOW NIEYATHOM IIJIATHL.

6. 3aiaeTca cTpaTerusi TpPaCCUPOBKU CUTHAIBHBIX COCIMHECHUM.

Bce »Tu naHHBIE 3aHOCATCS B MOPEABAPUTEIBHO CO3/IAHHBIN
CIIPABOYHUK ITPOEKTUPYEMOTO MOIYJIA.

Bmopou sman. Koppexyus oubauomex cucmemol.
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[lepen HauamoM MPOEKTUPOBAHUS HEOOXOIUMO YOEIUTHCS, YTO
BCE KOMIIOHCHTBI, UCIIOJb3YEeMbIC B JIAHHOM MOJTyJIE€, ONMCAaHbl B JTa-
JOHHOM OnOnmoTeke. OnucaHue COCTOUT U3 ABYX YaCTEH:

1. CuMBOJIbHOE OMTUCAHUE KOMIIOHEHTOB.

2. KOHCTPYKTOPCKO-TEXHOJOTHYECKOE ONMMCaHNE KOMITOHEHTOB.

Co3naHue CHMBOJIBHOTO ONIUCAHUS KOMIIOHEHTOB:

A) O603HaUYeHNE KOHTAKTOB.

b) Beenenue TeKCTOBBIX 0003HAYCHUIA.

B) YcranoBka pabouux napaMeTpos.

I') [TocTpoenue rpaguyeckoro NOCTPOEHUs F3J1EMEHTOB.

J1) 3amanue kIr04YeBOr TOYKH (MO0 JIEBBIM HUXKHUIM, OO Tpa-
BbIli BEPXHUI KOHTAKT).

E) Beenenue nndopmanuu 06 yCTAaHOBKE BEHTUIIEH B KOPITyCeE.

K) CoxpaHeHnue 3aJlaHHOT'O OTIMCAHUS.

IlocTpoeHue KOHCTPYKTOPCKO-TEXHOJIOTHYECKOro ofpa3a
KOMIIOHEHTOB:

A) BBenenue KOHCTPYKTOPCKO-TEXHOJIOTHUYECKUX 0003HAUYCHUM.

b) Beenenue TeKCTOBBIX 0003HAUYCHUIA.

B) YcranoBka pabouux nmapaMeTpoB.

I') TlocTpoenue rpadhuuecKoro mMOCTPOCHUS FJIEMEHTOB.

J1) 3amanue kIr04eBOr TOYKH (MO0 JIEBBINM HUXKHUM, OO Tpa-
BbIli BEPXHUI KOHTAKT).

E) Benenue nadopmManmu 006 ycTaHOBKE BEHTUJIEH B KOPITyCeE.

K) CoxpaHeHnue 3aJ1aHHOT'O OTIMCAHUS.

Tpemuu sman. Ilocmpoenue npuHYUNUATLHOU 1EKMPUYECKOU
cxembl.

1. YcranoBka pabouux mapameTpoB.

2. Be13oB ¢aiina popmara gepTexa.

3. Pa3MeliieHue 3J1eMEHTOB CXEMbI Ha TOJIe YepTexKa.

4. Iloctpoerne rpadudecKOoro H300paKEHUS DICKTPUUSCKUX
CBSI3EM.

5. BBenieHre KOHCTPYKTOPCKUX 0003HAUCHUM 3JIEMEHTOB.

6. CoxpaHEeHHE CO3JaHHOU CXEMBL.
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Yemeepmulii sman. BvlOenenue cnucka yeneu 31eKmMpuieckou
NPUHYUNUATLHOU CXEMDL.

B pesynbrare paboThl JaHHON mNporpaMmbl co3jaercs (daiin
AIEKTPUUYECKUX COCTUHEHUN U LIETIEN.

Ilamuiii oman. Coz0anue bubauomexu onuUcCanus 1emenmos.

C moMoIpIo TEKCTOBOTO PeIaKTOpa CTPOUTCS (KOPPEKTUPYETCSI)
CUMBOJILHBIN (aiii, coaepKaluid NMEepPedYeHb HCIOIb3YEMBIX KOMIIO-
HEHTOB M COOTBETCTBYIOIHMX MM (DaiJIOB CUMBOJIBHBIX M KOHCTPYK-
TOPCKO-TEXHOJOTHIECKHX 00Pa30B.

Lllecmorii sman. [lo0comoska KoncmpyKkmusa.

Hcnonp3yercsa nexkapToBa CUCTEMA KOOPAUHAT C €IMHULIEN JAUC-
kperuzanuu 1 DBU=0,001 mroitma (Data Base Unit), nomycTumblii
pasmep KoHCTpykTuBa =30 Thic. DBU. B COBpeMEHHBIX BEpCUAX ITOU
CUCTEMBbI MOKET UCIIOJIb30BaThCs cucrema Cu.

Ceodvmoti oman. Dopmuposarue OaHHbIX NPOEKMA.

BeimonHsieTcs mporpamMma, UCIOIb3YIOass B KAYECTBE BXOIHBIX
JAHHBIX CIHCOK (PAKTUYECKUX CBA3EU, KOTOPhIC MPOU3BOJAT YIaKOB-
Ky BEHTHJIEH 110 KOPITyCaM U IMOJICOCAUHSIOT KOHCTPYKTHUB ILIATHI.

Bocvmou sman. Cozoanue 6a3vl 0auHbIX NpoeKma.

B 6a3y maHHBIX BXOJAT:

1. KOHCTpYKTHB € HE YCTAHOBJICHHBIMU KOMIIOHEHTaAMMU.

2. Komanaublii Qain s KOPPEKIUU MPUHIMIHAIBHON 3JIeK-
TPUYECKOU CXEMBI.

3. @aiin ommnooK.

4. HabGop ¢aityioB 111 mporpaMMBbl BBIITyCKa CIIPABOYHOM CTaTH-
CTUYECKON JOKYMEHTAIIUH.

Bce aTu naHHble OpPMHUPYIOTCS aBTOMAaTHYECKUA B PE3yJbTare
BBITIOJTHEHUS BCEX MPEABIIYIIUX TYHKTOB.

Jleeamviu oman. Pazmewenue KOMNOHEHMO8 NO NOJI0 KOHCM-
pyKmuea.

3amadya pa3sMEIICHUsI CBOJMUTCS K PACCTAHOBKE KOPITYCOB 3Jie-
MEHTOB Ha II0JIE€ IUIATBl C YYETOM KPUTECPHUS MHUHHUMHU3ALNWH JJIMHBI
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ANEKTPUUECKUX CBSA3EH. DTOT KPUTEPUH SIBIISIETCA KOCBEHHBIM KpHUTE-
pHEM CJIOKHOCTH 3aJlaud TPACCUPOBKH, OJTHAKO HanbOoJiee ONTUMAab-
HbIM Ha CETOJHAIIHUHN JIEHb ABJISICTCS KPUTEPUNH PAaBHOMEPHOIrO pas-
MEILIEHUSI 3JIEMEHTOB C TOYKH 3PEHHSI CPEJIHEN JJIMHBI CUTHAIBHBIX
COCMHEHHI. ABTOMaTHYECKOE pa3MEIICHUE IJIEMEHTOB COCTOUT H3:

A) Hactpoiika nporpaMMbl Ha KOHKPETHBIN ITPOEKT.

b) 3arpy3ka npoekra.

B) PaccraHoBka 3akpenyieHHBIX 3JIEMEHTOB. 3aKpenjaeHHbIMU
HA3BIBAIOTCS AJIEMEHTHI, KOTOPhIE MOTYT YCTAaHABJIUBATHCS B OOIIEM
Cllyyae BHE CETKHM pa3MEIICHUs KOMIIOHEHTOB, TO €CTh B JIIOOOM Mec-
T€ IUIaThl, U MECTOIOJOKEHUE KOTOPBHIX B JaJbHEUIIIEM H3MEHSTH
HEJIB3S1.

I') YkazaHue ceTku pa3MelieHus JIEMEHTOB.

J1) VkazaHue 3JIeMEHTOB, MOJJICKAIIUX AaBTOMATUYECKON pac-
CTaHOBKE.

E) Co3manue 6apnepoB i pa3MEIIeHUs, ¢ MIOMOIIBI KOTOPBIX
BBIJICTISIFOTCS 00J1aCTH Ha TIIaTe, pa3MeNIeHUs] B KOTOPhIX HEIOIMYCTH-
MBI, B TOM YHCJIE UMEIOTCSI B BUY OOJACTH, OTACIISIONINE CXEMY OT
KpaeB IJIAThl U PACCTOSIHUS OT Pa3bEMOB.

K) Onucanue XapakTepUCTUK PACTIOJIOKEHUS PETYJISIPHBIX Jie-
MEHTOB M 3JIEMEHTOB OOBSI3KU (3JIEMEHTBI, KOTOPbIE PACIOIararoTcs
10 TIEPUMETPY MOIYJIS).

3) YkazaHue cBOOOHBIX 30H BOKPYT pa3MeIIaeMbIX 2JIEMEHTOB.

M) OcyiiecTBieHne Ha4aabHOW PACCTAHOBKHU 3JIEMEHTOB 1O Y3-
JaM CETKH Pa3MEIICHHUS.

K) IIpu He0OXOAMMOCTH MPOBOJATCS YJIYUIICHUS KayecTBa pas-
MEILEHUSI JIEMEHTOB HAa OCHOBE WTEPAILMOHHOIO AJITOPUTMA momap-
HBIX MEPECTAHOBOK KaK CAMUX KOPIYCOB 3JIEMEHTOB, TaK M B3aHMO-
3aMEHSIEMbIX BEHTHJIEH B OJJTHOMMEHHBIX 2JIEMEHTAX.

JI) Py4yHasi KoppeKlus OJIyYEHHOTO Pa3MENIEHUS.

M) CoxpaHeHue pe3yJibTaTa pa3MENICHHUS.

Hecamuvi sman. [Ipoknadka wiun numanus u @Gopmuposanue
30H 3anpema.

[TpousBoautcst opMUpOBAHUE 30H 3alpeTa Ha KOMMYTAI[MOH-
HOM TIOJIE IUIAThl, B KOTOPOM TPAacCUpOBKa He paspemicHa. [Ipuuem
30HBI 3aIIpeTa MOTYT (POPMHUPOBATHCS ISl KAKAOTO CI0SI TPACCUPOBKU
WM TUlaThl U UMETh WHIUBUAYaJIbHYIO KOH(UTypauuwo. A MOTyT
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dbopMupoBaThCS HAa BCE CIOM OJHOBPEMEHHO, B ATOM CIy4ae OHH
UMEIOT OJIHY U Ty € KoH(uryparuto. {1 pa3BoaKy IIUH 3€MJIM U
IMUTAHUSL UCIIOJIB3YIOT, KaK MPABUIIO, JOIOJHUTEIbHBIA Ciaou. [upu-
Ha 3TUX IIPOBOJHUKOB 3 — 5 MM, TO €CTh 3HAYUTEIBHO IIUPE, YEM LIHU-
pHUHA CUTHAJIBHBIX IPOBOIHUKOB.

Oounnaoyamwiti s5man. Tpaccupoexa coeduHenul.

TpaccupoBKa COEIVMHEHUM CaMbld TPYJOEMKHUM 3Tall BO BCEM
UKJIE pa3pabOTKKU MEeYaTHOM IJIATHI.

1. HacTporika TEXHOJIOTHYECKUX ITAPAMETPOB TPACCUPOBKH.

2. Hactpoiika mapamerpoB anroputma. B ocHOBe TpaccUpOBKH
P-CAD nexuT BOJIHOBOM alropuTM (anroputm JIn):

A) Bb160p BecoBBIX KO3(PHUIIMEHTOB arOpUTMa.

b) BriOop Tuna anroputmMa TpacCUPOBKHU.

B) 3ananue yucna urepanuii.

I') IlpuBenenue B COOTBETCTBUE THUIIOB MCIOJIB3YEMBIX KaHATOB
TPacCUPOBKU U rpauuecKux 00pa30B KOHTAKTHBIX TUIOMIAJIOK.

J1) BbIOOp MIMPUHBI TPACCUPYEMBIX TPOBOJHUKOB.

leenaoyamuiii oman. Popmuposanue uHpopmayuu o neyamHou
niame.

K BbIxomHoM nHM)OpPMAITUTH OTHOCSTCS:

1. IlpunHIunIUanbHas dAESKTPUIECKAst CXeMa MOTYJIS.

2. Ilepedenn UCMONB3yEMBIX JIEMEHTOB (cienu@uKanms).

3. TexHnueckoe 3aJaHUE HA NPOEKTHPOBAHUE, B KOTOPOM
JIOJKHO OBITh YKa3aHO:

- KOHCTPYKTHUB WJIM ONMKHCAHUE KOHCTPYKTHUBA, B KOTOPOM BEJIAChH
pa3paboTKa;

- popma NHIEBOM MaHEIUW C YCTAHOBJICHHBIMU 3JIEMEHTaMU,
pa3beMaMH U COOTBETCTBYIOIINMU HAAMUCSIMU;

- ¢popma 0OpaTHOM MK 3aTHEH TTAHEIIH;

- UHAUBUIYaJIbHbIE OCOOCHHOCTH peaIN3alliu MPOEKTa;

- PUCYHOK pa3BOJIKM COEAWHEHHI WJIM TOIOJOTUSl TEYaTHOU
JIaTHI.
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ABToTpaccupoBuink SPECCTRA

M3 mmpokoro kiacca MporpamMM-TPACCHPOBIIMKOB, XOTEJIOCH
BbIJIeiNTh nporpammy SPECCTRA, nepedncnuM €€ OCHOBHBIE BO3-
MO>XHOCTH

e 0a3upyeTcs Ha caMOil COBPEMEHHOM TEXHOJIOTUM OecceTod-
Horo (Shape-Based) mpoektupoBanus;

e [peaHa3Ha4YeHa JII aBTOMATHYECKOTO M HMHTEPAKTHBHOTO
pa3MeIIeHUs] KOMIIOHEHTOB U TPACCUPOBKHU MPOBOIHUKOB C COOJIIOIE-
HHEM TEXHOJOTHMYECKHX OTrpaHMYeHUN K komroHeHTaMm, 1O u mpo-
BOJHUKAM;

® MPUMEHSETCA ISl MOBBIICHUS 3 (PEKTUBHOCTH TPACCUPOBKHU
[IIT ¢ BBICOKOHM TJIOTHOCTHIO PACTIOJIOKEHHUSI KOMIIOHEHTOB/TIEpEX0-
HbIx orBepcTuii (I10);

® I[I03BOJSICT CHUMATh HANPSHKEHHOCTh B MECTaX C IUIOTHBIM
PacIOIO’KEHUEM TIPOBOTHUKOB;

e oOecrneynBaeT TOHKYIO HACTPOMKY CTpaTEruu TPACCHUPOBKU —
JUISL KaKI0T0 00BEKTa, pacIloa0KEHHOTOo Ha onpeaeneHHoM cioe 1111,
WM B ONPENETICHHONW OOJacTH, WJIM TMPUHAICKAIIETO HEKOTOPOMY
KJIaCCy, MOKHO 3aJ1aTh PsJT UHAUBUIYAJTbHBIX TTPABHII.

PaccmoTpuM mogpoOHee TexHosioruto OecceTouHoro (Shape-
Based) nmpoektupoBanus. CormacHo el Bce 00bekThI 111 Momenupy-
IOTCSl B BUJIE COBOKYIHOCTH T€OMETpHUYECKUX (Puryp (mpsMoyroiib-
HUK, KpyT, Ayra, Tpacca, MOJUTOH), KOTOPLIM MPHUITHCAHBI ONPE/IeICH-
HBIC DJICKTPUYECKUE U (PU3MUECKHE XapPaKTEPUCTUKU U MpaBUIa MPO-
CKTHUPOBaHM. B oTIMuMe OT NMPUBS3aHHBIX K CETKaM TEXHOJIOTHSIM
(Grid-Based), npu GecceToOUHOM TEXHOJOTMU KaXKIbld OOBEKT MOJIE-
JTUpPYeTCsl He HAOOPOM Y3JI0B CETKH, a T€OMETPUUYECKH TOYHO, 32 CUET
4ero JOCTUTAaeTCs 0oJiee IIIOTHBIM MOHTAXX C MEHBIITUM YHCJIOM CJIO-
eB. XapakTepHas 0COOCHHOCTh 0€CCETOYHOM TEXHOJIOTHUH — MEHBIIINE
3aTpaThl MAMSTH.

SPECCTRA wucnosib3yetr ajanTHUBHBIC QJITOPUTMBI, peau3ye-
MBbIE€ 332 HECKOJIBKO MPOXOJI0B TpaccupoBkH. Ha mepBom mpoxojie BbI-
MOJTHSICTCS COSTMHEHNE aO0COIFOTHO BCEX MPOBOJHUKOB 03 oOparie-
HUS BHUMaHUS Ha BO3MOXXHBIC KOH(IUKTHI, 3aKJIF0YAIONINAECs B Tepe-
CECYCHUHU TMPOBOJHUKOB HA OJHOM CJIO€ M HapyIIeHWH 3a30poB. Ha
KOKJIOM TIOCJIEAYIOIIEM TMPOXO0JI€ aBTOTPACCUPOBIIUK IBITACTCS
YMEHBIIIUTh KOJIMYECTBO KOH(IUKTOB, pa3pbiBas W IPOKJIaJbIBas
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BHOBb CBsi3M (MeToJ Rip-up-and-retry) u mpoTankuBasi MIpOBOHUKH,
pazaBuras cocegnue (metoa Push-and-shove). Mudopmarusa o xoH-
(bauKTax Ha TEKYIIEM MPOXOAE TPACCUPOBKU UCTIONIB3YETCS JIsl «00Y-
YEHUS» — U3MEHEHHS BECOBBIX K03 duieHToB (mrpadoB) Tak, 4To-
OBl TTyTEM H3MEHEHHSI CTPaTeruud YMEHBIIUTh KOJIUYECTBO KOH(IMK-
TOB Ha CJIEAYIOIIEM IPOXOJE.

TpaccrupoBka NPOBOJTHUKOB IMPOBOJIUTCS B TPU dTana:

1) mpeaBapurebHas TPaCCUPOBKA;

2) aBTOTPACCUPOBKA;

3) nomosHUTENbHAsE 00padOTKa pe3yJbTaTOB aBTOTPACCUPOBKH.

IToMruMO OOBIYHOTO KOHTPOJISL COOJIOJACHUS TEXHOJOTHYECKUX
3a30pOB THUIIA TMPOBOJHUK-NPOBOJIHUK, MPOBOJHUK-IIEPEXOTHOE OT-
BepctHe U T.1., B cucteme SPECCTRA BbINOJIHSAETCS KOHTPOJIb MaK-
CUMAJIbHOM JIJTMHBI MapaJJIeIbHBIX MPOBOJHUKOB, PACIIOI0KEHHBIX Ha
OJIHOM WJIM JIByX CMEXHBIX CIIOSIX, YTO IO3BOJISIET YMEHBIIUTH ypO-
BEHb IEPEKPECTHBIX MCKAXKEHUN W YPOBEHb IIyMa MPOEKTUPYEMOIO
ycTpoiicTBa. KOHTponupyeTcsi Takke MaKCHUMalbHOE 3ara3ibIBAaHUE
CUTHAJIa B OTJEIbHBIX LETISIX.

BrizoB nporpammbel SPECCTRA npou3BoauTCsi aBTOHOMHO W3
cpeasl Windows uinu u3 peaakropa PCB. IlpakTtuuecku Bce coOBpe-
MeHHble cuctembl umeror untepdeiic B SPECCTRA. B nocnegnem
ciydae B MeHI0O Route/Autorouters BeIOMpaeTcs TUI aBTOTPACCUPOB-
IMKa ¥ yYKa3bIBaeTCs UMs (paiijia CTpaTeru TPacCUpPOBKU. B pesyiib-
TaTe€ HAYHETCS BBIMOJHEHUE TPACCUPOBKM TEKYLIEH IUIAThl B aBTOMA-
TUYECKOM PEXUME, 0 OKOHYAHWU KOTOPOro yIpaBieHue OyleT me-
penano odbpatHo B peaaktop PCB.

