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NPEAUCIIOBUE

W3aroroBienne coOCTBeHHBIX HHTETPAIBHBIX MUKPOCXeM — 3TO MeuTa, KO-
TOPYIO, BEPOSATHO, XOTh Pa3 B KU3HH JeTessl KaKAbI clienyajuct Mo
aslekTpoHIKe, Texnudeckasi MpICb Bee OIMKE K 3TON MeyTe: NporpaMMIi-
pyeMble 3JIeKTPOHHbIe PAZHO2JIEMEHTHI II03BOJIAIOT BHIIONHAT MHOTO-
YHCJEHHBIE 33/1ault, KOTOPBIE CLIE HECKOBKO JIeT Hasal 6Bl NpaKTIyec-
KM HepaspelMpl.

Ho pa6ora ¢ 3THMH pajinoaieMeHTaMu TpebyeT HCMONb30BaHUA onpe-
HeNCHHBIX METOROB 1 CHEUNAILHOTO 060pYyA0BaH)S, BEAb 1 peunt OLITD He
MO3KeT O TOM, YTOOBI OPYAOBATh Nas/IbHAKOM BHYTPU HHTETPAIBHOM MIIK-
pocxemu! J[71s1 MpaBHIBHON HACTPOMKHU IIPOrPaMMHPYeMOTO paaHoaJie-
MeNTa, KOTOPbiii B AafhpeiieM MOXHO NPUMEHSTH Kak 0OBIYHYIO NHTeT-
PaJIbHYIO MUKDOCXEMY, B IIepPBOE BPeMsi IPUAETCS MPUOETHYTH K IIOMOILH
KJIaBHAaTypbl KOMIIBIOTEPA, @ 3aTeM, YTOOKI «3alIUTh» B KPUCTAN yXKe
TOATOTOBJIEHHYIO CXEMY, BaM MOHaTOOUTCA CEIMIbHBIA TPUGOp ~ Mpo-
rpaMMarop.

JTa kHira ObUIa 3aMyMaHa He TOABKO pajy 3HaKOMCTBA 4YMTaTels
€ TEXHOJIOTHEN! IIPOrpaMMUDYeMBbIX PAAMO3JIEMERTOB, HO 1 J/isl TOTO, YTO-
Obl TTOMOYDL HayllHaouEeMy paanoobureno n3bexaTh 3HAYUTEALHDIX
3aTpaT, KOTOpble MPeANoJIaraloTc B PeKOMeH/IaliusIX HeKOTOphIX $UpM-
H3TOTOBNTeNEH 1AM KPYIIHLIX OCTaBIMKOB.

Mp&l He cTaBUAN Nepest coboil esth OmUcaTh BCE CYHIECTBYIONITE Baph-
@HTDI M THIIBI TPOTPAMMIIPYEMBIX Pa/IHO3JIEMEHTOR, HOMEHKIATypa KOTo-
PHIX K TOMY K€ NOCTOSHHG pacliupsieTcs. 37ech He OyxeT omucanus tex
u3fenuil, npoueaypsl IPOrpaMMUPOBaHNs KOTOPBIX 3aceKpedeHbl. MBb
npexnoyn orobpars Haibosiee pacpocTpaHeHHbie — Te, KOTOpble MOX-
HO JIeTKO NIp1IQGpecT! O NMpHeMJIeMbIM IeHaM.

HeobxoariMmpiit 1151 paboThl 1porpaMMaTop Moxer 6pITh co6paH Ges
CYIUEeCTBEHHBIX 3aTPaT WK NpHoOpeTeH B cocTaBe «Habopa AsS HaYyMHa-
founx» (Starter Kit). TeM, KTO pelIvT 3aguMaThCs MaydeHueM Gosee
CJIOKHBIX MPOrPAMMHUPYEMBIX PafHO3IEMEHTOB, TOTPEOYIOTCA <yHUBED-
Ca/IbHble» MPOrPaMMAaTOphl, CTOUMOCTD KOTOPHIX 3HAYMTENBHO BLINIE.
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10 BBELEHUE B MUP IPOTPAMMMPYEMBIX KOMITOHEHTOB

ABOAKOLUNA SNIEKTPOHHbIX CXEM

B coBpemennoii asnexTponuKe Bee Gosbliee 3HauenHe IIPHOOPETAIOT HII-
TerpajbHble MUKPOCXEMDI, NPHIIE/UINe HA CMEHY IMCKPEeTHbIM paiiofe-
TaJIAM, KOTOpble, OZHAKO, BCE elile BCTPEYaIOTCsi B HeKOTOPBIX O0MACTAX
3MEKTPOHNKY, HAlIpuMep TaM, rae Tpebyercs ocobas ToyHocTh. Kpome
TOro, 060ITUCH TOJBKO CTAHAAPTHBIMU MHTETPaJbHBIME MUKPOCXEMaMI
HEBO3MOKHO, U HCTIOJb30BaHNE HEKOTOPOrO KOJMYECTBa JUCKPETHBIX
3/MeMEHTOB TPOCTO HeOGXoAUMO, YTOOH coblipaeMas cxeMa IOJHOCTHIO
OTBeYasa NPeAbABASIEMBIM K HEHl TPeOOBAHUAM. )

Hanbosee 3ameTHOl TeHaeHIMell ToCKeNHIX JeT ABISeTcs] OBICTPBI
POCT MHTErpanlil MUKpocxeM. brarosaps HenpepLIBHO COBEPIIEHCTBYIO-
IIUMCS TEXHOJIOTUSIM OfIHA HHTErpaibHas MUKPOCXeMa B HAaCTosII[ee Bpe-
MsI MOXeT CoJiep>KaTh 3KBUBaJeHT Mukpo-IBM cpexneit MomuocTH.

Cdepa nprumeHerns 1udppoBHIX MeTOROB 06paboTKH UHbopManny
NOCTOSIHHO PacliUPsIeTCsi, OHU BCe Yallle BHITECHSIOT UCIIOJIb30BaBILiecst
paHee aHAJIOroBble CXeMBbl, TO3UIMH KOTOPBIX TEM He MEeHee Bce enle He-
MOKONEONMBL B HEKOTOPBIX 06aCTSIX HAYKU U TEXHUKH.

HakoHen, nporpaMMHce obeclieyenue cTaHOBUTCA Bee GoJiee HeoOxo-
JIMMOH 4acTh10 N1060T0 IIPOEKTa, IIPH STOM 3aTPaThl Ha alHaparHoe obec-
IleueHue NOCTOSIHHO CHMXKaloTceA. YacTo HMEHHO B IporpaMMe MUKPOIIPO-
Heccopa CKpbITH BCE CEKPETHI YCTPOMCTBA, KOTOPoE € TOYKH 3PEHUS
CXeMOTEXHHUKH MOKET BBIIJIAZETh BechMa GaHAAbHO, TEM HE MeHee CKO-
TIMPOBATh U pa3MHOXUTH NPOrPaMMy ropasfio Jierye, yeM MPaBMIbHO TIo-
BTOPUTD TOIIOJIOTHIO ¥ U3rOTOBUTD ITeYaTHEIE MJ1aTHI, MYCTh Aake HECTOXK-
Hble. TakuM 06pas3oM, BOIIPoC O SaluTe NPOH3BOJCTBEHHBIX CEKPETOB
OCTAeTCsI MTOCTOSTHHO OTKPBITHIM.

3BOJIIOLUSA UHTEMPAJNIbHbIX MUKPOCXEM

HoBrle nHTerpaibHble MUKPOCXEMBI CTAHOBATCSA Bee Oosiee CelMaInam-
poBasHbIMH. Eciin onHa 1 Ta jke. MUKpPOCXeMa € YeTHIPbMS JIBYXBXOAOBbI-
Mmu aneMeHTamMu M-HE MoxeT MCTIONb30BaThCS B CAMBIX Pa3HBIX CXeMaX,
TO CKa3aTb 3TO K& 'O BUJIEOKOHTDPOJIEPE JITISi KOMIIBIOTEPHOTC JUCILIES
WM O CHHTEe3aTOpe 3BYKa JIJIs1 «<TOBOPSIIIUX» UTPYIIEK HEJb3S.

HecMOTpsi Ha OTpoMHDIH BHIGOp CHEIHATH3HPOBAHHBIX M3/1eMui, TIpefi-
CTABJIEHHBIX Ha pHIHKeE, pa3paboTYHK He BCErJa MOXKeT HaliTH ToT eliH-
CTBEHHBIN Yy0/leliCTBEeHHBII KOMIIOHEHT, KOTOPBIY NMOMOXKET peliTh Bee
ero npobrnemnl. M axe ecii KOMITOHEHT 3TOT Hal{/leH, TO BCEr/ja HaJo yuu-
TBHIBAaTh ¥ BO3MOXKHOCTB 33JIEPXKKH B IIOCTaBKaX, M OTCYTCTBHE TaK HA3bIBAE-
MBIX «BTOPBIX OCTABIIMKOB» (M3TOTOBUTENEH aHATOTMYHEBIX KOMIIOHEHTOB
Mo JHUEH3HH OCHOBHOTO MPOU3BOAUTENA) H, CaMOe TJIaBHOE — BEPOSAT-
HOCTb NpeKpamieHus ero MNpoH3BOCTRA.
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UpesBbluaifHO OHACHO CTABHTD BeCh paspadarbiBaeMbIil HPOEKT B 3aBH-
CHMOCTD OT OJTHOTO Pa/ilioadieMeHTa, IIOCTABSEMOTO eIITHCTBEHIIBLIM 11PO-
nsBoanTeseM. OTCYTCTBHE KOHKYPEHTOB MJIH «BTOPDLIX NOCTABILIKOBY
MOXKeT B JiIo0oe BpeMsi BbI3BaTh ckayok ueH. Kpome Toro, Beerna cyuie-
CTBYeT PUCK, YTO Yepe3 HeCKOJIbKO MecsleB IPOU3BOACTBO HEOOXOAMMO-
ro 13/ MpeKpaTUTCs 63 BCSIKOTO IPe/IBAPHTENBHOTO Ipely npeskie-
HMSl M, ECTECTBEHHO, 6e3 BoaMellleHHs yiiepbOa.

B aTom ciyyae mpomo/pKkaTh CBOE HPOU3BOACTBO MOXKHO, MTOKA HE KOH-
4aTcs CKJIaJCKUe 3allachl, ¥ OIHOBPeMeliHO TOTOBUTLCS K Cepbe3HbIM Hpo-
GJeMaM, CBA3aHHBIM C TEXHUYECKHM W rapaHTHHHBIM 00CIyXIBaHHeM
y>Ke U3TOTOBJIEHHOTO U TOCTaBJIEHHOTO 3aKa3ynkaM 060pyaoBaHIsL.

B cBs3u ¢ BLIIIECKAa3aHHBIM BO3HUKaeT BONPOC: Pa3yMHO JIM HCHOJIb-
30BaTh TOJLKO «YHUBEpcAJbHbIe» CTaHAapTHU3UPOBAHHEIE pa/ioajieMeH-
Thi? OueBU/IHO, HeT, TaK Kak UX YHMBePCalbHOCTD TpebyeT mpHuMeHeHHs
GOJIBIIOrO KOJUYeCTBA TUCKPETHBIX JeTalel, 3HauHTeJbHO YCIOXKHSIO-
L{UX CXeMy M KOHCTPYKIIUIO ITPOEKTUPYEMBIX YyCTPOHCTB.

UHTENPAJIbHbIE MUKPOCXEMbI YACTHOIO NMPUMEHEHUSA

B Tex ciyyasx, Korga KpynHOCePUHHOEe TIPOU3BOACTBO KakNX-aH00 uUaze-
JMii ¥ CHCTeM TapaHTMPOBAHO Ha UIUTeNbHbI NepHos, Hanbomee adidek-
TUBHBIM Oy/IeT MCIOJb3oBaHHe MPON3BOAMMBIX B 32BOJCKHMX YCJIOBHAX
«3aKa3HBIX» HJH «II0MY3aKa3HbIX» HHTerpaibHbix MukpocxeM (Custom 1C
unu ASIC ~ Application Specific Integrated Circuit). 1o Becbma XJI010T-
HOE KaNHTajJoeMKoe U PHCKOBAHHOE pellleHde, KOTOPOe, OHAKO, UCKIIIO-
YHTENHHO PeHTA0EILHO B CIyYae, eCli peub HeT O COTHSX ThICAY eIMHMII,

IepBoHayaIbHbIE HHBECTHITMM ITPH pa3paboTke 3akaszubix B C ovenn
BEJIMKH, HO OTIPaBIaHBL; Bl MOJNYYHTe KOMIIOHEHT, HauboJlee MONHO OTBe-
YaloUNH KOHKPETHLIM TeXHUYeCKUM TpeGoBanuam. OH He 6yzieT BLITYC-
KAThCS B TIPOJIXKY, ¥ ero Oy/eT MPAKTUYECKH HEBO3MOXHO CKOMITPOBATS,
W naobopor, mobas MomuduKanua norpebyer NOBTOPEeHUS AMHHHOM
H oporocrosineii mponeaypnl paspaborku BYIC. «IIpapa Ha ombky» He
CYL[ECTBYeT, a B TIpoliecce CEPUIHOTO MPOM3BOACTBA MPaKTHYECKH OTCYT-
CTBYeT BO3MOXKHOCTDL MOJIePHU3AIMH KOHEYHOTO MPOAYKTa, B KOTOPOM
UCTIONL30BAHDI «3aKa3HbIe» MUKPOcXeMbl, B 1060M ciiyyae, mo/jo6Hoe pe-
IIeHHe IPaKTHYeCKH HeMTPIMEeHNMO IJ1sI MeJIKHX I CPeJIHUX 00>eMOB BLI-
AycKa U 0coGeHHO 1JIst OTIBITHEIX WM eIMHUYHBIX H3ie i uin o6pasiios.

APOrPAMMUPYEMbIE UHTEIPAJIbHbIE MUKPOCXEMDbI

IloHsTHE «TTpOTPAMMHUpYeMast JIOTUKa» XOPOIIO U3BECTHO U NMPeJACTaBIsa-
eT coboll TOJHYI0 POTUBOHOJIOKHOCTD «JIOTHKe KeCTKoll». B yerpoii-
cTBax Ha XKecTKoii Jloryke MoBefieHHe CXeMbI NOJHOCTBIO ONMPEREsSIeTCs]



12 BBELIEHMNE B MUIP NMPOTPAMMMPYEMbIX KOMHQHEHTOB

CBSA3SIMH MEX/Ly OTIpe/ie/IeHHBIM YIICTIOM 3JIeMeHTOB, MojiepHU3alllis I
H3MeHeHHUe CXeMDI yCTPOilCTRA IOCTATOYHO TPYJIOEMKH, a JUISL ee KOIIIpO-
BaHHS BIIOJIHE AOCTATOYHO ONpe/iesIeHHOTO TepIleHys.

B circremax ¢ mporpaMmipyenmoii IOrMkolt MCnosibayeTcs HeHTpaIbHbIi
npoLeccop (MHKPOIPOLEccop, MIKPOKOHTPOJLIEP), KOTOPLII CBSA3aH € Ka~
KIMU-TTHO0 NepHdepHiiHbIMI YCTPOIICTBAMY H BBITIOHSET MPOrPaMMY, CO-
JIePKaIlyIoCs B SHeproHe3aBHCIMOI MaMATH TOH WY HHOH KOHCTPYKIIIIL
WnenHo nporpaMMa B 3HaYHTeIbHOIl cTelleHH OMNpellesisieT IOBefeHIe
BCell cucTeMbl. Bee 113MeHennst 1 MoaudUKaMU TIporpaMMHoro obecrie-
YeHHsI BHOCATCS B CUCTEMY ITyTeM Iepe3arpy3ky HeHTPaJIbHOTO MpoLec-
copa, TIPH 3TQM HUKOHUM 00pPa30M He 3aTParMBaeTCs anmapaTHast YacTh
yCTPOIICTBa, TO €CTh ero ajgekTpuyeckasa cxeMma. OaHa U Ta JKe CIICTEMa
MOXeT MPUMEHSITLCS JIJIS YIIpaBJIeHUs] KOTJIOM TelocHabXeH s M HC-
MOJIb30BaThCsT B YCTPoiicTBaX aBTOMATH3HMPOBaHHO TeAedOHHOI CBS3M.
Bce 3aBucut ot nporpamMmuoro obecreyeHHs, 3aTPYXeHHOTO B ee NTaMsIThb.

YeTpolCTBO, B KOTOPOM IIeHTpaIbHBIIH MPOLEeccop U eTo mepudepuiinnie
ycrpoiicTBa (0cobeHHo 60K HaMsITi) OObEIHHEHBI B OJIHOM KOPIIyCe,
HasbIBaeTCs MUKPOKOHTPOIIIEPOM, HIH «ofHOKpHcTankoiy (OMIBM -
OfHOKpHCTaNbHas MUKkpo-dBM); oHO MoxkeT OBITD 3allpOrpaMMHPOBaHO
IUIsL IIPHMEHEHHS B CaMbIX pa3HbIX CHCTeMaX M 06JacTsX, a TakxXKe IS
pellleHUs pa3JMuHbIX 3apay. OnHOKpUCTalbHbe MUKpo-OBM — camble
IJIaBHBIE M CaMble IOPOrye YacTH TakiX ciicreM. PaspaboTka TeXHOJIOTH-
YyecKkHUX U IPYTUX Coco60B 3aMiMTH OT HE3aKOHHOTO KOMMPOBAaHUSA <«3a-
IIUTOTO> B HUX IIPOrpaMMHOT0 obecrieueHus HajlexHo 3aCTpaxoBaa HX
OT NOA/IeJIOK. ITO 3HAUUTEJILHHIIT Mar Briepe].

CyIecTBYIOT yCTPOUCTRA, 3aHIMAIOIIIie TIPOMEXYTOYHOe TTOJIoKeHne
MeX/1y JKeCTKOM JIOTUKO# U OJTHOKPHCTANBHLIMU MUKPO-IBM. Peun uzner
0 TpOTPpaMMHUPYEMBIX JIOTHYeCKUX HHTerpadbHbX cxemax (IIJIVIC), ko-
TOpbIe OUeHb MONYJISIPHBI ¥ IPON3BOAUTeNel. ITO He TporpaMMHpyeMble
3anoMHuHamomue ycrpoiicrsa (I13Y), a uHTerpajbuble MHKPOCXeMBI,
BHYTPEHHAA CTPYKTYpa KOTOPBIX MOXeT MHOTOKPAaTHO U3MeHATbCs ca-
MUM II0JIb30BaTeseM, IpHUeM c/ieIaTh 3TO OUeHb JIerko.

Terepb MOXXHO CaMOCTOSITENBHO «IIPOU3BECTH» OPUTHHANBHEIE PAIHO-
9JIeMEeHTH! MO0 B eIMHCTBEHHOM 3K3eMIUIsipe, IHOo B BuAe HeGOMbILIOM
HapTuH, NpuyeM 6e3 OTPOMHBIX KamUTaNTOBIOXKEHUH, HeOOXOMUMBIX I
NPOM3BOJCTBA «3aKa3HBIX» MUKpocxeM. [IporpaMmupyemule ornyeckue
N C naBno nasectHsl npodeccoHambHbIM pazpaborunkam POA H ceituac
HAUIHAIOT GoJiee MIMPOKO MPUMEHAThCS KBaTHPUIMPOBAaHHBIMUA U HO/-
TOTOBJIeHHBIMH paanosioburesnsMi. [71apHas 3a1aya aToH KHATH COCTOUT
B TOM, YTOOBI CYINIECTBEHHO PaCUIMPUTD KPYT JIOJAEH, HCHONb3YIONINX Ca-
Mble COBpeMeHHhle TeXHOJOIHH.
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3arioMiHalole ycTpolicTBa HeOOXOAMMEI B CAMBIX PasIM4HbIX 00JACTAX
aMIeKTPOHMKH, X IIPHMEHeHHe COBCeM He orpaHuueHo cdepoil undop-
MaTHKIIL

YnyuiieHHe TeXHOJIOTHII U3TOTOBJIEHHST 3aIIOMUHAIOIIMX YCTPOICTB
I B3pBhIBHOE TOBLILIEHIIe CIIPOCa HAa HHX NPUBEJN K CHIDKEeHUIO LieH, yBe-
JITUEeHHIO eMKOCTH, 2 TakXKe K MOSBJIeHHIO HOBLIX PasHOBUAHOCTEI, ¢ 1O~
MOIIBIO KOTOPBIX MOXHO peanH30BaTh IMPUJIOXKeHWs, KasaBIluecs: BCETro
HEeCKOJIBKO JIeT Ha3al HeBEPOATHBIMII.

Ocoboe MecTO B 3TOM ceMelcTBe KOMIOHEHTOB 32HUMAIOT 3allOMUHAI0-
11[11e YCTPOiicTBa, KOTOpble MOXHO 0003HaUUTh Kak <IPOTrpaMMHpyeMbles.

CEMEWNCTBA NPOrPAMMMUPYEMbIX
3ANOMUHAIOLLUX YCTPOMCTB

OtzenbHble pa3sHOBHIHOCTH 33IIOMUHAIONIMX YCTPOMCTB 4acTo HIEHTH-
duuupyior mo nepBrIM 6yKBaM B UX aHIMHHCKUX HasBaHUAX, TTOITOMY
3HAYEHNSA TAKUX a6OPeBMaTYp BasKHO XOpOIIO 3HATD.

OTMeTHM CHauasa ollepaTHBHbIe 3amoMHHapllKe ycrpofictea (O3Y)
U TIOCTOsIHHbIE 3anoMuHaloniue yerpoitcra (II3Y). B O3Y moxHo 3a-
NUCHIBATD TaHHDbIE U CUHTHIBATD WX, HO XpaHsIasicad B HUX uHbopManus
TepsieTcs Mocjle OTKIIOUeHUs Hanpsokenns nuranud. II3Y ucnosnbsyior-
Cs1 TJIaBHBIM 06pa3oM B pexXUMe CYUTbIBAHUS, X IaHHDIe HaXOAATCA B HUX
B 60J1€e MM MeHee YCTONUMBOM COCTOSHUH,

OnepaTuBHble 3anoMuHapmue ycrpoictBa (O3Y) B MHOCTpaHHOI
auTtepatype 06biuHo HasbiBaloT RAM — Random Access Memories (3armo-
MUHaIOIMe YCTPOICTBa ¢ Mpou3BoJbHoii Boibopkoit, 3YIIB). [Tocrosn-
Hble 3anomiHaoue ycrpoiictsa (II3Y) nassisaior ROM — Read Only
Memories. ' )

O3Y nensitcs Ha nBe xareropuu: nuHamuyeckue (DRAM) u craruyec-
ke (SRAM). lunamuveckue O3Y HaMHOTO TIPOlie B U3TOTOBNEHHH
M MOTYT UMETb eMKOCTH TIaMsATH, HCUUCTsAIorecs: Merabutamu. OHu Ha-
MHOTO JlellieBJie, yeM craruueckue O3Y, HO HYXAAIOTCSt B HOCTOSIHHOM
«ocBexxenun» (refreshing — perenepanus) xpaHAMUXCS B HUX AAHHBIX,
YTO 3aMETHO YCIIOKHAET UX MCIOAb30BaHHE.

B npunnune O3V He ABIAIOTCS «HPOrpaMMUpYeMbIMHU Pafiio3IeMeH-
TaMHU» B TOM CMBICJTIe, KOTOPbIil 06bIYHO BKJIAABIBAIOT B TEPMUH «Dajgo-
3JIEMEHTDI»: €CJIH MOJIb30BaTe b TeM UM MHBIM 00Pa3oM OMpenenus UX
collepkiMoe, 9Ta HHGOPMaIUsl He JOKHA H3MEHSIThCS. B TeyeHUe [JIH-
TeJILHOrO BpEMEHY NlaXke MpH oTKJIoYenuy muTanus. Ho us nanHoro npa-
BIJIa €CTh UCKJIIOYEHHS, O KOTOPBIX OY/IeT CKa3aHO HILKE.
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Yro xacaetcs I13Y, To B HUX cleqyeT BLiJeJ U Th MOCTOSTHHbIE 3aTIOMU-
HaloI1e YCTPOHCTBA, MPOrpaMMUpPYeMble OMUH Pas, H NeperporpaMMIIpy-
eMble ¢ BO3MOXKHOCTbIO cripatis (CIIII3Y).

K nepgofi kateropiul MpHHaIeXaT Tak HasblBaeMble Macoulible 113V,
B KOTOPBIe JaHHble 3aHOCSATCs Ha 3Tarne U3roToBJIeHHSI MUKPOCXeM, a TakK-
ke [TI13Y — nporpammupyemsie [13Y (Programmable ROM) ¢ nepexu-
raeMbIMH mepeMblukami. Takue II1T13Y nonp3oBaresib MOXKET IIPOTrpPaM-
MIIPOBaTh CaM, HO HeoOPaTUMO,

Han6onee u3BeCTHLIMU NEPENPOrpaMMHUPYEMEIME 3aMOMITHAIOIIIMH
ycrpoiicreamu sisasiiores CITII3Y (Erasable PROM, EPROM) nonHoce-
TBIO CTHpaeMble, HanpuMep, HpU o0JyUYeHHH UX YIAbTpadHONeTOBLIMU
ayuyamu (YO CIIII3Y, naspisaembie uHoraa JIIII3Y — snexrpiiveckn
mporpaMMipyeMble), MepPenporpaMMIpPOBaTh HX MOXKHO COTHII pas, HO
ceflyac uX BBINYCKaIOT TakKe ¥ B Bepcni OII — ogHOKpaTHO NporpaMmu-
pyemble (One Time Programmable, OTP). B takoM HcnosHeHHH y 3K0-
HOMHYHOTO IJIaCTMacCOBOTO KOpPHyca HeT TPO3pavHoro OKolliKa U JaH-
uble, 3anucanusie B OII CIIII3Y, cteperh Hemb3as.

Muxpocxemsl naMgary, HHOOPMALMIO B KOTOPLIX MOXHO HOJIHOCTHIO
1T YaCTHYHO CTepPeTh YHCTO 3IeKTPHYECKUM ITyTeM, YaCTO «[IPO3PayHbIM»
ans nons3oparessi, HasbiBaloTcss ICIIII3Y — anexTpuyecku cripaeMbie
u nepenporpammupyemsie 1I13Y (Electrically Erasable Programmable
ROM ~ EEPROM unu E2PROM), xoTopbie SBISIOTCS IIHTEPECHOIT alb-
tepraTiroil YO CIIII3Y B Tex ciyuasx, Koraa HeoGXOMIMbI YacThie MO-
midukanun uHGopManuu B I[13Y.

Ouenn noxoxu Ha CIIII3Y sanomuHamomiie yerpoiicrea Tuna ¢
(Flash), rae crupanve uadopManium. MpOUCXOMUT TAIGKE O BCeMy 00be-
MY OZIHOBPEMEHHO, Ho He YALTPadhHoNIeTOBBIMY JIyYaMH, a 3JeKTPUYECKI.
3anoMiHaolKe yCTpoilCTBa TaKOTo THIA JOBOIBHO IIHPOKO MCIOJB3Y-
I0TCS1 B HEKOTOPDIX 00JIaCTsIX TeXHUKH, HO He CIIOCOOHDI HOJHOCTBIO MOI-
MeHHUTD 0ObIunbie CHITI3Y. ‘

KMOII O3Y co BcTpoeHHDIMU JTUTHEBBIMU 2JIeMEHTaMH ITUTaHUs Co-
yeraloT B cebe cBoiictBa 1 O3Y, u [13Y. /lannble B HUX MOXKHO 3allHCBI-
BaTh, kKak B oObluHble O3Y, a 3areM ucmosb30oBath Kak I[13Y, mosatomy
B 11€JI0M OHHU GoJiee YO0OHEI 1 mpou3BoIuTenbibl, yeM ICITI3Y. Ynob-
Hbl OHH 1 B TIpoliecce pa3paboTkU, OTIaAKH U TOATOTOBKH IPOM3BOACTRA.

YTO COOEPXAT 3ANOMUHAIOLLUME YCTPOWUCTBA

SABnsAsgch HCTHHHO UM (POBLIMI MHTETPAJIBHBIMI MUKPOCXEMaMHU, 3aIlOMH-
Halonye ycrpoiicTBa cofiepkatr HHPOPMAIIO BUIA «Ja» WIH «HeT»: 11 0,
00BbIYHO Ha3blBaeMble G1ITaMH HJIH ABOHYHBIMA paspsafiami, EcrecTBerHo,
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HUYTO He MelIaeT NPUHSATH corJallleHHe W HashlBaTh TPYMHIIbl U3 HEKOTO-
POTo YHcia GUTOB TEM IJIM UHBIM TEPMHHOM, KAK 3TO IPHHATO JJIsi aHa-
JIOTOBBIX 3alIOMHHAIONIIX YCTPOICTB, B YACTHOCTH B O6JACTH CIIHTe3a
peuu.

OpnHoll 13 I7IaBHDLIX XapaKTePHCTHK JAIOMUHAIOLIETo YCTPOICTBA BHE 3a-
BHCHMOCTH OT THIa ABJISieTCS ero opraHu3aliust. 3anoMuHarouee yerpolict-
BO eMKOCTbIo 64 K6uT, HanpiiMep, MoXKeT ObITh OpraHu3oBaHo Kak 65536
CJIOB 110 ofiHoMY OHTY, Kak 8192 cnoB o BoceMb 6UT, Kak 16384 c1oB no
yeTsipe 61UTa U T.1. (HAOMHUM, YTO Ha CaMOM fieJle IPHCTaBKa <«K1JI0»
B uudpoBoit TexHuKe 0bo3nayaer 1024 efUHUIBY).

Hawubonee pacnpoctpaieHHOH CTPYKTYpoii 3aMOMHHAIONIMX YCTPOHCTB
W3/laBHA SIBJISIETCsl OPraHy3aliMsl IaHHbIX B CJIOBa 0 BOCEMB OHT, HHaye
roBopsl, B cjoBa guunoit B 6aiit (byte). Kaxmoe croso Moxer paccMar-
PHMBATbCs KaK g4yelika B 3aOMHUHAIONIEM YCTPOHCTBe, KOTOPAst UMeeT UH-
JUBUAYATBHBIH HOMep, HasbiBaeMblit aapecoM. TakuM 06pasoM, MOXKHO,
yKa3aB COOTBETCTBYIONIHIT aipec, CYMTLIBATD WIIH 3alUCLIBATh B KaXIYIO
SIYefKy TaKoro 3allOMHHAIONIEro YCTpoicTBa 6aiiThl uHpOopMannn.

Ecnu nosisasiercss HeO6X0IMMOCTb MCIIOJIb3QBATh H0Jlee AIHHHRbIE, YeM
BOCEMD OHUT, CJIOBA, HOMYCTUMO NMPUMEHHUTH HECKOJIBKO 3alIOMUHAIOLIMX
ycrpoiicTs Hapaanensto. C IByMst 3alloOMHUHAIOLAMH YCTPoHCTBaMy 1obaii-
THOIi OPraHU3a1UY, HAITPHMEP, MOXKHO paboTaTh CO CJI0BaMH JUTUHOI 16 6HT.

NPEACTABJIEHME WHOOPMALIUMK

Ilnowmoe NpEACTABJICHIIE

Hamubosnee npocroii crnocob onpeienits cogepkaHie 3allOMUHAIOIETO
YCTPOUCTBA COCTOMUT B TOM, YTOObI OTOOpaXaTh HENIOCPEACTBEHHO GUTEL,
KOTOpble OHO COAEPKHT.

C710B0 U3 BOCbMU OMT, B YaCTHOCTH, onpeAesaeT 256 (1Ba B BochMoil
CTeNEeHH WM KOJMYECTBA COUeTAHUH JBYX YHCeJ 10 BOCEMb) PA3TUYHBIX
KomOuHanumii 0 u 1: ot 00000000 m0 11111111..

Ho atum npezcTasieHeM, Ha3bIBaeMbIM IBOHYHLIM (IBOMYHAS CHCTe-
Ma CUMCJIEHHS ), TSOKEJIO IIOJIb30BaThCs, XOTs B psijie CJIy4aeB OHO OYeHb
HarssiHo. [ToaToMy 6oJiee OXOTHO MPUMEHSIIOT AECATUYHOE (JIeCSITHYHAS
cHCTeMa CYMCJIEHHS) WK IIeCTHaAlaTePUyHoe NpefcTaBjieHne (LecT-
HaJljaTepUyYHAs CUCTeMa CUNCTIeHUs ).

I[ecsrm‘moe npeAcraBjIcHHE

JlecaTH4HOe TIPeACTaBIeHNE, OYEBHIHO, SIBNAETCS Oosee eCTECTBEHHEIM,
HOCKOJbKY Mbl MCHOJIb3yeM JeCSITHUHYIO cUCTeMy cuucienus. Ilpu stom
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KRBT OaiiT TIPeICTABAAETCS 1CABIM UTIC0M, HAXOMAUUIMCS B HHTEp-
Baie Mesxay 0 11 255,

[Tepexon oT oAlOIT CHCTEMDBI CYTICJACHNUSA K JIPYToil oCcyllecTBIsICTCS
npeacTapieHieM Kakgoro O1Ta fecATIYHBIM YIICTOM — «BECOM» — B 3a-
BIICIIMOCTH OT €r0 paHra (1ojsosxenns) B baiire: 1, 2, 4, 8, 16, 32, 64, 128
(BoceMp 1ePBBIX IeJBIX cTelleHell 2, HaullHas ¢ HyJIeBOil CTeleH1).

Kax npasiino, 61T ¢ HaliMeHBUIIM BecoM (1111 MJamuIii sHagauinii
Pasps/l) pacIoiokeH cIIpaBa, a OuT ¢ HanboOABIIIM BecoM (IIJTH CTaplinil
3HaualIii paspsia) — cyieBa, Ho HHorna 6bIBaeT y00Ho HICToAb30BATE 00-
parioe pacrojoKelide paspsanoB B Gaiite.

IIpnt Taknx yenoBusax ABosryHoe coBo 11001011 3KBHBANEHTHO Aecs-
tiynomMy yneay 128 + 64 + 8 + 2 + 1, 1w 203,

IIIeCTHazmaTepwmoe npeacrapjieHne

«3HATOKI» MPEANOYHTAIOT B OOMBILIIHCTBE CTydYaen ONepIpoBaTh IeCT-
HAJLIATCPIYHOIT CHCTEMOIT cylicaelis], TO eCTh CHCTEeMOH ¢ OCHOBAHIIEM
mecTHaauarh. Kasuprit 6aiit pasaessercs Ha ABe IPYIILI IO YeTbipe
611Ta, HasbiBaeMbie noayOalitami, it qii66aamu (nibble), koTopoie Mo-
TYT TIPUHIIMATD IIecTHAAIATh Pa3JIyHbIX 3HaueHHIT (B2 B YeTBEPTOIT
CTeTIeHIT I KOJIITYecTBO COYCTAHII ABYX Hlices O YeThipe).

ITH IeCTHAAUATDL BeayliH (0000 — 1111) nipeacraBasiioTcs B BUjIe O~
Horo cimBosa: miudpamu or O po 9 miu 6yksami ot A no F, corsacho
IpaBILIaM, TIpHBeeHHbIM B Tabi. 2.1.

CiefioBatesbHO, eIl 6aiiT MpeACTaBAsACTCS IOCPEICTBOM JABYX CIIM-
BOJIOB: TO cTapuniii 3Hayaniii nosy6afit (Gompliero Beca) I ClIeAY O
3a HIIM MJIaminnii suayanyiil mony6aiit (MeHbilero Beca).

Ecit MBt BOCIONB3YEMCS HAINAM HPEABIAYIIHM MPIMEpPoM, TO OaiiT
11001011 (203 B ecaTHYHOII clicTeMe CUMCIeHHs1) MOXKHO Pa3festiith Ha
1100 11 1011 i1 coorBercTBeHHo Ha C M B. CnenosarenbHo, samiimeM CB
B IIECTHAALATEPHYHOIT cCTeMe cUiCieHus.

PasyMeeTcs, 3TOT IPUHIHI MOXKET TAKXXE NIPHMEHSTLCS JJIS CJIOB, CO-
crosnuix HoJbuiee yeM 113 BocbMii 6UT. CJIORO H3 lIeCTHAAUATII OHT, Ha-
HPHMEP, MOKHO Pa3felnTh Ha ueTbipe 11osybaiita; TakiiM oOpasoM, OHO
OymeT HPCACTABAEHO YETBIPbMSI MIECTHAALATePITYHBIMU CHMBOIAMH (OT
0000 o FFFF).

Yrob6ul 136exaTh BOBMOXKHOI MyTaHHIIBl, K YHCIY YacTo A06aBAsioT
ellle OfITH 3HaK, NPeAa3HaYeHUDbI A YTOUHEeHHsT OCHOBAHHS HCTIOJD-
3yenMoil clicTeMbl culicentis: HanprMep, CBh (1ecthajuarepiytas) 111
203d (mecarnunas).
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Tabnuya 2 1. [lsonyroe npeacrasnenne
WECTHOQUATEPHYHSIX YHCes

S| mloloOlmlmlolOlavlmlololmwals|lolo
O =l olm|lO|l|Ol+Ol=lO|aio

—_ sl m A, m [~ OO0 TO Ol

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

Mmmolojlm|»lolelvjo|lola|lw(imdi=io

BzanmotipeobpasoBaHusa MexAy AeCSITITYHBIM H UIECTHAAHATEPHYHBIM
MpeICTaBJIeHISIMI BeTUYHHL 0afiToB yIoOHO BHIOMAHATL C IOMOUILIO
Tabsa. 2.2 — TabaMIbl COOTBETCTRHSI, KoTopast obbeliHsaeT Bce 256 BO3-
MOKHBIX CJyUaeB.

Ilpencrasnenue ASCII

B xomnbiorepax 6aifiThl 4acTo HCMIOABIYIOT I IPEACTABJIEHHSI CHMBOJIOB
KJIABUATYPbl, 9KpaHa Wil NpuuTepa (OyKBEI, HI1hPLI, Pa3jIMYHDIE 3HAKH ).
B Tabx. 2.3 Bocniponssenena tabmina ASCII (American Standart Code
For Information Interchange — amepukanckuii cranpapTHbii Ko a71st 06~
MeHa uHQpopMAaleli, «acKil» ), rjie YCTaHaBIIIBAIOTCS 3TH COOTBETCTBHSL.

OrmpesiesiecHO COOTBETCTBIE TOJILKO TepBbIXx 128 6aiiT, 3aKni0ueHHbIX
Mexay 0 u 127, tak xak pia caenyomnx 128 cyniecTBYIOT MHOTOYHCIIEH-
HBle BapliauTh! (peub HzaeT B GOABIIIIHCTBE CJIyYaeB o ncepiorpachuyec-
KHX CHMBOJIaX I1JIH O CIIMBOJIAX APYTIX A3bIKOB). OTMETHM, BIIPOYEM, YTO
1 epBble 32 Ko/ia COOTBETCTBYIOT crielnanbHuIM hyakuusiM. Hampumep,
Baitt 7 He oTOOpAXKaEeT CHMBOJ Ha dKpaHe, HO MPUBOUT K HoJade 3BYKO-
Boro cirnana (bell B meperoge ¢ anri. — KoJI0KOJ, B AAHHOM CIyYae — Ko-
JIOKOJIBYHK HJIH 3BOHOK). DTII HeTleuaTaeMble CITMBOJIBI Ha3bIBaIOTCS YII-
PABISIONIIMHA KOAAMIL
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Tabnuya 2.3 CooTsercreue mexAy 0eCATINHON,
wecTHaguatepryHosi cuctemamit cuncnerig n ASCIl

Dec| Hex | ASQI | Dec| Hex | ASQI | Dec | Hex | A5All | Dec | Hex | AQ
0 {00H | NUL | 32 | 20H| SP | 64 | 40H| @ | 8 | 60H |
1 | O1H | SOH | 33 | 21H | ! 65 | 41H| A | 97 |6IH| A
2 | 02H | STX | 34 | 22H| " | 66 |42H| B | 98 |[62H| B
3 | 03H | ETX | 35 | 28H | # | 67 |43H | C | 99 |63H | C
4 | 04H | EOT | 36 | 24H | § | 68 [ 44H| B | 100 |64H | D
5 | 05H | ENQ | 37 | 254 | % | 69 {454 | E | 101 |BSH | E
6 | O6H | ACK | 38 | 26H | & | 70 | 46H | F | 102 66H | F
7 Lo | BEL| 39 {2tH| , |7t {4H| G |103|6H! G
8 | O8H | BS | 40 | 28H | ( 72 | 48H| H | 104 | 68H | H
9 |O09H | HT | 41 | 29H | ) | 73 | 49H | | | 105 | 69H | |
10 |OAH | LF | 42 | 24H | * | 74 |[4AH | J | 106 | 6AH | J
11 |OBH| VT | 43 |2BH| + | 75 |4BH| K | 107 | 6BH| K
12 |OCH | FF | 44 | 2€H | 76 {ACH{ L | 108 |6CH| L
13 |ODH | CR | 45 | 2DH| - | 77 |4DH| H | 109 [6DH | M
14 |OEH | SO | 46 | 2BH | . | 78 [ 4EH ) N | 110 | 6EH | N
15 |OFH | Sl | 47 | 2fH| / | 79 | 4FH | O [111 |6FH| ©
16 [ 10H | DLE | 48 |[30H| O [ 8 |[50H| P |112 | T0H| P
17 | 11H | DC1 | 49 | 31H| 1 | 81 |5H| Q |[113[7IH| Q
18 | 12H | DC2 | 50 | 32H| 2 | 8 [S2H| R | 114|72H| R
19 | 134 { DC3 | 51 | 33H | 3 | 83 |S3H| S | 115 | BH | S
20 {14H | DC4 | 52 [ 34H | 4 | 84 |54H| T | 116 | 74H | T
21 | 15H | NAK | 53 | 354 | 5 | 8 |56H| U | 147 | 75H | U
22 | 16H | SYN | 54 {36H | 6 | 8 |5H| V | 118 76H| V
2 1 17H | EB | 55 [37H| 7 |87 [S8H| W | 19| 7TH | W
24 | 18H | CAN | 56 [ 38H | 8 | 8 [58H| X | 120 | 78H | X
25 | 19H | EM | 57 [39H | 9 | 8 |[58H | Y | 121 |T9H | VY
26 | 104 SUB | 58 | 3AH| 9 |5 | 2z |12]7AHH!| 2
27 | IBH | ESC | 59 [8BH | ; {91 [5BH| [ [ 123(7BH| {
28 {1CH| FS | 60 |3CH! < | 92 |5CH| \ | 124 |7CH| |
29 | 1DH| GS | 61 |3DH| = | 93 |5DH| ] | 125 |7DH | }
28 |1CH| FS | 60 [3CH| < | 92 |5CH| \ {124 {7CH| |
29 [1DH| GS | 61 |3H| = | 93 |5DH| ] |[125| 7DH | }
30 | 1EH | RS | 62 [ 3EH| > | 94 |SEH | * | 126 | 7EH | -~
31 | IFH | US | 63 |3FH | ? | 95 | 5FH | _ [ 127 | 7FH | DEL




DA ) 21

DANNDI

Cosieprkiinoe 3alloMITHAIONEero YeTPoiicTha, KOTopoe A0MKIO ObITh 00pu-
GoTaO HA KOMIIBIOTEPE LT HPOCTO COXPAHCHO Ha JUICKCTE, HA3LIBAIOT
Qaionm.

C rouxin 3peHist HHQOPMATIIKIT TepamiT «aiy odosravaet nocc/o-
BATEALIOCTE 0aiiTOB, pasMelleHLIX Ha KaKOM-JIT60 HocTee, KOTOPYIo
MOZKIIO JICTRO 3aIUTHTh, KOMIIPOBATh, IEPCMCITATD HAIl H3MCHATL ¢ 110-
MOIILIO 0OBIYHOTO TIPOTPAMMIIOTO 00CCIIedeHII.

HMBonunsie daiinl

OueBlaHOo, YTO 3allcaTh HAITLL TAKIIMIL, KaKIIMII OHIT MPeICTABICHDI
B 3atioMIuiaioieM ycrpoiictse, Hattbosiee upocto. Taroil draili nassisaior
OINAPHDIM, T/ ABOITYHBIM.

Jl1a upinepa paccMOTPIM MOCICAOBATEILIIOCTE 113 22 jlecATIYHLIX
3nayeHi, MPe/ACTaBAeHbIX HIKe B BIe 00BIUBOTO TCKCTA:

194 128 175 255 174 255 222 254
223 250 210 128 175 255 174 255
222 254 223 250 128 234

Ecamir mur satmumen 11X B ¢aiin B Bige 22 cooTBercTBYIOMIK 6aliTos,
JIICTHUT Ha 2KpaHe Ul Ha TPHHTepe MOAYUINTCA TaKiM, Kak ol MOKasaH
HiKe (1o Kpaiideii sepe, Ha IBM, cosmecTinvoii ¢ I1K). IIpimep aBony-
noro (aiina npejicTasiaeH B ciiMBosax ASCIL

T(;» « I-I-T(;» « I-I-Qn

BoamokHo, 3To camMast KOMITAKTHAS 110 KOJIIYeCTBY CHMBOJIOB OPMA
sanucy 6aliTos, HO 1 caMas HenoHsSITHas.

Hecsaruyupiii gaiin

Bosnee ynotuoil Gpopaoii 3aniict SBasteTcst ceoboduviil decsimuuiiviii op-
mam (free format decimal). YTtoObl cOXpaHITL JAaHHBIE B 3TOM GopAaTe,
GafiThl Ha/O 3aIICHIBATH COOTBETCTBYIONIIIMII AECSATIIYHBINMIT YIHCIIAMIL,
paszesien M nipoGesanir. Takim o6pasoM, 1o yeTbipex Gailt Tekcra
B (ailie cooTBeTCTBYIOT oqHOMY GaliTy B 3amoMiIHaiomeM yCTpoiicTse.
BsamMen — Harig gHOCTDb H3MeHEeHITT, KOTOPBIE JieTKO BIECTIT TaXKe C OMO-
1BIO TPOCTeiiNNIX MPOrPaMM, HAXOASNUUIXCS B paclopsDKeHIN Ji060ro
nosib3opares 1K,

Iecrunauarepuynslii gaitn

ToT sKe caMpil NPIHIN MOXKeT OBITL NpIIMeNeH I K mlecTHallaTepiy-
HBIM BeJIHUITHAN, TPeOYIOMIIM TOJBKO JABYX CIIMBOJIOB /IS TIPC/CTaBJIC-
Hitst OaitTa nidopmanit. Eciit, KpoMe 1010, HeR TIOYITL Pius, e e 1hihie
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NPO6HEALL, MOJLYUIIM 1IPe/ICTaBIeNIe, I3BCCTHOC O/ HasBaHIIeM cnaoutou
eexc (straight hex), To ectb Toabko wecTnaguarepirubie. [pivep daiina
B Qoprate straight hex:

C280AFFFAEFFOEFEDFFAD2B0AFFFAEFFDEFEDFFABOEA

3annmalonyiiii ToJbKo Ba Gaiita Tekera Ha ofuiH 6afiT B 3anoMItHalo-
mien ycerpoiicrse (11, BO3MOXKHO, HECKOJDbKO CIIelHaIbHLIX CIMBONOB
B KOHIIE cTpoki ), hopmar straight hex — 370 XopoIuiiii KOMIIPOMHCC MCXK-
JIY KOMIIAaKTHOCTDIO 11 Harg{HOCTBIO.

Ontiaxo pazpaboTalibl It JIOBOALIO WIIPOKO HCIOAB3YIOTC YayylleH-
Hble BapIIanTul (GOPMATOB luecTHALIATePHYHBIX (ailJIoB, I3 KOTOPLIX
Hartbonee nspectinl Intel Hex 11 Motorola S (HasBaunst cOOTBETCTBYIOT
HiMEHaM KoMIanii-NponsBoanTeieil paalioaieMelToB, PaspadoTaBIIIX
3Tl popMaThl).

[naBHOe 11X NMpelMyecTBO — BO3MOAHOCTE BKITIOYATh CHEelHaIbHbie
KOHTPO/IbHBIC KIIOUI, TTO3BOJIAIONIIC 00HAPYKIBATE OWHOKII, BO3HIIKA-
IONIIC BO BpeMs Tiepe/layll 1J31 Konliposaiiig ¢aiinos, a Taike Haxidle
HHpopMaiy, onpefeasdonle, 1 KakIiX a/[pecoB I 0b1acTI a1pecos
3aTIOMHHAIOIEr0 YCTPOIiCTRA lIpeiHa3Hayelibl 6aiiThl. YMEHBbILeHIe pas-
Mepa ¢aiina aoxeT OLITL OYeHb CYeCTBEIIHLIM B ¢Jiyydae, eciil 3amoMii-
Halolllee YeTpoiicTBO 3all0JIHEHO TOIBLKO YaCTIIYHO.

@Daiin Intel Hex

Hinxe npupesen mpiMep B dopaare paiia Intel Hex:

:10000000C280AFFFAEFFOEFEDFFAD2B0AFFFAEFFFI

*06001000DEFEDFFABOEACB

:00000001FF.

Kaxmasa crpoka dailia, 11111 3anucy, HadliHaeTcsl ¢ A€BATH CHMBOJIOB,
KOTOpbIe HMEIOT cJIeAYIOlIe cTalliapTible 3HayeHIIs:

cHMBOJ 1 CIIMBOJI <JIBOETOYIIER;

CIIMBOALI 2 1 3 KOJHMYeCcTBO 3HAvalix baifitos B 3anucH (3zech 16,
1 10h B wectnaguarepityoM xoze);

CUMBOJBL 4 11 5 crapuiii 6afit aapeca pasMemeHHs 3TOH 3amucu
B 3aIIOMHHAIOINEM yCTpoiicTBe (B 1ECTHAMUATEPHY-
HOM Kojle);

cuMBoJipl 6 11 7 Muaminiit 6aiiT agpeca (B eCTHaALATEPUYHOM Kofie);

ciMBoabl 8 1 9 He ncnoasaylores (00).

Hasee cieayior HQopManonnble 6aiiThl, IPHYEM KOKIbIIT cocTout
113 IBYX CIIMBOJIOR, K4K 11 B popMarte straight hex, 1oToM — aBa cliMBOaa,
npeacraBasiouie 6aiit xonTpoasuoit cymmul (checksum), a sateM criM-
BOILE < BOSBPAT KAPCTRIL -~ [ <IIEPEBOJL CTPOKII»,
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KonTposblias cyMma BBIYICASIETCS KaK JIOMOJIEHIE /IO IBYX CYMMBI
BOCBMUPa3pAIHbIX Hiicesn 6e3 yuera Iepenoca Beex mojesnnix Oafitos,
JByX Oaiitos azpeca 11 GaliTa AJAIIIBI CTPOKIL

TMocnennsist cTpoka — «pH3HAK Kollay — He COAEPIKIIT o131 bix OaiiTos.

daiin Motorola S

Hipxe npesgcraBiacHbl Te e JaHHble, HO B opaare Motorola S:

$1130000C280AFFFAEFFDEFEDFFAD280AFFFAEFFED
$1090010DEFEDFFABOEACT
S9030000FC

37ech Kaxkaas CTPOKA COACPKUT HEKOTOPOE KOMIYecTBo GafiTos, opra-
HII30BAHHBIX CACHYIONIIM 06Pa3oM:

cIMBOJI 1: clinBoga «S»;

CIIMBOJI 2: ollpeliesieHiie Tilla 3aliicit:

+ (0 — 3amch 3ar0JOBKA,;

+ 1~ 3anich ZaHHbIX IpH 16-paspsaaHoM Koge aapeca;
¢ 2 — 3aNnHCh ZaHHBIX TIpH 24-pa3ps/HOM KoJle afpeca;
* 3 — 3alMch AUHBIX Npil 32-paspsiAHOM Kojle afipeca;
* 7 — xonen daiina npH 32-pa3psAHOM Kojle afpeca;

¢ 8 — xoner aiina npi 24-paspsaHoM Kojle aapeca;

* 9 — kouen ailna npu 16-pa3psgHOM Koje ajgpeca.

Haiee caefiyeT HeKOTOpoe KOTIYeCTBO CHMBOJIOB, ONPeIe ITIONIIIX Pas-
Mep 3allHcH (KOJHYCCTBO ToIe3HbIX 6aiiToB, azipec, KOHTPOILHBII KI0Y),
3nech 19 6aiit (13h B wecTHaANATEPITYHOI ClICTEME CUIIC/ICHIIA ), HAYANb-
Hulil azpec And pasMeuieHUs AaHHBIX B 3aMOMITHAONIEM ycTpolicTie
(3mech 0000h), GaiiThl Mose3Hoil HHPOPMAIIH, KOAIIpYeMDIe ABYM C1IM-
BOJIaMII, 11, HaKOHer, KOHTPOJALHBIH iiod. OH BhIYMCISICTCS KaK HOTOJ-
HeHlle 710 eZAHHNIbI CYMMBI MOJe3HBIX 6aliToB, NTHHDL I afpeca.

3amnuch Beera 3aKaHuMBAETCS CIIMBOJIAMIT «BO3BPAT KapeTKIl» 1 «Ile-
PeBOJl CTPOKH». 3/1eCh TakKe MOCTeHSIST CTPOKA SIBJSETCS 3AIIIChI0 KOH-
a I He cofiepkiT OaiiToB noJjesnoil nudopMar.

lIpiBeieHHble CTAaHAAPThI BAXKHO 3HATh, TAK KaK B GOJIBIIITHCTBE 1IMe-
IOLIXCA B MPOAaKe NPOrpaMMaToOPOB HAGPOPMAIIIA JOIKHA OBITb Npes-
CTaBjieHa B OJIHOM 113 OMICaHHBIX GopMaTtoB, COOTBeTCTBEHHO MHOTIIC
IpPOTpaMMBl H CHCTEMbl 3MeKTPOHHOTO IMPOEKTHPOBAHIISL T'eHEPHPYIOT
KOZDbI /17151 MPOTPaMMIIPOBaHHS B TOM HJIH HHOM (dopMaTe.

HocratoyHo 4acTo MokeT oTPeGOBaTbCs NepekogrposKka HHDOpMa-
LUH U3 OJHOTO GopMaTa B ApYToil A/ ycTpaHeHIsl HeCOBMECTIIMOCTI
060PyYAOBaHIA 11 IPOTPAMMHOTO 0OecTeyeH sl pasiblx NpoL3BOIITe e,
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OTHOCHTEJBHO IPOCTHIC VTIINTEL MOMOTYT 1IaUliAaIOIICMy paspaboTyii-
KV pelliuThb 1t 3Ty 3ajauy (cM. riIasy 6).

NMPUMEHEHUE 3ANOMUHAIOLWUX YCTPOUCTB

Hepeunicantd Bce BO3MOKHBbIC BADHAHTHI MPIIMEIICHTIA 3a110MIHTAIONIX
YCTPOIICTB Helb3st, ITIOCKONBKY BCe ONPC/ICASCTCST KOMOIHALIISINMI 3HAYC-
11t 611TOB, KOTOPLIC B HIIX 3aMHcaHbl. YTo MoTyT o3Havath 22 Gaiita 113
naitrero mpivepa? Hanoamin, 4to mo6oll 13 HiiX tipeAcTaBiseTcs Boce-
MbIO OITanIT, KaKIBII 113 KOTOPBIX MOKET MPIHIIMATD 3HadeHns 1 1t 0.

At 1 nan 0 sMormin Obl, HANpHMEpP, COOTBETCTBOBATL COCTOSIIIIO
«3AMKHYTO» [T «Pa30MKIIYTO» JIUIST FPYIIIIBE 113 BochMI pesie. Tora kax-
IBIT afipec cofepskas Obl JaHHDBIE AJS OIpee/IeHIIOro 1Iara [IPOrPAMMEL
JIIIIE GBI TOABKO CIeIHATBHO MTPe/IHA3HAYEHIIBIIT CYeTUIIK € COOTBCTCTBRY -
I0o1Ici CKOPOCTDLIO O oyepeH «Tepebipat» OIH 3a JIPYTIIM BCe aapeca.

A1t ke 22 GaiiTa MOrMI OBI NPEACTABIATH BLIOOPKY AJIITCIBHOCTLIO
HEeCKOJIbKO MHKPOCeKyH L 113 011 poBaHHOI] 3aMiicl 3BYKa, KOTOPYIO ¢ Mo-
MOUIBIO TIpocTefiliero ¢ po-ananoroBoro peobpasopartend Ha COMpPO-
THBJAEHHAX JIETKO BOCIPOI3BECTH Yepes Jio6oil yeHIuTe b,

B aeficTBuTeALHOCTIN Ke MBI TOBOPHM O KOPOTKOIT TporpaninMe, paspa-
GoTaHHOIT B KauecTse IpHIMepa I MITKpOKoHTpoLtepa 8751 11 npentas-
HavelHoll s VIIPABJICHIIS CBeYeHIIeM CHTHAABHON JIAMIIOYKI], 110AKII0-
YCHHOII K OMHOMY 113 BBIBOLOB MHKPOKOHTPOJLIEPA.

Ha pric. 2.1 npuBezieH HeXoalbii TeKCT 3TOIl TporpaMMel, TO eCTh 110-
CENI0BATEIBIOCTD KOMAI/ Ha acceMbIIepe, KOTOphIT MOXKeT OBITh MepeBe-
JleH HENOCPEACTBCHHO B HCTIOTHsIeMbIe HANThI [PH IIOMOILII CIIeWIIAIBHOIT

Line 1 Col 1 Pos 1 Insert Autolndent A:N\CLI

File blocK Quick Error/brEak Screen Remenrber Options
Delete plaCe Ascai Printer reBlock rep Last fand Esc

debut:

clr p0.0

mov r7,255
loopa:

mov r6,255
loopb:

d)nz r6,loopb
djnz r7,loopa
setb p0.0

mov r7,255
loopc:

mov r6,255
loopd:

djnz r6,loopd
djnz r7,loopc
jmp debut

1 Help 2 Diags 3 FPHs 4 ReAssm5 CurSkpS Zoom 7 Watch 8 Go 9 O Confag

Puc 2.1. MlcxoaHsiii TeKCT NpOrpammsl, CooTBeTCTBYoWwumI Painy npumepa
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TporpaMmbl, HA3bIBAEMOIT Kpocc- acceM6an (oHa pasMelneHa Ha calite
www.dmk.ru).

Peup uaer o npocreiinieM, KJIacCMYeCKOM [IPHMEPE: 3aliporpaMMHpo-
BaHHOE COOTBETCTBYIOIMM 06pasoM 3alloMIiHaolee YCTPOHCTBO MOXKET
BBIOJIHATE CaMble pa3noobpasHble GyHKUHI, HAIPHMEp 3aMeHsITh CTaH-
DapTHEBIH 7-cerMeHTHDIE /elludpaTop B TeX cay4asiX, Korjaa cepuiinple
MHIKpOCXeMBl He COOTBETCTBYIOT TpeGOBaHUSIM pa3paboTyrka. A B Mar-
PHMYHBIX IIpHHTEpaX 3T0 MOXeT ObITh 3alloMHHalollee YCTPOHCTBO, re
coziepxkaTcsa H300pakenns BCeX IOCTYIHBIX JIJIS NeyaTil CHMBOJIOB: 0C-
TAaTOYHO NepenporpaMMUpoBaTh ero COOTBETCTBYIOLIUM 06pa3oM, YTOOb
neyaraTh, HallpUMep, Ha rpeyeckoM S3bIKe.

