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IIpeguciosue
He morau pagmnontobutenm nponTm MMMo TaKoro yaA06HOro M MHTEPECHOro KOMMOHEHTa 3/1IeKTPUYEecKol
CXEeMbl, Kak MUKPOKOHTpoanep. He moran.

OfHaKo HauMHalowemy paguontobuTento ciegyeT 3HaTb, YTO A1 PaboTbl C MUKPOKOHTPOIIEPOM eMY
NpeacTouT BblbpaTb He TONbKO CamM MWKPOKOHTpoanep, 6aaro Ux modeneit B Npodaxke MHOro, HO M
cpeay pa3paboTkM nporpammbl. MUKpocxema KoHTpoasiepa 6e3 3arpyKeHHoW B Heé nporpammbl
mepTBa. 1A 3arpysky HanMcaHHOM Nporpammbl NoTpebyeTcs NporpammaTop — YCTPOMCTBO, KOTopoe
cunTbiBaeT $palin ¢ NPorpammont u NEPEHOCUT ero B NaMATb MUKPOKOHTpO/1epa.

Mpexae, Yem caenatb cBOM BbIOOP, NOTPAaTbTE HEMHOIO BPEMEHU 32 KOMMbBIOTEPOM — 3TO MOMOMKET BaM
caenatb CBOM Bblbop.

I'1aBa 1. Bb1I60p MUKPOKOHTpOJLJIEpaA

B npodeccuoHanbHOM MNpPakTUKE BblIOOP MUKPOKOHTPOM/IEpa OnpeaensaeTca B MepByl oyepedb He
KKPYTU3HOM» Moaenu, coBeTbl NoA06HOro poaa MOXKHO BCTPETUTbL Ha popymax, a MOCTaBAEHHOW Nepes,
paspaboTtynkom 3agaveit. 3agada onpeaenser psag NapaMeTpoB, MO KOTOPbIM MOXHO HayvaTb BblIGOp.
3aTem pa3paboTUMK CMOTPUT Ha TaKMe acneKTbl, Kak AOCTYMHOCTb MOAENN, BOSMOMHbIA CPOK XU3HU (He
CHUMYT 11 moAdeNnb C Npon3BoacTBa B 6nnKanme FOLI,bI), LueHa U Ka4eCTtBO Mo4e/ I B TEX YC/I0OBUAX, B
KOTOPbIX YCTPOWMCTBO ByAeT 3KCnIyaTMpoBaTbhes.

[Na HauMHaloWero paavontobuTens Ba*kKHEMWMMM NapameTpamu MOTYT CTaTb LieHa M AOCTYMHOCTb
MUKPOCXEMbI, CTOMMOCTb M AOCTYNHOCTb Nporpammartopa. [pu Bcei yHMBepcaabHOCTM Nporpammartopa
OH He NporpaMmunpyeT Bce MOAEAN MUKPOKOHTPOANEPOB. M, rnaBHoe, ANa HauuHatowero pabortath C
MUKPOKOHTPOINEPOM C/ieayeT onpenenunTbcs ¢ Tem, Kak oH byZeT co3aaBaTbh Ko Nporpammebl.

[na HanucaHMA Koga Mporpammbl 4OCTaTo4yHO 6710KHOTa M3 coctaBa Windows nwoboit Bepcun (Mnu
TEKCTOBOTro peAakTopa Linux). Ho 3To A5 ONbITHBIX NPOrPamMMMUCTOB M NPOCTOM NPOrPammbl.

ECTb MHOro cpef pa3paboTKM Mporpamm ANS MUKPOKOHTPO/IIEPOB, HO, KaK M MPOrpammartopbl, 3Ty
yao6Hble peaaKkTopbl 3aBUCAT OT BbIGpPaHHOW MOAENM MUKPOKOHTpoasnepa. lMpu Bbibope cpesbl
paspaboTkn cneayer obpaTWTb BHMMaHWE M Ha TaKoW aTpubyT Nporpammbl, Kak OTAag4uMK. XoTs
HEeKoTOpble MPOrpaMmmaTopbl MMEKT BCTPOEHHYIOD CMCTEMY OTAaAKM. Ho HayaTb BCE-TaKM Aydlle co
cpeabl pa3paboTKM M e€ oTNagumKa.

'naBa 2. Be160p cpeabl pa3pad0TKH NPOrpaMMbl

[MouTn BCe npounssoanTenn MMKPOKOHTPONIEPOB NpeanaratoT becnnaTtHble cpeapbl pa3pa60TKM Ha A3blKe
accembnep Ana npou3BOAMMbIX MMM  mogeneil. MHorme npousBoauTenM MNpPeaocTaBaAlOT B
NoNb30BaHNE U KOMIMUAATOPDbI C A3blKa CM, KOTOpble paﬁoTaroT B BbINMyCKaemMbIX MU Cpeaax pa3pa60TKM.

He Tonbko accembnep u A3bIK Cn, HO U ApYyrre A3bIKM BbICOKOrO YPOBHA MCMO/b3YIOTCA NPU CO34aHMM
nporpamMmm AN MUKPOKOHTPOANEpoB. ECTb M coBpemeHHble cpegbl pa3paboTKu, Mcnosb3ylolme
rpaduyecKkunin A3blK NPOrpPaMmmMMpPOBaHUA.

