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CkauMBaMTe BCe JJaHHbIE 3TOM
KHurn u3 UnrepHera!

Bb1 MOeTe 3arpy3uTh BCe MPOrpaMMbl M CXEMBI [I€YATHBIX ILIAT
3TOM KHHIHy a Taxxke nporpammy BASIC STAMP pis nporpammu-
pPOBaHHA MUKPOKOHTPOJIEPOB ¢ (ppaHuy3ckoro caiita http://
-www.dunod.com.

CHauasia Hy3KHO HalTH KHMTY (110 Ha3BaHHIO WJIH 11O aBTOPY),
3aTeM LIEJKHYTh OJIMH pa3 No Haamicy JloNnoTHeHNA B peaTbHOM
Bpemenu (Complements en ligne) B paznene lononuuresbHbIe
pecypcst (Resources complementaires) Ha cTpaHuIle, TOCBAEH-
HOI1 janHOM kHure. Ytobsl 3aiiTi B aTOT paszaen, notpebyercs
BBECTH N1APOJIb, COOTBETCTBYIOWHH NaHHOH KHUrE.

Br1 MoxeTe Jerko pacrnedaTaTh PHUCYHKH NEYATHLIX MIaT
3TOH KHHIM Ha Npo3paunble naeHky. Hannyuymee xauecTso 6y-
AeT NOJAy4eHO NPH HCNOAb30BAHNH Ja3€PHBIX NPHHTEPOB. bra-
rojiapsi TOUHOCTH MX NEYATH, MOXHO NMOJYYHUTh HCKIIOUNTEIBHOE
KauecTBo 06pa3nos. [IpH HCOIb30BaHNH CTPYHHBIX TPHHTEPOB
CIeflyeT TIWATEeNbHO MPOBEPUTh OTNIEUATAHHYIO cXeMy Ha HajiH-
YK€ 3aMBIKAaHUIH JOPOKEK MeXKAy co6O0M, TaK KAK MUKPOKAIIH
YEPHHJI YACTO NMONAAAIOT Ha JOPOKKH CXEM.

B xauecTBe aJIBTEPHATHBHOIO BAPHAHTA MOXHO NOCOBETO--
BaTh paclevyaTaTh cHa4yama cXeMy Ha Gymare, a 3aT€M CHATD C
Hee (pOTOKOMHIO HA MPO3PaYHOIl IeHKe. B aToM cayyae Hyx-
HO U3rOTOBMUTD [B€ KONHH U CKJIEUTh UX IS TOTO, YTOOBI 10-
POXKH CX€MbI He OKa3aJHCh PO3PAYHBIMU YJIbTPAa(HONIETOBO-
MY M3/TyYEHHIO TPH 3KCIIOHMPOBAHUH.
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Ha3HaueHue ¥ cofiepXXaHne KHUIU

3Ta KHHUTra NpeJHa3Ha4YeHa BCEM, KTO XKEaeT U3y4HTh IOTHKY pa-
60TbI UMPPOBLIX NEKTPOHHBIX CXEM H [IOTyYHTb 6a30Bbl€ 3HAHUS
B 3TOMH 06/1acTH. YuTaTesn HaliAyT B KHHMI€ POCThIE TEOpETHYEC
KM€ BBIKJIAJIKM, HO MPEXE BCETO KHUTA [IPEACTABIAET MHTEPEC C
IPAKTUYECKOH CTOPOHBIL. [ HanKcaHsa NPOrpaMM Mbl TPUMEHH-
11 Haubos1ee PacIpOCTPAHEHHbI ¥ U3BECTHBII A3bIK IPOTPAMMHPO-
BaHus QBASIC. ITOT A3bIK IPUMEHAETCSA HA BCEX CTAPBIX KOMITBIO-
Tepax, B 0GPa30BAHMH H JIETKO NEPENHCHIBAETCS HA PYTroil A3bIK.

Bo BBEAEHMH K KHHIe PACCMATPHBAIOTCS OCHOBBI C4€Ta, HEOOXO-
IVIMbI€ JUIs M3y4eHUs IOTHYECKOii 1 g poBoit anextpounxu. [lep-
Ras IIaBa MOCBAIIAETCS LHQPPOBOIL JIOrHKe, NOAPOGHOMY OIIMCAHHIO
3JIEMEHTOB ¢ TaGJMIIAMH UCTUHHOCTH, AUarpamMamH QyHKIHOHH-
pPOBaHUA, IPHMEPAMH NPOTPaMMHIPOBAHMA ¥ THIOBBIMH CXEMAMH
/U1 M3y4eHUs Hanboee ynoTpeSUTenbHbIX CBOHCTS. TecToBas IUta-
Ta ¥ IBA CUMYJIATOPA HO3BOJISATH BaM OCYIECTBATb BCE HEOOXOIM-
MbI€ SKCTIEPHMEHTBL.

Bropas rmasa 6o1ee nogpo6HO OCTaHABIMBAETCA HA M3yYEHNH
uppoBoii 3MEKTPOHKKH. B KauecTBe NpOrpaMMUpyeMOro MHK-
POKOHTpONIEPA HCMONBb3YETCA COBpPeMeHHBIH sanemeHT BASIC
STAMP2 ¢pupmsr Parallax®*, Bepcus KOTOPOro no3BoiseT Hc-
IIONB30BATh 3JIEMEHTBI MOBEPXHOCTHOTO MOHTAXA M PaHOdje-
MEHTBI ¢ JBYXPAAHBIM pacrnoioxeHeM sbiBogos (DIL - Dual-In-
Line), K KOTOPBHIM MOTYT OTHOCHTBCS HE TONBKO MUKPOCXEMBI, HO
1 Habopbl PE3NCTOPOB, AMOLO0B U T. A. MeTO/bI npOrpaMMupoBa-
HHs OLPOGHO onHcaHbl. YTO KacaeTcs MPOrpaMMbl, TO €€ MOX-
HO GecniaTHO ckavaTs c caiita B IuTepuere.

¥ Parallax smnsercs Toprosoif Mapkoif pupmst Parallax Inc. [Ipoaykrss ipmbi BuiiycKaloTcs B
CLUA u npyrux crpanax. — Ilpum. nays. ped.
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C nesbio 3aKperUIeHNs TEOPETUUECKHX 3HAHUI B TPETheH raBe
KHUTH M3YYalOTCA HEKOTOPLIE NIPAKTHYECKUE CXEMBI, UCTIONL3YIO-
1€ MIOJTyYE€HHbIE TEOPETUUECKME 3HAHMA: HHPPOBYIO NOTHKY, -
POBbIE IIPOTPAMMATODHI VISt IIPOTPAMMHPOBAHHSA NEPCOHANBLHBIX
KOMIIBIOTEPOB H MUKPOKOHTPO/LIEPOB. B moGom ciyyae Hamu cxe-
MBI MOXHO IIPHMEHHTb BCEM, TaK KaK OHH H3TOTAR/IMBAIOTCA U3
AOCTYTIHBIX B IPOJAKE ¥ HEAOPOTUX DNEMEHTOB.

B npunoxkenuu 1 x Kiure bl HalifieTe ONMcaHHE JTOTHUECKO-
rO 30HIA M CXeMBbl 610K MUTAHHA C HECKOJLKHUMH BbIXOJAMM.
Taxxe B KOHUE KHATH IPUIATAIOTCA AOTIONHUTENbIIBIE MATEPHA-
Jbl A1 061€TUEHHA IPAKTHUYECKHX paGoT U HCCIeAOBaHHM]: 10~
KOJIEBKA 37IEMEHTOB, Oubnnorpadus, CCbUIKM 11a aipeca CaliTos B
Hlurepuere u MHOTOE Apyroe.

Bce usyuenubie nmporpaMmsl, JaHHbIE B PaAMKaX 3TOTO H3ja-
HHUS ¥ HEOGXOAUMBbIE JUI MATOTOBJICHHSA CXEM, MOXHO 3arPy3UTh
c caliTa uagarena 8 iurepuere: http:/ /www.dunod.com.

Mbr HajieeMCst, YTO KHHIA YOBJIETBOPHT BCE BAIH OXKHAAHUSA
U CTAaHeT LeHHHIM ocoGueM B pabore.

OcHoBbI c-luchenun

Mb! HauMHaeM CUHTATb € ACTCTBA U NIPH CUETE OJIb3YEMCS AECH-
THYHOM cHcTemMOl cuncaeHns. YTo6bl HAYATb N3YUEHHUE DNEKT-
POHHKH, HEO6XOAMMO U3yUHTb ABE OCHOBHbIE CHCTEMbI CUUCIE-
HML, ‘

JlecCAaTnYNas CHCTEeMA CHNCNIeNus

BCIIOMHHM HEKOTOPBIE XOPOILO H3BECTHBIE MOHATHS, KOTOpbIE
TNIO3BOJIAT CONOCTABUTD AECATHUHYIO CUCTEMY € APYTHMH CHCTE-
MaMM CUHCJIEHHA. :

B necaruunoii cucreme cueT uget ot 0 10 9, 3TO cucteMa ¢
ocuosanHeM 10, Tak xak Mol ucnioanayem 10 undp ans cuera.
Iepsoii undpoii apnsercsa ue 1, a 0. Koraa cuer poxoaur no 9,
OH NEPEXOAUT CHOBA K HYMIO, TIPU 3TOM pa3psaj ACCATOK YBEIH-
unsaeTcs Ha 1. Jlanee cuoma cueT npoponxaercs Ao 19, nocne
YETo CJIeJlyeT CHOBA YBEIMIUTL Pa3psaA ACCATOK Ha 1, yToSsl no-
ayunTs yncno 20. Iokakem o6mmil npuHIMI cuera, He IpoaO-
*ast 3TO IIPOCTOE OGBACHEHHE.
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0 1 2 3 4 5 6 7 8 9<oc-
noBaHue 10

10 11 12 1 14 1 16 17 18 19

20 21... N

Orcioa MOXHO C/I€IaTh BBIBOJ, UTO KAXKAbI paspaj uHcia
IIpeACTaBAAET COGOii crenens uncna 10:

10° = enuHuUH 1 HampuMep: 9 x 10° = 9

10* = npecsTKH 10 HampuMep: 5 x 10° = 50
16? = coTHu 100 Hampumep: 3 x 102 = 300
10° = THCsIYM 1000 Hanpumep: 1 T 10° = 1000
M T.O.

B OEeCSITUYHON CUCTeMe CyMMapHOe dUCIIO eOWHMI, HeCSITKOB,
COTeH, THCSY U3 NOpenHAyllero npmuMmepa 6yneT paBHO:
1359, = 1 x 10° + 3 x 102 + 5 x 10' + 9 x 10° =

= 1000 + 300 + S50 + 9

ITOT CNOCO6 NpECTaBIECHUS YHCEN HAM 3HAKOM H3 apHdMeTn-
KH, 2 JBe APYTHE CUCTEMbI CUHCIEHUS, PACCMATPHBAEMBIE 3€Ch,
TaKKe YAOBJIETBOPSAIOT TEM XK€ MpaBHIaM.

ABONMYHAA CUCTEMA CUNCNICHMA

B aBonuHO# cucTeMe cuncnenys (OCHOBAHHE CHCTEMbI ABJIAETCA
He 10, a 2) ects TONBKO ABE LM psI — 310 0 M 1, KOTOpPBIE TO3BO-
JISIOT CYATATD 0 6ECKOHEUHOCTH . |

BruiBeAeM cooTHoUIEHHE MEKAY CUCTEMOI ¢ OCHOBaHHEM 2 —
JBONYHOM — V1 CHCTEMOIH € ocHoBaHueM 10 — recaTuunoii (Tab. 1).
Kaxnas nugpa JBOMYHOTO YHCIA HA3LIBAETCH 6umom. Kaskaviii
GUT IBOMUHOrO YHCJIA IPEACTABIsET cOGOi cTeneHs YHcha 2, a
se 10. TIpUHIUT NOCTPOEHNSA ABOMYHOIO YHCAA JOCTATOUHO MPO-
CTOii, HO JBOHUHBIE YHCIA 3AHUMAIOT GOJAbHIE MECTA H TPE6yloT
Gonpmoro TepneHus npy pacuerax. OfHAKO, HECMOTPS Ha Bce

* B uHUIITCKOM 3110CE NPUBEACH NIPHMED MYAPOCTH - H306peTaTeMO WaXMAT HHAMICKHIE pat-
KA 1IPETOKIL BLIGpaTh Nnojapok. HaobpeTaTe b HONPOCILT Ha KKAYIO CICAYIOUIYIO KICTKY
maxMar (KIeTOK Ma maxMaTHoM nosie 64) 1010XuTs (HaYHKas C OAHOTO 3EPHA HA NepBoit
KieTke) B 2 pasa fosibuiee KOANYECTBO 3€PHA, YeM Ha NpeABLAYLTyIo KieTky. Pamxa yabiGuyaca,
KaK eMy NoKa3anoch, IMynocTH H3obpeTarens i noobemman. Myapet coobup pajke o HeBO3-
MOXHOCTH JaTh CTOJILKO 3€pHa H3oGpeTaTemo waxmar. 1o uncio Gyner 2 u Bcero umeroue-
roca KoaudecTsa Jepna 6)’1101' HAMHOT'O MCHbILIEC Ja3KE B Macutabe yesoBeyecTna. )Ke.naloume
MOTYT IIOCHHTATD B ACCATHUYHOI CHCTEME CUNCIEHHA, CKONBKO ByaeT 2%, Do npumep 2%, u
CTeNCHb 4HCN1A OTHOCHTENLHO HeGobiuad. Tak wTo CuHTaTh 10 GECKOHEUHOCTH JTyHILE HE PO~
Gosars, - [Ipum. nayu. ped.
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HEy06CTBA, 3Ta CHCTEMA CHHCIEHHS SABIAETCA OCHOBHOM B LU -
POBOIi 9JIEKTPOHHUKE, TaK KaK UHN(DPOBbIE TPUGOPDHI IPHHUMAIOT
B GOJIBIIMHCTBE CTyyaes ABa pabounx cocrosuus: 0 u 1%

Tabnuua 1. NpeacrasneHune cTeneHn YMCNa ABa Kaxaoro 6UTa B ABOMYHON
CUCTEME CHUCNEHUR

Paspapg 8- 7-» 6-m 5-n 4-i4 3-n 2-n 1-n
6ur ©O6ut O6MT O6MT OuT OGUT 6ur Onr
Crap- Mnap-
wuin wnn
our 6ur

Crenenn

yucna 2 27 28 25 24 28 22 .. 20

BecsTiHbin

SKBUBANEHT 128 64 32 16 8 4 2 1

O6o3HaueHye CTapUIMHCTBA GHTA BAXXHO: IepBbIii GUT — Kpaii-
HHIi CTIpaBa — ABJIAETCA MIANIINM, TIOCAEAHHI — Kpaiinuiil ciepa —
crapmuM. Tak, B CJEAYIOLEM NpHMEpE CTAPWIUKA GUT ~ NATHIA.
IMopsanok cyeTa B ABOWYHDBIX U AECATHUHBIX KOAAX NAECHTHUHBIN
32 HCKTIOYe HHEM OCHOBAHHA YHC/Ia. B 1eCATHUHBIX KOJAX — OCHO-
Banue 10, B ABOMUHBIX - 2. ’

HanenTnuHbiM GyeT TakKe MO3HLIMA U Pbl OTHOCHTENIBHO
Apyrux uugp: cJIeBa Hapaso — OT caMoii crapuieii nugpsl K ca-
MOH MiajIeH — 110 MX BECOBLIM K03 hHIIMEHTAM IIEPBBIX YEThI-
pex pa3psaxoB uMcia. Jeouunsiti K00 Ha3bIBAIOT. TaKXKe Kodom 8421
B COOTBETCTBHH C BECOBBIMH KO3((DHIHEHTAMH TIEPBBIX YEThI-
pex paspagos uncaa. KpoMe TOro, ero Ha3bIBAIOT NpAMbLM 080U
HowM Ko0oM. Jlasee paccMATPHBAETCA TPUMEP COOTBETCTBHA ABO-
nuHoro xoza 11010, u ero aecaTnuHOro SKBUBAJIEHTA ~ 26,0.

Bugapwoe uwucno: 1 1 0 1 0
COOTBETCTBME MEeXIy HOBOUYHHM U JeCSITUYHHM HUCIOM:

- - => (0 x 1) = 00 -> wMnagummui paspsn

.- = = => (1 x 2) = 02

. . .- - - - -> (0 x 4) = 00
- - - - = -> (1 x 8) = 08 .
-~ = = - = =» (1 x 16) = 16 -> cCTapumuin pas3psn

Obmass cymMa: = 26

* HMeloTca UHGPOBLIC cXeMbi ¢ TpeMa cocTosuuamiu: 0, 1 1 Z (¢ 6oabmny conpoTHRieHHeM
WM MHAY€ HA3BIBAEMLIM BBICOKOMMITE JAHCHBIM COCTOAHMEM). — JTpum. nayu. ped.
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TouHO Tax Xke, KaK U C AECATUYHbIMU qUuciaaMin, C ABOMYHBIMU
MOXHO IIPOU3IBOANUTD apncbme'mqecxne onepaumnmn.

NpaBuno cnoXXewus
0+0=0
1+0=1

1+ 1 =10 Pesyasrar aToii onepanun ?aBeH «HYJIIO», 2 HE IECATH,
KaK MO3HO nojyMaTh (To ecth 0 u 1 B yme ~ 1 nepenocurcs B
cneaylomuit (crapuimii) paspsan).

NouMmep : . 11010 26
+ 00010 + 2
—————— ==y
= 11100 = 28
NMpaBsuno ymuoXxeHns
0x0=0
1x0=0
Ix1=1
pumep: 11010 26
x 00010 X 2
D e ——— ==>
= 00000 = 52
11010. (COBUI BJIEBO HAa OJHY TIO3U
UMD OTHOCUTENBHO MHORUTEJS)
= 110100 ==> 3KkBMBaneHT 52 B OecsITUYHON
cUcrTeMme CUUCTIeHUus
Aononwenme o 1

nnu oSpaTnsiit ABoNTHLIR XOf UNCHa

Honoanenue 0o 1 - npocras onepanua: 10CTATOYHO NPOHHBEPTH-
poBaTb Bce GHTHI, COCTABAAIOUWIHE IIPAMOii ABOHMUHbBIA KOX uHCha,
TO €CTh BCE €TUHHIILI 3AMEHHUTDb HA HYJM H HA060pOT. B peayasra-
Te 3TOii onepanny oGpasyeTcs ofpammniii 0gounnbIiL K00 YucIa.

J1a onepauus HeOGXOAUMA, YTOGH! BBECTH ONEPalHIo AOTIOJ-
HeHus 10 2. 3aTeM 3TH ABE onlepanyy GyAyT HCIOAb3OBATHCS IIPH
ONMCaHUM ONlepaliiH BIYMTAHHA.
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NpuMep:

NaBaiTe BO3bMEM HYUCIHO 110100 (>xBuBaneHT 52
B IOECATUYHOM
cucTeMe
CYUCNEeHUs )

DononHeHue Jo 1 »3Toro yucna 001011 (3ksuBaneHr 11
B OECATWUMHOM’
crcTeme
CHUCTIEHUS )

Jononunenne fo 2

Yro0bl BLIYHCAUTL AONOAHEHHE A0 2, HEOGXO0AUMMO K JOIOJHE-
nuio a0 1 npuéasuts 1.

TaxumM 0Gpa3oM, KOTIOJHUTENLHBIH ABOUYUHBIH KO uucaa 06-
pasyeTcst U3 06PATHOrO KOja Npy foGasneHuu 1 K Maaguemy pas-

PsIy YHCIIA.

lIpuMep:

DaBaiTe BO3bBMEM [IOTNONHeHMe no 1 001011 (»xBuBanenr 11
B OeCATUYHOR
cucTeMe

) . CUMCnesus)

IpubasuM 1 K MnaglleMy pa3psnoy 1

MH nonyuaeMm 001100

3KBMBaAnNeHT 12 B [OECATUYHOM cucTeMe cuucneHusi obpasyer-
csl myTeM CJIOKeHUSI [OBYX JBOMYHHX YMCEeJ, aHaJIOUMYHO MOBYM
HEeCsITUYHHEM !

Jlnst TBOMHYHBIX YHCEN BHIIOTHACTCS CICAYIOLIEE ITPABIIIO: €CIH
CaMO YHCJIO CAOXKHTD C JOTONHEHHEM K 2 JUISl 3TOr0 4HCAa, TO
B peayasrarte Gyset Hynb. [Ipn atom creflyeT cienarts 3ameyaHue,
YTO €AAHHHIIA OCTAETCA B YME U [IEPEXOJAHT B CTAPIIMK pa3psaa.

npumep:
Yucno
110100 (3xeuBaneHTt 52 E
OeCATUYHONR
cucTeMe

cunneHrs)
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[onONHeHne 1o 2 mnpenHiymero npmvepa + 001100 (3xBuBa-

. neHT 12 B
OeCATUMHOM
cucreme

CUMCTICHUS )

(1)000000 (2xBuBa-
seHT 64 B
B OecSTUYHOMR
cucreme
CUMCEeHus)
My ronydaeM B pesynbrare 0 BO Bcex 6 pazpsimax (¢ 0 no S5-wit)
¥ mepeHoc 1 B WeCTOl pa3psii - Tak MH CHOXMAM 2 OBOUYHHX
yycla, AHaJOTMYHO JOBYM OeCSATUYHHM!
O6paTuM BHMMAHNE, KaK BTO BUAHO U3 Tabnuusl 1, cueT pas-

PANOB MAET C HYJIEBOTO, a HE C IEPBOTO pa3psjal

NMpaBunNo BLIMMTaANNA

YTO6bI BHIUECTh N3 OXHOTO ABOMYHOTrO 4HCIA APYroe, ciaeayeT
1puGaBHTH JOTIOJHEHHE JO 2, BBIYHCICHHOE JJIst BBIYHTAEMOTO,
K YMEHbIIACMOMY.

Hanpumep, nycts u3 uncia 111011 (pasuo 59 B pecatuunoi
CHCTEeME CYHCAEHHsT) HY)KHO BbluecTs uucao 110100 (52 » aecs-
TUYHOI cucTeMe cuncaenusn). s sToro npu6apuM K nepsomy
uncay uncno 001100, xoropoe sBngeTca JONOJHEHNEM A0 2 Ans
uncna 110100. Onepaunio BbIUHTAHMA Mbl 3aAMEHHIH Ha OTlepa-
IHIO CIOXKEHHUS C JOONHEHHEM J0 2 BBIYHTAEMOTO.

Criepamms : . 111011
+ 001100
Har paet: = (1)000111

{7151 ABOMYHBIX YHCEJ HY’KHO BCETAA OYEHb TOUHO CUUTaTb YHC-
7o 6utos. Tak, ocrapnas 1 B yme B cTapuem GUTe, MOJYUHM B pe-
3yJIbTaTe BLIYMTAHHS YHCIO 7 B AECATHYHOM MCUHCIEHHN.

“lec'rllanua'ropu-mau CHCTeMa cuncnenns

B wecTHaguaTepuuHoil cHCTEME CUETHBIMM SABJAIOTCA YHCIA OT
0 210 15; Kak ACHO U3 HA3BAHMSA, OCHOBAHMEM CHCTEMbI ABNAETCA
tMcno 16, Tak Kak Ui cYeTa HCTIoNb3yeTcst 16 XapakTepHbIX 3HAKOB.
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Tak Kax JJI ONMMCAHMA BCEX CUETHBIX YHCEN He XBaTalo uudp, To
Han6osee TPOCTbIM pellEHHEeM TOCUNTAIH HCIIONBb30BATh GYKBBI.
Tak, unciio 10 3amensieTcs GykBoii «A», 11 - «B», 12 - «C», 13 - «D»,
14 - «E», 15 - «F». Korgaa cuer goxoaut a0 15, IpOHCXOAUT ONATD
nepexox K 0, py 3TOM CTapmmil paspsz yBeTMuMBaeTcs Ha 1.

Takas HyMepanus oueHb GIH3KA AECATHYHOI CHCTEME, CleAyeT
JMIIb ToMEHATh ocHopanue 10 Ha 16, HlecTHaanarepuunas cucre-
Ma CUMUIEHNS HAlUTA HIMPOKOE NMPHUMEHEHHs B IIPOrpaMMHpOBa-
HHUH, BbIYMCIEHNS B 3TOH CHCTEME 3aHUMAIOT MEHbIIE MecTa. Kax-
Hasi un¢pa MECTHATIATEPHYHOTO YHCIIA MOXKET GbITh PA3IOKEHA Ha
JABOVYHOE YHCJIO M3 YETBIPEX GUTOB, KOTOPOE HA3bIBAIOT Mmempadoil,
WIH IS OGIErYEHHs PACYETOB CPa3y B IECATHUHOE UHCIO.

Ipumep:
BospMeM uucno 4CF B mecTHaAZUATEPUYHOM CHUCTEMe CHUCIIeHUS
fr e 1111 = 15 x 16 = 15 x 1 = 15
¢ —> 1100 = 12 x 16! = 12 x 16 = + 192
— 0100 = 04 x 162 = 04 x 16 x 16 = + 1024

- = 1231

3KBUBAJIeHT WHecTHaguarepudHoro uucna 4CF B  JOecsaTUYHOM
cumucrnenun paseH 1231.

O6o6uenne .

IToABITOXKKUM U 3aNKUIEM B TaGIHIly BCE, YTO Mbl U3YUWIH, TIPO-
H3BOJs COOTBETCTBUE MEKIY TPEMS CHCTEMaMH CUHCIICHHA,
OueBHAHO, 4TO 3Ta TAGAHIA HETIONHASA, TAK KaK YHCEN B IPHPO-
Ae 6eckoHeuHo. B Tabnuue npencrapnenst uncna ot 0 1o 36 (B
JECATHUHOI1 cucTeMe) U 3aTeM oT 247 no 255, uToGH MOKA3ATH
npuMep GonbKX yncen (Tabi. 2).

B xauecTBe 3aKII0UEHHA 110 CHCTEMAM CUMCIEHHs MOKaXKEM
npucyuee 0603HaYeHNE NIPUCBOEHNSI HOMEPOB KaXKAOMY THMY
CHCTEMBI CUMCJICHHS IPH MPOrPaMMHPOBAaHHH, ”
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Tabnuua 2. NpencrasneHne YNcen B AECATUHHON, ABONYHOK U LECTHARLATEPUIHON
CHCTEMAX CHUCNEHNR

Deca- Lsoumd- 16- [Jeca- [sony- 16- Aeca- [lBonu- 16-

TMY-  Has pUd- Ty~  Haa puy-  TUY-  HaA puu-
Haa Has Haa Haa  Haa Has
0 0000 0 16 10000 10 32 100000 20
1 0001 1 17 10001 11 33 100001 21
2 0010 2 18 10010 - 12 34 100010 22
3 0011 3 19 10011 13 35 100011 23
4 0100 4 20 10100 14 36 100100 24
5 0101 5 21 10101 15 !

6 0110 6 22 10110 16

7 o111 7 23 10111 17 247 0111 F7
8 1000 8 24 11000 18 248 1000 F8
9 1001 9 25 11001 19 249 1001 F9
10 1010 A 26 11010 1A 250 1010 FA
11 1011 B 11011 1B 251 1011 FB
12 1100 C 28 11100 1C 252 1100 FC
13 1101 D 11101 1D 253 1101 FD
14 1110 E 30 11110 1E 254 1110 FE
15 1111 F 31 11111 1F 256 1111 FF

> B pecaTHYHON CHCTEME CUMCIIEHUS YHCITY He TTPeAIeCTBY-
€T HMKaKOii 0co6bIii 3HaK.
Hanpumep: 1358;

> B IBOHYHOI cHCTeME CUMCIEHHs TIEpe] YHCIOM CTaBUTCS
3Hak %.
Hanpumep: %10101001110;

> B IIECTHAALATEPUYHON CHCTEME CUHCIIEHHA TIEPE] YNCTIOM
cTaBUTCA 3HaK $.
Hanpumep: $54E.

CymecTsyioT TaKxKe ApYyrHe CHCTEMbI CHHCIEHHS: BOCbMEPHY-
Has, (BCD - Binary-Coded Decimal). Ms! nx 3s1€ech He Hayuaem,
4YTOGBI HE CHJIBHO 3arpyXaTbh KHUry. Yurareny, xenaouue yriy-
GHUTbL CBOH 3HAHHUSA B 3TOI 06NACTH, MOTYT OOPaTHTLCSA K KHUTAM,
npHUBEACHHbIM B GuGnuorpaduu.
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CornaumeHns, NPUHATHIC B KHUTe

B Texcre BBIAENEHB! CeAylOmHe O603HAUCHUS!

> xypcusom BLIIENAIOTCA HOBbIE TEPMHHBI, HA KOTOPBIE Ja€T-
€Sl CCHLIKA B TIPEIMETHOM yKa3aTeNe;

u 10f, 3TOV NMMKTOrPaMMOiA NPVBOAATCSA PA3HOMO POAA NPUMEYaHVA,
Ha KOTOPbIE CTOWT 0BpaTTL BHUMaHWE;

m Nog, 3TOMH NUKTOrPaMMOIA MPUBOAUTCS 3aMEYAHUS.
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Jlorn4yeckasn SneKTpoHuKa

PaccMOTpHM KpaTKO IIOCTPOEHHE NepBoii yacTH KHurd. Buauane
BbI NTO3HAKOMHTECDH C JIOTHYECKOH 3/IEKTPOHHKOI, KOTOpas H3y-
JaeT HHTErpajibHbie MUKPOCXEMBI, TO3BONAIOMHE (PU3HUECKHU CO-
eIMHUTD jorHueckre QyHxknuu. Msl G6yaeM uayuaTh CXembl Ha
«KeCTKOH noruke» . HauneM HaydeHue ¢ OMHUCaHHA ABYX GONbIINX
ceMeiicTB sornuecknx cxeM. I[Tocse atoro nepeiigem k 6onee ae-
TAJILHOMY H3Y4€HHIO OCHOBHBIX JIOTHUECKHX l1€MEHTOB. Mbl BaM
HPEANIOKHUM H3ydEHHE TECTOBOTO CTEHAA, HA KOTOPOM Bbl CMOKE-
TE€ TECTUPOBATH M AHAINIUPOBATL PAGOTOCIOCOGHOCTD CXEM |
KMOII ¢ ueTsippMs BXOAAMH, TAKKE PaCCMOTPEHHBIX paHee B
3TOH 4aCTH. '

Janee Mbl nepem[eM K H3Y4eHHIO 6OJIEe CIOKHBIX KOMOMHA-
LIMOHHBIX JIOTHYECKHX CXeM, 6€3 U3yUEeHHS KOTOPbIX TPYAHO pac-
CMATPHBATH MPAKTHUYECKUE NpHAOKeHUus nudpoBoii toruku. B
KOHIIE TIEPBOI YaCTH MBI NIOAPOGHO onuieM paGoTy JBYX JOTU-
4eCKHX MOZAENbHBIX cxeM. [lepras cxema — HenporpamMmupyemas.
OHa nossossieT H3yYHTb BOCEMb OCHOBHBIX (yHkunii. Bropas
cxeMa ABIAETCA nporpaMMpreMOH H €€ NPOU3BOJAUTENLHOCTD
ropasjo Bhille,

IIndposas aneKTPOHMKA, ONMHCHIBAIOIIAA nporpaManyebee
3/eMeHTbI, GyJIET ONTHCaHa BO BTOPOI YaCTH KHHUTH.



rnasajil

JlBa OCHOBHbBIX CeMelcTBa
MHUKpOCXeM

HuTerpanpHble JJOTHYeCKHE MUKPOCXeMbl Pa3fe/IfIoTCH Ha ABa
OCHOBHBIX JIOTHYECKHUX CeMelcTBa (CepuH): aleMeHTh! Ha Gase
texHonoruu TTJI (TpaH3UCTOPHO-TPaH3UCTOpPHAA JIOTHKA) U BJIe-
MeHTHl Ha 6ase Texnosorun KMOIT (kommuinmenTapras MOII
(MeTaLT-OKHCe-0IYTIPOBOAHHMK)-TEXHOIOTH).

Jns ACHOCTH U3JIOKEHUA YTOUHUM, UTO B CBOMX OINBITAX MBI
ucnonssyem TexHosoruio KMOTII-Mukpocxem cepuu CD4000,
YTO CBA33HO C GOJIBIIMM THANA30HOM HANPSXKEHUI MUTAHHUA,
HEZOPOroH IeHOoH U 0COOGEeHHO €O CTAHAAPTHON LOKOJIEeBKOH
BBIBOJIOB 3JIeMEHTOB. TeM He MeHee B 3TOM NTaBe Mbl pacCMOT-
PHMM MX OCHOBHBIE XapaKTEPHUCTHKH H PasHHIY MEXTy STHMH
ABYMS TEXHOJIOTMAMHU. Bbl cMOXeTe Jierko BpibpaTh CaMOCTOS-
TEJIbHO 3JIEMEHTHI J/I CBOUX CXEM.

Pasnuuus Mexay AByMsl ceMeiicTBaMH uupPOBbIX MHKPO-
CX€M Ha4HMHAIOTCS C PACCMOTPEHHNS TEXHOJIOTUH MX U3TOTOBE-
mus: TTJI-rexuonorus ocHOBaHa Ha IPUMEHEHNH GUNOASPHBIX
TPaH3UCTOPOB, B TO BpeMs kak KMOII-TexHonorua ucnonnay-
€T TPAH3UCTOPHYIO TEXHOJIOTHIO HA OCHOBE I10JIEBBIX TPAH3MUC-
TOpPOB CTPYKTypsl MOII (MeTam-0KuCe-ONyNPOBOAHUK), KaK
CERYET U3 €€ HA3BAHHUA.

Huxe npuseneH cCiMcoK cepuii cXeM M UX OCHOBHBIE Xapak-
TEPUCTHKH:

» SN74, TTJI, cranzapTHas;
» SN74(H), TTJI, 6nicTpOAeHCTBYIOmAS;
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» SN74(L), TTJI, manomomsasn;

» SN74(S), TTJI, ¢ anogamu [lorrku;

» SN74(LS), TTJ, c puogamu llorTku ManoMomHas;

>» SN74(AS), TTJ, c anogamu HloTTky ycoBepiIeHCTBOBAHHAS;

>» SN74(ALS), THI, ¢ anogamu HloTTkn ManoMomHas yco-
BepLICHCTBOBAHHAS;

> SN74(C) KMOII, ¢ MeTastidecKuM 3aTBopoM, LIOKOJIEB-
ka, cosMectumas ¢ TTJL

» SN74(HC), KMOTI, M/I[1-ctpykTypa, 6bxc1*p011eucmyxo-
mas HOKoIeBKa, coBMecTiMas ¢ TTJI;

> SN74(HCT), KMOII, MATT-cTpykTypa, HanpsXeHUs 1 10-
KoJieBKa, coBMectuMmble ¢ TTJI;

> CD4000, KMOII, c MeTaLIM9ECKUM 3aTBOPOM.

O6o3nayeHHe JOrHYECKNX BXOXOB CTaHaapTuaoBaﬁo c 1984
roga esponeiickum crangaprom IEEE/ANSI 91-1984. Cxemsbl
3TOI KHUTH YAOBAETBOPAIOT 3TOMY cranaapty. Ho npu mepe-
4HCJIEHUU OCHOBHBIX JIOTHYECKHUX 3JIEMEHTOB Mbl TO3HAKOMHUM
BAC TaKXe U CO CTAPBIM OGO3HAYEHMEM DJIEMEHTOB, KOTOpPDIE.
npumensch 1o 1984 roga. '

Jlns mpaBUILHOTO IIOHMMAHUA PaboTEI IOTMYECKUX.CXEM CIe-
AyeT 3aIOMHHUTDb X TEPMUHOJIOTHIO. JIorHuecKue cxeMbl IpHUHU-
MaIOT ABa JOrUYecKux cocrosHus: 0 u 1. JlormyeckuM ypoBHAM
COOTBETCTBYIOT OIpeleeHHbIC JHAMA30Hb! HanpsKeHHil. Bxox
CX€MBI, COEMHEHHDIH C IOJJOXUTENbHBIM OTEHIIMAIOM, Ha3bl-
BAETCH «BBICOKMM yPOBHEM HATIPXKEHMA» , VI JIOTHYECKOH «eau-
HULEH». BXOX CXeMbl, COeIMHEHHDI C «3eMJIeil» , HABBIBAETCH «HU3"
KM yPOBHEM HATIPsHKEHHSA» , WIM JIOTMYECKHUM «HyleM». Ecotn Bxox
CXeMbl He COeIHHEH HH € «3eMei», HU C BLICOKMM YPOBHEM Ha-
IPSXKEHHUA U UMeeT MOTEHIMA] CPEIHEro HANPAXEHHUs, OH Ha-
3bIBAETCH «IUIABAIOWKM>, HenoakmoyeHHBI BXOA CXeMbl — UC-
TOYHMK MOMEX U HEYCTOHYNBOI PaboTol, 2 B OTAENBHBIX CTyJasX
¥ 0TKa308B B pabore. [T03TOMY He3aREHACTBOBAHHDIE BXObI 06533
TeJILHO MOAKMIIOYAITE K Pa3pelaoNMM [IOTEHIMAIAM: HATIPAMYIO
K «3eMae», K +V (zna KMOII-cxeM) Wi yepes pe3ucTop

NHTaHHS

HoMuHaJIOM 0T 1 XKOM K +V (zna TTJ-cxem)*. TTocnexn-

NHTaHHA

HUI BADHAHT HE PEKOMEHAYETCHA M AOJDKEH GbITh BPEMEHHBIM

* JIpyroit BapHaHT — 0GbeJHNTD BXOBI, HO NIPH STOM IIOHUIUTCA GpicTpoaciicTBRe undpo-
BOW MUKPOCXeMBI. = ITpum. nayu. ped.
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coCTogHMEM. Y KAK/AOH U3 3TUX TeXHONIOTHH, 6yan To TTJI v
KMOITI, ananasoHsl HANPSXEHUH, ONpefesAIomMe 3TH YPOBHHM, -
pasanussl (puc. 1.1). BaxHo uMeTs 310 B BAY IPH COBMECTHOM
HCIIO/Ib30BAHMM ABYX JAHHBIX TEXHOJOTHIA.

