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UnoArduSim siBnsietcst 6ecnnaTtHol peasibHoe epems (yBuaeTb Ans CYHXpOHM3auusi orpaHUYeHUst ) MHCTPYMEHT
CUMYNSTOp, KOTOPbIN A pa3paboTtan Ansa cTygeHTa n aHTy3macTa Arduino. OH npegHasHaveH ang Toro, Ytobbl Bbl
MOTITIM SKCMEPMMEHTUPOBATL M JNIerko oTnaxusatb Arduino nporpammel 6e3 Heo6xodumMocmu KaKkoz20-s1u6o
¢hakmuyeckoz20 ob6opydoeaHusi , OH HaueneH Ha Arduino 'Uno' Bepcus ans Uno, 1 no3sonsieT BbioMpaTh 13
Habopa BupTyanbHbix 'l/O' YCTponcTBa, a Takke HacTpanBaTb M NOAKMNIOYaTb 3T YCTPOMCTBA K BalLeMy BUPTYarlbHOMY
'Uno' B JlTabopatopHas Ckambsa MNMaHenb , - Bam He HY>HO 6ecrnokonTbes 06 owmnbkax NpoBoakn, oopbiBe / pa3pbiBe
COEAMHEHUN U HENCMNPABHOCTM YCTPONCTBA, KOTOpble MeLlatoT pa3paboTke u TECTUPOBAHMIO NporpamMma.

UnoArduSim npegoctaBnseT npocTble coobLieHns 06 owmbkax ans nobbix owmnbok pazodbpaTts UK BbINOMHUI, C
KOTOPbIMU OH CTankMBaeTCsl, U NO3BONSAET BbINONHATL OTNAaAKy ¢ nomoLlbio Copoc , BbinonHuth , BeinonHuts [o,
BbinonHutb Moka , Cton u rmbkui War onepauun B Kog MaHenb ¢ ogHOBpeMEHHbLIM NPOCMOTPOM BCEX rMobanbHbIX
1 B HacCToslLLiee BPEMS aKTUBHbIX NOKanbHbIX NepeMeHHble, MaccuBbl U 06bekToB B NepemeHHble MaHensb ,
MpenycmoTpeHa NpoBepka rpaHuL, Maccuea BO BpeMsi BbinonHuTb, 1 OyaeT obHapyXeHO nepenonHeHne namsaTm
ATmega (1 cTpoka nporpamma npecTynHuka byaet BoigeneHal). Jlloboe anekTpnyeckoe yCTpONCTBO KOH(PIMKTYET C,
noakntodeHHoe k '1/0' YcTponcTtea, moMedaeTcs U coobLlaeTcst 0 ero BO3HUKHOBEHUM.

Koraga INO unu PDE nporpamma pacluMpeHHbIi OTKPbIT, OH 3arpyxaetcs B nporpamma Kopg MaHensb , nporpamma
3aTeM gaetcss AHanmaupoBaTb, YTOObI Npeobpa3oBaTb €ro B UCMOMHAEMbIN palin ¢ TOKeHaMK, KOTOPbIA 3aTem ByaeT
roToB AJ151 cMOBennupo8aHHbIlU 8bINoAHU (B oTnYne oT Arduino.exe, aBTOHOMHbIN UCMONHSeMbI daiii ABOUYHOM
He co3pgaHo) JTiobas owmnbka pazobpaTb OOHaPYXMBAETCS U NOMEYAETCA NyTEM BblAENEHNs CTPOKN, KOTopasi He
npotuna pasobpartb, 1 coobLieHus ob owmnbke Ha CtaTtyc 6ap B camom Hu3y npunoxeHms UnoArduSim okHo. An
N3MeHUTL/U3Yy4UnTb OKHO MOXET ObITb OTKPLIT, YTOObLI Bbl MOMM BUAETH U PeOaKTUPOBATb BblAENEHHYIO CUHTAKCUCOM
BEPCUIO BaLLero nonb3oBarensi nporpamma. Ownbkm BoO BpeMsi CMOAENMPOBAHHOIO BbINOMHWN (Takne Kak
HecoBMaaloLLMIN CKOPOCTb Nepeaaydn) coobLualoTcsl B CTPOKE COCTOSIHUA U Yepes BCNIbIBatoLLEEe OKHO COOBLLEHMS.

UnoArduSim V2.3 aBnsieTcst npakTU4eckn NonHon peanunsaunei Asbik nporpammupoBaHuna Arduino V1.6.6 kak
doKyMeHmasnbHO nodmeepxoeHo Ha arduino.cc , Beb-cTpaHuua co cnpaBoOYHUKOM MO 5A3bIKY, @ TakkKe C
[OOMOMHEHUAMU, YKa3aHHbIMK Ha cTpaHuue Bepcumn 3arpyska. [Npumedanus k Boinycky. Xota UnoArduSim He
noagepXunBaeT MorHyto peanusauuio C ++, KoTopyto nogaepxmnaet Arduino.exe, nexawmi B ocHose GNU
KOMMUIIATOP, BMNOMHE BEPOSTHO, YTO TOMbKO CaMble MPOABUHYTbIE MPOrPaMMUCTbl OBHapY»KaT, YTO Kakon-TO SNEMEHT
C / C ++, KOTOPbI OHU XOTAT UCMONb30BaTh, OTCYTCTBYET (M, KOHEYHO, BCerga eCTb NPOCTble KOAMPOBaHME 0OXOOHbIX
nyTen onsa Takmx OTCYTCTBYOLMX OyHKUMI). B oblwem, 8 nogaepxmean ToNbKo TO, YTO, N0 MOEMY MHEHUIO, SBMASETCS
Hambonee nonesHoiM C / C ++ ansa nobutenen n ctygeHToB Arduino - Hanpymep 'enum' a Takke '#define’
NOAAEPXKUBAIOTCS, HO YKa3aTenu cBOOOOHO - HET. XOTs NOnb30BaTeNnbCKNii 00LEKTOB ( 'class' a Takke 'struct' )
1 (OONbLIMHCTBO) Neperpy3ok onepaTtopoB NoAAEPKUBAKTCS, MHOXXECMBeHHOe Hacrie0o8aHUe He

Mockonbky UnoArduSim siBnseTcs S3bIKOBbIM CUMYNSTOPOM BbICOKOIO YPOBHSI, 10O0epKUu8aromcsi mosibKo
onepamopsbl C/ C ++ , 3aseneHusi Ha accembriepe He , TOYHO TaK e, MOTOMY YTO 3TO HE MaLUMHHAsS CUMYNALUS

HWU3KOro YpoBHS, Pecucmpbl ATmega328 He docmynHbI O/isi awe20 npo2pamMma Onst YTEHUS UK 3anucu, XoTs
pacnpegeneHuve, nepegada 1 Bo3BpaT peructpa aMmynupytoTcs (ecnm Bbl BolbupaeTe 3To B MeHo Onuum ).

HaunHas ¢ Bepcun 2.3 UnoArduSim nmeeTt aBToMaTuU4ecKyto NOAAEPKKY BCTPOEHHbIN AN OrpaHNYeHHOro
nogMHoxecTBa bubnuotek, npegocTtaensiembix Arduino, a UMEHHO: 'Stepper.h' , 'SD.h', 'Servo.h',
'SoftwareSerial.h', 'SPI.h', 'Wire.h', 'OneWire.h>' 6 aTakke 'EEPROM.h' (Bepcus 2). [lns noboro
'#include' 13 nonb3oBaTenbckux 6udnuotek, UnoArduSim 6yaet He Hanante oBbIYHYIO CTPYKTYpY Katanoros
ycTaHoBKu Arduino, 4ToObl HanTK GUbnNMoTeky; BMecTo Tebs He06xo0AUMOCMb CKOMMPOBATbL COOTBETCTBYHOLLMNA
3aronoBok (".h") n ucxogHein (".cpp") paclUMpPeHHBIN B TOT e KaTaror, YTO 1 NporpamMmma paclUMpPEHHbIN, Hag KOTOPbIM
Bbl paboTaeTe (KOHEYHO, NPY YCIOBUN OrpaHUYeHNs COAEPXKUMOTO Nioboro '#include' paclUMPEHHbIN JOMKEH
ObITb MONHOCTLIO MOHATHBIM ANt UnoArduSim CUHTakcu4eckuii aHanmsaTtop).


http://www.arduino.cc/

A paspabotan UnoArduSimV2.0 B QtCreator ¢ nogaep>KKo HECKOINbKUX S3LIKOB, U B HACTOSILLEE BPEMS OH OCTYMEH
Tonbko anst OkHa ™ | MopTupoBaHue Ha Linux unn MacOS, ato npoekT Ha Oyayuee! UnoArduSim Beipocna 13
CUMYNSITOPOB, KOTOPbIE A1 pa3pabaTtbiBan Ha NPOTSXKEHUM MHOTMX NET ANsl KypCcoB, KOTopble S Npenogasan B
YHuBepcuTeTe KBMHC, 1 OH Obin 4OCTATOYHO TWATENbHO NPOTECTUPOBAH, HO TaM HaBepHsIKa OyaeT HECKONbKO
OLUMOKM, KOTOpbIE BCE ellle cKpbiBatoTcs Tam. Ecnn Bbl xoTnTe coobLmTe 0 ownbka, onuwmnTe ero (KpaTko) no
3MeKTpoHHOM noyte unoArduSim@gmail.com a Takke He 3abyObme MPUSIOKUMb MOJIHbIU UCXOOHbIU KOO
npozpamma Arduino, ebi3biearoujuli owubka Tak 4To 1 MOry CKONMpPOBaThb owwnbka 1 ucnpaeuTb ero. A He byay
OoTBeYaTb Ha OTAEmNbHbIE OTYETHI OLLIMOKA, U Y MEHS HET rapaHTUPOBaHHbIX CPOKOB UCMPaBMeHUin B criegytoLemM
Bblnycke (MOMHUTE, YTO 06x04HbIE NYTW NOYTK Beerga ectb!).

Ypa,

CT13H CummoHc, Ph.D, P.Eng. ; ]
JoueHT (B oTcTaBke) L -
Kadenpa anekTpoTeEXHNKN N BbIMUCIINTENBHOW TEXHUKM f
KoponeBckun yHuBepcuteT ueenS
KunrctoH, OHTapuo, KaHaga

UNIVERSITY
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Kopn MaHenb, MNpeanouyreiuna n Nameuuntb/N3yunTb

(B ctopoHe: obpaseL, OKHa, Noka3aHHbIA HUXe, Bce nog BbibpaHHoW nonb3oBatenem OkHa-OS upeToBasi Tema,
KOTopasi UMeeT TEMHO-CMHUIA LIBET hOHA OKHO).

Kopa NaHenb

The Kop MaHenb oTtoGparkaeT BaLl Nonb3oBaTerb NporpamMmma, a BblAeNleHNe OTCMEXMBAET €ro BbIMOHWII.

Mocne Toro, Kak 3arpyXeHHbl porpamMmmMa MMeeT yCneLlHbIn AHanM3npoBaTh, NepBasi CTPoKa B 'main () ' BblesneH,
W nporpaMma rotoB K BbinonHun. O6patute BHUMaHWE, 4TO 'main () ' HesBHO gobasnsetca Arduino (n UnoArduSim),
1 Bbl JernaeTe He BKITHYMTE ero kak YacTb BaLLEro nonb3oBartens nporpammMa pacluMpeHHbli. BeinonHun HaxoguTcs
nof KOHTPONeM MeHI0 BbInonHUTb 1 cBA3aHHbIE C HAM UHCTpYyMeHT-Bar kHomkn 1 kombrHauumn knasmw cBO6OAHO.

lMocne nepexoga BbINOMHWI MO OQHON (MMM HECKOITbKMM)
WHCTPYKUMSAM (Bbl MOXETE MCMosb3oBaTe MHCTpyMeHT-Bar
KHOMKMN E ) [ , BZ |, UNun xe [&= ), CTPOKa nporpamma,
KoTopasi byaeT cneaytoLlen BbIMOMHSET, 3aTeM BblAENAETCS -
BblEeNeHHasi CTpoKa BCcerga SBNSETCs CreaytoLle CTPOKON
roToB K BbIMOJIHSAET ,

ToyHO Tak e, korga Gerywuii nporpamma nopaxaet
(BpeMeHHbI BbinonHUTb [l0) To4ka OCTAHOBKM, BbIMOSHWI
OCTaHaBNMBAaETCA U NIMHUS TOYKa OCTAHOBKM MNOACBEYMBAETCS
(n 3aTem roToBa K BbINOSHWM).

Ecnu nporpaMma BbINOMHWI B HAcTOsILLEE BPEMS
ocTaHoBMneH, U Bbl Haxnvaete B Koa MaHenb OkHO, NUHUSA,
KOTOpPYHO Bbl TOMBKO YTO Haxanu, 6yaeT BbigeneHa. 1o
[enaeT He OfHaKO M3MEHUTE TEKYLLYIO NIMHUIO MporpaMma,
€CInn 3TO KacaeTcs nporpaMmmMa BbInonHumn. Ho Bbl MOXeTe
BbI3BaTb BLINONHUN MPOZpeccuposams OO0 JINHUA, KOTOPYIO Bbl

TONBKO YTO BbIAENWUNN, HaXaB 3aTemM Ha BbinonHuTb fo L=
MHcTpymeHT-Bar kHonka. 3ta dyHKUMS NO3BONSIET BaM

f* Use File-:*Load Prog to
load a different Program

*‘F

int count;

void setup()
i
count=8;

¥

void loop()

i
count=count+1;
delay(188);

¥

Sifthe "int main()}™ below is IMPLICIT in Arduino
ffbut is shown here EXPLICITLY by UnoArduSim
int maing)
i

setup(};

while(true)
r

loop(};

6bICTpO M Nerko AoCTunYb onpeaesieHHbIX JNINHUKA B nporpamma, YTOObI BNOCNEACTBUM Bbl MO LLUAT 3a LLArom

MPOXOAMTb MHTEPECYIOLLYIO Bac YacTb Nporpammva.

Ecnun Baww 3arpy>xeHHbI nporpamMmma umeeT kakne-nmbo '#include’ hann, Bbl MOXETE NepeMeLLaTbCsa MexXay HUMM

¢ nomoLbio Paiin | npeabIAyLWMii a Takke Pain | cneaytowmii (c UHcTpyMeHT-Bar kHonku * a takke = ).

MeHto Haitu nossonseT 6uicTpo Mpbiczamb Mexay ¢hyHKYUuoHanbHbIl Modynb B Ko MaHenb (nocne nepsoro
HaXxaTusi Ha CTPOKY BHYTPU Hero, 4Tobbl NpuaaTte eMy hOKyC) C MOMOLLBbIO CreayWwmi a Takke NnpeabiayLmmn
func

KOMaHAbl (C MHCTpYMeHT-Bar KHOMKN f.*r a TaKke M UNU coYyeTaHud KnasuLl BHU3 Ha CTPaHULYY a Takke BBepX Ha

cTpaHuuy ). Kpome Toro, Bbl MOXETE HaxoQumb yKka3aHHbI MeKcm C ero TeKCTOoBbIMU koMmaHgamu (¢ MHCTpyMeHT-

text
Bar kHonkn =t a Takke "M MM COMETAHMSA KNaBuL CTpeJika BBepX a Takke CTperika BHU3 ), nocrne nepBoro
ucnonb3oBaHnst Hantum | YCTaHOBUTb TEKCT YCTAaHOBUTbL TEKCT , UN XKe MHCprMeHT-Bar KHOTMKa ﬂ ,




MpeanouteHun

i Mpeanosmeris KoHdmrypupoBats | lpeanoyteHus nossonset
nornb30BaTeNsM YCTaHOBUTb MPOrpaMma U HacTPOMKM
npocmoTpa (KoTopble Nosb3oBaTtenb 06bIYHO XenaeTt
MPVHATb MPU OH CRefyLWniA ceaHc). [M1oaToMy MX MOXHO
CoxpaHuTb 1 3arpy3nTb n3 myArduPrefs.txt paclunpeHHbIN,
KOTOpPbIN HAXOOUTCS B TOM K€ KaTarore, YTo 1 3arpyXeHHbIN
'Uno' nporpamma ( myArduPrefs.txt aBTomaTnyecku
3arpy>kaeTcs, eCnm OH CyLLIeCTBYET).

ABETOMaTHY i opMaT oTCTyna

D ABTOMaTH4YECKDE 3

OTOT Ananor no3BornseT BbibupaTh Mexay ABYMS
MOHOLLMPUHHBIMK LIpUTaMmn 1 TpemMs pasmepamu LWpndTa,
a TaKke Apyrmumn pasHbiMU NpeanoyTeHMaMn. HaumHas c
Bepcum 2.0, S3bIKOBOM YMN Tenepb BKMKOYEH. - 3TO Bceraa
BKIMIOYAOT aHIMUNCKUA (aH), NNOC OOUH UNKW ABa ApYrnx
A3bIKOBbIX CTaHAapTa nonb3oBaTens (rae OHW CyLLeCcTBYIOT), M OAHO NnepeonpeaerieHne Ha OCHoBe ABYXOYKBEHHOIO
koga sa3blka 1ISO-639 Ha camoli nepsoli nuHuu n3 myArduPrefs, TXT paclmpeHHbIv (ecnm TakoBow nmeeTcs). Beibop
NosiBNSETCA TONbKO ecnv nepesoA ".qm" pacluMpeHHbIN CyLLEeCTBYET B Nanke nepeBoAoB (BHYTPU AOMAaLLHWIA KaTanor
UnoArduSim.exe).

N3MmeHunTb/N3yunTtb

[BonHbIM Wenykom no nobow ctpoke B Kog MaHenb (Mnu ncnonb3ysa meHio ®ann ), UameHUTb/N3yunTb OKHO
OTKpbIBaEeTCH AN BHECEHMS U3MEHEHMI B BaLLl MporpamMmma pacluupeHHbIv, ¢ BbibpaHHas cTpoka B Kog MaHenb
BblAeNeHo

OTOT OKHO MMEET MOJSIHYI0
BO3MOXHOCTb BUILT-
pedakTMpoBaHus ¢
OVHaMN4eCcKown noacBeTKomn /
CUHTakcuca (pasnuyHble int count;

LiIBETa OCHOBHON MOMEHT it

ncnonb3yTes Ans EE— PI—;
Knto4yeBbix cnoB C ++, ) ' G

KomMeHTapueB 1 T. [1.). void 1c

Cyuectsyet R

aononHutensHas ; delay(lee);

noAcBeTKa CUHTaKcuca =
XXVPHBIN 1 aBTOMaTnyeckoe INPUT
thopmMaTpoBaHme Ha i
YPOBHe oTCTyna (npwu
YCIOBUMK, YTO Bbl BbIOpanu
3TO, MCMONb3ys
KoHdpmrypupoBath |
MpeanoyteHus ). Bbl Takke MoXeTe yA0OHO BbiOpaTh BCTPOEHHLIN CBOGOAHO 3BOHKM (MM BCTPOEHHLIN '#define'
KOHCTaHThl) Ana obaBneHus B Bal NporpaMmMa 13 NpeaoCcTaBEeHHOro CNMcka - NPOCTO ABaXAbI LLENKHUTE MO
HY>KHOMY 3IIleMEeHTY crmcka, YTobbl 4O6aBUTL €ro K Balemy nporpaMmma B TeKyLLen no3muum kapeTtkm (cBo6ogHo-
BbI30B NepeMeHHas munbl NpeaHa3HaqYeHbl TONbKO Anst uHopmaumm n 0obaBnsoTcs B MyCTble MyCTble Nons npu
[obGaBrneHun B Ball nNporpamma).

MpuHMMaTE (¢

okHO umeeT Hantu (ncnonb3osanue Ctrl-F) a Takke Hantn / 3ameHuTb BO3MOXHOCTb (Mcnonb3osaTth Ctrl-H ) , The
N3meHnTb/N3yunTb OokHO nmeeT 3abpatb ( Ctrl-Z ), a Take MNepepenbiBatb ( Ctrl-Y) kHonku (koTopble
NOSIBNAOTCSH aBTOMAaTUYECKM).

OTkaszaTtbCs ece usmeHeHus Bbl coenanu, Tak Kak Bbl BnepBble OTKPbITM NMporpamMmma ona peaaktmpoBaHUA, HaXMUTE



kHonky OTMeHa kHonka. MNMpuHATE Tekyllee cocTosiHue, HaxmuTe MpuHMaTb KHonka 1 nporpamma aBToMaTu4ecku
nonyyaeT ewe ogmH AHanuanpoBaTb (1 3arpyxaetcs B 'Uno’, ecnm owmbok He obHapy»eHo), 1 B rMaBHOM
UnoArduSim okHO nosiBnsieTcs HoBbIN cTaTyc Ctatyc 6ap ,

A Komnunuposartb ( Ctrl-R ) kHonka (nntoc cBa3aHHbIi AHanu3npoBaTb CTaTyc OKHO COOOLLEHMS, Kak MOKa3aHo Ha
n3o06paxkeHnn BoiLLe), 6bino AoGaBneHo Ans NpoBepKu NpaBok 6e3 HEOGXO0AUMOCTU cHavana 3akpbiBaTb OKHO. A
CoxpaHutb ( Ctrl-S ) Takke 6bina gobaeneHa B kavyecTBe spribika (3kBuBaneHT NMpuHUMaTb NITtoc No3Xe OTAENbHbIN
CoxpaHUTb OT OCHOBHOM Kk192).

JIn6o Ha OTmeHa unum xe MNMpuHumaTtb 6e3 BHeceHHbIX n3meHeHu Koa MaHenb Tekyllas CTpoka MeHsSeTCs, YToObI
cTaTb nocsiedHsAsA No3uyusi Kapemku U3meHumb/U3y4yums Vi Bbl MOXETE UCMONb30BaTh 3Ty PYHKLMIO, YTOObI
nepentu Kop MaHenb Kk onpegeneHHon NMHUM (BO3MOXHO, 4TObObI NoarotoBuThCs K BeinonHutb Ao ), Bbl Takke
MoxeTe ucnons3sosatb Ctrl-PgDn a Tarke Ctrl-PgUp 4To6LI nepeint k cnegytowemy (Mnu npedbliaywemy) paspbiBy
MyCTOW CTPOKW B BalLeM NporpaMMa - 310 NonesHo Ans ObICTpoV HaBUraumMm BBEPX UMM BHU3 MO 3HAYUMbIM MeCTaM
(HanpuMep, NycTble CTPOKN Mexay PYHKLMOHaNbHbLIN Moayrb). Bbl Taloke MoxeTe ncnonssoaTeb Ctrl-Home a Takxe
Ctrl-End nepeinTn kK Hayany u KOHLY NporpaMmma COOTBETCTBEHHO.

ABTOMaTuuecKkoe chopMaTUpoBaHUe OTCTyna Ha ypoBHe 'Tab' BbINOMHAETCA NpY OTKPLITUM OKHO, ECIN 3TOT
napameTp 6bin yctaHoerneH B KoHdurypuposath | MpeanoyreHus, Bol Takke MoxeTe 406aBNsATs UK yaanaThb
BKI1aAKuW B rpynny npeABapuTernibHO BbIOpaHHbIX NOCHeAoBaTenbHbIX CTPOK, UCMONb3ys KaBuaTypy npaeasl cmpeJsika
U ke cmpesika eJ1eeo KIloun - Ho asmomamudyeckuii omcemyn AoskeH 6bimb 8bIKIFO4YeH YTOObI He NoTepsTh
CBOW COBCTBEHHbIE YPOBHMN BKMaOK.

N 4T0BbI MOMOYb BaM fy4llle OTCNEXMBaTb BallW KOHTEKCTbI U M30rHYThle CKOBKU, HaXxaB Ha ' { ' unnxe '}’
N30rHyTasi ckobka eblidesissem eecb mekcm mMexdy amuM u3o2Hymasl ckobka u e2o coomeemcmeyruwum
napmHepom ,

MepemeHHble MaHenb  N3MeHNTb/ MoHuUTOp NMepeMeHHasa OKHO

The MNMepemeHHbIe MaHenb pacnonoxeH 4yTb Hxke Kop MaHenb, OH NokasbiBaeT TEKyLLUE 3HAYEHUS NS KaXA0ro
none3oBaTens rnobanbHOro U akTMBHOIO (B cchepa) nokansHOro nepeMeHHas / maccmea / O6bEKT B 3arpy>KEHHOM
nporpamma. Korga Ball nporpamMmma BbINOMHUN NepemMeLLaeTca Mexay yHKUMOHaNbHbIN MoayNb, CoOAepXumoe
M3MeHseTCA, YTOObl OTPa3uTb TONbKO Te JNIoKallbHble NepeMeHHble, KOTopble AOCTYMNHbI ANA TEeKyLero
cBo6ogHo / cchepa, nnroc nobble

00 bABNEHHbIe NoNnb3oBaTesnieM rnodanbHble
nepeMeHHbIle, J1to6ol NnepeMeHHble,

OOBbSABMNEHHBIN KaK 'const' UMM Kak ' PROGMEM' notefreg= 1846
(BblmeneHo ana 'Flash' namsaTts) nmetot E:;S:ﬁgﬁ“
3Ha4YeHUs1, KOTOpble HEe MOTYT ObITb U3MEHEHBI, 1 wholenote= 1588
Nno3TOMY AN 3KOHOMUU MeCTa OHU He guarternote=

omobpaxaemcs, ' Servo' a Takke
'SoftwareSerial' 3Ok3eMnnsapbl 0OLEKT He
coAepKaT NoresHbIX 3HAYEHWUN, MOSTOMY Takke RingTones[@].frequency=
He 0T06pa>|<ar0Tc;|. Ringlones[8@].duration=

KomaHabl B MeHio Hantu (c UHcTpymeHT-Bar

func
KHOMKA F-*r a Takke ' UMK codeTaHus KnaBull BHU3 Ha CTpaHuUy a TakkKe BBepX Ha CTpaHUUy ) Nno3BONMNT BaM
6bICTpO I'lpblaamb mexny rnepemMeHHbIe B nep9M9HHb|e MaHenb (nocne nepBoOro HaXatuda Ha JIMHNUA BHYTPU HErO,
YTOObI npmnaatb emy (*)OKYC). C ,D,perVl CTOPOHBbI, Bbl MOXeETE Haxodumb yKa3aHHbI|Z meKcm C ero KomaHgamm

i et
TEeKCTOBOro noncka (C MHCprMeHT-Bar KHOMKK et @ TAKXe [T UMM COMETaHUA KnaBuLl CTPesika BBepX a TakkKe
CcTperika BHU3 ), nocrie nepBoro Ucnosnb3oBaHUA Hantun | KomnneKkT YcTaHOBUTb TEKCT TEKCT 1IN M s

MaccuBbl a Takke 06BHEKTOB nokasaHbl MO0 B YH-PaCLIMPATb UK Xe pacliMpATb opMaT ¢ nocrneayowmm
NACOM ' (+) ' UNN MUHYC ' (-) ' noagnucaTb cooTBeTCTBEHHO. CMMBON AN MaccuBa Mxc NokasbiBaeT Kak 'x[]1'



Y7106k BLINOMHEHME 3TO NOKa3aTb BCE 3fIeMEHTLI MaccuBa, NPOCTO HaXXMUTE OOuH pa3 Ha 'x[] (+) ' B lMepeMeHHble
MaHenb , YTOObI COKpaLLaTbCA BEPHYTLCS K NPEACTABMEHNIO UN-PACLUMPATL, HAaXMUTE Ha 'x[] (-) ' , Un-
pacLmnpsTb NO yMONYaHuio And o6bekT 'pl' nokasbiBaeT kak 'pl (+) ' K BbINOMHEHWe 3TO NoKasaTb BCEM YNleHaMm
3TOro 'class' Unmxe 'struct' Hanpumep, HaxXmuTe oavH pa3 Ha 'pl (+) ' B lNepemeHHble MNMaHenb , YTo6bI
CoKpaLlaTbCs BEPHYTbCA K MpeACcTaBeHMIO UN-paclUMpsiTb, HAXKMUTE OOMH pa3 Ha 'pl(-) ' , eCnu Tbl OOUH KJTUK IO
nro6oli cmpoke, 4mMobbl OCHOBHOU MOMEHM 3Mo (3TO MOXET OblTb NPOCTO NepeMeHHas, UM COBOKYMHbIA ' (+) '
unuxke ' (-)' nWHUSA MaccuBa NN 0GLEKT, UNN O4MH 3NEMEHT MaccKBa MIK YreH oObekT), 3aTem Aenatb
BbinonHuTb Moka 3acTaBuT BbINOMHWA BO30OHOBUTL 1 3aMOPO3UTh Ha cnegyowem 3anucu docmyna rae-Hnbyab
BHYTPU 3TOro BblIOpaHHOro arperata, uUnm K TOMy BbIBpaHHOMY €AMHCTBEHHOMY MECTOMONOXEHUIO MEPEMEHHAS.

Koraga ncnonb3ayews War nnm xxe BeinonHnTb OGHOBMNEHUS OTOOpaXkaeMbiX 3HAYEHUI NepeMeHHas NPOM3BOASITCS B
COOTBETCTBUM C HACTPOWMKaMM MOSIb30BaTENs, BbINOIHEHHLIMU B MeHI0. MepeMOBGHOBUTL - 3T0 obecneynBaeT
NOSHBIN AManasoH NoBeAEeHUSA OT MUHMMArbHbIX NEPUOLAMNYECKNX OOHOBMEHUIN 00 NOMHbLIX HEMELNEHHbIX OOHOBMNEHWIA.
YMEHbLUEHHbIE UM MUHUMarbHblE OOHOBMNEHUSI NONE3HbI A1151 YMEHbLUEHMS HArpy3Kku Ha NpoLLEeccop 1 MOryT 6bITb
Heob6xoanMbl, YTOObI BbINOMHUIT HE OTCTaBan B peanbHOM BPEMEHM OT TOro, YTO B MPOTUBHOM criyyae 6b1mo Gbl
ypesmepHbiM MepemeHHble MaHenbs OGHOBNEHME OKHO 3arpyxaert. korga AHMMauus 4eCTBYET U ecnu
OcHoeHOU MOMeHmM U3MeHeHUs1 ONunsa MEHI0, UBMEHSIETCA Ha 3Ha4YeHne nepeMeHHas Bo BpeMs BbIinonHUTb
npueBeneT K 0OHOBMNEHUIO OTODpaXxaeMoro 3Ha4YeHNsi HeMeOJIEHHO , U OH CTaHOBUTCS BblAENEeHHbIM - 3TO NPUBEAET K
MNepemeHHble MNMaHenb NPoOKPyTUTL (ECNN HEOOXOAMMO) A0 CTPOKM, KOTOpas COAEPXUT NePEMEHHAs, 1 BbINOTHUI
fonblue He ByaeT B pexvmMe peanbHOro Bpemenu !,

Kozda ebinonHun 3amep3aem nocne War , Beinonuuts Ao , BoinonHutb Moka , unu xe BbinonHUTL -3aTeM-
Crtoi , NMepemeHHble MaHenb BbiABUraeT Ha Nepebii NiaH nepemMeHHas, COOTBETCTBYHOLLMI adpec (a) adpeca,
Komopble 6bi1u U3MeHeHbl (ECNN eCTb) caMast MOCs1IeGHsIsI UHCMPYKUYUST BO BPEMS 3TOTO BbIMOSHUI (BKOYas
WHMLUManusaumio obbsBneHns nepemeHHas). Ecnun ata MHCTPYKUUS MOJSTHOCMbHO 3aMnofHeHbl 06beKkm usiu Maccuea ,
podumenbckKasi (+) unu (-) cmpoka Lnsi 3TOro arperaTa CTaHOBUTCS BblaeneHHbIM. Ecnv BMECTO 3TOro MHCTPYKUUS
M3MeHMIa MECTO HaXoX4eHMs TO, YTO B JAHHLIA MOMEHT BUAHO, 3aTEM CTaHOBMTCS nogceevyeHHsIM. Ho ecrnin
N3MeHEeHHOe MeCTOMOoOXeHUe (1) B HAcTosILee BpeMs ckpbiBaeTcst BHYTpU UN-paclumpsaTb MaccuBa nnm o6bekT,
KOTOpble B COBOKYMHOCTW podumesibCKasi JIUHUS NoryyYaeT ebidesieHUe KypcugoM Kak BU3yarbHbIN NpU3Hak Toro,
YTO YTO-TO BHYTPY HEro GbINO 3anNMCaHo - LLENMYOK MO BhINOMHEHWE BLI3OBET NPOWITOU N3MEHEHHbIV 3NIEMEHT UMK
4neH, YTobbl CTaTb BbIAENEHHBIM.