Takum 06pasom, nepes HauMHaLWMM cepbE3Han Npobiema, Kakoi A3bIK NPOrPaMMMPOBAHMA OCBOUTb.
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BmecTe c Tem, ecn HauyMHaloWMi NobUTENb HE MMeN onbiTa NPOrpPaMMUPOBAHKA, TO eMy cineapyet
nogymatb He O Bblbope A3blka MNPOrpaMMMPOBaHMA, a Bblbope noaxoaAwero yd4ebHMKa no
NporpaMmupoBaHnto. ECTb y4eBHMKM NO NPOrPaMMMUPOBAHUIO Ha A3bIKaX HU3KOTO M BbICOKOIO YPOBHS,
€CTb Y4E€OHMKN U KHUTU, OMUCbIBatOLME NPOrPaMMUPOBAHNE MUKPOKOHTPOIepoB. Ho...

Y4ebHMKM MO NPOrpaMMUPOBAHMIO, KaK NPaBM/IO, OPUEHTUPYIOTCA Ha CO34aHNE NPUKNAAHbIX NPOrpamm
AN KOMMblOTEpPOB. A y4yebHMKM MO MPOrpaMMMPOBAHUID MUKPOKOHTPONEPOB MHOIO BHUMaHMUA
YOENAT ONUCAHUIO CAMUX MUKPOKOHTPONEPOB. M TO, U Apyroe O4YeHb Ba*KHO WM MOJAE3HO, HO TOrAa,
KOrga HauuMHaloWMIA, caenaB nepsble Warn B pabote ¢ MUKPOKOHTPO/IEPAMM, PELUUT NPOLOIKUTDL
U3yyeHune npeameTa.

Mo3Tomy, 3TO TOAbKO MOE MHEHWe, HauMHalolWemy cnedyeT B NepsBylo ovyepedb MOHATb, YTO NtobHas
nporpamma, Kakoi 6bl A3bIK Bbl He BblOpanM, OMNUCLIBAET pAZL OMepauui, OCyLEeCTBASEeMbIX
NPOLECCOPOM MUKPOKOHTPOJI/IEPA, MO ONPOCY BXOLOB MWKPOKOHTPO//IEPA M MPUHATUIO PeELUeHUs o
COCTOSIHUM BbIXOA0B MMKPOKOHTPO/I/Iepa Ha OCHOBAaHMW COCTOSHUA €ero BX0oA40B. B nogasnsiouiem
60/1IbMHCTBE CXEM BXOAbl NPUHMMALOT ABa 3HAYEHMA: 3HAYEHMS BbICOKOTO M HU3KOrO YPOBHSA CUrHana.
3TO COCTOSIHME, CUYMTAHHOE Ha BXOAE, MOMKET MOoABepraTbCA JIOTMYECKON MAM apudMeTUYECKOW
06paboTKe, YEM 3aHMMAETCA MPOLECCOP, a Pe3y/bTaT, 38 HEKOTOPbIMM UCKAKOHYEHUAMM, BbIBOAUTCA Ha
BbIXOAbl, KOTOPbIE TOME NPUHUMALOT AB8a 3HAYEHMA: BbICOKOTO U HU3KOTO YPOBHA.

Ecnv Bbl BnepBble pewwuanM NpPorpaMmuMpoBaTb MUKPOKOHTPOANEP, TO BblibepuTe camylo MPOCTYHO
nporpammy, KoTopasa Bam MOHATHa 6e3 AO0NONHUTENbHbIX MOACHEHWW. Hanpumep, camoli NpocCToit
nporpammoit (MHe HPaBUTCA 3TO BCTpeYeHHoe rae-To HasBaHue) 6yaetr «Hello, world» ana
MUKPOKOHTpoONepa. EWwe eé Ha3bliBalOT «NomMuraTb ceetogmogom». MNycTb BaC He CMYLLL@ET, YTO TO/IbKO
nomuraTb CBeToaAMoAoM. BbiBogA AaHHble yepe3 BCTPOeHHbIM moaynb USART, Mcnonb3ya nNpoToKoOA,
cKaxem, One-Wire unm USB, Bbl byaeTe, nycTb C/OXKHbIM 0bpa3om, HO He 6osee, yem «MUraTb
CBETOANOA0MY.

'naBa 3. Bb160p cBOei mepBOM NPOrpamMmbl
ECAn Bbl COrMacHbl CO MHOW B BblllEHANMCAaHHOM, TO AaBaliTe MuraTb CBeToAMOAOM. Ecam HeT, To
BblOpacbiBaliTe 3TOT pacckas. OH Bac 6o/blue pa3oyapyeT, HeM NOMONKET B BaLLMX U3bICKAHUSAX.

KoHe4yHO, HayaTb MOXHO CO C/IOXKHOFO, MPOABUIAACH K MPOCTOMY — MAKCMMyM YCUAWIM B Hayane,
MWHUMYM, KOrga noABMAAcb YCTanocTb. Ho BCE-TakKM HAYyHEM C MPOCTOro, NpoAsurascb K bHonee
CNIOXKHOMY.

KaK MOXHO onuncaTb MUraHve csetoanoaa’?

Mbl BKAlOYaeM MWKPOKOHTPOAJIEP, NOJAB Ha Hero nuraitowee HanpsAXeHue, cBeToAMOA, KOTOprVI
NOAK/OYEH K OQHOMY U3 BbIBOAOB Yepes pe3nctop, A0KeH 3aropeTbcea. [ocne He60}'IbLUOV1, CKaXXem B
CeKyHA4y, nay3bl OH OO0/1X)KE€H MOraCHyTb. N nocne Takoim e nay3bl 3aropeTbCA. ﬂ,aBaVlTe Ha 3TOM MMOKa
OCTaHOBUMCA.