CUCTEMbI ABTOMATU3UPOBAHHOIO NPOEKTUPOBAHUSA

JlaHHble, MpepHa3HayeHubIe IS 3aI1iCH B 3anoMiUHalollee YCTPOHCTBO,
MOXHO, KOHEYHO, CHavasa MpeJCTaBHUTh Ha HyMare, a 3aTeM 3aTpy3HTh
BPYYHYIO ¢ TOMOLIBIO MpocTeliliero nporpaMmMaropa. JleficTBUTENbHO, 3TO
BIIOJIHE OCYIIECTBUMO M JIOMYCTHMO NPH CO3JaHUH yCTpOItCTB, A7 KOTO-
PHIX HEOOXOMMO 3aIIpOrpaMMHpPOBATh OT HeCKOJBKHX JIECATKOB JIO He-
CKOJIBKUX cOTeH DaliToB.

Ho cuactausblie Baagenpisl Mukpo-9BM, ocobeHHo MOIHOCTBIO CO-
BMecTUMbIX ¢ IBM PC, Bce ellle He o103peBaoT ¢ CKPHITOM B KOMIIbIO-
Tepe MOTYIIECTBE I TeX NPEeNMYIECTBAX, KOTOpbIe OH JaeT IpH paspabot-
Ke M OTJIafIKe anmnapaTypbl MJIH CUCTEM, A€ 1CHOJb3YIOTCS pasiuyHble
3alIOMHUHAIONIUE YCTPOHCTBA.

Hexoropbie cranfaprHble YTHANTH U3 COCTaBa ONMEPALMOHHEIX CHCTEM
yKe MOTYT COCJIYKUTD ToGPYIO CIIyk0y, KOra MoHaI06UTCs TPOCTO BhiBEC-
TH Ha 9KpaH B YI0OHOM Bijie 1BOMUHBIE (Dafiiibl 1 uaMeHnTs X (hopMaThL.

Ha puc. 2.2 B kayecTBe npuMepa Mpe/ICTABAEHO 11300paskeHIe dKpaHa
MOHHMTOpa Npu pabdote ¢ nporpammoil PC-TOOLS, ucrnosib3yeMoii ais
paboThl ¢ IBOUYHBIM (haiiioM, MPUBEEHHBIM Ha cTp. 21, rne oTobpaxka-
10TCS 22 UIECTHAIATEPUUHBIX KOI2 (CM. HAlll IpUMep B JIpeACTaBJIeHNH
straight hex Ha ctp. 21), 3a KoTOpBIMU cJieflyeT GeccMBICJACHHBIH HAabop
CHMBOJIOB (6afiTOB), IOCKOJIBKY 3Ta YTHINTA paboTaeT ¢ (ailioM, pa3Me-
LIEHHBIM Ha JIUCKETE,

IIpunmep, npeacTapjieHHLIH Ha pHc. 2.3, INUIIOCTPUPYET 0YeHb 3KOHO-
MMYHBIH c110cob MpHOGPECTH MPEBOCXOHOE IporpaMMHOe obecliedyen e
B BUJIe IEMOHCTPAIIMOHHOI JUCKETH, YaCTO MOCTaBJAsAeMoll Kak Gecriiar-
Hoe TPHJIOKeHIIe K TOKYMIIOMY IIPOrPaMMaTopy.

YacTo ¢ TOMONIBIO TAKHX TEMOHCTPAIHOHHBIX BEpCHIT MOXKHO 06paba-
THIBAaTh Pa3iMyHbie Qafinbl U JaKe IepeKOINpPOBaTh UX B T€ MJIM MHbIE
OCHOBHEIE (DOPMATBI, KOTOPLIE MBI OITHCAJH BHIIIIE,
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PC Tools Deluxe R4.30 Label Vol=Aucun
Service Visualisation/Modification Fichier

Voie=A:\x.X%
Fichier=CLI.BIN Secteur Relatif 0000000 Groupe 00680 Sect abs disque 0001370

D placement ——==—rm——meemmemco—— Codes hex Valeur ASCII
0000(0000) C2 80 AF FF AE FF DE FE DF FA D2 80 AF FF AE FF +

0016(0010) DE FE DF FA 80 EA 8C 8D EO AE 9B 8D 9B 8E 8A 9B

0032(0020) 8C D2 EO AA 9B BE 8D 97 91 92 EO CE D2 CF CA EO

0048(0030) AA SB 8E 8D 97 91 82 EO CE D2 CF CA EO AA 9B BE

0064¢0040) DO 08 01 OB 52 37 39 37 3E 00 D2 DE B7 AD C8 CA R797> =
0080(0050) CA 19 FA F2 1C 2B 58 13 08 AE E1 FC F4 FA 4E 3D v +X . N=
0096(0080) 3E 3E 31 59 48 D5 ES 3! 31 BA 06 Ol OF 08 91 SC >>1YH 11 .
0112(0070) 5D 3D Al 66 DF 3B 14 83 93 1A BE 58 80 8D 1D 83 1= { X
0128(0080) DE 95 67 85 OC 85 F4 81 CE 81 E8 90 53 839 6F 74 8 S ot
0144(0090) FE 87 FD 98 3C A0 48 AO 08 95 AF 9F C3 95 28 97 < H. + (
0160(00A0) DA 2D }B 1D OB OE 17 OC 07 53 35 1B 07 60 33 17 +- 85 .3
0176(00BO} 0D OD 17 12 19 52 52 52 52 52 52 38 3D 3F 34 60 VRRRRRR;=74.
0182(00C0) 82 8D 81 87 7E 84 83 13 E9 34 AS 7F 2B 1A DA E7 - 4 .+ +
0208¢00D0)} E2 E6 30 62 4C 61 BE 5D 6C 21 82 DD 1D 6A AF 33 ObLa 11! j 3
0224(00E0) 2A EE Al FE 08 7D 7B 03 20 20 20 20 00 00 00 OO x L3(
0240(00F0) 00 00 GO 00 OO 00 BA 4D E2 14 5D 14 CS OD 00 0O M3

Home=début de fichier/disque End=fin de fichiers/disque
ESC=Sortie PgDn=avant PgUp=arri®re FI1=ASCII/HEX FR=chg n secteur F3=nodif

Puc. 2.2 @aiin 8 nporpamme PC-TOOLS

Bytes
Buffer ColAddr Hex Binary
Clear Edi 0: C2 80 AF FF 11000010 10000000 10101111 11111111

4: AE FF DE FE 10101110 1111111) 11011110 11111110
8: DF FA D2 80 11011111 11111010 11010010 10000000
. C: AF FF AE FF 10101111 13111111 10101110 11111131
a 10: DE FE DF FA 11011110 11111110 11011111 11111010
14: 80 EA 00 00 10000000 11101010 00000000 00000000
18: 00 00 00 00 00000000 00000000 00000000 00000000
1C: 00 00 00 00 00000000 00000000 00000000 00000000
20: 00 00 00 00 0Q000000 00000000 00000000 00000000
24: 00 00 00 00 00000000 00000000 00000000 00000000
28: 00 00 00 00 00000000 00000000 00000000 00000000
2C: 00 00 00 00 00000000 00000000 00000000 00000000
30: 00 00 00 00 00000000 O00000C0 00000000 00000000
34: 00 00 00 00 00000000 00000000 00000000 00000000
38: 00 00 00 00 00000000 00000000 0O000000 00000000
3C: 00 00 00 00 00000000 00000000 00000000 00000000
40: 00 00, 00 00 00000000 00000000 00000000 00000000
44: 00 00 00 00 00000000 O0OO0000 00000000 00000000 ~

48: 00 00 00 00 00000000 00000000 00000000 00000000 |———ro
Buffer: C 4C: 00 00 00 00 00000000 00000000 00000000 00000000 |um: 121EH
Device: N CURSOR: O END: 15
Options: L

FihelpF2radixF3gotoF4reconfigurefSsearchF6fi11F7copyFBinvertFSchecksunF10exit

Puc. 2.3. lpumep penakropa $aitnos «sawmsok» ans 113y

ITomobHBIE IpOrpaMMBbI — IIpeBocXoiHas GopMa peK/aMbl, BeAb, HC-
0J1b3y$1 3TO NPOrpaMMHOe obecreyeH e s CaMOIeJIbHOrO TPorpaMma-
TOpa, NOKyIaTeab IPH NpHobpeTernn Gojiee COBEPUIEHHOTO U IIPOM3BO-
JMTeJIbHOro mpubopa OyneT OTTaJIKUBaThbCcs OT TOTO, 4TO eMy HauboJee
3HaKOMO, € Yero OH HauMHAJ.

Cpeau BceX AeMOHCTPAHOHHBIX BepcHil, KOTOPbIE MBI CyMeJH Hoy-
YHTh, 0COOEHHO MHTEPECHO MPOrpaMMHOe obecredeHHe IPorpaMMaToOpOB
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nponsBoacTea kommannit MQP, BP Microsystems u Sprint. Obpa3sist
ATHX MPOTPaMM TIpe/IcTaBIennl Ha caiite www.dmk.ru.

Ham nipumep mnoxasbiBaeT, kak pepaxtop ¢aiinoB xommanni BI
Microsystems no3BoJisieT MpeaCTaBASTb U peJaKkTupoBaTh (ailj1 B 1BOIY-
HOM WJIH LlecTHaanatepuutoM gopmMare (a Takxke ASCII), xaxoB 6bl HII
6L (hopMart, B KOTOPOM OH COXpaHeH.

Jlns nosyvediiss MAaUIMHHOIO KOJIa MHKPOIIPOLECCOPA CIENianabHad
nporpaMMa-acceMbiep oOpabaThiBaeT Te MCXOAHBIE TEKCTHI, pa3Mep Ko-
TOPBIX NTpeBBINIAET HECKOJIBKO JeCITKOB KOMAaHJ, IIOCKOJIBbKY KOpPOTKHe
[POTPAaMMbl BITOJIHE MOXHO acceMOIMPOBaTh BPYUHYIO.

JleMoHCTpaHoHHast BepcHisl YHUBepCanbHOro kpocc-acceMbiepa ECAL
no3poJisieT Ha o6biunoM [TK creHepupoBaTh KoJl IIPAKTHIECKU [ T1060r0
MHKPOITpOIleccopa WM MHKPOKOHTpoJjiepa. Bo3aMoXHOCTH faHHOi Bep-
CHM OTpaHMYEeHbl: HalpUMep, HeJlb3sl TeHepHPOBaTh Ko IJHHOIL 6onee 256
6aiiT, HO ATOro AOCTATOUHO ISl HEGOIPUINX TEPBHIX MPOEKTOB M U3AEIHUII,
a B JajbHedileM MOKHO KOMOUHMPOBATH HECKOJBKO TOATOTOBJIEHHBIX
Pa3e/IbHO KOPOTKHUX MPOrPAMM B OJTHOM U TOM >Ke 3aIlOMHHaIoIEM YCT-
poiicTBe.

KpoMe Toro, oueHb ITOJIE3HOIT MOKET CTaTh IiporpaMMa- ausacceMbiep,
caysxauias /Iist BOCCTAaHOBJIEHHS MCXOIHOTO TEKCTA IIPOTPaMMBbI U3 MCTIOJI-
HSIEMOTO KOJla, pa3MellleHHOTo B 3allOMUHaonieM ycTpolicTBe. Ha puc. 2.4
IpUBe/eH pe3yJibTaT paboThl An3acceMbepa, ¢ IIOMOIIBIO KOTOPOro Obii
MpoaHaIU3UpOoBay Halll (ailn, mpeacTaBaeHHbH B cuMBoiax ASCIL

AHS 8032 TARGET PROGRAM EDIT SCREEN

field up char left Cirl=field left Fgup=prev page
ESC =EXIT field doun char right Ctrlfield right Pgdn=next page :
F2 =tree F3=index F6=symbolics{OFF] F7=instructions FB8=1ist(OFF]
Symbolic entry~ type ‘.' then symbolic name

0000 c280 CLR 80

0002 AFFF MoV R7,FF
0004 AEFF Hov R6,FF

0006 DEFE DJINZ R6,0006

0008 DFFA DJNZ R7,0004

000A D280 SETB 80
000C AFFF {14 R?7.FF
OO0E AEFF MoV R6,FF
0010 DEFE DINZ R6,0010
0012 DFFA DJINZ R7,000E
0014 80EA SJHP 0000

0016 00 NOP

0017 00 NOP

0018 00 NOP

0019 00 NOP

001A 00 NOP
001B 00 NOP

001cC 00 NOP

PC  HACHINE  LABEL OPCD OPERAND OPERAND

Puc. 2.4. ®ain, o6paboTannbiii gusaccembnepom
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PasyMeeTcs, HHTepecHOe MporpaMMHoe obeclieyeHlie YaCTHOTO IpH-
MeHeHMs MOKeT OBbITh HamMlIcaHo Ha A3blkax Basic wmin Pascal, kotopaie
IIHPOKO pacTpocTpaHeHsl cpeau noapsopareneii IIK. Miioro nonesnsix
JEeHCTBHI MOKHO BBHIOJIHHTD C TIOMOIBIO IIPOrpaMM M3 HECKOJIbKHX Ze-
CSITKOB CTPOK.

NPOrPAMMUPYEMBbIE 3ANOMUHAIOLLIUE YCTPOUCTBA

Ecnu MBI pelIHIM CYHTATh MPOrpaMMHUpPYEMbIMH PaiiO3/1eMEHTaMH TOJIb-
KO Te, KOTOpLle € [IOMONIbIO OTHOCUTEBHO NPOCTHIX YCTPOHCTB MOTYT
ObITh HACTPOEHBI OKOHYATeJBHBIM 00pa30M MM, Mo KpaliHell Mepe, Ha
IAUTENBHBIY CPOK, TOTAA JUIbL HECKONBKO ceMeliCTB 3anoMUHAIONIIX
YCTPOIICTB 3aCiy:KHBaIOT Ha3BaHHsI O-HACTOSIEMY MIPOrPaMMHPYEMBIX.

JluHaMuyecKkue Ui o6bIKHOBeHHbIe cTaTideckiie O3Y 10/KHBI OBITH
cpa3y ke UCKJIOUeHB!, TOCKOIbKY OHHM TepsIiOT XPaHsIIyocs B HUX HH-
(hopMan M0 TOCHAE OTKJIIOYEHHS] ITHTAHUA.

O3Y co BCTpoeHHBIM ajieMeHTOM muTanus U SCIITI3Y moryt pac-
CMATPHUBATHCS KaK MOrPaHMYHbBIN cayyail, Tak Kak, ¢ 0{H0ll CTOPOHLI, OHU
MOTYT COXPaHATH 3allCaHHble B HHX JIaHHbIE HOocIIe CHSTHS HANMPSKeHUsS
OUTaHUSA B TeUEHHe HECKOJIBbKHX JIeT, a € APYTO# CTOPOHBI — BCEraa 0CTa-
eTCST BO3MOXKHOCTD Ilepe3alliicaTh B HUX HOBBIe JIaHHbIe, Kak B OOBIYHOE
03Y. TakuM obpa3oM, UX cojiepkanue 3adUKCHPOBAHO He BIIOJHE Ha-
JIeXKHO, TTIOCKOJBKY eCTh BePOSITHOCTD CIyYaliHOre H3MeHeHUs! X COflep-
KIMOTO.

Macoynsle [I3Y, gaHHble B KOTODbIE 3alOCATCA B Npollecce U3roTOB-
JIeHHsI Ha 3aBOJIe, He MOTyT OBITh M3MeHeHBI NoJb3oBaTeseM. [ToaToMy HX
clie/lyeT OTHECTH K KaTeropHH «3aKa3HBIX» MHKPOCKEM.

TIII3Y, To ectb I13Y, xoTOphie MPOrpaMMHPYIOTCS 3a CYeT HeobpaTH-
MOTO pa3pylleHus BHYTpeHHNX IJIaBKHX MepeMblYeK, MOXKHO JieslaTh KaK
B e/IMHUYHOM 3K3eMILIsIpe, TaK H mapTHell C OMOMIBIO COOTBETCTBYIOIUX
niporpamMmatopoB. Taxum obpasoM, ITTI3Y, HecoMHeHHO, SIBJSIOTCS PO~
rpaMMHpyeMbIMH pafiiosieMeHTaMy. [JlaBHOe HX IIpeHMMYIIeCTBO — Ha-
MeKHOCTD 3aMMCaHHON MHGOpMalUIK: HYXKHO 3aTpaTUTh 3HAYHTEIbHOE
KOJIMYECTBO SHEPTUH, YTOOB! pacriaBUTh MepeMbIuKy, BOCCTAHOBUTD XKe
ee HeBO3MOXKHO. (B obueM ciyuae ato He coBceM Tak: B 1113V Huskoro
KayeCTBa BIIOJIHe BepOSITHO BOCCTAHOBJEHIIE ompeie/leHHoll YacTy nepe-
MBIYEK 32 cYeT KpHCTAJLTH3alllIi MaTepHasla mepeMbIuKH Ha ee 0CTaTKax —
BILIOTE I0 HOPMJTBHOTO COEJIMHEHUA — U3 HapoB, CKallJINBAIONMXCSA BO
BHyTpeHHel IoJIoCTH KopIyca MukpocxeMbl. Ho atot mpouecc 3aHMMaeT
HeCKOJIBKO JIET, U TIOBPEKAeHHbIe TakuM 06pa3oM GHTH MOKHO BHOBD
TiepelporpaMMIpoBaTh.)
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Taxne pagnojieranii HeBO3MOXKHO OCHOBATEJIbHO IPOTECTHPOBATH Ha
3aBOJIE, IOCKOABKY /IS 9TOTO NPHULIIOCH OBl yHIYTOXKHUTD BCe IUTaBKIIE Ie-
pembiukit, CUlTaeTes HOPMAJbHBIM, UTO 7St HEKOTOPOTO TIPOIeHTa MUK~
pocxenm IIT13Y nporpammipoBaniie 6yneT HeyAa4HbIM, 1109TOMY HEOHX0~
AMMa TOJIHAsA MPOBEPKa COAEPKUMOT0 KaKI0H MIIKPOCXeMBbl 1Toce ee
IIPOTPaMMHPOBAHIIS.

CIITI3Y sapnsworcs I13Y, mporpaMMupyeMbIMy [IOIb30BaTe eM, H CTH-
paIoTCs MPOCThIM 06JIyyueHiteM yasTpadoneToBBIMI TyyaMH. Ecan Muxk-
pocxeMbl BBIYCKAIOTCS B KepaMIIYecKIK KOpIycax ¢ OKOUIKOM M3 KBap-
HeBoro crTexsaa (MaTepHania, IpO3pavHoro Jjs yJabTpaduosera), oHH
IepenporpaMMIUpYIOTCsS HeCKOJIBbKO COTeH pa3.

Eciu sxe xpHCTanIbl TAKHX MUKPOCXEM pa3MeliieHbl B HelIPOHHIIaeMbIX
st YO uasydeHHs IIaCTMAcCOBBIX KopIycax, MH(popMauis 113 HHX He
MokeT GHITh cTepTa, U Torga onu HasbisaioTca OIl (oaHoxpaTHO npo-
rpaMMipyemblie). llena Ha mix comepHuyaet ¢ eHoii Ha lII3Y ¢ mnas-
KUMII TiepeMbldKamil, Ho nporpammupoBate CIIII3Y tpebyer ropasno
MeHBUIHX 3aTpart sHeprin. K ToMy e ¢ HYX JIerKo CTHpaTh HH(OpMannio
BO BpeMsI TECTIIPOBAHHS Ha 3aBOJIE €1ife /10 KOPITYCHPOBaHHs, MO3TOMY I1e-
pell ITOCTaBKOH OHH CTOIMPOIEHTHO TECTHPYIOTCA. \

Xpansiasics 37ech HdopMaiis, 0IHAKO, JODKHA paccMaTpHBaThCs
Kak MeHee crabuibHas no cpapHennio ¢ IIT13Y ¢ niaBKUMIT mepeMblyKa-
mu. [leiictButensHo, o6pryHo B CITTI3Y ¢ TeyeHneM BpeMeHH MAET IIpo-
Hecc oYeHb MeJJIEHHOTO CTIpaHus HHGOPMAIMH 110/l BIUSTHUEM YTeyek
BHYTPH KPHCTa/lla, TEMIEPATypHl, MOBEIIIEHHEe KOTOPOil BeieT K POCTY
yTeyex, a TaKXKe 3a cYeT pasiiyiibiX HoHU3Hpylomix uaayyeruil. Ho cun-
‘TaeTcs, YTO B OOLIYHBIX YCIIOBHSAX He c/leflyeT HHYero onacarhes 1o Kpaii-
Heil Mepe B TeYEHHe JIeCATH JIeT.

Taxum obpasom, CITII3Y — nyqinii BeIGOp 1A cpeiHETO TTOb30Ba~
TeJssl. DTH paguosneMeHThl Gosee momyaspHs, yem I1113Y ¢ miaBkumu
NepeMBIYKaMU MM 3alloMIHAIOUINE YCTPOHCTBa THIA (JIall (Tak M He
cymesuye BoiTecHUTs CIIII3Y). Baaroxaps nmocrostHHOMY yiIy4lIeHHIIO
TeXHOJIOTUH MTPOH3BOJACTBA U MeTo0B nporpammuposanus CIIII3Y cra-
HOBSTCS Bce 60Mee KOHKYPEHTOCTIOCOGHBIMIL, @ KpOME TOTO, B HEKOTOPBIX
HOBBIX THMax ICNONb3YIOTCS pa3jiMyHble MoJie3Hble HOBOBBe/IeHUSI.

OcHosHbie O0KoNeBKH Mukpocxem II3Y

Xots texHomorus CIITI3Y mnoapossieT peanM3opaTh 3aOMHIHAIONINE
yCTpolicTBa ITpakTHUECKH JI000i apXUTEKTYpbl, HanboJiee pacpoCcTpaHeH-
HOIi BCe ellle OCTaeTcsl OpraHU3alus 13 ¢j1oB 1o Bocemb 6ut. B CIIII3Y,
CTaTHYeCKUX 3alIOMHHAIONINX YCTPOICTBAX, 0OLIYHO NPHMEHSIOT CTaH/apT



30 MPOTPAMMUPYEMBIE SATTOMUHAIOLME YCTPONCTBA

Bytewide (oxuobaittabiii, AMHOM B oauH 6aiiT), koTopslii Mpepa3HaycH
JUIS OKOJIEBOK MAKCHMATBHOTO KOJIMYeCTBa TUIIOB CTATHYECKUX 3aIIOMH-
HalolMX YCTPOIICTB, OPraHn30BaliHBIX B BOCbMUpaspsiIHble CJI0Ba U OT-
Hocsuuxest k caenyiomuM thunam: O3Y, I13Y, I1II13Y, 3CIIII3Y,
CIII3Y, daaam 11 .1

JTa CTaHAAPTU3AMIS [T03BOJISET, C HEKOTOPBIMY OTpaHUYeHIIsIMHU, 1iC-
M0JIb30BATh Ha pa3HbIX 3TaMax B OQHOH M TOH e MaHeAbKe 3allOMITHAIO-
ugie ycrpoiictBa ctanaapta Bytewide pasiHyHbIX ceMeHCTB 1 pasHOro
00heMa, YTO OKasbiBaeTcsl Ha TPaKTHKe BEChbMa [0JIe3HbIM.

Hiske npeactasieta taba. 2.4, o0beMHAIONAs 1{OKCIeBKI HanboJiee
pacnpoctpaneHHbrx YO CIIIT3Y, pbinonnenHsix B kopruyce DIP ¢ 24 Bui-
BOJaMU.

OueBHHO, UTO BLIBOABL «00uiil» H V. (nutanue +5 B) nns pasnuy-
HBIX Mojesiei oJIHI i Te Ke. Pedb HAET COOTBeTCTBEHHO O BBIBojax 12
U 24, PacTONOKCHHLIX 110 INaroHaMIl KOPIyca, KaK i B cllydae 00JIbIIOro
YHcla COBPEMEHHBIX CTall/IapTHLIX JTOTHYECKUX CXEM.

Bocemp aunnit pannptx (D0 — D7) taxke 3aHMMaloT craHAapTH30-
BaHHBIe MecTa: BeIBOABL 9-11 11 13~17. VIMeHHO Yepe3 HUX OCyIleCTB-
NSeTCs NapajliebHbI 06MeH AaHHBIMHU, TO eCTh cpa3y I10 BOCHMH JH-
HUsM (1o 8§ 61IT), KOT/la 3all0MUHAoIIee YCTPOHCTBO IIPOTPaMMUpPYETCs
HJIH M3 HEro CYUThIBaeTcss HH(pOpMaIis.

aze | 220 208 |, | 27e18 S | s
Ay a7 A7 G 28p Voo Veo Vee
ag .1 Ag (g2 23Pp  Ag Ag Ag
As As As 3 2P  Ag Ag A9
Ay &s 4, Q98 1P vpp Ay Vpp
& a3 4y d5 20p 5E BE/Vop [
L A2 A2 G S( )9 P a10 A10 A10
A1 A M 7 18P TE/ PTM E TE/ PGM
ap g by de 17p o7 o7 D7
Do Do g gs 16P Dg Dg D¢
84 By D9 w0  15P  ops Oy Dy
02 D2 b2 dn  14p ps Ds D4
a/z z}z o 12 13 o3 03 D3

Puc. 2.5.  Jokonesxu ocHosHbix Y@ ClIN3Y ¢ 24 swoaamm
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Tabnuua 2.4. Apxurexrypa nekoropsix CIITI3Y

2716 16 2 A0 - A10 X ) 2048
2732 32 4 AD - A1 12 4096
2764 64 8 AD - A12 13 8192
27128 128 16 A - A13 14 16384
27256 256 32 AD - A14 15 32768
21512 512 64 AD-A15 16 65536

KomuyecTBo JHHUI aZipeca 3aBUCUT Y Pa3HbLIX MUKPOCXeM OT 00bema
HaMsATH KOHKPETHOTO 3amoMliHaooniero ycrpoitcrsa. Pric, 2.6 nosicusier,
kax N azipecHbIX JMHHH onpeesioT 2Y afpeca, N <«AYCHKH TaMSTH»,
160 8x2N GUT, TaK KaK 1Mo KaXkJOMY aipecy MoXeT XpaHuTbhes Oafir, co-
nepxauuii 8 6ur. .

Tockonbky B iMpoBOI TEXHUKE MCTIONB3YIOTCS, Kak PaBIJIO, cTene-
HY UMCJIA J[BA, CTAJIO y’Ke TPUBBIYHLIM TOHUMATD IOA ITPUCTABKOIT «KHI10»
yucao 1024 smecro 1000 (1024 — gecsitast crenmeHn 4iicaa 2).

IosTomy 3anmomunaioiee ycrpoiictBo tuna 2716 na 16 Kéur cozmep-
xuT 2 K6 nubo 2048x8 6urt, uHave rosops — 16384 6ura.

Kaskmplit pas, korna 06beM 3alIOMIHAIONIET0 YCTPORCTRA YIBAUBAETCH,
nobaBasieTcs ofiHA TUHUSA afpeca. [IpumMeHenue crannapra Bytewide Boi-
paXkaeTcst B TOM, YTO Ha3HaueHUe BBIBOJIOB MHKPOCXEM Pa3HOM eMKOCTH
OIIMHAKOBO, [[7151 MOTIOJIHUTE NIBHOI afpecHOl IMHIII BbIeJITeTCS BBIBOJ,
He MCITONb30BaBLIMIICS paHee, I OCBOOOXKAAETCST OHA U3 CILYKeOHBIX
JINHUH, 00beiniHsist iBe PYHKIMI Ha OJHOM BHIBOJE.

Tak, y Tuna 2716 npuMeHsteTcsl 1Ba pa3IUYHBIX BBIBOJA AJS MOAA4YK
HaIPSKeHUs! IPOrPaMMUPOBaHUs V,, U JUIS CHTHAJIA Pa3pelieHus uTe-
Hud OE. Ho 3T B2 curuana Moryt o4eHb XOpOIIO MepefaBaThCsl 10
ONIHOMY M TOMY )K€ BBIBOAY: HanpsokeHue V,, HeOOXOTuMO TOJIBKO HPH
HpOTPaMMUpPOBaHUH, Tora Kak curian OE Mosker 6BITh B HU3KOM JIOTH-
YeCKOM YPOBHE TOJBKO B PEXKUME UTEHMUS.

TaxuM obpasoM, y MukpocxeM 2732 na BprBoge 20 KoMOHHUDYIOTCS
curnainst V,, u OE, v BoiBoa 21 ocBoGoXaaeTcs AJ AONOJHUTETIbHOMR
azpecHoii aunuu Al1.

Ha puc. 2.7 1oxasaHo, KaK 3TOT MPUHIMI COXPAHSETCS ¥ MUKPOCXEM
c obbemMoM namsiti bostblie 4 K6 3a cuer Mconp30Balyst Kopryca ¢ 28 BbI-
pofiaMu. TaxuM 06pasoM, MOXKHO focTYb oObeMa nmamsitu B 64 K6 B Muk-
pocxeMax 27512, MOAHOCTBIO HONNIEPKHBASI COBMECTIIMOCTE CO CTaHap-
toM Bytewide Ha yposHe 24 HukHUX (JI0 PUCYHKY) BBIBOZIOB KOpIyca
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27512 | 27256 27128 | 2764 | pip | 2764 | 27128 | 27256 27512

27¢512|27C256] 27¢128 | 27¢c68 |24 emim.| 27¢64 | 27c128] 270256) 27 ¢512
Ais | Vep vep | Verd1 \_Je8p Ve Vee | Vee | Vee
a2 | a2 A12 a2de2 27p PoM | PoM A8 ] M4
Ay Ay Ay A7 43 26P N.C. A3 A3 A3
Ag Ag Ag Ag Q& 25P 4g Ap Ap Ag
As As Asg &g ) 28D ag AS As Ag
As A Ay A 46 23D aq 44 Aty Ay
A3 A3 A3 a 47 ~22p oE 0E OE {DE/Vpp
A2 a2 42 A2 4 802‘ P 210 | 210 819 | a10
A4 Aq Aq 4 Q59 2P ¢E CE CE 3
a0 | 4g 4g ag qio 9P o7 | o 07 | o7
0o 0o Dg Dp g1t 18P pg Dg Dg D¢
D4 D4 D4 0y Q2 170 pg Ds Os s
0, | D2 02 D2 413 6P 04 | Dy Ds D4
| | & | AP os | os 03 Dy

Puc. 2.8. Hokoneska ocrosuwix Tunos CII13Y g kopnyce ¢ 28 swisogamu

WM MaHe/IbKH. JTO 03HayaeT, YTO B XOPOLIO MpoAYMaHHOil cxeme (Tipo-
rpaMmaTope IJIM pa3pabarbiBaeMOM H3Jle/Hil) AOMYCTHMO MPUMEHSTH
CIIII3Y camoii pa3Hoii emKocTi. B Xyzem ciayvae mpuercst nepecta-
BHTD HECKOJIDKO 3apaHee IIPelyCMOTPEHHBIX nepenbiuek.

B nauane 1990-x rogo Hanbosee pacrpocrpanerniM tirom CIIII3Y
Obla mukpocxeMa 2764 nin ee KMOII Bepens 27C64, kotopas crouna
newepse, yeM 2716, HecMOTps Ha yBelMYeHHbII1 B YeThIpe pasa obbeM
naMsTH. A ellle TPH MM YeTbipe rofia Ha3aj Mbl CO BCell YBEPEHHOCTBIO
nucany, yro 2716 siBasieTcs Hanbosee SKOHOMUYECKHU BRITONHDIM M PEKO-
MenayemeiM CIIII3Y.

Ceropig naHeJbky ¢ 28 BLIBOJAMH ITOCTENeHHO BLITECHSIIOT IaHEIbKU
C 24 BHIBOJAMH, U HHYTO He MeulaeT 3alporpaMMIIPOBATh TOJILKO 4eT-
BepTh 00beMa MUKpocxeMbl 27C64 NaHHBIMH, MpeAHa3HaYeHHbIMIT IS
2716: 17151 9TOr0 AOCTATOYHO JIMIID BBICTABUTD HU3KMI ypOBeHb Ha ABYX
U30LITOYHBIX afipecHbIX JMHUIX (A1l u A12).

Pazymeetcs, cymectpyior CIITI3Y ¢ MeHbluiM 06beMOM HaMsITH, 4eM
y 2716, a reneps Betpeyatorces CITII3Y eMKocTbIo B HECKOMBKO MeraGHT.
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Tem He MeHee MHOXeCTBO Bellcli MOXKHO JieJTaTh YkKe Ha MHKpocXxeMax
27C256 u 27C512, kotopblie ceiluac sBstioTcst Haubosee JOCTYITHEIMH 113
CIHII3Y, umeouuxcs B PO3HITYHON TOProBIe.

Ha puc. 2.7 npugenetia noxosneBka mukpocxemsl 2708 (1 K6), xotopast
Haxe AU yteHls TpeGoBajia AONOMHUTENLHBIX HANPSIUKEHU , IIpeBblua-
fomnx 5 B.

Ha puc. 2.8 noxasaHo, kakum obpasom y mukpocxemst 27C010 mocti-
raetcsg ofpem namat B 1 M6t (1024 K6énur) 3a cueT ucnonb3oBaHus de-
TBHIPEX NOMOJHHUTENLHBIX BBIBO/IOB (kopnyc DIP ¢ 32 BuiBosamit), Ho npu
coboieHHH COBMCECTHMOCTH 1o cTanaapty Bytewide ¢ mogenssmu, ume-
oIUMI 28 win 24 BoIBOAA.
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Puc. 2.8. Lloxoneska muxpocxemsi 27C010 (1 M6ur)

AJrOpUTMBI NPOrpaMMHPOBAHUS

ANToprUTMOM ITPOrPaMMHPOBAHHS HasbIBAETCS ITOCJAEIOBATEIBHOCTD Olle-
pauuii, HeoOXOAMMBIX VIS IPABHJILHOTO HPOTPaMMHPOBAHMS: KAKKe CU-
HaJIpl 1oflaBaTh Ha ompe/le/leHHbIe BHIBOJIBI, KaKoe HalPsKeHue 1 B Teue-
HIle KaKoro BpeMeHH YIep)KliBaTb, Kak KOHTPOJHUPOBATh YCHEIUIHOCTD
3aBeplIeHNs KaXKIOTO 9Tala, Kak MPOBepUTh paboTOCTOCOGHOCTD TOTOBO-
TO IPOrpaMMHUPYEeMOTO Pa03IeEMEHTA U T.1.
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Texunonorus CIIII3Y npeanonaraer, YTo IporpaMMUpOBaHiie 1IPoOUc-
XOIUT MO/ HallpsiKeHUeM Topasjio Bolue, yeM 5 B, koTopoe npumeHsieTcst
B pexuMe yTeHus. Ilpexzpe pekoMmeHAOBaBlieecss [Jisl BCeX TIHIOB
CIIII3Y nanpsxenue V,,, papHoe 25 B yMenbumniocs fo 21 B, a 3atem
1 10 12,5 B. HagmexXuT TouHo cobiofaTh BeAMIUHY, TPeATUCaHHYIO 13-
roToBuTeNeM (MHOT2 OHA MADKUPYETCS Ha KOPITyce MUKPOCXEMBI, HO He
BCer/a), MHauYe MOXHO CYIECTBEHHO COKpaTuTh cpok ciyx6sr CIIII3Y.

Hanpsoxenune V,,, Kak npaBuio, NOJAETCS Ha CHEUUAIbHBIH BHIBOL,
a V. Bcerna nomxHo 6pITh paBHo 5 B unu nemioro 6ospiie. (HegaBno
NosBU/Iach TeHAEHIMA YBeAuuuBaTh Hanpsokenue V . 1o 6 B Bo Bpems
HPOrpaMMUPOBAHMS ISt JIYUIIEr0 <3aOMMHAHMs» NaHHBIX.) OTMeTuM,
4ro V,, 06513aTENbHO 0JKHO GBITH NPUIO0KEHO ONHOBPEMEHHO U [1OC-
Jie nofauk V. ¥ BBIKJIIOUMTD €ro HeoGX0AMMO OTHOBPEMEHHO WK M0 OT-
KioveHus V ..

[Tocne Brmouenus V. 1V, Ha MEKPOCXeMY HO2eTCs GafiT gast mpo-
TpaMMUpPOBaHUSA 10 BOCBMK JTUHUSM JaHHBIX, OAHOBPEMEHHO C 3TUM Ha
JIHUSAX afipeca BBICTABJISAIOTCS JOTMYECKHe YPOBHU, OIpeaesIsion1e Ho-
Mep sideliky, B KOTOPYIO IOJDKHB! OBITh 3aHcaHbl TaHHDIe,

Kak npaswito, mporpaMMupyoTcs Bce ajpeca B ITOpsiIke HX BO3pacTa-
HMS, HO MOJKHO HayaTh ¢ mo6oro 3apaHee BRIGPAHHOTO afipeca.

Kanu6poBaHHbIil UMITYJIbC (IIOYTH BCETAA OTPHIIATENbHBIH, HO B 0CO60M
cyvae ¢ 2716 noNOKATENbHBIN) IOJaeTCs ITocJie 3TOTC Ha cllelialbHbLi
seiBog (PGM ). Panbilie A/IHTEIbHOCTD 3TOTO UMITYIbca GBI OQUHAKO-
BOH, paBHOI 50 Mc, a AJIUTENbHOCTD POrPAaMMKPOBAHMSI COCTABISIA ISl
MUKpocXeMbl 2716 0K0JI0 ABYX MUHYT M TOTJA CYUTANIACh HOPMAIBHOIA.

Jlerko moacYuTaTh, YTO MPY 3THX YCJIOBUSAX HAa NPOrpaMMUPOBaHNE
MHUKpocxeMbl 27512 notpeboBasicst Obl MOYTH Yac, YTO, OUEBH/IHO, COBEP-
IeHHO HellpueMJeMo. TakuM o6pasoM, aisi HoBbIx CIIII3Y mocrarouHo
UMITy/IbCa JumuTensHocThio 10 Mc nnu MeHbie, KpoMme Toro, cyiecTByoT
pa3auyHble cocoObl (OBICTpBIe AATOPUTMEL), IO3BOJSIONINE YCKOPUTD
porece MPOrpaMMHUPOBAHUA.

B Tabn. 2.5 ykasaHa MUHUMaJbHasi IPOAOJKUTEILHOCTD TIpoOIEcca
IpOTrpaMMHpOBaHUsi, XapaKTepHasi A OCHOBHBIX THIIOB MHKpOCXeM
B CJIy4ae NIPOrpaMMUPYIONIHX UMITYJIbCOB AnuTensHocTbio 50, 10 1 1 Mc.

JlJ1st KOHTPOJIBHOT'O UTEHUs], HeOOXOMMOTro MIPH POBEPKE IPaBUIBHO-
CTH NIPOBEIEHHOTO IIPOTPaMMUPOBaHUs, TpebyeTcst OOBIYHO OIHA-[[BE MU~
HYTbI. 3aNoMHIHaIOIee YCTPOHCTBO NEPeBOANTCS B OObIYHbIN PEXKUM YTe-
HUS, B YaCTHOCTH IozaBasi HU3KHil ypoBenb Ha BbiBox CE (BmGoOp
Kpucrajna) 1 Ha OE (paspeniesue 4TeHus).
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Ta6nuua 2.5. [lnurensrocrs npouecca nporpammmposanms

4c 8c 16¢ IMMH46
40c (1mmH20c| 2mmi40c | S5MuH20c [10MUH 40 C
3mMuH 25¢|6 M 50 ¢ |13 MuH 40 ¢} 27 mun 18 ¢ {54 mun 37 ¢

Crenyer OTMETUTB, YTO KOJTUYECTBO AJITOPUTMOR MPOTPaMMUPOBAHA
TIOYTH PaBHO YUCIY NpoN3BoauTeseli 3amoMIHaOIUX YCTPOHCTB 1o Bee-
My MHpY, U ke GOJbIIE; UX MOYTH CTONBKO e, CKOJIBKO BBITYCKaeTCst
pasHoBuaHocTeli mukpocxem CIIII3Y. Hepenxo Muxpocxema 2764 Map-
k1 X mporpaMMupyeTcst TIpH Hanpsikenud 25 B uMmyabcoM nmporpamMmu-
poBanus 50 Mc (BecbMa apXaWuHbI# croco0), a ajis Apyroi, Mapku Y,
JI0OCTAaTOYHO HECKOJbKUX MWIMCEKYH Npy Hanpshkenuu 12,5 B.

[Ipex e yeM nbiTathest nporpammiipoatb CIIII3Y, He mperebperaiite
YTeHUEeM TeXHIYeCKOTO OMICaHNsl, CIPABOYHOTO AUCTKa WK o6patieHu-
eM K Kakoi-HuOyab MHGpOPMaHOHHON 6a3e NaHHBIX, YTOOB! BBISICHUTD
0COGEHHOCTH DKCIIyaTaLHU COOTBETCTBYIONIEH MapKy.

Ecnu y Bac BO3HUKIM COMHeHUs (HarmpyuMep, MapKa CTepTa), MOXXHO
HAYaTh C «MATKUX» PeXKitMOB (omycTuM, 12,5 B 11 10 Mc) u cpasy xe BbI-
MOJIHUTB KOHTPOJIbHOE CUMThIBaHKe. B ciyyae Heyaauu HYKHO ocTelneH-
HO YBEJIHYHBATh HANPsDKEHKe H/UIH AIUTeNIbHOCTb UMITYAbca (HO TOMb-
KO B Cllyyae HeyAaull).

BricTphie aJropuTMbl

axe ¢ mporpaMMupyomuEMI HMITYJILCAMY IIPOAOJIKUTENBHOCThIO 10 MC
anst 27C512 notpebyercs Gonee 10 mun. [TosToMy npousBopuTesd
CIII3Y npeanaraiot pasnnyHble Gosee Wi MeHee CJI0KHBIE NPOLeaypbl
IIPOTPaMMUPOBaHNsl, O3BOJISIIONE SIKOHOMUTD BPEMS.

OpnHa u3 Haubosee OUeBHIHbIX TPOIEAYP, KOTOPYIO BO3MOKHO TpUMe-
HATH NMPAKTHYECKH BCET/A, COCTOUT B TOM, UTOOHI CPAaBHHUBATH 3HaYeHHUE
nporpaMmupyeMoro 6aiita ¢ copepaHueM Suelky, Kyaa TPOU3BOIUTCS
3anuch. Ecnu MMeeT MecTo paBeHCTBO, TO HE3aMENIMTENbHO MepPeXOasiT
K CefyoleMy ajlpecy, BHIUIpbiBasi TakuM 00pasoM 1o 50 MeHHbIX MUJI-
JUCeKyH. B IpOTUBHOM cliydae, KOHEYHO, BHITOMHSAIOT 0OBIYHOE MpOo-
rpaMMHEpoBaHIHe 110 JaHHOMY azpecy. Takast Ipouesypa MOXKET OKa3aThCs
AoCTaTOuHO peHTabennHol, moromy yto CIIII3Y (rnasHbM 06pazoM
6oib1Ioro 06BeMa) HepeNKO 3a0IHEHb TOABKO YACTHYHO.
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pyrast XuTpocTh 3aKJii04aeTcs B HCHOJAb30BAHMIT UL TIPOrPaMMIiPOBa-
HHSIL OYelb KOPOTKHX 11mITyJ1bcoB (0,1-1 MC), mpiiyeM Hpoliecc NOBTOPsICTCs
CTOJIBKO Pa3, CKOJILKO JtoTpedyeTcs AJjist YCIEUHOro 3aBepLIeHIls onepa-
i, Taxkiim 06pasoM, HEKOTOPbIE aNTOPIITMBI TOCTPOEHB! 110 TIPHHINIILY
«POBHO CTOJIBKO, CKOJIbKO 1a/l0», B TO BpeMs KaK B APYTMX MCIIOJNbL3YIOT-
€SI HECKOJIBKO AOTIONHUTENIBHBIX TIPOrpaMMIPYIOHIMX NMITYIbCOB,

Kpome sxonomuIl BpeMell, JaHHble TPONELYPLl JAI0T BO3MOKHOCTD
MaxcuManbHo HenosnzoBaTh CIIII3Y. Oanaxo ato npeanonaraet npuMe-
HeHHe 0cTaTOYHO CIOKHBIX MPOrpaMMaToPOB, B KOTOPBIX MOXKHO Henpe-
PBIBHO YepenoBaTh HMKJIbl IPOrPaMMHPOBAaHNs  KOHTPOJIbHOIO CUMTDL-
BaHUSL.

KosnnyccTBo NOMbITOK IPOrpaMMHpoBaHis JOKHO OBITb OrpaHITdeHo:
B cjlyyae HeyJauyH I10 3aBeplleliHil olIpeieJIeHHOIO BPeMeHU JeficTBIs
MMITYJIbCOB 3alIOMUHAIOLIEe YCTPOHCTBO O6BABIISETCS HEUCTPABHBIM.

Ha puc. 2.9 npuBezieH aiaropur™, pexoMeHAyeMbl#i xomnanueit NS
(National Semiconductor) ans paga ceonx KMOIT CIITI3Y. On coor-
BETCTBYeT MaKCIIMaJbHOM JuMrensHocTH uMmiyisca 10 Mc, xoroperii
MOXXHO MPHMEHSTD, ecili IPOTPaMMaTop He MpHCNocobIeH K ObICTPhIM
aJropuTMaM.

Ha puc. 2.10 noxasan aaropHuT™, ¢ HoMouibio KOTOPOro KOMIIaHUS
Atmel pexoMmeHIyeT MPHMEHATDh <«IONPOrpaMMHPOBAHHIE» MMITYJIbCOM
3 Mc 714 3aKpenieHHs ycrneHoi onepanuu. Takum 06pasoM, BpeMst po-
rpaMMHUPOBAHUA OJHON AYEHKI HaXOAMTCS B HUHTEpBaJIe MEKAY 4 1 25 Mc.

B kommani Cypress (puc. 2.11) ucnonp3yoT o4eHb KOPOTKHE HMITYJIb-
col (100 mxc). Kak Tonbko obpabarsiBaeMas siuefika MpeaCcTaBIsaeTcst 3ai-
pOrpaMMUpOBaHHOMN, NPUMEHAIOT AOTOTHUTEbHDII UMITYIbC, AIUTeNDb-
HOCTb KOTOPOTO H3MCHSETCS B 3aBHCHMOCTH -OT TOTO, CKOJbKO IOMNBITOK
3allUCH B 3Ty sYeilKy yxe ObUIO NMpeAnpHHATO (TaK HA3bIBaeMBIi ajarn-
THUBHBIH aJITOPUTM).

[l MakcUMaIbHOHM HaAeXXHOCTU KasKABIA MPOU3BOAMTENb PEKOMEH-
AyeT NMpUMeHATb MMEHHO Te aJIFOPUTMBI, KOTOpbIe OH IIpe/jlaraeT U KOTo-
pbie, 10 ero CJI0BaM, ONTHMH3MPOBAHEL B 3aBMCHMOCTH OT TEXHOJIOTHH,
HCTONb3yeMoll A7 uarotoBlenus mukpocxeM CIITI3Y.

B nogcenueBHOIT paboTe MOXKHO, 0HAKO, TO3BOJUTE ceOe HECKOMBKO
cBOOOIHEe MOAXOAHTD K TAKHM mponenypaM. [Ip1 aToM HosiBJIsieTCS BO3-
MO>HOCTb HCIIOIb30BATh YIIPOUIEHHBIH mporpaMmaTop, 6ojlee JenieBslii,
yeM cTaHAapTHbie Mojemd. Ho B TakoM ciyvae npuiercs oTKasaTbcs OT
rapaHTUii TPOU3BOANTENSI MIIKPOCKEM.
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(ADDR = Hay. a,upec)

HesepHbIii

Heseprbii MNpoBepuTb Mukpocxema
Gainr nedekrHas
BepHbiit
ADDR =ADDR + 1 Nocnennunin
appec?
[a
(Vee =Vop =5.0B+5%)
Mposeputs HesepHbiii [Mukpocxema
BCe pedektHas

Puc. 2.9. boictpeisi anroputm, pekomengyemsisi komnammeit NS
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Hauano

(ADDR = Hay., aapec)

Vec=6,08
Vpp=13,0B

J
‘ X=0 )

(_U_ 1 Mc/Vpp=13,®

Her
257
ha
- MocnepHuit
ADDR=ADDR + 1 anpec?
(Vec=Vpp=5,08 5%)
Nposeputo HesepHbl MUKPOCXEMA |
BCE nedekrHas

Puc. 2.10. Buictpbiit anropum, npegnoxerHslii komnaruesi Atmel
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Havano

| ADDR = hau. amE]

LI 0,1 mc,
Vcc=58,Vpp=13,0B

24x0,1 xXMc

Het ¥

HesepHbIn

Ha = M
l =47 I »| Muxpocxema
X=47 Hﬂpoaepmb Gant nederkras

Her
ADDR = ADDR + 1}=—{Nocnennuii anpec?|

{na

MposepuTte
BCce

BepHuli

Mukpocxema
nedexrHas

’Beprlﬁ

I KoHely I

Puc. 2.11. buictpeisi anropwuim, paspaboramnsii komnanness Cypress

NPOrPAMMATOPbBI

Janucp aannpix B CIIII3Y sBisercs A0BOABHO CIOXKHON Mpoueaypoi,
KoTopasi TpebyeT 0co060ro 0GOPYAOBaHMS — MPOrPaMMATOpa.

Takoii mpubop MOXKHO paccMaTpuBaTh Kak MaJleHbKOe yCTPOMCTBO
IULS1 U3TOTOBJIEHHS CIELIMAIBHLIX MHTErPAIbHBIX MUKPOCXEM, TOCKONbKY
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nporpaMMuposanue mikpocxemnol CIITI3Y npespautaer cTannapriiyio
PajifojieTanb B OpraHi30BaHHLI OKOHYATENBHBIM COCOOOM dJIeMeNT,
npejiHa3HauYeHHBIH AJs1 KOHKPETHOTO IPUMEHEHHUs 0 TeX I10p, TIoKa ero
coziepKIIMoe He OyzieT HaMepeHHO CTePTO WM H3MEHEeHO NOoJIb30BaTeeM.

Cy1iecTByeT MHOKeCTBO MojlesIeli H TUIIOB ITPOrPaMMaTOpPOB, IpejHas3-
HaueHHBIX VIS IPUMEHEHUs. B CAMbIX Pa3HBIX 00JIacTsIX. ITO pa3Hoobpa-
31ie Bbl3BAaHO TeM, 4TO HYKHO NGO MHOTOKPATHO TIEpenporpaMMUpoBaTh
OlUH MPOTOTHII B Xoj€ pa3paGoOTKu M OTJIAAKH, 1100 M3rOTABJIHMBATD
HapTHH Pajii037IeMeHTOB B MUHHMaIbHble CPOKH.

Hy6aukaropsl

Jy6aukatopsl — ocobast KaTeTopHsl IporpaMMaToOpoOB, KOTOpbIe CIyKaT
FJaBHBIM 00pa3oM /IS MPOU3BOJCTBA GOMBIIOTO KOJINYECTBA HIAEHTHY-
HBLIX PaJiI03JIEMEHTOB 10 OTHOMY MCXOIHOMY, CIysKalieMy o0pasioM.

3zech oYeHb BaXKHA MPOM3BOAUTENBHOCTD, T0O3TOMY TaKHe alHiapaThl
BBINOJIHSIOT, KaK TPaBUJIO, HECKOJILKO KO OMHOBPEMEHHO (HampIiMep,
Bocemp). Kpome Toro, HeobxoamuMa cucTeMariiueckast M MOJHAA IPoBep-
Ka 3amporpaMMHUpPOBAHHBIX PAJHO3JIEMEHTOB, YTOOBI UCKIIOUNTE cHOIT
M HenoJajKy Ha CAeAYIOIHNX 3TalaX MPOU3BOACTBA M3-332 BEPOSITHHIX
OUOOK NP UX HOATOTOBKE,

[TpoMBilIIEHHbIE TPOTPAMMATOPbl OGBIMHO Pad0OTAIOT B aBTOHOMHOM
peK1Me: OHU CaMOIOCTaTOYHbI, TO €CTh JJIs UX 3aMycKa TpebyeTcst ToJIb-
KO NOAKJIIOYUTD ITUTAHYE.

Pyunbie nporpaMMaTopbt

PyuHoii nporpaMMmaTop — Takke aBTOHOMHBIH ammapat, 00bIYHO He 1uMe-
NI HUKAKUX CPeJCTB AJIS CBSISH C APYTHM 000pYI0BaHUeM WX KOM-
nbloTepamMu. PaboTasi kak ynpolleHHBIT Ay6aukaTop (ofHa Komus 3a
OJIUH LUK ), OH CJIy>KUT IJIaBHEIM 00pa3oM Jiist GBICTPOro IPOTrpaMMUpO-
BaHMs NPOU3BOJIBHBIX IAHHBIX B Y€Ky 1o JI000MYy HY’KHOMY aapecy.
[Tono6HbIe TPOrpaMMaTOpbl CHAOXKeHbl HabopoM IMepexaoyaTenael s
BBOJIa IAHHBIX 1 Habopa ajipeca, a TakKe HEKOTOPBIM KOJTHYECTBOM WH-
JMKATOPOB AL KOHTPOJIS MH(MOPMALML

PyuHbie porpaMMaTopbl 04eHb YA0OHBI Ha Tanax pa3paboTKu U OTIal-
KIL: IIPSIMO B NIponiecce oT/AaIK1 MOXHO HapaluBath copepxkumoe CIITI3Y
6UT 3a GUTOM IO Mepe HAMMCAHUS WIH KOMIWIMPOBAHUS HOBBIX 6JI0KOB
JIAHHBIX WK riporpamMM. OnHaKo B IAHHOM ciydae paspelaercs npeobpa-
30BBLIBATH TOJIBKO €MHHUIDI B HYJIH, 2 BOT /ISl BBIIIOJIHEHUs: 0OPaTHOII ofte-
paniiu norpebyetcsi MOJHOCTbIO CTEPeTh BCIO MHMOPMAIMIO B MaMATH.

OueBUIHO, YTO HPOrPAMMUPOBATh MoAOGHHIM 0Gpazom 8192 gueliku
naxce o6pryHON MuKpocxeMpl 27C64 cauurkoM CKYYHO, He TOBOpA Yke
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o CIIII3Y ¢ 6ombuuiim ob6benmoM namsti. Ho takoit criocob paboTsl BOJ-
He TIpHeMIeM /71 06beMOB TaHHBIX B HECKOJIBKO coTell HaliToB, M 3TOTO
KOJIMYCCTBA BITOJIHE JOCTATOYHO JUIs PSiia HHTepeCHeRIINX pa3paboToK.

IIporpamMMmaropsl anst Mukpo-9BM

Mukpo-3BM, ocobenno cosmectiMple ¢ 11K, cranii ouens pacnpocrpa-
HEeHHBIM HHCTPYMEHTOM, OTHOCHTEbHO JNCHIEBBIM I ZOCTYIHbIM, VX 11c-
nosb3oBalHe B Kavectse nporpamMaropa CITII3Y 6xarogaps cneman-
3MPOBAaHHOMY NPOrpaMMHOMY U allllapaTHOMY 00eclle4eHHI0 OTKPbIBAET
IHPOKHE BO3MOKHOCTH 771 00paboTKit HH(OPMaLAH ¥ 3HAYUTENTBHO 00-
JIeryaer U yCKopsieT Ipolece OTNaAKH JakKe caMblX CIOXKHBIX IIPOTPaMM
U CUCTEM.

Conepxanne CIIII3Y moboro o6memMa MoKeT OBITh IPeACTaBIeHO
B Buze daiina, 3aNTHCalHOTO Ha JUCKETY I KeCTKUH JHCK H, CIeAOBA-
TEJbHO, JIETKO KOMHPYETCS U PaclpOCTPaHSIETCS.

Takoii daiin paspeltaercsi cO34aTh, IPOCMOTPETH HIH U3MEHHUTD ¢ I10-
MOUIBIO MHOTOUHCJIEHHBIX IIPOTPaMM, yKe cymecmywmux WM CIELH-
aJIbHO JIJISL 9TOTO HATIHCAHHBIX.

Ba3sbl IaHHBIX Ha PA3IMYHBIX 3JEKTPOHHBIX HOCUTENSIX JAIOT BO3MOXK-
HOCTD HaiiTH HeobxonMy 0 MHGOPMAIIITIO O TapaMeTpax CHIHAIOB H aJi-
TOPUTMaX [POTPAMMUPOBAHIIS MPAKTHYECKI A BCeX Pa3HOBHIHOCTEH
NPUMEHAEMBIX MHKPOCXCM 1 COOTBETCTBEHHO BHIOPATh ISl KOHKPETHOMN
MHKDPOCXeMBI HAWJIYUIIIIE YCAOBUS U PEXUMDI ITPOTPaMMUPOBAHHUA.

CymectryeT Ba GOMBITHX ceMeficTBa NPOIPaMMaTOPOB, HPUCTIOCOH-
JIeHHBIX 111 paboTsl ¢ MIKPO-IBM: «pHelHIIe» 1T «<BHYTPEHHUES.

BHemHue nporpaMMaropsl

BHemnuit nporpammarop - 310 60Jiee 1AM MeHec aBTOHOMHBII annapar,
cHaGXKeHHBII BceM HEOOXOAMMBIM I CBsI3H ¢ MuKkpo-dBM nmu IBM PC
obopynoBanueMm. Kak MpaBuJIO, CBA3L OPraHU3YeTCs Yepes3 HOCae0Ba-
TesbHBLH mopt RS232.

(Daiinpl, cofepKaiue faHHbe A «3alIHBKI» B TO 1l uHoe CIIII3Y,
OGBIYHO C IOMOLIBIO KOMITLIOTEPA «3aIPYIKAIOTCA» B IPOIPaMMAaTop 1 pas-
MENAIOTCS B CIEIMATBHO NPENYCMOTPeHHOM st atoro O3V, nanHble Ua
KOTOPOTO 3aHOCSATCS 3aTeM B OIIHO 1l Heckonsko CITII3Y.

U Haobopor, copepxxumoe CITII3Y, ycTaHOBIEHHOTO B PO paMMaTop,
MOXeT OBITH CYMTAHO If 3aTeM IIepeNaHo B KOMIILIOTED, C HOMOI{LIO KOTO-
POTO naHHBIE MOXHO OymeT coxpaunTh B daiisie Ha qucKe.

Mexny nByMs annaparamMu AOTYCTUMO OPraHi30BaTh U HoJiee pa3Bh-
THIfI AMATIOT: KOMIBIOTEp CIIOCOGEH MOCHUIATH TPOrPpaMMaTopy 3aKOAHPO-
BaHHbBIC KOMaH/BI, 2 06paTHO MOJIYYaTh pasjiMyiibie COOOLIEHMS.
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HanboJiee yacTo Bo3HHKaIONIee TIPH 3TOM HEYIOOCTBO CBSI3aHO € TeM, YTO
OTHOCHTEJIBHO MeJIJIeHHAS CBA3b 110 ITOCENOBATEILHOMY KAHATY NPECTaB-
JISIET «y3KO0e MeCTO» B MOTOKe MHMOPMAIMH, YBEIITYITBAIOIEe JJIHTENh-
HOCTb Tipolecca. Jins nepenayu co ckopoctsio 19200 6on 65536 6t nai-
HBIX JUTA MIKpocxembl 2764 ToTpebyeTcs efBa JM He HATh CeKYHL — BPCMSI,
CPaBHUMOE ¢ JJIHTELHOCTHIO TOHOTO MK/ TPOrPAMMHUPOBAHNAL.

