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MaHenb c kogoMm, HacTpoiku n UsmeHnutb/MpocMmoTpeTb
MaHenb ¢ kogoMm
HacTtpoiiku
N3meHuTb/MpocMoTpeTb

MaHenb c nepeMeHHbiMU U U3MeHUuTb/OTCcnexxusaTtb NMNepeMeHHasa OKHO

naﬁopaTopHaﬂ naHenb

Uno' unm 'Mega’

'I/0' YcTpoincTBa
Serial MoHuTop ('SERIAL'
yepenoBaTtb CepuiiHbiii ('ALTSER')
Kapta namatu SD (‘SD_DRV")
TFT Oucnneid ('TFT")
KoHdurypupyembii SPI Begombiii ('SPISLV')
AsyxnpoBoaHasa I12C Beaombin ('I2CSLV')
TekctoBbii LCD I2C ('LCDI2C')
TekcrtoBbit LCD SPI ('LCDSPI')
TekcrtoBbii LCD D4 ('LCD_D4')
Mynbtunnekcop LED I2C (‘MUXI2C')
MynbTunnekcop LED SPI ("MUXSPI')
MNopTt Pacwupenuna SPI ('EXPSPI')
MNopTt Pacwumpenna I2C ('EXPI2C')
'1-Wire' Begombiii ("OWIISLV')
Peructp Caura Begombii ('SRSLV')
Mporpammupyembiii 'I/0' Ycrpoiicteo (‘PROGIO')
OaunH-CurHan ('1SHOT')
LUndpoBoit FeHepatop UMmnynbcoeB ('PULSER')
AHanoroBbii FeHepaTtop ®PyHkuu ('"FUNCGEN')
LaroBbiii aBuratenb ('STEPR')
Nynbcupyrowmnii Laroebivi aouratens ('PSTEPR')
ABurarenb NOCTOAHHOro HanpsixkeHusa ("MOTOR")
CepBoaBurarenb ('SERVO'
Mbe3oanekTpuuecknin AvHamuk ('PIEZO')
Cnaiig pe3ucrop (‘R=1K")
KHonka TaktoBasa ('PUSH')
LiBeTtHou LED ('LED")
4-LED paa ('LED4'
7-cerMeHTHbI LED Lindpa ('7ZSEG')

AHanoroBbii Cnaigep
Pin MNepembiuka (‘JUMP'

MEHHIO

dann:
3arpy3utb INO nau PDE Prog (Ctri-L
U3smeHuTtb/MpocmoTperb (Ctri-E)
_CoxpaHuTtb_
CoxpaHUTb KakK_
cnepyrowumn ("#include')
npeabl [717]
Bbixon



Hauntu:
Ascend Call Stack
Crtek Bbi3oBOB Descend
YcraHoBuUTb TekcT Uckartb (Ctrl-F)
Haiitu Cneayrowmii TeKCcT
Haiitu Mpeabiayuwinii Tekcr
BbIiNONIHNTD:
LWar c 3axogom (F4)
War c o6xonom (F5)
LWar c Bbixogom (F6)
BbinonHutb Ao (F7)
BbinonHutb Moka (F8)
BbinonHutb (F9)
MpuocraHoBuTb (F10)
Cé6poc
AHuMauus
3aMeansieHHOe ABUXeHue
Oonuunn:
War c o06xonom Structors/ OnepaTopbl
Perucrp-Allocation
Ownbka Nnpy HEMHULMNANN3UPOBAHHOM
po6aBneHHou 'loop()' 3apeprkka
PaspewnTtb BJIOXKEHHbIE NpepbiBaHUsA

KoHdurypupoBarb:
'I/O' YcTpoucTBa
HacTpoitkn_

NepemMO6HOBUTD:
Paspewintb aBTo (-) CokpawiaTtbcs
MMHUMAJbHaNA
OCHOBHOW MOMEHT U3MEHEHMUA
OkHa:

Serial MoHuTtoO
BOoCCTaHOBUTb BCe

Pin LindpoBblie OcunnnorpaMmmbil
Pin AHanoroBbiii OcunnaorpaMmMmo

MomMoub:
Pexxum "YT0 31O Takoe" (Ctrl >

BbicTpbiii NMoMowb Pann
MonHbi Momowb Pan
UcnpaBnenms Ownbka
U3MmeHeHue / YnyuwieHue

Okono
'Uno' unum 'Mega' Mnata mn 'I/0' YcrponcrBa
CuHXpoHU3aums
'I/0' YcrpoincTtBo CMHXpPOHM3aUUd
3BYKM

OrpaHunyeHus M HenoaAep>XXUBaEeMble 3J/IEMEHTbI
BknrwouyeHo Pannbl

OunHaMunueckoe pacnpegesieHve NnaMaTv 1M onepaTtuBHas NnamMsaTb
'Flash' PacnpegeneHme namaTtm

'String' NMepemMeHHbIe
bubnmnoreku Arduino

KasaTtenu
'class' a Takxe 'struct' O6bekToB

Cdepa

OT60pouHbIe 'unsigned’, 'const’, 'volatile', 'static’




OuvpekTuBbl Komnunartop
ApAYyNHO-A3bIKOBbIE 3JIEMEHTbI

C / C ++ - a3bIKOBbI€ 3JIEMEHTbI
DyHKLUMOHANbHbIN MoAyJb LLIa6soHbI
SMynauus B peasibHOM BPEMEHMU

MpuMeyaHua K BbiINYCKY - HAYUHAaA c Bepcuun V2.5

UcnpaBnenmsa Ownbka
V2.9.2 - anpens 2021
V2.9.1 - peBpansa 2021
V2.9 - auBapb 2021

V2.8.2- ceHTa6pb 2020
V2.8.1- uoHb 2020

V2.8.0— nroHb 2020
V2.7- mapt 2020
V2.6.0- | auBapb 2020

V2.5.0- okta6pb 2019

Yaur ES / YnyuwieHuna
Bepcusa 2.9.2 - anpens 2021
Bepcusa 2.9 - auBapb 2021
V2.8.2- ceHT6pb 2020
V2.8.0- uoHb 2020
V2.7 mapta 2020 r.

V2.6.0 aHBapb 2019
V2.5.0 Oct 2019
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UnoArduSim siBnsietcst 6ecnnatHon peasibHoe epems (BUaeTb Ans CMHXpOHM3aUWsi OrpaHUYEeHUst ) MHCTPYMEHT
CUMYNSTOP, KOTOPbIN A pa3paboTtan Ansa cTygeHTa n aHTy3macTa Arduino. OH npegHasHaveH ang Toro, YTobbl Bbl
MOITIM 3KCMEPUMEHTUPOBATL M NErko otnaxusatb Arduino nporpammbl 6e3 Heo6xodumMocmu KaKkoz20-s1u60o
¢hakmuyeckozo obopydosaHusi , OH HaueneH Ha Arduino 'Uno’ unu '"Mega' nnata, 1 no3BonseT BoiOupaTh 13
Habopa BupTyanbHbIx 'l/O' YcTponcTBa, a Takke HacTpanBaTb M MOAKIHOYATb 3T YCTPOWCTBA K BalLEMY BUPTYarlbHOMY
'Uno’ unu 'Mega' B JlTabopaTopHas naHenb , - BamM He HY>XHO 6ecrnokonTbes 06 owmnbkax npoBoaku, obpeise /
paspbiBe COeAMHEHWI UM HEUCNPABHOCTM YCTPOWCTBA, KOTOPbIE MeLLaloT pa3paboTke 1 TECTUPOBAHUIO MporpaMma.

UnoArduSim npegocrasnseTt npoctble coobLieHns o6 owmbkax ansa nobbix owmbok pa3obpaTts 1nv BbiNOMHEHNE, C
KOTOPbIMUW OH CTankMBaeTCsl, U NO3BONSAET BbINONHATL OTNAaAKy ¢ nomoLllbio Copoc , BbinonHutb , BeinonHuts [o,
BbinonHuts MNMoka , NMpuoctaHoBuTtb U rmbkui Lar onepaunn B NaHenb ¢ KOAOM C OOHOBPEMEHHBLIM NPOCMOTPOM
BCeX MobanbHbIX U B HACTOsILLLEE BPEMS aKTUBHbIX JTOKambHLIX NepeMeHHbIe, MaccuBbl 1 06bekToB B MaHenb ¢
nepemMeHHbIMM , [MpegycMoTpeHa NpoBepKa rpaHunL, MaccuBe BO BpeMsl BbinonHute, n 0ynet oGHapyXeHo
nepenornHeHne namsatn ATmega (M CTpoka nporpaMma BUHOBHMKA BbigeneHal). Jllobble anekTpnyeckne KOHNUKTyeT
c, NpukpenneHHble Kk 'l1/O' YcTpolicTBa, NomevatoTcsl U coobLatoTcs No Mepe MX NosiBMEHMS.

Korga INO unu PDE nporpamma aiin oTKpbIT, OH 3arpyaetcs B nporpammMa MaHenb ¢ KogoMm , nporpaMmma 3atem
paetcst AHanManpoBaTb, YTobbl Npeobpa3oBaTh ero B UCMOSNHSEMbI daii, KOTOpbIA 3aTEM FOTOB K
cMmodesiupoeaHHbIl ebinosiHeHue (B oTrinyme ot Arduino.exe, aBTOHOMHbIV UCNOHSIEMbIA dalin 4BOMYHOM He
cosgaHo) JTiobas owmnbka pasobpaTtb 06HapyXeHa U NnomeYveHa NyTem BblAENEHUSA CTPOKKM, KOTOpas He npoLuna
pasobpartb, 1 coobLeHns 06 owmnbke Ha CtaTyc 6ap B camoMm Hu3y npunoxeHns UnoArduSim okHo.
N3meHnTL/NMpoCcMOTpPeTb OKHO MOXHO OTKPbITb, YTOObI Bbl MO NpOCMaTpMBaTh U PeAaKTMPOBaTh BblAENEHHYIO
CMHTaKCMCOM BepCUIo BaLIero nonb3osartens nporpamma. OWmnbKM BO BpeEMsi CMOLENMPOBAHHOIO BbINONIHEHME (Takue
Kak HecoBnaJaroLLMii CKOPOCTb Nepeaayn) coobLLatoTCA B CTPOKE COCTOSIHMSA U Yepe3 BCMSblBaloLLee OKHO
coobLeHus.

UnoArduSim V2.7 aBnsieTcst npakTU4eckn NorHon peanunsaunen Asbik nporpammupoBaHua Arduino V1.8.8 kak
doKyMeHmasnbHO nodmeep)xdeHo Ha arduino.cc , Beb-cTpaHuua co cnpaBoYHUKOM MO 53bIKY, @ TakkKe C
[OOMOSTHEHMAMM, YKa3aHHbIMU Ha CTpaHuue Bepcumn 3arpyska Npumedanus k Boinycky. Xots UnoArduSim He
noaaepXnBaeT NorHyto peanusauuio C ++, KoTopyto nogaepxunaet Arduino.exe, nexawumi B ocHoee GNU
KOMMUIIATOP, BMOMHE BEPOATHO, YTO TOMbKO CaMble MPOABUHYTbIE MPOrPaMMMUCTbl OBHapYKaT, YTO KakOn-TO ANEeMEHT
C / C ++, KOTOPbI OHU XOTAT MCMONb30BaTh, OTCYTCTBYET (M, KOHEYHO, BCeraa eCTb NPOCTblE KOAMPOBaHME 0BXOOHbIX
nyTemn Ansa Takmx OTCyTCTBYOLWNX OyHKUMI). B oblwem, 8 nogaepkmBan TONbKO TO, YTO, MO MOEMY MHEHUIO, SBMSETCS
Hanbonee nonesHbim C / C ++ gnsa nobutenen n ctygeHToB Arduino - Hanpumep, 'enum’' a Takke '#define’
NOAAEPXKUBAIOTCS, HO YkaszaTenu dyHKLUNOHAamNbHbLIN MoAynb - HET. [laxke ecnv nonb3oBaTenbcknii 06bekToB ( 'class'
a Takke 'struct' ) u (60ONbLWMHCTBO) NEPErpy3oK onepaTtopoB NoaAEPKUBAKOTCS, MHOXECMBeHHOe HacriedosaHuUe
He ,

Mockonkky UnoArduSim siBnsieTcst A3bIKOBbIM CUMYNSTOPOM BbICOKOTO YPOBHS!, M0A0ep)Kuearomcsi moJsibKo
onnepamopsbi C/ C ++ , 3aseneHusi Ha accembriepe He , TOYHO Tak Xe, MOTOMY YTO 3TO HE MaLUMHHas CUMYyNAUnS

HWU3KOrO YPOoBHS, Pecucmpbl ATmega328 HedocmynHbI O/isi gawie20 npozpaMma L1151 YTEHUS UK 3anmcK, XOTS
pacnpegeneHue, nepegada n Bo3BpaT perMcTpoB aMynupytoTca (ecnu Bbl BbiIbpaeTe 310 B MeHo Onuum ).

HaunHas ¢ Bepcun 2.6 UnoArduSim nmeeTt aBToMaTuU4eCcKyto NOAAEPKKY BCTPOEHHbIV ANsl OrpaHNYeHHOro
noamMHoXecTBa OMbnuoTek, Nnpegocraensiembix Arduino, a UMeHHo: 'Stepper.h' , 'Servo.h',
'SoftwareSerial.h', 'SPI.h', 'Wire.h', 'OneWire.h',6 'SD.h', 'TFT.h' u 'EEPROM.h' (Bepcus 2).
V2.6 npeacraBnseT mexaHnam Ansa 3 " nogaepkka napTuitHol 6UGNMoTekn Yepes dhaiinbl, NPeaoCcTaBneHHyo B
'include 3rdParty' narnka aTo MOXHO HaMTK B KaTanore ycraHosku UnoArduSim. [insa no6on '#include’
apyrux (T.e. nonb3oBartenbckmx) budnuotek, UnoArduSim Oyaet He HangnTe 0ObIYHYIO CTPYKTYpY KaTanoros
ycTtaHoBku Arduino, 4Tobbl HanTK BNBNUOTEKY; BMECTO Tebsi HY)KHO CKONUPOBaTb COOTBETCTBYOLMI 3aronosok (".h") n
ncxogHbin (".cpp") dann B TOT e KaTanor, YTo u nporpamma cann, Hag KoTopbiM Bbl paboTaeTe (npu ycrnosuu,
KOHEYHO, OrpaHn4eHus, YtTo cogepxumoe nodoro '#include' ann gomkeH ObiTb NOTHOCTLIO MOHATHBIM AN
UnoArduSim cuHTakcuyeckumn aHannsaTop).

A paspabotan UnoArduSimV2.x B QtCreator ¢ noaaepxkov HECKOMbKMX A3bIKOB, U B HACTOsILLIEE BPEMS OH JOCTYMNeH
Tonbko Ana OkHa ™ | MopTupoBaHue Ha Linux nnun MacOS, ato npoekT Ha byayuiee! UnoArduSim Beipocna 13
CUMYIATOPOB, KOTOpPbIE 51 pa3pabaTbiBan Ha NPOTSKEHUN MHOTUX JEeT ANS KypCcoB, KOTOpLIE A Npenodasan B


http://www.arduino.cc/

YHuBepcuTeTe Koponesbl, 1 OH Bbin NpOTECTMPOBaH 4OCTAaTOMHO OBLUMPHO, HO TaM HaBepHsika ByaeT HECKOMNbKO
OLLIMOBKM, KOTOPbIE BCE eLle npsdyTcs Tam. Ecnn Bbl xoTnTe coobwmTb 0 owmnbka, noxanyncra, onuwimnTe ero (KpaTko)
Mo aMnekTPOHHOM noyte unoArduSim@gmail.com a Takke He 3abyObme NPUIOKUMb MOJHbIU UCXOOHbIU KOO
owubka-Arduino, ebi3bigarouuli owubKa Tak 4To S MOTy CKONMpPOBaTh ownbka 1 ucnpaeutb ero. A He Byay
OTBeYaTb Ha OTAEeSNbHblE OTYETHI OLUMBKA, U Y MEHS1 HET rapaHTUPOBaHHbIX CPOKOB UCMPaBeHWI B CrieayoLem
BbIMycke (MOMHWUTE, YTO 0GXOAHbIE MYTU NOYTK BCeraga ectb!).

Ypa,

C13H CnmmoHc, PhD, P.Eng.

[oueHT (B oTCTaBKE) Vet
Kadhenpa anekTpoTexHuKN 1 BbIYUCIINTENBHON TEXHUKN ueen-’
YHusepcuTeT Koponesbl, KuirctoH, OHTapuo, KaHaga UNIVERSITY


mailto:unoardusim@gmail.com

NaHenb ¢ kogom, HacTtponkn n Nameuuto/MpocMoTpeThb

(B cTopoHy: ob6pasel, okHa, NoKa3aHHbIN HMKe, Bce nop, BelbpaHHon none3oatenem OkHa-OS uBeToBasi Tema,
KoTopasi UMeeT TEMHO-CMHUI LIBET hOHA OKHO).

MaHenb ¢ KOQOM

MaHenb ¢ Kogom oTobpa)kaeT BaLLEro Nofb3oBaTeNs nporpamma, 1 3eneHbin MNoacBeTka TPEKOB BbINOMHEHWUE. (MNK
OCHOBHbIE MOMEHTbLIKPACHbIN 3a OLLNOKY)

Mocne Toro, Kak 3arpy>XeHHbI MporpammMa MMeeT ycnellHbIn AHannanposaTb, NepBas CTPoka B 'main () ' BblgeneH,
1 nNporpaMma rotoB K BbinonHeHne. ObpaTute BHMMaHWe, YTo 'main () ' HessBHO gobGaensieTtcsa Arduino (1
UnoArduSim), u Bbl genaeTe He BKITHOYMTE €ro Kak YacTb BalLEro nonb3oBartens nporpamma cann. BeinonHenne
HaxoauTCA Nof KOHTPONeEM MeH0 BbINONMHUTBL 1 CBA3aHHbIE

¢ HUM UHcTpyMmeHT-Bar kHonku 1 KomOrHaumm KnasuLl . crault progr

q)YHKU.MOHaﬂbeM Moaynb. " us i d F'r“:::é to load a different program

lMocne nepexoaa BbiNOMHEHWE NO ogHow (unu 6onee)
WHCTPYKUMUK (Bbl MOXeTe ucnons3osatb MHCTpymeHT-Bar

int count;

KHOMKK , , , UAIN ), CTPOKa Nporpamma, kotopasi byaet IR SEEUEC
cnepyoLlen BbINOMHUIT, 3aTem ByaeT BblaeneHa 3eneHbIM " count—8;
LBETOM - 3efieHas NnHMA Bcerda OyaeT crieaytoLlen CTPOKon h

roToB K BbINOMIHUN , d loop()

count=count+1;

Ecnu nporpamma BbINONHEHWe B HacToslLLEee Bpems delay(109);
OCTaHOBIEH, U Bbl Haxu1MaeTe B [aHenb ¢ KOAOM OKHO,

MIMHWA, KOTOPYIO Bbl TOMBKO YTO LUENKHYyNW, ByaeT BblaeneHa
TEMHO-ONMBKOBBLIM LIBETOM (Kak NOKa3aHO Ha PUCYHKe) - e "i in() w is TMPLICIT in Arduino
cnepgywLlas 3a BbIMONHWA NMHUS Beerga byaeT BoigeneHa '
3eneHbIM UBETOM (HauuHas ¢ V2.7). Ho Bbl MOXeTe BbI3BaTb
BbIMNONHEHWe Mpogpeccuposams A0 NMHUS, N0 KOTOPOA Bbl setup();

= while(true)
TOMBKO YTO HaXanM 3aTem Haxas Ha BbinonnuTts Oo be
MHcTpymeHT-Bar kHonka. 3ta dyHKLMS NO3BONSIET Bam

un( ) ;
6bICTpO M Nerko AoCTun4db onpeneneHHbiX NIMHU B nporpamMmma, : iotood o
YTOObI BnocneacTemMn Bbl MOMK War 3a warom npoxognTb

MHTEPECYHOLLYI0 Bac YacTb NporpaMma.

Ecnu BaLu 3arpyeHHbIn nporpaMMa nMeeT Kakne-nmbo '#include’ dhannbl, Bbl MOXETE NepemMeLlaTbca Mexay

HUMK ¢ nomolubio dann | npeablAywUA a Takke ®ann | cneayowmin (¢ UHcTpymeHT-Bar kHomku *+ atacke =*
). MocneaHsas cTpoka, BbibpaHHas nonb3oBaTenem B KaXA0M M3 9TUX MOAYSEeN, OCTaeTcs BblAeNeHHON 1 onpeaenset
BO3MOXHYIO CTPOKY TOYKa OCTaHOBa, K KOTOpoW ByaeT BbIMOMHATLCSH, HO TONbKO TOYKa OCTaHOBa B mMeKyujuli
omobpaxkaembili MOOysib aKTUBEH Ha crnegyrowem BbinonHutb [o

HawnTtu gencteunsa B MeHto nossonsoT MJTU Hanty TekcT B NMaHenb ¢ kogom unv NaHenb ¢ nepeMeHHbIMY (
UHcTpymeHT-Bar kHonkm | a TaKKke h WUNK CouETaHMS KNaBuLL CcTperika BBepX a Takke CTpersika BHU3 ) rnocrie
nepeoeo ucrnosib3oeaHusi Hantu | YctaHoBuTb TekeT UckaTtb nnn UHcTpymeHT-Bar #h ), AN
AJIbTEPHATUBHO B nepemewambcsi no cmek ebi3oeoe B NaHenb ¢ kogom ( UHcTpyMmeHT-Bar kHomku fulllnt a

func
TaKke ' UK codeTaHna KnaBuLl CTpeJyika BBepX a TakkKe cTpesika BHU3 ) Krntoun BHM3 Ha CTpaHuUy a TaKkke
BBepX Ha CTpaHunuy nepe|7|T|/| K Bbl60py cnepgymoulero / npegbiayuiero q)yHKLLI/IOHaJ'IbeII;I mMoaynb ..

UHD HacTporku

SETOMaTUYECKMIA o

O asromar

paTopsl

laTendamM yCTaHOBUTb NnporpamMmMa un npeanoyvteHnda npocMoTpa



(koTOpble Nonb3oBaTenb OBbIYHO XernaeT NPUHATbL Ha OH cneaylLWwun ceaHc). NoaTOMy NX MOXHO COXPaHUTb U
3arpy3utb 13 'myArduPrefs.txt' daiin, kOTopbI HAXOQUTCSA B TOM e KaTarnore, YTo 1 3arpyeHHbi 'Uno' unun 'Mega
nporpamma ( 'myArduPrefs.txt' aBTomaTuyeckn 3arpyxaeTcs, ecrnv OH CyLLECTBYET).

OTO gnanoroBoe OKHO NO3BONSAET BbIOMpaTh MeXay ABYMS MOHOLUMPUHHBIMUY LWpUTamMu 1 TpeMSA pa3mepamm
WpudTa, a Takke OpyrMMy pasHbIMK NpeanovTeHsamu. HaunHas ¢ Bepcum 2.0, BbIGOp si3blka Tenepb BKIHOYEH. - 3TO
BCerga BKI0YaoT aHIMUNCKWN (@H), Nc OAVH WY ABa ApYIvX A3blKa okanu nonb3oBaTtens (r4e OHW CyLLEeCTBYHOT),
M OOHO nepeonpeaerneHne Ha ocHoBe OBYXOYKBEHHOrO koga si3bika 1ISO-639 Ha camou nepeol UHUU U3
'myArduPrefs.txt' chann (ecnu TakoBoi nmeeTcs). BeiGop nosiBnseTca Tonbko ecnv nepesog ".qm" dann cywectsyeT
B narnke nepesogoB (BHyTpy gomMalwHun katanor UnoArduSim.exe).

N3meHutb/MpocMmoTpetb

[BOMHbIM Lenykom no nobow cTpoke B MaHenb ¢ kogoM (Unu ncnonb3ys mexHto ®aun ), UsmeHuTb/lNMpocmoTpeTb
OKHO OTKPbIBAETCS Af1s1 BHECEHWNSI UBMEHEHUIA B BaLL Nporpamma ¢ain - OH OTKPLIBAETCS C BbiIOpaHHasA CTPOKa B
MaHenb c KOQOM MOACBEYEH.

