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BCTYII

Mikporporecopu (MII) i mikporporecopni cucremu (MIIC) € B
JaHWH 4Yac HaMOLIbII MacoBMMH 3aco0aMM OOYMCIIOBAJIBHOI TEXHIKH.
[Micnas mosen mepmux MIT y 1971 p., uWcno HOBUX PO3POOOK
mikponpouecopHux BIC nponosxye 6e3ynmuHHO 301IbIIYBATHCS.

JlocBin po3poOKH Pi3HUX CHUCTEM TOKas3aB, MO0 ovikyBaHa Bifg MII
VHIBEpCaJbHICTE € B 3Ha4yHii Mipi oOMmexeHow. Po3mairticTs
mikponpouecopaux BIC, mo Bupaxaerscs B X pi3Hiil 6a30Bili TeXHOOTII,
apxiTeKTypi, TEXHIYHHX XapaKTePUCTHKAaX IMOCTABMIO PO3pOOIIOBAYIB
muppoBUX CHUCTEM  Teped CKIaJHUMH Tpobiemamu, a came.  sKi
0COOJMBOCTI LBOTO KJIacy MPHCTPOIB 1 TEHAEHIII HOro PO3BHUTKY, UHM
BiJIPI3HSAETBCS BUKOPUCTAaHHS MOTYTHiX Mikpo-EOM Bin 3actocyBaHHs
MiHI-EOM, sk mpoekTyBaTh cucteMu Ha ocHOBI MII, y yomy momsraroTsh
0COOJIMBOCTI MIAXOJIB 10 PO3POOKH TMPOTPaMHOTO 3a0e3NEUYCHHS MIKPO-
EOM i 6arato iHmuX.

Pimenns mux mpoOiem BUMarae Bif po3pOOHUKA CHCTEM TIMOOKHUX
3HaHb UPPoBOI obuncoBanbHOT TexHiku (OT), BKIOYAOYM TEXHIUHI i
ANTOPUTMIYHI IUTaHHA, TipeacTasierHs ocobnmuBocteit MIT BIC, a ronosne
JIOCB1Ty po3poOKH crcteM Ha ocHOBI MIL.

Kypc "MikpormporiecopHa TexHika" BHBYAETHCS TMPOTATOM OJHOTO
CeMecTpy.

B pesynbTari BUBUEHHS IUCIUILIIHU CTYACHT IOBUHHUH 3HATH:

-XapaKTepUCTHKN 1 TapaMeTpw, YMOBHI TpadidHi 300pakeHHS 1
NPUHIIMII i1 OCHOBHUX PI3HOBHU/IIB MiKPOIPOIIECOPIB 1 MiIKPOKOHTPOJIE-PiB;

-mpuHOUNH ~ 1oOynoBu  Mikpo-EOM  Ha  OCHOBI  pi3HHX
MIKpOTIPOIIECOPHUX KOMILUIEKTIB;

-METO/IMKY aHaJli3y i BUOOpY ONTHMAaIbHOTO TEXHIYHOTO PillleHHS;

-CUCTEMH KOMaHJI MIKpOIIPOILIECOPIB 1 TpaBWia CKJIaJaHHS
nporpamHoro 3ade3nedeHHss PEA Ha 0CHOBI MIKpOITPOIIECOPHHX CHCTEM,

-Cy4acHHUH CTaH MIKPOMIPOIIECOPHOI 1 KOMITIOTEPHOI TEXHIKK 1
MEPCIEKTUBH IXHBOTO PO3BUTKY.



NIATOTOBKA JO MTPOBEJEHHSA JABOPATOPHOI
POBOTU TA O®OPMJIEHHA 3BITY

JlaGoparopHa  poOoTa  BKJIIOYAE  CaMOCTIMHE  ONPAI[IOBAHHS
TEOPETUYHOrO MaTepiajly, BUBYCHHS JOKYMEHTAIll 3 amapaTHHX 3aco0iB,
METOJMK TIPOBEJCHHS PO3PaxyHKiB, INPOTpaMyBaHHS 1 MOJIEIIOBAHHS,
00po0OKy ¥ iHTeprperamito pe3ynbratiB. [Ipu mpoBeaeHHI 1abOpaTOpHOTO
NPaKkTUKyMy HEOOXiTHO:

- HiZ[FOTyBaTI/ICSI a0 CKCIIPEC-OMUTYBAaHHA 3 TCOPETUYHOI'O
Marepiany, HeoOXiJHOTO Il BUKOHAHHsS poboTH (1100 OTpUMAaTH JOIYCK
10 1abopaTopHOi poOOTH);

- MAroTyBaTH i 0OPMUTH TIaH BUKOHAHHS TabopaTopHOi poboTH,;

- Ticis BUKOHAHHA JIabopaTopHOi poOOTH TIPOBECTH HEOOXiTHI
pO3paxyHKH i oOPMHTH 3BiT, SIKUH TIOBUHEH MiCTHUTH:

1) Turynehmii apkym (nuB. Jomatok A);

2) wmery poboTH;

3) oOmHC CIIOBaMH;

4) anropuT™ poOOTH y BUTIISI OJIOK CXEMH;

5) HeoOxixHi MaTeMaTH4YHI PO3paxyHKH pOOOTH MPHUCTPOIO;

6) TekcT po3pobIICHOT Iporpamu;

7) OCHOBHI pe3yJIbTaTH MOJICIFOBAHHS MPUCTPOIO;

8) cTHCIi BUCHOBKH 110 POOOTI, B SIKHX:

- BKas3aTH, 10 JOCII/DKYBaIOCh,

- BKa3aTH METOJIUKY (Y METOJ) JOCITiPKCHHS;

- BKa3aTH OCOOJMBOCTI aJITOPUTMY POOOTH MPUCTPOIO;

- BU3HAYHUTH XapakTep poOOTH MPUCTPOIO TPU MOJIETIOBAHHI;

- BII3HAYHATH TOJIOHICTH 1 BiIMIHHICTH PE3YNIBTATIB MOJICITIOBAHHS
BiJl TCOPETUYHUX JIAHUX;

- 37aTU 3BIT 3 BHKOHAHOI JIAOOpaTOpPHOI pOOOTH Ta BIAMOBICTH Ha
3alMTaHHs BUKIaga4a (OTpUMATH 3aJliK 32 BUKOHAHY PO0OOTY).



1 JABOPATOPHA POBOTA Nel
“MIKPOKOHTPOJIEPH 3 APXITEKTYPOYO INTEL 8051.
HAUITPOCTIIIA IMTPOT'PAMA JIJISA MIKPOKOHTPOJIEPA™

Mera poGotu — o3HalloMuTHCS 3 ciMeiicTBoM 8-po3psaHux
MikpokoHTposepiB 8051 1 oTpuMaTH HAaBUYKK PO3POOKU TPOTpaM JUIsl HUX.

1.1 3aranbHi XapakTepHCTHKH MiKpokoHTpoJepa i8051

Kiracuunuii mikpokonTposep 18051 (MCS51) i BiTUM3HSHUIA aHATIOT
KM1816BES51 Bukonani Ha ocHOBiI BucokopiBHeBoi N-MOH TexHomoTiIi 1
Bunyckanucsi B kopmyci BIC, mo wmae 40 30BHIIIHIX BHCHOBKIB.
Hoxonborka koprycy MCS51 i HaliMmeHyBaHHS BHUCHOBKIB IOKa3aHi Ha
puc. 1. lns pobotrn MCS51 notpiOHO OfHE JHKEPENo ENeKTPOXKUBICHHS
+5. Yepes wotupu nmporpamoBaHuX nopty BBeaeHHs / BuBenenHs MCS51
B3a€EMOJI€ i3 cepeloBUINEM B CTaHAapTi | 1L-cxem 3 TphomMa craHamu
BUXOJY.

Kopmyc MCS51 mae nBa BUCHOBKH ISl MiTKIFOYEHHS KBapI[OBOTO
pe30HaTOpa, YOTUPHU BUBOAY U CHTHAIIB, KEPYIOUHX PEKUMOM pOOOTH
MK, i BiciMm miHili mopty 3, SKi MOXYTb OyTH 3amporpaMoBaHi
KOPHUCTyBaueM Ha BHKOHAHHS CIICIiani3oBaHuX (aJbTEpHATHBHHX)
¢yHKUid 0OMiHy iHpOpMalLi€ro 3 cepenoBuieM. [Ipru3HadeHHS] BUCHOBKIB
MikpokoHTposepa 8051.
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Pucynok 1.1 — Ipusnauenns susojis 8051

[lo3navyenns na Puc. 1.1:
V/sS — moTeHItian 3araisHoro nposoxy ( “3emii'”);
VCC — ocHOBHA Hampyra JiTasis +5 B;
XTALLl, XTAL2 - BUCHOBKM JuIs WIKJIIOUEHHS KBapIOBOIO
pe3oHaTopa,
RESET (RST) — BXij 3araJibHOr0 CKUIQHHS MIKPOKOHTPOJIEPA,
PSEN — n03Bis1 30BHIIIHBOT aM'sITI POrpaM; BUIAETHCS TUTBKU TPU
3BEpHEHHI J10 30BHIiNIHKOTO [13Y]
ALE — ctpo0 agpecu 30BHINTHBOT TTAM'STi;
EA - BigxmO4YeHHs BHYTPINIHBOI MporpamMHol mam'sTi; piseHb 0 Ha
BOMY BXOJIi 3MYIIYE MIKPOKOHTPOJIEp BUKOHYBATH MPOTPaMy TLIbKA
3 30BHIIIHBOTO [13Y; irHOpYIOYM BHYTpIIITHE (SKIIO OCTAHHE €);
PO — BocbMHU OITHHWI JBOHANpPABICHHW IMOPT BBEJACHHSI-BUBEICHHSI
iHpopmarii: mpu po6oTi 3 3oBHImHIME O3V i [13VY mo niHisX mopTy B
PSKMMI  TUMYAacOBOTO  MYJbTUIUICKCYBaHHS BHIA€ThCS — ajpeca
30BHIITHBOI TIAM'SITi, TICIIS YOTO 3MIIHCHIOETHCS Tiepeaada abo MpHiioM
JIaHUX;



10

v/ P1 - BocbMu OiTHHMIT KBa3i IBOHANPABJICHHIA OPT BBE/ICHHS / BUBOY:
KOXKEH pOo3psij MOPTY MOKe OyTH 3alporpaMoBaHUil SIK Ha BBEIICHHS,
TaK 1 Ha BUCHOBOK iH(opMarlii, He3aJIeKHO BiJl CTaHY 1HIITUX PO3PSIIB;

Vv P2 — Bocemu OiTHWI KBa3i ABOHAIpPAaBIEHUI MOPT, aHamorigyamii P1l;
KpiM TOTO, BUCHOBKM LILOTO MOPTY BUKOPHCTOBYIOTBCS LIS BHAAYi
azpecHoi iHpopMalii Mpu 3BEpHEHHI J0 30BHIIIHBOI MaM'sITi IporpaM
a00 maHuX (SKIIO0 BUKOPUCTOBYEThCs 16-0iTOBa ampecaltisi OCTaHHBOI).

Vv P3 — BochMu OiTHMIT KBa3i JIBOHANpPABJICHUH MOPT, aHAjOriuHui. Pl;
KpiM TOro, BHCHOBKM IBOTO TMOPTY MOXYTh BUKOHYBATH DSl
aNbTePHATUBHUX (YHKIINA, $SKi BHKOPHCTOBYIOTBCS TIpH POOOTI
TaliMepiB, TMOPTY IOCTIJOBHOTO BBEICHHI-BHBEICHHS, KOHTpOJIEpa
nepeprBaHb, 1 30BHINIHBOI aM'ATi IPOTpaM i TaHHX.

1.2 CTtpykTypa MiKpOKOHTpOJI€epa

OcHoBy ctpykTypHOi cxemu MCS51 (puc. 1.2) yTBOpIO€ BHYTpIilLIHS
JIBOHATpaBiieHa 8-0iTHa mMKHA, SKa TOB'A3y€ MiXK CO00I0 BC1 OCHOBHI BY3ITH
1 mpucTpoi: pesuzeHTHY nam'ath nporpam (RPM), pesuaeHTHYI0 mam'sath
nanux (RDM), apudmernko-noriune npuctpiii (ALU), Onok perictpiB
crierianbaux (yHKiid, npuctpii ynpasiiaas (CU) i nmoptu BBeaeHHs /
suBoay (PO-P3).

PosrnsiHeMO  OCHOBHI ~ €EMEHTH CTPYKTYpH 1  OCOOJHBOCTI
opranizarii oourcaroBasHOTO Mporecy B MCS51.
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Pucynok 1.2 — CtpykrypHa cxema MCS51

1.2.1 Apudmernko-jaoriunuii npucTpin

8-6iToBe apudmeruko-noriunuii mpuctpiii (ALU) Moke BUKOHYBaTH
apudmeTnyHi omepariii CKJIaJaHHS, BiAHIMAaHHS, MHOXXEHHS 1 JUICHHS,
noriuai omepamii I, ABO, mo Buxmouae ABO, a Takox omepariii
[UKJIIYHOTO 3CYBY, CKHMJIaHHS, IHBEpTYBaHHs 1 T.1. J[0o BXOMIB MiJKIIOYCHI
porpaMHo-HetocTymHi perictpu T1 1 T2, nmpu3HayeHi Jisi THUMYACOBOTO
30epiranHs omepaHmiB, cxema jgecstkoBoro kopekmii (DCU) i cxema
(dbopmyBaHHs 03HaK pe3ynbrary omnepaiii (PSW).
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HaiinpocTima onepauis goaaBaHHs BUKOpUCTOBYeThes B ALU s
MHKPEMEHTUPOBAHUSI BMICTY PETiCTpiB, MPOCYBaHHS PETICTpa- MOKAXKINKa
nanux  (RAR) 1 aBroMaTn4HOro OOYMCICHHS HACTYIIHOTO —ajpecu
pesuaeHTHOl Tam'aTi mporpaM. Halimpocrima omepamist BigHIMaHHS
BUKOpPHUCTOBYETHCS B ALU amst jekpeMeHTipoBaHist pericTpiB i MOpiBHAHHS
3MiHHUX.

HatinpocTimi omepariii aBTOMaTHYHO YTBOPIOIOTH "TaHAEMH IS
BUKOHAHHS TaKHX OIEpaliid, SK, HANPHUKIAJ, WHKpeMeHTHpoBaHue 16-
OiTHuX peectpoBux map. Y ALU peamizyeTbcs MexaHi3M KacKaJHOTO
BUKOHAHHS HAWIIPOCTIMIMX OIEpamii Uis peanizamii CKIAJHUX KOMAaH]I.
Tak, HampuwKiIan, NMPU BUKOHAHHI OJHIE] 3 KOMaHA yMOBHOI mepenadi
yIpaBIliHHS 1O pe3ybTaTy mopiBHsAHHA B ALU Tpuui HHKpeMeHTHpYeTCs
miuwnbHuk  komaHn (PC), nBiui npoBomuthest umtaHHsS 3 RDM,
BUKOHY€ThCS apu()METHIHE TOPIBHSHHS JBOX 3MiHHHX, dopmyeThcs 16-
0ITOBY ajpecy MepexoAy i MPUUMAEThCS PIMICHHS MPO T€, POOUTH 4M HE
pobutu mepexin 3a mporpamoro. Bei mepepaxoBaHi oneparii BAKOHYIOTBCSI
JIMIIE 33 2 MKC.

BaxmuBoro ocobnueictio ALU € ioro 3maTHicTh omepyBaTH He
TinbkH Oaiitamu, ane i Ouramu. OKpeMi MPOrpaMHO-IOCTYIHI OiTH MOXYTb
OyTH BCTAaHOBIIEHI, CKWHYTi, IHBEPTOBaHI, TepedaHi, TEpEeBipeHi Ta
BUKOPHCTaHI B JIOTIYHWX ormepamisx. Lg 37aTHICTE IOCHTH BaXKINBa,
OCKIUTBKHM JUTSL YTIPaBIiHHA 00'€KTaMH 4YacTO 3aCTOCOBYIOTHCS allTOPUTMH,
0 MICTATH oOmeparii Haj BXiIHAUMH Ta BUXIIHUMH OyJeBl 3MiHHHUMH,
peamizamis SKUX 3aco0aMH 3BHYAHHMX MIKPOIIPOILIECOPIB TOB's3aHa 3
NEBHUMH TPYAHOILIAMH.

Takum umbHoM, ALU wMoxe omepyBatd 4YOTHpMAa THIIAMHU
iHpopmariiiaux 00'ektiB: Oyaesi (1 6it), mudpoBumu (4 Gira), GaiTHIMHU
(8 6it) i ampecanmu (16 6it). ¥ ALU Bukonyethcs 51 pisHa omeparris
nepecuianHs ado MepeTBOPEeHHS UX AaHUX. Tak sk BUKOPUCTOBYEThCs 11
pexumiB aapecartii (7 st 1aHux i 4 17st aapec), TO HUIIXOM KOMOIHYBaHHS
omepariii i pexxumy aapecarii 6a3oBe unciao komana 111 po3mmproeTses 10
255 3 256 MOXKIJIMBUX MPH OJHOOAUTHOM KOJI1 Omepariii.

1.2.2 Pe3upentHa mam'sitb mporpam / JaHMX i pericTpu 3arajibHOro
NpU3HAYECHHSA

PesunentHi (po3mimieHni Ha kpucrani) mam'ste mporpam (RPM) i
nam'stb ngaHux (RDM) ¢i3uuHO 1 JIOTIYHO pO3XisieHi, MawTh Ppi3HI
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MEXaHi3MH ajpecalii, MpalioTh MiJi YNPaBIiHHAM PI3HUX CHTHAJIB 1
BUKOHYIOTb Pi3Hi (QyHKII.

Ilam'saTs mporpam.

[Nam'ste porpam RPM mae emuicts 4 Kbaiita i mpu3HaueHa s
30epiraHHs KOMaH]l, KOHCTaHT, KEpyI4HMX CIiB IiHimiami3amnii, Tabmuib
NepeKolyBaHHs BXiIHUX 1 BUXiIHUX 3MiHHUX 1 T.1. [lam'sTe Mae 16-GiTHy
IIUHY aJPECH.

Ilpu 3BepHeHHI 10 30BHIMIHBOI mnam'sti mporpam (EPM) Bci
MikpokoHTposiepu cimeiictBa 8051 3aBxkam BUKOPUCTOBYIOTH  16-
paspamHuii angpeca, mo 3abe3nedye im mgoctynm mo 64 Ko6aiit I13Y.
MIiKpOKOHTpOJIEp 3BEPTAETHCA /IO MPOTPaMHOi MaM'aATi P YUTaHHI KOAY
orepailii Ta onepan/iiB (BUKOPUCTOBYIOUH JiumiIbHUK kKoMaH]] PC), a Takox
MpH BUKOHAHHI KOMaHJ| TIepeHeceHHs Oaiita 3 maM'sTi TporpaM B
akymymsatop. [Ipn BuUKOHaHHI KOMaHJI TIEPEHECEHHsS JaHHWX aJpecarlis
KOMIpKM TaM'siTi Tporpam, 3 sKoi OyAyTh NpOYMTaHi JdaHi, MOXe
3JIIHCHIOBATUCS 3 BUKOPHUCTaHHSIM sK JiiumibHUKa PC, Tak i crieriajibHOro
JIByX0alTOBOTO pericTpa-mokaxkunka nanux DPTR.

[Mam'sTh JaHMX 1 pericTpu 3arajbHOTO Mpu3HaueHHs. [lam'aTh qaHUx
RDM npusHaueHa st 30epiraHHs 3MiHHMX B IpOIeci BHKOHAHHS
NPUKIAHOI MPOTPaMH, aJpECyeThcsl OJHUM OalToM i Mae emHicTh 128
Oaiit. Kpim Toro, 110 1 aipecHOT0 MpOCTOpY MPUMHKAIOTh aIpECH PETICTPIB
crnieriiaibHUX (GYHKINH, SKi nepepaxoBani B Ta0mwmii 1.2.

[Nam'sTh maHWX, Tak caMoO AK 1 TaM'ATh TPOTPaM, MOXe OyTH
posmmpena n10 64 KOalT muisxoM MigKIFOYEHHS 30BHIITHIX MIKPOCXEM.
Iepmi 32 Gaiita opraHi3oBaHi B 4YOTHPHM OaHKH PETiCTPIB 3arajbHOrO
npusnadenHs (POH), nosnauarotbest BignoBinHo Oank O - Gank 3 (auB.
tabmmiro 1.1). Kosken 3 HUX CKiIamaeThest 3 BochMu perictpie RO - R7. YV
OyIb-IKUI MOMEHT TpOrpaMi IOCTYMHHUA TiIbKH OMWH OaHK PpericTpis,
HOMEp SIKOTO MICTHTBCSI B TPETbOMY 1 UETBEpTOMY OiTax CiioBa CTaHy
nporpamu PSW (muB. Huxue).

UYac, 1m0 3anummBCs agpecHUil MPOCTip MOXe KOH(GUTYPHUPOBATHCS
PO3pOOHHMKOM Ha CBill PO3CyJi: B HhOMY PO3TAIIOBYIOTHCS CTEK, CHCTEMHI 1
NpU3HAYeH] Uil KOpHCTyBaya 00dacTi JaHWX. 3BEpPHEHHS /0 OCEPEIKiB
mam'sTi JaHUX MOXKJIMBO JaBoMma crocobamu. Ilepmmit crocid - mpsima
ajpecalfii KOMIpKH maM'sTi. Y IIbOMYy BHIAJIKy ajpeca OCEpPElKy €
OTepaH/IOM BiAMOBIIHOI KoMaHau. Jpyruii crocid - HempsiMa aapecaris 3
nmoromororo perictpiB RO a6o R1: mepen BukoHanHsaMm 17 BimmoBimHOT
KOMaH/IM B OZIMH 3 HUX MOBHHEH OyTH 3aHECEHHH aapeca KOMIpKH, 10 SKOT
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HEOOX1IHO 3BepHyTHCS. [l 3BEpHEHHS JIO 30BHINIHBOI MaM'sATi JaHUX
(EDM) BUKOPHCTOBYETHCSI TUIBKM HENpsiMa ajpecaiiss 3 JOMOMOIO
perictpiB RO i R1 a6o 3a gomomororo 16-po3psaHOro pericTpa-moKaKIrKa
DPTR. Bin HamexuTh A0 TPy PETICTPIB criemianbHuX (QYHKINH, i 3 Hioro
JIOTIOMOTOK0 MOKHa ajpecyBaTd Bci 64 KoOalita 30BHINIHBOT HaM'sTi.
YacTriHa mam'aTi JaHUX sIBIsSiE cOOOI0 Tak 3BaHy OITOBY obOjacTh, B Hill €
MOYJIMBICTb 3a JOIIOMOTOI0 CIEIiajbHUX OITOBUX KOMAaH] aJpeCOBUBATHCS
JIO KOXKHOT'O PO3PsTy OCEPE/IKIB mam'sTi. Ajpeca npsMo aJipecoBaHuX OiTiB
Moke Oyru 3amucanuii abo y Burman (agpeca baiira). (Pospsin),
Hanpukiaa Bupas 21.3 o3Hadae TPETiid po3psa KOMIPKH MaM'sTi 3 ajpecoro
21H, abo y Burmsai abcomoTHOTO OITOBOTO aapecH. BimmoBigHicTh 1uX
JIBOX CHIOCOO0IB ajjpecariii MOXXHa BU3HAYUTH IO TAOJIUII.

Tabmums 1.1 — Anpecu 6iToBUX o0sacTei! mam'siTi MiKpOKOHTpoJepa
8051 i pericTpiB 3arapHOTO MPU3HAYCHHS.

Anpeca
Gity
Adr D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
2FH 7F | 7TE | 7D | 7C | 7B | TA | 79 | 78
2EH 77 |76 |75 | 74 | 73 | 72 | 71 | 70
2DH 6F | 6E | 6D | 6C | 6B | 6A | 69 | 68
2CH 67 | 66 | 65 | 64 | 63 | 62 | 61 | 60
2BH 5F | 56E | 5D | 5C | 5B | 5A | 59 | 58
2AH 57 | 56 | 55 |54 |53 |52 |51 |50
29H AF | 4E | 4D | 4C | 4B | 4A | 49 | 48
28H 47 | 46 | 45 | 44 | 43 | 42 | 41 | 40
27H 3F | 3E |3D|3C | 3B |3A |39 | 38
26H 37 |36 |35 |34 |33 |32 |31 |30
25H 2F | 2E | 2D | 2C | 2B | 2A | 29 | 28
24H 27 | 26 |25 |24 |23 |22 |21 | 20
23H 1F | 1IE | 1D | 1C | 1B | 1A | 19 | 18
22H 17 | 16 |15 | 14 |13 |12 | 11 | 10
21H OF | OE |OD | 0OC | OB |OA |9 8
20H 7 6 5 4 3 2 1 0

Anpecu 6iTiB 3a po3psiaMu

1FH
Bank 3 P31
18H
17H
Bank 2 P31
10H
OFH
Bank 1 P3I1
08H
07H
Bank 0 P3IT

00H
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Mpumitka. Agnpeca mnpsMo aapecoBaHux OiTiB Moxe OyTH
3anucanuii abo y Burisini Bupasy (ampeca baiita). (Po3psa), nampukian
Bupa3 21.3 o3Hauae ajgpecy TPeThOro po3psay KOMIPKH MaM'sTi 3 apecoro
21H, abo y BUTIIAAI aOCOMIOTHOTO GITOBOTO ajpecH, SIKAN sl JaHOTO OiTa
nopisaioe (muB. Tabmumo 1.1) OB.

1.2.3 PericTpu cneniaJbHUX QyHKIi

Jlo azpecHOro MpocTopy MaM'sTi JaHUX TPUMHKAE aJPECHUH MPOCTip
perictpi crnierianpaux Qynkuii SFR (Special Function Register).

Tabmums 1.2 — Po3wmimeHHs pericTpiB crermialbHuX (QYHKIIH B
npocropi SFR Anpeca CumBon

Anpec | CumBon | HaiimenyBaHHs

0EOH | *ACC Akkymyistop (Accumulator)

OFOH | *B Peructp pacmmpurens akkymyisitopa (Multiplication Register)

O0DOH | *PSW Crnoso cocrosiHust iporpammal (Program Status Word)

080H | *PO ITopr 0 (SFR P0O)

090H | *P1 Iopr 1 (SFR P1)

0AQH | *P2 TTopr 2 (SFR P2)

0BOH | *P3 ITopr 3 (SFR P3)

081H | SP Peructp ykasarens creka (Stack Pointer)

083H DPH Crapuwii 6aiit perucrpa ykasarens naHasix DPTR (Data Pointer High)

082H | DPL Muaunnii 6aiit perucrpa ykasarens nqadasix DPTR (Data Pointer Low)

08CH | THO Crapuuii Gaiit Taiimepa 0 ()

08AH | TLO Mtaunii 6aiit taiimepa 0 ()

08DH | TH1 Crapuwii 6aiir Taiimepa 1 ()

08BH | TL1 Mitaumii Gaiir taiimepa 1 ()

089H | TMOD | Peructp pesxumoB taiimepos cuerurkos (Timer/Counter Mode Control
Register)

088H | *TCON | Peructp ynpasnenus craryca taiimepos (Timer/Counter Control
Register)

0B8H | *IP Peructp npuopureros (Interrupt Priority Control Register)

0A8H | *IE Peructp macku npepsiBanus (Interrupt Enable Register)

087H | PCON Peructp ynpasnenust momsoctsio (Power Control Register)

098H | *SCON | Peructp ynpasnenus npuemonepenarauxom (Serial Port Control
Register)

099H SBUF Bbydep npremonepenatunka (Serial Data Buffer)

IMpumitka. Perictpu, CHMBOJ SKHUX Big3HaueHuWd 3HakoM (*),
JIOITYCKalOTh aflpecallilo CBOIX OKpeMuX OiT MpH BHKOPHUCTaHHI KOMaHJ 3
Tpyny KOMaHI omepariii Hag OitamMu. AApecH, 3a SKHMH PO3TAIIOBaHi ITi
pericTpH, HaBejeHI B Tabuili 3.
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Tabmuns 1.3 — Kapra ajapecoBanux OITIB B OJIOII pericTpiB
crienianbHuX QYHKIIH
%ﬁg‘;cya Anpecn Giris 38 pospszaME pelr“fc’fpy
Adr | D7 [ D6 [ D5 [ D4 [ D3 [ D2 [ D1 | DO | Name
FOH [F7 | F6 [F5[F4a[F3[F2[FL[FO B
EoH | &7 | E6 [ E5 [ E4 | E3 | E2 [E1L [ EO ACC
DoH | o7 | D6 [ D5 | D4 | D3 [ D2 [ D1 ] DO PSW
BeHl - ] |-|BC.i.BB|BA|BQ|BS E
BO B?|B6|BS|B4IiIBB|BZ|Bl|BO P
AsH | AF | - [ -JAc | AB [ AA | A9 | A8 E
AOH | A7 [ A6 [ A5 [ A4 | A3 [ A2 [ AL | AD P2
i | oF [9E [ 9D [ oC | 9B | 9A [ 99 [ 98 SCON
ooH | 97 [ 96 [ 95 [ 94 | 93 [ 92 ]91]9 P
sen | oF | 8E [ 8D [ 8C | 88 | 8A [ 89 | 88 TCON
son | 87 [ 86 ][ 85 [ 84 | 83 [ 82]81]80 PO
HpumiTka. Azapeca mnpsMO aapecoBaHUX OITIB MOXKe

Oyt

3anucanuii abo y Burisai Bupasy (Hassa Perictpy). (Po3spsin), nanpukian
Bupa3z SCON.3 o3nauae ajapecy Tperboro po3psny pericrpa SCON, abo y
BUTIISAI aOCONFOTHOTO OITOBOTO ajpecH, KW JUIsl aHoTo OiTa JOPiBHIOE
(muB. Tabmumro 3) 9B. Kpim Toro, neski OiTH perictpiB MarOTh BJIacHi
Ha3BM, TaK HANpPUKIAA JaHui Oir Mae Ha3By 1B8. Bimsnaummo, 110
pericTpu 3aliMaroTh Jnine 4acTuHy 128-0ailToBOro amgpecHoro MmpocTopy.
Tobto ocepenaxu mam'sti 3 anpecamu 80H-OFFH, ski He 3aiimsTi
perictpamu, QisuuHO BiacyTHI, Ha kKpuctamax 20 MiKpOKOHTpOJIEpiB
cimeiictea 8051 mpu 3BepHEHHI A0 HUX MOXKHA NPOYUTATH JIUIIE KOJ
KOMaH/I! ITOBEPHEHHSI.
V/ Perictpu cnemianbHuX (QYHKIIH KepyroTh poOOTO OJOKIB, IO

BXOJISITh B MIKPOKOHTPOJIED.
V Perictpu-3acyBku SFR mapanensuux nopris PO ... P3 - cnyxats s

BBEJICHH-BUBEIEHHS 1H(pOpMaIIii.
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JBi peectpori napu 3 imenamu THO, TLO i TH1, TL1 sBastrors coboto
pericTpu, JBOX MpOrpamMHO-KepoBaHMX 16-0iToBuX  TalimMepiB-
TYAITEHUKIB.

Pexxumu  TaliMepiB-TIUMIBHUKIB  33JAlOTBCS 3  BUKOPHCTAaHHSIM
perictpa TMOD, a ynpaBniHHS HUMH 3IiHCHIOETBCS 32 JTOTIOMOTOIO
perictpa TCON.