MTaKk. YTobbl cBETOAMOA, 3aropesnca, BblBO4, MUKPOKOHTPOINEPA A0MXKEH BbiTb HanpaBaeH Ha BbixoA. U
Ha 3TOM BbIBOZE C/llefyeT YCTaHOBWUTb BbICOKWUI YpOBEHb (YpPOBEHb NOrMYecKoW eguHuubl). YTobbl
CBETOAMOA Norac, Ha BblBOAE c/iedyeT YCTaHOBUTb HU3KUIA YPOBEHb (YPOBEHb SIOFMYECKOro HyAA).
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BoT ocHOBHbIe onepaunn, KotTopblie Mbl A0/1IXKHbI OCYyLWeCTBUTD. I'IpaB,u,a, ecTb eweé onepaunAa, KoTopyro
Mbl onpeaennan Kak naysy.

May3a — 3TO Takoe COCTOSIHME MUKPOKOHTPO/IIEPA, KOTAa OH, Kak Bbl, 3aMblkaeTtca B cebe, nornaabisas
Ha CBOM COBCTBEHHbIE Yacbl U OXWAasA, KOrda BbIMAET BPeMA, U emy paspewaTt NpPoAo XUTL Apyrue
onepauun. C naysoii Mbl pasbepémcs HemMHOro nosxke. A celyac HayHEM C MPOCTOro, UCMONb3yA
NPOCTON ANA NOHMMaHWA rpaduYeckmii AsbIK. i BOCNO/b3YIOCh AEMO-Bepcueit nporpammbl Flowcode 6.

Kak 1 gpyrve oemo-sepcuu, OHa OrpaHMYeHa — Henb3A NoAy4YMTb paboTatowmii Kog nporpammbl s
3arpysku yepes nporpammaTop B MUKpocxemy. Ho K 3Toi npobseme mbl BepHEMCA Mno3xe. Kctaty,
CKauyaTb NpPoOHYI0 BEPCUIO, KOTOpasi MONHOCTbIO QYHKLUMOHaNbHA B TedyeHne 30 AHEN, MOXKHO caiTe
npoussogutena: http://www.matrixmultimedia.com/flowcode.php.

YT1obbI YCTaHOBWUTb BbICOKU YpPOBEHb Ha BbIBOAE A0CTATOYHO TaKkoM nporpammbl:

BEGIM

Cutput

EMD

Puc. 1. lMporpamma yCTaHOBKM BbICOKOTO YPOBHA Ha BbiBoae AO

Kak mMHorve nporpammbl, Hala Nporpamma HauymHaeTcs BBOAHbIM cnoBom BEGIN, a 3akaH4uMBaeTcs
END. Cama nporpamma onucbiBaeTca Kak 1 -> A0 ana sbixoga (Output). OTnagumk nporpammbl Flowcode
No3BOo/IfIEeT NPOBEPUTb PAaboTy NPOrpamMmbl, HO Ha CUCTEMHYIO NaHenb cneayeT Aob6aBuTb cBETOAMOA U
NoAKAYMTL ero (B maHenu cBoincTs) K Bbisoay AO.


http://www.matrixmultimedia.com/flowcode.php
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Puc. 2. NMposepka paboTbl Nporpammbl

I'naBa 4. 3aBepuieHue cO34aHMsI NEPBOM MPOrpaMMbl
Ncnonb3ya rpaduryeckmii A3blk, 3aBepLUMM CO34aHME NEePBOI NPOrpamMmmbl.

System Panel

'@'&-C‘j @-@-Q@

[]

D oo ue™

33.29, -48.08, 0.00

1] | System Panel
Cao | AN @-@-m@

-71.01, 25.15, 0.00

Puc. 3. MNonHas Bepcma NepBoin NporpaMmbl

BcA nporpamma 6yKBas/fibHO MOBTOPAET TO, YTO 3aMMCAHO Bbille Ha 0B6bIMHOM A3bIKe: NoAaTb Ha BbIBOA,
BbICOKMWI YPOBEHb, CAENaTb Nay3y B CEKYHAY, NOAATb HU3KUIA YPOBEHb, CAENaTb Nay3y B CEKYHAY, NO4aTb
BbICOKMI YPOBEHb.

BbibpaB TO, Kak byaeT opraHM30BaH TaKTOBbIA reHepaTop, a N06OMY MNPOLECCOPY HYXEH TaKTOBbIN
reHepatop, ANA BbIGPaHHON MOAENN MUKPOKOHTPOAIEPA, Mbl MOAYYMAM Obl TOTOBYHO MPOrpammy.
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Bblbop opraHusaumm paboTbl TAKTOBOrO reHepaTopa W HeKoTopble ApyrMe  napameTpbl
MWKPOKOHTPO/I/1EPA 3aMNMNCbIBAIOTCA B C/10BE KOH$Urypaummn. Ho 06 aTom nos:ke.

Ecan 6bl Bepcua Flowcode 6 bbina paboyas, To, NpoBepuB paboTy Nporpammsbl, €€ MOXKHO Oblo Obl
OTKOMMNWAMPOBATb W Cpasy 3arpysutb B MPOrpamMmmaTtop, MOAKAIOYEHHbIM K KomnbloTepy (ans
nporpammartopa, paboTatowero ¢ Flowcode). Octanocb 66l 3anasTb MUKPOCXEMY (ny4ylle UCNONb30BaTb
naHesibKy, B KOTOPYIO BCTaBUTb MUKPOCXEMY), NOANaATb NUTAHWE U PE3UCTOP CO CBETOANOLOM, YTOObI
NOJIy4nTb CBOE NepBoe YCTPOMCTBO, UCMO/b3YIOWEE MUKPOKOHTPOIEP.

