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INOACHUTEJIbHAS 3AIINCKA

JlaHHBIE METOAMYECKHE YKa3aHUs ITpeTHa3HAUCHBI TS 3aKPETUICHUST TEOPETHUECKUX
3HaHUH U TproOpeTeHUsI HeOOXOMMBIX PAKTUUYECKUX HABBIKOB U YMEHUII 110 porpamme
mucuuIunHel "MHxeHepHas KomnbloTepHas rpaduka’ i cnenuansaoctu CI1O
09.02.01KoMmibroTepHBIE CUCTEMBI M KOMILIEKCHI

JlaboparopHbie pabOThI COCTaBIICHBI B cOOTBeTCTBHHU ¢ TpeboBarusiMu PI'OC 1o
CHEHUATbHOCTH.

HCJISIMI/I IMPOBCACHUA MMPAKTUYCCKUX 3aHATHIN SIBISIOTCS:
- 00o00uieHne, CUCTEMaTU3AIUIO, YIITYOJIeHHE, 3aKPETUICHHE OTYyYSHHBIX
TEOPETUYECKUX 3HAHUHI
- (QopmupoBaHUEe YMEHU IPUMEHSATH MOJyYEHHBIC 3HAHUS HA TIPAKTHKE,
peaNn3anuio eMHCTBA UHTEIUICKTYaIbHOW U MPAKTUYECKON IS TeIbHOCTH;
B pe3ynbTare ocBoeHUs y4eOHOM AUCIUILIMHBI 00YYaIOIIUIACS JOIDKEH YMeTh:

BBITIOJIHATh COOPOYHBIC YEPTEKU M UYepTekH aeTaned B coorBercTBuu ¢ ECK]]
cpenctBamu CAIIP;
— YHUTaTh KOHCTPYKTOPCKYIO JOKYMEHTAIIHUIO;
— BBINIOJIHATH CXEMBI JJICKTPUYECKUE W UYEPTEKH IEUATHBIX IJIaT B COOTBETCTBUU C
ECK]I cpencrBamu CAIIP;
—  COCTaBJIATH B OOPMIISATH KOMIUIEKTHI TEXHUYECKON JOKYMEHTAIIMH B COOTBETCTBUHU
CO CTaHJIapTaMH C TIOMOIIBIO HH(POPMAIIMOHHBIX TEXHOJIOTHH.
B pe3ynbraTe ocBoeHHS y4eOHOM TUCIUTUIMHBI 00YJarOIMiCs TOMKEH 3HATh:

— OCHOBHBIE TpeOOBaHUS K 0(OPMIIEHUIO KOHCTPYKTOPCKON M TEXHUYECKOH IOKyMEHTalluN
B COOTBETCTBUU CO CTaHIapTaMH;

—  METOJbI NOCTPOCHHUSI YEPTEKEN IeTaNICH;

— ocHoBHbIe cuctembl CAIIP u nx obnactu npuMeHeHusl.



JIABOPATOPHAS PABOT A Nel.

Tema 4.1. O01mue cBeieHUs 00 IJIEKTPHYECKHUX CXeMax

OcHOBHbIE 3J1eMeHThI HHTepP(elicoB cHCTeM ABTOMATH3UPOBAHHOIO MPOEKTHPOBAHUS
IIEKTPUYECKUX CXeM.

ey padoThI: 3HAKOMCTBO C OCHOBHBIMH 3JIeMeHTaMu HHTepdeiica makera PCB Artist;
CO3JIaHUE TIPOCTEUIIEH FIEKTPUUYECKON CXEMBI.

IlepedyeHb UCIOJIB3YeMOro 000py10BaAHUS

KOMIIBIOTEP € CUCTEMHBIM 00€CIICUCHHEM.

TeopeTuyeckast 4acTb

B Hacrosiiiee Bpemst neyaTHbI€ IUIAThI IUPOKO UCIOJIb3YIOTCS IIPU IPOEKTHPOBAHUN
PaMo3IEKTPOHHBIX PUOOPOB U cucteM. [leyaTHas muaTta npegHasHaueHa il 3JIEKTPUUECKOTO
1 MEXaHUYECKOT'0 COEMHEHHUS Pa3IMUHBIX JJIEKTPOHHBIX KOMIIOHEHTOB. JJIEKTPOHHbBIE
KOMIIOHEHTHI Ha HEN COEJUHSIOTCS CBOMMHU BBIBOJIAMH C 3JIEMEHTAMM IIPOBOJSAIIETO PUCYHKA
00BIYHO Naikoi. PydHoe KOHCTpyHpOBaHHE M€YaTHON IUIAThl, COAEPIKaIlel AeCATKA U COTHU
KOMITOHEHTOB, MIPEJICTABISIET COOOM JUIMTENbHBINA U TPYAOEMKHII rporecc. s yckopeHust
npolecca NPOEKTUPOBAHUS U YIYUILIEHUs KayeCcTBa TOTOBOTO MPOAYKTA UCIOJIb3YIOTCS CUCTEMBbI
aBToMatusupoBaHHoro rnpoekrupoanus (CAIIP) neyarnbix miat. OQHON U3 TaKUX CUCTEM
aBisieTcs paspadorannas komnanueit Advanced Circuits CAITP PCB Artist.

[Taker npuxnagueix nporpamm PCB Artist npeanasHaueH AJis BBIIOJHEHUS OCHOBHBIX 3TaIloB
KOHCTPYMPOBAHUS OJHOCIIONHBIX U MHOTOCJIOMHBIX TIEYATHBIX TIAT:

e CO3JaHUSA MIEKTPUYECKON NPUHIUIHAIBHON CXEMBI;

e IIPOBEPKH CO3AAHHON CXEMBbI Ha OIINOKHY;

e  CO3JaHUSA NEPEUHS DIEMEHTOB IEKTPUUECKOU CXEMBI;

e pa3MeUICHM DJIEKTPOHHBIX KOMIIOHEHTOB Ha IJ1aTe;

e ABTOMATHYECKOM TPACCHUPOBKH MEUYaTHOMH MiaThl (CO3/IaHMs PUCYHKA MEYaTHBIX
MIPOBOIHHUKOB);

e BBIBOJA KOHCTPYKTOPCKOW JOKYMEHTAIMH.

[Tpennaraemslii UK 7a00paTOPHBIX PabOT MO3BOJISET CTYIEHTaM OCBOMTH OCHOBHBIE 3TaIlbl
KOHCTPYHPOBAHUs I1I€YaTHOM IUIATHI.

1. 3HaKOMCTBO CO CpeI0i MPOEKTUPOBAHUS pPcb artist

Ileanb padoThi: 3HAKOMCTBO C OCHOBHBIMH 3JIeMeHTaMH uHTepdeiica nakera PCB Artist;
CO3JIaHUE TTPOCTEUIIEN FIEKTPUIECKON CXEMBI.

1.1. OcHOBHBIE CBEJIEHUSA

CATIP PCB Artist conepKHUT B CBOEM cOCTaBe JiBa rpaduueckux penakropa: Schematic Design
Editor u PCB Design Editor, mporpammy pa6oTsl ¢ 6ubanorexkamu Library Manager, a Takxke
IPOTPaMMBbI-YTUIIUTHI, BBITOIHSIONINE CITYXe0-
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(puc. 1.1). B nenTpasibHON YaCTH HAXOUTCS OKHO (MJTM HECKOJIBLKO OKOH) pabouero MmpoeKTa, B
KOTOPOM CO3/Ia€TCsl MPUHIMITHAIBHAS SJICKTPUUECKask CXeMa UM PUCYHOK M€YaTHOM IUIATHI.
BBepxy pacmonoxeHo MEeHI0 KOMaH]I, a IOl HUM — OCHOBHAsI TaHEJIb MHCTPYMEHTOB , Ha
KOTOPOU PacTOI0KEHBI KHOMKYA TUITUYHBIX CUCTEMHBIX KoMaH[ (Omxpuims gatin, Coxpanumo
Qaitin, Yeenuuumo macumad u 1. 1.). ClieBa pacrnoiaokeHa NaHe’Ib HHCTPYMEHTOB ¢ KHOTIKaMU
4acTO UCIOJIb3YEMBIX B IAHHOM PEIaKTOpe KOMaH/I, a ClpaBa — JIOTIOJIHUTEIbHbIC TaHEIN
WHCTPYMEHTOB, HallpUMep, MHTEPAKTUBHA MMaHelb B peaakTope Schematic Design Editor.
BHu3y pacrnosaraercsi craTyc-CTpoka, B KOTOPO# BRIBOIUTCS WH(GOPMAIIHS, COOTBETCTBYIOIIAS
BBINOJIHsIEMOW KOMaH/ie. Ha3HaueHue KHOMOK MaHelNeil HHCTPYMEHTOB Ipad)u4ecKux
PEaKTOPOB MPHUBEICHO B MPUIL. 1.