JAns  ynpaBmiHHS = peXUMaMH — €HEProcrloXXWBaHHA Mikpo-EOM
BUKOPUCTOBYETHCS

perictp PCON.

perictpu IP i IE xepytoTs poboTot0 cucTemu niepepuBanb Mikpo-EOM,
perictpu SBUF i SCON - po6oToto npuiiMaya mociiJoBHOTO MOPTY.
Perictp-nokaxuuk cteka SP B Mikpo-EOM posrisiHyTOrO cimeiicTsa -
BochMH OiTHHMIA. BiH Moxe azapecyBatH Oyap-sKy 00nacTh
BHYTpIIIHROI mMaM'siTi gamx. Ha BigMmiHy Big Mikpormporecopa
KP580BM80, y mikpo-EOM cimeiictBa 8051 crek «pocte Bropy»,
T00TO mTepen BukoHanHsM komaHau PUSH a6o CALL Bwmict SP
WHKPEMEHTHUPYETCS, TICIII 4YOoro MPOBOIUTHCS 3amuc iHdopMariii B
crek. BimnoigHo mpu noOyBanHi iH(opmanii 3 creka perictp SP
JEKpPEMEHTUPYeTCsl Micis BWiydeHHs iHpopmanii. B mpomeci
iHimiamzamii Mikpo-EOM micns curHanmy CckagasHa abo  TpH
BKIIFOUEHHI Hampyru >kuBlieHHsS B SP 3aHocuthes kojy O07H. Lle
O3HAauae, IO MepHuii eleMeHT cTeka OyAe pO3TalloBYBaTUCS B
KoMipi mam'siTi 3 anpecoro 08H.

Perictp-nokaxxunk mannx DPTR Haiiwacrinie BHKOPHUCTOBYIOTH IS
¢ikcanii 16-0iTHOrO ajgpecu B omepaiisix 3BEpPHEHHS 10 30BHIIIHBOT
nam'saTi mporpaMm i JaHWX. 3 TOYKH 30py Mporpamicta BiH MOXe
BUCTYTIATH K y BUTISAL omHOTO 16-GiTHOTO pericTpa, Tak i y BUTIIAII
IBoX HesanexHux perictpis DPL i DPH.

akymymsatop ( ACC) e mkepemoM ormepanaa i micueM  (dikcarrii
pe3ynpTaTy NpW BUKOHAHHI apu()METHYHHX, JIOTIYHHUX oOmeparii i
psmy omepartiiii mepenadi qaaux. KpiM TOrO0, TITBKH 3 BUKOPUCTAHHIM
aKyMyJIsiITOpa MOXYTh OyTHM BHKOHaHi Omepalii 3pylleHb, IepeBipka
Ha HyIb, (popMyBaHHS Tpanopa MapureTy i T.I. Y PO3NOPSAKEHHI
KopHcTyBaua € 8 pericTpiB 3aranpHOTO npr3HadeHHs RO-R7 omHoro 3
YOTHPHOX MOXJIMBHUX OaHkiB. [Ipy BHKOHaHHI 0araTbOX KOMaHI B
AJIY ¢dopmyetbest psii 03HAK onepaltii (mparmopi), siki (iKCYOTbCS B
perictpi PSW.
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vV Perictp B BHUKOpPHCTOBYETBCS SIK JDKEpENO 1 SIK OpuUiMad TpH
oTiepallisiX MHOKEHHS 1 AIJICHHS, 3BEPHEHHSI 10 HBOTO, SIK JI0 PETiCTpY
SFR, BUpOOJISETBCS aHATIOTIYHO aKyMYJISITOPY.

Vv Ilpu BUKOHaHHI psAy KOMaHI B apu(PMETHKO-IOTIYHOMY MPHUCTPOL
(AJIIT) dhopmyroThCsl O3HAKK Omepalliid - mpanopu, ki QIiKCyThcs B
perictpi PSW. V tabnuui 4 HaBomuThes mepenik mpamopiB PSW,
JTAIOTHCS X CUMBOJIIYHI IMEHA 1 OMUCYIOTHCS YMOBH iX () OpMyBaHHS.

Tabmuus 1.4 — ®opmart cioBa crany nporpamu PSW.

CumBon | Pospsn IM’s Ta IpU3HAUCHHS

C PSW.7 ®nar npuopurera. Y cTaHaBIMBAETCS U cOpAchIBAETCs anmapaTypHo B
Ka)XIOM IMKJIC KOMaHABI M (PUKCHPYeT HEYETHOE/4eTHOE UHCIIO
€IMHIYHBIX OUT B aKKyMYJISITOpE

AC PSW.6 He ucnonb3yercs

FO PSW.5 @dmar  mepenonHeHus.  YcTaHaBiImMBaeTcss M cOpachIBaeTcCs
aInmapaTypHoO MPH BHIIOIHEHUH

aprdMeTHIeCcKuX oneparuit

RS1 PSW.4 Buter BEIOOpa HCIIONB3yeMoro O6aHka peructpoB. Moryt OBITh
RSO PSW.3 HW3MEHEHBI IPOrPAMMHBIM IIyTeM
RSO | RS1 | Bank | I'panuust agpecos O3Y

0 0 0 00H - 07H

1 0 1 08H - OFH

0 1 2 10H - 17H

1 1 3 18H - 1FH
ov PSW.2 @mar mnoms3oBarenss. MoxeT OBITH YCTaHOBJEH, COpOIIEH WIIN

MIPOBEPEH MPOrPaMMOii TI0JIb30BATENIS

- PSW.1 ®par  BCIIOMOTaTeNbHOrO  MHEpeHoca.  YCTaHaBIMBAaeTCs U

cOpacbIBaeTcsl TOJBKO amIapaTHBIMH CPEICTBAMH IIPH BEIOJHEHHH
KOMaH/J| CIIOKCHHSI M BBIYUTAHHUS M CUTHAIM3UPYET O MEPeHOCEe WIH
3aeMe B OuTe 3 aKKyMyIsITopa

P PSW.0 ®mar mepenoca.  YcraHaBmMBaeTcs M cOpacheIBaeTcsi  Kak
anmapaTypHo, TaK U IPOTrPAMMHBIM ITyTeM

Haii6inpem "axtuBHUM" mpanopom PSW e mpamop mepeHocy, sikuit
Oepe ydacth 1 MOaM(DIKYeThCS B TPOIECI BUKOHAHHS Oe€3iui omneparlii,
BKIIFOUAIOYH JOJIaBaHHS, BimHIMaHHS i3pymeHHs. Kpim Ttoro, mpamop
neperocy (C) Bukonye QyHKIT "OyaeBa akymynasTopa” B KOMaHAaX, IO
MaHimymolTe 3 Outamu. Ilpanop mnepemoBHenus (OV)  dikeye
apuMeTryHe TEPeroOBHEHHS TPH OIepallisX HajJ [MUIMMHA YHCIaMH 3i
3HAKOM 1 pOOWUTH MOKJIMBHM BHKOPWUCTAHHS apU(PMETHKH B JOJATKOBHX
konax. ALU He kepye npamopamu cenexiiii 6anky pericrpis (RSO, RS1), ix
3HAQYEHHS TOBHICTIO  BH3HAYAETHCA  MPHUKIAAHOI  MPOTpaMor0 i
BUKOPHUCTOBYETHCS JIJIsl BHOOPY OHOTO 3 HOTHPHOX PEECTPOBUX OAHKIB.
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VY Mikponpolecopax, apxiTeKTypa SKUX CIUPAETbCS Ha aKyMYJISTOP,
OUTBIIICT, KOMAaHZ TPAIOITh 3 HUM, BHKOPHCTOBYIOUM HESIBHY
anpecarito. B Intel 8051 inma crnipaBa. Xoua mporecop Mae B CBOili OCHOBI
aKyMyJISITOp, BiH MOXE BHKOHYBAaTH Oe€3qid KOMaHZ i 0e3 HOro ydacTi.
Hanpuxknaz, nani MoxxyTs OyTu nepeaaHi 3 Oynp-sikoro enementy RDM B
OyIb-IKUi perictp, OyIb-SKHil perictp MoXe OyTH 3aBaHTaXCHHIA
Oe3nocepenHiM orepaHaoM 1 T.1. baraTto noriuHi omepariii MOXyTh OyTH
BUKOHaHI 0Oe3 ywacTi akymynsaropa. Kpim Toro, 3MiHHI MOXyTh OyTH
IHKpEMEHTIpOBaTh, JEKPEMEHTIPOBaHM 1 TepeBipeHi 0e3 BUKOPHCTaHHS
akymyistopa. [lpamopu Ta kepyroui 6iTh MOXyTh OyTH TiepeBipeHi i
3MiHEH] aHaJIOT14YHO.

1.2.4 IlpucTpiii ynpaBaiHHs i cuHXpOHi3aNii

KBapiioBuii pe3oHaTOp, 1110 MiJKITFOYAETHCS 10 30BHINIHIX BUCHOBKIB
MIiKPOKOHTpOJIEpa, Kepye pOOOTOI0 BHYTPIIIHBOTO TeHepaTropa, SKWUH B
CBOIO Uepry (hopMye CUTHAIN CHHXPOHi3aIii.

[Mpucrpiii ynpasminas (CU) Ha OCHOBI CHTHANB CHHXPOHi3amil
(dopmye MammHHMIA LUK (ikcoBaHOi TpuBanocTi, piBHOI 12 mepiogam
pe3oHaTopa abo IIECTH CTaHIB MEPBUHHOTO Kepyrovoro apromata (S1 - S6).
KoskHe ctan kepyrodoro aBromarta Mictuth 1Bi dasu (P1l, P2) curnamis
pe3onaropa. Y dasi P1, sk npaBuio, BukoHyeThcs omepariis B AJII, a B
(azi P2 3miiicHIOETBCS MKpEricTpoBUX Tepefada. Bech MalmmHHUN ITUKIT
ckianaerses 3 12 a3, 23 mounnaroun 3 gazu SIPL 1 3akinuyroun ¢aszoro
S6P2, sx mokazano Ha puc. 3. Llg TMM4acoBa giarpama imoctpye poOOTy
npuctporo ynpasiinast MCS51 npu BuOipii i BUKOHAHHI KOMaH]| Pi3HOTO
CTyIeHSl CKIAJHOCTI. Bce 3amTpuxoBaHi CHUTHANM € BHYTPIIIHIMA 1
HepocTymHI KopucTtyBadeBi MCS51 nms xoHTpomto. 30BHIIIHIMH, SIKi
CIIOCTEPIralOThCSl CUTHAJIAMH € TIJIbKM CHTHAJIM pe3oHaTropa i crpubae
anpecu 30BHIiHBKOI mam'sti (ALE). SIk BuaHO 3 TMMYacoBoi aiarpamu,
curtan ALE dopmyersest aBiui 3a oqun mammuani muki (S1P2 - S2P1 i
S4P2 - S5P1) i BUKOPUCTOBYETHCS JJIsl YIIPABJIIHHS MPOILECOM 3BEPHEHHS
JI0 30BHINTHBOT mam'siTi [1, 4,5].

Bimprmicte  kOMaHI MIKPOKOHTpONIEpa BHUKOHYETHCS 3a  OJUH
MaIIMHHUHA UK. Jleski KOMaH[H, sKi ONepyIoTh 3 2-0alTHUMH CIIOBAMH
a0o0 MOoB's13aHi 31 3BEPHEHHSIM JI0 30BHIIIHLOI MTaM'sITi, BAKOHYIOThCS 3a JBa
MaIlIMHHUX TUKTy. TiTbKM KOMaHAW IiIEHHS 1 MHOXKEHHS BHMAararoTh
YOTHPHOX MAIIMHHUX IWKIiB. Ha OCHOBI 1ux ocobOmmBocTedt poboTh
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NPUCTPOIO  YIPABIiHHS, MPOBOJUTHCS PO3PAXYHOK 4Yacy BHKOHAHHS
MPUKIAJHUX IIPOTPaAM.
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a - komauga 1 Gaiit / 1 uwmki, wanpukiaan INC A; 6 - komanma 2 Gaiira / 1 twmk,
nanpuiang ADD A, # d; B - komanza 1 Gaiit / 2 nukiy, nanpukian INC DPTR; r - komanga
1 Gaiit / 2 rukiy, Hanpukiag MOVX

Pucynok 1.3 — TTocnigoBrocTi Bubipku i BukoHaHHs komana 8 MCS51

1.3 Opranizaniss mopTiB BBeJIeHHSI/BHBOAY MiKPOKOHTpOJepa
8051

Bci wotupu moptu (PO-P3) mpusHaueHi a5 BBeJIcHHS a00 BUBEICHHS
iH(hopMartii moGaiTHO.

Koxen 3 mopriB mictuth perictp-3acyBky (SFR PO - SFR P3),
BXinHUH Oydep 1 BuxinHuii npaiisep. KoxkeH 3 po3psaiB perictpa- 3acyBKU
SFR € D-tpurepoM, iHdopmallis B SKHI 3aHOCUTHCS 3 BHYTPINIHBOT ITHHA
JaHUX MIKpOKOHTpoJepa 3a curnasiom «3ammc B SFR Px» (x = 0, 1, 2, 3)
BiJl HieHTpasbHOTO MmporiecopHoro eixementa (CPU). 3 npsmoro Buxomxy D-
Tpurepa iHdopmariss Maxke OyTH BHMBEICHA Ha BHYTPIIIHIO IMIMHY IO
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curHainy «Yuranus SFR Px» Big CPU, a 3 BuBeneHHs mikpocxemu ( «i3
30BHIIIHBOTO CBITY») 3a CHrHaJoM <«YuTaHHS BHUCHOBKIB Px». Omwi
KOMaHIM aKkTHBi3yloTh curHain «Ywranus SFR Pl», inmn - «YwuranHs
BrucHOBKIB PI». Buxinni apaiisepu moprie 0 i 2, a Takox BXimHu# Oydep
nopty O BUKOPHUCTOBYIOTHCS IPU 3BEpHEHHI 70 30BHImIHBOT mam'sti (BII).
[Ipu upomy uwepe3 mopt O B pexkuMi TUMYACOBOTO MYJIBTHILJICKCYBaHHS
CMOYaTKy BHBOAUTHCA MOJIoAIIHi 0aiT agpecu BII, a moTim BumaeTses abo
npuiiMaeTbess OalT naHux. Yepes MOpPT 2 BHBOAWTHCA CTapIIUi OaiT
a/ipecy B TUX BUMAJKaX, KOJIU PO3PSAHICTD aApecH JAOpiBHIOE 16 Oir.

Bci BucHOBKH mopTy 3 MOXYTh OyTH BHKOPHCTaHI IS peamizariil
anbTepHATUBHUX (YHKIIH, TepepaxoBaHux B Tabmumi 6. Lli ¢ysKmii
MOXYTh OyTH 3alisHi HUIIXoM 3amucy 1 y BiamoBimHi OiTm pericTpa-
3acyBku (P3.0-P3.7) mopry 3.

[opt 0 € nBoHampaBneHnM, a mopTu 1-3 — KBa3iIByHampaBiIeHHUE.
Koxxna niHis mopTiB Moxke OyTH BHKOpPHCTaHAa HE3AJIC)KHO AJISi BBEICHHS
a0o BHUBEJICHHSI.

3a curHamom RST B pericTpu-3acyBKM BCiX IMOPTIB aBTOMaTHYHO
3aMUCYIOTbCA OJIMHMIN, SIKI HAJalITOBYIOTh IX THM CaMHM Ha DPEXHM
BBEJICHHSI.

Bci mopte MOKYTh OyTH BHKOpPHCTaHi ISl OpraHizaiiii BBeAeHHs /
BUBEJeHHs iH(OpMAaIlii 1O JBOHANpAaBICHWM JiHISX mepenadi. OmHaK
nopta 0 i 2 He MOXKyTh OyTHM BHKOPHCTaHi IJis IIi€i METH B pasi, AKIIO
CHCTEMa Ma€ 30BHIIIHIO TaM 'SiTh, 3B'SI30K 3 SIKOIO0 OPraHi30BYETHCS Uepes
3arajipHy MOJUIIOBAaHY IIHHY aapecH / JaHMX, IO MPALIE B PEKUMI
TUMYACOBOTO MYJIbTUILIEKCYBaHHSI.

OCcoOIMBOCTI €IEKTPHYHHUX XapaKTEePUCTUK TOPTiB

Buximni kackagm tpurepiB SFR moptie Pl - P3 Bukonani Ha
HOJIEOBHX TPAH3UCTOPAaxX 3 BHYTPIIIHBOI HABAHTAXKEHHAM, B TOH Hac sK
aHarnoriuni kackaau tpurepiB SFR PO — Ha TpaH3ucTOpax 3 BiAKpUTHM
ctokoM. Koxkra miHiS OyIp-AKOro 3 TIOPTIB MOXE HE3aJeKHO
BUKOPHCTOBYBATHCS K IS BBEIEHHS, TaK 1 JUIsl BUBEIEHHS iH(popmariii
(mms mimie moptie PO i P2 me cropaBemiMBO TOMAi, KOJH BOHH HE
BUKOPUCTOBYIOTBCS [UIsl 3BEPHEHHS 10 30BHILIIHBOI TTaM SITi).

Jusa nepexmany Oynb-sxoi minii moptie P1 - P3 B pexkxum BBeneHHS
iHpopmalii HeoOXigHo B BiamoBinHui po3pan SFR 3anectu 1. [lpu npomy
BUXITHUHA  TOJBOBUH  TPaH3UCTOP  BIAKIIOYAETHCA.  BHYTpimmHii
HAaBaHTAKYBAIGHUN PE3UCTOP K OW «ITIATATYE» TOTEHIial BUBEJCHHS 10
HaNpyrd Xap4yyBaHHsS, B TOW 4Yac SK 3OBHIIIHE HABAHTAKEHHS MOXKE
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3poOHUTH 1Oro HyIHOBUM. Buximai kackagum mnopty PO MaioTh iHIny
CTpyKTypy. HaBaHTaxxyBambHMH TOJBOBHM TPaH3UCTOp JiHII MOPTY
BKIIFOUEHUH TITBKH TOMi, KOINW TOPT BWUBOAWTH TIPH 3BEpHEHHI [0
30BHINTHKOI Mam'sTi. B iHMMX BHUMMagkax HaBaHTAXKYBAIBHUN TPaH3UCTOP
BiZKITIOUeHUH. TakuM YUHOM, TIPY POOOTI B PeXKKMMi 3BUYalfHOTO BBEICHHSI-
BUBECHHS iHpopMarlii (sk, Hanpukiaa, mopT P1) BUXinHI Kackaau mopTy
PO € cryneni Ha TpaH3WCTOpax 3 BIOKPUTHM CTOKOM. 3amuc 1 B
BignoBigHui O0iT SFR Bigkirouae i qpyruii TpaH3UCTOP, 110 TPU3BOIUTH JI0
TOTO, 110 BUCHOBOK BIC BUSIBIAETHCS i/ «ILIaBalOYMM» MTOTEHIIIAJIOM.

Ockinbkn BHXiJHI Kackagu mopTiB Pl — P3 MaioTh BHYTpILTHIO
HAaBAaHTAKEHHS, TIPHU TEPeKIaj i B PEXUM BBEIAeHHS iHGopMaIlii BOHH
CTalOTh JDKEpelaMH CTpyMy JJis  MIKpocxeMu abo TpaH3HCTOpa,
HAaBaHTa)XKEHUX HA JaHUIl BUCHOBOK.

Tabmums 1.5 — AnprepHaTrBHI QyHKIIIT BUBOAIB mopTy P3

Cumson | Pospsin IM’s1 Ta mpu3HaYeHHS
RD P3.7 Urenne. AKTHBHBIH CUTHAI HU3KOTO YPOBHS ()OPMUPYETCS anapaTHO
1pu 00palleHuy K BHENTHEH MaMsATH JaHHBIX
WR P36 3anuch. AKTUBHBII CHTHAJ HU3KOTO YPOBHS ()OPMUPYETCS armapaTHO
IIpH 0OpAIeHNH K BHEITHEH NaMsITH JaHHBIX
T1 P3.5 Bxop taiimepal/cuérunka 1 wim TecT-BXoJ
TO P3.4 Bxon taiimepal/cuérunka 0 WM TECT-BXOJT
INT1 P3.3 Bxop 3anpoca npepsiBanus 1. BocnpyuHUMaeTcst CUrHaI HU3KOTO
YPOBHS MJIH Cpe3
INTO P3.2 Bxop 3anpoca npepsiBannst 0. BocnprHEMaeTcst CHTHAI HU3KOTO
YPOBHS MJIH Cpe3
TXR P3.1 BeIxoj nepepaTdnka mocieoBaTenbHoro mopra B pexnme UART. Ber-
XOJ] CHHXPOHH3AIIUH B PeXKUME PETUCTpa CABUTA
RXD P3.0 Bxox npuémHuka nocienoBarenbHoro nopra B pexxume UART.
BBO/I/BBIBOJI JAHHBIX B PEKUME PErHCTpa CIBUIa

1.3.1 OcobauBocTi po60TH MOPTIB

3BEepHEHHs JI0 MOPTiB BBEJCHH/BUBOY MOMJIMBO 3 BUKOPUCTAHHIM
KOMaH/I, [0 OTNepPYIOTh 3 OaTOM, OKpEeMHM 0iTOM, JOBUTFHOI KOMOIHAITIE€rO
oitiB. IIpu IbOMy B THX BHUMAJKax, KOJU MOPT € OJHOYACHO OTIEPAHIIOM i
MiCIIeM MpU3HAYEHHsI pe3yibTaTy, NPHUCTPI yIpaBlliHHSA aBTOMAaTHYHO
peanizye cnerianbuuii pexxum, sikuii DC T P3.X Jlinis BHyTp. mmHU 3amuc
B SFR + Ucc unrtanHs SFR uurtanHs BuBeJcHHS & ANbTepHATUBHHI
CUTHaJl BUXOY ANTbTepHATUBHUN BXiTHUH CUTHAII.

HaBanTaxkxeHHsT Ha3uMBaeThCs 'yMTaHHsA-MoAudikanis-zanuc”. Llei
peXMM 3BEpTaHHS TMIPUITyCKa€ BBEACHHA CHTHAIIB HE 3 30BHINIHIX
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BHUCHOBKIB TMOPTY, a 3 HOro pericrpa-3acyBKH, IO JO3BOJSIE BUKIIOUUTH
HeTpaBWJIbHE 3YWTYBAaHHS paHile BuBeaeHoi indopmarii [1]. Tlei
MeXaHi3M 3BEpPHEHHS /IO TIOPTIB peasli3oBaHUI B KOMaH/Iax:

ANL - noriune I, Hanmpuknan, ANL P1, A;

ORL - noriune ABO, nanpuknan, ORL P2, A;

XRL - Bukiitouae ABO, nanpuknan, XRL P3, A;

JBC - mepexin, SKIIO B ajgpecyeTscsi OWTE OAMHUIL, 1 TIOJATBIIHIA
ckujanHs Oita, Hanpukiaza, JBC P1.1, LABEL,;

CPL - iuBepcis Oita, Hampukiiajg, CPL P3.3;

INC - inkpemenT nopty, Hanpuknaza, INC P2;

DEC - nekpemenr nopty, Hanpukian, DEC P2;

DJNZ - nekpeMeHT MOpTY 1 mepexis, SKIo HOro BMICT HE JOPiBHIOE
Hymo, Ha-ipuknan, DINZ r, LABEL;

MOV PX.Y, C - nepenaua Oita nepeHeceHHs B 6iT X nopty Y

SET PX.Y - ycranoBka 6ita X mopty Y,

CLR PX.Y - ckunanus 6ita X mopty Y.

30BciM HE OYEBHIHO, IO OCTaHHI TPH KOMaHIW B HaBEIECHOMY
CIIUCKY € KOMaHJaMu ''duTaHHsA-Moaudikaiis-3anuc”. OqHaK 11e came Tak.
3a MMM KOMaHJaMH CIIOYaTKy 34YUTYETbCs OaliT 3 mopTy, a MOTiM
3aMCY€EThCSl HOBUH OalT B pericTp-3acyBky [1].

[IpuunHOrO, dYepe3 fAKy KOMaHAW ' dHTaHHA-MOAMQiKaIlis-3amuc’
3a0e3MeUyIoTh PO3JiIbHE JOCTYN JIO0 PEricTpy-KIsMII T[OopTy 1 J0
30BHIIIHIX BHCHOBKIB TIOPTY, € HEOOXiMHICTh BUKIIOYATH MOXIIABICTH
HENPaBUIHLHOTO IPOYNUTAHHS PiBHIB CUTHAIIB HA 30BHIIIHIX BUCHOBKAX.

[Mpunyctumo ans mpukiaamy, mo JiHis X mopty Y 3'€qHyeThes 3
0a3010 MOTYKHOT'O TPAH3UCTOPA 1 BUXIAHWN CUTHAN Ha Hill MpU3HAYEHHHA
Uit iioro ympasninHsA. Konmm B maHmii 6it 3ammcaHa 1, To TpaH3HCTOP
BKJIIOYAEThCS. SIKINO JUTs MEpeBipKH CTaHy BHKOHABUOIO MexaHi3my (B
HAlIOMY BHIQJKy — IOTY)XHOTO TpPaH3MCTOPa) MPHKIATHOT MPOrpaMu
MOTPIOHO TIPOYHTATH CTaH BUXIIHOTO CHUTHAIY B TOMY X OWTE TMOPTY, TO
3YMTyBaHHsS CcUTHany (Hampukian, komanmoro MOV ACC, PY) 3
30BHIIIHHOTO BUBEJIEHHS MOPTY, a He 3 D-Tpurepa pericrpa-3acyBku mopTy
NpuU3BeJie /0 HEMPaBHIBHOTO PE3yNbTaTy. ONWHUYHHMK CHUTHan Ha 0Oasi
TpPaH3UCTOPa Ma€ BiAHOCHO HU3bKH piBeHb 1 Oyzae inTeprnpeToBanuii B MK
gk curHan 0. Komanmm "uumranas-momidikamis- 3anmc” peanizyroTh
3YUTYBAHHS 3 PETiCTPY-3aCyBKH, a HE 3 30BHI Ha BUBEACHHS MTOPTY

<<KK

<< KK

<<
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1.4 3aBnanHs 10 Ja60paTOPHOL POOOTH

1 O3snaiioMTecst i3 0COOIMBOCTSAMHU apXIiTEKTYPH 1 MOXKIUBOCTSIMH
MIKpOKOHTpOJIepiB cimeiicTBa 8051.

2 BUKOpHCTOBYIOUM TEKCTH MPOTpaM, HaBeJeHI HIKYE 1 MacmopTHi
nani (datasheet) Ha MIKpOKOHTpOJiep, HANMINITH NPOrpaMy Ha MOBI
acembOiepa, ska 3a0e3leuye MEPEXTiHHS CBITJIOHIONY, IMiJKIYCHOMY 3a
HIDKYEHABEICHOI0 CXEMOIO 13 TTepiojoM:

a. T=100xG+N,_, ¥3,mc

_ 13,014 epyn PT - 3**
_’:‘4,011;1 epyn PT - 4**' N
b. T =100*G+N,, *3, i3 cksaxuictio S = (20+ N, *2)%

ne:G . — HOMEp BapiaHTy.

1
L2 RuTany PO.OMADD 2
PO.NADT =2
s Po.21AD2 [—iL
— KTALZ FO.3a03 ?
Fo.alaDd ?
FOS/ A0S f—
= POEMDE 24
RST PO.7/ADT [—2a
21
P2.0/A8
H2.7/ad _—y
P2 210 [l
-:3:— FEEN P2, 28 1 —% D1
;1 &E P2.4:8712 E LEC-GEREEN
= EA P25A1G f——
P2 gitd4
P2 Tia15 [l
;— F1.4 P2.0RED % [] R
—— 1 P33 UTED  fr— AO0OR
- F3.2NTD f—la
e PAAINTT (12
E— F1.4 FZ.4TD 5
= F‘1.5. p3aﬂ e
= 15 T s
L pi7 P3TIRD =L -4
B0G51 T

Pucynok 1.4 — CxeMa BKJIFOYCHHST MiKpOKOHTpOJIEpa

3 OcdopmutH 3BiT, IKUH Ma€ MICTHTH:
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apxiTekTypa MikpokoHTpoJepa 8051;

OCHOBHI XapaKTEPUCTHKH MiKpoKoHTposepa 8051;

OJIOK-CXEMY alTOPUTMY POOOTH MPOTpaMH,

TEKCT TporpamMu Ha acemOiepi 3 KOMEHTApSMH KOXKHOTO psijiKa
IpOrpamu,

pe3yJibTaTH MOJECNIOBAHHS Yy BUIISAII NPHHCKpUHIB (Print screens)
ocumiorpady;

BIJIMOBI/Ii HA KOHTPOJIbHI 3aIlIUTaHHS,

BHUCHOBKH 110 pOOOTi.

< <<KKK

<K<

1.5 KoHTpoJbHi 3anuTaHHA

1 SIxy apxitektypy matots MK cimeiictBa 80517

2 SIki ocHoBHi xapakTeprctuku 80517

3 Sxi Buay nam’siti € y 8051, unm BOHM Bipi3HAIOTHCS?

4 1o Take cTeK, sike HOTo MPU3HAUYCHHS?

5 CKIJTBKM  PETICTPiB  YHIBEPCAILHOTO TPHU3HAYEHHS JOCTYITHO
POTPaMiCTy OJHOYACHO?

6 Sk 3nificHIO€TBCS BUOIp Mi>k OaHKaMH pericTpis?

7 o Take TabmuIs IepepUBaHb?

8 ki Tunm nepepuBaHsp miaTpumye 80517

9 Sk 37iHCHIOETBCS 3aTPUMKA MiXK BUKOHAHHSIM JIBOX KOMaH]I?

1.6 [Ipuxyiag BUKOHAHHS 3aBIAHHS

1 Bigkpurtu Proteus 8 Professional ta ctBoputu HoBuit mpoekT (New
Project). O6partu pobouy mamnky Ta BBecTH iM’st ipoekTy. Next.

2 Ooparu Create a schematic from the selected template. Hatucuytu
Next.

- o rel O T AN T

o

¥ [ =she & schemahs fiom te ss=o7ed bemalrs.

Joacn Temploioa
JCTsULT
o ogram Nes ge0C Labcariar O=comzss  —osus B Mrcfesnsoml Toma == sDO7GLLT.0T

5% o H-A
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Pucynok 1.5 — Print screensmporiecy cTBOpEHHS TPOEKTY

3 O6patu Do not create a PCB layout. Harucuytu Next.

B [omot crezte 2 ™00 2wt

Do a FUBlapod, o e sekeden e plds,

[hest || cones el

Pucynok 1.6 — Print screensmpouecy cTBOpEHHS TPOSKTY

4 Ooparu Create Firmware Project.8051. 80C51. IAR for 8051
(Assembler) Hatucuytu Next.

K S ma e ol
8 Crzale Firrware Figjesl

_ Ermabe | kovacst Fropect

Fimhy FIE | i
correle f= 1 -
Cemplz- 154 “om E0L] Jemsarklar

T || Canbay ..
Crzale Quick 5.2 LFbs o

Lazk

E et ance =p
Pucynok 1.7 — Print screensmnporecy cTBOpEHHS TPOCKTY

5 IlepeBipuTH HajamITyBaHHs Ta HATUCHYTH Finish.

Suamnay

ol Az TViassVaicl Cogibop Hoooe rorks Teow Proja ot pdspr:
W' achrmase
myous

W Srowers

Frda

som—azo mopleter LoWrogam res (eULY Labesrber _ecTomizs i ooteus L Frofess cralylemplates’li aLLLII
e FC3 lavual

Smiaars weoect 803 eempl od Ay TAE fer 3051 {Azacmhls] L atepbee preocsne anoaminmote



27

Banche Firash Cancsl

Pucynok 1.8 — Print screensmnporiecy cTBOpEHHS TPOEKTY

6 [IpoekT cTBOpeHO, Temep BHKOPUCTOBYIOUM I1HCTPYMEHTH
nporpamu y Biaani Shematic Capture 36upaemo cxemy sik Ha puc 1.4.

7 Hami mepexomumo y BiiIaaky Source Code. I crTBOoproemo
nporpamy.

JlictuHr npukiagy nporpamu it 1 3aBaaHHS:
#include "i08051._h" ; Include register definition file

ASEGN CODE_SEGO02:CODE, 0
Ijmp Start

; CODE SEGMENT

RSEG CODE_SEG:CODE Switch to this code segment.