I'naBa 5. [lepBoe ycoBepieHCTBOBAHHE MEPBOM MPOrpaMMbl
Hn O4uH pa,ﬂ,MOIII-OGMTeI'Ib HE OCTAaHOBUTCA Ha OOCTUTHYTOM. MbI TOXKe.

MWUrHYTb CBETOAMOA0M MOXKHO U 6€3 KOHTPOJI/Iepa — NOAK/OUUIN K MUTAHWUIO, OH 3aXKErcs, NoAoXaanm
CEeKYHAY, BbIKAOUYMIN NUTaHKue. MNpocto n 6e3 nporpammebl.

M3meHUM nporpammy, aobasms UuKA. LIMkn — 3TO NOBTOpAIOLLAACA NOCNeA0BaTeIbHOCTb OnepaLuid.
LuKnbl BbiBatOT pasHble, YacTo LUUKA onpeaenseTca HEKOTOPbIM YC/0BMEM: NOKA YC0BME BbIMOHAETCS,
uuKkn paboTtaeT, onepauuM MOBTOPAIOTCA; KOrda YC/A0BME Nepectano BbINOAHATbCA, paboTa UMKAa
npeKkpalaeTca U Nporpamma «BbIXOAUT» U3 UMKAA. TakMum obpasom, ecnu 3agaTb YCA0BMe, KOTopoe
b6yaeT BbINOJIHATLCA BCerga, UMK byaeT paboTtatb Bceraa. Takoi UMKA Ha3biBalOT 6eckoHeyHbimM. U 3To
06bl4HbIA 06pa3 KU3HM MUKPOKOHTpoANepa. lNocne nogayum NUTaOWEro Hanpa)eHua OH HaduHaer
paboTaTb B 6€CKOHEYHOM LMK/E, BbINOJIHAA, MOPOM, OYEHb C/IOXKHYIO NPOrpammy.

Puc. 4. NobasneHne 6e€CKOHEYHOTO LMKAa

Uukn While oTmeyeH ycnoeuem B Hadane uukna, while 1, n 6yaeTt BbINOAHATLCA BCErAa, MOCKOJbKY
eANHMLA YC/I0BUA HE MEHSIeTcAa B NMporpamme. A nporpamma BK/IOYAET M BbIK/IOYaeT ceeToguoa. W
ceeToamoa byaeT MUraTb, NOKa Mbl HE BbIK/TIOYMM NUTAHUE MUKPOKOHTPOINEPA.
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'naBa 6. 3anuch nporpaMMsl Ha A3bIKe CH

MpaduyecKkunit A3bIK NPOrpaMmMpPOBaHNS (MOBTOPIOCH, 3TO TOJIBKO MOE MHEHME) A0CTaTOYHO yaobeH ann
HauMHaloWMX OcCBaMBaTb MWKPOKOHTpoanep. W3  6ecnnaTHbiX nporpamm, paboTalowux ¢
MUKPOKOHTPOIEPOM, A 3HA elé Tonbko KTechlab, paboTatowyto B Linux, HO, ckopee, paboTtaBsLuyto.
Mporpamma KTechlab obyyatowan, nos3sonst nopabotatb M C aHanorosbiMM, U C UUPOBLIMMK
YyCTpPOMCTBaMM, HO co34aTteNb MNPOrpaMmbl, KoOrda onepaumMoHHas cucTema CUAbHO W3MEeHWNach,
nepectan nepeaenbiBaTb NPOrpamMmy, W CEroAHs, HACKOJIbKO S 3Hal0, C MUKPOKOHTPOJIIEPOM
nporpamma He paboTaeT. XOTA MOXHO WCMNO/b30BaTb Mpeaplaylwime BepcuM Nporpammbl U
onepauMoHHOMN CUCTEMBI.

lopa3go meHblue Bbl ByaeTe 3aBUCETb OT CPOKA AeNCTBUA ULLEH3NUN UKW OT GUHAHCOB, CNU HayYnTeCh
NpPorpaMmmpoBaTb Ha A3blKe BbICOKOro ypoBHA. ECTb MHOMKecTBO cpes pa3paboTku, becnaaTHbIX M
YA06HbIX, NCMONb3YIOLMX Pa3Hble A3bIKM BbICOKOrO YPOBHA. XOTA N1t0601 A3bIK NPOrpaMmMpoBaHus, Kak
N MOAENN MUKPOKOHTPONEPOB, Haunyylwnm obpasom NOAXOAUT K NOCTaBAEeHHbIM 3ada4am, Haubonee
4acTo MCNOb3YHOT A3bIK CM ANA NPOrpamMmMUPOBaHMA MUKPOKOHTPONIEPOB.