The UsmeHnTL/MOHUTOpP OKHO AaeT BaM cnocobHocmb criedoeamb
NI060My 3HaYeHUIO rnepeMeHHasi 8 meyeHue 8bIMoJIHUII U U3MeHUMb €20
3HavyeHue e cepeduHe (ocmaHoeJsIeHO) npo2paMmMa ebIrnosIHU (TaK YTO Bbl
MOXeTe NPOBepUTb, KakoB ByaeT adpdeKT NPoaomKeHMs paboTbl C 3TUM HOBbLIM
3HaveHvem). Cton CHavana BbINOMHWI, NOTOM Jieb!ll O80UHOU WiesT4OK Ha
nepemMeHHas, 3Ha4eHne KOTOpOoro Bbl XOTUTE OTCEXMBATb U N3MEHUTb.
Y7106kl NPOCTO KOHTPONMUPOBATbL 3HAYEHNE BO BPEMS NMpOrpamMmma BbIMOSHNT,
OCTaBUTb AMANOr OTKPbITbIM a 3aTeM oAvH 13 BbinonHuTb mnu xe Lar komaHgb! - ero 3HadeHue Byget 06GHOBNEHO
B U3ameHUTL/MOHUTOpP B COOTBETCTBUM C TEMU XXE NPaBUNamMun, KOTOpbIE PErynMpyoT 06HOBNEHNS B NepeMeHHble
MaHenb , Ymo6bI usMeHUMb 3Ha4YeHUe nepemMeHHasl , 3anoNHNTE 3HadeHue nons seoga v NpuHumatsb
Mpogomkante BbINONHUN (Mcnonb3ys nodon ns Lar unm xxe BbINONHUTBL KOMaHAbl), YTOObI NCMOMNb30BaTh 3TO HOBOE
3HayeHMe C 3TOro MOMeHTa Brnepes (Mnu Bbl MoXXeTe Bo3BpawaTbes K npeabigyLlemy 3HadeHuio).

Ha npozpamma Hazpy3ka unu C6poc obpaTuTe BHUMaHWE, YTO BCE HEUHUUUAIU3UPOBaHHOE 3Ha4YeHUe
rnepemeHHble cbpacbieaemcs 00 3HadeHusi 0, U 8ce He UHUYuanu3upyemcs Ykasamenb-riepeMeHHble copacbigaemcsi
8 0x0000.

UHD Wsmennte / Monwtop Mepemennan X




JlabopaTtopHaa Ckambsa MNaHenb

JlabopatopHas Ckambs NaHenb nokasbiBaeT 5-BonbToBbIN 'Uno' Bepcust ans Uno, koTopblii okpykeH Habopom 'I/O
YCTpONCTBA, KOTOPbIV Bbl MOXETE BblIOpaTh / HACTPOUTL N MOAKMIOYNTDL K Kenaemomy 'Uno’ pins.

'Uno’

3710 n3obpaxeHune 'Uno' Bepcusa onst Uno n ero BCTPOEHHbIX CBeTOANOA0B. Korga Bbl 3arpy)kaete HOBbI NporpaMva B
UnoArduSim, ecnv oH ycneLHO aHanu3upyeT, OH NoAaBepraeTcs "MoaenMpoBaHuio 3arpy3ka” B 'Uno’, KoTopbin
nMmTUpYyeT noeefeHme daktmdeckoro 'Uno' Bepcua anga Uno - Bbl yBuante muranune cepunHoro RX n TX LED (Hapsay
C aKTUBHOCTbIO B pins 1 0, KOTopble 8cmpoeHHbIl 051 nocrnedosamesibHOU 853U C 2/1a8HbIM KOMIMbIomMepom). 3a HUM
cpasy cneayet Benbiwka pin 13 LED, koTtopas o6o3HavaeT copoc Bepcms gnst Uno n (u aBToMaTUYECKY0 OCTaHOBKY
UnoArduSim B) Hayano 3arpy>xeHHoOro nporpamMmma BbinonHun. Bel MoxeTe nsbexaTb 3TOro oTobpaxkeHns n cBA3aHHOM
C HUM 3aZlepXXKuM 3arpysku, oTMeHnB Bbl6op Moka3aTtk 3arpy3ka oT KoHdurypupoBaTts | MpegnoyuteHus,

OKHO MO3BOMseT BU3yanu3npoBaTh fornyeckue ypoBHU 3 man A
undpposon Ha Bcex 20 'Uno’ pins ( '1' Ha kpacHOM Angd o ool
"HIGH', '0' Ha cnHeM ans 'LOW' , a Takke '?' Ha cepoMm
Ons HeonpeaeneHHoro HeonpeaeneHHOro HanpsPKeHUs)
HanpaBneHnsa 3anporpaMmmMupoBaHHbI ( 'I' 3a 'INPUT' ,
unu ke '0' 3a 'OUTPUT' ). [ins pins, KOTOpble MyNbCUPYIOT GE
¢ ncnonb3osaHnem LUNM yepes 'analogWrite () ' vnm AEDUTHO
'tone () ' NN 'Servo.write () ', UBET MEHAETCHA Ha
PMONEeTOBbIN M OTOOpPaXXaeMblii CUMBOST CTAHOBUTCS '~ |

gRsdesase romamN-S
EEHHHH

O6patute BHMMaHue, Yto Lugppoeolii pins 0 u 1
nodkoyeHs! Yepe3 pesucmopbl 1 KOM K MUKpocxeme
USB dnsi nocnedoeamernbHbil ces13b C Xocm-
KOMIMbLOMepoM.

B cmopoHe: Ljugpposoli pins 0-13 omobpaxkaromcsi Kak
cumynsamop pins 0-13, a aHanozoesil pins 0-5
omobpaxaromcs kak A0-A5. Ymobbl nony4yumes docmyi K aHaio208bIl pin 8 eaweM rpozpamma, 8bl Moxeme
obpamumbcs K HOMepy pin 00HUM U3 08yx aKguearieHmMHbIx Habopos yucen: 14-19; unu A0-A5 (A0-A5 senaiomcs
8CMPOEHHbIU 'const' nepemMeHHble, umeouwul 3HadeHus1 14-19). VI monbko npu ucnonb3o8aHuu 'analogRead () '
docmyrneH mpemud gapuaHm - 0519 3mMoU UHCMPYKUUU 8bl MOXeme ydanume 'A' npeguKkc u3 qucna pin u rnpocmo
ucnons3ytime 0-5. [ins docmyna K pins 14-19 & sawem rnpoepamma ¢ rnomowbto 'digitalRead () ' Unu xe
'digitalWrite () ', 8bl MOXeme npocmo obpamumbCs K 3mOMy HOMEPY pin uiu 8MeCcmo 3moeo UCrob308amb
rcegdoHumbl AO-AS.

Jleeoli kHonkol MbIwu Ha ntodom 'Uno’ pin otkpoetca Pin LUudposbie OcuunnorpamMmmbl OKHO, KOTOPbIN
oTOOpakaeT NpoLLIoe CTOMMOCTb OQHOM CeKYHAbI U3 AKmUeHOCMb YpPOoeHs yughpoeol Ha 3TOM pin. Bbl MoxeTe
HaXkaTb Ha Apyrown pins, 4ToObl A06aBUTL MX Ha ancnnen Pin Undposbie Ocumnnorpammsl (4o 4 curHanos

OO HOBPEMEHHO).

Uwndpoeeie Ocunnnorpamme

HaxxmunTe ons npocMoTpa CTpaHuLbl BEBO N BNpaso, Unn ncnons3ynTe knasnwmn Home, PgUp, PgDn, End



OavH 13 otobpaxaeMbix CUrHanoB ByaeT akmueHsbIl pin ocuunnorpammMa Ha aT1o ykasbiBaeT ee kHonka "Pin",
nokasaHHas Kak Haxkatas (kak Ha npuBedeHHOM Bbllle cHUMKe akpaHa Pin Lindposbie Ocuunnorpammel). Bel moxeTe
BbIOpaThb ocumMnnorpaMma, Haxxae Ha ero LMdgpoByto KHOMKY Pin, a 3aTeM BbIOpaTb MHTEPECYIOLLYIO NONMAPHOCTbL Kpas,

Ha)xaB COOTBETCTBYIOLLYIO KHOMKY BbIGOpa MOMSIPHOCTM MO Bo3pacTaHwio / cniagy, 4 , vnv e L unm ¢ nomoLsto
COYETaHWI KNaBULL cmpeJika eeepx a Takke cmpesika 86HU3 , Bbl MoxeTe Toraa [pbizamb akTUBHbBIN Kypcop (CUHUE
WIn KpacHble NIMHUK Kypcopa C YKasaHHbIM MX AeflbTa-BpeMeHeM) Hasaz Uim Briepep K Kpato BbIOpaHHOM MONSPHOCTH

LMdPOBON Moo akmueHO20 pin ocLuMnnorpaMmma ¢ NoMOLLBbI KHOMOK Kypcopa ( 1 , P v oxe 4 , » (8

3aBMCMMOCTW OT TOrO, KaKoW Kypcop ObiN aKkTUBMPOBaH paHee C T WM Xe (4 ), UMK NPOCTO MCMOMNb3YITe KNaByLmn

KrnaBmaTtypbl <— a Takke — ,

YT06bI aKTMBMPOBATL KypCOP, HAXMUTE Ero LIBETHYIO KHOMKY akTvBauumn (| T 1M ke & MOKasaHo BhilLe) - Mo

makxe rnpokpyyusaem rnpedcmasiieHue K meKyuemy Mecmoronox)eHuro 3mom Kypcop , Kpome Toro, Bbl MOXeTe
ObICTPO YepeaoBaTb akTUBaLMIO MEXAY Kypcopamu (C UX COOTBETCTBEHHO LIEHTPUPOBAHHLIMW BUgaMM), UCNOMb3ys
apnbik "Tab' knioy.

Bbl moxeTe lpblzamb TEKYLLMIN aKTUBMPOBAHHbLIN Kypcop WesIKHye Jieeoll KHONKolU Mbiwu 8 JIn60M mecme B
ocuunorpaMma Ha aKkpaHe npocMoTpa pervoHa. Kpome Toro, Bbl MOXeTE BbliOpaTh KpaCHYH UIN CUHIOD JIMHUIO
Kypcopa, LLeNKHyB crnpaBa BeepXxy (4ToObl akTUBMPOBAThL €€), 3aTeM repemaljyume e20 8 Ho8oe Mecmo 1 OTMyCTUTE.
Korga HyXHbI Kypcop HaxoguTcs rge-To BHE 3KpaHa, Bbl MOXETE WieJIKHUme rnpaeol KHOMKou Mbiwu & J1lo6om
mMecme 4ToObl NepPenTn K 3TOMY HOBOMY MECTOMONOXEHWIO Ha 3KpaHe. Ecnv oba Kypcopa yXe Ha aKpaHe, Lenyok
NpaBoW KHOMKOW MbILLM MPOCTO YepeayeT akTUBMPOBAHHbIN KYypcop.

UYmo6b1 ZOOM IN u ZOOM OUT (macwmab ece20a ueHmpupoeaH Ha AKTUBHOM kypcope), ucnonb3ylime
Koseco Mbiwu usnu coyemaHue knasuw CTRL-cmpesnka eeepx u CTRL-cmpesika eHU3,

Henatb BMeCTO wjesikHUme npaeot KHomnkou Mbiwu Ha mto6ol ‘Uno’ pin otkpbiBaeT Pin AHanoroBbIn
OcuunnorpaMmmo OKHO, KOTOpbI oToOOpaxaeT 3a 0OHy cekyHAy cmoum 13 AKmuUeHOCMb ypPOB8Hs1 aHasl0208bIl Ha
aToM pin. B otnunume ot Pin Lindposble OcumnnorpaMmbl OKHO, Bbl MOXETE 0TOBpaXkaTb akTUBHOCTb aHaNoroBbIi
TONBKO HA OAHOM pPin OAHOBPEMEHHO.

Anancroesiid Ocuywnnorpammo

YARMTY

HaxxmuTe ansa npocmoTpa CTpaHuLbl BIEBO UK BNpaso, uin ncnone3ymnte knasuwm Home, PgUp, PgDn, End

Bbl MoxeTe lMpblizamsb the cnHne nnu KpacHble NMHUKN Kypcopa K criegytoLllen nogHuMatowencsa nnm onyckarLencs
"TOUKe HaknoHa" ¢ NOMOLLIbIO KHOMOK CO CTpenkamu Brnepes unu Hasag ( 4 , P v ke 4 , » , CHOBa B
3aBMCUMOCTM OT aKTMBMPOBAHHOIO Kypcopa, U UCNonb3ynTe <— a Takke —> KMaBULL) B COYETAHUU C KHOMKaMu

BblOOpa nogbema / cnaga e , s ("Touka HaknoHa" BO3HMKAET, KOrga HanpsbkeHne aHanoroBbIv NPoOXoauT vyepes
BbICOKMIA NOPOT JTIOTMYECKOro ypoBHs undposon ATmega pin). Kpome Toro, Bbl MOXXETE CHOBA LUENKHYTb, YTOObI
npbiraTe, N NEpeTALLMTL 3TN NNHMKU Kypcopa, aHanornyHele nx nosegeHuto B Pin Lindposblie Ocumnnorpammbsl OKHO



'I/0O' YcTpoucTtBa

Psn pasnuuHbix YcTporctea okpyxatoT 'Uno' no nepumetpy JlabopatopHasa Ckambs MNMaHens , "ManeHbkue" 'l/O'
YcTporcTBa (M3 KOTOpbIX BaMm paspelleHo o 16) pacnonoxeHsl BOOMb NEBOW 1 NpaBon CTOpPoH lMaHensb. "BonbLion”
'I/O' YcTponcTBa (M3 KOTOPbIX BaM paspeLleHo A0 8) nMetoT "akTuBHbIE" aneMeHTbl U pacnonoXeHbl BOONb BEPXHEN U
HWXHen YacTu JlabopaTopHasa Ckambs MaHenb , XXenaemoe konnyecTBo Kakaoro Tmna gocTtynHblx 'l/O' ycTponcTeo
MOXHO YCTaHOBUTL C nomoLlbto MeHo KoHdurypupoBarts | I/0O’ YcTpoincTBa ,

Kaxabin '1/O' ycTpoNCTBO MMEET O4HO UMK
HECKOJbKO BMOXEHMWI pin, oTobpaXkaeMbix Kak

URD [pwnaraerca 'I/0' Yerpoiictea

R e N Jca-yucppa pin Homep (00, 01, 02,... 10,11,12,
Cepeonarop [ 1] 13 n nnbo AO0-A5, unu 14-19, nocne 3Toro) B
° COOTBETCTBYIOLLIEM MONe peaakTupoBaHus. Ans
IWarozt MoTo HOMepoB pin co 2 No 9 Bbl MOXeTe NPOCTO
Hudposoii lerepatop Vinnynecoss ' BBECTU oauH uudpa - Begyumii 0 6yaert
FeriepaTop By npegocTaBneH aBToMaTudeckn, Ho angd pins 0

1 1 Bbl JOMKHbI CHayana BeecTu Beaywmia 0.
Bxogpbl 06b14HO Ha nesoi ctopoHe 'l/O'
YCTPOWCTBO, U BbIXOAbl 06b/4HO cnpasa ( ecriu
nossonisim ). Bee 'l/O' YcTponcTtea 6yayT
pearnpoBaTb HEMOCPEACTBEHHO HA YPOBHU pin
N N3MEHEHNsT YPOBHS pin, nosTtomy 6yayT
pearnpoBatb NMb0o Ha GnbnmuoTeky
PYHKLUMNOHANbHbIN MOAYrb, HALENEHHYIO Ha UX
NOAKMYEHHbIN pins, Nnbo Ha
3anporpaMMmpoBaHHbIn 'digitalWrite () '

(ans "6utoBon" onepaumn).

Bbl MOXeTe nogKnouYnTb HECKOSBLKO YeTponcTBa kK ogHomMy ATmega pin 4o Tex nop, noka 3To He co3dacT
anekmpu4veckuli KOHghsukm, Takon KOHQIUKT MOXET ObITb co3faH Nnmbo 'Uno’ pin kak ' OUTPUT ' BO3OyXaeHue ot
NOAKMIOYEHHOrO YCTPOMCTBO C CUMbHOW MPOBOANMOCTbBIO (C HU3KUM CONPOTMBIEHNEM) (HAaNpMMep, OT BbIXOQHOMO
curdana 'FUNCGEN' unu ot BbixogHoro curHana gatuuka 'MOTOR') unm ot aAByx NOAKMIOYEHHbIX YCTPONCTBA,
KOHKYpUpPYIOLLMX ApYr ¢ apyrom (Hanpumep, kHonka 'PULSER' 1 'PUSH' - npukpenneH k Tomy e pin). JTtobon Takomn
KOHNMKT ByaeT MMeTb KaTacTpodUYecKne NocneacTBus B peanbHON annapaTHOW peanv3aunm 1 noatomy oyaet
3anpeLlleH n Byget oTMeYeH Ans NONb30BaTeNs Yepes BCMIbIBAOLLEE OKHO COOOLLEHMS).

Onanor MoXeT Ucnonb3oBaTbCst, YHTOObI NO3BONMTL NOMb30BaTENO BbIOUPAThL TUMLI U HOMepa Tpebyemoro 'l/O'
YctporictBa. M3 atoro guanora Bbl Takke MoxeTe CoxpaHuTb 'I/O' YcTponcTBa Ans TekcTa pacLUMPEHHbIA 1 [ unn
Harpyska 'l/O' YcTponcTBa U3 paHee COXpaHEHHOTO (M OTPEAAKTMPOBAHHOMO) TEKCTA pacClUMPEHHbIN (8KJTHOYas ece
coedQuHeHUs pin, UHMepakmMueHble HacmpoliKu U JIlo6ble eeedeHHbIe 3Ha4YeHUsl 8 rnoJsie eesoda).

O6pamume eHUMaHue, Ymo Ha4YuHasi ¢ eepcuu 1.6, 3Ha4YeHuUs1 8 Nossix peGaKkmupoe8aHusi nepuoda, 3a0epP)KKu
U wupuHbl umnynbca e coomeemcmeyrouwiem 10 Yempolicmea mo2ym dononHambcsi 6ykeol 'S’ (unu 's’). 310
yKasblBaeT Ha TO, YTO OHU LOIMKHbI ObITb Macwmabupyemcs B COOTBETCTBUM C No3uumeit rmobansHoro 'lI0 S
Mon3yHOK, KOTOPLIA NOSIBNSIETCS B rMaBHOM OkHO MHCcTpyMeHT-Bar, C 3TMM NonsyHKOM BNpaBoO MacLuTabHbIN
KoacpuumeHT paBeH 1,0 (eaMHuua), 1 ¢ NON3yHKOM MONTHOCTLIO BMEBO MacLTabHbIn koaddmumeHT paseH 0,0 (c
Y4ETOM MUHUMATTbHbBIX 3HAaYEHUIN, NPUMEHAEMbIX KaXabIM KOHKPETHbIM 'I/O' ycTponcTBO). Bbl MOXeTe
MacLiTabupoBaTb bonee 0gHOro 3Ha4YeHusi Nonsi BBoga 0GHO8PEMEHHO NCMOoNb3ys 3TOT cnangep. Ata pyHKUmA
MO3BOJISIET NEpPETACKMBATL MON3YHOK BO BPEMS BbIMOSIHEHUS F1EMKO 3MYNUPOBaTb U3MEHEHME ONIMTENBHOCTH
MMMNYNbCOB, MEPMOOOB M 3afepXKeK Ars noakntoyeHHbIX 'I/O' YeTporicTea.

B ocTaBLuenca yactu aToro pasgena npmBeaeHbl ONMcaHus Ans Kaxaoro Tuna ycTpomucTBo.

Heckonbko 13 aTnx YcTponctea noddepka MacwmabupoeaHusi ux 88e0eHHbIX 3Ha4YeHUl C NOMOLLbIO Non3yHKa
Ha ocHoBHOM OkHO UHcTpymeHT-Bar, Ecnu k 3HaueHuto ycTponcTteo gobasngaetcs 6ykea 'S', ero sHaveHume Gyget
YMHOXEHO Ha KoaddumumeHT MacwtabuposaHusa (mexay 0,0 n 1,0),
KOTOpbI onpeaensieTcsl NoNoXXeHNeM NonadyHka npu ycrnosum
OorpaHNYeHUs MUHUMAarbLHOro 3HaYeHns ycTponcTBo (1.0 NonHOCTLIO
BrnpaBo, 0.0 nonHocTbIO Bneeo) - cmotpute 'l/0 S' nog Kaxabim

LJ1aHrom yCTpOVICTBa I'IO,D,pO6HO OonncaH Hmxe.



MoHuTOop 'Serial' ('SERIAL'

37101 'l/O' ycTpOMCTBO NO3BONSET annapaTHO-0NoCpeaoBaHHbIN CepuiiHbIN BBOA U BbiBoA ATmega (Yepes USB-unn
'Uno') Ha 'Uno' pins 0 n 1. ckopocTb Nepefayn ycTaHaBNMBAETCH C MOMOLLbIO PACKpbIBaIOLLENOCHA CMCKa BHU3Y -
BbIOpaHHbI CKOPOCTb Nepeaadn Go/mKeH coomeemcemeogams 3Ha4YeHne, KOTOpoe Ball NporpaMMa nepegaet
'Serial.begin () ' cBOOOAHO ANS npaBunbHoONM nepedayv / npuema. lNocnedoeamernbHas ce53b Ghukcupyemcsi Ha 8
bumax daHHbIx, 1 cmonogom 6ume u 6e3 bumos yemHocmu. Bam paspewieHo Omknroyums ([ycto) T HO He
3ameHumsb TX pin 00, Ho He RX pin 01.

UT06bI OTNPaBUTL BBOA C KNaBuaTypbl Ha NporpaMmMa, BBeAUTE OOMH UMM HECKOSbKO

SIERIEL cMBOIoB B BepxHeM (TX-cuMBoOnbl), OTpeoakTUpynTe OKHO, a 3aTemM yaapb ‘Enter’ knasuwa
Ha krnaBuaTtype , (CUMBOSbI BbIAENATCSA KYPCMBOM, YTOObI yKa3aTb, YTO Nepeaayun Havanmcb) -

Wj WK, ECINN OHW YXXe BbIMOMHATCS, JOOaBNeHHbIE NeYaTHble CUMBOSbI OyAyT BblAeneHbI
KypcmBOM. 3aTem Bbl MOXETE MCMONb30BaTh 'Serial.available () ' a Takke
'Serial.read () ' PyHKUMOHANbHBLIN MOAYMb AN YTEHUSA CUMBOSOB B NOpsigke MX

PN 9600 || nocTynnenus B 6ydep pin 0 (cambiii NeBbIi HAOpaHHbBIN cMMBON OyAeT oTNpaBneH NepBbIM).

OTdopMaTnpoBaHHbIE TEKCTOBLIE U YACMOBbLIE pacnevaTkm unn HedopMaTUpoBaHHbIe

GaviToBble 3Ha4YeHUs1 MOryT BbITb OTMPABIEHbI HA HKHWUIA BbIBOA KOHCONMM (RX-cmBonbI)
OKHO, BbI3BaB Arduino. 'print () ', 'println() ', unnxe 'write () ' PpyHKUMOHANbLHbLIN MOAYMb.

b Fx chars

[ononHntensHo, OKHO 60JibWwe20 pa3mepa On1si ycmaHoeku / npocmompa cumeosioe TX u RX MOXHO
OMKpPbIMb, 08aX0bl WeJIKHY8 (UJlu WesIKHYy8 npaeol KHOMKOU MbIWU) Ha 3MoM 'Serial' ycmpolicmeo , 3107
HOBBbIN OKHO MMEET yBENUYEHHOE Nnone peaakTMpoBaHus cMMBOMOB TX 1 oTaenbHy KHOMKy 'Send', Ha KoTopyto
MOXHO HaxkaTb, YTOObI 0TNpaBuTb cuMBofbl TX Ha 'Uno’ (Ha pin 0). CywiecTByeT Takke onums criakka ansi NoBTOPHOW
WHTepnpeTaLmm nocrnenoBaTenbHOCTEN CUMBOSIOB C 0OpaTHOM KOCOM YepTon, Takmx Kak '\n' unmxe '\t' ans
HeobpaboTaHHOro oTobpakeHus.

MporpammHoe Serial ('SFTSER'

37101 'l/O' ycTpOMCTBO AONYyCKaeT NporpaMMHO-ONOCPEAOBaHHbIA OMONMOTEYHBIN UIK, anbTePHATUBHO,
nocriegoBaTenbHbIV BBOA M BbIBOA NONb3oBaTens ¢ "nobMToBor nocrenoBaTenbHOCTLIO" Ha nobow nape 'Uno’ pins,
KOTOPY!O Bbl Bblbpanu ans 3anonHeHnsa kpome pins 0 1 1, KOTopble NpegHasHaveHbl 4ns annapaTHoro obecneyeHns
'Serial' cBsA3M). Baw nporpamma gomkeH nmeTb '#include <SoftwareSerial.h>' CTpOKa psgoM C BEPXOM,
€CIn Bbl XOTUTE MUCMOSb30BaTh (PYHKUMOHAbHbIE BO3MOXHOCTM 3ToM 6ubnuoTekn. Kak n B crniydae annapartHoro
'SERIAL' ycTporcTBo, ckopocTb nepenayun Ansa 'SFTSER' ycTaHaBnMBaeTCs ¢ MOMOLLLIO pacKpbiBaloLEerocsa cnmcka
BHM3Y - BbIOpaHHbIV CKOPOCTb Nepefayn A0IMKEH COOTBETCTBOBATb 3HAYEHMIO, KOTOPOE NporpaMma nepegaet B
'begin () ' cBobogHO AndA npaBunbHON nepedadn / npuema. lNocnedosamerbHas €853b ¢hukcupyemcsi Ha 8 bumax
OaHHbIx, 1 cmornosom 6ume u 6e3 bumos yemHocmu.

Kpome TOro, kak c annapaTHbiM 'Serial' , OKHO 60/1bWe20 pa3mepa Osisi HACMPOUKU U
npocmompa TX u RX MOXXHO omKpbimb, 08aX0bl WesKHye (unu weskHye npasou
KkHonkolU mbiwu) Ha SFTSER ycmpolicmeo ,

O6paTtute BHUMaHUe, 4YTO B OTNIMYME OT annapaTHOM peanu3auun 'Serial ' HET HUKAKNX
|R;s< chars npepocTaBneHHblx 6ydepor TX nnu RX, noaaepxmBaeMbiX BHYTPEHHUMU onepaumsamMm

npepbiBaHusa ATmega, no3ToMy TOT 'read () ' a Takke 'write () ' GnokupytoTcs (T. e. Baw
g 9600 ~ nporpamma He byget pabortaTb, Noka oHM He OyayT 3aBepLUEHbI).

SD-Auck (‘SD_DRV'

371071 'l/O' ycTponcTBO NO3BONSET ANsi OMONMOTEKN NporpaMmHoro obecneyvenns (Ho He "ouTtoBbi yaap") Onepaumm
BBOJA W BbiBOAA paclumpeHHbin Ha 'Uno' SPI pins (Bbl MoxeTe BbIOpaTh, kakon CS * pin Bbl
OGygeTe ncnonb3oBaTth). Balu nporpamma mMoxeT npocTo '#include <SD.h>' nuHMS BO3fe
BEPLUMHBI, U Bbl MOXETE MCMNOMb30BaTh '<SD.h>' yHKUuMoHanbHbIN Mmoaynb UJTN no3soHute
HanpsaMyto 'SdFile’' OYHKUMOHAmMbHbLIA MOOYMb CAMOCTOSITENBHO.

OKHO 60/51bUWe20 pa3mMepa ¢ kamasio2amu u ¢halisi (U coOepPXUMbIM) MOXXHO OMKPbIMb,
deaxxObI wiesikHys (unu wesikHye npasol KHornkoul Mbiwu) Ha 'SD_DRV' ycmpolicmeo. ,
Bce cogepxumoe ancka 3aepyxeH u3 an SD nogkatanor B 3arpy>XeHHOM kaTarnore




nporpamma (ecnu oH cyllecTByeT) B 'SdVolume init() ', U ompaxaemcs 8 10 xe camoe SD nogkatanor no
paclUMpeHHbIN 'close () ', 'remove () ' MHA 'makeDir () ' aTakke 'rmDir () ',

XKentein LED muraet Bo BpeMs nepegayn SPI, n 'DATA' nokasbiBaeT nocneaHun 'SD_DRV' omeem 6ant. Bce
curHanbl SPI To4YHbI M MOryT GbITh NPOCMOTPEHLI B Ocuunnorpamma okHo,

Peructp Casura Begombiu (‘SRSLV')

971071 'l/O' yCTPOMCTBO 3MYNMpYyeT NPOCTON PErnmcTp cABuUra YCTPOUCTBO C akTUBHLIM MUHUMYyMOM SS * ("BbIbop
Begomoro") pin ynpaensiet Dout Bbixog pin (korga SS * B npuoputete, Dout 310 He TonkHy”n). Baw nporpamma mMoxet
Ncnonb3oBaTb PYHKLMOHANBHOCTb BCTPOEHHbIN SPI Arduino o6bekT n 6nbnmotekn. B kayecTBe ansrepHaTuBbI, Bbl
MOXeTe co3faTb CBOM COBCTBEHHbIN "OMTOBLIV yaap" wym a Takke CLK curHanbl K TONKHYN 3TO YyCTPOMCTBO.