. ) HeonpepesneHHoe
HeonpepeneHHoe cocTonAHuE
cocTosiHue

Puc. 1.1. Onpeaenerne Anana3oHoB BXOAHbIX HANPAXKEHNA Pa3HBIX CEMEACTE

MUKPOCXEM

B xonme 3ToiH MaBbl M3yYHUM YETHIPE OCHOBHBIX ITApaMeTpa,
IO KOTOPBIM OTIMYAIOTCH TEXHOJOIMH JIOTMUYECKHX 3JIeMEHTOB
(a6 1.1). UntaTen, xeaomue IO3HAKOMHUTECS GoJee moapot-
HO C XapaKTepPUCTUKAMH JOTHYECKMX CXEM, MOTYT M3y4MTDh KHH-
I, IpUBEJeHHbIe B OUbIMorpadui B XOHIIE KHUTH.

Ta6nuua 1.1. XapaxTepucTuku CEMEHCTB NIOrMuecknx Muxpocxeu' .
‘TexHono- Cepus’  Hanpaxe- Yacrora, Koagpp. ‘3apepxxa

rma MUKpPO=- Hue My pa3sersne- pacnpact-
cxem nUTaHua HUA nNo paHeHus
BbIXOAY curHana,
HC
TN 74 5B = 5% 35 10 9
74(H) 5B = 5% 50 10 6
74(L) 5B * 5% 3 20 33
74(S) 5B +.5% 125 20 - 3
74(LS) 5B % 5% 45 20 9,5
74(AS) 58 + 10% 200 40 1,7
T4(ALS) 5B 10% 70 20 4
KMOori 4000 3-158 12 50 50
74(C) 3-15B 40 >100 8
74(HC) 3-15B 40 >100 8
74(HCT) 5B £ 10% 40 >100 8
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OMTAHME: THANIA30H WM MAKCHMATLHOE HaNpPsKeHHe M-
TaHHUs CXEMBI;

YacTOTA: MAKCMMaJIbHas paboyas YacToOTa CXEMBI NIPH Ha-
npspkenun 5 B;

K03(p(DHIMEHT PasBETBAEHHUS 110 Bblxop;y (xoappunnenT
HArpys3Ku): MAKCUMAIBLHOE KOJMYECTBO BXOROB 3JIEMEHTOB
OZHOT'O THMA, KOTOPbIE MOTYT HArpyXXaTh BLIXOALI MHKPO-
cxeMbl 6€3 HapylleHUs ee HOPMaJIbHO paGoThI;

BpeM# 3a€PKKM PAaCIPOCTPAHEHHUA CHUTHAIA MHTEPBAT
BPEMEHH MEXy BXOAHBIM H BBIXOAHBIM HMITYJILCOM, H3Me-
penHbiMu Ha yposHe 0,5 oT Hanpsokenus 5 B.



rnasa@l

OcHOBHbIC NOornYuecKkmne
SNEeMEeHTbI

2.1. Nlornuecknit snement HE, nnn unseprop

Jlozunecxuii snemenm HE (no-anrmmiicku NOT) ciysxur ana naMe-
HEeHUA NONAPHOCTH CUTrHasa. IHBepTOp peanuayeT ZOMOJHEHE
JIOTHYECKOro cocTosHuA. Jlornieckas eIMHMIIA HA BXOJle MHBEP-
TOpa npeo6pasyeTcs Ha BbIXOAE B HyJb, 2 JIOTHYECKUI HyJIb Ha
BXOZe — B JIOTHUECKYIO eAMHHITY Ha BbIXoZe (Tabu. 2.1).

TaGnuua 2.1. Tabnuua HCTUHHOCTH Vunnepropa

“Bxoa A _B;xo_n S .
0 1
1 0

DyHKIMIO HHBEPTOPA MOXHO TAKXKE PEAIH30BaTh U C IOMO-
H{bIO APYTMX 3JIEMEHTOB, €CJIM OHHM HE BCE MCIOJb3YIOTCS B CXe-
Me. MOXHO MHOTOBXOAOBbIE JOTMYECKHE.CXEMBI C HHBEPTHPO-
BaHHEM BBIXOAA Ipeo6pa3oBaTh B MHBEPTOP ABYMA criocobGamur:
nepsoiif - 06beAMHUTL BCe BXxoAbl. Hanpumep, BXoAbI AnB
OOBEAUHSIOT, U CXEMA NPEBPANIAETCA B MHBEPTOP. Bropoii cnio-
€06 - Bce BXOAbI, KPOME MIEPBOTo, MOAKAIOYHUTE K paspeimaoie-
MY MOTEHIMATY HanpspkeHus. Paspemalonmii moteHMan Syaer
PalIMYHLIM B 3ABUCUMOCTH OT CEMEMCTBA MUKPOCXEM H yHk-
WA MHTErpanibHOH MUKPOCXEMBDIL.
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Ha puc. 2.1 nokasaus! ycroBHbIE 0603HAUEHHA HHBEPTOPA Ha
CXeMax, a Ha puC. 2.2 NOKa3aHbl BPEMEHHBIE AMArPaMMBbI, NOSIC-
Hsone paboTy HHBEPTOPA.

YpasHenue: S=A
A 1

Puc. 2.1. YcnoBHule 0603HaveHns uHBepTOpan A 8 - S
matematuyeckas Gpopmyna paboThl uHBepTOpa B | i

1=
A

0 ' N .

i - a —
s, LI 1 1

O —_—

Puc. 2.2. Bpemen+as avarpamma, noscHaiowas paboty uisepropa

Micnonbiyembie MUKPOCKeMbI
B KauecTEe NHBEpPTOpOB

» CD4069, sxmouaer 6 unsepropos KMOIT;

>» CD4049, sxmoyaer 6 HHBepTopon KMOIT ¢ nosbimeHHO#M
HArpy304Hoii cCloco6HOCTHIO, YyeM Apyrue KMOIT, normnuec-
KM€ MUKPOCXEMBI M MOXET CJIYXKMTh JUIsi COITACOBAHUS C
TTJI'MukpocxeMaMu IpH HanpspxeHuH +5 B.

Llokoneska MUKPOCXeMbl OTIMHAETCR OT LIOKONIeBKYW MHBEPTOPOR
cepum 4000; )

> SN7404, sxmouaet 6 uusepropos TTJI;
> SN7606, pxmiouaeT 6 MoinubIx HuBepTopos TTJI ¢ ompm-
THIM KOJUIEKTOPOM.

I'Iporpanmuponauhe'
Komanaa NOT s QBASIC onpenensiercs Kax MHBepCHs.



.
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Npumep 1 (norwyecxan pynxymnn):

A% = 51
B% = NOT A%
PRINT B% ‘Ha 92KpaHe nosABMTCA u4Yucno -51, B Bencuke

’MHBepTUpPOBAH BHXOZm 51

Npumep 2 (6ynes oneparop):

HAYATO:

A% = B

INPUT “Bpenure LupYy”;B% ]

IF NOT(A%=B%) THEN PRINT “He pasmw® ELSE PRINT "PaBHW"
GOTO HAYAIO

B 3aBuCHMMOCTH OT TOTO, BBEeHHAs HUdpa paBHa 8 wiu HET,
Ha 3KpaHe NOABIAETCA Haauch «PaBHbI» min «He paBHbI».

2.2. JlormuecKui SnemenT AA,
unu 6ycdepubii nOBTOPUTEND

Hozuneckuti snemenm JA (no-aurnmniicku BUFFER) ue namenser
NOJIAPHOCTD CUTHANA. BBIX0A 21eMeHTa ABISETCA OTPAKEHUEM
Bxoza (Tada. 2.2). Taxkoit 31eMEHT CAYKUT L1 BOCCTAHOBJICHUS
¢opmbl curuana WM, HANPHMEP, KAK 3aMKUTA HHPOPMaLMOH-
Hoit muHbL. JIBa nocnenoBaTeNbHO COEAMHEHHDIX UHBEPTOPA
MOYKHO HMCIIOJIb30BATh BMECTO JIOTHYECKOro ajeMeHTa JA; ato
HEMHOTO YBEJHUYUT BpeMsl pacHpOCTPAHEHMUA CHTHaNA, HO B
GONBLIIMHCTBE CJIyYaes 3TO HE BaXKHO.

Ha puc. 2.3 noxasasn! ycJI0BHBIE 0603HAYEHHUS 2IEMEHTA HA
cxeMax, a Ha puc. 2.4 nokazaHbl BpEMEHHBIE IHArPAMMBI, NOC-
HsomKe paboTy Joruyeckoro anemenTa JA.

Tabnuya 2.2. Tabnuua uCTUHHOCTM IOrM4ECcKoro anemenTa A

Bxoa A Bbixoa S

0 ) 0
1 1

YpagHenue: S = A
A Puc. 2.3. Yenostbie 0603HaqYeHna

A S B 1 _s._ norudecxoro anemenTa JA n
- martemaTuyackan Gpopmyna paboTsl MHeepTopa
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1
o] L]
O sned e
1 —
s
0 L] L

Puc. 2.4. BpemeHHan AMarpaMma ans NOACHeHUA paboTht NOrMueckoro anemexta A

Mcnonbayemblie MHKPOCKEMbI
B KauecTBe Gytpepuoro nosTopuTenn

> CD4050, Bxmouaer 6 ycuwieHHBIX GydepHDIX MOBTOPUTE-
neitt KMOIT u o61axaeT noBbllleHHONH HAarpy3o4Hoi crno-
COGHOCTBIO, YEM APYrUe CXeMBbI.

u Liokoneska MUKPOCXeMbI OT/IMHAETCA OT LOKONEBKY aHANOrMHHOM
Mukpocxembl cepun 4000;

» SN7407, swnouaer 6 MomHbIX Gy¢epHbIX MOBTOPHUTEJIEIH
TTJIL. )

Mporpammuposanme

Komanma OUI B QBASIC onpegensercs Kak paBeHCTBO. BBugy
TOTO, YTO 3Ta KOMaH/a Ype3BbIYaliHO MpocTa, Mbl He GyxeM npu-
BOAMTH npumep. [IpuMep 2 B npeabiaymeM pasnene MOXHO NPH-
BECTH M 3[1€Ch, €CJIM IOMEHATD YCJIOBHE ¢ OTPHIAHUS HA PaBEH-
CTBO Y [IOMEHATH MECTAMH BBIBOXMMDIE Ha 3KPAH HAXIIHUCH.

2.3. Mlornyeckmi 3nement WIN

Broixon S soeunecxozo anemenma HMJIH (Taxxe ero Haspisaior MJIH
BKIIOUaioniee) no-aHruiicku OR, mepexoguT B COCTOSHUE JIOTH-
YeCKOi eAMHNIBI JTMIOD B TOM CIy4ae, €CJIM XOTs Obl ORMH U3 BXO-
0B A wiu B pasen 1 wim o6a BXOAa OXHOBPEMEHHO paBHBbI 1
(Tabu. 2.3).
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3

Ha puc. 2.5 nokasasis! yci0BHbIE O003HAYEHHS JIOTMUECKOTO
anemenTta MJIM Ha cxemax, a Ha puc. 2.6 Moka3aHbl BpeMEHHbIE
AMArPaMMBbl, IOACHAIOMME €TI0 paboTy.

Tabnuua 2.3. Ta6nmua UCTUHHOCT NOTUHMECKOTo AnemenTa NN

Bxog A Bxon B Boixoa S
0 0 0
1 ¢} 1
0 1 1
1 1 1

Ypagwerune: S = A+B Puc. 2.5. Ycnosrbie 0603HakeHus

noruyeckoro anemenTa Wikt u

A
A —_—D__S_ ;- . marematueckas GopMyna paBoTsl
B o aneMeHTB

S LML

*

Puc. 2.6. Bpemennas anarpamma, NoacHsiowas paboTy noruueckoro anemexta Uin
HMcnonnayemMmble MUKPOCXeMb):

» CD4071, sxmouaer 4 soruyueckux aaemenra (JI9) 2HIIN
texHojorun KMOIT (c 2 BxozaMu KaxI0ro ux deTbipex
JI3);

> CD4075, sxmouaer 3 noruveckux anemenTa 3SUJIH texHo-
norun KMOII (c 3 Bxozamu xangioro ux tpex JId);

» CD4072, sxmouaet 2 toryueckux aseMenTa 4M1JIU rexno-
sorun KMOITI (c 4 BXogamMu Kaxxaoro ux Asyx JI3);

» SN7432, smouaer 4 nornyeckux sanementa 2MJIN Trexno-
soruu TTJI (c 4 Bxoxamu xaxxaoro ux Asyx JId).
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Nporpammuposanne ‘

Komanaa OR B QBASIC cymectByeT B Buje QyHKUUMN n Gyresa
omeparopa. B mepoM ciyuyae mporpaMma nepeBORMT BCe HyJe-
Bbie 6uTHI B 1. B cirydae ncnosssopanus Gyaesa oneparopa, npo-
rpaMMa CpaBHHBAaeT 2 yCJIOBHSA ¥ BLIBOAMT ACHCTBUTE/BHBIN pe-
3YJIBTAT, €C/IM OHO WM 062 yCJI0BYS BBITIONHAIOTCS.

Npumep 1 (Ppyuxunn):
A%=13 ‘Ynmn 1101 B nBouyHOM JopMe
B%=6 ‘Unmu 0110 B nBouyHOM odopMe

PRINT A% OR B% 'Pesynerar: 15 B JecsaruyHon odopme wunum
‘1111 B nBoMYHOM J¢opMe

Mpumep 2 (6ynes oneparop):

HAYATIO:
INPUT “Beenure undpy” ;A% _
INPUT “Bpenure eme ORHY uudpy”;B%
IF A%=4 OR B%=9 THEN PRINT “IpaBuieno!“ ELSE PRINT “He
npasunbHO! 7
GOTO HAYATO

Ha skpase xoMnbioTepa MOABUTCS IO3APABMTEBHAA HAITHMCD,
€CJIM BBl IPHCBOMTE NepeMenHoit A% 3HaueHue 4, 1M60 nepeMen-
Hoi1 B% 3nauenne 9, 160 O1HOBpEMEHHO IPHCBOUTE JAHHBIM
NepeMEHHbIM NPABHIbHBIE 3HAYEHHA. :

2.4. Nlormueckun 3nement WIN-HE

Buixox «S» aozuuecxozo aremenma HIH-HE, no-anrmaiickn NOR, ne-
PEXORUT B COCTOSIHUE JIOTUUECKOTO HyJIs B TOM CIIyYae, €CJIM XOTs
6Bl Ha OTHOM M3 BXOJOB «A» WIH «B» 1wiH Ha 060UX OTHOBPEMEH-
Ho Gyzer 1 (Tabi1. 2.4). PaboTa 3TOro 2/1eMEHTA IPOTUBOIONOXKHA
pabore anemente MJIH. '

Tabnuua 2.4. Ta6ANLE UCTUHHOCTM NOFMYETKOTo anementa WIIW-HE
Bxog A Bxon B Bbixon §

0 . 0
0
1
1

OO0~

1
0
1
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1ot anemenT (MJIHM-HE) MOXHO cOCTaBUTH M3 ABYX JIOTMUECKUX
3/IEMEHTOB, COCJAMHMB ITOCAEIOBATENbHO BbIXO deMenTa VIV
C BXOJZIOM HHBEPTOPA. '

Ha puc. 2.7 nokasans! yCJIOBHbIE O603HAYEHHUS JIOTHUECKOTO
anemeHTa MJIWU-HE Ha cxemax, a Ha pHc. 2.8 IOKa3aHbl BpeMEH-
HbI€ MArpaMMsl, IOSACHSIOUINE €ro pabory.

YpasHeHwe: S B

Puc. 2.7. YcnoBHsie 06o3HaueHua

= A+
A H s noru4eckoro anementa UN-HE u
8 :D)— 8 | 1 maremaTtuueckas dopmyna paboTut
anemexTa

' B

Puc. 2.8. BpemeHHas nuarpamma,'noslcnmomaﬂ paboTy noruueckoro anemexta UWKA-HE

Ucnonb3yembie MUKPOCKEMbI:

» CD4001, Bimouaer 4 normueckux snementa (J19) 2UJH-
HE rexnonornu KMOIT (c 2 BXozaMM K2KIOro MX 4eThl-
pex JI);

» CD4025, BkaouaeT 3 TOrnueckux seMeHTa SI/I.HI/I HE rex-
Honoruu KMOITI (c 3 Bxogamu kaskaoro ux tpex J13J);

» CD4002, sxmouaer 2 normueckux snementa 4JIV-HE rex-
nonoru KMOIT (c 4 Bxoaamu xaxzaoro ux asyx JIJ);

» CD4078, sxnwuaet 1 anemenut S8UJIN-HE Texuonoruu
KMOIT (c 8 Bxoxamu oxnoro JIJ);

» SN7402, sxmouaer 4 anemenra 2UJIN-HE Texnonoruin
TTJI (c 2 BXOAaMM KaXAOTO MX ueTnipex JII);

» SN7427, pxaouaeTr 3 anementa SUJIHU-HE Texuonorun
TTJ (c 3 BxoxaMu Kaxaoro mnx Tpex JId);

» SN7428, skaouaeT 2 snemenra 4UJIVM-HE texuonoruu
TTJI (c 4 BXOKAMM KaxA0ro ux asyx JIJ).
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Mporpammmposanne .

Anement WIM-HE mupoko npuMeHseTcsa B IOrMYECKOI MEKT-
POHMKE M TPAKTUUECKH HE IPUMEHAETCs B IPOrpaMMHPOBAHMH.
B QBASIC He cymecTByeT KOMaHJibl, COOTBETCTBYIOIIEH BbIlIOJ-
senmo pynxmm WIH-HE. Jina cosnanns taxoit ¢pynxumm B npo-
rpaMMMPOBAHMM IOCTATOUHO NPOMHBEPTHPOBATD YCJIOBUA WIN
Pe3ynbTaT, COOTBETCTBYIomMe Komanze MIJIH.

2.5. Jlornueckni snement U

Bobixoa «S» nozuneckozo anemenma M, no-anrmmitckn AND, nepexo-
AHT B COCTOAHME JIOTHYECKOI eIMHMLb! B TOM CJIy4ae, €C/IM OHO-
BpeMeHHO 06a Bxoxa «A» u «B» pasnbi 1. Ecin xoTa 6b1 o1MH U3
BXOJIOB paBEH HYJIIO, HA BHIXOJIE 3/IEMEHTA Taroke Gy et Hy/b (Tatr, 2.5).

Tabauua 2.5. Tabnuua MCTUHHOCTN NOTUHECKOrO 3nemenTa

Bxon A Bxon B Buixon S
0 ) 0 0
1 0 0
0 1 0
1 1 1

Ha puc. 2.9 11oxka3ans1 ycIoBHbIE 0603HAYEHHS JJOTMUYECKOTO
anementa M na cxemax, a Ha puc. 2.10 noxasanbsl BpeMEHHbIE -
arpaMmb!, IOACHAOIME €ro paboTy.

Puc. 2.9. YenoBHbie 0603HaueHUs YpasHenve: S=AB
NOrM4ecKoro anemexTain A

matemaruieckas Gpopmyna paGoTs: A S &
aneMeHTa B B |

B

>
j—::.;.
Fl

T —

LT in

i B

—

Puc. 2.10. BpemeHxas AuarpaMma, noscHaiowas paoTy Noruseckoro anemenra

2-5495
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Wcnonb3yembie MMKPOCKeMbI:

» CD4081, sxmouaeT 4 2-Bx0A0BbIX 1OTHUECKHX d1eMenTa Y
TexHonoru KMOIT;

» CD4073, siogaeT 3 3-BXO0OBbIX IOrHUYECKMX 3reMenTa M

TexsHonoruu KMOIT;

CD4082, sximouaer 2 4-BXOAOBBIX JOTMYECKHUX aemMenta 1

TexHogorun KMOIT;

SN7408, BxmouaeT 4 2-BXOAOBbBIX JIOI'HUYECKHUX eMenTa MU

Texuonorun T1JI; .

SN7411, srmiouaeT 3 3-BXO/I0BBIX NOrHYecKux snemMenTta M

Texuonoruu TTJI;

SN7421, sxiouaeT 2 4-BXO{OBBIX JOTMYECKMX dneMenTa U

Texunoaorny TTJI.

Y Y Y Y

MporpamvmupoBanne

Komanza AND B QBASIC npencrasnena B Buze GyHkuuu u 6y-
JeBa onepaTopa. B nepsom cryvae komauza AND ucnonssyercs
JUIS CO3/IaHUA MACKH; 3TO IPHEM, KOTOPbIH TO3BOJIAET CYNTHIBATD
TOJIBbKO HY)KHbIE OUTHI.

B cnyuae ucnonb3osanus 6yaesa oneparopa AND B nporpam-
M€ CPaBHUBAIOTCA /{BA YCJIOBUSA, IPABUIbHEIN PE3YJBTAT [IOIyYa-
€Tcs, TONBKO €CJIM BHIONHAIOTCA 06a YCI0BHSL.

NMpumep 1 (pynxymun):
A%=13 ‘Unn 1101 B xpBOUUHOA dopMe
B%¥=6 ‘Unn 0110 B npBouyno#t dopMe (B% - Macka)

PRINT A% AND B% ‘PesynpraT: 4 B JecaTuuyHolt Jopme
‘mnm 0100 B #OBOMYHOR dopMe
Mb1 HAOXKWIN MACKY Ha HEPBLIN U BTOPOU 6MThI YMCIa B%,
1€ HCMOJIb3yA HYJE€BOH M TPETHH; PE3YAbTAT MOKA3LIBAET, 4TO
nepBbif 6uT uucna A% PaBeH HyJIO, 2 BTOPOH ~ €UHMIIE.

NMpumep 2 (Gynes oneparop):

HAYAJO:

INPUT “BBeaute uundpy”:A%

INPUT “BBenurTe eme OJZHy uUuopy”;B%

IF A%=4 AND B%=9 THEN PRINT “llpaBunpHo!” ELSE PRINT ¢“He
npasunbHO! ”

GOTO HAYANO
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Ha sxpane KOMIIbIOTEpa NOABUTCS O3PABUTE/IbHAA HAMNCD,
€C/IA Bbl IPMCBOUTE OHOBPEMEHHO NepemenHoit A% 3Hauenme 4,
a nepemenHoi B% 3nauenne 9.

2.6. notuqecxui anemenTt U-HE

Borxop «S» aozuueckozo anemenma H-HE, no-antmitcku NAND, nepe-
XOIMT B COCTOSIHHE JIOTUIECKOrO HYJIf B TOM CJIy4ae, €C/TH O(HOBpPE-
MeHHO 06a BX0ofa «A» 1 «B» paBusl 1. Ecyii x0T 6Bl OAMH U3 BXOOB
PaBEH HYJO, HA BHIXOJIE 3EMeHTa GyaeT enuuniia (Tab. 2.6).

Tabnuua 2.6. Tabnuua NCTUHHOCTU Norudeckoro anementa M-HE

Bxon A Bxogn B Bbixop, S

0 0 1
1 0 1
0 1 1
1 1 0

Ha puc. 2.11 noka3sans! yCI0BHble 0603HaUEHNS JOTMYECKOTO
anemenTa M-HE Ha cxemax, a Ha puc. 2.12 nokasaHs! BpeMeHHbIe
AMArpaMMbl, NOACHSIOWME €ro paboTy.

YpaBHeHue: S = AB
Puc. 2.11, YcnosHbie o6o3HaveHus

norvyeckoro snementa U-HE u A — S &] s
marematuieckas popmyna paboTu: B 8
anemeHTa —

[

1— -—.
A

0

facmvman "
8 ]

0 .
S|t

[ e

Puc. 2.12, BpeMeHHas avarpamma, noacHAwas paGoTty normyeckoro anementa U-HE

2'
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Mcnons3yembie MUKPOCKEeMbI:

» CD4011, sxmouaeT 4 nornueckux snementa 2M-HE rexuo-
nornn KMOIT;

» CD4023, sxnouaeT 3 noruueckux snemenra 3M-HE texuo-
norun KMOIT;

» CD4012, sxnogaer 2 noruueckux saemenra 4M-HE texno-
aoruu KMOIT;

» CD4068, sxmouaer 1 nornueckuir anemenT 8H-HE Texno-
norun KMOTT; '

» SN7400, smouaer 4 noruueckux anementa 2H-HE Texno-
aorun TTI;

» SN7410, sxmouaeTt 3 nornueckux snementa 3M-HE texno-
norun TTII;

» SN7420, snouaeT 2 noruueckux snementa 4M-HE Texuno-
goruy TTII; '

» SN7430, sxnouaet 1 noruueckuii anement SM-HE texno-
norvu TTJL ‘

l'lporﬁammuposauue

Komanga H-HE, Touno tak »xe kak u WWJIM-HE, mmpoKo Benonssy-
€TCA B JIOTMYECKO 3JIEKTPOHHKE ¥ HE IPUMEHAETCA B IIpOrpam-
muposanun. B QBASIC takoit koManas! He cymiecrsyeT. s co-
3N1aHHSL COOTBETCTBYlomeHl (PYHKUMM B NPOrpaMMHpPOBaHMM
AOCTATOMHO IIPOMHBEPTUPOBATH YCIOBHS WIH PE3Y/IBTAT, COOTBET-
crBytoue komManze M.

2.7. NlornuecKmnm 3NeMenT
- MCKJTIIOMAIOLLEE TN

Boixoz «S» aozurnecxozo anemenma MCKIIOYAIOLIEE HJIH, no-aur-
auiticki XOR, nepexoauT B cOCTOSIHME JIOTMYECKON €IHHHIbI B
TOM U TOJIBKO B TOM CJIy4ae, €CJIH Ha OHH BXOA «A» MM «B» no-
naerca 1, a ipyroii — coorsercTBeHHO B (. B ToM ciyyae, ecnm Ha
06a Bxoja NoJAETCA IOrn4eckas eAMHNLA, Ha BHIXOAE GylieT Hyb.
TouHo Tak xe 6yAeT, ecnu Ha 06a BXOAa noAaTh HYJb (Tabmn. 2.7).
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Ha puc. 2.13 noxa3ansl ycI0BHble 0603HaUEHN JIOTMYECKOTO
anementa MCKJIFOYAIOIEE HMJIN Ha cxemax, a Ha puc. 214
[10K23aHbl BPEMEHHBIE JIMATPaMMBbl, NIOACHSIOWIHE €ro paboTy.

Ta UCKITIOYAIOLLLEE UK

Ta6nuuya 2.7. Tabnuua ner THNOrK oro 3.
Bxon A Bxon B Bbixon S
0 0 0
1 0 1
0 1 1.
1 1 0

Ypasxexue: S = AGB
A

s O— &

Puc. 2.13. YcnoBHbie 0603Ha4eHus
normyeckoro anementa UCKAIOYAIOWEE
WK n matemarnueckas hopmyna paboTs
anemeHTa

Lo

LML
. LU L

~

»

Puc. 2.14. Bpemennas guarpaMmma, NOSCHAIoWAas paboTy Norm4eckoro snemenTa
WUCKNIOYAIOLWEE UNK

Mcnonb3yembie MUKPOCXEMbI:

» CD4070, sxmogaer 4 noruueckux anemenTa 2UCKITHOYA-
IOHUIEE NJIH texunonorun KMOIT;

» SN74136, sxogaeT 4 noruveckux anemenra 2UCKIIO-
YAIOIIIEE WIH Texunonorun TTJL
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Mporpammuposanve

Komanza XOR 8 QBASIC npezcrapiena B Buje GyHKIHM 1 Gye-
Ba oneparopa. B nepsoM ciyuae komanzga XOR ncnonbayercs aia
CO3JaHMs MACKH, KOTOPasA MHBEPTHPYET HyXHule OUThL B coryuae
ucnonb3osanns 6ynesa oneparopa XOR B nporpamme cpasHuBa-
IOTCS JiBA YCJIOBHS, IPaBWIbHBIA PE3YyAbTaT NOJIYYaeTCs B TOM H
TOJIbKO TOM C/Iy4ae, €CJIM BBIIOJIHAETCA TOJIBKO OHO M3 YCIOBH.

Npumep 1 (hynxynn):
A%=13 ‘Unn 1101 B pBOMYHOM ¢dopMe
B%=6 ‘Ynu 0110 B npBOoMunON dopMe (B% - Macka)

PRINT A% XOR B% 'PesynerarT: 11 B pecsaTuyHon ¢dopMe wunu
‘1011 B pBOMYHON dopMe

Hynesoii 1 Tpernii 6uTh unciaa A% He MPUHAMAIOTCA BO BHU-
MaHue, OHHU He MeHs0TcA. [lepsrit u BTOpOi GUTH TOCIE Lek-
crsus ¢pynkumu XOR oxazaiuch DpOMHBEPTHPOBAHHBIMM.

‘Mpumep 2 (6ynes oneparop):

HAYATJO::

INPUT “Bpenure uudpy”;A%

INPUT *BsBenurTe eme ogHy Hndpy”:B% .

IF A%=4 XOR B%=9 THEN PRINT “llpaBunsHo!” ELSE PRINT “He
IIpaBuibHO! *

GOTO HAYAJO .

Ha skpange koMIpioTepa NOABHUTCA HO3APABHUTENbHAS HAATIHCE,
€CJIM Bbl IPUCBOHTE mepeMeHHol A% 3HaueHue 4, IpY 3TOM 3Ha-
uyenne B% Gyner He paBHO 9, MM ke €C/IH Bbl IIPUCBOMTE Tlepe-
mennoit B% snauenue 9, npu srom snavyenue A% Gyaer He paBHO
4. Bo Bcex Apyrux ciaydasix Ha 3KpaHe 6y/ieT NOABNATLCSA HaNNCh
«He npaBuiapHO»: :

2.8. Jlornvyecknm aneMenTt
NCKNIOMAIOLEE WIU-HE .

Buixod «S» nozuvecxozo snemenma HCKJIIOYAIOIIEE H/IH-HE, no-
anmniick XNOR, ocraetcs B COCTOAHHH JIOTHYECKOrO Hy/s B
TOM U TOJIBKO B TOM CJIy4ae, €C/IM BXOA «A» Win «B» pasen 1, a
Apyroii — pasen 0. :
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B ToMm cIyda€, €CJIM Ha oba BXOJa IoAaCTCA JIOrM4YecKas enu-
HMIIa, Ha BbIXOJe GyneT eannula. Touno Tak xe GyldeT, eciu Ha
o6a BXoza nozars Hyib (Taban. 2.8).

Tabnuua 2.8. Tabnnua HCTHHHOCTH IOTUMECKOro 3nemenTa UCKITIOMAIOLLIEE MNU-HE

Bxon A Bxon B Bbixoa S
0 0 1
1 0 0
0 ] 1 0
1 1 1
s

Ha puc. 2.15 nokasaHbl yC10BHbIE 0603HAYEHUS JOTHYECKOTO
anementa MCKIIIOYAIOILEE WIHM-HE na cxemax, a Ha puc. 2.16
I10Ka3aHbl BpEMEHHbIE JUAarPaMMBl, MOACHAIOUME €ro paboTy.

YpasHexve: S B

Puc. 2.15. YcnosHuie 0603HaueHUA
noruyeckoro anemexta UCKIOHAIOUEE A s L
WAU-HE u MmaTemarnueckan gopmyna jD)—-— 8 | =1
paboTsi aneMeHTa B -

[

o TULT L
UL

Puc. 2.16. BpeMenHaa avarpamma, nosicHsiowias paboTy NOru4ecKoro snemMeHTa
UCKNIOYAIOLLIEE UNK-HE

]

Mcnonb3yeman MUKpoOCXema

Hcnons3yeTca mukpocxema CD4077, koTopas BkmovaeT 4 noru-
uyeckux anemenTa 2 MICKIIOYAIOINEE WJIKW-HE TexHonoruu
KMOIL
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Mporpammuposanne

Komanaa XNOR 06b1uHO HE MCIIONB3yeTCA B IPOrpaMMHUpOBa-
HHH, 32TO OHA OueHb PACIIPOCTPAHEHA B IOTHUYECKO# 3JIEKTPO-
Huke. B QBASIC cymecTtsyeT 6yses onepatop EQU, neiicrue
KOTOPOro COBIAZAET ¢ Tabamueil HcTuHHOCTH 3ftemenTta MC-
KJIIOYAIOUIEE NJIH-HE. 3TOT onlepaTop M3MEHSICT Pe3yJib-
TATH! NIPEAbIAYUIETO NpHMEPa NPOrPaMMHUPOBAHHSA HA NPOTH-
BOHOJIOXKHbIe (PEe3YIBTAT JIOXKHBIH TOrAa ¥ TONBKO TOT/A, KOT/a
062 yCI0BHS OHOBPEMEHHO ABJSIOTCS HCTHHOIA).

2.9. Tpurrep limurTa

IToporoseiit BeHTHIb, Ha3bIBAEMbIH Taxke mpuzeepom Lllmumma,
paboTaer cneayromum o6pasom. ITpu noaaue Ha Bxoz Tpurrepa no-
POTOBOTO HANPKEHUA HANPHKEHHE HA BHIXOAE CKAYKOM Mepexo-
AUT U3 OJHOTO COCTOSIHUA B JIPYTO€. DTOT NEMEHT CYUIECTBYET B
dopme anemenra I-HE unn nueepropa, OH 4acTO HCNOIb3yeTcs B
JIOTUYECKOH 3/IEKTPOHMKE JUIS CO3NAHMA CXEM, IPeJHA3HAYEHHDIX
IS IEPEXO/A M3 HU3KOTO COCTOSIHUSI B BBICOKOE Ge3 IPOMEKYTOU-
HBIX COCTOSTHMIA M 06paTHO (reHepaTopsl, 3aMenirren). B o6oaua-
YEeHMSA Ha CXEMaX BIYTPhb KBAPATHKA J0GABIAETCA MAIEHBKUMN CHM-
BOJI, KOTOPbIH 03HauaeT, uTo 3710 TpUrrep llImurra (puc. 2.17).

A S a S .
B _ﬂ-lﬁ—
A S A
5 8|

rab S Puc. 2.17. OBo3HauveHns tpurrepa Lmutra Ha

cxemax .

Mcnonbayembie MUKPOCKEeMbL:

> CD4093, sxmouaer 4 Tpurrepa LlIMuTTa ¢ AByMs Joruuec-
kumu snemenTamu 21-HE rexuonorun KMOTT;

> CD40106, siumnouaer 6 Tpurrepos IlIMuTTa € HHBEPTOpPOM
Texuonoruy KMOIT;

» SN'74132, sxnoyaer 4 tpurrepa IIIMHUTTA € ABYMA SorHuec-
kUMM snemenTamn 2M-HE rexnonorun TTII,

» SN7414, Bxuouaet 6 Tpurrepos HIMuUTTa ¢ MHBEpTOpOM
Texiojoruy TTJL '
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2.10. MpnGop Ana recTpoBanus
ABYXBXOAOBBIX JIOTM4ECKMX IeMEHTOB

B KoHue 910 rMaBbl, B KOTOPOil U3y4aloTCs 9 OCHOBHBIX JIOTHYEC-
KHX 3JIEMEHTOB, Mbl BaM MPEAIAracM H3rOTOBUTD IEPBYIO CXEMY.
ITO OueHb I101E€3HOE YCTPOMCTBO, NIPeiHa3HAYEHHOE HE TOILKO
AJISl TECTUPOBaHUA Jornyeckux mukpocxem KMOIT cepun 4000
C 4 TOTHYECKHMH DNIEMEHTAMH B Kophyce. BTopbiM npenassaye-
HHEM CXEMbl ABNAETCA MHAMKALKS PA3IHYHBIX (QYHKLHH, KOTO-
pble OHH BHINOJHAIOT (puc. 2.18).

llpuuuunua:ibnau CXema recrepa
ABYXBXOAOBLIX NIOTMYECKMX INIEMRHTOB.

Cxema Ha puc. 2. 18, 2.19, xoTopas MoxeT BHavyale NOKa3aThCs
CJIUIUKOM TPYAHOMH, COCTOUT M3 MPOCTHIX ¥ HAEHTHYHBIX GJIOKOB.
OHa npesHa3HayueHa A1 TeCTUpoBanus Mukpocxem KMOIT,
COCTOSIMMX U3 4 JTOTMYECKUX 31eMEHTOB. Mbl JOIKHBI U3Y4NTH
JOTHYECKOE COCTOSHHUE Ha KAXKAOM U3 8 BXO/I0B, KOTOpPBIE B CO-
CTOSIHHM NOKO# COEIMHEHBI ¢ «3eMetli». 8 paGouHX KHONOK nepe-
'BOJIAT IIPH HEOGXOAMMOCTH COOTBETCTBYIOLINE BXOABI B COCTOA-
HHE JIOTHYECKOMH «1». '
Mukpocxemnt 74HC540, o6o3nauennsie Ha cxeme xak CI1, CI2,
CI3, cocrosT U3 8 HHBEPTOPOB H Y3/1a YIPABIEHHUS 110 BXOAY (BBIBO-
st 1.19), KOTOpBIE B HAWIEM CIYYAe JOCTATOUHO COETUHHTD C «3EM-
Jiefi», 4TOGB! AKTHBHPOBATL MUKpOCXeMy. Kaxapiit oTaenbHbIi J10-
TMYECKH 2IEMEHT IPU TECTUPOBAHHM HCIIONB3YeT 2 MHBEPTOpPA U3
8 (cmoTpuTe cxemy B pamke Ha puc. 2.19). 2 nHBepTOpa BCMONB3Y-
10TCA 110 cenyioueii npuduHe. IToka KHONKa He HaKaTa, CUrHAT UH-
BEpPTHpYeTCS OZiUH Pa3; KpacHas IMOACBETKA JByXIIBETHOTO CBETOAM-
oza 0003HauaeT, YTo Ha onzie uHBepTOpa cocrosuue «0». Korma
KHOIIKA HAKATA, CBETOAMO CBETUTCS 3€/IEHBIM, LIBETOM, 3TO CHTHA-
JU3NPYET O TOM,. YTO Ha BXO/I MHBEPTOPA IOJAETCSA IOTMYECKas €U
Hula. Jlanee CHrHaJ ¢ BLIXOJA BTOPOTO HHBEPTOpPa [OCJIE NBOHHOro
HWHBEPTHPOBAHUA BOCCTAHABJIMBAET CBOIO HEPBOHAYAIBHYIO IIO/AD-
HOCTDb M TI0Z]a€TCs Ha BXOJ TECTHPYEMOI MuKpocxemsl. Tokoorpa-
HUYHTENbHBIHA pesucTop HoMHHANMOM 1 KOM OrpaHHYHBaeT TOK
CBETOAMOAR A0 IIPUEMAEMOTO AIA JAHHOM MUKPOCXEMBI.
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RES1
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Puc. 2.18. NpuHuyinyanbhan cxema TecTepansyxBXOA08bIX NOMUHECKUX INEMEHTOB
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ApyHumn paboTb NO KAXKAOMY TPAKTY .

