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BBEJAEHHUE

JlabopatopHbie pabOThI IpeaHa3HAYCHBI J1s1 (HOPMUPOBAHUS
po(eCCUOHATIBHBIX KOMIIETEHLIUI TI0 OCBOEHHUIO TUIIOBBIX MPOEKTHBIX
IpoLesyp KOHCTPYKTOPCKOTO MPOEKTUPOBAHUS IIEYaTHBIX IUIAT:
KOMITOHOBKH, Pa3MEILIEHUs U TPACCUPOBKHU.

BapuanTsl 3a1aHni paHKUPOBAHBI 110 CII0KHOCTH, YTO MO3BOJISAET
YUYECTh UH/IUBUIyaJIbHbIE OCOOEHHOCTH CTY/CHTA.

VYkazaHHbIE IPOLEAYPBl OPUEHTUPOBAHBI HA UCIIOJIb30BAHUE ITAKETA
CAIIP KiCAD.

Matepuan conpoBOXIaeTCsl IPUMEPAMHU BBIIIOJIHEHUS JTAOOPaTOPHBIX
paboT. B KOHIIE TpUBEEHBI KOHTPOJIbHBIE BOIIPOCHI.

1.OBIIUE CBEIAEHUA O CAIIP KICAD

1.1.Ha3na4yenmne u cocraB CAIIP KiCAD

CATIP KiCAD npennHa3HaueHa Jijisi IPOSKTUPOBAHUS TUTIOBBIX 2JIEMEHTOB
3aMEHBbI IEYaTHBIX IJIAT CPEJICTB BHIUUCIUTEILHOU TEXHUKU U
PaIUO3IEKTPOHUKH.

CAIIP KiCAD cocTouT u3 HHCTpYMEHTOB pa3paboTtku 1uiar: Kicad,
EEschema, Pcbnew, Cvpcb u Gerbview [1].

Kicad siBasiercst MeHeKEPOM MPOEKTA, COJIEPKHUT JEPEBO MPOCKTHHIX
pelIeHUI: MPUHITUITUATIBHYIO CXEMY, TOMOJIOTHIO TIeYaTHOM TIaTHhl.
EEschema siBisieTcst rpaduueckim pe1lakTopoM MPUHIUIIAATIBEHON CXEMBI.
Pcbnew siBisieTcs peakTopoM TOMOJIOTHU TieyaTHbIX miat. Cvpeb
BBITIOJTHSIET ACCOLIMUPOBAHNE KOMIIOHEHTOB CXEMBI C

OCaJOYHBIMA MECTAMU KOPITYCOB JIJIsl Pa3MEIlICHUS Ha IJ1aTe.

Gerbview BU3yaiu3upyeT nevyaTHyro miaty B ¢ainax gopmara

Gerber.

CATIP KiCAD noanep>xuBaeT ClIeayroIie paciupeHus $hansios:

Pro — mpoekThl, Sch — mpuHIUIHaNBHBIE CXeMbI, brd — ITeyaTHbIE TIJIaThI, net
— CIIUCKH COCIUHCHHI KOHTAKTOB, lib — KOMIIOHEHTEI OMOJIMOTEK.

1.2.Menemxep npoekra Kicad

[Tonb3oBaTenbCkuili UHTEpPPEHC MEHEeIKepa MNPOEKTa COAEPKHUT
[JIABHOE MEHIO, NAHEJIb MHCTPYMEHTOB, NIEPEBO IMPOEKTa U OKHO
COOOIIIEHU.

[Tanenb THCTPYMEHTOB COAECPKUT KOMAH/IbI 3aIlyCKa peIaKTOpa
npuHiunuanbHbIx cxeM (EEschema), nHcTpyMeHTa conocTaBieHus
MpUHIMIIHATBHOU cxeme nedaTHou miaTel (Cvpceb), pemakTopa nedaTHon
miatel (Pcbnew), nacTpyMenTa Bu3yanusaruu miatel B popmate Gerber
(Gerbview).

[Ipu n1BOITHOM Ha)kaTWU B JepeBe MPOEKTa HAa UMEHAaX (ailioB
BBI3BIBAETCSI COOTBETCTBYIOIIUIN PEAAKTOP CXEM, IEYATHBIX ILIAT.



1.3.Meroauka npoekrupoBanus neyatHoix miat B CAIIP KiCAD

KoHcTpykTOpCcKoe MpoeKTUpOBaHUe MpU pa3pabOTKe MeYaTHBIX JIaT
COAEPKUT MPOLIEAYPbl KOMIIOHOBKH, Pa3MEILICHUS U TPACCUPOBKHU [2, 3].
[Ipotienypa KOMIOHOBKH TPYHIUPYET KOMIIOHEHTHI IO KPUTEPHUSIM



CBA3HOCTH C LIEJIBIO PAa3MEILEHUS TAKUX IPYIIT B OTAEIBbHBIX MUKPOCXEMaX MpU
MHOTOKPHUCTAJILHOM peain3alyiy, NPeACTaBICHHBIX B BUJE IPSIMOYTOJIbHUKOB.
[Ipouenypa pa3MelneH!s: CXEMHBIX KOMIIOHEHTOB BIIUSIET Ha