OTOT OKHO MMEET BO3MOXHOCTb
MOSTHOTO PeAakTUPOBaHUSA C
JVNHaMMN4YEeCKOW NoaCcBETKOMN initialize interrupt £1
CUHTakcuca (pasnuyHble LBeTa b
OCHOBHOW MOMEHT UCMOb3YTCH
ans Kno4eBbix cnos C ++,
KoMmmeHTapues u T. [1.).
CyLuecTByeT AOMNONHUTENbHAs
NOACBETKA CUHTAKCUCA XUPHBIN U
aBTOoMaTn4yeckoe
dopmaTupoBaHne Ha ypoBHe
oTcTyna (Mpu ycrioBmm, YTo Bbl
BbIOpanu aTo ¢ NOMOLLbHO
KoHdumrypupoBath |
HacTtpowku ). Bbl Takke MoxeTe
yao6HO BbIOpaThL BCTPOEHHbIN
PYHKUMOHANbHLIA MOAYNb
3BOHKM (MW BCTPOEHHbIN
'#define' KOHCTaHTLI) ANA
nobaBneHus B Baw nporpamma u3 NpefocTaBleHHOro CnMcka - NPOCTO ABaXAb! LUEMKHUTE MO HY>XHOMY 3ITEMEHTY
cnucka, 4Tobbl 406aBWTb €ro K BalleMy MporpaMmMa B TEKYLLEN NO3nLnM KapeTkn ((PYHKLMOHarbHbIN Moy b - BbI30B
nepemMeHHasi murnbl TONbKO A1 MHOPMaLUN U NIMLLEHBI BO3MOXHOCTM OCTaBNATb (DUKTUBHbLIE 3anofHUTENW Npu
pobGaBreHun B Ball Nporpamma).

Uil KzmennTs TipocmoTpeTs

NocnegHuid AHBAWSMPOBATE YCNEWHD

O HpHEI Knloueskle cnosa C ® 2 [ asto Touxa c sanaToit

OKHO nmeet Hamtm (ncnonbsosaHue Ctrl-F) a tarke Hantn / 3ameHnTb BO3MOXHOCTb (Ucnonb3oeatb Ctrl-H ),
U3meHuTb/lNpocmoTpeTb OkHO meeT OTMeHUTb ( Ctrl-Z ), a Takke BepHyTb ( Ctrl-Y) kHoOMku (koTopkle
NOSIBMSILOTCS aBTOMATUYECKMN).

cnonb3yute ALT-cTpenka BnpaBo 3anpoCuTb BapuaHTbl aBTO3arnofHeHWs A4S BCTPOEHHbIN rnmobdanbHbIN
epeMeHHble, U AN YJieH nepeMeHHble U (PyHKUMOHaNnbHbIe MOAYIW.

OTkasaTtbcsa ece usmeHeHus1 Bbl caenanu, Tak Kak Bbl BNepBble OTKPbIW Nporpamma Ans pegakTupoBaHus, HaxXMuTe
OTmeHa kHomka. [puHATE Tekyllee cocTosiHne, Haxxmute MpuMeHnTb KHoMKa 1 nporpamma aBToMaTuyecku nonyyaer
apyron AHanuaupoBartb (1 3arpyxaetcd B 'Uno’ unm 'Mega’, ecnum oumbok He obHapyxeHo), 1 B rmasHoM UnoArduSim
OKHO nosiBnsieTcs HoBbIn cTaTyc CTaTyc Gap ,

KomnunupoBarth ( Ctrl-R ) kHonka (nntoc ceaszaHHbIN AHanu3upoBaTb Ctatyc OKHO COOOLLIEHMS, KaK MOKa3aHo Ha
pucyHke BbiLe) Bbirio gobaBneHo, YTobbl NO3BONUTL TECTUPOBAaHNE M3MEHeHU 6e3 HeobxoauMoCT cHavana
3akpbiBaTb OkHO. CoxpanuTb ( Ctrl-S ) Takke 6bina gobaBneHa B kavecTBe Aprbika (3kBuBaneHT MNpumMeHnTb nNnioc
nosxe otaenbHbIn CoXpaHUTb OT OCHOBHOW OKHO).

JIn6o Ha OTmMeHa nnu anMeHMTb 0e3 BHeCeHHbIX U3mMeHeHu MaHenb ¢ KOAOM TeKyllaa CTPpOKa MeHAETCH, 4YTOObI
cTaTb 1ocsiedHsist noauyusi kapemku MsmeHumb/ﬂpocmompemb M Bbl MOXeETe UCnonb3oBaTb 3Ty d)yHKLI,VII'O, YTOObI



nepenty MaHenb ¢ KOAOM K ONpeaeneHHON NMHUKN (BO3MOXHO, YTOObI NOAroTOBUTLCA K BbinonHuTtb [0 ), Bel Takke
moxeTe ncrnonb3osaTtb Ctrl-PgDn a Takke Ctrl-PgUp 4Tobbl nepentu k cnegytolemMy (Mnv npeablgyliemy) paspbiBy
MyCTOW CTPOKW B MpPOrpaMma - 3To nonesHo Ans 6bICTpon HaBuraumm BBEPX UM BHU3 MO 3HAYMMbIM MecTaM
(Hanpumep, NycTble CTPOKM Mexay (pyHKLMOHanbHble Moaynu). Bel Takke moxeTe ucnonb3oBate Ctrl-Home a takke
Ctrl-End nepeiitv kK Ha4yany n KoHLUy NporpaMmMa, COOTBETCTBEHHO.

ABTOMaTHyeckoe popmMaTMpoBaHMe OTCTyna Ha ypoBHe "Tab' BbINOnHAETCA Npyu OTKPbLITUM OKHO, eCnn 3Ta onuus
Obina yctaHoeneHa B KoHdurypupoBatb | HacTponku, Bl MOXxeTe NOBTOPUTL 3TO oopMaTUpOBaHme B Jitoboe
BpeMms, HaxxaB KHorky "lMNepedopmatnpoBaTth” (OHa BKMOYAETCS, TOMBKO €Criv Bbl paHee BbibpanmAemomamuyeckas
ycmaHoeka omcmynoe). Bbl Takke MmoxeTe 006aBNsTe UNu yaanaTb BKNAAKW B rpynny npeaBaputeribHo
BblGpaHHbIX NocnegoBaTernbHbIX CTPOK C MOMOLLbIO KNaBuaTypbl rpasast cmpeJsika Ui cmpesika es1e80 KIoun - HO
npedno4ymeHue OO/DKHO 6bIMb OMKJTIOYEHO YTOObI HE NOTEPATH CBOM COBCTBEHHbIE YPOBHU BKNAAOK.

Korga ABTO TOUYKa C 3ansATOW NpoBepsieTca HaxaTnem BonTu ansa 3aBepLUeHNsa CTPOKN aBTOMAaTM4YECKM BCTaBMSETCS
TOYKa C 3ansAToN.

N 4T06bI NOMOYL BaM fydLle OTCIEXMBATh BalL KOHTEKCTbI M M30rHYTbIe CKOBKM, HaXaB Ha ' {' unu '} ' usorHyrtas
ckobka ebldesnisiem eecb meKkcm Mexdy 3mumM u3o2Hymasi CKo6ka u e20 coomeemcmeyrowuM napmHepPoM ,

MaHenb ¢ nepeMeHHbIMU U U3MeHunTb/OTCnexunsarb NNepeMeHHass OKHO

MaHenb ¢ nepeMeHHbIMU pacrnonoXeH YyTb Hxe MaHenb ¢ kogom, OH NOKa3sbIBaeT TeKyLne 3HaYeHns aAng
KaXkgoro nonb3oBaTtens rnobanbHOro n akTMBHOIO (in-cdhepa) nokanbHOro nepeMeHHasi / maccus / OOLEKT B
3arpy>xeHHom nporpamma. Korga Balu nporpamMmma BbiNOMHEHME nepemeLtaeTcs Mexay (PyHKLMOHanNbHbIe
MoZynn,cogepXXumMoe U3MeHsIeTcsl, YToObl OTPa3nUTb TONLKO Te NOoKalNbHbIe NepeMeHHble, KOTOpbie AOCTYMHbI
AnA Tekywero yHKUMOHaNnbHbIN Moaynb / :
ccrepa, nntoc nNbble 06bABNEHHbIE
nonb3oBaTtenieM rnodasnbHble NepeMeHHbIe,
JTlobo nepemeHHble OObSIBNEH KaK'const' UMnn
Kak 'PROGMEM' (BbigeneHo ans 'Flash' namsaTtb)
MUMEIOT 3HaYEHUS], KOTOPbIE HE MOTYT ObITb
N3MEHEHBI, U MO3TOMY 151 3KOHOMUU MECTa OHU
He omobpaxkaemcs, ' Servo' a Takke
'SoftwareSerial' Ok3eMnnspbl OObLEKT He
cofepxKaT NnonesHbIX 3HAaYEeHUN, Tak XXe Kak U He
oTobpaxaeTtcs

Bbl MOXeTe Halimu ykasaHHbIn mekcm ¢ Hantu

i et
KOMaHAbl TEKCTOBOro nomcka meHto (¢ MHcTpymeHT-Bar KHOMKKM ==t a Takke [ UNK coveTaHns KnasuLl cTpernka
BBepX a Takke cTperika BHU3 ), nocne nepeoro ucrnones3osanus Hantu | Komnnekt UckaTb TeKCT nnm ¢ ,

MaccuBbI a Takke 06 BEKTOB NMokasaHbl MO0 B yH-paCLUMPEHHbIA U pacluMpeHHbIn dopmart, nnbo ¢
3aBepLUaloLLMM NACOM ' (+) ' MM MUHYC ' (-) ' NoanucaTb COOTBETCTBEHHO. CMMBON AN MaccuB Mxkc
nokasbiBaeT kak 'x[]' , YToGbl pacumpaTb 3TO NoKa3aTb BCe 3MIEMEHTbI MacCUB, MPOCTO HAXMUTE OA4MH pas3 Ha
'x[] (+) ' BIlMaHenb c nepeMeHHbIMU , YTOOLI COKpaLLATLCA BEPHYTLCS K NPeCTaBEHNIO UN-PaCLLUMPEHHbIN,
HaxxmuTe Ha 'x[] (-) ' , Mo ymonyaHuio un-pacluMpeHHbIn Ans o6bekT 'pl' nokasbiBaeT kak 'pl (+) ' K
pacLmnpsTb 3TO NokasaTb BCEM YrieHaM 3TOro 'class' unu 'struct' Hanpumep, Haxmute oguH pas Ha 'pl (+) '
B MaHenb ¢ nepeMeHHbIMM , YTOObI COKpalLaTbCa BEPHYTLCS K MPeACTaBNEHMIO UN-PACLUMPEHHBINA, HAXXMUTE OAMH
pasHa 'pl(-)' ,

€Cnuv Tbl 0OHUM W,eJTYKOM MbIWU Ha J1I060U cmpoKe OCHOBHOU MOMeHmM 8 MeMHO-0JIUBKOBOM yeeme (3TO
MOXET ObITb NPOCTON NepeMeHHas UM COBOKYMHbIA ' (+) ' uAKn ' (=)' JMHUSA MaccuB NN OObEKT, UK OAWH
3MeMeHT MaccuB UK YneH obbekT), 3atem Aenatb BbinonHuTb Moka 3acTaBuT BbiNOSHEHWE BO30GHOBUTL U
3aMOpo3UTb Ha cnegylolem 3anucu docmyna rae-Hubyab BHYTPU 3TOro BbIGpaHHOro arperata, Unu K Tomy
BbIGpaHHOMY €4MHCTBEHHOMY MECTOMNOMOXEHUIO NEPEMEHHASs.

Korga ncnonb3ayews War nnn BeinonHnte OGHOBNEHME OTOOpaXXaeMbiX 3HAa4YEHWI NEPEMEHHAsi NPON3BOANTCS B
COOTBETCTBUMN C HACTPOWMKAMM NOSb30BaTENs, BbINOMIHEHHBIMU B MeHI0. MepeMOBGHOBUTL - 3T0 obecneynBaeT
NOMHbIN AMana3oH NOBEAEHUSA OT MUHMMArIbHbIX NEPUOANYECKNX OBHOBMEHUI OO NOMHbLIX HEMELNEHHbIX OOHOBNEHWN.



YMEHbLUEHHbIE UM MUHUMAarbHbIE OOHOBMNEHUS MONE3Hbl AN CHUXKEHUS Harpys3kum Ha npoueccop u moryrt ObITb
HeobxoanMbl, YTODbI BbIMONHEHWE He OTCTaBan B peanbHOM BpeMeHN OT TOro, 4TO B NPOTUBHOM Clly4ae ObIno Obl
Yype3MeEpPHbIM MaHenb ¢ nepemMeHHbIMun O6HOoBNEHNE OKHO 3arpyxaert. Kkorga AHumaumna ,El,eI7ICTByeT nnn ecnun
OcHoeHOU MOMeHM U3MeHeHUs ONuns MEHIO, UIBMEHSIETCA Ha 3HaYeHne nepemMmeHHasa BO BpeM4d BbinonHuTb
npuneBegeT K O0OHOBNEHNIO 0To6pa>+<aeM0ro 3Ha4YeHUs1 HemMeOsIeHHO Y OH 6y,u,eT BblAaeneH (bMOJ'IeTOBbIM LUBETOM - 3TO
Bbi3oBeT MNMaHenb ¢ nepemMeHHbIMU MNPOKPYTUTb (I'Ipl/l HeOGXOﬂ,VIMOCTVI) 00 CTPOKK, KOTOpaA CoOAEePXUT, 4TO
nepemMeHHad, n BbiNnoJiHeHe bornblue He 6yp,eT B peXunmMme pearnibHOro BpemMeHun I

Koz0da ebinonHeHue 3amep3aem nocre War , BeinonHntb fo , BoinonHuts Moka , nnu BeinonHuTb -Torga-
MpuocTtaHoBUTL , MaHenb ¢ nepeMeHHbIMU OCHOBHbIE MOMEHTLI 8 (hUO/IEeMOBOM NEPEMEHHAs, COOTBETCTBYHOLLUIA
adpec (a) adpeca, komopbie 6biu usmMeHeHbl (ECNN €CTb) caMasi MOCSIeOHSIS UHCMPYKUUST B TEYEHWEe 3TOro
BbINOMHeHue (BKNtoYas MHULManu3aumo obbsaBneHns nepemerHas). Ecnmn ata MHCTPYKUUS MOJSTHOCMbIO 3aNofHEHbI
06bekm unu maccue , pooumesnbckas (+) unu (-) cmpoka ons 3TOro arperata CTaHOBUTCS BblAeNeHHbIM. Ecrin
BMECTO 3TOr0 MHCTPYKLMSI U3MEHMITA PacnorioXeHe TO, YTO B AaHHLIA MOMEHT BUAHO, 3aTEM CTaHOBMUTCS
nogceeyeHHbIM. Ho ecnn nameHeHHOe MeCTOMNONOXeHME (51) B HAacTosiLLee Bpems ckpbiBaeTcs BHyTpy UN-
pacLUMPEHHbIV MacCcuB NN 0OBEKT, KOTOpPbIE B COBOKYNHOCTU podumersibcKasi JIUHUST ToNy4yaeT ebidesieHUe
KYpCcU8OM KaK BU3yalibHbI CUrHarnm, Y4To YTO-TO BHYTPU 3TOrO ObINO 3anncaHo - LWeENKHYB Mo paclumpsaTb, OHO 3aTem
BbI3OBET €70 MPOoWJIol U3MEHEHHbIV SNEMEHT UKW YeH, YTODbl CTaTb BblAENEHHbIM.

M3meHUTL/OTCNEXMBATb OKHO 4AET BaM CITOCO6HOCMb criedosamb
N1I060My 3HaYeHUIo repeMeHHasl 8 meYyeHue 8bIMNosIHeHUe NN U3SMeHUMb
€20 3HavyeHue 8 cepeduHe (ocmaHoesieHo) npo2paMma ebirnosIHeHue (Tak
MpwireriTe YTO Bbl MOXETE MPOBEPUTb, KakoB ByaeT adpdekT NpogomkeHns paboTbl € 3TUM
HOBbIM 3HayeHneMm). NMpuoctaHoBUTL CHavana BbINONHEHME, MOTOM Jie8bil
080UiHOU WesI40K Ha NepeMeHHas, 3Ha4eHne KOTOpPOro Bbl XOTUTE OTCNEXUBaTb
NN N3MeHUTb. YTOObI NPOCTO KOHTPONMPOBaTL 3HAYEHNE BO BPEMS Nporpamma
BbINOSTHEHNE, OCTaBUTb ANANIOrOBOE OKHO OTKPbLITbIM a 3aTeM OAMH 13 BbinonHuTb unu Lar komaHgpl - ero
3HayeHue byneT obHoBneHo B U3mMeHUTL/OTCneXXnBaTb B COOTBETCTBMU C TEMM XXe NpaBuUiaMm, KOTopble
perynvpytot o6HoBneHus B NMaHenb ¢ nepeMeHHbIMU , YMobbl usMeHumMb 3Ha4eHue rnepeMeHHas , 3anonHuTe
3HayeHune nons Beoga u NMpumeHuTs |, [Npogomnxkarite BbINONHEHWE (Mcnonb3ys nobon n3 War nnn BeinonHutb
KOMaHfbl), YTOObI MCNOMb30BaTh 3TO HOBOE 3Ha4YeHMe C 3TOro MOMeHTa Brnepes (Mnu Bbl MoXeTe BepHyTbCA K
npeabiayLwemMy 3Ha4yeHuo).

UHD MzmeHnTe/OTcnesxmneats MNepemennan X

BEPHYTLLR

Ha npozpamma 3azpy3umsb unu C6poc obpatnute BHUMaHWE, YTO BCE HEUHUUUANMU3UPO8aHHOE 3HaYeHuUe
rnepemeHHble cbpacbigaemcs 8 3Ha4yeHue 0, a 8ce HeUHUYUanu3uposaHHbIU yKkazamersb rnepeMeHHble cbpacbieaemcs
8 0x0000.

JlabopaTopHasa naHenb

JlaBopaTtopHas naHernb nokasbiBaeT 5-BonbToBbIN 'Uno’ nnm 'Mega' nnara, KoTopblii okpyeH Habopom 'l/O"
YCTponcTBa, KOTOPbLIV Bbl MOXETE BbIOpaTh / HACTPOUTL U MOOKMIOYNTL K kenaemomy 'Uno’ nnu 'Mega' nuHax.

'Uno’' wnm 'Mega’

3710 n3obpaxeHune 'Uno' unu 'Mega' nnarta u ero BCTPOEHHbIX cBeToanoaoB. Koraa Bbl 3arpy)xaeTe HOBbIV MporpammMa
B UnoArduSim, ecrniv oH ycnewHo aHanuM3upyeT, OH NnoAaBepraeTcs "MoaenMpoBaHuio 3arpyska” B nrarta, KOTophbIn
nmMuTupyeT cnocob cakTuyeckoro nnara BeaeT cebs - Bbl yBUAUTE, YTO cepuiiHble RX 1 TX LED muratot (Hapsigy ¢
aKTMBHOCTLIO Ha nNHax 1 n 0, KoTopble 8CMpPoeHHbIl Onsi nocredoeameribHOU C853U C 2/1a8HbIM KOMIMbiomepom). 3a
HUM cpady crneayeT Benbiwka nuH 13 LED, koTopasi 0603HayaeT cbpoc nnarta u (M aBToMaTU4eCcKyto OCTaHOBKY
UnoArduSim B) Hayano 3arpy>eHHOro nporpamma BbirnofiHeHNe. Bbl MOXxeTe nsbexatb 3Toro oTobpakeHus u
CBSI3aHHOM C HUM 3a[iepPXKU 3arpy3ku, oTMeHnB BblbopllokasaTb 3arpy3ska oT KoHdurypupoBaTh | HacTponku,

OKHO MO3BOMSiET BM3yanu3npoBaTb formyeckne yposHU uudposoin Ha Bcex 20 'Uno' nMHax unu Ha Bcex 70 'Mega'
nuMHax ( '1l' Ha KpacHbl AN 'HIGH' , '0' Ha cMHeM Ans "LOW' , a Takke '?' Ha cepoM Ans HeonpeaerneHHoro
HeonpeaeneHHoro HanpsKeHUs) U HanpaeneHWs 3anporpaMmMmpoBaHHbIA ( 'I' 3a 'INPUT' , unu 'O’ 3a 'OUTPUT'
). Ana nuHax, KoTopble NynbCUpyoT ¢ ncnons3osaHnem LWWVIM yepes 'analogWrite () ' vnm 'tone () ' unm
'Servo.write () ', UBET MEHSETCA Ha OMONETOBLIN M OTOOpPaXKaeMbli CUMBOST CTaHOBUTCS '~' ,

O6paTtuTe BHUMaHue, YTo Lugppoeoill nuHax 0 u 1 nodknroyeHbl Yepe3 pesucmopbl 1 kKOM Kk mukpocxeme USB
onsi nocnedosamersibHasi C8si3b C XOCM-KOMIbIOMEPOM.
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ARDUINO

Jlesol kHoMKoU Mbiwu Ha mobom 'Uno’ nnm 'Mega' nuH oTkpoeT Pin LindpoBbie OcumnnorpamMmmbl OKHO, KOTOPbIV
oTobpaxkaeT NpoLLrIoe CTOUMOCTb OAHOM CeKyHAbI N3 AKMUBHOCMb YPOBHST Uyughpoeoll Ha 3TOM NUH. Bbl MoxeTe
HaXkaTb Ha OpYyrov nuHax, 4Tobbl 4o6aBnTb UX Ha gucnnen Pin Liudposbie Ocumnnorpammsl (4o 4 curHanos
O[HOBPEMEHHO).

Haxmute ang npocMmoTpa CcTpaHuubl BNEBO UK BNpaBo uUnu ucnonesyirte knasuwn Home, PgUp, PgDn, End

OavH 13 oTobpaxaeMbix CUrHanoB OyoeT akmueHbIl NuUH ocuurnnorpamma obosHavaeTcs kHonkow "TnH",
0003HayaemMon Kak HaxaTa (Kak Ha CHMMKe aKkpaHa Bbiwe Pin Lindpoebie Ocuunnorpammel). Bel moxeTe BbiGpaTh
ocuunnorpaMMa, Haxas Ha ero LmdpoByto kHOMKY MyH, a 3aTeM BbIbpaTh MHTEPECYIOLLYIO NOMSPHOCTL Kpasi, HaXkaB
COOTBETCTBYIOLLYHO KHOMKY BbiGOpa MONSPHOCTI BOCXOASILLETO / NafatoLLero kpasi, = , unn - L unm ¢ nomoLLbio
COYETaHUN KNaBuLL cmpeJsika eeepx a Takke cmpeJsika eHU3 , Bol MoxeTe Torga lNpbleams akTUBHBIN Kypcop (CUHUe
W KpacHble NIMHWM Kypcopa C YKa3aHHbIM X AeNbTa-BpeMeHEM) Ha3a Unu Brnepeg K kpato BbIOpaHHOW NOMSpHOCTY

LUMdPOBOI 3M020 aKmMueHo20 MUH OCLUMUNorpaMmMa C NMOMOLLLbIO KHOMOK Kypcopa, 4 rymd b (B 3aBMCKMMOCTM
OT TOrO, Kako Kypcop 6bin akTUBMpOBaH paHee ¢ 'Y UMW & ), UK NPOCTO UCMONbL3YIATE KNaBULWIK KNaBUaTypbl <— a

TaKkke — ,

Y106kl aKTMBMPOBATL KYPCOP, HAXMUTE €ro LIBETHYIO KHOMKY aktmBauun (T Unu & nokasaHo BbllLe) - 3110 makKxe

MPoKpy4usaem rnipedcmasrieHue K meKyuwemMy MecmoriofioxXeHuUo 3mom Kypcop , Kpome Toro, Bbl MoXeTe ObICTpO
YepegoBaTb akTUBALMIO MeXAY Kypcopamm (C UX COOTBETCTBEHHO LIEHTPMPOBAHHLIMU BUOAMM), UCNOMb3Ysl APibIK
v L]

Tab' kntou.

Bbl moxeTe lMpbizamb TEKYLUMIA aKTUBUPOBAHHbINA Kypcop wiesIKHye s1eeoll KHOMKoU MbIlwu 8 JIlo60M Mecme B
obnacTu npocMoTpa ocuunsiorpaMMa Ha akpaHe. Kpome Toro, Bbl MOXeTe BblOpaTh KpacHYH Ui CUHIOK SIMHUID
Kypcopa, LenkHyB cnpaBa BBEPXY (YTOObI akTUBMPOBATL), 3aTeM riepemaujume €20 8 HO80e MECMO U OTNYCTUTE.
Korga HyXHbI Kypcop HaxoauTCs rae-To BHE 3KpaHa, Bbl MOXETE WesIKHUMe rpaeoll KHOMKol MbIwu 8 JIo60M
Mecme 4TOObI NEPENTU K STOMY HOBOMY MECTOMOSIOXEHMIO Ha 3KkpaHe. Ecnn oba kypcopa yxe HaxogsaTcs Ha aKkpaHe,
LLIEMYOK NPaBOM KHOMKOW MbILLM NPOCTO YepeayeT akTUBUPOBAHHbINA Kypcop.



