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NMPEAWUCJ/IOBUE

B wawei#t cTpane Bbinyckaercss 6osiee fecsiTKa KOMIMJIEKTOB pPa3/iHuHbIX
THIIOB MHKPOMPOLECCOPHbIX G0bUIHX HHTerpaibhbix Mukpocxem (BHC), npennasna-
YeHHbIX IS NpHMEHEHHs B caMOH pa3HOOOpa3HOH amnmapaType — OT CJAOXKHBIX
BBLICOKONPOH3BOAHTE/bHBIX BbIYHC/AHTENbHBIX CHCTEM N0 AeTCKHX urpyuiek. [TosBuaunch
CTaHJapTHbIe YHHBepCa/NbHble MpPOrpaMMHpyeMble 3JeMeHTbl — MHKPOMpPOLECCOPHbIE
BHUC, crpykrypbl koTopbix aHanoruuubi cTpykrype DBM. Ha ocHoBe mukponpouec-
copHbix BUC cTtpoaT mukponpoueccoptbie cHcteMbl MHKPOoOBM.

Bce OBM pensat Ha Goabiuue, MHHH- H MHKpOODBM. 3OTo npeneHHe ocHOBBI-
BaeTcA Ha TaKHX MPH3HAKaX, KakK CKOPOCTb BbIMOJHEHHS onepauHi, raGapHTHble
pasmepbl H cTtonmoctb IBM. Tak, Goabuine DBM 3aHHMAIOT 3HauHTeNbHblE MJOLLALH
H CTOSIT MHJUIHOHBI py6seil, coBpemeHHble MHHH-DBM pasmewaiorcs B He6oJbiLoH
KOMHAaTe H CTOAIT HECKOJIbKO AecATKOB Tbiciu py6Jed, a MHKpoOBM moxer 6biTb
pasMmellieHa Ha OJHOH MiaTe M CTOMT BCero HecKoabko coT py6baed. OcHoBHbie
NpHHUHNB paGotbl Bcex DBM oaunakoBb, HO o6nacTb npHMeHeHHss MHKpOOBM
H3-33 HX Masoll CTOMMOCTH LIHPe, HX MOXHO BCTPaWBaThb B pasJIHuHylo ammaparypy,
MOBbILIAS TEM CaMbiM ee MOTpeGHTeNbCKHE KayecTBa.

Tak kak cneunanusauns MUKpoOBM ¢ yyeToM KOHKpeTHbIX QYHKUHH, BbIMOJNHA-
eMblX arnmaparypoi, MOCTHraeTcsi C MOMOLIbIO 3aNHCH B €e NaMsATb COOTBETCTBYIO-
IHX [POrpaMM, TO pa3jJHuYHas N0 Ha3HAYeHHIO MHKpPOMpOLECCOpHas anmaparypa
MOXET HMeTb [OX0XKHEe 3JIeKTpHYeCKHe cXeMbl. JTO MO03BOJISieT YHH(HLHPOBATb
MHOFHE y3Jbl, COKpPaTHTb CPOKH MPOEKTHPOBAHHS W CHH3HTb MPOH3BOACTBEHHbIE
pacxoabl Ha M3roToBJeHHe MHKpPoIBM.

[Tpu6opbl, cTaHKH € 4YHCJOBLIM yNpaB/ieHHeM, POGOTbi-MAHHMYAATOPbI, ObiTOBAS
W npodeccHoHaNbHaf pajaHoannaparypa, CHCTeMbl yNpaB/eHHsl Ha TpaHCropTe, Teje-
¢oHHan cBA3b, O6GydyaiollHe cucTeMmbl, AomawHue ODBM, perckue wurpywku —
BOT [a/ieKo He NOoJHbIH nepeyeHb obsacTed NMpPHMEHEHHWS HOBOH 3/Je€MEeHTHOH G6a3bl.

[Mpumenenne Mukponpoueccopioix BHUC B H3MepHTeNbHOH TeXHHKE MO3BOASET
CYLLECTBEHHO MOBBLICHTb TOYHOCTb H aBTOMaTH3HPOBATb MpPOLECCH H3MEPEeHHH.
Mameputenbhble mpu6GOpLI, BhIMONHEHHbIE ¢ MpHMeHeHHeM MHkponpoueccopHbix BHUC,
06Mafal0T CcnOCOGHOCTbIO CaMOKANHGPOBKH H CaMONOBEPKH, a TaKXe MOryT MpoBO-
OHTb MaTemaTHuyeckylo o6paGoTKy pe3ynbTaToB H3amepeHuii. Bo MHorux npuGopax
BcTpoeHHass MHKPoDBM nossonsier u36aBHTbCA OT MaHeNed C MHOXECTBOM pyuek
ynpasJjeHusi. B maruutodpone MukpodIBM Beimosusier ¢yHKUHH YnpaBneHHs CKoO-
POCTbIO IBHXKEHHS M HATAXKEHHs JIEHTbl BO BCEeX peXHMax, M03BOJIieT aBTOMATH-
YeCKH YCTaHaBJHBATb TOK MOAMArHHYWBAHHS NPHMEHHTENbHO K KOHKPETHOMY THMY
JIeHTbl, HAaXOLAHTb HYXHble 3aMHCH, NPOrpaMMHPOBATb MOCJENOBATEJNbHOCTb CMeHbI
pexxumoB paboThl.



TouHo Tak ke MHKPOIBM MoxeT O6biTb BCTpPOEHa H B J06yi0 ObITOBYIO H
panHoNio6HTeNbCKYI0 annapaTypy, MOBbiliasi KauecTBOo ee paGoThl M MpHAaBas €M
HoBble (yHKLHOHANbHble cBoHcTBa. O6sacTH npUMeHeHHst MHKpoDBM B panuoniobu-
TeNbCKOH MpPAaKTHKE OFpaHHUHMBAIOTCA TONbKO ¢aHTa3uei M KBaiHpHKalHeHd pagHo-
noburens.

Pa3BuTHe MHKpONpOLECCOPHOH TEXHHKH H3MEHHJIO TEXHOJOFHIO MPOEKTHPOBaHHSA
UHOPOBLIX YCTPOHCTB H MOBLICHAO TPeGOBAaHHA K 3HAHHAM HX pa3pabOTUHKOB.
Papnonio6utens, 3aHHMaloWHicA NPOEKTHPOBAHHEM MHKDPOMPOLLECCOPHOH anmapary-
pbl, LO/MKEH 3HAThb KaK MeTOdbl MPOEKTHPOBAHHA H OTJAlKH 3MeKTPOHHOI anmapa-
Typhl, Tak W nporpamMmupoBanHe. HakonneHHbii onbiT nokasbiBaer, uto pa3paboT-
YHKY 3JIEKTPOHHBIX CXeM Jerye W ObICTpee OCBOHTb MeTOldbl MPOrpaMMHPOBAaHHS,
yem NporpamMMHCTY MeTolbl POEKTHPOBAHHS W OTJaldKH annaparypbl. Ho u nporpam-
MHCTBI MOCN€ H3yueHHS OCHOB MHKPOMPOLECCOPHOH TEeXHHKH MOFYT C Yycnexom
NpoeKTHpOBaTh anmaparypy.



1. MTPUHLHITbI PABOTbl MUKPO3BM

1.1. Crpykrypa MukpoIBM u ee cuctema Komaup

3HaKoMCTBO ¢ MPHHUHNAMH paboThl MHKPOIBM paunem c paccmoTpeHus
ee ynpoiueHHoH 06061IEeHHOH CTPYKTYpHOH CXeMbl, npeacrasaeHHod Ha puc. 1.1 u
cojepxKalueil MHHAMAJbHbIA HA60p (YHKUHOHAMbHBIX 3JE€MEHTOB, B TOM HJAM HHOM
BHIe BXOAsWMX B cocTaB Jio60H MHKPoIBM. T[lpeanonoxum, 4To 3JeMEHTOM,
Npou3BOASAWHM 0O6paboOTKYy NaHHbIX, siBasieTcs Mukponpoueccop KP580MKS80A, Bbi-
nosiHenHoii B Buae BHUC, comepxalueii okoso wecTH ThicAy TpaH3ucrtopos. Mukpo-
npoueccop H psd BCMOMOraTeJbHbiX YCTPOHCTB, obecneuuBaloOlUlMX ero pabory H
pabory Bceit MHKPOOBM B uenoMm, o6pa3yioT NpoueccopHblii MOAYAb, K KOTOpPOMY
C MOMOLLbIO CHCTEMHbIX IWHH MOAKNIOYAIOT nepHdepuiiHbie MOAYyAH MHKpPOIBM.
Pa3nenenne MukpodBM Ha ykazaHHble MOLYJH HOCHT (YHKLUHOHaJbHbIA Xapakrep.
KoHCTpyKTHBHO Bce MOAYJH MOTYT ObiTh BbIMOJHEHbI, HanpuMep, Ha ONHOH mJare,
6osiee TOro, HMeIOTCS OJHOKpHCTaJbHble MHKPODBM, rae Bce paccmarpuBaembie Mo-
nynu pa3melleHbl B ogHoi BHC.

CHcTeMHble WHHBI MPeACTaBAAIOT cO60H HAGOP COENHHHTENbHbIX MPOBOAHH-
KOB — JIMHHH, OObeNHHSAIOUIHX OLHOWMEHHbie BbIBOAbI BCeX NepHdepHiHbIX MoMyJeH.
[To Kkakmoi NUHHM MOXeT ObITb MepelaHO 3HAauyeHHe OLHOro paspsila ABOHUHOrO
Kofa B Bule ypoBHeH Hanpsikenus +0,4 uwau +2,4 B, coorBercTBylOWHX JOFH-
yeckomy O uau Joruveckodt 1. [lo popy nepenaBaemoit HH(OpMauHH BCe JHHHH
pasjeseHbl Ha TPH rpynnbl, o6pasylollHe WHHbI JaHHbIX, afpeca W ynpaBieHHs.

[Mepuoepuittibivu MoaynsiMu B MHKpoIBM MoryT GbiTb pasnuuHble 3anOMUHAIO-
wue ycrpoucrsa (3Y) M perHcTpbl ANs NMOAKJIOYEHHS BHEIWIHHX YCTPOHCTB (HanpH-
Mep, KNaBHaTypbl, yCTPOHCTBA BH3YyaJbHOrO OTOOpaX<eHHWS HHPOPMALHH, PAINHUHBIX
JlATUHKOB H HCMOJIHHTE/bHBIX MEXaHH3MOB), Ha3blBaemble MOPTAMH BBOAA HJH Bbl-
sBona. Tak kak mukponpoueccop KP580MK80A npennasnauen aasi 06paGoOTKH
8-pa3psfHbIX ABOHYHBIX uHces (Hajee OyaeM Ha3biBaThb MX C/JOBaMH HAH Oalitamu),
TO MOPTH BBOJAA HJIH BbIBOJA TaKXKe NOJKHbI ObiThb 8-pa3psilHbiMH. 3anoMHHawLLee
ycrpoiictBo MHKPOIBM coctout u3 HaGopa 8-pa3psaaHbix siueek namatH. O6GMeH
JaHHBIMH MeXIy NpPOLECCOPHbIM H nepHdepHiHbIMH ModyAsiMH MHKpoIBM mnpoucxo-
JHT MO WIHHEe NaHHbIX, COCTOSIEN TaKXe W3 BocbMH JauHui DO—D7. [Mo auHHM
DO nepenaercs mnaawui, a no auuiun D7 — crapwuit pa3psaanl 6aiita.

XapakrepHo#i OCOGEHHOCTbIO IIHHBI JAaHHBIX SIBASIETC ee JBYHAMpaBJeHHOCTb.
[Mon dsynanpasaennocToio NOHHMaeTcsi BO3MOXHOCTb Mepelaud NaHHbIX B pa3Hble
MOMEHTbI B pa3iuuHbIX Hanpasaexusix. Hanpumep, cHauyana no wHHe NaHHBIX MOXHO
nepenaBaTh AaHHble OT MPOLECCOPHOrO MOAY/ASl K nepHdepuitHOMy, a 3ateM B 06-
paTHOM Hampas/JeHHH. [IByHampaB/leHHOCTb IWHHbI JaHHbIX O6ecrneyHBaeTcst Tpexcra-
GUAbHBIMH OydepHbIMH perucTpamH, yepe3 KoTopbie NMepHdepHiHble MOAYJAH MOAKIIO-
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Puc. 1.1. O606uiennas cTpykTypHas cxema MHKpodBM

yalotTcsl K WwuHe. Bobixoabl TpexcTaGHJibHBIX PErHCTPOB, KPOME COCTOSIHHH, COOTBET-
CTBYIOLLMX HaMpPsSXKEHHIO BbICOKOrO H HH3KOrO YpOBHel, MOryT MPHHAMATb TpeTbe
NnaccMBHOE WJH TaK Ha3biBaeMOe BbICOKOMMMENAHCHOe CocTosHHe, 6aaromaps uemy
OHH OKAa3blBalOTCA KaK Obl OTKJAIOMEHHBIMH OT COOTBETCTBYIOLIHX JIMHHH IHHbI AaH-
HBIX.

Kaxnbiii nepudepuitnblii moayis MHKpOoOBM nmeer Bxoi Ans npHema curHasja
«BboiGop mopyasi». B npouecce pa6Gotel MHkpoIBM ¢ nomowibio 3TOro cursasna
ONHOBPEMEHHO MOXKEeT AKTHBH3HPOBATBbCA TOJbKO OJHH H3 mNepHdepHiHbix Momyned.
IT10 03HauyaeT, uTO BO3MOXeH OOMeH NaHHbIMH MeXAy HHM H MPOLECCOPHBIM MO-
AyneM. Bobixolbl ocTa/fibHbiX MOAYJeH NPH 3TOM OCTalOTCA B BbICOKOHMMELaHCHOM
COCTOSIHHH (OTK/MIOYEHHOM) M Ha paboTy MHKpOODBM He Biunsior.

[Tpn paGote npoueccopibli MOAY/Ab NOMKEH OOMEHHBATbCAA HAHHLIMH C Ofpe-
JeNeHHbIMH siYeiKaMH naMaTH HAW nopramH. [l 11 Toro uto6bl HMeTb BO3MOXHOCTb
obpawarbes (aApecoBaThesl) K HHM, Ka)Jasl siuciihd MaMATH H KaXAbld NOpT BBOAA
HJH BbIBOJA HMEIOT CBOH WHAWBHAYyaJbHble Homepa — adpeca. [lpu obmeHe naH-
HbIMH MpPOLECCOPHbIH MOAY/Nb yCTaHaBJHBAeT HA ajpecHol wWHHe MHUKPODBM aBoHu-
HbIH KO/, COOTBETCTBYIOWIHMA afpecy siuedkd namatH. Ydcao JuHUH aapecHOH WIHHBL
MHkpodBM  onpeaensercs  paspsiAHOCTBIO afpecHOH WHHbL  MHKpOMpoleccopa
KP580MKB80A u pasHo 16. 3to nosmoiser obpawartbes K 2'9=64 K sueiikam na-
matu, rae K=1024 6aiit — eanuuua u3mepeHHs obbemMa MamAATH.

HanomHuM, uTO B ABOHYHBIX 4YHCNAX, T2K XK€ KaK H B JECATHUHbIX, 3HauyeHHe
Kaxaoil uMdpbl 3aBUCHT OT TOrO, B KAKOM pa3psille udc/ia oHa HaxoauTca. B aBowu-
HOW cHcTeMe cuucleHHst Tonbko Ase uugpbl: 0 u 1. Lludpa O, B KakoM Ohl oHa
pa3psiie JBOHYHOrO YHCJia He HaxojHJacb, GyNeT 3KBHBaJeHTHa HYJIO B NECSATHY-
HOH CHcTeme cuucieHnsi, a uudpa | B camom maanwem (Hynesom) paspsiie ABOHu-
HOTO 4HcNa 3KBHBadeHTHa 2° =1 B eCATHYHON CHCTEME CudC/leHHs, B Caenyiollem
(nepsom) paspsige — 2' =2, Bo BTOpOM pa3psiie — 27 =4, B TpeTbeM — =8 ur. o
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Takum obpasom, 16-pa3psiaHoe NBOHYHOE YHCJO, €clH BO BCeX €ro paspsiiax
6ydyT edHHHLbl, 5KBHBAJEHTHO AecATHYHOMY uHcay 65535:

65535=2'" 42" 4213 4 4224 2" 42"

Onxako, ecnu B 14-m paspsge aBoHuHoro uyucna nosiBuTcss O (T. e. OHO <TaHer
pasHo 10111111111111111), ero meciTHUHbIA 3KBMBAJEHT CTaHeT MeHbwe Ha 2'*=
=16384 u Gynmer pasen 49151.

KotcrpyktuHo 3Y MukpodBM coctouT u3 oatoit unu Heckonbkux BUC namsitu,
KaXxflasl H3 KOTOPbIX HMeeT BXOA AAS npuema curiana «BeiGop monyas». [dewudpa-
uMA KojJa Ha alpecHOH wWwHHe no3sossier BbiGpath onpenenedHyio BMC 3¥Y ¢ no-
MOLLbIO cOOTBeTCTBYlOWero curiana. Ha puc. 1.1 curuan «Bbi6op mMopynsi» 0603Ha-
yeH CS (chip select). OG6pawiesne xe K onpeneneHHod sueiike namsTH BHYTPH
BHUC 3Y npoucxoouT Mo CHFHAJy C BbIXOAA BHYTPEHHEro AelwHdpaTopa, BXOAb KO-
toporo (ampechbie Bxoabl BMC 3¥Y) noaknioualoTrcs K COOTBETCTBYIOUIHM JIHHHAM
WHHBl afpecos.

Mukponpoueccop KP580MK80A no3possier NOAKNIOYHTb K JHHHAM LWHHb aape-
coB AO—A7 no 256 noproB BBoga W A0 256 noprtos BbiBoAa. JIWHMM WwHHbB A8—
Al5 ana noaknloueHHs MOpTOB He Hcnoab3yloTcs. Bee Bxoabl «BhiGop monpyns»
MOPTOB BBOJAA HJH BbIBOJA MOAKAIOYAIOTCA uepe3 JewH(dpaTopbi HOMEPOB MOPTOB
K BOCbMH MJIafiMM pa3psjam aapecHod wHHbi MHKPoOBM. [lopTel akTHBH3HpYIOTCA
MpH MOSIBJIEHHH HA WWHHE aJpPecoB KOJOB, COOTBETCTBYIOWHX HX HOMEpaM.

JlononHHTENbHbIM YCIOBHEM aKTHBH3auHWH JI060ro nepudepuiiHoro Moayns
SIBJIIETCS HaJiHUHe COOTBETCTBYIOLIErO CHFHAaNa Ha LWHHE YNpaBieHHs, MOCTynaio-
Wero OT MPOLECCOPHOro MOAYASt K nepu¢epuitHbiM. KM sBasieTcs ooMH M3 CHrHa-
JoB Bbi6Opa rpynnbi MOAyJAeH (MOpTbl WKW MOAYJH NaMATH) W HanpaBJeHHst o6MeHa
nauHbiMu: «Yrenne namsatu» MEMR, «3anuce B namare» MEMW, «3anuch B
nopt» IOW, «Urenue u3 nopra» IOR. O6biyHO 3TH W ApyrHe cHrHaabl ynpasiae-
HH B MUKPOOBM ¢opmHupyioTCsi B HHBEPCHOM BHAE, T. €. aKTHBHbIMH OHH SIBJISIIOTCA
TOrfa, KOrja HX ypoBeHb COOTBETCTBYET HaMpsi)KeHHIO HH3KOrO YPOBHS.

Pa6ora mMukpodBM, kak u aw6oro uHdpoBoro ycTpoHcTBa, 3akKjiouaercs B
06pa6oTKe HCXOAHbIX JdaHHbIX MO 3agaHHomy aaroput™y. [lox ascopurmom paboret
LLHPPOBOro YCTPOHCTBA NMOHHMaeTcs Habop MOCNeNO0BATENbHO BbINOJNHAEMbIX NeHCTBHH
no o6pa6GoTKe HCXOAHbIX JaHHbIX C LeJbio MonyuyeHHs TpeGyemMoro pesysbTara.
B MukpodBM anroputm peanusyercs npu BbINONHEHHH NPOrpamMbl, HaxodslieHcs
B 3Y B BHAe MOCJeNOBaTeNbHOCTH KOMaHA. [IpH 3TOM HCXONHBIMH AJSl MpPOrpaMmbi
ABJSIIOTCA JaHHble, BBOAHMbIE uepe3 MopThl BBOAA, MPOMEXKYTOUHble NaHHbIE XPaHATCA
B 3Y MHKpodBM unH Bo BHYTPeHHHX perHcTpax MHKpoOMpoLueccopa, a nosydyeHHble
pe3y/ibTaThl BbIBOAATCH 4epe3 MOPThl BbIBOAA.

Kaxnabli THn MUKponpoueccopa XxapakTepH3yeTcsi oOMNpeaeseHHOH cucTeMoi
komaHa. Cucrema KkoMaHO — 5TO MOJHbIA NepeyeHb 3JE€MEHTapHbiX NEHCTBHH, KO-
TOpbli cnocoGeH MPOHW3BOAHTb MHKponpoueccop. YnpasiasieMbit 3THMH KOMaHAaMH
MHKPOIMPOLIECCOP BbIMONHAET OYeHb MNPOCThie AEHCTBHA, TaKHe KaK 3JeMeHTapHbie
apH@MeTHYeCKHe W JIOTHYECKHe OmepalHH, OnepalHH MepecbliKH NaHHbIX, CpPaBHEHHS
nByX BeanuuH H ap. CocTaBHB mMporpamMmy H3 MOC/JENOBATEJbHOCTH TaKHX KOMaHZ,
MOXCHO 3aMporpamMMHpOBaTh BbIMONHEHHE AJrOPHTMA JIIOGOH CJI0XKHOCTH.

[To ¢opmaty (uucay oTBeleHHbIX AJISi HHX pa3pslloB) KOMaHAbl MHKpoOmpolec-
copa KP580MK80A pensitca Ha oaHo-, ABYX- W Tpex-6Gakrtosble. BaliThi KoMaHAbi
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Nnoc/Ne0BaTeNbHO paclofaraioTcs COOTBETCTBEHHO B OAHOM, ABYX WJAH Tpex siueikax
3Y mukpodBM. [lepsbifi 6alfT JM1060# KOMaHAbI COAEPXKHT Kol omepauud. OH onpe-
nensieT ¢popMaT KoMaHIbl H Te AeHCTBHS, KOTOpble AOJXKHbI GbITh MPOH3BEAEHBI MHKPO-
NpoueccopoM Hal [aHHbIMH B Mpolecce ee BbIMOJHEHHS. DTH AaHHble Ha3biBalOT
onepandamu.

[Tporpamma pa6otel MHKpoDBM, BcTpoeHHo# B Kakoe-H60 ycTpPOHCTBO, XpPaHHT-
¢l B NMOCTOSIHHOM 3anomuHawoulem ycrpoicrse ([13Y) moayas 3Y. [Tocrosnwoe 3a-
nomunarouee ycrpotictéo — sto BUC namsAtd, B KoTOpylo Heo6xoaWMast HHdopma-
UMsl (MporpamMma, KOHCTAHTbl) 3aHOCHTCA B MpoLecce ee H3FOTOBJEHHS HJH Hemno-
cpeacTBeHHO mnepea ycTaHoBKOH B MHKpoIBM. Hugopmauus B [13Y coxpaHsercs
HE3aBHCHMO OT TOTO, BK/IOYEH /M BBIK/AIOYEH HCTOMHMK NUTanus. Bo Bpemsi paGorn
MHKpoIBM uudopmaunio u3 [I3Y MOXKHO TONbKO CuuTbiBaTb. [IpomexyTouHble
naHHbie B MHKpOOBM xpaHstcsi B oneparusnom 3anomunarouiem ycrpoticree (0O3Y),
B KOTOpPOE OHH 3aMHChiBAlOTCAA M H3 KOTOPOrO CYHTHIBAIOTCA B mpouecce paGoThl.
[Tpu cHATHH HanpsixkeHHs fuTaHus navHbie B O3Y repsiores. [Ipu ornanke mpor-
paMMm, a Takxe Koraa MHKpodBM ucnonbsyercs B KauecTBe yHHBepcaNbHOH (T. €. Bbl-
noNHsAIOWeEH B pa3Hoe BpeMsi pasnuunble nporpammbi), O3Y cayxut ¥ ana xpa-
HeHust nporpamMm. B stom cayuae mukpodBM o6biuHo umeer [13Y ¢ manbim Ko-
JIHYECTBOM fAuYeeK (c ManbiMm 06bEeMOM) MNaMATH, Kyla 3anuchiBaeTcs HeboJbiuas
nporpamMma-3arpyaulk, moji ynpaJjeHHeM KOTOpoi B Hauaje pa6otbl B O3Y ¢ Kakoro-
N160 BHELIHEro YCTpoHcTBa 3arpyxkaercsi paGouyast nporpamma.

BoinonHeHne Ni060# KOMaHAbl MHKpOMpolUeccopa HauyuHHAeTCs C YTEHHS ee Koja
onepauud u3 3Y. [lisi 3TOrO MPOLECCOPHbIH MOAYJb YCTaHAaB/IAHBAeT Ha afpeCHbIX
IUMHAX KOL ajpeca siyeHKH MaMATH, B KOTOPOH 3amucaH KOA OfepaLHH KOMaHubl,
a Ha COOTBETCTBYIOLleH JIHHHM LIHHBI YMpaBieHHs — CHFHAJ «UTeHHe naMaTH».
B pesysbrate kol onepaunHd KoMaHAbl BblJaeTcsl M3 fYeHKH NaMATH Ha IIHHY AaH-
HbIX H CUMTBbIBAETCS MPOLLECCOPHBIM MOAYJIEM.

Mukponpoueccop HeKOAHPYET KOA onepaluH, onpelensier, Kakhe AeHCTBHS eMy
HEOGXOAHMO BbLIMOJHHTL B COOTBETCTBHH C HHM, H MEPEXOAHT K BbIIIOJHEHHIO KOMaHIbl.
B 3aBHCHMOCTH OT KOMaHIbl MHKDOIPOLECCOP MOXKET NPOH3BOAHTb JHGO TONLKO
BHYTPEHHHe onepalid, NM60 HEeOLHOKpaTHO o6pallaThCsl K MAaMATH AJSl UTEHHA HJH
3anucH AaHHbiX. B yacTHocTH, npH BbiNONHEHHH ABYX- W TPeXGaHTOBBIX KOMaHA nocie
CUHTHIBAHHA KOJA oOmepaudd npoueccop obpallaercsi K MaMATH A CUMTbIBAHHSA
BTOPOro W TpeTbero 6afita komaHabl. [locne BbIMONHEHHS TeKylled KOMaHAbl MHKpO-
MpOLECCOp MePeXOdHT K BbIIIOJIHEHHIO OuepelHOH KOMaHAbl, T. . o6pailaercs K suefke
3Y, rae xpaHHTCS KOA OMNepaunH ciefyioleii KoMaHabl.

Mukponpoueccop HMeeT CNOXKHYIO BHYTPEHHIOI CTPYKTYPY, HO C TOYKH 3DeHHSI
NpOrpaMMHPOBAHHS OH COCTOMT TOJbKO M3 ceMu 8-pa3psiilibix peructpos A, B, C, D,
E, H, L, peructpa npusHakoB pe3ynbTaTa BbIMOJHEHHS onepailid H ABYX 16-pa3psa-
Hbix perucrpos SP u PC.

PaccMOTpHM HasHaueHHe BHYTPEHHHX perHcTpoB MHKponpoueccopa. Peructp
A (aKKymyJasTop) Hcnonb3yeTcsi AJISl XpaHeHHs ornepaHia, € KOTOpbiM paGoraer
apugmeruxo-arocuqeckoe ycrpoidcrso (AJ1Y) mukponpoueccopa. Pesyabrat pa6otbl
AJ1Y no okoHuaHHH 06paGOTKH AaHHBIX BHOBb MOMeliaercst B peructp A'.

! Tpu npoekTHpoBaHWH annapaTypbl Ha Oase mukponpoueccopa KP580MK80A

3HaHHE MPHHUMIIOB OPraHW3audH u pa6otbi AJIY U ApPYrMX HELOCTYNHLIX AJS MPO-
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lilects perucrpos B, C, D, E, H, L npegHa3naueubl ANsi XpaHeHHs mnpome-
XKYTOUHbIX faHHbIX. [1pu ncrnonHeHnu Hekoropbix Komaun perdcerpsl B w C, D w E, H
1 L 06beanHAIOTC B PErucTpPOBbie Napbl ANA XpaHeHHs 16-pa3psiiiHblX AaHHBIX.

Jns M3yyeHHs cHCTeMbl KOMAHA M HAMUCAHHSA 1POrpamMM BaX<HO 3HaTb Cnocobbl
ajpecallii, KOTOpble 3a/0XeHbl B MHKpDOMpOLEccope, T. €. 3HaTb, KaK MPOHCXOLHT
¢dopmHpoBaHHe KOLa Ha LIHHE aipecos.

[Tpu obpalieHdd K namaTH A4 YTEHMS] KOAA ouepeNHOH KOMaHAbl M3 MHKpO-
npoueccopa Ha IIHHY alpecoB IocTynaer colepxHMoe 16-paspsaHoro peructpa PC,
Ha3bIBAEMOrO CYETUMKOM KOMaHA. B 3ToM perucTpe K MOMEHTY OKOHYaHHsI BbINOJ-
HEHHSl TeKylleidi KOMaHIbl BCeraa MOArOTaBAHBAETCA aipec ouepelHOH KOMaHAbl
nporpamMmbl. Bo Bpemsi BbiMOMIHEHHst MporpaMMbl  MHKPOMPOLECCOPY HEOGXOAHMMO
ofpalarbcst K onpefesneHHbIM siueHKam NaMATH AS UTEHHS H 3aITHCH MPOMEXYTOU-
HbiX AaHHbIX. B cHcTeMe KoMaHL HMEIOTCS KOMaHAbl, C MOMOLLBIO KOTOPbIX MOXHO
3afaTh azpec obpaiueHHsl HEMOCPEACTBEHHO K MaMATH (KOMaHAbl C HemocpeacTBeH-
Ho# aapecaiineil). OHW umeloT Tpex6adToBbIH ¢dopmaT, T. e. Kaxaas KXomaHaa 3a-
HMUMaeT TPH siueidKH NaMATH, pacrojoxeHHbie Apyr 3a ApyroM. B nepsom Gaiite
KOMaHJbl XpPaHHUTCH KOJ onepauud, a BO BTOPOM H TpeTbeM Oalrtax 3anucaH 16-
paspsaaHbit afpec obpaiiedus K namsaTH. [IpH BbIMONHEHHH TaKOH KOMaHEb MHKPO-
MpoLeccop MocJae]oBaTe/bHO CUHTbIBAeT 3HAueHWsl BTOPOro H TpeTbero GaHTOB BO
BHyTpeHHHe OydepHble perdcTpbl W 3aTeMm NpH OOpaLUCHHH K NaMATH AJS 3aMNHCH
WIH YTEHHs JaHHbIX NepelaeT H3 3THX PerHcTpoB Ha WHHY ajapecoB 16-paspsan-
Hblil anpec. KomaHabl ¢ HemocpeacTBeHHOH ajpecalueil BbIMOJHAIOTCA MelJNeHHO, Tak
KaK MHKpOMPOLECCOpY MpH HX BbIMONHEHHH MPHUXOLHTCA AONOJHHTENbHO ABaXKAbl
obpallarbcsl K NaMATH AJA MOGAHTHOro UTEHHsl KOAa ajpeca.

B cucreme KoMaHA ecTb TaKxe ONHO- W ABYX6aHTOBbie KOMaHAbl, B KOTOPbIX
HCMOJIb3yeTCsl KOCBeHHasi perWcrposasi aapecauus. [Ipn Wx BbiMOSHEHHH ajpecauus
OCYLECTBASIETCS MO COAepXHMOMY onHOH M3 perdcrpoBbix map BC, DE wau HL,
KyAa MnpelBapHTe/ibHO nomellaercs aapec TpeGyeMoi siueHkH NaMATH M OTKyAa OH
MOCTynaeT Ha WHHY ajApecoB.

Kpome onucanHbiX ABYX cnoco6oB ajpecalld BO3MOXKHA ajpecauus K suyedkam
NaMsaTH MO coAep»KMMoMmy 16-paspsiaiHoro peructpa SP, HasblBaemMoro ykasaresem
cTeKa.

[Mon crekom B MukpodBM Ha 6ase wmuxponpoueccopa KPS580MK80A mouu-
maerca Jo6as obaacte O3Y, cayxawas A XpaHEHHSt aapecoB, KOHCTAHT W Mpo-
MEXYTOYHbIX JAHHbIX, aApecalHs K suefikaM MaMATH KOTOPOH ocyllecTBAsieTcs ¢ Mo-
MOLWbIO KOMaH, paGoraiownx co crekoM. [lpu obGpawennn k syeitke mamatu 3V,
pPacnonoXeHHOH B CTEKOBOH 06/1acTH, Ha WHHY ajipecoB BbiAAeTCs COJAepPXKHMOe
peructpa SP. Tlepen BbimosHEHHEM KOMaH., HCMoaAb3ylOIUHX perderp SP, B Hero
nosxkeH GbiTb NpeaBapHTeNbHO 3allicaH KoA Hayaja crekoBoit obaacth O3Y (koa
«BepxywkKH» creka). C nomollbio KOMaHA, HCMONb3YIOILHX CTEKOBYIO ajpecaluio, B
CTeK MOXHO nepecnatb 16-paspsiaHoe uHciao W3 J1106OH PErHCTPOBOH MNapbl HJH
peructpa cuetuuka komaHa PC. 3anuce uHcna B maMfATb NPOHCXOAMT NOGaHTHO:
cHayaJla 3anMcbiBaercst CTapliuit 6aiT B siUefiKy MaMATH C ajlpecoM, Ha eAHHHLY
MEHDbLIAM CONEPXHMOro ykasaTenss creka (T. e. B siuediky c aapecom SP—1),

rpamMmHucTa 3J/IEeMEHTOB €ro BHyTpeHHeﬁ CTPYKTYpbI Heo6s13aTes bHO, NMO3TOMY HX pa-
6ora 31ech He OCBeIlLaeTCo.
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3aTeM — MJalWHi GalT B sAuveiiky ¢ agpecom SP—2. Takum o6pa3om, no okoHua-
HHH 3anHCH colepXKHMoe (MM MOoJIOXeHHe) yKasaTeJsi CTeKa CTaHOBHTCS PaBHBbIM
SP—2. Tlpu 3aHeceHHH B CTEK COJNEpPMXHMOrO pPErHCTPOBbIX Map HJH CUeTYHKa
komana PC ykasartenb cTeka aBTOMaTHYeCKH KaXK/Iblii pa3 cmewiaercsi BHH3 (T. e.
B CTOPOHY MJIAJIIHX aApecoB MaMfiTH) Ha JABe AYEHKH.

B cucreme komaHA MuKporpoueccopa ecTb W TaKHe, KOTOpble MO3BOJSIOT
OCYLLeCTBAATb O6paTHYIO onepaudio, T. e. No6aWTHO nepechlaTbh COAEPXKHMOE napsl
flueeKk cTeka B JIOGYI0 peructpoByio napy Hian B cuetunk komaua PC. [lpu 3tom
BO BHYTPEHHHH pErucTp MHKpoOMpoleccopa cHauaJjla NnepenuchbiBaeTcsi MJalwui GalT
H3 fiYeliKH NaMsATH, aJpec KOTOPOro OnpejfensieTcsl TeKyLIHM MOJIOXKEHHeM yKasaTelsi
CTeKa, 3aTeM B JpYyrod perucTp perucTpoBOH Napbl MepenucbiBaeTcss CTapwii GaHT
M3 siueliki namATH ¢ aiapecom SP 1. [locne BbImONHEHHSt KOMaHAbl MNOJOXKeHHE
yKasaTeisi cTeka NpuHumaer 3HaueHHe SP 42, T. e. yKasaTeib cTeka OKa3biBaeTcs
aBTOMATHYeCKH CMellleHHbIM BBepX Ha J1Be fiYeHKH B CTOPOHY CTapWHX ajApecos
namsTH.

JIoCTOMHCTBOM KOMaHX C ajpecauMeil Mo yKa3aTelio CTeKa SBJASETCS TO, uTO
NPOrpaMMHCT MOXeT He 3a60THTbC KaXKAbld pa3 O KOHKPETHbIX ajpecax siueek
NamATH, Kyla 3aNHCbIBAlOT H OTKylda CYHTHIBAIOT AaHHble. EMY Heo6X0AHMO TO/NbKO
co6.1i01aTh ONpefe/leHHYI0 MOC/]eJoBaTe/bHOCTb NPH 3aMHCH JaHHbLIX B CTEK H HX
H3BJIEUEHHH, T. €. UHTaTb NaHHble U3 CTeKa B MOCJENOBaTeNbHOCTH, OGPaTHOH 3aMHCH.

PaccMoTpuM nopsilok 3anucH 16-pa3psilHbiX 4dceq B NaMsATb H BHYTPeHHHE
perucTpbli MHKponpoueccopa. [Iisi XpaHeHHsi TAKHX uMCeJ B MHKPOMPOLECCOPE MOXKHO
Hcnoab3oBatb TpH peructposoie napsl — BC, DE, HL, ykasarteab creka SP u cuer-
yuk komana PC. [lpu stom B perucrpax B, D u H perucrpoBbix nap xpaustcs
craplwie 6aiitbl uyucen, a B perucrpax C, E u L — ux maanwwue Gaiithl. B onepa-
UHAX €O CTeKOM Kak |6-pa3psiiHoe uHC/IO paccMaTpHBAaeTcsl TaKxkKe COBOKYIHOCTb
peructpa A (crapwuit 6aiiT) W perucrpa npusHakos F (maanwuit Ga#t), umenye-
mas PSW.

Jns 16-pa3psiaiHOro uucja Bceraa OTBOASITCA OBEe CMeXHble siYeHKH NaMsTH.
3anuch uyHcean B 3TH SYEHKH MPOHCXOAHT NOGAaHTHO, NMPHUEM B siueliKy C MEHbIUHM
aJpecoMm 3anucbiBaeTcsl Maailui 6aiT, a B fiueiiKy ¢ GOJIbIUHM aApecoM — CTapluui
6aifT ukcna. ATo NpaBHIO BBIMOJHAETCS MpH JMI06bIX cnoco6ax afpecalHH, a Takxke
MpH 3andcH B NaMATb TPeX6aHTOBHIX KOMaHA, rae BTOPOH H TpeTHi GaHTbl siBASIOTCS
COOTBETCTBEHHO MJIAJILIKM H cTapiunM Gaitamu 16-paspsaHoro uucaa.

[Mpn uanucanun nporpammbl AN MHKpoIBM Ha ypoBHe MawHHHBIX KOZOB
NporpaMMHCTy HEO6XOAHMO 3HaTb ee CHCTeMYy KoMaHl. JTo 03HayaeT, uTO Nporpam-
MHCT JOJKEH MOMHHTb BeCb MepeyeHb KOMaHI, XOpOWO MNpeAcTaBisTb ceGe AeHCT-
BHSl MHKpPOMpoLECccopa MPH HX BbIMOJHEHHH.

Kon onepaunn ni060o# KoMmaHabl (ANt OAHO6AHTOBOH KOMaHAbl — 3TO MPOCTO
Koa Komauabl) B 3Y MHKpoOBM npencrasasiercsi ABOHUHBIM 8-pa3psilHbIM UHCJIOM.
Hanpumep, kox komaHabl nepecoiiku “3 perucrpa C B peructp A Gyner umeThb
sua Ol11 1001, ko; omepaunH KoMaHAbl HeMOCpeACTBEHHOH 3amucH 8-pa3psiiHoro
onepaHjia B namaTb 3anucoiBaercs tak: 0011 0110, a Komauabl 3arpy3kH akkyMmy-
JAsitopa ¢ HenocpeiacTseHHoi agpecauueir — 0011 1010. Bcero aBouuHbiM KOAOM
MOXHO npeacTaBuTh 28=256 pasnuunbix KomGuHauui. [TouTH CTONbKO XKe KOMaHz
HMeeT H MHKpompoleccop (HeKoTopble KOMGHHALUHH ABOHUHBIX 8-pa3pAAHbIX uHces He
MCNONB3YIOTCS, H NO3TOMY KOMaHA MeHblle, yem 256).
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EcrectBeHHo, uyto 3anomMHuTb Gosee 200 KOZOB KOMaHA, NpeNCcTaBJEHHbIX B
BHIe [BOHYHbIX 8-pa3psiiHblX 4HceJ, T. €. B BHAe Habopa eAHHHL H HyJeH, MOUTH
HeBO3MOXKHO. [103TOMYy Ka)X1OMY KOAy KOMaHAbl COOTBETCTBYeT MHEMOHHYecKoe ee
Ha3BaHHe, KOTOpOe SBJISIETCS COKpaLUeHHEM OT aHIJIHHCKHX CJOB, OIMHCHIBAIOWHX
ee jaedctBHe. Muemonuxka (rpey. mnemonika — HCKycCTBO 3anoMHHaHHS), COBO-
KYMHOCTb MpHEMOB H cnoco6oB, o6JeryalouiHx 3anoMHHaHHe nyTeM OGPa3OBaHHS
HCKYCCTBEHHbBIX accouHauHd. MHeMOHHKA KOMaHA MO3BOJISIET Jlerye 3afMOMHHTb HX
(YHKLUHH H 3HAUHTENBHO yNpoulaeT HamHCaHWe MPOrpamM.

[Mocne MHeMOHHKH ABYX6aHTOBbIX KOMaHA 3amnucbiBaeTcsl WX 8-pa3psiiHbiii orne-
paHA, KOTOPbIH MpH OMHCAHHH CHCTeMbl KOMaHA o6o3xauaerca D8, a aasa tpex-
6aliToBblX KoMaHA — |6-paspsinHbii agpec W/AH onepaHa, o6o3Hauaemble COOTBET-
crBeHHo yepe3 ADR u DI16. $lueiika namsTi, azpecyeMasi B COOTBETCTBHH C OINH-
caHHeM KoMmaHObl, o6o3HauaeTci M. Tak, nepBasi W3 yNOMSIHYTHIX Bbille KOMaHA B
MHEMOHHYeCKOM Koge Oyaer umerb Bua MOV A, C (MOVE REGISTER), srto-
pas — MVI M, D8 (MOVE TO MEMORY IMMEDIATE), a tperbss — kak LDA
ADR (LOAD DIRECT).

Ha3Banusi peructpoBbix map B MHEMOHHKE KOMaHJ [alOTCS B COKpalLEHHOM
BHE C TNOMoULbi0 MepBbix GyKB WX Ha3Bahus: Tak, BMecto BC, DE u HL 3anuch-
Baercsi coorBerctBeHHo B, D u H. Hanpumep, komaHnaa yBeauueHHs Ha eAHHHLY
cogepxuMoro peructpoBoit napol HL 3anucbiBaercs kak INX H.

Bce komanabl Mmukponpoueccopa KP580MK80A npencrasnenst B taba. |1.1.
C ee noMOUWbBIO MOXHO JIErKO H GbICTPO COMOCTABHTb MHEMOHHKY KOMaHAbl C ee
kogoM onepaudu. Koa onepauuu Kakaoi komMaHabl B TabJHue NpHBefeH B BepxHei
H HHXXHEH TOPH3OHTAJIbHbIX CTPOKax (MJajlue pas3psafbl) H B KPaHHHX JIeBOM H
npasoM croabuax (crapwie pa3psiiibl) B LIeCTHALUATHPHYHOM BHJE.

Hanee A8 HarAsAHOCTH H YMPOLLEHHS 3aMHCH BCe [BOHYHbIE KOAbI Oylem
MpeAcTaB/lATb B IIeCTHAaJUATHPHYHOM BHAe. [I/ns 3TOro ABOWYHBIH KOA 4YHcaa fe-
JIUTCSl Ha Tpynnbl no yerbipe paspsaga. [las 8-pa3psiiHOro Koaa onepauHH HJH ofe-
paHaa Takux rpynn 6ydeT aBe, a aas 16-pa3psiiHoro ajgpeca HMJHM onepaHga —
yeTbipe. UeTbipexpa3psiiHbIM ABOHUHBIM KOLOM MOXKHO MpeacTaBHTb JI060Oe AeCcATHY-
Hoe uHc1o or 0 mo 15. O6Go3naunWB 3TH BeJanuuHbl uudpamu ot 0 go 9 u nanee
6yKBaMH JaTHHCKOro anagasura ot A go F, noayunM wecTHaauaTHpHuHble uupbl.
B ta6.a. 1.2 npuBeaeHO COOTBETCTBHE MeXAY AECATHUHBIMHM, ABOHUHBIMH M LUECTHAA-
LUATHPHUHbIMH 3HaueHMsAMH BeJHuuH. Hanpumep, aBouuHbiii koa 1100 0011 MoxHo
npeiCTaBHTb B BHAe lIecTHaguatupuutoro yucna C3, onepaHay HJAH Kooy KOMaHObl
B8, 3anucaiHoMy B wWecTHaauaTHpHuHOH ¢opme, GyseT cooTBeTcTBoBaTb Koj 1011
1000, a agpecy F204 — xox 1111 0010 0000 0100.

Takum o6pa3om, 3Hast MHeMOHHKY koMaHabl, Hanpumep ORA C, u3 taba. 1.1
MOXXHO ONpefe/IHTb ee lecTHaJUuaTHPHUHblA Ko onepaudH Bl, uto 6ymer coorser-
cTBOBaThb ABOWYHOMY komy 1011 00001.

[Tpu BbiMONHEHHH MHKPOMPOLECCOPOM HEKOTOPbIX KOMAaHA B PEerucTpe MpH3Ha-
koB F Bblpa6aTbiBalOTCS MPH3HAKH COCTOSIHHA, NMPH 3TOM YyCTaHaBauBaloTca B |
cjenytouide 6uThl peructpa F.

Bur Z — npu3Hak HyJs, YCTaHaB/AMBAeTCH, €CAH pe3yabTaT BbINOJHEHHA
KoMaHbl paBeH 0.

Bur S — npu3Hak 3HaKa, YCTaHaB/JHBAeTCs, €CJH pPe3y/abTaT BbIMOJHEHHSA
KoMaHAbl oTpuuatened. [1pu BbinoJHEHHH apHOMETHUECKHX KOMAaHO KaxAblH NBOHY-
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Ta6anua 1.1,

0 ! NOP LXI STAX INX INR DCR MVI RLC - DAD LDAX DCX INR DCR MVI RRC ! 0!
! B,& B B B B B,N B B B ¢ C C,» v

1 ! = LXI STAX INX INR DCR MVI RAL - DAD LDAX DCX INR DCR MVI RAR ! 1!
! D,& D D D D D,» D D D E E E,# [N

2 ! - LXI SHLD INX INR DCR MVI DAA - DAD LHLD DCX INR DCR MVI CMA ! 2!
! H,& #* H H H  H,#» H * H L L L, ! !

3 ! - LXI STA INX INR DCR MVI STC - DAD LDA DCX INR DCR MVI CMC ! 3!
! SP,&k # SP M M M8 SP * 8P A A AN v

4 ! MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV ! 4 !
‘' B,BB,CB,D BEBHB,L BMBACBC,C C,D C,E C,H C)L C,M C,A! !

S ! MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV ! S !
' pBDCD,D DEDHD,L DMDAEBEC E,D E,E E,H E,L E,M E,A!

6 ' MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV ! 6 !
! H,B H,C H,D H,E H,H H,L HMHALBL,C L,D L,E L,H L,bL L,M L,A"! !

7 ! MOV MOV MOV MOV MOV MOV HLT MOV MOV MOV MOV MOV MOV MOV MOV MOV ! 7!
! M,B M,C M,D M,E M,H M,L M,AABA,C AD A,E AH AL AM AN !

8 ! ADD ADD ADD ADD ADD ADD ADD ADD ADC ADC ADC ADC ADC ADC ADC ADC ! 8!
!t B C D E H L M A B C D E N L M At

9 ! SUB SUB SUB SUB SUB SUB SUB SUB SBB SBB SBB SBB SBB SBB SBB SBB ! 9!
't B C D E H L M A B C D E H L ] A !

A ' ANA ANA ANA ANA ANA ANA ANA ANA XRA XRA XRA XRA XRA XRA XRA XRA ! A !
' B C D E H L M A B C D E H L ] A '

B ' ORA ORA ORA ORA ORA ORA ORA ORA CMP CMP CMP CMP CMP CMP CMP CMP ! B !
! B C D E H L M A B C D E H L L] A

€ ! RNZ POP IJNZ JMP CNZ PUSH ADI RST RZ RET J2Z - CZ CALL ACI RST ! C!
! B * * * B " o * * * " 1 v

D ! RNC POP IJNC OUT CNC PUSH SUI RSTRC - 3C IN CC - 8BI RST ! D!
! D * N * D " 2 * N * (] 3 !

E ! RPO POP JPO XTHL CPO PUSH ANI RST RPE PCHL JPE XCHB CPE - XRI RST ! E !
' H  * * H " q * * " s !

F ' RP POP JP DI CP PUSH ORI RST RM SPHL JM EI CM - CPI RST ! F !
L} 1}

N - HOMEP TOPTA BBOAA-BHBOAA NPUMEP : KOMAHAA STAX D MMEET
& - JABYXBAATOBb# OMEPAHA - D1é KoA ONEPAUMM 12
# - NBYXBAATOBEEt OTEPAHA - ADR KOA OfNEPAUMM CA COOTBETCTBYET
# - OAHOBAATOBNA OfEPAHA - D8 KOMAHAE JZ ADR

Ta6anua 1.2

3Hauenne
AEeCATHUYHOE ABOHYHOE erC;::}I{I::TM- NEeCATHYHOE ABOHUYHOE meC;::ﬁOLl:TH'
0 0000 0 8 1000 8
1 0001 1 9 1001 9
2 0010 2 10 1010 A
3 0011 3 11 1011 B
4 0100 4 12 1100 C
5 0101 5 13 1101 D
6 0110 6 14 1110 E
7 (11301 7 15 1111 F

Hblit OmepaHi NMPeACTaBASETCH KaK 7-pa3psilHOe JBOHYHOE UHCJIO CO 3HAKOM, 3amH-
caHHBIM B cTapieM paspsiie. Eannuua B BOCbMOM paspsiie COOTBETCTBYeT OTpHLA-
TeJbHOMY YHCJY B JIONOJNHHTENbHOM KOJIe.

Bur P — npu3Hak 4YeTHOCTH, YCTaHABIWBAETCH, €CJH KOJHMYECTBO e€AHHHL B
JIBOMYHOM KO/le pe3y/ibTaTa uYeTHOe.

Bur C — npuW3Hak nepeHoca, yCTaHaBJHBAeTCAA, €CAH B pe3y/bTaTe CJOXKeHHs
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ABYX 8-paspsiiHbIX uHceNl BO3HHKAeT NepeHoC M3 CTapluero paspsga WJIH 3aeM — B
pe3yJibTaTe BbIYHTAHHA.

Bur AC — npu3Hak BCMOMOraTe/NbHOTO MepeHoca, YCTaHaBAHBAeTCs, KOraa
nepeHoc BO3HHKAaeT H3 YeTBEPTOro pa3psila ABOHYHOTrO uyucaa (M3 paspsaa 3). Aot
NPHU3HAK HCMOJIb3YeTcsl MPH Ppas3qHUYHbIX onepauusix ¢ 4-paspsiliHbIMH ONepaHAaMH.

dyHKUHOHANIbHOE OMHCaHHe cHCTeMbl KoMaHA Mukponpoueccopa KP580MK80A
npuBeseHo B Ta6Ja. 1.3. B Heli paccMoTpeHbl feHCTBHsI, KOTOpble COBepliaeT MHKPO-
npoueccop MpH HX BHIMONHEHHH, MOKa3aHO pacnoJioXeHHe GUTOB B PErHCTpe MpH3Ha-
koB F. Ta6snua KOMNaKTHa, TaK KaKk HMeeTcsi MHOTO OJHOTHMHBIX KOMaHA, BbIMOJ-
HAIOWHX OJHHAKOBble OMepaUHH Had oOnepaHfaMH, XPaHAWMHMHCH B PasjJHYHbIX
perucTpax. BmecTo HeckoNbKHX OLHOTHNHBIX KOMaHA B TabJuue MOoMelleHa OaHa
06061LeHHast KoMaHaa (CM. ycioBHble 0603HaueHHst). B Takoii komanae BMecTo 060-
3HAYeHHs1 KOHKPETHOrO PerHcTpa HJH PerHcTpoBOi napbl HCMO/Ab3yeTcsi 0606LIEHHOE
0603HaueHHe HEeCKOJbKHX perucTpoBbix map. Psgom ¢ komaHgoli noMeuwieHbl uucaa,
XapaKTepH3yIolHe KOJHYECTBO TaKTOB, HEOGXOAHMBIX [JA BbIMOJHEHHS JaHHOH
KoMaHabl (cM. n. 2.1), uepe3 TOuKy C 3aMsATOH [JaHO YCJOBHOE ONMHCaHHe NEHCTBHA
KkoMaHan. [loacTaBisis BMecTO 0606LIeHHOrO 06G03HAYEHHS! HA3BaHHA KOHKPETHbIX,
[NOMYCTHMBIX /1Al 3TOH KOMaHAbl PErHCTPOB HJIH PErHCTPOBLIX Map, MojayyaeM MHeMo-
HUKY HYXHOH KOMaHAbl M onucaHHe ee pa6oTbl. HanpasieHue nepecbliKH AaHHbIX
npH BBINOJHEHHH KOMaHAbl o6o3HauaeTcs «—>», a uyepe3 M ob6o3Hauaercs fueika
namsTH, aapecyeMas Mo COAEpPXHMOMY, MPHBEAEHHOMY B CKOGKax. TO MOXeT GbiThb
cogepXKHMoe ONHOH M3 perucTpoBbiXx nap, peructpa SP (ykasatens cTeka) WM
agpec ADR, 3anucaHHbiii BO BTOPOM H TpeTbeM GalTax KOMaHAbl C HENOCPENCTBEH-
Ho#t aapecaudeir. Jlns noHumanus NeHCTBHA KOMaHA HEOGXOJHMO NOMHHTb CMOCOGHI
agpecauHH, O KOTOpbiX G6bl1O paccka3aHo paHee. KpaTko oxapakTepH3yem rpymnnbl
KOMaH[ MHKponpoueccopa.

I'pynna komaHa oano6aiiToBbix nepechbiiok AaHHbX. C HX MOMOLLbIO TPOH3BOAHTCS
o6MeH JaHHbIMH MeX1y BHYTPEHHHMH PerHcTPaMH MHKPONpPOLECCOpa, a TakKe Mexay
BHYTPEHHHMH PETHCTpaMH H sluefiKaMH NaMATH.

[Ipn BbiMONHEHHH 3TOH KOMaHAbl colepXHMoe perucTpa R nepecbiiaercsi B
peructp RI, npuuem B peructpe R coxpaHsiercst npexHee 3HaueHHe NaHHbIX.

Jlasi nepechloK JaHHbIX MeXAy aKKyMYJSiTOPOM H SiUeHKOH MaMsATH B KauecTBe
ajpeca fiueHKH MaMATH MOXKeT GbiTb HCMO/Ib30BAHO TaKXKe COAEPKHMOE PerHCTpOBbIX
nap BC wan DE. Toraa ans 3anicH B NaMsiTb JaHHBIX H3 aKKYMYJSTOpPA HCMOJb3YIOT-
¢si ofHoGaiitoBble kKomauabl STAX B uau STAX D, a npu obpaTHoii nepecbiike —
LDAX B nin LDAX D. Anpec siueitku namsiti 4Jsi oOGMeHa ¢ aKKyMYJAsiTOPOM MOX-
HO 3aJaThb TakKXXe C MOMOLLbI0 Tpex6aHTOBbIX KOMAaHA ¢ HENoOCTPeACTBEHHOH ajpeca-
uxeii. B 3TOM ciyyae A4S 3anMcH A@HHBIX H3 aKKyMYJATOpa B MaMATb CJYXHT
komaHaa STA ADR, aas ob6patHoii nepecbiniki — LDA ADR. '

C nomouubio aByx6a#itoBoit komakasl MVI R, D8 (R — 6ykBeHHOe HauMeHOBaHHe
perucTpa HJH sYelKH MNaMsATH, aapecyeMoit no cogepxumomy HL) moxHo 3anu-
caTb onepaHj B J060i 8-pa3psiiHbIH PErHCTP MHKPOMNpOLECCOPa HJH AYEHKY MaMsATH.
OnepaHnom 3mecb 6yleT coaepXHMOe BTOPOro 6aiTa KOMaH.bl.

I'pynna xomanp ABYyX6aHTOBHWX nNePecLIIOK AAaHHbIX. TpexGaiToBble KOMaHAbI
LXI B, D16, LXI D, D16, LXI, H,D16 cayxat a1s HenocpeiCTBEHHOH 3aMHCH B CO-
OTBETCTBYIOUIHE perucTpoBble napbi 16-paspsiavoro onepanaa DI6.

Hcnonbzys komanast SHLD ADR, LHLD ADR, MoxHo opraHn3oBaTb mnepe-
CbIIKH [aHHBbIX MEXAY pPerucTpoBod napod H SYEHKOH NaMATH, HeNnocpeaCcTBEHHO
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Ta6auua 1.3

14

OAHOBAATOBHNE MEPECHJIKA

MOV R1,R 185/7 1) R ---> R1.

MVI R,D8 177103 D8 ---> R.

8TAX YZ | B | A ---> M(YZ).
LDAX YZ $ 7 1 M(YZ) ---)> A.

STA ADR 3 13 A --=> M(ADR).
LDA ADR § 13 3§ M(ADR)---> A.

KOMAHION BBOAA U BHBOAA

IN N 5103 (N) ==-=> A.

OUT N 510} A -==>(N).
APUOMETUHECKUE U JIOFMYECKUE OMEPAUMU C OAHU
CMC** 543 c --->C¢C.

STC'* 143 1 --->C.

CMA 143 A =-=-> A.

DAA’ 343 HAECATUYH. KOPPEKUMA.

APUOMETUHECKUE U NOrMYECKUE OMEPAUMM C NBYM
8-BUTOBHWE OMEPAUMU

ADD' R 34/7% A+R --=> A, ADI' D8 174
ADC’ R §4/7§5 A+R+C ---> A, ACI' D8 7%
SUB' R 134/7 A-R ---> A. SUI®' D8 37}
8BB’ R 14/73 A-R-C ---> A. SBI' D8 317}
ANA' R 34/73 AAR ---> A. ANI’ D8 7%
ORA’ R §4/73 AVR ---> A, ORI® D8 317}
XRA' R 34/7} A@ R ---> A. XRI®' D8 373

KOMAHAHN CHOABUIA COAEPX. AKKYMYJNATOPA

RLC'' 43 CABUI BAEBO.

RAL’® 34} CABUr BJAEBO YEPE3 BUT NMPU3HAKA C.
RRC’® ;43 CABMI BIPABO.

RAR’® }43 COABUT BMPABO YEPE3 BUT NMPU3HAKA C

CrNELWMANBHHE KOMAHAR KOMAHAN
EI $4) PA3SPENMEHME NPEPHBAHUA. CALL

DI 343 3ANPEMEHUE MNPEPHBAHMUA. C-CON
HLT 373 OCTAHOB. RST

NOP $4} XONOCTAS OMEPALMA.

®OPMAT PETMCTPA F

D7 D6 D5 D4 D3 D2 DI DO RET

S Z 0 ACO P 1 € R-CON

YCNOBHHE OBO3HAYEHMA

’ - KOMAHAA OKA3WBAET BOS3JAE#CTBME
e - KOMAHAA OKASWBAET BO3NEACTBME
vee - KOMAHNA OKA3WBAET BO3RE#CTBME
R,R1 - COHNEPXMMOE PErMCTPOB A, B, C,

BOJNIBINEE 4YUCNO TAKTOB KOMAHAHW C
XPAHANMMCA B MAMATU

Yz ;:* - COAEPXMMOE PErvCTPOBOt MNAPH BC
Yz - COAEPXMMOE PErMCTPOBO# [APH BC
Yz - COAEPXMMOE PErCTPOBO# [APH BC

(YZ B MHEMOHWKE COOTBETCTBYWIIA
8P - COAEPXWMOE YKA3ATENA CTEKA [MEP
D8 - 8-PA3PAAHbNN OMNEPAHA (COAEPXUMO
(N) - COAEPXMMOE MOPTA BBOAA WMJNW BLHB
D16 - 16-PA3PAIHNA OMEPAHA (COAEPXUM
ADR - 16-PA3PSIHUA AAPEC B TPEXBAATO
M( ) - COAEPXMMOE AMERKM TAMATU (ALPE
-CON - YACTb MHEMOHMKW KOMAHAW , OMNPEA

BW30BA ¥ BO3BPATA W3 NOAMPOrPA
NZ, 2, NC, C, PO, PE, P WAU M)
KOMAHAN MPY BHMOAHEHWM YCJIOBUS



ABYXEAATOBHE MMEPECHAKA
LXI YZ,D16 10} D16 ---> YZ.

SHLD ADR 1163 H ---> M(ADR+1), L --> M(ADR).

LHLD ADR }16} MC(ADR) ---> L, M(ADR+1) =---> H.

PUSH YZ X% ;113 YZ ---> M(SP-1) M(SP-2),
2% sP-2 ---> SP.

POP Y2 §105 M(SP) M(SP+1) ---> YZ,

(POP' PSW) SP+2 ---> SP.

SPHL 1] HL ---> SP.

OEMEH BAATAMMU

XCHG } 45 HL <--> DE.

XTHL §18§ H <--> M(SP+1), L <--> M(SP).

M OMEPAHIOOM

INR''* R 15/105 R+l ---> R,

DCR''’ R $5/10% R-1 ---> R.

INX Y2 1 S YZ+1 ---> YZ.

DCX Yz PS5 3 YZ-1 ---> YZ.

1 ONEPAHAAMU

A+D8 ---> A, CPI® D8 § 7 3 YCTAHOBKA NPU3-
A+DB+C ---> A. CMP® R $4/73 HAKOB B COOTB.
A-D8 ---> A. C A-D8 UMM A-R.
A-D8-C ---> A.
AAD8 ---> A. 16-BUTOBHE OlEPALUMK
Ay D8 ---> A. DAD'® YZ § 103 HL+YZ ---> HL.

A®D8 ---> A.

KOMAHIN MEPENAYM YTPABJIEHUA
PCHL } 33 HL ---> PC.
JMP  ADR 1105 ADR ---> PC.
J-CON ADR 103 ADR ---> PC.

BH30BA U BO3BPATA U3 MOAMNPOIrPAMMH

ADR § 17 } PC ---> M(SP-1) M(8P-2) ,ADR ---> PC.
ADR §11(17)3 PC ---> M(SP-1) M(SP-2) ,ADR ---> PC.
X 11 3§ PC ---> M(SP-1) M(SP-2),

ADD ---> PC, F'AE X=0,1,...,7,
ADD COOTB.PABEH OH,8H,10H,
18H,20H ,28H,30H , 38H.

} 10 5 M(SP) M(SP+1) ---> PC,
} S(11)3 SP+2 ---) SP.

HA BCE MPU3HAKM

HA MPU3HAK C

HA BCE NMPU3HAKM, KPOME NPU3HAKA C
D, €, H, L WINA SHEAKA MAMATH M(HL).
OOTBETCTBYET PAEOTE C OMEPAHIOM,

, DE, HL MW PEFUCTPA SP
WM DE
, DE, HL UM PSW
X KOMAHA 3AMEHSIETCSl HA B,D,H,SP UM PSW)
ENl BHMONHEHMEM KOMAHZM
E BTOPOrO BAATA HBYXBAXTOBOW KOMAHIH)
ONA C HOMEPOM N (N=0,1,...,25%5)
OE BTOPOrO U TPETBENO BAATA KOMAHZM)
BO# KOMAHIE
C SIMEAKM YKA3AH B CKOBKAX)
EJSIVMASI YCNOBWE MEPENAYM YNPABAEHMA,
MMH (-CON B MHEMOHMKE 3AMEHSIETCSI HA
. B CKOBKAX YKA3AHO YMCNO TAKTOB
MEPENAYM YMPABAEHUA
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ajpecyeMoil 10 COAEPXKHMOMY BTOpOro H TpeTbero GaiitoB komaHAbl. OcTajbHble
KOMaHAbl 3TOH TPYNMbl OCYLLECTBJSIOT MepechbiKH ¢ ajpecaudedl Mo ykasaresio
creka SP. C nomowsto koMang PUSH B, PUSH D u PUSH H coaep»1moe peruct-
posbix map BC, DE u HL 3anuceiBaercss B crek. [To komange PUSH RSW B crek
3aMHCbIBAIOTCS JaHHble M3 aKKyMmyasitopa W peructpa npusHakos. Komauwae POP B,
POP D, POP H cayxar aas nepecblikH 16-pa3psHoro c/joBa H3 siueek MaMsiTH,
aapecyemblx ykasatesnem cteka SP B cooTBercTByloulylo napy peructpoB. Komannoi
PSW jnauHble H3 cTeKa nepecbl1alOTC B aKKyMYJsiTOp W peructp npusHakos F.
Takum ob6pasom, komauna POP PSW moxxer uameHaTb Bce OGHTbl perucTpa np3Ha-
koB F.

Komauga SPHL nossonsier 3anectu aapec u3 perucrposod napel HL B yka-
3aTeqb creka SP.

Fpynna xomanj BBOAa-BbiBOAA. MHKpOMpoLeccop HMeeT BCero ABe KOMaHIbl 4151
BBO/A-BblBOAA AAHHBIX.

C nomoubio komauasl BBoga IN N MoxHO nepenucartb 6aifiT gaHHbIX B peructp A
MHKpomnpolieccopa M3 ofHoro nopta ssofa. Homep nopra (ot 0 mo 255) onpenens-
eTcs BTOPbIM 6aHTOM KOMaHAbl.

Anxanornudo no komauge BbiBoga OUT N 6GailT naHHBIX M3 peructpa A MHKpO-
npoueccopa 6yaer nepenucaH B Ji060H U3 256 NOpPTOB BbIBOJA, aApecyeMblX BTOPbIM
6aiTOM KOMaHAbl.

Fpynna xomanp obmena. B stoit rpynne Takxe Bcero aBe komaHib: XCHG —
018 o6meHa cojepxHMbIM Mexay peructpoBbiMu napamu HL w DE; XTHL — ans
o6MeHa cOfep>KHMbiM Mexay peructposoit napoii HL u suelikamu namsrtd, agpe-
CyeMbIMH MO yKa3aTe/io cTeka SP (npu ee BbIMOJHEHHH COCTOSIHHE yKa3aTess CTeKa
He H3MeHseTcs).

Fpynna xomaHja apudMeTHYECKHX H JIOTHYECKHX ONEPauHH C OJHHM ONepaHiaOoM.
C nomowbio komauasl CMC MOXHO H3MeHHTb 3HauewHe OGHMTa NPH3HAKa nepeHoca
Ha MPOTHBOMOJIOXKHOE, T. €. HHBEPTHPOBATb MpH3HaK nepeHoca. Komauna STC nosso-
JIfieT YCTAHOBHTb 3HaueHHe [pHU3HaKa nepeHoca B |. 3HaueHHs Bcex GHUTOB B pe-
ructpe A MOXKHO HHBepTHpOBaTh, npumenuB komanay CMA. Komanga DAA npeana-
3HayeHa JJIS BbIMOJHEHHS ABOHYHO-LECATHUYHOrO CJAO0XKEHHS.

Yacto npu HanHcauuu nporpamm Hcioabdylores komauasl INR R, DCR R,
INX YZ, DCX YZ, cayxaiune AN yBeJHUEHHS] HJIH YMeHbLUGHHSI 3HAUEHHRA colep-
KHUMOTO perucTpa, siueilki MaMsiTH HJIM perucTpoBoii napbl Ha 1. MHorue KomaHabl
3TOH rpynnbl BO3AeHCTBYIOT Ha pa3jiMyHble GMTbl perucTpa npusHakos (taba. 1.3).

F'pynna komaHj apHPMETHYECKHX H JOTHYECKHX ONepauHi C JBYMsi ONepaHiaMH.
[Tepen HauasoM BbiMOJIHEHHS JM060OH KOMaHAbl M3 3TOH TPyMNrbl OAHH H3 ONepaHioB
JomkeH GbiTh MoMelleH B perncTp A, a apyroii (ecau KomaHaa opHo6GaiitoBas) —
B OJHH H3 8-pa3psiHblX BHYTPEHHHX DETHCTPOB MHKPOMPOLECCOPA HJAH AYEHKY nams-
TH, ajpecyeMmylo CcOAep>XHMbiM perucTpoBoit mapnl HL. B asyx6aiitoBoit komatge
3HayeHHe BTOPOro onepaHaa 3afaeTcs HeMmocpeNCTBEHHO BO BTOpoM 6alite KOMaHIbl.
Pe3ynbTaT BbINOJHEHHS] KOMaH/1bl NOMELLAeTCsi B perucTp A.

Komauaet ADD R uau ADI D8 no3BoasiloT c/0XHTb ABa onepatia. CiaoxeHue
[BYX OonepaHioB co 3HayeHHem 6uta nepeHoca C npoucxonut no komaunae ADC R uau
ACIl D8. BblunTaHue H3 aKKyMyasiTopa BTOPOTO OfnepaHia M yueT 3HaueHWsi GuTa
3aema C npowu3BoauTcs cootBeTcTBeHHo komaHgamu SUB R, SUI D8, SBB R uau
SBI D8.
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Onepauns nopaspsiiHOro JIOrHYecKoro yMHoXkeHus (onepauusi U, o6o3nauaercs
3HAKOM /\) COLEpPXKHMOro aKKyMyJasiTopa CO BTOPbIM OMEPaHAOM MPOMCXOMHT MpH
BbinoJHeHHH komauibl ANA R uan ANI D8. [Ipu 5ToM pe3y/bTaToM BbINOJHEHHS
KOMaHAbl fIBJsieTC 8-pa3psiiHoe ABOHUHOE YHCJIO, OTIeJbHble pa3psifibl KOTOPOTrO
paBHbl | TOABKO TOrAa, KOrjla COOTBETCTBYIOLLIHE pa3psiibl Y 060HX OMEpaHIOB TaKKe
pasHbl 1.

[Tpx BblIIOJAHEHHH [OpPa3psIAHOrO JOrHYeckoro caoxenuss (onepauus WJIH,
o6o3Hauaerca 3Hakom \/) ¢ nomownbio Komauasl ORA R uan ORA D8 o6pasyercs
JIBOHYHOE YHCJIO, OT/eJ/bHble pa3psifilbl KOTOPOro paBHbl | B cjyyae, KOraa cooOTBeT-
CTBYIOL[HE pa3pslbl KaKOro-iH60 OZHOrO HJAH 060HX ONMepaHioB Takxe pasHbl |.

Pesyabratom BbinosHenus onepauun Mckmwouatouiee MJIHU (o6o3nauaercs 3ua-
koM @) komanpamu XRA R wau XRI D8 sasasierca 6Gaiit, oTaesbhble paspsiibl KO-
TOpOro paBHbl | TOJbKO TOrja, KOrjaa COOTBETCTBYIOILLHE Pa3psiibl ONEpaHIOB HMEIOT
NPOTHBOMONOXHbBIE 3HAUEHHS.

PaccMoTpHM npumep pasiHuHbIX NOTHYECKMX OfepalHd Hal ABYyMs ONMEpaHAaMH.

[TepBblit onepana 10010011
BTopo# onepann 11001110
PesysbTar onepauui: A 10000010

vV 1L1otrl1111

& 01011101

[Tocsie BbIMONHEHHST PAacCMOTPEHHbIX KOMaHJ JIOrHYeckod o6paboOTKH AByX ofe-
pannoB 3HauyeHusi npuaHakos C u AC perucrpa npusxakos F Bceraa pashbl 0.

Komauast CMP R u CPI D8 nossoasiotr cpaBHuBaTh ABa onepanaa. Cpashe-
HHe MPOMCXOAHT BbIUHTAHHEM H3 MepBOro ofnepakia, XpPaHAIOLIErocs B aKKyMyJsi-
Tope, BToporo. Ecnu B pesysnbTare olepaunH BblUHTaHHA OKaXeTCs, YTO ofnepaHjbl
paBHbl, TO MpH3HAK HYJs ycTanaBauBaeTcss B |, ecaH »Ke 3HaueHHe onepauja,
XPaHHMOTO B aKKyMyJfTOpe, MeHbilie 3HauyeHWs BTOPOro OMepaHaa, TO YCTaHaB-
auBaercs B | npu3Hak neperoca C.

Ectb B cHcTeme KomaHa MuKponpoueccopa komaunasl DAD B,DAD D, DAD H,
DAD SP, nospossiiouise CA0XHTb 1Ba [6-paspsiaubix uucaa. OQHO W3 3THX uyHcen
JI0J1)KHO ObITb 3anucaHo B peructposylo napy HL, a apyroe — B peructposyio napy
BC, DE, HL uau SP. Pesyabrar cioxeHusi nomewiaercss B napy HL.