2 anementa 74HC540
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10 kQ
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BeneHui 1kQ
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Puc. 2.18. (npopomxenue) MpuHUKNVanbHas Cxema TeCTEpaABYXBXOA0BbIX NOTVHECKUX

IneMexToB



44 [Inaea B 2 OcHOBHBIE NOTMYECKUE INEMEHTEI
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Puc. 2.19. PucyHok nevarholi nnars

Bocemb Takux 6/10K-CXeM, BKIIOYAIONMX B ce0A MUKPOCXEMbI

" CI1 1 CI2, peaucropusie c6opku RES1 1 RES2, ceeTomons: L1-1L8

u peauctropsl R1-R8, 06pa3syioT cxeMy HHAMKAIMH 1 TOAAYM CUT-
HAJIOB HAa TeCTUpYyeMblit o6pasen,.

BrixogHas cxema pyHKIMOHUPYET TOYHO TAKHUM XKe 06pasoM.

CurHas € KaXI0ro BbIX04a HHBEPTHPYETCS ABA Pasa U NojaeTca

Ha cseToAno. BeixonHoi 6110k cocTouT U3 MHKpocxemst CI3,

na6opa peaucropos RES3, ceeroanonos L9-L12 u conporusie-
Huit R9-R12.
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Cxema nuTtaercs Hanps:keHueM 5B. BoaMOXHO muTaTh cxe-
My OT 6aTapeu 4,5 B, B 3TOM cJIyyae 9KCIIEPUMEHTHI MOKHO MPO-
BOJAMTH aBTOHOMHO. Buixmouarens S1 orkiouaer nutanue. Ero
ucnonb3oBaHue Heobgaareasno. Juox D1 aamumaer cXeMy OT
HEMPaBUIBHOTO NOAKIIOYEHHSA AKKYMYIATOPHOM GaTapen — Tak
Ha3blBaeMas 3amura oT xypaka. Komaencarop Cl crraxusaer
HU3KOYACTOTHbBIE NYAbCALMM HAIIPSIKEHUS TUTAHHUS, KOHAEHCA-
Topsl C2, C3, C4 - BbICOKOYACTOTHBIE NYJIBCALMH MUKPOCXEM
CI1, CI12 u CI3.

CGopxaTecrepa
ABYXBXOAOBbLIX JIOTMMECKUX 37IEMEHTOB

Ha puc. 2.20 noxasaH yepTex NeYaTHOMN ILIATHI /1 TPABJIEHHS.
TpaBieHye MOKHO OCYIIECTBAATD JIOOBIM M3BECTHBIM BaM CIIOCO-
GoMm. B 6ubanorpadum, pacrosioxKeHHOM B KOHLIE KHUTH, BBI Hail-
JeTe MCTOYHHKH, OITMCHIBAIOMINE METOAMKY TPABJACHHS.

YcTaHOBKA 3/IEMEHTOB HE MpPEACTABASET 0c060il TPyAHOCTH,
HO TpeGyeT BHMMaHHs U aKKypaTtHocTH. Haynure ¢ maiiku npo-
BOZaMH B M3OJIALIMH LIECTH CBA3LIBAIOIMX IEPEMbIYEK, KOTOPBIE
NOJYYMJINCh B PE3yAbTaTe MAUIMHHOM pa3Bojxy (BepHee — Ma-
IMHHOU HEXOPA3BOAKH) MEYATHRIX TPOBOAHHUKOB, YTO6HI He 3a-
6bITh 3TO cAenaTh noToM. [lpogosxkaiite MoHTaX, POpMYs BBIBO-
Abl 3JIEMEHTOB. 3anasiiTe CHaYala pe3ucTOpsl, MOTOM AHoz (He
nepenyTaiTe NOJAAPHOCTb - ByleTe TEM CAMbIM «TypaKOM», €CIH
nepenyraiite), maveabku wis mukpocxeM ClI1, CI2 u CI3, co6mo-
Aast YCTRHOBKY IO KJIIOYY (KOPOTKasi CTOPOHA MHKPOCXEMBI C BbI-
€MKO¥t), pe3ancTopHble COOPKH; KepAMHUYECKHE KOHACHCATOPDI;
KHOIKY; pasbeM AJIst MOAKIIOUEHHS NUTAHUS; 31€KTPOIUTHYEC
KHIA KOHJEHCATOP U CBETOANO/B yCTAaHABJIMBAIOT TaKxke, cob0-
Jiasi TIOJISIPHOCTD; BBHIKIIOYATEb (110 XKEJNAHUIO) M, HAKOHEM, Na-
HEJIBKY JJIl yCTAHOBKH TECTUPYeMO# cxeMbl. CRETOAHOABI TEPEA
naiikoii BeipasHaiiTe no BeicoTe. IlaHENbKY Ana TecTHpyEeMO
MHKPOCXEMBI MOXHO M3FOTOBHTH U3 14 32IyXeHHBIX WTHIpeH,
PACIIOJIOKEHHBIX Ha OTIPEJEIEHHOMN BbicoTe™.

* JlenaeTcA 8 KpaiHeM CIy4a€, KOTAA HE HALUTH MENEHbKIIE, HO OBBIUHO X JIErKO KyniuTb U
«CAMONE/KUHBIM» GBITH Be HYXXHO. — ITpus. nayv. ped.
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DE TESTS
LOGIQUES

Puc. 2.20. BHelwnwii BUA nAATH TECTUPOBAHUA NOrUNECKMX 2NEMENTOB

Biuniouenne u paGora ycranoBKM

Mocne c6opxn npubopa 06A3aTENLHO NPOBEPETE NPABIWILHOCTD
pasMemeHua 1 HOMHHAIBI 3jieMeHTOB. IIpu HeOGXoAUMOCTH HC-
HOJB3YHTE JIYNY AMst IPOCMOTPA BO3MOXHBIX «XOJIOJHBIX MAeK»,
BBISBJICHHA HEKAUECTBEHHbIX MAECK M 3aMBIKAHUH COCeHMX ne-
YATHBIX TPOBOJHMKOB, IPOMU3OILEAIMX B pe3y/isTaTe nafiku. [1po-
BepbTe KauecTso naiku anemeHTos. [Ipn mpo3BoOHKe B pexume
OMMeTpa MEXIY IMMHAMHM NMUTAHUA U «3eMIKn» TPH OTCYTCTBUH
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Paavo3IeMEHTOB HE 1OJDKHO GbITh KOPOTKOTO 3aMBIKAHMSA, HHAYE
ero HeOGXORMMO HAHTH U YCTPAHUTD.

Ecnu BBl He yBepeHb! B NPaBIWIbHOCTH C6OPKH, MOAKMOYUTE
HanpsykeHNe NMUTAHUA K IJ1aTe, He BCTaBAAS MUKPOCXEMBI B iep-
xaTesn. CIoMOLbIo BONBTMETPA INPOKOHTPOIMPYITE HANIpSKEHMUS
HHTaHUA MUKPOCXEM, Bhl IOJDKHBI MOIYYHT NpumMepHo 4,5 B, ecn
c6opxa KauecTBeHHasA. B mpoTusHOM cydae HanpskeHue byner
MeHbIIE, U 3TO NPUIHAK HEKaYecTBeHHOM cGopKy.

ITonbaoBaTses aTM NpuGopoM HecToxkHO. OH NMO3BONAET NPO-
BEpPATHL U TeCTHPOBaTh Bee AByxsxonobbie KMOII Mukpocxemsi
10 4 sneMeHTa B Kopryce MuxkpocxeMbl cepun 4000, To ecTh:

» -CD4071 4-s3nemenTa WWIH;

>» CD4001 4-snementa WIH-HE;

» CD4081 4-anemenra U;

» CD4093 4-s3nemenTa U-HE;

» CD4070 4-snementa UCKJIIOYAIOUIEE WJIY;

» CD4077 4-snemenra UCKJIIOYAIOIIEE UNH-HE.

*
Cnmcox xoMnonemdn:

Pe3MCIOPSI C 5-NPOLENTHDIM AOMYCKOM:
> R1-R12: 1 kOm (xopuuHeBbIit, YyepHBIH, KPACHLII);
» RES1-RES3: peanctusHasg c6opka 8 x 10 xOm.
Konpgencaroper:

» C1:220-470 nd/ 16 B (3neKTpomTHUECKHil C AKCHATLHBI-
MM BBIBOJaMH); '
» (C2-C4: 0,1 mx®P kepamuueckue.

MonynpoeoaunKn:

» L1-L12: apyXuBeTHbIe CBETOAHOABI C 3 BbIBONAMH,;
» D1: auox 1N4007;
» CI1-CI3: UIMC 74HC540.
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Puc. 2.21. fetank: aepxaTenb TECTUPYEMOR MUKDOCXEMb!

Puc, 2.22. YoranoBsra anemenTos Ha nevaTHo nnarte
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rNpouMe 3nemenToi;

> 1 aepxarenb MUKpPOCXeMbl ¢ 14 BbIBORaMY;

> 3 nepxarens 20-BLIBOAHBIX MUKPOCXEM;

» 1 OJHOMOJIIOCHBIN BBIKJIIOUYATEND (I10 XKENAHHUIO);

> 8 KHOMOYHBIX NepeKImoyaTeneil;

> 1 pazbem noAKIIOUEHUSA MUTAHUA AHaMeTpoM 2,1 Mum;
> BOJTH U CTOMKH JUAMETPOM 3 MM.

BrIKmounTe cXeMy, OTKIIOYMB BBIKIIOYATENb WIH BHITAINUB
IITEKKEP NUTAHUS U3 PasbeMa. 3aTe€M BCTABETE TECTHPYEMYIO
muxpocxemy KMOTI 1 BKII0YHTE BBIKJIIOYATENb UJIH CHOBA NOJ-
KTIOTUTE ITEKKep K pasbeMy. Haxkmure Ha xnonku EA1 u EA2,
uTOOBI YBUIETH pe3yabTaT Ha Bhixoae SA. [IposeauTe cpasHe-
HUE C NOMO1LBIO TalbMI UCTUHHOCTH. TPH OCTaBIIUXCA BNEMEH-
Ta JOJKHB! (PYHKIIMOHHPOBATH TEM K€ 06Pa3oM OT COOTBETCTRY-
IOIIMX KHOTIOK.
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CXeMOTEeXHMKa Ha OCHOBe
NIOTHYECKMX 3NIeMEHTOB

3.1. KpaTxoe npezcrasnenue copepannn
rnasbi 3

Jlo 3TOro MOMEHTa Mbl M3y4aIH (QYHKIMOHUPOBAHHE OCHOBHBIX
JIOTUYECKHX 3/IeMeHTOB. B aT0i1 rmape 6yzeT NoKa3aHo, Kak, KOM-
GHHHPYs JIOTMYECKHE 3JIEMEHTBI MeXTy cO60#, MOXHO MOIYIUTD
Gosee CNOXKHBIE CXEMBI, PEAIUIYIOIME ONPEAENEHHBIC 3a]aH,
TaKHe KaK, FeHePalHa 3BYKOBOIt YacTOTHI, CBETOBbIE 3 dexTHI,
¢opMupOBaHIE KUTHOPOBAHHBIX OAMHOYHBIX HMITY/IbCOB, 3AMEN-
JINTENIV CUPHAIA, OCHOBAHHbIE Ha CKOPOCTH 3apAAA-pa3pAna KOH-
AeHcaTopa. Mbl TaKXe U3y4uM B 3TOJ [VIaBe IPUMEHEHHE MHUKPO-
cxeMc GONBIO# IUTOTHOCTHIO Pa3MELIEHHS JIOTHYECKHX 21€MCHTOB,
o6pasyionye TPUrrepbl, CYETYMKH, a TaKkKe Jpyriue He3aBUCUMbIC
3/IEKTPOHHbBIE QYHKLHM.

3.2. MyneTHBHOpaTOpbI Ha NOrMUECKHX
nemenTax

OCHOBHDLIC NONOXEHUMA

CywecTByeT MHOroO Croco60B CO3JlaHHs MYJILTHBUGPATOPOB, re-
HepupyoUMX UMIyabcst. Onumenm cnoco6bl, KOTOPbie MbI GyaeM
NpHUMEHATbL Hanbosee Jacro. . '
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»

Cxema, nzo6pakeHHas Ha puc. 3.1, g8- )
AS€TCS CAMBIM IIPOCTHIM BapHAHTOM MYJIb- S| rapd
TuBnbGpaTopa umMnyabcos. OHa peannayer-
sl C TOMOLIBIO OXHOTO U3 IECTH TPUITEPOB
[ImurTa ¢ uasepropoM CD40106 nmm c ‘ 3
NOMOIIBIO ORHOTO M3 YETHIPEX TPUITEPOB  C
IIMUTTa C ABYMS JOTMUYECKUMH 3JIEMEHTa- I
mu 2U-HE CD4093, noaximoueHHoro Kaxk
MHBEPTOP (KOrZa ABa €ro BXOJa COCAMHE- Puc.3.1.Cxema

o mynbTeuGparopa Ha
HBI MENY co6oiA). onHom Tpurrepe WmuTTa

Paccmorpum paboTy 30 cxeMbl. OHa  caorvyeckim anemenTom
OCHOBaHa Ha 3apsfie-paspsajie KOHIEHCATO- 2h-HE
pa C uepea peaucrop R. Ilpu nogaue um-
IyJibca HanpsaxeHus Ha BbIxox 3 anementa N1 xoHaencarop C
HaUMHAEeT 3apAXKaThCA Yepes conporubieHne R. ITocre Toro xax
HANpPSYKEHHE HA HeM JOCTHraeT NOpOroBOro 3HayeHus, TO €CTh
Ha BXOZaX 3/IEMEHTA NPUCYTCTBYET JIOTMYECKas €IHHHUIIA, BBIXO],
nepexonuT B coctosuue Hyns. Kongenéarop HauMHaeT pasps-
xartbcq. Korza HanpsaxeHne HA HEM JOCTUTHET HHIXKHETO MOpo-
FOBOrO YpOBHs, IPOMCXOAMUT NEPEXOX BHIXOAA B «1» 1 mpouecc
nosropsercs. IIpubansurenpuas ¢opmysa, nossojsomas pac-
CYMTATb NIEPHOJ, IOBTOPEHUS UMITYJILCOB, MHIIETCSA CAECAYIOMHM
obpaszom:

T(cex) = 0,4 X R(OM) X C(®).
Mpumep: 0,4 x 100000 x 0,000001=0,04 c

Yrobnl YOPOCTHUTD PaCUETRI, CICAYET NIPUMCHATD caenyouue
CAHMHHIbI H3MEPEHUA!

T(cex)= 0,4 x RMOM) X C(Mx D).

Mpumep: 0,4x 0,1 x 1=0,04 ¢

Hinke npusenens! ape GopMyJibl, IO3BOJSIONNE PACCYNTATD
4aCTOTY UMITYAbLCOB!

=
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1
Npumep: —2—><_0_4— =12,5Tu

’

1
F(Tu)= .
b 0,8 x R(MOM) X C(mx®)

1

—————=125Tq
Apumep: | 01x1

Kax Mbl BHIAMM, MyJBTHBHUGPATOP BbIPAGATHIBAET MMITY/IbCHI
¢puxcupoBannoii yactToThl. ViameHeHnns auanasoHa 4acToT MOYKHO
AOBUTBCS TOAKMIOUEHHEM KOHAEHCATOPA PATHYHOMN EMKOCTH, KaK
BHIHO 13 puc. 3.2. OxonuarespHas «TOYHAA» HACTPONKA YaCTOTHI
OCYIIECTBASETCA IEPEMEHHBIM conpoTusienneM AJ. ITocrosnHbrit
peauctop R Bmecre ¢ xoraeHcaTopoM C CIYKHUT A1 OrpaHHYEH s
YaCTOTBI KOJIeOaHMI CBEPXY, TO €CThb, «IPy6Oii» HACTPOIKH YaCTOTHI.

"Puc. 3.2. Cxema MynsTUBnGpaTopa Ha oaHoM Tpurrepe LLIMUTTA C normieckum
anemenToM 2U-HE na 3 ananasoHa 4acToT UMNYALCOB

Bropas cxema MynbTUBHGPAaTOpa COCTABIECHA M3 ABYX MHBEP-
tupyromux anemenTo (MJIM-HE, I-HE) u comepxut fonommmu-
TenbHbIH pesucTop. Ero cxema nsobpaskena xa puc. 3.3.

Cnenyer uMeTh B BUAY, UTO €ro paboTa MeHee cTaGHIbHA,
yem pabora npeapiaymei cxeMol. 18 HEKOTOPBIX 3HAYEHH
xongencaropa Cl xpneﬁaunﬂ HE MOTYT BO3HHKaTh. Kpome Toro,
HOMHMHan corpoTuBienus R2 pgomxen He Menee uem B 10 pas
NpEBOCXOANTb HoMUHAL R1. UTOGbI H3yunTh IpHHIMI PabOTHI
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: no a N1 N2
My/IBTUBMOpATOpa-aBTOreHepaTopa 5
yIIPOLIEHHBIM CIIOCOG0M, paccMOT- NI 3 sl & 4
PHUM COCTOSHME CXEMBI, XKOT/a Ha

pbixoze anemenTa N2 npucyrcrsy-

eT NorMYeckuii Hynb. Paspsokascs, LN A2 TC
KOHJAEHCATOP uepe3 pesucTop R2
noAaer Ha BXoabl aneMenTa N1 no- R1210xR2
rinyecknii «0». Torna na seixoge N1

Puc. 3.3. Cxema mynbTusnbparopa Ha
M COOTBETCTBEHHO HAa BXO/aX 3Jje- By anementax U-HE

senTa N2 6yner «1». Jlanee xoHeH-

caTop 3apsbxaeTcs yepes pearicrop R1 10 Tex rop, 1moka Hanpsixe-
HME HA HEM He JOCTUrHET BEPXHEro roporosoro yposHs N1. ro
HamnpspKeHHe repexmnoyaeT aneMenT N1, n Ha BXoge anemenTa N2
NOABNAETCS JOTHYeCKUH «0». KOHAEHCaTOp BHOBb HAUMHAET Pa3pst-
»aTbcs depes conporusienue R1 no Tex mop, mmoka N1 He nepe-
wnouurcs. Jlanee ik nopropsertca. Ipubansurenshas popmya,
NO3BONAIONIAN. PACCYNTATH NEPHOJ HOBTOPEHMSA HMIIY/IbCOB, iepe-
XOJIOB BBICOKOTO YPOBHSA B HU3KHIH 1 Ha060p0T 3AMMMETCA CIEAYIo-
MM OGpazoM:

T(cex)=1,1 x R2(Om) x C1(®);
Mpumep: 1,1 x 470000 x 0,0000022 = 1,1374 c.

410661 yNPOCTHTB PacyeTsl, CIEAyeT IPUMEHATD CleAyIomue
€AMHULb] H3MEPEHUS:

T{cex)=1,1 x R2(MOm) x C1{Mx®P);

Npumep: 1,1 x0,47%x2,2=1,1374c.

Hmxe npusenenn e Gopmybl, MO3BONAIOMME PaCCTATATE
YaCTOTY NIOBTOPEHUSA UMITYIbCOB:

F(ru)=-2%;
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1
Npumep: — = 0,439 Iy -
PHmeP: o 11874

1
9,2 x R2(MOwm) x Cl (Mx®)

F(u) =

1
2,2x0,47%x2,2

"P"MQP-' = 0,439 l"u.

NMpunoxxenun

B ByX NpeIoeHHbIX HIDKE CXeMaxX MyJIBTHBHGPAaTOPOB H3-3a CBO-
eii IIPOCTOTBI MCIIOBIYIOTCS CXEMbI HA OXHOM BJIEMEHTE — TPUITE-
pe IImurTa ¢ nornueckum anementom 2HM-HE, BrkmoyenHnbiM Kak
unsepTop. Cxema MyBETHBHGPATOpa aHAIOTHYHA N300 PaKeHHOH Ha
puc. 3.1 nynpassisieT paboTo# kmoya Ha TpaHsucrope T1, B kosuiek-

TOPHOM HarpysKe XOTOPOro CBETOAHOL,

Ha Huakoit yacrore, Hanipumep 1 Ii1, CBETOANOR MUTraeT OAUH
pa3 B cexynay. C nomonipio Tpausucropa T1 curHa ¢ Bbixona ma-
JoMomHOro anemenTta N1 ycunupaeTcs u yrpasiseT Harpy3kou —

CBETOXMONOM, KaK II0Ka3aHO Ha puc. 3.4. .

Puc. 3.4. Cxema reHepaTopa Ha OQHOM Tpurrepe LLIMUTTa C NoruieckuM anemeHTom

2W1-HE, ynpasnsiowan <sMuraHuem» CBeToanoaa
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Ha 6osee Bbicoxoit uacrore, nanpumep 3200 Ity, nerxo obpa-
3yeTcsi ONHOTOHHBIN 3BYK, BblpabaThiBaeMbIH [1b€30M3yyaTe-
7€M C TIOMOU[BIO CXEMBI MyJSTHBHOpaTOpa HAa OAHOM TpHUITEpE
HImuTTa ¢ nornyeckum anemeHroM 2M-HE, oGbeanneHHbIM B
utnieepTop (puc. 3.5 a). Mcroabsys asa MynsTHBHGpaTOPA, BHIXO-
Jbl KOTOPBIX MOAKIIOUEHD] K IIbE30U3NYYATENIO, MOXHO 110J1y-
4UTh NpePbIBUCTOE 3ByuaHue Ha yacrore 3200 I'u, moayaupo-
paHHoOe yacToroit 100 I'n, nanpuMep, xax B cxeMe Ha puc. 3.5 6.
Takum 06pa3oM, rbe3oy3nydaTenb Ha puc. 3.5 a GyneT 3ByuaTh
HeTIpEepPBIBHO, 2 HA pHUC. 3.5 6 ~ NpepbIBUCTO C YACTOTOI MOAY.Is-
umu 100 Ig*.

leneparop 3200 My

Mwezonanyyarens (O)
lenwepatop 100"y
N1

a 6

Puc. 3.5. 3syxoBbie reHepaTopL HA NOrMHECKUX ANEMEHTAX C NCNONb30BAHNEM
nbeaouany4arenein

.

* TMbe3oManyyaTesib 3BYHHT B y3KOM AHALIA30HE YACTOT B OTAMUHE OT AUHAMHUKA, - TTpun. nayw.

ped.
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3.3. NMpocroit ogHoBHGpaTOp
CynpaBneHnem oT KHONKH,
reHepUpyIowMi OANHOUHBIN
NONOXXNTENbHLIH HMRYIbC

OCHOBHbBIC NONOKEHMA

DTO YyCTPOHCTBO 1103BOAsET CPOPMUPOBATD UMITYJIbC OTIPENEIICH-
HOM JUINTENBHOCTH, NOIAPHOCTb KOTOPOTO 3aBUCHT OT UCIIONb3Y-

_+Vee +Vee .

N2

Puc. 3.6. Cxema oaHosuGpaTopa, reHepupyiowero OAUHONHBIR NONOXUTENbHBIA
UMNYNbC

eMbIx anemeHToB. Ha prc. 3.6 noxasana cxema onHoBHGpaTOpa,
re€HEPUPYIOMETrC OXMHOYHBIHN ITOI0XKUTEIbHBIA HMITYIbC.

B ar0i1 CxeMe MCcronb3yloTCs ABa M3 YEThIPEX JOTHUECKUX d1e-
meHTa MJIM-HE N1 1 N2 muxpocxemel CD4001. B cocrosHuu o
KOs BbIXOJ (BBIBOJ 4 an1eMeHTa N1) HaXoauTCcs Ha HU3KOM YPOBHE.
CrepoBarenbHO, HA HU3KOM YPOBHE 6yA€T HaXOAUTLCA COERHHEH-
HBIN ¢ HUM TaKke BxOA 2 aneMenTta N1. Bxox 1 Takke Haxoaurcs
HA HU3KOM YPOBHE H3-32 peancropa R1, NOAKTIOUEHHOTO K «3eM-
ne». Toraa Beixoa N1 cormacHo tabanile HCTUHHOCTH 3JIEMEHTa
WJIH-HE (Ta6a. 2.4) HaXxoaHTCsA Ha BbICOKOM YPOBHE, OH COEIHHEH
Cc oTpuIiaTeNbHbIM BbIBOAOM KoHaeHcaropa Cl. Kongercarop C1
HAXOANTCS B Pa3PSIKEHHOM COCTOAHUH, TAK KAK €TI0 NON0KUTENb
HbIH BBIBOJ COEAMHEH C IIOJIOXKUTENBHBIM HATIPAKEHUEM (YPOBEHD
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«1») uepes pesrcrop R2. Boixon anemenTa ocTaeTcsi B COCTOSHHUM
«0», TaK KaK Ha €ro BXOAAX IIPHCYTCTBYET JIOTUYECcKas «1»,

Hasxarue na xuonxy S1 mojxmouaer BxoA 1 K NCTOYHUKY ITH-
TaHMs +VCC U 3acTaBiseT lepeKknounTbes aaement N1 B apyroe
COCTOsIHHE, Ha BhIXoAe 3 noaBaserca gorudeckuilt «0». ITocae
aroro koHzelicarop Cl 6bICTPO 3apAKaeTcs 4EPE3 CONPOTHRICHHE
R2 1 nepeBoANT BXOAB! 31eMeHTa N2 B COCTOSIHHE JIOTHYECKOTO
«0». Jlo Te€X NMOp, noka KOHAECHCATOP Iie 3apAAUTCA Yepes3 COolpo-
THBAeHHe R2, Taxoe cocrosHMe cxeMmbl GyAeT NMOANEPKUBATHCH
aBTOMATHYECKH 32 CYET TOTO, YTO Ha BbIxoAe N2, a cnefosaTens-
HO, 1 Ha Bxoze 2 N1 Gyaer noruyeckas «1», 1axe ecau OTIYCTHTD
xHorniky S1. Comrporusnenne R3 Heo6as3arenbHo, HO Bee e HEOG-
XOAMMO — OHO 3aIMIAET CXEMY B Cryuae, ecau emxocTb Cl Gyaer
C/IMIIKOM GOJIBIIOIH.

JinurenbHocTk nMnyabsca T Ha BoixoAe anemenTta N2 onperne-
NRETCS BPEMA3A/AI0MMMY 1eMenTamu — konaencaropoym Cl 1
peaucropom R2. Huxe npusesena popmyna, 1gsponsionias npu-
OGAMKEHHO PACCYNTATD JJINTENBHOCTD UMITy/Mmca T;

T(cex) = 0,7 x R2(Om) X C1(D);

. fMpnumep: 0,7 x 220000 x 0,00000068 = 0,10472 c.

YTOObI yIIPOCTHTD PACUETHI, CAECAYET IPUMEHATD ClIEAYIOMHE
€IMHUIIBI H3MEPEHUS: ~

T(cex) = 0,7 x R2(MOMm) X C1(MxD);

Npumep: 0,7 x 0,22 x 0,68 =0,10472 c.

B aToM nnpuMepe naxkaTHe Ha KHOTIKY S1 6yfeT reHepupOBaTh
OJMHOYHBIA NMITyJbC JUINTENBHOCTBIO, npumepHo pasnoii 0,1 c,
KaK1M 6Bl OITMM HU GBLIO BpeMst HAXKaTHs HA KHOTKY. Mbr pac-
CMOTPEIH CXEMY, KOTOPAs 1103BOJIAET U30EXaTh HEXKENATENBHBIX
IIauyex MMITy1bCOB (Ape6esra KOHTaKTOB) IIPpU HaXKaTHU Ha KHOII-
Ky 3a c4eT OPMUPOBAHUA UMITY/IbCA JUTUTEIbHOCTDIO, IIPEBbIIA-
olteii BpeMs apebesra KOHTaxTOB. Bpemennas auarpaMma Ha
pHc. 3.7 KOHKPETU3UDPYET NaHHOE OObACHEHHE.
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Be3s adgexTa
/—Bea‘a¢¢ena *o

1- =

Haxarue (I

Ha KHONKY S'1 _0__1 -

0,ic 0,1¢c

1
Buixon N2 0

Puc. 3.7. BpemeHran auarpamma, o6bacHsiowan paboty oaHoeubparopa,
reHepupYyIoWero OAUHONHBIA NONOXKUTENbHBIR UMNYNLC

TIpUHIMN, NO3BONAIOMWMIA TIOJIYUHTH MHBEPCHYIO JIOTHKY, TO
€CTb MMITYJIbC YPOBHSA «0» IPH NCXOXHOM ITOCTOAHHOM COCTOSHMH
«1», moxasaH cxeMaTH4eckH Ha puc. 3.8. Mbl He GyneM pasnbic-
HATb paboTy NAaHHOM CXeMBI, OYEHb IOXOXKYIO Ha NpeabIIYIIyIO.
Ho ecTb U cymecTBeHHBIE OTIWUMS: UCIIONB3YIOTCA cXembl 2H-HE
BMecto 2UJIM-HE, R2 noaxiiodeH x «3eMiie» BMecTO +VeC U
KHOIIKA HE B BEPXHEM, 2 B HI)KHEM «JLIede» BXOXHOM CXEMBI.
®opMy bl pacueTa OCTAIOTCA aHAIOTHYHBIMU hopMynaM Ju1st oxu-
HOYHOTO I1OJIOKHUTENbHOTO UMITY/IbCa. '

N2

Puc. 3.8. OaHosubpaTOp C ynpasneHneM 0T KHONKU, reHepUPYIowmni O AMHONHLIR
OTPUUATENbHBIA UMNYNLC
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3.4. OpHoBMGpaTOp C Nepe3anycKom

OCHOBHDIC NOJNIOKCHNA

. JlaHHOE yCTPONCTBO NO3BOJISIET PACIUUPHTD UMITY/IbC ROTIOIHU-
TeJIbHBIM HAXaTHEM Ha KHONKY. B npoTusononoxHocTs npensr-
RyWei CXeMe, eCH YNPaBAIoMMiA UMITYbC IIONAETCA 1O 3aBep-
WIEHHSA JTHTENBHOCTY MMITYIbCA, ORHOBUOPATOP NPOAO/KAET
¢dopmuposars umnyasc. Ha puc. 3.9 npeacrasnena cxema oHo-
Bubparopa.

3T0 yCTPOICTBO MOXET OBITH pea-
JIM30BaHO HA MOOOM M3 CIIEAYIOMMX
Tpex JoTHYecKuX ajnemenros: UJIH-
HE, U-HE, nuseprop. B cocrosinun
11oKos (KHOIIKa He HaxaTa) obe 06-
KJIaJxH koHAeHcaTopa C coeqnHeHbl
C TMOJNOXMUTENBHBIM IOTEHIHAIOM
+Vce, 1103TOMy Ha BBIXOZlEe 37€MEHTA
N1 npucyrcreyer noruyeckuit «0».  Puc.3.9.Cxemaoarosnbparopa
Ilpy HaxaTnu Ha xHorky S1 Ha Bxo- ¢ nepesanycrom
ab1 anemenTa N1 rniogaerca Hanpsike-
aue 0 B, xoHaencarop 6bICTpO 3apsixaerca. Paspan koHneHcaTo-
Pa MOXET HAaYaTbCs TOABKO NOCNE TOTO, KAK OTIYCTHTD KHOIIKY
S1. Ilpu atom Ha srixone N1 ycranasinBaeTcs noruyeckas «1».
Wmnynbsc Gymer npoao/pKkaTbCcs 0 TEX HOp, NMoKa Ha Bxogax N1
He yCTaHOBHTCS HH)KHHUI NOPOT HaIIPSXKeHMs B Pe3y/bTaTe pas-
psza xoHAeHcaropa. Ecin HakaTh CHOBA HA KHOTIKY IO OKOHUaHHSA
CJI€OBAHHA HMITY/IbCA, HMIYJIBbC IPOLOIKHUTCS, TAK KAK KOHJCH-
carop C BHOBB 3apsagUICA. _

ITpubnusnurenbhas ¢popmyna, rI03BOAAIONAS PACCUUTATD BPE-
ma T uMIy/ibca HOCAE OTIYCKAHMA KHOIIKH, COBIIagaer ¢ opmy-
710 1 OXHOBUGpPATOPA C POCThIM 3 dEXTOM:

T(cex) = 0,7 x R(Om) x C(D);

+Vee  +Vce

Npumep: 0,7 x 470000 x 0,0000022 = 0,7238 c.

YTO6BI yIIPOCTHTD PACUEThI, CIEAYET IPUMEHATD CIEAYIONIHE
€AVHMIb] U3MEPEHHUS:
T(cex) = 0,7 x RIMOM) x C(Mx®).
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Npumep: 0,7 x0,47x2,2=0,7238 c.

ra cxema pearupyeTt Ha KaXxao€ HaxaTHe Ha KHomky. Oua
MOXET TaKXKe CIYXXUTb MHTETPATOPOM JUIsi OIpeJIe/IEHUs Hell0-
CTAIOIMX HMMITYJbCOB B IMKJIE: IPH HX OTCYTCTBHU BBIXOAHOMN
BbIBOJ, IIEPEXOAMUT B cocTosinue «0». Jinarpamma ua puc. 3.10 no-
MOTaeT [IOHATh NPHHIMI AeHCTBHA. :

Haxarue| 1
Ha knonky S1
0 -
1=
Bux.on N1 0 l .

Puc. 3.10. BpemerHan auarpamma, noacHaiowan pabory oaHosubpaTopa c
MHOXECTBEHHLIM AeHCTBUEM .

:

3.5. RS-tpurrep

OcCHOBHbDbIC NONOKEHNSA

RS-mpuzeep — ycTpoOMCTBO ans xpaHeHus HudopMaluu: Nojao-
KUTENBHBIA UMIYJIbC HA BXOJ S yCTaHAaBAMBAET Ha BbIxoAe Q
JIOTHYECKYIO eJHHULY «1», a na BeIxoae Q — «0». [Tonoxurenn-
HBIH UMITy/IbC Ha BXOje R M3MeHseT cOCTOsIHME BBIXONOB Ha IIpO-
TUBOMNOJIOXKHOE. DTO YCTPOICTBO 3aHMMAET TOJIOBUHY KOpMyca
CD4013, xak aro roxasaHo Ha puc. 3.11 (a)*. Ero MoXHo snerko
MIBrOTOBUTb KOMOGHHALIMEH ABYX JOrHMYeckux aneMenrtos MJIH-
HE, xax a1o rioxasano Ha puc. 3.11 (6). Konnencarop C1 cmyxur
IUI% YCTAHOBKHM B TI€PBOHAYAJIbHOE HYJIEBOE COCTOSHHE, YTOGBI
n3GexaTh CAYYaifHOTO COCTOSIHUA, OOYCIOBIEHHOTO TONBKO Bpe-
MeHeM ICPEKTIOUEHHS aJIEMEHTOB 110/l NEHCTBHEM HaNpPXEHUS.
Comporusienns R1 n R2 B cocTOAHHMH NOKOS [OMIEPKHUBAIOT
BXObl 3A3¢MACHHBIMU.

* (D4013 cocTonT 13 ABYX D-Tpurrepos, onH M3 KOTOPLIX HE 3axeHCTBORAH, a ApyToii nepe-
peaen 8 RS-Tpurrep 3a cuet nomnodenis sxonos D n Ck «aemnes. — Tlpuy. nayw. pen,
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YToGBl TMOHATH YMTATENO NpHUHIMI paGorbl RS-rpurepa,
p Tabaune 3.1 npeacrasnena Tabauna ucrunHoctd. Creayer
0CcO00 paccMOTPETD ABA BaKHBIX COCTOAHUSA: Cyyaid, KOraa Ha
BXOZABI IIOJAIOTCA HYJM, HE BAMSET HA COCTOSHHE BBIXOIOB.
Cryuait, B XOTOpPOM Ha 06a BXOJA IOAAETCA €IUHHUIIA, NPHBE-
JeT K TOMY, YTO Ha BbIXO[ax yCTAHOBUTCS OJWHAKOBBIH [IOTEH-
11Ha, YTO Ha IPAaKTUKE ABAAETCA HEBO3MOXHbIM, Crapaorcs
3alPEUICHHbIE COCTOSHHMs HE IIPAKTHKOBATb, YTO ABASETCS
NPH3HAKOM HEAOCTATOUHOH ONBITHOCTH pagHonoOUTENsd, H He
noAaBaThb Ha R- 1 $-BXoaB! 1Ba OXWHAKOBBIX IOTEHIWANA — €AH-
HHIIBI B OZAHO U TO X€ BpeMs.

+Vee +Vee
)
C1_L
0.1 uF T Y2 4013
6 s 01
is 5
2 3
4 A 3 2
R1 R2
10 kQ _[l]_mom
(a)
+Vce +Vee
Py N1
C1_L.
0,1 uF ]

_‘“i‘.‘.
-

5
N1
P st
R1 R2
oial] [t

(6)

Puc. 3.11. RS-tpurrep Ha Y, D-tpurrepa (a) u Ha asyx anementax WIN-HE (6)



62 [Inoso M 3 CxemoTexHWKO HO OCHOBE NOTHYECKMX INEMEHTOB

Ta6nuua 3.1. Tabnuua nctunnocTn RS-Tpurrepa

Cocrosnne R "BxoAabl Beixoasi
R S Q Q
Be3 uamenennit 0 0 HeusMeHHO
. Nepexon B 1 0 1 1 0
Nepexoa 8 0 1 0 0 1
3anpelweHo 1 1 3anpelweHo

Hcnonn3ys cxemy nHa puc. 3.12, MOkHO Jierko noayyuts RS-
TPUITED C MHBEPCHBIMYU 3HAYEHMAMU CUTHAJIOB, PEATN3yeMbli C
NOMOIIBIO JIOTHYecKux dnemenTos M-HE.

+Vee +Vee
N1
1
R1 R2 2 3 e
10 kQ| 100 kQ2
Is . Ls N1
4 -
i 6 -G
~1.C1
“T 0,1 uF

Puc. 3.12. MHeepcHuin RS-Tpurrep Ha AByx anemeHTax n-HE

3.6. D-tpurrep

OcCHOBHbBIC NONOEeNun

D-mpuzeep no-apyromy Ha3pIBa€TCs 3ALIENKOM: IPOCTON HONOKY-
TeJBbHBIA UMITYJILC Ha BXoA C ycraHapimBaeT Ha Bhixoxe Q eau-
HHULLY, 2 Ha BBIXOJe () — HYJb IIPH YCJIOBHY, 9TO Ha BXozae D umeer-
cs torndeckas equnuua. Ecom na xone D yeraHoBjIeH lornueckuit
HyJIb, TOTAa NPH II0fayYe cuHXpouMmyibca C BBIXOABI TPUTTEPa
YCTaHOBSITCS MHBEPCHO OTHOCHUTENBHO NPEALIAYILEr0 BapHUaHTa
YCTAaHOBKM nOTEHUMANA Ha BXoj€e D. B mo6om 13 sapuanTos pabo-
Ta D-Tpurrepa kak saliexu nepexmoyeHns U3 OHOTO COCTOSIHASA
B Ipyroe NPOMCXOUT NPH ITOAAYE MIO0KUTENBHOrO PPOHTA CUH-
xpoumny:bea C.
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D-tpurrep Takxe pacriosaraerca B nonosune kopnyca CD4013,
KaK 3TO I10Ka3aHo Ha puc. 3.13.