ObICTpOJIeIiCTBHE 3IIEMEHTOB (3aJiepxkKeK B coennHenusx). [Iponenypa
TPACCUPOBKU OIpENEIAET MookeHue Tpacc. KananpHas TpaccupoBka
(opmupyeT NoJ0KEHNE Tpacc B KaHaNax, JOKaJbHas TPACCUPOBKA

COCIMHSET KaHAJIbl U KOHTAKThl CXEMHBIX KOMIIOHEHTOB. ONTMHu3anus
TOIOJIOTMYECKOH IJIAThl BBIIOJIHSETCS C IOMOIIBIO €€ CHKAaThsl BO BCEX
HAIPABJICHUAX, YMEHBIIAIOIIErO 3aHUMAEMYI0 CXEMOMH IUIOIAb.

KauecTBO MPOEKTHOIO PELIEHHUs OLIEHUBAETCSI BPEMEHHBIMU 33/1€PKKAMU U
3aHUMAEMOM ITOIIA/1bI0. UTOOBI yIy4lIUTh HACTOSILIEE PELICHUE,
YBEJIMYHMBAIOT YUCIIO BEIYUCIUTEIBHBIX UTEPAIUI B AITOPUTMAX C LENIbIO
OpUOIMKEHUS K ONITUMAaJIbHOMY PEUICHUIO.

2.PABPABOTKA KOMIIOHEHTOB CXEMbI
2.1.00mmue ceenenusi o rpadpuvyeckom penaxkrope EEschema

B penaktope EEschema Beinomnnsiercst pazpaboTka OMOIMOTEK 2JIEMEHTOB, CXEM
B Irpa)uyecKoM BH/JIE, IMArHOCTUKA IPABUIIBHOCTH BBOJA KOMIIOHEHTOB U
coenunennii cxeMol (ERC), renepanuu ¢aiina cnucka coeAMHEHUI KOHTAaKTOB
(netlist) u uepTexen cxeMm.

2.2.Co31aHH€e HOBBIX OHOJIMOTEYHBIX KOMIIOHEHTOB CXeMbI

B penakrope NpUHIMNHAIBHBIX CXEM Ha TJIABHOM MEHIO BBIOpaTh IYHKT
NHcTpyMeHTBI, B KOTOPOM BbIOpaTh noAnyHKT Pemaktop 6ubmmoTek. B HOBOM
OTKPBHITOM OKHE PemakTopa OuUOIMOTEK BHIOpAaTh Ha TMaHEIW WHCTPYMEHTOB
nyHKT C03/1aTh HOBBIA KOMITOHEHT.

B nunanoroBom okHe CBOMCTBAa KOMIIOHEHTA 3a/1aTh COOTBETCTBYIOIINE
3HAYCHUS.

K o6muMm Hactpoiikam otHocsTcs: Mst kommnoneHTa, Ob6o3HaueHne

o ymondanuto, KonmuectBo ameMeHToB B kopryce, ¢uiaru (Cozmanus
JOTIOJIHUTENIbHOTO 0003HaueHus (1o ae Moprany), Co3ianre KOMIIOHEHTa Kak
CHMBOJIA IUTAHUS, DJIEMEHTHI KOMIIOHEHTA HE B3aUMO3aMCHSICMBI).

K rmo6aibHBIM yCTaHOBKAM BBIBOJOB OTHOCATCS: CMEIIIEHHE TeKCTa

BBIBOJIa, (hiaru (IToka3aTs HoMep BbIBOJIA, [Toka3aTh ums BeiBosa, MMs
BBIBOJIa BHYTpPH ).

Korna B Oub1noTeke MeETCsI KOMIIOHEHT CXOKHU C HOBBIM

(BBIBOIbI KOMITOHEHTA, TOCAJIOYHOE MECTO), TOTJIa €ro HACJIEeAYIOT,



BBITIOJTHSIFOT HEOOXO0IMMbIE U3MEHEHHS B TIApAMETPaxX, COXPAHSIOT KaK
HOBBIU KOMITOHEHT.

3.PASPABOTKA ITOCAJIOYHBIX MECT HA IIEYATHOM ILVIATE

3.1.001ue cBeeHNus 0 pelaKkTope neyaTHuIX mwiat Pchnew

WNuctpyment Pcbnew npemanasHaueH aiis pa3pabOTKu U pa3MeIIeHUs
MOCaI0YHBIX MECT KOMITOHEHTOB CXEMbI Ha TICYATHOH TUIaTe, CO3JaHUs KOHTYpa
TUTAaThI, TPACCUPOBKHU COCIUHECHHIA, Pa3paOOTKH MeYaTHOW 30HBI TUIATHI,
nposepku miatel (DRC) u coznanus doToiiadbioHa miaThl.