UYmo6bl ZOOM IN u ZOOM OUT (macwmab ecea0a ueHmpupoeaH Ha AKTUBHOM kypcope), ucnosnb3ytime
KoJlecuko Mblwu usnu coyemanusi knasuw CTRL-cmpenka eeepx u CTRL-cmpesika eHu3,

[enaTb BMeCTO wjesikHuUme npaeou KHornkou Mbiwu Ha nrobom ‘Uno’ unu 'Mega' nuH oTkpbiBaeT Pin
AHanoroBbIn OcunnnorpaMmo OKHO, KOTOpPbIA oToBpaxaeT 3a 00HY cekyHAy cmoum 13 AKmueHoCmb Ha
ypO8He aHasi0208bIl Ha 3TOM NUH. B otnnune ot Pin Ludposbie Ocumnnorpammbl OKHO, Bbl MOXXETE OTobpaaTb
aKTMBHOCTb aHaNoroBbl TOMbKO HA OOHOM MUH OAHOBPEMEHHO.

Anancroseid Ocuwnnorpammo

YOAMTE

HaxxmuTe ans npocMoTpa CTpaHuubl BEBO UMK BNpaBo Unu ucnonb3yite knasuwmn Home, PgUp, PgDn, End

Bkl MmoxeTe I'lpblaamb CUHME Unn KpacHble NIMHNK Kypcopa K CJ'Ie,EI,yPOLLI,eIZ nogHUMatoLLencs unm OI'IyCKa}OLIJ,GIZCFl
"TOYKe HaKrnoHa" C NOMOLLIbIO KHOMOK CO CTpenkamu snepen nin Hasaj ( 1 ) » mnnm 4 ) » , CHOBa B 3aBMCUMOCTH
OT aKTUBMPOBAHHOIO Kypcopa, uin I/ICI'IOJ'Ib3yl7IT6 <— a TaKkke — KJ'IaBVILIJ) B CO4YeTaHun C KHoMKamu Bbl60pa

nogbema / cnaga P ("Toyka HakmnoHa" BO3HUKAET, KOrga HanpsbkeHne aHanoroBbI MPOXOAUT Yepes BbICOKUM
nopor fnorunyeckoro ypoBH Kmega nuH ATmega). Kpome Toro, Bbl MOXXETE CHOBA LWENKHYTb, YTOObI NpbIratb, Unm
nepeTawimTb 3TN JIMHUM Kypcopa, aHanormyHble nx noeegeHuto B Pin Lindppoebie OcuunnorpaMmbl OKHO

npeccoBaHue 'Ctrl-S' BHyTpu /110600 OKHO NMo3eosisiem coxpaHumb ocyusinozpamma (X, Y) OaHHbIe Ha TekCT
ann no sawemy Bbibopy, rae ke B MMKpOCEKyHAAX C NIEBOW CTOPOHLI, 1 Y B GonTax.



'I/0O' YcTpoucTBa

Psn pasnuyHbix YcTporctea okpyxatoT 'Uno’ unu 'Mega' nnata no nepumetpy JlabopaTtopHas naHens , "Manbin" 'l/O'
YcTtpowncTaa (M3 KOTOpbIX BaMm paspeLlleHo o 16) pacnonoxeHsl BOOMb NEBOW 1 NpaBon cTopoH lMaHens. "BonbLion”
'I/O' YcTporcTBa (BaM paspeLLeHOo CTOMNbKO, CKONbKO NOMECTUTCS) UMeET "akTUBHbIE" arneMeHTbl U pacrnonaraeTcs
BAOMNb BEPXHEN N HMKHEN YacTu JlTabopaTopHas naHenb , XXernaemoe KonM4yecTBO KaXXgoro Tuna gocTynHeix /0’
YCTPONCTBO MOXHO YCTaHOBUTL C nomoLlsio MeHio KoHdurypuposars | 'I/O' YcTponcTBa ,

S — Kaxgbin 'l/O' ycTpONCTBO MMEET OOHO UMK
HECKOJTbKO BIIOXXEHMUI MUH, OTO6pa)KaeMbIX
kak dea-yughpa Homep nuH (00, 01, 02,...
Knonka TakToBan |—2 CepsoABMraTEns 10’ 11 ’12’ 13 n J'|V|60 AO_A5’ unn 14-1 9,
KommyTupyemsit pesicrop E [lBHraTenb NOCTORKHO O Hi nocne STOFO) B COOTBETCTBYIOLLIEM Mone
MbesoanerTpuseca Junani E Waroswit pavratens | 1 etccTos0i LD ( 5B Se BBOAA. D.J'Iﬂ HOMEpPOB NUH Co 2 no 9 Bhbl

MeHsive T pONCTBA Bonbwoil crpoicTey —m—ooo—oooee
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serwo 20 [ 6] MOXeTe NPoCTO BBECTM OAUH undpa -
wmpu [ omoi Teveparop iy seaywme 0 BGyayT npegocTasneHsl
T-CErMEHTHENA LED D TenepaTop By Mopt Pacwwpeus (SPT) aBTOMaTU4eckun, HO AnA nuHax Owu 1OBbI
Pin Mepembr-Kka D ALT Serial D MopT Pacwipexrs AOCITKHbI CHaqana BBeCT@ Beﬂ,yLU,Vle| . '
———— [ _, Bxoapl 06b14HO Ha nesou ctopoHe 'l/O
Ananoroewii Cnainep Ml ynbTI ) YCTpOVICTBO, 1 BbIXOIbI O 6b/19HO cnpaga (
3EA0MBIT D MynsTUnN (

ecnu noseosisim ). Bee 'l/O' YcTponcTtea
OygyT pearmpoBaTtb HENOCPeACTBEHHO Ha
YPOBHMW NMUH U UBMEHEHUSI YPOBHS MUH,
noatomy OyayTt pearmposaTb Nnbo Ha
BnbnmnoTeky yHKLMOHaNbHbIE MOAYNW,
HaueneHHy Ha NOAKMIOYEHHbIV K HEN
nuHax, NMMbo Ha 3anporpaMMMpPOBaHHbIN

'digitalWrite () ' (ons "6utoBoi" onepaumm).

Bbl MOXeTe NOAKMNIOUYNTL HECKONBbKO YCTPOMCTBA K ogHOMY ATmega NMuH, ecriv 3To He CO34aeT JIeKmpu4vecKul
KOH@nukm, Takol KOHpIMKT MoxeT BbiTb cozgaH unm 'Uno’ unmu 'Mega' nuH Kak ' OUTPUT ' BOXAEHME C
NOAKIIOYEHNEM YCTPONCTBO C CUINBHON MPOBOANMOCTBLIO (HU3KUM CONPOTUBNEHWEM) (Hanpumep, ¢ Bbixogom 'PUSH'
unu 'MOTOR' Enc BbixoA) nnu ABymMs NOAKMOYEHHbIMM YCTPOMCTBA, KOHKYPUPYHOLLMMU APYr ¢ APYroM (Hanpumep, 1
kHonka 'PULSER' n 'PUSH' -, npuvkpenneHHas K o4AHOMY 1 TOMY e MuH). JTlo6Gow Takon KOHpnuKT ByaeT umeTb
KaTacTpoduyeckue NnocneacTBus B peanbHON annapaTHOW peanu3aummn 1 nosTomy OyaeT 3anpelueH, u OyaeTt oTmedeH
Ans nonb3oBaTens Yepes BCNMbIBatoLLEee OKHO COOBLLEHMS).

[rnanoroBoe OKHO MOXET UCMOSb30BaThCS, YTOOLI MO3BONUTL MOSIb30BATENIO BhIOMPaTh TUMbI U HOMEpPa Kenaemoro
'I/O" YcTponictBa. M3 3TOro AnanoroBoro okHa Bbl Takke MoxeTeCoxpaHutb 'I/O' YeTponcTtea ansa tekcta dann n / nnm
3arpy3uTtb 'l/O' YcTponcTBa 13 paHee COXpaHeHHOro (Mnn oTpegakTMpOBaHHOIO) TeKCTa paiin (eKJIroYasi ece
coeduHeHUs NUH, UHMepaKmueHble HacmpoUKu U J1106bie eeedeHHbIe 3Ha4YeHus e roJie eeoda).

O6pamume eHUMaHue, 4YmMo 3Ha4YeHUsl 8 MOoJisIX pedaKmupoeaHusl nepuoda, 3adepPXXKu U WUPUHbLI UMMyJbca 8
coomeemcmeyrowem 10 Yecmpolicmea mo2ym umems cygpgpukc 'S’ (unu 's'’). 310 ykasblBaeT Ha TO, YTO OHU
OOImKHbl ObITb Macwmabupyemcsi B COOTBETCTBUM C no3uumert rmobansHoro 'l/O 8" nonsyHoK, KOTOpbIi
nosiBNsieTcsi B rnaBHom okHo MHcTpymeHT-Bar, C 3TMm nonsyHkom Bnpaeo MacluTabHbIi koadhduumneHT paseH 1,0
(eouHmUa), 1 ¢ NON3yHKOM BreBO MacLUTabHbIN koadbduumeHT paBeH 0,0 (C y4eTOM MUHUMAIbHbIX 3HAYEHUI,
YCTaHOBIEHHbIX KaXabIM KOHKPeTHbIM 'l/O' ycTponcTBo). Bbl MOXxeTe macwtabupoBaTe 6onee ogHOro 3Ha4YeHnst Nons
BBOJAaO0AGHOBPEMEHHO VCMNONb3ys 3TOT crnangep. Ata pyHKUMsS NO3BOMSET NepeTAcKnBaTh MON3YHOK BO BpeMS
BbINOMTHEHWS NIETKO 3MYNMPOBaTh U3MEHEHNE ANUTENBHOCTM UMMNYNBbCOB, MEPUOAOB U 3a4ePXKeK AN NOAKTHOYEHHbIX
'I/O' YcTpoicTtea.

B ocTaBLuelics YacTu 3Toro pasgena npueedeHbl ONUCcaHNs OIS KaXXaoro Tuna yCTPOWMCTBO.

Heckonbko 13 aTux Yctponctea noddepka MacwmabupoeaHusi Ux 88e0eHHbIX 3Ha4YeHUl C NOMOLLbIO NMON3yHKa
Ha ocHoBHOM OkHO UHcTpyMmeHT-Bar, Ecnn 3HaueHune yctponcteo nmeet Oykay 'S' B kavecTBe cyddhmkca, ero
3HaveHve ByneT YMHOXEHO Ha kKo3dhULMeHT macluTabupoBaHus (0T
0,0 oo 1,0), koTopbIN onpeaenseTcst NONOXeHNeM Non3yHKa npwu
YCNoBUN OrpaHU4EeHns MUHUMAarbHOroO 3HaYyeHusa yctponctao (1.0
nonHocTbto Brnpaeo, 0.0 nonHocTblo BNeBo) - cmoTpute 'l/O S'
noA KaxabiM LUAaHroM YCTponcTBa nogpobHO onmcaH HMXe.




Serial MonuuTop ('SERIAL’

OToT1 'l/O' ycTponcTBO foNycKaeT annapaTtHO-onoCcpeaoBaHHbIN NocrnefoBaTenbHbIN BBOA U

BblBog ATmega (Yepe3 USB-unn 'Uno' unmn 'Mega') Ha nuHax O u 1. ckopocTb nepegaudv
yCTaHaBNMMBAETCS C MOMOLLbI PACKPbIBAKOLLErOCs CNncKa BHU3Y - BbIGpaHHbIN CKOPOCTb

mj nepefayn osmKkeH coomeemcemeoeamse 3Ha4YeHWe, KOTOPOe Ball NporpaMMa nepegaet

'Serial.begin () ' YHKUMOHAmBHbBIV MOOYNb AN NPaBUNbHOM Nepedayn / npyema.

Fri chars lNocrnedosameribHas cesisb hukcupyemcs Ha 8 6umax GaHHbIx, 1 cmonosom 6ume u 6e3

6umos 4yemHocmu. Bam paspelweHo Omknroyums ([ycto) Ho He 3ameHumsb TX nuH 00, HO
s 9600 -
-uud-- He RX nuH 01.

UT06bl OTNPaBUTL BBOA C KNaBuaTypbl Ha NporpaMMa, BBeaUTe OQMH UMK HECKOSIbKO CUMBOMOB B BEPXHEM (CUMBOSbI
TX), oTpegakTupynTe OkHO, a 3aTteM yaapb ‘Enter’ knaBuiia Ha knaBuaTtype , (CMMBOIbI BblAENATCS KYPCUBOM,
4yTOObl YKa3aTb, YTO Nepeaavn Havyanuchb) - UK, Crn OHN YXXe BbIMOSHATCH, 4oOaBneHHbIe NevyaTHble CUMBOSbI
OyayT BblaeneHbl KypcuBoM. 3aTeM Bbl MOXETE UCMONb30BaTh 'Serial.available () ' a Takke

'Serial.read () ' pyHKUMOHANbHbLIE MOAYNN ONSA YTEHUSA CUMBOSOB B NOPsSiAKE MX NOCTynneHus B 6ydep nvH 0
(kpaviHUI NeBbI HAabpaHHbIA cMMBON ByAEeT OTNPaBeH NEPBLIM).
OTdhopmaTrpoBaHHbIe TEKCTOBbIE M YMCINOBbIE pacneyaTku Unm
HedopmaTMpoBaHHble 6akToBbIE 3HAYEHUS MOTYT ObITb
OTNpaBneHbl Ha HWKHWIA BbIXO4 KOHCOMM (RX-C1MBOSbI) OKHO,

Bbi3BaB Arduino. 'print () ', 'println() ', 'write()"'
PYHKLMOHANbHbIE MOAYMW. :—.en.:.
HZ%;;
[ononHnTensHo, OKHO 6osibWwe20 pa3mepa Ossi ycmaHo8KuU / helle
npocmompa cumeosioe TX u RX MOXHO OmMKpbimb, 08a0bl ::E
wesnikHye (unu wesikHye rnpaeoli KHonKol MbIWU) Ha 3mom helle
'SERIAL' ycmpolicmeo , 3TOT HOBbI OKHO MMEET yBeNnYeHHoe hello

nose pegakTMpoBaHUs cuMBOSOB TX 1 OTAENbHYO KHOMKY 'Send’,
KOTOPYK MOXHO LLUENKHYTb, YTOObI OTNpaBuTb cumBoribl TX Ha 'Uno’
unn 'Mega' (Ha nuH 0). CyLlecTByeT Takke onuusa dnaxka ans
MOBTOPHOW MHTEPMNpeTaummn nocrnegoBaTensHOCTEN CUMBOSIOB C
obpaTHOM KOCoM YepTon, Takmx kak '\n' nnm '\t' ons
HeobpaboTaHHOro OTObpaXeHus.

BMecTo aTOro Bbl MOXETE NOAKNHOYUTBECA K ‘= 'SERIAL onR
nopty 'COM', ykazaB MHOXXECTBEHHOE YMCIO o
'values', a 3aTem [o6aBuB 3ansaTyo N UM com

nopTa B ABOMHbIX KaBblYKaX MNOCMe CKOPOCTH
nepegayn B 'mylODevs.txt' chanin. B atom
cnydyae 6anTbl, nonyyeHHble noptom 'COM',
nepecoinatotcs B 'Uno' unu 'Mega' nnara, a
nobble 6anTel, 3anucaHHble B 'Serial', OyoyT
otnpaeneHsbl B nopT 'COM'. pacluMpeHHbIN
Monitor okHO B 3TOM crny4ae nokasbliBaeT NOMHYK UCTOpUIo BaliToB,
KoTopble noctynunu B nopT 'COM', a Takke 6aiTOB, OTNPaBNEHHbIX
Ha noakmntodeHHbIn nopt 'COM' Bawmm nporpaMmma.




yepenoBaTb CepuitHbii ('ALTSER')

OtoT 'l/O' ycTponcTBo gonyckaeT OMGNMoTeKy Unu, ansTepHaATUBHO, NOMb30BaTENLCKUN
"nobuToBbLIN paspag”, nocrnegoBaTenbHbIA BBOA M BbIBOA Ha Mnodyto napy 'Uno’ unu 'Mega'
nMHax, KOTOPYHO Bbl BbiOUpaeTe 3anonHnThb ( kpome nvHax 0 1 1, koTopble NpegHa3HavYeHbl
Ons annapaTHoro obecneyeHns 'Serial' cBs3un). Baw nporpamma gormkeH UMeTb
'#include <SoftwareSerial.h>' CTpOKa pAOoOM C BEPXOM, €CIN Bbl XOTUTE
MCnonb3oBaTh PyHKLMOHAaNbHbIE BO3MOXHOCTHM 3ToN Brubnuotekn. Kak n B cnyyae 'SERIAL'
YCTPOWNCTBO, CKOpOCTb Nepefayn anga 'ALTSER' yctaHaBnBaeTcs C MOMOLLbIO
pacKpbIBaOLLErOCs CN1cKa BHU3Y - BbIOPaHHBIN CKOPOCTb Nepeaayn JOMKEH COOTBETCTBOBATb
3Ha4YeHMWI0, KOTOPOE MporpaMmMa nepegaeT B 'begin () ' PyHKUMOHANBHBIA MOgYNb AN
npasunbHoW nepegayn / npuema. lNocriedosameribHas cea3b hukcupyemcsi Ha 8 bumax daHHbIx, 1 cmornogom bume
u 6e3 bumoes yem+Hocmu.

= 'ALTSER' Ha R X pins 6/5
Takxke kak ¢ 'SERIAL' , OKHO OJs1s1 HacmpoUKu u npocMompa -
TX u RX MO)XHO OmMKpbIMb, 08ak0bl WeJIKHye8 (unu - I =
wiesikHye npaeou KHornkou mbiwu) Ha ALTSER hellohello
ycmpolicmeo ,
O6paTtuTe BHMMaHWe, YTO B OTNIMYME OT annapaTHoOn
peanun3daumn 'Serial', B 'SoftwareSerial' HeT
npepocTaeneHHoro TX-6ydep noaaepxMBaeTcst BHyTPEHHUMU
onepauusamu npepbiBaHns ATmega (Toneko RX-0ydep),
NMo3TOMY KOTOpPbIA 'write () ' (MnNn 'print') Bbl30OBbI
onokupytotes (T. €. Baww nporpamma He GyaeT npogorkartbes,
noka oHu He ByayT 3aBepLUeHb!).

D RX Bytes as Hex?




Kapta namaru SD ('SD_DRV')

OtoT 'l/O' ycTpoNCTBO NO3BOMSIET UCMONb30BaTh BUONMOTEKY C NporpamMmmHbIM 06ecnevYeHnem (HO He "BUTOBbLIN
pa3psig") Onepaunm BBOoAa M BbiBoga chann Ha 'Uno’ unm 'Mega' SPI nuHax (Bbl MoxeTe BblibpaTh, kakon CS * nuH Bbl
Oyoete ucnonb3oBaTb). Baw nporpamma moxeT NpocTo '#include <SD.h>' NUHMSA OKOMO BEPLUMHbI, Y Bbl MOXETE
ucnonb3osBatb '<SD.h>' (yHKUMOHanbHble Moaynu NIV no3soHuTe Hanpamyio 'SdFile' (pyHKUMOHaIbHbIE
MOZYNN CaMOCTOATENBHO.

OKHO 60/1bLWe20 pa3Mepa C Kamasio2amu U UHo UnoArdusSim
ghalinibl (U cooepP)KUMbIM) MOXHO
OMKpbIMb, 08a)XObl WesIKHye (unu

— wiesikHye npasol KHOMKOU MbiWU) Ha
|'“'1' '‘SD_DRV' ycmpoiicmeo. , Bce cogepxnmoe

avicka 3azpyxeH u3 SD noakatanor B
- 3arpy)xeHHOM KaTarore nporpamma (ecn oH
=t =8 cyuwecTsyer) B 'SdVolume: :init() ', u
ompaxaemcs & T0 e camoe SD nogkatanor

Ha pann 'close () ', 'remove () ' MHA 'makeDir () ' a Takke
'rmDir () ',

5D Card file: one to see it initial content

First 2K bytes

XKentbih LED muraet Bo Bpemsi nepegayn SPI, n 'DATA' nokasbiBaeT
nocnegHun 'SD_DRV' omeem 6awt. Bce curHansl SPI To4HbI U MoryT
ObITb NPOCMOTPEeHbI BOCcUMNNorpamMmma okHo,

TFT Oucnnen (‘'TFT')

3107 'l/0" ycTporicTeo noapaxaeT Adafruit™ TFT-gucnneit pasmepom 1280—-160 nukcenen (Mpy ero coCTBEHHOM
noeopoTe = 0, Ho npwu ucnons3oBaHun "TFT.h' 6ubnmMoTeka, ' TFT.begin () ' HabOpblI MHULMaNM3aLM1 s NOBOpoTa
=1, yTO gaeT "nensaxHoe" npeacraeneHne paamepom 160 Ha 128 nukcenei). Bbl MoXeTe TOMKHYN 3TO YCTPOMCTBO,
NMO3BOHMB B (PyHKLIMOHAmNbHbIE MOy 'TFT .h' OmMbnuoTteka (koTopasi cHadana Tpedyer '#include <TFT.h>'),
UNN Bbl MOXETE UCNonb3oBaTh cuctemy SPI onsa oTnpaBku cOGCTBEHHON NOCNefoBaTenbLHOCTM BanToB Ha Hee
TONKHY.

TFT Bcerga nogkntodeH 'SPI' nuHax '"MOSI' (ans 'SID") u 'SCK' (ansa 'SCK') - nx Henb3aa
n3meHuTb. 'DS* NuH npegHasHadeH ans BbiIbop gaHHbIX / koMaHabl ('LOW' BeiOMpaeT pexum
AaHHbIX) 1 'CS* NNH aKTMBHBIN-HU3KUIA BbIOOP YMna

C6poc NuH He NpegoCcTaBNAeTCcs, NO3TOMY Bbl HE MOXETE BbINOMHWUTL annapartHbli cOpoc 3To
YCTPOWCTBO, BeAs HU3KUA NMWH (Kak 'TFT: :begin () ' yHKUMOHAmNbHbLIA MOAYIb NbITaeTcs
caenartb, Koraa Bbl Nnepefanv AeACTBUTENbHbIN HOMep 'reset’ NMH B KayecTBe TPeTbEero
napameTpa Kk 'TFT (int cs, int ds, int rst) ' KOHCTPYKTOP). yCTPOMCTBO, Of4HAKO,
WUMEET CKpPbITOE CoeaNHEHNE C CUCTEMHOW NnHuen CHpoc, NO3ITOMY OH
cbpachbiBaeT ero; f kaxabii pas, Korga Bbl LLEfIKaeTe No OCHOBHOMY itib TFT Displa...
UnoArduSim 3Ha4ok naHenu nHctpymeHToB COpoc mnm kHomnka cbpoca
KL77 'Uno' nnu '‘Mega'.

Mo deoliHol wesr4ok (N wieskHye npaeoll KHOMKoU MbIWU ) Ha
3TOM YCTPONCTBO OTKpbIBAETCS Bonee KpynHbIn OKHO, YTOObI MoKa3aTb
nonHbi XKK-gucnnen pasmepom 160 Ha 128 nukcenen BmecTe ¢
nocneaHUMM nonyyYeHHbIMK 8 GariTamm (Kak NokasaHo HUXKeE)




KoHdurypupyembii SPI Begombiin ('SPISLV')

OtoT 'l/O' ycTponcTteo amynupyeTt BegomMbii SPI BbIGpaHHOTO pexnma ¢ akTUBHbIM HU3kum SS * ("BbiOop Begomoro”)
nvH ynpaenaeT MISO Bbixog nuH (korga SS * B npnoputete, MISO 3710 He TonkHyn). Baw nporpamma JormkKeH UMETb
'#include <SPI.h>' nWHUK, €CNY Bbl XOTUTE NCMONb30BaTh PYHKLMOHANBHOCTL BCTPOEHHbIN SPI Arduino o6bekT
n 6ubnunotekn. B kadecTBe anbTepHaTUBLI, Bbl MOXETE cO34aTb CBOM cobCTBEHHbIN "OnToBbIM Yaap" MOSI a Takke
SCK curHanbl K TONKHYM 3TO YCTPONCTBO.

(1 |SPISLVI[12 YCTPOWCTBO OLLYLLIAeT KpaeBble Nepexobl Ha CBOEM B8 SPI Slave 20
CLK BBOA B COOTBETCTBUM C BbIOPAHHLIM PEXMMOM ( —
HO3I HISC ' MODEO', 'MODEL', 'MODE2', Uni1 'MODE3'), KOTOPBbIit 28 2b 2c 2d 2e Zf 30
HE o [OMKeH GbiTb BbIGpaH B COOTBETCTBUM C pexuMom SPI
0x|ls Ox|1= 3anporpaMMMpOBaHHbIN BaLLEro NporpaMma.

