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Ecnn Bbl 063aBennce mogynem Arduino UNO, KoTopbii B Mpeablaylimx paccKasax MCMo/ib3oBajav B
KayecTBe reHepaTopa v ocuunnorpada, To B STOM pacckase Mbl UCMONb3yeM MOAY/b ANA CO34aHMA
CXeMbl BOJITMETPA NOCTOAHHOIO HanpAXeHusa. Bam He ob6sA3aTenbHO npuobpeTaTb ceMUCErMEHTHbIE
WHAMKATOpPbl, €ciu Bbl He cobupaeTecb peanbHO cobupaTb TakoW BoAbTMeTp. Mbl npoBegém Bce
3KCMEPMMEHTbI, NONb3YACh TONIbKO Moaynem Arduino, a YacTb unatoctTpaumii 6yaeTt BbINOJIHEHA MHOIO B
nporpamme Proteus. Ho ecnn y Bac ecTb BO3MOMKHOCTb MPMOBpecTn MHAMKATOPbI 414 NpoBeAeHUA
3KCNEepPUMEHTOB, TO MOXHO KyNuTb, Hanpumep, nHamkatopbl BL-S56A-12UR, KoTOpble cerogHA CTOAT B
marasuHe «4un u Aun» npumepHo no 40 py6.

MN306pasnm Halle yCTPOMCTBO, YTOObI 06paLLAaTbCs K HEMY NO3XKe:
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PucyHOK Hawero npoeKkrta anA aTon ncropuun

'nraBa 1. HeMHOrO 0 npoieccope MUKpOKOHTpoOJLJIepa

Pa3obpatb muKpocxemy ATmega328, Ha 6ase KoTopoi caenaH mopynb Arduino UNO, HEBO3MOMKHO.
Mo3ToMy NPUXOAMTCA BCEMY BEPUTbL HA CI0BO — M TOMY, YTO ByZeT HanuMcaHo B 3TOM paccKase, U TOMy,
YTO HanmcaHo B 60/bLUOK CNPaBKe K MUKPOKOHTPO/IEPY, KOTOPYLO HasblBatoT datasheet. MoXKHO HaliTm
NOAXOAALLYI0O BaM MO BALIEMY XapaKTepy KHUIY O MUKPOKOHTpossiepax. Ho MOXHO, npogaenbiBas
NPOCTble 3KCMEPUMEHTbI, OCBOUTb PaboTy C MUKPOKOHTPO/IEPOM, He BAABAsACb CAULLIKOM r1yb6oKo B
NCTOPUIO 1 TEOpUIO BOMNpoca.

B ocHoBe cyTV paboTbl MUKPOKOHTPOIEPOB NeaT LUndpoBble NPOLECccopsl, AajsbHUE POACTBEHHUKM
TOro (MK Tex), YTo 0bCNYKMBAET Ball KoMNbloTep. He cTo/Ib BbICTPbIE U HE CTO/Ib MOLLHbIE OHU, TEM HE
MeHee, CnoCcobHbl BbIMOAHATL MHOMECTBO Onepaumii, AOCTAaTOYHbIX A0 peanun3aumMmM MnoytTn Bcex
3anpocoB pa3paboTynKoB.

Ho npu Bceli cBOe Kpace 1 MOLLLM MUKPOKOHTPONED, BbIAAA C 3aBOAA-U3roToBUTENA, BECMOMOLLEH KakK
HOBOPOXAEHHBIN MnageHel,. M 3To Bam NpUAETCA YUUTb €ro XOAWUTb U YTO-TO AenaTb.

Mpoueccop, 3aKNOYEHHbIA B MUKPOKOHTpPOANNEP, MOXET BbINO/IHATbL pPa3Hble oOnepaunn, Kak
apmd)meTquCKme, Tak n nornyeckne. OAHAKO «MOXKET», He 03HaYaeT, YTo 6yAET. YT106bI YTO-TO Aenartb,

3



B.H.T'osi010608B MUKpPOKOHTpOJLIED

npoueccopy Heobxoguma nocnenoBaTeNbHOCTb KOMAaHA, WX, U TONbKO WX, OH CNOCO6EH BbINOHUTD.
Kakgan KomaHga — 3To ABOMYHOE YMCI0, onpeaenéHHoe pa3paboTyMKkamm MUMKPOKOHTPOIIIEpPa NPU ero
co3aaHumn. CNUCOK 3TUX KOMaHA MOXHO HalTW B CMPaBOYHbIX AaHHbIX ANA KOHKPETHOW mozenu. Bot
npumep KomaHa, AN OHOrO U3 MUKPOKOHTPONEPOB:

MHemoHuKa

14-paspRgHEIW KOg Wam.

KOMaHAkI Onmcakue Luknos BuT 13 But 0 | chnarm Mpuwm.
EadT opueHTHR KOMaHAb!
ADDWF f.d Cnoxerwe Wu f 1 f£ff | C,DCZ 1,2
ANDWF f.d MoGutHoe "W W n f 1 fE££ff Z 12
CLRF f OuncTuts f 1 z 2

[CcLrRw s OuncTUTs W 7 | z

COMF f.d WHBepTuposaTth f 1 Z 12
DECF f.d Bouects 1 u3 f 1 z 1.2
DECFSZ f.d BbiuecTs 1 M3 f u nponycTuts ecnu 0 1(2) 1,23
INCF f.d Mpwbasnte 1 K f 1 Z 1.2
INCFSZ f.d MNpubaeuTe 1 k f 1 nponycTute ecin 0 1(2) 1,23
IORWF f.d Mo6uTtHoe "MINA' W u f 1 z 1,2
MOVF f.d Mepecnarts f 1 z 1.2

Puc. 1.1. HecKONbKO KOMaH4 MUKPOKOHTPOAIEPA

MHeMOHMKa KOMaHAbl MCNO/Ib3yeTCcA B TEKCTE MPOrpamMmbl Ha accembsiepe, HO MpPOLECCOP NOHMMAET
TONbKO [BOWYHOE YWUC/O, MPUCBOEHHOE 3TOM KOMaHAe. TaK A/a8 KOMaHAbl OYUCTKM perucrpa-
AKKYyMynAaTopa ncnonbsyetca kKomaHga 00 0001 0000 0011.

MpoynTaB 3Ty KOMaHAY, NPOLECCOP OYMUCTUT PerncTp, Ho Bonblle HMYero aenaTb He ByAeT, ecan He
byaeT Apyrux KomaHg,. Mostomy KomaHg, 6bIBaeT MHOTO.

Ecnm Bbl He 3HaeTe, YTO TaKOe PErucTp, TO BaM HYKHO KaK-TO MpeAcTaBUTb €ro, MMeTb KaKyl-TO
3HAKOMYIO BamM MoOJe/Nb 3TOM 4YacTM MUKPOKOHTpoanepa, Tem b6onee, 4YTO perncrtpos vy
MWKPOKOHTPO/I/IEPa MOMET ObiTb MHOFo. BCMOMHWTE, YTO Mbl FOBOPUAM O TpUIrepax-3allénkax.
PaccmoTpum Takyto cxemy:
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KoHeuyHo, peasibHble PerncTpbl MUKPOKOHTPOAIEPA YCTPOEHbl MHAye, HO pPaboTalOT OHU MOXOXKMM
obpasom. UTakK, anemeHTbl S1-S4 Hy»KHbI B AaHHOM cayyae a1 GOPMUPOBAHUA 3HAYEHUIN AAHHbIX. OTU
JaHHble Ha Bxoae TpurrepoB o0603HauyeHbl KaK in0-in3. Korga Ha BXoAbl TaKTUPOBAHMA TPUITEPOB
NPUX04AT UMNYAbCbl, GPOHTbI 3TUX UMMNY/IbCOB MEPENUCHIBAIOT AAHHblE Ha BbIXOA, TPUITEPOB, TAe UX
MOXHO 4uTaTb. Ha BbIXxoge TpUIrepoB AaHHble o0603HauyeHbl Kak DO-D3. Mimnynbcbl TakKTMPOBAHUSA
NPUXOAAT OT reHepaTopa NPAMOYroabHbIX MMNYAbCOB S5. Ho ecTb ewé cxema «U», KoTopasa paspewlaet
NPOXoXKAeHWe TaKTOBbIX MMMY/bCOB TOr4a, Koraa Ha Bbixoge S6 noasnAetrca egumHuua. dnemeHT S6
0603HaueH Kak addr, 1 0 HEM Mbl MOrOBOPMM YyTb MO3MKE.

MopaB Ha BXOAbl TPUITEPOB AaHHbIE, KOTOPble Mbl XOTUM COXPaHMTb, Mbl NOAAAMM WUMMYALC OT
TAKTOBOro reHepaTtopa, 4Tobbl 3anMcaTb 3TW AaHHble B TpuUrrepbl. TO eCTb, YTO-TO 3anuiuem B Hall
MMMPOBU3UPOBAHHbIN perncTp. Ho, Ytobbl AaHHbIE 3aNMCaUCb UMEHHO B HEero, Mbl AO/IKHbI AaTb 3TOMY
perucTpy Hekuit agpec. 3anucas AaHHble MO 3TOMY agpecy, Mbl He ByaemM UX MeHATb 40 C/leayloLLero
obpalleHMa no sTomy agpecy. Tenepb, HaAeCb, MOHATHO Ha3HayeHUe s3nemeHTa S6, HazBaHHoro addr.
IT0 aapecHbIt cenekTop. Ecam agpec NnpaBuAbHbIN, TO TaKTOBbIE MMMNYAbCbl NEPENUCbIBAOT AaHHbIE, YTO
Bbl MOXeTe BUAeTb Ha gnarpamme. Ecnu obpalieHre ngét no gpyromy agpecy, To TaKTOBbIe MMMYJIbCbI
He NPOXOAAT K PerncTpy, a 3anMcaHHble paHee AaHHble B HEM XpaHATCA. BCé 3To BUAHO Ha Anarpamme.

ioboit agpec — 370 ABOMYHOE YMCO, HO U AaHHbIE TOXE NpeacTaB/eHbl ABOUYHbIM Ynciom. bonee
TOrO, U KOMaH/Aa TOXKe ABOMYHOE YnCNo. KaK ke npoLeccop nx pasnmuaer? Bcé Aeno B TOM, YTO NepBsoe,
UTO MPOLLECCOP MPOUUTbLIBAET — 3TO KOMaHAa. B KomaHae yKasbiBaeTca, B CYLLHOCTM, aapec, rae 6yayT
XPaHUTbCA AaHHble, U afpec PerucTpa, rae nocne onepauumn ¢ 3STUMU AaHHBIMU HY>KHO ByeT XpaHuTb
pe3ynbTtaT. Tak B MOKa3aHHOM Bbllle KOMaHAe HEABHO YKa3aH afpec, MO KOTOPOMY MPOLLECCOP AO/IKEH
OCyLLLECTBUTb onepaumio. 3a aapecamu CAeauT CreumasbHbli y3en B NpoLeccope, KOTOPbI BbICTaBAAET
ajpeca Ha WWHY aapecos. Ho uTo Takoe LinHa aapecos (agpecHas WwWnHa)?

Kpome peructpoB, KoTopble, Kak MpaBuio, MMeT GUKCMPOBaHHbIE aApeca, ecTb elé onepaTuBHas
NamaATb, A€ XPaAHATCA BPeMeHHble AaHHble, KOTOPble MOTYT MEHATbCA Npu paboTe Nporpammbl, WX
Ha3bIBaIOT epemeHHbIMU. ECTb nporpamma, rae B yCTPOMCTBAX NMOXOXMX Ha PErncTpbl XpaHMTCA cama
nporpamma, To ecTb KOMaHAbl NpoLeccopy. M Bce 3T a1eMeHTbl MMetoT agpeca.

Ha pucyHKe n3obparkeHbl YeTblpe AYeiKN 3aNOMUHAHNA AaHHbIX. ITO CAENAHO TObKO A8 TOro, YTO6bI
He 3arpomoXKaaTb PUCYHOK. OBbIYHO MX BbIBAaET HE MEHee BOCbMU. B KayKAoW AYeliKke MOryT XpaHWUTbCA
Aase umMdpbl — HOMb U eanHMLA. KaxKaas avelrika — 3To pa3pag, 4BOMYHOIo Yncna. Bocemb Aveek, Bocemb
pa3panoB ABOMYHOMO YMCa HA3biBatOT balimom.