Register bank 0 by default

Start: ;MiTka, WO Bka3ye MOYATOK NPOTPaMM
MEANDR:
cpl P2.0 ;BcTanoBsieHHa niny O mopry 2 y cran
;noriunoro O
call DELAY1 JBUKJIMK MiONpoTrpaMy 3aTpPUMKM
nop ;oycruit oneparop (mponyck 1 maxry)
nop ;oyctuin oneparop (mponmyck 1 TaxTy)
setb P2.0 ;BcTanoBsieHHa niny O mopry 2 y cran
sioriunoi 1
call DELAY1 ;BUKJIMK MiONpoTrpaMy 3aTpPUMKM
Jmp MEANDR ;noBepHenHa mo miTxyu MEANDR
DELAY1:
MOV R2, #2 ;3aBaHTaxeHHs umcia X1
COUNT1: MOV R3, #254 ;3aBaHTaXeHHd umcia X2
COUNT2: MOV R4, #244 ;3aBaHTaxXeHHd umcia X3
COUNT3: DINZ R4, COUNT3 ;oexpeMedT R4 Ta umMkil, AKWO He piBHMM
0
DJINZ R3, COUNT2 soexpeMenT R3 Ta umki, gKmWO HEe pPIBHMML
0
DJINZ R2, COUNT1 ;oexpeMedT R2 Ta umMkil, AKWO He piBHMM
0
MOV R1, #186 ;3aBaHTaxeHHa uucia X4
COUNT: nop ;oyctuin oneparop (mponmyck 1 TaxTy)
DJINZ R1, COUNT ;oexpeMedT R2 Ta umki, gxmo He pisumi O

ret JTIOBEPHEHHSA 3 NianporpaMMy 3aTpPUMKMU
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END

3minroroun uncna X1-X4 Mu 3MiHIOEMO TPUBAJIICTh 3aTPUMKH.
3amyck nmporpamu, NOKpOKOBHIA 3aITyCK, May3a Ta CTOI HPOBOASTHCS

: » b I | ”
KJIaBilIaMH (s1iBuit HYOKHIH ByTOI).
Hasgirarist o mporpami 3MIHCHIOETHCS KJIaBIIIIaMH

Ba Bt BT = | v

=211 R (mpaBwii BepxHiit Byro):
B

Vv = —mepexia Ha Kpok Brepen (yHKIis);

— mepes, 10 BXOy B HiAnporamy;

I |

— mepes, 10 BUXOAY 3 HiANpOorpamu,;

< <€ K

-
S — TepexiJl Ha BKa3aHy CTPOUKY,

+—F
v % _ BcTaHOBIIGHHS MITKH.
Otpumatu TOYHMM yac BUKOHAHHS nporpamMu
BCTaHOBJICHHS/CKHUIaHHS OITY MOKHA JIBOMa CIIOCO0aMHu:
\/ BCTaHOBHBIIM MITKH, K TOKa3aHO Ha puc 1.2, Ta mepexoauTu Mix
mitkamu (Ctrl+F11), y cpoui crany Oyze BKka3zaHuil 4ac nepexomny;
vV BukopucroByroun ocuuiiorpad), BAMIpsITA TPUBATICTD iMITYJIbCY.
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..... = #inCTude “1OBOEL. N” { InClodE regETET OATPITION FITE
] AJLON COON_SEOOZ 00K, O
1i0g  STAL
COE FUEMNT
R55E6 COCE_5W%:CICE ; PITER TO TRAE CodE BEgEAAT.
: RAGIETAF BRSO Sy JEFRJIT
SEAFT: IWITER, B0 NCAIVE NOYETON NPOFoL

HEARCR: B F3.0
B Lal
PELAYE

sECTEHOEMRHA AWy D MORTY 2 % CTEH
ere 0
AHE MLENESIDAME ETOHWEH
FTED [AREfEH 1

s AREAHY TIANGSEOAMH IETEWE

OOaF MEANDR IMOEEDHAHHE B0 MTHM MENDA

----- -~ DELAW1:

o011 WOy BT, #2 IRABNHTANAHHE MMERE N1

o013 COUNT1: WDV A3, #25d EABARHTHESHHN WBdAE NT

o115 COUNTZ: MOV A4, S24d PABARHTAREHHE WafRE X3

ooLr CUNTI: DIME Rd, COUNTI PHEEOAMART B0 TA DHEA, B3 B D1SHe 0
onLs OINZ R3, COUNTZ PAEKOAWMAST BRI TA MEN, EOpd HA Difead D
o018 DINT FZ, COUNTL PAEHOAGAST AZ TA UMER, Mol S8 DYSH T
e Oy AL, #1565 PRAFOWEIRE WMENE N1

OO1F COUNT:  NBp EMETHA SGRERATHD (NSOMYTS 1 TALTY]

onEn DT R1, COUNT EABEAAMANT AT TA iR, Eomd G4 piEaal 0
o022 [ SMOEERHAHHE B A ENPAF ARSUS NETAHMEY

L 2 B R

D &nesagainy | [L1] Dighal braskpoan at tms T30, (230,00 lpted) - Beselq
Pucynox 1.9 — Ipuknaj Bigimaaku IporpaMu
JlicTHHT PUKIIATy IpOrpaMu JUIs 2 3aBJIaHHS:

#include "i08051.h" ; Include register definition file
ASEGN CODE_SEGO02:CODE, 0
Ijmp Start

CODE SEGMENT

RSEG CODE_SEG:CODE Switch to this code segment.

; Register bank 0 by default
Start: ;MiTka, WO BKa3ye MNOYATOK MNPOTPaMu
MEANDR: cpl P2.0 ;BCcTaHosJsieHHa niny O nopry 2 y cran
;inoriunoro O
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call DELAY1 ;BUKJIMK [1O0porpaMu 3aTPUMKM

nop soycruii oneparop (mponyck 1 raxry)

nop soycruin oneparop (mponyck 1 raxry)

setb P2.0 ;BCcTaHosiyieHHa niny O nopry 2 y cran

sioriunoi 1

call DELAY2 ;BUKJIMK [1O0porpaMu 3aTPUMKM

Jmp MEANDR ;moBepHeHHs po MiTxu MEANDR
6ELAY1: MOV R2, #2 ;3aBaHTaxeHHs umcia X1
COUNT11: MOV R3, #254 ;3aBaHTaXeHHd umcia X2
COUNT12: MOV R4, #244 ;3aBaHTaxXeHHda udmcia X3
COUNT13: DJINZ R4, COUNT13 ;oexpeMedT R4 Ta umMkil, AKWO He piBHMM
0

DJNZ R3, COUNT12 soexpeMenT R3 Ta umki, gKmWO HEe pPIBHMML
0

DJINZ R2, COUNT11 ;oexpeMeHdT R2 Ta umMkil, AKWO He piBHMM
0

MOV R1, #186 ;3arpyska umcia X1
COUNT1: nop soycruii oneparop (mponyck 1 raxry)

DJINZ R1, COUNT1 ;OoexpeMeHT R2 Ta uMKIl, AKIO He
pisamiz O

ret ;IIOBEepHEHHA 3 IignporpaMMy 3aTpPUMKU
BELAYZZ MOV R2, #4 ;3aBaHTaxeHHs umcia X1
COUNT21: MOV R3, #255 ;3aBaHTaxeHHs umcia X2
COUNT22: MOV R4, #243 ;3aBaHTaxeHHs umcia X3
COUNT23: DINZ R4, COUNT23 ;oexpeMeHT R4 Ta umki, SKmO He PiBHMIL
0

DJINZ R3, COUNT22 ;oexpeMedT R3 Ta umkil, AKmO He piBHMM
0

DINZ R2, COUNT21 ;oexpeMeHT R2 Ta umki, SKmo He pPiBHMIL
0

MOV R1, #200 ;3arpyska umcia X1
COUNT2: nop

nop

nop

nop ;oycruii oneparop (mponyck 1 maxry)

DJINZ R1, COUNT2 ;OoexpeMeHT R2 Ta uMKIl, AKIO He
pieumiz O

ret ;IIOBEepHEHHA 3 MIignporpaMMy 3aTpPUMKU

END



i Inclpde register gefininipn file

RSEG CODE_SEGICODE i Switch to thiz code s?uent.
s Eagister bank 4 b d
Starcs IwiTEl, D0 BEAIYE MOUSETDE ERSCDEME

_______ Ho AR L ET-Ed ]

00005 SEERE AT ASDOFT-AM AT
oo nop Ny onepaTog Emurlytu i TaK
el | nop AMVETIeN NEDRTOD [MEOCH L Tas
WO 2l PT.O0 TECTARDERERHA NiMY 0 MOOTY 2 W CTAH
————— -- FAriNHEY 1
CHOC call DELAY jORERNE MiANpOrpasT aTpess
e Jmp MEANDR, INgEAPeaRnR LD wiTan MLANDE
——————— DEL&AWL:
(AR EOVY A2, B2 JASAHNTAREHHR YWCna xi
2018 COUNTIL: Wbv RE, w2E4 I IMEANT RRERR A isCAE K2
obil COUWTId: MOW B4, dld44 I EEEANT Eegen R SachE KR =
a0 o COmT1 e IJIE R, COUNTLI PESAREEEHT Bd TA iWdEf, WERS wE HT8EHEa O
anLs BINE B3, COUNTL2  joespewedsT A3 T4 UMEN, AOES HE DiEHSR O
S8 BIKE A2, SOUNTIE jaespEEsdT BE TA WWEN, S0R0 HE DiEAE O
o010 MOV KL, 4184 FEATEVIRE Hecha XL
O01F COUT1 mip FMCTHE ANEDATOR (MpOMyCE 1 TANTY)
OnIm DINE Fl, COUNTL jaeRpeuenT RZ TR uese, Enmo e pisnab O
onzE ret INOBEEHEHHE 3 NTANP0T EAMNM STOMME
——————— DELAYZ:
QO3 HOV A2, 04 13asaNTAREHHA YMCAa X1
O0zs COUNT241 MOV A3, 8155 jaEBAHTEREMHME GMCAE K2
ooar COUNTII: MOV B4, #3143 ARG RAT Emgen A GacnE X1
onzs COmT23: DINE Rd, COUNTZI  ;SaspiusqT B4 TA UMEN, BEES HE p'\l-ilﬁ L
DOEE DINE RE, UNTEE PEespesensT A3 TA UMEDN, NEWD HE pﬂHHM
faliea ] DINE RE, COUNTZL jEecpeseHT A2 TA WMEN, A0 He Dimse O
SRR MOV RL, #3104 FRATPVIRE YHChE KL
on3L COUNTZ: Ao
o03E
SEEY nop
= nop INYVETiEA DNEDATED (MpOm'CH L TaxTy]
QUER PINE RE, COUNTE JARHSENEHT BRI TE LAHN, SHER B4 B1IEMWR D
Q037 rar INSREDHERHE 1 ATANDESDAMIE T ETOE

BUS1 CF Repsters U1 |

P Il B O amesageiy . (1] Digtal breskpon steme 750 Diia (400,00 slopasd) - Brskpo
Pucynox 1.10 — Ipuknan Biyiaqku mporpamMu



32

2 JABOPATOPHA POBOTA Ne2 “CUCTEMA
NEPEPUBAHB. TAUMEPH MK 8051”

Mera poboT — O03HAHOMHUTHCS 13 CHCTEMOIO IepepuBaHb
MiKpoKOHTposiepiB cimelictBa 8051; BUBUMTH pexUMH pOOOTH TaliMepiB i
HABUUTHCS BAKOPUCTOBYBATH TaliMepH JJIsl OpraHizalii 3aTpUMOK.

2.1 Cuctema nepepuBaHb MikpokoHTposepa 8051
Crporiena cxema nepepuBadb Mikpo-EOM 8051 moka3ana Ha puc.

2.1.

AREC
BEETApA
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Tl 2
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Pucynok 2.1 — Cxema nepepuBaHb

3oBnimHi epepuBaHHg INT 01 INT 1 MoxyTs OyTé BuKIIMKaHi 260
piBHeM, abo nepexojom curHany 3 1 B 0 Ha Bxomax 8051 B 3anexHoCTI BiJ
3HadeHb kepyrounx OiT ITO i IT1 B perictpi TCON. Bix 30BHimHIX
nepepuBanb BcTaHoBmowThes npanopu IEQ 1 IEL B perictpi TCON, siki
IHIIIOIOTh BUKJIMK BiJIMOBiJHOT IpOrpaMu 0OCIyroBYBaHHS NepEpUBAHHS.
CkuJaHHS X TParnopiB BUKOHYETHCS anapaTHO TUIBKA B TOMY BHUIIAJKY,
SIKIIO TepepHBaHHs OyJI0 BUKIMKAHO MO mepexony (3pi3y) curhany. SIKmio
K TEPEPUBAHHS BHUKJIMKAHO PIBHEM BXIJHOTO CHTHAy, TO CKHUJIaHHSIM
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npanopa | moBMHHA ynpaBisATH BiANOBIIHA MiANporpama o0CIyroByBaHHS
NepeprBaHHs IUISIXOM BIUIMBY Ha JDKEPENIO MEPEepPUBaHHS 3 METOIO 3HSTTS
HHM 3aIuTy.

[Ipamopu 3ammtiB mepepuBanus Big taitmepis TFO i TF1 ckupatoTses
AaBTOMATHYHO TpW Tepenadi ympaBliHHS MiANporpami 0OCITyroBYyBaHHSI.
[Ipamopu 3amutiB nepepuBanHss Rl i Tl BcTaHoBmowTECS OJ0KOM
YIpaBITiHHS NpUiiMada amapaTtHo, ajie CKUAATHCS IMOBHHHI TPOTPaMHHUM
nusixom.  [lepepuBaHHS MOXyTh OyTH BHKIMKaHi abo cKacoBaHi
NpOrpaMor0, Tak K BC1 Ha3BaHi Mparopy MPOTPaMHO AOCTYIHI 1 MOXYTb
oytu Puc. 2.1. Cxema nepeprBaHb BCTAHOBJCHI / CKHHYTI MPOTPaMoio 3
THM JKE€ pE3yJIbTATOM, SK SKIIO O BOHM OyJIM BCTAHOBJICHI / CKHHYTI
anapaTHUMH 3aCO0aMH.

Y Onomi pericTpiB cnemiansHUX (QYHKII € [Ba PETIiCTpH,
MpU3HAYEHUX [UIS YTPaBIiHHA peXuMoM TmepepuBanb |E 1 piBHSIMHE
npioputery |IP, onucani B Tabmmni 2.1 1 2.2 BiamosigHo.

MOXJIMBICTh TPOrpaMHOi  yCTaHOBKHM / CKHIAHHS Oy/b-SKOTO
Kepyro4oro 0iTa B IIUX JBOX PETicTpax poOUTh cuctemy nepepuBanb 8051
BUKJIFOYHO THYYKOIO. Y OUTBII CKJIAAHUX MOJUQIKAIIsIX MIKPOKOHTPOJIEPiB
cimeiictBa MCS-51 kinpkicTh nepudepiiiHuX NpUCTPOIB 301IBIICHO, IO
MPU3BOIUTH /O  HEOOXiTHOCTI  BHKOPHUCTOBYBATH  OJHMH  BEKTOP
nepepuBaHHs  [UIA  JEKUIBKOX — mpucTpoiB  (mMomiti  miamporpam
00CIIyroByBaHHsI MEpepHBaHb B IIbOMY BUIAJIKy HEOOXiJHO peaizyBaTu
porpamMHo), abo JI0JATH IIIe JBa PEriCTPH - pexuMy (MacKH) i MpiopUTETy
HiepepHBaHb.

Ta6muus 2.1 — Perictp macok nepepuBanss (1E)

Cumson | Pospsin IM’st Ta mpu3HaYeHHS
EA IE7 CasTie 6IOKHPOBKH NpephiBanuil. COpackiBaeTcst MPOrpaMMHO IS 3a-
MpeTa BCeX NpepbIBaHUil He3aBUCHMO OT cocTosiHuit IE4-IEQ
IE.6 He ucrnons3yrores
IE.5 He ncrions3yrorcst
bur paspewenus npepsiBanus or UART. Yeranoska/copoc

ES IE.4 N o
porpaMMoii Juisi paspeieust/3anpera npepbianuii ot ¢uaros TI, Rl
ET1 IE3 bur paspermeHns npepsIBaHus oT TaiiMepa 1. YcranoBka/copoc mpo-
rpaMMoii [Isl paspelieHus/3anpera npepsiBanuii ot Taiimepa 1
EX1 IE2 burt paspereHns BHENIHEro npepbiBanus 1. YcranoBka/cOpoc mporpam-

MO [yl pa3pelIeHus/3anpera npepeIBaHmii
ETO IE.1 Paspenienune npepbiBanus ot Taiimepa 0. Paboraer ananoruyso IE.3
EX0 IE.O Paspenrenns BHemHero npepemanys 0. Paboraer ananornuno IE.2
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Tabnuus 2.2 — Perictp npiopiTeTiB nepepuBaHb

Cumson | Pospsn IM’s1 Ta mpu3HaYeHHS
1P.7-
- IP5 Ha BuxopucToByeThCS
PS IP.4 bur npuopurera UART. YcraHoBka/cOpoc mporpamMmon st

HaszHadeHus npepsiBannio o UART BbIciuero/Hu3miero npuopurera
Bur npuopurera taiimepa 1. Ycranoska/copoc mporpaMmoit st

PT1 IP.3 Ha3Ha-YeHus PephIBaHKIO OT TaiiMepa 1 BeIcIero/Hu3mero
TIpUOpHTETA
bur npuopurera BHewHero npepsiBanus 1. YcraHoBka/copoc

PX1 IP.2 nporpaM-Moii [t HasHadeHus npepsiBannio INT1 Bercurero/nusimero
TIpUOpHTETA

PTO IP.1 But npuoputera taiimepa 0. Paboraer ananoruduso IP.3

PX0 IP.0 ITpuopurer BHemHero npepsBanust 0. Paboraer ananornuno IP.2

2.1.1 BukoHaHHS MiINPOrpaMu nepepuBaHHs
Cucrema mnepepuBanb Qopmye amapatauii Bukiuk (LCALL)
BIZIMOBIAHOT MignporpaMu oOCIyrOBYBaHHS, SKIIO BOHa He 3a0J0KOBaHA
OJIHUM 3 HACTYITHUX YMOB:
V/ B JaHUil MOMEHT OOCIYTOBYETBCS 3alHT IMEepepuBaHHS piBHOro abo
BHCOKOT'O PiBHS MIPIOPUTETY;
V/ TOTOYHMU MAIIUHHWIA IUKJ - HE OCTAHHIA B IUKJI BUKOHYBaHOI
KOMaH[H;
v/ BUKOHYyeThbcs Komanaa RETI abo Oynmp-sixka komaHzaa, moB's3aHa 3
obirom g0 perictpis IE abo IP.
Bigznaunmo, 1o AKI0 npanop nepepruBaHHs OyB BCTAHOBJICHHH, ajie
M0 OJHOMY i3 3a3HAYEHHWX BHUIIE YMOB HE OTpUMaB OOCITYrOBYBaHHS 1 IO
MOMEHTY 3aKiH4eHHs OJOKYBaHHS BXKE€ CKMHYTHH, TO 3alUT NepepUBaHHS
BTPAYaETHCA 1 HiIe HE 3a1aM 'SITOBY€EThCSI.
3a amapatHo chopmoBanomy koxy LCALL cucrema mepepuBaHHS
nominiae B CTeK TUIbKH BMICT JiumiabHuka komana (PC) i 3aBaHTaxye B
HBOTO ajJpeca BEKTOpa BIAMOBIAHOI MignIporpamMu OOCIYroByBaHHs. 3a
aJipecol0 BEKTOpa IOBMHHA OYyTHM pO3TallOBaHa KOMaHAa Oe3yMOBHOI
nepenaui kepyBanHHs (JMP) 10 MOYaTKOBOrO aapecoro MianporpaMu
0o0CJIyroByBaHHsI TiepepUBaHHs. Y pa3i HEOOXIJHOCTI BOHA TOBUHHA
novnHathcs KoMmaHmamu 3amucy B crek (PUSH) cioBa crany mporpamu
(PSW), akymysstopa, po3IIuproBaya, MOKaKIMKa JaHUX 1 T.JI. 1 TIOBHHHA
3aKiHUyBaTHCS KOMaHAaMu BijiHOBJIeHHs 3i creka (POP).
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[Tianporpamu 00CITyTOBYBaHHS NepepuBaHHs MOBHHHI
3aBepuryBaTucs komaumoro RETI, mo skili B JYMIBHUK KOMaH]
Hepe3aBaHTAXYETHCS 3 CTeKa 30epeKEHUH apecy MOBEPHEHHS B OCHOBHY
nporpamy. Komamma RET Takox moBeprae ympaBiiHHS TepepBaHOl
OCHOBHIl TIporpami, aje NpH LOMY HE 3HIMYTh OJIOKYBaHHS IIepEpUBAHb,
110 TPUBOJIUTH 10 HEOOXIMHOCTI MaTh MPOTpaMHUM MEXaHi3M aHaimizy
3aKiH4YEHHS TPOIEeypy 00CITyrOByBaHHS IaHOTO MEepEPHBAHHS.

2.2 TaiiMepu/aiYNIbHUKH MiKPOKOHTpOJIepiB cimeiicTBa 8051

VY 06a30BUX MOmeNSAX CIMEHCTBa € JBa MpOrpaMoBaHUX 16- OITHHX
taiimepa / miunmneHuka (T/CO i T/C1), siki MOXKyTb OyTH BUKOPHCTAaHI SK B
SKOCTI TaliMepiB, TaK i B AKOCTI JIYMIbHUKIB 30BHIITHIX TIOIH. Y miepiomy
BHUIAJIKy BMICT BIJMOBITHOTO TaiimMepa / miuvibHUKA (Hami Ui CTHCIOCTI
T/C) uHKpemeHTHUpYyeTCS B KOXKHOMY MAIIMHHOMY IIMKJi, TOOTO uepe3
KOoxHI 12 mepioJliB KOJMBaHb KBapIIOBOTO PE30HATOPA, y JIPYrOMYy BOHO
WHKPEMEHTUPYETCS i BILIMBOM mepexoay 3 1 B 0 30BHIIIHBOTO BXiIHOTO
curHaiy, mo nopaerbes Ha BigmoBimauid (TO, T1) BucHOBOK Mikpo-EOM
8051. OmnwuryBaHHS 3HA4YCHHS  30BHINIHBOTO  BXIJHOTO  CHTHAITy
BUKOHYETHCS B MOMEHT 4acy S5P2 k0)KHOro MammHHOTO Iukiny . Bwict
miynapHUKA Oyze 301TpIIeHo Ha 1 B TOMY BHTIIAJIKY, SKIIO B TIOMIEPETHBEOMY
MK OyB JIiYeHUH BXiAHUIT curHAN BUCOKOTO piBH: (1), a B HACTymHOMY -
curHan Hu3bkoro piBHs (0). Hose (iHKpemeHTiIpoBaTh) 3HAYCHHS
nmiuuibHUKa Oyjie chopmoBaHo B MOMeHT S3P3 B IHKIi, HACTYITHOMY 32
TUM, B sikoMy OyB BusiBleHuH mepexin curHany 3 1 B 0. Tak sx Ha
pO3Mi3HaBaHHS Tepioay MOTPiOHI JBa MAITMHHHUX IMKJIA, MaKCUMaJlbHA
94acTOTa MiAPaxXyHKy BXiJHMX CHTHamiB JopiBHIOE 1/24 wactoTn
pe3onaropa . Ha TpuBamicTh mepiofy BXiJHUX CHTHAIIIB OOMEXEHb 3BEPXY
HEMaEe.

JUist  TapaHTOBAaHOTO IPOYHMTAHHSA BXIMHUHA CHUTHAJl TOBUHEH
YTpUMYBAaTH 3Ha4eHHA 1, SK MiHIMyM, TMPOTATOM OJHOTO MAIIMHHOTO
KTy Mikpo EOM.

s ynpaiiaasa pexumamu poboru T / C i gma opramizarmii ix
B3a€EMOJII 3 CHCTEMOIO NepepHBaHb BHKOPUCTOBYIOTHCS JIBA PETiCTpH
cnemianbaux ¢yukii (TMOD i TCON), omuic sxkux HaBeaeHo B Tabm. 718
BIJIITIOBI/THO.
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Ta6muus 2.3 — Peructp pexxuma pabotsl Taiimepa/cueranka TMOD

CuMBOI Tlozurust WMs u Ha3HAueHne

VYupasnenue 6okupoBkoii. Eciau 6uT ycraHOBIIEH, TO
taiimMep/cueryrk "X" paspelleH 0 TeX mop, MoKa Ha BXOJIE
"INTX" BbIcOKHi1 ypoBeHb U OuT yrpasienus "TRX"
ycranosiieH. Ecin 6ut cOpouen, To T/C paspernaercst, Kak
TONBKO OHT yrpasneHus "TRX" ycTaHaBnuBaeTcst

TMOD.7 g T/C1 u

GATE TMOD.3 mnst T/CO

But BBIOOpa pexxnMa TaiiMepa MM cueTdrka cooslTril. Ecim
TMOD.6 st T/C1 u |6ut cOpoieH, To paboTaer TailMep OT BHYTPEHHETO HCTOYHHMKA
TMOD.2 gsa T/CO CUTHAJIOB CUHXpoHU3auuu. Eciu; yctanosieH, To paboraer
CUETYMK OT BHEIIHHUX CUTHAJIOB Ha Bxozge "TX"

CIT

Pesxxrm paboTsl

M1jMO0

TMOD.5 jis T/C1 u

M1 TMOD.1 gnsa T/CO

Taiimep BE48. "TLX" paGoTtaer kak 5-OUTHBIH
MPEIICTHTENb

16 GuTHbI Taiimep/cuerunk. "THX" n "TLX" BiroUeH
TI0CIIeIOBATEEHO

8-OHTHBII aBTO Mepe3arpyxaeMsblii TaiiMep/cueTa K.
"THX" XpaHuT 3HaUeHHE, KOTOPOE JOJDKHO OBITH
nepe3arpyxeno B "TLX" kaxaplii pa3 nmo
NIEPETIOTHEHHIO

Mo | TMOD.4 s T/IClwu Taiimep/cuetunk 1 ocranapiuBaercs. Taiimep/cueTdnk
TMOD.0 ans T/CO 0: TLO paboraeT kak 8-6uTHbII1 Taiimep/cueTdnK, U
€ro PesKUM ONPEJIENAETCs YIPABIISIONIMI OUTAMI
taiimepa 0. THO pabotaer TobKO Kak 8 OHTHBIIH
TaliMep, U €r0 PEKUM OMNPEEISETCS YIPABIAIOIUMA
Ourtamu TaiiMepa 1

Tabmus 2.4— Peructp ynpasienus/craryca taitmepa TCON.

CumBon| ITo3uims Mwms v HasHaYeHUE
®nar nepenonHeHus Taitmepa 1. YcraHaBiuBaeTcs anmnapaTHO
TF1 | TCON.7 HpH TepenoiHeHnH TaiiMepa/cueryurka. COpacsiBaeTcs IpH

O6CJ'Iy)KI/IBaHI/II/I IpEpLIBaHMs arrapaTHo

bur ynpanenus taitmepa 1. Ycranasnusaercs, / cOpacbiBaeTcs
POrpamMMOii sl Tycka/ocTaHOBa
®nar nepenonnenus taitmepa 0. YcraHaBIHBaeTCsl anmapaTypHo.
COpacsIBaeTcs IpH 00CITY)KHBAaHUU MTPEPHIBAHUS
Bur ynpasnenus taitmepa 0. Ycranasnupaercs / copacsiBaeTcst
HPOrpaMMOoii Juisl ycka/ocTaHOBa TaiiMepa/cyeTynka

Omar ¢pponTa npepeiBanus 1. Y cTaHaBIMBaeTCS anmapaTHO, KOTIA
IE1 | TCON.3 |merextupyercs cpe3 BHemnero curnana INT1. CopaceiBaeTcs npu
00CITy>)KUBAHHH TIPEPbIBAHMS

TR1 | TCON.6

TFO | TCON.5

TRO | TCON.4
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[Iponopsxenus Tadnuii 2.4

bur ynpasnenust Turom npepsiBanus 1. Ycranasiusaercst /
ITL1 | TCON.2 | cOpacbiBaeTcst mporpaMMHO [uist cretiidukanuu 3ampoca INT1
(cpes/HusKkuit ypoBeHb)
Onar ¢pponTa npepriBanus 0. YcraHaBIMBaeTCs MO CPe3y CHTHANA
INTO. CopacsiBaeTcst IpH 00CITY>KHBAaHHH ITPEPHIBAHUS

bur ynpasnernust Tuniom npepsisanust 0. Ycranasnusaercst /
ITL | TCON.O| cOpaceiBaercst mporpamMmHo uist cretiidukanuu 3amnpoca INTO
(cpes/HusKkuit ypoBeHb)

IEO | TCON.1

2.2.1 Pe:xxumu podoTH TaliMepiB-1iYNIbHUKIB
Sk BuruuBae 3 onucy kepyrouux 6ir TMOD, mis 060x T / 3 pexxumu
po6otu 0, 1 i 2 oxHakoBi. Pexxumu 3 must T/3 i T/CL pisni. Posrisiaemo

kopoTko poboty T / C B KOkHOMY 3 peskumiB [1].

Vv Pexnm 0. TTepexnan 6yap-sxoro T/C B pesxum O poOUTH HOTO CXOKUM
Ha TailiMep - BOCbMHU OITHHI JIIUYMIIBHUK, JIO BXOJLY SKOTO IiAKITFOUEHHH
5 GitHuit mepeaibHUK YacToTd Ha 32. Poboty T/C B peskumi 0 Ha
npuknaai T/CLl imoctpye puc 12, a. B mpomy pexxumi TaitMepHUii
perictp mae po3psanicts 13 Oit. [Ipu nepexomni 31 crany "Bci oguHuMI"
B CTaH "BCl HyMi" BCTAHOBIIOETHCS TIPAIIOp TIEPEPUBaHHS BiJ TaiiMepa
TF. Bxigauit cuaxpocurran taiimepa 1 mo3BosicHuit (HaaAXOAUTh Ha
Bxin T/Cl), xomu kepyroumii Oit TR1 BcraHoBmeHuit B 1 abo
kepyrounii 6it GATE (6s0kyBanns) mopiBaioe 0, a00 Ha 30BHIIIHIi
BUCHOBOK 3armuTy mnepepuBanHs INT1 wagxomuts piBeHp 1.
Bigznaunmo momyTHO, mo ycraHoBka Oita GATE B 1 no3Bodse
BUKOPUCTOBYBATH TaiiMep Il BUMIPIOBaHHS TPUBAIOCTI IMITYJILCHOTO
CHT'HAITy NIOJA€THCS HA BXI1JI 3aITUTY NIEPEPUBAHHIL.

Vv Pexum 1. Pobora Oymp-skoro T/C B 1bOMy peXuMi Taka Xk, 5K i B
pexxumi 0, 32 BUHSTKOM TOTO, 1110 TAMEPHHUH PETiCTp Ma€e po3psAAHICTh
16 6ir.

Vv Pexum 2. Y mpomy pexxumi poOdOTa opraHizoBaHa TaKUM YHHOM, IO
nepenoBHeHHs (mepexif 3i crany "Bci onunuili” B ctaH, "Bci Hyni'") 8-
OiTHoro miumnbHuKa TL1 mnpuBoAWT, HE TUIBKM A0 YCTAaHOBKU
npanopa TF1 (muB. Puc. 12, 6), a ii aBTOMaTHYHO TEPE3aBaAHTAKYE B
TL1 Bwmict crapmoro Oaiita (TH 1) raiimepHoro perictpa, ske
nonepeHpo Oyno 3aJaHo MPOrpaMHUAM IUIIXOM. [lepeBaHTasKeHHs
sanumae BMicT TH1 weaminuuMm. Y pexumi 2 T/CO i T/CL takox
MPAIOIOTh A0COIIOTHO OJJTHAKOBO.



