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Pa3zpadoTuuk:
npenogaBarens PI'BOY BO «MI'TY um. I''1. HocoBa» MHuoronpoduibhelil komnemk Tatesna bopu-

coBHa Peme3s

MeTtonnyeckue yka3aHus 110 BBIIOJIHEHUIO MPAKTUYECKUX U J1a0OpaTOPHBIX paboT pa3paboTaHbl Ha
ocHoBe paboueil nporpammsl [IM.02 «I[IpuMeHeHre MUKPOITPOLIECCOPHBIX CUCTEM, YCTAaHOBKA U Ha-
cTpoiika nepudepuitHoro 000pya0BaHU Y.

CozepxaHue NpakTUYECKUX U JTJAOOpaTOPHBIX pabOT OPUEHTUPOBAHO Ha (pOpMUPOBAHUE OOIIMX U MPO-
(eccrOHaNBHBIX KOMIIETEHIMI 110 OCHOBHOM MpodeccHoHaIbHON 00pa30BaTeIbHON IPOrpaMMe o CrieHalb-
HoctH 09.02.01. «KoMrbloTepHble CUCTEMBI U KOMITIIEKCh» 0a30Boit moarorosku: MJIK.02.01 Mukpo-
MIPOLIECCOPHBIE CUCTEMBI
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1 BBEJEHUE

BaxxHyto yacTh TeopeTHuuecKkod M MpoPeCcCHOHATBHOW MPAKTUYCCKON MOATOTOBKHU CTYJEHTOB CO-
CTaBISIOT MPAKTUYECKUE U JTA00OPATOPHBIC 3aHATHS.

CocraB 1 cojepkaHue MPaKTUUECKUX U Ja00paTOPHBIX pabOT HAIPaBJIEHbl HA pealu3aluio IeicT-
BYIOILETO (heIepabHOTO rOCyIapCTBEHHOTO 00pa30BaTEIbHOTO CTaHAApTa CPEeTHETrO MPOoecCHOHaTbHO-
ro 00pa3oBaHUsI.

Benymieil nuaakTHUECKON 1ETbI0 MPAKTUYECKUX 3aHATUH sABIsieTCs POPMUPOBAHUE MPAKTUYECKUX
yMEHUH - NpodeCCHOHATIBHBIX (YMEHUH BBIIOIHATH ONpeeIeHHbIE AEHCTBUS, ONlepallui, HEOOX0IUMblIe
B TOCJIEAYIOIIEM B IMPO(PECCHOHATIBHON NESTEIbHOCTH), HEOOXOAUMBIX B MOCIEAYIOMIEeH Yy4eOHOU nes-
TEJIBHOCTH 110 MPO(PECCUOHATBHBIM MOTYJIISIM.

Benymieid aunakTH4ecKoi 1enblo 1a00paTopHbIX paboT SBISETCA AKCIHEPUMEHTAIBHOE IMOJITBEP-
KJIEHUE U IPOBEPKA CYLIECTBEHHBIX TEOPETHUUECKUX MOJI0KEHNH (3aKOHOB, 3aBUCUMOCTEH).

B cooterctBum ¢ padoueit [IM.02 «IIpumeHeHre MUKPOIIPOLIECCOPHBIX CUCTEM, YCTAaHOBKA U Ha-
cTpoiika nepudepuitHoro odopyaoBanus», MJIK.02.01 «MwukponporiecCopHble CUCTEMBI» MPETyCMOT-
PEHO MpOBeIeHUE JIADOPATOPHBIX PadOT U MPAKTUYECKUX 3aHATHH.

B pe3ynbraTe ux BBIIOIHEHUS, 00y4arOLUIMCs JOKEH:

ymemo:

- COCTaBJIATh IPOTPaMMBbI Ha sI3bIKe acceMmOuepa Juisi MUKPOIIPOLIECCOPHBIX CUCTEM;

- NPOM3BOAUTH TecTHpoBaHue U otnaaky MIIC;

- BbIOMPATh MUKPOKOHTPOJIEP/MUKPOIIPOLIECCOP /17151 KOHKPETHON CUCTEMBI YIPaBICHUS
Coneprkanue 1a00paTopHBIX padOT OPUEHTUPOBAHO HA POPMHUPOBAHKE OOIIUX KOMITETSHITHH 110 Tpodec-

CHOHAJIbBHOMY MOJIYJIFO OCHOBHOH ITpo(heccOHabHON 00pa30BaTeIbHOM MPOrpaMMBl 110 CIIEHUATbHOCTH:

OK 1. IloHumarp CyIiHOCTh U COIMANIbHYIO 3HAYMMOCTb CBOEH OyayIiel nmpodeccuu, MposBIsATh K HEl

YCTOMYUBBIA UHTEPEC

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO AEATEIBHOCTD, OMPEALIIATH METOIBI U CIIOCOOBI BBITTOTHEHHS

npodeccHOHATIBHBIX 33]a4, OLEHUBATh UX 3PPEKTUBHOCTD U KAaYECTBO

OK 3. [IpunumaTh penieHus B CTaHAAPTHBIX U HECTAaHAAPTHBIX CUTYAIUSIX U HECTH 3a HUX

OTBETCTBEHHOCTh

OK 4. OcymiecTBasATh NOUCK U UCHOJIB30BaHUE HHPOPMAIH, HE0O0X0IUMMOM 11 3 PEeKTUBHOTO

BBITOJIHEHUS TPO(ECCHOHATIBHBIX 3a/1a4, TPOPECCHOHATBHOTO U TUYHOCTHOTO PAa3BUTHUS

OK 5. Ucnonb3oBath HHGOPMALIMOHHO-KOMMYHHUKAIITMOHHBIE TEXHOJIOTHH B MPO(ECCHOHAIBHON

JEATEIBHOCTH

OK 6. PaboTtath B KOJUIEKTUBE U KOMaHAE, 3 (HEKTUBHO 00IIaThCsl ¢ KOJIEraMU, PYKOBOJICTBOM,

noTpeduTensIMu

OK 7. bpatp Ha ce0s1 OTBETCTBEHHOCTb 32 pabOTy WIEHOB KOMaH 1bl (TOAYNHEHHBIX ), PE3yIbTaT

BBITIOJIHEHMS 3a/1aHNUI

OK 8. CamocTosiTeIbHO ONPEACNATh 3aa41 MPOGECCHOHATHHOTO W IMYHOCTHOTO PA3BUTHS, 3aHUMATHCS

camMo00pa3oBaHNEM, OCO3HAHHO IJIAHUPOBATH MOBBILIEHNE KBATU(PUKALIUU

OK 9. OpuenTupoBaThCs B yCIOBUAX YaCTOW CMEHBI TEXHOJOTHUN B MPOGECCHOHATHHOU IeATeTbHOCTH

U oBnaznenunto npohecCHOHATBHBIMA KOMITETEHLISMHU:

[1K 2.1. Co3naBath mporpaMMBbl Ha sI3bIKE acceMOIepa Jijisi MUKPOITPOIIECCOPHBIX CHCTEM.

[IK 2.2. ITpon3BoauTh TECTUPOBAHUE, ONIPEAEICHUE TAPAMETPOB U OTJIAAKY MUKPOIIPOLECCOPHBIX

CHUCTEM.

Brimonnenue cryaentamu jgabopatopHbix padoT mo [IM.02 «IIpumeHeHne MUKPOIPOLIECCOPHBIX
CHCTEM, YCTAaHOBKAa W HacTpoiika mepudepuitnoro odopynoanus», M/IK.02.01 «MukpomnpoieccopHbie
CHUCTEMBI»HAIIPABJICHO Ha:

- 00001IeHNe, CUCTEeMAaTH3alNI0, YIIIYOJICHHE, 3aKPEIUICHUE, PAa3BUTHE W JICTATH3AIUIO TOJYYCH-
HBIX TEOPETUUECKUX 3HAHUM 110 KOHKPETHBIM TEMaM MEXINCLIUIUIMHAPHBIX KypCOB;

- (hopMUpOBaHME YMEHUN NPHUMEHATH MOJY4YCHHbIE 3HAHUS Ha MPAKTHUKE, peau3aluio eIMHCTBA
MHTEIIEKTYaJIbHOW U IPAKTUYECKOMN AEATEIbHOCTH;

- IpuoOpeTEeHNE HABBIKOB PA0OTHI C pa3IMYHBIMU IPUOOpaMH, almapaTypou, yCTaHOBKaMU U JIpy-
MMM TEXHUYECKUMHU CPENCTBAMU JIs1 IPOBEIECHUS OIIBITOB;
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- pa3BUTHE MHTEJUIKTYaJIbHBIX YMEHUN Yy OyIyIIMX CHEIHAMCTOB: aHAIUTUYECKUX, MPOECKTHUPO-
BOYHBIX U IP.;

- BBIPaOOTKY MPH PEIICHUH MTOCTABIEHHBIX 3aa4 IPOo(heCcCHOHATBLHO 3HAYUMBIX Ka4eCTB, TAKUX Kak
CaMOCTOATCIIBHOCTb, OTBETCTBCHHOCTb, TOYHOCTDH, TBOPUCCKAA MHUIIHUATHBA.

[paxTrdeckue 1 1a00paTOpHbIEC 3aHITUSI TIPOBOUTCS MOCIIE COOTBETCTBYIOIIEH TeMbI, KOTOpas o0ecrie-
YUBACT HAJIMYUC 3H21HHI>1, HCO6XOI[I/IMBIX JJI €€ BBIIIOJIHCHUSA.

[TpoaomKUTETbHOCTD BBIMOIHEHHS MPAKTUYECKON MM JTA0OPaTOpHOI pabOThI COCTABIISIET HE MEHee
JIBYX aKaJIEeMUYECKHUX 4acoB (0T 2 710 6) U MPOBOAUTCS TIOCIIE COOTBETCTBYIOILIETO 3aHSATHSI, KOTOPOE 00eCIeyr-
BAaCT HAJIMYKME 3HAHUM, HEOOXOIMMBIX JUIS €€ BBITOTHEHMS.

Kpurepum ouenku:

OlLieHKa «OTJIMYHO» CTABUTCS, €CJIU 3a/IaHUE BBIMOJIHEHO BEPHO U MOJHOCTHIO.

OrneHka «XOpoI1I0» CTaBUTCS, €CIIH JIOMYIIeHa 0/HA WK JIBE OLINOKH, MPUBEAIINE K HEPABUIIb-
HOMY pe€3yJbTary.

OrneHka «y0BIETBOPUTEIBHO)» CTABUTCS, €CIIU MPUBEICHO HEMOJIHOE BBHITOJHEHUE 3aJaHUS.

OLIGHKa «HCYIAOBJICTBOPUTCIILHO» CTABUTCA, CCJIX 3aJaHUEC HC BBIITOJHCHO.



2 METOAUYECKHUE YKA3ZAHUSA

Tema 1.3 Mukponpoueccopusie cucrembl (MIIC)
IMpakTnyeckas padora Ne 1
N3yuenue cxembl TunoBoii MIIC
®opmupyeMble KOMIIETEHIMH:
[IK 2.2. IIpou3BoAUTH TECTUPOBAHUE U OTIIAJKY MUKPOIIPOLIECCOPHBIX CUCTEM.

Heab pabdoThl: U3y4UTh NPUHIMIBI TOCTpOeHUs B GyHKImoHupoanuss MIIC na npumepe MIIC
crenga LESO1L.

Boinosnus padory, Bel Oyjaere:

ymemv:

- BbIOMPATh MUKPOKOHTPOJIJIEP/MUKPOIIPOLIECCOP /151 KOHKPETHOM CUCTEMBI yIIpaBJIEHUS

MarepunanbHoe obecnieyeHue:

He TpeOyeTcs

Teoperuveckue cBeIeHUs

VYuebHblil 1a00paTOPHBIM CTEH MpeiHa3HAuYeH ISl OCBOEHHS CTYJEHTaMU MHKPOIPOLIECCOPHOM
apxutektypsl MCS-51 u MeTo0B pa3pabOTKH MUKPONPOLECCOPHBIX CHUCTEM Pa3IMYHOIO Ha3HAUYEHUS.
Cren MOXET cTaThb OCHOBOM JUINIOMHOT'O IPOEKTUPOBAHUS CTYACHTOB, a Takke 0a30il uccienoBaTenb-
CKOI paboThl OakanmaBpoB U MaructpoB. Ha Ga3e cTreHna Bo3MOXkHa pa3pabOTKa MPOMBIIIJIEHHBIX aBTO-
MaTU3HPOBaHHBIX cucTeM. CTPyKTypHas cxema CTeHJa IpHuBeJieHa Ha pucyHke 1. PacnonoxeHnne ocHOB-
HBIX 3JIEMEHTOB I1I0Ka3aHO Ha PUCYHKE 2. DJIEKTpUYecKasl cxeMa CTeH/1a IIPUBEJIeHa Ha PUCYHKeE 3.

DJeKTpu4ecKre napameTphl:

—HanpsokeHue nutanus 5 B ot mmuner USB T1K;

—notpebisiemass MOITHOCTh He Oosee 2 Br.

CocraB uznenus:

—muKkpokoHTposuiep ADuC842;

—)KUJKOKPUCTAJUINYECKUI CUMBOJIbHBIN HHAMKATOP 8X2;

—MaTpHu4Has Ki1aBuatypa 4x3;

—natuuk Temnepatypsl DS18B20;

—yachel peasnibHOro Bpemenu PCF8583;

—U3Jy4aTelnb 3BYKa;

—uHpakpacHbiil poronpuemuux TSOP1736;

—4eThIpe KpacHbIX CBETOAMO/A,;

—MHKpocxeMma npeodpazoBanus urepdeiicos pupmsl FTDI.

VYuebnsiit crena mosnenu LESO1 nmpeacraBnser co6oit HACTONBHYIO KOHCTPYKIHMIO. JlJs 3arpy3ku
UCIIOJTHSEMOr0 KOJia BO BHYTPEHHIOIO MaMATh MHKPOIIPOLIECCOpa U B3aUMOAEHCTBHS 1a00paTOPHOTO
crenpa c 1K pazpaborana nporpamma nwFlash. Ilporpamma nwFlash no3Bossier:

— TMPOU3BOJUTH MOUCK MOAKIIOUEHHBIX K KoMnbloTepy o USB unTepdeiicy 1adbopaTtopHbIX CTEH-
J0B;

— aKTHBHMPOBAThH COEJMHEHHE C OAHUM U3 HAWJJCHHBIX CTEHIOB;

— BBIIOJHATH cOpoc MUKpOKOHTpoJuiepa (Reset);

— 3arpyxarthb Bo flash - maMsaTe MUKpPOKOHTpOJIIIEpA MOJIB30BATENBCKYIO IPOrPaMMY;

— TpPUHMMATh M OTIPABIIAThH JaHHBIE B TEKCTOBOM M IIECTHAALATEPUUYHOM BHJIE 1O MHTEpdeicy
UART (pexuMm TepMuHana).

Muxkpoxontposuiep ADUCB842 conepxut siapo 8052 ¢ 0HOLMKIOBBIMU KOMaHAaMH (€ ObICTpO-
nericteueM o 16MIPS, Makc gact. 16.7MI'r), 6sicTpoaeiicTByrommii 12-paspsansiii AL ¢ yacToToi
BbIOOpOK 10 400K B cexynny, 62Kb FLASH/EE Buytpenneit namstu nporpamm, 4Kb FLASH/EE BhyT-
pEHHEW aMsTH JaHHBIX.

Coxpannocts Flash/EE 100 net, makcumanbHOE 4uclO LMKIOB mporpammupoBanus 100K 2304
OaiiT BHyTpeHHel mamaTu AaHHbix — O3Y (RAM).

MK nocraBnstorcss B 52-KOHTakTHBIX Koprycax PQFP. BHemnwuii kBapleBblii pe3oHaTop Ha
32KTm.



HMaTuuk Temneparypbl DS18B20 sTo miudpoBoit m3mMepuTeas TeMIIepaTyphl, C pa3peiieHueM mpe-
oOpaszoBanus 9 - 12 pa3psaioB U QyHKIMEH TPEBOXKHOIO CUTHAIA KOHTPOJIS 3a Temieparypoid. [lapamer-
PBI KOHTPOJISE MOTYT OBITH 33/1aHbI TIOJIL30BATENIEM U COXPAHEHBI B SHEPrOHE3aBUCUMON MaMATH JaTuuKa.
DS18B20 oOMeHHnBaeTcsi JAHHBIMUA ¢ MUKPOKOHTPOJUIEPOM I10 OJHOIIPOBOIHON JIMHUU CBSI3U, UCIIONB3YS
nporokon uatepdeiica 1-Wire. [Turanue maTuyrk MOXKET IOJTydaTh HEMOCPEACTBCHHO OT JIMHUU JaHHBIX,
0€3 MCIOJIB30BaHUS BHEIITHETO MCTOYHMKA. B 3TOM pexume NUTaHue AaTIYUKa MPOUCXOAUT OT SHEPTHH,
3allaCeHHOM Ha Mapa3suTHOW €MKOCTH. Jluama3oH M3MepeHusl TEMIIEPATYphbl COCTaBISEeT OT -55 a0 +125
°C. Jns auanazona ot -10 go +85 °C nmorpemHocts He npesbimaet 0,5 °C.

VY kaxnoit Mukpocxembl DS18B20 ecTh yHUKAJIbHBIN CEpUMHBIA KO JJIMHOW 64 pa3psiga, KOTOPBI
MO3BOJIIET HECKOJIBKUM JAaTYUKaM MOJKIIOYAThCSl HA OJHY OOIIYIO JIMHUIO CBA3H. T.e. uepe3 OJuH MOpT
MHUKPOKOHTPOJUIEPa MO)KHO OOMEHHMBATHCS JAHHBIMU C HECKOJIBKMMHU JTaTYNKAMU, PACIPEICICHHBIMHI Ha
3HAYUTEIIbHOM pAacCTOSHUU. Pexxum KkpaiiHe yAoOeH NI MCMOJb30BaHMS B CHCTEMaX SKOJIOIMYECKOTo
KOHTPOJISl, MOHUTOPUHTA TEMIIEPATYPBI B 3aHUSX, y3/1aX 000py10OBaHUSI.

Yacol peasbHoro Bpemenn PCF8583 — MmukpocxemMa BhIMOTHSAET (PYHKIIMU YAaCOB PEAIBHOTO Bpe-
MEHH, TaiiMepa, cueTdnka coObITuil U craruueckoro O3Y emkocthio 240 Gaiit. [l mepenadyn TaHHBIX
ucnonsiyetcs muHa [2C. MukpocxeMa H3roTaBinBaeTcs B 8-MU BBIBOJHOM Kopimyce.DakTruuecku MUK-
pocxema PCF8583 mpencrasisier coboii cratnueckoe O3V, eMKocThIo 256 0aiiT, y KOTOporo nepsbie 16
OallT ABJISAIOTCS PErUCTPaMHU CIENHATFHOTO Ha3HadeHus. HazHaueHne HEKOTOPhIX PErUCTPOB 3aBUCHUT OT
pexnMa paboThl MUKpPOCXeMBI. PexnM 3amaercs B peructpe coctosiHust umeromem aapec 00h. Bee uncna
B PETUCTPax 4acoB 1Mo yMmonuanuto xpausarcs B BCD dopwmare.

HNudpakpacubiii poronpuemuuxk TSOP1736 - ycTpoilcTBO COIEPKUT B CBOEM KOPILyCE IPUEM-
HUK, YCWINTEIb CUTHAJIA U JEMOAYIATOP, Ha Bbixoae TSOP1736 nonydyaem craHJapTHBIA CUTHAI BEJIU-
ynHoO B npenenax 0.3-6B. TSOP1736 uacto npuMeHsieTcsl B cUCTEMax AMCTaHLMOHHOIO YIpaBiieHUs (B
OCHOBHOM B OBITOBOI1 TEXHUKE), paboTaeT Ha Hecymieil yactore36 kI .

Marpuunas kiaaBuarypa 4x3 coaepxut 12 kinaBuil Jijis BBo1a HH(GOpMaIUu.

KuakokpucraiindecKuii CHMBOJIbHBIN HHAUKATOP 8X2 mpemHasHaueH I OTOOpaKCHHS WH-
dbopMaruu 1 UMeeT 2 CTPOKH IO 8§ CUMBOJIOB.

CHHXPOHHBII MOC/Ie10BaTeNbHbINA MOPT 1’C HNuTepdeiic 12C aBisgercs NByXIPOBOAHBIM IIO-
cleoBaTeNbHBIM HHTEpdelicoM, pazpaboTanHbM (upmoii Philips. M3HauanbHO, B cTaHAapTHOM peXUMeE
mrHa Oblia MpeiHa3HaueHa Al CKOpOoCTH mepenadn aaHHbix 10 100 kbut/c. B ycoBepIiiieHCTBOBaHHOM
OBICTPOM pEXHMME TOANECPKUBACTCA Tepeiaya JaHHBIX co cKopocThio 10 400 kOut/c. Ha oxHoi mmHe
OJIHOBPEMEHHO MOTYT pa00TaTh YCTPOMCTBA U CTAHJAPTHOTO, U OBICTPOTO pexkKHMA.

YeTpipe KpacHbIX CBETOAMOA TpEJAHA3HAUEHBI JJI BbIBOJA MH(OpMALMK B BHJIE YEThIpEXpas-
PAIHOTO ABOMYHOIO KOJa.

Clemetuody Daranpuesoun Wrayvwane sy

20w

& oo

MOTOUNOF POMANTUEMHUN
Cusetons « aoduayns
T | | | 2 iny O 0O O 99
Oewackely e CumbBoasrsni
00 K
Tapwodan v 4 XKH 8x2
Uuppotve noww odo-debodn PO-PI 058820 00
Forsen USS XhaGs -3 P
o0 |
w W) b+ -
f LA

Ty —— e

Fran nocapdodornete

MO Do !
<. £ Fare ,
Ao HCS- S l )| emei oo K/ABHA THPA
LN DI ety
V0L ARASTANE o o I Lt OAL — arerdamad
N
Lwcmpna ﬂ
Qveameso ADulCB42 Khexwat :
AOUDWAINT tutos o
AN
use
‘orw peasaworo
’ 2 = ) 0000000
;{’::2':’ xw Hanpanes, X SR
Pucynox 1 — Crpykrypaas cxess yieSnoro mdoparopsioro crena LESOI1 Pricysiox 2 — Pactio30eRIe OCHOBILIX MIEMCHTOR HA CTEIIe



[OSHT BETHALY KEHIIBHMIMITHHAN ¥edohndlNalie BN2X)) - ¢ HOHADUJ

£

- ) o I O = ey o5 .
- M — | mag o T o1 S —]
oy 1o bl . magr 1= g3 a7 i
¥ - & FA
o - L n (55 if| = ee L
‘ < i s 97 7] 47
b w —F & o 212] -
& & = q.w £ 7
2 17 | v B
O —— 72
a I3 n...| nnr.u r| I &d P
: | 0 07 5
_ N e R L
. W 7
fo 7 2 5
7 |....\..W|x 5 s
| T | |50 =
0T (4250 £
£o5E0d 50 . S
- al py
_Hﬂu_ Zb7 A ] ey e
— 1 _}¢ LW :
£y - THLIGY £ AR —
7 Jaf o I

= iy
i AKX

025950

T_.U

ced




3aganue
N3yunts npuHnunuansHyto cxemy MIIC (Ha3HaueHue yCTpOMCTB M NPUHLMI UX COECIUHEHMS,

puc.3) u HapucoBaTh 0000IMICHHYIO CTPYKTYpHYIO cxemy MIIC (puc.l) ¢ yka3aHHEM THIIOBBIX YCT-
poticT, Bxonsamux B coctaB MIIC. 3anonuuts Tabnuiy 1. OTBETUTh Ha KOHTPOJIBbHBIE BOIPOCHI.
Tabmuua 1.

Komnonent MIIC POyHKIUOHAJIBbHOE HA3HAYEHHE
ADuC 842
CumBonbHbil XKKHU
CBeTOoauOabI
DOTONPUEMHHK
MarpuuHas Kj1aBuaTypa
TepmogaTunk
Yacel peanbHOro BpeMEHU
ITocnenoBarenbHbI MOPT
KoHnTpoJibHbIE BOonpochl
1. KaxoBo Ha3HaueHHe KHOMKH S17
2. KakoBo Haznauenne UMC D3?
3. K kakum nopram mukpoxoHTpoiuiepa (MK) noaxitoueHsl cTpOKU U CTOJIOIBI MATPUYHON Kila-
BUATYpHI?
K kakum nmopram MK noakiroueHsl cBeToIMoAHbIe HHAuKaTopsl VD6-VD9?
Kakoe no3uimonnoe 0603HaueHne Ha MPUHIMNHAIBHON cxeme cooTBeTcTBYyeT KK ?
K kaxum nopram MK noaxmtodens! ynpasistonue 1 uHGpopmarronssie auaun XKKN?
Kakoe no3unuonHoe 0603HaueHNe Ha NPUHIMIINAIBLHON CXEME COOTBETCTBYET yacam?
Kakoe nosurronHoe 0603HaueHue Ha MPUHIMIINAIBHON CXeMe COOTBETCTBYET (HhOTONPUEMHHU-
Ky?
9. K kakum nopram MK noaxitoueHsl yachl pealbHOro BpeMeHu?
10. K xakum nopram MK nozkiodeH TepmoaTauk?
®opma npeacrasIeHus pe3yJbTara:
OTuer JOMKEH CollepiKaTh:
1. Llenb paboThLI.
2. Ilepeuens o0s3arenbHbIx KoMnoHeHTOB MIIC u nx HazHauenue (tabnuua 1).
3. Crpykrypnas cxema MIIC
4. OTBEThI Ha KOHTPOJIbHBIE BONPOCHI M BHIBOJ 110 paboTe

N gk

Tema 1.5. Opranusanusi BBojaa/BbiBoja aanubix MIIC
IIpakTnyeckas padora Ne2
N3y4yenne ycrpoiicTBa napamieasHbix noproB MK ADuC842

®opmupyeMble KOMIIETEHIIUM:
[IK 2.2. ITpon3BOauTh TECTUPOBAHUE U OTJIAIKY MUKPOIIPOLIECCOPHBIX CUCTEM.

Heapb padoThbl: U3y4uTh 0COOEHHOCTH pPabOThI MapaljieIbHbIX TOPTOB MUKPOKOHTPOJLIEPA, a
UMEHHO paboTy cO CBETOIUOJHBIMHU UHIMKATOPAMH U CLIOCOOAMH YIIPaBJICHUS HMH.

Boinosinus padory, Bel Oyaere:

ymemy:
- BBIOMpPATh MUKPOKOHTPOJUIEP/MUKPOIIPOLIECCOP I KOHKPETHOW CUCTEMBI YIIPaBICHUS

MarepunanbHoe obecnieyeHue:

He TpedyeTcsl.

Teoperuyeckue cBeieHUs

1. ¥YcrpoiicTBo napajiejibHbIX IOPTOB MUKPOKOHTPOJJIEpa

[TapannensHbl MOPTHI MpeIHA3HAYEHBI TSI 0OMEHa MHOTOpa3psIHON TBOMYHON HH(pOopManueit Me-
KAy MUKPOKOHTPOJUIEPOM U BHEUIHHUMH YCTPOICTBaMH, MPH 3TOM B KayeCTBE BHEIIHEr0 YCTpOilcTBa
MOJKET MCIIOIb30BaThCSl APYTOM MHUKPOKOHTposuiep. Kaxaplii U3 MOpPTOB COAEPKUT BOCHMUpPA3PSAHBIN
pEerucTp, UMEIOITNI 0aWTOBYIO M OMTOBYIO aapecalivio A YCTaHOBKH (3anuch —1) wim copoca (3anuch
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—O0l) pa3psmoB 3TOrO perucTpa ¢ MOMOIIBI0 MPOrPaMMHOTO obecrieueHus. BBIXOIbI 3TUX PETHCTPOB CO-
€MHEHBI C BHEIIHUMU HOXXKKaMU MUKpocxeMbl. C TOUKH 3pEHHUsl BHEIIHErO YCTPONCTBA MOPT MPEICTaB-
JsieT co000M OOBIYHBINA WCTOYHHMK WJIM MPUEMHUK WH(OpPMAIMU CO CTAaHAAPTHBIMU IM(PPOBBIMU JIOTHYE-
ckumu ypoBHsIMH (00b19HO TTJI), @ ¢ TOUKHM 3peHUs] MUKPOIIPOIIECCOpa — 3TO sSYeHKa MaMsTH, B KOTO-
PYIO MOXHO 3aIIMChIBaTh JaHHbIE WM B KOTOPOI cama co0oii mosiBiiseTcst uH(opMarus.

B kauecTBe BHENIHEro YCTPOMCTBA MOXET CIYXHTb JIO00H OOBEKT YNMpaBICHHUS WM HCTOYHHK
uHpopMaLuu (pa3InyHble KHOIKH, JaTYMKH, MUKPOCXEMBI, JTOMOJIHUTENIbHAS NaMsITh, UCIIOJHUTEIbHbIC
MEXaHU3MBbI, JBUTATENIN, PEJIC U TaK JIaJiee).

B 3aBucuMOCTH OT HampaBICHMS NEPEJadyd JAaHHBIX IapajuIeIbHBIC NOPTHI HA3bIBAKOTCS IOPTaMHU
BBOJI4, BEIBOJIa WIIM ITIOPTaMU BBOJA BBIBOJA.

B kauectBe mpocrteifiero mopra BbIBOJa MOXKET OBITh MCIIOJIB30BaH MapajuIeIbHBIA PErHCTp, TaK
KaK OH I03BOJISIET 3allOMUHATh JAHHBIE, BBIBOJUMbBIE MUKPOIIPOLECCOPOM M XPAaHUTh UX JI0 TEX IO, MO-
Ka [oJlaeTcs MUTaHue. Bee 3To Bpemsi cUrHaibl ¢ BBIXOAA 3TOTO PETUCTPA MOCTYNAIOT HAa BHEIIHEE YCT-
poiicTBO. YnpouieHHas (pyHKIMOHAIbHAs CXeMa [TopTa BbIBO/A [T0KA3aHa Ha pUCYHKe 2. J[BOMUYHBIE CI10-
Ba C CUCTEMHOM IIMHBI JaHHBIX MHUKPOIPOLIECCOPA 3aMUCBIBAIOTCS B peructp no cursairy —WR||. Bei-
xo761 "Q" perucrpa MOTYT OBITh MCIIOJIB30BAHBI KaK MCTOYHUKH JIOTUYECKUX YPOBHEH ISl YIPaBIICHUS
BHEUIHUMH YCTPOMCTBAMH. DTOT PErMCTP HA3bIBAETCA PETUCTPOM JAHHBIX I10PTA BBIBOJA.

Jl1st oTOOpaxeHust 3TOro PerucTpa TOJAbKO B OJHY SUEHKY NMaMATH aJpeCHOr0 MPOCTPAHCTBA MUK-
POIPOLIECCOPHOTO YCTPOKCTBA B COCTaBe MOPTa BBOJA-BbIBOJIA BCEra MPUCYTCTBYET AemudpaTop aape-
ca. DTOT PErucTp Ha3BIBAETCA PErHCTPOM JAaHHBIX MOpTa BeIBoAa. Ha BeIxoze aemmdpaTtopa aapeca yc-
TAQHABJIMBACTCs €AMHMIA JINIIb TOTJA, KOIla JIBOMYHOE CIOBO HA €r0 BXOJE MMEET 3aJaHHOE CTPOro OIl-
peAeneHHOe 3HauYeHUE, COOTBETCTBYIOIIEE apecy sIMEMKH MaMATH, BO BCEX OCTaJbHBIX CIy4yasX Ha Bbl-
xoJie nemudparopa agpeca yAepKUBAETCs JOTMUECKUN HOJIb.
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Puc. 2 — @ynknmonansHas cxema nmopta BeiBogaPuc. 3 — @yHKIHOHaIBHAs CXeMa IopTa BBOIA

B xauectBe mopTa BBOJa MOKET OBITh MCHOJb30BaH HMIMHHBIN (popmupoBarens. i mocTpoeHus
1opTa BBOJIA BBIXO/BI MHHHOTO (opmuposarens (Q0-Q7) moakIrOueHbl K BHYTPEHHEH MIMHE JaHHBIX
MHUKpPOIIPOIIECCOPa, a Ha €ro BXOJ MOJKIIOYAIOTCS CUTHAJbI, KOTOPbIE HYKHO BBECTHM B MHUKPOIIPOILIEC-
COPHYIO cHcTeMy. YTpolleHHas (yHKIMOHAJIbHAsA CXeMa IopTa BBOJIa MPUBEIEHA HAa PUCYHKE 3.