+Vce +Vee +Vce
T ?
Lo S2 ] %CD4013 1
T 0.1wF | o s Q Q
§1 0 5
IT o
: 3Le
Hr apl a
R1 R2
10kQ 1mmJ

Puc. 3.13. Cxema D-Tpurrepana %/,CD4013

Jlst Toro, 4To6b! M36ekaTh CIYHaliHONO COCTOSAHUSA, OGYCIOBNEH-
HOTO TOJIbKO BPEMEHEM NEPEKTIOYCHNUA JIEMEHTOB IO XCHCTBHEM
HAIIpSKEHUS, HA BBIXO/I€ MHTETPUPYIOLIEH ey U3 KOHIEHcAaTOpa
C1 u pe3sucropa R2 npu BKMOYEHNH TUTaHUA POPMUPYETCH TIO0-
KUATEIBHBIN HMITYJ/ILC, KOTOPBIM rApaHTUPOBAHHO YCTAHABIMBAETCS
D-rpurrep B Hyab. Conpotusnenue R1 s cocTosnnu nokos noanep-
sxuBaeT pxoy C 3a3eMIeHHbIM.

Bxoa D c nomouisio 3-noanunouu9ro nepexmoyarens S2 Mox-
HO coeauHHUTS ¢ 1, 0 wu ¢ BeixoaoM Q, B nocnennem ciyuae xax-
Abli1 IOJIOXKUTENbHBIN (GPOHT MMIyIbca Ha Bxoa C nepexmoyaer
BBIXO/JbI B MHBEPCHOE COCTOSTHIE OTHOCHTENBHO IIPEAbIAYIIETO.
B raxom Bxmouenun D-Tpurrepa oH CTaHOBUTCS AeNUTENEM Yac-
TOTBI Ha 2.

Yro6b! H36eXKaTh HEOIIPEAEeICHHOTO COCTOSHHSA TPUITEPA, BXOA

C cienyeT coeqnHATH C OJHOBUGPATOPOM, YIIPABAAEMbIM OT KHOTF
k1. Ecm xnonka ne nakara, To 8x02 C uepes peaucrop R1 nomono-
4EH K «3eMJIe»,
-~ CKOHCTPYMpOBaTh aHAJIOTMYHO TpeAcTanieHHoMy D-rpurrepy
MO3HO ¢ riomouplo 4 anemenTos M-HE cormacho cxeme na puc. 3.14.
Cambie HaGmiofaTeNbHBIE U3 BAC 3AMETAT, YTO B 3TOH CXeMe MOX-
HO BBIAEUTD 610K NHBepcHOro RS-rpurrepa.
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Puc. 3.14, Cxema D-Tpurrepa Ha OCHOBE Normyeckmx anementos U-HE

B a6 3.2 npejcrasiena Tadanua MCTHHHOCTU D-rpurrepa u
RS-tpurrepa, conepixammecs B nonosuxe cxembt CD4013 npu pas-
HOM BKJIIOUEHMM: B kauecTse D-rpurrepa R- u $-BXoxbr 40/mKHbBI
ObITh IOAKJIIOUEHD! K «3eMJIe», a B KauecTBe RS-Tpurrepa — aHa-
sornybo D- i C-BXoab! Moax/I04aloTcs K «3emie». VI mocneaHuir
BapHaHT — padoTa D-rpurrepa Kax C4€THOrO GyRET NPOUCXONUTD,
ecay R-n _S-onabl TIOAK/IIOUEHB] K «3eMJIE», BXOJ ‘D coennnex ¢
BBIXOZOM QQ M nepexmoYeHre BLIXOA0B QQ ¥ Q MPOUCXOAUT MO To-

JIOKUTEILHOMY (PPOHTY uMIynbca Ha Bxoge C.

Tab6nuua 3.2. Tabavua MCTUHHOCTH D-Tpﬁrrepa n RS-Tpurrepa, BxogawmMx

B COCTas MuKpocxemsl CD4013

CocrosHne - Bxogbi Bbixogbl
R S D ¢ ‘'a_Q
MNepexog e 0 1 0 X* X 0 1
MNepexoq B 1 0 1 X X 1 0
3anpeLugHHoe 1 1 X X HeonpepeneH-
HOE
MNepexoas O 0 0 0 Hapacraowui .0 1
DPOHT
uMnynbeca
Mepexon B 1 0 0 1 HapacTaouwwi 1 0
OPOHT
uMnynsca
0 0 X 0 Bes naMeHeHwid
0 0 X 1 Be3 nsmeHeHni
0 0 X Criagaowmi Be3 nameHeHw
DPOHT
uMnynabca

* X ~ GeapaanviHoe CoCTosIHe
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3.7. [1BONUYHDbIC CHETHHMKMN

OCHOBHbDbIC NONOXKXEHUR

Jleoununsie cuemuuxu cOCTOAT U3 HECKOJIbKMX TPUTTEPOB, TaKuX
xaK D-TpUITEpBI B CYETHOM PEXMME WIM HA JPYroM THUIE TPUT-
repa, COEIMHEHHBIX CHHXPOHHO WM aCMHXPOHHO.'

B cuHXPOHHOM cUETUYMKE BXOJHOH UMITY/IbC AEHCTBYET OHO-
BPEMEHHO Ha BXOJIbl BCeX TPUITEPOB, CBA3AHHBIX MeXIy cO60M ¢
II0MOILBIO JIOTHUIECKUX 371eMEHTOB. CI0KHOCTD 3THX 3JIEMEHTOB
34BUCHUT OT YPOBHS cueTa. BpeMsa nepexmouenus onpenenserca
BPeMEHEM 3aJePKKM CaMoro MelieHHoro tpurrepa. CHHXpOHn-
Hble JBOUYHbBIE CUETYMKHA MOXKHO UCIIOJIb30BAThH IIPU GOIBIINX
YaCTOTaX IEPEerIIOUeHHH. :

B acMHXpOHHOM IBOMYHOM CueTUMKe BXOXNHON HMITYJIbC J€ii-
CTBYET Ha 11ePBbIH TPUITEP, BBIXOJ KOTOPOTO COEAMHEH CO BTO-
PbLIM TPDUITEPOM M T. A. 1O CaAMOT'O IIOC/IETHETO TpUrrepa. BPCMH
NepPEKIIOUENs CUTHANA CTAHOBUTCA GOJBLIMM, TAK KaK OHO
OTpeneseTcsl HPOXOXKIEHUEM CUTHAIA Yepe3 BCe TPMITEpHI.
ACHHXPOHHBIE CYETUYMKH HCMOJb3YIOTCA HAa HU3KMX 4acTOTax
NepeKIovYennm.

Kaxapiii Tpurrep neJuT YacTOTY BXOAHBIX TaKTOBBIX UM-
Iy1bCOB HA 2, TO €CThb NPH IOACYETE YHC/IA UMITYIbCOB HA BBIXO-
Ae TPUITEPA MOXKHO UCINOJb30BATH ABOUYHbIE YMCHa. Jlnnedkn
H3 IBYX TPUITEPOB-IEINTENECH AeNAT HAYANLHYIO JacTOTy Ha 4,
3 3 - na 8, ua 4 — Ha 16 u Tak ganee xpatno 2. MoxHo cocra-
BHTb N-Pa3psi0B ABOMUYHDBIX CYETUNKOB C O6WMM KoabdUM-
CHTOM JlesieHus 2",

Cxema ¢ npumeﬁenu_em €D4040

CD4040 - 12-paspagubiii aCHHXPOHHBIA CUETUMK, TO3BOJIAIO-
HIMi KeUTh 4acTOTy ¢ AenuTensmu oT 2 1o 22 wun 4096 - ¢
seixona 0 (BeiBoa 9)... no Beixona 11 (seiBox 1). Cxema Ha puc.
3.15 noxasbiBa€T OAMH M3 IPUMEPOB IIPMMEHEHUA MHKPOCXe-
mbl. Ha 3710i1 cxeme uMmysbcht yacToToit 2 Iy BbipabaThiBaioT-
csi MyapTHBH6pPaTOpoM Ha RC-Lienu u Aenatcs BbIGPaHHBIM fie-
JITEJICM.

3-6495
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Tpurrep lIvurra N1 ¢ nornueckum snementom 2M-HE, o6ne-

IMHEHHBIM B uHBepTOp, peauctop R1, nepemennoe conporus- -

nenue-noteHuroMeTp AJl u xonnencarop Cl o6pasyioT MyabTi-
Budparop Ha RC-uemn, cocrosameit us konaencaropa Cl v cymMmmbr
nocrosHHOro pesuctopa R1 u norenunomerpa AJl. C srixoaa
MyJBTHBMOPATOPA HA BXOX CYETYNKA MOAAIOTCH UMIYJIbChE HACTO-
Toit 2 Ii1, DTy YACTOTY MOXKHO TOUHO HACTPOMTD C TIOMONBIO TIO-
rennuomerpa AJl. nTerpupyomasn nemnb, COCTOAA U3 KOHAEH-
caropa C2 u pesucropa R2, aproMaTHueckn cGpachiBaeT C4eTIMUK
« 8 0 Kax/IpIil pa3 nMpy BKIOYEHMH Hampsoxelivda nuraHnd. Knonka
S1 BpimoaHAET 3TO ACHCTBUE BPYUHYIO.

JlaHHYIO CXeMy MOYKHO HCIIOJIb30BATh B KAUECTBE reHepaTopa
BPEMEHHDIX MHTEPBAJIOB, PACCUMTAHHOIO Ha Bpems oT 1 ¢ 10 30 ¢
HeGobmM MuHYT. HercnonbayeMble BXoAb! (HO He BBIXO/[bI ) MUK-
poCXeM CIefyeT 3a3eMIUTh.

+Vecc  +Vece ci
c2 CD4040
ST' A uF== CTR1?0 9
1 TF/2= 1 nepuoas 1c
Mct=0 |2 [EEF74=1nepwopsa2c
N1 3 -5—F/B=1nepmon,aa4c
1 2H 10 4 :%:F/16=1nepwo,a:_iaac
2z + o7i5 [§-F/32=1nepuon3a 16¢
- 6 (4 /128 = 1 nepuop 3a 1 MUHyTY M 4 C
2 7 EF/256=1 nepuon 3a 2 MUHyTH M 8 C
100 kY 8 F/512 =1 nepuog 3a 4 MUHYTBI W 16 C
ci 9 14 F/512 = 1 nepuop, 3a 4 MuHyTBI M 16 C
0.68 iF T 1IMQ 1OEF/204B=1 nepuog, 3a 17 MHyT M 4 C
oo | . 1111 /4096 = 1 nepuopn 3a 34 MUHYTLI M B C
Texepatop CueTtuunk

Puc. 3.15. NpumeneHne mukpocxemst CD4040 - 12-pa3spaaHoro acuHXPORHOTO CHETHKE

" Cxema c npumenennem CD4060

Mukpocxema CD4060 omuaercs ot npensiymeit cxembr CD4040
GonpiM ko3t bunmeHToM neleHus ~ 21 BMecTo 2'2 1 Hannunem
BCTPOEHHOTO (He BHEllIHero) reHepaTopa, K KoTOpOMY MAYT Bie-
LIHYE BPEMSA3aJaloNye Lenu, IoAxIoyaembie ko BxonaM CX, RX u
RCX no cxeme RC-reneparopa (cxema B paMke), Tak 1 KBapLCBO-
ro reHCpaToOpa ~ Pe3oHaTopa ¢ «06BA3KoI» (OCHOBHAA CxeMa). Je-
HepaTop UMITY/IbCOB IOIUIIOUEH KO BXOJY CXEMBI CYETUYNKA-Ae/H-
Tensa. KoandecTBO BBIBOAOB MMKpPOCXEM CD4060 u CD4040
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oAnHaKoBO ~ 110 16 BbiBONIOB. [103TOMY BLIXO/BI pas3panoB Q0-Q2
1 Q10 He BBIBeNEHDB! HApPYXY. BoiBenenst suixoapt Q3-Q9 u Q11—
Q13, nepsniit (Q3) ApnseTCA NEMMTENICM OCHOBHOM YaCTOTHI Ha 16,
nocrenunii (Q13) sasnserca nenurenem yacToTh Ha 16384 mm 2,
Ha puc. 3.16 npencraBnena cxema 3ByKOBO#1 CUTHANIM3ALIM CO CBO-
€oOpa3HbIM 3ByyanueM: yacrora 1,024 kI, MmoayavpoBanHnas yac-
Toroit 128 I1 3Byuut ¢ npepoisanuem B 2 [u*. leneparop nmnynn-
COB BOJAKJIIOUEH KO BXOAY CXeMBbI CUETUHKA-IEeNUTENA,

CX/1000pF

CX

RX
47 kQ NepemeHtbit

RCX o
RCX CD4060
680 k2 CTR14
_9_... CX (3 _7._ N1
10 ] 5 1024Hz 1
X ol + a
1 edrox ! 4 2| &
e = 164 128 H
100kQ = z
_F C=0 o1 I3
Il——- NIE
32,768 kHz 11 N2 nNuesocupena

335t =55 oF '?12— 2

p p 2 4

T T T ome 5| &
13

Puc. 3.16. NpumeneHue mukpocxeMb: CDA060 B ka4eCTBe 3BYKOBOrO CUrHanv3aTopa

Jlnsa yBennueHus CTaGUIbHOCTH F€HepaTOp MMIYJAbCOB CO-
6paH Ha xBapLeBoM pe3oHaTope X1 yacroroii 2'% wm 32,768 kI
¥ JOnONHUTENbHBIX 31eMenTax (R1, R2 u Cl1, C2). B Menee Tpe-
6GOBaTeIbHBIX CIy4anX K CTAGMIBHOCTH YaCTOTHI BO3MOXKHO TaK-
e cobpatb ero ¢ NOMOWBIO RC-nenu, mokasaHHoii B BepxHei
yacTu cxevmbl B paMke. Toraa ¢popmyna pacdera 4acTOTI MMITY b~
COB 3aMMIIETCH CAEAYIOIUM 06pa3oM:

1

F=————— 4y RCX=(2-6)RX;
23xRX xCX

e cBoeobpasnoi AArymKu-KBakykn. - ITpux. nayw. ped.
|3 *
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INoncTasaas B popMysry 1 onpeneneHns F uncaosbie 3Haue-

Hug RX u CX, noayumM:
1
F:
2,3%x0,012x%0,001

Curnan ¢ suixonos Q4 n Q7 Muxf)ocxemm CI1 nonaetcs Ha
Bxozb! orndeckoro snementa M-HE N1. Jlanee nonyueHnbIi BbI-
XOJ{HOM MONyAUPOBAHHBIN BBIXOZTHOM CHTHaJI TIOCTYIIAET HA BXOJ
anementa MI-HE N2 1 koM6UHMpyeTca ¢ curHaiom wactotoit 2 [,
KoTOpBIi nonaeTcs ¢ Bpixoxa Q13. Ha Beixone anemenTa N2, ta-
KM 06pa3oM, NPUCYTCTBYET ABYX4yacToTHBIA curnan (1024 I
n 128 Iir). Takoe 3pyyanue GyaeT IPOUCXOAUTH TONBKO BA pasa
B CeKyHZy, TAK Kak ¢urHan ¢ sbixoza Q13 CD4060 otkpbisaer N2
¢ Takoil yacToroil. Heuncrnonn3yeMbie BXOAbI MUKPOCXEM CJIENyeT
3a3eMINTh.

=36231 I'n

Cxema cnpumerHenvem CD4029

Mukpocxema CD4029 aBnsiercs 4-paspsaHbIM PEBEPCHBHBIM CYET-
YHMKOM, TO €CTb pafoOTaThb KAaK Ha CIOKEHHUE, TAK HA BbIYMTAHHE.
Kpowme Toro, ona MoxeT paGOTaTb KaK JBOUYHBINH peBepCUBHbIH
CYETHYHK, TaK ¥ IBOMYHO-RECATUYHDII peBepPCUBHBIN CUETUMK 1
conepuUT Takxe 4 Bxoxa npexycraHoBku. Cxema Ha puc. 3.17
TIPEJICTAB/IAET CXEMY PEBEPCUBHOTO CUETUMKA C PeobpasoBare-
JIeM BOUYHO-LCCATHYHOTO KOAA B 7-CETMCHTHBIN KO Bhixosn!
CErMEHTHOrO KOJA Yepe3 TOKOOTPaHMUMTe IbHbIe Pe3UcTOpbl R4-
R10 noxxioueHb! K COOTBETCTBYIOIUMM CErMEHTaM 7-CerMeHTHO-
ro MHAMKATOPA, KOTOPBIH MHAUNMpPYeT uudpst.ot 0 10 9 B BUzE
KOMGMHALMH 325KUTaeMbIX CETMEHTOB a...g.

IMpn HaxkaTuyu Ha kHOMKY S1 Ha BbIXOZE OHOBHOPATODPA BbI-
paGaTbIBaeTCA MOJIOKUTENbHbIA UMNyIbe. OxoBubpaTop noct-
poeH Ha aByx anementax UJIM-HE. Ero pa6ora 6blia onucana
panee. Kmou S2 nossonseT BpIGHpaTh HanpaBjIeHUE CYETA: BbI-

P e 7o )

Box U (Up - BBepx) ~ Ha ci10:xenue, Boisog D (Down - BHHU3) —

Ha selunTanue. Murerpupyomas RC-uetb, coctasneHnas n3 KO-
nencaropa C2 u pesucropa R3, o6Hynser cueTuux npH nonave
nanpsokenus. Berson 9 Muxpocxemb CD4029 sazeminen npu nso-
n4Ho-ecaTuynoM cdete (ot 0 xo 9) u noxkmoueH k +V _yepes
peaucrop ot 10 kOM - Toraa cueryuk paboTaeT KaK ABOMYHBDII.
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Taxoke HesanelicTBOBaHHbBIEC BXOABI HEOGXOANMO (IOKIIOUNTD K
«3emne». UeTbipe IBOMUHBIX BHIXO/Ia Pa3pANOB COEAMHEHBI C Jic-
wngpparopom CD4511, B pyHKIMIO KOTOPOrO BXOJUT B COOTBET-
CTBUM C BOHYHO-AECATUYHBIM KOJOM NIOAABaTh MUTAHUE HA CeT-
MEeHTbI MHAMKATOPA [UISl OTOOPasKEHUs COOTBETCTBYIOIEH KOIY
uugpsl ot 0 g0 9.

.

3.8. lecATHUYHDIA CHETYMK

OCHORHDIC NONIOKEHNA

HJecsatvuHblii CueTudk YNKUMOHHUPYET TaKMM Xe o0pasoM,
4TO W ApPyrHUe CYeTYMKH, paboTalolne B OAHY CTOPOHY Ha CJIO-
xKeHue. Pasnuna 3axmovaercsa B TOM, 410 oH uMecT 10 remnd-
poBaHHBIX BbiXonoB (0~9). OH cocTouT M3 5-KaCKaJHOTO CcyeT-
yuka JlxoHcoHa U JemudpaTtopa na 10 BBIXOJI0B, KOTOPHI
npcobpasyer Kox JkOHCOHA B €IMHMYHBIN CUTHAI TOJMBKO Ha
OJHOM U3 BBIXOJOB: IIPH IOABJECHHU Ha BXOJE MMIIYJIbCA CUeT-
YUK yBeJIMYMBAET CBOE COCTOSHUE HAa OAMH M MOABJAETCA Ha
caéxyomem Boixoge. TakuM 06pa3oM, ONHOBPEMEHHO aKTHBEH
TOJBKO OAMH BBIXOZA.

Cxema c npumenennem CD4017

.

Muxpocxema CD4017 npencrasnsaeT cob0il necATUYHbIN cyeT-
uuk JIskoHcona (Jonhson) ¢ gemmgparopom na 10 prixonos. Cxe-
Ma Ha puc. 3.18 mokasbiBaeT npHMep UCIIONB30BAHUA, B KOTOPO
pefie cpaGaTbiBaeT mocje ONpeReseHHOTO YHCIa UMIYIbCOB U
OCTaHaBJIMBaeTcs Mocie CIeJyolero neicTausd.
Onnopudparop, cxemy KOTOPOTO BbI yKe XOpOIIO 3HaeTe, Y-
paBisieT IO BXOAY paspemienus (BbiBog 14) paboroit cueTunka
CI1. Ilens us xonznencaropa C2 u peaucropa R3 ocymectsnsaior
c6poc cYeTYHKa B HYJIEBOE COCTOSHHE NPH BKIIOYEHUM HUTA-
HUA. Mp1 Boi6pann Boixoy 6 (BbIBOJA D) 1A yrpasieHus pede.
Pene BmounTcs nocne 6 Haxatuit na kuonky S1. Beixon 7 (Bbi-
BOJ 6) uepes nuox D1 nepeBoaNT CYUETUHK B HYJIEBOE COCTOSHHUE. -
Yeunenne Toxa A BKIIOYEHHA OOMOTKM pee ocyllecTBaseT
tpansuctop T1, ynpasageMstil ¢ Buixona 6 cueTuuka-nenurens
uepe3 orpaHuuMBaloUil Tok 6a3sl peancTop R4. Peaucrop R5
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Puc. 3.18. MNpumeHerne muxpocxemst CD4017 ans ynpaBneHnAa pene

3ajaeT IapaMmerphl Tpan3ucropa T1 no nocroaﬂuoﬁy TOKY.
Auop D2 zamumaeTt T1 ot ToxoB 1po60os, BO3HMKAIOMUX B 06-
MOTKE peJie IIPU NepPeKIIoYeHUH TPAaH3UCTOpa U3 OXHOTO CO-
CTOAHUSA B ApYyroe.



rnasal
nloreseck mrerop

4.1. Kparkoe npepjcraBnenune cofjepXXaHus
masbl 4

ITo3HAaKOMMBUIMCE C TOTHYECKUMH CXEMaMH, Bl YXK€ B COCTOSIHMN
M3TOTOBHTH YCTPOMCTBO, ClIocOGHOE I/IMHTHp‘OBaTb AO BOCBMU
JIOrMYecKHx QPyHKUMIT Ha OCHOBe Tpex mukpocxem KMOIT. Yro-
OBl He YCIOXKHATD 3Ty paboTy, YHMCI0 BXOAOB OTPAaHUYEHO O ABYX

Puc. 4.1, JIoru4ecknin uMMTaTop Ha QCHOBE MUKDOCXEM



MpuHunnuansHas cxema noruueckoro ummutatopa 73
[0S KOKJIOro Beixoaa. Cocrosnue BXo/0B, U3MEHAEMOeE C TIOMO-
IL(bIO KHOTIOK, OTOOpakaeTCA Ha CBETOAMOAAX. PeaynbTaT BbIXOLa
TAKXKE 110/IA€TCA HA CBETOAMOJA. ITO CAMOCTOSTENIBHOE YCTPOH-
CTBO ABJILETCA UEHHBIM y4eOHBIM MaTEPHUAIOM IO 3AKPEIUICHUIO
3HaHWI1 Ta6IML UCTUHHOCTH OCHOBHBIX JIOTMYECKUX CXEM.

4.2. NMpuHyunuanbHasn CXemMa noruyecKoro
MMMTaTOpa '

Buauane pacCMOTpHM, KaKMM 00pa3oM pealnsyloTcs 8 jorudec-
kux pynxumit (puc. 4.2):

» dyuxuua HE o6pasyeTtca Ha ocHoBe snemenTa WIM-HE
N2, rae o6a Bxolia KOTOPOTO COeJUHEHBI Mex /1y COBOI;

> ynxuua JJA obpasyetcs ABoitHOI nuBepcueii ot HE (aie-
MmeHt N2) u BToporo unsepropa na aaemenre MJIN-HE
N1, o6beguHenHoro no BXoiaMm;

¢dyuxuys WIH-HE o6pasyercs n1pocTo ¢ mOMOUbBIO COOT-
BeTcTeyomeit eit anementa WIHW-HE N4; . '
dbyaxnua MJIH ob6pasyeTca uusepcueii or I/UII/I HE c no-
Mmoo anementa MJIHM-HE N3;

¢dynxuus M-HE o6pasyercs npamo ot anementa H-HE N6;
¢ynxmmsa U obpasyerca nusepcueit ot M-HE N6 ¢ niomo-
w0 3nementa M-HE Nb;

bynkuns UCKIIIOYAIOINEE MIHU-HE o6pasyercs nps-
MO C IOMOIIBIO 31eMenTa N9;

dynxuna UCKITIOYAIOUEE HMJIH o6pasyeTcsa uneepcy-
ein ot UCKJIIOYAIOIIEE MJIN- HE N9 c nomouibio 371
MmenTa N7.

\/

\/

Y Y YY

Kak Bb1 yoxe 3aMeTH/IN, B CX€MeE JIOMMYEeCKOTO MMUTATOPA UCTIOND-
3YIOTCS TOJIBKO TPY MMKPOCXeMBl, dneMeHTbl N1-N4 Bbinonnsior |
pynxipno WIM-HE, ncrionssya mukpocxemy CD4001, anemeHTHI
N5-N8 semoansior ¢yukumo H-HE ¢ noMolpio MUKpOCXeMbl
CD4011, u, nakoneu, 31eMeHTBl N9-N12 BHINONHAIOT DyHKUHIO
M CKIIOYAIOUEE FUTU-HE Ha mukpocxeme CD4077. ITpu ycra-
HIOBKE HE3ABUCHMBIX MUKPOCXEM 1Sl KAXKAOH (yHKLIH ToTpeGoBa-
70Ch 6Bl IEBSTH MMKPOCXEM BMECTO YeThIpeX. Mbl e UCTIONb30Ba-
71 CBOGO/IHBIE /€MEHTDI KAK MHBCPTOPDI, TEM CaMbIM COKPATWIH
YUCIO HEOBXOAUMBIX MMKPOCXEM JIO IPUEMJIEMBIX UETHIPEX.
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Bxonpt E1 Bcex anemenToB CBA3aHbl MeX Iy cO60I1, 4TOOBI UMK
MOKHO OBLIO YIIPaBAATDL NAPaie/ibHO U BceMu cpady. Toxe camoe
cnenado u g sxonos E2. B cocTosnnm 110Kos BX0O/bl COCIMHEHBI
¢ «3emaeii» qepe3 pesucropnyio cbopky RES1. Ipn naxarim kuo-
MOK Ha BXOJBI OAAETCA JIOIMYECKAs €MHULA, COOTBCTCTBYIOWIAs
HATIPSDKEHHIO +V . '

C noMopo kHomMkM S1 MOXHO BLIGpATh TpebyeMylo Jlorudec-
Ky10 GyHKIMIO. PesynpraT BbIX0Aa OTOOPAXACTCA HA CBCTO/IMOJC
L3. Ero pa6oTa uxeHTH4YHA CXxeMe Ipubopa A TeCTUPOBaHMs
JIOTMUECKHX 311eMEHTOB, ONUCaHII0i panee. HHaMKaums BXOHbIX
CX€eM HCTIONBL3YeT 3TOT JKe NMPUHUMI 1a ceeToauoxax L1 u L2,

Muxpocxema 74HC540 (CI4) BkmouaeT BOCeMb HHBEPTOPOB,
U3 KOTOPBIX HaMH OyAyT UCIIONb30BAHbl HIECTh U KOHTPOJbHbIE
BbIBOABL. KoHTpONbLHBIE BuIBOABI 1 1 19 coepunens! ¢ «3emneii»,
TAKKe KaK M HeHCnonb3yemble Bxoas! 8 n 9. Kaxgras cxema unau-
KalMM UCTIONB3YET MO ABa uHBepropa. PaccMoTpuM cxemy, akTu-
Bupylomylo ceetoanos L1. Ecim knonka El naxkara, To Ha nepBalit
anemenT HE (BBIBOA 2) MonaeTcs sormyeckas exunuua. Ha ero
BBIXOZE (BbIBOJ 18) GyzeT noruueckuii Hyab, ¥ Ha IOJIOKHUTETHEHOM
BBIBOJIE — AHO/1€ KPACHOTO CBETOAMOAR, COEAMHEHHOTO C BRIBOJOM
18, 6yzeT Taxxke Hyib, a, OyIyuu 3a3€MJIEHHBIMH OTPULATEbIIbI-
MM BBIBOJAMHU ~ KaTOJaMH BCEX TPeX CBETOAUOAOB, MEXJY allOf0M
u xaTozioM ceeToauoaa L1 He GyAeT pa3nocTy HAPsKEHKA, U CBe-
TOAUOZ He OyneT CBeTUThcA. Toraa CUrHan mojaeTca Ha BXOJ BTO-
poro unsepropa (BsiBoj 3). Ha ero srixone (BeiBoa 17) Gynet
BBICOKO€ HaNpsKeHue, KOTOPOE MOJACTCA Ha aHOX 3E/CHOTO CBe-
toauoza L1. Ceeroanon 3aropaercs, moKkaswsiBasi ypoOBeHb JIOTHYEC-
KOi1 elMHMLIB! Ha BxoAe. Ecam ornycruTs xHonky El, Bxoa nepso-
ro MHBEPTOpPa MOAKMIOUUTCA K «3EMJIE» U CUTYaUuMs OMEHSeTCA
Ha NPOTHBONIONKOXKHYIO. 3€ICHHIIT CBETOAMO] TOTACHET, M 3aTOPHT-
4 KpacHbI, MOKa3plBas ypoOBEHB IOTMUECKOTrO Hyns Ha BXojie. Pe-
aucropsl R1-R3 orpanuyumBsaroT COOTBETCTBEHIIO TOKM CBETOAMO-
zos L1-L3 1o xonycTUMBIX 3HAUEHUI 19 JaHHOH MUKPOCXEMBL.

HanpsskeHHe nuTaHUA HAXOAUTCA B npefeax oT 4,5 10 5 B.
Juon D1 saiuiaer cxeMy-OT HEMPABMIBHOTO ITOAKIIO YCHUA T1H-

- TAaHMS — TaK Ha3bIBAEMOI MEPENOMIOCOBKU, WIH MO-APYroMy 3a-
HIUTBI OT Aypaka (palIHOJl}OGPITeJlH TOXe WyTAT), KOHJAEHCcaTop
C1 - ¢uabTp OT HU3KOYACTOTHBIX (IIIOKTyalUMii HANPSHKEHW
nutauus. Konagencaropst C2-C5 GuabTpyior cooTseTcTBeniio
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Hanpsxenne nutanng muxpocxem CI1-CI4 rio Bricokoit yacTore.
Hewncnonsayemoie Bxoant MuxkpocxeM CI2 n CI3, xax Bcerna, oyayT
3a3eMJIellbl.

4.3. CoopKka noruuecKoro umMMraropa

Ha puc. 4.3 noxasan uepTex neyaTnoi miaTel uMUTaTOpa. Cxe-
Ma cOePXKHUT GOMBIIOE KONUYIECTBO nepeMbiuex (Mx 9) B ceaA3M C
TPYAHOCTSAMH 110 TPACCHPOBKE TUIATHI MEXY 1UIACTUHAMH TIOBO-
POTHOTO nepekIovaTens GyHKuui.

Ecii BbI pe1iuIi M3roToBHTh PUCYHOK ILTATh € TIOMOIIBIO K€t
KOii 6yMaru 1 pyux, TO GyasTe TePHeInBbl U yBeAUTECh, YTO Ha
nzaTe ner HUKakux Aedexros. Hamryummm meToaoM asagercs,
6e3ycnoBHO, goTosurorpapus. B 6ubnuorpagun B koHue kiuru
BBl HaiiZieTe KOlIIKPEeTHbIE NCTOYHUKH IO TEXHUKE AuTorpaduu.

MoHTaxHas cxeMa npeacrasneHa na puc. 4.4. Haunure mon-
TaX ¢ nalkyu AEBATH IEPEMBIYEK.

Jleranu ciexyeT 3anaMBaTh Ha IUIATy B OUEPEAHOCTH, ONIPEaeIs-
€MOil pazamepaMu U XPYNKOCThIO 3jieMeHTOB. Ilpunepxusaiitech
CHIEYIOWIETO NOPAAKA: PE3UCTOPHI, ANO], AEPAKaTEIH MUKPOCXEM,
pe3ycTOpHas cGOpKa, KEPAMUYECKHE KOHACHCATOPHI, KHOIKH Y-
paBieHud, STEKTPONMTUYECKUI KOHIEHCATOP, Pa3beM TOKIIOYe-
HUA TMTaHUA, CBETOIMO/bI, BbIPaBHEHHbIE TI0 BLICOTE; U, 11AKOHEL,
TIOBOPOTHBIHA MepEKIIoYaTeNb (PyHKIMIL, pacCuMTaHiblif Ha 12 no-
3UUMIH U OTPETYIMPOBAaHHEBIA Ha 8 MO3UuMit C HOMOUILIO ClIEIUAND-
HIO¥ ILIACTUHBI TTOJI FAHKOM, BBINOJIHAIOMEH poab hUKcaTopa.

BKnoueHNe M NICNONb30BaHne

Boabmure 3a aGCONOTHYIO aKCHOMY — HUKOT/A HE BKIIOYaiTe
HOByIO 1J1aTy Ge3 npelsapuTensuoii nposepku. Koportkoe 3a-
MBIKaHME JOPOKEK MOXET MTHOBEHIIO Pa3pyLIMTh 31€MEHTH B
UpAMOM CMEICJIE — PE3UCTOPBI MOUYEPHEIOT U PasnoMATCA. A B
JAPYTrOM Cllyuae ~ 3TO KaCaeTcs HeNPaBU/IbHO MOAKIIOUEHHBIX [10-
NAPHBIX KOH/IEHCATOPOB ~ MOI'YT B3PbIBATHCA U AAXKe JIETATb.
OcHoBHas Macca KOMIIOHEHTOB BBIiiAeT U3 CTPOS, HO BHENIHE
3TO GyaeT He3aMeTHO. TeM C10XKHee UCKATH HEUCTIPABHOCTD U3-
3a HETIPOCTUTENBHOI nocnemnocty. IIpoBepsTe NOAOKeHNE U
NOJSPHOCTH 3JIEMEHTOB (KacaeTcsa AMOAOB M MOJIAPHBLIX KOHAEH-
CaTOpOB), TUN W HOMHH2J KAXAOH AETATU B COOTBETCTBUMU C
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Puc. 4.4. MoHTax anemeHTOB Ha rnnate
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a;aeKkTpuueckoii cxemoi. Tonpko 110cne 3TOro Moxere MOAKIIO-
uMTh NUTAHUE K CXEME, He BCTABNAS MUKPOCXEMBl B JiepKaTe-
an. Janee npu nomouy uugpoBOro MyJisTUMETPA B peXUME
BOJIBTMETPA IIPOBEPETE HANPAKEHME TUTAaHUA HA BBIBOJAX i€ p-
)RaTeJeH MUKPOCXeM (KpacHblil MpoBOJ «+» Iyna MyJLTUMETPa
nojacoexuHuTe X BriBogy 14 muxpocxem CI1-CI3 u k BriBoay 20
Cl4; uepublii TPOBOA «—» IlyIla NOACOEAUHHUTE K BHIBOAY 7 MHUK-
pocxem CI1-CI3 u x seisoxy 10 CI4), ono xomxuo GuiTh 4,5 B.
ITpu 3TOM 2Ba BXO/JHBIX CBETO/MOJA AOJKHEI TOPETH KPACHBIM
L{BETOM. .

IMocne 3TOro OTKIIOYMTE HATPSKENUE IIMTAHUA M BCTaBLTE
Mukpocxempl. C moMollbio nepexmoyarTens pibepure J00YyI0 J10-
ruueckyio ¢yuxnuio. Ceeroanon L3 apnserca MHIMKaTOPOM BbI-
xojia. 3eJIeHOe CBEYEHUE CBETOIMO/A YKa3bIBAeT Ha BBICOKHIT ypo-
BEIlb, KPacloe CBevente coobmaeT o HU3koM yposie. Knonku
YIIpaBJeHUd U NEPEKIIOYaTEeib MOXKHO HUCIIONB30BATh B JII0G0E
BpeMs I MMUTanMu Jorudeckux ¢pyaxumit. Ilpu nposenenuun
AKCNEPUMEHTOB CPABHUBANTE JAHHbIE NPAKTHUYECKHX OIIBITOB C
M3ydeHHBIMH TabIHLAM1 UCTHHHOCTH.

CNNCOK KOMMNOHEHTOB:

Pe3ucropbi ¢ 5-NpoyeHTHBIM BONYCKOM:

» RI-R3: 1 kOM (KOpUYHEBBI, YEPHBIi, KPACHBII1);
» RESI: peaucropnas c6opxa 8 x 10 kOm,

Kongeucaropbi:

> C1:220~470 n® /16 B (nonapHbiit 31€KTPONUTHYECKUIA C
~ aKCHaJIbHBIMH BBIBOJAMU); ’
> (C2-C5: 0,1 Mx® nHenoaapible KepaMUIeCcKHe.

NMonynposognuxsu:

> L1-L3: asyxuseTHbIe CBETOAMNO/bI C 3 BHIBOJAMM;
» D1: anon 1IN4007;
>» CI1: UMC CD4001;
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> CI2: IMC CD4011;
> CI3: IMC CD4077;
> Cl4: UMC 74HC540.

NMpotne 3nemenHTbI:

3 nepxaTena MUKpocxeMsl C 14 BeIBOZAMHY;

1 nepxarens Muxpocxemst ¢ 20 BpIBOAaMHY;

1 nepexmnouaTens IlOBOpOTHbe/'I 1T MEKpOCXeMbI Ha 1
HO3ULMIT;

1 ogHONIONIOCHBII BRIKTIOUATEND (10 KENAHUIO);

2 KOHTAXTHBIE KHOIIKH;

1 pa3beM MOAKNOUEHHUS TUTAHHA AMaMeTpoM 2,1 My;
GOJITHI U CTOHMKM AUAMETPOM 3 MM.