BalT MOXeT XpaHUTb Uenoe uncno 6es 3Haka oT 0 go 255. Ho 256 He Takoe 60/blUOe YMUCAIO, YTOODI
YO0BNETBOPUTL AaXKe CaMble CKPOMHbIe 3aMpockl B YacTh apudmeTmKK. Mo3ToMy faHHbIE 3anNMCbIBAlOT B
ABYX CMEXHbIX «peructpax», 4To AaéT BO3MOMKHOCTb onepupoBaTb € yucaamm ot 0 go 65535. Ecan
CTApWnin 6BUT 3TOro ABOMYHOIO YMC/a MCMOAb30BaTb A/1A 3afaHUA 3HAKa, CKaxem, natoc byaer 0, a 1
6yLeT MUHYC, TO Mbl CMOXeM ONepuMpoBaThb C Yncnamm oT -32768 ao +32768. Bo MHOTUX CiyyYasnx 3Toro
[0CTaTO4YHO.

Moxoxas npobiema BO3HWKAET U ¢ agpecamu. Ecam ans agpecoB mMbl Byaem MCMNONb30BaTb TOJIbKO
0AMH 6alT, TO KONMYECTBO aApPecoB (MM agpecHoe MPOCTPAHCTBO) ByAeT ouyeHb HEBEAMKO AaxKe AnA
NPOCTbIX cyyaes. MoaToMy M AN aAPECcOB UCNOb3YIOT MO ABa 6aiTa. M ana faHHbIX, U o1a a4pecos B
COBPEMEHHbIX KOMMbIOTEPAX UCMOJb3YIOT 6oJibLIee KOMYecTBO H6AMT, HO HaM XBaTUT MOKa U TOTO, O YEM
Mbl FOBOPUIIN.
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Kaaan cBa3b y3na agpecaumu (Kaxabiin 6UT agpeca) npuxoamT K COOTBETCTBYIOLLEMY BXOAY afpecHOro
cesleKTopa, onpeaensAlowWwero oaMH aApec, a COBOKYMHOCTb 3TMX CBA3el obpasyeT aopecHyro WUHY,
TOrAa Kak paspsaaHocTb 6MTOB aapeca AaéT Ham adpecHoe MPocmpaHcmeo. Kpome LnHbI afpecoB ecTb
WUHG OaHHbIX, KOTOPasa MMEET CTONIbKO Pa3pAfoB, CKONbKO 3aAymaHo paspaboTtuMkammu ana paboTsbl C
yncnamu.

BHOBb BEpHEMCA K paboTe npoueccopa BHYTPM MUKPOKOHTPO/IEPa.

Mpn BKAOYEHUW NUTAHUA BCE Y3/bl MUKPOKOHTPOJ/IEepa NPUXOOAT B UCXOAHOE MOJIOXEHWUE, TaKkoe
Hayasio0 HasblBalOT «cOPOCOM» MM cOpocom No NuTaHuto. Mpu 3TOM Npoueccop HAYHET cBoto paboTy ¢
obpaleHna K npoepammHol namamu (rge 3anvMcaHa nNporpamma) no Hysnesomy agpecy (MHoraa aTo
cTaplwmnii agpec). 34ecb 3anMcaHa camas nepsas KomaHaa. Ecim atoro He npousonaéTr, ecam agpec
6yneT HeBEpHbIM, TO BMECTO KOMaHZAbl NPOLLECCOp MOXKET MPoYMTaTb KaKkMe-To gaHHble, KoTopble He
OTBEYAlOT HM OAHOM M3 KOMaHA, AN OTHOCATCA K HEeNnpaBWUAbHON KOoMaHge. B aTom cnyyae BCEé NonagTr
«HaMepeKoCsaK», CKOpee BCEro, MPOLLECCOp «3aBUCHET», OH HE CMOMXeT Aajblue paboTtaTb. Ecam Baw
KOMNbtoTep Korga-HmMbyab 3aBUCA, TO BO3MOXKHOM NpUYMHON 6blna 3Ta.

Bce KoMaHApbl NpoLeccopa NpoAyMaHbl Tak, YTobbl OH 3HaA, rae B3ATb AaHHble, KyAa UX OTNPaBuUTb — B
perucTpbl (M Kakue), 4To ¢ AaHHbIMK caenaTb. Yale Bcero pesynbTaT byaeT oTNPaBAATbCA B perncrp-
AKKYMYNATOP, OTKYZAa pPe3y/ibTaT MOXKET OTNPaBUTbCA, HANPUMEP, Ha BbIXOA4 UM B ONEPaTUBHYIO NaMATb
Nno agpecy Kakon-To NepemMeHHON!.

Bce 3T WwarM pacnucaHbl OTAE/NbHbIMM KOMaHZAMM, CMMCOK KOTOPbIX A0BOAbHO 60/blWONM, U Bam
NpPeacToOUT MX BCe 3anmncaTb C NOMOLLbIO MHEMOHWUKM KOMaHZ, eC/iM Bbl PeWnan nmucaTb Nporpammy Ha
accembnepe. Mo3)e Bbl OTTPAHCAMpPYeTe 3Ty 3anucb B [BOMYHbIE KOAbl KOMAHZ C MOMOLLbIO
cneumanbHOM NPOrpammbl, KOTOpan HasblBaeTca accembiep. Mcnonbaya accembaep, Bbl KOHTpoOAUpyeTe
NoYTK BCe ONnepaLMM NPOLEccopa, KOHTPOIMPYEeTe Kaxabli ero war. Ho gaske Ans nNpocTbiX AelcTBUiA
WaroB OKa3blBaeTCA L[OBOMbHO MHOMO, a 3anNoMWHaTb MHEMOHWMKY KOMaHg, TPYAHO, MO3TOMy
NPOrpaMmmICTbl AaBHO NPUAYMaM, Kak YNPOCTUTb MNPOLLECC NPOrpaMmmmUpPoBaHu.

'nasa 2. HemHoro o nporpamme

Nioban nporpamma — 3TO YKa3aHMA Nnpoueccopy, 4ToO emy cneagyet aenatb. Ho, HaunHaAa co3gasaTtb
nporpammy, Bbl B NMepBYyl oyepenb onpegensetrecb He C KOMaHA4aMuM npoueccopy. Bbl pelwaeTe, 4To
AO0/KeH Aenatb MUKPOKOHTpoanep, TO €eCTb, B Halem caydae WU3IMePATb HanpAaXXeHune Ha
noTeHUMomeTpe “n 0T06pa)KaTb ero B geCATM4HOM BMAE Ha CEMUCETMEHTHbLIX MHOWKATOPAX, KaK Mbl
pewnnn B CaMoM Ha4vane. BoT TakK 6y,u,eT BbIrNAAETb Balla Nporpamma M3HavasibHO.

Moemopum eé: MUKpOKOHMPOsnep O0AXEH U3MePAMb HanpAaXeHue Ha nomeHyuoMmempe
U 0mMobpax}ames 3mo HanpAxeHuUe Ha cemucezmeHMHbIX UHOUKAmMOopax.

Yto ganbwe?

ECAn Bbl XOTUTE TO/MIbKO MOBTOPUTb FOTOBYIO CXEMY, TO BaM MOHaAobMTCA BCE NPaBU/IbHO COEAMHUTD,
3arpysuTb rOTOBYIO NPOrpaMmmy B MUKPOKOHTPOIEP, YTOObI MOHabA0AaTb 3a pe3y/ibTaToM paboTbl. YTo
Bam 3TO AacT? [0TOBbIA BOALTMETP. HO Yy Bac yKe ecTb MynbTUMETP, KOTOPbIN CAENAET 3TO HE XYKe,
€C/IN He nyylue.
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WUTak. MNporpammupoBaHne — 3TO CO34aHMe MNPOrpammbl, KOTOPOE HauYMHaeTca C NpoAyMblBaHUA
nporpammsbl. lpouecc NpPoAOMKAETCA HaMNMCaHMEM TeKCTa MpPOorpamMmbl Ha BbIbDpaHHOM A3blIKe
NPOrpaMmMUpPOBaHMA, 33 KOTOPbIM CledyeT OT/lagKa NporpamMmmbl, a 3aBepllaeTca BCE TpaHcasuuen
nporpammbl B GOpmMy, KOTOPYIO MOXKHO OTMNPaBUTb B MUKPOKOHTPOANEpP, Fde OHa OcAAeT B MamMATU
MUKPOKOHTPO/INEpa, NpeaHasHauyeHHoW Ana XpaHeHna nporpammsl. Mpouecc oTnpaBKku Nporpammbl B
MUKPOKOHTPO/INEP Ha3blBAlOT 3arpy3koi MporpaMmbl B  MUKPOKOHTPOA/IEP, ANA Yero CAy»Kat
nporpammartopbl. Mogynb Arduino, 1 3To yao6Ho, He TpebyeT NporpammaTopa, OH y»Ke ecTb B Moay/ie.

I'Ipo,u,yMblsaHme nporpammbl Mbl Ha4yHEM B cne,qyrou.l,eﬁ rnaBe, NOCKOJZIbKY Mbl HE BbIACHU/IU, HANpPUMEP,
YTO TaKOEe CEMMUCErMEHTHbIM MH,LI,MKaTOp?

A cellyac HECKOJIbKO C/10B O A3blKax nporpammunpoBaHuUA.

A1 y)Ke YNOMWHAN O TOM, YTO TEKCT MPOrpammbl MOMKHO HanucaTb Ha accembnepe. Bbl moxeTe 3TUM
3aHATbCA, €CAU YBUAUTE B 3STOM CMbIC/. TEKCT NPOorpammbl MOXHO HamnmcaTb Ha A3blKe BbICOKOTO YPOBHA.
CeroaHa Bce A3bIKM BbICOKOrO YPOBHA, KOTOpble paHblle Npeanonarasocb UCNOAb30BaTb ANA PasHbIX
uenen: Basic ana HauumHawowmx, Pascal ana obyyeHma B BY3e wm T.4., - cerogHa Bce A3bIKM
NPoOrpaMmMmupoBaHNA MNpeTepnent WU3IMeHeHua, npesBpawalowmne MX B YAO0BHbIA MHCTPYMEHT Ans
co3aaHuA nporpamm. MNycTb Bac He CMYLLAEeT, YTO BamM HpaBUTCA Basic — OH He Xy»e Apyrux A3bIKOB
NporpaMmupoBaHna.

B nocnegHee Bpems NoABUANUCH rpaduyecKkne A3biKM NporpamMmmMpoBaHusa. He obpauialiTe BHUMaHMeE,
YTO UX KTO-TO pyraeT. Ecnm Bam HpaBuTCA rpadmUUecKmii A3blK MPOrPaMmMUMpPOBaHUSA, NOJIb3YUTECH UM.

Ho Mbl 4OroBOPMANCH, YTO ByAET MCNONb30BaTb MoAyb Arduino, noaTomy byaem MCNONb30BaTb TO, YTO
eCcTb 4/1A 3TOr0 MOAyAA B YacTu cpeabl pa3paboTku. 1o byaer ambo nporpamma Arduino, nmbo eweé
YTO-TO, YTO NO3BONAET paboTaTsb ¢ Arduino.

Moboli A3bIK BbICOKOTO YPOBHSA, Yallle APYrnX UCNOJb3yeTca A3blK C1, Nporpammy TpaHC/AUPYET, TO ecTb,
nepesoAuT. BHauyane nporpammy, HamnucaHHyl0 Ha fA3blke Cu, TpaHCAUPYOT Ha accembnep, noTom
nporpammy Ha accembnepe TpaHcAUpyoT B GOpmy MO0 MaLLMHHBIX KOZOB, KaK A5 KoMMNbloTepa, 6o
B dopmy AnA 3arpyskM B MUKPOKOHTposiep (vawe Bcero hex-¢alin). PaHblie BCE 3TM MpPOLECCHI,
BK/IIOYAIOLLME eLé U KOMMOHOBKY NPOrpamMmbl, BbIMOMHAINCL NO OTAENbHOCTU, CEFOAHA Bbl HAXKUMaeTe
MKOHKY TPaHCAALMM B MEHIO cpefibl pa3paboTku u nosyyaeTe roToBbiid dpain. C mogynem Arduino Bbl
[arKe nosyyaeTe MUKPOKOHTPOJINED C YXKe 3arpy*KeHHoM 1 paboTatoLLein Nporpammoin.