38

Vv Pexum 3. Y pexumi 3 T/CO i T/CLl mpamtorors mo-pizaomy. T/CL
30epirae He3MiHHMM CBill IOTOYHMI 3MicT. [HIIMMU clioBamu, epexT
TaKHii Jke K 1 mpu ckuaanHi kepyrodoro 6ita TR1 B 0. Po6ory T/CO
umroctpye puc. 12, cr. V pexxumi 3 TLO i THO ¢yHKIiOHYIOTH 5K 1B
He3aIekHUX 8-0iToBuX miumnbHuKa. PoGoty TLO Bu3HauaroTh
kepytoui 6itu T / CO (C / T, GATE TRO), Bxiguuii curuam INTO i
npamnop nepernoBHeHHss TF0. Po6ory THO, sikuit Moxe BHKOHYBaTH
TiNbKK QyHKIIT TaiiMepa (miIpaxyHOK MAaIIMHHUX IMKJIIB MiKpoO-
EOM), Busnavae kepyrounii 6itr TR1. Ilpu ubomy THO BuKOpHCTOBYE
mparop nepenoBHeHHs |F1. Pexum 3 BUKOPHUCTOBYETBHCS B THX
BHTIAJKaX, KOIW TOTpPiOHa HASBHICTH JOJATKOBOTO BOCBEMH OiTHOTO
TaliMepa abo JYMIbHHMKA MOAiINH. MoO)KHa BBaXaTH, IO B I[LOMY
pexumi Mikpo-EOM 8051 mae B cBoemy ckiami Tpu Taiimepa /
miuunpHEKa. Y pasi Kk, ko T / CO BUKOPUCTOBYETHCS B 38 pesknmi 3,
T / C1 moxe OyTtu abo BUMKHEHWU, abo mepeBeaenuit B pexkum 0, 1
abo 2, abo Moxe OyTH BHKOPHCTAaHHH TMOCIIJOBHUM IOPTOM SIK
reHepaTop 4acTOTH Hepeaadi.

VY MopepHi30BaHMX MOJAETSIX MIKpOKOHTpoJiepiB cimeiictBa MCS-51
Moke Oytu Tperid Taiimep miumnbHuk T/C2 1 (abo) G0k mporpaMHHUX
miumnbHUKiB PCA, sKi TeX MOXYTh OyTH BHKOPHCTaHI JUISI BiJTIKY
YaCOBHX IHTEPBAIIB.
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a — T/CO ta T/C1 y pexumax 0 ta 1; 6 — T/CO Ta T/C1 y pexxumi 2; B — T/CO y
pexumi 3.

Pucynok 2.2 — taiimepu-niumwisauku T/CO ta T/CL y pexxumax 0, 1, 2 ta 3

2.3 3aBaaHus 10 po6oTH

1 BuBunTH IOKyMeHTAaIito 0 MikpokoHTpoiepa 80C51, BuzHauuTH
HasIBHI B 1[Il MOJIeITi TaliMepH/ T YMIBHKH Ta TX MOYKIMBOCTI.

2 Cknactu mporpamy Ha acemOnepi, sika J103Boisie cHopMyBaTH
MOCTIIOBHICTh TPSIMOKYTHHX IMITyJbCIB Ha BHXOJi OYIb-IKOTO TIOPTY
MiKpOKOHTpOJIEpa i3 TapamMeTpamu:

a. T =100xG + N, *3, mkc
_13,0n2 epyn PT - 3**

':‘4, ons epyn PT = 4**" "
c. T =100xG + N, ¥3, i3 ckaxuictio S = (20+ N, x2)%

d. Pospoburu mporpamy s BUKOHAHHS IaHHOI J1aGOpPaTOpPHOL

b. ne: G .~ — HOMED BapiaHry.

pobory, mo OyZe BHUKOPHUCTOBYyBaTH juuie 1 Taiimep Ajas reHepaii
BIITIOBiZHO 70 3aBaHHA D.
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Pucynok 2.3 — CxeMa miJKITF0YCHHS MiKpO KOHTpOJIepa

3 Ckuactu 3BiT 3 poOOTH, Y SIKOMY CITiJ] PO3MICTHTH:

- aIropUTM POOOTH MPOrpPaMH y BUTIISI OJIOK CXEMH;
- CXeMy eJIEKTPUYHY MPUHIUIIOBY;

- TEKCT Mporpamu Ha acemOJepi;

- pe3yJbTaTH MOJEIIOBAHHS IPOTPAMH;

- BHCHOBKHU.

2.4 KouTpoJibHi 3anuTaHHs

1 Xapakrepuctuka HasiBHUX y 8051 Taiimepis.

2 Sk 3piiicHUTH KOH(Irypariiro Taiimepa?

3 PoOota Taiimepa y aCHHXPOHHOMY PEXHMI.

4 Sk 3gificHUTH KOHQIryparito nepeaaiibHuKa?

5 Ski mepepuBanHi noctynHi y 8051 mpu pobori 3 Taiimepamu?

2.5 Ilpukaang BUKOHAHHS 3aBAaHHS
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1 CrBoputH mpoekT sk B mpukiaai 1.5 Ta  BHUKOPUCTOBYIOUH
iHCTpyMeHTH mporpamu y Bkiaami Shematic Capture 3i0patu cxemy sk
Ha puc 2.3.

JlictueT puknamy nporpamu ass 1 3aBnaHHS!

CLOCK = 1000
#include "i08051._h" ; Include register definition file
ASEGN CODE_SEGO02:CODE, 0O
jmp Start
ASEGN CODE_SEGO02:CODE, 0x0B
Jjmp timerO ;BexTop OBpoOKM NepeppMBaHHA TalmMepa 1

RSEG CODE_SEG:CODE ; Switch to this code segment.
; Register bank 0 by default

Start: ;MiTka, WO BKasye IOYATOK MNpoTrpammu
call init_timer

loop:

jmp loop JHECKI1HUEeHHMI LMKJI
init_timer:

MOV TLO, #LOW(65535-CLOCK);mononumin Ganr 16-tm 6irTHOro umcna

MOV THO, #HIGH(65535-CLOCK);crapumin Ganr 16-tm GirTHOro umcna

clr TMOD.O ;16-6irHuin TarMmep/nivnibHUK,

setb TMOD.1 ;TLO Ta THO BBimMmKHeHi nocnimomuO

clr TMOD.2 ;TaiMep Mnpauwe Bill BHYTPIlWHBOTO
mkepesa

;CUTHAaJiB

CUHXPpOH1zanil

clr TMOD.3 ;poboTa Tarmepa HO3BOJIAETHCH
AKIO

;BCcTaHoBJNeHU kepywoumnii 6ir TCON_TRO

setb TCON_TRO ;3anyck Tatimepa O

setb IE_ETO ;I03B1ly nepepmBanHga no Taivepy O

setb IE_EA ;Tuio6asibHMIE 0Oo3Bijs mpenmBaHb

ret
timerO:

MOV TLO, #LOW(65535-CLOCK);mononumin Ganr 16-tm 6irTHOro umcrna
MOV  THO, #HIGH(65535-CLOCK);crapumit Ganr 16-tu GiTHOTO umcia
cpl P2.0 ;iuBepcia niuy O nmopry 2

reti

END
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PucyHok 2.4 — 300pakeHHs 3 ekpaHy ocnmiorpada

JlicTvHT npuKIaay mporpaMu s 2 3aBJlaHHS:

CLOCK = sTpMBasicTes nepiomy

CLOCKS = S TPUBAJIICTL 1MIOYJbCY

#include "i108051.h" ; Include register definition file
ASEGN CODE_SEGO02:CODE,
Ijmp Start
ASEGN CODE_SEGO02:CODE,
Ijmp timerO ;BexTop 0BpobkM NepeppuBaHHa TaimMepa O
ASEGN CODE_SEGO02:CODE,
Ijmp timerl ;BexTOp 0OPOOKM MepeppuBaHHg Taivepa 1

RSEG CODE_SEG:CODE Switch to this code segment.

; Register bank 0 by default

Start: ;MiTka, WO Bkal3ye MNOYATOK HNPOTpPaMM
Icall init_timer

setb TCON_TRO ;3anyck Tatimepa O

loop:

call loop JHECKIHUEHHUI UMKII

init_timer:

clr TMOD.O ;16-6iramm Taivep/niunnbHUK,

setb TMOD.1 ;TLO Ta THO BBimMKHeHi nocyimomhO

clr TMOD.2 ;TarMep npauwe Binm BHyTpilmHBOTO mXxepesa

;CUTHAJN1B CMHXpOHI1zanil
clr TMOD.3 ;poBoTa TariMepa IO3BOJIAETLCH AKIO

;BcTaHoBseHuit xkepyouni 6it TCON_TRO
clr TMOD.4 ;16-6iram Taivep/niunnbHUK,
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setb TMOD.5 ;TL1 7a TH1 BBimxHeHi nocsimoBHO

clr TMOD.6 ;TaliMep mnpauwe Bin BHyTPilmHBOTO mXepeia
;CUTHAJN1B CMHXpOHIizanil

clr TMOD.7 ;poboTa TarMmepa MOO3BOJIAETBCH SKIO
;BCTaHoOBINeHU kepyoumii 6ir TCON_TR1

setb IE_ETO ;Oo3Bis nepepmBaHHsa no TaiMepy O

setb IE_ET1 ;Oo3Bis nmepepmBaHHA 1o TaliMepy 1

setb 1E_EA ;TUI06aNbHUM HO3B1Jl NPEenMBaHb

ret

timerO:
setb P2.0 ;iueepcis niny O nopry 2

MOV TL1, #LOW(65535 - CLOCKS);mononumit 6aiir 16-Tu 6iTHOoro umcia
MOV  TH1, #HIGH(65535 - CLOCKS);crapumit 6ant 16-1mm 6iTHOTO dYmcia

clr TCON_TRO ;3ynuuka ranmvepa 0
setb TCON_TR1 ;3anyck Tatimepa 1
reti
iimerl:
clr P2.0 ;iueepcis niny O nopry 2

MOV  TLO, #LOW(65535 - CLOCK);mononumit 6aiir 16-Tu 6iTHOoro umcia
MOV  THO, #HIGH(65535 - CLOCK);crapumit 6aiir 16-Tu 6irTHOTO umcia

clr TCON_TR1 ;3ynuHKa Tanmepa 1
setb TCON_TRO ;3anyck Tatimepa O
reti

END
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3 IABOPATOPHA POBOTA Ne3 ,,3ACOBH BBOZY-
BUBOAY IH®GOPMAILII B MIIC. LED-IHANKATOPH”

Mera pobGoTm — O3HAMOMHUTHCA 13 3arajJbHUMH IPUHIATIAMHA
oprasizariii cucTeMH BBOAY 1 BHBOAY iH(pOpMAaIii B MiKpPOIPOIIECOPHUX
cucTeMax.

3.1 IpuHuMNY MOGY10BH CHCTEMH BBOIY-BUBOAY

3.1.1 3aransHa indopmanisa npo inaukaropn y MIIC

Bimobpaxxenns iHdopMariii € BaXIWBOI YaCTHHOI Oyab-SKOTO
iHQopMaIifHOTO TpOIleCYy BHMIPIOBaHHS, VIPABIiHHA 1 KOHTPOIIIO.
Iadopmaris, sy cpuiiMae JTI0AWHA, Ma€E MOJIABATHCh B €PEKTUBHIN Qopmi
3 MiHIMaJIbHUMH BUMOTaMH JI0 TIEPEKOAYBaHHS 1 IepepaxyHKy iH(opmarii.
Tomy mudpoBe BinTBopeHHs iH(MOpMaIli y 0araThOX BHIAAKAX Kparle
aHaJIOTOBOTO.

VY uudpoBiit TexHili 3aCTOCOBYIOTh IHAMKATOPH, SIKi 0a3ylOThCS Ha
pi3HMX TpWHIMNAX Ail. [HOuKamopom HA3WBAIOTh BUXIAHWNA TMPUCTPIH
iHpopmaliiiHoro mnpwiagy abo cucTeMHu, MmO 3a0e3neuye BizyajbHE
BioOpakeHHs iH(popmarii.

Inpukaropu kmacudikyrOTh 32 MPHHIUTIOM (POPMYBaHHS 300paXKEHHS
Ha 3Hakomoyorodi (3MI) i 3HakocuuTe3ytoui (3CI).

3HakomoOynioroui THAUKATOPU MICTSITh TEBHHHA HaOIp 3HAKIB 1
BiTOOpaKaIOTh JIUIIIE OWH 3 HUX, HATPUKIIA]], Ta30pO3PSIIHI iIHANKATOPH.

3Hakocunmesytoui THAWNKATOPH MICTSATh HAOIp CETMeHTiB, 3a
JIOTIOMOTO0 SIKOT'O MPOBOJUTHLCS CHHTE3 BEJIMKOI KUIBKOCTI Pi3HHMX 3HAKIB,
HaIPUKJIIAJ, BaKyyMHi JIFOMIHECIICHTHI, HaIBITPOBITHUKOBI,
piaxoxpuctaniyni. Cepen 3HaKOCHHTE3YIOUMX I1HAWKATOPIB PO3PI3HIIOTH
CErMEHTHi 1 MaTpU4-Hi IHAUKATOPH.

Ceemenmnui 1HAMKATOPH — 1€ 1HAMKATOPH, CIIEMEHTH BiOOpaskeHHS
SKAX € CErMEHTH 1 3rpymnoBaHi B oxHe (OXHOPO3psAHUI) abo JeKijTbKa
(6araTopo3psiIHHIT) 3HAKOMICITb.

Mampuuni inpukatopu (abo iHakmie - rpadiyHi) CKJIAJAIOTHCT 3
HaOopy okpemux To4oK. [Ipu3HaveHi pans BimoOpakeHHS Oyab-AKO1
indopmanii, BkmoUYarouu cuMBONH i rpadiky. IX BHKOPHCTOBYIOTH ISt
no0yZ0BM BHCOKOEPTOHOMIYHHX BiJI0OOpakatounx MPUCTPOIB.
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Y cydacHil €JIEKTPOHHIN TEXHilll HAHOUIBII TMOUIUPEHi TaKi THUIH
inmukaropiB:  cBitnomionni (LED -  light emission diode) i
pinkokpucramiuni  ingukaropu (LCD - liquid crystal display).
Mommupenicte LCD o0ymoBieHAa B TOPIBHSAHHI 3 IHIIMMHU THIIAMU
IHAMKATOpIB Maibke iJeaJbHUMHU EJNeKTPUUYHHUMH XapaKTePHUCTHKAMH.
CBITNI0/I10/1HI IHAMKATOPU MAIOTh HU3bKY Hampyry skuBneHss (1,5...3,5 B),
II10 3pY4HO, NIPOTE ix CHO)I(I/IBaHI/II/I CTpyM JI0CHTh Benukuii (2 - 20 MA), i e
OpakTU4YHO ''CTaBUTh XpecT" Ha IX BHUKOPUCTaHHI B  CydacHid
MIKpOTOTYXHii pajioenekTpoHHii anaparypi. LCD mpu pobouili Hampy3i
3-5 B cnoxwuBaroTh Mami cTpymu - moii Mikpoamrepa. Kepysanus LCD
3MIACHIOETHCS 3MIHHOIO HANPYyTofo, aje UIsi CydacHOi TEXHIKH Iie - He
npobiema. Ha BigMiHy BiJ peIlTH iHAMKATOPiB BOHU NPAKTHYHO HEUYTINBI
0 eJeKTPUYHHX TepeBaHTaxeHb. | me ogHa ocoOmmBicte: LED-
IHIMKATOPH BHIIPOMIHIOIOTH CBiTJO, a LCD — mornuHaroTs.

BukopucTaHHS TOTO YM IHIIOTO 1HAMKATOpa 3aJIeKUTh BiJl OaraTbox
(hakTOpiB: YMOB pOoOOTH, BAPTOCTI, BUMOT CIIO’KUBAYIB TOTOBOT MPOJIYKITii.

LED-iamukaTropy HaOyv MOIIMPEHHS 3aBASIKH 3PYIHOCTI, HAOYHOCTI
i HeBucokiii Baprocti. LludpoBi 1 3HakoBi LED-ingmkatopu €
BIOPSZIKOBAaHUM HA0OPOM OKPEMHX CBITJIOMIONIB (CETMEHTIB iHAMKATOpA),
PO3MIIIEHNX B OJHOMY KOpITyCi 1, 3a3BW4Yaif, CIONy4EHHUX MK COOOI0 B
NEeBHY eNIeKTpHUHY cxemy (puc. 3.1a).

Digl Dig2 Dig3
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Pucynok 3.1 - Bynosa cemucermentHux LED-innukaTopis

HudpoBi i 3HaKoBI iHAWMKATOPH OYBalOTh OTHOPO3PSIHUMH 1
0araTopo3psATHUMH, iX 3HAKH CKIIAJAFOThCS 3 CEMH 1 OLJbII CEerMEeHTIB.
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OKpiM CerMeHTiB iHIUKATOpU MaIOTh «Kparky» abo «komy». Ha puc. 3.1,6
HABEJCHO CTaHIApTHE IMO3HAYCHHS CETMEHTIB iHJAMKaTopa. BUCBITICHHS
o0OpaHOoro cerMeHTy abo Tpynmu CETMEHTIB NMPH OTPUMaHHI 300paKeHHS
3HaKy 3a0e31edyeThCs BKIIOUSHHSM iX B JIAHITIOT TIPOXODKEHHS CTPYMY.

3aJie)KHO  BiJI CXEMHU BKIJIFOYCHHS CBITJIOMIONIB B  1HJIUKATOPI
PO3PI3HAIOTE 1HIAUKATOPH i3 3araabHUM KatojoMm (puc. 3.1,a) 1 3aranbHUM
aHOJIOM. 3a CIOCOOOM BKJIFOYEHHS IHAMKATOPIB B EJIEKTPUYHY CXEMY
MOJKHA BUAUTUTH J[BA PEKUMH: CTATHYHA 1 IMHAMIYHA 1HIUKAITiSL.

LCD-iHaguKaTopu KOHCTPYKTHBHO BHUKOHYIOTBCS SIK CETMEHTHI,
Hampukian  (MKKI[1-4/14), abo wmarpuuni. OcTaHHI  BHACIIJIOK
HEoOXiMHOCTI poOOTH HA 3MIHHOMY CTpPyMi, 3a3BH4Yaii BHKOHYIOTBHCS Yy
BUTJIAJI TOTOBOIO MOJYJS Ha JPYKOBaHIA IuiaTi 13 CHEIiaibHUM
koHTposepom (Hampukinan HD44780 mis 3nakocuuTesyrounx i S6B0108
JUTSL MATPHYHHUX).

3.1.2 Bunau ingukanii LED-inaukaTopiB

Cnioci6 cmamuyunoi inoukayii Nonsirac B MOCTIHHOMY MiACBIYYBaHHI
IHAMKaTOpa BiJ OAHOTO JyKepena indopmariii (puc. 3.2, 3.3), TOOTO KOXKEH 3
UG POBUX 1HIWKATOPIB ONOKY IHAWKAIl MOCTIHHO MiAKIIOYEHUI uepes
BJIACHHI TIEPEeTBOPIOBaY KOy (HANMpHUKIAK, AemudpaTop) 10 BIACHOTO
Jokepena inpopmarii (iunmbauk 260 MK).
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Pucynok 3.2 — CxeMa mpUCTPOXO 3 OJIOKOM CTATHYHOT iHAMKAIlT HA iHAUKATOPAaX i3
3arajibHUM aHOJIOM
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Konu MmikpokoHTponep € pkepenoM iHdopmallii i mepeTBoproBadeM
iHpopMallii, iIHOUKATOpU MPHEAHYIOTH Oe3MocepeqHbO 10 HBOTO uepes
CTpyMOOOMEKyBasIbHI pe3ucTopu (puc. 3.3).
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Pucynok 3.3 — Cxema MIIC i3 cTaTHYHOIO IHAMKALIEIO: OJWH IHAMKATOp i3
3araJbHAM aHOZIOM

[Ipu xinmpKoCTI iHAWKATOPIB OinbIie 4 TeXHIYHA peaizallis pekKuMy
CTATUYHOI IHAWKALIl cTae HeIOIUIbHOM. lle moB's3aHO 13 30iNbIICHHIM
HEOOXiHOI KiJIBKOCTI TepeTBOPIOBAYIB KOXY, PE3UCTOPIB i APOTIB s
CIIOJly4eHHs, a TaKOXX 3HAYHUM 30UIBLICHHAM CIIOKHBAHOTO CTPyMY
(mepeBaXKHO, iTHIUKATOPAMH).

Kpim Toro, peski BuAM IHIUKATOPIB, HANPHUKIAA MAaTpPHYHI
CBITJIOZIOMHI 200 PiAKOKPUCTANIYHI 1HIUKATOPH, 300pakeHHs TpadiaHnx
CHUMBOJTIB

B SIKMX OTPUMYIOTh TIpM ToJadyi IMOYJIbCHOI HANpyrd Ha
BITOPSIKOBAHUX B CTOBIIII 1 PSJIKHA MEBHI TOYKHA MATPHII, HE PO3paxoBaHi
Ha 3aCTOCYBAaHHS B CUCTEMaX CTaTUYHOI 1HIWKAIIii.

Aunamiuna inoukayia monsArae B HacTynHoMy. J[is 3MeHIIeHHs
3arajibHOl KiJIbKOCTI MPOBITHUKIB, SIKi 3B'A3YIOTh MiK CO0OI0 MiKpOCXeMHU
IHAMKaTOpa, WHMQPOBI IHAUKATOPH dYacTille TMOYald BUTOTOBISATH
0araTopo3psAHUMHU OJIOKaMH, OIS SIKMX B €JMHOMY KOpITyCci MOXe OyTu
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Bin 2 no 16 umudpoBux 3HaKkiB. s CKOpPOYEHHS KIIBKOCTI BUBOJIB Y
0araTopo3psIHOMY 1HJIMKATOPI BCi OJTHOMMEHHI CETMEHTH 3’ €JJHaHi pa3oM 1
MaroTh OJIMH 3araibHuii BuBi (puc. 3.1, a).

Hns 3abesneyeHHs poOOTH 0araTopo3pAgHUX IHAUKATOPiB abo
JEKUTBKOX OIHOPO3PSIHUX I1HAWKATOPIB BHKOPHUCTOBYIOTH JHHAMIYHY
IHJIMKAII}0, CYTh SKOT MOJISTae B TOMY, 1[0 PO3PSIU IHAMKATOPA MPALIOIOThH
HE OJIHOYACHO, a TI0 Yep3i. SKIIo mepeMuKaHHs 1HIUKATOPIB 3MIHCHIOETHCS
3 BEJIMKOK IIBUJKICTIO, TO JIFOJIMHA HE TOMIYa€ MEPEXTiHHS, 1 KapTUHKA
BUTIIAJAE SIK CTaTW4HA. [HAMKATOpU MiAKIFO4aTh 3 yacToTor 50+70 I,
0 JOCTaTHRO MJISI TOTO, MO0 HE TMOMIYaTH MEPEeXTiHHS 1HIUKATOPIB.
3aranbHy CTPYKTYPHY CXeMy JHHAMIYHOT iHIMKaIlii HaBEJCHO Ha puc. 3.4.
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Pucynok 3.4 - CtpykTypHa cxema GJIOKy AWHAMIYHOT iHAMKALiT Ha 4 3HAKH

[ndopmarnis mocrynae He Ha AEKibKa NEPETBOPIOBAYIB, & HA OJMH,
3aralbHUNA IS BCiX, ane mopiismu. lleil mepeTBoproBad KOAy CBOIMH
BUXOJAMH TIAKIIOUYEHUH JIO0 BCIX €JIEeMEeHTIB Bimpasy. Y cucrtemi
JIMHAMIYHOT 1HAMKAIli MOB OM MpaIlfo€ IIBUIKOMIIOUUN OE3KOHTAKTHUMN
NepeMrKay Ha 0arato MoJIOKEHb. Y OJHOMY 3 HOro MOJIOKEHb BCI BUBOJU
(cermMeHTH) ODHOTO 3 PO3PSIIB TMiIKIIOYECHI 10 BIAMOBIAHUX BHXOIIB
nemudpatopa. | B el e MOMEHT uepe3 TPaH3MCTOPHI KIIOYi MOCTyMae
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CUTHAJ YIPAaBIiHHS 3aCBIYCHHSM €JIEMCHTIB TOTO 3HAKOMICIIS, SKE
BIJIMIOBiZa€ IbOMY PO3PSAY.

Komm MIIC BukoHye Bci 3aBIaHHS 3 TIEpPETBOPIOBaHHS KOAY 1 BUOOpPY
aJIpecy 3HAKOMICIIs, CXeMa i IKITFOYSHHSI 3HAUHO crpoiryerhes (puc.3.5).
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Pucynok 3.5 — Opranizaltiis AuHaMi4HOT IHIUKALT TBOPO3PSIIHOTO iHAXKATOpA

[lepeBara crmocoOy muHaMiuHOi iHAWKAII BIJYyTHA MPH KIIBKOCTI
po3psaiB Oinbire 4. EKoHOMIS TTepeTBOPIOBaUiB KOAY 1 IPOTIB CIIONyUeHHS
€ 3HAYHO, SKIIO CXeMa JMHAMIYHOI IUGPOBOI IHIUKAIT BijaneHa Bij
okepena iHgopmanii. Cxema 3 JUHAMIYHOIO 1HIHMKAIIEK CIIOKUBAE
MEHIIAN CTPYyM, Ma€ MEHII radaputH i BapTicTh. OfHAK TpW OpraHizarii
BEJIMKOI KUTHKOCTI PO3PAIIB BUHHKAE TIPOOIIeMa SCKPABOCTI iHANKATOPIB Y
3B’S3KY 3 MaJIIM YaCOM CBITIHHS KOXKHOTO PO3PSAY 1HIAMKATOPA.

3.2 3aBaaHHs 10 J1aGOpaTOpPHOI podoTH

1 Po3poOuTH TPUHIMIIOBY CXEMY 1 alropuTM, Ta HaIHCaTH
mporpamy Juts IpUCTporo Ha MikpokoHTporepi 80C51, sika 6 mo3Bossia:

- TGHEPYBaTH 3aJlaHy TOCIIOBHICTh IMITYJIbCIB 33JaHOT CKBAITHOCTI

S=(20+N,,*2)%



50

- 3MIHIOBaTH y 33JJaHUX MeEXax CKBAXHICTh TPH HATUCHEHHI Ha
KJIaBimi S = i(lO+ N )%

- BigoOpakaTH 3MiHIOBaHMH MapamMeTp Ha CEMHCErMEHTHHUX
JCIUIESX;

Po3po0uTH NPUHIMIIOBY CXEMy i aJlTOPUTM, Ta HAIMCATH MPOrpamy
UTsT TpucTporo Ha MikpokoHTponepi 80C51, sxa O mgo3Bomsia 3a
JOTIOMOTOI0 IMHAMIYHOI iHAuKamii BizoOpaxaru nary. CTyaeHT Oepe aaty
CBOTO HapOKEHHS.

2 IlpoBecTn MOJIeTIOBaHHS POOOTH MIPUIIAJTY.

3 Odopmuty 3BiT 32 BUMOTaMH. 3BIT IOBUHEH MiCTUTH:

- TUTYJIbHY CTOPIHKY, TEMY i METY pOOOTH;
HEOOXiTHUH TEOPEeTUIHHUI MaTepia;
- pO3paxyHKH i HOSICHEHHS;
CJICKTPUYHI TPUHIUIIOB] cxemu BKitoueHHS MIIC;.

- OJIOK-CXeMy aJTOpUTMY POOOTH POTPAMH;

- JICTHHT TPOTpaMH Ha aceMOIIepi i3 OSCHEHHIMH;

- pe3yJbTaTH MOJICIIOBAHHS: Print Screen ekpaHy y moTpiOHi
MOMEHTH 4acy,

- BHICHOBKH TIO PO0OOTI;

- BIJTIOBI/Il HA KOHTPOJILHI 3aITUTAHHS.

var

3.3 KonTpoJanbHi 3anutaHHst

1 Crpykrypa cTaTM4yHOi iHIWKaIllii, OCOOJIMBOCTi, TIepeBard i
HEZOJIIKH.

2 CrpykTypa IUHAMIYHOT 1HJMKAIli, OCOOJIMBOCTI, TepeBaru i
HEONIKH.

3 Slkoro Mae OyTH 4acTOTa OHOBJICHHS JUIS JTUHAMIYHOT 1HAMKAITIT?

4 Edext OpsA3KOTy KOHTAaKTiB, CIIOCOOU HOTO YCYHEHHSI.

5 Opranizanist iHAWKALiT BOCBMUPO3PSAHOTO 1HAUKATOPA.

3.4 TIpukJiag BAKOHAHHS 3aBAaHHS

1 CrBoputH mpoekT sk B mpukiami 1.5 Ta  BHUKOPUCTOBYIOUH
iHCTpyMeHTH TporpaMu y Bruaami Shematic Capture 3ibpatu cxemy sik
Ha puC.
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Pucynok 3.6 — Cxema miAKIIOYEHHsI MiKpO KOHTpoJiepa

Jlictunr npuknaay nporpamu asis 1 3aBnaHHs:

#include "i08051.h" ; Include register definition file
ASEGN CODE_SEGO02:CODE,
jmp Start
ASEGN CODE_SEGO02:CODE,
jmp timer0 ;BekTop 00Opo6ku nepeppuBaHHa raimepa 0

ASEGN CODE_SEGO02:CODE,

Jmp InterruptO ;BexTop 06po6ky 30BHEWHLOTO nepeppusanHa 0
ASEGN CODE_SEGO2:CODE,

jmp timerl ;BexTop 0BpOOKM NepeppuBaHHAa TaniMepa 1
ASEGN CODE_SEGO02:CODE,

Jmp Interruptl ;BexTop 06po6ky 3ZOBHEWHBLOTO nepeppusanHa 0

RSEG CODE_SEG:CODE ; Switch to this code segment.
; Register bank 0 by default

Start: sMiTka, mWoO Bkaslye NOYaTOK NpOoTpaMu

call init
loop:

jmp loop SHECKIHUEHHMII LMKII
init:

MOV TLO, ;3amaHHa nepiomy

MOV  THO, ;immyseci

MOV ACC, # ;3MiHa
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SuUBB A, R7 ; CKBaXHOCTL
MOV B, OxAO simMnyneciB 3a
MOV TL1, B 5 IOIIOMOT OO
MOV TH1, ACC ;xkoebbinienra
clr TMOD.O ;16-6iTuuit Taivep/niunnbHuUK,
setb TMOD.1 ;TLO T7a THO BRiMKHeH1 HOCHiIOBHO
clr TMOD.2 ;TarMep npauwe Bin BHyTpilmHBOTO IXepesa
JCUTHAJN1B CHMHXpoHizamii
clr TMOD.3 ;pobora Tarmepa IJO3BOJIAETHCH AKIIO
;BCTaHoByeHun kepywoumit 6iT TCON_TRO
clr TMOD.4 ;16-6iTHmt Tarmvep/siunibHUK,
setb TMOD.5 ;TL1 Ta TH1 BRimMxHeHi nocsizmosHO
clr TMOD.6 ;TarMep npaune Bin BHYTPIlWHBOTO Ikepesia
CUTHAaJNiB CHMHXpOHizanii
clr TMOD.7 spoBoTa TarMepa LOO3BOJSETLCS SKIIO
;BCTaHoByeHun kepywoumit 6iT TCON_TR1
setb TCON_TRO ;3anyck Tavimepa O
setb TCON_TR1 ;3anyck Tavmepa 1
setb IE_ETO ;Oo3Bisl nmepepmBanusa no TariMepy O
setb IE_ET1 ;I03B1lJ mepepuBaHHA no TaiMepy 1
setb TCON.O ;mepenan curHasy 1-0
setb IE_EXO ;IO3B1iJI mepepmBaHHA IO BOBHITMHBLOMY
;Busony O
setb TCON.2 ;nepenan curHany 1-0
setb IE_EX1 ;IO3B1lJI NepeprBaHHA [0 3O0BHITIHBOMY
;BuBonmy 1
setb IE_EA ;TJI0BaNbHMY NO3B1JI NMpenmBaHb
mov R7, #95
call print
ret
timer0:
MOV  TLO, Ox00 ;3amaHHs nepiony
MOV  THO, 0x00 ;ivnyneci
MOV ACC, #255 ;3MiHa
SuUBB A, R7 ; CKBaXHOCTL
MOV B, OxAO simMnyneciB 3a
MOV TL1, B 3 JOMIOMOT 010
MOV TH1, ACC ;xkoebbinienra
setb P3.4 ;MIOYaTOK 1MMOyJibCY
reti
timerl:
clr P3.4 ;CKUIAHHA 1MOYJbCY
reti
InterruptO: ;301iJbmeHHa 3HadeHHA B R7 Ha OIMHMIL
mov a, R7 ;repeBipka

