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JJIABOPATOPHBIN [IPAKTUKYM
Tema 1. 3HakoMcTBO ¢ Bo3MoxxkHocTaMH crenaa SDK 5.0.

Crenn SDK-5.0 MoxeT ObITh 3aliporpaMMUpPOBaH KOHEYHBIM I0JIb30BaTeieM. KOIu4ecTBO HUKIIOB
IPOTPAaMMHUPOBAHUS OrPAaHMYEHO YHCIOM IMKJIOB 3amucH ucnojsdyemoro B crenae SDK-5.0
MukpokoHtpojuiepa — PIC18F458. UYucno UMKIOB 3amucu yKa3aHO B JOKYMEHTAalMd Ha
MHUKPOKOHTpoJuiep. Jmst Toro uToObl KOHEYHBIM MOJB30BATENh MOT 3alporpaMMHpOBATH
Mukponpoueccop crena SDK-5.0, oH mocTaBisercs BMECTE €O BCTPOCHHBIM 3arpy3uMKOM,
MO3BOJIAIOIIMM 3arpy>KaTh MOJIb30BATEIbCKUE IPOrpaMMbl O€3 JOMOIHUTEIHHOIO 000pyI0BaHUS.

L{enb JaHHOM MPaKTUYECKON pabOThI — MOMYYUTh IPAKTUUECKUE HABBIKU 3aIICHU POTPaMMbI B CTEH]T
SDK-5.0 u 0030p orpaHuuyeHuil, HalaracMbIX Ha IOJH30BATEIBCKYIO MPOrpaMMy, CBSA3aHHBIX C
KOPPEKTHOM pabOTON Ha CTEHJIE.

Ilpozpammuposanue cmenda SDK-5.0

[IporpaMMy He Hajgo MepenaBaTh MPU KaXJOM CTapTe CTEHJA, OHA COXpPAHSETCi B €ro
SHEproHe3aBUCUMON NamsATH. [y Toro uTtoObl 3arpy3uTh B CTEHJ M0JIb30BATEILCKYIO IIPOrpaMmy,
HYKHO BOCIIOJIb30BaThCs JTH000H TEPMUHAIBHOM IPOrpaMMOi, MO3BOJISIOLIEH IEpe1aBaTh TEKCTOBbIE
daiinbl. B manHoi mpakTHueckoi pabore Oyzaer ommcana pabora ¢ mporpammoit HyperTerminal,
BxoJsuIeil B mporpammuoe obecrieuenne OC MS Windows. [l Ipyrux TepMHHAIBHBIX IPOTPaMM
HAJ0 MPOBECTH aHajoruuHbie HacTpoiku. [Iporpamma HyperTerminal HaxoauTcs A aHTIHICKOM
Bepcun OC B MeHto Programs— Accessories—Communication u ans pycckoit Bepcun OC B MEHIO
[Tporpammbel—CTtanaapTHeie—CBS3b.

Cuauata B HyperTerminal Hamo co3mate coenmuenue. Hazoute ero sdkS m ykaxute, Kakoi
HIOCJICIOBATENbHBIN KaHa OYIET UCIIOJIb30BATHCS ISl COSIMHECHHUS CO CTCHIIOM.

Bl

Beegure cEE0EHMA O TEASPOHHDM HOMMEDE:

F.on cTpaHe:: IF'Dl::n::Hn (7 j
F.oo ropoga: I'I
Horiep TenepaHa; I

[Moak NoYKTE YepEs:




Ecnu 1o sroro BeI HM pa3y He 3amyckanu nporpammy HyperTerminal, To mepen sTum mpuaeTcs
BBECTH KOJ| CTpaHbl, KOJ Topoaa u TenedoH i coequHeHus. Tak kak 3Ta uHbopMalus He
UCTIOJIB3YeTCS JUIs PabOThI CO CTEHIOM, TO MOXETE BBECTH JIFOObIC CBEIACHUS.

Ilocne yxazaHus MOCIENOBaTEIbHOIO KaHala HAJ0 yKa3aTh €ro IapaMeTpbl, 3 UMEHHO CKOPOCTb
pabotsl u T.11. Crienaiite napaMeTpbl TAKUMH, KaKUe TIOKa3aHbl HA PUCYHKE.
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ITocse BBIMOJIHEHUS 3TUX ACHUCTBHUI COEUHEHUE CYUTAETCS CO3/IaHHBIM. ET0 HaZi0 COXpaHUTh B MEHIO

nporpammel HyperTerminal File—Save nnu ®@aitn—Coxpanuts. [locie 3Toro B MeHio, B KOTOPOM
Haxomutcss nporpamma HyperTerminal, mosBurca mnanka HyperTerminal, B koropoil Oyaer
coznanHoe coeaunenue sdkS. Ilpu ero 3amycke Oynet 3anyckatsest HyperTerminal ¢ mapamerpamu,
BBEJICHHBIMHU IIPU CO3JJaHUH COEAUHEHHUS.

Korna coenunenue co3nano u HyperTerminal 3amymieH, Mo>kHO TOJIKITIOUUTE KOoHTposiep SDK-5.0
K MepCcoHATbHOMY KoMIbloTepy muieriom RS232. Tlocne 3TOro KOHTpOIIEPY MOYKHO BKIHOYHUTH
nutanue. [Ipu BKIIFOUEHHOM NMTUTAHWUU HEJIb3sI COSTUHATD WU OTCOSIUHSATH nuteid RS232.