Iﬁ SRSLV Iﬁ YCTPOWCTBO OLyLLaeT KpaeBble nepexoabl Ha cBoem CLK BXOA, KOTOPbIV 3anycKkaeT caBur
CBOEro perucrpa - nonsipHocTb BocnpuHumaetcs CLK kpait MoxeT 6biTb BbiGpaH ¢ NOMOLLIbIO
1L J0Ut  panumo-kHoMKW ynpaeneHus. Ha kaxagom CLK kpaii (BOCpUHMMAaEMON MONSPHOCTU), PETUCTP
GI?T““% 3axBaTblBaeT ero WyM ypoBeHb B MO3uULMIO MnagLiero 3Havallero 6uta (LSB) peructpa casura,
"""" MOCKOSbKY OCTaBLUMECS BUTLI O4HOBPEMEHHO CABWUIaloTCS BMEBO Ha OfHY NO3NLMIO B

(# [ HanpasneHuu nosuumn MSB. Bcakuii pas, korga SS * Huskoe, Tekyllee 3Ha4YeHne B nosnuum
04 [08
" MSB peructpa casura TonkHyn Ha Dout,

KoHdurypupyembii SPI Begombiin ('SPISLV')

371071 'l/O' yCTPOMCTBO aMynMpyeT Bbibupaembli pexxum Begomoro SPI ¢ akTMBHBIM HU3kum SS * ("Bbibop Begomoro”)
pin ynpaensieT MISO Bbixog pin (korga SS * B npunoputete, MISO 3710 He TonkHyn). Baw nporpamma gOImMKeH UMETb
"#include <SPI.h>' 5MHUK, €CINM Bbl XOTUTE NCMOML30BaTh PYHKLMOHANBHOCTL BCTPOEHHbIM SPI Arduino oObekT
n 6ubnmnotekn. B kadecTBe ansTepHaTuBLI, Bbl MOXETE CO3aTb CBOM COBCTBEHHbIV "OuToBbIN Yaap" MOSI a Takke
SCK curHanbl K TOMNKHYN 3TO YCTPONCTBO.

m SPISLY lﬁ YCTPOWCTBO OLLYyLLaeT KpaeBble nepexodbl Ha cBoeM CLK BBog B COOTBETCTBUM C BblGpaHHbIM
pexvmoMm ( 'MODEO', '"MODE1', 'MODE2', Unu e 'MODE3 '), KOTOPbIV JOIMKEH ObITb BbiOpaH

L2 MIS8 g coortBetcTBMM C pexumom SPI 3anporpaMmupoBaHHbIV BalLEro nporpaMmma.
DATRZ BRecw
0x|ls Ox|1= J80liHbIM WenYKoM (Unu uiesIY4KoM nPasoll KHONKOU MbIWU) Ha ycmpolcmeo bl

Iﬁ fq f{ fz“ l?ﬁ 13 MoXeme omkpbimb 6¢2.nee KpYnHbLIU CryMmHUK OKHO 4TO BMECTO noseonser BaMVBbI OOJTKHbI
S5+ wode SoE 3anonH1TL 32-6anToBbIN MakcMarnbHbIn Bydep (4Tobbl amynuposaTb SPI YcTponcTsa,
KOTOpbIN aBTOMaTU4YeCK/ BO3BpaLlaeT CBOU AaHHbIE), N yBUAETL nocregHne 32 nonyyYeHHbIX
favita (Bce kak WecTHagLuaTepuyHble napbl). O6pamume eHUMaHue, Ymo crnegyowmnn 6ant bycdepa TX Tonbko
aBTomaTtudeckn anga 'DATA' nocsie nonHbin ' SPI . transfer () ' 3aBepLueHo!

AsyxnpoBoaHoit I12C Begombiit ('I2CSLV')

37101 'l/O' yCTPOMCTBO TONBKO aMynupyeT 8edoMbIl pexXuM YCTPONCTBO. YCTPONCTBO MOXET ObITh Ha3HadeH 12C agpec
LUMHbI, MICNOMb3ys 3anuCb B ABa LWWeCcTHaguaTepuyHblx umdpa B none seoga 'Addr' (oH 6yaet otBevatb Tonbko Ha 12C
aBTOOyCHblE OnepaLmmn ¢ UCMNoMb30BaHWEM Ha3HAYeHHOro eMy agpeca). yCTPOMCTBO OTMPaBIsieT U NonyyaeT AaHHble
Ha CBOEM OTKPbLITOM KaHarne (Tonbko Ang Beinagatowero meHo) SDA pin, 1 oTBe4YaeT Ha curHarn TakToBOW YacTOTbl
LUMHbI HA CBOEM OTKPbITOM KaHane (Tornbko ans onyckanusi) SCL pin. Xotsa 'Uno’ 6yaeT X039MHOM LUMHBI,
OTBETCTBEHHBLIM 3a reHepauunio SCL curHan, atoT pab ycTponcTBo Takke 6yaeT TaHyTb SCL HU3Kuin BO BpeMS CBOEW
HM3KoW dhasbl, YTOObI yBENUYMTL (€CNM 3TO HEOOXOAMMO) HMU3KOE BPEMS LUMHBI 4O 3HAYEHUS, COOTBETCTBYIOLLENO €€
BHYTPEHHEN CKOPOCTU (KOTOPYI MOXHO YCTaHOBUTL B none pegaktnposanua 'Clock’).

Baw nporpamma gomkeH uMeTh '#include <Wire.h>' NMHWM, €CMMU Bbl XOTUTE
ncrnonb3oBaTh (PYHKUMOHANBHOCTL ' TwoWire' 6ubnuoTteka Anst B3aMMOgeNCTBUSA C 9TUM
YCTPOWNCTBO. B KauecTBe ansTepHaTMBbI, Bbl MOXETE CO3[1aTb CBOM COBCTBEHHbIE GUTOBbLIE
[AaHHbIe 1 TaKTOBble CUrHanbl Ans TONKHYM 3TOro BEAOMOr0 YCTPOWCTBO.

OpavH 6ant ansa nepepaym obpaTHO Ha Beayllee ycTponcTeo 'Uno' MoXeT OblTb YCTAHOBIEH B
none pegaktupoBaHus 'Send’, a oauH (NocnegHU NPUHATBIN) GakT MOXET BbITb NPOCMOTPEH B
ero (TonbKo ANs YTeHUs1) OKHe pefakTMpoBaHus 'Recv'. O6pamume eHUMaHue, 4mo 3HavYeHne nons




penakTupoBaHus 'Send’ Bcerga oTpaxaeT caedyrowull 6anT Anst nepefayn U3 3Toro BHyTpeHHero bydepa AaHHbIX
YCTPOWCTBO.

HeoliHbIM wienykom (unu wiesr4kom rpaesoli KHOMKOU MbIWU) Ha ycmpolcmeo ebl MoXeme omKpbIimb 6oJiee
KPYnNHbLIU CTYMHUK OKHO BMECTO 3TOr0 3TO MO3BONSET Bam 3anonHuTb 6ydep FIFO ¢ makcumanbHbiM pazmepom 32
favita (4To6bI amynupoBaTtb TWI YcTponcTBa ¢ Takon OyHKLMOHaNbHOCTLI0) U MpocMaTpmBath (Makcumym o 32)
fanToB cambix NOCNEAHMX NOMYYEHHbIX OaHHbIX (Kak ABa hex-undpa otobpaxkaeT 8 6anToB Ha cTpoKy). KonnyecTeo
CTPOK B 3TUX ABYX NOMsIX peAakTUpOBaHUS COOTBETCTBYET BbibpaHHOMY pa3mepy bydepa TWI (KOTOpbIA MOXHO
BblOpaTh ¢ nomowbio KoHdmrypupoBathb | MpeanoyTteHus ). 31o 6bino gobaBneHo B ka4eCcTBe ONuun, Tak Kak
Arduino 'Wire.h' ©ubnuorteka ucnonb3yet 5 Takme Gydepbl O3Y B cBOEM KOAE peanum3aumu, 4to goporo O3Y
Pepaktupysa yctaHoBky Arduino 'Wire.h' paclUVpeHHbI U3MEHUTL ONpeaeneHHyo KOHCTaHTy 'BUFFER _LENGTH'
(a Tarke pegakTMpoBaHME KOMMAaHbOHA 'utility/twi.h' paclmpeHHbIn noMeHsTb OdnuHa 6ydepa TWI) oba
OOMKHbI BbITb BMeCTO 16 unu 8, nonb3oBaTtenb Mo2 3HaYUTENBHO COKpaTUTL 06beM onepaTuBHoM Nnamsatn 'Uno' B
LeneBbIX annapamudas peanu3ayust - noatoMy UnoArduSim oTpaxaeT 3Ty peanbHylo BO3MOXHOCTb Yepes
KoHdmrypupoBath | lMpeanoyteHus ,

'1-Wire' Begombiit ('OWIISLV')

OtoT 'l/O' ycTponcTBO aMynupyeT oauH M3 HebonbLioro Habopa wuHbl '1-Wire' YcTponcTea, NogKMYEHHOro K pin
OWIO. Bbl MoxeTe cozgaTb WwuHy "1-Wire' (C 0ogHUM MM HECKONBKUMK 13 3TUX Begomebix '1-Wire' YcTporcTtsaa) Ha 'Uno’
pin no Bawemy Bblbopy. ATy kabMHy YCTPOMCTBO MOXXHO UCMONb30BaTh, MO3BOHMB 'OneWire.h' 6ubnmoTeka
YHKUMOHAmMbHbIN ModyNb nocne pasMmeleHnsa '#include <OneWire.h>' nNWHWS B BEPXHEN YacTu BaLLEro
nporpaMmma. B kauecTBe ansTepHaTUBLI Bbl TAKXKE MOXETE UCMoNb30oBaTh Nobutosble curHansl Ha OWIO ans atoro
YCTPOWCTBO (XOTS 3TO OYEHb CITOXHO CAenaTb NPaBUIibHO, HE BbI3biBasl ANEKTPUYECKUI KOHMMKT - TAKON KOHPIMKT
BCe eLLle BO3MOXEH [iaxe Nnpu UCnonb30BaHMM 'OneWire.h' (YHKUNOHANBLHBLIN MOOYIb, HO Takne KOHMNUKTbI
coobuwatotca B UnoArduSim).

Kaxgbin peansHbin OWISLV ycTponcTBO JOMKEH UMETHL YHUKaNbHbIM 8-6anToBbin i (64-
OUTHBIN!) BHYTPEHHMI cepUMHBIN HOMep - B UnoArdusim 310 ynpoLLaeTcs nonb3oBaTenem,
npegocTaBnsas KOpoTkuin 1-6anToBbIN OYHKLMOHaNbHbIE Moaynu 'ID' 3HaveHne (koTopoe
HasHa4YaeTcs nocrnefoBaTeNlbHO MO YMOYaHWIo Npu Harpyske / obaBneHnn yCTpoOMCTBO) NIoC
'Fam' CemenHbin kog ans atoro yctponcteo. UnoArduSIim pacno3sHaet HebonbLuon Habop
kopoB Cemenctsa ¢ V2.3 (0x28, 0x29, 0x3A, 0x42), nokpblBaloLLMIiA AaT4MK TeMmnepaTypbl, 1
napanneneHbii BBoa-BbiBoA (PIO) YcTponcTtea (Hepacno3HaHHbI ko CemencTBa genaet
YCTPONCTBO YHUBEpPCasibHbIM 8-6aiTOBbIM BITOKHOTOM YCTPOMCTBO C YHUBEPCATTbHbLIM

AaT4YnKoMm.

Ecnn cemenictBo ycTporcTBo He nmeet pernctpoB PlO, permnctpbl DO 1 D1 npepcraenaoT nepsbie asa 6anTa
©nokHoTa, uHaye oHu npeacrtaenstoT PIO Pernctp "status" (paktudeckmne ypoBHM pin) U perncTp gaHHbIX omkcaTopa
PIO pin, cooTBeTCTBEHHO.

OT deoliHoU wiesnyok (Mnu xe wiesikHye npasol KHOMNKoU MbIiWwu) Ha YCTPONCTBO, 6onblie OWIMonitor okHO
OTKpPbIT. V13 3TOro GonbLuero OKHO Bbl MOXETE NPOBEPUTL BCE PEMMCTPbl YCTPONCTBO, M3MEHUTb MECTOMONOXKEHUS
6nokHota SCRO n SCR1, ncnonb3ysa npasku 1 nonadyHok (onsatk xxe, SCRO n SCR1 cootBeTcTBYHOT TONbko DO 1 D1,
ecnun PIO otcyTcTBYET), Mnu ycTaHoBUTL BHeLLHUe usereveHus KlO pin. Korga SCRO u SCR1 pegaktupytoTces,
UnoArduSim 3anoMmnHaeT 3Tn oTpeaakTUpOBaHHbIE 3HAYEeHNS Kak Nofb3oBaTernbekoe "npeanoYvteHne”,
npeacraensoLlee HavanbHoe (HaumHas ¢ Copoc) 3HayeHne, NnpedcTaBnsoLlee 3HaYeHne Co 3HakoM, BbIBOAMMOE 13
YCTPOWCTBO; AATYMK S - Non3yHok cbpackiBaetcs Ha 100% (macwtabHbi kKoadduumeHT 1,0) BO Bpems
pepakTupoBaHus. Korga nonsyHok BnocneacTsum nepemeltaeTcs, 'signed' 3HaveHve B SCR1 ymeHblLaeTcs B
COOTBETCTBUM C NOMOXEHNEeM nonsyHka (MacwtabHbli koadpduumeHT oT 1,0 go 0,0) - ero yHKLMA NO3BONSET Bam
nerko NPoBepuTb peakLMIo BalLero nporpaMMa Ha niaBHO U3MEHSIILWMECS 3HaYeHNs gaTyumka. ,

Ona yctponctso ¢ PO pins, korga Bbl ycTaHaBnusaeTe dnaxku yposHsa pin, UnoArduSim 3anoMuHaeT aTu
NPOBEpPEHHbIe 3HaYeHNS KaK TeKyLLMe NOATSKKN NPUMEHSIIOTCA K pins. OTU BHELUHME 3HAYEeHWNsI NOATSXKKN 3aTeM
NCNonb3yTca BMeCTe C AaHHbIMM 3alenku pin (pernctp D1) ona onpegeneHns okoHYaTenbHbIX (akTUYeCckux
YPOBHEN pin, a Takke NogceevmBatoT unm racat 3enenbii LED. MogkntoyeHHbin k P1O pin (pin nepexogut B 'HIGH'
TOMbKO B Criy4ae NpYMEHEHUs BHELLHEro NOATArMBaHWS). , @ makxe COOTBETCTBYHOLWMI BUT 3awenkn D1 asnsercs
"1").



FeHepaTtop c OauH-BoicTtpen ('1SHOT'

37101 'l/O' yCTPOMNCTBO 3MYNMpyeT OAHOKPATHbLIN BbICTPEN LU(POBON, KOTOPbIA MOXET reHepupoBaTb UMMYbC
BbIOpaHHOW MONAPHOCTU U LWUMPUHBI UMMyrbca Ha ceoem 'Out’ pin, NpoMcxogsaLLMIi NOCne Yka3aHHOW 3a4epKKn OT
dpoHTa 3anycka, nofny4yeHHoro Ha ero Tpr (TpuUrrepHbIn) BXxog pin. Kak ToNbKO yKka3aHHbIA OPOHT 3amnycka Mony4eH,
HaYMHAETCA CUHXPOHM3aUMs, a 3aTEM HOBbIV MMMYNbC 3anycka He OyaeT pacno3HaH o Tex nop, noka 'Out’ nynec 6bin
nponseedeH (M NOSIHOCTBH 3aKOHYEH).

OAHMM 13 BO3MOXHbBIX MPUMEHEHUI 3TOr0 YCTPOWCTBO ABMSETCA MOAENMPOBaHUE LaTyMKU
n3MepeHns A4anbHOCTK ynbTpasByKka, KOTOPbIE reHEPUPYIOT MMMYIbC Ananal3oHa B OTBET Ha
nMnynbc 3anycka. Ero Takke MOXHO MCNOMb30BaTh TaM, e Bbl XOTUTE CreHepUpoBaTh BXOOQHOM
curHan pin, CUHXPOHU3MPOBAHHbIN (Nocne BbIGpaHHOM BaMu 3a4€pPXKKW) C BbIXOAHbIM CUrHANOM
pin, co30aHHbIM BallMM nporpaMma.

'Pulse’ 1 3HaueHus 'Delay’ apnaiTcs MmacluTabupyeMbiMu N3 OCHOBHOTO okHO MHCTpymeHT-Bar
MonayHok macwTtabHoro koaduumeHTa 'l/0 S' ynpaengaeT cyddpuUKcomM ogHon (Mnu
06enx) 6ykebl 'S' (unn's').

[pyroe ncnonb3oBaHne 3T0ro YCTPONCTBO - TECTUPOBaHWE NporpaMma, UCMosb3yLLEro NnpepbiBaHns, U Bbl XOTenn Obl
MOCMOTPETb, YTO NPOM30NAET, eCnn crneyuasbHasi UHCMPYKUUs1 npo2pamMma npepboisaetcs. BpemeHnHo otknouute |/
O YCTponcTBO, KOTOPbIV Bbl NOAKMYMNN K pin 2 (unu pin 3), n 3ameHuTe ero Ha \ 1SHOT ycTponcTBo, kK KOTOPOMY
'OUT' pin nogkntoyeH k 'Uno’ pin 2 (unm pin3, COOTBETCTBEHHO), 3aTEM Bbl MOXeTe 3anycTuTb ero Bxog 'Trg' (npwu
YCNOBMUN YCTAHOBKN YyBCTBUTENBHOCTM NepegHero opoHTa), BcTaBms napa komaHg {digitalWrite (LOW), digitalWrite
(HIOGH) HenocpencTBeHHO nepen MHCTPYKUMERN, KOTOPYHO Bbl XOTUTE, YTOOLI NpepbiBaHNe NPOUCXOAMUIIO B cepeanHe,
yctaHoBuTe 1SHOT; s 'Delay' paccunTbiBaTh Bpems uMmnynsca, reHepupyemoro Ha '‘OUT', BHYTpY MHCTPYKLMK
nporpamma, KoTopas criefyeT 3a 3Toi 3anyckatowen napon ObpaTuTe BHUMAHUE, YTO HEKOTOPbIE MHCTPYKLMM He
MoryT 6biTb NpepBaHbl (Hanpumep, 'SoftwareSerial .write() '.

LUndposoit FeHepaTtop UMnynbcoBB ('PULSER')

37101 'l/O' yCTPOMCTBO 3MYNMpPYET NPOCTON UMMNYIbCHLIN reHepaTop LUdpoBON LUGPOBON, KOTOPLIA reHepupyeT
NnepuoanyecKnin CurHar, KoTopbii MOXeT BbiTb NPUMEHEH K Niobomy BeIGpaHHomy 'Uno’ pin.

PULSER Mepwviog v oNUTENBHOCTE MNYyNbCa (B MUKPOCEKYHAAX) MOXHO YCTAaHOBUTb C MOMOLLbIO
@ LT Tl nonen pegakTMpoBaHUs - MUHUMarnbHO JONYCTUMBIN nepuog coctaBnsaeT 50 MUKpPOCeKyH, a
{': s MUWHMMarnbHas WWpKuHa umMnynbsca coctasnseT 10 MukpocekyHA. Takke MOXHO BblOpaThb

. NONSsIPHOCTb: NGO NONOXUTENBbHbIE UMNYNbCLI NepeaHero gpoHTta (ot 0 o 5 B), nnbo

oTpuLaTenbHble MMNynbCbl NepeaHero dpoHTa (o1 5 B o 0 B).

{usecs) . v -
Period 30000 3HaueHus 'Pulse' u 'Period' maclutabupytotca ns ocHosHoro UHcTpymeHT-Bar NonsyHok

mMacLuTabHoro koaduumeHTa 'l/0 S' ynpaensieT cycdunkcom ogHom (unm obenx) Oyksbl
'S' (nn''s").

AHanoroBbin F'eHepaTop ®PyHkuun ('FUNCGEN'

371071 'l/O' yCTPOMCTBO SMYNMpPYET NPOCTON reHepaTop aHarnoroBbI OCLMIIIOrpaMma, KOTopbI reHepupyeT
nepruoanyecKnin curHar, KoTopblin MOXeT BbiTb NPUMeEHeH K niobomy BeibpaHHomy 'Uno' pin.

FUNCGENE 42 Mepwuopg (B MUKpOCEKyHOAX) MOXHO YCTaHOBUTL C NMOMOLLBIO NOMS peaakTMpoBaHnS -

(AN AN MWUHUMAInbHO LI,OI'IyCTI/IMbIIZ nepuoa cocraendaeT 100 MUKPOCEeKyHA. ocuunnorpamma, KOTOprIZ
("\ AV War OH C030aeT, MOXET ObITb Bbl6paH CuHycouganbHbIM, TPEYroJibHbIM UINKA I'IMJ'IOO6pa3HbIM (,EI,J'lFI

C 111 co3aHus NPSAMOYroNbHON BOMHbLI Ncnonb3ynTe BMecTo aTtoro 'PULSER'). B MeHbLlume nepuoasl
. Anst MoAenMpoBaHUsA NPOU3BeAEeHHOro OCLMINorpamMmma UCronb3yeTcs MeHbLUee KONMYecTBO

. L2220 BbIOOPOK 3a LMKN (Tonbko 4 BbIGopkn 3a unkn npy neproge = 100 mkc).
Feriod 54000

'Period’ 3HaueHne macliTabrpyemMoe 13 0CHOBHOro okHo MHcTpymeHT-Bar NonayHok
MacwTabHoro koaddpuumeHTa 'l1/0 S' MOXXHO KOHTpOnMpoBaTb, A406aBMB kK HeMy BykBy 'S' (unun''s').



LaroBbii Motop ('STEPR')

OtoT 'l/O' ycTponcTBO aMynupyeT GMNONAPHLIA M OOHOMOMSIPHBIN LWAaroBbIv ABuratens 6 B co BCTPOEHHbIM
KOHTPOMNepom Torkartenb TonkHyn. nubo asa (Ha P1, P2 ) unu vyetbipe (Ha P1, P2 , P3, P4 ) KOHTpOnbHbIE
curHanel. KonnyecTBo waroB Ha 060poT Takke MOXET ObITb YCTaHOBMEHO. Bbl MOXeTe ncnonb3oBaTth 'Stepper.h'
PYHKLMOHanNbHbIN MOayrb 'setSpeed () ' a Takke 'step () ' go tonkHyn 'STEPR'. Kpome Toro, 'STEPR' byget
makxxe omeemums k cebe 'digitalWrite () ' " NnoOuTOBbIE"CUMIHAMBLI TOMKHYI.

07 STEPR 03 MOTOp TOYHO CMOAENTMPOBAH Kak MexaHN4YeCKU, TakK N 3N1IEKTPUYECKN. MOTOpHOG nageHune
P3 HanpsXeHna Tonkarternb U naMmeHsatLleeca conpotmneneHmne n UHOYKTUBHOCTb MOAENNPYHOTCA

= Hapsay ¢ peanucTuyeckuM MOMEHTOM MHEPLMM OTHOCUTENBHO YAEPXKMBAIOLLETO MOMEHTA.
" #| OOMOTKa poTopa ABuratens UMeeT cmoaenvpoBaHHoe conpoTueneHe R =6 Om 1
2 4| wmHAYKTMBHOCTL L = 6 MIH, YTO CO3aeT anNeKTpUYEcKyto NocTosiHHyo BpeMeHn 1,0 mc. M3-3a

P2 asteps P4| PeanucTU4HOrO MOAENUPOBAHMS Bbl 3aMETUTE, YTO OYEHb Y3KME NMMYMbCbl yNpaBneHus pin
lﬁ m lﬁ He rofy4Yarom Lwar ABuratens - Kak n3-3a KOHe4YHOro BpeMeHU HapacTaHus Toka, Tak 1 13-3a
BMUSIHUA MHEPLUM poTopa. DTO cornacyeTcsi ¢ TeM, YTO HabnogaeTcs nNpu ABWKEHUN
peanbHOoro waroBoro Asuratens ot 'Uno’ ¢, KOHeYHO, u mpebyemcsi ) Uvn aBuraTens Tonkarenbs Mexay npoBogamu
aBuraTens 1 'Uno'!

HecuyacTHbI owmbka B ApaymHo 'Stepper.h' Koag 6ubnunotekn o3HayaeT, 4To npu cbpoce WwaroBbivi ABUraTENb He
Oynet B nonoxenun LLar 1 (13 yeTbipex waro). YTobObl NpeoaoneTb 370, NOMNb30BaTENb AOMKEH MCMOMb30BaTh
'digitalWrite () ' Bero/ee 'setup () ' pyTMHa ANs MHULMANM3auumn KOHTPOSbHbLIX YPOBHEN pin 40 'step (1) '
ypoBHU, cooTBeTcTBYytoLmMe 2-pin (0,1) unu 4-pin (1,0,1,0), n nossonstoT aAsuratento 10 Mcek nepenT B UCXoQHOE
3a[laHHOe NornoXeHue asuraTens Ha 12 yacos.

O6paTnTe BHMMaHWe, 4To pedyKmop He noddep)xugaemcsi HarnpsiMyro 13-3a HEXBATKN MECTa, HO Bbl MOXETe
3MynMpoBaTh €ro B BalleM nporpamMmma, BHeAPUB CHETYMK Mo Moaynto N nepemeHHast u ToMnbKo Bbi3biBas 'step () '
Korga aToT cyeTymk gocturaet 0 (4ns ymeHblUeHns nepegayn Ha koadpduumeHT N).

DC Motop ("MOTOR")

37101 'l/O' yCTPONCTBO MMUTUPYET 6-BONLTOBLIN ABUraTenb NOCTosiHHOrO Toka 100: 1 ¢ BCTPOEHHBIM KOHTPOSIEPOM
TOnKaTernb TOMKHYI CUrHANOM LUMPOTHO-UMMYNbCHOW MOAYNAUUN (Ha ero WUMPOTHO-UMNYNbCHAA MOAYNALMUA BXo4),
W curHan ynpasneHust HanpasneHueMm (Ha ero Dir Bxon). [iBuratens Takke MMeeT BbIXO dHKOAepa Koneca, KoTopblii
Tonkaet Ha ero Enc Bbixog kk162. Tbl MOXeLLb UCNONb30BaTh 'analogWrite () ' K

|E MOTOR |E TOMKHYI WWMPOTHO-MMNYNbCHaA MoaynAuusa pin ¢ yactoton 490 My (ans pins 3,9,10,11)
Pum Enc| wnm 980 'y (ans pins 5,6) ¢ koadhduumeHTom 3anonHenus LM ocuunnorpamma mexay 0,0
" 1,0 ( 'analogWrite () ' 3HadyeHus ot 0 go 255). Kpome Toro, 'MOTOR' 6yaet makxe
omeemumsb K cebe 'digitalWrite () ' " NoBMTOBbLIE"CUrHAMbLI TONKHYI.

T% MoTop TOYHO CMOAENUPOBaH Kak MEXaHWYECKM, TaK U ANeKTPUYECKU. YUYeT nageHun
HanpsHKEHUs1 Ha TPaH3MCTOpe ABUraTerns TonKaTenb 1 PeasIMCTUYHOIO KpyTALWEro MOMEHTa
3ybuaToro koneca 6e3 Harpy3ku gaeT NOSHYH CKOPOCTb NPUMEpPHO 2 06opoTa B CEKyHAY, a
KPYTSLWMIN MOMEHT COCTaBNSAET YyTb bonee 5 kr-cm (npy noctosiHHoMm paboyem uukne WM 1,0) ¢ cymmapHbIin
MOMEHT MHepLUMKN aBuratens nntoc Harpyska 2,5 kr-cm. ObmoTKa poTtopa ABuratens uMmeeT cMogenmpoBaHHOe
conpotusrnenne R = 2 Om 1 ungyktmeHocTb L = 300 MKIH, KOTOpasi CO34aeT ANEeKTPUYECKYIO MOCTOSIHHYIO BPEMEHM
150 MuKpocekyHa. M3-3a peanncTu4HOro MogennpoBaHns Bbl 3aMeTUTE, YTO OYeHb y3kue nmnynscel LM He
ronyyatom BpalleHne aBuratens - Kak u3-3a KOHeYHOro BpeMeHu HapacTaHWs TOoKa, Tak 1 U3-3a 3Ha4YUMTENbHOro
BPEMEHW NPOCTOS Nocne Kaxaoro y3koro uMmnyrnsca. OHM o6beamHATCS, YTOObI Bbi3BaTb HEOOCTAaTOYHbLIN UMMYMLC
poTopa, YTobObl MpeoaoneTb NPYXMHHYIO 3aLLenky peaykropa npu ctatudeckoM TpeHun. Cneacreve npu
MCMoNb30BaHMM 'analogWrite () ' pabounii unkn Hwke npumepHo 0,125 He 3acTaBuT ABUraTenb COABUHYTLCS - 3TO
cornacyetcs ¢ TeM, 4To HabrogaeTcs Npu ABMKEHUW peanbHOro pegykTopHoro asuratens ot 'Uno' ¢, KoHeYHo,
COOTBETCTBYOWUM ( U mpebyemcs ) Moaynb ABuratens TonkaTtenb Mexay asuratenem u 'Uno'l.

Oatumk amynauum asuraTtens npegcrasngeT cobor 4aTunK ONTUYECKOro NpepbiBaHWs, YCTaHOBIEHHbIV Ha Bany,
KoTopbif BbigaeT 50% -HbI paboymn UMK ocuunnorpaMma, MMeLwmMn 8 NonHbIX NepMogoB BbICOKOrO-HU3KOrO 3a
oamH 060opOT Korneca (N03TOMY Ball NporpamMmma MOXET BOCNIPUHUMATL U3MEHEHUS BpaLLeHWs Koreca C paspeLleHnemM
22,5 rpagyca).



CepBomoTop ('SERVO'

37101 'l/O' yCTPOMNCTBO MMUTUPYET 6-BOMLTHLIM CEPBONPUBOL, NOCTOsIHHOrO Toka PWM-TonkHyn ¢ ynpasneHuem
nonoxeHvemM. MexaHU4ecKkne n anekTpuyeckne napaMeTpbl MOAENUPOBaHMA Ana paboTsl cepBonpuBoga OyayT TOYHO
COOTBETCTBOBATbL NapaMeTpaM CTaHgapTHOro cepeonpueoga HS-422. CepeonprBoa MMeET MakCumarbHYH CKOPOCTb
BpaLLleHuna okono 60 rpagycos 3a 180 mcek , Ecnu neBbIN HUXHUIA (priaXkoK YCTaHOBIEH, CEPBONPUBOL CTAHOBUTCSA
HeripepbigHOE epawjeHue CepBONPUBOL C TON e MakCUMarnbHOW CKOPOCTbIO, HO Tenepb WnpunHa umnynsca LM
yCTaHaBnMBaeT CKOPOCMb a He yron

e Baw nporpamma gomkeH uMeTb '#include <Servo.h>' CTpoKa nepen obobaBneHueM
BaLLlero aK3eMmnnsipa cCepBoMOTOpa eC/1u 8kl pewiume ucronb3ogams 6ubnuomeky
cepsomMomopa Hanpuvep, 'Servo.write() ', 'Servo.writeMicroseconds()'B
kayecTBe anbrepHaTtmBbl, SERVO Takke pearvpyert Ha 'digitalWrite () ' "ButoBbie"
curHansl. U3-3a BHyTpeHHen peanusaumm UnoArduSim, Bbl orpaHuyeHsl 6 'SERVO'
YcTponcTtaa.

| |e

Mbe3soanexkrpuuyecknin AmHamuk ('PIEZO')

Iﬁ PIEZO OTOT YCTPOMCTBO NO3BOMSIET BaM "nNpocnyLumnsaTth"” curHansl Ha niobom Bb16paHHOM 'Uno’ pin u
MOXeT ObITb NONe3HbIM JOMOMHEHWEM K CBETOAMOAaM AN OTNagkv Ballen onepaumu nporpaMmma.
Bbl Takke MOXeTe NoBeCcennTbCH, Urpasi COOTBETCTBYIOLLME Menoann ' tone () ' a Takke
'delay () ' 3BOHKM (XOTH M HET NPAMOYrofbHON unsTpauuy ocumnnorpaMmma, no3Tomy Bbl He
ycnbiwmnTe "4ncTbix" 3amMeToK).