IIporpamma SPECCTRA wumeer peXxuMbl HHTEPAKTUBHOM Tpac-
CUPOBKHM IPOBOJHHUKOB W paszMemeHuss KoMnoHeHToB. SPECCTRA
BBITIOJTHAET Pa3MEICHUE KOMIIOHEHTOB U TPACCUPOBKY ILJIAThI, HA KO-
TOPOU MPEIBAPUTENBHO Pa3MEILIEHbl KOMIIOHEHTHI, C TOMOIIBIO OAHO-
ro u3 rpadguyeckux penakropoB neyatHeix miat PCBoards, P-CAD,
TangoPRO, PADS, Protel, OrCAD. Ilnara ¢ npeaBapureibHO pas-
MEIIEHHBIMA KOMIIOHEHTaMU TpaHCIupyercss B (dopmaT TmakeTa
SPECCTRA. Pa3senennas B mporpamme SPECCTRA neuatHas nnara
TpaHciaupyetrcst oopatHo. [Iponeaypa Tpancnsainuu sctpoeHa B P-CAD
PCB, rpaduueckuii penaktop PCBoards cuctembr Designlab, k oc-
TaJbHBIM MPOTrpaMMaM TPAHCISITOPHI TOCTABJISIOTCS OTACIBHO.

Cucrema SPECCTRA uMeeT nBa OCHOBHBIX PEKUMA.
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1 pexxum — pasmMenieHMe KOMIIOHEHTOB.

BrinonHsaeTcs aBTOMaTUYECKOE pa3MENICHUE KOMIIOHEHTOB Ha
OJHOU wiu IByX croponax IIII.

B cBoem cocTtaBe OHa CONEPKUT YTUIUTY MHTEPAKTUBHOIO pas3-
MEIIICHUSI KOMIOHEHTOB. BBIMOIHAIOTCS pa3MEIIEHUE, CIBUT, MOBO-
pPOT, BBIPABHMBAHHUE W MEPECTAHOBKA KOMIIOHEHTOB, MEPEHOC UX HA
MPOTUBONONO0KHYIO cTOpoHy [II1. IIpu nmepemeniennn KOMIIOHEHTa OH
MOKET CJBUIraTh MEIIAIOIMINNA €My OJWH WJIM HECKOJIBKO JpPYTHX.
Mo>HO BbIOpaTh KOMIOHEHT ¢ HAaUOOJBIIUM YUCIIOM CBSI3EH U Mpej-
JOKUTHh HaWIydlllee MECTO €ro pasmerneHusi. M3o0paxaercs rucro-
rpaMma IUIOTHOCTEN cBsized. [Ipu pa3melnieHur KOMIIOHEHTOB KOH-
TPOJIMPYETCSI COOJIIOJICHUE OIMYCTUMBIX 3a30POB MEXY HUMH.

2 pe:xuM — TPACCHPOBKA NMPOBOJHUKOB.

JlaHHBIN peKUM 00€CTICYUBACT:

® pa3pbiB MEMIAIOIIKUX TPOBOAHUKOB (Rip-up) U UX MOBTOPHYIO
Pa3BOJIKY C MPUMEHEHUEM PA3ABUTAHUS U MPOTATKUBAHUS IIPOBOJIHU-
koB (Push and Shove);

® TPAacCCHUPOBKY C NPUMEHEHHUEM M 0€3 NMPUMEHEHUsI CETOK pa3-
meneHnd [10 u npokiaaky MpoBOJIHUKOB;

® yIY4YlIEHHWE TEXHOJIOTHYHOCTH u3rotopienus I111;

® CHUIAXKMBAHHME NPSIMOYIOJbHBIX M3rMOOB IMPOBOJHHUKOB IIO
JMaroHalu;

® TPAacCUPOBKY Ha OCHOBAaHHMH HAOOpa MEpPapXUUECKUX MPABUIIL.

® TEKYIIHH KOHTPOJIb COOJIIOCHUS JAOMYCTUMBIX 3a30POB MEXK-
1y IPOBOJIHUKAMU U IPYTUMU O0OBEKTAMU;

® BBINOJHEHUE KOMAaHJ HWHTEPAKTUBHOIO PEIAKTUPOBAHUS
Tpacc NPOBOJHUKOB, CHEUU(PUUECKHUX I BBICOKOYACTOTHBIX YCT-
POMCTB, B YACTHOCTH, ISl TPACCUPOBKH LIENIEN C yYETOM OrPAHUYECHUM
Ha BpEMsl paclpoOCTPAHEHUsS] CUTHAJIOB; BBIBOJ HA DKpPaH MOAPOOHOI
uH(pOpMalUKU O JUIMHE MPOBOJHHMKOB C KOHTPOJEM OTPAaHUYEHHUS Ha
X MUHUMAJbHYIO U MAaKCUMAJIbHYIO JIJIMHY.

Cucrema npoekTtupoBanus ne4yarHbix miar Cadence.

Pemenne xommnanuu Cadence aJjisi CKBO3SHOTO MPOECKTUPOBAHUS
MEYATHBIX IUIAT 3JIEKTPOHHO-BBIYMCIUTEIBHBIX YCTPOMCTB OPHUEHTH-
POBaHO, MPE¥KJIE BCETO, HA CBEPXIUIOTHBIE U MHOT'OCJIOMHBIC MIEYATHBIC
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m1aThl OBICTPOICUCTBYIOIIUX YCTPOUCTB. B cucremMe KOMOMHUPYIOTCS
WHCTPYMEHTHI, TTO3BOJISIONINE BECTH MPOSKTUPOBAHKUE, HAUMHAS C TI0-
CTPOCHUSI OOIIEH KOHIIENIUM W 3aKaHYMBasi MOJHOCTHIO MOJATOTOB-
JIEHHBIMM K TPOM3BOJACTBY I€YaTHBIMM IuUlaTaMHu. B cocTtaB makera
BXOJISIT MIPOTPAMMBI:

1. Project Manager — MeHEeKEp MTPOEKTOB,;

2. PCB (meuarnas minara) Library — ynpaBienue 6ubinorekamu
KOMIIOHEHTOB, pa3paboTKa CUMBOJIOB MpHUHIMNHANIBHBIX cxeMm (Pad
Developer), Tononorundeckux nocagounsix MecT (Allegro Library), ux
Bepudukanus u rpynnuposka (Library Explorer);

3. Allegro PCB (Printed Circuit Board)— penaktop medaTHbIX
J1aT C BO3MOXKHOCTSIMM Pa3MEILEHUsI KOMIOHEHTOB, TPAaCCUPOBKOM
MPOBOJHUKOB Y TEXHOJOTMYECKOW MOATOTOBKOM K MPOU3BOJICTBY;

4. Specctra — cucrema pa3MEIICHUs] KOMIIOHEHTOB U TPaCCUPOB-
KU IPOBOJHUKOB. ITH MPOILIECCH MOTYT MPOUCXOJUTHh OJTHOBPEMEHHO;

5. Concert HDL — pemakTop mpUHIIMIHUAIBLHBIX CXE€M, oOecrie-
YUBAIOIIUN OBICTPBIM BBOJ| MPOEKTOB, TPYIIIOBYIO pa3padOTKy M HC-
MOJIb30BAHUE PAHEE CO3JIJaHHBIX IMPOEKTOB, B TOM YHUCIE U JPYTUX
CAIIP;

6. Capture CIS — pegakTop NpUHIUNHUATIBHBIX CXEM, 3aUMCTBO-
BaHHbIM U3 nakera OrCAD u uMeromuyi HHTETPUPOBAHHYIO CUCTEMY
yIpaBJeHUs YIAJICHHBIMU U JIOKAJIbHBIMU 0a3aMH JTAHHBIX KOMIIOHEH-
toB — Component Information System.

K crangapTHOi KOH(Urypauuu Mpuiaraercss HaOOp OIMIU,
peHa3HAYCHHBIN I peaIN3aliu psaja Creru@uIecKux IeMCTBUM K
MEYaTHBIM IIATaM:

1. Allegro Perfomance Options — paciiupeHue peaakTopa Iie-
YaTHBIX TUIAT JJIsI pa3pabOTKU OBICTPOJECUCTBYIOIIUX YCTPOMUCTB, IMO-
BTOPHOI'O MCIOJIb30BAHUS CTaAPhIX MPOEKTOB, MOJATOTOBKH MPOLETYPhI
aBTOMAaTHU3UPOBAHHOTO TECTUPOBAHUS M UCTIOJIb30BaHuUs si3bika Skill;

2. Specctra Perfomance Options — paciMpeHHbI HAOOp MpaBuII
MPOCKTUPOBAHUS JIJIsI YIPABJICHUSI CTpaTErue pa3MeIleHuss U Tpac-
CUPOBKHU JJIsl TpOorpaMmebl Specctra;

3. Pspice A/D — mporpamMma CMEIIaHHOTO aHaJOTO-IIU(PPOBOTO
MO/JICIMPOBaHMs, 3auMCcTBOBaHHas u3 nmakera OrCAD;

4. Variant Design — MHOTOBapHaHTHOE MPOCKTUPOBAHUE HA OC-
HOBE 0a30BOr0 MPOEKTA, MOCTABJISACTCS Isi KOHPUTYpaIluu, BKIIIO-
yatomieit Concept HDL u Allegro;
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5. Checkplus — pacmupenue s peakTopa NPUHIUITHATBHBIX
cxeMm Concept HDL, npenHazHaueHHBIX JJ1s1 HACTPOMKHU U MPOBEPKHU
MpaBWI MPOCKTUPOBAHUS;

6. Specctra Quest Signal Explorer — aHanu3 1eIOCTHOCTH CHT-
HAJIOB, UCCJIEIOBAHUE Mapa3UTHBIX YP(HEKTOB NEYATHBIX IJIAT.

[Taketr mporpamm PCB Design Studio noanepkuBaeT TEXHOJIO-
ruto oomena unpopmanuer ODB++, paspaborannyto ¢upmoit Valor
Computerized System, cienuanu3upyoUIeiics Ha PEMICHUAX JJI TeX-
HOJIOTMYECKON MOJTOTOBKU MPOU3BOACTBA. JTa TEXHOJIOTUS MOAJEP-
KUBACT NMEPCIEKTUBHBIN U MHTEJUICKTYaJIbHBIN (hOpMaT ONMUCAHUM Tie-
YaTHBIX TUIAT, KOTOPBIM MO3BOJISIET 0OECIEYUTh BBICOKOE Kaue€CTBO U
TOYHOCTb M3TOTOBJICHUS KOHEUHBIX U3JICIIUM.

WSCAD - CAIIP pJe 371eKTPOTEXHUKHU M JIEKTPOHUKH

WSCAD — npodeccuonansnas CAIIP nns npoexkTupoBaHus B
ANEKTPOTEXHUKE U AaBTOMATHKE.

WSCAD — nakeT noanporpaMm, COCAUHSIONIUX B c€0€ BHICOKUIA
npodecCuoHaIN3M, YJI00CTBO B OOpallleHUU U, 4TO, KOHEUYHO, HEMa-
JIOBaKHO, OTHOCUTENILHO HEBBICOKYIO [0 CPABHEHUIO C IPYTUMU cebe-
cTouMocTh pa3pabotku. IIpocrora ncnons3oBanus WSCAD obecne-
yuBaeTcsa €€ 3(PPEKTUBHBIM CEPBUCOM, MPEAOCTABISIONIUM Ha4U-
HAIOIIMM TIOJI30BATENIM MAKCUMyM IMOJCKa30K M TOSICHEHUM BO
BpeMsi pabOThl, HE OrpaHUYUBAs MPU ATOM OBICTPOTY Pa3pabOTKU U
KaueCTBO IIPOEKTOB. Bce 3TO M03BOJISET B KOPOTKUE CPOKH CO3/1aBATh
JOKYMEHTAIIMIO JUIsi 0ObEMHBIX MPOU3BOJCTB U yCTAHOBOK, M30eras
IpU 3TOM MHOTHMX OIIMOOK, HEM30EKHBIX MPU PYUYHOM YEPTEKHOM
MPOEKTUPOBAHUMU.

HekoTopble HHTEpPECHBIE M BaXKHBIE XapaKTEPUCTUKU TPOTPAMMBbI:

e Tpu crtynenu cioxHoctu (basuc-, ABTo- u Mera-Bepcun),
OPUEHTUPOBAHHBIC HA PA3JIMUHbIC YPOBHU TPEOOBAHUM K MPOCKTHUPO-
BaHMUIO;

e pabota B cTanAapTHBHIX Windows-OKHaX ¢ KOMMEHTApUSIMU K
KaXJI0H KOMaHJie, 00€CleunBaOIUMHU MPOCTOTY OOpallleHus] U OcC-
BOCHMUS CUCTEMbI TPOCKTUPOBAHUS,

® IIMPOKUN 00BEM M JOCTYIMHOCTH BBI3LIBAEMBIX IYHKTOB Me€-
HIO, BO3MOYKHOCTb COCTaBJISITh U KOH(UTYpHUPOBATH paboune MmaHeu
IpOrpaMMbl CAMUM TOJIb30BaTEIEM;
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e 32-0uTOBOE MpOorpaMMHOE oOecredeHue, Mo3BoJIsmomee -
(EeKTUBHO HCMOJIb30BAaTh BHIYMCIUTEIBLHBIC MOIIHOCTH Baiiero xom-
NbIOTEPA;

® BO3MOXHOCTh PaOOThl B JIOKAJIbHBIX CETAX, MPEIOCTABIISIIO-
1asi COBMECTHOE MCIIOJIb30BAHUE MPOEKTHBIX (PaiyioB, 0a3 JaHHBIX U
rpadudecKux OMOINOTEK;

e nojyepxkka Bcex Windows 95/98-coBmectumbix rpaduue-
CKUX aJanTepOB, IPUHTEPOB U rpadOrOCTPOUTEIICH.

Bce yBenmuuBaromasicsi CJI0KHOCTh aBTOMATU3UPOBAHHBIX CHC-
TE€M yIPaBJICHUS MPEIbSIBISET MOBBIIICHHBIC TPEOOBAHUS K HAJIC)KHO-
CTH, HarJISIAHOCTA YU JOCTOBEPHOCTH MPOECKTHOW JOKYMEHTALUH, a C
Humu U k [1O CAIIP.

XapakTepucTUKu U QyHKIMU OCHOBHBIX nmoamoyineir WSCAD:

o [Ipoepamma npocmompa File View. IlocTaBisiemast Gecruiat-
HO, jnonojHuTelbHO K Wscad-MEI'A-Bepcuu mporpaMma mpocMoTpa
File Viewer mo3Bosser pacnedataTb U IPOJEMOHCTPUPOBATH KIUECH-
TaM TOTOBBIE (DAMIIBI TPOEKTOB CUCTEMBI O€3 BO3MOKHOCTH BHOCUThH B
HUX Kakue-nu0o m3MeHeHus. File Viewer paspemraercs nepegaBaTh
0€3 oruIaThl ISl JAIbHEHIIIETO UCIIOIHb30BAHMS CBOMM KJIMEHTaM.

o Jlemo-6epcus npocpammul.  JIeMOHCTpallMOHHAs  BEPCHUS
WSCAD pabortaer 6e3 nuMuTa MO BPEMEHH M MPEICTABISIET COOOM
NOHYI0 (QyHKIIMOHAIBHYIO Komuio Oomnbmior MEI'A-Bepcunm mpo-
rpaMMbl, OTPAHUYECHHYIO JIMIIL BO3MOXKHOCTHIO medatu (1o 8 — 10
3JIEMEHTOB Ha OAHOM Jucte). OHa compoBOXAaeTcs 23 mpumepamu
YepTexKel M3 pa3iuyHbIX 00JacTell TEXHHKH, CO3JAaHHBIX €€ IMOJIb30-
BaTEJISIMU Y MapTHEpaMu (HAXOJSITCS MOCJE MHCTAIUIALIMU B KaTajaore
ExampleFiles). OtkpoiB pu oMo nporpammbl WSCAD nepBsiii
daiin stux gokymeHtoB (Exampls.000), Bol cmokere nmpoyuTaTth 00-
pamienre pupMbl WSCAD k OyaylmyuM MoKynaTessM U KpaTKoe yKa-
3aHUE 10 MTPOCMOTPY ITUX JTOKYMEHTOB.

o [Ipoexmuposanue wxagos PY. I'padudeckoe pacupeaeacHue
JeTajeld B pacipeeIuTeIbHOM IKa(y OCYIIECTBISACTCS PU MOMOIIH
akTuBupyemoro menemxepa mkada PY. Ilomumo simeMeHTOB cxem
TaM MO>KHO pa3MellaTh MOHTQKHBIE U COOPHBIC IIUHBI, MOHTAXKHBIC
IJ1aThl, KaOEJIbHbIE KaHAJbI U IPYTUE BCIIOMOTaTEIbHbIE KOMIIOHEHTHI.
Bce HaHOCHMMBbIE (aBTOMaTHYECKM WJIM BpYy4HYI0) dactu 1mkada PY
MPEJICTABIISIIOTCS. B COOTBETCTBUM C UX radaputamMu U Macirabom, 3a-
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JaBaeMbIM B yCTaHOBKax MeHepkepa. OMIuMoHaIbHO B IJIaHe mikada
PY BO3MOXHO yKa3zaHHe HOMEPOB apTHUKYJIOB, 0003HAYEHUN U KOJOB
YCTAHOBOK M MO3UIIMI pa3MellaeMbIX 3JIeMeHTOB. s oOneryeHust
MO3UIIMOHUPOBAHMS TIOCJICIHUX MPU MOMOIIM MeHepkepa mkada PY
MOXHO yKa3aTh BCIIOMOTATEJIbHBIC JIMHUW, HEBUIUMbBIC TPU BBIBOJIC
Ha medaTrh. Takke 37eCh MOXKHO PacCUUTaThb CyMMapHbIe raOapUThl
HECYIIMX KOHCTPYKIUN mKada U CyMMapHylO, 3aHUMAaeMYIO JIeTas-
MU IO/,

o Meneodocep kabeneit npoekmos. 1Ipu BKIIOUEHHOM aBTOMATH-
YECKOM YMPABJICHUM KaOeIsIMHU KaKJash HaHOCHUMas KWJa/JIMHUS Ka-
Oe/sl KOHTpOJUpyeTcss MeHekepoM kaobenei. C ero momoniso Bel
MOXETE MPOU3BECTU MPUCBAUBAHUE KOHKPETHOW MapKH M IIBETOBOIO
Koga kabeiro B BbI3bIBacMoli aBroMatuuecku WSCAD-06a3ze maHHBIX
apTUKYJIOB, a TAKXK€ pacHpeeisiTb OTACIbHBIC KWIbl KaOelsl Ha He-
CKOJIbKO JIUCTOB IIPOeKTa. B ynpaBisieMoil MeHeKepoM 0aze JTaHHBIX
KabeJeil mpoeKTa MOXKHO Tak)Ke MPOU3BECTH MEPENprUCBauBaHue IBe-
TOBOI'0 KOJIa U HOMEpa apTHUKYyJa UMEIOIIMXCA KaOenel Wiu, 3a4uTaB
B HEE JaHHBbIC YEPTEXKeil, MPOU3BECTH 00PaOOTKY MPOEKTOB, CO3/aH-
HBIX 0€3 yIpaBiieHUs KaOesIMHU.

e Cucmema Hasuecayuu u npocmompa. BcCTpoeHHas cucrema
Opay3epoB MOMOTAET B OOJIBIINX, CIOKHBIX MPOEKTaX OBICTPO HAXO-
JUTH DJIEMEHTHI, PEJIAKTUPOBATH UX MApaMETPhl U ONEPATUBHO TEpe-
HOCUTb K HUM BHOCUMbIE U3MEHECHHS.