3.2.Pa3paboTKa HOBOI'0O OCAI0YHOI0 MeCTa

C nomornisto koMau bl "' J{06aBUTE MOIYIB' ' HA JIEBOM MaHEIN HHCTPYMEHTOB
BO3MOKHA pa3padO0TKa HOBOIO MocaiouHoro Mecta. HeoOxoaumo Oyner
BBECTH Ha3BaHUe (MACHTU(PUKATOP B OUOIUOTEKE), CO3/1aTh KOHTYP U
rpauIecKuii TEKCT, KOHTAKTHBIC TUTOMAAKN U 3HaUYEHUS (CKPBITBHINA TEKCT,
KOTOPBIH MPU UCTIOIH30BAHUU 3aMEHSETCSI KOHKPETHBIMU 3HAUYCHUSMH).

[Ipu cxox’ecTH NoCcaJOUYHbIX MECT BO3MOXKHO HacienoBanue. Heooxoaumo
3arpy3uTh CYILECTBYIOILEE MTOCAJ0YHOE MECTO, UBMEHHUTH HJIeHTU(PHUKATOpP (TT0JIe
CCBUIKH ), KOHTYp, TpaUuecKuil TEKCT, KOHTAKTHbIE TJIOIIAAKA U 3HAYEHUS,
COXPaHUTh HOBOE MOCAJOYHOE MECTO.

3.3.00mmue cBeieHus1 00 MHCTPYMEHTAPHH IJIS BbIOOPA
nocaao4yHbix mect Cvpchb

Nuctpyment Cvpcb  BBIMOJHSIET COMOCTAaBICHHWE KOMIIOHEHTAM
MPUHIUIINATBHOM CXEMbl MOCAJOYHBIX MECT Ha OCHOBE OHOIMOTEK
KOMIIOHEHTOB M ITOCAI0YHBIX MECT.

4.ITPUMEPBI BBIITIOJIHEHUSA JIABOPATOPHbBIX PABOT

IIpumep BbIOJIHEHUS J1a00PaATOPHOM Pad0THI Ne
1 «<AHAJIU3 U KOMIIOHOBKA NPUHUIMITHAJIBHON
cXeMbD»

Pa3paboTka miaThl HAUMHAETCS C aHANIKW3a IPUHIIUIHAIBHON cXeMbl. B
ctaThe [4] omrcana paboTa CXeMbl, HEKOTOPHIE KOMITOHEHTHI U
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Puc. 1. [Ipumep npUHIMIHAIBHON CXEMBI JUIsl pa3pabOTKX EYaTHOM TIJ1aThl

st mukpocxeM KP1533J1IA3 u KII501A (KIT505) HeoOxoaumo onpenenuTs u3
OMOJMOTEKN KOMIIOHEHTHI U MOCaI0uHbIe MecTa. [IpoBeieHHbIN aHan3 oKa3al
orcyrctBue B Onbnunorekax CAIIP KiCAD nacTosimux KOMIOHEHTOB. Jliis
mukpocxembl KP1533J1A3 nalinen umnoptHbid aHanor SN74ALS00AN, a s
KIT505 — BSS295 [4]. Ilo ccblnkam [5-8] mosiydeH psii MHCTPYMEHTOB U (DaityioB.
ULi1b unctpyment nomor kouBeptupoBaTh SN74ALSO0A N 14.bxl B hopmat
CATIP Eagle light - SN74ALS00A N _14.Ibr. C momoisto ulp-ckpunra
yaanoch koHBepTupoBath Oubmnoteky SN74ALSO00A N 14.1br B
SN74ALS00A N 14.lib (mpuHIMnuaibHOE TPEACTaBICHUE),
SN74ALS00A N 14.mod (mocagounoe mecto) aisa CAIIP KiCAD ¢
nmocagouasiM Mmectom DIP-14  300.

B 6ubmmoreke transistor-fet.lbr mst CAITP Eagle light Obut Haiinen
BSS295 xommonenT ¢ nocagounbiM Mmectom TO92. C momoristo ulp-
CKpHIITa y/1aJJ0OCh KOHBEPTHPOBATh OMOIMOTEKY transistor-fet.lbr B
transistor-fet.lib, transistor-fet.mod mist CAIIP KiCAD ¢ nocagounsim
mectom TO92.

KoMImoHeHThI 1 TocafiouHbIe MECTa JIJIsl PE3UCTOPOB U KOHACHCATOPOB
cxeMbl conepxkarcs B oubnuoreke CAIIP Eagle light, nogbuparorcs o
3akoHy Oma P = U2/R 1 HOMMHaJIbHBIM 3HaYEHUSM KOHJIEHCATOPOB
(Tabnuma 1).

C nomormbio ulp-ckpunra nomy4ues resistor.lib qst CAITP KiCAD.

JI1st KOHTaKTOB NUTaHus, P1 1 3a3eMieHus BLIOpaHO MOCAT0UYHOE MECTO
CONN_3SMD wu3 6ubmauorexu CAITP KiCAD — CONN.10

Tabmuna 1.