Al Ha4HY C TOro, YTo NpuUBeAy 3aNnUcCb NPOrpPaMmbl, KOTOPYIO Mbl CO3a/M paHee, Ha A3blKe Cn.

void main () {
TRISA = OxFE;
while (1) {

PORTA.FO = 1;
Delay ms (1000) ;
PORTA.FO0 = 0;
Delay ms(1000);

3anucb nporpamMmbl Ha A3bike Cu ByaeT 3aBUCETb (XOTA M HE3HAYMTE/IbHO) OT KOMNUAATOPA, KOTOPbI
ncnonbsyet cpepa paspaboTku. MpuBeaéHHan Bbllle MNporpamma 3anucaHa (OTKOMNUAWPOBaHa W
nposepeHa) B cpege MicroC Pro. s Apyroro KOMNMAATOPa OHa MOXKET UMETb HECKO/IbKO MHOW BUA;:

#define XTAL FREQ 8000000

void main (void) {
TRISA = OxFE;

while (1) {
RAO = 1;
__delay ms (1000);
RAO = 0;

__delay ms(1000);

return;

Tak nporpamma BbIrnaauT B cpeae paspabotkn MPLABX.
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'nasa 7. OT C/10B K geny

A HemHoro noropayunnaca, onpeaenms HasbiBaHWe rnaBbl, HO TeM HE MeHee. Ecnun 8ol pewnnn osnageTb
OCHOBamMu nporpammumpoBaHnNA Ha A3blKe Cu, TO Bam nopa onpeaennTbCA C ABymA COCTaBIAOWMMU
nocneayroLlen paboTbl: BbIbpaTb MOAENb MUKPOKOHTPO/IEPA M Ccpeay pa3paboTKu.

fl He COBETYMK B 3TMX BOMPOCAX, MOCKO/bKY BO MHOMOM CYMTAlD AE€/10M BKYCa ANA HAYMHAIOLLUX
OCTaHOBWUTb CBOM Bbl6Op Ha MUKpoKoHTpoanepax PIC, AVR, ARM uan «bonee KpyTbix». Ho s onuwy
paboTy c MUKpokoHTposanepom PIC16F628A B cpeae MicroC Pro.

Moyemy 3Ta MoAeNb MUKPOKOHTpOANEpa? ANA HauMHAOWMX BaXXHO MMETb CNpPaBKy MO MUKpPOCXeme, a
aona atoh mopgenu datasheet ecTtb Ha pycckom A3biKe. Y MUKPOKOHTPO//iEPa €CTb BCTPOEHHbIE
AONO/IHUTE/IbHbIE MOAY/1N, OCBOUTb ynpaBaieHne KOTOpPpbIMU U MHTEPECHO, N N0J1e3HO. TaKkue e moaynm
Bbl BCTPETUTE U B APYrMX modenax. AnbTepHaTUBOM, XOTA He BCeM 3TO HPaBWUTCA, A CYEN B6bl Moay/b
Arduino, KOTOpbIl TOXe XOPOLIO OCHALLEH BCEM, BK/OUYAA BCTPOEHHbIN NporpammaTop.

Ecnn Bbl TO/IbKO HAaYMHaEeTe 0CBaMBaTb MUKPOKOHTPO//IEpP, Bam NPUAETCA NOTPaATUTb HEKOTOPOE BpPeMS
Ha OCyLLeCTB/eHWe MepBbIX LIAroB K ycnexy, Bam NpPUAETCA NOTPaTUTb HEKOTOPOE KO/MMYECTBO AEHeEr,
MOCKO/IbKY He TONIbKO 33 KOMMbIOTEPOM, XOTA A0YMTaTb KHUTY MOXHO M 33 KOMMbIOTEPOM, HO U Ha
MaKeTHOM nnaaTe 4YTo-TO Moae3HO nonpoboBaTb. BbibOp MWKPOKOHTpO//Epa onpeaenut ANns Bac U
BbIOOP NporpammaTtopa, 1 BbiI6op nporpammsl, C KOTOPOU Bbl byaeTe paboTaTh.

WTakK. Mporpamma MicroC Pro becnnaTHas, HO OrpaHMYMBaET Bally nporpammy ob6bémom B 2 KbaliTa.
MHoro ato nam mano? Hu TO, HM Apyroe — Bbl MOXeTe C034aTb MHOFO WMHTEPECHbIX U MONEe3HbIX
YCTPOICTB, He Nepexoaa npeaes orpaHnUYeHuns.

l'naBa 8. HemHoro o nporpamme MicroC Pro
Mporpamma AoCTynHa Ha caiiTe npoussoautensa: http://www.mikroe.com/mikroc/pic/

Y Kaxgoro moryT 6biTb CBOM NpeanoyTeHns, Ho, paccKkasbliBana o pobote POBOPICA, s ucnonb3osan 3Ty
nporpammy, oHa npuwaa Bmecte ¢ pobotom. Ecam nporpammy MOXKHO MCMO/b30BaTb B paboTte ¢
pob6oToM, NYCTb M O4YEHb NPOCTbIM, OHA BNOJIHE NOAOUAET A/1A HAUMHAIOLLEro OCBanBaThb A3bIK Cu.


http://www.mikroe.com/mikroc/pic/
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Puc. 5. 3anycKk nporpammbl MicroC Pro

Camo HanucaHuWe Koga Mporpammbl — 3TO YMCTO TEXHUYECKUI acnekT paboTbl, A/ 3TOro A0CTaTOYHO
610KHOTa. Ho co3paHue nporpamm, NPUKAAZHbIX AW ANA KOMMbloTepa, paboymx Ona 3NeKTPOHHbIX
YCTPOICTB, 3aga4a bosiee CNoXKHanA, YeM 3aNmCb KOga NPOrpammbl.

