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1. Uenb pabotbl. [prvobpeTeHne npakTUYECKUX HaBbIKOB MO
CO34aHuI0  yrnpaBnsowWwen nporpammbl  Ans MukpokoHTponnepa (MK)
PIC16F628A Ha s3blke accembnepa.

2.  Kpatkue cBegeHusi 3 Teopun.

Cospganue nporpammbl Anst MK coctonT 13 cnegyrowmx 31anos:
1. ®opmupoBaHne TexHuyeckoro 3agaHus (T3), ¢ NogpoGHbIM OnMCcCaHWEM
BCeX (OYHKUMIA MNpoekTupyemoro ycTporcTBa. OnucbiBalOTCA BCE BapuaHTbl
AeVcTBUA ynpasnsioLlen nporpaMmbl.
2. [Ons peanusaumm TpeboBaHunm T3 BbiOMpaetcs MK Heobxogumon
Npou3BOANTENBHOCTU UM annapaTtHoi KoHdurypauun. CosgaeTcs cxema
arnekTpuyeckas NpUHUMNuanbHas ycTpoucTea.
3. CocTaBnsieTcs anroputM ynpaensioLLen nporpaMmvbi.
4. To cocTaBfeHHOMY anroputMy MULIETCA MporpamMmma Ha si3blke HU3KOro
ypoBHS (accembrniepe) nnm BbICOKOro ypoBHs (Cu).
5. HanucaHHasi nporpamMma oTnaxuBaeTcsi M TecTupyeTcs B nporpaMme-
CUMYnATOpe, KoTopasi MporpamMmHbIM MyTeM Bocco3gaeT paboty MK.
6. OkoH4YaTenbHas oTnagka nporpammMbl NPOU3BOANTCH Ha peanbHbiXx MK unm
Ha BHYTPUCXEMHbIX OTNagymKax.

B kayecTBe npumepa paccCMOTPUM CreAYOLLYI0 3a4a4y:
Mpumep. Co3paTb YCTPOWUCTBO, KOTOPOE LMKMIMYECKM BbiAaeT curHansbl
ynpaBneHUsi Ha BOCEMb fIMHWUIA COMMacHO BPEMEHHOW AuMarpamMme Ha PUCYHKe
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[na peanusauun yctponcTBa HeobxoaMM OAUH BOCbMW paspsiAHbIN
noptT BBoAa-BbiBoga. Bbibepem ana peanusauum  yctponmctBa MK
PIC16F628A, koTopbii MOMUMO MOPTa, COAEPXUT MUHUManbHbI Habop
nepudepunHbix mogynen. Bce Hemcnonb3yemsie Mogynu OyAyT OTKIOYEHbI.

Cos3fgaem cxemy aneKTpUYecKyto NPUHLMNUanbHyto yetporcTaa. (Puc. 2).
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[na nHavkaumm cocTosiHUA NUMHUIA NopTa ucnonb3ytoTea ceetoamoabl VD1-
VD8, nogkntoyeHHble 4vepe3 TokoorpaHuudmsatowme pesuctopbl  R3-R10 k
COOTBETCTBYIOLLUMM MMHMAM nopTa. [Ans 3agaHus  4acToTbl  TaKTOBOro
reHepaTopa WCMOMb3yeTCa KBapLEBbLIA pe3oHaTop C 4actoton 4 My
(coBmecTHO ¢ koHAaeHcaTopamy C1,C2), 4TO NO3BOMMT MOMY4UTb 4YacToTy
MalWHHbIX uUMknoB B 1 MIU, T.e. BpemMs BbINOMIHEHNS MpPOCTENLLEN
WHCTPYKUMM coCTaBuUT 1 MKC, 4TO YAOOHO ANSA BbIYUCIIEHUS BPEMEHHbIX
XapakTepucTmk paspabaTbiBaemMoro pacnpegenutens UMMYIbCOB.
Wcnonb3yeTcss BHELHsi cxema cbpoca, npeactaBneHHasi pesuctopom R1
HomuHanom ot 1 go 10 Kom, KOTOpbIA BKNIOYAETCA B CXEMy Mexay MIiocoMm
WCTOYHUKa NuTaHusa u BeiBogoM -MCLR. BeiBog -MCLR ¢ yepToi4, 4to roBoput
0 TOM, 4YTO cOpOC HacTynaeT Mpu MOCTYMIEHUN HU3KOTO YPOBHS HanpsbKeHUs
Ha AaHHbI BbIBOA. Micnonb3ysi AaHHOEe CBOWCTBO BbiBOAA MOXHO peann3oBatb
CXeMy A5 PyYHOro NPUHYAUTENbHOro cOpoca MUKPOKOHTPOMEpa C NOMOLLbIO
kHonkn SA1 © ToKoorpaHuuMBalLLlero pesuctopa R2 nogknio4eHHoro K

“3emne”.
CocraBnsiem anroputm paboThbl
nporpammbl (CM. pUCYHOK 3).
Mpu coctaBneHun anroputma HeobxoaMmo
Y4UTbIBaTb, YTO MOCne BKMYeHUs nutaHus, MK
HenpepbIBHO  BLIMOMHSAET  Mporpammy, Kotopas
pacrnosnoxeHa B NamMaTV Mporpamm, W HUKOrga He
octaHaBnuBaeTca  (kpome  pexuma  SLEEP).
Moatomy, Bce nporpaMMbl WMMEKT LMKITUYECKYHO
CTPYKTYpY.
MepBbiM  gencrtenem B nwbon nporpamme
aBnseTcs Hactpovka mogynen MK, Heobxoanmbix
ana paboTbl M OTKIKOYEHUE HEe UCMONb3yeMblX.
MnaHupyeTca OTKMIOYUTL BCE HA 3a4eNCTBOBaHHbIE
B peanu3aumu 3ambicria Moaynu, C  Lenbko
OAHO3HA4yHOro onpegenexHvs BbiBogoB MK kak
BbIBOAOB MNOpTOB. [lanee, B cwury TOro, 4to no
YCrNOBWIO 3afdaHusi BblBOAbl nopta B gomkHbl
CNYXWUTb MCTOYHUKOM CUrHana, HeobxoguMmo BecCb
nopT B HacTpouTb Ha BbIxoz,.
Mocne 3aBepLUeHMs HACTPOEK, HauMHaeTcs
PrcyHok 3 OCHOBHOW LMK nNporpammbl,
KOTOpbI ByaeT  BbINOMHATLCHA HenpepbliBHO, noka MK BknwoyeH. CHavana,
dopmupyeTcsa norudeckas eguHuua TTJ1 ypoBHa ( +5 B) Ha nuHum RBO B
TeyeHne 3afaHHOro WHTepBana BpemeHu B 1 cekyHay. OcTanbHble NUHWUM
nopta B obHyneHbl. [lanee, hopMupyeTca CuUrHam fOrM4yeckon eguHuULbl Ha
nnHum RB1 B Teuenne 1 cekyHabl. OcTanbHble NIUHUW, B TOM YUCIE U JIUHUS
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RBO — o6HyneHbl. Takum obpa3om, nocregoBaTenbHO (OPMUPYIOTCA CUrHansl
YPOBHS flOrMyeckon eavHulbl Ha Bcex nuHust nopta B ( ¢ RBO no RB7) c
WHTEepBanoM wmexay nepeknodeHnsmm B 1 cekyHay. [lo 3asepieHun
OPMUPOBAHMSA JTOTMYECKOM eauHMLBl Ha nNHun RB7, npoucxoauTt nepexof
Ha hopMUpoBaHME NOrnYeckon egmHuLbl Ha NMHUKM RBO 1 unkn nosTopsieTcs.

CocTaBnsieM ynpaBnsiloOWy nporpammy.  TekcT nporpaMmbl
YCIOBHO MOXHO pasgenuTb Ha “Wwanky” M OCHOBHYK 4acTb, COOCTBEHHO
nporpammMy. OcCHOBHasi 4acTb MomelwiaeTcd B MamATb NporpaMMm npu
nporpammupoBaHumn MK. Cogepxumoe “wankui” B HenocpeacTBEHHOM BuAe He
BXOAMT B Mporpammy, nomMeLiaemyo B MUKPOKOHTPONNEP, OAHAKO OHO BNUSEeT
Ha napameTtpbl paboTel MK, ero BHyTpeHHME CBSA3M. 3TM napameTpbl
yYnTbIBaOTCA acceMbnepom npu co3gaHum npotumneky ans MK.