[Tocne BkIOYEHUS KOHTPOJUIEP MEPEXOAMUT B COCTOSHUE OKUAAHUE BBOJAA Mosb3oBaTensd. Eciu B
TEYCHHUEC HCECKOJIBKHUX CCKYHI IIOJB30BATCIIb HC MPCPBET OKHUAAHHA, TO KOHTPOJIJICP 3aIllyCTUT Ha
WCIIOJIHEHUE TOJIb30BATENbCKYI0 MporpaMMmy. Ecim mporpaMMbl B ITaMATH KOHTPOJUIEPA HET, TO
MOBEJICHUE CTEHJ1a HeolpeaesieHHO. Bo BpeMst o)xujaHus KOHTpOJUIEp IepeaeT TaiiMep 0OpaTHOTrO
oTcUeTa B IOCJIEI0BATENbHbIN KaHal. [ mpepbiBaHUSA 0’KUAHUS I0JIB30BATEI0 HAJ0 Mepenarhb
Kakue-HUOyIb TaHHBbIe KOHTposuiepy. st 3TOro Bo BpeMsi HaXOXKIACHUS B TEPMHUHAJIE JIOCTATOYHO
Ha)kaTh JII00YI0 KJIaBUIILYy Ha KiaBuatype. Ee ko OyaeT oTmpasiieH 1O MMocae10BaTeIbHOMY KaHaTy
u koHTpoiep SDK-5.0 npepser cBoe oxuaaHue.



[Tpu3HakoM OKOHYAHMS OXHMIAHMS SBISETCS IepeAada B TEPMUHAI KOHTPOJUIEPOM CHMBOJIA
nBoerounsi. [locime 3TOro KOHTpOJIEp T'OTOB MPHHSATH IOJB30BAaTENbCKYIO mporpammy. s ee
nepenaun B HyperTerminal cnexyer Bocmosib3oBatbesi ¢yHkuumeit “Ilepemaua—OtnpaButh
TEKCTOBBIN (aiin...”. YkaxuTe B OTKpbIBIIeMCs: OkHE hex-¢aitn «sample.hex». [Tocne okoHyanus
npreMa KOHTPOJUIEp BBIBEAET B TEPMHHAT CHMBOJI 3aKpBIBAIOLICH CKOOKM U 3aIyCTHUT
H0JIb30BATENbCKYIO IIPOrpaMMy Ha ucnosHeHue. Eciu 3a Bpems nepenauu ¢aitna He ObUI0 HUKAKUX
OLMOO0K, TO B TEPMUHAJIE IOSIBUTCS CTPOKA U3 ABYX CUMBOJIOB «:)». Eciu 3arpyxaemasi nporpamMma
comepxana B cebe ganueie EEPROM, To mocne mporpammupoBaHusi OHa He 3amyckaercs. Jlis
3allycKa MporpamMMmsl cilenyeT neperpy3utb cresa. Ilpu cienyromem crtapre cTeHA 3allyCTHT Ha
UCTIOJIHEHUE TIOCIETHIO TMEpeJaHHyl0 €My TporpaMMmy, €ciu He OyaeT mpepBaH s
IPOTPaMMHUPOBAHUS IPYTOil IPOrPaMMBbI.

[TporpammMa-TepMuHan HeoOXoauMa TOJBKO Ui MPOTPAMMHUPOBAHHS — IOJIb30BATEIILCKOM
nporpaMmel. ljig paboThI CTEH/1a OHA HE SBJSIETCSI HEOOXOAUMOIA.

Jlemoncmpayuonnasn npozpamma

Tect mpennazHaueH [uisi mpoBepku mepudepuitHbix ycTpoiicTB kKoHTposuiepa SDK-5.0. B Tecte
npoBepsieTcsi paboTa CBETOAMOa, CEMUCEITMEHTHOTO MHJWKATOpa, KHOMOYHOM KiaBuaTypsl, DIP-
NepeKIIouaTeNneil, 3ByKou3ydaresi, Iocae10BaTeNbHOro KaHana, ycrpoiicts [12C (Tepmonatunka u
YacOB PEaIbHOTO BPEMEHN).

Tect 3amyckaercsi aBTOMAaTHUYECKHU TIPH 3aITyCKe (Tepe3arycke) KouTposuiepa. OcoOCHHOCTH TecTa:

1. npu crapTe KOHTPOJUIEP JOJKEH MOIaTh CUTHAJ 3BYKOU3IIy4aTelieM;

2. CBETOAMOJ IOJDKEH MOPTaTh MPUMEPHO J[Ba pa3a B CEKYHIY BCE BpeMs paOOTHI;

3. eciu KOHTPOJUIep NMPUHSUI 6€3 OMUOOK OANH OANT MO MOoCcIe10BaTeIbHOMY KaHaly, OH MULIUT
3BYKOHM3IIy4aTeIeM U BO3BpaIaeT 3TOT ke O0aiT (echo). [TocnemoBarenbHbIN KaHAT JOKEH
OBITH HACTPOEH C TAaKMMH K€ MapaMeTpaMu, KaKue HCIONB3YIOTCS MpU IPOrpaMMUPOBaHUN
CTEHJIa BCTPOCHHBIM 3arpy34MKOM;

4. B 3aBHUCHUMOCTH OT cocTossHus DIP-nepexirouareneit Ha ceMHUCEerMEHTHBIA UHIUKATOP MOTYT
OBITH BBIBEJICHBI JAHHBIC OT PA3JIMYHBIX YCTPOUCTB:

a. ecnu nepexiroyatenb 1 yctanosieH B ON, a ocransubie B OFF, Ha cemucermMeHTHBIN
WHIUKATOP BBIBOJATCS JIAHHBIE O COCTOSIHUU KJIaBUATYPHI: 1, €CITU COOTBETCTBYIOIIAS
KHOIIKa Ha)karta, nHaue 0;

b. ecnu mepexmouarens 2 ycranoBieH B ON, a ocranphbie B OFF, mpoussomutcs
TECTUPOBAHUE TOCIIEIOBATEIbHOIO KaHaja: Ha CEMUCEIMEHTHBIM HMHAUKATOp
BBIBOJIMTCS 3HAUEHHUE MOCJIETHETO MPaBUIIHHO MPUHATOTO Oaiita. Eciu erie He MpUHSAT
HU OAWH OalT, Ha CEMHCErMEHTHOM WHJIUKATOpe HUYEero He oToOpaxkaercs. Ilpu
omuOKe BMECTO 3HAYEHUsS Ha CEMHUCETMEHTHOM WHIUKATOpPE OTOOpPaKarOTCs
MIPOYEPKU;