[uuHBI opMHupoBaTENb padboOTaeT cleAyoIUM o0pa3oM: JaHHble ¢ BXxoaoB D0-D7 moctynator
Ha BbIxo/1b1 QO0-Q7 nmumb Torna xoraa Ha Bxozae OE (Output Enable — paspemnienne BbIxo/1a) ycTaHOBIIEH
BBICOKMI Jlornueckuid yposeHsb (1), koraa ke Ha OF nornyeckuil HOJIb BBIXOJIbI IEPEXOJIAT B TPETHE CO-
CTOSIHME U HUKAK HE BIMAIOT HA IIMHY JaHHBIX. 3HAUEHHWE CUTHAJA C BHEIIHETO BBIBOJIA IOPTA NIEpEacT-
Csl Ha IUMHY JaHHBIX (CYUTHIBAETCS) MO yIpaBisdoleMy cursainy RD.

Jns oToOpakeHus: MMHHOTO (popMUpOBaTeNs MOopTa BBOJAA B OJIMH aJIpec MPOCTPAHCTBA aJIPECOB
MUKPOKOHTpPOJUIEpa UCHIONb3YeTcs Aemudparop aapeca. Beinensemslit nqemudpaTopom aapec Ha3bIBaIOT
a/IpecoM perucTpa JaHHBIX MMopTa BBojA. M3 mopTa BBO/1a BO3MOXKHO TOJIBKO YTE€HHE HH(POPMALIUH.

Tak kak U3 mopra BBOJIa BO3MOKHO TOJIbKO 4yTeHue uHpopmaiuu (komana RD), a B mopT BeIBOAa
TOJILKO 3anmuch (komanaa WR), To J1st HOPTOB BBOJA M BBIBOJIA MOXHO OTBECTH OJIMH M TOT XK€ aJIpec B
aJIpeCHOM TMPOCTPAHCTBE MUKPOIIpolieccopa. YIPOIleHHasi CXeMa OJHOI0 pa3psijia MapajjielIbHOro mopTa
BBOJ1a-BbIBO/Ia NIpUBe/ieHa Ha pucyHKe 4. [Iogo0HOe CXeMOTEeXHHYECKOe pelIeHHe MPUMEHSEeTCS B MUK-
pOKOHTpoJuiepax apxuTekTypsl MCS-51, Takoil mOpT Ha3bIBAETCS KBa3UIByHANPaBICHHBIM. J[J1s1 MUKpO-
KOHTPOJUIEPOB APYTUX APXUTEKTYP CXEMa MOXKET OTJIIMYAThCS.
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Pucynok 4 — YnpouieHHas cxema OJHOTo OuTa napajuielbHOTO KBa3uABYHAIPABIEHHOTO OPTa

OnuH pa3psig perucTpa mopra npeiactaBisier coboit D-Tpurrep, 3anuch BXOAHBIX JaHHBIX B KOTO-
PBII IPOMCXOJUT IO BBICOKOMY YPOBHIO cuHXpocursana (Bxon tpurrepa —Cl). Ha pucyHnke takoi cur-
HaJl Ha3BaH «3alucCh B 3alENKy». MONIHOCTh CUTHAJIA ¢ HHBEPTUPYIOLIETO BBIXO/1A TPUITEPA YCUIMBACT-
cs npu nomormu MOII (Merann — OKUCh — HOJIYHNPOBOJHHUK) TPAH3UCTOPA, @ 3a TEM IOCTyHaeT Ha
BHEIIHUI BBIBOJ MUKpPOCXEMbl. BHYTpeHHUI MOATATUBAIOLININ PE3UCTOP CIYKUT I 00ECIIEUEHUs! BbI-
XOJIHOIO TOKa IIOpTa IPHU YCTAHOBJIEHHOM BBICOKOM JIOTUYECKOM ypoBHE. Kak mpaBuiio, BMECTO pe3u-
CTOpa B NOpPTaX MUKPOKOHTPOJIJIEpA MUCIOJIb3YETCs yIpaBisieMblii renepaTop ctadbunbHoro toka (I'CT),
cobpannblii Ha MOII Tpan3uctopax. Crnenyer oOpaTUTh BHUMaHME, YTO Y HEKOTOPBIX IOPTOB BBIBOAA,
BHYTPEHHET0 TeHepaTopa TOKa MOXKET U He ObITh, mpuMep Tomy PO.

2. TIloakiouyeHHe BHEIIHHUX YCTPOMCTB K MOPTY Napajljie]bHOMY OPTY MUKPOKOHTPOJLJIEpa

BuemHuMu ycTpoiicTBaMH Ha3bIBAIOTCS JIIOObIE YCTPOICTBA, KOTOPBIMH YIPABISET, OT KOTOPBIX
HOJy4aeT WM KOTOPbIM IepefaeT MH(OpManuo MUKPOKOHTpoJulep. B kauecTBe BHEIIHUX YCTPOMCTB
MOTYT BBICTYIaTh yCTPOHCTBAa BBOJA-BBIBOJIa MH(YOPMALUU — CBETOAMOIHBIA HHIUKATODP, AWUCIUICH,
JIaTYMK, KHOIIKA, KJIaBUaTypa, JPYroil MUKPOIIPOLIECCOP.

BuyTpeHHss cxeMa mopTra NOCTPpOE€Ha TaKUM 00pa3oM, YTOObI MAaKCHUMaJIbHO YHPOCTHTH MOJKIIO-
YEHME BHEIIHUX YCTPOMCTB K MUKPOKOHTposuiepy. [Ipucyrcreue B cxeme nopra BbIXOIHOTO TPAH3UCTOpA
MO3BOJIET MOAKIIOUUTH K BBIBOJIaM MOPTa CBETOAMOHBIE HHIUKATOPHI HETIOCPEICTBEHHO, 0€3 YCUIHTe-
Js1 MOIIIHOCTH, KaK 3TO MOKa3aHO Ha pucyHke 5. [Ipu aToM HE0OX0auMO CIEeIUTh 32 MAaKCUMaJIbHOU J0-
IIyCTUMOM MOIIIHOCTBIO, paCCEMBAEMON Ha MUKPOCXEME U OTIENbHBIX BbIBOJAX Iopra. CBETOAUON B Ta-
KOHM CXeMe 3aropaeTcsi IpyU HU3KOM MOTEHIMalle Ha BBIBOJIE IOPTA, /ISl 3TOTO B MOPT JAOHKEH OBIThH 3amu-
caH JIornueckuid Houb. Pe3uctop R1 orpannumBaeT TOk yepe3 CBETOANO, €CIM 3TOT PE3UCTOP HE MOCTa-
BUTh, TO TOK IO LIENHM HHJIMKATOPAa MOXET JOCTUTHYTh HEIOMYCTUMOM BEIMYMHBI U CBETOJUOJ WIIU
BHYTPEHHUI TPAH3UCTOP BBIMIYT U3 CTPOSL.

DViw Do

Pucynok 5 — DkBUBaJIeHTHas cXxeMa MOJKIIOUECHHS CBETOMOJHOTO HHANKATOPA K MapaJIIETbHOMY
OpTy

Ecnu xe TpeOyercst oOecrieuuTs OOJIBIINIA TOK HArpy3KH, TO JJIsl yCHUJIEHHUS TOKA IMOPTa UCTIOIb3Y-
10T BHEIIHUI TPaH3UCTOP, KaK MOKa3aHO Ha PUCYHKE 6.
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Pucynok 6 — Cxema NOAKIIFOUYEHHUS CBETOIMOJHOTO UHIUKATOpa
4yepe3 TPaH3UCTOPHBIN KITF0Y

B npuBenenHoii cxeme 0aza TpaH3uUCTOpa MOJKIOYEHA HEIOCPEICTBEHHO K BBIBOAY nopra. Eciu
BBIXOJITHOI'O IIOpTa KOHTPOJUIEpA JAOCTATOYHO ISl OTKPBIBAHUS TPAaH3UCTOpA, TO pe3uctop R2 moxer
OBITh UCKJIFOUEH M3 CXEMBL. DTOT PE3UCTOP HY)KEH JJIsl YBEIMUYCHUS TOKA 0a3bl TPAH3UCTOPHOTO KITIOYA.
Pe3ucrop R3 paccunrtsiBaeTcss MCX0ls U3 JOMYCTUMOIO TOKa cBeToAuoza. s 3axuraHus CBETOJUOa
HEO0XO0MMO B COOTBETCTBYIOIUI pa3ps]l Napaule]IbHOTO MOPTA 3aKCaTh JOTUYECKYIO €AVHHULLY, a I
€ro raieHust — JOrHYeCKHi HOJIb.

JIByHampaBJICHHBIA MOPT MO3BOJISIET MOJIy4aTh HU(PPOBYIO HHMOPMAIMIO OT Pa3IMYHBIX UCTOYHH-
KOB — KHOIOK, JaTYMKOB, MUKpocxeM. CoriacoBaHue MHUKpPOCXEM MEXIy COOOH He HpeCTaBisier
TPYAHOCTEH, TaK KaK MPAaKTUYECKH BCE COBPEMEHHBIC IIU(PPOBBIE MUKPOCXEMBI 110 BXOJIY U BBIXOIY CO-
IJIACOBAaHHBI MEXJly COOON U UMEIOT CTPOro ONpeAeIeHHbIe 3HaUeHUs JIOTH4eckux ypoBHel. C natumka-
MH U KHOIIKaMHu O€J10 00CTONT HECKOJIBKO ClIOKHee. Bee JaTYUKHW BBIIIOJHAIOTCA TaK, 4YTO OHHU C TOYKH
3peHHs] DJIEKTPUYECKOH CXEMBbl MpEeACTaBIIAIOT CO0OM KOHTaKThl, paboTalolMe Ha 3aMblKaHHe-
PasMbIKaHHC. HOBTOMy CXeMa IOAKIKOYCHUA AJAaTYUKOB W KHOIIOK IMPUHOWUIIMAJIBHO HE OTJIMYAarOTCA. Co
CTOPOHBI MHUKPOKOHTpOJIIEpA 3aMbIKaHME—Pa3MbIKaHUE JIOJDKHO HHTEPHIPETHUPOBAThCA Kak I0jada Ha
BXOJI JIoThueckux ypoBHe#. [Ipocreiimas cxema, npeoOpa3yromias 3aMbIKaHUE KOHTAKTOB B JIOTMUECKHE
YPOBHHU IOKa3aHa Ha PUCYHKE 7.
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Pucynok 7 — IogkiroueHue ncToYHUKa HUGPOBONA HHPOPMALIUU

Korna xontakT K pa3soMKHYT TO Ha BXOJ MUKPOKOHTpOJUIEpA Yepe3 pe3uctop R momaercs Hamps-
JKEHUE NUTaHWs, HHTEPIPETUPYEMOE KOHTPOJUIEPOM KaK JIOTMYECKask €AUHUIA. ECIn KOHTAaKT 3aMKHYT,
TO Ha BXOJI IOJJA€TCs MOTEHIIHAN O0IIETo MPOBOJIA, YTO COOTBETCTBYET JIOTMUECKOMY HYIIIO.

st Toro yto OBl BBECTH MH(POPMAIUIO C MapajuleIbHOTO MOpTa B HEro JOHKHA ObITh 3alUCaHbI
JIOTUYECKHE €IMHULBL. [[en0o B TOM, 4TO €ciiu B paspsij 3amucaTh JIOTUUECKYIO €AMHMILY, TO BBIXOAHOMN
TPAH3HUCTOP 3aKPBIBAETCSA M HA BBIBOJE MUKPOCXEMBI 3a CUET BHYTPEHHETO MOJATATUBAIOIIETO PE3UCTOpa
YCTaHaBJIMBACTCS BHICOKHI YPOBEHb. DTOT YPOBEHb MOKET ObITh N3MEHEH Ha HYJEBOW MOTEHIMAI 3aMbl-
KaHHEM BBIBOJa MUKPOCXEMbI Ha o0mmmii npoBoa. Y unpopmaius MoxkeT ObITh MPaBUILHO UHTEPIPETH-
pOBaHa MUKpOMpoILecCOPOM. B ciydae e korjga B pasps nopTa 3amucaH JIOTHYECKUH HOJb, BHYTPEH-
HUHN TPAH3UCTOP OTKPHIT, HA BBIXOJE MOSBISETCS HU3KHUI MMOTEHIIMAJ, U3MEHUTh KOTOPBIA M3BHE HEBO3-
MoxHO. [ToaTom, mepes TeM Kak OCYLIECTBUTH BBOJ MH(OPMAIMK Yepe3 MapaieNbHbIi IOPT, COOTBET-
CTBYIOUIMH pa3ps] HEOOXOJUMO HACTPOUTh Ha BBOJ — 3allUCaTh B HET'O JIOTHYECKYIO €IMHHUILY.
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3. Oco0eHHOCTH MapaLleJbHbIX IOPTOB MUKPOKOHTPoOJIepa ADuC842

B mukpoxonTpomnepe ADuC842, pupmsr Analog Devices, ans oOMeHa nH(OpMAIMK ¢ BHEITHUMHU
YCTPOMCTBAMH HCIIOJIB3YETCS YETHIPE MapalIeIbHBIX MOPTa BBOJA-BHIBOAA. J[OMOIHUTENHFHO K CBOEMY
OCHOBHOMY Ha3HaUY€HHUIO HEKOTOPBIE MOPTHI MOTYT MCIIOJIB30BATHCS JUIS MOJIKIIOYCHUS BHEITHEH mams-
TH.

Port0 (P0.0 — P0.7) — JIByHanpaBieHHBIN §-MU pa3psiIHbIi MapajuielbHbIA MTOPT BBOJAa-BbIBOJA C
OTKPBITBIM CTOKOM. [IpH 3amucu B OUT perucrpa mopra JOrHYECKOW eIUHHIIBI COOTBETCTBYIOMIAS JTHHUS
HOPTa MEPEXOJUT B PEKUM BBICOKOMMIIETAHCHOTO BXoja. J{ist paboThl B pekuMe MOpTa BBOAA-BHIBOJIA
HEOOXO0IMMO BHEIIHEE MOATATHBAHNE KAXKIOTO Pa3psiaa MopTa K YPOBHIO JIOTHUECKOW EAMHUIIBL.

Portl (P1.0 — P1.7) — BxoaHO#i mopT, [0 yMOJYaHHWIO HACTPOEH Ha BBOJ aHAJIOIOBBIX CUT'HAJIOB
(pynxus ALIT). Kaxplii BBOJ MOXET OBITh NEPEBECH B PEXKUM IH(PPOBOTO BXOAA, VI 3TOTO B COOT-
BETCTBYIOIINN OHUT MOPTA TOJDKEH OBITh 3aIMCaH JIOTHYECKUN HOJIb. [IopT HE MMeeT BHYTPEHHETO YCHIIH-
BAIOIIETO TPAH3UCTOPA M MOTOMY IPH BBOJAE AMCKPETHON MH(OpMAIMH Yepe3 HEero He Tpedyercs 3amu-
CBIBaTh B Pa3psijbl JOTHUYECKYI0 eIMHUIy. B pexunme mopra mudpoBoro BBoga HEOOXOAMMO BHEIIHEE
HOATSTUBAHUE KAXKI0TO pa3psiia MopTa K YpOBHIO JIOTUYECKON €TUHHIIBI.

Port2(P2.0 — P2.7), Port3(P3.0 — P3.7) — JIByHanpaBiicHHbIC 8-MH pa3psaHbIC MapauieibHbIC
NOpTHI BBO/Ia-BeIBOAA. [IpH 3amuicu B OUT perucTpa mopra JOTHYECKOW eUHHIIBI, COOTBETCTBYIOIIAS JIH-
HUS T0pTa TEPEXOIUT B PEKUM BBICOKOMMIIEIAHCHOTO BXOJa CO CJIa0BbIM MOATSATUBAHHEM CHTHAJIA K
YPOBHIO JIOTUYECKOW €TMHULIBI.

dopwmar u agpeca noproB PO-P3 npuBeneHsl Ha pucyHke 8. Ha 3TOM ke pUCYHKE IOKa3aHbI ajpeca
OT/JENEHBIX OUTOB IOPTOB B OMTOBOM IPOCTPAHCTBE MAMSITH.
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Pucynok 8 — Angpeca SFR napannenbHbIX mopToB

Muxkpokontposuiep ADuC842 B naboparopHOM NMPAKTUKYME HCCIEIYETCS B COCTaBe Y4eOHOro Jia-
6oparopHoro crenaa LESOI1, 1 Toro yto0sl onpenenuTh kKakoe nepudepuitnoe ycTporcTBO MOJKITIO-
YEHO K KaKOMY TOPTY CJIEIyeT H3YIHTh TPUHIUIHAIBHYIO CXeMy y4eOHOTO CTeH .

3amanmue

3apucoBaTh B TeTpaab (YHKIMOHAIHHBIE CXEMBI TOPTOB BBO/A-BBIBOJIA, @ TAK)KE CXEMBI IOJKITIO-
YeHHsI BHEIIHUX YCTPOMCTB K MapasiebHbIM MOPTaM (MHIWKATOP M KHOIKA), 3HaTh Ha3HAYEHHE BCEX
KOMITOHEHTOB.

®opma npeacTaBieHus pe3yJabTara:

OTyeT 1omKEH CONepKaTh:

1. Lenb paboThl.

2. DKBHBAJICHTHAs CXeMa MOJKIIOYCHHUS CBETOINO/IA K TTApaJUIETIHHOMY TIOPTY.

3. DKBUBaJICHTHAs cXeMa MOJIKIIOUYEHHUS HCTOUHUKA IM(POBOTO CUTHAJIA K MAPAJUICIbHOMY TOPTY.
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IMpakTnyeckas padora Ne3
N3y4yenne cxembl NOAKIIOUEHU MATPU4YHOH KiaaBuatypbsl K MK ADuC842

®opmupyeMble KOMIIETEHIIUM:
[IK 2.2. IIpou3BOoAUTH TECTUPOBAHUE U OTIIAJKY MUKPOIIPOLIECCOPHBIX CUCTEM.

Heab padoThI:U3y4UTh OCOOCHHOCTH pabOThI MApAIJICIbHBIX TOPTOB MUKPOKOHTPOJIIEPA, a TAKKE
U3YYUTbh CXEMBbI IIOJKIIOYEHHS KHOIIOK U MaTPUYHON KJIaBUATYPbl K MUKPOKOHTPOJLIEPY.

Boinosnus padory, Bel Oyjaere:

ymemy:
- BBIOMpPATh MUKPOKOHTPOJUIEP/MUKPOIIPOLIECCOP I KOHKPETHOW CUCTEMBI YIIPaBICHUS

MarepuasibHoe o0ecnieyeHue:

He TpeOyercs.

TeopeTuyeckue cBeleHUs

IIpumeHeHre MATPUYHOM KJIaBHATYPbI I BBOAa HH(POPMALH B MUKPOIIPOLIECCOPHYIO
cucremy

Jlnst peanu3anyu B3aMMOJEHCTBHS M10JIb30BaTelsl ¢ MUKPOIIPOLIECCOPHOM CUCTEMOM HMCIOJB3YIOT

pa3nuHbIe YCTPOICTBa BBOAA-BbIBOAA HH(pOpManuu. B camMoM mpocToMm ciiydae B poiid yCTPOWCTBA BBO-
Jla MOXET BBICTYIaTh KHOIIKA, MPEICTABIIAIOMIAs COOOM 3J€MEHTapHBIH MEXaHU3M, OCYIIECTBIISIOIINN
3aMbIKaHHE-Pa3MbIKaHHE KOHTAKTOB MO ICHCTBUEM BHEIIHEH MeXaHM4YecKoil cuiibl. Cxema MmoaKiIroye-
HUS KHOIKU K JIMHUM BBOJIa NIApaJUIEIbHOTO MOPTA BBOJA MUKPOKOHTpPOJUIEpa MOKa3aHa Ha PUCYHKeE 9.
Korna konTakTel kHONKH S1 pa3oMKHYTHI uepe3 pe3uctop R1 Ha BX0J KOHTpoIUiepa MOCTYNaeT BhICOKUI
JOTHYEeCKUi ypoBeHb —1l, KOrzma e KOHTaKThl 3aMKHYTHI, TO BXOJ] OKa3bIBa€TCS COCAMHEHHBIM C 00-
IIMM [IPOBOJIOM, YTO COOTBETCTBYET Joruueckomy ypoBHio —O0I. Eciu mapaniensHblii TOPT MUKPOKOH-
TPOJIJIEpa UMEET BCTPOEHHBIN T€HEepaTop TOKA, TO B CXeMe MOKHO 000MTHCH O0e3 pe3uctopa R1.
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Pucynok 9 — IlonxiroueHne 0JMHOYHON KHOIIKH K NTapaJljIeIbHOMY IIOPTY

Henocrarok nmpuBeIEHHOM CXEMBbI 3aKII0YAETCS B TOM, YTO JJIS MOJKIIOYEHUS KaXJA0H KHOIKH
TpeOyeTcst OT/eNIbHAS TMHHS MapaJlIeIbHOTO TopTa. Tak Kak 4acTo TpeOyeTcsi BBOJUTh HHPOPMALIUIO C
0O0JBIIOr0 KOJMYECTBA KHOIMOK, TO JJISi YMEHBLICHHUS KOJUYECTBA JIMHUN BBOJA-BBIBOJA MCIOJIb3YETCS
KJIaBUaTypa, IpeJCcTaBisionas coOoi ABYXMEPHYIO MaTpully KHOIIOK, OPraHM30BaHHBIX B pSAAbl U
ctonO1s! (pucyHok 10).

HOI[KJ'[IO‘IGHI/IG KJIIaBUATypbl OTINYACTCA OT CXEMbI INOAKITIOYCHUS OZ[I/IHO‘IHOI7[ KHOIIKHM TEM, 4YTO
NOTEHIMAJ O0IEero MpoBOjAa Ha OIpalIMBaeMble KHOIKHU MOJAeTCsl He HEMOCPEICTBEHHO, a Yepe3 MopT
BbBIBO/JIA.

B kaxaplii MOMEHT BPEMEHH CUTHAJ HU3KOTO YpPOBHA (JOTHMUYECKUI HOJb) MOAAETCS TOJIBKO Ha
OJIMH CTOJIOEI] KHOMOK, Ha OCTAJbHBIE JOJDKHA MOJIABAThCS JIOTHYECKash eIUHNIA. JTO MCKIIOYUT HEO -
HO3HAYHOCTH OTPEIeIeHUs] HOMepa Ha)kKaTOW KHOMKH. J[BOMYHBIE CUTHAJIBI, TPUCYTCTBYIOIIUE IPU 3TOM
Ha CTPOKaX KJIaBUATYphl, CYUTHIBAIOTCS Yepe3 MOPT BBOJIAa MUKPOKOHTpPOJLIEpa.
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Pucynok 10 — ITogkinroueHne MaTpu4HOM KJ1aBUATyphl K apauieIbHOMY MOPTY

Bpemennas nuarpamMma HanpspDKEHHN Ha ITOPTAax BBIBOJA IPU BBINOJHEHUH MPOrPaMMbI OIpoca
KJIaBUATypBbl IIPUBE/ICHA HA pUCyHKe 11.
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Pucynok 11 — BpemenHnsle quarpaMmsbl paboThl TOPTa BHIBOJIA

B xaxnapiii MOMEHT BpeMeHHU MPOU3BOAUTCS YTeHHs] MHPOpManuu u3 mopra BBoja. [Iporpamma
MHKPOKOHTPOJICPA 110 CUHUTAHHOU KOM6I/IHaHI/II/I AO0JDKHa OMpEeACIIUTG HOMEDP Ha)kaTOW KHOIKH KJIaBHUa-
TYpBL.

3amanmue
3apI/ICOBaTB B TCTpadb CXEMBbI IMOAKIIOYCHHA 0I[PIHO‘~IHOI71 KHOIIKHA U ManHqHOﬁ KJIaBHaTyphbI K I1a-
pallIeNbHBIM MOPTaM (MHAUKATOP U KHOIKA), 3HATh Ha3HAUYE€HHE BCEX KOMITOHEHTOB.
dopma npeacTaBJeHus pe3yJjbTara:
OT4eT JOKEH COlePKaTh:
1. lens paboTHI.
2. DKBUBAJICHTHAS CXeMa MOAKIIOYCHUS KHOMKU K MapajljieIbHOMY TIOPTY.
3. DKBHBAJICHTHAs CXE€Ma MOJKIIFOUEHUS KIIABUATYphl K NapAJJIEIbHOMY HOPTY.

IIpakTuyeckas padora Ne4d
N3y4yenne Taiimepo MK ADuC842

®opmMupyeMble KOMIIETEHIMH:
[1K 2.2. [Ipou3BoAUTH TECTUPOBAHUE U OTIAJAKY MUKPOIPOLIECCOPHBIX CUCTEM.

Heasb padoThi: M3y4nTh 0COOEHHOCTH PabOTHI TaiMEPOB MUKPOKOHTPOJUIEPA, a TAKKE METOTUKY
KOH(UTypHpOBaHUS TaliMepoB U (POPMUPOBAHUS C TOMOILBIO TaiiMepa BPEMEHHBIX HHTEPBAJIOB.

Boinosnus padory, Bel Oyaere:

ymemn:
- BbIOMPATh MUKPOKOHTPOJIEP/MUKPOIIPOLIECCOP AJIs1 KOHKPETHOH CUCTEMBI YIIPaBICHUS
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MarepuasbHoe o0ecrieyeHue:

He TpeOyercs.

TeopeTuveckue cBeleHUs

1. OO0mme cBegenus o TaiimMepax

TaiimMepbl nperHa3HauyeHbl A1 (GOPMHUPOBAHUS BPEMEHHBIX MHTEPBAJIOB, [103BOJISAT MUKpPOIpOLIEC-
COPHOH cucTemMe padoTaTh B PEKUME PEaTbHOTO BPEMEHHU.

TaiiMepsl npeacTaBiIA0OT cO00H HUPPOBBIE CUCTUNKH, KOTOPBIE MTOJICYUTHIBAIOT UMITYJIbCHI THOO OT
BBICOKOCTAOMIIBHOTO T€HepaTopa 4acTOThI, IMOO OT BHEUIHETO MCTOUYHUKA CUTHAJA, B 3TOM CIIydae Tai-
Mep Ha3bIBalOT CYETYMKOM BHEHIHMX coObITHH. K cucTeMHOH mIMHE MUKpoIpoleccopa TaiiMepbl Moj-
KJIIOYAIOTCS IIPU IOMOIIM NTapaJlIeNIbHBIX IOPTOB.

Kak npaBuio, B MUKpOIIPOLIECCOPHOI cUCTEME B KaueCTBE I€HEPATOpPa 4acTOThl BBICTYIAET IE€He-
paTop BHYTPEHHEW CUHXPOHU3ALUNA MUKPOKOHTpoJulepa. YacTora reHepaTopa 3aJacT MUHUMAJIbHBIA M H-
TepBajJ BPEMEHM, KOTOPBIA MOKET ONpelesaTh Taiumep. MHTepBaabl BpEMEHH, 3aaBacMble TaMEPOM,
MOTYT yCTaHaBJIMBATbCS TOJIBKO U3 JUCKPETHOro Habopa AOIMYCTHUMbIX BpeMeH. PaszpsaHocTs nugppoBoro
CYETUYMKA, BXOJAIIET0 B COCTaB TaiiMepa, ONpeeiseT MAKCUMaJIbHbIM UHTEpBaJ BPEMEHHU, KOTOPBIA MO-
KET OIPENENATh TalMep.

OO0bIYHO UCHONB3YIOTCS 16-THpa3psIHbIE TaliMEPBI, 103TOMY, I MOAKIIOUEHUS TAKOT0 TaiMepa K
8-MupaspsAHOMY Ipoleccopy TpeOyercst JBa HapaulenbHbIX mnopra. Kpome Toro, TaiiMepoMm HY>KHO
ynpasisATh. TaiiMep HY)KHO BKJIHOYaTh U BBIKIIOYATh, ONPEJEISITh, HE BO3ZHUKAJIO JIU [IEPENOJIHEHUE Tall-
Mepa. DakT nepenoJHeHus 3allOMUHAETCS B TOTIOJIHUTEIBHOM TPUITEPE, MOAKIIOYEHHOM K BBIXOMY IIe-
peHoca cueT4yHKa TaiiMepa. DTOT TpHUITep Ha3biBaeTcs (hiaroM nepemnoiaHeHus taiimepa. Tpurrep (¢iar)
BKJIIOYEHHUS M BBIKIIOUEHUS TaiiMepa M (hiar nepenoiaHeHus TaiMepa MOJKII0Ya0T K CUCTEMHON IIMHE
MUKpPOIIPOIIECCOpa Yepe3 JAONOJHUTENbHBIN OPT BBOAA-BbIBOAA. CTPYKTYypHasi cxema Taiimepa B caMoOM
o01mieM Buje Noka3aHa Ha pucyHnke 12. Kax/plif 13 HOpTOB BBO/Ia-BbIBO/Ia OTOOpaKaeTcsi BO BHYTPEHHEM
aJIpeCHOM IIPOCTPAHCTBE MUKPOIPOIIECCOPA, U UMEET CBOI OTIEINIbHBIN ajipec.
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Pucynok 12 — CtpykrypHas cxema Taiimepa

OueBHIHO, MAKCUMAJIBHOE YUCIIO, KOTOPOE MOXET OBITh 3aIIMCAHO B 16- OUTHBIN CUETHBINH PETUCTp
TaiimMepa paBHO 21% — 1 =65535, uro MPEACTABISIET COO0M JTOTUUECKYIO AMHUITY B KOXKIOM paspse pe-
ructpa. Takum oO6pa3zom, eciiu nepe 3alyCKoM TaiiMepa B €ro CYeTYMKU ObUIN 3allUCaHbl HYINH, TO Tiepe-
MIOJIHEHHE TaiiMepa mpon30uieT yepe3 65536 MalIMHHBIX [UKJIOB. 3HAsl 4aCTOTY 3aJIa0IIEro TeHeparopa
MHUKPOIPOIIECCOPHON CUCTEMBI, a KaK CIIEZICTBUE U MEPUOJ CUTHAIA reHepaTopa T g, MOXKHO JIETKO OIpe-
JEJIUTh BpeMsl MIEepEeroIHEHUs TaiiMepa B CEKyHaxX:

T1=65536 Tg .

Ecnu xe TpebyeTcss yCTaHOBUTHh MEHBIIMI MHTEpBal BPEMEHH, TO TIEPE]] 3allyCKOM TaiiMepa B €ro
PETUCTPBI MOKHO 3alMCAaTh HAYAJIBHBIM KOJI, U TOTJa CUET HAYHETCS HE C HYJIS, a C 3alIMCAaHHOTO KOJa, U
CUETUYHKY MOTpeOyeTcs MeHbIIe BpeMEHH Ui NepenoiHeHus. B atom cimyuyae Bpems paboTsl Taiimepa TT
orpenensercs 1no Gopmyne:

TT = (Zﬁ — I.C'ﬂdﬂ) 'T,-_-;J (1)
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rae: Code — ko, 3amucaHHBIN B TaliMep 10 €ro 3amycka, 11 — Bpems pabotsl Taiimepa, TG — me-
puoJ KojeOaHMii 3aJar0Iero reiepaTopa, N — pa3psaIHOCTh TaitmMepa.

Ecnm ke tpebGyercst chopMupoBaTh HHTEpBAJ BPEMEHH OOJIBIIINIA, YeM MaKCUMaJIbHOE BpeMs T1e-
PEIONIHEHUS, TO TaHMEP MOKHO 3aIlyCTUTh HECKOJIBKO pa3 B LIUKJIE. B 3TOM cilydae BpeMEHHOW MHTEpBal
OTIpe/IeIIeTCS KaK:

AT=TT-N, (2
rne N — KoJaruecTBo urepauuii nukia, TT— BpeMsi cpabaThIBaHus TaiiMepa.
2. TajiMmepbI-c4eTYMKH MUKPOKOHTpoJLIepa ADuC842

MuxkpokonTtposiep ADUC842 umeer Tpu 16-pa3psiaHbix Taiimepa-cueTunka: Taiimep 0, Taiimep
1 u Taitmep 2. CtpyKTypa U peXUMbI pabOThl TallMEPOB-CUETUNKOB COOTBETCTBYIOT OOIIMM MPUHLUIIAM
apxutekTypsl MCS-51.