Fpynna KomaHx CABHIOB cOiepXHMOro akkymyasropa. Ha puc. 1.2 cxemaru-
YeCKH M0Ka3aHo, KaK TMPOHCXOAHT CIBHI CONEPXKHMOrO aKKyMy.asTOPa BJEBO HJH
BripaBo Komauaamu casura RAL u RAR u komanaamu 1uk/anueckoro ciasura RLC
# RRC. B onepauusix capura yuacrsyer 6ut nepedoca C perucrpa npussakoB F.
[Tox Bo3neiicTBHEM KaXA0OH H3 3THX KOMAHA MPOHCXOAHT CABHI COJEPXKHMOTrO
aKKyMyJsiTopa TONbKO Ha oauH pa3psa. Ecau Heo6X0aHMO CABHHYTb COAepXKHMOe
aKKyMyJsiTopa Ha 6oJbllee YHC/IO Pa3psioB, TO KOMAHAY CABHra cjaeilyeT OBTOPHTb
TpeGyemMoe YHCJIO pas.

Fpynna xomaHpx nepefauu ynpasieHus M paboTel ¢ noanporpaMmamu. ITH
KOMaH/bl HrpaloT 0co6yl0 poJb B OPraHH3allHH BbIMOJHEHHA nporpamm MHKpoIBM.
[loka B nporpaMme He BCTPEUAIOTCH KOMaHIbl 3TOH rpynmnbl, cueTyuk Komaua PC
NIOCTOSIHHO yBeJHYHBaeT CBOe 3HayeHHe H MHKPOMpPOLECCOp BBINOAHAET KOMaHALY
3a KOMaHJ0H B NOPSiAKe WX PACMONOXKEHH B NAMSATH.
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e B s T s [Topsgok BbiMOMHEHHR npoO-

RAR: | 7] 5 l 5] B l P Iz [/ [”l rpaMMbl  MOXeET ObiTb H3MEHeH,

€C/IH 33HeCTH B PETHCTpP CYeTUMKa

KOMaHA  MHKpOMpoueccopa Koi

] ajlpeca, oT/IHYalOWLKiCs OT agpeca

e J oyepefHOH KOMaHAbl. ITO BbI30BET

nepefayy ynpasJeHusi paboToi

MHKponpoleccopa Apyroil uacTu

nporpamMmbl. Takas  nepepaua

RAL: [7 5 I 5 | % IJ IZ l’ |0J ynpasjeHuss (WIM nepexog B

nporpaMMme) MOXeT GbiTb BbINOJ-

HeHa ¢ MOMOUWLbl0 Tpex6aiToBOK

i KOMaHAbl  Ge3ycJOBHOro  nepe-

ALe: Lﬂil 5|4 I . |2 I / I”J xoga — JMP ADR. Kak Tosnbko

L Y W R . Takasi KOMaHga BCTPETHTCS B

nporpaMMe, B perHcTp CYeTUMKA

Puc. 1.2. CxemMa BbIMONHEHHSI KOMaHL CABH- komaHg PC  Mukponpoueccopa

ra cofepXHMOro akkKyMmyJasTopa 3anuwercs 3Hayedde ADR. Takum

o6pa3oM, ciaeayloUlel KOMaHIOH,

KOTOPYIO BBIMOJHUT MHKpONpoueccop Bcjel 3a komaHgo# JMP ADR, Gyner rta,
KO/l Ofepaldyi KOTOPO# 3anucaH B siueiike ¢ afpecoM, paslibiM 3HaueHnio ADR.

Be3ycioBHylo nepepfauy ynpaBieHHsi MOXXHO RPOM3BECTH TakKXe MO KOMaHie
PCHL, B pe3ynbTate BbiMOJHEHHS] KOTOPOH NPOH30HIET nepelaya ynpabaeHHs MO
aapecy, xpaHsiueMmycsi B perucrpoBoit nape HL.

KpoMe koMmaH[bl 6e3yCJOBHOrO fepexofa MHKPOMPOLECCOp HMeeT BOCEMb Tpex-
6afiTOBbIX KOMaH[ YCJAOBHOro nepexofa. [lpn mnosiBleHHH KOMaH[bl YCIOBHOro me-
pexoja nepejaua YyHpaBJeHHsi MO ajpecy, YKa3aHHOMY B KOMaHAe, MPOHCXOQHMT
TOJIBKO B CJyyae BhINMOJHEHHS OnpejeseHHOro ycaoBusi. Ecan ycioBHe He yaoBijer-
BOpSieTCH, TO BbIMONHSETCH KOMaH[a, HENOCPEACTBEHHO cJjejylouias 3a KOMaHAOH
YCAOBHOTO fepexoja.

YcaoBHsI, ¢ KOTOPbLIMH OMEPHPYIOT KOMaHAbl YCJIOBHOH Repejaud ynpaBjeHHs,
onpejesiloTCsl COCTOSIHHEM GHTOB (pa3psiloB) perucrpa npu3Hakos F:

NZ (NOT ZERO) — HeHyJsieBoH pesyabrat Z=0;
Z (ZERO) — HyJ1eBOH pesyabTaT Z=1;
NC (NO CARRY) — orcyTcTBHe nepetoca, C=0;
C (CARRY) — neperoc, C=1;

PO (PARITY ODD) — ueueTHblit pesysabrat, P=0;

PE (PAPITY EVEN) — uerHblit pesyabrat, P=1;

P (PLUS) — 4HCa0 HeoTpHuaTedbhoe, S=0;

M (MINUS) — 4YHCJ0 oTpHUATeNbHOe, S=1.
ITH YCIOBUSL MPOBEPSIIOTCH COOTBETCTBYIOMHMH KOMaHAaMH YCJIOBHOro nepexoja:
JNZ ADR, JZ ADR, JNC ADR, JC ADR, JPO ADR, JPE ADR, JP ADR, JM ADR.

[1py nHanucaHWH NporpaMm MOXKHO BbIJENHTb OJHHAKOBbIE NOC/AEAOBATENbHOCTH
KOMaH, HEPeAKO BCTpeuaililhecsi B pa3HblX uactax. [las Toro 4to6bl MHOrOKpaTHO
HE NepenuchiBaTh TAKHE T[OCJEN0BATEIbHOCTH KOMaHI, HX OOBEAMHSIOT B MOANPO-
rpamMsl. B J1060#f uacTH OCHOBHOH mnporpammbl MPOrpaMMHCT MOXET MOCTaBHTh
Tpex6aiTOBYI0 KoMmaHay GesycjoBHoro sbizoBa noanporpammsl CALL ADR, Bo BTO-
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poM M TpeTbeM GalTax KOTOpPOH yKa3biBaeTcs ajpec Bbi3bIBA€MOH IOANPOrpaMMbl.
Boinonteine komauabl CALL ADR HauuHaeTcss ¢ no6aiiToBOH 3acbliKM B CTeK
ajpeca cjepylouiedl nocje 3TOH KOMaHAbl siyefiKH MaMATH. DTOT ajpec Ha3biBaeTcs
ajpecoM Bo3BpaTa W3 noanporpammbl. [Ipn yxome Ha moanporpammy ero Heo6Xo-
JMMO 3aMOMHHTb AJS TOro, YTOGbl MO OKOHYAHHH BHIMOJNHEHHS MOANPOTrpamMMbl Bep-
HYTbCSI K MPOJOJ/KEHHIO BBIMONHEHHSI OCHOBHOH MPOrpaMMbl.

[Tocne 3amucu B CcTeK ajpeca BO3BpaTa M3 MOANPOrpaMMbl B CUETUHK KOMaH.Q
PC mukponpoueccopa 3arpyxaercs 3Hayenue ADR, T. e. agpec nepBoit KOMaHbl
Bbi3biBaeMoii noanporpaMmbl. TakuM o6pa3oM, ynpaBJjieHHe H3 OCHOBHOM MpPOrpaMMbi
nepegaeTcsi Ha BbiI3blBAEMYIO MOAMPOrpamMmy.

BhinonHeHHe noanporpaMmbl BCeraa 3aKaHUMBaeTCs KOMaHAOH Bo3BpaTa M3
1IoANporpaMmel, Hanpumep, OfHOO6aHTOBOH KOMaHAOH 6€3ycJOBHOro BO3BpaTa M3
noanporpammbl RET. Tlpn 3toM cogepxnmoe cTeka, T. e. ajapec BO3BpaTa M3 Mof-
nporpammsl, nmepecoiiaeTcst U3 crteka B peructp PC mukponpoueccopa H ynpasaeHue
BHOBb epefaeTcsi OCHOBHOH mnporpamme.

Kpome Ttpex6aiitoBoit komauabl CALL ADR GesycaoBHoro Bbi30Ba MOAnpo-
rpaMMbl, pacrnoJjaraemMoi MO MNPOH3BOJBHOMY aapecy, B CHCTeMe KOMaHI MHKpO-
npoueccopa uMeeTcsi BoceMb oaHob6aiToBbiXx KoMaHg RST O0—RST 7 BbizoBa noa-
nporpamMM, pacro/ioXXeHHbIX no (HKCHpOBaHHbIM agpecaM. [losiBjeHne B OCHOBHOM
nporpamMme J1060H M3 3THX KOMaHA Bbi3biBaeT 3afucb B CTeK ajpeca BO3BpaTa
¥3 MOAMPOrpaMMbl W Mepefayy YnpaB/leHHS HA COOTBETCTBYIOLLYIO siYeHKy MaMsTH,
rie pacnojoxeHa nepsasi KoMaHga noanporpammbl. CooTHOLIEHHE MeXAy KOMaHia-
MH RST 0—RST 7 u wecTHafUaTHPHUHBIMH ajpecaMH siyeek NaMsATH, KyAa mnepe-
JlaeTcsl ynpaBJieHHe NPH HX BbIMOJHEHHH:

Komanoa Adpec nawasra Komanda Adpec nawasa
noonpozpammel noonpozpammot
RST 0 0000H RST 4 0020H
RST 1 0008H RST 5 0028H
RST 2 0010H RST 6 0030H
RST 3 0018H RST 7 0038H

Kpome komaHabl 6e3yc/lOBHOrO Bbl30Ba M BO3BpaTa M3 MOANPOrpaMM, B CHCTEMe
KOMaHJ HMeeTCsi BOCEMb KOMaHJ YCJOBHOrO Bbi30Ba MOAMNPOrpaMM H BOCEMb KOMaHZ
YCJIOBHOTO BO3BpaTa W3 MOANPOrpamMM, OEeHCTBHE KOTOPHIX OMNpejensieTCs, TaK XKe
KaK y KOMaHJ YCJOBHOW nepejayd ynpaBJjeHHsi, COCTOSTHHEM pernctpa npH3HakoB F.
Ecan ycioBHe anst BbIMOJNHEHHS KOMaHObl OTCYTCTBYeT, TO BHI30B MOAMPOrpaMmbl
WJH BO3BPAT W3 Hee He BbIMOJHSETCS.

Fpynna cneunanbhbix komana. Komawga NOP 3To# rpynnbl He NPOM3BOAMT
HHKaKHX OMNepalHii, ONHAKO TaK Kak OHa BbIMOJNHSETCH 3a OnpefejeHHOe BpeMs,
ee MOXXHO MCRO/Mb30BAaTb B NMporpamMax AJsi 3aJaHHsi BpeMeHHbIX HHTepBaJsoB. [Ipo-
rpaMMHCTBl MCMOJb3YIOT 3TY KOMaHLy TakXe MpPH OT/NajfKe Nporpamm, 3anuchbiBasi
ee Ha MecTo yaanenHbix. [TosiBaeHne B nmporpamme komauabl HLT Beger k ocTaHoBy
BbIMOJIHEHHs] nporpaMMbl. [1pogonKHTb BbLIMONHEHHE MPOrPAMMbl MOXHO TOJIBKO
nogaueit curHana «C6poc» uau «[IpepbiBaHHe» Ha COOTBETCTBYIOLUHE BXOAbl MHK-
ponpoueccopa. [eiictBue komaun EI (Paspewenune npepbiBahusi) u DI (3anper
npepbiBaHHs) GyldeT PacCMOTPEHO B NPHJIOXKEHHH.
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1.2. TIporpaMMHpoBaHHe B MALIHHHBIX KOAAX

MukponpoueccopHbie ycTpoiicTBa U MHKpPoDBM BbinosHsOT cBOH (yHK-
LUHH B COOTBETCTBHH C MNpPOrpaMMaMH, COCTaBJEHHbIMH H OTJNaX€HHbIMH pa3paboT-
YMKAMH W 3aNHCaHHbIMM 3aTeM B NaMaTb MalwuHbl. [Ipu paspaboTke H oT/nanKe
MHKpOOBM Heo6X0AHMO yMeTb MHCaTb MPOrpaMMbl B MALIMHHBIX KOAaX.

Kakum e o6pa3om cocTaBasiloT TakHe nporpaMmbl? PaccmoTpuM npocro#
npumep. Tpebyercsi coctaBHTb mnporpaMmy pa6GoThl CreuHaJH3HPOBAHHOrO MHKPO-
npoueccopHoro ycrtpoictBa. [lycTb B HeM uMeloTcsi aBa nopta: BBoga D2 u BhiBoAa
D4. K nopry BBoga D2 no auHuH, CBSI3aHHOH C ero MJaillUM pa3psiioM, MOAKJIO-
yeHa kHonka S, a k nopty BbiBoga D4 no JHHUSIM, CBA3aHHBIM C €ro ABYMSl MJaji-
WWMMH pa3psilaMHd, TNOAKJIOUEHbl ABa cBeToguoa. PyHKUHOHAAbHAS CXeMa 4YacTH
aToro ycrpolcrBa npuseseHa Ha puc. 1.3. Jewudpatopet DI u D3 cdopmupyior
curHaibsl «BoiGop moayas 1> CS1 u «BuiGop moayas 2» CS2, cayxauwme aas
aKTHBH3alHH COOTBETCTBYIOWMX nopToB. [Ipu 3ToM pewHdpaTopsl  BKAIOUYEHb
TakHM 06pa3oM, UTO 3TH CHTHaJbl MOSIBJISAIOTCA TOJbKO TOrAa, KOrga Ha MJailHX
BOCbMH pa3psiiax LWHHb ajpecoB Bo3HHKaloT koAbl 0000 0001 u 0000 0010 co-
orBeTcTBeHHO. B TakoM cuayuae roBopst, uto mopT D2 BK/IIOueH Kak YCTpOHCTBO
¢ HoMepoM |, a nopt D4 — ¢ HomepoMm 2. asee nopr D2 6Gyaem HasbiBaTh noptoM I,
a nopt D4 — noptom 2.
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K muxponpoyeccopy

Puc. 1.3. ®parMeHT ¢yHKLHOHAJBHON CXeMbl CrMeLHasH3HPOBAHHOTO YCTpoicTBa

IlonyctuMm, uTo oT ycTpolicTBa TpeGyeTcsi BBINOJHEHHe cJjeaylowed 3anaun.
B ucxonHoM cocTosiiuu, noka kHomka S| He Haxkata, csetoguod V1 NoMKeH ropets,
a cBetoguon V2 Her. Ecan kpaTkoBpeMeHHO Ha)xaTb Ha KHOMKy, To cBetoguoa VI
nomxeH Ha 0,25 ¢ noracHyTb, a cBerofHon V2 3aropertbcs. [locae 3Toro B Teuenue
0,5 ¢ ycTpoHCTBO He JOJXKHO pearHpoBaThb Ha Ha)XaTHe KHOIMKH.
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KoHeuno, Hcnoab3oBaTe MHKPOIBM ana pewenuss Takoil npoctoff 3agaud He-
11e71ecoo6pa3Ho, HO AAS 3HAKOMCTBA C NMPHHUHAAMH COCTABAEHHS MPOrPaMM HMEHHO
Takas 3aJaya HaM H HYXKHa.

Hrak, nporpaMma 1oJ>KHAa HauHHAaTbCH C 3aNHCH B MOPT 2 KOMOGHHauUWH GUTOB
00000001. iMeHnHo npu stom ycaoBud V1 ropur, a V2 norawed. 3atem no Komauue,
BBOJA colepxKHMoe nopta | nepecbinaeTcsi B aKKyMyAsiTOp H aHa/lH3HpYyeTCs, He
MOSABH/ACA JIH HY/Ab B MJajlleM pa3psje, UTO MOXeT GbiTb TONBKO NMPH HAXKAaTHH
Ha KHomKy. Ecan kHonka He Haarta, TO omepauHs nosTopsiercA. B npotHBHOM
cayyae B nopt 2 mocbinaercs Kom6uHaudsi 00000010 (cseromnmoa V2 ropur, VI
noraiuen). llocne storo Mukponpoueccop B TeyeHue 0,25 ¢ He [0/AXKeH NPOH3BOAHTD
HHKaKHX OrMepalHid ¢ nopTamd, a 3areM nocje 3ajep)xkH, pasHoi 0,5 c, BHOBb
nepeHTH K Hauaay HaweHd nporpamMmbl. ITH 3aJePXKKH MOXHO O6yAeT BbIMOJAHHTD
MPOrpaMMHO C NMOMOULBIO CMEUHaNbHOH NOANPOTpaMMbl.

3aHeceM Bce nepeuHc/eHHble aeficTBHs B Taba. 1.4 W mpoHymepyeMm KaxAablil
war. Tabaxua — 310, MO CywecTBy, ajroOpHTM pelleHHs MOCTABAEHHOH 3afaud.
[IpeacraBieHue asroputMa B BHAe TabaHLbl He oueHb yao6Ho. bBosee narasgHel
CTPYKTYPHbIE cXeMbl anropHTMoB.. OHH MOTYT COCTOATL BCEro M3 YETbIPeX OCHOBHbIX
snemeHtoB (puc. 1.4). CTpykTypHas cxema Hallero aJropurMa npHBeleHa Ha
puc. 1.5. Crn/lowHbBIMH JHHHSIMK CO CTPEJKaMH NQKa3aH xol ero Beinoixenus. Crpasa
JaHa nporpamma, Moa ynpas/jeHHeM KOTOPOH MHKPOMpPOLECCOp BHIMOAHACT afilOPHTM.
LlITpHXOBble JIHHHH CO CTPe/JiKaMH JiHIIb YKa3blBalOT Ha COOTBETCTBHE 3/1EMEHTOB
aJIrOpHTMAa W KOMaHA MporpaMmbl. DTH JIHHHH He SBASIOTCH MPHHALNEKHOCTHIO
CTPYKTYPHOH CXeMbl H BKJIOYEHBl B JAaHHOM CJyuae TOJbKO AASl HAarAsHOCTH.

Buosb o6patumcs k Ta6a. 1.4 ¥ yBHAHM, UTO MPH BBIMONHEHHH ajJropHTMa
Hay HeOoJHOKPAaTHO MpHAercsi Bo3BpawaTtbhcsi Kk waram | u 3. Tlostomy 3tu waru
LOJKHbI 6bITb 0c060 0603HauUeHbl METKaMH — MPOH3BOJIbHO BbIGHPAEMbIMH HMEHaMH.
Ha puc. 1.5 B IUTPHXOBLIX NPSAMOYrofibHHKaX B COOTBETCTBYIOLIHX MECTax CXeM
aAropuT™Ma MokasaHubl 3TH MeTKH. OHM OGbIYHO colep)KaT 3HAaK ABOETOUHS Moc/e
CBOEro HMEHH, a HME€Ha MeTOK BbiIGHPAalTCA TakWM 06pa3oM, uTOOb OblAO FCHO HX
Ha3HaueHHe (B paccMaTpHBaemoM rpHmepe GyaeMm Hcroab3oBaTbh metkh HAYAJIO,
BBO/, BPEMY).

Ta6anua |4

[ar Buinonknemoe neictane

1 3anucatb B akkymyastop koa 00000001 u nepecnaTh ero B noprt BbiBO-
na 2

2 Boinoauuts nporpammy, peanusymoiuyio 3anepxky B 0,5 ¢

3 [Tepecnatb coaepkumoe nopra BBoAa | B akkyMyJsiTop

4 I1poBepuTb cocTOHHE HY/1IEBOrO pa3psila aKKymyJsatopa

5 Ecan HyneBo#t paspsin akkymyastopa pased 0, To nepelTH k wary 6,
B NPOTHBHOM ciyyae — K wary 3

6 3anucatb B akkymyastop koa 00000010 u nepecnaTb ero B MopT BbiBO-
na 2

7 BbinoaHuTh nporpammy, peanusymoulyio 3aaepxKy B 0,25 ¢

8 [Mepe#iTn k wary |
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Puc. 1.4. OcHoBHble 3/eMeHTbI Puc. 1.5. Anroput™bl (yHKULHOHHPOBAHHA cre-
CXeM a/nropHTMOB LIHa/IH3HPOBAHHOTO YCTPONCTBA

Tenepb, korpa cTpyKTypHasi cxemMa ajaropHTMa COCTaB/NE€HA, MOXHO MepedTH
K HanuCaHHIO NMPOrpaMMbl.

[Monb3ysicb onHcaHueM cHcTeMbl KOMaHA W Taba. 1.3, MOXKHO APHBECTH YCTPOH-
CTBO B HayajJbHOe COCTOSIHHE C MOMOLLbIO MOC/EeL0BATENbHOCTH KOMaHJ 3arpy3kd
onepaHaa B akkymysastop MVI A, 00000001 u BbiBoga 6aiiTa AaHHbIX H3 aKKyMy-
asitopa B nopt 2 — OUT 02. 3artem caeayior ABe KOMaHIbl, Heo6XoaHMble Aaf
OpraHH3alHH BpeMeHHOH 3afepXKH (MX AeHcTBHe Mbi pa3bepeM HECKOJbKO Mo3xe),
M Janee KOMaHAa onpoca COCTOSIHHA KHOMkKH S1 (T. e. 3HaueHHs MJajuliero pas-
psaa nopra l). C nomowbio komaHas BBoga IN Ol nepenuchiBaem colep)KHMOe
nopTa B aKKyMyJsiTOp H MpoBepsieM cocTosinke ero maaiwero 6uta A(0). das
3TOrO BOCMOJIb3yeMCsl KOMaHI0M JIOTHYECKOTO YMHOXEHHS COLEePKHMOro aKKyMmy-
NITOPa HAa HemocpeaCTBeHHbIH onepaHid (komanaa ANI 00000001), coaepxkauwiuit
| Tonbko B Maajauem paspsije. B pesynbrarte BbINONHEHHS 3TOH KOMaHAbl B aKKy-
MYJIATOP 3aMHWeTCss KOA, CeMb CTapliHX paspsifioB KoToporo OydyT paBHbl HYyJO.
3HaueHHe HY/JeBOro paspsija akkymyasitopa Oyler 3aBHCeTb OT 3HaueHHs MJal-
wero paspsiia Koaa, MpOYHTAHHOro M3 nopra 1, T. e. oT Toro, 6bl1a JH Haxara
KHOMKa B MOMeHT JelicTBHA KomaHibl IN Ol.

KomaHaa sorHyeckoro yMHOXeHHs BO3J4eHCTBYeT Ha Bce GHTbl NMPH3HAKOB pe-
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ructpa F. B nanHoM cayyae Hac uHTepecyeT cocTOsiHHe OWTa Z — MpH3HaKa Hyas,
KOTOphili ycTaHaBaHBaeTcl B | NPH HY/NeBOM COJAEPXKHMOM aKKyMyJsiTopa, 4TO B
AAHHOM ciyuyae cooTBeTcTBYeT HaxaToil kHonke. Takum o6pasom, komauga JNZ
BBOJ 6yner nepenaBatb ynpasaenue komauiae IN Ol, nomeueHHoit metkoit BBOJI,
IO TeX Mop, Nnoka MpU3HaK Z OCTaeTcsi paBHbIM HYJMIO, Ha)KaTHe Ha KHOMKY MpHuBejeT
K YyCTaHOBKe NMpH3HakKa Z B | H BBIMOJHEHHIO MOC/AEAYIOULHX KOMaHI NporpaMmsl.

[1pu HanHcaHWH NMpPOrpaMMbl Mbl MOJb30BaJHCh MHEMOHHUECKHMH O003HAaUEHHAMH
KOMaHJ MHKpOMpoLeccopa H CHMBOJHUECKHMH HMeHaMH Aasi meTok. Koueuno, npor-
paMMa B TakoM BHIe He MOXKeT GbiTb HeMmOCPeACTBEHHO BbIMOJHEHa Ha MHKpoIBM,
ee HYXHO MepeBeCTH HAa MAaUIHHHBIH $3bIK — SI3bIK JABOMYHbIX (HAH OODBEKTHbBIX)
kopoB. Takoit nepeBod Mbl 6yleM Jenath, MO/b3ysAcb CheLHANbHbIM 6JaHKOM.
B ra6n. 1.5 npusegeHa ¢opma Taxkoro 6iaHKa ¢ 3amHCaHHOH Ha Hem Mporpammoil.
ITOT AOKYMEHT NpOrpaMMHKCTbl Ha3blBalOT pacnewarkoti npoepammol. Kaxnasa crpoka
Ta6nauua 1.5

Anpec Kon Metka Muemonnka Onepaun Kommeutapuu
! 2 3 4 5 6

0000 | 3EOI HAYAMO: MVI A, OIH 00000001 — A

0002 D302 OouT 02H 3axeub VI, noracutb
V2

0004 | 0170CB LXI B, KOHCT! |3axartsh Bpemst 3axepx-
ki 0,5 ¢

0007 | CDIEOO CALL |BPEMY BbizoB mognporpammbl
3aepKKH

000A DBOI BBO/: IN 0lH Beoa 6aiita u3 nopra |

000C | E601 ANI 0lH MackdpoBaHue  Hewc-
moJb3yeMbiX pPa3psiioB

000E | C20A00 INZ BBOI [ToBroputh BBOA, ecau
KHOMKa He HaaTa

0011 3E02 MVI A, 02H 000000010 — A

0013 D302 OouT 02H 3axeub V2, noracutb
Vi

0015 [ 01B865 LXT B,KOHCT2 |3aparte Bpems 3alepx-
ku 0,25 ¢

0018 [ CDIEOO CALL |BPEM4Y Bbl30oB nognporpaMMmbl
3aJepKKH

001B | (C30000 JMP HAYAJIO |Bosspar Ha «HAYA-
J1O:»
[MoanporpamMma 3amep-
KKH

00IE| OB BPEMY: DCX B YMeHblintTh Ha | co-
nepxxumoe BC

00IF | 78 MOV |AB [lepecaats B A coaep-
KHMOe

0020 | BI ORA C B u C pasHbl Hy10?

0021 C21E00 JNZ BPEM{I Ecan Her, To nosTO-
PHTb LHKA

0024 | C9 RET Bo3sBpat B ocHoBHYyIO
nporpammy

KOHCTI EQU 52080D [TpucBoeHne uHCAOBbIX
KOHCT2 FQU 26040D 3HaueHHii CHMBOJIHYe-

CKHM omepaHfam

23



GnaHka pasjiefneHa Ha wectb noseid. [Ipy HanucaHHH nporpamMMbl MepBOHAYANbHO
Hemoab3yloT nons 4—6. B nose 4 3anucbiBalOT MHCMOHHUYECKOe 0603HaueHHe BbINOJ-
HSIEMOW KOMaHIbl, 8 B 5 — HeOOXOAHMbI onepaHi (aapec nepexoia, Homep nopra,
HaHMeHOBaHHe perHcrpa H T. A.). OnepaHA MoXXeT GbiTb 3allaH HEMoCPeACTBEHHO B
BH/J€ KOHKPETHOrO YHC/Ja H/AH HESBHO, T. €. €My MOXeT OhiTb MPHCBOEHO CHMBOJHYe-
CKOe HMsl, a KOHKpPeTHOe 3HayeHHe, COOTBETCTBYiOllee 3TOMY HMEHH, onpejensercs
B JaJibHeillleM MPH NepeBOjle TEKCTa MporpamMmbl B MalliuHHbie Koabl Koraa onepanp
3ajaeTcsi HemocpeAacTBEeHHO, TO Moc/ie Hero npocrasasiercs 6yksa D, H uan B, ecau
YHCIO NMPeACTaBAEHO B AECATHYHOH, LIECTHAALATHPHYHOH HAH ABOHYHONH (opMe COOT-
BercTBeHHo. [lone 6 gas KO.MMeHTapMEB (nosicHeHHst AEHCTBHH, BbINOJHAEMbIX MPO-
rpammoit). Hanuuue 3toro noas neo6sizatenbHo, HO €C/IH Bbl XOTHTe, YyTOGbI Mporpam-
Ma Obljia NMOHATHA APYrHM, KOMMEHTapHH Heo6XOAHMBI.

[one 3 3anonHAIOT B TeX cayyasx, Korja Heo6XOAHMO OTMETHTb Hauajo ¢par-
MEHTOB NPOTPaMMbl, K KOTOPbIM OCYLLECTBASIETCS MEPEXOA H3 APYrHX yacTeil nporpam-
Mbl N0 KOMaHJe NepefauH ynpasieHHs W BbI30BA MOAMPOTPaMM.

[Tonsi | ¥ 2 MOXHO 3aNMONHHTL C MOMOLWLBIO Ta6HILbl KOAOB KOMaHX MHKpOMpolec-
copa KP580MK80A (cM. taba. 1.1). 3Tu nons Bceraa 3amoJHAIOTCA YHCJIaMH B
LIecTHaALaTHPHYHOH ¢opme, H G6ykBa H B KoHlle uucna npu 3tom onyckaercs Ecau
Mbl TIPH COCTaBJieHHH IpOrpaMMbl 3ajaeM onepaHAibl HesBHO, TO B Haua/je HAH B
KOHLle TeKcTa MporpamMMbl OnpejessieM, YeMy >Ke 3TH onepaHibl PaBHbl HAa CaMoM
aene. [lns sToro B moJje 3 3anHcbiBaeM CHMBOJHUECKOe WMs omepaHia, B noje 4 —
cokpatieHHoe aHriuickoe cnoso EQU (paBHo), a B mosie 5 — neHCTBHTe/NbHOE 3Ha-
yeHuWe onepaHaa. B none 2 3anHceiBaeM KOAbl H COOTBETCTBYIOUIHE OMePaHibl KOMaHL.
[TpH 3TOM CHMBOJHUYECKHE HMeHa 3aMeHSIOTCA HX NeHCTBHTE/NbHbIMH 3HaYeHHSIMH.
Ipu 3anuen 16-pa3psaanbix (ABYX6aHTOBbIX) OnepaHIOB H aipecoB B noje 5 Mbi MpH-
JlepXKHBaeMCsl eCTeCTBEHHOH (OpMbl, T. €. cjieBa 3aMHCbiBaeM JBa CTapIlUHX, a npaBee
JBa MJailWuxX pa3psja uucaa. [IpH 3anHcH KoAOB onepaHioB B noje 2 — MOPSAOK
o6paTHbIf, UTO 06bACHAETCA MOPALKOM 3anucH 6akiToB 16-pa3psaHbIX uucen B NaMATh
MHKpOOBM.

IlepBoe 3HaueHHe azpeca B nose | (aapec nmepBOH KOMaHIbl MPOrpamMMbl) BbiGH-
paeTcs HPOrpaMMHCTOM B 3aBHCHMOCTH OT CBPOGOAHOrO MecTa B NaMsATH MHKpoOBM.
[Noae 3anogHAOT Tak, 4To6bl 3HAueHHs, yKa3aHHble 3/ecb, COOTBETCTBOBA/NH ajpecam
fyeeK MaMsTH, COAePKalLHX KOAbl KOMaHA.

Ilpu paccmoTpeun cucTeMbl KoMaHA Bbl y3Hanu o TOM, YTO KOMaHAabl GbiBalOT
ONHO-, IBYX- M Tpex6GaiiToBble. EcTecTBEHHO, 3TO HalNO OTPakeHHe H B ¢opmare
nonsi 2: oHo MoXKeT comepxkath |, 2 uan 3 Gaiita. [lostomy npH pacuete ouyepeaHoro
ajpeca B nose | B 3aBUCHMOCTH OT AJIHHbI MPeALIECTBYIOUIeH KOMaHIbl K MpexblayiLe-
My 3HaueHH10 npubasasiercd I, 2 uau 3 (cienyer YUHTbIBATb, YTO 3/1€Cb HCMOJb3YeTCs
LeCTHaAUaTHpHYHasA apudMmeruka: Hanpumep, 8+3=B, B+2=D, F+43=12
u 1. 4,). Koabl BTOporo u TpeTbero 6aiiToB B KOMaHAax Nepelauyd yNpaBjeHHS H
BbI30BAa MOAMPOrpaMMbl B MoJe 2 3aHocHM B TabaHlly B MOCJEHION oyepelb, nocje
3anofiHeHHst Bcex cTpok noas 1. [Ipu 3Tom B nose 2 noayuyaeM 3anuch Mporpammel
B MaluMHHBIX Kopax Ecau Tenepb Koabl M3 M0 2 MOMECTHTb B NamsiTb MHKPoIBM
no ajpecam, ykasaHupiM B mojie 1, To npu nycke MHKpodBM c¢ nauanwbHoro aapeca
(B AaHHoM cayyae 0000) oHa HauHeT BBINONHATb HAll AJrOPHTM.

PaccMoTpum, Kak B MHKpoIBM co3aalor BpeMeHHble 3alePXKKH. B nanHoM cayuae
OAsi 3TOro Hcilonb3vercst noanporpamma BPEMSI. B Buae noanporpamm, kak npa-
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BHJ10, OQOPMASAIOT YacTO MOBTOpPAeMble OAHOTHIIHble NeHCTBUS, BCTpeyalouiHecs B
pa3NHYHbIX YacTAX peann3yemoro anropHtma Tako# MOAXOA NO3BOJISIET 3HAUHTENbHO
CIKOHOMHTb Tpebyemblit 06beM NMaMATH H CAeNaTb OCHOBHYIO NporpamMmy 6osiee MOHST-
Hoil. BMecto TOoro uto6el HEOAHOKPATHO NHCATh B Pa3HbIX MECTax MpPorpaMMbl OAWHA-
KOBbIe MOC/e10BaTe/IbHOCTH KOMaH/, MPOrPaMMHCT HCMOJb3YeT TaM TO/bKO KOMaHAbl
BbI30BA MOMIIPOrpaMM, a HYXKHYIO NMOCNe]0BaTeNbHOCTb KOMaHA oopM/IsieT OLHOKpaT-
O B BHJe MOAMPOrpaMMmbi.

O6paTtuTbCcA K noAmporpamMMe MpocTo: B OCHOBHOH Mporpamme ANsi STOFO HYXHO
NOArOTOBHTb HCXOJHble [aHHble, IOMECIHB HX B OMpele/seHHble PErHcTpbl MHKPO-
rpoueccopa HJH fiueKH MaMsATH, H 3aTeM 3allicaTb KOMaHLy Bbi30Ba NMOAMPOrpamMMmbl.

[ToanporpamMmbl MOXKHO pacnosaraTb B JI060M MecTe MaMsATH, HO OOBIUHO HX
IOMeLLaloT cpa3y rocje OCHOBHOH nporpaMmbl. B TekcTe ocHoBHOH mporpamMmbi
Hauwero lpuMepa Hcionb3yercsi KomaHaa BbeidoBa noanporpammbl CALL BPEMS,
KoTopasi o6jajaer onpeaeneHHON yHHBepcaabHOCTbIO l3meHsiss 3HaueHHe Bcero JHiUb
OHOrO OrfepaHja, HCMO0JAb3yeMOro B Hel, MOXKHO B LUIHPOKHX Mpefenax’ U3MeHSTb Bpe-
Msi ee BbIMOJIHEHHSI H cJefoBaTeNbHO, Ha JI060e 3ajlaHHOe BpeMs 3alepxaTb paboTy
OCHOBHO# mnporpammbl. B paccmatpHBaeMoMm npHMepe npu MepBOM Bbi30Be MOAMPOr-
pammbl ucronb3yem onepaHsg KOHCTI, a npu BTOpPOM Bbi30Be MNOAMPOrpaMMbl —
KOHCT?2. lpu ob6pautennu K noanporpaMme 3HaueHHsi ITHX ONepaHIOB 3aHOCATCA B
peructposyio napy BC mukponpoueccopa no komawae LXI B, KOHCTI uau LXI B,
KOHCT2 ocHosHoit nporpammel. IToanporpammy BPEMS] MoXHO cpaBHHTb ¢ OAHO-
BHGPATOPOM C llepecTpanBaeMoil AJNHTENbHOCTbIO HMMyJbca. [leHCTBHTENBHO, MOXHO
CBETOAHOA MOAKJIOUHTH He MPSIMO K BbIBOAY nopTa |, a uepe3 ogHoBHOpaTOp, 3amyckKa-
eMblii MONOXKHTENbHLIM (POHTOM CHTHAa/la HAa BbIXOJE MJajllero paspsaa nopra .
[Ipu 3tom aauTenbHoctb Hmnyabca 0,25 ¢ Ha Bbixode oAHOBHOpaTOpa 3ajaercs
RC-uenbio. HMcnonb3yemblii HaMH 1porpaMMHblii OZHOBHOGPATOp MO CTAGHABHOCTH H
/IHAMa30Hy MepecTPOHKH AJHTENbHOCTH BbIXOAHOrO HMMYJIbCa 3HAYUUTENbHO NPEBOCXO-
AHT CBOEro 3JIeKTPOHHOT'O «JABOHHHKa».

Tenepb paccmoTpuM, Kak paGoraer noanporpamma BPEMYI. 1o komanae DCX B
coaep>xumoe peructposoii napel BC Mukponpoueccopa ymexbluaerca Ha |, a 3atem
B aKKYMYJSTOP nepecbllaeTcsi coAepXKHMOe peructpa B W mpousBodHTcs onepauws
JIOTHYECKOro CJ0XKEHHS ¢ cofepxHMbiM peructpa C 3Toit perucrpoBoit mapbl. Ecau
B peructpoBoii nape BC koxa euwe He cran paBHbiM 0, TO rnoc/ie BbiONHEHHS 3TOH
KOMaHAbl B aKKyMYJISITOPE OKaXXeTCH YHCIO, TaKXKe OTJAHYHOC OT Hy/ s, H BbINOJHHTCS
KomaHaa ycioBHoro nepexoaa JNZ BPEMSI k nauany moanporpaMMbl, Bce JeHCTBHS
MOBTOPAIOTCS BHOBb. [IpH 3TOM MpoOrpaMMHCTH FOBOPAT, YTO B IporpamMme OpraHH3o-
BaH LHKJA. Bbixod H3 Hero Bo3MoXKeH TOJAbKO TOT/a, KOTAd B pe3ynbTaTe BbiMOJHEHHS
komahabl DCX B B peructposoii napc BC okaxyrtca Bce uyaun. Toraa pa6ora nox-
NporpaMMbl 3aKOHUHMTCS BbilloJHeHHeM KoMmaHisl RET u npousoiiger BoiBpat K Bbi-
MOJIHEHHIO OCHOBHOM nporpammel. Jlio6as moanporpamma Bcerna A0/)KHA OKAHUHBATb-
cfi KOMaHAOH BO3BpaTa M3 MOAMPOrpamMbl.

Bpemennas 3ajsepxka, obecneunBaemas noanporpammoi BPEMS, onpenensiet-
csl, BO-TIEPBLIX, BpeMeHeM, HEO6XOAWMbIM /151 OXHOKPATHOTO BbIMOJHEHHSI BCeX KOMaHI
3TOi MOANPOrPAMMBI, H, BO-BTOPHIX, COAEPKHMbLIM perucTposoit napsi BC. [Tocaeatee 1
onpenensieT KONHYECTBO MPOTPAMMHbLIX LIHK/IOB.

Kak Xe onpelenuTb 4HCAO, KOTOPOE Halo MOMeCTHTb B perucrpopyio napy BC
0I5l 3a1aHHsl BpeMeHHo#M 3azepxku 0,5 ¢? Bbinonnenne n1060# KoMaHdbl MHKPOMNpoO-
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LLeCCOPOM 3aHUMaeT cTporo onpeieneHHoe Bpems. [Tostomy, 3Has AJHTENBHOCTb Bbl-
MOMIHEHHS Ka)>kAOH KOMaH[bl, MOXKHO BbIUHCJAHTb O6liee BpeMsi OJHOKPATHOrO BbIMOJ-
HeHus noanporpammbl BPEMS. B ta6n. 1.3 npHBeseHO YHCAO MaLIMHHBIX TaKTOB, B
TeueHHe KOTOPbIX BbIMOJHSIOTCS KOMaHAbl MHKponpoleccopa (MoApo6HO O MaliHHHbIX
TaKTax paccKa3aHo B MPHJIOXKEHHH), OfHAKO 3JeCb OyfeM CUHTaTb, YTO AJIHTENbHOCTb
oaHoro takra paBHa 500 Hc.

Takum o6pa3oM BpeMsi OJHOKPATHOrO BbIMOJNHEHHSI MpOrpaMMbl COCTaB/sieT
9,6 mMkc. CnepoBatenbHo, Afsl 3alaHHsi BpeMeHHOH 3aaepxxkdH B 0,5 ¢ noanporpamma
BPEMS poaxHa 6utb BhinoaHena 0,5/ (9,6 X 107%) =55080 pas. [Toayuenublit pe-
3yabtat Heo6xoaumo npucBoutb onepanay KOHCT2. [dasi opraHu3auud 3afepx ki B
0,25 ¢ onepanay KOHCTI| Heo6x04HMO NMPHCBOHTb 3HaueHHe, yMeHblUEHHOe BJBOE.
[lpy nepeBose nporpamMmbl B MallHHHbie KOAbl H 3afOJHEHHH MOAS 2 pacneyaTkH
nporpamMmbl 3HaueHHWsi BTOPOro W TpeTbero GaHTOB KOMaHA 3arpy3KH perHcTpoBoOi
napbol BC n0sXHbl 6bITb 3anicaHbl WIECTHAALATHPHYHBIMH YHCAAMH.

[1pu nepeBose NeCATHYHOro YHCAA B LIECTHAAUATHPHYHOE HEOGXOAHMO Pa3feNHTb
HCXOLHOE YHCIO Ha 16, 3aTeM nonyyeHHOe yacTHOe BHOBb pas3fiefiHTb Ha 16. dtor
npolecc MOBTOPSIOT, MOKa Moc/iefHee yacTHOe He cTaHeT MeHblie 16. Ecau Tenepsb ero
MpeACTaBHTb B BHIE LieCTHaALATHPHUHOH UH(Pbl, TO 3TO H OyaeT UHPpa cTapuiero
pa3psaja uckomoro yncaa. CieayowMMH LHdpaMH LWECTHAALaTHPHYHOTO YHcAa 6yayT
OCTaTKH onepalHii JAeneHHs, 3anucbiBaeMble B MOCAeL0BAaTENbHOCTH OOpaTHOH HX
nonyueHuio. EcrecTBeHHO, Bce OCTaTKH AOJKHbI GbiTb TaKxe mpeicTaBieHbl B BHAe
uiecTHaauaTHpuuHbIX undp. INpumep nepesona snauenuss KOHCTI—55080 B wect-
HafLlaTHPHUHYIO POPMY:

52080 |16
52080 3255 |[16

0 3248 203 |16

70192 12

11
Yurure, uto 12D=CH, 11D=BH, 7D=7H, 0D=0H. Takum o6pasom 52080D =
=CB70H.

[nsi nepeBofa leCcTHAaALUATHPHYHBIX YHCEJ B JECATHYHBIE MOXHO HCMOJb30BaTh
Tabn. 1.6 B cooTBercTBHH ¢ Hell Ka)KAOMYy 3HAUEHHIO LECTHALUATHPHYHOH UHMDPHI
B 3aBHCHMOCTH OT TOro, Kakoi pa3psil B YHCJe OHa 3aHHMaeT, COOTBETCTBYET Ofpe-
AeneHHoe jecfiTHUHoe uucno. CymMma BceX [eCATHUHbIX YHCeN, COOTBETCTBYIOLLHX
uddpam nepepoaumoro uucna, u 6yler paBHa HCKOMoMy uHcay. Tak, HampHmep,
wecTHaauaTHpHUYHOMY uncay 65B8 cooTBeTcTByeT aecsiTHuHOe

245764 1280 + 176 + 8 = 26040.

B paccmorpeHHOM nprmepe ecTb OfHA, 4acTO BCTPEUAIOULAsiCA Y HAYHHAIOWHX
nporpaMMHCTOB owHGKa, H3-32 KOTOPOH MporpaMma MoxeT He 3apa6oraTb. B uem
e owubka? Mbl «3a6biH»> nepel HayaaoMm paGoTbl MporpaMMbl HacCTPOHTb PETHCTP
SP ykasatens cTeka Mukponpoueccopa. HacTpoutb — o3Hauaetr noOMeCTHTb B
perucrpoByio napy SP aapec namatd (O3Y), He comepKallHd KOAOB KOMaHA.
Crek ucnonb3yercss B Hawe#t nporpamme (komanabl CALL u RET), u nostomy Mui
JOJIKHBI GbliH M03a6OTHTLCS O COJAEPXKHMOM peructpa ykasatens creka. [lepBas
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Ta6auua 1.6

Baitt 2 Baiit |
nony6aiT 4 l\ noay6air 3 noay6aut 2 nony6air |
Yucao
“"Te:;::::::" AECATHYHOE LUTO:;:S::X:' AecATHYHOE m::;:fﬁ::' AecsTHYHOe m::;::ss:' LeCATHYHO
1 4 096 | 256 1 16 | 1
2 8192 2 512 2 32 2 2
3 12 288 3 768 3 48 3 3
4 16 384 4 1 024 4 64 4 4
5 20 480 5 1 280 5 80 5 5
6 24 576 6 1 536 6 96 6 6
7 28 672 7 1792 7 112 7 7
8 32768 8 2048 8 128 8 8
9 36 864 9 2 304 9 144 9 9
A 40 960 A 2 560 A 160 A 10
B 45 056 B 2 816 B 176 B 11
C 49152 C 3072 C 192 C 12
D 53248 D 3328 D 208 D 13
E 57 344 E 3584 E 224 E 14
F 61 440 F 3840 F 240 F 15

KOMaHAa nporpaMmbl A0/MXKHA 6blna ObiTb KOMaHAOH HacTPOHKH yKasaTens creka —
LXI SP, CTEK. [das creka oTseieM TpH siueiikd naMmsaTH nocie kKoMmaHabl RET.
YuraTenio npeanaraetcsi CaMoOCTOSITE/NbHO BHECTH H3MeHeHHA B nporpammy. [lpu
3TOM caefyer o6paTHTb 0cob6oe BHHMaHHe Ha TO, KaK MNPOHCXOAHT ajpecallHsi NpH
paboTe cO CTEKOM.

PaccMoTpuM ewe OAMH npuMep nporpamMsl, oGHYyJAOWeld 061acTb NaMATH,
HaunHasi ¢ naveitkk 0100H no 02FFH BkalountenbHo. BapuaHT Takolt nporpammbl
npeacraBied B Taba. |.7. Tak Kak HaM NpeACTOHT oGHyJieHHe MOC/eA0BaTEAbHOCTH
fiyeek, TO OpraHudyeM LHKAHUYecKylo pa6orty nporpamMmbl. B kaxaom wuukiae 6Gysem
o6GHYJATb OAHY fYeHKy H 3aTeM NOArOTaB/JHBATbL ajJApec OuepefHOH syeHKH MaMsATH
4As ee o6HyJeHHs B caedyiouwteM Udkae. [asi 31oro B UHMK/Ae HeO6GXOAHMO BbINOA-
HATb KoMaufy INX H, yBenuuuBaoulylo Kakablit pa3 ua 1 cogepxumoe peructpo HL.

Pa6ota nporpamMmbl 10/:KHa NpPeKpaTHTbCs Nocae OOHYJEHHS MocaelHell suelKu
naMATH 3aaaHHoil obaactH. B Hawem cayyae 3to Gyaer siveiika ¢ aapecom 02FFH,
3arpy»aembiM B peructposyto napy DE no komange LXI D, 02FFH. B xozne sbinonxeHust
Ka)X10r0 LMK MporpaMmbl HEOGXOAHMO CJleHTb, YTOObI MOCTOSIHHO YBeAHUYHBalOLLeecs
3HaueHHe ajpeca B peructpoBoit nape HL He mpeBbiCH/IO 3HAu€HHSI KOHEUHOro ajpeca
o6aacTH naMaTH B peructposoil nape DE. [las 3Toro B KaXKA0M LHKJe NporpamMmmbl
HeOoGXOIHMO CPABHHBATh cTapluHe 6alThl aApecoB TeKyulell H KOHEUHOH fiueeK NaMsTH,
T. . koAbl B perictpax H u D. 310 MOXKHO caenatb BbluHTAHHEM MEPBOro KOAA U3 BTO-
poro (xomanast MOV A, H, SUB D u JNZ HAUAJIO). llpy paBeHcTBe 3THX KOIOB
POBOJMTCS @HAJOTHUHAS APOBEPKA HA PABEHCTBO 3HaueHMH Maaawux GalToB aape-
COB TeKyillel H KOHeuHoi siueek oGHyasieMoli o6aactu namsiti. JlocTH)KeHHe Takoro
paBeHcTBa O3Hauyaer, yto B HL yxe HaxoauTcsi aapec KOHeuHoi#l fuelKH MaMATH,
M03TOMY HEO6XOAHMO OOHY/AHTb 3Ty fiueiKy (npeanocnedHss KoOMaHAa MPOrpaMmbl)
W MPeKPaTHTb BbIMOJHEHHE MPOrpaMMbl.
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Ta6auwua 1.7

Anpec Koa Mertka Muemonuka Onepaun Kommenrapui

1000 | 210001 LXI H, 0100H 3arpyska aapeca Haua-
na obHyasiemoit obaac-
TH MaMsiTH

1003 | 11FF02 LXI D, 02FFH 3arpyska ajapeca KOH-
ua obHyasieMoi obaac-
TH MaMATH

1006 | 3600 HAYAJIO: MVI M, OOH O6HyneHue siuelku na-
MATH

1008 23 INX H [MoaroroBka ajpeca
oyepeHOH O6GHy sieMOH
AyeHKH

1009 7C MOV AH CpaBHeHHe  cTapluux
6aliToB aapecoB TeKy-

100A 92 SUB D wel H KOHEeuHOH sueek

100B | C20610 JNZ HAYAJIO naMsaTH

100E 7B MOV AE CpaBHeHHe  MJaauWHX
6aHTOB aJpecoB Teky-

100F 95 SUB L weid H KOHeYHOH siueek

1010 | C20610 JNZ HAYAJIO namsiTH

1013 | 3600 MVI M,0 O6nyneHne nocaeanedt
AYeHKH

1015 76 HLT OkoHuaHHe nporpamMmmbl

Y HauyHHAOWHX MPOrpaMMHCTOB OGBIYHO Bbi3blBaeT TPYAHOCTb HCMOJbL3OBaHHE
KOMaHA YCJOBHOH Mepefaud YynpaB/ieHHsi, HamnpHMep, MPH CPaBHEHHH 3HAYeHHH
nByx 6aiitoB. HanomHHM, 4To nepea KomaHIOH YC/NOBHOM mnepefayd ynpaBJeHHs
Bcerja pacnosjaractcsi KOMaHAa, BO3JEHCTBYIOLLAA Ha COOTBETCTBYIOIWLHH GHT
perucTpa npu3HakoB. B mpeawiaywem npumepe A4S cpaBHeHHs ABYX 6GaiToB B Ka-
yecTBe TaKOH KOMaHAbl HCMO/Nb30Bajach KOMaHNA BbHIYHTAHHS, a MNepejlaya ynpas-
JleHHs ocywectBasaace no komanse JNZ ADR, KoHTposHpyowle# cocTosiHHe 6ura Z.
BMecTo KOMaHA BBbIUHTAHHS MOXKHO HCMO/Mb30BATb H JApyrHe KOMaHAbl, Hanpumep
komaHabl cpaBHeHuss CPI D8 unu CMP M. [leiicTBusi, OKa3biBaeMble 3THMH KOMaH-
AamHi Ha Gutbl peructpa F, 3aBucAT or pesyabrara onepaund A—D8 uau A—M, Ho,
B OT/HYHE OT APYrHX KOMaH[, OHH He H3MEHSIOT NpejLiecTBYIOLLero COoAepXHMOro
aKKyMmyJsTopa.

Komanaet JC ADR u JNC ADR ocyulectBisior nepeaauy ynpaB/eHHS COOT-
BETCTBEHHO B cyuasx, koraa M (uau D8)> A u M (uan D8) <A.

Tak, HanpuMep, noc/eloBaTeNbHOCTb KOMaHJ

CPI 10D

JNC ADR
OCyulecTBAsieT nepeaauy ynpasJjenus, ecin A>> 10D, a nocnenoBaTesibHOCTb KOMaHI

CPI 10D

JC ADR,
ecan A<C10D.

[TpeanonoXHM, UYTO COLEPIKHMOE aKKymyasTopa A K MOMEHTY BbINOJHEHHS
3THX KomaHA O6yaer paHo |0D. Toraa B nepBoM cayuyae G6yleT OCYyLULeCTB/AeHa
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nepenaya ynpaBleHHsi Ha KOMaHIy, pacno/ioKeHHylo B siyefike ¢ aapecom ADR,
a BO BTOpOM CJyuae nepeinava ynpaB/ieHHS He MPOH30HAeT H OyleT BbINOJHATbCA
caepyoutas no nopsiaky komauaa. B Taba. 1.8 paHbl npHMepbl HCMOJIb30BaHHSA
KOMaHJ yCI0BHOH nepefayyd ynpaBiaeHHs, 4acTO BCTpevawoutHecst Ha npaktuke. [Mogb-
3ysicb Tab/iMlleH, MOMHHTE, YTO eC/H CPaBHHBAIOTCA OMepaH[bl CO 3HAKOM, TO BMECTO

komatx JC u JNC cnenyer ucnons3zoBaTb Komauabl JM u JP cooTBercTBeHHO.

Ta6bauwua 1.8
Kowanss yeranasqmmawiigs owr | Kovanas repessus
Jlio60# GHT akkyMm.-0 ANI D8 (1 B cooTBercTB. pa3psae JZ ADR
D8 Bbi6HpaeT 6HT)
JTI060# GHT akkyM.-1 ANI D8 (1 B coorBercTB. pa3psiae JNZ ADR
D8 Bbi6upaer GHT)

64T 7 akkyMm.-0 RAL, RLC uau ADD A JNC ADR
64T 7 akkyM.-1 RAL, RLC uan ADD JC ADR
64t 6 akkym.-0 ADD A JP ADR
64T 6 akkyM.-1 ADD A JM ADR
6ut 0 akkyMm.-0 RAR uan RRC JNC ADR
64T 0 akkyM.-1 RAR wuau RRC JC ADR
Bce 6uthl akkym.-0 ANA A uau ORA A JC ADR
Conepxxumoe akkym. 0 ANA A uan ORA A JNZ ADR
Coaepkumoe akkyM. nojoxu- [ANA A uan ORA A JP ADR
TeabHO (cT. 6uT-0)

Conepxumoe akkyM. orpuua- [ANA A uau ORA A JM ADR
TeAbHO (cT. 6HT-1)

CoaepxHumoe akkym.-D8 CPI D8 JZ ADR
Conepxumoe akkyM.s= D8 CPI D8 JNZ ADR
Conepxumoe akkym. > D8 CPI D8 JNC ADR
Conepxumoe akkym. << D8 CPI D8 JC ADR
Conepxumoe akkym.-R CMP R JZ ADR
Coaepxumoe akkyM.=# R CMP R JNZ ADR
Conepxumoe akkym. =R CMP R JNC ADR
Coaepxumoe akkyM.<<R CMP R JC ADR

CielylowHii npumep MOCBAILLEH MPOrpaMMHON peasH3alliH TaKoro pacnpocTpa-
HEHHOro LHQPOBOro 3JeMeHTa, Kak [ewddpaTop [AAA CEMHCErMEHTHOrO HWHIHKa-
Topa.

Bynem cuurath, uTo B MHKpoOBM umeercs BxoaHoit nopt 0, k auHuaM DO,
DI, D2, D3 koroporo noak/aioueHbl yeTbipe Tymbaepa, obpasylouide TymbaepHblil
peructp (pHc. 1.6). Onepatop Mo)xeT HabHpaTb Ha HeM pa3/iHYHble KOLOBble KOMOH-
Hauuu. K auuun D7, cBA3aHHOH co cTapliHM pas3psioM MopTa, MOAKJIIOYEHA KHOMKa
S, Ha KOTOpYI0O HeoGXOAHMO Ha)KaTb, KOrAa Ha TymG6/epHoM peructpe 6yner HabpaH
npaBHAbHbIH KOA. K BhixogHOMY nopTy | noak/aioyaercs ceMHCErMeHTHbIH HHAHKAaTOp.
B 1a6a. 1.9 nokasaHo cooTHOLUeHHe MeXAY KOJAOBBIMH KOMOHHAUHMAMH, HaOHpaeMbIMH
Ha Tym6/JepHOM perkcrpe, GailTaMu Ha Bbixofe nopta | (CeMHCerMeHTHBIMH KoJdaMH)
H JlecATHYHOR LNDPOH, oTo6parkaeMOH Ha ceMHCerMeHTHOM HHAHKaTope.
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Ta6anua 1.9

Konosasn CeMHCerMeHTHbIR NecaTtuyuasn Koaosas CeMHCerMeHTHBIH Jlecatuunasn
KOMGHHaUKS KO uuppa KOM6HHaIHA Kol uuppa
0000 3F 0 0110 7D 6
0001 06 | 0111 07 7
0010 5B 2 1000 7F 8
0011 4F 3 1001 6F 9
0100 66 4 1010 3anpeuleHnbie —
0101 6D 5 } KOMGHHAL HH
1111
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K Muxponpoyeccopy Puc. 1.6. ®parmeHT cxembl ycTpoiicTBa HHAHKALHH

B Ta6n. 1.10 npuBeneHa pacneuarka nporpammbi. [Iporpamma nosxHa npose-
pATb, He Oblaa JiH Ha)kaTa KHOMKA, CUHTLIBATb HH(HOPMALHIO C TyMONEPHOro perucTpa
H oTo0paxkaTb COOTBETCTBYIOIULYIO AECATHUYHYIO LH(PY HAa CEMHCerMEeHTHOM HHAHMKa-
tope. [locraBneHHass 3agaua HauGojee NMPOCTO MOXKET GbiTb pellleHa, €cjH Mbl BOC-
nosib3yeMcsl caelyiouiiM npHeMoM. [ToMecTHM B fecsiTH MocaeaoBaTeNbHO pacnofo-
EeHHbIX BCJeld 33 MporpaMMoi siuedKax NaMsTH CEMHCErMeHTHble KOAbI, NMpPHBEREH-
Hote B Taba. 1.9. Ha 1o, uto B fueltkax nmaMsATH HAaxXOAATCHA He KOAbl KOMaHl, a
HcnoJib3yeMble B NpOrpaMMe KOHCTaHTbl HJH ONepaHibl, ykasmiBawoT chmsoabn DB
(cokpallleHHe aHIAHACKOro Bblpa)KeHHs «onpefeid O6ait»), nomeuraemble B nose
4 pacneyatkd. B nmone 5, HanpoTHB 3THX CHMBONOB, 3aHOCATCH uHC/Aa, KOTOpbie
[O/MKHBI GbiTb 3anMHCaHbl B NamsaTb [0 Hauana BbiMoJHeHUst mporpammbl. Anpecy
nepBoiil U3 3THX siueek npucsouM merky TABL. Hauano o6iacTH nmaMsiTH WAH OTAe/b-
Hble SYefiKH MaMsATH, COLepXKalllHe pa3HuHbie ONMepaHAbl, HCMOJb3yeMble B Nporpam-
Max, MOryT GbiTb OTMeUeHbl MeTKaMH TOYHO TaK e, KaK H KOMaHAbl MporpaMMmbi.
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Ta6auua 1.10

Aapec Koa MeTka Muemonnka Onepant Kommentapuit

0000 | DBOO KHOTIKA: IN 0 Onpoc coCTOSAHHA KHO-
MKH

0002 |17 RAL

0003 | D A0000 JC KHOITKA KHonka He HaxaTa

0006 | 1F RAR Rocm‘aﬂoamb perucTp

0007 | E60F ANA |00001111B MackupoBaTb  GUTHI

0009 | FEOA CPI 10D Koa nonyctum?

0008 | D20000 JNC |KHOITKA Her—cHoBa  onpoc

000E | 211C00 LXI H, ra6a Hauya/lo Ta6/Hlbl KO-
A0B

0011 | 110000 LXI D, 0000 O6Hyauts DE

0014 | 5F MOV |E, A DE-cmelLenHio 1

0015 | 19 DAD |D HL-anpecy kona

0016 | 7E MOV A M A =xony

0017 | D301 ouT |1 BeiBox Ha MHAHKaAUKIO

0019 | C30000 JMP  |[KHOITKA [Tepexon Ha onpoc

001C | 3F TABJ1.: DB 00111111B Koa ungpst 0

001D | 06 DB 00000110B Kon undpst 1

001E | 5B DB 01011011B Kon uudpsi 2

001F | 4F DB 01001111B Koa un¢ppet 3

0020 | 66 DB 01100110B Koa undpst 4

0021 | 6D DB 01101101B Kon undpsi 5

0022 | 7D DB oI111101B Kon uudpsr 6

0023 | 07 DB 00000111B Koa undpst 7

0024 | 7F DB O0I111111B Kon uudpsi 8

0025 | 6F DB 01101111B Koa undpsi 9

Hawa nporpamma 6yaner paboraTb caenyiouwnm ob6pasom. CHauana B akkymyas-
Top BBefeTcs coaepxumoe nopta 0. [Ina npoBepkH COCTOAHHA KHONKH, T. €. 3HAaUEHHS
crapuiero paspsaa BBeleHHOro 6aiiTa,c nomouiblo komanasi RAL ocyuectsisiercs
CABHI CONEPXHMOro akkymyasitopa iaeso. [Tocae atoro 3nauenne 6ura C npusHaka F
(npu3Haka nepeHoca) GyneT 3aBHCeTb OT TOro, Oblia JiH Ha)aTa KHONKA S B MOMEHT
uTeHus copepxumoro nopra 0. Ecan kHonka He Gblna Haxarta, TO NPU3HAK NepeHoca
OKa)keTcs paBHbIM | M B nporpamme npou3OiifeT rncpejpaya ynpaB/ieHHS BHOBb Ha
KoMaHay BBoAa coaepxxumoro nopra 0. [Ipu HaxxaToil KHoOnKe, T. e. Koraa oneparop
vxe HabpaJ/ ouepeiHYI0 UHDPY H XOueT BbIBECTH ee HA HHIMKALMHIO, ynpaBjieHHe B
nporpamMMe nepenaeTcsi Ha KOMaHAy CABMra COLEpPXHMOro akKyMmyastopa Bnpaso (B
HCXOHOE COCTOSIHHE).

Tak kak nanee 3HayeHHs yeTblpex CTApLIMX Pa3psAAOB NOPTa He HCNO/Nb3YIOTCS,
TO OHH «MaCKHPYIOTCH» BbilOJHEHHEM KOMaHAbl JIOTHYECKOr0 YMHOXEHHS COLepPXKHMO-
ro aKKyMyJsiToOpa Ha onepaHi, B KOTOPOM B CTaplUHX 4YeTblpex pa3psilax 3anHcaHbl
HyJH, a B MJAALIMX yeTbipex paspslax — elHHHLbl. 3aTeM NpPOBOAHTCA NpoOBepKa
Ha LONYCTHMOCTb YHC/A, CYHTAHHOrO C TYMGJIEPHOrO perucTpa (He npeBbllaeT JH OHO
aeBatu). O6patute BHUMaHHe, uto onepanl KomaHasl CPI 10D Ha eannuuy 6oabiue,
YeM [OnMycTUMOe BBOAMMOe 4YHcJO0. Ecin BBeleHHbII KON HeLOMyCTHM, TO BHOBb
NPOH3BOAMTCS CUHTbIBAHHE COLEPKHUMOro Tym6uepHoro perncrpa. Kaxaomy aonycrtu-
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MOMY KONy CTaBHTCSl B COOTBETCTBHE CeMHCerMeHTHbii Koa. [lasi 3Toro B perucTpoBylo
napy HL nomewaerca anpec merkun TABJI, o6HyasieTc cofepuMoe perHcTpoBoii
napsl DE u 3aTeM aBOHUHBLIH KOA M3 akKyMmyJsitopa nepecbisnaercsi B perucrp E.
Ecnu tenepp ciaoxutb conepxkumoe HL n DE, to HL 6yner 3sakaiouarb anpec
AYeHKH NamMATH, B KOTOPOH XDaHHTCA COOTBETCTBYIOLIHH CeMHCerMeHTHbIH KOM.
Ator koa no komauae MOV A, M nepecbuiaercss B nopT |, K KOTOPOMY NOAK/IOUEH
cemucermMeHTHblil uHaMKaTop. [locse 9TOrO mporpamMma BHOBb BO3BpaulaeTcsi Ha CUH-
TbiBaHHE COLEPXKHUMOro TyMOJIepHOrO perucrpa.

OnucaHHbIA NpHeM HCMOAb30BaHUS TabJHLbl, XPaHSAULEACSH B AMSATH, MOXET ObiTh
npuMeHeH Npu AewHdpauuy 1 npeo6pa3oBaHHH KOLOB.

PaccMorpeHHas nporpammMa B KOMNakTHOH (opMe B BHAE COLECPXKHMOro 06/1acTH
namsTH:

0100 DB 00 E6 OF FE OA D2 00 Ol 21 17 0l Il 00 00 S5F
0110 19 7E D3 01 C3 00 ol 3F 06 5B 4F 66 6D 7D 07 7F
0120 6F 00 00 00 00 OO OO OO OO 00O OO 00 0O 0O 00 00

Kaxpnas cTpoka HauuHaeTcd ¢ 4-pa3psilHOro LWIECTHAAUATHPHYHOro 4uc/aa — ajapeca
siueilKH NaMATH, B KOTOPOW 3anucaH lepBbii U3 16 noc/ienoBaTe/ibHO pacno/oXeHHbIX
B MaMATH 6aHTOB, NpeiACTaB/eHHbIX Aajiee B CTPOKe NBYXPa3psAAHLIMH LUECTHAALATH-
puuHbiMH uuciaaMmu. [To 310l Tabuinlue MOXHO BOCCTAHOBHTb TEKCT MPOrpaMMbl, €CJH
BOCN0Jb30BaThCH Tab/inleH KOLOB KOMaHI MHKPOIIPOLECCOpPa H MPH 3TOM TOUHO 3HATh,
B KaKHX fyefikax 3anucaHbl COGCTBEHHO KOMAaHAbl TPOrpammbl, a B KaKHX — KOH-
CTaHThl WM IIPOMeXYyTOuHble naHHble. MHaue mocsiennue 6yayT pacliudpoBaHbl Kak
KOM aH/ibl.

PaccmoTpeHHbIE npuMep HMeeT BAaKHYIO OCOOGEHHOCTb — B HeM HCNO/Nb30BaH
MPOrpaMMHbIil ONMPOC TFOTOBHOCTH BHEILHEro YCTPOHACTBA — TyMOJepPHOrO peructpa, ¢
KOTOpOro cudThiBajach HHdopmauns. OLHAKO CUMTbIBATb HHPOPMALHIO ¢ Hero npo-
rpamMma Mor/ia TOJbKO I1PH HaJHUYHK CHTrHaJa roTOBHOCTH — Hax<aToit KHonkH. Baaro-
Aapsi 3TOMY MOXHO ObiTh yBepeHHbIM, UTO Ha CEMHCEerMeHTHOM HWHAMKAaTope BCceraa
orobpa)caeTcsl TObKO Ta uudpa, Kotopas Heob6xoauma. Bce npomexyTouHble ma-
HUNYAAUKAH ¢ TyMO/1epaMH He OKa3blBaIOT BAHAHMA HA PaboOTy NMPOrpaMMbl, H HeBepHble
NaHHble He BBOAATCA. KOHeUYHO, B 1aHHOM CJ1yyde CHrHaJl FOTOBHOCTH BblAacTCs onepa-
TOPOM, HO B OO/IbUIHHCTBE YCTPOHCTB BBOAA-BLIBOAA OH BbipabaThiBaeTcs aBTOMAaTH-
yecKH nocje TOro, Kak ycTpoicTBo GyaeT rotoBo K o6MeHy ¢ MukpodBM. [las toro
yTo6bl NpeaCcTaBUTb KaK 3TO [eadeTcsl, pacCMOTPUM TNpolecc BBOAA HHGMOPMALHH C
nepgosieHTbl.

Ha puc. 1.7 n3o6paxen otpe3ok nepdosientsl. B ycrpoiictBe cuuthiBaHus nepgo-
JIeHTa MPOTArMBaeTCH MEXAY HCTOUHMKOM CBeTa M (OTOLHOAAMH, PacnooXeHHbIMH
BAO/b NPAMOH, NMepneHAHKYJIsPHOA HANpPaBAEHHIO ABHAKEHHS (HA PHCYHKe OHa NOKa-
3aHa NyHKTHPOM). UHCI0 AHOAOB PAaBHO “HCAV LOPOXKeK (NPOAOABHBIX PS0B OTBEp-
ctuit) Ha nepdoaente. OGbIYHO HMEIOTCA BOCEMb HH(OPMALHOHHBIX NOPOKEK U OAHA
CHHXPOAOPOXKKA, PacrofoxeHHassh HECHMMETPHUHO OTHOCHTENbHO HHPOPMAILHOHHBIX H
¥Melollast OTBEPCTHS MeHblllero adamerpa. HecuMmeTpuuHOCTD 1103BOASET NMPAaBHJAbHO
(HY>KHOH CTOpOHOM) 3anpaBaATb MephoNeHTy B CUHTbIBAIOLLCE YCTPOHCTBO, 8 MeHb-
IWHA AHAMEeTP CHHXPOOTBEPCTHS FapaHTHUPYeT, UTO BO BPeMA ABHXEHHS 11epHOIeHTb
doToaron, pacnonoxeHHbIH NOA HHM, 6y1eT 3aCBeUCH 1103:Ke, ueM (OTOAHOAbI Mo
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Puc. 1.7. Tlepgonenra

ntGOpMaUMOHHBIMU OTBCPCTHSAMMU, T. €. CHHXPOCHTCHAJ NOSIBUTCH TOJbKO TOrAa, Koraa
rapaHTHPOBAHO MPAaBWIbHO YCTAHOBATCA CHrHaAbl OT Apyrux ¢oromuonos. Ecian 6bl
CHHXPOOTBEPCTHe Gbl10 Obl TAKOro e pa3mepa, Kak 1 HHpOpMaLHOHHbIE, TO pa3bpoc
B MaMeTpax OTBEPCTHH, NepeKoc JeHTbl OTHOCHTENbHO (OTOAMONOB BJeKaAH Obl 3a
060 OIMOOUHOE CUMThIBAHHE JaHHBIX.

Tenepb SICHO, UTO CHHXPOCHTHAJ MOXHO WUCMO/b30BATb KAK CHrHaJ FOTOBHOCTH B
cunTbiBalouleM ycrpoiictse. [1pn 3ToM AN NOAKTIOUEHHS CUMTbIBAIOULErO YCTPOUCTBA B
MHUKPOIBM Heo6x01MMO uMeTh ABa ropTa: uepe3 oguH GynyT nepefaBaTbcsi 6aiThl
JaHHbIX, a 4epe3 ApPYyrol — curHan rotoBHoctH. Hapsgy ¢ curHanoMm roTOBHOCTH MO
APYFHM JIMHHAAM 3TOTO NOPTa MOXHO lepelaBaTh pasHble cayxeGHble cHrHadbl. Ha-
IpUMep, CHIHaM OT AaTuyuKa, PaclioNOKEHHOrO B KpbllKe fpHXuMa nepdoeHThl K
OJ0KY CUHTHIBAHMA, CHFHAJ O BKJIOUEHWH 3.1€KTPOABHraTensl MPOTSXKKH JIeHTbl W Ap.
baiit, cunTbiBaembilt uepe3 Tako# NopT, Ha3biBaeTCsl CAOBOM COCTOAHMA. AHannsnpya
HPOrpaMMHO 3TOT 6aNT, MOXHO ONpeLe/HTb, B KAKOM COCTOSIHMH HAXOMAHTCA YCTPOHCT-
go. C/ieflyeT 3aMeTHTb, 4TO B MUKPODBM oHOMY BHeluHeMy ycTPOIHCTBY COOTBETCTBY-
0T HECKOJIbKO 1OPTOB BBOJA-BbIBOAA.

B nocsieianem npumepe npoueccop MuKpoIBM nocTosHHO onpawiuBaer roTos-
HOCTb BHELUHEro YCTPOHCTBA M TOJAbKO MHOrAa BbIMOJHAET APYrylo uacTb Mporpammubl.
Takasa ocobeHHOCTb NPOrpaMMHOrO ONHPOCa FOTOBHOCTH BHELIHMX YCTPOHCTB COBep-
IEHHO He MOAXOAMT LIl MUKPOMNPOLECCOPHBIX YCTPOicTB W MUKPODBM, npeaHasna-
UCHHBIX AA51 paboThbl B peaibHOM Maciitabe spemenn. OaHaKo OHM yacTo paboraioT
tMeHHO B Takom pexxume. OH XxapakTepeH TeM, UTO MHKPONPOLECCOP CBOEBPEMEHHO
pearupyer Ha cOGbITHA BO BHEUIHEM 110 OTHOWEHHIO K MHKPOIBM mupe, nponcxons-
IlHe B PpasjnuHbie, HCHU3BECTHbE 3apaHee MOMEHTbl. JTO O3HauyaeT, 4TO MHKpPONpO-
ieccop AOMKeH noc.1e o0MeHa J1aHHBIMM C BHEUIHHMH YCTPOHCTBAMM W LaTuHKaMH
06pabaThiBaTh HX 3a BpeMs, He lipesbiluaiollee 3aj]aHHoe. KoHeuHo, B TaKHX cayyasx
V MHKpOIpOUeccopa HeT BpeMeHH 34aHWMAaThCAd NPOrpaMMHbIM OMPOCOM [OTOBHOCTH
BHEHIHHX YCTPOHCTB.