Pa6ota B PCB Artist HaunHaeTcs ¢ CO3/IaHUsI HOBOT'O MPOeKTa KoMaH10il File/New. B
PacKpbIBLIEMCS OKHE CJeyeT BbIOpaTh MyHKT New Schematic Design, eciu KOHCTPYHPOBaHHE
IUIaThl HEOOXOAMMO HauaTh C CO3JIaHUs dNIEKTpUUecKoi cxeMbl, uin New PCB Design, eciu
MpeJnoiaraeTcsa HayaTh Cpa3y ¢ pa3MellleHrs KOMIIOHEHTOB Ha maTe. B ciayyae BeiOopa
MIEPBOTO MTyHKTAa MOXHO JOTIOJIHUTEIBHO 33a1aTh madsioH (Use Template/Name), nHanipumep,
pamMky opmarta A3 ¢ ocHOBHOM Haanucklo. [lanee cneayer 3a1aTh €IUHULIBI U3MEPEHUS
npoekTa mm/mil (MALTAMETPBI/MILTHIIONMBI) KOMaHI0U Settings/Units W Iaru CETOK

o 1 - Sc:tings/Grids.
Working Grid | Sereen Giid |

B W - Y — B PCB Artist pa3iauyaror iBa Bujia CETOK:
[Eo ] pabouas (Working Grid) u sxpanHas

(Screen Greed). llepBas onpenernser
JMCKPETHOCTH MEePEMEIICHHUsI Kypcopa Ha T1oJie

- Color and Yisibility

Primary Color: I_ E [ Lines
JKpaHe; B 00IIEM cllydae, 3TU CETKH MOTYT HE
Secondary Color: | IS |~ | 1 Lines coBnaaarth. B cooTBeTcTBHE C

Wisible ] Draw Grid First BBILIIECKA3aHHBIM, OKHO Greeds UMeeET 1B

4yepTexa, a BTopas — 0TOOpakeHHe CETKU Ha

BkIaaku — Working Grid n Screen Greed (puc.
Lok J[ omesa || Mpuwerrs || Copaeka || 1.2). Ha Britaske Working Grid 3aparot mar

Puc. 1.2 ceTku Step Size 1 pexnM

npuBsi3ku Snap Mode: Greed — x xaxaon
touke cetku, Half Greed — x monoBune mara cetku, Quarter Greed — x 1/4 mara, Tenth Greed —
k 1/10 mara, Forties Greed — x 1/40 mara. Ha Bkianke Screen Greed 3a1aroT mar SKpaHHOM
CEeTKU (eci OTMEeUeH NyHKT Same As Working Greed, mar paBeH mary padodeil ceTku), IIBET U
BunumocTts (Color and Visibility).

C0321a}me 3.11eKTpnqec1c0171 CXE€MbI HAYMHAIOT C BbIBOJAAa KOMIIOHCHTOB B OKHO pa60qero
IMPOCKTA. CI[CJ'IE[TL 9TO MOKHO IBYMH CIIOCOOaMH.

1-# cioco6. Ha nnTepakTuBHON naHenu BoIOpaTh BKkIaAKy Add Component (eciy aHeNlb
BBIKJTIIOUEHA, HAXAaTh KiaBuiny F9). B BepxHeM packpbiBaromemMcs CIucKe BEIOPATh
HeoOxoaumyro 6ubnuoteky (puc. 1.3). B cnucke KOMOHEHTOB OMOTHMOTEKH OTMETUTH
TpeOyeMblii; HIKE 0TOOPa3UTCs OCAI0UHOE MECTO (KOPITYC) U YCIOBHOE Tpaduueckoe
nzoopaxenue (YI'O) atoro kommnonenta. [leperammts YI'O B OKHO TpOEKTa M 3aKPEIUTH €TO0,
HICJKHYB JIEBOM KHOMKOM MbIH. Eciii cxema colep>KUT HeCKOJIbKO OJMHAKOBBIX KOMITOHEHTOB,



HX CIICAYCT Kﬂ)KI[I)IfI Ppa3 BBIBOJUTH 3aHOBO. Henvzs Konupoeamb KOMNOHEHMblL 6 OKHE npoekma,

HOCKOIbKY NPU IMOM MeEPAEmCcs 4acmy UHGopMayuu u nociedyowue npoyedypul 6yoym

Add Component X

discrete.cml [in "C:\Us...\Li|~

7SEG
Batter
C

CcpP
CP-SM
CP1
CP3

DSC v

% Comp... I MGoto Im AddC... I
Puc. 1.3

pabomams HeKxoppekmHo!

2-i1 crioco6. Komanpoi Add/Component unv HaxxaTuEM
COOTBETCTBYIOIICH KHONKHA HAa MTaHEI WHCTPYMEHTOB CJIEBa
OTKPBITH TMAJIOTOBOE OKHO BhIOOpa KOMITIOHEHTa (puc. 1.4).
BriOpath HY)HYIO OMOJIMOTEKY U OTMETUTH TPEOyEeMBIi KOMIIOHEHT.
MOo’KHO BKJIIOUYMTH IIpeaABapUTeNbHbIN npocMoTp YI'O 1
MOCaI0YHOTO MECTa, OTMETUB MyHKT Preview. Haxats kHONKY Add,
MepeTaliuTh KOMIIOHEHT B OKHO MPOEKTA U 3aKPENUTH €T0, IIEIKHYB
JIEBOM KHOIIKOW MBIIITH. MOYKHO MPOOJIKUTH BBIBOJ OHOTHITHBIX
KOMITOHEHTOB, 3aKPEIUISis UX B HYXKHBIX MECTax IIETUYKOM.
3aKOHYHTH BBITOJIHECHUE KOMAH/IbI Ha)KaTHeM KJaBuIu Esc.

JIroOo# mpeBapUTENbHO BbIAECIEHHBIN (IIETYKOM WU PaMKOH)
00BEKT B OKHE ITPOEKTa MOXKET OBITh MepeMEIIeH, TOBEPHYT Ha yroJl
90° (kmaBumia R) wim ynanen (knaswuira Del).

Kaxxnpiit komroneHT B PCB Artist umeeT CBOCTBaA, KOTOpPHIE
MOHO peaKkTUpPOBaTh. JJig 3TOro He0OXOAUMO OTKPHITh OKHO
CBOMCTB JIBOMHBIM IIETYKOM IO KOMIIOHEHTY (MJIM OTKPBITh
KOHTEKCTHOE MEHIO IICITIKOM IPABOI KHOIIKH MBIIIH U BEIOpATh

NYHKT Properties). OKHO CBOMCTB MMEET HECKOJIbKO BKIa oK. Ha puc. 1.5 nmoka3zaHo Takoe OKHO

st komroHeHTa "Konnencatop". Bxiiagka Component conep:xut uHGOpMAIUIO O

MNO3MIIMOHHOM 0003HaYCHUH (Name), PacCIoJIOKECHUU KOMIIOHCHTA B OKHE ITPOCKTA

(Position, Angle, Mirrored, Fixed), umenn xomnonenta (Component), KOpryce KOMIIOHEHTa

(Package), umenun YT'O (Symbol), umenax u Homepax BeIBOAOB (Pin Names, Pin Numbers),