OEERS| S
s54  wede ScE HeotiHol wenyok v(unu wies140K npasou KHonkou
MbIWU) Ha ycmpolcmeo ro3eoJsisiem omkKpbimb
6os1ee KpynHbIl cyMmMHUK OKHO YTO BMECTO no3sornsieT Bam Bbl JOMKHbI
3anonHuTb 32-6anMToBbLI MakcumanbHbIi Bydep (4Tobbl amynuposaTb SPI
YcTponcTsa, KOTOPbI aBTOMaTUYECKM BO3BpaLL@eT CBOW AaHHbIE), U YBUOETb
nocnegHue 32 nonyyeHHbIx 6ainTa (BCe Kak LecTHaguaTtepuyHble napbl). Obpamume eHUMaHue, Ymo CrenywLnii

fanTt 6ydhepa TX aBTOMaTMyecku otrnpasnsieTcs Tonbko Ha 'DATA' nocse nonHbili 'SPI. transfer () ' 3aBepLueHO!

AsyxnpoBoaHaa I12C Beaombin ('I2CSLV')

OT10T 'l/O' yCTPONCTBO TONMLKO aMyNMpyeT 8e00MbIl PEXUM YCTPOWCTBO. YCTPONCTBO MOXET ObITb HAa3HAaYeH aapec
WwuHbl 12C, ncnonb3ys 3anvchb B Ba LIeCcTHaguaTepuyHbix Lumudpa B none seoga 'Addr' (oH BygeTt oTBeyaTtb TONbKO
Hal2C aBTOOYCHbIE ONEpaLMK C UCMONb30BAHNEM HA3HAYEHHOIO eMy aapeca). YCTPOMCTBO OTNPaBNsAeT v nony4yaet
JaHHble Ha CBOEM OTKPbITOM KaHane (TOrNbKo AN packpbiBatoLlerocs cnvcka) SDA nvH, n 0TBEYaeT Ha curHan
TaKTOBOW YaCTOThbI LUMHbI HAa CBOEM OTKPLITOM KaHare (TonbKo A5is packpbiBatoLerocs cnucka) SCL nuH. Xota 'Uno’
unu 'Mega' 6yayT X03MHOM LUNHBI, OTBETCTBEHHbIM 3a reHepauunto SCL curHan, sToT pab ycTponcTBo Takke byaet
TAHYTb SCL HM3KMIN BO BpeMs CBOEN HU3KOW hasbl, YTOObI yBENNUUTL (€CnM 3TO HEOBXOAMMO) HU3KOE BPEMS LUNHBI 40
3Ha4YeHUsl, COOTBETCTBYHIOLLETO €€ BHYTPEHHEN CKOPOCTU (KOTOPYIO MOXHO YCTaHOBUTL B NOfe peaakTupoBaHus
'Clock").

Baw nporpamma gomkeH uMeThb '#include <Wire.h>' NWHUU, €CNN Bbl XOTUTE
ncnonb3oBaTh PYHKLUNOHANBHOCTL 'TwoWire ' Gubnvoteka anst B3aumogencTBusi C 3TUM
yCTPONCTBO. B ka4ecTBe ansTepHaTuBbI, Bbl MOXETE CO34aTb CBON COBCTBEHHbLIE OMTOBLIE
OaHHbIE U TaKTOBbIE CMIHambl AN TONKHYI 3TOro Be4OMOro yCTPOWCTBO.

OpuH 6ant ans nepegayn obpatHo Ha BeayLlee ycTponcTteo 'Uno' unm 'Mega' MoxeT BbiTb
yCTaHOBIEH B norne pegaktupoBaHus 'Send’, a oauH (nocnegHui NPUHATBLIR) 6anT MOXET BbITb
NPOCMOTPEH B €ro (TONbKO A1 YTEHMS1) OKHe pefakTupoBaHus 'Recv'. O6pamume
@HUMaHue, 4mo 3Ha4YeHne nons pegaktupoBaHus 'Send’ Bceraa otpaxaeT caedyrowuti 6ant
ONs nepefayvn u3 aToro BHyTpeHHero bydepa faHHbIX YCTPONCTBO.

HeoliHol wen4yok (unu wenn4yok npaeoli KHONMKOU MbIWU) Ha
ycmpolicmeo no3eoJsissiem omkpbimb 60s1ee KpynHbIU cymHUK OKHO
BMECTO 3TOro 3TO NO3BONSAET BaM 3anonHutb 6ydep FIFO ¢
MaKkcuMMarsbHbIM pa3mepom 32 6arita (4Tobbl amynmposatb TWI YcTponcTtea
C TaKoM (PyHKUMOHANBHOCTBIO) K NpocMmaTtpusaTth (Makcumym go 32) 6antos
caMblIX NOCNEeaHNX NOMyYEeHHbIX AaHHbIX (Kak ABa hex-undpa otobpaxaet 8
BanToB Ha cTpoky). KonmyecTBo CTPOK B 9TUX ABYX NOMSX peaakTMpoBaHus
COOTBETCTBYET Bbl6paHHOMY pasmepy bycdepa TWI (KoTopbIi MOXHO
BbIOpaThb ¢ nomolbio KoHdurypupoBath | HacTtpowku ). 31o 6bino
nobaBneHo B KayecTBe onuun, Tak kak Arduino 'Wire.h' 6ubnuorteka
ucnonb3yeT NATb TakmMe Oycepbl O3Y B cBOEM KOOe peanu3aumm, KOTopbI
SABMSETCA 4OPOror onepaTtuBHON NamMsaTu. Pegaktupys yctaHoBKy Arduino 'Wire.h' chann gnga nsmeHeHus
onpeaeneHHon KOHCTaHThl 'BUFFER _LENGTH' (a Takke peJaKkTupoBaHMe KoMnaHboHa 'utility/twi.h' dann
ans nameHeHus anuHbl bycdepa TWI) oba BMecTo 16 unu 8, nonb3oBaTtenb Mo2 3HaYNTENBHO COKPaTUTb 00LEM
onepaTtvBHoi namsaTtn 'Uno’ nnm 'Mega' B LeneBbIX annapamuasi peanu3sayust - noatomy UnoArduSim otpaxaet aTy
peanbHyt BO3MOXHOCTb Yepe3 KoHdurypupoBathb | Hactpoiiku ,




TekcroBbit LCD I2C ('LCDI2C')

3710 'l/O" ycTporcTtBo amynupyeT 1, 4, 4 ctpoku CumsonbHbIv XKK-gucnnen, B 0O4HOM U3 TPEX PEXMMOB:
ptok3ak Tun 0 (pacwmputens noptoB B cTune Adafruit c obopynoBaHmem, nmetownm agpec wuHbl [12C 0x20-0x27)
0) ptok3ak Tuna 1 (pacwwuputens nopta B ctune DFRobot ¢ Agpec wunHbl 12C 0x20-0x27)
C) HeT prok3aka (BCTPOEeHHbIN nHTepdenc 12C B 0CHOBHOM pexrme ¢ agpecom LwnHbl 1I2C 0x3C-0x3F)
Moanoepkka koga GUbNMoTeKN NS Kaxaoro pexxuma yCTporcTBo Obina npegoctaeneHa B 'include_3rdParty' nanka
BaLlero ycTaHoBo4Horo karanora UnoArduSIm: 'Adafruit LiquidCrystal.h',
'DFRObot_LiquidCrystal.h',6 aTakke 'Native LiquidCrystal.h'
COOTBETCTBEHHO.
CTPOWCTBO MOXET BbITb Ha3Ha4eH Nbor agpec LWNHBI

@ E IgC, Mcnornb3ysi 3anucb B ABa LUeCTHaauaTepuyHbIX

SDA 4l Lndpa B none Beoga 'Addr' (oH BygeT oTBevaTb TONbKO
Ha 12C aBTOOYCHbIE Onepaumm C UCMNONb30BaHNEM
Ha3Ha4YeHHOoro eMy azpeca). yCTPOMCTBO MonyyaeT agpec O by O
WKHbI 1 gaHHble (n otBedaeT ACK = 0 unm NAK = 1) Ha
OTKPbITOM KaHare (TonbKO Ans BbiNaaatoLero MeHHo)
SDA nuH. Bbl MmoXxeTe nucatb Tonbko komaHasl LCD un
naHHble DDRAM - Bbl He MOXeWwb 41TaTb AaHHbIE U3
3anucaHHbix mect DDRAM ..

® Euro Q Japan

HeoliHoU Knuk nnn wesikHume npaeoli KHornkou mMbiwu oTKpbITb 2KK-
MOHWUTOP MOHWUTOpPA OKHO, C KOTOPOTO Bbl TAKKe MOXETe YCTaHOBUTbL pa3Mep 3KpaHa n Habop CMMBOSIOB.

TekctoBbit LCD SPI ('LCDSPI')

OtoT 'l/O' yctponcTteo amynupyert 1, 4, 4 nuHnm CumsonbHbIA XK-gucnnen, B 0gHOM U3 OBYX PEXUMOB:

ptok3ak (Pacwuputens nopta SPI B ctune Adafruit)

0) HeT prok3aka (BCTpoeHHbIN pexxum SPI nHTepdelic - kak sjown delow)

Moppepxka koga GubnmoTekn Ans Kaxaoro pexxmma ycTporucTBo Obina npegocraeneHa B 'include_3rdParty' nanka
BaLlero ycTaHoBo4Horo kartanora UnoArduSIm: 'Adafruit LiquidCrystal.h' , aTakxe

'Native_ LiquidCrystal.h' COOTBETCTBEHHO.

MuH 'SID' - 31O NocnenoBaTenbHble AaHHbIE, 'SS™ -
aKTMBHbIN HU3KMN-YCTPONCTBO-BbIGOP, 'SCK' -
TaKTOBbIN curHan nuH, a 'RS' - gaHHble / KOMaHga NUH.
Bbl MoxeTe nucatb Tornbko komaHabl LCD 1 gaHHble
DDRAM (Bce TpaH3akuum SPI aBnsoTcsa 3anuceto) -
BblHE MO)XeWb YNTaTb AaHHbIE N3 3anMCaHHbIX MecT O 1eby-4 O 20by-1 O 0by-2 O 20-by-4
DDRAM.

B8 CharL.CDDev sPI 20

JeoliHol Knuk nnn wesikHume rnpaeou KHonkou
MbIWU OTKPbITb )KK-MOHVITOp MOHUTOPA OKHO, C KOTOPOIo Bbl TaKXXe MOXeTe
YCTaHOBWTb pa3Mep 3kpaHa U Habop CUMBOSOB.

TekcTtoBbIi LCD D4 ('LCD_D4")

3701 'l/O' ycTpoicTteo amynupyeT 1, 4, 4 nuHun CumsonbHbI XKK-gucnnen ¢ nHtepgencom 4-
OUTHOWM NapannenbHOW WWHbI. BanTel JaHHbIX 3anucbiBatoTCs / YNTalOTCs B d8e MoJs108UHbI Ha
DE4-DBT iEY  ero 4 gaHHbIx NnnHax 'DB4-DB7' (rge none pegakTupoBaHWs COOEPXKUT HauMeHbwul u3 4
Recv rnocrniedogamersibHbIX HOMePO8 MUH ), - OAHHbIe
E*x CUHXPOHU3UNPYIOTCA MO 3aHUM PpoHTaMm Ha 'E'
(akTMBMpOBATL) MWH, HaNpaBneHNe AaHHbIX

lﬂ' koHTponupyetcs 'R/W' nuH, a pexum aaHHbIX / komaHa,
05 |

Ha XK-gucnnee - 'RS' nuH.

MopaepxvBatowmnn GUbNMoTeYHbIN kog Bbin NPeaocTaBneH BHYTPY
'include_3rdParty' nanka Bawlero ycraHoBo4Horo katanora UnoArduSIim:
'Adafruit_ LiquidCrystal.h',,aTakke 'Native_LiquidCrystal.h'
0obe paborTatoT.
JAeoliHol Knuk vnn wenkHUme npaeol KHONKol Mbiwu OTKpbITh XKK-
MOHWUTOP MOHMTOpPA OKHO, C KOTOPOTO Bbl TAKKE MOXETe YCTaHOBUTb pasMep
3KpaHa 1 Habop CMMBOJOB.




MynbTunnekcop LED I2C (‘MUXI2C')

3710t 'I/O' ycTponcTBo amynmpyeT koHTponnep HT16K33 ¢ nnutepdencom I12C (h Aving 12C agpec LwmHbl
0x70-0x77) KOTOPOMY MOXHO MOAK/THOYNTb OAUH U3 HECKOJIbKUX TUMOB MYJIbTUMIIEKCUPOBAHHbIX
avcnnees LED
a) 8x8 nnn 16x8, LED maccus
E UXI2C @ 6) 8x8 aByxugeTHbI LED maccus
SDA 4l B) 24-11BeTHasi nonoca LED

[=3a| d) ABa cTuns 7-cerMeHTHbIX gucnnees 4-uundpa
gxl:l €) oauH 4-undpa 14-cermeHTHbIN BykBEeHHO-LMpoBON AUcCnnemn

Bce nogaepxuBatotca 'Adafruit LEDBackpack.h' KOA NpeaoCTaBnseTcs BHYTpU
'include_3rdParty' nanka:

[BONHOM KNUK (MK LLENKHWTE NMPaBOW KHOMKOW MbILIK) OTKPbITh BOMNbLUMIA OKHO BbIGMpaTh M MpoCcMaTpMBaTh OOWH U3
Heckonbkux UBeTHbIX LED gucnnewn.
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MyabTunnexkcop LED SPI ('"MUXSPI')

MynbmunnekcHbil koHmporsnnep LED Ha ocHoBe MAX6219 , ¢ nogaepXkon 'MAX7219.h'
koA npepoctasnsetcsa BHyTpu 'include_3rdParty' nanka k TONkKHyN A0 BOCbMU 7-CErMEHTHbIX
undop.

JBOVIHOM KNUK (UMK LLENKHUTE NpaBoii B Mux LED 5PI %0
KHOMKOW MbILLIN) OTKPbITb GOMNbLUMIA OKHO T
BN UBETHOW 8-undpa 7-CerMeHTHbIN
auncnnen.




MNopTt Pacuumpenuna SPI ('EXPSPI')

8-6ummHbili pacwupumens nopma Ha ocHoBe MCP23008, c nogaepxkon 'MCP23008.h' koA
@ npeaycmoTpeHo BHYyTpu 'include_3rdParty' nanku. Bel moxeTe 3anmcatb B permctpsl MCP23008

L n npountatb 06patHo GPIO nuH ypoBHU. [NpepbiBaHNs MOTYT ObiTb BKITHOUEHbI NPU KaXXA0M
nameHeHun GPIO nuH - cpaboTasliee npepbiBaHue Byaet TonkHyn 'INT' nuH.

[1BOVIHOWM KNUK (Unu wenkHume rpasoul KHornkou B Port Bxpander SPI #0

MbIWU) OmMKpbimb 60sIbWe OKHO yeudemsb 8 NUHWIA

noptoB GPIO n nogknio4eHHble NOATArMBaoLmne IODIR

pe3ncTopbl. Bbl MOXeTe N3MEHUTb NOATArMBaHMUS oL
BPYYHYIO, HAXaB UIN NPUKPENNB CHETHYUK, KOTOPLIN OyaeT nepnoamyecku GPINTEN 2 Auto
N3MEHATb UX B nopsiake yBenunyeHus. CKopocTb, C KOTOPOW yBENMYNBAETCSA DEFVAL PIO6
OTCYET, onpeaensieTcsa 3a4ep>KKON YMEHbLIEHUA KO3(ULMNEHT, BbIOPaHHbIN . PIOS
nonb3oBateneM (KoaddULUMEHT 1X COOTBETCTBYET OAHOMY NPUPALLEHUIO . PIO4
npnbnmanTensHo Kaxaple 30 MunnucekyHa,; donee BbiCOkMe KOIPULNEHTDI c PIO3
3agepXku gaoT bonee MeaneHHyr CKOPOCTb YBEMNUYEHMS) GPPU .

PIO1
INTCAP PIOO
GPIO

OLAT

NDopt Pacuuupenna I2C ('EXPI2C'

8-6umHbili pacwupumerss nopma Ha ocHoBe MCP23008, ¢ nogaep»kon 'MCP23008.h' kog
npepocrasnsetcs BHyTpwu 'include_3rdParty' nankn. BoamoxHoctu cootBeTcTByOT 'EXPSPI'
YCTPOWCTBO.

EXPI12C
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[BOWHOM KWK (UNW LLENKHUTE NPaBON KHOMKON oom
MbILLK) OTKPbITb GOMNbLUMA OKHO Kak Ha 'EXPSPI' .
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'1-Wire' Beaombiit ('"OWIISLV")

OtoT 'l/O' ycTponcTBo aMynupyeT oguH 13 HebonbLioro Habopa wuHbl '1-Wire' YcTporicTBa, NOAKMHYEHHOIO K NMNH
OWIO. Bbl moxeTe cozgaTb WwuHy "1-Wire' (C ogHUM UM HECKOMNBbKUMK 13 3TUX Begombix '1-Wire' YcTporictea) Ha 'Uno’
unun 'Mega' nuH no BawemMy BbIGopy. ATy kabUHy YCTPONCTBO MOXHO MCMOMb30BaTh, MO3BOHMB 'OneWire.h'
oubnuorteka yHKUMOHANbHbIE MOAYNN NOcNe pasMmeLleHns '#include <OneWire.h>' NUHWUA B BEPXHEN YacTu
BaLlero nporpaMma. B kayecTBe ansTepHaTMBLI Bbl TAKXKE MOXETE UCMONb30BaTh NobuToBLlEe curHansl Ha OWIO ans
3TOro YCTPOMCTBO (XOTS 3TO OYEHb CMOXHO cAenaTb NPaBUNbHO, HE BbI3biBasi ANEKTPUYECKUIN KOHAINUKT - Takom
KOH(IUKT BCe eLle BO3MOXEH [axe Npu UCMOMb30BaHUU ' OneWire.h' yHKUMOHAMNBHbLIE MOOYNU, HO Takue
KOHpnMKTbI coobLuatotca B UnoArduSim).

Kaxabin peanbHbin OWISLV ycTponcTBO JOMKEH UMETL YHUKANbHbIA BHYTPEHHMI 8-6anTOBbIN
i (64-6VTHBIN!) BHYTPEHHMIN cepuiiHbIi HOMep - B UnoArduSim 370 ynpolaeTtcs TeM, 4To
nonb3oBaTenb NpeaocTaBnseT KOpOTKM 1-6anToBbIN WecTHaauaTepuyHbiv ‘ID' s3HaveHne
(koTopoe HazHavaeTcs nocrnegoBaTenbHO NO YMOMYaHuio Npu 3arpyske / gobasneHun
ycTpoincTeo), nntoc 'Fam' CemenHbii kog ans atoro yctponcteo. UnoArduSim pacnosHaet
HebonbLor Habop kogoB Cemenctea ¢ V2.3 (0x28, 0x29, 0x3A, 0x42), oxBaTbIBaOLLMIA AaTUNK
TemnepaTtypsbl, U napannensHbin BBoa-BbiBo, (PIO) YcTpoicTBa (HepacnosHaHHbIN KO
CewmelicTBa) NpeBpaLlaeT yCTPONCTBO B YHUBEPCasbHbIN 8-6aiToBLIN BGITOKHOT YCTPOWCTBO C
YHMBEpPCarnbHbIM JATYNKOM.

Ecnun y cemencTea yctponctBo HeT peructpoB PlO, pernctpel A0 a Takke D1 npegcrtaBnAtTe nepsble ABa banta
OrnokHoTa, nHade oHn npeactaenstoT PIO Pernctp "status" (dpaktudeckne
YPOBHM NWH) 1 perncTp gaHHbix comnkcaTopa PIO nuH, COOTBETCTBEHHO.

UKD OWI 1D 00

Mo deoliHol wiennyok (Mnn weslIkHye npaesoli KHOMKol Mbilu) Ha 10 |a [| restfer]
ycTpoincTio, 6onbwe OWIMonitor okHO OTKpbIT. N3 3TOro 60nbLUEro OKHO Bbl - - REGO
MOXETe MPOBEPUTL BCE PEMUCTPbI YCTPONCTBO, UBMEHUTH MECTOMOSOXEHUS
6nokHota SCRO 1 SCR1, ncnonbays npaeku 1 nonayHok (onaTsb xe, SCRO u
SCR1 cooteetcTBytOT TOonNbko0 a Takke D1 ecnn PIO otcytcTByeT), unu
ycTaHoBuTe BHelwHWe noartarneanms nuH P1O. Korga SCRO n SCR1
pegakTupytotcd, UnoArduSim 3anoMyHaeT 3T OTpegaKkTMpOBaHHbIE 3HAYEHWS
KaK nornb3oBaTenbCcKoe "npegnodteHne”, npeacrasnsowee HaqyanbHoe
(HaunHasi ¢ Cbpoc) 3HayeHne, NpeacTaBnaloLLEe 3HAaYEHME CO 3HAKOM,
BbIBOAMMOE M3 YCTPOWCTBO; AAT4HMK S - MON3yHOK copackiBaeTcsa Ha 100%
(MacwTabHbIn koadhdurumneHT 1,0) BO Bpems pegaktupoBaHus. Korga
NOn3yHOK BNOCNeACTBUM NepemMeLlaeTcs, ' signed' 3HadeHne B SCR1 ymeHbluaeTcs B
COOTBETCTBUM C NOSOXEHNEM MON3yHKa (MacTabHbli koadpduumeHT ot 1,0 go 0,0) - ero
PYHKLMSA MO3BOMSET BaM NErKo NPOBEPUTL pPeakLMio Ballero nporpaMma Ha nnaBHO Rec7 [++ |
N3MEHSIOLLMECS 3HAYEHNS JaTyuKa. | Rec [ |

UHD OWI ID 0xD

“ REGS
Onsa yctpoicteo ¢ PIO nuHax, Korga Bbl ycTaHaBnMBaeTe priaxkky YPOBHSI MUH,

UnoArduSim 3anoMmnHaeT 3Tn NpOBEPEHHbIE 3HAaYEHNST KaK TeKyLUne NOATArMBaHUS
NPUMEHSIOTCS K NMMHaX. OTW BHELLIHUE 3HAYeHWs NOATArMBaHUSA 3aTEM MCNOSb3YHTCA
BMeCTe C AaHHbIMK 3awenku nuH (pernctpD1), ytobbl onpegennTb OKOHYaTENbHbIE
aKkTUYeCcKkne ypoBHM NUH, N 3axe4db Unn noracutb 3eneHbii LED, npukpenneHHsin k P10
NUH (TONbKO NMH 'HIGH' eCnu NpUMEHSIETCSA BHELUHEE NOATArMBaHWE, @ makxke
cooTBeTcTByOWMA D1 3awlenka HemHoro '1').




Pernctp Casura Begombiii ('SRSLV')

lﬁ SRSLY 37107 'l/O' yCTPOMNCTBO 3MYNMpyeT NPOCTON PerncTp casura YCTPOUCTBO C aKTUBHLIM HU3KMM SS
* ("BbIOOp Begomoro") nuH ynpasnseT ‘Dout’ Bbixoa nuH (korga SS * B npuoputete, '‘Dout’ 310
utl e TONKHyI). Baw nporpamma MoXeT Ncnonb3oBaTh PYHKUMOHANBHOCTb BCTPOEHHbIN SPI
Arduino o6bekT n 6GubnmnoTekn. B kavyecTBe ansTepHaTMBbI, Bbl MOXETE CO3[aTb CBOM
cobcTBeHHbIV "OMTOoBbLIN yaap™'Din' a Takke CLK curHanbl K TONKHYN 9TO YCTPONCTBO.