Bbl Takke moxeTe npocnylwaTs nogkntoveHHbin 'PULSER' unn 'FUNCGEN' yetpoiictso, nogkntoums 'PIEZO' k pin,
KOTOPbIA YCTPOWCTBO TONKAET Ha.

Fopka Pe3ucrtop ('R=1K'

R=1K Iﬁ OTOT YCTPOMCTBO NO3BOSSAET NOMb30BaTENO NogknovaTbea k 'Uno' pin nnbo ¢ noBbIlwaowmm
pesuctopoM Ha 1 KOm go + 5 B, nnbo ¢ noHwxarowmm pesmctopoM Ha 1 KOM K 3emne. 3To no3eonsaeT
i_ﬁ? BaM MOOENMpoBaTh 3reKTpudeckne Harpysku, gobasneHHble K peanbHOMYy 060pygoBaHuio
J; YCTPOMCTBO. LLienkHyB NeBon KHOMKOW MbILLKX Ha NON3yHKe meJs1o Bbl MOXeTe nepeknovaTh XXenaeMbin
BapuaHT pacKpbIBalOLLErocs Cnmncka unmn packpbiBaroLerocs cnucka. Micnons3osaHne 0gHOro unm
HECKOMbKUX N3 39TUX YCTPOMCTBA NO3BONUT BaM YCTAaHOBUTbL OAMH (UM HECKONBKO) -OUTHbIN "kKoa" Ans
BaLLero nporpaMmmMa Ans YTeHus n oTeeTa.

Tonkatb-KHonka ('PUSH'

PUSH 31071 'l/O' YyCTPONCTBO IMYNUPYET HOPMarbHO OTKPLIThIN M2HoeeHHoe UITU ¢ ghukcayueti

L3tct ofHononcHagd, ogHonontocHasa (SPST) kHomMka ¢ nosbIWaloLWmMM (Mnv NoHWXaroLwmm) pesnctopom 10
o kOM. Ecnn ans ycTporcTBo BbibpaH NepexogHbli pexum ¢ nepegHnM hpoHTOM, KHOMOYHbIe
(ii o KOHTaKTbl OyayT NOOKMOYEHbI MEXAY YCTPOMCTBO M pin Ao + 5 B ¢ onyckaHuem 10 KOm Ha 3emnio.

Ecnu ansa ycTponcTBo BbIGpaH nepexoa no (PpoHTY, KHOMOYHbIE KOHTaKTbI ByAyT NOAKI0UYEHb! MEXOY
PUSH YCTPOWCTBO 1 pin 1 3emnen ¢ HanpsbkeHnem 10 kOm o + 5B.

ol LLlenkHyB NIeBON KHOMKOWM MbILIM MO KHOMKE UMW Haxas tobyto KnasuLy, Bbl 3aKpblBaeTe KOHTaKT
B @ 1 | KHOMKW. B MOMeHmanbHbIl pexmm, OH OCTaeTCs 3aKpbiTbiM, NOKa Bbl YAEpXKMBaAETE KHOMKY MbILIN
= UNW KnaeuLy, 1 B 3aLlenkKa pexum (BKnoyaeTcsa Haxkatmem Ha 'latch' kHonka) oH ocTaetcs
3aKpbITbIM (M APYroro LBeTa), Noka Bbl HE HaXKMeTe KHOMKY elle pa3. OTCKOK KOHTaKTa (B TeveHue 1
MUNNMCeKyHAbl) OyaeT NPon3BOANTLCS KaXabIi pa3, Koraa Bbl UCMONb3yviTe Npoben, YToObl HaXaTb KHOMKY.



LiBetHou LED ('LED")

I:I LED Bbl MoxeTe nogkntountb LED mexay BbibpaHHbIM 'Uno’ pin (4epes TokoorpaHuymeatowuim peancrop 1
KOM CKpbITOI Cepun BCTPOEHHBIN) MO0 Ha 3emnto, MMbo Ha + 5B - 3To gaeT Bam BO3MOXHOCTb

Q () ) BKMNOUUTL noaceeTky LED, korga nogkntodeHHbIn 'Uno' pin "HIGH ' Unv BMECTO Korga OH siBNAeTcs
(® 71  'LowW',
RYGE

LiBeT LED moxeT 6bITb BbiGpaH kak kpacHbin ('R'), xentbii ('Y'), 3eneHbii ('G') unu cunui ('B'),
UCNornb3ys ero nore peaakTMpoBaHus.

4-LED Pan ('LED4'

LED4 Bbl MOXeTe NOAKMUNTb STOT psf U3 4 UBETHBIX CBETOANOAOB MeXxay BbibpaHHbIM Habopom 'Uno’

lofa pins (kaxabli U3 KOTOPbIX UMEET ToKoorpaHmymBatoLwmii peanctop 1 KOM cKpbITO cepumn
e0d BCTPOEHHBbIN) K 3a3eMreHnIo unu K + 5B - 310 gaeT Bam BO3MOXHOCTb BblIGOpa CBETOAMOOOB. KOraa
I 0 nogkmntoyeH 'Uno' pin 'HIGH ' unv BMECTO KOrga oH siBnsieTcs 'LOW',

The "1of4' MNone BBOAA pin NPUHMMAET OOHO YNCIO pin, KOTOPOE ByAEeT 03HaYaTb NepsbIl U3 Yyembipex Nodpso 'Uno'
pins, KOTOPbIV NOAKMOYMTCA K 4 cBeTOaMO4aM .

Liset LED ('R, 'Y', 'G' unun 'B') ABnsieTca cKpbimasi onyusi 3T0 MOXET ObiTb 6bIMb 8bI6PaHHBIM MOJILKO
pedakmupoeaHue |0Devices.txt pacwupeHHbIl Bbl MoXxeTe co3gaTb ¢ nomolblo CoxpaHuTb OT
KoHdmrypupoBarts | 'l/O' YcTpomncTea [dnanor.

7-cermeHTHbIN LED Lindpa ('7SEG')

Bbl MOXeTe NoaKNoYNTL 3TOT 7-cerMeHTHbIM agucnnen Ludpa LED k BbiBpaHHbLIN Habop yemsbipe
nocnedosamernbHbix 'Uno’ pins, komopbie 0arom ko0 (hyHKUUOHasIbHbIe MOOY U ONS
Tpebyemoro oTobpaxkaemoro undpa (ot '0' go 'F') 1 BknrouMTE MK BIKMOYKUTE 3TOT undpa ¢
nomotubto CS * pin (active-LOW gns ON).

OTOT YCTPONCTBO BKMIOYaAET B cebs AeKoAep BCTPOEHHBIN, KOTOPbLI MCNoNb3yeT akmueHbiti BbICOKUM yposHu Ha
yeTblpex nocnegoBaTenbHblX "“10f4' pins ons onpegeneHns 3anpawnBaeMoro pyHKLMOoHanbHble Mogynu uidpa ans
oTobpaxeHus. YpoBeHb Te Ha caMOM HM3KOM HOMepe pin (TOT, KOTOpPLIN oTobOpaxaeTtcd B '1of4" none
pedakTupoBaHus) NpeacTaBngeT Mnagwmnm 6uT 4-6MTHOro koga PyHKUMOHarbHbIE MOOYMN.

LiBeT cermeHToB LED ('R’, 'Y", 'G' nnu 'B') sBnsieTca ckpbimast onyusi 310 MOXET ObiTb 6bIMb 8bI6PaHHbBIM MOJILKO
pedakmupoeaHue |ODevices.txt pacwupeHHbIl Bbl MoXeTe co3gaTtb ¢ NoMoLLbio CoxpaHuTb OT
KoHdourypuporarth | 'l/O' YeTpouncTea [duanor.

AHanorosBbii Cnanaep |
+H\

Mon3syHkoBbIn noTeHunomeTp 0-5 B moxeT ObITb NOAkNoYeH K nobomMy BeibpaHHoMy 'Uno' pin ans
NonyyYeHnst CTaTU4ecKkoro (MM MeaneHHO MEHSIOLLErocs) YPOBHS HaMNPsXKeHUs aHanoroBbIn,

KOTOpbI ByaeT cunTbiBaThbCs 'analogRead () ' kak 3HadeHue ot 0 go 1023. Micnonb3yinTe Mblllb,
4YTOObI NepeTamnTb, UNN HAXKMUTE, YTOObLI NpbIraTb, CNangep aHanoroBbIN. L

Pin Nepembiuka ('JUMP'

JUMP

Pin Pin

ov
Bbl moxeTe nogkntounte ABa 'Uno' pins BMeCTe, UCMonb3yst 3TOT YCTPOMCTBO (ecnu

KaKoW-1mbo aneKTpU4eCcKmin KOHMIMKT 0BHapY>KeH Npu 3anofiHeHMM BTOPOro HoMepa pin, BbibpaHHoe

l_ l_ CoeaIMHEHWE He pa3speLuaeTcs, 1 pin oTK4aeTcs).

OTa nepemMblyKka yCTpOVICTBO nmMeet orpaHn4YeHHyr Norne3HOCTb U Hanbornee nonesHa B COMETAHUM C
npepbiBaHNAMN ANAa TeCTUpoBaHUA nporpamMmma, 3KCnepnmMmeHToB U yqe6Hb|e uenwn.

Tpy BO3MOXHbIX MCMOSNB30BaHWUSI 3TOrO YCTPOMCTBO CreayHoLLMe:
1) Bbl MOXeTe co30amb 8x00 yudgpoeoli 05 mecmuposaHUsi eawie2o rnpoepamMma KOTopbin uMeeT bonee
CNOXHBIA CUHXPOHM3ALMS, YEM MOXET ObITb NPOM3BEAEH C UCNOMb3oBaHMeEM fto6oro n3 Habopa Ctanaapt 'I/O'



YCTponcTBa, a UMEHHO:

OnpepenuTtb npepbiBaHne cBO60AHO (Ha3oBeM ero 'myIntr') mu genaTb 'attachInterrupt (0, myIntr,
RISING) ' BHyTpwu Bawero 'setuo () '. lNMogkntounte nynbcatop OT yCTPOMCTBO A0 pin2 - cenvac

'myIntr () ' 6yger BbiCOKas MPOBOOUMOCTb KaXAbl pa3 nynbcaTop BO3HWKAET HapacTalLwmn ppoHT. Baw
'myIntr () ' cBOOOAHO MOXET ObiTb anNropmMTM y Bac eCTb 3anporpaMMMpOBaHHbIN (MCMoMb3ys rMobanbHbIN
CYETYMK NEPEMEHHbIE U, BO3MOXHO, Aaxe 'random()') W3roToBUTb ocumifiorpaMmma coGCTBEHHOIO An3anHa Ha
nobon gocTynHom 'OUTPUT ' pin (gonyctum, a1o pin 9). Cenvac MPbIFATb pin 9 no Bawewmy >xenaxuio 'Uno’
'INPUT'pin, 4TOGbI NPUMEHNTBL CreHEPUPOBaHHbIV LIMA)POBO OCLMITIIOrpaMmMa K 3ToMy BXoAy pin (4To6bl NpoBepuTb
Balll NnporpaMma; OTBET Ha STOT KOHKPETHbIV ocumnnorpamma). , Bel MoxeTe reHepupoBaTb NocrnefoBaTenbHOCTb
13 MMMYNbCOB UIN NOCNEeN0BaTENbHbLIX CUMBOJIOB, UITU MPOCTO FPaHNYHbIE NEPEXOAb!, BCe (MPOM3BOSbHON
CMNOXHOCTU U C pasnuyHbiMK nHTepBanamu). Obpatute BHMMaHWe, YTO €CN Ball OCHOBHOW MporpamMmMa 3BOHUT
'micros () ' (Mnu Bbi3biBaeT Ntobol cBOGOAHO, KOTOPbLIN NonaraeTcsl Ha Hero), ero 'return' 3HayeHve 6ydem
ysesiu4yeHo Nno BpeMeHu, NPOBEAEHHOMY BHYTPM Bawero 'myIntr () ' cBob60OgHO Kaablv pas, korga
npepbiBaHWe cpabaTbiBaeT. Bbl MoxeTe Npom3BecTy ObICTPbIA BCMECK TOYHO pacCYMTaHHbIX rpaHen, MCNomnb3ys
BbI30Bbl 'delayMicroseconds () ' or BHyTpM 'myIntr () ' (BO3MOXHO, YTOObI CO34aTh LENbIN BanT 13
BblCOKas nepegaya CKOpOCTb Nepegayn), v npocTo CreHepMpoBaTh OAMH Nepexoq 3a npepbiBaHne (BO3MOXHO,
AN reHepauun oAuH BUT nepeaayn ¢ HU3KMM YPOBHEM CKOPOCTb Nepenayn) ¢ nynbcatop Levice 'Period’ BbibpaH
B COOTBETCTBUM C BalLMMU NOTPEBHOCTAMMU CUHXPOHM3aUNs (HANOMHWM, YTO NyNbCaTop OrpaHMYMBaET ero
MuHumym "Period’ 1o 50 mukpocekyHa).

2) Bbl MmoxeTe JkcriepumeHm ¢ nodcucmemoli o6pamHoll cesizu:

Hanpumep, otkntounte 'SERIAL' 'I/O' yctpoicTteo TX '00' pin (oTpenaktupymnTe ero nycteiM), a 3atem NMPbLIFTATb
'Uno’ pin '01' BepHyTbCA K 'Uno’ pin '00" smynupoBaTb annapatHbii Wwnend ATMega 'Serial' noacucrema.
Tenepb B BalleM TecTe nporpamma, BHyTpU 'setup() ' cAenatb He 3aMy»XeM 'Serial.print()' M3 Cnoso
U1 CUMBON, Y BHYTPM BalLero 'loop () ' BEPHYTb BCe MOMyYeHHbIe CMMBONbI (Korga 'Serial.available() ')
coenaB 'Serial.read() ' CcnocneaywwmM 'Serial.write () ', a 3aTeM NOCMOTPETb, YTO NponcxoauT. Bhl
MOITIN 3aMETUTb, YTO MOXOXUIA 'SoftwareSerial' netnsi-o6paTHo He ydacmcs (Kak 3To 6bino 6bl B peansHomn
XW3HK - NporpaMmHoe obecnevyeHne He MOXeT denaTtb ABe BeLUn OOHOBPEMEHHO).

Bbl Takke moxeTe nonpobosats SPI 3auuknmeaHme ¢ nomoubto MPbIFATb nogkntounTts pin 11 (MOSI) obpaTtHo K
pin 12 (MISO).

3) Bbi MoXXeme nmodc4yumame Kosludecmeo u / unu usmMepums UHmepeasn mexdy nepexodamu
onpedesyiIeHHO20 ypoeHsi Ha Ntobom 'Uno’ ebixod pin X KOTOpble NPOMCXOQAT B pe3ynbrate CIOXHOro
MHcTpykumsa Arduino unu 6ubnuoteka cBoboaHo (Kak npumMepsbl: 'analogWrite () ', unn xe
'OneWire: :reset() ', unnxe 'Servo: :write() ') , cneaywoLlee:

MPbIFATb pin Ukc npepeaTb pin 2 1 BHYTpU Bawlero 'myIntr () ' Mcnonb3oBaTh 'digitalRead() ' u
'micros () ' BbI30B, M CPABHUTb C COXPAHEHHBIMY YPOBHSMU U BpEMEHEM (OT npedblayux npepbisaxHmn). [MNpu
HeobX0ANMOCTU Bbl MOXETE U3MEHUTb YYBCTBUTENbHOCTb K KpasiM Ans CneayroLlero npepbiBaHnsi, ¢ NOMOLLbIO
'detachInterrupt() ' a Takke 'attachInterrupt() ' oT éHympu Ball 'myIntr () ', ObpaTtute BHUMaHue,
YTO Bbl HE CMOXXETE OTCIEXMBATb pin Nepexodbl, KOTOpble NPOUCXOAAT CIULLKOM Onn3ko apyr K apyry (6nuxe, yem
o6Lee BpeMs BbIMONHWA Baw 'myIntr () ' cBoOOAHO), HANpUMeEp, Te, KOTOPbIE MPOMCXOQAT ¢ nepeHocamu 12C
unun SPI, nnu ¢ BbICOKMM CKOPOCTb Nepedayn 'Serial' nepeBopl (gaxe ecnv Balle npepbiBaHne CBOOOAHO He
OyoeT HapyLlaTb Nepexon CUHXPOHU3aUmMsa 3TUX annapaTtHbIX nepedad). Takke obpaTnte BHUMaHWE, YTO
nporpaMmMHoO-onocpeoBaHHbIe NepeBoabl (Hanpumep, 'OneWire: :write () ' a Takke

'SoftwareSerial: :write() ' )sBnsiorca [pegHamepeHHO 3alluuLLEeH OT NpepbiBaHWi (MX BUONMOTEYHBIN KoL
BPEMEHHO OTKIIOYaET BCE NpepbiBaHMs, YTOObI NPeaoTBpaTUTb COON CUHXPOHM3ALNST), MO3TOMY Bbl HE MOXETE
NPOBOAUTbL U3MEPEHUS BHYTPU TEX, KTO MCMOMb3YeT 3TOT METOS,

XOTS Bbl MOXETE BMECTO 3TOro caenartb Te Xe U3MEepPeHUs pacCcToAHUS MeXay KpasMmu eusyasibHo B LiucppoBon
c¢hopMbI BOJTHbI OKHO, ECIU BaC UHTEPECYET MUHUMATSIbHBLIA UM MakCcMMarnbHbIA MHTepBan Anst 6onbLWworo Yynucna
nepexoaoB UnNu NoacyeT Nepexonos, caenante 3To ¢ NOMOLLBIO 3TOr0 'myIntr () ' -plus- MPbLIFATb TexHuka
yaobHee. M Bbl MOXeTe M3MepbTe, HanpuMep, BapyaLlmm pacCTOSHUSA MexXay OCHOBHbIMW Nepexodamu nporpaMmma,
BbI3BaHHLIMW TEM, YTO Balle NPOrpaMmMHoe obecnedyeHne UCronb3yeT pasnnyHblie MyTW BbIMOSTHUIT B pa3HOe BPeEMS
BbIMOSMHUI (BbI3BAHHOE M3MEHEHMEM YCITOBUIA BBOAA UMW AaXe OTAEeNbHbIM NpepbiBaHMeM Ha pin 3), caenatb Bug
nporpamma "lNpodunnposaxue”.



MEH

daunn:

Harpy3ka INO nau PDE Prog
(Ctri-L)

2

Mo3BonseT nonb3oBaTtento BbIOpaTk NporpaMma pacLUMpEeHHBIN C
BbIOpaHHbIM pacLuMpeHnemM. NporpaMmMa HeMeAneHHo nony4vyaet
AHanusupoBaTb

N3mMeHnTL/N3yunTb (Ctrl-E)

OTKpbIBaET 3arpyxeHHblit NporpaMmMa Ans npocmoTpa /
penakTMpoBaHus.

CoxpaHuTtb_

CoxpaHuTb 0TpeaakTUpoBaHHOE codepXaHue nporpamma
BO3BpALLAeTCs K OpUrHanbsHOMY Nporpamma pacluMpeHHBbIi.

CoxpaHuUTb Kak

CoxpaHnTb OTpedaKkTUPOBaHHOE CodepKMMOoe Nporpamma nog
APYTM MEHEeM pacLUMpPEHHbINA.

cnepaywowmin ('#include') >

Mpopsuraet Kopg NMaHenb oTtobpaxath crnegyowmi '#include’
pacLnpeHHbIN

npeabl 7171

Bosspawaet Koa MaHenb nokasaTtb K NpegbioyemMy

o= o
pacLUMPEHHbIN
Bbixoa Bbixoa n3 UnoArduSim nocne HanomMmHaHUS Nnonb30BaTento
COXPaHUTb NOObIE N3MEHEHHbIE PACLUMPEHHbIN (S).
HawnTtu:

Haitn Next CBo6ogHo / Var

funr

MepenTtun k cnegyowemy CeoboaHo B Koa MaHenb (ecnv oH nmeet
aKTUBHbIN hoKyC), Unu K criegyowemMy nepemeHHas B NepemMeHHble
MaHenb (ecnu BMECTO 3TOr0 OH MMEET aKTUBHbIN (POKYC).

Haiitu Mpeabiaywnin
Csob6ogHo / Var

func

MepenTtyn k npeabigywemy CeobogHo B Kog MaHenb (ecnu oH nmeet
aKTUBHbIN (POKYC), N1 K NpeablayLemMy nepeMmeHHas B
MepemeHHbIe MNMaHenb (eCriv BMECTO 9TOr0 OH UMEET aKTUBHbIN

dokyc).

YCTaHOBUTb TEKCT

AxTtuBmnposatb UHCcTpymeHT-Bar Hantn none BeBoga ans

YcTaHOBUTb TeKcT (Ctrl-F)_ t#h onpeaeneHus TekcTa, KOTOPbIN HY)XXHO UcKaTb criegyowmm (1
nobaBnsieT nepBoe CroBo M3 BblAENEHHOW B AaHHbI MOMEHT CTPOKM
B Kopg MaHenb unu xe MNepemeHHble MaHenb ecnv oguH U3 HUX
nmeet oKyc).

Haitmn Cneaylowmn Tekcr Mepentu Kk crnegytowemy BxoxaeHuto Tekcta B Kog MaHenb (ecnu

wst | OH VIMEET aKTUBHbIN POKYC), UK K CNeayoLwemMy BXOXKAEHNIO TeKCTa

B NepemeHHbIe MaHenb (€Cnn BMECTO 3TOr0 OH MMEET aKTUBHbIN
hokKyC).

Haiitu Mpeabiaywmii - MepenTtu K NpeabiayLemy BxoxaeHuto Tekcta B Kog MaHenb (ecnu

TeKCT M OH UMEET aKTUBHbIN IOKYC), UNK K NpeablayLLeMy BXOXOEHUIO

TekcTa B MNepemeHHble MaHenb (ecrnv BMECTO 3TOro OH UMEET
aKTUBHbIN POKYC).




BbINO/IHUTDL:

War BHyTpu (F4) E: LLlarv BbINONHWA BNepes Ha OaHY MHCTPYKLUIO, UMW 8 maK Ha3bleaeMbil
= | c60600HO ,
LWar Bokpyr (F5 = LLlarn BbinonHWN Bnepen Ha oaHy UHCTPYKLNIO, UM OOHUM MOSTHBIM 380HKOM
c80600HO,
LWar BHe (F6) P: ABaHcbl BbINonHun no JocmamoyHo, Ymobbl ocmasume mekyuwuli ceo600HO,

Bbinonxuutb [lo (F7) =
L=

PaGoTtaeT nporpamMmma, ocmaHoeka Ha Hy»HOU JIUHUU rpoepamMma - Npexae
YyeMm Kcrosb3oBaTh BeinonHUTb [0, Bbl AOMKHbLI CHaYana LWenkHyTb OCHOBHOW
MOMEHT Ha HY>KHYH0 CTPOKY nporpaMma.

Bbinonxuutb Moka (F8) |_L$'~f

3anyckaeT nporpamMmma Ao Tex fnop, rnoka He NPOM3oNAET 3anuchb B
nepemMeHHast ¢ TEKYLLMM OCHOBHOW MOMeHT B MepeMeHHble MaHenb
(HaXXmnTe Ha oguH, YTOObI YCTAHOBUTBL HaYarbHbI OCHOBHOM MOMEHT).

Bbinonuutb (F9) I Pabotaet nporpamma.
Croii (F10) o OcTaHoBKM Nporpamma BbINONHWUN (U 3aMopaxkueaem 8pemsi).
C6poc 1 C6pacbiBaeT nporpammMa (Bce 3Ha4YeHUsi NepeMeHHbIe cOpachiBalOTCS B
= | 3Ha4yeHue 0, a Bce ykasartenu nepemeHHble copackiBatotcs B 0x0000).
AHumauus ABTOMaTUYECKM LLArK NocrnegoBaTenbHbIX CTPOK NporpaMmma ¢ dobasrieHHoU

ucKyccmeeHHoU 3adepXkKKol U BblaeneHne TekyLlen cTpoku koga. Onepauuym B
peanbHOM BPEMEHM U 3BYKUN TEPSIOTCS.

3aMeaneHHana cbeMKa

3ameanset Bpem4 B 10 pas.

onuumu:

War Bokpyr Structors/
OnepaTopbl

lMponeTnte CkBO3b KOHCTPYKTOPbI, AECTPYKTOPLI U NEPErpy3ky
oneparopa yHKLUMOHanNbHbIA MOAYIb BO BpeMs noboro wara (T.e. OH
He OCTaHOBUTCS BHYTPU 3TUX (PYHKLIMOHANbHbLIN MOAYMb).

Perucrp-Allocation

HasHaubTe nokanbHble cBOO60AHO Ha pernctpbl ATmega davinsl BMECTO
cTeka (reHepupyeT HECKOMNbKO YMeHbLLEHHOe ncnonb3osaHne RAM).

Owunbka npm
HEMHULMNAAN3MPOBAHHOM

MomeTuTb Kak owmbKy AHanM3upoBaTh Besae, rae Ball nporpamma
NblTaeTcs UCNOnb3oBaTh NepemeHHas 6e3 npeaBapuTENbLHON
WHMLUMann3auum ero 3HayeHus (Mnm xota 6bl OQHOM0 3HAYEHMUS BHYTPH
Maccuga).

no6asneHHou 'loop ()’
3apepxKa

Ho6aensieT 1000 MMKpOCEKYHA, 3a8ePXKN Kaxkabii pa3 ' Loop () '
BbI3blBaETCA (B Criyyae, ecnv HeT Apyrnx BbI30OBOB NporpaMmma Ha
'delay () ' rge yrogHo) - nonesHo nsberatb CAMLWKOM 60MbLIOro
OTCTaBaHUs OT pearibHOro BPEMEHM.

PaspewinTtb BNIOXKEHHbIE
npepbiBaHUA

Pa3pelunTb NOBTOPHOE BKIMOYEHME C 'interrupts () ' U3HYTPY
noanporpammel 06CnyXMBaHUs NpepbIBaHW Nonb3oBaTensl.




KoHdurypupoBarb:

'I/0' YcTpoucTBa

OTKpbIBaAET AManoroBoe OKHO, MO3BOSSOLLEE NOMb30BaTENO BbIGpaTh TMN (bl)
n HoMepa Tpebyemoro 'l/O' YcTpowcTea. 3 3TOro AManoroBoro okHa Bbl TaKke
MoxxeTe CoxpaHuTtb 'l/O' YcTpoicTBa Anst TEKCTa pacLUMPEHHLIN 1 / nnn
Harpyska 'l/O' YcTponcTBa U3 paHee COXpaHEHHOro (Mnu
OTPeOaKkTUPOBAHHOIO) TEKCTA pacLUMpeHHbIN (BKoYas Bce cknnections pin u
WHTEPaKTUBHbIE HACTPOWKN U BBEAEHHbIE 3HAYEHUS).

MpeanoureHums

NMNepemMO6HOBUTDL:

Pa3pewuTtb aBTO (-)
Cokpawarbeca

OTKpbIBaAET AManoroBoe OKHO, MO3BOMSOLLEE NOMb30BaTEN YCTaHABNMBATb
npeanoyTeHus], BKIOYas aBTOMaTUYeCKOe OTCTYMEHNE CTPOK nporpamma
NCTOYHMKA, pa3pelleHne cuHTakcnca Expert, Beibop wpudTa rapHuTypa,
BbIOOp GornbLuero pasmepa wpudTa, NPMMEHEHNE rpaHnL, MaccuBa,
paspeLueHne KIYEBbIX CITOB MOrMYECKOro oneparopa, NokasbiBas nporpamMmma
3arpyska, Bblibop Bepcum 'Uno' Bepcusa ana Uno v gnuHel 6ydpepa TWI (ans
I12C YcTtpoicTea).

Paspewnts UnoArduSim, 4Tobbl cokpallaTbcst oTobpakan paclumpaTb
MaccuBbl / 06EKTOB NpY OTCTAaBaHUM OT pPeEXUMA pearibHOro BpEMEHM.

MMWHUMaAJIbHasA

Tonbko ocBexuTb NMepemMeHHble MaHenb oTobpaxaTtb 4 pas3a B CEKYHAY.

HighLight nameHeHus

OCHOBHON MOMEHT U3MEHMUIT 3HAaYeHUs nepeMeHHas BO BpeMsi paboTbl
(MOXeT BbI3BaTb 3amearneHue).

OkHa:

'Serial' MOHMUTOP

Mopgkntounte NnocnegoBaTenbHbIN BBOA / BbIBOA YCTPOWUCTBO K pins O 1 1 (ecnun
€ro HeT) 1 NoTsHMTe bonblwnin ' Serial' MoHUTOpP TekcTa TX / RX okHo.

BoccTaHOBUTb BCe

BoccTaHoBUTL BECb CBEPHYTHIN pebeHoK OKHa.

Pin LindpoBbie
Ocumnnorpammel

BocctaHoBUTbL CcBEpPHYTLIN Kk40 Kk192.

Pin AHanorosBbii
Ocumnnorpammo

MNMomMmorure:

BbicTpbiii MoMorure dain

BoccraHoBuTb cBepHyThI Pin AHanorosbii OcuunnorpaMmmo OKHO.

OtkpbiBaeT UnoArduSim_QuickHelp PDF pacLumMpeHHbIi.

MonHbit Momorute Paunn

OtkpbiBaeT UnoArduSim_FullHelp PDF paclumnpeHHbIi.

UcnpaBneHua Ownbka

HPOCMOTpeTb BaXXHbl€ UcCnpaBneHnA owmnbka co BpemeHu npenbiayuiero
BblMyCKa.

U3MmeHeHue / YnyuwieHume

MpocMOoTp 3HAUYUTENBHbBIX NU3MEHEHWI U YNYYLLEHUI NO CPaBHEHUIO C
npeabiayLwmM BbIMyCKOM.

Oxkono

OTobGparkaeT Bepcuio, aBTOPCKOE MpaBo.




'Uno’' Bepcusa gna Uno u 'I/0' YcTpouctBa

'Uno' n nogkntoveHHsbIn 'I/O' YcTponcTea Bce TOMHO CMOAENUPOBaHbI ANEKTPUYECKU, N Bbl CMOXETE MOSYyYUTb XopoLuee
npeacraBneHme 0 TOM, Kak Ball nporpamMmbl 6yaeT Becty cebs ¢ dhakTnyeckum obopynoBaHMeM, U BCe aNeKTpuyeckme
pin KOHPMKTEI ByayT NOMEYEHbI.