Jas pab6orhl B peanbHOM Macwrtabe BpeMeHH Yy MHKponpolueccopa HMeeTcsi BO3-
MOXHOCTb NPEPhIBAHHA —— BPEMEHHOro NpeKpalleHHs BBIONHeH S TeKyuleH nporpammal
H HepexoAa K BbLIIIONHEHHIO NOANPOrpPAMMbl O6CTYXKHBAHHS YCTPOHCTBA, BbI3BABLIErO
npepbiBaHue, T. €. HEeNnoCpeiCTBEHHO K o0MeHY HH@oOpMalHeH ¢ BHEIIHHM YCTPOHCT-
BoM. OGBIYHO YCTPOHCTBO, rOoTOBOE K OOMeHY NaHHbIMH ¢ MHKPODBM, nocbinaer onnu
U3 cHriagnoB «3anpoc npepniBanuf» IRO-IR7 Ha coOTBeTCTBYIOUIHA BXOA CTelHalb-
HOTO KOHTpPOJVIEpa npepuiBatuil, ¢ BHIXOAA KOTOpPOro 3anpoc B Buae cHruana INT no-
cTynaet 8 MUkponporteccop. ITpu ero nosiBaeHnd MUKPONPOLECCOp AOJMKEH NMepedTH K
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BbIMTOJHEHHIO COOTBETCTBYIOLLEH NOANPOrpaMMbl 06pabOTKH NpepbiBaHus, T. €. Cpearupo-
BaTh Ha BHeLuHee coObiTHe. [IpH 3TOM MHKPOIIpOLLECCOP NMOC/Ie BbINOJHEHHS OuepelHOMH
KOMaHIbl TeKylleid NPOrpaMMbl CUHTbIBAET He Kak OObIYHO KOJ Ollepaliy CJelylolleH
KOMaH[bl U3 NaMATH, a KO KOMaH/bl Bbi30Ba noanporpammnl, GOpMHpyeMblil HA LHHe
NlaHHbIX KOHTPOJI1IEpOM npepbiBaHH#i (cM. puc. 1.1).

ITO NPOHCXOAHT NMOTOMY, YTO MHKPOMNPOLECCOp BMeCTO OGbIUHO (POpPMHPYeMOro B
HayaJjie BbiNOJIHEHHs1 KoMmaHabl curHana «Yrenue namaru» MEMR, BbipabarviBaer u
nepenaer no WHHe ynpaeaeHnsi curhan «[loarBepxneune npepoiBaius» INTA. Sror
CHrHa/l aKTHBH3MPYeT KOHTPOJJIep NpepbiBaHHs, KOTOPbIH 06bIYHO HOPMHPYET Ha LUHHE
JlaHHbIX ONHY HX OJAHOOAWTOBBIX KOMaHA Bbi30Ba MOANPOrpamMM no (PpHKCHPOBAHHBIM
anpecam (komanabl RSTO-RST7). Kaxnomy curiany «3anpoc npepbiBaHHfi» OT
YCTPOHCTB, NOAK/AIOYEHHBIX K OMpelejeHHbIM BXOAAM KOHTpoOJJepa, COOTBETCTBYeT
«cBosi» komanaa RST u, caenoBaTenbHo, onpejfe/neHHas 1OANporpamMma o6¢ayXHBaA-
HHA. B 3aBHCHMOCTH OT HOMepa KOMaH[bl ee BbINOJHeHHe BeleT K nepenaue yrpasJje-
HHSl Ha ONIHY H3 fiueeK B Hava/bHOH ob6nacTh namath (cm. taba. 1.3). MmeHHo ¢ Ko-
MaH[bl B 3TOH AuYedKe M NOMKHA HauMHATbCA NOANporpamma OOCJAYXKHBAHHA lIpepbl-
BaHHSA.

B npocrefiiem cayuyae, Korna BHellHee yCTPOHCTBO TONbKO OLHO, CHrHaJ «3anpoc
NpepbiBaHHA» MOXET ObiTb HENOCPeACTBEHHO 3aBeleH Ha COOTBETCTBYIOUIHH BXOA
mukponpoueccopa, a komanga RST7 (ee kom I11111111) 6yner chopmuposBaHa c
MOMOLUBIO MOAK/NIOYEHHS BCEX JIHHHH LIHHbI LaHHbIX Yepe3 pe3ucTOpbl CONPOTHB/IEHHEM
B HECKOJIbKO KHJIOOM K HCTOUYHHMKY Hanpsixkedus +5 B. Toraa muxkponpoueccop B oT-
BeT Ha CHrHaJ «3anpoc npepeiBaHHA» NO OKOHYAHHIO TeKylled KOMaHAbl CYUMTaeT ¢
WHHbI faHHbix Kog kKoMmaHabl RST7. Curnan «[loatBepxiaende mpepbiBanus» Gyner
BbIAABaTbC HA LWIHHY YNPaB/e€HHs, HO B 1aHHOM C/yd4ae HCNO/Nb30BaThCA He OyleT.

B kauecTBe KOHTpoaJepa npepbiBaHHA B MHKPODBM moxeT GbITb HCMOb30OBaHA
cneunanbias BUC KP580BHS59, ¢opmupyomas Ha iiMHe 1aHHbIX B OTBET Ha CHrHaJj
«[ToaTBepxaeHne npepbiBaHHsA» KOL onepaund Tpex6aiitoBoii komanas CALL ADR,
a TakXe MJajluHe M cTapuiHe G4aHThi aApecoB BbI30BA NOANPOrpamM.

PaccmotpiM, Kak odopmasiorcs noanporpaMmbl, o6pa6atbiBaioline npepbiBaHHs.
[lpencraBum cebe BbICOKOKAueCTBEHHbIi MarHHTOMOH, B KOTOPOM YynpasjeHue ero
paboToOi, a TakXe aBTOMATHYeCKad CTAOHIH3alUHA HATAXKEHHS JIEHTHl H HHAHMKalLHsA
yucaa 06OPOTOB NPOH3BOASITCS MHKPONPOLECCOPHBIM YcTpoicTBOM. B pexxume Boc-
NpOH3BeleHHs YCTPOHCTBO LOMXKHO ONPeAeNATb CTeneHb HATSAXKEHHS JIeHTbl, NPOU3BO-
JIUTb pacueT ynpabJsiiollero BO31eHCTBHSA, Bbllauy ero Ha HCNONHHTeNbHOe YCTPOACTBO
H B TO Xe BpeMs NOACUHTHIBATb YHCJIO HMNYJbCOB OT AaTYHKa 06OpPOTOB H OTOGpaxaTb
€ro Ha COOTBETCTBYIOLLEM HHAHKATOPE.

Takum o6pa3om, OCHOBHAs nporpaMma B 3TOM peXHMe — 3aMKHYTBHIH LUK CuM-
TbIBAHHSA COCTOSIHMA AATYHKA HATSKEHHS JeHTbl, pacyeT YMpaB/flioLlero BO3AeHCTBHSA
M Bblllaya ero K MCNOJHHTeNbHOMY MexaHu3My. Tak Kak CHrHaibl OT Jatuuka o6upo-
TOB NMPHXOAAT [10BONBHO PEAKO H MOMEHTbl HX NMOABJEHHS He cBA3aHbl ¢ paboTOH OC-
HOBHOH NpOrpamMmbl, TO UeJNeco06pa3HO HCMOAb30BaTh HX B KaueCcTBe HCTOYHHKOB
3anpocoB npepbiBaHuA. [IpeAnosoxuM, YTO MO KaxKAOMY 3anpocy [pepbiBaHHA Ha
LWHHE NaHHBIX KOHTpOJJEp npepbiBaHnii ¢popmupyer komanay RST7. CaenoaresbHo,
B COOTBETCTBHM C TabJi. 1.4 nepBas KomaHaa o6C/y>XHBaHMS 3anpoca MpepblBaHHA
NOMKHA pacnojaratbcsi B siueiike namsatd ¢ aapecom 0038H. dta nporpamma Ha-
YMHAETCA CJCLYIOLLUMH KOMaHAaMH:
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PUSH PSW
PUSH B
PUSH D
PUSH H.

Yerbipe nepsbie KOMaHIbl MO3BONSIOT COXPAHHTb B CTEKEe COLEPKHMOE BCeX pe-
rUCTPOB MHKpOMpoleccopa AJs TOTro, 4ToGbl Moc/ae BO3Bpata K OCHOBHOH Nporpamme
MOXHO OblI0 BOCCTAHOBHTb HX COnepXHMoe. TeKCT MmoanporpamMmbl 3iechb He NpPHBO-
AMTCH, TaK Kak B J@HHOM CJydyae HaM BaXXHbl TONbKO ee (parMeHTbl, cneunduuHbie
a5 o6paboTKH npepbiBaHusA. B KoHUe nmoanporpaMMbl BLINOJHSIOTCS cJjedylOlULHe
KOMaHibl:

POP H
POP D
POP B
POP PSW
El

RET.

C nomoubio YeThipex KOMaHI CYHUTHIBAHMA M3 CTeKa BOCCTAHAaBJMBaeTCs COlep-
XKHMO€ DErHcTpOB MHKPONpOlLeccopa, a 3aTeM BbIMOJHAETCS KOMaHAa paspeileHHs
npepuiBanust El. [Tocnennee Heo6xonnMo, Tak Kak nocne BOSHHKHOBEHHS MpepblBaHHUA
B MHKpONpoleccope Bceraia aBTOMaTHYeCKM 3amnpellaeTcsi NpHeM 3anpocOB TNpepbi-
BaHHA.

KoHeuHo, ecaiv Bbi3biBaeMas NMOANPOrpaMMa He MCNO/Ab3yeT HH OLMH M3 PErucT-
pOB KaKOH-JH60 perucTpoBOH Napbl, TO COXPaHSTb €€ COLEpPXKHUMOe B CTeKe He HYXHO.
Hanpumep, ecan noanporpamma He ucnoabdyet Hu pernctp D, uu perucrp E, To Komah-
At PUSH D u POP D B nporpamme Heo6s3atenbHbl. [Topsnok 3acblikH B cTeK H
H3B/NEUEHHS] H3 HEro COAEPXXHMOrO PEerHcTpoBblX Map HMeeT Ty OCOGEHHOCTb, UYTO
JaHHble, 3aNKCbiBaeMbie B CTEK MOCJAeLHHUMH, CUHTBIBAIOTCA M3 Hero nepsbiMu. [locaen-
Has komanna RET npou3BoauT BO3BpaT B OCHOBHYIO NPOrpaMMy — nporpaMmy cra6u-
JU3aLHH HATSAXKEHHS JieHTbl. Bo3BpaT npoucxXoouT B TO MeCTO 3TOH NMporpamMmbl H €
TeM COCTOSIHHeM BHYTPEHHHX DerucTpoB, KOTOpble ObliH 10 MOMEHTa BO3HHKHOBEHHSI
11pepbiBaHuA.

Bbl 03HaKOMHAHCH C MPOrpaMMHbIMH MeTOAaMH OpraHu3aluud obmMeHa HHpopMma-
UuHeil MeXJy BHEWHHMH YCTPOHCTBAMH W MHKPODBM. Metoabl pas/niHyaloTcs cnoco-
6aMH NpOBEPKH FOTOBHOCTH BHELIHHX YCTPOHCTB, a OOGLLHM Yy HHX SIBASIETCS TO, YTO
BBOA MJH BbIBOA [aHHbIX NMPOMCXOAHT NO KOMaHAaM nNporpamMMbl NoA YynpasjeHHeM
MHKponpoueccopa. [Ipx o6meHe nubopmalHeld Mex1y BHEIIHHMH YCTPOHCTBAMH H na-
MSATBIO CBA3YIOLULHM 3BEHOM CJYXHT aKKyMyJasaTop MHuKponpoueccopa. [das ocyue-
CTBJIEHHS] TaKOro o6MeHa B NporpaMMme Hapsily ¢ KOMaHJaM{ BBOAA WJH BbiBOAA NpPH-
XOMHTCA HCMOMB30BATh H KOMaH/bl Nepechbiiky 6aHTOB MeXAy aKKyMYJATOPOM H siuei-
KaMH [aMsiTH, a TaKXe HeKoTopble KOMaHAbl AJNS TNOArOTOBKH aipecoB Tex syeeK
namsTH, ¢ KOTOPbIMH ocyllecTBasieTcss o6MeH. TakumM 06pa3om, /s nepecblkH ORHOrO
Galita MexAy NOpPTOM BBOAA HJH BblBOAA H A4YeHKOH NaMATH, MHKPOMPOLECCOPOM
BbINONHAETCS NOCAEL0BATENbHOCTb H3 HECKOJbKHX KOMaHA, Ha YTO 3aTpauyHBaercs on-
peneneHHoe Bpems.

YuurbiBasi, uTo TemMn o6MeHa HHdOpPMaLUHEH MeXAy NaMsiTbio MHKPOIBM n BHew-
HUM YCTPOHCTBOM 4acTo onpejeisieTcs MOCJAEAHHM, 3TO BpeMSl MOXeT O0Ka3aTbCsl
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segonyctumo 6oabwnM. Hanpumep, npu pabote ¢ HakonuTeneM Ha TUOKHX MarHur-
HbIX IHMCKax, Koraa Temn obmeHa vudopmauued orpeje/sercs CKOPOCTbIO BpalleHHs
MarHUTHOTO AHCKA B HAKOMUTENE W MJOTHOCTHIO 3alIUCH, MHKPONPOLECCOp He ycneBaer
IPOrPAMMHbBIM [yTeM OCYLLECTB/IAThb liepechliKy Ka)aoro HoBoro 6alita HHbOpMaLHH.

B 3TOM ¥ ApyrHX aHaqOrHUHBIX CAY4asiX HCMOJB3YIOT METOL NPAMOco JOCTYna K
namaru (ITAIT), npu kotopoM o6MeH 6aWTaMH NPOHUCXOLHT HENOCPEACTBEHHO MEXAY
nopTaMH u suelikamu namsatH. Toraa cKopocTb O6GMeHa MOXEeT JHMHTHPOBATbCA
TOJbKO BpeMeHeM ofpaulenusi K namatu. Jdasa peanusauuu [1I1 B coctas Mukpo3IBM
BBOAST cneuunanbHbullt Kourpoanep ITAT, nanpumep BUC KP580HUKS57.

Kontpoanep mepenaer 3anpoc npsiMOrO JOCTYlia OT BHELWHEro yCTpPO#ACTBa K
mukponpotieccopy. IloayuuB Tako#l 3anpoc, TMOCJHEAHHIH OTKAIOYAeTCH OT IIHH
MUKpOIBM ¢ noMouiblo nepesofa CBOMX WHH B BbICOKOMMIIEAAHCHOE COCTOAHHE, H
najnee ynpasieHne o6MeHom BbinoaHsAeT koutpoasep IIAI1. [Ipu sTom oH BbAaer
ajpeca siueeKk MamMsTH ¥ CHTHAJbl YIpaBleHWs A5 NaMATH W HOPTOB Ha LIHKLL aapeca
H ynpaBaeduss mukpodBM. [loa ux Bo3neidcTBueM uvepe3 WIMHY [aHHBIX OCYULECT-
BJISIeTCA HenocpeicTBeHHbH OoOMeH GaliTaMu MeXAy NOPTOM H aipecyeMbiMH AueHKa-
MH namaTi. Ajpeca siueek namsTH M o6beMm nepenaBaeMoil UH(POpMaLHM NpeABapH-
TeJbHO 3aHocsiTcst B KoHTpoasep 11T mukponpoueccopom.

Meron TTJIIT ucnonb3yercss Takxke u npuH (HOPMHPOBAHWH BHAEOCHTHAIA IASA
BbiBOAA MH(pOpPMAaliMKH HA 3KpaH TeneBH30pa.

2. TTIEPCOHAJIbHAS PAOWOJ/IIOBUTEJIbCKAS
MHUKPO3BM «PAJNO-86PK»

CTpykTypHasi cxemMa TepcOHalbHOH pPaaHoao6UTeNbCKOH  MUKpOoIBM
«Panno-86PK» ' (nanee ans «kpatkoctn 6yaem HasmiBaTb PK) wu3oBpaxena Ha
puc. 2.1. Ocuosoit PK siBasercs mukponpoueccop KP580HMK80A. Ina cuuxpoHu3au HH
paboTbl MHKPOMPOLECCOPa M BCEX OCTANbHBLIX Y3/0B HCNOAb30Bal TAKTOBbIA reHepa-
Top Ha Mukpocxeme KP580I'd24. [Tamare ob6pasosana [13Y o6vemom 2 Kbaiit
(muxkpocxema K573P®5) u O3Y o6vemom 16 wau 32 K6alt (cooTBeTcTBEHHO
Ha 8 nan 16 mukpocxemax K565PY3A). B T13Y xpaHutcs ynpasasiowas nporpam-
Ma — Monntop, a O3Y cayXHT 018 XpaHeHHS] KOLOB CHMBOJIOB, OTOGPa)Kaembix
H4a 9KpaHe AHCNJeA, NporpaMM moJjb3oBaTens W AaHHbIX. Mudbopmauuio BBOASIT B
PK ¢ 6biToBOro KacceTHOro MarHutTodoHa u kiaBuaTypbl, pe3y.ibTaThl paGoThl OTOGpa-
KalOTCA HAa 3KpaHe TeIeBH30pPa M MOryT GbiThb COXpaHeHbl Ha MarHMTHOM JeHTe.

KnaBuarypy u marunutodoH noakmwouaioT K PK uepes npoecpammupyemoui nepu-
pepuiinoi adantep (TITA) KP580HUKSS. Uepes pononturenbusiét [1ITA moryt 6biTh
NOAKJIOUEHbl Pa3NHUHbIe PALHONIOOHTEIbCKHE KOHCTPYKLUHH ¢ LH(POBLIV ynpaBJeHHem
pexxumamu pabotel, Hanpumep 6jok RTTY [9], ycTpoiicTBa GLITOBOrO paaHOKOMII-
JIeKca, pasaHuHbie [aTYHKH, HCMOMHHTEbHbIE Y3Jbl U T. .

Buneocurnan ¢dopMupyercs KOHTPO.AJepoM Aauch.ies, coGpauubiv Ha BHC
KP580BI'75. Conepxumoe objactu O3Y, B KOTOpoil xpaHsTCs KOAbl OTOGPaXKaeMbix

' Tlpununnuanpuas 3aeKTpuuceckas cxema paspaborana 0. B. Oseposbim

(cm. Papuo, 1986, Ne 4-—6).
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Puc. 2.1. CTpykTypHas cXxemMa pafnHONOGUTENBLCKOTO NEPCOHATBHOrO KOMRAbIOTEpPa
«Panno-86PK»

CUMBOJIOB, NepelaeTcsl BO BHYTPEHHHe perucTpbl KoHTpoasepa merogom (11 Has
viipasJaenuss npoiteccom [TIIT ucnonbzosana BHUC KP580MK57. OnnoBpemento c
¢dopmupoBaHiem BuileocurHata B npotecce [TJIT npoBoautcs pereHepauus coxep-
xumoro O3Y.

Yro6bl ayuuie NOHATH NPHHUKNL paborhl PK, Heo6xoaumMo noapo6HO 03HaKo-
VUTBCS ¢ yeTpoiicTBoM mukponpoteccopa KP580WMK80A u nporpammupyembix BUC
KP580MK55, KP580BI'75, KP580WMKS57. Ilporpammupyemsie BUC moryr paborats
B OHOM M3 HECKOJbKHX PEXHUMOB, BbIGHPAEMBIX 3arpy3KOH B UX BHYTPEHHHE PErucTphl
M0 KOMaHiaMm NporpaMMbl ONpefeqeHHbIX YNPaBJSIOWIHX CJA0B.

OO6bluHO B KOHKPETHOH annapatype HCMOAb3YIOTCS TOJbKO HEKOTOpbie M3 BO3-
MOXHBIX pexxumos pa6otbl Takux BHUC. B stom orHoweHun paccmaTtpuBaeMbld KoM-
bIOTEDP He TpeacTaBisieT uckatouenns. OnHako B onucaHuu nporpammupyembix BUC
OyayT AaHbl BCe BO3MOXHble DeXHMbl HX paboThl (CM. NPHJIOKCHHE).
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2.1. MpunuunuaapHas ajnekTpuyeckas cxema PK

LlenTpansroili npoyeccop Mukpokomnerorepa

[TpuHuunuanbkas snektpuueckas cxema PK npeacrasiesa na puc. 2.2
TakroBniii reneparop PK Bbinosuen Ha wmukpocxeme KP580I'®24 (DI), npea-
Ha3HaueHHOW ana paboTel ¢ mukponpoueccopom KP580MK80A (D6). Uacrora Tak-
TOBbIX HMMIIYJIbCOB reHepaTopa oONpefe/sieTcsi KBapLeBblM DPE30HAaTOPOM, MOAKJIO-
yeHHbIM K ero BbiBoaam X| u X2. PesonancHas uacToTa KBaplUeBOro pe3oHaTropa
noaXHa ObiTh B 9 pa3 Goablie BHIOPAHHOM TAaKTOBOH 4acTOThl MuKponpoueccopa. Tak
Kkak B PK TakToBblil reHepatop CayXHT TaKkxe W LIS CHHXPOHH3aUHH paGOTbl KOHT-
pojsepa AuCRJes, B KauyecTBe KOTOPOrO MHCMOJb30BAH OOBIKHOBEHHbIH TeJaeBH3Op,
4yacToTa KBapLeBOro pesoHatropa BuifpaHa pasHoit 16 MIu. Ilpn stom rtaxroBas
yactota MHKponpoueccopa 16/9=178 MI'u (HMXKe HOMHHA/IBHOH, KOTOpas paBHa
2,5 MI'u). MimMeHHO npu Tako# uactoTe yaaerTcss o0eCneudTb fapaMeTpbi CHrHaJOB
KanpoBoiH M CTpOYHO#H cHHXpoHu3auud B PK, cooTBeTcTByioulHe TeleBH3HOHHOMY
CTaHpapry.

Heo6xonnMbie 151 CHHXPOHH3AUMKH MHUKPOMPOLECCOPAa WUMMNYJAbChl Ha BbIBOAAX
@1 u ®2 umetor amnauryny 12 B. Ha ocTanbHbix BbiBOAax MHKpOCXeMbl GOpMHPYIOTCS
curianbl ¢ yposHeMm TTJI. Cuuxponusauus pabotbl nepudepuiinbix BHUC ocyuiecrts-
JASIETCA NOC/Je0BATENbHOCTbIO HMIYJbLCOB, NodyyaeMmbix Ha Bbioge P2TTL. Tlocae-
N10BaTeNbHOCTb HMNYJ/IbCOB C YAaCTOTOH KBApLUEBOro Pe30HATOpa H CKBAXCHOCTbIO OKOJIO
nByx, popmupyemas Ha sbiBoge OSC, ncnonbsyercsi N/ CHHXPOHH3ALHH KOHTPOJ-
nepa aucnaes u Gopmuposartens curuanos ynpasiedds BUC nunamnueckoit namaTu.
BoiBoasi RDYIN u RESIN npeanasnaueHsl aas nosaud curHanoB «[ oToBHOCTb»
1 «C6poc» B NPOH3BOJIbHBIE MOMEHTbl. DTH CHMHaJbl 3aNOMHHAIOTCA BO BHYTPEHHHX
Tpurrepax mukpocxembl KP580I'®24 u nepenaiorcs Ha BbiBoabl RDY n RES no ¢pon-
Ty umnyiabca ®2. Ina ycrpaHenus apebesra sxopHoil curHan RESET cdopmupyercs
Tpurrepom llIMuTTa, Haxoaswmmcs B TakroBoM reHepatope. B PK na Bxon REST N
CHrHAJ] TPHXOAMT OT YCTPOHCTBA (OPMHPOBAHMA M OrpaHHUEHHS [JIHTENBHOCTH
OJHOHMEHHOrO cHrHasna, cobpanHoro Ha anementax Cl, C2, Rl — R3, VDI u kHonke
«C6poc».

Tak xak B PK HeT MeaneHHO pa6oTaOULHX YCTPOHCTB, KOTOpbI€ NPH B3aUMOAEHCT-
BHH C MHKponpolueccopoM Tpe6oBaju Gbl NMepeBofa ero B COCTOSIHHE OXHIAAHHA, HA
BbiBOA RDYIN nocTosinHO nonaHo HanpsXeHHe BbICOKOrO YPOBHS.

Ha sbiBoge STSTB B MmomenT aeiictBus curiana @1 cdopmupyercs umnyibe,
cTpobupylow it 6aiiT cocTostHHA MuKponipoiieccopa. O6EIUHO 3TOT CHrHAJ NOAAIOT Ha
OJLHOMMEHHBII BXOA CHCTEMHOrO KOHTpoJsepa. B onucbiBaeMoM KoMnbloTepe 3TOT
CHUrHaJl He HCNOAb3yeTCsl, OAHAKO OH HEOOXOAMM [ OpPraHH3alHH NOLHKIOBOro
pexxuma npu ornaake PK.

Paccmotpum dopmupoBanue curHajioB «3anuck» M «UTeHHe» LIMHBI yNpaBJjeHHs.
Iepsuii u3 Hux dopMHpyeTcs Ha BhiBone WR Mukponpoueccopa D6. Ha sxonsl
mukpocxem D2, D14, D17, D20 sToT cHrHan noctynaetr HenocpeiCTBEHHO, HA BXOIbl
WE mukpocxem namatu D22 — D29 u ¢dopmupoBaresns curHana ynpasiedus O3Y
nopaercss uyepe3 nosToputens D5.4, a wa BbiBog WR KOHTpoaiepa aucnies D8 —
eule ¥ yepe3 anemeHt D4.1.

CurHan «YteHne» popMHpyeTcs He TOJIBKO MHKporpoleccopoMm D6, HO U KOHTpOJ-
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asepom T1AIT D2 npu nepenaue komoB CHMBO/IOB M3 3KpaHHOH o6.gacth O3Y B
koHTpoaaep aucnies. Ilpu 3ToM Hcmoab3ylOTCA HeKOTOpble OCOGEHHOCTH PaGoThl
muKkponpoueccopa u koutpoasepa I1J1T1. Curnan na Beisoge DBIN mukponpoueccopa
aKTHBEH (HanpsiXKeHHWe BbICOKOrO YPOBHSI) TOJNbKO NP UTEHHM [LaHHbIX, a HAa BbHIBOLE
MEMW koHTpoaniepa (HanpsikeHHe HH3KOrO YPOBHS) — B MOMEHT CUHTHIBaHus GaiiTa
13 3KpaHHO# obanactu O3Y B KoHTpousiep aucnies. M3 3THX cHUrHa/loB 31eMeHTOM
D5.1 u ¢opmupyerca curnan «Urenue». Pesucrop R5 cayxur ans ¢opmupoBanus
Hanpsi>KeHUs BLICOKOrO ypOBHA Ha BbiBojde 2 3nemeHra D5.1 B TO Bpems, koraa
sbixon MEMW koHTpossiepa HaxoauTcA B BbICOKOHMMELaHCHOM COCTOSIHHH.

Baok selbopa namaru uau ycrpolcrsa 88oda-8o1800a

Has ynpouleHusi cxembl PK 6bl10 peleHo ucrmosib30BaTh UIMHY ynpasJe-
HUSA, COCTOSAILLYIO TONBKO M3 JIHHHH nepeaaun cHrHaioB «Yrewue» u «3anuce», npw
3TOM ofpalleHne K nopTam KoutpoasepoB PK npoucxoaut Tak e, Kak u K suelikam
naMmsTH, T. €. ajpeca MOPTOB H fUeeK NAMATH PacloNaralTCi B €IHHOM aaPeCcHOM
npocrpaHctBe. [Tostomy B PK Bce o6paiueHust K BHEWIHHM yCTPOHCTBAM BbINOJIHSIOTCA
no KomaHaaM obpauleHus K namsatH, a komauael IN N u OUT N wucnonsszoBarb
HeNb3sl. MakcHMasibHO A0OnmycTHMBIE 06beM HenocpeacTBEHHO ajpecyeMOW NaMsATH
B 3TOM CJyuae, ecTeCcTBeHHO, meHee 64 K6aiir.

Hewndparop aapeca BuimonHeH Ha Mukpocxemax D11, D5.3, DI10.4 n D4.3.
B 3aBucumocTH oT cocTosiHus JHHMH A13—Al5 1WKMHB agpeca Ha OXHOM M3 BBHIXOLOB
mukpocxembl D11 ¢opmupyercsi HanpskeHHe HH3KOro ypoBHs, N0O3BoJsIOLLee Onpese-
JIUTb, K KaKOH rpynmne syeek mMaMsTH NMPOHCXOAHT obpauieHue. Takum o6pasom, Bce
ajgpecHoe mpocTpaHCTBO MHKPOOBM (64 KG6a#t) oka3sbiBaeTcsi pasgeneHHbIM Ha
BoceMb 610KoB no 8 K6aiit kaxabifi. Ha Bbixopax anementos D5.3 u D10.4 npu 06-
paweHun K siueiikam O3Y c agpecamu coorBerctBeHHo 0000H—3FFFH u 4000H—
7FFFH ¢opmupyerca HanpsikeHue Bbicokoro yposHs. Ha puc. 2.3 npeacrasieHo
pacnpenejeHHe agpecHOro NpocTPaHCTBa.

CurHansl ¢ BoixonoB 4—-7 pewmucdparopa DIl ucnonbayores ans Bbi6opa OLHOH
u3 nepupepuitneix BUC: D20, D14, D8 unu D2. Cneayer 3ameTHTb, 4TO CHrHanA ¢
BEIXOAAa 7 MCNOJAb30BaH TaKxke H Anf Bbi6opa mukpocxembl [13Y DI7, T e. onun u
TOT e CHrHan cayxHur kak aas Bei6opa BHC kourpoanepa T1AIT, tak u ana
T13Y. Takoe peweHne oka3zanoch BO3MOXHLIM GJjaronaps Tomy, uto u3 I13Y uudop-
Mauusl TOJbLKO cuMTbiBaercsi, a B KoHTpoanep T[T ee Tonbko 3amuchiBalOT npH
HHHLHAJIH3AUHH TOCAELHEro.

Tak kak mocje c6poca MHKPONPOLECCOP HAUMHAEeT BLIMOJHATH MpPOrpaMmy c
KOMaHAabl, pacrnojoxeHHoi no aapecy 0000H, a TI13Y, xpausiuemy ynpasasioumyto
nporpammy Mouutop, oTBeneHnl aapeca, Hauunas ¢ F800H, B komnbioTep BBeaeH
6a0k 3anycka. Ha Bbixome Tpurrepa D13.2 B momeHT npuxona curhana «C6poc»
NosBASIETCS Hanpsi>keHHe HU3KOro YpOBHS, KOTOpoe 3anpeinaer pa6oty aewndparopa
DIl u uepes saement D4.3 mocrynaer ua sxos CS mukpocxemb [13Y D17, uto
o6ecrneynBaer uteHne nepsoil komaHabl H3 T13Y — kKomaHIbl 6e3ycJOBHOro nepexona
Ha Haualo MouuTopa. Tlocie BBINOMHEHHS STOM KOMaHAbl Ha IUHHE AAPECOB MOSB-
AsileTcsl KO4 aapeca CJenylouleil KOMaHibl, cTapiuuii paspap Kotoporo paseH .
MosiBnenue Bhicokoro yposusi Ha JuHud Al5 nepesoaut tpurrep DI13.2 B ucxonHoe
COCTOsIHMe, B pe3y/bTaTe uero B AafbHelilueM JeuiHppauHs aApecoB NPOUCXOAWT
06bIYHBIM 06pa3om.
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Puc. 2.4. Crpykrypuasi cxema BUC K565PY3A



Oneparusroe 3anomuHarousee ycrpoucreo

OnepatuBHoe 3anomHuHalouee yctpoiictBo PK BbimoaHeHo Ha MuKpocxemax
namMaTH auHamuveckoro Tuna K565PY3 (D22—D29). 3tu MuKpocxembl BbiNOJHEHbI MO
n-MOIT-TexHONOTHH H HMEIOT HHOPMaLHOHHYIO eMKocTb 16 384 6UT ¢ opraHu3auuen
16384 X | pa3psin. BxonHble H BbIXOAHbIE CHTHAJIbl MHKPOCXeMbl COBMECTHMbI MO YpOB-
usiv Hanpsikenus ¢ TTJl-mukpocxemamu. CrpykrypHas cxema BUC K565PY3A no-
Ka3aHa Ha puc. 2.4.

OCHOBOH MHKpPOCXEMbl SIBISIETCS MaTpHLUA 3alOMHHAIOWHKX 3/E€MEHTOB, C0oco6-
HbIX XpaHHTb MHQopMauHio B BHAe 3apsana. Jlns mocTyna K Kakomy-1H60 3anomu-
HalOWeMYy 3/1€MEeHTY MaTpHUbl HeO6XOAMMO BbiGpaTb COOTBETCTBYIOWLYID CTPOKY H
cTon6elt. Bel6op NpOHCXOAHT MO CHrHanaM AelWwHdpaTopoB CTPOK H CTONGLOB, KOTOPbIe
IOAK/NIOUeHbl K CeMH MJalllUM M CeMH CTapluHM pas3psilaM aApecHoro perucrpa
MHKPOCXEMBbI.

Mukpocxema K565PY3A iumeer Bcero |6 BbIBOXOB — OAMH BbIBOA OOWHH, TpH
BbIBOAA — ANS MOAK/JIOUEHHS HanpsiKeHHH nuTaHus, ABa HHGopMauHOHHbIX: DI u
DO — ans BBOZA M BbIBOAA GWTa NaHHLIX, # BLBOA WE — 11s ynpaBasiowero
CHTHa/la 3anucH O6HMTa AaHHbIX B Aveiiky namaTH. OCTaBLIMXCH BbIBOLOB HE XBaTaeT
NN mepefpauyd Ha aapecHblt peructp l4-paspsiaHoro koma aapeca agas BbiGopa
sueiikn namaTH (umenno 2'*=16 384 6ur). [TosTomMy Kox aapeca 3aHocHTCSA B aapec-
HbIH PerucTp nocleloBaTeJbHO — CHayasna uyepe3 aapecHble Bxoabl AO—A6 MHKpoO-
CXeMbl MOCTYNAIOT KOAbl CEMH MJAalLIHX, a 3aTeM — CeMH CTaplIHX pa3psAaoB aapeca,
cOnpoBOXaaemble CHTHaJaMH RAS (curuan BhIGOpKH cTpokH) M CAS (curHan
BbIOOPKH cTON61a) COOTBETCTBEHHO.

Takoit pexxMm nepenaun Koja Ha3biBaeTcsl MYJbTHIJEKCHPOBaHHbIM MO Bpe-
meHu. Ero uacto npumensiior B BUC u3-3a HecoOoTBETCTBHSI KOJNHYECTBA BbIBOAOB Y
kopnycoB BUC u konnuecTBa cHrianos, Koropble Heo6xoaumo o6pa6oratb. Hanpumep,
IIHHA JaHHbIX B MHKDONpOLECCOpe TaKXe HCMO/Jb3YeTCs B MYJbTHMIEKCHOM DeXHMe.

CuutbiBaHue 6ura u3 siueiiku BHUC O3Y npoucxoautr B MOMEHT AEHCTBHS CHT-
nana CAS, ecau npeaBapuTenbHo yxe Gbin ycranosien curian RAS. Ha spema
neitcteust curdana CAS uHdopmaunoHHbIH Bbixoa DO MHKpocxeMmbl nepexoauT H3
BbICOKOMMIELAaHCHOrO COCTOSIHHS B PEXXHM BbI1a4H CHrHaNa HY.J€BOrO WIH e1HHHUHOrO
VPOBHSI, B 3aBHCHMOCTH OT 3HaueHHs XpaHuMmoro 6i i B siueilike, aapecyemoit cozep-
AHMMbIM apecHoro perucrpa.

Eciu onHoBpemeHHO ¢ curHanom CAS NpH NpeaBapHTENbHO yCTaHOBJEHHOM
curHane RAS peiictByer curian WE, To 6uT naHubix ¢ Bxona DI Gyaer 3amucaH
B siueilky namatu. [lpn stom Bbixom DO MHuKpocxembl ocTaeTcss B BbICOKOMMMe-
J@HCHOM COCTOSIHHH B TeueHHe BCero LHKJA 3anucH.

O6pauleHHe K MaTpHUe 3aNOMHHAIOWHX 3J€MEHTOB [/1S 3aMuCH HJIH UYTeHHs
OMTa [aHHbIX BbI3bIBAET MOJK/IIOYEHHE K YCHJHTENSM CUHTbIBAHHS OAHOH CTPOKH
MaTpHLUbl 3aMOMHHAIOWHNX 3JeMeHTOB, coaepxkalleii 128 sueek nmamaru. [lpun 3tom
4BTOMAaTHYeCKH MNPOMCXOAMT MOA3apsil 3aNOMHHAIOUIHX KOHIEHCAaTOPOB BCeX sueek
1aMATH BbIGPAHHOI CTPOKH A0 HCXOLAHOrO YPOBHSl. DTOT MpoLecc Ha3blBaeTcs npoyec-
COM pecerepayuu NamaATU.

Jlna npegoTBpauleHHs pas3psia 3aNOMHHAIOLWLHX KOHAEHCATOPOB siyeeKk MamsATH
Heo6XOAHMO 06pallaThCs K KaXK[AOH CTPOKe MaTpHLbl 3aNOMHHAIOLLHX 3JE€MEeHTOB He
pexe uem uepe3 2 mc. [Ipu BbINOJHEHHH MHMKPONPOLECCOPOM peasibHOH MporpaMmbl
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3TO yc/oBHe He coGJIofaeTcsi, TaK Kak o6palleHHe K OAHHM suefkaM NPOHCXOAMT
yacTo, a K ApPyrHM oueHb peako. [TosTomy Heo6XoaMMO cneuHanbHOE YCTPOHCTBO,
OTBETCTBEHHOe 3a pereHcpauuio namath. OHO [NOJXKHO (ecTeCTBEHHO TOJbKO B Te
momeHnThl, koraa B BUC O3Y Her obpalenuit co cTOpOHbl MHKpONpoleccopa) WHKIH-
yeckn dopmupoBaTh Ha Bxosax AO—A6 3Hauenus Bcex aapecos ot 00H no 7FH,
COMPOBOXAAas KaXA0e W3 HHX OLHMM ynpasasiolluMm cHrhasom RAS (r. e. dopmu-
poBaTb ajpeca CTPOK MaTpHIlbl 3aNOMUHAIOUIMX 31€MEHTOB) ¢ nepuoaoMm He 6o-
nee 2 mc.

Tak kak B PK npouecc nepepaun naHHblX W3 3kpaHHOH o6nactu O3Y B KOHT-
poasep AMcnaes peryasiped, a nepuon obpawenus k O3Y He npesbiwiaer 2 Mc, TO
uukabl [T oka3anocb BO3MOXHBIM HCNOJb30BaTh AJSl pereHepaildd COAEPXKHMOro
O3Y u oTka3aTbCsi OT NPHMEHEHUS CMellHaJbHOr0 KOHTpOJJepa pereHepauni naMaTH.
OnHako NpH 3TOM HEOGXOAHMO OFpaHHYHTb AJHUTeNbHOCTb curhana «C6poc». Ecau
JIHTeNbHOCTh MMnyabca Ha BbiBoge RESET He 6ymer npesbiwars 1...1,5 mc, To
MHKpoOnpolleccop nocse JeHCTBHS 3TOrO CHrHaja, HauaB BBINOJHATH YIPaBJSOWLYIO
nporpammy MoHuTOp, ycrieeT BHOBb HAacTPOUTb KOHTpoaaep aucnies u [1I1, Bo3o6-
HOBHB Te€M CaMbIM Npolecc pereHepallid namsatH. B nporusHom cayuae undopmauus,
Haxoasuasca B O3Y, 6yner norepsava. Aapeca B PK myabTunaekcupyiores mukpo-
cxemamu DI8 u DI9. Ha BXoAbl KOTOpbIX ¢ aApecHOM LWHHbI NOCTYNAOT pa3psaabl
A0—AI3 kopa anpeca. B 3aBucHMOCTH OT ypOBHS CHrHana Ha Bxogax V 3THX
MyJbTHINEKcOpoB, Ha Bxoabl AO—A6 mukpocxem D22—D29 nocrynaior curHagbl 1060
¢ aunuit AO—A6, nu6o ¢ annuit A7—AI13 wuHbl aapeca.

Jasn $hopMHUPOBAHHA CHMHAJOB, YNpaBisOLLHX Pa6GoOTOil AWHAMWUECKOH NaMsaTH,
CNYXHT y3ea, cobpaHHbiii Ha Mukpocxeme D16 n anemenrax D4.4, D9.5, D10.2. u D10.3.
Ha Bxoapt Cl u C2 casuraiowero peructpa D16 nocrynaer curian OSC rtakroBoro
reHeparopa. [Ipu oTcyTcTBHH Ha wWwHHe ynpaBneHHs cHrHanoB «UTeHHe» M «3alHCb»
Ha Bxod V2 peructpa DI6 c anementa D4.4 noctynaer HanpsikeHue BbICOKOro
ypoBHs, 06yc/lOBJHBalOllee ero paGoTy B pexHMe [MapasjeNbHOr0 IpHeMa AaH-
HbIX.

[Tpu Heo6xoaumocTH cunTbiBaHHA M3 O3Y HAH 3anucH B Hero Ha BbIXOAE 3fe-
meHta D4.4 cdopmupyerTca HH3KHI ypoBeHb CHrHaja, B pe3ysbTare 4ero perucTp
NepexoauT B peXXUM CABHra HH(OPMALHH H HA ero BLIXOAAX MOOYEPENHO C 3a4epKKOW
62,5 HC ycTaHaB/iMBAIOTCA HU3KHe YPOBHH Hanpsixkenwnit. Curvaasl Q1 u Q2 nocrynator
COOTBETCTBEHHO Ha Bxoabl RAS Mukpocxem namsaTH W BXxoabl V MHALTHNIEKCOPOB
D18, DI9. Tako#i xe ypoBeHb Hanps>KeHus NpH HaJWYHUH CcHrHana Bbibopa O3Y
noctynaer uepes snementT 1D10.2 ¢ sbixona Q3 peructpa DI6 u ua sxoasl CAS
MHKPOCXeM NaMsTH.

Pesucropul R14, R20-- R28 cayxar ans yayuuweHuss (opMbl CHrHaJIOB, nojaa-
BaeMblX Ha ajpecHble Bxoabl Mukpocxem O3Y.

Kak yxe oTmeuasoch, 06bem O3Y PK moxer 6uiTh yBeauuen o 32 K6air. [daa
3TOr0 B Hero BBOAAT BOCEMb OMOJHHMTEIbHbIX MHKPOCXEM MaMATH, BbIBOJAbI KOTOPbIX
COEHHAIOT C OXHOMMEHHbLIMH BbIBOAAMH MukpocxeMm D22—D29. HMcknouenue cocras-
asioT Bxoasl CAS: HX 06BEAMHAIOT MeXAy co6Oit M MOAKTIOHAIOT K BBIXOAY Je-
meHTa D10.3, HazHaueHHe KOTOPOIO aHANOMHYHO Ha3HaueHHio saementa D10.2. Haubo-
Jlee NpPOCTOe KOHCTPYKTHBHOE pellleHHe — YCTaHOBHTh [OIIOJHUTeNbHble MHKPOCXeMbl
O3Y Ha yxXe HMewllLHecs Ha 1e4aTHOH nJate M NPHUNaATb HX BblBO/bl K BbIBOAAM
N10CJIeIHUX.

44



Opeanusayun 8 PK pexcuma 1111

Kak yxe oTmeuasoch, nepecblika AaHHbiXx W3 O3Y B KOHTpoasep aucnies
OCYLLECTB/JACTCA METOAOM NpPAMOro Aoctyna K namsaTH KoHTponnepom KPS580MK57
(D2). YnpouwenHas wWHHa ynpaeJeHHs norpe6oBana HeCTAaHAAPTHOrO BKJIOYEHHs
BUC koutpoanepa KP580MK57.

B3aumoneiictBue koutpoanepa aucnies, [TIIT 1 Mukponpoueccopa NpoHCXOAHT
caenylowHM o6pa3om. [las BbiBoga O4epefHOH CTPOKH Ha 3KpaH nepBbi H3 HHX
¢dopmupyeT curian «3anpoc AaHHbIX» Ha BbiBoge DRQ. [lo 3TOMYy cHrHany KOHT-
ponnep KP580MKS7 noaroraBnusaer mukponpoueccop k paGore B pexume [1IIT,
BbiaaBas curiaa «3anpoc [11AIT» na Bxox HOLD mukponpoueccopa, koropbii B
OTBET Ha 3TO NEPEeBOAHT CBOH WHHbl B BBICOKOMMNELAHCHOE COCTOSIHHE H YBE1OM-
asiet KoHtposasnep curianom «[loarsepxaenne [11AIM1» na BbiBone HLDA. [Moayuus
3TOT curHan, koutpoasep [TAIT wuuuuupyer Bblaauy naHHbix u3 O3Y Ha uiHHY
JaHHbIX, T. €. YyCTaHaB/JWBaeT Ha LWHHC ajpeca KOAbl alApecoB fYeeK 3SKPaHHOH
06J1aCTH, Ha IWHHY ynpaBsJjeHHs BbiaaeT uyepe3 BbiBog MEMW curnan «Urenue» nns
BUC namsatu n ¢opmupyer na sbisone DACK kontpoanepa aucnnes curvan «[lox-
TBePXAeHHe AaHHbIX». [To 3THM CHFHANaM W NPH NOSABJEHHH HaNpPsXKeHHA BbICOKOTO
ypoHs Ha BbiBone IORD koutpoanepa [T (curnan WR aas BUC KP580BI'75)
6aitT 13 O3Y no WuHe NaHHLIX NepenucbiBaeTcs BO BHYTpeHHHi Oydep KOHTpoJ-
Jepa aucnaes.

MHoropexxumHubiii 6vdepHblii peructp D7 pa6GoTaer COBMECTHO C KOHTPOJJEPOM
IO D2 u npenHa3HaueH AN BPEMEHHOr0 XPaHeHHA BOCbMH CTapLUIHX pa3psfoB
Kola aapeca. JTO HEOGXOLHMO NOTOMY, 4TO B KOHTpoasepe Bbixoabl DO—D7 ucnoasb-
3VIOTCS B MY/bTHIJEKCHOM peXHMe — Kak AJsl npueMa HHOOPMAlHH C IUHHBI TaHHbIX
1IpH €ro HHHUHMANH3AIH{, TaK W 4S9 BbAAUH Ha aJPECHYIO WHHY CTapWHX pa3psios
kona anpeca B pexxume [11I1. B srom pexume Ha Bxoge DSI mukpocxembl D7 ot
KOHTpOJ1epa MOCTYllaeT CHCHaN BbICOKOrO YDPOBHA, NepeBOAALLHI ee BbIXOAbl H3
BbICOKOMMNENAHCHOrO COCTOsIHMSA B akTHBHOe. B nepsom TakTe kaxaoro umukna [TIT1
Ha Bxoabl D0--D7 perucTpa nocTynaioT BOCeMb CTapuiMX pa3psloB Koaa aapeca,
KoTopbie GUKCHpYIoTcs curHaiom STB u nocrynaioT yepes BbiBoAb Q1 — Q7 Ha wHHY
anpeca. [Tocne 31oro Boixoab Q0— Q7 KoHTpOANEpa NepeBOAATCA B BbICOKOHMINEAAHCHOe
COCTOSIHHE, OCBOGOXKAas WHHY AAHHBIX AN NepefayH KOAOB CHMBOJOB H3 3KPAHHOM
o6aacth O3Y B KOHTpoAsep AHCHIes.

Popmuposarue sudeocuenara PK

Paccmorpum Tenepb, kak PK dopmupyer n3oGpaxceHue Ha 3KpaHe Tee-
Buzopa. s ynpoweHuss ysna GpopmMuUpOBaHHS BHAEOCHTHana KaapoOBble H CTPOYHble
CHHXpOUMNYJAbCbI hopMupyloTcsi HemocpeacTBeHHO Ha Bbixogax HRTC u VRTC kouT-
poanepa aucnaesa D8 6naronaps ero coorercTBylouteit HacTpoiike. [Tockoabky H306-
pa)eHHe Ha KpasiXx 3KpaHa TeNeBH3MOHHbIX NMPHEMHUKOB MeHee pe3KO W HepeaKo Bbi-
XOLHT 34 €ro rpaHHubl, OHO B 3THX 30HAX 3aTeMHFETCA 1IPOrpaMMHO, T. €. 3aMHCblo
B COOTBETCTBYIOLIHe siuefiku 3KpaHHOW ob6nacth O3Y komo cumsona «[IpoGen»,
Y4TO paBHOCHIbHO (POPMHPOBAHHIO B BHAEOCHTHase GJaHKHPYIOUIMX HHTepBanoB (ra-
cAawux umnyabco). Ha skpaHe andaBuTHo-uudpoBas HHpopMauHus oTobpakaeTcs
25 ctpokamu 1o 64 3Hakomecta B Kaxaoi. [Ton Kaxdoe 3HAKOMCCTO OTBOAHMTCS
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marpuua touek 6X 8. CTPOKH CHMBOJIOB pa3jesneHbl ABYMS 3aTe€MHEHHbIMH CTPOKaMH
TeJeBH3HOHHOTrO pacTpa.

Takum o6pa3oM, B OfHOH CTpPOKe pacTpa, BpeMs OTOOpaKeHWsi KOTOpOi B COOT-
BETCTBHH C TeJEBH3HOHHbIM CTaHAApTOM paBHO 48 MKc, MOryr ObiTb 3acBeueHbl
6 X 64 =384 Touku. CienoBaTenbHo, 4acTOTa NOBTOPEHHS UMMNYJbCOB, NOAABAEMbIX HA
sxoa C casuratowero peructpa D15, nonxHa 6biTb paBHa 8 MI'u. Oua noayuaercs
JeJleHHeM 4acToThl TakroBoro reHeparopa DI Ha 2. B kauectBe penHTenst yacToTbl
vcnonb3oBaH cuetynk D3. OnHOBpeMeHHO OH OPMHpPYET HMNYJAbCbl CHMBOJBHON CHHX-
poHusauuu, nogapaembie Ha Bxox CCLK koHtpoanepa aucnaes D8 (f.q x =Tosc/12).
[Tepuoa cnenoBaHHsA 3THX HMNYJbCOB, PaBHbIi BpEMEHH NPOXOXKAEHHA Jyya KHHeCKona
B Mpejfenax OLHOro 3HAaKOMECTa, W Onpejge/sieT 4acTOTy CMeHbl KOLOB CHMBOJOB Ha
soiBogax CCO—CC6 koHTpoasepa.

[Tocne Toro Kak HHdOpMauHa o rpadHIECKOM NpPeACTaBJIEHHH TeKyLero CHMBOJa
noc/JefoBaTeNbHO BbilaHa Ha BbIxoA Q5 casuratouero peructpa D15, nocnennnii non
JeHCTBHEM BBIXOAHOrO CHrHasa sJemMeHTa D4.2 nepexoaHT H3 peXKHMa CABHra B PeXHM
npHeMa HHGPOPMaUHH 06 oOuepesHOM CHMBOJe. IDTOT KE CHrHaJ HCNoNb3yeTcss AJIf
¢opMHpOBaHHA Kypcopa — MHralolled 4epTOYKH, PacnooXXeHHOH Noa otobparkaeMblM
cumBosnoMm. Tako#l BHI Kypcopa onpejpensieTcsl 3afHCblO COOTBETCTBYIOULErO KOLOBOTO
c/N0Ba BO BHYTPEHHHH perucTp KoHwTpoaaepa aucnaes D8.

[TpH npoxoxAeHHH Ny4OM noMeuyeHHOro 3Hakomecta Ha BbiBoge LTEN kouTpos-
Jepa AHCNJes MepHOLHUYECKH MNOSABJSAETCA BbICOKHH Jornueckud yposedb. OH noaro-
tTaBauBaer Tpurrep DI13.1 K nepek.nioueHHI0 BbIXOAHBIM CHrHa/JoM 3emeHTa D4.2,
KOTOpOe NMPOHCXOAHT B MOMEHT Hauyana oToOpaKeHHs MOMEUEHHOro 3HaKOMECTa, uTo
1 o6ecneunBaer ()OPMHPOBAHHE Kypcopa.

dnement D4.1 ¢opmupyer cHrHan ans 3anucH HHPOPMAULHMKX B KOHTpO.JIEp
aucnnesi. Hu3knii ypoBeHb HanpskeHHs NOSBASETC Ha ero BBbIXOZE NPH TaKOM
XKe ypoBHe Ha BbIXOJe MHKpOmpoueccopa NpH HHHILHAJH3aUHH KOHTpoOJJepa AHCHJes
WK HH3KOM ypoBHe HanpskeHus Ha biBone IORD koutpoanepa NI npu nepenaue
6aiita 3 skpaHHo# obaactH O3Y. Pesucrop R4 BbinosHser Te xe GYHKUHH, YTO H
pesuctop R5.

dopmHpOBaHHE KOMIJEKCHOrO Te/NeBH3HOHHOTO BHAEOCHTHAJ/1a OCYLLecTB/IAeTCs
maTtpuueil peaucropos RI5—RI17. dmutepusbiii nosTopureab Ha tTpaHsucrope VT2 cay-
XKHT /1 COriiacoBaHHus (OPMUPOBATeNsl TeNeBH3HOHHOrO CHrHa/ja C HH3KOOMHOH Ha-
rpy3koii. Uepes pesaucropbl R15 1 R16 nocrynaior curHanbl cOOTBETCTBEHHO C BbIXOAA
casurawowero peructpa D15 u y3na ¢opMHpOBaHMA CHHXPOCMECH, BbIMOJHEHHOrO
Ha sneMentax D5.2 u D9.3.

dopmuposanue 38yKo8bLX CUSHAN08

Boixop INTE mukponpoueccopa ucnonb3oBan B PK HeTpaauuuoHHO — Kak
ofHOpa3psiAHbIi nopt BeiBoaa: komauwaamu El u DI, u noanporpammamu BpeMeHHOl
3aepKKH Ha HeM MOXHO (OPMHPOBATb CHrHaJNbl 3BYKOBOH 4acTOThl. Uepe3 snemeHT
D9.1 ouu noctynaioT Ha MHukporenedoHHbl# kancionab HI. Takum o6pasom, B PK
HMeeTcsi BO3MOXKHOCTb NMPOrpaMMHON peaiH3aulu Pa3NHuHbIX 3BYKOBbIX 3(deKToB.

Bo3smoxHocTr ucnoab3dyemoro B PK 3ByKocHHTe3aTopa OrpaHH4eHHbl, a KayecTBo
CHHTE3MPOBAHHOrO 3BYKAa HeBENHKO. 3BYKOCHHTE3aTOp OPHEHTHPOBaH MNpexae BCero
Ha «03BYuHBaHHE» K/IaBHATyPbl, T. e. Ha BOCMPOH3BEJEeHHE KOPOTKHX ILEJUKOB IIPH
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Ta6aunua 2.1
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[ KON CUMBOJIA OBEPA3YETCR U3 HOMEPA CTPOKW U HOMEPA CTONBUA ,
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[l

Ha)aTHH Ha kiaaBHlH. KoHeuHOo, TakoH CHHTe3aTOp cnoco6eH B COOTBETCTBHH €
nporpaMMoi BOCTMPOH3BOAHTb W MYy3blKaJibHble MeJNOAHH.

OJHaKo Npu 3TOM HMeIoTCs caelylouiHe ABa HepoctaTka. Bo-nepsbix, u3-3a Toro,
uTo (OpPMHpPOBaHHE 3ByKa OCYLLECTBJSETCH MPOrpaMMHbIM MyTeM, B MOMEHT BOCNpPO-
H3BeleHHsl 3BYKa MHKPOMPOLECCOP He CMOXKET BbiMOJNHATb KAKHX-AHO0 Apyrux AeACTBHH.

Bo-BTOpbIX, BOCMPOH3BOAHMbBIH 3BYK OydeT HECKOJbKO HCKaXKeH H3-3a TOro, 4To
npouecc ero nporpaMmHoro (popmupoBaHHsi GyAeT NpepbiBaTbCA UHKIAMH NPAMOro
OCTYNa K NaMsaTH, HEOGXOAHMbIMH ANA pereHepauxH H306pa)KeHHs Ha IKpaHe.

Bo3moxHoCTH ¢opMHpOBaTensi 3BYKOBbIX CHTHA/NOB B [AOMALIHHX KOMMblOTepax
MOXHO 3HAYHTENbHO PACLIMPHTbL, NPUMEHHB /A 3TOH LENH KaKYl-THO0 cneuHalbHylo
MHKpocxeMy. OnHaKo, OTeyecTBEHHOH NPOMbILINEHHOCTbIO He BbillycKaloTcs nepudepui-
upie BUC 15 3BYKOBbIX CHHTE3aTOPOB. B KauecTBe KOMIPOMHCCA MOXHO HCMO/b30BaTh
mukpocxemy KP580BH53, binonusiowylo ponb TaimMepa.

MuKpocxema CONEpPXHT B CBOEM COCTaBe TPH HE3aBHCHMbIX 16-pa3psiaHbix cuert-
uyMKa, paboTalolluX Ha BbIYHTAHHE B ABOHYHOM HJH [BOHYHO-AecsiTHuHOM Kope. [Ipu
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IIPOTPAMMHPOBAHHH B Ka)XKAblH H3 CUETUHKOB MOXeT ObiTh 3arpyxKeH NPOH3BOJbHbIHA
KO/, 3HaYeHHe KOTOPOro yMeHbllaeTcsi B mpouecce pa6oTbl 1104 BO3AEHCTBHEM TaKTO-
BOH 4acTOTbI, NOCTyNalolled Ha BXOAbl TakTHpoBaHHs cueTunkoB. Koraa coaepxxumoe
CYCTYHKOB CTAHOBHTCSl PaBHbIM HYJIO, HA HX BbIXOLAX MCHEPHPYIOTCS BbIXOAHbIE CHT-
{1adbl.

Kax<ablii cueTyuK MMeeT BXOA /S NpueMa yupasasioliero curiana. C nomotubio
9TOI'0 CHFHAJa MOXHO NPHOCTAHOBHTb H BO30OGHOBUTH CYET HUMIIYJbCOB, NOCTYMAIOWHX
A TAKTOBble BXOAbl CUETYUHKOB, BO3OOHOBHTL PabGOTy CYCTUHKOB CHayasa 6e3 HX Npo-
rpaMMHOM rlepe3arpy3kH.

CueTynkH MOryT GbiTb 3aNporpaMMHpPOBaHbl Ha paboTy B HECKOJbKHX Pa3/IHUHbIX
peXHUMax: Kak nporpaMMHpyemble J€JHTeJH 4acTOThbl, KAK NPOrPaMMHO H annapaTHo
3anyckKaemble OJHOBHOPATOPbI, reHepHpPYIOUuIHe HMIYJ/bChl NPOrPaMMHO 3alaHHOH AJH-
TE/IbHOCTH. B 4acTHOCTH, B pexkuMe JesuTesi YaCTOThl C NPOrPaMMHO 3aaHHbIM KO3(-
(DMILLHEHTOM J€JeHHs, 3aBUCALLUM OT 3HaUYEHHs NpelBapUTeNbHO 3arpyxaemoro Koaa.
Hanunune Takoro cyeTyHKa B MHKPONpPOLECCOPHOH CHCTEME NO3BOJAET NOCTPOHTL CXEMY,
KoTopasi napaJJenbHo ¢ paboToid MHKponpoleccopa OyaeT HenpepbiBHO BOCHPOH3-
BOAHTb 3BYKOBOH TOH.

Kaasuarypa PK

[Tpu paspaGorke knaBuatypbl PK craBunach 3agada co3nartb MakcHMaJbHO
NpOCTOH y3es, HEKPHTHUHBIA K IapaMeTpaM NpPUMEHSieMblX KOMMYTALMOHHbIX YCT-
pOHCTB.

Kakum ke TpeGoBaHMAM [0/4)KHA yAOBJeTBOPATb kaaBuatypa PK? [lpexne
BCEro, OHa NOMKHAa (OPMHPOBATb KOJAbl BCEX CHMBOJIOB, NMpHBeAeHHbIX B Taba. 2.1
(koabl ana nporpammupoBatus [13Y 3HakoreHepaTtopa maHbl B Taba. 2.2).

Kpome Toro, Heo6XonuMO NpeAyCMOTPETh 3alLLUTy OT OAHOBPEMEHHOro Ha)kaTHs
ila HEeCKOJbKO KiaBHIL W ape6Gedra KoHTakroB. JKenaTeabHo Takxke HMeTb Ha6op
(DVHKLUHOHANbHbBIX KJA4BHIL, NpefHa3HAYCHHbIX AJIS NepeMellleHHst Kypcopa no sKpaHy
JIUCNAICS, M HECKONbKO KJaBHIlI, Ha3HaueHWe KOTOPbIX [POrpaMMUpyeTcs No/b30Ba-
tenem. Jlis yno6ctBa paboThi JoMXKeH ObiTb NPELYCMOTPEH PEXHM aBTOMOBTOPA,
T. €. HEMpepbIBHON BbIAAYH KOLA CHMBOMA NMPH ANHUTEIbHOM (Gosee | ¢) Ha)kaTHH Ha
KNaBHIlY W 3BYKOBAsl MHAMKaUHSA B MOMEHT 3aMblKaHUSl KOHTaKToB. Bbinonnenue
GonblunHcTBa ITHX TpeboBanuii B PK Bosnoxeno Ha moanporpammy o6CayXuBaHHs
KJaBHATyphl.

Ha puc. 2.5 nokaszaHa npuHUHMIIHANbHAs cXeMa KJaBHATypbl, KOTOpas MOAKJIO-
vyaerca Kk PK uepes [1[TA D20. OcHoBHble KaaBulIM, OO6belliHeHHble B 6a0K A2,
CBAI3aHbl C MaTpHuell HOPMaJbHO PA30OMKHYTbIX KOHTAKTOB W OT1e/NbHOH TpPynnoi M3
Tpex TakHX e KOHTaKTOB. PacnosoxeHue KJNaBHlU KiaBUATypbl, IIPHHATOE B 60/ b-
IIHHCTBE NPOMbBILJICHHBIX AHCMA€eB, NOKa3aHO Ha puc. 2.6.

Yepes auHuu Kanana A, HacTpoeHHOro Ha BbiBOA HHdopMalkK B pexume 0, Ha
avoabl VD5—-VDI1 (puc. 2.5) nocsenoBaTelbHO MOCTYIAIOT CKAHUPYIOULHE UMITYAbCHI.
[unoabl 3aWHWAIOT JAHHUK MOPTA OT MOBPCKIEHHS HPH OLHOBPEMEHHOM HaKaTHH Ha
HECKO.IbKO KJABHIL.
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Puc. 2.5. TlpuHuunuanbHas nekTpuueckas cxema KJIaBHATYpbl

B npottecce onpoca KOHTAKTOB KN1aBHATypbl NOANPOrpaMMa o6CAyXHBaHHA noce-
[0BaTeNbHO GOPMHUpYET HanpsiKeHHe HU3KOTO YPOBHA Ha Kaxaofl u3 JMHHI nopra A
(Ha APYrHX CeMH JIHHHSIX YPOBHM OCTalTCH BbicCOKHMH). Cpa3dy nocjie 3Toro noa-
nporpaMma CUHTBIBaeT H aHajdHaupyeT colepxumoe nopta B. Ecan uu oana u3 kna-
BHLI He Ha)kaTa, TO Ha BCe pa3psibl 3Toro nopra uepe3 pesuctopbl R8—RI15 nonavo
HanpsikeHue +5 B. lpu naxaTun Ha Kakyo-1160 K1aBUILY HU3KHI ypOBeHb Hanps-
XKEHHSI C COOTBETCTBYIOLLEH JHHUK KaHala A nmocTynaeT Ha OLHY M3 JHHHH nmopTa B.
IMoanporpamma o6cayxHBaHHA OnpeaesisieT HOMeP HaXKaToH Ka1aBHWH H GOpMHpYeT

COOTBETCTBYIOLLHA el ceMHpa3paaublii Koa.

CETb PYC
(o] [o]
CFEEREL B N
PR LR B R ==
ENRLRELEET BT 7]~
lee[@[ATS[RIF[T]R[E]B]<]% ™ L
L | J

Puc. 2.6. Pacnosoxenue KnaBHlW KAaBHATYpbI
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[Ipn HakaTHH Ha KaXKAyl0 M3 OCHOBHbIX KJaBHII MOTYT (GOPMHPOBATHCHA TPH
pa3/NHUHbIX KOAA B 3aBHCHMOCTH OT TOro, 6bl1a JH Ha)xaTa BMecTe C OCHOBHOH
(MW HEMHOTO paHblue) oaHa M3 knasuw moaudukauuu koga CC uan YC. Ilpu stom
(OPMHPYIOT CheuHabHble, ynpasisiollHe HAH rpaduyeckHe cumBoabl. Kuasuwa
«PYC/JIAT» onpenensieT, kako H3 ABYX andaBHTOB (PYCCKHH HWJHM JIATHHCKHI)
Gyner oTo6pa)kaTbCsi Ha 3KpaHe (445 nepexoaa C OAHOrO Ha APYroH A0CTAaTOYHO
HaXaTb Ha Hee OAMH pa3). 3aMblkaHHe KOHTAKTOB 3THX TpeX KAaBHWI NpPHUBOAHMT K
(OPMHPOBAHHIO HHU3KOTO YPOBHAI HanpsikeHus Ha JauHusix C5—C7, paGoraiowux B
peXKMMe BBOJAa, M HHOM HHTepPNpeTallHH OCHOBHbIX K/NaBHLU, YTO MO3BOJSAET COKPATHTHL
WX uucao. Jlpe6e3r KOHTAKTOB yCTpaHseTCs NporpamMHO.

Ha puc. 2.7 nokazana nevaTHas naara, npeiHa3HaueHHasi AJsi MOHTa)Ka OCHOB-
HbIX K/JaBHIU (MHHHMaJbHO Heo6xoauMblit Ha6op). Nas yno6ersa paborsl ¢ PK kia-
BHATYpy LeJecoo6pa3Ho AOMOMHHTbL elle HEeCKOJNbKHMH KiaaBHIIaMH (puc. 2.5, 640K
A3). IeuatHylo naaty (puc. 2.8) ¢ 3THMHM KJAaBHIIAMH YCTaHaBJMBAlOT cnpasa oT
ocHOBHOH. JlononHuTeNbHasA KnaBHaTypa co3faer yao6CTBO B pabore, no3Boasisi ¢pop-
MHPOBaTb KOJAbl HEKOTOPbIX YNp2BJSIOUIHX CHMBOJNOB Ha)XaTHEM TONbKO OLHOH
KJIaBHIIH, XOTH 3TH XK€ KOAbl MOXHO MOJyYyaTb H C MOMOLUbIO OCHOBHBIX KJAaBHLI
NpH NpeiBapHTeNbHO HaxaToi kaasuiue YC.

Ha naate ocHOBHO#H knaBHaTypbl ycTaHoBjeHbl cBetoanoabl VD2 u VD4. Iepsbiii
H3 HHX CHTHa/iu3upyer o BkaloueHud PK, BTOpoli (OH noakaioueH uepe3 3/neMeHT
D9.6 k aunnun C3 TIITA, HacTpoeHHOH Ha BBIBOA),— CJAYXKHT AJSl HHAMKALHH COCTOS-
uus kaaBuwn «PYC/JIAT» (kak u ocTanbHble, OHa He HMeeT (HUKCAUMH NpH Ha-
XKATHH).

Hurepgpeiicor c8a3u ¢ MAeHUTOPOHOM U OONOAHUTEAbHBIMU
ycrpoucreamu

3anucb HHGOPMALHK HA JEHTY NPOM3BOAHMTCA NOC/JEN0BATeIbHO NO METOAY
aByxdasnoro koauposaHusi. Ha puc. 2.9 npuBeaeHbl BpeMeHHble AHarpammbl, Mosic-
HslolHe 3TOT MeTod. Ha auarpamme A nokasaH 6aiit E6H (ero nBouwuHoe mpeacras-
neHre umeer Bua 11100110), npeo6pasoBaHHbli B nocieaoBateqbHylo ¢opmy. Ot-
AefbHble pa3psabl 6alita caeayior ¢ nepHoaoM Te.e,, NpHueMm 3anuch Gakra Hauu-
HaeTcA CO CTapluero paspsiia, T. e. CHauaJa J0/>KeH ObiTb 3anucaH paspsaan D7,
3atem D6, D5 u 1. A. OnHako HenocpeACTBEHHO 3anucaTb TAKOH CHrHaJ/J Ha MarHuT-
HYIO JIEHTYy Henb3sl, Tak KaK YacTOTHAas XapaKTepHCTHKAa MarHutopoHa He COOT-
BETCTBYeT CMEeKTPY 3anmMCblBaeMOro CHriajna. 3TO NMPOMCXOAHMT MOTOMY, YTO B MOTOKe
JlaHHbIX HepaBHOMEpPHO uepelylOTC HYIH H edMHHLbI, a CJeL0BaTe/bHO, HMeeTcs
MOCTOSIHHASL COCTaBJAIOLLAs, KOTOPAsh He MOXeT 6biTb 3anWcaHa Ha OOGbIUHBIH MarHH-
TodoH. [las TOro uto6bl 3anHcaTb TAKOH NOTOK [AaHHbIX, OObIY4HO NPHMEHSIOT OAHH
M3 M3BECTHbIX CNOCOGOB MOAY/ISILMH Hecyllell 4acTOTbl — NO aMMJAHTyde, 4acToTe
HaH ¢ase.

Hcnonbays meron aByx¢a3Horo KOAMPOBaHHA, MOXHO TakK npeo6pasoBaTb (3a-
KOAHPOBATb) MOTOK JAHHBIX, YTO OH He 6yleT COAep)KaTb MOCTOSIHHOH coCTaBJfAOLLeH.
ITO NO3BOMHMT 3aNHCbIBaTh AaHHble (AByXda3Hble KOAbl) Ha MAarHUTHYIO JIEHTY He-
1ocpeACTBEeHHO 6e3 NnpeiBapHTeNbHOH MOLYJISLUHH.

Ha anarpamme B nokasaH aByxdasHbiii kon 6aiita aaHHbix E6H, 3anucbiBaemblit
Ha JeHTy. DTOT KOA dopmupyeTcs cienylowum obpa3oM. Bcerna B cepeanHe nepe-
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6)

Puc. 2.7. lNeuaTHas naaTa AJsi MOHTaxKa OCHOBHBIX KaaBuuwi (a, 6)
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Puc. 2.9. BpemenHiie anarpammel cHrua-
N0B TIPH ABYX(PA3HOM KOAHPOBAHHH

<« Puc. 2.8. lNeyaTHas naara aas MOHTaXa
HOTIOJIHUTENIbHBIX KJaBHIL

nasaemoro 6uTa (tc) NMPOUCXOAWT H3MEHEHHe €ro 3HaueHHs Ha MNPOTHBOIIONOXKHOE,
npuuem H3Mexenve ¢ | Ha 0 o3nauvaer, uTo mepeaaH 6ut, paBubiii 0, a oBpaTHoe
u3mererune, ¢ 0 Ha | — 64T, paBublit |.

Ha rpandue 1BYyX OLMHAKOBBIX 1O 3HAUEHHIO CMEXHbIX OMTOB Takxe BCeria
MPOUCXOAHT H3MeHeHHe 3HaueHHA ABYyXxdasHoro koma. Ha rpaduue pasHblx no 3Ha-
YEHHIO CMeXHbIX OUTOB H3MeHeHHe ABYX(A3HOro KOAA He MPOHCXOHT.

[Tono6HbLIM 06pa3oM N01XKHBl ObITh 3aKOAHPOBAHbI Bce GUTHI HHpOPMAlLHH, 3anH-
coiBaeMble Ha JeHTy. Ilepuon Teien BolGpan pasubiM 09 mc. [lpu 3ToM ckopocTb
3anucH-cuuThiBaHuA pasHa 1100 6ut/c. OnblT nokasal, 4TO MPH TakOH CKOPOCTH
MOXHO ofecneyuTh HajlexHoe, NPakTHUeCKH 6e30nbouHoe CUHThIBaHHe HHbOPMALLHH.

PaccmoTpum Tenepb, KakuM 0o0pasoM npu YTeHHH MPOMCXOAHT [NeKOAHPOBAHHE
nByxchasHblx KoAOB. [IpefnosoXuM, UTO CuUMTbIBAHHE AdHHBIX HAualoChb B MOMEHT
to (puc. 2.10). [lomnporpamma uTeHusi NO3BOJISIET CYUTHLIBATb M pPaACNoO3HAaBaTb HH-
dbopmaumio npumepHo oaHH pa3 B 15 mke. Haunnan ¢ ty, noanporpamma CUHTBIBAHHA
NPOU3BOAUT uTeHHe uH(POPMalHH U ee aHaau3 (i) 10 Tex mop, noka He NMpoH3oHaeT
H3MEeHeHHe YPOBHSl CHFHala NO CPAaBHCHHIO C NPeAbIAVLIHM CUYHTAHHBIM 3HAueHHEM.
Ha pucyhke 3TH MOMeHTHl 0603HaueHbl t;. YpOBeHb CHTHANa, CUMUTAHHLIH B MOMEHT
tg, paccMaTpHBaercd Kak nojesHas MHGOPMAlHA M MO3TOMY 3alOMHHAETCS.