Din

Ia IE 2 { YCTPOWCTBO OLyLLaEeT KpaeBble nepexonbl Ha cBoeM CLK Bxof, KOTOpbIA 3anyckaeT casur
5*  CLk CBOEro perncTpa - nonsipHocTb BocrnpuHumMaetcs CLK kpaii MoxeT GbiTb BbiGpaH C MOMOLLb0

pagno-kHonku ynpaeneHus. Ha kaxxgomCLK kpav (BocnpyHUMaemow NonsipHoCTH), perncTp
3axBaTblBaET €ro WyM ypoBeHb B NO3ULMI0 MNaalero 3Hadallero éuta (LSB) peructpa cagura, NocKorbKy
ocTaBLUMecs BUTbl OAHOBPEMEHHO CABUIaloTCSA BNEBO Ha OOHY NO3ULMIO B HanpaeneHuu nosuuumn MSB. Besakuii pas,
korgaSS * Huskoe, Tekyllee 3HadyeHue B nosuumn MSB pernctpa casura TonkHyn Ha '‘Dout’,

Mporpammupyemsbiit 'I/0' Ycrpoiicteo ('PROGIO’)

PROGIO 9710t 'l/O' ycTpoNCcTBO Ha camMoM Aere aBnsetcsa YicTeiM 'Uno' nnara, KoTopbl Bbl MOXETE
nporpamma (C oTAenbHbIM NporpaMmMa), 4Tobbl amynmpoBaTh 'I/O' yCTpONCTBO Ybe MOBEAEHME Bhl
MOXETe MOSTHOCTbIO onpeaennTb. Bbl MoxeTe BbIOpaTh Ao YeTbipex nuHax (101, 102, 103 1 104),
KOTOpble 3TOT NoAYMHEHHbIN 'Uno’ 6yaeT coOBMECTHO UCMoNb30BaTh ¢ BeayLmm (main' Uno ' nnm
'Mega'), koTophIn oToOpaxkaeTcs B cepeaunHe BaweroJlabopaTtopHas naHenb, Kak u B crniyvae ¢
ApyrMM YCTponcTBa, nobon anekTpuyecknii KOHNUKT mexagy aTum BegomMbimM 'Uno' u Begywmm
nnata Oyget obHapyxeH n nomedeH. O6paTtute BHUMaHue, 4YTo BCE
coeivHeHUsIHernocpedcmeeHHO NPOBOAHas, KpomMe nuH 13 (rae mexay ABYMS MMHaXx
npegnonaraeTcs nocrnegosartensHoe conpotuerieHne R-1K, 4tobbl npegoTBpaTUTh 3NEKTPUYECKUIA KOH(PIUKT Ha
C6poc). HaunHas ¢ V2.8, coeguHeHne mexay BeayLwmM U NOAYUHEHHBIM NMMHAXCOMocmaeJsisiomcesi: eCnv Be4yLLUM
Takxke aBnsieTca 'Uno’, no ymonyaHuio ons otobpaxeHnss ngeHtudmkarop (3a UCKIMYEHNEM TOrO, YTO MUH 1
oTobpaxaeTcs Ha nvH 0 1 HaobopoT, YToObI paspelwmnTb cBA3b 'Serial'); ecnu Begywum sensetca 'Mega’, nuHax 1 m 0
cHoBa nepekntoyatotcs, nece SPI u TWI nunax siensiromcesi manned Onsi NIpSMOro COeAVHEHNUs Mexay
COOTBETCTBYIOLLEN [MTABHOW N NOAYUHEHHOW nogcucteMamMmn. TO CONOCTABNEHUE MO YMOMYAHUIO MOXHO U3MEHUTD,
yka3saB BlODevs.txt dain - sBHbIA CIMCOK U3 4 OCHOBHbLIX HOMEPOB MWH, KOTOpbIN cneayet 3a umeHeM PROGIO
nporpamma cain - ecnv noboe U3 3TUX 3Ha4YEeHUN paBHO -1, 3TO COOTBETCTBYET OTOOPAXXEHMIO MO yMon4yaHui. [Ons
3TOro YCTpONCTBO HabpaHHble NWH Lndpbl me u3 paboe ‘Uno’. Ha pucyHke crieBa nokasaHbl 4 NOAYMHEHHbIX MMHAX,
yKasaHHbIX gns ero cuctemol SPI nuHax (SS *, MISO, MOSI, SCK) - HezaBucrMmMo oT Toro, 6bin nn oH BegyLwum, 'Uno’
unn 'Mega', ato no3sonuno 6bl NporpamMmma 3aToMy BEAOMOMY B Ka4eCTBe yHMBepCarnbHbI Nog4YMHEHHbIM SPI (1nn
BeAyLUMIA), NOBeAEHNE KOTOPOro Bbl MOXETE OnpeaenuTb NporpaMmmHo.

Mo deoliHol wen4ok (N wieslkHye npaeoll KHOMKOU MbIWU ) Ha 3TOM YCTPOWCTBO OTKpbIBaeTCs Bornee KpynHbIN
OKHO, 4YTODbI NOKa3aTb, 4TO Yy aToro Begomoro 'Uno’ ecte cBor NMaHenb ¢ koAoM a Takke CBA3aHHbIN MaHenb ¢
nepeMeHHbIMM TakK Xxe, kak Mmactep. OH Takke UMeeT cBON coOCTBEHHLIN MHCTpYMeHT-6ap, , KoTopblili Bbl MOXETE
NCMNonb30BaTh ANS Hagpy3Ka a Takke yrnpassieHue 8bINoJIHeHUe NOAYNHEHHOIo NporpaMmma - 4EVCTBUS MUKTOrPaMMm
UMEIOT Te XXe COYETaHUsl KNaBuLL, YTO U B rMaBHOM OkHo. ( 3arpy3uTtb siBnsietcsa Ctrl-L , CoxpaHutb asndaetca Ctrl-S
Tak ganee.). [Nocne 3arpy3ku Bbl MoXeTe BbinonHuTb n3 unu OcHoBHon UnoArduSim OKHO Uv U3HYTPU 3TOro
MoHuTopa Begombin okHO - B to6om criydae Main nporpamma 1 Begomeiin 'Uno' nporpamma octaroTcs
3abroKMpOBaHHBIMY B CUHXPOHU3aLMKN C MPOXOXAEHMEM B peanbHOM BPEMEHU, TaK Kak UX UCTIONTHEHWS NpogBuratoTcs
Brneped. Ymobni ebibpamb lNaHenb ¢ kKoGoM, KomopbIli 6ydem umMems 3a2py3Ka, MOUCK U ¢hOKYC ebINoJIHeHUe
, WeJTHOK Ha e20 podumesibCKkasi CmpoKa 3a20J108Ka OKHO - HegboKycupoeaHHbIlU lNaHenb ¢ kodoM umeem
C8010 naHeJslb UHCMpPYyMeHmoe delicmeusi 3ameHeHb

HekoTopble BO3MOXHble Maen Ans BeqoMoro YCTPONCTBa, KOTOPbIN MOXET OblTb 3anporpaMmMUpPOBaHHbIA B 3TOT
'PROGIQ' ycTponcTtBo, nepeuncneHsl Huxe. [Ana nocnegosatensHon amynsauum [2C unu SPI ycTporNCTBO Bbl MOXETE
NCMonb30BaTb COOTBETCTBYIOLLYH KOAMPOBKY NporpamMmma ¢ Mmaccusbl Ansa 0ydepoB OTNPaBKU 1 MONYYEHUS NO
nopsaKy. nogpaxaTtb CIOXHOMY NOBEAEHUI0 YCTPONCTBO, makue kak GPS Ycmpolicmea, cepuliHbii EEPROM
Ycmpoiticmea u m. 0.

a) Beaywwmn nnn Begombin SPI yctponcteo. UnoArduSimV2.4. Mpognun 'SPI.h' 6ubnuoTteka, YToObl paspelnTb



pexum Slave S {Pl yepes HeobsA3aTeNbHbIN 'mode ' NapameTp B 'SPI.begin(int mode = SPI_MASTR) ', fBHO
nepefatb 'SPI_SLV' Bblb6paTb NOAYMHEHHbIV PEXUM (BMECTO MCMOMNb30BAHWNA OCHOBHOIO peXmma rno yMOn4YaHumio).
Tenepb Bbl TakKe MOXETE ONpeaenuTb Nornb3oBaTenbCKoe NpepbiBaHne PyHKUMOHAMNbHbI MOAYMb. (JaBanTe Ha3oBEM
370 'onSPI' ) B BeayLlem Unu Nog4YMHeHHOM nporpaMma Ansi nepegayun 6anToB nytemM Bbi3oBa Apyroe
nobasneHHoe paclwmpeHne 'SPI.attachInterrupt (user_onSPI) ', Ceiuac xe c Alling

'rxbyte=SPI. transfer (tx_byte) ' U3HyTpW Ballero 'user_onSPI' (PyHKUMOHANbHBIA MOAYIb OYUCTUT chnar
npepbiBaHnA U BosBpamenne HemMedsIeHHO C TOMNbKO YTO NofyyYeHHbIM 6aiToM B BalleM NnepeMeHHasl 'rxbyte' ,
Kpome Toro, Bbl MOXeTe n3bexatb NpukpenneHus npepbisaHme SPI v BMecTo 3Toro npocTo No3BOHUTE
'rxbyte=SPI.transfer (tx_byte) ' U3HYTPM BalLLEro OCHOBHOIO NporpaMmma - aToT BbI30B GyaeT 6510k
eblnoJsiHeHue noka 6ant SPI He Gbin NnepefaH, ' OydeT 3aTeM Bosepamenne C HEAABHO MOTyYEeHHbIM 6aToOM
BHYTpU 'rxbyte' ,

6) YHuBepcanbHbii cepuitHbin 'I/O" ycTpoiicTBo. Bbl MoxeTe obwatbes ¢ Master nnata, ncnonb3ys nubo 'Serial'
unu 'SoftwareSerial' onpegenseTcs BHyTpu Bawero paba nporpamma— ansi ' SoftwareSerial' Bbl JOMKHbI
onpefennTb 'txpin' a Takke 'rxpin' NPOTUBOMOMOXHO K TeM 13 Matser, Tak uTo pab nonyyaer Ha NuH, Ha
KOTOpPOM MacTep nepegaeT (M HA0OopOT), HO AN Toneko 'Serial’', 1 1 0 NMHax yxe nNepeBepHyTbl ANs Bac.

c) Obwmn Beaywmii unm nogumHeHHoin 'I12C' yectporcteo. Onepaunst Begombin 6bina gobaeneHa ansa 3aBepLueHus
UnoArduSim; peanusaumsi 'Wire.h' 6nbnuoteka (pyHKUMOHANbHbIE MOAYN 'begin (address) ',
'onReceive () ' a Takke 'onRequest' Tenepb ObINM peanuaoBaHbl AN NOAAEPXKKN onepaLuin B NOAYUHEHHOM
pexume).

r) yHMBepcarnbHbli LgpoBor nynbcatop , C nomoulptlo 'delayMicrosseconds () ' a Takke

'digtialWrite () ' 3BOHKM BHYTpU 'loop () ' B Bawem 'PROGIO' nporpamma, Bbl MOXeTe onpedenuTb 'HIGH' a
Tawkke 'LOW' uWHTepBanbl nynbca. [lobaBnss otaencHbi 'delay () ' NO3BOHUTE B CBOM 'setup () '
dYHKLMOHAmMbHBIN MOAYrb, Bbl MOXETE OTIOXUTL 3arycK 9TOW NnocneaoBaTernbHOCTU UMMNYLCOB. Bbl Aaxe moxeTte
N3MEHUTb LUMPUHY UMMYIbCa KaK BpeMs MpOorpeccupyeT C NOMOLLbIO CHETHMKA NepeMeHHas. Bbl Takke MoxeTe
ncnonb3oBaTtb oTAeNbHbIN 'IOX' NUH B Ka4yecTBe Tpurrepa ans 3anycka CUHXpoHM3aums amynupyemoro '1Shot' (unu
OBOWHOro, TPONHOrO 1 T. [1.) yCTPOWCTBO, M Bbl MOXETe YNpaBnsaTh LWMPUHON NPOU3BOANMOIO MMMynbca, YToObl OHa
n3meHsnach nobbiM XenaembiM BaMm CNOCOBOM C TeHEHMEM BPEMEHM.

) cnyyanHbeli curHanuaatop. 970 Bapuaumsa Ha LMdpoBON NyFbCaTop KOTOPbIV Takke NUCMNOMb3yeT 3BOHKM
'random () ' a Takke 'delayMicroseconds () ' reHepupoBaTb CnyvyanHble MOMEHTbI BpEMEHU, B KOTOPbIE
'digitalWrite () ' curHan Ha no6own BbIOpaHHLIN NMH nogenuncst ¢ mactepoM. Mcnonb3ys Bce veTbipe 10X
NMHax JOMNyCKaeT YeTblipe OAHOBPEMEHHBIX (M YHUKANbHbBIX) curHana.



OanH-Curnan (‘'1SHOT')

3701 'l/O' yCTPOMCTBO 3MYNMpyeT OAHOKPATHbIN BbICTPEN LU(POBON, KOTOPbLIA MOXET reHepupoBaTb UMMYMbC
BbIOpaHHOWM MONAPHOCTM U LUMPUHBI UMMNynbca Ha cBoeM 'Out’ MUH, BO3HUKAOLWMIA NOCNe yKa3aHHON 3a4epPXKKn OT
dpoHTa 3anycka, Nofy4eHHOro Ha ero Tpr (TpUrrepHbI) Bxog, NH. Kak ToNbKo 3agaHHbIv (OPOHT 3anycka MosyyeH,
HaYMHaETCsl CUHXPOHM3aLUWs, 1 Torda HOBbIM MMNYNbC 3anycka He byaeT pacno3HaH, noka umnynsc 'Out’ He Byget
CreHepupoBaH (M NOSTHOCTBIO HE 3aBEPLUEH).

OAHMM 13 BO3MOXHbIX MPUMEHEHUI 3TOr0 YCTPOMCTBO SABMSIETCA MOAENMPOBAHMNE AaTyMKU
n3MepeHns A4anbHOCTKM yrbTpasByka, KOTOPbIE reHepUPYIOT MMMYIbC AarlbHOCTM B OTBET Ha
UMNynbC 3anycka. Ero Takke MOXHO MCMNOMb30BaTh TaM, I4e Bbl XOTUTE CreHepUpoBaTb BXOOQHOM
CUrHan nuH, CUHXPOHU3NPOBaHHbLIN (NOcne BbibpaHHOW BamMu 3a4epKKN) C BbIXOAHBIM CUTHaNoMm
MVH, Co34aHHbIM Balnm nporpamma. 'Pulse’ u 3HaveHus 'Delay’ MoxHo macwtabupoBaTh 13
OCHOBHoOro okHo UHcTpymeHT-Bar YnpasneHue nonsyHkom 'l/O S' ¢ pobaBneHnem
cyddumkca 'S' (unu 's') unu oamH (Mnm oba).

[pyroe ncnonb3oBaHWe 3TOr0 YCTPOWCTBO - TECTUPOBAHUE NPOrpamMMa, UCMOSb3YHLLEro NpepbiBaHus, U Bbl XoTeNM Obl
NMOCMOTPETb, YTO NPOM3OWAET, ECNK crieyuasibHasi UHCMPYKYUs NnpozpamMma npepbiBaeTcsd. BpemeHHO oTknounte
'I/O' YCTpOMCTBO, KOTOPbLIV Bbl MOAKMOYNUIN K MUH 2 (MK NuH 3), 1 3ameHnTe ero Ha '"1SHOT' ycTponCcTBO, K KOTOPOMY
'Out’ MMH NOAKMOYEH K NMUH 2 (UM NMMH3, COOTBETCTBEHHO), 3aTEM Bbl MOXETE 3anyCTuTb ero Bxog 'Trg' (npu ycnosum
YCTaHOBKWN YyBCTBUTENbLHOCTU NepeaHero opoHTa), BCTaBMB Napa MHCTPYKUun { 'digitalWrite (LOW) ',
'digitalWrite (HIGH) ' } mosbko G0 K UHCTPYKLUMMK, BHYTPU KOTOPOW Bbl XOTUTE, YTOOLI NpepbiBaHme
npousowwso. YcraHoBuTte 1SHOT; ¢ 'Delay' paccunTtbiBaTh Bpems Mnynbca, reHepupyemoro Ha 'Out’, BHyTpu
WHCTPYKUUM NporpamMMa, KoTopas crneayeT 3a 9ToW Napoyr HCTPYKUuiA 3anycka. ObpatuTte BHUMaHME, YTO HEKOTOpbIE
WHCTPYKLMN MacKMpYIOT NpepbiBaHns (Hanpumep, ' SoftwareSerial.write (byte) ', au Tak He MOXET ObITb
npepBaHo.

LUndpoBomn l'eHepaTop UMnynbcoBB ('PULSER')

37107 'l/O' yCTPOMCTBO 3MynMpyeT NPOCTON reHepaTop UMMYNbCOB LIMAPOBOKM OCLMMANorpaMmma, KOTopbli reHepupyeT
NnepuoanYecKnin CurHarn, KoTopbln MOXET BbiTb NPUMEHEH K Niobomy BeibpaHHomy 'Uno’ unun 'Mega' nuH.

PULSER 02 Mepurog v oNIMTENBHOCTL UMMYINbCa (B MUKPOCEKYHAAX) MOXHO YCTAHOBUTL C MOMOLLILIO Nomen
& LTI penakTMpoBaHUs - MMHUManbHbIA AONYCTUMbIN Nepuog coctaBndaeT 50 MUKpOCeKyHA, a
& MUHMMarbHas WMpUHa uMnynbsca coctaenseT 10 MukpocekyHa. Bl MoxeTe BbIOUpaTh Mexay

Puls 3HAYEHMAMN CUHXPOHU3aLMSA B MUKpOceKkyHAax (‘usec') u munnucekyHgax (‘'msec'), n a1oT
1000 BblGOp ByageT coxpaHeH BMeCTe C APYrMMK 3HaYeHnsMu, korga Bbl 'Save' nskondurypuposatb

usec’O @msec ||/ O YcTpoiicTea,

S| 10000
Takke MOXHO BblOpaTh NOMSAPHOCTL: MO0 NONOXUTENBHBLIE UMMNYILCLI NepeaHero poHTa (oT
0 po 5 B), nnbo oTpuuartensHblie uMnNynscbl nepeaHero poHTa (ot 5 B o 0 B).

3HaveHus 'Pulse’ u 'Period' moxHO macwtabupoBaTb M3 ocHoBHOro MHcTpymeHT-Bar YnpaeneHve nonayHkom
mMacLTabHoro koagduumeHTa /0 S' nytem gobaenenus cyddukca 'S' (nnm 's') kK ogHoMy (Mnm K o6omm). 3TO
No3BONSIET BaM 3aTeM U3MeHUTb 3HadYeHue 'Pulse’ unu 'Period' duHamu4HO BO BpeMsi BbINONTHEHME.

AHanoroBbi F'eHepaTop PyHkuu ('FUNCGEN'

OT0T 'l/O' ycTpoNCTBO aMYyNMpyeT NPOCTON reHepaTop aHaroroBbIv OCLMINIOrpaMma, KoTopbli reHepupyeT
nepuoanYecKnin CUrHar, KoTopbln MOXET BbiTb NPUMEHEH K Ntobomy BeibpaHHomy 'Uno’ unu 'Mega' nuH.

FUNCGEN™ " 12 Mepuon (B MUKPOCEKYHAAX) MOXHO YCTAHOBUTL C MOMOLLIbIO MOSS peAaKTUPOBaHUS -

(O AVAVAN MUHMManbLHO JoMyCTUMBIN nepuos coctasnsaeT 100 MUKpoceKyH/. ocuunnorpamMmmMa, Kotopbin
SRVAY Y, OH cOo37aeT, MOXeT BbITb BbiGpaH CMHyconaanbHbIM, TPeyronbHbIM UK NMNoobpasHbIM (Ans

C 111 €034aHu1s NPAMOYronbHOWM BOMHbI Ucnonb3ynTe BmecTo atoro 'PULSER'). B meHbLuve nepuogbl
¢ AN MOAenMpoBaHUsA NPON3BEAEHHOIo ocuMInorpamma Ncnonb3yeTcst MeHbLLEee KOnM4ecTBO

. HSEES obpasuoB 3a Luukn (Tonbko 4 obpasuia 3a umkn B nepuod = 100 MUKpPOCEKYHA).
Ferzod 54000

'Period' 3HaueHve MoOXeT ObiTb MacLLTabnpoBaHO OT OCHOBHOMO OkHO MHCTpymeHT-Bar
Mon3yHok macwTabHoro koadduumeHTa 'l/0 S' MOXHO KOHTponupoBaTk, 4OOaBUB B kavecTBe cyddpmkca OykBy
'S' (nnmn''s’). 3710 Nno3BonsieT BaMm 3aTeM M3MeHUTb 3HadveHue 'Period' QUHaMu4HO BO BPEMSI BbINOMHEHNE.



LaroBbii aBurarenb ('STEPR')

OtoT 'l/O' ycTponcTBo amynupyeT 6V OUNoNsApHbIA UM YHUMONSAPHbIV LLlaroBein ABMratenb CoO BCTPOEHHbBIM
KOHTPOMMepoM TorkaTtenb TonkHyn oT nnéo aBa (Ha P1, P2 ) unu yetbipe (Ha P1, P2, P3, P4 ) KOHTPOIbHbIE
curHanel. KonnyecTBo waroB Ha 060poT Takke MOXET ObITb yCTaHOBMEHO. Bbl MoXeTe ncnone3oBaTth 'Stepper.h'
YHKUMOHAnbHbIE MOOYNN 'setSpeed () ' a Takke 'step () ' Ao tonkHyn 'STEPR'. Kpome Toro, 'STEPR' 6yget
makxxe omeemums k cebe 'digitalWrite () ' " NnoOmTOBbIE"CUMIrHAmMBLI TOMKHYI.

09 STEPR 1 MOTOp TOYHO CcMOoAeNnnpoBaH Kak MeXaHUYECKN, TaK U ANTEKTPUYECKN. MOTOp-TOﬂKaTeﬂb
nageHna HanpaxxeHnda n USMeHeHUA peakTMBHOIo ConpoTmnBieHnda U UHOYKTUBHOCTU

Pl P3 MOAENVPYIOTCA BMECTe C peanMcTU4eckum MOMEHTOM MHEPLIMN OTHOCUTENbHO
] 0| yoepxuBatoLero MmoMeHTa. O6mMoTka poTopa ABuUraTens UMeeT CMOAENMPOBaHHOE
2 #| conpoTueneHve R = 6 OM 1 MHAYKTMBHOCTb L = 6 Munnu-reHpu, kotopas cosgaet

ens 3MNEeKTPUYECKYI MNOCTOSIHHY0 BpemeHun 1,0 MunnucekyHabl. M3-3a peannctnyHoro

Iﬁ Iﬁ li MOOENUPOBAaHUSA Bbl 3aMETUTE, YTO OYEHb Y3KME UMMNYMbChI YNPaBeHUs NUH He roslyqaom
war guraTtens - Kak n3-3a KOHe4YHOro BpEMEHW HapacTaHus ToKa, Tak U U3-3a BNUSHUS

MHepLMKn poTopa. ATOo cornacyeTcs ¢ Tem, YTo HabngaeTcs Npy ynpaeneHMn pearbHbIM LWaroBbIM ABUratenem ot

'Uno’ unu 'Mega' ¢, koHe4YHO, U mpe6byemcs ) [Biratens TonkaTenb Yin Mexay nposogamu gsurartenst u 'Uno’ nnm

'Mega'!

HecuacTHbIi ownbka B ApaynHo 'Stepper.h' Kog 6ubnmotekn o3HavaeT, 4To npu cbpoce LiaroBbin ABUratens He
Oynet HaxoanTbesa B nonoxeHun War 1 (13 yeTbipex waros). YTobbl NpeogoneTsb 370, NONb30BaTENb AOMKEH
ucnomnb3oBaTh 'digitalWrite () ' Bero/ee 'setup () ' pyTvHa Ans MHMLMaNM3auum KOHTPOSbHbIX YPOBHEN NUH
00 'step (1) ' ypoBHW, cooTBeTCTBYIOWME 2-MKH (0,1) unun 4-nun (1,0,1,0), 1 nossonstoT Asuratento 46-100
MUNUCEKYHA, YTOObI NepemMecTUTbCA B MCXOQHOE 3a4aHHoe NornoXeHne asuratens Ha 12 yacos.

O6paTtuTe BHUMaHWe, YTo pedykmop He noddep)kxusaemcsi HanpsiMyro U3-3a HegocTaTka MecTa, HO Bbl MOXeTe
3MynuMpoBaTh €ro B CBOEM NporpaMmma, BHegpuB cHeTumk no moaynto N nepemMeHHas v ToNbKO Bbi3biBasi 'step () '
Korga aToT cyeTumk gocturaet 0 (ang ymeHblUeHUst nepefayn ¢ koadbguumneHtom N).

HaumHas ¢ Bepcum 2.6 3TOT YCTPONCTBO Tenepb BktoYaeT B ceds 'sync' LED (3eneHbii Anst CMHXpOHM3aunm unm
KpacHbIV NPy OTKIMOYEHUN HA OAMH UIN HECKONbKO WwaroB). Kpome Toro, B 4OMNOMHEHME K KONMYECTBY LUAroB Ha
060pOoT, ABa AOMOMHUTENBHBIX (CKPbIThIX) 3HAYEHUsT MOTYT ONuUoHanbHO ykasbiBaetcs B |ODevs.txt dpann gns
yKasaHusi MeEXaHUYeCKOW Harpys3ku - Hanpumep, 3Hadenna 20, 50, 30 onpegenstoT 20 waros Ha 060pOT, MOMEHT
MHepumn Harpy3ku, B 50 pas npeBbiwaoLwnn MOMEHT CaMoro poTopa asuratesns, U MOMeHT Harpysku 30 npoueHToB
MOSHOro yaepXK1BatoLWero MOMeEHTa ABuratens.