TekcT nporpammbl npuBegeH B npunoxenun A. [lepeuncnum
OCHOBHblE CUHTaKCM4eckue mnpaBuna HanucaHus nporpammbl. [Mporpamma
COCTOWT U3 Tpex 3Hayawux cTonbuoB U 4eTBepToro cronbua —
KoMMeHTapueB. [MepBbii NeBbIV cTonbGeL HauynHaeTcs 06a3aTenbHO C NepBoO
nosvumun. Mexgy cTtonbuammn obasaTeneH kKak MWHMMYM OOuH npoben.
PekomeHayeTcs B Lenax ynobcrea 4YteHus oopMaTpoBaTh TEKCT MPOrpamMmbl
TakMum 06pa3om, YTOObI MONoXeHUe nNepBbix NO3vMUUIA B cTonbLe coBnaganmu.
KommeHTapum HaumHatoTcs nocre 3Haka ‘; , mocrne KoToporo accembnep
HVKaKnue CMMBOIbI HE BOCTIPpUHMMAET. [epeHoc CTPOK He JoMnycKaeTcs.

B ‘wanke’ nporpamMmbl NepBbI cTonbew NnpegHa3HavyeH ans ykasaHus
HaMMEHOBaHUS pPEerncTpoB, KOHCTAHT U OWTOB perncTpoB, €cCnnM OHU
nponuceiBatoTcs. Bo BTopom ctonbue ykasbiBaloTCs ANPEKTVBLI accembnepa.
B TpeTbem cTonbue — agpeca perncTpos, a Takke 3Ha4yeHue BUTOB perucTpos
(ecrnv oHM nponuchbiBalOTCS), @ TakkKe 3HAYeHWe YUCIIOBbIX KOHCTaHT. B
OCHOBHOM 4acTu nporpammbl B rnepBoMm cTtonbue ykasbiBalTCd  MMeHa
nognporpaMm n metok. MeTkn n nmeHa MoryT cogepxaTb natnHckue Gyksbl 1
undpbl, 3HaK nogvepkuBaHus. HaumHawoTca Bcergja ¢ OykBbl. Bo BTOpoM
ctonbue, pacnonaratTcs komaHabl. B TpeTbeM - HasBaHus perucTtpoB ( a
Takke Homepa nx BUTOB) C KOTOPbLIMY BbINMOMHAKT ONepaumn KoMaHabl. Takke
B 9TOM cTONOLE yKasbiBaeTCA MEeCTO COXpaHeHus pesynbTaTta (B perncrp unm
B aKKyMYISITOP), @ TaKKe KOHCTAHTbI M UX YNCIIOBbIE 3HAYEHMS.

OupekTnebl accembnepa otnuyarTca OT komaHg. OHM He BXOAsT B
KOHEYHBIN TEKCT nporpammel, 3arpyxaembii B MK. OHn nuwb npegnuceiBaioT
accembnepy BbINOMHATL T€ WM WHble OEWCTBUS, yCTaHaBnuBaTb CBS3W,
onpefensitb rpaHuubl nporpammbl M T.4. Pe3ynbTraT uMX BbINOSIHEHMUS
accembnepom 3aknyalTca B TOM, YTO npu nporpammupoBaHun MK
nporpaMMaTopoM MPOMCXOAMUT UCXoAHas annapaTtHas Hactpovika MK, koTopas
BbIMONHSETCS TOMbKO OAWH pa3 B MOMEHT MporpammupoBaHusi. VameHeHne
aTon HaCTPOWKN BO3MOXHO TOSbKO npu cneayowmnx



nepenporpammunpoBaHusax. B nabopaTopHoii  paboTe  uvcnonb3ylTcs
HEKOTOpblE N3 MHOXECTBa AMPEKTMB (CM. Tabnuua 1).

TekcT nporpammbl (CM. npunoxeHve bB) HaumHaeTca c ‘wanku’, B
KoTopon ykasbiBaetca Tun MK (p=16F628A). Oanee, auvpektuBon include
nogkntoyaetcs dain ¢ onucaHMeM PEerncTpoB creunanbHOro HasHaveHust
(PCH) panHoro MK. MNpwu nomowwm anpektuebel _ CONFIG (Bnepean asa 3Haka
noayvepKMBaHWs) yCTaHaBNMBAOTCS 3HAYEHUs CroBa KOHUrypaumm.

Tabnuua 1 — [upekTnBbl accembnepa

Ne | OupektnBa OnucaHve Mpumep

1 END OKOHYaHME NMPOrPaAMMBI (KOHELL | evvnieeeeneenenenienenaenannanns
BCEX KOMaHz) end.

2 EQU MpucsansaeT Hem3ameHHoe AAA equ 71h ; npuceouTb
3Ha4YeHne KOHCTaHTe koHcTaHTe AAA uncno 71h

3 SET MpucBanBaeT 3Ha4YeHME KOHC- AAA set 71h
TaHTe, KOTOPOe B NOCMNEACTBUM
MOXHO nepeonpeaenuTb.

4 INCLUDE | MogkntoueHne include <p16f628a.inc>;
OONOMHUTENBHOIO UCXOOHOIO nokmnoyeHue davina c
canna. onvcaHMeM perncTpoB

cneunanbHoro Ha3HayYeHus.

5 _ YcTtaHoBka 6utoB Cwm. Tabnmuy cumBsonos

_CONFIG | koHpurypauuw. KOHpurypauum B
npunoxexuu b.

6 ORG YCTaHOBUTb HaYvarnbHbIN org 0; HayanbHbLIV agpec

agpec nporpammeil. nporpammsl 0 PC.

CnoBo koHdwmrypauun. (Cm. npunoxeHne A). Npyn nomowm crnosa
KOHpMrypauum npoucxoanT NCXOA4Has HacTonka annapaTtHon vactn MK. OHo
pacrnonoxeHo B namsaTy nporpamm no agpecy 2007h. 3T1oT agpec He
OOCTYMNeH Monb30BaTento, U K HEMY MOXHO 0OBpaTUTbCSl TONMbKO B pexume
nporpammupoBanus  MK. CnoBo koHdwurypaumm umeetr 14  6utoB
KOHurypauun. CornacHo HasHadeHuio OuToB KOHMUrypauum ycTaHOBMM B
nporpamMe criegyroulee coyetaHne ux 3HadeHud (0 wnu 1) B LBOWYHOM
cucteme cumcnenus: b’10000101100001°, Takke B nporpamMme  [onycKkaeTcs
3anucbiBaTb  CIMOBO  KOHdUrypauum B LLIECTHAAUATEPUYHON  cucTeme
cuucrnienuns ( __ CONFIG 2161h ). Pacwumndpyem 3HavyeHMe OaHHOrO Crosa
KOHpurypaumm.

13 6uT — yctaHoBneH B 1. JTO O3Ha4yaeT, 4YTO 3awmTa NaMsaTU
nporpamMm BbIkMoyeHa. Ecnu 6bl 6bin yctaHoBneH 0, To n3 Flash namsitu
nporpaMM MUKPOKOHTponnepa 6bino 66l HEBO3MOXHO CHMTaTh NporpaMmy Ha




BHELIHWIA HocuTenb. [aHHas yHKUMSA No3BONSAET 3aWwmuTUTb Nporpammy ot
HECaHKLMOHMPOBAHHOIO TUPAXUPOBaHUSI.

12-9 6uTbI HEe peann3oBaHbl, K UX 3HAYEHWSA MOTYT ObITb MOGLIMK.

8 6ut — yctaHoBneH B 1. OT0 O3HayaeT, 4yto 3awmta EEPROM
namaTV OaHHbIX BblkMtoveHa. Ecnu 6bl Gbin yctaHoBneH 0, TO npy nNomMoLum
nporpammMaTopa 6birio 66l HEBO3MOXHO M3BneYb AaHHble M3 EEPROM namstu
OaHHbIX. [JaHHaa OYHKUMS 3aliMaeT 3TU AaHHbIE OT HECAHKLMOHMPOBAHHOIO
CUYUTBIBaHMS.