A y)Ke roBopuWA, YTO K BOMPOCY O Nay3e B Haleil NepBol Mporpamme Mbl BepHEMCA No3xe. BoT m
BEepPHY/MCb. [leNio B TOM, YTO y MpoLLeccopa HeT Takoh KOMaHAbl, TaKoM onepauMu Kak naysa B 1
CeKyHAy. Ty YacTb NPOrpamMmmbl Bam Hago co3gaBaTb camMocTosaTeNbHo. Ecan...

Ecniv HeT BO3MOXHOCTM BOCMOJIb30BATbCA rOTOBbIMM  QYHKLUMAMM cpedbl pa3paboTKM, KoTopble
HanucaHbl NnpodeccuoHanamm ans sac. Mporpamma MicroC Pro nmeet obwmpHyto 6ubnnoteky (Library
Manager), nossoasiowyto Bam 6e3 npobnaem pabotaTb C MaTemMaTUYECKUMU GYHKUMAMM, PasHbIMU
npoToKkonamu obmeHa AaHHbIMU U AONOAHUTENbHBIMM YCTPOMUCTBaMM, Kak, Hanpumep, K.

Kpome Tekcta nporpammbl Ha fA3blke CM B NoOACKa3Ke ecTtb M npumep nogkntodeHna KU K
MWKPOKOHTpOANEpY. Takum 06pa3om, ec/iv y Bac APYroi MMKPOKOHTPOIER, TO Bbl MOXKETE UCMPABUTb
TEKCT MpOrpammbl COOBPaA3HO C M3MEHEHUAMM Ha OGU3NMYECKOM YpPOBHe. Ha KapTUHKe HUKe He
nomectTutcs BcA nporpamma pabotbl ¢ KU 1 cxema noaKAOYEHMSA, HO Bbl CAMU MOXKETe MOCMOTPETb
BCE, eC/In 3aX0TUTe MCNosb30BaTb Nporpammy MicroC Pro.



B.H.T'osi010608B [lepBad cxeMa ¢ MUKPOKOHTPOJLJIEPOM

q

RBS
RE4
RB3
RE2

RE1
REO
veo
GND

Delay ms({2000);
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// Moving text

for(i=0; i<d; i++) |
Led Cmd{_LCD SHIFT_RIGHT) :
Move Delav() s
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while (1) |
for(i=0; i<8:; i++) |
Led Cmd(_LCD_SHIFT_LEFT):
Move Delav() s
I
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for(i=0; i<8:; i++) |
Led Cmd(_LCD SHIFT RIGHT) ;
Move Delav() s
1
I
I

GEND

LCD 2X16

Puc. 6. Mpumep paboTbl ¢ KU 13 Library Manager

I'1aBa 9. Ilo JiecTHHIIE BHU3

Kpome A3bIKOB BbICOKOIO YpOBHA MOXHO UCMNOJ/1b30BaTb acceM6nep. He PaCKpPOIO CeKpeTa, eC/In CKaXy,
YTO MPOLLECCOP MMKPOKOHTPOA/EPA HE MOHMMAET He TONIbKO rpaduyeckmin s3blK, HO U A3bIK Cu. U
acceM6nep OH TOXe He NOHUMaeT. n03TOMV Ball NPOEKT 6y/J,eT TPaHCANPOBATLCA C A3blKa BbICOKOIo
YPOBHA Ha A3blIK bonee HU3KOro YPOBHA, a OKOHYaTeIbHbIN BapuaHT 6y,D,ET 3anucaH B Ymncnax. Ecau Bl
oTKpoeTe ntobon hex-dpaiin, To yBUAUTE HEYTO MNOXOXKEE Ha 3TO:

:020000001628CO0
:0E0006008312031321088A00200882000800DC
:1000140003208A110A128000840AA00A0319A10A83
:08002400F003031D0OA28080087
:10002CO00FE30831603138500831205140B30FBO07E
:10003C002630FCO05D30FDOOFDOB2228FC0B222835
:10004CO00FB0OB22280000000005100B30FB002630B3
:10005CO00FCOO05D30FDOOFDOB3128FCOB3128FB0OB47
:0A006C003128000000001A283A288D
:02400E00182177

:00000001FF

37O WecTHaguaTepmnyHan 3anncb ABOUYHBIX YMCEN KOMaHA, KOTopble TO/bKO M MOHMMAeT npoLeccop,
BMeCTe C KOMaHZamMu Nporpammartopy. ITO NOYTU Camblli HU3KWUIA YPOBEHb MPOrPamMMbl, HUMXKE TO/IbKO
ABOMYHAA 3anucb KomaHa. C TakoW nporpammon TpyAHO paboTaTb, MO3TOMY MNPOrPaMMMUCTbI
npuaymann nsblk  accembnep. Ha Asblke accembnepa KomaHAbl 3anWCbiBAlOTCA C  MOMOLLbIO
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abbpeBmaTypbl, KOTOPYHO Jierdye 3aMOMHUTb, YEM ABOMYHbIE WAW LECTHaALaTepuyHble yucna. Bor
nprMmep 3anMcu NPOrpammbl Ha accembnepe.