e bpaysep konmaxkmopos. BMecTe ¢ moiayaBTOMaTUUYECKUM pe-
KMMOM YIIPABJICHUS KOHTAKTOpaMu Opay3ep MOCIEAHUX MPEACTaBIIS-
eT co00i TMOKUN MHCTPYMEHT MPU BBOJAEC HOBBIX U M3MEHEHUU Tapa-
METPOB y CYIIECTBYIOIIMX B MPOEKTE KOHTAKTOPOB U petie. C ero mno-
MOIIbI0 BBl MOXeTe mpucBauBaTh KOHTAKTOPAM U PEJIE HOBBIE apTH-
KyJIbl, MEHSTh THUIl WM W3TOTOBHUTENS, PEIAKTUPOBATH IapaMeTpPhbl
ATUX AJIEMEHTOB, HAIPUMEP (PYHKIIMOHATIbHBIC TEKCThI WM HOMUHAJIBI
MOIIHOCTH, aBTOMAaTUYECKHU MEPEHOCS U3BMEHEHUS B apaMeTphl JieTa-
neu npu Haxatuu OK.

e bpayzep xnemm. C ero momompro Bel momydaere cnucok
KJIEMM C MX TapameTpamu JJis OJHOM M3 BbIOMpaeMbix miaHok. [lo-
MHUMO HHUX B Opay3epe yKa3bIBalOTCs HOMEpa U HAMMEHOBAHUSI MPHU-
COCAMHEHHUI U 0003HAYCHUS MOJAKIIOUYEHHBIX K KJIEMMaM JIeTalel, a
TaKkXe MyTh MX TOKOBBIX Ilenei B mpoekte. B Opaysepe Brl moxere
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BPYYHYIO PEIaKTUPOBATH HANMEHOBAHUSI 1 HOMEPA BBIBOJOB KJIEMM, a
TaKX€ MEHATh MX (PYHKIMOHAIBHBIA TEKCT U TMPHUCBOCHHBIA UM U3
WSCAD-06a3bl naHHbIX apTukyi. [lepeHoC U3MEHEHUN B UYEPTEKU
MPOEKTA OCYILIECTBISECTCS aBTOMaTH4YeCKu pu Haxkatuu OK.

e lmnopm Bitmap-gatinos. UmnopT rpadudeckux ¢haiioB 10
30 Kb dopmata BMP no3BosisieT 3aHOCUTh B YEPTEXKH MpoeKTa Pup-
MEHHBIC 3HAKU U CUMBOJIBI.

o Vnpasnenue npoexmamu. B MEI'A-Bepcuu niporpammsl pac-
IIIUPEHHOE yIPaBJICHUE MPOCKTAMH IMO3BOJISET MPU MOMOIHA KOMOH-
HUPOBAaHHBIX 10JeBbIX MpoekToB (KJIII) pa3pabaThiBaTh 3J€KTPOTEX-
HUYECKYIO U MOHTAXHYIO JJOKYMEHTAIMIO JJIs1 OOJBIINX MPOU3BO/ICTB,
paziensisi ee Mo KojaM YCTaHOBOK W/wiM mosunui. Kaxmas dacth
KJIIT moxeT coaepxath 10 999 nuctoB dpopmaroB A4-AQO, mo3BoJisis
TEM CaMbIM CO3/]aBaTh MPAKTHUYECKH HE OrPAHUYEHHBIC MO O0BEMY
JIOKYMEHTBI.

e bpayzep mamepuanvrulx cpeocms. bpay3zep maTepualibHBIX
CPEICTB WIH MPOCTO MaTEPUAIOB HATJISIIHO MPECTaBIsAeT UHpopma-
IIMI0 000 BCEX JIEMEHTAaX U KOHCTPYKITUSAX MPOEKTa, TO3BOJISISI 320 THO
nepeykasarh JJisl HHX HOMepa apTUKYJIOB, QYHKIIMOHAIIbHBIE TEKCTHI U
HaXOAUTh UCKOMBIE 3JIEMEHThI. BHECEHHbIE N3MEHEHUS IPU HAKATUU
OK cpa3y nepeHocsITCs K COOTBETCTBYIOIIUM ACTAJISIM, YCKOPSISi KOP-
PEKTUPOBKY HX MMapamMeTpoOB.

o Hnocmpannuiii nepesod. ConiepKaiiuecs: B MPOEKTaX TEKCThI
MOTYT ObITh MOJIyaBTOMATUUECKHU MPE/ICTABICHBI JOMOTHUTEIBHO Ha 2
WHOCTPAHHBIX SI3bIKaX. 3arpy3uB MpPU MOMOIIU OJHOW KOMAaHJbI TEK-
CThl U3 npoekTa Bo BcTpoeHHbld WSCAD-cnoBaps dopmara Access-
97, BBl MOXeTe mepesiaTh €ro Kak 0asy JaHHBIX I nepeBoja. Jlo-
MIOJTHEHHUE TEKCTOB OCHOBHOTO $I3bIKA B ITPOEKTE MEPEBEAECHHBIMU CJIO-
BaMU CJIOBaps OCYIIECTBIISIETCS TaK)KE aBTOMATHUYECKH.

o Umnopm/sxcnopm oannvix, npussska k CAIIP neuammnvix
niam. B Wscad cymiecTByeT Takke BO3MOXKHOCTh CO3/IaHHS CITUCKOB
ANEKTPUUYECKUX COCIMHEHUM TpoeKkTa B (popmarax MOMYyJSIPHBIX
CAIIP nnsa nanpHeWIen pa3paO0TKu nedaTHBIX iaT. [lomumo sToro
BO3MO’KEH LIBETHOW MMMOPT/3Kkcnopt yepTtexeit B popmare DXF (Ha-
npumep, aisa npussizku k AutoCAD) u HPGL (dbopmart naHHBIX TJI0T-
TEpPOB).
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NMPUNOXEHUE 2. OB30OP CUCTEM CXEMOTEXHMU-
YECKOIo MOAEJIMPOBAHUA CAINP CM

ELECTRONICS WORKBENCH

Cucrema cxeMoTexHudyeckoro wmoaenupoBanus Electronics
Workbench npegnaznauena st MOASIMPOBAHUS U aHAJIN3A BJIEKTPU-
YecKkux cxeM, puc.l. [IpaBUsIbHO TOBOPUTH: CHUCTEMA MOACIUPOBAHUS
u aHanm3a siekTpuueckux cxeMm Electronics Workbench, Ho nms
KPaTKOCTH 3/I€Ch U Jlaliee Mbl OyJIeM Ha3bIBaTh €€ MPOrpaMMOH.

IIporpamma Electronics Workbench mo3Bonsier MoaenupoBath
aHaJIOTOBBIC, ITU(PPOBHIC U ITU(PO-aHATOTOBBIE CXEMBI OOJIBIIION CTe-
NeHU CIOKHOCTU. MMeromuecss B mporpamme OMOIUOTEKH BKIIOYAIOT
B ce0si O0JbIIoil HAOOp MIMPOKO PACTPOCTPAHEHHBIX SJICKTPOHHBIX
KOMITOHCHTOB. ECTh BO3MOXXHOCTH TOAKIIOUCHHS] U CO3/IaHUS HOBBIX

OMOIHOTEK KOMIIOHEHTOB.

+* Electronics Workbench
File Edit Circuit Analysis Window Help

b2 =11 A PPN PN s e o o
B FHelyls T[T ol Blow] =
m < Transistors |
15 L.

[

o s A P B T

15|82 E]

=
k\b‘_

|F|eau:|_l.J Temp: 27 |

Puc. 1

ITapameTpbl KOMIIOHEHTOB MOKHO MU3MEHATH B IIIMPOKOM JIMalia-
30He 3HayeHuu. [IpocThie KOMIIOHEHTHI OIMHUCHIBAIOTCA HAOOpPOM Ta-
paMeTPOB, 3HAYEHUSI KOTOPBIX MOKHO M3MEHATH HENOCPEICTBEHHO C
KJIABUATYPBI, AKTUBHBIE JIEMEHTHI — MOJIEIIBIO, ITPEACTABIISIONIEN CO-
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OO0l COBOKYMHOCTh MapamMeTPOB M OMHCHIBAIOIIECH KOHKPETHBIN 3Jie-
MEHT WJIH €T0 UJIeaJIbHOE MPEACTABIICHHE.

Mojiens BbIOUpaeTCs M3 COUCKa OMOJIMOTEK KOMIIOHEHTOB, Ila-
paMeTpbl MOJCIIM TaKXKe MOTYT OBITh U3MEHEHHI Mosib30oBarenemM. [u-
pOKMiT HAOOp MPUOOPOB MO3BOJISIET TPOUZBOAUTH U3MEPEHUS PaA3TUY-
HBIX BEJWYHWH, 3aJ]aBaTh BXOJHBIE BO3JCHCTBUS, CTPOUTH TpaduKH.
Bce npubopsr n3o0pakaroTcs B BHE, MAKCUMAJIbHO MPUOIMKEHHOM
K peaJIbHOMY, IO3TOMY pad0TaTh C HUMU MPOCTO U YI0OHO.

Pe3ynbpTarhl MOACIUPOBAHUSI MOKHO BBIBECTH HA MPUHTEP WIH
UMIIOPTUPOBATh B TEKCTOBBIM WJIM TpadUyeCKUl penakTop s UX
nanbHenmen oOpabotku. Ilporpamma Electronics Workbench co-
BMmectuMa ¢ nporpammont P-SPICE, To ecTh mpenocTaBisieT BO3MOXK-
HOCTh 3KCIIOPTa U UMIIOPTAa CXEM MU Pe3yJIbTaTOB M3MEPEHHI B pas-
JIMYHBIE €€ BEPCUU.

OcHo6Hble 00CmOUHCMEa RPOZPAMMbL

o JxoHOMUA 8peMeHU — paboTa B pealbHOM J1abopaTOpuu Tpe-
OyeT OOJBIINX BPEMEHHBIX 3aTpaT Ha MOATOTOBKY JKCIIEPHMEHTA.
DJIeKTpOHHAs J1a0opaToOpHs MO3BOJISIET CENIATh U3YUECHUE dJIEKTpHUYC-
CKHMX CX€M 00Jie€ IOCTYITHbBIM.

o Jlocmosepnocmov uzmeperuil — B peaJbHOU JIEMEHTHOMN 0a3e
HE CYILIECTBYET JIBYX COBEPIICHHO OJWHAKOBBIX AJIEMEHTOB, BCE JJie-
MEHTBI MMEIOT OOJIbIION pa3Opoc 3HA4YEHHH, YTO MPUBOJUT K IIO-
IPEIIHOCTAM B XOJA€ mpoBeneHus skcrnepuMmenta. B Electronics
Workbench Bce 35eMeHTBI ONMUCHIBAIOTCS CTPOTO yCTAaHOBJIEHHBIMU
napamMeTpamMu, Mo3TOMY KaKJIbIH pa3 B XOJ€ dKCIIEpUMEHTa OyeT 1o-
BTOPSATHCS PE3yJIbTAT, ONMPEACIISIEMbIN TOJBKO MapamMeTpaMH 3JIEMEH-
TOB U AJITOPUTMOM pacuera.

e Voobcmeo nposedenus uzmepenuti — OMMOKU B peagbHOMN
Ja00paTOpUU MOPOM OYEHb JIOPOr0 OOXOAATCS IKCHEPHUMEHTATOPY —
pabotas B anekTpoHHOM nadoparopuu Electronics Workbench, skcrie-
PUMEHTATOpP 3aCTpaxoBaH OT CIyYalHOrO MOpakXeHUsi TOKOM, a MpHU-
OOpBI HE BBIMAYT U3 CTPOS U3-3a HEMPABUIBHO COOPAHHOU CXEMBI.

o [Ilupoxuii cnexkmp npubopos. bnarogapst nporpamme Workbench
B PACHOPSKEHUM TOJIB30BATEIISI UMEETCS TaKOW IUPOKUM HabOp mpu-
OOpOB, KOTOPHBIM Bpsij U OYJIET JOCTYIEH B peAIbHOM KU3HU. Takum
oOpa3oM, y Bac Bcerna umeercsi yHUKallbHasi BOBMOXKHOCTD JijIs Tia-
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HUPOBAHUSA M TMPOBEJCHUS IIMPOKOTO CIEKTpa HCCICTOBAHUM JIICK-
TPOHHBIX CXEM TP MUHHUMAJIBHBIX 3aTpaTax BPEMEHH.

o [paghuueckue 6ozmodcHocmu. CIOXKHBIE CXEMbl 3aHUMAIOT
JOCTAaTOYHO MHOT'O0 MeECTa, M300pa)KeHHWE MPU 3TOM CTApPAIOTCS Clie-
naTh 60Jee TUIOTHBIM, YTO YacTO MPUBOJUT K OMMOKaM B TIOJKIIOYE-
HUUW MPOBOJHUKOB K anemenTaM 1enu. Electronics Workbench mo3so-
JsIeT Pa3MECTUTh CXEeMY TakUM 00pa3oM, YTOOBI ObUTM YETKO BUIHBI
BCE COCJMHCHUS DJICMEHTOB M OJIHOBPEMEHHO BCS CXEMa IICIIMKOM.
B03MOXHOCTh WM3MEHEHHUsI I[BETa IPOBOJHUKOB IO3BOJISIET CIEIaTh
cxemy OoJjiee yaoOHOM i BOCIPUATHA. MOKHO 0TOOpakaTh pa3and-
HBIMU 1IB€TaMU U rpadUKd, YTO OYEHb YJIOOHO MPH OJTHOBPEMEHHOM
UCCJICOBAaHNY HECKOJIBKUX 3aBUCHMOCTEH.

o Cmanoapmusiii unmepghetic Windows. Ilporpamma Electronics
Workbench ncnons3yer crannaptabsiii uatepdeiic Windows, uto 3Ha-
YUTEIBHO O0JieryaeT e€ ucnoyib3oBanue. IHTYUTUBHOCTh U MPOCTOTA
uHTepdelica AenaroT nporpaMmy JOCTYITHOW JIFOOOMY, KTO 3HAKOM C
OCHOBaMU UCIoiIb30BaHuss Windows.

o Cosmecmumocmo ¢ npocpammoti P-SPICE. IlIporpamma
Electronics Workbench 6a3upyercs Ha cTaHIapTHBIX 3JIEMEHTaX Mpo-
rpamMbl SPICE. 9To mo3BoJsI€T 3KCIOPTUPOBATh PA3TIUYHBIE MOJICIIH
JIEMEHTOB W MPOBOJHUTH 00Pa0OTKY pe3yJIbTaTOB, UCIIOJIB3YS JOTIOJI-
HUTEJIBHBIE BO3MOXKHOCTH pa3InuHbIX Bepcul nporpammel P-SPICE.

Komnonenmul u nposedenue sxkcnepumenmos

B 0Ou0OIMOTEKM KOMIIOHEHTOB MHPOTrpaMMbl BXOJST IACCHUBHBIC
AJIEMEHTBI, TPAH3UCTOPHI, YIPABISIEMbIe HCTOYHHKH, YIPABISIEMbIC
KJIFOYHM, THOPUIHBIE 3JIEMEHThI, HHAUKATOPbI, TIOTUYECKUE IJIEMEHTHI,
TPUTTEPHBIE YCTPOUCTBA, LU(POBBICE U aHAJOTOBBIE JIEMEHTHI, CIie-
IIMaJIbHbIE KOMOWHAITMOHHBIC U MTOCIICI0BATEILHBIC CXEMBI.

AKTHBHBIE 3JIEMEHTBI MOTYT OBbITh MPEJACTABICHBI MOJICIISIMU KaK
UJICaJIbHBIX, TAK U PEAJbHBIX JIEMEHTOB. BO3MOXHO Takke co3gaHue
CBOMX MOJEJEH DJIEMEHTOB U H00AaBIEHUE UX B OUOIMOTEKHU DJIIEMEH-
TOB. B mporpamme ucnosib3yercss O0ibIoi HaOOp MpUOOPOB s
NPOBEACHUSI HU3MEPEHHUH: aMIlepMeTp, BOJBTMETpP, oOcIuuiorpad,
MyJIbTUMETpP, boae-mortep (rpadomocTpouTenh YacTOTHBIX Xapak-
TEPUCTUK CXEM), PYHKIIMOHAJIBHBIA T'€HEpPATOpP, FEHEepaTOp CJIOB, JIO-
TUYECKUI aHAJIU3aTOP U JIOTUYECKUI MpeoOpa3oBaTelb.
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Ananus cxeM Electronics Workbench moxeTr npoBoauTh anaius
CXEM Ha MOCTOSIHHOM M TepeMeHHOM Tokax. [Ipu aHanmuze Ha mocto-
SSHHOM TOKE OMpeesieTcss padoyasi TOUKa CXEMbI B YCTAHOBUBIIIEMCS
pexuMe paboTel. Pe3ynbTaThl 3TOT0 aHalin3a HE OTPAKAIOTCS Ha MPHU-
Oopax, OHU MCIOJB3YIOTCS JJIs JAJbHEUIIEro aHajin3a cxeMbl. AHa-
JIU3 HA IEPEMEHHOM TOKE HUCMOJIb3YET pe3yIbTaThl aHAIN3a Ha MOCTO-
SHHOM TOKE IS TMOJYyYE€HUs JMHEAPU30BAHHBIX MOJEJIEH HEIUHEU-
HBIX KOMIIOHEHTOB.

Anamu3 cxeM B pexuMe AC MOXKET MPOBOJAUTHCS KaK BO BpE-
MEHHOM, TaK U B 4aCTOTHOU oOiacTsax. [Iporpamma Takke mo3BOJISIET
MPOU3BOAUTL aHAMM3 IU(PO-aHATOTOBBIX W HHUGPOBBIX cxeM. B
Electronics Workbench MoxxHO HcciaenoBaTh mepexoiHbIe MPOIECChI
IPU BO3JICHCTBUU HA CXEMBbI BXOJIHBIX CUTHAJIOB Pa3IMYHON (DOPMBI.

Bo3moorcnocmu Electronics Workbench:

e BBLIOOP DJIEMEHTOB U TPUOOPOB U3 OUOITUOTEK;

® TIepEMEIICHUE PJIEMEHTOB M CXEM B JIFO0OOE MECTO padodero
TI0JISL,

® IIOBOPOT 3JIEMEHTOB U TPYIIN JIEMEHTOB Ha YTJIbl, KPATHBIC
90 rpanycawm;

® KONHUPOBaHHE, BCTABKa WM yJaJICHUE AJIEMEHTOB, IPYIIII dJie-
MEHTOB, ()ParMEHTOB CXEM U IIEJIBIX CXEM;

® 13MEHEHHME IIBETa MPOBOJHUKOB;

® BBIJICJICHUE I[BETOM KOHTYPOB CXeM JJis OoJiee y100HOT0 BOC-
IPUSATHS,

® OJHOBPEMEHHOE MOJIKIIOYEHUE HECKOJIbKHUX H3MEPUTEIIHbHBIX
MpUOOPOB M HAOJIOICHUE WX TTOKa3aHUN Ha dSKpaHe MOHHUTOPA;

® IIPHCBAMBAaHHUE AJIEMEHTY YCIOBHOTO 0003HAYCHHS;

® 3MEHEHHE ITapaMeTPOB AJIEMEHTOB B IITUPOKOM JHaIa3oHe.

Bce onepanuu npou3BOASTCS IPU MOMOIIM MBIIIM U KJIaBUATY-
pBl. YIIpaBlIeHHE TOJBKO C KIIaBUATYPhl HEBO3MOIKHO.

Mexanuzmvt Hacmpouku npudoopos:

® U3MEHATH IIKAIbl MPUOOPOB B 3aBUCUMOCTH OT Jualia3oHa
U3MEPEHUM;

® 33J]1aBaTh PEKUM pabOThI MPUOOPA;
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® 33/1aBaTh BHUJ BXOJHBIX BO3JCHCTBUN Ha cXeMy (TIOCTOSTHHbBIC
Y TAQPMOHUYECKUE TOKU U HAMPSIKEHUSI, TPEYTOJbHbBIE U TPSIMOYTOJIb-
HBIE UMITYJIbCHI).