7 6ut — yctaHoBneH B 0. [aHHbiM OMTOM Obin OTKMIOYEH pPEXMUM
HW3KOBOMbLTHOrO nporpammupoBaHusa (LVP), 6narogaps 4demy, BbiBog RB4
ucnonb3yeTcs Kak LMdpoBON NOpT BBOAA/BbIBOAA.

6 6wt — yctaHoBneH B 1. [aHHbIM 3Ha4yeHMEM LuecToro 6uta
paspelueH cbpoc no cHwxeHuto nutaHus BOR. Tenepb, ecnu B npouecce
pabotbl MK 3HauyeHue HanpsKeHusi MUTaHWUS YMEHbLUMTBCSH OO0 BENUYMHbI
MeHee 4 B, To npousoinget cbpoc MK. lMpu BOCCTAHOBNEHMU BENUYMHBI
HanpsbkeHus nutaHuss o 4 B n Gonee, npousonget 3anyck MK u pabota
nporpamMmmbl HaYHETCA CHavana.

5 outr — ycraHoBneH B 1. [aHHbIM 3Ha4yeHMeM naToro OuTa
HacTpamBaeM pexum paboTbl BbiBoga RA5 kak BbiBoga cbpoca —MCLR,
MOCKOSbKY Mbl UCMONb3yeM BHELUHWA cOpPOC, NOCPeacTBOM MOAKIMOYEHUsI
pesucTtopa mexay BeiBogoMm —MCLR v nnocom MCTOYHMKa NUTaHWS.

3 6ut — yctaHoneH B 0. [JaHHbIM AeNCTBMEM paspeluaeTcss pabota
Tanmepa cbpoca no Bkmw4yeHuto nuTaHus PWRT. Bynetr npoucxoantb
BblAEpXKa B 72 MC nocne noctynnexHns curHana ot cxemsl POR nnu BOD.

2 6ut — yctaHoBneH B 0. [laHHbIM AelicTBMEM 3anpeluaeTcs paboTa
ctopoxeBoro Tamvepa WDT. Taiimep OTKM4YeH, U He Tpebyer
nepvogmyeckoro copoca B nporpamme. Takke, B OTKIHOYEHHOM COCTOSIHUM OH
He 3awmaeT MK ot 3aBucaHus.

41,0 O6uTbl — YyCTaHOBMEHbI COOTBETCTBEHHO B 001, yTO
COOTBETCTBYET BbIGOPY CcTaHAapTHOro kBapueBoro XT reHepaTopa, NOCKOMbKyY
B CXeMe 1CMonb3yeTcsl KBapLeBbln pe3oHatop Ha 4 MITu.

Pexxnmbl paboTbl TakToBOro reHepatopa. MK PIC16F628A
nogaepxveaeT 8 pexxnmoB paboTbl TaKTOBOro reHepatopa. MUkpokoHTpornnep
MOXEeT TaKTMpoBaTbCHA BHeELWHUMU umnynscamu (pexum EC). Unn xe cam
reHepaTop MOXeT reHepupoBaThb TAKTOBYIO HYaCTOTY C MOMOLLbIO BHELLHEN Unn
BHyTpeHHern RC uenoyek wnM BHELWHEro KBapLEBOro pe3oHaTopa.
Wcnonb3oBaHme RC uenoyek no3BonsieT MNONyYvTb LUMPOKUIA Auana3oH
4acToT, NPY HU3KON CTOMMOCTU. HegocTaTok — HM3kas cTabnnbHOCTbL TAKTOBON
4YacToThl, €€ 3aBUCMMOCTb OT HaNpPsPKEHUS NUTaHKA 1 TeMnepaTypbl.

BHyTpeHHne RC uenu no3BonsioT reHepmpoBaTtb ABe YactoTbl 4 My,
unn 37 kly (BbibupaeTca 6Gutamu pernctpa PCON). BHelwHue anemeHTbl He



TpebytoTtca. Mpu atoMm, BbiBogbl RA6 n RA7 moryT yHKLMOHMPOBATbL Kak
nopTel BBOAA/BbIBOAA.

Mcnonb3oBaHne BHELWIHEro KBapLEBOro pesoHatopa nos3BonseT
nony4mTb CTaAOUNbHYKD TaAKTOBYK 4acTtoTy. B 3aBucumocTn OT 3HadeHus
4YacToThl, BbIOMpaeTCcs 0aNH U3 PEXMMOB — CM. Tabnuuy 2.

Tabnuvua 2 — PexumMbl reHepaTopa npu UCnonb30BaHUM KBapLIEBOrO
pesoHaTopa.

Ne HasBaHue pexnma O603HaveHne 3HayeHne Eannnuya
4acToThl n3MepeHusi

1. | HM3KOYaCTOTHbIN LP 32...200 Ky,

2. | O6bIYHBIN KBApLIEBbIV XT 0,2..4 MIy

3. BbicOkOYaCTOTHbIN HS cBbile 4 MIy

Mpooomkaem  cCOCTaBNsATb  yNpaBrsitolyld  NporpaMmmy.  (CM.
npunoxeHne b) Tlocne cnoBa koHdwWrypaumu B ‘lwanke’ nporpammbl
onncbIBalOTCA Bce Heobxogumble B paboTe pernctpbl  crneuuvanbHOro
HasHadeHus. [dupektnBon equ npucBanBaeTCqd HeusMeHHoe 3HadeHue
KOHCTaHTe. B gaHHOM cnydvae, umeHam perncTpoB crnewlmanbHOro HasHaYeHus
(PCH) npucBauBatoTca ux agpeca cornacHo kapTel namstm ana MK
PIC16F628A. Takum obpasom, nporpamma, npu obpalleHUn K KOHCTaHTe Mo
umMeHn, Bceraa OyaneT ctaBuTb el B cooTBeTCcTBME €€ agpec. B pabote
ucnone3ytotca crnepytowme PCH: Status (03h) - peructp BbiGopa 6GaHka
namaTu; ganee, B CUny TOro YTo curHan 6yaeT BbIBOAWUTLCA Ha BbIBOAbLI MOpTa
B To nponuckiBaeTca ABa perncTpa ynpasnsiowmx 3Tum noptom - TrisB (86h)
- perncTp HacTpoviku HanpasreHus paboTbl BbiBOAoB nopta B, PortB (06h)
- perucTp ynpasneHus 3allernkamu nopta B, To ectb ypoBHEM curHana Ha ero
NUHUSIX; Jarnee, NpPonuCbIBAOTCS BCE PErnCTpbl, C NMOMOLLLIO KOTOpbIX OyayT
OTKIMIOYeHbl Hencnonb3yemble Mogynn MK - VRCON (9Fh), CMCON (1Fh),
T1CON (10h), T2CON (12h), CCP1CON (17h), RCSTA (18h).

Oanee, B ‘Wwanke’ nporpaMmbl  YyKasblBalOTCA  Ha3BaHWSA
nonb30BaTeNbCKMX AYeeK NaMAaTh C NPUCBOEHNEM MM adpecoB. [JaHHyH YacTb
3aMonHAIT B MNpoLEecce HanucaHus MnporpamMmbl, MOCKOMbKY —3apaHee
[OCTOBEPHO HE W3BECTHO, CKOSMbKO SiYeek naMaTv MoxeT noHagobutbcs. B
OaHHOM criydae, B curiy TOro, 4TO mporpaMma COCTaBrieHa, T0 HeobxoaMmo
nponucaTbe TPU SYENKU NamsATM ¢ MMeHamu n, n1, n2 ¢ agpecamu 70h, 71h,
72h cooTBeTCTBEHHO. Bce nepeuncneHHble SYerku UCnonb3yrTca AN
XpaHEHUs1 NEPEMEHHBIX CHETYMKOB MPOXOAO0B MPU OpraHusauuy nogrnporpamm
3agepxkn. [Monb3oBaTenbckon s4venkon MoxeT ObiTb nbass Genas (He
OKpalleHHas) <S4elrika W3 kapTbl namaAtn. PekomeHngyetcs, Haubonee
ynoTpebnsemblie B nporpaMMe Nnonb3oBaTernbCkMe NepemMeHHble NponuckiBaTbh
B peructpax ¢ agpecamm ¢ 70h no 7Fh. [daHHble 16 suyeek namaTu
oTobpaxatoTcs B Kaxgom 6aHke namaTtn, u npu obpaweHnm K ux




COLEPXKMMOMY, HE BaXKHO B KakoMm HaHke namsTu npoucxoaut padota MK. Mpwu
obpalleHun K ocTanbHbIM peructpam oOLWero HasHavyeHuss Heobxooumo
HaxoaMTbCA B TOM GaHke, B KOTOPOM 3TU PErUCTPbI PacnooXeHbI.