TipiBenenHoe Bollle 3aMeYaHue TEXHMYECKH 0O0CHOBAHO, HO B 6OMD-
IIHHCTBE CIyYaeB TaKye OrpaHMYeHUs] NPAaKTHUECKH HE CKa3bIBaioTCs Ha
npoi3BoauTeabHocTH. KpoMe Toro, njis MogKIoueHys anmapara K KOM-
MbIOTEPY HOCTATOYHO MOACOEAUHUTD Kabesb OT MporpaMMaropa K cBoboj-
HOMY HJIH XKe CIenualbHO Uil 3TOr0 0CBOOOXKIEHHOMY pasbeMy (IJis
nporpamMmupopanna CIIII3Y He uyxuu #Hu Mbimb, HY MozeM). Yacto
HpeIMymecTBoM OyneT M TO, YTO IJIS MOAKIIOYeHUsI He Tpebyetcs OT-
nenpHbii cnot 11K, koToporo Moxer He ObITh, TUGO Bce OHU MOTYT OBITH
yxke 3ansThl. (Ilogo6uast cutyanus BO3HUKAET, KCTATH, JOBOJIBHO YacTO.)

Hexkoropble BHemnHe IPOrPaMMATOPLI CIIOCOOHB! HCITOIb30BATLCS AB-
TOHOMHO, eCJIH OHH CHAOXKEHDBI KAaBUATYPOH U BCTPOEHHBIM HMHAIIKATO-
poM. 3To odeHb yo6GHO, HATIPUMep, IIPY KONUPOBAHMH, 2 TAKKe JAJIS BbI-
MoJIHeH U MOMUpUKalMHY WK IIPSIMOTO IIPOrPaMMHUPOBaHHS HEKOTOPOTO
pasyMHOTO 0ObeMa ITaMATH.

OcobeHHO NpencTaBUTENLHBII annapar Takoro kjacca — NporpaMmMa-
TOp Mojenu S4 anrauiickoil komnanuy Dataman: pazmepom c 6osbmion
KaJIbKYJISITOP, OH paboTaeT OT BCTPOEHHBIX aKKYMYIATOPOB. Ero MOXHO
noscionty 6path ¢ coboii U mogkmiodats K 11K Torpa, xorma aro neiictBu-
TenbHO norpebyercs. [ake B aBTOHOMHOM peKYIME 3TO NOAIHHHASA CUC-
TeMa pa3paboTiy, montHas i rubkas. IIporpammarop paxe cHabxkeH cre-
UaNbHBIM KabesieM A1 3MYASLME MHKDPOCXEM, € IIOMOIIBI0 KOTOPOTO
B IIpoliecce pa3paboTKH ¥ OTIANKH OH BKIIOYACTCS B CXEMY BMECTO MHK-
pocxemnt CIIII3Y. JIpyroii noaxon cOCTOUT B TOM, YTOOBI NPHMEHSTH
pasbeM MNapaijeabHoOro MOPTa, K KOTOPOMY OOBIYHO IOAKIIOYAIOTCS
npuHTepsl ctanfapta Centronics. ITOT pasbeM HONOUAET U I MOAKIIO-
YeHMs HeKOTOPBIX NPOrPAMMATOPOB, TAKUM 00pa3oM, IOCIe0BaTeIbHBIN
nopT RS232 ocraerca cBoGORAHMM aas Apyrux neneid. [Ipu ucnonssosa-
HUH NTapaJuIeIbHOTO 110PTa CKOPOCTh 06MeHa HHbOpManued 3HauyuTeNb-
HO BbIIIIE.

BuyrpeHHue nporpaMMaTOpBbI

Bousbiiioe KommuecTBo NPOrpaMMaTopoB TpeOyIOT yCTaHOBKH B cBOOOM-
netil cnot I1K cneyuanbHOl naatsl, K KOTOPOil Yepe3 coeiHHUTENbHBI
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Kabesb MOAKIIOYaeTcs BBIHOCHOM 6JIOK, CHAOKEHHDIT TaHeabKOH, Kya
ycranapianBaiorcs CITII3Y. )

CyuiecTBYIOT H jlellleBble MOJIENH, Y KOTOPLIX MaHeJbKU AT MUKPO-
cxeM CIII3Y ycranopnenst HemocpencTBeHHo Ha TlaTe. OTMETHM, YTO
paboTa ¢ noobHoN KOHCTPYKUIIelH Ype3Bbiyaiiio HeynobHa.

Coob1rasich HEeNOCPeNCTBEHHO ¢ «CepALleM» KOMITHIOTEPa, 3TH YCTPOIi-
CTBa, OYeBIAHO, Hanbomee OBLICTPOAEHCTBYIONIIIE, HO, K COXaTeHMIo, 6e3
KOMIIbIOTEPa-«X03511Ha» OHH NPaKTHYeCKH HepaBGoTOCTOCOOHEL.

3a cueT pa3BUTOTO AMAJIOTa, KOTOPDIA MOXHO YCTaHOBHTH € KOMIIBIO-
TepoM IIpH N000HOTI KOHCTPYKIIH, ¥ TAKUX YCTPOHCTB ropa3no GoJiblie
passnuHbIX GyHKUMH, TpUYeM dosiee CIONKHDIX, UeM Y BHEILHUX IIPOrpaM-
MaTOpOB.

Kax mpaBuzio, BO3MOXKHOCTH XODOWIO TPOAYMAHHOTO BHYTDPEHHETO
IPOTPaMMaTopa 3aBUCAT TOJIBKO OT IIPOTPAaMMHOT0 0becIIeYeHUs: eTo Ha-
CTpO#iKa 17151 pabOTBI ¢ HOBHIMM MUKPOCXEMAMU WJIH aJITOPUTMAMU I0Tpe-
OyeT He GoJIblile BpeMeHIl, YeM YCTaHOBKa B IMCKOBOJ AMCKETDI VIS BHE-
CeHUS JOIOJIHe U, COOTBETCTBYIOINX HOBBIM AHHBIM, HJIN PeryisapHas
3arpyska aTuX JOroJHeHH Mo MoxeMy. Bee aTo peaspHo 1 He cocTaBis-
eT 6OJIbINOTO TPY ia 10 KpaliHeil Mepe N0 TeX ITop, MOKa CYIECTBYET H3T0-
TOBHUTEJb [IPOTPAMMAaTopa.

B saxmouenye xorenoch 6bf MOpekOMeHIOBATh AOBEPATD JIMIIb TEM
M3TOTOBHTENISM 11 IOCTABIHKAM, KOTOPbIe UMEIOT XOPOIIYIO PeNyTallHio,
1 0COGEHHO He PacCYUTHIBATh Ha TEX, KTO NAaeT FPOMKYIO PeKJlaMy Heo-
TPaHMYeHHOH rapaHTIH WY 0belaeT peryJisipible GecliaTHble OGHOBIE-
HHS TPoTpaMMHoro obecrneyenusi.

CaMonebHbIE IPOrPaMMAaTOPhI
H HaGOopbI JIeTasel A1 UX U3TOTOBJIEHHS

IIporpaMMaTOpsl POMBIIJIEHHOTO MU3TOTOBJIEHHsI OTJIMYAOTCS CBOEH
HaJIe)XHOCTBIO B paboTe ¥ 0671a1a10T OOIIHPHBIMU BO3MOXKHOCTSIMIL

BosabmuscTBO M3roToRMTeNEH TAKUX ANITapaTOB MONAEPXKUBAIOT IPH-
BHJIETMPOBaHHbIE OTHONIEHHS C HOCTABIMKAMH PalMO2JIEMEHTOB H UMe-
10T, TAKMM 00pa3oM, NeTaibHy0 HHGOPMALIIO 110 aITOPUTMAaM IIporpaM-
MHDOBaHHS, 3aYacTyI0 HEIOCTYNHYIO AN KOHEYHOTO I10Jib30BaTessl.
Hekotopble 13 Takux H3rOTOBUTENEH faxke IIMEIOT CTATYC «OMUIIHATBHO
YTBEPKIEHHDIX> OCHOBHBIMH IIPOM3BOMHTENSIMHU IIPOrPaMMUPYEMBIX pa-
nMoseMeHToB. ONHAKO [JIaBHbIH HENOCTATOK 3THX IPOrPAMMATOPOB —
JIOPOTOBM3HA.

Bostee sxoHoMuden niporpaMMatop coOCTBEHHOT COOPKH, IS 4ET0 MOXK-
Ho 160 KynUTh Habop JeTaseil, 1ubo H3TOTOBUTD BCe CBOMMM CHIIAMU.
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CyuIecTBYIOT OTHOCIITCIBHO HefOPOTMe Habopbl meTaieii, KOTOpble
NO3BOJISIIOT IPOTPaMMHpPOBaTh coppeMerHble CIITI3Y campivu pasnir-
HBLIMHU cltoco6aMi: JI60 TOJMHOCTBIO BPYYHYIO, OO KOTIHpPOBaHHEM
0bpa3ua, b0 ¢ noMompbilo Mukpo-3BM unm xommneiotepa. [Ipasna,
0OBIYHO B TAKHX NPOTrpaMMaTOpax HeJb3s MCIIOJIb30BaTh CHeHHabHble
CKOPOCTHbBIE MJIH aflaliTHBHbIE aJIfOPHTMBL, a HPOTPaMMHUPOBaTh C UX MO~
MOLIbI0 MOXKHO TOJIbKO Hanbosee pacrpoctpanennple Tunsl CIITI3Y.

Haiee B 31011 KHMTE MBI IPEACTABUM CXEMBI OUeHb ITPOCTHIX IIPOTpaM-
MAaTOpOB, C IIOMOIIIbI0 KOTOPHIX MOKHO NIpOrpaMMKpOBATDh caMble pa3IHy-
Hble ceMeliCTBa PaHO9JIeMEHTOB, HO TONBKO Te, 715 KOTOPBIX aJlfOPUTMbI
IporpaMMHPOBaHHS 06IIeA0cTYHBL. K cyacThio, TaKUX MHKpOCXeM J(o-
CTaTOYHO, YTOOH peliTh GOMBITMHCTRBO NPAKTUYECKUX 3alay, IpHYeM
3TO MMEHHO Te PafHojeTalli, KOTopble JIerye Bcero HaliTH B PO3HUUHOM
TOPTOBJIE U 10 BIIOJHE CXOAHBIM Ii€HaM.

CTUPAHUE CNN3Y

CymecTryeT MHOXKECTBO Pa3MYHKIX (PaKTOPOB, KOTOPbie MOTYT IIPHBECTH
K TIOIHOMY MJIM YaCTHYHOMY CTHUpaHMIO NaHHBIX, XpaHsaninxcs B CIII3Y.
Ha npaxTtuke nacdopmMauuio, cogepkaliyiocss B 3THX PajHo3JeMeHTax,
CTHPAIOT IyTeM OOIydeH!sI UX KPHCTAMIOB YALTPadHONCTOBHIMH J1yYa-
mit. IIpu atoM Bce GUTHI BO Beex siueifkaxX MATPHUIbl TAMSATH ITEPEXONST
B COCTOSIHUE JIOT. 1. ,

IlosTomy HeobxoauMo, UTOGBI KOPILYC 3allOMHUHAIONIET0 yCTpoHcTBa
6bLT CHAGKEH CeNUanbHBIM OKOUIKOM, IIPOHUIIAEMBIM [IJISl U3JTyUYCHMS
¢ amuHo# Bosnbl 30004000 aHrcrpeM; Ha KOTOpOH Hpolecc CTUPaHUs
uzer Haubosee apdexTHBHO.

06b1yno Mukpocxembl CIITI3Y nmocraBasioTes: B kKepaMIyecKux Kop-
Mycax, OCHAIIEHHBIX OKOIIKOM M3 KBaplIeBOTO CTEKa, HO, K COXKaJIeHHIO,
TaKye KOpryca oueHb JOPOI'H B IPOU3BOACTBE, U €CTECTBEHHO, YTO MUK-
pPOCXeMBl B TaKMX KOpHycax Takxe OyAyT HeJelleBhl.

CIIII3Y, npexHa3HavyenHble IS cepHIHOTO NTPOU3BOACTRA, YACTO He
HYXIAIOTCS B CTUPAaHUM, TO3TOMY OHH BBIMTYCKAIOTCS B ITJIACTMACCOBBIX
KOpIIycax, KOTOpble HeMPOHUIAeMbI Zisl YAbTpadhHOJeTOBOTO H3/ly YeHH s,
HO ropaspuo 6oJee felessl.

Muxpocxemsr CIIITI3Y B Takux Henmpo3pauHbIX KOpIycax Ha3blBalOT-
ca OII u nporpaMMipyioTcst TOIBKO ouH pa3. OnHAKO BCETa 0CTaeTCs
BO3MOXHOCTH TIpeobpa3osath B Jior. 0 OMTBI, OCTaBIIMeCs PN IIePBOM
IIPOrPaMMHPOBAHIM B COCTOSTHMU JIOT. 1, I03TOMY B HEKOTODEIX clIydasx
11X MOXKHO IIPOrPaMMHPOBATH HECKOMBKO pas.
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g yBepennoro crupanis undopmauny 8 CIII3Y nyxua onpene-
JIEHHAs1 1032 YABTpadroICTOROIO H3TYYEHIIs, HO CJICAYeT MOMHNTS, YTO
CYILECTBYET CYMMapHast 1032 00JydeH s, TI0Cje KOTOpoli 3anoMiHao[ee
YCTPOICTBO JOJIKII0 PACCMATPHBATHCS KAK <IIOJTHOCTLIO HICTIOIb30BAHHOES .
IMoatoMy oYeHb BaKHO CTPOTO CIENHTDH 32 IJIMTETLHOCTHIO IPOLEecca.

JMuTensHOCTh CTUPAHUS 3aBHCHT OT MHOXKCCTBA (DAKTOPOB: NMPHPOJ-
HBIX YCJAOBHH, cTCIEHN CTapeHIs MIKPOCXEMB M CBOHCTB HCTOYHIIKA
YILTPaPHONETOBOTO H3JIYUEHIIs, OIITIYEeCKIIX CBOICTB KBapIeBOro CTeK-
na oxomka CIITI3Y, paccrosuist ot CIII3Y no ticroynnka yasrpadiuo-
JIETOBOTO HU3Jy4eHUs U T.J.

B mpuauune aua cTupaHss BIOJHe MOKET XBaTIITh H COJTHEYHOTO CBe-
T4, HO3TOMY [UJIS 3ALMTBL OT CJIy4aifHOro cTHpaHllgd JaHHBIX 3alIPOTPaM-
MMPOBaHHOTO OKoHYaTeabHbIM 06pazom CIIII3Y ero okouiko 3axpriBa-
10T CHellHalbHON cBeTOHeNpoHMLaeMoil HakIelikoi. ‘

Hawubonee yacto B kadecTBe HCTOYHHKA YABTPadIOIETOBOTO H3/IYYEeHHS
IUISL CTUpPaHMs JaHHBIX BO BCEBO3MOXKHBIX NPOTPaMMHUPYEMBIX PajiuoaJie-
MeHTaX UCIOb3yeTcs Tak HasbipaeMast bakTepuinaHas hiayopecueHTHAas
JIaMITa, WIPOKO NpUMeHsieMast B Pa3JIHUHBIX IPHOOPAX IJIST CTEPHIIHBAIH
BCEBO3MOKHBIX MATEPHAJIOB H Ae3NHbEKIHIT NoMeneHHIT!,

Tomo6Hble TaMmBl HOXOKHM HA KJIacCUMeCKUe JIaMITbl THEBHOTO CBETa,
VIS UX KCIUIyaTaliii HeOOXOANMBI TaKHe Ke MpHHaIesKHOCTH (coeu-
HUTeNM, HalnacTsl, cTapTepnl). BoinyckaoTcs GakTrepHIMAHBIE TaMITBL
COTJIACHO CTAHAPTHOMY DALY MomHOCTell JaMmn AHeBHoro cBera, Kak
MPABUJIO, B CTHPAKOIUX YCTPOHCTBAX MPENIIOUNTAIOT UCTIOb3PBATD Ca-
Mbie MajorabapUTHBIE U3 TOCTYIHBIX MOJeel, HO Cpean paaHomodu-
TeJleti oueHs nonysspHsl mopenn TG 15 win TUV 15, MomHoctbio 15 Bt
¥ aHo# 44 cm.

OTMeTHM TaKXKe, YTO HeJIaBHO O BIIIACh MOZIelTb CO BCTPOEHHBIM HaJ-
nactoMm — TUV 6. CHabxkeHHast IPOCTLIM BIHTOBBIM NIATPOHOM, OHA IIH-
TaeTcs HernocpencTreHo ot cety 220 B, a norpebisieMast MOIHOCTD CO-
CTaBJsieT TOJAbKO 6 Br.

ITa Mojiesb JIyyllle BCeX OCTAJILHBIX MPHCHOcObIeHa AT CTUPAHHS
CIHII3Y u uMeertcs Ha ckiajie GOABUIHHCTBA KOMITAHHIT-TUCTPUOYTOPOB
Pazro31eMeHTOB; KPOMe TOTO, 3TH KOMTAHUH MpeJiaraloT U MoJIHble Ha-
60pbi getasell aasi cOOPKH CTUPAIONIHX YCTPOUCTR, IpaKTHYECKHM HUYEM
He oramdaomuxed ot dhabpuunsix. Jpyroil moaxosn cOCTOUT B TOM, YTO-
ObI 3aITACTHCh BceM HeOOXOAMMBIMY 3JIeKTPHKa IT cOOpaTh cXeMy, piBe-
IeHHyIo Ha puc. 2.12.

! B Poccum 1107106HbI€ JIaMITbi HCITOJIB30BATHCH B KYXOIHHBIX BLITsDKKaX. — Ipum. ped.
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Puc. 2.12. Mpunumnuanstasg anexTpuieckas cxema
crupaowero ycrporsictsa gng CINTNI3Y

TIpouenypa crupanys TpeGyet 0BIyueHns B Teuentie 5—30 MIUH, TTO3TOMY
TM0JIe3HO 3apaHee YCTAHOBUTH pejie BPEMEHMU, TaK KaK €ro HCIOJb30BAHUE
yerpaHsier Moboll pUCK IpeBbInIeHIIs o3kl 00nyueHHs. Jaxke caMasi rpo-
cTast MexaHuYecKast MOZIesib ( HallpuMep, OT.CTapoli CTHPaibHO MALIMHEI )
IIpeKpacHo CIPaBUTCS ¢ 3TOH 3alaveil.

CrupaeMble pafiHO3JIEMEHTBI HEOOXOIUMO Pa3MeCTHTh B KOPILYCE TaK,
4TOOBI HX OKOWIKI OBITH Ha PACCTOSHRUM 2—3 CM OT MCTOYHHMKA YILTpa-
uoeToBOTO U3IYUEeHU, IPHYEM JKeJIaTeIbHo COeIUHHTL MeXAY coboit
BCE BBIBOABI MHKPOCXEMBI, U CaMblil IIPOCTOil criocob Ajig 3TOT0 — HAKO-
JIOTh MMUKPOCXeMBl Ha aHTHCTAaTHYecKHIT MPOBOAAUINT TTeHOMOINYPETaH
(cm. prc. 2.13)%

Jlamiy xKenateJbHO Pa3MeCTHTDb Hajl CTUPAEMBIMH KOMIIOHEHTAM, a He
O/l HUMY, YTOOBI OTPAHUYMTh UX HarpeBanue, HyxKHO 1100bIM CIOcofoM
COBMECTHUTD JIOCTaTOYHOE BEHTHINPOBaHME UL OOyB IaMIIbI C XOPOlileit
3amuToil OT BhixoAa yJALTPaQIIoeTOBOTO M3JyueHIIsl HapyXy, TaKk Kak
OHO BPEAHO AJA I71a3 u Koxu, Hanbosee yacto HcIonp3yercsd KOHCTPYK-
Uy, rle MEKPOCXeMbI PACIIONAraloTcs B BLIABUIKHOM JIOTKE, U JaMIIy
MOJHO BKJIOYUTH TOJBKO TOT/Q, KOTAA JIOTOK ITIOJHOCTLIO 3aJBHHYT
B KOpIHYC.

! DTOT MaTepHajl HCIOJIB3YETCs [JIst YIIAKOBKM MHTErpajlbHbIX MIIKPOCXEM H APYIHX
paznuoneraseit. OH BLITJISANT, Kak 110POJIOH TCMHO-CEPOI'O 1BETA, GbIBACT X MATKIIM,
M JKECTKIM; COMPOTIIBJICHHE Ha KBazpat cocrasisier ot 10 o 1000 Om. — IIpunm. peo.
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Puc. 2.13. Pasmewenue CIIMA3Y

OTHOCHTENBHO YALTDAPUONETOBOH NAMN! NPK CTHPAHUM

CobpaHtioe criipaioniee ycTpoiicTBo (I KYTIJIEHHOE) OCTAETCS TOMb-
ko orkaaubposats. IlpeasapurensHo 3anporpammupopannoe CIII3Y
06J1yyaloT NO3TAIMHO TIO MHATh MUHYT C NOCTIEAYIOMMM «TeCTOM Ha YIICTO-
Ty» — Ollepailiteil, IPeryCMOTPEHHOM B GONBIMHCTBE TIPOTPaAMMATOPOB.
BriocaeicTBIE IPOAOTKHUTENLHOCTD OOJIYUeHHS YBETIYMBAIOT B ABa pa3a
10 CPAaBHEHHIO ¢ TOi1, KOTOPOIl BO BpeMs KaanbpOBKH XBaTHJIO AJS NOJ-
HOTO cTHpaHus uHdopMaliiu. IToro BpeMeHn OyeT OCTATOYHO, YTOObI
OKOHYATEJIBHO CTEPeTh JaHHble U3 3amoMUHapIero ycrpoiictsa. Obpa-
u1aeM Ballle BHMMaHHUe Ha To, YTO NMepUoAuYecKd ([ONyCTUM, Ba pasa
B TOI) CJIelyeT TPOBOAINTD IePeKaTOPOBKY.

OTMETHUM, YTO IIPOMBIIIITIEHIIOCTLIO BBITYCKAIOTCS <IIMCTOMETLI-CTHpa-
TeJIf», CHAOKeHHbIe CIeniayibHON JIAMITOM-BCIBIMIKOM, WU3JIyHalolei
yastpaduoseropsle dyyn. C MOMOLIBIO 3TUX YCTPOMCTB MOXKHO CTHPATh
CIITI3Y nenocpencTBEHHO B IIX IAHEJDbKaX, TIPHYEM BCETO 32 HECKOJILKO
HECATKOB CeKYHI.

SMYJIATOPLI CNN3Y U O3Y C DJIEMEHTOM NMUTAHUSA

O3V, prinossenusie o rexHosorun KMOII, noTpebasioT HaCTOIbKO
MaJio 3HEepruM, 4TO TOAMH MOTYT IIMTAThCS OT 000N MaieHbKOM JHTH-
eBoH Gartapeiiky. 3anHcagHble B HUX JaHHBlE CTAHOBSITCA, TAKMM 00Opa-
30M, 9HEPIO3aBMCIMBIMIL, HO BO3MOXKHOCTb M3MEHATh B HUX MHGbOpMa-
o ocraercs. Kak 1 B 06b14HbIX, cTaggapTHHIX cratudecknx O3V, amech
MO’KHO He TOJIbKO U3MeHUTh JoT. 1 Ha jor. 0, Ho u HaoGopoT, obiee cTH-
paune HHOOPMAIIMM CTAHOBUTCS HEHYKHBIM,

PaspabarpiBaloTcst M CepHiHO BBIILYCKAIOTCA MUKPOMOMYJIH, KOTOPBIE
obbennHAIOT B oxHoM crienyuansaoM DIP xopnyce KMOIT O3V, nurue-
ByIo GaTapeiiKy ¥ CXeMy yrpaBieHHs MHTaHeM, 0GecneunBaoIyIo 6e30-
IIacHOCTD ZanHbiX, HanpuMep: ZEROPOWER, Brinyckaembie koMnanueii
SGS Thomson, NVSRAM xomnannit Benchmarq mmm Dallas, «<amynsito-
pot CIITI3Y», npoussonumsie dhupMoii Greenwich Instruments, u t.x.
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B pesxiiMe c4lTbIBAHHUS JAlTHBIX 3TH 3allOMUHAONIME ycTpolicTBa Ha
100% comectimbl ¢ CITTI3Y sksuBanentHoro obnema. JJonyctumo, ta-
KIIM 06pa3oM, HOAKIIOYHTD HX K J11060i1 cXeMe i IMHTIPORATH (MyJIH-
posats) CIITI3Y. EcTecTBento, He MOXeT OBITh M pedll 0 ToM, YTOOH
nporpaMMHupoBath 1x tak xe, kax CIITI3Y, To ectp BoicokMM HampsKeHII-
eM: HyXKHO TOJIbKO NOKIIOYHTD HallpshKeHKe NMTaHug 5 B u monxath na
BbiBOZL WR oTplIlaTenbHbIIT IMITYIBC TIOCTIE TOTO, Kak OyyT BhICTaBJe-
Hbl afipec 1 aHiible.

Jlis1 3aBepluenlis IporpaMMHPOBaHHs JOCTATOYHO HECKOJIbKHX COTeH
HaHOCEKyH]I, 8 3T0 3Ha4IIT, YTO 3a JOJ1 CeKYHIBI B TAKOE 3allOMITHAOllee
YCTPOICTBO MOKHO 3aTHCATh HECKOIDKO COTEeH KHITOOUTOR. JTO 111ealib-
Ho Tipy paspaboTke H oTianKe TPHGOPOB U CHCTEM, T7ie TpedyoTcs YacTbie
M3MeHenHus nauHbIX. Hetr Huvero mpolle, yeM IepeKornupoBarh AalHble,
oKoluaTelbHO 3amicannbie B O3Y ¢ snementoM mutauns, 8 CIITI3Y
C TIOMOIIBIO NIPAKTHYECKH JI0H0TO IporpaMMaropa,

Ha puc. 2.14 npipenena nokoJeska Miukpomoyiss MK48Z02 xomrma-
Huu SGS Thomson (2 K6, coBmectuMa ¢ Miikpocxemami 2716), a Ha
piic. 2.15 — noxoneBka Mukpomonyist MK48Z08 (8 K6, cosmecTiiMa
¢ MHKpocxeMaMi 2764).

Muxpomonyns GR281 komnanun Greenwich Instruments sigigercs
aHajioroM MukpoMonysist MK48Z02 xomnanun SGS Thomson, a GR881 —
aganorom MK48208. L

3a HcKI0YeHIieM BpIBo/a 3aitcl W R, octasibHble BHIBOJBI, B YACTHO-
crt OE 1 CE, HCHOMB3YIOTCS TOYHO TaK e, Kak H B CTAHIAPTHBIX MHK-
pocxemax CIIII3Y.
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Puc 2.14 Lloxonesxa mukpocxemst 48202 (2 K6)
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NOCNEQOBATEJIbHbIE 2CNN3Y

Texuonorusa ICHIZY (i E2PROM) no3sosisiet peain3oBath 3aoMu-
Halonue YCTPOHCTBa, KOTOPLIE HAXONST IPUMEHEHHE B MHOTOYHCIIEHHBIX
0b1aCTSX, IIOCKOJILKY B HHX B OTPE/Ie/IeHHON CTENIEHH YIAIOCh COSNUHUTD
_nocronHctsa xak CIIII3Y, rak u cratnyeckux O3Y.

Psanom ¢ uensiM ceMeficTBOM PaiMO3IEMEHTOB C Napa/lieIbHbIM [0~
CTYIIOM, BBINOJHEHHBIX IIPAKTUYECKH B MOJHOM COOTBETCTBHM CO CTaH-
naproM Bytewide, mocnenosatennhnle ICIII3Y (To ects ¢ focTynoM mo
HocJ/ieJoBaTe/IbBHOMY KaHaJy) HAllIY ITpoyaiiliiee IpuMeHeHe B CaMbIX
pasHbIx 061aCTAX — OT HepudepuiHbIX ycTpoicT it IBM no Tenesu-
30POB, a TAKXKe B YUII-KapTax,

Ha panublit MoMmedT nociepoBarensdsiM JCIII3Y nocrynHa namsTe
ot 128 6ut o 16 Kéur u Gonee. Taxum 06pa3oM, oM NpUOIHKAIOTCS
K crapeim napaieabssiM CIIII3Y Hebombix 06neMoB.

TloToxonsr cBsA3M, Kak NMPaBUIO, KAACCHMYECKHUE Il IIUPOKO U3BECTHBIE,
B YACTHOCTH coBMecTuMEIe ¢ 12C.

Kounenuug 3CIITI3Y

ICTHII3Y (anekTpuyecKd cTUpaeMble nepenporpaMmupyemole [13Y) —
aTo «1ocrosHHbIe> 3Y, nopoburie CIITI3Y, Ho undopmanus B HUX CTH-
PaeTCs AMeKTPHYECKIMN UMITYJILCAMY, & He YALTPahHOIeTOBRIMU JIYYaMH,

Opnako ICIII3Y nMmeoT orpoMHoe MPEMMYILIECTEO 110 CPABHEHHUIO
¢ CIITI3Y nnu paxe ¢ dasm-naMaTbio, HHGOPMAMSI B KOTOPOIT MOXeT
CTHPAThCA He TOJILKO NMOMHOCTEIO, HO U YacTu4Ho, CTUpaHME B COBPEMEH-
Hbix MoZiensax ICIII3Y ocymecTrasiercs aBroMaTHYeCKH TNepef KakaoM
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3aITHChIo HOBBIX aHNbIX. Bo3HHKkaeT Bonipoc: YeM oTiinyaercst ICIII3Y,
HanpIMep, oT 3HeproHesapucumoro O3Y co BCTPOeHHBIM JTHTHEBbLIM 371e-
MEHTOM ITHTaHHS? ,

B mepBy1o ouepe/ib ATHTeNbHOCTHIO onepauuy 3anucy. Kax i s CIIH3Y,
nannbie B ICIII3Y sanicuiBaotes mocpecTBOM BO3eCTBHS BLICOKOTO
HaMPsKEeHUsI, TO eCTh JOCTATOYHO MeNJIEHHO, JTO CXOJICTBO MOXKET OBITh
He BIOJIHE OYEBHUJHO, TaK KaK MPOTPaMMMPYIOIII UMIIYILC TeHepupyeT-
cs nenocpencteenno B ICIITI3Y BeTpoeHHBIM HCTOYHUKOM BHICOKOTO Ha-
IPsIKeHHs], BLITOJHEHHBIM 10 NPHHLMIY €éMKOCTHOTO Ipeo6pasoBaresst
(HaKauka 3apsaa), HO B J1o00OM ciyyae JUIS 3allMCH KaXI0T0o CI0Ba JaH-
HBIX OTPEOYETCS. HECKOIBKO MYLTUCEKYHL.

Hpeumymecrso ICIIII3Y 3axsmoyaerca B TOM, YTO OHO obecIieyuBaeT
6oJpinyio Ge3onacHOCTb AaHHBIX, yeM O3V ¢ pesepBHOIT Gatapeeil: no-
CTaTOYHO 3alPeTUTb TeHEPAIMIO BBICOKOTO HAIIPSKEHMS, U JI00as 3allICh,
HYKHasl W Clyyalinas, 6y1er HeBO3MOXKHA,

Oboiity npobieMy 6oIbINON IIUTENBHOCTH ONEPAIIMY 3AITUCH TT03BO-
JIa pa3paboTaHHas HelaBHO OPMTHHAJILHAs TeXHOJIOrus. B MuKxpocxe-
mMax NOVRAM xomnanun Xicor, HanpuMep, kaxnas sueitka ICIIII3Y
nybnupyercs sideiixoit O3Y. Bee npoucxoaut tax, Kak OYATO B cxeMe
paboraer ob6pruHoe O3Y, Ho faHHble U3 HETO MOTYT OBITh COXPAHEHB!
B JCIIII3Y uennim 6510K0M, a B HasibHelIIEM TIepe3arpyxeHsl 00paTHO
B O3Y. Ilpoueccsl 06MeHa TaHHBIX MOTYT MHUIIMHPOBATHCS 9IEKTPUYEC-
KMME CUTHAJIAMH, IPOTPAMMHBIM O0ecliedeHHEM UM aBTOMAaTHYeCKH —
IPY OTKJIOYEHHH MJIHU MONKIOYEHMH HANPSIKEHMS THTaHUL.

Ipyroe cymectBenHoe otauume Mexay O3Y u ICIIII3Y cocrour
B YHMCJIe BO3MOXHBIX LIMKIIOB 3aIMCH; B 3aBUCUMOCTH OT MaDKM MIKDOCXEM,
OMOKY 3aNycl HaYWHAIOT MOABAATHCS 1I0CJIE ONPENeJeHHOTO KoIude-
CTBa UKJIOB CTUPAHNS JAHHBIX — OT JECSITH THICSY 10 OZHOTO MUJIIMOHA,
B TO BpeMsi Kak B O3Y 3anuch Npou3BOUTCS HEOTPAHMYEHHOE YHCJIO Pas.

ITH LM PHI 3AMETHO TIPEBOCXOMAT COOTBETCTRYIOIINE TOKA3aATEH ISt
mukpocxem YO CIIII3Y, Ho oHn MOryT 6BITD elé yay4ineHpl MeTOIAMH
KOppeKLMY olINOOK Uiy U3OBITOYHOCTHIO, NPUMEHSIeMBIMU JTHOO B cXe-
Me, TIe ucnonab3yorces obpruunie ICIITI3Y, aubo B camom ICIITLI3Y,
KyZia BCTPOEHBI COOTBETCTBYOIHE BIOKH.

Hanpumep, ucrnonpsoBanue xoja X3MMUHTA [103BOJSET YBEIHYNTD
cpok cayx6s ICITI3Y npubansurensHo B IrecTb pas, IOCKOJBKY Jie-
ekt mpakTuyecKy Bcerza HAYHMHAET CKA3BIBATHCH TOJILKO B OJHOM I3
6uTOB B LesoM cioge. TakuMm 0Opa3oM, HeIUIMHKMM OyZeT HpoBefeHMe
KOHTPOJILHOTO CUMTBIBAHMSA II0CJIe KaXKIOW OTlepalldyl 3alicH B Moboi
cXeMe MU CHCTeMe, B KOTOpbIX TpebyeTcs abCoMOTHAS 11eIOCTHOCTD aH-
HBIX, 3aMCHIBAEMBIX B 3alOMUHAIOLIEE YCTPOUCTBO.
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3HaunTeNbHbIe YCIeXy OB JOCTHTHYTHI M B 1IOBLILICHIIN TapaHTH-
POBAHHO INUTENLHOCTH XpaHeHHs faHHbIX B ICIIII3Y, o aToMy napa-
MeTpy OHH YacTo jJake jaydiue, yeM MHkpocxembl Y@ CIITI3Y u O3V
¢ 2J1EMEHTOM PE3epPBHOIO NUTAHUSL: OHH paboTaloT OT AeCATH JeT U 10
BeKa, B 3aBUCHMOCTH OT MapKH.

XOTH 3a rnocJjieguue rogbl MHOT'O€ B 3J]€KTPOHHKE HU3MeHHJIOCh B J]y‘{-
LIYIO CTOPOHY, HE CTOMT aGCONMIOTHO NONAraThest Ha 3MeMeHTH Pe3epBHO-
o NUTAHUS H €T0 KOHTAKThl, 0COOEHHO C TOUKHU 3peHMs J0ATOBPeMeHHON
cTabMABHOCTH U HAZIe’KHOCTH B TSDKEJIBIX YCI0BHUSX aKciyaTaly. ITpo-
6aeMsl Takoro popa y ICIIII3Y otcytersyror, Kpone Toro, noka Tpyato
ce(e nMpencTaBUTh, KaK MOJKHO YCTAHOBHUTD JICMEHT PE3ePBHOTO MHUTAHS
B kopmyce DIP ¢ BoceMbio BoiBoiaMH 1 TeM Goniee B KOpILyce lsl OBEpX-
HocTHOTO MOHTaxka (SMD).

ICIIII3Y ¢ nocaenoBaTebHbIM zxocryndM

Xopoo U3BECTHO, YTO KK/l JONOJHUTENbHBIH BBIBOJ UHTET PAJIbHOMN
MHKPOCXeMBI CTOUT JIOPOro: BHICOKas LieHa o0ycnoBieHa 1 CaMUM pajiuo-
97EMEHTOM, ¥ pasMepaMy U CJIOXKHOCTBIO NeYaTHOMH IIAThl, HA KOTOPYIO
OyzeT ycTaHOBJIEHA 3Ta MUKpOCXeMa,

Xora ICIII3Y snauurtensno gopoxe, yem CIIII3Y ¢ sxsuBasieHT-
HBIM 06beMOM TTaMSATH, MOC/IeNI0BaTe bHbI HHTepdelic M03BOIAET 0Ny~
YHUTH CYIIECTBEHHYIO 3KOHOMUIO.

TocnenorarensHasi CBSI3b MEXKIY MHKPOCXeMaMM TOJIBKO 1O ABYM WM
TpeM MPOBOAHUKAM YMeHbIIAET CKOPOCTh 0OMeHa, HO OKa3bIBaeTcsl, B KOH-
1le KOHIIOB, BLITOAHON B GoJIbIIMHCTBe obactell npuMeHenns. Beemup-
Hbli ycrex muHpl 12C y6enuTenbHO CBHACTENLCTBYET 06 3TOM.

Jlo6aBuM, 4TO HEKOTOpblEe MPUIOKeHUs ObLHM M3HAYaNbHO paccyuTa-
HBI Ha Takoi UHTepdelic, HallpUMep YUII-KapThl C BOCEMbIO WY Jlaxe
TOJIBKO C HIECTBIO KOHTAKTAMU.

Kaxymasicst ¢710:kHOCTh 0OMeHa HY>KHBIMU faHHBIMH CHayajla IpersiT-
crBoBasia ycrrexy JCIIII3Y c mocenoBaTe IbHBIM ZOCTYIIOM, Y PAKHONIOOH-
Tenu MPOJOJLKAIY UCTIOJIBb30BaTh NapajliesibHple 3allOMUHAIUE YCTPOH-
ctBa cTaHzapTa Bytewide naske fu1st mporpaMMupoBaHiisl BCEIO HECKOMLKUX
GaitroB. Ho Ha ceropHsIHuii ieHb MOCBUIKA MY NPUEM <II0CJIe/I0BATENb-
HBIX» IaHHBIX Yepe3 MOPT MUKPOIPOLIeccopa BOCIPUHUMAETCS KaK IIPOCTOE
U BIOJIHEe OObIYHOe JIeHCTBHE.

[TonoGHble MpenOYTeHHUs! BIOJHe MOHATHDL MaJleHbKHI KOpIyC ¢ BO-
CEMbIO BBIBOZIAMU MOKET COXPAHUThL Ha COTHIO JIeT CTOJBKO e NAHHBIX,
CKONBKO B MHKpocxeMa 2716, paboTaeT oH Tosbko ot +5 B (unu gaxe +2,5 B),
13 HEI'O MOKHO CUMTBLIBATh Y MOJHOCTDHIO MM YacTHYHO M3MEHATD 3alicaH-
Hble JIaHHBle TIPY MOMOIIH BCEI0 HECKOJIbKUX KoMaHJ, TiepefiaBaeMbIX 1o
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pOCTON ABYX- WIM TPeXNpPOBOAHON IlTHE; KPOMe TOTo, OH pacronaraet
3aluTo oT 3anucy. MimeHHo noatoMy Bee Gouiblilee Yo KOMITaHIiii npo-
1I3BOANITE e, YUNTBIBAsK pacTyiunii yereX TakuX pajiioaieMeHTOB, lipesJia-
raior nocsenosarensHbie ICIITI3Y.

Pa6oune nmapamerpnl nocaeposatenbubix ICIHII3Y B saBHcuMoOCTH
OT MapKM 3aMeTHO pPa3jINyaloTcsA, B YaCTHOCTH HanpsoKeHeM MUTaHNS,
CPOKOM CNYXXOBI ¥ JUINTEIbHOCTDIO XpaHeH s TaHHbIX. O6BIYHO 3TH Xa-
PaKTepICTUKH MMeIoT caexywommit sux: ot 5 B/10000 saniiceit/10 net
1o 2,5 B/1000000 sanuceii/100 seT, o BCeBO3MOXKHBIMI [IPOMEKYTOY-
HBIMM codyeTaHusMU. Taxum o6pazoM, BEIGOD 3aBIUCIIT OT Mpealoarae-
Moit 06nacTH MPUMEHEH U, peaNbHoM CTOMMOCTH 11 TpebyeMoil Hanex-
HOCTH.

MuKpocxeMbl pasHBIX H3rOTOBUTE/EH, HMEIOIIIe O/IHO H To Ke 0603Ha-
yenHe (HarpHuMep, odeHb pactipoctparennoe — 93C06), MoryT abconoTHO
OTMYAThC APYT OT ApYra: LOKOJIeBKOH, CTPYKTYpOil U fiaxe cHCTEMOIt
xoMag/. lostoMy elte GoNBIIYIO OCTOPOKHOCTD CAEAYET IPOSIBASATH MIPH
BeIOOpPE U3JIENHH OT «BTOPBIX [IOCTABUIMKOB», IIPUYEM BCe ITH HIOZHCHI
JKeJaTeJIbHO Pa3PelIUTh B HAYAJIbHOM CTa/IUM paspaboTKH MPOeKTa.

Mb1, ecTecTBeHHO, HEe MOXeM OIMCHIBAThH 3/1eCh BCe Pa3sHOBHIIHOCTH
MHKpOCXeM M IepeyyucsaTh Bce KOMIAHUU, TPOH3BOISIIIE OCTeN0Ba-
tenbHble ICIIII3Y. OTMeTHM TONBKO, YTO CYIECTBYIOT 1Ba GOMBIIIIX Ce-
MeficTBa nociaenoBatensHbix ICIITI3Y, KoTOpble, KaXKeTcs, POCTO CO-
3/@HBl /IS TOTO, YTOOK KOHKYpuUpoBath apyr ¢ apyrom: DCIIII3Y
¢ nByxiposofHoi mmHoil — ctuas 12C, u ICIII3Y ¢ tpexnpopoxHoi
MUHOM — cTUAbL Microwire unu SPI (mmHa, usHavanbHO NpesHa3liaueH-
Hast 71 MUKpokoHTpoanepos 6805 n 68HC11 xommanui Motorola).

Tepmunsl [12C u Microwire B JIeficTBUTENIBHOCTY SABNSIOTCS 3aperic-
TPUPOBAHHBIMYM TOPTOBBIMM MapKaMU, HepBasi MpUHAINEXUT dupMe
Philips, a Bropast — kommanuu National Semiconductor. Toapko 1x Bja-
JleJIbIIbI U IIPOU3BONUTENY, 3apaHee KyUBUIMeE JIMIIEH3HHY, MOTYT odu-
[HaJIbHO YIIOMUHATDH U HCMONb30BaTh 3TU TePMUHLL. :

Haubonee sichio obetout neno ¢ mmpoil 12C. MHorue KoMaHmuH mpy-
o6peny TMLEeH3UI0 1 MOTYT HCTOh30BaTh TaKylo abOpeBUaTypy NMpH yc-
JI0BUU cobMIONEeHNA TeEXHUYeCKITX TpeboBaHuil, CBA3aHHBIX C 9TOH LIMHON
u ee nipoTokoioM. ITono6HbIe paio3IeMEHTBI IOJKHBI HOPMaJIbHO 11 6e3
npobaeM GyHKIIMOHUpoBaTh B M06oil crcreMe ¢ muHoi 12C.

HexoTopsle hupMmbl He xenatot nprobperats auiensun 12C 1 nosro-
My He MOTYT IIPOfIaBaTh CBOIO IMPOAYKIHUIO 1oz 3Toi Mapkoil. HecMoTps
Ha Hanvyue ab66pesnaryp SCL u SDA piist o6o3HaveHnst TUHUT UX 1IH-
HBI, COBMECTUMOCTH ¢ odpuimanbEpiMu TpeboBanusamu [2C yacTo TOMLKO
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HpHOIM3ITENBHA, A TTHOMA I TIPOCTO OTCYTCTBYeT. [IoMbITKA HCIOIB30-
BaHUA TAKHX pajiossieMeHTOB ¢ HacTosAueil umHoi [2C moxer 1npusec-
TH K Cepbe3HbIM KOHMJINKTAM B CIICTEME,

Ho TeM He Meliee cylieCTBYIOT MPeBOCXOAHDIE H3/1e/IUs1, CIIOCOOHBIE Ha-
[eXKHO paboTaTL MPH YCJAOBI NPHMeHeHHUs COOTBETCTBYIOUIETO HMEHHO
KM IIPOTOKOJA CBSA3U, 04eHb 6;1u3K0ro K [2C, HO HEMHOTO OT HETO OT/IHYa-
IOLIETOCS ¥ MMeHHO HMO3TOMY He ITONafaloniero moj AeficTeue JHIeH3UH.

JCIHII3Y ¢ mvHoi Tvna I12C

B Tta6i. 2.6 npuenens Hanbosee pacOpoCTpaHEHHbBIE THITHI MUKPOCXeM
ICIII3Y ¢ munoii 12C uau cit nogobusiMu uHTEpdeiicaMu.

Yunreisast TpeboBaniist crannapra 12C, Bece 914 3aoMuHaroLIe YCTPOi-
CTBA UMEIOT OpPraHHU3aIHIo 110 BOCEMb OUT Ha CI0BO, IpUYeM 06hEMBI a-
MaTH 6onbiire 256 GaiitT yacto pa3zbHBAIOTCS HA CTOMBKO «CTPAHUIL> MO
256 6affT, cKoNBKO HeoOXOMIMO.

Takim 06pasoM, HauboJlee pacIpocTpaHEHHBIH 00heM ITaMSITH COCTaB-
nser 256 GaiiT, XOTS Telleph OH HpeBbIaeT, 6Iarofapsa pasauYHbIM IIPO-
IpaMMHBIM ClTocoGaM yrpaBIeHUs, ke TeopeTHdecKyio rpaHuny B 2 K6
(8 6noxos mo 256) nau 16 Kot Ha puc. 2.16 nokasana 1okosieBKa MUK-
pocxem mamstu ICIII3Y 12C.

Hasuauenns yersipex BEIBOJOB B IPUHIMIIE OU-

Aol 8VCC

HAKOBBI TIOYTH /ISl BCEX THIIOB 1 Pa3HOBIHOCTelk Aiq2 7 p3asucur
NpakTUYeCKy y BCeX NMPOU3Bo/uTeNnell: A, d3 6 b SCL
(4) Vi (0bmmit); ) Ve 5 b SDA
(5) SDA (maHuBiE);
(6) SCL (cunxpoHu3anms); Puc. 2.16. Loxonesxa
(8) V.. (muraHue). acrnsy 12c

Brisozpt 1, 2 u 3 BhijencHHI 718 TpexX MaaqumMx paspsinos 12C-anpeca
panuoaneMenTa (A0, A1, A2), yeTbIpe cTapiuiux paspsiga Bceraa 1010, caMpiii
MJaIKit OUT azipeca CAYKIIT yKasaTeleM pexuMa yreHus-anucu (RW).

CiegoBaTeJIbHO, MOXKHO OPraHH30BaTh HOPMalbHYIO paboTy Ha OfiHOM
M TOIi e UIMHe [0 BOCEMY HAEHTHYHBIX PAIHO3JeMEHTOB, TaK KaK Kax-
JIOMY U3 HHX paspellaeTcs NPUCBOUTH YHHKAJILHKIA ajpec.

OpHako 3TO He OTHOCHTCS K ceMeiicTBy Mukpocxem 24C00, 24001
u 24C01 xommanuy Xicor, 7151 KOTOPBIX HET BO3MOXKHOCTH YCTAHOBUTh
12C-anpec, cOOTBETCTBEHHO HCTIONb3YIOTCS TONBKO HEMOCPeACTBEHHO ajl-
peca balita maMaTH, BoIBOAK 1-—3 He 3a7eiCTBOBAHBL

Taxas opranusanyst (He coryacywuiasics ¢ tpebosanuem 12C) nospo-
JisI€T YIIPOCTUTH AHAJIOT, HO HCKJIIOYaeT COBMECTHYIO paboTy HECKONBKUX
paaroaleMeHTOB Ha oiioil muHe. OHAKO B MPOCTBIX YCTPORCTBAX 3TO
MOXKET U i€ ObITb CEPbe3HBIM HEJOCTATKOM.
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Ta6nmua 2.6. Manopama ocrosrbix Tunos ICITI3Y ¢ wmnosi 12C

16x8 24C00 24001
128x8 24001 24C01A 24001
24012 24LC01
: 24LHO1
85C82
25C02A 24002 24C02A
2568 24C02A 24022 24002 24002
24LH02
85C92 }
25C04 24048 |l
2x256x8 24004 24004 24004 ucw |
24LH04
4x256x8 24C08 24C08 24C08
24C16
8x 2568 23(1:(15? 24C16 241C16
24LH16

Muxpocxembr 24C01A (xommanuu Xicor uny Microchip), HarpoTus,
UCTIONB3YIOT Bee TpH BhiBoaa AQ, A1, A2 ¥ yYUTHIBAIOT UX COCTOSTHUE MpU
dhopMupoBaruM cBoero azipeca «pabar, B TO BpeMs kak MUKpocxema 24C01
KOMIIaHUM Atmel 9T BBIBOJIBI HMEET, HO B afipece UX He YUUTHIBAeT.

HasnaueHue BHBOJ2 7 MEHSETCS B 3aBUCHMOCTH OT IIPOU3BOIUTENS
MHUKpOCXeMBI: OH He uUcnojbayerca y Moneneit 24C00, 24001, 24C01,
24012 xoMmanuu Xicor u y mpubopa 85C72 xomnanuu Microchip, Ho
HOMXKeH ObITh 3a3eMiieH y Mukpocxem 24C01 mpousBoxctBa Atmel,
24C01A wmu 24LC01 npoussoncrsa Microchip.

Y muxpocxemst 24C01A xoMnanuy Xicor, HANMPOTUB, 3a3€MJICHUE Bbl-
Bozia 7 pa3pelliaeT 3allUCh, B TO BpeMsI KaK Moflaya Ha HETO BEICOKOTO JIO-
r'M4eCKOTO YPOBHsI 3alpeliaeT ee, OMOKUPYs BCTPOEHHLII TeHepaTop Ha-
MpPsiKEHUs IPOrpaMMUpOBAHKA.

Y muxpocxem 24C02A u 25C02A nipousBopctsa SGS-Thomson ¢ mo-
MOLIbIO BhIBozia 7 JIOIYCTHMO BHIGpaTh Yucio 6aifTos, KoTophle OyAyT
3a/ieficTBOBaHbl B OAHOH onepauuu sanucu (4 uiau 8). ’

Y npubopes 24C02 xomnanuu Xicor u 241.C02 npoussozcTsa Micro-
chip ¢ momorpio BbIBOAA 7 MOKHO Pa3pelliuTh UK 3ANPETUTD 3alHCh BO
BCeM 3allOMUHAIOIEM YCTDOMCTBE, TOr/a Kak ¥ MUKPOCXeMB 24C02A
npousBozicta Microchip ara 3amura pacnpocrpansercs ToIbKO Ha Bepx-
HIOIO JIOJIOBUHY MaMSITH.
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Hauunas c o6bema 512x8 61T, MaTpHIla TaMATH pasjie/ieHa Ha OnoKu
110 256 611T, KOTOPbIE HYKHO CYMETb BHIOpATh B agpece «pabas. {J1s1 31010
MONB3YIOTCA OHUM, ABYMS HJH TpeMsl 6TaMH, tae 0OprdHo PHKCHPOBA-
JIOCh cocTosiHIle Ha BuiBogax AQ, Al n A2. ‘

Y 3anoMHMHa©OIMX YCTPOUCTB ¢ 06bMOM HamaT 4 K6 (2x256x8 6uT)
TONBKO COCTOsSIHIE BLIBOnOB Al A2 BJIMSIET Ha aJpec paziio3JIeMeHTa.
[oaToMy He GoJiee YeTbipeX MOA0OHBIX 3alIOMUHAIOIINX YCTPONRCTB MOTYT
COCYIIECTBOBATD HA OAHOMN LIMHE, a 0CBOOOXKIeHHbIH TakuM o6pasoM 61T
PO Mo3BOAsET BHOpATh Ty HJI MHYIO U3 IBYX CTpaHull no 256 Gaiit.

Ecnu BoiBog 1 (nipesxne AQ) cBo6osieH, TO B GOJIBIIMHCTBE CAYYAEB €ro
HY’KHO COe{UHUTH C OOIIMM TIPOBOJIOM, HO MOXHO OCTaBUTb CBOOOAHBIM,
Kak y MukpocxeM 24C04 xomnanuu Atmel.

Y npubopos 24C04 u 25C04 (paboramoumiux ot HanpsixeHus 2,5 B)
npousBoactBa SGS-Thomson BbiBog 1 cayXuT s TOro, YToOLL 3a71€ii-
CTBOBATh JOCTATOYHO CJOKHYIO CUCTEMY 3allMThHI OT 3aIIUCH, KOTOPYIO MBI
onmuuieM TOJBKO KPATKO.

Korna nHa BbiBosie 1 BBICOKUE TOTHYECKHH ypOBeHb, B ocjleqHeM 6aii-
Te 3aMlOMUHaoIIEero ycrpoiictsa (anpec FFh Ha cTpaHue P0=1) pasMenia-
eTcs CIelMalbHbIH 3aIUTHBIA PerucTp, KOTophiidl B AeficTBUTENBHOCTH
ornpefiesisieT TPaHUIly MeXJIy 30HOMH, 3allMIieHHOH OT 3alWCH, U 30HOI],
JNOCTYITHOM KaK A7 3aMHCH, TaK ¥ IS YTEeHHS.

Ecnu BuiBog 1 nopxaioven Kk o61ieMy TIPOBOAY, TO BCA MaMATh OOBIYHO
JNOCTYIIHA /IS 3aITUCH U YTEHHS, YTO N03BOJISIET, B YACTHOCTH, USMEHUTh
CONepKUMOe CIlellPerucTpa, KOTOPhIH caM pasMelueH B 3allUlleHHON
30HeE.

Y 3anoMHHAIOIX ycTpoiicTB ¢ 06beMoM namsity 8 Kout (4 crpanu-
1B 110 256 6aiiT) TOMBKO COCTOSTHUE BBIBOIA A2 UCTOJIb3YeTCS IPH yCTa-
HOBJICHHHM aJipeca PasosieMeHTa, TAKIM 06pa3oM OCBOOOKIAIOTCS pas-
pAansi PO u P1 g4 mporpaMMHOro Bb160pa CTpaHUIl.

W nakonen, y samoMuHaiomux ycTpoiicTB Ha 16 K6ur agpec Henb3s
OTPERENSITh U3BHE, YTOOR! pasnudaTs 8 cTpaHul o 256 6ailT, HYKHO TPU
paapsina (PO, P1, P2).

HelictBuTenbHO, MOAKMIOUEHUE OJHOTO 16-KUIOGUTHOrO KpUCTaLIa
K muHe 12C npakTHyeckn 3KBUBAJIEHTHO MOAKTIOYEHUIO BOCBMHU KpUC-
TANMOB 110 2 KUaoOUTa: afpecausi MPOUCXOAUT TeM Xe CIIocoOoM, HO
C BBIUTPHIIIEM B KOMHOAKTHOCTH.

MukpocxeMa 24164 xoMmaHuu Xicor 3aHMMaeT OTJeNbHOE MECTO
B 3TOM ceMelcTBe, BMecTo Toro 4ToOb 0CTaBaTLCS HEUCIIONAb30BAHHBIMU,
BbIBOAbL 1, 2 ¥ 3 CayKaT 37eCh 17151 UBMEHEHUs Olpee/ieHHOM cTanaap-
TOM J/11 pa3MYHBIX [0 Ha3HAYEHUIO Pa/iu031eMeHTOB YacTy afpeca. Tonb-
KO OJIVH CTapUIUii pa3psifi 3TOTo afipeca OCTaeTcs Jorudeckoif euHuielt,
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a OCTaJIbHBIe TPH 3aBUCST OT YPOBHeli, NPUJIOKeHHBIX K BeiBofam SO, S1
u S2. Ecau 314 Tpit BBIBO/IA 3a3eMJICHE, a/IPCC ITOJYYaeTCst CTAaHAAPTHBIM —
1010, 06bI4HO OH mpuMeHnsieTcst B 12C i 3anoOMHUHAIOIMX YCTPOHCTB.

Crnenyer oT™MeTHTB, YTO azipec 1010 GBLT OmpeneseH Ha MeXyHapoJ-
HoM ypoBHe KoMurerom 12C st 3aiioMMHaIOnMX YCTPORCTB BCeX THIIOB.
Vicnosn3oBaHye st HUX IPYTOro ajipeca HEH3GeXKHO MPUBOAUT K PHCKY
KoH(MINKTA ¢ APYTUMMH paadoanementamu [2C, mopimodaeMbIMy K Toll
Xe HIUHe.

Xots aTa 0co6eHHOCTh HHTErPaNbHON MUKpocxeMbl 24164 MoxeT oka-
3aTbCA NO/e3HOH B HEKOTOPBIX cIyYasiX, SCHO, UTO AaHHBIH pajioaieMeHT
COBEPIIEHHO «BHe 3aKOHa» C TOUKH spenus cranpapra 12C. Ho gelictsi-
TeIbHO, MoyeMy Obl TAKUM U He GBITb, €Cy IPOU3BOIUTENIO He Tpebyer-
ca ab6pesuatypa 12C?

He BraBasich B mospo6HOCTY, HAITOMHIIM, YTO 0OMeH JaHHBIMH BbI3bIBA-
€TCsI OTIpe/esieHHLIM YHUCJIOM JTIorHueckix yeaosuil Ha muauax SCLu SDA:

* muMHa He 3aHgTa (Ha JuHugIX SCL 1 SDA sbicokuil ypoBeHs);

+ Start-ycnoBue unu Hauano obmena (cnazamouiuii GpoHT Ha SDA,
korna Ha SCL BbICOKUIT ypoBeHb);

» Stop-ycioBue uau KoHer o6Mexa (Hapacraomui GpoHT Ha SDA,
xorza Ha SCL BIcoKH#A ypoBeHb);

* gaHHble roToBbl (Ha SDA HelaMeHHBI YPOBEHD, B TO BpeMsI KaK Ha
SCL BrIcOKHil yPOBEHbD);

* ycnemnstii npueM unu ACK (SDA nepeBoautcs: Ha HU3KUIE YpOBEHD,
korza 1o auHun SCL nepeziaeTcs ReBSATHIH TAKTOBLIH MMITYJILC);

* 3amuch (MJIAAUIME pas3psn ajipeca B cocTosHUN Jor. 0);

* yreHye (MJIAANIMH pa3ps/l ajfipeca B COCTOSSHUM Jor. 1).

3CNN3Y MICROWIRE UK KX AHAJTIOTU

B Tabn. 2.7 mpeacraBienn HauGonee pacnpocTpadenunie DCIITI3Y
¢ wnHo# Microwire u coBMecTHMBle ¢ Heil.