Nynbcupyrowmnnu Llarosbin gsuratens ('PSTEPR'

371071 'l/O' ycTponcTBo amynupyeT 6V Mukpo-wazoebilti ovnonspHeii LLlaroBeii aBuratens CO BCTPOEHHbIM
KOHTPOMMEepoM TorKkaTtenb TOMKHYN N0 UMY bCHbIU "Step’ NuH, akTnBHbIN-HU3KMA "EN*' (BkntounTk) nnH 1 'DIR’
(HanpaeneHue) NuH , KonmMyecTBO NOSHbIX LWAroB Ha 060POT Takke MOXET OblTb YCTAHOBNEHO HanNpPsAMYyo, Hapsaay ¢
KONMMYeCTBOM MUKPOrpynn Ha nonHelv war (1,2,4,8 unun 16). B gononHeHne K 3TMM HacTpomrkam, ABa AOMONMHUTENbHbLIX
(CKPbITBIX) 3HAa4YeHNA MOTYT onuMoHanbHO YykasbiBaeTcd B |ODevs, txt haiin, 4Tobbl yka3aTb MEXaHUYECKYIO Harpys3Ky -
Hanpumep, 3HaveHus 20, 4, 50, 30 onpegenstoT 20 waroe Ha 060poT, 4 MUKpoLLAra Ha NOJSHbIN Lar, MOMEHT UHepLMK
Harpysku B 50 pa3 bonbLue, YeM y ABuraTtens caMm poTop, U KpYTALWMA MOMEHT Harpy3ku 30 NpoLEHTOB OT NOSHOro
YOEpXKMBaILLEro MOMeHTa aABurartens.

Bbl OMKHBI HANMCcaTb KOA TOJIKHYJT KOHTPOJIA NMHax COOTBETCTBEHHO.

F"STEPR MoTop TOYHO CMOAENUPOBaH Kak MeXaHW4YeCcKu, Tak 1 anekTpuyeckn. Motop-Tonkatenb
EN* DIR| MAOEHUA HanNPSXXEeHWUs N U3MEHEHNS! PEAKTUBHOTO COMPOTUBNEHNS U UHAYKTUBHOCTY
MOAENMUpYITCA BMECTE C peanMcTU4eCkMM MOMEHTOM MHEPLIMN OTHOCUTENBHO
yoepxusatoero MmomeHta. O6mMoTKa poTopa ABuratenst UMeeT CMOAENMPOBaHHOE
conpotusnenne R = 6 OM 1 MHAYKTUBHOCTL L = 6 munnu-leHpu, kotopasa cosgaet
STEP st EES micra| 2NEeKTPUYECKYO NOCTOSIHHYIO BpeMeHn 1,0 MunnucekyHabl.

03 .
OTO0 YCTPOMCTBO BKIIOYaET B cebsi xenTyto aktneHocTb 'STEP' LED v 'sync' LED (3EJIEHbBIV
ansa cnHxponnsauumn nnu KPACHbBIN npu BeIKNIOYEHUN OAHUM UITU HECKONBKMMU LUaramm).




ABurarenb NOCTOAHHOro Hanpsh)xkeHua (‘MOTOR')

37101 'l/0O' ycTpOoMNCcTBO aMynupyeT 6-BONLTOBbIN ABUraTens NocTosaHHOro Toka 100: 1 ¢ BCTPOEHHbIM KOHTPOMNNepoM
TONKaTenb TONKHYI CUrHaNoMm LWMPOTHO-MMMYNbCHOW MOAYnsAunMM (Ha ero WWMPOTHO-UMMYNbCHasi MOAYNALMUA BXOL),
W curHan ynpaeneHus HanpasneHvem (Ha ero Dir Bxog). [JBuratenb Takke MMeET BbIXOL, SHKOAEpa Koneca, KOTopbIf
Tonkaet Ha ero Enc Bbixog nvH. Tbl MOXeELLb MCMNOMb30BaTh 'analogWrite () ' K TONMKHYMN LWUMPOTHO-UMMYJbCHasA
moaynaumsa nuH ¢ 490 Ny (Ha nuHax 3,9,10,11) unu 980 My (Ha nuHax 5,6) ¢ WMPOTHO-MMMYILCHOW MOgYNAUMEN
ocumnnorpamma ¢ padoymm umknom ot 0,0 4o 1,0 ( 'analogWrite () ' 3Ha4eHus ot 0 go 255). Kpome Toro,
'MOTOR' 6ynet makxxe omeemumb k cebe 'digitalWrite () ' " nobutoBble"cUrHanbl TOMKHYM.

[Buratenb TOYHO CMOAENMPOBaH Kak MEXaHNYeCKW, Tak U ANEKTPUYECKN. YUeT (HU3KOro)
Iﬁ nageHuns HanpskeHus Ha MOIT-TpaH3ncTope-gpansepe 1 peanMcTUYHOIO KPYTALLEro MOMeHTa
Enc| pepyktopa 6e3 Harpy3ku gaeT nosHyt CKOPOCTb NOYTU 3 06 / C 1 KPYTALMIA MOMEHT YyTh
MeHee 10 kr-cm (NnpomcxogsaLmnmn npu yctonumnsom pabodem uukne UMM 1.0) ¢ mexaHuyeckon
NOCTOSIHHOW BpemeHu npubnuantensHo 40 munnucekyHa (kotopas yBenuyunBaeTcs 3a cyHeT
Dir WHepuun Ntobon 3agaHHom Harpy3skn). B nonb3oatensckom daine «I0ODevs.txt» MOXHO
ykasaTb Tpu (Heobsi3aTenbHbIX) 3Ha4eHUst napametpa - «F» unn «B» (ans pexxuma Bblbera Ha
IE Bblbere nnu pexmnma Topmoxenus, korga Pwm HU3KOE), a 3atem NOCTOSAHHbBIA MOMEHT
Harpysku B NpoLeHTax oT ONPOKNAbIBAHNUSA. KPYTALLMIA MOMEHT, 3aTEM MOMEHT NHEPLLMU
Harpy3ku Kak Liefioe 4Yncrno, KpaTHOE BHYTPEHHEN MHEPLMM poTopa ABurartensi (3TM 3Ha4eHUs Mo yMOSYaHWIo paBHbl
«F», 0 n 1, ecnn HU4ero He ykasaHo). Kpome Toro, meeTcsi BCTPOEHHbIN MOCTOSAHHbIN NMPOTUBOAENCTBYHOLLNIA
KPYTSALLMIA MOMEHT KOpoOKM nepegay, paBHbii 10% KpyTHALWEro MOMEHTa Npy OCTAHOBKE (KOTOPbIN YBENUYMBAET
KPYTSLLMIA MOMEHT Harpysku).

ﬁ MOTOR
Pum

O6moTka poTopa gBuratens MMeeT CMOAenmpoBaHHoe conpoTtueneHne R = 2 Om n nHgyktmeHocTb L = 300 MkIH, 4TO
CO30aeT ANEeKTPUYECKYI0 MOCTOSHHYI0 BpemeHn 150 MukpocekyHA. V13-3a peanncTMyHOro MoaenmpoBaHus Bbl
3aMeTuTe, YTO OYeHb y3kne nmnynscol LUMM He rionydatom BpalleHve aBuratens - Kak u3-3a KOHEYHOro BpeMeHH
HapacTaHusi TOKa, Tak 1 13-3a 3Ha4YUTENbHOro BPEMEHU NPOCTOA MOCIE Kaxaoro y3koro uMmnyneca. OHu
06beanHAITCS, YTOObI BbI3BaTh HEAOCTATOYHbIA UMMNYNBLC POTOPA, YTOObLI MPEOAONETL MPYXMUHHYIO 3aLLENKy
peaykTopa npu ctatndeckoM TpeHuu. CrieacTeme Npuy UCMONb30BaHMK 'analogWrite () ' pabounn Umkn HUXe
npumepHo 0,125 He 3acTaBuT gBUraTenb CABUHYTBLCS - 3TO COIMACyeTcs C TeM, YTO HabnogaeTcs Npy ABMXXEHWM
pearnbHoro pegyktopHoro aguratens ot 'Uno' unu 'Mega' ¢, KoHe4YHo, cooTBeTCTBYOWUM ( U mpebyemcsi ) Moaynb
aBuratens TonkaTtens mexay asuratenem u 'Uno' nnm '‘Mega'l.

[atuuk amynaumm asuratens npegcrasnseT cobon gaTymk ONTUYECKOro NpepbiBaHUs, YCTaHOBIEHHbIV Ha Bany,
koTopbIn BbligaeT 50% -Hbi pabounii Lk ocumnnorpammMa, MMeLWwuin 8 NonHbIX NePUOAOB BbICOKOrO-HU3KOrO 3a
OoOunH 06OopOT Koreca (No3TOMY Ball NMporpamma MOXET BOCNPUHUMATb M3MEHEHMWS BPaLLEHWUSI KONeca C paspeLleHnem
22,5 rpapyca).

CepBoasurarenn ('SERVO'

3701 'l/O' yCTPONCTBO MMUTUPYET 6-BOMBLTHLIM CEPBONPUBOS, NOCTOSIHHOIO Toka PWM-TonkHyn ¢ ynpaeneHvem
nonoxeHneM. MexaHU4eckune 1 aneKkTpudeckne napaMmeTpbl MOSENMPOBaHUSA Ans paboTkl ceponpueoga byayT TOYHO
COOTBETCTBOBATbL MapamMeTpaM cTaHgapTHoro cepsonpueoga HS-422. CepBonprBoa MMEET MakCcuMarbHYH CKOPOCTb
BpaLLeHunsa okono 60 rpagycos 3a 180 munnucekyHs , Ecnun neebln HUXKHUIA (hnaXok ycTaHOBMNEH, CepBONPUBO
CTaHOBUTCS HernpepbieHOe 8paujeHue CEPBONPUBOL, C TOM e MaKCMMarnbHOW CKOPOCTbIO, HO Tenepb LWMprHa
umnynsca LM ycTaHaBnMBaeT ckopocmb a He yros

SERVO .
i Baw nporpaMmma AomkeH UMeTb '#include <Servo.h>' NUHUS, Npexae Yem obbsaABUTb
'Servo' 3k3emnnsAp (bl) €c/u 8bl pewume Ucrnonb308ams hyHKUUOHaIbHoCmMb bubnuomeku
‘Servo.h' Hanpumep, 'Servo.write() ', 'Servo.writeMicroseconds () ' Kpome Toro,

'SERVO' Takke pearupyet Ha 'digitalWrite () ' "BuTtoBble" curHanbl. M13-3a BHyTpeHHEN
peanusaumn UnoArduSim, Bbl orpaHmyeHbl 6 'SERVO' YcTponcTsa.

[ le



Mbe3soanexkrpuuyeckuin AvHamuk ('PIEZO'

Iﬁ PIEZO OTOT YCTPONCTBO NO3BOMSAET BaM "NpocnyLunBaTh” curHansl Ha nobom Bbl6paHI—v|OM 'Uno' unu 'Mega’

MWH 1 MOXeT ObITb NONe3HbIM JOMOSHEeHeM K cBeToanoaam Ans OTNaaky Balen paboTbl
nporpamma. Bbl Takke MOXeTe NoBecenuTbCs, Urpas COOTBETCTBYIOLLME MenoamMn 'tone () ' a
Takke 'delay () ' 3BOHKM (XOTS HET NPAMOYrofnbHOW UNsTpaLmmM ocuunorpaMmma, no3ToMy Bbl He
ycnbiwmnTe "4nCTbiX" 3aMeToK).

Bbl Takke MmoxeTe npocnywmeatb nogakntodeHHsIn 'PULSER' nnn 'FUNCGEN' yctporictso, nogkntouns 'PIEZO' k nuH,
KOTOPbIA YCTPONCTBO TOSKAET Ha.

Cnaunpg pe3sucrtop ('R=1K'

R=1K Iﬁ OTOT YCTPONCTBO NO3BONSAET NOMb30BaTeNto nogkmntoyatbes K 'Uno' unu 'Mega' nuH nubo ¢
noBbILLAKLWMM conpoTueneHmem Ha 1 kOm go + 5 B, nMbo ¢ noHWxatoLmMmM conpoTUBNEHNEM Ha 1
i_#? KOm Ha 3emnto. OTO NO3BOMSET BaM MOLENMPOBATL 3NEKTPUYECKNE Harpy3ku, o0aBneHHbIE K
‘J?_ peanbHOMy 060pyAOBaHMIO YCTPONCTBO. LLlenkHyB NeBOM KHOMKOW MbILLM MO MON3yHKY meJio Bbl
MOXeTe MepeKnoYvaTh Xenaemblvi BbIOOp NOATArMBaHUSA UM BbiNadatoLlero. Micnonb3oBaHne OgHOro
WITN HECKOJbKUX M3 3TUX YCTPOMCTBA NO3BOSIUT BaM YCTAaHOBUTL OAWNH (UITM HECKOSbKO) -OUTHBbIN "Kog"
ONS Ballero nporpamMma ansi YTeHWsi n oTBeTa.

KHonka TaktoBasa ('PUSH'

PUSH 31071 'l/O' yCTPOWCTBO aMYNUPYeT HOPMarnkHO OTKPbIThIN M2HogeHHoe UITU ¢ ghukcayueti

latct ogHornontocHas, ogHonortocHasa (SPST) kHonka ¢ noBbILWaoWMM (MY NOHWXaoLLMM)
o) conpotusrnennem 10 kOm. Ecnv ons yCTpOWCTBO BblIOpaH NEpPEXOQHON PEXUM C NepeaHuM OPOHTOM,
(ii 1 KHOMOYHbIE KOHTaKTbl ByAyT NOAKMIOYEHbI MeXay YCTPONCTBO U MUH 1 + 5 B ¢ onyckaHnem 10 KOm Ha

3emnio. Ecnn ans yctpoiicTBo BbiGpaH nepexop ¢ najatoLien KpOMKOWA, KHOMOYHbIE KOHTaKTbl ByayT
PUSH NOAKIMIOYEeHbI MeXy YCTPOWCTBO U NWUH 1 3emnen ¢ HanpsbkeHnem 10 kOm go + 5B.

ol LLlenkHyB NEBON KHOMKOWM MbILIW MO KHOMKE UMW Haxas Nobyto KnaBuLly, Bbl 3aKpbIBAETE KOHTAKT
. @ 1 | KHOMKN. B MOMeHmMasnbHbIl pexmM, OH OCTaeTCs 3akpbiTbiM, NOKa Bbl yaepXMBaeTe KHOMKY MbILLN
= UNW Knaeuwly, 1 B 3allenka pexum (BknioyaeTcsa Haxkatvem Ha 'latch' kHonka) oH octaetcd
3aKpbITbIM (M ApYroro useTa), Noka Bbl HE HAaXXMETE KHONMKY eLle pa3. OTCKOK KOHTaKTOB (B TedeHue 1
MUNNMCeKyHabl) OyaeT Npon3BoOaNTLCS Kaxabli pas3, korga Bbl UCMONb30BaTh Ky1aguwa Os1s UHmMepeasioe HaxaTb Ha
KHOTKY.

LiBetHou LED ('LED')

I:I LED Bbl MmoxeTe nogkntountb LED mexay BbibpaHHbiM 'Uno’ unu 'Mega' nuH (Yepes
ToKoorpaHudmsatoLwmin peanctop 1 kKOM CKpbITOM Cepun BCTPOEHHBIN) K 3a3eMneHnio nnn k + 5 B -

Q (. ) 3TO JaeT BaM BO3MOXHOCTb BKMtounTb noaceeTky LED npu nogknioveHHom 'Uno' nnn 'Mega' nuH
(@ ol saBnseTcs 'HIGH'Unv BMECTO Korga OH siBnsieTcst 'LOW',
RYGE LiseT LED MoxeT 6biTb BbIBpaH Kak kpacHbiii ('R'), »xenTbint ('Y'), 3eneHbiii ('G') unu cunwii ('B'),

MCMoMb3ysl ero nosie pegakTMpoBaHus.

4-LED psan ('LED4")

LED4 Bbl MOXeTe NoAKMNUYNTb 3TOT psig M3 4 UBETHLIX CBETOANOAOB MeXAY BbibpaHHbIM Habopom 'Uno’
lofd unn 'Mega' nuHax (Kaxabli U3 KoTOpbIX UMEET TOKoorpaHnyusatoLwmim pesmctop 1 KOM CKpbITON
o8d Cepun BCTPOEHHBIN) K 3a3eMIeHnto unun k + 5 B - 3To0 faeT Bam BO3MOXHOCTb Bbibopa CBeToanoabl
¥ o] 3aroparoTcs, Korga nogkntoyeHHslr 'Uno' unu 'Mega' nuH "HIGH' v BMECTO KOrfa OH SABMsieTcs

'LOW',

"10f4' MNone BBOOA NWH NPUHMMAET OQHO YMCIIO MWH, KOTopoe ByaeT o3Ha4aThb nepebil u3 Yembipex Nodpsid 'Uno’
unu 'Mega' nuHax, koTopble ByayT noaknoyaTbes K 4 ceeToanoaam.

Liset LED ('R, 'Y', 'G' unu 'B') aBnseTca cKkpbimasi onyusi 3To0 MOXeT OblTb 6bImb 8 biI6paHHbIM MOJILKO
pedakmupoeaHue |ODevices.txt ¢hatin (xoTopbii Bbl MOXeTe co3aaTh ¢ nomoLblo CoxXpaHUTb OT
KoHdwurypuposats | 'l/O" YcTporcTBa AnanoroBoe OkKHO).



7-cermeHTHbIV LED Lindpa (‘7SEG’

Bbl MOXeTe NoaKmnounTb 3TOT 7-cerMeHTHbIN ancnnen Undpa LED k BbiGpaHHbIN Habop yemsbipe
nocsiedoeamenbHbix 'Uno’ unu 'Mega' nuHax, komopsbie 0arom K00 wecmHaduyamepuYyHbll
ansa Tpebyemoro otobpaxaemoro undpa (ot '0' go 'F') 1 BKnouMTE MK BIKMOYMTE 3TOT undpa ¢
nomotbio CS * nuH (aktueHbIN-HU3K ans BKN).

OTOT YCTPOMCTBO BKIIOYAET B cebsi Aekoaep BCTPOEHHbIN, KOTOPbI UCNonb3yeT akmueHbili BbICOKUMN ypoBHM Ha
YyeTblpex nocnegoeaTenbHbIX 10f4' nuHax Ans onpegeneHns 3anpawmBaeMoro WwecTHaguaTtepuyHeln uudpa ang
oTobpaxeHus. YpoBeHb Te Ha camOM HM3KOM HOMepe NMUH (TOT, KOTOpbI oTobpaxaetcs B'1of4' none
pefakTMpoBaHus) NpeacTaBnaeT Mnaawunn 6ut 4-6MTHOroO koaa WecTHaaUaTePUYHbIN.

Liset cermeHToB LED ('R, 'Y", 'G' nnu 'B') sBnsieTca ckpbimasi onyusi 3T0 MOXET ObiTb 6b6IMb 8b16pPaHHLIM MOJILKO
pedakmupoeaHue IODevices.txt ¢hatin Bel moxeTe co3gath ¢ nomoulbto CoxpaHuTtb oT KoHdurypuposats | 'I/O"
YcTponcTBa OnanoroBoe OKHO.

AHanorosbiii Cnaiigep ‘

MonsyHkoBbIn noTeHuuomeTp 0-5 B MoxeT BbITh nogkntodeH k ntobomy BeibpaHHomy 'Uno' unm 'Mega’ +V

NVH ONst NONyYeHWs CTaTU4ecKoro (MM MeAneHHO MEHSOLLErocs) YPOBHS HanpsKeHNst aHanoroBbIy,

KoTophI BygeT cuntbiBaThCcs 'analogRead () ' B kadecTBe 3HadeHus oT 0 go 1023. C nomMoLubo

MbILLIW NepeTawmnTe NOMN3yHOK aHaNoroBbIi UMK LWENKHUTE, YToObl NepenTn K Hemy. ||
ov

Pin Nepembiuka ('JUMP'

Bbl moxeTe nogkntountb ABa 'Uno' unum '‘Mega' nMHax BMecTe, UCnonb3ysi 3TOT YCTPOWCTBO (ecnum
Kakon-nmbo anekTpu4ecknii KOHPNUKT obHapy>XeH Npu 3anofiHEHNN BTOPOro HOMepa MyH,
BbIGpaHHOE COeMHEHME He paspeLlaeTcs U NUH OTKNIYaeTcs).

OTa nepemblyka yCTPONCTBO MMEET OrpaHUYEHHYIo None3HoCcTb U Hanbonee nonesHa B COMETaHUKU C
npepbiBaHAMN 4118 TECTUPOBAHUS NporpamMma, 3KCNepuMeHTOB 1 y4ebHble Lenn. Ha4uHas ¢
UnoArduSim V2.4, ebl moxeme o6Hapyxumb, 4mo ucnonb3oeaHue 'PROGIO’ ycmpoiicmeo
obecnevyuesaem 6osbwyro 2ubKkocmb, YeM MemoObl NPePbI8aHUsT MOJIKHYJI, NpueeOdeHHbIe HUXe.,

Tpl/l BO3MOXXHbIX NCMNONIb30BaHNA 3TOIo0 yCTpOVICTBO cnegywouime:

1) Bbl MOXeTe co30amb 6x00 yughpoeoli G511 mecmupoeaHuUsi eaule20 rnpozpamMma KoTopblin nmeet Goree
CINOXHbIA CMHXPOHM3ALMS, YEM MOXET ObITb NPOMN3BEAEH C Ucnonb3oBaHMeM noboro 13 Habopa Ctangapt 'l/O'
YcTponcTea, a UMEHHO:

OnpepenvTb NpepbiBaHue OyHKUMOHaNbHbIM Modynb (Ha3oBem ero 'myIntr') m genatb
'attachInterrupt (0, myIntr, RISING)' BHyTpu Bawero 'setup()'. [Nogknmiounte nynbcatop OT
YCTPOWCTBO A0 NMUH2 - cenyac 'myIntr () ' Oyget BoiNONHUTE Kaxabi pa3 nynbcaTop BO3HWKAET HapacTalowun
PpoHT. Baw 'myIntr () ' PYHKLMOHAMbHBLIN MOAYMb MOXET BbiTb anropMTM y Bac €CTb 3anporpaMmMmnpOBaHHbIN
(Mcnonb3ysa rnobanbHbIN CHETHMK NEepeEMEHHbIE U, BO3MOXHO, Aaxe 'random()') M3roToBMTb ocuummniorpamma
BaLlero cobCTBEHHOro AmsariHa Ha NtobomM AOCTYNHOM 'OUTPUT' nuH (gonyctum, ato nuH 9). Cenvac
xelPbIFATb nvH 9 no Bawemy xenanuto 'Uno' unu 'Mega' 'INPUT'nuH, 4To6bl NPUMEHNTL CreHeprpOBaHHbLIN
undpposon ocumnnorpaMmmMa K 3ToMy BXogy MuH (4TOBLI NPOBEPUTL BaLl NpOrpamMma; OTBET 3TOFO KOHKPETHOro
ocuunnorpamma). , Bel MoXxeTe reHepupoBath nocrefosaTefnibHOCTb UMMNYNbCOB, UK NocnegoBaTerbHble
CMMBOIbI, UMW NPOCTO rPpaHWYHbIE Nepexoabl, 060N NPOM3BOMLHON CAOKHOCTU U C Pa3NUYHbIMU MHTEPBaNamu.
Ob6paTuTe BHMMaHMe, YTO €Crnu Ball OCHOBHOM NporpamMmma 3BOHUT 'micros () ' (unv Bbi3biBaeT nobow



bYHKLMOHarnbHbIA MOAYMb, KOTOPbLIV NonaraeTcsl Ha Hero), ero 'return' UEHHOCTb 6ydem ygenu4eHo no
BPEMEHW, NPOBEAEHHOMY BHYTPU Bawwero 'myIntr () ' YHKLMOHANbHBIN MOAYMNb Kaxabll pas, koraa
npepbiBaHve cpabaTbiBaeT. Bbl MoxeTe npom3BecTu BbIiCTPbIM BCMECK TOYHO PacCYMTaHHbIX FpaHen, UCMOoNb3ys
Bbl30Bbl 'delayMicroseconds () ' or BHYTPpM 'myIntr () ' (BO3MOXHO, YTOObI cO30aTh LEenbii BanT ns
BbICOKasi nepeaya CKOpOCTb nepeaayn), unm NpocTo CreHepMpoBaTh OAMH NePEXoa 3a npepbiBaHe (BO3MOXHO,
ANsi reHepauuv oavH BUT nepefayvn ¢ HU3KUM YPOBHEM CKOPOCTb nepeaayun) ¢ nynbcaTtop ycTporicteo 'Period’
BbIOpaH B COOTBETCTBUM C BALLUMMM NOTPEOHOCTAMW CUHXPOHN3ALUUSA MyNbCaTOP OrPaHNYMBAET €M0 MUHUMYM
'Period’ no 50 mukpocekyHz).