_main:
;tutl.c,1 :: void main () {
;tutl.c,2 :: TRISA = OxFE;
MOVLW 254
MOVWF TRISA+O
;tutl.c,3 :: while (1) {
L mainO:
;tutl.c,4 :: PORTA.FO = 1;
BSF PORTA+0, O
;tutl.c,5 :: Delay ms(1000);
MOVLW 11
MOVWF R11+0
MOVLW 38
MOVWF R12+0
MOVLW 93
MOVWF R13+40
L main2:
DECFSZ R13+0, 1
GOTO L main2
DECFSZ R12+0, 1
GOTO L main2
DECFSZ R11+0, 1
GOTO L main2
NOP
NOP
;tutl.c,6 :: PORTA.FO = 0;
BCF PORTA+0, O
stutl.c,7 :: Delay ms (1000);
MOVLW 11
MOVWF R11+40
MOVLW 38
MOVWF R12+0
MOVLW 93
MOVWF R13+4+0
L main3:
DECFSZ R13+0, 1
GOTO L main3
DECFSZ R12+0, 1
GOTO L main3
DECFSZ R1140, 1
GOTO L main3
NOP
NOP
;tutl.c,8 :: }
GOTO L mainO
;tutl.c,9 :: }
L end main:
GOTO $+0

; end of main
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3anucb Nporpammbl CAenaHa npu TPaHCAAUMKM Koga Ha A3bike Cu Ha accembnep B cpeae MicroC Pro.
Ecnum Bbl camocToATeNbHO ByaeTe NMcaTb 3Ty NPOrpaMmy Ha accembaepe, To Bam NPUAETCA NPUNOKUTD
6oblue ycunmin. Ho No3HaKOMUTbLCA € accemMbepom OYeHb HEODOXOAUMO, AaXKe eCc/in Bbl HE HAMepPEeHbI
KOAMPOBATb NPOrpaMmbl Ha accembnepe.

I'nraBa 10. I[louemy «noMuraTb CBETOAUOA0M» — 3TO NepBadA nporpamMmma?
A y»Ke cKasan Bbllle, YTo 6o/blian YacTb PAabOTbl C MUKPOKOHTPO/IEPOM — 3TO MOMMUIaTh CBETOAMOA0M.

[aBaiiTe MOCMOTPUM, KaK MOXKHO HAaMMCaTb Ha A3blke CK YTO-TO, YTO NO3BOAUT He3 BCTPOEHHOrO Moy A
USART oTnpasBuTb KOMaHAy APYroMy MUWKPOKOHTPOJNEpYy WUAWM KOMMNbIOTEPY NO npoToKkoay RS232.
Mpasaga, ana pabotbl ¢ COM-nopTom KomMnbloTepa NOHaAobuTca Mukpocxema uHTepdelica RS232. Ho
3TO YXe He OTHOCUTCA K Nporpamme.

HayHéMm c TOro, YTo MOCMOTPMM, KaK BbIrnsauT oTnpaBka 6akita 10101010 no npotoKkony RS232 Ha
BbIXO4€e MMUKPOKOHTPO/IEPA NPU HanMuum BCTpoeHHoro moayns USART. ECTb HECKONIbKO nyTein, YTobbl
3TO BbINOAHUTL. Ha ¢um3mMyeckom ypoBHe Ham NoTpebyeTcA 3anporpammMmMpoBaTb MUKPOKOHTPOANEp,
NoAKAOUYMTL ocumnnorpad, nogatb NUTAOLWEE HANPAXKEHNE U NOCMOTPETb Ha 3KpaH ocumnnorpada.

EcTb PpM3NYECKMIA HANONOBUHY MYTb — UCMO/Ib30BaTb BO3MOXKHOCTM nporpammsbl Flowcode 6 paboTats c
COM-nopTom KOMMbIOTEPA, @ K NOPTY KOMNblOTEPA NOAKAOUYNTL OcuuAnorpad.

M1, HaKoHeL, MOXKHO MUCNOoNb30BaThb Nporpammy ISIS (Proteus), KoTopaa oyeHb yA06Ha ANA 3aBepLleHns
OTNAAKN CXEM C MUKPOKOHTPOANepoM. Ha 3Tom nyTu BCE NOAYYMTCA B BMPTYaNbHOM MPOCTPaHCTBE
KOMMbloTepa. HanucaTb nporpammy MOXKHO Ha JIloboM si3blKe, BaXKHO Nosiy4mTb hex-daiin nporpammeol.

Digital Oscilloscope ﬂ

Channel C

Channel B Channel D
Position Position

AT

Position

10 200 19
gL
0

Puc. 7. OTnpaska cumaona yepes moaynb USART
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ﬂepeAaBaenﬂmﬁ CUrHan BbIrnAgunT, 4Tto 6bl HU roBOpPUIN, Kak: HU3KUI YpPOBEHb, May3a, BbICOKMI
YPOBEHDb, Nay3a n T1.A4. He 6onee yuem «nomuratb cBeETOAMOO0MM.

B oTvcyTcTBMM nepefayn Ha BbiBOAE MNOAAEPKMBAETCA BbICOKMI ypoBeHb. [epBbl CUFHan — 3TO
CTapToOBbIN BUT HU3KOro ypoBHA. lNepepaBaembit no RS232 6alT oTnpaBaseTrca maagwum 6Gutom
Brnepén, B Hawem cayyae Hyném. To ecTb, HOIb — 3TO HU3KWUI YPOBEHb, €4MHNLA — BbICOKUI YPOBEHD.