KpaTKoe onucanue komrnoHeHTta (Description). OTMeueHHas 3HakoM V uHopmarus oyaer

0TOOpaxkaThCsl Ha ANEKTpUUecKoi cxeme. bombinyio yacte nH(pOpManuu Ha



BKJIaKE Component MOKHO PECAaKTUPOBATL, HE/lb3A pe()akmupoeamb UMA KOMNoOHeHma,

MIOCKOJIBKY OHO OJIHO3HAYHO CBSI3aHO C MIMEHEM
IL:ﬁ::a ol _fin T \Users\Public\D acuments\PCE AdtistiLibrary' | =] (aiina TOro KOMIIOHEHTA.
Companent l Eind... | Add
Ha Bruiagke Values mpucyTCTBYIOT pa3JInYHbIC
é:s\v/ Fean — | aTpuOyThl KOMIIOHCHTA; UX MOXHO
W ibeence Hlame | penmaktupoBath (Edit), ynansate (Delete).
;'jv V| GEE || MosxHO 10OaBUTH CBOI COOCTBEHHBIN aTPUOYT
§§ (Add), 3anaB B Ipoliecce AUANIOTa €ro UMS 1
Presiow [ANSIB = 3HayeHue. OTMe4YeHHbIe aTpuOyThl OyayT

Properties - Component

Component l Values |
Name:

Posion: ~ [4635 | [5550 | [ Rel

Angle: [ Mirrored ] Fised

[J Component: |C | I Change...
[ Package: |psc

+5V

|
[ Description:  [Capacitor |
|

Puc. 14
. [ Symbot: Ic
IMOKa3aHbI Ha SJICKTPUUICCKOU CXCME.
[ PinNames [ Pin Numbers
[Tociie TOro, KaK BCe KOMIIOHEHTEHI [T oK |[ Ormens | [Mieversas | [ Crpesce
BBIBCACHLI B OKHO IIPOCKTAa U PI/IC 1 5

OTPECAAKTUPOBAHBI UX TMOJIOKCHUC U
CBOﬁCTBa, BBITIOJIHAIOT 3JICKTPUICCKUC COCIUHCHU.

CoennHeHNe BBIBOJOB KOMIIOHEHTOB OCYIIECTBIISIETCS C MOMOIIBIO KoMaH bl Add Connection.
OpnHol KOMaHA0M MOYKHO COEIMHUTD BBIBOJ] C BBIBOJOM, BBIBOJ] C UMEIOILIEHCS LIETbIO WIN JBE
LIENIU; HEJIb3sl Cpa3y COEAMHMTD, HAlIPUMEp, TpH BbIBOAA. [Ipy BBIIIOJIIHEHUH CIIOKHBIX CXEM
MO’KHO BOCITIOJIb30BaThCsl Takxke KoMaH10il Add Bus (100aBUTH HINHY).

JIABOPATOPHAS PABOTA Ne 2.

Tema 4.1. O0mue cBefeHUA 00 IJICKTPHIECKHUX CXeMax

Co3nanne HOBOTO IPOEKTA

Llesb padoThI: 3HAKOMCTBO C OCHOBHBIMHM 3JIeMeHTaMu HHTepdeiica makera PCB Artist;
CO3J1aHUE IIPOCTEUILIEH NIEKTPUIECKOU CXEMBI.

IlepeyeHb HCIO1Bb3yeMOro 000pyA0BaHUSA

KOMIIBIOTEP € CUCTEMHBIM 00€CIIEUEHUEM.

TeopeTuyeckas 4acThb

Xoa padoThl.

1. Coznatb HOBBIN TIPOeKT (New Design) 6e3 mabnona (Template).
2. YcTaHOBUTH €AUHUILIBI U3MEpPEHU — "mm".
3. YcraHoBuTh mar cetku (Step Size) 5 MM, puBsizky — Tenth Greed.



4. BriBecTH Bce KOMIIOHEHTHI CXEMbI B OKHO pabodero mpoekTa. DCKU3 CXEMbI MOKa3aH Ha
puc. 1.6. Mukpocxema CA741 Haxoaurcsi B OMOIHOTEKE opamps, pe3UCTOPHI U

KOHJICHCATOPHI — B OMOIMOTEKE discrete, pa3beM — B OUOIHOTEKE connector, dIeMEHTHI
+15V, -15V u 0V — B 6ubnmoteke schema.

+15V 5y
5"
L/
3 100K 2_+7_CA7~L/{
2 190!7 3| 6
/f

Lf
— 15V .
| { 20Q -5V 200,
—
C&K F?—:}_{

50

100k bf‘ﬂ/

Puc. 1.6

5. OtpenakTupoBath, Mpyu HEOOXOAMMOCTH, CBOMCTBA KOMIIOHEHTOB.
6. BBINOIHUTD TEKTPUUECKUE COCTUHEHUSI.
7. 3anucarb CO3JaHHYIO CXEMY Ha JIUCK.

Conep:xaHue oT4yeTa

OT4eT JOKEH COMIePIKATh AITOPUTM CO3/IaHUS MIEKTPUICCKON CXEMBI (C yKa3aHWeM KOMaH]I) U
pacrieyaTky ¢aiiaa co3TaHHON CXEMBI.

KonTpoJbHBIE BOPOCHI

Kaxue rpapuueckue penakropsl Bxoasat B CAIIP PCB Artist?

B kakoM penakTope co3gaeTcs dJIeKTpuuecKas cxema?

Kak co31aTh HOBBIN IPOEKT U KaKKe apaMeTphl ClieyeT YCTaHOBUTh?
B uem paszuuna mexay cetrkamu Working Grid u Screen Greed?

Kax n3aMeHuTsh 1mar npusszku?

SR e

Kakue cymecTByroT criocoObl 00aB/IeH!s] KOMIIOHEHTA B OKHO pa00o4ero NpoeKkTa u B
YeM pa3HULA MEXIy HUMU?
Kaxoil kmaBraTypHON KOMaHI0M MOKHO ITOBOPAYMBATh KOMIIOHEHT Ha yroia 90°?

% =

Kax BbI3BaTh OKHO CBOMCTB KOMIIOHEHTa (2 criocoba)?

9. Kakne THIMYHBIE CBOMCTBA KOMIIOHEHTA OTPAXKAIOTCS B OKHE Properties?

10. Kakune cBoiicTBa KOMIIOHEHTa MO>KHO PEJaKTUPOBATh, @ KAKNUE HEJIb35?

11. Kakoit koMaH1011 BBIITOJIHAIOT IEKTPUUECKUE COEAMHEHUS?

12. M0XHO 11 OAHON KOMaH/10i BBIIIOJIHUTh COEAUHEHHE IBYX BBIBOJIOB KOMIIOHEHTOB U
OJIHOM 2JIEKTPUUECKOH LIETIH U TIoueMy?

JIABOPATOPHASA PABOT A Ne 3.



Tema 4.2. OdopmileHne cxeMm 3JIeKTPHUIECKHX.

Co31aHue NPUHIUIHAIBHON JIEKTPUYECKON CXeMBbl.

Hean padots: [1o 3a7aHHOMY 3CKHM3Y CO3/1aTh MPUHIUITHAIBHYIO 3JIEKTPUUYECKYIO CXEMY U
nepedensb 351eMeHToB B cootBeTcTBUU ¢ [[OCT 2.702-2011 ECK u TTOCT 2.701-2008 ECKI.
[TpoBepUTh CO3TAaHHYIO CXEMY Ha OLTUOKH.

IlepedyeHb UCIOJIB3YyeMOro 000Py10BaAHUS

KOMIIBIOTEP € CUCTEMHBIM 00€CIICUCHHEM.

TeopeTuyeckas 4acThb

OcCHOBHBIE Tpe60BaHI/I5I, NpCABABIIACMbBIC CTaHJAApPpTaMU K BBIIIOJIHCHUIO ITPUHIUIIHAJIbBHBIX
OJICKTPHUYCCKUX CXEM CIICAYIOIIHC.

1. CxeMmbl BBINOJHSIOT Ha CTAaHAAPTHBIX GopmaTax (A4 — A0).

2. CxeMbl BBINOJHAIOT 0€3 co0uItoIeHus MaciuTabda, 1eHCTBUTEIbHOE IPOCTPAHCTBEHHOE
PacIoJIOKEHUE COCTABHBIX YacTel U3JENINS HE YUUTHIBAIOT UM YYUTHIBAIOT
IpUOIMKEHHO.

3. DneMeHTsl U ycrpoiictBa, YI'O koTopsIx ycTaHoBiieHbl B cranaapTax ECK/I,
n3zoOpaxaroT Ha cxeme B Bujie 3TUX YI'O. Eciu YI'O crangapraMu He yCTaHOBIIEHO,
TO pa3paboTurk BhIMONHAET YI'O Ha MOJSIX CXEMbI U JaeT NOSCHEHMS.

