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Bo3moXHOCTH TpaccupoBuwmka TopoR

Cepre# JlysuH,
Oner NMony6acos
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B HOCTOsLEe BPEeMs TOTOBUTCS K BbIXO-
Ly HOBQSsl BEPCUSA NPOrPAMMbI TOMOJO-
rmueckoin Tpaccuposku TopoR (Topo-
logical Router) oteuectsenHoit paspabor-
KM, NPEAHA3SHAYEHHOM [N NPOEKTUPOBA-
HWS MEeYaTHLIX NIAT, NPeaBAPUTENLHO
nogrotosneHHbix B cuctemax PCAD wmnm
Protel DXP. PeannsosaHHble B nporpam-
me TopoR yHuKanbHbIE ANTOPUTMBI U MH-
CTPYMEHTASbHblE CPEefCTBA MO3BONSAIOT
Hanbonee 3PPekTUBHO WMCNONBL3OBATH
MOHTAXHO-KOMMYTALMOHHOE MPOCTPAH-
cTBO, uTo obecneunBaeT cyllecTBeHHoe
NPEUMYyLLLECTBO STOTO TPACCUPOBLLMKA MO
CPOBHEHMIO C APYTMMM MPOTPAMMHbIMM
CPEeACTBAMM QHANIOTMYHOTO HA3HAYEHUS.

TopoR npepocraenset koHCTPyKTOPY-
pPaspaboTUMKy TOMONOTMK NEYATHOM MNa-
Thl NATb PEXMMOB PABOTHI.

1. Pexxum penaktupoBaHms ctuns pas-
pabotku. Mop cTunem paspaboTku NoHM-
MQIOTCSi HEKOTOPbIE COMALLIEHMS, MPUHU-
Maemble Ang apganTauum cuctemsl TopoR
k BHewHen CAlP. 3pech onucbiBaoTCH
AQHHbIE, He 3AAAHHBIE WU HEe MOMHOCTLIO
3ag0HHble B McxogHom PDIF- unn ASCII
PCB-¢aine: dopma KOHTAKTHBIX MOLWA-
[OK, KITOCChI Lieneit M KOMMOHEHTOB, NPaBK-
Na TPOACCHMPOBKM Lenei Ang KAaX4oro us
KNOCCOB (LUMPUHBI MPOBOAHUKOB M BEmM-
YWHBI 3030POB), HO3HAYEHWE Crloes, War
NnepemeLLeHUs SNEMEHTOB NPU UX ABMXE-
HUM M T. 4.

2. Pexxmm TpaamupmoHHOro peaakTmpo-
BAHMSI, MPUBbIYHBINA KOHCTPYKTOPY, 3AHUMA-
IOLLLEeMYCH PYYHOM PA3BOAKOM CXEMbl MK
Koppekunei pucyHka nposoaHukos. OH
CONEPXMT MPUBLIYHLIA HABOP onepaumit:
NPOKNAAKA M PEAAKTUPOBAHME NMPOBOAHM-
KOB; pUKCALMS MOSOXEHMST KOMNOHEHTOB
W DMIEMEHTOB TOMOMOTMK; NepemelleHme,
NOBOPOT, NEPEHOC KOMMOHEHTOB HA APY-
rylO CTOPOHY MATHI; UBMEHEHWE Cost cer-
MEHTQ, NPOBOAHUKA UIM LEMU; M3MEHEHUE
TONLLMHBI CETMEHTA, MPOBOAHMKA UMK LENu;
nepeHasHayeHne GyHKUMOHANBHO SKBMBA-
NIEHTHBIX KOHTOKTOB.

3. Pexum penaktuposaHus B cTune
FreeStyle — yHUKQNbHbBIA UHCTPYMEHT, Mo-
3BONAIOLLMIA BPYUHYIO MITM ABTOMATUYECKM
nepeaBuraTs no NIoCckOCTU NEeYATHOM Ma-
Thl KOMNOHEHTbI W NEPEexoaHble OTBEPCTHS,

HE HOPYLWAsN UENOCTHOCTU PO3BEAEHHbIX
cBAsel M cobnionas 304AHHBIE 3030pbI.
OntmanbHas GopmMa NPOBOAHWKOB BblUMC-
NAETCA ABTOMATUYECKH.