Kaxabl umnynbc npogomkaetca 100 mkc. [autenbHocTb MMMynbcoB (naysbl) onpeaensetca
CKopocTblo nepeaaun, 9600 Ha PUCYHKeE, M 3aBUCUT OT TaKTOBOM YacTOTbl, B AAaHHOM cayyae 4 My,

[aBaiiTe nomuraem CBETOAMOAOM TaK, 4TOObl nepegaTb cumBos «1». LlecTHaguaTepuyHoe 4MCNo
cumsona 31, a asomyHoe 00110001. Mporpamma ana nepeaaum atoro 6aliTa BbIrIAAMT TaK: YCTaHOBUTb
HU3KMIN ypoBeHb, nay3a 100 MKC, YyCTAaHOBUTb BbICOKWIA ypoBeHb, nay3a 100 MKC, YCTaHOBUTb HU3KUN
YPOBEHb U T.4. Y HAc ecTb Nepeas Nporpamma ana cpegbl nporpammuposanHna MicroC Pro. [Jasaunte
ynogobmmcsa onbITHbIM NPOrPaMMUCTaM U Nepesenaem eé A1a Hallel TEKYLWeNn uenu.

void main() {

TRISA = OxFE;

PORTA.F0 = 1;

while (1) {
PORTA.FO = 0;
Delay us(100);
PORTA.FO 1;
Delay us(100);
PORTA.FO = 0;
Delay us(100);
PORTA.FO = 0;
Delay us(100);
PORTA.FO = 0;

Delay us(100);

1
0
1
0
0
0
0
0
1

PORTA.FO = 1;
Delay us(100);
PORTA.FO = 1;
Delay us(100);
PORTA.FO = ;
Delay us(100);
PORTA.FO = 0;
Delay us(100);
PORTA.FO =
Delay ms (4);

Bbl MOXKeTe NPOBEPUTb, OTTPAHC/IMPOBAB NPOrPaMmy, YTO MUKPOKOHTPOIIEP OTMNPABAAET CUMBOJ «1»,
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Virtual Terminal n
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Puc. 8. NMepepaya cumBona «1» no RS232

CKopocTb nepeaaum 9600 npu TakKTOBOM YacToTe (BHYTpeHHUI reHepaTop PIC16F628A) 4 MTIy,

3akJ/iloyeHue
Ecnun Bbl HE TOIbKO YNTaAM 3TOT PAaCcCKa3s 3a KOMMNbIOTEPOM, HO U NpoAenanu BCE, YTO B HEM OMMUCAHO 3a
KOMMNbIOTEPOM, TO...

Bbl nprobpenu HadanbHbI ONbIT PaboTbl C MUKPOKOHTPOANEPOM. Bbl MoxKeTe onpeaenntbcs C
BbIBDOPOM MOAENN MUKPOKOHTpoepa (A 6bbl coBeToBan npuobpecT Ha nepBblt CAydyald camblit
OELWEBbIl, OH No3Xe nNpuroamTca). Bol MoXKeTe onpeaenntbca ¢ BbIbopom cpeabl pa3paboTKuM 1 A3bIKOM
NPOrpaMmMmUpPOBaHNA, KOTOPbIMA Nydllie BCEro NOAXOAUT IMYHO Bam. M Bbl MOXKeTe, ecin He cnewuTe ¢
NOKYMNKON MUKPOCXEMbI, NPOAOIMKUTb CO34aBaTb HEC/IOXHbIE MPOrpammbl.

Hanpumep, Bbl MOXeTe co3gaTb nporpammy nepegaym atoboro 6aiTa no RS232. [1ocTaTouHO AOMNONHUTD
nporpammy, Hanpumep, maccusom (char buf[8]; ana MicroC Pro) n nepemeHHon (char out = 0x31;),
KOTOpYlO creayeT 3anucaTb nobutoBo B Maccus. [ns onpeaeneHna 6uta Bbl MOXeETe MUCNO/b30BaTb
onepauuio «M» 1 caABUr NepeMeHHOM’, CKaxem, Tak: buf [2] = (out>>2) & Oxl;

3aTtem, Korga mMacCcuB 3aMosHEH, Bbl MOXeTe nepegatb ero B nopta A KOMaHAamu: PORTA.F0 =
buf[2]; u T.4. Bbl moxeTe I'IOI'IpO6OBaTb Cpa3y Mcnonb3oBaTb onepauun casura U norn4yeckoro
YMHOXeHWA, He NCNoJib3yA MacCCus, yTOObI NMOHATb, 3a4eM HYXEH MaCCUB.

N eweé, Bbl moxeTe nonpobosatb NpUHUMaATb AaHHble no RS232, nogobHO TOMy, KaK AaHHble
nepegasanmcb, NICNONb3YA OAMH U3 BbIBOAOB Ha BXOA, M CKAHUPYA ero COCTOAHME C 3anucbto pesynbTaTa
B MACCMB MU NEPEMEHHYIO.

Ecnv Bbl opopmuTe GYHKLMIO MHULMANM3ALMU NPOLLECCA, e YYTETE CKOPOCTb Mepeaayn U TaKTOBYHO
yacToTy, ecnm opopmute PYyHKUMIO 3anonHeHua Bydepa 4nA HYXKHOro ymcia nepes nepesayven, Bbl
NoMméETe Nosb3y OT UCMOIb30BaHNA YHKLUNIA.

CnoBom, Bbl MoKeTe (He 3abyapTe npo datasheet!) y3HaTb M NOHATL MHOroe, MHOIFOMY Hay4MTbCH,
CO34aBas M NPOBepPAs CBOM NPOrpammbl 3a KOMMNbIOTEPOM, Aa*Ke 40 MOKYNKM MUKPOCXEMbI U NepBoi
narku. bbino 6bl }kenaHue aTo caenathb.