HNupopmaniys 0 KOMIIOHEHTaX U MOCATOYHBIX MECTAaX

Ne Hanmenosanue Haymnaa/koHTaKTHI Hammernopanne
KOMITIOHEHTA MOCATOYHOTO MECTa
HMIIOPTHOTO AHATIOTa
1. R1 (MJIT 0.125 B1) 240 OM M2012.0.10 W
2. R2 (KM 0.125 Br) 40M M1406.0.12 W
3 R3 (MJIT 0.125 B1) 10k M2012.0.10 W
4. R4 (MJIT 0.125 B1) 1.5k M2012.0.10 W
S R6 (MJIT 0.125 B1) 220k M2012.0.10 W
6. C1 (K73-17) 4.7 Mx C1206
(MeTaTTONICHOYHBII )
7 C2 (KM-5) 0.1 Mx CO805K (kepaMuaecKHii)
8. K1 1 KoHTaKT CONN_3SMD
(muranne +5 B).
2 KOHTAKT (BBIXOI).
3 xouTakT (GND)
9. SN74ALSO00AN 14 xoHTaKTOB DIP-14 300
(KP1533JIA3)
10. | BSS295 (KII505) 3 KOHTakKTa TO92

Pazpabotka neuatnoit maatel B CAITP KiCAD naunHaercs ¢

3aIrycka MEHe/Kepa MpoekTa u rpaduueckoro penakropa EEschema mis
MPUHIIMITAATIBHBIX CXEM.

Komanna "Pa3smecTuTh KOMIIOHEHT' TO3BOJISICT BRIOpATh OMOIMOTEKY

¥ KOMITOHEHT B HEH, TOMECTUTh UX Ha padodee mose. st MuKpocxeMbl
SN74ALSO00AN Boiopana 6udnuoreka SN74ALS00A N 14, MOII-
tpansuctopa — BSS95, mist pesucropos — transistor-fet.lib, kongencaTopos —
resistor.lib, oudmuorexka CONN comepxut pazbeMsl. [IpocTaBusitores
HOMUHAJIBI KOMITOHEHTOB, KOMaH10i Pa3MecTuTh MpOBOJIHUK COCAUHSIOTCS
BBIBOJIbI KOMITIOHEHTOB. ECiu BBIBOJIBI HE UCIIOIB3YIOTCS, TOTJIa OHU
MoMeYaroTcs (hJraroM «He coeuHeHo». [yt muTanus ¥ 3a3eMJICHUS CTaBUTCS
BUpTYalIbHBINM KOMIIOHEHT PWR FLAG. Brinonnsiercss komana BeinoiaHUTh
MIPOBEPKY AIEKTPUUECKUX

npaBm nmpoektupoBadus — Tect ERC, B okHe Mapkepbl He T1OJIKHO OBITH
coobmieHuii. B pe3ynbrare mosydnTcs cxema, moka3aHHasi Ha puc. 2.
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Puc. 2. [IpununnuansHas cxema «I'enepatopsl Ha Tpanzuctopax KI1501» B

EEschema

IIpuMep BbINOTHEHHS J1A00PATOPHOH padoThl Ne2

«Pa3meruenune ¥ TpacCMpOBKA NEYaTHOM IJIATHD)

Heo6xoaumo co3aaTh CIUCKU COSAMHEHNN KOHTAKTOB (net-daiiin) komaHoi

Cdopmuponats ciicok 1eneit. Komanaoi 3anyctuts Cvpeb a1 Ha3HaYeHUS
MOCaJI0YHBIX MECT KOMITIOHEHTaM BbI3bIBA€TCA OKHO MHCTpyMeHTa Cvpcb mist
YCTaHOBKH COOTBETCTBUSI KOMIIOHEHTaM MOCAI0YHBIX MECT (puc. 3).

& CvPcb (2012-01-19 BZR 3256)-stable C:\Program Files\KiCad\generator\generator.net

(=6 e

®aitn  Hacrpoitkm  Cnpaska

X & o HGE

1 4, TMx
2 c2 - 0,1Mx :
3 D - SN74ALSO0AN :
4 Pl - CONN_1
5 Rl - 240 :
6 R2 - 40M :
‘“ 7 R3 - 10k :
8 R4 - 1,59k =
9 R6 - 220k :
10 VI1 - BS55295

X S e

resistor-C1206
resistor-CO805SK
DIP-14_ 300

: CONN3_SHMD

resistor-M2012
resistor-M1406
resistor-M2012
resistor-M2012
resistor-M2012

: TO92

7 DIP-14__300

122

DB25FD -
DB25F_CI

DB25MC

DB25MD 3
DB25M_CI

DB37FC

DB37FD

DB37MD

DIP-6_ 300

DIP-6_ 300 ELL

DIP-8__ 300

DIP-8_ 300_ELL

DIP-10__300
DIP-10_ 300 _ELL

DIP-14_ 300_ELL
DIP-16_ 300
DIP-16_ 300_ELL
DIP-18__ 300
DIP-18_ 300 _ELL

Komnonextos: 10 (ceobogHo: 0)

Mocaa. mecT (scero): 871 l'

& —




Puc. 3. ConocraBnenrne KOMIIOHEHTaM TTOCAI0YHBIX MECT B HHCTpyMeHTe Cvpcb

JIns pa3MenieHrst KOMIIOHEHTOB Ha T0CaJ0YHbIE MECTa HEOOXOAMMO
BBITTOJIHUTH KOMaHAy 3amycTtuTh Pcbnew it pa3paboTKu Ie4aTHON TUIaThI
B unctpymeHTapuu EEschema.