CuHXpOHM3aUUna

UnoArduSim BbinonHuTb goctatovHo 6bicTpo Ha K unu nnaHweTte, 4to MoXeT ( 8 6o/ibWUHCMEe CriyYaes )
OeNCTBUSA MOJENN NporpaMMa B peXxume peanbHOro BpEMEHWN, HO MOJILKO ecslu 8all rpozpaMma eKJ/1ro4aem XoTb
Kakow TO ManeHbkuii 'delay () ' 3BOHKU UNU Apyrue 3BOHKWU, KOTOPbIE, ECTECTBEHHO, CUHXPOHU3UPYIOT €ro ¢
peanbHbIM BPEMEHEM (CM. HUXE).

Insa storo UnoArduSim ncnonb3yeT Tanmep obpartHoro BbidoBa OkHa cBOOOAHO, KOTOPbIV MO3BOSISIET EMY TOYHO
OTCNEXMBAaTb peanbHOe BPeMsi. BbINOMHUI U3 psga MHCTPYKLUMI NporpaMma MOAENNPYEeTCs B TEYEHNE OOHOrO
Tanmepa, a MHCTPYKUMM, A58 KOTOpbIX TpebyeTca 6onee ANWHHLIV BbINOMHMI (HanpMMep, Bbi3oBbl 'delay () ' )
MOXeT NoHagobuTbCA MCMNONb30BaTh HECKOSLKO TanmepoB. Kaxaasa ntepaumsa TaiMmepa obpaTHoOro BbizoBa cBOO60OAHO
KOPPEKTMPYET CUCTEMHOE BPEMS], UCMONb3yA CUCTEMHbIE anmnapaTHble Yackl, Tak YTO NPOrpaMmMa BbIMOMHUI
MOCTOSIHHO PerynmpyeTcsi, YUToObl HE OTCTaBaTb OT pearnbHOro BpeMeHW. EQUHCMEEeHHbIU pa3 8bINoIHUI cmaska
doJsnKeH omcmasame 8 PEXUME peaslbHO20 8peMeHU KOrfa Nnorb3oBaTenb Co3far NinoTHble NeTnv 6e3
pononHuTenbHoM 3aaepxkn unu 'l/O' YctporcTa ckoHUrypnpoBaHbl Ans paboTsl C 04EHb BbICOKUMU YacToTamu
'I/O" ycTponcTBo (M / nnn cKopoCTb Nepeaaydn), Kotopble ByayT reHepupoBaTh Ype3MEPHOE KONMMYECTBO COBLITUI
N3MEHEHNs1 YPOBHS pin 1 CBSA3AHHbLIX C HUMK neperpy3ok obpaboTkn. UnoArduSim cnpaBnsieTcsi ¢ 3701 Neperpyskon,
nponyckas HeKOTopble MHTEpBarbl TanmMepa Ans KOMAeHcauuy, 1 3T0 3aTeM 3aMmeansieT NporpeccMpoBaHme
nporpamMma go Huxe peasibHo20 8peMeHU ,

Kpome TOro, nporpammsl ¢ 60nbLIMM MaccuBbl OTOOpaXaeTcs Unm CHoBa C NIIOTHBIMKU NeTNAMKN 6e3
[OMNOSNTHUTENLHOM 3aepPXXKN MOXET BbI3BaTb BbICOKYIO YaCTOTY BbI30BOB CBOOOAHO U reHepmnpoBaTh BbICOKYHO
MepemeHHble MaHenb 3arpy3ka 0OHOBNEHUS gucnnes, NPUBOAsILLAst K ero OTCTaBaHWIO B pearilbHOM BPEMEHM - 3TO
MOXHO 0060MTK C NoMoLlblo Paspewumb coKkpawjeHue nnv Korga AeNCTBUTENBHO HYXXHO, MUuHUManbHbIU, N3 MEHIO
MepeMOGHOBUTL |,

ToyHOEe MOOEeNMpPoBaHNE BPEMEHM BbIMOTHUI C TOYHOCTBIO A0 MUIIIMCEKYHAbI AN KaXKO0N MHCTPYKLUMW Unn onepawumm
nporpamMmma He cdeslaHo - TONbKO OYEHb NPUBNN3NTENbHBLIE OLIEHKM A5t 6ONbLUMHCTBA ObINW NPUHATLI ANS Lenemn
MoaenupoBaHus. TeM He MeHee, CUHXpOoHM3auusa n3 'delay () ' , a Takke 'delayMicroseconds () ' Kk142 n
Kk142 'millis () ' a Takke 'micros () ' BCe COBEPLUEHHO TOYHO, U1 G0 mex nop, NoKa bl UCMO/Ib3yeme Xomsi
661 00HY 3a0epXKy hyHKUUOHabHbIU MOJYJIb B NETIE rAe-TO B BalleM NporpaMmma, uwsau xe Bbl ucnone3yete
cB0OOHO, KOTOPbI ECTECTBEHHO CBsI3bIBAET cebs C onepaunen B peanibHOM BpeMeHu (Hanpuvep, 'print ()
KOTOPbIV MPUBSI3aH K BbIDPAaHHOMY CKOPOCTb Nepegayun), ToO CMOAENMpoBaHHAs NPOM3BOAUTENBbHOCTL BaLLEro
nporpaMmma 6yaet oveHb 6rnm3ska K peanbHOMY BpeMeHU (ONsATh Xe, 3a UCKITHIYEHMEM SIBHOMO Ype3MEpPHOro
BbICOKOYACTOTHOMO COBbITUA U3MEHEHUST YPOBHSA pPin NN Ype3MepHbIX pa3peLLEeHHbIX Nofb3oBaTenem 0GHOBNEHNIA
MNepemeHHble, KOTOpble MOTYT 3amMeannTb ero).

YT0o6bl yBUAETL 3OeEKT OTAENbHbLIX MHCTPYKLUMIA Nporpamma Kypuua 6exxum MOoXeT ObiTb xenaTenbHO MMETb
BO3MOXHOCTb 3aMeannTb Xxod cobbiTnin. KoadppumumeHT 3ameaneHust BpemeHn 10 MOXET ObITb YCTaHOBSEH
nonb3oBaTerieM B MeHtio BbINONHUTL ,

'I/0' YcTponcTtBO CMHXPOHM3auus

OTu BUpTyarnbHble YCTPOWCTBA MOMy4aloT B peanbHOM BPEMEHU CUTHaNmM3aumo 06 N3MeHeHUsaX, KOTopble MPOUCXOAAT
Ha MX BXOAe pins, U BbipabaTbiBalOT COOTBETCTBYIOLLME BbIXOAbI HAa CBOMX BbIXOAAX Pins, KOTOpble 3aTeM MOryT
pacnosHaeaTbcs 'Uno' - M03TOMY OHM MO CBOEN NPpUPoae CUHXPOHU3UPYIOTCA C NporpaMmma BbINOAHUI. BHYTpeHHUI
'I/O' yCcTpOWCTBO CUHXPOHM3aLMA yCTaHaBNMBaEeTCs Nonb3oBaTenem (HanpMmep, ¢ NOMOLLbIO BbiBopa CKOpOCTb
nepegayvn nnu TakToBOW L‘IaCTOTI:I), a cobbITus CUMynATopa yCTaHaBnMMBakTCA ANA OTCleXXnBaHuUaA BHyTpeHHeVI
paboThbl B pearibHOM BpEMEHN.



3BYKM

Kaxabin 'PIEZQ' ycTponcTBO M30aeT 3ByK, COOTBETCTBYHOLLNA N3MEHEHUSIM ANEKTPUYECKOTO YPOBHS, NPOUCXOOALLNM
Ha NOAKMYEHHOM pin, HE3AaBUCUMO OT UCTOYHUKA TaKUX U3MEHEHUI. YTOBbI CUHXPOHM3NPOBATL 3BYKU C NporpaMmma
BbinonHun, UnoArduSim 3anyckaeT n ocTaHaBnNMBaEeT BOCNPOM3BEAEHNE CBA3AHHOIO 3ByKOBOro bydepa, korga
BbINOSTHUI 3anyckaeTcs / OCTaHaBNMBaETCS.

HaunHas ¢ Bepcum 2.0 3ByK Tenepb Obin M3mMeHeH Ansa ncnonb3osaHusa ayamo API Qt - k coxaneHuto, ero
QAudioOutput 'class' He NoaAepXUBAET 3auUMKIMBaHUE 3ByKOBOro bydepa, 4tobbl 3bexartb ucuepnaHusa Camnos
(4TO MOXET Crny4nTbCs BO Bpems Bornee AnuTenbHbIX onepaunoHHbIX 3agepxek). Noatomy, 4Tobbl nsbexars
nopaensoLLero 6onNbWNHCTBA pasapakaloLwmuX LWENYKoB 3ByKa 1 npepbiBaHWs 3BYka BO BpeMs 3agepxek OC, 3ByK
Tenepb OTKMIOYaEeTCs B COOTBETCTBUM CO CIEAYHOLLMM NpaBUIOM:

3ByK OTKMYaeTcs 4o Tex nop, noka UnoArduSim He siBnaeTcs "akTUBHBIM" OKHO (KpoMe criyyaes, Koraa HOBbI
[0YEPHUI 3NIEMEHT OKHO MMEET ToNbKO Obin co3gaH M akTMBMpPOBaH), u daxe korga UnoArduSim asnsetca
"aKTUBHbIM" OCHOBHbIM OKHO, HO yKa3aTeslb MbilUM 8HE U3 €ro rMaBHasi KNMEHTCKasi 30Ha OKHO.

O6paTnTe BHMUMaHWE, YTO STO O3HAYAET, YTO 3BYK OyAeT BPEMEHHO MPUIMYLLEH Kak KOporb NpW HaBedeHWM Kypcopa
MbILN Had pebeHkom kk192, n ByneT OTKMOYEH ecsiu 3mom pebeHOK OKHO HaXkasl, Ymobbl akmueupoeams €20
(oo noBTOpHOrO HaxaTtus Ha nain UnoArduSim OkHO 455 NMOBTOPHOM akTMBaLmu) ,

3eyk ecez0a MOXHO 8KJIIOYUMb, WeJIKHY8 iany 20e-HUb6yOb e Hympu KnueHmckol o6nacmu 2naeHo20 Ko
UKArduSim okHo.

W3-3a bycbepuzaumm, c B peanbHOM BpeMeHU 3agepkka cocTtaBnsieT 4o 250 MUnnMceKkyH C COOTBETCTBYHOLLETO
BpeMeHM cobbITust Ha pin noakntodeHHoro 'PIEZO'.

OrQaHquHMﬂ N Henoanep>XxmBaeMbie€ 3/1EMEHTDI

BknroyeHo daunn

A'<>'-Bckobkax '#include' us '<Servo.h>' K6 '<Wire.h>',6 '<OneWire.h>' K6 '<SoftwareSerial.h>',
'<SPI.h> ', '<EEPROM.h>' aTakke '<SD.h>' snstercst NOAOEPXKUBAETCS, HO OHU TOMbKO SMYNUPYHOTCSA -
dhakTnyeckun grann He NLLETCS; BMECTO 3TOro X oyHKUMOHabHbIE BO3MOXHOCTM HEMOCPEACTBEHHO "BCTPOEHLI" B
UnoArduSim v gencreutenbHbl 418 (PMKCMpOBaHHOW nogaepxvBaemon sepcun Arduino.

JTio6on untupyembin ' #include’' (Hanpumep, " supp.ino" , "Myutil.cpp" , Unnxe "Mylib.h" )
NoAAepXUBAETCSA, HO BCE Takme haln JOMKHbI MpoXKueamb 8 IMom e Kamaslo2 8 kayecmee pooumersi
npozpaMmMa pacwupeHHbIlU TOT COAEPXUT UX '#include' (HET moucka B Apyrux katanorax). The '#include’
hyHKLMSA MOXET ObITb NONe3Ha ANs MUHMMU3aLUM KonMyecTBa koda nporpamma, nokasaHHoro B Kog MaHenob B
noboe Bpems. XKatka cpann ¢ '#include’ (T.€. Te, KOTOPbIE MMEIOT " .uac" paclUMpeHne) JONONMHUTENbHO
3acTaBuT CUMYNATOP NOMbITATbCS BKIIOYUTL OAHOMMEHHbIV paclUMPEHHbINA, MMEIOLLMIA " . Cpp" pacluupeHue (ecnu
OHO TaKKe CyLLEeCTBYET B KaTanore poguTenbCKoro nporpamma).

AvHaMuuyeckoe pacnpegesieHue NaMsaTU U onepaTMBHas NaMATb

onepaTtopbl 'new' a Takke 'delete' NOAAEPXKUBAKOTCSH, Kak U poaHble Arduino 'String' 0GLEKTOB, HO He
npsiMbie 360HKU 'malloc () ', 'realloc()' aTakke 'free () ' YTO OHM MonaralTcs Ha.

UpesmepHoe nucnonb3dosaHme O3Y ans o6bsaBneHun nepeMeHHas nomevaeTcs BO BpeMs AHanManposarts, a
nepenornHeHue namsatn O3Y oTMevaeTcs BO BpeMs nporpamma BbinonHWN. An NyHKT Ha meny Onuumn no3sonseT Bam
3aMynMpoBaTb HopMarnbHoe pacnpeaeneHve pernctpoB ATmega, kak a1o 6bino 66l caenaHo AVR komnmnaTop, unm
MOZENMpPoBaTh ansTepHaTUBHYIO CXEMY KOMMUNALMMK, KOTOpas MCMONb3yeT TOMbKO CTek (B KayecTse onumu
HesonacHocTu B cny4ae, ecnm oLwmbka nosiBNseTcs B MOEM MOAENMPOBaHWUM pacrnpegeneHns pernctpos). Ecnum 6bl Bbl
MCMNonb30Banu ykasaTenb An8 NPOCMOTPa COAEPXXMMOro CTeKa, OH JOMMKEH TOYHO OTpaxaTb TO, YTO MOSABUNOCH Obl B
peanbHoOW annapaTHoW peanusaunu.



'Flash' PacnpeaeneHme naMaTun

Mamatb 'Flash' 'byte' , 'int' aTakke 'float' nepemMeHHble / MacCuBbl 1 COOTBETCTBYOLWMI MM AOCTYN ANS
YTeHUs1 PYHKLUMOHANbHBIN MOAyrb NogaepXueatoTcs. nobdor 'F () ' 3BOHOK cBOOOAHO ('Flash' Makpo) us ntobas
OykBEHHas CTpOKa stnszeTcst NOAAEPKMBAETCS, HO eANHCTBEHHOWN NOoAAepXXnBaemon cTpokon namsTtu 'Flash'
NPAMOro JoCTyna MyHKUMOHANbHbIA MOAYMb ABMSAITCA 'strcepy P() ' a Takke 'memcpy P() ' , NO3TOMY, YTOGbI
ncnonb30BaTh ApYror yHKLUMOHAmNbHBIAN MOAYrb, BaM HY>XHO CHadarna ckonupoBatb cTpoky 'Flash' B 0ObivHyto RAM
'String' nepemenHas , a 3arem paboTaTb C 3TOW onepaTMBHOW NamATbio 'String' , Korga Bbl Cnonb3yete

' PROGMEM' KnioyeBoe CnoBo-MoamukaTop nepemMeHHasi, OoHO [OMMKHO NOSBUTLCS neped NMs nepeMeHHasi, 1 aTo
nepemeHHasi makxe 0o/mkeH 6bImb 06bSABIIEH KakK 'const'

'String' NepeMeHHble

PogHol 'String' bubnvoteka NoYTU NONHOCTLIO NOAOEPKMBAETCH C HECKOMNBbKMMM OYEHb (M HE3HAYUTENBHBLIMIN)
UCKIIOYEHNAMN.

The 'string' onepatopbl nogaepxusatored +, + =, <, <=,>,> =, ==, !sHak paBHO , aTaKke [],
O6paTnTe BHMMaHWe, YTO: 'concat () ' 3aHUMAET He 3aMy>XeM apryMeHT, KOTOpbI ABNSEeTCa 'String' , Unu xe
'char' ,unmxe 'int' 6bITb AOBaBNEHHbIM K OpurnHany 'String' o6beKT, He ABa aprymMeHTa, kak owmMbo4vHo
yka3aHo Ha Beb-cTpaHuuax Arduino Reference).

Bbubnuorexkun Arduino

Tonbko 'Stepper.h' , 'SD.h' , 'Servo.h', 'SoftwareSerial.h', 'SPI.h', 'Wire.h',k 'OneWire.h'
a Takke 'EEPROM.h' ang Arduino V1.6.6 penus B HacTosiee Bpems nogaepxmeaetcs B UnoArduSim. lMNMeiTasace
"#include' " .cpp" aTakke " .uac" chann U3 gpyrnx, noka He nogaepxmnBaemMbix 6ubnuorteku 6yoyT He paboma
MOCKOJIbKY OHM ByayT copepXaTb MHCTPYKLUUKM MO COOpKe HMU3KOro YPOBHS U HENOAAEpXMBaeMbIe OUPEKTMBDI, a Takke
Hepacno3HaHHble dann!

yKasartenm

MoaaepknBaloTCcs yKasaTenv Ha NpocTble TUMbl, MacCUBbI UMM 0GBEKTOB. YKasaTerb MOXET ObiTb NpUpPaBHEH K
mMaccuvBa TOro e Tuna (Hanpumep, iptr = intarray ), Ho Toraa 6bl Hem rocnedyrouleli MPo8epPKU 2paHul
Maccuebl Ha BblpaXeHue Kak iptr [mupmexc] ,

dyHKUMOHamNbHBIN MoAYNb MOXET BO3BpallaTh yKasaTenu, Unu 'const' ykasaTenu, Ho noboi nocneayoLuii
YPOBEHb 'const' Ha BO3BpalLeHHOM yKasaTerie UrHOpPUpPYeTCs.

EcTb Hukakoll noddepikku ons cBob6OAHO 3BOHKUN Yepe3 06bsesieHHbIe Nosib3oeamersieM ykazamesu c80600HO ,

'class' a TaKXXe 'struct' O6beKkToB

XoTs nogaepxuBaeTcs nonumMmopdunam n HacnegosaHue (Ha nobyto rmybuHy), 'class' Unuxe 'struct' MOXHO
onpeennTb TONMbKO HA MakcuMym oQuH 6asa 'class' (T.e. MHoz2ony4egast HacnegoBaHUE He NOAAEPXKMBAETCS).
Bbasa - 'class' noggepxuBatoTcs BbI30BbI MHULMANN3aLMM KOHCTPYKTOpaA (Yepes OBOETOUME) B CTPOKaxX OObsBNEHMS
KOHCTPYKTOPa, HO He UHMLMann3aumns YeHoB C UCNOMb30BaHWEM TOW e 3anvcu ABOeTo4Ms. OTO O3HaYaEeT, YTo
06beKTOB, KOTOPbIE cogepxaT 'const' He-'static' nepemeHHbIe, N CCbINOYHBIN TUN NEPEMEHHbIE, He
NOAAEPXKNBAIOTCS (3TO BO3MOXHO TOSbKO MPKW YKasaHHbIX MHULManM3aumax YrieHoB BO BPeMsi CTPOUTENBCTBA)

Meperpysku onepaTtopa HasHaYeHUst KONMPOBaHUS NOAAEPXKMBAIOTCA BMECTE C KOHCTPYKTOpaMu nepemeLLeHrs 1
Ha3Ha4YeHNsAMU NepemeLLeHnsl, Ho Norb3oBaTenbckoe NpeobpasoBaHme 06beKT ("NepemeHHas") pyHKUMOHAMNbHbI
Moaysb He noaaepXkuBaeTcs.



Cdepa
Tam HeT noanepXkn onsA 'using' Krno4yeBoe CnoBo, UNu Ana NPOCTPaHCTB UMeH, unn anga 'file' ccbepa. Bce
HernokanbHble 00bABNEHUS MO peanun3aunn npegnonararTcd rnobanbHbIMW.

nobon 'typedef' , 'struct' , mnm xe 'class' onpegerneHue (TO eCTb, KOTOPblE MOTYT ObITb NCMOMNBb30BaHbI
ans oyoywmx obbsBneHun), 4OMKHbI ObiTb caenanbl IMmo6anbHbilt Kk174 ( MecmHbIl onpegeneHnst Takmx
npeaMeToB BHYTPM CBOOOAHO HE NOALAEPKMBAKOTCS).

OT60poOUHbIE 'unsigned', 'const' , 'volatile', 'static'

The 'unsigned' lNpedumkc paboTaeT BO BCeEX HOpMaribHbIX FOPUONYECKMX KOHTEKCTax. The 'const' knoyeBoe
CMOBO, KOTAa MCnonb3yeTcs, LOMKEH npedwecmeoeamsb VMsi NePeEMEHHas Unn nms ceoboaHo unu ' typedef’
UMS1, KOTOPOE OOBLABISIETCS - pa3MeLLEHME ero Nocne UMeHu NpuBeaeT K owmnbke AHanuamposaTtb. 3a O6bsABNEHMSA
cB0OOAHO, TONBKO (PYHKLUMOHANbHbLIA MOAYIb C BO3BPATOM yKa3aTens MOXET MMETb 'const' MOSABMAOTCA B UX
Aeknapauun.

Bce UnoArduSim nepeMeHHble sBnsoTes 'volatile' peanusauuven, nosatoMy 'volatile' KrnroueBoe crioBo
NPOCTO UHOPUPYETCSI BO BCEX OOBbABMNEHUSX NepeMeHHas. PyHKLMOHarbHbIA MoAyMb HE pa3peLuaeTcs 06baABnATh
'volatile' Takke He SBNSAKTCHA apryMmeHTamMmu Bbi3oBa CBOOOAHO.

The 'static' KnOYEeBOE CNOBO pa3peLLeHo A 0ObIYHOMO NepeMeHHble, a Takke Angd YneHoB 06beKT 1 member-
YHKUMOHAMBHBIN MOAYNb, HO IBHO 3anpeLLeHo Ansi CaMnX 3K3eMNNApPOB 00bekT ( 'class' / 'struct' ), ANsa He
yneHa pyHKUMOHANbHbIA MOAYIb U ANsi BCEX apryMeHTOB CBOOOAHO.

AnpekTnebl Komnunartop

'#include' u perynspHo '#define' 06a NnogaepKmBalTCH, HO He Makpoc '#define' , The '#pragma’

OVPEKTUBLI U ANPEKTMBbLI YCNOBHOIO BKMOYEHUsA ( '#ifdef' , '#ifndef' , '#if' , '#endif' , '#else'a
Takke '#elif' ) ABMAOTCA TaKkke He moddepxueaemcsi , The '#line' , '#error' v npegonpeneneHHble
Makpochl (Hanpumep, ' LINE ' ,' FILE ', ' DATE ',aTakke ' _TIME ') ABNAOTCA TaKKe He
noddepxxueaemcsi.

ApAYVNHO-A13bIKOBbIE 3J/1IEMEHTbI

Bce poaHble anemeHTbl A3bika Arduino nogaepXunBatoTcs, 3a UCKIMIYEHNEM COMHUTENBHBIX 'goto' MHCTPYKUMA
(eanHCTBEHHOE pa3yMHOEe UCMNONb30BaHME, KOTOpoe A Mory cebe npeacTtaBuTb, 3TO nepexoq (K 6eCKkoHeYHOMY LKy
aBapuUNHOro 1 6e30nNacHOro OTKMYEHNS) B CrlyYyae BO3HUKHOBEHUS OLUMOKK, C KOTOPOW Ball NporpaMma He MOoXeT
MHaye crnpaBUTbLCS)

C / C ++ - A3bIKOBbIE 2J/1EMEHTbI
CoxpaHsitowue 6ut "kBanudmkaTopbl OUTOBLIX NONen” Anst YIeHOB B ONpeaerneHnsix CTPYKTYpbl He
noddep)xueaemcs,

'union' sABnsieTcA He noddepxxueaemcsl.

CTpaHHbIN "onepaTop 3anaTon" He noddepxusaemcsi (NO3TOMY Bbl HE MOXETE BbINOMHUTE HECKONbKO BbIPaXXeHWUIA,
pasgeneHHbIX 3ansaTbiMK, korga obblYHO OXXMAAETCst TONbKO OAHO BblpaXeHue, HanpuMmep, B 'while () ' a Takke

"for( ; ; ) ' KOHCTPYKUWM).

CBo6oaHoO LLIa6noHbI

Onpegensaembiin nonb3oBatenem pyHKLUMOHANbHbIV MOOYIb, KOTOPbIA UCMONb3YET KItoveBoe crioso "template”, 4Tobbl
No3BONMUTbL EMY NPYHUMATL apryMeHTbl "yHUBepcanbHoro" Tuna, He nododepxueaemcs,



SMynsuus B peasibHOM BpeMeHMU

Kak oTMe4eHo BbiLle, BbIMOMHWI pa3 U3 MHOXECTBA Pa3fMyHbIX OTAEMNbHbIX BO3MOXHbIX MHCTPYKUMn Arduino
nporpaMma He CMOAENMPOBaHbl TOYHO, TaK YTO AMs TOro, YTobbl paboTaTh B peXumMe peanbHOro BpeMeHu, Balll
nporpaMmma 6yaeT HyxaaTbCsl B HEKOTOPOM AOMUHUPOBaHUN 'delay () ' MHCTPYKUMSA (MO KpariHen Mepe, OOUH pas3 B
"loop () ' ) UM UHCTPYKUUSA, KOTOPasi ECTECTBEHHBIM 0OPA30M CUHXPOHU3MPYETCS C UBMEHEHUSIMU YPOBHSA pin B
peanbHOM BpeMeHU (Hanpumep, 'pulseIn() ', 'shiftIn() ', 'Serial.read()', 'Serial.print()',
'Serial.flush () ' Tak ganee.).

YBuoeTb a Takke 3BYKM Bbile Ans 6onee nogpo6Hoi MHdopMaumum 06 orpaHUYeHusIX.

MpunMeyaHusa K BbiNYCKY

UcnpaBneHnsa Ownbka

V2.3- nekabpb 2018

1) ownbka, NnpegcTasneHHbIN B V2.2, coenan HeBO3MOXHbBIM peAakTUpOBaHUE 3HaYeHWs anemMeHTa maccuea
BHYTpU U3ameHuTb/MoHUTOP.

2) HaunHas ¢ Bepcum 2.0, TeKCT B 'RAM free' [laHenb MHCTPYMEHTOB ynpaBneHus Obina BUAHA TOMbKO Npu
ncnonb3osaHum TemHon Tembl OkHa-0OS.

3) Ha ®awnn | Harpy3kan Ha BBoA / BbIBOA, YCTPOWCTBO pacluMpeHHbin Harpyska, ounstpbl pacluMpeHHbIn (Tuna
*.ino" a Takke "™.txt") He paboTtanu - BMecTo aToro 6binn NokasaHbl dann Bcex TUMOB.

4) "Mognu1umnpoBaHHOE" COCTOsSIHME PacCLUMPEHHbIN BbINo NOTEPSIHO Nocne BbiNonHeHst MpUHUMaTL unu xe
KomnunupoBartb B nocneaytowem ®ann | UameHntb/U3yuntb ecnu danbHelwux usmMeHeHul He 6b110
(CoxpaHuTb cTan OTKIOYEH, U He ObiNo aBToMaTuyeckoro 3anpoca CoxpaHuTb Ha nporpamma Bbixopa).

5) Onepatopbl ' /=' 1 '%=' Oanu TONMbKO NpaBuUsbHbIEe PesysbTaThbl AN NepPeEMEHHbIX 'unsigned' B NeBOiA
yacTu.

6) TporiHom ycnoBHO ' (bval) ? S1:S2' pgan HeBEpHbIN pesyrbrart, korga 'S1' unm 'S2' 6bino foKasnbHbIM
Bblpa>XeHUeM BMECTO NepeMeHHON.

7) PyHKUMA 'noTone () ' 6binNa ucnpaeneHa, 4Tobbl cTaTb 'noTone (uint8 t pin)'.

8) [laBHuin owmnbKa BbI3Ban cbor nocne Bbixoga n3 Copoc korga atot COpoc Obin BLIMOMHEH B cepeanHe
CcBOGOAHO, KOTOPbIV GbiN BbI3BaH C OTCYTCTBYOLMM OAHUM U3 Er0 NapaMeTPOB (U Takum o6pasom nony4un
3Ha4YeHne UHULManuaaTopa no yMon4aHuto).

9) BblpaxeHus yneHoB (Hanpumep, 'myobj.var' unuxe 'myobj.func () 'He HacrnegoBanu 'unsigned’
CBOWCTBO WX NpaBowv YacTh ('var' unuxe 'func () ') 1 NOSTOMY He MOTyT ObITb HANPSIMYHO CONOCTaBMEHbI UMK
obbeanHeHbl C ApyrMMU 'unsigned' TUMbI - TPOMEXYTOYHOE NMPUCBOEHNE 'unsigned' nepemMeHHas Obin
nepBbiM 06A3aTENbHbIM.

10) UnoArduSim HacTanBan Ha TOM, 4YTO ecnv B onpeaeneHun ceoboaHo ecTb Kakon-nnmbo napameTp c
WHMUManu3aTopamMm no yMonyaHuio, YTo CBOGOAHO MMEET paHee 0ObABMEHHbI NPOTOTMN.

11) 3BOHKM B 'print (byte bvar, base)' no owwnbke nosbllleH 'bvar' and 'unsigned long', W TaK
pacnevyaTaHo CAMLLIKOM MHOTO Lmdp.

12) 'String (unsigned var) ' a Takke 'concat (unsigned var) ' uonepatopbl '+=(unsigned)' a
Takke '+ (unsigned) ' HenpaBWNIbHO cO3AaH 'signed' CTpPOKM BMECTO.

13) R = 1K ycTponcTBo, 3arpyxeHHbin n3 I0Devices.txt paclumpeHHbIr ¢ nonoxeHnem 'U' 6bin no owmbke
HapucoBaH C ero Non3yHKOM (Bceraa) B rpomueoriosioxHasi Mo3uyusi OT €ro UCTUHHOMO 3EKTPUYECKOro
MONOXEHWS.

14) MNonbITka NONOXUTbCA Ha AedonT 'inverted=false' aprymeHT npu oobsBrneHnn 'SoftwareSerial()'
0ObeKT BbI3Ban cOoOn 1 NpoxoxaeHne 'inverted=true' cpaboTan, ecnv nonb3oBaTenb NporpaMmmMa caenan
nocriegyrowunn 'digitalWrite (txpin, LOW)' Ang Toro, 4Tobbl CHayana ycTaHOBUTb HEOOXO4MMBIN
XornocTon 'LOW' ypoBeHb Ha Texac pin.



15) I2CSLV YcTponcTsa He oTBeYan Ha U3MEHEeHUs1 B CBOUX MNONSIX pedakTUpoBaHUS pin (3Ha4eHUs Mo yMOn4aHuio
A4 n A5 octaBanuce B cune).

16) I2CSLV n SPISLV YcTponctea He 0GHapyXmim 1 He UCNPaBUIIN YaCTUYHbIE UBMEHEHNS], KOT4a Mblllb BbILLIA
3a WX rpaHnLbI

17) 3HadeHusa Pin onst YctpolictBa, kotopble criegoBanu 3a SPISLV nnm SRSLV, 6binvm HenpaBuibHO COXpaHeHb! B
IODevs.txt paclunMpeHHbIN Kak WecTHaguaTepryHble Yncna.

18) MonbiTka nogkntounTb 6onee ogHoro SPISLYV yctponcteo MISO k pin 12 Bcerga npuBogmna K anekTpn4eckon
owwmnbke KoHPKMKT.