[Tocse pacroztiaBaHHA W 3aNOMHHAHHS NPHHATOrO GHTA NPOUCXOAHMT 3alepKKa B

pabore nporpammel, pasHaa 0,75
Tenen, H [MpOIECC CHHThIBAHHSA HH-

Tonen Fenen Terea orea dopMalMH  Ha4MiaeTcsi  BHOBb.

B PK onucaHHbIA ajqropuT™M KOAH-

poBaHHs peasiu30BaH NPOrpamMmHo.

MMporpamMmHoe  obecneueHue

) t ts 1y 3 NpY »TOM BBLIMOJHSCT CjepyioUlHe
HH NH dyuKLHH:

T T T Hf;_/ 1Py 3alHCH laHHbIX CHayaJa
M M M NPOU3BOAHT lpeobpa3oBaHHe 3a-
¢ 7 v nHchiBaemMoro 6alTa U3 napa.ienb-

Puc. 2.10. BpemenHble nuarpammbl CHrHaJ0B HOro B 10CJe10BaTeTbHbBIH  BUIL;

npH uTeHHH ABYyXdrasHoro Koja
54



3aTEM KaXbIH 3ANHCHIBACMbIH GUT KOJHPYC! B COOTBCTCTBHH € METOAOM ABYX-
ha3HOI0 KOJHPOBAHHUS, KOTOPLI GLL1 OlHCaH BLINE,

M HAKCHel, OPMHUPYET COOTBCTCTBVIONLIC BPEMCHHBIC HHTCPBAbL.

B PK uepes auunn CO n C5 kanana C k [HITA D20 noakiouenst y3abl dpopmu-
POBAHHUS CHTHATOB A8 06MeHa wHOPMAILHeil ¢ OBTOBBIM KACCCTHBIM MarHHTO(OHKOM.

Kpome 1oro, 8 PK uveerea donoanntenniunit 1TTTA D14, ne nwactpansaembtii 8
nporpaysie: Momirop. Tocre npisota cntinata «COpocs Bee IpH ero Kapaaa cBo-
Ao.tbk Bopaboraiot na seo/U widopatarn CBOGOIHBIMI OCTAIOTCH TaKAKe JHHHH
ClLow C2 JITTA D20, 3anporpaMMupoBaiinbic B peKIM BhIBOAA HIQOPMALHH.

Hcenoavzosanue donoanureavnozo I1IMTA D14

B PK umeerest gonoanureabnudi TITIA D14, koTopblft Moxer G6GbiThb HC-
AOAB3OBAN LT O TR JIOMCHISE DAL HMIBIN BHCHTTIIN VCTpoiicrs BBo1a-BuIBo1a. Monn-
top B Hauase paborhl e wactpansact AL wo nocae upnxona curnana «Cépocer
BOC EPHETO Rl ORASbIBAIOTCS HACTPOCHHBIMIE Ha BBO.L ThdopMalny B pexume 0.
Kpome Toro, B PK cBoGoaubiMi takxe octalotess aunun Cl1 o C2 11TTA D20,
3alPOrPaMMHPOBAHHLIE HA PEKHM BBOLA HHPOPMAILIH.

B kauectse npumepa nenoansosatinst [1T1A DI4 smoauno npusecth yetpoiicTao
OPraHu3ANMK BHCUIHCT HPOrPAMMHO-VUDARIACMON IIUHBL LISt [I0ACOEAHHEHNS 10110~
HUTeALHBIX epupepriubiy BUC n sienntero I3V ¢ o6uemom navartu no 32 Kéair.
[Mpuduunuaneias cxeMa 71akoro yerpoiicisa upuseicsa na pue. 2.11. Kanan
A TITIA D14 cayxuT ans BBoAd AanublX, Kana/in B u C- pasm Bbliaun anpeca
113Y 1t dopmuposanua chra.os utendns. Kpome KH73P®5 (K573P®P2), B yetpolictse
MOXKHO npumennTh MuKpocxemul [13Y K573P®4, KH56PTS, KA56PT7 (ecrecTsenHo,
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C yueToM WX ocobeHHocTell H LOKOJeBKH). B mio6om ciayyae cnenyer yuecTb, 4TO npH
noakaoueHnd BHewHero [13Y Tok, norpe6asieMbtit OT HCTOYHHKA HaNPsiKEHHst NUTAHHUS
45 B, Bo3pacraer a0 1,5..2 A.

Brewnee [13Y uenecoo6pa3Ho BbINOAHMTE B BHAE HEGOJbLIOTO CaMOCTOATENb-
Horo 6.0Ka (KacceTbl), cHaGxkeHHOro coeauHuTeneM. OTBETHYIO YacTb I110C/]€4HEro
ycTaHaBJHBAOT B Kopnyce komnelotepa. OueHb yN0OHO HMeTb HECKObKO TaKHX
KacceT — 3TO AO3BOJSAET ONePaTHBHO rOTOBHTL KOMNbIOTEP /151 pelieHHsT TeX HJH HHbIX
3ajaau.

B kaccerax [I3Y MoxHO XpaHHTb caMmble pas/HuHble NpPOrpamMbl: HHTEpnpe-
ratop beiicuka, penakrop Tekcra, sisbika Accembaepa M T. 4. [lpexae yeM HauaTb
pabory c n1060Hd H3 3THX nporpamm, ee HeoOXOAMMO Meperpy3uTb M3 KacceTol B
O3V xomnbiotepa. [lenalor 310 ¢ nomolibio AHpekTHBsl R Mounutopa.

brox nuranus PK

MukpokomnbioTep oTsiHuaercsi MajibiM 3Hepronorpebienvem (0,8 A, 150 u
30 MA ot ucTouHnkoB HanpsikeHus +5, +12 1 —5 B coorBercTBenHo), uTO NO3BO-
JasieT cpenatbh GJOK NHTAHMA NPOCTHIM H KOMMAKTHbIM. ABTOpbl pa3MecTWiu TakoH
610K B OTAeNbHOM KOpRycCe, HO BO3MOXXHO CMOHTHpOBaTh ero W B Kopnyce PK.

Ha puc. 2.12 npusenesa npuHuunuaibHas cxema 6/oka nutaHua. Hanpskenus
+12 u —5 B ycTaHaBAMBAIOT COOTBETCTBEHHO MOACTPOEUHLIM pPe3ucTopoM R4 u cra-
6uautpoiom VD14, B kavecrBe ceTeBOro MOXKHO HCNOJb30BaTh CTAHAAPTHLIH TpaHC-
tdopmarop TIII1260-127/220-50 unu nwo6oii apyroit mownocTsio 20..30 Br. Mukpo-
cxemy D1 ycraHaBauMBaloT Ha TenJ0OTBOAE C CYMMapHOH MJOLIAAbIO OXJa)KAeHHs He
meree 50 cM %, nns oxaaxpenus Tpausucropa VT HCROMB3YIOT npocTeiiliHil M1acTHH-
yaThlil TENA00TBOA NJ0WAAbI0 0Koo 20 cM 2.
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Puc. 2.12. TlpuHuunuanbHan sjeKTpHyeckas cxema OJ0Ka MHTaHHs
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[pu npoektuposanuu PK nepen paspaGotuukamu BCcTana 3anaua yMeHBLIHTD,
Harpy3Ky Ha JIMHHH LIMHBl ajpeca H JaHHbIX MHUKPONpPOLECCopa, TaK Kak MX MaKCH-
ManbHas Harpy3ouHas crmoco6Hoctb — oauH TTJI-Bxoa (1,9 mA). C 3roit uesbio B
PK Hcrionb3oBaHbl MHKPOCXeMbl CepHii C Ma/blM NOTpeG/eHHeM Mo BXO4y.

[Teyarubte naatet PK (puc. 2.13) W knaBHaTyphl paccyMTaHbl Ha YCTAHOBKY
peaucropos MIIT-0,125, konnencaropos KM-6B, K53-1, wrsipeBoii yactu coeauHu-
teass FPIIMI1-6111Y2 u 6n0koB knaBHatypet BM16-1, BM16-4.

2.2. Oraaaka PK

Kparkoe onucanne npouecca otnaaku PK nomoxer Bam BbIABUTb npuHuMHY
TOH HWJH HHOH HeMCNPaBHOCTH KOMIIblOTepa KaK cpasy nocje COGOpKH, TaK M MpH
€ro 3KCNJyaTauMH.

HecmoTpsi Ha npocToTy ycTpoHCTBa, KOMNbIOTep SIBASIETCS CAOMKHBIM OGbEKTOM
AJ5 IHarHOCTHKH HeHCNpaBHOCTeH. DTO 06bACHSAETCS TECHOH CBSA3bIO B HEM nporpam-
MHOro o6ecrneyeHust U annapaTHbIX CPeiCTB.

[Tpu oTsapKe H KOHTpOJIE MHKPOMPOLECCOPHLIX YCTPOHCTB B YCJOBHSIX HCCJENO-
BaTelbCKOH J1a6OPAaTOPHH HAH NPOM3BOACTBA OGLIYHO NPHUMEHSIOT ChelHa/bHble TeXHH-
YyecKHe H MporpaMMHble CPeACTBA, HaNpHMep JIOrHueckHe aHa/JH3aTOpbl H MOLEIHPYIO-
uwHe nporpamMmbl. B nio6uTenbcKol npakTHKe NPHXOAMTCA MCKaThb ApYrde MeTOAbl H
CpeACTBA pelieHMsi 3TOH 3ajauH.

Insi PK paspaGoraHa MeTOAMKA OT/afKH, OPHEHTHPOBaHHAsi HA HMCNOJb30BaHHE
TOJNbLKO O6biYHOro ocuuajorpacda u ommerpa. Cieays 3rtoii Meroauke, Bol cmoxere
y6eautbcsi B paboOTOCNOCOOHOCTH OTAENbHbIX OJI0OKOB H KOMMNbiOTepa B LEJIOM HJH
OGHApYXHTb H JIOKaJH30BaTb HMeEIOLLHEeCS HEHCNPaBHOCTH.

Paccmorpum nocanenoBarenbHocTb orankd PK.

1. Haynute ornaaky PK ¢ npoBepku oMMeTpoM MoHTaka neuyaTHOi mJaTel H
ycTpaHute BbisiBjeHHble aedekTbl. C 0co60i TiaTelbHOCTbIO CJedyeT NpoBepHTb
HaJHuHe 3/1eKTPHYeCKHX CBSi3eH MeXAy BbIBOLAMH HCTOUHHMKA HanpsDKEHUsT NMUTaHHS
mukpocxem (oco6eHHo D22—D29) u coOTBETCTBYIOLHMH KOHTAKTaMH COELMHHUTES.
LllynamMu ommeTpa Heo6XOLAHMO KacaTbCsl HENOCpeACTBEHHO BbLIBOAOB MHKPOCXeM —
3TO MO3BOJHT OGHAPYXHTb HeKauecTBeHHble naiiku. OTCyTCTBME Ha MuKpocxemax
D6, D12, D22—D29 onHoro u3 Hanpsi)KeHWH NUTAHHS MOXKET MPHBECTH K BHIXOAY HX
U3 CTpOS.

3ateM Heo6X0AHMO YGelWTbcs, uTO 6JOK NHTaHHs o6ecneuuBaer TpeGyeMble
HanpsikeHus: +5 B £10% npu toke o | A, +12 B +10% npu Toke no 200 MA
M —5 B +10% npu toke no 100 MA.

2. BpiibTe W3 naHean Mukpocxemy D17 u ycraHosure B Hee [I3Y ¢ Tecr-
nporpammoii. CoenuHnTe BbiBOA 3 MuKpocxembl D1 ¢ o6uiuM npoBoaom H, noaas Ha-
npsiKeHue nuTaHusi, yOeliHTeCb B HA/JHUYMM HanpsiKeHHH Ha COOTBETCTBYIOLLHX Bbl-
BO/laX BCeX MHKDOCXEM.

3. [lpoBepbre ocuuajgorpaoM HajHuHe H nNapameTpbl CHrHa/NoB, BbipaGaTbiBa-
eMblx MHKpocxemoit DI: Ha BbiBopax 10 u 11 — uMnyabcoB amnautynoit 12 B ¢ ne-
pHoLoM caenoBaHus 562 Hc, Ha BbiBose 6 — amnautynoit 5 B ¢ nmepuonom caeno-
BaHust 562 Hc, Ha BbiBoae 12 — amnautynoit 5 B ¢ nepuoaom caepoBanus 62,5 Hc.
OTcyTcTBHE 3THX CHrHAMOB OGBLIYHO CBHAETE/NBCTBYET O HEHCNPABHOCTH MHKPOCXeMbl
HJIH KBapLeBOro pe3oHaropa.
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Puc. 2.13. MMeyaTtHan niata PK




Jinsi BbISIBJIEHHS! NPHUMHBI OTCYTCTBHS YKA3aHHBIX CHIHAJOB MOCTYNAlOT CAeAylo-
wHmM obpasom. Orcoeannsiior BoiBog OSC Mukpocxembl D1 or MOHTaXHOH naatbl u
CHOBA KOHTpPOJIMPYIOT 3TOT CHTHaJ npH nomowH ocuuanorpacda. [NosBaeHne curuana
OSC cBupetenbcTByeT o aedekrax MoHTaxa HaH Mukpocxem KISSME4 (D3) uau
K155HUP1 (D16).

OrcyrcrBue curiaa OSC B 3TOM c/ayyae OQHO3HAYHO 03HAYyaeT HEUCIPABHOCTb
KBaplLeBOro pe3oHaTopa HJH MHKPOCXeMbl TAKTOBOTO reHepartopa.

Jlns npoBepku paboTOCMOCOGHOCTH reHepaTopa BMeCTO KBAapLEBOrO pe3oHaTopa
K ero BoiBogamM X1 X2 noakJwouyaloT Kepamuuyeckui Konaencatop emkoéroio 10...15 nd.
Hanuyue redepauuu B 3ToM cyyae roBOPHT O HEHCNIPABHOCTH KBapLLEBOro pe3oHaTopa.

B PK MoxHO0 Hcnosnb3oBaTh KBaplieBble pe3oHaTopbl Ha yactoTsl 15...17 MTw. [pu
3TOM CHHXPOHH3aUHS Te/]eBH3HOHHbIX NPHEMHHKOB OCTaeTCsl AOCTAaTOYHO YCTOHYMBOM
W HaNeXXHOCTb CYMTHIBAHHS AAHHBIX C MarHutodoHa He cHukaerca. Ecau Hafitu
NOAXOAALUHIA KBAapLeBbli Pe30HATOpP He yAaeTCs, TO ero MOXKHO 3aMeHHWTb MOACTPOeY-
HbIM KOHJEHCATOpOM, HJH, uTo elte ayuie, LC-koHTypoM. Mexay BbiBonamu X1 u X2
NOAK/IOYAETCA LeNb, COCTONALLAs H3 MOCJel0BaTeJbHO BKAIOYEHHBIX KOHAEHCATopa eM-
kocTblo 5,6 n® u KaTylKH MHAYKTHBHOCTH. [lapaj/ienbHO KaTyllke HHAYKTHBHOCTH
cienyeT MOAKMIOYHTb KoHaeHcaTop emkocTbio 20 nd. KaTywky HamaTbiBalOT Ha CTaH-
napTHoM Kapkace or ¢uabTpa T4 UM npuemHuka ¢ noacrpoeunnkom MI00HH-CC2,
8X15. Karywka copeput 16 ButkoB nposona [13B-1 0,2

Takas 3ameHa He yXyAwWwHT pa6oTy koMmnbioTepa. HacToTy TaKTOBbIX WMNYJbCOB
c/e/lyeT yCTaHOBHTb MO YaCTOTOMEPY HJIH M0 HaHJyulled CHHXPOHH3ALUHH H300paXKeHus
Ha 3KpaHe TeJeBH30pa.

[pu oTcyTCTBHH KaKoro-nu60 W3 APYTHX CHCHANOB, (POPMHPYEMbIX TaKTOBbIM reHe-
paTtopoM, HeOGXOAHMO OTCOEAHHHTb COOTBETCTBYIOLIHH BbIBOA MHKpocxembl DI or
MOHTaa, W eC/JH CHTHa/J NMpPH 3TOM MOSIBJSETCHA, TO HCKAaTb HEHCNPaBHOCTb c/leayer
n160 B MOHTaxe, N1M60 B MHKpPOCXeMaX, Ha BXOAbl KOTOPbIX 3TOT CHIHAJ NoCTynaer.
[Tosie3Ho Tak)ke NMpoBepHTb HajiHuHe BbICOKOrO ypoBHS Ha Bbixode RDY muKpocxembl
TaKTOBOrO reHeparopa.

Ec/ npu npoBeeHHH ONHCaHHbIX NPOBEPOK BbIACHHTCA, UTO MPHYHHA Ae(EKTOB —
MOHTaX, TO CJelyeT BHHMAaTeJlbHO OCMOTPETb MeYaTHylo MAaTy H He3aBHCHMO OT Cro-
co6a, KaKHM OHa M3roTOBJI€HAa, MponasTh XOT Gbl Te nepexoibl C OAHOH CTOPOHbI Ha
APYryio, KOTOpble HaXOASATCA NOJ4 MHKPOCXEMaMH.

BoabuinhcTBo npumensieMbix B PK Mukpocxem usrorosiedo no MOIT TexHosorun
1 GOMTCS BO34eHCTBHSI CTATHUECKOTO 3JEKTPHUYECTBa, NO3ITOMY A/IS NMalKH C/eLyeT NpH-
MEHSATb HH3KOBOJIbTHbIH Nas/IbHHK C XKaJOM, COeJHHeHHbIM ¢ 6pac/jeToM Ha pyke one-
patopa M »KenaTeNbHO 3a3eMJEHHbIM.

Oco6eHHO OCTOPOXKHO cjeayeT obpaiiaTtbhesi ¢ Mukpocxemamu O3Y, B KOTOpbIX
H3-32 HecoGJ/II0J€HHSI MPABHJ MOHTa)Xa MOTYT BbIHTH H3 CTPOSl HECKOJbKO siueek na-
MSATH, @ MHKPOCXeMbl C TakKHM J1edeKTOM yxe HelpHrOAHbI.

OnbiT 3KCnayaTauni Heckonbkux PK nokasan, yTo TakToBbiil resepaTtop Heaocra-
TOYHO HajexeH. Llenecoo6pa3Ho ycTraHOBHTb MHKpocxemy D1 Ha naneab. [as nasib-
Heiiliero pacwupenuss Bo3MoxxHocted PK Ha naHenb cieayer ycTaHOBHTb H MHKPO-
cxemy D14,



4. TlpoBepbTe paboty y3na GopmMHpoO- RI 2%

/ / R2 2x
panusi curiana «C6poc». Ilpu kaxaom 7 Y oy
HA/KATHH Ha OAHOMMEHHYIO KHOMKY Ha Bbl- a7 ORI
sode | mukpocxembl DI posxken dopmu- AT Hp X
pOBaTbCS HMMYJAbC aMNJANHTYROH 5B H anH- » 2|y ~
S
TE/JIBHOCTBIO OKONO | MC. ' 3
5. Y6eantecb B HaJHUHH BBICOKOrO R
OBHSl HanpsiXKeHusl Ha BbiBoae 24 MHKpO- o1
yp Pk P KISSTMZ K AT 8518701
npoueccopa D6, uto cBuaeTesbCTBYeT 0
HaXOXAEHHH €ro B COCTOSIHHHM OXHaaHHs,,  Puc. 2.14. [puHuunuanbHas sJexTpHue-
BbI3BAHHOM YCTAHOBKOH MepeMblukH B CO- CKasi cxema ysJa MOUHKJIOBOrO BblIIOJIHE-
HUA KOMaHJ

orBerctBHH ¢ n.2. IlpoBepbTe cocrosinue
WHH aapeca u aaunbix PK, kacasco nocae-
/10BaTeJIbHO LLYNOM OCLHJ/IOrpaca COOTBETCTBYIOLUIHX BbIBOAOB MHKpocxem. Ha Bcex
JIMHHAIX LWHHBI afpeca JO0/KeH NPHCYTCTBOBATb HH3KHH YPOBEHb HalpsikKeHHA, a Ha
JIMHHAX LWHHb AaHHbIX — ABOHYHbIH koa 10101010, 3anucanHblii B HyJleBOH suedke
TeCT-Nporpammbl.

[Tpn o6HapyXeHHH HeCOOTBETCTBHII NMPOBepPbTe, HET JH 3aMbIKAHHI MEXAY JiH-
HHSIMH LUHHBI ajpeca H KaKHMMH-JH60 ADPYTHMH CHIHAJIbHbIMH JIHHHAMH HJIM NPOBOA-
HHKAaMH HCTOYHHKA HaNps>KeHHs NuTaHus, ybeautech B paborocnocobroctn 13y D17,
y3Jia HayajbHoro c6poca (mukpocxembr D10.1, D9.2, D13.2) u newndparopa DII.
[TpaBusibHolt paborte newndpaTopa COOTBETCTBYCT HH3KHH YPOBEHb HaMpPSXKEHUA Ha
soiBoge 18 mukpocxembl DI7. [locse ycTpaneHusi oGHapyXKeHHbIX HeHCnpaBHOCTEH
cJleLyeT BHOBb MPOBECTH OTJaAKy no nn. 4 u 5.

6. Bbik/lO4HB HCTOYHHK HaANpsi)KEHHS MHTaHHs, CHUMHTE YCTaHOBJIEHHYIO paHee
nepeMbluky, MOACOEAHHHTE Y3eJ MOLUHKJIOBOrO BbIIIOTHEHHS MPOrpaMMbl MHKPOMpPO-
ueccopoM W BHOBb BKJItounte PK (puc. 2.14).

[lpu opHoKkpaTHOM HaxaTHH Ha kHonky «lllar» Mukponpoueccop nocje Bbinoa-
HeHusi TakTa T2 KaXXA0ro MalHHHOrO LHK/AA KOMaHIbl MEePeXoaHT B COCTOSIHHE OXH-
[laHHA, YTO O3BOJISIET KOHTPOJIHPOBATH BCE CHTHAJbl B CTATHUECKOM pexHMe.

7. TMonas curnan «CO6poc», NPOKOHTPOIHPYHTE BbiMoJHeHHe nepBbix |1 komana
TecT-NporpaMMbl B MOUHK/IOBOM pexxume. [IpH BbINOJHEHHH AEHCTBHH 3TOr0 MyHKTa
O3Y PK He ncnosb3yercs, 4To 103BOJAsIeT IPOBOAHTb OTJIAAKV Aa)ke MPH HaNHUHH
B HeM HEHCNpPaBHbIX MHKPOCXEM.

[pH ouepeaHom HaxaTuH Ha KHonNKy «lllars KoHTpoaupyiiTe cocTosiHWe WHH
ajgpeca, AaHHbIX H ynpaBjleHHss B cooTBeTCcTBHH ¢ Tab.n. 2.3. Kak 6bl10 yKasawo,
npu BoiGopke u3 [13Y nepBoit komaHAbl (0AHOGAHTOBOM) HA LUHHE AAHHBIX NOSABJSIETCH
koa 10101010. B caeayowei siveiike [13Y nomeuwen koa 01010101. dtu aBa kona
ABJIAIOTCA WHBEPCHeH APYr ApYra, H WX HCl0/1b30BaHHEe HEOOXOAHMO AJSi TOro, YTobbl
y6enTbCs, YTO BCe JIHHHH WHHbI J1aHHbIX MOryT ObiTb nepekioueHbl B 06a coCTOs-
Husi. Tperbst KomaHaa (CTPokH 3..5) — komaHaa 6e3yc/OBHOrO fnepexoaa no aapecy
F805H. [Mocsie TpexkpaTHoro Haxartusi Ha kHoOnKy «lllar» (3Ta KomaHaa BbinoaHseTCS
3a TPH MallHHHbIX UHKJA) A0MKeH cpaboTaTb y3ea Hauya/bHOro 3aMnycka v Ha BbiBoAe
5 tpurrepa DI13.2 nosBHTbCS BBHICOKHH ypoBeHb HanpsikeHus. Caelylouine yeTbipe
komanabl (6...17) npeanaswadenbl aas vactpoiikn BHUC TI[MA D14 w D20. das
BbIBO/lA Pe3yJibTaToB paboThl TecT-nporpammbl 6ynem ucnoabzosats [11TA D14. Tlocae
BbIMOJAHEeHHs1 elne ABYX komaHa (18...23) Ha BbiBoaax kavana B [1[1A D14 ponxHa

61



nosiBuThcs KopoBasi komGuuaunss 01010101. BoinosHenne caeaylouux AByX KOMaHf,
(24...30) npuBoanT K 3axuraunio cserogrona «PYC/JIAT», noaTBepxaas Tem caMbiM
paborocnoco6Hocts BHUC D20.

Ta6banua 2.3.
Anpec  |Hauuble RD WR Komanaa [Mpumeuanue

1 0000 AA 0 1 [TpoBepka wiMHBI AaHHBIX
2 0001 55 0 1

3 0002 C3 0 | JMP [epexos Ha HayaJjo npo-
4 0003 05 0 1 05 rpammsl

5 0004 F8 0 1 F8

6 F805 3E 0 | MVI Hactpoiika nopra
7 F806 8A 0 1 A8AH

8 F807 32 0 1 STA KnaBnatypst

9 F808 03 0 ! 03 (D20)

10 F809 80 0 1 80

11 8003 8A 1 0 3anuch B nopt

12 F80A 3E 0 1 MVI Hactpoiika aonosHutesnb-
13 F808 80 0 | A, 80H HOro nopra

14 F80C 32 0 l STA

15 F80D 03 0 1 03 (D14)

16 F80E AO 0 | A0
17 A003 80 1 0 MVI 3anuch B nopt

18 F80F 3E 0 1 Bblnaua TectoBoro
19 F810 55 0 | A,b5H CHTHaJaa
20 F811 32 0 1 STA B KaHaJ
21 FBI12 01 0 1 01 B MHKpOCXeMbl
22 F813 A0 0 1 A0 D14
23 A001 55 | 0 3anuch B nopt
24 F814 3E 0 1 MVI 3axkeub CBETOAHOA
25 F815 08 0 | A, 08H «PYC/JIAT»
26 F816 32 0 | STA
27 F817 02 0 1 02
28 F818 80 0 1 80
29 8002 08 | 0 3anucb B nopt
30 F819 AF 0 1 XRA A

BLIK/JIIOYHTE HCTOYUHHK HANPSIXKEHHS MHTAHHA W OTKJIOUMTE y3ej LHKJIOBOH
pa6otbl. JasbHeilwas oTaanka U npoBepka GyHKUHOHHPOBaHUS Kiaasuatypsl, O3Y u
AHcneHoro GJoka 6yaeT NPoXoauTb TpH aBTOMaTHuyeckoit pa6Gore PK no Tecrt-
nporpamme.

8. Bk/lounTe MCTOYHHK HanpshkeHusi nutanud. Haxmnrte Ha knonky «C6poc»
M 10cjie OKOHYaHHUsT 3BYKOBOTO cHrHasna — Ha kaaBuwy «PYC/JIAT». dtu pefictBus
NPUBOAAT K 3anycky nporpammsl npoBepkd O3Y. Ecnu mukpocxembt D22—D29 uc-
lpaBHbl, TO MO OKOHYaHWH paboTbl TECT-NPOrpaMMbl pa3facTCi 3BYKOBOH CHrHasm H
3axkercsl cBeroanoq VD2, O nanuunn HencnpaBHbix mMukpocxem PK coo6nt asyms
3BYKOBbIMH CHrHajtlamu (cBetoanof VD2 B 3ToM ciyuae ropeTb He A0JKeH) H chop-
MHpPYET BbICOKHE YPOBHM HanpsikeHHs Ha JuHusXx kanana B TI[TA D14, coorsercT-
BYIOLUMX -Pa3PAAaM LIHHBbI JaHHbIX, K KOTOPbIM MOAK/IOUEHH HEHCNpaBHble MHKPO-
cxembl O3Y.

[IpuunHOi HencnpaBHOCTH MOTYT ObiTh Kak AedeKTbl MHKPOCXeM, TaK H HeBep-
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was pabora ¢opmupopartesns curtasos RAS u CAS (DI6) uanm MyJibTHIIeKCOPOB
D18, DI19.

CHauasta y6eantech B paborocrnocobHocTH popmuposatesst. st 31oro nposepbre
nHaauune H ¢dopmy curHasos Ha Bxopax RAS, CAS, WE wmukpocxem namsiTn H Ha
pxoaax V agpecHbix myabtHmiekcopos DI8 u D19 (puc. 2.15). Caenyer yuyectb, 4tO
curian CAS mnepexomut B akTupnoe coctosiie (0) TOJAbKO NPH HAJIHYHH CHrHANA
puibopa aanHoro 6soka O3Y. [ToBTOPHO TecT-IpOrpaMmy 3anyckaioT HaskaTHeM KHOM-

kn «C6poc» u kaauwin «PYC/JTAT».

Yukn dmenuA

w T\ o
Z [
voms.ois)— \ |
2 o ——— —
"

—

—

—

0o-p7 X

Yurn sanucu

woTT L
Fas \
v(ms, 719) \

o5 T T . /
X

Aannsie, sanucsibaemsre 8 039
o-97 X

Puc. 2.15. BpeMeHHas auarpamMma CHTHAJOB NPH YTeHHH W 3anucH B O3Y

Ciienyet yuecTb, yTo TecT-nporpamma nposepsieT Tosibko O3Y, pacnosioxeHHoe
no agpecam 0000H—3FFFH. [das nposepku nonoanutensioro O3Y curHan ¢ Bbixoaa
D10.2 neo6xoauMo noaath Ha COOTBETCTBYIOLULIe BbIBOABI ero mHkpocxem. [lposepka
octanbubix y3108 PK Bo3moxHa Toabko npu ucipasiom O3Y.

9. Y6eantech B paboTOoCnoco6HOCTH AuciieiHoro 6JaoKka u koutposaepa T1MII1,
HaxaB KHONKY «C6poc» H (10cje OKOHYaHWsl 3BYKOBOro curiana) kiaasuiy «YC».
ITo »Toll KoMaHae TecT-nporpamma ouHiLdeT 3kpannyio obnacte O3Y, uHHUMAMK-
3upyer koutpoasnepbl T1IAIT n aucnaes u nomelnaer Kypcop B JeBblii BEPXHHH yron
3kpana. Ecin 3TOro He mpPOHCXOAHT, TO HEOOXOAHMO oclinl10orpadoM npoBepuTs cno-
COGHOCTb KOHTpoJiepa aucnies dopmuposaTb cHriaa «3anpoc [1I0I1» va BuiBOne
17 BUC D2 u naanune curnanoB «3anpoc» u «lloarsepxkaenune I1ATT» na Bbixomax
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13 1 21 mukponpoueccopa D6. 3arem caenyer y6eaHThbCs, 4TO KOHTPOAJIEp AHCIIeN
(GOpMHpYET HMITYbCbl CTPOUHOH W KaApPOBOH CHHXPOHHU3AILHK ¢ nepuogamu 64 MKc
(HRTC) n 20 mc (VRTC) cootBetcTBentio. Eciin Bce 3TH cHrHadbl BbipabaTuiBatoTes,
TO MPHUHHOK HEHCTIPABHOCTH MOTYT GbITh OTCYTCTBHE CHFHANa «3anpeT oTo6pa)k eHUs»
(VSP), nepexoasiuero B akTHBHOE COCTOsIHHE HA BpeMsl efCTBHSI KaAPOBbLIX H CTPOYHBIX
CHHXPOHMMYNbCOB H MEXCTPOUHbIX HHTEPBAJOB, HJH AedeKTb 3J1eMCHTOB y3Ja (hopMH-
POBaHHA BHAEOCHTHAJA.

B wucnpaBHoM aucnaedHoM 6a0Ke MpH KaXA0OM HaxaTtHu Ha kaaBuuly «YC»
HayMHaeTcsl BbIBOA Ha 3KpaH ajdaBuTHO-uMdposblx cumsoiaos. [lo npaBuabHOMY
0TOGpaXKeHHIO THX CHMBOJOB Yy6exl1aloTcs B paborocrnocobHocTn [13Y 3nakorene-
patopa H CABHIOBOrO peructpa.

10. B 3akJ/iiouenne riposepbTe paboTy K1asHaTypbl. L1 3TOrO 11aXKMHTE HA KHONKY
«C6poc» 1 knasuiny «CC», a 3arem — 1100UepeIHO HA BCe OCTATbHbIE H Y6eAUTECH,
4To OTOOpaKAEMbIC CHMBOALI COOTBETCTBYIOT KJdBHiliaM, Ha KOTOpPble Bbl HaXkHMaeTe.

3. IPOTPAMMHOE OBECITEYEHHME PK

3.1. Ynpasasiowas nporpamma MoHHTOp

B I13Y o6vemom 2 K6aiit 3anucana ynpasasioiias liporpamma MoHHTOp
(Taba. 3.1), unnunaausupyowas sce nporpammupyemble BUC u obecrneunBatoiias
paboTy K.JaBHATyphbl, AHCMJes H HHTepdeiica ¢ KacceTHbiM MarHuTodoHom. Kpome
TOro, MOHHTOp NOALEPKHBAET AHAJOT C N0.1b30BaTe/IeM, KOTOPbIH BBOAHT C KIAaBHATYPbI
ofnpejeneHHble IHPEKTHBbl H Ha 9KpaHe AHCIVIes YyuTaeT coobllleHHA O pe3yJbTare HX
BbINONHEHHs1. MMeloulnecss AMpeKTHBbI 1103BOJSIIOT NMPOCMATPHBaTh M H3MEHATb CO-
JlepKHMOe NaMfATH, BBOAHTb NMPOrpaMMbl BPYUYHYIO HJIH C MarHHTodoHa, BbLINOJIHATH
3anucanHble B O3Y nporpamMbl WM HX 4acTH, KOHTPOJNHPYS MPH 3TOM COLEPKHMOe
BHYTPEHHHX PErHCTPOB MHKPOINPOLECCOPd, a TAKXKE BbIBOAHTb IPOTPAMMbI H MACCHBbI
JlaHHbIX Ha BHEILHHH HAKOMHTeNb -- MAarHUTHYIO JaeHTy. BaxcHoi dynkuneit Monutopa
siB/sieTca obecnevyeHne paboThl APYrux nporpamm (uureprnperaropa bBeficuka, pe-
[aKTOpa TeKCTa H Ap.), A/IS Yero B Hero BKJIOUYEeH Habop CTAHAAPTHbIX MOAIPOrpamm
BBOJAa-BbiBOAAa HHDOPMAUUH.

Hauansnas ¢asa paborer Monuropa

[Tocse BKAIOYUEHMS UCTOUHHMKA HAMPFAXKEHHA MUTAHHSt H HAXKATHA HA KHOMKY
«C6poc» ynpasiaeHve nepeiaercss Mouutopy, pabora KOTOPOro HaudHaeTcs C HHH-
unanunsaunu [NITA. Bee kanaan TIITA nporpaMMHupyioTcsi B pexKHM HECTPOGHPYeMOro
BBona-BbiBona (0). Kawan A HacTpauBaeTcs B PeXHM BbIBOAa AJSA. BbLauH CKaHH-
PYIOILHX HMIYNbCOB Ha KAaBHATypy, a KaHan B — Ha BBoa curHanos ¢ Hee. JIMHUH
C0—C3 kaHana C upoOrpaMMHpyIOTCS Ha BbIBOA H HCOOJAb3YIOTCH AJS1 yNpasJeHHus
CBETOLHOAOM, OToOpaxawinm coctosiine peructpa «PYC/JTAT», u 6J10koM BbiBOAa Ha

' Ynpasasiomwas nporpamma Mowntop paspaGorana 1. B. Fopukossim (cm. Pa-
ano, 1986, Ne 8, 9).
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marintodou, a auaun C4—C7 — B pexkum BBoAa HHPOPMAUHH O HAXKATHH CneuHasb-
HbIX KJABHLI H BBOAA CHrHaja ¢ MarHuTodoHa.

[anee Monntop Hactpanpaer koHtpossep [1AT1. [das 3Toro B ero BHyTpeHHHe
PErHCTPbl 3aHOCATCA aapec Havyaja 3KpawHo# obaacth O3Y W KoauuecTBO mepena-
Baembix 6aiToB. [lpn nepenaue kaxaoro 6aiita B pexxume I1/II1 3HauenHe anpeca
YBeJIMUUBACTCS, a COlepKHMOe CueTyHKa GaHTOB yMeHbllaeTCsi Ha eAMHHuy. Tak Kak
KOHTpOJJIep BCeraa ynpabJsieT nepeaayed KOAOB CHMBOJIOB H3 OAHOH H TOH e 06-
nact O3Y, ycranaBauBaetcsi peXXxum paboThi C aBTO3arpy3Koi, XapakTepHblil TeM, 4To
nocJje 3aBeplieHHsl nepeaaud M3 3KpaHHoil obaacth O3Y Bcex KOAOB CHMBOJIOB B
koHtpoanepe ITII1 npoucxoaut aBromaTHueckasi nepesarpy3ka BHyTPEHHHX PerHCTPOB
HCXOAHbIMH MapameTpaMH W npouecc (pOPMHPOBAHHA TeJEBHU3HOHHOrO Kaapa HauH-
HaeTCs CHauyaJa.

MHuunann3auns KoHTposnepa AHCNNEs CBOAHTCH K CJeAyIOlLeMY: B €r0 PerHcTphl
3aHoCHTCAl HHpopMaL s o popmaTe 3HAKOMECTa, 3KpaHa, Kypcopa, a TakxKe O AJIHTeNb-
Hocti umnysabcoB HRTC u VRTC. 3HaueHns Bcex 3THX napaMeTPOB TECHO CBA3aHbI MeX-
Ay co6oil H 3aBHCAT OT 4acToThl CHrHaaa, nogaBaemoro Ha Bxon CCLK kouTpoasepa,
NO3TOMY napaMeTpbl HaCTPOHKH KOHTpoOJJiepa He MOryT GbiTb BbI6pPaHbl MPOH3BOJILHO.
INocsie okonuanns nactpoikH KouTpossepos ITIIT n aucnaes NPOHCXOAHT HX 3amyck.

Bso0 dupexkTus u anaiu3 pe3yasTaros

[Tocnie 3anycka MoHHTOpa 3KpaH TeseBH30pa OYHLLAETCS, B JIeBOM BepXHeM
yray nosisasiercsi Haanucb «Panno-86PK», a noa Helt — cTpenka «—», ypenomJsioulas
nosb3oBateass O TOM, 4To MOHHTOp roToB K BBOAY ouepeaHod AHpekTHBb. Hesepho
HabpaHHbie CHMBOJIbI CTHPAIOT HaxaTHeM Ha kaaBuwy 3B («3a6oii») nan «<» («Kyp-
cop BneBo»). [lAsi BbINONHEHHS AHPEKTHBbI Ha>XMMAlOT Ha KJaBHIY Bo3BpaTa Kaper-
kn BK. Ecain anpextnBa 3anaHa npaBHJbHO, TO HAuHeTCS ee BbIMOJHEHHE, eCaH HeT —
Ha 3KpaHe NOSABHTCHA 3HAK BONPOCa — MPH3HAK TOro, 4To MOHHTOP «He MOHHMAaeT» Bally
LHPEKTHBY.

Boimonnenue aupekrus D, L, S moxer 6biTb npepsaHo. [as 3TOro, yaep>xkusas
knasuy «YC», Hago naxatb ewe 1 Ha «C»: BbiNOJHEHHe AHPEKTHBbI MpepBeTcs, H
MonuTop 6yaer roToB BbiNOJHATH CJAEAYIOLLYIO.

HMmMeHa Bcex AHPEKTHB COCTOSIT M3 OAHOHM JNATHHCKOH GYKBbl, HEMOCPEACTBEHHO 3a
KOTOPO MOryT c/efoBaTb He GoJiee Tpex nNapameTpoB, NPeACTaBJSAOUIHX COOOH LiecT-
HaauaTHpHuHble yncaa. OaHH napameTp OT Apyroro orfeasiior 3ansitoi. Ee crapar u
B TeX cayyasX, KOria OAHH M3 napameTpoB (B TOM 4YHCJe H MepBbifi) OTCYTCTBYeT.

Hupexrussl paborel ¢ namarsro

Conep:kumoe 06.1acTH NaMsATH MOXeT ObiTb BbiBel€HU Ha 3KpaH AHCHJes
An60 B BHAe LIECTHAaAUATHPHYHBIX yHcesa (aHpekTHBa D) sH60 B BHAe andaBUTHO-
UH(POBBIX CHMBOJIOB, COOTBETCTBYIOLLHX 3THM Kodam (aupekThsa L). Ecau npu Bbinoa-
HEeHHH TNOoCaeNHel BCTPeTATCH KOAbl, He COOTBETCTBYIOLLHE HH OLHOMY aJj(aBHTHO-
UHPPOBOMY CHMBOJY, TO OHH OTOGpa3aTcsi B BHAe Touek. ConepxHMOe NaMATH BbIBO-
autcs B Bufe Tabauubl M3 16 konoHok. CuieBa OT KaXA0H CTPOKH yKa3blBaercs
LWeCTHAALATHPHYHbIH aapec nepBoil B CTPOke siueikH. Popmatbl ITHX H APYrHX AH-
pekTHB MonuTopa npuBeneHb B Taba. 3.2.
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Tabawua 3.2

HAupexrussl pabotoL ¢ NAMATHIO

D (HAUAJIbHbIF AZIPEC), (KOHEUHBIF AZIPEC)

L (HAYAJIbHBIM AZIPEC), (KOHEUHBIFI AJIPEC)

F (HAYAJIbHBIM AZIPEC), (KOHEUHbIM AZIPEC), (3ATTMCHIBAEMbIH
KOL)

M (AIIPEC)

T (HAYAJIBHBIF AZIPEC), (KOHEYHBIF1 AJIPEC), (AIIPEC OBJIACTH
MEPECBIJIKH)

C (HAYAJIbHBIFI AZIPEC), (KOHEUHBIF AJIPEC), (AZPEC OBJIACTH
CPABHEHUS$)

S (HAYAJIbHBIM AIPEC), (KOHEYHbIF AIPEC), (MICKOMbIF KOI)

Hupexrussr 3anycka u oTaadku

G (AILPEC 3AIYCKA),/(AOPEC OCTAHOBA)/
X OTOBPAXXEHHE COIEP)XHMOIO BHYTPEHHHWX PETMCTPOB

HupexTussr 88oda-sois00a

O (HAYAJIbHBIV AJIPEC), (KOHEUYHBIF AIPEC),/(CKOPOCTD)/
| (CMELLEHHE),/ (CKOPOCTb)/

Honoanuresonoie QupexkTugol

R (HAYAJIbHbIM APEC I3Y), (KOHEYHbBIA AIPEC N3Y), (AAPEC
3ATPY3KH)

I pHMedaHHe. HakaoHHbIMH yepTaMmH BblA€JI€HbI HeoOs13aTe ibHbie napametphbl.

HspektuBa M npeanasHayeHa AJif NPOCMOTPA H H3MEHEHHA COAEPXKHMOTU OAHOH
WM HECKOJbKHX siueek namaTu. [locsie ee BBOAA Ha 3KpaHe BbicBeuHBaeTcA ajapec
fluefiKH M ee COAEpPKHMOE, Kypcop OCTAHABAMBAETCA CHPAaBa OT 3ITOMO 3HAYEHHA, H
MouHTOp OXHAaeT BBoaa C KiaBHATypbl. Eciu HeOOXOAHMO H3MEHHTb COAepXKHMOe
fiueiiKi, HabUPaIOT HOBOE 3HAUEHHE H HaxKUMaloT KaaBuwy BK, ecin u3meHenHi ne Tpe-
6yercs, ee HaxumaloT cpady »ke. [1pu xaxioM HaxaTuh Ha kaasHwy BK 3nauenue
ajppeca aBTOMAaTHYeCKH YBENHUYWBAETCS HA eAHHHLY. BblnonHeHue nHPeKTHBLI Npo-
A0JKAETCsl 10 TeX Nop, Moka He GyaeT Ha)caTa KJaBHIIA «.» (TOYKa).

Ecan Bo Bce siueiikn obaactv namsiTH HeO6XOAHMO 3alHCaTb OAHHAKOBbIe KOMbI,
yAOGHO BOCMONB30BaTbhCs AHPEKTHBOH F.

IupektuBa T npeanazHaueHa A/19 KONHPOBAHHA (MepPechlsiKH) COLEP>KHMOro ONHOH
obsacti namsath B Apyryio. KomnupoeaHue ocyulecrsisiercs no6aiTHo, HauuHad ¢
MJafllero aapeca.

[ast cpaBHeHMs ABYX o6nacTtefi naMATH HeO6X0AMMO MO.Ab30BATLCS AHPEKTH-
Boit C. Ecaun cosep)KnMoe COOTBETCTBYIOULHX slueeK MaMATH He COBMAjaeT, Ha 3KpaH
BbIBOAMTCS ajpec siueiiKH H3 nepBod 06.1aCTH, €e COAeP)KHMOe H COAePKHMOE COOT-
BeTCTBYIOULEH sAueHKH 3 BTOpo# obnactyd. Ilporpamma MonuTtop npeaocrasJiferT HOJib-
30BATENI0 BO3MOMKHOCTb MOHCKA KOAA B 3afaHHOH o6JacTH namstd (AHpeKTHBa S).
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[Tpn o6HapyKEHHH HCKOMOro KOAa Ha YKpaHe NMOABIAIOTCA ajpeca siueek, B KOTOPbIX
OH Gbl1 OOHAPVIKEH.

HupekTugel 3anycka u otradku npoepamm

[las sanycka nporpammbl cayxut aupektuBa G. Bropoit napamerp sto#
ZIMPEKTHBbI, 3a1al0UlHil a1pec OCTAHOBA, HCMONB3YCTCH TONLKO NMPH OTJNaAKe NPOrpamm
H MoxeT ObiTb onyuled. Kpome Toro, noab3oBaTtesab MOXET caM Ha3HauyaTb B CBOefl
fnporpamme KOHTPO.AbHbLIE aipeca OCTAHOBA, 3aMHCaB MO 3THM ajpecaM KO KOMaH.bl
RST 6 (OF7H). Ecan npu Bbinostenun nporpaMmbl BCTPETHTCA 9Ta KOMaHAa, ynpas-
JeHde 6y.1eT nepelado MOHHTODY, KOTOpPbIH COOBILLHT a1pec, B KOTOPOM Obl1O NpepBaHo
BbINOJHEHHE POrpamMMbl, NOC]E Yero Mnoab3oBaTe/qb MOXKET BOCMO1b30BaTbCH JilOGbIMH
AUpeKTHBaMH MoHHTOpa A1s KOHTPOAS pe3ynbTaToB paboThl W MOAHGDHKAUHH NpoO-
rpammbi.

[TpocMoTpeTb M H3MeHHTb COlepKHMOe BHYTPEHHHX PErucTpoB MHKpomMpoleccopa
nomoxeT AupekTuBa X (He umeloias napamerpoB). B pesyabrare ee BoinonHeHus Ha
3KPaH BbIBOAATCH CHMBOJHYECKHE HMEHA H COLePXKHMOEe PerucTpoB, KOTOPOEe MOXHO
H3MCHATb TaK Xe, KaK H CoAepKHMoe siueek NaMaTH no aupekruse M. Peructp npusma-
KOB pe3y.bTara onepauiu o6o3Haded F,Apyrue BHyTpeHHHEe PerucTpbl MHKponpouec-
copa 0003HaueHbl CTAHAAPTHO.

Hupektussl 8800a-sbi800a

[Nepsble ABa napameTpa AHPEKTHBbI BbIBOAA Ha MarHuTHyo jgenTy O 3aaator
06/1acTb MaMATH, COAEP>KHMOEe KOTOPOH MOLNEXHT BbIBOAY, TPETHH — LIECTHAALATH-
PHYHBI KOA, OmpejacsieT CKOpocTb BbiBoaa. Ecau ckopocTb He yKasaHa, To 6yaer
HCMONb30BaHO JHOO 3HaueHHe, 3ajlaHHOe B Mpeablaylled AHpeKTHBE BbIBOAA, JHOGO
cranaapTHoe — IDH (okono 1100 6ur/c), 3anucbiBaemoe (NMpH HaXKaTHH Ha KHOMKY
«C6poc») B pabouvio syeilky Monntopa 03630H (ucnonb3oBaHHe KOHCTAHTbI BbIBOAA
meHee 10H nemonyctumo!). CkopocTb BbiGpaHa ¢ yyeTOM HCHONb3OBAHHSI MarHHTO-
(oHa M MarHHTHOH JIEHTbI HeBBICOKOro KauecTBa. Kpome Toro, Takas ckopocTh ob.ier-
4uT o6meH nporpammami. [loc1e 3aBeplienns BbIBOAa HA 3KpaHe OTOOPa3ATCA Hayanb-
Hbli H KOHEUYHbIH aapeca H YeThipex3HayHas KOHTPONbHAs CyMMa BbiBeAeHHOH HHOp-
MaUHH.

BBoa ¢ JIeHTbl ocyllecTBAseTCA NO AHPeKTHBe |, KoTopasa MoxeT WMeTb ABa napa-
merpa. [TepsbiM napamerpom — HeoGsi3aTebHbIM — 3a4al0T cMelieHHe. Ecan oH ecTb,
BBOAHMAaA HHdopMauusa 6yleT 3arpykeHa no aapecy, sBJAOLEMYCA CYMMOH yKa3aH-
HOrO B 3alHCH Ha JeHTe aapeca H cMmelleHHs. BTopoi napamerp onpeaesnsier BpeMeHH Y0
3a/lePXKKY MPH 4TeHHH ¢ JeHTbl. OH TaKXKe MOXeT OTCYTCTBOBAaTb, HO B 3TOM cJjyyae
6yner B3siTa 3ajepKKa, HCII0.1b30BABLIANACA B NMpeAblaylled KoMaHAe BBOAA (€CJH Bbl
He HaXKHManh Ha KHomKy «C6poc») WM yCTaHOBJEHHasi (MO yMOJYaHWIO) NpPH Ha-
4yanbHOH HacTpodke pabouux siveek MoHHTOpa (CTaHAapTHOE 3HaueHHe, 3anHcaHHOe
no aapecy 0362FH-2AH).

[Tocae okoHuaHusi BBOaa MOHHTOp COOOLIMT HauajbHbIi M KOHEe4YHbIH ajapeca
3arpy3KH M KOHTPO/bHYIO CyMMY, MOACYHTAHHYIO NpH BBoae uHdopmauunu. Ecau oHa
He coBMajaaeT C BBEJEHHOW C JIeHTbl, TO Ha cJaeaylollell CTpoke OyaeT BbiBeleHO
3HayeHHe, 3dMUCAHHOe Ha .€HTe, H BOMPOCHTENbHbIH 3HAK. JTO CBHAETENbCTBYeT 06
OWHOKAX MPH YTEHHUH HHPOPMAILMH C JIEHTbI.
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[TpepBaTb nporpammy BBOAA C MarHWTHOH JIEHTHl MOXHO JIHGO BbIKJIIOYHB Mar-
HUTOMOH, 160 BBeas ¢ kaaBHatypel Kox YC+C (3aecb 4 aajee NaTHHCKHI perucTp).

B ra6a. 3.2 npusenexbl popmathl elle oAHOH AHPeKTHBbI R — uTeHua nudopmaunu
u3 T13Y, noakniouaemoro k IMIA DI14.

IToonpoepammor Moruropa

[Tporpamma MonHTOp coaepKWUT Habop mnoanporpaMM BBOAa-BLIBOAA
(traba. 3. 3), K KOTOpbIM NporpamMma noJb3oBaTenst MOXeT o6paiiatbesi, cobJioaas
corJjatieduss o6 obmene uHpopmauneit. IToT Habop obecneurBaeT COBMECTHMOCTb
nporpaMMHOro obecneyeHHsi aHaJOrHYHbIX KOMMbIOTEPOB MPH YCNOBHH, YTO B MPO-
rpamMmax co6.1104al0TCsi BCe NMpaBH/Ia Bbl30Ba NOANPOrpamM.

Cnenyer 3aMeTHTb, YTO NpH HCNOAb30BAHHH MOANPOrpamMM BBOAA H BbIBOAA
6aiiTa Ha JIEHTy BO3MOXHO HapylieHHe fnpouecca OTOOpar<eHHWS Ha JKPaHe TeseBH-
30pa, MO3TOMY nocJie 3aBeplieHHs paGoTbl C STHMH NOANPOrpaMMaMH PeKOMeHAyeTcs
BbI3BaTh MOANPOrpamMmy 3anycka otobpakeHus skpanHoro 6ycepa. Kpome Toro, rnpu
HaAMHCaHHH NPOrpamM C HCNOJIb30BAHHEM NOANPOrpaMM BBOAA-BbIBOAA HEOOXOAHMO YUH-
ThiBaTb, YTO MJIf HaleXHOH paGoTbl BpemMsi MeX Ay O6palleHHSIMH K 3THM MOANpOr-
pamMmam LOJKHO 6biTb okoso 55 MKc (110 TakToB paboTbl MuKponpoueccopa).

B Ha6op noanporpamMm BXOASIT TakxKe MOANPOrpamMMbl BBOAA C MArHHTHOMN JIEHTHI
W BbIBOAA Ha Hee OJIOKOB MaMATH, a TakXKe MOANPOrpamMMa BbIYHCJIEHHSI KOHTPOJIbHOH
cymMbl Takoro 6Joka. Ilpu HCroNb30BaHHH 3THX MOANPOrpaMM 3anyck OToGpaceHHs
Ha 3KpaHe NPOH3BOAMTCA aBTOMAaTHYECKH, TaK XK€ KakK W MpH BBOJE-BbIBOAE MO 1H-
pektuBam | u O. Ilpu BbIBOofe Ha JleHTY HeOOXOAHMO yKa3aTb B ONpeNeJeHHbIX pe-
rucrpax (tabu. 3.3) aapeca Hauana H KoHuUa 6J10Ka, a TaKXKe ero KOHTPObHYIO CyMMY,
NOACYHTaHHYIO noanporpamMmoil MoHHTOpa WK COOCTBEHHONH NOANPOrpaMMON MO/b30-
Bateasi. [1pn BBose 6710Ka € JIEHTHI MOXHO yKa3aTb CMELLEHHe, C KOTOPbiM 6JI0K AaH-
HBIX Ao/keH ObiTb 3arpyxed B O3Y. Iloanporpamma uTenHs 6JoKa HH@OpMaLHH
BO3BpalllaeT (B perHCTpax MHKPOMpoLEeccopa) aapeca 3arpy3kKH H CUHTAHHYIO C JIeHTbl
KOHTPOJIbHYIO CYMMYy, KOTOpble 3aTeM MOTYT ObiTb MpOBepeHbl B NporpaMmax MoJb-
30BaTe.

[Moxnporpamma onpoca koga Ha)XaToH K/aaBHIIK MO3BOJSET YCKOPHTb OMpoOC
K71aBHaTypbl ¥ Gojee 3¢ GheKTHBHO HCNOJb30BaTh €e B Nporpammax, paGoTaiouixx
B peajibHOM MacluTale BpeMeHH.

C noMmolLbi0 noanporpamMMbl 3anpoca MOJOXKEHHS1 Kypcopa MOXHO OfpefeNHTb
ero MecTOHaxOXKJeHHe Ha 3KpaHe TeJeBH30pa, a C MOMOLLbI0 MOANpPOrpaMMbl 3anpoca
3KpaHHoro 6aiiTa — y3HaTb KOJA CHMBOJA H3 3KPaHHOH 06siacTH NaMATH, Haxoasi-
erocsi B NO3WLHH Kypcopa. [l CUHTBIBAHHA NPOM3BONBHOro 6aiTa H3 3KPaHHOro
6ydepa cienyeT NpeiBapHTENbHO YCTAHOBHTb KYPCOP B HYXHYIO NO3HLHIO 3KpaHa.

B MounTope npeaycMOTpeHbl Takke ABE MOANPOrpaMmbl AJs1 ONPELENEHHs] BepX-
Hell rpaHuubl cBo0OAHON onepatuBHONH namatu. [lepsas W3 HuX Bo3Bpallaer npor-
pammMe nosab3oBaTensi B perucrpooii nape HL ycraHoB/eHHbIli aapec BepxHell rpa-
HHubl aoctynHoro O3Y (no ymoauanuio — 035FFH aas PK ¢ o6bemom O3Y
16 K6aiit), Bropasi no3BoasieT ycTaHOBHTb HOBylo rpanuuy. Hemomyctumo ycraHas-
JIMBaTh BEPXHIOIO TPaHHLLy CBOGOAHON NaMsATH Bbillle ee MOJOXEeHHS MO YMOJIUYaHHIO,
TaK KakK 3TO MOXET NPHBECTH K HenpaBWAbHOH paboTe Balleidl NporpaMMbl H HCKa-
XKEHHI0 NaHHbIX B pabouyux sueiikax MouuTopa!
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Ta6baunua 3.3

Hasnaueune

Aapec Bbi30Ba

[TapameTpunl

Bsoa cumBona

¢ KJ1aBHaTyphl
BoiBoa cumBosa
Ha 3KpaH

Onpoc cocTosiHHs
KJ1aBHaTypbl

BeiBon 6afita Ha 3KpaH B LiecT-
HaALATHPHUHOM BHIe
BbiBon Ha 3KkpaH cooblieHHs

Onpoc Koaa HaXXaToH KJaaBH-
Lu

3anpoc nosoXeHust Kypcopa
Ha 3KpaHe

3anpoc 6ailTa H3 3KpPaHHOro

Gydepa
BBon 6aiita ¢ maruutodoHa

3anucey 6aiita
Ha MarHuTooH
Beoa 6soka ¢ marHutodona

BbiBoa 6s10ka Ha MarHuTodoH

[Toacuer KoHTpoAbHOH CYMMBbL
6n0ka

Paspeletine oro6pamenus HH-
dopmaumn Ha 3KkpaHe
Onpenenenye aapeca BepxHe#
rpaHuLbl

YcranoBka anpeca BepxHeit
rpanvubl CBOGOAHOH MamATH

O0F803H
—2045D
0F809H
—2039D
OF812H
—2030D

OF815H
—2027D
OF818H
—2024D
OF81BH
—2021D

OF81EH
—2018D

0F821H
—2015D
0F806H
—2042D

O0F80CH
—2036D
0F824H
—2012D

OF827H
—2009D

0F82AH—
—2006D

0F82DH
—2003D
0F830H
—2000D
OF833H
—1997D

BxonHble
BbixoaHbie
BxonHble
BbixonHble
BxonHble
Bbixoatble

Bxoatule
BuixonHble
BxoaHbie
BobixonHolie
BxoaHbie
BbixonHble

Bxonubie
BoixonHble

BxoaHble
BbixoaHble
BxoaHble

BoixonHble-
Bxontble
BoixonHbie
Bxontbte
Bobixoauble

Bxonuble

Bobixoauble
BxonHble

BoixoaHble
BxoaHbie
Buixoauble
Bxoaxbie
Bbixoanble
BxonHble
BbixoaHble

A — Kox cumBoOna
C — Koa cumBoga

A-00 — He naxarta
A-OFFH — naxara
A — BbiBOAHMBI 6aliT

HL — anpec coobiuenus

A-OFFH — ne naxara
A-OFEH — «PYC/JTAT»
Huaue — kon KJAaBHLLIK
H — Homep ctpokn +3
L — Homep nosuuun —+8

A — kon n3 6ydepa
A-OFFH — ¢ nouckom cuH-
xpobaiita
A-08 — 6es
xpoba#ra
A — BBeneHHbl! GaliT
C — BbIBOAHMBIH GaiiT
HL — cMmeuwenune

HL — apapec nauyana
DE — anpec koHua
BC — koHTpo/bHas
ma

HL — anpec nauasa
DE — anpec koHua
BC — koHTpoabHas cymma
HL — anpec nHauana

DE — anpec konua

BC — koHTposbHas cymma

MOHCKa CHH-

Cym-

HL — anpec rpaHuusl
HL — anpec

Pacnpedeaenue oneparusroti namaru npu pabore Moruropa

Kak 6b10 yxe ckazano, O3Y PK umeer uHGOPMALHOHHYIO €MKOCTb
16 K6aitt u pacnosnaraercs, Hauunas ¢ aapeca 0000H no 3FFFH (ra6a. 3.4,a)
BKAOUYHTEeNbHO. CaenyeT WMeTb B BuAY, 4TO 4acTb namati (3600H—3FFFH) orse-
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Ta6anwua 3.4a

T + FFFFH

! N3y MOHUTOPA (2K) !

#om ool + FBOOH

! PEMMCTPH MEPUGEPUAHHX BUC !

] )
o + 8000H

' BYOEP 3KPAHA !
et + 37COH (77COH)
! PABOMME SIMEAKW MOHUTOPA !

D e R P + 3600H (7600H)

g + 1COOH
' OBNACTb MOAMPOrPAMM '
! MoAL30BATENS '
S + 1ABOH
!  WMHTEPNPETATOP BEACHMKA !
i + 0000H

Ta6auua 3.46

Heo6xonumo 3amennts kon 36H ua 76H B siueiikax [13Y:

F83D F92E FA88 FCC7 FE6D
F843 F931  FA90 [FCCB FE70
F846 F939 FAF1 FCCE FES86
F84E  F93F FB34 FCEC FFIC
F851 F942 FBAA FD8§7 FF54
F860 F948 FBD6 FD8B FF5B
F866 F94E FBFB FEOB FFA4
F86B  F955 FCO8 FEMN FFA9
F86E  FA48 FClI5 FE1E FFAE
F885 FA4C FC2B FE24 FF85
F897 FA5C FC2F FE28 FFBB
F89C FA64 FC36 FE40 FFBE
F8AO FA67 FC64 FE46 FFC5
F8FO FA7D FC74 FE5B FFCE
FO9IE  FA82 FC8C FESF FFDB

Heo6xonnmo 3amennts B auciikax [13Y:

F85D:35H ua 75H FDA5:3FH na 7FH
FD51: 37H na 77H FDB7: 37H na 77H
FD54: 38H ua 78H

neHa noa pa6Goude sueiikh MoHuTOpa M 3KpaHHylo obaactb O3Y, MosToMy HCNoOJb-
30BaTh ee Npu pa3paboTke H orianke nporpamm Henb3s. OcranbHas uyacte O3Y
(0000H—35FFH) npenHa3uauena ajsi nporpamMm M JaHHBIX [0Jb30BaTens.
HckaioueHne coctaBasioT Jdlib TPH siueiikd namsith ¢ anpecamu 0030H, 0031H u
0032H, kotopble Heo6xOaHMbl 18 OpraHW3alUHK OTJAJOYHOrO pexHMa 3anycka
nporpaMM ¢ HCNOIb3OBAHHEM aJpPECOB OCTAHOBA, MNOITOMY HCMNOAb30BATb 3TH
siuefikH B Balelt nporpamme He peKoMeHayeTcs.

[Mpu neo6xomumoctH o6bem O3Y PK Moxer 6biTb yBennueH o 32 Ko6air.
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3to norpebyeT BHECeHHA H3MEeHeHHH M B nporpammHoe obecnedyende. PaGouue
siuelikn Mouutopa H skpaHHas o6aactb O3Y B 3TOM cayuae 6yAyT HAXOLAHTCH B 06-
jgacty namsith ¢ aapecamu 7600H—7FFFH. B ta6a. 3.4,6 npuseneHbl W3MeHeHHS,
KOTOpble Heo6xoAWMO BHecTH B Monutop ans pabGorel ¢ O3Y ob6bvemom 32 K6aiir.

Ocobennoctu kaasuarype. PK

O HasHaueuun kaasuwn «PYC/JIAT» yxe roBopuaoch paHee. B orauuue

OT OCTalJlbHbiX KJaBHLI, OHAa cpabaTbiBaeT [PH OTNYCKaHHH. IDTOT 3(PdeKT MOXKHO
HCTIONb30BaTh ANS NPHOCTAHOBKH BbIBOAA cOOGULeHHH Ha 3kpaH TeneBu3opa. [locse
OTMYCKAHWA KNaBHLIH BbiBOA OyLeT MPOLOIKEH.

JIas  KpaTKoBpeMEHHOro MepeKNIoueHHst PerucTpoB MOXKHO MO/Nb30BAThCH H
apyroi kaasrweid — CC.

Eule OAHHM none3HbiM CBOWCTBOM KJAaBHATypbli SIBJSIETCH aBTOMAaTHYeCKOE MOB-
TOpeHHe BbiAayH KOLA CHMBOJA MpPH AJHTENBHOM HaXXaTHH HA KNaBHLIY.

Ynpasaaowue kodel ducnaen

Ynpasasiiouiie KOAbl, B OT/JIHYUHE OT OCTa/lbHbIX, He OTOGPa)KalOTCH B BHAE
an¢aBUTHO-uMPPOBOTrO HAH NceBlOrpadHUYECKOro CHMBOJA, a BbI3bIBAIOT BbIMOJHE-
HHe KaKoil-1H60 cneuudHuHOl ¢GYHKLHH, CBA3AHHONW ¢ ylpaBaeHHeM ¢opMaTOM BbI-
BOJAMMbIX Ha 3KpaH coobiueHHii (taba. 3.5).

PyHkuua «<«» («Kypcop BieBo») Bbi3biBaeT IlepeMelleHHe Kypcopa Ha OAHY
NO3HUMIO BJeBO. ECAH Kypcop HaXOAMJICA B CaMOH NeBO# MO3HUMH CTPOKH, OH Mnepe-
MECTHTCA B MOCJENHIO MO3HLHIO Mpelbl1yileld CTPOKH, a eclu OH HAXOLHACH B HY-
JIeBOH NO3HUHH 3KPaHa — B MOCJELHIOI [MO3HILMIO 110C/eAHell CTPOKH.

Pynkuusa «—» («Kypcop BrnpaBo») nepemeuiraer Kypcop B MPOTHBOMOJOXHOM
HanpaBJaeHHH.

Taénuu'a 3.5

P yHKUHA Ko,ibl Bsoa ¢ knasuatyphl

Kypcop Bneso 08H «+~» uau YC+H
Kypcop Bnpaso 18H «—>» Han YC+X
Kypcop BBepx 19H «t» wan YC+Y
Kypcop BHH3 IAH «y» unn YC+Z
Bo3Bpar kaperku ODH «BK» nin YC+M
[TepeBon crpoku 0AH «[1C» nan YC+J
OuucTka 3KpaHa IFH «CTP» nau YC+3b
Kypcop B Hauyano skpaHa OCH «\» uin YC+L
[psamas aapecauns kypcopa | IBH, 59H

20H + (Homep cTpo-

KH),

20H + (Homep no3u-

1LHH)

MMpumeuanne. CuMBOI «+>» Mexay 0603HAYEHHSIMH KJIABHLI O3HAYaeT, yTo
Halo Ha)xaTb HA BTOPYIO KJABHLIY, fepxka MepBYylo yKe B HaKaTOM COCTOSHHH.
3nech H najee cHMBON «\» O3HAauyaeT «Kypcop B HauaJo 3KpaHa».
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Pyukuun «+» («Kypcop BBepx») u «|» («Kypcop BHH3») Bbi3biBalOT nepeme-
IleHHe Kypcopa Ha OAHY CTPOKY BBepX WJIH BHH3 cooTBeTCTBeHHO. Ecau Kypcop Ha-
XOLHMJICA B camMOi HHXKHeH CTpPOKe 3KpaHa, TO NpH BbiNoJHeHHWH ¢yukuHH «Kypcop
BHH3» OH [MepeMecTHTC B Ty »Ke MO3HUHIO BepxHeil cTpokH, ¢yHkuua «Kypcop
BBEPX» M3 CaMoii BepXxHeH CTPOKH MepemMecTHT €ro B CaMylo HHKHIOW.

®yuxkuna BK («BosBpat kapetku», e myraiite ¢ knapuieil!) nepesener Kyp-
COp B MepBYyI0 NO3MLHIO TOH K€ CTPOKH 3KpaHa, B KOTOPOH OH H Haxoauaca. Ecau
KYpPCOp YyXe HaXxoAWTCA B CaMoii JeBOH NO3MILHH, ero NnoJoxeHHe He U3MEHHTCH.

®dyukuns [1C («[lepeBon cTpoku») nelictByer Tak xe, kak W «Kypcop BHM3»,
B TOM Cjlydyae, €CJH Kypcop He HaxOAWTCA B IlOCJeLHell CTPOKe 3KpaHa, B NPOTHBHOM
cjyyae Kypcop OCTaeTCs B MpexXHeH MO3HLUHH, W HAa 3KpaHe MPOHCXOAAT cllenyiouine
H3MEHEHHA: Ha MecTe NepBOfi CTPOKH MOMBJSAETCA BTOPAs, HA MecTe BTOPOH — TpeTbs
H T. A., NOCJENHAA CTPOKA 3KpaHa ouuinaercs. TakuMm o6pa3oM, TEKCT Ha 3KpaHe
AMCNIes nepeiBHraeTcAd Ha OAHY CTPOKY BBepX, BC HHdOpMauWsa, BbiCBeuHBaemas
B MepBOH CTPOKe, TepAeTcs, a MocielHs s CTPOKa 0CBOOGOXKAAaeTcs ANA BbiBOAA HOBOH
CTPOKH CHMBOJIOB.

®yukuns CTP («CtHpaHHe 3kpaHa») MONHOCTbIO CTHPaeT BeCb TeKCT Ha 3Kpa-
He H yCTaHaB/JHBaeT Kypcop B HY.1eBYIO MO3HUHIO (NeBbld BepXHUH yroa).

Pyukunst «\» («Kypcop B Hauano 3kpaHa») nepemellaer Kypcop B JeBblil Bepx-
HH#t yron skpaHa. Mudopmauns Ha skpaHe ocTaeTcsi HeH3IMeHHOH.

Ecnu ob6paTutbcs K mnoanmporpaMme BbIBOAA CHMBOJA Ha 3KpaH (mo appecy
OF809H), 3anucaes npenBaputenbHo B peructp C mukponpoueccopa kon 07H, To
PK Bblpact 38yKoBOH CHrHa/J MpOAONKHTelbHOCTbIO npumMepHo 0,25 c. Takoit curHan
noaaeTcs H npu OAHOBpeMeHHOM Ha)caTHH kaaBuw YC u G.

B 3akatoueHHe — o dyHKUHH npamoli aapecaunn Kypcopa. Ytobbl ycTaHOBHTb
Kypcop B Tpefyemyio MO3HLUHIO HAa 3KpaHe, HeO6XOAWMO BbIAATb Ha AMCMIeld nocae-
nosateabHocts Kopos: IBH+59H + (HOMEP CTPOKH + 20H) + (HOMEP T10-
3HULIMHU +420H). Crpokn u mo3uuuH Ha 3KpaHe oTcuuTbiBaioTcs ot 0, nmpuuem HyJge-
BOH CTPOKOH 3KpaHa CYHTaeTcs caMas BepXHAA CTPOKa, a Hy/jeBOH MO3HUHEHd — ca-
man JeBas. C/NOXHOCTb AaHHOH ympaBJsiiouled MOCAeN0BATENbHOCTH O6GBACHSETCH
cTpemJleHHeM 00ecneynTb COBMECTHMOCTb ¢ HabOopaMH KOAOB AMCM/eeB MPOMbILLAEH-
HOrO NPOHM3BOACTBA.

3.2. Uutepnperatop asbika beiicuk

S13blk mporpamMmupoBaHus BbicOKOro ypoBHf bBeicuk 6bl1 pazpaboTaH ele
B 1964 r., HO IIHPOKO CTal MNpPHUMEHATHCA TOJNbKO MOC/Ae MOABAEHHA MHK-
ponpoueccopoB H MHKpoOBM. DBe#icuk, B oraMuMe OT APYyrux A3bIKOB Mpor-
pPaMMHPOBAHHS, O4eHb MPOCT A/ OCBOEHHA €ro HAa4YHHAIOUWIHMH TPOrPAMMHCTAMH.
OnHaKo, HeCMOTPA Ha TNpPOCTOTY, OH: N03BOJNSET CO31aBaTb CJOXHble MPOrpamMMmbl,
peliaipoulHe camble pa3HooOpa3Hbie 3anauyH: OT MIPOBbIX A0 NPOrpaMM CTATHYECKOH
06pa6oTKH HHGOPMaUWH, aBTOMATH3aLLHH POEKTHPOBAHHS W YNpPaBJeHHS Pa3J/iHUHbI-
MH OGBEKTaMH.
K Henocratkam Beiicuka cieayetr OTHeCTH OTCYTCTBHe OOLLENPHHATOrO CTaHaap-
Ta Ha OCHOBHbIE 3JeMeHTbl A3blka W OTCYTCTBHE CPEACTB AJA HAMHCAHHUA CTPYKTYPH-
poBaHHbIX nporpamMM. HecMoTps Ha 3TH HeLOCTATKH, Mbl BCe e CUHTaeM 3TOT A3bIK
Hau6ojee MOAXOAALULHM ANA MPOCThiX MUKPOIBM u npeanaraem uutaTessimM BapHaHT
TpaHcAATOpa, KOTOPbIA NpH Manom obbeme (7 Kb6aiit) vMeer AocTaTouHo 6o0Jbline
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BO3MOXHOCTH M MO3BOJISIET MPH He3HAUMTENbHBIX NepefesKax HCMONHSATb HAa MHKPO-
3BM npakruyecku Jio6ble NporpamMmsl, HanicaHHble Ha DBeiicuke, HO pa3paGoraHHble
aast apyrux 3BM.