SUBB a, #199
JZ INOrelOO
inc R7

INOrel0O0:

sHa
SBUX1O

;3 luTepainy



call print
reti
Interruptl:
mov a, R7
SUBB a, #0
JZ IN1rel0OO
dec R7
IN1rel0O:
call print
reti
print:
MOV a, R7
call DA _corr
mov dptr, #code
MOV a, RO
movc a, @a+dptr
MOV PO, a
MOV a, R1
movc a, @a+dptr
MOV P2, a
MOV a, R2
movc a, @a+dptr
MOV P1, a
ret
DA_corr:
MOV RO, #0O
MOV R1, #0O
MOV R2, #0O
DA_rel00:
clr C
MOV R5, a
SUBB a, #100
JC DA_relO1
inc RO
jmp DA_rel00
DA_relO1:
MOV a, R5
DA_rel02:
clr C
MOV R5, a
SUBB a, #10
JC DA _rel03
inc R1
jmp DA_rel02
DA_rel03:
MOV a, R5
MOV R2, a
ret

53

>, OHOBJIEHHSA

;3MeHleHHd 3HauveHHa B R7 Ha ommuMUDL
;nepeBipka

SsHa

SBUX1n

;3 iuTepmasy

; OHOBJIEHHHA

SBUMMaHHA 3HadeHHA 3 R7
;IOBiMKOBO-ImecsaTkOBa KoOpeklis
;IOKAB3HMK Ha KOOyody TabJIMIIo
SKOIyBaHHg 1

;Bimobpaxenua 3-ro

spospany

JKOIyBaHHg 1

;BinmoBbpaxeHusa 2-ro

spospany

JKOIOyBaHHS 1

;Binobpaxenna l-ro

;pospamny

;OuMlleHHs periTcpire
;071 30epexeHHs
spesyaeTaTy

;ounumeHHs 01Ty nepeHocy

;ounmeHHs 01Ty mepeHoCy

éode: db Ox3F, 0x06, Ox5B, Ox4F, 0x66, O0x6D, 0x7D, 0x07, Ox7F, Ox6F,

0x00

END
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Pucynok 3.7 — Cxema miAKIIOYEHHsI MiKpO KOHTpoJiepa

JlicTvHT npuKIaay mporpaMu s 2 3aBJlaHHS:

#include

""108051.h"

ASEGN CODE_SEGO02:CODE,
Jjmp Start
ASEGN CODE_SEGO2:CODE,
Jjmp timerO

; Include register definition file

;BexTOop 0OpOOKM MNepeppuBaHHsa TanMepa 1

RSEG CODE_SEG:CODE

call init
call print
jmp loop
mov P1l, #
mov P2, #
MOV TLO,
MOV  THO,
clr TMOD.O
setb TMOD.1
clr TMOD.2

; Switch to this code segment.
; Register bank 0 by default

;MiTka, IO BKasye INOYATOK NpoTpamMu

JHECKI1HYEeHHMIM LMKJII

;16-6iraun Tanvep/niunnbHUK,
;TLO Tta THO BBimKHeHi nociimosBHO
;TarMep npauoe Bin BHYTPimHBOTO IXepesia



55

CUTHAaNiB CMHXpoOHizanii

clr TMOD.3 spoBoTa TarMepa LOO3BOJISETHLCS SKIIO
;BCTaHoByeHun kepywoumit 6iT TCON_TRO
setb TCON_TRO ;3anyck Tavimepa O
setb IE_ETO ;no3Bis nepepuBaHHa no TaiMepy O
setb IE_EA ;Tuo6anbHMM HO3B1Jl NmpenmBaHb
ret
timer0:
MOV  TLO, 0x00 ;BCTAHOBJIEHHS 3HAUEHHS pericrpis
TarMepy
MOV THO, Ox8F ;BCTAHOBJIEHHSA 3HaYeHHs pericrpis
TanMepy
call print
reti
print:
mov RO, #0O ;HOMEp CUMBOJIy B CTPOLl, MO BUBOIUTHLCH
mov R1, #0x01 ;OiH BignoeimHoi noswmuiil
relO:
mov dptr, #send SYKA3HMK Yy [OYATOK CTPOKU
mov a, RO S BUMMAHHSA LMbpU
movc a, @a+dptr ;3 nam"ari
mov dptr, #code ;KONyBaHHA OJIA BimobpaxeHHS
movc a, @a+dptr ;Ha mucniel
mov Pl, a ;BinmpaBka y nopT
mov a, RO ;repeBipka
JZ rel2 sHa
subb a, #0 ;HeobGxinHicTs
INZ  rell ; Kpanky
setb P1.7 S oois
jmp  rel2 ;poszmisienHs
rell:
mov a, RO S OHd,
subb a, #3 sMicani
INZ  rel2 ;i
setb P1.7 S POKY
rel2:
mov a, R1 ;crnasnax
cpl A ;uMbporoi moszmiii
mov P2, a Ha Oucriel
call DELAY 5 3aTpuUMKa
mov P2, #0OxFF ;racinua
inc RO ;HacTynHa uubdpa
mov a, R1 ;3CYyB
RL a SIJIA [OKABHMKA [MO3MLLIL
mov Rl,a sHa Oucnoueil
mov a, RO ;repeBipka
subb a, #8 ;Ha KiHelb
INZ relO ; CTPOKM

ret ;1 Buxin
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DELAY:
MOV R2, #1 ;3aBaHTaxeHHa umcia X1
COUNT1: MOV R3, #1 ;3aBaHTaxeHHs umcia X2
COUNT2: MOV R4, #30 ;3aBaHTaxeHHs umcia X3
COUNT3: DJINZ R4, COUNT3 ;oexpeMeHT R4 Ta umki, sxmo He pibHmiz O

DJINZ R3, COUNT2
DINZ R2, COUNT1
ret

soexpevenT R3 Ta umki, gxmo He pisuwmit O
;oexpeMedT R2 Ta umki, gxmo He pisumi O
;TIOBEPHEHHA 3 MNiAnporpaMMy 3aTPUMKKU

code: db Ox3F, 0x06, Ox5B,

0x00

Ox4F, 0x66, Ox6D, 0x7D, 0x07, Ox7F, Ox6F,

send: db 0x02, 0x01, O0x01, O0x02, 0x02, Ox00, Ox01, 0x02, Ox00

END
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4 TABOPATOPHA POBOTA Ned4 “POBOTA 3 LCD-
IHANKATOPAMM HA BA31I KOHTPOJIEPA HD44780”

Merta pobGoTm — O3HAMOMHUTHCA 13 3arajJbHUMH IPUHIATIAMHA
oprasizariii cucteMu BUBOIY iH(OpMAIlii B MIKpPOTPOIIECOPHUX CHUCTEMax
32 JONOMOIOI0 CYYacHHMX 3HAaKOCHHTE3YIOUMX JuciuieiB Ha 0Oasi
koHTposnepy HD44780.

4.1 Opranizanis inaukanii y MIIC na 6a3i HD44780

Konmponep HDA44780 BupoGuuirrBa Hitachi €  wHaiibinbn
MOITUPEHNM KOHTPOJIEPOM YTPABIIHHA an(aBiTHO-ITU(PPOBUM MOJIYIIEM.
Maiixe Bci mpoBimHi BupoOHuKHM - Epson, Sanyo, Toshiba, Samsung,
Philips BumyckaioTh aHaJOrd I[bOr0 KOHTpoOJiepa ab0 CyMiCHI 3 HHM IO
inTepdericy 1 komaHmHiIH MOBI Mikpocxemu abo PKI ma 0a3i mux
koHTposepiB. [Ipaktnuno HD44780 e npomucnoBum crangaptoM. Moaymi
3 [OUM KOHTPOJEPOM 3aCTOCOBYIOTH Y BUMIPIOBaIBHUX MpHIIaAax,
MIPOMHUCIIOBOMY, TEXHOJOTIYHOMY 1 MEIUYHOMY YCTaTKyBaHHi, OQiCHIii
TEXHII].

KouTposiep miarpumye posmip cumBoiy 5Xx7 Touok i 5x10 Touok.
HD44780 moxe ynpaBnsTu 1BoMa psiakamu 1mo 40 cuMBoOITiB.

IHioknwouenna oo MK 3niiicHioeThesl Tak. KoHTponep 3'emHyeThes 3
PKI wuepe3 mapanenbHy cuHXpoHHy mmHy (8 abo 4 miHidi JaHUX -
BHOUPAETHCS TPOrPaMHO), 4epe3 JiiHiro BuOOpy omepamiii (R/W), miniro
BubOpy pericrpa (RS), minito ctpoOyBanus i cuaxpowizaiii (E) (puc. 4.1).
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Pucynoxk 4.1 — Intepdeiic migxmouenHs konTpoiepa HD44780



58

[MigcTporoBansHMii pe3uctop R1 mmaBHO 3MIHIOE HANIPYTY JKUBJICHHS
PKI, 110 103BoJisie BUCTABIIATH HEOOXiHY KOHTPACTHICTh 1HAMKATOpA MPH
HEOOX{THOMY KyTi orismy. Moaynb MOXKe T €THYyBaTHCS 32 JTOTIOMOTOIO
4- a6o 8-mupospsimHoi mmHE (puc. 4.2). Ilpu mpomy OOMiIH MOXHA
opraHizyBatu abo 3 CHCTEMHOIO HIMHOO, ad0 4epe3 MOPTH BBOIY-BHBOAY
NpPOTrpaMHUMHM 3aCO0aMHU.

Microcontroller

Background

/ LED light

Pucynok 4.2 — Cxema migkmoderus PKI go MK

Ha yacogiii miarpami Ha puc. 4.3 oKa3aHi CTaHU KePYIOUNX CHTHAJIB
1 IIIMHU JaHUX IIiJ] 9aC YATAHHS 1 3a1uCy.
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Pucynok 4.3 — Yacosa giarpama 3anucy nanux y PKI
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VY Buxignomy crtani E=0, R/W=0 3nauenns curaaiy RS nosiibHe,
mmHa naHux DBO..DB7 mnepeOyBae B cTaHi BHCOKOro iMmenaHcy. Y
OpoMiKKax Mix orepartismu oominy E i R/W takox MaroTh JOpiBHIOBATH
0, y meli MOMEHT IIMHA JAaHUX BUIbHA 1 MOXE BHKOPHCTOBYBAaTHCS B
MYJIBTUIUIEKCHOMY pEeXKUMI JUid iHmmMX wnited. Y Tabm.4.l HaBemeHo
NOCTIIOBHICTh Jid INpH BHUKOHAaHHI omepanii 4YWTaHHsA-3anmcy. Yac
BUKOHAHHS KOXKHOTO KpOKy He MeHIe 250 He.

Tabmuus 4.1 — [ocnigoBHICTP Ai¥ MPW YNTAHHS Ta 3AMHCY

Onepauii 3anucy 1s1 8-Mi po3psiiHoi IHHA

VcranoBka 3naueHss jninii RS

BuBenenns 3HaueHHs Oaiita nanux Ha mray DBO0...DB7

VcranoBka niHil E=1

Vcranoska Jinii E=0

[S20 BN EOS) 1) R

Ycranoska muau DBO...DB7 y cran HI

Onepauii yuTaHHs 1Jisi 8-Mi po3psiIHOT LIMHI

VcranoBka 3naueHss jninii RS

Vcranoska ninii RIW=1

VcranoBka miHil E=1

3untyBaHHs Oaiita nanux 3 mmman DBO...DB7

Vcranoska ninii E=0

[o2] &2} BN EOSI Nhe) o

Veranoska ainii R/W=0

Omnepauii 3anucy 17151 4-X po3psiiHOT IHHI

VceranoBka 3HaueHHs JiHil RS

BuBenenns 3HaueHHs crapiioi Terpany Oaiita nanux DB4...DB7

VcranoBka iHil E=1

Vcranoska ninii E=0

BuBenenHs 3HaueHHs Monoiol Tetpajau 6aita nanux DB4...DB7

VcranoBka niHil E=1

Vcranoska Jinii E =0

(e NI Kol Kéal BN NOV) IN] N

Vcranoska muau DB4...DB7 B cran HI

Onepauii ynTaHHs 4051 4-X po3psiAHOT IIHHA

VcranoBka 3naueHss jninii RS

Ycranoska ninii RIW=1

VcranoBka ninil E=1

3uynTyBaHHS 3HAUCHHs CTapiol Terpaau Oaiita nannx DB4...DB7

Ol IOl —

Vcranoska ninii E=0
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[Iponoskenns Tadnui 4.1

6 |Ycranoska minii E=1

3YUTYBaHHS 3HAYCHHS MOJIOIIOT TeTpany Oaiita nanux DB4...DB7

7
8 |Ycranoska ninii E=0
9 |Ycranoska ninii R/W=0

Omnmcani  omeparii

YUTAaHHSA-3aIUCY Oaiita € 0a30BUMH

JUTS

saificnennst oominy ganmumu 3 PKIL TIpomec oOminy mo 4-x i 8-mi
PO3PSITHOIO IIMHOK PO3PI3HIETHCS JIMIIE pealtizaiiero 1ux onepariit. Li
Bl omeparii MOXyTh OyTH peali30BaHI amapaTtHo, KOJH MOJYJb
i IKTFOYeHUH 0 CUCTEMHOI IIMHH, a00 TMPOTrpamMHO, KOJH BiH B3a€MOJIIE 3

nopramu MK.

VY Tabnwmi 4.2 HaBe/leH1 3HAYEHHS 9aCOBUX 1HTEPBaIiB CUTHAIIB.

Tabnuns 4.2 — YacoBi XapaKTepUCTHKH

Ilapametp

| Io3H. |MiH., Hc|MaKc., HC

Onepanis YA TAHHS

Iepiox curnany E toyeE 500 -
IMo3uTrBHUI HamiBOepion curHany E PW?H 230 -
®pownt/craz curnany E tes, t-Er - 20
BcTaHOBIICHHS aipecH E 40 -
Y1pumanHs agpecu taH 10 -
BcraHoBIIEHHS TaHHX thsw 80 -
YTpumaHHst JaHHX tosH 10 -
Onepanis 3anucy 3
Iepiox curnany E toyeE 500 -
IMo3uTrBHUI HamiBOepion curHany E PW?H 230 -
®pownt/cnay curnany E tes, t-Er - 20
BcTaHOBIICHHS aipecH E 40 -
Yrpumanus axpecu taH 10 -
BcraHoBIIEHHS TaHHX thsw - 160
YTpumaHHs JaHUX tbrw 5 -

4.1.1 MporpamyBanus i ynpasJjinus LCD na 6a3i HD4470
Ha puc. 4.4 naBeneno ocHoBHi enemeHTH KoHTposnepa HD4470, sxi
Oe3mocepelHbO B3aEMOJIIIOTH 3 KEPYIOUOI MPOrpamolo - PEericTp AaHux
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(DR), perictp xomanng (IR), Bimeonmam'ste (DDRAM), O3Il
sHakoreHeparopa (CGRAM), miumnpHuk aapecu mam'sti (AC), mpamop
3afHATOCTI KOHTpPOJIEpA.

YmupaBnseTbcst KOHTpOJep dYepe3 Kepyrouuil iHTepdelc cucTemu.
OcHoBHI 00'ekTn B3aemoii - perictpy DR 1 IR. BubGip perictpa, mo
azipecyeThCes, 3AiicHIoEThC JiHiero RS, sxmo RS=0 - aapecyerscs perictp
xkomauz (IR), sxkmo RS=1 - perictp manux (DR). Jlani yepes perictp DR
MOXYTh po3mimarucs abo 3uutyBatucs y Bigeonam'site (DDRAM), uu B
O3II 3nakoreneparopa (CGRAM) 3a moTOYHOIO aapecoro, Ha Ky BKa3ye
miumwnbHuk angpecu (AC). Indopmariist B perictpi IR inTepmperyerbes
MPUCTPOEM BUKOHAHHSA KOMAaHJ K Kepyroda MOCTiAOBHICTh. 3YUTYBaHHSI
perictpa IR moBeprae B 7-Mi MOJOJIIMX PO3pPsiiaX MOTOYHE 3HAYCHHS
miumwnpHuka AC, a B crapmiomy pospsai mpamop 3aiiastocti (BF).
Bineonam'ste mae 3arampHuii 0o0'em 80 OaiTiB 1 mpu3HadeHa A
30epiranHs KOJy CHMBOIIiB.

VY tabnmui 4.3 nokasanuii HaOip pisHuX mpamopiB mis HD44780.
[Ipanopu BU3HAYAIOTH PEXXUMH POOOTH PI3HWUX €IEMEHTIB KOHTpolepa. Y
Tabnumi 4.4 HaBeJeHI 3HAYCHHS YNPaBIAIOYMX IMPAIopiB, 0e3mocepenHbo
micnss monmadi Ha PKI-momyne Hanpyrm skusieHHsi. llepeBu3HaueHHs
3HaYeHb  MpamnopiB  BHUPOOISETbCA  CHEIabHUMH  KOMaHIaMH,
3armcyBannMu B perictp IR, mpm 1mpoMy komOiHamii crapmmx OiTiB
BU3HAUYAIOTh TPYIy MpamnopiB abo KOMaHAy, a MOJIOJUI MiCTSTh BIIACHE
HparopHu.

Tabnuns 4.3 — Yrpasinstodi npanopu kontpoiepa HD44780

I/D |PexxumM 3cyBy miunnbhuka anapecu AC, 0 - 3MeHIuenHst, 1 - 30i1bIeH s

[Mpanop pexumy 3cyBy BMicTy ekpany. O — 3cyBy HeMmae, 1 - miciis 3anucy B
DDRAM 4eproBoro Koy eKpaH 3CyBa€ThCs B HANPSIMI, SKUIl BU3HAYAETHCS
S |npanopowm I/D: 0 - Brpaso, 1 - BiiBo. [Ipu 3cyBi HE 3MIHIOETHCS BMIiCT
DDRAM. 3MiHIOIOTBCS JIMIIE BHYTPIIIHI MOKAXYUKH PO3TAITyBaHHS
BUAMMOTO N0YaTKy psaaka B DDRAM

Ipanop-komana, sika BUpoOJIsie pa3om 3 mparopom R/L omepaitito 3cyBy
BMICTy ekpaHy (Tak camo, 5K i y MonepeiHbOMY BHUMAIKY, 0e3 3MiH B
DDRAM) a6o xypcopy. Busnauae 06'exr 3cyBy: 0 - 3cyBaerhcst Kypcop, 1 -
3CYBA€ThCSl €KPaH

S/C

Ipanop-KoMaH/a, siKa BUPOOIIsIe pa3oM 3 mpamopom S/C onepariro 3cyBy

R/L . :
ekpaHy abo Kypcopy. YTouHroe Hanpsim 3cyBy: O - B1iBoO, 1 - BrpaBo

D/L |Tpanop, 1o Bu3Havae mupuHy wuHU gaHux: 0 - 4 po3psay, 1 - 8 pospsais
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[Iponoskenns Tadnuii 4.3

Pesxum posroprku 306paxkensst Ha JKKU: O - ogus psagok, 1 - aBa psaxu

Po3mip matpuni cumBoiB: 0 - 5 x 8 Touok, 1 - 5 x 10 Towok

HasiBHicTs 300paxenHs: 0 - BUMKHEHO, 1 - BKITIOUEHO

(@R B2 Bul =

Kypcop y Burisiai migkpecienss: 0 - BAMKHeHHH, 1 - BKITIOYeHHI

(o9]

BKITIOUECHU I

Kypcop y Burisiai MmepexTimBoro 3Hakomicist: O - BAMKHEHHH, 1 -

Tabnuus 4.4 — 3HaueHHs IPanopiB Micist Moaadi )KUBICHHS

/D=1 PexxuM 36inbIIeHHs TiYnIbHIKA Ha 1
S=0 be3 3cyBy 300pakeHHs
D/L=1 8-MHUpO3psi/IHA IIMHA TAHHX
N=0 PexuM po3ropTku 0JJHOTO psiika
F=0 CumBonn 3 MaTpHLero 5 x 8 Touok
D=0 BinoOpaxkeHHs] BUMKHEHE
Cc=0 Kypcop y Burnsai miakpecieHHs] BAMKHEHUH
B=0 Kypcop y BUTIISII1I MEPEXTIMBOTO 3HAKOMICIsI BUMKHEHUI
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Pucynok 4.4 —CnportieHa cTpykTypHa cxema koHTposnepa HD4470
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Cromcok komOiHamiii 6itiB  perictpa IR 1 BuKOHYyBaHi HuUMH
yOpaBisilOdl KOMaHAM HaBeieHi B Tabm.4.5. Ockinbku Ha MOMEHT
BrroueHHs: PKI-monynp Hivoro He BimoOpaxye (mpamop D=0), To mis
TOTO, 100 BUBECTH OYAb-IKHHA TEKCT, HEOOXITHO, K MiHIMyM, BKJIFOUATH
BinoOpakeHHst, BcTaHoBuBIIM npanop D=1. Hampuknax, mmpoko
HOIIMpPEHa MOCIA0BHICTh Juis iHimiamizanii moxyist: $OC, 6 (3nak $ nepen
YHCIIOM BKa3y€ Ha INICTHAALSTKOBE IPEICTABICHHS) BCTAHOBIIOE PEXKUM
BioOpakeHHsT 2-X psAKiB 3 Marpumeo 5 x 8 Touok i1 pobora 3 8-
MupO3psiaHO0 mmHOK ganux; $OC BiIrouyae BiOOpakeHHS Ha eKpaHi
Momyns 0Oe3  BimoOpaxeHHS KypcopiB; 6  BCTaHOBIIOE  PEXUM
aBTOMAaTUYHOTO TIEPEMIIIEHHSI KypCcOpy 3iiBa-HAIllpaBO TICIS BUBEICHHS
KOXKHOT'O CIMBOJTY.

Tabmums 4.5 - Kom6Ginariii 6itiB perictpa IR

IIpuznauenus D7|D6| D5 | D4 | D3 | D2 | D1 |DO
Ounmennst expany, AC = 0, agpecaris AC
12 DDRAM 010 O 0 0 0 0|1
AC=0, anpecarnist Hra DDRAM, ckunyri
3CYBH, TIOYATOK PSJIKA aAPECYEThCS HA 0]0] O 0 0 0 1]-
noyatky DDRAM
Bubupaetbest HanpsiM 3CyBY Kypcopy 9u 0 0 0 1 lwols
eKpaHy

Bubupaetbes pexuM BitoOpaxkeHHs

Komanna 3cyBy Kypcopy/ekpany 0 1 |SIC|RIL| - | -

O ool o
O ool o

BusnaueHHs mapameTpiB po3ropTKy i
MIMPUHY IIHHU JaHUX

1 DL N F | - |-

[Ipucoenns miynnsauKy AC ampecu B
obnacti CGRAM

IMpucBoenns miunnsHUKy AC agpecu B
o6sacti DDRAM

0]1|AG|AG|AG|AG|AG |AG

1 |AD| AD | AD | AD | AD | AD |AD|

Konrtponep HD44780 miaTpumye sik omepartiii 3amucy, Tak i oneparii
yntanHa. YuranHs perictpa DR mpu3BoauTh [0 3aBaHTaKEHHS BMICTY
DDRAM a6o CGRAM 3ajie)kHO Bifi TOTOYHOTO PEXUMY, MPU IHOMY
Kypcop 3MILIYETHCS HA OJIHY MO3UIIII0, SIK 1 pH 3amuci. YutaHHs perictpa
IR moBeprae 8 3HauyImIMX PO3PsLiB, IPUIOMY B 7-MU MOJOAIINX MiCTUTHCS
noTouHe 3HadeHHs JiumibHuka AC (7 po3psaiB, SKIIO aJpeCyeThCs
DDRAM, i 6 - skmo CGRAM), a B crapiioMy - mparop 3aiHstocti BF.
Lei#t npanop mae 3HaueHHs 1 konm xoHTponep 3aiiHsaTuid 1 0 - Komm
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BiTbHMI. HeoOXigHO BpaxoByBaTH, M0 OUIBIICTH OmNepallid, sKi
BUKOHYIOTBCSI KOHTPOJIEpOM, 3aliMaroTh 3HauHMH 4ac, O1m3bpko 40 MKc, a
9ac BUKOHAHHA JEAKHUX JIOXOAWUTH /IO OIAMHHI MUIICEKYHI, TOMY IHKI
yeKkaHHS 3HATTS mpamopa BF mae OyTtw 0O0OB'I3KOBO TPHUCYTHIM B
nporpamax apaiiepa PKI-momyns i mepeayBatu 3aiiCHEHHIO OyIb-sKO1
omeparttii (MpupoIHO, OKpiM omepallii nepeBipku npamopa BF).

[Micns 3mificHenns omeparii 3anucy abo yutanas DDRAM 1 mossu
nicist Hei o3Haku roroBHocTi (BF=0), mpounTane B 1iboMy X 1K (pazom
3 mpamopom BF) snauenns AC miBuamie 3a Bce He Oyae JAOCTOBIPHHUM,
OCKUTBKH MK TMOSIBOIO O3HAKW TOTOBHOCTI 1 OOYMCIIEHHSIM KOHTPOJIEPOM
HoBOTO 3HadeHHA ACA iCHye JNesKuil 4acoBWi iHTepBan OMM3bKO 4 MKC
NpY TaKkTOBiH yactoti kKoHTposepa 270 k['. Tomy sKi0 HEOOXiAHO HAOYTH
niticnoro 3HadeHHa ACA, mnoOTpiOHO 3poOWTH TOBTOPHY OIEpaIlifo
npountands IR micis He MeHie HixK 4 MKC (SKIIO KOHTPOJIEP TPAIioe Ha
vactoTi 270 k['11 yac yekaHHs HEOOXiHO MPOMOPIIHHO 301IBIINTH).

BuBeneHHs Ha €KpaH CUMBOIY 3AIMCHIOETHCS IIISIXOM 3alicy HOro
koxy (tabm. 4.6) B perictp DR. Hanpukias, ko cumBoity 0 3a TaGiuiiero €
$30. ITpu 1ipomy cumBoT posMirinyerbess B DDRAM 3a oTouHOM0 aapecoro,
110 BKkazyeThest B AC, a 3HaueHHs1 AC 301IbIIY€EThCS UM 3MEHIIYEThCS Ha 1.

Tabnums 4.6 — Konu cuMBOJTIB [T BiZIOOpaXKeHHS Ha €KpaHi
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BupoOHuK  KOHTpollepa pEKOMEHIYE€ BHKOHYBATH  HACTYIHY
MOCIIIOBHICTh il auis iHimianizaiii. Butpumatu nay3y He meHiie 15 mc
MK BCTaHOBJCHHSM po6ovoi Hampyru xkusienus (Outeme 4,5 B) i
BUKOHAHHIM OyIb-IKHX ormepamiid 3 KoHTposepoM. [lepmioro omepariiero
BUKOHATH KOMaHJy, sKa BHOMpae pO3psAHICTh MmHMHU (1le Mae OyTu
KOMaHJ1a HEe3aJIS)KHO BiJ[ TOTO, SIKOi PO3PSIIHOCTI 1HTEpdeiic BU 30upaeTecs
BHUKOPHUCTOBYBATH HaJaji), MPUIOMY IE€pel BUKOHAHHSAM ITi€l omepariii He
nepeBipaTH 3HadeHHs mpamopa BF. [lami 3HOBY BuTpuMaru may3y He
MmeHie 4,1 Mc 1 TOBTOPUTH KOMaHy BHOOPY PO3PSITHOCTI IIUHH, TPUIOMY
niepe]] MoJJaHHsAM KOMaHIIM 3HOBY He mepeBipstu mpamop BF. Hactymawmit
KpPOK - 3HOB BHTPUMATH May3y, nboro pasy 100 mxc, i BTpeTre MOBTOpUTH
KOMaHJly BCT@HOBJICHHSI PO3PSAHOCTI MIMHH, 3HOB 0e3 mepemipku BF. Lli
TpW omeparii TNpU3HA4YeHI I8 iHimiamizamii 1 TOKJIIMKaHI BHUBECTH
KOHTPOJIEP Y BUXIJIHUIA pexuM poOOTH (TOOTO MEpEeBECTH B PEIKUM POOOTH
3 8-MHUPO3PSIIHOI0 MIHHOI) 3 Oyab-fkoro crany. CrioM 3a HUMH
HOPMAaJIBHUM TOPSIIKOM (0€3 BUTPUMKH Tiay3, ajie 3 TEepPeBipKOI0 mparopa
BF) BuKOHYy€eThCS iHiMIaMI3aIlisI pEXKUMIB pOOOTH 3 BUIAYEHO ITOCITIJOBHOCTI
JUTS iHiT{ami3anii, aHamoriuHiil BKa3aHiil paimie (110 MiCTHTh Y TOMY YHCITi
KOMaHly BUOOPY HEOOX1THOT pO3PSITHOCTI ILIMHH).

Crnig maM'ataTh, Mo mpu BUOOPI pexxuMy poOOTH 3 4-X PO3PATHOO
IMHOIO, TOOTO BHJA4i KOMaH, II€ 3BHUYAaHO BimOyBaeThCs 3 8-mm
PO3PSAAHOTO PEXUMY, SIKUH BCTAHOBIIOETHCS aBTOMATHYHO Micis MOAadvi
HaNpyrd JKUBJEHHS, a OTXKE BU HE 3MOXKETe aJeKBATHO OTOJIOCHTH
HeoOxinHe 3HadeHHs mpanopiB N i F, po3ramoBannx B MoJoIIii TeTpasi
KOMaHIM YCTaHOBKH PO3PSAHOCTI IIMHH. TOMy KOMaHIy HEOOXiIHO
NOBTOPUTH Y BXKE CTaJoMy 4-X pPO3PSAIHOMY PEXHMi IOCIHiZOBHOIO
nepesadero ABOX TeTpal.

4.2 3aBnaHHsA 10 J1a60paTOPHOI po6GOTH

1 OzHalioMHTHCS] 3 TEXHIYHOIO JOKYMEHTAIIEI0 Ha 3alpPOIIOHOBaHY
BUKIIagayeM Moneisb LCD — gucmiero.

2 Hapucysatu 610Kk-cxemy anroputMmy ininiamizaunii LCD - nucmero
o 8-GiTHOMY iHTEpdeiicy.

3 Hapucysatu 610k-cxemy anroputmy ininiamizaunii LCD - nucmero
no 4-6iTHoMy iHTepdeiicy.
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4 HapucyBatu OJIOK cXeMy 1 HamucaTd Mporpamy Ajisi BUBOAY Ha
LCD-nucmneii (HD44780) cBoro mpi3Buiia npu migKio4eHHi oro 10 MK
o 8-GiTHOMY iHTEpdeiicy.

5 HapucyBatu 050K cxeMmy i HamucaTH TpoTpamy [isl BUBOIY Ha
LCD-nucmneii (HD44780) cBoro mpi3Buiia npu migKio4eHHi oro 10 MK
no 4-6iTHoMy iHTepdeiicy.

6 3miiicanTi cumymsamito poooru MIIC. 3a HasBHOCTI MOMHIIOK
3HAWTH 1 BUMIPABUTH MMOMUJIKY aJITOPUTMY YU CaMOi MPOTPaMHu.