B nauane pa6otsl B Pcbnew Boinmonusitorest Hactpoiiku (Hactpoiika mpaBui—
>MpaBuiia MPOCKTUPOBAHMS ), B KOTOPBIX PEIAKTHPYIOTCS KJIACCHI CIOEB, 00IIKE
IpaBujia NPOEKTUPOBaHUS (MUHUMAJIbHAS IIMPUHA TOPOKKH, MUHUMAJIbHBIN
IUAMETP MEPEXOTHOTO OTBEPCTHS, MUHUMAJIBHBIN JUAMETP MUKPOIIEPEXOIHOTO
OTBEPCTHSA).

KOMaHI[a CuurtaTh CIIMCOK HCHCFI IMO3BOJICT PACIIOJIOKUTH BCC ITOCAIOYHBIC
MCCTa B BCPXHCM JICBOM YIIIY. HpI/I BKIIFOUCHHOM PCXKUME Pexum IIOCaJOYHbIX
MCCT: pYy4YHOC U aBTOMATHYCCKOC INEPCMCIICHNUC NN PA3MCIICHHC MOI[y.TICI\/'I )51
Ha>XaTHuH" HpaBOﬁ KJIaBMILICH MBI Ha ITYCTOM II0JIC MOXKHO BI>I6paTB ITYHKT
I'moGanbHOE MEPCMCIICHUC U paSMemeHH€->H€peM€CTHTL BCC MOAYJIN, YTO
IMTO3BOJIUT IICPCMCCTHUTL BCC ITOCATOYHBIC MCCTAa HA pa60qee I1I0JIC.

YtoO0nI 331aTh pa3Mepbl U KOHTYP IUIaThl, HEOOXOIMMO BbIOpaTh paboumii ciioi
KoHnTyp miatel v BEINOAHUTH KOMaHAy Jl00aBUTh rpad. TMHUU WU TOJIUTOHBI,
OYEPTUTH TPAHULIBI [IEYATHOM IUIATHI, HAPUCOBATH JJUHUU KOHTYpAa IJIaThI C
3amacoM B Tpu jenenus rnpu cetke 0,254 mm u macirade 15. Jlanee MoxxHO
BPYUYHYIO C TOMOILBIO HAXKATHSI PAaBOW KJIABHILIN MBIIIM HA KOMIIOHEHTE
BbI3BaTh MyHKT [locagouHoe MeCTO U BBINIOJIHUTH KOMaHay IlepemecTuTs.

B aBTOMaTHUECKOM pCKuMax C IOMOIIbIO KOMAaHIbI I'nmoGansHOE MICPCMCIICHUC
u paSMeﬂ_IeHI/Ie->ABTOpa3MeCTI/ITB BCC MOAYJIM BBIIIOJIHUTD Pa3MCIIICHUC
KOMIIOHCHTOB B KOHTYPC IJIaTHhI.

BreimosnHseTcs pyuyHass KOppeKTHPOBKA pa3MEIeHUsI TOCAT0YHBIX MECT, TIPH
ATOM 3aHUMaeMasl IUIOIIA b, YMCIIO TIepeceueHnid pedep (TOHKUX MPSMBIX
OTPE3KOB, COCIUHSIONINE KOHTAKTHI) U JJIMHA COCTMHCHUHN JOJKHBI OBIThH
MUHHUMAJIbHBIMU C YY4E€TOM ONTUMAJIbHBIX KPUTEPUEB MTOCIIETYIONIEH
TPaCCUPOBKH COCIMHEHUM 03 Hcmoib3oBanus cnernndukamnuii IBM ms
pa3MepoB MEYaTHBIX IJIAT. BRICTPOACHCTBYIOMKMM aITOPUTMOM Pa3MEIICHUS
SIBJISICTCS TIOCIICAOBATEIIbHBIN aTOPUTM Pa3MEICHUS, TPEAYCMAaTPHUBAFOIIIHIMA
IIepBOHAYAIILHOE Pa3MEICHUE YaCTH FJICMEHTOB.