I'paghuueckue 603morcnocmu npozpammsl HO360AAI0OM:

® OJHOBPEMEHHO HAOIIOJIaTh HECKOJIBKO KPUBBIX Ha TpaduKe;

® 0TOOpaXaTh KPUBBIC HA IpaduKaxX pa3IMUHbIMU IBETAMHU;

® W3MEPATHh KOOPJMHATHI TOYEK Ha IpadukKe;

® UMIIOPTUPOBATH JaHHBIE B TpauUecKuil peaakTop, 4TO IMO-
3BOJISIET MPOU3BECTH HEOOXOIUMbIE TPeoOpa3oBaHusl PUCYHKA U BbI-
BOJI €T0 Ha IIPUHTED.

Electronics Workbench mo3Bosisier ucnonb3oBaTh pe3ysibTaThl,
nonydeHHsle B nporpammax P-SPICE, PCB, a takxke nepenaBath pe-
synbtaThl U3 Electronics Workbench B atu nporpammsel. MoxxHo BcTa-
BUTH CXeMy WU €€ (PparMeHT B TEKCTOBBIM PEIAKTOP W HaredyaTaTh B
HEM IOSICHEHUS WM 3aMEUaHusl 10 pabOTe CXEMBI.

HYPERSIGNAL BLOCK DIAGRAM

Haznauenue u obnacme npumenenus.

[Iporpamma HyperSignal Block Diagram / RIDE (Real-time
Integrated Development — BO3MOXKHOCTh TOAKIIOUEHUSI amnmapaTypsbl
U1 00pabOTKMU CUTHAJIOB B pPeajlbHOM BPEMEHM) IpeaHA3HAUYEHA IS
MOJICTUPOBAHMS AHAJIOTOBBIX W IHU(POBBIX YCTPOUCTB, 3aJaHHBIX
(GyHKIIMOHAIBHBIMHM CXEMaMH.

Hyperception, Inc. 6su1a oOpazoBana B 1984 r., ¢ uenbto paspa-
OOTKM yCOBEPIICHCTBOBAHHOTO MPUKIIATHOTO MPOTPAaMMHOT0 odecrie-
YeHUs, KOTOpoe o0beIuHWIO Obl MOIHOCTh U 3¢ dexTuBHOCT IBM
PC ¢ nmporpaMMHBIMU METOIOJIOTHUSIMHU.

[laker mpemHazHaueH Uit (PYHKIHMOHAIBHOTO MOJEIHPOBAHUS
3JIEKTPOHHBIX CXEM M NPHUMEHSETCS B TEXHUYECKUX JIabopaTOpUsiX
(bupM-IPON3BOIUTENCH ITEKTPOHHBIX KOMIIOHEHTOB U YCTPOMNCTB.

Texnuueckue xapakmepucmuku CUcmembl.
[Taker (QyHKUMOHANBHOTO MoOJenupoBaHus cxem HyperSignal
Block Diagram BkitouaeT B ce0s:

e TpaduUecKyr0 000JI0UKY;
® TECHEpPATOpP TEKCTa UCXOAHOU MPOTPAMMBI;
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® paziIuYHbIe OMOIMOTEKU U JPYTMe KOMIOHEHTHI.

[Taket Oa3upyeTcss Ha OTKPBHITOM MPOrpaMMHOM apXUTEKTYpE.

Cy1iecTByeT BO3MOKHOCTD J100aBIeHNS COOCTBEHHBIX (DYHKITUH,
UCIIONB3YyIOMUX cTaHaapTHeii  C/C++ KoMmuiaTop — T0A00HO
Microsoft Visual C/C++.

HyperSignal Signal Block Diagram 4.1 — monHasi Bu3yajibHas
cpela KOHCTPYUPOBAHUS, KOTOpasi YUYUTHIBACT MCUYCPIBIBAIOIIYIO JTH-
HAMHUYECKYI0 CUCTEMOTEXHUKY U moaenupoBanue (PC pazpabdorka) .

HyperSignal Block Diagram — nanbosnee ucueprnbiBaroias mpu-
KJIaJHas cpena, AJOCTYIHAs g pa3paOOTKU U TECTUPOBAHUS MPOCK-
TOB.

C 5TUM MOIIHBIM | JEUIEBBIM MPOIYKTOM ISl BHU3YyaJIbHOTO
KOHCTPYHUPOBAHUS, MOACIUPOBAHUS, U Pa3pabOTKH B PEAIbHOM Mac-
mTabe BpEMEHU KJIUEHTHI MOJyYaloT MPEUMYIIECTBO Mepel IPyTrUMH
CpeICTBaMU BHU3yaJIbHOTO KOHCTPYMPOBAHHS JJIS Pa3IMYHBIX oOJac-
TE€W TEXHOJIOTUU.

Ee ¢dyHKIMOHANMBHBIE BO3MOXKHOCTH COIMOCTABUMBI C MPOTPaM-
Mo#t System View B 00acTi MOACIUPOBAHUS U YCTYNAIOT U3BECTHO-
my nakety LabView ¢gupmsbl National Instruments nipu co3nanuu Bup-
TyaJIbHBIX HHCTPYMEHTOB.

Ee ornuuuTensHble 0COOCHHOCTH — Majible TpeOOBaHUS K arla-
patHbIM pecypcam IIK (mponeccop 80386 u Boimie, O3Y 4 MO, noc-
TYIHO€ MPOCTPAHCTBO HA >KECTKOM Jucke 25 MO), mpocToTa UHTEP-
delica U OONBIIOE KOJIUYECTBO OUOIMOTEK M3 00JacTh 00pabOTKH
CUTHAJIOB C BO3MOYXHOCTSIMH TIOTIOJTHCHUS M TTOAKIIOUCHHSI ITPOTPaMM
Ha CH, B 4YaCTHOCTH, UMEIOTCA CPEACTBA CUHTE3a UPPOBBIX (UIIBT-
POB.

[To Internet MoxkHO MONYYUTH OlleHOUHYIO Bepcuto HyperSignal
Block Diagram 4.0, nmocraBisgemyto ¢ 0MOIUOTEKOM, coaepxkaiieit 40
bynkumii. MMeetcss »siekTpoHHBIN y4eOHUK B Qopmare Acrobat
Reader ¢upmer Adobe. IlpodeccuonanbHas Bepcusi COIEpKUT OMO-
mmoteky u3 300 ynkumit nms moaenupoBaHusi U npumepHo 500
byHKIMI 1151 pabOThI B pealibHOM BpeMeHH. [[0MOJHUTENBHO MOCTaB-
nsierca tpancasatop Hyperception Application Interface ans renepa-
MU BBIMIOJHSAEMBIX MoxayJiei (aHamor Application Builder u3 makera
LabView). Omnenounass BepcHsi MO3BOJISIET padoTarh npumepHo 30
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MHUH, HO IMMO3BOJICT COXPAaHUTb BHCCCHHBLIC B CXEMbI UBMCHCHU, I10-
CJIC 4Cro €€ MOXKHO 3aIlyCTUTh BHOBbD.

YHuBepcaibHasi IPOrpaMMa NPOeKTHPOBAHUSA IJIEKTPOH-
HbIX ycTpoiictB APLAC

B nporuiecce mpoeKkTUpOBaHUS 3JIEKTPOHHBIX YCTPOMCTB MPHUXO-
JIUTCS MCTIOJIB30BaTh 1EJbI HA0OP Mporpamm.

Ha sTamne pa3paOOTKu CTPYKTYpHOU CXEMbl IPUMEHSIIOTCSI TAaKUE
u3BeCTHhIC Mporpammbl, kKak SysCalc, System View, SIMULINK,
LabView.

IIpu cozmanuu mpuHUMOHUAIBHBIX cxeM — PSpice (B coctaBe ma-
keta DesignlLab), Micro-Cap, Electronics Workbench, a npu npoek-
TupoBaHuu ycTtpoictB CBY — crnenwanu3nupoBaHHBIE TPOTrPaMMBI
Super Compact, Touchstone, Libra u ap.

Bce atu mporpamMmbl JOBOJIBHO JIOPOTOCTOSIIM, TOATOMY OO0Jb-
II0M MHTEpPEC, OCOOEHHO B TEXHUYECKUX YHUBEPCUTETAX, BBHI3bIBAIOT
yHUBEpPCaJIbHbBIC TPOrpamMMBbl, K KOTOpbIM oTHOcUTCS APLAC.

[Tporpamma APLAC 6bu1a pazpadorana B 1988 r. npodecco-
poM XeNbCUHCKOTO YHUBEpcuTera Maprtu Bantonenom, a 3atem no-
paboTaHa COTpyJHUKAMHU JIaOOPATOPUU TEOPHUU LIETIEH ATOr0 YHUBEP-
cuTeTa COBMeCTHO co criennanucramu Nokia Research Center u Nokia
Mobile Phones.

OHa npegHasHayeHa JIsl MPOCKTUPOBAHUS W MOJCIUPOBAHUS
AIEKTPUUYECKUX CXEM U CUCTEM BO BPEMEHHOM M YaCTOTHOM 00JIacTsIX.
B cocraB 3THX CX€M U CHCTEM MOTYT BXOAMUThH KaK IU(pPOBBIE, TaK U
aHAJIOTOBBIE KOMIIOHEHTBI, B TOM YHCJIE€ yCTporcTBa quanazona CBY.

BrInosHsI0TCS Claeayone BUbl pacueTOB:

PEXKUM MO MOCTOSIHHOMY TOKY;

YaCTOTHBIE XapaKTEPUCTUKHU;

CIIEKTpajbHasl TUIOTHOCTh U KO3 (DUITUEHT 1IyMa;
YyBCTBUTEIBHOCTh U TAPAMETPUUECKAS] ONTUMHU3BALINS;
NEePEXOHBIE MPOIIECCHI;

CIIEKTPBI CUTHAJIOB;

aHaJli3 NEPUOJUUYECKUX PEKUMOB;

CTAaTUCTUYECKUHM aHain3 o Mmetoxy Monte-Kapiio.
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OT1OoT HabOp NOBOJIBHO cTaHaapTeH, HO ToJibko APLAC mo3Bo-
JSI€T BBIMIOJIHATh TAaKUE pacdeThl, HE Mpuberas K MOMOIIU JPYTUX
nporpamm. [Tomumo storo B APLAC umeeTcs psiji MIHTEPECHBIX OCO-
OCHHOCTEH, 0 KOTOpPBIX peub moiaeT Hike. Emie onHa BakHas oco-
oennoctb APLAC — Hanmuuue 0ombioro Habopa OUOIMOTEK IJIEMEH-
TOB NPUHUUIIUAIBHBIX CXEM M OTAEIbHBIX OJOKOB, NPUMEHSEMBIX B
aHaJIOrOBbIX M IU(POBBIX cuctemax cBs3u. [lo cBoeMy (yHKUMO-
HaJbHOMY COCTaBY 3TH OMOJMOTEKH MPEBOCXOIAT OMOIMOTEKH ApY-
rux cucreM. Kpome Toro, B coctraB APLAC BxoauT noamporpamma
pacyeTa TPEXMEPHBIX 3JIEKTPOMATHUTHBIX IOJIEM MHUKPONOJIOCKOBBIX
KOHCTPpYKUMWA M Apyrux ycrporctB nauanaszoHa CBY. Ilocnennee, Ha
YTO CleAyeT oOpaTUTh BHUMAaHUE, 3TO BO3MOKHOCTh BBOJA PE3YJIbTa-
TOB M3MEPEHUU M BBIBOJA YIIPABISAIOIIMX CUTHAJIOB C IMOMOUIBIO WH-
tepdericubix iat ctangapra IEEE-488 (GPIB, HPIB), kak B cucteme
LabView.

SERENADE

Ha3znauenue u obnacmu npumeneHus.

Cucrema npoextupoBanus SERENADE 8.0 npencrasnsier co-
OO crenuaIu3upOBaHHBIA MAKET MPOrpamMM, OPUCHTUPOBAHHBIM Ha
pa3pabOTKy BBICOKOUACTOTHBIX CHCTEM.

[Tox BBICOKOYACTOTHBIMU CHCTEMAMU UMEIOTCSI B BULY CUCTEMBI,
paboTatoriue B oonactu paguodactotr 1 MUKpoBoiH. SERENADE 8.0
MO3BOJISIET CUHTE3UPOBATh JJECKTPUUYECKHE CXEMBI, MOICIUPOBATH
JICKTPOMArHUTHBIE MPOIIECCHI, a TaKXXe pa3padaThiBaTh KOHCTPYK-
TUBHOE UCITOJTHEHUE MPOCKTUPYEMBIX YCTPOUCTB.

NHcTpymMeHTabHbIE CPEACTBA PaCCMATPUBAEMON ITPOIPAMMHOMN
CUCTEMBbI OOBEMHEHbl B YHUBEPCAIBbHYIO 000JIOUKY, MO3BOJISIONIYIO
pa3paboTUUKy CBOOOIHO MEPEMENIATHCS OT OJTHOTO dTara MPOESKTUPO-
BAHUA K JPYIrOMY, YTO JIEJIAET MPOLECC MPOCKTUPOBAHUS BEChMA
yno0HbIM. [Tomumo 3TOTO, NII06ast MporpaMma MOJAEIUPOBAHUS U3 CO-
CTaBa IIaKeTa MOXET UCIOJb30BaThCsl aBTOHOMHO. B  o001miem,
SERENADE mpencraBnser co6oit ruokyro narerpupoBanayo CAIIP.

Cocras makera SERENADE:

e ANSOFT HFSS (High Frequency Structure Simulator) — mpo-
rpamMmma mojenupoBanus BU-cuctem.
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e ENSEMBLE (Planar Electromagnetic Field Simulator) —
nporpaMMa MOJEIUPOBAHUSL AJIEKTPOMArHUTHBIX MOJIEH MIaHAPHBIX
CTPYKTYP.

e HARMONICA (Linear & Nonlinear Circuit Simulator) —
porpaMma MOJECTUPOBAHUS TUHEUHBIX U HEJIMHEWHBIX CXEM.

e SYMPHONY (Wireless & Wired System Simulator) — mpo-
rpaMma MOAEIMPOBAHUS OECIIPOBOIHBIX U IPOBOHBIX CUCTEM.

e ANSOFTLINKS (Geometry and Design Translation) — cpen-
CTBa COBMECTUMOCTH C IPYTUMU NaKETaMHU.

KpaTkne xapakTepucTHUKH Ka10r0 MOTYJIS:

A) ANSOFT HFSS.

JlanHasg mporpamMma MO3BOJISIET IPOBOJIUTH TPEXMEPHOE MOJE-
JUPOBAHUE AIEKTPOMArHUTHBIX Moseil. OHa CyIIeCTBEHHO 00JIer4aeT
TPyl pa3paboTynka B MpoeKTUpoBaHUU BYU-yCTpoKCTB, TaAKMX KaK aH-
TEHHBI, BOJJHOBO/Ibl, MUKPOBOJIHOBbIE MPHOOPHI U Ipouee. B pe3ynsb-
Tare MOJICTUPOBAHUS TMOJOOHBIX YCTPOMCTB HHXKEHEP MOJIy4aeT B
CBOE PACHOPSIKEHHE TOCTATOYHBIM HAOOP BOJHOBBIX XapaKTEPUCTUK
IPOEKTUPYEMOTO Y3JIa, KOTOpPbIE B JalbHEUIIEM MOTYT HCIOJIb30-
BaThCSA JUISl OPOTrpaMM MOJICIMPOBAHUS JIMHEWUHBIX W HEJIMHEUHBIX
cxeM (HARMONICA). Ilomumo dYuciieHHBIX XapakTepucTtuk BY-
YCTPOWCTB, 3Ta MPOrpaMma BbIAACT HATVISIHYIO KapTUHY IPOUCXOMS-
IUX 3JIEKTPOMAarHUTHBIX MpoleccoB. Hanmpumep, npu npoekTupona-
HUW BOJHOBOJA MOJIb30BaTEIh MOXXET MOCMOTPETh Ha MPOLECC pac-
IPOCTPAHEHUS JIEKTPOMArHUTHBIX BOJIH B JJI0OOM CEUEHUHU.

b) ENSEMBLE.

A »Ta mporpamma mnpeAaHa3HAaueHa IS MOJEIUPOBAHUS DJIEK-
TPOMArHUTHBIX MOJEN MpU pa3zpabOTKe OECIPOBOAHBIX M pajuoyac-
TOTHBIX CXEM, a TaK)K€ IUIaHApHBIX (TIOCKKX) aHTeHH. [Ipu moxenu-
pOBaHUU TOAOOHBIX YCTPOMCTB HPHUMEHSETCS METOJl MOMEHTOB
(Method of Moments), KOTOpbIii PEKOMEHIYETCSI UCIIOIb30BaTh MpU
MPOEKTUPOBAHUH MHOTOCJIOWHBIX CTPYKTYp, THIIA TMEYATHBIX ILUIAT
(PCB - Printed Circuit Board), MUKpOBOJTHOBBIX HHTETPAIBHBIX CXEM
(MMIC - Monolithic Microwave Integrated Circuit) u maockux aH-
TEHH.

B pacnopspkeHue NpOeKTUPOBIIMKA MPEAOCTABISIIOTCS JOCTa-
TOYHO MOUIHBIE MHCTPYMEHTAJIbHBIE CPEACTBA MOJECIMPOBAHUS BbI-
meynoMsiHyTeix BY-ycTpoiictB. Bce 3T0 coueraercss ¢ yI0OHBIM
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M0JIb30BATEIbCKUM MHTEPPEHCOM M Pa3BUTHIMU CBS3SIMU C JIPYTUMHU
komnoHeHtTamu SERENADE. Mogaenupyembie cCXeMbl MOTYT OBITh
HApUCOBaHbI KaK BO BCTPOEHHOM PEIAKTOpPE, TaK U UMIIOPTUPOBAHBI
u3 popmara DXF (Autodesk's AutoCAD 2D geometry file format).

B) HARMONICA.

C moMolIIbi0 3TOM MPOrpaMMbl MOKHO CMOJECIUPOBATH PadOTy
JMHEHWHBIX U HEJMHEHHBIX BHICOKOYACTOTHBIX U OE€CIPOBOHBIX CXEM.
B pacnopsbkenun pazpaboTyuka UMEETCs MOJIHBIN HAOOp MHCTPYMEH-
TaJbHBIX CPEJICTB, MO3BOJISIIOIIUN MPOBOJUTH ONTUMHU3AIUIO CXEM,
HAaCTPOUKY, CTATUCTUYECKNN aHAJIN3 U npouee. Bece 3To B coueTtannu ¢
yA0OHBIM HUHTEp(PEHcOM 3HAUUTENBHO TOBbBIMIAET 3HPEKTUBHOCTD
JeSITEILHOCTH pa3paboTyuKa.

Bno6aBok k0 BceMy MMEETCs IOBOJIbLHO OOIIMpHas OUOIUOTEKa
CTaHJIAPTHBIX KOMIIOHEHTOB, BKItouaromias 6osmee 100 Thicsau HamMme-
HOBAaHUI MACCHUBHBIX U aKTUBHBIX 3JIeMeHTOB. [lonb30Baresnp moiayya-
€T B CBO€ PACHOPSIKEHUE MOJIEIU PE3UCTOPOB, KOHAEHCATOPOB, IHO-
JIOB, KAaTYIIEK WHIYKTUBHOCTH M TPAH3UCTOPOB, BBIMTYCKAEMbIX HaW-
00Jiee U3BECTHBIMU MUPOBBIMU MPOU3BOJUTEISAMHU.

Y TunuThl, npuiaaraemMelie K JJaHHOW MporpaMmme, JaloT pa3padoT-
YUKY JIOMOJHUTENIbHBIE BO3MOKHOCTH JIJIsi CMHTE3a (PUIIBTPOB, a TaK-
ke JIJIL OpraHu3alluKl paclpeeICHHbIX MPOEKTOB C MCIOJIb30BaHUEM
KOMITBIOTEPHBIX CETEH.