4. Pexum pasmelLeHmns KOMNOHEHTOB
HO MIOTE BO MHOTOM HOMOMMHOET Mpw-
BbIYHbIM PELAKTOP, OAHAKO OTIMYAETCH OT
nocneaHero, BO-Nepsbix, ynobCTBOM oTclie-
XMBAHWS MHUMOEHTHBIX NEepPemMeLaemomy
3M1EMEHTY CBA3EM, Q BO-BTOPBLIX, HANMUMEM
CPefcTB ABTOPA3MELLEHUS U NPefBapu-
TENbHOM TPACCUPOBKM C BO3MOXHOCTHIO
nocrie nepemelLeHns KOMMOHEHTA MrHO-
BEHHO MOJMHOCTLIO NEPEeTPACCCHPOBATL
nNaTy, YBUAETH MIOTHO 3ArPyXEHHbIE yua-
CTKU M MOMYYMTb OLEHKY PEQNbHOM AMUHbI
NPOBOLHMKOB, O HE CyMMAPHYIO [IMHY CBSi-
3eit “no Bosgyxy”, KOTOPYIO MOKA3LIBAET
BOMbLIMHCTBO TPAAMLMOHHbIX PEAAKTOPOB
pasmellenus. BaxHo nomuuTs, uto npw
nepexofie B 3TOT PEXMM BCS MMEIOLLaACS
PA3BOAKA YHUUTOXAETCA, TPACCHPOBKA
NPOU3BOANTCSH 30HOBO.

5. Pexum onTumusauuu pasBomkm
NPeaHa3HAYEeH s YIy4YleHns KayecTsd
passopkn. OH NOMHOCTLIO ABTOMATHYEC-
KUM, ONepaTopy HyXHO TOMbKO MWL OC-
TAHOBMTbL NPOLECC ONTUMU3ALMM, KOTAA OH
PELLUT, YTO HYXXHOE KAYEeCTBO PO3BOAKM
LOCTUTHYTO MIIW YTO YIy4LIEHMs KQYecTBa
pasBoaku Gonblue He npowncxoauT. B npo-
uecce paboTbl ONTUMM3ATOP CO3[AET He-
CKOMbKO (06bIHO 2—6) BAPUAHTOB PASBOAKM,
OfiHU Tyullle MO OAHWMM MAPAMETPAM, HA-
NpUMep [MHE NPOBOAHMUKOB, APYyr1e — Mo
APYTUM, HOMPUMEP KOMUYECTBY NEPExo-
HbIX OTBEPCTMit. Pexum BeiGopa BapuaH-
TO NO3BONSET ONEPATOPY BLIGPATH NyULLINH,
MO €70 MHEHMIO, BOPUAHT U3 YUCTIA CO3AAH-
Hbix. OCTaNbHBIE BAPUAHTHI TOKKE MOXHO
COXPAHMTB, W NPU XENAHUM K HUM MOXHO
BEPHYTbCA.

O6ecneunsaeTcs Nerkuit Nepexoq 13
OfIHOTO PEXMMA B APYrOM M COXPaHeHue
TeKyLLEero BAPUAHTA BO BHyTpeHHem dop-
maTe cuctembl TopoR unu B dopmarte
sHewHen CAMMP (PDIF munn ASCIlI PCB-
bopmar).

OcHoBHON 0COBEHHOCTBIO MPOTPaM-
Mmbl TopoR sBnseTcs asTomaTnueckas mb-
KOst TOMOMOrMYeckas TPACCUPOBKA COen-
HEHWM B NTPOU3BOIbHBIX HAMPABAEHMSAX (He
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. Puc. 1. ®parmeHTbl NAATHI,
pa3BefeHHONW TPACCUPOBLLUUKOM
TopoR

Il Puc. 3. Ymenbwenne wmupmHe
NPOBOAHMKA NPU noaxope K
KOHTAKTY, MMeloLemy
MEHbLUYIO LUMPUHY

Tonbko 45 n 90°). OntumansHas dopma
NPOBOJHMKOB BbIUMCISETCS OBTOMATHYEC-
k1. MapLupyT KOX[oro NPpoBOAHUKA MMe-
eT KPATYAMLLYIO IJIMHY, orMbas KOHTAKT-
Hble MNOLAAKM NO Jyram OKPYKHOCTEN C
Heobxoaumbim 3azopom (puc. 1). 100-npo-
LEeHTHOs PA3BOAKA Uenen obecneunsa-
eTCsl NPAKTUYECKM MTHOBEHHO 3Q [LONW Ce-
KyHabl. Passopstcs Bce cBssu, faxe ecnu
05 3TOTO MPUXOAUTCA HAPYLIMTL HeKo-
TOpble TEXHONOTMYECKUE OTrPAHUYEHMS
(8 mnanbHelwem 3TM HOPYLWEHUA ABTOMA-
TUYECKM YCTPAHSIOTCS).