OnucbiBaeMblii TPAHCIATOP SABJASETCA UHTEPRPETATOPOM. DTO O3Hayaer, yTo B
namMaTH MHKpoOBM 10/1KHbI ONHOBPEMEHHO HAaXOAMTbC KaK caMa mnporpamma-
MHTepripeTaTop, Tak M Mnporpamma, HanicaHHas Ha si3bike Beiicuk. Takoil noaxon
n03B0JISIET BO3JOXHTb HAa HHTEpPNpeTaTop, KpoMe TPAHCASLLMH NMPOrPaMMbl, H HEKO-
TOpble JOMOMHHTENbHble (YHKUHH, B UYaCTHOCTH pelaKTopa LA MOAFOTOBKH TeKc-
TOB MPOrpamMM H BHECEHHS B HHX H3MEHEHHH M (PYHKUHH OT/NanuHKa Anst 3¢ eKTHB-
HOro mnoucka owH60K. Takum o6pa3om, HHTepnperatop, 3arpyxeHubli 8 O3Y
MHKpoOBM n 3anyuwieHublii B pabory, no3pBossieT Kak pa3pabarbiBaTb HOBbie MpPOr-
paMMbl, TaK M 3arpyaTb (C MarHMTHOH JIeHTbl), 3anyckaTb B paboTy Mporpammsl,
cocraB/ieHHble paHee. Takoi wHTepnperarop TpeGyeT HaNWuusi ONEPaTHBHOH NaMsTH
o6bemom He MeHee 12 KGa#t (HauuHas ¢ anpeca 0000H). Uurtepnperatop xpaHuTt-
Cfl Ha MarHUWTHON JieHTe W 3arpyxaercs B O3Y ¢ noMouLbio AHPeKTHBb MOHHTOpa .
Jnsi BBOpa@-BbiBOAA HH(OPMALMH HHTEpPNPeTaTop HCNojb3yeT MOANPOrpaMMbl Mo-
HHTOpA.

B Tta6a. 3.6 npuBeneHbl Koabl WHTepnperaTtopa. Bol Moxere Habparb nporpammy
C nomoulbio aHpekTHBbI M MoHHMTOpa cpasy WM MO yacTsiM, 3anucbiBas HaGpaHHylO
MHOOPMALHIO HAa MarHUTHYIO JeHTy ¢ noamollblo aupektHssl O. Ilpu Ha6ope Takoi
OTHOCHTENBbHO GOJIbLIOH MPOrpamMMbl Jierko AONYCTHTb OLIHOGKH, MOITOMY HHXe MNpH-
BeleHbl KOAbl MPOrpaMMbl, NpefHa3HauyeHHOH A MoACYeTa KOHTPONBHBIX CYMM:

2800 31 FO 28 21 43 28 CD 18 F8 21 00 00 11 B7 28 AF
2810 86 23 47 7D B7 78 C2 10 28 1A B8 C4 31 28 13 7C
2820 FE 19 C2 OF 28 21 64 28 CD 18 F8 CD 03 E8 C3 00
2830 F8 E5 21 A3 28 CD 18 F8 ElI E5 D5 25 7C CD 15 F8
2840 DI ElI C9 IF 2A 6D 69 6B 72 6F 2F 38 80 2A 20 70
2850 72 6F 67 72 61 6D 6D 61 20 70 72 6F 77 65 72 6B
2860 69 0D OA 00 OD OA 6B 6F 6E 65 63 20 72 61 62 6F
2870 74 79 2E OD OA 64 6C 71 20 77 6F 7A 77 72 61 74
2880 61 20 77 20 6D 6F 6E 69 74 6F 72 20 6E 61 76 6D
2890 69 74 65 20 6C 60 62 75 60 20 6B 6C 61 77 69 7B
28A0 75 2E 00 OD OA 6F 7B 69 62 6B 61 20 77 20 62 6C
28B0 6F 6B 65 20 2D 20 00 95 3A 14 4B 58 61 E4 90 3B
28C0 D6 F4 6A 74 CB 33 93 65 70 BF D6 A2 B4 3D IA 6A

Aty nporpammy 3anyckaior B pa6ory npu aupektHBe G 2400. KoHTponbHas
CyMMa MNOACYHTLIBAETCs AJS Ka)Kaoro W3 6jokoB o6bemom 256 Gaitr. Ilpu o6Hapy-
KEHHH OLIHGKH Ha 3KpaHe [HMCNJest BbICBEUHBAETCS HOMep OIIHGOYHO BBELEHHOro
6a0ka. Homepa 6n0KOB Bbinalotcst B IIeCTHaauLaTHpHYHOM Buae. Hanpumep, ecan
oln6ka ob6HapyxeHa B 6Joke Homep OA, TO uckaTb ee Hago B 06J1acCTH MaMsiTH C
anpeca 0AFOH no OAFFH. 3anyckatb nporpaMmmy npoBepkH uejecoo6pa3HO TONbKO
nmocsne Ha6opa BCell NporpamMMbl HHTeprnperaropa.

3anyckaiotr uHTepnperatop B pabory mo aupektHse moHutopa GO.

Ha 3kpaHe aucniest npH 3ToM nosiBAsieTcs coobuleHHe:

* PAITMO-86PKxBASIC
=
3rto 3HAUYHT, YTO HHTEPNpPETAaTOp rOTOB K NMPHEMY NHPEKTHB, 3alaBaeMbIX 6nepaTop0M.
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HuTtepnperatop umeer ABa OCHOBHLIX pexHMa paboOTbl: HENoCpeaCTBEHHOH HH-
TeprpeTaudy W HHTEpPNpeTaLUHH NpOrpaMMbl, XpaHslleics B NaMaTH (LaJjee A8 KparT-
KOCTH OyaeM Ha3blBaTb peXHMbl: MepBblii — HeNnocpeacTBEHHbIM, a BTOpPOH — MpOr-
paMMHbIM).

HenocpencTBentblii pexxHM paboThl MO3BOJISET HCMOJb30BaTh MHKPOIBM pasn
BbIMOJHEHHS BbIYHCJEHHH 6e3 HamHCaHWA NMpPOrpaMMbl, T. €. NMPHMEPHO TaK XKe, Kak
3TO [Je/aeTcs C MNOMOIUBID KalbKyJasTopa AJNSl Hay4yHO-TeXHHUYecKWx pacueroB. Han-
puUMep, HeOOXOLHMO pAacCuYUTaTb MOLLHOCTb, PAacCeMBAeMYI0 Ha KOJJIEKTOpe TpaH-
3MCTOpa BBIXOAHOrO Kackaga. [lns 3Toro cripaBeasiHBO COOTHOLLEHHE:

PK = EE / 4n2Ru,

rpe Eqx — HanpsXXeHHe Ha KOJJEKTOope, R, — CONpOTHBAEHHUE HATPY3KH.

IMycrb, vHanpumep, Ex=12B, R,=8 Om. Ecau tenepb HabpaTb Ha K.aaBHaType
caenyiolilee BblpaxKeHHe:

PRINT 1272/ (4%(3.14) " 2%8),

TO nocje HaxaTus Ha knaBuwy BK Ha skpane aucnness mpourem orser: 0,456408.

O6patute BHMMaHue, uTo B DBelicuke ans 060o3HaueHHs1 onepalud BO3BELEHHS
B CTeMeHb HCMONb3YETCH CHMBOJ «'», BMECTO 3ansToM B AECATHYHBIX APOGHX — TOY-
Ka, a 3HaK YMHOXEHHS — «*>.

Ilns ykasaHus nocjenoBaTeNbHOCTH BbIUMCIEHHH HCMONB3YIOTCA Kpyrjblie CKOOKH.
Ecnv 3TH  BbluHCIeHMS HEeOOXOLAMMO TMPOM3BECTH HECKOJbKO pa3 (4  pasHbIX
3Hauenuit E, u Ry), To MoXHO HanucaTh mpocTyio nporpammy (ta6a. 3.7 npumep 1).
Ho npexae uem nogpo6Ho o6cyxpaThb paboTy 3TOH NporpaMMbl, MO3HAKOMHMCH C
HEKOTOPbIMH TePMHHAMH W MOHATHAMH.

[TporpamMma Ha bDBeiicuke COCTOMT M3 MOCJe10BaTENbHOCTH [1POHYMEPOBAHHbIX
crpok. CTpokaM NPHHATO MPHCBAWBATb HOMepa C WHTepBanoM, pasHbiM 10. B panb-
HefillleM 3TO MOXeT OKa3aTbCsl MONE3HbIM, €CJH NMOHaf06HTCS BCTABHUTb B MPOrpammy
HECKOJIbKO JOMOJNHHTEeNbHBIX cTPOK. Homepa cTpok MoryT 6biTh Jo6biMu — oT 0 no
65529. Kaxnas cTpoka nporpamMMbl MOXKET COCTOSITb M3 OLHOIO HJIH HECKOJbKHX ole-
paTopoB, BLIAOJHSAIOUIMX Hal Pa3JH4YHbIMH OMepaHaaMH CTPOro orpeaejeHHble aeH-
crBust. Eciiv onepaTopoB HECKONBKO, TO OHH OTAENSIOTCS APYr OT Apyra CHMBOJIOM
«:» (aBoerToude). B KkauecTBe onepaHgoB CAyXaT BbLIPAXKEHHS, COCTaBJieHHble M3
KOHCTAHT W mepemeHHbix. B Beficuke cyliecTByeT aBa THMA KOHCTAHT: YMCJIOBblE U
CUMBOMbHbIE. UHC/IOBbIE KOHCTAHThl — 3TO Jio6ble NecATHuHble uucaa ot —1,7-10%
10 +1,7-10%, cHMBOJIbHBIE — [10C/AEA0BATENLHOCTb NI06bIX OTO6PAXKaeMbIX CHMBOJIOB,
3aK/ioueHHass B KaBblYKHW, Hanpumep:

«MOCKBA>»; «KI1350»; «<PE3YJIBTAT-» — CUMBOJIbHbBIE KOHCTAHTHI,

220; —3801; 3.14; —3.003E — 03; 8E12 — uucnoBble KOHCcTaHTh. [IBe mochen-
HWE KOHCTaHThl 3ajaHbl B 3KCNOHEHUHanbHOH (opMe, Ha uTO yKasbiBaloT 6ykBa E,
3a KOTOpO# cllelyeT 3HaK, W BeJMuHHA Mopsaaka (AJs MOJOXKHTeNbHbIX UYMCeN 3HaK
«+>» MOXHO onyckaTb). TOYHOCTb 3alaHHA KOHCTAHT — LUECTb AECATHUHLIX UHP.

COOTBETCTBEHHO THNAM MepeMeHHbIX B MporpaMmax Ha bDeficuke ucnonb3ylorcs
nepeMeHHble TakXe ABYX THIOB: YHCJOBble H CHMBOJbHble. O6pallleHHe K nepeMeHHbIM
NPOU3BOAMTCSA MO UMEHH, KOTOPOE COCTOHT M3 OLHOrO WJIH ABYX CHMBOJIOB, MEPBbIH W3
HHX 0013aTeNbHO 10JKeH GbiTb 6YKBOM JNaTHHCKoro andaBuTa, a BTOpOH — GYKBOH
JlaTHHCKOro angasuta WA uudpoi. CHMBOJbHBIE fNepeMeHHble Mocjae HMEHH colep-
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Ta6anwnua 3.7

REM PACYET MOWMHOCTW

P1=3.14139

PRINT * 3HAYEHME<HAMPRXEHUA?"
INPUT EK

PRINT "COMPOTUBJEHUE HAMPY3KHU?"
INPUT RN

PK=EK*2/ (4% (PI) ~2%RN)

PRINT *PACCEMBAEMASs MOMHOCTb ="jPK
INPUT *MPOAOAXMM (A UMM H) "iX$
100 IF Xs="A" THEN 330

110 8TOP

NYCTb A$="TEJIE®, B$="0OH", C$="BWU30OP",

TOTAA: Ms=AS+B$ = “TEJIEOOH"
Ne=AS+C® = "TEJNEBU3OP"
BS<)Cs

NPUMEP 3

10 DIM A(30), B(15,15), C2(3,3,3)
20 DIM P$(5), R$(?,4)

10 DATA 12,865, KI103M" ,"K1810BM86"
20 DATA *TPAH3UCTOP", "MUKPOCXEMA®

10 INPUT
20 INPUT
30 INPUT

Al
A2,A3,A4
BS, E2

"BARE MMA "1

10 PRINT
20 PRINT
30 PRINT
40 PRINT
50 PRINT

*MPOrPAMMA PACHETA YCUIUTEARA®
"KOAMMHECTBO = "jAé

A,B,S4

45%#A2+83

ALS ,A28IN?

Kat 3Hak «§», Hanpumep:

NPUMEP 8
10 CUR 25,18
20 PRINT "TrPAOUK WS*

10 FOR I=0 TO 10 STEP 2
20 PRINT I3
30 NEXT I

MPUMEP 10

10 FOR I=10 TO O STEP -2
20 PRINT I3

30 NEXT I

NPUMEP 11

X=0 THEN 1000

A=0 THEN B=1

A=S5 AND C=? THEN GOSUB 200

Z2=0 OR F=0 THEN L=4:G60T0 22
B$="HET" THEN PRINT ®BEPHO"
K$=*1A* OR K=" THEN STOP

MPUMEP 12

10 CLS

20 FOR I=0 TO 60
30 PLOT S0+I,I,1

40 NEXT I
NPUMEP 13
10 CLS

20 PLOT 0,0,1
30 LINE 40,40
40 STOP

10 CLS

20 PLOT 20,20,1

30 LINE 20,50:LINE 50,30
40 LINE 50,20:LINE 20,20
50 STOP

A; A8; K — ponycTuMbie MMeHa YHCJIOBBIX MepeMeHHbIX;
Ab; AlS, C3$ — [ONYCTHMble HMEHA CHMBOJIbHbLIX MepPeMeHHbIX.

['pynne nepeMeHHbIX OAHOrO THMa MOXeT GbiTb NPHUCBOeHO obuiee uMsi. Takue mepe-
MeHHble Ha3blBAIOT MNepPeMeHHbIMH C HHAeKCaMH HWJIH MacCHBaMH MepeMeHHbIX (Mbl
6yaeM MoNb30BaThbC TEPMUHOM «MACCHBY).

Ilnsa ob6pauleHust K KaxXa0H OTAENbHO!N mepeMeHHOH B MacCHBe HCIOAb3YIOT OAHH
WM HeckonbKo WHAekcoB. Haumenbliee 3HaueHue uHaekca paBHo 0, a HauGo.bluee
onpeaensieTcss pa3mMepom MaccuBa. Eciu HHAeKC OAHH, TO TOBOPAT, YTO MAacCHB OA-
HOMepHbIl, ABa — AByMepHbI ¥ T. A. MiMeHa MaccCHBOB MOAUMHAIOTCA TeM Xe mpa-
BHJAM, 4TO H HMeHa nepeMeHHbX. MHIekchl Heo6X0AHMO YKa3blBaTb B KPYMJIbIX
cko6kax nocie uMeHu MaccuBa. PaspeuieHo ucnonb3oBaHHe Kak MacCHBOB YMCJOBBIX

MepeMCHHbIX, TaK H MACCHBOL CHMBOJIbHbBIX [ICPCMCHHBIX.
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Haunmenbluee 3nauedne ungekca maccuBa paBHo 0, Hanpumep:

AB (4) — narteiii 31eMeHT ogHoMepHoro mMaccusa AB;

LS (3,8) — snemeHT, CTOAIWMI Ha MepeceyeHUH YeTBEPTOH CTPOKH H [1EBATOrO
croabua aByMepHoro MaccuBa LS;

K3 (5) — wectoit aneMeHT CUMBONBHOrO oaHOMepHOro maccusa K.

[Tpu paBote nporpammbl AA Kaxaoro maccusa B namatH IBM pesepsupyercs
cooTBeTCTBylOILAsi o6nacTb. MaccuB nmepel MCNONB3OBAHMEM [OMKEH OBITb ONMHCAH
¢ nomoubio onepatopa DIM.

[TepemeHHble U KOHCTAHTBI CyXaT OMepaHLaMH B BblpakeHWsX fA3bika Beficuk.
Kpome HHX B BHIpaeHHS BXOLAT TaKxe 3HaKH onepaumil, CKOGKH H HMeHa ¢YHK-
uuit. O6pallieHde K GYHKLUHAM NPOMCXOAHUT MO HX HMEHH, apTyMEHT NPH 3TOM YKashl-
BAlOT B KPYIbIX CKOGKax rnocje umend. Bce Bbipa)keHHS MOXHO pasjenTb Ha ue-
Thipe THna: apudMeTH4ecKHe, CHMBOJbHbIE, OTHOUEHHA W JoruyeckHe. B Taba. 3.8
npuBejeHbl 3HaKH onepauuit, npuHATele B Beficuke. UucnoBble nepemeHHble ¥ KOHCTaH-
Thl MOTYT MDHHHMAaTb yuacTHe B BblpaKeHUsX JoGoro Tuma. [is CMMBOJMBHBIX ne-
pEMEHHbIX H KOHCTAHT paspelleHbl TOAbKO OfMeDaud¥ OTHOLIEHHS H KOHKaTeHauuu
(cnusnun), o6o3Hayaemble 3HAKOM «—+» (cM. npumep 2 Taba. 3.7).

Ta6nuua 3.8

3Hak onepaudy Onepauus

Apugpmeruqeckan

Caoxenue

Bbiuutanue

YMHOXKeHHE

Ienenune

Bo3Benenne B crenenb
OTHowenun

Bosbue

Mesnblute

PasHo

He pasho

Bosablue uau pasHo

Menblie unu paBHo
Jozuueckasn

NOT Otpuuanue (HE)
AND Jloruueckoe ymuoxenue (M)
OR Jlorunueckoe caoxenne (UJ1IH)

AV >~%I1+

AV A
(Y

[lpu BbluMcieHWH pe3y/ibTaTa BHIpAXKEHHS Bce OMepauHy NPOH3BOAATCA B Ofl-
peaeneHHoM nopsiake. [TopsiioK BHIYMCAEHHS 3aBUCHT OT IpHOpHTeTa onepauui. Henonb-
30BaHHe KPYIAbIX CKOGOK MO3BOJIRET M3MEHHTh MOPALOK BLIUMCJEHHSI BbiDaXKeHHH HH-
TEpNpeTaTopoM.

Bo Bcex anropuTMH4ecKHX f3blKax OAHHM H3 OCHOBHBIX ONEpaTOpPOB HABJIAETCH
onepartop npucsauBanusi. B Beiicuke TakoBbiM siBasietcsi onepatop LET. Hanpumep,
3anuch LET Bl =12 o3nauaer, 4To nepeMeHHo#l (uau KoHcTauTe) Bl npucBauBaercs
3Hauenue 12. B onuchiBaemom uHTepnperatope cioso LET ue ucnoanbsyercs, u mo-
3TOMY HeoOXOAMMO MpPHCBOEHUE 3HAueHUi 3anmuchiBaTh Tak: Bl=12.
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BepheMmcs k npumepy | tabn. 3.7. B ctpoke 20 koncraute PI (uucno mt) mpuc-
BauBaercsi 3HaueHHe 3.14156. B crpokax 30, 50 u 80 3anucaHbl onepaTopbl fneyarTH,
MO3TOMY Ha 3KpaH 6ynyT BbiBefleHbl COOTBeTCTBYloUIHe coobuteHnsi. B crpokax 40, 60
u 90 3anucaHbl onmepaTopbl BBOAA, B pe3yJbTaTe BbIMOJHEHHSI KOTOPbIX B MePBbIX
ABYX Cl1y4asix OpraHu3yercsi BBOA UYMC/AOBbIX 3HAueHHi, B MOCJeLHeM — CHMBOJbHO-
ro 3HauyeHHs.

BBegeHHoe ¢ KnaBHaTypbl CIOBO MPHCBAaHBAETC CHMBONbHOH nepemeHHoil X$.
B crpoke 100 ncrnonb3oBaH yca0BHbIH OnepaTop, KOTOPbIH B Clyyae BbINOAHEHHS yCaO-
BHA riepefaeTr ynpaeJjeHHe HAa Hayano nporpaMMbl (ctpoka 20). B mporuBHoM cayuae
6yner BoimonHed onepatop STOP, npekpawamouiuii BbiMO.IHEHHE MPOrpamMMbl H Me-
PEeBOASALWMKA HHTEPNPETAaTOP B HEMOCPeACTBEHHbIH pexXHM paboTbl.

Mbl yxe roBOpHAH, YTO HHTEPNPeTaToOp peaju3yer Takxe (YHKUMH pefakropa
TEKCTOB M OTNafyHKa. [lnsa BBOJAA TeKcTa HOBOH nporpamMMbl HeOOXOAHMO CHauana
3ajaBaTb eMy COOTBETCTBYIOLWHH pexxum paborbl — aupektusoii NEW, a 3atem ¢
KnaBHaTypbl HabpaTb mporpamMMmy (He 3a6biBas Hab6HpaTb BHauane KaxAOH CTPOKH
ee HoMep). [lns ucnpasieHHst HeBepHO HaOPaHHBIX CHMBOJOB CAYXHT KNaBHILA «<—»
(Tak xe. Kak # B Monutope). BBOA Kax10H CTPOKH 3aKaHUHBAIOT HA)XKaTHEM HA
knasuwy BK. Ecnu naxarts Ha kaasuwy CTP, To ynpasneHue nepenaetcs nporpam-
Me MOHHTOp W AN MOBTOPHOTO 3amycka MHTeprperatopa B pa6oTy Heo6XOLHMO
Bocnonb3oBaThesi AHpekTHBOM Mounntopa GO. [lepesanyck uHTepnperatopa He mpH-
BOAHT K MOTepe TeKcTa paHee Ha6paHHOH nporpaMMbl. KiaBHlIa «—» CAyXHT aas
OTMeHbl Bceit HaGpaHHOH CTPOKH.

[TpocMoTpeTb TeKCT nporpaMMmbl MOXHO ¢ nomolubio aupekTHBbl LIST. Ecau
Heo6XO04HMO YAaNHTb KaKylo-NH60 CTPOKY MPOrpamMMbl, AOCTAaTOYHO MPOCTO HabpaThb
ee HOMep M HaxaTb kaaBuwy BK, a yTo6bl BCTaBHTb CTPOKY B cepeluHy mporpam-
Mbl — HabpaTtb J1060/f HOMEp CTPOKH, MONajaioWHi B HHTEpBa] MexAy OABYMs CO-
CeIHHMH, 3aTeM caMy CTpPOKy W HaxaTb knaBuwy BK. Hurepnperatop He pearu-
pyer Ha npobebl, €C/H TONbKO OHH He CTOAT BHYTPH CHMBOJIbHBIX KOHCTaHT. 3TO
cosjlaeT onpejeieHHble yn06CTBa, TaK Kak MPH HCMOJNb30BaHHH NPOGENOB 1A Bbl-
[leJIeHHsl OnepaTopoB YJy4llaeTcsl YHTaeMOCTb POrpaMMbl (XOTH HECKONbKO yBeJHYH-
Baercsi ee obbeMm). [lnsi ucnpaBieHHs CTPOKH TPOrpaMMbl, CoOAepalleil OWHGKH,
HabupaiotT 3Ty cTpoKy 3aHoBo. [Tocne Haxkatusi»Ha k/aaBuwy BK BHOBb HabpaHhas
CTpOKa BCTaHeT Ha MecTO CTapoil.

Otnagka nporpaMmbl Ha bBeficHke NMPOH3BOAMTCA TakKXe C MOMOLUbIO HHTepnpe-
traropa. [ns 3TOH ueAd MCMOAb30BaHAa BO3MOXHOCTb MepeBOLA HHTEprperaropa
M3 MPOTrPaMMHOrO pPeXHUMa B HeMocpeiCTBEHHbI MpH BbinoiHeHWH onepatopa STOP
HIH ONHOBpeMeHHOM HaxaTuu Ha Kaasuwk YC u C. B HemocpeacTBeHHOM pexume
MOXXHO MpPOCMOTPETb H NMpH Heo6X0AHMOCTH MOAHHUHPOBATb (M3MEHHTb) 3HAUEHHS
nepeMeHHbIX, CHOBA MPOCMOTPeTb TeKcT nporpammbl no aupekruBe LIST u 3atem
NPOLOMKHTb BbIMOJHEHHE NMPOrpaMMbl C TOTO MecTa, Tie OHa Gblna mpepBaHa.

[Tepeiinem Tenepb K MOAPOGHOMY OMHCAHHIO MCMOJb3YEMOro BapHaHTa HHTepmpe-
Tatopa s3bika Beficuk. [Tpexae Bcero paccCMOTPHM CHCTEMHble NHPEKTHBbI HHTepHpe-
tatopa. OTMeTHM TOJIbLKO, YTO Jajiee MO TEKCTy (pUTrypHble CKOOKH GYAYT 03Hauyarb,
uTO JaHHble MapameTpbl B KOHKPETHOH [JHpEKTHBE MOTYT OTCYTCTBOBaTb. B 3Tom cay-
yae UCMONb3YIOTCH TaK HA3blBAEMbIE CO2AAUIEHUS NO YMOAHARUIO.



HAupextuser asvika Beiicuk

Ilupektusa NEW noaroraBnuBaer uHTepnperatop Ansi BBOAA HOBOM
MporpamMmbl C KJaBHaTypbl AHCIM/Es, MPH 3TOM BCEM YMCJOBbIM MepeMeHHbLIM NpHCBa-
uBaerca 3HaueHue 0, a CHMBONBHbIM — «NycTasi cTpoka». TekcT mporpammsi, Ha6-
paHHblii paHee, cTUpaeTcs.

HupektruBa RUN(N} cnyxur aas samycka nporpammbl co CTPoKH ¢ Homepom N.
Ecnn Homep CTpPOKM OTCYTCTByeT, TO pa6oTa MporpaMMbl HAuWHaeTCs CO CTPOKH
C HauMeHblIHM HOMepoM. Bcem nepemetiHbiM npucBauBaeTcs 3Hauenue 0 uau «nycras
CTpOKa».

HupextuBa LISTIN) uHHuMHpyeT pacmeyaTKy TeKCcTa MpOrpamMbl, HaXOAsLLEHCS
B O3Y, HauuHas co cTpokd ¢ HoMepom N. Ecaiu HoMep oTcyTcTByer, TO pacneyartka
HAYHHAETCA CO CTPOKH C HAHUMEHbLUHM HOMEpOM.

HupektuBa CONT no3BoisieT NPOLOMKHTb BbIMOJHEHHE MPOTPAMMbI C TOTO
MecTa, rile oHa Gbia mpepBaHa Ha)katHeM Ha knaBHwH YC u C wau npu BhinonHe-
Huu onepatopa STOP. dra anpekTHBa — OLHO M3 OCHOBHBIX CPEACTB OTJAAKH MpOr-
pamm Ha bBeficuke. Ecan mocne octaHoBa TEKCT MpOrpaMMbl H3MEHSJACH WM GblNo
Bbl1aHO COOGLIEHHe HHTeprnperaTopa O CHHTAKCHYECKOH OLIHOKe, TO MPOAOJKEHHe
BbinoaHeHHs nporpammbl o aupektuBe CONT HeBO3MOXHO, O YeM WHTepmperaTop
Bbl3eT HA 3KPaH AHCMJ/ess COOTBETCTByloliee coobLuieHHe.

Iupektisa MSAVE {ums} nossoasieT nepenucatb nporpaMmy Ha bBeficuke u3
O3Y Ha MarHuTHylo sneHty. MiMs nmporpammbl, ecliH OHO YKa3aHO, MOXeT COAepXaTb
OLHH CHMBOJ JIaTHHCKOro andaBuTa WAH OAHY undpy. Idomyckaercss He yKasbiBaTb
uMs nporpamMmbl. B 3Tom cayyae u npu nocaeapyiouieM BBOLE MPOrpamMMbl HMs yKa-
3blIBaTh TakXe He Hauo.

IupektuBa MLOAD ({ums} npeana3HaueHa aasi 3arpy3ku nporpamm Ha bBeiicu-
Ke ¢ MarHuTHo#t nedtsl B O3Y. Ecan WMsi nporpaMmbl yKa3aHo, TO MPOHCXOAHT MOHCK
NaHHOH nporpammbl, ecid HeT — B O3Y 3arpyxaercsi nmepBasi e BCTPeTHBLUARACH
Ha JieHTe nporpamma Ha Beiicuke, 3anucaHHasi 6e3 yKa3aHHS HMEHH.

Oneparoper asvika Belicuk

B DBeficuke umeercsi psii onepaTopoB, KOTOpble MOXHO pa3feluTb Ha 1Be
rpynnbl — BhHIMOJHSiEMble W  HeBbinoaHsieMble. HesbimonHsieMble oneparopsl — 3T0
onepaTopbl OMKHCAHHSA, K HUM OTHOCATCH CJeayloulHe.

Oneparop REM cnyxuT Ansi BCTaBKH B TeKCT MporpaMmbl koMMeHTapueB. OH
He BIHSIeT Ha BbIMONHEHHE NMPOrpaMMbl, TaK KaK Ha TeKCT; CTOSILUHIA B CTPOKe 33 3THM
onepaTopoM, HHTepNperaTop He pearupyer (cM. npumep |, taba. 3.7).

Oneparop DIM npepHaszHayeH AAs OMHCAHHS MacCHBOB, HCMONb3yeMbIX B MpOrT-
pamme. MaccuB MOXHO He OMHCHIBATb, €C/H €ro pa3MepHocTb He npesbiwaer 10.
Opanum onepatopoM DIM MoXHO onucaTb cpa3y HECKOJNbKO MacCHBOB (CM. nmpumep 3,
Tabn. 3.7). Haumenbluee 3HaueHue ungekca pasHo 0. MaccuB aosKeH ObiThb OMHCaH
[0 er0 HCMOJb30BAHHSA B MPOrpamme, HHaue BCTYNaeT B CHAY OHCAHHE MO yMOJYaHHIO.

Oneparopom DATA MOXKHO ONMUCHIBATh JaHHblE HEMOCPEACTBEHHO B MpOrpamMe.
3HaueHHs1 JaHHbIX MPHCBAHBAIOTCS MepPeMEHHBbIM MPOrpaMMbl C MOMOLIbIO onepaTopa
READ. Tlporpamma MmoxeT coaepxaTb nio6oe uucao omepatopoe DATA u pacno-
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JarathCsl OHH MOTYT B JIIOGOM MecTe MporpamMmbl HE3aBHCHMO OT MOJOXEHHsl onepa-
topos READ. Oneparopom DATA moryr GbiTh onucaHbl JitoGble LaHHble, KaK 4YHC-
NOBble, TaK H CHMBOJIbHbIE (CM. npumep 4, Tabn. 3.7).

Bce nauuble, onucaHuble ¢ nomoulbio onepatopa DATA, o6pasyioT 610K naH-
Hbix. Hauano 6n1oka — naHHble, omucaHHble cCaMblM MepBbIM B MpoOrpaMme omeparo-
pom DATA, koHeu — naHHble, onHcaHHble nocielHum onepatopoM DATA. [laHuble
u3 6]10Ka MOXHO CUHTaTh, BOCNOJb30BaBlikch onepatopoM READ. Ouu Gyayr cuwu-
TaHbl MoC/JefoBaTeNbHO, HauHHas ¢ nepsoro. [Tocne Kaxmoro obpauieHnst K 60Ky
[laHHbIX NPOMCXOAMT MepemellleHHe Ha OLHY MO3MUHIO BHYTPEHHEro (ONs MHTepnpe-
TaTopa) yKasaTens AaHHbIX.

CyluecTByeT elle OfHH OMepaToOp ONMHCAHHSA, HO C HHM Mbl MO3HAKOMHMCH B pa3s-
aene, MOCBALEHHOM BCTPOEHHbIM GyHKuusam DBeficuka. B 3aBucuMocTH oT Ha3Haue-
HHS BBIMOJIHAEMble OfepaTopbl TaKXe MOryT OblTb pa3geeHbl Ha psAg rpynn:
BBOJA-BbIBOAA; YMpaB/leHHs XOLOM BbIMOJHEHHS NPOrPaMMbl; OpPraHH3aUHH LHKIOB;
YCJIOBHBIH; TpadHyeckHe H CBA3H C MALLUHHHBIMH pecypcaMmH.

Oneparop READ npepHasHayeH INf YTEHHS NaHHbIX H3 610Ka JaHHBLIX M MpHC-
BOEHHSI 3HAaueHHH NepeMeHHbIM MporpamMmbl. 3aMHcb 3TOr0 onepaTopa B nporpamme
soirasiauT Tak: READ X1, X2, .. XN, rae XN — umeHa 4YHCIOBbIX WM TEKCTOBBIX
nepemeHHblX. [1pn onucaHHW NaHHBIX MporpaMMHCT 06f3aH CTpPOro co6aaaTh COOT-
BETCTBHE MeX1Y THMOM AaHHbIX H nepeMeHHbIMH. [IpH KaXXIOM BbINOJHEHHH onepa-
TOpa yKasaTe/b [JaHHbIX CMellaeTcs Ha OQHY MO3HLUHIO.

Oneparop RESTORE cnyXHT LASi nepeMelleHHst yKa3aTenst JaHHbIX B MepBylo
Mo3HUHIO, obecrneynBasi TeM CaMblM BO3MOXHOCTb MOBTOPHOI'O CYUHTbIBAHHSA OdAHHBIX
H3 6J10Ka.

Oneparop INPUT no3BoisieT BBOAHTb [aHHbie C KJNaBHATypbl AHCI/IEs Hemoc-
PEICTBEHHO TMPH BHIMOJHEHHH NPOTpaMMbl Ha Beiicke. 3HaueHHs! BBeAEHHbIX NAHHBIX
MPHCBAHBAIOTCA MepeMeHHbIMH, HMeHa KOTOPbIX YKa3blBaloT BC/JeN 3a OMNepaTopoM
INPUT. 3to MoryTr 6biTb Kak YHCJOBBlE, TaK H CHMBOJIbHble NepeMeHHble (CM. MpH-
mep 5, Taba. 3.7).

[Tpu Buinonuenun oneparopa INPUT Ha skpaHe aucnJies BO3HHKAeT CHMBOJ «?».
B orBer Ha 3TOT BOMPOC ¢ KAaBMaTypbl BBOAAT AaHHble, KOTOpble pacneyaTbiBAlOTCH
Ha 3KpaHe B CTPOKYy Cpa3y Mocje 3TOro CHMBOAA.

Ecau onepatopom INPUT Heo6x0ZHMO BBECTH HECKONBKO MepeMeHHbIX, TO mocie
BBOJA OUepeHOrO0 3HAYeHHS HeOOXOAWMO Ha){aTb KJaBHWY «,». BBOA AaHHBIX 3a-
KaHuuBaercsi Haxkatvem KnaBHwiH BK. Ecau nocne nossienns cumsona «?» cpasy
HaxaTb knaBuwy BK, To uHTepnperaTop nepexoAHT H3 MPOrpaMMHOrO B Hernocpen-
CTBEHHBIH peXXHM.

lMepen crnuckom nepeMenHbix B onepatope INPUT moxeT cTOSTb cTpoka cHM-
BOJIOB, 3aKJlOueHHass B KaBblUKH. B 3TOM csyyae mpu BBIMOJNHEHHH ornepaTopa Ha
3KpaH AHCTNesl CHauana GyleT BblBelleHO yKa3aHHOe cOOGLIEeHHe, a 3aTeM CHMBOJ «P».

[Tpu BBome maHHBIX, MOKa ewe He Obula HaxaTa KaaBula KoHua BBoga BK,
L5l BHECEHHSI MCMPAaBJEHHH MOXKHO MONb30BATbCA KNaBHLIEH «<—».

Oneparop PRINT npenHa3nadeH [Jsi BblBOJa HA 3KpaH [AHCMJes 3HAuYeHH
nepeMeHHbIX, COOGLLEHHHA W pe3y/bTaToB BbluucaeHui. Ecnu onepaTtop ucnosnb3oBax
6e3 onepaHna, TO 3TO MPUBOAHT K MeyaTH ofHOH myctoii ctpokH. [Ipu Habope mpor-
paMmbl H B HenocpeicTBeHHOM pexume BMecTo cjaoBa PRINT, moxho Ha6patb
CHMBOJI «?», TOTAa MPH MOCJelyiOlleM MPOCMOTPe TeKCTa MPOrpamMMbl MO AHPEKTHBE
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LIST Bbl yBHAHTE, UTO B TeKCTe CHMBOJ «?» aBTOMAaTHYeCKH 3aMeHeH Ha C/l0BO
PRINT.

Onepangos, croswux Bcaeg 3a onepatopoM PRINT, MoxeT 6biThb HECKOJbKO,
M TOrJa WX OTREASIOT APYr OT Apyra pasjeauTensMH. B kavectBe pasnenurteneit
HCMONBL3YIOT CHMBOJBI «,» H «;», MPHYEM MPH MCMONb3OBAHHH MEPBOTO CHMBOJA MO
KaxXJ10e BbIBOAHMOe 3HauyeHWe OTBOAMTCA |4 nmo3uuui B CTPOKe, BTOPOH CAYXKHT AN
KOMTMAKTHOH MeyaTH pe3yJbTaToB.

Ilna neuaTw uucen ucnonb3yloTcss Tpu GOpPMbI 3aMMCH: B BHAE LEJIOT0 yuCaa,
yucaa ¢ JeCATHYHOH TOUYKOH W B IKCMOHeHUHanbHOM BHAe. B nio6o#t ¢opme neya-
TaeTcsl He 6osiee LeCTH UHDP.

Ecan nocne nocnenHero onepanna B onepatope PRINT crout paspeantens,
TO NpH BbINOJHEHHH cienyloulero omeparopa PRINT neuath npoponkaercs B ToH
ke cTpoke. Eciin ke paspenutenb He CTOMT, TO neuaTb HauMHaeTcs C HOBOH CTPOKH.
Has 3apanus dopmbl neyatu gaHHelx ¢ nomolusio onepatopa PRINT B s3bike Beit-
CHK MpefiycMOTpeHbl cleuHanbHble QyHKLUHH, paccMaTpHBaeMble HHXe (CM. nmpuMmep 7
Taba. 3.7).

Oneparop CUR X, Y cayxuT ansi nepemelleHusi Kypcopa B MO3HUHIO C KOOp-
nvHatoit X no ropu3oHTanM u KoopauHatoih Y no BepTHKaad. Hauano orcuera —
JIeBblil HMXXHUA yron 3kpaHa. [luanasoH u3MeHeHMst KOOpPAMHAT Kypcopa no ropu-
3oHTanu 0...63, no Beptukanu 0...24. Ecau nocne onepatopa CUR nonkeH GbiTb Bbl-
nonuex onepatop nedath PRINT, To BbiBOA MHGOpMauWH Ha IKpaH HauHeTcs ¢ Mo-
3uuuu ¢ koopauHatamu X u Y. [locne BbIMONHEHHSI MPOrpaMMbl B LEHTPe 3KpaHa
nosBuUTCA coobutedue «rpaduk N5» (cM. npumep 8, Taba. 3.7).

Oneparop CUR no3BoasieT co3gaBaThb MPOrpaMmbl, MONHOCTBIO HCMOAb3YIOLLHE
BO3MOXHOCTH Hallero aucnies. K Takum nporpamMmam MOXHO OTHeCTH pasHoo6pa3-
Hble HIpOBble NMpOrpaMMbl, 3KpaHHble pelaKTOpbl TEKCTOB, MPOrpaMmbl 06paGoOTKH
vHdoOpMauud, npeacTaBieHHol B TabaHUHOH OpMe, H MHOTHe ApyTHe.

[Tporpamma Ha fi3bike BeiicHK BBIMOMHAETCS CTPOKA 33 CTPOKOH, B COOTBETCTBHH
¢ Hx Homepamu. OfHaKo HMeeTCsl psil ONepaToOpPOB, MEHSIOLLMX €CTeCTBEHHbI XOA Bbl-
NOJIHEHHS! POTPaMMbI.

Oneparop GOTO N — 310 onepatop G6e3yc/JOBHOH Mepelayd ynpasjeHHs Ha
cTpoky ¢ Homepom N.

Oneparopot GOSUB N u RETURN cnyxar ans OpraHH3alMH MOANpPOrpamM.
Onepatop GOSUB N cayuT ana Bbi30oBa MOAMPOrpaMMbl, HauHHaloOLEHACA CO CTpoO-
Ki ¢ HomepoM N. 3axkaHuuBaTbCcA nognporpamMma no/aXKHa 06s3aTeNbHO omnepaTo-
pom RETURN. Ilocne ero BbIMOJHEHHS! MPOHCXOAHT BO3BpaT B TO MECTO OCHOBHOM
nporpamMmbl, OTKyAa Mpou3oulen Bbi30B noamporpammbl. [lonmyckaercsi MHOrokpatHas
BNOXKEHHOCTb MMOANPOrpamMM, CTeneHb KOTOPOM OrpaHHuyeHa TOJbKO 06beMOM cBOGOA-
HOH MaMsATH.

Oneparopot ON X GOTO N1, N2,.. u ON X GOSUB NI, N2,... peanusyior
yCNOBHYI0O Mepelauy yMpaBJeHHs Ha OOHY M3 CTPOK NPOrpaMmbl, HOMep KOTOPOH
yKasaH B CIHCKe, c/lelylolleM 3a OfnepaTopoM.

[Ipu BbINONHEHHH OMepaTopa CHauana BbIYHC/ISETCS 3HaueHWe BblpaxkeHHs X, OT
pe3y/ibTaTa Gepercsi lenas yacTb, KOTOpPAas W CJAYXKHT yKasaTeleM Ha HOMep CTPOKH
B cnucke. Hanpumep, ecnn pesyabraT BblpakeHus paBeH |, To ympasnenue Gyner
népenaHo Ha ctpoky Ne 1, 1ByM — Ha cTpoky Ne 2 u 7. a. Ecau ke pesyabrar Bhipa-
XKeHHus MeHblue | uau Gosiblie, YeM YMCJIO HOMEPOB CTPOK B CMHCKe, TO BHIMONHAETCS
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onepaTtop, HenocpeacTBenHo caeayiouwiuit 3a onepatopom ON — GOTO uau ON —
GOSUB. PaccmoTpeHHblH onepaTop 4acTo Ha3blBalOT nepekjiouaTenem. [leiicTBuTens-
HO, ero pa6oTa MOXoxa Ha paGOTy MHOTOMO3HLHOHHOrO NepeK/ioyaTessi, KOMMyTHpPYIO-
ILLero MpOXOXKAEHHe CHTHala M0 ONHOMY M3 BO3MOXHBIX HanpaBJjeHui. Onepatop
MO3BOJIAET COKPATHTb TEKCT NPOrpaMMbl B TeX cJyuyasix, KOria Heo6XOAHM aHaju3
MHOXKeCTBa BapHaHTOB, MPOrPaMMHCTY Ke Heo6XOAMMO TaK NMOAO6pPaTh BbipaxKkeHHe X,
YTOGbl NPH BCEX BO3MOKHLIX 3HAYEHHSIX MEPEMEHHbIX, BXOAALHX B HEro, MPOMCXOAHJIO
nepekJ/iloueHHe Ha CTPOKY C HYXKHBIM HOMEPOM.

Oneparop STOP npepHa3HaueH AJsl MpeKpalleHWsl BLIMONHEHWS MPOrpamMmbl H
nepeBOfa HHTEpPNpeTaTopa B HENOCPEACTBEHHbIH peXHM. DTOT OnepaTop OueHb YAO-
GeH MpH OT/aflke NMPOrpaMMbl, TaK KakK MO3BOJISIET B NpOrpaMMe c034aTb KOHTPOJb-
Hblii ocTaHoB. BhbimosHeHWe npepBaHHOW MNpPOrpaMMbl MOXHO MPOAONKHTb, BbIAAB
untepnperaropy aupektuBy CONT. [locse Bbinonnenus onepatopa STOP Ha 3kpau
aucnnest BbiBoAHTCA coobuieHue: «CTOIT B XX», rae XX — HOMep CTPOKH, B KOTO-
poii npou3oLlen OCTaHOB.

[Tporpammbl, HanucaHHble Ha JIOGBIX A3bIKaX MPOrpaMMHPOBAHHS, OGBIYHO CO-
[epKaT MHOTOKDaTHO MoBTopsilouiHecst ¢parMeHThl — UMKAB. [Iasi opraHuzauuu
LUHKJIOB B f3blke BelicHK MMeIOTCH creuHasbHble OnepaTopbl.

Oneparop FOR X TO Y {STEP Z)— 310 onepaTop HHHUHMA/NW3ALUMH LHKANA, a
onepatop NEXT umMs — onepatop KoHua uukia. Bce, uTo HaXOaHMTCH MeXAy HHMH,
Ha3bIBAIOT TeJIOM UHKJA. B oneparope uHuunanuszauuu uumkna X — BbipaxeHue, 3a-
jawpllee WMs MepeMeHHOM UHKNA W NpHCBaHBalollee eil HauyajbHOe 3HaueHue; Y —
BbipaXKeHHe, OMNpelensiolulee KOHEYHOe 3HaueHWe MepeMeHHOM uukaa. Beipaxe-
HHe Z onpegensieT 3HaueHHe, Ha KOTOPOE OONXKHA H3MEHHTbCS MepeMeHHas LUHKJa
(lwar uukna) nocie Kaxaoro sbinonHexusi oneparopa NEXT. dro Bblpaxkenue npu-
BOAHTCA TOJNBKO B TOM cJyyae, ecH lwiar uukaa orauyed or -+ l. [locne oneparto-
pa NEXT nomertaercs cmHcoK HMeH MepeMeHHbIX — MapameTpoB UHKJAa. B yacTHoM
cllyyae 3TOT CMHCOK MOXeT ObiTb MycThiM. MiMeHa mepeMeHHbIX B CMHCKe yKa3blBaloT-
csl yepes 3anarylo. [IpounntocTpupyem ckasaHHoe npumepoM 9 — taba. 3.7.

[Tocne BhimoOJHEHHst 3TOH MporpamMMbl Ha 3KpaHe AHCMJES MOSIBUTCS LUECTh 3Ha-
yenuit: 0 2 4 6 8 10. B nanHom npumepe onepartop, cTosilnit B cTpoke 20, ABnsieTcs
TenoM uHkia. TakuM o6pa3om, paGora onepaTopa LHK/Ia 3aK/104aeTcs B cAedyloleM:

3ajaeTcs HauyaJlbHOe 3HAauyeHWe MepeMeHHOM LHKJa;

BBIMOJHAIOTCS OMEpPaTOpbl, BXOAALHE B TENO LHKJA;

NPHBOAKTC MpPOBEPKA AOCTHXEHHS MepeMeHHON LHK/JIA KOHEYHOTO 3HaueHHS,

eC/NH KOHeuHOe 3HaueHHe He [OCTHTHYTO, TO 3HaueHHe MepeMeHHOH LHK/Ia H3Me-
HAeTCS Ha BeJMYHHYy, PaBHYIO lUAry LWKAA, W BCe Mepeydc/eHHble Bbillle OfepaLHH
MOBTOPSAIOTCS BHOBb;

ec/li KOHeYHOe 3HayeHWe [QOCTHIHYTO, TO BBINOJHSAETCS OnepaTop, CJelyiollHit
HenocpeactseHHo 3a onepatopom NEXT. Lllar uukna MoXeT MpHHMMATb H OTpHLA-
TenbHoe 3HadyeHue (cm. npumep 10, Taba. 3.7). B 3ToM cayuae mocnenoBaTeNbHOCTb
BbIBEleHHbIX Ha 3KpaH 3HaueHuit 6yner obpatHoi: 10 8 6 4 2 0.

3amerbre! OmepaTopbl, BXOAsilUHE B TeJO WHKAA, B JIOGOM cjyyae BbIMOMHS-
I0TCA XOTA Obl OAMH pas, TaK KaK MpOBepKa YCJOBHA OKOHYAHHS MPOH3BOAHTCSH
B KOHLle LHKJA.

OpraHu3oBaTh LHK/IHYECKYI0 pabOTy MpOrpaMMbl MOXHO H He MOJb3ysCb Clie-
UHaNbHbIM OMEpaToOpoM UHKna (Hampumep, ¢ nomouwbio onepatopa GOTO u ycJaos-
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HOrO ofeparopa, OMHCHIBAEMOro HHXKe), OJHAKO HaJHyHe TaKoro omepartopa 3HauH-
TeNbHO ynpoilaer pa3paboTKy nporpamm, ocBoGOXKAasi MpOrpaMMHcTa OT HeoGXO4H-
MOCTH MpOBEJEHH H3MEHeHHS MepeMeHHONH LWKNa W MPOBEPKH ero OKOHYaHHS.

Ycaosnoui oneparop IF X THEN — oauH u3 ¢yHZaMeHTanbHbIX OMepaTopoB,
UMEIOLLIMXCA MOUTH B J1I060M aJiFOPHTMHYECKOM f3blKe MPOrpaMMHPOBAHHS BbICOKOFO
ypoBHs. Pa6ota ero 3akiiouaercsi B Cieaylouem:

npoBepsieTcs BbinoJiHeHHe ycaoBHs X;

eciH X — UCTHHA, TO BbLIMOJNHSAIOTCA OMEpPaTopbl, CTOsILLHE B CTPOKe focje
cnosa THEN;

ecad X — JIoXb, TO ynpaejeHde OyleT MepefaHo CcJjeayiolleil CTPOKe Mpor-
paMMbl.

Bbipaxkenne X MOXeET BKJIO4aTb IIPOBEPKY CaMbiX Pa3jHMUYHbIX YCJOBHH C HC-
MoNb30BaHHEM KaK omepauuil OTHOLIEHHS, Tak W Jorudyeckux onepauuii. Onepatopsl,
crosigne nocae cnosa THEN, takxke moryr GbiTh pasdnuutbiMu. B uacTHoctu, ecau
Heo6xoaHMO BbINONHUTB onepatop GOTO, To ero HasBaHHe MOXHO OMYCTHTb U TONb-
KO YyKa3aTb HOMep CTPOKH MNpOrpaMMbl, KOTOPOH cJaenyeT MepenaThb YynpasJjeHHe.

B ycnoBHoM onepaTope BbipakeHne X MoxeT ObiTb apudMeTHyeckuM. B 3ToM
cnyyae ycsoBHe cuHTaeTcs BolnonHeHHbIM, ecniu X =0. [Tpumep 11, Taba. 3. 7. uanioct-
PHPYET HCMOJb30BaHHE YCIOBHOTO OMepaTopa.

OCco6eHHOCTBIO OMUMCHIBAEMOTO BapHaHTAa HHTeprperaTopa A3bika DBeicuk apas-
eTCsl Ha/JlHuHe OnepaTopoB, MO3BONSIOWNX (GOPMHPOBATbL IpaHUYECKHe H300paxKeHUst
Ha JKpaHe QHCMJes.

Oneparop CLS npepHa3HaueH ANS CTHPAaHUS WHGOpMAUHUM C 3KpaHa W Bceraa
JOJKEeH BbIMOJHATBCS Npexae, yeM HauHeTcsi (GopMHpOBaHHe rpaduueckux H3obpa-
*enuil. B rpadnueckom pexxuMe Ha 3KpaHe AHCMJes BO3MOXKHO oTobpaxenue 128 Touek
no ropu3oHTasu U 50 Touek no BeptHKaau. Ha puc. 3.1 nokasau ¢dopmatr 3kpaHa B
rpaguyeckoM pexkume. TOYUKH aapecyloTCs B MPSIMOYroNbHOM CHCTEMe KOOPAHHAT ¢
HayaJloM B JIeBOM HH)XKHEM yrjy 3KpaHa.

Onepatop PLOT X, Y, Z no3BoasieT noracuTb (HJH BbLICBETHTb) TOYKY C KOOPAH-
Hatamu X no ropusoxtaan u Y no septukanu. Ecau nocneawuit onepann pased 1, To
COOTBETCTBYIOLLAs TOUKa 3acBeunBaercsi, 0 — racHer. [IporpamMma «pucyeT» Ha 3KpaHe
NpAMYIO JIMHHIO C HauanbHbIMH KoopauHaTamu X =50, Y=0 u koueunnivu X=110,
Y =60 (c™. npumep 12, Tabn. 3.7). (O6paTuTe BHUMaAHHe HA TO, YTO 1HANa3oH H3Me-
HeHus KoopauHat X B onepatope CUR BaBoe MeHbliie, 4eM COOTBETCTBYIOLHH AHANa30H
B onepatope PLOT.)

Oneparop LINE X, Y nosBoasier Bbluep- 49

YUMBATb WJIH CTHPATb OTPE3KH NMPAMbBIX JHHHH.
Onepauabl X 1 Y 3a1a10T KOOPAHHATY KOHeu-
HOi1 ToukH oTpe3ka. [lns 3agaHus KOOpAHHAT
Hauyana OTpe3Ka, a TakxKe ero BHaa (3acBeTka
WK ralieHue) cayxut onepatop PLOT (cm.
npumep 13, taba. 3.7).

[Toc/ie BbINOJIHEHUST TPOrpaMMbl Ha 3Kpa- v

27
He MOSIBHTCHA OTPE30K NPAMOil JIHHWUM C KO- LS
opauMHatamMd Havana 0,0 ¥ KoopauMHaTamu
xoHua 40, 40. Puc. 3.1. dopmart 3kpaHa B rpadu-
Ecnu cnenyomuit orob6paxaemblit otpe- YECKOM peXxHme
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30K NO)KEH HauWHATbCs TaM, rie 3aKOHuWAcA npeabiaywuit, To oneparop PLOT
Heo6X04uM AN 3ajaHHs KOOpPAMHAT Hayaja TOJNbKO caMoro nepsoro ortpeska. Tak,
nporpamma npumepa 14, Taba. 3.7 BLIBOAMT Ha 3KpaH aucnJest H3o6paxKeHue KBaapara.

Hcnonb3ys onucanHble onepaTopbl, Ha 3KpaHe MOXHO CO3[1aBaTb Pa3HOOOpa3Hble
¥306paXkeHHs, B TOM YHCJe H AHHAMHUECKH H3MeHsIoLlHecs.

Cpean oneparopoB Beiicika 0co60e MecTO 3aHHMAlOT OMepaTopbl, MO3BOJSAIOLIHE
MONYUYHTb AOCTYM K MaLIHHHBIM pecypcam.

Oneparop POKE X, Y no3BoJsieT 3anucaTb B fiueifiky NaMsTH, aapec KOTOpOH 3a-
LaH BblpakeHueM X, 3HaueHHe, paBHOe pe3yJbTaTy BbipaxKeHHs1 Y (OHO LOJXKHO HaXxo-
auTbe B auanasode 0... 255 (OH — FFH)).

Tak kak B PK peructpbl nepudepuitioix BUC appecyiorcst Kak sueliku namsTi,
TO AN 3aMUCH WHPOPMALMH B HUX MOXeT ObiTb ucrmonb3oBaH onepatop POKE.

Oneparop BEL X, Y npepHa3naueH ajisi GOPMHPOBAHHA PA3/JHUHBIX 3BYKOBBIX
curianos. [Tapamerp X (0...255) 3apaer BbicoTy ToHa, a napamerp Y (0...255) —
OJHTENbHOCTb 3BYYaHHS.

U uakoueu, ewe oauH onepartop, umeoluiicst B a3bike Beiicuk,— CLEAR X npex-
Ha3HaueH AaS OYMCTKH namaTh. Ecau napamerp X He ykasaH, TO nocsie BbiMONHEHHS
onepartopa BCeM YHCJOBbIM fepeMeHHbIM NpHcBanBaeTcs 3Hauenve 0, a BCeM CHMBOJb-
HbIM — 3HauyeHue «nycras cTpoka». Eciu ke napamerp X yka3biBaeTcs, TO B NaMsTH
BblgeNsieTcs AONOJHHTeNbHbIH 6ydep pa3mepom X 6aiiT, npeaHasHaueHHbd AnA Xxpa-
HEHUSl CHMBOJIbHBIX MepeMeHHbIX. B 3ToM ciyyae uyHc/I0Bble nepeMeHHble OCTalOTCA
6e3 u3meHenuil. Bbipenenne pononsutenpHoro 6ygpepa Heo6X04HMO B TOM cJyyae, ecin
CHMBOJIbHbIE lepeMeHHble NporpamMmbl He nomewlatorcs B 6ydep, BblaeNeHHbIH A1 HHX
nmo ymonuanuio. [lepBoHauanbHblii pa3mep storo 6ydepa pasen 50 GaiiTam.

Dynkyuu 8 asvike belicuk

B s3bike Beficuk WMeeTcs pad BCTPOEHHbIX QYHKLHI, KOTOpble MO3BOJSAIOT 3HAYH-
TeJIbHO YNPOCTHTb HaMUCcaHHe HeKOTOpbIX nporpamM. HasBanue «BCTpoeHHasi» O3Ha-
4aeT, YTO B HHTeprnpeTaTope ecTb nporpamMma o6pa6oTku AaHHOH ¢yHKuuH. CyuwecT-
BYIOT YHKUHH, pa6oTaloUiHe C YMCJIOBbIMH H CHMBOJIbHBIMH AaHHbIMH, QYHKUHH fpe-
06pa30oBaHHsA THMOB [aHHbIX, a Takxe (YHKUMH OOpalleHHs K TaKHM MaUIHHHBIM
pecypcaMm, Kak copgepxumoe siyeek namatH. B 3Tom nopsinke u 6yaem ux paccmar-
pHBaTD.

B BblpaxkeHusix obpalleHHe K QyHKuMH BCerga AOMKHO HaXOAUTbCA B MpaBoM
yactd, Hanpumep: A=SIN (X).

Takum o6pasoM, A5 BbI30Ba GYHKLHH AOCTATOYHO NMPOCTO yKA3aTb €e UMS B Bbi-
paxeHuu. B kpyrabix cko6Kax yka3biBalOT aprymeHT. Pe3yabTaT paGoThl ¢yHKUHMH
(B LaHHOM cayyae 3HaueHHe cuHyca X) HCnoab3yeTcs B najbHeHlleM B BblpakeHHH
IONSl BbIYHC/JIEHHS] OKOHYATeNbHOrO pe3ysbTaTa W MPHCBOEHHN [10N1yYEHHOrO 3HAaYeHHs
NeBOH yacTH BbipakeHHA. Bo Bcex omnucbiBaeMblX HuKe (QYHKUHSIX B KauyecTBe apry-
MEHTa MOTYT BbICTYNaTb KOHCTAHTbl, HMeHa NnepeMeHHbIX H BbIpaKeHHs, COAepKallHe,
B CBOIO OuYepelb, 0OpalleHHA K BCTPOEHHBIM (PYHKLHAM.

B Tabn. 3.9 nepeuncnenbl BcTpoeHHble dyHKuuH sisbika Beiicuk. IToutn Bce xo-
pOLIO 3HAKOMBI UHTATeNI0 MO KypCy MaTeMaTHKH CpPefHel LKOJbl H TOJbKO ABe MO-
caefHHe QYHKUHH TPeOYIOT AOMOJHHTEeNbHbIX Pa3bACHEHHH.
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Ta6avwuma 3.9

¢yHKllHﬂ Pe:y.ana'r paGOTbl
SQR (X) Kopenb kBaapatHbifi u3 X
EXP (X) SkcnoHenta or X
LOG (X) Hatypansbnbiii norapupm ot X
ABS (X) AGconioTHas BeanHuuHa X
X, eciu X> 0
ABS(X) = 0, eciu X=0
— X, ecau X<<0
SGN (X) 3nak X
I, ecau X> 0
SGN(X) = 0, ecan X=0
—1, ecnn X<<0
SIN (X) Cunyc or X (X 8 paauanax)
COS (X) Kocunyc ot X (X B paauaHax)
TAN (X) Tanrenc or X (X B paanaHax)
ATN (X) Apkranrenc or X (B paauaHax)
INT (X) Lenas wactb or X
RND (X) Cayuafinoe yuciao or 0 o 1

®ynkyun INT (X) Bo3Bpainaer B KauecTBe pe3yabrara HauGosbluee leN0e YKCIO,
KoTopoe Menbiie uaW paBHo X. Hanpumep: INT(7.6) =7; INT(—5,6) = —6;
INT (3) =3.

Pynxyusa RND (1) sanumaer ocoboe Mecto cpeau apyrux ¢yukuuii. [Ipexae Bcero
OTMETHM, UTO apryMeHT 3TOH QYHKUHH Bceraa AojKeH ObiTb paBen |. Pesyabrar pa-
60Tl pyHKUHH — cnyuaiiHoe uncno Goablue 0, HO MeHbuie 1. C NOMOLLbIO 3TOH (YHK-
LUHH MOXHO MHcaTb Ha s3blke Deficuk paswooGpasHble MporpamMMbl MOAEJNMPOBAHHA H
KaK 4acTHbIH cayuall Takux MporpaMm — HrpoBbie.

Ecnu Heo6xX0auMO cayyailHoe uHC/I0 B APYrOM AHanasoHe, vanpumep or 0 ge 100,
TO AOCTATOYHO B nporpamme HanucaTb: A=RND (1)x100, a uro6bl caenatb ero
uensiM — A=I/NT (RND (1)%101).

TpuroHoMerpuueckue ¢GyHKUHH TpebylOoT, 4TOGbl apryMeHT Gbll yKa3aH B pajHa-
Hax. Eciu nmo KakuM-H60 NMpHYHHAM HYXHO YKa3atb yroJ B rpajycax, TO MepeBOA
H3 OLHOH Mepbl yraa B APYrylO JIerKo NPOH3BECTH H B MporpaMmme, BOCMONb30BaBIHCH
¢dopmynoit: Y=X-3.14/180, rae Y, X — 3HaueHust yrjna B pajvaHax ¥ rpapycax
COOTBETCTBEHHO.

Kak Bbl, HaBepHoe, y)Ke 3aMeTH]H, B f3blKe peaJi30BaHbl HE BCe TPHFOHOMeET-
prueckHe (YHKLHH, OAHAKO 3TO He AOJIKHO BbI3bIBAThb 3aTPYAHEHWH, TaK Kak Bceria
MOXHO BOCMOJIb30BATbCS M3BECTHbIMH TPHFOHOMETDHUECKHMH BLIPAXKEHHSIMH LJSi Of-
peAenenHst OAHUX QYHKLMH uepe3 Apyrue.

$Iabik BelicHik uMeeT pa3BuTble BCTPOEHHbie CPeACTBa AJAS 06pabOTKH TEKCTOB,
YTO BLIFOAHO OTJIMYAET €r0 OT MHOMMX APYTHX $i3bIKOB MPOrPaMMHPOBaHHUs BLICOKOTO
ypoBHsi. PaccMOTpHM BCTpOeHHble (YHKUHH AJA paboThl C CHMBOJbHOH HHpOpMa-
uued.

PesyabraTom paborhi (pynkuuk LEN (X$) seasietcs uucio, paBHOe KOaM4eCTBY
CMMBOJIOB (AJIMHE) CHMBOJNDBHOW MepeMeHHOH X$, HanpuMmep, eciH X£=<<]'Iapoxon»,
to LEN (X$) =7.
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bynkyus LEFT$ (X$,N) nossonsieT BhAeNuTb CTPOKY CHMBOMOB AAHHOH N
HauuHas ¢ KpaiiHero nesoro cumpona, Hanpumep: LEFT$ (X$,3) = «ITap».

Dyukyus RIGHTY (X§,N) nenaer To e camoe, HO HauHHaeT C KpaiiHero npa-
BOrO CHMMBOJIA, Hanpumep: RIGH$ (Xﬁ, 3) = «Xoa».

bynkyun MID$ (X$,M,N) nossonsieT monyuuTb CTPOKY CHMBOJIOB AauHOM N,
HauWHas c no3duun M. OTcueT nO3WUHI BeleTcss cJeBa Hanpaso, Hamnpumep:
MID$ (X$, 3,4) = «POXO».

B nporpammax Ha Beiicuke uacTo BO3HHKaeT HEOGXOAHMOCTb MepeBOAa AAHHbIX
U3 YHCJOBOrO BHAA B CHMBONbHbIA H Ha060poT. [lJ1si 3TOr0 HMEIOTCS ABE ChelHalbHble
BCTPOEHHble (PYHKLHH.

B ¢ynkyuu STRY (X§ aprymentom siBisieTcss uMC/IO HAH apHdMeTHueCKoe Bbi-
paxeHue, a pe3ynbrar paboTbl QYHKUHH — CTPOKA, ABNAIOLLASCA CHMBOJIbHBIM Mpel-
crapiieHHeM JaHHoro uncia. TakuM o6pa3oM, 3Ta GYHKUHS CAYXKHT AJs npeoGpaso-
BAHHA UHCJIOBbIX BEeJHYHH B CHMBO/bHbIH BHA. [IpH nepeBofe Y4YHTHIBAIOTCH 3HAK
ydcaa (MHHYC), OecsiTHYHasi Touka W cuMBoa E, Hanpumep: myctb X=1, Toraa
STR$ (X) paBHo «iul».

Gynkyus VAL (X$) npeanassauesa Aas o6paTHOrO Mpeo6pPa3OBAHHS HaHHbIX
M3 CHMBOJIbHOTO BHAA B YHCJOBOMH, HaUHHAsA C KpaiiHero JeBOro CHMBOJA CHMBOJIbHOMH
nepemennoil X§. Ecnn B cTpoke BCTpeuaeTcsi HEAOMYCTHMbi CHMBOJ, npeoGpa3oBa-
HHe 3akaHuuBaercsl. Ecnu yxe nepBbii CHMBOA $IB/ISIETCS HEAOMYCTHMbIM, TO pe3yib-
TaT paborbl paBeH 0, HanpHmep:

ecan X =«I3 wryk», To VAL (X$) =13;

ecan X=«wtyk 13», to VAL (X$) =o.

Mbl 3HaeM, YTO KaXXAOMY CHMBOJIY COOTBETCTBYeT OrMpeldeseHHbl ceMHpPa3psiiHblil
kof. B Beficike ectb nBe BcTpoeHHble GyHKUHH AN paboTbl C KOAAMH CHMBOJIOB.

bynkyus ASC (X) nepeBoaHT KOA MepBoro cHMBosa X B AeCATHUHOE 4YHCNO,
Hanpumep:

ecin X$=«D», To ASC (X$) =68.

®ynxyus CHRY (X) nossonsieT noJyuynTb CTPOKY, COCTOSILULYIO H3 €JHHCTBEHHOrO
CHMBOJA, KOA KOTOpOro paBeH X (apryMeHT QYHKUHH He AOMKEH rpeBblath 255),
nanpumep: CHR$ (69) =<«E». ATy ¢OyHKUHIO yAOOHO MCMO/Nb30BATh sl BblAAYM Ha
3KpaH AHCIJIes PasJHUHBIX YNpaBasiolluX CHMBOJOB, HanpuMep: PRINT CHR$ (12)
MpHBELET K MepeMeLieHHIo Kypcopa B JieBblil BEpXHHil yron 3kpaHa.

Has ynpaBienuss GopMaTOM neyatH pe3y/bTaTOB Ha 3KpaHe AHCIJes CayxKar
caelyloUlHe TPH QYHKUHH.

Pynkyus POS (1), pe3ynbratoM paGoTbl KOTOPOil SIBJASIETCS LEJ]0€ YHCJIO, PaBHOE
HOMepY MO3HLHW MOCJeJHero OTMeYaTaHHOro CHMBOJA B TeKylleH CTpPOKe, Hampumep:
PRINT «<ABCDE», POS (1) =5.

Dynkyus SPC (X) no3poasieT BCTaBAsATb B Medataemylo ctpoky X mnpobesos
(apryment X He poskeH mpesbiwath 255). Hampumep, B pesyabrare o6paGoTku
CTPOKH:

PRINT «Tpanaucrop»; SPC (5); «KT315I»,

6ydeT HaneyaTaHo:
TPAH3UCTOP uuuus KT315T (— — I'lpOGEJl).
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Pynkyun TAB (X) — 370 QyHKUHSI rOpH3OHTaNbHOH TabyJsilHH, KOTOpas Mo3-
BOJISIET MEePEeMECTHTb KYPCOp B 3aAaHHYIO MO3HLUIO B CTPoKe. ApryMeHT X W B 3TOM
cayuyae He JoJKeH npesblwiath 255. OH yKasblBaeT, CKOJNbKO MO3HUHI HEO6XOAHMO
OTCTYMHTb OT JIeBOro Kpasi cTpokdH. Hanpumep, nocie BbinosHeHHsi onepaTopos

PRINT TAB (5); «A»; TAB (10); «B»

cuMBON «A>» Gyaer HameuataH B LWeCTOM 3HakoMecrte, a «<B» — B 11-m.

Pynkyusa FRE (X) npeaycmorpeHa s onpedeneHust o6beMa cBOGOAHOH nmamsi-
TH, He 3aHSATOH TeKCTOM MpOrpaMMbl H NepeMeHHbIMH MpH pa3paboTke GONbUIHX
nporpaMM, a Takxe nporpaMmbl 06paboTkH TekcToB. Ecnu apryMeHT 3Toi (yHKUHH
4HCJ10, TO pe3y/ibTatoM GyleT KoJH4YecTBO CBOGOAHBIX 6aHTOB B MAMSATH, €CJH apryMeHT
CHMBOJIbHOE BbipaXK€HHe, TO pe3yJabTaT — KOJHUYecTBO cBOOOAHbIX 6GaiitoB B Gydepe
SIS CHMBOJMBHbIX  nepeMeHHbiX. Hanpumep, mnocne  BbinosHeHWs — oneparopa
PRINT FRE (0) Ha 3kpaH 6yner BbiBeleHO KOJHYECTBO CBOGOAHBIX 6aiiTOB B NaMATH.

Bhluie y>ke oTmeuanoch, 4TO HHTEpMpeTaTop MO3BoJsieT pa3pabarTbiBaTh MpoOrpam-
Mbl yrpaBJeHHs Pa3JHuHbIMH O6beKTaMH. YNpaBisiioOulHe NporpaMmbl OGLIYHO COLEP-
KaT KpHUTHUHbIE MO BPEMEHH BbIMOJHEHHSI GParMeHTbl H TPeGYIOT TakXKe BO3MOXHOCTH
HEMOCPEACTBEHHOTO MAHUMYNHPOBAHHA C COLEPKHMbIM SiueeK MaMATH M MOPTOB
BBOAa-BbiBoAd. CiiepyloliHe BCTpoeHHble ¢yHKunu DBeiichka u cayxar ans 3Tux
uesnei.

®bynkyus PEEK (X) — pesynbraToM ee pa6oThl Gyaer AeciTHYUHOE YHCJIO, paB-
HOe COAepXKHMOMY siueiiKH MaMATH, ajpec KOTOPOH onpedesneH aprymeHtoMm X.

Pynkyun KEY (0) Bo3BpailaeT B KauecTBe pe3yjbTaTa KOL CHMMBOJA, €C/H Ha
KnaBuarype Obi1a Haxara Kakasi-q1H60 KaaBHIWA HJAM 4HCI0 255 B MPOTHBHOM
cayuae. Mcnonb3oBanue 31oit GyHkUHH no3soasieT Ha Beficuke co3paBath mporpammbl,
B KOTOPbIX OCYLIECTBJISieTCS AMHAMHYECKOe YrnpaBJleHHe MoBeleHHeM OGBbeKTOB Ha
3KpaHe.

Pynkyun USR (X) npeaHasHayeHa ANl OpPraHW3auMH CBSI3W MPOrpaMM, Hamu-
caHHbIX Ha DBeiicike, ¢ noanporpaMMaMu B MaUWHHHBIX Koaax. AprymeHt X — 3TO
ajpec siueilKH NaMsTH, HauMHas C KOTOPOil 3amHcaHa MporpaMMa B MalHHHBIX KOAaX.
[TosToMy eciin B Bbipa)KeHuu BCTpeTHTCsi obpauiende pynkuun USR (X), To ynpas-
JieHde 6yleT NMepeiaHO MoAnporpamme, pacnosoxerHoi mo aapecy X.

B koHue noanporpamMmbl obs3atenbHo AoJXKHa cTositb Komanaa RET, nocae
BLIMOJIHEHHSI KOTOPOIl ympaBJieHHe Bo3Bpallaercss K mporpaMme Ha DBeficuke. Pe3ynb-
TaT pa6oTbl NoAnporpaMMbl (B BHAae oaHOro 6aidTa) nepei BO3BpAaTOM H3 MOAMPOrpam-
Mbl nomeinaercss B akkymyasitop. Pynkuus USR (X) mosBosisieT KpHTHUYHBIE MO Bpe-
MeHH H crelH¢puKe paboThl pparMeHTbl ajJropuTMa peajH3oBbIBaTh Ha si3bike AcceMm6-
Jepa, a OCHOBHYIO MPOrpaMMy nHcaTb Ha s3bike DBedicuk. [lasi mepenauu napamerpoB
M pe3y]bTaToB B nporpaMmbl Ha DBeficike MOXHO BOCMOb30BAThCH OMEPATOPOM
POKE X u ¢ynkuueii PEEK (X).

IMoanporpamMmbl Lenecoo6pasHo pa3MellaTb B 3alUHILEHHOH 006/1aCTH MaMSATH,
T. €. B TOH 06/aCTH, KOTOPYIO 3aBeJOMO He HCMo/nb3yeT HHTepnperatop. Ecau B
¢yHKUHsAX H omepaTopax, paboTaloulMX C ajpecaMH MaMsATH, ajpec MpeBbillaeT
3Hauenue 32767 (7FFFH), TO OH JOJXKeH YKa3bliBaTbCs B BHAE OTPHLATENbHOrO
yucaa. Aapecy FFFFH Gyner coorBetctBoBaTh — 1, agpecy FFFEH — —2 u T. A.