MoCKoNbKY Bam NPeACTOUT HAyYUTb MUKPOKOHTPOAIEP «XOAUTbY, AaBaTe HayuyMMCA CaMu, Kak
caenaTb Nepsbli ManeHbKui Wwar. Ha nnate moayna Arduino ecTb CBETOAMOA, KOTOPbIA Mbl B KayecTse
MepBOro LUara 3aXKem.

[ns aToro Bam cnepyert yCcTaHOBUTb Nporpammy Arduino, o YEmM Mbl FTOBOPUAN paHee. Y MeHA OAHa U3
nocnegHUx Ha CerogHAa BepCUMi MPOrpammbl YCTaHaBAMBAETCA, Kak nobasa nporpamma Windows, B
pasgen «Program Files» Ha amcke. B Linux oHa 6ygeT B Apyrom pasgene, HO NOABUTCA B CMUCKE ApPYruxX
nporpamm.

YT106bI 3anycTutb cpeay paspaboTku nporpamm Arduino, Bbibepute €€ U3 CNUCKa, WENKHUTE J1IeBOM
K/N1IaBULLIEN MbILLIKM MO HAa3BaHWUIO, 1 Bbl MOJTyYMUTE TaKOM «BNOKHOT NPOrpammucTa:
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sketch_jan29a | Arduino 1.6.6 - m] X

@aiin MNpaska Crety WHcTpymenTs: [Nomouge

sketch_jan29a §

1 void setup() { ~
2 // put your setup code here, To run once:

41

€ |void loop() {
7 // put your main code here, to run repeatedly:

21

Puc. 2.1. 3anycKk nporpammbl Arduino

A3bIK NPOrpPaMMMpPOBaHUA, MUCMOJIb3YEMbIA B Komnunatope (TpaHcnsaTope, nepesoguuke) Arduino
MOXOX Ha A3blK CK, NO3TOMY MHOTO€e BbIMIAAMUT TaK, Kak HanmcaHHoe Ha a3bike Cu.

Balwwu nporpammbl Ha3blBalOTCA 34€Cb CKETYaMM, YTO He TaK BaXKHO, Bbl COXpaHUTE NPOrpamMmmy rnoj Tem
MMEHEM, KOTOpbIii Bam HysKeH. Korga Bbl HauMHaeTe HOBYI Nporpammy, TO Mojsyvyaete WabnoH,
3aroToBKY MoJ Mporpammy, rae ectb gBe Heobxoaumble YacTW, OHU BblAeNeHbl Ha PUCYHKe. IDTo Age
YyacTu MAn 610KK NPOrpamMmbl, NEPBbIA U3 KOTOPbIX NpeaHasHaYeH AN HAaCTPOMKU MUKPOKOHTPOAEpPa.
Hagnucb B aTom 610Ke riacuT: gobasbTe 34ech Ball KO, KOTOPbIM OyaeT BbINOJIHEH OAMH pas. ITO TaK.
B aTom 6/10Ke Bam NpeacToMT 06bACHUTbL KOHTPOINEPY MHOTFOE, HO He celiyac.

BTopoi 670K NpegHasHayYeH Aaa camol NporpaMmbl, KOTOpPas, Kak F1acut Hagnucb, byaet noBTopATLCA
MHOTOKPaTHO (6eCKOHEYHO).

YTo Ke Mbl O0/IKHbl OBBACHUTL KOHTpPOA/Nepy B nepBom 6/10Ke nporpammbl. [oKa HemHoOroe.
Mpoueccop MUKPOKOHTPO/INEPA YKPbIT «3a 3a6opom» NMOPTOB BBOAA-BbIBOAA. [OPT MOXKHO NpeacTasuTb
cebe TaK ke, KaK Mbl NPeaCcTaBuAN MOAE/b PerncTpa. PeasnbHblil MOPT MOKET BbiTb YCTPOEH MHaye, HO
Mmogenb byaeT paboTaTb NOXoxum obpasom. KaKabli BbiBOA, (MAM MOYTM Kakabli, 3TO cnepyet
yTO4YHUTb B datasheet) moxkeT paboTaTb B KayecTse LUMdPOBOro BBOAA U BbIBOAA. YTO 3TO 0O3HaYaeT?

Ha BbIBOL MMWKPOKOHTPO//EPA MOMHO NOAATb CUFHAN BbICOKOTO MW HU3KOTO YPOBHA, €CIM Mbl €ro
«3anpocMm» Kak umMdpoBon BBOA. M Kaxablii BbIBOA MUKPOKOHTPON/IEPA MOMKHO YCTaHOBUTL B BbICOKMIA
MW HU3KUIA YPOBEHb, €C/IM Mbl €10 Ha3HauYMM BbIXOZ4O0M. [1a nopTa B TOM BUAE MOAEAN, KaKMM Mbl €ro
cebe npeacTaBuaM, ecTb OAMH HI0AHC — Mbl 3aNUCbIBAaeM B Halleil Mogenu Bce 3HayeHus B nopt. Ho,
€C/IN Mbl XOTUM U3MEHUTb TO/IbKO OAMH BbIBOA, MOPTA, YTO MOXKHO cAenaTtb? MOXHO nNpoynTaTb paHee
COENAHHYI0 3anucCb B MOPT, CKa)KEM B PErucTp, M3MEHMUTb HY)KHOE 3HayeHue B perncrpe, a 3atem
nepenucatb pernctp B MOPT. TaKOM MeXaHM3M W3MEHEeHUs 3Ha4YeHMs OAHOro BbIBOAA MOpPTa
MCMO/Ib3YETCA YacTo M Ha3blBAeTCA METOAOM «UTeHMA-MmoandUKaumMm-3anucu». He 3abbiaitTe 06 aTom,
KaK caenan s ogHaxKabl U 6bla1 Henpas.
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Mbl 3Haem, YTO CBETOAMOA Yepe3 Pe3nCTOP MOXKHO MNOAKAYUTL K UCTOYHUKY NUTaHUA, M Toraa
ceBeToamon, 6yaeT cBeTUTbCA. B KayecTBe UCTOYHMKA NUTaHMA B Jl@aHHOM Cayvyae Mbl UCNOb3yeM BbIXOA,
MUKPOKOHTpONIepa. /11060l MUKPOKOHTPOIEP MOXEeT 4Yyepe3 CBOW BbiBOAbl MPOMYCKaTb A0BOJIbHO
3HaUYNTENIbHbINA NOCTOAHHbIM TOK, KOHEYHO MO MePKaM 3/1eKTPOHHbIX C1abOTOYHbIX YCTPOMCTB. BO BCAKOM
C/yyae, 3TOr0 TOKa [AOCTAaTOYHO, YTObBbl 3anuUTaTb WMHAMKATOPHbLIA CBeTOoAMOA. A Ham A0CTaTOYHO,
3aKasas BbiBoA, 13 (K aTOMy BbiBOAY Y MOAY/A NOAKNOYEH CBETOAMO/) B KaYecTBe BbIXOAHOIO B NepBoOm
610Ke Nporpammbl, yCTaHOBUTb €70 B eANHULLY (MK BbICOKKUI ypoBeHb, HIGH).

3anucb HaCTPOMKK BbIBOA Ha BbIXOA, Ha A3bike Arduino BbirnaauT Tak: pinMode(13, OUTPUT);

KaK Bbl BUAMTE, OHA FNAcUT: PeXXMM_BbIBOAA(34ech ABa NapameTpa, HOMEP BbIBOAA U BbIXOA, TO €CTb,
cam pexkum paboTbl BbIBOAA). Ha 3Tom noKa Bcé. O6patumcs K nporpamme.

Y106bl YCTaHOBUTL BbIBOA, 13 B COCTOAHME BbICOKOIO YPOBHS, Mbl AO/KHbI Hanucatb: digitalWrite(13,
HIGH); W 310 AcHO: undposas_3anuncb(Homep BbIBOAA, COCTOAHME). B UTOre mMbl NOAYYUM:

sketch_jan29a | Arduinc 1.6.6 - O X

®aiin Mpaska Cketd WHcTpymentsr Momouge

00 BHEH

sketch_jan2f9a g

here, to run once:

TR

1o

ere, toc run repeatedly:

Puc. 2.2. lNMepsaa nporpamma

Mepen Tem, Kak NPOAOAXKUTL PaboTy, NPOrPammy HY»KHO COXPaHMUTb.

sketch_jan2%a | Arduino 1.6.6 -

Daiin| Mpaska Creru Wnctpymentor Momouuys

Hogelid Ctrl+N
OTkpEITE... Ctrl+0
OTKpEITE HegaBHME >

Manka co ckeTyamm >
Mpumepst ,|to Tun once:
JakpeiTe Cirle W
Coxparwe Cirl+S

CoxpaHuTe Kak... Ctrl+Shift+5
jo run repeatedly:

Hactpoiiku crpannusi Ctrl+Shift-P
Mevars Ctrl+P

Hacrpoiikn Ctrl+Comma

Beoa Curl+Q

Puc. 2.3. CoxpaHeHHne nporpammel
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Mo ymonyaHuio Npu ycTaHoBKe nporpammbl Arduino co3gaérca MecTto ANA XpaHeHUs MporpaMm, Ho
MOXHO C03[aTb CBOO MankKy, rae XpaHWUTb CBOW Mporpammbl. B Bbibope MMeHu ana nporpammbl... €C/iv
Bbl HaMepeHbl M Aa/iblue YTO-TO MPOrpPamMmMMUpPOBaTb, UCMO/Ib3ysA pPa3Hble cpeabl NPOrpaMmMmMpPOBaHUS,
nocrapainTech 3anncbiBaTb UMeHa NaTUHULEN, UCMOb3YA HEA/IMHHbIE U MOHATHbIE BaM Ha3BaHUA. MIHOM
pa3 40 AOCTUMKEHMA Lean NPUXOAUTCA AeNlaTb MHOMKECTBO NpeaBapUTEsIbHbIX «3CKM30B», KOTOPble Bam
NoHaaobAaTCA, eCcn YTO-TO NOMAET He TaK, ecn NpPUMAETCA BEpPHYTbCA K Havany. MNpuaymaiite ans cebs
CUCTEMY Ha3BaHMI, KOTopaa Bam MOHATHA U yaobHa. f, npu3HaTbCA, B CMELWKe NOpoi nNpuaymbiBato
HeyAayHble Ha3BaHMA, a MO3XKe CaM He MOry BCMOMHMUTb 3TO Ha3BaHMeE. YUUTECb Ha YyXKUX OLUIMOKaX,
XOTA He boMTecb M CBOMX, HO NOCTapanTech Ux nsberatb.

Mocne Toro, Kak Bbl COXPAHUAWM NPOrpammy nog, KakMm-ToO MMEHEM, 3TO UMA MOABUTCA B 3aro/ioBKe.
Tenepb, ecv Bbl paHee He HacTPOMAN NPOrpamMmmy Mog Bal MOAy/b, BbibepuTe MoAenb Ballero Moaynn
W BUPTYaNbHbIN NOPT, K KOTOPOMY OH NOAK/IOYEH.

first_step | Arduino 1.6.6 - O X

Maitn Mpaeka Crkety WMHcrpymentsr Momowws

oo n : AstoQopmatnposarne Ctrl+T
ApXWENPOEATE CKETY
frsl_step WcnpaenTe KOANPOBKY W NEPEIArpysnTE

i setup() | Morurap nopra Ctrl+ Shift+ M

our

MnoTrep no nocnegoBaTensHoMy coeauHernio Ctrl+ Shift+L

Mnara: "Arduine/Genuino Uno" : MeHegkep nnar...
Mopr: "COM4" 1 Mnatel Arduine AVR

6 void loop() {
7 f/ Arduine Yin

/ put your

e Mporpammarop: "AVRISP mkll"
- - - ®  Arduino/Genuino Uno
9} 3anucate 3arpysung

first_step | Arduine 1.6.6 - O X

®ain MNpaeka Cketd WMHCTpymeHTsl Momowe

oo n : AgstoQopmaTiposarine Ctrl+T
ApXHENPOBATE CKETH
firsl_slep WenpaeuTs KOAWPOBKY W NEPE3ArpYINTL

MonuTop nopra Ctrl+Shift+ M

MnoTrep no nocnegesatensHomy coegnrernto Ctrl+Shift+L

Mnara: "Arduine/Genuino Uno" »
Mopr: "COMA" : MocnegosatensHsie nopTs!
COM1

Mporpammarop: "AVRISP mkll" E
¥ COM4

51 3anucats 3arpyzuuc

Puc. 2.4. Hactpolika nporpammsil

Mocne HacTPOMKM NPOrpamMbl Bbl MOMKETE MPOBEPUTDL, MPABUILHO /M HaNUcaHa NPOrPamma:

first_step | Arduino 1.6.6 — O X

@aiin Mpaeka Cketd MHCTpymMenTel Momows
Mpoeepute/Komnnnnpoeats Ctrl+R
3arpyska Ctrl+U

frst_step 3arpysuTe yepes nporpammatop  Ctrl+Shift+U

1 void set

kcnopT GuHapHore daiina Ctrl+ Alt+5

Mokasate nanky cketHa Ctrl+K
MeakntounTe BubauoTery >
JoBaenTte daiin...

to run repeatedly:

Puc. 2.5. MpeasaputenbHaa KOMAUAALMA NPOrpammbl

A MOKeT cpasy 3arpysuTb eé B moaynb Arduino, MCnoib3ys MKOHKY CO CTpenkon. Ecam Bbl obownucs bes
NPOBEPKK, HO B NPOrpamMmme YTO-TO HE TaK, TO B HUMKHEM YacTM OKHa noasATcA coobueHmnsa 06 ownbKax.