[lns nosbileHns Ka4eCTBA PA3BOAKM
BINOMHSETCS Npouecc onTummaaumu. Kax-
[bli HOMAEHHbIM B Npolecce ONTUMU3ALMK
BAPWUAHT TOMOMOTUK OLEHMBAETCS MO CO-
BOKYMHOCTM NAPAMETPOB (CyMMAPHASs Anu-
HO NPOBOAHMKOB, YMCNO NEPEXOAHbIX OT-
BEPCTUM, YNCNO HAPYLUEHUH, YNCIO CyXe-
HUIA MPOBOAHMKOB, YMCNO MEpPeCceyeHUit
MPOBOLHMKOB B PASHBIX CHOSX U T. A.).

B omnuune ot mpyrux cucrem, TopoR
OCYLLECTBASET NAPANNENbHYIO ONTUMM3A-
LMIO HECKOMbKMX QIIbTEPHATUBHBIX BAPUOH-
TOB TOMOMOMUM, PAMUUTIOLLIMXCS 3HAUYEHMS-
MM OMTUMH3UPYEMBIX MAPAMETPOB, U MOfB30-
BATENb BNPABE BEIGUPATL NOHPABMBLLYIOCS
€My TOMOMOTMYECKYIO KOHUIyPaLMIO.

Onepartopy NpefocTasnseTcs BO3MOX-
HOCTb BHIGOPA MYYLLIMX, MO Ero MHEHMIO,
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B Puc. 2. Ta6nuua BAPUAHTOB TPACCUPOBKU

BAPUOHTOB M3 YMCIA OBTOMATMYECKM CO-
XPAHEHHbIX (puc. 2), koTopble OH MoXeT
n06aBUTL B NPOEKT.

Mpouecc onTummusaumm B Nporpamme
TopoR umeeT pan ocobenHocTeit.

[Mockonbky npouecc onTMMU3ALMK AB-
NAETCA MHOTOKPUTEPUABHBIM, O KPUTEPUH
06bIYHO NPOTUBOPEYAT APYT APYTY (Hanpu-
Mep, NMPU yMEHbLLEHWM 0BLLIEN AfMHbI TPACcC
YBESIMUMBAETCA UMCTIO NMEPEXOMHBIX OTBEP-
CTW#), KQXAbIA UMK ONTUMU3AUMM PASEUT
KoK 6bl HQ [BE YACTM: B HAYANE LMKNIA
Borbliee BHUMAHUE yaenseTcs cokpalle-
HUIO OBLLEN ANMHBI COEANHEHMI, O B KOH-
Ue — YMEHbLIEHUIO YMCIIA MEXCIOMHbIX
nepexofios..

B nporpamme secosbie koadbduumeH-
Thl ANA KOXKAOTO M3 KPUTEPUEB AMHAMM-
YECKM M3MEHSIOTCA, HaNPUMEP, T OLLIMOKM
(BBICLUIMIt BECOBOW KO3DPUUMEHT) MCHESHYT,
TO NPM AAnbHENRLWER ONTUMM3ALMKN OYEHb
MQna BEPOSTHOCTb UX MOSABMEHUA CHOBA,
TAK KAK UX MPUOPUTET OUEHb BLICOK.

B npoctbix npoekTax cuctema GuicTpo
HOXOAMT ONTUMASbHBIA BAPUAHT (HOMb
oWMBOK, MUHUMYM NEPEXOMOB) 1 HaYMHAET
OYeHb MEJIEHHO YMEHbLLATL OBLLYIO Anu-
Hy coeanHeHuit. B Takom crydae Hukakoro
CMbICIIA B AANbHENULLEN ONTUMMIALMUMU HET.