He octaBien 6e3 BHUMaHHUSI M MPOIECC aBTOMATH3AIlUU pa3Me-
IIEHUSI KOMIIOHEHTOB JJIEKTPUYECKUX CXeM. [eHepupyemblii mpo-
rpaMMOil BApUAHT pa3MEIlEHHUs] KOMIIOHEHTOB UMEET OOPaTHYIO CBS3b
C CO3JaHHOM paHEE JJIEKTPUYECKOM cxemou. M3MeHHMB pasmelicHue
MOXHO TMOCMOTPETh, YTO MPOU30MJET CO CXeMOUl (B OTHOIICHUU €€
XapakTepucTuK). [lo OKOHYUaHMKM KOMIIOHOBKH IOJIb30BaTENb MOJTy4Ya-
€T B CBO€ PaCIOPSHKEHUE CPEJICTBA TPAHCIISIIUM CBOETO MPOCKTA B Ka-
KOM-1100 popMat nmpombILIEHHOTo cTaHaapTa. Cieayer cka3arh, 4TO
Ha0Op AOCTYMHBIX (popMaTOB BechMa Oorar.

I') SYMPHONY.

OTa nporpamma AaeT pa3padoT4NKy BO3MOKHOCTh MOJIEIMPOBA-
HUS AQHAJIOTOBBIX M IU(POBBIX BBHICOKOYACTOTHBIX DJIECKTPUUYECKHUX
CXeM (B TOM 4HCie OECIPOBOJAHBIX). 371€Ch CYLIECTBYET TPU PEKUMA:
MOJICJIMPOBAHKE aHAJIOTOBBIX, ITU(MPOBLIX U CMEIIAHHBIX cXeM. [1omb-
30BaTeb JOCTATOYHO OBICTPO MOXKET MOCTPOUTH MPUHIUIHATBHYIO
CXeMy, BbIOMpass HyXHbl€ (YHKIIMOHAIbHbIE OJOKA HU3 OMOJIHUOTEK.
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Cpenu Takux OJIOKOB MOXKHO HAMTH KaHAIBHBIE KOJEPhI, aHATIOTOBBIC
U uuQpoBbie (QUIBTPBI, YCUIUTENH, TEHEPATOPHI U MHOTOE JIPYroe.
s Toro 4toOBl HavyaTh MOJACIMPOBAHHE MOAOOHON CXEMBbI, HY>KHO
JIMIB 3a71aTh HECKOJIBKO MapaMeTPOB JJIsI KaXK0TO M3 MCIIOJIb3yEMbIX
OJI0KOB.

[IpoBOAs aHANU3 TUHEWHBIX U HEJIMHEHMHBIX CXEM, MOJIb30BATEIb
MOYKET BOCHOJIb30BATHCS CIIEUATIBHBIM UHCTPYMEHTAPUEM, KOTOPBIN
MO3BOJISIET MOJYYUTh TaKUE XapPaKTEPUCTHUKU CUCTEMBI, Kak K03 du-
IIUEHT YCUJICHUS M KapTHUHY IIYMOB KaK BO BPEMEHHOM, TaK M B yac-
TOTHOM 00JIaCTH.

I[ToMuMoO OMOIMOTEUHBIX OJOKOB, IMOJIB30BATCIb MOJKET BKIIIO-
4aTh B CXEMY U CBOU (PYHKIIMOHAJIbHbBIEC OJIOKH, OMIMCAHHBIC HA YPOBHE
KOMITOHEHTOB. {11 co3ganus Takux OJ0KOB MOKHO HCIIOJIL30BaTh TE
WM MHBIE cpenicTBa cpeapl npoektupoBanuss SERENADE.

/1) ANSOFTLINKS.

OTO cpeacTBa JJii COBMECTUMOCTU C MPOTPaMMHBIMHU MPOAYK-
TaMu APYTux GUpMm:

e (Cadence@Allegro.

Cadence APD.

Xynetix Encore™,
Mentor Board Station®.
AutoCAD.

MMICAD

Ha3znauenue u obnacmu npumenenus

HNuanazon CBY Bce mmpe UCHOIb3yeTCs B CHCTEMAX CBA3U H
yrpapieHus. COBCEM CKOPO TAKTOBAas 4acTOTa KOMITBIOTEPOB TaKkKe
nepenner B CBU-nnana3zon. CucteMbl aBTOMAaTU3UPOBAHHOTO TTPOECK-
tupoBaHuss CBY-yCcTpoiCTB paHee HCHOJIb30BAINCH UCKIKOYUTEIBHO
B pa3paboTKax CIEIUaIbHOr0 HAa3HAYEHUS; TEIephb K€ OHM BCE Yallle
TpeOYIOTCS B IPaXJaHCKUX KOHCTPYKTOPCKUX Oropo. Bee Oonbias u
Oonplas padoTa Mo MPOEKTUPOBAHUIO M CO3/IAHUIO0 KOHCTPYKTOPCKOM
JOKYMEHTAIIAUH JIOKUTCS HA KOMIIBIOTEPhI, COBMEILICHHBIE C U3MEPH-
TEJIbHBIMU CTE€HJAMH, aBTOMATaMH MO M3TOTOBJICHUIO POTOIIA0IOHOB
u riorrepamu. Kaxxknaple ABa-Tpu roja mosiBiIsSIOTCS Bce OoJiee coBep-
HICHHBIE MPOTPAMMHBIE NMPOAYKTHI, MPEIHAZHAYCHHBIE ISl MPOEKTHU-
poBanus ycrpoiictB CBU. Cucrema MMICAD (Monolithic and
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Microwave Integrated Circuit Analysis and Design — yHuBepcanbHasi
nmporpaMMa aHajiu3a U ONTHUMHU3AIMU AKTUBHBIX W MACCHUBHBIX YCT-
porictB CBY) kananckoit ¢upmbr Optotek (http://www.optotek.com/)
NOsIBUJIaCh Ha pbIHKE B Hauvaje 1996 roga. OHa oTiamvaeTcst O0JIBIION
YHUBEPCATBHOCTHIO, COBMECTUMOCTBIO C CYIIECTBYIOIIUMHU MPOTpPaM-
MaMH, TOYHOCTBIO, YJIOOCTBOM pa0OThl U HOBBIMH BO3MOKHOCTSIMU
MPOEKTUPOBAHUSI MHOTOCIIOWHBIX ycTpoiicTB CBY.

MMICAD npegna3HaueHa i MPOEKTUPOBAHUS BCEX THUIIOB
3JIEKTPOHHBIX YCTPOMCTB, paboTaronux oT Hu3kux Ao CBY-uacror,
BILUIOTh IO ONTHYECKOr0 JHANa30oHa. JTO OJHA W3 MEPBBIX IMPOrpamMM,
MpPEIHA3HAYEHHBIX [JI1 MPOCKTHUPOBAHUS OJHOCIOMHBIX W MHOTO-
CJIOMHBIX MHTErpaibHbIX cxeM. bubnuoreka MMICAD conepxut 60-
nee 250 snemeHTOB MHTErpaibHbix CBY-cxem, BKIIOYast 3JE€MEHTHI
ONTOBOJIOKOHHBIX JIMHUM, OPOIIEAIINX TIIATEIBHOE TECTUPOBAHUE.
Xors MMICAD B OCHOBHOM mpeAHa3HA4Y€Ha ISl MPOCKTUPOBAHUS
nuHelHbIX CBY-cxeMm, ee MOKHO UCIIOJIb30BaTh B KAYECTBE MPOTrpaMm-
MBI MOJECIUPOBAHUS W HEIUHEHHBIX IIENEH, TAKUX, KaK MaJOIIyMs-
mue CBY-ycunurenu ¢ OOJBIINMM JTUHAMUYECKUM JUANa30HOM, CMe-
CUTENW Y MPUEMONEPEAAIOIINI TPAKT B LEJIOM. JTO JOCTUTAETCA ITy-
TEM pacuera JUHEAPU30BAHHBIX MOJICJIEN MOJEBBIX TPAH3UCTOPOB U
IPYrux akTUBHBIX 31eMeHTOB B (hopmare SPICE ¢ momomnipio yTuaur
CamFet u Lasimo.

Microwave Office

Hasnauenue u obnacme npumeHnenus

ITaker Microwave Office mpousBojcTBa kommanuu Applied
Wave Research o3nameHoBas co0Oo0l MOSIBIEHUE HOBOI'O MOKOJIEHUS
nporpaMMHoOro ooecnedueHus A npoekrupoBanust CBU-cucrem. I1a-
keT Microwave Office mo3Bomsier BeimonHATh aHanu3 CBY-meneit co
C1a0bIMU HEJIMHEWHOCTSIMU METOJOM psiioB BonbTeppa ¢ mpusieue-
HUEM MOJYJISI JIEKTPOMArHUTHOTO MOJIETUPOBAHUS MHOTOCIOWHBIX
3D-cTpykTyp u miaHapHbix aHTeHH EMSight.

Nuctpymentsl CBU-npoekTpoBaHus MO3BOJISIOT pa3paboTUnKy
CMOJICIUPOBATh d(PPEKTHI, CBA3aHHBIE C U3BMEHEHUEM YacTOThI, ONTH-
MU3UPOBATH MPOEKT, C IEIbIO MOJABUTH 3TH 3(PGHEKTHI WU UCTIOIB30-
BaThb UX ce0€ Ha MOJb3y. DOTU WHCTPYMEHTHI MPEJCTABIAIOT COO0O0M
MPAKTUYECKYIO aJIbTEPHATUBY U3TOTOBJICHUIO CXEM-IIPOTOTUIIOB, 3HA-
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YUTEIBHO YCKOPSIOT PEryJIMPOBKY, a TAKXKE MOMOTAIOT MOHSTH CYTh
BO3HUKAIOIIHNX MPOOIEM.

TexHuueckas xapakmepucmurka cucmemsl

O6mas xapakrepuctuka rnmakera Microwave Office:

e rpaduueckuii uHTEpdENc, BHIOJIHEHHBIN B cTriie Microsoft
Office 97;

® MHOTOOKOHHOCTh, HACTPOWKA PACIHOJIOKEHUSA CIyKEOHBIX
OKOH;

e noanepxka OLE 2.0;

® ISl PEIICHMS 3a7a4 MOJICTUPOBAHUS B MIPOJYKTaX HCIIOIb3Y-
etTcst cooctBeHHas Oubnuorexka High Math Object Library;

® MOJKJIIOYCHHUE TOJIb30BATEIILCKUX OOBEKTOB B BHUJIEC JUHAMU-
yeckux oubnmorex DLL.

[Tponyxt Microwave Office oObenunsier B ceoe:

® [POrpaMMy MOJCIHUPOBAHUS JIMHCHHBIX WA MPUOIUKEHHO
JIMHEHHBIX cxeM VoltaireLS;

® [IaKeT AJIeKTpoMarHuTHoro moaenuporanust EMSight 2.0;

® TAKeT JIMHEWHOTO W HenumHenHoro ananmza CBY — cxem
VoltaireXL.

Hwxe npuBoasTCS KpaTKUe XapaKTePUCTHKU JAHHBIX MTAKETOB.

ITakerVoltaireLS

[Taker VoltaireL'S npeacrasisier coOoi mporpaMmy MOJIEIUPO-
BAaHUS JTMHEUHBIX WM NPUOIMKEHHO JIMHEHHBIX cxeM. OHa UHTEerpu-
poBaHa B cuctemy Microwave Office u akTuBUpyeTcs Kaxablid pas,
KOrJla Ha OTOOpaKeHUE Ha3HAYalOTCS Pe3yJibTaThl aHAIN3a, KOTOPbIC
MOYHO MOJIYYHUTh 0€3 UCI0JIb30BAHUS HEJIMHENHBIX MOJIETIEH.

Haubonee pacnpocTpaHeHHOW JMHEHHON 3adadyed sBISETCS
pacyueT 4YaCTOTHBIX XapPaKTEPUCTUK MACCUBHBIX YCTPOUCTB WJIM MaJlo-
CUTHAJIbHBIA aHAJIN3 AKTUBHBIX YCTPOMCTB C MCIOJIb30BAHUEM JIMHEA-
PH30BAHHBIX OMOIMOTEYHBIX MOJICJICH aKTUBHBIX AJIEMEHTOB.

Takoil aHanmu3, Kak IpaBWJIO, MPOBOJUTCS O4YeHb ObicTpo. Ha-
IpUMEp, pacueT YaCTOTHBIX XapaKTEPUCTUK (PUIbTpPaA Ha TMSATH CBA3-
HBIX MUKPOIIOJIOCKOBBIX JINHUSX 3aHUMAET MEHEE CEKYH/IbI.

[Ipu nobGaBneHUM KaKOM-IMOO HOBOW 3aBUCUMOCTH K OTOOpa-
KAaeMbIM pe3yibTaTaM, B 00IIEeM ciiydae, He TpeOyeTcsi MOBTOPHOTO
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nepe3anmycka CUCTEMbl Ha pacdeT — OHa cpa3y MOSIBUTCS Ha rpaduke.
OpxHako nepesamnyck MoHago0UTCs, €CJIM 3Ta 3aBUCUMOCTh BBIXOJIUT 3a
paMKH paHee BbIOPaHHOTO METO/1a aHAJIN3A.

Pa3paboTaHHbI HCKIIOUUTENIBHO ISl BICOKO- U CBEPXBBICOKO-
YACTOTHBIX MPUJIOKEHUM, TTAKET pabOTaeT 3HAUYUTEIILHO OBICTPEE BCEX
CYHIECTBYIOIIMX  MPOAYKTOB. BBICOKAas CKOPOCTh MOJEIUPOBAHHUS
JIOCTUTAETCSl BCJIECACTBUE OOBEKTHO-OPUEHTHPOBAHHOIO MOAXO0Aa, a
TaKke OJlarojapsi TOMy, 4TO CUCTEMa YpaBHEHUM CXeMbl (popMUpPYET-
Csl HEMOCPEJACTBEHHO M3 CXEMaTHYECKOro mpeoOpaszoBaHus, 0e3 mpo-
MEXYTOYHOI0 MpeoOpa3zoBanus B (ailsl CriMcKa COSAUHEHUM, B OTIIH-
4Yye OT MPOorpamMM, KOTOPbIE UMEIOT NPOTPAMMHOE SIIPO aHAJIN3A, MO-
ctpoeHHoe no cranaapty cucrembl SPICE (nanpumep nakerst ADS u
Serenada).

IMaker VoltaireXL

[Taker VoltaireXL npencraBiser coboil mporpaMMmy HEJIMHEH-
HOTO aHanu3a cxeM. OH Tak ke TJIyOOKO MHTErPUPOBAH B CUCTEMY
Microwave Office, kak u nauHelHbIM VoltaireLS, u akTuBHpyeTcs
BCSKUU pa3, KOT/Ia Ha OTOOpaKeHUE HA3HAYAIOTCSA PE3yJIbTaThl HEU-
HEWHOr0 aHajaW3a WIM KOrja B MPUONMKEHHO JMHEWHOM 3ajaue Ka-
KOWU-TMOO0 mapaMeTp cXeMbl TpeOyeT HEIMHEHHOTO pacyeTa.

ITaker EMSight 2.0

HecMoTpst Ha TO 4TO B OMONMOTEKAX MaKeTa CONEPKUTCS Oosee
450 nUHEUHBIX U HEMUHEUHBIX MOJCIIEH JIEMEHTOB, BCETIa MOJKET OKa-
3aThCsl, YTO MPABUJIbHAS MOJIENb UCIOJIL3YEMOI0 YCTPOMCTBA OTCYTCT-
ByeT WK 3Q(DHEKT OIIM3KOro pacoNOKEHHUS JIEMEHTOB MOAPHIBAET TOY-
HOCTh YK€ MMEIOLIEHCA MOoJIeu. B 3ToM citydae mosb30BarenM MOryT
oOpaTUThCSl K TPETheMy KOMIIOHEHTY mnakera Microwave Office — mo-
TyJIFO TIOJTHOTO AJIEKTpoAuHaMuueckoro ananusza EMSight.

31ech A aHalli3a MOBEJCHHS SJIEKTPOMArHUTHBIX CTPYKTYP
VCTIOJIB3YETCA METOJI MOMEHTOB [ anepkrHa, KOTOPBIMA, [0 MHEHHUIO
pa3pabOTYMKOB MaKeTa, MPEeACTaBIsseT cO00 Hanbosee TOYHBIN U yC-
TOWYMBBIN AJITOPUTM SJIEKTPOMATHUTHOTO aHAJIU3A.

CtpykTypa, OCTpOEHHAsI U3 HaOOpa MPOBOASIIUX U PE3UCTUB-
HBIX ITOJIMTOHOB, 4 TAKXE€ MEXKCJIOWHBIX COCIUHECHUN MPOU3BOJIBHOU
reoMeTpUUYecKol (PopMbl, aHATU3UPYETCS BHYTPH OrPaHUUYCHHOU
MHOT'OCJIONHOM 00JIaCTH PSIMOYTOJIbHOM (hOPMBI.
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KonnyecTBo aHANIM3UPYEMBIX CIIOEB, MEKCIOMHBIX COCIUHEHUUN
Y BHEIIHUX TOPTOB TEOPETUUECKU HEOTPAHUYECHHO.

Hns ananuza CBY-cTpykTyp B IIMPOKOM JMAMA30HE YacTOT B
CUCTEME MPUMEHEH TNEePEeI0BOM METOJ ObICTPOro YaCTOTHOTO CBOIH-
poBanusi (FFS), KOTOphIil MO3BOJISET HA MOPSAIOK COKPATUTh BpEMsI
MOJICJTUPOBAHUS 10 CPAaBHEHUIO C OOBIYHBIM METOJOM IOCJIEI0Ba-
TEJIBLHOTO Mepedopa YaCTOTHBIX TOYEK.

Anroputm Mmetona FFS mo3Bonsier skcTpanonnpoBaTh 4acTOT-
HYIO XapaKTEPUCTHUKY CTPYKTYPhI B IIMPOKOM JIHAINIa30HE YaCTOT BCE-
ro IO OJHOW YaCTOTHOM TOYKE B CHIIy aHAJUTHYECKOM MPUPOJBI JIH-
HEWHBIX 3JIEKTPOMArHUTHBIX 33/1a4.

AnroputMm FFS Bbluucnser nepenatouynyro GyHKIUIO CXEMBbI U
€€ MPOM3BOAHBIC M0 YACTOTE, MPUUYEM NOPSAOK nuddepeHInpoBaHUs
omnpenensiercs noiab3opareneM (He O6osee 12). Bee 3To 3aTeM UCHONb-
3yETCS U1 BBIYMCICHUS JTOMUHHPYIOIIHUX MOJIFOCOB U HYyJIEH mepea-
TOYHOU (PYHKIIMU BOJM3M YACTOT aHanuza. J[Ji1 OTHOCUTEIBHO MPO-
CTBIX CTPYKTYP, Pa3Mepbl KOTOPBIX MEHBIIE JNTMHHBI BOJIHBI, TOMUHU-
pylolye Iojca W HYJId IepeaaToyHol (yHKUMH O0O0ECIeurBarOT
TOYHYIO SKCTPANOJISIIUIO YaCTOTHOM XapaKTEPUCTUKU B IMIMPOKOM MO-
JIOCE YacTOT.

Mournbie rpaduuecKre BO3MOKHOCTH MOJYJISI 3JEKTPOJUHAMU-
YECKOr0 aHaji3a MO3BOJISIOT TMOJIh30BATENI0 HAOJIOAAaTh IIBETHOE
TPEXMEpPHOE aHUMAIMOHHOE HM300paKEHHUE TOKOB BBICOKOM YacCTOTHI,
Ha KOTOPOM OTOOpakaeTcsi HE TOJIbKO aMIUIATY/Ia, HO U HalpaBJICHUE
3TUX TOKOB, YTO MO3BOJISIET MOJIYYHTh HOBOE IMPEJCTABIECHUE O MOBE-
neann CBY-cTpykTyp.