C. ecuu nepexiroyarens 3 yctaHoBlieH B ON, a ocranbabie B OFF, Ha cemucerMeHTHOM
WHIUKATOPE OTOOpaKaeTcsl JCCITUYHOE 3HAYCHHE TeMIIepaTyphl, MOJYYEHHOE OT
TepMmoaatuuka. [Ipu ommbke BMeCTo 3HaUEHHUsI 0TOOPAKAIOTCS MPOUYCPKH;

d. ecnmu mepexmtouarens 4 ycraHoBieH B ON, a ocranpabie B OFF, mpousBomutcs
TECTUPOBAHUE YAacOB pEATbHOTO BpEeMEHH: OToOpaxaercs BpeMs B ¢dopmare



"MM.CC". 3nayeHue 4acoB OOHYISIETCS MPU KKIOM CTapTe KOHTposuiepa. [lpu
OlIMOKe BMECTO 3HAUYEHUS OTOOPakKAIOTCs IPOUEPKH;

€. npu apyrux nosioxeHusx DIP-niepeknrouareneid Ha CEMHUCETMEHTHBIA WHIMKATOD
HUYETO HE BBIBOJUTCS.

Tema 2. IIpocTeiilnas mporpamma.

Pabora B cpene pazpadorku MPLAB

Llenbro paboThI ABISETCA 3HAKOMCTBO C S3bIKOM ITPOIPaMMHUPOBAHUS, KOMIWIALUS IPOTrPAMMBI,
3anMch IPOrpaMMBbl B IaMSTh CTEHA.

Ilpozpammuposanue cmenda SDK-5.0

JlaHHBI KOMIUIEKC MPaKTUYECKHX PadOT MpelHa3HAauyeH [Js O3HAKOMIICHHUS C apXUTEKTypoil H
cucremoit komang RISC mpormeccopoB (Ha mpumepe mukpomnporieccopa PIC18F458). Haubonee
MOJIHO U3YYUTh OCOOEHHOCTH MPOIIECCOPa, MOKHO MPOTPAMMHUPYSI TOJIBKO Ha SI3bIKE HU3KOTO YPOBHSI.
[ToaTomy mabopatopHbie pabOTHI BHITOIHAIOTCA Ha si3bIKke AccemOIep.

VYuebnbiii mabopatopubiii kommieke SDK-5.0 mpezacraBisier co00ii MUKPOIIPOIECCOPHBIA CTEH]
SDK-5.0, moIkII04eHHBIH K TIEPCOHAILHOMY KOMIIbIOTEpYy 4epe3 uarepdeiic RS232C (COM-nopt
[IK). Creng SDK-5.0 moctpoen na 6a3e mukponpoueccopa PIC18F458 u umeer B cBoeM cocTaBe
pa3HoOOpa3HbIe YCTPONCTBA, MpeIHA3HAYCHHBIC IS BBOJA, 0OpabOTKM M BBIBOJA WH(GOPMAIIUU B
udposoM u aHanorooM Buze. Ctenn SDK-5.0 moxer paboraTh MosiHOCTBIO aBTOHOMHO OT [1K.

KpaTkoe onucanne MUKpOKOHTpOJILIEpa:

e mporpammHuas namate 32 K6 (Flash)

e mamAaTh JaHHBIX 1536 Oaiit (SRAM)

e EEPROM 256 Gaiir

e 4 Tailmepa/cueTumnka

e SPI,12C, USART

e 10-OuTHblit aHanoro-1MdpoBoii npeodbpazoBaresb (8 KaHAIOB)
e  aHAJIOTOBBIN KoMIaparop (2)

[Tepudepuiinsie ycTpoiicTsa:

e Yacel peanbHOTO BpEMEHHU

e TepmonaTuyuk

e 3ByKOM3IyYaTeib

e 4 BOCBMHCETMEHTHBIX MHJIUKATOPA
e 4 KHONKH

e DIP-nepekmtoyarens
Cpeocmea papadomku npozpamm.
Ectb nBa (kak MUHUMYM) crioco0a HalyMcaHusl ¥ KOMITUJISIIUY IIPOTpamMM ISl CTEHa.

1. [lns BeINoNHEHHUS 1aOOpaTOpHBIX padOT ya00HO MCHob30BaTh cpeny paspadborku MPLAB IDE
¢dbupmbl Microchip.
1.1. Coznatpb HOBBIH mpoekT (MeHto Project->Project Wizard).



1.2. Ha nmepBom miare BeiOpath yctporictBo PIC18F458.

1.3. Ha BTtopom mare BbIOpaTh s3bIK pa3paboTku Microchip MPASM Toolsuite. (ecnu
HE00X0UMO yKa3aThb IIyTh K KOMITWIATOPY “...\MPLAB
IDE\MCHIP_Tools\mpasmwin.exe”)

1.4. Ha tperbeM Liare yka3zaTh UMS IPOEKTA U MAIKY AJI IPOEKTA.

1.5. Ha yeTBepTOM I1are MO>KHO JO00ABUTh K IIPOSKTY CYIIECTBYIOIIHE (Pailiibl.

1.6. lns mobasienust HOBOro (aiia HeoOX0IUMO BBITOJHUTE KoMaHay Project-> Add new file to
project

JloGaBuTh (hailil K MPOEKTY MOKHO B JIFO0OOM MOMEHT, JUISl 3TOTO HY>KHO IIEIKHYThH [IPaBOi

KJIABHILIEH MBIIIM B OKHE IPOEKTa Ha HY>KHOU rpymre (aiiioB 1 B BBINAaBIIEM MEHIO BHIOpaTh «Add
files».