10
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[aneko He Bcerga B NporpaMmme CTO/IbKO OWMBOK, CKOJIbKO Bbl UX YBUANUTE B OKHE COObLeHni. MHoraa
OfiHa olwMbKa BeYET 3a cobolt paa aApyrux.

Moatomy npu nNOABAEHMW OWMOOK WCNONb3YyNTE MPOKPYTKY OKHa, 4TOObl HalTM camoe nepsoe
coobuieHne 06 owmnbke. Kpome coobuieHnin 06 owmnbKax NOABAAOTCA NpeaynpeXAeHMA, Kak NPaBuno,
OHM He MeLLatoT paboTe NPorpaMmbl, HO 3TO He 03HAYaeT, YTO Ha HUX MOXKHO He 0bpalLaTb BHUMAHMA.

first_step | Arduino 1.6.6 - O X

@aiin MNpaska Crety WHcTpymenTs: [Nomouge

01 ~
our setup code here, to run once:
13, © )

r main code here, to run repeatedly:
te(l3, H

Puc. 2.6. 3arpy3sKa nporpammsi B moaynb Arduino

Tenepb, eciv y Bac Takol e moaynb Arduino Kak y MeHs, Bbl yBUAWUTE ABa FOpALWMX CBETOoAMOAa —
OAMH UHAMLMPYET HaNn4YMe NUTAIOLLLEro HaMNpPAXKeHWA, @ BTOPOM 3aXKr/iv Mbl.

MN3meHWUTe TEKCT OCHOBHOM NPOrpammbl, NyCTb BaC He CMYLLAET, YTO OAHY CTPOKY A Ha3blBal0 TEKCTOM
nporpammel, cnegyrowmm obpasom: digitalWrite(13, LOW);

3arpysuTe HOBYIO NPOrPammy B MOAY/b, Bbl YBUAWTE, YTO FOPUT TONbKO OAMH cBeTogmoa. Mbl caenanm
ewé oaMH ManeHbKkuid war. M obpatnte BHUMaHUe: a106a8 UHCMPYKYUA Ha A3bike Cu 3aeepwaemcs
moykoli ¢ 3anamoli! 3T MHCTPYKUMN 06beAMHAIOT HECKO/IbKO KOMaHZA npoueccopy M3 Habopa ans
JAHHOW MOAENn, YeM OHU W WHTEPECHbl: MHCTPYKUMWU A3blKa BbICOKOTO YPOBHA MOHATHEE, 4Yem
MHEeMOHMUKa accembaepa, OHM NPeACcTaBAAIOT 610K NPOLECCOPHbIX KOMaHA, 0bpa3ys MaKpoKoMaHAay.

[aBaiTe caenaem eweé oanH ManeHbKUi Wwar, 06veAMHUB 3TN ABE NPOrpamMmbl, HO MEXKAY 3aXKUraHMEM
W ralwieHnem ceBetoamoaa gobaBmnm naysbl. 34ecb OHM 3anucbiBatoTca Tak: delay(1000);

Tekct nporpammbl «NOTONCTEN» U UMEET BUA!

void loop () {
// put your main code here, to run repeatedly:
digitalWrite (13, HIGH);
delay (1000) ;
digitalWrite (13, LOW);
delay (1000) ;

11
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3To nepBasA Nporpamma, ¢ KOTOPOW HaYMHAIOT CBOE 3HAKOMCTBO C MPOrpamMMmMPOBaHMEM OYEHb MHOTHUE,
He BecrnoKonTecb, ec/in KTo-To byaeT roBOpwUTb, YTO 3TO «AETCKMI caga». MOXHO noaymaTb, YTO OHU
pPOAMNNCL He NPOCTO B pyballKe, a B CMOKUHIE U C CMrapoit Bo pTy. Bce Mbl XOAMAU B KOPOTKUX
LWTaHMLWKax!

I'naBa 3. BHelIHMe 3/1eMeHTbI U BHYTPEHHHE MOAYJIH

TpyAHO NpuAayMmaTb YCTPOMCTBO, rAe KpoMe MUKPOKOHTPO/INEPA He Bbiao Bbl HMYero. [axe reHepatop,
KOTOPbIA MOKHO BbINO/IHUTL HAa KOHTPO//IEpe, ClelyeT CHabauTb AenvTenem HanpsaKeHus. bonee Toro,
He MCNo/b30BaTb KHOMKKU A1 USMEHEHMA YacTOTbl MMMY/IbCOB — 3TO 6bIN0 6bl CTPAHHO.

Celfyac Hac WHTepecyeT TaKON BHELWHMA KOMMOHEHT CXEeMbl, KaK CeMMUCEermMmeHTHbIN UHAMKaTop. OH
COAEPHKMUT CEMb CBETOAMOAOB CMNEeunasbHON KOHCTPYKLMU, YTOObI NpU 3a*KUraHWMM OHWU BbIFNALENN
CBETALLMMMUCA NOJIOCKaMK. AHOAbI MU KaTOoAbl COEANHAITCA BMECTe, a Ha OCTaBLUMECA BbiBOAbI Yepes
pesncTopbl NOAAOT HaNpsAXKeHMe.

a
—]
f 5 A A A A
g
— Al B ¢ o El F ¢ op
e c DP L=} Q2 2 O (=] u e ]
d O
[ Cxema BKIOUEHWA CBETOAWO/A0B CETMEHTOB

Pacnono:eHue M o003HaYeHWe CETMEHTOR

Puc. 3.1. CemmncermeHTHbIM UHAMKATOP

Ceetoamon, 0603HayeHHbIn Kak DP — 3TO AecATMYHas TOYKa, KOTOPYH MOMHO MCMO/b30BaTb Npu
HeobxoanMmocTn. KoMBUHMPYA BKAOYEHWE OTAENbHbIX CErMEHTOB MOXHO BbICBETUTbL BCE LMbpbI OT O
80 9. Tak, 3aXKuran cermeHTbl b 1 ¢, Mbl NOAYYNM eAMHMLY, C NOMOLLbIO CEFMEHTOB a, b 1 ¢ Mbl NoAyYMMm

CEMEDPKY...
a a a a
[— —— — (S—
f
o f° f o f° f o #° f o f°
(— (a— ‘a— a——
e e ] e
c c c c
bl DP DP DP
ﬂ di O d O d O d O
— —3 — —

Puc. 3.2. HeckonbKo undp Ha ceMUcermeHTHOM MHAMKaTope
12
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MbI MoXKem 3anucatb B NopT Atobyto undpy ot 0 40 9 B ABOMYHOM BUAE, O/151 STOFO AOCTAaTOYHO YeTbIpEX
61TOB. HO Mbl HE MOXEM K 3TUM YeTbipéM BblBOZaM MOPTA MOAKAOYUTL CEMb BbIBOAOB MHAMKATOPA.
Mbl MOXem NOAKNYUTL BCE BOCEMb BbIBOAOB MHAMKATOPA, C Y4ETOM TOYKM DP, K BOCbMK BbIBOAAM
nopTta, HO TOrga 3anMcaHHan B MOPT ABOWYHasA uMdpa He ByaeT HyKHOM Ham ANnA oTobparkeHua Ha
MHAMKaTope undpoii ot 0 ao 9.

EcTb ABa peleHns npobaembl: Mbl MOXKEM KaK-TO No3aboTutbca O npeobpa3oBaHuM undp B 4YMC/O,
3anuncbiBaemoe B NopT, 3TO pas; Mbl MOXKEM UCNO/Ib30BaTb BHELIHWUA KOMMIOHEHT.

BHEWHMA KOMMOHEHT, KOTOPbIA HaM HY)KeH, Ha3sblBaeTcs AewundpaTopom CEeMUCErMEHTHOro
WMHAMKATOpA. ITO MUKPOCXEMa, YETbIPE BXOAA KOTOPOW NOAKAOYAIOTCA K YeTbIpéM BbIBOAAM, AaOLUM
ABOUYHblE UMPPbl, @ CeEMb BbIXOAOB MNOAKAOYAOTCA K CEermeHTam WHAMKaTopa. YaobHolt byaet
MuKpocxema KP514M[1, KoTopas MMeeT BCTPOEHHbIE TOKOOrpaHMUUTE/IbHblE pPe3nUcTopbl (4TO
obA3aTenbHO cneayeT NPOBEPUTb AN A06aBUTL PE3NCTOPbI, EC/IM HET YBEPEHHOCTU B CNpaBesMBOCTU
YTBEPKAEHUS O HaZIMYUWN PE3UCTOPOB), OHa PaboTaeT ¢ MHAMKATOPaMK, UMeILLIMMK 0bLLMA KaToa,. Ons
WMHAMKATOpa C 06WMM aHoAOM noTpebyetca mnkpocxema KP514102 1 pesnctopbl MeXay BbIXogaMu U
cermeHTamu nHamKaTopa. NoakntoveHme gewmndpatopa K MHAMKATOPY BbIFNALUT TaK:

- il} . a Ha pucyHKe u306parkeHa cxema MNOAKIOYEHUS

—1 o —IO IL faewndpaTopa, HO creayeT oBpaTUTLCA K CpaBKe Mo

:1 g —’— MUKpocxeme  gewwndpaTtopa, 4ToBbl  NpaBUIbHO

—3 £ e 4 lc coeauMHUTb ero C WHAMKATOpOM. Bxoabl coeguHAwoTCA
g d Tak, yto 1 — 310 MNagwmin 6uT, 8 — cTapLni.

Puc. 3.3. CxemaTnyeckoe coegnHeHune gewmndpaTtopa c MHAMKATOPOM

MpUuMeHUTb ABa MHAMKATOpa C Jewudpatopamm — He CcToNb noxas uaeda. OHa ynpocTut
nporpammupoBaHune. Ho, ecnm Bbl XOTUTE NOAKAYUTL BAOK M3 YETbIPEX MHAMKATOPOB, BaM NpUAETCA
npoagenatb 60/blie paboTbl NPM NPOrPAMMUPOBAHMUN.

Tenepb NOCMOTPUM, YTO MOKHO CKaszaTb Npo AL, BCTPOEHHbIN B MUKPOKOHTPOAEP MOAY/b.

He 3agaBaAch Uenblo B TOYHOCTU PacCMOTPETb CXeMy, He AyMato, YTo €€ TaK Nerko 6yLI,F_‘T HaUTK, Mbl
MOXXeM O6paTMTbCF| K Mogenun, KotopaAa NOACHUT HaM NpPpUHLUKN pa6OTbI 3TOro BCTPOEHHOIo MmoaynAa.