[TepBoHayalbHO ONTHUMH3UPOBAaHHLIE TS paboThl B yCTPOMCTBaX
¢ MuxpokorTpostepaMu COP xomnanuu NS (National Semiconductor),
3TU 3aNloMUHAIOLHe YCTPOMCTBA OGRIYHO OPraHU30BaHbl B PErHCTPHL HO
16 pa3psinos.

OnHako HEKOTOpble MOAETH MOTYT ObITh epeopraHu30BaHbl B CHCTe-
My C YABOEHHBIM YMCJIOM PETMCTPOB 1O 8 paspsaoB.

O6beMbl mamsTH 37ech Oojlee CKPOMHble, 4eM y 3aMOMMHAIONIUX
yerpoiicTs s wunanl [2C, onxa 13 panbosee MOMYJISPHBIX KOHGHUIYpa-
umit — 16x16 6uT (unu Beero Jnuib 32 6aifta), KoTopast 0CO6EHHO JelieBa.

OtMeTnM, 4TO 3TUX 256 GUT (06BeM MaMATH KpUCTaIIA /1A TelledoH-
HBIX YHI-KAPT) OKA3bIBAETCS BIOJHE MOCTATOMHO JJIsl pellleHUst MHOIHX
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Tabnmya 2.7. OcHostbie Tunst SCTITNI3Y Microwire

n * Microwire i WX aHaROrM (TDEXNPOBORHAR LiKKa)
Oprawusaums | NS - -|SGS-THOMSON | > XICOR- - | - ATMEL ' |MICROCHIP
9306/7 24CM4
16x16 93C06 '93C06 24C45 93C06
93CS06 {NOVRAM)
32x8 93C06
32x16 93CS26
9346 93C46 ' 93C46
64x16 93CS46 93CS46 93C46 59C11 -
93CS47 93LC46
59C11
128x8 93C46 93C46 93LC46
93CS56 93C56
128x16 93CS56 93CS57 93C56 93LC56
93C56
256x8 93C56 BLCS6
93C66
256x16 93CS66 93C66 931066
93C66
512x8 93C66 93LCE6

3aj1a4, B YaCTHOCTH /71 UAeHTUdMKamuy: mpocrtas namsath 9306, Hatpu-
Mep, MOKeT coziepaThb 16 Koz10B, KaX /bl U3 KOTOPBIX CocobeH MPHHIT-
Matb 65536 BO3MOXKHBIX KOMOMHAIIMIA

K nanHol1 xaTeropuy takxe mpuHaziexaT MukpocxemMsl NOVRAM
24C44 u 24C45 autostore (aBTocoxparenue) kommaHuu Xicor, [lns atux
uaznenuil paspaboTaHO MHOXKECTBO BapHaHTOB MPUMeHEHUS,

Iluna Microwire o6bIYHO TIpeACTaBIsgeTCs KaK TPEXIPOBOAHAL, eClH
He cuMTaTh 0OUIMU NPOBOJ U NMUTaHue: BuiGop kpucTtaina (CS ), CHHXpO-
Huzanusa (SK), nannnie.

Jlns nepenayy AaHHBIX MpeaycMaTpuBaOTCA aBe JuHUM: BBosa (DI)
u BeiBoZa (DO), 4To HanmoMUHAeT YeTHIPeXIPOBOAHYIO UIHHY, HO Ha ca-
moM zene uany DI u DO yacto 06beAuHSIOT Ha OTHOM ¥ TOM Ke IIPOBO-
fie, XOTSI P 9TOM U HeobXoauMa 0cobasi 0CTOPOKHOCTE BO H36exaHiie
KOHGJIUKTOB Ha LIUHe.

IloxoneBka 3THX paJlli03JIEMEHTOB MpaKTHiec-

KM CTaH/IapTU3UpOBaHa, 110 KpaliHel Mepe B TOM, P | 3asucur

YTO KacaeTcs UeCTH U3 BOCBMU BLIBOJIOB KOPIYca oTTvna
cM. puc. 2.17).

(cm. p 17) bVss

HNMeHHO M3-32 pa3nUYHOro Ha3HAYEHHS BBIBO-
noB 6 ¥ 7 MUKpoCcXeMbl pa3HOIH OpraHU3aiyi Uig Puc. 2.17. Liokoneska
Pa3HBIX IpOU3BOANTeNEH MOTYT He COBNIAZATh IPYT SCAN3Y Microwire
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¢ ApyroM ro 1okosneske, B nanbonee npoctoix Momensx (NMC 9306,
NMC 9346 11 1.21.) T4 1B BEIBOA@ IPOCTO He HCIOJb3YIOTCA. Y nprubopoB
NOVRAM kommaunyu Xicor oHM cayskaT st Toro, ytobsl Henmocpen-
CTBEHHO YNPaBJATH MPoLleccaMy COXpaHeHHA U o6MeHa IaHHBIMI MEXTY
6noxamit O3Y u ICIITIIY.

Berpeualored u clienyiolive HasHaueHITs 9THX BBIBOJOB, KaXkAoe H3 KO-
TOPBIX COOTBETCTBYCT OIIpefie/ieHHON MoxaudHKallHi WK MCIIONTeHHIO!

* BPE (Bulk Programming Enable) nosBossier paspeuiTs 1 3arpe-
TITH 3AIIHCh U CTHPaHUe BCETO COMEPKMUMOro MaMsATH LelHKOM;

* PRE (Protect Register Enable) nosposiseT paspelinTh HIM 3alPETHTH
JIOCTYIT K PETHCTPY 3alIUThl, cofiepKalie KOTOPOTo ONpeAesieT aj-
pec nepBOro perHcTpa 30HLI, 3alHIIEHHO OT 3anucH;

* PE (Program Enable) mosBoJisier pa3peniuTp Wiy 3anpeTUTh 3aIIIiCh
I CTHpanie;

* ORG (ORGanisation) cny:HuT A7151 OHpeneieHNs opraHU3aLiy 3aro-
MUHaIOHiero ycTpoicTBa B peructpsl no 16 nnu 8 6ur;

* TEST npuMeHsieTcs AJis TecTUPOBAaHUS Ha 3aBOjIE; CIIOIb30BaTh Cro
cleflyeT COTJIACHO TPeGOBAaHUAM H3TOTOBHTENS (KaK MPABUIO, €ro
Hajlo OCTABJATh CBOOOMHBIM UMY 3a3eMJISITD ).

B 3aBUCHMMOCTH OT THIIOHOMWHAJIOB ¥ MAPOK BO3MOKHBI pa3uyHble Ba-
PUAHTDLI Ha3HAYeHHsl 3TUX BHIBOOB U flaske PAsInYHble HAOOPBI KOMaH,
HeicTBUTeMbHO, 0OMEH MaHHBIMH C 3aAIIOMUHAIOUIUMY YCTPONRCTBAMH 110
uHe Microwire Gosee coxbli (HO Takke n Gonee 6oratwiii), Yyem
¢ ycrpoiicteamy Ha wpHe [2C: 3anomMunarolee yCTpoiicTBO 0XUaeT Ha
cBoeM BoiBozte DO cooblnenne, coctosiee U3 craproBoro 6uta (1), koga
onepanuy (ONKOZa), ONpeleNsIollero BHIIOHseMOe JieficTBIe, H afpeca
perucrpa (ecay TakoBoi He0GXONHM), @ 3aTeM — JaHHBIX.

Yro KacaeTcsl KOMaHIb YTEHHS, TO CUHTHIBaeMble OUTHI TOABATCA Ha
BeiBozie DO cpasy nociie 3aBeplieHNs nocbiaemoro Ha BeBoZ DI coo6-
11eHHs (ecay oHO GblI0 01103HaHO ). Bee mpoliecchl BRIHOIHSIIOTCS HO CUT-
HaJly CHHXPOHM3aIXH, MOCTyNaoneMy 1o JuHun SK.

OueBuaHO, yTO dopMaT 3THX 0OMEHOB GoJlee MM MeHee 3aBUCUT OT
TUIIA MHKPOCXeMBI ¥ OT ee U3TOTOBUTEJS, B YaCTHOCTU OT YUC/A Pas3psa-
JIOB, COCTABMAONMX ajgpeca. TaxuM o6pasoM, HacTOATEIbHO PEKOMEHAY-
€TCsl IOMYYUTh ¥ MoApoOHO U3YYUTH AeTajbHOe ollMcaHue KaXaoro pa-
JIM03JIEMEHTA, C KOTOPBIM MpeaioaraeTcs paboraTs.

JUIs MUKpPOCXeM C OJIHHM U TeM 3Ke Ha3BaHUeM KOXBI KOMaHJ TaKxKe
MOTYT HEMHOTO pa3jiM4arbcsd y PasHBIX W3rotoBuTeseil (HampHMep,
y komnanuiit NS u Microchip).
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NMPOrPAMMUPYEMBbIE TOTUYECKUE CXEMbI

[TporpamMiipyeMbie norudeckire itHTerpaabHble cxemsl (ILJIVC — Program-
mable Logic Device, PLD) ocHoBanbl Ha TeXHONOTHSIX, TOXOGHBIX TeM,
UTO MCHOJB3YIOTCA B MPOrPaMMHPYEMLIX 3aMOMHHAIIMIX YCTPOUCTBAX,
HO MIPHMEHSIIOTCS 3TH TEXHOJIOTHH B HECKOJIBKO HEOOLIYHBIX HeJISIX.

TIJINC npencraBaser coboit kpucTasLi, copepkauuii 60Jblioe YUCI0
3JIEMEHTOB, pealusyioux 6a3oBble Jorndeckue GyHKInY (rIaBHbIM 06-
PasoM BeHTHJIU U TPUrTepsbl). ITH GYHKLIIH IT01b30BaTeib MOXKeT opra-
HH30BaTb B TY MM HHYIO JOTHYECKYIO CXEMY B COOTBETCTBHY CO CBOMMU
TpeGOBaHUAMM, TIpHUEM OH MOXKET TIPOU3BOJILHO «Pa3BOAUTh> HE TOMbKO
COeMIMHEHUS] MEXK/LY JIOTUYECKUMY 1/uiy OydepHBIMH 3TeMeHTaMu, Ho
U ONpefleNisiTh Ha3HayeHUe BHIBOZOB KPUCTAINA U KOPIYca MUKPOCXEMDL.
[ToHgTHO, YTO TaKas TEXHOJAOTHS aeT BO3MOKHOCTb PeaU30BHIBATh JIO-
IiYecKyie CXeMbI, KOTOpPbIE NOJTHOCTBIO COOTBETCTBYIOT KOHKPETHOMY I1po-
eKTy uny paspaborke. '

Ecnu taxasi opraHusanus POU3BOAUTCS C IIOMOWIBIO MACKU BO BpeMst
MBFOTOBJIEHHS CXEMbL (gate array — 6a3oBbiif MaTpHuHbIii kpictann, BMK),
3TO BBITOZHO TONBKO 151 KpyIHOCepHUiiHOTO IpousBoacTsa. Kpome Toro,
npeano/araeTcsd 6oibIION NPOMEXYTOK BpEMEHH MeXIY OKOHYAaHUEM
Pa3paboTKy cxeMbl ¥ MOMEHTOM IIpeJOCTaBIeHHS! IIEPBBIX OIBITHBIX 06~
pasios, a Awbas ouubKa Wi U3MeHeHHe B CXeMe CTOSIT OUYeHb [0POTo.

Ho mnosb30BaTes b MOJKET CaM OPTaHU30BBIBATH CBOM JIOTUIECKHE CXe-
MBI, IpHYeM jJaKe B eIMHCTBEHHOM IK3eMILIsIpe, IIPU HOMOIIIU MPOCTOTO
U JIeNIeBOTO 110 cpaBHeHMIo ¢ nporpammaropamu ICIIII3Y obopynosa-
Hua. U aT0 okasmiBaetcsa ropasmo ymobHee. 3anporpaMMUPOBaHHYIO
TakUM 00pa3oM B MHKpPOCXeMY «TabJIMLy COeNHeHU > YacTHOTO pUMe-
HEHHS MOJKHO JIErKO CTePeTh yALTpadUOIeTOBbIM H3TyYeHeM UK dJTek-
TpUYecKH, a 3aTeM IleperporpaMMUpoBaTh Ha HOBYI0. HeManmoBakHo U 10,
YTO MOKHO HPEyCMOTpPeTh 3alIUTy OT KOMUPOBAaHUS CXeMEI CIlelalib-
HBIM <«OUTOM 321U ThI>.

Bce a1o BnosHe peanbHO U ZOCTHKUMO. B HacTosi1ee BpeMsI BhIITy1le~
HO MHO’KECTBO BAPHAHTOB MOIHOTO IPOrPaMMHOr0 obecTiedeHus, OpHeH-
THPOBAHHOTO Ha coBMecTHMblie I1K, nipuueM atu cuctembl HHoOrAa Gec-
IJIATHBL, U € UX TIOMOIIBIO BLITOMHsIETCS cOOCTBEHHO ITPOrpaMMUpPOBaHIie
CX€MBI COIJIACHO OMHCAHUIO JOoTUYecKuX (PYHKIUIA ¥ ypaBHeHUH, paspa-
GaThIBaeMBIX [OH30BATENEM TIPH IOMOLIY KOMIIBIOTEPHOTO <«JIOTHYeCKo-
"TO MOJIEIMPOBaHUsI», IPH KOTOPOM IIPOBOAMTCS TaKXKe aBTOMAaTHYECKast
IpoBepKa NMpaBUILHOCTH TOATOTOBJIEHHBIX IAHHBIX.



BA3OBBIE CTPYKTYPb! é1

CerozHs yke peaJbHO HAnHCATh HEUTO HOXOXKEE Ha <IPOrpamMMy»,
a 3aTeM Ha ee 0cHoBe 6e3 0¢o6oro Tpysa MOMYUITh CrelalbHYIO 1THTer-
pasibHYIO MIKpocxeMy. XOTS HeKOTOpbIe H3TOTOBHTEJ!1 BCAYECKH CTapaloT-
Cs1 ONIPOBEPrHYTH MPABHJIBHOCTL 3TOIT HIEH, HO CaMOCTOSATENBHO CKOHCT-
PYYpOBaTh NOAXOASIINN NPOrPAMMATOP BITOIHE BO3MOXKHO, & B HEKOTOPLIX
ciyqasgx M yAUBUTEJBHO NMPOCTO.

[ns panronobuTeneii-KOHCTPYKTOPOR TaKol MOAXON JaeT 1eblil paj
IPEUMYLIECTB: BLIMIPHILI B pasMepaX ¥ MPOCTOTe NeyaTHBIX IJIAT, yCKO-
peHMe npoliecca pa3paboTKH HOBBIX KOHCTPYKIMIA, MOBbILLIEHHe Ha/lesKHO-
CTH, yMEHBUICHIIe KOJIMYECTBA HY/KHDLIX TUIIOB CTaHJAAPTHBIX ITH(POBLIX
MHKPOCXeM, IOBbILIEHNE COOCTBEHHOM KBTH(MKAI[MH, 3A1Ta OT KOMII-
POBaHIS CXeM.

[Hoxynaresnb roToBBIX YCTPOMCTB TaKXkKe MOXKET BOCHOJIBL30BATHCS T0-
HOGHBIMH NPEHMYLieCTBaMH, HO OH [OJIKeH OCO3HaBaThb, YTO B BOIIpOCaX
06CaYKUBAHIS, PeMOHTa WAH MOLMGHUKAIMIA OH «CBSI3aH 110 PyKaM 1 HO-
raM»: y Hero He OymeT ZoCTyna K HauboJlee BaXKHBIM YACTSIM CXEMBI,
a'KYIUTh 3allaCHBbIE YAaCTH OH CMOJKeT TOJIbKO.Te, KOTOpble eMy II0XKeJaeT
TPeNOCTABUTL MPOM3BOJAUTEb.

BA3O0BbIE CTPYKTYPbI

Kaxxapiii npon3BoiiTes b IPOrpaMMHPYEMbIX HHTETPAJIBHBIX MHUKPOCXEM,
BCTYHAast B KOHKYPeHTHYIO 6opbOy, CTapaeTcst HCIOIb30BaTh CBOE COO-
CTBEHHOE «CEKpEeTHOEe OpY)KMe» 1 HpeajaraeT BHUMaHUIO TONb30BaTeNs
HCKJIIOUHTeNbHBIe CTOPOHB! cpoeil npoaykiuy. Ho B ocHoBe yacTo exkar
OIHH ¥ Te ke 6a30BLle 1HCH 1 IPUHILMIIBL — HACTOMBKO YaCTo, 4TO MOXKHO
TOBOPHTb O COBMECTUMOCTH GOJIBIITMHCTBA BBIMYCKAEMBIX BEPCUM.

C ompepeneHHoit gosell ycl0BHOCTH 3alOMUHaoLIMe yCTpoiicTBa
[H13Y mwm CIITI3Y nomycTumo paccMaTpHBaTh Kak MPOrpaMMHpyeMble
JIOTHYECKHE CXeMBbL; B pesKMMe UTeHH s 3alloOMHHaiollee YCTPOICTBO JiMeeT
HeKOTopoe KOJHUECTBO BXooB (LIMHA axpeca) U HeKoTopoe KoJIHYeCcTBO
BBIXOJI0B (LIMHA ZAHHBIX ).

15 KaXmoro coyeTadusl BXOJHBIX COCTOSHUI MOSKHO ONpe/eIiTh He-
KOTOPYIO KOMOMHAIIHIO COCTOSIHMIT BBIXO/A: IOCTATOYHO 3aTHCaTh HeoO-
XonyMble JaHHble 1O COOTBETCTBYOLIMM ajipecaM,

Hanpumep, Moxuo sanporpammuposatb CIIII3Y Ttakum obpasom,
4TO OHO OyZeT BHIMOJIHATH (hYHKIITI MpeobpazoBaTesis ABOMYHOTO KOJAA
B 7-CerMEeHTHBIf, B YaCTHOCTH KorAa Tabauia HCTHHHOCTH CTaHkAPTHOI
MOZle/IH He yIoBJeTBopsieT TpeboBaHMAM npoekTa. [IoHATHO, 4TO B 3TOM
ciydae HCIOMb3YIOT TOIbKO YeThipe JITHII aZpeca U ceMb JIHHITT IAHHBIX
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M MPOTPAMMHPYIOT TONbKO 16 siveek MO COOTBETCTBYIOLIMM ajpecaM —
HUYTOXKHO MAJIYIO YaCTh JJOCTYNHOTO oObeMa NaMATH. '

C Toux 3peHus anre6psl gornku (bynegoii anrebper), CIIII3Y mox-
HO paccMaTpHBaTh KaKk Habop Jornueckux anemenTos YV (Ha xaxnsiit an-
pec — 10 OHOMY 3JIeMEHTY CO CTONLKUMH BXOAAMH, CKOJIBKO HMeeTCs aji-
PEeCHBIX JMHHIT), TOc/e KOTOPBIX ClefyeT MporpaMMupyeMasi MaTpHia
nornyeckitx aneMenToB MJIW (Ha kaxmyic JMHHIO ZRHHBIX — 110 OHOMY
3IleMeHTy, CHabKeHHOMY CTOJIbKHMH BXOAMH, CKOJIBKO HMEeTCs1 apecoR),

IIpocrast mamsarts 27C64, nanpumMep, skBuBaseHTHa 8192 BeHTHIAM
U c 13 Bxomamn, 3a KOTOPBIMI CIIetyeT 8 sentnaeit UJIU ¢ 8192 sxona-
M. [IpuyeM Mex/1y aTHMU IBYMsl cxeMaMu ecTb 65536 mepembiuex, Ko-
TOpblEe MOYKHO MHAMBMAYAIbHO «CHUMATb» WIH «CTaBUTb», IPOTPAMMH-
PYysl MHKpPOCXeMY. '

Y0661 HAPHCOBATH COOTBETCTBYIOLLYIO CXEMY, HEOOXO1MMO OTOBOPHTh
HEKOTOpble yrpouleHHble 06o3Havenus. Ha puc. 3.1 npencrapien npumep
cxembl Hekoero CITII3Y, ocHamieHHOTO TOJNBKO YEeTHIPHMS a/IPeCHLIMH
JIMHUAMH ¥ YeTHIPbMSI TUHUAMHU JAHHBIX.

IT0 yCTpOHCTBO COOTBETCTBYeT cxeMe ¢ 4 aneMenTaMu VIJIM (kask it
¢ 16 Bxoaamu) 1 ¢ 16 senThaaMu Y (¢ 4 BXopaMu KaXXAbli ), CBA3aHHBIMHI
Mexnay coboil KOMMyTalHoHHOI MaTpHiell ¢ 64 y3namu. Bee Bxonnt ont-
HOT'O BeHTW/ISL TIpe/ICTaBJleHbl O/{HOMH JMHUell, BepTHKaJIbHON 1S 3/leMeH-
toB MJIU u ropusontaibHol ansa snementoR M. OHM mepeceKaoT Hox
IPSIMBIM YTJIOM JINHUM, C KOTOPBIMH MOTYT OBITh COEIMHEHB!: BBIXO/IbE
aneMeHTOR U co Bxopamu aneMenToB MJIU 1 BRIXOXI BXOXHBIX Oy (depoB
€O BXojaMu aneMeHTOB U,

PasyMeeTcs, Bxo/ibl 35ieMeHTOB M MOryT GBITh OAKIIOYEHBI KaK K Nps-
MOMY, TAK M K THBEPCHOMY BBIXO/1Y KasKIOT'0 M3 BXOAHBIX GydepHbIX 3J1e-
MEHTOB.

Coenunenusi Mex 1y BepTHKaJIbHON U FOPU3OHTAIBHON IMHUSIMY 060-
3HAYeHBI KPEeCTOM WIM TOYKOil, DTH COoeINHeHus], OYeBU/IHO, HEU3MEHHBI
112 YPOBHE BXO/IOB 3/1eMeHTOB U (OHM Onpe/iefISIioT apXUTEKTYPY 3alloMH-
HAIOLIero yCcTPoiicTBa), HO KOMMYTALMOHHOE N0J1e Mexy aneMeHTamMy Y
u anementamu WIW nosHocThiO mporpaMmupyeTcs MoJib30BaTesleM.
B nameMm npyuMepe 3azieficTBOBaHbI BCce BO3MOXKHBIE CBSA3M, YTO COOTBET-
ctByert ciyyawo yuctoro CIIII3Y (Bce 6uTh MeioT 3HaYeHHME 1).

[TporpamMmupoBaHHe 3aKJI0YAETCA B TOM, YTOOBI H30MPATeJbHO YHHY-
TOKHTD 3TH CBOEIO POMA <«ILJIaBKHE IIepeMbIYKU», BCEM Pa3pyLICHHBIM
nepeMbIYKaM COOTBETCTBYeET 0, 3allUCaHHBIi B olipefle/IeHHYIO sueiiky ma-
MaTd. CITTI3Y, Takum 06pasoM, cIyXar /s TOro, 4ToObl CHHTE3HPOBATh
mob6ble PasHOBUIHOCTH YHCTO KOMOHHATOPHBIX cXeM, HO YacTO 3a cyer
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I3 Iz b lg Cxembi NN
| | (Aporpammupyembie)

_ ERVIV.VY
Cxembt N

(HemameHsembie) 0; 0, 04 O

Puc. 3.1. Apxurextypa [noruveckas crpykrypa) CTINI3Y

HelOJIHOTO MCIOJIb30BaHUs BCceX BO3MOXKHOCTeH pannoaineMenta. Kpome
TOTO, HOATOTOBKA IAHHBIX JJIsl TPOTPAMMMPOBAHMS He Bcerna 6yieT Jer-
KHM 3aHATHeM (HYXHO «06cuntath» 8192 6aiiT IS IOJTHOTO KOHTPOJIS
3a 13 BXOJHBIMH JTUHUAMH U 8 BHIXOAHBIMH).

Puc. 3.2 wimoctpupyer apyroii Noaxon x aToii npobieMe: apXUTEKTY-
pa IIIIJIM (mporpamMmupyeMasi MoJb3oBaTeNeM JOTMYECKAst MATpHLA —
Field Programmable Logic Array, FPLA), B koTopoil KOMMyTauoHHOe
noJie MesKy BXopHBIMU OydepamMu 1 anemenitaMu U Takoke mporpaMMu-
pyeTcs.

Taxkoe pemense gaer 60abIIYI0 THOKOCTD, TO3BOJIAA JYYIIe HCIIOMB30-
BaTh BHYTpeHHHe pecypchl. B 3akimoyerne oTMeTHM, YTO 3aTPaThl TPYAA
U BpeMeHHU Ha pa3paboTKy ocTaloTcs A0CTaTOuHO GOMLIITMY.
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I3 Iy 4 lo Cxemsi U
I (nporpammupyemeie)

Cxe‘n;ﬂ n X
(nporpaMMupyembie) 0, 0, 0,4 O,

Puc. 3.2. Apxutektypa (nornveckas crpykrypa) MNIJIM

OcHOBBIBasich Ha NOZOOHBIX 6a30BBIX CTPYKTYpaX, II3TOTOBUTEJH HH-
TerpajibHBIX MIKPOCXEM IpeIaraioT 6ecuuceHHbIe BapHaHThl apXUTEK-
TypHbl 11 TONOJIOTHH, 60Jiee HIIN MeHee COBMECTHUMble Mex Ay 000, koTo-
pble pacIIHpsioT 06JAaCTM TpHUMeHeHUsl NpOorpaMMHMpyeMOi JIOTHKH.
CyuiecTBeHHOe yJIydlIeHHEe COCTOUT B TOM, YTO Tepell BbIBOAAMH KPHC-
Taja pasMeLlaloT Hé TIPOCTON NBYHaNpaRieHHBIH OygepHbIH a1eMeHT,
a yHIBePCAJIbHYI0 MHOTOQYHKIMOHAIbHYIO CAaMOTIPOTPaMMHPYEMYIO Mak-
pOsIUeiiKy.

HexoTopble, Ha ceropHsiHuii etib Haubosee coBeplIEHHBIE B TeXHH-
YeCKOM TJTaHe IPOrpaMMHpyeMble JJOTHYeCKHe CXeMbl TOJIBKO OTJa/leHHO
HAMIOMHHAIOT CBOUX JIaJIEKUX NPEAIIeCTBEHHUKOB. Tellepb IPOH3BoiITe-
J111 COTIePHHYAIOT APYT ¢ APYTOM B OCHOBHOM HO YaCTH BOOGPaxeHus: kTo
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BKJIOUHT GOJbIle BCEBO3MOXHBIX IPOTPAMMHMPYEMBIX JOTHYECKIIX
GYHKIHI B KOMMYTAIITOHHEIE MATPHITHI, KOTOPHIE CaMIT IO cefe Takxke
IIPOrPAMMUPYIOTCS TI0JIb30BaTesieM. BbICOKOKIACCHDBIE paiO3IeMEHTH,
npejylaraeMbic TakiMi Kommausimy, xak Altera, Atmel, Intel, ICT,
Xilinx, Actel, Lattice, AMD, Bce Gojiee IHMPOKO PacIpOCTPAHSIOTCS
M HaXoJsT NMpHMeHeHHe B CAMBIX pasHBIX 06/1acTaX.

NPOTPAMMMUPYEMbDIE JIOTUMECKUE MATPULLbI

Ionsitue «IIJIM» (mporpaMMupyemble Jorudeckue MaTpuubl Program-
mable Array Logic) coBcem He HOBO: oHo 6bi10 BBestero B 1970-x romax
komnanneir Monolithic Memories (MMI). C Tex mop 3TOT TepMHH HC-
H0JIb3yeTCSI MHOTOUUC/IeHHBIMHI IPOM3BOANTENIIMH, MHOTA U3MEHAIOILH-
MH, M o4eHb CYUIECTBEHHO, CBOM NMPOAYKThI. BHYTpeHH:s apXuTeKTypa
cxem I1JIM BbiTekaeT U3 M3BECTHOrO MOJIOXKEHHUS, COTJIACHO KOTOPOMY
n06ast GYHKINSA KOMOMHATOPHOMN JIOTHKH MOXKeT ObITh CBe/leHa K CyMMe
NPOM3Be/IeHUI (HATTOMHUHAEM, YTO TEDMUH «CyMMas YCJIOBHO obo3HadaeT
omnepanuio «jaorndeckoe MJIM», a TepMHUH «IpoN3BesieHUe> — ONEpPaInio
«Jjiorpueckoe M»).

Knaccnyeckne cpenctra, Takue xak TeopeMa e Moprasa, meroq KBaii-
Ha Mak-Knacky nan tabimust (xapter) KapHo, ZaioT BO3MOXHOCTb MO-
JIyYHTb MUHHUMH3UPOBaHHbIE OyIeBbl ypaBHeHNA U3 IOJHBIX yPaBHEHUil
UM TaOJIHIT UICTHHHOCTH, BbIBEIEHHBIX HEMOCPEICTBEHHO IPH U3y4YeHIH
peayin3yeMoil TOTHYECKOH CXEMBL.

Cxema IIJIM cocrouT U3 caenyiomux JOTHYECKUX O10KOB:

* HEKOTOpOe KOJHMYEeCTBO BXOAHBIX BBHIBOJOB, KXKIBIA U3 KOTOPBIX
ocHalllert 6ydepHbIM 3/1eMeHTOM, HMEIONMM OHOBPEMEHHO U TIpsi-
MOH, ¥ IIHBEpCHHI1 BLIXOADL;

* IpOrpaMMHpyeMas MaTphua JOrnyeckux 3aeMentos M ¢ MHorouuc-
JIEHHBIMU BXOJaMH, IpUYeM Ha KaX bl BXOJ KaXKAOTO JIOTHYeCKOro
aseMeHTa 11 MokeT OBITH TIOZAH Yepes NOBTOPUTENb WIH HHBEPTOP
N060i BXORHO CUTHAJ WK ero JAOToNHeHNe Yepe3 IPorpaMMUpy-
eMoe KOMMYTAI[IIOHHOE T0JIE;

* oKkecTkast (HeM3MeHHAas) MATpuiua Jordyeckux asjieMentoB WJIN
C oTipesieleHHBIM KOJIMYEeCTBOM BXOJIOB, KaXAbI M3 KOTOPBIX NOA-
KJIIOUeH K COOTBETCTBYIOLIEMY YHMCY BBIXOROB BenTueil H;

* B Cy4ae HEOOXOMITMOCTH HeCKONbKO Oy(depHBIX cXeM, pasMellleH-
HBIX MeXAY BbIxopamMH BeHTHsAeil MJIW M BHEITHUMU BBIBOJAMH
T1JIM: 35ech MOXKHO HCHIONB30BATL MHBEPTOPDI, 6ydepsl ¢ TPeTbUM

-cocrostHMeM wial D-tpurrepsl. B nocnentem cayvae IIVIM corysxut
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JIJIs1 TOTO, YTOOBI PEaU30BBIBATH HE TOJIbKO KOMOMHATOPHBIE CXEMBI,
HO U OTHOCHUTENLHO CJIOXKHDIE 10C/IeIoBATebHbIE CHCTEMDI, HANPH-
Mep CYETYHKHN MITH PETUCTPBI;

* 06BIYHO 106aBJIEHO HECKOJIBKO siueek 0OpaTHOll CBSI3H, BO3BpALIA0-
HIMX BBIXOJHBIE CHTHAJBl B IPOrPAMMHpYEMOe KOMMYTAIIMOHHOE
ToJjie st TOro, YToObl OHM MOTJIM ObITh 06pabOTAHDI KaK BXOLHbIe
CHTHAJBL.

Puc. 3.3 mokaspiBaeT, UTO TaKast CTPYKTYpa B JeficCTBUTELHOCTH TI0JI-
HOCTBIO NpOTHBONOJIOXKHA cTpoeHuto CIIII3Y, paccMoTpeHHOMY BHilIIE.

Kaxnpiit BeHTHAb Y1 MMeeT CTONBKO JKe BXOJOB, CKOJIBKO BEPTUKAIL-
HBIX JIMHUI HACYUTHIBAETCA B MaTpHue (06b14HO 32, nHOTAA 60MIbINE), HO
KKALIH BXOJ MOYKET ObITh MOAKJIOUEH K BEPTHKAIH, KOTOPAs JUIS HETO
BbIJieJIeHa TOJIbKO HOCPe[CTBOM IIABKOH HepeMBIKH,

ITepBoHayaabHO Iesasi, OHA MOXeT OBITh paspyilleHa H3BHe BO BpeMs
ollepalMy MPOrpaMMHUPOBaHUsl. TakUMH HeoOpaTHMO pa3pylIaeMbIMH
[JIABKMMM [epEMBIMKAMHU JAeHCTBUTENbHO OCHALIAIUCH TepBLie, OUnmo-
aspubie IJIM, Ho Tenepp onu 3ameHennt MOII Tpax3ucTopamn ¢ mia-
BAIONMM 3aTBOPOM: BMECTO TOTO YTOOBI (PH3HUECKU CXKHUTATDH IEPEMbIY-
KY, TIPOCTO MHXXEeKTHPYIOT 3apsi/l Ha TIABAOLHIT 3aTBOP TPAH3MCTOPA,
kak 1 B CIITI3Y. Xors aToT 3apsn ctocobeH CyIHeCTBOBATD FOJAMH, ero
MOYXHO GBICTPO YAAIMHUTD OO 3JIEKTPUYECKH, TUG0 O6IyYeHUEM YIBTpa-
tduonerom, eciiu I1JIM pasMeliieHa B kopiyce ¢ KBapieBbIM OKOIIKOM.
B TakoM cilyyae Mbl paciioiaraeM CTHpaeMbIMH H TlepelipOrpaMMHpyeMbi-
mu I1JIM, npudaprexamymu K ceMeiicrsam YO CITJIM unu 3CIITIIM
(ctupaempie [IJIM — Erasable PLD, EPLD). 3to uneasnbHbiii BapuaHT
npu pa3paboTKe M OTJa[Ke, KOTOPbIE, KAK IPABUJIO, TPEOYIOT HECKOIb-
KHX IIOMBITOK.

PaaMeinieHHbIE B IJIACTMACCOBBIX KOPITYCaX, HEMpO3payHbIX, HO HCKJIIO-
yyTeapHo aemeBnx, YO CIUIM, xax 1 CIIII3Y, nuieHn BO3MOXHOCTH
CTHpPaHHUs, IPH 3TOM HasbIBaThcs oiu O6yayT Ol (oHOKPATHO HPOrpaM-
mupyemble — One Time Programmable, OTP).

Brixozbt Joruyeckux ajieMeHTOB Y HasbiBalOTCs TepMaMH HPOU3Beie-
HMi 1 o6befiuHeHb B Ipymisl (00BIYHO N0 BOCeMb) Ha YPOBHE BXON0B
Jlornyeckux aneMentos WJIW, BHIXOIBI KOTOPBIX ITOAKJHIOYEHDI K BHIBOiaM
IIJIM. Mmenno B aneMmentax MJIU ocymecrBisieTcd CYMMHPOBaHue
OKOHYATEJIbHBIX Pe3YJIbTATOB.

TIpocTeiimas ITJIM 4acto conepxuT 8 jormdeckux a/eMeHToB JJI1
c 8 BXo/1aMH, To ecTb 64 Tepma npousseieHuit 3 64 JOTHYECKHX 31emen-
T0B 1 ¢ 32 BXOHKAaMH Kax/ibIii, a TaKkxKe 8 BXOAHBIX napaasHbIx 6ydepos



TIPOMPAMMMPYEMBIE IOMMYECKME MATPULB! é7

13 I I4 lg Cxemsl MNIN

(HenmameHsembie)
IVAVAVAV
L

"Cxembt U ??Y
(nporpammupyemsie) 0, 0, 0, O

Puc. 3.3. Apxurextypa (nornueckas crpykrypa) /1M

¥ 8 BBIXOAHBIX CXeM (MHBepTOpH, 6ydephl, TPHITEPHI U T.0.). ITO COOT-
BeTCTByeT 2048 IIaBKUM MepeMbIYKaM.

BuyTpenHue cxeMbl NOLOOHBIX PajiloajieMeHTOB OYAYT NOCTATOYHO
CJIOJKHBI, €CJTM HE HCII0JIb30BATh OTOBOPEHHbIE Bhllile YCIOBHbIE 0003Ha-
YeHHUs, KoTopble Mbl yxe npuMeHsiin st CITII3Y. Takum oGpasom, co-
BOKYTHOCTb BXOJOB JIOTUYECKOTO 3jieMeHTa W mpefcTaBasioT B KOM-
MYTaOHHOM [10Jie TOPH30HTAJIbHOI JIMHHel, KOTOopast IepeceKaeT Bce
BepTHKANbHbIE JIMHIH, COOTBETCTBYIOIIME BXOAHBIM TEPMAM HJIHM Tep-
MaM 0OpaTHOI! CBA3H, IIPSIMBIM MJIH MHBEPTHPOBAHHBIM.

Kasxawit Bxot, coenniHeHHbLiT ¢ BXOAHBIM TepMoM (MHAaYe TOBOPS, He-
paspyinenias nepeMblyka), 0603HaUeH KpecTOM MM TOUKOI B MecTe Te-
pecedeHHs1 COOTBETCTBYIOLINX BEPTUKAJILHON U TOPU3OHTANBHOM JIMHUIA.
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B nefictBnTenprocTy Hanbonee npoctoie ITJIM yacto pacnonarator
BOCEMBIO BXOZIaMII H BOCEMBIO BBIXOAAMU, U 9TO yKe JaeT GoJibllie Bo3-
MOXHOCTH. J{oCTaTOUYHO 1CIIOIB30BaTh KOPIyca ToJbKO ¢ 20 BBIBomaMi —
«Baauarymo cepiio» IJIM. Onn 6sn HanboJiee MIMPOKO pacrpocTpa-
HeHBl /10 TIOSIBJIEHUST «ABaJllIATh YETBEPTOH CepUu» € [BAMIIATLIO YEThIPb-
M$1 BLIBOJAMH M COOTBETCTBEHHO C GOJBIINM KOMHYeCTBOM BXOJOB H Bbl-
XOZI0B. ‘

C yBenHYeHHeM YHCJa BXOAOB H BBIXOJOB CXeMa YCJIOXHSIETCS: Ha
puc. 3.3 nokasaHo, Kak BeIrAgAUT Marpuua [[JIM ¢ yeThIpbMsI BXoZaMH,
4eTBIPbMSA BBIXOZIAaMIT M ILICCTHAALATHIO TEPMaMH IPOU3Be/IeHH, HO 3TO
Jajieko He Tpejert.

CAMBbBIE NMONYASAPHBIE MNJIM

ApPXHTEKTYpPa, KOTOPYIO MBI TOJIBKO YTO OTIPEAETHIH, HONYCKaeT MHOTO-
YHCIeHHbIe BapHaHThL M aTo o4eHb yRo6HO, HOCKOABKY He kaxaast [TJIM
HO3BOJIAET PelllUTb J100yio mpobileMy ¢ IOTHYeCKHMU CXeMaMIL.

Korsa ects norpe6HoCTh B 60MHIIOM KOJHYECTBE BXOJOB M BLIXOJOB,
MOKHO 00BeTHUTD Heckoabko kopnycoB IIJIM, coxpanss Ipu 3ToM
BBIATPLIL B KOJIHYECTBe KOPIYCOB {0 YeThIPEX MJIH MSTH pa3 OTHOCHTEJb-
HO HCIOJb30BaHHs CTaHAAPTHBIX JOrndeckix cxeM cepuit 74 umn 4000.
[Ipesien cI0XKHOCTH 3aBUCHT OT KOHEYHOTO YKCJId TEPMOB NPOU3BE/IEHHUI,
IojjaBaeMbIX Ha BX0Abl kaxkaoro Bentuas UIN.

ITo cpaBrenrno ¢ IIJIM, IITIJIM (mporpamMmupyeMble MoJb30BaTEIEM
Jornyeckue MaTpuibl — Field Programmable Logic Array, FPLA) o6a-
zatoT 6omblreil THOKOCTBIO B OPraHU3alMH CXeM, TaK KaK MMEIOT BTOpPoe
nporpaMMHpyeMoe KOMMYTArHOHHOe HoJIe — MeX1y BeHTUIsIMU U 1 BeH-
tisrsivu FUJIWL. TIpu 3ToM coOoTBETCTBEHHO BO3pacTaeT CJIOKHOCTD U yBe-
JIUYUBAeTCs BpeMs Pa3paboTKH MPHIOKEHUH,

[ono6Hy10 rHOKOCTh MOKHO MOMYYUTH U 0T 06byHbIX TIJIM, BbimyC-
Kag MHKPOCXeMBbI € PasAU4YHbIMII BapHAaHTAMH COeIMHEHNH MeXIY MOay-
JIAMU C UCNOJb30BaHeM ofHOIT 061eil apXHTEKTYPBL.

Ob6osnavenne kaxzoii I[IJIM nomumo nrdopMaiy BTOPOCTENEHHOTO
3HaUeHHs COJEPXKUT KopeHb, MHGpopMHpyOIMIT O BHYTPEHHEH OpraHu-
3anHH PaJHoIeMEHTA.

[1JIM 1618, sanpumep, umeeT Marpuiy c 16 Bxoxamu (1160 32 pep-
THKaJIU, €CJIN YYHTBIBATh HHBEPCHDLIE) M BOCEMBIO BBIXOAAaMH C MHBepTO-
pamit (C AKTHBHBIM HU3KMM ypoBHeM — active Low).

Takue e BoaMoxHocTi nmeer u [IJIM 16R8, Ho nepex ee BhIXonanm
BKJoueHbl Tpurrepoi (Registered).
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I1rpoxo pacnpocTpaHeHbl TPOMEKYTOUHDIe KOH(HTYPAILUIL, KOTOPBIE
PAa3NIUAIOTCS KOJMIUECTBOM BHIXO/I0B, CHaOKeHHbIX OydepaMil Wil TPHUI-
repamit. B IIJIM 16R4 BcTpoeHbl, HallpHMep, TOABKO YeThipe TPIITepa,
B TO BpeMs kax B [IJIM 16R6 11X caesaHo mecTs 1, cneoBaTebHO, eCTh
TOJIBKO Ba OOBIYHBIX Gydepa. ‘

Byxsa «H» oanauaer, uto koMOMHATOPHbIE BLIXOADbI C/lealibl 6€3 I1H-
BepcuH (¢ AKTUBHBLIM BBICOKUM ypoBHeM — active High), 6yxsa «X» — uyto
TIJIM cHaOxeHa BBIXOAHBIMM siueliKaMH ¢ JIOTMYeCKHMH 3J1eMeHTaMHU
Hckniovalotniee MJIU (eXclusive OR), a «P» cootsetctByert 11JIM, B K0-
TOPBIX MPOIPAMMHPYETCsl THII BBIXOHOIO Oydepa — MOBTOpUTEb HIIH
HHBEPTOP.

Yrobbi u3yunth ocHoBB pabotsl ¢ ILJIM, npeamouTuteNsHO OrpaHu-
ynTbea MHUKpocxeMamy 1618 u 16R8, a takske, no HeobxoxumocTn, 16R6
11 16R4. 1o Haubosee XapakTepHBIe MUKPOCXEMBI, KOTOpBIE Nyulie BCe-
ro NOAXOAAT /st 06pa3soBaTeNbHBIX IeJlell.

Ha prc. 3.4 npuBejieHbI [{OKOJEBKH BCEX YeThIpeX YIOMSIHYTHIX BbIlle
MHKPOCXEM B PeXXHUMe «UCIHOJIb30BaHUE», KOTOPbIe MOJHOCTBIO OTJIMYa-
I0TCSI OT HOKOJIEBKH, IpUMeEHseMOH NIpH MPOrpaMMHUPOBAHIH 3THX ITPH-
6OpoB.

o PAL16LS8 Vee . PL16R8 :vaC . PAL16R6 Vee o PAL16R4 Vcc

1 1 20 1 1 20
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Puc 3.4. okoneskn nanbonee pacnpoctparennsix [1/IM

IJIM 1618

Puc. 3.5 nosHOCTBIO BOCIIPOM3BOAUT BHyTpeHHI0I0 cxemy [IJIM 1618
(6€e3 NPUBSI3KK K TOMY HJIM MHOMY M3TOTOBHUTEN) ¢ 0003HAYEHUSIMH,
oroBopeHHBIMH paHee. Ho 11 yi00CcTRa YTEHUST KPeCThl, COOTBETCTBYIO-
U[ie Hepa3pyWEeHHBIM TIaBKIM NepeMbIYKaM, He Hcmonb3osamick. (Pea-
JAu3yemas Joruyeckasi GyHKIusI onpeleisieTcst TeMH IJIaBKUMHU Jiepe-
MBIYKAMH, KOTOPBIe OCTABJISIIOT HETPOHYTHIMHU, IO3TOMY Pa3yMHO KPeCThbl
106aBAATD, a He CTHpaTh.)



70 TIPOTPAMMUPYEMBIE TOMMYECKUE CXEMbI

Jannas IIJIM nMeeT necsiTh BXOXHBIX BRIBofoB (¢ 1 mo 9 mmoc 11),
npirueM 11 4acTo CTyKHT BXOJ0M paspelieHns IS BbIXOAHBIX OyepoB,
XOTs 9TO 11 He 06sA3aTeNbHO. ,

W3 necaT BXOAHBIX CHTHaJOB 06pasyioTcst 10 npampix 1 10 HBepc-
HBIX, KOTOPble NoakmodaloTcsd K 20 BepTUKaAbHBIM JTMHUAM NPOTPaMMil-
pyeMoii MaTpHLbl (KOMMYTALIMOHHOTO 10JIA), cofiepskanieit 32 TaKue -
nuit (ato unnu 0, 1, 2, 3, 4, 5, 8,9, 12, 13, 16, 17, 20, 21, 24, 25, 28, 29,
30, 31 — cM. puc. 3.5).

Ha 12 ocTtaBmmxcs MUHMIA TORAOTCS CHUTHAIBL 0OpaTHOM CBS3H OT
IIeCTH 13 BOCbMH BBIXOAHBIX Gydepos, Takxke U NPAMbIE, 1 HHBEPCHDIE.
Kasx/piii 13 BocbMu BBIXO0B (BbIBOAM! ¢ 12 1o 19), ocHaieHHbIx Oyde-
paMHU ¢ TPeTbUM COCTOSTHHEM, MOXKHO NepeKTIOuNTh B HeaKTHBHOe (Tpe-
The) COCTOSIHHE HABCET/a, HO 3TO TIPOUCXOAUT U B 3aBUCHMOCTH OT HeKo-
TOPHIX COCTOSIHUI Ha BxojaXx. B Taxwx ciydyadx miecTh ¥3 BHIXOAHBIX
BBIBOZOB (BRIBORI ¢ 13 110 18) MOryT IpHMEHATBCA KaK NOTIOJHUTEbHbIE
BXOJ(BI, 4TO MO3BOJIsET JOBECTH MaKCHMaJIbHOE KOJMYECTBO O/JHOBpEMEH-
HO MCMOJIb3yeMbIX BXOJIOB /10 16, HO IpH 3TOM, €CTeCTBEHHO, MOKHO I10-
JIY4MTD He GoJlee IBYX BBIXOJIOB.

Kaxzabiii u3 BOCOMH JIOTHYECKHX 3JIeMEHTOB WU, paboralouux Ha
BRIXOJIBI, IMeeT ceMb BXOZIOB H cliocobeH o6pabaTbiBaTh CeMb TEPMOB IIPO-
U3BEJIEHNI OT HATHAECATH 1lecTH 32-BXOL0BHX JOTHUYECKUX 3JIeMEHTOB
. Taxum 00pa3oM, OCTAIOTCS BOCEMb TEPMOB NPoH3BeleHUl! U3 64 xo-
crynabix (0, 8, 16, 24, 32, 40, 48 u 56). OHHU Bbl/ie/IEHBI IS HE3ABUCHMOTO
yIpaBJIeHHst peKMMOM BOCbMH BBIXO/IHBIX 6y(epoB ¢ TPETbHM COCTOSIHHU-
eM, YTO JAaeT BO3MOKHOCTb HCKJIIOUNTENIbHO MOKO OpraHu3oBaTh CHUCTe-
My BBOJia/BhIBO/Ia pa3pabaThiBaeMON MUKPOCXEMBI.

Ha 3toM arane Halllero 3HAKOMCTBA C HHTETPAJILHBIMIA MUKPOCXeMaMHU
T1JIM mose3Ho BBECTH JiBa OCHOBOIOJIATAIOIUX [IpaBUIIa:

 moboe coyetanile CUrHaJa U ero JIOTIOJHEHNs B TepMe NPOH3Beie-
HHUS [TePeBOUT NIOC/IeIHNIT B Hen3MeHHOe cocTognue Jor. 0 (Ha Bbl-
XOJie BCeTia HU3KHUi yPOBeHb), IT0, B YaCTHOCTH, UMEET MecTo, eC/In
BCe TLTaBKHe MepeMbIuKH 11eJ1bl, HanpuMep korzaa ILJIM eue e npo-
IpaMMHUPOBAJIACD;

* ecJIM JKe BCe IE€PEMBIYKH JMHNU Pa3pylueHnl, COOTBeTCTBYIOLIMI
TepM NpOU3Be/IEHH MOCTOSTHHO HAXOAUTCA B COCTOSIHUM Jior. 1 (Ha
BBIXOJie BCET/ia BBICOKUH YPOBEHD).

CienoratenbHo, A TOTO YTOOH! 3adUKCHPOBATh BBIXOLHON Oydep
B TPETBEM COCTOSIHMH (C BBICOKHM BHIXOJHBIM CONPOTHUBJIEHHEM), AOCTA-
TOYHO OCTaBUTb HETPOHYTHIMH BCe TIepeMbIuKH JUHUH, YIpaBsiolleil ero
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1
0 4 8 12 16 20 24 28
0 pin18. oe
:§>' pin19= —-—E
2 p|n2 — - pin1
_[; 'p|n2—-~ Tpin1
—— pin18. c.. ®
:E_)—-! pin18= —
15 2
3 [; pin3  pin18
plno 1pin18
: pini7. oe
E%:}'plm 7= 17
23 B
in4 pin17
b= (Rin 1pin17 T
24 pin16. oe
E?' pin16= -—-—1—§
s 31 B
p|n5 p|n1 6
——'{; pu 15 pin16
32 pin15. oe—
:%:)4 pin15= —%«——1—5
39 B3
p|n6 pin15 :]
——'{; plnu ! pif‘l1 5 g
R pini4.0e=
5§}!ptn14= %«——1—‘1
7 \ 5 5 in14
pin7 pin :] |
——'{; !pin7 1pin14— %
48 - pin13.0e=
& Ipin13= _:Bo___Jé
55 B
8 pin8 pin13
——'{;'pino ‘pln13 <
: pin12.0e
= Ipin12= ——{ﬁo——ﬁ
9 pln9 pint1 1
—= fine tpin11 T

Puc. 3.5. Brytpernss cxema [1/IM 1618

BXOZIOM pa3spelileHus1. HanpoTtus, 4ToObI HaBCera MpeBpaTUTh ITOT Oy-
¢ep B IPocTOii HHBEPTOP WK MTOBTOPHUTEJIB, HAZO I10JTHOCTHIO Pa3pyIIUTh
BCe IIePeMBIYKH TOH XKe JTUHHH.
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IIJIM 16R8

Ha puc. 3.6 nmokasana BHyTpennsisa cxeMa ITJIM 16R8. OTMeTiM Haalll-
yie TOJbKO BOCBMH BXOIOB M BOCHMH BBIXOAOB, KaX/blif U3 KOTOPBIX
ocHailleH D-TpurrepoM 11 caietyrotmm 3a HuM 6ydhepoM ¢ TpeTbHM COCTO-

STHUEM.

B oTamyue ot ITJIM 1618 BoceMb 6ydepoB ynpasasioTest 34ech Mo oJ1-
HOM JIUHIH pa3pellleHHs, MOAKNIOUeHHOH K BoiBony 11. [{pyroe otanuue

1

0 4 8 12 16 20 24 28
0
pin19.d= —
2 pin2 o 1pin19.q
—_{; lp|n4 piniS.q <:]_
-,
B pin18.d= —
15
3___{; pind !pin18.q:3:}_
!pin‘i)‘6 pin18.q
- pin17.d= —
23 R
4 pind !pin17.q
= Qi Pn7.9 —=H
24
pin16.d= —
31
5 pin5 Ipin16.q
——{; !pius pin16.q :j}—
32
pin15.d= —
38
6 piné Ipin15.q
_{; 'p|n6 pin15.q _——_{7:}_
pin14.d= —
47
7 pin? {pintd.q
—{= i Piaq —=H
48 -
pin13.d= —}
55
8 p|n8 1pin13.q
——{; pulu pm13q '—g——
pin12.d= —
63 12
9 ing pin12.q9
L5 Be " fin12.q

]

S Ly ey e e

A A &

Puc. 3.6. Bryrpenras cxema [1/IM 16R8

-

-

Y

12

1
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3aKJIOYAETCsl B TOM, YTO BLIXOJDbI HE HMEIOT Lenyu obpaTHoil cBsi3n, mo-
9TOMY He MOTYT HCIIONL30BAThCA B KayeCTBe JTOMOTHITENLHBIX BXOIOB.
OnHako cOCTOSHHS BLIXO/OB BCEX BOCHMIL TPHITEPOB lEPEAIOTCH € TI0-
Mobio 6ydepoB ¢ napadasHbIMH BLIXOAAMU O6PATHO B IPOrpaMMIpye-
MYIO MaTPHILY, CJIe/IOBATENbHO, B Hell 0CTaloTca Te ke 32 BepTHKATbHbIe
JIMHM, '

Kak nsBectHo, 06prunblif D-Tpurrep MoxHo npeobpaszosars B T-, RS-
i paxe B JK-Tpurrep, ecii pa3aMecTUTh Ha €70 BXOAaX COOTBETCTBYIO-
upie KOMOMHATOPHDIE CXEMbI, MOITOMY KOHGUIYpalUst MIKPOCXeMbl
I1JIM 16R8 nmoctpoena Tak, 4ToOb yNPOCTHTD PEAU3allII0 BCEBO3MOXK-
HBIX CYETYMKOB, & TAK:Ke CIBUIOBBIX H APYTHE PETHCTPOB, B COCTAB KOTO-
PBIX. BXOJIUT /IO BOCHbMII TPHITEPOB.

Bxoapl cHHXpOHM3aMI BOCHMM TPUITEPOB COE/IMHEHBI BMECTE Ha Jii-
HUH, HoAKMoveHHoit k BoiBogy 1. Taxum 06pazoM, paspabaTblBaTh MOXK-'
1O TONIbKO CMHXPOHHBIE TIOCTeoBaTe/IbHEIE CXeMBl (BCe CTaHAapTHBIE
CYETYHKH — CHHXPOHHDIe, HO CHHTE3UPOBaTh CUHXPOHHDIE CXeMbl He-
CKOJIDKO CJIOKHEe, YeM aCHHXPOHHBIE),

ITJIM 16R4 n 16R6

Muxpocxembl 16R4 11 16R6 siBAsI0TCS IPON3BOAHBIMHU OTHOBPEMEHHO OT
ITJIM 1618 1 16R8. C ux nomMouibio MOKHO peliats enie HoJiee pasHoob-
pasHble 3a/1a4, XOTs 6a30BbIH MPHHIIUIT ApXUTEKTY Dbl OCTAJICSA MPEKHUM.

YHUBEPCAJIbHbIE INJiM U GAL

Wrak, MBI paccMoTpenu YeTnipe pasauydbix tuna I1JIM, xoropsie B Ha-
cTosilee BpeMs HauboJIee PACIPOCTpaHeHs. Mbl YBUICIH, 4TO ONpeie-
JIeHHbI{1 HeoCTaToK THbKoCcTH apXuTeKTYphl [IJIM MoxkHO cKoMIeHCH-
POBaTh TONbKO OYeHb 06CTOATEILHBIM BoIOopoM TUMa TTJIM 11a Kaxkaoro
KOHKpeTHoro npuMeHeHus. Ho 3anacaTeca MHOXeCTBOM THIIOB U Pa3Ho-
BuHOCTell MukpocxeMm ITJIM coBcem He 06SI3aTeNBHO.

B Tevyenne sonroro BpeMeHH MHOTHE KOMINAHUHU-NPOM3BOMTENH pa3-
pabaThIBaM KOHIEMIIUIO «yHUBEpcanbHbIX> [1JIM, KoTopbie 6iarosapst
JOTOMHHUTENBHEIM MJIABKHM MlepeMbiuKaM MOLJH Bl MporpaMMIpoBaTh-
€S TAKUM 06pa3oM, YTOOBI peaH30BHIBATh APXUTEKTYPY PA3THYHDIX CTaH-
Japtaeix TLJIM.

Muxpocxema GAL22V 10 — HecoMHeHHO HanboJee OMyJIsipHast U3 Ipo-
rPaMMHUpPYyeMbIX Jorudeckux cxeM nocie I1JIM ¢ 20 BoiBogamy, koTOpbIe
OHa, TI0X0XKe, HauMHaeT Bee Goplile v OoJbuie BoTecHSTh. Tepmun « GAL»
(Generic Array of Logic — noruyeckas matpuna obmero IpuMeHeHus,
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Puc. 3.7. Buyrpennss cxema [1/IM 16R4

0 8 12 16 20 24 28
0 pin19.0e = —
pin19.d= —:go— 19
7
2 pin2 —{ p|n19 q /
_—{X ! p|n2—" 1pin19.q m
- pin19.0e= -
= pin18.d= —@w 18
15 =
3 p|n3 p|n18 q
_{; tpin3 1pin18.q Q
16 3
“g}— pin17.d= — M
23 >
4 pind lpin17.q :
_——{:Z !'pin4 pin17.q :j_
2 5 16
= pin16.d= — i&o—
31 = .
5 pinS ! pin16.q :
“[F Ipin5 pin16.q :j_
32 =
= pin16.d= — M
39 B . b,
piné !pin15.q
'—{X 1 pinG pin15.q —‘—-4:}'_
40
pin14.d= %«ﬂ
47 '
7 pin7 pini4.q
—‘W Ipin7 pin14.q O
48 - Jin13.0e=
= ! pin13.d= —(J/\e 13
55 =
8 p|n8 p|n13 q :3:]____
'—{X pu 18 p|n1 34
B pin12.0e=
) D pint2.d= 12
63 B—
g ping —, pin12.q :3:}____ 11
'—{X I'ping t——Ipin12.q <}

YHHBepcaJibHasl JIorudeckas MaTpulla) — 3TO 3aperMCTPUPOBaHHas TOpro-
Bad MapKa KomIannH Lattice, HoO OH yXe JaBHO HUCIHOJIb3YeTCs IpYTUMH
¢upMaMH, KOTOPbIe MPOU3BOAST 3TH PaJHOdTIEMEHTHL Hekoropoie npexn-
IIOYJIM NIPUAYMATh CHHOHIMBIL, HanpuMep komnaHus AMD nassasna ana-
noruuHee cemeiicrBo PALCE, a xomnanust ICT Boibpana aG6pesnarypy

PEEL.
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1
8 12 16 20 24 28
o] R pin19.0e=
1pin19.d=— — 19
7
2 pin2 —4 p|n1 9.q
—‘[F p|n2— ! pin19.q >
pin18.d= — M
15 b
pin3 —| !pini8.q
—‘[F pmo pin18.q S:}"
pin17.d= — M
23 b
4 pind lpin17.q
—‘{}: Tping pin17.q <j_
24
pinte.d= 5 T {5016
31 ' b
5 p|n5 .p|n16‘q_—?j
‘—'{; pin& pin16.q
32
pints 0= 5B oo 18
39 ' hy
6 piné Ipin15.q
.—‘w ! p.ll 6 pin15.q —‘43_
40
pin14.d= — M
47 ' P
7 pin? pin14.q
—T= pin7 pin14.q T
48 : B
= pin13.d= — @o—ﬁ
55 = 3
8 pin8 Ipin13.q
'—{X p|n8 pin13.q >
pin12.d=
gD—! pini2.d= j{‘/.L 12
63
9 ping - pin12.q Z:}__ 11
—{:}:'pms t+—Ipin12.q <]’

Puc. 3.8. Buytpernss cxema [1/IM 16R6

Ipunuun GAL — ato Bapuant apxurektypsi I1JIM, riaBHas ocobeH-
HOCTh KOTOPOTO COCTOMT B TOM, UTO BCE BBIXOJIHBIE STUelKU 3/(eCh TOXe IIPO-
rpammupyeMsle. TaxuM ob6pasom, TaM, rie B ctangaptroii ILJIM (nanpumep,
B 16R6) HaxoauTca Tpurrep unu 6ydep, B Mukpocxeme GAL pacnionosxke-
Ha Makposueifka, KoTopast CocoGHa ObITh U TPUTTEpoM, U 6ydepom, a BbI-
XOZ MaKPOSIYEKH MOKeT ObITh U IPSIMBIM, H HHBEPCHBIM. QUeBHIHO, YTO
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—>

’ Ko BceM makposeikam

0 4 8 12 16 20 24 28 32 36 40
. .