19) lMNMepekntoveHre pin oT 'OUTPUT' BepHYTbCS K Pexmum 'INPUT' He yaanocb cOpoCcUTb YPOBEHb donKcaumnm
OaHHbIX pin 4o 'LOW',

20) C nomMowbio 'sendStop=false' B 3BOHKax Ha 'Wire.endTransmission()'nnu xe 'Wire.requestForm() '
BbI3Ban cOom.

21) UnoArduSim HenpaBunbHO gonyctun 'SoftwareSerial' npvMeM AOMKEH NPONCXOAUTb OAHOBPEMEHHO C
'SoftwareSerial' KopobGka nepegad.

22) MNpobnembl ¢ NEPEMEHHBIMM 'enum' ObIW UCNIPABMEHbI.

V2.2- nrwoxub 2018

1) BbI30B cBOGOAHO C MEHBLLMM KOJTMYECTBOM apryMeHToB, YeM Gblnio HeoGxoaMMOo Mo ero onpeaerneHuto (koraa
3TOT cBOGOAHO GbIN "onpeneneH Brepen", To eCTb, KOrda y HEro He Gbino Gonee paHHeh CTPOKU 06bSABMNEHUS
NpoTOTWN), BbI3BaN HapyLleHWe NaMaTh U cOoM.

2) HaunHas ¢ V2.1, BonHoBbIe He 06HOBANCs BO BpeMsi Bbinonuutb (Tonbko B Ctonunu nocrie Lar) - k Tomy
xe, I'Iepemem-lble MaHenb 3Ha4YeHns He OOHOBNANUCH B TEYEHUE AnnTenbHOro LWar onepauunun.

3) Kakon-To HecoBepLueHHoneTHU OcumnnorpaMmma npobnembl C NPOKPYTKOM 1 MacluTabupoBaHueMm, KoTopble
cywecTtsoBanu ¢ Bepcuu 2.0, Tenepb UcnpasneHsbl.

4) [axe B paHHuX Bepcusix Copoc B MOMeHT Bpemeru t = 0 ¢ MYJIbCEPOM nnn ®YHKLIEHOM, yen nepwog
ctan 6bl cambim nocnegHnm  Lmkn go t = 0 ObiTb TONbKO YaCMUYHbLIU LVKI, B pe3yrnbraTe Yero ero
Ocuunnorpamma nocne t= 0 caBur oT CBOEro UCTUHHOTO MOMOXEHUS Ha 3Ty (MNWN OCTaBLUYIOCH) BENTUYNHY
Apo6Horo uukna, nmbo Brnpaeo, NnMbo BrieBo (COOTBETCTBEHHO).

5) MCHpaBﬂeHbl HEeKOoTOpble Hp06ﬂeMbI C NOACBETKOM CUHTaKCcKCa B LBETE MSMGHMTb/MSy‘lMTb ,

5) HaunHasa ¢ V2.0, HaxaTune Ha BbINoNHeHWe 0OHOro 0ObEKT B MaccrBa 06beKTOB He paboTaeT AOMKHbIM
obpasom.

6) 'delay (long) ' Obin ucnpaeneH, YToObl ObITh 'delay (unsigned long) ' a Takke
'delayMicroseconds (long) ' Obin ncnpaerneH, 4ToObl ObiTh 'delayMicroseconds (unsigned int) ',

7) HaunHas c Bepcun 2.0, pyHKUMOHANbHBIA MOAYNb NPUKPENEH C UCTONb30BaHNEM 'attachInterrupt ()
He 6blny NpoBepeHbl Kak AeNCTBUTENbHbIE PYHKLUNOHAMNBHBIN MOAYMb ANs 9Tou Lenu (T.e. 'void' BO3BparT, U He
nmesi NnapaMeTpoB BbI30OBA).

8) BrnvsiHMe 'noInterrupts () ' Ha PYHKUMOHANbHLIN MOAYMb 'micros () ', 'mills () ', 'delay () ',
'pulseInLong () '; €ro BNUSHNE Ha 'Stepper: :step () ' U Nocne 'read () ' a Takke 'peek () ' TaumayThl;
Ha Bcex RX nocnepoBaTtenbHbIn NpyemM, 1 Ha 'Serial' nepegava, Tenepb TOYHO BOCNPOU3BEOEHA.

9) Bpemsi, noTpavyeHHOe BHYTPU MONb30BaTENbCKMX NpoLeayp NpepbiBaHUSA, TENEPb YYNTLIBAETCS B 3HAYEHWM,
BO3BpalLlaeMoM 'pulselIn () ' 3agepxka, Bbi3aBaHHasA 'delayMicroseconds () ' 1 B NONOXeHUn pedep Ha
aucnnee Pin UudpoBble Ocumunnorpammel ,

10) 3BOHKM B 06BeKmM-4s1eH PyHKLMOHAbHbLIN MOAYIb, KOTOpble ObINN YacTblo BOMbLLMX CIOXHbIX BbIpaXKeHU
unmn camm ObINmM BHYTPY BbI30BOB CBODBOAHO, MMEIOLLMX HECKOMNBbKO CIOXHbIX apryMeHTOB, €, g,
'myobj.memberfuncl () + count/2' unuxe 'myfunc (myobj.funcl(), count/3)', Oyger umetb
HeBepHble 3HAa4YeHUs, BblYUCIEHHbIE / NnepefaHHble BO BPEMS BbINOMHWI N3-3a HEMPAaBUNBHOIO pacnpeaeneHus
CTEKOBOro NpOCTpaHCTBa.

11) Ykasatene MaccuBbl nepemeHHble paboTan npaBuibHO, HO OTOBpaXKanuch HEBEPHbIE 3HAYEHNS B
MepemeHHble MaHenb.



12) Korga anHamMmmnyeckuin MaccmBbl NMPOCTOro Tuna Obin Co34aH C 'new' TOMbKO NEPBLIN ANEMEHT nony4van
(defailt) nvhuumnanmsaumio ans 3HadeHus 0 - Tenepb BCe 3NEMEHTbI AeNatoT.

13) "noTone () ', UM KOHEL, KOHEYHOTO TOHA, 6onbLlle He copacbiBaeT pin (ocTtaeTcsa 'OUTPUT' n naet 'LOW' ).

14) HenpepbiBHOe BpawleHne 'SERVO' YcTponicTBa Tenepb ngeanbHO HENOABWKHO Npy WNMPUHeE nvnynbca 1500
MKCeK.

15) Buizos SdFile :: Is () (cnucok kaTanoroB SD-kapTbl) paboTan npaBunbHO, HO HEMPaBUITLHO OTOBPaxarn
HekoTopble AybnupoBaHHble nepegayn SPI 6rnokoe B Waveforms okHoO ..

V2.1.1- mapt 2018

1) UcnpaeneHbl HECOOTBETCTBUA B HEAHITIMACKMX NOKansax ¢ s3blkoM, coxpaHeHHbIM B myArduPrefs.txt, ¢
oTobpakaeMbIMy KHOMKaMu a3bika pagno B MpegnoyuTeHust anarnor, U ¢ COOTBETCTBUEM NepeBeAEHHbIM CTPOKaM
B myArduPrefs.txt

2) PacnpeneneHue ¢ 'new' Tenepb NpMMUTE LIENOYMCIIEHHOE U3MEPEHNE MaCCKBa, KOTOPOE He ABNseTCs
KOHCTaHTOMW.

3) Haxas Ha MNepemeHHbIe MaHenb K BbINOMHEHWE MHOTOMEPHbIN MaccuBa ByaeT nokasbiBaTb JIMLLHIOW NYCTYHO
"[1' KOHcomnbHO-Napa ,

4) Ccbinka Ha anemeHT MaccuBa c 3aBepLualLLMMM NIULLHUMW CUMBONamMu (Hanpuvep, 'y[2]112') He Gbinu
obBHapyXeHbl kak oLMGKM BO BpeMsi AHanM3MpoBaTh (AONOMHUTENbHLIE CUMBOIbI MPOCTO UTHOPUPOBAIUCH).

V2.1- mapTt 2018

1) owmnbka B HOBbIX Bepcusx V2.0.x Bbi3biBan pocT Kydun OkHa ¢ kaxabiM ooHoBneHnem B MNepemMeHHble MaHenb
-- nocrne MWNMOHbI OGHOBMNEHWI (MHOTO MUHYT CTOUT BbIMOJSTHUIT), MOXET NPON30MATU COOM.

2) 3BOHKM Ha 'static'uneH dyHKUMOHaNbHbIA MOAYMb C MCMOMb30BaHMEM ABOMHOW ABOETOUMS '@ : ' 3amnuch He
yAanocb AHanM3nMpoBartb, korga BHyTpM 'if () ', 'while() ', 'for () ',aTakke 'switch() ' B ckoOkax u
Korga BHYTPW BblpaXXeHWU UCMOMb3yHTCHA B KAYeCTBE apryMeHTOB Bbi30Ba CBOOOAHO NN MHAEKCOB MaccuBa.

,V2.0.2 chepanb 2018

1) owmnbka, BBeaeHHbIn B V2.0, Boizsan ®ann | Harpyska nageHve, ecnu '#include' ykasaHo Ha
OTCYTCTBYIOLLWIA UMW MYCTOW pacLUMPEHHbIN

2) The 'l/)" HasBaHue 'One-Shot' oxxmnaanock Bmecto ctaporo 'Oneshot’; 06a Tenepb NpUHATLI.

V2.0.1- auBapb 2018

3) B HeaHrnmumnckux sa3blkoBbIX Nokansx, 'en' Gbin HENPaBUIbHO NOKa3aH Kak BbibpaHHbIN B MpegnoyvTeHus,
Aenasi BO3BpaT K aHIMMNCKOMY A3bIKy HENMOBKMM (TPeDyHoLWMM OTMEHbI BbiIGopa, a 3aTeM NOBTOPHOrO BbiGopa).

4) MNonb3oBaTenb MOr OCTaBUTb 3HAYEHWNE MONS PEAaKTUPOBaHWUSI YCTPOMCTBO pin B HEMOMHOM COCTOSIHWM
(Hanpumep, 'A_") n octaButb 6MTbl 'DATA' 'SRS:V' HENOMHLIMMK.

5) MakcumanbHoe KonuyecTso cnangepoB AHanoroBbln HbIN0 orpaHuyeHo 4 (Tenepb UCnpasnieHo 6).
6) UnoArduSim Gonblue He HacTamMBaeT Ha '=' MOSIBNSETCS B arperatHoM MHMUuanu3aumm maccmea.
7) UnoArduSim HacTosn, 4tobbl aprymeHT "inverted_logic" Obin npegoctaeneH 'SoftwareSderial () ',

8) OnepauMM casura 6utos Tenepb NO3BONAKT COBUTU ONTUHHEE, YeM pa3dMep CABUHYTOro nepemMeHHad.

V2.0- nekabpb 2017

1) Bce doyHKUMOHanMbHbIA MOAYIb, KOTOPbIE Obin 06bSABMEHbI 'unsigned' TEM He MeHee BO3Bpalliasn 3Ha4YeHus,
Kak OyaTo OHM 'signed' , 3TO He MMeNO HMKAKoro acpdekTa, ecnn 'return' 3HayeHne Obin Ha3HaYeH
'unsigned' nepeMeHHasi, HO Bbi3Basio Obl HENPaBUIIbHOE OTpULATENBHOE TONIKOBaHWE, ecnv oHo nmeet MSB
== 1, a 3aTem OH ObIN1 Ha3HayeH 'signed' NepeMeHHasi, WM NPOBEPEHO B HEPABEHCTBE.




2) Ananorosbln Cnangepbl TONbKO AOCTUIMM MakcumyMa 'analogRead () ' 3HadeHue 1022, He npaBunbHoe
1023.

3) owmbka crnyyanHo BeegeH obpatHo B V1.7.0 B noruke, MCnonb3yemom ans yckopeHust 06pabotkm cuctembl SPI.
SCK pin Bbi3Ban nepeaavy SPI 'SPI_MODE1' a Takke 'SPI_MODE3' notepneTh Heyaady nocrne nepeoro
nepegaHHoro Gavita (NoXHbIA ONONHUTENbHLIM Nepexod SCK crnegoBan 3a kaxabiM 6anTtom). Takke Obinm
oTnoxeHbl 06HoBNeHMs B none 'SPISLV' ans pepaktuposanus 'DATA' ans nepegaHHbIx 6aniToB,

4) LisetHou LED ycTtpoincTso He Bknodan 'B' (4ns cMHero ugeta) B Ka4ecTBe LIBETHOrO BapuaHTa (XoTsi 9T0 6b1no
NPUHATO).

5) Hactponku gnsa 'SPISLV' 1 '12CSLV' YcTporicTBa He Gbinv coxpaHeHbl none3osartento 'I/O" YcTporcTBa
pacLUMpPEHHbIN.

6) KonvpoBaHuve 'Servo' 3K3eMNnsipbl HE yOanoch U3-3a HEUCNPaBHOIO 'Servo: : Servo (Servo &tocpy) '
peanu3aunsi KOHCTPYKTOpa KONMMpPOBaHMUS.

7) BHe gnanasoHa 'Servo.writeMicroseconds () ' 3HauYeHUs1 ObIW NpaBUbHO OBGHApPYXXEHbI Kak ownbka, HO
yKasaHHble NpefesbHble 3HaYeHUs!, CONPOBOXAatoLmne TeKCT coodLleHms 06 owmnbke, ObinM HEBEPHLIMM.

8) 3akoHHbIN ckopocTb nepegayn 115200 He 6bin NpuHAT npw 3arpyske n3 '1/0" YeTponcTsa TEKCT paCLLUMPEHHbIN.

9) AnekTpuyeckune pin KOHPNUKTbI, Bbl3BaHHbIE NOAKMOYEHHbIM AHanorosbli Criangep ycTponcTBo, He Bceraa
oBHapyx1Banuchb.

10) B pegkux cnyyasx nepegada HeBepHOro ykasaTens CTPOKU (C OTCYTCTBYHOLLUM CUMBOSIOM KOHLIA CTPOKN) B
'String' cBo6ogHO MOXeET npmBecTu k c6oto UnoArduSim.

11) Koa MNaHenb MOXET OCHOBHOWM MOMEHT TeKyLLas CTpoKa ownbkn AHanm3mMpoBaThb B HerpaeusibHo Mogynb
nporpamma (korga '#include' Mcnonb3oBarncs).

12) 3arpyska 'l/O' YcTponcTea pacLUMpEHHBIN C YCTPOWCTBO, KOTOPbIN (HEHaanexawmm obpasomM) TOMKHYM NPOTMB
'Uno' pin 13 npuBen k 3aBucaHuo nporpamMmma npu BCnnbisatoLwwem coobLieHnm o6 owmnbke.

13) YHOApayCuM oLIMBOYHO NO3BOMMI MOMb30BaTeNb MOXET BCTaBUTb HE LLECTHAALATEPUYHbIE CUMBONbI B TX-
Oydep pacwmpsaTts okHa gns SPISLV n 12CSLV.

14) NHnumanusaums CTpoku 0ObsiBNEHUS He yaanoch, Korga 3HadeHue C NpaBoy CTOPOHbI ObINo 'return'
3Ha4yeHue oT YneHa obbEeKT-CBOOOAHO (kak B 'int angle = myservol.read();').

15) 'static' UneH nepeMeHHble UMes ABHbI 'ClassName: : ' MPedUKCbl HE Pacno3HaOTCs, eCNN OHM
NoSIBNSAOTCA B CAMOM Hayarne CTPoku (HanpumMep, Npyu HasHadyeHun Ha 6aasy - 'class' nepemeHHas),

16) npnsBaHne 'delete’' Ha ykasaTterne, CO30aHHOM 'new' Obin pacno3HaH, TOMbKO eCnu Ucnonb3oBanach
HoTauusi cBo6oAHO kpyrnasi ckobka, kak B 'delete (pptr) ',

17) UnoArduSim peanusauus 'noTone () ' HENPaBUIILHO HACTanBan Ha NpeaoCcTaBneHun aprymeHTa pin.

18) N3meHeHus, koTopble yBenuuunu rnobansHele 6anTtel 'RAM' B nporpamma, KoTopbi Ucnonb3oBan 'String'
nepemeHHble (Yepe3 U3ameHnTb/U3yunTb nnu xe ®ann | Harpyska ), MOXeT NpYBECTU K MOBPEXAEHNIO B 3TOM
rnmobansHoM npocTpaHcTee 'Uno' n3-3a yganexus 'String' lMNMpuHagnexawmi kKk152 k ctapoMy nporpaMmmMa npu
NCMOMnb30BaHUK (HEMPaBUITLHO) Ky4n, NPUHaAnexallen HOBOMY nporpaMmma. B HEKOTOPLIX Cry4asx aTo MOXeT
MPMBECTM K KPYLLEHWIO Nporpamma. XoTda BTopon Harpyska nnv AHannsmpoBaTtb pewnn npobnemy, 3ToT owmbka
HaKoHeL, ncnpasneH.

19) BosBpallaeMble 3Ha4yeHus AN Wire.endTransmission () a Takke Wire.requestFrom () 06a Obinu
npuBs3aHbl K O - Tenepb OHW UCMNPaBIEHbI.

V1.7.2- ¢beBpanb 2017

1) MpepbiBaHMsA Ha pin 2 Takke ObiNKn (HenpeaHaMepeHHO) Bbi3BaHbl akTUBHOCTBIO cUrHana Ha pin 3 (1 HaoboporT).

V1.7.1- cbeBpanb 2017

1) CBoboOHO 'delayMicroseconds () ' npou3Boann 3agepxky B Musnu-cekyHabl (B 1000 pas 6onbLue).

2) ABHbIN NnepemMeHHasi U3 'unsigned’' nepemMeHHas ¢ 6onee ANMHHLIM LENbIM TUMNOM Aan HEBEPHbI
('signed') pesynbrar.



3) WecTHaguaTepuyHblie nuTepansl 6onble Ox7FFE eCTb celyac 'long' Mo onpegerneHnio n Tak tenepb byaer
reHepvpoBaTh 'long' pesynsTUpyoLmne apudpmeTnyeckne BolpaXeHus, B KOTOPbIE OHN BOBIIEKAIOTCA.

4) ownbka, cnyyariHo BBeAeHHbIn V1.7.0, npegotepaTvn ansTtepHaTBHbIA CTUrnb C ++ nepeMeHHas YnMcroBbiX
nutepanos (Hanpumep, ' (Long)1000*3000 ' He ObIN NPUHSAT).

5) 'Serial' Bonblle He 3aHUMaAET MHOro 6anMToB B onepaTnBHOM NamATK 'Uno’', eCnm OH HUKOTAa He HYXeH
nonb3oBaTento nporpaMma.

6) O6baBNEeHHbIN Nonb3oBaTenem rmobarnbHbI NepeMeHHble DornbLUe HE 3aHMMaeT MECTO B ONepaTUBHOM NaMATH
'Uno’, ecnu oHX HMKOrga He UCMNonb3yTCS.

7) CuHIm nepeMeHHble OObsIBMEH KaK 'const',, 'enum' YYacTHMKKU, W yKasaTenu Ha CTPOKOBbIE NiuTepans,
fornbLue He 3aHMMaroLme MecTa B onepatusHor namaTti 'Uno' (4tobbl cornacutbes ¢ komnunsuymen Arduino),

8) O3Y GawitoB, HeobxoouMbIX Ans '#include' BCTPOEHHbIE OBUBNMOTEKN TENEPb TOYHO COOTBETCTBYIOT
pesynbsratam ycrioBHon komnunauumn Arduino.

9) C noMoLLblo 'new' Ha yka3aTtene daktuieckasa CTpoka 00bsBNeHUs notepnena Heygady (TonbKo no3xe 'new'
NpUCBOEHME yKasaTtento cpabortarno).

10) UcnpaeneH owmnbka, n3-3a KOTOpPOro "oxungatomi" nokas katanora Ha SD-gncke Mor Bbi3BaTb 3aBUCaHWE
nporpamma.

V1.7.0- nekabpb 2016
0) Pag npobriem ¢ 06paboTkomn nonb3oBaTenbCKUX NpepbiBaHUA TENePb NCNPaBIeH:

a) MpepeoiBaeT 0 1 1 pebpa, koTopble NponsoLwnn Bo Bpems Arduino cBobogHO, YTO GNOKM BO BPEMSI OXKMAAHUS
(kak 'pulseIn() ', 'shiftIn() ', 'spiTransfer() ', 'flush()', aTakke 'write () ') BbI3Ban owmMOKy B
MOTOKE BLIMOMHUI NpK BO3BpaTe NpepbiBaHnSA

6) Heckomnbko Konui nokanbHOro nepeMeHHble Nioboro npepBaHHOro cBO6OAHO UMENW MNOSIBASINIUCH B
MepemeHHbIe MaHenb (ogHa KOMWS Ha BO3BpaT NpepbiBaHMs), 1 3TO Obino ucnpaeneHo B V1.6.3, Ho apyrue
npobremsbl ¢ NpepbIBAaHUSMN OCTasnuCh).

B) CBoOoOOHO 'delayMicroseconds () ' HE co3daBar HUKAKOW 3aEePXKKKN, €CIN BbI3blBarcsa U3 nognporpaMmmel
npepbiBaHMs NONb30BaTENS.

r) 3BOHKM Ha BGNOKMPOoBKY kk142 Bpoae 'pulseIn () ' OT @ Hympu npepbiBaHne pyTuHa He paboTana.

1) owmnbka, BBeAeHHbIN B V1.6.3, BbI3Ban notepto 06HoBNeHWs 3HavyeHus B MepemeHHble MaHenb npu
BbIMOSTHEHWM, KOT4a 3HAYeHWS ENCTBUTENBHO MEHSNUCH (3TO MPOMCXOAMITO TOMbKO nocne AByx unu 6onee Cton
unu meHio NMepemOGHOBUTL AelicTBMSA nornb3oBaTens). Kpome Toro, korga BeinonHuTb [1o 6bin caenax nocne
PaspewmnTb cokpalueHue 6bin Bbi3BaH, MepemMeHHble NMaHenb n3penka He nepepucoBbiBarcs (MO3TOMy CTapble
3Ha4yeHus n local-nepemeHHbIE MOMMN NOSIBUTBHCS TaMm A0 cneaytowero Lar).

2) The Kop MaHenb Bbigensas nosegeHve LWar Bokpyr komaHga MOXeT NokasaTbCs BBOASLLEN B 3abnyxaeHve B
'if () -else' Uenu - Tenepb 3TO UCMPABIEHO (XOTS AeNCTBUTENbHAsS PYHKLMS CTENMNUHIA Oblfia NpaBuITbHON).

3) CeoboaHo 'pulseln () ' HeENpaBWUIIbHO YCTaHOBWUII TaﬁM-ayT B MUnnncekyHaax BMecto MMKPOCEKYH[ - OH
TaKXe HernpaBwuI1bHO nepeaanyckan TaVIM-ayT, Korga nepexoabl Ha HEeaKTUBHbIN N aKTUBHbIN YPOBHM Obinn BrnepsBble
3aMeYyeHbl.

4) NUcnonb3osaHue nutepanos HEX mexay 0x8000 a Takke OxFFFEF B 3afaHusX Unu apudmeTuke ¢ 'long'
Lienoe Y1cro nepemMeHHbIe Aano HenpaBuibHble PesynbTaTthl M3-3a HENPOBEPEHHbBIN 3HAK-pacLUMpeHue.

5) [llepenava unu BosBpalleHne 'float' oT NobOro 'unsigned’' LENOYNCNEHHBIA TUN CO 3HaYeHnem MSB = 1
Jan HeBepHble pe3ynbTaThl N3-3a HEUCMNPABHOCTU 'signed' WHTeprpeTauus.

6) Bce 'bit_ () ' dpyHKUMOHAmbLHBIN MOAYMb TENEPb TaKKe NPUHMMAaET onepauun Ha 'long' -pasmep
nepemeHHble u Tectbl UNnoArduSim Ha HegonycTumble GUTOBbIE MO3NLMK (KOTOPLIE BLIXOOAT 3a Npeaensl pasmepa
nepemeHHasl).

7) HeBepHbiin BBOA B none pegaktuposaHus 'Pulse’ (umpuHa) Ha 'PULSER' YcTponcTBo Bbi3Ban nospexageHue
3Ha4eHus 'Period’ (o Tex nop, noka He BygeT McnpaBneHo crneayroLen 3anucbio peaakTUpoBaHus
none3osatenem 'Period’).



8) Yoanenwue 'PULSER' nnn 'FUNCGEN' yctponcTtso ¢ nomoLsio MeHio KoHduryprposaTh He yaansno cBou
nepuoanyeckmin curHan ua pin, KotopbiM oH ynpaensan (Copoc bonbLue He TpebyeTcs).

9) Bo3amMOXXHOCTb MHUUmManu3aumm 1-D 'char' maccuBa CO CTPOKOW B KaBbl4Kax OTCYTCTBYET, (Hanpumep, 'char
strg[] = “hello”; ')

10) WectHaguatepuyHbin gucnnen B pacwmpatb 'SERIAL' unn 'SFTSER' Monitor okHa nokasbiBarn HEBEPHbIN
CTapLnin 3Ha4aLmn cMMBON AN1s 3Ha4YeHu 6anTos 6onbLue 127.

11) Ocumnnorpamma okHa He oTpaxkanu nporpaMmMHble U3MEHEHNs Nonb3oBaTtens, caenaHHble ‘analogWrite()'
xoTza HoBoe 3HaueHne 6bino nnbo 0%, nnbo 100% paboyero umkna.

12) Peannsaums 'Serial.end () ' cenyac ucrnpasneHo.

13) A myUnoPrefs.txt paclumpeHHbin ¢ 6onee yem 3 cnoBamu B ogHow cTpoke (unu npobenamu B 'l/O*
YcTponcTsa ViMsA pacluMpeHHbIn) MOXET Bbl3BaTb COOW 13-3a HEUCMPABHOIO BHYTPEHHErO yKka3aTtens.

14) ®duHanbHasa ctpoka 'I/0" YecTponcTBa paclUMPEHHbIV He ObiiT NPUHAT, eCnn 3TO HE TaK 3aKkaH4Yueaemcs
nepeeodoM CMpoKuU,

15) [lobaBneHne bonee YeTbipex criangepoB AHaNOroBbIA NPUBENO K MOMYanvMBoMy owwnbka, KOTopbI
nepesanucan LED 'l/O' yctponcTtBo ykasatenu

16) HaunHas ¢ V1.6.0, aHanoroBbIn ocuunnorpamma o6pasLoB AN nepeasi MOJI08UHA KaXA0ro mpeyaosibHUK
ocuunnorpamMmma 6b1nn Bce HyJsb (13-3a onbKa B BbIYMCNEHUM Tabnuubl ocumniorpammMa).

17) denatb NoBTOPHLIN BbinonHuTb [lo Korga Ha NIMHWM TOYKa OCTaHOBKM borblue He TpebyeTcst HECKOMbKO
KITMKOB 3a aBaHC.

18) MNepepava agpecHbIX BbipaXXeHUn napameTpy cBo60AHO CBOOOAHO He Obin NpuHAT CUHTaKCUYeCcKni
aHanusartop.

19) PekypcuBHbIN (OyHKLMOHANbHLIN MOAYITb, KOTOPbIA BO3BpaLLlan BbipaXXeHus, coaepKallme ykasartenb unm
pa3biMEHOBaAHHbLIE CChISTIKU MAcCcuBa, 4arn HeBEpHbIe pe3ynbTaThl M3-3a copoca ¢raroB "roTOBHOCTU" B 9TUX
Bblpa>XeHNAX KOMMOHEHTOB.

20) npu3BaHue 'class' uneH-pyHKUMOHANbHBI MOAYMb Yepes 060l ykazamesb 06LeKkm nepemMeHHas unu
ebipa)keHue yka3zamersisi He paGoTan

21) Nonb3oBaTenb (PyHKUMOHANbHbIA MOAYIb, KOTOPLIA BO3BPATWI 3HAYEHME OOBEKTOB, TONMLKO YCNELLHO
BO3BpaTMWI1 CBOE 3HAYEHME NPU CaMOM NEPBOM Bbl30BE CBOOOAHO €cJsiu OHY BEPHYNUN 6e3bIMSIHHbBIN NOCTPOEHHbIV
00bekT (Bpoge 'String ("dog") ' - Npy NocreayoLmx Bbi3oBax BO3BPAT OblN NPONyLLEH N3-3a 3aCTpsBLUETO
dnara "rotoso".

22) Tam He ObINO HMKAKOM 3aWwmThl, YTOObI NpegoTBpaTuTe KoMaHay OKHa | 'Serial' MoHuTop FPom gobasnss
HOBLIN 'Serial' YCTPOWCTBO, KOrga Ha caMmoM Aene He Obino MecTta Ans SToro.

23) Ecnu pobaeneHne hmKCcMpoBaHHOTO pin yCTpoKcTBO (Hanpumep, 'SPISLV') Bbi3Bano BChnbiBawLLee
coobuieHune pin koHPNUKT, JlabopaTopHasa Ckambsa MNaHenb nepeprcoBKa MOXET NokasaTtb Aybnvkar "npuapaka”
YCTPOWCTBO HanoxeHue camoro npaeoro 'l/O' ycTpocTBO (00 criegyoLwen NepepucoBKn).

24) VicnpaBneHbl HEKOTOPble NPobnembl ¢ HeHaaeXxHbIMU 3BykKamm 'PIEZQO' ans Henepuognyeckmx curHanos pin.
25) 'PROGMEM' nepeMeHHble Tenepb Takke AOMKeH ObiTb ABHO 06BbABNEH Kak 'const' foroBopuTbes ¢ Arduino.

26) "HeT mecTa B kyye" Obin HenpaBunbHO NOMEYeH Kak owmbka BbINONHWUI, Korda 'SD.open () ' He yAanoch
HaWTW Ha3BaHHbIN PacLUMPEHHbIN UNKN ' openNextFile () ' JOCTUr NOCNEAHErO pacLUMPEHHbIN B KaTanore.

27) CuHTakcmn4yeckmm aHanna3aTtop owmnbka HenpaBuUibHO NPpMHUAMAI 3akpbiTUEe HE NO MeCTY U30OIrHyTasA ckobka '},

28) owubka c NMepemeHHbIe MaHenb VicnpaeneHo yaaneHne nocne Bo3Bpata KOHCTPYKTopa member-o6bekT
(owwnbka NnpumeHsieTcs TonbKo Ans 06bLEKTOB, KOTOPbIE CaMy COAepKaT ApYrne 0ObEeKTOB B KAYECTBE YNEHOB).

V1.6.3- ceHTa6pb 2016

1) MecTHbIN NepemMeHHble Nboro npepBaHHOro cBoboaHo He yaansnca n3 NepemeHHble MaHenb npu
npepbiBaHMK 3anucu cBobodHO, BeayLLeM K HECKONbKUM KOMUAM MOSABNSAETCH Tam Npu BO3BpaTe npepbiBaHus-
¢B060OAHO (M BO3MOXHOIO BO3MOXHOIO BbIMNONHWM owmbka nnu cbon).



2) OcumnnorpamMma okHa He oTpaxkanu NporpaMMHble U3MEHEHUSI B 'analogWrite () ' K HOBOMY paboyemy
uukny 0% mnm 100%.

3) WectHaguaTepuyHbin aucnnen B pacwmnpats 'SERIAL' nnmn 'SFTSER' Monitor okHO noka3sbiBan HEBEPHbI
cumBon MSB ans 3HayeHun 6anToB 6onblue 127.