7 Odopmutu 3BIT, 3aHECTH O HBOTO PE3YJIbTATH MOJCIFOBAHHS.
3poOWTH BICHOBKH.

4.3 KoHTpOJIbHI 3anUTaHHSA

[puanun no6ynosu PKI-momyns 3 korTporepom HD44780.
Adnroput™ po6otu o 4-x npoBigHOMY iHTEpdeicCy.
Adnroput™ po6otu o 8-Mu POBiTHOMY iHTEpeiicy.
[lepeBaru i Hegomiku MoaymiB 3 KoHTponepom HD44780.
Cxema migxmouenns PKI-monyns o MK.

ab~r wdNE

4.4 Tlpukjaaa BUKOHAHHSA 3aBAaHHS

CrtBopuTn mpoekT SK B mpukiaai 1.5 Ta  BUKOpUCTOBYIOUH
IHCTpyMeHTH mporpamu y BKjIaam Shematic Capture 3idparu cxemy sik Ha
puc.:
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Pucynok 4.5 —-Cxema mninkiroueHHs koHtponepa HD4470 mo 8-my OitHOMY
iHTepdeiicy

JlictuaT puknaxy mporpamu ass 1 3aBnaHHS:

> DEFINITIONS
#include "i08051._h" ; Include register definition file
> VARIABLES
DBP = P1

DBO = P1.0
DB1 = P1.1
DB2 = P1.2
DB3 = P1.3
DB4 = P1.4
DB5 = P1.5
DB6 = P1.6
DB7 = P1.7
RS 3.5



EN =

P3.7
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RESET and

INTERRUPT VECTORS

; Reset Vector

ASEGN CODE_SEGO02:CODE, O

Ijmp Start

CODE SEGMENT

RSEG CODE_SEG:CODE

Start:

LCD

Loop:

init

TOYOK

Icall delay 20ms

Icall init_lcd

MOV ACC,#0x80
Icall send_com

MOV ACC,#0x48
Icall send_dat
MOV ACC,#0x65
Icall send_dat
MOV ACC,#0x6C
Icall send_dat
MOV ACC,#0x6C
Icall send_dat
MOV ACC,#0x6F
Icall send_dat

MOV ACC,#0xCO
Icall send_com

MOV ACC,#0x77
Icall send_dat
MOV ACC,#0x6F
Icall send_dat
MOV ACC,#0x72
Icall send_dat
MOV ACC,#0x6C
Icall send_dat
MOV ACC,#0x64
Icall send_dat

Ijmp Loop

Icd:
MOV ACC,#0x38

Icall send_com

Switch to this code segment.
Register bank 0 by default

JBUMKIIMK Nipgnporpamm ininiamisaniil

JKYPCOp B IIOYATOK I[EPHOL CTPOKM
sBlanpaeisieHHsa KOMaHIU

;H
;BiONpaBJIeHHS IaHHUX
;e
;BlOnpaBJleHHS IaHHUX
|
;BilOnpaBJIeHHS IaHHUX
|
;BlOnpaBJieHHS IaHHUX
;0
;BilOnpaBJIeHHS IaHHUX

JKYypCcop B IIOYaTOK IOPYyTOl CTPOKM
;BlOnpaBJieHHS KOMaHIU

TwW
;BlOnpaBJieHHS IaHHUX
;0
;BilOnpaBJIeHHS IaHHUX
ir
;BlOnpaBJieHHS IaHHUX
|
;BilONpaBJIeHHS IaHHUX
:d

;BlOnpaBJieHHS IaHHUX

JHECK1HUEHHUM LMKJII

;8 pospanie;2 crpoku;cuMmsonu 5*8

;BiOmpaBJieHHS KOMaHIU



MOV ACC,#0x08
BYIMKHEHUM

Icall send_com

MOV ACC,#0x01
eKpaHy

Icall send_com

MOV ACC,#0x06
3CyB eKpaHa

Icall send_com
MOV ACC,#0x0C
Icall send_com

ret
send_dat:
setb RS
Icall send
ret
send_com:
clr RS
Icall send
ret
send:
MOV DBP, ACC
AKyMyJIATOPY
clr RW
setb EN
Icall delay_1600mks
clr EN
clr RS
ret

delay:MOV R2,100
count:DJINZ R2, count
ret
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;IUCIIJIEN BMMKHEHUM, KYypCop

;BilOmpaBJieHHS KOMaHIU
;OoUMCTKa OuUCIJles, Kypcop B IOYaTOK

;BiOnpaBJieHHS KOMaHIU
;3CyB mokasHMKa nam" 4Ti Bmpaso,

; 3ab0pOoHEeHMUN
;BilOmpaBJieHHS KOMaHIU
sBBIMKHEHHHI OUCIJIE0
;BlonpaBiieHHsS KOMaHIM

;RS=1 (manni)

snignporpaMMa BimnpaBKM

;RS=0 (xomanma)

sOignporpaMMa BimnpaBKM

;BiOnmpoBka IOaHHMX y IOPT, 3

;RW=0 (zanyck)

;IIoYaToK TPpoOyouoIro 1MIyJbCy
> 3aTPUMKa

JKiHelub TPOOYOUOTO 1MIYyJIBECY
;oumcTka RS

delay 20ms:

MOV R3, #50
COUNT11: MOV R4, #200
COUNT12: DJINZ R4, COUNT12
piesamiz O

DINZ R3, COUNT11
pisumiz O

ret

;3aBaHTaxeHHs umcia X2
;3aBaHTaxeHHs umcia X3
;oexkpeMeHT R4 Ta UMk, AKLO HE

;oexpeMedT R3 Ta uUMKIl, AKIO He

IOBEPHEHHSI 3 NignporpaMumy 3aTPUMKM

delay_1600mks:

MOV R3, #4
COUNT21: MOV R4, #200
COUNT22: DJINZ R4, COUNT22

piesamiz O

;3aBaHTaxeHHs umcia X2
;3aBaHTaxeHHs umcia X3
;oexkpeMeHT R4 Ta UMk, AKLO HE
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DJINZ R3, COUNT21

piesamiz O

soexkpeMeHT R3 Ta UMk, AKWO He

ret IOBEPHEHHSI 3 NiAnporpaMumy 3aTPUMKM

ae lay 40mks:

MOV R4, #17 ;3aBaHTaxeHHa uucia X3
soexkpeMeHT R4 Ta UMk, AKIO HE

COUNT32: DJINZ R4, COUNT32

pisamiz O

ret ;TIOBEPHEHHSA 3 NianporpaMMy 3aTpPUMKMU

&esgl: db "ZNTU kaf. MiINE *,0
mesg2: db ‘Laba MPT *,0

END
LcD2 A
LMO16L
u1
L2 B xraLt PO.0/ADO (—32
PO.U/ADT [—=
T P0.2/AD2 [—==
—=— XTAL2 PO.3/AD3 [—=
PO.4/AD4 34
U’% i 0 = =Rl Wl = P&5MD5'—3§
-
Loy Ppw SZ2838E85 9 PO.6/ADE —=
RST PO.7/AD7 [—2=
P2.0/AB _EE
P2.1/A9 B
T P2.2IA10 [—52
20| FSEN P23/AT 52
T ALE P2.4/A12 B
=—EA P2.5/A13 [
P2.6/A14 o
P27/A15 [—==
—_ ; P10 P3.0/RXD —{%
- ] P11 P3AMXD [——
—{ P12 P3.2/INTO0 —=
= P13 P3.3iNTT —
51 P14 P3.4/TO G
7 P15 P3.5M1 [—=
| P16 PLE6MR —o
P17 P3.7/RD [—=
80C51
Pucynok 4.6 —-Cxema migkmoueHns koutponepa HD4470 mo 4-my OGitHOMY
iHTepdeiicy
Jlictuur IMpUKIaay nporpaMu Ijis 2 3aBJaHHA.
; DEFINITIONS
#include "i0o8051._h" ; Include register definition file




5 VARIABLES
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DBO = P1.0
DB1 = P1.1
DB2 = P1.2
DB3 = P1.3
RS = P1.5
RW = P1.6
EN = P1.7
; RESET and INTERRUPT VECTORS
; Reset Vector
ASEGN CODE_SEGO02:CODE, 0O
Ijmp Start
RSEG CODE_SEG:CODE ; Switch to this code segment.
Start:
Icall delay 20ms
Icall init_lcd SBUKJIMK HOinnporpamm ininianiszanii
LCD

MOV ACC,#0x80

Icall send_com

mov dptr, #mesgl
CTPOKM

Icall wr_string

MOV ACC,#0xCO

Icall send_com

mov dptr, #mesg2
CTPOKM

Icall wr_string

Loop:

Ijmp Loop
wr_string:

clr a

movc a, @a+dptr
anpeci B DPTR

inc dptr

jz str_end
Tak - BUX1nD

Icall send_dat
nanuux y LCD

Jjnz wr_string
no miTxm wr_string

str_end:
ret
init_lcd:
MOV  P1,#0x03
clr RS
clr RW

JKYPCOp B I[IOYATOK I[EPHOI CTPOKM
sBlIompaBiieHHs KOMaHIU
;3anmMc y pericTp-nokasHMK aIpecu

;BUKJIMK IignporpamMy BMBOIY CTPOKMU

JKypCOp B IIOYAaTOK IPYyTOlL
sBlompaBiieHHS KOMaHIN
;3anmMc y pericrp-rnoxasHMK

CTPOKM

angpecu

BUKJIMK NignporpaMyM BUBOLY CTPOKU
JHECKI1HUEHHUN LUKJI

,OUMCTKa aKyMyJdaTopa

;3anMc B aKyMyJsaTop OanTy 10

;306inemenna DPTR na omuumio
;repeBipka Ha kiHeu® CTOPOKM, SKIO
;axmo HE kineu® cTpoky - BinmpaBka

;akmo HE xineu® cTpoxky — nepexin

;8 poszpanie

;RW=0 (zanyck)



Icall strob

MOV P1,#0x02
TOYOK

clr RS

clr RW

Icall strob

MOV ACC,#0x28
TOUOK

Icall send_com

MOV ACC,#0x08
BYIMKHEHUM

Icall send_com

MOV ACC,#0x01
eKpaHy

Icall send_com

MOV ACC,#0x06
3CyB eKpaHa

Icall send_com
MOV ACC,#0x0C
Icall send_com

ret
send_dat:
setb RS
Icall send
ret
send_com:
clr RS
Icall send
ret
send:
JB ACC.4, labl1l
clr DBO
lab11:JINB ACC.4, labl2
setb DBO
lab12:JB ACC.5, lab2l
clr DB1
1ab21:INB ACC.5, lab22
setb DB1
1ab22:JB ACC.6, lab31l
clr DB2
1ab31:JINB ACC.6, lab32
setb DB2
1ab32:JB ACC.7, lab4l
clr DB3
lab41:JINB ACC.7, lab42
setb DB3
lab42:
clr RW

Icall strob

JB ACC.0, lab51

clr DBO
l1ab51:JNB ACC.0, lab52
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S CTpOoOyUMiA 1MIOYyJbC
;4 pozspanu;2 crpoku;cuMsBosiu 5*8

;RW=0 (zanyck)
S CTpoOyUMiA 1MIOYyJbC
;4 pozspanu;2 crpoku;cuMsBosiu 5*8

;BlOnpaBJieHHS KOMaHIU
S IUCIIJIEN BMMKHEHUM, KYypCop

;BlOnpaBJieHHS KOMaHIU
;OoUMCTKa OuUCIJles, Kypcop B IIOYaTOK

;BiOmpaBJieHHS KOMaHIU
;3CyB IOKas3HMKa nam" 4Ti BOpaso,

;3abopoHeHM
;BilOmpaBJieHHS KOMaHIU
SBBIMKHEHHS OMCILJIE
;BlonpaBiieHHs KOMaHOM

;RS=1 (manni)

snignporpaMMa BimnpaBKu

;RS=0 (xomanpa)

snignporpaMMa BipnpaBKM

;RW=0 (=zanyck)

s CTpoByuMit 1MMIyJbC



setb DBO
l1ab52:JB ACC.1, lab6l
clr DB1
l1ab61:JINB ACC.1, lab62
setb DB1
l1ab62:JB ACC.2, lab71
clr DB2
lab71:JINB ACC.2, lab72
setb DB2
lab72:JB ACC.3, lab8l
clr DB3
1ab81:JINB ACC.3, l1abh82
setb DB3

1ab82:clr RW
Icall strob

clr RS
ret
strob:
setb EN
Icall delay_1600mks
clr EN
ret

delay:MOV R2,100

count:DINZ R2, count
ret

delay_20ms:

MOV R3, #50
COUNT11: MOV R4, #200
COUNT12: DJINZ R4, COUNT12
pisumiz O

DINZ R3, COUNT11
piesamiz O

ret

73

;RW=0 (zanyck)
s CTpoByouUMiA 1MIOYyJbC
;oumcTka RS

;IIoYaTok CTpoBylUuoTro 1MIyJbCy
> 3aTPUMKa
skiHeub CTPOOYOUOT'O 1MIyJbCY

;3aBaHTaxeHHa uucia X2
;3aBaHTaxeHHa uucia X3
soexpeMeHT R4 Ta UMk, AKWO He

soexkpeMeHT R3 Ta UMk, AKWO He

IOBEPHEHHA 3 NignporpamMumy 3aTPUMKM

delay_1600mks:

MOV R3, #4
COUNT21: MOV R4, #200
COUNT22: DJINZ R4, COUNT22
piesamiz O

DINZ R3, COUNT21
pisumiz O

ret

;3aBaHTaxeHHa umcia X2
;3aBaHTaxeHHs umcia X3
soexpeMeHT R4 Ta UMk, AKLO HEe

soexkpeMeHT R3 Ta UMk, AKWO He

IOBEPHEHHA 3 NignporpamMumy 3aTPUMKM

delay_40mks:

MOV R4, #17
COUNT32: DJINZ R4, COUNT32
piesamiz O

ret

;3aBaHTaxeHHs umcia X3
soexpeMeHT R4 Ta UMk, AKWO He

IOBEPHEHHSI 3 NignporpaMumy 3aTPUMKM

mesgl: db "ZNTU kaf. MiNE ,0

mesg2: db “Laba MPT *,0

END
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5 JABOPATOPHA POBOTA Ne5 “CUCTEMM BBOJ1Y
THOOPMAIIT Y MIIC”

Mera pobGoTm — O3HaMOMHUTHCA 13 3arajJbHUMH IPUHIATIAMHA
opradizamii = CcHCTeMH  KiaBiaTypHoro  BBoay  iHdopmamii B
MiKpOMPOLIECOPHHUX CUCTEMAxX 3a IOTIOMOT OO TOTOBUX MOJYJIIB.

5.1 IpuHuunu nodynoBu cucremu BBoAy indopmanii y MIIC

Haiinpoctimm 3acobom BBOAy iHGOpMalii B MiKpONpOLIECOPHY
CHUCTEMY € pydYHE BBeleHHs iH(popMarii 3 Ki1aBiarypu. Y HaWMpoCTioMy
BUIAJIKy KJIaBiaTypa MOKe CKJIaaTUCS JIMIie 3 OHiel KHonkH (puc. 3.6).
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Pucynok 5.1 — Cxema migximodeHHs: kKHonku 0 MIIC

Y BumajKy 3acTOCyBaHHS OUIBIIOI KIJIBKOCTI  KHOIOK, SIKi
YTBOPIOIOTH KJIaBiaTypy, pO3POOHHUKY MOXKE MPOCTO HE BUCTAYUTH BITHHHIX
noptiB. 3 ypaxyBaHHSAM TOTO, IIO KOHTPOJIEp 3a3BUYail Ie BUKOHYE
¢yHKOii BUBOAY sKOICh iH(pOpMALii YM KEpyBaHHS IEBHOI KiJBKIiCTIO
BUKOHYIOUMX TPHUCTPOiB, [Ie MUTaHHS cTae npobiemoro. PimeHHAM mi€el
npoOJIeMH € CKITaJIaHHs KHOTIOK y MaTpHili, puc. 3.7.
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Pob6oTy MiKpOKOHTpOJIEpa TIPU TAKOMY ITiIKJIFOUSHHI YMOBHO MOYHA
npencrasutu Tak. [loptr PB (BuBogm 0-1-2) nanmamToBaHi Ha BUBII, y
BUXiTHOMY cTaHi Ha Buxoni «1». BuBoau mopty PD HanamroBani Ha BBiI.
Uepes cTpyMOOOMEXKYIOUdi PE3UCTOPH Ha BXOJaX MOPTIB MPUCYTHI JOTI4HI
omunuii. Yurauus nopry PD nae snauenns $ff. IIpu pobori MK ckanye
KJIaBiaTypy: mo 4yepsi nojae Ha BuBoau mopty PBO, PB1, PB2 noriuni nymni
1 omHOYacHO 3filicHIOe 4uwWTaHHS craHy mopty PD. VYV Bumagky
HATHUCKYBaHHS ONHi€l 3 KIaBill pe3ynbTaT uuTaHHs nopry PD Oyze
BiipisusTUCs Bix 3Hauenus $ff.
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PucyHok 5.2 — Cxema i IKIIFOYeHHsT MATPUYHOT KiiaBiatypu 3x8 (24 KHOIKH)

5.2 3aBnaHH4 10 J1aGopaTopHOI podoTH

1 OzsnaifomuTHCS 3 TPHHIOWIOM [ii Ta CIOcO0aMH OIWTYBaHHS
MaTpPUYHOI KJIaBiaTypH.

2 HapucyBatn OJIOK-CXeMy alTOPUTMY OIUTYBaHHS MaTpPHUYHOT
KIIaBiaTypH.

3 HapucyBatu 070K cxeMy 1 HamucaTd HporpaMy JUIsi BUBOAY Ha
LCD-aucriie#t cBoro mpi3Builla Hpu MigkiIro4eHHi Horo mpo MK mo 4-
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OiTHOMY iHTep(elicy y Tepiry CTpOKy Ta BUBOAY CHMBOJIIB 3 KJIaBiaTypH y
JpyTy CTPOKY.

4 3piicantn cumyisito podotn MIIC. 3a HasBHOCTI MTOMEIIOK
3HAWUTH 1 BUNPABUTH OMIJIKY aJITOPUTMY YH CaMOi IPOTPaMHu.

5 Odopmutu 3BIT, 3aHECTH O HBOTO PE3YJIbTATH MOJCIFOBAHHS.
3poOuTH BUCHOBKHU.

5.3 KoHTpoJILHI 3anuTaHHA

1. Ilpuanmun moOymoBM MaTPUYHOI KJIaBiaTypd Ta airopuT™m il
OITUTYBAHHS;

2. BpsI3KIT KOHTAKTy Ta CIoci0 HOro yCyHEHHS;

3. HeOe3neka oHOYacHOrO HATHCKaHHS [BOX 1 OuIbIIe KiaBim
OJTHOTO psAKa, CIocid HOro yCyHEeHHHS.

5.4 Ilpukiaag BUKOHAHHS 3aBAaHHSA

1 Creoputu mnpoekT sk B Tpukiagi 1.5 Ta BUKOPUCTOBYIOUH
IHCTpyMeHTH mporpamu y Bkiaaui Shematic Capture 3i0partu cxemy sik Ha
puc.:
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Pucynok 5.3 —Cxema miKIFOUYeHHS] MATPUYHOI KIIaBiaTypu

JlicTuHT pUKIIay TpOrpaMu JUis 3aBAaHHS

DEFINITIONS

EREEE
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#include "i08051.h" ; Include register definition file

DBO = P1.0
DB1 = P1.1
DB2 = P1.2
DB3 = P1.3
RS = P1.5
RW = P1.6
EN = P1.7
K1 = P2.0
K2 = P2.1
K3 = P2.2
KA = P2.4
KB = P2.5
KC = P2.6
KD = P2.7

; RESET and INTERRUPT VECTORS

; Reset Vector
ASEGN CODE_SEGO02:CODE, 0
Ijmp Start

CODE SEGMENT

RSEG CODE_SEG:CODE ; Switch to this code segment.
; Register bank 0 by default

Start:

Icall delay_20ms

Icall init_lcd JBUKJIMK Minnporpamu iHiniamiszsanii
LCD

MOV ACC,#0x80 ;KypCop B IOYATOK IepWoi CTPOKM

Icall send_com ;BinnpaBiieHHA KOMaHIM

mov dptr, #mesgl ;3anmuc y pericTp-nokasHUK aIpecu
CTPOKM

Icall wr_string ;BUKJIMK [1O0porpaMu BMBOLY CTPOKM

MOV ACC,#0xCO ;KypCOp B [OYaTOK OPYyTOi CTPOKMU

Icall send_com ;BinnpaBiieHHA KOMaHIM

MOV P2,#0xFF



Loop:
;OHMTyBaHHH
;OHMTyBaHHH
clr
JB
MOV
Icall
Icall
KIb12:JINB
;OHMTyBaHHH
KIb11:JB
MOV
Icall
Icall
KIb22:JINB
S, ONMTYyBaHHA
KIb21:JB
MOV
Icall
Icall
KIb32:JINB
;OHMTyBaHHH
;OHMTyBaHHH
KIb31l:setb
clr
JB
MOV
Icall
Icall
KIb42:JINB
;OHMTyBaHHH
Klb41:JB
MOV
Icall
Icall
KIb52:JINB
S, ONMTYyBaHHA
KIb51:JB
MOV
Icall
Icall
KIb62:JINB
;OHMTyBaHHH
;OHMTyBaHHH
KIb61:setb
clr
JB
MOV
Icall
Icall
KIb72:JINB
;OHMTyBaHHH

Kilb71:JB

pany A

pany A kHomka
KA

K1, Klbll
ACC, #
send_dat
delay_100ms
K1, Klbl2
pany A kHomka
K2, Klb21
ACC, #
send_dat
delay_100ms
K2, Klb22
pany A xHOmKa
K3, KIb31
ACC, #
send_dat
delay_100ms
K3, KIb32
pany B

pany B xuonka
KA

KB

K1, KlIb41l
ACC, #
send_dat
delay_100ms
K1, Klb42
pany B xuonka
K2, KIb51
ACC, #
send_dat
delay_100ms
K2, Klb52
pany B xHomka
K3, Klb61
ACC, #
send_dat
delay_100ms
K3, KIb62
pany C

pany C xuomka
KB

KC

K1, Klb71
ACC, #
send_dat
delay_100ms
K1, KIb72
pany C xuomka
K2, Klb81
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MOV
Icall
Icall

K1b82:JINB

S, ONMTYyBaHHA

KIb81:JB
MOV
Icall
Icall

KIb92:JINB

S, ONIMTYBaHHA

S, ONMTYyBaHHA

ACC, #0x38
send_dat
delay_100ms
K2, K1b82
pany C xHomka
K3, KIb9l
ACC, #0x39
send_dat
delay_100ms
K3, KIb92
pany C

pany C xHomka

KIb91l:setb KC

clr KD

JB K1, KlbAl

MOV ACC, #Ox2A

Icall send_dat

Icall delay_100ms
KIbA2:JINB K1, KIbA2
;ommrTyBanHsa pany C kHomnka
K1bA1:JB K2, KIbB1

MOV ACC, #0x30

Icall send_dat

Icall delay_100ms
K1bB2:JINB K2, KIbB2
;ommrTyBanHsa pany C kHomnka
KIbB1:JB K3, KIbC1

MOV ACC, #0x23

Icall send_dat

Icall delay_100ms
KIbC2:JINB K3, KIbC2
KIbCl:setb KD

Ijmp Loop
wr_string:

clr a

movc a, @a+dptr
anpeci B DPTR

inc dptr

Jjz str_end
Tak - BUX1nD

Icall send_dat

nauHux y LCD

Jjnz wr_string

no miTxm wr_string
str_end:

ret
init_lcd:

MOV P1,#0x03

clr RS

clr RW

Icall strob

79

JHECKI1HUEHHUN LUKJII
;OUMCTKAa aKyMyJaTopa
;3anuc B aKyMyJaTop OaiTy Mo

;36impmends DPTR ua ommuwmio
;IepeBipka Ha KiHeu® CTOPOKM, SKIO

;akmo HE xineu® cTpoxku - Binmpaeka

;axmo HE xineu® cTpoxm - mnepexipg

;8 poszpanie

;RW=0 (zanyck)

S CTpOoByoUMiA 1MIOYyJbC



TOYOK

TOYOK

MOV P1,#0x02

clr RS

clr RW

Icall strob
MOV ACC,#0x28

Icall send_com
MOV ACC,#0x08

BUMKHEHUM

Icall send_com
MOV ACC,#0x01

expaHy

Icall send_com
MOV ACC,#0x06

3CyB ekpaHa

Icall send_com
MOV ACC,#0x0C
Icall send_com
ret

send_dat:
setb RS
Icall send
ret

send_com:
clr RS
Icall send
ret

send:

labl1l:

labl2:

lab21:

l1ab22:

lab31:

1ab32:

lab41:

lab42:

JB ACC.4, labi1l
clr DBO
JNB ACC.4, labl2
setb DBO
JB ACC.5, lab21
clr DB1
JNB ACC.5, lab22
setb DB1
JB ACC.6, lab31l
clr DB2
JNB ACC.6, lab32
setb DB2
JB ACC.7, lab41l
clr DB3
JNB ACC.7, lab42
setb DB3

clr RW

Icall strob

JB ACC.0, lab51
clr DBO
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;4 pozspanu;2 crpoku;cuMsBosiu 5*8

;RW=0 (zanyck)
s CTpoByuMit 1MMIyJbC
;4 pozspanu;2 crpoku;cuMBosiu 5*8

;BlonpaBiieHHsS KOMaHIM
s OVICIIJIEY BMMKHEHMM, KypCcop

;BilOmpaBJieHHS KOMaHIU
;OouMCTKa OUCIJles, Kypcop B IOYaTOK

;BiOmpaBJieHHS KOMaHIU
;3CyB mokasHMKa nam" 4Ti Bmpaso,

; 3ab00pOoHEeHMUN
;BiOmpaBJieHHS KOMaHIU
sBBIMKHEHHHI OUCIJIE0
sBlonpaBiieHHsS KOMaHOM

;RS=1 (manni)

snignporpaMMa BipnpaBKM

;RS=0 (xomanma)

snignporpaMMa BimnpaBKu

;RW=0 (zanyck)

s CTpoByuMit 1MMIyJbC



l1ab51:JNB ACC.0, lab52
setb DBO
lab52:JB ACC.1, lab6l
clr DB1
l1ab61:JINB ACC.1, lab62
setb DB1
l1ab62:JB ACC.2, lab71
clr DB2
lab71:JINB ACC.2, lab72
setb DB2
lab72:JB ACC.3, lab81
clr DB3
1ab81:JINB ACC.3, l1abh82
setb DB3
1ab82:clr RW
Icall strob

clr RS
ret
strob:
setb EN
Icall delay_1600mks
clr EN
ret

delay:MOV R2,100
count:DJINZ R2, count
ret
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;RW=0 (zanyck)
s CTpoByouMit 1MMIyJsbC
;oumcTka RS

;royaTok CTpoBylduoro iMnysbcy
> 3aTpUMKa
;kKiHenb CTPOOYOUOTO 1MIOYyJBCY

delay_20ms:

MOV R3, #50
COUNT11: MOV R4, #200
COUNT12: DJINZ R4, COUNT12
pisamiz O

DINZ R3, COUNT11
piesamiz O

ret

;3aBaHTaxeHHa uucia X2
;3aBaHTaxeHHa uucia X3
soexkpeMeHT R4 Ta UMk, AKWO HEe

soexpeMeHT R3 Ta UMk, AKWO HE

IOBEPHEHHA 3 NignporpamMumy 3aTPUMKM

delay 100ms:

MOV R3, #255
COUNT31: MOV R4, #255
COUNT32: DJINZ R4, COUNT32
piesamiz O

DJINZ R3, COUNT31
pisumiz O

ret

;3aBaHTaxeHHa uucia X2
;3aBaHTaxeHHs umcia X3
soexpeMeHT R4 Ta UMk, AKWO He

soexkpeMeHT R3 Ta UMk, AKWO He

IOBEPHEHHA 3 NignporpamMumy 3aTPUMKM

delay_1600mks:

MOV R3, #4
COUNT21: MOV R4, #200
COUNT22: DJINZ R4, COUNT22
piesamiz O

DJINZ R3, COUNT21

;3aBaHTaxeHHs umcia X2
;3aBaHTaxeHHs umcia X3
soexpeMeHT R4 Ta UMk, AKWO He

soexkpeMeHT R3 Ta UMk, AKWO He
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pieumiz O

ret ;IIOBEepHEHHA 3 IignporpaMMy 3aTpPUMKU

delay_40mks:

MOV R4, #17 ;3aBaHTaxeHHs umcia X3
COUNT42: DJINZ R4, COUNT42 soexpeMenT R4 Ta uuki, AKWO He
pieumiz O

ret ;TIOBEPHEHHA 3 MNiAnporpaMMy 3aTPUMKKU

&esgl: db "Opros klaviatury",0
mesg2: db “Laba MPT ",0

END



83

6 JABOPATOPHA POBOTA Ne6 “OBPOBKA IH®OPMAIIIT
3A 10ITIOMOT OO MIIC”

Mera pobGoTm — O3HAMOMHUTHCA 13 3arajJbHUMH IPUHIATIAMHA
opradizamii = CcHCTeMH  KiaBiaTypHoro  BBoay  iHdopmamii B
MiKpOMPOLIECOPHHUX CUCTEMAxX 3a IOTIOMOT OO TOTOBUX MOJYJIIB.

6.1 3aranpHa XapakTepHCTHKA

Mikpo-EOM PpO3IJISIHYTOTO cimelicTBa € TUTIOBUMHU
MIKpOIPOIIECOPHUMH TIPUCTPOsiME 3 apXiTekTyporo CISC - 3i ctanmapTHIM
HabopoM komana. Tomy iX cucTeMa KOMaH[ JOCHTH OOIIMpPHA 1 BKIIIOYAE B
cebe 111 OCHOBHHMX KOMAHJ. [X JOBXHHA - OJWMH, JBa a0o0 Tpu Oaiira,
npudoMy OuTbIICTh 3 HUX (94%) - omHO- abo aByxOaiiTHOe. Bei komanu
BUKOHYIOTBCS 32 OZIMH 200 JBa MAIMHHKUX MUKy (BiamoBigHo 1 abo 2 Mkc
NpY TaKTOBiK yacToTi 12 MI'1r), BUHSTOK - KOMaHM MHOXKEHHS 1 JiTeHHS,
SIKi BUKOHYIOTBCS 338 YOTHPH MANTHHHUX IUKITY (4 MKC).

Mikpo-EOM  cimeiictea 8051  BHKOPUCTOBYIOTH  MpSIMY,
Oe3nocepeiHIo, HeMpsAMY 1 HESIBHY, aJIpecalliro TaHuX.

Ak omepanau komaHnx Mikpo-EOM cimerictea 8051 wmoxyTh
BUKOPHCTOBYBAaTH OKpeMi Oith, deTupexOiTHUX 1mdpu, OaltH i
JIByXOalTHOE CIIOBA.

Bei wi pucn 3BuuaiiHi ans Habopy komanza Oyne-skoro CISC-
nporecopa i B mopiBHAHHI 3 RISC HabopoM xomanp 3abesmedye Oibiry
KOMMAKTHICTh MPOTPaMHOTO KOy 1 301JIBIIIEHHS MIBUAKOI1 TP BUKOHAHHI
CKJIQJIHUX OTepalliid.

Y Toii ke uac, Habip komaHj cimeiictBa 8051 wMae kinbka
0COONIMBOCTEH, TOB'S3aHUX 3 THUIMOBAMH (YHKIISIMH BHUKOHYBaHHUMH
MiKPOKOHTPOJIEPAMH - YIIPABIIHHAM, ISl SKOTO TUIIOBUM € OTIEPYBaHHS 3
OJIHOPO3PSITHOTO  JIBIHKOBUMH CHTHAJIAMH, BEJIMKE YHUCIIO OINepariii
BBEJIEHHS BHBOIb 1 pO3Taly)XeHb mporpamu. Haiibinemr icToTHA
OCOOJIMBICTh CHCTEMH KOMaHJ PO3TIIHYTHX Mikpo EOM 116 MOXIIHMBICTB
ajipecariii OKpeMHX OIT B PE3UICHTHOI MaM'sTi TaHUX.

Kpim Toro, sk 3a3Havanocs, Aeski perictpu OJOKY pericTpis
crierianbHUX (YHKINH TaKoX JOIMyCKAaOTh aJpecariro okpeMux 6it. Kaptu
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ajpec OKpeMux OIT B PE3UJCHTHOI Mam'aTi JaHWX 1 B OJIOLI PETiCTpiB
crieniagbHUX QyHKIIN npeacTasieHi B Tadi. 11 2 Biamosigso [1, 3, 5].