[Tocre TOro Kak K MpOeKTy OyIeT MOIKII0YCH (MIIH CO3/1aH 3aHOBO) (ailyl ¢ TEKCTOM
POTPaMMBI €€ MOKHO CKOMIMIMPOBaTh (rmoinyunts HEX-daiin).

Jis koMnumsiiue mporpaMMbl Hy)kHO HaxkaTh F10 (Ctrl+F10) unu Bocronb30BaThCsl IyHKTOM MEHIO
Project->Make (Project->Build All).

2. Jlpyroii BapuaHT HaIlMCAHHUsI U KOMIWISLUU IPOrPAMMBI COCTOUT B TOM, YTO TEKCT IPOrPAMMBI
HHIIETCS B JIIOOOM HPOCTOM TEKCTOBOM pelakTope (Hampumep, BIOKHOT). A KOMIWIISIHS
npou3BoauTcs "BpyuHyio" ¢ momombio nporpamMbl MPASMWIN.EXE. 910 okonnoe Windows-
HPUIOKEHHE TTO3BOJISIONIESE 331aTh MapaMeTPbl KOMIMIISIIMU IPOTPAMMBI.

Jnsg Ttoro 4roObl 3amMcaTh MpPOrpaMMy B IaMATh CTEHAA MOXXHO HCIOJIB30BaTh JIHOOYIO
TEpMUHAIIbHYIO TIporpaMmy, Haripumep HyperTerminal. HacTpoiika 3Toi mporpaMmsl aiist paboThl co
CTEHIOM IIPUBEJICHA B PyKOBOJCTBE I10JIb30BATENS.

[Tocne BKIIOUEHUS NMUTAHUS CTEHJ HAYMHACT HCIOIHATH CIELMAIBHYIO IPOrpaMMy-3arpys3uuk,
PacloJIOKEHHYI0 B Haydajle MPOrpaMMHON MaMsATH. JTa IporpaMMa INpeaHa3HaueHa JUlsl 3alliCU B
namsITh CTeHJ1a MOJIb30BaTeNbCKuX mporpamm (uepes unrepgeric RS232C). Ilocne crapra 3arpy3uuk
B TeUeHME 4 CEKyHJ OXKMIAeT BBOJA MPOrpPaMMBbI IOJIb30BaTeNsl. Eciau ke 3a 3TO BpeMs MONBITKH
3arpy3uTh MporpamMmy He ObUIO, yIpaBi€HHE INepefaeTcs MOCielHeNd 3arpyKeHHOW B CTEH]
MOJIB30BATEIBCKOM ITpOrpaMMme.

Ilpocmenimasn npozpamma.

[Tpocreiimas nporpamma juig crenaa SDK-5.0 umeer caenyromnuii Bua:
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LIST P=PIC18F458 ;nupextuBa onpeaeacHus nporeccopa
#include <P18F458.INC> ;Bkmtouenue (aiina ¢ onpeaeieHusIMU UMEH PEerHCTPOB MPoIieccopa
ORG 0x0200 ;mporpamma AOJIKHA pacroiaraTbCst

;B mamsatu ¢ aapeca 0x0200 (mocne 3arpy3unka)



bef RCON, IPEN ;0TKIIOYMTH MPUOPHUTETHI TPEPHIBAHUMA

bef INTCON, GIE ;3anpetuts Bce mpepbIBaHUS

movlw 'H' ;nepenaBaemblii CHMBOI

movwf TXREG ;3anucats ero B peructp TXREG (nauats nepenadvy)
btfss PIR1, TXIF ;mpoBeputs coctosinue Oydepa nepenauu

bra $-2 ;ecau oH He MYCT - KAaTh OCBOOOXKICHHUS

movlw '1' ;nepenaBaemMblii CHMBOJT

movwf TXREG ;3ammcars ero B peructp TXREG (Hauath nepenauy)
btfss PIR1, TXIF ;mpoBeputs coctosiare Oydepa nepenadn

bra $-2 ;eciu on He MYCT - XAaTh OCBOOOXKICHHS

movlw "' ;mepenaBaeMblii CUMBOJI

movwf TXREG ;3anucats ero B peructp TXREG (HauaTth nepenauy)
bra $ ;0ecKOHEUHBIN LUK

END ;koHer] TekcTa mporpamMMbl
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[IporpamMma mepenaer B mocienoBaTeNbHbI MopT cTpoky “Hi!” u 3aTemM BXOIUT B OECKOHEUHBIH
OHKII. Tak xak CTCH/J HC HAXOAUTCA IOJ YIIPaBJICHUCM OHCpaHHOHHOfI CHUCTEMBI, TO HpOCTOfI BBIXO/
U3 MPOrpaMMBbl MPUBEJET K HEKOHTPOJIUPYEMON BBIOOPKE KOMaH]I MUKPOIIPOLIECCOPOM U3 MaMSTH,
YTO MOXKET NPUBECTU K HEIKECIATCIbHBIM IMOCICACTBUAM U JAXKE BbBIXOAY CTCHAA U3 CTPOS. HOSTOMY
PEKOMEHIyeTCsl BCE TIporpaMMBbl MO0 3aBepIiaTh OECKOHEUYHBIM ITUKIIOM, JIMOO CTPOUTH UX TaKUM
00pa3oMm, 4TOOBI OHH paboTaIN MO OECKOHEYHOMY aITrOPUTMY.