KpoMe nepeunciieHHbIX BCTPOeHHBIX (YHKUHMH B Deiicuke HMeeTcsi BO3MOXHOCTb
BBOJHTb B MpoOrpamme ofnpejejneHHe HOBbIX (QYHKUHH W B AajbHeAweM o6pallaTbCcs
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K HHM B Pa3/IHUHbIX BblpaXeHHsIX Mo uMeHH. OnpesennTb QYHKUHIO MOXKHO B N1060M
MecTe nporpamMmbl ¢ nomolilbio onepatropa DEF, BaxHo ToAbKO, 4TO6bI CTPOKA C 3THM
onpeagneHneM Gblna HcronHeHa A0 o6pauieHdsi K QyHKuHH. FMeHa Bcex QyHKuui
JOMKHbl HAYUHHATbCAA ¢ cHMBOJOB FN, 32 HUMH caelylOT OAHH HJH ABa CHMBOJA, Orpa-
HHYEHHs Ha KOTOpble TaKHe Xe, KaK H Ha UMeHa nepeMeHHbiX, Hanpumep, FNA, FNX
ponycrumble umeHa, ES2, EKA — HenonycTuMble uMeHa.

Onpenennm ¢ynkunio FNCT(X) caepyiouium o6pasom:

10 DEF FNCT (X) =COS (X)/SIN(X).

®Pynkyusn FNCT B COOTBETCTBHH C HAWHM OMNpeleseHHeM — 3TO TPHFOHOMETPH-
yecKasi (QyHKLUHSI KOTaHreHca, He peajii30BaHHasi B BHJe BCTPOEHHOH B HHTepmpe-
TaTtope.

Oneparop DEF M0oXHO Hcrmonb30BaTh TONbKO B MPOrPpaMMHOM peXHMe, H, KpOMe
TOro, AOMycKaercsi onpejaeneHde PyHKUHH TOJNbKO OT OAHOFO YHCJOBOrO aprymeHTa.
[Tapamerp X, CTOsILLHA B onepartope onpeneneHus, sBAsieTcss GOPMabHbIM, HEOGXOLH-
MbIM AJsi 0603Ha4YeHHss QYHKUHOHANbHOH 3aBHcuMmocTH. [Ipu obpauieHHd K GyHKUHH
BMeCTO Hero ykasbiBaeTcst (pakTHUECKHH apryMeHT, KOTOpblH 3aMmeHsieT ¢opMaJbHblii
napamMerp, CTOSILLKIA B MPaBoii yacTH onepatopa npucBauBaHus. Hanpumep, nocne Bbi-
noateHust crpokd nporpammbl: 20 PRINT FNCT (2) na 3kpaHe 6yaeT HaneuaTaHo 3Ha-
yeHHe KOTaHreHca Aas yria,paBHOro 2 pan.

Bo3MoxHOCTb onpenenenust GyHKLHH MPOrPaMMHCTOM MO3BOJISiET COKPATHTb TEKCT
MporpaMM M 3HAYHTENbHO YJAYUWIHTb HX UHTAEMOCTb.

B uHTepnperaTope mpeaiycMoTpeH BbiBo4 HHGOpPMAalHH Ha neyaraiouiee ycTpoH-
cro. ITpu HaxaTuu knasuwin JC4 O Bcsi BLIBOAHMASA Ha 3KpaH HHpOpMallus Ay6/H-
pyercss Ha meyaraiouieM ycrpoiictBe. [ToBTOpHOe Ha)KaTHe Ha 3TH KJaBHILM 3ampe-
ulaeT BbIBOA Ha mMeyaralouiee yctpoiictBo. [loanporpamMma BbiBoAa Ha leuyartaioliee
yCTpOICTBO nonyuaer koi cHMmBoaa B perncrpe C mukponpoueccopa. OHa Moxer
6biTb pa3MeuieHa B o6sacTH AJs MOANPOrpaMM B MalUMHHbIX Kodax. B sueiikax
namsard 1854H, 1855H, 1856H Heo6XxoaMMO MOMeCTHTb KOMaHAy G6e3ycJOBHOTo mMe-
pexona (JMP ADR) ua Hauano noanporpammbl neuaTd. B noanporpamme neuatu
JOJIXKHO GbiTb MPEAyCMOTPEHO COXpaHeHHe PerHCTPOB B CTEKE H HX BOCCTaHOBJIEHHe
noc/je Bo3Bpara M3 nognporpammbl. OMHCaHHbIA cnocob BbIAAYH NaHHBIX Ha MeuaTaio-
iee ycTpoucTBO 6bln BbIGPAH H3-33 HEBO3MOXHOCTH B YHHBEPCA/NbHOH MNporpamme
yyecTb BCe BapHaHTbl XapaKTePHCTHK Me4aTaloulHX YCTPOHCTB H CMOCOGOB HX MOAKJIO-
YeHus.

Coobujerus 06 owubrax

Wnrepnperatop s3bika beficik mo3sonsier B npolecce BbiMONHEHHs MpO-
rpamMMbl o6HapyXKnBaTb H aHanu3MpoBaTb OWHOKM. HMHTepnperaTop, ecTecTBeHHO, He
MOXeT '0GHApYXWTb JOrHYecKHe OWHOKH. DTO MOXeT clesaTb TOJNbKO Mporpam-
MHCT, TaK KakK TOJbKO OH 3Haer, 4YTo AOJKHa Jenatb nporpamma. O KakHX Xe
OlWH6KAxX TOrAa HAeT peub?

Ecan own6ka o6HapyXeHa B HeMmOCPeACTBEHHOM peXHMe, TO Ha 3KpaH Bbl-
BOAHTCSA COOblLEHHE:

XX OLLUHBKA,
rie XX — ABY3HauHblil KO OLIHGKH.
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Ecaun omubka
coobleHHe:

o6HapyxeHa B MPOrpaMMHOM pexiHMe, TO Ha 3KPaH BbIBOAMTCSH

XX OIIMBKA B N,

rae XX — Kon owu6ku, a N — Homep cTpokH, rie owubka 6blia o6HapyxeHa. [loc-

ne coobuieHus 06

OowHGKe NOSABJASAETCA 3HAK «=>», O03HAYaIOlHH, 4YTO HHTepmpe-

Tarop roToB K MpHEMY AHUPEKTHB U IIPOrPaMMHCT MOXKET BHECTH H3MEHEHHA B [Mpor-

paMMy H 11pOAOJIKHTb OTJAAKY.
PaccmoTpuM, Kakde OWHOKH OOHapy»XHBaeT MHTepnperaTop.

OIIHMBKA 01.

B nporpamme Bcrperuncst onepatop NEXT, ans koroporo He

6Ll BBINONHEH cOOTBeTcTBYylo M onepatop FOR.

OIIHMBKA 02.
OIIMNBKA 03.

OUUWBKA 04.

OLIMBKA 05.

OLIMNBKA 06.

OLIMBKA 07.

OLIMBKA 08.

OLIMBKA 09.
OLIMBKA 10.

OIIMBKA 11}.
OUIMBKA 12.

HeBepHbill cHHTaKCHC.

B nporpamme BcTpernacs onepatrop RETURN 6es npegsapu-
TeJbHOrO Bhino/HeHust onepatopa GOSUB.

[pu BbillONHEHHH NporpaMMbl He XBaTaeT AaHHLIX AJISI onepaTopa
READ, 1. e. naHHbIX, ondcaHHbX onepatopami DATA, menbuie,
ueM mepeMeHHbIXx B onepatopax READ.

AprymeHT (YHKUHH He COOTBeTCTBYeT 00J1aCTH OMNpeAe/neHHs
AaHHON ¢yHkuuu. Hanpumep, oTpuuaTenbHblii WIM HyJeBOH ap-
ryMmeHT ¢yHkUHH SOR(X), oTpHUATe/LHBIH apryMeHT y (GyHKLHK
LOG(X) u . A.

[TepenosHeHue npu BblMOAHEHWH apHpMeTHUECKHX onepauuit. Pe-
3yAbTaT J1060H oNepaudd He MoxeT ObiTh Goibuie -+ 1,7.10%
WIH MeHbwe —1,7.107%%,

Henocratouen o6bem namsiti. Bo3MoxHble NDHYHHBI: BENHK TEKCT
MpoOrpaMMbl, CJAHLIKOM [JHHHbI MacCHBbl [aHHbIX, BJIOXEHHOCTb
MOANPOrpaMM W LHKJAOB GOJblle HOPMbI, CJAHIIKOM MHOrO Mepe-
MEHHbIX.

Her ctpoku ¢ naHHbiM HoMepom. BosHukaer npu BbINOJAHEHWH
onepaTopoB nepexoaa.

HHpekc He cOOTBETCTBYeT Pa3MepHOCTH MacCHBA.

[ToBTopHOe BbinoaHexne oneparopoB DIM uan DEF, onuchiBato-
IWHX MAacCHB MAM QYHKLHIO, KOTOPHe YxKe GblIH OMHCaHbl paxee,
Jlenenue Ha HyJb.

[Monbitka Boinonuute onepatop DIM uau DEF B HenocpeactseH-
HOM pexHMe.

OWIMBKA 13.HecootBercTBHe THNMOB aaHHbIX. BO3HWKaeT npu nonbiTke CcHM-

OILIWBKA [4.

OILIMBKA 15.

OIUMBKA 16.

OWIMWBKA 17.

OIIHBKA 18.

BOJIbHOWH NMepeMeHHOH NPHCBOMTbL UMC/OBOe 3HauyeHHe M HaoOOopoT.
[lepenonnenne GydepHolt obnacty naMsATH, OTBEAEHHOH AJs Xpa-
HEHHS CHMBOJIbHbIX nepeMeHHbiX. [lns pacuwinpenust o6bema 6y-
¢depa cayxur aupekrusa CLEAR.

JlivHa cMMBOJIbHO! nepeMeHHO# npesbiiaer 255.

BrlpaxkeHue, copep:kaillee CHMBO/NbHblE MepPEMEHHbIE, CJAHILKOM
CJOXKHO.

HeBO3MOXHOCTL MPOAOMIKEHUS BbINOJHEHHUSI MPOrpaMMbl MO AH-
pektuse CONT.

[TonbiTka o6paTuTbcss K (YHKLUHH, He OMMCAHHON OMepaToOpOM.
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KpoMme cBeneHuii 06 3TX olWIHOKax, WHTepNperaTop BblaaeT eile TPH coobuue-
HHSL B Cayyae HeBepHOro Ha6Gopa JaHHbIX NpH BbinosHeHWH onepatopa INPUT.

? [IOBTOPUTE BBO/l — yka3sbiBaer Ha owHOKYy B Ha6ope NaHHbIX.

Bmecto uncna Bbl Habpanu CTPOKY CHMBOJIOB.

? JIMIWHWUE [JAHHDIE — nanubix Ha6pano Gosiblue, YeM MepeMeHHbIX B

onepatope INPUT. JluiuHHe AaHHble MPOCTO HFHOPHPYIOTCH.

?? — JaHHbIX HabpaHO MeHblue, yeM nepeMeHHblx B oneparope INPUT. Heo6-
XOAMMO BBECTH HelOCTalouiue JaHHble.

3.3. llporpammupoBanue Ha Beicuke

B npexblaywem pasjgene Mbl MO3HAKOMHAMCh C OMHCAHHEM HHTeprpera-
Topa fA3bika BeiicHk W paszobpanu paa npoctedwnx nporpamm. OnbiTHbIH nporpam-
MHCT H3 MPOCTOrO MEepeuyucleHHss Habopa onepaTopoB H (YHKUHH s3blka MOXKer
CAesaTb BbIBOA O €ro BO3MOXHOCTSIX W NpeAcTaBHTb ce6e Kpyr 3aaau, peiiaembix
C ero moMouibio. 3TOMY CMoco6CTBYeT NpaKTHKA pa3paboTKH MPOrpamMmbl Ha APYrHX
AI3blKaX H M3BECTHble aJTOPHTMbl pelieHHst CTAaHAAaPTHbIX 3ajau.

Jnsi oBnajeHHs TeXHHKOH COCTaBJ/EHHS MPOrpaMM HA4YHHAKOLLIEMY NPOrPaMMHCTY
uenecoo6pa3Ho pasbuparb W aHaAJH3HPOBATH MPOrpaMMbl, HANHCAHHble IPYrHMH,
aHANOrMYHO LIAXMATHCTY, pasbHpalouleMy H aHaJH3HpYIOLleMYy NapTHH, CbirpaHHble
mactepamd. C OCHOBHbIMM MpHEMaMH cOCTaBJeHH mporpamm Ha Deficuke o3Ha-
KOMHMCSi Ha KOHKpeTHbIX MnpHMepax. PaccmatpuBaeMmble HeGo/bliMe MNpPOrpaMMbl
HINIIOCTPUPYIOT O0cOGEHHOCTH MHTeprnperaropa bBeficuka ans PK.

IIpoepammuposanue nHa beiicuke

OfHO M3 OCHOBHBIX LOCTOHHCTB si3blka DeHcHK — BO3MOXHOCTb pa3pa-
6GOTKM mporpamM B AHaJoroBoM pexxHme. Bbi, Hampumep, MoxeTe HauaTb OTJaaKy
nporpamMmbl, HabpaB BCero OAHY CTPOKY. YO6eAHBUIHCb B TOM, YTO 3Ta CTpPOKa Npo-
rpamMbl paGoraer Tak, Kak Bbl W npeanonaraju, MOXHO POAONKHTb HaGop mpo-
rpaMMbl, €C/IH HeT, TO MOC/€ aHa/iu3a MOoJYYEHHOrO Pe3yabTata MOXKHO GbICTPO Hcnpa-
BUTb oOHapyxeHHble owH6kH. Kpome Toro, HemocpeacTBeHHbi peXHM PpaboTbl
HHTeprperaTopa MNpeAOCTaB/asieT BO3MOXHOCTb MpPOBedEHHSI 3KCMEePHMEHTOB [0 Bbi-
ABNEHHI0O OCOOEHHOCTeH MNpHMEHeHWs TOro HWJH HHOrO orneparopa WJIH BCTPOEHHOMH
GYHKUHH, 4TO TaKXKe CMocOGCTBYET ObICTPOMY OCBOEHHIO SI3bIKA.

[Tpu paspaborke nporpamm Bbl ouenuTe npeumyuiectsa 1Ha/jOroBOro pexuMma,
a noka nonpo6yeM caMH COCTaBHTb MPOrpaMMy, peanu3yiollyio AHaN0r C ONepaTopoM.
Hauynem ¢ nocranoBku 3apauu. [lonyctum, Heo6XxOAHMO paspaboraTb Mnporpammy
A5 MpOBEPKH 3HAHMH MaTeMaTHKH Y yuyaluuxXcsi HayaabHbiX kaaccos. Cpasy oroBo-
pPHMCS, 4TO OMMCbiBaemass Mporpamma HY>XHa Mpexjae BCero AJsi O3HAKOMJEHHs
C BO3MOXHOCTSIMH si3blka DBeicuk. PeanbHble mporpammbl npoBepku 3HaHuit TpeGyioT
6o/iee TULAaTeNbHOH NPOPAGOTKH C MpHBJIEYUEHHEM CMELHAJHCTOB MO OOGyuYeHHIO |
MCHXOJIOT HH.

HauneM ¢ cocrabnenns cueHapus paboTbl MporpaMmbl (yMbILILTEHHO MOJb3yeMCs
C/0BOM «CLleHapHi», 4YTOObl MOAYEPKHYTb AMAJOrOBbIH Xapaktep HaweH G6Gyayuiei
nporpammbl). OAHHUM H3 BO3MOXHbBIX BapHAHTOB MOXeT ObiTb Takoi. Ha skpaHe
nosieasiercsi Bonpoc: KAK TEBS1 30BYT?
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Yuenuk HabupaeT Ha kJaaBuaType cBoe umsa (Hanpumep, AHTOH), u nporpamma
BbIBOAHT Ha 3KPaH TeKCT:

AHTOH, 51 XO4y TTPOBEPHUTb TBOE 3HAHHWE MATEMATHUKH. 9 BYLY

[MPEAJIATATb [TPUMEPDBI, A Tbl [TOCTAPAVICH WX PEIUMTD.

ECJIKM TOTOB, HA)KMH HA JIIOBYIO KJIABULIY.

[Tocae sToro KoMmnbioTep OYHLLAET 3KpaH W BLIBOAHT B €ro BepXHeil yactu cCae-
AYIOLLYI0 CIPaBOYHYIO HHGOPMaLHIO:

[TOMHH!

ECJIA TTPHU OTBETE OLUMBEWIBLCHA M CJIYYAMHO HAXMEILb HE TY
KJTABHUIIY, TO HAXXMH KJTABUILY «<«», A 3ATEM HY)XHYIO. TTOCJIE
HABOPA OTBETA HAXMH KJIABUILY «BK».
3TOT TEKCT OCTaeTcst Ha 3KpaHe 10 KOHLA paboTbl MPOrpamMmbl, a B LEHTpe 3KpaHa

NOSIBNSIETCA BOMPOC:

AHTOH, CKOJIbKO BYIET 5 TPUBABHUTDL 2=">
[1pu BepHOM OTBeTe Ha 3KPaH BBLIBOAHTCS:

MOJIOELL, AHTOH!

PELIW EULIE TTPUMEP.

ECJIK TOTOB, HAXKMHU JIIOBYIO KJ/TABUIIY.

HeBepHblif OTBET MPHBOAMT K MOSIBNEHHIO HA 3KpaHe cOOGLIEHHS:

HEIMNPABHWJ/IbHO!

TEBE, AHTOH, HAJO TTIOJIYMATb.

Ecin 3a ABe MOMLITKH y4allWACS TaK H He CMOT DEeLIHTb NPHMEp, TO 1a 3KpaHe

NOSIBASAETCH TeKCT:

[TJTOXO, AHTOH! Tbl HE CMOT' PELINUTb 3TOT [MPUMEP.

BOT I[MTPABWUJ/IbHOE PEILIEHHUE:

5 MPUBABUTDL 2=7.

PEWHW ELIE ITPUMEP.

ECJIKM T'OTOB, HAXXMU JIIOBYIO KJTABUILY.

YueHdK [ONXKeH peWHTb AecsiTb NpuMepoB. B 3aBUCHMOCTH OT pesy.abTaToB

B KOHLle pa6OTbl HAa 3KpaHe BLICBEUHBAETCS OAHO H3 CAEAYIOLLHX COOGILEeHHH:

MOJIOLELL, AHTOH, Tbl 3HAELLIb MATEMATHUKY HA 5!

MOJIOLEL], AHTOH, Tbl 3HAEIIb MATEMATHUKY HA 4!

AHTOH, Tbl 3HAELIb MATEMATHKY HA 3!

AHTOH, Tbl IJIOXO 3HAEIIb MATEMATHKY!

[Tonnblii TekCT nporpammbl, BbIMOJHSAIOLIEH OMHCAHHble [AEHCTBHA, NpPHBEAEH
B taba. 3.10. Paccmorpum ee ocoGennoct. [lpexxae Bcero o6paruM BHHMAaHHe Ha
TO, KaK ()OPMHDYIOTCSI TEKCTOBble COOOLLEHHS, MOABAAIOLIHECH HA 3KpaHe HHCIJIes.
B coorBercTBHH C HAlUWUM cleHapHeM BO3HHWKAeT HeOOXOAHMOCTb BbiBOAA Ha 3KpaH
coo6uleHni, B KOTOPbIX BCTPEYaeTCHd HMsA uesOBeKa, OTBEYalollero Ha BOMpOChl
(cHMBoAbHasi mepemenHas [$). [nsi 3TOH ueNH HCMONb3yeTCs Pa3sfeNdTb «;» (TOUKa
C 3aMnsAToH).

B crpokax 100 u 430 nMpOHCXOAHT BbI30B CTaHAapTHOH noanporpammbl MoHH-
TOpa «BBOJ KOAA CHMBOVIA C KNaBHATypbl», aapec koropoil paBeH F803H B wecthan-
UATHPHYHOH CHUCTEMEe CuHCIeHUs. DTO BLI3BAHO HEOOGXOAHMOCTHIO MPHOCTAHOBKH
BbIIOJIHEHHS MpOrpaMmbl A0 TeX MOp, Moka He OyleT HaxaTa Jwo6as K/aaBHLia.
3uHaueHde, BO3BpallaeMoe MOAMPOrpaMMoil, B [aHHOM cJjy4ae He HCMO/b3yeTcs.
B crpokax mporpammbt 180 u 200 ¢opmupyoTca cayyaiiHble uHcaa, MpeiHasHa-
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Ta6auua 3.10

10 REM 3HHHHHHHHHHHEHHBHHHE R HHBHHHHHHHHHHHH

20 REM # NPOrPAMMA IPOBEPKM 3HAHWIA MATEMATMKM #

30 REM % ¥ YYEHMKOB MJAINMX KRACCOB *

40 REM HHHBHHHEHHHHHHHHHHHHHEHEEHHHEHHEHHHHOHHE

S0 CLS:PRINT:PRINT

60 INPUT "KAK TEBA 30BYT "jI18:PRINT:PRINT

70 PRINT I33°, 1 XO4Y NPOBEPUTL TBOE 3HAHUE MATEMATUKM.®
80 PRINT °A BYAY MPEMAJNIATATbH MPUMEPH, A TM MOCTAPANCA UX PEEMTD. *
90 PRINT * ECJU IOTOB, HAXMM HA JNINEYK KHABMRY.*

100 A1=USR(-2045)

110 X=1:W=0

120 CLS:PRINT:PRINT

130 PRINT TAB(1S3)j"noMHM '°*

140 PRINT “ECAM IPU OTBETE ORMBEELCA U CAYHAAHO HAXMENRL®
150 PRINT *HE HA TY KJAABMRY, TO HAXMA KAABURY <-,A 3ATEM HYKHYN."®
170 PRINT °IMOCHRE HABOPA OTBETA HAKMU KIIABMEY ’BK’":PRINT
180 R=ABS (INT(RND(1)%20-10))

190 IF R=0 OR R=1 THEN 180

200 G=ABS(INT(RND(1)%20-10))

210 IF G=0 OR G=1 THEN 200

220 KL=INT(RND(1)%3)

230 IF KL=0 THEN 220

240 ON KL GOSUB 510,330,600,630

230 PRINT:PRINT I&§* CKOJAbLKO BYAET “jPjUSIR;" = *}

260 INPUT D

270 IF D=Q THEN 370

280 PRINT:PRINT °* HEMPABWIALHO !'*

290 PRINT "TEBE, "i{1$;", HANO MOAYMATL. ":PRINT

300 PRINT I$3" CKONbLKO BYRET “jPIUSIR;® = *j

310 INPUT D:PRINT

320 IF D=Q THEN 370

330 PRINT *IUiOXO, *5I$;*! TH HE CMOr PENMTL 3TOT MNPUMEP. "
340 PRINT * BOT NPABWILHOE PENEHME:*®

3350 PRINT TAB(B)jPjUSIR}* = *§Q:PRINT

360 GOTO 390

370 Ws=W+l

3680 PRINT *MOJIOAEL *§1I¢3*! MPABWIbHO. ®:PRINT

390 IF X=10 THEN 430

400 X=X+1

410 PRINT *PEBMA ENE MPUMEP. *

420 PRINT °"EC/IM MOTOB, TO HAXMUA JIWEYKW KNABMRY.*

430 A1=USR(-2043)

440 GOTO 120

450 PRINT:PRINT

460 IF W=10 THEN PRINT *MOJIOJIEL, “jIsj*, Th 3HAENbL MATEMATMKY HA S'°®
470 IF W=8 OR W=9THEN PRINT"MOJOAEU, “jI¢j", TH 3HAENL MATEMATHUKY HA 4'®
480 IF W=6 OR W=7 THEN PRINT 1¢;", ThH 3HAENDL MATEMATHUKY HA 3'°"
490 IF W<6 THEN PRINT 163°, TM IUIOXO 3HAEND MATEMATHUKY!®
500 STOP

510 Us=" MPUBABUTL *

520 G=G#3:R=R#3

S30 P=G:@=G+R

540 RETURN

5350 Us=" OTHATL *

860 IF G=R THEN G=G+3

870 G=G¥3:R=R¥3

35680 IF GC(R THEN Q=G:G=R:R=Q

590 P=G:@=G-R:RETURN

600 Us=°" YMHOKUTL HA *

610 P=G:Q@=G#R

620 RETURN

630 Us=" PA3JREJUTDL HA *

640 P=GiR:Q=0

630 RETURN

yeHHble /IS reHepaldu OMepaHAoB ouepeiHOH 3ajaud. Bua nefictBusa (caoxenue,
BbIUMTAHHE, YMHOXEHHE WIH JeNeHue) onpejessieTcs clelylouiuM o6pasom. B crpoke
220 nepemeHHoit KL npucBauBaercs 3Hauenwe 1, 2, 3 unu 4. B ctpoke 240 B 3a-
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BMCHMOCTH OT 3HauyeHHH 3TON MNepeMeHHOH MPOHCXOLHT BbI3OB COOTBETCTBYIOLLEH
noanporpammel. B 3THX moanporpammax ¢opmupyloTcs onepaHibl NpeLaaraeMmoro
npumepa. CumBoabHoi nepemennod U$ nprcBamBaeTcs onpenesieHHOe 3HaueHHe
B 3aBHCHMOCTH OT BHJa apH(MeTHUeCKOH ofepaLluH.

[lepemennass X XpaHWT 3HaueHHe, pPABHOE YUCAy 3aJaHHBIX MPHMEPOB, a 3Ha-
yeHHe nepemeHHOH W paBHO uuCJYy BEPHbIX OTBETOB.

[1pu paspaborke mporpamm u npu pabore ¢ IBM uacro Bo3HHKaer Heo6Xxo-
LHMOCTb MepeBOLA YHCeT M3 OQHOH CHCTeMbl cuucieHuss B aApyryto. [lonb3ysce
H3BECTHbIMH MPaBHJIAMH, 3TO MOXHO cAenatb W BpyuHywo. B Tta6n. 3.11 npusenen
MpHMep MporpamMmbl, MO3BOJIAIOUIEA BO3JNOXHTb 3TY TPYLAOEMKYI0 paboTy Ha MHKPO-
9BM. Tllporpamma mepeBOAHT YHC/JIA W3 [ECATHUHOH CHCTEMbl CUUCAEHHA B ILECT-
HaJUaTHPHYHYIO H HAOGOPOT, LWHPOKO HCMOJb3ysi BCTPOeHHble (GyHKUHH bBeiicHka
A5t paboTbl C CHMBOJbHBIMH JAHHbIMH.

Ta6auua 3.11

10 REM 33O
20 REM # NPOTPAMMA TMEPEBOAA YMCEA M3 BECT- ¥
30 REM # HARUATUPU4HHON CUCTEMH CHUCAEHWUS B *
40 REM * AECATUYHY® U HAOBOPOT *
SO REM 3333355 I3 5969633 330030 9335 N 6
100 INPUT *"BBEOMTE (A)ECATUYHOE WIX (H) ECTHAAUATWUPUYHHOE *3Ss$
110 IF S#="E" OR S#="]1" THEN 130

120 GOTO 100

130 IF S#=".1" THEN 160

140 INPUT °RECTHANUATUPUHHOE “UCNO * NS

150 N=0:GOSUB 1000:GOTO 100

160 INPUT "RECATUYHOE 4MUCIO "IN

170 GOSUB 1100: GOTO 100

1000 REM NEPEBOA BECTHAAUATUPUYHOE -> RAECATUYHOE
1010 FOR I=1 TO LEN(NS)

1020 D=ASC (MIDS(NS,I,1))-48

1030 IF D<10 THEN 1050

1040 D=D-?7

1050 IF D<O OR D>=1é THEN N=0: GOTO 1080
1060 N=N¥16+D

1070 NEXT I

1080 PRINT *JAECATUYHOE YUCAO = "jiN

1090 RETURN

1100 REM MEPEBOA AECATUYHOE -)> MECTHARUATUPUYHOE
1110 Ag=""

1120 L=INT(N/16)

1130 M=N-16¥%L

1140 IF M<10 THEN 1160

1150 M=M+7

1160 N=L:AS=CHR®S (M+48) +AS

1170 IF N>=1 THEN 1120

1180 PRINT °“BECTHAAUATHPUMHOE YHMUCAO = “jAS
1190 RETURN

Hauunaercs nporpamma ¢ 3anpoca BBOAA C KJAaBHATypbl OAHOH M3 GykB JL
wan L. Tlpu owx6GouHom BBOZe 3anpoc nosropsietcs. [lajee B 3aBHCHMOCTH OT
BbLIGPAHHOrO peXXHMa onepatop AOJKEH BBECTH AECATHYHOE WIH LIeCTHaALaTHPHUHOe
uesoe uucao. [Ipu nepeBose uuces 3 LIECTHAALATHPHYHON CHCTEMbl CUHCJAEHHS
B JeCATHYHYIO B MPOrpamMe HCMOJb3YeTCs TO OOCTOSITENbCTBO, UTO KOAB CHMBOJIOB,
oro6paxarouiux iectHasuatupiunble udcaa (0.9, A —F), paBHbl cooTBeTcTBEHHO
48...57, 65...70. B noanporpamMme npeo6pa3oBaHUsi MPOBOJMTCHA MpOBEPKAa Ha KOp-
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PEKTHOCTb HabGPaHHOro uucja (OHO A0JKHO COACPAKATH TOJALKO LONYCTHMbIE CHM-
Bonbl). [Ipu o6HapykeHHH OIIMOKH BBOLd PE3yabTaT NPCOOPA3OBAHHA PABEH HV.TIO.

B noanporpamme uncpeBoga M3 AeCATHUHOM CHCTEMbl CUMCICHHS B IIECTHAA-
LAaTHPHUYHYIO BBIYMCASAETCH KOL O4epedHOH LHGPb H BCe UHCIO «HAKAIIHBAGTCA»
B cuMBOAbHON nepemenHoit A$. 3aech Kakux-jubo clueuHAAbHLIX HPOBEPOL  He
MpeAycMOTPEHO, TaK KaK CaM HHTCPNPETATOP OCVHIECTBASCT 1IPOBCPKY  KOPPEKT-
HOCTH BBOJA YHC/JOBBIX AaHIIbIX.

B Tekcte omucbiBaeMOH 1POrpammbl 1IPOLELIYPLI HPeoOpasoBalus 0 opMIeHbl
B BHAE MNOANPOrpaMMbl. DTO 1103BOJSET HCIONL3OBATL WX B Nporpammax Ha beit-
CHKe, TpeOylOLWIHX BBOA H OTOOpa)KeHHe AaHHbLIX B UICCTHAALATUPHUHON CHCTeMe
cyucaenns. K takum nporpammam otHocatest Mouurop, Accembiaep u ap

OnucaHHBIf  WHTEpIIpeTaTop HMMeeT CPeACTBA, [O3BOMSIOILHC 1IPOrPaMMam  Ha
Beiicuke paborarb ¢ noanporpaMmami, HafHcailHbIMi Ha sisbike Accemdacpa wau
B MaUIMHHBIX Koaax. [ns Bbl30Ba TaKUX MOANPOTrpPaMM CJAVAKIT BCTpoeHHasi (VHk-
uust USR (X). PaccMoTpuM npumep, WIJIOCTPHPYIOULHIL C€ HCIOIb30BAHHE.

AndaBuTHO-uHppPOBaAs K1aBHATYPa SIBASIETCS B HACTOSLLICE BPEMS caMbiM pac-
MpOCTpaHeHHbIM YCTPOHCTBOM BBOAA AdaHHbIX B IBM. Oanako uToGbl 6biCTPO H Ge30-
IWHGOYHO BBOAMTL [AdHHLIC ¢ €€ [OMOILLIO, Hysxkell Hemanbiii onbiT. Kpome Ttoro,
€CJIM HCII0b30BaHHe TAKOH KNaBHATYPhl I BBOA3 CHMBOIbHON MHGOPMALMW BNOIHE
€CTEeCTBEHHO, TO BBOA rPpaHUCCKHX NaHHbIX H.IM YKa3biBaHHe 1a KAKOH-1HOO OGbEKT
Ha 3KpaHe ¢ ee MOMOLLLIO BecbMa 3aTpyiiien. B coBpemctiiblX nepcoHaNbHbIX MHK-
podBM Ansi BHIMNOJIHEHHA 3THX AEHCTBHII HCMOJALIYIOT P CMELHadblbX YCTPOHCTS,
TAKHX KaK «MKOHCTHK» M «Mbllub». [lepBoe mnpejicrasisier coboii daeKTpomexaHH-
yeckoe YCTPOHCTBO, B KOTOPOM [Ba HJHW TpH NepPeMEHHbIX pe3nUcTopa VIpasisiioTcs
OLHOH PYKOATKOH, BbIIOJHEHHOH B BHAE pbluakKa. MHoraa BMeCTO 11epeMeHHbIX
Pe3HCTOPOB  HCMOAbL3YIOT eMKOCTHble aTdikd. Henocrarkom storo  yerpoiicrsa
ABJAETCH LOBOJbHO CNOMHAA KOHCTPYKUHH.

MaHunyasiTop «Mblliby MPeACTaBAsgeT co00l He60AbWYIO hOPOBOUKY ¢  h.a1d-
BUlIAMH, coejxlHseMylo ¢ IBM kalesem - «XBOCTOM» (OfnpeaeqeHHoe BHeLIHee
CXOACTBO M IIOPOAHNO 11a3BAHHE MAHUNYJRTOpPA -- «Mbllllby). [lepemeuienne MmaHu-
MyJAATOpPAa NO MOBEPXHOCTH CTO/A MPHBOAMT K B34HMHO O/HO3HAYHOMY lEpPevCULeHHIO
Kypcopa 110 3KpaHy aHcivlesi. KOHe4HO, BbiaBaeMylo MaHHIY/ASTOPOM HIDOPMALIKIO
0 MOJIOXKEHHH NporpamMMHoe oeciiedcHHe MOXKeET TpakroBarb H uuauc. Hanpuwmep,
B rpaduueckoM pexxuMe C MOMOLULLIO MAHUNYJISATOPA MOXKHO PHCOBAaTb Ha 3KpaHe
pasjHuHble QUrypbl, @ B HIpPOBbLIX MpoOrpamMmax yIpaB/IsiTb MepeMeuleHnemM KakHX-
AH60 06beKToB Mo 3skpahy. OaHako yaule Beero MaHHIYJIATOP HCHOAB3YIOT HMCHIO
AISl YKa3blBaHHSI.

Has PK paspaboraHo npoctoe ycrpuicrso BBOAA laHHbIX, (YHKIHCHAIBHO
aHa/JoruuHoe OMMCAHHBIM Bbiule. Ero npusuunuaibHas cxema u3o6paxeHa Ha
puc. 3.2, a, BO3MOXHBIA BapHaHT BHewHero ohopmicHis — Ha puc. 3.3. YeTpoiieTBo
COCTOMT M3 ABYX oaHoBHOpatopos (D1, D2), Bo Bpemsizaniatoilue LCIH KOTOPbIX
BKJIIOUeHbl nepemeHHbie pe3uctopbl R4 W R5. YctpolcTso noikiawouaerca K {1opTy
D14 npoueccopitofi naatsl. JlAHTEIbHOCTb BbIXOAHBIX HMNYJAbLCOB MPONOPLHOHAJNBHA
yrJy noBopoTa ABMXKKA COOTBeTCTByioutero pesicropa. [Ipn BBode AaHHbIX pe3uc-
topom R4 (ocb X) vipasiasiior Go/bilidM NadblleM NPaBoit pykH, pesucropom RS
(ocb X) — cpenHum, a KHomko# Bl - ykaszareibHbiM.

s noakawoueHus YCTpoHcTBa K MHKPOIBM  1enoan3yioT cofonbie HopTbl
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71,72 Puc. 3.3. 9cku3 ycTpoicTBa ynpasJe-
KPI005EMT HHA TNepemelleHHemM Kypcopa
D2 PL
KISSJIET ~
Puc. 3.2. [lpuHuunuasbHas cxema
yCTPOHCTBA  yNpaBleHHS KypcopoM

[TITA KP580MK55. MoXHO MOAK/MIOUNTL YCTPOHCTBO HHAye, HO B 3TOM cayyae He-
06X01MMO COOTBCTCTBEHHO W3MEHHTH MOMPOrPaMMbl €ro 06CAYKHBaHHUS.

3anyck OLHOBHOPATOPOB (110 CRAJAV HMIYAbca Ha BXOde 2) W onpeaeneHue
ANUTENBHOCTH MMIY.bCa MPOH3BOAATCS NOANPOrPAMMONM, NpuBeseHHOH B Taba. 3.12.
[Tocne Buipaun wMHyaLca 3amycka oha CuliTbiBaeT coctosiHue nopra Beosa C, K
paspaay 3 KoTtoporo depes sdemMeHT D2.2 MojiK/IIOYeHbl BbIXO1bl OLHOBHGPATOPOB.
[Tpu BbINOZE H3 MOANPOTPAMMbI COLEPKHMOE dKKYMYJISATOPA COOTBETCTBYET Yy
MOBOPOTA JIBIDKKA nepemenHoro pesiicropa. Kownencatopol Cl u C3 noabupator

Tabauwna 3.12

$NOANPOrPAMMA POTX - OChb X
1A80 1600 POTX: MVI D,0 JCHETHYMK ANMTENDL-
§HOCTU UMIMYNLCA
JUCTIONbL3YEM OMEPALUMK YCTAHOBKW/CEPOCA
§ BATOB KAHAJA C

1A82 3E08 MV A,8  ; GOPMMPOBAHME

1A84 320000 STA OAOO3H} UMMYNLCA

1A87 3E09 MVI A,9

1A89 320000 STA 0AOO3H

1ABC C39B1A P POTXY
$TIORMNPOIPAMMA POTY - OCh Y

1ASF 1600 POTY:  MVI D,0

1A91 3EOA MVI A,0AH

1A93 320000 STA 0AOO3H

1A%6 3EOB MVl A,OBH

1A98 320000 STA 0AOO3H

1A9B 3A0000 POTXY: LDA 0A002H

1A9E 14 INR D

1A9F E608 ANI 8H

1AA1 CA9B1A 3z POTXY

1AA4 7A MOV A,D

1AAS €9 RET
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TakdM o6pasoM, 4ToObl NpH MOJTHOM [MOBOPOTE [BHXKKOB [MepeMeHHbIX DPe3UCTOPOB
R4 n R5 noanporpammel POTX u POTY Bo3ppawanu uucna 127 (pasmep no ropu-
3oHTanu) 1 49 (pa3mep no BepTHKaNH).

Jns xpaHeHust MOANpOrpaMM B MALIMHEHBIX KOAAX, HCMOJb3YEMbIX COBMECTHO
C WHTEpNpPeTaTopoM, CrelHajbHO BbllejneHa HeGoJbliasi 06/acTb MaMATH ¢ agpecamu
¢ IBOOH no 1COOH. Kpome npuBenenHnix noanporpamm, Bbul Moxere pas-
MECTHTb 3/echb (eclH, KOHEUHO, XBaTHUT mecta) W cBoH. [Tocsie 3Toro Ha MarHuToOH
uejsecoob6pa3Ho 3anucaTb 3Ty HOBYIO BEPCHIO HHTEpPNnperaropa, uTo MO3BOJMT B Aalb-
HellleM M0/1b30BaTbcsl GUONHOTEKOH MOANPOrpaMM, paciliUpsiiOULHX BO3MOXHOCTH
HHTepnperaropa.

B rta6n. 3.13 npusenex Ttexkcr nporpammbl Ha Deiicuke, koropas npeamonaraer
HCMONb30BAHHWE OMHCAHHOrO BhILlE YCTPOHCTBA YynpaBieHdHsi Kypcopom. [lporpamma
no3po/seT pHCOBaTb Ha 3KpaHe AHCMies pasHoobpasnble ¢urypbl. B Hauane npo-
rpaMmb! MpoH3BoAMTCs Hactpoiika nopta (cTpoka 80). CocTosiHMe KHOIMKM, pac-
MOJIOXKEHHOH B YCTpPOHCTBE YNpaBieHHS KypCOpPOM, OMNpenesfeTcsi HenocpeiacTBeHHO
B nporpamme Ha beficuke ¢ nomowsio ¢yrkukn PEEK(X). B crtpokax 90 u 110
MPOHCXOAHT BHLI3OB MOANPOrpaMM B MalHHHBIX Koaax (yHkuus USR (X)). Urobsl
u3bexxatb B npouecce pa6oThl MporpamMmbl nosiBieHust owHGkd 08, B Hell npeny-
CMOTpeHa KOppeKllHa 3HaueHHH, Bo3Bpaiuaembix noanporpammamu POTX u POTY.

Ta6awnua 3.13

10 REM HHHHHHEHHOHHHEHHHHHEEHHHHHHHHHHHHHH
20 REM # NPOrPAMMA PMCOBAHUA HA 3KPAHE *
30 REM # C MOMOMmbK YCTPOACTBA YNPABIAEHMR %
40 REM % KYPCOPOM. WCMONL3YET [OAMPOrPAMMH #
S0 REM % B MANMHHBX KONAX OAR ONPEAENEHWA *
60 REM % KOOPIVHAT. *
70 REM #HHHHHHHEHEHHHHHEHEHEHNHHHHHHHHHHHHHE
80 POKE -24%573,131:REM HACTPOKKA MOPTA

90 X=USR(6784) :REM BH3OB MNOAMPOrPAMMH POTX
100 IF X>127 THEN X=127

110 Y=USR(6799) :REM BW30BP MNOAMPOIPAMMH POTY
120 IF Y>49 THEN Y=49

130 REM NPOBEPKA COCTOSIHUA KHOTTKU

140 IF PEEK(-24575) AND 1268 THEN S=1:GOTO 160
150 =0

160 PLOT X,Y,S

170 BOTO %0

[Mocnenuuii npumep, KOTOPbIl Mbl PACCMOTPHM, NOCBSLLEH pa3paboTke MPoOrpamm,
C MOMOILBI KOTOPbIX Ha 3KpaH [HCMJes BLIBOAATCH rpadHueckHe H306parieHHSA.
®dopmupoBaHHE DPHCYHKOB, COCTOSILLHX H3 OTPE3KOB MPAMbIX JNHHHH M OTIE/bHbIX
TOYeK, OOBIYHO He BbI3bIBaeT KAKHX-JIHGO OCJHOXHEHHH — ANA 3TOro cjayxat rpa-
¢uueckue oneparopol Beitcuka (CLS, PLOT, LINE). Heo6xozumo TOBKO MOCTOAHHO
cnejdTb 3a TeM, 4TOGLl KOODAHHATH, 3a/aBaemble 3THM ofepatopam, He BBIXOAHAH
3a [JONyCTHMble Tipesensl, HHaye HHTepnperartop BbAAcT coobweHHe o6 owHOKe
Homep 08.

dopmupoBatHe H30GparKeHHH OKDPYXKHOCTEH M 3aauncoB — Oonee cJ0XKHESA
3anaua. [lpuBonumas B Taba. 3.14 yHHBepcaibHas noanporpamMma [o3BoasieT Ha-
4epPTHTb OKPYXXHOCTb MPOH3BONBLHOrO pajadyca B JIO6OM MecTe 3KpaHa. ITy non-
IPOrpaMMy MOXHO BKJAIOYHTbL B COCTaB Bauleil nporpammbl U o6paliaThCa K HeH
¢ nomowbio onepatropa GOSUB 9000. MoxHo co3naTb Ha6opbl MoAnNporpamm
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Ta6avnua 3.14

9000 REM 3 HHHHEHHBHENHRHHENHH
9010 REM # MNOAMPOTPAMMA BHYEPYMBAHMA #*
9020 REM # W3OEPAXEHW A OKPYXHOCTE# W *
9030 REM % 3JJUIICOB.

9040 REM *****************************
9050 P2=3.14159%2: REM YroNl = 2 MU
9040 REM AAAl BWYEPYMBAHMA AYT HAZRO
907Q REM M3MEHMTb KOHCTAHTM B ONEPATOPE
9080 REM MHULMANMBALMM UMKNA

9100 FOR F9=0 TO P2 STEP 0.1

9110 X = XC + RCEKXXSIN(F9)

9120 Y9 = YC + RCHKYRCOS (F9)

9130 IF X9<0 THEN X9=0

9140 IF XP>127 THEN X9=127

9150 IF YP<O THEN Y9=0

9140 IF Y9>49 THEN Y9=4%

9170 PLOT X9,Y9,FL

9180 NEXT F9

9190 RETURN

(6u6nuorekn) Ha bBeiicuke. Hanpumep, k onuceiBaeMoll HHxe MOANpOrpaMme MOXHO
106aBHTb NMoANporpaMMbl Aas GOpMHPOBAHHA reoMerpHyeckux ¢uryp. B stom cayuae
OCHOBHasi nporpaMma OyAeT COCTOSATb H3 ONepaTtopoB NPHCBAaHBAHWA, MOAroTaB-
JIMBAIOLNX NapaMmeTpbl AJS NOANPOrpaMM M OMepaToOpoB BbI30BA MOAMNPOrpaMM.
B bBeiicuke nepepaua napameTpoB K MoANporpaMmam MPOHCXOLHT MPHCBOEHHEM
3HauyeHHH COOTBETCTBYIOLLMM MepeMeHHbiM. Bce nepemennble B nporpamme Ha DBeii-
cHke rnoGanbHble. DTO 3HAYWT, UTO €CJAH 3HaueHWe MepeMeHHON H3MEHHAOCh MpH
BbIMOJIHEHHH MOANpPOrpaMMbl, TO 3TO OTPA3HTCS H Ha BbLINOJHEHHH OCHOBHOH Mpo-
rpammbl. [losToMy mporpamMMmuCT AO/XKEH CJAENHTb 33 COXpaHeHHeM 3HauyeHus rnepe-
MEHHbIX, HEOOXOAHMbIX AJI1 PAa6OTbl OCHOBHOH NPOrpammubl.

Jns nopmporpamm, Bxojsiulux B OHGIHOTeKYy, NMPHHATO Ha3HauaTb OoJiblliue
Homepa ctpok. [losToMy npu HanmucaHuu HOBOH mnporpamMmbl chHauaja 3arpysure
C MarHuTHOH JNeHTbl GHOJNHOTEKY, a OCHOBHYIO Nporpammy HaGHpaiTe cO CTPOKH
¢ HomepoM 10. B kauectBe noguporpamm uejecoo6pasHo OhOPMIATb TOJbKO 4aCTO
BbIMOJIHSiEMble OMepalHu, C OCTaNbHbIMH 3TOTO Jydllie He fenaTh, TAK KaK BbI30B
MOANMPOrpaMMbl W BO3BpaT U3 Hee TpPeOYIOT onpene/eHHbIX 3aTpaT BpeMeHH.

[lepex oGpaluesuem K noanponbamme (Taba. 3.14) HeobxoauMO 3a4aTh 3HAUEHHS
nepemeHHbIM, ¢ KoTOopbiMH oHa paboraet. [lepemennnle XC u YC onpenensior koop-
NMHATHL UeHTpa okpyxuocTH, a RC — ee paaunyc. Ilepemennbivu KX u KY 3apator
CTeneHb CXKaTHA MM pacTsixkedus mMo ocaMm X u Y coorBercrBeHHo. M3amensia ux
3HA4YeHHs, MOXXHO MOJydaTb H306paXeHHsl OKPY)XXHOCTH, BBITAHYTble BAOJbL och X
und Y. Tlpu KX u KY, paBHbiX enuHuie, Ha 3Kpane (GOpPMHpYeTCss IJJIHIC, BbITS-
HyTbii BaOAb ocu Y. ITo 06bACHAETC OCOOGEHHOCTAMH TeNeBHU3HOHHOrO pactpa H
aucnaeitoro Moayasi. ITosTomy anst nonydyeHus u3o6pakeHHsi OKPYXKHOCTH mapamerp
KY nonxen 6biTh pasen = 0,8 KX.

B noanporpamMe anst BHIUHC/IEHHS KOODAHHAT TOUEK, JNEXKAUHX HA OKPYKHOCTH
3ajaHHoro paguyca R, HCMoab30BaHbl H3BECTHbIE COOTHOLLEHHSA:

X=XC+ RC # sin(¢);
Y=YC+ RC = cos(¢),

rae XC u YC — KoopauHaTbl LeHTPa OKPYXKHOCTH.
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B noanporpamMme MnpeaycMOTpeHbl KOHTDPOJNb H KODpPEKUHA KOOpAHHAT UeHTpa
OKPYXHOCTH MNPH YCNOBHH:

ecan XC <0, to XC=0;
ecan XC> 127, to XC =127,
ecan YC <0, To YC=0;
ecau YC> 49, to YC =49.

[TosToMy npu BHIMOJMHEHHH MoANporpamMmbl coobuleHHe 06 owubke 08 He BO3-
HHKaerT.

Ta6auua 3.15

10 REM 336363303 03636 3630 3 I3 336 963636 36 39696 36 36
20 REM % NMPOrPAMMA ®OPMWPOBAHUA *
30 REM % WU3OEPAXEHUA ONUMIUNACKOrO #*
40 REM % CUMBOJIA. WUCMOAL3YET MOA- *

50 REM % MPOrCPAMMY *“KPYIr* *
60 REM 3333339333330
70 CLS

80 KX=1:Ky=0.8:REM KO3®OULUMEHTH CXATHUA
90 RC=10: REM PAAUYC OKPYKHOCTH

100 YC=30

110 XC=40:60SUB 9000:REM 1 KPYT

120 XC=56:60SUB 9000:REM 2 KPYI

130 XC=22:60SUB 9000:REM 3 KPYT

140 YC=15

150 XC=48:60SUB 9000:REM 4 KPYT

160 XC=44:G0SUB 9000:REM S KPYI

170 sTOP

B ra6a. 3.15 npusenena nporpamma, GopMHpyiolLas Ha 3kpaHe H306paxeHHe
OJIUMIHHCKOrO CHMBOJIA — MATH MepeceKkaloWUXCcs KoJel, B KOTOpOi Hcnonb3oBaHa
onucaHHas moanporpamma.

Ipoepamma u namare 3BM

[Tpu paspabGotke nporpamMm Ha Ji060M f3bike MPOrpaMMHPOBAHHS Mpak-
THYECKH BCerfa MPHXOLHTCA YUMTbIBaTb TakHe (akTOpbl, KaKk BpeMsl BbINMOJHEHHS
nporpaMmbl M HeobXxoaumblit ansi sroro obvem namatd. O6Ga napamerpa cienyer
MO0 BO3MOXHOCTH YMEHbLLIATh, 3TO MO3BOJHUT H Pe3y/ibTaT NMOJAYuYHTb GhiCTpee, U yuecTb
OorpaHHYeHHsi, cBfi3aHHble ¢ He6GoiblUM o6bemoM namatH IBM. Opnako no6uTbcs
OHOBPEMEHHO H TOro, H APYroro C/A0XHO.

K nporpammam na Beiicuke ckazaHHoe nMeeT camoe npsiMmoe OTHOLLEHHe, 0OCOGEHHO
eC/IH TPAHCJAATOP C A3blKa BLICOKONO YPOBHS (Kak B HalleM cJyyae) peasu3oBaH
B BHIEe HHTepnperaTopa M 06beM MaMfATH AJNs XPAHEHHS NMPOrpaMM H MepeMeHHbIX
mMan. PaccMoTpuM HeckonbKo MpPHEMOB, MO3BOJSAIOULHX YMEHbIIWTh TpeGyeMmbii aas
paboTbl nmporpamMmbl 06beM NMaMATH.

[Tpu paGore uutepnperatopa B O3Y o0fHOBpEeMEHHO HAXOAATCH CaM HHTep-
nperaTop, TEeKCT nporpammbl Ha DeHcuke W pas3nuuHble mepeMeHHble W KOHCTAHTHI,
BcTpevatouiHecss B nporpamme. [losaBnenue coobuieHus o6 owubke 07, kak npu Ha-
6ope TekcTa MpPorpaMMbl, TaK W !IPH ee BbIMOJHEHHWH, YKa3biBaeT Ha TO, YTO AAf
N aHHOH mporpaMmbl o6bemM naMaTH Hepocratoued. Kak caegyer moctynath B Takux
cayuasnx? Ilpexnae Bcero MOXHO COKpaTHTb B Nporpamme KOMMEHTapHH, YMEHbLIHTb
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IJIHHY TEKCTOBBIX COOGLLEHHH, HCIIONb30BaTh OJHOGYKBEHHbIe HMEHa A/ NepeMeHHBIX.
O6beM nNaMfATH, 3aHMMaeMblii TEKCTOM MPOrpaMMbl, MOXXHO TaKxke YMeHbIUHTb, Ha-
6upasi B KaxAOH CTPOKE He MO OJHOMY, a MO HECKOJNbKO OMepaTopoB, OTAENAs HX
ApYr OT [pyra CHMBOJIOM <«:» (TouyeMy MPOMCXOAHT TaKoe COKpauleHue Bbl mnoii-
MeTe, MO3HAKOMHBLUHCH C LOMOHHTENbHbIMH CBeleHHSIMH 06 MHTepnperatope).

Ecnu nocne 3Tux nepepenok o6bem naMsiTH BCe paBHO HELOCTaTOdeH, TO C/epyer
KPHTHYECKH MpPOAHa/NH3HPOBaThb HEOOXOAHMOCTb HCMONb30OBAHMA TeX HJM MHbIX Te-
peMeHHbIX H OCOGEHHO MepeMeHHbIX C HWHAeKcaMu — maccuBoB. Jais maccHBoB
c/leflyeT pe3epBHPOBATb POBHO CTO/MBKO siyeek MaMSATH, CKOJNbKO AJs HHX B NeHCTBH-
TenbHOCTH notpe6Gyercs. Hanpumep, ecan maccuB A(l) cocTouT u3 nATH 3JeMeHTOB,
a Bbl ero He onucaau onepatopom DIM, To mo ymonuaHHio HHTepNpeTaTop BbiAe/NHT
B NMaMATH MeCTO AJf JeCATH 3JEeMeHTOB MacCHBa, W 3TO MpHBeseT K norepe 20 6aiir
namati. [las toro 4to6bl OUEHHTb, K KakHM 3aTpaTaM NaMsTH MPHBOAMT TOT HJH
MHOM BapHaHT peaju3aluH aaropuTMa, yao6HO MONb30BATbCs BCTPOEHHOH (yHKUHeH
FRE (0). Tlonpobyiite nocmorpeTb, 4eMy paBHO 3HaueHHe 3TOH QyHKUMH HO 3a-
rpy3KH fporpamMmbl B MaMATb, MOCJAe 3arpy3KH H Moc/ie BbIMOJHEHHS MPOrpamMMBl.
Jlasi 3TOro 10CTaToO4HO B HemocpeacTBeHHoM pexuMe Habpats PRINT FRE (0).

Takum 06pa3om, Bbl CMOXeTe ONpPeAeNHTb, CKOIbKO MeCcTa B MaMSATH 3aHUMaeT
TEKCT MPOrpaMMbl H CKOJIbKO fiYeeK OTBOAHTCA 1/l XpaHeHHs! MepeMeHHbIX H KOH-
CTaHT.

[Ipoepamma u spems ee 8bINOAHEHUSA

CoKpaTHTb BpeMsl BbIMOJIHEHHS MPOrpaMMbl HECKONbKO CJAO0XHee, yeM ee
o6bem. [lasi 3TOrO npexxiae Bcero Heo6XOQHMO OMpPENeNHTb Ty YacCTb MpPOrpamMMbl,
Ha BbIMOJIHEHHe KOTOPOil 3aTpaynBaeTcd Hauboabiliee BpeMs.

HaBecTHO, YTO LHKJIHYeCKAsi 4acTb MPOrpaMMbl, 3aHuMalowasi Bcero 5% ucxon-
HOro TekcTa, Tpe6yeT AJIA CBOEro BHIMOJHEHHSI 06blY4HO OKOoMo 95% BpemeHH paboThi
Bceil nporpammbl. Bbl 10/KHBI OGHApYXHTb 3TH KPHTHYECKHe UHMKJIbI B nporpamme
M TOMbITAaTbCH YMEHbIUHTb BpeMsi HMX BbiNOJHeHWA. BHauane Hapo ybeautbesi, 4To
BCe OMepaTopbl, BXOAflLHE B 3TOT LUHKJI, AEHCTBHTENbHO [OMXKHBI BbIMOJHATHCA
BHyTpH Hero. Hanmpumep, ecain 3HaueHue mepeMeHHOW He H3MEHSIETCS B LUK/
(tabn. 3.16, npumep 1), TO ee HHHUHMANH3AUHIO CJAelyeT NPOH3BOAHTb BHE LHKJA

Ta6nnua 3.16

10 REM IHHHHHHHHHHGE 10 REM JHHHHHHHHHHE
20 REM # NMPVMEP 1 #* 20 REM * NPUMEP 2 *
30 REM JHHHHHHHHHHH 30 REM HHHHHHHHHHHE
40 FOR I=0 TO 340 40 A=SIN(1.43)%#30
S0 A=SIN(1.45) %30 S0 FOR I=0 TO 340
460 B(I)=AX1/4 40 B(I)=AXI/4

70 NEXT 1 70 NEXT 1

80 STOP 80 STOP

10 REM JHHHEHEHEHEE 10 REM HHHHHHHHHHE
20 REM * MPUMEP 3 * 20 REM * NPUMEP 4 *
30 REM HHIHEHHHEHR 30 REM HHHHHHHHHHHE
40 FOR I=1 TO 30 40 FOR I=1 TO 30
S0 S(I)=0 S0 S(I)=0:8(1+30)=0
60 NEXT 1 60 NEXT I

70 STOP 70 STOP

105



Ta6bauwua 3.17

Koa Kox Ko
Caoso l:eaf:-. neca- Caoso ”1:51‘? aecsi- Caoso I:(Akur aees-
- uaTH- | THu- uatH- | THY- wat- | 1uu-
pHu- Hblf pHu- HbIH pHu- bt

HbI# ). Hbl# HLA

CLS 80, | 128 CONT 97 151 SGN AD | 174
FOR 81 129 LIST 98 152 INT AE | 175
NEXT 82 130 CLEAR 99 153 ABS AF | 176
DATA 83| 131 MLOAD 9A | 154 USR BO | 177
INPUT 84 132 MSAVE 9B 155 FRE Bl 178
DIM 85 133 NEW 9C 156 KEY B2 | 179
READ 86 134 TAB( 9D 157 POS B3 180
CUR 87 135 TO 9E | 158 SQR B4 181
GOTO 88 136 SPC( 9F 159 RND B5 182
RUN 89 137 FN A0 160 LLOG B6 183
IF 8A | 138 THEN Al 161 EXP B7 184
RESTORE 8B 139 NOT A2 162 COS B8 185
COSUB 8C 140 STEP A3 163 SIN B9 186
RETURN 8D 141 + A4 164 TAN BA | 187
REM 8E 142 — A5 165 ATN BB 188
STOP 8F 143 * A6 166 PEEK BC | 189
BEL 90 144 / A7 167 LEN BD | 190
ON 91 145 A A8 | 168 STR} BE | 191
PLOT 92 146 AND A9 | 169 VAL BF | 192
LINE 93 147 OR AA | 170 ASC CO | 193
POKE 94 148 > AB | 171 CHRP Cl 194
PRINT 95 149 = AC | 172 LEFTg Cc2 195
DEF 96 150 < AD | 173 RIGHT} C3 196
MID$ c4 | 197

c/lefloBaTeNbHO MPOCMAaTpHBaeT yKasaTend CMHCKa 0 TexX Mop, nmoka He GyneT uaiileHa
cTpoka ¢ TpeGyembiM HoMepoM. Koxeu cnucka nomeuyaercs aByms GaliTamu, 3anoi-
HEHHbLIMH HyJsIMH. Bbl Takum xe 06pa3oM MoxxeTe BPYYHYIO (C NOMOILBLIO AHPCKTHB
MouuTopa) onpeneanTb, rie 3akaHuWBaeTCs Mporpamma, MpocMaTpHBas \Kasarelu
CMUCKA 10 TeX Mop, Moka He oGHapyXKHTe TPH CMeXHbIX 6aiiTa, 3anonHeHHbIX HYJSAMH.
Bo MHOrux npakTH4eckKHXx CJyyasix, BOCMO/Nb30BaBLIHCb PACCMOTPEHHLIMH DPEKOMCH-
NaUHsSIMH, MOXHO BOCCTAHOBHTb MporpamMMmy, B KOTOpOil B pe3y.bTate c6os Gblia
HapylleHa UeNOCTHOCTb cnucka. [locsie BOCCTAHOBNEHHS CTPYKTYPLl CHMCKaA He-
06X0ONHMO H3MEHHTb 3HaueHWsl, XpaHsiluuecs B sueiikax namartu 02451 wu 0246H.
B 3THUX siuelikax XpaHATCA 3HaueHHsl COOTBETCTBEHHO MJaalLero W crtapwero 6aiTos
KOHEYHOro ajgpeca MporpaMmbl. DTOT ajpec Ha [Ba MPEeBOCXOAHT alpec MepBoOro
6GaiiTa Mapkepa KOHLA CMHCKa.

Cepepa ucnoav3osanus unrtepnperaropa beiicuk u s36ik08
8bICOK020 YPOBHA

Bce A3bIKH NpOrpaMMHpOBaHUA MOXKHO Pa3fesHThb Ha aBe rpynin K iep-
BON rpynne OTHOCHTCA SA3bIK, HEMOCPeNCTBEHHO NOHUMAeMblidl MHKPOMPOLECCOPOM —
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A3bIK MallHHHBIX KopoB. [as kaxaporo tuna 3BM cyuwectByeT cBOH MalUHHHBIH
A3bIK, MOITOMY A3bIK MALUHHHBIX KOAOB HAa3bIBAlOT MAallHHHO-OPHEHTHPOBAHHBIM.
Ko Btopoii rpynne orHocsitcs Gosee nerkue A/l NPOrPaMMHCTA $I3bIKH BbICOKOTO
YPOBHSA — MaUIMHHO-HE3aBHCHMbIE SI3bIKH.

[Tpuembl cOCTaBJIeHHs1 MPOrpaMM Ha si3blke MAUIHHHLIX KOAOB W Ha $3blKax Bbi-
COKOI'0 YPOBHS CYyLLEeCTBEHHO oTauualoTcsi. OTaenbHYl0 KOMaHay MporpamMbl, COCTaB-
JEHHOH B MAalIMHHBIX KOLAX, MOXHO CPaBHHTb CO CJOBOM 4YeJOBEYECKOro si3blKa,
KOTOpOe npHoGpeTaeT onpeneseHHbli CMbIC] TOJbKO B NpelanoxeHuH. [lo-apyromy
OGCTOHT 1e/M0 ¢ A3bIKAMH BBICOKOrO ypOBHSl. B HHX KaxKAyl0 KOMaHLy MOXHO CpaB-
HHUTb YXK€ CO CJOBOCOYETAHHEM, UMEIOLULHM CBOH CMbIC/.

Takum 06pa3om, sI3bIKH BBICOKOrO YPOBHSl MpPENOCTABJSIOT MPOrpaMMHUCTy Kak
6bl HAabop IUTAMMOB — rOTOBbIX CTAHAAPTHLIX CPEACTB, HCMOJAb3yeMbIX A pelleHHs
onmpeneneHHblX 3agau A 3TO CyWleCTBEHHO ynpouiaeT pelleHde 3anau, obeperaer
oT oINHGOK, HO OrpaHH4YHBaeT TBOPYECKYI HHHUHATHBY. [103TOMY nosiBNeHHe A3bIKOB
BbICOKOTO YPOBHS CYLIECTBEHHO 06/eruuo nporpaMMHpOBaHHe, HO BO MHOTHX CJy-
4asx nporpaMmbl cTand MeHee 3QMEKTHUBHBI.

Kak xe ouenuBaercsi 3¢p@deKkTHBHOCTb nporpamm? PaccMOTpHUM TOJNBKO OCHOB-
Hble ee nMapameTpbl: 06beM NMAMATH, 3aHWMaeMblH NporpamMMoi, W BpeMst ee paboThHI.
3HaueHHe 3THX NapaMeTpoOB CTAPalOTCH MAKCHMaJbHO yMEHbIUHTb. TO HEOGXOAHMO
IS TOro, uToGbl MporpaMma ymellanachb B MaMATH KOMMblOTepa HJAH 3aHuMana
MeHblle B Hel MecTa, uToObl GbICTpee OCYLIECTBJAJICA €e BBOA HJH, €C/H Bbl XOTHTe
3anucatb ee B [13Y, uTo6bl anst 3TOro TpeGOBaJuCh MEHbLIHE MO €MKOCTH W Gosee
ACILEBbIC MHKPOCXEMbI.

[MporpamMma nponxHa pa6GotaTb ObICTPO, uTOGbI He MPHXOAWAOCH OXHAATb Y
KpaHa pe3y/bTaTOB H KOMIbIOTEP MOT YNpPaBJAATb KAKHMH-JHG0 MOAKJIOUYEHHBIMH
K HeMy YCTPOHCTBaMH B peasjibHOM Maclutabe BpeMeHH.

[TpaKTHUeCKH MeXAy MOMEeHTOM MpHxoja WH(POpMalUHH OT 06BEKTa H MOLauH Ha
Hero o1 3BM ynpaBasioulero curHajia Bceraa MpOXOAHT HEKOTOpoe BpeMs. 3To
BpeMs OGbIUHO HA3bIBAlOT BpEMEHEM PeaKUHH YnpaBiasiouled NporpamMMbl HIH MHKpPO-
npoueccopHol cuctembl B ueqoM. OHO He 10/1XHO NPeBOCXOHTb HEKOTOPOe 3alaHHOe
3HauycHHe, BLIGOP KOTOPOro 3aBMCHT OT o6Gbekta ynpasienus. Hanmpumep, uToGbi
YNpaBJsATh MOAENbIO XeNe3HOH N0pOrH, nporpamMma AOJKHA pearHpoBaTb HA H3Me-
HeHWe COCTOSIHHS MOAe]H C 3ama3fbiBaHHeM Ha [eCATble NOAH HIH eNHHHUbI CEeKYHX.
Ecan ke rpebyercs npHHHUMaTb M [eluHPHPOBATL CHTHanbl, nepelaHHble KOAOM
Mop3e, To CKOpOCTb paGOoTbl MporpamMmbl J0/XKHA ObiTb HA MODPAAOK Bbille.

$13bIKH BBICOKOrO YPOBHSI OPHEHTHPOBAHbI Ha pa3jHuHble 06/1acCTH TPHUMEHEHHs
(vanpumep, dopTpaH — anA pelleHUss MatemaTHyeckux 3anauy, Popt — ans npo-
rPAMMHpPOBAHHSA aJrOPHTMOB ynpasieHusi, Ko6Gon — nifl pelleHHsi 3KOHOMHUECKHX
3agay) OHHM HUMEIOT COOTBETCTBYIOLLHE «Bblpa3uTe/bHble» CPENCTBA, M03BOASIOLIHE
noayuats 3s¢dektuBHble nporpammbl. [To3ToMy BaxceH npaBH/bHbIE BbLIGOP A3blKa
NpoOrpaMMHpPOBaHHS MPHMEHHTENbHO K KaXXI0H KOHKpeTHOH 3ajnaue.

A HeKTHBHOCTb MPOrpaMM CYLLECTBEHHO 3aBHCHT OT TPAHCAATOPOB — MPOrpamM,
OCYULECTBASAIOIWMNX MepeBOA (TPAHCASILMIO) HCXOAHOrO TEKCTa MpOrpaMmbl € si3blka
BbICOKOFO YPOBHS B MalLMHHbIe KOAbl. VMIMEHHO TpaHCAATOpHI NEepeBONSiT SI3bIKOBbiE
WITaMMbl B MOC/€10BaTelbHOCTb MALIHHHBIX KOMaHA.

TpaHcAATOPbI OTHOCAT K CHCTEMHBIM NporpamMmam, KoTopble Kak 6bl SIBASIIOTCA
06A3aTe/IbHBIMH M HEOTbEeMIEeMbIMH 4acTMH KoMnbioTepoB. CHCTEMHble MpPOrpamMmbl
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HeOo6XOAWMbI MONb30BATE/IAM KOMMbIOTEPA KaK HHCTPYMEHTHI NMPH HAaMUCaHWH H OTJIAL-
Ke CBOMX MpHKnaaHbiXx mnporpamMm. Hanuuuwe TpaHCAATOPOB ¢ OLHHAKOBLIX S3BIKOB
BbICOKOTO YPOBHSi /1Sl KOMMbIOTEPOB Pa3HbIX THMOB, B TOM uHC/Ie AJISi KOMIMbIOTEPOB
C pAa3jIMYHOH CHCTEMOH KOMaHI, MO3BOJISIET MHCATh NPHKAaAHble Nporpammbl, pa6o-
TaloulMe Ha J060H W3 3THX MallMH. DTO 03HAuyaeT, YTO A3bIKH BBICOKOTO YpOBHS
o6ecrneynBaioT BO3MOXHOCTb paboThl ONHOH MpPOrpaMMbl Ha pa3HbIX MalUHHAX.

Ectb nBa THNa TPAHCAATOPOB — KOMRUAATOPbL U uHTepnperaropst. [lepBbie Le-
JIHKOM CYMTBIBAIOT TEKCT MPOrpaMMbl W MEPEeBOAAT €r0 B MAlUHHHbiE (MX MHOr1a Ha-
3bIBAIOT 06beKTHbIMH) Koabl. [lporpamMmy B Koaax, Kak NMpaBu/0, 3aMHCHLIBAIOT Ha
KaKoi-1H60 BHeIIHH{}' HocHTeNb HHbOpMauud. 3ateM /51 BbIMOJHEHHSI NMPOrpaMMbl
ee C 3TOr0 HOCHTEJS 3arpyXKaioT B NaMATb KOMMbOTepa.

Hurepnperarop noouepeiHo npocMaTpHBAeT CTPOKH NMPOrpamMmbl B TOM MOpsiaKe,
B KOTODOM OHH JOJXHbl BBIMOIHATLCA, W BbLI3bIBAET HY)KHble MOAMPOrpaMMbl, BXO-
nsuMe B coctaB HHTepnperaropa. [loanporpaMMbl TYT )Ke BbIMOJNHSAIOTCS KOMIbIO-
tTepom. Takum o6pa3oM, B MaMATH KOMMbIOTEPA MOCTOSIHHO [OJKHbl HaXOLHTbCS
MHTEpNPEeTaTop ¥ HCXOAHbIA TEKCT MPHKJAAZHOW NMPOrpamMmel.

[Tpu ucnonb30oBaHHH KOMMHJISATOPOB CKOPOCTb PabGoThl MPHKAAQHLIX MPOrpamm
BO MHOro pa3 6o/iblue, yeM MPH HCMO/Nb30BAHHH HHTeprperaTopoB. [leHCcTBHTENbHO,
KOMMUJIAITOP TPAHCAHPYeT HCXOAHBIH TEKCT NPHKJAAAHOH MpOrpaMMbl TOJNBLKO OIHH
pa3 — npu «nepeBose» B MalluHHble Koabl. MHTepmperatopy ke mpuxoautcs TpaHc-
JIMPOBATh MPOrpaMMy MOCTPOYHO MPH KAXKAOM ee BHIMOJHEHHH, H BpeMmsi 3TOH TpaHc-
NAAILHH BXOAHT BO BpeMsi paboTbl NPHKJIALHOH NMpPOrpaMMmbl.

Paccmotpum, Kak cooTHocsiTcsi 06beMbl MamMsiTH, HEOGXOAHMbIe sl pabOTbl MPH-
KMafHbIX NPOrpamMM MPH WCMOJb30BAHHH KOMMHUASITODOB H HHTEPNPETaTOpPOB. YuTeM,
4TO O6beM MaMATH AN XPAHEHWS] TEeKCTa CTPOKH MpOrpaMmbl Ha si3blKe BHICOKOTO
YPOBHSl B CpellHeM MeHbllle TOro, KOTOpblii HEOOXOAHWM A/l XpaHEHUs COOTBETCTBYIO-
LMX MALUHHHBLIX KOMOB, NMOJYUYEHHBIX B pe3yabTaTe TpaHcasUuHH. OueBHAHO, YTO MpH
HCMONb30BAHHH KOMNUNATOPa O6beM MporpaMMmbl B MAalUHHHBIX komax Gyaer Goablie
o6beMa MCXOQHOro TekcTa, M ueMm GoJblue nporpamma, Tem Gosblwe 6yner 3ta pas-
Huua.

Tak kak npu pabore C HHTEPNpeTaTopoOM B MaMATH KOMIbiOTepa BCeraa Haxo-
JIHTCA TEKCT MPHUK/AAQHOH MpPOrpaMMbl W TPAHCAATOP, TO MPH MaJblX HCXOAHBIX MPO-
rpaMmax (MEeHbLIHX HIH CpPaBHMUMbIX ¢ 06beMoM HHTepnperaTopa) obbvem Tpebye-
MOH maMsATH KoMnbioTepa Gyner Gonblie, YeM /151 aHaJOrHYHOH MPOrpamMMbl B MALLIHH-
HbIX KOMaX, MONYy4eHHOH C MOMOLUbIO KOMnuasTopa. s MpHKNaLHbIX Mporpamm,
TeKCT KOTOpbIX 3aHMMaer GOJ/iblLiWil, ueM HHTeprperaTtop, 06beM MaMsATH, HX cymMMap-
Hblii 06bEM MOXET OKa3aTbCA MeHbllle, yeM 006beM KOLOB NpeaBapHTEIbHO CKOMIH-
JIUPOBAHHON NMPOrpaMMbl.