V1.6.2- ceHTa6pb 2016

1) BbizoBbl CBOGOAHO, cAeNaHHbIE C HENPABUITbHBIM HOMEPOM UMM TUMOM apryMeHTOB, HE CreHepupoBarnu
COOTBETCTBYMOLLEee coobLeHne 06 owmbke AHaNM3NpPoBaTh (TONbKO MNOSABMIOCH 06Llee coobLueHme
"HepencTButensHbIn naeHTudukaTop").

2) The UHcTpymeHT-Bar KHonka cbpoca Tenepb paboTaeT Tak xe, Kak u kHonka cbpoca 'Uno' Bepcusa ans Uno.

3) TekcT owmbkmn AHanuanposaTb Gonblle He 0bpe3aeTcsi nocne 16 cumBonoB 6e3 MHOrOTOUMS.

V1.6.1- aBrycrt 2016

1) B V1.6 Bepcus 'Uno’ Bepcua ana Uno B myArduPrefs.txt paclumpeHHbIi, KOTOPbIN OTMYancs oT 3HavyeHus
BEPCUK 2 MO YMOMYaHMUIO, BbI3Bas UCKITOYEHNE Npu 3anycke (M3-3a HeMHULManNm3MpoBaHHOIo cobbiTust pin 13).

2) WsmeHeHMe 3HaYeHnsa nepemMeHHasa ABONHbIM LLenYkoM Mbilin B MepemMeHHble MaHenb MOXeET Bbi3BaTb
OLUMBOYHbIE BCMIbIBAKOLLME OKHA C COOBLLEHNSIMM 06 OTCYTCTBMM BbIAENEHUSA NAMSATK (4151 Nporpammbl C fo0ObIM
nonb3oBaTenbCkuUM 'class’').

3) 'SoftwareSerial' He paspelunn AOCTYN K 'write (char* ptr)' aTakke 'write (byte* ptr, int
size) ' yHKUMOHANbHLIA MOOYIb M3-3a HEMCMPaBHOrO OOHapPYXeHWUs1 Neperpy3kn cBo6oaHO.

4) WcnpaeneHa npobnema c aBTOMaTM4eCKMM BKIOYEHMEM COOTBETCTBYHOLLErO ".cpp” pacLUMpEeHHbIN ans
n3onunpoBaHHoro .h "énbnmorteyHoro TnNa" '#include’',

V1.6- noHb 2016

1) B V1.5 aBtromatunyeckun otctyn Ha kntode 'Enter' B UsmeHnTb/U3yunTb (Npu BBOAE HOBOWM CTPOKM) ObIN
NnoTepsiH.

2) Tenepb gobaeneHo obHapyXeHWe pin KOHMMUKTYET C, MOAKMIOYEHHOIO K BHELLUHEMY YCTPOWCTBY C BbICOKON
nposogumocTbio 'I/O' YeTponcTtea 'Serial' pin 1, Ha SPI pins SS, MOSI un SCK, Ha 12C pins SCL n SDA (Bce,
Korga COOTBETCTBYHOLLME 'begin () ' HasbiBaeTcs), a no nobomy obbsaBreH 'SoftwareSerial' TX pin.

V1.5.1- nioHb 2016

1) B V1.5 HoBble aganTupyemble K Teme LBeTa cuHTakcuca OCHOBHON MOMEHT He KaxKabIVi pa3 KOPPEKTHO
cbpacbiBanucb U3MeHUTL/U3yunTb Obin OTKPLIT, M NO3TOMY (C TeMOM Ha 6enom oHe) Bbinv NpaBUNbHBIMU
TOMNbKO KaxKabli BTOPOW pas.

2) lMpepbiBaHne 'RISING' a Takke 'FALLING' YyBCTBMTENbHOCTL Obina Hanpomusg k hakTuyecKom
NonsipHOCTM Kpasi 3anycka.

V1.5 - man 2016

1) owwnbka, NnpeacTtaeneHHbIV B V1.4.1, npegoTepallaeT nepeaady rofibix CTPOKOBbIX NMMTEPAnoB B YMeH
bYHKLMOHAabHBIN MOAYIb, KOTOPbIA Oxuaan 'String' oObeKT, Kak B 'mystringl.startsWith ("Hey") ',

2) A owwubka B opurmHane SD peanusaums UnoArduSim paspelueHa Tonbko SD 4OCTYN C NOMOLLbIO 3BOHKOB
'read () ' aTakke 'write()' (ooctyn yepes 'Stream' (YHKLMOHANLHBLIN MOAYrb ObINO
npesoTBpaLleHo).

3) 'R=1K' Non3yHKoBble NepeknoyaTen He NepepmnCcoBbIBANNUCH SOMKHBIM 06pa3om Npu nepemMeLLeHnm
NonayHka.

4) OtmeHa B guanore Confirm-CoxpaHuTb paclUMpeHHbI OIMKEH OblT NPeAoTBPaTUTb BbIXOA U3 MPUMOXKEHMS.



5) OTcyTcTBYyeT 3aKkpbiBaloLLas uuTata unu 3akpbiBatrowas >' -kpyrnasa ckobka ansg nonb3oBaTens pacluMpeHHbIN
'#include' npuBegeT K 3aBUCAHUIO

6) WcnpaeneH owmnbka B NoACBETKE CMHTAKCUCA 'String' W nonb3oBatenb 'class' UK ke 'struct'wu
paclUMpeHHoe BblaeneHue, YTobbl BKMIOYNTL  KOHCTPYKTOP CBOGOAHO BbI3bIBAET.

7) VicnpaBneHbl He3HavuTenbHble Npobrnembl B U3MeHUTL/U3y4nThb C M3MEHEHUSAMY TEKCTa / BbiAENEHNS 1
3abpaTb KHOmMKa.

V1.4.3 - anpenb 2016

1) C nomoubto KoHdmrypupoBarth | 'I/O" YcTporcTBa [JoGaBneHne HOBOro YCTPOWCTBA, a 3aTeM nocnegytollee
yOoaneHne ogHoOro U3 aTMx HedaBHO A0GaBMNEHHbLIX YCTPOMCTBa MOXET NPMBECTH kK cOOI0 Npu nepesarpyske Unm k
npekpaLeHunto paboThl Apyroro yCTponcTBO.

2) Mogudmkaums ' String' nepeMeHHasi 4BOMHbBIM LenyYkomM Mbiwn B NMepemMeHHble MaHenb He yaanoch
(HOBbIM 'String' GbIIO MPOYMTAHO HEMPABUIIBHO).

3) WNameHeHus Pin Ha 'FUNCGEN' n 'PULSER' YcTpoiicTBa He pacno3HaBanuch 4O TeX Nop, Noka He Obin
BbIMOSTHEH MepBbI copoc.

V1.4.2 - mapT 2016

1) V1.4.1 nmen eeedeHbl Heyaa4Hbln AHaNM3nMpoBaThb OLMOKa, KOTOPbIV NPENATCTBOBAS BbINOMHEHWIO 3a4aHUi C
yyactnem noboro 'class' o6bLEKTOB (B TOM yucre 'String' ).

2) HenonHoe ncnpasneHue ownbka, caenadHoe B V1.4.1, Bbi3Bano 'unsigned' 3HayeHus Tuna 'char'
neuartatb kak cumBorbl ASCII, a He Kak UX LenoYncrieHHble 3HaYeHuns.

3) CnoxHble apryMmeHTbl Bbl30Ba cBo6oaHO B BblpaXXeHuAx-4neHax He Bcerga pacno3HaBaliMCb Kak 4OonyCcTuMble
COOTBETCTBUA NapamMeTpoB cBoboaHo.

4) Bce uenoyncrneHHble nutepansl U BbIpaXeHUs Obinn CANWKOM BEMNWK 'long') W, criedoBaTenbHO, BbIMOMHMI
He oTpaxaeT ¢ghakmuyecKull NnepenonHeHns (40 oTpULaTenbHOro 3Ha4YEeHNs), KOTOPbIE MOTYT BO3HUKHYTL B
Arduino npu onepaumsax CroXeHus / YMHOXEHWS, BKITIOYaOLWMX 'int' pasMepHble 3Ha4YeHus.

5) BblpaxkeHusi, BKMovatoLme CMechb 'signed' a Takke 'unsigned' LeNOYMCREHHbIE TUMbI HE BCerga
O6pa6aTb|BaJ'|l/|Cb AOOJIKHbIM o6pa30M ( 'signed' 3Ha4vyeHune 6y,£|,eT HernpaBWuJiIbHO paccMaTpuBaTbCA KakK
'unsigned' ).

6) B cnyyasx pin-KoHGNUKT coobLueHnst 06 owmnbkax "value =" moryT oTobpaxaTtb ycTapeBLUME 3HAYEHUSI pin gaxe
nocne C6poc 13 npegplayLero KOHMKT, KOTOPbIV NOMb30BaTENb YXKE OYUCTUN.

V1.4.1 - auBapb 2016
1) 3BOHUT 'print (char) ' Tenepb nevatante npasBusibHO Kak cumBorbl ASCII (a He YiCnoBblE 3HAYEHNWS).

2) OTBeT Ha npepbiBaHWe Tenepb BKIIOYEH MO YMOMYaHuWio, Korga 'attachInterrupt () ' HasblBaeTcs, Tak YTo
GonblUe HET HYXHO B BalleM 'setup () ' NMO3BOHUTL B pa3pelualowunii cBoGoAHO 'interrupts () ',

3) Heckonbko '#include' 3K3eMNnsipbl NONb3oBaTens gann u3 BHYTPWU OAHOro paclUMpPEHHbIN Tenepb
obpabaTbiBaloTCs NpaBUITbHO.

V1.4 - pexabpb 2015

1) A daeHuwHul owunbKa HeNpaBUIIbHO NMOMeYeH AesTeHUsT Ha HOJIb YCIIOBYE NpU AefleHnn Ha ApoGHoe
3HaYeHne MeHbLUEe eauHULbI.

2) WcnpaeneHa 'SoftwareSerial' (KOTOpbIN ObIn criyYanHO crioMaH Ao0aBneHHbIM 'class' -MpoBepka
npaBunbHOCTK YneHoB B V1.3  pennsos).

3) B KOHLEe CTpOKU 3BOHKM CBODOAHO C NPOMYLLEHHON TOYKOW C 3anaTon He Obinn nepexsaveHsbl, 1
CuHTaKcmyecknin aHanmMaaTop NponycTuUr CNeayoLLyo CTPOKY.



4) lMnoxo oTdhopmaTnpoBaHHbIv 'I/O' YeTponcTBa TEKCT paclUMpeHHbIN Bblgan HenpasunsHoe coobeHve 06
oLumnbke.

5) AHanuaupoBatb VMcnpasneHa owmnbka NoacBeTKU HEMPaBUITbHON (CMEXHO) CTPOKM B MHOTOCTPOYHbIX
BbIPaXX€HMWSIX U BblpaXKEHNAX

6) Jlormyeckoe TecTpoBaHUe yka3saTtenen ¢ ucnomnb3oBaHveM 'not' (! OnepaTop Gbin NEpPEBEPHYT.

V1.3 - okTta6pb 2015

1) HenpaBunbHasi BHYTpPeHHsI1 06paboTka BriokHoTa nepemMeHHble, Bbi3BaHHas CryyYalHbiM NpeBbilleHa
MaKcuManbHas rinyérHa BnoxeHus 6nokHoTa "Ownbkm AHanM3nMpoBaThb.

2) CkobGkun 8Hympu 00uHapHbIX KaBblHEKN3OTHYTbIe CKOOKKN, TOuYKa C 3ansaTou, parentheses BHYTPM 3aKIHOYEHHbIX
B KaBbIYKWN CTPOK M SKPAHUPOBaHHbIE CUMBOSbI 06pabaTbiBanCe HENPaBUIbLHO.

3) MaccuBa ¢ nycTbiM namepeHnemM n 6e3 cnucka nHnumanmnsaumm Boi3san 3asncaHne RESET, a maccuBbl TONbKO
C OOHVM 3M1eMEeHTOM He Oblin 3anpeLleH (M Bbi3Barn UX HEBEPHYIO MHTEPNPETaLMI0 Kak HEBEPHO
WHULManNn3MpoBaHHbIN yKasaTernb).

4) NHorga ownbkm AHanManpoBaTb MHOTAA NPUBOAAT K HEMPaBUITbHON (CMEXHOW) CTPOKE OCHOBHOW MOMEHT.

5) MNMepepava ykasartens Ha He-'const' kK cBOGOAHO NPUHUMAET yKasaTernb Ha 'const' ObINoO 3anpeLleHo (a He
HaoboporT).

6) BblpaxeHus MHMUManu3aTopa HenpaBUibHO HacreayTcs ' PROGMEM' KnaccuduKkaTopbl M3 NepeMeHHas
NHULIMANU3npyoTca

7) ' PROGMEM' y 0GbsIBNIEHHOMO NepemMeHHble Bbinl HenpaBUITbHO NMOACHUTaH pasmep Ux 6antoe deaxdbl NPOTUB
nx BolgeneHuns namatun 'Flash' Bo Bpemsi npouecca AHannsmpoBsartb.

8) MNevaratb B 'Send’ pegaktuposatb Awmk '[2CSLV' nHorga Bei3biBaeT cbor M3-3a 'sscanf' owmnbKa.

9) 3arpy3ka HoBOro nporpamma c HoBbIM 'l/O' YcTponcTBa paclUMpeHHbI B CBOEM KaTanore MOXeT Bbi3BaTb
HeaKTyarnbHbI€ pin KOHIMKTYET C cmapbll pin HAanNpaBneHUs.

10) OkpaHupoBaHHag nocrnegoBarternbHasi 06paboTka CMMBOOB Oblna HEMPaBUIIBHO NPUMEHEHA K NOMYyYEHHbIM, a
He nepefaHHbIM, NocnegoBaTenbLHOCTAM CUMBONOB B (6onbLumx) Bydepax 'Serial Monitor' okHo.

11) 'while()' aTakke 'for () ' NMeTnu C COBEPLUEHHO MYCTbIMM TeNnamMu, TakKumMu Kak 'while (true) ;' unm
Xe 'for (int k=1;k<=100;k++) ; ' nepegan CUHTaKCUYECKMIN aHanM3aTop (C npeaynpexaeHnem), Ho
notepnen Heyaayy BO BPEMS BbIMOMHUI ..

V1.2 - nwoHb 2015

1) CamblIin NpocTol nonb3oBaTenb PYHKLUMOHANbHbIA MOAYMb, KOTOPbIA 3BOHMN Nbo 'digitalRead () ' nnu
'analogRead () ' nnmMxe 'bit () ' MOr UCNopTUTb NX (CaMbll NEPBLIN) OO BSABNEHHbIV NTOKaNbHbIA NepeMeHHas
(ecnu ecTb) U3-3a HEAOCTATOYHOIO BbIAENEHHOIO NPOCTpaHCcTBa GnokHOTa cBOOOAHO (ecnu 6bl TONbKO ABa GanTta
BnokHoTa 6binNM BblgeNeHbl B CaMOM Havane cteka cBoboaHo). JTioboe uncnoBoe BbipaxeHue BHyTpU cBo60aHO
[0CTaTovHO, YTOObI BbI3BaTh 4-6anToBOE BhlAerneHne 6rokHoTa, U NO3TOMY u3beraeT aTon Npobnemsl. AToT
Hey[ayHbIl oLwmMbKa CyLecTBYET C MOMEHTa Bbixoga nepson Bepcumn V1.0.

2) OyHKUMOHANbHbIV MOAYIb, KOTOPbLIE ABMATCA 'void' C paHHMM SBHbIM 'return' u He 'void'
PYHKLMOHanNbHbIN MoAyrb ¢ 6bornee 4eM ogHVMM 'return' 3asBreHue, OyaeT BUAETb NPOBan BbINOMHMIT HA
3aKpbIimue uzoaHymas ckobka (ecnu ato Obino JOCTUTHYTO).

3) nobon 'return' 3asBNEeHUS BHYTPU 'if () ' OTCYTCTBYIOLUME KOHTEKCTbI U3OTHYTblE CKODKMN NpuBenmu K
oLnBOYHOW Lienu Bo3BpaTa K Bbi3blBatoLLell CTOPOHE.

4) 'PULSER' u 'FUNCGEN' gnutenbHocTb MMmnynbca unm nepuogpbl 3HavyeHus 0 MmoryT Bbi3BaTb cboin (0 Tenepb He
paspeLlen).

5) Tam, rae He BbINo N3orHyThle CKOOKK, 'else' NpogormkeHus nocrne 'if () ' He cpaboTano, ecrnv oHu
crnegoBanu 3a 'break' , 'continue' , Unum xe 'return' ,

6) KOrja MHOXeCTBEHHbIN 'enum' user- ObINW caenaHbl 3afABNEHUsT , KOHCTaHTbl OnpeaerneHsl BO BCEX,
KPOMeE camoro nepBoro 'enum’' MOPOXAEHHbIN HENCMNPABHbIA 'enum' HecooTBeTCTBME" OLMOKK



AHanunsnpoBatb (3TOT owwmbka 6b1n BBeaeH B V1.1).

7) HyneBon ngeHTtundmkatop camoro nocnegHero napametpa cBo604HO NpOTOTUN BbI3Bas OLUMOKY
AHanuaunpoBaTb.

8) BbinonHutb [lo Toukn OCTaHOBa, YCTaHOBIEHHLIE HA CMOXHBIX NMUHKSAX, He Beeraa o6pabaTtbiBanvch JOMKHbLIM
06pa3om (1 MO3ITOMY MX MOXKHO BbINO NPOMNYCTUTL).

9) 'HardwareSerial' aTakke 'SoftwareSerial' ucnonb3osarscs 3akpbiTbid TX-oxugarowmm bydep
peanusaumn, KOTopbIn He Bbin ounieH Ha CBpoc (YTOOLI MOIMKU NOSABUTLCA OCTaBLLUMECH CUMBOSbI NOCEaHErO
BpeMeH!).

10) CuHTaKcuyeckuin aHanM3aTop He yganochb NPOBEpPUTb Ha HE3AaKOHHOE nepeknoyeHme 6utos 'float'u
nonbITka apudMETUKM yKasaTerns ¢ HegonyCcTUMbIMU onepaTopamu.

Vi.1 - mapt 2015

1) iugekcbl MaccumBa, koTopble 6binn 'byte' nnm xe 'char' pasmep nepemMeHHble Bbi3Ban HeNpaBuibHble
CMeLLeHMs MaccuBa (ecnm cocegHuii nepeMeHHas cogepxan ctapimn 6ant, otnnyHein ot 0).

2) Mpwu normyeckom TECTUPOBaHWUM yKa3aTemne NPoBEPSIETC 3HAYEHe-yKasaTellb Ha HEHYIIEBOE 3HaYeHne, a He
camo 3HayeHue ykasarers.

3) nobon 'return' 3asBNEHUS BCTPOEHbI BHYTPU 'for () ' nnuxe 'while () ' netnu 6binn HeENpaBuNsLHO
obpaboTaHbl.

4) Cnnckx arpermpoBaHHON MHULManNu3aunm anst MaccuBbl U3 0ObEKTOB UM 0OLEKTOB, CoAepKaLLme apyrme
00BLEKTOB / MAcCKBbI, MU MOSTHOCTLIO MYCTblE CMMCKU MHULManu3auum, He obpabaTtbiBannch SOMKHEIM 06pasom.

5) [ocTyn K 'enum' 3HAYE€HUS YNEHOB, UCMOMNb3ylOLWME " EnumName " . NpedUKC He NOOAEPKMBAETCS.

6) MiHuumanusauns cTpokm obbaBneHns 'char[ ]' MaccuBa C LMTUPOBAHHBLIM CTPOKOBLIM NMTEPArioM He
pabotan.

7) MaccvBa, nepefaBaeMbii B cBOOOOHO 0e3 npeaBapuTenbHOM MHULManu3aumm, 6bin HenpaBuilbHO NOMEYEH C
OLUMBKOM "MCNONb3yeTcsl, HO HE UHULMANN3MpoBaH".

8) BblpaxeHus ykasatensa ¢ MMeHamu mMaccmaa Gbinu HenpasunbHO o6paboTaHbl.

9) NapameTpbl CBOOOAHO OObSBMEHDI KaK 'const' He OblNM NPUHATHI.

10) Pin AHanoroBblit OcUMnIorpaMMo OkHO He oTobpaxan curHansl LUAM ( ' servo.write () ' a Takke
'analogWrite () ' ).

11) OnemMeHT PYHKUMOHAmbHbIN MoAyrb, AOCTYN K KOTOPOMY OCYLLECTBINAETCS C MOMOLLbIO YKa3aTens 00bekT, Aan
HeBEepHbIN JOCTYN K ANIEMEHTY.

12) CurHarnbl He 06HOBNSANUCH, korda BbinonHUTb o TOYKka OCTaHOBKW OblNT JOCTUMHYT.

13) MogenvipoBaHve pacnpegeneHnsi pErMcTpoB MOXET 3aBepLUMTbLCS OLMGKOM, Koraa napaMeTp cBoGOAHO Obin
UCMONb30BaH HEMOCPEACTBEHHO B Ka4YeCTBe apryMeHTa aJisi Apyroro Bbl3oBa cBo604HO

V1.0.2 - aBrycr 2014_
McnpasneHo ynopsigodeHue A0-A5 pins no nepumetpy 'Uno' Bepcus gns Uno,

V1.0.1 - moHb 2014 _
VcnpaBrneH owwmbka, KOTopbI ype3arn MOHTa)Hble MacTbl, KOTOpble ObInn B Tpy pasa bonblie, YeM Yncrio 6anTtos
B OpUIMHaNbLHOM nporpaMma.

V1.0 - nepBbi# Bbinyck Maun 2014



YaHrES / YnyJywenusn

V2.3 pek. 2018

1) OrtcnexuBaHue Tenepb BKNoYeHo Ha MHcTpymeHT-Bar 'l/O S' NON3yHOK 41151 HENPEPLIBHOIO U rMagKkoro
MacTabupoBaHue 3HadeHui /O ycTponcTBo, KOTopble Nornb3oBaTternb obaBun k Gykee 'S'.

2) Hoeblii 'LED4' 'l/O' ycTponcTBo (psig 13 4 ceetoanonos Ha 4 nocsiedoeamesibHbIX HOMepa pin) 6bin
pobasneH.

3) HoBbi '7TSEG' 'l/O' yctponcTso (7-cermeHTHbIn LED uudpa ¢ kogom dyHkumoHansHble Moaynu Ha 4.
nocnedoeamesnibHbIX HOMepa pin 1 ¢ akTUBHO-HU3kMM CS * BbiIbepuTe BXx0A), 6bin fobaBneH.

4) Hosbii 'JUMP' [Jo6asneH 'l/O' ycTponcTBO, KOTOPLIA AENCTBYET Kak nepemMblvka mexay Asyms 'Uno’ pins. 3T1o
no3BonsieT 'OUTPUT' pin ANS NOAKMIOYEHNs K ' INPUT' pin (CM. Bbilwe yCTpOMWCTBO AMnst BO3MOXHOIO
NCMNOrb30BaHUSA 3TON HOBOW PYHKLUN).

5) Hosbii "'OWISLV' 'l/O' ycTponcTBO ObiyT OOABMNEH M CTOPOHHUIA '<OneWire.h>' OuMOnNuoteka Tenepb MOXeT
ObITb MCMONb3oBaHa C '#include' Tak YTO NOMb30BATENb NPOrpamMMbl MOXET NPOBEPUTL B3aMMOLENCTBME C
HebonbLIMM NOAMHOXECTBOM WnHbI '1-Wire' YcTponicTBa.

6) The BbinonHuTb MeHio Copoc Tenepb koMaHAa nogknoveHa k COpoc KHomMka.

7) [Ons 6onbluen scHocTh, korga UckyccTBeHHbIN loop()’ 3agepkka BbiOpaH nog OnumMmu MeHto, onbIT
'delay (1) ' BbI30B JobOaBnsieTCsl B KOHEL, LKA BHYTPY 'main () ' - TeNepb 370 HACTOsLLAsA 3aepXkKa,
KoTopasi MpepbIBaeTCs Nob30BaTeNbCKUMK NpepbiBaHuaMM, 'Uno’ Kk164 2 u 3.

8) OJnekTpuyeckue pin KOHPANKTYET C C OTKPbITbIM CTOKOM unu no Beibopy CS, 'l/O' YcTponcTea (Hanpumep,
I2CLV nnn SPISLV) Tenepb 06bsiBNEHbI MOJIbKO K020a UCMUHHbIU KOHGSIUKM rpoucxodum eo epems
8bIMOJTHU/IBMECTO HEMELEHHOW OLLUMOKM NPY NEPBOM MOAKMOYEHNN YCTPOMCTBO.

9) CBoboaHO 'pulseInLong () ' Tenepb ¢ TOYHOCTbLIO A0 4-8 MUKPOCEKYHA MOXHO cornacuTtbes ¢ Arduino
(npeablgyLast ToMHOCTL Bbina 250 MUKPOCEKYHA).

10) Owmnbku, NnomeyeHHbIe BO BpeMsi UHMLUmManusauum rnobanbHOro nepemMeHHasi, Tenepb OCHOBHOM MOMEHT, UTO
nepemeHHasi B Kog NMaHensb,

V2.2 noHb 2018

1) Ha CoxpaHuTb nnoo u3 MNpeanoyteHunsa guanor unu n3 Kondmrypumposarts | '1/O’ YcTponcTea,
"myArduPrefs.ixt" paclumpeHHbIN Tenepb COXpaHAETCA B Katanore 3arpy>keHHOro B JaHHbIi MOMEHT NporpaMma -
Kaxxabln nocnegyowmii ®amn | Harpyska satem asTomatuyecku 3arpyxaet "myArduPrefs.txt" paclumpeHHbIv
BMecTe C ykasaHHbiMM I0ODevs paclumMpeHHbIn U3 TOro XKe kaTanora nporpaMmma.

2) CB0o60aHO 'pulseInLong () ' 6bIN OTCYTCTBYET, HO Tenepb Obin obaBneH (nonaraetca Ha 'micros () ' onsd
€ro N3MepeHuin).

3) Korga nonb3oBatene nporpamma genaet '#include' u3 '*.h' pacwupeHHbii, UnoArduSim Tenepb Takke
aBTOMAaTMYECKUN NbITAETCs 3arpy3nTb COOTBETCTBYHOLLUMIA '* .c' pacCLUMPEHHbIA ec/iu COOTBETCTBYHOLWMNIA '* . cpp'
pacLUMPEHHbIN He Obln HanaeH.

4) ABTOMaTu4eckas BCTaBka close-M3orHytasi ckobka '} ' (rmocrne Kaxkaoro BCKPbITUS M30rHyTas ckobka ' { ' ) Obin
nobasneH B MpegnoyteHus,

5) HoBbln OnumMKn BLIGOP MEHIO TEMEPb NO3BOMSET 'interrupts () ' BbI3bIBATLCA U3HYTPW NOANPOrpaMmbl
npepbiBaHMS NOMNb30BaTENs - 3TO TONbKO AN 0bpasoBaTenbHbIX Lienen, NOCKOMNbKY Ha NpakTuke cnenyeT nsberatb
BIOXEHWNsI NpepbIBaHWN.

6) NepemeHHas ykasaTenen Ha 'int' 3HaveHWe Tenepb NOAAEPKMBAETCS (HO NMOSIBATCSA BCMIbiBatOLLEe
CoO0O6LLEHNE C MpeaynpexaeHnem).

7) UnoArduSim Tenepb nogaepxmMBaeT NOMEYEHHbIE CTPOKU NporpaMmma (Hanpuvep, 'LabelName: count++;'



Ansa yno6cTea nonb3oBatens (HO 'goto' BCe €Ll 3anpeujeHo )

8) BbinonHun npegynpexaeHns Tenepb NnosBnATCS, KOrAa Npy Bbl30BE ' tone () ' MOXET MOMELLATb aKTUBHOMY
UMM Ha pins 3 nnu 11, koraa 'anlogWrite () ' OydeT MelaTb CEpBOMNPUBOAY, YXKe aKTUBHOMY Ha TOM Xe pin,
Korga nocTynseHne nocrneaoBaTenbHOro CMMBOIa NPonyLLEHO, MOTOMY YTO NPepbIBaHUS B HACTOSILLEE BPEMS
OTKIOYEHBI, 1 Korda npepbiBaHnsa 6yayT npnxoanTtb Tak 6bicTpo, 4To UnoArduSim nponycTUT HEKOTOPbIE U3 HUX ..

V2.1 maprta 2018

1) OTobpaxaemoe NMepemMeHHbIe MaHenb 3Ha4eHUsa Tenepb 0GHOBMSAKTCA TONbKO Kaxable 30 MUNANCEKYH (1
onuus Minimal Bce eLle MOXeT YMEHbLUWTb 3Ty YacToTy 00HOBNEHUs1), HO MepeMOBHOBUTL [TyHKT MeHIo,
3anpeLuanLwmn yMeHbLlUIeHne obHoBNeHUs, 6bin yaaneH.

2) Onepaumun, KOTopble HaLerneHbl TONbKO Ha YacTb DAaNTOB 3HAYEHUSA NepeMeHHas (Hanpumep, BbINOSHEHHbIX C
NMOMOLLBIO yKasaTernen), Tenepb NPMBOAAT K TOMY, YTO 3TO 3HaYeHne nepemMeHHas oTpaxkaeTtcs B NepeMeHHble
MaHenb ancnnen.

V2.0.1 sauBapb 2018
1) HegokymeHTMpoBaHHbIN Arduino oyHKLMOHamNbHbLIA MOAYSb 'exp () ' aTakke 'log() ' Obinu goGaBneHbl

2) 'SERVOQ' YcTponcTtsa Tenepb MOXHO BbINOMHATL HENPEPbLIBHBIM BpaLLeHNeM (MO3TOMY LUMPUHA MMNynbca
KOHTPOMNMPYET CKOPOCTb, a He yron).

3) B U3meHuTb/U3yunTb3akpbiTve n3orHytas ckobka '} ' Tenepb aBToOMaTnyeckn gobaBnseTcsa npy BBoae
OTKpbITWSA U30rHyTas ckobka '{'.

4) Ecnun Bbl HaxxmeTe UameHuTb/N3yunTb CTpoka 3aronoBka OkHO 'X' 4ToObl BbINTW, TEMEPb Y Bac €CTb
BO3MOXHOCTb NpepBaTb, €CNY Bbl U3MEHWIU, HO HEe COXPaHWmM, oTobpaxaeMblil NporpaMmMa pacLUMpPEHHBbIN.

V2.0 ceHTa6pb 2017

1) Peanuzauus 6bina noptupoBaHa Ha QtCreator, noaTomy rpadunydecknii MHTEPdENC MMEET HEKOTOPbLIE
He3HauYnUTEeNbHbIE BU3yaribHble Pasnnynsi, HO HUKaKUX OYHKLMOHAIBbHBIX OTIIMYMIA, KPOME HEKOTOPLIX YITyYLLEHUNA:

a) CtaTycHasi cTpoka CoobLLEHMI BHN3Y OCHOBHOIO OKHO 1 BHYTpU U3MeHnTb/N3yunTb Gbin yny4weH guanor
1 no6aBneHo LBETOBOE KOAMPOBAHNE OCHOBHOW MOMEHT.