6.1.1 Tunu xoMaHa

Beboro mikpo-EOM BukoHyiOTH 13 THITIB KOMaHI, BOHA HaBEJICHI B
Tabmuri. Sk BunMBae 3 Hel, mepmmii 6alT KOMaHIN 3aBXKIH MiCTUTh KOJ|
onepartii (KOIT), a apyruii i Tpetiii (K10 BOHK NPUCYTHI B KOMaHIi)

- ajapecu omepaHuiB abo ix Oe3nocepenHi 3HaueHHs. Y Tabn. 6.1
rokasani 13 tumis komanx MCS51.,

Taomuus 6.1 — Tunm komaag MCS51

Tun [epBerii 6aiiT | Bropoii 6aiiT | Tperuii 6aiT

KOMaHI1 D7...D0 D7...D0 D7...D0

Tun 1 KOII

Tun 2 KOIT #d

Tun 3 KOII ad

Tun 4 KOII bit

Tumn 5 KOIT rel

Tun 6 KOII a7...a0

Tumn 7 KOII ad #d

Tun 8 KOII ad rel

Tun 9 KOII ads add

Tum 10 KOIT #d rel

Tum 11 KOIT bit rel

Tun 12 KOII adl6h ad1el

Tun 13 KOII #d16h #d16l

6.1.2 [lo3Ha4yeHHsl, BAKOPUCTOBYBaHI MPH ONMUCi KOMAaH/
v Rn (n=0,1,...,7) — perictp 3araJibHOro MpPU3HAYCHHS B OOpaHOMY
0aHKyY pericTpiB;
Vv @RI (i=0, 1) — pericTp 3araJbHOr0 NMpPU3HAYECHHS B 0OpaHOMY OaHKY
pericTpiB, SIKMi BUKOPHCTOBYETHCS B SKOCTI PETICTPY HEMPSIMOTO
azpecH;
ad — azmpeca npsiMoapecyemoro Oaiita;
ads — azpeca npsMo anpecyeThbes GaliTa-pKepena;
add — agpeca npssiMo agpecyeThes balTa-oaepiKyBada;

< <K
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adll — 11-pospsiaauii aOCOMIOTHHI agpeca MePEeXoay;
ad16 — 16-po3psiaHuii aOCOMIOTHHI agipeca MePEexXoay;
Rel — BimHOCHMII afpeca nepexony;

#d — Ge3nocepeHiil OniepaH;

#d16 — 6e3mocepeHiii onepans (2 OaiiTa);

bit — anpeca npsiMo axpecyerncest OiTa,;

[Bit — iHBepcist mpsIMO aipecyeThes OiTa;

A — akymynsTop;

PC — miuniIbHUK KOMaHLI,

DPTR — perictp mokaX4uK JaHUX;

() — BMicT KOMipKH Tam'sTi abo pericTpa.

<<<K<<KKLKLKKLKKLKKK

6.1.3 Tunu onepanain

Cknan omnepaHIiB BKIO4ae B cebe onepaHIy YOTUPHOX THUIIIB. OiTH,
4-6itoBi nudpwu, Gaiitu i 16-6iToBI cioBa.

Mikpokontposiep Mae 128 mporpaMHO-KepOBaHHX MPAIOpiB
KopucTyBaua. € TakKOX MOXIIUBICTh ajpecallii okpeMux OiT OJoKy
perictpiB cnemianbHux (QyHKIiH 1 moptiB. s agpecamii  OiTiB
BHUKOPUCTOBYEThCS TpsiMmuii 8-6itoBy anpecy (bit). Henpsima aapecartist 6it
HemoxmBa. Kaptu ampec okpemux OiTiB mpeacraBieHi B Tabmumi 1 1 2.
YetnpéxOiTHHE OMNEpaHAd BUKOPUCTOBYIOTHCS TUIBKM TpPH OINEpaLisx
oominy (komanau SWAP i XCHD).

BoceMmibiTHEX omepaHIOM MOXKe OyTH OCEepeloK HaMm'saTi Iporpam
(PM) a6o nanux (pesunentHoi (RDM) a6o 3oBHimHb0i (EDM)), koHCcTaHTa
(6e3mocepenniit onepan), perictpu cremianbaux ¢ynkuii (SFR), a Takox
noptd BBeAeHHs / BuBoay. Iloptu 1 perictpu cremianbHuX (GyHKIIHR
aZpecylOThCA TIMBKA TPAMHAM CcIocoOoM. baliT maM'siTi MOXYTh
aJIpecyBaTHCs TaKOXK 1 HEMPSIMUM 4MHOM uepe3 aapecHi perictpu (RO, R1,
DPTR i PC).

JIByxOaiiTHOE€ OTepaHIM - II€ KOHCTAHTH 1 TpsAMi aupecH, Uit
MIOJJaHHS SIKUX BUKOPHCTOBYIOTBCS APYTHH 1 TpeTii 0aiiTh KoMaHIu.

6.1.4 Cnocodu agpecanii 1aHux
Y MIKpOKOHTpOJIEPi 3aCTOCOBYIOThLCSI TaKi METOIM ajapecallii JaHuX:
npsiMa, 6e3nocepeHs, HeMpsMa i HesiBHa.
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[Mpu HempsiMoMmy cmocobi aapecariii pe3nACHTHOI MaM'sTi JaHUX
BUKOPHUCTOBYIOThCS Bci BiciM 6iTiB aapecHux perictpiB RO i R1.

6.1.5 [Ipanopwu pe3yabTaty

CroBo crany nporpamu PSW Bkirouae cebe 4oTupu npamnopu:

Vv C -nepeHoc,

Vv AC - noniomixxHuit nmepeHeceHust (MOMymepeHoc),

Vv OV - nepenoBHEHHS

Vv P - mapurer.

[lpammop maputeTy Oe3mocepenHbO 3aJeKUTh Bil MMOTOYHOTO
3HAYEHHS aKyMyJsATOpa.

SKImo yrcno onWHUYHUX OITiB aKyMyJIsITOpa HEmapHe, To mparop P
BCTaHOBITIOETHCSI, & SKIIO MApHE - CKAAAEThCA. Bei cripoOu 3MiHWUTH mparnop
P, npuBnacHioroun oMy HOBOTO 3HAYEHHS, HE MPUHOCATH KOPHCTI, AKIIO
BMICT aKyMyJIITOpa MPU [bOMY 3aJIUIINTHCS HE3MIHHUM.

[Ipammop AC BCTaHOBTIOETHCS, SKIIO MPH BHUKOHAHHI Omeparii
JIOZIaBaHHs 1 BiJHIMAaHHS MK TeTpajgaMu Oaiita (HamiBOalTaMu) BHHHUK
MIEPEHOC 200 MO3MUKa.

[Ipamop C BCTaHOBIIOETHCS, SAKIIO B CTApIIOMy OHWTE pPe3yibTaTy
BHUHUKAE MEepeHeceHHs a00 Mo3uKy. [Ipn BUKOHAHHI omeparliif MHOXKEHHS 1
JTeHHS Tpanop 3 CKUIA€ThCS.

[Ipamop OV BCTaHOBIIOETHCS, SKIO PE3YIbTAT OMeparlii 1ogaBaHHS 1
BiJIHIMAHHS HE BKJIAQJA€ThCS B CeMH Oitax i crapmmii (BochMmuil) OiT
pe3yabTaTy HE MOXE iHTepIpeTyBaTHCs sIK 3HaKoBHH. IIpm BUKOHAHHI
omepauii aineHHs npanop OV ckupaerbes, a B pasi NOAUTY Ha HYJb
BCTaHOBIIOEThCs. [Ipm MHOXeHHI mpamop OV BCTaHOBIIOETHCS, SKIIO
pe3ynbTat Oinbie 255.

VY rtabnumi 6.2 mepepaxoBYIOThCSI KOMaHIM, NMPH BUKOHAHHI SKHX
MOIU(DIKYIOTECS TParopy  pe3ynbTaTy. Y TaOmuIi BIACYTHS IIparop
MApUTETy, TaK SIK HOTO 3HAYEHHS 3MIHIOETHCS yCiMa KOMaHIaMH, SIKi
3MIHIOIOTh BMICT akyMmyjsTopa. KpiM komana, HaBeIeHHWX Yy TaOIHiI,
nparnopu MOAU(DIKYIOTbCS KOMaHAaMH, B SKHUX MICHEM TPU3HAYCHHSI
pesynpTaTy Bu3HaueHi PSW abo #ioro okpemi OiTH, a TakoX KOMaHAaMU
ormeparliii Haj| GiTamH.



87

Tabmuns 6.2 — Komanau, 1110 MOIUQIKyHOTh Ppanopu

Komanau | Ipanopu | Komanmu IIpanopu
ADD C,OV,AC| CLRC C=0
ADC C,0V,AC| CPLC |C=NOT(C)

SuUuBB | C,OV,AC| ANLC,b C
MUL C=0,0V |ANLC,/b C
DIV C=0,0V | ONLC,b C
DA C ONLC, /b C
RRC C MOV C, b C
RLC C CJINE C

SETBC C=1

6.1.6 CumBoJIiuHa agpecanis

IMpu BukopucTaHHi acemOiiepa AJs OTPUMAHHS OO'€KTHHX KOIIiB
nporpaM JOMYCKAaeThCs 3aCTOCYBAaHHS B MPOTpamMax CHUMBOJIIYHUX iMEH
pericTpiB creriaabHuX (YHKIN, MOPTiB 1 1X okpeMux OiTiB (12011.6.2). s
azipecarlii OKpeMHX OiTiB i MOPTIB (Taka MOXKJIMBICTh € HE Y BCIX PEricTpiB
crieriagbHuX (YHKIIH) MOXHa BHKOPHUCTOBYBAaTH CHMBOJIYHE iM's Oita
HACTYITHOI CTPYKTypH: <iM's perictpa abo mopty>. <Homep Oita>.

Hanpukiiag, cumBojiiuHe iM's m'storo Oita akymyisTopa Oyne
HactynmHuM: ACC.5. cuMBOmIivHI iMEHa € 3ape3epBOBaHMMH CIIOBaMH, 1 iX
He Tpeba BU3HAYATH 3a JOTIOMOTOI0 JUPEKTHB acemOJepa.

6.2 I'pynu komana

Cucrema xomany cimerictea MCS-51 mictuts 111 6a30BUX KOMaHI,
K1 32 QYHKIIOHAJIBHOIO 03HAKOI0 MOYKHA TIOAUTUTH Ha I'SITh TPYIL:
NepecuyiaHHs JaHuX,;
apu(pMeTHIHHX OTeparlii;
JIOTIYHHX OTIeparii;
oreparliit Haj OiTamu;
nepenavi yrnpaBiIiHHS.

dopmar KOMaHI - OHO-, IBO- 1 TPEXOAUTOBHH, TPUIOMY OLITBIIICTH

xkomaHn (94) matoth (opmar oauH abo nBa Oaiitu. [lepmit GaiT Oymab-
SAKHX THUIy i QopMaTy 3aBXIM MICTUTh KOJ Omepalii, Apyruid i TpeTii
OaifTu MicTATH a00 aapecH onepaHAiB, abo Oe3nocepeHi OnepaHIn.

<<<KKK
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Cknan omnepaHIiB BKIIO4ae B cebe onepaHIn YOTUPHOX THUIIIB. OiTH,
terpaau (4 6it), Gaiitu 1 16-6iToBi croBa. Yac BUKOHAHHS KOMaH] CKJIaaae
1, 2 a6o 4 mamuaHuX nuKay. [Ipu TakToBid wactoTi 12 mI1I| TpUBamicCTH
MAaIIMHHOTO UKy CKIaaae 1 MKc, IpH [IbOMY KOMaHIH BUKOHYIOThCS 3a 1
MKC, 45 KoMaH T - 32 2 MKC 1 2 KoMaH1u (MHOXEHHS 1 JTieHHs) — 3a 4 MKC.
Habip komang MCS-51 nmiaTpuMye HacTYIHI peXXUMH aapecalrtii.

IMpsima anpecartis (Direct Addressing). Onepana BH3HAYa€eThCs 8-
OiToBUM azpecoro B iHCTpykiii. Ll ajmpecallis BUKOPUCTOBYEThCS TIIBKH
JUTSL BHYTPIIIHBOI MaM'sTi JaHuX 1 perictpiB SFR.

Henpsima anpecamiss  (Indirect Addressing). B 1pomy Bumaaky
IHCTPYKIIiSL ajpecye pericTp, M0 MICTUTh aapecy omepaHna. Jlanuii Buj
azipecallii MOXe 3aCTOCOBYBATHUCS TIPH 3BEPHEHHI K IO BHYTPILIHBOTO, TaK
i 3oBuHimHBOro O3Y. J[lnga BkaziBku 8-0iTOBHX ajpec MOXYTh
BukopuctoByBatucs perictpu RO i R1 Bubpanoro peectpoBoro 6anky abo
nokax4duk creka SP. Jlns 16-6iTHol aapecallii BUKOPUCTOBYETHCS TUIBKH
perictp "mokaxunk qanux" (DPTR - Data Pointer).

PeectpoBa anpecariiss  (Register Instructions). lana anmpecartis
3aCTOCOBY€EThCS i jocTyny a0 perictpiB RO ... R7 oOpanoro OaHky.
Komanau 3 peectpoBoi anpecalliero MicTaTh B OalTi kony omepariil
Tpex0OiToBOe TOJe, MmO BH3HA4Yae HoOMep perictpa. Bubip omgHOro 3
YOTUPHOX PEECTPOBUX OaHKIB 3AIHCHIOETBCS TPOTpaMyBaHHIM OiTiB
cenektopa 6anky (RS1, RSO) B PSW.

Besnocepenns aapecarist (Immediate constants). Onepana MiCTUTBCS
Oe3nocepeTHRO B MO KOMaHIU YCIijl 32 KOJIOM OTIeparlii i Moxe 3aiiMaTH
omuH abo gBa Oaittu (data8, datal6). Immexcha anpecamis (Indexed
Addressing). Ingekcha azapecailiss BUKOPUCTOBYEThCS TPH 3BEPHEHHI 0
maMm'sITi MporpaM i TUTBKKA TpW YnTaHHI. B mboMy pexuMi 3MiHCHIOETHCS
nepersil TabiuIb B maM'siTi mporpam. 16-6itosuii perictp (DPTR a6o PC)
BKa3ye 0a30By ajipecy HEOOX1THOT Ta0HIll, a aKyMyJISITOp BKa3y€e Ha TOYKY
BXOJy B Hei. Anpeca eneMeHTa TaONHIll 3HAXOIUTHCS CKIaJaHHIM 0asd 3
iHIeKCOM (BMiCTOM aKyMyJIsITopa).

IHmmi THO iHAEKCHOI azapecallii 3aCTOCOBYEThCS B KOMaHJax
"mepexomxy Ha BubOip" (Case Jump). TIpu mpoMy ajapeca TEpPEeXoay
O00YHCITIOETHCS SIK CyMa TIOKaKYHKa 0a3u 1 akyMyIsTopa.

Hesieua anpecartist (Register-Specific Instructions). Jleski iHcTpykirit
BUKOPHUCTOBYIOTh IHIUBiIyanbHi perictpu (Hampukiag, omnepamii 3
akymyssitopom, DPTR), npu 1boMy J1aHi PericTpu He MariTh apecH, 0
BKa3ye Ha HUX; II€ 3aKJIaJICHO B KOJ{ OTIepaIlii.



89

6.3 Komanau nepena4i qnanmx

s rpyna mpencrasieHa 28 koMaHAaMu, X KOPOTKHI OMKC HABEJCHO
B 1oatky 1, 1e Takox BKazaui T komauau (T) BiamoBimHO 10 Tabui, i
nowkuHa B Oaiitax (B) i yac BukoHaHHs B MamuHHUX ukiaax (I1). Bimbmry
YaCTUHY KOMaHJ JaHOi TPYIU CKIAJAI0Th KOMaHIU Iepenadi i oOMiHy
OaiitiB. Komangu mnepecunanHs OiTiB TpeACTaBlieHI B TPyIi KOMaHI
OiToBux omepariii. Bci komanan miei rpynmu He MOAHM(DIKyIOTH Tpamopu
pe3ynbTaTy, 3a BUHATKOM KOMaH] 3aBaHTaxeHHs PSW i akymymsaropa
(mpanop napurery).

3a komanmoro MOV BHUKOHYEThCS TEpECHIaHHS TaHWX 3 JPYroro
omnepaHja B NEPILUH.

Lls koMaH/a HE Ma€ JTOCTYITY Hi JIO 30BHINIHBOT MaM'sITi JaHUX, Hi J0
nam'saTi mporpaM. s mux 1mined npusHaveni komangu MOVX i MOVC
BiamoBigHo. Ilepina 3 Hux 3abe3neuye yntaHHs / 3anuc GAMT i3 30BHIITHBOT
nam'saTi JaHuX, Ipyra - YATaHHs OalT 3 mam'aTi Iporpam.

3a  komangoro XCH  BuKOHyeTbcs 0OMiH  OaiftamMmu  Mix
akymyistopom i1 ocepenkom PIIJI, a mo xomanmi XCHD - oOwmin
Mosoamumu Tetpagamu (6iramu 0 - 3).

Komanmau PUSH i POP npu3HayeHi BiIOBIIHO IS 3aIUCY JIAHUX B
CTEK 1 iX YMTaHHA 3 CTEKA.

PosMmip creka oOMeXeHWid JHIIe PO3MIPOM PE3UACHTHOI IaM'siTi
naHux. B mporieci iHimianizarii Mikpo-EOM micis curHany ckumanHs abo
Npy BKIIOYEHHI Hampyrd skuBieHHs B SP 3anocutbes kox O7H. Ile
O3Hauae, M0 MEepIINid eJIeMEHT CTeKa OyZe pO3TalloBYBaTHCS B KOMIpIIi
nam'sti 3 agpecoro 08H.

I'pyna xomaHa mepecuinanb MiKpOKOHTPOJIEpA MAE TaKy OCOOJIUBICTb
- B HIM HeMae cHemiaJbHUX KOMaHI I POOOTH 3i CHEeIialbHUMHI
perictpamu: PSW, Taiimepom, moptamu BBeJCHHS-BUBEeHHS. JlocTym 10
HUX, SK 1 JI0 IHIOMX PericTpiB crenianbHUX (QYHKLINA, 301HCHIOETHCS
3aBaHHSAM BiATIOBITHOTO MPSIMOTO aJIpecH, TOOTO 16 KOMaHAW 3BHYANHIX
TIepeChiIalb, B SKUX 3aMiCTh aJpecy MOXKHA CTaBUTH HA3BY BiIOBIIHOTO
perictpa.

Hanpuxman, yntanas PSW B akymynsatop Moxe OyTH BHKOHAaHO
komaunoro MOV A, PSW sika mepeTBoproeTbess AcceMONIiepoM JI0 BUIY
MOV A, 0DOh (E5 DO0), ne E5 - xox omepariii, a DO - onepann (ampeca
PSW).
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6.3.1 Ctpykrypa indopmanilinux 3B'A3KiB

3anexHO Bij crmocoOy azapecalii 1 Miclis po3TamlyBaHHs OmepaHia
MOXKHa BHWIUTUTH JAEB'SITh THUIIB OMNEPaHIiB, MDK SKAMH MOXKIUBHUI
iHdopmariiauit  oOmiH. ['pad MoXIMBHX omepamiii Tepenadi  AaHUX
nokazanuii Ha puc. 20. [lepeaayi JaHUX MOXYTh BUKOHYBaTHCS Oe3 y4acTi
akymyssitopa [1].

FM EDM

@DPTR| | @PC ‘ @DPTR L@'Ri
%

SFR ™. \ /‘ e
RDM
opTot T i \ /. RDM
DPTR ﬂ ad > A e @Ri c
y 9 f / i
N ‘
#d16 Rn 4d bit

Pucynok 6.1 — I'pad nuisxis nepepadi JaHHHX

6.3.2 3BepHeHHS 10 aKyMYJIATOpa

3BEepHEHHS 10 aKyMyJIsITopa MOKe OyTH BUKOHAHO 3 BUKOPUCTAHHIM
HEsIBHOT 1 psIMOT ajpecarlii. 3aJeKHO Bijl CIoco0y ajpecallii akyMyJsTopa
3aCTOCOBYEThCS OJHE 13 cuMBouiYHUX iMeH: A abo ACC (mpsimuii aapecy).
IMpn mpsimoi anpecarii 3BepHEHHS 10 aKyMYJIATOpa MPOBOAWUTHCS 5K JI0
OJTHOTO 3 PEeTiCTpiB clemiadbHuX (QYHKIIH, 1 Horo ampeca BKa3yeThCs B
IpyroMy OaiiTi komMaHau. BukopuctanHs HesBHIN ajpecanii akymynsTopa
Kpalle, aje He 3aBKIH MOXKJINBO, HANPHUKIIAJ, PU 3BEPHEHHI 10 OKPEMHX
OiTam akymymsTOpAa.

6.3.3 3BepHeHHS 10 30BHIIHBOT aM'ATi TaHUX
ITpu Bukopuctanui komang MOV X @Ri 3abe3mnedyeThest AOCTYII JI0
256 OaiiTam 30BHIIIHBOI MaM'sITi JaHHUX. [CHYe TaKOX PeKUM 3BEPHEHHS 10
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pO3IIMPEHOT  30BHINIHBOT  MaM'ATi  JaHWUX, KOJAM JUIsl  JIOCTYITY
BUKOPUCTOBYETbCsL 16-0iToBY azapecy, mo 30epiraeTbCsi B pericrpi-
nokax4yuky manux DPTR. Komanan MOVX @DPTR 3a6e3nedyioTh
noctyn 1o 65536 OaiiTiB 30BHIIHKOT mam'sati ganux. PM EDM SFR RDM
RDM Man. 20. I'pad muisixiB nepepadi JaHux

6.4 Apudmernuni onepauii

Jany rpymy ytBoproroth 24 komanmu (nuB. Jomatox bB), mio
BUKOHYIOTh OIepallil CKJIaJaHHs, JECITKOBOI KOpeKiii, MHKpemeHrta /
JeKpeMeHTa 0aiTiB. € KOMaHIU BiHIMaHHS, MHOXKEHHS 1 TiJIEHHS OaiTiB.

Komanmu ADD i ADDC nomyckaroTh CKJIaJIlaHHS aKyMyJisiTopa 3
BEJIMKUM 4HCJIOM omnepaHaiB. AHajnoriuHo komaamam ADDC icHyrooTh
yotupu komanmu SUBB, mo mo3Boisie JOCHTh MPOCTO TMPOBOIUTH
BiIHIMaHH: 0aiTiB 1 0araro0aToOB] ABIMKOBUX YHUCEIL.

Y  MIKpOKOHTpOJIEPI peani3yeThCsl PO3MIMPEHHIA CITUCOK KOMaH]]
WHKpeMeHTa / jeKkpeMeHTa OaiiTiB, KOMaHIa HWHKpeMeHTa 16-GiTHOro
pericTpa-rnoKaxuuka JaHuX.

3a pesynpTatom BukoHaHHs komanjy ADD, ADDC, SUBB, MUL i
DIV BcranosmtoroTecs npanopu PSW, cTpykTypa sikux HaBeneHa B Ta0uI. 4.
IIpanop C BcTaHOBIIIOETHCS TIPH TepeHeceHHi 3 pospsaay D7, 1. E. V pasi,
SKIIO pe3yJabTaT HE TOMINIAETbCS B BiciM  pospsai; mpamop AC
BCTaHOBITIOETHCS TIPH TIepeHeceHH1 3 po3psaay D3 B komaHgax momaBaHHS i
BiTHIMAHHS 1 CIIYXKHUTb JIJIS peamizallii qecsaTKkoBoi apudgmernku. Lls o3Haka
BUKOpUCTOBYETbCs koMaHnoro DAA. Tlpamop OV BCTaHOBIIOETHCS MpH
nepeHeceHHi 3 po3psay D6, T. E. ¥V pasi, Ko pe3ynbTar He MOMIIAEThCs
B CIM PO3pAIiB i BOCBMHUI HE MOXKE OyTH IHTEPIIPETOBAHHH SIK 3HAKOBUH.
s o3HaKa cirykuTh AJs opraHizamnii 00poOku dncen i3 3HakoM. Haperrri,
npanop P BCTaHOBIIOETBCS 1 CKHUIAETHCS amapaTHO. SKIIO YHUCIO
ONVHUYHUX OIT B aKyMynaTopi HemapHiif, To P = 1, B iHmoMy Bumagky
P=0.

6.5 Jloriuni onepauii

Jany rpymny yrBoprotoTh 25 komann (muB. Jlomarok bB), mio
peanizyroTh (QYHKIIOHAJILHO TIOBHY CHCTEMY JIOTIUHUX OIepamii Hal
OaiitaMu. Y MIKpOKOHTPOJIEpPI PO3MIMPEHO YHCIO THIIB OMEPaHIiB, IO
0epyTh ydacTh B omeparisx. € MOXKIUBICTh pOOUTH OMepallito "'BHKIIOYAE
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ABO" 3 Bwmicrom mopriB. Komanma XRL wmoxe Oytu edekTuBHO
BUKOpHUCTaHa JyIsl iHBepCii OKpeMuXx OiTiB OPTIB.

6.6 Komanau nepenaui ynpasJiinus

Jlo manoi rpynu komaun (muB. Jlomatok B) BigHOCATBCS KOMaH/IH,
YMOBHOTO 1 O0€3yMOBHOTO pO3raily’K€HHsS, BHIKJIWKY MiAIporpaMm i
MOBEpHEHHS 3 HHUX, a TaKOXK KoMaHja mopoxHi oneparii NOP. V
OLIBIIOCTI KOMaHJI BUKOPUCTOBYEThCS TpsMa ajpecailis, TOOTO ajpeca
nepexoay miikom (abo #HOro dvacTWHa) MICTHTBCS B caMiii KOMaHIi
nepenavi  ynpaeiiHHSA. MoOXKHa BHIUINTA TPH PI3HOBUAM KOMaH]
pO3rajyKeHHs 110 PO3PSAHOCTI 3a3HAUCHUX BUIIE a/IPECH MEPEXOLY.

6.6.1 loBruii nepexin

Iepexing mo BCHOMY aJpPECHOrO MPOCTOPY MaM'sATi mporpam. Y
KOMaHIi MicTuThCs mOBHHMI 16-0iToBy aapecy mnepexomy (adl6).
TpexOaifTHHEe KOMaHIX JOBIOTO MEpexoqy MIicTaTh B MHeMokona OykBy L
(Long). Berworo icuye aBi Taki komauau: LIMP - nosruii mepexin i LCALL
- IOBIUH BUKIHUK mianporpamu. Ha mpakTuili pijko BUHUKAE HEOOXiTHICTB
Mepexoqy B  MeXax BCBHOTO  aJpecHOro TPOCTOpy, 1  dacrTimie
BUKOPHUCTOBYIOTHCSI YKOPOUYEHI KOMaHU MEepPexoy, 110 3aiiMaloTh MEHIIe
MICIIS B IIaM'ATI.

6.6.2 AdcomoTHmii mepexin

[lepexing B Mexax oJiHi€] CTOPIHKH MaM ST mporpaM pozmipom 2048
OaifriB. Taki KoMaHOM MICTATH Timbku 11 Momommmx OiTiB aapecu
nepexony (adll). Komanmu aOCONMIOTHOTO Tepexoay MaroTh (opmar 2
Oaiita. IlouatkoBa OykBa muHemokoma - A (Absolute). Tlpu BukoHaHHI
KOMaHAMd B PO3PaxyHKOBOMY aJIpecy HACTYITHOI 10 TMOPSAKY KOMAaHId
((PC) = (PC) + 2) 11 monommmx OiTiB 3aMiHIOIOTBCS Ha adll 3 Tima
KOMaH]I1 a0COJFOTHOTO MEPEXOTy.

6.6.3 BizHocHuii mepexin
KopoTkuii BimHOCHHI Tepexi] JAO3BOJSIE TIEpENaTH YNPaBIiHHI B
Mexax Bim - 128 go +127 OaiiT momo aapecu HACTYIMHOI KOMaHIU
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(xomanau, HacTymHOTO MO MOPSIAKY 3@ KOMAHIOK BiJJHOCHOTO MEPEXOJY).
IcHye omHa KOMaHIa KOpOTKOro 6e3ymoBHoro nepexoay SJIMP (Short). Bei
KOMaH/IM YMOBHOTO ITIE€PEX0y BHKOPHCTOBYIOTh AaHHH METOJ ajpecailii.
BinnocHwuii anpeca nepexomy (rel) mictutbes B Apyromy 6aiTi KOMaHIH.

6.6.4 Henpsamuii mepexig

Komanga JMP @ A + DPTR nosBosisie mepemaBaTti yrpaBiiiHHS 3a
HETPSIMUM aJIpECOI0.

s xomaHma 3pyyHa THM, IO HaJa€ MOXKIHWBICTh Oprasizarii
TIEPEXO0/y 3a aapecoro, 0OUMCIIOBAHOMY CaMOIO MPOTPaMoI0 i HEBiToMOMY
NPY HAITMCAHHI BUXIJHOTO TEKCTY MPOTPaMHU.

6.6.5 YMoBHi nepexoan

CucrtemMa yMOBHUX TIEPEXOJiB HaJa€ MOMXJIMBICTh 3iHCHIOBATH
pO3ray’KeHHS 38 HACTYITHUMH YMOBaMH: aKyMYJIATOP MIiCTUTh HyIb (JZ),
BMICT akymyJsitopa He aopiBHioe Hymo (JNZ), mepeHeceHHs JOpiBHIOE
omunauniti (JC), mepenecenns popisuioe Hymo (JNC), agpecoBanmii OiT
nopisuioe oqunwuii (JB), anpecoBanwii 6it qopisuioe Hyio (JNB).

Jus opranizamii TporpaMHHAX IUKIIB 3pyYHO KOPHCTYBATHUCS
komaHnoo DINZ. Sk nmiumnbHUKA IUKIIB MOXXE BHKOPHCTOBYBATHCS HE
TUTBKH PETICTp, ayie 1 MPsIMO-aJpecyeThesi OaiT (HampuKiIam, OCepeaoK
PE3UACHTHOI aM'sITi TaHKX).

Komanma CINE edekTHBHO BHKOPHUCTOBYETHCS B MPOIEAYypax
OuiKyBaHHs sKOi-HeOy b moii. Hampuknan, komanga WAIT: CINE A, PO,
WAIT Oyne BuKOHyBaTuCS 1O THX Tip, TOKM Ha MiHiAx mopty O
BCTaHOBHTHCS iH(OpMAILis, 0 30iraeThCsl 3 BMICTOM aKyMYJISITOPA.

Bci xomannu nanoi rpymu, 3a BuHsATkoM CINE i JBC, He poOnsaTh
BBy Ha mnpanopu. Komamma CJINE Bcranosmioe mpamop C, skmio
MIEPITNI OTlepaH]] BUSBISIEThC MeHIIe apyroro. Komanma JBC ckmmae
npamnop C B pa3i nepexomy.

6.6.6 Ilinmporpamu

Jnst 3BepHEHHS [0 WiAOpOrpaM HEOOXiHO BHUKOPUCTOBYBATH
komanau BuKiMKy miamporpam LCALL i ACALL. Li komMaHau Ha BiIMiHY
Bin komaHnm mepexomy LIJMP i AIJMP 36epiraroth B CTEeKy aapecy
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MOBEPHEHHSI B OCHOBHY mporpamy. [y MOBepHEHHS 3 MiANporpamu
HeoOxinmHo BukoHaTu komanay RET. Komanma RETI BinpizHserscs Bin
komauau RET tuM, mo mo3Bolisie mepepruBaHHs 0OCITyTOBAaHOTO PiBHSL.

6.7 Onepanuii 3 ouTamun

BiaminHorO ocobnuBicTIO aHol rpynu komana (auB. Jlogarok 5) e
T€, IO BOHU OINEPYIOTh 3 OJMHOOITHUH omnepaHiamMu. B SKOCTI Takux
OTIepaH/iB MOXYTh BUCTYMATH OKpeMi OIiTH JAECSIKHX PEricTpiB CelialbHUX
¢dbyHKIiA 1 mopTiB, a Takox 128 mporpaMHHX MpAaNoOpiB KOpHCTyBada.
Icayroth komanau ckumanus (CLR), ycranoku (SETB) i inBepcii (CPL)
0i-TOB, a TaKOXK KOH'FOHKIIIT 1 JIU3'FOHKIIIT 0iTa 1 Tpanopa NepeHeCeHHs. sl
aapecartii 0i-TOB BUKOPHUCTOBYEThCA NPSIMHHA BOCHMH3ApPATHHUI afpeca
(bit). Henpsima anpecartist 6iTiB HEMOKJIHBA.