Vaen 25ty ! } {O— preset=—
Ko Bcem peructpam
QEELIREEIIRRE R Biid BRGiagpany MaKpO-'—z_s‘
pin1 —| 7
g =] i —] adedika
mER e g o - 3 B3 24 B g 7] 22
2 . IBEEEE BEELinay . Qb D e < MaKpo-_’
E}: pin2 1 %
pin2 | Aueitka |
i _ 1 ] 21
. STAERTA AERE AT TR Barane Makpo-[—
3 pin3 i
'—t?: po3 svenka
b
) 7 5% % 5% 1 gl kit 2 20
4 . GheddHERnEE i i & i Bl MaKpo'~
pin4 4
pnd ] aveitka
7 B 25 7 ® % B 3 BEE 3 o 18
] ) i B & £a A 4 MaKpo-
_5_[:}: pin5 1
pns sverika
19
6 - pn6 i ‘ : ! o
pné syenka
’ 17
Egmans 3 R & Makpo-
_7_{:}: pin7 1
po7 siyelika
16
TEE gREiatn : IS REEERER DR anmana ey Makpo-—
8 ping 4
oot 1 suetika
, i ' i = 15
ga EErEaE penmELe ek akpo-|—
9_{:§: ping 'p
pns ] Ayeinka
. il 14
o y s 7 : Makpo-[~—
—{:2132213 1 Aveika
Yaen 26 (o~ preset=
_ Ko BceM perucrpam
1 pintl B pin13 :{}-——1—3
L i tpint3

Puc. 3.9. npOI’pGMMMpyeMGFIVKOMMyTGL(MOHHGﬂ matpuya mukpocxemsl GAL22V10

3To Gosee yNOOHBIN BapuaHT opranusalldi. [TOCKONbKY B MHKpocxeMme
GAL22V10 umeetcsa 10 Makposueek U 22 BO3MOXKHDBIX BX0/Ia, OHa [ToMOra-
€T pelarb ZOCTATOYHO CJIOXKHBIE 33/1aUl U CTPOUTH PasBUTLIE JIOTUYECKUE
CXeMBl, TaK KaK 5Ta MIIKPOCXEMa 3KBHBaJIEHTHA mpuMepHo 500 penrtiiam’.

' O6LIYHO IO/ CJIOBOM <BEHTHUJIb» 1IOJAPA3yMEBAIOTCS. IBYXBXOAOBHIE H/I€MEHTHI
N-HE u WIU-HE. - IIpum. ped.
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PerncrpoBas, Bbix04 MHBEPCHbLIN

OE —{O———— pin23,0e=
reset=
1 ?
2
g pin23,d= D Q 23
5
6 —_
7 pin1 — Q
1pin23 = q; /* default */ preset= ]
Ipin23.q 1
pin23.q S\,
Perucrposas, sbixoa NPsMoit
O —{OD——————pin23,0e=
reset=
Z,
3 =
pin23,d= D Q 23
T
7 pni— a
pin23=q; preset= ———,
Ipin23.q 1
pin23 q $\I
KomGBuHatopHas, Bbix04 MHBEPCHbIN
OE —{O—————— pin23,0e=
. N
1
5 1pin23=
3 tpin23= 23
5
8
7
pin23 (/1
1pin23 ~J
KombBuratopHas, Bbixoh Npsmoit
OE — L D>————pin23,0e=
o]
1
: 1pin23 23
Ipin23=
5 L
6
7
pin23 ]
1pin23 o~

Puc. 3.10. BoamoxHbie koHpurypaLuy makposaieek

mukpocxemst GAL22V10
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Ha puc. 3.9 npeicrasieHa cxema NPorpaMMHpyeMoil MaTpHIfbL, CTyKa-
wielt 1S BbIMONHEHHA HYKHBIX COeIMHeHHII Mex Iy BceMu -Makposideii-
KaMH, a Ha puc. 3.10 mpHBezesl YeThipe KOH(UIypalin, KOTOPbie MOX-
HO 3aJ2Th JJI KaXKJ0! Makpogueiiky NMpH [IPOrpaMMIPOBAHNH.

CronvpoBaHHble U3 PYKOBOACTBA K JIOTHYECKOMY KOMIIHJISITOPY
Prologic — nporpammsl, pacripocrpanseMoi komnanueil Texas Instruments
(cM. r1aBy 6), — 3TH IBa JOKYMEHTA MPECTABAAIOT 0003HAYEHUS CUTHA-
JIOB, KOTOPBIE HaZIO UCNOJB30BATH [IPH NMOATOTOBKE MCXOMHOTO (haitna u3
OyseBbIX ypaBHeHUt, TaOIMI] HCTUHHOCTH WJIN AMArpaMM COCTOSTHHI.

Kondurypaipis kax/10ii Makposueiiki cornacHo Toil HIM qpyroi u3 Bo3-
MOKHBIX CXeM MOJYYaeTcsi aBTOMaTHYECKH, C YUYETOM €00TBETCTBYIOHIETO
0603HaYeHNS NCIIONB30BaHHHBIX curHaos (pin23.d=, pin23= wiu lpin23=)
1 0OBSIBJIEHHS, B CJIy4ae TPUITepa, MpsIMOH MJIH UHBEPCHBIH nyceH CUTHAJ
obparHoii cssi3u (pin23=q; wm !pin23=q;).

Tocne KOMIHJIALUK TTOJHOCTHIO NOATOTOBJIEHHOTO, HPOBEPEHHOTO
¥ OTMOJIENIMPOBAHHOTO MCXOJHOTO Ko/a mporpamma Prologic renepupyer
(aiin, npeaHa3HaYEHHBIH IS IPOTPAMMATOPA, B KOTOPOM OTpefieNieHo,
KaKWe IePEMBIYKH CJIelyeT YHHUTOXKUTD, 3 KakKie OCTAaBUTD KaK B KOMMY-
Tal[HOHHOH MaTpHlle, TaK ¥ B Makposdelikax MukpocxeMbl GAL.

YTO COAEPXAT MNJIM U GAL

Wrtak, Mbl yOeWIHCh B TOM, YTO JJasKe ¢ «BTOpocopTHBIMU» [1JIM, koTo-
Pbl€ MbI PACCMOTPEJIN Bbillle, MOXKHO PEJIN30BBIBAT: OTHOCUTEIIBHO CII0XK-
Hbie HUPPOBbIe JOTHYECKHE cXeMbl (KOMOUHATOPHBIE U/WIH TTOCTIE0Ba-
TeJIbHbIE) HA BeChbMA MAJIOM KOJIHYECTBE KOPITyCOB, YaCTO AAKe HA OHOM.
JL71st 3TOTO Ha/Io OTIPEJENIUTD CTUCOK HEOOXOAMMBIX BHYTPEHHHUX COEIHHE-
Hui, TO eCTb HAMMCATH COOTBETCTBYIONIYIO IPOTPaMMYy, & 3aTeM NepeHecTH
ToJlyyeHHble JaHHble B PAZIHO3TIEMEHT € TIOMOBIO MPOrPaMMaTopa.

PagunosiobuTelb, MPHUBBIKIIUIA K CO3/IaHUIO IIM(POBBIX CUCTEM, Oue-
BU/HO, MOT Obl BHINMOJIHUTD NPOrpaMMHUPOBaHME MATPHLB! IPOCTO pac-
CTaBJIAA KPECThl MJIHM TOYKU Ha KOINHH, CAETaHHON ¢ HCXOJHBIX CXeM,
npeAcTaBleHHbIX Ha puc, 3.5-3.9. Ho 6osee yao6HbIM OYAET COCTABUTD
TabJMIy MCTHHHOCTU MJIM IMarpaMMy COCTOSIHHI M MPOCTO HallHUCaTh
cucTeMy OyJieBBIX ypaBHEHHIL

NPOrPAMMHOE OBECNEYEHUE A1 PABPABOTKN

CerojiHs MpakTUYeCKU HHKTO He co3faeT LUQPOBbIE CXeMbl Ha OCHOBE
ITJIM v GAL Ge3 crienquanbHBIX IPOTpaMM, Ha3bIBAEMBIX JIOTHYeCKHME
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KOMITIJISITOPaMIt, KOTOpble lpeHa3HauyeHbl s (DyHKIMOMIIPOBAIIA Ha
coBMecTHMBIX TTK.

K yncny ussBecTHbIx nporpaMM otHocsitcs Palasm (nau6osee crapsiii,
paspaborka komnanuit AMD/MMI), Abel (xomnanua Data 1/0), Cupl
(xommanns Assisted Technology), Plan (xopropanus National Semicon-
ductor) n Prologic (¢upma Inlab, maxer pacnpoctpansercs B Buze orpa-
HuveHHoH Bepcuu komnaHueil Texas Instruments). PeryaspHo mossns-
10TCSl 1 HOBBIE, Bce 0oJiee MONIHbIE TIPOTPAMMBbI.

Kax npaBiio, KOMITUJISITOPBI, CIIOCOGHDIE MOAIEPKUBATD PA/IHOIIIEMEH-
Thl MHOTHX MPOHM3BOJITe el H MOAGHPATh KOHKPETHYIO MOJIEDb B 3aBIICH-
MOCTH OT pelllaeMoil 3a/1a4H, CTOAT foporo. K cyacTpio, HeKoTopble MpoH3-
soaurein [IJIM u GAL GecrutaTHo MpeiaraioT BEPCHH TaKUX IPOTPamMM,
npeaHasHayeHHble HCKIIOYITEIBHO IS UX cOOCTBEHHBIX PafinodIeMeH-
toB. (PexiaMHble 1eH NoL0OHbIX MeliCTBUI BIOIHE MOHATHLI: OPHEHTA-
HS PagHoJIOOHTEs Ha IpHOBpeTeH e MPOAYKIHU KOHKPETHOM (prpMbL.)

Pospb rornueckoro KOMITHIATOPa 3aKJIOYAETCS B TOM, UTOOHI ITEepeBec-
TH OyJIeBb ypaBHEHHS, TaOIUIBI ICTHHHOCTH WJIH IHArPaMMBI COCTOSTHHIA
(4 Jacke NPUHIMITHANLHBIE CXeMbl) B Tak HaspiBaeMbiil ¢aitn JEDEC — za-
KOAMPOBaHHBIN B CTAHAAPTU3UPOBaHHON (HOPME CIMCOK IJTaBKHX Iepe-
MbIY€eK, KOTOPbIe CIeAYeT YHHUTOXKHTD.

Huoke npuBopivTcst npuMep o4yeHb MPOCTOH CXeMbl, pealu30BaHHbIIT
¢ moMompio nporpaMmel Prologic — 3To sornueckuit anement U-HE
¢ TpeMms Bxojiami Ha [1JIM 16R4. Daiin naseiBaetcs NAND3. PLD:

include pibr4,
tpin19 = pin2 & p1n3 & pind;

pin 19.0e = 1,

test_vectors { .
pin2  pind  pind  'pini9 ;
0 0 0 L ;
0 0 1 L ,
0 1 0 L ;
0 1 1 L ;
1 0 0 L ;
1 0 1 L ;
1 1 0 L ;
1 1 1 H ;

}
Crpoka Include cyxuT /g oObsiBaeHHs Trna I1JIM, 4to6nl KoMmil-

JIITOp MOT NPHMEHSTh HY>KHYIO 623y faHHDIX BO BPEMS BHIIIOJHEHUS pa-
6oTol. [aree ciemyeT ypaBHeHHe, COCTABJICHHOE B BHJE CTPOKH TEKCTa
C UCIIOJIb30BAaHHEM YCIOBHBIX 3HAKOB: BOCKJIUIATEIbHDIH 3HaK — JJIs HH-
BEPCIH, aMIlepcal/l — Juist Jlorndeckoil omepaiiin M 1 1.1
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OpHa He3aBHUCHMasi CTPOKA CIYXKHT IS TOTO, YTOO! YCTAHOBHTD TIO-
CTOSIHHBLI BBICOKHMIT YPOBEHD Ha JIMHUI paspeltieHIst Oydepa, obcmyxii-
patoiero Buieos 19. OTMmeTHM, YTo 0603HaueHe 9TOTO CUrHA/IA B3STO U3
puc. 3.7. )

Haxonen, npeaycmortpena ¢gaxyabTaTHBHas yacTh — Test vectors,
OHa npejHa3HayeHa /IS 3a/laHKs COCTOSHMHM, OXI/IAEMBIX OT MPOrpaM-
MHPYeMOro pagHoaeMeHTa, 6e3 yyeTa NpeABapUTENbHO COCTABJIEHHBIX
ypaBHenuil. 32 COOTBETCTBHE ORHOTO APYIOMY, OUeBUHO, OTBEUAET TOMNb-
KO NMpOTpaMMHUCT.

To oxoHYaHUKM KOMOMISLIMY MOYKHO BBITIOJIHHUTD JIOTHYECKOE MOJIENTH-
poBaHue, YTOObI TPOBEPHUTD, JACT JIU TIPOTPAMMHPOBAHUE PaJIODIIEMEH-
Ta OXKH/laeMble Pe3yJbTaThl. ITO MOXKHO CAEATD, AXe He pacloJaras
ITpOrpaMMaTOPOM.

TexcT nogo6HOI porpaMMBbl CO31aeTCA B TIOOOM TEKCTOBOM PEIaKTO-
pe U coxpaHsieTcs Ha Jickere B Bujie daitina ¢ pacmipenueM . pld. B Ha-
IeM cityyae 3TOT ¢aiin 6yneT HasbiBaThbes nand3. pld. Torma pocratouro
3aNyCTUTH JIOTUYECKHiT KOMIMIATOp, Habpas Ha KkiaBuatype LC NAND3,
4TOODBI Yepes HECKOJIbKO MTHOBeHHt moyuuTs daiin JEDEC ¢ uMenem
nand3. jed, npUMep KOTOpPOTO NPUBEAEH HIUXKe:

prolLogic Compiler
Texas Instruments V1.97
Copyright (C) 1989 INLAB, Inc.

P16r4 revision 89.2. 11

*N_csidp16r4

«QP20

*QV8

«QF2048

«F0

«L0000 1111111111111 1111111111111 11
«L0032 0111011101 I T T T
+CO7E6

*V1 NOOONNNNNNNNNNNNNNHN

V2 NOOTNNNNNNANNNNNNNHN

*VV3 NOTONNNNNNNNNNNNNNHN

*V4 NO1T1NNNNNNNNNNNNNNHN

*V5 NTOONNNNNNNNNNNANNHN

V6 NTOTNNNNNNNNNNNNNNHN

V7 NT10NNNNNHNNNNNNNNHN

*V8 N11INNNNNNNNNNNNNNLN

«V6DOC
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31ech IpecTaB/eH KOAVMPOBAHHBIM CIUCOK IIepeMbIuek, KOTOpble cJlle-
AyeT YHMYTOXKUTEL (1) H ocTaBUTh 1esibiMu (0), a Takxe Habop «TecTo-
BBIX BEKTOPOB?, 1103BOJISAIONINX KOHTPOJHPOBATh IIPOrPaMMUPYEMYIO CXe-
MY (€cJM OHH 3aJjaHbl B 1ICXONHOM TEKCTe).

Yrobbl NPUCTYIIHUTD K MOAETUPOBAHUIO, IOCTATOYHO HabpaTh Ha KJa-
Buatype LS NAND3 11 oxxnaaTh pe3yabTaToB. '

Besixntit xopomuuit nporpammatop IIJIM Moxer paboTaThb ¢ daitnamMu
JEDEC u B cooTBeTCTBHH ¢ HUMH 3anporpaMMupoBats yucryio ITJIM.
Ilnst atoro ¢aitn conepxUT HEKOTOPYIO JOIOTHUTENBHYI0 MHDOpMaLHIO:
tun [TJIM (3nech 16R4), unicyio BbiBozioB (37ech 20), KOAMYECTBO TecTo-
BBIX BeKTOPOB (37ech 8) 11 o6uiee KOJTUYECTBO NepeMblYek B pajiuoaie-
MeHTe (371ech 2048).

Maiin JEDEC npexHasHaveH 1n1s ynpasieHHs 060pyA0OBaHHEM, U HHTED-
IIpeTUpPOBATh ero cofepxanue Hertpocto. IToatomy nporpamma Prologic xom-
MHJINpYeT ZOMOMHNTeNbHBII (haliyr IMCTHHTA, Ha3blBaeMbIii nand3. 1st, KOTO-
pblil oueHb HarssAned u yaobeH s aHaIu3a:

Copyright (C) 1989 INLAB, Inc.
Fuse Plot

P16r4 revision 88.2.11

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

2 XXX XXX XXXX XXXX XXXX XXXX XXXX XXXX  +
3 XXXX XXXX XXX XXXK XXXX XXXX XXXX XXXX  + tpin 19
4 XXXX XXX XXX XXXX XXXK XXKK XXX XXX+
5 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX  +
B XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX  +

+

7 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

B XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX O
g XXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 4
10 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX +
17 XXX XXXX XXX XXXX XXXX XXXX XXXXK XXXX + 'pin 18

()

61 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
62 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
63 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

+ + o+
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|

|
pin2 |
| 8
|

_.__.w_.___
——— o ——
:w
;:
:

pint
Legend:

X : Cell intact (JEDEC 0)

- . Cell programmed (JEDEC 1)

X~ : True input term, Complement register term

-X : Complement input term. True register term

XX : Any XX pair 1in a product term yields product term LOW.

: No input term (don’t care). A product term comprised entirely of - yields
product term HIGH.

Kapra nepeMbluek 3/iech Ipe/iCTaBieHa OdeHb SICHO I oApo6HO U co-
IPOBOXIAETCSI HECKONbKAMH BaXKHbIMI KOMMEHTapHsIMH Ha aHTJHHCKOM
sI3bIKe. .

Caenosatensho, gaitn JEDEC MoxeT ¢y XATh HelmocpeICTBEHHO /15
nporpaMmuposannsg. MukpocxeM IIJIM 16R4, Ho ero pasperaercst kKoH-
BEPTUPOBAThH AN NIPOrpaMMUpoBanust yHUBepcaabHoll ITJIM unn ans
MukpocxeM GAL. ‘

Huoxe nokazaH npuMep Takoro 1peobpasoBaust AJist IPOrpaMMHPOBa-
Husa mukpocxemsl PEEL 18CV8 komnannu ICT (¢ 2696 nepeMblykamn),
a 3aTeM NPUBeJIEH Pe3yNLTaT ellle OJHOro MPeodpasoBaniis — st MUKpO-
cxembt EP320 komnanun ALTERA (c 2916 nepembrukaMn).

JEDEC PEEL file Translated from: PAL16R4 Wed 1-2-1980 0-12:34
nand3. JED '

«DF PEEL

«DD 18CV8

«DM ICT

*(4P20

*(QF2696

«F0

N Qutput Pin 19 «

L0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

L0036 1111 0111 0111 0111 1111 1111 1111 1111 1119

L0072 0000 0000 0000 0000 0000 0000 0000 0000 0000

L0108 0000 0000 0000 0000 0000 0000 0000 0000 0000

L0144 0000 0000 0000 0000 0000 0000 0G0O 0000 0000

L0180 0000 0000 0000 0000 0000 0000 0000 0000 0000

L0216 0000 0000 0000 0000 0000 0000 0000 0000 0000

L0252 0000 0000 0000 0000 0000 0000 0000 0000 0000

*ox k% ok a A *
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N Output Pin 18 +

L0288 0000 0000 0000 0000 0000 0000 0000 0000 0000 +
L0324 0000 0000 0000 0000 0000 0000 0000 0000 0000 =+
(.)

prologic Compiler
Texas Instruments V1.97
Copyright (C) 1989 INLAB, Inc.

EP320
P16r4 revision 89.2.11

+N

PAL2EPLD Version 1 1 - Nov 18, 1986
EP320 JEDEC from conversion of PAL JEDEC+
N_csidpi6rd

«QP20

*QV8

+QF2916

«L0
1110101011 T T T I T HT
110000000000000000110000000000000000
110000000000000000110000000000000000
110000000000000000110000000000000000
110000000000000000110000000000000000
110000000000000000110000000000000000

He OyaeMm ocranaBiuMBaTbcs Ha BHYTPEHHUX pasfHUUAX, CyNIeCT-
BYIONIMX MeXIY 9THMH paJHod7eMeHTaMHU, KOTOphie, OfHaKo, OyAy4H
OJIMH Pa3 3anpOrpaMMHPOBAHIHBIMH, CTAHOBSITCS HICHTHYHBIMU Ha yPOB-
e BbIBoZI0B. Ho 3amomuuM, yTo cunTakcuc ¢aiinos JEDEC otnocurens-
HO THOOK U AOTycKaeT MHOTOYHC/IEHHbIe BAPHAHTBI.

B kauecrtBe nmpuMepa npuBesieM pesysisrat obpaborkn nHbopmauny,
BHIITOJIHEHHOH COBEPIIEHHO ApYroi NporpaMMoi — yTunuToit JED2EQN,
MpelocTaBeH O KoMIIaHYel Altera: BoccTaHOBIIEHHE JIOTHYECKUX YPaB-
HeHuii u3 ¢aiina JEDEC

proLogic Compiler

Texas Instruments V1.97
Copyright (C) 1989 INLAB, Inc.

P16r4 revision 89.2, 11

JED2EQN version. 1.0 beta 7 processed: Wed Jan 02 00°39:38 1980
PART: auto

INPUTS:
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pint, pin2, pin3, pind, pinii

OUTPUTS:
pinid, pini15, pin16, pint7, pini9d
NETWORK:
Pin1 = INP(p1in1)
pin2 = INP(pin2)
pin3 = INP(pin3)
pind = INP(pind)
pinit = INP(pintt1)
pin14 = RONF(din14. clki, GND, GND, oenti)
pin15 = RONF(din15, clki, GND, GND, oentt)
pini6 = RONF(din16, clk1, GND, GND, oeni1)
pin17 = RONF(dini7, clki, GND, GND, oenit)
pin19 = CONP(din19. VCC)
EQUATIONS:
clki = pini
centt = 'pin1
'dini4 = GND
tdin15 = GND
'din16 = - GND
tdin17 = GND
'din19 = pin2 & pind & pin4
END$

PazymeeTcs, Lenb 9TOTo Npeobpa3oBaHus — MPOM3BECTH HCXOXHBIH
daiin, npUroaHeti st 06paboTKH COOCTBEHHBIM JIOTHYECKUM KOMITHIIS-
TOPOM 3TOTO NPOM3BOAUTE S, OJHAKO TOJYYEHHBIE PE3YLTAThl MOXKHO
HCI107b30BaTh U A APYTHUX Lesell, HapuMep [l IpoBePKH peayJibra-
TOB KOMITHJISIIIMH. )

Yrounum, uto eciin aitin JEDEC u MoxeT 6biTh pu HEOOXOIMMOCTH
OTPeAaKTUPOBaH, MOIMPHUIUPOBAH MM IPOCTO HAIIMCAH 3aHOBO IIPH MO-
MODIH IIPOCTOTO TEKCTOBOTO PeflaKTOopa, TO JUIsi 9TOFO BCe PABHO cyle-
CTBYIOT CIle[{aJU3UPOBaHHble YTUIUTHL.

Ha nmeMoHCTpauuoHHON AMCKeTe NPOrpaMMaTopoB Sprint, B yacTHO-
CTH, COIEPKUTCS IIPEBOCXOAHBIH «pellakTop IepeMbiyexs, Bee ux usme-
HEHUsI OTOOPAXKAIOTCS Ha «KapTe MEPEMBIYEK» B SIBHOM BHJe, HO COXpa-
HAIOTCS Ha JUCKeTe YKe B BHJle HACTOSIIIETO cba;”majEDEC.
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3anuMaioniiee 0OBIYHO HECKOJIBKO ICKET, 3TO HCKIIOYNTENBHO yI06-
HO€ MPOTPaMMHOE CPE/ICTBO TPUBeE/leHo Ha caiiTe www.dmk.ru.

NMPOrPAMMATOPbLI

Co31aHHbIf BPYYHYIO HJIH TIOJIYYeHHbIf oT koMnuisTopa, daiin JEDEC
MOET OBITH UCTIOAB30BAH ¢ MOOBIM IporpaMMaropoM MUKpocxeM TLIM
unun GAL 1751 nporpaMMHUpOBaHHs YHCTOTO PAZHO3IeMEHTa H 3aTeM JJIsT
IIPOBEPKH PE3YJILTATOB Ollepailii.

Eciu Bce I1JIM ¢ onmHakoBoil BHyTpeHHell apXUTeKTypoll COBMeCTH-
MBI MexxIy coboll Ha yposHe daitna JEDEC, To anropurmsl nporpamMmu-
POBaHUSA Y PasHblX N3TOTOBUTENCH CHIBHO OTIHMYAIOTCS APYT OT APYTa.

Tox anropuTMOM HNPOrpaMMIIPOBAHUS cAefyeT NOHMMATDh MOPALOK
IelicTBH, KOTOpble HYXKHO BBIIOJHUTH, YTOObI Pa3pyIIUTh JaHHYIO Ile-
PeMBIYKY: Ha KaKkie BLIBOJIBI KakHie YPOBHH HalpspKeHHUs! Hafo 1I0AaBaTh
M KaK JIOJITO MX YAEPKIIBATb.

OueBuaHO, uTo Gunospiste [1JIM ¢ MeTasnHyecKUMHU NepeMblYKaMu
n IIJIM KMOII, ucnonsayromue texunosnoruto CIITI3Y, nporpammupy-
1I0TCs pasHbIMK ciocobamu. To ke camoe MoxxHO ckazaTh 1 0 PALC 16R8
koMmanuu Cypress 1t TICPAL 16R8 xomnanuu Texas Instruments: xorst
OHH # BbNosHeHsl 1o TexHonoriim KMOII, no nporpaMmupyiorcst mo-
pastoMy. [109TOMY IpOMBIILIEHHbIE TIPOIPAMMATOPBI CHAGXKAIOTCS CO-
nuaneM 11O s nepconanbHOTO KOMIBIOTEPA, KOTOPOE OPTaHU30BaHO
B GoJibly1o 6a3y IaHHBIX U JaeT BO3MOXKHOCTb HACTPaUBaTh NPHOOD 1o
Kk (bi KOHKpeTHbI Tui [IJTM unu GAL.

HawuGonee npocrble nporpaMMaTopsl MOCPKUBAIOT OKOJIO AeciTKa
TUIIOB MUKPOCXEM, B TO BpeMsl Kak GoJiee CJIOXKHBIE PACHO3HAIOT THICSYH
PasHOBUTHOCTeH MEKPOCXeM, HO U CTOSIT B HECKOJIbKO pas Jopoxe. Paay-
Meertcsi, Itepruoguueck obHopasieMoe 110 nosposnsier 106aBSTh Cliely-
¢dbuKaIy Ha BHOBD MOSIBJSIOMECS IPOrpaMMUpyeMble PaIHo3JIeMeHTEL.

Kax npaBuio, 3T1 BHICOKOIIPOH3BOANTEIbHbIE IPOTPaMMaTOPhi MOTYT
TaK’Ke [1POrPaMMHUPOBATH GOBIIOE KOJTNYECTBO APYTUX PalU037eMEHTOB:
CIII3Y, HII3Y, TIJIMC, 5CIII3Y, sanoMuHaomue ycTpoicTBa THIA
Gbasim 1 Kaxe MUKpOKoHTpoiepsl. Kpome Toro, HekoTopble IporpamMma-
topsi CIIII3Y MoryT cHabsxathest aantepamu 715 olpe/ieleHHBIX TUIOB
IIJIM, GAL unu CIIJIM. Taxoro pomga o6opynoBaHue, O4eBHIHO, HEOD-
XOMMO TOJIBKO TeM, KTO JKeJaeT MaKCHMaJIbHO MOIPOOHO M3yYHTh Bee
0COOEHHOCTH MPOrpaMMHUPYEMBIX Pafi03JIeMEHTOB, TO eCTb HCIIO0Jb30-
BaTb /IS KaXKIOTo NMpoeKkTa ofHy uan Heckoapko IIJIMC, nyuie Bcero
COOTBETCTBYIOUIMX IOCTaB/ieHHOil 3agave. Ho B TakoM ciydae 6yzeT co-
BEPIICHHO HeoOXOMMM elne M BhICOKOKJIACCHBII JIOTHYEeCKHH KOMIH/ISTOP.
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[

Slcio, YTo Takue 3aTpaThl a0COMIOTHO HelPHEeMJIeMbl ISl pagHOAI00H-
TeNst UAK pa3paboTYNKa, XKeJaoUiero CoKOIHO 1 06CTOSA TENBHO 3aHSITh-
€S 3y4YeHHEM NMPOTPaMMIIPYEeMOI JOTHKH. ‘

MoxHO MpeIoXHTh caeAyIoNnii, 6o1ee 3KOHOMHUYHBINA 1yTh pelle-
HISL ZaHHOI 1po6IeMblL:

* BLIOPATH HECKOJIBKO PAacPOCTPaHEHHBIX THIOB MIKPOCXeM, I0CTYTI-
HBIX 11 Hemopornx. CrapaTbess UCMONB30OBATH TOJBKO BeIGpaHHbIe
TUIDI, A2Xe eclH 3¢ PeKTHBHOCTD OKa)XeTCs HeolTHMAAbHON A/
HEKOTOPbIX TIPOEKTOB; .

* npHoOpecTH HECKOIBKO PAa3HbIX MHKPOCXeM, JOMYCKAIONIIHX CTHpa-
Hite HHMOPMAIHH, YTOOB UMeTh BO3MOXKHOCTb OTIaXIBaTh MX NOC-
Jle[JOBaTe1bHO;

* gocrath OecriaTHBI JOTHYECKUI KOMITHIISITOP MM HayaTh paspa-
GaThIBAaTDh KapThl MPOrPAaMMUPOBaHUS BPYYHYIO;

* CaMOCTOSITEIbHO COOPaTh MPOCTOI IIPOrpaMMaTop.

OnHaxo HeOOXOMUMO pacnoiaraTh NOAPOGHBIM ATTOPHTMOM NIPOrpaM-
MHPOBaHHUs TeX paH031eMeHTOB, KOTOpbIe BLILIEYIIOMSHYTBIH Iporpam-
MaTop KOTKeH 6y/eT TOIEPKUBATD, i 3TO HECKOJIBKO OTPaHHYHBaET BaLl
BBIGOD.

BOJILLWWUWE NAUC

Hert Hukaxoro coMHeHus, 4to Gynyiee NporpaMMHpyeMolt IOTHKH — 3TO
3KBIHBAJIEHTHBIE HECKOJIBKUM THICSYaM BEHTHU/IeH Palod/ieMeHTh, pa3Me-
HIEHHbIE B OJTHOM KOpIIyce ISt IOBEpXHOCTHOTO MOHTaXa ¢ 44 BHIBOJAMH
unu bosee.

BrioTh 110 HacTOANIETO BpEMEHH BXOXKIeHUe B 3TY 061aCTh Tpenoia-
rajo cyllecTBeHHbIe 3aTpaThl Ha 000pyAOBaHHe, Ha NporpaMMHoe obec-
neyeHHe U, Kak HU CTPaHHO, Ha o0yyeHue.

CoBpeMeHHbIe METOZB! IPOTPAMMHUPOBAHUS «Ha IJiaTe» ~ Kak isp, Tak
1 JTAG — npou3Besiu peBOMOLNIO, cle1aB co3fanye chelinghyecknx bYIC
DOCTYIIHBIM AefiCTBUTENbHO IJIS1 BCEX,

HanoMHHM OCHOBHBIE COKPAIlleH| s, HCIIOJIb3yeMble [JIsl ONpeieeHUsT
CTeleHd MHTETPALHH II(PPOBBIX MUKPOCXEM.

Kareropiis UC (Small Scale Integration, SSI) — Mukpocxemsl Masioi
CTelleHH MHTerpaiiy, KOTOphIe COlepsKaT HECKOIbKO TIPOCTBIX BEHTHJICH
HJIH OIMH-/[BA OTIEJbHBIX TPHITepa. B Mob6OM Cllyyae crelleHb MHTerpa-
LI} NIPAKTHYECKU He NpeBhillaeT sKBUBaNeHTa AeCATKa BeHTHIeH.

Kareropus CUC (Medium Scale Integration, MSI) — Mukpocxembl
CpefiHeii cTelleHH MHTerpaui — o6beauHsieT 6a3oBbie (pyHKIUH HEMHOTO

I
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GoJiee paclIMPEeHHBIX cepiii «74» 1w «4000»: geunidpaTopsi, MyabTH-
ILIEKCOPBL, AEMYJIBTHIIEKCOPLL 1 He CAHHIKOM CJIOXKHble TPUITCPHBIE CXe-
MBI, TAKHE KaK CYeTHHKIL, PEriCTPhI 11711 3anieJKu-QHKcaTopbl. (JKBHBa-
JIEHT HeCKOJIbKHX JeCATKOB BeHTHJIeT Wi, B KpaiiHeM ciyyae, COTHIL)

Kareropuss BUC (Large Scale Integration, LSI) — Gonpmne mure-
TpasibHbie MHKpocXCMbt (G0JibILOl CTENeHIT MHTErPAIMH) — CTajla Bbije-
JIATBCS KAK CaMOCTOSITeNIbHAsI NOC/Ie TOTO, KaK eIUHCTBEeHHBIH KpHCTamn
Hadas BBIIOJHATD CAOXKHYI0 crenuduueckyio GyHKuwo (CHHTe3aTop
qacToThl, Zemutparop mrpix-konos, YCAIII, VIC reneynpapnenns
u T.1.). IIpir aToM ROCTHraTCS MIOTHOCTH, COOTBETCTBYIONIHE 3KBHBA-
JIEHTY OT HEeCKOJIBKIIX COTEH 10 HECKOJAbKHUX ThICAY BeHTU el

Haxonen, unorna ynorpebisiior repmur «CBUC» (Very Large Scale
Integration, VLSI) — cBepx6opliiiie HHTErpaibHble CXeMBbl, BKAIOYAIO-
1He B ceOst OT HECKOMBKHX TBHICAY 10 IeCSITKOB THICAY BEHTHUJIEH: MUKPO-
cXeMa 3KBHBAJIEHTHA 10 CJOKHOCTH MHKPOINPOIECCOPY; BIpOUeM, HEKO-
topete CBUC sgBastioTes, no cyTH, MUKPOKOHTpOAIepaMH, 4bH [13Y
(MacouHbIe) IPOrPAMMHPYIOTCS CTIEI{HATbHEIM 0OPa3oM.

IIporpammitpyemble JOrHuecKliie pajgrosieMeHThl NpeAaraioT HHTe-
PecHBIe aJBTCPHATIIBEI CXeMaM Ha CTAHAAPTHBIX PajlliodjieMeHTax ITUX
kareropuil. Oxunm kopnycoM IIJIM miu GAL nerko 3aMeHHUTb 10 JIeCSIT-
ka kpuctaiioB VIC wnu asa-tpu kpucranaa CUC, a uHorna u Goubite,
OnHa GAL22V10 sksiBanentna npuMepno 500 BEHTUSAM, OAHAKO MbI-
TaThcsl MCMOB30BaTh Ha 100% aTH pecypchl Z0BOJIBHO CIOXKHO.

Ho yTo6bI MONyYUTh CTelleHb HHTErpaliii, COOTBETCTBYIOILYIO CaMbIM
npocteiM BUC, HeobxoanMo Hcmoib30BaTh HECKONIBKO TaKHX MUKPO-
cxeM. IloatoMy npousBoTe/ M HOMYIIPOBOIHUKOBHX PajliodIEMEHTOB
IIPEICTaBUIH eme 6oJiee coBeplIeHHbIE TTPOTPAMMHUPYEMbIe CTPYKTYPBI,
ApUCocobIeHHble I CaMbIX MACIITaOHbIX IPOEKTOB ¥ CHCTEM.

CemetictBa MACH wxomnanun AMD wnu pLSI dupmbr Lattice — ca-
MbI€ SipKHe 3TOMY IPHUMeDHI, IpHYeM Ha HEKOTOPBIX MUKPOCXEMaX MpH-
MEHSIOT Hanboiee COBEPIIEHHYIO KOHIENI{HMIO IPOTPaMMUPOBAaHHUS — «Ha
IJlaTey, TO eCTh MpaKTHYecku 6e3 mporpaMMaTopa.

Biarozapsi nporpaMMHOMY 0GecTieyeHHIo U151 Pa3paboTKU 1 MOJENH-
pOBaHuA, UCKIIOYUTENBHO JIeTKOMY B HCIIOJIb30BaHUM M HHOTZA COBCEM
HesoporoMy, co3nanue cxeM B C yacTHOro mpuMeHeHusi Tellepb CTajio
"maxke GoJiee MPOCTHIM, UeM MTPOEKTHPOBaHKe IUPPOBLIX YCTPOUCTB Ha oc-
Hoge [1JIM.

pLSI U ispLSI KOMIMAHUM LATTICE

Beinyck nporpammupyembix papuosieMentoB pLSI momor xommanum
. o !
Lattice (xcratu, npennoxusureii konuenunio GAL) npoaBuHyThca Ha
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OJ{HO M3 IIePBbIX MECT CPe/lif IPOU3BOAUTENeH NPOrpaMMUpyeMbIX JIOTH-
YeCKHX CXEM C BBICOKOH CTeNeHbIo HHTeTpaniu,

HyxHo noHuMatp, 4T0 BO3MOKHOCTH IporpaMMupyemoii cxembl LSI
OZHO3HAYHO CBSI3aHbI I € IOrHYeCKUMH QYHKUUAMHU, KOTOpble OHa CONeP-
KMT, ¥ ¢ KOJIHYECTBOM JIMHNIL BBO/Ja-BbIBOJIA, KOTOPBIMM OHa pacliofara-
€T, ¥ ¢ MOPSIKOM OPraHHM3al[MU U paclipe/le/leHusi cOenuHeHull MeXIy
3THMH PECYPCAMHU.

CemeitctBa MukpocxeM p/isp LS11000, 2000 n 3000 oxsaTsiBatoT 1IK-
pokyio obnacth npiiMeHenus, ot 1000 no 14000 sxpuBaZNeHTHBIX BEHTH- -
Jiefl Ha KPUCTAILA, TIPH 9TOM UCITOJB3YIOTCH KOPIIYca, HACUUTHIBAIONIHe OT
44 o 208 BBIBOMIOB.

C touxu 3penust 4ucToit 1udpoBoil TOTHKH apXUTEKTypa Bcex TPex ce-
MelicTB ocHoBaHa Ha noHsiTusaX GLB (Generic Logic Block — nornyecknii
6710k 06MIEro HasHAYeHHs, WK YHUBePCATbHBIH Torudeckuii 6;10k), GRP
(Global Routing Pool, 6510k 061eit Tpaccuposku), ORP (Output Routing
Pool, 610k Tpaccuposku BhixonoB) u I/O — sivelixa BBOIA/BHIBOZA.

Kaxaprit GLB cBoelt apxutekTypoil 1 BO3MOXKHOCTBIO Hepenporpam-
MHUpPOBaHUsi HalloMuHaeT cTpyKkTypy Mukpocxemsl GAL. Ha puc. 3.11
HOKa3aH JOTH4ecKuii 670K, cHabxeHHBIN 18 BxoAaMu U 4 BBIXOIaMH, HpPO-
rpaMMupyemoit Matpuueit u3 20 goriyeckux anemeHToB 1 (tepMmos npo-
uaBefleHUN) U 4 MakposiueiikaMu, HHAMBUAYAIbHO IIPOTPaMMUPYeMbIMHU
1J14 BeinosHeHHst Jorudeckux dynxuuit (U, LI, Mckmovatowee M)
uan aast pabotsl B mociegoBarenbubix cxemax (D-, T-, JK-tpurreps,
CUHXPOHHBIE MM ACHHXPOHHBIE).

OrMmeTuM, yro B paauosieMeHTtax cemeiictBa 3000 Mcnonb3yoTcst
casoernbie GLB (cM. puc. 3.12) ¢ 24 Bxogamu, 40 TepMaMu ripoussee-
HU{ 1 8 MakpostuedKaMH.

Onun npocroit GLB (cepun 1000 1 2000) cnocobeH BBHITOMHSATD MOC-
Jie 00BIYHOTO TporpaMMHupoBaiust 10 90% OGBIYHBIX JOrHYecKHX GyHK-
UM B 4-pa3psiiHBIX cXeMaX. A Jisi paboThl ¢ 6aliTaMH TOCTATOYHO 0Obe-
auuuth aBa GLB.” .

Ha puc. 3.13 nokasansl pasiuuble COcOOB HCIOTB30BAHMS MAKPO-
siyeek BBOZA,/BLIBO/Ia BMECTE C yYacTKOM MOJHOH cXeMbl, KOTOPBI TOMO-
KeT JIydllle MOHSTH abmiyio cTpykrypy GLB.

Ecnu npeonomxaTh cpaBHenus c ceMeiicTBaMu MukpocxeM GAL, To
npocroii GLB MokHO paccMaTpuBaTh, Kak cBoero poga «GAL 18V4»,
a mea npoctsix GLB wnu ogun caBoennsiit GLB 1o ceouM BosMoxHOC-
TSIM npubamKkaoTes k o6brunoit GAL22V10.

310 poactBo «6oapiunx» IIJIVC ¢ o6brunbivMu IIJIM u GAL odeBnznno
u B ceMefictBe MukpocxeM MACH 130 — pasinossieMeHTOB IPOM3BOACTRA
¢upMst AMD, oyeHb IHPOKO PaCIpOCTPAHEHHBIX B HOCTeHee BPEMSL.
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Ha puc. 3.14 nokasana cTpykTypa 6a30BOro JOTHYecKoro 6Ji0Ka 3Toro
ceMeliCTBa, 1 BHUMATEJIbHBIM aHAINU3 MO3BOJSET NOHSTH, IIOYEMY OIMH
kopiryc MACH 130 MoxeT paceMaTpriBaThesi Kak 00belMHeHIIE YeThipex
BoobpaxkaeMbix 26V16.

ITu MHKpocxeMbl pasMemaioTcs B xopnycax PLCC ¢ 84 BI)IBOllaMH

H IO ILOKOJIEBKE MOTHOCTHIO COBMECTHMBI C MHKPOCXEMaMH | MACH 230
(sxBHUBaneHT BocbMH 26V 16), MACH 231 (Bocemb 32V16) ¥ MACH 435
{Bocemb 33V16).

20 repmos 4 BLIXOAHBIX
npowaFeneHuﬁ NOryHEEKNX MaKpoRYEHKn
\
\
Bexoap
% MSBN wa GRP, ORP uan
KombuhatopHbie 880A/BLIBOA
Creunansie Marpua sk UM //
Norusecxas pacnpenenern| Vicxmouaiougee VNN
—————~ 7
16 Marpuua 20 TepmMos N a4 4
Broab! ApoviaseneHnin Pervuctposue Buixoas!
o1 GRP suenku D, TJK PErMCTPOB M
CHHXP/BCMHXD KOMBUHATOPHBIX
fAveex
Puc. 3.11. Apxurexrypa GLB
20 repmos 4 BuIXOAHBIX
NPOU3BEAECHUIA NOTUHECKUX MAKPOA4EAKN
Buixoaw
PErncTPOB nnn
KOMGUHATOPHBIX
- Aueex
\ wsen ]
Marpuua Kom6unarophue
pacnpeaeneHus syeikn U-UIn-
20 TEPMOB 7 Vcknosaouee UK vt
npouaseneHui Brixoas
o BT K Ha GRP, ORP wnm
CYHXP/acUHXp BBOA/BLIBOA
" Noruseckan
24 | marpuua
Bxoaw
or GRP MaBn Buixons
Kom6uHaTopHeie Ha GRP, ORP nnn
Noowa || et | | ssonlsueon
L’?ﬁ' P 72‘)&03 L,;— Uckniouaiowee N 7
NpousBeAeHui Pernctposuie
sAvekn D, T,JK
CUHXP/acuHxp

Puc. 3.12. Cgsoerras GLB
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Bxoabt CrieumantHeie Matpuua
oT GRP BXoAbt pacnpeaenexmna

\ TepMoB
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012345678 91011121314151617 Vicknovatolee  D-Tuna
MR A TE T RE NS M O M MM T2 )
HS— 111 | )
Sy UL ) > paie
7. b
47N [ M
D e
D3 Oapk TN H = Ha GRP
" 4 L l M nORP
>§ D DQ -M—b—m
3] L 4
Martpuua v TR c6poc
06wt cbpoc
CnyxebHuie CLKO
curHans CLK1 O IMUX
Tl’lc% I:;KKTS K cenektopy
TN PaspetueHue Bki60pa Beixona
BLIXONOB v

Puc. 3.13. Heckonexo npumepos ucnons308anms makposseex

Mukpocxema MACH 355 npousgomurcs B xopityce PQFP co 144 BriBo-
JlaMM 1 5KBHBaJleHTHa mecti 33V 16, Ho 11py 5TOM MMeeT OIpOMHOE IIpenuMy-
HIECTBO, 3aKJIIOYAIONIEEeCS B BO3MOKHOCTH TPOTPAMMUPOBAHUS TMPSIMO <«Ha
I1aTe», cornacHo nporokony JTAG, uHaue roBopsi — 6e3 mporpamMmaropa.

Ecnu nposectu HeGonbiine A0paboTKH, TO B HEKOTOPBIX CIydyadx
BHonHe gomyctuMo saMeHuTb MACH 130 Ha MACH 355, B kotopyo
JaHHBIe MOXKHO 3arpysKaTb, ke ec/ld OHA y’Ke yCTaHOBJIeHa Ha IJIATY.
EcTecTBerHO, 9T0 OTKDBIBaeT Nepesl pa3paboTYHKaMH ele Gojlee HUpPO-
KHe NepCleKTHBBI.

Y xomnanum Lattice yxe HauGomee mpoctste LSI cepun 1000 (ispl.SI
1016) conepxar 16 GLB, xotst GLB — nuiutb 0174 U3 YeThipeX Iporpam-
MHPYeMBIX JTOTHYECKUX «CJIOEB», KOTOPBIMH OTpe/esieTC KOHEUHas cXe-
Ma [IPOEKTUPYEMOTO YCTPOHCTBA.

U petictBurensHo, nepen GLB naxonurcs 6ok GRP, xoTophiit, Kak
yKa3bIBaeT ero Ha3paHMe, HCHOAb3YETCs M1 CBOGOAHON TPacCUpOBKU
(TIpuyYeM ¢ NMOCTOSIHHBIM BpeMeHeM pacrpocTpaHeHHs) B3aHMOCBsi3eit
MeXIy BCeMHU JIOTMYeCKUMHM pecypcaMu pafHoajieMeHTa, a Takxe C ero
BXOJHBIMH BBHIBOZAaMHU,

ITocne GLB pacnostoxxensl 6noku ORP, npenHasuayentble 1)1 Tpac-
CHDOBKH COeXMHEHHIl MeXZy BHIXOJaMM MaKpodgueek M MPOU3BONLHO
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Puc. 3.14. basossiit normyeckusi 6nok MACH 130

BHIOPaHHBIMY BbIBOZAMH KPUCTAJLIA, IPHYEM U3 pacyera o onHoMy ORP
Ha ueTbipe uian sBoceMb GLB. Hekoropsie Beixognt y kaxmoro GLB moryT
TaKke NOJKIIoYaThCsI HEMOCPEACTBEHHO K COOTBETCTBYIOMMM siuefikam
BBOZA/BBIBOJIa, He npoxons Yepe3 ORP, npu atom 6blcTpozeiicTBre cxe-
MBI MIOBBIIIAETCS.
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CoBOKYNHOCTD fY€eK BBOJIA/BbIBOZA — 3TO Le/AbIH IporpaMMHpyeMblit
caoit. IIpuHIMNuanbHas cxeMa of[HOM sTueliki U pacloIoKeHHe IporpaM-
MIIPYeMBIX MepeMblYek B Hell mokaszaHo Ha puc. 3.13.

Chnenyer TaxKe OTMETHTB, YTO IOMHUMO 3THX YHMBEPCAJIbHBIX JHHIIA
BBOZA/BbIBOA Kaxkaas MEKpocxeMa LSI nmeeT HeCKoMbKO 0coObIX BbI-
BOJIOB: CllellMajibHble BXOAHbIE (KOTOPBIe HEb3sI UCIONMb30BaTh B Kaye-
CTB€ BBIXOIHbIX ), BXOAbl CUTHAJIOB CHHXPOHM3AIIMHU H, B CIyyae HeoHX0-
AMMOCTH, Bxozn! oOmtero paspetuennst OE. Mx xonnyecTso 1 HasHaueHe
MOTYT HE3HAYHTEJIBHO OTINYATBCS OT OZHOIO THIA MUKDPOCXEM K JPyro-
MY, a TaK>Ke y pa3HbIX H3TOTOBHTEJEH.

Bce pagunoanemeHTsl U3 cemeiicts p/ispLSI comepxar nekoropoe xo-
JndecTBO MerabiokoB, rpynn GLB, siueex BBoa/BbIBOZIA, CIIELIMATBHBIX
Bx0z10B U 650x0B ORP ¢ 06umumM TepMoM mpou3BefleHUs AJIs CHTHAIA
paspemenns: OE. X koHKpeTHble CTPYKTYPBI HEMHOIO OTJIHYAIOTCSE OT
ceMeHCTBa K ceMeNlCTRY.

Cemeiicteo 1000 cocTouT u3 deTnlpex Mukpocxem: p/ispLSI1016,
1024, 1032 1 1048, cHaGXeHHBIX COOTBETCTBEHHO 2, 3, 4 1 6 Merabioka-
MH (BKBHBaJIeHTl:IbIMI/IQOOO, 4000, 6000 1 8000 BeHTHISIM).

Cemeiictso 2000 HauMHAeTCI MUKPOCXEMOH € ONHUM MerabJoKoM
(p/isp LSI2032 — 1000 sxBHBaTeHTHBIX BEHTHJIElH), a MUKPOCXEMBI Ce-
meidicTBa 3000 moryT cozepxarb no pecsatu (p/isp LSI3320 — 14000 ax-
BHBaJEHTHBIX BeHTUJIEH ).

O cenexTopa Cenex- ) Vee
86/60pa BLIXOA0B Lo vop Bui6op
I BbIXOA2 AxTUBHAR
= _¢_¢1 Harpyaka
OTORP — = -
Cenex- Cenex-
Orwmmst __| ™° E op v
06038 ORP
K ORP
IOCLK 0 ~—

10CLK 1 ToP

OT WuHb! 06u.1;u71
cbpoc
NpumMeanne: ® cooteeTcTByeT Avelike 3C KMON (E2CMOS)

Puc. 3.15. Crpykrypa oaHo# S4eiiki BXORA-BLIXOAG
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HeT HUKaKoro COMHEHHUS B TOM, YTO ceilyac MUKPOCXeMBI B KOPITycax
¢ 44 BBIBOZAMHM caMble MOMYJspHbe (0COOEHHO Te, KOTOpbie AOMYCKAOT
NporpaMMUpOBaHIle «Ha IJaTes ), 03TOMY MEePBOOUYEPETHON HHTepec
cienyeT nposBJsith K ispLSI2032 n 1016. 3o 11MeliHO Te ABe MUKpOCXe-
Mbl, KOTOpbie MOANEPXKHBAIOTCS NMPOrpaMMHBIM obecrieyeHHeM HaGopa
ans HaumHaomux (Starter Kit). B ykasannoM Habope 3a BecbMa CKpPOM-
HYIO IlEHY NpeAJIaraioTes: ClelHaIbHbIH Kabesb 711 TpOrpaMMHIPOBaHNS,
HeCKoJIbKo 06pa3lioB B3aMMHO COBMECTHMBIX MHUKpocxeM (Cpefid KOTO-
pbIx oxuH o6pasent ispGAL22V10), Heobxonumoe nporpamMmHoe obecne-
YeHHe ¥ KOMIUIEKT JOKYMEHTAI[IL.

B 1a61. 3.1 cpaBHMBaIOTCS XapaKTepHCTHKH 3THX IBYX KOMIOOHEHTOB,
a Takke HeKOTOpbIX Apyrux us cemeiictaa 1000.

MoskHo nozacuuTarth, uto Ha 6ase 1000 sxBMBaJIEHTHBIX BEHTHIIEH OfMH
kopnyc ispL.S12032 necpasHeHHO MolHee, yeM Mukpocxema GAL22V 10,
KOTOpast cOolepsKHT, o kpaiinell Mepe, 500 sKBUBaJEeHTHBIX BeHTUJIel.
Pa3sHuia B MOLHOCTH MOJTYYaeTCs ITIaBHbIM 06pa3oM 6rarozaps rubkoc-
TH NPOI'PAMMUPOBAHNS BHYTpeHHeH CTPYKTYpbI.

ITporpaMmHuoe obecrieueHiie, KOTOPOE COIeP:KUT Habop isp-Starter Kit,
3a HCKJIIOYEeHHEeM TOTO, YTO OHO OFPAaHHYEHO TOJIBKO MUKpocxeMamu 2032
n 1016, abcomoTHO HAEHTHYHO, BKIOYasd 1 00beM JOKYMEHTAIIH, TaKe-
Ty nporpamm PDS, koTopsiil nosnepkuBaeT BCIO HOMEHKIATYPY MHKPO-
cxeM p/ispLSL

Xotst 3aTpaTsl Ha NprobpeTeHne Takoro Habopa ISt HAYHHAIOIUX He-
BEJIUKH, OH MO3BOJISIET Pa3pabaThIBaTh CXeMbI I YCTPOMCTBA, 3HAYHTEIbHO

Tabnuua 3.1. OcrosHsle mukpocxems: cemeiictsa isplSI

3 2 pr) 64 %
2 4 6 | 8 10
44 (PLCC) :j E%CF% 68 (PLCC) g: égt‘éﬁ; 120 (PQFP)
umor) | D | esce) | T | 128eorp
2 % m 192 28

135 My 110 My 90 MMy 90 Mry 80 My
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HpeBbIILaoLilie 10 BO3MOKHOCTAM Te, KoTophle cobpanbl Ha GAL min
I1JIM, mojbaysicb Tpy 3TOM Bceff MOUbIo NpodeccoHaNbHOrO Mpo-
TPaMMHOTO CPeJICTBA, CHAOXKEIOro Y/AUBUTENbHO yAOOHBIM HHTepdei-
cOM, TIOCKOJIBKY TIpOorpaMMa pacCcuMTaHa Ha paboty B cpexe Windows.
Kpome Toro, B cocTaB CTOMb HEOPOTOTO MPOTPAMMHOTO POAYKTa BKJIIO-
yeHa oyeHb Hoblnast O116I110TEKA MAKPOCOB I IPHMEPOR.

Maxkpocs!, peassyloniye IpakTHYeCKH Bce Jorndeckue GyHKIIH, KO-
Topble paclipoctpaHensl B cemeiictBax nudposnix UC u CUC, Moxno
M3BJI€Yb HENOCPEeICTBEHHO 13 O6BEMHOIO OMIICaHMsI, MpUIaraeMoro
K Habopy isp-Starter Kit. Oaxa U3 cTpaHuIr 3TOro ONIICAHUA TIpeCTaBle-
Ha Ha puc. 3.16 B kauecTBe puMepa.

[IpeobpazoBareb ABOMYHOTO Kofla B 7-cerMentuniit BIN27 (koTopsrit
TNpaBUJIbHO PaboTaeT ke ¢ EeCTHAMIATEPHYHBIM KOIOM) MOXHO Pacho-
JIOXKMTD <B yTosKe» Kpicranna B 1Byx GLB MHKpocxeMbl, IPOCTO IeTKHYB
KHOIIKO¥ MBIIIH 110 €70 HMeHH B clikcke, [leficTBUTe IbHO, AeliudpaTop HMe-
€T ceMb BBIXOJIOB U He MOxceT OBITb peann3aoBaH ha ondom GLB, y kotoporo
ecTb TOJILKO YeThIpe BbIxoZa. Ho 6oJIBIITHCTBO APYTHX MaKpOCOB JIETKO
pa3Melnaorcss B ogHoM GLB, u 37ech Henmullide HAMOMHUTD, YTO Haske
ispL.SI2032 umeer uemnix BoceMs GLB.

Jlio60o#1 npoekT ¢ ucnonp3osanrem ispLSI HaumHaercs ¢ 6ymaxHoill
paboThL: ¢ pa3geneHHss MHEMOHHMYECKOM CXeMBl MM GIOK-CXeMbl Ha He-
CKOJIbKO QYHKIUII, KAXKAAS H3 KOTOPBIX JO/KHAa HAXOMUTHCS B OLHOM
wnn Heckonbkux GLB. Tlpu aToM cTaHOBUTCSA 0ueBHAHO, BO3MOXKHA JIK
MHTerpaiiud JaHHON CXeMbl B MHKDPOCXeMY BbHIOPaHHOTO THIa, 3areM
MOXHO HayaTb paboTy ¢ nporpaMMHbIM obectieuernem PDS, B koTopoM
Ha 5KPaH MOHMTOPA BRIBOAMTCS YIIPOIIEHHOE NPeCTABIEHHE CXeMbl HC-
NOJIB3YEMOTO PafiO3JIEMEHTA.

Mmnoro BpeMeHu notpebyercs /s 3anofHenust HeoOxompumbix GLB
U f4eek BBOJIa/BbIBOZIA C TIOMOII[bIO OYJIEBbIX YpaBHEeHH T, CBSI3aHHBIX ¢ HUMHL
Hy:xHo, Hanpumep, uTo6n! curai, sxofsmuil B GLB, Hocu To e uMs,
4TO M BBIXOAAMMH U3 sTuelikd BXosa/BbiXoza umy u3 gpyroro GLB. 1 Ha-
obopoT, Berxonsuuit 13 GLB curnan no/keH cooTBETCTBOBATh CHIHAJY
C TeM XXe UMeHeM, BXOISINM B siueliky BBojIa/BbiBofia 1 B zipyroit GLB.