B KOHUe wWankM nporpaMmMbl, C TMOMOLLbO OMPEKTUBLI  Org,
ykasblBaeTca Tovka Bxofda B nporpammy. OcHOBHasi nporpamma Bcerga
HauyMHaeTcsa ¢ Hynesoro agpeca. Cnepowm, ykasbiBaeTcst komaHaa goto Start.
3OTnMm ocyulecTBnsAeTcst 6e3yCrnoBHLIN Nepexo Ha Havarno nporpamMmmbl.

CobCcTBEHHO nporpaMMa HauyuHaeTcss ¢ MeTku Start. U pganee
cnegyet  nocrnefoBaTenbHOCTb  KOMaHg — nporpammbl.  Komangonm — bef
obHynsetca 6ut 7 peructpa RCSTA, paHHbIM OencTBMEM OTKMOYaeTCs
moayne USART. [danee otknioyaem moaynb CCP1. [na atoro Heob6xoaumo
06HynuTb 6utel 3-0 pernctpa CCP1CON. [aHHyto onepaumio MOXHO
OCYLLECTBUTb, CKOMMPOBAB HOMb U3 akkymynatopa B permctp CCP1CON, npu
3TOM B CWIYy TOro, YTO MOAYSb BbIKMOYEH, COCTOSHUS OCTaBLUMXCst 6GuTtoB 7-4
3HayeHuss He uMmetoT. [ns ocylecTBneHus 3Ton onepauum Heobxogmmo
ucnonb3oBaTb ABe  KoMaHabl. Ho  obOHyneHwe  pernctpa  MOXHO
BOCMNOSIb30BaTLCSA U O4HON KomaHaown clrf.

dopmaT komaHabl:
clrf f— ounctutb peructp f.
Mpumep obHyneHus perncrpa :
clrf CCPCON ; ounctka (06HyneHue) peructpa CCPCON.
MpumeyaHue: ounctka (0bHyneHne) akkymynaTtopa npon3BoanTCA KOMaHaowm
clrw, ouncTKa CTOpOXEBOro Tamepa - kKomaHgou clrwdt.

Hanee, npoussogutca BbikMtoyeHne wmogynen TMR1 un TMR2,
nocpeacTBom obHyneHus 6uta 0 peructpa T1ICON un 6uta 2 - T1ICON.
OTKNOYEHNE MOAYNS KOMMNapaTOPOB OCYLLECTBMSIETCS YCTaHOBKOW B eANHULY
ovtoB 0,1,2 peructpa CMCON. [aHHyl0O onepaumid MOXHO BbIMOMTHUTD,
3anmMcaB COOTBETCTBYHLLY KOHCTaHTy b’'00000111” wnm b'11111111° (ans
MoAynsl KOMMapaTopoB B OTKMHOYEHHOM COCTOSIHUM 3HaveHue GutoB 3-7 He
MMEET 3HauYeHus) B akKyMyrsiTop, a 3aTemM CKOMUPOBaB €ro CodepXumoe B
permctp  CMCON. Ho paHHyl0O onepaumio MOXHO OCYLLECTBUTb MNyTEM
O0GHYNeHNst COQEPKUMOro permcTpa ¢ NoMoLLbo KoMaHab! clrf n nocnegytowen
WHBEpPCUEN 3TOro0 COAEPXKMMOro Komangow comf 4TO M nNpeacTaBneHo B
nporpamme.

dopmat komaHabl:



comf f,d — nHBepTMpoBaTtb Bce GuThl B peructpe f. Ecnn d = 0, pesynbtaT
coxpaHsieTca B akkymynatope (pervctp W), ecnm d = 1, pesynbtaT
coxpaHsieTcs B peructpe f
Mpumep MHBEPCUUN COAEPKMMOrO perucTpa :

comf CMCON,1 ; wuHBepcuss 6utoB pernctpa CMCON c coxpaHeHuem
pesynbtata B Hem Xe (d = 1) . Ecnu cogepxumoe peructpa CMCON pgo
nHBepcumn Obino ‘00000000°, TO nocne BbINOMHEHUS OAHHOM KOMaHAabl OyaeT
11111111

Mpu nomowwm cregyowmnx AByx komaHg bcef un bsf npoucxogut
nepexoq B nepsbii 6aHk. B nepBom GaHke pacnonoxeH pervctp VRCON,
YCTaHOBKOW cebMOro 6uta KOTOporo B HOMb OTKMIOYAETCA MOAYIb UCTOYHUKA
OMOpPHOro  HanpsbkeHusi. [lanee, KOHCTaHTa HOMb  3anucbiBaeTcsi B
aKkymynaTop, a parnee B peructp TrisB, KoTopbii Takke pacrnonoxeH B
HynesoMm OaHke. [laHHbIM OEeACTBMEM Mbl 3anMCbiBAEM HYNU BO BCe paspsgbl
pernctpa TrisB, n cnepgoBatenbHo, HacTpavBaem Bce NuMHUM nopTa B Ha
BbIx0A, BbiBOA curHana n3 MK. Mpu nomowwm komaHabl bcf Status,5
NpoucxoauT BO3BPAT B HyNeBow GaHk namsTu.

Oanee, komangow clrf npou3BogMTCa UCXOOQHAsA O4YMCTKa perucTpa
PortB. N Ha BbIBOgax QaHHOrO MopTa rapaHTUPOBaHO YCTaHaBNUBAKTCA
HyrneBble 3HaYEHWS HanpsHKeHNs.

Cnepgytollasa cTpoka HaumMHaeTtcst ¢ meTkm TACH1 B kpaliHem nesom
ctonbue. C AaHHOW METKM Ha4YMHAETCs OCHOBHOM LMK NPOrpaMmbl, KOTOPbIA
OyneT NOBTOPATHCA CHOBA M CHOBA MOKa HanpshKeHWe NUTaHWs nogaeTcs Ha
MK. Mo ycnoewuio 3agaun TpebyeTcsa nocnenoBaTenbHO BblgaBaTb UMMYMbChI
Ha NWHWM nopta, HayuHas ¢ nuHuu RBO. Mpu 3TOM Ha BCex ocTanbHbIX
NNHUAX OOMMKEH HaxXOAUTbCHA YPOBEHb HanpsKeHUs! JTIOrMYecKoro Hyrnsi.
YcTaHOBKa €OMHWYHOTO YPOBHS MPOWU3BOAUTCS YCTAHOBKOW €OMHWLbI B
COOTBETCTBYHOLLEM pa3psine peructpa PortB, B gaHHOM cnyyae B HyneBoM.
[ns aToro, B nporpammMe nNpou3BOAMTCHA KONMMpoBaHue KOHCTaHTbl b’00000001°
B akKymynsTop, a 3ateM wu3 Hero B peructp PortB. Mo 3aBepweHun
WCMONMHEHUsT KOMaHAabl 3anucu B pernctp PortB npoucxoauTt ycTaHoBka
nornyeckon eamHuubl Ha nuHun RBO, npy aToM BCe OCTanbHble NMHUKM nopTta
OynoyT OGHyneHbl, Tak Kak B OWUTbl ynpaBnsiowWmMe COCTOSHUAMW OCTalbHbIX
NVHWIA nopTa 3anucaHbl Hynu. locne ycTaHOBKM IOrMYECKOW eAMHWLbI Ha
nmHn RBO Heobxoammo 4ToObl 3TO COCTOSIHME Ha NWUHWM COXPaHWMOCh B
TeyeHve 1 cekyHabl. 3allenku NopPTOB COXPAHSAIOT YCTAHOBMEHHOE COCTOSHME
CKOfb YrOAHO AONro, Moka BKMOYEHO NUTaHuWe, a Mpoueccop B 3TO BPeEMsi
MOXET BbIMONHATL Ntobble onepaunm He CBSA3aHHbIE C UBMEHEHUEM COCTOSIHUSE
nvHuii nopTtoB. MNogdepxuBaTb COCTOSHWE NMWHWIA MOpTa He HyXHO. Takke,
COCTOSIHME 3allenku, a, crefoBaTenbHO, U NHUKM nopTta OyaeT octaBaTbCA
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HEeM3MEHHbIM, OO Tex Mop MoKa COOTBETCTBylOLWAs nuHuA He Oyaer
rnepeycTtaHoBiEHa C MOMOLLbI0 KOMaHAbl Mporpammbl. Takum obpasom, ans
obGecneveHns Ha nuHun RBO eguHW4HOro umnynbca B TeveHne 1 cekyHAabl,
Heobxoammo cnycts 1 cekyHay nocne yctaHoBku nuHum RBO B eguHuuy,
nepeycraHoButb €€ B Honb. B 310 Bpemss MK MOXeT BbINOMNHATL NtoOble
HeobxoanMble OEWCTBUS, HO B CWUMy TOrO, YTO B 3afaHWM HUKAKUE WHble
OENCTBUA, KPOME M3MEHEHUSI COCTOSIHUSI NIMHWIA MopTa He NpeayCMOTPEHBI,
HeobxoOMMO oOpraHuM3oBaTb 3adepXKy B 1 CekyHoy npu  MOMOLM
noanporpaMMbl - 3adepXXku. 3agepxkka, WNM naysa, MOHSATME YCMOBHOE,
nockonbky MK Hukoroa He octaHaBnuBaetcd. CnepgoatensHo, MK pgomxeH
BbINOSHATL OMNPEAENeHHble KOMaHObl B TeYeHMe 3adaHHOro WHTepBana
BpemeHn. Komarngown call Pause BbI3blBaeTCA Ha UCNONHEHWE nognporpamma
3agepxkm B 1 C.