CADElectro (HIIIT «<MUHTEPMEX» u HIIII « TEXHUKOH»)

[Taker mpuxmanubix nporpamm CADElectro npennasznauex ass
aBTOMAaTH3allMi TPOEKTHBIX PabOT MpPH CO3IaHUM BJIECKTPUUYECKHUX
CUCTEM YyTpaBJIeHUS Ha 06a3e KOHTAKTHOM ammapaTrypbl U MPOTPaMMH-
pyembix koHTpoiepoB. Cucrema CADElectro obecieunBaeT aBToMa-
TU3AIUIO0 MPOEKTUPOBAHUS MTPUHIUITUAIIBHBIX JJIEKTPUUECKUX CXEM U
MOHTAXHOM JTOKYMEHTAIIWH.

O6mmpHas 6a3za MaHHBIX, COAEpKaIias HeoOXoAuMyto HHGOP-
Manum o 6ojiee yem 70 THIaX ammapaTroB, OTKPBITA JJIS PACIIUPEHHUS
U aJlafTaniy K MPUMEHIEMOCTH TOJIb30BaTeNs. Bo3M0XHO HCIIONIB30-
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BaHME 0a3bl JJAHHBIX B Ka4€CTBE CIPABOYHOTO MaTepuasia KOHCTPYK-
topa. baza manueix CADElectro oprann3oBaHa Ha OCHOBE CHCTEMBI
yrnpasiienus: 6azamu n1anHbix IMBASE.

BrixoaHbIMH pab0YrMU JOKYMEHTAMHU SIBISIOTCS:

e cXxema AJIEKTpUUecKas MpuHuunuaibHas (33);

e rnepeueHb deMeHToB (1133);

e cxembl coeuHenuit (34, 36);

® CXEMbI pacnoysioxxeHuit (37);

e cOopounslii yeptex (Ch);

e crenuduKkanys COOpOYHON IUHUIIBI;

® BEIOMOCTb IMOKYIHBIX U3/IEIINIA;

® BEJOMOCTb COJICPXKAHUS AParMeTasjioB.

Ha craguu npoekTtupoBaHus NPUHIUIIAAIBHOW DSJIEKTPUUECKON
CXEMbI MAKCUMAJIBHO aBTOMAaTU3UPOBaHbI BCE (DOpMaIbHbBIE MPOLIETYPHI:

® OIpEJICJICHUE U MAPKUPOBKA MOTEHIIMAIBHBIX Y3JI0B;

® MPOCTAaHOBKA MOHTKHBIX 32KUMOB alllapaToB;

e mnpsiMasi U1 oOpaTHas apecalys anmnapaTos;

® AaBTOMATHYECKHI BHIOOp MYyCKO3AIMTHOMN ammaparypbl B CH-
JIOBOM LIETIX IBUTATEIIEH.

3HAUYUTENIBHO O0JIEryaeT MPOEeKTUPOBAHUE BO3MOKHOCThH CO3/1a-
HUSI MaKpOOTPEEICHUM — TUTIOBBIX YYaCTKOB CXEM, BBI3bIBAEMBIX U3
0a3bl JAHHBIX WU (POPMUPYEMBIX B IIPOIIECCE MPOESKTUPOBAHHS.

KoHCcTpykTOpY NpeaocTaBiseTcsi BO3MOXKHOCTh ITPOEKTHPOBA-
HUSI CUCTEMBI YMpaBJICHUs, pa30uBas MPOCKT Ha OT/AC/IbHBIE (yHK-
[MOHAJIBHBIE Y3JIbI, YTO IMO3BOJSIET COKPATUTh BPEMsI MPOECKTUPOBA-
HUS, CO3JaTh CUCTEMY 3aMMCTBOBAHHSI.

IIpoBOaUTCS aBTOMATUYECKUUA KOHTPOJIb BO3MOXKHBIX OIIMOOK
KOHCTPYKTOpPa Kak BO BpeMs POEKTUPOBAHMS, TaK U MO €0 3aBepllie-
HUKO. Bubl KOHTpOA:

® [EPENOJHEHNE KOHTAKTHOIO HA0Opa anmnapara;

® OTCYTCTBHE KaTyIIEK JJis KOHTAaKTOB WJIM KOHTAaKTOB y KaTy-
II€EK;

e 00pBIB WJIM KOPOTKOE 3aMbIKaHHE B IIEMIU TOKA U JIP.

[IpoekTupoBaHKe IEKTPOMOHTAKHOM M TEKCTOBON JOKYMEHTA-
[IMA OCYIIECTBIISIETCS B OCHOBHOM I10 JaHHBIM, BBEJACHHBIM WJIU TIO-
JYYEHHBIM IIPU MNPOECKTUPOBAHMM NPUHLIHUIUAIBHOW SIIEKTPUUYECKOM
CXEMBI.
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B ocHOBY mpoekTHpOBaHUs MEPEUYHs JOKYMEHTOB MOJIOKEH Ie-
HEpATOpP TEKCTOBBIX IOKYMEHTOB AVS.

Cxema ayIeKTpUdecKass COSIMHEHHUI BBIMOJIHSICTCS B TaOJIUYHOMN
dbopMe MO OTHENbHBIM KOHCTPYKTUBHBIM DJIEMEHTaM U COOPOYHBIM
eAUHUIIAM.

CucreMa BeJCHUS apXUMBOB KOHCTPYKTOPCKON JOKYMEHTAIlUU
SEARCH, ocobeHHO mpu MCIOJIb30BAHUKM CETEBOI'O BapHaHTa CHUCTE-
MBI, TTIO3BOJISIET OPTaHU30BaTh B3aUMOCBSI3b MPOCKTOB.

B nacrosiiee Bpems Beaytcsi padotsl mo cBsisu CADElectro c
IpPOrpaMMHBIM  00ECIIEYEHUEM MPOTPAMMHUPYEMbBIX KOHTPOJIJIEPOB
SIEMENS, OMRON, HITACHI, 4T0 MO3BOJUT pemIuTh 3aa4y O-
HOPA30BOr0 BBOJIA MCXOJIHBIX JAHHBIX MPU MPOCKTHUPOBAHUU YIIPAB-
JSOMIENR TPOrpaMMbl IMTPOTPAMMHUPYEMBIX KOHTPOJUIEPOB UM MPOBOJA-
HOM 4aCTH CXEMBHL.

CADElectro padoraet B cpene AutoCAD.
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NMPUNOXEHUE 3. OB30OP CUCTEMblI MATEMATUYE-
CKOIro MmoOageEnnMPOBAHUA MATLAB

Beeoenue ¢ MATLAB

MATLAB cerogHs — 3T0 COBpeMEHHasi MaTreMaTH4eCcKas cpena
st npoeccuoHanbHOM pabOThl B IIMPOKOM JIMAMA30HE HAY4YHBIX,
WHXEHEPHBIX, (UHAHCOBO-3KOHOMHYECKHUX W WHBIX MPUIIOKCHUH.
[Ipoctora M yaoOCTBO HCMOJB30BaHUS MOIIHBIX BBIYMCIUTEIBHBIX
CPEICTB 3TOr0 MPOrPaMMHOI0 MAKETa JAa0T BO3MOKHOCTh IOJIb30Ba-
TEJI0 COCPEAOTOUUTHCS Ha CBOMX 3ajlayax 0e3 3aTpaT BPEMEHH U CHII
Ha TPAJAUIIMOHHOE «IIOAPOOHOE» MPOrpaMMHUPOBAHUE.

MATLAB 3T0 WHTEpaKkTHUBHAasi CUCTEMA, SI3BIKOM KOTOPOM SIB-
JSIFOTCS TPOCTHIE KOMAH/IbI, BBI3BIBAIOIINE TOTOBBIE BBIUYMCIUTEIIBHBIC
anroputmbl. Bmecte ¢ Tem, s3ik MATLAB makcumalibHO TipuOiIu-
XKEH K OObIYHOUM (popMe 3amucu MaTeMaTUYECKUX BBIPAXEHUH, 4TO
CYILIECTBEHHO OO0JIEryaeT €ro OCBOCHHME U TMOCICAYIONIYI0 padoTy.
MATLAB umeer MOIIIHbIE CpPEICTBA ISl MPOLEAYPHOT0, 00OBEKTHO-
OpPUEHTUPOBAHHOTO MPOrpaMMHUPOBAHUSI, OTJIAJAKU MPOTPaMM MU pPa3-
paboTKH TOJIB30BaTENbCKOro uHTEepdeiica. BcTpoennas 6ubiamoTeka
o0benuusaer oonee 500 maremaTnyeckux GyHKIUN ¢ 3PHEKTUBHBIMU
CpEeICTBaMU ABYX- U TPEXMEPHOW BU3yanuzauuu. B nononHeHue K
TOMY, TMOJB30BATEISIM MPEIOCTaBICHA BO3MOXKHOCTH CBOOOJHO J10-
HOJIHATh ATy OHOJMOTEKY CBOMMHU (DYHKUMAMH: CHEHHAIU3UPOBAH-
HBIMU OporpaMMmamMu, HanucaHHbIMU Ha si3bike MATLAB 6o C unu
Fortran mocpenctBom AP unTepdeiica (Application Program
Interface). Kogst MATLAB TmiateasHO ONTUMHU3UPOBAHBI, 4YTO 00Y-
CJIaBJIMBAET €0 BBICOKUE BBIYUCIUTEIbHBIE XaPAKTEPUCTUKHU, OCO-
OeHHO TIpU paboTe C MacCUBaMU JaHHBIX.

B nacrosimiee Bpems MATLAB de facto cran cranmaprom, Ha
KOTOPBII OPUEHTUPYIOTCS B CBOEH pabOTe Kak IMOJb30BaTENU, TaK U
pa3pabOTYMKU MPOTPAMMHOTO OOecIieueHus. ITOT MPOrpaMMHBIN Ia-
KET UCIOJIb3YETCSl, MOXHO CKa3aTh, IOBCEMECTHO, BKJIIOYAsi MHOTHE
JECATKA U COTHU MPOMBIIIJIEHHBIX KOMIIAHHM, TOCY/IapCTBEHHBIX y4-
pexaeHui, 0aHKOB, YHUBEPCUTETOB, KOJUICIXKEH U YaCTHBIX JIUIL BCE-
ro MHpa.

OtnanuntenbHOM ocoOeHHOCcThI0 MATLAB siBisieTcss mOCTOSHHO
paciMpsieMoe KOMIIAHUEW CEMENCTBO IPOrpaMM, HAa3bIBAEMBIX IIPHU-
noxkeHusamMu unu moayisimu (Toolboxes). ITu mporpaMmbl SIBJISIOTCS



118

CHeIUaTU3UPOBAHHBIMU OnOIMoTeKaMu M-(ailioB U npeIHa3HAYEHBI
Ui pabOThl B OTIENBHBIX MpeAMETHBIX oOnacTsax. K mpumepy, 6e3
KOMMEHTApHUEB JIETKO MOHATh Ha3HAYEHUE TaKWUX MPUIIOKEHUU, KaK:
«Cmnataey  (Spline  Toolbox), «Ontummzanus» (Optimization
Toolbox), «®unance» (Financial Toolbox) unu «Auddepenumans-
Hble YypaBHEHMS B 4acTHbIX mnpou3BoJHbIX» (Partial Differential
Equation Toolbox). MmerTcs 1 MHOrue apyrue, BO3MOXKHO, C HE
CTOJIb OYEBUIHBIMU HA3BAHUSIMHU, HO KaXKJIO€ U3 KOTOPBIX CBSA3AHO C
3aKOHUYEHHBIM PEIIEHHEM KOHKPETHOT'O Kpyra nmpooJem.

Baxnyro rpynmy (ceMeicTBO) 00pa3yroT NpUIIOKEHUs, Harle-
JICHHBbICE HA MOJEJIMPOBAaHUE W MOAPOOHBIN aHAIM3 JTUHAMHYECKHX
CUCTEM: JIMCKPETHBIX, HEMPEPBHIBHBIX U THOpUIHBIX. X 3HAUMMOCTH
ONpeAeNseTcss HE TOJIbKO NPEIMETOM HCCIEAOBAHUS (CHCTEMBbI
yOpaBJ€HUs, CBsI3U, 00pabOTKa CUTHAJIOB U M300pa’KeHUM, MOJIENH-
pOBaHUE MO BXOAHBIM U BBIXOAHBIM JAHHBIM, €tC.), HO U TIIyOMHOM
npenjgaraeMod MmpopadOTKM MPOEKTa, HCIOJb30BAaHUEM IMEPEIOBBIX
METOJIOB aHAJIM3a U MPEACTABICHUEM PE3YJIbTaTOB pacueTa. DTH MPH-
JIOKEHUs AOTMOJHSIIOT APYT APYyra, HEKOTOPbIE MEXKYy COOOW CBSA3aHBI
oueHb TecHO. Ho, mo-BuauMoMy, B KayecTBe 0A30BbIX MOKHO BbIje-
muth caenyroume: SIMULINK, SIMULINK Real-Time Workshop,
«Cuctemsbl ynpasnenusi» (Control System Toolbox), «Unentuduka-
nus cuctem» (System Identification Toolbox), «O0paboTka curha-
noB» (Signal Processing Toolbox), «YcroiiunBoctsh cuctem» (Robust
Control Toolbox).

Ha3nauenue u o61acmop npumenenus

MATLAB — 3T0 BBICOKONIPOU3BOUTENBHBIN S3bIK JJISI TEXHUYE-
ckux pacyétoB. OH BKJIIOYAET B c€0sl BHIUMCICHUS, BU3YAIU3AIUIO0 U
porpaMMHUpPOBAHUE B YJIOOHOM cpejie, IIe 3a/laud U PeIIeHus: BhbIpa-
xKarotcs B hopme, OJIM3KON K MaTEMaTUYECKOM.

Tunuunoe ucnons3zoBanue MATLAB — 3To:

e MaremaTH4eCKHE BBIYUCIICHUS.

e (Co3maHue arOpUTMOB.

e MoaenupoBaHue.

e AHanu3 JaHHBIX, UCCIEIOBAHUE U BU3YyAJIN3AIUA.

e Hayunas u uHx)eHepHas rpaduka.
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e Pa3zpaboTka MpUIOKEHUM, BKIIOYasl co3AaHue TpadruuecKoro
MPUIIOKECHUS.

MATLAB — 3T0 nHTE€paKTHBHAS CUCTEMA, B KOTOPOW OCHOBHBIM
AJIEMEHTOM JAHHBIX SIBJISIETCS MAacCUB. DTO MO3BOJISICT PELIATh pa3-
JVYHBIC 33Jla4d, CBS3aHHBIE C TEXHUYECKUMHU BBIYMCICHUSIMH, OCO-
OCHHO B KOTOPBIX HMCIOJB3YIOTCS MATPHUIIBI U BEKTOpPA, B HECKOJBKO
pa3 ObICcTpee, YeM MpU HAMKMCAHUU MPOTPAMM C UCTOJIb30BAHUEM CKa-
JSIPHBIX SA3BIKOB MPOTPaMMHUPOBaHUs, TaKuX, kak Cu uinu doprpas.

CnoBo MATLAB o3Hauaer matpuuHas jaboparopusi (matrix
laboratory). MATLAB Obu1 crieruaibHO HamuCaH JJig OOecredeHus
nérkoro gocryna k LINOACK u EISPACK, koTophie peacTaBistoT
coOOl COBpPEMEHHBIE MPOTpaMMHBIC CPEACTBA ISl MAaTPUYHBIX BBI-
YHCJIEHUM.

MATLAB pa3BuBaicsa B TCUCHUE HECKOJBKUX JIET, OPUEHTHUPY -
ACh HA PA3IUYHBIX MOJIb30BaTelIeM. B yHHMBepcuUTETCKOUW Cpene OH
MPEACTaBIIsT COOOM CTaHMAPTHBIM MHCTPYMEHT Il paboOThl B pas-
JWYHBIX OTPACIISIX MATEMATUKH, MAIIMHOCTPOEHUS U HAYKH B LIEJIOM.

B nmpombiienHoctt MATLAB — 3T0 HHCTpYMEHT 17151 BBICOKO-
MPOAYKTHUBHBIX UCCIICAOBAHUM, pa3pad0TOK 1 aHAJIN3a JIAHHBIX.

B MATLAB BaxHas poJjib OTBOJMUTCS CHELUAIM3UPOBAHHBIM
rpyImaM nporpamM, HasbiBaeMbix toolboxes. OHU O4YE€Hb BaXKHBI TS
OonpimHCTBa Moab3oBaTeneil MATLAB, Tak kak MO3BOJSIOT U3Y-
YUTh U MPUMEHUTH CIEHUAIM3UPOBaHHBIE METObI. Toolboxes — 31O
BcecTOpoHHSs Koyutekius ¢pyHkunii MATLAB, koTopbie mO3BOJISIOT
peliath 4yacTHbIE Kiacchl 3aaad. Toolboxes mpumensiercst miis ooOpa-
OOTKM CUTHAJIOB, CUCTEM KOHTPOJISi, HEHPOHHBIX CETEH, HEUETKOM JIO-
TUKH, BOUBJIIETOB, MOJICIIMPOBAHUS U T.]I.

Texnuueckue xapakmepucmuKku CUCHIEMbL

OcHoBnble yactu cucteMbl MATLAB:

1. SdA3pik MATLAB. D10 s3bIK MaTpull 1 MacCUBOB BBICOKOTO
YPOBHSI C yIpPaBJICHUEM MNOTOKaMH, (DYHKUIUSIMU, CTPYKTypamu JaH-
HBIX, BBOJIOM-BBIBOJIOM M OCOOEHHOCTAMH OOBEKTHO-OPUEHTHUPOBAH-
HOTO TPOTPAaMMHUPOBAHUS. ITO TMO3BOJSAET KaK MPOTpaMMHUPOBATH B
«He OoJibllIeM MaciiTadbe» JJis OBICTPOro CO3JaHUS YEPHOBBIX IPO-
rpamMM, TaK U B «OOJBIIIEM», JJIs1 CO3AaHUS OOJBIINX M CIOKHBIX MPH-
JIOKEHUN.
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2. Cpena MATLAB. D10 HabOp MHCTPYMEHTOB U IMPHUCIIOCO0-
JEHUM, C KOTOPHIMM pabOTaeT TMOJIb30BaTEelb WM IPOTPAMMUCT
MATLAB. Ona Bkiato4aeT B ce0si cpelicTBa IS yIpaBJICHUS Iiepe-
MEHHbIMU B paboueM mpoctpanctBe MATLAB, BBOIOM U BBIBOJOM
JTAHHBIX, a TaKXKe JJIA CO3JaHUs, KOHTPOJS U OTIaaku M-¢ailioB u
npuioxenud MATLAB.

3. VYnpasasiemas rpaduka. IT0 Trpaduyeckas CcucTeMa
MATLAB , kotopasi BKJIIOYaeT B ce0sl KOMaHJbl BBHICOKOTO YPOBHS
JUIsl BU3yalu3alluu JBYX- U TPEXMEPHBIX JAHHBIX, 0OpabOTKH H30-
OpakeHM, aHUMAaIlUu ¥ WIUTIOCTPUPOBAHHOU Tpaduku. OHA Takxke
BKJIIOUAET B ceOs KOMaHIbl HU3KOTO YPOBHS, MO3BOJISIOIIUE TOTHO-
CTBIO PEIAKTUPOBATH BHEIIHUI BUJ TpauKH, TaK ke KaK MpHU CO3/a-
Hun ['paduueckoro Ilonb3oBarensckoro Wurepdeiica (GUI) ms
MATLAB-npunoxeHumu.