Mbl UMeeM NpeacTaBNeHNEe O CYETUMKE, CUMTAIOLLEM MPUXOAALLME HA ero BXo4 UMNyAbCbl. Mbl UMeem
npeactaBieHMe O KOoMmMapaTope, KOTOPbI CPaBHMBAET HaMnpsAKeHWe Ha O4HOM €ro BXoA4e C
Hanps)XeHWem Ha apyrom Bxoge. MNpeacTaBMM, YTO Y Hac ecTb HeKoe LndpoBoe YCTPOMCTBO, KOTopoe
NPU KaxgoM MMMY/IbCe Ha BXOAeE YBE/IMUYMBAET HaNpsXKeHUe Ha BbIXo4e Ha HEKOTOPYHO GUKCUPOBAHHYIO
BE/IMUMHY. Kak Morno 6bl BbIrA4ETb TaKOe YCTPOWCTBO, COBpPaHHOE M3 3HAKOMBbIX HaM 3/1IEMEHTOB?

MbI 3Haem, UTo YeTbipe D-Tpurrepa, BKAOYEHHbIE onpeaenéHHbIM 06pa3om, NPEBPALLAIOTCA B CHETUMK.
[J06aBMM TAKTOBbIN FreHepPaTop M HEMHOIO CTPAHHbLIA AeNUTENb U3 YeTbipéx pe3ncTopos. MNycTb Bac He
CMYLLLAET, YTO MUKpOCXemMa ABOUYHOro cyétumka SN74193 nmeeT 60ablUe BXOAOB M BbIXOLOB, YEM Mbl
ncnosnb3oBann paHee. He obpallaiiTe noka Ha HUX BHMMaHKWe. Hac MHTepecyeT BXxoA, AN NOAKN0YEHUN
TaKTOBOro reHepatopa VG1, 0603HayeHHbIn Kak UP, 1 yeTbipe BbIxoaa CHETYMKA, 0603HAUYEHHble Kak QA,
QB, QC v QD. Npo ocTanbHble BXOAbI U BbIXOAbl, KOTOPble Mbl HE MCNOL30BaNMU, Bbl MOXeETe NpoYnTaThb
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B OMWCAHMW 3TOro CYE€TYMKa. EcTb u apyrue CYETUYMKM, nonpouwe, HO A He HaWweén ux B nporpamme,
KOTOPYO ncnosb3oBan anAa geMOHCTpaunn. MoxeT 6bITb, N/1I0X0 UCKan, TaK TOXe 6biBaerT.

-“?:, Moname - Mixed TR resultt — [m] %
Maiin Mpaska Bua Obpafotka  Momowe
e =a| BElv gl | Tiiria O] S 2| 42
CLR
3.40—

P
VG t DOWN
LOAD :

200.00m -
1 5.00

VG1

0.00 * / H e Moy e
0.00 25.00u 50.00u 75.00u 100.00u
Bpema (s)

tixedTH resultf

Puc. 3.4. MonyyeHre CTYNEeHYaTOro HanpsAKeHna C NOMOLLLbIO CHETUYMKA

HW}KHAA Auarpamma MoKasbiBaeT TAKTOBbIE MMMY/bCbl OT reHepaTopa, a BepXHAs, YTO C MPUXoA0M
KaXkOoro M3 MMMyNbCOB HaNpAXeHue yBe/NMYMBAETCA Ha HeboNblyi (GUKCUPOBAHHYIO BEIMUMHY.
CurHan Takoro BMAa HasbIBAlOT CTyrNeH4YaTbiM HanpskeHuem. U, ecninm oT6poCUTb HEMPUBBLIYHLIN BUA,
MUKPOCXEMbI CHETUMKA, TO Mbl 0BOLLNCH Y*KE 3HAKOMbIMW AETaNAMM.

JononHnm Hawy cxemy KOMMNapaTopom, CAeNaHHbIM M3 3HAKOMOIo Ham OnepaunuoHHOro yCuamTens.

7 Noname - MixedTR result? _ O %

®aiin Mpaska Bug Ofpadorea Momowe

28| BEy &gl T~ Ol b Bl (2
3.40
VE1 1!‘/“""-‘:‘:
200.05m
3.50
VF2 1 (

VG1

R1 8k VF1

0OP1 LM358

MomeHT nepexknyYeHUa Komnapartopa

0.00 25.00m 50.00m 75.00m 100.00m
Bpema (s)

MizedTR result? I

Puc. 3.5. Cxema c KomnapaTopom

Ha oaMH MX BXOAOB KOMMapaTopa NoAaéTcA aHaNoroBbli CMrHaA, B AaHHOM C/yyae Hanps)KeHue oT
6aTapeiikn V2 = 2B, Ha Agpyroii BXo4, Komnapatopa MoAaérca cTyneHyaToe HanpaxeHue. Koraa
CTyneH4YaToe HanpsaXeHue npesbiwaeT 2 B, KomnapaTop nepekaoyaeTcs.

Terlepb npeaocraByMm, 4YTO MUHBEPTUPOBAHHBIM  BbIXOAHbIM  HanNpAXeHunem OT KOMMNapatopa Mbl
nponssoamm 3anncCb B Hall PErucTp, I'IOCTpOGHHbIVI n3 D-Tpurrepos, BXoAbl KOTOPbIX NOAK/AOYEHbI K
BbIXO4aM CYETYMKA. B PErncTp 3anuneTca, CKONIbKO TaKTOBbIX MMMNY/IbCOB 6b110 NoAaHO Ha CHETYMK OO0
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MOMEHTa coBnaaeHuA HaI'IpFI)'KeHMf;I Ha BXO4axX KOmMMapaTtopa. UAn nHade, CKONbKO 6b110 CTyneHekK
HapacTatlowero HanpAaxeHnA.

Mbl npeBpaTMaAM aHaNOroBoe Hanpa*keHne 2 B B 4BONYHOE YNCNIO. 3HAA, CKONbKO BCEro CTYMeHeK, Mbl
MOXEM MNOCYMUTATb BEAUYMHY KaKAOM W3 CTyNeHeK HanpaxeHua. YMHOMMB [BOUYHOE YKCAO,
3anmncaHHOE B PErucTp, Ha HanpsaXXeHne o4HOM CTYMEHbKU, Mbl MOAYYMM (C HEKOTOPOIM NMOrPELLIHOCTbIO)
3Ha4yeHue pasHoe 2 B.

PeanbHblt aHanoro-umMdpoBoit npeobpasosatesib MoxeT paboTaTb HE COBCEM TaK, HO HaM HY)KHa
MoAeNb, YTOBbl MOHATb, KaK MOXXHO aHaN0roBbI CUrHan (Hanpa)eHue) NpPeBpaTUTb B ABOUMYHOE YMCAO.

Kpome BCTpOEHHOro B MMKPOKOHTposiep mogyna ALLMN ecTb ewé oanH BCTPOEHHbIN MOAyNb, KOTOPbIM
Mbl BOCMNONb3yeEMCA ganee. ITOT MOAy/b BbIBOAWT B onpeaenéHHoM ¢popmaTe ABOMYHOE YMC/IO B BUAE
nocaeA0BaTeNbHOCTU MMNYAbcoB. CylLecTByHOT pasHble BapuaHTbl NoAobHoro obmeHa AaHHbIMK. Mbl
pPaccMOTPUM OAMH M3 HUX B GopmaTe, KOTopbli ncnonbsyerca COM-NopTom, HO C UMMNYNbCAMK APYroro
BMAa.

EQMHULE COOTBETCTBYET Ha/AMuMe WMMNYAbCa, HYAD OTBeYaeT OTCYTCTBME MMMyabca. [aHHble
nepegatotcs 6aitamu, nNpeaBapAloTCcA CTapTOBbIM OUTOM M 3aBepllaloTca cTonoBbim butom. MHoraa
Takux 6MTOB 6blBaeT ABa, U €CTb BO3MOMKHOCTb A06aBUTb OGUT YETHOCTU. MMOCKONbKY Npu obmeHe
OAHHbIMM He MCMOJb3yeTcAa nepegadva TaAKTOBbIX MMMY/AbCOB, UMMY/IbCOB CMHXPOHM3ALMUKM, CKOPOCTb
obmeHa duKcMpoBaHa M 3apaHee obrosapusaetcs. Ecam y Bawero komnbtotepa ectb COM-nopT, TO B
€ro HaCTPOMKaX MOMKHO NMOCMOTPETb, KaKne CKOPOCTU Nepeaayum AaHHbIX UCNO/Ib3YIOTCA.

Ons mogenn Mbl BO3bMEM Te e 3HaKOMblE HaM KOMMOHEHTbI: CYETYMK U ABYXBXOAOBblE CXeMbl «M».
MocMoTpuMm, NOAYYNUTCS K Y HAac moaennposaTtb paboTy UART — moayns nocnenoBaTesibHOM nepenayn
AaHHbIX. CYETYUMK ByadeT, npaBda, He ABOUYHBINA, @ AECATUYHbIM. TO ecTb, Kaxaas umdpa Ha Bbixoae
6yaeT NPUHMMATb BbICOKOE 3HAYeHWe C NPUMXOAOM O4YepeHOro TAaKTOBOrO WMMMy/bCa, TOrAa Kak
ocCTasibHble ByayT 06HyAATbCA.

U1 SNT408

R11k VF1 -
o % — ||
o 2 a0 Gaiin Mpaeka Bug OGpaborka Momows
o = R2 1k fi
o2 b |+ +
o s fb—— el By 28 7 i~ Ol st Bl | 2]
- U4 Shura0s R 1k 520.00m—— — — —
AT US SNT408
|:|& R4 1k | VF1
U6 SNT408 RS 1k
e}y
200.00m - L—— — — —
. 5,00

VG1

0.00 L - | | - L1 |
R8Tk 0.00 5.00m 10.00m 15.00m 20.00m
[ Bpems (s)

U10 SN7408
&

M MixedTR result13

| &

Puc. 3.6. DopmmpoBaHMe NnocnefoBaTe/IbHOM Nepegaum b6aiTa AaHHbIX
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Ha cxeme AeCATUMYHBIA CYETYMK C MPUXOLOM MMMYAbCOB OT reHepatopa VGL (cuMrHanbl Ha HUXKHEMN
Auarpamme) yCTaHaB/IMBAET B BbICOKUIA YpOoBEHb 0A4MH M3 BbixoaoB Q0-Q9. 3TOT BbIX0A NOAAET eAUHULLY
Ha o4MH M3 3n1eMeHToB «M». BTOpOI BXOA TaKOro afieMeHTa NogKMoYéH Nnbo K NuTaHuto (egmHuua),
nmbo K 3emne (Honb). ITM NogxNtoueHUA U GOPMUPYIOT nepedaBaemMbii 6anT anemeHtamm U3-U10.
Mwukpocxembl Ul n U1l dopmupytoT CTapToBbIN U CTONOBbIN 6UTbI. CTapwmnii 6UT aaHHbIX (U10) paseH
HyAto. Maagwnin 6uT gaHHbix (U3) paBeH ToXe Hy/to, a Becb 6alT B ABOMYHOM BUAE BbIFAAMT TakK:

0101 0110

Ha BepxHel Anarpamme MOMKHO MPOoYUTaTb 3TO YMCNO, YYUTbIBAA TOT HaKT, YTO MepBbIM NepeaaéTcs
Mmnaawunii 6ut. CoBcem He 0b6a3aTe/IbHO 3aNOMMUHATL 3Ty CXeMy, NPEeA/IOKEHHYIO B KAYecTBe MOAE/NU, HO
Mozenb JAET HEKOTOPOE NpeacTaBAeHNE O TOM, KaK 3TO MOXKeT bbiTb caenaHo. C y4éTom TOro, 4To Te
BXOAbl 3/1EMEHTOB «M», KOTOopble ceiyac «KECTKO» MpPMBA3aHbl K 3eM/e U HanpsxeHuto 5B, byayt
coeiMHeHbI C PerMcTpom, Kyaa 3anmcbiBaeTca YNCN0, Nolyd4eHHoe Hamu B mogenn ALLTM.

Il'naBa 4. Bo3Bpauascbh K nporpaMMupoOBaHUIO
A3bIKK nporpamMmmmpoBaHnNA BbICOKOIoO YpPOBHA NO3BONAKT MNpU HaNUCaHUMKUM TEKCTa MNpPOorpamMmsbl
MCMOJIb30BaTb TaKMe MOHATHbIE KOMaHAbI NPOLLeccopy Kak read, write unum print, He 3aaymbIBasaCb Hag,
TEMW MAIEHbKMMM LLAXKKaMK, KoTopble ByaeT genaTb npoueccop.