Mocne Toro, kak nporpamma oTpaboTaeT nognporpammy 3agepxKku
Pause, wcnonmHsloTCA [Be nNycTble KomaHabl nop. [aHHas komaHaa
HasblBaeTCA MYCTOW, He BbIMOMHSAET HUKaKUX OEWCTBWUA, OJHAKO BpeMmsi eé
MCMNOJNHeHns cocTaBnsieT 1 MawmHHbIA Uukn. Mcnonb3yeTca Anst opraHMsauum
3a0epXeKk U Onst YPaBHUBAHUST BPEMEHU BbIMOSNTHEHUS Pas3fMYHbIX BETBEN
nporpammbl Npu eé BETBIEHUN.

[anee, cneayet komaHaa, 3anucbiBarowasa KoHcTaHTy b’00000010° B
akkymynatop, a 3atem B peructp PortB. [JaHHbiM genctBuemM npoucxoguT
o6HyneHne 6uta 0 peructpa PortB, n yctaHoBka 6uta 1 gaHHoro nopta B
eavHudy. Cnegom, BbIMONHAETCS BbI30B M OTpaboTka nognporpamMmbl
3agepxkn Pause, a Takke BbINONMHEHME ABYX KanMbpoBOYHbIX KOMaHA nop.

MpenctaBneHHbI CNOCOO6 M3MEHEHMST COCTOSIHUIA NUHUIA MopTa He
ABMNSAETCA eOWHCTBEHHbIM. [lanee B nporpaMme, npeacTaBrieH BapuaHT
MCNonb30oBaHUA Ons  3ToM  uenu  komaHnabl rlf, koTtopasa npoussoauT
LMKITUYECKMI caBuUr cogepxunmoro permctpa PortB Bneso Ha oguH 6ut. Mpun
3TOM, CTapLUui, ceabMoil BUT caoBuraemoro permctpa nomellaeTtcs Bo dnar
nepeHoca-3aema C (Hynesow 6ut peructpa STATUS), a MnagLwmn , Hyneeomn
OuT pernctpa 3arpyxaetca cogepxumbiv dnara C, kotopoe 6bifio B HEM Ha
MOMEHT BbIMNOSTHEHNsT KOMaHAb! rf.

dopmart komaHabl: , P@Mﬁpf 4_‘

rif f,d — umknnMyeckun coBur BNEBO COAEPXKUMOTO
peructpa f yepes nepeHoc (6ut C per. STATUS). Npu aToM pe3ynbTaT casura
coxpaHsieTcs B akkymynsitrope W, ecnu d= 0, nnu xxe B caMOM COBUraeMom

ernctpe f, ecnmd = 1.
o [C}{Penwpf
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rrf f,d — LUMKNMUEeckui caBur Bnipaso cogepxumoro P peructpa f yepes
nepeHoc.
Mpumep umMknNuyeckoro capura :
rif PortB,1 ; umknnyeckuin casur BrneBo coaepxmumoro pernctpa PortB yepes
; MEPEHOC C COXpaHeHNeM pe3ynbTaTa onepaLlun B perncrpe
; PortB. Ecnu no onepauunmn cogepxumoe pernctpa PortB 6bino
; paBHO b’00000010’, a cogepxumoe dnara C 6bino pasHo 0, To
; mocne onepauun, cogepxu Mmoe peructpa PortB 6ygeT paBHO
; b’00000100’, a copepxummoe chnara
; C Tarke 6ygeT paBHo 0, NOCKONbKY ceabMon 6ut pernctpa
; PortB oo onepaunv nmen Hyneeoe 3HayeHue.

Ona opHo3HauyHOro onpegenexdvs cogepxumoro c¢nara C, B
nporpammMe npou3BoauTcs OGHyrNeHue ero cogepXxumoro Komangow bcf
STATUS,0. (dnar C siBnsieTcsa HyneBbiM dnarom pernctpa STATUS). Mocne
4yero, NPOMN3BOANTCS LIMKITMYECKUIA COBUM COAEPKMMOro permctpa PortB BneBo.
Mo 3aBeplueHMM JaHHOW onepauuu, egumHuua B peructpe PortB cmeltaetcs ¢
nepBol MNO3vLUMU Ha BTOpYL, Takum obpasom, obHynseTcs nuHusa RB1, n
BbICTaBNsieTCs norndeckas eavHuua Ha nuHun RB2. [anee cnegyeT BbI3oB
noanporpaMmmbl 3adepXXku U OBYX KanmbpoBO4YHbLIX kKOMaHA nop. lMocne 4vero
onaATb npomsBoautcs obHyneHwue cnara C, coBur peructpa, BbIMOJSIHEHME
3a0€epXKM U KanmbpoBOYHbIX KOHCTaHT. [laHHble onepauun MOBTOPSOTCS A0
Tex nop, noka He 6OygeT cdopmMupoBaH umnynbCc Ha nvHuM RB7. Tlo
3aBepLUeHUn BpeMeHn hopMnpoBaHns umnyrnbca Ha nuHum RB7, npoucxoant
nepexo Ha HOBbI BUTOK (POPMMPOBaHMS MMMYIIbCHOW NOCneoBaTeNbHOCTH
Ha nuHmax RBO — RB7 npu nomowum komaHabl goto TACH1. lMocne yero, npu
nomowm komaHgbl moviw  b’00000001’ KOHCTaHTa nomellaeTcsd B
akkymynstop, 3ateM komaHgon movwf PortB konupyetcs B peructp PortB,
nocne yero nuHma RB7 obHynsietcs, a Ha nuHun RBO BHOBbL nosiBnsieTcs
YPOBEHb JTOTMYECKOW eAMHULbL. VI LMK noBTopsieTcs.

BpeMeHHble xapaKTepuCcTUKU NPOrpaMMbl.