YYYY VYVYY

-
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5.1. Kparkoe npeacraBnenue cogepixanns
FnaBbl 5 ' '

Hmumamop, KOTOPBII MBI U3Y4ILIU B IPOLLIOH IJIaBe, OrpaHUYeH
ABYMsl BXOJAMM /I KAX/JOro BHIXOAA U BOCEMBIO (PYHKUHSIMHU.
Jli060€ paciiipeHye BO3MOKHOCTEI! almapaTHbIX HMHTATOPOB,
KaK Npapuio, NPUBOAMT K YCJIOXKHEHHIO CXEMBI, YBEIMUEHHUIO
KOJIMYECTBA MUKPOCXEM H, KaK CJEJCTBHE 3TOTO, BEJET K OBBI-
weHuio cebecToumMocTH. I1pu Mcnonp30BaHUK TEPCOHATBHOTO
xomnpiotepa (PC), Beimonnsiomero Te xe (pyHKuuy, Ho Npo-
rpaMMHO, Halle yCTPOHCTBO MOKET CTaTh 6oee 3(pPeKTUBHBIM
(puc. 5.1). B HOBOIT cxeMe NpHCYTCTBYET YeThIpe BXOAA, UTO Bbl-
paxcaeTca B HEKOTOPOM yCJIOKHEHUHU yCTPOMCTBA, HO U PUBO-
AUT K Jy4YHeMy noHHMaHHUIO Joruku. Kpome Toro, uncao noru-
YECKHX (DYHKLMH B MMUTAaTOPE 3aBUCHT TOJNBKO OT IIPOTPaMMBbl
YIpaBa€HHUA M He NOTpebyeT HOBbIX MUKpPOCXeM. Mb1 yBUANM,
uro B nporpamme QBASIC MoxHO co3xaTh nporpammy, s¢dek-
TUBHO YN PaBJIAIOIIYIO yCTaHOBKOIL. JIyyure ncnons3osaTe nocie-
AHUE BEpCUM A3bika nporpaMmmuposanus WINDOWS. K soceMu
OCHOBHBIM (PYHKUMAM MBI A06aBUIM CIEUHMATBHYIO, COENNHSIO- .
myio B ce6e MHOXecTBenHoe M cosmecTHO ¢ M.
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ps

Puc. 5.1. Jlorudeckuit umutaTop, ynpasnsemolii ¢ NK

5.2. MpuiyunuanbHan cxema nporpamMmHoro
MMMTaTOpa

Bosbimast pasHuna Mex Iy cxeMoii Ha puc. 5.2 U cxeMoit joruyec-
KOTO MMHTATOpa, PACCMOTPEHHOTO B NPEAbIAyLIet T1aBe, 3aK-
JiioyaeTcs B 06paboTKe NaHHBIX TIpU HAXATHM KHOMNOK. B nan-
HOM YCTPOHCTBE — IPOTPaMMHOM MMUTATOpPE — GOJIDBIIUIICTBO
3JIEMEHTOB NPefHa3HAYEHO JUIA MHAUKAIIMH COCTOSIHUS BXOAOB
¥ BbIXOZa. _ .

Mz! Gynem ucnob30BaTh YeThipe BxoAHbIx KaHasa (ERROR,
SELECT, PAPER END, ACK) u oxun Bbixox (D0) napannesnsioro
nopra. Kaskabiii 610k unaukanyu paboTaeT HA OCHOBE JBYX UH:
BEPTOPOB, HHTETPUPOBaHHBIX B Mukpocxemy 74HC540. 3ot
IPUHLMII TPUMEHSUICA B IPeABLAyIMX cxeMax. PaccmoTpuym pa-
6oty unaukaropa kHonku El. B cocroanuu nokos sxox 8 unsep-
TOpa 3a3eMJIEH C IIOMOLIBIO pe3ucTuBHOi c60pku RES]. Toraa na
BbIxoze (BoiBOg 12) Gyaer sloruvyeckas eAMHUIA, KOTOpasi HOAa-
eTcsl Ha aHoj KpacHoro cseToauofa L1. Ceeroauon saropaercs
NOA eCTBHEM NTOJIOKHTENBHOIN Pa3HOCTH IOTEHINAIOB MEXIY
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aHOZIOM M KaTOAOM, YTO CBU/IETENBCTBYET O HANMYMH JIOTHYECH
KOTO HyJISl Ha BXOJe cxeMbl. KpoMe Toro, ¢ BriXoJa HHBEPTODA;
CUTHaJI BHICOKOTO yPOBHSA IIOXAETCS HA BXOJ BTOPOTO MHBEPTOH
pa (BbIBOX 9), MHBEPTHUPYETCS B CUTHAJ C HUIKMM yPOBHEM ;i
[IpUKAAAbIBAETCA K aHOAY 3eneHoro ceeroauosa L1, TaK)xe C BbI ‘1;
xoza 12 curHan jjoruveckoii eIMHULIBI TOJAETCS HA BXOJ 7 UH-j
BepTOpa BTOpoit Mukpocxembl 74HC540 u' ycTaHABIHBAET HYJIb)
Ha ero Bbixofie (BbiBog 13) u coenuneHHOM C HuM BniBoge 15
.paszbvema DB25 nmapamrensrnoro nopra I1K, HassiBaeMoro kaHa- |
aom ERROR. _

Ipu naxaruu Ha kHonky El1 Ha Bxoa 8 unBepTopa nogaercs
Jlornyeckasi efUHUIA, KPaCHbIN CBETOJMOK TacHET, 3aropae'rc513
3ejleHblit cBeToaMox, 1 Ha kaHase ERROR ycranasiBaeTcs soru-
Yeckas eauHuua. TouHo Takoil e MPUHIMII UCIONB3YETCS ¥ JUIA |
Apyrux Tpex kuomok E2-E4, a Takxe s cBeroauozna L5, ynpas-
asiemoro Beixoiom D0 mapaensHoro mopra. Jlpa mHBEpTOPa MUK: +
pocxemsl CI2 He MCIONB3YIOTCA, U UX BXOJbI (BbIBOAB 2 1 3) 32~
semsoTcs. Pesucrop R6 urpaer Ty ke posis, 4TO 1 pe3MCTHBHAS
c6opka RES]: on 3asemnsier Boixon 9 unBeptopa CI2 kanana DO
TIapaiIeIbHOTO ITOPTA, KOT/ia IUIATA OTCOEANHEHA OT KOMIIBIOTEPA.
.Peauctopsl R1-R5, ycTanoBeHHbIe MeX Iy KATOAAMU 1 «3eMJI€H»,
OTpaHHMYMBAIOT TOK cBeToano0B L1-L5 10 HoMUHaBHbIX 3HAYE-
HUI, KOTOPbIE MEHBIIE NMPEAEIBHO JOMYCTUMBIX JUIS HHX.

M3 coobpaxennit 6e30MacHOCTH HaNIpskeHWe NUTaHus +5 B
NOfaeTCsA Ha NUTaHUe MUKPOCXEM 4epes CTabHIn3aTop Hamps-
xKeHus 7805, KOTOpbIit CO CBOEro BbIXO/A BhIpaGaThIBaeT HANpS-
xenue +5 B. Ha Bxoa cTabuimusaTopa IOCTYyNaeT NOBbILIEHHOE
HanpsbkeHue +9 i +12 B oT BcTOYHMKa BHEIIHETO Hanpshke-
Hus. B camoMm gene Ha mapasiensHslit nopT KoMnbioTepa PG
HeJIb3s MOAATh Hanpskenue Gonbuie 5 B. luox D1 sammmaer
BXOJ CTaGHJIM3ATOPA OT NEePEIOIOCOBKH [0 TMTAHUIO ~ YK 13-
BeCTHag «3awmura ot Aypaka». Kongencarop Cl ocywecrsaser
NIepBUUHYIO (PUIBTPALIMIO HATIPSOHKEHUSA Nepe] Nofaveit ero Ha
crabmwmusatop Hanpsukenus CI3. Ha ero Boixoje BblpaGaTbiBa-
ercs crabunusnposannoe Hanpsokenue 5 B. Kongencarop C2
¢unbTpyeT 3TO HanpsKEHUe nepej noxaveil Ha MUKPOCXeMbI.
Kongaencaropn! C3 u C4 paspassiBaior Mukpocxemsl CI1 u CI2
OT BbICOKOYACTOTHbIX IIOMEX I10 ITUTAHHIO.
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5.3. Coopxa ' ‘

Ha puc. 5.3 nokasan uepTex neyaTHoit mwiathl. JJax sTa miara Gy-
AET MOJKNIOYATHCH K KOMITBIOTEPY, C/lefyeT OTHECTHUCh K €€ U3ro-
TOBJEHHIO C 6OJbINOH TIHATENBHOCTBIO.

Hmurarop coepuuserca ¢ ITIK yepes paswem DB25, u apyrux
TpYAHOCTEH B famioil cxeme He npexsuautca. [losTomy obs3a-
TEJIBIO TOYHOE COIIACOBAHME JIOTHYECKUX CUTHAJIOB HMUTATOPA
u ITK, unayve IIK Beiiiner us crpos. Bropoe tpebopanue - cnayva-
Ja BKIOYAETCs IUTaNKe, 3aTeM nofjaetcs curnan. [pu Bikio-
YCHNUM TOPSJIOK CIIeJOBaHHsI OGPATHbIit.

Bbl MoXKeTe M3roTOBUTD NEYaTHYIO IJIATY JIOOBIM CIIOCOGOM
na Baw Bp16Op. CaMbIM JIETKUM ABIsAETCS METOH (PQTONUTOrpa-
¢un. B Moxere HafiTh B 6ubauorpacpuu B KOHIlE KHUTH MaTe-
pPHANIBI 110 TEXHUKE JIUTOTPadHMU.

MonTaxkHas cxeMa npeAcTaBieHa Ha puc. 5.4. Haunure MoH-
TaxX C NaklKK JIecATH [epeMbluek.

KoMnoHenTs! cienyeT 3amauBaTh Ha IWIaTy B Clienyiomeii ove-
PEHOCTH: OT MAJIBIX TTO pasMepaM K 60JIbIIMM 1 TTO BO3PACTAHUIO

Puc. 5.3. YepTex pa3Boaku neyaTHoOM NnaTbl
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Puc. 5.4, PasmMelleHne KOMNOHEHTOB UMUTATOPAa Ha nnarte

cTeneHy IPOYHOCTH 371eMeHTOB. [ praepxusaiitech cieyomero
MOpAKKA: Pe3HCTOPHI, JUOJ, ACPHKATEIH MUKPOCXEM, PE3HCTHB-
Hasi CGOPKa, KepaMHYeCcKHe KOHIeHCaTOPbl, KHOIIKH YIIpaBIeHUS,
pasbeM NMOAKIIOYeHus TuTanus, pasbeM cassu ¢ [TK DB25, anek-
TPOJIUTHUYECKME KOHAEHCATOPDI, CTAGHIIN3ATOD CIS JUISL COTJIACO-
BaHUS IO MINTAHUIO C KOMITBIOTEPOM M CBETOAMO/IbI, BbIPABHEH-
HbIE TIO BHICOTE.

Bxnouenune

Tlocne sanmauBanus nocjefHero 3JiEMEHTA CAeAYET BCe IIpoBe-
pPUTBb Nepe] NOAKIIoYeHeM HanpshkeHUus nuranus. Koporkoe
3aMbIKAHHE JOPOKEK MOXKET PA3PYLIUTD 3JIEMEHTD! H HCIIOPTHTDb
napajuleIbHBI IOPT KOMIIIOTEPA, nbe'romy CreAyiiTe pekoMen-
AALMSAM B N1OCJA€eLOBATE/IBHOCTHU. CHavyala HalAuTe C MOMOIIbIO
JIyNIbI 1 UCKJIOUHUTE C IIOMOLIbIO NMAsJIbBHUKA KOPOTKOE 3aMbIKAHHE,
eciu OHO MMeeTcsl, MHauC MaTa He paGorocnocobua. Iposeps-
TE€ IIOJIOKCHUC INIEMEHTOB (COOT’BC’TCTBI/IC K/IOYEei-BbIeMOK MHKPO-
cxeM CI1, CI2 #a ux ofHOI KOPOTKO CTOPOHE 110 YEPTEKY U yCTa-
HOBJIEHHbIX Ha MeYaTHOM IUIaTe ~ KJIIOYY JODKHbBI GbITb OJMHAKOBO



Céopxa 87

OPUEHTHUPOBAHDI, nom{puécu avoga D1, ceerogmnonos L1-L5,
110JIIPHOCTb M HOMMHAJIb 3JIEKTPOIMTHYECKUX KoreHcaTtopos Cl,
C2 - HX He HYXKHO IyTaTb MeXJy co60il) 1 HOMHHAIBI KaX/JOTO
pajHO3IeMEHTA. YCTaHOBJIEHHDIE PA/IMO3IEMEHTDI IOJKHDI He-
YKOCHHUTEIBHO COOTBETCTBOBATD 3eKTpudeckol cxeMe. Tonbsko
110CJIe 3TOTO MOXKeTe NOJACOeAMHUTL HaNpsikeHHe nuTaHus 9
win 12 B (or Garapen mwm npeoGpasosaresis) KO BXOAY CXeMbI
cTabunmsaropa HanpsbkeHus 5 B 6e3 ycTaHOBKM MHKPOCXEM B
AepaTeNn U He ITOJCOENUHSA IIATY K KoMbioTepy. [1pu nomo-
W 1{HPPOBOTO MYNTBTUMETPA B PEXUME BOJIbTMETPA IIPOBEPETE
HaNpsUKEHYe MUTaHUs Ha BBIBOJAX [UTaHUS JepXaTeseil MUKpO-
cxeM (KpacHbI NpoBoj «+» MojcoearuuTe K BeiBogy 20 Mukpo-
CXeM; YEPHBIH HPOBOJ «=» NOACOEAMHUTE K BLIBOAY 10 MUKpOCXeM),
OHO JOJDKHO 6bITh 5 B. Ipu 3TOM Bee cBETOAMOABI JOMLKHBI TOPETh
KPaCHbBIM L{BETOM. :

Tlocne aToro oTKMOYNTE HANPSDKEHHE MUTAHHS, BCTABBTE MUK-
POCXeMbl U HOACOENMHUTE TUIaTy K KoMmnbioTepy. CHOBa NOAKIMIO-
YMB IIUTAHKE, Bbl MOXETE NPOBEPUTH paboTy BxoxoB. Ilpu Haxa-
UK Ha kHOTIKM E1-E4 cooTBeTcTBYIOMME CBETOAMOBI HAUMHAIOT
CBETHTbCA 3eeHbiM cBeToM. CBeToanos, onpeaensiommii cocros-
HHeE BbIXOJa, 3arOPaeTcs B 3aBUCUMOCTH OT IIPOTPaMMbl, KOTOPYIO
Bbl IIPEBAPUTEIBHO BBEIH B KOMITLIOTED.

CnMcoX KOMNOHEeHNTOB:
Pe3ncropsi ¢ 5- npoyenrnbimM gonycKom:

» RI1-R5: 1 kOM (KopuuHeBbIit, YepHbIii, KPACHBII);
» R6: 10 kOM (KOpHUHEBBIIt, YepHHIii, OpaHxeBbIil);
» RES): pesucropsas c6opka 8 4 10 xOm. -

Konpencaropbi:

> C1:220-470 n®/ 16 B (moaspHbIi 3J1€KTPOIUTHYECKHIA C
aKCHUATLHBIMI BbIBOJAMMU);

» C2:10-47 mx®/ 16 B (1101spHBIit 3/IeKTPOIUTHYECKHIA €
aKCUAJIbHBIMU BBIBOJAMH );

> (3, C4: 0,1 Mxd HenoJsipHble KepaMUYECKHUE.
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NonynposognunKy:

>» L1-L5: apyxuBeTHble CBETOAMO/bI C TPEMS BbIBOAAMHU;
» . DI1: qnoa 1N4007;

> C(CI1, CI2: UMC 74HC540;

> (CI3: Crabunusarop Hanpsokedus 7805.

Npoune 3memMenTbi:

2 pepxarens 20-BbIBOAHBIX MMUKPOCXEM;

1 wTHIpbKOBBIit pazbeM DB25 11 moakmoveHus K napa-
JIEIBHOMY IIOPTY KOMIIBIOTEDA;

4 KHONKH Ha 3aMbIKaHUC;

1 paszbem MOAKMOYEHUA IUTAHKA AUaMeTpoM 2,1 MM;
GOJITHL M CTOMKH JUaMeTPOM 3 MM.

YyYyvy Yy

Nporpammuposanne

KaxuMm 6b1 HU 6b1IO IpOrpaMMHOe ObecrieyeHte, 3acTaBlIsolee
(PYHKIIIOHHPOBATE BAUl UMHTATOP, OHO JOJKHO OTBEYATD CIIE Y-
IOIUM TPEGOBAHMAM:

> BHIGOp JIOTHYECKOH (PyHKIMM;

»  CYMTHIBAlIME YCTHIPEX BXO,10B N0 KAHATAM MAPAICIBHOTO
nopra ERROR, SELECT, PAPER END, ACK;

» o6paboTka nHopMaUY;

> BbIBOJ MH(pOpMaLHK 1o Kanaty D0 mapaiiensHOro nopra
Ha cBeroauon L5;

> BKIOYeHHeE IPOTrPaMMbl.

B xauecTBe npuMepa BaM npejnaraercs IMCTUHT 5.1 nporpam-
Mul simulog.bas, manncansoit va QBASIC.
JiucTunr 5.1, Nporpamma pabotb NOFMYECKOro umutaTopa Ha NK 8 QBASIC
REM === [IPOCPAMMYA PABOTH JIOTWYECKOTO MMUTATATOPA HA IIK 3 QBASIC ===

REM === [na napannenbHoro nopra LPTL. © Yves MERGY 2001 ===

¢ === QO0BABIeHME TOANIPOTPEMMH MNM IpOUenypH. ===
DECLARE SUB LECTURE ( )

== QrobpaxeHye TIABHOTO D3KPaHA INs BHMNONHEHMA Bufopa.
=== CTKpaHwe 3SKpaHa B Havane.
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)

JA5 KaxLol M3 CReJyOnvX CTDOK MH MMeeM N3 KOMaHIb:

TepBas KOMaHLKA YCTAzaBrysaeT Kypeop 2 KeraeMoe MecTo,

‘& BTOopas oTofpamaeT TeKCT. '

SOCATE 3, 27: PRINT “JIOTAYSCKUAZA VMYTATO? 7% NK”

“OCATE 3, 5: PRINT “BubeprTe GyHKIXO HaxaTkey Ha Xrasuzy (0 ..
£) =a KnaBuaType”

LCCATE 7, 10: PRINT *- 1 ==> gQvuxuors 1A (COrHOKDETHHM HagaTAEM
raasulyz El vvmTaTopal ”

LOCATE 8, 10: PRINT *- 2 ==> QyHKuKA HET (O30OKHENM ZaXaTyex
xrasumy EI sMmTaTopal ” .

LOCATZ 9, 10: PBRINT ¥~ 3 ==> dysxius WA (zaxaTieM ueTHpex
KIaBKL  mMKTaTopal)”

LOCATE 10, 10: PRINT *- 4 ==> dynxuus EE-VJV (HaxaTisem yeTupex
X1iaBald  aMuTaTopal”

LOCATE 11, 10: PRINT *“- 5 ==> OdyeEkuKs A (HaxaTKeM HeTHpex
Xnasuz  ¥vuTaTopa)”

LOCATE 12, 10: PRINT “-- 6 ==> ¢yHkuusi HE-U (HaxaTreM ueTHpeX
KJiaBul zMuTaTOpa)”

LOCATE 13, 10: PBRINT “- 7 ==> OyHxumus YCKIQYACLEE VM (maxaTxeM
ueTHpPeX KnaBKII uMuTaTOopa)”

ZOCATE 14, 16: PRINT “- 8 ==> odynxkurs WUCKIOYAKIEE UEV-HE
(HaxaTyeM ueTHpeX XIaBXl AMATATOPRE)"

LOCATE 16, 10: PRINT “- 0 ==> CIZLHMAIILHAS OynKLUMS (HamaTVeM
YeTHpeX KRaByu uaMMTaTopa):”

LOCATE 17, 22: PRINT *“komOuHUpORaHHAs Oyuxuxs ¥ (maxatuem El
E3) ' '

LOCATE 18, 22: PRINT “c oyHkuveZ KIK (Ha gnaBume E4)”

LOCCATE 2C, 18: PRINT ~HAXMATE EA ‘Q' [N BIXOZA U3 TPOTPAMME”

HAYATO: ' MeTxa BO33paTa Mepexm Nepsuv BxOOPOM.
C$ = INKEYS ' JCcOHTaTersHOe HaxaTyue Ha mobyl knaBuay IIK.
BHBOP: ** Mecka B03Bpata A718 LOCLerLyLEVxX BHOOPOS.

LOCATE 23, 30: PRINT *Bau skbop: *; C$

¢ TIomKnoHewHse B 3aBMCUMOCTY OT BuDpaHHOA OYHKIMM MIA BHXOL.
IF C$ = “_* THEXN GOTO OA

IF CS = “2” THIN GOTO EET

I¥ C$ = *37 THEN GOTO it

IF C$ = *4* THIN GOTO WIA-HE

ZF CS = “6” THEN GOTO W-HEZ

iF C$ = *7* THEN GOTO VCKIOYAWIEE WV

IF C$ = *8" THEN GOTO KCKTOYACUEE KAV-HE

IF C$ = “0” THEN GOTO SPEC

IF C$ = *Q” THEN GO0 EXND

' Bo3BpaT 3 HAuano 3 Cilyyae OTCYTCTBXS BHOODA
GOT0 HAYATIO
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' s Kawmoid QyHxuyM:
' BH30B [IpOLeLYPE YTEeHMR BXOLHHX OaHHHX,
g obpaborka BHxoma (D0) o ampecy 888 (mopr LPT1),

’ OUT (888),1 ===> noakiwueHue nuHMM DO K nonomnTeanoxy
! HANPAXeHUD +Vm,
‘ ~OUT (888),0 ===> nogkioueHue muuuM DO x «3eMne»,

‘ TeCcTUpYeT BHICNHEeHre rpyToft BHOpPaHHO! QYHKIMA,
’ B TPOTMRHOM Clydae OYHKUKA 3alLKXNUBAETCH Ha CBoed
’ epBoOft KoMaHIe.

AA:
YTEHUE
IF E1 = 1 THEN OUT (888}, 2 ELSE OUT (888}, 0
C$ = INKEYS
IF C$ <> “" . THEN GOTO ‘BHBOP ELSE GOTO OA
HET:
YTEHUE
IF E1 = 0 THEN OUT (888), 1 ELSE OUT (888), 0
C$ = INKEYS
IF C$- <> “* THEN GOTO BHBOP ELSE GOTO HET
UIN:
YTEHUE
IF (E1 = 1 OR E2 = 1 OR E3 =1 OR E4 = 1) THEN OUT (888), 1
ELSE : '
QUT (888), 0
C$ = INKEYS
IF C$ <> *" THEN GOTO BHBOP ELSE GOTO UM
HE-JIIN:
YTEHUE
IF (E1 = 1 ORE2 =1 ORE3 =1 OR E4 = 1) THeN OUT (888), 0
.ELSE
OUT (888), 1
C$ = INKEYS
IF C$ <> “” THEN GOTO BHBOP ELSE GOTO HE-UIHU
n:
YTEHUE
IF (E1 = 1 AND E2 = 1 AND E3 = 1 AND E4 1)y THEN OUT (888),
1 ELSE ’
OUT (888), 0
Cs = INKEYS
IF CS <> *“* THEN GOTO BHEOP ELSE GOTO M
HE-X:
YTEHUE
IF (El = 1 AND E2 = 1 AND E3 = 1 AND E4 = 1) THEN OUT (888),
0 "‘ELSE 7
oUT (888), 1 .
C$ = INKEYS
IF C$ <> “" THEN GOTO BHEOP ELSE GOTO EE-u



Céopka Q1

ACKTOEARLZE  ANA:
ITEEVE )
PacuyeT BXOOHHX 3HAYEHWN MOCle 3033paTa
g 3 IpOLenypk YTeHxsi, 3HaueHse J0.1XHO OuTL paBumM 1
' LIS [OOTBEpRISHMS AKTMBHOCTZA TONBKO OOHOTC BXOLA.
TGTAL = E1 + E2 «E3 + Z4
I T0TAL = 1 THEN -OUT (888), 1 ELSE OUT (888), 0
€S = INKEYS
If C$ <> *" THEN GOTO BHBOP ELSE GOTO MUCKIQYAKNEE UK
ZCKMOYANLCEE  KIV-HE:

YTEHKE
TOTAL = Ei + E2 +Z3 « E4
IF TOTAL = 1 THEN OUT (888), 0 =LSE OUT (888), 1
€3 = INKEYS . .
IF C$ <> “* THEN GOTO BHSOP ELSE GOTO VCKINYAWIEE WIM-HE
$22C '
YTEHAE
IF (E1 = 1 AND E2 = 1 AND E3 = 1) OR (24 = 1) TEEN QUT
(888), 1t
ZLSE OUT (888), 0
TS = INKEYS

IF C$ <> ** THEN GOTO BHSOP ELSE GOTO SPEC

3AMENEEKE YTEH/LA
* Tipouemypa 4TEHMA KJAasuill uMMTaTOpa:

' nepeMeHHNe OOBABASOTCR LI BCel LPOrpaMMx,

! yTeHMe BXOmOB Mo agpecy 889 (nopr LPTL),

' ¥ CPUCBOEHKE 3HAYEHMS B 3aBUCHMMOCTHM OT MX COCTOSHKS.
SHARED E1, E2, E3, E4

A = INP(889) '

ZF (A AND 8) = § THEN El1 =
ZF (A AND 16) 16 THEN E4
ZF (A AND 32) 32 THEN E3
IF¥ (A AND 64) 64 THEN E2

ELSE E1 = C

1 ELSE 24 = 0
1 ELSE 23 = 0
1 ELSE E2 = 0

il
LU | B o

END SUB
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B neproii vacTH 3TOH KHUTK OBIJIM ONUCAHBI HENPOTrpaMMUpY-
€MbI€ 3JICMEHTHI, APYTUMH CJIOBAMU, JIOTUYECKUC CXEMBI Ha

«KECTKOH Jloruke». Koraa Mpl Hagaau N3roTose€nue nporpam-
MHPYEMOTO YCTPOHCTBA, A/ PadOThI C HUM 110TPEBOBANCA KOM-
npioTep. Hamm cxeMbl nporpaMMupOBaiich ¢ HTOMOUIBIO KOM-.
nbIOTEPa U OBUIM HEPA3PLIBHO ¢ HUM cBA3aHbl. Takum oGpasoM,

MBI NEPEUI K CXeMaMm ¢ npozpammupyemoii nozuxoi. Bropas

9acThb KHUTH llocBsmeHa IndpoBoii anekTponuke. Mul Syaem

HCIOJIb30BaTh B paboTe KOMIILIOTEP, HO HE TOJIbKO IS NMpO-

rPaMMHUPOBAHUSA KOMITIOHEHTOB, HO U /Ui pa3paboTku pa3iuy-

HBIX ycTpOiicTs. Ilocae 3apeprienus nporpaMMHpPOBAHUA YCT-

pOHCTBa CTAHYT CAMOYNPABIAIOUIMMHUCS.
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fMporpaMmmupyembie 3JIEMEHTbI

6.1. 3anomuHalOWMe YCTPOIiCTBA

Kak ykaspIBaeT HasBaHuUe, sanomunauue yempoicmsa (3Y), uc-
HOJIB3YIOTCA A8 XpaHeHNs nHdopMauuu. OHM COCTOAT U3 HEKO-
TOpOro uucjaa s4eek namatu. Hanpumep, D-rpurrep asaserca
npocTteiimreit 31eMeHTapHOH AYENKON MaMATH B CTaTHUYECKUX
3aNOMHHAIONINX 3JIEMEHTaX. Takas eJMHUYHAs A4eiika NaMATH
Ha3bpIBaeTCA 6umoM 1 MOXKET IPEACTABAATLCA IOTUYECKOH eAMHU-
ueit Wiy JJOTMYeCKUM HyJ1eM. BT MoXeT npuHMMaTh TOJIbKO ABA
anayeHus: 1 mium 0. Yro6sl paGoTaTh ¢ GOJBIMINMMY 3HAYEHHAMU
A4eeK MaMATH, IpUHATA GoJee KpyrmHasd eauHuIa maMaTi B 8
OUT, KOTOpasA HOCUT 0603HaueHue faiim. 1 GaliT MOXKET COXpaHUTb
unCIoBOE 3HaueHMe 28 ot 0 10 255 (CM. OCHOBBI IBOMUHOIO CUHC- *
JIeHUs B HA4aJIe 3TOM KHUTH).

Obsem namamu N3MEPAETCA B PA3HBIX BEIUYHUHAX! 6urax, Oaii-
Tax, kuobairax (K6), mera6aitrax (M6) (rmocaeaHue BEIUYUHEI
ABJIAIOTCA KPATHBIMU OT GaifTa). 3anoMHMTe, YTO OAUH KWIOGaHT
paseH He 1000 6utam, a 1024 6ura (BBHAY TOTO, 4YTO OCHOBAHUEM
CTENEeHU ABOMYHOI CUCTEMBI SBIAETCH 2); TAKUM XKe oOpa3oM,
oAuH Merabaiit paseH 1 048 556 Gaititam.

Koraa HyxXHO 3anucaTh WJIM COCYUTATh 3HAYEHUE ONHOIO
6aifTa MaMATH, M €CIM YUCI0 SYeek U3MEPAETCH ThICAIaMH,
BO3HMKAET CUTYyalysi, KOrJa HaJo CAeaTh 3TO TOYHO U OBICT-
po. TlpuMeHsemMas METOAMKA HAa3bIBAETCA adpecayueti namamu.
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Kak y xureseit 60Jb1I0TO TOPOAA, Y KaXA0i suelKkn nams
€CThb CBOHM COGCTBEHHBIH OJMH €ANMHCTBEHHBIN ylmxaanm'
anpec. Peub uzet o sueiike, B KOTOPOit HAXOAUTCH YUCIIO, TPHY
HUMAIOIee ONHO M3 ABYX 3HaveHuit — win 0 nau 1. B nepso: .
ciyuae sueiika cBOGOJHA; BO BTOPOM CJIy4ae MOXHO CUUTATH
WM 3a0pOTPAMMHPOBATEL 3TO COCTOSHUE Auelikn. B Aueiikax
HaMATH XpaHATCA AAHHbIE, IPUYEM KAXAYIO A4eiKy MOXHO
HalTH 110 €€ YHUKAJILHOMY aZipecy. AApeca 3a/aloTca JBOUYHE
MU HHCJIaMH OT caMoro maazuiero aapeca A0 1o caMoro crap-
1I€TO, HAPUMED KaK B CIEAYIOIEM NpuMepe, - Al2:

> BxoJ A0 ¢ BBICOKMM JIOI'MYECKUM YPOBHEM NO3UIMOHUPY-

eT A4eiiky namaTy ¢ aapecom 0 (nepseiit anpec);

BXOx Al ¢ BHICOKMM JIOTHYECKUM YPOBHEM MO3ULIMOHUDY-

eT Aveiiky naMaTy ¢ agapecoM 1 (Bropoii anpec);

Bxonbl A0 1 Al ¢ BHICOKMM JIOTHYE€CKMM YPOBHEM MO3ULIH-

OHHUDYIOT f4elKy IIaMATH C ajpecoM 2;

Bx0oa A2 ¢ BBICOKHMM JIOTMYECKMM YPOBHEM IO3UIMOHUPY-

eT AyeiiKy NaMaTH ¢ azxpecoiw 3;

Bxozbl AD 1 A2 ¢ BBICOKMM JIOTUHECKIM ypOBHEM MTO3ULM-

OHUPYIOT AYEiiKy IaMATH C aApecoM 4;

> najiee mpoLECC MOBTOPAETCA MO TAKOMY XK€ NPUHIUIY B
COOTBETCTBHM C ABOMYHBIM BbIpaXKEHHEM IO HociaenHeh
AYeNKy namMATH. '

Y v

Yy v

Conepxumoe a4eiiky IMaMATH NPEACTABIENMO Ha BBIXOJNAX
D0-D7 muxpocxemsr O3Y B xopnyce 6264 Takxke B IBOMYHOM
BeIp@XEHUM: caMmblil Maagmmii paspan DO pasen 1, ecan 3TOT
BXOJl HAXOJIUTCS Ha BBICOKOM JIOTHYECKOM YPOBHE, TO €CTh pa-
Ben 2 B crenenu 0 (2°); cambiit crapmumit paspsaa D7 pasen 128,
KOIZa Ha HEM TPUCYTCTBYET JOTMYECKAsA €AMHHIA, TO €CTh 2 B,
crenenn 7 (27). : :

Ha puc. 6.1 nokazaHa MHTerpajbHas MUKpOCXEMa 3alIOMUHA"
IOILeTO ycTpoiicTBa THna 6264 eMxocThio 2% - 30 8196 GaiiT nan
65 536 6uT 1 oprannsaumeir mamati 8K x 8. Mukpocxema umeet
ABYHANpPABJEHHYIO 8-paspsxHy0 WMHy AaHubix DO-D7, 13-pas:
panHyo muHy aapecos A0-Al12. KpoMe BEIBOJOB JaHHBIX U aJpe:
ca, UMEIOTCA Takxe BbIBOA 26 BhiGopa kpuctana (CS) ~ Brmodec
HUs / BBIKJIIOUEHNs MUKPOCXeMbl, BBIBOA 20 BbIGOpa a1€MEHTE
namatu (CE), BeiBox 22 paspemenus Bboixoaa aanusix (OE)r
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3b1BOJ 27 BHIGOPa pexHMa 3anucK,/uTenns. Beero Mukpocxema
runia 6264 nmeer 28 BpiBoj10B. BriBOA 28 ~- HanpsKEHUe HUTa-
1M V_, BBIBOA 14 - «zemas».

Craruyeckoe O3Y
Tuna 6264
P 1
—9‘% A0 DO = )
T Al D1 el
——'7 A2 D2 e
—(ﬁ A3 D3 76 | B ABYXCTOpOHHUX
— A4 D4 e XaHalo AaHHbIX
13 appecHbix mHuit |~ 4] A5 DS 78
no3BONSIOT 3aNucatb 4 ~—— AB D6 F—
8192 sueiiku mamaTy 3 19
'—2v51 A7 D7 }=—— J
~—=1A8 i
24
31 A9
-—25 A10
——2- A1l
\ .—~—1A12
0
26 CE\ 28
Kanane ynpasnesms -7 Ccs Vee p—
u 3anycka > WE\ 1 Nuraxmne
: (o] 2 Gnd —

Puc. 6.1. UnTerpansnan MUKpoCxema 3anoMuHalowero ycTpoicTsa s kopnyce 6264

HpuHumn paéoTsl 3aNOMHHAIOIETO YCTPOACTBA IOXOK HA TOT,
OTOPBIIA Mbf TOJIBKO YTO M3yumau. BonbumicTBo pasnnunii Mex-
Y Pa3HBIMM BUJAAMH 3aIIOMHHAIOUMX YCTPOMCTB 3aK/MI0UAETCA B
10c00€ CUUTBIBAHUA AAHHBIX, 3aITHCH MH(OPMALUK U JOCTYNa K
1elikaM naMsTu. '

rarmuecKkune oneparnBHbie 3anoMuKalOULWe
rpoicrea

namuMecKue onepamusnbie anomunanyue yempoicmea (CO3Y) tak-
' Ha3bIBAIOTCA cmamuneckumy RAM (1aMaTh C IPON3BOJILHBIM
crynnom - Random Access Memory), 3alOMUHAIONIUM 3/1€MEH-
M KOTOPBIX ABJIAETCA TPUITEP, NOTPEBAAIONMI OueHb MATyIO
IGHOCTb B PEXHMME XPAHEHU, €CIM OH Bbinmoen no KMOTT-
tHosorMH, noatoMy cratnyeckue KMOIT O3Y pesepeupyior
-apeiiipIM nuTaHueM. JlocTyn BO3MOXKEH K JII00OMY ajipecy B
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Mmo6oi MoMeHT. OHM JIErKO IPOrpaMMUPYIOTCS (3anHChIBAIOTCS;
WM CYUTBIBAIOTCSA, AaBast JOCTYN K MHPOpManun 6e3 400N
TeJIbHBIX YIPABJISIOUNX CUrHAIOB. JOCTaTOUHO BHAvaNe BHGPaTH
PEXUM paboThI (3aIIMCh WIHM YTEHHE) C TOMOIIBIO yIIPaBAAIOIIE
curHana. B cayqae oTkinoueHus nuTaHusa Bcs MHGOpPMALHUA CT!
paetcs, To ectb O3Y aBasoTcs sHepro3aBucuMbIMU. UT06
O3Y He 3aBUCENN OT MCTOYHHUKA IIMTAHHUS, UX HOXKIIOHAIOT
JOTIOJHHUTENBHOMY PE3EPBHOMY IMUTAHUIO OT Garapeii, KOTopoe:
BKJIIOYAETCA TIpY MPONajaHUM OCHOBHOTO MUTAHUA. DTOT Tnnzi
3aIOMMHAIOIIUX YCTPOICTB HCMONB3YETCA COBMECTHO C Pa3NNY-.
HBIMH MUKPOKOHTPOJUIEPAMH.

AvHamuuecKkue oneparusnbie 3anNoMHHaKLMe
ycrpoicTea ‘

Aunamureckue onepamusnivie anomunarouiue yempoicmea (JO3Y) Tax-
Ke nporpaMM'upyxoTca M CUMTBHIBAIOTCA, NPEAOCTABISAR JOCTYI K-
undopmanum.

AnemeHTapHO#H Aveiikoit B guHamuueckoM O3Y GyneT sapsan -
Ha KOHAEHCATOpe, KOTOPbIH HYXHO IIOCTOSAHHO MOMIEPXKHUBATD
(perenepupoBaTh), HO IpPH 3TOM Il KOPPEKTHOM paboThI Tpe-
GYIOTCS TaK Ha3blBAEMbIE CUTHAJIbI PETEHEPALMH WIH [epe3arny-
cu onpeaeenHoi yactoTel. HyxHo TakxKe BHIGHPATh peXuM pa-
60Thl. B ciryuae BBIKJIIOYEHHUSA MUTAHUs BCA MHGpOpMaLUs TakKe
ctupaerca. 3ot By O3Y npuMeHsaeTca B KOMNbIPTEPax NMOJ Ha-
apaHueM auHammndeckoe O3Y (AO3Y), namm (DRAM - Dynamic
Random Access Memory). B Hactosimee Bpems stot Bug 3Y uMe-
€T CaMO€ MaJlo€ BpEMsi BBIOOPKH, 110 3TOi IPUYUHE U CaMyIO BbICO-
KYIO IpOM3BOAMTENBHOCTb.