Bo Bpems Tpaccuposkm nporpamma
TopoR crapaeTcs BbigepxuBaTL 304AHHYIO

. Puc. 4. PeBYﬂhTOT GBTOMATUYECKOro pasmeljeHus KOMMOHEeHTOB

LWKMPUHY MPOBOAHUKOB M HOMMUHASbHbIE
3030pbl Mexay nposoaHukamu. Ecnn we
YAQETCS BbAEPXATh HOMUHAMbBHBIA 3030P,
TopoR ymeHblIOeT ero fo MUHUMAIbHO-
ro. Ecnn He cywecteyeT BO3MOXHOCTH
NPOBECTU TPACCY YKA3AHHOM LUMPUHOM,
TopoR yMEHbLWUT WUPUHY, B3SB MeHbLLee
3HaYeHWe 13 TaBMLpl NPABMI TPACCUPOB-
kn. Kpome Toro, cuctema asromatuyeckm
YMEHbLLIAET WUPUHY nposoaHuka (puc. 3),
€CMIU OH MOAXOAMT K KOHTAKTY, MMEIOLLEMY
MEHbLLYIO WUPUHY (MU AMAMETP KOHTAK-
TQ MeHblUE LIMPWHLI MPOBOAHMKA), 1 Npw
npoxoae Yepes yskue mecta (Hanpumep,
MeXy KOHTAKTAMM KOMMoHeHTa). Takxe
NPOrPAMMA OCYLLECTBIISIET KAMIEBUAHOE
CINIOXMBAHME CTHIKOB NMPOBOAHUKOB C KOH-
TAKTHBIMM MAOLLALKAMM.

[Mporpamma TopoR Takxe BoinonHsier
OBTOMATUYECKOE PA3MELLIEHME KOMMOHEH-
TOB, B TOM uuclie B BblaeneHHoM okHe. B
npouecce ONTUMU3ALMM PA3IMELLEHMUS
NOMb3OBATENIO NPEAOCTABIAETCS BO3MOX-
HOCTb BMAETb NyULLIKiA (MO KpUTEpMIO Anu-
Hbl coeamHeHuit) pesynbtar. Ecnn nonyuen-
HbI} PEe3ynbTAT NOMb3OBATENS YAOBNETBO-
psieT, TO OH OCTAHABMIMBAET Mpolecc
PA3MELLEHUS U NEPEXOAUT K CIIEfyIOLMM
3TANAM NPOeKTUPOBaHMs (puc. 4).

[Mporpamma asTomMaTHUEcKOro pasme-
WeHU No3BONAET BLICTPO HAMTU NMpUem-
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Il Puc. 5.

NeMblit BAPUAHT B3AUMHOIO pacnonoxe-
HMA KOMMOHEHTOB, HO OHA HE FTAPAHTUPY-
eT cobnioaeHna KOHCTPYKTUBHO-TEXHO-
NOTMYECKMX orpaHnyeHmit. [losTomy Bapu-
QHTBI MAQT C BLICOKOW MAOTHOCTHIO KOMMO-
HOBKM, MOMyYeHHbIE C MCMOMb3OBAHUEM
OBTOMOTMYECKOrO PA3MELLLEHUS, MHOMAA
HYXOQIOTCA B PYYHOM PEAAKTUPOBAHMM AN
NMKBUAAUMM HOPYLWEHUN (y3KUX MeCT W
nepeceyeHmit KOHTYPOB KOMMNOHEHTOB).

[Mporpamma TopoR nossonset nepe-
MeLLaTb MEeMEHTH Ha yXe Pa3BefeHHOM
nnaTe, COXPAHSs MPU 3TOM LENOCTHOCTb
pasBofkM M cobmoaas 3aAaHHbIE 3030-
pbl. [epemeliieHre KOMMOHEHTOB, Nepexof-
HbIX OTBEPCTMI M BETBNEHMIt MPOBOAHWKOB
NPUMEHAETCH IS YMEHbLIEHUS ANUHbBI NPO-
BOMIHMKOB, obecneyeHus 3aAaHHbIX 3030-
POB (MMKBMAAUMK Y3KUX MECT), a TaKKe Ans
YMEHbLIEHUS NNOLIAAM MATHI, 3QHATON KOM-
noHeHTamu. [NepemellieHue MoxeT ocyliie-
CTBASTBLCA BPYYHYIO MM QBTOMATMYECKM,
NpM 3TOM NONOXEHNE NPOBOAHUKOB MrHO-
BEHHO nepecuunThiBaeTcs. [1pu aBTomMaTH-
UECKOM MEePEMELLEHNN TOUKM BETBIEHMS
NPOBOAHUKOB W NEpPEexofiHble OTBEPCTMS
YCTQHABMIMBAIOTCA B ONTUMATbHBIE MOSO-
xenus (puc. 5).

TopoR obecneunsaetr mMuHUMYM (B
PAMKOX HOMAEHHOM TOMOMOTMM) YACTIA MEX-
CIOWMHBIX NepexofoB. DTo, B YACTHOCTH,
NO3BONAET YCMelWHO PA3BOAMNTb OIHOCION-
Hble ATkl (puc. 6), NpW TPaccUpoBke Ko-

Il Puc. 6.

Topbix TopoR Haxoput nu6o opHocnom-
HYIO YKIAAKY, MME0 BAPUAHT € MUHUMAb-
HbIM YMCITOM MEepeMmbiYek.