B Hauasne anroputMa pa3MemIeHns caMblii OOJIBIIIOE ITOCAT0YHOEC

Mecto SN74ALSO0AN ¢dbuxcupyercs B IEHTPE IO BEPTUKAIH C TIOMOIIIBIO
KOMaH/Ibl 3a0JI0KHUPOBaTh MOAYJIb (PeXuM MOCaiouHbIX MECT: pYyYHOE U
ABTOMAaTUYECKOE MEPEMEILIEHNE WIN Pa3MEIICHUE MOLYJIEN ITPU HAXKATHU
npaBoil konku MbId Ha SN74ALSO00AN). BelnonHeHreM KoMaHbI
['mobGanbpHOE EepeMenieHre U pa3MelieHne->ABTOPa3MECTUTh BCE MOIYJIN
Cy’KaeTcs KOHTYP IUIaThl BPYYHYIO C LI€JIbIO ONITUMU3AIUU



momanu (puc. 4).
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Puc. 4. PaSMGHIGHI/IC IMOCAAO0YHBIX MCCT B KOHTYPC IIJIaThI

JI71s1 TpaCCUPOBKH IUIATHI HY>KHO IEPEUTH B PEKUM TOPOKEK: aBTOTPACCUPOBKA
Ha BEPXHEW MMaHEI UHCTPYMEHTOB. HaxaB npaBoil KIIaBUIIEN MBIIIU Ha IIyCTOM
POCTPaHCTBE, BBIOpaTh ABTOTpaccupoBka->Bri0op nmapsl cinoes: Bepxuuii cioi
— Front, Huxuuii cnoit — Back. Jlanee BoiOpath ABTOTpacCUpOBKa-
>ABTOTpAacCUPOBATh BCE MOJYJIU I Hayalla mpolecca TpacCUpOBKH (puc. 5).

WH 806'GC

I 29,464 MM

Puc. 5. Pe3ynbraTr TpacCUpOBKY NEYATHOW ILIATHI

Ecnu nosiBsiTCs Hepa3BeIEHHBIE COEAUHEHUSI, TO BPYYHYIO MOKHO
COCMHUTD UX B COOTBETCTBUU C MIPaBUJIaMH TPACCUPOBKHU, & TAKKe
MOYHO

3aHOBO Pa3MECTUTH MTOCAJ0YHBIE MECTA U MOBTOPUTH ABTOTPACCUPOBKY. J1is
PYYHOH TPAacCCUPOBKH HYXKHO BBIOMpaTh cooTBeTcTBYIomuM cioit (Front, Back)
KOMaH/10i Ha IpaBOM MaHeIN HHCTPYMEHTOB /{00aBUTh AOPOXKKHU U IIEpeX. OTB. U
COEIMHUTh HEpPa3BeICHHbIE KOHTAKThl. YTOOBI HE NEpPECEKAINCH JOPOKKH,
MOHO MeHSTh ciou. Komannoit "Jlo6aBuTh 30HBI" J00ABISETCS KOHTYP 30HBI
[I€YaTHON



matel. [losiBisieTcst okHO, B KOTOpoM BeiOupaetcs Llenb: +5 B (a1 nanHoi
cxembl), HxuMaeTcs Ok. [Tomuronamu orpaHUYMBAETCS KOHTYP 30HBI,
KOMaHJI0M 3aMKHYTh KOHTYP 30HBI 3aBepIIaeTcs mpoiecc ooBoja (puc. 6).

Puc. 6. O6BOJ KOHTYpa 30HbI IEYaTHOM TIATHI

[TpaBoii KJIaBUIIICH MBIIIA HAXKMMaeM Ha TUTaTy W BEIOMpaeM
KOMaHJly 3aJuTh U TIEPe3aUTh BCE 30HBI (pUC. 7).

Puc. 7. 3anuBKa 30HBI IEYATHOM IIATHI

[TpoBepka pa3zpaboTaHOM MEUaTHOM TUTATHI BHITIOIHSAETCS KOMAaHIOM
BbInonHUTE NpoBEpKY MpaBUII MPOSKTUPOBAHUS HA BEPXHEH MaHeIn



MHCTPYMEHTOB, B OKHE HaxxaTb koMaHay Ctapt DRC. 3aknaaku
coobmenuit [Ipo6iaemb/Mapkepsl 1 He moakiIroueHbl 10KHBI
OBITH MYCTHIMH.

Jlarmee MOXKHO cO371aTh TPEXMEPHOE MPEICTABICHHUE MTeYaTHON
miaTel, BeIOpaB [Ipocmotp->3D Bup (puc. 8).

Puc. 8. TpexmepHbIii BUI IeUaTHOM TUIaThl B MHCTpyMeHTapuu Gerberview

UToOBI OTIIPaBUTH NMEYATHYIO IUIATY MPOU3BOIUTEINIO, HYKHO CO31aTh
doTomabdon. s aToro HyxHO BeIOpaTh Daitn->Ueptutsb, hopmat uepueHus
octaBuTh Gerber u Haxkath UepTuTh. B COOOIIEHMSIX TOSBUTCS TEKCT,
YKa3bIBAIOIIUN MECTONOJ0KeHnEe (PaityioB (HOTOIa0I0HOB.

5.COAEPKAHUE U NTOPAIOK BbBIITIOJTHEHUA
JIABOPATOPHBIX PABOT

Hwxe mpuBeieHBI 11€7Th ¥ 3TaIbl BBITIOJHEHUS BYX JTa00PaTOPHBIX
pabor.