NMocrosnNblie 3aNOMNUHANOLNE YCTPOHCTEA
C ynbTpachuoneToBbIM CTUPaHNAEM

ITporpaMMupOBaHUE NOCMOAHHBLY 3ANOMUHAIOUUX YCMPOTLCME C YAL-
mpaguonemosvin cmupanuem (YPIII3Y) ocymecTBrseTcs npu
GonbireM Hanpsxedun (12,5, 21 uan 25 B), koropoe noxaeTcs
Ha CreLHaNbHbIi BbIBOJ MUKPOCXEMbI. CYMTHIBAHUE JAaHHBIX OCY-
WIECTBJIsIeTCA ITPUBBIYHBIM crioco6om. [l Toro 4Tobe! CTEPETD
JaHHbIE B TIOCTOAHHOM 3aITOMHHAIOIIEM YCTpoficTBe ¢ yasTpadu-
oneToBbiM crupaHueM maMatu (YOIITI3Y, wan UVPROM -
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UltraVielet Programmable Read-Only Memory), TpeGyercst 06.1y-
YUTb YCTPONCTBO yIBrPad0NE€TOBLIMK JTyYaMU B TEYEHUE HECKOIb
knx MuHyT. [Toaromy OHU He ABNAIOTCA, KAK CTATUYECKME U JMHA-
yueckne O3Y, GblcTponecTBYIOMMMY YCTPOMACTBAMM. Bepxnsasa
yacTh KOPITYCa MUKPOCXEMbI COAEPXKHT CIIELIHATBHOE IPO3pauHoe
OKOIIKO, TPENHA3HAYEHHOE 11 MHOIOKPATHOTO CTUPAHUS M I110-
BTOPHOTO NPOTPAMMUPOBAHMS COAEPKMMOTO IIOCTOSHHOTO 3ATIOMU-
naiomero ycrposictsa (I13Y). 9t s31eMeHTH 04YeHDb MMPOKO NpH-
MEIISIOTCH, HECMOTPA Ha TEXHUYECKYIO IPOCTOTY.

NocrofinNbIe 3aNOMMHAIOLINE YCTPORCTBA
C INEKTPUHECKMM CTUPIHNEM

3necek peusb uaeT 06 yCTpoiCTBaX NaMATH, CIIOCOBIIBLIX COXPAHSATh
JaHHbIE IIPU OTKAIOYEHUM IUTAHMA. JIns nocmosansx saanomunaouux
yempoticms ¢ anexmpruneckum cmupanuem (ICIHII3Y), vum EEPROM -
Electrically Erasable Programmable Read-Only Memory) aausoro
THIIA [IAMATH, B TpOTUBONON0KHOCTE UVPROM, HanpsikeHue 11po-
rPaMMMPOBAHUA HE OTIMYAETCA OT HANPKeHUA nuTaHusa. bosee
TOro, CTUpaHue JaHHBIX IPOUCXOMUT ObICTpeE U IIpaKTHyHee, TaK
KaK OCYHIECTBISETCH JJIEKTPUUECKH, DJIEMEHTHI 3TOTO BHJIA MaMs-
TH, KaK U APyTHE, MMEIOT IIMHBI 3APECOB U JAHHBIX C OOHINMM KOJIH-
4eCTBOM BBIBOAOB OT 28 10 44. KommuecTBO BBIBOIOB MOXKHO 3Ha-
YMTENBHO YMEHBUIMTD (0 BOCbMH BBHIBOJOB) NPH UCMOIb30BAHNU
ABYXIIPOBOAHOI HHbI 115 coeaunenust MC mexy co6oit, ncnons
aysa mmHy I°C (IIC win IC - Inter IC).

Jyxnposoanas mmHa I’C cocToMT M3 agpecHOM MMHbI ¥ IUMHbI
JaHHBIX. Apec ¥ JAHHBIE IIOCTYAIOT OT OXHOM MUKPOCXEMBI K APY-
MM, COEIMHEHHBIX 110 muHe I*C, B.3aBUCUMOCTH OT HalIpaBIeHUS
nepeaayu JaHHbIX, K MUKPOCXEMe Wi OT Hee. Takoe ucronb3opa-
HUE MOCJEROBATENbHBIX LIMH 3peca M JaHHBIX PE3KO YMEHbUIAET
KOJIN4€CTBO BBIBOAOB NOCTOAHHOTO 3Y. IT03TOMY MHKPOCXCMBI MOX-
HO M3rOTABJMBATH C MAJIBIM KOJMYECTBOM BBIBOZOB (8 BBIBOOB
HEe3aBMCUMO OT eMKOCTH NaMsaTH), TaK KaK agpecHast IMHA U
MMHA AAHHBIX OGBENNHEHE B ABYXNPOBOANYIO wHHY cBsi3n [*C.
Bce naHHble HPOXOAAT 110 LIMHE JAHHBIX (SDA), cuuxpoumsu- .
pysch TakToBbIM curuanoM (SCL). roT Tin maMsiTH HauGosce
pacnpocTpanen ais paboThl C MUKpaKOHTpoiepaMu. B orin-
wie ot RAM 1 EPROM, koropbie sBsioTcs 3Y ¢ MPOU3BOIILHbIM

4.6495
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ne Roan Gedvesoid

"
JOCTYIIOM U MOXHO cPa3dy BhIOPATD JI06YIO AYEIKY, YTOObI 06pa§é
THUTBCA K KOHKPETHOM sueiike naMaty B 3Y sToro tuna (c ynpas-
nenneM no wuHe I2C), caeayet npoittn Bce s4eiiky, HaYMHas c
nepsoii. '

6.2. fipyrve nporpammupyembie cXembl

INporpammupyembie aoruueckue Matpuusi (IIM), pasmuanoii cte-
HEHH CJIOXKHOCTH, HMEIOT padauuHble Haspanua: PAL -
Programmable Array Logic (mporpamMmupyemas MaTpU4Has JJOTHKA),:
GAL - Generic Array Logic (Tunosas MarpuuHas joruka), EPLD -
Electrically Programmable Logic Device (roruueckoe ycrpoiictso ¢
3JIEKTPMUECKUM rporpamMmupoBannem), pLSI — Power Large-Scale
Integration (6oabiuas narerpanbHas cxema (BHIC) ¢ Bbicokum ypos-
HeM unTerpauum), ispLSI — Indexed Sequential Processing LSI
(BHUC c usaekcHo-IOC/IEA0BATEILHOH 06paGoTKoii MH¢pOopMannu).
UTOO6bI yIIPOCTUTD OMCAHUE, CIEAYET 3aNIOMHUTD, 4To ILJIM cocro-
AT U3 IOTMYECKUX 3/IEMEHTOB, CIPYINUPOBaHHLIX B MaTpusl. [1po-
rPaMMUPOBaHHUE 3aKTIOYACTCA B IEPEKUTAHNY «II€pEeMbIYeK», yCTa-
' HABJIMBAIOWIMX CBA3H MEXIy aneMeHTaMu. OTcoenuHeHre OHOro
M3 3JIEMEHTOB COOTBETCTBYET YCTAHOBIEHUIO JIOTHYECKOTO HYJIA.
MoxHo ckazath, 4o TLJIM - 310 MHKPOCXEMBI «XKECTKOI JIOTHKH»
noCIeaHero nokoieHus. Ha HMX MOXKHO npou3BecTH MOAEpHM3a-
LHMIO MPUHLMITHAIBHBIX CXEM Ha «KECTKO#H storuke». TIpu atom oc-
TAHETCH TOT JKE CaMblil IPOBEPEHHBII ATOPUTM PabOThI, HO HA HE-
CKOJILKO MIOPSIKOB COKPATATCA BEC U raGapHUThl yCTPOMHCTSB.

6.3. Muxpokonrponnep

MuxpokonTpostep (MK) ARISETCS OYEHD CIIOKHBIM YCTPOIt-
CTBOM, KOTOPOE CaMOCTOATE/NbHO BBITNOJHACT LE€/blii KOMILIEKC
onepaiuii. B ogHoM Kopryce (TouHee KpUCTa/LIe — Ha3BaHUE O
TEXHOJIOIMH M3TOTOBNEHNS) HAXOAATCS MUKPONIPOLIECCOP, ORUH
WY HECKOJbKO BUJAOB 3aNIOMHHAIOIIUX YCTPOMCTB, 1UppOBbIE
(vHOrMA aHanorosbie) yCTPOKCTBa BBOJA,/ BHIBOAA, OJIHO WIH He-

' CKOJIBKO CUHXPOHU3HPYIOIMX YCTPOICTB, ¥ APYIHE 3JIEMEHTHI,
BBINOJIHAIOWME MHOTOUMC/IeHHbIe (yHKIMU. [1oaHOE onucanne
3THX 3JI€MEHTOB BBIXOAMT 32 paMKM JAaHHOM KHUrU. Mmelite B



Muxpoxontponnep 99

BUY, 4TO CYIECTBYET GOJIBLIOE YHCJIO MUKPOKOHTPOJLIEPOB, KaK
¥ UX TIPOU3BOAUTENEN, U KAK/AbIH MUKPOKOHTPOJLIED BbITONHSA-
er cBou crnennduueckue pyaxunu. Kaxnas seaymas ¢pupma,
U3BECTHas 110 TOPTrOBOil MapKe, MPOU3BOJAUT TaKKe yCTPOHCTBA
JUISl TIPOTPaMMUPOBaHUA U NMPOrPaMMHOE OfecnedeHne, Mo3Bo-
AsSONee JIy41le UCIOIb30BATh BCE BO3MOXHOCTH ITPOU3BOAMMBbIX
MUKPOKOHTPOJUIEPOB U YCTAHOBIEHHBIX B HUX OPOTpaMM.
Haut6onee ussectust mukpoxoutpomtepnsl PIC ¢upmbi
Microchip®, Atmel®, Motorola® 1 mIMpPOKO U3BECTHOE CEMEN-
ctBo BASIC STAMP ¢upmnl Parallax®, u3 xoroporo HauGonee
HOMYJIAPEH Y 3apyOeXHbIX PALHOMIOGUTENEH MUKPOKOHTPOJLIED
B Buze mnatebl — BASIC STAMP 2. Jlpyrue ¢bupMbl Takxe npen-
JIaraloT CBOU MUKPOKOHTPOJUIEPH! pa3HOI MPOU3BOAMTEIBHOC
TH, HO Mbl HE MOXEM UX BCE NPUBOAMTH 3J€Ch, XOTA OHU MOTYT
IIOCOCTA3ATHCA B NPON3BOAMTENBHOCTH U APYTHX ITOKA3ATENAX C
BBIIIENIEPEYNCIEHHBIMU MUKPOKOHTPOJIEPAMHL....

'.4*



rnasall

BbiGop MMKPOKOHTponnepa

Hcpe,i Tem KaK NPUCTYNUThb K M3YUCHITIO g poBOit ANEKTPOHU
KM, cnen;ye"'r BHIOpATh MUKPOKOITPOMLICD cpean 60J1b1IOTO piAd
TIPEJIOKEHHUH 112 COBPEMEHIIOM paiike (puc. 7.1). Ou oynacr cy-
T OCHOBHDBIM YCTPOMCTBOM B H3JIOMEHVIN MaTepraia o MHK-
pOKOLITPOJTEPAM H COOTBCTCTBEHIO B 0630p€e THIIOBBIX CXEM 11d
_ MHUKPOKOHTPOJLIEPaX Ha BCEM OpOTsHKENMH KHUTH.

* pre1scs?
SiSS o

HSISS o
o93sCAP .

Puc. 7.1. MUKPOKOHTPONNED BASIC STAMP 2 CMS dmpmb! Parallax®



Bubop muxpokontponnepa 161

IIpu nepBoM pacCMOTpPEHUH, PYKOBOACTBYACH NPAarMaTU3-
MOM GOJIBIIMHCTBA HAIIUX YUTATENEH, MBbl MCKIIOYMIN CAMII-
KOM CJIOXKHBIE U CIIMIIKOM Joporue ycrpoiicrBa. B kayeerse
s13bIKa IPOTPAaMMUPOBAHMSA MbI BRIGpain HauGoJ1ee npocToii n
NOMHNATHBIN JJa’ke MKOJbHUKY A3BIK BASIC. IMocaenuum KpHTe-
pHEM, IO KOTOPOMY BBIGUPANCA MUKPOKOHTDOJLIEP, ABMICA
THI KOPIyca: HALIPUMED, I KBAPATHOM MHKpOCXeMBI C 68
spiBogamu (PLCC) - mo 17 ¢ xaxpoit us 4eTblpex CTOpPOH -
TsKeEJIO IPOBECTH Pa3BOAKY II€UATHOM IUIATHI, 2 TAKXKE pacna-
ATb IIJIAHAPHBIE BBIBOABI ¢ MIaroM He 2,5 MM win 2,54 MM, eciu
NPUMEHAIOTCA AI0HMOBBIE BEJMYUHB], a B 2 pa3a MeHbIIe.

B pesynbrate usbicKaHMii BLIGOP MaJl HA MUKPOKOHTPOJUIED
BASIC STAMP ¢upmsr Parallax® (cokpameHHO €ro Ha3bIBaIOT
BS2). Ou BhinyckaeTcs B npoaxcy B BUAE HEGOJBIIOL T€YaTHOM
IJIAThl Pa3MepoM C MHKpocXemy ¢ 24 BbiBogamu B kopinyce DIP.
DJIEMEHTBI 5TOTO MHKPOKOHTpOJLIEpPa BbINOJAHEHE! B BIjle CMS, n
NPaKTUYECKH BCE JIETKO pacnosHalorcs. OH cobpaH Ha OCHOBe
mukpoxoHTtpostepa PIC16C57, nepenporpaMMupyeMoii ocToss-
no# naMATH ¢ 3nekrpudeckum ctupanuem EEPROM tima 241L.C16
¢ gocTyniom no muHe ?C 11 HECKOJIBKMMU 31EMEHTaMH, KOTOPbIE
06eCneumBalOT €10 MHULMATU3ALMIO U Iepeady AaHHbIX IpH Ipo-
rpaMMupoBaHMH. JIByxcroponnne DIP-BBIBOABI [TO3BOJIAIOT BCTAB:
JATH €T0 B CTAHJAPTHBIH Jie pXKaTelb MUKPOCXEM, TaK Ha3bIBAEMYIO
KpOBaTKy, Ha 24 BbiBoza. Tak KaKk €ro KOHCTPYKLUA BU/IHA HEBOO-
PY>XEHHBIM B3DISIOM, 3TOT MUKPOKOHTROJLIEP O4€Hb MOJE3€EH C
TOYKM 3peHus s ekTrBHOro o6yueHna. B nansHeiimem Mbl 13y-
4UM CXEMOTEXHHYECKOE PEHIEHHE 3TOr0 MUKPOKOHTPOJIEPA Ha
xomnoneHTax DIL - ¢ AByXpAAHbIM PacHIOI0KEHNEM BHIBOJOB.

ITporpaMmsl st 3TOr0 MUKPOKOHTPOJUIEPA COCTABMSIIOTCS HA
yue6uom sseike PBASIC2 (aro ogua m3 pasHosuaHocteii BASIC,
paspaGoTaHHas cnenyaibo A BS2).

B 3TOM s13bIKE OCHOBHBIE (DYHKLMH MPOTPaMMHPOBAHHA IIpUMeE-
HSAIOTCA COBMECTHO C (pyHKIMAMY, MPEHA3HAYEHHBIMU 18 pabo-
ThI € BHENIHMMH YCTPOICTBaMI BBOJA M BHIBOZA. DTOT A3BIK IIpHMe-
HAETCA JAJA WCNOJb30BaHUA YCTapeBMIMX TunoB mamaru PIC
NPEABIAYIX MOAUGDUKALINIA, YTO OGBACHAET €ro BBHICOKYIO LIEHY.
Kpowme Toro, B MukpokonTposuiepax BS2 ne ncnosnnayercs cnenma-
JIM3UPOBAHHBIIT KOMITIJIATOP, KOTOPBII TAKXKE JOPOTO CTOUT.

’
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B ommmume oT APyrux A3IK0B, B KOTOPBIX (PYHKIMM ONTUCHIBAIOT
€ OYeHb POMO3JKO, A3bik PBASIC2 nmossonseT peaimsosaTs pas-’
HOpoxHble (PYHKINM OXHOI KOMAHIOM (COCTaBUTH HOMEp Tenedo--
Ha, BBLIBECTU OJHOBPEMEHHO [(B3 CUTHAIa C Pa3HOM yacToTOM Ha
OZVH BBIXOZ, CTEHEPHPOBATD WIM COCUNTATH KATMGPOBAHHBII M-
IyJIbC, MPEAOCTABUTD ABYXCTOPOHHMIA JOCTYN K AMATH, OOMEHATD
Cs1 JAHHBIMM T10 TI0CTIEN0BATENBLHOMY I1OPTY... ).
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XapakKkTepucTuKu
MUKpoKoHnTponnepa BASIC
STAMP 2

B 5T0i1 [J1aBe MBI PACCMOTPHM OCHOBHBIE XapakTepncTuki BASIC
STAMP 2. 3TOT MMKPOKOHTpOJLIEP, KPOME CBOEOGPA3HOIO BHEIL-
HETO BUJA B BUJE TUIAThl, O6JaaeT CAEAYIOIMMI XapaKTepPUCTH-
KaMH:

> 16 HE3aBMCHMBIX ABYXCTOPOHHMX BXOAHBIX M BHIXOJAHBIX Ka-
HAJIOB, KOTQPEBIE MOTYT OOECIIEUMBATh MAKCHMAIbHBIN TOK
20 MA (na1a 8 kaHAIOB MAKCUMAIBLHEIN TOK paseH 50 MA);
2 xaHana, KOTOpbIE NpeAHa3HAYEHbl JUISL CBA3M C PC mna
BBIITOTHEHHSA IIPOrPaMMHPOBAHNS;
2 xaHasa gocryna k namariu EEPROM;
1 xaHan HayanpHOM ycTaHOBKM ~ MHMIMam3anmy (Copoc);
BbICOKas CKOpOCTh a6mena: 20 MIr;
HanpsKEeHHe nuTaHus 5 wim 9-12 B B 3aBucuMOCTH OT
BHIIa MMKPOKOHTPOJUIEPA;
YCOBEPUIEHCTBOBAHHBIA A3BIK IPOrpaMMUpPOBaHUA
PBASICZ;
namate EEPROM 2 K6 (2048 6aiit) ¢ umnoi I2C ¢ Bos-
MOXHOCTBIO OTHOBPEMEHHOIO XpaHEHHA IPOrPaMMBbl, I1e-
. PEMEHHBIX H JaHHBIX;
> BO3MOXHOCTb CUMTHIBAHHA M 3AIUCH B ITAMATD, UCITOIb3Ys

MPOrpammy;

» GeCIIaTHOE MPOrpaMMHOE 0OeCIeUeHNEe Y MHCTPYKIMA 110

TIPOrpaMMHPOBAHHIO.

Y ¥ YYYY Y
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NMporpammupoBanue
MuKpoxoHTponnepa BASIC
STAMP 2 .

9.1. Nporpammuoe oGecneyenune

Iamsrs BS2, kak 1 Bcero MUKpOKOHTPOJUICPA, JO/KHA COAEPHKATD
IIPOTpaMMY, HAITMCAHHYIO JUIH YipaBiaeHus ycrpoiictsom. PakTtu-
4ECKM HYXKIO YCTAHOBHTD CBA3b MEXJY KomiibioTtepom PC u BS2,
YTOOLI BRECTH MCXOJMBIH KOJ, a TAKXEe MCKAIOUUTh BO3MOXKIILIC
ourn6ky. Komiranusa Parallax Inc npejuraract nposepenHyio npo-
rpammy STAMPW.EXE, KoTopas upcaHasHatieHna s paboTsl €
MUKPOKOHTPOJUIepaMu. Brl HalineTe 3Ty mporpamMy 1 Moxere
GecluaTHO cKauarb ¢ ¢ caifros hitp:/ /www.parallaxinc.com i
http:/ /www.dunod.com. Tem uuTaTensaM, y KOTOPBIX HET AOCTYTIA
B I/ln'repueT, 3TA HPOrpaMMa HPC/UIaracTcs Ha JUCKe CD-ROM, ko-
TOPBI HOCTaBIAETCA B HoMepe 243 xypuana «l IpaxTHycckas a/ck-
TpoHnka» (Magazine «Practical Electronics»). Haitth ero Moxno i
nouckossix cucremax MuTeprert, Haupnvep Google ut gpyrux.

ITporpamma STAMPW prmodacr 3 ce6st MOLIHBI 670K pe/TakTH-
poBariust 1porpamMM. Takxke 3Ta MporpaMma CIyKHT i [IpOrpaM-
MHpOBaHusA BS2, MHaMKaLin HCHosmb30RaAIINA BUPTYAIBHOI IaMATH,
cunTakcHyeckoii nposepku ssbika PBASIC2 1 sanycka ociionnoit
uporpamMmeL. Bo BpeMs BLITOIHCIMS NPORPAaMMb] MOMKHO 3aCTAaBHTh
STAMPW ppisoauTh 3HaueHus MepeMenunix 1a skpan PC ¢ nomo-
11pio koManan DEBUG. Bee koManin MOXKITO 3a1IyCKaTh € HHOMOMIbBIO
MKOTIOK Miu uyepes Menio. Ha puc. 9.1 1nokazano 0Ko nporpamMvib
112 9KPaie KOMITLIOTCPA.
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a»=  DECLARATIONS DE%
TR var  vord
vax  word
var mb |
var  mb
war  word
var word
war  word
con 380
cen 680
cen 1060
10

=]
A
=
>
R
~
P
~
-~

: IRTSIALIGATION
DIRS=20000090000011111
CITA=0

x=» HODE RESTITUTIOl Sowrce C :
EXECUTE- -
xfsinlﬂ-ﬂ then EXECUTE
RESTL:

lov 3 lew 4 gosub ¢
2t :al0«0 then PROG

1€ 3nl3=l thes REST1
Al gosnh SOX1
ROVLE

3f anll=0 then PROG

Puc. 9.1. OkHo nporpammbl STAMPW.EXE B HauanbHOW CTagnin nHCTaNNaumMmn

ITpu nmepsom ucno:ab30BaHUM porpaMybl STAMPW neodxoau-
MO HACTPOMTh IPOrPAMMY AJI pabOThI C UCITONb3YEMBIM MUKPOKON-
TposiepoM BS2 1 rocie10BaTebIbIM IIOPTOM KOMITBIOTEpa. Bo16op
MOCJIENOBATEILHOTO IIOPTA MOXKET OCYLUECTB/IATHCA ABTOMATUYECKIL
ITH HacTPOIKHM MOXKHO HaffTh Ha BKI1agke Pexakrop onepanwit
(Editor operation) ionMenio 3aganue napamerpos (Preferences)
memio ITpaska (Edit). 9ta Bxiajka mokasana na puc. 9.2.
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Puc. 9.2.0xHo nporpamme) STAMPW.EXE s koHburypauuu BS2 u paboTm ¢
NOCNeNoBATENLHLIM NOPTOM .

9.2. A3bIK nporpammuposanna PBASIC2

S3b1k nporpammuposanus PBASIC? overs, pasnoodpasen. Braroga-
p# 6osbimomy KosmryecTny BCTPOEHHBIX DYHKUMH 3TOT A3bIK JIErko
COUETAETCA ¢ MUKpOKOHTpOIEpoM BS2*, K COKANCHMIO, CLIeLkpU-
KALW A3b1Ka MIporpamMmuporanus PBASIC2 sanumaer mo 06bemy
KHHTY, TaKylo Xe Kak 3Ta. JJ1s JoCKoHatbHOTo M3Y4YEHHNA A3BIKA [10-
Tpedyerca ouens MHOTO BPEMEHH, [TO3TOMY Mbl ONIMILIEM B JAHHOMH
KHMUIE KPATKO OCHOBHBIE KOMaHIbI A3bika. UnTarenn, Xenaoumue
Gotee NOAPOGHO MIYIUTH STOT A3BIK NpOrpaMMHIpPOBAHMSA, MOTYT
u3yuHTsh daiin ST2_MAN.PDF, AOCTYMHbIH Ha cafitax Unrepuera,
CCBUIKM HA KOTOpbIE GbUTH A3HBI Bbime. B a1oMm Gaitne Ha aHDMiiC-
KOM SA3bIKE ONHCHIBACTCA NOHAS AOKYMeHTalua BASIC STAMP2.

* PBASIC2 6601 uanauansHo pa3paboran nMeHHo 15 MHKPOKOHTpOIEpa BSZ. ~ Ipunt. nays. bed.
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BBopHble uméuanuu

[Tepea TeM KaK Ha4aTh ONKCAHME BCEX KOMAHA, CIEAYET YTOUHKTD
HECKOJIBKO 00A3aTe/IbHBIX IIPABIJI 3TOI'O A3bIKA TPOrPAMMHPOBa-
puda. JIig JaHHOTrO A3bIKa NPOrpaMMHPOBAHMSA IIPONMMCHBIE U
cTpouHble GyKBBI He Pa3AeNATCA MeXIy coboit. Kpome Toro, B
OZIHTY CTPOUKY MOXHO 3aMHCBIBATL HECKOJIbKO OIEPATOPOB, pa3-
A€JIEHHBIX 3HAKOM «».

Koncranrsi

Koncmanmuy poJKHBI BBOAUTHCA B CaAMOM Hayajie MpOTPaMMBIL.
OHH MOTYT IpeACTaBIATHCA B UeThipex popmax. [lepen koncran-
TaMH IOJI)KHA MPHCYTCTBOBATH KOMaHAa con.
Numberl con 157 ‘9UCno  necsTUYHOE, "
‘ecnu nepen HMUM HeT
'HURKARKUX CUMBONOB

Number2 con %10011101 . ‘YUcno  LBOMYHOE,eCnu
‘nmepel HMM CHMBOI %
Number3 con $9D ‘dncno 16-puuHOg, ecnu
‘mepen HMM CUMBON $
Number4 con “3HadeHue:” ‘llocnefoBaTEeNbLHOCTE

‘CUMBOJOB, 3aKN0YeHHas
‘B  KaBHYKU

Nepemennsie

BeezeHMe nepeMEeHHBIX OCYIIECTBIAETCA 110 TEM JKE IIpaBuaM,
uT0 1 KOHCTaHT. [lepeMennbie xpauarca B O3Y, nocie HUX mu-
weTca ux pasmep. Ilepex BBegeHMEM nepeMeHHON CreayeT Ha-
nycaTh KOMaHJy var. -

Numberl var bit ‘nepeMeHHass Tuna 6uT
. ‘(1 6ur)
Number2 var nib ‘mepeMeHHass TUIa MNOAY-
‘6airt (4 6Hura)
Number3 var byte ‘nmepeMeHHass Tuna 6ant
) ‘(8 6ur)
Number4 var word ‘IlepeMeHHass Tuna CcJo

‘o (16 6ur)

Ta6nu1sl ONpeAensaIoTCA N0 CIeAyIoleii popme.
Counter var byte(4) ‘Tabnuua  pasMepoM
‘4 Ganra

KcraTy, Takke MOXHO OlIpesie/InTh IEpeMeHHble aliase, on-
peaensiouye 4acTh IEPEMEHHOA.
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Mernen

MeTkH IOMOTalOT ONpEAENINTh OllepaLyy IEPEX0a B IIPOrpaM-
Me. OHM HOAYMHAIOTCA CTPOTHM NpPaBIIaM: .

» cocToAT U3 GyKB U LMp;

> He JOJUKHBI MMEeTh HpOoGehi;

> METKaM 3alpemaeTca NpUCBauBaThL HMEHA KOMaHL,
» METKH ZOJKHBI HAUMHATBCS C HOBOH CTPOKH;

» METKH JOJ/KHBI 3aKaHUYMBATHCA ABOETOUMEM,

Bo Bpema nocieayommx 3anpocoB ABOETOUNE CIeAyeT YopaTh.

Kommenrapumn

KomMeHTapuu MOXXHO BBOAMTH HA BCIO CTPOKY WJIHM ITHCATh B KOH-
ue crpoku. Ilepen kommenTapuaMu nuumercs anoctpod (*).

IMpu Hamicauuy porpaMMbl WM B TOTOBOI [IpOrpaMMe KoM-
MEHTApHM OYeHb I10JIE3HbI: OHM NO3BOJSIOT B OG0 MOMEHT pasos-
"PaTsCA B NEPEMEHHBIX ¥ YMOJAKMIOUEHUAX, KAK CAMOMY ITpOrpaM-
MMCTY, HanuCcapuleMy IIPOTpaMMy, Tak M J0OOMY Apyromy,
IOKeJIaBIeMy pa3o6paThCa ¢ TEKCTOM nporpaMmel, K1 camelii mias-
HBIH apPTYMEHT B MX I10JIb3y: OHH MPUCYTCTBYIOT TOJIBKO B [IPOTpaM-
M€ peZaKTHPOBAHUA U HE 3aHMMAIOT OGLEMA IAMATH.

Jlornueckue n apncpmemqecxué oneparopsi

B PBASIC2 MaTeMaTuueckue OnepaTopbl BHITOJHAIOTCS 10 CBO-
€My HanMCaHHIO, TO €CTh CleBa Hanpaso. B apyrux a3sikax npo-
rpaMMMpOBaHHA OIEPALH IPHAEPKHBAIOTCA IIEPBOOYEPETHOC
TH BbluMcIeHuit. TeM He MeHee BO3MOXHO M3MEHMTH IOPALOK
CY€Ta C IOMOUBIO CKOGOK.

PesynbTaThi BLIMUCNEHWUIA BLIBOAATCH 6€3 AeCATUHHbIX Aoned,
TONbKO Uenbie 4ucna,

Mpumep: 12 + 3 x 2 / 4 2370 3HAuuUT:
12 + 3 = 15 =» 15 x 2 = 30 =» 30 / 4 = 7

A He 7,5, xaK 10J/DKHO GBUIO GBITH IO NIPaBHJIAM cyeTa!
Huxe HpeﬂCTaBJIeH CITUCOK OHCpaTOPOB: .
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JloruuecKkmne u ycnosubie

DT OLEPATOPDI ONIPCAENSIOT TIOPALOK IPUOPUTETOB (11IepBOOYE-

PEAHOCTH).
NOT
AND
OR
XOR

H-HE (npuopurer 1)

V1 (mpuopurer 2)

HIIA (upuoputer 2) _
HCKJIIOYAIOIEE MJIN (npuopurer 2)
Pasno (mpuopureT 3)

He pasno (npuopurert 3)

Menpine (npuopurer 3)

Bosbie (mpuopurer 3)

Mecnbie nnu pasno (upuophrer 3)
Bousbue van pasuo (ripuopureT 3)

Oneparopobi aprymenra

ABS Moayas aprymeHTa

SQR Kopesb kBagpaTHBIN apTyMeHTa

DCD IpeobpasyeT ACCATHUYHOC YUCIO B IBOUYHOC

NCD IIpeobpasyeT JBOMYHOE YUCIO B JECATHUHOE

SIN Hononuenne no 2 x 8 6uTaM cuiryca yIa, BbIpaxkcil-
HOTO B OUIIApHbIX pajiaHax (brad)

COS Jononsesne 10 2 k 8 6UTaM KOCUHYCa yIJia, BbIpa-
MEHHOTO B OMIAPHBIX paHaHaX

- Jlononnenye 1o 2

~ Jlononuenue 10 1

ABoiinble aprymeHnTo

+ Caoxenue

- Berawranue

/ Jenenue nensix yncen (BosspaniaeT 4actTHoOE)

// Jlenenue neapix uucesn (Bo3BpamacT 0CTaTOK)

* YMmHoxenue 1o 16 6ur

**x YMHOKCHHE, BO3BpAlIaeT U30LITOK cBbilie 16 6uT
(crubHOE KO/I0BOE CI0BO)

*/ YMHOXKeIHE, [T0KA3bIBAET C1ad0e KOJ0BOE CIOBO

MIN Orparnyuenue Beuniibl CHU3Y

MAX OrpaHuuciye BeJIMYHHBI CBEPXY
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DIG BoiBoj tmphl 110 3anpamuBaeMoit O3UIUM -

<< Cngur BieBo

>> Casur snpaso

REV Husepcna onpeneseHHbIX GUTOB 4KMCIa, HAUMHasA
cripaBa

& Jlornueckoe M1 AByX umcen

[ Jlornueckoe MJIH aByx umcen

N

HCK/IIOYAIOMEE-VJIH nByx uscen

Komanani PBASIC2

Krnaccrdukanms no GyHKIMAM 03BONAET Pa¥bACHUTD MCIIOJb
30BaHMe KaxAOH KoMaHabl. KoHeuHO, MbI HE CMOIIM B IOJIHOIM
Mepe POKOMMEHTHPOBATh KAXJI0€ ONMCAHME, HO YAIIE BCETO B
OIMCAHME BKIIOYEH IPHMED POrpaMMUPOBAHHSA, KOTOPbI IOMO-
FaeT NOHATH MCIIOb30BaHNe KOMaH/IbL. HeckobKo 60l C10XHbIX
KOMaHJI CBA3M ¢ H0JIe€ HACHHIIEHHEIM CHHTAKCHCOM TONbKO YIIOMH-
HAl0TCA ¥ CONPOBOXAIOTCA BCETO JINIIbL OAHOI CTPOKOLT IosCHE
HMIA. ITH KOMaH/bI HE MCIIONB3YIOTCA B JaHHOI xuure. Yuraren,
JKeJIAIoMe YITyOUTh CBOM MO3HAHMA, MOTYT OOPaTUTHCA K MHCT-
PYKILIHH 110 MCHOJIB30BAHMIO MUKPOKOHTpoutepa BS2 wm k kau-
ram, yKaaaHHbIM B GuGarorpadum.

Nepexonb!

BRANCH

ATa KoMaHza oueHb noxoxa Ha koManay CASE B apyrux siapikax
nporpaMMupoBanusa. OHa OLEHMBAET BRIPAKEHUE IlepeMEHHON
index 1 MpoxOJIKAET BHIMIOIHEHHE IIPOrPAMMBI C COOTBETCTBYIO

Eero anpeca CIINCKa.
BRANCH index, [ampec 0, ampec 1,..agpec N}
index : oleruBaeMasi nepeMeHHas.
angpecO, 1, 2,. : MeTka, yKasHBavmas agpec nepexona

IpOTrpaMMH.
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O3dayaeT: ECAY XXX PaBHO TO BHIONHEHME NPOTPAMME NDPOAON-
agpecoM adr0,
TOU BRNONHEHKE MPOTPaMMH NPOJOM-
agpecoM adrl.
TO BHIIONHEHME [IPOTPAMMH [POLON-
anpecoM adr2.

0
KaeTcs C MeTKU C
Ecmm XXX paBHO 1
¥aeTcs ¢ MeTRM ¢
Ecny xXX paBHO 2
FaeTCH C MeTKM C

lipsvep: BRANCH xxx, {adr0, adrl, adr2]

GOSsuUB

KoManaa nepesoauT K BBIIOJHEHHIO [IOANIPOrPAaMMBI, paciio-
JIOXEHHOW B CTPOKE € METKOI etiglab. Ilporpamma Moxer co-
AepxkaTb 255 noanporpamMm u 4 ypopHs Broxenuil. Boappar x
OCHOBHOM NPOTPaMMe OCYIIECTBIAETCS IIPU IOMOIM KOMAHIbI
RETURN. "

GOSUB etiglab
- etiglab : MerTka, TARe HaxoguUTCa mnoanporpamMa.

GOTO

Komanza nepeBoRHT K BBIITOJHEHUIO TTOAIIPOrPaMME!, pacIono-
JKEHHOI1 B CTpOKe ¢ MeTKoii etiqlab. Komanasl, ocymecrsasomeit

Boanpa'r, HE l’IpCILYCMOTpCHO.
GOTO etiglab
- etiglab : MeTka, rOe DOOMEHO NPONONXATBCA BHIOMHEHME IIPO-
TPaMMH . '

JF...THEN

OueHuBaeT yCI0BHeE € [I0OMOMIBIO ONepaTopa cpasuenus. [1pu sul-
[IOJIHEHUH YCIOBMA IPOrpaMMa NePEXOAUT K BhITOAHEHHIO CTPO-
KM ¢ agpecoM etiglab. OnepaTopsl cpaBHEHUS MOTYT OLITH CJIEAY-
IOMHMU: =; <> <; D) <=3 D=,

IF condition THEN etiglab

condition : Bupa®enue pona, Hanpumep, Bupaxenue X=7
MOXET OLEHMBATLCS Kak MUCTUHHOE UIM Kak

. NOXHOE .
etiglab : Anpec, Ha KOTOpHIT IepexomguT nporpamma,

eCnIM yCnoBUe SiBNSIeTCsH MUCTUHHEM.

RETURN

KoMaHza BO3BpaTa M3 nOANPOrpaMMal.
RETURN



112 fnasa. m 9 Mporpammuposatine mukpokowtponnepa BASIC STAMP 2

Linnb:
FOR ... {STEP}... NEXT

Co3snaer LUK, B KOTOPOM CTPOKH, HAXOAAILMECS MEKAY KOMaH-
zamu FOR 11 NEXT, BeInoAHS10TCA NOBTOPHO. Beluncienus npo-
NCXOAAT CTOJIBKO pags, CKOJIBKO 3HAUE€HUH IIPUHUMAET NEPEMEH-
Has UMKIa, OT HAaYaJbHOTO 3HadYeHus debut 1o koHeuHoro end.
HIar nepeMeHHOM LHKIA MOXKET ObITh KAK NOIOXHTEIbHBIM, TaK
¥ OTPHILATEIbHBIM. : )

FOR nepemetHas = Hauano TO koHeu (STEP mar: .. NEXT

niepeMeHHast - Hepemem-xas, Mcnor:mye_mas B XaveCTae <cyeTuuKa.

Hauano : HauasbHOE 3HAuUEeHMe LePEMEeHHON.

KOHENl : KOHeyHoe 3HaueHMe NepeMeHHON.

rar : MNPOU3BOMNBHHI mAr NpMpameHUss (CONOXATENbEE/ #“mM OTpUua

TEJIbHHA) .