Kaxnplii Taitmep-cueTuuk coepuT 1o 1Ba 8-6utHeix peructpa THx u TLx (x =0, 1, u 2). Kax-
IBIA TaliMep-CUeTYMK MOKET OBbITh 3alporpaMMHUpOBaH Ha paboTy B KauecTBe JuOO Taiimepa (OTCUET
BpPEMEHH 4Yepe3 MOACYET BHYTPEHHHX MMITYJIbCOB CHHXPOHH3AIMHU), TUO0 cueTunka (TOACYEeT COOBITHIA
Ha BHEIIHEM BXoje). B o06oux ciyyasx mepernosHeHrne CUeTHOTO PETUCTpa MPUBOAUT K (HOPMHUPOBAHUIO
3arpoca MpepbIBaHUs U YCTAaHABIMBAETCS CHELMAIBHBIN (ar nepernoaIHeHus.

B pexxume taiimepa peructp TLX yBennumBaeT cBoe 3HAUCHHE HA €IUHUILY KaXIbIi MalTUHHBINA
uki. [lockosibKy MalIMHHBINA LMK OJHOTAKTOBOI'O siipa COCTOUT U3 OJIHOTO TAaKTOBOI'O MEpHOJa, TO
MaKCHMaJlbHas CKOPOCTh CYeTa paBHa TAKTOBOM YacToTe spa.

B pexxume cuerunka, peructp TLX yBenmuuBaeT cBOe 3HaUEHHUE HA €AUHUILLY [IPU MEPEXOJIE YPOB-
HSl U3 BBICOKOTO B HU3KHI Ha COOTBETCTBYIOILIEM BHEIIHEM BbIBOJe MUKpokoHTpoiiepa: TO0, T1 umm T2.
Korzma Ha BHelIHEM BBIBOJE OJMH MAIIMHHBIA LUK IEPKUTCS BBICOKUM JIOTUYECKUN YPOBEHbB, a yKE B
CIIEIYIOIIEeM IMKJIe — HU3KHI, TOTr/1a pEerucTp TaliMepa yBeIUYMBaeT CBOE 3HAYCHHE Ha eAUHUIY. Takum
oOpasomM, ajisi pacrio3HaBaHus nepexoaa u3z 1 B 0 tpedyercs ABa TakTa BHYTPEHHETO T€HEpaToOpa MUKPO-
KOHTpPOJUIEpa, 3TO 3HAYUT, YTO MAKCUMAaJIbHAs CKOPOCTh CYETa MOXKET COCTaBUTHh MOJOBHHY YaCTOTHI
BHYTPEHHET0 TAKTOBOI'O T'€HepaTopa.

Taitmepsr 0 u 1 o6cnyxuBarotcs peructpom pexkuma T MOD u peructpom ynpasienust TCON.

TMOD - peructp kou¢urypamnuu Taitmepa 1 u Taiimepa 0.

SFR ampec 0x89.

3navyenne nocie nojauu muranus 0X00.

Peructp He uMeeT OUTOBOI aapecanuu.

TCON — peructp ynpasnenus Taiimepa 1 u Taiimepa 0.

SFR ampec 0x88.

3navyenne nocie nogauu rmuranus 0X00.

Peructp umeer 6UTOBYIO aJpecaluio.
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Tabmuna 3 — Onucanue 6ut peructpa TMOD

MHEE N OEEEA OIHC AHHE
HOMED
BT vImpaEnemEs Taswepon 1.
7 GATE [Tpe GATE=] zna pabors Eecbxommeo yonoeee 1R 1=] x [NT1#&=].
[Tpe GATE={ Taswep | paboTraer scerga, xorma TR1=1.
BErT BEIDOpa THITA COORITHE T8 |arvepa 1.
6 CT= [Tpe C'T#=] om paboraeT Eak ceTTHE (EX0J ¢ EESMIEETe BEBOIA 11 —
P3.5), mpe OT#=) — o Taidep (2X0T ¢ BEVIPEEHSrO TeEepaTopa).
M1, MO oerrer onpesensroT pesms paboTsl Takepa 1
g Ml M1 | MO
0 q TH] patoraer =ax S-OETEemE Tammep-coerwem, 111
BEICTVIIAET B E3QUeCTEe JeMHTens TICTOTE Ha 3.0
0 ] l6-omrernt TaEmep-caeTmm., 1H] = TL]l sxmomesmr
DOCTeI0EITETEHD.
4 MO 8-DHETHLON TalMep-CIeTIHE © ABTOomepesarpyasol, TH1
1 0 | yoep=sEaeT sEaTeEme, KOTOPOS zarpvaasTea e 111
BCEEEHE Pa3 OpE Depenom=Eesme TL1.
1 1 | Taisep-caeromr | ocTamoEnes.
BT vompaenemss Tasowepom(l.
3 zATE [Tpe (GATE=] zns pabors: meobxommeo yonoeme TRO=1 = INT(=].
[Tpe GATE=] Tasmep ) paboraer acerga, xorma TRO=1.
bErT BEIDOpa THIE COORITHE T8 | arovwepa (.
2 CT= [Ipe C/T#=] om paborasT Eak coeTE (EX0J C EESMIEETs BRBOIA 10 —
P3.4). mpm CT#=] — sax Tafivep (Ex01 ¢ BEEVIPEEHSTO TeSepaTopa).
1 M1 A1, MO oerrer onpesensroT pesss paboTs Taimepa [
M1 | MO
0 q THO patoraer xax S-OmTEem Tamwep-coersem, 110
BEICTVIIAST B EFTecTEe DeTHTeNsd TacToTE =3 3.0
0 ] 16-omremnt TaEmep-caeTmE., 1HU = TL0 sxmomesmr
DOCTET0EITETEHD.
8-DHETHELON TalMep-CIeTIHE ¢ ABTOmepezarpyvanol, 1T HU
0 MO 1 { | comep=sT 3maTesme EOTOpOe 3arpyaEaercd 8 1L somen
paz mps meperomsessm 1L,
TL gcoomeayeTcs B 5agecTae S-0RTEOMD TAAMEDa-
CUSTOUREA 00 CTARIAPTERIME DETAME YIDARTeHET
1 1 Taiowepa (0.
THO scoomeavercs TOMEED B KaTecTse S-0HTEOTO
CUSTUREA, YIPAETEENE TPCHECHOMET CTARIADTEEINE
OETAME YIIPARTeHNs Tamvepa |
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Tabmuna 4— Onucanue 6ut peructpa TCON

MEEMOHERA OOHCAHDS
HoMeD
$nar nepenonmesws Tasvepa 1.
- TF1 VeTaEaETHEISTCH AMNAPaTED OPE DEPEIONHeEHH CUeTHEOND
' PETHCTpA TAaEMepd. (EMEeTcs AMIApaTHES OpE OepaTads
VIPIETSHRT B3 TpoOeTypy O0patoTEE IpepalEARET.
Bt aamyesa Taiovepa 1
] TR1 IMpe TR1=1 c=er paspemen.

Frar mepencrmEesma Taraepa (.
VCTAaEAENHEASTCH AMIAPATHED OPH TePeINTHSEH CIeTEND

3 TFO PerHCTpa Taivepa. (FI@eTcs AMTApaTHO OpE DepetaTe
YVOPAETEHNE Ha TPOOeTyPy COPI00TER IPepEIBAETE.

B aamryesa Taiovepa (.
4 TRO ITpe TE=] cmet paspemes.

Far ezemEere opepemasms 1 (IN11#)

¥V CTAaEEEMHEASTCE ANAPaTES O MATAE0MEN JpoETe BT IpE

IE1 HYNeEOM YDOBEE Ha EHemEes Eogse INI1#, zaEmcET ot
cocTomsg oerra IT1.

(rmmraercs  anmapaTso Ope Depelame  VODARTEEHS  =a

OpOIeTypy 00paloTa: npeprmEams

(]

BET BRI0opa THIIE AXTHEROTD CECEATS Ha axoxe INT1#

[

IT1 IIpe IT =] asTremoe SaISeTol Tepexod B3 BEICOR0IT B
meewe, mpE [T 1= asreesery serseTcs ERIEIGT YOBSEE
CHTHATA.

$ar EEemEero opepemases 1 (INI0E)

¥V CTAaEEEMHEASTCE ANAPaTES O MATAE0MEN JpoETe BT IpE
1 IEQ HYNMEEOM YPOBEe Ha EEemmen mosse [NI0#, zasmesT oOT
cocToases berra [TO

(rEmraeTcs anmapatEo OpeE Depedsde  YOpPARTeEHS El
OPOOeTvDY OopaoTss IpepEEIRET.

BET BRI0opa THIIE AXTHEROTD CHIEATS Ea axoxe INT 1=

0 ITO ITpm [T0=] arTem=cme sengeTcs mepexol 3 BRICOKOTD B
mease, ope [T ascoreeEsm sEreeTes BRI YpoEess
CHTHATA.

Kaxnpiii TaliMep comepXUT ABa 8-OUTHBIX PETUCTPa, KOTOPHIE MOTYT OBITH HCIOJIb30BaHbI KakK
HE3aBUCHMBbIE PETUCTPBl UJIM CKOMOMHHUPOBAHBI B OJIMHOYHBIE 16-OUTHBIE PErHCTPHI B 3aBUCUMOCTH OT
pexuma paboThl Taiimepa.

THO u TLO — crapumii u mnaammii 6aiit Taiimepa 0.

SFR anpec — 0x8C u 0x8A, COOTBETCTBEHHO.

TH1 u TL1 — crapumii u muaamuii 6aiit Taiimepa 1. SFR agpec — 0x8D u 0x8B, cooTBeTCTBEH-
HO.
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Pucynok 14 — CtpykrypHas cxema taiimepa B pexxume 0 (uist Taiimepa 0)

[lepenonHenne TaiiMepa MPOUCXOIUT, KOTJA €IUHHIBI B KAXKIOM paspsiie MEHSIOTCS HYJISIMH,
npu 3ToM ¢uiar nepenoiaHeHus T FX ycranaBiuBaercs B enuHuIly. @mar TFX MoxeT ObITh MCIIOJIB30BaH
Uit ipepbiBaHusl. K BXoy cdeTdrka MOJKIIOYEH UCTOYHUK CUTHANIOB, Koraa TRx = 1 u BBIIOJHSETCS
onHo u3 ycinoBuilt Gate = 0 mwinu INTx = 1. B aTtom ciydae ynoOHO ynpaBisTh TaiiMepoM uepe3 ¢uiar
TRx. B ciydae, xorma Gate = 1 taiimep MOXeT yNpaBJIATHECS C BHEITHETO BBIBOJA MUKPOKOHTpOJUIEpa
INTx, Takas BO3MOXXHOCTb IO3BOJIIET M3MEPATh AJTUTEIBHOCTh HMITYJIbCOB. M3MepseMblii UMIysbe
JoJKeH mogaBathes Ha Bxo INTX. Tumm ucTouHMKA TAKTOBBIX UMITYJILCOB omnpeensercs dirarom C/TH#,
korna ¢aar ycranosieH (C/T# = 1), curaan Ha CYETUHK MOJAETCS C BHEITHETO BBIBOJIAa MUKPOCXEMBI T X,
eciu ¢utar copomren (C/T# = 0) — ¢ BHyTpeHHEro TakToBOro reaeparopa. ®mar TRX koHTpoaHpyeTcs
yepe3 peructp cneunanbHoil pynkiun TCON, pnaru Gate u C/T# — uepes TMOD.

DTOT pekuM OBUT BBEJICH JIJISI COBMECTUMOCTH C YCTapeBIINM CEMEWCTBOM MHKPOKOHTPOJIIEPOB
MCS-48 nns obnerueHus nepeHoca yxxe pa3paboTaHHBIX MPOrpaMM Ha HOBBIE MPOLIECCOPHI, H TO3TOMY B
HACTOSIIEe BPEMS HE UCTIONB3yEeTCsl.

Jlnst BbIOOpa mepBoro pexuma cienyer ycranoButb 0utsl M1 = 0 u MO = 1 perucrpa TMOD. B
MIEPBOM pEeXHME pabOThl TaiMep padoTaeT Kak IMIECTHAAATUPA3PAIHbIN cueTunK. Pexkum 1 moxox Ha
pexxum 0, 3a UCKITIOYEHUEM TOTO, YTO B PErHCTPax TaiiMepa MCIoNb3yloTcs Bece 16 Out. B aToM pexxnme
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peructpsl THx n TLx Taxke BKIFOYEHBI Ipyr 3a ApyroM. Pabote Taiimepa 0 wim Taitmepa 1 B pexxume 1
COOTBETCTBYET CXeMa:

fx

. T T || Ir | 1r mensdiopE

Pucynox 15 — CtpykrypHas cxema taiimepa B pexxume 1 (s Tarimepa 0)

HymneBoit u nepBwiii pesxkumbl padoTel TalimepoB 0 u 1 mpenHa3zHadeHsl 4711 (HOPMUPOBAHUS OJH-
HOYHOTO MHTepBaia BpeMeHH. Eciu BO3HHMKaeT HE0OX0IMMOCTh (hOPMUPOBATh MOCIIEA0BATEILHOCTD UH-
TEPBAJIIOB BPEMEHU ISl IEPUOAMYECKUX MPOLIECCOB, TO 3arpy3ka peructpoB THX m TLX mia 3aganus
HY>KHOTO MHTEpBajla BpEMEHH IPOU3BOAUTCS MPOrPaMMHO, YTO JUIsl KOPOTKUX MHTEPBAJIOB BPEMEHU MO-
JKET MPUBECTH K 3HAYUTEIBHBIM 3aTpaTaM MPOILIECCOPHOTO BPEMEHHU.

Jia popmupoBaHUs MOCIEI0BATENILHOCTH OAMHAKOBBIX MHTEPBAJIOB BPEMEHHU HCHOJb3YETCs pe-
JKUM paboThI TaliMepa ¢ nepe3arpy3koil — pesxum 2.

Jlnst BBIOOpa BTOpOTo pexkuma cieayer ycraHoBuTh 0utel M1 =1 u MO = 0 peructpa TMOD. B
pexxume 2 peructp Taiimepa TLx pabortaer kak 8-OMTHBIN CYETUYHMK C aBTOMATUYECKOW Mepe3arpy3Koin
HavajnpHOro 3HadeHus us peructpa THx B peructp TLx. [lepenonnenue perucrpa TLx He Tosnbko ycTa-
HaBiuBaet ¢iar TFx, HO u 3arpyxaet peructp TLx comepxkumbiM peructpa THX, KoTOpsIi npeaBapu-
TEJIBbHO MHULMAIU3UpyeTcs nporpammuo. [lepesarpyska He usmenser coxepxumoe perucrpa THx. Pa-
6ore Taiimepa 0 mwiu Taiimepa 1 B pexume 2 COOTBETCTBYET CXeMa:

[k

fi i

"~ o8 o TFO

il [XF)

Pucynok 16 — CtpykrypHas cxema taiimepa B pexxume 2 ([uia Taiimepa 0).

Jlia taiimepoB O u 1 Tpetnii pexum pasnuuaercs. TaliMep | B pexxnMe 3 mpocTO XpaHUT CBOE
3HaueHue — Takoi xe apdekt kak npu TR1 = 0. Taiimep 0 B pexknme 3 paboTaeT Kak JBa HE3aBUCUMBIX
CYeTYMKa, 3TO Toka3aHo Ha pucyHke 17. Peructp TLO ucnonb3yer Outsl ynpasienus Taiimepa 0: C/T#,
GATE, TRO u TFO. Peructp THO paboTaer TOIbKO B pekuMe TaiiMepa, U Ucrnonb3yeT outel TR1 u
TF1 Taiimepa 1.
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Pucynok17 — CtpykTypHas cxema TaiMepa B pexume 3.

Pabotra Taiimepa TLO pa3pemaercs, ecniu outr TRO = 1, a Taiimepa THO — ecm 6utr TR1 = 1.
Taitmep 1 ipu pabote Taiimepa 0 B pexxume 3 MOCTOSHHO BKJIFOUEH.

OTOT pexkuMm paboThl MO3BOJIAET PEeaTU30BaTh /IBa HE3aBHCHMBIX Taiimepa, eciu Taiimep 1 uc-
MOJIB3YETCS JUIsl paboThI TIOCIIEIOBATEBHOTO TIopTa. B MukpokonTpouiepe ADuC842 mist cuHXpoHu3a-
[[UU MOCIIEJI0BATEIHLHOTO MOPTA MPUHATO UCTIOIB30BaTh CHEIUAIBHO JUIS 3TOTO BbIACICHHBIA YEeTBEPTHII
taiimep (Taiimep 3), HOATOMY 3TOT pEKUM Maji0 YEM UHTEPECEH.

4. Oco0eHHOCTH padoThl TAKTOBOrO reHeparopa ADuC842

Bcerpoennsriit reneparop mukpokontposuiepa ADuC842 npeana3zHaueH st padoThl ¢ KBaplIEBbIM
pe3onaropoM 32.768 kl'u. [ns ¢popmMupoBaHusi TaKTOB CHMHXPOHU3AIMHU MPOILIECCOPA UCIIONB3YETCS yM-
HOXKUTEJh YaCTOTHI: cucTeMa (a3oBoi aBTonoacTpoiiku yactotel (PAITY) u ynpasisemsrii genurens. C
nomotibio cuctembl @AITY yactoTa TakTOBOro reHepaTopa yMHOXkaeTcs Ha 512, 4TO COOTBETCTBYET
16,777216 MI'n. [enurens xe HacTpanBaeTcs Ha (pUKCHUpoBaHHBIC KO3 duiuents nenenus (1, 2, 4, 8,
16, 32, 64, 128). IIpu BKIFOYEHHH MHUKPOKOHTPOJLIEPA [0 YMOJIYAHHIO YCTAHOBIICH JICTHUTEb 8, 4TO CO-
OTBETCTBYET 4actore 16,777216/8=2,097152(MI'11). I3MeHHUTH ATOT AENUTETh MOXKHO 4Yepe3 PETUcTp
PLLCON.

3aganue
3apucoBaTh B TETpajb CTPYKTYPHBbIE CXeMbl pabOThl TaliMepa B pa3iIMUHBIX pPEeXUMax paboThHI, a
TaKxke GOpPMYIIBI U ONpeieNieHHsI BpeMeHH paboThI TaiiMepa U BpeMEHHOTO MHTEpBaja, 3HaTh Ha3Haue-
HUe OMTOB, Xxpansmuxcs B peructpax TMOD u TCON.
dopma npeacTrasiieHus pe3yJbTara:
OTueT 10IKEH COAepIKaTh:
1. ens paboTHI.
2. CtpykTypHas cxema Taiimepa B pexume 0.
3. CtpykTypHas cxema Taiimepa B pexume 1.
4. CTpykTypHas cxeMa Taiimepa B pexume 2.
5. CtpykTypHas cxema Taiimepa B pexume 3.
6. Cocras peructpoB TMOD u TCON.

IIpakTyeckas padora NeS
N3y4yenne ycrpoiicTBa nocienoBareasnoro nopra MK ADuC842

®opmupyeMble KOMIIETCHIINH:
[1K 2.2. [Ipon3BOAUTH TECTUPOBAHUE U OTJIAAKY MUKPOIPOLIECCOPHBIX CUCTEM.

Hesasb padoThl: U3yunTh 0coOeHHOCTH padoThl nocienoBareiabHbIX MOopToB (UART), ocBOUTH Me-
TOJIMKY pacyeTa CKOPOCTHU MOCIIEI0BaTENIBHOIO IOPTa.

Beinosnus patdory, Bel Oyaere:

ymemy:
- BBIOMPATh MUKPOKOHTPOJIJIEP/MUKPOIIPOIIECCOP /ISl KOHKPETHOM CUCTEMBI YIIpaBICHUS

MarepuasbHoe o0ecrieyeHue:
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He TpeOyeTcsl.
Teoperuveckue cBeIeHUs
1. IHocaenoBaTebHbI acHHXPOHHBbIN HHTepdeiic UART

[TocnenoBarenbHbI UHTEPQEHC HCIIONB3YET OJHY CUTHAJIBHYIO JMHHIO Ul Tepeladyd JaHHBIX,
0 KOTOPO# OUTHI MHPOPMALIMK TTEPEAAIOTCS IPYT 3a APYroM InocienoBaresbHo. [Ipu nocnenoBaTenbHON
nepeadye COKpallaeTcsl KOJIMYECTBO CUTHAIBHBIX JIMHUM, YTO YIPOILAET Pa3BOJKY IPOBOJHUKOB Ha Iie-
YaTHOM IUIaTe, yMEHbIIAeT rabapuThl YCTPOMCTBA U MO3BOJISIET Je/aTh 0ojiee MOMEX03alUIIeHHbIe HH-
tepdeiicel. [Ipu mocienoBarensHOM nepeaayue Kaxaplidi HHOPMAIMOHHBIN OUT JTOMKEH COITPOBOKIATHCS
UMITyJIbCOM CHHXPOHU3AIHUU — CTpoOOM. Eciu uMmynbCchl CHHXpOHU3AUH MIEPEAloTCs OT OJHOIO YCT-
pOMiCcTBa K JIPYrOMY IO BBIJCIIEHHOM JTMHUU, TO TaKOWH MHTEp(ENC Ha3bIBAIOT CHHXPOHHBIM, B 3TOM CIY-
yae TeHepaTop CUHXPOHU3ALMK PacIojlaracTcs Ha CTOPOHE yCTPOMCTBA MHUIIMHMPYIOILEro nepeaavy. Ec-
JIM JK€ MPUEMHUK U TIepeaTurK COAepKaT KaX/Iblil CBOM reHepaTop CHHXPOUMITYIbCOB, pabOTaIOLINIl Ha
OJTHOW YacToTe, TO TakoW MHTepdeiic Ha3pIBaeTCss aCHHXPOHHBIM. [lomyyaercs, 4To npueMHUK nHpOpMa-
I[UU CaM BbIPa0aThIBAET CHHXPOUMITYJIbCHI.

TunuuHeIi peacTaBUTENb aCHHXPOHHOTO MocieaoBateiabHoro uarepdeiica — UART (Universal
Asynchronous Receiver-Transmitter — yHuBepcaIbHbIH ACHHXPOHHBIH TPUEMOIIEPEIATUHK).

ITpu nepenaue no untepdeiicy UART kaxnomy Oaiity manubix npeamectsyer CTAPT-6ur,
CHUTHAIM3UPYIONIMNA TPUEMHHKY O Havyasie mochuik, 38 CTAPT-0uTOoM cienyroT OMTHI JaHHBIX. 3aBep-
maer noceuiky CTOII-0mT, rapantupyrommii naysy mexay nocsuikamu. CTAPT-0umT cienyromero
Oaiita moceitaercs B m000it MmomeHT nocie CTOII-0uTa, TO ecTh MeXy nepegadaMu BO3MOYKHBI T1ay3bl
npousBoiabHOU mutensHocTU. CTAPT-0MT, 0oOecriednBaeT MpoCTON MEXaHU3M CHUHXPOHHU3ALUU IPUEM-
HUKa II0 CUTHaJly OT IepeaTunka. BHyTpeHHU reHepaTop CUHXPOUMITYJIBCOB IIPUEMHHUKA HUCIIOJIb3YET
CUETUYHK-ACTUTENb OMOPHOW YacTOThl, OOHYIseMbld B MoMmeHT mpuema Hauana CTAPT-6urTa. Dtot
CUETYMK T€HEPUPYET BHYTPEHHHUE CTPOOBI, M0 KOTOPHIM NMPUEMHHUK (PUKCUPYET MOCIEAYIOINE MPUHHU-
MaeMble OUTHI.

2. Ocobennoctu padorel UART Muxkpokontrposuiepa ADuC842

B mukpokonTpomnepe ADuC842 nocnenoBarenbhbiii mopt UART sBasieTcss monHOIYIIEKCHBIM
— TO03BOJISIET MepeaaBaTh U MPUHUMATh AaHHbIE OJHOBpeMEHHO. B paccmaTprBaeMoM MHKPOKOHTpPOJI-
Jepe IpueM uepes3 MociieoBaTeNbHbli NopT Oydepu3upoBaH: NOPT MOXKET HayaTh MPUHUMAThH OAUT JaH-
HBIX €Ille J0 TOTO KaK MpeAblayluid 0alT OyneT cuuTtaH u3 OyepHoro peructpa npuemHuka. OmgHako,
€CIIM 10 KOHIIa TpreMa Mpeabl Ayl 6aiT He Oyaer cuutad u3 Oydepa, oH OyJeT MOoTepsiH: HOBbIHM MpHU-
HATBIM OallT nepe3anuiier cTaphblil.

[IpyHMMaroTCs U nepenarTcsa JaHHbIE TI0 Pa3HBIM JMHUAM, Ileperada MPOUCXOANUT YE€pPE3 BBIBOJ
TxD mukpokontpouiepa (Transmitter Data — mnepenaTuuk gaHHBIX), ipueM — depe3 RXD (Receiver
Data — npuemHuk naHsHbix). @usndecku BbiBoAbl RXD u TXD coBMmelieHbl ¢ BBIBOJaMH TPETHETO Ia-
painensHoro nopta P3.0 u P3.1 cooTBeTcTBEHHO.

[TporpammHuoe B3aumoaeiicTBue ¢ nmocieaoBarenbHbiM mopToM UART ocymiecTsisieTcst uepes pe-
ructpsl crienuanbHblx GyHkuit (SFR) SBUF u SCON.

Yepes SBUF (Serial buffer — nmocnenoBarenbHsbiii Oydep) oCymecTBIseTCs TOCTYI K perucTpam
IpUEMHHMKA U IepelaTyKa IocieoBaTeabHoro nopra. Korga mporpaMMHO HMpPOU3BOJUTCS 3allUCh B
SBUF, To nmaHHBIE 3arpyXarTcsi B PETUCTP MepeaaTdyuka, KOraa ke MporpaMMoil TIPOUCXOTUT YTCHHE
SBUF, To ocymecTBisieTcsl TOCTYI K PErucTpy npueMHuka. OU3N4ecKyd perucTpbl NpUeMHUKa U mepe-
natauka pasnenensl. SFR agpec — 0x99.

SCON — peructp KOHQUrypauu U yrpaBJieHUs OCIEI0BATEIbHBIM IOPTOM MUKPOKOHTpPOJLIE-
pa.

SFR ampec — 0x98.

3uauenue nocie moxadn nuragus 0X00.

Peructp nmeer noGUTOBYIO ajpecalnuio.
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Tabnuna 5 — Haznauenue 6utos perucrpa SCON

HOMED | MEeIEHIERI

OONEHCAHIT:E

7 SN0

f Sn1

SAI., SA0 cErmr onpemeTEOT peEEM pPI0OTE] IOCTEIOEITSTREOID
IOpTA.

i1 | SAO Briopar=snt pesp

pessary () CEEDpOEERI peREM ¢ QEECHDOBIEE0H
0 0 CEOPOCTEED {2
pessary 10 S-ONTERDY  ACEEDODOEGEIN  pEEEM
0 l | macTpamrmasmof cEOpOCTLED DTepeTaTs JaEEEDT

] J peckIn 2 S-CETHERIN acHENPOEEE [EEEm ©
fEECHEpoEAEEE cropocTsio £ 32 mmaf f16.

pessay 3 S-ONTERDY  ACIEDODOEGEIE  pEEEM
EACTPAHEAEMOHE CEOPOCTEED TepeIatE TAHEED.

5 Sn2

BerT yIpaEnemss pessvos MpHeMOIepeTaT-hnE.

¥ eTamaEmEEaeTCE DpROrpAMMED INTE 3aUpeTa DPEeMs CoODmenss, B
KOTOPON TERATEE 0T PxesT sEaTemmes 1 . TamodE pesro
ECOOMEIFETCE OPH PeaTEIANN CETesors IPOTORMIA B
MECTCIPOOecCopEOHE CHOTEME,

BET paspemesms OpEesa TARHLDD Sepes DOCTST0EATSMERLDE TOPT.
¥ CTAEEETHEASTCR IPOrpaMFES, JTE PA3PEIISmET IPEEMa.

O-Em DET DepeIITIEED DOCIEIOSATeTLENTO IOPTA.
Jammse sarpysessre 8 | BS DepemasTed I8sSTeid OEToM. JT0
AETYAMEED 0 pesrna pabors UART 2 = 3.

D-ro OET OPEEMERES T0CTeI0EITeTEEOTD IOTa
B pezsove patorsr 2 B 3 B 3TOT OET ZarpvEaeTos IPEESTER JeaSTol
oET mazEmoc. B pesooee | B From Oere xpamsres CTOII-6er.

Far pepEARNE DepeIaToEEs T0CTeT0EITEEEOTT TOpTA.
Y CTARAEMHNEASTCE ANNAPATES IPE OROETEEHNE TeperaTy Datra. $mar

TormEeE copaceEaTees (3amecs 17 oporpasoaEo.

0 RI

FIar OpepEARRE IPE e TS0 ITeREND TopTa.
N CTAEEETEASTCE ATEpAETES DPEH OROHTEERR OpEeMa DalTa. Fmar
TormEeE copaceEaTees (3amecs 17 oporpasoaEo.

2.1 Pexxum padorni 0

Pexxum 8-OutHOro ciasuroBoro peructpa. st BeIOOpa 3TOro pekuma paboOThI cleayeT B OUTHI
SMO u SM1 3ammcars norudeckue Hyn (SM1 = 0 u SMO = 0). B aTom pexkume JaHHBIC TTOCIIEI0BA-
TEJIBHO MEePEAATCS U MPUHUMArOTCs depe3 BeiBoJ RXD. BriBog TXD ucnonb3yercs s ojiayu TaKTo-
BbIX HMMITyNbCOB. llepenaua nHunuMupyeTcs 000 MHCTPYKIMEH, 3alUCBIBAIONIEH JaHHBIE B PETUCTP
SBUF. Ilepenaua 6aiita qaHHBIX HaYMHAETCS C MIIAJIIEr0 3Havamiero oura. [Ilpuem HaumHaercs, Korjaa
out paspeuenus npuema ycraHosisieH B eauauny (REN = 1), a guar npepriBanust npueMHuKa cOpoIieH
B HONb (RI = 0). Takum oOpa3om, B JaHHOM Clly4ae MOCTIEeI0BaTENbHBINA MOPT paboTaeT B CHHXPOHHOM
peXHMeE, ITOITOMY Y HEKOTOPBIX CEMEHCTB MUKPOKOHTPOJUICPOB TAKOW ITOCIICIOBATEIBHBINA ITOPT HA3BI-
Baetcs He UART, a USART (Universal Synchronous-Asynchronous Receiver-Transmitter — yuusep-

CaJIbHBIA CHHXPOHHBIH - aCHHXPOHHBIN IPUEMOTIepeIaTuHK).

2.2 Peskum padotsi 1
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ACHHXPOHHBIA 8-OWUTHBIM PEXUM C HACTpauBaeMOW CKOPOCThiO. (i1 BeIOOpa mepBOro pekuma
cienyet B out SMO 3anucars enunuiyy, a B 6ut SM1 — nons (SM1 = 0 u SMO = 1). BeiBox Mukpocxe-
MbI TXD ucnonb3yercs nist nepeaaun naopmanuu, Beioag RXD — nist mpuema.

[lepenaya Gaiita napopmanmu HaunHaeTcs ¢ nockuiku CTAPT-Outa, 32 HUM HIYyT BOCEMb HH-
dopmarmonnbix 6ut, 3akanunBaercs nepeaada CTOII- 6utom. Takum 0OpaszoM, Ui epesadn Kaxaoro
Oaiita nadopmarun ucnonssyercs 10 out. @opmupoBanne CTAPT-6uta u CTOII-6uTa npoucxonut
ABTOMATUYECKHU.

CkopocTh mepefaund MOXKeT ycraHaBnuBaThest Taiimepom 1 mnm Taitmepom 2, win KoMOMHAIMEH
uX 000WX: OAMH — JJIs TIepeavn, Apyroi — Juist mpuema. Vcrnonp3oBanue TaiiMepoB 1 u 2 XapakTepHO
11s Bcero cemeiictBa MCS-51/52, npaBna Taiimep 2 e€CTh TOJIBKO B CTAPIIMX MOJEIAX, HO B MUKPOKOH-
tposuiepe ADuC842 Bo3moskHa cunxponuzauus npuemornepenarunka UART ot cnenuansHoro Taiimepa
3, 4TO MO3BOJISIET OCBOOOIUTH TaliMephl OOIIET0 Ha3HAUEHUS AJIs BBITIOJHEHUS IPYTUX (HYHKIUH.

[lepenaua naHHBIX HauMHaeTcs, Koraa B peructp SBUF mporpammuo 3anmchiBaeTcsi mepeiaBae-
Moe uucio. JlanHple nmepenatorcs 10 Tex mop, noka Ha TXD we moctynut CTOII-0uT, mocie yero ¢uar
npepeiBanus nepeparyuka (T1) ycraHOBUTCS B €MHUILY, KaK 3TO [T0KAa3aHO Ha PUCYHKE HUXKE:

x4
T4FT
_". P lI|—|“ 1 'l.'_'n i Y '_'ll'_lu'f
\ & S Yo hoz Yo o | o | | o7 [ crandm
L i i [} k1 i} [ L Fi i .
A f
=1
| -
Mepedfove fotime safamuewss !