4. YT'O snemeHTOB N300paXaroT Ha CXEME B MIOJIOKEHUH, B KOTOPOM OHHU IPUBE/ICHBI B
COOTBETCTBYIOLMX CTaHJapTaX, WM MOBEPHYTHIMU Ha yroJi, KpaTHblil 90°, ecnu B
COOTBETCTBYIOLMX CTaHJApTaX OTCYTCTBYIOT ClellMaibHble yka3zaHus. Jlomyckaercs
YT'O noBopauymBath Ha yroii, KpaTHbIN 45°, Wi n300pakaTh 3epKaIbHO
noBepHyThIMU. YT'O, copepkarue udpoBbie Win OYKBEHHO-ITU(POBBIC
0003Ha4YeHMUsI, JOMYCKAETCs TOBOPAYUBATh MPOTUB YaCOBOW CTPEIKU TOJIBKO Ha YToJ
90° nnm 45°.

5. PaccrosiHre MeXy COCEJHUMHU NapayljiebHbIMU JTUHUSIMUA B3aMMOCBSI3U JI0JIKHO OBITh
He MeHee 3,0 mM. Paccrosiaue mexay otaensHbiMU YI'O nomkHo ObITh He MeHee 2,0
MM.

6. Bce 3neMeHTHI Ha cxeMe JOKHBI UMETh MO3UIIMOHHOE 0003HauUeHNe — 00s13aTeNIbHOe
0003HaUeHKE, MPUCBANBAEMOE KaXKI0M YacTH O0BEKTA U COCTOAIIEE U3 OYKBBI U
NOPSAKOBOr0 HOMepa. bykBeHHbIe 0003HauUEHUSI HEKOTOPBIX 3JIEKTPOITIEMEHTOB
npuBeneHbl B Tabnuue 1. [lopsnkoBbie HOMepa cielyeT NpucBauBaTh B COOTBETCTBUU
C TOCJeI0BaTEeIbHOCTHIO PACIIOIOKEHUS SJIEMEHTOB Ha CXEME CBEpXY BHHU3 B
HaIpaBJIEHUU CJIEBA HAIIPABO.

Tabnuna 1.

HaumenoBanue snementa | OGo3Hauenue | HaumenoBanue snementa | O603HaueHue
Mukpocxema aHanoronas DA Pesucrop R
Muxkpocxema nugdposas DD Kongnencarop C
Tpanzucrop VT Pa3zbem — Buika XP

Huon VD Pa3zbem — pozerka XS




| 7. Ha cxemax nomyckaercst moMemaTh pa3inyHbIe
R3 « TEXHUYECKHE JAHHBIE, XapaKTep KOTOPBIX OIMpeIesieTcs
| J| |M Ha3HAYeHUEM cXeMbl. Takue cBeIeHUs yKa3bIBAIOT JIMOO OKOJIO
= T YT'O (110 BO3BMOXHOCTH CIIpaBa WK CBEPXY), TMO0 Ha CBOOOTHOM
g—‘; 1 nosie cxeMbl. Okosio YI'O 351eMeHTOB U yCTPOMCTB MOMEIIALOT,
_‘:,_ R4 HarnpuMep, HOMUHAIbHBIC 3HAYCHUS X IIapaMETpPoOB, a Ha
R CBOOOJHOM TOJIE CXEMBI - IUArpaMMBbl, TaOJIUIIbI, TEKCTOBbIE
R3 T ykazanus. [Ipu ykazanuu okosio YI'O HOMHHAIOB pe3UCTOPOB U
_‘33:01_ R4 KOHJIeHCAaTOpoB (puc. 2.1) gomyckaeTcsi IPUMEHSThH YIPOLUICHHBIN
22k cnocob 0003HaueHUs €AWHUL BEIMUUH: JJIs pe3ucTopoB oT 0 10
999 Om — 0e3 ykazaHus €JUHUI] BETUYUH, OT 1-10° 10 999-10° Om

Puc. 2.1

— B KHJIOOMaAx C 0603HaquI/IeM CANHHUIIBI BEJINYNH CTquHOﬁ
6ykBoii K, ot 1-10% 10 999-10° Om — B Meraomax ¢ 0603HaYEeHUEM

€JIMHUIIbI BEJIMYMH MTPONUCHOM OyKBOM M, CBBIIIIE 1-10° Om - B ruraomax ¢

0003HaUYE€HHEM €IMHUIIBI BEJTUYHH MPOnucHOM OykBoii ['; mist konaeHcaTopos: ot 0 10
9999-10 ®d — B nukodapagax 6e3 ykazaHusi €IMHULIBI BEIMYUH, OT 1-10°® 10 9999-10"
‘D-B MUKpodapagax ¢ 0003HAYCHUEM EAMHHIIBI BEIMYUH CTPOUHBIMH OyKBAMU MK.

K cxeme momken nmpuiaraTbCs EpeYeHb AIEMEHTOB, KOTOPBIA TOMEIIAIOT Ha IEPBOM
JIMCTE CXEMBI HJIH BBIMOJHSIOT B BHJIE CAMOCTOSITEIEHOTO JIOKYMEHTA.

[IpoBepka co31aHHOM CXEMBI Ha TPyObIe OIMIMOKHM OCYIIECTBISIETCS

xkomaHoi Output/Reports/Unconnected Pins Report. B oTkpbiBIIeMcs ¢aitiie oTuera
yKa3aHbl BCE BBIBOJIbI KOMIIOHEHTOB, HE OJKIFOUEHHBIX HU K OAHOH 13 neneil. Eciu
KaKHe-JIM00 U3 TIEPEUNCIIEHHBIX BBIBOJIOB TOJDKHBI MOJIKITIOYATHCS K IIETISIM,
HE0OXO0IMMO UCTIPABUTH OIIMOKH U TIOBTOPUTH IMPOBEPKY.

[Ipumep anekTpudeckoil MPUHIMIIUATIBLHON CXeMbl, BhIOJIHEHHON B PCB Artist,
MOKa3aH Ha puc. 2.2, a mepeyHs IEeMEHTOB — Ha puc. 2.3.




Mos.
06o3Ha- HaumeHosaHue Kon lMpumeyanue
YeHue

Pezucmopbi

R1, R2 | C1-4-0,125-120 kOm * 10% AlLLIK.434110.001 TY 2

R3 C1-4-0,125-82 kOm + 5% ALK 434110.001 TY 1

R4 C1-4-0,125-33 kOm + 5% AlNLLK.434110.001 TY 1

R5 C1-4-0,125-220 Om + 10% ALK 434110.001 TY 1

KondeHcamops!

c1 KM-5-H80-0,22 mx® +80/-20 % OX0.460.161 TY 1

c2 KM-5-HS0-0,047 mx® +80/-20 % 0XK0.460.161 TY 1

DA1 Mukpocxema CA741 1

X1 Paszvem 5WP 1

ABBIr.XXXXXX.051 33
Fum Macca | Macwmat

o | Fucm | Ne Gomym Modn |fama
Paspat__|Voawos 1.7 Yeunumens 1
oo [——— MepeveHs anemeHmos
T. xonmp. |Cudopos 1. . Tuem 1 [ ucmos 1
1 ronmp. Cri6rarvy ep.5582
Vime.

Puc. 2.3

Xoa padoTsl

AW N~

Co31atb HOBBIH MPOEKT ¢ mabdioHOM A3rus.

YcTaHOBUTH €IMHULIBI U3MEpeHus — "mm".

YcTaHOBUTH 1IAT CETKU 5 MM, IPUBSI3KY — Tenth Greed.

BriBecTH BCce KOMITOHEHTBI CXEMBI B OKHO pabodero mpoekra. MUKpPOCXeMbl HaXOSTCS B
OuOIMOTEKE Opamps, TPAH3UCTOPHI — B OUOINOTEKE transistor, TUObI — B

oubnuoreke diode, pe3uCTOPHI U KOHIEHCATOPHI — B OMOIUOTEKE discrete, pa3beM — B
OoubInoTeKe connector, >neMeHTsl nutanusd U OV — B OuOImMoTeke schema.
OTpenakTupoBaTh CBOMCTBA KOMIIOHEHTOB B COOTBETCTBUU C TPEOOBAHUSIMH,
MPEIbABISEMBIMU K IPUHIIUITHUATBEHBIM JJIEKTpUdeckuM cxeMam (cum. 2.1). Hymeparus
BBIBOJIOB JIOJDKHA OBITh TOJIBKO Y MHKPOCXEM M Pa3beMOB, MMEHA BBIBOJIOB ITOKA3bIBAThH
He crnenyeT. Ecau Heobxonumas nHdopMaius OTCyTCTBYET Ha BKJIaJIKax

OKHa Properties KOMIIOHEHTA, CIIEYET CO3/IaTh CBOM aTprOyT Ha

BKianke Values (kHonka Add), 3agaB B mpoliecce auanora uMs arpudyra (Name) n
Tpebyemyto nndopmanuto (Value).