IipuMep: FOR I=0 TO 10
DEBUG *“3nauewne 1 paBHo “,I
NEXT

Uudponbie xomangbl

LOOKDOWN

9Ta KOMaH/ja CPaBHHUBAET 3HAUCHUE TIEPEMEHHOMA € BEIMYMIIAMHU
13 cimcka, IIpu BrInosHennm yeaoBys, 3a1aiHOrO QAHHM U3 olle-
PaTOpOB CPaBHEHHS, ICPEMEHHOI TIPHCBANBAETCA HOMED Mep-
BOi1 BEIMYHMHBI U3 CMIMCKA, YOBJAeTBOpsOwWei yerosuio. Ecan au
OJIHO 4HCJIO M3 CIIUCKA HE YAOBJIETBOPSAET YCJIOBUIO, TIEPEMCHHAS
He (13MeHseTcs. OnepaTopbl CPAaBHEHMA TC XE CAMDIE, YTO M V1S
xoMauzs! JIE..THEN. Eciu oneparop He yKasaH, TO IO YMOJ4a-
HHIO TIPHMEHAETCS onepaTop «=». Hymepauusa nnjnexcos HaunHa-
erca ¢ 0.

COKDOWN  sHavenme, (Yciaosue,}([valO, wvall, .wvalN],
pes3ynbTar ’
“HAY2HUE : 3HaueHMe, CpaBHMBAEMOE B CIXCKe. )
Yeposue o OnepaTtop cpaBHewus =, <>, » , <, >=
<= "
'
va'v, vall . valN : Cocrasrsior CHOXCOK 3HAYeHM.
PedyTHLTAT ¢ [IepeMeHHast, B KOTOPY®. 3ArDYyKaeTcsl HOMep

1
MHAEKCA B CJy2ae UCTUMHHOCTH CpAaBHEHMA.
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llpuMep : 3HaveHue var byte
PezynpTaT var nib
3Havenmne = 17

pesynbrar = 15

LOOKDOWN 3nauenme , [26,177,13,1,0,17,99), pe-
3yAbTaAT

DEBUG  “HoMep HuOekcCa :”, HOeCSTUYHHI pe3ynbTar,
®  cnmucka”

LOOKUP

Jaxuas koMaR/a 10 HOMEPY HAXOAHT BEJINYMHY M3 CIINCKA U Opy-

CBAaMBAET €e 3HAYEeHME nepeMeHHoM resultat. Ecan nomep 6oib-

1e, YeM HOMEp NIOCeiHEl BEJTMYHHBI B CIIMCKE, 3HAUEHHE Tiepe-

MEHHOi He uaMeHsaercsa. Cnucok MoKeT copepkarth 255 uncern.

Hymepauus nngexkcos HaunHaetcs ¢ 0.

LOOKUP wunpexc, [valld, vall, .., valN], pesynsTar

- MHOSKC H Paur 3arpyxkaemMoro 3HauvdeHusl Chnmcka.

- val0, wvall, . valN : CocTaBfsioT COMCOK 3HaYeHM.

- pesynsTaT : IlepeMenHasl, B KOTOpy©L 3arpyxaeTcsl 3Haue-
HMe ClIOucka, COOTEETCTByDﬂ.lee MHLeKcy .

TlprMep : MHOSKC var byte
Pe3ynLTaT var nib
MHEeKC = 3
pe3ynbTaT = 225
- LOOKUP wuumekc , [26,177,13,1,0,17,99], pesynsrar
DEBUG “MHOEXC :7, OeCsaTWMHBM MHOexXC, * , OeCsTUu-

HEI1 pPe3ynbrar.

RANDOM
reneprlpyCT c.rryqaﬁﬂoe YUCao0.
RANDOM pe3synsTaT

- pesynsTar : [epemennass tTuna “byte” umm *word”,
B KOTOPOM HAXONMUTCSI pe3ynbTar.

Ynpasnensie Un(ppoBLiMH BXOJAMKU/BBINORAIMN

BUTTON

Ilalll-laﬂ KOMAaHJa BbUIOJHACT cpynxumo 3aHTHI OT HEXEAATENb-
HOTO npc()eara KOHTAKTOB, BO3HHUKAKOIETO NPH HEPCKITIOYCHNN
KOHTAKTOB KHONKHM. OHA BBIIONIAET TAKXKe (py)'ll(U.HIO 4aBTOHOB-
TOPA M HEPEXOAA K CTPOKE NTPOIPpaMMbl ITOCHE IHUKATHA KHOTIKU.
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BUTTON BHBOMO, COCTOsIHME, 3alepxKka, CKOpoCcThb, Mepe-
MeHHasi, MMIIeHb, agpec.

BHBOO : oT 0 po 15. BxoZHOM BHBOO, K KOTOPOMY
nomk/jloyaeTcs: KHOIMKAa. :
cocrosinme : 0 wumm 1. JloIrM4eCKkoe CoCTosiHMe IpH
_ HaXaTUM¥ KHOIKU. '
3afepxka : orT 0 pmo 255. 3amepxka nepen aBTONOB-
TODPOM.
Eciu = 0, To ¢yHKIMA aBTONOBTOpa OTCYTCTBYET.

Ecnmu = 255, To mpucyrcrTByeT OyHKIMS anTuapedbez-
ra, HO OTCYTCTByeT ¢yHKUMS AaBTOMOBTOPA.

.ckopocTs : or 0 mo 255. KommyecTBo LMKIOB “ BUTTON ~
Mexnmy JABYMS NOBTOpaMMA.

nepeMeHHast : Pabodee IMPOCTPAHCTBO. HONKHO MHULIMANM-
3MPOBATHCs 3HavenueM (0 B Hauane

mmens : 0 miam 1. Jloruyeckoe COCTOsiHMe KHONKM (0=

HEHaXaToe COCTOsIHMe ; 1= HaxaToe COoCTosiHue) nis

nepexona K amnpecy.

Ampec : MeTKa, Ha KOTODYD MEPEKIoYaeTCs IporpaMMa

Mo HAaXaTHH.

TNpuMep : espt var byte
espt = 0
LMK :

BUTTON 7,0,255,250,espt,0,s0-s0
DEBUG *“ * *

S0-S0O:

GOTO umMkn

COUNT | .

Cuwuraer uncio ¢ppoHToB UMITYIBCOB (HapacTaowumii — ot 0 k 1
WM cnajgaouuii — ot 1 k 0), nocrynaromuyx Ha BXoJ 3a onipefe-
JIEHHBIH MHTEPBAJI BPEMEHM.

COUNT BHBOJ, NOEPUMOX, De3yNnLTaT

BHBOL : oT 0 mo 15. Bxoowo¥ BHBOX, Ha KOTODPOM
- ByneT BHOONHATHCS CYeT.
nepuon : oT 1 mo 65535. [OIMTEensHOCTHL CcyYeTa B MC.
pe3ynsTaT : IlepeMeHHasi, B KOTOpOoR OyneT CoXpaHeH~
pes3ynsTar.
NipuMep: COUNT 4, 1000, cuyer
HIGH

IlepeBoauT ONpeEECHHDBIN BBIXOA B COCTOSHHE JIOTHUECKOH 1.
Ec/mi xoMaHAy NpMMEHUTS K BHIBOAY, KOTOPBIH paGoTan kak BXOA,
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OH aBTOMATHYECKH CTAHOBUTCS BBIXOOM. YcTaHaBAMBaeT B 1 co-
orseTcTByIowKe 6uThl peructpos DIRS n OUTS.

HIGH BHBOQO

peBog : or 0 o 15. BHXOOY MNIPMHYIOMTENBHO
IpuCBau“BaeTCsl 3HadeHue 1
IpUMep: DERBUG *“Nlepen : “, cr: DEBUG binl6? dirs, binlé?
outs, c¢r, cr
PAUSE 1000
HIGH 4
DEBUG “Mocne : “, cr: DEBUG binlé? dirs, binlé?
outs
INPUT

Kondurypupyer onpeaesieHHbI BLIBO/L HA BXO/l. YCTaHABINBAET

B 0 cootBercTBytomue 6uThl peructpa DIRS.
INPUT BHBOZL

Buog : oT 0 go 15. BuBom, KOHOUIYDMpYeMHIR Ha
BXOL,.
NpuMep: INPUT 5
Low

[TepeBoaur onpe/ieIeHHBIA BBIX0/| B HU3KOE JIOTUYECKOE COCTO-
sune (0). Ecan xoMaHZy HPUMEHUTE K BBIBOIY, KOTOPBI padoTan
Kak BXOJl, OH aBTOMAaTHYECKN CTAHOBUTCS BBIXOJOM NYTEM YCTa-
HoBKY B 1 cooTBeTCTBYyIOmEro 6ura perucrpa DIRS. Yeranasmm-
Baet B 0 cooTBeTcTByIomMe 6uThl perictpa QUTS.
LOW BHBOZ
BuBon : OrT 0 mo 15. BHBOL, yCTaHaBAIMBAaEMHN Ha
HU3KUFA YDOBEHb.
IipuMep: DIRS = %10000
DEBUG *llepen: *“, cr
DEBUG binlé ? DIRS, binlé 2 QUTS, cr, cr
PAUSE 1000
LOW 4

DEBUG “locne: *“, CIr
DEBUG binlé 2 DIRS, binlé ? OUTS



116 Inaea m 9 Mporpammuposanme mukpokorTponnepa BASIC STAMP

OoUTPUT 4
| ;
KoupHrypupyer onpeneneHHslil BbIBOA 114 BbIXOJ. YCTalan 1Bai
X
€T B BBICOKOE JIOTHIECKOE cocTosHMe (1) coorsercrayommne GuTh
perncrpa DIRS.
CUTPUT BLBOL - v
3u802z : or ( rmo 15. 36303, KOHGUIYDMDYEMUd Lia
BHXOD.
lipumep: CUTPUT &

-PULSIN

M3M€pﬂ€T AJIMTENABLHOCTD HMITyJIbCA Ha BXOJC C TOYHOCTBIO IO 2 MKC.
DULSIN BRBOK, COCTOsIHKWe, pe3ynnTart ’
puBold : or (0 zZo 15, BeBOZ, CKOHQUIYPUPCBAKHHN HA

BXOM, H& XOTOPOM BHIIOJNHSETCs M3IMEPEeHMe -
TEJNLHOCTH MMIYJNLCa.
cocTosiive : 0 wnx 1. VxaswmaeT, HauKEaeTCHA A

uaMepsieMH¥ KMniysieCe ¢ 0 zmo ! (cocrostiue — 1), *
unx ¢ 1 rpo 0 (cocrosHne = ().
pes3ynnTaT : lepeMeHHasl, 3 KXKOTOopvo OyLeT 3aIPyXeH

DEe3YRLTAT W3MELEHUsI B eNMHHNIEX, COOTBETCTBY-
CHMX 2 MKC. MakcuMansHas SIKTCONLHOCTL 34lep -
XKW OxMEarus coctasnsger 0,137 c¢. llocrne 2Tomn

3aZepxXKy : pesynsrar = 0. Cleuyer KCLOAB30BATL He-
DeMEHHYI COOTBeTCTRYLUEero Tulla, B I[pOTKBHOM
cnyuae pes3ynbTaT Oyler yCeuYeHEbM.

Ipumep: tps var word

.
else:
PULSIN 7, 1, tps ‘' UzMmeperme Ll - nonoxu-
‘TCALHLYE  MMITY ISC
If tps = 0 then eme ‘ Ecam 0: 1iosoe
‘uaMepen7e
DEZUG clis,dec ? tps ‘ B TDOTUBHOM
‘cnyyae: orobpakeHue
‘pesyabrara
GOTO else 'HOBOEe K3MepeHie
PULSOUT

[eHepHpyeT UMIY/ILC JIMTEALHOCTBIO OT 2 410 131 MKC, onpese-
ASIEMBIN € TOYHOCTBIO O 2 MKC.
PULSQUT ssunol, HIMTENLHOCTL
BeizoZ : oT (O zo 15. BuBOL I0Ja4YM WMDY I:Ca.
O-UTEnBHOCTL : oT 0 1o 65535. BHPAKACT aAmUTOR:
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HOCTL MMIynbca B eOVHuUAx, KPAaTHHX 2 MKC.
JipuMep: PULSOUT 5,50 ' UMMy nsC  AAMTeNbHOCTHI
1000 MxCc Ha BHBO#e 5.

REVERSE

l'IepelouoqaeT HaﬂpaBJIeHHe JAHHBIX HA OHpeAeHeHHOM BbIBOJIC.
REVERSE BuBoOn& . ’
BHBOO : OT Mo 15. BHBOMO, HalpaBleHue KoOTOpOTO
nonxHo OHTL mnepexknLyeHO (BXOA MMM BHXOMO) .

TpuMep: ouT2 = 0 ’ 3anucHBaerT 0 B 6ur 2

‘peructpa “OUT’

else:

PAUSE 200 ‘' 3amepxka OIUTENLHOC-
‘Teio 1/5 CexyHZH.

REVERSE 2 ‘! IlepermoyaeT Hamnpasie-
‘Hue BHBOOA 2.

GOTO else ‘ BeCKOHeYyHOEe 3aUuKIu-

‘BaHME MTPOTDaMMH

TOGGLE

VHBEpTHPYET JIOTHYECKOe COCTOAHHE BBIBOJA U B CITyYae Heob-

XOAMMOCTH KOH(DUTYPUPYET €ro KaK BbIXOJ.
TOGGLE BHBOQO
BuBOn: oT 0 no 15. BuBOM, COCTOSIHME KOTODPOro
OONKHO TepeKNoYnUThesi. Illepeknoyaercsi CocTosi-
HME CcooTBeTCTBYmero 6H6uTa B perucrpe

“QUTS". BuBOJ NPUHYIUTENBLHO INepeBoauTCs
B COCTOSIHUE BHXONA& YCTAHOBKOW Ha 1 co-
oTBeTCTBYOmEro 6ura peructpa “DIRS”.
Npumep: lead . var nib ' nepeMeHHas cueTa
else: .
for lead = 1 to 3 ‘ CeBeTooMOOH Ha
‘BuBozax oT 0 Ao 3.
TOGGLE lead . Tlepekno4eHue OILHOTO
‘U3 BHBOOOB
debug cls,bin4 INA ' OrobpaxeHue Ha
‘3Kpane [IK
pause 200 ’ ' 3Banepxka B 0.2 cC
next : ! Cnemyommiti BHBOX
goto else ' BeckoHe4HOe 3aluKIu-

' BAHUE
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“t

Xour

Komanza, nosBosisiommas nepe/iaBaTth jalbie 1o nHrepdeiicy X-10:
(IMCTaHUMOHHOE YNIPaBEHNE AeBHanMeil (M3BMEHEHIEM) Hecy-:
et 4acToThl). YCTpoiicTsa, NOAAepKUBAIOIME JaHHbIH HHTEP
¢eiic, To HAMM CBEJEHNSIM, NIOKA He npofaoTca bo Ppannnu,;
HO WHPOKO NPUMEHAIOTCS B MUpe.

NocneposarensHan nepefaya AaAHHbIX

SERIN

IMocnenobarebHbIi aCHHXPOHHDIH IPHEM JaHHBIX. ITa KOMAH/A,

' KaK ¥ TPH NOCIEAYIOIMX, TpebyeT OnMcaHus G0JIbIOro Y1Ca ma-
PaMeTpPoB, 0GBACHEHNE HAa3HAYECHIA KOTOPBIX BbIXOIUT 32 PAMKU
KHuru. UnraTesy, xesaiomue y3Harh Go/blle 0 JAHHBIX KOMaH/ax,
MOTYT OPOYNTATh HHCTPYKLMIO BS2 1y oHy 13 Tpex KBur, npu-
BEJEHHBIX B 6uGIHOrpaduu.

SEROUT

IMocnenoBatenbuas ACMHXpOHHAA nepciayda JaHHbIX.

SHIFTIN

IocaenoBaTenbHbI CHIHXPOHHBI NpUEM JaHHBIX:

SHIFTOUT

HOCJICHOBaTeJIbHa.H CHUHXPOHHAA Nepejlaya TaHHbIX.

YnpaBnenne aHANOTOBLIMM BXOAAMW/ BLIXOAAMY

RCTIME

OrnpezensieT BpeMs, B TE€4EHHE KOTOPOro BXOJHOI BBIBOJ TOJ-
JNEPKUBAET CBOE COCTOAHME. JTa KOMAHAA, [MIaBHBIM 06Gpa3oM,
HCHOABL3YETCA LISl ONPENEIEHNAS BPEMEHH 3apsaja-pas3psana KOH-

aeuncaropa RC-uenn.
RCTIME BHBOL, COCTOsiHuME, pe3ylbTaT
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BeBOL : or O po 15. BHBOJL, Ha KOTOPOM BHIMOMHS-
eTCcsi u3MepeH#e.
coctosaume : 0 wam 1. CocTosiuMe BHBOOA BO BpeMs
uaMepermus. (1 = C, NOUKIOYEHHOMY K
Hadpsikedyo +5 B; 0 = C, NOAKNIOYEHHOMY K
«3eMne»)
pesyasrar : or 0 mo 65535. Pe3ynbTaT H3IMepeHAs,
BHPAXeHHHE B eMHMIAX, KDPAaTHHX 2 MKC.
Ecnu nOpM NDOAOKNNYeHMM KOHAeHcaTopa OHnNa HapymleHa ero
IOMISIPHOCTBL, TO <«pesynbrar = 1», Tak XKak NnoHagobuTcs
OOMH UMKN fONs1 HAaXOXKHOeHUsS 3ANPOWEeHHOTO COCTOSIHMS.
Ecnu Bpems 3apsna IMpeBHllaeT MaXCUMANBHYD
anurensHocTs (131 Mc), To «pesynsrar = 0», TaK Kax
JanpomeHHOe COCTosiHMe He 6ymer nony4dedHo. dopmyna
npubnusuTeNbHOrO pacyeTa sBIseTCs clemyolmeit:

PeaynbraT = 602 * R (B KOM) * C (B MKQ)
IpuMep : result ver word ‘ IlepeMeHHass nOnusi pe-
) ‘3ynbTaTa. :
HIGH 7 ' Pa3psim KOHOeHcaTopa
PAUSE 1 '* . B TeyenHMe 1 mMcC.
RCTIME 7,1, result ‘ VizMepeHue BpeMeHu 3a-
‘DSIOKNA.
DEBUG ? result * OrobpaxeHUe pe3ynlb-
‘TaTa.
PWWI

IMepeBoauT unppoBLIe AaHHBIE B AHATOTOBOE HANPsKEHME NOo-
CPeACTBOM IHUPOTHO-UMNYIbcHON Moayaauun (IITHM) nenm 3a-
pana-paspaja RC-uenn. Ciaenyer peryasipHo OGHOBIATE BbINOJ-
HEHME KoMaH/Ibl, 4TOOBI TIOAEPKATH 3apsa] KoHAeHcaTopa. [Tocre

BbINIOJHCHUSI KOMaHAbI BbIBOJT pa60Tae'r B KAQUECTBE BXOoAa.
PWM unu WUUM BHBOO, OTHOmDEHMe, LUMKIH

BHBOOg : oT 0 pno 15. BuBonu, Ha goTopuwe 6ymer
nomaBaThLCs  MoAynupyemoe HanpsixeHue.
orHomenue : or 0 pmo 255. IepeMeHHasd, YKa3HBaDmAs
YPOBEHL BHXONHOLO Hampsixenuss (Mexmy 0 m 5 B).
dopMmyna onpeneneHust Hanpsixeuusi: U = (3Hade-
uue/ 255) * 5 B
UMK : oT 0 mo 65535. VkazHBaeT NPpUBIU3UTENLHYR

OMUTeNbHOCTL HaNpsiXe-HMs DaraMuM  gAuTeNbHOC-
ThO 5 mMc.

NMpumep: else:
PWM 8,100,40 ‘40 wmxmoB (100/255)*5 B B
PAUSE 1000 ‘ 3anepxka MTEeNLHOCTER B 1 C

GOTO else
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3ByKm

DTMFOUT

IEI!CPPIP}’CT Q'T()lIaJIbIIbPC T(’)JlC(t)()HlIbIC NMOCBUIKY YaCTOTDLI §
craijlapre DTMF*,

DTMFOUT BmBoL, {tp TpoMxuit, Lp Tuxun, }{xmapuza,
X.iapxuma, ..}

- BEBOL OT 0 pmo 15. BeXOZHO! BHBOZ, HA KOTORLIA
IOHAKRTCS  IOCHJIKM  4aCTCTH.

Lo BuCOxMM : oT 0 Z0 65533, [AMTenbHOCTL TOHANL-
HOCTK. 3 Mc. 20C MC 110 yMOIYaHMD.

Tp Texs @ oT O zo 65535, AIMTEeNLHOCTDL TPOMEXKYT - 4
K& TUEVHE MeXLY LBYMS TOHANBLHOCTSIMA B MC. -
50 MC 0 YMONYAaHKD. .
Krasuma o o7 Q0 no 15. CooTmeTcTBre TenedoHHHM
xnasymavm. ot 0 pmo 9 = Ukopwd.
10 = 3Beszouka * ; 11 - llwes % ; or 12 nmo 15 =

KOMOEKM OT A Zo D,

dpmep: DTMFCUT 3,[6,2,4,8,3
DTMFOST 7,500,100, /6

FREQOUT

lloxaer rapMOBHUECKMIt CUPHAT MM JIBa FApMOIMYECKIIX CHTHa-
/14 OJHOBPEMEHHO ON Pe/ieIeHHOM JTMTEIBIOCTH Ha OJIUI BBIBOJ.
Jlns 70ii komananl Tpebyercs RC-puanrp, utobn ordunsrpo-

BATDL CH}IYC ()HJI}'. i

FREQCUT s=muBOI, LEUTENBHOCTL, dHYacToTl {,wacToT2)

saBog : oT O ro 15. BuBoL, Ha KOTODLN [TORANTCST
HACTOTH .

ENVTeNIBHOCTE : OF 1 g0 65535. AasrennioCTh yac-
TOTH B MC.

wacTor 1 : oT 0 pmo 32767. DepBas 4acwoTa = Tep-
rax.

wacTor 2 : or 0 xo 32767. propad QarynLraTKsEas
HAaCcToTa B TEPLAX. ’

dpimep: FREQOUT 2,1009,25C0
QCUT  9,100¢,1002,3000

* DTMF - coxpamentite ot Dual-Tone Multi-Freguency - AByX ronaisibiii MHOrOUACTOTH b
1a60P TeICOUHBLY HOCBLTOK YacTO T 3BYKOBOTO manasota (or 300 10 3000 T 0. = Ipusen.
nayu. ped.
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Aocryn K namaru EEPROM

DATA

TlomemaeT namsie B HIKIIOK oturacTk mavsar EEPROM Bo spe-
visd 3armycka porpamMMel. Tak Kak Zauibie, OTBEYAIONINE 3a 3aIYCK
[TPOTPAMMBI, HAXOAATCS 110 A7PCCaM B BEPXHETT 001aCTH NaMaATH, TO
CJIeIYeT OIACATHCA COBMCLIEHHS JAHHLIX. B eTyiae BO3IMKIIOBCHIIA
npoduaessl mporpamya STAMPW curtonssupyeT ob ommdixe.
ITpeycMaTpUBACTCS HECKOIBKO PA3MHYHBIX CHHTAKCHCOB.
Mars DATA meaningl, mearingZ,
OnucpIBacT KOHCTAHTHI meaning, meaning?2, ... , HAaYMHAK C
LIOMEUECHHOIO aApeca.
Mark DATA adr, meaningl, meaning2,
OnuceIBaeT KOLICTaHThI meaningl, meaning?, ... , HauMHasg ¢
aspecaadr.
Mark DATA nb )
Coxpatusier unci1o 6aiiToB, pasHoe nb, HaYMHAS ¢ 3aILIAHHPO-
BaHHOrO aapeca. IIpu aToM coxepxuMoe Aueex ITaMsTH He Yun-
THIBAECTCSH.
Mark DATA mneaning, rb
Coxpansicr uncio 6aiftos, pasHoe nb, nocie orMevenoro
aiapeca. CoaepRuMoe KaxA0i AMeHKH aMATH IIpUHUMACT 311a-
ucHue, pasioce valeur.
Mark DATA word meaning
Pasbusaer 16-6urioe coBo Ha 2 Gairra. [Tomemacr crapnmil
OANT B YKABAHHYIO SIYCHKY, 4 MAAAIIMA GalT — B CJAELYIOIIYIO 32
HCH SIYCHKY. '

READ

CUMTBIBAET COAEPARMMOE SICHKH ITAMATH EEPROM u nnomenaer

€ro B ﬂCpCMCH}IyIO.

READ azpec, ilepeMeHiasl

aapec o or U zo 2047. YxasusaeT adpec, conepxa-
HYME KOTOPOIO HEeoBXOOAMO TpoYecCTL.

NepeMeHEAs:, B KOTOPLXA BHyneT Xpa-

HATLCST  Ccolepxakne anpeca.

Jovvep: Message data YESY XOAFTE SHEEXK B OEEPRM ! 70
Adress var word -
car var byte
Adress = Message  LepBul* anpec

cCcocbueHs
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readsymbol: .
READ Adress, car ’ ¢ CYMTHBaeT CHUMBOT WP
’ ‘namsaTn  EEPROM. 9
If car <> 0 THEN next /' KoHeu umm
' IPOOOMKEHNE . :
STOP ’ OCTaHOBKa MPOTpDaMMK,}
next: :
DEBUG car ! OrobpakaeT CUMBOM
‘3KpaHe. :
Adress = Adress + 1 ‘ YKa3uBaeT CreIy ol
‘anpec. E
GOTO readsymbol ' YreHue CredyXmero
: ‘CUMBOINA .
WRITE

3anuceiBaer Gaiit B namate EEPROM Bo BpeMmsl BbINOIHEHNS)
NpOrpaMMBl, B MPOTUBOMNOJIOXKHOCTL kKoManzne DATA. Crenyer
OTMETHUTb, 4TO nocTosHHasA naMaTs EEPROM umeer orpanuden

HO€ KOTMYECTBO LIUKIOB 3anucH, npumepHo 10 mn. Ipu unren-
CUBHOCTH 3aIICH OAKH Pa3 B CEKYHAY, OTyyaeTcs B aeHb 86 400;
UMKJIOB, TO eCTb NpuMepHO 116 xHel paGoTH! 10 NpeBblEHNS:

B

npexena. !

WRITE address,data

agpec : or 0 go -2047. VYka3uBaeT aapec EEPROM, no
KOoTopoMy O6ynmer 3amMCaHO [aHHHEe.

maHHHe : JlaHHHe Tura «6ajiT», 3arnMCcHBaeMHEe B Ia-
MaATe EEPROM

NipuMep: WRITE 100,127 .

Bpememlble KOMaHAbI

PAUSE

OcTaHaBaMBaeT BbINOJHEHHE KOMAaHABI Ha 3aJJaHHOE BpeMs, BbI-

PaXeHHOE B MC.
PAUSE time
time : [OAuTenbHOCTE 3aAEPXKKYM, BHpaxaeMass B McC.

lpuMep: flash:
Low 7
PAUSE 100
HIGH 7
PAUSE 100
GOTO flash
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ynpasneHue HepronoTpegneHnem

END

OcranaBavBaeT BHINOJHEHUE NporpaMMbl U nepesogut BS2 B
CISAUHA peXyUM NOHMKEHHOTO YHE PronoTpedaeHus.

nNAP

ITporpamMMa nepeBoAMT MUKPOKOHTPOJUIED B CHSAIMI PexXuM no-
HUKEHHOTO HEProNOTPe6IeHNs Ha KOPOTKUIA IEPUOZ BPEMEHH.
duepronorpebaeHue ymenbluaeTcsa npumepHo a0 100 MxA. Huka-
K1I€ KOMAH/IbI HE BBINOIHAIOTCA. .

NAP time

- amurenpHocThE : or 0 mo 7. IlepMOnm HeaKTUBHOCTHU
B MC, COOTBeTCTBYyLIMA odopMyne 18 x 2 &mmen:

HOCTB

Ecu BbI3BaHA KaKast-TO KOMAH/A, TO MUKPOKOHTPOJLIED BbIXO-
AUT U3 CHALEro pekuMa, noTpebaeHue TOKA YBeIU4UBAETCA U
BCE BBIBOABI B TeueHUe 18 Mc paboTaOT Kak BXOAbL. JlaHHOE CO-
CTOSIHHE CJlefyeT YCTAHAB/AMBATh B OIPEJE/IEHHbIX CUTYaLUX.

SLEEP

[TepeBonuT BS2 B nexypHbIN pexuM Ha OnpeAeeHHOE BpeMa.
SLEEP AnuTelbHOCTE
CVTENbHOCTE : oT 0 zo 65535, TeopeTyidecKy Kaklas emadma
BpEMEHM MMeeT 3HayeHMe 1 C; HO YACTO OKpYIIISeTCS
no 6mearmmx 2,304 C. BuumarMe Ha GuerMe HanpsKeHMsS
LIMTENBHOCTER 18 Mc KakrmHe 2,304 c. SLEEP 1 mpo-
nmrcs 2,304 ¢, Torma Kak SLEEP 10 mponpnutcs

11,52 c. i
Npumep: low 3 ‘ Ha cseTOaMOnN TNOAAEeTCS HArpsiXeHue
pause 1000 ‘ 3anmepxxka phurenesHocTbD 1 C
else: i
high 3 ‘ BHKITOYEHMe CBeTOAMONa
pause 1000 * 3anmepxka »OIUMTENbHOCTBD 1 CceKyHOa
low 3 ‘ Ha cBeTOmMOA MOnaeTcs HarpskeHue
SLEEP 10 ' Cocrosiuye HOEXYPHOrO peruMa B Te-
YeHue © 11,52 c.

goto else
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Kon-rponi. M ynpaBnieHne nporpammon

DEBUG

BrIBoAuT JaHHBIE HA 3KPaH KOMIBIOTepa. JTa KOMaHAa MOKETY
NPUHUMATh PA3HBI{ BUA B 3aBUCMOCTH OT BBIBOAHUMBIX JIAHHBIX S
u oT BeIGpaHHoro dpopmaTa. Mbl GyzeM UCTIO/IB30BATH HTY KOMAH-
Jly B HEKOTOPbIX IPUMepax, HO s NOJTy4enus Gonbiueit uHdOpry
Mauuu O Hel, Bocnoab3yirecs uHCTPYKIMeid k STAMPW. EXE%
WJIM KHATAMH, YKa3aHHbBIMY B OuGnuorpagumn. 1
B

A

3

sSToP

OcranHaBIMBaeT BBINOAHEHHE NPOTPAMMBI, He NEPEBOAS €€ B :
A€XKYPHBIH PEeXuM (C HU3KUM IHEPronoTpedienuem). '
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NMporpammarop BASIC STAMP 2
Ha OCHOBEe > )1IeMEeHTOB
B Kopnyce DIP

10.1. NMpepcrarnenne

BASIC STAMP 2 (BS2) - MMKpOKONTPOJLIEP, C IIOMOIIBIO KOTOPO-
ro JIErKO M3TOTABJIMBATH CXEMbI I10 NPHYMHAM, M3J10XKEHHBIM
soie (puc. 10.1). Oxnmy U3 €ro HCMHOTOUYHCIEHHBIX HEAOCTAT-
KOB SIBJISETCS HCMHOTO 3aBhililelias Hena. B onpasganune oTme-
THM, YTO fI3bIK BLICOKOI'O YPOBIifi IPOrPaMMaTopa sBJISETCH
BCTPOEHHBIM U 1IPOTPaMMHOE 0GECnedeHre PacpOCTPaHIeTCs
ABCOMOTHO GecivaTio! TH JOBOABI MOKA3bIBAIOT 1AM, UTO J1O-
GOl MOXKeT upu HATMYMH KEALNS 1 CPeACTB COOPATh IPOrpaM-
marop BS2 na ocnose anemenrros B kopuyce DIP. 9rta cxema Gy-
ACT UMETh HECKOMLKO GObIIME padMepbl (OHA pasMelaeTcs Ha
1wiare pazMepom 72x51 Mm). OHa 6yneT HMETb T )Ke XapaKTepu-
CTHKH, uTO M cxema CMS, 3a MCKIIOUYEHUEM TOrO, 4YTO I1aTa
PAAMO3NCMCHTAMH HE YITAKOBAHA B KOPIYC, U MOYTOMY UMECTCS
BO3MOXIOCTD MPU HETTPABUIBLHOM 3KCIUTYATAIHH 3AKOPOTHUTD UC-
Towmk nuTanua. Jannoe 6eCKOpIycHOE KOHCTPYKTUBHOE pellie-
HlIC 11O3BOJIAET CAKOHOMUTL NpuMepno 50-60% or croumoctn
momyas BS2 B xoucrpykruse CMS. Kpome Toro, oprauuayeTtcs
JOCTYIl KO BCEM 3ileMelTaM, Bimouas mavars 26LC16, koTopas
CTaHOBHTCSH CMEHHOM, TAK KAK YCTAHABANBACTCS B MUKPOPAZbCM-
«KpoBaTky». JIpyrny GOaLIIMM THIIOCOM 3TOM Peamu3anuu siBis-
eTea 00ygaoinii 3(pdexT, KOTAA BCE Ha BUAY, UTO IIO3BOJISET U3Y-
YUTDL BHYTPEHHIOW CTPYKTYpy cxembl BASIC STAMP 2.
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widevWddunweda

BASIC STAMF 2.0
INTERPRETER CHIP
. .- .
sesaasmanaanse

Puc, 10.1. Nporpammarop BASIC STAMP 2 Ha ocHOBe 3nemeHToB B kopnyce DIP: sun,
ABYX CTOPOH
Unrarenu, He JKeJTAlomue BOCIO/Nb30BATHCS NIPEACTABIEHHDIN
apec omucanrem BASIC STAMP 2, moryT cpa3y nepeiitu k cié
AyloLiei ape ¥ UCIOAb30BATh BO BCEX NpeiaTaéMbIX B JaHHON
KHUTe yCTPOHCTBAaX MOAyab BS2 Ha ocnoBe anemenToB CMS.
ITpouHdopMUpyeM YUTATENIS, YTO IKCKIIO3UBHBIM AUCTPHOR
1oropoM npofykros Parallax Inc® so ®panuuu sBisercs bupmi
Selectronic. B Heii BbI HalizieTe 110Gble KOMILIEKTYIOmMe BS2%, -

10.2. MpuHynnKansHan cxema

Ec/iu cpaBHUTH NPUHIMIHATbHBIE cXeMbl BS2, oany - nokasam:
HY10 B MUHCTpyKUuy Parallax Inc®, u gpyryio cxemy — Ha puc. 10.2,
MOHO 3aMETUTB, YTO B HUX COGMIOAEHO BCe BILIOTb A0 PaCTIOIO-
EHHUA BBIBOLOB 118 Gosee yLOGHOTO COINIAaCOBAHMA MX MeXIy
coGoii.

IleHTpaIbHBIM MECTOM B CXeMe fBJseTcs, 6e3yc/IoBHO, He3a:
MeHMMHI HETepnperaTop ¢pupMsl Parallax Inc®. On paGoTaet
Ha gacTore 20 MI11, crabuinanpoBaHHOI! 110 YAaCTOTE € GONBLIION

" TOYHOCTBIO Ibe3ope3oHaTopoM X1.

Sror MukpokonTposep cemeiicrea PIC (PIC 16C57) mpoxa
eTCs € yCTaHOBJAEHHOH nporpammoii Ha saseike PBASIC2, sann-
CaHHOI1 B nocTosHHYyI0 namMaTs ROM (Mbl He Gyaem paccMaTpyr
BATh 3TOT BUA naMsTy). JIpyruM OCHOBHBIM 371eEMEHTOM AaHHOM
cxembl apagercs namatb EEPROM na mukpocxeme CI2 - 24L.C16

* JlioGbie MMKPOCXEMBI H IPYTHE PATHOINEMEHTH! MOXHO HaliTy uepes HHTepuer win yepea
H3BeCTHBIE (PUPMBI I10 NPOJANKE PAAHOIIEMEHTOB - «Uun u Jun», «3010Toit wap» v ap. -

TTpum. nayy, ped.
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. R1 . .
ATN (3) o—__}——" ORST (22)
10k2  R1.
L] ?32:5470
i 10kQ . +5V
Ci2 ~ +5v 45V
4 R3 C1
1 241C16 iT ol S
.__1{
; 2 el
3 5] 47k
3 5
£ +5V o '
001'2,;: OYun unrepnperaropa | X120 MHz
. +5V ! | aswika PBASIC . H
1 ’ .
: | RTCC MCLR DH__'L
v (24) Ci3 ..T [12] 0sG1 % o ;
N 78L0O5 _3- Vee 26
C32% T .{ =1 NC  Osc2r2e
AT GRN RC7 < y o P15 (20)
GND (4) o——rt —2{NC  ResEi—opia(19)
GND (23) 0o——4 > RAO RCSLSS o P13 (18)
1 RA1  RCAIZE———0P12(17)
+5V RA2  RC3|El—op11(18)
RC2120 o .
RS 15| RA3 : P10 (15)
vee (21)&-1—-4‘_‘]————. Upao  RC1HUE_—opo(1s
a47kQ 5| RB1 RCO= P8 (13)
' RB2 RB7 LMo P7 (12)
rﬁ RB4 RBSH — op5(10)
oP4(9)
-0 P3 (8}
-—0 P2 (7)
—oP1(6)
0 PO (5)

Puc. 10.2. NpuHuunuansHan cxema BS2 Ha ocHoBe 3nemenTos B xopnyce DIP

¢ 8 BBIBOZAMM C NOC/IEQOBATEILHBIM ZOCTYIIOM 1TO HHTepdeiicy I°C.
B ¢ynkuuio mamaru EEPROM, B ominuue OT onepatuBHOl na-
MaTu RAM, KoTOpas pacrnonoxeHa B MHTEPIPETATOPE, BXOXUT
COXpaHeHue NMPOrpaMMbl ¥ SHEProHe3aBUCUMBIX AaHHBIX. CBA3b
MEXAY ABYMS STMMH 3JIEeMEHTAMH OCYUIECTBAETCA MO ABYM Ka-
HaJlaM € CNI01p30BaHKeM rporokosna I2C: kanan tanubix (RAO) u
Kanai cuaxponuzanuu (RA1). B cocrosauuu nokos curnan gaH-
HBIX HAXOAUTCA B COCTOSHUY BbICOKOTO IOTMYECKOro ypoBHs Gia-
rofapsa NOATAruBalomemMy pesuctopy R4, noaxkmoyeHHoMy K uc-
TOYHUKy HanpspkeHUs 5 B. CBsi3b € KOMIILIOTEPOM OCYIECTBIAETCS *

.
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10 ApyruM AByM Kananam: RA2 — xanany npuema aannbix, RA3 4
KaHary nepefayy AaHuHbiX. OCTaibHbIe 31eMEHTbI CXeMbI IIPeIHAY
Ha4eHbl Ui BCIOMOraTeNbHbIX Heneil. Ha Gasy Tpansucropa T§
yepes peaucrop R6 noxaiorcs nocnenosarensurie gannnre SIN ¢
KOMIIbIOTEpa, 1AJIee C KOJUIeKTOpa Tpausucropa T2 BeixoaHol ciu
HaJ nocTynaeT Ha BbiBoA RA2 Muxpocxems! Cl1. C BoiBoga
CI1 uepes pesuctop R10 Beixoaubie ganusie o1 CCI1 nocrynaic »
Ha 6agsy TpansucTopa T3 u gajee ¢ KOJUIeKTOpPa BHIXOAHBIE JAHHbIE
SOUT (1) mpuxoasaT Ha koMmnbioTep. Peaucrops! RS, R7, R8 u RY
onpexesIoT pabouyio TOUKy YCHJINTE e 110 IOCTOSHHOMY TOKY Hj
coBMecTHO ¢ Tpansucropamu T2 1 T3 BbINOIHAIOT COOTBETCTBEH
HO IIPeo6pa3oBaHue ABYTIONAPHBIX yposHeii RS232 - B oxHononap-
ubte ~ TTL (T2 - ot IIK x nnare) u o6parHoe npeoapaaosanue%
onsononsapusix (TTL) B asynonspuste (T3 — or nnats k IK). B
Hauale NPOrpaMMUPOBAHUS TPOUCXOXUT MHMLMaMMgatus CI1
npu nogaue curnana ATN uepes pesucrop R1 na Gasy Tpausucro-,
pa T1. B ucxoxiom cocrosnuu pesucrop R2 noxxmouaer 6asy k;
MOTEHLMAITY «3eMIM», ¥ TpanakcTop T1 saxpsit. [Tpy Brmouennu’
maTannsa RGuens us KoHzieHcaTopa C1 u pesucropa R3 dpopmu-’
pyeT oGHyIIOWMIA UMITYIbC Ha uHBepCHBIA Bxod MCLR Muxpo-
cxembr CI1.
16 asyxcropounux xananos RBO~-RB7 u RC0-RC7 npeanas-
Have bl 1A NOAKIIOYeHUA MOAYIA 1o yuHuaM PO-P15.
IIuranue BS2 moxer oGecnieunBaTbes AByMs crnocoGaMu. Ber-
BOA V__ npe/iHA3HaYeH Ui OAAYM CTAGHIM3UPOBAHIOTO HANps-
xxeHusa +b B. Ha BoiBOg Vm MOXHO IoAaBaTh GoJblliee HAIpsKe-
Hue (12 B), npu arom craGunusaumsa 10 5 B ocymecrsasieres ¢
. IoMompbIo TuHeitHoro crabunsaropa CI3. Beixox crabunmsaropa
HanpskeHus +5 B duIsTpyeTcs no HU3KOM YaCTOTE HOJSPHBIM
konzgencaropoM Cl, a 1o BLICOKOE — HEMOJIAPHBIM KEPaMUYeCKUM
koHaencaropom C2.