Taxum obpasom, st kaxaoro GLB HyXHO BpyuHylo lleperMMeHOBaTh
CUTHAJIBI, BXOASAIINE B COCTAaB ypaBHEeHUH HCIOIb3yeMOTO MaKpoca, HiIn
HeNoCPe/ICTBEHHO HAflucaTb CBOM COOCTBEHHbIe YPaBHellMs, TPHMeHss
vMeHa AeHCTBITe IbHO UCIIOIb3YeMbIX CUTHAIOB 1 JIOTHYECKHE OTlepaTophl,
onosHaBaeMble nporpamMmoit PDS. 310, oueBunno, Tpebyer HEKOTOPOTO
HaBbIKA.

Crenyer ydyectb 4 Bech TOT OIIBIT, KOTOPBI{l Bbl IpHOGpETETE BO BPEMsI
NOATOTOBKM Ha GyMare IIalia pasnesieHust cXeMbl Ha (pYHKIIMOHATIbHbIE
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GJI0KH, NPHYEM HX BXOJIHbIE Y BHIXOMHBIE CUTHAJBL OXKHBI OBITH TTOJHO-
CTBIO NIeHTU(UIHUPOBAHBI, ’
Tak xax B mogoGHBIX Npolieccax JIETKO CeaTh HeBEePHbiil X0J, B Mpo-
rpammy PDS BiJTHOYeHbI MOLIHBIE CPEACTBA IIPOBEPKII 11 HOIICKA OUHOOK.
Cuauasa ob6pabatsiBaercs Kaxaniit GLB (npexsaputesnbio 0603HaYeHHbIIH

BIN27 Decoders
Type: Soft Macro Logic Symbol
Logic Function
Name|Function BIN27
BIN27{Binary to seven segment decoder with enable 2026 —
Truth Table
Input Output
EN[A3|A2[AT]A0|Z0(Z1|Z2]Z3|Za[25 26| Coracter =
T{0jo0(0l0] 111 [T ]{T1[1]7]0 0 i B
Ti{0{0]0[1]0[+|1][0[0]0]0 1
T{0(0[1]0fi[i]0(T]1]|0]1 2
TTolo T (T3] T (i{oloi] 3 Segment Map
Tjoj1(ojolofT[i1(ojo]T1][1 3 20
T{o[T[o]T{T[o[T[T[O[T]} 5 25|z¢| 21
T{O[T|1]of1]o]i]T|i|T]1 6 24"2’5'22
T[0T |1[1|3|3[1]0]0|0l0 7 —
T{1lofojo [ [T v T[T 8 Mo 0L
1{1{ofofr]tpij1]vfo]1]t 9 u 1 Moc
IR IR AR AR E A
IR IR R I AN ERERERE B - —
| |
T[i[1{o[0|0[0fo[T[T[O]1 (o] jL'lb Ut}—
IREEEE AR I E RN EEE R E D
IR I AR ER ERE E -
NI ERERE 3 b:HU
Oix|{xfx|x}ojo|O{0jO]O]O oft -

Equation Entry

BIN27 ({Z0..26),[A0..A3],EN)
BIN27_1([Z0..22],]A0..A3),EN)
BIN27_2((Z3..26].{A0..A3},EN)

Puc. 3.16. Onncanue makpoca npeobpasosarens koga BIN27
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nMeHeM, 00JervalomnM MOCAeAYIONYIO ero uaeHTudHKano), Kaxaas
siyelika BBOZIa/BBIBOJIA, 4 YoKe 3aTeM BCS cXeMa leJuKoM. IJocse Toro Kak
Bce IIPOBEpKHU OyayT 3aBeplleHbl, MOXKHO 3aIlyCTHTb ollepalgiio, Ha3biBae-
MyI0 TpaccupoBKoit. Olia 3acTaBHT IPOrpaMMHoe obecrieueH e onpeneiuTh
TyTH, Mo KoTopbiM BuyTpu GRP 1 ORP 10/KHBI CJIel0BaTh CUTHAEL.

Ilpn aTOM MOXXHO BBIOpPATH BBIBOJI, BLIAEAEHHBIN IS KaskAoOTo BXOSA-
111eTO HJIY BBIXOZSIIEero curHana. Taxas onepaiiist IO3BOJISET 3HAYUTE b~
HO YIPOCTHTb Pa3BOAKY NEYaTHOM MIaThl, Ha KOTOPOil GyzieT pasMeleH
HPOEKTHPYCMBIIl pajilloaIeMEHT.

3a MCKTIOYeHHEeM HeCKOJIbKUX BLIBOJOB, Ha3HayeHHe KOTOPhbIX Onpese-
JIEHO M3TOTOBHUTEJIeM, pa3paboTYMK caM BLIOHPAET, Ha KAaKoil BHIBOA M Ha
Kakoit ctopoHe xopnyca PLCC ciellyeT BBIBeCTH TOT WJIH MHOH CHTHAJ.

B pesyirsraTe Beex yka3aHHBIX ONepaMuil MOJKHO IOJTYYHUTh JIMCTHHT
B ¢popmate LDF, npencrasasiomuii coboit Texcrobiit datin, koTopsiii
B NPHHIMIIE MOT Obl GBITH HANlKCaH HENOCPEACTBEHHO MPOrPaMMHCTOM,
Tpe/iBAPUTENbHO 1f3yYHBIIMM CHHTAKCHC 3TOTO CIel(IYcCKoro Sa3bIKa.
Ho ropasno mpoute ncnonbs3oBath JOTUYeCKHit KOMIMISATOP, Takoi Kak
nporpamma Prologic, B mporecce nporpammuposanns [IJIM. Ho B zan-
HOM cJIyuae, O4eBHAHO, MpennodTuteibHee MPpocTo COeAUHNTD MEXAY
coboit HeCKOJIBKO MaKPOCOB, BHIOPaHHHX M3 KaTaJora IeTYKOM MbILIH.

Ha atolt crammm ocTaetcst TOABKO OTKOMIIMIUPOBATH HCXOAMBIH TEKCT
C IOMOIIBIO TOTO Ke MporpaMMHoro obecriedetiits B daitn JEDEC, cosme-
CTHMBblik ¢ JIOGBIM ITPOMBILLTIEHHBIM IPOTPAMMATOPOM, IOEPKUBAIOIIUM
nporpaMMypoBanne MukpocxeM pLSI 1 ispLSI.

Hcnonnenne «isp» aTux paziinosiieMeHTOB feJaeT BOSMOMKHBIM WX ITpo-
rpaMMHpOBaHNe «Ha IUIaTe» NMOCPEACTBOM Ilepefayd AAHHBIX JJIA Mpo-
rpaMMHPOBaHHSA MO NPOCTOii YeThPeXNpOBOHOIL 1IITHE — KHaYe roBOpS,
Boobiie 6e3 TOPOroCTOSMMNX MIPOrPaMMaTOPOB.

IIpu cepuitHoM NpOM3BOACTBE 3TO NPOUCXOIMT, KAk TIPABUJIO, TIPH MTps-
MOM MNOZKIIOYEHHH K NeYaTHOMH MJIaTe HHOTAA HeMOCPeACTBEHHO B MPo-
Itecce BBIITOJIHEHHST aBTOMaTHyeckoro Tecta JTAG.

Ho B c1yyae Heo6xoquMoCTH epen porpaMMHpOBaHNS. (3TO BBINIOIHH-
MO M B CTallHOHAPHOM, U B MOOMJIBHOM 0GOPYIOBaHUM) MOKHO HCIIOIb-
30BarTh IJIaBHbIi1 TpoLieccop Beell cCHCTeMBl, TepeaB faHHble JInbo Ha AKc-
KeTe, MO0 ¢ MoMonIbIo TeleOHHOTO, Pauo- I HHOTO MOZeMa.

Huprvu cioBamy, nipu pabote ¢ MukpocxeMam# ispLSI mosxno omHo-
BpEMeHHO I0JIb30BaThCsI THOKOCTHIO TPOrpaMMUPYEMBIX MaTpHIl Ha 6age
O3Y (xoTopbie TepsIOT XpaHAImMeCsS B HUX MaHHBIe OcHe KaxKAOTO OT-
KJIIOYeHUs INTaHUS) U dHeproHe3aBUCHMOCThI0 TexHomornn DCKMOII
(EECMOS).
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Miikponpoieccop B COBPEMEHHOM 3/IeKTPOHHKE — «CePlle» BbIYHC/I-
TeJIbHOI1 TEXHIKH, KOTOpasi HAXOMUT PUMeHeHYe U B IPOrpaMMHbIX 610~
KaX CTUPAJIbHLIX MalllMH, U B MOTOpAaX aBTOMOOWIEN, ¥ B yCTpONCTBAX YIi-
paBJieHHsI THDTaAMU U T.J.

Kpome Toro, Muxporpoleccop — 3T, BO3MOXHO, ¥ JYYUIMi IpUMep
porpaMMHUpyeMoil 1orukH. Tako# paqnoaleMeHT COBEPLIEHHO HH K UeMy
He NPUroieH 6e3 IporpaMMBbl HJIH TPOrpaMMHOTO obecrieyeH st — ofpob-
HOTO CNHCKa KOMaHI, KOTopble cilefyeT BBINONHATD. Bojee Toro, ¢ ToukH
3peHUst annapaTHoro obecneyeHus —3TO IpOrpaMMa, pasMelleHHas
B 9HEPTOHE3aBHCHMOM 3allOMUHAIOIEM YCTPOICTBe, KOTOpast ONpeRes-
€T MoBefleHHe CUCTEMBL: e U3MeHEeHHe MOXKeT MOJHOCTBIO U3MEeHUTH pa-
6OTY CHCTEMBI C MHKPOTIPOLIECCOPOM.

CUCTEMbI C MUKPOIMPOLUECCOPOM

Ha puc. 4.1 B 06miemM Buze nokaszaHa KJIacCHUYeCKast apXUTEKTypa CHCTe-
MBI ¢ MuKponpoiteccopoM. Cob6CTBEHHO rOBOPS, MUKDOIIPOLECCOp, MK
IIITY, okpy>KeH BeroMoraTeIbHbIMH YCTPOMCTBAMY, HEOOXOUMBIMH JIJISL
ero (PyHKIMOHNpOBaHus: 3TO OJOKH NHUTAHUS, reHepaTop TaKTOBOMH Yac-
TOTBI, 3aTIOMMHAIOLIHe ycTpolicTBa 1 nepudepuiinnie ycrpoiicTsa BBoza/
BBIBOJ.

TaxTOBBIH CHUTHAT, YacTOTa KOTOPOTO 3aBUCHUT OT KBAapIleBOTO pe3oHa-
TOpa, CIYXKHT /I CHHXPOHU3ANUU DYHKIHOHHPOBAHHUS BCell CHCTEMBY
B 1ieJIOM U OIIpefieisieT CKOPOCTh BHINOJIHeHNs koMaH . [locTostHHbIe 3a-
noMuHaomMe ycrpoiictsa (I13Y, CHII3Y, 9CII3Y u paxe ycTpoiict-
Ba THNA (JI2II) XPaHAT BHIIOTHIEMYIO IPOTpaMMy, Kaxxjas KoMaHza Ko-
TOpOi1 IpeZicTaB/IeHa B BUAE OHOTO HJIH HECKOJIBKHX NOC/IeN0BaTebHBIX
ciioB (1o 8 6ut wiwn Gosbure). OnepatuBHast naMsTs (O3Y) cyXuT a1
BpeMeHHOT0 XpaHeHust Takol nHGopMalui Kak IPOMeXKYTOUHBIX Pe3yJib-
TATOB CJIOXHBIX PACYETOR.

Tepudepuitasie ycrpoiicTBa BBOZa/BbIBOIa IPHMEHSIOTCS 1714 Oy~
YeHMs ¥ OTIpaBku uH@opManyn. OHHM yCTaHaBJIHBAIOT CBSI3H C JaTYHKa-
MH, peJie, MOTODaMH aBTOMOOHJIel, CUTHATTLHBIMY JIAMIIOYKAMH, 2 TaKxKe
¢ KJIABHATYpOH H 3KpaHOM # T.1. TakuM 06pa3oM, MHKDPOIIPOIIECCOP — 3TO
HHTerpajJbHasi MHKPOCXeMa, KOTOpas MHOTOYHCIEHHBIMU JIHHUSAMU CO-
eHHSIeTCS CO BCEMH CBOMMH BCIIOMOTaTebHBIMH CXeMaMU.

B unco sTux JMHMIA BXOHT, BO-TIEPBBIX, IIMHA JaHHBIX, N0 KOTOPOl
nepeAaloTcs GaiiThl BO BpeMsi HAIOra ¢ 3alIOMHHAIONIMME W Tepude-
PHITHBIMHM yCTpOHCTBaMK; OHA MOXeT COZepXKaTh BOCeMb JIMHUNR IS
8-pa3psagHbIX MHKpompolieccopoB, 16 uau 32 — st 607ee MOIIHBIX
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Puc. 4.1. Tunosas apxutekTypa cuctemsl ¢ MUKpONpPOLECCOPOM

Mukpo-IBM. Bo-BTopbIX, llIMHa yNpaBJeHUs, ONpeAeNsomasi, IPHCyT-
CTBYeT JIM Ha LIMHe JaHHbIX CJIOBO, BbigaHo M oHo camum [I11Y win, Ha-
MpOTHUB, HpeHa3HAYEHO LIS HeTo, U MPOBEPSIOIAs], IepefaloTcs JIN AaH-
Hbleé 3aMOMMHAIOIMMH HIH NepudepUitHBIMU YCTPOIRCTBAMU: 3TO €lle
HECKOJIBKO JIMHHIt, OOBIYHO YeThIPe WK HSATh.

Haxkonenr mrHa ajipeca, KOTOpask CIYKUT [J1 ONHO3HAYHOTO YKAa3aHUS
MecTa B 3aOMHHAIOLeM YCTPOHCTBe WK B MPOCTPAHCTBE MOPTOB BBOAA/
BBIBOJIA Ilepe]] YETAaHOBJIEHHEM cBsi3H ¢ perrcrpamu IIITY. 3to emre 16 nu-
HUil nn Gosbine. 3Hast, YTO KaXkAblil KOPIYC 3alIOMHMHAIONIETO yCTPOi-
CTBAa MMeeT, KaK NMpaBIIo, 24 uiu 28 BHIBOZOB M Kaxaas cXxema BBoza/
BBIBOJIA — MTOPSIAKA ABAALATH, MOXHO MPeACTaBUTH BCIO CIOKHOCTD CHC-
TEMBI B 11eJIOM.
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MWKPOKOHTPOJNEPDbI

MUKPOKOHTPOJLIEP, M OQHOKPHCTaIbHasE MUKpo-OBM, — ato nHTer-

pajbHasad MHKpOCXeMa, o61;e1mnmomaﬂ B OTHOM M TOM XKe Kopryce MHUK-

poIipoIieccop, MaMsATh I ycTpoiicTBa BBOIA/BBIBOAA. APXIITEKTYPa TAKOro
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Puc. 4.2. Apxutexrypa mukpoxontponnepa 8051
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paoseMeHTa 11 ero Habop KOMaH/ ONTHMH3HPOBaHDI, KaK NIPABUIIO, IS
OpHUMEHEHHS B YCTPONCTBAX M CHCTEMAX aBTOMATHKH M APYTriiX 06/acTax,
r/ie He Tpebyercs BIUNCINTENbHOM MONIHOCTH, HO BajKHbI TabapuTHl U CTO-
HMOCTD,

IIpu aToM pocTuraercs 3HaYMTEbHOE YNPOLeHHE KOHCTPYKIHHU
U OU[yTHMas MUHUATIOPU3AlHsS KOHEYHOTO ITPOAYKTA, YacTO NPH He3Ha-
YHTENLHDIX 3aTpaTax.

Yucao BHIBOJAOB KOPIIYCa 3aBUCHUT TIAaBHBIM 06pasoM OT KOJUYECTBa
HeOGXOMMMBIX JIMHUIT BBoAa/BHBOAA: Kaaccudeckuii kopnyc ¢ 40 BbiBo-
JaMH BIOJIHE TIOAXOAMT /IS OPTAHII3allMH YeThblpeX IPYI MO BOCEMD
MUHKH BBOAA/BBIBO/A, B TO BpeMsl Kak HEKOTOpPHIEe Gosiee HOBBIE MHKPO-
KOHTDOJIJIEPHI MOTYT PasMeliaThCs B MaJIEHHKOM KOpIIyce BCEro ¢ 8 Bbi-
Bojamu (MuxpokoHTposiepsl PIC12Cxxx).

B kauectBe npmMepa Ha pucC. 4.2 NpHBeZieHa BHYTPEHHAS CTPYKTypa
MUKPOKOHTPOJIIEPA, IPHHAIeXKANEeT0 K OueHb PaCIpOCTPaHEHHOMY ce-
MeitctBy 8051. OTMeTHM, YTO 3TO MOUIHAST MHKDOIIPOLIECCOPHAs CHCTe-
Ma, pacrojaraoias HecKOJIbKUMH CUeTYMKaMHU-TafiMepaMyl U IIOPTOM
TN0C/Ie10BaTeILHOM CBA3H Ha OAHOM KpHCTaJle.

MUKPOKOHTPOJIJIEPbLI CNN3Y U OTP

MUKPOKOHTPOMIEDPDI, CHAOKEHHbIE BHYTPeHHHM MacounsiM 113V, uc-
TMOJIB3YIOTCS TONBKO KPYITHBIMH KOMIIAHHSIMH M TOJIBKO TOTJA, KOTAA Hazio
M3TOTABANBATH GOJIBLINE NAPTHH TOBAPOB B YCIOBUSAX CEPUITHOTO TIPOH3-
BoOACTBa (97IEKTPOBBITOBOMH TeXHUKH, aBTOMObHIIEl H T.4.).

Wneanpuniv 1719 pa3paboTKH TPOTOTUIIOB MUKPOKOHTPOJIIEPOM SIBJIS -
€TCs1, OYEBUAHO, MOAEND co BeTpoeHHBIM [T 3Y, ctupaembim yasrpaduo-
neroBuiMit sydamu (YO CITII3Y - UV EPROM). Takne MUKpocXeMbl
MOKHO 3alIpOTPaMMHUPOBATDL, UCIIOJIB30BATD, CTEPETh ¢ HUX UHDOpMaLIHIo
¥ [IDY JKeJIaHUH 11epelIpOrpaMMHpPOBATh 3aHOBO TAK K€ JIETKO, KaK 1 IIpo-
croe CHII3Y, xapakTepHblil A/ KOTOPLIX KepaMu4yeCKuil KOpIyc ¢ KBap-
HEBBIM OKOLIKOM ObIJ HCIIOJIb30BaH AJISI MEKPOKOHTPOJIIEPOB.

He crour 3a6biats 1 0 Mogensx OII (OTP), pasMeiuennsix B genre-
BBIX TIJTACTMACCOBBIX KOPIycax. 3allucaHHble B HUX AaHHble CTEPETh yxe
HeJIb3s, C/Ie[JOBaTeNbHO, TIPUMEHATHCS OHU OYAYT HeOOMbIIMMY TIapTHSI-
MU, KOI/Ia BCSL CHCTEMA Y3Ke MOJHOCTBIO OT/IaXKeHa,

MuxkpoxonTposiep ¢ CHII3Y — aTo seficTBUTEABHO NPOrpaMMUpyeMbIit
PaIHO3IEMEHT: TIPOCTast 3allCh COOTBETCTBYIOLIErO IPOrpaMMHOTO obecre-
YeHHs 1103BOJIAET IPEBPATHTD CTAHIAPTHYIO PAHOAETANb B ClielindIyecKkuit
PATMO3IEMEHT, CIIOCOOHBLA BBITIOHATE YPe3BBIYAHO CTOXKHBle OYHKINH.



102 MUKPOKOHTPOJIIEPHI

Kpome toro, B otmnure ot npocteix CIII3Y MuKpOKOHTpOLIEpH MOTYT
OBIT 3alMIIEHB] OT HECAHKLHOHUPOBAHHOTO KOTIMPOBAHUS JaHHBIX U IIPO-
rpaMMHoro obecrieueHits U3 ero 3aOMHHAIOLIETo YCTPOCTRA.

NPOrPAMMHOE OBECNEYEHUE
U CUCTEMbI NPOEKTUPOBAHUSA

ITrcats nporpamMmy A1 MMKPOKOHTPOJLIEPA B MAUIMHHLIX KOJAX —~ BECh-
Ma CKy4HOe U TsKesoe 3aHATHe. OT HECKOIbKUX JECATKOB 10 HECKOJb-
KHX COTEH KOMaH/ MOXXHO, KOHEYHO, HATIHCATh ¥ BPYYHY IO, HCTIOJIL3YsI Py-
KOBOJACTBa M TabJMUbl KOJOB, KOTOpPhle COAEpPKATCS B TEXHHYECKUX
OTIHCAHUAKX PAfN03IeMeHTOB, VcipaBiense omubKy WM BHECEHHE W3-
MeHeHHs TpebYIoT 3HAUNTENAbHBIX 3aTPAT BpeMeH! Ha PeOpraHu3alMIo
ucrHosHsiemoro koaa. Ho takoro poza 3agaya Xopolllo MoAAaeTcst KOMIIb-
10TepHOI 0bpaboTke. TeopeTnuecky yioboit KOMIBIOTEP UIH MEKPO-OBM
MOJKHO MPUCIIOCOOHTD AJ1s MOATOTOBKY MAIIMHHOIO KO/, TpeJHA3HAYEH-
HOTo JyIst JII06OTo APYroro MEKPONPOUECCOpa MIH MHKPOKOHTpPOJLIEpA.

IIporpaMmel, ciocOOHDbIE BHINOAHSTh Takpe 3alauy, Ha3bIBAIOTCS ac-
cembepamu'. BHauane noAToTaB/AMBAETCA TEKCT HCXOAHOM MPOrPaMMBbI,
HAMACaHHBIA Ha A3biKke acceMOtepa. Teker obpabaTeiBaeTcs MPOrpaMMoii-
acceMOJIepOM, U TIOTyYaeTcsl HCIIOMHSIEMbIH Moy 1b (B MaIIMHHOM KOJie),
OpraHM30BaHHbIN B 6alfThi, KOTOphIE MOXKHO 3anucaTh B CIITI3Y Mukpo-
KOHTpOJLTEpA.

VlHorza B 3Toli MocaeoBaTe bHOCTH AeCTBI HEOOXOHM TTPOMEXY-
TOUHBIH 3Tanm — oObeIHHEHNE HECKOJIBKHAX O6BEKTHBIX IIPOrpaMM, KOTo-
pbie JOJKHBI OBITH 06paboTaHBI THHKEPOM, WK pelakKTOPOM CBsizeit, [ist
HOJy4YeHHs MOJHOUEHHO «3amuBkus. KpoMe Toro, cymecTByoT mpo-
rpaMMBbI-An3acceMOIepsl, CIIoCOOHBIE BOCCTAHAB/NBATEL B BUJAE CIHCKA
MHEMOHUKH KOMaH/ HeloCpeACTBEHHO B3 HCHOMHAEMOro KoAa.

OnpeneneHHylo TpobeMy TMPEACTABAAET ¥ TeCTUPOBAHIE TPOrPAMMBL:
MBI CJIMIIKOM JaJIeKH OT si3bika Basic, B koTopoM mpoctast koMaHzaa Run mo-
3BOJISIET TIPOBECTH HCIIBITaHHe 6e3 PIICKa «3aBHCAHMA» B CIIyYae omubKu.

Yrobbl poBepUTh MPOrpaMMy MHKPOKOHTPO/LIEPA, HAAO B HPUHIKIE
«3anuTh> ee B CIIII3Y, ncnomHuTth, YTOGH OTMETHTD BEpOSTHBIE aHOMA-
JIUH ¥ OIIUGKH, 2 3aTeM COOTBETCTBEHHO H3MEHNTD HCXONHBII TEKCT, Tepe-
acceMOnpoBaTh, crepers undopmanuio B CIIII3Y u nepenporpaMmupo-
BaTh €ro HOBLIMHK JaHHbIMH. CyIIecTBYIOT, OfIHAKO, Pa3INyYHble METOMMI,
KOTOphIE TIO3BOJIAIOT H30eXKaTh TIOAOOHEIX TIPo6JIeM ¥ BHIUTPATH BPeMS.

! Ecsin Ha 3BM oznoro Trma roroBsitest Kozbl s DBM Apyroro tumna, TO 4acTo
roBOpST 0 Kpocc-acceMbrnepax. — Ilpum. ped.
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CHavana 60JILINHHCTBO TIpOrpaMM-acceMOIepOB OTMeUaloT Hanbosee
rpy6ble olHOKK TPOTPaMMHUPOBAHHUS, TIO3BOJIASI HCIIPABIATH UX YKe Ha
paHHeil ctagun. B cnyuae ecim muxpo-2BM, Ha kortopoii paboraer 1po-
rpamma-accembiiep, ocHameHa MHKPOIIPOLIECCOPOM TOTO Ke CeMeHCTBa,
4TO U JI2HHBIH MHKPOKOHTPOJIIED, MOXKHO NPOTECTHPOBaTh paspaboTaH-
HYIO TIDOTpaMMy TOJ| YIIPaBJIEHUEM CIIEIHANBHOI MPOTPaMMBbl-OTIa 4H-
Ka, C TOMOIIBIO KOTOPOH yCTaHABAUBAIOT 60Jee cepbe3Hble OIMOKH, UTO-
651 H30eXKaTh CEPhE3HOTO «3aBHCAHHUS» MAUIMHBL.

K coxanennio, B 60JMbIIHHCTBE CAYYacB MUKDPOIPOLECCOP KOMIIbIOTe-
pa OTJIHYAETCS OT MOATOTOBJAEHHOTO K HPOTrPaMMUPOBAHIIO MUKPOKOHT-
posnepa. Hampuwmep, copmectrmbiii HHK ochamen 386 uan 486 nponec-
COpOM, a TporpamMma paspabarbiBaeTcs JUI1 MUKPOKOHTposiepos 8051,
68HC11 wian PIC. B atom ciryuae cienyeT NpHOETHYTh K MOMOHIH TIPO-
FpaMMHOTO o6ecriedeHys, Ha3bIBAeMOT0 OOBIYHO CHMYJISTOPOM WJIH TIPO-
IpaMMHBIM 3MYJISTOPOM, KOTOPO€E BOCTIPOU3BOANT MOBEIEHUE MUKPOKOH-
TpoJIIEpa, HCTIONb3Ys KOMIBIOTEp C IPOIIECCOPOM JIO60T0 THITA.

Kpome artoro, 4n#cTo MporpaMMHOIO NOAX0Aa, CYLIECTBYeT ¥ aliapar-
HOe pelleHne MpobeMbl — IMYJISTOP.

OMYJISATOP — YCTPOUCTBO, KOTOPOE MOAKMIOUAeTCS] K KOMITBIOTEpY, HC-
MOJIb3YeMOMY ISk acceMOIHPOBaHUSA, M UMeeT CllelHanbHbliil Kabes
¢ pasbeMoM, KOTopbIit MOxkHO BctaBuTh BMecTo CHII3Y nin mukpokoH-
TpOJIIepa B IAHEIbKY HA NIEYaTHO TIIaTe pa3pabaThiBaeMOro YCTPOHCTBA.
Hpw aTOM HcnomHsIeMbI KA COAEP/KUTCA BO BCTPOEHHON ONEPATHBHOM
MaMaTH aMy/siTopa. TecTupyeMast CHCTeMa CUMTBIBAET IPOTpaMMy HMEH-
HO OTTY/a, cJIOBHO 5T0 06byHOe CIITI3Y, a ¢ momomsio ITO cucteMnl pas-
paboTKH JIerKo OCYIEeCTBHTH BCe HeoOXOHMbIe H3MeHEeHUs B HCTIOHsIe-
MOM Kofie.

Taknm 06pa3oM MOXKHO YCTaHOBHTDL HEPasphIBHYIO B3aHMOCBSI3h MEXK-
Iy HCXOHBIM ¥ HCHOJIHSIEMBIM KOJaMH, YTO 3HAUNTETHHO YCKOPSET po-
1ecc pa3paboTKU M OT/IAKU M yMeHbIIaeT KOJIMYECTBO HUKJIOB CTHPAHUS.

CrenpanbHble SMyJISTOPLI CYIIECTBYIOT AJis1 GOIbIIHHCTBA MEKPOIPO-
11eCCOPOB H MEKPOKOHTPOJIJIEPOR, HO €CTh # 60Jiee YHHBepcaTbHBIE MOJIe-
JIH1, CTIOCOGHBIE PabOTATh C PA3TUYHBIMU CeMeHCTBAMM ¥ THIIAMHU ITHX
PaJVIOIIEMEHTOB,

Ecam BB He X0THTe MCTIOAB30BaTh acceMbiiep, MOXKHO paboTaTh C SI3BI-
KkaMm#u 6osiee BhicOKoro ypoBHsl, TakuMu Kak C miu Pascal. [Ipu nono6aoM
BBHIGOpE HEOHXOAMMO MPOrpaMMHOE 0OeCTIeYeH e, HA3bIBAEMOE KOMITHITY -
TOpOM (MM KPOCC-KOMITHISITOPOM ), KOTOpOe NepeBe/ieT UCXOAHBIN TeKCT
HpPOTPaMMBI Ha acceMbep, MOCIIe Yero ee JIETKo Mpeohpa3oBath B HCHOJ-
HseMbIH Kox OOBIYHBIM CHOCO60M.
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Hocrpoennnlii B TakoM ciiy4yae KOA He BceTZa cTolb xe adpdekTHBeH,
KaK KO/, MOJIyYeHHLI# npy TpOrpaMMHpOBaHUHN Ha sI3bike acceMOJiepa.
Yacro oH oka3biBaeTcs H0s1ee rPOMO3AKEM 1 00pabaThiBaeTcs MeJIeHHee,
OJTHAKO ceffyac 3HaYMTeNLHO YBeJIHUYeHO GBICTPOZAEIICTBYE NIPOrpaMM Ha
SI3bIKAX BBICOKOIO YPOBHS (B 4acTHOCTH, Ha C).

Huxe npugesien mpuMep KOpoTkoi NporpamMMbl, HaMHCaHHON Ha A3bIKe
Pascal nns mukpoxonrposiepos ceMeiicta 8051, (Te, xro 3HakoM ¢ mory-
nsipubM A3bikoM Turbo Pascal, npaktiueckn He HCIBITAIOT 3aTpyAHEHUIT
B pa6ote ¢ aTolt Bepcueit.) OTmeTnM obpamenne K GYyHKIUAM, CBOM-
CTBEHHDBIM TOJBKO MHKPOKOHTPOJITIEpaM, B YACTHOCTH OOpalIeHHs K ero
cyeTYHMKaM-TaiiMepaM.

var
timer, frac: word;

procedure interrupt timerQ;
begin
inc(frac);
. 1f frac=4000 then
begin
inc(timer);
frac:=0
end;
TFQ:=false
end;
begin
timer:=0;
TRO:=true;
ETO:=true; { pa3peweHue npepuBaHui OT timer( }
TMOD:=2; { Timer0 M1 true: 8-paspagHwi TaiMep ¢ aBTO3arpy3kod }
THO:=6; { npepwsaHve kaxawe 250 MC (ecan TakTosas wactota 12 My) } -
frac:=0;
EA:=true; { paspeuuTb npepuBaHua }
repeat
(* TaitMep MOXeT 4TO-HUGYAL Lenats, *)
p1.0:=((timer and 1)=0);
until false;
end.

Jlaniee NpUBeIeHO HAYaso JKCTHHIA IepeTPaHCASMU Ha acceMbuep,
KOTOpHI# BhINoJHeH kommuiastopoM Pascal. MlcxonHsie BrpaskeHus Ha
si3bike Pascal mpencraBielst B Bi/le KOMMEHTapHEB, a COOTBETCTBYIOLLUE
CTaHapTHble KOMaH/Ibl acceMbJiepa — 06bIYHHIMH MHEMOHHYECKUMH 060-
3HaueHHAMH (TaK e MOCTYMII GBI IPOrPaMMMCT, ecy Obl TOTOBUI 3Ty
NpOrpaMMy HemocpeACTBEHHO Ha acceMbiepe).
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, MicroControlierPascal compiler, vers. 3.09 copyright (C) KSC 1986, 1990
. With code generation for INTEL 8051

$DEBUG
NAME DEMO
USING 3
USING 2
USING 1
USING 0

. timer, frac: word;
7DEMO?D SEGMENT DATA

RSEG ?DEMO?D
TIMER: DS 02H
RSEG ?DEMO?D
FRAC: DS 02H
,procedure interrupt timerO,
. begin
7DEMO?C SEGMENT CODE
RSEG.  ?DEMO?C
TOINT:
PUSH PSW
PUSH ACC
PUSH B
PUSH DPL
- PUSH DPH
MoV PSV, #010H
s1nc(frac);
INC FRAC
MOV A, #00H
CJNE A, FRAC, $+5
INC FRAC+01H
:1f frac=4000 then
MoV A, FRAC+O1H
CINE A, #15, §+0BH
MoV A, FRAC
CJINE A, 160, $+06H
LJMP 7L0
LJMP L1
7L0:
:begin
cinc(timer);
INC TIMER
MOV A, #00H

CJINE A, TIMER, $+5
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INC TIMER+O1H
cfrac:=0
end,
Mov FRAC, #LOW(OCx)
MOV FRAC+01H. #HIGH(OOH)
2L
;TR0 =false
send: )
CLR TFO
popP DPH

CiienoBaTesiblio, aTa MPOrpaMMa MoXeT BuITh 06paboTaHa, HallpUMeD,
acceMOIepPOM-JIMHKEPOM, Hipe/iHasHaueHHbM 1/ cemeticta 8051, mpui-
yeM Tak, YToOBI B OAIH I Ba 3Tana MOJYYHTh HCTOAHSIEMBIT KOJ,
NpUMEp KOTOPOTO NpenCTaBeN HIKe (B Buge daitna B dopmarte Intel
hex).

.0200000080245A

:03000B0002002CC4

:2000260012009902006 ECODOCOEOCOF0C082C083750010052374008523020524E524B40F 7A
:2000460008E523B4A003020052020061052174008B21020522752300752400C2800083D040
*2000660082D0F0D0EODOD032752100752200D28CD2A9758902758C06752300752400D2AFF7
:20008600E5215401C3940060027401F413929080EF80FE75252600000001852581C00 1C0AE
:0200A800002236

: 0000000 1FF

YkazanHas MocjefoBaTeAbHOCTh 6afiTOB MOXKeT OBITh HEMOCPEACTBEH-
Ho <«3amrra» B CITTI3Y mukpoxontposutepa. B taxom ciydae rosopsr
0 KOfie «TIPOIIHBKH» — B OTJIIYHE OT KOJa, TeHEPHPYEMOro OGBIYHBIMH,
MeHee CIelHTH3HPOBAHHBIMIT KOMITUIATOPaMH, KOTOPBI MoXeT OBbITh
BBITIOTHEH TOJIBKO MO/ YIIPABJIEHNEM ONEPAIOHHON CHCTeMbl KOMIIBIO-
Tepa (Hanpumep, MS DOS).

Crnenyromsit npiMep NMOKa3bIBaeT, KAK MAalIMHHBIA KO 1IPH NOMOIIH
nporpaMMbi-au3acceMbiepa MokeT OBITh MpejicTaBied B Gosiee ICHOM
¢dopme — B cTaHAApTHBIX MHeMonuKax. Cpasy OTMETHM, YTO CHHTAKCHC
KOMaH/[ He COOTBETCTBYET NPUBECHHOMY B HCXOJHOM TEKCTE MPOTpam-
MEI, HO BTO NIPABUJIBHO.

Jusaccembanposauue Qaiina B dpopmare Intel hex:

AMS 8032 PROGRAM lister DATE 1/2/1980 TIME 1:37 page 1
COPYRIGHT 1989 AMS.

PC ~ MACHN OPCD  OPERAND
0026 120099 LCALL 0099
0029 02006E LJMP  OOGE
002C CODO  PUSH DO

002E COEC  PUSH  EO
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0030
0032
0034
0036
0039
0038
003D
0040
0042
0044
0047
0049
004C
004F
0052
0054
0056
0059
0058
005E
0061
0063
0065
0067
0069
0068
006D
006E
0071
0074
0076
0078

COFO
€082
€083
750010
0523
7400
852302
0524
£524
BAOFOB
E523
B4A003
020052
020061
0521
7400
852102
0522
752300
752400
28D
D083
0082
DOFO
DOEO
DODO
32
752100
752200
D28C
D2A9
758902

PUSH
PUSH
PUSH
MOV
INC
MOV
CJNE
INC
MOV
CJNE
Mov
CJNE
LJMP
LJmup
ING
MOV
CJNE
INC
MoV
MoV
CLR
Pop
PoP
pop

- PoOP

PopP
RETI
MoV
MoV
SETB
SETB
Mov

£0

82

83

00, #10

23

A, #00

A, 23,0042
24

A.24

A, #0F, 004F
A 23

A, #AD, 004F
0052

0061

2

A, #00
A.21.0058
22

23,400
24, #00

8D

83

82

FO

ED

Do

21,#00
22,400
8C
AQ
89, #02

B nosyyeHHOM JHCTHHTE UCTIO/Ib3YIOTCS MPOI3BOIbHbIE HMEHA Tlepe-
MEHHBIX B METOK, 3HaUCHHUsI KOTOPLIX BMECTO POrpaMMUCTA oflpeiesiser
nporpamma-accembiiep (#an koMnuasATop). Hanmpumep, KoMIUJIATOP «pe-
urst», yTo PSW cooTBeTcTBYeET peructpy D0, a DPL — agpecy mamsaTi 82h;
0 TaKkoM BLIGOpe u3acceMbiep, ecTeCTBEHHO, He HMeeT HHKAKOil BO3MOX-
HOCTH Y3HATD.

BeposiTHO, 3TH NpHMepbl, HAMEPEHHO H3B/IeYeHHbIe U3 OUeHb MPOCTOH
TIPOrpaMMbl, HOKaXXyTcsl GOBIIUHCTBY YHTaTesell abCOMOTHO HeOCTy -
HBIMY U GeccMbIcieHHBIMU. B 3ToM HeT HHYero yAUBUTEILHOTO, IOTOMY
uTo GparThcs 3a NMPOrpaMMHPOBaHHE ST MUKPOKOHTDOIEPOB MOXKHO,
TOJBKO TIPEIBAPUTEBHO H3YUNB TOT WM HHOH S3BIK IIPOrpaMMHPOBaHUA
(accembnep, Pascal unn C) u obnanast riayGoKHMH 3HAHUSMH B 06N1aCTH

anmnapaTHoro obecreyeHus MHKPOKOHTDOJLJIEPA.
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IpaBribHO TPOrPaMMIIPOBATH MIKPOKOHTPOJIJIEP HAMHOTO CAOXIICE,
ueM paspadarthiBath GAL i <npoiunarsy B CIII3Y nporpasmy Jio-
TITYECKOTO aBTOMATA,

Hasaveriie 3Toft KHITH — NPEACTABIITL BECh ApCCHAN TPOrPaMMIIPY-
eMBIX PA/IITIOFTICMCHTOB, He 0COOCHHO BIaBasACh B I10/ipoOHOCTH MeXaHII3-
MOB 1TPOIPAMMIIPOBAIIIS KAKOTO-JIH00 MIIKPOKOITPOJLICPA.

APOrPAMMATOPLI AN194 MUKPOKOHTPOJINIEPOB

VToroM paccMOTpeHHOro HaMM mpouecca pa3paboTKy SABJsIeTcs 3arpya-
ka nporpammbl B CITII3Y mMikpokoHTposiepa. ‘

Jasnbreitinie nefictBiis Oy/yT pasHBIMIL IS Pa3HLIX Palio3IeMCHTOB!
1poron yepes npomexxyroydoe CIITI3Y 1 ucnonb3oBanile crienuaibHoil
TPOrpaMMBI-3arpy34lika a1t MUKpoKoHTposiepa 68705P3, npuMeHeHne
CICHUIAJIBHOTO TiporpaMMaTopa A Mitkpokontposiepa P1C 16C54, non-
KJoYente npocroro aganrepa k nporpammaropy CIIINI3Y ans Mukpo-
xouTposicpoB 8751 u 8753 i nmpuMeHeHHe 3arpy3KH «Ha TiaTes JUis
Mukpokontpoinepa PIC16C84.

«YHHBepCaJIbHbIE» MPOMBIIIJIEHHEIE TIPOTPaMMATOPhl OOLIYHO MOTYT
NOJIEePKMBATh GOJIBINOE KOJHUECTBO MUKPOKOHTPOJJIEPOB, HO HE BCe,
XOTsl 1Iela 112 TaKile IporpaMMaTophi JOCTATOYHO BbICOKasI.

MUKPOKOHTPOJIJIEPLI PIC

TepMHH «MIKPOKOHTPOJJIEP> OOBIYHO acCOLMUPYETCA ¢ MEKPOCXEMOI,
uMelouieii 40 nmm 28 BLIBOZIOB, a TakyKe MHOTOYHCIIEHHEBIE TIOPTHI BBoJa,/
BbIBona. IIpenonaraercs, uyto 110100Hass MUKPOCXeMa He BCErAa A0CTa-
TOYHO OhiCTpOJIeiicTBY0mast, TpeOyIoNIas K ToMY e T0POTOCTOSIIIUX CHC-
TeM PaspabOTKH — CJIOBOM, JAJIEKO He Iifleal 1Jisl psijia UIMPOKO pacipo-
CTpPaHEeHHDIX TIPHIOKEHHH, B KOTOPHIX HEOOXOAUMO OOBEeIMHHTD MaJble
rabapHThl, TpeGyeMbie MapaMeTpbl U HU3KYIO CTOUMOCTD.

HanGonee monyasipHbl Ha CeTOAHAMHUI A€HL MHKPOKOHTPOJLIEPDI
cemeficrea PIC16Cxx wommannu Microchip. Ilpocrora i aoctynHoctn
3TOTO PAJHO3JIEMEHT], CIIOCOOHOr0 KOHKYPIIPOBaTh ¢ 6oJlee COBEpPIIEHHbI-
MH M3JeJIMSIMH, BBI3BaHa TeM, UTO 110 100HbIe MUKPOKOHTPOJIIEpHI cHab-
’K€HBI OFPAaHMYEHHBIM KOJIIYeCTBOM JIHHHIT BBOAA/BbIBOAA M pa3Melia-
10Tcs B naactMaccoBoM kopmyce Ol ¢ MansiM ymcaoM BuBooB. OHH
cnoco6HB 06X0Thes Oe3 KBapleBOTO PE30HATOPA, BMECTO KOTOPOTO
HCTIONBb3YIOTCS KepaMHdeckiie pe3oHaTopsl il RC-ueny, # serko mnpo-
rpaMMHpYIOTCA. Takite pajlosneMeHTh MOXKHO HaliTH B MOOHJIBHBIX
Tesed oHAX, PATHONPUEMHIKAX ¥ MarHITONAX, CHCTEeMaX KOHTPOJS Jo-
CTYH2 H KOAMPOBAHHOTO TejieylpaBiienis, pa3nyHbIX gatynkax. OHH
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BCTPEYAOTCS Besje, Hauuiiasg oT aBTomMoO1uieil 11 21eKTPoBLITOBBIX TpH-
BOPOB 11 3aKaHYMBasA «KOICTPYKTOpaMil» — Habopamii Jletaseil, B KoTo-
PBIX OHII MOTYT JIETKO 3aMeHIITh 00bIunbIe Mitkpocxenbl. (Ecan crepern
MapKHUPOBKY MIKPOKOHTPOJIepa, OyaceT ofecnedena 11 JIONOITEbIIas
3AIUIITA OT HE3AKOHHOTO MOBTOPEHLS.)

OcuoBrble 0bnacTi HX TpUMEHeHUs —~ 3TO Bee NMPIIOKeNlId, KOTopble
Gy T CAHIIKOM CJIOKHBIMI, IOPOTHMII IJIH TPOMO3JIKIIMH, ec/ul paspaba-
TLIBATb MX C HCTOJb30BAHHEM OOBIYHDIX III)POBBIX CXEM LI MIKPOKOH-
Tpoanepa. TakuM o6pazoM, epexo/ K MitkpokoHTposliepy Ol nossoaser
3HAYIITEILHO YCOBEPIIEHCTBOBATH HOBBIE TIPIJIOKEHUA 1 YAYUIINTD TeX-
HITUEeCKIle TTapaMeTphl LETIOro psiia yKe CYLUIeCTBYIOUIIX TOBAPOB.

Mukpoxontposseps cemeiictBa PIC16Cxx couetaloT B cebe cBoiicTBa
TPaHIIMOHHON HIPPOBOI TEXHUKII, TIPOTPAMMIIPYEMBIX CXEM. Il MHKPO-
IpoleccopoB. VIMU HOMB3YIOTCS BCAKII Pa3, KOria ¢ HX TIOMOIBIO MOX-
HO BBITYCTHTH GoJiee BHICOKOHPON3BOANTENbHBI U KOMIAKTHLIT Mpo-
NYKT, IpHyeM OBICTPee W 32 MEHBIYIO HEHY.

CemeiictBo PIC16Cxx ocHOBAHO Ha JBYX 0a30BHIX alTapaTHLIX KOH-
dirypanusax ¢ 12 unu ¢ 20 1HMUSMHI BBOAA/BbIBO/IA COOTBETCTBEHHO.

PIC16C54 — wanbosee npocroit npribop, pasMeIICHIIbl B KOPIIyCe
DIP 1 SOIC ¢ 18 Beisogamu. On nmeet 12 jiiHuil BBoja/BbIBOAA,
O3Y emkoctbio 32 Gaiita 1 CIITI3Y emxoctbio 512x12 61T (4T0 YXKe SB-
JISTeTCST OPUTHHANBHBIM PeLIeHeM ).

CoBMecTHUMBIN ¢ HHM Ha yPOBHE BBIBOZIOB MiIKpoxoHTpoiep PIC16C56
ochanted CIITI3Y ¢ yaBoeHHBIM 06DHEMOM ITaMATIL

Pazmemeniinit B kopmyce DIP mmi SOIC ¢ 28 eiBopamit, MIIKPOKOII-
tposnep PIC16C55 pacnionaraer 20 nunnamu 1/0, 32-6aiitiusin O3Y
1t CIIII3Y emxocreio 512x12 6ur.

Ero saprant PIC16C57 umeer CIIII3Y ¢ yseair4eHHbIM B YeThpe
pa3a 06bEMOM MaMATH.

PIC16C71 — GoJsiee HOBBII ¥ 3aMETHO YJIYUIIEHHDBIH MIKPOKOHTPOJI-
nep. B yactHocTy, azech 1obasrieHbl anajgorosbie Bxont (Berpoer ALLIT)
11 BMecTo 12-paspsiiHbIX UCHOMB3YIOTCS 14-paspsiiHble KOMaH/Ibl, KOTO-
poie 3anuceBalores B 1024 sueiixn H3Y. '

IMosiguBHINiicS HeTaBHO, HO ysKe OUeHb pactnpoctpaHernnii PIC16C84
uarotoJied 1o TexHosorun CIIII3Y. HecMmoTpa Ha To uTO 0H pazMenier
B TJIACTMACCOBOM KOPILYCe, €70 MOXKHO MOMENTATIbHO «OUICTHTEY H TOTYaC
Ke MepenporpaMMIIpoBarh, YacTh eTo SHePTOHE3aBICIIMOL TaMsITH JIOCTYTI-
HA /I JAHHBIX, KOTOPBIE He JIOJKHBI TEPATBCH NP1 OTKIIOYEHITH THTAHIIS.

Han6oJsee pacnpoctpasernsoe ncnontenie Bepenii ¢ CITIN3Y — mnact-
maccosblif kopnyc (OII - OTP), Ho cyiecTBYIOT MUKPOCXEMBI I B Kepa-
MIIYECKOM KopIlyce ¢ KBapiieBbiM okolikoM (¥M CITII3Y — UVPROM),
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UCIob3yeMble B Mpoliecce paspaboTku i oTnaaku. ECTh 1 BOSMOXKHOCTH
NporpaMMHUpoOBaHus Ha npousBozacTse (quick turn production, QTP —
OBICTPLIN 3aYCK B TPOU3BOACTBO), YTO TOPA3/I0 BHITOJHEE H3TOTOBJICHHS
macounnix I13Y. ITepexoa oT npoToTHNa X cepuu NPOUCXOAUT ObiCTpee
1 6e3 3HAYMTENLHBIX PACXO/IOB, 2 BOBMOXHbIE H3MEHEHHUS IPOrpaMMbl
BBLI30BYT MUHHMAJIbHBIE 3ATPY/IHEHHA,

Bce atn pagrosneMenTbl BHNONHEHH 110 Texnonorsu KMOII i nurarot-
¢s1 0T Hanpspkenus 5 uau 3 B (Bepent ¢ moHMKEHHBIM TOTpebJieHueM sHep-
i), ToK norpebserus ot 15 MKA 110 2 MA B 3aBHCUMOCTH OT TaKTOBOI ya-
CTOTHI. Paspemtaercs BKIOYHTD AeXKypHBIA pexxuM (standby), mpuyem Tox
cocTasiT MeHee 3 MKA. KpoMe TOTO, OHY BLITYCKAIOTCSI C pa3/TMYHbIMHU Ba-
PHUAHTaMH TaKTOBLIX reHeparopos (0-20 MTIt). ,

ITH PAHO3IEMEHTH IIpHCHoCcobIeHbt /IS paboTHI B CHCTEMAX C aBTo-
HOMHBIM MHTaHHEM, B IOPTATHBHLIX MJIH la’ke KapMaHHBIX YCTPOICTBaX.
Bce MukpoxorTpoanepst PIC pacnosaraior BCTpOeHHEIM CUETYHKOM-Tai-
MepOM, BXOJ CHHXPOHH3aIUH KOTOPOTO MOAK/IOUeH K CHelHaIbHO Ipeji-
Ha3HAUeHHOMY BBIBOZLY, HO MOXKeT paboTaTh U OT 001IIero TakKTOBOTO reHe-
paropa. HakoHern, 1o0ycTrMO BCHONIBE30BaTh IPOrPAMMHpYeEMBIit TaliMep
aBapuiiHoro cbpoca — watch dog.

OcuosHasi ocobernocts PIC — ux RISC-apxutextypa (Reduced In-
struction Set Computer — orpati4eHHasi CHCTEMa KOMaHJl KOMIIBIOTEpa),
KOTOpas I10 OTHOLIeHHO K Kiaaccudueckoil koudurypanuu CISC nmeer
CleAyIIzEe NTPEUMYIIECTBA; '

* Gonee KOMIaKTHH Koz (BABOE);
* Boapocluiee ObicTpozeiicTBHE (BYETBERO);
* ycKopeHHe Tpontecca pa3pabotku (mpudausurensuo 30%).

Bmecro 50-100 koMan/[ 1o HECKOJIBKO 6aliTOR M HECKOABKHUX pabouux
HMKJIOB OOBIYHBIX MEKPOKOHTpPoJLIepOB s13blk PIC16C5x orpaHnyuBaeT-
cs1 33 KOMaH/IaMH, BCTIOTHAEMBIMH 32 OJIMH pabouuii uyKi (32 HCKIIOYe-
HIEM KOMaH]| YCJIOBHLIX TIepeXo/0B, HCIOAb3YIOMUX /IBa IepHo/a) U 3a-
HHMAIOIUMH B maMaTy mporpamum (12 paspsaos BMecto 8) ToJIbko OAHO
cioBo. Mukpokourpoaiep PIC16C71 umeer 35 xoman,.

IIperMymecTBO paccMaTpHBaeMbiX MHKPOKOHTDOJUIEPOB OCODEHHO
3aMeTHO, MOCKOJIBKY MHOTHE TIPOTPAMMHCTH TIpaKTHYECKH He HCIOb3Y-
0T Hap6ostee coxnbie koMaHast CISC-TponieccopoB 13-3a TOTo, 4TO OHI
CJIHIIKOM Pa3/IMyaloTCs y Pa3HBIX IPOHECCOPOB.

KoHeuHo, mpumensietcs u nporpaMMHoe obecrieueHue, HaKCaHHOe Ha
s13blKe BhIcokoro ypoBHs (C), a 3aTeM OTKOMIIWJIHPOBAHHOE, HO B 3TOM
cy4yae KOJ moJydaeTcs Gosee TPOMO3IKAM ¥ BHINIOJIHAETCS MelIeHHee,
YeM Heob6XoauMo.
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C HaGopOM KOMaHJ, OTPAaHUYEHHDBIM TOJIBKO CaMbIMH TJIaBHBIMIL Ofle-
PaLHSAMH, CTAHOBUTCS JOBOJIBHO NPOCTO MHCATh HENOCPEACTBEHHO HA ac-
ceMbJiepe xoMnakTHele M 3¢ PpeKTHBHbIE TPOIPAMMBI, IIPHYEM A€JNAThH 3TO
OBICTPO. ITOT NPHHIMI NOLIEPKUBACTCS 0COOEHHOI apxXUTeKTYpoii, Ha-
3piBaeMoii [apBapnckoil, B KOTOpoil ZiBe pa3Hble WIHHbI BBIAEJICHBI s
JAHHBIX U JU1S KOMaH/l, YTO MOJHOCTBIO YCTpaHsieT y3Koe MeCTO B apXH-
tektypax CISC-mammH. ‘

IMapannensHo ¢ 3TUM UCHOJB3YeTCS cHcTeMa, nMeHyeMas Pipe-Line
(xoHBeliep), 4TO MO3BOJISIET BHINOJHATD KOMAHLY OJJHOBPEMEeHO C NoAro-
TOBKOI Clezytolileil, U3BAeKAst MAKCUMYM U3 KaK/0TO TAKTOBOTO NEePHOAA.
Pa6oune noxasatenu pocturaioT 5 MIPS (MIULTHOHBL KOMaH B CeKYH-
J1y), YTO JlesiaeT BO3MOKHBIM OPUTHHAJIBHBIH MOAXO0 K OTpe/teIeHHBIM 3a-
Jla4aM, KOTOpPbIe BRITOAHO 06pabaThIBATh B PeabHOM MacliTabe BpeMeHU.

[Ipyn Hcmosnb3oBaHUM MHKpokonTpoJutepoB PIC ponyctumo, Hanpu-
Mep, 3aMeHITh TPOMO3JKue TaGJUIbl JAHHBIX ATIOPUTMAMH OBICTPBIX BbI-
YUCIeHNH IPaKTHYeCKH TaK Ke, KaK 3TO JeJ1aock 6pl B yCTPOIiCTBax Ha
DSP (Digital Signal Processor — unu¢poBoii curiainHblii nponeccop).

Mixpokountposutepsl PIC Brosne onpaBaaii cyuecTBOBaHHe Cliel-
(pryeckux cpescTs paapa6on<n, KOTOpble MOXKHO MPHOBPECTH MO BecbMa
HU3KHM LeHaM.

KomMmepueckuii yenex siellieBbIX # yAOOHBIX B IPOTPAMMHPOBAHIIN MHK-
POKOHTPOJLTIEPOB MpIIBeJ K TOMY, YTo KoMmanusi Motorola, B yacTHOCTH,
peinna GecraaTHO MPEAOCTABUTH CBOUM KIHMEHTaM HeoHXomuMoe Tpo-
rpaMMHOe obecriedeHye s COOPKM COOCTBEHHBIX NPOCTBIX MPOTPaMMa-
TopoB; koMnanus SGS-Thomson npeanoya BHNYCTUTb B MPOJaXy He-
JOpOTroH NOJHBI «KOMIUTEKT pa3paboTurkas.

®upma Microchip mpoBoAUT NOMUTHKY, KOTopas ylauHo 00beAHHSET 3TH
JBa noaxoza: KoMiviext Starter Kit, kotopstii HasniBaercss PICSTART-16B,
MOKHO IPHOOPECTH N0 BechbMa Pa3yMHOI Lieke, 0coGenHO YUHTEIBast €ro
COJIepP’KUMOeE: CllelMAaIbHBIN nporpaMmarop, noaxiodaeMsiii k ITK (cm.
puc. 4.3), mporpammioe obecriederue (acceMbiiep, CUMYJISTOP ¥ IIPOrpaM-
Martop), a TakxkKe MOJHBIH KOMILIEKT ZOKYMEHTAUMU U HeCKOJIBbKO KOpIy-
coB MUKPOoKoHTposutepoB PIC, ctipaeMbix yabTpadroneTOBBIMU JIY4aMU.

Pa3noo6pasHoe 1 NpakTHYeCKH 3KBUBANIEHTHOE IIPOrpaMMHoe obeclie-
YyeHHe MOXKHO 3arpy3uth U bectnatHo (¢ BBS wmn u3 Internet), x Tomy
’Ke aJITOPUTMBI IPOrPaMMUPOBaHUs GbUIH B KOHIE KOHIOB ONy6IMKoBa-
HBI. B raBe 5 Mbt nokaxem, 110 Kakoil cTerneHH NpocToil MOKeT 0Ka3aThesl,
HanpuMep, cOopka mporpaMMaTopa &Il Mukpokontposiepa PIC16C84.

1O, ynpasnsnoiiee nporpammaropoM Picstart, yroOHo ¥ npocto B Hc-
MOMb30BAHUM OJaropapsi «OKOHHOI» CTPYKTYpe, HanoMiHaoueir Win-
dows, foctaTouHo GLICTpoil ¥ He 3aHUMaIOIIel! MHOTO MecTa B MaMsITH.
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PICSTART-168

Fomempe s g

Puc 4 3. Brewnwi sun nporpammaropa n3 vabopa PICSTART-16B

OHoO mo3BONAET 3aTPYKAThL MONYUEHHBIN 110cTe paboTh MPOrpaMMEI-ac-
ceMbrepa HICCTHAMIATEPHYHDIH (ailsl, pelakTHPOBATh ero B cllyYae He-
06X0IMMOCTH, a 3aTeM <«3amiThy B PIC. [ToHITHO, YTO NpeaBapuTebHO
Hajio MTOATOTOBHTL TakK Ha3blBaeMble OUTHI KOHMUTypalu: GUT Takimepa
aBTo3arpysku (watch dog), sauuTht 0T KONMMPOBaHUS, THUIIA TAKTOBOLO
reHeparopa, iaeHtudnkaropa, Ilocse 3aBepiieHus: NporpaMMHUPOBAHMS
BBITIO/IHAETCA KOHTPOJIbHOE CYIITHIBAHHE, HO MOYKHO CUMTBIBATD UITH 1IPO-
BepATb cofiepskrmMoe amaTi PIC B moGoe BpeMst U KOHTPOAUPORATH UH-
CTOTY NaMSATH HOBOTO HJIM CTEPTOr0 MHKPOKOHTPOJLIEDA.

Uro sxe kacaeTcs MporpaMMbi-acceMbiepa U CUMYJISITOpa, TO OHH Ha
nepBbH B3I HIYeM 0cOGEeHHBIM He OTAM4aoTcsd. DyHKUHOHHpYS
B peXyMe KOMaHAHON CTPOKH, OHU HaNOMUHAIOT O TOM BpPEMEHHU, KOraa
Bcs pabota npoucxoania Ha teseraiinax. OHaxo npu 60jiee BHUMaTe b~
HOM PaCcCMOTPEHHMHU CTAHOBIITCS TIOHATHO, YTO 9TO MOIIHbIE CPEACTBA, HEe
YCTYyNawle MPOAYKTaM, lleHa KOTOPBIX B [IATh-AECATH Pas MpeBblaeT
LieHy BCEero aToro KoMmnekra. JloaroMy MoXXHO IOpekoMeHIoBaTh 0JIb30-
BaTesI0 XOPOUIO M3Y4UTH ONpeAeNeHHbI Habop COKpallleHHbIX KOMaH]
(ecsH TONBKO OH He NpEANIOYHTAET IIOCTOSHHO TIOAB30BATHCA CUCTEMOR
cHipaBOYHOl MHPOPMani) BMeCTO TOro, YTo0nl meaxaTh KHONKaMH
Mbl1HM. BeposiTHO, MMEHHO 9TUM U OTANYAIOTCA HACTOALIHIE IIPOrPAMMUCTHI-
npodecCHOHANB] OT OJIb30BaTeseli.