6.8 3aBnanus 10 JaGopaTopHoi podoTH

1 OzHailoMHUTHCS 3 CUCTEMOIO KOMaHJ Ta MOMJIMBOCTSIMH YMOBHUX
nepexoIiB y MikpokoHTposiepax Ha 6a3i 8051.

2 HapucysaTu 0J10K-CXeMy aJITOPUTMY pOOOTH KOJIOBOTO 3aMKa.

3 HapucyBatu OJIOK cxeMy 1 HammcaTH NpOrpamy JJIsi BHBOXLY Ha
LCD-aucriieit craTycy 3aMka mpu mijakiitoueHHi ioro 10 MK mo 4-6itHomy
iHTep(delicy y mepiry CTpOKy Ta MPOrpecy BBOAY KOAY 3 KIaBiaTypH y
ApYTy CTPOKY.

4 3piticautu cumyisanito podorn MIIC. 3a HasBHOCTI MOMHJIOK
3HAWTH 1 BUNIPABUTH MMOMUJIKY JITOPUTMY YU CaMOi MPOTPaMHu.

5 Odopmutn 3BiT, 3aHECTH IO HBOTO PE3YIBTATH MOJCITFOBAHHS.
3poOnTH BICHOBKH.

6.9 KoHTpoJibHi 3anuTanHs

1 Ipunuun moOy10BH Ta aNrOpUT™M poOOTH KOAOBOTO 3aMKa,

2. BpsI3KIT KOHTAKTy Ta CIoci0 HOro yCyHEHHS;

3. HeOe3neka oHOYacHOrO HATHCKaHHS [BOX 1 OuIbIIe KiaBimI
OJTHOTO psiKa, CIOCiO HOro yCyHEeHHSI.
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6.10 IMpuxyiax BUKOHAHHSA 3aBIAAHHS

1 CrBoputH mpoekT sk B mpukiaai 1.5 Ta  BHUKOPUCTOBYIOUH
IHCTpyMEHTH mporpamu y Bkiaam Shematic Capture 3ibparu cxemy sik Ha
puc.:

SR ATEY
4 5 3/
TiBiE
0
Pucynok 6.3 —Cxema K0I0BOTO 3aMKa
JlicTUHT npuKIIaay TpOrpaMu JJis 3aBJaHHS
- DEFINITIONS
#include "i08051.h" ; Include register definition file

> VARIABLES

P}
=
([T

=
>
L O VO VI 1

P1.0
P1.1
P1.2
P1.3
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; RESET and INTERRUPT VECTORS

; Reset Vector
ASEGN CODE_SEGO02:CODE, O
Ijmp Start

; CODE SEGMENT

RSEG CODE_SEG:CODE Switch to this code segment.

Register bank 0 by default

Start:

Icall delay_20ms

Icall init_lcd JBUKJIMK Minnporpamu iHiniamisanii
LCD

MOV P2,#0xFF

Icall start_c

MOV ACC,#0x80 ;KypCOp B [IOYaTOK IIEeploi CTPOKU

Icall send_com ;BilONpaBJIeHHA KOMAaHIM

mov dptr, #mesgl ;3anmMc y pericrp-rnoxkasHMK alpecu
CTPOKU

Icall wr_string ;BUKJIMK MiOnporpaMyu BUBOOY CTPOKM

MOV ACC,#0xCO ;KypCOp B IOYATOK OPYyIOi CTPOKMU

Icall send_com ;BinnpaBiieHHA KOMaHIM

Loop:
onurTyBaHHa pany A
onurTyBaHHa pany A kuHonka 1

clr KA

JB K1, Klb11l

MOV ACC, #Ox2A

Icall send_dat

MOV ACC, #0x31

Icall compare

Icall delay_100ms
KIb12:JINB K1, Klb12
sonmuTyBaHHa pany A kHonka 2
KIb11:JB K2, Klb21

MOV ACC, #Ox2A

Icall send_dat

MOV ACC, #0x32

Icall compare

Icall delay_100ms
KIb22:JINB K2, Klb22
sommTyBaHHda pany A kdHonka 3
KIb21:JB K3, Klb31l

MOV ACC, #Ox2A



Icall
MOV
Icall
Icall
KIb32:JINB
;OHVITyBaHHH
;OHVITyBaHHH
KIb31l:setb
clr
JB
MOV
Icall
MOV
Icall
Icall
KIb42:JINB
S, ONMTYyBaHHA
Klb41:JB
MOV
Icall
MOV
Icall
Icall
KIb52:JINB
S, ONMTYyBaHHA
KIb51:JB
MOV
Icall
MOV
Icall
Icall
KIb62:JINB
S, ONMTYyBaHHA
S, ONMTYyBaHHA
KIb61:setb
clr
JB
MOV
Icall
MOV
Icall
Icall
KIb72:JINB
;OHVITyBaHHH
KIb71:JB
MOV
Icall
MOV
Icall
Icall
KIb82:JINB
;OHVITyBaHHH

KIb81:JB

send_dat

ACC, #

compare
delay_100ms

K3, KIb32

pany B

pany B xuonka 4
KA

KB

K1, Klb41l

ACC, #
send_dat

ACC, #

compare
delay_100ms

K1, Klb42

pany B xuomka 5
K2, KIb51

ACC, #
send_dat

ACC, #

compare
delay_100ms

K2, KIb52

pany B xuonka 6
K3, Klb61

ACC, #
send_dat

ACC, #

compare
delay_100ms

K3, KIb62

pany C

pany C xuonka 7
KB

KC

K1, KIb71

ACC, #
send_dat

ACC, #

compare
delay_100ms

K1, Klb72

pany C xuonka 8
K2, Klb81

ACC, #
send_dat

ACC, #

compare
delay_100ms

K2, KI1b82

pany C xuomnka 9
K3, KIb91l
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MOV ACC, #Ox2A

Icall send_dat

MOV ACC, #0x39

Icall compare

Icall delay_100ms
KIb92:JINB K3, Klb92
sonurysaHHa pany C
;ommrTyBanHsa pany C kHomnka
KIb91l:setb KC

clr KD

JB K1, KIbAl

MOV ACC, #Ox2A

Icall send_dat

MOV ACC, #Ox2A

Icall compare

Icall delay_100ms
KIbA2:JINB K1, KlIbA2
somurysaHHa pany C xuonka 0O
KIbA1:JB K2, KlbB1

MOV ACC, #Ox2A

Icall send_dat

MOV ACC, #0x30

Icall compare

Icall delay_100ms
KIbB2:JINB K2, KlbB2
sommryeanHsa pany C kdonka #
KIbB1:JB K3, KIbC1

MOV ACC, #Ox2A

Icall send_dat

MOV ACC, #0x23

Icall compare

Icall delay_100ms
KIbC2:JINB K3, KlbC2
KIbCl:setb KD

*

Ijmp Loop SHECKIHYEHHMIM LVIKJI
start_c:

setb P2.3

clr P1.4

mov dptr, #code

MOV R6, DPH

MOV R7, DPL

MOV ACC,#0x01 ;O0UMCTKa IOUCIUIes, KypCoOp B IIOYATOK
eKpanHy

Icall send_com ;BinnpaBiieHHA KOMaHIM

MOV ACC,#0x80 ;KypCOp B IOYATOK MEepUoi CTPOKMU

Icall send_com ;BilONpaBJIeHHA KOMAaHIM

mov dptr, #mesgl ;3anyc y pericrp-rnokasHMK alpecu
CTPOKU

Icall wr_string ;BUKJIMK MiONpoTrpaMyu BUBOOY CTPOKM

MOV ACC,#0xCO ;KypCOp B IOYATOK MEepUoi CTPOKMU

Icall send_com ;BilONpaBJIeHHA KOMAaHIM

ret



compare:

mov RO, ACC

MOV DPH, R6

MOV DPL, R7

clr a

movc a, @a+dptr
anpeci B DPTR

SUBB A, RO

Jjnz start_c

inc dptr

MOV R6, DPH

MOV R7, DPL

clr ACC

movc a, @a+dptr
anpeci B DPTR

Jz  unlock

ret

unlock:
MOV ACC,#0x01
eKpaHy
Icall send_com
MOV ACC,#0x80
Icall send_com
mov dptr, #mesg2
CTPOKM
Icall wr_string
mov dptr, #code

MOV R6, DPH

MOV R7, DPL

clr P2.3

setb P1.4

ret
wr_string:

clr a

movc a, @a+dptr
anpeci B DPTR

inc dptr

jz str_end
TakK — BUXII

Icall send_dat
nauHux y LCD

Jjnz wr_string
no miTxm wr_string
str_end:

ret
init_lcd:

MOV P1,#0x03

clr RS

clr RW

Icall strob
MOV P1,#0x02
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;30epexeHHaS CUMBOJY
;BcTanoeyenna dptr

;Ha IIOP1BHIOBaHMM CUMBOJI
,O0UMCTKa aKyMyJaTopa

;3anmc B akyMyJaTop 0OamTy o

,O0UMCTKa aKyMyJaTopa
;3anmc B akyMyJaTop 0OamTy o

;OoUMCTKa OuUCIJles, Kypcop B IOYaTOK
sBlIompaBiieHHs KOMaHIU

JKYPCOp B IIOYATOK I[EPMOL CTPOKM
;BlOnpaBJieHHS KOMaHIU

;3anMc y pericTp-nokasHMK anpecu

> BUKJIMK ninnporpaMV[ BMBOOY CTPOKM

;0UMCTKa akyMyJisaTopa
;3anmMc B akyMyJaTop OamTy o

;36inemenua DPTR Ha ommuuio
;IepeBipka Ha KiHeu® CTOPOKM, SKIO

;akmo HE xineu® cTpoxku - Binmpaeka

;axmo HE xineu® cTpoky — nepexin

;8 poszpanie

;RW=0 (zanyck)
s CTpoByouUMiA 1MIOyJbC
;4 pozspanu;2 crpoku;cuMsBosiu 5*8



TOYOK

clr RS

clr RW

Icall strob

MOV ACC,#0x28
TOYOK

Icall send_com

MOV ACC,#0x08
BUMKHEHUM

Icall send_com

MOV ACC,#0x01
eKpaHy

Icall send_com

MOV ACC,#0x06
3CYyB €KpaHa

Icall send_com
MOV ACC,#0x0C
Icall send_com

ret
send_dat:
setb RS
Icall send
ret
send_com:
clr RS
Icall send
ret
send:
JB ACC.4, labl1l
clr DBO
lab11:JINB ACC.4, labl2
setb DBO
lab12:JB ACC.5, lab2l
clr DB1
1ab21:INB ACC.5, lab22
setb DB1
1ab22:JB ACC.6, lab31l
clr DB2
1ab31:JINB ACC.6, lab32
setb DB2
1ab32:JB ACC.7, lab4l
clr DB3
lab41:JINB ACC.7, lab42
setb DB3
lab42:
clr RW

Icall strob

JB ACC.0, lab51

clr DBO
l1ab51:JNB ACC.0, lab52
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;RW=0 (zanyck)
s CTpoByouMit 1MMIyJbC
;4 pospanu;2 crTpoku;cuMsosm 5*8

;BiOnpaBJieHHS KOMaHIU
s OVCIIJIEY BMMKHEHMM, KypCcop

;BiﬂnpaBHeHHH KOMaHIOM
,OUlMCTKa IOUCIJIed, KypCcop B IIOYATOK

;BlOnpaBJieHHS KOMaHIU
;3CyB mokasHMKa nam" 4Ti Bmpaso,

; 3ab0pOoHEeHMUN
;BlonpaBiieHHsS KOMaHOM
sBBIMKHEHHHI OUCILJIE0
;BilOmpaBJieHHS KOMaHIU

;RS=1 (manni)

nignporpaMMa BipnpaBku

;RS=0 (xomanpa)

snignporpaMMa BipnpaBKM

;RW=0 (=zanyck)

s CTpoByuMit 1MMIyJbC



setb DBO
lab52:JB ACC.1, lab6l
clr DB1
l1ab61:JINB ACC.1, lab62
setb DB1
l1ab62:JB ACC.2, lab71
clr DB2
lab71:JINB ACC.2, lab72
setb DB2
lab72:JB ACC.3, lab81
clr DB3
1ab81:JINB ACC.3, l1abh82
setb DB3
1ab82:clr RW
Icall strob

clr RS
ret
strob:
setb EN
Icall delay_1600mks
clr EN
ret

delay:MOV R2,100
count:DJINZ R2, count
ret
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;RW=0 (zanyck)
s CTpoByouUMiA 1MIOYyJbC
;oumcTka RS

;royaTok CTpoBylduoro iMnysbcy
> 3aTPUMKa
;kKiHenb CTPOOYUOTO 1MIOyJIBECY

delay_20ms:

MOV R3, #50
COUNT11: MOV R4, #200
COUNT12: DJINZ R4, COUNT12
pisumiz O

DINZ R3, COUNT11
piesamiz O

ret

;3aBaHTaxeHHs umcia X2
;3aBaHTaxeHHa uucia X3
soexkpeMeHT R4 Ta UMk, AKIO HE

;oexpeMedT R3 Ta uUMKIl, AKIO He

IOBEPHEHHSI 3 NiAnporpamMumy 3aTPUMKM

delay_100ms:

MOV R3, #255
COUNT31: MOV R4, #255
COUNT32: DJINZ R4, COUNT32
pisamiz O

DJINZ R3, COUNT31
piesamiz O

ret

;3aBaHTaxeHHa uucia X2
;3aBaHTaxeHHa uucia X3
soexpeMeHT R4 Ta UMk, AKLO HEe

soexkpeMeHT R3 Ta UMk, AKWO He

IOBEPHEHHA 3 NignporpamMumy 3aTPUMKM

delay_1600mks:

MOV R3, #4
COUNT21: MOV R4, #200
COUNT22: DJINZ R4, COUNT22
pisumiz O

DINZ R3, COUNT21

piesamiz O

;3aBaHTaxeHHa uucia X2
;3aBaHTaxeHHs umcia X3
soexpeMeHT R4 Ta UMk, AKWO He

soexkpeMeHT R3 Ta UMk, AKWO He



ret
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;IIOBEepHEHHA 3 IignporpaMMy 3aTpPUMKU

delay_40mks:

MOV R4, #17
COUNT42: DJINZ R4, COUNT42
pieumiz O

ret

;3aBaHTaxeHHd uducia X3
soexpeMeHT R4 Ta UMk, AKWO He

;IIOBEepHEHHA 3 IignporpaMMy 3aTpPUMKU

mesgl: db “CLOSED™,0
mesg2: db "UNLOCKED",0
code: db "12345",0

END
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JlopaTok A
Ipukaan opopmiieHHS TUTYJILHOI CTOPIHKH

MiHicTepcTBO OCBITH Ta HayKH YKpaiHu
3anopi3bKkuii HalliOHANBHUI TEXHIYHUI YHIBEpCHTET

Kadenpa MiHE

3BIT
3 JABOPATOPHOI POBOTU Ne__

(Tema poboTH)
3 qucuumiauy ,,MIITT"

Bukonas:
CTyIeHT Ip. PT—

(Tiwianu, Tpizsuiue)

IIpuiinseg:
(mocama)

(Tiwianu, Tpizsuiue)

20 p.




104

Jonaroxk b
Ha6ip komana MiKpoKOHTpoJIepiB 3 apxiTekTyporo 8051

Tabmuns b.1 — ['pyna xoman nepeadi JaHux

HasBa komaHau MHemokoa Onepadis
[MepecunaHHsA B akymynsaTop 3 perictpa
(n=0_7) MOV ARn (A) <= (Rn)
MepecunaHHa B akymynatop
npsiMoagpecyemoro baiita MOV A ad (A) <= (ad)
MepecunaHHs B akymynsaTop 6anTa 3 . .
PMA (i = 0,1) MOV A,@Ri (A) <= (R)
3aBaHTaXeHHs B akymynaTop MOV A #d (A) <= #d
KOHCTaHTU
[MepecunaHHs B perictp 3 akymynatopa | MOV Rn,A (Rn) <= (A)
MepecvnaHHs B pericTp MOV Rn,ad (Rn) <= (ad)
npsimoagpecyemoro 6anta
[MepecunaHHs B pericTp KOHCTaHTH MOV Rn,#d (Rn) <=#d
MepecunaHHs 3a NPSMUM afpecoro _
akymynsTopa MOV ad,A (ad) <= (A)
MepecunaHHs 3a NPAMUM aapecoto MOV ad,Rn (ad) <= (Rn)
perictpa
nepecusiaHHs NpsIMOaApecoBaHoro MOV add,ads (add) <=
banTta 3a npsiMMM aapecoro (ads)
Mepecunanna 6anTa 3 PIMA no MOV ad @Ri (ad) <= ((Ri))
npsiMoMy apecoto
MepecunaHHs 3a NPAMUM afpecoro MOV ad #d (ad) <= #d
KOHCTaHTH
Mepecunannsa B PIN[ 3 akymynsaTtopa MOV @Ri,A ((Ri)) <= (A)




[Iponopskenns Tadnuii b.1

105

Ha3sa komaHau MHemokopn T Onepadis
(DPTR) <=
3aBaHTaXeHHs! NMoKaXK4MKa JaHNX MOV DPTR,#d16 13 #d16
MepecunaHHsA B akymynaTop 6anta 3 MOVC 1 (A) <= ((A) +
nn A,@A+DPTR (DPTR))
(PC) <= (PC)
MepecunaHHsa B akymynsaTop 6anTa 3 +1;
nn MOVC A,@A+PC 1 () <= (&) +
(PO)
MepecunaHHsa B akymynsaTop 6anTa 3
BN MOVX A,@RIi 1| A <=((Ri)
MepecunaHHs B akymynsaTop 6anTa 3 (A) <=
po3wwupeHoto 34 MOVX A.@DPTR 1 ((DPTRY))
[MepecunanHs B 3] 3 akymynsATopa MOVX @RI, A 1 | (R) <=(A)
MepecunanHs B poswupeHy 31 3 MOVX @DPTR.A 1 ((DPTR)) <=
akymynstopa (A)
(SP) <= (SP)
+1
3aBaHTaXeHHs B CTeK PUSH ad 3 (SP)) <=
(ad)
(ad) <=
((SP))
BuTar 3 cteka POP ad 3 (SP) <= (SP)
-1
O6MiH akymynsTopa 3 perictpom XCH ARn 1 | (A)<=>(Rn)
O6MiH akymynsTopa 3 } XCH A.ad 3 | ) <=> (ag)
npsmMoaapecyemum 6anTom
O6MmiH akymynsaTopa 3 6antom 3 PI1[ XCH A @Ri 1 | (A)<=>((Ri)
O6MiH MonoaLwoi TeTpaau (AO_3) <=>
aKymynsitopa 3 MOSOALLOK TeTpagom XCHD A, @Ri 1 ((Ri)_O 3)_

PN
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Tabmuus b.2 — I'pyna komanz apuMeTHUHHUX onepain

HasBa komaHgu MHemokoz T Onepadis
AofaBaHHs aKyM_ynﬂTopa perictpom ADD A,Rn 1 (A)<=(A) +
(h=017) (Rn)
AonasaHHs akymynsiTopa 3 ADD A ad 3| W <=A)+
npsimoagpecyeMum 6anTom (ad)
HopaBaHHA akymynsaTopa 3 6aiTom 3 . (A) <= (A)
PMA (i =0,1) ADD A.@Ri H Ry
NoaaBaHHA akymynaTopa 3 ADD A #d S| A<=+
KOHCTaHTO #d
D.o.cllaBaHH;T akymynsitopa 3 ADDC A.Rn 1 (A)<=(A) +
pericTpom i nepeHeceHHAM (Rn) + (C)
[OopaBaHHsA akymynsTopa 3 _
npsimoagpecyeMum 6antom i ADDC A,ad 3 (A) <= (A) +
(ad) + (C)
nepeHocom
LonaBaHHA akymynsaTopa 3 6aiTom 3 . (A) <= (A) +
PN i nepeHeceHHAM ADDC A.@Ri 1 ((Ri)) + (C)
AonasanHs akymynsiTopa 3 ADDC A #d 5| A <=(A)+
KOHCTaHTO i NepeHeceHHsIM #d + (C)
Ecnu (AQ_3)
>9||
((AC)=1),
710 (AQ_3) <=
AecATKOBa KOpeKLia akymynsaTtopa DA A 1 (AD_3) + 6,
3aTeM ecnu
(A4_7)>9]|
((C)=1),
T0 (A4_7) <=
(AA 7)+6




[Iponopskenns tadnuii b.2
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Ha3Ba komaHgu MHemokon Onepadisn
BigHimaHHs 3 akymynsTopa perictpa SUBB A.Rn (A) <= (A) -
i no3unukm (©) - (Rn)
BiaHimaHHA 3 akymynsiTopa SUBB A.ad (A) <=(A) -
npsiMmoagpecyemoro 6anTa i No3nM4Ku (C) - (ad)
BigHimaHHs 3 akymynsaTopa 6anTa 3 . (A) <= (A) -
PMNA i no3anyku SUBB A.@RI (©) - ((Ri))
BigHimaHHA 3 akymynsaTopa (A) <= (A) -
KOHCTaHTH i NO3NYKMN SUBB A.#d (C)-#d
iHKpEeMEeHT aKkymynsitopa INC A (A)<=(A)+1
iHKpeMeHT pericTpa INC Rn (R) <:1 (Rm) +
IHKpemeHT npsiMoazpecyemoro INC ad (ad) <= (ad) +
b6anTa 1
IHKpemeHT GanTa 3 PMNM INC @RI ((Ri)) ::1 ((Ri)
(DPTR) <=
IHKpeMeHT nokax4nka AaHux INC DPTR (DPTR) + 1
AeKpeMeHT akyMmynsitopa DEC A (A)<=(A)-1
OeKpeMeHT perictpa DEC Rn (Rn) <i (Rn) -
DOekpemeHT npsiMoaspecyemoro DEC ad (ad) <= (ad) -
GanTa 1
Dekpemenr Gaiita 3 PN DEC @Ri ((Ri)) < ((R0)
MHoXeHHs akymynsiTopa Ha pericTp (B)(A) <=
B MUL AB (A)*(B)
. . (A)B) <=
Posnopain akymynsatopa Ha perictp B | DIV AB

(A)(B)
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Tabmuns b.3 — ['pyna komMaH1 JIOTiYHUX OTepariiit

HasBa komaHgu MHemokoz T Onepauis
NoriunHe | akymynsTopa i perictpa ANL ARn 1 %Ig)n)c (A) &&
TNoriyne | aKymynstopa i ANL A.ad 3 (A) <= (A) &&
npsimoagpecyemoro 6ainTa (ad)
TNoriyHe | akymynsaTopa i 6aiTa 3 . (A) <= (A) &&
PMa ANL A @Ri 1 (Ri)
NoriyHe | akymynsaTopa i KOHCTaHTU ANL A#d 2 ;(#/3) <= (A) &8
TNoriyne | npsiMoaapecyemoro 6anTa ANL ad A 3 (ad) <= (ad)
i akymynsaTopa && (A)
Noriune | npsiMoaspecyemoro b6anTa ANL ad #d 7 (ad) <= (ad)
i KOHCTaHTH && #d
TNoriyHe ABO aKymyrnsTopa Ta ORL ARnN 1 (A)<=(A) ||
pericTtpa (Rn)
TNoriyHe ABO akymynsiTopa Ta (A) <= (A) ||
npsimoagpecyemoro 6ainTa ORL A,ad 3 (ad) B
INoriyne ABO akymynsaTopa Ta 6anta . (A)<=(A) ||
3 PAA ORL A,@Ri 1 (Ri))
TNoriyHe ABO akymynsiTopa Ta ORL A#d 2 (A)<=(A) ||
KOHCTaHTH #d
INoriyHe eso_npﬂmoa.qpecyemoro ORL ad.A 3 (ad) <= (ad) ||
6anTa i akymynsitopa (A)
TNoriyHe A§0 npsiMoaapecyemoro ORL ad #d 7 (ad) <= (ad) ||
6anTa i KOHCTaHTK #d
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Ha3Ba komaHgu MHemokon Onepauis
LLlo Bukntoyae A'60 akymynsitopa i XRL A.Rn (A) <= (A"
pericTpa (Rn)
LLlo Bukntouae A6o akymynsTopa i XRL A.ad (A)<=(A)"
npsimoagpecyemoro 6ainTa (ad)
LLlo Buknioyae AGo akymynsitopa i . (A) <= (A"
Gaita 3 P[] XRL A@Ri (R)
LLlo Buknioyae AGo akymynsTopa i XRL A #d (A)<=(A)"
KOHCTaHTH #d
Lo Buknioyae Ao < A
npsimoagpecyemoro 6aiTa i XRL A#d ?(Qj) )
akymynstopa
Lo Buknroyae Ao _ N
npsAmoagpecyemMoro Gainra i XRL ad,#d (ad) j; d(ad)
KOHCTaHTN
CKupaHHA akymynsitopa CLR A (A) <=0
iHBepcia akymynsTopa CPL A (A) <=~(A)
(An+1) <=
LmkniyHuun 3cyB akymynsatopa Bniso | RL A (An) n=0_6;
(AQ) <= (A7)
(An+1) <=
3pyLUeHHsA aKkymynsiTopa BrniBo yepe3s RLC A (An) n=0_6;
nepeHoc (A0) <= (C);
(C) <= (A7)
LnkniyHun 3cyB akymynsaTtopa (An) <=
BNDaBo RR A (An+1) n=0_6;
P (A7) <= (AD)
(An) <=
3pyLUeHHsA akymynsaTopa BnpaBo RRC (An+1) n=0_6;
yepes nepeHoc (A7) <=(C);
(C) <= (AO)
O6MiH micusamMu TeTpaa B SWAP A (A0_3) <=>

akymynsTtopi

(A4_T7)
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Tabmuns b.4 — I'pyna koman onepariiii 3 Gitamu

HasBa komaHgu MHemokoz T Onepadis
CKupaHHsa Gita CLR bit 4 (bit) <=0
yCTaHOBKa nepeHeceHHs SETB C 1 (C)<=1
ycTaHoBKa Gita SETB bit 4 (bit) <=1
iHBepcis nepeHeceHHsA CPL C 1 (C) <= C)
iHBepcis GiTa CPL bit 4 | (bit) <= !(bit)
INoriyHe | 6iTa i nepeHeceHHs ANL C,bit 4 © <(:bi(t(§) &&
NoriyHe | iHBepcii GiTa i ANL C/bit 4 ©) <= (_C) &&
nepeHeceHHsA I(bit)
Noriune ABO 6ita i nepeHecenks | ORL Cbit af © s t()c) I
TNoriyHe ABO iHBepcii 6iTa i ORL C./bit 4 © <=_(C) Il
nepeHeceHHs I(bit)
lMepecunaHHA GiTa B nepeHoc MOV C,bit 4 (C) <= (bit)
MNepecunaHHa nepeHeceHHs B 6iT MOV bit,C 4 (bit) <= (C)

Tabmuus B.5 — I'pyna xomann mepenadi yrnpasiiHasa (yrnpaBiiHHSI
TIOCITi TOBHICTIO)

Ha3sa komaHaun MHemokop T Onepauis
AOBrum nepexig B NOBHOMY obcaasi LIMP ad16 12 (PC) <=
nam'aTi adl6
(PC) <=
KopoTkui BigHOCHMI nepexin (PC)+2
BCepeauHi CTOpiHKK B 256 6anT SIMP rel 5 (PC) <=
(PC) + rel
L . . (PC)<=(A)
Henpsamui BigHOCHUI nepexia JMP @A+DPTR 1 + (DPTR)
(PC) <=
Mepexia, AKWO aKyMynaTo (PC) + 2,
P ‘g’ iB::oe Hynz) P JZ rel 5 | ecnm (A)=0,
Aop y 10 (PC) <=
(PC) + rel
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Hassa komaHau

MHemokon

Onepauis

Mepexia, AKWO akymynsTop He
LOPiIBHIOE HYNIO

INZ rel

(PC) <=
(PC) + 2,
ecnu
(A)<>0,

To (PC) <=
(PC) + rel

Mepexia, AKWO nepeHeceHHs
AOPIBHIOE OQUHULL

JCrel

(PC) <=
(PC) + 2,
ecnu (C)=1,
1o (PC) <=
(PC) + rel

Mepexia, AKLWO nepeHeceHHs
AOPiIBHIOE HYNIO

JNC rel

(PC) <=
(PC) + 2,
ecnu (C)=0,
1o (PC) <=
(PC) + rel

Mepexia, AKWo 6iT AOPiIBHIOE OOAUHULI

JB bit,rel

11

(PC) <=
(PC) + 3,
ecnu
(bit)=1,
1o (PC) <=
(PC) + rel

Mepexia, AKWO GIT AOPIBHIOE HYNIO

JNB bit,rel

11

(PC) <=
(PC) + 3,
ecnu
(bit)=0,
1o (PC) <=
(PC) + rel

Mepexia, sAKWO GiT BCTaHOBNEHUN, 3
noAganbLUMM CKMAOM GiTta

JBC bit,rel

11

(PC) <=
(PC) + 3,
ecnu
(bit)=0,
1o (bit) <=
0
(PC) <=
(PC) + rel

[ekpemeHT pericTpa i nepexia, AKWoO
He HyNnb

DJNZ Rn,rel

(PC) <=
(PC)+2
(Rn) <=
(Rn) -1,

ecnu
(Rn)<>0,
1o (PC) <=
(PC) + rel
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Hassa komaHau MHemokon

Onepauis

HekpemeHT npsiMmoagpecyemMoro

o . DJNZ ad,rel
GauTa i nepexif, AKWO He HyNb

(PC) <=
(PC) +2
(ad) <= (ad)
-1,
ecnu
(ad)<>0,
10 (PC) <=
(PC) + rel

MopiBHAHHA akymynsTopa 3
npsimoazgpecyeMum 6anTom i CJNE A,ad,rel
nepexip, AKWO He AOPiBHIOE

(PC) <=
(PC) + 3,
ecnu
(A)<>(ad),
1o (PC) <=
(PC) + rel,
ecnu
(A)<(ad),
10 (C) <=1,
uHaue (C)
<=0

MopiBHAHHA akymynsTopa 3
KOHCTaHTORO i nepexia, AKLWO He CJINE A,#d,rel
LOpiBHIOE

10

(PC) <=
(PC) + 3,
ecnu
(A)<>#d,
1o (PC) <=
(PC) + rel,
ecnu
(A)<#d,
10 (C) <=1,
uHaue (C)
<=0

MopiBHAHHA pericTpa 3 KOHCTaHTOHO i

. . CJINE Rn. #d,rel
nepexig, AKWO He AOPIBHIOE

10

(PC) <=
(PC) + 3,
ecnu
(Rn)<>#d,
10 (PC) <=
(PC) + rel,
ecnu
(Rn)<#d,
10 (C) <=1,
uHaue (C)
<=0
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Hassa komaHau

MHemokon

Onepauis

MopiBHsAHHA 6anTa B PN 3
KOHCTaHTORO i nepexia, AKWO He
AOpPIiBHIOE

CJINE @Ri #d,rel

10

(PC) <=
(PC) + 3,
ecnu
((Ri))<>#d,
1o (PC) <=
(PC) + rel,
ecnu
((Ri))<#d,
10 (C) <=1,
nHaue(C)
<=0

[oBrui BUKNUK nignporpamu

LCALL ad16

12

(PC) <=
(PC) + 3;
(SP) <=
(SP)+1
((SP)) <=
(PCO_7);
(SP) <=
(SP)+1
((SP)) <=
(PC8_15);
(PC) <=
ad16

AGConTHUI BUKNUK NignporpamMu B
Mexax cTopiHku B 2K6

ACALL ad11

(PC) <=
(PC) +2;
(SP) <=
(SP)+1
((SP)) <=
(PCO0_7);
(SP) <=
(SP)+1
((SP)) <=
(PC8_15);
(PCO0_10)
<=adll
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Hassa komaHau MHemokon

Onepauis

MoBepHeHHSA 3 nignporpamu RET

(PC8_15)
<= ((SP)):
(SP) <=
(SP)-1
(PCO_7) <=
((SP));
(SP) <=
(SP) -1

MoBepHeHHs 3 Nnignporpamun o6po6ku
nepepuBaHHs

RETI

(PC8_15)
<= ((SP));
(SP) <=
(SP)-1
(PC0O_7) <=
((SP));
(SP) <=
(SP) -1

nycTta KomaHaa NOP

(PC) <=
(PC) +1