JlabopaTopHas padora Nel «AHaJIU3 M KOMIIOHOBKA
NPUHIUNHAIBHOU CXeMBbD)

L[eJ'IB}O BBIITOJIHCHU A pa6OTBI SABJIICTCSI OCBOCHUC YMCHI/Iﬁ
p33pa6OTKI/I CXEMHBIX KOMIIOHCHTOB, IPUHIUIINAJIBHBIX CXCM.

[Topsnok BeIMONHEHUST PaOOTHI
1.BriOpaTh BapuaHT NPUHLMITHAIBHON CXEMBI.

2.Pa3zpaboTaTh CXeMHBIE KOMIIOHEHTHI B OMOJIHNOTEKE peakTopa
EEschema.

3.Pa3paboTtars nmocagouHble MecTa JJIs1 BCEX KOMIIOHEHTOB CXEMBI B
Pcbnew.

4.PazpaboTtarh mpuHLIUIIKATILHBIE cXeMbl B pegakTope EEschema.
5.Bemonnauts Tect ERC.



JlabopaTopHas padora Ne2 «Pa3MelieHue ¥ TPACCUPOBKA MEeYATHOM
IJIAThD)

L[GJIBIO BBIITOJIHCHU A pa6OTBI ABJICTCSI OCBOCHHUC YMGHI/Iﬁ
pasMCIICHUA CXCMHBIX KOMIIOHCHTOB U TAPCCUPOBKHU COCI[I/IHCHI/Iﬁ
II€YaTHOM IJIATHI.

[Topsnok BeIONHEHUS PaOOTHI

1.ComocTaBUTh KakJ0My KOMIIOHEHTY CXEMBI IocaiouHoe Mecto B Cvpceb.
2.Pa3paboTarh KOHTYp I1€YaTHOM IUIAThI, pA3MECTUTh KOMIOHEHTHI B Pcbnew.
3.TpaccupoBarh NPOBOJAHUKHU NIEYATHON IIIATHI B aBTOMATHYECKOM,

PYYHOM PEKUMAX.

4.0nTUMU3HPOBATh IUIOWAAb U JIJIMHY COSAMHEHUH TUIATHI.

5.Pa3paboTaTh ne4yaTHyro 30Hy.

6.Bemosants TecT DRC.

7.Pa3paboTtarhk Bu3yanbHOE NPECTaBIECHNE U (POTOIIA0IOH MJIATHI.

6. KOHTPOJIBHBIE BOITPOCBHI

1.HazoBuTe MHCTpYMEHTHI U UX (pyHKIMOHAIbHOE Ha3HaueHue B CAIIP
KiCAD.

2.B 4em 3akitouaeTcs METOAMKa MPOCKTUPOBAHMSI MIEUATHBIX I1J1aT?
3.Kaxk pa3pabaTbiBatoTCsi KOMIIOHEHTHI IPUHITUTIAATIBEHON CXEMBI B
OuOIMOTEKE KOMIIOHEHTORB?

4.Kak pa3pabaTsIBaeTCsl IPUHIMITHAIbHAS cXxema?

5.Yto takoe ERC?

6.Uto Takoe netlist u ero posb?

7.Kak co3gatoTcsi ocaiouHbIe MecTa JJ1si KOMIIOHEHTOB?

8.B kakoM MHCTPYMEHTE 1 KaK BBITIOJHSAETCS COMOCTABICHHUE
KOMITOHEHTaM MOCaJ0YHbIX MECT?

9.Kak pa3MecTuTh ocajouHbie MecTa?

10.Kak pa3paboTaTh KOHTYp N€YaTHOMN IJIaThI?

11.Kak BpInoOJIHAETCS TpaCCUPOBKA?

12.Kak pa3pabarbiBaercs rneyaTHas 30Ha?

13.Yto Takoe DRC?

14 .Kax ¢hopmupyeTcst BU3yaiabHOE npecTaBieHue u GoTomadiaon?
15.HazoBuTte mopsaok pa3pabOTKy MeYaTHBIX TUIAT.

7.BAPUAHTBI 3AJAHUI

Bapuanr 1



[TpunnunuanpHas cxeMa B3siTa U3 xKypHaia «Cxemorexnukay, 2003 rog,
UIOHb, 19 cTpaHuia.
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[IprHIMnManpHasa cxema B3sTa U3 )KypHana «CxemorexHuka», 2003 rox,

Maii, 34 cTpaHuua.
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[IprHIMNIManbHaAsA cxeMa B3sTa U3 )KypHana «CxemotexHuka», 2003 rog,
dheBpaitp, 25 cTpaHUIa.
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[IprHIMNIManbHaAsA cxema B3sTa U3 )KypHana «CxemorexHuka», 2002 rog,
nekadphb, 43 crpaHuIa.
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[TpuHuunuanpHas cxeMa B3siTa U3 xKypHaia «CxemoTexHukay, 2002



roj, HOsI0pk, 20 cTpaHuUIIa.
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[IprHIMnManpHas cxema B3sTa U3 )KypHana «Cxemorexauka», 2002 rog,