Pucynok 18 — JIluarpamma nepeznauu 6aiita

Jlist paspernieHus npueMa JaHHbIX yepe3 nocienoBarenbubiii mopT B 0uT REN crnenyer 3anucats
jorudeckyro equHully. Ilpuem Gaiita nanHbpix HaumHaeTcs ¢ npuxoioM Ha JuHHI0O RXxD CTAPT-0ura:
HEepexo/l JUHUU U3 BBICOKOTO JIOTUYECKOT0 YpOoBHS B HU3KUU. [0 okoHUaHMIO Iprema Bcero Oaiita ¢uiar
npepbiBaHus pueMHUKa R| ycraHaBiuBaeTcst B €IMHUILY, U MPUHATHIN 0aliT MOXKET ObITh IPOrPaMMHO
cuntan u3 0ydepHoro perucrpa SBUF.

2.3 Peskum padoTsI 2

ACUHXpOHHBIN 9-OUTHBIN peXUM ¢ GUKCHPOBAHHOMN CKOPOCTHI0. CKOpPOCTh Mepeayu JaHHbIX 10
ymomyanuio fcore/32, Ho ecnu 3anucare B 6uT SMOD peructpa PCON norndeckyro eJuMHMILY, TO CKO-
pocTh miepenaun OyneT yaBoeHa: fcore/16. st BeIOOpa BTOporo pexuma cieayer B out SMO 3ammcath
JIOTUYECKUil HOJIb, @ B OuT SM1 — eaununy (SM1 =1 u SMO = 0).

B sTOM pexxume kaxnas mepefaBaemasl UM NPUHUMAaeMasl MOCBUIKA COCTOMT U3 OJMHHAALATH
o6ut: CTAPT-0uT, BoceMb HHPOPMALIMOHHBIX OUT, A€BATHINA mporpammupyemsiit 6ut u CTOII-0mT. [le-
BATBII OUT YacTO UCHOJIB3YIOT B KaueCcTBE OUTa MapuTeTa Mpu KOHTPOJIE YETHOCTH, XOTSI OH MOXKET ObITh
UCIIOJIb30BaH JUIsl JIFOOBIX APYTHX Lieneil.

[Ipuem u nepenaya BO BTOPOM PEXUME OCYIIECTBIISIETCS aHAJIOTMYHO MEPBOMY peKUMY. [IeBAThIi
OouT mpu mepenavye nporpaMMHo 3anuceiBaercst B 6ut TB8 perucrpa SCON, npu npueme neBsToiil OUT
Haxonutcst B RB8 pernctpa SCON.

2.4 Pesxxum padorsl 3

ACUHXpOHHBIN 9-OUTHBIA pEXHUM C HAaCTpauBaeMoOW CKOpPOCThIO. J[Jisi BEIOOpa TPETHEro pexuma
cnenyet B 6utel SMO u SM1 3anucate noruueckue eauaunbl (SM1 = 1 u SMO = 1). B stom pexume
nocienoBatenbHbI MOpT UART paboTraer Takke Kak B pekUMe 2, TOJIBKO CKOPOCTh 3a/1a€TCs TaMepa-
MU 1, 2 unu 3, Tak xe, Kak 1 B pexume 1.

Bo Bcex deThipex pexumax nepejaaya JaHHbIX HAUMHAETCS 000 MHCTPYKIMEH, 3alHChIBatOIIeH
B peructp SBUF uncno. B pexxume 0 npuem nHaunnaetcs npu yciaosun RI =0 u REN = 1. Bo Bcex oc-
TaJbHBIX peXUMax npuem HaunHaetcs ¢ npuxoaom CTAPT-6uta npu ycinosuu, uro B 6ut REN 3anuca-
Ha jjornyeckas eauauna (REN = 1).

3. Pacyer napamerpoB cunxponusauuu UART

ITo ymosyanuto nocaen0BaTeNbHbIN NOPT MUKPOKOHTposiepa ADuC842 HacTpoeH Ha CHHXpPOHU-

3auto ot Taiimepa 1. Ckopocts nepenaun UART onpenensercs BpeMeHEM MEepENoIHEeHHs TaiMepa:
BR=132-TT, (1)
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rne TT — Bpems cpabaTeiBaHus TaiiMepa.

TaiimMep nomkeH OBITH CKOH(UTYpHUPOBaH Il pabOThI B peXKHUME C aBTOIEPE3arpy3Koil (pexum
2). [Ins ycTaHOBKM Takoro pexkuma B crapiiue 4 oura peructpa TMOD cnenyer 3anucate OMHApHYIO
komOuHammo 0010. B aTom cnyuae CKOpOCTh Mepenadn JaHHBIX OYyAeT OmpeaensaThes mo Gopmyse:

BR=fcore32- 256-TH1 , @)
rne: fcore—yacrora siapa mukpornpoueccopa, TH1 — cogepkumoe peructpa nanabix THIL.
N3 dpopmynsl 2 erko HaiTH 3HaUeHue peructpa I H1, obecrneunBaromiero TpedyeMyr CKOPOCTh:
TH1=256—fcore32-BR, 3)

Pe3ynbTar BeIYMCICHUS 10JKEH OBITH OKPYTJIEH 10 ONMIKANIIero 1eJoro.

Ucnone3yst Taiimep 1 mis cuaxponusammu UART He Bcerja BO3MOXHO TOJTYYHTHh TPEOyeMyIo
4acTOTy C JOCTaTOYHOM TOYHOCThIO. Hampumep, mycTh mpH TaKTOBOM YacTOTE siipa MHKpPOIIpoLieccopa
2097xI'n (3Hauenue mist ADuC842 no ymonuaHuio), TpeOyeTcsl MONY4YUTh CKOPOCTh nepepauu 19,2
kout/c. [To dopmyse 3 Halinmem 3Hauenune TH1:

TH1=256—209732-19.2=252,59 =252.
Hcnone3ys nonyuenHoe 3HaueHue TH1, paccunraem peanbHyro ckopocts nepenaun UART:
BR=209732- 256252 =16.38 xb6ur/c.

PeanbHas ckopocts Ha 14% MeHblie TpeOyemoi, a 3TO 3HAYMT, YTO Ieperada JaHHBbIX HEBO3-
MO>KHA.

[Ipobnema Obia pemieHa 100aBICHHWEM CIENUAIBHOTO TaiiMepa 3, CHeNHaTH3HPOBAHHOTO IS
BbICOKOTOUHOM cuHxpoHu3zanmuu UART B mmupokom amama3zone yactor. Kpome ToOro, mcronb3oBaHue
CTHEIMATM3UPOBAHHOTO TaliMepa BBICBOOOXKIAET TaliMephl OOIIEr0 Ha3HAYECHHUs U PEIICHUs APYrux
pa3IMYHBIX 33]1a4.

Taitmep 3, mo cyTH, mpeacTaBisieT co00il HaOOp HACTpaMBAEMBIX ACIUTENIEH TaKTOBOM YaCTOTHI
A1pa, CTPYKTypHas cxema TaitMepa n300paxxeHa Ha PUCYHKE HUXKeE:

aK
) fooee Taiitgp 1
+ 1:J3F0/64)
'
ooV b2 A A R LY
T A Re K
+
| BEN=l |, | =0
A Tx (K

Pucynok 19 — CtpykrypHas cxema Taitmepa 3

Jns ynpasnenus TaiiMmepom 3 mpenHa3zHa4eHBI JBa peructpa cnenuaibHbix ¢yHknuid — T3CON
u T3FD. Peructp T3CON conepxur 6utr T3EN, npu 3anucu B HEro Joruyeckoi eIMHUIBI CHHXPOHHU-
3aumst UART Gynet npoucxoauts ot Taiimepa 3, B mpoTUBHOM ciiydyae — oT Taiimepa 1. Mnaamue tpu
6ura peructpa T3CON ompenenstor aBonunsiii genurens DIV. [IpoOHbli ko3pGUIMEHT AeldeHus Ha-
cTpanBaetcs peructpom T3FD.

T3CON — peructp koHburypamuu Taiimepom 3.

SFR ampec — OX9E.

3navenue nocie nogauu nuranus 0X00.

Peructp He nMeeT MOOUTOBOM asipecaluy.

T3FD — peructp Taiimepa 3.

SFR ampec — 0x9D.

3navenue nocie nogauu nuranus 0X00.

Peructp He nMeeT MOOGUTOBOM apecaruy.
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Ta6muma 6 — Haznauenue 6utos peructpa T3CON

HOMEp | MEeMoHERA onHECAHES
Pazpemesme Taiwepa 3.
- T3EN Forma ber yeramcenen ([3EN=1) composmzarmms opEessmnG =
! IEPRTaTIHE DOCTAI0EITeMEETT IOPTa TPCECIoIET OT | aimepa 3.
Korga oer copomes (T3EN =) — ceexpozeearms ot Tateepa 1.
6
5
He penomeaveores
4
3
Berrar memomecnersoro gemerens DTV,
2 DIv2
DIV | DINV] | DIVD DIV
0 0 0 EI
N 0 0 1 1
1 DIVl D 1 0 3
0 1 1 3
1 0 0 4
1 0 1 5
0 DIV 1 1 0 3
1 1 1 7

Hcnone3ys crpykrypHyto cxemy Taiimepa 3 Jerko 3amucarh aHaJIUTHUECKOE BBIPAXKEHHE IS
pacdera pe3yabTUPYIOILEH CKOPOCTH MOCIIEI0BATENBHOIO MOPTa:

_ chore
BR = 22DIV _(T3FD+64) )

rne: fcore — 4dacToTa sijpa MEKPOKOHTPOJLIEpa.
3navenne genurtens DIV MoxHO onpenenuts 1o Gpopmysie 5, moaydeHHOE 3HAYCHHUE CIEAYeT OK-
PYTJIUTH A0 LEJIOTO BHU3.

DIV = log? 22 (5)

Hpo6usiit nenutens T3FD MoxHO HaiiTu 1o ¢opMysie 6, MOTydYeHHOE 3HAYEHUE CIENYET OKPYT-
JUTH 10 ONFKAUIIero meoro.
_ chore
Paccunraem mapamerpsl kKoHGuUrypanuu Taiimepa 3, 1S mpeabIAyIIero MpuMepa: Ipu TaKTOBOM
gacToTe sypa Mukponpoieccopa 2097kl 11, TpedyeTcst moIyIuTh CKOPOCTh nepefaun 19,2 kout/c.

DIV =1 2097 _ 2,771 = 2
- 00276192 “0 T

13D = =207 _ 64 = 45219 ~ 45

T 2271.19.2 o
. 2-2097 _ 19239 KOUT

S 2271.(45+64) 7 c

Takum oOpa3om, omrOKa yCTaHOBJIEHUS CKOPOCTH cocTaBisieT Bcero 0.2%.

4. Oco0eHHOCTH NpeCTABICHUS] TEKCTOBO HHpOpMaNUu

B pa3nuuHbIX onepanroHHBIX CUCTeMax JJIsl MpeACTaBIeHUs TEKCTOBOM MH(OpMALIUK UCTIONb3Y-
I0T cHenuaibHble HaOophl cuMBOJNOB. Kak mpaBuio, Takoil HaOOp MPEACTaBISIOT B BUAE TaOiuIEe, Iie
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Ka)KZIOMY CUMBOJIY COOTBETCTBYET OMHApHAsl OCJIEI0BATEILHOCTD UIMHOIO B OJIMH UJIM HECKOJILKO OaMT.
B nureparype mogo6Hyt0 TabIUIly CHMBOJIOB YacTO HA3bIBAIOT «KOIMPOBKOIY. Ha cerogHsmHuii 1eHb
HauOosiee pacnpoctpaneHHbIM siBisieTcs Koj ASCII (American Standard Code for Information
Interchange — amepuKaHCKHUil CTaHAAPTHBIN KOI Ui oOMeHa MH(OpMaIKeii), KOTOPBIA UCIOIb3YeTCs
JUIS. BHYTPEHHETO TMPEJCTaBICHUS CUMBOJIBHOW WH(pOpMaiuu B omepamuoHHod cucteme MS DOS, B
brokHoTe onepannonHoi cuctembl Windows, a Takxke ISl KOIUPOBAHUS TEKCTOBBIX (aitinoB B UHTep-
HET.

ITockonbky mepBoHadanibHo ASCII npenHaszHavancs 1t oOMeHa MH(pOpMaluu, B HEM, KpOME
MH(GOPMAILMOHHBIX CHMBOJIOB, HCIOJIb3YIOTCS CHMBOJIBI-KOMaH/IbI JAJIsl yIpaBieHHs CBs3bio. B mpuse-
JICHHOM TabJHUIle TAaKUE CHMBOJIBI TOKa3aHbl MHOTOTOYHEM.

Tao6muua 7 — Tadimma ASCII

D123 4].

G789 A|B|(C|D|.E|.F

er

i,

2. T EE (& [ [ [=]. =
0213456 T8[9 :-]: = ?
4| |A|B|C|(D|E|F|G|H|(I|(T|E|LM|N|O
P QR[S |T|U[V[W[X[Y[|Z]] ] ~
. a|lb|le|d|e|[f]|lg|[h|1|[j|k|]]l|m|[n|e
=

deplglrfs|t|u|v| iw|x]|y]|z|1 -

Tabnuia Kog0B coaep UT 8 cToNOLOB U 16 CTPOK, KaXKIaasi CTPOKa U CTONOEI MPOHYMEPOBAHBI B
niecTHaaAnarepuyHoit cucteme cuucienus. lllecrnanuarepuyunoe npencrasinenue ASCII-kona ckianpiBa-
eTCsl U3 HoMepa CcToj011a U HOMepa CTPOKH, B KOTOPBIX PacHojaraeTcsi CHMBOJL, P TOM HOMEP CTPOKHU
00pa3yroT nepByro 1udpy (crapiime 4eTsipe 6uTa), a Homep crondia BTopyro nudpy (Mnaammue 4 6uta).
Tak, mapumep, ASCII-kox cumBoaa —E ecthb uncio 0x45, a cumpoina “\* — 0x5C.

Jlerko 3aMeTHUTh, YTO B MPUBEIACHHON TaOIHIIEC TIPEICTaBICHO 128 CHMBOJIOB, IPUTOM, YTO OJIUH
CUMBOII KoupyeTcss 6aiiToM — BOCbMBIO OuTaMu. [leno B Tom, 4To BepxHUe 3HaueHus (128—255) mo-
T'yT 3aHUMAaTh Pa3IUYHBIC JOIOJIHUTEIHHBIC CHMBOJIBI, HAPUMEP, HAOOp pyccKoro ajdaBuTa, 3TO 3aBU-
CHUT OT KOHKPETHOTO THIa KOJUPOBKH.

3aganue

3anucath B TeTpaJib 0COOEHHOCTH pabOThl TaliMepa B pa3MUYHBIX PEXKUMaX, a TaKkKe POPMYIIbI IS
OTIpEeIeTICHUSI CKOPOCTH TIOCIJIEIOBATEIFHOTO TTOPTa, 3HATh Ha3HAYCHHE OMTOB, XPAHSIIUXCS B PETUCTPaxX
SCON u T3CON.

dopma npeacTaBjieHus pe3yabTara:

OT4er JOMKEH CONlepKaTh:
1. ens paboTHI.
2. CtpykTypHas cxema Taiimepa 3.
3. Coctas peructpoB SCON u T3CON.

IIpakTuyeckast pabora Ne6
H3yuenne cxemsl noakardenus JKKH k MK ADuC842
®opmMHpyeMble KOMIIETEHIMH
[IK 2.2. TTpou3BOUTh TECTUPOBAHUE U OTIAJIKY MUKPOIIPOIIECCOPHBIX CUCTEM.
Leab padoThbl: U3y4UTh 0COOCHHOCTH opranu3anuu padots ¢ XKKU.
Boinosinus padory, Bel Oyaere:
ymemy:
- BBIOMpPATh MUKPOKOHTPOJUIEP/MUKPOIIPOLIECCOP I KOHKPETHOW CUCTEMBI YIIPaBICHUS
MarepunanbHoe obecnieyeHue:
He TpeOyeTcsl.
Teoperuyeckue cBeAeHUSA
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1. VYcrpoiicTBO 4 NPUHIUI PA0OTHI CHMBOJILHOTO KHIKOKPHCTAIHYECKOT0 HHIANKATOPA

B HacTosimiee BpeMst B MUKPOIPOLIECCOPHBIX CUCTEMax JAJsl OTOOPa)KEHHs LIUPOKO HUCIOIB3YIOT
)kuakokpuctaummaeckue naaukaropsl (KKN). Yenosro Bece JKKU MoKHO pa3fnenuTh Ha IBE KATETOPHU:
CHUMBOJIbHBIC, WIM 3HAKOCHHTE3MpYyIoume, U rpaduueckue. I'paduueckue MHIMKATOPHI MPEACTABISIOT
co0oil MaTpuily U3 M CTPOK M N CTOJOLIOB, HAa MEpPEeceYeHUH KOTOPHIX HaxodsaTcs nukcenu. [lukcens
NpeACTaBIsieT COOON HEAeNUMBIH OOBEKT NPSAMOYTOJIBHOW WM Kpyriod ¢opmbl, 00Ja1aroumii
ornpeeNICHHBIM [IBETOM; IMHUKCENIb — HAUMEHbIIas eIUHUIa pacTpoBoro n3odpaxenus. Eciu Ha onpene-
JICHHBIM CTOJIOCI ¥ CTPOKY MOJaTh JIEKTPUYECKUN CHTHAJ, TO MHUKCEIb HA UX MEPEeCCUCHUH MU3MEHHT
cBoil nBet. [logaBas rpymnmny cUrHajaoOB Ha CTOJOLBI U CTPOKU MOKHO (POPMHUPOBATH MO TOUKAM IMPOU3-
BoJIbHOE Tpaduueckoe n3obpaxenue. Tak padboraer rpadpuueckuii JKKU. B cumBonbrOM xe JKKU mat-
puIla nUKceneil pa3duTa Ha MOAMATPUIIBI, KaKIas HOAMATPHIIA TpeaHa3HadeHa Uit GOPMUPOBAHUS OJ1-
HOTO cUMBOJIa: IUGPbI, OYKBBI WK 3HaKa NpenuHaHus. Kak npaBuno, 11t GopMUpPOBaHUS OAHOTO CHM-
BOJIAa MCIIOJIB3YIOT MaTPUIly U3 BOCBMUCTPOK U MATH CTONOIOB. CHUMBOJIBHBIE HHIUKATOPHI OBIBAIOT OJI-
HO-, IBYX- U YETBIPEXCTPOUHBIMH.

Jlnst ynpolueHus B3auMoaencTBUs MUKporpoueccopHoi cuctemsl U JKKHW nenones3yror cnenua-
JU3UPOBAHHYIO MUKpOcXeMy — KoHTpoiuiep (apaiiep) XKKU. On ympaBiser mUKCEeNsIMU KUAKOKPHUCTATI-
JMYECKOTO JHUCIIIes] U MHTepPECHOM yacThio nHAMKaTopa. OOBIYHO TaKOW KOHTPOJUIEP BXOJIUT B COCTAB
UHAMKATOpa. B 1enoM KUIKOKPUCTAIITUYECKUI MHAMKATOP MpPEJCTaBiIsieT co0o0il MeyaTHy Iiary, Ha
KOTOPOM CMOHTHpPOBaH caM JHUCIUIEH, KOHTPOJUIEp M HEOOXOAUMBIE OMOJIHUTEIbHBIE 3JIEKTPOHHbBIE
koMroHeHThl. Buemnuit Bug JKKHM nokasaH Ha puCyHKe HHUXeE.

Pucynox 20 — BaenHuii BUj| )KUAKOKPUCTANINYECKOTO HHAMKATOPA
B yue6HoM ctrenne LESOI ucnonb3oBan nByxcTpouHbslii BocbMucUMBOIbHBIA JKKU. CtpykTyp-
Has cxema Mokas3aHa Ha pucyHke 21.

e 7 Xudeoxpucmanspyeckud uwduxamos
> pet]

reRay

o oo a7

P 8r2 XK Fucnaed

RAW CGRAM

£ LORAM

£YEmALK
adpecs cmeadys

Pucynok 21 — CrpykrypHas cxema JKKU

B cocraB xontpomiepa XKW Bxoaar tpu Buna namsata: CGROM, CGRAM, DDRAM. Korna
MHUKpOKOHTposuiep nepenaer B kKoHTposuiep KK ASCII-koasl CHMBOJIOB, TO OHHU 3allMCBIBAIOTCS B
DDRAM (Display data RAM — O3Y ASCII-k0/10B 0TOOpa)kaeMbIX CHMBOJIOB), TAKyIO MaMsTh Ha3bIBa-
0T BU€ONaMATHI0 1 Buaeo0ydepoM. Buaeobydep B CHMBOJIIBHBIX MHIUKATOPAXOOBIYHO CONEPIKUT
80 srueex maMsATH — OOJIBIIIE, YeM YHUCIIO 3HAKOMECT AHCIUIes. Y TBYXCTPOUYHBIX WHAWKATOPOB SYCHKH C
aapecamu ot 0x00 u 10 0x27 oroOpakatoTcst Ha BEpXHEH CTpoKe IucIUies, a ssueliku ¢ aapecamu 0x40 ...
0x67 — Ha HIKHEH cTpoke. CMmenias BUIUMOE OKHO AucIuiess oTHOcUTelbHO DDRAM, MoxHO 0TOOpa-
KaTb Ha JAMCIUIee pa3iuyuHble 00JacTu BuaeonaMaTu. CIBUT OKHA MHIMKATOpa OTHOCUTENBHO BUIE00Y-
depa s BepXHeil M HIDKHEH CTPOK MPOUCXOUT CHHXPOHHO, KaK 3TO TIOKa3aHO Ha pucyHke 22. Kypcop
OyzeT BHJEH Ha MHAWKATOPE TOJBKO B TOM CIlly4yae, €CIM OH MONall B 30Hy BUIMMOCTH AUCIUIEs (M eClu
MIpeBapHUTEIILHO OblIa TI0/IaHa KOMaH1a 0TOOpaXkaTh Kypcop).
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| (Cwewesue fucnoes omsocumeness Sudeonawsmy OORAM

Jucnaed

0| av| avaz| o3| aens | ax0s| ax0s | Ge07| ave | avo9| ova| avas} | aezs] ez

%=
% aess| avi| avi2| ovi3| ris | awis| anis| oei7| avis| ovés| owia|ovis) | ovss| ans7|

Pucynoxk 22 — Oto0OpaxkeHue CUMBOJIOB U3 BUIe00yhepa

Matpulibl HauepTaHUsI CUMBOJIOB XpaHSTCS B MaMATH 3HAKoreHeparopa. [lamsats 3HakoreHeparo-
pa Bkitouaet B ceost CGROM (Character generator ROM — T13Y 3Hakoreneparopa), B KOTOPYIO Ha 3a-
BOJIC-M3rOTOBUTENE 3arpykeHbl HauepTanus cuMBojioB Tabnuiel ASCII. Conepkxumoe CGROM wu3zme-
HUTH HeNb3s. JlJig TOro, 4TOOBI MOJIB30BATEh CMOT CaMOCTOSITEIBHO 33/1aTh HaYepTaHUE HYKHBIX €My
CHUMBOJIOB, B 3HaKoreHeparope umeercs cnenuaibaoe O3Y — CGRAM (Character generator RAM). Tlon
stueiiku CGRAM otBeneHs niepsbie (Miaamue) 16 axpecoB TabIUIbI KOJOB.

Cxema noaxmouenust JKKU k mukpokontpoimepy ADuC842 nokazaHna HuXe Ha pUCYHKE:
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Pucynok 23 — Cxema noaxrouenus JKKM k MEKpOKOHTpOILIEpY

HNutepdeiic moakmtoueHus — napauienbHbii. s coeiuHeHns UHIUKaTopa ¢ MUKPOKOHTPOJLIEe-
poM ucnonb3yercs 11 nuHuit — BoceMb Juid nepenaun JaHHbX (DO - D7) u Tpu nuHUM ynpaBieHUs.
Jluaus RS ciyxut i1t cooOmeHnst KOHTPOJUIEpY WHAMKATOPA O TOM, YTO UMEHHO TepeaeTcs 1Mo IrHE:
komaHja uinn gansaele (RS = 1 — nannsle, RS = 0 — xomanpa). Ilo nmuuum E nepenaercs ctpo0- curnai,
COITPOBOKIAFOIIMH 3aIMCh WIM YTEHHE JaHHBIX: TI0 Iepexoly curHaia Ha auHud E u3 1 B 0 ocymiecTs-
JsieTCsl 3alluCh JIaHHBIX BO BXOJHOM Oydep MUKPOKOHTpOJUIepa MHAMKAaTOpa. 3amuch MH(OpMaIuu B
XKW npowucxoaut mo cnaay 3toro curnana. [lotennuan Ha ynpasistomiem BeiBoge R/W (Read/Write)
3aj1aeT HampaeJeHue nepenaun uHpopmaimu, npu R/W = 0 ocyriecTBiseTcs 3aKch B MaMsATh HHIWKA-
topa, npu R/W = 1 — utenue u3 Hee. Enie Tpu JIMHUM NpeHA3HAYEHBI JUIS [TOJIAYU MTUTAIOIIETO HAIpsi-
xenus (VDD, GND) u HanpsikeHust CMELIeHUs, KOTOPOe YIpaBiIsieT KOHTPACTHOCTHIO AUCILIES.

JlmarpamMMbl Tiepeiadnl JaHHBIX OT YIPABISIONIET0 MUKPOKOHTpoIuIepa K KoHTposutepy JXKKU u ot
koHTposutepa JKKU B ynpasistromuii MUKpOKOHTPOJUIEP MOKa3aHbl Ha PUCYHKAxX 24 U 25 cOOTBETCTBEH-
HO.

ITocne nmpuema undopmarun koutposepy JKKU tpebGyercs HeKoTopoe BpeMsl Ha BBINOJIHEHHE
KOMaH]I, B 3TO BpeMsl YIPaBJISIOMNN KOHTPOJUIEP HE JOJDKEH JIaBaTh CIEIYIONIYI0 KOMaH/Iy HITH TIEpEChI-
JaTh JaHHBIE.
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Pucynok 24 — Jlnuarpamma nepenaun uHpopmanuu koutposepy KKU
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Pucynok 25 — Jluarpamma urenus nndopmanuu u3 koutposepa XKKU

B Tabnune 8 npusenensl komanasl koutposuiepa XKKUW u Bpemsi, HeoOXoauMOe Il BBIMOTHEHUS
ATUX KOMaH[. J1jist Toro 4To0sl MOKHO ObUIO onpenenuTh, koraa KKU 3akoHYuT CBOM BHYTpPEHHHE OTe-
pauuu, koutpoiwiep JKKU coxmepxur crenmanbubiii diar 3ausroctn — BUSY-¢gurar (BF). Eciu xoH-
TPOJUIEP 3aHSAT BBHINOJIHEHUEM BHYTPEHHUX onepauuii, To BF ycranosnen (BF = 1), ecnu e KoHTposep
TOTOB MPUHSATH cleAyrolyo komanay, To BF copomen (BF = 0). bonee nmpoctoii cnocod opranuzanuu
oOMEHa 3aKITI0YaeTCsl B TOM, YTO YIPABISIONINA MUKPOKOHTPOJUIEP, 3HAsI, CKOJIBKO BPEMEHHU Tpedyercs
KK Ha 06paboTKy TOM WM WHOM KOMaH[bI, TIOCTE KaXI0i mepeaadyn MHGOPMAIUU KJIET COOTBETCT-
BYIOIIIEE BpEMSI.

Tabnuma 8 — Komanas! konTpoepa XKKU

Kox Bpeus
K - — Omicanme HEOOTHEHRS
OMAHTS ES [BRW(D7 |D6 |Ds |Dd | D3 (DI (DL |DD [ —
] JamerrEaer xog Ix2 (opober) Bo Boe soedtas DIDF AN

Oemcrea mucomea 0 0 0 0 0 0 0 0 0 L yeTaEarmEEaet caeroEs anpeca DDRAM = (00, 15w
Boaspar e VeTazasmemaeT caerms agpeca DDOFAM & (el =
HITATEEYED 0 0 0 0 0 0 0 0 1 % | BOIEpAmEeT EVPCOD B HITAMEEYH mocwme. Comepacneos 1.5 mae
[IOAEIREEO DDFAM me mamemgerca
Verazommm 0 0 0 0 0 0 0 1 1o | sm 3amaer Eanpannesme mepeMememes Eypeopa (LD) = 38 e
[eEEMa EEOIA pazpemmer cIEET cpasy Boex cevmonos (SH)L
Bermowesme- Verazanmemaer’ oTEmoT@EeT DETLL OTESSAROIIES 33
BEECGOTEENE 0 0 0 0 0 0 1 | D|C | B |essoresms mormes (I, orodpasesme sypeopa (L), 38 ame
TECTITER mepasEe xypeopa (B).

B VT oopegetser 1o, Tr0 DyIeT DepememaTecs —
Cmmar sypeopa EBETEMAT 00macTs meemes o xyvpeop (mpr DIC =1
EIE BECTEMOR 0 0 0 0 01 |DC|REL| x | = |noepememaercs srmevas oomacTs, opa IV = 0 — sypeop), 38 s
oDMacTE TRCINES F/L zamaer manpanmesme mepesemermrs. DDEAM me

EIMEHESTCE

CrpegeTser pasparEceTs Ml BuTepdetca (DL =1 TE'
Hamamszae 0 0 0 0 o lwlFl 2| = oz, DL =10 -:1—_'::'}311}. mmma CTpos HEa JEcmmes (N =1 — 18 e
VCTAROEEE gee ctposs, N = ) — ooHa cTpoEa) B DaEMepa CHMEONOE

(F=1—5x11 romex, F =0 58 vomex).
Egﬁ’fﬁ‘}m APECA g o | o | 1 |As | A4 | A3 | A2 | Al | AD | Veramosss crermma anpera CGRAM 38 ame
Eﬂfﬁﬁ“ APECA | g | o |1 |as|As | A4 |A3 | A2 | Al | AD | Veramosss cuermma axpera DDRAM 38 ame
Iresme BF = a i | , Ecme BF =1 1o sosrpormep A EH sparomsser ERyTpesmomn
CEETTIENA ATpeca 0 L[ BE[ a6 A5 a4 A3 1AL AL TAD omeparese. AS-Al — Tesyes sEaveswe agpeca DORAM 0
Rjﬁf{“‘ TEEERE ) [ g |D7 |Ds | DS |Dd (D3| D2 | D | D0 | Gamece mammes 5 O3V (DDRAM mm CGRAM) 38 ame
?fﬁi{“ FEEEENES | 1 | ] |D7|Ds | D5 |Dd (D3 | D2 | D1 | DO | Tremme mammere m O3 (DDRAM mm CGRAM) 38 ame
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3aganue

3apucoBartb B TeTpaab cTpykTypHYyto cxemy XKKU u cxemy noaxmrouenus )KKU k MK, BpemeHHble
nuarpamMmbl oomeHa uHbopmanueit mexay KK u MK.