10.3. Peanuzayms

Llesb gar10ii paboThl COCTOUT B TOM, YTOGLI Ha OCHOBE OGBINHBIX
sneMeHToB B xopnyce DIP nocrpouts moayns BASIC STAMP 2,
B pesyaprare nosnyuaercs MoJysib Ha IEYATHOM T11aTe C pa3Mepa-
MH 72x51 MM € OTHOCUTENBHO BBICOKOH TIOTIIOCTBHIO MOHTAXKA.
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CAeflyeT 3anasTh B IVIaTy MUKPOPa3beM-«KPOBATKY», IO3BOJIAIOMIMIA
scTaBnaTh Mukpocxemy CI1 unrepnperaropa PBASIC2.

PucyHok neuarnoii ruiaThl, nokasanHbii Ha puc. 10.3, He npen-
cTaBAseT OCOOBIX CIOKHOCTEeN. PacrionoxkeHre 31€eMEHTOB Ha Ile-
yaTHOM IIaTe noKasaHo Ha puc. 10.4. Ber MoxeTe usroroButs
11aTy JIOGBIM U3 U3BECTHBIX Crtoco6oB. Ho MBI Bam coBeTyem
JICIOIB30BATh MeTOZ (poTONUTOrpaduH, KOTOPHIN AaeT caMsle
Jy4IIMe pe3yasTaThl. Mbl MOXKeTe HaiTH MaTepHasbl O TEXHUKE
doTomurorpadui B NPHIOKEHNU K JaHHOH kuvre. B Bepxneit uac-
TH IUIATBHI COXpaHUTE HEGOMBION BBICTYI, KOTOPBI CIIYKUT JUIs
OpPUEHTUPOBAHMA IIATHI. ‘

CNMCOK KOMITOHEHTOB:

Pe3ncropbi 5-npoyeNrHbie:

» R1, R2, R3, R6, R8, RY, R10: 10 xOM (xopHuHeBbIi1, uep-
HbIi1, OpaHKeBBI);
» R4, R5, R7: 4,7 xOM (kenrslit, GpUOIETOBBIH, KPACHBII1).

Konpgexcaropsr:

» Cl1:4,7mx® / 16 B (nonspHbIii TaHTAI0BBIH 1M 3TEKTPO-
AUTHYeCKUH C paluaibHbIMU BEIBOJAMM); '

C2: 0,1 mx®P HenonapHBI kepamMudeckuit;

C3:10-47 mx® / 16 B (nonapHbIii TAHTANOBbIH WY JI€K-
TPOJUTUYECKHIA C palHaiLHBIMU BhIBOAAMU).

>
>

NMonynposogunkn:

CI1: PBASIC2, muxpokontpoarep BASIC STAMP 2
(Parallax Inc®); '

CI2: 24LC16;

CI3: 78L05;

T1, T2: BS547C, T3: BC557C.

YYyv ¥y

5-6495
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fpoyne 3nemMeHTbI:

» X1: nbezopesonarop Ha 20 MIy;

» 1 nepxareas-MUKpopasdbeM 28-BbIBOAHO MMKPOCXEMbI;
> 1 AepKaTEIb-MUKPOPa3beM 8-BbIBOIHOI MUKPOCXEMbI;
» 24-p1BOAHON pa3beM /1Sl BHELWIHUX NOAKIIOYEHUH.

PaboTel N0 MOHTAXY 3/]€MEHTOB, KOTOpbi€ IIPHUBEACHBI Ha
puc. 10.4, caellyeT HAYMHATD C 3AMAMBAHHUA NATH HePeMbIYeK u3
MOHTaXHOTO npoBoja. Haxo ckazars, 4To 6€3 HUX HaM NPHILIOCH
OBl U3TrOTABAUBATD ABYXCTOPOHHIOK CXEMY, KOTOPYIO H3TOTOBHTD
B IOMAlIHUX YCJOBHAX ropasfo TpyaHee. Jleranu caeayeT 3anau-
BAaTh HA IJIaTy B O4EPEIHOCTH, ONPE/Ie/NAeMON Pa3MEPAMH H CTe-
NEeHbI0 NPOYHOCTH 31eMeHTOB. [IpuaepxuBaiiTecs crenyomero
HOPAKA: PE3UCTOPDI, ACPHKATEIN MUKPOCXEM, PE3OHATOP, Kepa-
MHYECKHMIT KOHAEHCATOP, TPAH3UCTOPDI, CTAGUIN3ATOP HANPSXKE-
HUSA ¥, HaKoHell, TOJISpHble TAHTAIOBbIE WIH 3MEKTPOJUTHYCC-
K¥i€ KOHJIEHCATOPBI, KOTOPbIe YCTAHABIHBAIOTCS € COGIIOAeHEM
MOJAAPHOCTY. PasbeMbl U1 NOAKIIOUEHUS MOJY/IA CAeAyeT 3ana-
HBaTh ¢ O6PaTHOMH CTOPOHS! 11aThl. MX ciaexyer npeasapuTers-
HO BbIpaBHATH (puc. 10.5).

Puc. 10.5. Bug 0CHOBHLIX 3N@MEHTOB nnatbl

5*
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Tepen TeM xax BctaBuTh Mukpocxembl CI1 u CI2 B oTBEpPCTHY
TIaThI, BHUMATEILHO MpoBephTe miaty BS2. Bpak moxer 651711
Pa3HbIM: GOJIbINAA KAIULA NPUIIONA MOXKET BbI3BaTh KOPOTKOE 3aM
KaHME; MeJHAas JOPOXKKA MOKET COAEPKATb OOPBIB; JJEMEHT, Ka
TOPbIif OPUEHTHPOBAH HETIPABUJILHO (KacaeTcs TPAH3UCTOPOR,
T1-T3, KOH/IEHCaTOpOB C1 u C3) mnm uMeeT HEnpaBUILHbIN HOY

MHHaJ (KacaeTcs Bcex pesuc*ropos U KOHAEHcaTopoB). JIroboit u:g
HHUX TIPUBEJET K CEPbE3HBIM NMOBPEXKIEHUAM. ;

TTocse TOYHOTO CEOBAHUSA BCEM PEKOMEHAAUMAM AAHHOK
IJ1aBbl ¥ BAC €CTh MUKPOKOHTpoJtep BS2 cobcrenHoro uaroros-
JIEHUS], TAKOM Xke HAZeKHbII, KaK U KoMMepueckuit MoayiTs BS2 B
xopnyce CMS. B caienytowei r1aBe MbI U3y4UM YCTPOIHCTBO TIPO-
rpamMaropa BASIC STAMP 2, cuaGxeHHOro HeG0bIIOI TecTos
. BOM IIaTOM. '
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Mporpammarop BS2 u nnara -
TEeCTUPOBaHMA

11.1. KparKoe npepcrasnenune conep)xanun
rnasbl 11

Yro 6b1 BBl HM BBIGpaIH: Kommepueckuii mogymbs BASIC STAMP 2
1a OCHOBe 371eMeHTOB B Kopryce CMS mm cobpanubiit camocTos:-
TEJIbHO B Mpeablaymel rase B xopryce DIF, Bam o6si3aTenbHo no-
TpebyeTca nporpammaTop. OH CIYXKUT HE TONBLKO JUIS1 TOTO, YTOGHI
3aMMCaTh JAHHBIE B IAMATH MUKPOKOHTPOJLIEPA, HO U JUISL yCTAHOB-
JIEHMsA CBA3M MEXJIY KOMIIBIOTEPOM W BalinM ycTpoticTsom. Tlpo-
rpaMMarop, KOTOpbIit Mbl 6yIEM H3y4aTh, OAAEPKUBAET 00€ BEp-
cumn BS2. Y aroro nporpammaTopa MMEETCA 4-BBIBOAHOI pasbeM,
NIO3BOJIAIOMMI HANIPAMYIO paboTaTh CO CXeMaMM, He npuberas K
MHOTOYHCIEHHbIM oneparusm ¢ BS2 (puc. 11.1).

" Msyuenue HOBOrO MUKPOKOHTpOJLIEPA Gy/IeM HAUMHATE C IPO-
BeJIEHUsI BCEBO3MOXKHBIX TECTOB U 3KCNepuMeHTOB. 14 3TOrO B
COCTaB MPOrpaMMaTopa Mbl BKIIOYMIIM ILIATy TECTUPOBAHMSA, Ha
KOTOpO# pacnooxeHsl: 5 KHOMOK, 8 MHIUKATOPHBIX CBETOAUO-
NOB, 8-KaHAIbHBII HHBEPTUPYIOWHH YCUIUTE b, JKCIIEPUMEHTH
HPOBOAATCS G€3 MAiKY, NOAKIIOUEHIE IPOBOAUTCS IPH MOMOIH
IBYX I'MOKHX IVIOCKMX Kabenel, NOAKIIOYaeMbIX K IUIATE Y KOMIThb-
1oTepy - oauH Kabenp paspemaMy (C ABYX cTtopox) DB, npyroii -
4-BBIBOJIHBIMH BHIKAMH.
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Puc. 11.1. Nporpammarop BS2, nnata 76CTMPOBaHUA U COBANMHUTENBHLIE NPOBOAA
(BaPUAHTLI MUKPOKOHTPONNEPOoB B koprycax DIP n CMS)

11.2. NpuHyunUManbHas cXema
nporpammaropa BS2 u nnarbi’
TECTHPOBAHMSA '

ITpuHIMIManTbHas cxeMa Ha puc. 11.2 Bxrovaer B ce6a nporpaM-
MaTOp, IVIATY TECTUPOBAHUSA U PACIHOJIOKEHHUE BLIBOJOB MUKDO-
xourposepa BASIC STAMP 2 B xopnyce CMS.

Mporpammarop

Cxema nporpammaTopa (puc. 11.3) BHINIAAMT OYEHb KOMITAKT
HOI1, MPOCTOTA CXEeMbI 00YCI0B/IEHA BbICOKOM CTEMEHbIO MHTETPA-
uuu BASIC STAMP 2. OcHOBHYIO 4aCTh CXEMBI 3aHUMAET CXeMa IH-
tanus. Hanpsxenne nutanua 9 B moxeTr BbIpabarbiBaThCsl OT
CeTH MEePEMEHHOr0 TOKa MJIM MOCTYNaTh OT HaTapeiioro ucrou-
HuKa nuTanus. B nepBoM ciyyae Ha BXo/IE AUOJHOTO MOCT2 TOCTY-
naer nepeMenHoe HanpsskeHue 9 B ¢ noHmxkaomero tpaHcdop-
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vatopa 220,/9 B, XoTOopoe BLINpSAMISAETCS AMOAHBIM MocToM PR1,
a C3 - ¢punpTpyer HaNpsSXEHUE MO BHICOKOH yacToTe. Hanmune
HanpsoKeHus nUTaHus +5 B onpenenseTcs no 3aKUraHMio CBETO-
Auoza L1. Tox uepes cBeTopuos orpanuunsaerca pesucropom R1.

CBS3b ¢ KOMITBIOTEPOM OCYILECTBAAETCA Yepe3 MOCTE[OBATENL
bl uaTepdeiic RS-232, pasvem DBI ciryxut a1s noacoenyHeHns
K KOMTBbIOTEPY. 3aMbikaHne Hoxek 6 u 7 pasbema DB9 cBasm ¢
KOMIBIOTEPOM OUEHBb BOXKHO, TRK KaK OHO MO3BOJIAET OOHAPYKUTD
npucyrcrsne BASIC STAMP 2 nna xomnbloTepa.

Curnan Rx unTepdeiica RS-232 cayxur i npuema JaHHBIX
ot xoMnbiorepa kK BS2, a curnan Tx — ina nepesaun JaHHBIX OT
BS2 x xoMmmbloTEpY.

IMepen TeM xax HayaTh MPOrpaMMUpPOBaHUE, CIEJYET 0613a-
TEJbHO MPOBECTH UHULKManu3auMio BS2,

2 MNporpammarop
2
_é_. [Dlepxarens BS2
PacnonoxeHue BUBOAOR
—3——] Rx SSOUT(1L  PO(5)o— "MK BASIC STAMP 2
T P o—O (e kopnyce CMS)
cI SNB - pme—O | 2%
4 DTR ) . P3(8) o—< —2'SOU1 \ﬁn2—3
3 Iy ANG) L, ~sin Gnaf==
2 - Qo—C 3 22
E 0.1 uF P5(10)0—t> | —ATN RSTI=S
O1RTE ——oGND(4)  PE(IN— | IO Veorss
Pr(12)o— | 5170 PI5He
l,—cnsr @) Pe—O | 7P ':,;‘3‘ 8
RST PO(1o—C | “8]p, P12}l
P10(15) 0— 1 i
-~—T—oGND(23) P11 (16) 0—<O 0 15
L P12 (17)0—< ng P;g,j‘
P13{18)0—— —,§P7 PSF
Pl4(19)0—< | —

|—¢Vcc (21 P15{20)0—

. cht
9BonsT PR1 J l 7805 4700
P .
~ - c4 c5) '63
1000 uF | 47 yF 0,1

|5nc. 11.2. NpuHunnuanbHags CxemMa nporpaMmaTopa

L
1l

iy

.
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Nnara TecTupoBanna
+58
o
L2 . S1
RES1 - L3 —o0 BP
R2
N @ w . )
] L4 J— . 3
_,——@————< v3 —o 3 — BP2’
r———@——<L5 V4 is. ‘;
6 —0 T B8P3
@ VS S4 b
— L7 o ;
@ ” V6 A »—-—oss =z = BP4 '
o -_‘I V7 L oo ’ = BP5 ]
5x10 k2 3
. L :
: +Vee BHewnnin
RES2 WCTOYHKK
8x10kQY, NUTaHUS
° J1
CI12/ULN2803
10
1 T
Elm p— Q1
2 17
E3 ™ Q3
4 15 H
E4 5 Do b 04
ESm : F———
6 13 Qs
E6 ™ 7 T—P Q6
E7 3 >T1-—'—> Q7
E8 p————- Q8
- ﬁ
s

Puc. 11.2(npononxenne) NpuHuunuanbHas cxema nporpammaropa

dTa onepauus OCyIeCTBISIETCA ABTOMATHYECKH 10 CUTHATY I'O-
TOBHOCTH KOHTpOJUtepa k o6meHy naHHpiMd DTR - Data Terminal
Ready uepes ¢unsrp Ha xoHaencatopax Cl, C2. Knonkoit RST
MOHO CGPOCHTD B IIEPBOHAYAIBHOE COCTOSHNE MUKPOKOHTPO-
Jep (MK) B mo60ii MOMEHT NpH BBIIOJHEHUH NIPOTPAMMBI.
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Puc. 11.3. Nporpammarop BS2

16 xByHanpaBIeHHBIX KAaHAIOB (KOTJa CUTHAIBI MOCTYNAIOT C
BXOJa Ha BBIXOJ ¥, HA00OPOT, C BBIXOAA HA BXOZ), TAK XKe KaK U
HaNpPsDKEHHE IIMTAHNA, IOABEACHDI K Pa3heMaM CBA3M Ha ILIaTe.

s

MnararecTUpoBanUA

Cxema ruiaThl IpeACTaBaseT co60i HECKOBbKO HE3ABUCHMBIX 0710~
KOB, ZIOCTYIl K KOTOPBIM TAKXKE OCYIIECTBIISAETCA YEPE3 Pas3beMbl
Ha IIaTe: :

» 8 UHIMKATOPOB Ha CBETOAMO/AX, TOK Uepe3 KOTOPBIE Orpa-
HUYEH PE3UCTOPAMHU, COGPAHHBIMH B PESUCTOPHYIO COOPKY
RES1. Ilpu nopade NosoAKUTENBHOIO HANPSIKEHNS HA aHO-
Jbl CBETOANO/IbI 3ATOPAIOTCS;

» b5 KHOIOK: B COCTOSIHUU ITOKOSI, pE3UCTOPHI R2-R6 ycranas-
JIMBAIOT BBIBOJbI pa3beMOB B HU3Koe cocroaHue. [Tpu raxa-
THH Ha KHOIIKY COOTBETCTBYIOUMI HAXATOM KHOMNKH BHIBOA
MePEeXoAUT Ha COCTOAHHE BBICOKOIO YPOBHS;

> 8-xaH@IbHBII UHBEPTHPYIOIMIA yCUITUTEND. .

Kaxasrit u3 xkaganos Mukpocxembl CI2 o BbIXony paccuuTan
Ha tox 0,5 A npu nanpskeruu 50 B. Takum o6pa3om oHa ABIA€T-
Cs1 UJleaibHbIM CXE€MHBIM pEUIEHHEM JUIsl YNpaBJIeHUs peie,



138 nasa m 11 [porpammarop BS2 u nnara Téaupoaunnu

L A L R L L T S I I {1 R R
PO T SN O B S OO SR R

Puc. 11.4. Nnata TecTMPOBaHNS]

JIBUTATEJIEM U B OCHOBHOM JJISl COIVIACOBAHUS CUJILHOTOYHBIX HC-
HOJIHUTEBHBIX yeTpoiicTs ¢ BS2. Bee BXOAB! ycUINTENS YCTAHAB-
musaroTcA B 0 ¢ nomowslo pesucropHoii c6opru RES2. Tlpu aTom
HA BLIXOJIAX YCHIMTENA OyJeT NPHCYTCTBOBATE JIOTHYECKas €AU-
Huna. Ecn Ha Kako#t-To BXOJ yeumuTens ¢ Bbixona BS2 nogaercs
TOJIOKUTENBHOE HAPSDKEHUE, TO COOTBETCTBYIOIMIA BBIXO 06-
nynsercs. [lepembiuka J1 onpezenser HanpsKeHWE IMUTAHUS,
nozBoauMoe x Mukpocxeme CI2: oHO MOXeT paBHATHCA +5 B u
TMOABATBCS C IIATH WM € BHEIIIIETO UCTOYHMKA HANPSDKEHUS,
He npeBocxogsawero 50 B, 115 ynpasieHUs 110 BLIXOJAM HOKIIO-
YaeMbIX UCTIOJHHUTEILHBIX YCTPOIHCTB.

11.3. Coopka

" Cxema NeyaTHO# m1aThl, NoKasaHunas na puc. 11.5, Bxmouaer B cebs
TIPOrpaMMaTop U IUTaTy TECTUPOBaHMA. MOHTaX 3/1€MENTOB Npo-
BOJMTCS COITIACHO puc. 11.6

MOXHO pPasAesUTb 3Ty CXEMy Ha JBE YACTH, YTOObI Pa3iuiUTh
JiBe BbINOJgHAeMbie pyHkimu. Toraa BNOCAEACTBUH HYXKHO OyneT
00BEIMHUTD IBE ILUIATHE IIPU TTOMOLIH COEAUMHUTEIbHBIX PA3bEMOB.
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Puc. 11.6. PacnonoxeHne KOMNOHEHTOB HA NeYATHOW Nnare
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M3roToB/enMe NeYaTHOM ILIATHI HE HPEACTABISAET 0COGOI CI0XKHO-
CTH U MOXET OCYIIECTB/IATBCA 110 0G0 BHIGPAIIHOM TEXHOMOMUH.
MndopManuio 110 pasiMuHbIM TEXHOJOTUAM JUTOrpadp i Bbl MO-
)eTe Haiitu B 6ubmorpaduu B KOHUE KHUTH.

C6opKy yCTpOICTBAa HAUHHMTE € 3aTaUBAHUA 2 ePEeMBIUEK, pac-
ITOJIOKEHHBIX Ha ITaTe Mporpammaropa. Ilpu MoHTaxe a/eMeH-
TOB UX CIEAYeT 3arnauBaTh Ha TUIATY B OYEPEIHOCTH, ONpeaessie-
MOfi pasMepaMU 1 CTEMEHbIO TPOYHOCTH JIEMEHTOB.

[puaepxusaiiTecs CIEAYIOMEro NOPsAKA: PE3UCTOPHI, IepXKa-
TeJId MUKPOCXEM, BCE Pa3beMbl, B YACTHOCTH, PA3bEMBI «TIOJIb-
uaH>» 1715 nofcoeanHeHus miath BS2 B kopryce DIP x mporpam-
MaTOpY; PE3UCTUBHbIE COOPKH, KEPAMUYECKHE KOHAEHCATOPBI,
JMOJHBINA MOCTHK, KHOMKHU YIPaBJI€HHS, CBETOAHOBI, PA3EM NOJ-
xmodyeHus x xomneiotepy DB9, rHe3noBsle pasbemsl, 3ariansae-
MBI€ B IUIATY B OZUH PAJl, pa3beM NepeMbluku |1, nospHbie Tan-
TaJIOBbIE MM 3JIEKTPOJUTHYECKHE KOHAEHCATOPDI, JTHHEHHbI
crabunusatop CI3, yctaHOBIEHHBINH HAa paauaTOp.

Tlepen nepBLIM BKIIOYEHHEM CXEMBI, BHUMATETLHO MPOBEPH-
'Te KA4eCTBO MaliKu U COCTOAHHUE Aoposkek. [IpoBeprTe TalOKe HO-'
MUHAIbI BCEX JIEMEHTOB M MX OPHEHTALHIO. '

[1pu nepBOM NOAKMIOUEHHUH HANPSHKEHUS MUTAHUSA He MOAKIIO-
uaitte BASIC STAMP 2 u xomnbiotep k cxeme. ITuraHne cxembr
ocylecTBasiiTe ¢ noMolubio Gatapeiixu 9 B wim or BoImpaMuTens
nepeMeHHoOro HanpsukeHus 9 B.

ITposepsTe BCE NUTAOINME Hal‘lpﬂ)i(eHI/m B pa:muqm»xx MecTax
TUIaThl, IOACOEJUHHTE IUIATY TECTHPOBAHUS IPU [IOMOIIM TIOKO-
ro rockoro xabens. Ecim sce paGoTaeT HOpMaAbHO, BBl MOXETE
IIPUCTYTIIUTE K MPOrpaMMHUPOBRHHMIO 3TOTO 3aMEUYATETLHOIO C Ha-
el TOYKH 3PEHHS MUKPOKOHTpoJLnepa. Ilepes TéM, Kak HayaTh
PaboTy ¢ 3TUM MHKPOKOHTPOJJIEPOM, 3alIOMHUTE 3040M0¢ TIHA8UAD,
3aKMIOUAIOULCECA 6 TMOM, UMO HIL 6 KOEM CLYLAL HEAbIA NOOCOCOUHAMD UAU
omeoedunams BS2 npu exnmouennom numanuu. Taxxe npu BbITOIHE
HHUU JOObIX PaGOT C MUKPOKOHTPOJUIEPOM HUCTIONBL3YHTE aHTHCTA-
THYECKHE GPacaeThl IS 3AIMUTHl MUKPOCXEMbI OT CTATHYECKOrO
3JIEKTPHYECTBA.
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11.4. NporpammupoBaHue

Teneps BBl MOXETE Ha4aTh NIPOrPAMMHMPOBATh HECIOXKHBIN OGpa-
3€l1, 4TOOBI G11Ke TO3HAKOMHTECA C JAaHHbIM YCTPOHCTBOM.
Bnauane aanyctute nporpammy STAMPW.EXE. Jlns aroro B
menio Ilpaska (Edit) oTkpoiite Bxrasky 3amaHue napamMeTpos
(Preferences) n nacrpotite kondurypamuo COM-nopra, KOTOpBIiH
Oy/leT UCIIOb30BATLCS JUIS CBA3M € yCTPOMCTBOM. BRiGOp nocneso-
BATEIBHOTO IIOPTA MOKET OCYIECTBIATHCH aBTOMATHYECKH.

- Noxcoeannure K xoMmnbioTepy nporpamMmarop ¢ BS2. Ilox-
KJIIOYHTE K IPOrpaMMaTopy MHTaHue ot Gatapeiiku 9 B wim ot
6710Ka BRINpAM/ICHUS NlepeMeHHoro Hanpsikenus 9 B. OTkphis
menio ITyck (Run), sarem menio Uaentudukanusa (pacnosna-
Banue) (Identify), Bl yBuanTe cOOGMEHHE HA BKPAaHE KOMIMbIO-
Tepa o olipeseeHHOM UM ycTpolcTse BS2.

C aToro moMeHTa BBI MOXeTe BBecTH ucTHHT 11.1 B nporpav-
My TESTPROG.BS2. 3ta nporpamMma siBjsieTcs BBEICHHEM B 3bIK
nporpavmuposanus PBASIC2. B nporpamme ectb 610k1 IIporpaM-
MMPOBaHHMSA PErMCTpa HallpaBieHus kaHanos PO-P15, nporpamym-
poBanusA WuTeHHA NaHHbIX B lamAaTb EEPROM, rectuposanus Bxo-
J10B, KOH(UIYPUPOBAHUA BBIXOJOB M OJIOK IIMKJIA.
C nomompio 3TO¥ NMPOrpamMMbl HaNpPaBAAIOTCA CUTHAJIB! Ha 8
CBETO/IMOAOB, C JIByMsl PAIMYHBIMH IEPHOJAMH CJI€/I0OBAHHUS, KO-
TOpPBI€ BBIOGHPAIOTCA B 3aBUCHMOCTH OT HaXXaTOM KHOTIKH.

CnuCcoOK KOMNONEHTOB:

Pe3ncropsi ¢ 5-NpoyeHTHLIM 4ONyCKOM:

» R1: 470 O (xenTsli, GpHOIETOBBIA, KOPUUHEBBI);
» R2-R6: 10 xOm (kOopUUYHEBBIH, YePHEII, OPaHXEeBBHIii).

Konpgencaropwi:

>» (C1-C3: 0,1 mx® HenonapHbIe KEpaMHUYECKHE;

» C4: 1000 Mmx®/ 25 B (110/15pHb1ii TAHTAIOBbIN WK 3J1€KT-
POJUTHYECKHI C paUaibHBIMK BBIBOIAMH);

» C5:10-47 mx®/ 25 B (nonsipHblii TAHTATOBLIH WY 3/I€KT-
POJIUTHUECKHI C PAZIAIbHBIMH BHIBOAAMMU).



Mporpammmnposanne 143

NonynposoaMnKmu:

CI1: 7805;

CI2: ULN2803;

L1: ceeronuon anamMerpoM D M;
L2-L9: ceeronmnon iuavMeTpoM 3 Mm;
PR1: quoausiit moctuk 50 B /1 A (W04).

YYYYY

Mpoune 3n1emenTnr:

1 zepxaTenb MMKpOCXeMbI € 24 BbIBOJAMUY,
6 KHOTIOK;

1 paguarop ana TO220; -

1 pasvem DBY poserka;

NEPEMbIUKA;
Pa3beMbl «TIOJIbIAH»;

YYYYYYYY

nepa k ITK.

OJIHOPSAHDBII THE3/IOBOH pa3beM;

KaGeJIbHble pa3beMBbl JUIs TO/COEAVHEHHUS MUKPOKOHTPOJT-

Hike npuBenes MTHCTUHC /I MOJAKJIIOYEHHS 1IPOBOAOB HA
IUIaTe€ TECTHPOBAHUS JUTA JAHHOH NPOrpaMMbI:

TzeruHr 11.1.

DATA 129,66,36,24,36,66,1259,0
DATA 129,195,219,255,219,195,

=== IPOTPAMMA TECTUPOBAHKSA PO PAMMATOPA
HA PBASIC2 © Yves Mergy 2001 ===

lpyvep TecTHpOBAHMSE IIPOTPAMMATODE

1"

' BHecemme 14 3HA4YeHWR ..
' .. B naMsTbh EEPROM.

ADRESS var rib ‘Jlepemennas AIPEC Twna norybahr
MEANING ) var byte ‘llepevensass 3HAMEEME tuna 6aiT
TIME var nib ‘Nlepeversas MIATENLHOCTE Tuaa

‘nonybanTtMAXIcon i3
‘KoHcTanTa MAXCH co 3Hauenmem 13

DIRS=%1111111100000000 ‘Bxomm 20-P7, Buxood P8-P15
START"

OUTH=0 'P8-P15 Ha HMXHEM OTMYECKOM
ypoBHe '

If INO=L then TEMPOl 'Bcin Bxog PO=1, To nepexon K

‘TEMPO1
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If+IN1=1 then TEMPC2 ‘Ecnv Bxom Pl=l, TO TIepexXoL K
'TEMPO2

If IN2=1 then TEMPO3 ‘Ecrmu Bxon P2<1l, To nepexom X
'TEMPO3

goto START ‘3auUMKAMBAEKE B Cry4ae OTCYT-
'CTB#S. AKTUBMPOBAKHHX KJABUI

TEMPOL:

TIME=1

goto READ

TEMPO2 :

TIME=5

"goto READ

TEMPO3:

TIME=10

READ:

for ADRESS=0, to MAXI ‘Imkn yTenxus M3 14 3HavYeHw:

if IN3=0 then CONTINUATION ‘Ecru Bxom P3=0, uTenue ..

goto START ‘.. B IPOTMBHOM Cry4Yae BO3BpaT
‘B Hadauo.

CONTINUATION: s ) .

Read ADRESS, MEANING ‘Urenne Texyusero anpeca

OUTH=MEANING ‘llonTBepxneHMe BHXOOOB P8-P15

pause TIME*100 ‘Osunarue B Mmc. 100 mmrersHoCTB

next ‘Cneryworuin  agpec

goto ‘3auMKnMBaHMe B Hayano.

ITpousseaure caenyiomue JeiicTBus:

coeanuuTe PO ¢ Bhisosiom BP5 xHonku SH;
coeanuuTe Pl ¢ BeiBosiom BP4 xHonku S4;

- coeguHuTe P2 ¢ BoiBosjoM BP3 xHONKM S3;
coeauuauTe P3 ¢ Boisosiom BP1 kHonku S1;
coenuHuTe P8 ¢ BHIBOZIoM V1 HHAMKATOPOB;
coenuaute P9 ¢ BeiBosioM V2 HHIUKaTOPOB;
coeaunuTe P10 ¢ BEIBosioM V3 uHAMKaTOPOB;
coenunute P11 ¢ Be1BOZIOM V4 HHAMKATOPOB;
coeaunauTe P12 ¢ BBIBOZOM V5 MHAMKATOPOB;
coeguHuTe P13 ¢ BEIBOKOM Vb6 MHAMKATOPOB;
coejunute P14 ¢ BEIBOOM V7 MHAMKATOPOB;
coegunmuTe P15 ¢ BrIBOogoM V8 nHAMKaTOPOB.

YYYYYYYYYYYY

IMocne TOrO, KaK Bbl 3aKOHYMJIN BBOJ [TPOrpaMMbl, 3aITyCTUTE
ee, ofHOBpeMEHHO Haxas kHonku Ctrl+R. 3anyck nporpammsr
MOXHO TaKKe OCYIeCTBUTD depes Biutaaky 3amyck (Run) menio
3anyck (Run) uiaM HaxkaTueM Ha KHOMNKY B BUAE CTPEJIKHU NoOJI
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nanenabio MeHio. B ciydae ommbGxku nporpaMma nokasblBaeT Ha
ommnbouHoe MecTo, B ciydae ycnexa HaunMHaeTcs 3arpyska, ¥ po-
rpaMMa ofpalaeTcs K BASIC STAMP 2.

IMocne atoro mukpokonTposnep BS2 paGoraer B aBTOHOMHOM
pexunme.

KoMnsioTep Nocne NporpamMmmpoBaHns BonbiLe He CMoNL3yeTes,
€ro MOXHO MCNOAL30BATL NO NPAMOMY Ha3HAYEHWMIO.

Ipu HaxkaTHN Ha ofHy U3 TpeX KHomok S1-53 ceeToamoOab! Ha-
uHHAIOT CBETUTBCS C Pa3IMYHBIMM Nepuoiamu clenosanus. Ha-
»arHe Ha KHOIKY S5 OCTaHaBIMBAET MHJVKAIMIO BKAIOUYEHHOTO
CBETOJMO/A JIO CNEAYIOMEro HAKATHUSA Ha OfHy u3 KHomnok S1-83.
ITOT HeGOMLIION NPUMED NMOKA3bIBAET IPOCTOTY HCIIOIb3OBAHKSA
3TOTO 3aMeyaTeJbHOro .(He No6oI0Ch 3TOTO CIOBA) MUKPOKOHT-
posnepa. B cienyiomux mapax Mbl HPUCTYNHMM K U3Y4EHHIO Go-
Jee CIOKHBIX NPUIOKEHHNH, UCTIONB3YIOMMX M POBYIO JIOTHKY,
ocHoBanHy10 Ha BASIC STAMP 2.
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OT TeOpMM K NpaKTHKe

IMocnesnsasa yacTb 3Toi KHUrM 6a3upyeTcs HA MOJYYEHHBIX TE-
OPETUYECKUX 3HAHMAX /I BbIMOJTHCHUA MPAKTUUYECKUX YCT-
poricTs. C 110MOMWBIO TPEX 60NbIIHNX IIPOCKTOB MBI YBUIUM, KaK
MOXHO CO3/1aTh OJHM M T€ K€ YCTPOHCTBA 110 Pa3HbIM TEXHO-
norusM. Bnauane Mbl nepeiinem k nporpamvMuposanuio na PG,
a 3aTeM K MCIOJNb30BaHMIO MUKPOKOHTpOJLIEpa.

Mbi npejaraeM BaM U3y4uTh CXEMbl, MCIIOAb3YIOMME KaxX-
AYI0 U3 IIpeNoXKEeHHbIX TexHoNoTni. OT JJOrnuecKux cxeMm Ha
«XE€CTKOH JIOrMKe» Mbl NOCTEIIEHHO NepeijeM K umppoaofz’l
3JEKTPOHMKE.
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OxpaHHas cucrema

12.1. OGuee onucanme

ITepBBIM M3 HAIIMX MPAKTHYECKHUX TIPOEKTOB 6yneT npocTast ox-
PaHHas cucTeMa 06 pBIBHOTO AE€HCTBUSA, OCHOBAHHAsI Ha onpeiesie-
HHMY OGPEBIBA OJTHOH VI HECKO/IBKHX 30H OXPaHbI (BCEro OXpaHHBIX
30H — 4). Takoit BEIGOp 06ycIOoBIEH IByMs (hakTopamu. Bo-nepshix,
OXpaHHBIE CHCTEMBI LIMPOKO PACNPOCTPaHEHBIL. Kpome TOro, Mpo-
€KTHPOBaHHE OXPAHHO CHCTEMbI MOKET GBITh OCYILECTBJICHO Tpe-
Ms Pa3HbIMH CIIOCOGaMHU: Ha OCHOBE uu(})posou JIOTMKH, HAa OCHOBE
IIpOI'paMMPIpyeMOH JIOTHKH H € l’IOMOlllblO MMKDPOKOHTpOJLNEpa. Mbi
3aKpemnuM IPOoiIeHHBII MaTepual 3TOi KHUMM pa3paboTKOi cxeM
= TEOPHIO MBI COEJMTHUM C NPAKTHKOH.

Hesasucumo ot croco6a 3roToBAEHN HAIIY OXPAHHBIE CHC-
TeMBI O0NANAIOT CAEAYIOMMMY OGIMMH CBOHCTBAMM:

4 1aTYMKa HENOCPEACTBEHHOTO KOHTPOS €3 3a/IEPKKY;
4 aTyHKa KOHTPOJA ¢ 3aJ€PXKKOI1 110 BpEMEHH;
peryinpyeMoe BpeMs BX6/ia U1 COTPYAHUKA OXPaHbl — «CHs:
THE C OXPAlbl»;

peryaupyeMoe BpeMs BbIXOJA J/Isi COTPYAHHMKA OXPaHbl -
«ITOCTAHOBKA MO/l OXPaHy>», '
BO3MOXHOCTb PETYJMPOBaHMA BPEMEHHN CPabaThIBAHUSA CH-
peHbL;

HUHIVKAIIUSA paSJIM'-leIX COCTOﬂHHﬁ;

ynpaBJe€HHe CHPEHOI 6e3 MCNoAb30BaHus peJie.

YY Y Y VYVYY