UI0Jb, 51 cTpanua.
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[IprHIMNIManbHaAsA cxeMa B3sTa U3 )KypHana «CxemotexHuka», 2002 rog,

WI0JIb, 22 CTpaHUIIA.
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[IprHIMnIManpHas cxema B3sTa U3 )KypHana «Cxemorexauka», 2002 rog,
WIOHb, 7/ CTpaHUIIA.
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[IprHIMNManbHasA cxema B3sTa U3 )KypHana «CxemorexHuka», 2001 rogx,
SIHBaphb, 38 cTpaHuUIIa.
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[TpunnunuanpHas cxeMa B3siTa U3 xKypHaia «Cxemorexuukay, 2001 rog,
UI0JIb, 2 CTpaHUIIA.
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WIOJIb, 6 CTpaHHUIIa.
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[TpunuunuansHas cxeMa B3sita U3 xypHana «Paaguo», 2000 roa, maprt, 63

CTpaHMIIA.
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[IprHIMnManeHas cxema B3sTa u3 )xypHana «Paguo», 2000 rox, maprt, 31
CTpaHuIla.
b1y €2 1MKx*168
KS61TMZ ” ez ppe3
K Bmb. 13 KITEGHEIS 5 %, &g far sna
c — (. n}—
|1 o1 HA RS 510K -
- ==} *Upum
= L1 1000 510K K5617A7 ¢
< -
- K foi8. 9 RE 3In
Ul BbiB.7 ~= ‘
Bapuanur 14

[TpuHnMnuansHas cxema B3siTa u3 )kypHana «Paaguo», 2000 roa, mapt, 28

CTpaHHuIIa.
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3AK/IIOYEHHUE

B xoze BeImosiHEHUS 1a00paTOPHBIX PAOOT CTYJEHTHI OCBAUBAIOT JIYUIIINE
npakTukKu 1o pazpadotke nevarHsix mwiaT B CAIIP KiCAD, 4ro noBbliaer
YpOBEHb UX KBadu(pUKaluu U npodeccuoHanbHoM 3penoctu. [lepconanuzanus
3a/1a4y 10 BapUaHTaM yJIyYIlIaeT KaueCTBO Mpoliecca 00yyeHusl.

KoHTponbHBIE BOIPOCH OPUEHTUPOBAHBI Ha MMPOBEPKY TEOPETHUECKUX
3HAHUU CTYJEHTOB U (POPMUPYIOT «METOJUUECKOE MBILIIIEHUE) 110
OCBOEHHIO MPOEKTHBIX MPOLEAYP MPOCKTUPOBAHUS TIEUATHBIX TIIAT.
[IpuMepsl BBITTOJIHEHHS JTA0OPATOPHBIX padOT JAIOT UCYEPTBIBAIOIIYIO
uH(GOPMAITUIO O TOM, KaK HY>KHO pa3padaThIBaTh MEYATHYIO IJIATY.

BUBJIUOTIPAOUUYECKHNN CITUCOK

1.CAIIP KiCAD.
http://www.kicad-pcb.org/display/KICAD/KiCad+EDA+Software+Suite

(mata obpamenus: 11.02.2013).

2.ABTOMAaTHU3AIUS TPOCKTUPOBAHUS DIECKTPOTEXHUUECKUX CUCTEM U YCTPOMCTB

yueO.

nocooue / JI. A. ABerucsiH. — M. : Bricmas mkomna, 2005. — 511 c.
3.Kazennos, I'. I'. OCHOBBI IPOEKTUPOBAHUS HHTETPAIBHBIX CXEM U CUCTEM :
Jlaboparopus 3nanuii / I'.I'. Kazenos. — M. : BUHOM, 2005. — 295 c.

4.bytos, A. I'enepaTtopsl Ha Tpan3zuctopax KI1501 / A. bytos //
CxemorexHuka. — Ne§.



—2002. - C. 27.

5.ulp-ckpunt mst CAITP Eagle light, koHBepTHpYIOLITHI OHOIHMOTEKY
KOMITOHEHTOB M nocago4yHbIx MecT B hopmart anss CAIIP KiCAD.
http://www.modulbot.com/download.html.

6.0mnucanue seMeHTa IPUHIIMIHAIBHONW CXEMbI, €r0 KOMIIOHEHT U TI0CaJI0YHOE
MECTO

s nporpamm CAIIP B popmate bxl.
http://www.ti.com/product/sn74als00a?CMP=AFC-conv_SF_SEP,
http://www.datasheetarchive.com/ISOOA-datasheet.html

7.Ultra Librarian cBo60/1HOE CpeCTBO JIs KOHBepTUpOoBaHus bxl-daitinos

(6ubmmorex kommnoneHToB) B hopmat s CAIIP Eagle light.
http://webench.ti.com/cad/

8.KomMmrmioneHT u nocagounoe mecto MukpocxeMbl SN74ALSO0AN
(KP1533JIA3).

http://webench.ti.com/cad/dlbxl.cgi/TI_BXL/SN74ALS00A_N_14.bxI