Chnenyer 3aMeTHTb, UTO, MCMO/b3ysl KOMIHJISITOP, MOXXHO BHIMONHHTL TPaHCJs-
UHIO HE Ha TOM KOMIbloTepe, Ha KOTOpOM nporpamMma Gynaer pa6oTaTh, a Ha XOpOLUO
OCHalleHHOH HHCTpyMeHTanbHOH DBM, KoTopasi umeer Gosbluinit 06bEM BHYTpeHHeH
NaMsTH, BHELIHIOW NaMATb B BHUAE HAKOMHTeNeH ¢ NPOU3BOIbHBIM AOCTYNOM K HHGOP-
MaluuH (OObIYHO 3TO HaKOMUTeNH Ha TrUGKHX MarHuWTHeIX auckax — HICMII). Bce
3TO HeOOXOAHMO AJA TOro, uToGbl MOXHO Obl1O HCMOMb30BaTbh CJ0XKHOE CHCTEMHOE
nporpammuoe ofecreuedHe (pasiHuHble TPAHCAATOPbI, PENLAKTOPbl TEKCTOB W Mpo-
rpamMm, OTJalA4YHKH MPOrpaMM), UTO MOBbIWAET MPOU3BOLHTENbHOCTH Tpyaa Mpo-
rPaMMHCTOB.
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B kauectBe MHCTpyMeHTa/lbHOro Kommbiorepa ans PK moxer 6biTb HCnosb3o-
Baia OBM CM-1800, BuinonHeHHast Ha ToM e Mukponpoueccope KPS580MK80A.
Moryr 6bITb Hcnonb3oBaHel H DBM ¢ apyroit cucremoit komaua, Hanpumep CM-4.
dra MalllMHa JOMKHAa ObiTb OCHAllleHa chelHa/bHbIMH NMporpaMMamMu — KpoccoGecre-
4yeHHeM, MO3BOJIAIOUWIHM TPAHCIHPOBATh MPOrpaMmbl B MAaLUHHHBIE KOAbl MHKpOMpO-
ueccopa KP580MK80A.

Yto6bl HArISAAHO MNPEeACTaBHTb BLIMUFPLILI, KOTOPHI A3IOT HHCTPYMEHTaJlbHble
MAallWHbl, OTMETHM, YTO KOMMUAATOP ¢ si3bika [lackanb aas OBM CM-1800 3auu-
Maer Ha ru6KoM MariutHom aucke Gonee 200 K6aiit u tpeGyer ans csoeit paGoThbi
He MeHee 48 K6ait O3Y MaluuHbl, Kyna OTAe/NbHble YaCTH KOMMWIATOpPA 3arpyKatot-
csi mo Mepe Hapo6HocTH. Takum o6pasom, pa6Gotatb Ha s3bike [lackanb Ha PK Ge3s
HHCTpyMeHTanbHoii OBM npakTHueckn Henb3s.

[TonyuenHble Ha MHCTpyMeHTadbHbIX DBM nporpammbl B MalUHHHBIX KOAaX MO-
ryt pa6otaTb Ha TaKHX MPOCTHIX KOMMbloTepax, Kak, uanpumep, PK uau kakue-1u6o
MHKPOMpPOLECCOPHbIE YCTPOHCTBA ynpaBJ/leHHs, MaMsATh KOTOPbIX PAaCCUHUTaHa Ha BBINOJ-
HeHHe TOJIbKO OJHOiH MPOrpamMsl.

HecMoTpsi Ha mnoBceMecTHOe pacrnpocTpaHeHHe S3bIKOB BLICOKOrO YpOBHS, MO
3aHHMaeMoMy 06beMy MaMsATH M CKOPOCTH paboThl BO MHOTMX cjayuasix 6osee Bbi-
FOfHbl MPOrpaMmmbl, HamucaHHble Ha s3bike Accem6biepa. TO MalHHHO-OPHEHTHPO-
BaHHBI A3bIK, MPOrpaMMHUpPOBaHHE Ha HeM, MO CYTH, He OTJIHYAeTCs OT MPOrpaMMu-
poBauusi B MawHHHbIX Kopax. Ho nmpu 3tom n3bik Accembiepa nosBoasier pa6o-
TaTh MPOrpaMMHCTYy, HCMONb3Ysl MHEMOHHKY KOMaHZA, CHMBOJIbHble MepeMeHHble H
aBTOMaTHYecKoe pacrnpeneneHHe MaMsTH, u36aBJsieT ero OT pPYYHOH TPaHCJSLHH
HCXOJHBIX TEKCTOB MPOrpaMM B MallHHHbIE KOAbI.

C uem »xe cBSI3aHO TO, 4TO accembJepHble mporpammbl Gosnee 3pdHeKTHBHBI?
[Tosicaum s3To Ha mpumepe. KoMnmuasitop, BCTPeTHB B HCXOLHOM TeKCTe MpPOrpaMMbl
KaKylo-1H60 apudMeTHUecKylo OMepalLHio Hal ILeJbIMH YHCIaMH, BKJIOYaeT B COCTAB
O06BEKTHOrO  (MAalMHHOrO) KOAA COOTBETCTBYIOLLHE MPOrpaMmbl /51 BbIMOJHEHHS
apudmernueckux onepauuii. Ho npepnosoxum, uTo 3TH mMporpamMmsl MOryT BbIMOJ-
HATb NeHCTBHA He TOJbKO C ueabiMH uuciamu. CienoBaTenbHo, B OGBHEKTHOM Koae
MOSABJSIIOTCS  «/IHIUHHE», HEUCNOoJb3yeMble Koabl. IJTa H36GbITOYHOCTH MPHBOAHT K
HEPaLHOHAIbHOMY YBeJHUeHHIO o6beMa MporpamMMmbl MOC/e TPaHCASLHH, YBEJHYH-
BaeTcsi BpeMsi ee BbiMoMHeHHs. A nporpammbl Ha si3bike Accem6iepa B NpHHUHIE
MOryT GbiTb CBOGOAHbI OT TakoH H3OLITOUHOCTH, TaK KaK CcaM SI3blK oueHb OJH30K K
MAaLIHHHBIM KOAaM.

MMPHUJTIOXKEHHUE

1. Mukponpoueccop KP580 HK80A

Mukponpoueccop KP580MK80A KOHCTPYKTHBHO BbIMO/NHEH B MJ1acTMacco-

BoM kopnyce ¢ 40 BbiBopamH. [1isi Mukpomnpoueccopa HeOGXOAHMbI TPH HCTOUHHKA
HanpsikeHWs nutanua: +5 —5u 412 B.

BbiBoabl MuKpompoueccopa M Ha3HaueHHe MepelaBaeMblX 4epe3 HHX CHCHaJOoB:

@1, @2 — BXoaHble MEPHOJHUYECKHE CHTHAAbl A5 TAaKTHPOBAHHSA MHKpOMNpouec-

copa, hopMHpyemble BHelHHM reHepatopoM. OHH LO/KHbI UMeTb amnautyay + 12 B,
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B TO BpeMs KaK BCe ApYyrHe CHrHajbl MHK-
h % T, 5 B T ponpoueccopa umetor TTJI-yposuu. Tak-

2 1M M h Tnpy;omn:e MM“ﬂlebel onpeaensitoT MOMEHTHI
@2 J—L_,_L_I_LJ_LJ—-LJ_—L. BCeX ﬂeHCTBHI: MHKponpoueccopa. Beoinos-
ADAI5 0) ) @ HeHHe KaxX10H KOMaHAbl TNPOHCXOQHT 3a
M_Wr_C@D( }- @ ONHH HJH HeCKOIbKO (40 5) MallHHHBIX
swwe |_— UHMK/IOB, B Ka>X[10M H3 KOTOPbIX IPOHCXO-
28N I ) AHT oOMeH oaHHM 6alTOM C MaMATbIO WJH
WA T noptamH BBOAA-BbiBOZA. B cBoio ouepens,
READY LT MalUHHHbIA UHKI pasaensiercs Ha 3..5 Tak-
WAIT TOB, JJIHTEJIbHOCTb KOTOPbIX paBHa nepHony
HOLD H 1 CJ1e10BaHHA TaKTHPYIOULIHX MMNyabcoB. Bpe-
HLDA MeHHAasi AMarpamMma BbIMONHEHHST MAlUHHHOrO

UHK/Ia npusBeneHa Ha puc. [1. 1. B nepsom
Puc. TL1. Bpemeundsn anarpaMMa yamuuiom uukie Ml  j060ff  KomaHzbl
';"i”;ﬂ:;?rg E';ﬁfj:("”g,'“‘jﬁ,?e'}lgﬂge?ﬁpgi MHKponpoueccop B Takte T3 cuHThiBaeT
CTORIHHE MHKponpoueccopa; 4 — AaHHbie M3 TNaMAATH MHKPOSBM KOd  onepawuwH

KOMaHAbl H, €caH He TPeOYIOTCS AOMOMHH-
TedbHble AeHCTBHSI MO OGMEeHY NaHHbIMM C NMaMATbiO W/IH NOPTaMu BBOAA-BbLIBOAA,
3aKaHuuBaer ee BbiMojHeHHe B Takre T4 (uau T4 n T5). B nporuBHOM cayuae aas
BLIMOJIHEHHs] KOMaHAB TPe6YIOTCS NOMOIHHTENbHbE MAallHHHble LUHKIb M2—MS5.

AO0—AI5 — BbixoaHble CHCHa/bl IUHHBI ajapeca AJIs aapecalld NMaMsTH W Mop-
TOB BBOAA-BbiBOAA. [IpHueM npH azpecaudHH MOpPTOB BBOAA-BbIBOAA HHGOpMaLHS,
nepeapaBaemasi no JuHuaM AO—A7 wnHbl anpecos, ay6aupyercs Ha jauHuAX A8—AIS.
dto nossonsier Gojee PaBHOMEPHO pacrpenelHTb Harpy3Ky Ha LIHHY ajapeca MpH
MCNONB30BaHHH B MHKPOIBM G6osbwioro KosHuecTBa MopToB BBOAA-BbiBoAA. Ko
aapeca nosiBasieTcss Ha iiMHe aapeca B Takte Tl ¢ 3anpepxkoi 200..270 Hc oTHO-
cHTeNbHO ¢poHTa umny/ibca P2 u ocraercsi cTaGHAbHBIM 10 MOMEHTa BO3HHKHOBE-
Hus ¢ponta umnyabca P2 B TakTe, cieaywuleM 3a TakToM T3 TeKyllero uukia.
JIHHHMH LUHHBI azpeca MOTYT MPHHHUMATh BHICOKOHMIMENAaHCHOe COCTOSIHHE.

D0—-D7 — pByHanpaBJieHHble JIHHMH LUIHHB 1aHHbIX. SIBJSIIOTCH BXOAHBIMH NpH
BBOJE [AaHHbIX H3 MaMATH HJH MOPTOB BBOAA-BbIBOAA, BbIXOAHBIMH — MPH BbIBOJE
LaHHbIX M3 MHKpornpoueccopa. Mcnoabsyores Ttakxe aas BbiBopa B Takre Tl no
¢poHTy P2 nonmonHHTeNbHOH HH(OPMALUHH O XapaKTepe onepauHit o6MeHa B TeKylieM
MallHHHOM UHKJIe — 6aiTa COCTOAHHA. DTa HHPOPMALHS CHHMAETCA C JIMHHH LUHHB
naHHbiX uepe3 220...280 nc nocse npuxona umnyabca P2 B takre T2. JIHHHH WHHBI
LaHHBIX MOTYT MPHHHMaTb BbICOKOHMIEaHCHOE COCTOSIHHE.

DBIN — BbIX0QHOM CHFHAJ, HHHUHHDPYIOLWH BbIlauy AaHHBIX H3 AYElKH MaMsATH
WJH MOpTa Ha IIMHY AaHHbIX. Bo BpeMs neficTBMA 3TOro CHrHaja MHKpompoueccop
cuutbiBaeT GalT ¢ IWHHB AaHHbIX. CHrHan redepupyercs ¢ 3azepxkkoit 130...200 uc
OoTHOCHTeNbHO (poHTa P2 B Takre T2 MAIIMHHBIX UHK/AOB CYHTHIBAHHSA [QAHHBIX B
mukponpoueccop. BalT naHHbIX 10/)KeH ObiTh YCTAHOBJIEH Ha LIHHE 1aHHbIX He MeHee
yem 3a 30 Hc 00 nosiBieHusi 3aaHero ¢poHta Pl M ocTaBaTbCs CTAGH/IBHLIM He
meHee 130 Hc nocae nosiBneuns ¢pouta P2 takra T3. Curhan DBIN cHumaercs no
nonoxureapiomy ¢pouty ®2 rakra T3 ¢ makcumanbHoit 3anepxkoit 200 Hc.

WR — BbIXOLHOH CHIHa/, COMPOBOXIAWWIHH BblAauy MHKponpoueccopom 6aita
LaHHBIX HA WHHY NaHHBIX AAS 3aNKCH B siuelKy mamsaTd uau moprt. Popmupyercs B
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taktax T3 uau Tox (TaKT OXHAaHHA) c 3agepxknit 70...120 HC OTHOCHTENBHO MOJO-
XKHTeNbHOro ¢ponta curiana Pl. BadT aaHHbIX MHKpornpoueccop (OpPMHpYeT Ha
IMHe AaHHbIXx B Takte T2 ¢ 3amepxkoi 220..280 Hc oTHocuTenbHo ¢ponTta P2.
Curian WR cHuMaercss B TakTe, cjielyouleM 3a TakToM T3 ¢ 3aaepxkofl okoso
100 Hc orHocurenbHo ¢pouwta P1. Cnenyer 3amerutb, uto Ha puc. Il.1 curHann
DBIN 1 WR u3zobpaxceHbl akTHBHbIMH YCN10BHO. B TeueHue peanbHOro MalIHHHOrO
UHKNA aKTHBEH TONbKO OAHH M3 HHX. DTH CHrHa/lbl SIBJAAIOTCA OGWHMH Kak AAf
MOAyJieli NaMsTH, TaK H AJs NOPTOB BBOAA-BbIBOAA, YTO MPHEMJEMO TO/NBKO B MpO-
crefiinx MHKpoOBM. B Gosee cnoxubix MHKpOIBM ncnonb3yloT AOMOJHHTENbHbIE
CHrHaJbl ynpasJ/leHHsi, BbllaBaeMble MHKPOMpPOLECCOPOM Ha WHHY AAHHHX B TaKTax
T1/T2 B Buae 8-pa3psaHoro koga — 6aiTa COCTOSIHHSl, KOTOPbIA 3anoMHHaercs
(HKcupyeTcsl) BO BHELLUHEM perucTpe H onpeje/sieT AeHCTBHE MHKponpoueccopa B
CMefYIOUIHX TaKTax TeKYyLlero MalIHHHOro uHkaa. Hannuue eauHuusl B paspsipax
DO, D2—D7 wau Hyas B pa3psge D1 6aiita cocTosiHusl IBJSI€TCA NPHU3HAKOM BbINOJ-
HEHHS MHKPONpPOLECCOPOM B TeKyLeM MALIHHHOM LHKJe CAedyIOlHX NeHCTBHH:

DO(INTA) — o6cayxuBaHue 3anpoca npepbiBaHHA;

D1(WO) — 3anucb B NaMATb HJH BbIBOA AaHHbIX B MOPT;

D2(STACK) — o6patuieHne K o61acTH NaMaTH, HCIOIb3YEMOH B KauecTBe CTEKa;
D3(HLTA) — ocranoB mukponpoueccopa no komauae HLT;

D4(OUT) — BblBOA AaHHbIX B MOPT;

D&(M1) — YTeHHe Koda onepauuyd KOMaHIbI;

D6 (INP) — BBOJ JaHHBIX M3 NOpPTA;

D7(MEMR) — uretine NaHHbIX H3 NaMSATH.

SYNC — BbIXOQHOM CHrHal CHHXPOHM3alUHH, BblpabaTbiBaeMblii no ¢pouty P2
B Takre Tl KaX[0ro MalIHHHOTO UHKJIA H YKa3blBaIOULHil, YTO MO IIHHE [AaHHbIX
nepenaetrcs 6aiT cocrosHus Mukponpoueccopa. Curuan ciumaercs yepes 130...200 He
nocie nossaedus ¢ppouta P2 B takre T2. [lo cHrHany CHHXpPOHH3aUHH 6aHT cocTOS-
HHA (HKCHpYeTCA BO BHeluHeM perucTtpe. TakuM o6pa3oM, uyepe3 IIHHY AaHHbIX H3
MHKpoOnpoleccopa MoCTyNaloT He TOJbKO AaHHble, a B OTHAe/bHble MOMEHTbl H ynpas-
JNK0LHe CHrHaJbl. Takoe HCMO/b30BaHHe WHH AJs Nepefayd B pasHoe BpeMs pas-
JIHYHBIX CHTHA/JOB Ha3blBAIOT BPEMEHHbIM MYyJbTHNJAeKcHpoBaHHeM. OHO Heo6X0AHMO
M3-32 OrpaHHYeHHOro YHMc/aa BbIBOJOB MHKpONpoOLECcCOpa. YBeNHYHBATb XKe HHCI0
BBIBOJOB Yy MHKpONpoleccopa Hele/necoo6pa3sHo, Tak KaK 3TO MOBbILIAeT ero CTOH-
MOCTb H CHHXXaeT HaleXHOCTb.

READY — BxoaHo#i curian oT Mody/JeHd NaMsaATH WJAH NOPTOB BBOAA-BblBOAA,
YKa3blBalOWIHA HAa HX TOTOBHOCTb K OOMeHY NaHHbIMH ¢ MHKponpoueccopom. Ecau
CHTHAaN Ha 3TOM BXOJe HMeeT HH3KHH ypoBeHb, TO nocje Takra T2 MHKponpouec-
COpOM BBITIOJIHAIOTCS BCIOMOraTe/bHble TaKThl 0XHAAHHA Tox (T. €. OH MepexoauT B
COCTOSIHHE OXHMAaHHA). DTO NO3BOJISET HCNOAb30BaThb B MHKPOIBM namatb W nepu-
tdepuiiHoe o6opynoBaHHe ¢ ManbiM GhicTpodeidcTBHeM. YHc/10 BcnomoraresbHbIX Tak-
TOB OXHIAHHA ONpeleseTcsl AJHTENbHOCTBIO MOAAEPXAHHS BXOLHOrO CHrHana Ha
sbiBoge READY B cocrosnun 0. Kak Tonbko namsTb WAM MOPT GYAYT rOTOBbI K
o6MeHY, OHH YCTAHOBSIT HAa 3TOM BXOJe BbICOKHII ypOBeHb HaMpsKEHHS, 4TO MO3BO-
JIMT MHKpONpoleccopy nepedTH K BuinonHeHHIo Takra T3. KOHTPO/Ib COCTOAHHSI CHr-
Hana Ha Bxoge READY ocyuwecrtsasercss B MOMeHT AelicTBusi umnyabca P2 B Takrax
T2 u Tox. s npaBunbHoil paboTbl MHKpONpoleccopa HeO6XOAHMO, UYTOGbI 3TOT
CHTHaJ/l yCTaHaB/JWBANCA W OCTaBasicsl CTaGHAbHBIM MHUHUMYM 3a 180 HC 10 OKOHua-
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Hus umnyibca P2. Heo6xoauMo OTMeTHTb, UTO NPH BLINOJHEHHH MHKPOMpOLECCOo-
POM TaKTOB OXH[aHHS BbIXOAHble CHFHAJIbl Ha €ro BbIBOAAX OCTAIOTCH HeH3MEeHHbIMH.

WAIT — BbIXOAHOH CHMrHa/, NOATBEPXKAAIOUIHH Nepexol MHKponmpoueccopa B
COCTOSIHHE OXHAaHHSA. YCTaHaB/IHBAeTC H CHHUMaercs no ¢poHty Pl.

HOLD — BxogHOH cHrHan, HHHUHHPYIOUIMH MepeBOA IUMH aApecoB H [aHHbIX
MHKpPOMNpOLEeccopa B BbICOKOHMIMELAHCHOE COCTOsIHHE. JTO MO3BOJISIET NPOM3BOAHTH
HenocpeacTBeHHbIH O6MeH NaHHBIMH MeXK 1y fiuefiKaMH NaMsATH u nopramu MHKpodBM,
muHys Mukponpoueccop (pexxum I1IT). KouTpoib coctositHusi curHajsa Ha Bxode
HOLD ocyuiectBasiercss B MOMeHT medcTBHst umnyiabca $2 B rtakrax T2, aua’no-
rHYHO KaK W NpH KOHTposie curHana Ha Bxose READY. [lns npaBunbHOil paGoThbl
MHKpoOMpoueccopa Heo6x0auMo, uToObl 3TOT cHrHa/l Ha Bxoge HOLD ycraHaBausan-
cf M ocTaBaincs cTabuabHbiM MHHHMYM 3a 180 Hc 10 okoHuaHus umnysibca 2.
Pexkomenayercsi cuHxpoHusupoBatb cHriaa HOLD curHanom ®1. Tak kak nepen
BbinojHeHneM uukaos [1AIT mukponpoueccop n0/MKeH 3aKOHUHTb OOGMEH B TeKy-
eM MallHHHOM uHkae, To curHal READY umeer Gonee BbICOKHA NMpPHOpHTET, ueM
HOLD.

HLDA — BbiXOAHOH CHrHan NOATBEpXAEHHS NMepeBOda LUMH aAPecOB M AaHHbIX
MHKpoOMpotieccopa B BbICOKOHMMeNaHCHOe cocTosiHHe. dopmupyeTcst NpH obHapyxe-
i Ha Bxoge HOLD HanpsikeHuss Bbicokoro ypoBHsA. dopmHpOBaHHe CHrHasna
NPOHCXOAHT ¢ 3afepxKoit B 70...120 HC OTHOCHTeNbHO MoJOXuTedbHOro ¢poHta Pl
B takte T3 wau caenyiouwem 3a HuM Takte (T4 uam Tl caenyouwero uukna) s
3aBHCHMOCTH OT TOTO, BBINOJIHSJCS JIM LHMKA UTEHHS WJIH 3aMHCH COOTBETCTBEHHO.
3artem no nojoxureabHomy ¢pouty P2 c 3amepxkoit He Gosee 200 HC JMHMH WHH
aapecoB H 1aHHbIX NEepPEeBOAATCS B BbICOKOMMMNELAHCHOE COCTOsIHHUE.

INT — BxopHO# cHrHan 3anpoca npepbiBaHds. [Ipu ero nosiBleHHH MHKpompo-
Leccop, OKOHUHB BbIMOJHEHHe TeKyliedl KOMaHAbi, yCTaHaBJAHBaeT B MEPBOM TaKTe
uukaa M1 ouepenHON KOMaHIbi Ha LIMHE AAHHBIX GaHT COCTOSIHWSA, I'le BMECTO -MpH-
3HaKa uTeHHsl AaHHbIX M3 namaty MEMR npucyrcTByer npH3Hak NOATBePKAEHHS
npepbiBaina INTA. B pesynbTaTe 3TOro MHKpONpoUEecCOp BMECTO KOAa OuepeqHOH
KOMaHAbl TEKylUeH MporpaMMbi CUHTHIBAET C WHHbI AaHHbBIX MHKPOIBM koa oaHo#
M3 KOMaHA Bbl3oBa noanporpamm, ¢popmupyembiii gononiutensHois BUC — kourtpos-
Jnepom npepbiBaHusl. TakuM 06pa3oM NPOHCXOAST NpepbiBaHHE BLINOJHEHHS TeKyuied
nporpaMMbl H Mepexoi K BbIMONHEHHIO NOANpOrpaMmbl 06paGoOTKH 3ampoca npepbl-
BaHHS.

INTE — BbiXOQHOW CcHrHan paspelleHHs NpepbiBAHMS BHIMOJIHEHHS! TeKyule#
nporpammbl. OTpakaeT COCTOsIHHE BHYTPeHHero TPHrrepa MHKpompoueccopa, paspe-
UI3I0LLEro NPoXoxAeHne 3anpoca npepbiBanusg. OH ycTaHaBaWBaeTCs, ec/H paHee B
nporpamme Gbli1a BhilIOJIHEHA KoMaHaa pa3peuieHdst npepoiBanusi EI. Tlpu ob6pa6orke
3anpoca npepbiBaHUsl TPHITEP pa3pelleHHsi MPOXOXKAEHHs 3anpoca NpepbiBaHUsi aBTO-
MaTHuYeckH cbpacbiBaeTcsi W cHuMaeT BbixoAHOH cHurHaa INTE, uto He nosBoasier
MHKpONpOLECCOPY B Aa/bHeHlleM pearHpoBaTh Ha HOBbie 3aNpochl NPepPbiBaHHsA BIIOTh
10 BbinonHeHust caenyiowedd komanasl EI. 3anperuth npepbiBaHue Tekyuied npo-
rpaMMbl MOXHO Tak»e KOMaHLoil 3anpera npepsiBanusi DI B nio60M MecTe BbiMOJ-
HSAeMOH NporpaMMbi.

RESET — BXOAHOH CHrHa;n YCTaHOBKH MHKpOMpoueccopa B HCXO4HOE COCTOfl-
Hue. [locne CHATHA 3TOrO CHrHana MHKPONPOLLECCOP HAuHHAeT BbINOJHEHHE npo-
rpamMbl C KOMauibl, coaepxatuieiicsi B sueiike namatu ¢ agpecom 0000H. Ipu sTom
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Ta6auua ILI

MauHHHBIR
HefictBus
UHKA TakT
Ml Tl BbiBOA Ha WIHHY ajpeca COLEpPKHMOro yKasaresis aapeca
yTeHHe T1/T2 BbiBOA Ha LIHHY AaHHbIX 6aiiTa COCTOSAHHSA
T2 Onpoc cocrosiius Bxogos READY n HOLD; yBenuuenue
Ha | comepxHMoOro ykasareas aapeca
T2/T3 UreHne M3 MaMATH KOAA OnepaLHH KOMaHAbl
T4 [MoaroroBka K BbIMONHEHHIO KOMaH.bl
M2 T1 BbiBOn Ha IWHHY ajpeca COAEPIKHMOro ykasaTeas agpeca
YTeHHe T1/T2 BbiBoa Ha WWHHY AaHHBIX 6aATa COCTOSAHHSA
T2 Onpoc cocrosiius Bxogos READY u HOLD; yseanuenue
Ha | comep)umoro ykasarensi aapeca
T2/T3  |UYteHne u3 namaTu BTOpOro GailTa KOMaHIbi — MJaaule-
ro Gaiita ajapeca NaMmMATH AN XPAHEHHS COAEPXKHMOro
peructpa L
M3 Tl BbiBoa Ha IWIKHY afpeca CONEPXKHMOro yKa3aTeas aapeca
yTeHHe T1/T2 BblBOA Ha WIMHY NaHHHX GaHTa COCTOAHHA
T2 Onpoc cocrosiuua BxogoB READY u HOLD; yseanuenue
Ha | colepXHMOro ykasareis ajapeca
T2/T3 YreHHe u3 namstu TpeTbero 6alHTa KOMaHAbl — CTaplue-
ro 6aiita aapeca namATH AN XpaHEHHSI COLEPXKHMOro
peructpa L
M4 Tl BuiBon aspeca namsiTH QA XpaHEHHS COLEPXKHMOro pe-
3anuchb ructpa L Ha wuHy anpeca
T1/T2 BbiBoa Ha IIMHY NaHHbIX 6alTa COCTOSAHHSA
T2 Onpoc cocrosiinsi Bxogos READY u HOLD
T2/T3 3anuch B nNaMATb COAEPXKHMOro perucrpa L
T3 YBenuuenne Ha | agpeca naMsTH ANS XpAHEHHS] COLEPXKH-
moro peructpa L
M5 Tl BoiBoa agpeca namsiTH AJs XpaHEHHsS! COAEPIKHMOro pe-
3anuch ructpa H Ha wHHy aapeca
T1/T2 BbiBoA Ha wWwHHY AaHHBIX 6aiiTa COCTOSIHHA
T2 Onpoc cocrosnus Bxonos READY u HOLD
T2/T3  [3anuch B namaTb comepxkumoro peructpa H
T3 Onpoc cocrosiius Bxoaa INT

aBTOMATHYeCKH 3anpeuiaercs npHem 3anpocoB npepbiBanus. Curian RESET nonxen
HMeTb MJIMTENbHOCTh HEe MeHee TpeX MepHOAOB TAKTOBOH 4acTOThl.
W3 aHanu3a BpemeHHO#H auarpammbl Ha puc. [1.1 cieayer, uTo B KaXX10M TakTe
N1060r0 MalIHHHONO UHKJAA MHKPONPOLECcCcOop BBIMOJHAET OnpeaeneHHble 1eHCTBHS:
T1 — ycraHaBiHBaeT Koi aapeca nepHdepHiHOro MOAY/As Ha IUHHE aApecoB;
T1/T2 — BbLIBOAHT HHOPOPMAUHIO O CBOEM COCTOSHWH MO IWIHHE JAHHBIX;
T2 — nposepsier cocrosiiue curianos Ha Bxogax READY u HOLD;
T3 — peanusyer o6MeH OQHHM GaHTOM HHGOPMAUHH C NaMATHLIO WJIH TOPTaMH,
T4/T5 — BbinonHsieT BHYTPeHHHE MeXPErHcTpoBbie nepenaud W o6pabOTKy AaH-
HbIX B COOTBETCTBHH C KOMaHIOM.
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HOns npumepa B Ta6a. Il.1 npuBeneHa nocnefoBaTeNbHOCTb AEHCTBHIl, coBep-
luaeMblx MHKPOMpPOLECCOpPOM NpH BbinosHeHHH xomauasi SHLD. Jra komauaa npea-
MUCbIBACT 3aMOMHHTb COAEPXKHMOe BHYTpeHHHX perucTpoB H u L mukponpoueccopa B
Aueilkax namsATH. Ajapec sueHKH NamsiTH, B KOTOPOH HEOGXOAHMO Da3MecTHTb colep-
XuMmoe peructpa L, 3anaercs BropbiM W TpeTbuM GaiiTamu 3TOH Tpex6aiiTOBOH KOMaH-
abl. Conepxxumoe peructpa H pa3mernaercs B siueiike namsTH ¢ aapecoM, Ha eQHHHLY
GonblIHM. BbinosHeHHe KoMaHAbl TpeOyeT NATH MAalLHHHbIX UHKJIOB: B Tpex MepBbiX
cuHTbiBaeTcs cama Tpex6aiiToBass KOMaHAa, a ABa ApYyrHe (:le)KaT [J151 3aMHCH colep-
xumoro peructpoB H u L B siuefikn namaTu.

2. Mporpammupyembiit nepudepnitnnii anantep KP580BB55

Jns ynpouieHHst MOAKJIOUeHHS BHEIWHHX YCTPOHCTB K WHHaM MHKpoOBM
IIPUMEHSIIOT nporpamMupyembie nepudepHitibie MHkponpoueccopibie BUC pa3subix
THMOB.

BHewHnune ycrpoiicTBa noakaioyalotrcss K MHKpodBM ¢ nomoulbio coeauHHTenb-
HbIX JIMHHHA, MO KOTOPbIM NepelalTcsi AaHHble H ynpasasioiuiHe curiaibl. [lepeueHb
yNpaBAfIOUIHX CHTFHANOB W [aHHbIX, HX 3JeKTpHYecCKHe W BpeMeHHbie NapameTpbl,
NOPALOK CJ€N0BAHHA H B3aHMONEHCTBHA ONpeae/sloT HHTep(peHC BHEIIHHX YCTPOHCTB.
Hutepoeiic o6ycnoBinBaeT Takke H KOHCTPYKUHIO 3J€KTPHYECKHX COeLHHHTenedl,
Ha3HayeHHe WX KOHTAaKTOB.

C nomouwbio nporpammupyembix nepudepuiiibix BHUC B3anMopneiictBre curia-
n0B WHH MHKPOIBM M CHrHANOB MHOTHX BHELIHHX YCTPOHCTB MOXHO OpPraHH30-
BaTb [IPOrpaMMHO, He pa3pabaThiBast /sl 3TOrO cnelHanbHbie cxembl. Kpome Toro,
nporpammupyemble nepupepuiiibie BUC no3sonsior ¢opmMupoBaTh NporpaMMHbIM My-
TeM NPOU3BOJIbHbIE M0C/1Ee10BATENbHOCTH HMMYJbCOB (BpeMeHHble AMarpaMMmbl), uTO H
uciionb3yercsi B PK npu noaknioueHun K Heil KJ1aBHATypbl H MarHuTodoHa.

3nech npumensierca BUC KP580BB55 (T1TT1A), npenHasHaueHHas A/si BBOAA
WIH BbIBOAA AAHHBIX B MapaJjjenbHod ¢popme W3 MHKpoIBM. Ora Mukpocxema Bbi-
nonHeHa B 40-BbIBOAHOM MJ1aCTMAcCCOBOM KOpryce, MHTaeTcsi OT OLHOrO HCTOYHHKA
HanpsixeHus +95 B.

BHewHne ycTpoicTBa MOAKJOMAIOT K JHHHAM BBoaa uau BbiBoga [1ITA, obpa-
sytownm kaHaabt A, B 1 C no 8 aunnit B kaxaom. Kanan C moxer GbiTb pasie-
JIeH Ha MJajlWil W cTaplwHil noakaHans. JIMHHM KaHaANoB CBA3aHbl C COOTBETCTBY-
ouwumMi 6ydepHbiMu peructpamu TIITA — nopramu A, B u C.

O6MeH uHbopMauHel Mex1y MHKPONPOLUECCOPOM H MOPTaMH MPOHCXOAHMT B CO-
OTBETCTBHH C KOMaH1aMH BBOAA WJHM BbiBOAA nporpammbi, obcayxusaiowed [IITA,
no wHHe AaHHbX, B koropoi [I[TA noakaioueH uepe3 AByHanpaBjeHHble JHHHU
D0—D7. 3TH NMHUKH HaXOAATCH B BbICOKOHMIENAHCHOM COCTOSIHHH NPH OTCYTCTBHH
curiana «Bwi6bop mukpocxembi» Ha BbiBoge, CS M oaHOro u3 curianos «Urenne» wiu
«3anucb» (Ha BbiBogax RD u WR). Tlpu BbinonHeHMH KOMaHA BBOAA HJH BbiBOAA
MHKPOIIPOLLECCOP YyCTaHaB/jHBaeT Ha JUHHAX AO—A7 wHHB aapecoB HOMep MopTa.
B pesyabrare newddpaund BHeWIHHM AewHdpatopom Koaa Ha auHHAX A2—A7
BbipabGarbiBaeTcss curian Ha BoiBoge CS, onpenensiouinét TITTA, ¢ koropeiM 6Gyaer
ocyutectBasTbcss obmeH. BoiBoabt A0 u Al TITIA noaxnioyalorcsi O6bIYHO K OLHO-
MMEHHBIM JIHHUAIM LUHHBl ajpeca AAsl Bbibopa KoHKperHoro nopra BHytpu [1ITA.

HanpasneHne o6meHa 3ajaioT ynpae/filoliHe CHCHAJbl, MOCTYMalOILHe C LUHHB
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Ta6awnwua 1.2

Al A0 RD WR CS Haupas.aewue neperaun
0 0 0 1 0 |IMopt A — wuHa paHubIX

0 1 0 | 0 [Mopt B — uiuna nanubix

1 0 0 1 0 | IToptr C — uinna aanubx

0 0 1 0 0 | luna nauubix — 1opT A

0 l 1 0 0 | IUnHa pauHbiX — nopt B

1 0 1 0 0 | Wuna pauubix — nopt C

1 1 1 0 0 | lluna hasubix —~ PYC

X X X X 1 [una gauHbix — 3 cocTosiHue
X X 1 | X | UWuHa paHHbIX — 3 cOCTOAHHE
1 | 0 1 0 | Henonycrumasi komGuHauns

ynpasaenust Ha Bxoabi WR uau RD T1[TA, B 3aBUCHMOCTH OT TOro, BBUIOINSETCA JH
KOMaHaa BBoaa Wau BbiBoga (Taba. [1.2).

Hapsny ¢ nopramu A, B u C TI[1A comepXHT Takxe 11OPT perucTpa ynpasJasio-
wero ciosa PYC, Kyna ans 3anaHusi pexxuMoB paGoThl KaHaa0B 110 KOMaHae BLIBOAA

Ta6awnua I 3.

tD7:D6:DS:D4:D3:D2:D1:DO:

: ¢ ¢ ¢ AVHMM PCO-PC3 KAHAJIA C :
L. — 1 - BBOA :

: : 0 - BHBOA :

: : NVHUA KAHAJIA B :

[ J— 1 - BBOA :

: 0 - BHBOA :

¢ BHBOP PEXMMA I JIMHUR @
: KAHAJIA B U JWHWA :
: PCO- PC3 KAHAJIA C :

e ee o0 e o0 os ¢ oe oo oo oo oo

0 - PEXVM O

¢ JIMHUK PC4-PC? KAHAJIA C
——— 1 - BBOA

: 0 - BHBOA
H JINHWA KAHAJIA A :
H 1 - BBOA :
: O - BWBOA :
¢ BHEOP PEXVMA INIA JWHUA :
H KAHAJIA A U JIUHUA :
: PC4-PC? KAHAJIA C :
: 00 - PEXMM O :

s ee %o se ®e se S0 so 20 e S0 e % e % e e ee ee G4 Se e @0 e ww oo

01 - PEXMM |
1X - PEXUM 2

D? B YNPABJSIKMEM CJIOBE :
YCTAHOBKU PEXMMA PABEH 1:

6 50 68 8¢ so 20 e Se 0 e ee SC G S BC G ee SO se GO 0 e ee e oo G e S ee eo 5 o0 e
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npeaBapHTe/]bHO 3aHOCHTCA ynpapasiowee caoso. Popmar 3TOro cnosa NpeacTas/eH
B Taba. [1.3. OrmeTnM, uto cuutbiBaTh HHOpmauuio u3 nopra PYC nenbss.

Bosmoxtbl Tpu pexuma (0, 1 u 2) paborn kananos TITTA. Pexxum O npeny-
cMatpHBaeT o6MeH AaHHbIMH C BHEUIHHMH ycTpoHcTBaMH uepe3 KaHaan A, B u asa
noakaHana C 6e3 ynpaBaslOLLHX CHFHAJOB O TOTOBHOCTH K pa6oTe M NOATBEPKIAeHHs
o6MeHa. JTO O3HauyaeT, YTO JdaHHble, BbIBOAHMble M3 MHKpOIBM 10 komanzam Bbl-
BOAa, ¢uKcHpyioTcss B coorBercTBylowiux noprax [ITTA u xpausarcs tam po nocty-
MJEHHS OyepelHbIX KOMaHI BbiBOAA, T.e€. 10 3aNHCH B MOPTbl HOBbIX AaHHbIX. [1o
JUHUSIM KaHaJoB OHM NOCTYMaloT BO BHELIHHe YCTPOHCTBA.

Tpu BBO4E H3 BHEWHHX YCTPOWCTB NaHHble He (PHKCHPYIOTCH B MOpTax, a CuM-
ThIBAIOTCA HEMOCPEACTBEHHO B aKKYMYJATOP MHKPONpPOLECCOpa W3 COOTBETCTBYIOLLErO
nopra NpH BbIMOJHEHHH KOMaHAbl BBoAa. [103TOMY H3MeHeHHSs BXOAHbIX AAHHBLIX B
MHTepBanax BpeMeHH MexAy O06pauleHHsIMH MHKpoOnpoueccopa K MOPTaM HHKAaK He
oTpaxatorcsi Ha pa6ore MHKpoOBM.

O6biuHo pexxum 0 MCMONb3yIOT A/ BBOAA MEAJIEHHO MEHSIOUIHXCS NAHHbIX HIH
KaKHX-H60 MOCTOSAHHbIX 3HadeHHi. [Ipu BbIBOLE B 3TOM pekHMe Ha JIMHHAX KaHa/0B
MOXHO MporpaMMHO (YOPMHPOBAThb CHI'HaJIbi, COOTBETCTBYIOULHE 3aNaHHbIM BPEMEHHbIM
aHarpammam. HHbIMH cJ0BaMH, 3TOT pexHM MO3BOJsSiET MPOrpaMMHO YNpas/siTh
pa3sHooGpa3HbiMH BHEIWIHHMH ycTpoiicTBamMH. HMiMenHo B pexxume 0 paGoraloT KaHasbl
TITTA, uepe3 kotopbie B PK nogknioueHbl KOHTaKTbl KN1aBHATypbl M BXOAbl H BbIXOLbl
MarHutodoua.

B pexume | o6MeHOM NaHHBLIMH MeXAY BHELIHHMH YCTPOHCTBAMH H KaHanaMH
A u B (411 ofHHM K3 HHX) yNpaBASIOT CHTHaJbl, NepelaBaemble Mo AuHUsAM KaHaza C
(3TH CHTHaJbl Ha3blBAIOT CHrHA/NaMH KBHTHPOBAHHS).

Pa6ory TlI[TA B 3TOM pexuMme pPacCMOTPHM Ha nNpHMepe COBMECTHOH pa6oTbl
MHKpOOBM ¢ 1wHpoko pacnpocTpaHeHHbIM B BbIUHC/AHTENbHOH TeXHHKE BHCLUIHHM
yCTPOHCTBOM — a/ihaBHTHO-UHGPOBLIM AHcMieeM. Kak npaBuio, AHCHJeH COCTOMT
u3 1BYX (YHKUHOHA/JbHO HE3aBHCHMbIX yacTeil: 6JIOKOB KJaBHATypbi H BbiBOLA AaH-
HbIX Ha 3KpaH AHCIJIes.

O6parumcs K puc. [1.2, Ha KOTOpoM mnokasaHa cxemMa MOAKJIOUEHHSI 3THX 6Jo-
koB K [I[TA. Heo6xoaMMO OTMEeTHTb, YTO 3Ta cXeMa 3[eCb MPHBOAHTCA TOJIbKO
Kak npumep, Tak Kak B PK ancnneil peain3oBaH no-apyromy M siBjsieTcsi ero coc-
TaBHOW uyactblo. B Haiem npumepe noptel A u B 3anporpammupoBaHbl B pexxume |
COOTBETCTBEHHO Ha BBOA [AHHbIX C KJaBHAaTypbl H HX BbIBOA W3 MHKponpoueccopa
Ha 3KkpaH aucnses. Ha puc. T1.3 npuBeneHbl BpemeHHble AHAarpaMMbl yNpaBJsiioLLHX
cHrHanos npu sBofe 6aita nauHbix B [1TIA. [ocse HaxaTHs Ha Kl1aBHWY Ha JHHH-
fIX KaHala A NosIBNSIETCS KO COOTBETCTBYIOLLEro CHMBOMA, a Ha JuHun PC4 kana-
na C — curuan «Ctpo6 npuema A» (STB,). [lo 3TOMy CHrHany AaHHble ¢ BXOAHBIX
JuHHA nepenxchbiBaloTca B nopT A, uTo noarsepxaaercs curiajnom «[loatsepxmenne
npuema A» (IBF,) ua BoiBone PC5, nocrynaowum u3 [TIITA B aucnaeir. Tlo
curnany IBF, aucnnedi cuumaer curwan STB,. Tlpu stom [I[TA dopmupyer Ha
suisoge PC3 curian «3anpoc npepbiBanus A» (INTR,), cBuaerenscTByoowmuii o
TOM, 4TO AaHHble B MOPTY A nOArOTOBAEHbl AJSl MOCJAENYIOLULer0 HX CYHTbiBaHHA
MHKPOMPOLECCOPOM MO KoMmaHae BBofa. Ee BbiMO/NHeHHe BbI3bIBAET MOSIBJEHHE CHT-
Hana «Ytenne» Ha BbiBoge RD, ¢poHT koToporo racHt curuan «3anpoc npepbiBa-
uua A», a cnag — curian «[loarsepxxaedne npuema A», nocje 4yero C KJ1aBHaTyphbl
aucniest no JHHUSAM KaHana A moxHo nepenatb B [IITA HoBbii Koa cuMmBOsa.
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Puc. T1.2. Cxema noaxjioueHuss aucries K MHKpodBM

[pn BbiBOZE HA 3KpaH AMCMJEs Kakoro-1H60 CMMBONA €ro KO MepenuchiBaeTcs
M3 MuKponpoueccopa B noptT B no komanje BbiBOAa, BbI3bBAIOLLEH MOABJEHHE CHI-
Hana «3anucb» Ha Bxoge WR TITIA (puc. [1.4). Tlo cnamy >Toro curHana Ha Bb-
soge PCl ¢opmupyercs curdan «Crpo6 3anucn B» (@F‘B) 0As AMCIiesi, KO-
TOpbIHl paspellaeT CUHTbIBaAHHE NaHHBIX ¢ JHHHWH KaHana B. Tlocne cuutbiBanus Koza
cuMBosa aucnaei ¢popmupyer Ha BbiBone PC2 curHan «Iloarsepxaerune 3anucu B»
(ACKg), koropbiii c6paceiBaer cHriaa «Ctpo6 3anucd B» u uunumupyer B I1I1A
Ha Juuun PCO curian «3anpoc npepbiBaiusi B» (INTRg). Tenepb mukponpouec-
cop moxet 3anucatb B G6ydep [1[TA kog ouepesHoro cHMBOJA 445l ero nocJeayioule-
ro BbBOJA HA 3KpaH.

B pexume 2 muHuKM KaHala A npuoGpeTaloT CBOACTBO AByHanpasaeHHOCTH. Ouu
MOFYT MOAKMIOYATLCA K BHELIHEMY YCTPOHCTBY, TaKXe HCMOJIb3YIOLIeMy A5l BBORA-BbI-
BOJa ABYHanpaBJjeHHble NHHHH. B KayecTBe TaKOro BHEILHEro YCTPOHCTBA MOXET,
HanpuMep, HCNoAb30BaThbCH Apyraa MHKpoIBM c¢ ananoruuubim TITTA. Bosmoxho
TaKXe MOAKMIOUNTh AuHuK Kahana A [I[TA ognoli MukpodBM HenocpeacTBeHHO K
wrHam apyro#. Ilpn paGoTe B pexume 2 ynpaBisioillHe CHrHa/bl, aHaJOrHuHble
CHrHalam B pexume 1, nepegaiores no Jiuidsam Kavana C. Kawan B moxer npu
3TOM HCMonb3oBaThesi B pexkume O nan |. Kanan A oTiiHuaercs oT APYrux KaHasloB
TeMm, uTo emy B II[IA cooTBeTCTBYIOT ABa perHcTpa BPeMEHHOTO XpaHeHHsl AaHHBIX,
OfHH H3 KOTODBIX HCMO/Nb3YyeTCs NpH BBOAE, a APYroil — mpu BbiBoge AaHHbX. Bua-

W}ﬂ\ "

18F —/T 08F }

ACK
INTR
RT WTR
Puc. T1.3. BpemeHHble aunarpammbl yn- Puc. T1.4. BpemenHds nanarpamma yn-
pasasiowux curHanos [1TT1A npu BBOLe pasasiownx curuanos I1ITA npu BbiBOzE
JaHHblX H3 MHKPOIBM B pexnme | gaHubix B MHKPoOBM B pexume |
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WR rojlaps 3ToMy 1pu obmeHe B pexkume 2

OBF BO3MOXHO ONHOBDEMEHHOE XpaHeHue
i B [I[TA BBOAHMOro H BbLIBOAHMOIO
o \ 6aiToB.
ASK \ ﬁ; Ha puc. T1.5 1okasaHbl BpeMeH-
5TF Hble Auarpammbl paborel T1[TA B pe-
\—1—/ KUMe 2 LIs cliydasi, KOria MHKpPO-
7 — \_  npoueccop 3anuchiBaeT B BHIBOLHOM
—_———{ Dy D——- GydepHblii peructp nopta A GalT aas
Vi1 11oCJ/IeAyIoWero BbiBoAa. JTO NPoHMC-
f— XOAWT MO CUrHany «3anucb», nocry-
Puc. T1.5. BpemenHble guarpamvul paGoTbl  NaiolleMy M0 LIMHE YUPaBJeHHs Ha
TIA B pexume 2 BbiBog WR TIITA. [To oKoHuaHuu ero

L aedcTBusA nosisasierca curdan «Crtpob
3anucn A» (OBFA) Ha BbiBofe PC7, u3sewlalowui BHellHee ycTpoiicTBo, uto [ITTA
roToB BbiAaTh GaiT sanHbiX. OAHAKO B pacCMaTpPHBAaeMOM HAa DHCYHKe clyyae K
MOMEHTY NOSIBJIEHHSI 3TOr0 CHrHana JIMHWH llopTa A O0Ka3biBalOTCS 3aHATbl BBOAOM
Gaiita JaHHBIX MOA ynpasJjeHueM cHrHaioB «CTpo6 npuema A» ("S_:I'BA). nocrynato-
lero oT BHeWHero ycTpodctBa Ha JuHuio PC4, u «[loaTeepxaeune npuema A»
(IBF,), BoipabateiBaemoro [1[TA Ha aumuun PC5. Tonbko nocae BBoaa 6aiiTa
CHATHSL CHrHajla MOATBEPXKAeHHS [PHCMA BHCUIHeE YCTPOHCTBO YCTaHABAHBAeT Ha
BoiBone PC6 curdan «[loarsepxkaeHue sanucu A» (AC'KA), no KotopoMmy 6aiir,
XpaHuMbiil B BbIBOJHOM Gydeprom perucTpe nopta A, nepenuchiBaeTcss Ha BHellHee
yCTPOHCTBO.

Taxkum 06pa3om, COCTOSIHHEM JHMHHI 1OpTa A B pexxume 2 ynpaBAsilOT CHTHAJbI
STB, # ACK,, nocrynamoiine oT BHelLIHero yctpoiictBa. Ecau o6a 3TH cHrHadbi
HMeloT ypoBelb |, TO JHHHW noptTa A HAXOAATCH B BbICOKOUMMENAHCHOM COCTOSIHHH.
CoBMecTHOe HaxoxaeHHe O00OHX CHTHAJIOB B HYJNE€BOM COCTOSHHM He Jomnycka-
eTcs.

OnHoBpeMmeHHO ¢ nepecblikod Gaiita u3 [1ITA Bo BHewHee yCTpPOHCTBO NO KOMaH-
[le BBOLA MHKDOMPOLECCOP MOXeT CUHTaTb paHee BBeldeHHblid B nopt A Gaiit.

CurHan «3aupoc npepoiBauusi A» (/NTR,) na BuiBoge PC3 B pexxume 2 BO3HH-
KaeT MpH BbiBOAE AaHHbLIX, €CAH npouecc ofMeHa C BHELIHHM YCTPOHCTBOM 3aKOH-
4eH, T. €. BbIBOAHOH perucTp nopta A nycr. [Ipu BBOZe 3TOT CHrHa/n MNOABJAETCH,
€C/IH @HHble YXe BBeleHbl M3 BHewHero yctpoidictsa B [I[1A, a komaHna BBola
JAaHHbIX OT MHKpoOMpoueccopa u3 nopra A orcyTcTBYeT.

B ta6a. 1.4 nokazado Ha3HayeHHe auHHH KaHasa C npu pas3Hbix pexumax pabo-
Thl KaHanos [ITTA. Jrta Tabadua Heo6XoaMMa MPH COCTABJIEHHH [PHHLHMMHAAbHBIX
3JIeKTPHUECKHX CXE€M, TaK Kak onpejensier Ha3HayeHHe BbiBonoB [IITA, ucnoib3yembix
IS mepefaud ynpaBJsIOULHX CHIHal0B B pexuMax | u 2. CBo6oiHble OT ynpaB/sio-
ILKX CHTrHa/MoB NuHUK Kanaja C (B Tabnuue oHH o6o3HaueHbl «BBoa-BbiBOL») MoryT
6biTb HCMOJb30BaHbl KAK JHHHI BBOAA WM BbiBOAA AaHHbIX. [las BbiBOda AaHHbIX
Mo OTAENbHbBIM JHHUAM KaHana C MCMOAB3YIOT CreuHanbHoe ynpasasioulee C/10BO,
3anucbiaemoe B mopT PYC W cayxalliee 111 HHAHBUAYaJ/JbHOH YCTAHOBKH B | uau 0
mo6oro paspsina nopra C (tada. [1. 5). B 3aBHCHMOCTH OT KOAA, 3aMHCAHHOTO B
paspsinax D1 — D3, smbupaercs paapsaa nopra C, 3HaueHHe KOTOPOro (cienosateb-
HO, H CHTHaJ/Ja Ha COOTBETCTBYIOLLEH JIHHHH) OyleT M3MEeHeHO MPH 3allHCH 3TOro cJoBa
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Ta6aunua 1.4

Pexuwm |
Jlunus nopta Pexum 2
BBOA BbHIBO

PCO INTR B INTR B Bsoa-BbiBOA
PCl IBF B OBE B BBoa-BbiBOA
PC2 STB B ACK B ‘Beoza:BblBOA
PC3 INTR A INTR A INTR A
PC4 STB A BBoa-BbiBOA STR A
PC5 IBF A BRroa-BbiBoa IBF_ A
PC6 BBoa-BbiBOR ACK 4 ASK A
PC7 BBson-BbiBOA OBF A OBF A

B nopT PYC. Eciiu Heo6X04MMO H3MEHMTH COCTOsIHHE HeCKONbKHX JuHui nopra C,
TO 3arpy»aioT I0CAe]0BaTeNbHO HECKOJIbKO YIIPaBASIOLHX CJIOB.

YnpaBasiouie cCHrHajbi, nepefaBaembie 110 JHHHAM KaHasta C, ¢HKcHpyloTcsl B
coorBeTcTBylouHX pa3psaax nopta C (ta6a. I1. 6). Baiit, cuutaHHbI#l MHKpoOnpouec-
copom H3 nopta C, orpaxaer Tekywee cocrostue TI[TA u Moxer GbiTh 3aTem
MporpaMMHO npoaHaau3HpoBaH. ONHOBPEeMEHHO MOryT ObliTb CYHTAHLI H [daHHBIE,
BBOAMMbBIE HJIH BbIBOLHMble MO CBOGOAHLIM JHHUAM KaHana C.

3anpocb npepbiBaHHs, Boipab6aTbiBaemuic [1[TA B pexumax | u 2 npH roros-
HOCTH MOPTOB, a CJ1e10BATeJbHO W BHEUINHX YCTPOWCTB K OGMEHY NaHHBIMH C MHKpO-
JOBM, MOXHO HCMO.1b30BaTh ABOSIKO. Bo-nepsbix, HalHuHe 3THX CHrHAJOB MOXHO
ONpefesHTb MyTemM NporpaMmHoro omnpoca. [as 3TOro npH BbIMOJHEHHH OCHOBHOM
nporpaMMbl MHKPOMpPOLECCOP MNEPHOAHYECKH CYMTHLIBAET W aHaju3HpyerT GalT H3
nopra C. [losiBsienne | B coorBercTBYWIUHX pa3spsnax nopra C (T. e. nosiB/leHHe
KaKoro-1H60 H3 3anpocoB MNpepbiBaHHs) BbLI3BIBAET MEPeXol MHMKponpoueccopa K

Ta6awua J1.5

:D7:D6:DS: D4 D3:D2:D1:DO:

1 - YCTAHOBUTb 3HAYEHME BHEBE-

SHAYEHUA — PAHHOTO PASPAIA B 1 :
D4-Dé 1 0 - YCTAHOBMTbL 3HAYEHWE BHE- @
NPOU3BO- : PAHHOI'O PA3PSIA B 0
ABHH ¢ 1 mmemmmmm e meeeeeeeeeeeee
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BHLINOJIHEHHIO NPOrpaMMbl o6MeHa GaTOM C COOTBETCTBYIOLLHM BHEIIHHM YCTPOHCTBOM.
Bo-BTOpbIX, CHrHa/lbl 3aNpoCOB NpepbiBaHHs MOXHO MOAaTh Ha KOHTPOJJEp Mpepbl-
BaHHsA MHKPODBM. B 3toM cayyae npH HMX nosiBIeHHH MHKPONpOLLECCOP NpephiBaeT
BbINOJIHEHHE OCHOBHOH MpOrpaMMbl H HauyHHaeT BBIMOMHATL MPOrpaMMy 06C]YXKHBA-
HHSL BHELIHero ycTpoiicTea.

Ta6auua I1.6

D7|D6|05|D4|D3|D2IDI|DO

Beod e pewume |

Beoa-suiBon Beoa-swBoa  IBF A INTE A INTR A INTE B IBF B INTR B
Beieod e pexume |
OBF A - INTE A Bsoa-susoa Bsox-susor INTR A INTE B OBF B ITNR B
Pexcux 2
OBF A INTE 1 IBF A INTE 2 INTR A Hcnoab3yorcs B 3aBHCHMOCTH OT PeXH-

Ma kaHana B

Has pa3peiteHuss WaH 3anpeuieHHst (OpMHPOBaHHS 3aNMpoOCOB MNpepbliBaHHs B
TITA Heo6X0aHMO NpeaBapHTENbHO YCTaHaABJAWBATh OnpeneleHHble paspsan nopra C
(B Taba. 1.6 own naspanbl INTE, n INTEy; ana pexuma 1 u INTE, uau INTE,
npH BBOJAE HWIH BbiBOJe B pexxume 2) coorBerctBeHHo B | uaw 0. D10 no3so-
JAsleT NPOrpaMMHbIM NyTeM pa3pelinTb WIH 3anpeTHTb OTAENbHLIM BHEWIHHM YCTPO#i-
cTBaM paboTaTh ¢ MHKPONpPOLECCOPOM.

B rta6a. 1.7 npeacraBneHa nporpamMma BBOAa AaHHbIX C KNaBHAaTypbl B aK-
KyMYJAITOP MHKpONpoOLlecCOpa H Moc/JeAyIOllero HX BblBOAA Ha 3KpaH aucnjes. B Hei

Ta6anua I1.7

Anpec Koa Mertka Muemonuka | Onepaxa Komwmeutapnit

1000 3EB4 MVI A,B4H [Hacrpoiika nopros

1002 D303 ouT PYC (Ilopt A — BBOL B pexume |
nopt B — BbiBoa B pexunme |

1004 3E09 MVI A, 09H |YcraHoska 6uta D4 nopra C

1006 D303 ouT PYC |aas pa3speiuenusi curiajna

. INTR A

1008 3E05 o MVT A 08H |YcraHoeka 6ura D2 nmopra C

100A D303 ouT PYC |ans paspeiueHusi cHrHana
INTR B
BBoa cMMBOsa C KJIaBHATYpbi:

100C DB02 BBO/: IN [TOPT-C |llpoBepka HanHuusi CcHMBOJA

100E E604 ANI 04H |knasuartypbl. Beon Gaiita co-

. CTOSIHHSA

1010 | CAOCI10 JZ BBOJl (BbineneHue v aHanus paspsina
D3 ans obHapyxeHHst CHTHa-
aa INTR A;

1013 DB00 IN IN [1OPT-A |BBoa koaa cumBOna ¢ KaaBH-
arypsl

1015 4F MOV C, A Coxpanutb kon B perucrpe C
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OkoHuaHue Ta6a. I1.7

Anpec Koa ‘ MeTka yMI{eMOHHKa Onepann ‘ Kommentapu#
IBbiBoa cuMBoa Ha 3KpaH:
1016 | DB02 | BBIBOI: IN [TOPT-C |[1poBepka roTOBHOCTH AHCH-
1018 E601 ANI 0IH |nes k BBHIBOAY CHMBOJA Ha 3K-
aH
101A| CA1610 JZ BbIBO/l |Beoa 6aiita cocrosiHus, Bbige-
JeHHe H aHaJu3 paspsijia
DO ans obHapyeHus CHrHa-
aa INTR B
101D 79 MOV A,C |BepHytb Koa cumBOna B pe-
rHeTp A
101E D301 OUT [TTOPT-B [BuiBect cumBoa Ha 3KpaH
1020 { C30CI0 JMP BBOIl
[TOPT-A 00H |[TpucBoeHne HOMepoB nopTam
[TOPT-B 0lH |B COOTReTCTBHH ¢ pHCYHKOM
[T1OPT-C 02H TI1.2
pyC 03H
1

nporpaMMHO nNpoBepsieTcsi, Oblla AW Ha)XaTa KJaBHIIA Ha KJaBHaType H [OTOB
JM QMCHIell K mpHeMy ouepenHoro Gaiita. B naHHOM cayuae nocneaHiol npoBepKy
MOXHO 6bl10 Obl H He BBINOJHATbL, Tak KaK 3aBelOMO H3BeCTHO, uTo aucnaei Gbi-
BaeT roToB K OTOGpa)Ke€HHIO OUEpefHOr0 3HaKa Ha 3KpaHe paHblle, 4eM OMepaTop
ycnesaer HaxkaTh knasuwy. OaHako B oflieM cjyyae, HanpHMep MpH BbIBOJe Ha
3KpaH AAHHbIX, MOArOTOBJNEHHBHIX B MaMATH (3TO BecbMa OLICTPLIH Npouecc), Takas
npoBepka Heo6xoauMa.

[Mpu HauanbHOM 3anycke W3 MHKpoDBM Ha coorerctByioutuii sxon [MITA poa-
Ked Ouitb mopan curuan «C6poc» (RESET). Ilo stomy curuany Bce noptw [1[1A
HACTPaHBAIOTCA Ha BLINONHEHHe omepauHii BBoAa B pexxume 0 H uX pa3psnbl OGHY-
asiores. Toabko nocjie 3TOro MOXHO 3afaBaTh HYXXHbie peXHMbl pa6otl. O6RY-
JleHHe TIPOMCXOAHT TaKxKe H MpPH onepalHAX cMeHb pexumos paboru [NITA.

IpH KoHCTpyHpoOBaHHK pa3auuHbiXx ycTpodcT8 ¢ [I[TA Heo6Xx0AMMO NOMHHTb,
YTO Harpy3ouHas CMOCOGHOCTb €ro JIMHHA MO3BOJISIET MOAKIIOYAaTh K HHM TOJIBKO
no onHomy Bxoay TTJ1 mukpocxem.

3. Koutpoanep 3aaekrpoHHo-ayyesoro npubopa KP580BI'75

[Tpexxae uem mnepeiTH K ONHCAHHIO KOHTPOJJAEPA 3NeKTPOHHO-JyuyeBoro npubopa
(3J1I1), paccMoTpUM OCOGEHHOCTH (GOpPMHPOBAHHA an(daBHTHO-LH(PPOBLIX CHMBOJIOB
Ha 3KpaHe pacTpOBLIX AHCHNEeB.

Cumsonbl Ha 3kpaHe JJII1 ¢opmupyloTcs nmyTeM 3acBeTKH OTIebHbIX TOUeK
TeNeBH3HOHHOIO pacTpa M pacnonaralorcsi B (PUKCHPOBAHHBLIX MO3HLHAX — 3HAKO-
mecrax. [Toa Kaxaoe 3HaKOMECTO OTBOAHTCS ONpPEAENEHHOE YHCAO CTPOK TesJeBH3HOH-
HOro pacTpa, a B npeaenax OJHOrO 3HAKOMECTa Ha Ka){10H CTPOKe B 3aBHCHMOCTH
OT 0TO6paxkaeMoro CHMBOJIAa MOXET GbiTh 3aCBeYeHO HECKONbKO Touek. MakcHManb-
HOe YHC/]I0 TAaKHX TOUEK, @ TaKXe YHC/IO TeNEeBH3HOHHBIX CTPOK, OTBEACHHBIX Ha OLHO
3HaKoMecTo, onpefensiior Gopmat orobpaxkaembix cHMBONOB. 1o ropu3onranu 3nako-
Mecta OObLIYHO PAacnoJioXeHol BMJOTHYIO APYr K ApYyry, o6pa3ys psaibl 3HaKOMeCT.
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) 22345 b2t ss FZ”’:’;O PE;'”;’”,’ Hanpumep, aas ¢op-
7 o071 000 MHPOBaHHA CHMBOJIOB Ha
§ Z; ‘,’ z f 1’7 3KpaHe MOXHO HCMOJb30-
4 100 o7 BaTb MaTpHLy Touek ¢op-
A roi1 1700 matom 8X6 (puc. TL6).
5 170 101

7 1717 110 3To 03HauaeT, yTo KaxJ1o0€e

3HAaKOMeCTO 3aHWMaer Ha
JKpaHe BOCEMb CTPOK Te:le-
BH3HOHHOrO pacTpa, a B
npesenax 3HaKoMecTa B CTPOKC pacTpa MoOXeT ObiTb 3aCBEYEHO [0 LIECTH TOYeK.
B npuBeaeHHOM npuMepe TOUKH B CTpOKe 7 W cTon6uax | B oTo6paxkeHuu aadaBuTHO-
uUHGPPOBLIX CHMBOJIOB He yuacTByloT, 6garodaps yeMy Ha 3KpaHe o6pa3syloTcs npo-
MEXYTKH MeXAYy CJI0BaMH.

Ias popmupoBaHus cumsosoB Ha 3kpaHe DJIIT B cxemax andaBHTHO-UHPPOBbIX
AHcnneeB o6blYHO MPUCYTCTBYET Tak HasbiBaemoe [13Y 3HakoreHepaTtopa. B nem xpa-
HUTCA HHOpPMALHA O rpadMyeckoM NpeaCTaBieHHH OTOOPakaeMbiXx CHMBOMOB. 3a-
cBeTKa Touek (moaynasiiHa ayda IJIIT) B andaBHTHO-UHGPOBLIX AHCHNEsX OGBIYHO
MPOUCXOAHMT MO CHrHA/NaM C BbIX0/a CABHFOBOIO PErHcTpa, B KOTOPbIA NMpeaBapHTeNb-
HO B napajnenbHol ¢opme 3aHocurcs Koa H3 [13Y 3HakoreHepaTopa.

Yacrora, ¢ KOTOPO#H OCYlLeCTBASETCH CABHI HHOpPMAUHH B CABHIOBOM pErucTpe,
onpejensieTcsi YUCIOM TOYCK B CTPOKe B Npeaenax 3HaKOMECTa, YHCIOM 3HAKOMECT
B pSAy WM BpeMeHeM pa3BepTKH OJHOH CTPOKH TeJeBH3HOHHOro pactpa. HHTepsan
BpeMeHH, 3a KOTopblit Jyu Ha 3KkpaHe DJIIT npoxoaHT uepe3 oAHO 3HAKOMeCTO, ofpe-
aensier nepuo cHrHana «CumBonbHas CHHxpoHu3auHsa» T.c ..

[Mpumenutenbho k npumepy Ha puc. I1.6 (t. e. k ¢dopmarty maTtpuusl 8X6)
Kaxaomy otobpaxaemomy cumpoay B [13Y 3HakoreHepaTopa cooTBeTcTByeT rpynna
M3 BOCbMH NOC/NE€AOBaTeNbHO PaCMONOXKEHHbIX siueeK MaMATH, B KOTOPbIX 3anucaHa
MHpOpPMalHs O TOM, KaKHe UuIecTb TOYeK B KaxKAOH H3 BOCbMH CTPOK pacTpa B npe-
fenax 3HaKoMeCTa JOJKHbI 3aCBEYHBATHLCA NMPH OTOGPaXKEHHH COOTBETCTBYIOLLErO CHM-
Bona. HyneBoe 3HaueHue 6HTa B siyeiike MamATH 3HAKOreHepaTopa onpenesisieT MecTo-
NnoJOXeHHe 3acBeUMBAEMOM TOUKM Ha 3KpaHe B npejesnax 3Hakomecta. PparmeHt
conepxumoro [13Y 3Hakorenepatopa npusesed B Taba. [1.8. Ecau curHan c sbixoaa
CABHIOBOTO perucTpa NMPOHHBEPTHPOBATH, TO HA 3KPaHe 6ydyT OTOGPaXKATLCH CHMBOJIbI
B HeTaTHBHOM BH/e -— TeMHble TOUKH Ha CBeTJIOM ¢(oHe.

Bui6op rpynnbl fiueek 3HaKoreHepaTtopa, COOTBETCTBYIOLLleH TeKyuiemy oto6pa-
KaeMoMy CHMBOJY, onpeaensiercss KoaoM nocienHero. CeMupaspsaHbiii KOL CMMBOsA
nopaercsi Ha aapecHble auHHu A3-—A9 T13Y 3HakoreHepatopa. Ha suuun A0—A2
NOAAeTCs KOA C JBOMUHOTO CYETUHKA HOMEPOB CTPOK B Mpelenax 3HaKOMECT, onpese-
NAIOIHA, M3 KaKoH siuedKH 3HaKoreHepaTtopa B Bbi6paHHOH rpynmne O6yAeT CUMTaH
KOA B CABHIOBblH perucTp. B TeueHHe pa3BepTKH ONHOH CTPOKH pacTpa COCTOsIHWE
CYeTYHKA HOMEPOB CTPOK B Npeaesax 3HAKOMECT OCTAeTCHA HEHM3MEHHbIM, B TO BpeMsi
KaK KOAbl CHMMBOJMOB Ha aapecHbix JuHusax A3--A9 T13Y 3uakoreHepaTopa MoryT
MEHSITbCA B 3aBUCHMOCTH OT OTOGPAXKaeMbiX CHMBOJIOB NMpPH AOCTHXKEeHHH Jydom DJIT
Ka)X/10ro HOBOro 3Hakomecta. MaveneHue KOL0B CHMBONIOB NMPOHUCXOAHT NOA BO3JeHCT-
BHEM CHI'Ha10B «CHMBOJbHAS CHHXPOHH3ALHSA».

[Ipu pa3BepTke cJiejyiolleil CTPOKH TeN€BH3HOHHOrO pacTpa KOL C BbIXOAA CYeT-
yuKa ysequuuBaeTcsi Ha |, a Ha aapecHbix JHHHAX A3—A9 BHOBbL MoBTOpsieTcs Ta
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Ta6auua I1.8

Adpeca sueex [13Y Kodet ¢ emxoda M3y .
3HaKoeceneparopa
A b

01010010 000 100001
01010010 00! 101110
01010010 010 101110
01010010 011 100001 pynna siyeek ¢ uHpopmauned o rpadHyeckom
01010010 100 101011 npeAcTaBJeHHH cHMBosa R
01010010 101 101101
01010010 110 101110
01010010 111 111111
01010011 000 110001
01010011 001 101110
01010011 010 101111
01010011 011 110001 Fpynna siveek ¢ HHdopMauHed o rpadHyecKoOM
01010011 100 111110 | npeacraBaeHun cumBoaa S
01010011 101 101110
01010011 110 110001
01010011 111 LIt

[Tpumeuanue. A — koan cumBonoB, b — Homepa cTpok pacTpa B npeaesnax
3HAKOMECT.

e NocNel0BaTeNbHOCTb KOAOB, 4YTO W NPH pa3BepTke Mpeabiayuled CTPOKH. ITOT
npouecc MOBTOPSETCA, MOKa He 3aBepLIMTCS pa3BepTKa BCeX CTPOK TeJeBH3HOHHOrO
pactpa AN psAla 3HaKOMECT, MOocCJe Yero CYeTYHK HOMEPOB CTPOK pacTpa B fpeaesnax
3HaKoMecT OyleT YCTAHOBJEH B COCTOsiHHe Hy/nb, a Ha ajapecHbie JWHHH A3-- A9
HAYHYT NOCTYNaTh KOAbI A1s1 OTOGpaKeHHs CHMBOJIOB B CJIeAyIOLEM PSIy 3HAKOMECT.
B ta6a. [1.8 B kauecTBe npumepa MokazaHo COOTBETCTBHe aapecoB rpynn siueek [13Y
3HakoreHepaTopa, rae XxpaHutcsi HHQoOpMauHsi ANsl OTOGpaXKeHHsi CHMBOJOB R u 5,
KogaM STHX cHmBOJoB. CumBoabl R M S KoaHpyloTcsi ceMHpa3psiAHBIMH KOAaMH
1010010 u 1010011 coorBeTcTBeHHO.

B MuKponpoueccopHbix AHCIIEAX KakAOMYy 3HakomecTy Ha 3kpane IJIIT coot-
BETCTBYeT onpeaeneHHasi siueiika O3Y B 3kpanHoil ob6nacth O3Y. Mukponpoiueccop
MOXeT paboTaTb C 3KpaHHOH 06/1acTblo Tak e, Kak H ¢ Jio6oH aApyroi o6nacTblo
namatH. [Inf BbIBOAAa CHMBONA Ha 3KpaH Ha ofpejeseHHOe 3HAKOMECTO MHKPOINpo-
11eCCOp JOJKEH 3aMHcaTh ero Kod B siueiiKy 3kpaHHo#l ob6aacth O3Y.

Yrtobbi H306pakeHHe NOCTOSTHHO MPHCYTCTBOBasno Ha 3kpaHe JJII1, Heo6xoanmo
NepHOAHYECKH B TeUeHHe Pa3BePTKH KaXKAOro TeJEeBH3HOHHOIO pacTpa BbiAaBaTb Mo-
c/e0BaTebHO BCe KO/Ibl 3KpaHHOMH ob6.iacTH Ha aapecHbie Bxoabl [13Y 3HakoreHepa-
Topa. Aty H psin Apyrux ¢yHkuuii u BuinonHser BUC koutponnepa SJIIT KP580BI'75.

B cocrase BUC KP580BI'75 coaepxuTtcs ABa 8-pa3psiiHbIX PErHCTPA, B KaXAOM
H3 KOTOPbIX MOXeT XpaHuTbcsi Mo 80 KOAOB CHMBOJIOB /151 MOC/EAYIOILEro HX BbiBOAA
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Ha 3kpaH. B npouecce pa6oTbl, B TO BpeMsl Kak CHMBOJbI, XPAHHMbie B OJHOM H3
G6ydepHbiX perucTpoB, nocaenoBatebHO OTOGpaXkaloTest Ha 3KpaHe AHchJes, B APYyroi
Gy epHbili perucTp nepenucHLBalOTCA H3 3KpaHHOH obiactn O3Y caenyiowHe CHMBOMbI.
[lo okOHYaHHH OTOGPaXKEHHs CHMBOJMOB H3 OAHOrO Gy(epHOro perucrpa HaunHaercs
npouecc O0To6pakeHHss M3 JAPYroro, T. €. PEerHcTPbl (QYHKUHOHANBHO MEHSIOTCH
mectrami. CUMBOALI M3 3KpaHHOH 06JacTH B GydepHbie perHcTpnl KowTpoanepa IJIM
nepecbiiaiorca MetonoM [111I1. Mostomy pa6ora kontpoanepa IJII, kak npasuio,
OCYyLIeCTB/ISETCA COBMECTHO ¢ Koutposaepom [T KP580BT57.