2) Bbl MoxeTe kcrepumeHm ¢ nodcucmemoli o6pamHoli cessu:

Hanpumep, otkntounte 'SERIAL' 'I/O' yctporicteo TX '00° nuH (oTpegakTupyiTe ero nycteiM), a 3atem MPbIFATb
'Uno’ unu 'Mega' nuH '01' BepHyTbCs K 'Uno' nnu '‘Mega' nuH '00' amynupoBatb annapatHyto netnto ATmega
'Serial' noacucrema. Tenepb B BalleMm TecTe NporpaMma, BHYTpU 'setup() ' caenatb OOuH
'Serial.print()' W3 CrNOBO WM CUMBOJ1, W BHYTPW Ballero 'loop () ' BEPHYTb BCE MOSY4YEHHbLIE CUMBOSTbI
(korga 'Serial.available() ')caenaB 'Serial.read() ' CcnocneaywlWum 'Serial.write () ', a 3atem
NMOCMOTPETb, YTO NPOMCXOONT. Bbl MOrMKM 3aMeTUTb, YTO NOXOXKUIN 'SoftwareSerial' netns-obpaTHO He
yodacmcst (kak 310 6bIno Obl B pearbHOM XW3HW - MporpaMMHoe obecneyeHne He MOXET enaTb [Be BeLLM
O[JHOBPEMEHHO).

Bbl Takke moxeTe nonpobosatb SPI 3auuknueaHme ¢ nomousto MPBIFATb nogkntounTtb K 11 (MOSI) obpaTHo K
nuH 12 (MISO).

3) Bbi Moxxeme nodcyumame Kosiudecmeo u / unu usmMepums paccmosiHue Mexay rnepexodamu
onpedesieHHO20 ypoeHsi Ha Ntbom 'Uno’ unu ‘Mega' ebixod nuH X KOTOpble NPOUCXOANAT B pesynbraTe
cnoxHoro UHctpykumsa Arduino unu 6nbnuoteka yHKLMOHanNbHbIN MOAYrb (Kak npuMepsbl: 'analogWrite () ',
UNU 'OneWire: :reset() ', WK 'Servo: :write() ') , cneaywoulee:

MPbIFATb nuvH UKc npepBaTb NUH 2 1 BHYTPW Bawero 'myIntr () ' ucnonb3oBath 'digitalRead () ' 1
'micros () ' BbI30B, U CPABHUTb C COXPAHEHHbIMY YPOBHSMU 1 BpeMeHeM (OT npedblaywux npepbisaHun). MNpu
HeobX0aMMOCTU Bbl MOXETE N3MEHUTb YYBCTBUTENBbHOCTD K KpasiM ANs CreayloLlero npepbiBaH1s, ¢ NOMOLLIbIO
'detachInterrupt () ' a Takke 'attachInterrupt()' OT gHympu Baw 'myIntr () ', OBGpaTuTe BHMMaHMWe,
YTO Bbl HE CMOXETE OTCMEeXMBaTb NMUH NEePexXofbl, KOTOPbIE NMPOUCXOAAT CRULLKOM BM3Ko Apyr K Apyry (bnvxe, yem
obLlee BpeMs BbiMONHeHMe Baw 'myIntr () ' (yHKUMOHANbHbLIA MOAYNb), HANPUMeEp, Te, KOTOopble MPOUCXOASAT C
nepeHocamu 12C unu SPI, unu ¢ BLICOKMM CKOPOCTb Nepefayn 'Serial' nepeBobl (4axe ecnu Balle
npepbiBaHve yHKLUMOHamMbHbIN MoAdyrb He ByaeT MellaTb nepexody CMHXPOHM3auus 3TUX annapaTHbIX nepeaaq).
Takke obpaTvTe BHMMaHWeE, YTO NPOrpamMMHO-0NocpeaoBaHHbIe NepeBodbl (Hanpumep, 'OneWire: :write() ' a
Takke 'SoftwareSerial: :write() ' ) Haxogdatcs [MpegHaMepeHHO 3almLLeH OT NpepbiBaHum (MX
BUBbnNMoTeYHbIN KOO BPEMEHHO OTKIIOYAET BCe NpepbiBaHMs, YTOObl MPeaoTBpaTUTh COOM CUHXPOHK3ALMS), MOSTOMY
Bbl HE MOXETe NPOBOANTL U3MEPEHNS BHYTPU TEX, KTO UCTMOMbL3YET 3TOT METOA.

XOTS Bbl MOXETE BMECTO 3TOrO CAeNnaTth TE Xe U3MEPEHNsi PacCTOSHUS MeXAy Kpasmu eusyasnbHo B LindpoBon
¢hopMbI BOJTHbI OKHO, €CIN Bac MHTEPECYET MUHUMAarbHOE UM MaKCUMarbHOE paccTosiHue Mexay donbLmnm
KONIMYECTBOM MEPEXOAOB UM cYMTas nepexoabl, Aernasi 3T0 C NOMOoLbio 3Toro 'myIntr () ' -plus- MPbIFATb
TexHuka yoobHee. U Bbl MOXeTe n3aMepbTe, HAaNpMMep, Bapmraunm pacCTostHUSA MeXay OCHOBHbIMU nepexogamu
nporpamma (13-3a Toro, Y4To Balle nporpammMHoe obecneyeHne NCnonb3yeT pasHble NyTU BbINOMIHEHNE B pa3Hoe
BpeMs BbINOMHEHWE), caenatb Bua nporpamma "lMpodunuposaHue”.



MEHK

dainn:

3arpy3utb INO wnu PDE Prog
(Ctri-L) @

MosBonseT nonb3oBaTtento BbIbpaTe Nporpamma dann c
BbIOpaHHBIM pacLUMpeHneM. NporpammMa HeMeAIEHHO nony4yaeT
AHanuaunpoBaTb

U3meHuTtb/MpocmoTtpeTth (Ctri-E)

OTKpbIBaET 3arpy’KeHHbI NporpaMmMa Ans npocmoTpa /
penakTMpoBaHus.

CoxpaHuTb

CoxpaHutb 0TpeaakTMpoOBaHHOE CoaepXaHue nporpaMmma
BO3BpaLLaeTcs K opurMHanbHOMY nporpamma doann.

CoxpaHuTb Kak

CoxpaHuTb 0TpeaakTMpoOBaHHOE COAEPXKMMOE Nporpamma nog
OpyrMMm umeHem chann.

cnepyrowmin (#include') -

Mpoasuraet MaHenb ¢ kogoM oTobpaXxaThb CrieQyL i
'#include' cdaunn

npeabl 7171 - Bosspallaet lNaHenb ¢ kogoM aucnnen K npegsiayLemy dann
Bbixopn Bbixoa n3 UnoArduSim nocne HanoMrMHaHUA Nonb30BaTesio
COXPaHUTL MNobble N3MEHEHHbIE dhann.
Hawntu:
Ascend Call Stack ; MepenTyn K NpeablgyLeMy aboHeHTY OYHKUMOHANbHbIA MOgY b B
unc 9
i CTeK BbI30BOB - lNaHenb ¢ nepeMeHHbLIMU OTperynupymnTe, 4Toodhl
nokasaTb MEeCTHbIN NepeMeHHble A5 3TOro PYHKUNOHAMNbHbIN
Moaynb
Crek BbizoBoB Descend MepenTu Kk cnegytowemy Ha3BaHUO PYHKLMOHAMNbHbIA MOAYNb B
func CTeK BbI30BOB - lNaHenb ¢ nepeMeHHbIMU OTPErynupoBaThb,
4YTOObI NOKa3aTb NOKarbHbIA NePEMEHHbIE A1S1 3TOro
PYHKUMOHAMNbHLIN MOOYIb
YCTaHOBUTb TEKCT i AktusuposaTb UHCcTpymeHT-Bar Hantn none sBeoga ans
UckaTb (Ctrl-F) onpeneneHus TeKcTa, KOTOPbIA HY)XHO UCKaTb Cregyowmm (1
nobaBnsieT nepBoe CroBO M3 BbIAENEHHOW B AaHHbIA MOMEHT
ctpoku B MaHenb ¢ kogom unu MNaHenb ¢ NnepeMeHHbIMU eCNN
OOVH U3 HUX NMEET OKYC).
Haiitn Cnepyrowmi MepenTty K cnegyowemy BxoxaeHuto Tekcta B MaHenb ¢ Kogom
TEeKCT .,'l,', (ecnu oH MMeET aKTUBHbIN OOKYC), UNK K criegyroLemy
BXOXAEHMI0 TekcTa B NaHenb ¢ nepeMeHHbIMU (ECNN BMECTO
3TOr0 OH MMEET aKTUBHbIN POKYC).
Hawntm Mpeabiaywnin MepenTun K npeablgyLleMy BXoxaeHuo Tekcta B MNaHenb ¢ koaom
TEeKCT i (ecnu oH MMeeT akTUBHbIN POKYC), UMK K NpeablgyLlemy
BXOXAEHMI0 TekcTa B NaHenb ¢ nepeMeHHbIMU (ECNN BMECTO
3TOr0 OH MMEET aKTMBHbIN POKYC).




BbINnONMHUTDL:

LWar c saxogom (F4)

Lary BbinonHeHue Brnepen Ha O4HY UHCTPYKLMIO, UMW 8 mak Ha3bigaeMbil
OyHKUUOHabHbIU MOOYrb ,

War c o6xogom (F5)

Larn BbinonHeHue Bnepen Ha OAHY UHCTPYKLMIO, NN OOHUM MOSHbIM
380HKOM QbyHKUUOHarbHbIU MOAYrib,

LWar c Bbixogom (F6)

ABaHchbl BbinonHeHune no JJocmamoyHo, 4mobbi ocmasumb meKyujul
QQyHKUUOHaIbHbIU MOOYIb,

Boinonuutb o (F7) Ié

PaboTaert Ha nporpamMmma, ocmaHO8Ka Ha Hy)KHOI:I JIUHUU npoecpamma -
npexae 4emM ncnonb3oBaTb BbinonHuTb [0, Bbl 4OMKHLI CHavana LLEeNKHYTb
OCHOBHOW MOMEHT Ha HY>XHYIO CTPOKY nporpamMmma.

w@@_

3anyckaeT nporpamMmma Ao Tex nop, rnoka He NPoM3oMAET 3an1ch B
nepeMeHHas C TEKYLLMM OCHOBHOWM MOMeHT B MaHenb ¢ nepeMeHHbIMU
(HaXXmunTe Ha oauH, YTOObI YCTAHOBUTBL HaYarbHbI OCHOBHOM MOMEHT).

BbinonHuutb (F9)

Pa6oTaeT nporpamma.

MpunocraHOBUTDL @
(F10)

OcTaHOBKM NMporpaMma BbINOSIHEHWUE (U 3aMopakueaem epems).

C6poc : C6pacbiBaeT nporpammMa (BCe 3Ha4YeHMs NepemMeHHble cOpackiBalOTCA B
= | 3Ha4yeHue 0, a Bce ykasatenu nepemeHHble copackiBatotca B 0x0000).
AHnMauuna ABTOMaTU4YeCKM NoLLaroBble NocrnefoBaTernbHble CTPOKM NporpaMma ¢
0obasrieHHoU uckyccmeeHHoU 3adepxKol 1 BblAeneHne TekyLlen CTPOKM
koga. Pabota B pexume peanbHOro BpEMEHU U 3BYKN TEPSIOTCS.
3ameaneHHoe 3amepgnset Bpems B 10 pas.
ABWKEeHue
Oonuun:
LWar c o06xonom Structors/ lMponetnte ckBO3b KOHCTPYKTOPbI, AECTPYKTOPbI 1
Onepartopbl neperpysky onepatopa (yHKLMOHanNbHbIE MOAYIN BO BpeMs
noboro wara (T.e. OH He OCTaHOBUTCS BHYTPW 3TUX
dYHKLMOHaNbHbIE MOAYynw).
Perucrp-Allocation HasHaubTe nokanbHble YHKLMOHAsbHbLIA Moy b A
pernctpoB ATmega cBob60o4HO BMECTO CcTeka (reHepupyeT
HEeCKOMNbKO YMeHbLUEHHOoe ncnosnb3oBaHme RAM).
Ownbka npm MomeTnTb Kak owmMbKy AHanM3npoBaTb Be3sfe, rae Ball
HEMHULMANINZUPOBAHHOM nporpamma nbiTaeTcsi UCMNonb30BaTh NepeMeHHasi 6e3

npeaBapuTeNibHON HMLMAaNM3auum ero 3HadeHns (Mnm xoTs
Gbl OQHOTO 3HaYeHUs1 BHYTPU Maccue).

ao6baBneHHOM 'loop ()’
3apepixKa

Hobaensiet 1000 MUKPOCEKYH, 3a8ePXKN KaXKablA pa3
'loop () ' BbI3bIBAETCS (€CNN HET APYIMX BbI3OBOB
nporpaMmma Ha 'delay () ' B NtoGOM MecCTe) - NoNe3Ho
nsberaTb CNULLKOM BOMbLLIOIO OTCTaBaHWs OT pearnbHOro
BPEMEHMN.

Paspeluntb BJ1I0XKEHHbIEe
npepbiBaHUA

PaspelunTb NOBTOpPHOE BKIloYeHMe C 'interrupts () '
W3HYTPUY nognporpamMmmbl 06CnyXuBaHUs NpepbiBaHUM
nonb3oBaTens.




KoHdurypupoBarb:

'I/O' YcTpoicTBa

OTKpbIBaET AManoroBoe OKHO, MO3BOSAOLLEE NOMb30BaTENO BbiGpaTh TMN (bl)
1 HoMepa Tpebyemoro 'l/O' YcTpoicTea. 3 aToro AnanoroBoro okHa Bbl Takke
moxeTe CoxpanuTb 'l/O' YcTpoiicTtea B TekcT doann un / unu 3arpyauts 'l/0O
YcTponcTBa n3 paHee COXpaHEHHOIOo (M OTpedakTUPOBaHHOIO) TekcTa dann
(Bkntoyasi BCe CoeqUHEHUs MUH, MHTEPaKTUBHbIE HACTPOWKN 1 BBEAEHHbIE
3Ha4YeHus).

HacTpoiiku

MNepeMO6HOBUTD:

Paspewuntb aBTo (-)
Cokpauwarbca

OTKpbIBaeT AManoroBoe OKHO, MO3BOMsAOLLEe NONb30BaTeNo yCTaHaBuBaTh
npeanoyTeHns, B TOM YMCrie aBTOMaTUYeCckuii OTCTYN MCXOOHOro Nporpamma-
CTPOK, paspeLuartb CMHTakcuc Expert, Beibupath WpndT rapHuTypa, Beibupatb
BonbLluni pasmep wpudTa, ycTaHaBnNvMBaTh rpaHnLbl Maccus, paspeLiaTb
KroveBble CroBa NOrM4ecKoro onepartopa, nokasbiBas nporpamma 3arpyska ,
BblIGOp Bepcum nnata v anvHa bydepa TWI (ana 12C Ycrponctea).

Paspewnts UnoArduSim ans cokpaiiatbes oTobpaykaeTcs pacLUMpPeHHbIN
MaccuBbl / 06BEKTOB NpY OTCTaBaHUN B PEXMME peanbHOro BpEMEHM.

MUWHUMANIbHaNA

Tonbko ocBexuThb MaHenb ¢ nepemMeHHbIMun OTOGpa)KaTb 4 pa3a B CekyHAay.

OCHOBHO MOMEHT
n3MeHeHus

OCHOBHOW MOMEHT U3MEHMIT 3HAaYeHUs nepeMeHHas npu pabote (MoxeT
Bbl3BaTb 3aMeffieHne).

OkHa:

Serial MoHuTOp

Mopkntounte NnocnegoBaTenbHbIN BBOA / BbIBOS, YCTPOUCTBO K NnHax 0 v 1
(ecnu ero HeT) n NOTAHUTE GonblUMK 'Serial' MoHuTop TX/ RX ¢ Tekctom
OKHO.

BOCCTaHOBUTb BCe

BoccTaHoBWTE BCe CBEPHYTHIE OYEPHME 3IIEMEHTHI OKHA.

Pin LindpoBbie
OcuunnnorpamMmmbi

BocctaHoBuTb cBepHYTHIN Pin Lingposbie Ocumnnorpammbl OKHO.

Pin AHanoroBbi#
Ocuunnnorpammo

BoccTtaHoBWTb cBepHyThIN Pin AHanoroBbii OcumMnnorpamMmmo OKHO.




MoMoub:

Pexxum "YT1O 370 Takoe

(Ctrl >)

OTBonaunTe B pexuMm crnpaBkn «4To 3TO Takoe» - 3aTeM, LLENKHYB 3NieMeHT
MEHI0, NaHENN NHCTPYMEHTOB MUIM TEKCT CTPOKU COCTOSIHUSA, OTOGpasmTcs
BCMIblBaloLLiEE OKHO, coaepkalllee 0ObsICHEHME HA aHITIMIACKOM Si3bIKe,
KOTOpPOE MOXHO CKOMMPOBAaThL / BCTaBUTL B N0OOE NpunoXxeHue ansi
nepesoga.

BbicTpbiii MoMouwb
daunn

OtkpbiBaeT UnoArduSim_QuickHelp PDF cann.

MonHbin MoMmouwb Paunn

OtkpbiBaeT UnoArduSim_FullHelp PDF cann.

Ucnpasnenuna Ownbka

HDOCMOTpeTb BaXXHbl€ UCMNpaBlieHnA owmnbka c MOMeHTa npegbiayuiero
BblMyCKa.

N3meHeHue /

HDOCMOTp 3HaYNTENBHbLIX U3MEHEHUI 1 ynqueHvuh No CpaBHEHUIO C

ynyuuweHue npeablayLIMM BbIMyCKOM.
Okono OToGparaeT Bepcuto, aBTOPCKOe Npaso.




'Uno’' unu 'Mega' Nnara u 'I/0' YcTpouncrBa

'Uno’ unu 'Mega' n nogkniodeHHbin 'l/O' YcTporcTBa BCe TOMHO CMOAENNPOBaHbI ANEKTPUYECKN, U Bbl CMOXETE AoMa
nony4YnTb XopoLlee NpeacTaBrieHne O TOM, Kak Ball nporpaMMbl OyaeT BecTu cebs ¢ hakTuyeckum obopynoBaHUEM, U
BCE 3r1eKTpUYeCcKMe NMUH KOHNMKTLI ByayT NOMeYeHbI.

CuHXpOHM3aLMnA

UnoArduSim BbInonHseT goctatovHo 6eicTpo Ha MK unu nnaHweTte, 4To MOXET ( 8 60nbWUHCMEE Ccrlydyaes ) AeNCTBUS
MOZENM NporpamMmma B pexxMMe pearibHOro BpeMEHWU, HO MOJILKO ec/lu eawl npoz2pamMma eKsiro4aem e cebsi XoTb
KaKou TO ManeHbku 'delay () ' 3BOHKM UMW Apyrne 3BOHKM (Takue Kak 'print () ' unu 'SPI.transfer()' UT. 4.)
€CTECTBEHHO CMHXPOHU3UPYWTE Ero C pearibHbIM BPEMEHEM (CM. HUXE).

Insa sTtoro UnoArduSim ncnonb3yeT Tanmep obpatHoro BbidoBa OkHa (pyHKLMOHANbHBLIN MOAYMb, KOTOPbLIV MO3BONSET
€My TOYHO OTCMEeXMBaTb pearnbHoe BPeMS. BbINOMHEHNE U3 PsiAa UHCTPYKLUMIA NporpaMMa MogernvpyeTcs B TedeHue
OOHOro Tanmepa, a UHCTPYKUMK, AN KOTopbIX TpebyeTcs 6omblue BbINOnHeHWe (Hanpumep, Bbi3oBbl 'delay () ' )
MOXEeT NoHaA0bUTbCA MCNONb30BaTh HECKOMbLKO TanmepoB. Kaxaasa utepaumsa taiMmepa obpaTtHOro Bbi3oBa
YHKLMOHAnNbHbIA MOAYIb KOPPEKTUPYET CUCTEMHOE BPEMSI C MCMOMNb30BaHNEM CUCTEMHbIX annapaTtHbIX 4acoB, Tak
YTO NporpamMma BbIMOSIHEHME MOCTOAHHO PErynupyeTcs, YTOObl He OTCTaBaTb OT PeXnMa pearlbHOro BpEMEHW.
EQuHcmeeHHbIl pa3 8binofiHeHUe cmaska QoJIKeH omcmasambe 0m peasibHo20 8peMEHU KOTAa Norb3oBaTerb co3fan
NNoTHble NeTN 6e3 gononHUTeNnbHOM 3aaepxkn unu 'l/O' YcTponcTBa CKOHMIypupoBaHbl Ana paboTbl C 04eHb
BbICOKMMY YacTtoTamu 'l/O' ycTponcTBO (M / nnv CKOpOCTb Nepeaaydun), KotTopble ByayT reHepMpoBaTb Ype3MepHoe
KONMMYECTBO COBLITUIA M3MEHEHUST YPOBHS NMNH U CBA3AHHBLIX C HUMK Neperpy3ok oopadoTkn. UnoArduSim cnpaensieTcsi
C 3TOW Neperpy3koun, Nponyckas HeKOTopble MHTepBarbl TakMepa Ans KOMneHcauuu, a 3atem 3amennser
nporpeccupoBaHve NporpaMma Ao HUXe peasibHo20 8peMeHU ,

Kpowme Toro, nporpaMmmebl ¢ 60MbLUMM MaccuBbl OTOBpaXkaeTcs UM CHoBa C NNOTHbIMK NETnsAMn 6e3
AONONHUTENBLHON 3aAe€PXKKU MOXET BbI3BaTb BbICOKYIO YaCTOTY BbI30BOB (PYHKLMOHANbLHLIA MOAYIbL U reHepupoBaTh
BbiCOKYt0 [MaHenb ¢ nepemMeHHbIMM 3arpy3ka 0OHOBNEHUI AMCNes NPUBOAUT K TOMY, YTO OHa OTCTaeT OT pearibHOro
BpemeHu - UnoArduSim aBTOMaTuyeckun CHUXaeT 4acToTy OOHOBNEHUS NepeMeHHas, YTobbl He OTCTaBaTb, HO Koraa
TpebyeTcs ewle Gonbliee cHkeHne, Bolbepute MuHuManbHbiIl, oT MepeMOGHOBUTL MEHIO yKa3aTb TONbKO
yeTblpe OOHOBMEHMWS B CEKYHAY.

ToyHoe MoaenMpoBaHNE BPEMEHM BbINOMHEHNE C TOYHOCTLIO A0 MUMNMCEKYHAb! AN KaXA0N UHCTPYKLUA UK
onepauun nporpaMmmMa He cOeJsiaHo - TONbKO OYeHb NPUBNM3NTENbHbIE OLEHKN ANns GONbLUMHCTBA ObIN NPUHSTLI ANS
uenen mogenuposaHusa. TeMm He MeHee, CUHXPOHU3aLums U3 'delay () ' , a Takke 'delayMicroseconds () '
PYHKLMOHANbHbIE MOAYNM U PYHKUMOHAmNbHbIE MOAYNM 'millis () ' a Takke 'micros () ' BCe COBEPLUEHHO TOYHO,
1 do mex rop, NnokKa ebl UCIoJib3yeme xomsi 6b1 00HY 3a0epPXKy yHKUUOHasIbHbIe MOOYJIU B NeTIe rae-1o B
BalLEeM MporpamMma, Uusu Bbl UICNONb3yeTe PYHKLMOHANbHbLIN MOAYNb, KOTOPbLIN €CTECTBEHHO CBS3bIBAET Cebsl C
onepauuel B peanbHOM BPEMEHU (Hanpumep, 'print () ' KOTOpPbIA NPUBSA3aH K BbIGpaHHOMY CKOPOCTb nepeaayn), To
CMOZennpoBaHHasi NPOM3BOAUTENBHOCTL Ballero nporpamma oynet oveHb 6rnm3ka k peanbHOMY BpemMeHu (onsThb xe,
3a UCKIOYEHNEM SIBHOTO YPE3MEPHOro BbICOKOYACTOTHOIO COObITUS UBMEHEHUST YPOBHS MUH UMW YpEe3MEPHbIX
pa3peLleHHbIX Nonb3oBaTeneM 06HOBNEHWI MNepeMeHHble, KOTOPbIE MOTYT 3aMeaSINTL ero).

YTo6b!l yBUAETH 3OEKT OTAENbHBLIX MHCTPYKLUIA NporpaMMa W Kypuua b6exxum MOXeT ObITb XenaTenbHO UMEeTb
BO3MOXHOCTb 3aMeannTb xod cobbiTunii. KoaddpmumneHT 3ameanerHus BpemerHmn 10 MoxeT ObITb YCTaHOBMEH
nonb3oBaTenemM B MeH0 BbInonHuTb

'I/0' YcTponcTBO CMHXPOHM3aUus

3T BMpTYyarnbHble YCTPOMCTBA NOMyYatoT B peanibHOM BpeMEeHM CUrHanusaumio 06 naMeHeHnsx, KoTopble NPOUCXOasaT
Ha X BXoAe nuHax, n BbipabaTbiBalOT COOTBETCTBYIOLLME BbIXOAbl HA CBOMX BbIXOA4aX NMHaXx, KOTopble 3aTeM MOryT
pacnosHasaTtbcs 'Uno' unu 'Mega' - no3ToMy OHM Mo CBOEW NPMpoAEe CUHXPOHU3UPYIOTCS C MporpamMMa BbIMOSTHEHME.
BHyTpeHHuI 'I/O' ycTpOMCTBO CUHXPOHU3aLMSA yCTaHaBNMBaEeTCs Nnonb3oBaTenemM (Hanpumep, ¢ NOMOoLLbLo Bbibopa
CKOPOCTb Nepeaadn Unm TakToBOW YacTOTbl), @ COBbLITUS CUMYNATOPa YyCTaHaABMNMBAOTCH AN OTCNEXUBaHNS
BHYTpPeHHen paboTbl B peanbHOM BpeMEHW.