MycTble KOMaHAblI NOP UCMONb3YHTCS B NporpaMme Ans ypaBHUBaHUS
BPEMEHU MEXAY NEePEKNoYEeHUAMUN NMHUA. [epeknodeHne NMHUA NponcxoauT
no 3aBeplleHun komanabl movwf PortB vnu rif PortB,1 . Mockonbky koMaHapl
mov, bcf, rlf, nop BbinonHsitoTcs 3a 1 MawwuHHBIA UMKN (1MKC.) Kaxagas, a
nognporpaMma 3agepxkm - 3a 1 ¢, TO cnegoBaTenbHO — Mexay
nepeknioYeHamMmn nuHuin  npovgetr 1c u 4 wmkc: ((call Pause)+2*1(nop)
+2*1(mov)) unn ( ((call Pause)+2*1(nop)+ 1(bcf)+ 1(rif)). Mpu nepexoge Ha
HOBBIM LMK NporpaMMbl UCMOMNb3yeTcsl KoMaHaa goto, KoTopasi BbINOMHSAETCS
3a 2 MaWwuHHbIX UMkna. CnegoBaTenbHO, MexXay NepeKknyYeHUsaIMU NIMHUIA C
RB7 Ha RBO BbInonHWTCS Takke 4 MalMHHBIX uukna + 3agepxka : ( (call
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Pause)+2(goto)+ 2*1(mov)). MeHHO 13-3a Hanuuust komaHapl goto, koTopasi
BbINOJSIHSAETCS 3a 2 MALUMHHBIX LMKIIa, BO3HWKNA HeobxoanmMocTe Ao6aBneHus
Mexay nepeknioyeHnsaMm 6onblUMHCTBA NUHUIA MO ABE MyCTble KOMaHgbl Nop.

MHayve,

pPas3nnYHbIM.

3. Mopsgok BeINoNHeHUs paboTbl
3.1. Bbibepute BapuaHT 3agaHust no tabnvuam 3 n 4.

BpEMS MEXAy MEepeKkrnoyYeHNsIMU OTAENbHbIX JNMHUA  Oblno  Obl

3.2. CocTtaBbTe CXeMy 3NEKTPUHECKYIO NPUHLMNNANbLHYIO YCTPONCTBA.

3.3. CocTaBbTe anropuTm ynpasnsoLien nporpammsl Ans MK.

3.4. Cozpavite ynpaenstoLlyo nporpammy ans MK.
Tabnuua 3 — 3agaHnst Ha BbINOMHEHWe nabopaTopHOM paboThl.

Ba |[3apanue| t1 | t2 | t3 | t4 | t5 | [t] |Bap.|3apanne | t1 | t2 | t3 | t4 | t5 | [f]
p

1 1 100{200{300{400|500|mkc| 21 5 100{300({600({800| - |mkc
2 2 25[50(75] - | - [mMc| 22 6 400{500{600{700{900|mkc
3 3 70 |140(210|280|320|mkc| 23 7 100/200/300/400| - | mc
4 4 1,5/3,0/45] 6 |75/ mc| 24 8 70 [140]|210f - | - [ mc
5 5 214|618 -|mMc| 25 1 120/180/300/360|420| mc
6 6 120{180[300{360|420|mkc| 26 2 90 |180|360| - | - |MKC
7 7 100{300{600/800| - |mkc| 27 3 125(250|375|500|625|mkc
8 8 2414896 - | - |mc| 28 4 30| 60|90 [120]150{ mc
9 1 111]222[333|444|555|mkc| 29 5 25|50 |75 [100] - |mkc
10 2 50 |200{300] - | - |mc| 30 6 13126 |39 |52 |65 |mMKc
11 3 10120[30)40 |70 [mkc| 31 7 112314 - |mc
12 4 125|250[375|500|625|mkc| 32 8 90 |180|360] - | - | MC
13 5 112|134 -|mc| 33 1 125|250(375/500(625|mkc
14 6 22144166 |88 |110|mkc| 34 2 21416 -]-|mc
15 7 90 |180{270(360| - |mkc| 35 3 30| 60 | 90 |120|150|mkc
16 8 1123 -1]-1|mMc| 36 4 100/300/600/800/900| mc
17 1 125(250(375|500(625|mkc| 37 5 70 1140|210|280| - | mc
18 2 45190 (135| - | - [mc| 38 6 250]500(600|700|750|mkc
19 3 120{180[300{360|420|mkc| 39 7 9 [18[36[45| - [mkc
20 4 400{500{600|700/900|mkc| 40 8 2414896 - | - [mkc

3afaHna ans BbINOMHeHWs1 nabopaTopHol paboTbl: creHepupoBaTh

CUrHarsnbl Ha NNIMHUAX NOPTOB COrnacHo rpacbmxa, LUNKITNYECKN.
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uB uB
RBO RB4
uB t t
uB
RET RB5
0 t1 2 ] 4 5 t UB t
3ada+ue 1 RA1
uB . - . . .
0 t1 t2 13 t4 5t
RBO 3adarue 3
uB t
uB
RB1 RAO
uB t ¢
uB
RAO RA1
uB t uB t
RA1 RA2
0 t1 t2 3t 0 t1 t2 13 t4 5t
3adarue 2 B3adaHue 4
uB
uB
RBO RB7
us t t
uB
RB1 RA1
uB t uB T
RAO RA3
us t 0 t1 2 4 5t
RA1 3adarue 6
0 t1 2 3t
3adaHue 8
uB
uB
REBO RA1
t t
uB uB
RB4 RA2
uB t uB t
RA3 RB1
0 t1 t2 t3 t4 t 0 t1 t2 t3 4t
BadaHue 7 3ada+ue 5

Tabnuua 4 — 3agaHnst Ha BbINOMHEHWe nabopaTopHoW paboThbl —
copepxumoe cnosa KoHdurypaumu.

14



Bap.
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3awuTa
EEPRO

LVP

MCLR

PWRT

WDT

eHepaTop
4 Mry,
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1 2 3 4 5 6 7 8

1 Bbiks. Bbikn. | Bbikn. | -MCLR | Bbikn. | Bbikn. KBapueBbi

2 Bbikn. Bbikn. | Bbikn. MopT Bkn. Bkn. BHyTp. INTRC
RA5

3 Bbikn. Bbikn. | Bbikn. MopTt Bbikn. | Bkn. BHyTp. INTRC
RAS5

4 Bbikn. Bbikn. | Bbikn. MopT Boikn. | Beikn. | BHyTp. INTRC
RA5

5 Bbiks. Bbikn. | Bbikn. | -MCLR Bkn. | Bbikn. KeapueBsbii

6 Bhbikn. Bbikn. | Beikn.| -MCLR Bkn. Bkn. BHyTp. INTRC

7 Bbikn. Boikn. | Bbikn. MopT Boikn. | Bbikn. KsapLeBblii
RA5

8 Bblkn. Bbikn. | Bbikn. | -MCLR Bkn. Bkn. BHyTp. INTRC

9 Bbikn. Bbikn. | Bbikn. MopTt Bbikn. | Bbikn. KBapueBbii
RA5

10 | Bbikn. Bbikn. | Bbikn.| -MCLR | Bbikn. | Bkn. KBapLieBblii

11 Bbikn. Bbikn. | Bbikn. | -MCLR Bkn. | Bbikn KBapueBhbii

12 | Bbikn. Bobikn. | Bbikn. MopTt Bobikn. | Boikn. | BHyTtp. INTRC
RA5

13 | Bbikn. Bobikn. | Bbikn.| -MCLR | Bbeikn. | Bkn. BHyTp. INTRC

14 | Bbikn. Bobikn. | Beikn.| -MCLR Bkn. Bkn. KsapLeBbliii

15 | Bbikn. Bbikn. | Bbikn.| -MCLR | Bbikn. | Bbikn. KsapueBblii

16 Bbikn. Bbikn. | Bbikn.| -MCLR | Bbikn. | Bkn. KsapueBbii

17 | Bbikn. Bbikn. | Beikn.| -MCLR Bkn. Bkn. BHyTp. INTRC

18 | Bbikn. Bbikn. | Bbikn. | -MCLR | Bbeikn. | Beikn. | BHyTp. INTRC

19 | Bobikn. Bbikn. | Bbikn. MopT Bkn. | Bbikn KsapueBbliii
RAS5

20 Bbiks. Bbikn. | Bbikn. | -MCLR | Bbikn. | Bbikn KBapLeBbIf

21 Bblikn. Bobikn. | Beikn.| -MCLR Bkn. | Bbikn. KBapLieBbliii

22 | Bblkn. Bobikn. | Bbikn.| -MCLR | Bbikn. | Bkn. KsapLieBbliii

23 Bbikn. Bbikn. | Bbikn. MopTt Bkn. Bkn. BHyTp. INTRC
RAS5

24 | Bblkn. Boikn. | Bbikn. MopT Boikn. | Beikn. | BHyTp. INTRC
RA5

25 Bbikn. Bbikn. | Bbikn. MopTt Bbikn. | Bbikn KBapueBbii
RAS5

26 | Bbikn. Bbikn. | Bbikn.| -MCLR | Bbikn. | Bkn. KBapLieBblii

27 | Bblkn. Bobikn. | Beikn.| -MCLR Bkn. Bkn. BHyTp. INTRC

28 Bbiks. Bbikn. | Bbikn. | -MCLR | Bbikn. | Bkn. KBapueBbii

29 Bbikn. Bbikn. | Bbikn. MopT Bkn. Bkn. BHyTp. INTRC
RA5

30 | Bblkn. Bbikn. | Bblkn. MopTt Bobikn. | Bbikn KeapueBbin
RAS5
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31 Bbiks. Bbikn. | Bbikn. | -MCLR | Bbikn. | Bbikn. KBapLeBbIf