®opma npeacTaBiIeHus pe3yabTara:

OTuer JOKEH CONlepiKaTh:
1. Lenb paboTHLI.
2. CtpykrypHasa cxema XK.
3. Cxema nogximouerus XKKN k MK
4. Bpemennsie nuarpammsbl padotsl ¢ JKKU

JlaGoparopuasipadora Ne 1
Pa6ora B cpene nporpammupoBanus u otiaaaku Keil-C
®opMupyeMble KOMIIETCHIIUH
IIK 2.1. Co3maBaTh mporpamMmbl Ha sI3bIKE acceMmOepa s MUKPOIIPOIIECCOPHBIX CUCTEM.
I1K 2.2. IIpon3BOAUTH TECTUPOBAHUE U OTJIAJKY MUKPOIIPOLIECCOPHBIX CUCTEM.
Leab paGoThi: H3yYUTh UHTETPUPOBAHHYIO cpeay nporpammupoBanus Keil-C.
Beimosiaue padory, Bel Oynere:
ymemo:
- COCTaBJIATh IPOTPaMMBbI Ha sI3bIKe acceMmOuepa JUisi MUKPOIIPOLIECCOPHBIX CUCTEM;
- NPOM3BOAUTH TecTUpoBaHue U otnaaky MIIC;
MarepunanbHoe odecnieyeHue:
1. KommproTep ¢ TUIIEH3MOHHBIM IPOTPaMMHBIM 00€CIIEUEHHUEM.
2. MynabpTUMeana IpoeKTop.
3. Jlabopatopusie ctrerbl «LESO1»
3aganue:3y4uTs cienyonie BOIpOCH:
1. IlocTpoenue ¢aitioBoil CHCTEMBI IIEPCOHATBHOTO KOMIIBIOTEPA.
2. 3y4nTh npaBuiia MOJIb30BAHUS TEKCTOBBIM PENAKTOPOM.
3. Coznanue U coxpaHeHHE TEKCTOBBIX (ailyioB.
4. N3y4uuTh NOPSAIOK CO3/1aHUsI IPOIPAMMHOIO IPOEKTa B MUHTETPUPOBAHHON Cpelle MPOrpaMMHUPOBAHUS
Keil-C.
5. 3yunTh HaCTpOIKy CBOWCTB MPOrPaMMHOI0 MPOEKTa B UHTEIPUPOBAHHOMN Cpelle MPOrPaMMHUPOBAHHUS
Keil-C.
6. 3yunTh UCIOIB30BaHUE OKHA YIIPABJICHUS IPOTPAMMHBIM IIPOEKTOM B HHTEIPUPOBAHHOM Cpele Ipo-
rpammupoBanus Keil-C.
7. VI3yunTh METOBl TPAHCISALUHM OTIENbHBIX (ailloB B MHTETPUPOBAHHOW Cpeiie MPOrpaMMHUPOBAHUS
Keil-C.
8. M3yunTh MeTOAB! TPAHCIALMU IIPOrPaMMHOTO IIPOEKTa B MHTETPUPOBAHHOW Cpezie MpOorpaMMHUpOBa-
uus Keil-C.
9. U3yunTh paboTy OTIIaquuKa MPOrpaMM B HHTETPUPOBAaHHOH cpene nporpammupoBanus Keil-C.
KpaTkue TeopeTuyeckue cBeieHUs:
1 Hanncanue nporpamMmsl
B Hacrosimiee Bpems nporpaMma HMUIIETCS Ha OJTHOM U3 SI3bIKOB MPOTPaMMHUPOBAHUS B BUJIE TEK-
CTOBOro (paiina. IT0 O3HAYAET, YTO JIsi HAMCAHUS MPOTrPAMMbl MOKHO BOCIOJIB30BATHCS JIIOOBIM TEK-
CTOBBIM peJakTopoM. [[s Toro 4ToObl MporpaMMa-TpaHCIsTOP MOIJIa MPeoOpa3oBaTh UCXOIHBIA TEKCT
IPOTpaMMbl B MAITMHHBIE KOJIbI MUKPOIIPOLIECCOPA, ITOT TEKCT MPOrpaMMBbl JOJKEH ObITh 3alMcaH C uc-
nosib3oBanneM cuMBoJIOB ASCII mnn ANSI tabmuu. K coxaneHuto, HEKOTOpbIe TEKCTOBBIE PENAKTOPbI
JUIS YBETUYEHUS BO3MOXHOCTEW pelaKTUPOBAHMS HCIOIB3YIOT Ul 3allUCH TEKCTOB ¢opmat rtf, umm
cBoM coOcTBeHHbBIE opmathl (Hampumep, peaaktop WORD). Takue TekcToBbie (pailyibl HE TOHUMAIOTCS
IpOTrpaMMaMHU-TPAHCIATOPAMH U, CJIeI0BATEIbHO, HE MOTYT OBITh MCITOJIB30BaHbI IS 3aIIMCH UCXOIHOTO
TEKCTa IPOrPaMMBI.
2 Ucnonbp30BaHHe HHTETPUPOBAHHOM cpebl NPOrpaMMHUPOBAHUSA
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st obnerdeHusi mporecca pa3padOTKH MPOTPaMMBbl YacTO HCIIOIB3YIOTCS MHTETPUPOBAHHBIC
cpenbl MpOrpaMMHUpOBaHus. B cocTaB MHTErpupOBaHHON CpeAbl TPOrpaMMUPOBAHUS BKIIIOUAETCS OIpe-
JIEJICHHBIA HAO0Op MPOTPAMMHBIX CPENICTB: PEIAKTOP HCXOIHOTO TEKCTa, TPAHCIATOPHI C BBIOPAHHOTO
sI3pIKA TTPOTPAMMHUPOBAHHUS, PEIAKTOPHI CBS3CH, 3arpy3urKH U Tak jajee. PegakTop TeKCTOB OOBIYHO SIB-
JISIeTCSL TIEPBOM MPOTPAMMOM, KOTOPYIO NMPUXOJUTCS MCIOJIb30BaTh B Ipoliecce pa3pabOoTKH MPOrpaMM:
Onarogapst HeMy TOJIB30BaTENb MOTYYaeT BO3MOXXHOCTh Ha0MpaTh UCXOIHBIC TEKCTHI MPOTpaMM, HAITH-
CaHHBIX Ha acceMmOJiepe WM Ha KaKOM-HUOY/Ib SI3BIKE BBHICOKOTO YPOBHS M COXPAHATh UX Ha JKECTKOM
JIACKE.
3 PaGoTa ¢ TeKCTOBBIM PeIaKTOPOM MHTErpUPOBAHHOM cpeabl mporpammupoBanus Keil-C

Pabora ¢ TekcToBpIMH (hailylaMu HaYMHAETCS C co3laHus HOBOro daina. Co3marh TEKCTOBBIM
daitn MOXKHO HECKOJIbKIMH criocobamu. [TepBeiii criocod — BOCTIOIB30BATHCS TJIABHBIM MEHIO, KaK IMOKa-
3aHO Ha PUCYHKE 26.

MukTorpamma

Merio coananmn cOo34aHns HOBOro

HOBOIO tharna

[Fho] T Vew Do Ry Fath Pukherak Toch SVC5 Window Heb
- | |

CuseO ._I & g g By @ . ; 4. € 23l {%ﬁ
AW @K |Target AT =

|Project Workspace . x'}'

[=}-5§ Target 1 ‘
(£ Source Group 1

& see iy

Revice Databace,
License Management.

Port Setup.
Pucynok 26 — Coznanre HOBOTO Pucynok 27 — Coznmanue HOBOTO (aiina rnpu
¢aiina yepes ri1aBHOE MEHIO MTOMOIIIY TTMKTOTPaMMBI

Bropoii cniocod — ucnonb3oBark ObicTpble kinaBumy Ctrl+N. W Tpetnii cocod — 3To HaxkaTh Ha
NUKTOIpaMMy CO3JJaHMs HOBOTO (paiiia, Kak MoKa3aHo Ha pucyHke 27. [locie BBIMONHEHHS ITHX JIeHcT-
BUM OTKPBIBACTCA OKHO TCKCTOBOT'O PCIAaKTOpPa, B KOTOPOM MOKHO BBOJUTH HCXOHHBIﬁ TEKCT IIporpam-
MBI.

BHemHu#i B pOTpaMMBI ¢ OTKPBITBIM OKHOM TEKCTOBOTO PEIaKTOpa TMOKa3aH Ha PUCYHKe 28.
BBoa mporpammsl Ipou3BOIUTCS ¢ KiaaBHaTypbl. CTUpaHUE OJUHOYHBIX OIIMOOYHO BBEICHHBIX CHMBO-
JIOB BO3MOXHO Mpu nomotu kHonok —Deletel u —Backspacel
[Tocne cozmanust OkHa HOBOTO (haiina MOKHO BBOJUTH UCXOJHBIA TEKCT MPOTPaMMBI, HCHIOIb3Ys KJIaBHa-
Typy. HabpaB mMCXOmHBIN TEKCT MpOrpaMMBI B OKHE TEKCTOBOTO peAaKTopa, (aiii HeoOX0IuMo coxpa-
HUTh HA TUCKE KOMIbIOTepa. /i1 3TOro MO>KHO BOCIIOJIB30BaTHCSI MEHIO (paiiil, Kak 3TO IMOKa3aHO HA pU-
cyHKe 28:
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MukTorpamma

8§ coxpaHenus thanna
Fﬁ’ lab1 - |.|ViSiOI13 SLIEALY

o<t Debug Flash Peripherals Tools SYCS Window Help

Bl Fle Edit Yiew P
/

2 =Ea B 2 A G
,Q\"lTarget 1 LI & G
| Project Workspace x main()
=259 Target 1
(27 Source Group 1 {
Pucynok 28 — Coxpanenue (aiina uepes rias- Pucynok 29 — Coxpanenue (aia npu moMomuiu
HOC MCHIO IMUKTOIrpaMMBbI

Bropoii cioco6 — ucnonb3oBath ObicTphie KinaBumu Ctrl+S. W TpeTuii cnoco0d — 3T0 HaXaTh Ha
MUKTOIpaMMy cOXpaHeHus (haiiiia, Kak 1oka3aHo Ha pucyHke 29. [Ipu HanmuMcaHuM Mporpamm 4acto Tpe-
OyeTcsi KOMMPOBaTh YY4AaCTKU MPOTPaMM M3 OJHOTO daiina B 1pyroi. st 3Toro B TEKCTOBOM PelakTope
OTKpBIBalOTCs 00a daitna. 3areM HEOOXOAMMBIN yYaCTOK TEKCTa BBIAESAETCS MPU IMOMOIIM MBIIIN HITU
KJIaBUATYyphl. J[1s1 BBIICNICHUSI CTPOK HAXXMMAETCS JIeBas KHOIKA MBIIIM B HAadYaJle BhIIEIsEMOro ¢par-
MEHTa W, HE OTIIyCKas €€, Kypcop MbIIIN TepeMeniacTcss B KOHel 3Toro ¢gparmenTta. /i BbIaeieHUs
CTOJIOIIOB TIPOM3BOISATCS T€ Ke ISHCTBUS, HO, KpOME TOr0, HaxkuMaeTcst kKHonka —Altl Ha knaBuarype.

[Tocne BbIETEHUS HEOOXOAUMOTO (PparMeHTa TEKCTa, STOT (PparMeHT kKomupyercs B Oydep 00-
MeHa. CKONTMPOBATh MOXKHO, IIEJIIKHYB MBIIIBIO 110 TUKTOTPaMMe KOTIMPOBAHUS, KaK 3TO TIOKa3aHO Ha PH-
cynke 30, kpome TOro yao0HO KomupoBath B Oydep oOMena komOunanueit kinapum —Ctrl+Cl.

Konupoeartk |
ki 1ab1| - p¥ision3 - [Text1*
H
Eile Edit Miew Project Debug & _or Peripherals Tools SWCS Window H

8= BEe o A G
AN l,g'\"|Target1 j&

Project Workspace x main ()

--#-4 Target 1
[ Source Group 1 i

Pucynok 30 — KonmpoBanue BoIelIeHHOTO parMeHTa B 0ydep oOmMeHa
IIpH IIOMOIIH IMTUKTOTrpaMMBbI

Terepp MOXHO MEPEKITIOYATHCS B OKHO PelaKTUPOBaHUs (aiiia, Ky/a Hy>KHO TIOMECTHTh CKOITH-
pPOBaHHBIN TEKCTOBBIN (pparMeHT MpU MOMOIIM TJIABHOTO MEHIO, Kak 3TO MOKa3aHO Ha pucyHke 31, u
BCTaBHUTH ATOT (pparMeHT mepes; TEKCTOBBIM KYPCOPOM, BCTaBKY TaK)K€ MOYKHO OCYIIECTBHTH Ha)KaTHEM
—Ctrl+VI. BcraBka ¢gparmenta u3 0ydepa ooMeHa MoxkeT ObITh MpousBezeHa audo u3 meno —Editl,
1100 TpH MoOMONIH MUKTOrpaMMbl —Pastel kak 3To mokazano Ha pucyHke 32. @parMeHT UCXOIHOTO TEK-
cTa OyZeT BCTaBJIEH B TO MECTO HAOMPAaeMOro TEKCTa, IJI€ B HACTOSAIIEE BpeMs HaXOJAUTCS Kypcop.
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BcraBka ckonupoBaHHOIo

K/ lab1 - uVision3 - [Text1%] dparmenTa us Gydepa
Bl 5e E% Yow Powect Qebug Flge Parohersss Toos YOS |iwindow | el V7 lab1 - pVision3 - [Text1 obmeHa
NEEHg hB o b W Cascade [ - B <
: = T tortontally | @ File Edit ¥iew Project Debug FLgsV/gptﬂ/erals Tools SVCS Window Lt
(g A | Target 1 [T Ihe versicaly Bub e
<13 OO OKa = g
Fropact Wovksoace x T &rrange Icors | pagaKTMPODaHNH é @ g @ 9 /<') @t l_
= 33 Terget ] 0] == anna SR %
| Source Group | TR Gy 3 &’Targetl l] &
int A[10]=(2,5,-8, -6 |Project Workspace 3| main()
&3 1 ey E-553 Target 1
toe I, 3,P: & H {7 Source Group 1 £

Pucynok 31 — Bei6op okHa penaktuposanus daiina  Pucynok 32 — Beraska ckonupoBanHoro ¢par-
MeHTa u3 Oydepa oOMeHa

Hanomuum, 4To KOMMpoOBaHHE y4acTKa MCXOJHOIO TEKCTa MPOrpamMMmbl SKBHUBAJIEHTHO HAOOpPYy
ATOTO TEKCTa MPOrPaMMbl C KJIABUATYPHl M MO3TOMY (haiiia, B KOTOPBIH MPOM3BOAMIOCH KOIMHPOBAHUE
TeKCTa, HEOOXOAMMO COXPAHUTh Ha IUCKE JTIOOBIM U3 METOJIOB, ONTMCAHHBIX paHEe.

4 Co3aHue NporpaMMHBIX IIPOEKTOB
4.1 Pa3paboTKa nporpaMMHBbIX CPeACTB

Ha nepBom mare pa3pabOoTKy IPOTPaAaMMHBIX CPEACTB (POPMYIUPYIOTCS TEXHHUECKUE TPEOOBAHUS
K CHUCTEME, M COCTaBIIIeTCs OJIOK-CXeMa Mpollecca PelIeHUs] HY)KHbBIX 3a/1ad, KOTopasi 00ecleuuT peau-
3alMI0 33/IaHHBIX TpeOoBaHWH. biok-cxema MoipkHa OBITH HaJISKAIMM O0pa3oM CTPYKTYPHPOBAHA,
YTOOBI FapaHTUPOBANACh BHICOKAS YPPEKTUBHOCTH JIOTUKH MTPOTPAMM.

Jnist Toro 9Tto0Bl OBUIO JIETKO OPHUEHTHUPOBATHCS B (Daillax Ha KOMIBIOTEpE, KXY 3a/1ady I0-
MEIIAIOT B OTAENbHYIO AUpeKTopuio (mamnky). Hamucanue mporpaMMbl TOXe cieayeT HauyuHaTh B OT-
JIeNTbHOW TarmkKe, TeM Ooliee 4To Kak OyneT MmokazaHo Janee, Jake MpOoCTermias mporpaMmma COCTOHT U3
HECKOJIbKUX (haiijIoB.

B GonpmmHCTBE CilyyaeB MporpaMma COCTOUT M3 HECKOJIBKUX MPOrpaMMHBIX Moayiei. Mcnoms-
30BaHHE B COCTaBE OJHOW MPOrpaMMbl HECKOJIBKUX MPOrPaMMHBIX MOJyJEH MO3BOJSET YBEIUYUTH CKO-
POCTh TPAHCISALNU MPOTPAaMM, TTOPYyYaTh HANMCAHWE MPOTPAMMHBIX MOMAYJIEH pa3IMYHBIM IPOTPaMMHU-
CTaM, YBEIMYUBATh OHATHOCTH MMPOTPAMM.

[TpuHIMN pa3zOueHus eNMHON POTPaMMBI Ha TIPOTPAMMHBIE MOJTYJIH 3aKJII0YAETCS B TOM, UTO IS
peanu3anuu paboThl ¢ OTAETBHBIMU Y3JaMH anmapaTypsl MUALITYTCS OTAEIbHBIC MOANPOTPAMMBI, KOTOPBIE
OTHOCHTEJIBHO CJTa00 CBSI3aHBI C OCTAIBHBIMH YaCTSAMHU MPOTPAMMBL. DTH MOIIPOTPaAMMbI MOKHO BbIJIe-
JUTHh B OTACIBHYIO MPOTPaMMy, KOTOPYIO MOKHO XPaHHUTh B OTIEIHHOM (aiinie, U TpaHCIUPOBATH OT-
JIeTbHO OT OCTAJBHOM MporpamMMbl. YacTo OJTHU M TE K€ MOAYIIM MOTYT BXOJWTH B COCTaB HECKOJBKUX
MPOTrpaMM, BBITIOJHSIOMIUX Pa3IuYHbIC 337a4l, HO UCTIONB3YIOIINE MPU 3TOM OJTHU U T€ )K€ YCTPOUCTBA.

B kauecTBe mpumepa MOXKHO Ha3BaTh pabOTy C KIaBHATYpPOW, MHAWKAIUIO PA3IMYHBIX BHJIOB M H-
dopmanuu, padboTy ¢ nocnenoBarenabHbiMu mopramu, ¢ AT, ¢ ITAIT. Kaxnoe u3 3Tux ycTpoiCTB MOXKET
00CITy’)KUBATHCSI OTACTBHBIMH MPOTPAMMHBIMH MOAYJISIMHA. JTOT CIICOK MOYKHO MTPOAOIDKATh U Jajiee, HO
JUTSL COCTABIICHUS TIPEJICTABICHUS O MIPOTPAMMHBIX MOJYJISIX 3TOTO TOCTATOYHO.

[TporpaMMHBIe TPOEKTHI MOXHO CO3/1aBaTh, U MOJJIEPKUBATh BPYYHYIO, HO B TIOCTIEIHEE BpeMs
OOBIYHO WCTOJB3YIOTCS PA3IMYHBIE CHCTEMBI MOIICPKKH pa3pabOTOK. DTO CO3MACT Psif JTOTIOTHUTEIb-
HBIX TIPEUMYIIECTB.

YacTo mporpaMma MUIIETCS, U OTJIAKUBACTCS HA OJHOW ammaparype (Harmpumep, Ha OIEHOYHBIX
riarax, rnpeagaraeMbeix GUupMaMu U3TOTOBUTEISIMA MUKPOCXEM), a HCIONb3yeTcs Ha npyroi. [Ipu atom
nporpaMMa IMpH OTIaJKe HE3HAYUTEIFHO OTJIMYAETCS OT MPOTPAMMBI, KOTOpasi OyJeT UCIIONb30BaThCs B
peanbHO# anmaparype. [[i1s 3Toro B coctaBe MporpaMMHOTO MPOEKTa CO3AI0TCs Ha3HaYeHUs MpoekTa. B
KadecTBe MpHMepa Ha3HAuYCHHH TPOTPaMMHOTO MPOEKTa MOKHO Ha3BaTh OTIAJKY U pPeaH3alHio, a TakK-
K€ BEPCUU TIPOTPAMMBIL.

4.2 Ucnosib30BaHMe CUCTEMBI MOAIEPKKH Pa3padoToK

Jnst o0GnerdyeHus mporecca pa3pabOTKH MPOrpaMMBbl YacTO HCIIOJIB3YIOTCS CUCTEMBI MOIEPIKKH
pa3paboTok. B coctaB crcreM MoOIAEpKKH pa3pabOTOK BKIFOUAETCS OIMpPEIeNIeHHBIH HA0Op MporpaMM-
HBIX CPEJCTB: PENaKTOpPhl TEKCTOB, acceMOep, PeJaKTOphl CBA3EH, KOMIMIIATOPHI, 3aTPY3UYHUKHd U TOMY
nogo6Hoe. Kaxknas U3 aTuX mporpamMm co3faacT cBor (aitn (uimu cBou ¢aiibl) Ha TUCKE KOMIThbIOTEpa.
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st Toro 4ToOBI HE 3amyTaThes B ATUX (pailyiax mpu pa3pabOoTKe MpOrpaMMBbl, Bce 3TU (aliibl pa3Melna-
IOTCSl B CBOEH, OTAENbHOU AUpeKTopuH. VIMs 3TON AMpPEKTOpUM OOBIYHO HA3HAYAIOT MO0 MMEHU MpO-
rpaMMHO-aINapaTHOro npoekra. Hanpumep: usmepurenb XapakTepUCTHK TPAH3UCTOPOB WM LU(POBOM
ocumuiorpad.

4.3 Co3naHue NPOrpaMMHOI0 NPOEKTA B HMHTEIPUPOBAHHOI cpede NMPOrpaMMHUPOBAHMS
Keil-C

PaboTa ¢ mporpaMMHBIMU TTPOEKTAaMU HAYMHAETCS C CO3/IaHUs HOBOTO (haiina mpoekta. s co3-
naHud (paiina mpoekTa B MHTETPUPOBAHHON cpejie pa3paboTKH MPOrpaMM MOKHO BOCIIOJIB30BATHCS TJIAB-
HBIM MEHIO, KaK ITOKa3aHO Ha pUCyHKe 33.

[Tocne co3ganust HOBOM TUPEKTOPHH M HOBOTO (haiisia MporpaMMHOIO MPOEKTa, UHTETPUPOBAHHAS
cpeaa mporpaMMHUPOBAHUS TpPEAaracT BEIOpaTh KOHKPETHYI0O MUKpocxeMy u3 cemeiictBa MCS-51, kak
9TO MOKAa3aHO Ha PUCYHKe 34.
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Pucynok 34 — JluanoroBoe oKHO BEIOOpa MUKPO-
CXEMBI JIJISl IPOTPAMMHOTO MPOEKTa

[Ipu 3TOM B MHTETPUPOBAHHOMN Cpejie MPOTrPaMMHUPOBAHKS OKHO MEHeXKepa MPpoeKTa mpruodpeTa-
€T BHJI, TIOKa3aHHBIA Ha pucyHke 35. Ha3Banwe Ha3HAYeHUS MPOTPAMMHOTO MPOEKTa MOKHO M3MEHHTH,
HICJIIKHYB MaHUITYJISITOPOM —MBIIIb 110 Ha3BaHWIO HA3HAYEHHUsI MPOrPAMMHOrO MPOEKTa B OKHE MEHEI-
epa npoekta (Hampumep: oTnaaka, peanusaius Uin COMPOBOXKACHHE). TOYHO Tak XK€ MOKHO U3MEHUTh
Ha3BaHHE YCTPOWCTBA B COCTaBe MPOrpaMMHOTO mpoekTta (Hampumep: Hocumasi paaroCTaHIIUS, aBTOMO-
OWIbHAs paIMOCTAHIINSA, CTAIMOHAPHAS PATUOCTAHIUS WK 0a30Basi PaIUOCTAHIINA).
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Pucynok 35 — BHenHuii Bui OKHa MEHEIKepa MPOeKTa
IIOCJIE CO3/IaHUs IIPOTPAMMHOIO IIPOEKTa

36



4.4 Hactpoiika CBOMCTB NMPOrpaMMHOI0 NMPOEKTA B HHTETPUPOBAHHOI cpelie MPOrPpaMMHUPOBAHUS
Keil-C

[Tocae co3manus MPOrpaMMHOTO MPOEKTa B MHTETPUPOBAHHOM cpejae mporpammupoBanus Keil-c
KOHEYHBIM (haliIOM TPAHCISIUU SBIISIETCS aOCOMIOTHBIN (haiin. J{s 3arpy3Ku B MUKPOCXEMY OOBIYHO HC-
nosb3yercst HEX daiin. st cozmanus 3toro (aiina He00X0IuMO BKIOYUTH COOTBETCTBYIONTYIO OIIIHIO
B CBOMCTBAX IIPOrPaMMHOTIO IIPOEKTA.

W3mMeHuTsh cBOICTBA MPOrPaMMHOTO MPOEKTa MOKHO HECKOJIbKUMH criocobamu. [lepBblit cioco0
— BOCIOJIb30BATHCS TIIABHBIM MEHIO, KaK TIOKa3aHO Ha pucyHke 36.
Bropoii crioco6 — 370 HaXkaTh Ha KHOTIKY U3MEHEHHsI CBOMCTB MPOTPAMMHOI0O MPOEKTa, KaK MMOKa3aHo Ha
pucyske 37.
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Pucynok 37 — I3amMeHeHue CBOMCTB Ipo-
IPaMMHOTO MPOEKTa NP TOMOIIH MUKTO-
rpaMMBbl

Pucynok 36 - M3MeHeHue CBOWCTB MTPOrPaMMHOTO
MPOEKTa

[Ipy 5TOM Ha 3KpaHe KOMIBIOTEPA MOSABIISIETCS JUATONOBOE OKHO U3MEHEHMS CBOWCTB IIPOrPAMM-
HOTO MTPOEKTa KaK MM0Ka3aHo Ha pucyHke 38. B 3ToM okHe HE00X0AMMO BBECTH MapaMeTphl BHELIHEH Ma-
MSTHU ITPpOrpamMm M MaMATH JaHHBIX.

3areM HEOOXOJMMO YCTAaHOBHUTBH BBIXOJIHBIE IapaMeTphl MPOrPaMMHOTO MpoeKkTa. s 3Toro ot-
KpbIBaeM 3akiajky Beixoj (Output), Kak 5To mokasaHo Ha pucyHke 39. B sToli 3akmanke yoOexmaemcs,
YTO YCTAHOBJIEHA TaJ04Ka CO3/IaHUS BBIXOIHOTO 3arpy3o4Horo ¢aiina B .hex ¢opmare. [{ng Toro 4yrodst
HE 3arpoOMOXKJaTh TUPEKTOPUIO TTPOeKTa (aiaMu 0ObEKTHBIX KOJIOB MOXHO CO3/1aTh OTJEIBHYIO JUPEK-
toputo. Hampumep, ¢ nHazBanuem OBJ. HoBas aupexkTopus MokeT ObITh CO3AaHa IOCIE HAXaTus Ha
kHonky —Select Folder for Objectl.

Options for Target “Target 1°

Device Target | Output| Listing| User | C51 | 451 | BL5T Lacate | BLS1 Misc | Debug| Utiities |

Analog Devices ADuCE42
wtal (MHz): [ = [T Use On-chip ROM [0x0-0:7FF)
emary Modek |S“‘i vanzbles in DATA .ﬂ
Code Rom Size: |Lage: B4K program ‘ﬂ [ Use On-chip 3RAM [0x0-0x7FF)
Operating system: |Nune ,ﬂ
I™ Use multiple DPTR registers
Qff-chip Code memony Qff-chip #data memony
Start: Size: Start: Size:
Eprom | I Ram |
Eprom | I Ram |
o —— o e —
[ Code Banking Start: End: I~ far' mer
Barks: [2 -] Bark Area | | 000 ™ Save addr
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Pucynox 38 — JInasioroBoe OKHO HAaCTPOMKHU CBOMCTB IPO-
IPaMMHOTO MPOEKTa

To4HO Tak e MOKHO CO3/1aTh AUPEKTOPHIO (MAnKy) /s (aidnoB aucTUHTOB. {75 3TOr0 HEO0OXO0-
JUMO BBIOpaTh 3akmanky —Listing. B ¢aiinax nucTuHroB nmomemaercs uHbopmarus 00 omuokax, ac-
ceMOJIEpHBIN KO M COOTBETCTBYIOUIMII €My MAaIllMHHBIM KOJ mporpaMMmHoOro monyis. McmonbszoBanue
JMCTUHTOB IMO3BOJISET ONTHMH3HPOBATH MPOrpamMmy, a mpu pabore 0e3 MHTErpUPOBAHHOM Cpeabl Mpo-
rPaMMHUPOBAHUS U HaXOAUTh CHHTAKCUYECKHE OIMOKM mporpamMmbl. OTMETHM, YTO co3laHue (¢aiioB
JMCTUHTOB 3aMe UIAeT Iporecc TpaHcasuu. OObIYHO UM IS TATIKU JIMCTUHTOB BeIOMpatoT LST.
HeoOxoaumMocTh co3/1anusi OTAENBHBIX MAaIOK ISl JUCTUHIOB U OOBEKTHBIX KOJIOB BO3HUKAET MPHU 00Jb-
IIOM KOJIMYECTBE NMPOrPAMMHBIX MOAYJIEH, a 3HAYUT MPHU OOJIBIIOM KOJHMUYECTBE (ailyioB B OJHOH MarkKe.
OOBIYHO AMPEKTOPUU IJIS JIUCTUHTOB U JJIsi OOBEKTHBIX KOJIOB PACHoJIaraloT BHYTPU MANKy MPOrpamMm-
HOTO TIPOEKTA, TJIE COACPKATCS UCXOAHBIE TEKCTHI IIPOTPAMMBI.

Jlyia HACTpOMKM mapaMeTpoB KOMIHIIALWU BbIOUpaercs 3akiaaka —C51. B aToii 3akiangke Ha-
CTpaMBaeTCsl YPOBEHb ONTUMHU3AIMH TPAHCIUPYEMOTO MPOTPAMMHOTO MOJYJISI M LEJb ONTHMH3ANUH (110
CKOPOCTH pabOTHI MPOrpaMMBbI WIIH 11O pa3Mepy BbIXogHOTO daitna). Kpome Toro, B 3T0il 3akiaake 3aHo-
CHUTCS ajjpec BEKTOPOB mnpepriBaHus.Ilocie HaCTpOWKN CBOMCTB MPOTrPaMMHOTO MPOEKTa B AHAJIOTOBOM
OKHE, 9TO OKHO 3aKphIBaeTcs HaxkatueM KHonku —OK.
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Pucynok 39 — /lnanoroBoe OKHO HaCTPOWKH BBIXOJIHBIX

IapaMeTpoB NPOrpaMMHOI0 IIPOEKTa
I ‘ m Incuge Dependencies

T

Pucynok 40 — BenibiBaroliiee MEHIO MEHEIKEpa
MIPOEKTOB C BRIOPAHHOM OMIIMEH TOOABICHHS
(bailnoB K MPOrpaMMHOMY HPOEKTY

Tenepp MOXKHO MOJKIIIOYATH K MPOTPAMMHOMY MPOEKTY (hailiibl ¢ HCXOIHBIM TEKCTOM MPOrpaMM-
HBIX MOJyJel. [IJis 5TOro MOXKHO MICTIKHYTh MPAaBOM KHOMKOW MBIIIHU MO 3HAYKY TPYNIbI (ailioB B OKHE
MEHeKepa MPOEKTOB, Kak 3TO MoKa3aHo Ha pucyHke 40, u BeIOpaTh OMIUI0 J00aBIeHus (BailioB K Mpo-
rpaMMHOMY TpoekTy. JloGaBisembie (ailyibl TOMKHBI OBITH MPEIBAPUTENBHO co3aaHbl. Eciu daiinom sB-
asieTcs mporpamma Ha si3eike C, To 3T0T (paiin gomwkeH umets pacumpenue .C. Hanpumep, LABI1.c. Ecnu
IPOEKT COCTOUT M3 HECKOJBKUX MPOrPAaMMHBIX MOJYJEH, oniuio n06aBneHus (GaiaoB cienyer MOBTO-
PHUTBH COOTBETCTBYIOLIEE YUCIIO Pa3.
4.5 Pa6ora c nporpaMMHBIM NPOEKTOM B MHTETPHPOBaHHOM cpeae nporpamvupoBanus Keil-C
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ITocne 3aBepuieHMs CO3MaHUS NMPOTPAMMHOIO MTPOEKTa MOXKHO OTKPBITH UCXOIHBIE TEKCTHI MPO-
IPaMMHBIX MOJYJIEH, IEIKHYB JIEBOM KHOIKOM MBIIIM HAa Ha3BaHUM COOTBETCTBYIOLIETO (aiiia B OKHE
MEHEKEPA TPOEKTOB.

TouyHO Tak k€ MOXHO MEPEKIHYAThCS MEXY MPOrPaMMHBIMU MOAYJISIMH IIPOEKTa, HCIIONb3Ys
OKHO MEHeJKepa IPOECKTOB.

B ciydyae HeoOXOAMMOCTH MOYHO BBIKJIIOYATh OKHO MEHEIKEpa MPOTPaMMHBIX MPOEKTOB, HO
0OBIYHO 3TO OKHO y/100HO IIPU HAIMCAHUH [TPOrPaMMBI.

Ecnu okHO MeHekepa NPOEKTOB OTKIKOYEHO, TO NEPEKIIIOUATHC MEXKIAY MOIYJIIMU MOXHO, HC-
oJIb3ysi MeHI0O —window.