A3bIk Arduino Nnogo6HO s3bIKy Cy MCNOb3yeT TAKOW MONE3HbIN MeXaHM3M KaK 6MBANOTEKN DYHKLMNA.
Y710 Takoe pyHKUMA?

Mobaa onepauma C YMCNamMK, BO3bMEM C/OXKEHME, AO/KHA BbINONHUTL MaTeMaTUYecKkoe AencTBue:
1+1=2. B obwiem BMAe 3Ty Onepaumnto MOXKHO 3anncaTb Tak: a+b=c. A3bIKM BbICOKOTO YPOBHA NO3BONAIOT
3anucatb NoA06HbIM 06WMIA BUA KaK yHKUMIO. EE elwé MOXKHO HasbiBaTb MOANPOrPamMmMmMol, TO ecTb,
BblAE/IEHHOW YacTbio MPOrpammbl, KOTOPOK AaéTcA MMA. Mo 3ToMy UMeHW QYHKLMIO MOYKHO Bbi3blBaTb B
nporpamme MHOrFOKpaTHo. MHoraa ¢yHKUMKM He TpebyloTca napameTpbl, B NMPOTUBHOM C/ly4ae OHM,
napameTpsbl, 3aNNCbIBAlOTCA B CKOBKax. Tak napameTpamm Ana GyHKUMKN CNOXKeHUs byayT Te camble a U
b. Cama ¢yHKUMA MOXKeT BbIrAaeTb Tak: sum(a, b). Obpalwascb B nporpamme K 3Tol GyHKUUM, MbI
3anuwem: sum(1,1); - B KauecTBe NapaMeTPOB B CKOBKaX Mbl MUCMO/Ib30BANN HYXKHblE HaM YMcaa.

B TOm cnyvae, Korga Hac He MHTepecyeT pesyabTaT paboTbl GpyHKUUKM, OHA HMYEro He BO3BPALLAEeT, HO B
OAaHHOM cnyyae Mbl XoTenn 6bl 3HaTb cymmy. Ha A3bike CM NPUHATO 3anuMcbiBaTb BO3Bpallaemoe
3HayeHne KomaHaom return c;

Hanucae B nporpamme o4uMH pas 3Ty GYHKLMIO, Mbl MOXKEM MHOTOKPATHO 06paLlaTbca K € ycayram, 4to
Ha3blBaeTCs BbI3OBOM OYHKUMKW. Kak Bbl yKe JoragbiBaetecb, (yHKUMIA CyLWECTBYeT Be/IMKOe
MHOXeCTBO. YTob6bl He NepenuncbiBaTh 3TN Nosie3Hble 610KM NPOrpaMmbl KaxKablli pas, Korga Bbl NULWKUTE
HOBYIO MpOrpammy, a HanucaTb HYXHy0 Bam ¢yHKUMIO BbiBaeT TOXE HEenpocTo, MPOrpammMuCTbl
npuaymann mexaHnsm 6mbnmotek GyHKLMIA. BKAOUMB B Hayase Nporpammbl HY>KHyt0 61M6AMOTEKY, Bbl
MOXeTe Ha MNPOTAXKEHUM BCeW NPOrpammbl BbI3BaTb HY)Hble Bam ¢yHKUMM, BoweAluMe B 3Ty
61baMoTeKy GyHKUMIA. OQHAKO BEPHEMCA K MUKPOKOHTPOAEPY.

BCTPOEHHbI B  MWKPOKOHTpOA/ep aHanoro-umdposBol npeobpasosaTesb MoXKeT paboTatb ¢
NOJIOXKUTE/IbHBIM Hanpsi:keHnem ot 0 fo 5 BosbT. TO eCcTb, MUHYC COeAMHAETCA C 3eMIEN, a NJoC C
BbIBOAOM, KOTOPbIA MOMET CYMTbiBAaTb aHa/NOroBbld CUrHan. B oTavMuMe OT UMOPOBLIX CUFHANOB,
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aHaNoroBble CUrHa/ibl MOXKHO NoJaBaTb He Ha BCe BbiBOAbI MOPTOB. Y moayna Arduino 3TW BbIBOAbI
cobpaHbl B OTAENbHYIO IMHENKY M 0603HaYeHbl Kak AO, Al n T.4.

KomaHga uteHus npocta 1 noHsATHa: analogRead(A0);

Mecto A0 moKeT 3aHMMaTb Ntobol M3 aHasorosbiX BXoAoB. CuMTbiBaHME 3HaAYyeHUA, LMPPOBOro Uam
aHa/NIo0roBOro, KaKk NpaBu/o, NPOUCXOANUT B HEKYIO AYEMKY MamsATh, KOTOPOW Npuaaétcs Umsa, U KoTopas
Tenepb HasblBaeTca nepemeHHol. YTo noapasymeBaeT, 3HauyeHMEe 34eCb MOXKET MEeHATbCA Ha
npoTaAXXeHnn paboTbl nporpammbl. Ecam K 31Ol nepemeHHoM obpalieHve UAET B Atobom mecte
NpPOrpammbl, TO NepeMeHHYo Ha3blBaloT 2s106as1bHOU, €€ 06bABAAIOT B CAMOM Havase nporpammbl. Ecnm
nepemMeHHas HyXHa TOJIbKO B OAHOM Mnognporpamme, To eé€ oO6bABAAIOT B 3TOW Mnognporpamme, u
nepemeHHas byaeT s10KkaabHOoU. [leno B TOM, YTO JIOKa/ibHble NepeMeHHble 3aHMMAalOT MeCcTo B MaMATK
TO/IbKO Ha Bpema paboTbl Noanporpammol, 0cBOOOXKAAA ero ANA APYrMx NepemeHHbIX Mo 3aBepLlieHnn
paboTbl nognporpammbl (MAK GyHKUMK). NepemeHHble MOryT 6bITb pPasHbIX TUNOB (pPasHbIX GopmaToB).
YTob6bl Mporpamma 3Hana, CKONbKO MecTa B MaMATM c/eayeT OTBEeCTM ANa 3TOW NepemMeHHON,
nepemeHHyto ob6bABAAIOT, 3anuncbiBaa eé Tun. MepemeHHas Tuna byte (char, uint8) 3aHMmaeT 6anT B
onepaTtusHon namaTu. NepemeHHas TMna int ( oT integer, uenoe) saHnmaeT ABa 6aliTa B NamaATU.

Yem MmeHblUe CTyneHbKM npu pabote ALM, Tem Bbile paspelleHue, a ANA 3TOro, BCMNOMHUTE Hally
Mmozenb, Ucnosb3ytoT 10 6UT ana nonyyeHma pesynbrtaTa. [osToMy 18 3anNUCK pe3ynbTaTa HaM HyXKHa
nepemMeHHas Tmna int, KoTopyto Mbl Ha3oBEéM Volt.

3anyctus nporpammy Arduino, Hanuwem Haly NPOrpaMmMy YTEHUA HANPAXKEHUSA:

acp_a | Arduino 1.6.6 - O X

®aiin Mpaska Cketd WHcTpymentsr Momouge

id setup() {
/{ put your setup code here, toc run once:

ain code here, to run repeatedly:
ad(A0);

Puc. 4.1. Mporpamma 4TeHMA HanpaXKeHnA

CnacnMbo Tem, KTO O Hac No3aboTuaca, mbl Aerko Hanmcanun nporpammy. OZHaKO, U Mbl 06 3TOM
roBopuau, BCE, 4TO JAenaeT NpoLeccop, YKPbITO OT Hac nopTamuv BBOAA-BbIBOAA. Mbl moXxem
noaknounTb 6atapeiiky 1.5 B kK BbiBogam AO m GND. Ho mbl ga)ke He NOMMEM, NpouUTann Mbl
HanpsaXXeHne unu Het. [1o3)Ke Mbl NOCTapaemMcA BbIBECTU NPOYMTAHHOE 3HaYeHWe Ha MHAUKaTopbl. Ho
ceryac mMbl MOCTYNUMM WHaye. Mbl BbiBeAEM MOJIyYEHHOE 3HAYEHME MEPEMEHHOM Yepe3 BCTPOEHHbIN
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MoAy/nb nocnenoBaTenibHOro obmeHa AaHHbIMKW. [nsA 3Toro Ao06aBMM HACTPOMKY MOAYAs B MepBblit
610K, 40H6aBMM KOMaHAY BbiBOAA BO BTOPOW 610K. 3anycTUM MOHUTOP NopTa (pa3aen 0CHOBHOMO MeHHo
«MHCTPYMEHTbI->MOHUTOpP NopTar).

acp_b | Arduino 1.6.6 - ] X

®aiin Mpaeka Ckeru WHcrpymenter Momows

int volt: R

void setup() {
// put your setup code here, to run once:
Serial.begin(9600)

ST RS SR

12 delay(2000);
13}

COmM4 — ] W

OTnpasiTe
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>

TR

o oo
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Y

8
g

ABTONPOKPYTKA CR (Bo3BpaT KapeTku) ~ | 9600 Gon

Puc. 4.2. YteHune HanpAxXeHnAa ¢ NOMOoLWbO MOo4yNA NocnenoBaTe/IbHONoO BbiBO4a AadHHbIX

MoOHUTOP MNopTa NOAKAIOYEH K BMPTyaslbHOMY NOPTY, KOTOpbIA Obln co3gaH moaynem Arduino, a
nobaBneHHas Hamu KomaHga Serial.printin(volt) BbIBOAUT 3HauyeHMe nepemeHHoON volt Ha 3KpaH
MOHMTOpPA 3TOro BMPTyanbHoro noprta. Cama KomaHAa, KaKk Bbl BUAMTE, AOCTaTOMHO MOHATHA: Serial —
nocnenoBaTeNbHbli; print — neyataTtb, BbIBOAUTb, a In, gobaBneHHOe B KOHLE, O3Ha4yaeT MepeBoj,
KapeTku (KaK y NULIyLLei MallMHKK, OTKyAa 3To BCE U nowo). May3a B KOHLLE HYXKHa, YTOObl MOKa3aHUs
He MEHSINCb CAMLIKOM 4acTo. KctaTu, Bxog, 4yBCTBUTENEH K HaBoAKaM, NPOBOAA 3KCMEPUMEHT, He
NbITaiTeCh AEPKaTb KOHLbI NPOBOAOB NajbLamMu, BNpoyem, nonpobyiiTe...

Mbl yBnagenun gecatmyHoe yncno 258. Mamepanm mbl HanpaxkeHue nopagaka 1.5 B. Ho BcnomHum, yto
ALN paboTaeT, yBenuMumBas Hanps)KeHue A8 CpaBHEHMA CTyneHbKamu. [ecaTb 6UT nossonstoT
nonyuntb umcno 1023, KoTopoe bOyaeT COOTBETCTBOBATb HanpsxeHuto 5 B. OgHa «cTyneHbka»
N3MepPEHMA NONYUYNTCA AeSIeHNEM MOJHOTO HaMNPSKEHUA HA YMC/Io, onpeaensaemoe AecATbio butamu, a
YMHOMB 3TO 3HAYeHWe Ha TO, YTO Mbl BMAMM, Mbl noayumm: (5/1023) * 258 = 1.26(B). Tak n ecTb.
BaTapeiika nioxas, HO 3TO XKe 3HaYeHue AT U MybTUMETP.

Echn Bam nomumo mynbTumeTtpa I'IOHa,EI,O6MTCFI BOJIbTMETP ANA KAaKMUX-TO 3KCNEPUMEHTOB, Bbl MOXETE
CNerka noanpaBunTb Nporpammy, BHeCA BblMUCNEHUNA, U NONTY4YUTb Takom BUA pe3yabTaTa M3Mep6HMV12
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acp_b | Arduino 1.6.6 - m] ®

Maiin Mpaeka Ckety WHcTpymentel Momows

3 |void setup() [

// put your setup code here, to run once:
5 Serial.begin{9600);

&}

d loopi)

9 /f put your main code here, to run repeatedly:
10 wolt = (znzlogRead (A0)*4.8)/1000;
1 1{volt)

com4 - O X

OTnpaeuTE
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AETONPOKPYTKE CR (Bosspat kapeTku) ~ | 9600 bog

Puc. 4.3. MonyyeHne 3HaYEHUA HaNPAXKEHUA

Mpexae, 4em nepenTn K AanbHENLIMM SKCNepUMEHTam, cneayet MMeTb B BUAY, 4To moay/sb Arduino
MMeEeT CBOM OCOBEHHOCTM. XOTA MUKPOKOHTPO/IEP, MCNONAb3YEMbIA B 3TOM Moayae, obuero
Ha3Ha4yeHus, Ho...