32 | Bbikn. Bbikn. | Bbikn.| -MCLR | Bbikn. | Bkn. BHyTp. INTRC

33 | Bbikn. Bobikn. | Beikn.| -MCLR Bkn. Bkn. BHyTp. INTRC

1 2 3 4 5 6 7 8

34 Bbikn. Bbikn. | Bbikn. MopTt Boikn. | Boikn. | BHyTp. INTRC
RA5

35 | Bbikn. Boikn. | Bbikn. MopT Boikn. | Bkn. BHyTp. INTRC
RA5

36 Bbiks. Bbikn. | Bbikn. | -MCLR Bkn. Bkn. KBapueBbii

37 Bbiks. Bbikn. | Bbikn. | -MCLR | Bbikn. | Bkn. KBapueBbii

38 | Bbikn. Bobikn. | Beikn.| -MCLR Bkn. Bkn. BHyTp. INTRC

39 | Bbikn. Bbikn. | Bblkn. MopTt Bobikn. | Bkn. KeapueBbin
RAS5

40 Bbikn. Bbikn. | Bbikn. MopT Bkn. | Bbikn. | BHyTtp. INTRC
RA5

4. CopepxaHuve ot4yeTa

4.1. Uenb paboThbl.

4.2. CeegeHunsi 0 kOMaHgax accembnepa, ncnonb3yembix B pabore.

4.3. OnucaHuve nopsgka cocTaBneHns Nporpammei.

4.4. 3apaHune Ha BbINOSIHEHNE paboThl.

4.5. Cxema aneKTpuyeckasi NpyHUMnNuansHas co3gaBaemMoro
pacnpegenuTens UMMynbCcoB.

4.6. AnropuTm paboTbl NporpaMmbi.

4.7. TekcT nporpammbl gns MK.

5. KoHTponbHble BOMpOCHI Afs1 MPOBEPKM FOTOBHOCTUM CTYOEHTOB K
BbINONHeHUo nabopatopHon paboThbl.

5.1. OnnwnTe coctaB U 0COGEHHOCTM NOPTOB BBOAA-BbIBOAA?

5.2. OnnwnTe nopsaok paboTel ¢ nopTamu BBOAA-BbIBOAA?

5.3. Kak paccunTtaTb BpeMs BbINOMHEHNS doparMeHTa nporpamMmmb.

5.4. Pacckaxute 06 0cobeHHOCTAX COCTaBneHns nognporpamm?

5.5. Onnwute komaHael call, goto, return?

5.6. Kak cdhopmmpoBaTth 3aaepxKy 3agaHHON ANUTENbHOCTU?

6. KoHTponbHble Bonpockl No utoram nabopatopHol paboTbl.
6.1. OnnwwnTe Ha3HaveHve c cocTas cnosa KoHdwurypaummn?
6.2. Pacckaxute o nopsigke coctaBneHunsi nporpammbl Ans MK?
6.3. Kakne gupektnebl accembnepa Bbl 3HaeTe?

6.4. Kakne cyLlecTBYIOT pexnMbl TaKTOBOrO reHepaTtopa?

6.5. OnuwunTe HasHadeHue n paboTy koMaHg, rrf u rif?

6.6. OnuwnTe HasHavyeHne 1 CocTaB «LIanku» nporpaMmmbl?
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MPUINTOXEHNE A - Cnoso koHdurypauum (agpec 2007h)

CP|-|-|-]|-|CP|LVPBODEN| MCLR | FOSC2 - WDTE | FOSC1 | FOSCO0
D E PWRTE
131211109 8 7 6 5 4 3 2 1 0
Bbut 13 CP — buT 3awmTbl namMaTn nporpamm
1= 3awwuTa namsTi NPorpamm BbIKIHOYEHA
0= 3awuTa NnamsiTM NPorpamm BKIOYEHA
Butbl 12,11,10,9 — He peanusoBaHbl.
But 8 CPD — BuTt 3awmTtel EEPROM namsatu gaHHbIX
1= 3awuTa NamMsTV AaHHbIX BbIKIOYEHA
0= 3awmTa NnamsiT¥ AaHHbIX BKMOYEHa
bur 7 LVP — but paspelueHns HU3KOBObTHOIO NPOrPaMMMpPOBaHKS
1= BbiBog RB4/PGM pabotaeT kak PGM, pexum H13KOBONbTHOIO
NporpaMMUpPOBaHUst BKIIOYEH
0= BblBog RB4/PGM paboTaeT kak LMdpoBoi NopT BBOAA/BbIBOAA, BbIBOA
HV ncnonb3yeTcs ons nporpaMMnpoBaHusi MUKPOKOHTpOIepa
But 6 BODEN  — BuT paspelueHuns cbpoca no CHWKEHWUIO HanpshKeHNs MMTaHNS
1= paspeweH copoc BOR
0= 3anpeweH cbpoc BOR
But 5 MCLRE  — but Bbibopa pexvuma paboTtbl BeiBoga RA5/-MCLR
1= RA5/-MCLR pab6otaet kak -MCLR
0= RA5/-MCLR paboTaeT kak nopT BBoAa/BbIBOAA, UCNOMb3yeTCs
BHYTpeHHUI cbpoc -MCLR
But 3 -PWRTE - burt pa3peluenns paboTbl TaiMepa BKITHOYEHUS MTUTaHNSA
1= PWRT BbIkntoyeH
0= PWRT BkntoyeH
But 2 WDTE — byt paspelueHnsa paboTbl CTOpOXeBOro Taimepa
1= WDT BkrtoyeH
0= WDT BbIknto4eH
Butbl 4,1,0 FOSC2:FOSCO — butel Bbibopa pexunma TakToBOro reHepaTopa
111 = RC reHepaTop: BbiBog RA6/0SC2/CLKOUT paboTtaet kak CLKOUT, RC
uenb nogkntoyaetcs k Boieogy RA7/OSC1/CLKIN
110 = RC reHepaTtop: BbiBog RAG6/OSC2/CLKOUT paboTtaeT kak undpoBom
nopt BBoga/eeiBoAa, RC uenb nogkntoyaeTcs K BbiBogy RA7/OSC1/CLKIN
101 = INTRC reHepaTtop: BbiBog RA6/0SC2/CLKOUT pabotaeT kak CLKOUT,
RA7/OSC1/CLKIN paboTtaeT kak LndpoBOIr NopT BBOAA/BbIBOAA
100 = INTRC reHepatop: BbiBogbl RA6/0SC2/CLKOUT, RA7/OSC1/CLKIN
paboTaloT kak UM poBble NOpThbl BBOAA/BbIBOAA
011 = EC reHepatop: BbiBog RA6/0OSC2/CLKOUT paboTtaeT kak um1dpoBor
nopT BBoAa/BbIBoAA, BbiBog RA7/OSC1/CLKIN paboTtaet kak CLKIN
010 = HS reHepaTop: BbICOKOYACTOTHbIN pe3oHaTop NoakrovaeTcs K BbiIBogaM
RA6/0SC2/CLKOUT, RA7/0OSC1/CLKIN
001 = XT reHep-p: pe3oHaTop nogkrntovaeTtcs K Beieogam OSC2, OSC1
000 = LP reHep-p: pesoHaTop nogknioyaeTtcs k BeiBogam OSC2, OSC1

MPUNOXXEHWE B — TekcT nporpammbl
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primer1.asm 13 HosiGps 2011 ropaa.
; Mpumep Ne 1. Mporpamma copmuposatens umnynscos. PIC16F628A  Keapu 4 mIy.