BBITIOTHUTE 2NIEKTPUYECKHIE COSTUHEHUS.

W3mennts knaccel neneit nuranus Ha Power, "3emnun" — Ha Ground. J1jis aToro cienyer
LICJIKHYTh [IPaBOM KHOIIKOM MBIIIY HA COOTBETCTBYIOILEH LIETIH, U B KOHTEKCTHOM MEHIO



BBIOpaTh MyHKT Change Net. B packpriBiemcst okHe B myHkTe Net Class BEIOpaTh
TpeOyeMblii Ki1acc.

[IpousBecTr NPOBEPKY CXEMbI HAa HAJIMYHE BHIBOJIOB, HE ITOIKIIOYECHHBIX HU K OJHOM
nenu. Eciu OyayT HaiiIeHbI OIIUOKHU, TO CIIEAYET UCIIPABUTH UX U MIOBTOPUTH MPOBEPKY.
Co3natpb nepedeHs 3JIeMEeHTOB B mporpamme Microsoft Word, ncnons3ys madion
"[lepeuenn".

10. CoxpaHUTb MIPOEKT.

Conep:kanue oTyera.

Otuer AOJIKCH COACPKATh AJITOPUTM CO3AaHUA BHCKTqueCKOﬁ CXEMbI B COOTBETCTBHHU C

HeﬁCTBYIOIHHMH CTaHIapTaMu, pacCri€4aTKy (baﬁJ'IOB COSHaHHOﬁ CXEMBI, IEPEUYHS DJIEMCHTOB U
OTYCTa O HECIIOAKJIFOYCHHBIX BBIBOJAAX.

KonTposbHbIe BONPOCHI

w N

© Nk

Ha xakoMm ¢opmare u B KakoM MaciITade BBIIOIHAIOT NPUHLIUITHAIBHYIO
JNEKTPUUECKYIO CXeMy?

Ha xakue yrasl qonyckaercs nopopauusars YI'O?

Kakoe MUHUMAaIIbHOE PACCTOSHUE TOIHKHO OBITH MEXKAY JIMHUSMH CBSI3H U MEXKITY
cMexHbiMu YI'O?

UYro Takoe no3uMOHHOE 0003HAUYEHUE AJIEMEHTA?

I'ie MokeT pacnoyiaratbcs MO3ULMOHHOE 0003HaueHue oTHocuTenpHo YI'O?
Kakwue knaccel neneit cymiectsytor B CAIIP PCB Artist?

Yro Takoe nepeyeHb HIEMEHTOB JEKTPUUECKON CXEMBbI?

Kak npoBepuTh CO3AaHHYIO CXEMY Ha HaJ4ue IrpyObIX OmnO0oK?

JIABOPATOPHASA PABOT A Ne 4,
Tema 4.2. OdopmiieHHe cXeM IEKTPUIECKUX

OnruMuszanus pasMelieHus KOMIIOHEHTOB Ha MEYaTHOM 1uiare.

Heab padoThl: pa3MECTHTH KOPITYCa 3JEKTPOITIEMEHTOB CXEMBI TaK, YTOOBI CO371aTh HAUTYYIIINE
YCHOBUS IS MIOCIIEAYIOIIEN TPACCUPOBKH.

ITepedyennb ucnoib3yemMoro 000pyaoBaHus

KOMIIBIOTEP € CUCTEMHBIM 00ECIICUCHHEM.

Teoperuyeckas 4acTb



[Ipouenypa pazMelieHus HIEKTPOITEMEHTOB Ha NIEYATHOM IJIaTE€ CYUTAETCS KIIFOYEBOM,
MOCKOJIBKY OT €€ YCIICIIHOTO PEIICHUs 3aBUCAT KaK OJInKalie pe3ynbTaThl KOHCTPYHUPOBAHUS
- TPACCHPOBKA JEKTPUUECKUX COCTMHEHUHN, CIOKHOCTh U CTOUMOCTH I€YaTHOM IUIATHI, TaK U
BEChbMa OTJAJICHHBIE MPOOJIEMbI SKCIUTYaTalluH, CBSA3aHHBIE C B3AUMHBIM BIUSHUEM
AIIEKTPO3JIEMEHTOB.

YacTo uCronb3ylTes Ciaeaykoe KpuTepuu (mapaMeTpbl ONTHUMHU3AIMN) OLIEHKH PE3YIbTaTOB
pa3MerieHus: HauOobIIast IMHA [IeYaTHOTO IPOBOIHUKA, CPEIHSS JUIMHA TI€YaTHOTO
MPOBOJHMKA, UTMHA MTEYATHBIX TPOBOAHUKOB IS CJTIA0BIX CUTHAJIOB, YJAJIEHHOCTh BXOJHBIX -
BBIXO/IHBIX LIETICH, PEryJISIPHOCTD B PACIIOJI0KEHUH LIeTIeH AIEKTPONUTAHUS MUKPOCXEM,
B3aMMHOE PACMOJIOAKEHHUE BBICOKOBOJIBTHBIX LEINEH, HAUIMYHE LIENEH ¢ UHIYKTUBHOU CBS3bIO,
PaBHOMEPHOCTD pacIpeiesIEHuUs JIEKTPOIIEMEHTOB 110 I1J1aTe, UCII0JIb30BaHUE CTAHJAPTHOIO
I1ara yCTaHOBKH 3JIEMEHTOB. DTH KPUTEPUHU HAXOAST IPUMEHEHHE TIPU PYYHOM U
ABTOMATHUYECKOM Pa3MEICHUH AJIEMEHTOB HA MEYATHBIX UIaTax.

Paccmotpum TpebGoBaHus, IpeabsBIsSeMble K IEYATHHIM IJIaTaM M pa3MElICHUIO Ha HUX
pPaZloOdIIEMEHTOB.

Tunopblie yHH(UIIUPOBAHHBIE Pa3MepPbl NeYaTHBIX IJIAT.

Cy1iecTBYIOT pa3inyHble CUCTEMbI YHU(DUKAIIMHI pa3MepOB MEYAaTHBIX IJI1aT.

Cornacno I'OCT 10317-79 rabaputHble pa3mMepsl IUIAT TOJDKHBI OBITh KPaTHBI 2,5 MM s
pazmepoB 10 100 mm, 5 MM - 17st pazmepoB 101 - 350 mm, 10 Mm - i pazmepoB 350 - 470 mwm,
COOTHOIIIEHUE Pa3MEPOB CTOPOH IIaThI He Oosee 3 : 1.

B mmpoko pacnpocTpaHeHHO# cucTeMe YHH(PHUIMPOBAHHBIX TUTIOBBIX KOHCTPYKITHIA
"EBpoMexaHuka" MpeaycCMOTPEHO HECKOJIBKO THUIIOB IJIAT ONPEIECIICHHBIX Pa3MepoB, Harboiee
pacripocTpaHeHHble u3 HuXx - E1 (pasmepst 100,00+160,00 mm) u E2 (233,35+220,00 mm).
MarepuanaoM neyaTHbIX IUIaT B HACTOSALIEE BPeMs SABISETCS MPEUMYIIECTBEHHO
(bonbrupoBaHHbIi cTeKI0TeKCTONUT (Hampumep, CP2 - 1,5 - 50 - TOCT 10316-78E).
Kopnyca 3/1eKTpo3/1eMeHTOB MOXHO pa3Je/IuTh Ha B OOJIbIINE IPYIIIbI: ¢ THOKUMU
BBIBOJ[AMH, TTOJIEKAIIMMHU (POPMOBKE, U C KECTKUMHU HE(POPMYEMBIMH BBIBOJJAMH. Y CTAHOBKA
KOPITYCOB II€PBOM rpynIbl HA NedaTHbIe M1aThl npoussoautcs no OCT45.010.030-92. s
KOPITYCOB BTOPO# rpymnIibl TpeOoBaHUS K UX (hopMe U pa3MepaM yCTaHABIHBAIOTCS
COOTBETCTBYIOIMMH CTAHIAPTaMH Ha dJIEKTPOIJIEMEHTHI.