S Yka3anusi o TpaHCJISALMHA IPOrPAMM M IPOIPAMMHBIX IIPOEKTOB
5.1 Tpancasinusi NPOrpaMMHBIX MOy el

Kak yxe yka3blBaJloCh, IPOrPaMMHBIM MTPOEKT MOXKET COCTOATh U3 HECKOJIBKUX (aiinoB. B mpo-
TPaMMHOM TIPOEKTE, COCTOSIIEM M3 HECKOJIBKHX (hailyioB, MOABISAETCS BO3MOXKHOCTh HECKOJIBKHX BHUJIOB
TpaHcnauuu. Ilpexae Bcero, MOXXHO OTTPAHCIMPOBATh TOJIBKO OJMH (paii, HE TPAHCIMUPYS OCTAJIbHbIE
(aiisel MPOrpaMMHOTO MPOEKTa. ITO MO3BOJSIET OOHAPYKUTh, U HCIIPABUTH BCE CUHTAKCUYECKUE OIIHO-
KU B OTZI€JIbHOM IIPOIrPaMMHOM MOJYJIE.

[Tpu TpaHCHAUHM KaXAOTO MPOrPAMMHOTO MOJYJIS Ha KECTKOM IHCKe (HOPMHUPYIOTCS Tepeme-
maemMblil Qaiisn B 00beKTHOM (opmare, KOTOPBIH 3aTeM OyIeT MCIOJIb30BaThes AJIS CO3JaHUs 3arpy30u-
HOro (haila mporpaMMHOTO MPOEKTa. DTOT (aill Ha3bIBaeTCsI OOBEKTHBIH MOIYTh. OJHOBPEMEHHO C
O00BEKTHBIM MOAYJIEM Ha AucKe (Gopmupyercs (aiia JIMCTHHra MPOrpaMMHOIO MOJYJs, B KOTOPBIH mo-
MEIIAETCs UCXOAHBINA TEKCT MPOrPaMMHOI0 MOJYJISI U COOOIIEHUSI O CHHTAaKCUYECKUX OIMIMOKaX.

[Ipu TpaHCHAsALMU MPOrPaMMHOIO MOJYJIS, HAMCAHHOIO Ha S3bIKE IMPOrpaMMHUpPOBaHMs acceMO-
Jep, B JUCTUHI IOMEUIAIOTCS MAIlMHHBIE KOAbl KOMaH]l IPOIieccopa, U UX aJlpeC OTHOCUTENILHO Hayalia
IIPOrpaMMHOro Monyis. IIpu TpaHCIAIMM MCXOAHOTO TEKCTa IIPOrpaMMBbl, HAIIUCAHHOM Ha SI3bIKE IIPO-
TpaMMHPOBAHHUS BBICOKOTO YPOBHS, TakoM Kak C mporpamma TPaHCISATOP MOXKET ObITh HACTPOEHa TaK,
YTO OHa OyzeT co3AaBaTh (aila ¢ TEKCTOM MCXOJHOI0 MOJYJIs, HAIIMCAaHHOIO Ha acceMOiepe UM IoMe-
IIaTh 3TOT TEKCT B JUCTUHT IPOrPaMMHOr0 MoyJisd. TakuM 00pa3oM, NOSIBIISIETCS BO3MOXHOCTb IHCATh,
Y OTJIAKMBATh MPOTrpaMMy Ha SI3bIKE BBICOKOT'O YPOBHsI, a 3aT€M IEPEBOJUTH €€ Ha S3bIK IIPOrPaMMUPO-
BaHMsI acceMOJiep ¥ ONITUMHU3UPOBATH €€ BPYUHYIO.

5.2 Cesi3biBaHNEe 00BEKTHBIX MOAYJICH M IOJIy4YeHHe 3arpy304HOro gaiiaa

[Tocne Toro, kak OTTpaHCIUPOBaHbI 0€3 OLIMOOK BCE MPOTrpaMMHBIE MOAYJIH, U TEM CaMbIM HOJY-
YeHbl (ailsibl 00bEKTHBIX MOAYJEH, IPOU3BOIUTCS TPAHCIALMS BCETO MPOrPaMMHOTO NMPOEKTa (CBSI3bIBA-
Hue 00beKTHBIX Moyie). [Ipu a3Tom Ha nucke GopMUpyIOTCS aOCOMIOTHBIN U 3arpy304HbId (aiiisl Ipo-
IPaMMHOT0 IpoeKTa. J{1st KOHTpoIst omMOOK CBA3bIBaHUS GopMUpYeTCs (ailil IMCTUHTA pelakTopa CBS-
3e#l ¢ pacmupenrem mS1.

Ecnu obHapyxuBaroTCs OIIMOKHM CBSI3bIBaHUS, TO AaOCONIOTHBIM M 3arpy304HbIi (aiiasl mpo-
IrPaMMHOTO TNpoeKkTa He (popmupyroTcs. B 3ToM cimyyae HE0OOXOIMMO M3MEHUTh MUCXOAHBIA TEKCT MpPO-
IPaMMHOI0 MOAYJS M3-32 KOTOPOT'O BO3HMKJIA OIIMOKA CBSI3bIBAHUS, OTTPAHCIMPOBATH €r0 U CHOBA I10O-
IBITaThCS MPOU3BECTU TPAHCISLMIO TPOrPAMMHOTO NMPOEKTa (CBA3BIBAHNE OOBEKTHBIX MOy IEH ).

ITocne nomyuyeHus 3arpy304HOT0 MOJYJIsl MOKHO HaYMHATh OTJIAJKY IPOTPAMMBI.

5.3 TpaHcasinusi NPOrpaMMHBIX IIPOEKTOB

WuTerpupoBanHas cpeia MporpaMMHUPOBAHUS MO3BOJISET MAKCUMAIBHO OOJIETYUTh TPAHCISALMIO
IIPOrpaMMHBIX MPOEKTOB. Tak Kak mapaMeTpbl IPOrpaMMHOTO MPOEKTA YK€ HACTPOEHBI, TO JUIsl TPAHCIIS-
LM HUCXOJHOI0 TEKCTa MPOTrpaMMHOI0 MOJIYJs AOCTATOYHO 3arpy3uTh HMCXOIHBIM TEKCT 3TOro Ipo-
IPaMMHOTO MOJYJISl B OKHO TEKCTOBOTO peJakTopa. ITO MOKHO clielaTh OJHUM U3 CIIOCOOOB paccMOT-
PEHHBIX paHee.

[Tocne 3arpy3ku HCXOJHOTO TEKCTa MPOrPaMMHOTO MOJYJS JOCTaTOYHO Ha)XaTb Ha KHOINKY
TPAHCIIALUU TPOTPAMMHOT0 MOJTYJIsI, KaK 3TO MOKa3aHo Ha pucyHke 41.
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Eme ogua crmoco® TpaHCHISAIUU MPOTPAMMHOTO MOJYJISI, TO BOCIIOJIB30BaThCS TJIABHBIM MEHIO,
KaK 3TO IMOKa3aHO Ha PUCYHKe 42.

(VE] pVisiond  [D:\Mabi\Text1.c]
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Textl.c 04 -';r\w o Pl a2
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Pucynox 41 — TpaHcnsuust mporpaMMHOTO 5} padtargm
MOZYJISA IPH IMTOMOIIY KHOIIKU TPAHCIISLIAA S FAOBU0 8 Karost fhes
(aiina 25 Trapwiatn D/ abi Toata ¢
[+] 1onmbint. ez

Hano orMeTnTs, 4TO B COCTaBE MHTEIpU-  PucyHOK 42 — TpaHCsus nporpaMMHOTro MO-
POBaHHOU Cpeibl MPOrPAMMHUPOBAHUS JIJISI TIOMC- JIyJIsI IPH TTOMOIIIY TJIABHOTO MEHIO
Ka CHHTAaKCHMYECKHX OIIMOOK yHoOHEe MOJb30-
BaThCs HE ¢ailiom nuctuHra, a okHoM _build‘(pacmnonoxeno BHU3Y pabouei 001acTu), TJe BBIBOJSTCS
Bce coobmenns 06 omubkax. Ilpu 3TOM ecnu IBa)XIbl MEIKHYTH MBIIIBIO 11O COOOIICHNIO0 00 omOKe B
okHe _build*, To B OKHe TEKCTOBOIO pefaKkTopa OyJeT BblAelieHa CTPOKa IPOrpaMMel, rie Obia oOHapy-
JKeHa JaHHas omuoKa.

Tpancnsus mporpaMMHOTO MOJTYJIS M ITOJIyUYE€HHUE 3arpy304HOro (paiiia B MHTEIPUPOBAHHOM cpe-
Jie TPOrpaMMHUPOBAHUS TIPOU3BOJUTCS HaXkaTHeM KHoONKH _Build target®, kak 3To moka3zaHO Ha PUCYHKE
43.

ki1 - p¥ision3 - [D:Mab1\Text1.c]

KHonka TpaHcnaumMm mcxogHoro danna

BFile i | W CO30aHWA 3arpy304Horo Mmogyns - Bﬁile Edit View |Project| Debug Flash Peripherals Tools SWCS  window Help
o 5 = TR Mew pifision Project. .. B
B : S ==
I% = A q Ij - Mew Project Workspace. ..
@ &i\ |Target 1 j d @ Impart pvisionl Praoject, .. =
- Project Woaorkspace Open Project. .. B
Project Workspace x 01 main() i
259 Ta Rebuild all target files 02 =13 Target 1 Close Project
-5 labl
-1-23 labt 03 ¢ Texd
Textl.c 04 Manage 3 L
05 int &[10]={2,5,-8,7,
Pu K 43 — TpaHcnsIus mporpaMMHOTO MOTYJIS Remove File Text1 '
CyHO paHCIIALUS TPOTP Oro MOJy.

MPOEKTAIpHU moMoIy KHonky _Build target Cptiens for Fle Text ¢

Clean target

Build targek

Rebuild all karget files

@ Translate D:ilabliTextl.c

Pucynok 44 — TpaHcasiiusg IporpaMMHOTO MO-
JTyJIsl TIPY TOMOIUIH TJ1aBHOTO MEHIO

Eme onuH cnoco0 TpaHCIAUN IpOrpaMMHOTO NMPOEKTa B UHTETPUPOBAHHON cpeJie MPOTrpaMMHUpPO-
BaHMsI, 5TO BOCIIOJB30BAThCS TIIABHBIM MEHIO, KaK ATO MOKa3aHO Ha pucyHke 44, HO ymoOHee BCero Ha-
’KaTh Ha KJIaBUaType knasumy —F7.

Ecinu sxe HeoOX0IMMO OTTPaHCINPOBATh BCE IPOTPAMMHBIE MOJTYJTH BHE 3aBUCUMOCTH HMEIOTCS
00BEKTHBIE MOJIYJIM UJIM HET, U TIOJYYUTh 3arpy304HbIi (hailn, To Haskumaercst kHorka _Rebuild all target
files unu BbIOMpaeTcs COOTBETCTBYIOIIEE MEHIO.

6 Yka3zaHusi o 0TJIaJIKe MPOrpaMM BO BCTPOEHHOM OTJIaJ4iKe NPOrpaMm
6.1 Cioco0bI O0TJIAAKH POTPaAMM
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Otnaaka mporpamMM 3aKJII0YaeTCs B IPOBEPKU MPABIIIBHOCTH PaOOTHI IPOTPaMMBI U amapaTypel.
[Iporpamma, He coaepikamias CHHTAaKCHYECKUX OIIMOOK, TeM HE MEHEee, MOXKET COZep)KaTh JOTMYECKHe
omMOKH, He TIO3BOJIAIOIINE MTPOTPaMMe BBITIOJHSTE 3aJI0’KEHHBIE B HeW QyHKIuH. Jlornyeckne ommoOkn
MOTYT OBITh CBSI3aHBI C aJITOPUTMOM IIPOrPaMMBI WIIM C HEMIPABUIHHBIM IOHUMAHUEM PalbOThI anmapary-
PBI, HOJKIIOYEHHOHN K TOPTaM MUKPOKOHTPOJLIEPA.

BCTpOGHHBIﬁ OTJIaJYUK MO3BOJIACT OTJIAAUTh TC YHAaCTKU KOJa IPOrpaMMbl, KOTOPBIC HC 3aBUCAT
OT paboThI anmapaTypsl, HE BXOJIIECH B COCTaB MUKPOCXEMBI MUKPOKOHTpoIIIepa. [ oTnaaku mpo-
rpaMM OOBIYHO MPUMEHSIOT TPU cIlocoba:

1. [TomaroBas 0TJ1aIka IPOTrPaMM € 3aX0JI0M B ITOJIIPOTPAMMBEI;
2. IlomaroBas oTaIka IPOTpaMM C BBIITOTHEHHEM HOIPOTrPAMMBI KaK OJTHOTO OTepaTopa;
3. BeinoaHeHue nporpaMMsl 10 TOYKH OCTaHOBA.

[TomraroBast oTaqKa MPOrpaMM 3aKJII0YAETCs B TOM, YTO BBIMOJHIETCS OMH OIEPaTop MpOorpam-
MBI ¥, 3aT€M KOHTPOJHUPYIOTCS T€ IEpEMEHHBIE, Ha KOTOPBIE TOJKEH ObUT BO3CHCTBOBATH JAHHBIN OIle-
parop.

Ecnu B mporpamMmmMe UMEOTCS yKe OTIIaKEHHBIE MOANPOrpaMMBbl, TO MOANPOrpaMMy MOXKHO pac-
CMaTpUBaTh, KaK OANH OIEPaTOp NMPOrpaMmbl U BOCMO/Ib30BATLCA BTOPbIM CMOCOOOM OTNAKM NPO-
rpamm.

6.2 Ucnosib30BaHMe BCTPOCHHOI0 OTJIAAYUKA NPOTPaMM

BbI130B BCTpOEHHOTO OTNIaA4YMKa yoOHEee BCEro OCYIIECTBHTh, HA)KAaB HA KHOINKY OTJaa4nKa Ha
naHenu WHCTpyMmeHToB _file® xak mokasaHo Ha pucyHke 45 WM BOCHOJB30BATHCS OBICTPON KHOIKOM
—Ctrl+F5l

KHOnka BbI30Ba BCTPOEHHOTO
oTnag4yvka

Start/Stop Debug Session

S AFaganme MaccHsa

PI/ICYHOK 45 — BrI30B BCTPOCHHOI'O OTJIaAYMWKA C UCIIOJIb30BAHUEM KHOIIKU Ha ITaHCIIN —file

ITocne 3TOro BHEMIHUI BUJI MHTETPUPOBAHHOM CPEABbI IPOrpaMMUPOBAHUs IPUHUMAET BUJ, ITI0Ka-
3aHHBIN Ha pucyHke 47. B BepxHell yacTu MpOrpaMMbl MOSBIISETCS JOMOJHUTENbHAS TAHEIh HHCTPYMEH-
TOB OTJIAJUWKa Mporpamm (prcyHOK 46). B HMKHEH 9acTi porpaMMBbI TOSIBIISIETCS. OKHO IMTPOCMOTpA Ta-
MSTH KOHTpPOJUIEpa U OKHO KOHTpPOJIS epeMeHHbIX — Watch.

Kz - pVision3 - [D:\Mab1\Texi1.c*]

E;ﬂﬁile Edit Wiew Project Debug Flash Peripherals Tools SYCS Window Help

A \
| Q& g% B
mal;x.:/

BniounTh OKHO KOHTpONSs BkniounTb OKHO
nepemeHHbix "Watch” npocmoTpa namsTy

Pucynok 46 — JlonoHUTEIbHAS TTAHEIb HHCTPYMEHTOB OTJIATYHKA IIPOTPAMM.
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Pucynok 47 — BHemHuii BUJ THTETPUPOBAHHON CPEIbl IPOrPAMMUPOBAHUS B PEKUME OTIAIKU TIPO-

rpaMm

OxHO mpocMOTpa MaMATH KOHTPOJIJIEpPa MOKHO HACTPOUTH Ha MPOCMOTP MaMATH IPOrpaMM MU
NaMsITH JIaHHBIX, BBE/S B IMAJIOrOBOE OKHO —ajapec| Kiro4, ABOETOYME U aJpec HadalbHOH s4yeiku ma-

MSATH.
Hampuwmep:

d:0 — mpocMOTpeTh MaMATh JAHHBIX HAYUHAS C HYJICBOH SYCHKH;

€:0 — mpocMOTpeTh MaMsATh MPOTrPaMM HAYMHAS C HYJIEBOM SYEeHKH;

X:0 — mpoCcMOTpeTh BHEUTHIOIO IMTaMSTh TaHHBIX HAYWHAS C HYJCBOU STYCHKH.

IIpy ncrosnb30BaHMM BCTPOEHHOTO OTJIAAYMKA IPOrpaMM Il KOHTPOJI IEPEMEHHBIX MOYKHO
BOCII0JIb30BaThCsl OKHOM — Watch. B GonbIInHCTBE ciydaeB 3T0 HAMHOI'O BBIFOJIHEE, YEM HMCIIOJIb30BaTh
IPOCMOTP MaMATH JaHHBIX. [lepeMeHHbIe B 7TOM OKHE 0TOoOpaXkaroTcs B TOM ¢dopmare, B KOTOPOM OHHU
ObLIM 00BsABIIEHBI B porpamme. g qobaBieHus nepeMeHHol B okHO — Watch qocTaTouHO MIETKHYTh
IIPABOM KHOIIKOM MBIIIY IO IEPEMEHHOM B TEKCTE IPOrPAMMBI B OKHE OTJIaJUMKa IIPOrpaMM, KaK 3TO IO-

Ka3aHO Ha pucyHKe 48.
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Undo

Cuk
Copy

Select all

Show Disassembly at Ci0x011E

Set Program Counter

Run to Cursot line

30 To Line

Insert/Remove Breakpoint

Clear complete Code Coverage Info

Go To Definition OF 'S’

Go To Reference To 'S

I
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Add "s" to Wwatch Window. .
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Pucynox 48— JloGaBneHus nepeMeHHON B
OKHO mpocMoTpa —Watch

OKHO mpocMOTpa NMEPEMEHHBIX COIECPKUT JBE 3a-
kinaaku —Watch #1 u —Watch #2. Oto no3Bossier rpynnu-
poBaTh MepeMeHHbIe, 0 KAaKOMY TU00 MPU3HAKY, HATPUMEP
M0 OTJIAXMBAEMBIM Toarnporpammam. [lpu noGasieHun me-
pemeHHON Bbl BIOMpaeTe HOMEP OKHA IPOCMOTPa OKHA Tie-
PEMCHHBIX.

Kpome mpocmoTpa 11106ansHbIX TEPEMEHHBIX, KOTO-
pBIe CYIICCTBYIOT Ha MPOTSKCHUHM BCEH MPOTrpPaMMBI, OKHO
MIPOCMOTpa MEPEMEHHBIX COACPKUT 3aknaaKy —localsl. Ota
3aKJIa/IKa IMO3BOJISIET OTCIIEKUBATH JIOKAIBHBIC TEPEMEHHBIE,
KOTOpBIE CYIIECTBYIOT TOJBKO BHYTPU TMOIIPOTPAMMEL.
BBouTE IMEHA JTOKAJIBHBIX TIEPEMEHHBIX B Ty 3aKJIaJIKy HE
HYXkHO. OHU TOSBISIOTCS B 9TOM 3aKJIaJKe aBTOMAaTUYECKH,
Kak TOJIbKO BbI monagaere B moamnporpaMmmy, B KOTOPOil Hc-
MOJIb3YIOTCS JIOKAIbHBIE IEPEMEHHBIE.

[Ipu oTnanke mporpamMm Ha sI3bIKE IPOrpaMMHUpPOBa-
HUS acceMOJiep 04eHb Ba)KHO KOHTPOJIMPOBATH COJCPKUMOE
BHYTPEHHUX PErMCTPOB MUKPOKOHTPOILIEPA. DTO MO3BOJSET
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clenaTh 3akiiagka Regs B OKHE MEHeKepa MPOSKTOB, TIOKa3aHHasi Ha pUCyHKe 22 (JieBast pabodas 00-
JacTh). B 3TOM OKHE MOKHO MPOKOHTPOJIUPOBATH COMEPKUMOE PETUCTPOB TEKYIIEro OaHKa, yKa3aTels
CTEKa W MPOrPaMMHOTO CUCTUYMKA, COACPKUMOE aKKyMYJsITOpoB A m B, a Takke cocTosHHE pabounx
¢1aroB MEKpOKOHTpOJIIepa B peructpe PSW.

Opun omneparop MporpaMMbl MOKET ObITh BbINOJIHEH HakaTueM KHomnku F11. Ecnu BbI30B moa-
POrpaMMbl pACCMATPUBAETCS KaK OJMH OMEPaTop, TO MOIMIAroBasi OTJIaJKa MPOrPaMMBI OCYIIECTBIISETCS
HaxkatrueMm kHonku F10.

Hcnonb30BaHWe TOYEK OCTAHOBA MO3BOJISIET MPOITYCKATh YK€ OTIKEHHYIO YacTh MPOTPAMMEI.
s Toro, 4yToOBl YCTAaHOBUTH TOYKY OCTaHOBAa, MOKHO BOCIIOJIb30BaThcsl KHOMKOW (Insert/remove
Breakpoint ) na manenu (aiij0B WM BOCHOJIL30BATHCS INIABHBIM MJIM BCIUTBIBAOIIMM MeHIO. [lepen Tem
KaK Ha)XaTh Ha KHOIIKY YCTAHOBKH TOYKH OCTaHOBA, HEOOXOJMMO YCTAaHOBHUTH KypCOp Ha CTPOKY UCXO/I-
HOT'0 TEKCTa MPOrPaMMBI, I'7Ie€ HEOOXOIUMO OCTAHOBUTH BBIMOJIHEHHUE TPOTPAMMBI.

Touka ocTaHOBa yCTaHABIMBAETCS B MECTaX, TJIe HEOOXOIUMO MPOBEPUTH COACPKIMOE MTEPEMEH-
HBIX WJIA IPOCTO MPOKOHTPOIUPOBATh, IEPEIaCTCs JIM yIpaBiIeHUE JaHHOMY OIlepaTopy.

[Tocne Toro, Kak yCTaHOBJIEHBI BCE HEOOXOAMMBIE TOUYKH OCTAHOBA OCYIIECTBIISCTCS BHIMIOJTHCHUE
porpaMMsel B cBOOOIHOOETYIIIEM peskuMe. [[ist 3TOro MOXKHO BOCIIONB30BaThesi KHOMKOM (Run) unm Ha-
’KaTh Ha KHOIIKY F5 Ha knaBuarype.

MoskeT BOZHUKHYTh CUTYalusl, 4TO IIporpaMma He IepeacT yrnpaBlieHue HU OJIHOMY U3 OIepaTo-
POB, Ha KOTOPBIX YCTAHOBJICHBI TOYKH OCTAHOBA. B 3TOM cilydae Jyisi TIPEKpaIICHHs BBITOJHCHUS TP O-

IrPaMMBI CIEAYET BOCIIOIb30BATHCS KHOIIKON = (Halt) mm maxats Ha kHONKY —Escl Ha knaBuarype.
Touka octaHoBa MOKET ObITh MCIOJb30BaHA MHOTOKpAaTHO. MHOTHa e BO3HHKaeT HeoOXOau-
MOCTb OJHOKPAaTHO MPONYCTUTh 4acTh ONEPATOPOB. B 3TOM cilyqae MOKHO BOCHOJIB30BaThCS KHOIKOMN

BBIIIOJIHEHMS IIPOIPAMMBI 1O Kypcopa 1) (Run to Cursor line). [Ipu HaXkaTuu Ha 3Ty KHOTIKY IpOTpaMmMa
OyZIeT BBINOJHATHCA 10 T€X MOp, MOKa yrpaBjieHHe He OylIeT MmepenaHo OnepaTropy, Ha KOTOPOM Haxo-
maTcst Kypcop. Kak TOJNBKO 3TO MPOM30MACT, BBHITIOJHEHUE MPOTPAMMBI OyIET OCTAaHOBIICHO, M MOXHO
OyIeT MPOKOHTPOIUPOBATH MEPEMEHHbIE U MPOJOJIKUTH BBINOJIHEHHWE MPOrpaMMbl B IOIIATOBOM HIIU
CBOOOAHOOETYILIEM PEKUME.
IMopsinok BbINOJIHEHHUS PadOTHI:
1. Boiiaure B HHTErpupOBaHHYIO cpedy mporpamMMmupoBanus 2. Co3gaiite HOBBINA (paii MCXOAHOTO

TekcTa mporpammel. Ms aiina moxeT ObITh, Hanipumep, L1.c (pacmmpenue *.c 00s3aTenbHO).

TekcT mporpaMmsi:

main()

{

//3amanue maccuBa int A[10]={2,5,-8,7,-3,15,38,-11,66,-6};

//00BsIBIIEHNE TIEPEMEHHBIX 1IETIOTO THIA

int I,S,P;

//HayanbHOE 3HAYEHHUE CYyMMBbI

S=0;

//HayanpbHOE 3HAYeHHE NIPOU3BEICHUS

P=1,

//mepemennas nukia [ m3mensercs ot 1 g0 10 ¢ marom 1

for (1=1;1<10;1++)

{

// HaX 0K JICHUE TIPOU3BEICHUS BCEX 3JICMEHTOB MacCHUBa
P=P*A[l];

//ecin 2J1eMeHT MaccuBa MeHbIe 0

if(A[1]<0)

S=S+A[l];

//HaXO)KHeHI/Ie CYMMI)I OTpI/IHaTeJ'II)HBIX 3JICMCHTOB MaCCHUBa

i

43



OTa mporpaMma HaxOAUT CYMMY OTpHUUIATENbHBIX 37eMeHTOB MaccuBa A[10]. Ilocne BbI-

MOJTHEHHUSI TIPOTPaMMBbI pe3ynbTar (Cymma) OyaeT HaxoquThes B sueiike mamstu S. 3. Coznaiite

npoekTt ¢ umeHem LABI.

4. lo6aBbTE B MPOEKT (hailsl ¢ MPOTrpaMMON.

5. OTTpaHcaMpylTe IPOrPAMMHBINA IMPOEKT.

6. YOeaurech, 4YTO NP TPAHCISILUUA TPOTPAMMHOTO MOJTYJIsl HE OOHAPY>KEHBI CHHTAKCHUYECKHE
OLLIMOKHU.

7. Y0enurech, 4YTO B TUPEKTOPUH MPOEKTA CO3/AaHbI 3arpy304uHbIii (hailn ¢ pacmupenue .Ist u 3a-
rpy304HbIi hex-daiin ¢ pacimupenuem .hex.

8. BrImoHUTE MOMIAroByr0 OTIaKy MPOrpaMMbl C UCTIOIb30BaHneM kHonku F11. Ha kaxmom
I1are BHIMIOJIHEHUS POTPAMMBbI 3aITUIINTE 3HAYCHHUS UCTIOIb3yEeMBIX MIEPEMEHHBIX Mporpammbl: Afi] u S.
Xoxa padoThI:
1. Bxirounte OBM, 1 BBI30BUTE MHTETPUPOBAHHYIO CPENY IPOIPaMMHUPOBAHMS, IIEIKHYB MBIIIBIO IO

3HAYKY —W—j .

CoznaiiTe HOBBIH (ailsl KCXOAHOTO TEKCTA MPOTPaMMBI.
BBenuTe 3a1aHHBIN HCXOHBIN TEKCT IPOTPAMMBI, UCTIONB3YS KJIaBHATYPY.

OTKpOfITC JAUAJIOrOBOC OKHO COXPaHCHUA (1)a17ma, IICJIKHYB MBIIIBIO 110 3HAYKY W

Cozpaiite HOBy1O nanky ¢ umeHeM LABI. [ 3TOro meaKHUTE MBIIIBIO 110 3HAYKY (=1}

Beenure nms daiina, Hanpumep L1.c (pacmmpenue daiina 10mKHO OBITh 005S3aTeNbHO *.C), U HAKMHU-

TE€ Ha KHOIIKY Kj1aBuaTypsl —Enter.

7. Cosznaiite HOBBIN MPoekT. JlJist 3TOTO BHIOCpUTE MOAMEHI0 —New projectl u3 meHro —project. Beide-
puTe Hanky pa3MenieHus HoBoro npoekra — LAB1. Ykaxute ums npoexra — L1.

8. Temepb MOXKHO MOAKIIOYATH K IPOTPAMMHOMY TPOEKTY (aifyl ¢ UCXOIHBIM TEKCTOM IporpaMmsl. s
3TOr0 MOKHO LICIKHYTh NPaBOW KHOIKOW MBIIIY 10 3HAYKY IPpYHIbI (aillloB B OKHE MEHEIKepa Mpo-
€KTOB, KaK 3TO MOKa3aHo Ha pucyHke 40, u BbIOpaTh ONIMIO J00aBieHUS (PailyioB K MPOrpaMMHOMY
IPOEKTY.

9. Orrpancnupyiitenpoekt, HaxxaBkHONKY —F7 (Rebuild all target files). Eciin ecTh ommbku, ucrpaBsTe
UX B TEKCTOBOM penakTope cpensl Keil.

10.  Ilpm orcyTcTBHH OMIMOOK YOEIUTECH, UTO B IUPEKTOPHUU MPOESKTA TTOSBUIICS 3arpy304YHBIH (aiin ¢

pacupeHueM .hex.

o0~ wh

11.  JIns BbI30Ba OTJIAAYMKA MIEJIKHUTE MBIIIBIO 3HAYOK €ro 3ammycKa L
12. BpInogHUTE MOLIArOBYIO OTJIAAKY MPOrpamMMbl ¢ HcHojib3oBaHueM kHonku —F11. Ha kaxaom
11are BBITOJHEHHSI TIPOTPAMMBI 3aIUIITUTE 3HAYEHUS UCTIOIB3yEeMBIX MIEPEMEHHBIX mporpamMmbl A[l] u
S. Ecnu nipu BeI30Be OTJIa{4MKa B HI)KHEH 4acTH 9KpaHa OTCYTCTBYET OKHO ITPOCMOTpPA NMEPEMEHHBIX,
€ro MOXKHO BKJIIOUMTH, BbIOpaB B MeHI0 — View komanny —Watch & call stack window, nu6o Boc-
MOJIb30BAaThCsl MKOHKaMHM, MOKa3aHHBIMH Ha pucyHke 46. [[ng noOaBieHHs NepeMEHHOW B OKHO
—Watch gocraTouHo MENKHYTh IPaBOM KHOMKOM MBIIIN 110 HY)KHON IEPEMEHHON B OKHE MPOTrpamMMBbl
U B NosiBUBIIEMCS OKHE BbIOpaTh ADD to Watch window.
®opma npeacTaBiIeHus pe3yjabTara:
Otuer o paboTe AOIKEH COIEPKaTh:
1. HammeHoBaHHe pabOTHI U 11eNIb PaOOTHI;
2. pe3yibTaThl paboOTHI;
3. BBIBOJBI ITO paboTe.

JladbopaTopHasi padora Ne2.
Opranu3anus BBoJa-BbIBO/Ia HHGoOpMannu Yepe3 napauiejbusie noprel MK ADUC842
®opmMupyeMble KOMIIETEHIMH:
[IK 2.1. Co3znaBath mporpaMMsl Ha si3bIke accemOiepa Uit MUKPOIIPOILIECCOPHBIX CUCTEM.
[1K 2.2. [Ipou3BOaUTh TECTUPOBAHUE U OTIAAKY MUKPOIPOLIECCOPHBIX CUCTEM.
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Iesas padoThi:pa3paboTka NporpaMMbl YIPABICHHs CBETOJUOJAMHU C UCIIOJIb30BaHUEM HapaJ-
nenpHOrO Nopra MK

Boinosinus padory, Bel Oyaere:

ymemo:
- COCTaBJIATh IPOTrPaMMBbI Ha s3bIKe acceMOuepa JUisi MUKPOIIPOLIECCOPHBIX CUCTEM;
- NPOM3BOAUTH TecTHpoBaHue U oTiaaaky MIIC;

MarepuasibHoe o0ecnieuyeHue:

1. KomnbroTep ¢ JIMIEH3MOHHBIM IPOrPaMMHBIM 00ECIIEUEHUEM.

1. MynbTumenna npoexkTop.

2.JIaboparopusie cteHabl «LESO1

IloaroroBka k padorte
N3yuuth TeopeTnueckuii Mmarepuai no teme (cM. [Ipaktuueckyro padoty Ne2)

Pabora ¢ peructpamu cnenMaJbHbIX (PYHKIMIA

Bce nporpaMMHO AOCTYIHBIE PErUCTPhI YIIpaBJIeHUs,, KOHQUTypallMyd U JTaHHBIX MUKPOKOHTPOJI-
Jepa BKIIOYEHBI B 00J1aCTh perucTpoB crenuanbibix ¢pynkuuit (Special Function Register — SFR). Ora
o0nacth (hopMalIbHO 3aHUMAaeT crapiue 128 GailiT BHyTpeHHe! nMaMsATH AaHHBIX, HO O0palleHne 10KHO
OCYIIECTBIISITHCS IO OTPENIEICHHBIM aJIpecaM siueeK WM oTaenbHbIM Outam. Peructper SFR peanusyror
uHTEepdeiic MeXay MUKPOIIPOLECCOPHBIM SIIPOM U BHYTpeHHeW mepudepueil MukpokoHTposuiepa. Bee
pPEerucTphl crienuaibHbIX QYHKIUN UMEIOT KaKk CUMBOJMYECKHE UMEHa (MHEMOHHUKH), TaK U ajipeca B Ka-
yecTBe siueeK BHyTpeHHel namatu. Mudopmanuio 06 SFR M0OXHO HalWTH B TOKyMEHTALUU HA MUKPOKOH-
TpoJiep, OOBIYHO YKa3bIBAETCSl HE TOJILKO HAa3BaHUE M aJlpeC PETUCTpa, HO M 3HAYEHHUE, 3alMCaHHOE B
HUX T0cse cOpoca KOHTpoILIepa.