Mporpamma TopoR obecneunsaet
BO3MOXHOCTb ABTOMOTMYECKOTO U PyYHO-
o MepeHasHayeHust GyHKLMOHANBHO K-
BMBOMEHTHbIX KOHTAKTOB MMKPOCXEM.

ABTOMATHYECKOE NMEepeHasHavyeHue
bYHKUMOHANBHO SKBMBASIEHTHBIX KOHTOKTOB
OCYLLECTBAETC B PEXMME PASMELLEHMS
KOMMOHEHTOB MPU BLINOMHEHMM YIIOMSIHY-
TOM BblLUEe NPEABAPUTENBHOMN TPACCUPOB-
k1. Ecrin B HacTpoiikax BkniodeHo paspe-
LWEeHWE MCMOMb3OBAHUS bYHKLMOHANBHOV
5KBMBAIIEHTHOCTH, NepecekaioLLmecs npo-
BOJHMKM, MOAKIIOYEHHBIE K SKBMBONEHTHBIM
KOHTOKTOM, NepeknioyatoTes (puc. 7).

B pexume pydHOro nepeHasHaueHws
KOHTOKTbI KOMMOHEHTOB, MPUHAANEXALLME
POSIMYHBIM KIOCCOM PYHKLMOHOBHOM K-
BMBOMIEHTHOCTH, NOACBEUMBAIOTCH PASHBIMM
usetamu. Lipeta knaccam HasHauakoTes -
TOMOTUYECKM W3 MPELBAPMUTENBHO 30AAHHOTO
Hobopa (5—10 nerko pasnuyaemsix LBETOB).
Mommnmo uBeTa, Knacc nomedaetcst GyKBoit
[A = Z a — z]. MNpu knke HO OOHOM U3
KOHTOKTOB BbIOPAHHBI KOHTOKT BblaenseT-
c. Bropoi knmk HO OfHOM M3 KOHTOKTOB
KIOCCA MPUBOJMT K CMEHE HAZHAYEHMs Napb!
KOHTOKTOB. Y KOHTOKTOB MEHSIOTCS HOMePa
Leneit, NPOBOAHMUKM, NOAXOAMBLUME K KOHTAK-
TOM, NepebpaChIBAIOTCSA.

Ta6nuua 1. XapakTepucTUKM YeTbipex NevydarHbiX naar,

CNMPOEKTUPOBAHHLIX B PA3JIMYHbIX CcUCTEMAX

Mnara TECT 1 TECT 2 TECT 3 TECT 4
Cucrema TopoR PCAD TopoR Protel TopoR Specctra TopoR PADS
DXP
Llenn 455 548 1095 891
KomnoHeHTbl 213 253 1131 571
KoHTakTsl 2065 2588 5708 5050
Mepexopi 860 1536 1114 2014 2832 3932 2832 3301
Croun 4 13 2 8 4 4 4 4
[rnHa, m 36 60 47 48 73 86 73 97
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H Puc. 7.

TopoR obecneunsaet asTomaTnyec-
KM KOHTPOIb KOHCTPYKTUBHO-TEXHOMOMU-
YeckMxX OrpaHWMYeHuit B mpolecce ABTO-
TPACCUMPOBKM, B MpoLecce PeaaKTUPOBO-
Hus Tononoruu nnatel (online DRC) w
koHTporb BeixoaHoro daina (DRC). TopoR
obecneunBaeT BOSMOXHOCTb BO3OBHOBIE-
HUA NPOEKTUPOBAHMSA Ge3 CyLeCTBEHHbIX
noTeps B ciydasx cGoes, KaK BHYTPEHHMX
(nporpammsl TopoR), Tak 1 sHewwHKx (c6oi
ONEePALMOHHOM CUCTEMBI, OTKIIOYEHME MU~
TaHWA W T. 4.

B tabnuue 1 npuseneHsl xapakrepuc-
TUKM YeThIPEX NeYaTHbIX NAT, paHee cnpo-
EKTMPOBAHHbBIX B YETHIPEX PABNMUYHBIX CUC-
temax: PCAD w Protel DXP (dupma Altium);
Specctra (upma Cadence); PADS (bup-
ma Mentor Graphics), a satem otTpaccu-
POBAHHBIX C MOMOLLLIO MPOrPAMMBI TopoR
NPK OAMHAKOBbIX NPOEKTHBIX HOPMAX.

3a noboi LONONHUTENLHOM MHPOPMA-
UMEN OTHOCHTENbHO MPOrpamMMbl TopoR
npocum obpallaThes B OpUC KOMMAHMM
DnekTpeia-M no anpecy: info@eltm.ru unn
TenedoHny: (495) 974-1480.
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