CrMynATop 103BOJISET BLIMOJHUTH HCKYCCTBEHHDIIT IIPOTOH NPOrpam-
Mbl, TIpe/IBAPHUTEIbHO 06paboTaHHoil acceMOIepoM, B HECKOJIBLKO AeCATKOB
ITH COTEH pa3 MeMlJieHHee, YeM TaKoe MpONCXOAII0 Obl B PeabHOCTH.
B coueTtanuii ¢ Bo3MOKHOCTHIO paccTaBJisiTh TOYKHM OCTAHOBA M BHIBOAUTD
Ha 9KPaH COAEPKIMOe DasIIYHLIX PETHCTPOB MUKPOKOHTPOJLIEPA 3TO 110~
3BOJIAET CO3/IABATh IIPOTPAMMBL 1 PabOTLI B PEKHME PeaibHOTO BpeMe-
HH ¢ TOYHOCTDBIO MIOYTH J0 OJTHOTO TAKTOBOIO MEpHoIA.
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Tenieps HEOOXOAUMO ITepedTH K NPAKTHYECKUM AeHCTBUSIM: HayaTh Tpo-
rpaMMMpOBaTh paguoaieMenTsl Ho 1ist 3Toro Heo6X0aHMO COOTBETCTBY-
jolee 06OPYIOBaHHe — OIMH MM HeCKoJIbKo IporpaMMmaropos. Hau6o-
Jee 3¢ PeKTUBHBIM U THOKHMM OyZeT MCIONb30BaHHe NPOrpaMMaTopa,
noAka04YaeMoro k oosrunoMy I1K, B HECKONBKMX MOIHBIX [IPOTPAMM,
Pa3paboTaHHBIX [JIS1 9THX Leseil.

NPOrPAMMATOP CIM3Y

Ha cerogusmunuit aens comectumast ¢ IBM PC mMukpo-9BM spasiercs
0YeHb PACHPOCTPAHEHHBIM M HEZIOPOTHM 000Py10BaHHEM, UCTIONB3YeMbIM
B CaMbIX pa3HbIX 0OMACTSX.

s 3anucu u cuuteiBanus copepskumoro CIIII3Y u apyrux nporpam-
MUpYEMBIX Pafi03JeMEHTOB BIOJIHE JIOCTATOYHO MPOCTOIO U JElIeBOTO
YCTPOICTBA, TPH 3TOM HET HUKAKOH HeoOXOMUMOCTH pa3bupaThCs B KOH-
urypauuy KOMIbIOTEPA: 3TO OCYUIECTBSETCS PU MTOMOIIH [IPOTPaMM,
4acTo 3aHUMAIOUINX HECKOJIBKO HECSITKOB CTPOK.

Ilo cymectBy, nporpaMMupoBanie CIIII3Y (unu pannosnemenTa, oc-
HoBaHHoro Ha Texnosoruu CIIII3Y) aBaserca npocroli onepanueil: x1o-
CTATOYHO 110 OYEPesM MepeGpaTh BCe afipeca, B KOTOpble NpeloaaraeTcs
MPOM3BECTH 3ANUCH, U 1TOCTe BHICTABJAeHHs OaiiTa aHHBIX JJISl IPOTPaM-
MHUPOBaHUA NOJIATh HA CHEHANBbHBINA BBIBOJL MPABUIBHO OTKATHOPOBAH-
Hbil uMiyJbe. Koneuwo, cobmonasi 1pv 3TOM BEJIMYMHBI HANPSDKEHUH
NUTAHHUS, YKA3aHHbIE TPOU3BOUTEIEM,

lanHble, KOTOPHle MOAIEXKAT 3aIMCH, MOTYT OBITh YK€ TOTOBBIMH
u pacnionaratecs B Jpyrom CIIII3Y (mpudyem HeobGsizaTesnbHO TOTO ke
THOA), HA AUCKeTe, HA GyMare M Jladke B TOJIOBe ONeparopa.

CnoxkHoCTh 3aKaovaercs JHib B ToM; uro CIIII3Y pa3ubix THHOB
OTIMYAIOTCS APYr OT APYyra IOKOJeBKAMH, HANDPSKEHUAMM IUTaHUS
W UUKIOTPaMMaMH [IPOTPaMMHPOBAHHUSA, YTO ITPUBOAUT K KOH(JIUKTAM,
He BCer/ia paspelIMMBbIM.

[IporpamMmMarop, aBTOMaTHYeCKH YYUTHIBAIOIK{T Bce BO3MOXKHbBIE CITy-
yay, 0643aTeNbHO OYAET CA0KHBIM ANIIAPATOM C aJlaiTUBHOM pOrpaMMm-
HOii TTlepeHacTpPoUKoOi.

J71s1 Toro 4To6b!1 OH ObLI GBICTPOAEHCTBYOUIMM, HeobXozuMo paboTaTn
HeIoCpeCTBEeHHO ¢ IIMHAMME JAHHBIX U aPecoM IJIaBHOI'O KOMIbIOTepa
npu noMotu cxem PIA.

CrienuaJIuCcT Mo 3JEeKTPOHHKe criocobeH 6e30MH60YHO NOAKIIOYHTD
HecKoJIbKO Kabesiell ¥ MO0KAATh HECKOJBKO MUHYT, TOKA MpOTpaMMHUpo-
BanMe 3apepuiutcs. [JoaToMy npu noaK/I04YeHMH HPorpaMMaTopa MOsKHO
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HCII0JIB30BaTh NapajiesJbHbIi OPT ISl NPIHTEpa, KOTOPBIH ecTh Ipak-
THYeckH Ha kaxaoM [TK.

Ero BoceMb JIMHUIT aHHBIX TO3BOJSIIOT T1epeaBaTh HENOCPEACTBEHHO
6aiiThl, npeHasHaYeHHble A1 3aliClI, B To BpeMsi Kak Ha inauu STROBE
MO3KHO POPMHUPOBATH UMITYJIbChI TPOTPAMMHPOBAHHUS, JIMTETBHOCTD KO-
TOPBIX OY/IET ONpeensThesl MaTobecedeHiieM (NIpelH3HOHHbIE TaiiMephl
1 MOHOBUODATOpPHI, TAKUM 06pa3oM, coBeplileHHO He HyXKHbl). EcTh He-
CKOJIbKO BXOAHHIX JHUHMIl (1o Kpaiineil mepe, nuiuu ACK u BUSY).
B panpHeitureM X MOKHO UCTTOMB30BATH /T CYUTHBAHUA HHGOPMALUY
us CIITI3Y c uenbio ApoBepky NMpaBUIBHOCTH 3AIMCH, Ly TIMIIUPOBAHUA
UM Aaxke MOAH(UIHPOBANHS COLEPKHMOTO.

Ho B03M0XHOCTh OPraHH30BaTh AI\PECHYI0 IIMHY TIPH MOMOLIH Tapas-
JIEIBHOTO TOPTA OTCYTCTBYET, MOCKOJIbKY TaKOH MOPT CAHIIKOM <Y30K».
B 6oanmuncrse ¢ayuaes CIIII3Y Hajgo mporpaMMupoBath, HayuHas
C ero MEePBOTo ajpeca U 1o MOCHeHero K e 4acTHYHO, HO ¢ TTocTeo-
BATEJIBHBIM MOPSAAKOM afipecoB. IIpocToil cyeTYUK, UCTIOMb3YIONIUN HM-
MyJIBCHI MPOTPAMMHUPOBAHUS KAK TAKTOBBIA CHIHAJ, cOCOOEH JIerKo fie-
pebpaTh Bce BeposATHEIE COCTOSTHHS aipeCHOI ITUHBL IPH YCJIOBUH, YTO OH
OyHeT cOpoILieH B HyJIb CHHXPOHHO € 3aIIyCKOM [IPOTPAMMHOT0 obecreye-
HUA. A 3T0 ceflath COBceM He TPYAHO.

Yro kacaeTcs HuTaHud, TO B 106051 Golee 1K MeHee 000pYZOBaHHOI
JabopaTtopuy HalifieTcss Bce HeoOXoAUMOe JJISl NOTYYEeHUS HATIPSKEHH
5 B ¥ BTOpPOro HalpsikeHHA B AHanasoHe 12-25 B, npuyeM 062 UCTOYHM-
KA pacCYMTaHbl HA TOK He GONBUINE, Y4eM HeCKOJIBKO JeCSITKOB MULTHAM-
nep. MoHO B ciTyyae HeoOXoAMMOCTH cobpaTh clieiaibHoe NUTaloliee
YCTPOHCTBO, HO 3TO COBCEM He 0053aTeNbHO,

Ha puc. 5.1 npeacrasnenst KMOII cueryuk tuna 4040 u ciecrepen-
Heli uHBepTOp TUNA 4049 — NBa AECTBUTENBHO HEOOXOAUMBIX /IS pabo-
Tbl aKTUBHBIX PafiHO3JIeMeHTa,

Bocemb pe3auctopoB conporusiernneM 470 OM (1M ofiHa pe3McTOpHAs
cbopka B HenonHenuu DIL) nogkiaodensl K HuHe JaHHBIX, 4TOOH U36e-
KaTb pobsieM B cy4yae KOHIMKTA: OHH OTPAHUYMBAIOT TOK, KOTOPHIi
MOKeT NPOTeKaTh, ecIM 3alTOMUHAaloniee yCTPOHCTBO clyuailHo OKaKeTCst
B peXkuMe YTeHUs.

BoceMs nnH#it JaHHBIX, 3a1iIeHHble MOAOOHBIM 06pa3oM, NOAKTIOYA-
OTCSI HENOCPeJCTBEHHO K MaHesbKe, TAK KaK pa3Bojka MX OXMHAKoBa MU
BCeX 3AMOMHHAOIIUX YCTPONCTB, COOTBETCTBYIOIINX CTaHAapTy Bytewide.

B pacnopspreHie noab3oBatesisl OHOBPEMEHHO MIPeOCTABIAIOTCS I1a-
padasunte curnaasl STROBE, uto6sl Ha 3alloMHHamoLIee yCTPOHCTBO
B 3aBUCUMOCTH OT €T'0 THIIA MOT MOJABATLCSI HMITYJIbC COOTBETCTBYIOMIeil
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Puc. 5.1. MpunumnuansHas cxema nporpammatopa

HOJAPHOCTH. DTOT UMITYIbC HHBEPTHPYETCS U 33/IEP’KUBAETCH KAaCKAOM
U3 IATH UHBEPTODOB, MOCJIe YeTo MOCTYNACT Ha TAKTOBBIHA BXOJ CYeTYHKA
4040, HayanbHAas yCTallOBKa KOTOPOTO pH BKJTIOYEHHH THTaHUA obecTe-
yypaetcs RC-uenouxoii.

JBeHasuarh afpecHLIX JHHHIT COOTBETCTBYIOT BBIXOJAM CYETYHKa
4040, 1 3TOrO AOCTATOYHO JUISI 3ATIOMIHAIONINX yCTpOIiCTB EMKOCTBIO 10
4 K6 (22 = 4096), To ects mnsa CIIII3Y tuna 2732. Jlunun AQ-A10 sas-
astiorest obmumu s Beex CIITI3Y, naunnas ot 2716 u 1o 27256 n 60-
Jiee HOBBIX; OHH MOAKJIIOYAIOTCS HeocpeIcTBeHHO K MaHenbke, C nomMo-
1bI0 MepeMbIYKH JTUHUS All MoxkeT HoaxioYaThesl K BhBogaM 23/21
naHeJbKH, HauuHas ¢ MHKpocxeM THia 2732 1 ganee.

Yro6b1 Hcnonb3oBath THHIN A12-A14, Ha/lo CKOMMYTHPOBATH HaJie-
KawuM o6pasoM BeiBoibl 1, 2, 27 u 28 maHeabKH, KOTOphiE OCTABAJINCD
HEe3aHATBHIMH AJ19 MUKpocxeM 2716 11 2732,

Ha puc. 5.2 otobpakenbl Te coefMHEHs, KOTOpble HEOHXOAUMO Bbl-
TIOJHUTD TIPHU NPOTPAMMITPOBAHII HanboJiee pacnpoCcTpaHeHHLIX THIIOB
CIITI3Y; 3nech xe NMoka3aHo, KAk OTHOCUTENBHO NPOCTbIe MAHWITYJIS-
UUU C IIPOBOJIOYHBIMU flepeMplYKaMil MO3BOJSIOT [IPOrpaMMIpPOBATh
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MiKkpocxeMul 2764 aByms 6iokami o 4 K6, Muxpocxemnt 27128 — B ye-
TBIPC ITANA, & MAKPOCXeMDbl 27256 — B BoceMb 3TaloB.

Ira npoilenypa OyNeT CHIMKOM CJIOKHOI NpH pabore ¢ 3all0MITHAIO-
LIIMIT yCTPOIICTBAMH 1I071€3HBIM 06beMoM cBhiiiie 8 K6, HO HMeTDh Takyo
BO3MOKHOCTB >KeJIaTeIbHO (TI03TOMY JLyuilie HCIOIb30BaTh ITAHCbKY € 28
BLIBOZaMH BMecTo 24). Moxet notpeboBatsest pabora u ¢ 27C512 uin
27C010, rre o6TLeM 3aNHCAHHBIX JAHHDBIX He NPEBLIAcT 06beMa MHKPO-
cxembl 2716,

W nakoHel, fBa BLIKJIIOYATEIS TO3BOJISIOT YIPABIATh HANPSKEHUS -
MI V. 1 V,, IO COOTBETCTBYIOLIEMY 3anpocy, GOpMHIPYeMOMY Hpo-
rpaMMoii.

HMagecTHo, uTo MOgBIIC e (naske HA KOIY CeKyHABI!) HANPAKEH Vie
TIPH BBIKJIIO4€HHOM V . BBIBOIMT M3 CTPOS NIPAKTHYECKH ioGoe 3aoMH-
Hawoutee ycrpoiictBo. [losToMy MBI HaCTOSITENPHO PEKOMEHTyeM YliTaTe-
JISIM COBJIIONIATh COOTBETCTBYIONIMI NOPSIOK. A CToAb TIpocTasd cxeMa Oe3
TPYZia Pa3Mell@aeTcst Ha MevyaTHo nuiate, TONOJOTHS KOTOPOI ToKa3ana 11a
puc. 5.3.

72s6l27128 | 2764|2732 2716 2716 |2732 {2764 |27128 [ 27256
Vep{ Vep | Vpp | 1 T 5eb 71,7 |+5B] +5B| +5B
M| a2f a2| | qd2 27 yavaAEREREL
a7d Uk +5B|+5B| | A3 | A1
As d b A8
A5 @ o A8
NPOrPAMMUPOBAHVE 2 d b vop | s | a1 | an | an
A1a b1 ) M2 39 . 22/0p +5B| Vpp | #+5B] +5B | +58B
pci|Z 2 2 )2} ) a2 d b A10
bloczvb%*w:ﬁ 8 d 20118 b [_slgly,b]';»]E]
bloc3 ] o [+sB| 2 E 49 D 07
blocq | 2 [+5B[+58B ,‘Z fog P 06
bocS (58| | s 9 P 05
Hoc6 [osp| 2 |+5B vl z;’:
bloc 7 |+5B|+5B] = ;‘z—c
bloc8 {+5B|+5B|+5B| ]

Puc. 5.2. MNopsgok nogkmouerms ocroskbix Tunos CIMN3Y
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Puc. 5.3. Tononorus ne«atHosk NAQTH NPorpamMmaTopa

OpUTrHHAAbHOCTb KOHCTPYKIIMH 3aKII0YaeTCsl B TOM, YTO CTOPOHA 3Jle-
MEeHTOB (CM, pHC. 5.4) HCOAb3yeTcs JOCTATOYHO ¢1abo: Ha Hell HAXOAT-
Cs JIBe UHTeTpaJIbHble MUKPOCXEMbI, PE3UCTOPHl U KOHIEHCATOPHl, OfiHA
fepeMbluKa, a TakKe KOHTAKTHBIE MJIOWAAKY IS TIOAKIIOUEHUs: TPOBO-
0B U Kabeneil (HCTOYHUKOB NUTaHUs V .11V, M IVIOCKOTO KeCATHXHIIb-
HOTo Kabels, Ha OAAHOM CTOPOHE KOTOPOI'O pacnasiHa CTAHAAPTHAs BIJIKA
Centronics, u/ileHTHYHAsS pa3beMy OpUHTepa).

WMetHo co cTOPOHBI TeYaTHHIX IPOBOHUKOB (cM. pHC. 5.6) npHnausa-
0T MaHeAbKY RIS MUKpocXeM ¢ 28 koHTaKTamil (TUTepOOIMYecKUMI HIK
IaHTOBBIMM ), TpHueM Jiydille Bcero — ZIF-maHenpky (¢ HyneBbIM ycuIHeM
YCTaHOBKH ), 1Ba BBIKJIIOYATENS H, caMoe ryaBHoe, 20 rHe3]1, TaksKe ¢ runep-
60JaMYeCKMMHM WM HAHTOBBIMH KOHTAKTAMM, CJIe/IAHHBIX U3 «paspesHoil
KOJIOAKM» Ml M3TOTOBNEHHBIX H3 CTAPOH MaHeJIbKH AJS MHTerpajbHBIX
mukpocxem. Ha puc. 5.5 noxasau sHeniHuil Buj| IporpaMmMaTopa co CTopo-
HbI 3JIEMEHTOB, a Ha pHc. 3.7 — CO CTOPOHBI HeYaTH.

HMeHHo 9TH runepOoIMyecKHe HIH LIAHTOBble KOHTAKTHL GY YT CYKUTD
THe37aMU JiJist KOH(UTY PHPOBAHUS TAHEIBKU: BMECTO POBOJIOB € OGLIYHBI-
MH 4-MWIHMETPOBBIMH HITEKEPAMI HCHOAB3YIOT KYCKH XKeCTKOro H30I1-
POBaHHOTO MOHTAXKHOTO NpoBo/a AuaMeTpoM 0,6 MM, ouHIIieHHbIe OT U30-
JIAUH ¢ KOKAOro KOHIA Ha /UIHHY 3-4 MM. JTO JellleBO U NPaKTHYHO.
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K ycTpoitcTBy uteHus, x Touke X

CENTRONICS
(11 nnHnii)

Puc. 5.4. Cxema pasmeLLieHus MEMEHTOB NpOrpamMmMaropa

Tabauua « puc. 5.4

8 wr. um 1 cxema DIL

MaHentka ¢ 28 runepboAMyecKMMI KOHTAKTaMM

Buixniouatent 0HONONIOCHBINA (2 WT.)

Pa3pe3Has konopika ¢ rnepBoNMyeckuMM KOHTaKTaMu

PaaveM Centronics {Mopienb aniq NpuHTepa)

Kabenb 13 11 npoBoaHmMKoR
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,J ) 23 /21
: i) 22/ 20
| Manennka 20/18
nporpamma- 13“0_ /

-y TOPR

Puc. 5.6. Cxema pasmeienms 3nemeHTos o CTOPOHb! NeYaTy
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Puc. 5.7. BrewHuii Busi iporpammaropa co CTopoHbl nevaty

JononHuTtenbHOe OPeMMYIIECTBO TaKOH KOHCTPYKUMM C IBYCTOPOH-
HHUM MOHTaXKOM 3aKJIIOYaeTCsl B TOM, YTO I1J1aTa MOXKeT OBITh ycTaHOBJIEHa
HemocpeACTBEHHO Ha JIMIIeBOIl maHenu MoAXoMALIErc Kopmyca ¢ IoMo-
IWbIO OOBIYHBIX TAEK B KaYeCTBe MOHTKHBIX cToeK. [[anenpka, KOHTaKTHE
1 BBIKJTIOYATENH NPAKTHYECKH OJHAKOBLI 10 BBICOTE, YTO feNaeT KOHCT-
PYKLMIO YIOOHOH N HaleXKHOI OHOBPEMEHHO.

IIporpamMmuoe oGecneyeHue

TpepnaraemMast KOHIEMIMSI MaKCUMAILHOTO YIIPOLICHHUS anmapaTHOro
obecrieyenusi T0pazyMeBaeT MepeHoC BCeX OCHOBHBIX 3ajay Ha [10.

IIporpaMmpl, B YaCTHOCTH, OJDKHBI HENOCPEACTREHHO VIIPABJISATD MOpP-
TaMH BBOJA-BBIBO/IA, pabOTAIONIMMU C Pa3beMOM TPUHTEPA, H, CJIe0BATeNb-
HO, MO/UIEPKUBATh CBSI3b ¢ HUMH Yepe3 orpefieneHHble agpeca. Bee npo-
rpaMMBH], IpUBEIEHHBIE 3[IECh, NPefiHa3HayeHb! Au1st paboThl ¢ noprom LPT1
W MO3TOMY [OJDKHBI OBITH N3MEHEHBI, €CJTM UCITONIB3YeTCs IPpyToli MopT.

g kaxaoi MporpaMMsl MpejIaraioTes ABe BEPCHU: OiHA HAIKMCaHa
Ha s3bIKe Basic, a gpyrast — Ha Turbo Pascal. 3tot nonynsipHsiit A3pIK 3Ha-
YuTeNIbHO 6hIcTpee Basic, HO He BXOAUT B cTaBAApTHBII Habop IporpamMm-
Horo obecriedeHus.

ITporpaMuma PROGROM (progrom. bas 1 progrom. pas COOTBETCTBEHHO) Oy-
IleT UCKaTh JaHHble AU POrPpaMMIPOBaHUS B TEKCTOBOM (aiine, mpest-
CTaBJIEHHOM Ha IUCKeTe (C PacuIMpeHeM . rom o YMONYaHMIO), B KOTO-
POM Kaxfplit 6aliT mpeCTaBleH B BHJE SIBHOTO NECSATHYHOrO 3HAYEHHUS
(cM. rnaBy 2) u uMeet HassaHue free format decimal).
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10 REM -- PROGROM.BAS -

20 CLS:PRINT"OTKMOYNTE NUTAHWE™

30 PRINT"umat daina ans npowvskn CNA3Y?™

40 INPUT F$:F$=F$+" ROM”

50 QPEN"1",#1, F$

60 DIM M(4096)

70 CLS:PRINT:PRINT"-- OCYUECTBNAETCA YTEHUE OAMNA ---
80 £=0

90 IF EQOF(1) THEN 130

100 INPUTH1, M(F)

110 F=F+1

120 GOTO 90

130 CLOSE#1:CLS

140 PRINT"[UMTENLHOCTL UMAYNLCA B MuanucexyHpax?”
150 INPUT M

160 IF M>50 THEN M=50

170 IF M<5 THEN M=5

180 CLS:PRINT nopxnouute uuctoe CAN3Y™

190 PRINT MunuMyM Ha™;F; " GaitToB”

200 PRINT3aTemM HaxmuTe ENTER™

210 INPUT Z$:CLS

220 PRINT nogaiiTe Hanpaxewue +5 B, 3aTeMm HaxmuTe ENTER™
230 INPUT 7§ ‘

240 PRINT nogaitTe Hanpsxexue Vpp, 3aTeM HaxmuTe ENTER ©
250 PRINT:PRINT"NPOBEPLTE BEMMGMHY Vpp!™

260 INPUT Z§

270 CLS:PRINT:PRINT --QCYWECTBNSETCR NMPOTPAMMUPOBAHME--~
280 FOR G=0 T0 F-1

290 D=M(G)

300 OUT 888,D

310 OUT 890, 1

320 FOR T=1 TO M: NEXT T

330 QUT 888, 255

340 OUT 890,0

350 NEXT G

360 PRINT:PRINT:PRINT:BEEP:CLS

370 PRINTOTKMOYUTE Vpp, 3ateM HaxMuTe ENTER™

380 INPUT Z§: PRINT

390 OUT 888,0

400 PRINT"OTKMOYMTE +5 B, sateMm Haxmute ENTER"
410 INPUT Z$

420 CLS:PRINT"BbHLTE CAN3Yy~

430 PRINT:PRINT"BO30BHOBUTB? Y/N + ENTER™

440 INPUT 28

450 IF Z$="Y" OR Z5="y" THEN 180

460 END

470 REM (c)1991 Patrick GUEULLE
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fiporpammMa Ha a3uxe Turbo Pascal

program PROGROM;
uses crt;

var m:array[0..4095] of integer,
h:string{12];
f:integer;
e:boolean;
g:integer;
a:text:
{:integer;

n:stringf1);
procedure Init;
begin
clrser;
port[888]:=0;
writeln(“BHUMAHWE! OTKRIOYUTE NUTAHME"):
writeln;
end;
procedure Lecture;
begin
writeln (“VMS OAWRA N9 3ATMCW B CAN3Y?"),
readin(h);
h:=h+" .rom";
assign(a,h);
reset(a);
clrser;
writeln{"---0CYHECTBARETCH YTEHUE OARIA---");
f:=0;
repeat
read(a,m{f]);
e:=seekeof(a);
fr=f+1;
until e=true;
close (a);
end;
procedure Eprom;
begin
clrscr;
writeln(“MTENLHOCTL UMNYNIBCA B8 MunaucexyHpax?");
readln(t);
1f t>50 then t:=50;
if t<5 then t:=5;
clrscr;
writeln(“NIOJKAKYUTE YUCTOE CAN3Y”);
writeln(“muHumym Ha", f,"GaiTos”)
writeln{“3aTeM HaxMuTe ENTER");
readln;
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clrscr;

writeln(’ nopaitTe Hanpaxeuve +5 B, 3aTeM HaxmuTe ENTER");
readln;

writeln(“nopaitTe Vpp,3ateM Haxmute ENTER");
writeln(" NPOBEPbTE BENWYMHY Vpp!");

readln;

clrscr;

writeln(“-- OCYUWECTBNAETCH NPOIPAMMUPOBAHKE --");
for 9:=0 to f-1 do

begin

port[888):=m{g];

port[890):=1;

delay(t);

port[888]:=255,

port[8980]:=0;

end;

clrscr;

sound(440);

delay(1000);

nosound,

writeln(“OTKMOYUTE Vpp, 3atem Haxmute ENTER");
readln;

port[888]:=0;

writeln(" OTKAOMMTE +5 B, 3atem naxmute ENTER"):
readln;

clrscr;

writeln(“BbHbTE CAN3Y"):

writeln:

writeln(“NOBTOPUTL? Y/N + ENTER");

readln (n);

if (n="y') or (n="Y") then eprom;

end;

begin

init;

lecture;

eprom;

writeln(“KOHEY");

end.

(+ COPYRIGHT 1990 Patrick GUEULLE «)

CuurbiBasg HaHHbIe, IPOrpaMMa CTPOUT Tabauiy us 4096 <«sgueexs,
K KOTOPOI OHA CMO>KeT 06paTUThCS HETIOCPEACTBEHHO BO BpeMs IIporpaM-
MUPOBaHH, He BLI3BIBAsT €CTECTBEHHOTO NIPHU JI0H60M 00PAIEHUH K AHCKY
npepeiBaHng, criocobHoro noBpeauts CIITI3Y HecBoeBpeMeHHBIM yBeNU-
YeHHeM [UIUTEebHOCTH OTKAIMOPOBAHHOTO UMITYJIbCa.

Atot baiin MoxeT OBIT COCTABIEH ¢ IOMOIIBIO TIOOOTO TEKCTOBOTO
peaxkTopa MM NosyyeH KOHBEPTHPOBaHMEM U3 ¢aiina apyroro ¢popma-
Ta: ABOMYHOTO, IHIECTHAANATEPUYHOTO U T.JL.
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B cocras neMoncrpaunonnoro IO nporpammaropa MQP, kotopoe
TaKXKe CONepXKIITcd Ha caiite mamartenscrsa MK 1o agpecy http://
www.dmk.ru, BXomuT IpeBOCXOMUDbIH peflakTop-TpaHckoaep daiinon
(PDED), mosmHOCTBIO TpHCcnOocobmen bl 7l Takoro pofa paborsi. ITO
YCIOBHO GecrnnaTHOe MporpaMMHoe ofecredeHHe NpearonaraeT BHIOI-
HeHue GOpMaNbHOM perucTpaitii, eCi Bbl 3aXOTHTE PETYJISIPHO €ro K-
MoNb30BaTh (IS BHIACHEHHS AcTalell mpocMortpiiTe dailnr read.me).
B nporusHoM ciyyae mporpamma TRANS. BAS, npiigesieHHasi HUXe, TTO3BO-
JIseT KOHBEPTHPOBATh JecATHYHDbIe (ailyibl B IBOIYHbIE U HAOOOPOT.

10 REM -~ TRANS.BAS -~

20 CLS:PRINT"MMA MCXOJHOTO QAMNA? (c pactmpennem)”

30 INPUT N$

40 PRINT:PRINT"MMA NOAYYEHHOTO OAMNA? (C pacuupesvem)”
50 "INPUT F$

60 PRINT:PRINT

70 PRINT Mpeobpa3oBamue fecaTuyHoro daina B ABOMYHHIA: 1"
80 PRINT Npeobpa3oBakne [BOWYHOTO daina B AECATMHHHA 2°
90 PRINT:PRINT" + ENTER™

100 INPUT Z$

110 IF Z§="2" THEN 230

120 IF 7$<>"1" THEN 100

130 OPEN N$ FOR INPUT AS #1

140 OPEN “r~,#2,F$,1

150 FIELD#2,1 AS A$

160 CLS:PRINT"OcyuecTensetca npeobpazosanne: ";N§: " 8 " F$
170 IF EOF(1) THEN 210 ’
180 INPUT#1,M:M$=CHR$(M)

190 RSET A$=M$:PUTH2, F+1

200 F=F+1:G0TO 170

210 CLS:PRINT NS; " npeo6pasosans 8" F$

220 END

230 OPEN F$ FOR OUTPUT AS #2

240 OPEN "r™, #1,N§,1

250 FIELD#1,1 AS A$

260 CLS:PRINT"Ocyuectsnaetca npeobpasoBanue: “;NS; "B " F$
270 FOR F=1 TO LOF(1)

280 GET#1,F

280 PRINT#2,ASC(AS$);

300 NEXT F

310 GOTO 210

320 REM (c)1981 Patrick GUEULLE

Ecau nporpamMa Ha stasike Turbo Pascal cama renepupyer notHOCTbI0
OTKaJHOPOBaHHBIH POrPaMMUPYIOIMI HMITYJIbC, TO IPOrpaMMa Ha SI3bl-
ke Basic MoxeT noTpe6OBaTh «peryJIupoBKH» B 3aBICHMOCTH OT TaKTO-
Boit yacrorsl Bamiero I1K. IloatoMy ¢ momomsio ocummiorpada cTout
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NPOKOHTPOIIPOBATH NONYYCHHYIO PealbHYI0 JIHTEAbHOCTh 3TOTO HM-
HyJibca, KOTOPasi I0JPKHA paBHATLCH 50 Mc, 1T B cllydae HECOQTBETCTBHS
370l Bennuune (4To BoaMosxxuo Ha sobon ITK Buimre 286) B mporpammy
nobasnsioT cTpoky 175, BHocsmyo KOppeKTHPYolil koadHULIHeHT.

CYUTBIBAIOLLEE YCTPOUCTBO CNN3Y

Haxe ecii BLILIEONMCAHHBIT MPOTPaMMATOP MOXKET CBOGOIHO PYHKIMO-
HMPOBaTh OJIH, ero 06LEeMHE e CO CYUTHIBAIOLINM YCTPOHACTBOM GyzeT
Ho-HacTosIeMy 1101e3HO0. Bo-niepBbiX, 15l IepelichlBaHis CYHIeCTBYIO-
nux CHII3Y unu ansg nepesanucut 43 MIKPOCXeM OHOTO THIIA B APYTOft
(Hanmpumep, 13 yeThipeX 2716 B onHy 27C64), BO-BTOPHIX, B IleJIIX TPOBEP-
KM MPaBHABHOCTH TeCTa YHUCTOThI HOBLIX MM cTepThix CIITI3Y u, B-TpeTh-
HX, Ul KOHTPOJISL TTOCTIe TPOrpaMMIPOBAHHUS UL TIPH peMOHTe.

MHoXecTBO IPOrpaMMaTOPOB OHOBPEMEHHO SABISIOTCS M CUUTHIBAIO-
IMMH YCTPOMCTBAMH, OOBIYHO BBIMOJHIA /IBe OllepaLii 6e3 MepecTaHOBKH
3aMOMMHAIOILETO YCTPOUCTBA U3 OHOM MaHeAbKH B Apyryio. KoHuemus,
HOpHHATAS A8 ONMHUCHIBAEMOTO mporpamMMaropa (koria KoH$UIrypamus
KOHTaKTOB B ITaHeJbKe ONpe/IesisieTCs] ¢ MOMOIIbIO IIPOBOJIOYHBIX IIEPEMbI-
4eK M THe3jr), HCKITI0UaeT Takyl BO3MOKHOCTL. CleopaTeIbHo, HYXKHO
cobpaTh OTEeNBHO MPOrpaMMaTop H oTAeNbHO CYUTHIBAIOLIee YCTPOHCTBO,
Jaxke ecJiy BIOCHENCTBUI OHII OObeHHATCA B OZHOM Kopiyce u 6yayT
MOJKJIOUEHB! K OHOMY M TOMY JKe KOMObIOTEPHOMY KaGelTio.

Cs3p Mexay aByms 6nokamu anmapara 6yner OCyuecTBIATbCS IO-
CPefCTBOM aecaTHYHOTO (haiina ¢ paculpeHHeM . rom, 3alIMCAHHOTO Ha
RUCcKeTy. ITO obecreurBaeT peabHYI0 6€30MacHOCTh JAHHBIX, TOCKOMb-
Ky WX JIETKO IIPOBEPUTD, AYONUPOBATh UK PeaKTHPOBATh H MOJIEPHU3H-
poBarth: Takoil Hailn AeHCTBITENBHO MOXKET 6bITb 06paboTaH ¢ MOMONIbIO
mobaro pefakTopa TEKCTa.

JLns TOro 4TOOBI MOAKIIOYUTH CYMTHIBAIOIEE YCTPOHCTBO K YIIPaBJIs-
tomemy ITK, Mbl pelInIM HCMONB30BaTh, KaK M /1A MPOrpaMMaTopa, ma-
pane/bHBI MOPT NpUHTepa, XOTS peub Tellepb UAET O BBOJAE AAHHBIX
B KOMIIBIOTED.

OnHaxo B 3TOM ciydae KOJMYECTBO MMEIOIMXCS JMHIA BBOR MeHb-
wte BockMu: ACK, BUSY, PE u ap. TaxuM 06pasoM, MBI IIPaKTHIecKu He
nMeeM BbIOopa: Napalie/bHble aHHble, cyuTbiBaembie u3 CIIII3Y, Hyx-
HO CZieJIaTh [TOC/E0BATENbHBIMH, TO €CTh T00YEPENHO Mepeaasarh 8-6ut-
Hete 61051 o muHusM ACK umm BUSY.

Ha puc. 5.8 mokasaHo, Kak 3TOT MeTOA MOXeT ObITh Peali30BaH ¢ Mmo-
MOIIBIO COBCEM HeOONBHIOTO KOAMYeCTBa PafHofeTaNeil: CYeTynKa TUITa
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Puc. 5.8. [NpunuunuansHas cxeMa cuuTsiBaIOLEro ycTpoicTaa

4040 (uro6wl iepebUpaTh ajpeca, Kak U B MPOrpaMMAaTope) U cenekTopa
JaHHbIX THma 4512.

Tpu u3 BoCcbMM JMHUI BHIBOZA Y <«ITapaj/ieIbHOTO» pasbhemMa CIykKaT
A7 TOrO, yTOOBI yKa3aTh MyABTHILIEKCOPY 4512, Kakoi U3 BOCbMMU paa-
PSA/I0B WIMHBI aHHBIX 3aIIOMMHAIONIETO YCTPOKCTBA OH JOJKEH <«Harpa-
BHTh» Ha JuHHIO BBona ACK (BeiBoz 10). [IBe npyrue u3 aTux JUHMA
BBIBOJIA TIpeHA3HAYEHbI JUIS TOTO, YTOObI COOTBETCTBEHHO MIPOBECTH Ha-
YaJIbHYIO YCTAHOBKY CUETYHKA M HHKPEMEHTHPOBATH €10, KOTZa Hajio cMe-
HUTBD ajIpec, B TO BpeM$ KaK ele JBe JUHUH 00CIyKUBalOT BXO/Ibl paspe-
HleHus /cTpoGHpoBaHHa MUKpocXeMbl 4512. MBI He HCMOMb3yeM 3TH
BXOZBI B JaHHOM BapHaHTe W, CJIeJOBATeNbHO, VAP UBaeM UX IIPOTrpaMM-
HO B COCTOSIHUY JIOTHYECKOTO HYJISL, YTO J2eT BO3MOKHOCTb MOAUPHIIH-
poBaTh cxeMy B Oymyuiem.
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Bo Bpems paboTs! Bo3HUKaeT HeOGX0JUMOCTDh MPOrPaMMHO U II0CTe0-
BaTEJIBbHO CYMTHIBATL 3TH 8 OGUT, a 3aTeM IpYNNUpoBaTh MX B GalTh,
I TaK i Kaxoro aapeca. B nporpamme Ha siabike Basic sto mpoucxo-
[IAT IOCTaTOYHO MeIeHHO, a Ha siabike Turbo Pascal samerHo GwicTpee.

K nanensxe CIITI3Y nonBeeHs! IMHUY IUUH afpeca W aHHBIX obiiie
VIS BCEX PacipoOCTpaHEHHBIX TUITOB MHKPOCXEM U MOAKJIIOUEHbI runep6o-
JIMYecKre KOHTAKTBI M JUHMH, KOTOPbIE HAZI0 BBICTABASATh OTAENBHO.
DBynbre BHMMAaTeIBHBL: HA CXeMe BUHO, YTO COeIMHEHUS B PEXKUME YTEHUS

\
CENTRONIICS
(11 nvHnK)

' K nporpamMmMartopy, K Todke X

Puc. 5.11. Moutax co cTopoHs! anemenTor

Tabmuua k puc. 5.11

CD 4512
Naxenbka ¢ 28 runepbonnyeckuMn KOHTaKTaMM
Pa3pesnan konogka ¢ runepbonieckuMn KOHTaKTaMU
Liineiid w3 11 nposoanmukos
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He COOTBETCTBYIOT COeAMHEHHSIM NMpPU NMPOrpaMMHPOBaHNH, a Ha JHHUH
nuTanud V,, 101KHO GBITh yCTaHOBIEHO Hampsixenue 5 B.

Ha puc. 5.9 npuBesieHa Bcst HeobxonnMas HHQPOPMALUA, IS TOJKIIO-
ueHHs Hanbonee pacnpocTpaneHHnx TunoB CIITI3Y, Ho MOXHO CBepATD-
Cs1 M €O CNeUU(pHKaRUsAMY, H C TEXHHYeCKol JOKYMEHTanunell AJ1s TOro,
yTOOBI CUNTHIBATH HaHHble U3 I13Y apyrux tumnos: macounbix I13Y,
IHIN13Y ¢ nnaBkumu nepemuykamu, ICIITI3Y, dasw v T.4.

Bes cxema pa3meliiena Ha MaleHbKOM ITeYaTHOM 11aTe, TOMOJOTUS KO-
TOpOii nipeAcTaBieHa Ha puc. 5.10. Ee MoHTaxX BHIIONHAETCS TOYHO Tak-
Xe, KaKk U MPOTPaMMATOpPa: MHTerpajibHbie MHKPOCXEMBI, MepeMbluKa
H IIJIOCKMIT AeCATHXHIbHBIN Kabelb pacionaraloTes Co CTOPOHDI 3J1eMeH-
TOB, Kak MMOKa3aHO Ha puc. 5.11, a naHenbka U M3roTOBJEHHbIE U3 <pas-
pe3HOl KOJIOAKM» THE3/1a ¢ runep6oIMIecKUMH MIH LIaHTOBHIMU KOHTaK-
TaMH — €O CTOPOHBI meyat#t (CM. puc. 5.12).

Kabesb MoxeT ObITh pacniasgH Ha TOT ke pa3beM Centronics, yTo 1 Ka-
Genb mporpamMMaropa, To ectb JMHUH AaHHBX DO — D6, murunio STROBE
U obuuit MPOBOA pa3peluaeTcs BKAKOYaTh napainenbHo. [loaTomy He
HYXHO Oy €T IPOU3BOAUTH HUKAKHX NepeiIioueH i IIPU CMeHe peXKUMOB
YTeHNs W MPOrpaMMHUPOBAaHMUS: AOCTATOYHO MPOCTO CMEHUTH HPOrpaMM-
Hoe o6Gecriedenue H nepectaButb CIITI3Y u3 oHON MaHeNbKH B APYIYIO,
OTKJIOYUB IePef 3TUM NMUTaHUe, KOMIBIOTEP B 9TOM Clyyae MOXHO He

| 3§ ®
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Puc. 5.12. MonTax co cropousi nevaru
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poik/loyats. He pekoMenzyercst paboTaTh ¢ ycTpoiicTBOM, €cjii MHKpQ-
CXCMbI YCTAHOBJIEHB M1 B CYMTHIBATENb, U B nporpammaTop. Bo Besxom
cjlyyae co3HaTeibHO He TpejiyCMaTpUBaiach NpaMasl nepexavya JaHHbIX
113 OZAHOH MHKPOCXeMBb! B IPYTYIC MHHYsI ¢aill Ha KoMITbioTepe.

ITnranne Ha cynThIBalOLtee yCTPOHCTBO (+5 B) MOXKHO CHSITH ¢ TVIATH
NporpaMMaropa yixe nocjie TyMbsepa, KoTopbiil TakuM o6pa3oM 6yner uc-
TIOJIL30BATLCHA B 0001X PEXMMax dKCIVIyaTallMH anlapara, nepexiodyaThb
ero Hazo MO KOMau/JaM nporpaMMHoro obecrieveHusi. C aToll yesbio Ko-
CTATOYHO COEAMHMUTD TOUKH X ABYX IIAT CO€HHTENbHLIM IIPOBOAOM.

Yro KacaeTcst «KOPIYCHMPOBAHHSI», TO JUIsl 3TOTO MOKET ObITh UCIIONb-
30BaHa mobas 11acTMaccoBas HJHM METaJIMYeCcKas 3aroTOBKa ¢ IUIOMIa-
AbIO JINNEBOH NOBEPXHOCTH, ZOCTATOYHON IJid pa3MellleHUs IBYX pac-
CMOTPEHHBIX BBIllle IIAT psinoM ApYT ¢ xpyroM. Kopnyc ¢ HakaoHHOM
JIMIEBO}1 TIaHeNbIo — «IIyJBTOM» — Haubosee MOAXOAUT JUIsl 9TOU Lenu.
Ha nunesoli naHesnu, B OAHOM M3 yIJIOB, OYeHb yNOOHO TIPH NOMOIIM
KJIEfIKOIi JIEHTHI ¢ ABYCTOPOHHMM JIMIIKHM TOKPbITHEM NIPUKJIENTDL Npsi-
MOYI'OJIbHBIH KYCOK aHTMCTaTHYECKOTo IIEHONONNYpeTaHa UM JPYTOro
HPOBOJSIIETO YIAKOBOYHOI'O MaTepHasla: Ha HEro MOXHO HaKasibiBaTb
CIIII3Y, noarorossieHHble i pasMellleHHs B HaHeALKax, — 1eMeHTap-
Hasg NpeloCTOPOKHOCTD, KOTOPOH He cliefyeT NpeHeGperars.

IIporpammHuoe oGecneyenue

YnpagrneHnue BHILEONHCAHHBIM CUMUTHIBAIOIMM YCTPOHCTBOM Tpebyer
IPOrpaMMHOI0 oGecriedeHus, CrIoCOGHOTO YIIPaBAasITh [10Ce0BaTeIbHOI
nepeflayeii IAHHbIX, IPIYEM UMEHHO TaK, KaK HaM MPHILIOCk ee OpPraHu-
30BaTb. ‘

ITporpamma LECROM onsiTh NpezicTaB/ieHa B [BYX BapUaHTaX: Ha A3bIKaX
Basic u Turbo Pascal.

10 REM —- LECROM.BAS --

20 CLS

30 PRINT"o6bem cumTusaeMoro CNA3Y (B K6) ?”

40 INPUT K

50 K=(1024+K)-1

60 CLS: PRINT"uma, npucsoeHHoe ¢ainy?”

70 INPUT F$

80 OPEN"o", #1,F$+" ROM"

90 CLS:PRINT"BHUMAHWE! +5 B [ONKHO BbTb OTKNOHEHO!”
100 04T 888,64

110 PRINT"noaxnouute cuntusaemoe CMN3Y, 3aTem Haxmute ENTER™
120 INPUT 2§.CLS

130 PRINT"nojaitte +5 B, 3aTem HaxmuTe ENTER"

140 INPUT Z$:CLS
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150 PRINT"--OCYWECTBNGETCA CUMTHIBAHWE--"
160 FOR G=0 T0 K

170 D=0

180 FOR F=0 T0 7

190 QUT 886.F

200 B=INP(889)

210 IF (B AND 64)=64 THEN D=D+(2°F)
220 NEXT F

230 0UT 888,32

240 PRINT#1,D

250 NEXT G

260 CLS: PRINT"--~ OTKRKMWTE +5 B -—-"
270 BEEP-END

280 REM (c)1991 Patrick GUEULLE

program LECROM;
uses crt;
var k:integer;
‘integer;
.1nteger;
‘1nteger
ireal,
:string[12];
:boolean;
a.text;
x:integer;
begin
clrscr;
writeln (“o6bem cuuTwBaemoro CNM3Y (8 K6)?”):
readln(k);
k:=(kx1024)-1;
clrscr;
writeln("uma, npuceoeHHoe daitny?”);
readin(h);
h:=zh+' . rom’;
assign(a,h);
rewrite(a);
clrscr;
writeln("BHMMAHWE! +5 B JOMKHO BHTb OTKAKHEHO! ™),
port{8887:=64;
writeln(“nofknounte cumtwsaemoe CNN3Y, 3aTem Haxmute ENTER™);
readln;
clrscr;
writeln(“nogaiite +5 B, 3artem HaxmuTe ENTER");
readln;
clrscr;
writeln("--OCYUECTBNAETCA CHUTHBAHME--"):
writeln; -

O o QO —ha@
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for g:=0 to k do

begin

d:=0;

for f:=0 to 7 do

begin

port[888]:=f;

b:=port{889];

if (b and 64)=64 then d:=d+(exp(f+1n(2)));
x:=round(d);

end;

port[8688}:=32;

write(a,’ ", x," “ );

end;

sound(440);

delay(1000);

nosound;

clrscr,

writeln{“oTknioynte +5 B”):
writeln(“3arem BwHbTE CNN3Y")
close(a);

end.

(« COPYRIGHT 1991 Patrick GUEULLE +)

Eme pa3 noBropum: 0643aTenbHO HYKHO MOJ0XK/IATh KaKoe-TO BpeM4,
noxa nannsre u3 CIIII3Y 6ynyt cunransl, 1axe ec/id 3aBETOMO H3BECT-
HO, YTO JJIst 3TOrO JOCTATOYHO HECKOJNBKMX MIULIHCeKYHN. K Tomy Xe

B KOHII€ oniepaliMy NpeyCcMOTpeHa nnofauya 3ByKOBOIrG CHI'HaIa.

ITporpaMma VEROM (Ha si3bikax Basic u Turbo Pascal) nossosser npo-
BepuTb cooTBeTcTBUe AaHHBIX B CIITI3Y daiiny-cerike, nmsa xoroporo
BBl yKa3bIBaeTe (6e3 pacluMpeHUs . rom, aBTOMATHYECKH FOOaBISEMOTO
nmporpaMMoit). Jta cBepka ¢ GaitioM Ha THCKETE JAET BOZMOKHOCTS KOH-
TPONMPOBATH ONEPAMiO MPOTPaMMHPOBaHHS, a TakKe YCTaHaBIMBATD
nio6oe nospeskienne CIIIT3Y, ecnim MukpocxeMa yske MHOTOKPATHO IPo-

rpaMMHpOBajiaCh WIH NOJABEprasach 3MeKTPUUYECKUM ylapaM.

10 REM -- VEROM.BAS --

20 CLS

30 PRINT uMs ¢aitna-ccunkn?™
40 INPUT F$

50 OPEN"1",#1,F§+" ROM"

60 PRINT"BHUMMAHME! +5 B NONIKHO BbITH OTKANYEHO”

70 OUT 888.64

80 PRINT"nogkniounte cuuTwBaemoe CNN3Y, 3atem HaxmuTe ENTER™

90 INPUT Z§

100 PRINT"nopaiite +5 B, a3artem HaxmuTe ENTER”

110 INPUT 2§
126 PRINT"---QCVUECTBNAETCA CPABHERUE---"
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130 G=0

140 D=0

150 FOR F=0 TQ 7

160 QUT 888.F

170 B=INP(889)

180 IF (B AND 64)=64 THEN D=D+(2°F)
190 NEXT F

200 OUT 888,32

210 INPUTH1,C

220 IF EQF(1) THEN 260

230 IF C<>D THEN PRINT G,D, "smecto”, C
240 G=G+1

250 GOTO 140

260 PRINT"-- OTKMOMUTE +5 B --"

270 BEEP:END

280 REM (c)1991 Patrick GUEULLE

10 REM -- VIROM.BAS --

20 CLS

30 PRINT"o6bem CNM3Y(m K6)?"

40 INPUT K:CLS

50 K=(K«1024)-1

60 PRINT BHUMAHME! +5 B [OMKHO BHITH OTAIYEHQ”
70 OUT 888.64

80 PRINT"nogknwunTe TecTupyemoe CNN3Y, satem HaxmuTe ENTER™
90 INPUT Z§$:CLS

100 PRINT nogaitTe +5 B, 3aTem HaxmuTe ENTER”
110 INPYT 7%

120 PRINT"--OCYWECTBASETCA TECTUPOBAHME HA YHCTOTY--"
130 FOR G=0 TO K

140 FOR F=0 TO 7

150 OUT 888,F

160 B=INP(889)

170 IF (B AND 64)=64 THEN 190

180 PRINT"+"; :F=7

190 NEXT F

200 OUT 888,32

210 NEXT G

220 PRINT"--- OTKMMUTE +5 B —--"

230 BEEP:END

240 REM (c)1991 Patrick GUEULLE

W nakonen, nporpamMma VIROM no3BossieT TeCTHPOBATh YUCTOTY HOBO-
ro unu creproro CIITL3Y.
program VEROM;
uses crt;
var h:string{12];
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g:1nteger

d:real;

fiinteger;

b:integer

c:integer;

a:text;

x:integer

e:boolean;

begin

clrscr;

writeln(“UMa QARNA-GCHIAKM ?7);

readin(h);

hi=h+' rom’;

assign(a,h);

reset(a);

clrser;

writeln{ “BHUMAHUE! +5 B [OMKHO BbITL OTKMOYEHO");
port[888]:=64;

writeln(“noaknouuTe cuuTusaeMoe CAN3Y, 3aTem Haxmute ENTER “);
readln:

clrser;

writeln(“nopaitte +5 B, 3ateM HaxmuTe ENTER"):
readin;

clrscr;

writeln("---0CYWECTBNAETCA CPABHERWE---");
g:=0;

repeat

d:=0;

for f:=0 to 7 do

begin port[888];=f;

b:=port[889];

if (b and 64)=64 then d:=d+(exp{f+1n(2)));
x:=round(d);

end;

port(8881:=32;

read(a,c);

e:=geekeof(a);

if c<>d then writeln(g,’ : “ , x,” 8MecTo “ ,C);
g:=g+l;

until e=true;

writeln

sound(440);

delay(1000);

nosound;

writeln(“OTKNOYUTE +5 B") ;

close(a);

end.

(* COPYRIGHT 1991 Patrick GUEULLE «)
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program VIROM;
uses crt;
var k:integer;
g:integer
f:integer;
b:integer,
begin
clrscr;
writeln("06bem CNN3Y B K67"):
readln(k);
k:=(kx1024)-1
clrser;
writeln(“BHUMAHUE! +5 B QOMKHO BYTH OTKINYERD™)Y,
port[888]:=64;
writeln("noaknunTe TecTupyemoe CNN3Y, 3aTem HaxmuTe ENTER");
readln;
clrser;
writeln{“nogaitTe +5 B, saTem Haxmute ENTER™):
readln;
clrscr
writeln(“~-0CYWECTBNAETCA TECTUPOBAHUE HA UYUCTOTY--");
for g:=0 to k do
begin
for f.=0 to 7 do
begin port[888].=F;
b:=port[889]
if (b and 64)<>64 then write("+"):
end;
port{888]:=32;
end;
writeln(“~-- OTKMOYUTE +5 B —--"):
end. i
(= COPYRIGHT 1991 Patrick GUEULLE «);

ITporpamma VEROM BEIBOZUT Ha SKpaH TOJBKO cofepxkMoe nedeKTHBIX
a7IpecoB, B TO BpeMs kak nporpamMma VIROM rpocTo BLIBOAUT 3Be3[0YKH,
YNCIO0 KOTOPLIX ONpee/iseTcsl POLEHTOM HEAOCTATOUHO «UHCThIX> Si4e-
ex. Bot noyemy aTi nporpamMmbl paboTaioT 3Ha4NTeNbHO OblcTpee LECROM
u PROGROM.

NPOrPAMMMUWPOBAHUE U CHUTbLIBAHUE O3Y ZEROPOWER

Muxkpomonyan O3Y co BcTpoeHHol nurHeBoit b6arapelikoit (ZERO-
POWER) yno6Ho npumenstb sMecto CIITI3Y B npouecce pazpaboTku
U OTJNAJKIL. )

Otnaxaer HeO6XOAMMOCTD B HCNIONB30BAHUH YJIbTPadHONETOBHIX My~
yeil, ¥ caMo HPOrpaMMHPOBaHKe OCYHIECTBISIETCS MOMEHTAIIBHO.
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Puc 5.13. MNogxmoverue ocHosmsix mukpomonynei ZEROPOWER

Ha puc. 5.13 noxasalisl coeinHens, KOTOpble CJA€IyeT Pealn30BaTh
A IIPOTPAMMHPOBAHHA H CYHTBIBAHUS ABYX Hanfoee pacipoCTpaHeH-
HbIX MUKPOMOJTyJieit snepronesasucuMpix O3Y: MK 48702 u MK 48708
xoMnanuii SGS-Thomson, nogobueix 2716 u 2764.

[Iponenypa yreHHs aHalOrHYHa TOi, YTO NpuMensach s CIIII3Y,
H, CJIeI0BATENbHO, B HEll HCIONMb3YeTCsl Ta XKe camast porpamma LECROM.

[IporpamMmupoBanite, Hanpotus, Tpebyer 110, Ha3BaHHOrO MMEHHO
PROGRAM 11 PRORAM B Basic 11 Pascal coorsetcTBenno. (Program — 3apesep-
BHpOBaHHOE ¢JI0BO B si3pike Turbo Pascal.)

10 REM -~ PROGRAM. BAS —-

20 CLS:0UT 888,0

30 PRINT"OTKMWHUTE NUTAHWE"

40 PRINT"wms daiina, sanucwizaeMoro B 03Y ¢ GaTapeitkoi?”
50 INPUT F$;F$=F$+" ROM"

60 OPEN"1", #1,F$

70 DIM M(4096).CLS

80 PRINT:PRINT"--QCYWUECTBAAETCR CHUTHIBAHWE OAMNA--~
90 F=0

100 IF EOF(1) THEN 140

110 INPUT#HI, M(F)
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120 F=F+1

130 GOTO 100

140 CLOSE#1:CLS

150 PRINT nopknuuute 03Y ¢ GaTapeioi”

160 PRINT “mutuMym Ha™; F; “Balitos”

170 PRINT"3ateM HaxMuTe ENTER™

180 INPUT Z§;CLS

190 PRINT nopaiite +5 B, 3aTem HaxmuTe ENTER™
200 INPUT Z§:CLS

210 PRINT"--OCYWECTBARETCR NMPOTPAMMUPOBAHWME--"
220 FOR G=0 TO F-1

230 D=M(G)

240 OUT 888,D

250 OUT 890.1

260 0UT 890,0

270 NEXT G

280 PRINT:PRINT:PRINT BEEP:CLS

290 PRINTOTKAKYUTE +5 B, 3aTem HaxmuTe ENTER”
300 INPUT Z$:CLS

310 PRINT"BbHBTE 03Y":END

320 REM(c)1991 Patrack GUEULLE

program PRORAM;
uses crt
var m:array[0..4095] of integer
h:string{12],
f:integer
e:boolean;
g:1nteger;
a:text;
begin
clrscr;
port[888]:=0;
writeln(“BHumaHue! +5 B fOAXHO BbTb OTKAKYEHO");
writeln;
writeln(“wma daitna, 3anucHBaemoro B 03Y ¢ Gavapeikoi?");
readln(h);
h:=h+' . rom’;
assign(a,h);
reset(a);
clrscr;
writeln(“--O0CYWECTBAGETCA CHATHIBAKME OAMNA--");
f:=0,
repeat
read(a,m[f]);
e:=seekeof(a);
fi=f41;
until e=true;
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close(a);

clrscer,

writeln("NOAKIOUMTE 03Y C BATAPERKOR"),
writeln(“muHumyn Ha", f, ' baiTos “),
writeln(“satem Haxmute ENTER");

readln,

clrscr,

writeln(“NOJANTE +5 B, savem uaxuuTe ENTER"),
readln;

clrser;

writeln(“--0CYWECTBARETCA MPOrPAMMUPOBAHKE-~");
for g:=0 to f-1 do

begin

port[888]:=m{g];

port[890]:=1:

port[890):=0;

end;

port[888]:=0;

clrscr;

writeln(“OTKMOUUTE +5 B, aavem Haxumute ENTER”);
readln,

clrscr;

writeln(“BbHbTE 03Y");

end.

(= COPYRIGHT 1991 Patrick GUEULLE +)

OnHaxo ucnonHsieMblit (ails, nosydeHHbIN B pe3ysibraTe KOMINISIUT
ONHOM M3 3THX JIBYX Bepciiii, MO>KHO neperMeHoRaTh B PROGRAM. EXE, uTo
1 GblJIo cAenano. :

UCTOYHUK NUTAHUA N3 NPOTPAMMUPOBAHUSA CIN3Y

ITpu nporpaMMHpPOBaHHII 3aNIOMUHAIOIIMX ycTpoiicts THna CIIII3Y 1pe-
GyeTCs HECKOJIBKO CTIeMaNbHbIX HanpsKeHuit mutanms 5 B (o6prano V.
unu Vo) u V., BEJIMYHHA KOTOPOTO Y Pa3HBIX THIIOB YCTPOMUCTB ObiBaeT
Pas3ayYHOI.