ITo crioco0y ycTaHOBKH Ha MEYaTHYIO IJIATy KOPITyca pa3InyaroT 10 KOHCTPYKLIUU BBIBOJIOB.
HITeIpeBble BHIBOJIBI KOPITYCOB 3allalBalOTCsl B CKBO3HBIX OTBEPCTUSAX MEYATHOM IUIAThI, TOT 1A
KaK IJIaHAPHBIE BBIBOABI IPUIIANBAIOTCS K KOHTAKTHBIM ILIOMIAKaM 0e3 OTBEPCTUH.

Koprryca 31eKTpo31eMeHTOB, TaKUX KaK pe3UCTOp, KOHJEHCATOP, COJIepKaT, Kak MPaBUIIO, OJUH
aneMeHT. J{71st GoJiee CII0KHBIX YCTPOMCTB, TAKMX KaK MUKPOCXEMBI, pelie, B OJHOM KOpITyCe
MOYKET COJIEPKAThCS HECKOIBKO AIIEMEHTOB. B 3aBUCHMOCTH OT HAIOJHEHHsI KOPITyca
pa3IUYarOTCs pa3MepaMy U KOJTMIECTBOM BBIBOJIOB.

OrpaHuyeHusi CTAHIAPTOB HA YCTAHOBKY M pa3MellleHHe 3JIeMEeHTOB HA MOHTAKHbBIX
njaTax. [ 1aBHOe orpaHnYeHue - BBIBOJBI BCEX 3JIEMEHTOB JIOJKHBI OBITh PACIIONIOKEHBI B y3J1aX
KOOPJMHATHOM CETKH; Yallle BCEro MpuMeHseTcs mar cetku 2,5; 1,25; 0,625 u 0,5 mm.
DJeMEeHTHI TaKkXKe JO0JKHBI pacrojaraTbcs Mo OTHOIIEHHIO K KpasiM MeYaTHOM MiaThl He Orke 5
(2,5) MM. DrieMeHTHI Ha IEYaTHOH TJIaTe CIIeqyeT pacroiararb, 10 BO3SMOXHOCTH,



OpTOrOHaJIbHBIMHU pAJaMH. PaSMeH_[eHI/IC 9JICMCHTOB AOJI’KHO COOTBETCTBOBATH BBI6paHHOMy

KpUTEPHIO KaueCTBa.
R3

1 F B kax/10M KOHKPETHOM CiIy4ae MOT'YT OBbITh

BBIJIBUHYTHI JIOTIOJIHUTEIbHbIE KOHCTPYKTUBHBIE

OrpaHn4cHUs.

[Tpumep pazmenenus snekTposnieMenToB B PCB
Artist mokasas Ha puc. 3.1.

Puc. 3.1

Xoa padoTsl

1. OTKpBITH (aiia CO3AaHHON paHee IICKTPUICCKON CXEMBI.

2. 3amyctuth MacTep co3aanus neyatHou miatel (New PCB Wizard)
koMaHnoi Tools/Schematic < —> PCB/Translate To PCB. Mactep coiepuT JeBATh
HKPAHOB.

3. Ha nepBowm skpasne (Start) mpounTath COOOIIEHUE U OTMETUTh
nyHKT [ have read and accept the message above.

4. Ha Bropom skpane (Board) 3agath enuHHIIBI H3MEpEHUs pa3MepoB miatel — Units,
Hanpumep, "mm". OtMeTuts NyHKT Define Board Size v 3agath pazMepsl
riatel Width (mupuna, 50 mm) u Height (Beicota, 50 MM). B nansHeliem, nmpu
HE00XO0/IMMOCTH, pa3Mephl IIaThl MOKHO OyAeT U3MEHUTh. Ecian oTMeTUTh
nyHKT Use Pre-Defined Board, To MOXHO BbIOpaTh pa3Mephbl IJIaThl U3 BHINAJAIOIIEr0
CIIHCKA.

5. Ha tperbem skpane (Design Requirement) BeiOpats Basic/2 Layer Standard.

6. Ha gerBeptoMm skpane (Layers) oTMETUTh, KaKue TPACCHI CIETYET MPOBOAUTH IEPBHIMH —
TOPH30HTAIILHBIC MITH BEPTHKAIBHBIC
(First Layer Routing Direction — Horizontal or Vertical). JInst HeOOBIINX TIJIAT 3TO HE
MMEEeT CYNIeCTBEHHOTO 3HaUeHUs. TaKxke CleyeT pa3penuTh TPACCUPOBKY
(Allow Routes) xak Ha BepxHeil cropone miathl (7op Side), Tak ¥ Ha HIDKHEH
(Bottom Side).

7. Ha tpex cnenyromux 3kpanax (Board Parameters, Additional Requirements, Production)
MO>KHO OCTaBUTh YCTAHOBKH TI0 YMOTYAHHUIO.

8. Ha skpane Place And Route BeIOpaTh crmoco6 pa3menieHns KOMIOHEHTOB: BHE TIJIATHI €
MOCJIETYIONUM PYYHBIM pa3menieHueM (Arrange Qutside the Board) nim
aBTOMAaTHUYECKOE pa3MelieHne BHyTpH 1iathl (Automatically Position Inside the Board).
Kak npaBuiio, aBToMaTnyeckoe pa3MeIieHne KOMIOHEHTOB HE SIBISIETCS ONTUMAJIbHBIM,



MOATOMY TPEIMOYTHTENICH MEPBBIN CITOCOO C TOCIEAYIOIICH MOTyaBTOMATHYECKOM
ONTUMU3ALMEN pa3MEILICHMUS.

9. Ha nocnexnem skpane (Finish) MoxHO 3a1aTh myTh Ut cOXpaHeHus co3aanHoro PCB-
daiina.

10. PazmecTuTh pazbeM y IpaBoro Kpas IU1aThl, CHMMETPHYHO I10 BBICOTE.

11. Pa3amMecTuTh OCTaNbHBIE KOMIIOHEHTHI TAKUM 00pa3oM, YTOObI 00eCIeUnTh MUHUMYM
nepeceyeH JMHUIN CBSI3U U MUHUMAJIbHYIO CYMMapHYI0 UX JUIMHY. OLleHKY
pasMeleHMs] TPOU3BOANUTh BU3YallbHO 110 OACBEYEHHBIM JIMHUSAM CBSI3H.

12. CoxpaHUTbh CO3JaHHOE Pa3MEILEHUE.

Conep:kanue oT4yera.

OT4er JOMKEH CollepKaTh aIrOPUTM pa3MellleHUs KOMIIOHEHTOB Ha IJIaTe U pacredarky (aiiina
MOJIyYEHHOT'0 pa3MEeLICHUS.

KonTposbHbIe BONPOCHI

1. Kakum 006pa3om oCyIIeCTBISETCS MEPEX0] OT IEKTPUUECKON CXEMBI K I1IaTe ¢
KOpILycaMi KOMIIOHEHTOB?

CKOJIBKO CJIOEB MTEYaTHOM IJIATHI CIEAYET 3a1aTh?

Kak 3amaTh aBTOMaTHYECKOE pa3MenIeHne KOMIIOHEHTOB Ha TuiaTe?

Kak 3agath pydHoe pa3menieHrne KOMIOHEHTOB Ha ruiare?

B kakoMm MecTe miaTel T0JKEH pa3MenaTbes pa3bem?

A

Kakue kpurepuu kauecTBa ciaeayeT UCIOIb30BaTh MIPU OLIEHKE MOJYyYEHHOTO
pa3merienus?

TeopeTuyeckas 4acTb

JIABOPATOPHAS PABOT A Ne S.

Tema 4.2. OdopmiteHne cxeMm JIEKTPHYECKUX

KoncTpyupoBanue 3JIeKTPOMOHTAKHBIX COC/INHEHUH NEYATHOM IIATHI.