4. budanoreka MaremMaTudeckKux (QpyHkmumii. 310 OoOMIMpHAs
KOJUICKIIUSI BBIYMCIHUTENBHBIX aJTOPUTMOB OT 3JIEMEHTapHBIX (PYHK-
U, TaKKUX, KaK CyMMa, CUHYC, KOCUHYC, KOMILJIEKCHasi apudMeTHKa,
10 0oJiee CIIOKHBIX, TaKUX, KaK OOpalleHHhe MaTpull, HAXOXJCHHE
coOCTBeHHBIX 3HaueHWH, PpyHKIMU beccens, OpicTpoe mpeobOpa3oBa-
Hue Oypsbe.

5. Ilporpammubiii mHTEep@eiic. D10 OMOIMOTEKA, KOTOpas MO-
3BOJISIET mHcaTh nporpaMmbl Ha Cu u DopTpaHe, KOTOpPHIE B3aHMO-
nerctBytoT ¢ MATLAB. Ona Bkitouaer B ce0st cpeacTBa AJisl BbI30Ba
MATLAB (nunamuueckas cBsi3b), Bbi3biBast MATLAB kak Beunciu-
TEJbHBIM MHCTPYMEHT U JIJIs YTeHHs-3anucu Mat-¢aiiios.

6. Simulink. ConyrcrBytomas MATLAB nporpamma — 310 uH-
TE€paKTUBHAsl CUCTEMa JJIsl MOJCIIMPOBAHUS HEJIMHEHHBIX JUHAMHYE-
ckux cucteM. OHa MpeacTaBisIeT COO0OM cpefdy, YHpaBisIEMYIO MbI-
b0, KOTOpAasi MO3BOJIIET MOJEINPOBATH MPOLECC MYTEM MEPETaCKu-
BaHMs OJIOKOB JuarpamMM Ha 3KpaHe W UX MaHumyssiiued. Simulink
paboTaeT ¢ JMHEHHBIMHU, HEJIMHEHHBIMHU, HEMPEPHIBHBIMU, TUCKPET-
HBIMU, MHOTOMEPHBIMHU CUCTEMaMHU.

7. Blocksets — »To monosHenue k simulink, koTopoe obecreun-
BaeT OMOMMOTEKH OJOKOB [JIsi CIICIMATU3UPOBAHHBIX IMPHUI0KCHUH,
TaKuX, KaK CBs3b, 00pa00TKa CUTHAJIOB, SHEPTETUUECKUE CUCTEMBI.

8. Real-Time Workshop. JOta nporpamMmma mo3BoJisieT reHepu-
poBath C K0 U3 OJI0OKOB THArpaMM.
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Cmpykmypa cucmemai, ¢yHKl{u0H(lJleble 603MOIMHCHOCMU U
MEXHO102uYecKull npouecc npumenHeHun

CTpyKTypHasi cxeMa CHUCTEMBI

Blocksets MonuTtop,M-daitnsl,
M-npuioxeHus ...
Bbubmmo te-
Ka 6JI0KOB T bubaunoreka
v Cpena Matlab MaTeMaTuye CKUX
Simulink < HKIM A
N by
T 4 SIzbik Matlab
Real-Time Workshop
. ITporpamubIit
uHTepdeiic
Cu xon Ynpasasemas rpaduxa Cu,Fortran,

Puc. 1 — CtpykrypHas cxema cuctembl Matlab

OcHOBHbBIE XapaKTepUCTUKU cucTteMbl Matlab:

® MPENOCTABISACT WIMPOKUE BO3MOYKHOCTH HMCIIOJIB30BAaHUS Ma-
TEMATUYECKUX BBIPAKEHUH, B OTIWYHUE OT MHOTHX APYTUX MNPOTrpaMM,
3TH BbIpaxkeHus B MATLAB BkitouaroT MaTpuLbl;

® HMEET HIMPOKHUE BO3MOXKHOCTH JIJIsl rpaduuecKkoro n3obdpaxe-
HUS BEKTOPOB M MaTPHII, a TaKXe ISl CO3/1aHUs KOMMEHTApUEB U Tie-
yaTu rpauKu;

® BKJIOYaeT B ce€0d KaK COBOKYMHOCTb NEPEMEHHBIX, CO3/aH-
HbIX 3a BpeMs padotel B MATLAB, tak u Hatop (aiinos, cogepxa-
IUX TPOrpaMMbl W JAaHHBIE, KOTOPbIE MPOJOJIKAIOT CYIIECTBOBATH
MEX]Iy ceaHcaMu paOOoThI;

® MPEJOCTABISACT KOMIUIEKC ()YHKIMA HUZKOIO YPOBHS, KOTO-
phi€ MO3BOJISIIOT CO3/laBaTh M 00pabaThiBaTh JIMHUHM, MOBEPXHOCTU U
npyrue rpaduueckre oObEKThl. JTa CUCTEMa Ha3bIBAETCS yIpaBJsie-
Masi rpaduka;

® MPEJOCTaBISET HECKOJIBKO CHOCOOOB il CO3AaHUs JIBUTAlO-
mieics, aHuManMoHHOM  rpaduku. HMcmosib30BaHME  CBOMCTBA
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EraseMode mpenHa3sHadeHo aJIs JJIMHHON MOCIIEI0BAaTEILHOCTH TIPO-
CTBIX TpauKOB, 71 U3MEHEHHE OT KajJpa K KaJpy MUHUMAJIbHO;

® pa3BUTasi CUCTEMA CHPABKHU U JOKyMEHTAlMU. ECTh HECKOJIb-
KO CITIOCOOOB MOJYYUTh TEKYIIYI0 JoKyMeHTanuio no MATLAB:

o Komanna help.

o OKHO crpaBkwu.

o MATLAB help desk.

o Tekyiiue cupaBOYHBIE CTPAHUIIBI.

o Csa3p ¢ MathWorks, Inc.

SIMULINK — npunoyxcenue MATLAB, npeonaznauennoe 011
mooenuposanus CAY

[Ipencrasasier coboit Habop cpeacTB (M-daiiioB) ajisi MOJETH-
POBaHUSI KaK JUHEUHBIX, TaK U HEJIMHEUHBIX JUCKPETHBIX, aHAJIOrO-
BbIX U THOPUIIHBIX TUHAMHYECKUX CUCTeM. Mcmonb3yeTcs B KauecTBe
nononuutensHon onuuu MATLAB. SIMULINK npengocrtaBisier
MOJIb30BaTEN0 rpaduuecKkuil MHTepenc sl MOCTPOCHUST OJOYHBIX
WIN CTPYKTYpHBIX cxeM. bombiias OubiamoTexka OJOKOB TMO3BOJISET
OBICTPO CO3/1aBaTh TOYHBIC TUHAMHUYECKHE MOJICNIA, HAIpUMEp, CHC-
TE€MbI YIIPABJICHUS pa3padaThIBAEMOr0 TEXHUUECKOTO O0BEKTA.

B SIMULINK BKIHOYE€HBI COBPEMEHHBIE AITOPUTMbI MHTETPU-
pOBaHUs U MIUPOKUM HaOOp (yHKIMI aHanmu3a monaenu. Bot HekoTo-
pbl€ U3 HUX: UHTEPAKTUBHOE MOJICIUPOBAHUE MPOIECCOB C «KUBBIMY
oToOpakeHueM, MmojaenupoBanue MetrogoM Monte-Kapno, Ganancu-
pOBKa (OmpenesieHue TOYEK YCTOWYMBOTO pPABHOBECHS), JIMHEAapU3a-
uus. OtkpeiTas apxurektypa SIMULINK no3Bonsier pacmmpsiteh
CpPEACTBA MOJEIMPOBAHMS, UTO MOAPA3yMEBAET: CO3/IaHHUE IMOJIb30Ba-
TEIbCKUX OJOKOB M OMOJMOTEK OJIOKOB C BalllMMU COOCTBEHHBIMU
WKOHKAaMH, CO3JIaHUE TOoJIb30BaTeIbCckux uHtepdeiicos ¢ MATLAB,
Fortran unu C-mporpaMmamMuy MOJb30BaTeNsA, CBSI3b C YXKE CYIIECT-
BYIOIIIMMU OTJaXeHHbIMU Fortran uiau C-mporpaMmamu, reHepaiuio
C-koma W3 MOJENEl TMOJb30BATENICH, WCHOJIb3Yys MPUI0KEHUE
SIMULINK Real-Time Workshop.

B coueranuu ¢ nporpamMmmubsiM koMiuiekcoM DADS SIMULINK
MPEJOCTABIISIET MOJb30BATENII0 YHUKAJIbHBIE BO3MOXHOCTU JJIsI aHa-
au3a AMHAMUYECKOTO TOBEJACHUS MEXaHU3MOB (CHCTEM) C Y4YE€TOM
MaCCUBHOIO M (WJIM) aKTUBHOT'O YIPABJICHUSI.
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Pabota B cpeae SIMULINK HaumHaeTcs ¢ mpoCTOTO Ha)XaTus
crieruagbHOM KHONKK BepxHeu nmaHenu MATLAB u ganee cBoaurcs
K Ha0oOpy WM KOHCTPYUPOBAHUIO HHTEPECYIONIEH HCCiea0BaTEeNs
cxembl u3 OnokoB rpaduueckoit 6mobmmoreku SIMULINK. Ilocne-
TYIOIIHUE JIEUCTBUSI 3aKJIIOYAIOTCA B HUCIOJIb30BAaHUM KOMAaH], peayu-
3YIOIIMX B YHCICHHOM WU TpaduueCKOM BHUJE alrOPUTMbI 00padboT-
KU WY aHalli3a 3aJJaHHON CXEMBI.

Simulink — 3To MHTepakTUBHAs cpena sl MOACIUPOBAHUS U
aHajau3a IMIMPOKOTOo Kiacca AUHAMUYEcKuX cucteM. OHa IpegocTaB-
JSIeT TOJIb30BaTeN0 rpaduueckuil uHTepdeiic 1jisi KOHCTPYUPOBAHUS
MoOJieJIel U3 CTaHJAPTHBIX OJIOKOB MPH MOMOIIM TexHoyioruu «drag-
and-drop». O6mrpHas OnbIMOoTEKa OJIOKOB MO3BOJISIET MOJICIUPOBATH
CUCTEMBI OU€Hb OBICTPO, 0€3 HaMMCaHUs €IUHON CTPOUKHU Koja[2].

Ocnosnwvie cpeocmea SIMULINK onst moOenuposanus u ananusa:

1. O6mupHas 6ubaMoTEKa OJIOKOB JUISI CO3/MaHUS JIMHEWHBIX U
HEJIMHEWHBIX, JTUCKPETHBIX W HEMPEPBIBHBIX, THOpUIHBIX, SISO wu
MIMO monenen.

2. HUepapxuueckas CTpyKTypa MOAEIEH C HEOTPAHUYECHHOM BJIO-
AKEHHOCTBIO.

3. CkansgpHbI€ U BEKTOPHBIE CBS3H.

4. CpenactBo Jyisi CO3/IaHUs TOJIB30BaTEIBCKUX OJIOKOB M OHO-
JUOTEK.

5. VlHTEepakKTUBHOE MOJCIMPOBAHUE C (GKHUBBIM» OTOOpaKEHUEM
Ha JKpaHe.

6. CeMb METOJIOB MHTETPUPOBAHUS C (PUKCUPOBAHHBIM U TIEpE-
MEHHBIM II1aTOM.

7. JInneapusanus.

8. MoaenupoBanue Monte-Kapio.

9. OnpeneneHre TOYEK PaBHOBECHS.

10. Paznuunbie ciocoObl BBIBOJIA HA DKpaH M OMOIMOTEKA BXOI-
HBIX CUTHAJIOB.

Hnmepaxkmuenoe cozoanue mooenei

B SIMULINK Bxoaut 0osbiasg OHOIMOTEKAa OJI0KOB, MO3BOJISIO-
11asi JIErko co3/aBaTh MOJIEIU. BbI MPOCTO MEpEeHOCUTE KOMIIOHEHTHI U3
OMOMMOTEKH B HOBYIO MOJEIb W COCIUHSACTE UX C MOMOIIBIO MBIIIH.
['pynmupys 00K B MOJACUCTEMBI, MOXKHO CO3/aBaTh HEpPapXUUECKUE
Moesd. Yrco OJ10KOB U CBSI3€H B MOJIEM HE OTPaHUYEHHO.
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Kueoe mooenuposanue

brnoku muarpammsl Simulink oGecreunBarOT MHTEPAKTUBHYIO
cpeny IUisl HEMMHEHHOTO MOJEIUPOBaHUsA. MOXHO BBIIOJIHITh MOJE-
JUPOBAHKUE C MOMOIIBIO MEHIO WM KOMAaHIAHOW CTPOKHU. Pe3ynbTaThl
MOJICIMPOBAaHMS OTOOpaxarorcsi B mpouecce padoTel. C MOMOIIBIO
Simulink MOXHO U3MEHATH MapaMeTPbl MOJICNIH JaXe B TOT MOMEHT,
KOTJ1a BBITIOJIHAETCS. MOJICTTMPOBAHUE.

Hacmpoiika na nonvzoeamens

Simulink oGnagaeT OTKpBHITON apXUTEKTYpPOH U MO3BOJISIET 000-
ramfaTh cpery MOJACIUPOBAHMUS:

1. Co3naBaTth cOOCTBEHHbIE OJIOKH U OMOIMOTEKU OJIOKOB € JOC-
tynoM u3 nporpamm Ha MATLAB, FORTRAN wunu C.

2. CBsa3bIBaTh OJIOKHM C pa3paOOTaHHBIMU pPaHEE MPOTpaMMaMU
Ha FORTRAN u C, cogepkamumu y>ke TpOBEPEHHBIC MOIEIIH.

Hnmezpayua ¢ MATLAB u oonoanumenvHvimu naxemamu
npozpamm

[Tockonpky Simulink oGecrieunBaeT U OCYIIECTBIISET HEMOCPE-
CTBEHHBIM JOCTYNl K MaTeMaTH4YECKUM, T'paUueCKUM U MPOrpamM-
HbIM cpeactBam MATLAB, M0OXHO aHanM3WpOBATh JTAHHBIE U OITH-
MHU3UPOBaATh MmapameTpsl Mojenen npsamo n3 SIMULINK. Bo3moxHo-
CTH JOTOJIHUTEIbHBIX MAaKETOB TaKX€ MOTYT ObITh MCIOJIb30BaHbI B
X0J1€ MOJICIIUPOBAHUSI.

Cneyuanuzuposannsie oudIUOMEKU 0J10K08

bubnnoreka 61okoB SIMULINK MoxkeT ObITh JOMOJIHEHA CIie-
UaIU3UPOBaHHBIMU OubIMoTekamu. Hampumep, O6mbimnoreka DSP
Blockset ncnonb3yercst ajisi pa3paboTKu aqropuTMoB HUGPOBOH 00-
pabotku curHanoB, Oubnmorexka Fixed-Point Blockset pacmupsier
BO3MOKHOCTH Simulink 1151 MoaenMpoBaHuUsl CUCTEM YIIPABICHUS U
@ poBoil GUIbTpaLUY.

T'enepayusn kooa
C nomompto Real-Time Workshop moxkno renepupoBats C-koA
mozenent Simulink.
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Communications Toolbox

JlaHHbI nakeT nmpeAcTaBisieT cOOOW MONHBIM HA0OP BO3MOXKHO-
CTel N pa3pabOTKH, aHAIW3a U TECTUPOBAHUS MOJieNield 1u(poBbIX
Y aHAJOTOBBIX CHUCTEM U YCTPOWCTB CBSI3M M MEpeaaduu UHPOpMaIluu.
[Taker comepxur Oonee 100 ¢pynkumnit MATLAB u npumepno 150
osiokoB Simulink a1 pa3pabOTKH U MOJEIUPOBAHUS TAKUX CHUCTEM,
KaK YCTPOMCTBO PaJMOCBA3U, MOJIEMbl U YCTPOMCTBO XPAHEHUS WH-
dbopmanuu. Ilaker sBisieTCs MPEKpPacHbIM CPEACTBOM JUIsl HAyUHBIX
pa3pabOTOK, a TaKKe Il OOYUYEHMS CTYJACHTOB IO CHEHHAIBLHOCTSIM,
CBS3aHHBIM C HH()POPMALIMOHHBIMUA TEXHOJIOTHUSIMH.

Ochognuie ceoticmea Communications Toolbox:

1. KogupoBanue u onugpoBKa.

2. KoaTpomas ommboK npu KOAUPOBAHUH.

3. Mopynsuus v 1eMOayJ SIS,

4. OunpTpanys Opu nepeaadye u npueMe.

5. CunxpoHu3aius, B TOM YHCJI€ aHAJIOTOBbIC U IIU(PPOBBIE CHC-
TeMbl (Pa30BOM aBTOMOJCTPONKH YaCTOTHI.

6. KoJUIEKTUBHBIN JOCTYII.

7. Beruncnenue noneu ["anya.

8. 'enepaTopsl CUTHAJIOB.

9. ®yHKIIUM aHATU3a U TOCTPOECHUS rpaUKOB.

Control System Toolbox

JIaHHBIN TMaKeT MpeCTaBIsIeT COOOM KOJUIEKIMIO aJITOPUTMOB
MATLAB pnst MoaenupoBaHus, aHAIN3a U NPOCKTUPOBAHUSA CUCTEM
aBTOMATUYECKOro ympaBieHus. OyHKIIMU MaKeTa BKIOYAIOT Hanbo-
Jee TPaJUIIMOHHBIE METO/Ibl MEPENATOUHBIX (PYHKIIMI U COBPEMEHHBIC
METO/IbI MPOCTPAHCTBA COCTOSTHUM. C MOMOIIBIO 3TOTO MAKETa MOKHO
MOJICJIUPOBATh W aHAJIU3UPOBATHh KaK HEMPEPHIBHBIC, TAK U JUCKPET-
HbIe cUCTeMbl. HaCTOTHBIA U BPEMEHHOU OTKJIMK, TUArpaMMbl pacro-
JOKEHHUS HYJICH/TIOJIFOCOB MOTYT OBITh OBICTPO BBIYMCICHBI U OTO-
Opa’keHbI Ha IKPaAHE.

Ocnoenvie ceoiicmea Control System Toolbox:

Mooenuposanue:

1. HenpepbiBHBIE U TUCKPETHBIE CUCTEMBI.

2. ®opMmatel MojeNel: nepeaaTouHbie (PyHKIMH, TPOCTPAHCTBO
COCTOSIHWM, HYJIU-TIOJIFOCA.

3. IIpocTpaHCTBO JIMHEUHBIX MOJCIEH CUCTEM.
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4. TlpeoGpa3zoBanue Moieliel B pa3indHbie (PopMaThl.

Ananus:

1. TTonnsiit HAOOp cpeacts aAyist MIMO-cuctem.

2. BpeMeHHBIE XapaKTEpUCTUKU: IEPENATOYHAsA U INEPEXOIHAS
GbyHKIIMU, peakiysi Ha TPOU3BOJIbHOE BO3/ICHCTBHE.

3. HacToTHbIE XapakTepUCTUKHU: Auarpammbl bone, Hukomnca u
zp.

lIpoexmuposanue:

1. Pa3zpaboTka 0OpaTHBIX CBS3EH.

2. I[IpoextupoBanne LQR/LQE-perynsaTopos.

3. XapakTepuCTUKU MOJCIICH: YIPaBIsieMOCTh, HA0IIOAaEMOCTb,
ITIOHWKEHUE TTOPSAIKA MOJIEIIEH.

4. ITonnepxkKa CUCTEM C 3aMa3bIBAHUEM.

Excel Link

JlaHHBIA TIaKeT OOBEAWHSET BBIUYMCIUTEIBHBIE M TpadHUdecKue
B03MOKHOCTH MATLAB C BO3MOXHOCTSIMU 3JICKTPOHHON TaOJIUIIBI
EXCEL, camoii pacnpoCTpaHEHHOM JJEKTPOHHOW TaOJUIBI s
WINDOWS.

Ocnosnbie ceoticmea Excel Link:

1. «KuBas» cBa3p MATLAB-EXCEL.