©0) BepTuKanbHoe NpoCTpaHCTBO, BbigeneHHoe mexay Kop MaHenb a Takke NepemeHHble MNMaHenb Tenepb
HacTpauBaeTCs Yepes neperackuBaemblii (HO He BUOUMBIN) pa3genuTenb Ha nx obLen rpaHmue.

¢) 3HayeHusa nonsa pegaktTuposaHus 'I/O' ycTpONCTBO Tenepb NPOBEPSIIOTCS TONLKO NOCMe Toro, Kak
nonb3oBaTernb NepemMecTun ykasaTenb MbllW 3a Npegerbl YCTPONCTBO - 3TO NO3BONSET N3bexaTb HEYKITHOXMX
aBTOMaTMYECKNX M3MEHEHU, YTOObI BBECTU AOMNYCTUMbIE 3HAYEHUS, NOKa NoMnb3oBaTesb neyaraer.

2) UnoArduSim Tenepb nogaepxvMBaeT HECKONbKO A3blkoB Yepe3 KoHdurypuporarth | MpeanoyteHus,
AHIMUACKMI A3bIK BCErga MOXHO BblIOpaTh, B AOMOMTHEHUE K A3bIKY ANS A3bIKOBOrO CTaHAapTa nonb3oBarensi (ecnu
B nanke UnoArduSim 'translations' npucyTcTByeT nonb3oBaTenbCKkMi Nepesos * .qm paclUMpPEHHbIA AN 3TOro
A3bIKa).

3) 3Byk Tenepb Obin U3MeHeH Ang ucnonb3oBaHusa ayamo AP Qt - ato Tpebosano npurnyweHus 3Byka B
onpeaeneHHbIx 0bCTosITENbCTBAX, YTOObI M36eraTb pasapaxaroLero NpepbiBaHUs 3ByKa U LLENYKOB BO BPEMS
bonee ANUTENbHBIX OKOHHBIX ONEPAaLMOHHBIX 3a0EPXEK, BbI3BaHHbIX OObIYHBIMU LLENYKaMU MbILLW NOfNb30BaTenem
- Ans nonyyeHuns 6onee nogpobHon nHpopmauum cM. pasaen "3Byku". Ha 3TOM.

4) [Ins yoobcTea nonb3oBaTtens Tenepb UCNomb3yTca Npobensl Ans npeacraBnenns 3HaveHus 0 B nonsax
pegakTupoBaHusa ycTpomncteo-count B KoHdurypupoBats | 'I/0' YeTponcTBa (Tak UTO Tenepb Bbl MOXETE
ucnonb3oBaTb Npoben, 4Tobbl yaanuTb YCTponcTea).

5) He macwtabuposaHHbin (U) kBanudumkatop Tenepb He obsizateneH ansa 'PULSER', 'FUNCGEN' n '"1SHOT'
YcTpoicTBa (370 nNpeanosiaraeMoe 3Ha4YeH1e Mo YMONYaHuio).

6) UnoArduSim 'const'
LieNIOYUCIIEHHbIV NMEPEMEHHbIE, U



V1.7.2- c¢beBpanb 2017

1) Beibop uBeTa cunui (B) 6bin gobaeneH gna LED YcTpolicTtsa.

V1i.7.1- ¢eBpanb 2017

1) Cycbdoumkebl "L' u/ vnmn 'U' Tenepb NPMHUMAKOTCS B KOHLE YMCIOBLIX NIUTEParbHbIX KOHCTAHT (YTOObI
onpenennTb UX kak 'long' U/ unn 'unsigned' ), a Takke ('0b' wununxe 'OB' ¢ npedunkcom) KoHCTaHTbl
OBOUYHOM Tenepb Takxke NnpuHMMatoTcs. Jliobas gecsatuyHasa uncnoBas KOHCTaHTa Ha4YuHasi ¢ ' 0' B HacToslee
BPEMS CUMTAETCS 80CbMEPUYHbIU 3Ha4YeHne. (cornacuTtbes ¢ Arduino).

2) MNpw BbINONHEHUN B TECHOW NETIE, U3 KOTOPOW HET Bbixoda (Hanpumep, 'while (x) ; x++; ' rge lkc Bcerga
BEPHO), HaxxaB CTOW BTOPOV pa3 Tenepb rapaHTUPYET, YTO NporpamMmma BbIMOMHWIT hakTU4eCcKM OCTaHaBNMBaeTCs
(1 Ha 3aTON HeucnpaBHOW NNHUKN NPOrpaMma).

V1.7.0- peka6bpb 2016

1) Hoebin UHcTpymeHT-Bar 6bina gobasneHa dyHKums, KOTopas nokasbliBaeT GanTbl onepaTuBHON NamATh
hannbl BO BpeMsd nporpamma BbINOSHUI (C yd4eToM obLiero konuyectsa 6anToB, MCNOMb3yeMblX rnodanbHbIM
nepemMeHHble, pacnpefeneHmeM Ky4m u nokarnbHbIM CTEKOM NepeMeHHbIe).

2) Nonb3oBaTtenbckoe npepbiBaHne yHKLMOHaNbHbBIN MOAYIb Tenepb MOXET U CaMy Bbi3biBaTb BITOKMPOBKY
Arduino dyHKUMOHanNbHbIA Moaynb Bpode 'pulseIn () ' (HO 3TO cneayeT MCMONb30BaTh TOMBbKO C
OCTOPOXXHOCTbIO, MOCKOMbKY MpepbiBaHue CBOGOAHO HE BEPHETCSH, Noka He ByaeT 3aBepLueHa 6riokupoBka
cBob0oaHo).

3) MNonb3oBaTenbckne npepbiBaHUA Oonblle He OTKMYaoTCs BO BpemMA 386J'IOKI/IDOBaHHbIX onepau,vlﬁ NOTOKOBOIO
YTEeHMA, N0O3TOMY NnoBeeHNne Tenepb COOTBETCTBYET (baKTW-IeCKOIZ onepaunn NOTOKOBOIo YTeHUA Arduino.

4) Tenepb Bbl MOXETE BXOAWTb M BbIXOANUTb N3 BGNOKMPOBKM Arduino oyHKLMOHArbHbBIA MOAYrb, KOTOpas MOXET
ObITb NpepBaHa (Hanpumep, 'delay () ' a Takke

'pulseIn() ') 1 COOOLLEHNSI B CTPOKE COCTOSIHMS ObINm AOMNOMHEHDI, YTOObI MOKa3aTb, KOr4a Bbl HAXanu
npepbiBaHMe TOYKa OCTAaHOBKU BHYTPY Takoro cBO60AHO (Mnu Koraa Bbl HaxkmeTe -CTON, Koraa BbINOMHUI B
HacTosiLLee BpeMs HAXOOUTCA BHYTPU Takoro cBOGOAHO).

5) HoBbin BbinonHuTtb Moka komaHaa (u MHcTpymeHT-Bar nyHKT) Obin fo6aBneH - 0gHUM LLENYKOM MbILK Ha
nobon MepemeHHble MaHenb Kk184 (MoxeT ObITb NPOCTO, arperat MaccvBa UinvM o6bEeKT, NN ANIEMEHT MaccuBa
UM YneH oObeKT) K OCHOBHOW MOMEHT 370, 3aTem caenatb BeinonHutb Moka - BbINONHWI 3aMep3HET Ha
crnegyoweM 3anucu docmyna BHYTPU 3TOrO arperata nepeMeHHas Unm B 3T0 eQUHCTBEHHOE MECTO.

6) Korga BbinonHun 3asucaet nocrne LWar, BeinonHutb o, BoinonHutb Moka, nnm xxe BbinonHutb-3atem-Cton
aevicteue, NepemeHHblie MaHenb Tenepb BbiABUIaeT Ha NePBbIN NfaH NepemMmeHHas, KOTopbI COOTBETCTBYET
adpec (a) adpeca, komopbie 6binu usmMeHeHbl (ECNN eCTb) caMbili Noc/1eOHUl UHCMPYKUUSI 80 epeMs
3Mo20 8bIMOJIHUJT - ECI 3TO MECTOMNONOXEHNE B HACTOSLLIeE BPEMS CKPbITO BHYTPU UN-pacLUMpATL MaccmBa uUnu
0OBLEKT, LLIENYOK MO BbIMNOSIHEHME NPUBEAET K TOMY, YTO NOCINEAHUA N3MEHEHHbIV 3IEMEHT UK aneMeHT byaet
BblOENEH.

7) Terlepb nonb3oBaTeslb MOXET ClnegnTb 3a 3Ha4eHneMm ornpeagenieHHoro I'IepemeHHaﬂ MaHenb nepemMeHHas /
member / element Bo BpeMA BbINOJTHEHUA - OBaXAbl LWEJTIKHUTE MO aTomn CTpOKeE B I'Iepemel-u-lble MaHenb OTKPbITb



N3meHuTb/MoHuTOp 3HauyeHue lNepemeHHas OKHO, a 3aTeM caenaTtb oavH 13 BeinonHuTb nnu xe LWar
KoMaHgbl - MokasaHHOe 3HadYeHue ByneT 0GHOBNEHO B TEYEHME BbINOMHUIT B COOTBETCTBUN C TEMU XKe
npasunamu, Kotopble perynupytot obHoBneHus B NMepemMeHHble MaHenb, [locne ocTaHOBKM BbINOMHUIT, BaM
paspeLuaeTcs BBECTM HOBOE 3HayeHue u NMpuHuUMaThb 310, Npexae YemM BO30OHOBUTL BbIMOSHWM (M MOXET
BosBpawaTbcsa gollpMHMMaTh 3Ha4YeHne, eCcnv Bbl NepegyMaeTe paHbLue).

8) Knaeuwu yckopenust F4-F10 ycTaHOBREHbI B COOTBETCTBUM C MEHIO BbinonHuTe MHCTpyMeHT-Bar komaHap!
(cneea HanpaBo).

9) B pononHeHne K ABOMHOMY LLENYKY MO HAM, LLENKHUTE npaBom kHonkon mbiwu no 'SERIAL', 'SFTSER',
'SPISLV', 'I2CSLV' YcTtponcTea Tenepb byaet Takke otobpaxartb 6anTbl / cumBonbl TX / RX 6onbLuero pasmepa
OKHO (1 Ha 'SD_DRV', danin-MOHUTOPWHI OKHO).

10) MNone pepaktupoBaHus TX B 'SERIAL' unun 'SFTSER' 6onblue He OTKNOYaeTcs BO BpeMsl nepefavm akTMBHOMO
cvMBona (Tak 4To Tenepb Bbl MOXETE A00ABUTL UMM 3aMEHUTL TO, YTO TaM €CTb), HO BO3BpaT KapeTku (unm
LLen4yokK KHorku 'Send' B cooTBETCTBYOLLEM AoyepHeM 'SerialMonitor' okHO) UrHopupyeTcs, Noka nepefaya He
BEPHETCH B COCTOSIHUE OXMOaHWA elle pa3 (CMMBOfbI Tenepb 0TOOpaXKaloTcs B Kypcus Korga nepegada rotosa K
Hadany, oHa He akTuMBHa). Kpome Toro, nonb3oBaTtenb Tenepb NpeaynpexaeH B nocriegoBateibHOM NOToKe
'begin () ' €CNN OHM yXKe Ha4Yanu paHee NPUKPENNEHHbIN YCTPONCTBO (B HACTOsILLEE BPEMS) Nepeaayun,
MOCKOSbKY Toraa He 6bino 6bl CUHXPOHM3aUMK KagpoB, YTO NPMBOAMIIO K onMbKam npuema.

11) Mo ymonyaHutio gobaeneHo 'loop () ' 3agepxka bbina ysenuyeHa ¢ 250 MUKpocekyHa A0 OOHOM
MWUMNUCEKYHAb!, YTOObI HE OTCTaBaTb OT pearlbHOr0 BPEMEHW, KOr4a Nonb3oBaTenb He YHYUTLIBAET HEKOTOPLIE
'delay () ' (ABHbIV UM €CTECTBEHHBIN) rAe-TO BHYTPU 'loop () ' Unu BHYTpM cBOBOAHO, KOTOPbLIA OH BbI3bIBAET.

12) MaccuBbl 1 NpoCTbIe TUMbI Tenepb Ao6aBneHbl B NOAAEPXKKY BblAENEHUS Ky4n 'new' MHCTPYKLUS.

13) Bonee paclmpeHHble NPoBepkM (1 cBA3aHHbIE coobLleHns 06 owmnbkax) Obinn gobaBneHbl Ans goctyna
nonb3oBaTens 3a npegensl nporpamma (. E. BHe O3Y 'Uno’ unu 3a npegenamn 'Flash’ gna ' PROGMEM' gocTyn).

14) 3HaveHus ykasartens B NepemeHHbIe MNaHenb Tenepb 6onee 6GnM3ko HaNOMUHaT PaKTUYECKUE 3HAYEHUSI
ykasarens Arduino.

15) MNMonb3oBaTtens myArduPrefs.txt paclumpeHHbI Tenepb 3arpyxaetcs Ha kaxgom ®Pawnn | Harpyska, a He
TonbKO npu 3anycke UnoArduSim.

16) Owmnbka AHannampoBaTtb Tenepb NOMeYaeTCcs Npu NonbiTke 'attachInterrupt () ' ANS Nonb3oBaTens
cBOOOOHO, KOTOPLIN HE 'void' BO3BpaT, UM KOTOPLIN MMEET NapameTpbl CBOOOAHO, U KOTOPLIN He Bbin
obbsABneH rge-To paHolle 'attachInterrupt() ',

17) 'static’' member-nepemeHHble Tenepb oTobpaxatoTca B BepxHen YacTu MepemeHHble MaHenb Kak
rnobanbHble, a He NOSABMAIOLLMECS BHYTPU KaX4oro ak3emnnspa (pacwmpsaTb) o6bekT.

18) CBo6OAHO 'availableForWrite () ' 6bin go6aBneH k peanu3auumn nocienoeaTelTb HEl,

19) Bce cneumnansHble ' PROGMEM', 'typedef' naiik 'prog_char' aTakke 'prog intlé6' Tenepb 6binu
yAaneHbl (OHM ObinM 06bsBNEHbI ycTapesBLMMy B Arduino).

20) Yny4weHbl coobLeHnst 06 owmbkax ans owmnbok AHaNM3MpoBaTh, BbI3BaHHbIX HEBEPHO HAMMCAHHLIMU UITN
HeaoNyCTUMbIMKU TUNaMn OOBbABNEHUN.

21) MakcrmanbHO 4oNyCTUMBIN pasMep nporpamMmma Obin yBenuyeH.

V1.6.3- ceHrt. 2016

1) DobaBun yny4dweHo coobueHne o6 owmnbke pasobpaTh, Korga 'attachInterrupt () ' OTHOCUTCA K
npepbiBaHMIO CBOOOAHO, KOTOPLIN He BbiN Mpomomun paHee ,

2) lobaBneHo ynyulleHHoe coobLieHne 06 owmnbke AHannanpoBaTh 419 MHOIOMEPHbIX CMIMCKOB MHULManu3auum



Maccuia.

V1.6.2- cent. 2016

1) Jo6aenn Hantu-Text pegaktuposath ynpasneHue B UHcTpymeHT-Bar ynpoctute nonck tekcra (B Koa
MaHenb a Takke NepemeHHble MNMaHenb ).

2) The UncTpymeHT-Bar KHonka Cbpoc Tenepb pabotaeT ngeHtu4Ho kHomnke 'Uno’ Bepcusa ana Uno Cbpoc.

V1.6.1- aBrycr 2016
[o6GasneHa npoeepka, 4Tobbl M3bexaTb OybnvpoBaHus 3arpy3ku 1 pasbopa yxe npegbigywiero '#include’

dann, ,

V1.6 - nronb 2016
1) Do6aBneH HoBbI "1ISHOT' (ogHOKpaTHbIN) 'l/O' YCTPOMCTBO, KOTOPbLIV reHEPUPYET MMMYIbC NOCne BbiIOpaHHON
3a0epXKKN OT PpOHTa TPUITEPHOTO CUrHana BblIOpaHHOWM NOMAPHOCTMU.

2) [o6aBneHa HoBasi pyHKLMS, NO3BONAOLLASA NIErko N3MEHSTb 3HAa4YEHUS B OKHe pedakTupoBaHus 'I/O' ycTponcTeo
Macwmabupyembiii BO BpEMSI BbINOMHUI, NepeTtackmueas rmobanbHbin cnanaep '1/0 S' Scaler Ha oCcHOBHoOW
UHcTpymeHT-Bar (npocto BBeguTe oaHy 6ykBy 's' unm 'S' nocne 3HadeHus gnst 0603Ha4YeHNs1 MacluTabupoBaHus).

V1.5.1 - nioHb 2016
1) Do6aBneHa nopgaepxka onsa 6ubnuotekn EEPROM dhyHkumoHanbHbIM Mogynb 'update () ', "put () ' a Takke
'get() ' , v Aanga 6anToBOro JOCTyna Yepes HoTauM Maccuea, Hanpuvep 'EEPROM[k] ' ,

2) PaspewnTtb aBTO (-) CokpawaTtbca 6bin fobasneH B MeHo NMepeMOBHOBUTL YTOOLI pa3peLunTb ABHbIN
KOHTPOIb TOro, 6yaeT N paclumpsaTe MaccuBbl / 0O bEKTOB aBTOMATMYECKU 3aKNioYaTb KOHTPaKT, Korga BbIMOHNI
OTCTaEeT OT peasnibHOro BPEMEHW.

3) MNepcoHaxn 13 'String' nNepemMeHHas Tenepb Takke OOCTyneH4Yepe3 0603Ha4YeHne MaccrBa,Hanpumep
'mystring[k]’' ,

V1.5 - man 2016

1) NameHunTb/N3yunTb Tenepb nmeet apnbik Cirl-E n nmeet HoByto kHonky ana Komnunuposarts (ctrl-R), a Takke
OKHO C OLLUMBKOWN BCTPOEHHbIN AHanNn3npoBaTtb, YTOObI paspeLunTb TeCTUpoBaHue n3meHeHun 6e3 HeobxoaMmMocCTm
3aKPbITUS OKHO.

2) UameHnTb/U3yunTb cenvac cenvac takke nogaepxveaet MNepegenbiBaTbn nmeet HoBbl CoxpaHuTb (Ctrl-S)
KHOMKa (3kBmBaneHTHO NMpuHUMaTb NC NO3Ke OCHOBHOM-OKHO CoXpaHuThb), a Tenepb AaeT Boibop 'Tab'
pasmMep (HoBoe npeanoYTeHne, KOTOpoe MOXHO COXpaHuUTb ¢ nomoLlbio KoHdurypuposaTts | MpeanoyteHusn).

3) Bce gocTynHble Ans pegakTMpoBaHWs Nons pefakTMpOBaHWst Tenepb COOTBETCTBYHOT BbIOpaHHLIM LiBETAM TEMbI
OC OkHa, n anga KoHTpacTa, BCe AOCTYMNHbIE TONbKO ANs YTeHus nons pegaktuposaHus 'RECV' ncnonesytot
GenbIn TeKCT Ha YepHoM boHe. The U3MeHUTL/U3yunTb LiBETa POHA U CUHTAKCUCa OCHOBHOW MOMEHT Tenepb
Takke aganTupyloTcs K BbIOpaHHON Teme.

4) UnoArduSim Tenepb No3BonseT BblOMpaTh WPUMT - 3TOT BbIOOP U ero pasmep Obinm NnepeMeLleHbl B
KoHdmrypupoBatsb | MpegnouteHuns (Tak MoxxHO coxpaHuTb B myArduPrefs.txt paclumpeHHbin).

5) Arduino npegonpeneneHHble ByKBEHHbIE 3HAYEHWS 4BOUYHOM (Hanpumep, 'B01011011 ') Tenepb paspeLLeHo.

6) 3KpaHMDOBaHHbIe wiectHaguaTtepuniHble, BOCbMEPUYHbIE N 4-L|,|/|cbpa nocnegoBaTesibHOCTM CMMBOJIOB B
kaBbl4ykax Unicode Tenepb MOryT MCNoJ1b30BaTbCA B Ka4eCTBE YMNCIOBbIX JIUTEPanos.

7) CoenaB nepBOHaYarnbHbIM LWEMYOK MbllK Ha KHOMOYHOW naHenu 'PUSH' ycTpolicTBO, Nonb3oBaTtenb MOXET
BMECTO 3TOro UCMONb30BaTh HaXkaTue Knasuwm (Mobyto Knaeuwly) Ansg HaxXaTus Ha KHOMOYHbIE KOHTaKTbI.

8) U3ameHnTb/M3yunTb Tenepb 0CBOOOXOAET CBOE BPEMEHHOE HavarlbHOE COCTOSIHME TONbKO ANnd YTeHust (1
yoansieT BblgeneHne NCXo4HoMm BbIGpaHHOM CTPOKKM) NOCIe KOPOTKOW BU3yaribHON BCMbILLKK.



9) UnoArduSim Tenepb NpoBepsieT HECKOMbKO 'Stepper' a Takke 'Servo' pin KOHMMUKTLI, T.€. HEUCNPaBHbI
nonb3oBaTenb NporpaMMa nbiTaeTcs NOAKMIYNTLCA K pins, yXKe NOAKMIOYEHHOMY K paHee 'Stepper' UNnu xe
'Servo' NnepemMeHHble.

10) Owwnbka AHannampoBaTb, Bbi3BaHHAs OTCYTCTBMEM JIEBOW U NPaBOW CTOPOHLI onepartopa (nponyckas
BblpaxkeHue LHS nnu RHS unu nepemeHHas), Tenepb reHepupyeT YeTkoe coobLueHne o6 ownbke.

11) Hencnonb3oBaHHbIN 'String' yyebHbIl knacc ' f£lags' uneH nepemeHHas 6bin yganeH, 4tobbl cornacuTbes
¢ Arduino V1.6.6. A 'String' 06beKT Tenepb 3aHMMaeT 6 6GaniToB (MMOC ero Kyda CMMBOIOB).

V1.4.2 - mapTt 2016

1) MNMepeHanpaBneHHbI hyHKUUOHanNbHbIN Moaynb (T. E. Te, y KOTOpbIX HET 0OBbSABNEHUSA NPOTOTMMN A0 UX NEPBOrO
BbI30Ba) Tenepb reHepupyeT npegynpexaeHus (He owmbkun pasobpatk), korga 6onee no3gHWM TMMN Bo3BpaTa
onpegeneHus cBoboaHO He COOTBETCTBYET TUMY, BbIBEAEHHOMY M3 UX MEPBOrO MCMOMNb30BaHMS.

2) MaccuBbl, UMEOLLMI pa3MepPHOCTb, paBHyto 1, 6onbLUe He OTKMOHsSIeTCS (4TOOLI COOTBETCTBOBATL CTAaHA4APTHLIM
npasunam C ++).

3) nons pegakTMpoBaHus 6onblue He yCTaHaBNMBaOTCA YepHbIMU Ha 6GenoM (OOHe - Tenepb OHU NCMONb3YHOT
nanuTpy, ycTaHoBeHHy ucnons3dyemon temon OC OkHa.

4) 'SERIAL', 'SFTSER', 'SPISLV' n '12CSLV' ycTtpoincTteo paclumpate MoHUTOP OkHa (OTKpbIBAETCA ABONHbLIM
LLIENTYKOM MbiLIW) TENEpPb NPUHUMAET LBET dhoHa cBoero poguTtensckoro /0" YCTporcTBo.

V1.4 - pekabpb 2015
1) 'Stepper.h' QYHKLMOHANBLHOCTL BUONMOTEKM U CBA3aHHbIN ¢ Hel 'l/O' YcTporncTea Obinu fobaBneHs! .

2) Bce HacTpouku 1 3HavyeHus 'l/O' YcTponcTBO (B 4OMNOMHEHME K BbIOpAaHHOMY pins) Tenepb Takke
COXpaHSATCA Kak YacTb BbibpaHHoOro nonb3osatens 'I/O' YcTponcTBa TEKCT paclUMPEHHbIM A58 NocnenyoLen
nepesarpysku.

3) LED Liget 'l/O' ycTpocTBO TENEpb MOXHO YCTAHOBUTL KakK KPaCHbIN, XEeMTbIA UKW 3eNneHbIn, NCNonb3ys none
penakTMpoBaHUs Ha YyCTPONCTBO.

4) Mnnumanusatopam o6basneHuii NMepemeHHas Tenepb paspeLLleHo 3aHUMaTb HECKOMbKO CTPOK.
5) MHaekcbl MaccvBa Tenepb MOryT GbiTb afieMeHTaMu MaccuBa.

6) KoHdmrypupoBaTh | [peanovTeHna Tenepb BKIIOYAET oriaXok, YToObl pa3pewnts 'and', 'or', 'not'’
KrntoyeBble CroBa, koTopble ByayT ncrnonb3oBaTbes BMecTo ctaHgapta C &&, | | , a Takke ! norumyeckue
onepaTopbl.

7) "oy MNporpamma 3arpyska" nepeHeceHo B KoHdurypupoBaTts | MpegnoyreHus

V1.3 - okTa6pbL 2015

1) The 'PUSH' ycTtpoicTtBo Tenepb nmeet "push-like" dpnaxok ¢ Hagnuckto 'latch’ utobbl caenatb nx
"3aluenkuBaowmmMmcsa” (BMeCTo "MrHOBEHHbIX"), TO €CTb OHM ByayT 3aLlenkMBaTbCs B 3aKPbITOM NOMNOXEHUN (1
MEHATb LIBET) NMPU HaXaTuu 4O Tex nop, noka oHu He ByayT HaxaTbl CHOBA, YTOObI 0CBOGOAUTL KOHTAKTHI.

2) [lobaeneHa nonHasa Bo3MoXHOCTb 'SPISLV' YcTponcTea ¢ BeiGopom y3na ('MODEO', 'MODEL1', 'MODE2', Unu
e 'MODE3'). [1BoriHOM wwen4yok oTkpbiBaeT bydepbl TX / RX 0kHO, rae MoryT 6biTh onpeaeneHbl npeacrosime
6anTel REPLY (TX), n ans npocmoTpa npounbix nony4eHHslx (RX) 6antos. MNpocToe BegomMoe yCTPONCTBO
CABUrOBOro permcTpa yCTponcTBO npeablayLuen Bepcun 6bino nepenmeHoBaHo B 'SRSLV' ycTpoincTeo.

3) XvpHbIN rapHuTypa Tenepb MoXxHo Bbiopatb Ans Koa MaHenb a takke NepemMeHHble MaHenb (M3 MeHIO
Onuun), a Takke XUPHbIU Modceemka KJ/1o4e8bIX CJ108 U orepamopoe Tenepb MOXHO BKITHOUUTL / BbIKMOYNTD



B UameHuTL/U3yunTs ,,
4) UnoArduSim Tenepb No3BONSET 'bool' Kak CUHOHMM 'boolean'

5) [insa acHocTn B coobLueHusx o6 owmnbkax o0bABNEHUAM nepeMeHHas Gonblue He paspeluaeTcs 3aHMMaTb
HECKOMMbKO CTPOK (3@ MCKIIOYEHNMEM MACCUBbI, UMEIOLLLETO CMIUCKN MHULIMANN3aTopoB).

6) CkopocTb okpacku cuHtakcuca B UameHuTb/M3yunTb Gbin ynyyweH (3To 6yaeT 3aMeTHO nNpu yBenu4eHum
nporpaMmeil).

7) JononHuTenbHble 200 MUKPOCEKYHAOHbIE 3OepXKKM (B MeH0 Onumum ) 6bin gobaBneH K KaxaoMy Bbi30BY

"loop () ' - 3TO Aenaetcs Ans TOro, YToObl M3bexaTb CrULLKOM GOMbLIOro OTCTaBaHUs OT pearnbHOro BPEMEHN B
cnyyae, korga [Monb3oBatens nporpamma He gobasun 'delay () ' B nobom mecte (CM. obcyxaeHue
CHHXpOHMN3aLMS HIDKE).

V1.2 noHb 2015

1) Bubnuoteka SD Tenepb NONHOCTLIO peanu3oBaHa, 1 6bin gobasneH (ManeHbknin) 8-merabantHein SD-anck 'l/O'
yctpoincteo (‘'SD_DRV') (u cpyHKLMOHANBHOCTE NpoTecTMpoBaHa Ans Bcex obpasuoB Arduino SD nporpammel).

2) Kak n Arduino, UnoArduSim Tenepb OyaeT aBTomatuyecku npeobpasoBbiBaTb apryMmeHT cBob6o4HO B CBOW agpec
npu BbI3oBe CBOOOAHO, OXXMAAOLWEro Nepedayum ykasaTens.

3) CoobLueHusi 06 owmbkax AHanuavpoBaTb Tenepb 6oriee yMeCTHbI, Korda NponyLLeHbl TOYKM C 3ansATol U nocre
Hepacrno3HaHHbIX 0O bSBMNEHWIA.

4) HecBexui MepemeHHble MaHenb OCHOBHbIE NMHUK TENEPb yOansTCa Npu Bbi3oBe / Bo3BpaTe cBO6OAHO.

V1.1 - mapt 2015

1) OCHOBHOW OKHO Tenepb MOXET BbITb YBENUYEH UK n3MeHeH, YTobbl caenatb Kog MaHenb a Takke
MepemeHHble MaHenb wWype (ans 6onbLUMX 3KPaAHOB).

2) Hoeoe meHto Hanntn (c KHonku naHenu MHCTPYMeHTOB) Obinv gobaeneHbl Anst 6onee GbICTpoON HaBuraumm B
Koa MaHenb a Ttakke MepemeHHble MaHenb (PgUp n PgDown nnmn TeKcToBbIA NOUCK CO CTPENKOW BBEPX,
CTPEnKon BHU3).

3) The UsmeHUTL/U3yunTb OKHO Tenepb No3BonseT nepexoabl Hasurauum ctri-PgUp wn ctrl-PgDn (k cneaytowen
NycTon CTpoke), n 6bin pacwmpeH Hantn / 3ameHUTb PYHKLMOHANBHOCTb.

4) A HOBbIV NYHKT 6bIn go6aBneH B MeHto NMepemOBHOBUTL YTOOLI MO3BONUTL MNOMb30BaTENto BbiOpaTh NoAxon, K
9KOHOMUW BblYMCEHWI Nog TsxkenbiM MepemeHHble MNaHenb 06HOBUTL 3arpysKu.

5) 'Uno’ pins 1 npukpenneHHbin LED Tenepb oTpaxatoT nodble naMeHeHusl, BHeceHHble B 'l/O' YcTpoincTea, aaxe
Korga Bpems 3aMOpPOXEHO (TO eCTb AaXKe KOraa BbIMOSHWIT OCTAHOBIEH).

6) [pyron nonb3oBaTtenb OYHKUMOHAMNBbHLIN MOAYIb TEMEPb MOXET BbI3bIBATLCSA N3HYTPU NONb30BATENBCKOro
npepbiBaHMsa cBO6oAHO (B cOOTBETCTBMM C 06HOBNEeHnem o Arduino 1.06).

7) A 6onbwmni WpUT Tenepb MOXHO BbIBpaTb N3 MeHo Onuum,

V1.0.1 - nioHb 2014
Ocuunnorpamma okHa Tenepb MapKupyeT aHanoroBbiv pins kak A0-A5 BmecTto 14-19.

V1.0 - nepBbI/ Bbinyck Mau 2014
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