Ieap padoThI: cO3AaTh aBTOMAaTHYECKN MIEKTPOMOHTAXHBIE COEJUHEHMS IEYaTHOM IIAThI
(BBIIIOJHUTH aBTOMATUYECKYIO TPACCHUPOBKY); ONTUMHU3HPOBATH PUCYHOK MEYaTHBIX
MIPOBOIHUKOB.

IlepeyeHb HCMOIb3yeMOro 000pyA0BaHUsA

KOMITBIOTED € cUCTeMHBIM oOecrieuenremM AutoCAD.

TeopeTuyeckas 4acTb

HawnGosee c0KHBII MOMEHT — TPACCUPOBKA MEYATHOM TUIATHI — OCYIIECTBIISCTCS B HACTOSAIIEE
BpEMsI MPEUMYIIIECTBEHHO aBTOMAaTHUYECKUM CITIOCOOOM; py4yHasi TPACCUPOBKA SIBIISETCS
BCIIOMOTATEJIbHON W UCIOJIb3YeTCsl HHOTA JIJIsl YIIYYIICHHS Ka4eCTBA IEYaTHOM TIJIATHI.

[lepen Ha9aIOM TPACCHPOBKH CIIEAYET ONPEAETNUTH TOMOJIOTHIO OYyAyIIeH TUIaThl: pa3Mepsl U
¢dbopMy; MUHUMANIbHbIE IIMPUHY MEYaTHOW JJOPOKKHU U 3a30Pbl MEXKTY TOPOKKAMH,
KOHTAKTHBIMH TUTOIIAIKAMHK; YHCIIO CIIOEB ITEYaTHOTO MOHTAXKa; CIIOCOOBI EPEX0a U3 CJIOS B
CIJIOH U Apyrue TexHojoruueckue TpedoBanud. Jlomken ObITh co3an (ails ¢ pa3MmerieHneM



KOMITOHEHTOB Ha IUIaTe, CoJepKaluil HHOOPMAIHIO 00 IEKTPUYECKUX COSAMHEHUSIX MEXKITY

BbIBOJAaMHU 3JICKTPOIJICMEHTOB.

ITporpaMMa aBTOTPaCCUPOBKH JOJDKHA CO3aTh PUCYHOK II€YATHBIX IPOBOAHHUKOB B 3a1aHHBIX
CJI0SIX, OTBEYAIOIINI 33 JaHHOMY KPUTEPUIO KauecTBa (MUHUMAaJIbHAsI CyMMapHas JJIMHa

Route All Nets | MPOBOJAHUKOB, MAKCUMAaJIbHOE KOJIHYECTBO
KOPOTKHUX COECUHEHUH U T. I1.).
1 Keep Preroutes [V Miter Track
I Keep Fixed Routes  [_] Minimum Width B CAIIP PCB Artist TpacCHpOBKa .
ocymiecTBisiercs B pegaktope PCB Design
Max Effort Passsi— |7l Tiack G Editor. ITapamMeTps! TONOJOIUYU NEYATHON
= = \ IUIaThI 33a0TCSl B MpoILIecce Mepexoa oT
(s_u ’75_,4 ||0.5 oA\ C porn pexon
ANEKTPUUYECKOM CXEMBI K Pa3MEILICHUIO
~Add Vias— Against Bias Side Pad Exit 3JIEMEHTOB Ha 1iare (pu padote
- A lieve i COOTBETCTB ero macrepa). Jlanee cienyer
@© Restiicted © Resticted © Resticted YEOHI pa). Ay
O AsNecessary {® AsNecessary ® As Necessaty OTKPBITH (aill ¢ pasMEIICHHEM KOMIIOHCHTOB U
O Unrestricted O Unrestricted O Unrestricted BBIIIOJIHUTH
¥ View Routss koMaunay 7Tools/Auto Route Nets/All Nets, ecnu
CIIeIyeT TPacCHpPOBATh Bce Lienu; /Browse Nets,
|_Rode | |AoySetings|] | Cancel | €CITU HY)KHO TPAaCcCHPOBATh yKa3aHHbIE [CTIH;
/Browse Net Classes, ecinv HY)KHO
Puc. 4.1 TpaccUpOBaTh yKa3aHHbIE KJIACCHI Lienei. B

packpsiBLIEMCS OKHE (puc. 4.1) cnenyet
OIIPEICTUTh TapaMeTphl Oyayliel me4aTHol miaTel. HazHaueHune 3JeMEeHTOB 3TOro OKHa
clleiyroniee.

o Keep Preroutes — COXpaHUTb MPEBIIYILIYIO TPACCUPOBKY;

e Keep Fixed Preroutes — COXpaHUTb 3a()UKCUPOBAHHYIO TPACCUPOBKY;

e Miter Track — ckamMBaTh Tpacchl MO YTIoM 45 rpaaycos;

e Minimum Width — MuHUMabHas MLIMPUHA TPacc;

e Max Effort — MakcuManbHOE KOJIMUYECTBO MOMBITOK TPACCUPOBKH;

e Passes — KOIUYECTBO IPOXOJI0B ABTOTPACCUPOBILINKA;

e Track Greed — 1mar ceTkM TpacCUPOBKH;

e Add Vias — no6aBisTh IEpeX0AHbIE OTBEPCTHSI (ITapaMeTp MOXKET IPUHUMATD
3HaYeHus Never — HUKOT/a, Restricted — orpaHU4eHHOE KOJIMYECTBO, As Necessary — pu
HeoOxoaumoctu, Unrestricted — HEOTpaHUUEHHO);

e Against Bias — IpOBOAMTH TPACChl B HEMPEANOUYTUTEIILHOM HAPaBJICHUY;

e Side Pad Exit — 3aKkaHUMBAaTh TPACCY HA JUIMHHON CTOPOHE MPSMOYTOJIbHOU (OBaJIbHOIN)
KOHTAKTHOM IUIOIIAJIKH;

e View Routes — HaOmI0O1aTh MPOIIECC TPACCUPOBKH,

e Route — Ha4aTh TPACCUPOBKY;

e Apply Settings — NIPUMEHUTH YCTAaHOBKH,

e Cancel — oT™MeHa.

Jinist yaydieHust KauecTBa MeYaTHON IIIATHI JKEIaTeIbHO YMEHBIIUTD KOJINYECTBO MEPEXOHBIX
otBepcTuil (3anate Add Vias — Restricted).

Jlanee cieayer 3ayCTHTh MPOIECC aBTOMATHUECKOM TPACCHPOBKH (KHOMKA Route) u moce
3aBepPIICHHS MPOIecca yOSUTRCS, YTO BCE IIEMH OTTPACCHPOBAHBI (B MOSIBUBIIIEMCS] OKHE OTYeTa
— Connections/Completed/100%). Ecnu octanuch Hepa3BeJeHHbIE COSUHEHHS, TO CIEAYET
BBITIOJIHUTH PYYHYIO TPACCUPOBKY WJIM, U3MEHHB Pa3MeIlleHHe KOMIOHCHTOB Ha IUIaTe,
3aMyCTUTh MPOLECC ABTOMATUYECKOI TPACCUPOBKU MOBTOPHO. [10 OKOHYAHUH JKEIATEIBHO



OHTI/IMI/ISI/IpOBaTB HOHy‘ICHHbeI pI/ICYHOK He‘{aTHOﬁ IIJ1aThI: YMCHBIHI/ITI: KOJINYECTBO HepeXO[[HBIX
OTBEpCTHUH (ITyTeM IepeHeceHUs (PParMeHTOB TPACCHI U3 OJHOTO CJIOS B IPYTOM, T/IE ATO
ns BO3MOJKHO), M, €CJIM HEOOXOIMMO, U3MCHUTh

-} (hopMy meyaTHBIX MPOBOTHUKOB.