Eme Heckosbko et Hazazx 6osnbiiast yactk CIITI3Y nporpamMMuposa-
Jlach npu noflaye Hanpsikenus V,, = +25 B. Ilorom nossummch MUKpo-
CXeMBI, IJIT KOTOPBIX GBLIO OCTATOYHO Hanpsbkenus +21 B wan naxe
+12,5 B, npnyeM HanMeHOBaHKE MUKPOCXEMBI HHOT/IA OCTABAJIOCH IIPeX-
nuM! VITak, HyKHO 3HaTh, YTO PeKOMEeH/0BaHHOe 3HadyeHue V ,, Tpebyer-
cs1 cobaolaTh B Npe/iesiaX OKoJIO NOJIYBOJbTa, MHAYe BBl pUCKyeTe He-
yAauHO IPOBECTH HporpaMMupoBaHne miam <yburb» CIITI3Y, Ho
B JII0GOM cJIy4yae — COKPATUTh CPOK €T0 CIYKOBL. .

Kpowme Toro, nanpsaxeuue V,, HM B KOEM cjiyyae He JOJIKHO ObITh 1O~
[IaHO Ha 3alOMUHA0IEe YCTPOSICTRO, €CIU B 3TOT MOMEHT AaKe Ha JOJIO

pp?
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CeKYH/IbI OyJIeT OTCYTCTBOBATH MiTanue +5 B: 3To Hanpsikenue cienyer
HOAATh U CHSTh O OTKJIIOYEHHS TJIABHOTO IUTAHIs, HHAYE BbI IIPOCTO
pazpyunire CIIII3Y.

7KenaresbHO OprannM30BaTh CUCTEMY 3alIUTHI TaK, 4TOOB! V ,, cliafajio
6uicTpee, yeM V., U Jlonblie 6l BOCCTaHABIMBAIOCH, KOIIA CHOBA TiO-
ABUTCSA CETEBOE HATIPSDKEHIIe. ITOT LMK, KPOME TOro, 0JIKeH COOII0NATh-
Cst [pH MOOBIX TOKaX NOTpebeH1is], COOTBETCTBEHHO 110 nensaM V.. 1V,
(B 9TOM IIpolecce CYIECTBYIOT 3aMeTHble oTanung Mexgy CIITI3Y pas-
HDLIX THITOB II iaXKe 1I3TOTOBUTENEN).

Cxema, npeicTapIeHHas Ha piic. 5.14, BHITIOIHEHa B IOJHOM COOTBET-
CTBHH C TEXHUYECKHM 3aJaHHEM, KOTOPOE TOJNDBKO YTO GbLIO ONPELENEHO,
I [IPH 9TOM M3TOTOBJCHA U3 MHHHMAJIbHO BO3MOXKHOIO KOJHYECTBA pa-
avoferaneit. OueBHIHO, MOXKHO c/ie/IaTh ellle JyYiie, HAIIpUMED ¢ OMO-
I1b}0 MHTErPAIbHBIX CTAOMIM3aTOPOB HANPSKEeHNd, paboTalomiX B cJie-
ASIEM pPexiiMe, HO 3TO COBCeM Heobsi3aTeNnbHo.

BHIpsiIMHTEND TIINA YABOITENS HANPsIKEHHs T03BOJSIET TONYYUTh OT
npocroro TpaHchopMaropa 2x9 B (um1 18 B) tpebyeMoe HecTabumusu-
POBaHHOe HalpsiKeHIle, BeJITYUHA KOTOPOIO JOCTATOYHO BhICOKA (0KOJIO
50 B). 3ra xoHdurypaiisa K TOMY Ke NO3BOJIsIeT JOBOJIbCTBOBATHCS HE
CJTHIITKOM IPOMO3AKIIMH (GIIBTPYIONIHMIL KOHAEHCATOPAMH €MKOCTBIO
2200 mx® x 25 B.

C nepsoro npoxoxpHoro tpausuctopa BD 135, cMemnenne Ha KOTOPBIi
nojiaetTcst co crabuautpora Ha 5,6 B, cuuMaeTcs Hy>KHOe HampsiKeHue
+5 B ¢ MakcuMaZbHBIM TOKOM Harpyaku okono 100 MA. Ilpu ymeHnbime-
HHI BXOJHOTO HaNpsDKEHUs! TPUMEPHO Ha 45 B atoT TpaHsucrop 6yzxer
CUIBHO HArpeBaThCs, MOITOMY CJIEAYeT MCIO/b30BaTh Gosee MOIMIHBIN
pajuarop.

ITO HY)KHO JIJIsi TOTO, UTOOBI CTAaGHIM3ATOP pacioiaran COMMAHLIM 3a-
11ACOM IHepTiH, HAKOTIEHHOH B GUIBTPYIONUX KOHIeHcaTopax. B cay-
yae OTKJIIOUEHUS CeTeBOro MUTAHMS Hampstkenue +5 B madHer cnagarh
TOJIBKO TOrJA, KOIAa HecTabUIN3HpOBaHHOE HanpsbKeHne OyleT paBHO
npuMepHo 7 B. B Teyenvie aToro BpemMeny Hanpskenne V ,, yKe 3aMeTHO
YMEHBITUTCSI.

ITa nepBast «JIMHIS 3a1HTHL> AYOIHDPYETCS BTopoi cucTeMoit besomnacto-
CTH — CTaGUINTPOHOM Ha 8,2 B, BK/IIOUEeHHBIM NTOC/IEA0BATENBHO ¢ BEPXHIM
TLTIEYOM HeNH CMellleHHs! IPOXOIHOIO TPaH3ucTopa B uenu V ,, (2N1890 nim
10/106HbIIT ¢ MaKCHMAaILHBIM Pab0YMM HalpsokeHneM Kak MUHIMYM 50 B).
buaarozaps pesticropy conpornbienneM 10 kOM, KOTOPDBIH BKIIOYEH MEXTY
3eMJISTHOH 1ITHOH U 6a30ii 5TOro TpaH3HCTOPa, OH Gy/leT 3aKphIBaThbCA He
No3/iHee TOro MOMEHTa, KOrAa HecTaOUIM3UPOBaHHOE HalPsKeHHEe Ha
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Puc. 5.14. Cxema ucroummuxa nurarmg

BXojle yMeHbmutcea fo 8,2 B, i HeMHoro panbiie. Ho Mol 3HaeM, uTo
B 9TOT MOMEHT HanpsikeHite +5 B Bce emte B Hopme. I naoSopor, iipu mox-
KJII0YEHHH MJIM BOCCTRHOBJIEHITH CETEBOTO MUTaHMUs HanpskeHie V,, mo-
ABIITCS TOJIBKO TOTZA, KOT/[a OCHOBHOE HTanne +3 B 6yner yuxe B iopMe.

Boi6op Hy:kHOTO 3HAYeHHs V ,, U3 TPEX «CAMBIX KJIACCHYCCKUX» OCYIIe-
CTBJSIETCS YaCTHYHBIM 3aKOpAUMBAHUEM LENOYKH M3 CTaGHIMTPOHOB
11 KpEMHUEBLIX TUO/(0B, MOAOOPAHHBIX TAK, YTOOL MAKCUMAIHHO TIPUOIIH-
3NThCS K pEROMEHyeMOMY 3HaUeHU IO HANPSKEHHS 1 KaK MOXKHO CHJIbHEE
oc1abuTh npeiidy HanpsKeHHst C POCTOM TeMIepaTyphl (HamoMHIIM, UTO
TeMIlepaTypHble K0a(:pUINEHTHl HANPSDKEHHS CTAOMIMTPOTIOB U 0ObIY-
HBIX AMOAOB MPOTHBONONOXKHEL).

OueBUIHO, MOXKHO COCTABUTD U JpYrvie KOMOHHAIMI B 3aBUCHMOCTI
OT olpefie/IeHHBIX MOoTpebHOCTEH U BOBMOXKHOCTEH KaK/10T0,

Cuwnrraeres, uro pabora ¢ BhKJoYaTesieM GoJiee yio0Ha 11 Gojiee HAExX-
Ha, 4eM peryJHpOBKa ITIOTEHI(MOMETPOM 10 NOKa3aHISIM BOJBTMETPa, HO
OLIMOUTBCS B MOJIOXKEHITH ITEPEKITIoYaTeIsl MOKHO 1 B OJ00HOM CJydae!
Hacro na CIIII3Y, Tpebylomme Hanpspkenus V., oTinuHoro ot 25 B, Ha-
HOCAT 0COOEHHYI0 MAPKUPOBKY, HO He JUIIHUM Oy/eT o6paTuThes K KaTa-
JIOTY TIPOM3BOAUTENS, OCOOEHHO B TeX CIyYasx, KOT/a 3TO KacaeTcst MIIK-
pocxeM, IMTOSBUBILMXCS COBCEM HelaBHo (B yactnoct, KMOIT).
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Ha neyatnoit miare, Tomosorus kotopoil nmokasada Ha puc. 5.13, pas-
MelaioTcs (corsacHo puc. 5.16) Bce pamvofeTansy CXeMbl ¥ CETeBOH
TpaHcGOpMaTop, MpeaHasHaYeHHbIE /1] HEro KOHTAKTHBIE MIOMAAKH,
BEpOATHO, Haflo OyneT mepepasBecT B COOTBETCTBIH C IIOKOJEBKOIT TOTO
TpaHCcOpMaTOpa, KOTOPBIH y BaC €CTh, IIPH YCJIOBUH, YUTO Bbl HE IPEANo-
YNTaeTe PACcNoJOKUTD €T0 OTAETBHO.

Tpansucrop 2N1890, tax xe kax n BD135, nomkeH HHTeHCHBHO 0X-
JIOKATBCS, XOTS1 U HarpeBaeTcs OH, OYEeBHAHO, cabee. [lns V,,=125B

/

2208
110

f

110

Puc. 5.16. Cxema pasmelyenns nemeHToB Ha NAaTe MCTONHUKG MTAHMS
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Ta6nmua x puc. 5.16

2200 mxp /258 : 2 wr.
0,1 mxd
1N 4001 4.

9,18
338
828
568
128
BD 135
2N 1890
Tpauchopmatop 220 B /18 Bum 2208 /2D B
LLHyp Anst NOAKAIGYEHNA CETEBOFO NUTAHNS
Mepexnioyatent Ha 3 NONOXexus

OH JI0JKEH, HECMOTPSI HU Ha YTO, MOHU3UTD HamnpsixkeHHe GOJIblIIe YeM Ha
38 B, uro npu Toke 80 MA cooTBeTCTBYET paccenBaeMoil MOIHOCTH OKO-
jo 3 Br! [na 25 B, nanpotus, Moxto mosayunts A0 110 MA, He npeBbl-
Iast To 3HaYEeHUe, KOTOPOe COOTBETCTBYET MAaKCHMAIBHO AOMYCTHMOMN
paccenBaeMoii MomHocTH npubopa 2N1890.

"Ecim Heobxoaumpl 6osiblire TOKH (HanpuMep, AJisi OTHOBPEMEHHOTO
IPOTPaMMHUPOBAHUS HECKOJIbKHX 3aMOMUHAIOIMX YCTPOUCTB, BKIIOYEH-
HBIX MapaJlyiesIbHO ), MOSKHO JIETKO HAHTH TPAH3UCTOPDI ¢ GOJIBIUUMU MaK-
CHMaJIbHO JIONMYCTUMBIMHM TOKaMH, HO TOTAa HAA0 OyAeT mo3aboTUTHCS
0 TOM, YTOObI UX KO3)(PUIHEHTH YCHIEHHS OCTABAIMCH NPUEMIIEMBIMA,
IpeanoutyTenbHce BEIOMPaTh cocTaBHbIe TpaH3ucToph! (lapauHrrona).

Pasymeetcs, oueHsb BaxkHo, UT0ObI TpaHCHOPMATOP OTAABAT HEOOXOAU-
MBli1 Tok. 1151 npensiaraeMoii 6asoBoii CXeMBl BIIOJIHE [OCTATOYHO MOZE-
1m ¢ rabapuTHoil MomHocThIO 8—10 BA. Tlocse c6opxu 3Ty miiaTy MOXKHO
Pa3MeCTUTD B KOPITyce NMPOrpaMMaTtopa, B KOTOPOM OCTaeTCs MHOTO CBO-
6oxHOTO MecTa, HIIN B OTAEAbHOM Kopityce. B oboux ciydasx, Ho ocobeH-
HO B [lepBOM, clienyeT no3aboTuTscs 06 30NN TON YacTH, KoTopas
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raJibBaHi¥eckn cBg3aHa ¢ cerblo 220 B. TIpi neobxoammocti B 3Ty 1enb
N00aBAAIOT BHIJHOYATEND H IVIABKHMIT MPeOXPAHITENb, & IPH XKeJaH Il —
M KOHTPOJABHBLT HHAIIKATOD CeTiL.

NPOrPAMMUPOBAHMUE ispGAL22V10

O6biunass GAL22V10 nporpaMmupyercst, a ispGAL22V10 xomnannn
Lattice «3arpyskaercst». 310 NPOMCXOUT HOTOMY, YTO 1IPOTPAMMHUPOBAHIE
paAIioaneMeHTOB TpebyeT, Kak Mbl BUAEIH, TOXAYM Ha OnpeesieHHoe Bpe-
Ms1 HEKOTOPLIX Hampsi:keH1ili, TPUKIafbIBaeMBIX 110 OYepenl K 60IbIIoMy
KOJIITYeCTBY BLIBOMIOB.

Hanpotus, 3arpyska sakioyaeTcst B MOCAE0BATETbHOM AHATOTE MEXK-
ay panmoanieMentoM u ITK no kabento ¢ oueHb» HEOONIBIIUM YHCAOM JIH-
HHUI H TOJBLKO 1OJ HanpskenneM nutadus +5 B. IIpu atoM Bech ciiox-
Hbl Tpoliecc NMPONCXOAUT ABTOMATHYECKI BHYTPH pallloajieMeHTa,
HPHYEM COBEPUICHHO «IIPO3PAYHBIM»> ISl OIlEpaTopa CriocoboM.

B To BpeMs Kak KJIacCHYeCKHe TPOrpaMMaTophl BO3AEHCTBYIOT Ha
CTaH/APTHLIC BLIBOALI PAfIlodJIeMEHTa, 3arpy3Ka MOXKET MPOU3BOANTHLCS
MOCPEACTBOM BLIBOJOB, NPEAHA3HAYEHHBIX UCKIOUUTENHHO AJISL 3TOTO.
TloatoMy nporpaMMIiipoBaHHe HJIH MepelporpaMMypoBaHie pajuoaie-
MEHTa CTAHOBITCA BO3MOXKHBIM, laXKe eCJIM OH ysKe YCTaHOBJIEH BHYTPII
caMoii cxeMbl NOJIb30BaTeNs], M 9TO HPU TOM, UTO BCSI CXeMa HaXORHTCS
niox nanpstkeniiem! dupma Lattice HaspiBaer Takoil nponecc In Situ
Programmability (B nepeBoze ¢ aHri. — mporpaMMUpOBaHue Ha MecTe).
Ho Bonpekn 3arpy:aeMbIM paauoaseMenTaM, Gasupylonumcsa na O3Y,
Mikpocxema ispGAL22V 10 coxpanser 3anicanHble AaHHbIE 0 TEX MOp,
oKa OHH He OYIYT co3HaTeNbHO CTepThl. OfHAK B! 3AMPOTPAMMHPOBaH-
Has, aTa 22V10, kak u Apyrie, Mpu HEOOXOAUMOCTY MOXeT ObITh U3BATA
113 OZIHOH NJIaTHl ¥ BCTaBJi€Ha B APyryto Oe3 motepy TOH «CXeMbl», KOTO-
PYIO OHa COIepKUT. ITO 0COGEHHO EHHO MPH paspaboTKe OMBITHHIX 06-
pasuos. )

Ho xax x o6brytioit 22V10 106aBuTh BHIBOABKI 3arpy3KH, MOJHOCTHIO
HOJZEPKHBasi TPH 3TOM COBMECTIIMOCTDh Ha YDOBHE 1{OKOJEBKH ¢ 0ObIY-
HbIMH MoziensMu? TIpocto orpannunthes xopmycoM PLCC ¢ 28 Brioga-
MH, ¥ KOTOPOTO YeThipe BbIBoAa He ucnosb3ylotest. [lonyuaercs nokosnes-
Kka, n3obpaxeHHas Ha puc. 5.17, TAe mokasaHbl AuHK 3arpysku SDO,
SDI, MODE u SCLK. Pasymeercs, ato HenpuemieMo s kopnyca DIP
¢ 24 BbIBONAMH, B KOTOPOM Taicke pazmemiaioT GAL22V 10, Ho mpu aToM
Bbl BCeTAa MoXKeTe licnob3oBath agantep PLCC-DIP.
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0.} 5 251 Yo/Q
o6 241 O/IQ
w7 231 )/o/Q
IspGAL22V10
MODE | 8 Bun ceepxy @SDO
1o le 21} o/
vo. [0 20] vora
/0. {11 19} 101Q
\_ _J/

e e ] e Tl T ]

2 8 0 g ©

€2 28%2¢8¢8

Puc. 5.17. Ljokoneska ispGAL22V10
{kopnyc PLCC 28, Bun csepxy)

PaccMoTpuM mocie[oBaTeIbHO AB2 MTOAXOAR, TO3BOISIOUINX MPOrpamM-

muposath ispGAL22V10 nocpencrsom coBmectumMoro TTK:

* «YHCTOe» ¥ MpOCTOe McHmoab30BaHue — Starter Kit, mpoaaBaembilii
koMmanuell Lattice, KOTOPBIA CTONT MPHOOPECTH, ECJH B PEIIUIN
IPONOJIKUTD IKCIIEPUMEHTHI CO BceM ceMelicTBoM ispLSI;

* cO0pKa «AOMAUIHETO» [IPOTPaMMaTopa, HCHOJb3yeMOT0 C HporpaM-
MHBIM o6ecneqe_}meM, npeasioXeHHbIM koMuaHuel Lattice (cM.
riaaBy 6).

Yro6bl BONJIOTATH B KU3Hb NMEPBOE pelllcHue, HeOOXO0ANMBI COeMHY-
TeTbHBIH Kabesib ¢ rporpaMMHoe obecreyeHye.

Xors cnenudukanys koMmaniu Lattice cofepXUT Bee neTany mpoTo-
KOJIa 3arpyskH, HaumnHas ¢ ¢dafina JEDEC, nonyyensnoro ot abcomoTHo
moboTo JJornyeckoro KoMnuastopa (Hanpumep, Prologic), no-Hacrosie-
My HHTEPeCcHO fucaTh cBoe cobctBerHoe 110 ToMbKO B TOM Ciiydae, eciiy
HeoOXoIMMo, 4ToOBI CaMo YCTPOHCTBO, cofiepkallee MuxopocxeMb GAL,
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656110 Gl B COCTOSIHHH UX ITeperporpaMMHpoBaTh (711 o6erdyeHus pas-
pabOTKH TaKHX MOAYJIell MporpaMMITPOBaHNS MpeasaraeTcs neaast 6ub-
moTeKa Ha si3pike C). B 60/bIIMHCTBE OCTANBHBIX CTy4aeB HCIOMb3YIOT
CHCTeMBI pa3paboTKu NS orlepanuonHoii ciicteMsl Windows, npeanara-
eMBble [/ 9ToH 1lesm koMmanuel Lattice. Kabenu st 3arpyskH, BXofst-
UMe B KOMILJIEKT, CHaOXKEHB MOAYJbHBIMU pasbeMaMii C BOCEMbIO KOH-
takTamu (RJ-45) u moaxiwualores K napauieabHoMy nopty LPT1 yepes
ananrep DB25,

OTMeTHM, 4TO 9TOT aZlaliTep COAEPKUT HEOOMBLIYIO INEKTPOHHYIO CXe-
My, OCHOBHOe Ha3HayeHUe KoTopoil — Oydepusanus JMHUI fJaHHBIX U 110~
Iaya Ha cxeMy afjanTepa HampspkeHust nuTanus +5 B ¢ Toll miatsl, Ha Ko-
TOpo¥ pa3MeuieHa mporpammupyemast 22V10. [Ipyroii koHen nepporo
KabeJist Takxe CHabkeH 3TUM MOYJIbHBIM pasbeMoM, a BTOpOi Kabesb ~
coequnHuteneM AMP ¢ marom konrakros 2,54 MM. B oboux ciyvasx co-
enuHenue ¢ BeiBofaMu 22V 10 ocymiecTBisieT MOIb30BaTENb, KOTOPHL
NOJKEeH yCTaHOBUTD CHeUaNbHbII pa3beM Ha lleyaTHo IJIaTe CaMoro yc-
TpoicTRa.

Bo Bcex aTux xabensx, pasbeMax M poYnX NepexofHUKaX, NpeacTas-
JeHHBIX Ha pHc. 5.19, K coxaneHuo, He NPEAYCMOTPEHbl BO3MOXHOCTH
IIporpaMMHUpOBaHus caMoit 22V 10 (mpocTo MUKPOCXeMbl, BHE ILIAThi
1 6e3 00BsI3KH) B 1a60paTOPHBIX MK AOMALIHUX yCaoBusx. Ho Ml cobu-
paeMcs yCTPaHUTDh 9TOT HEAOCTATOK.

PeuteHue mpo6reMBl COCTOUT B TOM, yTOObI COEUHUTD C HaHENbKOl
PLCC28, nokosepka xoTopoil nsobpaxkena Ha puc. 5.18, wecTb KoHTaK-

TOB pasbema AMP 14 kabens sarpysku ¢ of-

®e HOH ee CTOPOHBL, a ¢ APYToit — muranue +5 B,
® OO é Vimenno n7s aToli Iiesinl mpej{Ha3HayeHa Ma-

@ @ JieHbKad neyaTHas IJIaTa, TONO0J0TUS KOTopoi

@ @ @ npeJcTaBieHa Ha puc. 5.20 ¥ KOTOPYIO HAAO
cobpath COTIAaCHO CXeMe pa3MellieHHs JieMeH-

@ @ @ @ ToB (puc. 5.21). Buewnuit Bug Bcero ycrpoit-
@ CTBa MOKa3aH Ha puc. 5.22.

Coennturesns BLITIOJIHEH 13 KycKa pa3pe3sHoil
KOJIOAKU C KBafpaTHHIMU WThIpbKaMu. OauH
M3 NITHIPPKOB HAXOMUTCA HANPOTHB KoY Ha
pasbeMe, OCHAIRAIONIEM Kabesib, U ero cJieRyeT
u3BieYb WK oTpesarh. Ho mpoute us moObIx netaneil cobpath MajieHbKUI
MPOrpaMMaTop, COSMHAIOUHIACS HeOCpeICTBEHHO C Mapa/UIebHbIM [TOP-
ToM [1K, uem ucrosnpsosathb kabesivt U3 Habopa A1 HaYHHAIOMUX. ITO OyAeT

Puc. 5.18. Lioxoneska
nanensku ans PLCC28
(sua caepxy/



147

MPOTPAMMUPOBAHUE ispGAL22V 10

AN 10°0
doieoHaTHOY

\J

T

dWy weaced en
wyadsaud Tug

—

(LI TL]]
MO§ e | | b— 00A
6 anNo T oas
@ 10'0 3aon S e
T eoLsAeauouom BH iEL] 1
- N\ W1D0HOBUOESQ BhOI SLO0OU
M| X108 . rdou niaHausuLredeu 8
L ~ ........... STTTeTUUtY desuebe arvaelidg
B} GNO 1 -
M} 3gon Sp-rY woaced mv%mm‘w.%.mnm_
AIRHLINBLHON- HIRHLNBLHON-
™| ond Hox8
m | nN3dsi ->|  enoxo
seHdadAg >
HEHAULNE
™| as > sEHHa0d10g MU %
R OGS
m| O0A
A Ty
m eidou 01oHSUIUURdEU BUT
\ daiUBUE YIAHINBLHON-GZ
13
H &
H
H canand

WW $G'Z WOJEM O
dWY woaced

Gy-ry woeaced
YISHINELHOX-§

Puc. 5.19. Mogkmoverne kabenesi us craprosoro Habopa Lattice
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Igdevr SSAJ

Puc. 5.20. MNeyarras nnara Puc. 5.21. Cxema
anantepa PLCC28 PA3MELLEHUS FNEeMETOB
agantepa PLCC28

Puc. 5.22. Brewmnmii Bug cobpanHoro npucnocobnenus
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XOPOIINM PerieHteM 1jist yhTareneil, KoTopble XOTeNH Obl OTpaHHYHUThHCS
HCTOJIb30BAHUEM 1IPOTPAMMHOTO obeciieueHus, PacCMaTPHBAEMOTO Ha
CTpaHITIAX 3TOi KHIITH, 1 060HTHCH 6e3 I0MONHITEeIBHEIX KalluTaloBI0-
SKEH1TH.

CxeMa, npencTaBieHHast Ha puc. 5.23, pazpaboTaHa ¢ y4eToM peKoMeH-
mauuit pupmo Lattice, Ho A7ist ee narotopenus Tpebyercs GoJiee pacnpo-
CTpaHeHHas MHTErpaJbHAasi MUKPOCXEMa.

Ha meuaTtHoit miate, TOMOMOTHA KOTOPOH IIpefCTaBjieHa Ha puc. 5.24,
YCTaHABJIMBAIOTCS BCe HEOOXOMUMbIE PaioleTaIH, YTO MPUBOAUT K MH-
HUMAJILHO BO3MOJKHOIH AJTHE BCeX COeHHeHN .

1o 3aBepuIeH# MOHTAXKA, BLIIIOJHIEMOTO COTJIACHO CXeMe pa3MeneHHs
BJIEMEHTOB Ha pic. 5.25 (He 3a0bIBast 0 Tpex mepeMblukax!), 10CTATOYHO

DB25 LPTH: 74HC244 ISPGAL22VI0 (PLCGC28)
— 1 ,
ACK 10 O ] | © 22 SDO
1000M ] Soi
Do 2 O— i O 15
) l 'J;' 560nd
1000m ’ ;
D1 30— + o] SCLK
] l i s60nd
1000m
D2 40 N~ T 08  MODE
) l .; 560 nd
10 k<Om ’
D3 so——{1} 028 VCC

© 14 GND

GND 20 O—

Dé 8 O—

(L N.C.
N.C. NC. ©
PE 12 o— +

® oI
3
&

5
ERROR 15 O—

N.C.=He nopkmoyeH (3anacHole)

Puc. 5 23. Cxema nporpammaropa ispGAL22V10
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NAHENLKA
PLCC28

74HC244

©

POSETKA
LPT1:

©

Puc. 5.25. Cxema pasmelyeHvs snemeHTos Nporpammaropa
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nozaTh Ha IUiaTy nHTaHue +5 B (nanpumep, ¢ koHTakTa 1 pasbeMa THIa
DB15 urposoro nopra IIK) 11 nogcoenHHuTh 04eHb KOpOTKUH Kabelb
¢ ABYMs pazbeMaMH Thra DB25 (Buiku), OMH H3 KOTOPLIX BKJIIOYaeTcsi
B NpOrpaMMaTop, a Apyroii — B napaieabHblil nopt LPT1 toro xe IIK.
PasyMeeTcs, HCMOJIb30BaHIEe 3TOTO HpOrpaMMaTopa MAEHTUYHO HCIIOJb-
30BaHMIo WTaTHoro kabesst sarpyskn. BHemHuit Bun nporpammaropa
noxasau Ha puc. 5.26.

B ofoux cayuasx odeHb BaXXHO IPaBUIILHO Pa3iM4aTh HyMEpPalHIo BbI-
BoJ0B y 22V 10, pasmelieHHbIx B kopriycax DIP24 u PLCC28, noxoses-
Ka KOTOPBIX NpHBefeHa B Tabur. 5.1 (3a MCKIIOYEHHEM YeThIpeX BBIBOJIOB
3ArpY3KH, OTMeYeHHbIX Ha puc. 5.17). IMeHa curaanos, ucnojb3yeMble

Ta6nuua 5 1. Cootercrane yoxonesok kopnycos DIP24 w PLCC28

A Koimairu DIP24° 05577 Koltrakyel PLCC28 14 Hagavguie > 1"
1 2 Bsop/cvHxporu3aLms
2 3 Bsos
3 4 Bsosl
4 5 Bson
5 6 Beop,

6 7 Baop,

7 9 Bsop

8 10 Beon -

9 1 Baop,

10 12 Bsog,

1 13 Bsop,

12 14 Obumn
13 16 Baop
14 17 Bsop/swiBog
15 18 Beop/BuiBog,
16 19 Beop/sbizon
17 20 Bgoa/BwiBoA
18 21 Bsop/suiBog,
19 2 Bsop/abizog,
20 24 Bsop/sbiBof
21 2 Bsoa/swiBog,
2 26 Bsop/sbigog,
3. ri Baoa/BLiBog,
24 28 VCC
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Puc. 5.26. Buewnwi sng nporpammaropa

JlorndeckuM KoMnuasaTopoM Prologic, onpenesiensl 11 HOMepoB BBIBO-
noB koprnyca DIP. Korna Bbt 6yAieTe nucaTh MCXOHbI KO/ 111 IpUJIOsKe-
HUSl, OPMEHTUPOBAHHOTO Ha NpuMeHenre ispGAL22V10 B Kopmyce
PLCC, crapaiitech usberath n060ii HETOUHOCTH.

NMPOrPAMMUPOBAHME ispLSI 1016 U 2032

Starter Kit kommanuu Lattice conepxut I1O — PDS, neobxomuMoe st
ynobetsa pabotst ¢ ispLSI 1016 u 2032, nporpaMmupoBanie KOTOPHIX
(uu nepenporpaMMMpoBaHie HocJie OYHIIeHNs ) TpebyeT TOMbKo cop-
KU MaJIeHbKOT0 a/lanTepa, CHabXeHHOTo HoaobpanHoii nanesnpkoit PLCC.

Ha puc. 5.27 npeacrasiiena pa3Bojika IpocToii TleyaTHOH TJIaThI, Ha
prc. 5.28 — cOOTBETCTBYIOIIIAsI CXeMa pasMelileHHs /leMeHTOB, a Ha puc. 5.29 —
BHeIIHU{ BUJ ajanTepa.

Crenyer cobmonath ipaBuibHYI0 oprieHTaumIo nanenbky PLCC44 (pa-
PHAHT JUISi MOHTaXa B OTBEPCTUSA IL1aThl, a He SMD), onpenensiemyio cpe-
3aHHBIM YTOJIKOM, U CO3/1aThb KJIIOY, U3BSAB COOTBETCTBYIOMIMI KOHTAKT U3
pa3pe3Hoi KOJIOAKY € KBaJiPaTHBIMU IIThIPbKaMH, KOTOpas CJIYKUT OTBET-
HOH YacCThIO ISt Pa3beMa Kaberns.

Ytobbl HCMONB30BaTh 3TOT Npubop (copmectumelii ¢ ispLSI1016
u 1spL.SI12032), noctaTouHo nonkmoynTs Kabesb 3arpyaku (TOTBKO 1OC-
Jie yCTaHOBKM MHMKpOCXeMbi!) U nHTaHue 5 B, koTopoe MOXHO NpocTo
CHUMaTh ¢ KoHTakTa 1 pa3beMa urposoro nopra I1K.

Bee ocrasbroe — nporpaMMupoBatiie, IpoBepka U cTUpaHue — Poc-
XOJUT Npu OGpallleHHH K COOTBETCTBYIOINEMY IYHKTY MEHIO IPOrpaMMbl
PDS (cM. puc. 5.30) uiu x ITO (cM. riaBy 6), koTopoe IpeHA3HAYEHO 1JIS
nporpaMmuposadus ispGAL22V 10 nog Windows.
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isplSI1016

Puc. 5.27. (leyatHas nnara
agantepa PLCC44

Puc. 5.28. Cxema pasmetyerus snemenzos
Ha nnate agantepa PLCC44

Puc. 5.29. Buewnwi Bua agantepa

NPOrPAMMATOP MUKPOKOHTPOJIJIEPOB PIC

Haxe B cocTaBe Habopa 1st Haynnatouwx Starter Kit komnani Microchip
TNpoMbIuLieHHbI nporpasarop PIC 06x01Tcs 3HauuTeNbHO 0pOKe, YeM
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1SP Daisy Chain Download Version 1,00 . ng
File Configuration Command Help
(D] eciod
lgdcx
(R
BT
MM
L
M Msage

Perorming operation: £rase,
Operation is done. No eror.

i
i

i
}‘un Opesation: successtul.

B (18 B £3

Puc. 5.30. Bubop ¢asina ana sarpysku 8 PDS [dotorpadus skpanal -

caMocTosiTesibHast ero cbopka! Ilpn ycnmoBuu MCHOJIL30BaHUS ITOCIe-
JIOBaTeJILHOTO CITOC0O6a IpOrpaMMHIPOBaHHKs, JOCTYITHOTO C MOMEHT: 1105(B-
neHnst HoBbIX Mofeneir PIC (8 wactnoctn, 16C84), MoxHo cobpatb
IporpaMMarop, yAMBUTeJbHO IIPOCTOIT ¥ MOJHOCTbIO COBMECTUMBI ¢ MOILI-
HbM [10. :

A 3Hanm Jiu BB TO, YTO MHOTHE MUKpocXeMbl ceMelicTBa PIC paspato-
TaHbl Ha OCHOBe KOHIIENIUY, CXOJHOH ¢ KOHIeniuel isp, KoTopas mnojpa-
3yMeBaeT NTPOrpaMMHUpPOBaHKe HX (MM HepelporpaMMHpOBaHie) Helo-
CPelCTBeHHO Ha IIJIaTe, r/ie OHU HaXOJSTCA, IpHyeM Jaske 6e3 OTK/II0ueHsS
OUTaHUsA? .

IIepexon B pexxuM pOrpaMMUpPOBaHUS NPOHCXOAUT IPH Nojaye Ha
BbIBOZI cObpoca (MCLR) BbICOKOro HanpssKeHusi, KOTOpoe B JAHHOM cny-
Yyae HaXoJMTcA B AMarazone oT 12 o 14 B. C atoro MoMenTa BoiBo RB6
CTaHOBHTCH BX0oM curHaza cuuxponusanuu (CLOCK), a Beiog RB7 —
JiuHKel BBoza-BbIBOZa AaHHbiX (DATA).

Boisoapt V, 1 V_ coXpaHSIOT cBoe 00bl4HOE Ha3HAUYEHHE — [MTaHIle
PIC ero HoMHHalbHbIM HanpsiKeHHeM 5 B, B TO BpeMst Kak Bce Apyriie
BBIBO/IbI CTAaHOBATCS HeJIeHCTBYIOMNUMH. Torga MOXHO IIpOrpaMMHPOBATD,
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yuTaTh 1M cTipaTh PIC, npocTo Beast ¢ 1M nocJie/joBaTeJIbHBIH JUAI0T
no nuHuu DATA.

Ipagmia 3TOro JUajiora NoJHOCTHIO PaCKPhITH B JOKYMeHTe 00heMoM
xo necaru crpannn (PIC16C84 EEPROM Memory Programming Spe-
cification — cietmdukaimn pis nporpammiipoBanisg P1IC16C84 ¢ namsi-
Thio ICIITI3Y), KoTopbiit MoxHO nojayynTh y Microchip wnn obpa-
THUTHCH K KOMITAKT-AHCKY, PacIipOCTPsieMOMY 3TIIM pou3BoauTeseM. TeM
He MeHee JOIyCKAaeTCs CYUeCTBEHHO CMSTUNTDL 3TH CTPOTHe NpaBuia,
ecJIM OTpAaHUYHNThCA 3a/la¥aMy pa3paboTKIT ONBITHLIX IJIH eIMHIYHBIX 06-
PasIioB,

Wpnes peanmsanuu cxeMbl Ype3Bblvyaiino npocrta: obecmeynits PIC
HanpspKkeHMeM, cHUMaeMbiM ¢ minun TXD nocnenoBatenbHoro nopra
(RS232), 1 ucnonab3oBaTh Apyrile JUHUHU 9TOTO IOPTa JJIs Auajiora (CM.
puc. 5.31).

ITO MO3BOJISET MOJHOCTHIO HCKJIIOUHT) BHEllHIle IICTOYHMKY MATAHH
wiu GatapeH, 4TO O4YeHb YA0GHO HA NPAKTHKE.

Ecnn 10 moJsioxenue He BbI3biBaeT mpobiieM A moayyehus: 5 B
C IOMOIIbI0 MHTerpajbHoro crabunmsaropa 78L05, Heo6X0 UMb MUHH-
myM B 12 B ana seieoga MCLR npeniiosiaraer, HanpoTus, 4To 1nociaeno-
BaTeJbHBII NOPT KOMIIBIOTepa sABJsieTcs: «HacTosimM» RS232C, u pabo-
yue YPOBHU Y Hero He MeHblle +12 B.

IloaToMy nporpaMMaTop 3aBefoMO He cMoXeT QYKI{HOHUPOBAaTh Ha
TK, ocHalEHHBIX MOCTeNOBATEIbHBIMY TOPTAMH, KOTOpble paboTaioT
mpu Hanpspkenusix £5 B. He cienyer noBepsiTh, B 4aCTHOCTH, HOYTOYKaM.

B mogo6HBIX CIy4asix BHIXOJ M3 CO3JaLIerocs NOJOXKEHUST COCTOUT
B TOM, 4TOOBI J0GABUTD 10CEA0BATENbHBIH TOPT ¢ HYKHBIMU CBOHCTBA~
MM, HanpuMep B Buje miaThl multi I/0 — ngelwesoro u, kpoMe ToOro, Mo-
JIE3HOTO NpUCcHocoblieHns!,

Ecnu nanpsixenue 12 B, xak nmonoxxuresbHoe, TaKk U OTpULlATEIbHOE,
HPUCYTCTBYET Ha JMHHUAX 110CAEHOBATEIbHOTO NOPTA, HAM Halo OTpaHH-
YHUTH €ro yPOBHAMHU Ge306uaubIMu 17151 PIC, 4TO M cfiesiaHo ¢ OMOUIbIO
HeCKOJIbKHX CTabUIUTPOHOB, KOTOPbIE, BIIPOYeM, paboTaloT B 000MX Ha-
npaBJCHUSIX.

Tlocse n3roToBneHns MaJieHbKOH NeYaTHOMH MJATH B COOTBETCTBHH
C TomoJiorueli, NOKa3aHHOI Ha pHC. 5.32, NPOU3BOAAT MOHTaX Bcex pa-
IUoKeTasel COrIacHO CXeMe pa3MelleHus aj1eMeHToB (puc. 5.33), Tua-
TeJbHO cOOMIoAast IPU 5TOM OPUEHTAIIHIO NOJIIPHBIX 3JIEMEHTOB.

He cneayer ucnonb3oBaTh CTAGMINTPOHDL HA HanpsbkeHHe HUXKe 5,6 B,
TaK KaK B 3TOM clyyae cxeMma OyneT HepaboTocnocobHa. IloakimioueHne
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ors (3)

Puc 5.31. Mpurunnnansras cxema nporpammaropa PIC

K nocjiefioBaTesbHoMY nopty [IK npoussoauTcs G0 nyTeM YCTaHOBKH
IUIaThi B pa3beM, JUG0 ¢ moMowblo kabenst DBY poseTia-Biyika (1IpocToro
YIUTMHUTeIS 1J1S TOC/IeJOBaTeIbHOrO 1opTa). Ilpu HeobXoAMMOCTH MOX-
HO NMOAKAIOYUTD ero yepe3 afantep DBY — DB25, Ho HU B KoeM caiyyae He
nepekpeIieHHbIM KabeeM (Ha3bIBaeMbIM HYJb-MOIeMHBIM ). TTonkmoye-
Hlie HanpAMYo o6s13aTeJIbHO!
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ag 8

—0
gag

Puc 5.32. Tononorus neyarHoi
nnars nporpammaropa PIC

Tabmmya x puc. 5.33

n/Hot

DBg

po3eTka

1N4148 %Zgomé
mos@ 10KOM
0,1 Mxd

10kOM
MW

568
1 5,6

T 568
22 mkd — A4

DPIC 16C84

—4— 128

10k0m /0,25 Bt

Puc. 5.33. Cxema

DU3MELLEHNS INEMEHTOB HA
nnare nporpammaropa PIC

2md /168 Paguanshuiit
0,1 Mk )
1N 4148
478B/02587 2w
78L05

MNatenbka ¢ 28 runepBORMYECKUMI KOHTAKTaMK

Paavem DB9 poserka yrnosas

IIporpaMmHoe o6ecnieyenne st TPOrpaMMHPOBAHUS

[Tpexx e yeM 3amycKaThb OCHOBHOe TIporpaMMHoe obGecnieyenue (PIP-02),
HeoOXOZIMMO yCTaHOBHTD Pe3UJIeHTHBII Jpaiisep COM84. Cunrakcuc, xo-
TOPBIH HYXHO UCTIOJIb30BATDH IIPU 3TOM, CJIelyIONHii:
COM84 COMn (n — HOMep TOCJIelOBaTeNbHOIO NOPTa, OT 1 10 4).
Onepauuit MOXXHO aBTOMAaTH3HPOBaTh, HANMCAB MaJIeHbKHH MAKETHDIN
(aiin (HasBaHHBIN, HanpyMeD, PIP. BAT), conepxkaHile KOTOPOro MoXeT
OBITH TakHM (AJ1s1 ocaenoBaTensHoro nopra COM1):
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COMB4 COM1
PIP-02
COM84 REMOVE

[Mocjennsis cTpoka npeaHa3HaYeHa AJIsl TOro, YTOOBI BHITPY3UTb U3
naMATH ApaiiBep MocJe BbIXOAa 13 11POrpaMMbl. ITO Heo6X0IHMO BO U3-
Hexatlie KOHMAUKTOB C APYTHM MIPOrpaMMHBIM obecreyeHHeM.

Pa6ouiii mitepdeiic nporpammsr PIP-02 (cM. puc. 5.34) ynobeH B 1c-
HOJIb30BaHHIL. 31€eCh JOCTYTIb MHOTOYUCJIEHHbIEe MEHIO, ¢ KOTOPBIMHU
HAJ0 3HAKOMMTbCS TocTenento. He 3abbiBaiiTe yKasslBaTh TUI MHKpO-
kontpossepa PIC, npeqnasHayeHHoOro AJisi 1porpaMMHUpOBaHus (M
CYMTBIBAHHSA ), TIPEXK/E YeM BBHIOJIHATD Kakylo-11ubo onepanuio. B HacTo-
siee BpeMsi HporpaMMoii MoKeT 6bITh CYMTaH, 3aIlpOrpaMMHUPOBaH WK
cTepT ToNbKo MuKpokouTposiep PIC16C84, xota ponyckaeTca (He py-
4asCh 3a JOCTOBEPHOCTh) CYUTHIBATH (HO He MPOrPaMMUPOBATh) U MHK-
pokonaTtpostep PIC16C71.

Pasymeercsi, ciiefiyeT TpaBUIbHO BBICTABUTD BCE <ILJIABKHe MepeMbly-
Ki» (6MTBI KOH(HTypallliil), pesk/e YeM NPUCTYIHUTh K MPOrpaMMUpO-
BaHUIO.

OTMeTuM, yTo (ail/, HCIIoNb3yeMblil AJIst TPOTPAMMHUPOBaHUS, JOJKEH
ObITh MpencTabien B popmate INHX8M, koTopblit, KcTaTH, reHepupyeT-
cst GONBIIMHCTBOM CPe[CTB pa3paboTkn A7 MUKpoKonTpoaiepo PIC.

Idit Bevice Sel
i e i

CINPIPONPIC HEX (1]

: §oo4 3FFF IFFP 3FFF 1683 1406 1488 1283 . 2.8%

1 1606 2065 3032 090 Z0n2 0BIP 280C 3B3F 1286t

: 268F 3065 208F 3825 2095 3008 2695 3031 Aehsd a1

: 2895 3004 2095 306C ZOBY 3090 208F 3006 3.31AER.

: 20BF 206A 207F 30BC 0691 1063 2847 2070 Ay 4.1~

1 3620 0691 1083 2847 207F 207L 207 3602 k..
38 9531 1003 2B47 2066 Z0AZ 20RZ 3820 2095 e.Mhh 3

’\g.
gg’:
eI

'''''

: FP FF FF FF FF FY ¥F FF
: FF FF FF FF FF FF PP FF
: FF FF FF FF FF FF FF IF
< ¥F ¥ FF YF FF FF FY IF
: FF FF FY FF FP FF EF B2

ALE-XExit F5 Program Fo Verify F7 Blask FO Bei

Puc. 5.34. Ixpan nporpamms PIP-02 ($potorpadus)
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W nociennee: Bcerna MosKHO NoJiHoctbio creperh PIC BMecTe co Bee-
MH 6uTami korgurypauii, Beibpas onunio Erase B Merio Device,

NPOFPAMMMWPOBAHUE NMOCJIEAOBATE/IbHbIX CNN3Y

B nocsieniee BpeMsi BCe yallle U Yallle OSBJSETCS NOTPEBHOCTD B CYUTDI-
BaHWH, flepe3arHcH WIH H3MeHeHIH coilepKaHis paciipoCTpaHeHHbIX 1 fie-
mieBblx DCIITI3Y. IIpocTas MaseHbkast cxeMa, npliBeieHHas 1a puc. 5.35,
MOXeT 3aMeHHThb «YHHBePCAJIbHBIIY pOrpaMMaTop.

Moo 3aMeTUTb, YTO 3Ta CXeMa HANOMITHAeT NMpeAbILyILyIo, 11 e 6e3
OCHOBaHHsI: OHA JiefiCTBUTEe]bHO paboTaeT 110J ylpaBieHHeM TOro Xe

‘ 1N4148
22 MKD I i 0,1MKD _|,

)

3CNN3Y Jp |
12C
(24C02 I/IT.,Q.)'_

478

10KOm

10xOm

Puc. 5.35. MpununnnansHas cxema nporpammartopa nocnegosarenstsix ICM13Y
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nporpaniHoro obecrnederns (PIP-02), B Menio Select xotoporo rpenia-
raioTcs MHOTOUHCACHHBIC MHKpOCXeMbl TocsenoBaTenabubix JCIII3Y,
COBMeCTHMBIX ¢ 11poTokosoM 12C (8 ocHOBHOM 3TO 24CxX).

YTOUHHM, YTO peyb WIET O BpeMeHHOI BepCHH NIPOTrpaMMbl, BIOCIE]-
CTBIilI, BEPOSITHO, OYYT ITOAIepKUBAThCSL M pyrHe ceMeilcTBa 3a1loMH-
Hatouux yerpoiicts. Kak 11 PIC, sanoMunatonie yerpoiictsa 12C cBsi3a-
HBI € TporpaMMaTopom JrHuei faHHbIX (SDA) u ruHMel CHHXPOHI3aIHH
(SCL), npit 97oM HHKaKOTO HalpsUKeHHs nutanus 6onbiie 5 B ve Tpedy-
eTcsi, ITO MOKA3bIBAET, YTO paHee OTOBOPEHHbIE OTPaHUYEeHNUs], KACAIOIH-
ecst copMecTUMOCTH nporpammartopa PIC ¢ HekoTopbIMH HOC/IeI0BaTeNb-
ipimu nopramn 11K, 371ech He MMEIOT 3HaYeHUs1.

Bnaronaps uHTerpanbiomy crabunmsaropy 78L05 1 nByM crabummt-
poHaM Ha 4,7 B HII Ha OAMH U3 BBIBOJIOB MUKPOCXeMbl 3alIOMUHAIOINIETO
VCTpoHCTB2 He CMOKeT TOTacThb HUKAKOW OTPIIATENbHbIN HIIH TOKOXKIL-
TeabHblT MoTenunan Gopiie 5 B, fgake Npu MolX/a04eHIN K MOPTY
RS232, paboraromenmy, kak eMy 1 OJI0XeHO, ¢ Hanpsikenusmu =12 B. Tlo
COOBPAKEHUAM 3AIITH OT IEKTPOCTATUYECKHX Pa3psOB JKeNaTeNnbHo
BCTaBJISITh M M3BJIeKaTh MHKPOCXeMY MaMATH TOJIBKO B TOM CJly4ae, KOrja
nporpaMmarop He nprcoesuies k [TK.

TaknM o6pa3oM, cxeMy K I0CJ€LOBaTeNbHOMY TOPTY NMOAKIIOYAIOT
Hepes TeM, kak HayaThb NPOrpaMMHPOBaHHMe MM YTeHUE, U OTKJIOYAIOT,

DBo
(] o po3etka

O |0
on
I N 10kOM
. 4148

47Mkd %

78L05 478
10kOm
~MWAW-
L [ acnnay ‘1(4
T ) 4,78 .
0, 1MKD 12

Puc. 5.36. Tononorna nevarHoi Puc. 5.37. Cxema pasmetsieHms

AnaTs AporpamMmaTopa
nocnenosatenshbix ICI13Y

3N1EMEHTOB Ha nnare
nporpammaTopa

nocnegosarensrsix SCIMN3Y
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Ta6nuua k puc 5 37

10k0Om /0,25 Br
2mxd /168 Paguanshuiin
0,1 mkd
1N-4148
47B/0,25Br ‘ 2ur.
78L05

TNaHenbka ¢ 28 runepbonuyeckuMm KOHYaKTaMK

Pa3vem DBY poéeTKa (yrnosas)

COOTBETCTBEHHO, cpa3y TocJie 3Toro. CHavyala HysKHO I3TOTOBUTD TIeyaT-
HYIO MJaTy, TOIOJIOTHs KOTOpoil ToKasana Ha puc. 5.36. JTa miaTa uMeer
Te JKe pa3Mephl, YTo U IJIaTa NPoTpaMMaTopa MUKpoKoHTposuiepos PIC,
CnenosarenbHo, 06e cxeMbl 6yAyT BHOJIHE B3aUMO3aMeHSAeMbIMU 1 OCHa-
LIeHB! OJHOIT 1 TOH Jxe MoziesbIo yriioBoro pazbema DB9. Pasmeenue He-
CKOJILKMX HEOOXOVMMBIX 3JIeMEHTOB, KOTOPBIX €llle MeHbllle, 4eM y Mpo-
rpammaropa PIC, npousBonuTcs cornacto cxeme Ha puc. 5.37. Ha puc. 5.38
TIOKa3aH BHEUHMA BUJ porpaMmartopos PIC u 3CII3Y.

Puc. 5 38. Brewnuii sun nporpammaropos PIC u 3CIITI3Y
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NPOrPAMMHOE OGECNEYEHME 0519 NPOrPAMMUPOBAHUYA

Iockoabky peds uzer o pabote ¢ MukpokoHTpoanepamu PIC i ¢ 3amo-
MHUHAIOIMMY YCTpOHCTBAMH, To TIporpaMMHuoe obecnedenine PIP-02 ycta-
HaBJAHBATCA M 3anycKaeTcsl oiliHaKoBo. HenocpeacTBeHHO B mMyHKTe
Device Meno Select yxasbIBaloT TIT 3allOMIHAIONErO YCTpOIicTBa, KO-
TOpOe HY>XHO CYHTATh HJH 3alIPOrpaMMHpPOBATh. ,

Baarosiaps daiiny nauyaiisaiiim, oGHOBAONEMYCS BO BpeMS Kax-
JI0TO ceaHca pa6OTbI, PIP-02 «BCIIOMUHAET» O NOCHEeAHEM paJiiO3JIeMeHTe,
K KOTOPOMY BB 00PaILATHCh, TOATOMY CIIeAYET TPOBCPHTD, COOTBETCTBYET
Ji1 nocnexuss kondurypains toil pabote, KOTOPYIO HY’KHO BHITIOJHHTS.

ITpu cunThIBaHNY, KaK 1 P IPOIPAMMHUPOBAILITH, COAEPAKAHIIE 3aTIOMU-
HAIOLIIETo YCTPOCTBa mepesiaeTcsi B Buze (aiina B popmate Intel hex (cm.
puc. 5.39), HO MOKHO NePEKOAHPOBATH €10 B JI00O0H (HOPMAT 110CPEACTBOM
COOTBETCTBYIONEH YTHIIHTDL

C moMOIIBIO TIPOrPaMMHOFO 06ecTIeyeHHST TEMMKOM CTCpeTh COMlepIKHU-
moe ICIIII3Y Henb3st (y ITHX 3aNOMHUHAIONINX YCTPOICTB Takas onepa-
1Mt He TpeflycMoTpeHa). JaHHBI HEOCTATOK MOKHO oGOHTH, 3apaHce
HOAroTOBUB (haiifisl . hex, cooTBeTcTBYIOIME <ulcThin»> ICIIII3Y. 310
MOXKHO CZ€J1aTh, CUUTAB JAHHBIC U3 HOBOH MHKPOCXEMBI IJIII XKe UCHOIb-
30BaB peflaktop daitnop us makera PIP-02.

PATRICKA
LI
fi e
Huuuuy
T
SUUILYLY
TV
BNy
1T
U
TRy
iuyuuLy
TV
Rutitinali
i v
5 - SuuluUY

TEVTEYY

Puc. 5.39. Sxpan PIP-02 npu pabote ¢ ¢aitnom lintel hex [gpororpagus)
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Beepenve 8 Mup
1 nporpammupyembiX KOMNOHEHTOB 9
fporpammupyemble
2 3anoMmuHalolme yecTponcTsa 13
3 flporpaMmupyemsle normyeckme cxemsl 59
4 MWKPOKOHTPONNEpb 97
5 N3rotosneHne nporpammaTopoB 113

NCNOJIb3YEMOE
NPOrPAMMHOE
OBECMNEYEHUE
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Bce nporpaMMHuoe obecnieuetue (ero MoxKHO KONMPOBATH /7 CBOMX COD-
CTBEHHBIX HYKJI, HO HIf B KOEM Cliy4yae He UCIO/Ab30BaTh B KOMMEPUYeCKHX
1eNIAX), KOTOpOe BaM TTOHAJ0OUTCS IIPY M3YYEHHI MaTepHalla, H3/10)KeHHO-
ro B 3TOIl KHMIe, MOJKHO YCJIOBHO PasJe/IMTh Ha YeThIpPe YacTi, a HMEHHO:

PROLOGIC.EXE 282986

LECROM.PAS 970

PROGRAM. PAS 949

PROGROM. PAS 1554

VEROM. PAS 905

VIROM. PAS 613

LECROM.EXE 7520

PROGRAM. EXE 4048

PROGROM.EXE 6336

VEROM EXE 7456

VIROM EXE 2960

PROGROM.BAS 1254

TRANS. BAS 932

LECROM.BAS 655

VEROM. BAS 673

VIROM, BAS 606 ‘

PROGRAM.BAS 834

MQP <DIR>

ISP <DIR>

PIC <DIR>

B KOpHEBOM KaTaJlore cofiepxaTcst Bce TIPOTPaMMBI, JIHCTHHTH KOTO-
PBIX NpUBe/ieHbl B KHUTe, B Bepcusx Ha s3bikax GW Basic u TurboPascal.

3a NCKNIOYEHHEM TIPOTPAMMET trans. bas, HAMUCAHHOM TOJBKO Ha A3LI-
ke Basic, sce I1O npencrasieHo B Buse map Hailios: UCXOAHOTO TeKCTa
U MCHOJHAEMOTO, HocAeHIHA MOyKHO 3amycTuTh U3 DOS (3To KacaeTcs
(paiiIoB ¢ pacHIMpEHNEM . eXe).

B npunnune uMenHo 3TH aiibl peKoMeHyeTCs UCIOIb30BaTh, OC-
TaJIbHbIE NPEJHA3HAYEHbl B OCHOBHOM JJIS1 TOTO, YTOOBI BHOCHTDH M3MEHe-
HUS B NPEJIOKEHHbIe TPOrPaMMBbl.

Oajin prologic.exe mpexacranaser coboit caMopacllaKoBbIBalouuiics
apXuB, B KOTOPOM coBpaHO Bce HeoOXOAMMOE JiUisi paGoThl JIOTHUECKOTO
kommmasTopa PROLOGIC. Ota Bepcus KOMIHISTOpPA MOCTaBJsSeTCs
xommnanueii Texas Instruments asis paboTsi ¢ BelnyckaeMbimu efo IIJTAC
(oAHaKo OH MOAXOINT U AJS APYTHX MUKpOCXeM)!,

B noakaranore mgp comepiKuTCS AEMOHCTPAIIMOHHAS BEPCHS MpPO-
rpaMMHoro obecriedenus aHriickoro nporpammaropa CIITI3Y (©1996,

! PROLOGIC -~ Toprosasg mapka xomnanuu Inlab Incorporated.
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MQP Electronics Ltd.). Ero rnaBHas eHHOCTD — MTPEBOCXOAHBIN peiak-
Top daiinos (PDED), koTopylii NpeIaraeTcs Kak ycJopHo GecmiaTHoe 110
(shareware). Ilepen nauanom paboTsl BHUMAaTeNbHO npouiTaiiTe (ai
read.me.

Hpexne yem npuctynuts K yeraHoske I10, Halo nepenucarth cojep-
KHMOe TIo/IKaTalora mgp Ha NpoMeXyTouyHywoo auckery. [locse atoro auc-
KeTy BCTaBUTh B JUCKoBOA A 1t HaOpaTh A: INSTALL.

B noaxartanore isp cobpaHnl IporpaMMBbl, TpejjlaTaeMble KOMIaHHeH
Lattice ans pabotsr ¢ Mitkpocxemamit ispGAL22V10 1 ispLSI (© Lattice
Semiconductor Corp.) Ux Moxuo ycranosutb, 3anyctug 8 Windows
¢alin setup.exe U3 Karajgora 1sp.

Hakownen, moaxaTanor pic cogepKUT MporpamMmbl sl yIPaBIeHUSA
nporpaMmaTopamMn MuKpokouTposiepos PIC16C84 u nmocnegopatess-
upix ICIITI3Y, onmucandapiMH B riase 5.

HocTaTouHO MpoCcTO CKOMHpPOBaTh €ro B KaKOoH-HMOY/Ab KATalor Ha
JKECTKOM JMCKe WM JKe Ha pabouyio JUICKETY 1 MCIIOAb30BaTh HETIOCPE] -
CTBEHHO, eCJIM TIPOrpaMMaTop NMOAKJIOUEH K TOCIe0BATENBHOMY TOPTY
COM1 (mna 3amycka TIporpaMMbl HaZlo HabpaTh Ha Kaasuarype PIP).
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B HOBOW KHUre M3BecTHOro PaHLY3CKOro uH
XeHepa n paguonobuTens paccMarpyuBaloTes Hau
Honee pacnpocTpaHeHHbIe TUNbl CaMbIX COBPEMEH
HbIX UHTErpanbHbiX MMKPOCXEM — MHOTOKPAaTH!
nepenporpammMmupyemelx. Npeacrasneqs BCe oc
HOBHbIE knaccel: IMC namsTi, nporpaMMmupyemei
norunyeckne MMC u mukpokoHTponneps. Onucast
NPOCTLIE N HAAEXHbIE NPOrpaMMaTopsl, NpUBeae
Hbl NPOrpaMmMel AN yNpasneHus MMu, paccMoTpe
Hbl NPOrPaMMHbIE KOMMNNEKChLl U CUCTEMEI paspa
B6oTkn ans MIUC u MUKPOKOHTPONNEPOB.

ManaHwe npeaHasHayeHo ans MHxXeHepos, paguo
nobuTenein n CTYAeHTOB BY308B, XeNaLmx Nno3Ha
KOMWUTBLCH C HOBLIMU K1AaCCaMK aKTUBHBIX 3NEKTPOH
HBIX KOMNOHEHTOB.
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