Undposble BBOAbI-BbIBOAbI O M 1 moayna Arduino wucnonb3yloTca npu
nocnepoBaTelbHOM 0bMeHe AaHHbIMKU, U MOTyT 6biTb CBA3aHbI C NPOrPaMmMaTOPOM

Arduino. [Mo3TomMy NOKa /lyylle He TporaTb 3TU BbIBOAbI Moayns Arduino,.

C yyétom 3TOM OCobeHHocTM Mmoayna Arduino OCTaHOBMMCA Ha BbIBOAE ABYX 3Hayawmx uuodp
CYMTBIBAEMOTO HAMpPAMKEHUA Ha ABa MHAMKATOpa Yepes gewndpaTopbl.

HauHEM Mbl C TOrO, YTO, KaK M paHblle, NPOYNTAHHOE Yncio (258 Ha pucyHKe 4.2) mbl Npeobpasyem B
MWAIUBOJIbTLI, YMHOXMB ero Ha 5. Moyemy Ha 5? MoTomy, 4To Mbl byaem paboTaTb € LeSbiIMU YNCAMM.
Takolt noaxopn, AaéT oWMOKyY. Tak MakcMmabHoe Yncno 1023, ymHOXKeHHoe Ha 5, A4acT He NATb BOJIbT, a
6onblue. Ho owmnbKa He CTONb BEMKA, YTOObI OTKA3aTbCA OT 3TOr0 NPOCTOro PeLLeHUs.

NTaK, Mbl YMHOUM MNPOYMTAHHOE B NepemMeHHyl volt 3HayeHue Ha 5: 258*5 = 1290. 3To 3HauyeHue
HaNpPAXeHNA B MUNANBONbTAX. HO Ham HyXHbl TONbKO ABe 3Havawme undpbl. [o3TOMy Mbl pasgennm
nosy4yeHHoe yYncno Ha 100. Ntorom ctaHeT ymcno 12. 3TO YMCNO COCTOUT M3 ABYX UMp, eamHUUbl U
ABOVKNU. MUMEHHO 3TU undpbl Mbl U AOMKHbI BbIBECTU HA UHAMKATOPDI.

MepBoe, YTO Mbl AO0/XKHbI CAeNaTb Tenepb B NporpaMmme — 3TO pasae/ivTb YACIO Ha ABe Undpbl, KOTopble
Mbl 1 6yaem BblBOAMTb Ha MHAMKATOPbl. YTOBbLI COXPaHUTL MOAyYeHHble LMbpbl, Mbl AobaBum AaBe
nepemeHHble B nporpammy Tuna byte, nycTb nepeas HasbiBaeTca first, a BTopan second. Nx mbl obasum
nepes nepsbim 6JOKOM NMPOrPaMMbl, 3aNMCaB 3TO TaK:
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byte first = 0;
byte second = 0;

ObpaTtute BHMMAHWE, YTO 3HAK PAaBEHCTBA B AaHHOM C/ly4ae MMeEET B A3blKE NPOrpamMmmMpPoBaHNA UHOM
CMbIC/I, Yem B apudmeTvKe. ITO He PaABEHCTBO, a onepayua npuceausaHua! B apyrux Asblkax
NPOrpamMmmMmMpOBaHUA MNPUCBaMBaHME MOXET MMeTb Apyroe HanucaHue, Hanpumep, B [lackane 370
3anucbiBaeTca Kak «:=». W ewé, mbl NPUCBOUAM 3HAYEHME HOJIb ITUM nepemeHHbIM. Kaxkaad
nepemeHHas AO0/KHA MMeTb HavanbHOEe 3HaYeHne. YacTo KOMNUAATOPbI NPUCBANBAIOT UM 3HAYeHUe No
YMOANYAHMIO paBHOE HY/0, eC/In Bbl He caenanun 3Toro. Ho nydwe B3ATb 3@ NPaBUIO CaMOCTOATE/IbHO
NpMUCBanBaTb HaYasibHble 3HAYEHUA NepPeMEHHbIM.

Y106b1 NONYYNTL NEPBYIO UNDPY, Mbl Pa3AeMM NPOYNTAaHHOE B NepPeMEHHYo volt u npeobpasoBaHHoe
HaMu paHee 3Ha4yeHMe Ha aecATtb: 12/10 = 1. Tenepb Mbl MOXKeM NPUCBOUTL 3TO 3HAYEHME NepeMeHHO
first: first = volt/10.

Y106b1 NONYYNUTL BTOPYIO LUPPY, Mbl BHaYas e YMHOXUM NepByto UuMdpy Ha AecsaTb, a 3aTeM BblUTEM U3
nepemeHHol volt 3To 3HavyeHue: second = volt — first*10. B nporpamme 371 onepaunm mbl 4ob6aBuM B
OCHOBHOI 610K M, KaK M paHee, NPOBEPUM, YTO Yy HAC NOJy4yaeTcs, BbIBOAA ABe LMPPbl HA MOHUTOP
nocsefoBaTe/IbHOro nopTa.

acp_c | Arduine 1.6.6 - O *

Qaiin Mpaeka Crety WHctpymentel Momowgs

1 int volt = 03 3
; first = 0

second = 07

5 woid setup() {

& J/ put your setup code here, to run once:

7 Serial.begin(9600);

&}

10 void loop() {

11 J/ put your main code here, to run repeatedly:

12 wolt = (analogRead (A0)*5)/100;
13 firat = volt/10;

second = wolt - (first*10);
Serial.println{first);
Serial.println(second);

17 delay{(2000)

}

[
1 oo

Puc. 4.4. Mporpamma ¢ pasgesieHMemM Yncia Ha gse 3Havawme unopbl

Ham ocTanocb BbiBeCTM ABe UMPPbI Ha ABa MHAMKaTopa. [ 3TOro Mbl MO/Ib30BAa/MCb TEM, 4TO
Ha3Ha4ann OAMH M3 BbIBOAOB Ha BbIXO4 M YNpaBAanM ero coctosHuem. Ceiyac Ham xoTenocb 6bl
BbIBECTM BCE 3HAyeHWe cpasy. W npuxoautcsa, yBbl, Y4MTbiBaTb OCOBEHHOCTM MOAKNHOYEHMUSA
MUKPOKOHTponepa. Ha caite Arduino MOXKHO HaWTW Cxemy NOAKAIOYEHMA KOHTPO/AAepa K BblBOAAM
Moy,
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Atmega168 Pin Mapping

Arduino function
2811 PC5 (ADCS/SCL/PCINT13) analog input §

Arduino function
reset (PCINT14/RESET) PCEL]"

digital pin 0 (RX) (PCINT16/RXD) POOL]: 27[] PC4 (ADCA/SDA/PCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1 ]2 2601 PC3 (ADC3/PCINT 1) analog input 3
digital pin 2 (PCINT18/INTC) PD2}+ 251 PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3 s 247 PC1 (ADC1/PCINT9) analog input 1

digital pin 4 (PCINT20/XCK/TO) PD4 [Je 23] ] PCO (ADCO/PCINT8) analog input 0

VCC Voo 2[]GND GND
GND GND[Je 211 AREF analog referance
crystal (PCINTE/XTAL1/TOSC1) PBE[]s 200 AVCC VCC

crystal (PCINT7/XTAL2TOSC2) PET 10
digital pin & (PWM) (PCINT21/0C0B/T1) PD5L]
digital pin & (PWM)  (PGINT22/0C0A/AING) PD& ]z
digital pin 7 (PCINT23/AIN1T) PD7 13
digital pin 8 (PCINTO/CLKOACP1) PBOs

18] PB5 (SCK/PCINTS) digital pin 13
16[] PB4 (MISO/PCINT4) digital pin 12
17j PB3 (MOSIWOG2A/PGINTS) digital pin 11(PWM)
16f] PB2 (SSIOCIBIPCINTZ)  digital pin 10 (PWM)
15|71 PB1 (OC1A/PCINT1) digital pin 9 (PWM)

Digital Pins 11,12 & 13 are used by the ICSP header for MOSI,
MISO, SCK connactions (Atmegalsd pins 17,18 & 19). Avold low-
impadance loads on thesa pins when using tha ICSP header.

Puc. 4.5. KapTa nogkntoyeHma MUKPOKOHTPOAIEpPa K BbIBOAAM MOAYNA

MycTb Bac He cMyLLAEeT, YTo moaesib He ATmega328, Kak y moayna Arduino UNO, cxema oamnHakoBa gns
OBYX MoZenei KOHTpoaaepa. be3a BO3MOXKHOCTM MCNO1b30BaTb NOPT LEIMKOM, Mbl Byaem UCNo/ib30BaThb
cTapwme 6utbl nopTta D, KoTopble NOAKAOYEHBI K BblBOAAM pin7-pind, Ana ogHoM undpbl, a N8 apyrom
uMdpbl mnaawme 6utol nopta B, BbiBoAbl pin8-pinll. YToObI HA3HAUYMTbL 3TM BbIBOADBI HA BbIXOA, cieayeT
B 6/710Ke HacTpoek 3anucatb: DDRD = DDRD | B11110000; DDRB = DDRB | BO0001111;

MOCKONbKY Mbl MCNOJ/Ib3yemM TONbKO CTapwune 6utbl nopta D, Ham HY)KHO CABWHYTb YeTbipe 6uTa
nepemeHHoi first Bneso. [1a 3Toro ectb onepauma casura B1eB0O, YTO Mbl 3aNULLEM TaK:

first = first<<4;

Mocne 3TOro mMbl MOXeM NpMCBaMBaATb 3HAYeHusa umdp nopTam BbiBoAa. lMporpamma npuobpetaet
cneayowmii Bua:

acp_d | Arduina 1.6.6 — u] X

Maiin Mpaska Crety MHcTpyments: MNomouge

_

nt wolt = 0 G

irst = 07
second = 07

d setup() {
6 // put your setup code here, to run once:
7 DDRD = DDRD | B11110000;

DLCRE = DORB | BOOOO1111;

to run repeatedly:

first = volt/10;
second = volt - (first*10);
firat = firsccod;

7 BORTD = first:
% PORTE = second;|

Puc. 4.6. Bug nporpammbl € BbIBOAOM YMCeN B NOPTHI

21



B.H.T'osi010608B MUKPOKOHTpOJLIIED

Al ewé pas sanuwy 3Ty NPorpammy, eciv Bbl 3aXOTUTE CKOMMPOBATb eé:

int volt = 0;
byte first = 0;
byte second = 0;

void setup () {
// put your setup code here, to run once:
DDRD = DDRD | B11110000;
DDRB = DDRB | B0O0001111;

void loop () |
// put your main code here, to run repeatedly:
volt = (analogRead (A0)*5)/100;
first = volt/10;
second = volt - (first*10);
first = first<<4;
PORTD = first;
PORTB = second;
}

A1 npeAnoYnTalo NPOBEPUTL ITY NMPOrPamMmMy C MOMOLLLbIO MOAENINPOBaHMA B APYroi nporpamme:

+5v
Sha? &
+5V 112
Tm -
A [ ;: ? g? =
c ot
! Ll 5 =
3m O (25
e oF
Ry? _og: Bl oG |24
pd LESSTH
4511

1k
ATEXT=

SIMULING UHD
—_— <TEXT?