Yactp peructpos, ajpeca KOTOpbIX 3akaHuuBaroTcsi Ha Oh mnu 8h, comepxut npsiMo aapecyemMble
OuThI, azpeca 3TUX OMTOB HaxozsTcs B nuanasone 80h — FFh. Kpome agpecoB 3T OUTBI UMEIOT ellie U
UMEHa, KOTOPBIE MOTYT OBITh OIPEENICHBI B S3bIKaX MpOrpaMMUpoBaHus. TakuM 00pazom, K MpsMo aj-
pecyeMbIM OUTaM perucTpam ClelualbHbIX (QYHKIMA MOXKHO oOpamiatbes o uMeHam. Eciau B peructpe
OWTHI HE MIPSIMO A/IPECyeMbIe, TO MX UMEHA CIYXaT TOJIBKO JJIsl yJ00CTBa OMUCaHUs (DYHKIIMOHHPOBAHUS
COOTBETCTBYIOILIETO OJ0Ka MUKpOKOHTpoJuiepa. [y oOpalieHus K onpeieleHHOMY OUTY TaKOro peruct-
pa 0JKHA IPOU3BOUTHCS BHIOOPKA OaiiTa IIEIMKOM, a 3aTeM HaKJIaJblBaThCs HY)KHAs Macka.

Jlnst paboThl ¢ MOpTaMM MUKPOKOHTpoJiiepa Ha si3bike C51 BBeneHbI cHelMaabHble THUIIBI Tepe-
MEHHBIX — PErucTpbl crneuuanbHblx (yHKIuN sfr. CUHTaKcuC omnpeneneHus perucTpa BBITIAIUT Clie-
JYIOUIMM 00pa3oM:

sfr name = address;

rae name — wums peructpa SFR (s1r000# naentudukarop);

address — agpec peructpa SFR.

[Ipumep oOBsBICHMUS:

sfr PO = 0x80; /* INopr-0, ampec 80h */

sfr P1 0x90; /* Hopr-1, azmpec 90h */

sfr P2 0xAQ0; /* THopr-2, ampec AOh */

sfr P3 = 0xBO; /* IlopT-3, ampec BOh */

[Tocne Takoro oObsIBIIEHUS B TPOrpaMMe MOKHO MCTIONIb30BaTh PETUCTP KaK OOBIUHYIO OJJHOOAM-
TOBYIO IEPEMEHHYIO.

OObsBIIeHNE OTJEIBHBIX OUTOB B MOOUTHO aJIPECYEMBIX PETHCTPaX MPOUCXOTUT C TOMOIIBIO
KITFOYEBOTO cI0Ba sbit OTHUM U3 CIENYIOIINX CITOCOOOB:

sbit name = sfr-name”bit-position;

sbit name = sfr-address”bit-position;

sbit name = sbit-address;

pi(H

name — umMg Ourta B SFR;

sfr-name — mMsa 3apaHee o0OBABJEeHHOTO SFR;

bit-position — nosuuusa OMTa B COOTBETCTBYKIEM PETUCTPE;
sfr-address — anpec peructpa SFR;

sbit-address — HenmocpenCTBEeHHHM alpec OuTa.
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Takum o6pa3om, BTopoit 6ut mopta PO MoxeT ObITh 3amucad OJJHUM U3 CIIOCOOOB:

sbit p0 2 = 0x82; // HemnocpeICTBEHHEN ampec

sbit p0 2 0x8072; // ucnonbzya anmpec SFR

sbit p0 2 = P0"2; // 3Bapanee oOBaABjeHHBM PO

Jliia onpesiesieHus: aApecoB PErUCTPOB U OTAEIBHBIX Pa3psAI0B B HUX ClIeyeT 0OpaTUThCA K pU-
CYHKY 5.

OObsBIIeHNE PETUCTPOB CIIENUATBHBIX (YHKIIUH CIelyeT JenaTh nepe OCHOBHOM MOANporpam-
Moi. SFR He MOKeT ObITh OOBSIBIICH BHYTPH (PYHKIIWH.
Pa6ora 3arpy3unka nwFlash

Jlnist 3arpy3KH MCIOTHSAEMOTO KOJia BO BHYTPEHHIOIO MaMsITh MUKPOIPOIIECCOpa M B3aMMO/ICHCT-
Bus TaboparopHoro crena ¢ [1K paspaborana nporpamma nwFlash. [Iporpamma nwFlash mo3Bossier:
— MPOU3BOJUTH MOUCK NOJKIIOUEHHBIX K KoMIbioTepy o USB unTepdeiicy 1a60paTopHBIX CTEHIOB;
— aKTUBHUPOBATh COCIMHEHUE C OJHUM U3 HAWIEHHBIX CTEH/IOB;
— BBIMOJHATH cOpoc MUKpokoHTposuiepa (Reset);
— 3arpyartb Bo flash — mamMaTh MUKPOKOHTpOJIIEpA MOIB30BATEIBCKYIO IPOTPAMMY;
— NpPUHUMATh U OTHPABIATH JaHHbIE B TEKCTOBOM M II€CTHaAaTepuyHoM Buje 1o unrepgeiicy UART
(pexuM TepMHUHAIA).

Wutepodeiic nwFlash coctouT n3 Tpex 31eMeHTOB: II1aBHOTO MEHIO, OKHA TEPMHUHANIA M OKHA CO-
CTOSIHHSI.

Doscworamsent  CNepiowt  Onum Tofewnats NMomous Mnagsos
lepren-ar MEHID

Oxuo
TEPMUHENE

OTrpaLHTE

Cocrumes

Mosreremso ¢ LESOL(1¢

Owx0
COCTORHMA

Pucynok 49 — UnTepdeiic 3arpy3zunka nwFlash

['maBHOE MEHIO O3BOJISIET TPOU3BOAUTH ONEPALIUU CO CTEH/IOM, a TAaK)KE€ HaCTpauBaTh MapaMeTphbl
tepmuHaia. OKHO TEpMHUHANIA CITY>KUT JIJIS1 OTOOPaKEHUsI TAHHBIX, MTOCHUTAEMBIX MUKPOKOHTPOJIJIEPOM 10
untepdeiicy UART, a Taxxke 715 OTIIPaBKU MOJIb30BATEIBCKUX JAHHBIX OT KOMIBIOTEPAa MUKPOKOHTPOJI-
nepy. B okHe cocTosiHUS 0TOOpakaroTCsl pe3yJIbTaThl BCEX MPOBEACHHBIX ONEpaluii A1 KOHTPOJIS.

s pabdotel ¢ mporpammoit nwFlash crnenyet 3amyctuth nporpammy. [Ipu HakaTUM Ha TMYHKT
riaBHoro MeHto "[loakiatouenne” nmporpamma BBIMOTHUT MOMCK MOJIKIIOYEHHBIX CTEHIOB U OTOOPA3UT UX
HA3BaHUS B PACKpBIBIIEMCs MEHIO. Ecii BbI 3a0bUTH TOJKIIOYUTH CTEHJ, TO MOSBUTCS HAAMUCH "HET
MOJKJIFOYEHHBIX CTEHJOB", B 3TOM cClly4ae MOJAKIIOYMTE CTEH]I W CHOBa packpoite meHwo "[lonkmroue-
Hue".

[Tocne BeIOOpa cTenaa u3 MeHto "llogkmouenne". B okHe COCTOSHUS JOJKHA MOSBUTHCS HAMHChH
"l[Tonkmroueno k "ums_crenga’. Ilocime 3TOro CTaHOBUTCS NOCTYHNHBIM MYyHKT MeHIO "Omnepanuu", rae
MOJKHO:

— BBITIOJIHUTH COPOC MUKPOKOHTpoJIiepa. Ha cTeHje HauHET BBITIOJHATHCS MPOTpaMMa, 3armu-
CaHHas B MUKPOKOHTPOJIIEP B MOCIIEIHUN pas3;

— crepeTs flash-namsaTe MuKpomporeccopa;

— 3arpy3uTh UCIONHAEMBIN *.hex (haiii B maMaTh MUKPOKOHTPOJLIEPA.

B nosiBuBIIEMCS] OKHE HEOOXOIMMO YKa3aTh IMyTh K *.hex ¢aity.
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Pucynox 50 — UnTepdetic 3arpy3unka nwFlash. Oneparus.
[Tocne BeImonmHEeHNs paboTHI CO CTEHIOM, BhIOepHTE MYyHKT "OTKiNtounThes" B MeHto "lloaxmoue-
HUe", 3aTeM 3aKpONTE MPOrpaMmy.
ITopsinok BbINOJIHEHHS PadOThI
1. BeiBoa nH(opManuu yepes napajuiejbHbIi MOPT
1. ITo npuHIMNHATBHON CXEMe YCTaHOBUTE, K KaKMUM [TOpPTaM MUKPOKOHTpPOJUIEpa MOAKIIOYEHbI CBETO-
JMOBI.
2. Ilo Tabnuue peructpoB cnennanbHbix GyHkuuii (SFR) onpenenure agpeca peructpos TpedyeMbix
HOPTOB.
3. Boligute B MHTErpUpOBaHHYIO cpeay nporpammupoBanus Keil-C.
4. Cozpaiite ¢aiin mpoekra.
5. BBeaute TEKCT nporpamMmsel B COOTBETCTBHH C 3aJaHUEM:
6. KaxxnoMy ctyneHTy Tpedyercs 3a)eub CBETONO/Ibl, COOTBETCTBYIOIIME HOMEPY CBOErO BapUaHTa B
OMHApHOM BH/IE.
7. OTTpaHcaupyiTe MporpaMmy, 1 UCIPAaBbTE CUHTAKCUYECKUE OIINOKH.
8. 3arpysure nonyueHHbIi *.hex daiin B mabopatopusiii ctern LESOL1.
9. Yoeaurecs, uto Ha 1aboparopHoM creHae LESOI 3axuratorcs TpeOyeMble CBETOIUO/IBI.
10. TTokaxkuTe pe3ynbTar NpernoaaBaTesio.
2. Beoa uH(popManuu yepe3 NapajiesbHbIH MOPT (JI0NOJIHUTEIBHO)
1. [lo npuHIMOMAIBHON CXeMe YCTaHOBUTE, K KAKOMY IOPTY MUKPOKOHTpPOJUIEpa MOAKII0UYEHa
KHOIKa S2.

2. Ompenenure agpec MopTa, K KOTOPOMY MOJKIIOUEHA KHOIIKA.

3. M3MeHuTe UCXOMHBINA TEKCT MPOrpaMMbl TAKUM 00pa3oM, YTOOBI TpeOyeMble CBETOIUO/IbI 3ar0-
pauch TOJBKO MO HAXKATUIO KHOTIKH.

4.  OtTpaHcaupyiTe NporpaMMmy, 1 UCIIPaBbTE€ CHHTAKCUYECKUE OIINOKU.

5. Barpysute noiydeHHbIi *.hex ¢aitn B maboparopusiii creng LESOL.

6. VYbenurech, uTO NpU HAXKATUM HA KHOIKY 3a)KUTAETCsl CBETOMO/IbI, COOTBETCTBYIOIINE BallleMy
BapHaHTy.

7. Tlokaxxute pe3yinbTaT NPEnoaaBaTeo.

3. IIpumepsl nporpamMm npuseaeHbl B paiiax 1.c u 2.c (cm. Ilpuioxenne)

Buecure nzmenenus (o BapuantaM) B mporpammy 1.C Juist BKITFOUEHHUS 3aJJaHHBIX CBETOIUOIOB, UCIIONb-
3ys napautensHeid moptT MK. BrirtoueHHBIe CBETOINOIBI TOMEYEeHBI X, OTKIF0YeHHbBIE — 0.

Ne Bapu- Ne cBeTommona
aHTa 1 2 3 4
1 X 0 0 0
2 0 X 0 0
3 0 0 X 0
4 0 0 0 X
5 X 0 0 X
6 X 0 X 0
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BHecute usmenenus B nporpammy 2.C Ui BKJIFOYEHHS 3aJaHHBIX CBETOJUOIOB 10 HAXKATHIO HAa KHOIIKY,
UCToNb3ys napaienbHbiii nopt MK. BriroueHHbIe CBETOMOIbI TOMEUEHB! X, OTKI0ueHHbIE — 0.

Ne Bapu- Ne cBeTommnona Ne cBeTommona
aHTa 1 2 3 4 1 2 3 4
1 X 0 0 0 0 0 0 X
2 0 X 0 0 0 0 X 0
3 0 0 X 0 0 X 0 0
4 0 0 0 X X 0 0 0
5 X 0 0 X 0 X X 0
6 X 0 X 0 0 X 0 X

dopma npeacTraBiieHus pe3yJbTara:
OTtuer JOMKEH COlepIKaTh:
1. ens paboTHI.
2. I'paduueckyro cxemy aaropurMa nporpaMMel.
3. McXoaHbIi TEKCT MPOTrpaMMBI.
4. Conepxxumoe (haiiia JINCTUHTA TPOTPAMMHOTO TIPOCKTA.
5. BBIBOJIBI O BBITTOJTHEHHOM J1A00OpaTOpHOU padoTe.

JlabopaTopHasi padora Ne3.
Pa3zpaborka nporpaMmmsbl ynpasJ/ieHHs KJIABHATYPOii MATPUYHOI'O THIIA
®opmMupyeMble KOMIIETEHIMH:
IIK 2.1. Co3maBaTth porpamMMbl Ha SI3bIKE acceMmOIepa 1t MUKPOTIPOIIECCOPHBIX CHCTEM.
1K 2.2. ITpon3BOAUTH TECTUPOBAHUE U OTJIAJIKY MUKPOIIPOLIECCOPHBIX CUCTEM.
Lesas padoThi:pa3paboTaTh U OTIAAUTH IPOTPAMMY YIIPABICHUS MATPUYHON KIIABHATYPOH C MOMOIIIBIO
MK
Boinosinus pa6ory, Bel Oynere:
ymemy:
- COCTaBJIATbH [IPOTrPAMMBI Ha A3bIKE acceMOiiepa i1l MUKPOIIPOLIECCOPHBIX CUCTEM;
- NPOU3BOAUTH TecTHpoBaHue U oTiaaaky MIIC;
MarepunanbHoe obecrieyeHue:
1. KoMnproTep ¢ TUIEH3MOHHBIM ITPOrPAMMHBIM 00€CIIeUeHUEM.
2.MynpTHMeIna IPOSKTOP.
3.JIaboparopusie crenab «LESO1»
IMoaroroBka Kk padore:
U3y4UTh HEOOXOAUMBIN TeopeTndeckuii MaTepuan 1o teme (cM. [Ipaktrueckas padota Ne3)
PexomeHnaanmm K coCTaBJIEHUIO IPOTPaMMBbI
[Tporpamma A MUKPOKOHTpPOJIJIEpA JKECTKO 3aBUCUT OT HMPUHIMIMAIBHON CXeMbl pa3padarbl-
BaeMoro ycrtpoicrtBa. HeBo3MOXHO HamucaTh Nporpammy JUisi MUKPOKOHTPOJIJIEPHOTO YCTpPOWMCTBA HE
uMest repe] riazamMu ero cxemsl. [loatomy, nepeq HauyaoMm paboThHI IO NPUHIUIUATBHON cxeme yueOHo-
ro creina LESO1 cnepyeT n3yuuTh crocod MOAKIIOUEHHS KIaBUATYphl U CBETOAMOAOB K MUKPOKOH-
TPOJIIEpPY: OINpPEeNeNnTh, K KaKUM MOpTaM MOJIKIIOUEHBl CBETOIMO/IbI, CTOJIOLBI U CTPOKU KIIaBUATYPHI.
3areM no tabsue SFR Hy)XHO y3HATH ajpeca perucTpoB 3aJ€iICTBOBAHHBIX TOPTOB BBO/1a-BBIBO/IA.
[IporpaMMma, ympasistoniass MUKPOKOHTPOJUIEPOM, 3aIlyCKAeTCsl MPU BKIIOUEHUU IUTAHUS YCT-
poiicTBa M He 3aBepllaeT CBOIO paboTy, Moka He Oynaer BhIKIOUeHO nuTaHue. [loaTomy B mporpamme
00513aTeNIbHO JTOJKEH OBITh OPraHM30BaH OECKOHEUHBIN UK. B Tene nukia 1omkeH TpOu3BOAUTHCS OTI-
pOC KJIaBUATYyphl, aHAJIU3 NOJYYEHHBIX JTAHHBIX U BBIBOJ| pe3yJibTaTa Ha cBeToauo . Onpoc KiaBUaTyphbl
3aKJII0YAETCsl B MOCIIEA0BAaTEIbHOM CKaHHUPOBAHUU KAXKJOTO CTOJOLA, JUIs 3TOTO Ha COOTBETCTBYIOILYIO
JIMHUIO TIOpPTa BBIBOJIA MOJAETCS IOTHYECKUI HOJb (3KBUBAJIEHT OOILEro MPOBOa), Ha OCTAIbHBIX CTOIO-
1ax J0JDKEH OBITh BBICOKUI YPOBEHb, MTOCIIE YETO C MOpTa BBOJA, K KOTOPOMY MOJKIIIOYEHBI CTPOKHU, CUU-
ThIBaeTCs KoJ. Eciiu cunTaHbl Bce €IMHUIBI, TO HU OJIHA U3 KJIABUIII HE HaXaTa, B IPOTUBHOM CIIy4ae KOJ
COJePKUT MHGPOPMALIMIO O HAXATHIX KiaBuIIax. CTOUT 3aMETUTh, YTO CUMTAHHBIM KOJ COAEPKUT HE
TOJIbKO HOMEpP 3aMKHYTOT0 KOHTAKTa, HO M MH(POPMALMIO O HaXXaTUU HECKOJBKUX KHOIOK OJHOBPEMEH-
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HO, TOATOMY JIy4llle XpPaHUTh B MaMSATH KOTPOJJIEpa HEMOCPEICTBEHHO CUYMTAHHBIA KOJ, a HE TOTOBBIN
HOMEp KHOTKH. J[J1s1 XpaHeHUs CAUTAHHOTO KOJIa CJIEyeT BBECTU CHEIHATLHYIO TIEPEMEHHYIO.

[Ipu HanucaHuu TPOrpaMMbl HYKHO TIOMHUTH 00 0COOEHHOCTH MapajuienbHoro nopra P1 B muk-
poxonTtpoiuiepe ADuC842. DToT mopT 1Mo yMOTYaHHUIO HACTPOCH HAa BBOJ| aHAJIOTOBBIX CUTHAJIOB ((pyHK-
s ALLIT). JImst Toro 94To0BI IEpEeBECTH MOPT B PEKUM HU(PPOBOTO BXO/a, B COOTBETCTBYIOIIMKN OUT MOP-
Ta He0OXOIMMO 3amucaTh JIOTUYECKU HOJIb. Clienarh 3T0 HYXKHO OAMH pa3 NMPHU HHULUATH3AINH MUKpO-
KoHTposuiepa. [lopT He MMeeT BHYTPEHHEro YCHIJIMBAIOIIETO TPAH3UCTOpA, U MOTOMY IpPU BBOJE JHC-
KpeTHOU WH(POPMAIIMHU Yepe3 Hero He TPeOyeTCs 3amiChIBaTh B Pa3ps/Ibl JOTHICCKYIO SAMHHUILY.

IHopsinok BbINOJIHEHHUS PA0OTHI:
1. Ilo mpuHIMNHANBHOM CXE€ME YCTAaHOBHUTE, K KaKUM IOpPTaM MHUKPOKOHTPOJUIEpA MOAKIIOYCHBI

CBETOJIMO/IBI, & TAKXKE CTOJOIBI  CTPOKH KIIABUATYPHI.

2. Tlo tabnune peructpoB cnenuanbubix GyHknuii (SFR) ompenenure aapeca peructpor tpedye-

MBIX TIOPTOB.

3. BoiiguTe B nHTErpHpoBaHHyO cpeay nporpammupoBanus Keil-C.
4. CoznaiiTe U HACTPOUTE JOIKHBIM 00pa30M MPOEKT.
5. BBemute TEKCT mMporpaMMbl B COOTBETCTBUU C 3a1aHueM: [Ipu HakaTHUKM Ha KHOIIKY, COTJIACHO Ba-

pHaHTy, 3aropaeTrcs KOMOHMHAIUS CBETOAMOIOB, COOTBETCTBYIOIIass B OMHApPHOM BHUJE HOMEPY
KHOIIKH; IIPH OTITYCKAHUU KHOIIKH, CBETOIUO/IbI JOJDKHBI TOTACHYTh.
6. OTtTpaHCcIupyiiTe IPOrpaMMy, U HCIIPaBbTE CHHTAKCUYECKHE OITHOKH.
7. 3arpysuTe nojydeHHbIH *.heX ¢aiin B maboparopusiii crena LESOL1.
8. VYbemureck, uTo mporpaMMa GyHKIHOHHPYET JOJKHBIM 00pa3oM.
IIpumep nporpammsl npuBeaeH B Paiiie 3.c (cm. [lpuiio:kenne)
Baecute n3aMeHeHus B porpaMMy 3.c JUIsl BKIIIOYEHHUS B pPa0OTY TOJIBKO OMPEAETICHHBIX KIaBHII KJIaBUa-
TYpBbI, OCTAJIbHBIC - OTKIIFOYCHBI.

Ne Bapu- BxiroueHHbIE KITaBUIITN
aHTa
1 1 2 3
2 4 5 6
3 7 8 9
4 1 4 7
5 2 5 8
6 3 6 9

dopma npeacrasJieHus pe3yJbTara:
OTyYeT NOKEH CONEePKaTh:
1. Llenb paboTshl.
2. I'padnueckyro cxemy aaropurMa nporpaMMel.
3. cxoaHblil TEKCT MPOTrPaMMBI.
4. ConepxuMoe (paiisia IMCTUHTA TPOTPAMMHOTIO MPOEKTA.
5. BBIBOJIBI TTO BBITIOIHEHHOW JTab0paTopHOil paboTe

JlabopaTopnasi paGora Ne4.
Pa3pa6oTka nporpammbl ynpasienus taiimepamu MK ADuC842

®opMupyeMble KOMIIETCHIINH
[1K 2.1. Co3naBath nmporpaMMBbl Ha sI3bIKE acceMOIepa Jjisi MUKPOTIPOIIECCOPHBIX CUCTEM.
[IK 2.2. ITpon3BoauTh TECTUPOBAHUE U OTJIAJIKY MUKPOIIPOLIECCOPHBIX CUCTEM.
Heanb padoTbi:pazpaboTaTh U OTIAAUTH IPOrPaMMY JUIsl POPMUPOBAHUS BPEMEHHBIX HHTEPBAJIOB C TO-
Mo1bio TaliMepoB MK ¢ nHauKkaiueil Ha CBETOIMO
Boinosnus padory, Bel Oyaere:

ymemsw.
- COCTaBJIATH MIPOTPAMMBI Ha S3bIKE acceMOiiepa JIjIsi MUKPOIIPOLIECCOPHBIX CUCTEM;
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- NpOU3BOAUTH TecTUpoBaHue u oTinaaky MIIC;
MarepunanbHoe obecnieyeHue:

1. KommnbioTep ¢ JIMLEH3UOHHBIM [TPOTrPAMMHBIM 00ECTIeUEHUEM.

2.MynbpTHMe A IPOEKTOP.

3.JIaboparopubie cteHabl «LESO1%

IToaroroBka k padore:
W3Y4YUTh HEOOXOMMBIN TeOpeTUUECKH MaTepual o teme (cM. [Ipaktuueckas padora No4)
Cnoco0bI mporpaMMHoii peaju3anun padoTsl TaiiMepa

[lepen mepBbIM 3amyckoM TaiiMepa JOJKHA ObITh BBIMOJHEHA WHUIMAIMU3ALMS: BHIOpAH PEXUM
paboThl TaliMepa, crocol 3amycka, HICTOUYHUK TaKTHUpoBaHUs. [ HacCTpOHKU TaliMepa B PErUCTp CIELH-
anpHoM pynkmu TMOD cnenyer 3anucatb COOTBETCTBYIOIIEE YHCIIO.

JlomycTrM, TaKTOBBIA T'€HEPAaTOp CKOH(GUTYPUPOBaH IJis TeHepamuu ¢ dactoTod 1MI'm, a Ham
Tpebyercs chopmupoBaTh BpeMmeHHbIe nHTEepBabl 3500 Mkc. B aToM ciydae Ha BXop TaiiMepa OyayT mo-
CTYIaTh UMIYJbCHI ¢ nepuojoM IMkc. g 16-6uTHOro cueTyrKa MakCUMallbHOE BpeMsl MepernoHeHus
coctaBuT 65536 Mkc. [lyig popMHupoBaHUS MEHBILIETO HHTEPBAJIa BpEMEHHU B CUCTUMKH TaiiMepa clieayeT
3arpy3uTh HadanbHoe 3HaueHue Code. 13 hopmyer 1 Beipasum Code:

Code=2n—TTTG =65536—35001=62036

CueTunk TaliMepa COCTOUT U3 JABYX OTAENbHBIX 8-OMTHBIX cueTunkoB [Hx u TLX, mosTomy mo-
aydeHHoe 3HaueHne Code cieayer pacuienuTh Ha JBa OTACIbHBIX Oaiita. CenaTh 3T0O MOXKHO Pa3HBIMH
crocobamu. MOXKHO ¢ MOMOIIBIO KalbKylsiTopa mepeBectd uucio Code u3 JecATepHUYHON CHCTEMBI
cuuciienus B mectHaanarepuunyro: 62036 10=F2 5416. Toraa crapmmuii 6aiit THx Oyner paBen F216, a
miaamui TLx paBen 5416.

[Ipu pacuienieHrny KOHCTaHTHI MOKHO BOCIIOJIB30BAThCA JIeJIeHHEM Ha 256, Toraa:

THx = 62036/256; // 3an0cuM cTapimii 6aiT uncia 62036

TLx = 62036; // 3anocuM Maagmuii 6ant urciaa 62036

Onepanus neneHus yucia Ha 256 SKBUBAJIEHTHA CIIBUTY 3TOTO YMCIIAa Ha § pa3psioB BIPABO, TO-
I/1a IPUBEACHHBIN Y4acTOK MPOrPaMMbl MOKHO 3aIlACATh TaK:

THO = 62036>>8; // 3anocum crapiuii 6aiT uncna 62036

TLx = 62036; // 3anocuM Maaamuii 6ant arnciaa 62036

Cy1iecTByeT WHOM CIOCO0 3arpy3kd HA4aJIbHOTO 3Ha4YeHus B TaiiMep. UYucimo, KoTopoe HE0O0XOo-
MO 3arpy’kaTh B TaiiMep, MO>KHO HalTH Kak OTHOIIEHUE TpeOyeMoro nHTeppana Bpemenu, 3500Mkc, u
nepuoja UMIYJIbCOB Ha BXoJe TaiiMepa, 1Mkc. Tak kak TaliMep CyMMHUPYIOIUN, TO B PETUCTPHI TaliMepa
OyzeM 3arpy»xaTh OTPHUIATEIBHOE YUCIIO C a0COTIOTHBIM 3HaYEHUEM, PaBHBIM TpeOyeMOMY OTHOIIEHUIO.
s Beaenenus crapiiero 0aiTa u3 16-pa3psgHOro yucia UCHOoIb3yeM (PYHKIMIO CIBUra 3TOTr0 YKcia Ha
8 pa3ps/10B BIPaBO, TOT/Ia COOTBETCTBYIOLINM KO MPOrpamMMbl OyJIeT BBITJISAETh CIEAYIOIINUM 00pa3oM:

THx = (-3500)>>8; // 3aHOCHM cTapumii 6aiT yncina 62036

TLx = -3500; // 3anocuM Mitaamuii 6auT yuciaa 62036

[Tocne toro xak peructpom TMOD ycranoBiieH pexxum paboTHI U 3arpyKeHbl HadalbHbBIE 3HAaYe-
HUSI CUETUYMKOB, MOXKHO 3aIlycKath Taiimep. [[nsg storo B OuT 3amycka TRX cienyer 3amucaTh JIorude-
CKyI0 enuHuIly. Ternepp B T€I0 OCHOBHOIO IIMKJIa HY>KHO BKJIFOUHUTH YYaCTOK MPOTPAMMBbI, KOTOPBIH Oy-
JIeT O’KUAATh OKOHYAHUS paboThl TaiiMepa M TOJIBKO IMOCIE 3TOTO MPUCTYNATh K BHIMOJIHEHUIO CIEAYIO-
IIETO0 MPOXO0/a MO MHUKITY. DTO MOKHO CIIeJIaTh C MOMOIIBI0 KOMaH/IbI, KOTOpas OyzeT mpoBepsaTh (iar
nepenojHeHus Taiimepa TFX. 3aTeM He00X0AMMO CHOBa 3a/1aTh CIEAYIOIUN HHTEpBal BpeMeHu. Creny-
€T IIOMHUTb, YTO MEepeJl 3allyCKOM TaiiMepa, CielyeT OOHYIUTD (hJiar MepernoTHeHUs.

Huxe npuBeneH oavH U3 BApUaHTOB NIPOTPAMMBI, peaIM3YIOLIEH 3aepKKy Ha 3,5 Mc.

TH0=62036>>8; // 3anocuM crapmmii 6aiT yncna 62036

TL0=62036; // 3aHocuM Muaamuii 6aiT unciaa 62036

TRO=1; // 3anmyckaem Taitmep while (! TFO0); // xnem nepenonHenus taitmepa

TF0=0; // oOnynsiem aar nepenoaHeHus

Jis dbopMupoBaHMsST BPEMEHHBIX WHTEPBAJIOB OOJbIIEH JIMTENBHOCTH JAHHBIM y4acTOK Mpo-
IpaMMbl MOXHO 3aIyCTHTb B IIUKJIE HEOOXO0IMMOE KOJTMYECTBO Pa3.

Iopsinok BHINOJHEHHUS PA0OTHI
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1. Pa3paboTaiiTe anropuT™M mporpaMMbl COOTBETCTBEHHO 3aJIaHUIO: CPOPMUPOBATH CHUTHAJ MPSIMOYTOJIb-
HOU ()OPMBI CKBRXKHOCTH 2 3aJIaHHOTO TIEPHO/Ia, COTIIACHO BapuaHTy (Tabnwuma 4). CUrHan JOKEH BBIBO-
JTUTHCS] HA CBETO/IUO/.
2. Ilo npyHUMIIMATIBHON CXE€ME YCTAaHOBHUTE, K KaKUM IOPTaM MUKPOKOHTPOJUIEpA MOAKIOYEH CBETOIH-
ox. 3. 1o Tabmune peructpoB crienuanbHbiXx GyHkiui (SFR) onpenenure anpeca perucTpoB ymnpaBlieHHs
TaliMepaMU.
4. Paccunraiite 3HaueHue peructpoB TLX u THX mns ¢popMupoBaHus 3alaHHOTO BpeMEHU pabOThI Taii-
Mmepa (Tabiuiia 4).
5. PaccuuTaiite TpeGyemoe KOIMYECTBO UTepaluil 1ukia st dopMupoBanus curuaia ¢ nepuoaom T
(Tabmura 4)
6. Bolinute B MHTErpUpOBaHHYIO cpeay nporpammupoBanus Keil-C.
7. Co3naiiTe 1 HaCTPOMTE TOJKHBIM 00pa30M MPOEKT.
8. Pa3paboTaiite 1 BBeIUTE TEKCT MPOrPaMMBbl B COOTBETCTBHH C CO3JJaHHBIM aJITOPUTMOM.
9. OTTpaHcaupyiite MporpaMmy, U UCIpPaBbTe CUHTAKCUYECKUE OLIUOKU.
10. 3arpy3ute nomyueHHbIi *.hex ¢aiin B maboparopusiii creng LESO1.
11. Y6eautech, uTo mporpaMma (GyHKIMOHHPYET TOKHBIM 00pa3zom. C MOMOIIBbIO CEKyHIOMEpa H3-
MepbTE EPUOJ] CUTHAJIA.