LIST p=16F628A ; YcTaHoBKa T1na MUKPOKOHTponnepa
include <p16F628a.inc> ; MopknioveHne danna onuui
__CONFIG b'10000101100001'; CrioBo koHdburypauum
; ByT 3awmThl BbIk, BeiBog RA5 kak MCLR,
; WDT BbIKMIOYEH, HU3KO BOMbTH.NPOrp-BbIKI
; CTaHAapTHLIN XT - reHepaTtop,
; BOR paspelueH, PWRT- pa3peLueH.

;Onpe,qeneHme MONOXEeHUA pPerucTpoB cneunarnbHOro HasHayYeHus.

Status  equ 03h ; Peructp Bbibopa 6aHka.
TrisB equ 86h ; Per. HacTpoiikn HanpaBsn. paboTbl BbIBOAOB

; nopta B.
PortB equ 06h ; PerncTp ynpaeneHnus 3awenkamu nopta B
VRCON  equ 9Fh ; PerncTp ynpaenerus nctodHnkom onopHoro U.
CMCON  equ 1Fh ; Peructp ynpaeneHus mogyrnem komnapaTopoB.
T1CON  equ 10h ; Pernctp ynpaenenus tanimepom TMR1.
T2CON  equ 12h ; Peructp ynpaenenus tanimepom TMR2.
CCP1CON equ 17h ; Peructp ynpasnexus mogynem CCP.
RCSTA  equ 18h ; Peructp ynpaenenus mogynem USART.

; OnpepeneHne HasBaHUS W MOMOXEHWUSI PErUCTPOB OBLLEro HasHaueHus.

n equ 70h ; CUeTumnK BpeMeHmn
n1 equ 71h ; CyeTuunk BpemeHu 1
n2 equ 72h ; CyeTymnk BpemeHn 2

Bxog B nporpammy.

org 0 ; Havatb BeInonH. nporpammel ¢ agp. 0 PC.
goto Start ; Mepexop B MM Start.

; TekcT nporpammbi.

; OTKNOYEHWE He UCcnosb3yeMblX MOAYMeN, HacTpolka nopTa B Ha BbixoA.

Start bcf RCSTA,7 ; O6Hynenue 6uta 7. Beikn. mogynsa USART.

cirf CCP1CON ; O6HyneHve perucrpa. B T.4. 6uthl 0-3.
; BblkntoyeHve mopynst CCP

bef T1CON,0 ; O6HyneHwue 6uta 0 pernctpa T1CON.
; Beikn. Taimepa TMR1.

bef T2CON,2 ; OGHyneHwue 6uta 2. Bbikn. Tanmepa TMR2.

cirf CMCON ; O6HyneHue pernctpa CMCON.

comf CMCON,1 ; Uneepcus cogepxumoro per.CMCON. Butbl
; 0-2 B '1'.BbIkn. MOAyns koMnapaTopoB.

bef Status,6 ; O6Hyn. 6uta 6. Bribop 6aHkoB O 1 1.

bsf Status,5 ; YctaHoBka B '1' 6uta 5. Beibop GaHka 1.

bcf VRCON,7 ; O6Hyn. 6uta 7 per.VRCON.BbIkn.ncTouHmKa
; OMIOPHOTO HaMPSHKEHUS.

moviw .0 ; 3anuce B akkamynsaTop (W) koHcTaHTbl 0.
movwf TrisB ; Konuposanue B TrisB copepxumoro W.
; uHum nopTa B HacTpanBaioTcs Ha BbIXoA,.
bcf Status,5 ; Bbibop 6aHka 0.
cirf PortB ; OBHyneHuWe 3aLlenok (nMnHui) nopta B.
TACH1 moviw b'00000001" ; 3anuck koHcTaHTLl 00000001 B akkamynsaT.
movwf PortB ; KonupoaHue koHcTaHThl B PortB. RBO="1"
call Pause ; Mepexopn Ha noanporpammy Pause
nop ; KanmbpoBoYHbIN (MyCTON)MaLLMHHBIA LMK
nop ; KannbpoBoyHbIN (MyCTON)MaLLMHHBIA LMK
moviw b'00000010" ; 3anuch koHcTaHTLI 00000010 B akkamynAT.
movwf PortB ; KonupoBaHwue koHcTaHThl B PortB. RB1="1"
call Pause ; Mepexop Ha nognporpammy Pause
nop ; KanmbpoBOYHbIN (NMYCTOM)MALUMHHDBIA LMK
nop ; KannbpoBoUHbIii (MyCTOM )MALLMHHBIA LMK
bef Status,0 ; O6Hyn. 6uta 0.(dbnara nepeHoca-3aema C)
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rif

call
nop
nop
bef
rif

call
nop
nop
bef
rif
call
nop
nop
bef
rif
call
nop
nop
bef
rif
call
nop
nop
bef
rif
call
goto

PortB,1 ; Linknuyeckuii caBur BNEBO COAEPXKMMOro
; pernctpa PortB. RB2="1"

Pause ; Mepexop Ha noanporpammy Pause
; KannbpoBoUHbIii (MyCTOM)MALLMHHBIA LMK
; KannBpoBoYHBIN (MyCTOM )MALLMHHBIA LMK

Status,0 ; O6Hyn. 6uTa 0.(cpnara nepeHoca-3aema C)
PortB,1 ; Linknuyecknin casur BNEBO COAepXKMMOro

; peructpa PortB. RB3="1"
Pause ; Mepexop Ha nognporpammMy Pause

; KannmBpoBOYHbIi (NMYyCTOM)MALUMHHDIA LMK
; KanmBpoBOYHbIN (NMYCTOM)MALUMHHDBIA LMK

Status,0 ; 11 1] 11
PortB,1 ; RB4="1"
Pause ; 11 11 /1
. // /]. /].
; /. /. n
Status,0 ; /- /- /-
PortB,1 ; RB5="1"
Pause ; 11 /1 /1
. // /]. I/
; ,I’I 1]. 1].
Status,0 3 ===l /I II
PortB,1 ; RB6="1"
Pause ; 11- % 11
. ’I’I 1]. 1].
; ”I /]. /].
Status,0 s ===l /I II
PortB,1 ; RB7="1"
Pause ; /]. /]. /].
TACH1 ; Mepexoa Ha noBToOp UMKNa

; Moanporpamma popmupoBaHusi 3agepxky B 999994 Mkc.

Pause moviw
movwf

X2 call
call
call
call
decfsz
goto
call
call
call
moviw
movwf

X3 decfsz
goto
return

.249 ; 3anuck yucna 249 B pernctp W
n1 ; CkonupoBaTb 249 us W B pernctp n1
Pause1 ; Mepexop Ha noanporpammy Pause1
Pause1 ; Mepexon Ha nognporpammy Pause1
Pause1 ; Mepexop Ha nognporpammy Pause1
Pause1 ; Mepexop Ha noanporpammy Pause1
n1,1 ; [lekpemMeHT coaepxumoro peructpa n1 c
X2 ; MOMeLLieHeM pe3dyrbTaTa B Hero xe.
Pause1 ; Mepexop Ha nognporpammy Pause1
Pause1 ; Mepexop Ha noanporpammy Pause1
Pause1 ; Mepexop Ha noanporpammy Pause1
.81 ; 3anuck yucna 81 B pernctp W
n2 ; CkonuposaTb 81 n3 W B peructp n2
n2,1 ;n2=n2 -1, Ecnn n2 He Homb,
X3 ; TO nepexof Ha X3, ecnu HoMb, TO

; BbIX0OA4 13 noanporpamMmbl Pause.

; Moanporpamma hopMupoBaHus 3agepxku B 998 Mkc.

Pause1 moviw 1199 ; 3anuck yucna 199 B pernctp W
movwf n ; CkonuposaTtb 199 ns W B pernuctp n

X1 nop ; KannbpoBoyHbIN (MyCTON)MaLLMHHBIA LIMKI
nop ; KannbpoBouUHbIi (MyCTOM)MaLLMHHBIA LK
decfsz n,1 ;n=n-1, Ecnu n He Honb, TO
goto X1 ; nepexod Ha X1, ecnu Homb, TO
return ; BbIXOA 13 noanporpammel Pauset.
end ; OMpeKTUBa KOHLIa Mporpammbi.
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