Ha3sHauenne BbIBogOB MuKpocxem nokasano B taba. [1.9. Kourpoanep 3JII
¢opmupyer curian «3anpoc [1[I1» Ha sbiBoge DRQ B TeueHwe o6paTHoro xoaa
KaJpOBOH Pa3BepPTKH paHblle OKOHYAHHA KaAPOBOIO racCsilero WMMy/bca Ha MEpHOA,
PaBHbIH LJHTENbHOCTH OTOGPAXKEHHST OAHOrO psila 3HaKoMecT. B COOTBETCTBHH ¢ 3THUM
sanpocom Koutpoasnep ITJ1IT noaroraBauBaer cucTemy K pabore B pexume [TITIT
nyTem nojauk curiiana Ha Bxog HOLD mukponpoueccopa, KOTopbifi B OTBeT Ha Hero
nepeBOJIMT CBOH WMHHH B BBHICOKOHMMENaHCHOE COCTOfIHHE, O UeM H YBEJOMJIAET KOMT-
poanep ITIAIT curnanom HLDA. TMocne storo kourpoanep I1/IIT ycranaBansaer Ha
suiBoge DACK koutpoanepa IJIIT curhan «[loarsepxaenne TTAT». TMpu nannyuu
STOFO CHFHAaNa W NpH MOSABNEHHH CHFHala «3anHch BBOAA-BbBOAa» IOW OT KOHTpO.I-
aepa M1 va seiBoge WR kontpoanepa JITT 6alT ¢ wHHb AaHHLIX NepenUCHIBaeTCA
B 6ydephnift peructp. Curtan «3anuch BBOA2-BbiBOAA» BbipabaThiBaercsi KOHTpoOJae-
pom TIAIT ana kaxaoro oyepenHoro Gaiita. Ilpeasapurensio xoutposiep ITIAIT Bbi-
JaeT Ha IIHHY ajpeca ajpec odyepeaHOi siyeliku 3kpatHoit obnactn O3Y W Ha wHHY

Ta6auuna I1.9

B}‘Ilioﬂb:)(;lg O6o3nauenne BHBOLA Ha;?:li:g;;;une ¢yHKuMOH3JII>HOE Ha3HaycHHe CHrHana
40 Ve Bxon Hanpsxenue| [Ipumeuanue. MakcumanbHuiil mo-
ITHTaHHSA Tpebasiembiii Tok 160 MA
+5B
20 GND O6wnit
Cuenansbl NOOKAIOHERUR K CUCTEMHLIM WLUHAM
12...19 DBO—-DB7 |dByHa-{Jlusun wwu-|IIpueM komaun, napameTpos, Ko-
npasJjieH- |Hbl JaHHbIX |A0B H MpH3HaxoB B pexxume [T
Has uH- Bbinaua coaepmHMOro BHYTpeH-
Ha JaH- HHUX PerucTpoB KoHTpoanepa. [le-
HbIX PEXOAHT B BHICOKOHMIEAAHCHOE CO-
crostine, ecik WR&RD =1 uau
_ CS=1
22 CS Bxoa Boi6op Muk- |Pa3peulaer CUHTHIBaHHe HJH 3a-
pocxeMbl nuco, Gaiita
21 A0 » Anpec nopra |Ecain A0=0, To pa3petied o6MeH
C perucTpaMH MapaMeTpoB; ecJH
A0=1, 10 pa3peleHO CYHTbIBa-
HHE M3 PErHcTpa COCTOSHHA HJH
. 3aMHCh B PErHCTP KOMaHA
10 WR » 3anuch 3anucb KOMaHA, NapaMeTpoB B
nporpaMMHOM pexxume. B pexume
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[Tpoaonxkenue ta6a. 1.9

Homep
BHBOAA

O6o3Hauekne BHBOAA

HaumeHoBatne
CHFHaNa

tDynKuuoua.anoe H#Ha3Ha4yeHHe CHrHana

31

23...29

38, 39

IRQ

DRQ

DACK

Cuenan
CC0—CCso

C3—Co

Bxon

Bbixon

Bxoa

Boixoabt

CunThiBaHue

Cuenannt ynpasaenus

3anpoc npe-
phIBatus

3anpoc
A

[MoarsBepx-
aexue TTATT

Koa oto6pa-
xaemoro
cCHMBONA

CueTuuk
CTPOK pacrt-
pa B npene-
nax  3HaKo-
MecTa

IMAIT npu nepeaauye nakera Ha
3TOT BXOA MOCTYNAIOT CHIHAJB 3a-
nucK ot Koutpoaaepa [1AT1. Yuc-
JIO CHTHAJIOB oMpeaensieTcs AJu-
TeNbHOCTbIO AEACTBUS  CHrHana
«3anpoc [1/11» u pasHo 3anpo-
rpaMHpOBaHHOMY 4Hcay 6aiiToB B
nakere

CyHTbIBaHHE MapaMeTPoB UJIH CJ10-
Ba COCTOSIHHSA

nan

3aiipoc Hd npepbiBaHKe NpoLECCO-
pa. Ecan nporpammHo He 3ampe-
WeH, TO BO3HUKAeT B Hayase OTo-
OpaxkeHust MoOcaefHero B Kaape
psina 3HakomecT. CG6pacbiBaercs
10C/e CYHTHLIBAHHSI PErHcTpa co-
CTOAHHSA

AkTtuBusupyer xourtpoanep TTIIT
Ha BpeMsl NMepelaud naxera. Bos-
HHKaeT BO BpeMs o6paTHOro xoaa
KaApoBOii pa3BepTKH W 3aTeM Me-
pel Haua/JOM Mepelaud KaXAaoro
nakera. C6pacbiBaeTcsi MO OKOH-
yaHud Mepelayd MakKetra HAH MO
3anonHeHno Gydepa cHMBOJOB
[loctynaer ot koutponaepa ITIAIT.
AKTHBEH B TeueHHe NEHCTBHS CH-
rHana «3anpoc [1/1I1». Pa3pelua-
eT 3anucb naxkera B Gydep KOHT-
poanepa

ot ynpasaenusi 13Y 3naxoeeneparopa

MMonatoTcss Ha ajapecHble JIHHHH
ctapiux paspagos [13Y 3Haxo-
reHeparopa Ans Bbi6Opa rpynnbl
sueeK MaMsTH, Tle XPaHHTCHA HH-
¢opmanna o rpadHuecKkoMm npea-
CTaBNeHHH CHMBOJIOB Ha 3KpaHe
lMonatoTess Ha ajapecHble JIHHHH
maaawux paspsgos [13Y 3Hako-
resepatopa ANA BbiGOpa siYeHKH
naMATH BHYTPH Fpynnbi

Cuenanol ynpasaenusn passeprkoll u 8u0eoCUSHANOM

LAI—LAO

Boixoan |[Tpusnaku

ncesjaorpa-
(PHYECKHX
CHMBOJIOB

YnpaBasiloT BHEWIHHMH CXeMaMH
npu oTo6paxeHHH rpadHuecKHx
H306paXkeHHi B BHIe KOMGHHALHHA
BEPTHKAAbHBLIX H TOPH3OHTAJbHbIX
NMHKUA (nceBaorpaduka)
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Okonuanue taba. 1.9

:L‘;%i& OGo3naueHne BbBOLA Hat:(::;);:we QDYHKUHOHANBHOE HA3HAYEHHe CHIHana
7 HRTC Beixoa [O6pathmit  |Mcnonb3dyetcs a4s  reHepauuu
XOA MO CTPO- [CTPOUHBIX CHHXPOCHTHAJIOB
Ke
8 VRTC » O6pathbiii  |Mcnoanb3dyetcs ans  reH€epauuu
X0 MO Kaapy |KaApOBbIX CHHXPOCHFHANOB
35 VSP » [awenue CHrHan akTHBeH
ayua 1) ecin HRTC=1 uau VRTC=1,
2) npu 3aTeMHEHHH BepXHeH H
HHXXHell CTPOK pacTpa B npeaenax
3HaKOMeCTa, €C/NH 3anporpaMmmH-
pOBaHO MOAYEPKHBAHHE CTPOKH C
HoMmepoM Goablue 8,
3) npu nosieneHnn Kopa «Kowel
CTPOKH CHMBOJIOB» HH «KoHen
IKpaHa»,
4) npn neaorpyske 1111,
5) npn orobpa)KeHHH MHraioWHX
Kypcopa WM CHMBOJIa C yacToTa-
MH, PaBHBIMU COOTBeTCTBEHHO | /16
u 1/32 uactorel KagpoBo#t pas-
BEPTKH
37 LTEN Boixoa |Pa3speiuenne |[AkTHBeH B MOMEHT OTOGpaKeHHs
BHIEOCHTHA/1a [Kypcopa B BHAE NOAYEPKHBAHHS,
3/1eMEHTOB NCEBNOTPAPHKH H CHM-
BOJIOB C COOTBETCTBYIOUIHMH NMPH3-
HaKaMH
36 RVV » WHBepTHpo- |AkTHBEH npH OTOOGpa>KeHHH aJ-
BaHHe BH- |(paBHTHO-uH(POBLIX H NceBaorpa-
AeOCHrHana |(pHYeCKHX CHMBOJIOB C COOTBETCT-
BYIOLUHMH NPH3HAKaMH
33, 34 | GPAO—GPAI |Bbixoab |YHuBepcanb-|AKTHBHbI MpH TOSIBJAEHHH COOT-
Hble MPH3HaKK | BETCTBYIOILHX NpH3HakoB. Cayxkar
0N peann3auni Kakux-iubo no-
NOJHHTeNbHbIX (YHKUHH, Hanpk-
Mep, 0To6parkeHHsi MHOTOLBETHbLIX
cMMBOJIOB Ha 3KpaHe IJIIT usert-
HOTO H306pa)KeHHs
32 HLGT Brixox |IloacBetka |Hcnoab3yercst Ans  yBesHueHHs
SIDKOCTH CBEYEHHS CHMBOJIOB MpH
COOTBETCTBYIOILEM MPH3HAKe
Ipouue cuecnarv
30 CCLK Bxon CumBosbHas |[lepHop crexoBaHHs  CHTHAJOB,
CHHXDOHH3a- [onpefesIeTCsT BpeMeHeM MPOXOX-
HHA aenust ayya JJI1 B npenenax 3xa-
KomeeTa. MHHHMAAbHBIH NepHOL
crenoBatusi 320 He
1 LPEN To xe [CsetoBoe AKTHBH3HpYeT 3aNOMHHaHHe B pe-
nepo FHCTPAX CBETOBOrO T1epa KOHTPOJ-

JNepa HOMepa 3HaKoMecTa B psAY
u Homepa psiga. HMcnoabayercs
AN51 ONPEAeNCHHA NOJOKEHHS CBE-
TOBOTO TNepa Ha 3KpaHe
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ynpaBJ/ieHHst curHan «UrteHHe maMATH», HHHUMHMPYIOWHH BbiBOA AaHHbiX M3 O3Y Ha
WHHY AaHHBIX.

[TocnenoBaTenbHOCTL CHMBONOB, MepenHChiBaeMyio B Gy(pepHblii PerucTp KOHTPOJ-
nepa aucniess 3a BpemMs aedcTBHsl cHrHana «3anpoc [1I1», Ha3biBaloT nakeToMm.
JINHTeNbHOCTD 3TOrO CHrHAMa 3aBHCHT OT YHCJ1a CHMBOJIOB B NaKeTe, KOTOpoe 3afaeTcs
NporpaMMHO MpH HauyalbHOH HHHuUHA/NH3alUWK KoHTpoanepa IJIIT W moxeT 6uiThb
paBHa |, 2, 4 unu 8. [TakeTsl clleayloT Apyr 3a APYroM C HHTEPBAJIOM BPEMEHH, KOTOPbiil
MoxeT GbiTb 3anporpaMmMupoBad ot 0 a0 55 T . [To HcTeuenun kaxxaoro Takoro
uHTepBana koutpoanep IJIIT BHOBb Bblpaer curHan «3anpoc [TAIM». Curhansi
«3anpoc [1AIT» 6yayr crenosatb, noka 6ydepHblii perucTp KOHTpoJsepa AHCANes He
3anoNHUTCA (3amonHeHHe Oydepa MOXeT MNPOH3OHTH H [0 OKOHYAHHS MepeaauH
nakera). Uucno cuMBONOB B MakeTe H HHTEPBA/bl BpeMEHH MeXAy HHMH 3alaloTcst
M3 CHCTeMHbIX coobpakeHHil. Hanpumep, ecan npouecc 3arpy3kd KoaoB CHMBOJIOB B
koHTposaep DJII1T ogHOBpeMEHHO HCMOJIb3YETCSt B CHCTEMe AJISi pereHepauuy AHHaMH-
uyeckoro O3Y, to BpemeHHsle napamerpbl [1JI[1 Bbi6GHpaloTcsi HCxoasi H3 yc/aoOBHH
pereHepauHH NamsTH.

Kourpoanep TAIT npu pabore ¢ xourpoanepom JIIT o6biuHo nporpammupyercs
Ha paboTy B pexxuMme C aBTo3arpyskoi. [Ipu 3TOM Hcnosb3yercss KaHaa 2, mapameTpbi
KOTOPOro KaXAbli pa3 aBTOMAaTHYECKH BOCCTAHABNHBAIOTCH MOCJe OKOHYAHHS Mpo-
uecca mnepecblKH BCero COAepPXHMOro skpaHHoil ob6nacth O3Y. OnHako 6biBaioT
ocobble clyyaH, KOria Mo OKOHYaHHH OTOGpa)KeHHs Kaapa Tpe6GyeTcs nepe3arpyska
koHTposniepa TT/I1 HOBbIMH mapameTpaMH, HanpHMep NMPH HEOGXOAHMOCTH GLICTPOro
CBHFra BCEr0 TEKCTa Ha 3KpaHe Ha HECKONbKO CTPOK BBepX WJH BHH3. B 3Tom cuy-
uyae KoHTpoasep JJIIT MoxeT GbiThb 3anporpaMMHpoBaH Ha (OPMHPOBaHHE B KOHIE
KaJoro Kaapa curiana «3anpoc npepbiBaHHsi». [10 BO3HHKHOBEHHH 3TOrO CHrHaja
nporpamMma oGC/YXXHBaHHS MpPepbIBAHHS MOXXET H3MEHHTb MapaMeTpbl B KOHTpoJaJe-
pe AT

Heo6xoaumo oTMeTHTb, uTO Hcnosb3oBaHHe pexxuma [1[I1 ans obcayxuBanus
KoHTpoanepa IJIIT cHuxaer o6uwyi0 NPOH3BOAHTENbHOCTb MHKPOMPOLECCOPHOH-
cuctembl. OleHKY AOJH BpPEMEHH, HCMOJb3yeMoOil AJsi O6GCJHYXHBAHHA KOHTPOJJIEpaA,
HYXHO NMPOBOAHTb, HCXOASi M3 uHcAa 3HakoMecT Ha 3KkpaHe JJII1, yacToThl cMeHbl
KajpoB W BpeMeHH, 3aTPayHBaeMOro Ha nepenauy oaHoro Ga#ta B pexxume [T/I1
(npu Hcnosnb3oBahuu Koutpoasepa [1JIT KP580BT57 nepepaua nepsoro 6aiita B
nakeTe OCYIECTBJSIETCA 3a MNATb-UIECTb MAWIHHHBIX TaKTOB, a MOCJENYIOWHX — 32
yeToipe).

Kak yxe yka3biBajocb, B GydepHble peructpel koHTponsepa IJIIT 3aHocstcs
8-pa3psanbie koAb. ONHAKO KOHTPOJIEP PacCuHTaH TONbKO Ha OTOGpaXKeHHe CHMBO-
/0B, KOAHpYyeMbix 7-pa3psilHbIMH KOA&MH, MO3TOMY BOCbMOH pa3psii KoaoB otobpa-
XKaemblX CHMBOJOB 10/KeH 6bITb paBeH Hy.0. Hanuune eqHHHUb B BOCLMOM pa3psiae
CBHAETE/bCTBYET, YTO AAHHbIH Kol fIBIsieTCs JHOO cneuHanbHbiM KOAOM, JH6O BH-
3ya/ibHbIM MPH3HAKOM aN(aBHTHO-LLHPPOBLIX CHMBOJIOB, JJHOO NMPH3HAKOM MCeBOTpa-
(hHUECKHX CHMBOJIOB. i

CneuuaJgbibie koab (Taba.l1.10, 1.11) no3BossioTr 6osee 3KOHOMHO HCMOJb30-
BaTb BPeMeHHble Pecypcbl H MaMATb MHKPOMpPOLECCOopa, a TakXe B HEKOTOPbIX Cay-
yasix ynpocTHTb nporpammupoBatue. Tak, koab «Koueuw cTpoku cumBosoB» H «KoHeu
3KpaHa» MO3BOJSIOT MPOrpaMMHCTY He 3a6OTHTLCA O CTHPAHHH OCTATKOB MpeXHero
TEKCTa Ha KOHlle CTPOKH H 3KpaHa. DTH KOAbl aKTHBH3HDPYIOT CHrHaJ Ha Bbixoge VSP
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Ta6anuna I1.10

D7 D6 D5 D4 D3 D2 DI DO

| 1 1 1 0 0 s S
Mpumeuanue. 00— «Koneu crtpoku cumposoB»;, 01 — «KoHel cTpOKH cuM-
BonoB — crol  [1I»; 10 — «Koneu 3kpana»; 11 — «Koweu skpaHa — cron

IOITs.

KOHTpOAJepa. C NOMOWLIBIO BHEIHHX MHKDOCXEM 3TOT CHFHA/l HCMNOAb3yeTcd AAs 3a-
TEeMHEHHS] H306paXKeHHs, Mocjie TOro Kak B 3KpanHoi o6aactu O3Y BcTpersites cre-
UHaJbHble KOIbI.

Cneunanbhble Koabl «KoHew crpoku cumsosos — cron [T1IT» u «Koneu 3kpa-
Ha — cron [11I1» nprocranapaupaior pexkum [1[1I1, 4yTo6ul He CUMTHIBATL H3 3KpaH-
Horo O3Y koabl CHMBOMOB, KOTOpbIe He GyayT 3aTeM oTo6Gpa)keHbl. Eciu 3TH Koabl He
AABJSIIOTCS MOCNEAHHMH B CTPOKE CHMBOJIOB HJH B MakeTe, TO JAOMOJHHTENbHO B Gydep
Koutpoanepa DJIT cunTbIBaeTCA CIEAYIOWHI 38 CNEUHabHbIM KOAOM CHMBOJ.

Yacto Ha 3kpaHe HEO6XOAHMO BH3YyaslbHO BHAENATb ONHH HJH HECKONbKO CHMBO-
NOB MOAHEPKHBAHHEM WM MyTeM OTOGpa)KeHHsl WX C MOBBLILIEHHOH SIPKOCTbIO, B Hera-
THBHOM BHAe WAH MUraiouwhmu. Ilns 3toro B cxeme aucnjes Heo6XOAHMO HMeTb [10-
MOJHHUTENbHLIE /1€MEHThI, KOTOpble Peasn3yloT 3TH (QPYHKUHH H YNPABASIOTCH C MOMO-
Wb CHrHanoB ot KoWTposnepa JJIIT.

Ta6anna IN.11
D7 D6 D5 D4 D3 D2 DI DO
1 0 U R GI GO B H
[Tpumeuanue. H=1 — noaceerka (curHaa Ha Bbixoge HLGT); B=1 — mu-
raHHe cHMBOJa (NepHOAHYECKH MosBAsieTcs CHrHas Ha Bbixoge VSP); Go=1 — yru-
BepcadbHbili (cHrHan Ha Bbixoge GPAO); Gy =1 — yHuBepcanbHbiil (CHrHAJA Ha BbIXOJE
GPA); P=1 — nuBepTHpOBatine BHAEOCHTHaNa (CHTHAA Ha Bbixoge RVV); U=1 —

noduepkHBaHHe (cHrhan Ha Bmixoge LTEN).

[lepen cHMBONOM WM TPYMNOH CHMBOJOB, KOTOpPble HEOGXOAHMO BH3YaNbHO Bbi-
NeNnTb Ha 3KpaHe, B 3KpaHHOH ob6aacth O3Y 3anuchBaloT COOTBETCTBYIOULHH KOI
BM3YyaJlbHOro npu3Haka. [leficTBHe 3TOro nMpH3Haka pacnpoCTPaHAeTCss Ha BCe CHMBO-
Jbl, CJeflyiolulHe BeJeld 33 HHM A0 KOHLA 3KPaHa H/IH [0 MOABAEHHS B 3KPaHHOH 06-
nactd O3Y HoBOro Koma nmpH3Haka. BO3MOXHO HCMOJb30BaHHE CNEYIOLIHX MPH3HA-
KOB: MHTaHHSl, MOACBETKH, OTO6pa)KeHHs! CHMBOJAa B HEraTHBHOM BHAE, MOAYepPKHBa-
HUS. DTH NPH3HAKH AKTHBH3HPYIOT BbIXOAHblE CHIHajlbl COOTBETCTBEHHO Ha BBIXOAAX
VSP, HLGT, RVV u LTEN «korpoanepa. HMmeercs Take BO3MOXXHOCTb C MOMOLLbIO
euie [BYX yHHBepCa/bHbIX NPH3HAKOB BHIAATh CHrHanbt Ha Bbixoge GPAO n GPAL.
Ha3uaueHHe 3THX CHIHA/NOB MPOU3BOJbHOE M MOXET [AOMOJHHTENbHO ONpeAeAThCA
pa3paboTuHKaMH AHCMJen.
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B 3aBucumocTH OT Toro, Kak sanporpaMMupoBaH KoHTpoanep IJII1, npusuaku,
BCTpeyatolHecs B 3kpaHHoi ob6nactd O3Y, moryt 6biTh He oTo6paxeHbl Boobule HIH
oro6paxenbl B Bule npobena. Bbi60op 04HOrO U3 3THX peXHMOB onpeaensier, 6yaeT JH
Bceraa co6Js01aThCsl OHO3HaYHOE COOTBETCTBHE aapecoB 3KpaHHoH ob.aacth O3Y no-
N0XeHHIo 3HakoMecT Ha 3kpaHe DJIIT (koraa npusnaku oTo6paxkaloTcsi B BHAe npobe-
JIOB) HJIH XKe TaKoe COOTBCTCTBHE 6yneT AHHAMHUYECKH H3MEHATbCS B COOTBETCTBHH C
YHC/IOM H pacrioloXXeHHeM NpPH3HAKOB B 3kpaHHOH obnactu O3Y (B cayuae, koraa
NpH3HAKH He oTobpaxaioTcs).

Ipu nepenaye u3 skpaHHoi obaacth O3Y B KOHTPOANED KOL MPH3HAKA 3aMUCHI-
BaeTcA B ONHH H3 ero 80-cumBonbHbIX 6ydepHbix perucTpos. Ho npu 3ToM cienyownit
3a MpH3HaKoM aidaBHTHO-UHDPOBOH cHMBOA OyaeT 3anHcaH He B 3TOT GydepHbiH
perucTp, a B cneuHanbHblii 7-pa3psiiHblil CTeKOBbIH perucTp. TaKHX PerHcTpoB B KOHT-
poanepe aABa — Mo yHcay GydepHbiXx perHctposB. B Kaabli H3 CTEKOBLIX pPerucTpoB
MoxeT ObiTh 3anHcaHo He Gonee 16 kogoB cimBosnoB. CTeK OPraHH30BaH Mo NMPHHLHMY
«[lepBblit Bowen —- nepsblil Bbillen», NMO3TOMY NP BBIBOAE CHMBONOB Ha 3KpaH W3
GydepHOro perncrpa B caydae MOsIBJIEHHA CPeAH HHX KOJA NpH3HaKa MOCAeNHHH He
oTo6pakaeTcs, a BMECTO Hero oTo6paaeTcsi OuepefHOH KOIA CHMBOJNA H3 CTEKOBOTro

" peructpa uau npobes.

Takasi opraHu3alHsi KOHTpo/Jepa HaknalbiBaeT cedylOLLIHe OrPaHHUYeHHSI Ha HC-
noJb30BaHHe KOAOB MPH3HaKoB. Bo-nepsbix, HX He AonxHO 6biTb Gosnee 16 B omHOM
psine 3akomecT. Bo-BTOpbIX, HeNb3s A0NMYyCKaThb, YTOGHl ABa MPH3HAKA HENOCPeACTBEH-
HO cJ1e10BaJli APYT 34 APYroM — B 3TOM cJyyae 8-pa3psiiHbiii KOA BTOPOro NpH3HaKa
6yneT oTnpaBJieH B CTEKOBbli PErucTp, rie OH «MoTepsieT» CTapuwHi OUT W B nanb-
Heiuiem GyneT owH604HO OTOOPaXKAThCA KakK CHMBOJ.

Koutpoanep 3JIIT nozsoasieT noa ynpasieHneM KOLOB NceBAOrpaHYECKHX CHM-
Bosnos (tabu. [1.12) oTobpaxaTb Ha 3KpaHe KOMOGHHALHH BEPTHKaNbHBIX H FOPH3OH-
TaJibHbIX JHHUEA. B npaBoil uactu taba. I1.12 nokasaHbl 3neMeHTbI, H3 KOTOPbLIX COCTO-
AT TakHe H3oOpaxeuns. Kaxablili aneMenT — ncepaorpaduueckuii CHMBOJ, TaK XKe Kak
H aJ(paBHTHO-UMPPOBOH CHMBOJI, pacnonaraeTcs B npeienax 3HaKoMecTa.

Jlnst orobpaxetust ncesaorpaguyecknx cimsonos smecto [13Y 3Hakorenepatopa
MCMONb3yeTcs cneuHasbHaa aonosnuTenpHas cxema (puc. I1.7). Ipu nosiBaeHuu xors
6bl Ha oaHoM W3 BuxonoB LAl, LAO koHTpossepa HanpshKeHHSI BLICOKOTO YPOBHS
Bbixoibl [13Y 3HakoreHepaTopa OTK/IIOYalOTCS OT BXOAOB CABHroBoro perucrtpa D7.
B 3asucumoctu oT KoM6HHauuu Ha Bbixogax LAI, LAO, VSP u LTEN oro6paxaercs
O/IHH H3 nceBAOrpaHUECKHX CHMBONOB. KajXX/10e 3HaKOMECTO MpPH ero OTo6paXKeHHH
MOXXHO PaccMaTPHBAaTbh KaK COCTOsILLEE U3 TPEX YacTeid — cpelHei 4acTH B BHIE JHHHH
NOAYEPKHBAHHS H YacTei, PacroNOXKeHHbIX Hal W NOA JHHHel nomuepkuBauus. [das
QTo6paKeHHs KaXXA0M H3 3THX yacTell 3Hakomecta Ha Bmxoan LAI, LAO, VSP u
LTEN Bblpaercsi cooTBeTCTBYIOULHI KOO, MO3TOMY OAHOMY KOOy fceBAOrpadHYecKHx
CHMBOJIOB COOTBETCTBYIOT TPH KOAOBbIX KOMOHHALHH. ¥ BbixonoB 3jemeHtoB D4.1 —
D4.3 Ha puc. 1.7 ycnoBHO MOKasaHbl Te 4acTH CHMBOJIOB, KoTopble GOPMHpYIOTCA Ha
3KpaHe NpH HX aKTHBH3alUHH. M306paxeHHe NOJNHOH rOPpU3OHTANBLHOH JIHHHH B cepe-
JIHHE 3HAKOMEeCTa MPOHMCXOAHT BC/IEACTBHE MOMBJEHHsi CHrHana Ha Bbixoge LTEN.

Kaxablit nceBporpaguueckHii CHMBON MOXeT ObiTb BH3yaJslbHO Bbile/]€H Ha 3KpaHe
NOBbIIUCHHOH SAPKOCTBIO HIH MHTaHHEM C MOMOLUbIO 3aJlaHHSl 3HAYeHHS ABYX MJAalILHX
6uTOB B Koge nceBnorpaduueckoro cumpona. Ha BudyanbHoe BhigenexHe ncesaorpa-
(HUUYCCKHX CHMBOJIOB BJHMSIIOT TaKXe BH3yasibHbie MPH3HaKH aJ(paBHTHO-UH(POBbIX
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Ta6aunua [1.12

D7 | D6 | D5 | D4 | D3 | D2 | DI | DO
1|1 |clclc|c|B|H
BuTh Curuaanbl Ha BbiX04ax (»)(-;(;?:;aﬁ BMTb{ CHrHanst Ha BbiXoAax g-;(;?}rﬁ
CCCCT A T tar [ vsp [LTEN | cumson [|“CCC [ (a1 ™ Lao | vsp [LTEN | cumson
0| o ! 0 | r=1 fjotio| o I 0 0 rF
‘.[—' 1
0000 | 1 0 0 0 |Ltid I 0 0 0 Lid
0 I 0| o 0 1 0] o0
0| o ! 0 - 0 I 0| o
r 13
o0t | 1 | 1 | o | o |[Chaforif o | o | o |1 | L2
0 1 0] o0 0| o 1 0 | £
—
0 1 0 | 0 | rpajlto0) 0 |0 1 o | /3
0010 | 1 vl o |0 |L_d 0|0 ] o0 |
0| ¢ l 0 0| o I 0 {'I'}
0 l 0| o ry7 1001 | 0 I 0 | o0 | cla
|
0011 | 1 | 0 | 0 | L_g 0 I 0|0
o |t | oo o |1 oo %"
0| 0 ! 0 | r== |[1010]| © ! o | o | cla
0100 0 | 0 | o I oo | oo
0 I 0| o 0 I 0| o
0 ] 0 0 q-:
0101 | 1 I o | o |cdd
0 1 0] o0

Mpumeuanne H-1 —noacserka (curHan wa suixone HLGT); B=i — mura-
HHe CHMBOJA (NepHOAHYECKH mosiBasieTcss curdan Ha Buixoge VSP); CCCC — koa
ncesporpaguyeckoro cumsona. OcranbHble KOMGHHAUHH AR NCEBAOrpaHUYECKHX
CHMBOJIOB He HCMNOJb3YIOTCH.

CHMBOJIOB — NPH3HAK OTOGpaXKEHHsI CHMBOJMIA B HEraTHBHOM BHAE H YHHBepcaJbHbie
NPH3HAKH.

[pu pa6ote ¢ nucnieeM HeOGXONHMO MOMeuaTbh TO 3HAKOMECTO, Kyaa 6GyneT Bbi-
BeAeH O4YepeaHOH CHMBOJ. DTO OCYUICCTB/SIETCH C MOMOLLLIO CMelHabHOro 3Haka —
kypcopa. BUC koHTponnepa IJ1IT no3sonsier 3anporpaMMupoBaTh BHIBOA Kypcopa Ha
3KPaH B OQHOM H3 yeTbipex BH/0B: MHramouweil JHHHH MOAYEPKHBAHHS; MHTalOLLEro
cumBosna (MK 3HAKOMECTa) B HEraTHBHOM BHAe; HeMHratouleil JHHHH NOaYepKHBAHHS;
Hemuraioulero ajg¢aBHTHO-UHM(PPOBOro CHMBONMA (HJH 3HAKOMeCTa) B HEraTHBHOM BH-
ne. PopMupoBaHHe Kypcopa OCYILECTBASETCS C MOMOILbIO JOMONHHTENbHbIX CXEMHbIX
3/1€eMeHTOB, ynpasasiembix curianamu VSP, RVV u LTEN.

Koutponnep 3JI[1 no3BonsieTr noakjiouaTh K AHCMJIEI0 CBETOBOE NMepo A/S Hemo-
CPeACTBEHHOr0 yKasaHHsi Ha 3KpaHe KaKoro-sn6o 3Hakomecra. CBeToBOE nepo 06bIYHO
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Puc. I1.7. Cxema oToGpa)keHusi nceBaorpadHueckix CHMBOJIOB

npeicTasasieT 3 ce6s He6onbLOH GOTOLATUUK, KOTOPHIN NPUIKHUMAETCS K NOBEPXHOCTH
skpaHa. [Ipn 3TOM MHKponepekJiouaTesib, BMOHTHDOBaHHBIH B KOPNYC 1aTYMKa, 3aMbi-
KaeT uenb H (POTOAATUHK uyepe3 YCTPOHCTBO (OPMHPOBAHHS CHTHANA OKa3biBaeTCH
noaksoueHubiM kK Bxoay LPEN koutponnepa. Koraa nyy SJIIT npu pa3sepTtke nonaga-
er Ha (OTONATYHK, TO MOCJAeRHWH BbIpAGaThiBAET CHIHaJ, MO KOTOPOMY B perucrpax
CBETOBOrO 1epa KOHTPOJJIEpa 3aNOMHHAIOTCA KOOPAHHATbI MOMOMEHHS! 3aCBETHBLIEro
naTyuk cumBosa. CocTosiHHe 3THX PErHcTpoB MoXKeT ObiTb CUHTAHO M0 KOMaHe
«CuHTbiBaHHE MOJNOXEHHR cBeToBOro mepa». M3-3a 3afepikek MPOXOXKIEHHA CHTHana
OT CBETOBOrO nepa B KOHTPOJIePe H BHEWIHHX CXeMaX KOOPAHHaTbl POTOAATUHKA CUU-
ThIBAIOTCA ¢ OWHOGKOK (Gosee yeM Ha TPH 3HAKOMeCTa). DTO AGMKHO ObITb CKOPPEKTH-
POBAKO NpPOrpaMMHbIM OGecreyeHHeM.

[TporpaMMupoBaHHe OCyLIeCTBJASIETCA 3aMMCblo KOMaHA H NapaMeTpoB BO BHYT-
peHHHe DerucTpbl KOMaH4 M napameTpoB. Bcero nmeercs BoceMb KOMaHA, HEKOTOpble
M3 HHX TpeGylOT BBOJAA AONOMHHTENbHbIX mapamerpoB (ra6a. [1.13). Hasnauenue
napamerpos KoMaHz «Popmar 3kpaHa» u «Pa3pewenue oToGpaxeHHs»:

Ta6auua I1.13

K )

";’;a":éap Ao D7 D6 D5 D4 D3 D2 D1 Y]
Popmar 3KkpaHa 1 0 0 0 0 0 0 0 0
[Mapamerp 1 0 S H H H H H H H
[lapamerp 2 0 \Y% \Y P P p P P P
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[Mposonxenne Taba. I1.13

OM b

fl‘ap:’:‘e“f[; a0 | b7 | ve | b5 | D4 | D3 | D2 | DI DO
[Mapamerp 3 0 U U U U L L L L
Mapamerp 4 0 M r Cc C z Z Z Z
Paspeluenne orobpare-
HHUSA 1 0 0 1 S S S B B
3anper oro6pajkeHHs 1 0 1 0 0 0 0 0 0
YnpaBneuue kypcopom| | 1 0 0 0 0 | 0 0 0
[Tapamerp 1 0 |Homep 3nakomecta B pALy
[Tapamerp 2 0 Howmep psina 3nakomecT
PaspeuieHne npephiBa-
HHA 1 1 0 1 0 0 0 0 0
3anpeleHde npepbiBa-
HUSA 1 1 1 0 0 0 0 0 0
[peaBapuTenbHan ycra-
HOBKa CYETYHKOB 1 1 | 1 0 0 0 0
CudTbiBaHHe OJIOXKe-
HHfl CBETOBOTO Mepa l 0 1 | 0 0 0 0 0
[Tapamerp | 0 |Homep 3Hakomecta B piny
TMapamerp 2 0 Howmep psina sHakomecT

Mpumeuauune. TlapameTpnl Bcex KOMaHX 3arpyaioTcsd B KOHTpoJJep He-
MOCPEACTBEHHO BC/el 33 3arpy3KoH COOTBETCTBYIOULIHX Komaui. Mckiiouenue cocraB-
asiet koMmauga «CuHTbiBaHHE [1OJIOXKEHHSI CBETOBOIO Tmepa», mapameTpel | H 2 Ko-
TOPOi CYHTHIBAIOTCA M3 KOHTPOJIIEPA HEMOCPENCTBEHHO BCJel 3a 3arpy3Koi KOMaHAbI.

Oto6paxeHne pALOB 3HAKOB MeCcT — GHT S
. . Oro6paxaioTcs Bce pAnsl
1 . . . . . .Oro6paxaioTcsi TOJNbKO YeTHble PALbI
Uncllo 3HaKomecT B psmy — 6urel HHHHHHH
1

0000000 o
0000001 . . . . . .2
0000010 . . . . . .3
001111 . . . .. .80

OcTanibHbie KOAOBble KOMOHHAUHH HE HCHOMb3YIOTCH
JlnuTeabHOCTL 06PaTHOrO XOAa KajpOBOH Pa3BepTKH — GHTHI
IT

00 . . ..

or . ... ... ..2T
o . ........3T
I T Y )

T — Bpemsa oro6parkeHHs OLHOrO psika 3HAaKOMeCT
Yucao psnoB 3HakoMecT B Kaape — 6utht RRRRRR

000000 1

000001 . .2

000010 . .3

i . ... . . .64

Homep nuHuu nonqepKuBaHuﬂ — 6utet UUUU
0oo . . ... .. .1

goor . . ... .. .2

coto . . . ... ..3

111 R [
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Yucao cTpok pacTtpa B 3Hakomecte — Gutbl LLLL

000 . . . ... ..1
o001 . . .. ... .2
ooto . . ... .. .3

mrr .. ... .. 16
PexxuMm cuera cTpok pactpa B 3HakomecTe — 6HT M
L . Pexxum 6e3 cmeuienus
I . .. .. . . . .Pexum co cmeweHsem Ha |
Pexxum oTo6paieHHsi npu3HakoB — GUT F
. B Buae npoGena
1 . . He oro6paxaiotca
tbopma'r Kypcopa ~_6uth CC
00 . Muraiownit cumson

0 . . . . . . . . .Murawowas JUHHA NOAYEPKHBAHHSA

10 . . . . . . . . .Hemuraonnit CHMBOJ B HeraTHBHOM BH[e
1t . . . . . . .« .Hemurawouas JuHus nofuepkHBaHHA
JnutesbHoOCTh odpdTHoro X0[4a CTPOYHOH pa3BepTku — OHUTH ZZZZ
0000 . . . .. .. .2T;x

0001 . . . .. .. . 4Tk

0010 . . . . . .. .6Tck

L < 2

BpeMﬂ ME)KAy 3anpocaMH MO — 6utet SSS

000 .. COLK

001 . .. ... 7T ek

010 . . . .. .. . 16 T

o ... .0 023 Tk

100 . . ... .. .31 T,k

oL .. ... .. .3 T

mo . . . .. .. .47 Teex

111 .o .88 Tk

l'l,[ll'l — 6wru BB
Yucno 6aiit B nakere [T — 6utel BB
1

0 ... ... ...
or . ........2
o .........4
... ... . .8

Benen 3a komango#t «CuuTbiBaHWE MONOXKEHHS CBETOBOroO nepa» TpeGyeTcs CUH-
TbiBaTb (He 3anucbiBaTh!) [Ba napamerpa, CJeAYIOUIHX HEMOCPEACTBEHHO Apyr 3a
ApYyroM.

[Tosichum pexum cueTa CTPOK pacTpa B 3Hakomecte. Pexum 6e3 cmelueHus
npumensiercss aasa [13Y 3HakoreHepaTopoB, B KOTOpHIX HauasbHble siueiiKW B rpynmax
¢ HHdopMaLHeli 0 rpacdHYecKOM NpeacTaBJeHHH CHMBOJIOB HCMOJB3YIOTCA [JISA 3aTeM-
HeHWst cTpokd. Ecaiu ke B 3TuX siueflkax 3andcaHa uHpopmauus o6 oToGparkaemMom
CHMBOJIE, TO HCIIONb3YETCA PEeXXHUM CyeTa CO CMeiueHHWeM Ha eAHHHuy (cM. puc. [1.6).
PaccMoTpuM neficTBHSA, BbINOJHSIEMble KOMaHAAMH.

Komanna «®Popmar sxpana» npekpawaer npouecc [TAIT (npoxoxkaexue curxana
«3anpoc mnpepbiBaHHsi»), CHrHa/A Ha Bbixoae VSP ucnoab3yercs AAs 3aTeMHEHHs
skpaHa. CurHasnb Ha Bbixonax HRTC u VRTC HaxoasiTcss B aKTHBHOM COCTOSIHHH.

Komanna «Pa3pewenue orobpaxenus» paspeliaeT TnpoXOXKIAeHHe CHIHAJOB
«3anpoc npepbiBaHusi» U «3anpoc [1JI1». [lpu 3Tom ycraHaBAIUBaIOTCH COOTBET-
CTByIOLIHe GHTbI B CJOBE COCTOSIHHSI W pa3pellaeTcsi [OsiBJeHHe H306pa<KeHHsi Ha
IKpaHe.
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Komanga «Koney orobpaxenus» 3anpeuwiaer nNpoxoxKieHHe BHAEOCHTHaJa.
IMpoxoxaenne curuanoB «3anpoc npepbiBatusi» W «3anpoc [1AIT» nponosxkaer
OCTaBaTbCA pa3pelleHHbiM, CHFHaJbl O6pPAaTHOrO Xo4a Jyya MO CTPOKaM H Kaapawm
NPOAOJIKAIOT NPOXOAHTD.

[To komange «Cuurbi8anue cucHanra C8eTo8020 nepa» W3 BHYTPEHHHX PErdcTPoB
CBETOBOrO Mepa KOHTPO/Jiepa CYHTHIBAIOTCA paHee 3aMHCaHHble KOOPAHHATbi Mepa
Ha 3KpaHe — HOMep 3HaKoMecTa H HOMep psia.

Komauna «3aepyska noaosxenus yxkasareas Kypcopa» mnoO3BOJSET 3arpy3uTb
nBa 6aiiTa napaMeTpoB — nosioXeHHe Kypcopa. Ha perucTp coctosiHHsi komaHaa He
BJHSET.

KomaHnabl «Pa3pewenue npepsisanus» v «3anpewjenue npepuiéarus» COOTBET-
CTBEHHO YCTAHABJAHBAIOT DPeXHM, pa3pelaloOliHii H 3anpewlaloulHd BO3HHKHOBEHHE
3anpocoB MpepbiBaHHAA, H YNPaB/AIOT COOTBETCTBYIOLHM GHTOM CJ0Ba COCTOSIHHS.

Komanna «/Tpedycranoska cuerquxos» no3BoJisieT YCTAHOBHTb CYETUMKH 3Ha-
KOMECT B COCTOsIHHe, COOTBETCTBYylolllee OTOOPaXKEHHIO CHMBOJIA B BepXHEM yray AMcCH-
nes. [as 3Toit onepauHH Tpe6GyioTCA ABA CHMBOJIbHBIX CHHXPOHMIYsbca. CueTynkH
6yayT OCTaBaTbCA B TAaKOM COCTOSIHHH 0O Tex MoOp, Noka He Oyler mnoaaHa Jwo6as
caeaylowas komanaa. Komanna Heo6xonHMa, Koraa B cHcTeMe paGoTaloT HECKONbKO
koHTpoJsiepoB DJIIT, pa6oTy KOTOPbLIX HEO6XOAHMO CHHXPOHH3HPOBATb.

Jns nporpaMMHOrO aHa/iH3a COCTOSIHHA, B KOTOPOM HAaXOLHTCA KOHTpOJJiep
DJII1, B npouecce pa6oTbhi MOXHO CYUHTBIBaTb H3 PErHcTpa COCTOSIHHS CJOBO COCTOSi-
HUSL KOHTpoJsiepa. HasHaueHHe oTesbHbIX GMTOB pErHcTpa COCTOSIHHA KOHTpoJJepa
cleayoiee:

D6 — paspeurense npepbiBaHWf. YcTaHaBJWBaeTcsi ¢ MoOMolbio KomaHa «Pas-
peleHHe npepbiBaHHA» K «Paspelwenne oto6pakeHHsi», & TaKke MPH BKJIIOYEHHH
ucrounnka nutaHuss. CG6pacbiBaeTcl KOMaHAaMH «3anpelueHHe nNpepbiBaHHsA» H
«®Dopmar 3gpaHas.

D5 — 3anpoc Ha npepbiBaHHe. YcTaHaB/AHBaeTcsl B Hauaje OTOGPaKeHHs Mo-
cllefiHero psija 3HaKOMeCT Kaapa, ecad Obilo pa3speweHno npepbiBdnue. CGpachi-
BaeTCA NPH CUMTHIBAHHH CJOBA COCTOSIHHSA.

D4 — curHaa or cBeroBoro nepa. C6pacbiBaeTcsl MPH CYHTHIBAHHH CJIOBA COC-
TOSIHHSA.

D3 — HeBepHasi KomMaHAa. YCTaHABJHBAETCH B C/Aydyae HeCOOTBETCTBHSI KOMaHie
YHC/a 3arpy)KeHHbIX MapaMeTpoB WIH HedonycTHMoro Kopa. COpacbiBaeTcs CYHTbI-
BaHHeM CJIOBA COCTOSTHHS.

D2 — pa3pewenne oto6pakeHHs. YcraHaBinBaeTcsi Mo Komanae «Pa3pewenne
oTo6paKeHHsi» W cGpacbiBaeTcs N0 KomaHaam «3amnper oTo6paeHus» u «Popmat
3KpaHa».

D1 — veporpy3ka I1IIl. YcraHnaBnauBaercs npH Hemorpy3ke [AaHHbIX B XOAe
oTo6paxeHnst uHGpOpMaluHH Ha 3Kpave. [IpH nosBaeHnu Guta pexxum ITIIT npek-
pallaercsi H 3KpaH 3aTeMHsieTCA 1O Hauyaja OTo6pakeHHs HOBOrO Kaapa H3o6pa-
xeHHs, C6pacbiBaeTCsl NMPH CYHTHIBAHHH C/IOBA COCTOSHHA.

DO — nepenosiHeHHe CTeKa CHMBOJOB. ¥YCTaHaBJIUBAeTCH, €C/JH UYHCJIO TIPH3HAKOB
B CTPOKe CHMBOJIOB npeBbicHIO 16. C6pacbiBaeTcsi NpH CYUHTHIBAHHH CJOBA COCTOSIHHS.

Bur D7 B perncrpe Bceria papeH HYJIO.
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4. Kontpoanep MAMN KP580UK57

B coctaB koHTpoasnepa BXxoaAT Gydep WHHBI JaHHBIX, GJOK YNpaBAeHHS
3anucolo/uteruem, 6ok ynpasaenus [1/I1, uvernipe kanana TIHAIT u 640K ynpas-
nenust npuoputeramn xaHanos I1JTI. Ilepecbinka AaHHBIX W ynpasasiolted HHOp-
MallHH B KOHTpOJJIEpe OCYLLEeCTB/SeTCA M0 BHYTPeHHeH lWHHe.

Bydep wHHLI AaHHBIX npeAcTaBasieT co6oil 8-pa3psAAHbIi perncTp, obecneyusaio-
LK [AByHanpaBJ/ieHHbiA OGMeH NaHHbLIMM N0 BOCbMH JIHHHAIM LWHHB JadHHbix DO0—
D7. o 3THM JHHHAM MHKPOMPOLECCOp 3arpyXaeT ynpas/siollylo HHGOpMaULHIO H
NaHHble B 6JOKH W KaHaabl koHTpoasepa [I[I1, a Takxke cuuTbiBaeT HHbOpPMAUHIO
O €ero COCTOSIHHH. DTH e JIMHHH HCNOAb3YIOTCS AJS BbIAAYH BOCbMH CTapLUHX
pa3paoB ajpeca npu ajpecailHH suellKH NaMsTH, Yy4acTBylOlled B nepecbliKe
nanHbix B nukae [TIIT.

3arpyska ynpasasiollelt HHpopMaukH H AakHbix B KouTpossep I1JIT u uteHune
HHQOPMALHH O €ro COCTOSIHHH OCYLUECTBJSIOTCS C MOMOLLBIO CHIHAJOB, NOCTynao-
ILHX OT MHKponpoleccopa K G/OKy ynpaBieHHs 3anucbio/urendeMm. B sToM cayuae
CHTHa/bl Ha BLIBOAZX ueThipex MJAajwHx paspsgoB ajgpeca AO0—A3 onpegensior
OIMH W3 BHYTPEHHHX PErdCTPOB KOHTpOJIepa NpH HalHuHH cHrHana «Buibop mHKpo-
cxembl» CS. 3amuch WiM yTenHe WHGbOPMalMuW B/u3 BbIGpaHHOrO perucTpa ofec-
neyuBaeTCA MPH MOCTYNJAEHHH CHIHaMoB «3anuch BO BHelHee YCTPOHCTBO» HJIH
«UreHne H3 BHellHero ycTpoicTBa» Ha coorBercTByiollne BbiBogbl IOW n IOR KoHT-
poJsiepa, KOTOpble B ITOM CJyuae HCNOJB3YIOTCA KakK BXOAbl. AapecailHst BHYTpeH-
HHX PErHCTPOB KOHTpOJ/iepa npuseseHa B Taba. [1.14.

B pexume TIAIT appecubie BuiBoasi AO—A3 ucnonb3yioTcst Anisi aJpecaims
siyeiKH NaMmsATH, yyacTByiowleid B o6MeHe NAaHHBIMH C BHEIUHHM YCTpoHcTBOM. Bubl-
sonbi IOW u IOR npH 3TOM ClyXaT B KayecTBe BLIXOJOB A/ yIpaBJieHHs COOT-
BETCTBEHHO 3aMHCbi0 HJH uTeHHem HH(pOpMALHH B/U3 BHelHero ycTpoiictsa. Bxoa

Ta6auwua I1. 14

CocTosntine Bxora

Peructp
C$ A3 A2 Al A0
PA O 0 0 0 0 0
PY 0 0 0 0 0 1
PA | 0 0 0 1 0
Py 1 0 0 0 | |
PA 2 0 0 1 0 0
Py 2 0 0 1 0 1
PA 3 0 0 | | 0
Py 3 0 0 1 1 |
PP 0 | 0 0 0
PC 0 1 0 0 0
Her nocryna 1 * » * *

[Tpumeuaunue. PA X — peructp aapeca kanana X; PY X — peructp ynpasnaenus
kaHana X; PP — perdcrp pexuma (noctyneH Toibko AnfA 3anucH); PC — peructp
COCTOSIHMA (LOCTYNEH TOMBKO AJISl YTEHHS); * — MPOU3BOJIBHOE COCTOSIHHE.
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CS B 3TOM c/yyae aBTOMAaTHYecKH GJOKMDYETCSl IS HCKJIOYEHWS OLIHGOUHOM Bbi-
6GOpKH KOHTPOJ/IJiepa NpH BbINOJNHEHHH MepecbliKH AaHHbix B pexxume [TIIT.

Baok ynpasnenus TTIIT copepuT y3nbl, obecneurnBaolde paGoTy KOHTpoO/Iepa
B pexxume [1/1I1, a Takxe peructp pexkuma (PP) u peructp cocrosuua (PC).

IMpu nocrynneuun curiana «C6poc» Ha Bxoa RES BHyTpeHHHe perdctpnl
KOHTpOJI/Iepa YCTaHaBJWBAIOTC B HCXOJHOE COCTOSIHHE M TeM CaMbiM 3alpeuaior
pa6ory kaHanos [IAIl. Hns TakTHpoBaHust paGortbl KoHTpoasnepa [T wucnonb-
3yeTcsl TaKTOBbHi cuHXpoumny/ibc P2, noctynaiowuii Ha Bxod «CHHxpocurHan»
(CLK). Tlpu nmocTynseHHH B KOHTpOJJiEep 3anpoca 1o OAHOMY H3 ueTbipex KaHa/ioB
Ha nepecblky AaHHbix B pexkxume I1JIT 6nok ynpasnenus 1T dopmupyer curnan
«3axBat» (HRQ) Ha o#HOMMEeHHOM BbiXO4€ KOHTposJepa. ITOT cHrHaa obecie-
YUBAET MepPeBOL MHKpoOMpolueccopa B peXxHM «3axBaT», O YeM CBHAETENIbCTBYET
curdan «[loaTBepxaeHue 3axBaTas, nocrynawowdié Ha Bxoa HLDA koHTpoasepa.
IMpu Hannunu curdana HLDA kouTpossep ofecneyuBaeT nepechliKy AaHHbIX MEXAY
NMaMATbIO H BHEWHHM YycTpoicTBOM, BbictaBuBlMM 3anpoc [1AI1. [lpu 3tom no
curiany «Ctpo6 appeca» (ADD STB) crapwuit Gaiit agpeca, BbICTaBJAsIEMbIH
KOHTpOJiiepoM Ha WHHe AaHHbix DO—D7, 3arpyxaerca Bo BHeuwlHHi O6ydepHbliit
perucTp, oTKyaa OH no cHrHany «Paspewenne agpeca» (AEN) nepesaercst Ha Bo-
ceMb CTapLIHX Pa3psiiHbIX JHHHH LIHHBI ajpecoB AJS aApecalHH siyeHKH MaMsTH,
yuactyolle#t B unkiae [TII1. Mnanunii 6alit agpeca siyelikH NaMsATH yCTaHaBJ/H-
BaeTc Ha agpecHbix AuHUAX A0—A3 u A4—A7.

Momumo curhanos IOW wuau IOR cOOTBETCTBEHHO AMA 3AMHCH HJIH YTEHHS
6afiTa JaHHbIX H3 BHELIHEro YCTPOHCTBA KOHTpoJsiep (OpMHpyeT cHrHanael «3a-
nuch B namatb> MEMW unu «Urenne u3 namsatu» MEMR. Ecan GuicTponeiictBue
naMATH HJAH BHeUIHero YycTpoicrTBa, yuacrtBywoiuero B uukje [III1, Huxe HOMH-
Ha/lbHOro, 610K ynpaBsedus [1J1I1 o6GecneunBaer yBeaWueHHe AJIHTENbHOCTH WHKIA
IMAOI1. 3to o6ecneunBaercsa ¢ nmomoulbio curHaia «lotoBHocTe» Ha Bxose RDY. Ecan
Ha Bxoze RDY KoHTpoJsiiepa ycTaHaBIHBAeTCA CHTHAJ HH3KOTO YPOBHS, TO KOHTpOJIEp
nepeBOAHTCS B cocTosinie «O)KHAAHHEe» H OCTAeTCH B HEM TaK J10JIr0, NOKa He MOSBHT-
Cfl TIOMIOXKHTE/NbHBIA CHTHAM Ha 3TOM BXoge.

[Mpn nepechiike 6Joka AaHHbix Ha BbiBone MARK kouTtpossiepa ¢dopmupyertcs
curian «Mapkep» kakAblH pa3, Koraa 10 OKOHYAHHS MepecblIKH 6JI0Ka [aHHbIX
ocTaercsl BbiMOJHHTL uHcao uukaos [T, kpatnoe 128. [1pn nepecbuike mocsesHero
GaliTa [aHHBIX KOHTDO/Iep H3BellaeT 06 OKOHUaHHH MNepesaud curHajlom «Koueuw
6aoka» Ha BbiBofe TC. OnHoBpeMeHHO C 3THM CHHMaercsi cHTHan «3axsaT», obec-
neyuBass okoHuaHue pexxkuma [1[I1. Itor curHas moxer G6biTb HCNONB30OBaH ANS
npepbiBaHHA MHKPOMpPOLLECCOPA H H3MEHEHHA peXxHMa paboTbl KOHTpoJiepa.

Jns 3ananus pexknma pa6otbl kontposiepa [TAIT cayxur 8-paspsanubiii pe-
FHCTDP peXHMa, KaXkiblil pa3psl KOTOPOro HMeeT CaMOCTOSITeNbHOE 3HauyeHHe. YnpaB-
JfoWas HHGOpPMAaLHs 3aNHCLIBAETCA B PErHCTP peXHMa MHKPONpPOLEecCopoM MpH
ofpalleHHd K BHEIIHEeMY YCTPOHCTBY ¢ HOMepoM, onpefensieMbim no tTa6a. I1.14, o ue
MOXKeT GbiTb cuMTaHa W3 Hero. [Ipu WHUHKa/sKW3auHH paboThl MHKPODBM Bce paspaabl
perucTpa pexxuma KonTpoasiepa cGpacwiBalorcs no curuany RES, Guokupys Tem ca-
MbiM paboTy KaHaJ/0B.

Iis paspeiwenuss paGoTbl KaHaioB KoHTpoJsepa B pexume [1J1I1 pa3psiabl
PP0—PP3 peructpa pexxuma, COOTBETCTBYIOLIHE HOMepaM KaHaJOB, YCTaHaBJH-
BaloTCA B cocTosiHHe |. 3anpeTHTh paGoTy TOrO MJIM APYroro KaHasa MOXKHO C To-
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MOLLbIO YCTAHOBKH COOTBETCTBYIOLLEr0 pa3psila perucrpa pexuma B coctosHve 0.
Paspsaa PP4 peructpa pexuma onpenensier pa6otry 6J0Ka ynpaBJjeHHSi MPHOPH-
Teramu. B cocrositun 0 paspsin PP4 o6ecneunsaer pa6oty KoHTpoasepa ¢ PpHKCHpO-
BaHHbIMH npHopuTeramH kKaHanos ITII1. [Tpu 3ToM BbicwHM npHopHTeTOM o6sajaeT
kaHan O KoHTpoJsiepa, a HH3WHM — KaHaa 3.

Jast Toro uTo6bi HCKIOUHTH BO3MOXKHOCTb OJIOKHPOBKH paGoThbl MeHee MPHOpH-
TETHbIX BHEIWHHX YCTPOHCTB B TOM cCJyyae, KOr[a BeleTCs Mepecblika AaHHbIX Gosee
BbICOKOTIPHOPHTETHBIM KaHaJioM, B KOHTpOJiepe MNpeiycMOTPeH pexxHM paboThl € WH-
KJTHYECKH H3MEHSIIOLLHMHCH TNpHOPHTeTaMH. 3ajaHHe 3TOro pexxima oGecneynBaercs
ycTaHoBKO# B coctosinde | pa3psga PP4 peructpa pexxuma. [1pu sTom nocie kakaoro
uukna [IATT npuopuTeT KaHanoB H3MeHsieTCA B MOCJeJOBaTeJbHOCTH... — 0 — | —
—2—>3-—->0 .. 4T A&, T e KaHaj, TOFbKO 4YTO MepeciaBlUUi GalT JaHHbIX MeXAY
11aMATbIO H BHEWHHM YCTPOHCTBOM, NMPHOGPeTaeT HH3LIWA TPHOPHTET, a CJenyIoLWHH
3a HHM N0 HOMEPY KaHas — BbiCLUHH.

Paspsn PP5 perucrpa pexuma, ycraHoBjeHHbiH B cocTtosiHHe 0, oGecneuynBaer
¢bopMHpOBaHHE CHIrHA/NOB 3aMHCH HOMHHANbHOH AMHTENbHOCTH. OLHAKO ANHTENbHOCTH
CUTHA/MOB 3afliCH MOXeT GbiThb yBeJHueHa Ha nepuoa cHuxpocurHana CLK, ecau
pa3psn PP5 ycraHoBaen B coctosiHue 1. B 3ToM ciyyae yctpodcTBa, KoTopbie GOpMH-
PYIOT CHFHaJl TFOTOBHOCTH 110 (PPOHTY CHTHaJa 3alHcH, BbipabaTbiBaloT curias RDY
paHblue, YTO MO3BOJIsET HW36eKaTb Mepexofa KOHTpoJJiepa B COCTOSIHHE OXHAAHHA
W CBAI3aHHBIX C 3THM 3aJepeK.

Pa3pan PP6 peructpa pexuma B cocTosiHHH | GaokupyeT paboTy KaHasoB,
3aBepLUMBLUWX MepechbiiKy Bcero 6/10Ka RaHHbIX. B 3TOM cayuae no curhany «Kowen
6n0Kka» cooTBeTcTBYlOoWHe pa3paabl PP0O -—— PP3 c6pacniBatorcs B cocrosiiie 0. [Mpu
3TOM KaHaJbl Bbikaioyaiorcs W 3anpocbl [IJIT oT BHewHHX yCTpoOHCTB He BOCMpH-
HMUMaIOTCA A0 TeX nop, noka pa6ora KaHanoB He GyAeT NMOBTOPHO pa3pelueHa. Ecau B
paspsire PP6 ycraHosnen 0, To mnocse nepecbinkH Bcero 6Ji0Ka JaHHbiX BHellHee
yCTPOIHCTBO camMo A0/MKHO 6/10KHpoBaThb ¢opMHpoBaHHe cHrHasa 3anpoca [11I1 ans
H36eXXaHH BO3MOXXHOCTH MOSABJICHHSI OIWHOGOK NPH nepecblike [aHHBIX [0 MOBTOP-
HOro nepenporpaMMHpOBaHHA KaHana.

Konrpoanep TTIIT o6ecneunBaer BO3MOXXHOCTb ABTOMAaTHYECKOrO amnmaparHoro
nepenporpaMMHpOBaHHs KaHasa 2 NpH 3aBeplUeHHH [lepPecbliKH Bcero 6J10Ka AaHHbIX
no curuany «Kouen 6s10ka». [Ipn sTOM mapamerpb pexciMa nepecblikH B KaHan 2 Ge3
M3MEeHEeHHsl MepenucbIBAIOTCA H3 KaHana 3, a ycTaHOBJEHHbIH B cocTrosiHue | pa3spsan
PP6 He ocTaHaBsuBaeT pa6oTy KaHaja 2. TO NO3BOJIAIET COKPATHTb MOTEPH BPEMEHH
Ha nepenporpaMMHpOBaHHe KaHaja MO CPaBHEHHIO C MporpaMMHbiM MetofoM. [das
TOro YTOGbl MapaMeTpbl PeXXHma NepechbiikH, XpaHHMble B KaHase 3, OCTABaJIHCh HEH3-
MEeHHbIMH, ero pa6ora ROJKHA ObiTb 3afnpelleHa ycTaHOBKO#H B cocTosiHHe O pa3psna
PP3 peructpa pexuma.

Peructp cocTosiHHl KOHTpOJIIepa CONEPXKHT MAThb pa3psloB, HCMOJb3yeMblX A5
MHAMKaLUHK BbIMOJHEHHS KOHTPOJJIEPOM onpele/ieHHbIX AedcTBHA. Alpecauuns perucrpa
COCTOSIHMA Oo6ecreyHBaeTCs CHrHaNaMH Ha anpecHbix JHHHAX AO—A3 B coorBercT-
BHH ¢ Taba. [1.14. Tlpu 3TOM aOMycKaeTcs TONbKO CYHTbIBAHHE COLEPXKHMOro pe-
ructpa cocrosuus. Curnant RES c6pacbiBaeT B cocrosinne 0 Bce paspsiibl perucrpa.

Pa3psanst PCO — PC3 ycranasiuBaioTcsi B COCTOsiHHE |, KOT1a KaHaJsl ¢ HOMepoM,
paBHbIM HOMepy pa3psiia, 3aKaHYHBaeT fepefauy Bcero 6/0Ka [JaHHbIX H BO3HHKaeT
curian «Koxew 6s0ka». I1pH cunTbIBaHMH HHQPOPMALHH H3 PETHCTPA COCTOSAHHA 3TH
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pa3psanbi c6pacbiBalOTCA B HCXOAHOE COCTOAHHE MO 3afHeMy QPOHTY curHana «Yrenue
M3 BHELIHero yCcTpOHCTBa».

Pa3pan PC4 ycraHaBiuBaercs B coCTOsiHHE | B MOMeHT aBTOMAaTHUYeCKOH lepe-
3arpy3kH napamMeTpoB M3 KaHaja 3 B kaHan 2. B cayuae, eciH Heo6XOAHMO OpraHu-
30BaTh MO KaHaJly 2 nocjedoBaTesbHOCTb MePechlioK 6JIOKOB LaHHBIX C Pa3/IHUHbIMH
napaMeTpaMH, 3arpy3Ky HOBbIX 3HaueHHH [1apaMeTpoB B KaHa/l 3 HeJb3st NPOH3BO-
OWTb A0 Tex nop, noka paspsaa PC4 He npumer 3Hauende 0. ITo CBHAETENbCTBYET O
3aBeplIEHHH aBTOMAaTHYeCKOH nepe3arpy3kd napamerpoB B KaHana 3. CuuTbiBaHHe co-
[epXHMOr0 perucTpa COCTOSIHHSI He OKa3biBaeT B/AWsiHHA Ha pa3pan PC4. Oanako
c6poc B coctosiHHe 0 paspsaa PP7 perucrpa pexuma c6pacbiBaer W paspan PC4
perucTpa COCTOSIHHSA.

KouTtposnep o6ecneunBaer nepecbliky AaHHbIX no yetnipeM kaHanam [TIIT, kax-
JIOMY H3 KOTOpbIX NpHcBOeH cBOH Homep. Bce ueTbipe kaHana comepxart 16-paspsia-
Hble peructpbl agpeca (PA) u peructpul ynpasnenusi (PY), agpecauus KOTophix ocy-
wecTBssieTcss B cOOTBeTCTBHM ¢ Ta6a. I1.14. lpu WHHuManu3aunu paboThl KaHajla B
ero perucTp ajzpeca 3arpyxaeTcsi ajpec nepBoif AYeHKH MaMSATH, C KOTOPOH HauH-
HaeTcsl nepecbiika naHHbX B mepsom uukae TTJT1. [locne kaxmol nepecblikn 1o
kaHaay T1JIT comep)knmoe peructpa ajgpeca COOTBETCTBYIOLLErO0 KaHaJja YBeJIHYH-
BaeTcsi Ha |. Pa3mep nepechinaemoro 610ka JaHHBIX, YMEHbLIEHHbIH Ha e1HHULY, yKa-
3biBaloT 14 Maafliux pa3psioB perWcTpa ynpamjeHHsi KaHaJja, ofecneydBasi nepe-
CbIJIKY MaKcHMaJbHO o 16 384 GaiitoB. [IBa cTapuinx pa3psiia perdcrpa ynpasJc-
HHA ONpefe/NsioT THI ONepauuH NMepecbiKH B COOTBETCTBHH ¢ Taba. [1.15.

Ta6auua IN.15

Paspanbl dopmupyemue
Onepauns KOHTPOANIEpOM
PY 15 PY 14 CHTHaAB
0 0 Bepugukauns B unkne MIAT Her
0 1 UreHHe H3 NaMATH MEMR, IOW
1 0 YreHue W3 BHellHero ycTpoicTsa IOR, MEMW
1 1 3anpeliedHas KoMGHHALHA -

3arpyska peructpoB ajpeca u ynpasJaeHus KahanoB 11T ocywecrsasercs no-
6aliTHO C MOMOLUbIO BBINOJHEHHS MOC/e0BaTebHO 1BVX KOMaHJ BBOAA BO BHeliHee
YCTPOHCTBO MO OLHOMY M TOMY )Ke ajpecy cOOTBeTCTBywulero perucrtpa. [lepsas
KOMaHAa BbiBOLA oGecneyHBaeT 3ancb B BOCEMb MJAALIHX Pa3psiloB perucrpa, a
BTOpasi — B CTaplide pa3psabl perucrpa. Ecau nopsanok sanuck B 16-paspsannbie pe-
FHCTPbI KOHTPOAJIEPA MO KaKMM-JHGO MPHUHHAM HapylleH, QN8 ero BOCCTAHOBJICHHS
JIOCTAaTOYHO BbIMOJIHHTb 3aMHCb B PETHCTP PeXXHMa, MOoCJe Yero MOXHO BHOBb 34rpyxKaTh
perucTpbi aapeca H ynpabJieHHS.

Jna u3bexxanus HeBepHoi 3arpy3ku kanasos [1JIIT npu ux nporpammupoBaHuu
c/ieflyeT 3anpeTuTb BO3HHKHOBEHHe npepbiBaHHil B MUKpODBM. [Tocne 3toro cHauana
3arpy>aioTcsi perucTpbl ajpeca H YNpaBieHHS KaHa/loB H B MOCJENHIOI oOuepelb
3arpy’>kaeTcsi perucTp pexxHma KoHtpoJssiepa. Henb3s paspewatb pa6oTy KaHa/ioB
[TOI1, ecin B KaHalbHbie pPericTpbl NpeaBapHTeNbHO He Oblin 3arpy>keHbl 1eHCTBH-
TeJbHble 3HauelHHs MapaMeTpoB MepecbiKH. MHaue cayuyaiinblie curiadn 3anpoca
[TOIT oT BHELIHHX YCTPOHCTB MOTYT NMPHBECTH K H3MEHEHHIO COLepPXHMOr0 NaMATH.
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Hnsn nepecbinku AaHHbix B pexkume IT[IT BHewHee yctpoiicTBO QopmupyeT
curnan «3anpoc [IOTl», nocrynawownit Ha omuu W3 Bxogoe DRQO — DRQ3 co-
oTBeTCTBYIOLlero KaHaJjia. Ecain pa6ora kaHasa paspeuieHa, TO B OTBeT Ha 3a-
npoc kKaHasi ¢dopmupyet curHan «Paspewenne TTOIT» DACO — DAC3. 3tot curuan
CJYXHT noaTBepXKaeHHeM Toro, uTo ouepenHod wuuka [1IIT orBoauTcs BHewHemy
yCTPOHCTBY, BbicTaBHBwWeMY cHrHaa «3anpoc [TIT». ITepecbiika naHHbIX Mexay na-
MSITbIO H BbIOPaHHbIM BHELIHHM YCTPOHCTBOM OCYLLECTBJSIETCA 10 TeX 110p, MOKa MOA-
nepxuBaetcs curHan «3anpoc [MOTT» niau He nosiBUTCA 3anpoc ot 6oJiee BbICOKOMPHOPH-
TeTHOro BHewwHero yctpoiicTBa. Ecau curuan «3anpoc IAIT» noanepxupaerca BHeul-
HHUM YCTPOHCTBOM B TeueHHe MepechliKH Bcero 6/0Ka NaHHbIX, TO CKOPOCTb OOMeHa B
pexume TTIAIT makcumanbHa. OfZHAKO B 3TOM cjy4yae MHKPOIPOLECCOP MONHOCTbIO
6/MOKHPOBAH H JIHILIEH BO3MOXXHOCTH pearHpoBaTbh Ha CHrHaJibl MPepbiBaHHA HJH OCY-
ILLeCTB/IATb NporpamMMHuyio 3arpy3ky kadajoB [1IIT koutpoanepa. [sis HcK/oueHHs
3TOr0 BHellHee YCTPOMCTBO, ocyluecTBiasiioulee nepecblikd B. pexxume TTIIT, moxer
CHHMaTb Ha HekoTopoe Bpems curHan «3anpoc [TIAIT» nocne kaxporo unkaa [TOTT.
[Mpu 3TOM MHKpoOMpoueccop MepHOLHYECKH NPOROJIKAET BbiMOJHeHHe MporpaMMbl 10
noctynienusi oyepegHoro 3anpoca I'/1I1 ot BHewHero ycTpoiicTBa.
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HUanarenbcrso «Panno u cs8a3b». 101000 Mocksa, [Touramt, a/a 693

Opnena Oxrabpbekoit Pesonounn n opaena Tpynosoro Kpachoro 3uamenn MIIO «Ilepsan OG-
pasuosas tunorpadusi» Cowosnoaurpadnpoma npu Tocynapersennom xomurere CCCP no aenam
H34aTeAbCTB, NOAMTPAPHH H KHHXKHOI Toprosau. 113054, Mocksa, Banosas, 28



HAIIMM YHUTATEJISIM

H3pnatenbcTBo «PanHo H cBsi3b» KHHIH HE BbICBLJIAET.
JluTepatypy no BompocaM paAHO3JIEKTPOHHKH H pafuo-
JIOGHTENIbCTBA MOXKHO NPHOOGPECTH B Mara3HHax HayuyHo-
TE€XHHYECKOH KHHIH.

Hns cBeneHus coobliaem, 4To 10 BONPOCAM MepeesKu
H YCOBEpLIEHCTBOBAHHA KOHCTPYKUHH H31aTeJbCTBO H
aBTOPbl KOHCYJibTalHIO He faioT. Ilo 3TuM Bomnpocam cie-
nyeT o6pallaTbCsi B MHCbMEHHYIO PAJHOTEXHHUECKYIO KOH-
cyaprauuio LlentpanbHoro pagnokay6a CCCP no agpecy:
103012, Mocksa, K-12, ya. Kyii6biuesa, n. 4/2, nom. 12.

H3naTtesbCTBO He HMeeT BO3MOXHOCTH OKa3saTb [O-
MOLIb B NMPHOGPETEHHH HYXHbIX BaM PaJHOTOBApOB H He
pacnoJjiaraetT CBeLEHHSMH O HAaJHYHH HX B TOPTYIOLIHX
OpraHH3alHsX.

PanuotoBapsl no noute Bbicbl1aloT lleHTpanbHas Top-
roBasi 6a3a [TocbiiTopra (111126, Mocksa, E-126, ABua-
motopHas, 50) u MockoBckas Mexpecny6anKaHcKas 6as3a
Lentpocoiosa (127471, MockBa, I'-471, ya. PsabuHo-
Bas, 45).



UspaTtenbctBo «Paguo u cBa3b»