2. ABycroponnuii ooMmeH nanasiMu mexxny MATLAB-EXCEL.

3. IIpocmotp, penaktupoBanue u ooMeH aaHHbix MATLAB B
EXCEL.

4. Anamns nanaeix EXCEL 8 MATLAB.

5. Bemmonnenue gpynkuuit MATLAB npsimo u3z EXCEL.

6. [logroroka EXCEL-nipuiioxeHumu.

Identification Toolbox

JIaHHBI TAKET TMPEACTABIACT CHEHUATM3UPOBAHHBIE CPEICTBA
U1l UACHTU(UKALIMY JTUHEWHBIX JTUHAMHAYECKHUX CHCTEM IO UX Bpe-
MEHHOMY WJIM YaCTOTHOMY OTKJIMKY. HaCTOTHBIE METO/IbI HATIPABJICHBI
Ha WJICHTU(HUKAINIO HEMPEPBIBHBIX CHCTEM, YTO SBIISCTCS MOIIHBIM
TOTIOJTHEHHEM K 0oJiee TpaJIullMOHHON JUCKPETHOM MeToauke. Meto-
JIbl TITAKETa MOTYT ObITh IPUMEHEHBI K TAKUM 3a7a4aM, Kak MOJIEIUPO-
BAHUE DJIEKTPUUYECKUX, MEXAHUUYECKUX U AKYCTUUECKUX CHCTEM.
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OcHosnbie ceoticmea Identification Toolbox:

1. Ilepuoamyeckue BO3MYIICHUS, MUK-PAKTOp, ONTUMAIIbHBIN
CHEKTp, MCEBIOCIyYaiiHble U JUCKPETHBIE JBOMYHbBIC MOCIIEI0BATEINb-
HOCTH.

2. Pacuer noBepUTENbHBIX UHTEPBAJIOB aMIUTUTYbI/(a3bl U Hy-
JE€1/TI0IOCOB.

3. Unentudukaiuss HEMPEPHIBHBIX U AUCKPETHBIX CUCTEM C HE-
M3BECTHBIM 3aIa3bIBAHHEM.

4. JlnarHoCTUKA MOJEIIH, BKIIIOYass MOJACIIUPOBAHUE U BBIYUCIIC-
HUE HEBSA30K.

5. IIpeoOpazoBanue moxeneit B popmar System Identification u
oOpaTHo.

Financial Toolbox

JlaHHBIN TakeT sABaseTcs OCHOBOM mis pemeHuss B MATLAB
MHOECTBa (DPMHAHCOBBIX 33714, OT MPOCTHIX BBIYUCICHHUMN J10 TIOJIHO-
MacIITAOHBIX PaCMIpPeNeIEHHBIX MNpuiIokeHuil. OH MOXeT OBbITh HC-
MOJIb30BaH ISl pacuy€Ta MPOLIEHTHBIX CTABOK M MPUOBLIM, aHAIU3a
MPOU3BOJIHBIX JI0XOJIOB U JIEMO3UTOB, ONTUMHU3AIMU MOPThENs UHBe-
CTUIIUMN.

OcHosgnvle ceoticmea Financial Toolbox:

1. O6paboTka JaHHBIX.

2. JlucniepcuoHHbll aHanu3 3¢G(PekTuBHOCTH TOPT(ENsT HWHBE-
CTULIHM.

3. AHanu3 BpEMEHHBIX PSIOB.

4. Pacu€t 1OXOMHOCTH IIEHHBIX OyMar u OIleHKa KYypCOB.

5. CTaTuCTUYECKUN aHAJIN3.

6. AHamM3 4yBCTBUTEILHOCTH PHIHKA.

7. KanpKynsinusi €KerogHoro J10XoJa U pacyéT JEHEKHOTO IOo-
TOKA.

8. MeToabl HAYMCIEHUS W3HOCA U aMOPTU3ALMOHHBIX OTYHUCIIE-
HUH.

Fuzzy Logic Toolbox

JlaHHBIN TakeT 00JIalaeT MPOCTHIM U XOPOILIO OO TyMaHHBIM HH-
TepdeiicoM, MO3BOJISIIONIMM JIETKO MPOEKTHUPOBATh M JUATHOCTHPO-
BaTh HeuéTkue monaenu. OOecrneunBaeTcs MOAACPKKa COBPEMEHHBIX
METOJIOB HEUETKON KJIACTEPU3AIMU U aJJallTUBHbIC HEUETKUE HEUPOH-
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Hble ceTu. [ paduueckue cpencTpa makeTa MO3BOJSIOT UHTEPAKTHUBHO
OTCJIC)KMBATh OCOOCHHOCTH TOBEJACHUS CUCTEMBI.

Ocnosnble ceoticmea Fuzzy Logic Toolbox:

1. OnpeneneHve NMEepeMEHHBIX, HEYETKUX MPaBWI U (PYHKIUN
MPUHAJIEAKHOCTH.

2. IHTepakTUBHBIN MIPOCMOTP HEYETKOTO JIOTHYECKOTO BHIBO/IA.

3. CoBpeMeHHbIE METOAbI: aJaNTUBHBIA HEUETKUN BBIBOJI C MC-
MOJIb30BAHUEM HEUPOHHBIX CETEU, HEUETKAS KJIACTEPU3ALIUSL.

4. NuTepaktrBHOE AuHaMuyeckoe moaenupoanue B SIMULINK.

5. T'enepamus mepeHocumoro C-koma ¢ momorisio Real-Time
Workshop.

Higher-Order Spectral Analysis Toolbox

JIaHHBIN TAKET COACPKUT CHEHHATbHBIC AIITOPUTMBI JIJISI AaHAJIU-
3a CUTHAJIOB C MCIIOJIb30BAaHHUEM MOMEHTOB BBICHIETO MOpsaka. OH
OPEACTABISIET MIMPOKUE BO3MOXKHOCTH I aHajlv3a HErayCCOBBIX
CUTHAJIOB, TaK KAaK COAEPKHUT aJTOPUTMBbI, TOKAITYyH, CAMBIX NEPEIO-
BBIX METOJIOB JIJIs1 aHAJIN3a U 00pa0OTKH CUTHAJIOB.

OcHosnvie ceoticmea Higher-Order Spectral Analysis Toolbox:

1. Ouenka CreKTpoB BBICOKOTO MOPSIKA.

2. TpaguIMOHHBIA WJIM TAPAMETPUYECKUI TTOJIXO/.

3. BoccranoBienue aMIIuTyabl U (asbl.

4. AanTUBHOE JUHENHOE MPOTHO3WPOBAHUE.

5. BoccTranoBi€HUE TAPMOHHUK.

6. Onenka 3arma3pIBaHus.

7. bnounast o00paboTKa CUTHAJIOB.

Image Processing Toolbox

JIaHHBIN MMaKET MPENOCTABIAECT YUEHBIM U UHKEHEPAM IIUPOKUAMN
CIEKTpP CPEACTB i MUGPOBOH 0OpadOTKH M aHaln3a M300paKeHUM.
Bynydun TecHO CBSI3aHHBIM CO Cpeaoi pa3pabOTKU MPUIOKEHUMN
MATLAB, 3TOoT makeT ocB0oOOXJaeT OT JIMTENIbHBIX OIepaluil Ko-
JTAPOBAHUS U OTJIAJKH AITOPUTMOB, TO3BOJISAS COCPENOTOUYNUTD YCUIIUS
HA PEIICHUHA OCHOBHOW HAYYHOW WJIA MPAKTUYECKOU 3a/1aUHU.

Ochosgnuie ceoticmea Image Processing Toolbox:

1. BoccTanoBieHue U BBIACICHHUE JACTAICH N300paKeHUI.

2. Pabota ¢ BbIJIETIEHHBIM YYaCTKOM HM300paKeHUS.

3. AHanu3 u300pakeHus.
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4. Jluneitnas punbTpanus.

5. I[IpeoOpazoBanue N300paKEHUI.

6. 'eomeTpuueckue npeoOpa3oBaHusl.

7. YBEIM4YE€HNE KOHTPACTHOCTH BAXKHBIX AETAICH.
8. bunapHsbie npeoOpazoBaHus.

9. O6paboTKa N300paKeHUN U CTaTUCTHUKA.

10. [IBeToBBIEC MPEOOpPa30OBAHUS.

11. U3MeHEHNE TATUTPBL.

12. IIpeobpazoBaHue TUIIOB U300PAKECHUI.

LMI Control Toolbox

JlaHHBIN TTakeT 00eCTIeYMBAET UHTEIPUPOBAHHYIO CPEly MJIs IO-
CTAaHOBKHM Y PEIICHUSA 3aJa4 JJUHEWHOTro nMporpamMmupoBanus. [Ipenna-
3HAYCHHBIM TNEPBOHAYAIBHO JJI1 MPOCKTUPOBAHUS CUCTEM YIpaBlie-
HUS, MMAKET MO3BOJSET pelaTh JI0ObIe 3aJa4d JTUHEUHOrO Mporpam-
MUPOBAHUS MPAKTUYECKHU B JIFOOOU cepe AeSITENbHOCTH, IJe TaKHUe
3a71a4 BO3ZHUKALOT.

Ocnognuie ceoticmea LMI Control Toolbox:

1. Pemienue 3amay JIMHEMHOTO MPOTPAMMHUPOBAHUS: 3aJ1a4U CO-
BMECTHOCTH OTPAHWYCHUN, MUHUMU3AIUS JIMHEUHBIX LIEJIEH NpU Ha-
JUYWAM JTUHEHHBIX OrpaHMYCHUM, MUHUMU3AIIUSA COOCTBEHHBIX 3Haue-
HUM.

2. UccnenoBanue 3aja4 JUHEHHOTO MTPOrPaMMUPOBAHUS.

3. I'paduueckuii penakTop 3ajad JUHEHHOTO MPOrpaMMUPOBA-
HUSL.

4. 3aanre OrpaHUYEHUN B CHMBOJILHOM BH/JIE.

5. MHOroOKpUTEPHUATIBHOE ITPOCKTUPOBAHUE PETYJIISITOPOB.

6. IIpoBepka yCTOMYMBOCTH: KBaJpaTU4Hasi YCTOWYHMBOCTbH JIH-
HEUHBIX CUCTEM, YCTOMYHUBOCTH 110 JISAIIYHOBY, MPOBEPKA KPUTEPUEB
[TonmoBa Ayt HETUHEUHBIX CUCTEM.

Mapping Toolbox

JlaHHBIN MaKeT MpeaoCcTaBseT TpaPUIECKUil 1 KOMaHIHBIN WH-
Tepdeiic a1 aHanm3a reorpa@uyeckux JaHHBIX, OTOOpaKEHUS KapT U
JIOCTyTa K BHEITHUM MCTOYHMKAM JaHHBIX no reorpadun. Kpome To-
ro, MaKeT MPUTOACH JJII pabOThl C MHOXKECTBOM IIUPOKO HM3BECTHBIX
atnacoB. Bce aTu cpenctra, B komOuHanuu ¢ MATLAB, npegocTas-
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JISIFOT MOJIB30BATENSIM BCE YCIIOBUS Ji1 pabOThl ¢ HAYYHBIMHU T'eorpa-
(ryecKUMU JaHHBIMHU.

Ocnosnbie ceoticmea Mapping Toolbox:

1. Buzyanu3zarusi, 00paboTka 1 aHaIU3 TPaPUUECKUX U HAYUHBIX
JTAHHBIX.

2. bonee 60 npoekiuii kKapT (IpsIMbIE U HUHBEPCHBIE).

3. IIpoexkTupoBaHue U O0TOOpaKEHUE BEKTOPHBIX, MATPUYHBIX U
COCTaBHBIX KapT.

4. I'papuueckuil nuaTEpdEiic A1 MOCTPOCHUS U 00PaOOTKH KapT
Y JAHHBIX.

5. I'moGanbHbBlE U PErMOHANIbHBbIE ATIACH TaHHBIX M COIpPSKE-
HUE C MPABUTEIbCTBEHHBIMU JAHHBIMU BHICOKOTO pa3pEIICHHUS.

6. OyHKIIMH re0CTaTUCTUKU Y HABUTALWH.

7. TpexmepHOe TpEACTaBICHUE KapT CO BCTPOCHHBIMHU CPEJCT-
BaMU MOJCBETKU U 3aTCHEHUS.

8. KonBepTsl aig nonyssipHbiXx ¢GopMaToB reorpad@uuecKkux JaH-
Heix: DCW, TIGER, ETOPOS.

Model Predictive Control Toolbox

JlaHHBIN TTAKET — MOJIHBIM Ha0Op CPENICTB MJIsA peaau3aluu cTpa-
TE€TMU MPEAUKATUBHOTO YIpPaBJIEHUS. JTa cTpaTerus Obuia pa3pado-
TaHa JUIs MPAKTUYECKUX 3aJad YIPABJICHHUS CIOKHBIMH MHOI'OKa-
HaJIbHBIMH TIPOLIECCAMU MPU HAUIMYUW OTPAHUYCHUN HA MEPEMEHHBIC
COCTOSIHMS M ylIpaBiaeHUA. MeToIbl TPEAMKATUBHOTO YIIPABJICHUS UC-
MOJB3YIOTCA B XMMHUYECKONW MPOMBIIIJIEHHOCTH W ISl YIPAaBICHUS
JPYTUMU HENPEPHIBHBIMU MTPOIIECCAMMU.

Ocnosnwie ceolicmsea Model Predictive Control Toolbox:

1. MonenupoBanue, WaACHTU(HUKAINSA U TUarHOCTHKA.

2. Ilognepxka MISO, MIMO, nepexoIHbIX XapaKTEPUCTUK, MO-
JIeJIEN MPOCTPAHCTBA COCTOSIHUU.

3. CucTeMHBIN aHAJIN3.

4. KoHBepTupoBaHue Mojeiieil B paziuuHbie (OpPMBI MPEICTAB-
JeHus (MPOCTPAHCTBO COCTOSHUM, TEepeAaTOYHbIC (DYHKITHHN).

5. Y4eOHUKH U IeMOHCTPALIMOHHBIE TPUMEPHI.

n-Analysis and Synthesis Toolbox
JlaHHbI MakeT coaepX UT (YHKLUHUHU Il TPOCKTUPOBAHUS YC-
TOMYMBBIX CHUCTEM yIpaBieHUsA. ITakeT UCIOIb3yeT ONTUMU3ALMIO B
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PaBHOMEPHOM HOpPME WM CHHIYJSIpHBIA Mmapamerp W. B Bepcuro 3
BKJIIOYEH rpaduueckuil uHTepQeic ais ynpouieHus onepaiuii ¢ 6Jo-
KaMU [IPY MPOEKTUPOBAHUHN ONTUMAIBHBIX PETYISATOPOB.

OcHosnbie ceoticmsa u-Analysis and Synthesis Toolbox:

1. IIpoexTnpoBaHuEe ONTHUMAJbHBIX B PABHOMEPHOW W HWHTE-
IrPAIBHON HOPME PETYJISITOPOB.

2. OueHka AEHUCTBUTEIBHOIO M KOMIUIEKCHOTO CHHIYJISIPHOIO
napamMeTpa L.

3. D-K unterpanuu 15t mpuOIMKEHHOTO [L-CHMBOJIA.

4. I'padpuueckuii uHTEpENC I aHAIN3a OTKIUKA 3aMKHYTOTO
KOHTYpa.

5. Cpencrea NOHMKEHHUSI IOPSIAKA MOJIEIIEH.

6. HemocpencTBeHHOE CBA3BIBAHUE OTIIEIbHBIX OJIOKOB OOJIBIINX
CUCTEM.

Symbolic Math Toolboxes

JIaHHBINA MaKeT MO3BOJSET IMOJb30BATHCS CHMBOJILHON Marema-
TUKOW W BBIYMCICHUSIMHU C IuiaBaronied toukon B MATLAB. Ilaker
BKJIIOUAET BBIYMCIUTENbHOE sSapo nmaketa Maple V Release 4, paspa-
ooranHoro ¢upmoit Waterloo Maple Software. Ilaker Extended
Symbolic Math npencraBnsier moab30BaTENO JOMOTHUTEIBHYIO BO3-
MO>KHOCTh MpOrpamMMupoBaHusa Ha Maple u obecrieunBaeT J0CTyH K
crenuan3upoBaHHbIM OnbanoTekam Maple. ITakets Symbolic Math
u Extended Symbolic Math no3BosisitoT moJsib30BaTeN0 JErko KOMOU-
HUPOBATh YMCJICHHBIE U CUMBOJIbHBIE BBIYUCIICHUS BOSAUHO O€3 moTe-
PY TOYHOCTH U CKOPOCTH BBIYUCIICHUM.

OcHogHule cgoticmea:

1. Beruucienus.

2. IlpeoGpazoBanusi.

3. JIuneiinas anreopa.

MATLAB Compiler

C ero nomoliib0 MOXKHO aBTOMAaTUYECKU T€HEPUPOBATH ONITUMHU-
supoBaHHbli C u C++ kon i M-gaiino. Tpanciupys Kon
MATLAB na C u C++ , KOMIUWJIATOP CYIIECTBEHHO YCKOPSET padoTy
MPUIOKECHUSL.

OcHogHnule ceoticmea:



132

1. ABTOoMaTtnueckoe KOHBepTHUpoBaHUE M-(ailioB B BHICOKOKA-
yectBeHHBIN C, C++ Kox.

2. CyIIeCTBEHHOE TMOBBIIICHUE CKOPOCTH BBIMOJIHEHUS IPO-
rpamM.

3. Bo3moxknocTh BcTpauBath kog MATLAB B apyrue mpuio-
»KeHwus, ¢ ucrnojibzoBanneM ononmorek MATLAB C n C++Math.

4. I'enepanust Xopouo aHHOTHPOBAHHOTO U nepeHocumoro C u
C++ xona.

5. BO3MOXXHOCTbH CKPBITUS KOJa JIJIsi 00ecTeueHus 3allUThI 3ama-
TEHTOBAHHBIX aJITOPUTMOB.

MATLAB C Math Library

Ota O6uOIMOTEKa MPECTaBISICT IMOJIb30BATENI0 HAOOP OOBEKT-
HbIX Moxaysiei MATLAB mist BeilioHEeHHUsT HanboJiee ynoTpeOUuTelb-
HBIX MaT€MaTUYECKUX aJTOPUTMOB JJII YUCJIEHHBIX PAacy€TOB U MPO-
ueayp Ui aHanu3a AgaHHbIX. [losb30Baresb MOXKET NPUMEHSTH 3TY
oubnmorexy coBmectHo ¢ MATLAB Compiler jyist co3manust npoiie-
nyp MATLAB, paboTtaromux B KakKuX-T100 BHEIIHUX MPUIIOKEHHUSIX,
a TaKXK€ MOXKET HMCIOJIb30BaTh anroputMbl Oubamoreku MATLAB C
Math B mporpaMMHBIX IpOIyKTaxX, padOTAOIIUX B IPYyTUX cpenax [2].

OcHogHule cgoticmea:

1. MaTtpuynas apudmeTHka.

2. CpaBHEHHE MATPUL.

3. Pemienne NTMHENHBIX YPABHEHUM.

4. LU u QR paznoxeHusi MaTpHll, CUHTYJISIPHbIC YHCIIa U COOCT-
BEHHbBIC 3HAUYCHUSL.

5. HaxoxneHnue oOpaTHON MaTpHilbl, I€TEPMUHAHTA U BO3BEJIE-
HUE MaTPULbI B CTENIEHb.

6. DjieMeHTapHas MaTeMaTHKa.

7. beta-, 'amma- ¢yHKIuH, QYHKIUS OMTUOKHA U DJUTANITUYECKUE
byHKITUH.

8. CTaTUCTHUKA U aHAJIU3 JAHHBIX.

9. HaxoxneHne KOpHEN MHOTOWICHOB.

10. ®unbTpsl, CBEPTKU, OBICTPBIE TTpeoOpazoBanus Dypre.

11. UuaTepnonsiuus.

12. Onepamuu Hag CTPOKaMH.

13. Boa/BeiBoA B (aiin.