=

LESTE

4511
<TEXT> u

Puc. 4.7. MogenmpoBaHue nporpammsl

Ecnv Bam 3aX04eTcs BbINOJHUTL MPOBEPKY C PeasibHbIMMU KOMMOHEHTaMM, TO MOXKET BO3HUKHYTb BOMPOC
0 BblbOpe pesncTopoB, KOTopble ceayeT NOAKNOUNTL K KaKAOMY U3 CEerMEHTOB MHAMKATOPOB. MOMKHO
OPMEHTMPOBATLCA Ha 3HaYeHMe conpoTuBaeHUA nopagka 470 Om. Kak onpeaennTb 3T0? B cnpaBoYHbIX
JaHHbIX Ha UHOMKATOP YKa3blBalOT HOMMHA/bHBIA UAWM MAaKCUMasIbHbIN TOK ANS KaXKA0ro U3 CerMEHTOB.
ECM yKasaH MaKCMMaibHbI TOK, BO3bMWUTE cpeaHee 3HauyeHue, nonoxum, 10 mA. HanpsaxKeHue Ha
BbiBOAE AewmndpaTopa ANA KaXKAO0ro U3 cermeHToB 5 B. Bam HY»KHO M3MepPUTb NageHne HanpaKeHna Ha
CermeHTe, B3AB 40CTaTOYHO 60/1blIOE CONPOTUBAEHME, Hanpumep, 1 KOm:
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Puc. 4.8. UamepeHune nageHnAa HanpAXKeHUA Ha cermeHTe nHamMKaTopa

BblunTaa nonyyeHHoe 3HadeHue (1.6 B) n3 5 BonbT (3.4 B), Bbl NoNyYyaeTe BO3MOXKHOCTb Pa3feInTb 3TO
Hanpsa)eHne Ha onTUManbHbI ToK (0.01 A), uTobbl NoNy4MTbL conpotusnerHue: 3.4/0.01 = 340 Om.

I'naBa 5. Cpega nporpaMMupoOBaHUS

MpoeKkT Arduino coaep»uT Bcé HeobxoamMmoe AnA M3ydyeHuUsa pPaboTbl C MUKPOKOHTPOJIJIEPOM: A3bIK
nporpammupoBaHua, cpeda  pa3paboTkM, /MHeMKa  moayneit ¢ pasHbiIMM  MOAENAMM
MWKPOKOHTPONNEPOB, MPMMEPbl M MHOroYMciaeHHble 6ubanoTekn o¢yHKUMA. Kpome 3TOro ectb
OOMNOJIHUTENbHbIE MNATbl, CYLLECTBEHHO pPaCWMPAIOWME BO3MOMKHOCTM CO34aHUA Pa3HOObpPasHbIX
YCTPOWMCTB.

Bbl MOKeTe caenaTb nepsble LWarK, NOBTOPAS MPOCTble NPUMEPbI U MCNOb3YA HEAOPOrne BHELHUe
KOMMOHEHTbLI. [0 mepe 0BNaAeHUA A3bIKOM NPOrPamMmMMUPOBaHMA, N0 Mepe TOro, Kak Bbl NO3HAKOMUTECH
C pa3HoOobpasHbIMM AOMOJHUTENbHBIMW KOMMOHEHTaMM, Bbl CMOMETE PaclMpUTb KPyr UHTEPECOS,
Hanpumep, CMeHWB cpeay pa3paboTKM. ITo KacaeTcA W peanusauum  yctpoicTte. [lposeas
nepBoHayanbHble OMbITbl C Moaynem Arduino, Bbl MOETe M3roTOBUTb YCTPOMWCTBO, WMCMO/b3yA
HenocpeAcTBEHHO MUKPOKOHTpOIEp.

OcHoBHas nunHelka mogynein Arduino BbINOJIHEHA HAa MUKPOKOHTposinepax Atmel. Ho npoussoguTens

npeanaraeT U CBOK cpedy Pa3paboTKM ANA BbIMYyCKaeMbIX KOHTPOA/epoB. BOT npumep TOro, Kak
BbirnAaamut Atmel Studio 7:
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Start Page - AtmelStudio
Hle  Edit Vassistx
- >

View

|-

Debug  Teols  Window

Debug Browser -

Y|

| Hex

®

Discover Atmel Studio

Open Project... Getting started with Atmel Studio

Getting started with AVR development
Open Atmel Start Configurator

Recent

Download Atmel Studio Extensions

Download documentation

Announcements

¥ Show feeds
Keep page open after project load
¥ Show page on startup

Building a power switch for Chromecast
25012016 1

This Maker built a power switch for his Google C|
Rluetnnth and Tacker The Gonale Chi <t s

hromecast with the help of
levic e ic a neat medi

Puc. 5.1. 3anyck nporpammbl Atmel Studio 7

Co3zaBas HOBbIA MPOEKT, Bbl AO/MKHbI ObiTb FOTOBbI

MUKpPOKOHTpOJLJIED

X | Quick Launch (Ctrl+Q) Pl o o x
|#iaam 4 2

NoDevice § NoTool -
pll V2 Outline - 1x

ATtiny85, .
UNRLIIRY - vicw JUNSI solution Exp...

K TOMY, YTO Bam NPUAETCA U3yumnTb A3bIK C/C++ K

OCBOWUTb KOMMUAATOP, UCMOAb3yeMbI Nporpammoit Atmel Studio.

Mpu co3aaHnmM HOBOIO NPOEKTA Bbl AO/KHbI YKa3aTb
MPOEKTOM, @ TaKXKe YKasaTb MOAE/ b MUKPOKOHTP
HanucaHua cob6CTBEHHOM NPOrPammbl.

E GecApplication] - AtmelStudio

W Quick Launch (Ctrl+Q)

€ro UMA 1 MecTo, rae 6yaeT pacnooyKeHa narnka c
onnepa. Mocne yero Bbl Noay4ute wWwabnoH pna

Eile  Edit View VAssistX ASF  Project Build Debug Jools Window Help
P@-0(B-@ - MY -C - |[BK| P W Dbug | DebugBrowser -
i Wl | Pyt o T He @ M5 | o 2 owaTmega32eP § NoTool
= main = == int main{veid) - @.’Go m| - d B | F e
o/ < : =
* GecApplicationl.cpp T Search Solution Explorer (Ctrl+; 0
*

Created: ©3.82.2016 11:49:11
Author : vladimir
*

#include <avr/io.h>

=lint main(void)

/* Replace with your application code */
while (1)
i
}
}

Output

Show output from: PercepioTrace £

(=]

@ Solution 'GecApplicationl’ (1 pr
GecApplication
[=d Dependencies
=4 Output Files
P[5 Libraries
¢ main.cpp

4

Properties

5

(LY

Puc. 5.2. 3aroToBKa nog nporpammy B Atmel Studio
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O6nerunTb 3Ty paboTy, obneryntb PaboTy Mo ocBoeHUIO A3biKa CM MOMOMKET, ec/iM Yy Bac eCTb TaKas
BO3MOXKHOCTb, Apyrasa cpena paspaboTku Flowcode for AVR.

Mpun 3anycke nporpammbl Bam cieayeT BbibpaTh Bally MOAe/ b KOHTPO//Iepa, Noc/e Yero Bbl Noaydyaere
Wwab0H NporpaMmsl, UCMONb3YIOWMI rpadUUecKknii A3bIK NPOrPaMMUPOBaHMA.

[ Flowcodel — ] b
@aiin  DOpaeka Bua [anene VNet Makpo Debug HYun Oxne  Cnpaexa
06 el [ 9 H » L =] L 4
5 Q6bekTal ~ ‘ OBbINHBE ~ *EXO‘QH A QBHXOAH - ﬂ - (((I))) - ‘$ n ol A & - _23 DsP + T PasHoe -
4 7 Main x 4
b
¢ END
4m
@_
_®
Nanens x
-
AnA (Npaekn HaxmuTe F1 TeKYWMIA MaCWTa6 = 75% CAP NUM SCRL

Puc. 5.3. 3arotoBka nporpammsi B Flowcode

MoBTOpPMM nNepBble MasfieHbKUE LWarn, caenaHHble paHee B nporpamme Arduino. [na atoro ¢ nesoi
WHCTPYMEHTA/IbHOM MNaHenun nepetawmum rpadruyeckuii 3KBUMBAJIEHT MPOrPamMMHOro BbiBOAa, KOTOPbIM
pasmectum mexay BEGIN u END (nporpammHbie ckobKu). BbisicHMB, uTo BbiBOoA 13 moayns Arduino —
370 BbIBOA PB5 MMKPOKOHTpOAEpa, HACTPOMM BbIXOA, Ha STOT BbIBO, U «3aXKKEM» CBETOANOA,

CeoficTsa: Bemog *

Hraa:

|Beron j
[MNepemeHHan UK SHaYEHHR Mopr:
i [x ~|| [ForTE |
>
Boison;
% Qg Bu: " Beck nopr:
5 hd =
7 6 a 4 3 2 1 0
I i ) ) S i o |
: v

Puc. 5.4. BkntoyeHue ceeToamoa Ha Boisoge 13 mogyna Arduino

CoXpaHWB MPOEKT, MOXHO OTKOMMWAMPOBATb €ro B Nporpammy Ha A3blke CuU. KOHEYHO, MOXKHO
OTKOMMUANPOBATb NPOrpamMmy M B KOHeYHbI hex-dalin, MOXKHO fJarke, HaCTPOMB MpPOrpammaTtop,
3arpy3uTb nporpammy B moaynb Arduino. Ho A xoTen pacckasaTb 0 Apyrom. Mbl 034311 HOBbIN NPOEKT
B8 nporpamme Atmel Studio. Mbl nony4nnm Tekct nporpammbl Ha A3bike Cu B nporpamme Flowcode.
BcTaBMM 3TOT TEKCT Nporpammsl B peaaktop Atmel Studio n 3anyctum komnunsumio (Build).

25



B.H.T'osi010608B MUKPOKOHTpOJLIIED

Mbl NOAYyYMM MHOTO NpeaynpexaeHui, 3To TaK, HO Nporpamma byzeT OTKOMNWUAMPOBaHA, TO eCcTb, Bbl
nonyumte hex-dain gna 3arpyskM B MUKPOKOHTPOAIEP.

EJ Gecapplicationt - Atmelstudio X Quick Launch (Ctrl+Q) Pl B x

File  Edit View VAssistX ASF  Project Build Debug Tools Window Help

B < I ‘ FalR:| - ‘ [al | - - | Ba | P Ml Debug =| Debug Browser ~ :

] | S | He % | B3~ .8 i | L mATmega328P § NoTool -
pp & A < "

2 main.cpp - =2 CaUseswiadimirDocuments\Atmel Studio\7.0\GecApplicationT\Gech| = |€7Go m| o-a @ | o
#define MX_USES_SINT1G @ - T
#define MX_USES CHAR @ o Search Solution Explorer (Ctrl+; 2
#define MX_USES_FLOAT @ ‘@l Solution 'GeeApplicationl' (1 pr
#define MX_USES_SINT32 @ 4 GecApplicationl
#define MX_USES_BOOL 1 b =1 Dependencies
#define MX_USES_UINT1G @ b =4 Output Files
#define MX_USES_UINT32 @ b Libraries
//Defines for microcontroller EJ X
#define FC_CAL_AVR main.cpp
#define MX_ADC 4 »

#define MX_ADC_TYPE_2
#define MX_ADC_BITS_10

#define MX_EE -
#define MX_EE_SIZE 1024 w=a
#define MX_SPI_1 o T4 | &

#define MX_SPI_1_MISO_PORT PORTB
#define MX_SPI_1_MISO_TRIS DDRE
#define MX_SPI_1_MISO_PIN 4

#define MX SPI 1 MOSI PORT PORTB i
100% - 4 »
Error List v o x
Entire Selution - ‘ €3 0Errors | 1. 30 Wamings | ) 0 Messages ‘ Build + IntelliSense - Search Error List P~
Description Project File -

Wun;sed-funct\on]

1. no return statement in function returing non-void [-Wreturn-type] GecApplication1  AVR_CAL String.c 634
1. ignoring #pragma DATA [-Wunknown-pragmas] GecApplication]  main.cpp 107
1. ignering #pragma DATA [-Wunknown-pragmas] GecApplicationl  main.cpp 108
1. ignering #pragma DATA [-Wunknown-pragmas] GecApplicationl  maincpp 109 -

Error List Eel¥iaiIte

Build succeeded
Puc. 5.5. 3ameHa WwabsoHa TEKCTOM NPOrpammbl

[na 3arpysku Nporpammbl B MUKPOCXEMY Bam MoHagobuTca nporpammatop. Ero MoXHO KynuTb, ero
MOYKHO CAeNaTb CAMOCTOATENIbHO, Bbl CMOKETE AaKe 3arpy3nTb Nporpammy B Mogyab Arduino, Ho...

Ecan Bac npueieKkaeT nofobHas BO3MOMKHOCTb, TO 3TO O3HAYaAEeT, YTO Bbl Mepectanu ObiTb «Cambim
HauMHaLWMMY. YTo XK, B 06pPbIN NyTb!
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