PesynpTar palGoThl mporpamMmbl Oy[eT BHJACH B OKHE TEPMHHAJIBHOM MPOTrpaMMBbl, KOTOpas
MCII0JIb30BaIach JUIsl 3alIMCH IPOTPAMMBI B IAMSTh CTEHA.

Tema 3. [IpocTeiimasi nporpamma.

Llenbio paboTHI ABJsIETCS HAMMCAHUE MTPOCTENIIeH MporpaMMBbl Ha sI3bIKe acceMOuIep, peaan3youei
yIIpaBJIeHUE CBETOIMOTHBIM HHIUKaTopoM Ha cTeHae SDK 5.0. 3HakoMCTBO ¢ MEXaHU3MOM
npepbiBaHui. M3yuenne qokyMeHTalMu OT MPOU3BOAUTEN Ha MUKpOoKoHTposutep PIC18.

Obwue ceedenus.

AJTY mukpokontposiepoB PICMICRO naunHaet BbIOOpKY KOMaH 1 Ha BBHITIOJHEHNE HAYMHAS C
aapeca 0X00 B mamsTH. DTOT aJipec Ha3bIBae€TCs BEKTOPOM cOpoca, T.€. aApeCcOM B NMaMATH
porpaMM Ky/ia IepeBOIUTCS CYETYMK KOMaH/ IpU cOpoce MUKPOKOHTposiepa. Bekrop
npephIBaHMi (apec B TaMsTH IPOTPaMM KyJla TIEPEBOUTCS CUETYNK KOMaH/I TP BO3HUKHOBEHUH
npepbiBaHus) pacnosoxeH 1o aapecy 0X08. [Tockonbky maboparophslii ctenr SDK 5.0 cogepxxur
BCTPOECHHBIN 3arpy34MK, KOTOPBIM pacrnojaraercs B Auana3zone aapecos oT 0X00 mo 0x200, To
BEKTOpHI cOpoca u mpepriBanuil cMematorest Ha 200, T.e. BekTop cOpoca 6yner 0X200, a BeKTOp
npepbiBanuii 0X208. 310 He0OX0IMMO YUUTHIBATh MPU HAITMCAHUU CBOUX MPOIPAMM.



Hecobmoaenne aTux TpeOboBaHUN MPUBEAET K Mepe3anicy 001acTH JaHHBIX CO BCTPOCHHBIM
3arpy34MKOM M BBIXOJIOM CTEH/Ia U3 CTPOS.
Jl1g ykazaHus HHTEPIPETATOPY ajpeca MaMaTh HauMHas ¢ KOTOPOro pa3MelaeTcs mporpaMma
ucnonp3yercs aupektuBa ORG. Hanpumep “ORG 0x200” nepen HadaaoM MporpaMMbl YKa3bIBacT
MHTEPIIPETATOPY HA pa3MELICHUE HUKECIIEAYOIel TporpaMMbl HaunHast ¢ aapeca 0X200 B mamsitu
KOMaH/I.
Ilocmanoeka 3a0auu
3amaueit JaHHOW MPAaKTHYECKOW pabOoThI SBISCTCS HAMMCAHUE TIPOTPAMMBI, PEATU3YIOIICH
MEPUOANYECKOE MUTAHUE CBETOMOIOM, pactonoxeHHoM Ha crerie SDK 5.0 (3eneHsiii cBeToanon
B BEPXHEM IIPABOM YTIIy).
Bxoonvie oannvie
Jlns peanuzanuu 3Tol 3aa4u He0OX0IMMO 3HATh CIIEIYIOIINE aCIIEKThI:

1. ®opmaTsl perucTpoB KOH(MUTYpAITHH

2. K xakomy BbIBOJY KOHTPOJIJIEpa MOJIKIIIOUEH CBETOIUO]T
Hcmounuku ungpopmayuu

1. JloxymenTanus k Mukpokontposuiepy PIC18FXX2 manual.pdf
Jns perenus 3agaun OyIyT 3afeiicTBOBaH nepudepuiiueiii Moaynb taitmepa TMRO.
KondurypupoBanue KOHTpoJuiepa MPOU3BOAUTCS ITYTEM YCTAHOBKH COOTBETCTBYIOIINX OMTOB B
perucTpax KoHGUrypauu. J{Jst BEIOTHEHUS TaHHOTO 331aHus OyIyT 3a7eiCTBOBAHbI CIIEIYIOIINE
PErucTphl KOHTPOJLIepa:

e INTCON
e TRISB

e PORTB
e TOCON
e TMROL

3adanue 013 camocmoamenvHou padbomaol

1. Hcnonb3yst JOKyMEHTAIMIO Ha KOHTPOJUIEP U3yYUTh HA3HAYEHUE PETUCTPOB KOH(UTYpAITIH
U OUTOB KOH(UTypaIHH.
2. CKOMIWIMPOBATH MIPOTPaMMYy, TPEICTABICHHYIO HU)KE U 3arPY3UTh €€ B KOHTPOJLIED.
3. MoaudunupoBars IporpaMMy, U3MEHHUB BpeMsl B T€UEHHUE KOTOPOT0 FOPUT CBETOAMO/]
(M3MEHUTH YaCTOTY MUTAHUS)