IIpumep nporpammsl npuBeaeH B Paiijie 4.¢ (cm. [lpuiio:kenne)
Buecure n3Menenus B nporpammy 4.c, 3aJ1aB BpeMs TaiiMepa COIjlaCHO BapuaHTa:

Ta6muma 4— BapuanTsl 3agaHuit

HOMep BADHAETA TamMep EpeMA TAHMERa OepHOI CHrEATA 1
1 Taznaep () 5 mc 2e
2 Tarep 1 15 mc ic
3 Taznaep () 10 mc d¢
4 Tazep 1 50 mc Sc
3 Taznaep 0 30 me Ge
& Tazep 1 14 mc Te
7 Taznaep 0 20 mc 8¢
8 Tazep 1 25 mc ¢
9 Taroep O 40 me 10e
10 Tazmep 1 4 mac l1ec
11 Taroep O 60 mc 12e
12 Taiep 1 63 mc 13c
13 Taroep O 35 me 14c
14 Tarep 1 7.5 mc lie
15 Tazoep 0 40 me l6e

dopma npeacrasJieHus pe3yJbTara:

OTyer JO0KEH COIePKATh:

1. Lenb paboTshl.

2. CTpyKTypHYIO cxemy Taiimepa MukpokoHTposuiepa ADuC842 B BEIOpaHHOM peKUME.
3. Pacuer Ha4anbHBIX 3HAYEHUM CYETHBIX PETUCTPOB TalMepa.

4. O6ocHoBaHMe BbIOOpa 3HaueHus peructpa TMOD.

5. I'papuyeckyro cxemy anropurma paboThl IPOTPaMMBI.

6. VlcXOHBIN TEKCT MPOrpaMMBl.

7. Conepxumoe (aiina JMCTUHTA IPOTPAMMHOTO ITPOEKTA.

8. BBIBO/IBI 11O BBITIOJTHEHHOM 1ab0paToOpHO padoTe.

JlabopaTopnasi paGora NeS.
Opranu3anusi BBoAa-BbIBO/1a HHGopManum yepe3 nocjenoBarebHbiii moptr MK ADUC842
®opmMupyeMble KOMIIETEHIMH:
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I1K 2.1. Co3naBath nmporpaMMBbl Ha sI3bIKE acceMOiepa JjIsi MUKPOIIPOILIECCOPHBIX CUCTEM.
[IK 2.2. ITpon3BOauTh TECTUPOBAHUE U OTJIAJIKY MUKPOIIPOLIECCOPHBIX CUCTEM.

Hean pabdoThi:pa3paboTka U OTJIaIKa MPOrpaMMbl 0OMEeHa HH(POPMAIIHEH Yyepe3 MOoCIe10BaTeIb-

HbIi opt MK

Boinosnus padory, Bel Oyaere:

ymemy:
- COCTaBJIATH [IPOTPAMMBI Ha A3bIKE acceMOiiepa JIjIsl MUKPOIIPOLIECCOPHBIX CUCTEM;
- NPOM3BOAUTH TecTHpoBaHue U oTiaaaky MIIC;

MarepuasibHoe o0ecnieyeHue:

1. KomnbroTep € JIMLEH3UOHHBIM MTPOrPAMMHBIM 00€CTIeYeHUEM.

2.MynpTHUMeIMa IPOEKTOP.

3.Jlaboparopusie cteHabl «LESO1%

IMoaroroBka k padore:
W3YYUTh HEOOXOAMMBINA TEOpEeTUUECKH MaTepual o teme (cM. [Ipaktuueckas padota NoS)
Crnoco0bI nporpamMmHoii peasusauun padorsl UART

[lepen mepBbiM oOpamieHueM Kk npuemo-niepenatunky UART mocrnenoBaTenbHbI MOPT JOJKEH
OBITh HACTPOEH: OTIPENIEICH PEKUM PabOThI, BHIOPAH M HACTPOEH MCTOYHHMK CHHXpPOHH3AMU. Pexum pa-
6otel UART yctanaBnuBaercs 6utamu SMO u SM1 peructpa SCON. Tak kak peructp umeer Kak Oaii-
TOBYIO, TaK ¥ OMTOBYIO aJIpECaIlHIO, BBIOJHUTh HACTPOHKY MOYKHO Pa3HBIMU CIIOCOOAMH: 3alHCaTh B
peructp SCON TpeOyemoe YHCIO WM YCTAaHOBUTH KaXbIil OUT OTIENbHO. MICTOUHHK CHHXPOHU3ALUU
onpexensercss outom T3EN perucrpa T3CON: ecnu B 3TOT OHMT 3amucaTh JIOTUYSCKYIO €IUHUILY, TO
CUHXpOHM3aIMs OyaeT nmpoucxoauts oT TaliMepa 3, eciiu HUYEro He 3anuchiBaTh (1Mo ymomyanuio T3EN
= 0), To cuaxponm3arws ot Talimepa 1.

[Tpu ucnons3zoBanun Taiimepa 1 HE0OX0AUMO CKOHGUTYPUPOBATH €ro A paboThl B pexume 2
(cBOOOTHOOCT YT TaliMep C aBTOIEpEe3arpy3Koii), A 3TOTO B CTapiire YeTeipe oura perucrpa SMOD
cienyer 3anucarh qBonuHyr0 komOouHanuio 0010b. Peructp cuetunka TH1 ompenensier ckopocTs mepe-
naun uHopmanuu no UART, ero 3nauenue cienyer paccuutarb o ¢opmyne 3. [locne 3amucu TH1
TaiiMep Hy>XHO 3aIlyCTUTB, JienaeTcs 3To 3anuchio B OuT TR1 peructpa TMOD norudeckoil eJUHUILIBL.

[Ipn cunxponuzauuu ot Taiimepa 3, mo dopmynam 5 u 6 paccuutbiBaroTcs nenurenu DIV u
T3FD. Ecnu 3anuck nenutens T3FD nemaercs HemocpenctBeHHo B peructp 13FD, To menutens DIV
omnpenensercs miaaammMu Tpemsi outamu peructpa T3CON, npu 3ToM B cTapmuii OUT 3TOTO perucrpa
(T3EN) nomkHa ObITh 3amucaHa JIOTHYECKas eAMHUIA. 3aITyCK TaliMepa MPOUCXOAUT aBTOMATHYECKH.

Otnpasnenue ganHbix 10 UART HaunHaercss qr000i KOMaHIOW, pe3ysbTaT BBHIOJHEHUS KOTO-
poii 3anmceiBaercs B peructp SBUF:

SBUF = 0x45; // omnpasums cumeon “E”

MoxHO Kax/plii pa3 He nosib3oBatkes Tadbnuueit ASCII qis onpeneneHus Koia CUMBOIIA, B SI3bIKE
«Cu» 17151 3TOrO €CcTh YAOOHBIM MHCTPYMEHT: IOCTATOYHO B35ITh TPeOyeMbIii CUMBOJI B allOCTPO(dbI, KOM-
OWIATOPOM 3TO OyJeT UHTEPIPETUPOBAHO KaK KO/l CHMBOJIA.

SBUF = ‘E’; // omnpasums cumeon “E”

Ecnu sxe TpeOyeTcst OTIpaBUTh HE OIMH CUMBOJI, TO MIPEXk/Ie YeM CIEIYIONIUI Ko OyeT 3anucan
B SBUF, cienyer momoxaaTh, oka MpeIbIyIIAiA CHMBOJ OyAeT oTipaBieH. O KOHIE Nepelauu CUTHA-
musupyet ¢aar Tl peructpa TCON, xorna nepenaua 3aBepiuieHa, B o6ut Tl anmapatHo 3amMchiBaeTcs
JoTHYecKasi eAMHUIA. MOKHO MPOrpaMMHO OPTaHW30BaTh B IIMKJIE MMPOBEPKY T | Ha paBeHCTBO HYJIO, a
CJIEAYIONIMNA OalT OTHPABIATH TOJIBKO TOTAA, Koraa T | okaxercs paBeH eMHUIIE:

SBUF = 0x45; // omnpasums cumeon “E”
while (ITI); // noka TI pasen Hyio, 8bINOIHAMb NYCMOU YUK
TI=0; // copocums nae ons credyroueli nepedayu

AHaJOTHYHO BBITIONHSAETCS U TipueM Oaiita. [IpuHATHI GaliT MOXKeT OBITh CYMTaH U3 Oy(hepHOro
perucrpa Juilb TOra, Koraa OblI MPUHAT nocaeaHuil OuT u ¢iar npuema RI ycranosnes.

while('R1); // scoem 3asepuieHue npuema baiuma
cmd = SBUF;  // cuumwisaem npunsimoiil 6atim 6 nepemenuyto cmd
RI=0; // copoc ¢hnaza npuema
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B npunoxkeHusix, rae BpeMst BBITOJHEHHE KPUTUYHO HEJAOMYCTHMO TPATUTh MHOTO BPEMEHH IPH
nepeaaye Ha OXKHUJaHUe Moka OalT OyneT oTmnpasieH U Oydep ocBOOOIUTCS, B 3TOM Cllydyae MOXKHO HE
JIO’KUIAsICh TIOJTHOW OTIPaBKH OalTa MPUCTYMHUTh K BBIMOJTHEHUIO JAIBHEHUIIICH MPOrpamMMbl, HO TIEpe.
OTIIPABKOH CJIEAYIONIEro 0aiiTa HY)KHO yOeauThCs, 4To Oydep 0cBOOOIUIICS U MEePEeIaTIMKIOTOB K pado-
Te. Y4acTOK MPOrpaMMBbl, OTIIPABIISIONINI 0aiT JaHHBIX MOYKHO IEpE/eNiaTh CICIYIOIINM 00pa3oM:

while(!TI); /*nooosicoams, noka 6yghep nepedauu He ocobooumcs (ecau 3anam)*/
SBUF = 0x45; // 3anoanums Oyghep u navams nepeoavy
TI=0; // copocums rae nepedauu 8 Hyb

C TakuM BapHaHTOM peasu3alliyl YCTPAHSIIOTCS Tay3bl Ha BHIIIOJHEHHUE MTPOrPAMMbI MEXTY Tepe-
Jla4aMH OTJICJIbHBIX OalTOB.

Hwuxe Ha pucynke 51 mpuBeneHsl ajipeca perucTpoB CHENHATBHBIX (DYHKIUN, UCTIONB3YEMBIX B
pabore.
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Pucynok51 — Aznpeca perucTpoB crienuaabHbIX (PYHKIHMA

[Ipu HanMcanuu NTporpaMmsl CIEAyeT MOMHUTh, YTO MpOrpaMMa Jijisi MUKPOKOHTpOJLIEpa AOJKHA
BBITNOJIHATHCS 1O OTKJIIOYEHMS] TUTaHUsI YCTPOWCTBA M HE MOKET ObITh 3aBepileHa. [loaromy nporpamma
JIOJDKHA COZIep)KaTh OECKOHEUHBIN IUKIL.

B3anmoneiicTBMe MUKPOKOHTPOJLJIEPA ¢ MEPCOHATBbHBIM KOMIILIOTEPOM

YueOusiii nma6oparopusiii ctern LESO1 moaxmrodaeTcss K MepcoHaIbHOMY KOMITBIOTEPY uepe3
MuKpocxemy mnpeodpasoparens uHrepgpericoB USB-UART. [lng cBs3u ¢ MHUKPOKOHTPOJUIEPOM B IpPO-
rpamme 3arpy3unka nwFlash peanuzoBan Tepmunan. TepMuHaI MO3BOJISAET MOCHUIATh Yepe3 MOCIeA0Ba-
TEJIbHBIA MOPT B MUKPOKOHTPOJUIEP MH(OPMALINIO, IPUHUMATh U OTOOpaXkaTh MPUHATYIO U3 MUKPOKOH-
Tposiepa uHGopmanuio. Hactpoiika TepMHHaIa OCYIIECTBISETCS B MYHKTE INIABHOIO MeHIO «OmIuu
TEPMUHAJIAY.

Onuuu TepMuHaIa NO3BOJISIOT:
1. BBIOpATh pexuM OTOOpaXKeHHs JaHHBIX: TEKCTOBBIA WM IIECTHAALATEPUYHBIN, P STOM HU3MEHSETCS
TAK)KE€ THII TOCBIIIAEMBIX JaHHBIX;
2. BeiOpath koaupoBky ANSI (Windows-1251) wmu ASCII (DOS-866);
3. BKIIIOUATh U BBIKJIIOUATh PEXKUM aBTOMaTHUECKON IPOKPYTKH TEKCTA;
4. OYUCTUTH OKHO TEPMHHAIIA;
5. COXpaHsATh NPUHATYIO OT MUKPOKOHTpOJUIEpa HHPOpMaLIKIo B (aii:

® B TOM BHJE, KaK OHA MPUILIa — IMYHKT MeHI0 «COXpaHUTHY;
® B TOM BHJE, KaK OHA OTOOpa)kaeTcsi B TepMUHaIe — IMYHKT MeHIO «COXPaHUTh KaK TEKCT.

Ha pucynke 52 moka3zaHa BKJajika riIaBHOr0 MeHIO «Onmuu TepMuHaiay. [Ipu oOMeHe TaHHBIMU ¢ y4ueo-
HBIM CTEHJIOM HEOOXOAMMO YCTAaHOBUTH TPEOYeMyI0 CKOPOCTh MOJKI0YeHUs. ClenaTh 3T0 MOXKHO B Me-
HIO «TIOJIKITFOYEHHUEY, KaK 3TO IMOKa3aHO Ha PUCYHKE 53.
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Pucynoxk 53 — Hactpoii-
Pucynok 52 — Hacrpoiika onmuii TepMruHaIa ka ckopoctu UART

IHopsinok BbIMoIHEHNs PadOThI:
1 BoiBoa ungopmanmnu yepes nocjaea0BaTeIbHbIA MOPT
1. Pa3pabotaiiTe anropuT™ mporpaMmsl, nepenaroiiei yepes nocienoparenbubiii mopt UART nanHbie B
HEepCOHANbHBIN KoMIbIOTEp — (hamunuio ctyaeHTa. CKOpoCTh Mepelaud JaHHBIX M0A00paTh OMBITHBIM
nyreM. Mcrounuk cunxponusauuu UART (Taiimep 1 win Taiimep 3) coriacoBbIBaeTcs ¢ IpernoaaBare-
neM. B3anMmozeiicTBe MUKPOKOHTPOJIEPA C KOMIIBIOTEPOM OCYLIECTBIIAETCS YEPE3 TEPMHUHAI IIPOrpam-
MBI 3arpy3unka — NWFlash.
2. Ilo tabnuue peructpoB cnenuanbHbXx ¢pyHkuuit (SFR) onpenenure agpeca peructpoB ynpaBieHUsS U
HACTPOMKHU MOCIIEeI0BaTEILHOTO TIOPTAa.
3. Onpenenure 3HaYEHUE PETUCTPOB HACTPOMKH MOCIIENI0BATENBHOTO MOPTA U TaliMepa, UCIOJIb3yEMOT0
JUISL CHHXPOHH3ALU Y.
4. PaccunTaiiTe 3Hau€HUs PErUCTPOB TaliMepa, NCIIOJIb3YyEMOTO JIJIsl CHHXPOHU3ALINN.
5. BoliguTe B MHTETpUpOBaHHYIO cpeay nporpammupoBanus Keil-C.
6. Co3paiiTe ¥ HACTPONTE JOIKHBIM 00Pa30M MPOEKT.
7. PazpaboraiiTe ¥ BBEIUTE TEKCT MPOrPaMMbl B COOTBETCTBUU C CO3JaHHBIM aJITOPUTMOM.
8. OTTpaHciaupyiiTe MporpaMmy, 1 UCIPaBbTE CUHTAKCUUECKUE OIINOKH.
9. Hactpoiite ckopocts UART Tepmunaina nporpammel nwFlash cooTBeTcTBEHHO 3a1aHUIO.
10. 3arpy3ute nomyueHHbIi *.hex ¢aitn B maboparopusiii cren LESO1.
11. YGeaurtech, 4TO B OKHE TEPMHHAJIA BBIBEJIOCH UMl CTY/ICHTA.
IIpumep nporpammel npuseaeH B ¢aiije S.c (cm. IIpuiioxenne)

Buecure n3Menenus B nporpammy 5.c st oToOpaskeHHsiHAa MOHUTOpe nopraBaiero umenu.

dopma npeacTraBieHus pe3yJbTara:
OTYeT NOKEH CONEePKaTh:
1. Lenb paboThl.
2. JIlnarpamMmmy nepenadu JaHHBIX 1O MOCIEI0BATEILHOMY MOPTY.
3. Pacuer nmapaMeTpoB CHHXPOHU3ALUH (HACTPOUKU TaliMEpOB).
4. I'papuueckyro cxemy anropurma paboThl IPOrPaMMBL.
5. McXonHBIN TEKCT MPOrpaMMBlI.
6. Conepxumoe (paityia TUCTUHTA MPOTPAMMHOTO MTPOEKTA.
7. BBIBOJIBI IO BBHIMIOJTHEHHOM JTa00paTOpHOIA padoTe.
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Jlaboparopuas padora Ne6.
Pa3pa0oTka nporpammsl ynpasJjieHHsi cMHMBOJIbLHBIM KK

@®opMupyeMble KOMIIETEHIMH:
I1K 2.1. Co3naBath nmporpaMMbl Ha sI3bIKe acceMOJIepa Il MUKPOIIPOILIECCOPHBIX CUCTEM.
[IK 2.2. IIpou3BOoAUTH TECTUPOBAHUE U OTIIAJKY MUKPOIIPOLIECCOPHBIX CUCTEM.
ean paboThl: pa3paboTKa U OTJIAaKa MPOTrpaMMbl BeiBoAa nH(popManuu Ha KKU ¢ momorisio
MK
Boinosnus padory, Bel Oyjaere:
ymemy:
- COCTaBJIATH IPOTPAMMBI Ha SI3bIKE acceMOuepa Uit MUKPOIPOIIECCOPHBIX CUCTEM;
- NpOU3BOAUTH TecThupoBaHue u otinaaky MIIC;
MarepunanbHoe obecnieyeHue:
1. KommnbroTep € JIMIIEH3UOHHBIM ITPOTrPAMMHBIM 00€CIIeYeHUEM.
2.MynbpTHUMeIMa IPOEKTOP.
3.JIaboparopubie cteHabl «LESO1
3aganue: 3aganue: U3yduTh HEOOXOAMMBIN TEOPETUUECKUN MaTepual 1o teme (cM. [Ipakru-
yeckas padora Neb)
[lepen mawasiom pabotsl TpeOyercsa mpousBecTu nHunmanuzanuio XKW cormacno anroputmy,
MOKa3aHHOMY Ha PUCYHKe 54.
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Pucynoxk 55 — Tabnuiia cMMBOJIOB 3HAKOT€HEpATOPA

2 PexomMeHnzanmuu no nporpaMMHomy ynpasJennio JKKH

[Iporpammy st padotsl ¢ JKKU crenyer oprann3oBarh B BUJI€ (YHKIIHI, BBIOIHSIOMIUX ONpe-
JieNieHHbIe JIeHCTBUS, IpudyeM Oolsiee CloKHbIe (YHKIMHM MOTYT BKJIIOYaTh B ceOst mpocteifmue. IIpo-
CTEHIIMMU MOTYT OBITh TaKH€ MOANPOrpPaMMBbI, KaK (DYHKIUS, OTIPABISIONIAs KOMaHAY KOHTPOJIEPY
nucres; (yHKIMS, YCTaHABJIMBAIOLIas CUETYMK ajpeca; WM (YHKIHSA, 3alKChIBAIONIasl JaHHBIC B
DDRAM. B nro6om ciydae, o0muil anropuTM nepeaadn nHGOpMaIuu KOHTPOJUIEpY He U3MEHHUTCS. Py-
KOBOJICTBYSICh JMarpaMMoil mepenaud HHGOpMauuu (PUCYHOK 24), ompeAenuM IOCiIe10BaTeIbHOCTh
nevictBuii ipu nepenade nadopmarmu B XKKU crnexyrommm oO6pa3oM: ycTaHaBIMBaeM TpebyeMoe 3Haue-
e RS, Ha o R/W nonaem jnorndeckuii HOJb, 3aTeM Ha JIMHUIO E BBIBOAMM JIOTUYECKYIO €IMHHUILY,
nocje yero nojaeM Ha muHy D 3HadueHue nepenaBaemoro 6aiita. Kontpomnep )KKHW cuuraer sToT 6aiiT
U cocrosiHue ynpapistomux juauid (RS, R/W) Tonbko nocne momauu Ha JuHHIO E jnorudeckoro Hous.
IIpu aTOM, ecinu BpeMEHHBIE 3alep)KKHM, YKa3HbIE HAa JUarpaMMme, MEHbIIE JUIMTEIBHOCTH MAIIMHHOIO
LMKJIa, TO UMH MOHO IIpeHeOpeyb.

Kox mporpammel, peanusytomieit 3anucek B maMsath JKKU Oaiita qaHHBIX, MOKa3aH HUXKeE:

Rl
i

RS=1; // BBIOMpaeM KOMaH/Ibl W JJAHHBIC
RW=0; // BbIOMpaeM HarpaBlieHHE Mepeaadn
E=1;

57



Data=symbol; // BBIBOJWUM OalT MaHHBIX Ha MHHY D

E=0; // mepeBoauM curHai Ha muand E u3 1 B 0

delay (); /* 3 JieM, TIOKa KOHTPOJIEP BBIOJIHSAET BHYTPEHHHE onepaluu™®/

B npuBeneHHOM ydacTKe MporpaMMbl oapazymeBaercs, uto nepemennsie RS, RW u E 00bsB-
jeHsl Kak Sbit, a mepemennas Data — kak sfr. Ananornuno OyJeT mpOMCXOAWTH Mepeaaya 0o Ko-
MaH/bl KoHTposuiepy JKKH.

[Ipu peanuzanuu yTeHUs HHPOPMAIIUN U3 KOHTPOJLIepa HEOOXOUMO IM0JIb30BAThCA JUAT PAMMOIA,
NpUBEJCHHON Ha pucyHke 25. Cienyer MOMHHUTB, YTO JUIS TOTO, YTOOBI BBECTH MH(POPMALIHIO ¢ Tapal-
JIENIbHOTO TIOPTa, B HErO MPEIBAPUTEIHHO JTOJIKHBI ObITh 3aITUCaHbI JIOTHUECKHE €AMHUIIBI.

Jly1s TOro, 4ToOBI HE 3arPOMOXKJIATh OCHOBHYIO IIPOrpaMMy ajirOpUTM MHHUIHAIU3ALNN (PUCYHOK
54) MOKHO peann30BaTh B BUJE OTAEIbHOW MOAIpPOrpaMMbl. BpeMeHHbIE 3a/1ep)KKH, YKa3aHHBIE B alllO-
pUTMe, ClleAyeT 3a/1aBaTh C IOMOIIbIO TaliMEPOB, KaK 3TO JeJalloCch B JlabopaTopHoi pabore «3yueHue
TaliMEPOB MUKPOKOHTPOJLIEPAY.

IHopsinok BHINOJHEHHUS PA0OTHI
1 BeiBoa cumBoJia Ha JKKHN
1. Pa3paboTaiiTe anropuTm mporpaMmsl, BeIBOsIIeH Ha skpaH KKU Bamie umst B 3a1aHHOM cTpoke. Pe-
xuM padotsl KK 1 HOMEp CTpOKH ONpeeNnseTcs COriaacHo BapuaHTy 3aaanus (tadmuna 10).
2. 1o mpuHnUnuansHOi cxeme yuebHoro crenaa LESO1 ompenenuTe, Kk KakuM BbIBOJAM MHKPOKOH-
tpouiepa ADuC842 noxaxmtouen XXKU. Ilo tabnauue SFR onpenenure anpeca uMCrosb3yeMbIX HOPTOB
BBO/Ia-BbIBOJIA.
3. Pa3zpabotaiiTe u BBeIUTE TEKCT IPOTrPaMMbI B COOTBETCTBHH C CO3AAHHBIM aJITOPUTMOM.
4. OTTpancnupyiiTe nporpaMmmy, 1 UCIIPaBbTE CHHTAKCHYECKHUE OINOKH.
5. 3arpysure nonydeHHbI *.hex daiin B mabopatopusiii cterx LESOL1.
6. Yoenutech, YTO Ha dKpaHe AUCIUIES B 3aJJaHHON MO3UINH MOSBUJICS TPEOyeMblid CUMBOIL.
2 VYnpasiaenue )KKHU uepe3 mociegoBatelbHbI NMOPT NMEPCOHAJBHOI0O KOMIbIOTEpPa (AONOJIHM-
TeJIbHO)
1. I3menuTe nporpammy TakuMm odpasom, uto 0bl Ha 3kpane KKU BbiBoaunacs uHpopMmanus, nepetat-
Has ¢ nepcoHaiabHoro kommnstorepa uepes UART. [lepenaua koMaHabl OCYIIECTBIISIETCS YE€pPE3 TEPMHUHAI
nwFlash. BeiOop ncTouHNKa CHHXPOHU3AIMU U CKOPOCTH TNEPEIayu JaHHBIX OCYIIECTBISIETCS IO YCMOT-
PEHMIO CTY/CHTA.
2. 3arpy3uTe nonydeHHbIH *.heX ¢aiin B mabopatophsiii crenn LESO1.
3. Yepes tepmunan nwFlash nepenaiite koJpl CUMBOJIOB, YO€AUTECh, YTO COOTBETCTBYIOIINE CUMBOJIBI
BBIBOJIAITCSL HA dKpaHe UHAUKATOpA.
IIpumep nporpammebl npuBeeH B ¢aiiie 6.c (cm. Ilpunoxkenue)

Brecure nzmenenus B mporpammy 6.c s oroopakennsia AKKHU Bammero nveHn.

dopma npeacrasieHus pe3yJbTara:
OT4er JOKEH CONlepIKaTh:
. Ilenb paGoTHI.
. [Ipuaunuaneayo cxemy noaxirodeHus KKHU k ynpaisronieMy MUKPOKOHTPOJLIED.
. Crpykrypnyto cxemy XXKU.
. lnarpamMmsbl niepesiaur JaHHBIX 110 HapaieIbHOMY UHTepdeiicy.
. Pacuer napameTpoB TalimMepa.
. I'padnyeckyro cxemy anropurma paboOThl IPOrPaMMBL.
. McXomHbIN TEKCT POrpaMMBI.
. Conepxumoe (haiina TUCTUHTa IPOrPaMMHOTO MPOEKTA.
. BBIBOIBI IO BBITIOJTHEHHOI TabopaTopHOii padoTe.

O 00 1IN DN K W~
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IMPUJIOKEHHUE A
JIucTuHr nporpamm
l.c

sbitP1 = 0x80;
sbit P2 = 0x81;
sbit P3 = 0x82;
sbit P4 = 0x83;

main()
{

P1=1;
P2 =1;
P3=0;
P4 =1;
}

2.¢

sbit p0_0=0x80;
sbit p0_1=0x81;
sbit p0_2=0x82;
sbit p0_3=0x83;
sbit p3_2=0xB2;

main()

I
eceRrr

else {p0_0=0;p0_1=0;p0_2=0;p0_3=0;}
}

3.c

sfr p0=0x80;

sfr p1=0x90;
sbit p0_1=0x81;
sbit p0_2=0x82;
sbit p0_3=0x83;
sbit p0_4=0x84;
sbit p0_5=0x85;
sbit p0_6=0x86;
sbit p1_0=0x90;
sbit p0_0=0x80;

sbit p1_3=0x93;
sbit p1_2=0x92;
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sbit p1_1=0x91;
main()

{
while(1)
{
p0=0xf0;
p1=0x00;
p0_4=0;
if (p1_0==0)
{p0=0xf1;}
else
if(pl_1==0)
{p0=0xf4;}
else
if(pl_2==0)
{p0=0xf7;}
else
if(pl_3==0)
{p0=0xff;}
else{
p0=0xf0;
p1=0x00;
p0_5=0;}
if (p1_0==0)
{p0=0xf2;}
else
if(pl_1==0)
{p0=0xf5;}
else
if(pl_2==0)
{p0=0xf8;}
else{
p0=0xf0;
p1=0x00;
p0_6=0;}
if (p1_0==0)
{p0=0xf3;}
else
if(pl_1==0)
{p0=0xf6;}
else
if(pl_2==0)
{p0=0xf9;}
else
if(pl_3==0)
{p0=0xff;}

I

4.¢c
sbit p0_0=0x80;
sbit p0_1=0x81;
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sbit p0_2=0x82;
sbit p0_3=0x83;
sfr THO=0x8C;
sfr TLO=0x8A;
sfr TMOD=0x89;
sfr TCON=0x88;
main ()

{

int T=6200;

int C=5000;
TMOD=0x32;
p0_1=0;
p0_2=0;
while((C--)>0)
{THO=T>>8;
TLO=T;}
TCON=0x10;

while((TCON&&0x20)!=0x20)

{p0_0=!p0_0;
p0_3=!p0_3;
}

}

5.¢

sfr SCON =0x98;
sfrT3FD = 0x9D;
sfr T3CON = 0x9E;
sfr SBUF = 0x99;
sbit Tl = 0x99;

sbit REN = 0x9C;

main()

{

SCON =0x40;
T3FD =0x2D;

T3CON = 0x85;

REN=1;

while(1){

SBUF ="'V}
while(!TI);
TI=0;

SBUF ="a;
while(!TI);
TI=0;

SBUF ='s,
while(!TI);
TI1=0;

// peructp koHpurypamnuu Talimepom
// mocnenoBatenbHbIi Oydep

//6UT pasperieHus
//uKIt 17st 6ECKOHEYHOTO BBIBOJIA COOOIICHHUS

//BbIBOJ OYKBBI V

//BBIBOIOYKBEI &

//BBIBOIOYKBEI S
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SBUF ="
while(TI);
TI1=0;

SBUF ="',
while(TI);
TI1=0;

SBUF =y
while(IT1); //
TI=0;

¥
¥

6.c

sfr D=0xAO0;

sbit RS=0xB5;

sbit RW=0xB6;

sbit E=0xB7;

int i=0;

void delay();

void sleep();

void main()

{

delay();

RS=0; RW=0; E=1; D=0x30; E=0;
delay();

RS=0; RW=0; E=1; D=0x30; E=0;
delay();

RS=0; RW=0; E=1; D=0x30; E=0;
delay();

RS=0; RW=0; E=1; D=0x38; E=0;
delay();
RS=0; RW=0; E=1; D=0x06; E=0;
delay();
RS=0; RW=0; E=1; D=0x0C; E=0;
delay();
RS=0; RW=0; E=1; D=0x01; E=0;
delay();
RS=0; RW=0; E=1; D=0x02; E=0;
delay();
RS=0; RW=0; E=1; D=0xCO0; E=0;
delay();

RS=1; RW=0; E=1; D=0x48; E=0;
RS=1; RW=0; E=1; D=0x69; E=0;
RS=1; RW=0; E=1; D=0x74; E=0;
RS=1; RW=0; E=1; D=0x6C; E=0;
RS=1; RW=0; E=1; D=0x65; E=0;

//BBIBOIOYKBHI |

//BbIBOIOYKBHI|

//BBIBOIOYKBEI Y

delay();
delay();

delay();
delay();

delay();
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RS=1;: RW=0; E=1; D=0x72; E=0;

RS=0; RW=0; E=10; D=0xCO0; E=0;
delay();

RS=1; RW=0; E=1; D=0x4B; E=0;
RS=1; RW=0; E=1; D=0x61; E=0;
RS=1; RW=0; E=1; D=0x70; E=0;
RS=1; RW=0; E=1; D=0x75; E=0;
RS=1; RW=0; E=1; D=0x74; E=0;
RS=1; RW=0; E=1; D=0x21; E=0;
RS=1; RW=0; E=1; D=0x21; E=0;
RS=1; RW=0; E=1; D=0x21; E=0;
sleep();

void delay(){

int i=0;

while (i<30000){

i++;

}

i=0;

while (i<30000){

i++;

}

i=0;

while (i<30000){

i++;

}

}

void sleep(){

while (1) {

delay();

}

}

delay();

delay();
delay();
delay();
delay();
delay();
delay();
delay();
delay();
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