R4

[Ipumep nevyaTHOM MIATHI, MPOIIEAIICH
ONTUMM3ALIMIO [T0CIIE ABTOMATUYECKOU

4
K i T TPaCCUPOBKH, MTOKa3aH Ha puc. 4.2.
0|

Xoxa padoThl

1. OTKpBITH (haiii ¢ pa3MeIIeHHbIMU Ha I1aTe
KOMIIOHEHTaMH.
2.3anycTUTh aBTOTPACCUPOBILUK
koMaHou Tools/Auto Route Nets/All Net.
== 3. YCcTaHOBUTH IapaMeTphbl TPACCUPOBKHU B
COOTBETCTBUHU C puc. 4.1.
4.B cnyuae, eciau TpacCUpOBKa IIPOILIA HE
HOJHOCTBIO, U3BMEHUTH PACIIONIOKEHHE
Puc. 4.2 3JIEMEHTOB Ha IJIaT€ U MOBTOPUTH NIl. 2 U 3.
5. Tlo BO3MOKHOCTH YOpaTh JMILIHHE NEPEXOHbIE OTBEPCTUS, IEPEHOCS (PparMEeHThI
TPACChI U3 OJTHOTO CIIOSI B IPYroi (IENKHYTh MPaBOi KHOMKON MBIIIN Ha (parmenTte
Tpacchl ¥ BBIOpATh U3 pacKpeIBLIErocs MeHto komauny Change Layer).
6. OnTuMH3HpOBATH (OPMY NEUATHBIX TPOBOTHUKOB.
7. CoxpaHutb (aim.

Conep:xxaHue oT4yera

Otuer HAOJIKCH COACPKATh 3aaHHBIC ITapaMETPhI TOIIOJIOTHN re4aTHOM IJ1aThl, YCTAHOBJICHHBIC
napaMeTphl aBTOTPACCHUPOBIIHUKA U PACTICUATKY IIATHI C IMIEYaTHBIMHA ITPOBOAHHUKAMM.

KonTpoJsbHBIE BOPOCHI

B kakom penakrope PCB Artist mpou3BOIUTCS TPACCUPOBKA MEYATHOM MIIaThI?
Kakum 06pa3om 3amaroTcs napaMmeTpsl TOMOJOTUH TTEYaTHOM TUIaThl?

Kakue mapameTpsl TpacCUpPOBIIMKA CIEAYET 3a4aTh (OSCHUTE UX HAa3HA4YeHHE)?
UTo HYXHO c/ieNaTh, €ClIi aBTOMAaTUYECKasi TPaCCUPOBKA MPOIILIa HE MOJHOCThIO?
Kak onTumMu3npoBaTh neyaTHyIo ATy IOCje aBTOMAaTUYECKOW TPACCUPOBKU?

Nk v

JIABOPATOPHAS PABOT A Ne 6.

Tema 4.2. OdopmiteHne cxeMm 3JIeKTPHUIECKHX.

Co3nanne cOOpPOYHOrO U NMOCJIOMHBIX YepTeskel MeYaTHOM MJIaThl.

Hean padorbl: Ha ocHoBe ¢aiina ¢ TpacCUpOBKOM MEYaTHOM IJIATHI CO3/1aTh COOPOYHBIA U
NOCJIONHBIE (BEPXHETr0 U HUYKHEr0 POBOJHUKOBBIX CIIOEB) UEPTEXKH.

ITepedennb ncnob3yemMoro 000pyaoBaHus

KOMIIBIOTEp ¢ CUCTeMHBIM obecrieuenrem AutoCAD.

Teoperuyeckas 4acTb

KoHcTpykTOopckas ToKyMeHTallus Ha MeYaTHYIO MJIaTy COCTOUT U3 IOKYMEHTAllUU Ha JIeTalb
IUIaThl U Ha COOPOYHYIO €UHUILY TUIaThl. JlIoOKyMeHTanus Ha 1eTajlb e4YaTHOW IUIaThl BKIIOYAeT



B ce0s UepTex MEeXaHWYeCKOH 00pabOTKH TIATHl M MTOCIOWHBIE YEPTEKH BCEX CJIOEB NEUaTHON
1atel. JJokyMeHTanus Ha COOPOYHYIO €IMHUILY IE€YaTHOM ATkl U1l MOHTa)Ka 3JIEMEHTOB
BKJTIOYAET B ce0sl crieruuKaImio u cOopouHblil ueprexx. OCHOBOM I CO3/1aHUS BCEX UepTE)Ken
ABJISICTCS MHOTOCJIONHBIHN (paiiia ¢ TpacCUPOBKON NEUaTHOH MJIaThl; OTKIIIOYAsi HEHYKHBIE CIIOH,
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Puc. 5.2

Puc. 5.1 U3 HEr0 MOKHO CO3/1aTh TpeOyeMblil YepTex.

B CAIIP PCB Artist BKIIOY€HHE U BBIKJIIOUYEHUE CIIOEB, 0TOOpakaeMbIX Ha dKpaHe,
OCYILECTBIISICTCS ¢ TOMOIIBI0 KoMaH bl View/Colors. JleBbiii ctonbern (Layer) pacKpbIBIIETOCS
OKHa 0TOOpa)kaeT UMeHa Bcex cioeB (daiina, a cronber "Displayed" — BUIUMOCTB KaKJ0T0O CIIOS
(Yes mwm No). U3MeHeHre BUIMMOCTH OCYIIECTBIISIETCS] TBOMHBIM MIETYKOM MBIIIN B CTOJIOIE
"Displayed".

[Tpu BBIBO/IE YepTekKa HA MeYaTh PACKPBIBAETCS OKHO Print, B KOTOPOM CIIpaBa 0TOOpaXKaroTCs
Bce ciou (puc. 5.1); HaredyaTtanbl OYIyT TOJIHKO OTMEUEHHBIE CIIOH.

YepTex BEpXHEro MPOBOJHUKOBOTO cJ0s (pHUC. 5.2) MOXKHO HOJIYYUTh, OCTABUB BKJIFOUCHHBIMH
ciou All u Top Cooper.

[lepen co3manneM yepTeka HUKHETO POBOJIHUKOBOTO CJIOSI HY’KHO 3€pKaJIbHO OTOOPa3UTh
n300pakeHNe Ha SKpaHe MOHUTOpPA, OCKOJIBbKY BCE CJIOM B pEIaKTOpe MOKa3aHbl IPU B3IJIsIE
cBepxy. [y 3Toro ciaenyeT BBIACINUTH BECh YEPTEXK U HAXKATh KiaBully F (MM OTKPBITH
KOHTEKCTHOE MEHIO IIETYKOM MIPAaBOil KHOIKM MBIIIN U BBIOpATh MYHKT Flip). Jlanee HyXHO
OTKJIFOUUTH Bce cliou, kpome A/l u Bottom Cooper. Ilpu BbIBOIe UepTexka €105 HA MeYaTh MOKHO
HE JIeJIaTh 3€pPKaJIbHOT0 OTOOPaXEeHHUs, a BMECTO 3TOTO B OKHE Print OTMETHTh

nyHKT Mirror (puc. 5.1).

Coopounslit uepTex (puc. 5.3) MOKHO MOJTYYUTh, OCTABUB BKIFOUEHHBIM TOJIBKO ciioit Top
Silkscreen. JIomoMHUTENBHO ClIEAYET MPOCTABUTH TaOApUTHBIE U APYrHe HEOOXOAUMBIE Pa3Mephl
(HarpuMmep, TPUCOETUHUTENbHBIE).
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Xoa padoTsl

1. OTKpBITH (ailsl ¢ TPaCCUPOBKOM NIEUATHOM IJIATHI.
Coznath ¢aitibl uepTexkeit BEpXHEro U HIKHETro MPOBOIHUKOBBIX CI0€B U COOPOYHOTO
(cm. 5.1).

3. Pacneuaratb yepTexH.

Conep:xaHue oT4yera

OT4er JOKEH COlepKaTh aIrOPUTM CO3/IaHUS U PacleyaTKy YepTeKel BEpXHEro U HUKHETO
IPOBOJTHUKOBBIX CJIOEB U COOPOUHOTO.

KonTpoJsbHBIE BOPOCHI

Kakue ueprexu BKIOYaeT JOKYMEHTAIUs Ha I€TaJIb IEYaTHOM IJIaThI?

Urto BKITIOUAET B CeOs1 JOKYMEHTAIMS HAa COOPOUYHYIO €AMHUILY IT€YaTHOMN TUTaThl?
Kaknum 06pa3omM MOKHO BKJIFOUATh/OTKIIIOUATh CJIOM HA SKpaHe MOHUTOpA?
Kaxum 06pa3zoM MOKHO BKIIIOYATh/OTKIIIOYATh CJIOM MPH MeYaTH?

Kak co3iath 3epkaibHO 0OTOOpaKEHHBIHN YepTex Ha IKpaHe?

Kak coznaTth 3epkanbHO 0TOOpaKEHHBIHM YepTex MpHY BbIBOJIE HA MeYaTh?

SNk W=
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