LEDCON equ 0x00

LEDONOFF equ 0x01

LIST P=PIC18F458

#include <P18F458.INC>

ORG 0x0200

goto START

ORG 0x208

btfsc INTCON, TMROIF

call TMRINTSERVICE, 1

retfie

START:

bcf RCON, IPEN

clrf INTCON

bsf INTCON, TMROIE

bsf INTCON, GIE

clrf LEDCON

clrf PORTB



movIw 0x00
movwf TRISB
call LEDON, 1
bra $
LEDON:
bsf PORTB, RB4
bsf LEDCON, LEDONOFF
bcf TOCON, TMROON
clrf TMROL
movIw 0x82
movwf TOCON
return 1
LEDOFF:
bcf PORTB, RB4
bcf LEDCON, LEDONOFF
bcf TOCON, TMROON
clrf TMROL
movIw 0x85
movwf TOCON
return 1
TMRINTSERVICE:
bcf INTCON, TMROIF
btfss LEDCON, LEDONOFF
goto ON
goto OFF
ON:
call LEDON, 1
goto ENDONOFF
OFF:
call LEDOFF, 1
ENDONOFF:
return 1
END
IHloacnuenusa Kk Kooy npozpammol
B Hauanie nporpaMMbl 00BSBIISIOTCSI CHMBOJIMUECKHE KOHCTAHTHI a/pecaM B MaMATH JaHHbIX:
LEDCON equ 0x00
LEDONOFF equ 0x01
Peructp LEDCON Oyzet npeaHa3HadeH Ui KOHQUTypUpOBaHUs CBETOANOAA. JJaHHBIN peructp
Oyznet copepxkarb ToJIbKo ouH (ar (out konpurypaunn) LEDONOFF kotopslii oTpakaer
TeKylee cocrosiuue ceeroauona (1 — ropur, 0 — He TOPUT).
Jlanee nponucana JupeKTHBA, MOAKIIOYAONIAs MOIYJIb C CHMBOJIMYECKMMH KOHCTaHTaMH,
cneunuyabMH U1 MUKpokoHTposuiepa PIC18F458. daiin P18F458.INC coaepxut omnpeeneHue
CHMBOJIMYECKUX KOHCTAHT JJISA aapecoB peructpoB. Haiinure stot daitn B katanore MP LAB u
U3YYHTE €TO.
LIST P=PIC18F458
#include <P18F458.INC>
[Tporpamma cocTouT 13 OJI0KOB:
e START — MmeTka nepexosa npu crapTe KOHTpoOJUIEepa
e LEDON — nognporpamMmMa BKJIIOUEHHUS CBETOIMO]IA



e LEDOFF — nmonmporpamma BEIKJIIOUEHHSI CBETOUOA
e TMRINTSERVICE — noanporpamMmma o0cny>KHBaHUS PEPhIBAaHUI
PaccmoTtpum noanporpammy LEDON.
LEDON: ;CumBoanyeckas MeTKa
bsf PORTB, RB4 ;Ycranoska 6uta RB4 nmopra PORTB
bsf LEDCON, LEDONOFF ;¥YcranoBka outa LEDONOFF peructpa LEDCON
bcf TOCON, TMROON ;Beikirouenue taiimepa TMRO
clrf TMROL ;Ouncrtka cuerunka taiimepa
movlw 0x82 ;3ammce koHpurypanuu raiimepa TMROL B pabounii peructp (aKKyMyIistop)
movwf TOCON ;ITepechuika koHdurypamuu Taiimepa TMRO u3 pabodero perucrpa B perucTp
TOCON
return 1 ;Bo3Bpar u3 noanporpaMmal
MuxkpokonTtposep PIC18 comepuT nsaTh MOPTOB BBOJ1a/BHIBOIA!

e PORTA
e PORTB
e PORTC
e PORTD
e PORTE

Kanaier moptoB (BbIBOABI KOHTposiepa) ooo3HavaroTcss RBO-RB7 nns PORTB u cooTBeTCTBEHHO
Uit Apyrux  moptoB. Ceerommon moakimioveH K BeiBogy RB4 mopra PORTB. B manno#t
MOJAMPOrpaMMe 3aKUTaeTCs CBETOAMOJ MyTeM yctaHoBku Outa RB4 perucrpa PORTB. 3arem
KOH(Urypupyercst 1 Birodaercs taiimep TMRO. B KoHIIe TPOMCXOIUT BBIXO U3 MOANIPOrPAMMBI U
BO3BpaT B OCHOBHYIO IIPOTPAMMY.
OOparute BHUMaHWE, YTO MOCJE BBI30BA MOANPOrPAMMEI IIPOUCXOANT 3aUKIMBAHNE TPOTPAMMBI.
91O AeitaeTcsa KOMaHIOMH:
bra $
Komanna «bra» mpemHa3HadeHa [uiss 0€3ycJIOBHOTO mepexoaa. MeTka «$» sIBISCTCS CChUIKOW Ha
aZpec TeKylled KOMaHIbl, T.e. (AKTHUECKH TPOUCXOAMUT 3alMKIMBAaHUE TporpaMmsel. Bce
IPOTPaMMBI, pa3pabaThiBaeMbIe JJIsi MUKPOKOHTPOJIJIEPOB JOJKHBI UMETh 3aMKHYTHIH ITUKI PaboTHI,
4yTOOBI HE MPOUCXOAMIIO MPOU3BOJIBHOIO BBIOOpPA KOMAHJ M3 MaMATH. DTO MOMKET MPHUBECTH K
HETIPE/ICKa3yeMbIM pe3yJIbTaTaM WIIH BBIXOTy KOHTPOJUIEPA U MEPU(PEPUITHBIX YCTPOHCTB U3 CTPOSL.
[Tpu nepenonnenun cuyerunka Taiimepa TMRO mpoucxonuT mpepbiBaHME U MEPEXOJ K BEKTOPY
npepsiBanmii 0X208:
ORG 0x208
btfsc INTCON, TMROIF ;IIposepka ¢iara TMROIF peructpa INTCON
call TMRINTSERVICE, 1 ;Bsi30B 00paboTunka npepsiBaHuit
retfie ;Bo3Bpar k OCHOBHOI IIporpamMmMe
[Tpr BO3HMKHOBEHUU INpEpPHIBAHUS YCTaHABIMBAECTCS COOTBETCTBYROIMH duiar. [locnenoBarenbHO
TpoBeEPsisi 3TU (piaru, BEIACHSAETCS KaKoe MMEHHO MTPEephIBaHIE TIPOU30IIIO, ¥ IPUHIUMAETCS PEIICHHE
0 BBI30BE MIPOTrpaMMbl 00CTYKHMBAIOILEH pephIBaHuUE.
Omuem no npakmuyecKkoi pabome:
Bsepxy nepsoii cmpanuywvl ykazams pamunuy ucnoaHumenel u Homep 2pynnol.
OTueT MOIKEH Coiep KaTh OTBETHI HA CIIETYIOIIIE BOIPOCHL:

1. Ha3naueHue perucTpoB, UCIOJIb3YEMbIX B IPOrpaMMe M Ha3HaYeHHEe OUTOB PETUCTPOB;

2. Ha3nadeHume KOMaHJI, HCIIOJIb3YEMBIX ISl HAIUCAHUSI TPOTPAMMBI;

3. Kakum oOpa3om OblTa M3MEHEHa 4YacTOTa MHTaHHs CBETOAMOMAA, YKa3aTh KOH(UIyparus

KaKHX PETUCTPOB ObLIa M3MEHEHA IS ATOTO.

Tema 4.



[TpakTuueckas padota Ne 4.

CeMHCErMeHTHBIA HHANKATOP.

Llenpro paboOTHI SBIISETCA HANMMCAHUE IPOrPaMMBI Ha sI3bIKE acceMOuep, peaan3yromeil yrpasieHue
CeMHCerMeHTHbIM uHAMKaTopoM Ha creHae SDK  5.0. OroGpaxenune OykBeHHO-IHM(POBOIL
uHopmanmu. [IpuHIMI TOCTpOCHNS H300paKEHHST HA HECKOJIBKUX CEMHUCETMEHTBIX WHINKATOPaX.
Obwue ceedenus.

CeMHCerMeHTHBIN MHIMKATOP, KaK TOBOPHUT €r0 Ha3BaHWE,
COCTOMT W3 CEMHU DIIEMEHTOB HHIUKALMU (CErMEHTOB),
BKJIIOYAIOIIMXCS M BBIKIIOYAIOMIUXCS MO  OTJACIBHOCTH.
Bxmroyas ux B Pa3HbIX KOM6I/IH21L[I/IHX, U3 HHUX MOXHO
COCTaBUTH YINPOIIEHHBIE H300paXkeHUs1 apaOckux mudp.
W3penka Ha CEeMHCErMEHTHOM HHIHMKATOPE OTOOpPa)XaroT

™ )
g

2N
B
X@X OYKBBI.
CermenTtsl ob6o3HavaroTcsi OykBamu oT A 10 G; BOCEMOI
E C CEeTMEHT — JICCATHUYHAs TO4YKa, UMeEroIas Ha3BaHnue DP
A V4 (digital point), mnpemHa3HAYCHHAS JUISI OTOOPAKEHUS
@ JPOOHBIX YHUCEIL.

B 00BIYHOM CBETOAMOIHOM HHIUKATOPE JIEBATH BHIBOIOB:
oIuH MAET K KatogaM (MHHYCY) BCEX CETrMEHTOB, U
ocTajJbHble BOCEMb — K aHOAy (IUIIOCY) KaXKJIO0ro Wu3
CErMEHTOB. JTa CXeMa Ha3bIBACTCS «CXEeMa C OOIIUM KaToI0M», CYLECTBYIOT TAaKXKe CXEMBbI C O0IIHUM
aHOJIOM.
MHoropa3psiiHble WHAMKATOpbl 4YacTO YCTPOEHbI IO MaTpUYHOMY MpUHLUIY. BbIBOIBI Beex
OJIHOMMEHHBIX CETMEHTOB BCEX pa3psAloB COEAMHEHbI BMecTe. YTOOB! BBIBOJUTH MH(POPMALIUIO Ha
TaKOM HMHIUKATOpP, YNPABISIOMAS MHUKPOCXEMa JOJDKHA LUKIMYECKH IoJaBaTh TOK Ha oOuIue
BBIBOIBI BCEX Pa3psI0B, B TO BPeMs KaK Ha BBIBOJIBI CETMEHTOB TOK MOJAETCS B 3aBUCIMOCTH OT TOTO,
30KEH JM  JaHHBIA CEerMEHT B JIaHHOM paspsange. Takum o0pa3oM, 4YTOOBI MOJYYUThH
JEeCATUPA3PATHBIA IKpaH MUKPOKAIbKYJSATOPA, HY>KHbI BCETO BOCEMHA/IaTh BHIBOJIOB (8 aHOJOB U
10 xatomoB) — a He 81.
Ilocmanoeka 3a0auu
3anaueil JaHHOM MPaKTUYeCKOi paboThI ABJISIETCS HATUCAHUE NTPOrPaMM, PEATHU3YIOIINX CIIEIYIOLIHIe
GyHKIMY:

1. Otobpaxenue mupp or 0 o 9 u 6ykB A, B, C, D, E, F Ha kaxaoM M3 dYeTbIpex
CEMHCETMEHTHBIX HMHJIMUKATOPOB. [l IeMOHCTpanuu — IMOKa3aTh OJUH M3 CHMBOJIOB Ha
CEeMHMCErMEHTHOM MHJIMKAaTOPE COOTBETCTBYIOIIEM BapHaHTY CTYJICHTA.

2. TlocnemoBarenbHO OTOOpa3uTh PPl oT 0 M0 9 HA CEMHCErMEHTHOM WHIUKATOpe
COOTBETCTBYIOIIEM BapHaHTy cTy/JeHTa. [lociie oToOpaxeHus mudp Takxe MoCIeJ0BaTEIbHO
oroOpa3uts natuHckue OykBel A, B, C, D, E, F. Jloiins 1o OyKBBI COOTBETCBYIOIIEH BapHAHTY
CTyJEHTa — NEPEBECTH WHAUKATOP B peXUM MUTaHUS.
Pacnipenenenue BapuaHToOB:

a. 1 Bapmant — unaukarop Ne 1, Oyksa «C»
b. 2 Bapumant — unaukarop Ne 2, 6yksa «D»
c. 3 BapuaHT — unaukarop Ne 3, 6ykBa «E»
d. 4 Bapuant — unmukarop Ne 4, Oyksa «F»

3. OroOpakeHHE Ha YEThIPEX CEMUCETMEHTHIX MHIMKATOpax Kakoro-audo ClioBa WM YHCIA.
Jlns nepexiioueHus: Mex 1y HHANKATOpaMH UcIonib3oBath Taitmep TMRI1. Anroputm paboTsl
IPOTPaMMBbI CIE YOI

a. Oto0pa3uTh CUMBOJ Ha IEPBOM WHIUKATOPE



BbInoaHUTh 3a1epKKy IPH IOMOIIM TalMepa
BBIKTI0YNTH IEPBBINA UHIUKATOP
OT100pa3uTh CUMBOJI HA BTOPOM HHIUKATOPE
BbInmomHUTh 331€p KKy MPH MOMOIIU TaiiMepa
U takum xe 00pa3oM B IUKJIIE ISl BCEX UHAMKATOPOB.
4, PeanmyI/ITe 3anepxkKy npu oMoty Taiimepa TMRO u cpaBHHTE pe3ysIbTaTh
Bxoonvie oannvie
s peanuzanuu 3Tol 3aauu HEOOX0IMMO 3HATh CIEIYIOLINE ACTIEKThI:
3. ®opmarsl perucTpoB KOHPUTYpALIH
4. K xakoMy BBIBOAY KOHTPOJLIEPA MOJKIIOUEHBI BHIBO/IBI CEMUCETMEHTBIX MHIUKATOPOB:
a. Karonx manukaropa 1 moaximouer k BeiBoxy RAS mopra PORTA
b. Karon unaukartopa 2 moakiarodeH K BeiBoay REOQ mopra PORTE
c. Karon unnukaropa 3 nmoaxitouer k BeiBogy RE1 mopra PORTE
d. Karox unaukaropa 4 nmoakitoucH kK BeiBoay RE2 mopra PORTE
€. AHOIBI cerMeHTOB NoKI0oueHb! K BeiBogaM RDO — RD7 mopra PORTD
Hcmounuku ungpopmayuu
2. Jlokymenranus kK MukpokoHTposuiepy PIC18FXX2 manual.pdf
Huxe npuBezieH npumep mporpaMMbl KOTOpast pealiu3yeT MocieI0BaTeNIbHO OToOpaskeHue udp ot
1 10 3 u mepexo. B peKUM MHUTaHHSI 110 TOCTHYKEHUIO 3a1anHoN udpel. Heobxomumo
Mo (UIIPOBATH IPOTPAMMY JIJIsl BBIIIOJIHEHUA 3aaHuil 1 u 2.
INPUT equ Ox4F
LIST P=PIC18F458
#include <P18F458.INC>
ORG 0x0200
goto START
START:
clrf TRISE
clrf PORTE
clrf TRISD
clrf PORTD
bsf PORTE, RE2
call do, 1
call wait, 1
call di, 1
call wait, 1
call d2, 1
call wait, 1
call d3, 1
call wait, 1
goto START
bra $
do:
moviw 0x3F
movwf PORTD
return 0
di:
movlw 0x06
movwf PORTD
return 0

N



d2:

movlw 0x5B

movwf PORTD

return 0

da:

moviw 0x4F

movwf PORTD

return 0

wait:

movff LATD, WREG
xorlw INPUT

btfsc STATUS, Z

goto lighting

clrf INTCON

moviw 0x04

movwf TOCON

bsf TOCON, TMROON
btfss INTCON, TMROIF
bra $-1

bcf TOCON, TMROON
goto endwaiting
lighting:

clrf INTCON

clrf TMROL

btfss LATE, RE2

goto ON

goto OFF

ON:

moviw 0x84

movwf TOCON

btfss INTCON, TMROIF
bra $-1

bsf LATE, RE2

bcf TOCON, TMROON
goto lighting

OFF:

moviw 0x84

movwf TOCON

btfss INTCON, TMROIF
bra $-1

bcf LATE, RE2

bcf TOCON, TMROON
goto lighting
endwaiting:

return 1

END

[Tpumep peanuzanuu 3aaep KKy npu nomouu taiimepa TMR1:
wait:

bcf PIR1, TMR1IF



movlw OxFF

movwf TMR1L

moviw O0xFO

movwf TMR1H

moviw 0xBO0

movwf TICON

bsf TLCON, TMR10ON

cycle:

btfss PIR1, TMR1IF

goto cycle

bcf TICON, TMR10ON

return 1

ITpokOMMEHTHpYIITE B OTUETE pa3HUILY B UcOIb30BaHuU TaiiMepoB TMRO u TMR1
Tema 5.

Hcnonb3ys 3HaHUs, OJYyYEHHBIE B XO/I€ BBIIOJIHEHUS IIpeIblayIlel 1abopaTopHOi paboThl clienaTh
661"}711_[}/1-0 CTPOKY Ha YCThIPEX CCMUCCIMCHTHBIX HHAUKATOPAX U3 YCTBIPEX 6y1(B
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