3BYyKM

Kaxgbin 'PIEZO' ycTpoicTBO n3gaeT 3ByK, COOTBETCTBYIOLLMN N3MEHEHNAM 3NEKTPUYECKOTO YPOBHS, MPONCXOAALLNM
Ha NOAKMOYEHHOM MWH, HE3aBUCUMO OT UCTOYHMKA TaKUX U3MEHEHMIN. YTOBbI CMHXPOHM3MPOBATL 3BYKM C Nporpamma
BbinonHeHne, UnoArduSim 3anyckaeT n ocTaHaBnNuBaeT BOCNPOU3BeaeHNEe COOTBETCTBYHOLLEro 3ByKOBOro bydepa,
Korga BbINOSIHEHWe 3anyckaeTcs / ocTaHaBnMBaeTcs.

HaunHas ¢ Bepcuun 2.0 3Byk Tenepb 6biN M3MEHEH ANs Ucnonb3oBaHus ayamo API Qt - k coxxaneHuio, ero
QAudioOutput 'class' He NogaepXMBAET 3auUMKIMBaHUE 3ByKOBOro bydepa, UTobbl 3bexaTb ucHepnaHusa Camnios
(kak 9TO MOXET CNy4YNTbLCS BO BpeMsi Bonee AnuTernbHbIX OnepauMoHHbIX 3agepxek). Moatomy, 4tobbl nsdexatb
nogaensitoLLero 6onNbLUMHCTBA pasapakatoLmx LLen4YykoB 3ByKa 1 NpepbiBaHUS 3Byka BO BpeMs 3agepxkek OC, 3ByK
Tenepb OTKIOYAeTCs B COOTBETCTBUM CO CNEAYIOLUM NPaBUiioM:

3BYyK OTKMoYaeTcs fo Tex nop, noka UnoArduSim He siBnseTcs "akTMBHBLIM" OKHO (KpoMe cryvaes, Korga HOBbIN
[04YEepPHUIN OOBbEKT OKHO TOMNbKO YTO Obln co3aaH U akTMBMpoBaH), u daxe korga UnoArduSim aBnsercs "akTMBHbIM"
OCHOBHbIM OKHO, HO yKa3aTerb MbILUW CHapy>Xu N3 ero OCHOBHas KITMEHTCKas 30Ha OKHO.

O06paTtnTe BHMMaHWeE, YTO 3TO O3HAYAET, YTO 3BYK OyAEeT BpEMEHHO MNPUIMYLLEH KaK KOpoSb NPy HaBedeHUn Kypcopa
MbILLN Had pe6eHKOM OKHO, 1 DydeT OTKMNIOYEH ecsiu amom pebeHOK OKHO Ha)kasl, Ymobbl akmueupoeams €20
(noka cHoBa He LernkHeT ocHoBHOM UnoArduSim okHO, 4TOObl CHOBa akTUBMPOBATL €ro) ,

3eyk ecea0a MOXHO 8KJIIOYUMb, WEJIKHY8 8 JIID60M Mecme eHympu KnueHmckol obnacmu 2anaeHoz2o KN203
UnoArduSim.

W3-3a Bydpepusaumm, c B peansHoM BpeMeHn 3agepxka coctaBnseT Ao 250 MUnnnceKkyHa ¢ COOTBETCTBYHOLLETO
BpeMeHn cobblTns Ha NuH nogkntoyeHHoro 'PIEZO'.

OrpaHuyYeHuna U HenoaAEePXXUBAEMbDIE DIEMEHTDI

BknrouyeHo ®annbli

A'<>'-BckobOkax '#include' ms '<Servo.h>', '<Wire.h>',6 '<OneWire.h>',K6 '<SoftwareSerial.h>',
'<SPI.h> ', '<EEPROM.h>' aTakke '<SD.h>' smnstercst NogaepXuBaeTCs, HO OHU TOMbKO SMYNUPYIOTCH - caM
hannbl He ULLETCSH; BMECTO 3TOr0 MX OYHKLUMOHANBHOCTL HanpsiMyto "BcTpoeHa" B UnoArduSim u gencteutenbHa ans
dumkcnpoBaHHOM nogaepxxmsaemon sepcumn Arduino.

JTiobon untupyembin '#include' (Hanpumep, " supp.ino" , "Myutil.cpp" , unn "Mylib.h" ) noggepxuBaercs,
HO BCe Takue dainbl AOMKHbI MPoXKUueamb 6 Mom e Kamarsoz 8 Kadecmee podumerisi npoepamma ¢paliis
KOTOPbIN COAEPXUT UX '#include' (HET Moucka B Apyrux katanorax). '#include' yHKUNS MOXET ObITb NonesHa
AN MMHMMU3auuW Konu4yecTBa kofa nporpamMma, nokasaHHoro B lMaHenb ¢ kogoM B no6oe Bpems. XKaTka channbl ¢
'#include' (T.e. Te, KOTOpPbIE UMEIDT " . wac" pacluMpeHne) OOMOMHUTENbHO 3aCTaBUT CUMYNATOP NOMbITATLCA
BKITIOYMTb OOHOMMEHHbBIN hann, nmetowmin " . Cpp" paclumpeHmne (ecnm oHO Takke CyLLeCTBYeT B kaTarnore
poAUTeNnbCKOro nporpaMmal).

OAvHaMuueckoe pacnpegeneHue NaMsaTU U onepaTMBHas NaMATb

onepartopbl 'new' a Takke 'delete' NoOgAepPKMBAKOTCS, Kak 1 poaHble Arduino 'String' oOGbEKTOB, HO He
npsiMmble 360HKU 'malloc () ', 'realloc() ' aTakke 'free () ' YTO OHM NonararTcA

YpeamepHoe ncnonb3oBaHne O3Y ans oObsiBNEHNn NnepeMeHHas moMedaeTcsl BO Bpemsi AHann3npoBarh, a
nepenonHeHne namsatn O3Y oTmevaeTcs BO BpeMSA NporpaMMa BbINOMHEHME. MYHKT B MeH0 Onuumn no3eonsietT Bam
amynupoBaTtb 00bIMHOE pacnpegeneHme pernctpos ATmega, kak 310 6bino Obl caenaHo AVR koMnnnstop, unm
MOZENMPOBaTh arnbkTEPHATVBHYIO CXEMY KOMMUIALMK, KOTOpasi MCMONb3YyeT TOMNBbKO CTEK (B KAa4eCcTBe onumm
©esonacHocTM B criyvae, ecnv owmnbka nosiensieTcs B MOEM MOAENMPOBaHNN pacnpenenenns permctpos). Ecnm bl Bbl
NCNonb30Banu ykasaTenb 45 NPoCMoTpa COAEPKUMOro CTeKa, OH AO0IMKEH TOYHO OTpaXaTb TO, YTO NOSIBUMNOCH Obl B
pearnbHOM annapaTHOW peanusaunu.



'Flash' PacnpeaeneHmne naMaTtm

Mamatb 'Flash' 'byte' , 'int' aTakke 'float' nepemMeHHble / MaccMBbl U COOTBETCTBYIOLLMA UM OOCTYN ANs1
YTeHUs (hyHKLMOHarbHbIe MoAynM noaaepxusarotcs. Miobble 'F () ' 3BOHOK dyHKUMOHanbHbIN Mogyns (‘Flash'
Makpo) s niobasi BykBeHHasi CTpoKa sienszercst NOAAEPKMBAETCS, HO €ANHCTBEHHOWN NOAAEPKNBAEMOWN CTPOKOM
namaTtun 'Flash' npamoro noctyna dyHKUMOHamNbHbIE MOOYNU ABMAIOTCA: 'strcpy P() ' a Takke 'memcpy P() ',
NoaToMy Ansi UCMONb30BaHUsA ApYyroro yHKUMOHAmNbHbIE MOAYNM BaM HYXXHO CHadana ckonvpoBaTtb CcTpoky 'Flash' B
0ObIYHYI0 ONepaTUBHYIO NaMsATh 'String' nepemennas , a 3aTeM paboTaTb C 3TOM ONEPATMBHON NaMSATHIO
'String' , Korga Bbl ucnosnb3yete ' PROGMEM' KritoueBoe CrioBo-MoaudmkaTop nepeMeHHas, OHO JOSMKHO
nosiBUTLCH Meped Ms NepeMeHHasi, 1 3To NnepemMmeHHas makxe dosmkeH 6bimb 06bsiesieH B BUJe 'const' ,

'String' lNepeMeHHblEe

PogHol 'String' 6ubnmMoTeka NOYTU NOMHOCTLIO NOAAEPKMBAETCHA C HECKOMNBbKUMU OYEHb (M HE3HAYUTENBHBLIMMN)
UCKITIOYEHUAMMN.

'String' onepaTopbl nogaepxueBatoTca +, + =, <, <=,>,> =, ==, BHak paBHoO , aTakke [], Obpartute
BHMMaHMWe, 4YTO: 'concat () ' 3aHumaeT OOUH apryMeHT, KOTOPbIN ABNsieTcs 'String' , UM 'char' , unu 'int'
ObITb JOBaBNEHHbIM K OpuUrMHany 'String' oBObekT, He ABa aprymMeHTa, Kak onboyHO yKkasaHo Ha Beb-cTpaHuuax
Arduino Reference).



Bunénuorexkmn Arduino

Tonbko 'SoftwareSerial.h', 'SPI.h', 'Wire.h', 'OneWire.h', 'Servo.h', 'Stepper.h' ,6 'SD.h'
, '"TFT.h' aTakke 'EEPROM.h' and Arduino V1.8.8 penus B HacTosiLee BpeMs NOAAEPKMBAETCS B
UnoArduSimV2.6. MbiTasacb '#include' " .cpp" aTakke " .uac" annbl U3 gpyrmx noka He NoaaepKuBaembix

6ubnuotekun GyayT He paboma NockornbKy OHM ByayT coepXaTb MHCTPYKLMK MO COOpKe HU3KOTO YPOBHS U
HernoaaepXMBaeMble AMPEKTUBLI, @ Takke Hepacno3HaHHble dainbi!

yKasartenm

I'Iop,p,epmmsaromﬂ yKasaTtesnu Ha NpocCTblie TuMbl, MacCunBbl UNn obbekToB. YKasaTtenb MOXeT ObITb npupaBHeH K
MaccuB TOro Xe Tuna (Hanpumep, 'iptr = intarray' ), HO Torga 6bl Hem rocnedyroweli NPo8epKU 2paHul,
Maccuebl Ha BblpaXeHue Kak 'iptr[index] ',

DyHKLMOHanNbHbIE MOAYM MOXET BO3BpaLLaTh ykasaTenu, unu 'const' ykasaTenu, Ho Nobon nocrnegyowmn
YPOBEHb 'const' BO3BpallaeMbli yka3aTernb UTHOPUPYETCS.

Tam ecTb 6€3 noddepxkKu ONs PYHKLUMOHAMbHbIA MOAYMb 3BOHKU Yepe3 06bsI8/1eHHbIe Mo/Ib308amesieM
¢byHKUUOHaNbHbIU MOOYJIb-yKa3zamesnu ,

'class' a TaKXe 'struct' O6beKkTOoB

XoTsa nogaepkmBaeTcsl NONMMopgn3m 1 HacnegoBaHue (Ha nodyto mybuHy), 'class' UM 'struct' MOXHO
onpefennTb TONMbKO Ha MakCUMyMm oQuH 6a3a 'class' (T.e. MHozo0ny4Yeeast HacnegoBaHUE He NOAAEPXKMBAETCS).
MoaaepXnBatoTCs BbI30BLI MHULIMANU3aLMmM KOHCTpyKkTopa Base-'class' (4epe3 aBoeToune) B cTpokax obbsBNeHus
KOHCTPYKTOPA, HO He UHULMan13aums YIeHOB C UCMOMNb30BaHNEM TOW XKe 3anvcu ABOETOUMS. JTO 03HaYaeT, YTo
06BbEeKTOB, KOTOpble cogepxaT 'const' He-'static' nepeMeHHble, UK CCbINOYHBIN TUM NEPEMEHHbIE, He
nogaepXuneBarTca (STO BO3MOXHO TOJIbKO C YKa3aHHbIMU NHULUManNn3aunamMmm anemMeHToB BO BpeMA CTpOI/ITeJ'IbCTBa)

Meperpy3kn onepatopa HasHa4YeHWs1 KONMPOBaHUS NOAAEPKUBAKOTCA BMECTE C KOHCTPYKTOpaMMK NepemeLLeHms u
Ha3Ha4YeHUsAMU NepeMeLLEeHNs], HO Norb3oBaTenbckoe NpeobpasoBaHme 0ObekT ("nepemeHHasn") pyHKUMOHaNbHbIE
MOZYNY He NoaaepXnBaeTcs.

Cdepa
Tam HeT nogaepXku Ana 'using' KMYEBOE CrOBO, UNKN NS 'namespace’' unu and 'f£ile' cdepa. Bee
HernokarnbHble 0ObABNEHUS NO peanu3auun npegnonaraTcs rmobanbHbIMU.

Jliobble 'typedef' , 'struct' , wumnm 'class' onpegenexHve (TO eCTb, KOTOpPbIE MOIYT ObITb MCMONb30BaHbI AN
OyoyLmx o6bsiBNeHUn), 0OMkHbI ObITb caenaHbl Mnob6anbHbIl chepa ( MecmHbIl onpefeneHns Takux NPeaMeToB
BHYTPU (PyHKUMOHANbHLIV MOAYIb HE NMOAAEPXKNBAOTCSA).

OT60pOUYHbIE 'unsigned', 'const' , 'volatile', 'static'

'unsigned' lNpedukc paboTaeT BO BCEX HOPMASbHbIX KOPUAMYECKNX KOHTEKCTaX. 'const' KIHOYEBOE CIOBO, NMpU
NCMNONb30BaHUK, OOIMKHO Mpedwecmeyrom NMs NEPEMEHHast NN MMst PYHKLUNOHAMNbHBIA MOAYNb UK ' typedef!
UMS1, KOTOPOE OOBABMSAETCS - pa3MeLleHne ero Nocne UMeHy NpuBeaeT K owmnbke AHanuamposaTb. 3a O6bABNEHNSA
PYHKLMOHAMNbHBIN MOAYrb, TONbKO (PyHKUMOHANbHbLIE MOA4YIN C BO3BPATOM yKa3aTens MOXeT UMETb 'const'
NOSBMAIOTCA B UX AeKnapauuu.

Bce UnoArduSim nepemeHHble aBns0TCA 'volatile' peanusauunein, noatoMy 'volatile' KnoueBoe crioBo
NPOCTO UTHOPUPYETCS BO BCEX OOBbABNEHUAX NepeMeHHas. PyHKUMOHaNbHbIE MOAYNN He pa3peluaeTcs o6bABNATbL
'volatile' Takke He ABNATCHA apryMeHTamMu Bbi3oBa OYHKUMOHAmbHbIA MOAYIb.

'static’' Kno4YeBoe CroBo paspeLLeHo Ansa 06bIYHOro nepemMeHHbIe, a Takke Ans YneHoB 06bekT u member-
bYHKLMOHAmNbHbIE MOAYNW, HO SIBHO 3amnpeLLeHo AN camMmnxX 9K3eMMNspoB 06bekT ( 'class' / 'struct' ), ANs He
yneHa yHKUMOHarbHbIE MOAYNN U AJ1s1 BCEX apryMeHTOB (pyHKUMOHAIbHbIA MOAYIb.



AnpekTnsbl KoMmnunatop

"#include' w perynsipHbii '#define' oba nogaepxuBatotcs, HO He KK151-makpoc '#define' . HauvHasda ¢

V2.9, ycnoBHasa komnunsauma nogaepxmpaetca yepe3 '#ifdef' , '#ifndef' , '#else' ,u '#endif’
OVpEeKTUBLI (HO Hem '#if' unu ke '#elif' ) - eJ/I0KeHHOCMb 3MuUX OupeKkmue makxe He
noddepxusaemcs . [lupekTBbl '#pragma', 'template', . '#line' , '#error' v npegonpeneneHHble
Makpochl (Hanpumep, ' LINE ',' FILE ',' DATE ',u' _TIME ' )SBNAIOTCA TaKKe He
noddepxxueaemcsi.

ApAYVNHO-A13bIKOBbIE 3J/1IEMEHTbI

Bce pogHble anemeHTbl a3blka Arduino nogaepXnBatoTcs, 3a UCKAOYEHMEM COMHUTENBHBLIX 'goto' MHCTPYKUUSA
(eanMHCTBEHHOE pa3yMHOE UCNOoNb30oBaHWeE, KOTOpoe A Mory cebe NnpeacTaBuTb, 3TO Nnepexoq (K 6eCKkoHeYHOMY LKy
aBapuiHOro 1 6e3onacHoOro OTKMYEHUS) B Criydae BO3HUKHOBEHMWS OLLMBKM, C KOTOPOKM Balll NporpaMmma He MOXeT
WHaye cnpaBuTbCS)

C / C ++ - A3bIKOBbIE 3JIEMEHTDI

CoxpaHsitome 6uT "kBanudukaTopbl GUTOBLIX Nonei” Ans YNEHOB B ONpeaeneHusix CTpyKTypbl He
noddepxxuesaemcs,

'union' fABnNsieTcA He noddepxueaemcsl.

CTpaHHbIn "onepaTop 3anaTon" He noddepikueaemcsi (NO3TOMY Bbl HE MOXETE BbIMNONHUTL HECKOSbKO BbIPaXKEHUI,
pa3geneHHbIX 3anATbIMU, KOraa 0ObIMHO 0XXMAAETCH TONbKO OOHO BblpaXKeHue, HanpumMep, B 'while () ' a Takke

"for( ; ; ) ' KOHCTpyKUWW).

DyYyHKUMOHANIbHbIX Moaynb LLIA6N0OHbI

Onpegensiembin nonb3oBaTenem pyHKUMOHANbHbIE MOAYIW, KOTOPbIA MCMONb3YET KINtoYeBoe crnoBo "template”, 4Tobbl
Mo3BONMUTbL eMy NPMHMMAaTb apryMeHTbl Tuna "generic”, He noddepxueaemcs,

SMynauusa B peasibHOM BpeMeHU

Kak oTMe4eHO BhliLle, BbIMOMHEHNE pa3 N3 MHOXECTBA PasfnyHbIX OTAEMbHbIX BO3MOXHbIX MHCTPYKUMIA Arduino
nporpamMmma He cMofenupoBaHbl TOYHO, Tak YTO Afs Toro, YTobbl paboTaTh B pexxume pearnbHOro BpeMeHu, Balll
nporpamma 6ygeTt HyxaaTbCs B HEKOTOPOM AOMUHMPOBaHUN 'delay () ' MHCTPyKUMS (MO KpanmHen mepe, OOUH pas B
"loop () ' ) NN MHCTPYKUMS, KOTOPas eCTeCTBEHHbIM 06Pa3oM CUHXPOHU3NPYETCS C U3MEHEHUSIMWN YPOBHSI NYH B
peanbHOM BpeMeHU (Hanpumep, 'pulseIn() ', 'shiftIn()', 'Serial.read()', 'Serial.print()',
'Serial.flush () ' Tak ganee.).

Buaoets CUMHXpOHM3aumsa a Takke 3BYKM Bbllle Ansa 6onee noapobHoi HgopMaLmm 06 orpaHUYeHuUsIX.



MpuMeyaHUNa K BbINYCKY - HAYMHaA ¢ Bepcun V2.5

UcnpaBneHus Ownbka

V2.9.2 - anpensa 2021

1) N3ameHeHune 3HaveHus nepemeHHon 'String' nporpammbl PROGIO BHYTpY M3ameHuTs/OTCnexmnsatb MOrno
Np1BECTU K COOI0.

V2.9.1 - dpeBpana 2021

1) Ecnn B 'PULSER' nnun 'FUNCGEN' He Gbin BBEAEH KOHTAKT, MOXET MPON30onTH cOON, ecnun nameHeHms bbinm
BHECEHbl B HACTPOWKN paaMOKHOMKM UMK B Mone rnons peaakTMpoBaHus.

V2.9 - auBapb 2021

1) BblpaxeHus UHKpeMeHTa / AeKpeMeHTa [0 U nocre He HacneaylT 'unsigned' OT CBOEro onepaHaa.
2) NameHeHus nepekntovatenen 'LED' u 'LED4' He BcTynanu B cuny 4o cnegyloLero MaMeHeHns ypoBHS BbIBOAA.

3) Mocne cbpoca yctponcteo 'LCD' no ymonyaHuio 3anvcbiBaeT AaHHble B HA4arno onepatyuBHOM NaMsiTu gucrnes
(a He B 'CGRAM').

4) Korga nonb3oBaTtenb ycTaHOBUN (hriaxkok "\s?', 4Tobbl paspelunTs BBOA 3KPaHUPOBaHHbLIX CUMBOSIOB B
pacLumpeHHbl Serial MOHUTOP OKHO, TekcToBOE nore 'Send' He 0OHOBMANOCHL BO BPeMs (hakTUYECKOW Nepeaaym
cumBornos 'Send'.

V2.8.2- ceHTa6pb 2020

1) 'analogRead () ' He NpuHMMan 'A5' Kak 4eNCTBUTENbHBLIN HOMEP aHarnoroBbIv NH.

2) HaunHas c V2.6, nepekntouatenu 'PULSER' He Bcerga oTtobpaxanu BeibpaHHOe COCTosAHME (HO B OCTallbHOM
paboTanu npaBuUsbHO).

3) HaunHas ¢ V2.4, npu nepeknioyeHnn ¢ ycTonymeoro 'HIGH' NvH ypoBeHb A0 'analogWrite (pin, 0)'
MPUBENO K TOMY, Y4TO n3MeHeHne ypoBHs 0 GbIno nponyLueHo.

4) Snce V2.8, BbinonHeHue (6e3 owmnbok) BChbIBaoLLMe OKHa C OLLUMOKOWM He CnpaBnanncb ¢ KOAOM Npobnemsl
OCHOBHOW MOMEHT.

5) MNpepbiBaHe NpogomMKaoLWwerocs NepuoanyYecKkoro NepexknioyeHns BolBoga MH C MOMOLLbHO
'digitslWrite()' unu 'digitalRead () ' Bbi3Bana notepto npeablgywmx nepekntoveHnin PWM Ha atom nvH
B okHe Wavafeforms.

6) VicnpaeneHbl npobnembl ¢ nogkntoveHmemM aAByx 'INPUT ' nuHax ¢ "JUMP' yctporictio: 'I/O' ycTponcTeo
M3meHeHnsa nuH 6ombLue He NPOCTO NOSBMASATCA BMECTO NEPEMbIYKM Ha MUH (Tenepb OHM NOSBAAKTCA Ha 060MX
nuHax) u npukpennstotes 'PULSER' unu 'FUNCGEN' neprognyeckue curHanbl Tenepb pacnpocTpaHAlTCs Takke
Ha nepeMbIYKy pn.

7) MrHoBeHHO 3akpbiTb 'PUSH' YcTponicTBa He Bo3BpaLlanucb B OTKPbITOE COCTOSIHME, KOrda ykasaTernb MblLUmn
nokugan ycTponcTeo.

V2.8.1- nwoHb 2020

8) D,OI'IOJ'IHI/ITeJ'IbeIe nyCcTble CTPOKW, yaaneHHble C NOMOLLbIO npeanovYTeHna aBToMmaTu4ecKkoro (*)OpMaTI/IpOBaHI/Iﬂ,



npuBenn K TOMy, 4TO nepBoHa4alribHO BblieneHHaaA CTpOoKa B MSMeHMTb/npOCMOTpeTb Oblna cMmelleHa BHU3 Ha
KOJMM4YeCTBO NYCTbIX CTPOK, KOTOPbIEe Obinu yAaneHbl Hag Hewn.

9) 'analogRead()' npyHMMan TOMbKO MOMHbIA HOMEpP LMdPOBON NUH.

10) 'class', KoTopbI cogepxan neperpyskn yHKUMOHarbHbLIA Moy b, OTNIMYAIOLWLMECS TOMbKO aTpubyToM
'unsigned' aprymeHTa yHKUMOHAamNbHbLIA MOAYIb, MOXET Bbl3blBaTb HEMPaBUIbLHYIO Neperpysky yHKUMOHaMNbHbIN
mMoaynb. O1o 3aTpoHyno LCD 'print(char/int/long)’, rae BmecTo 3TOro Bei3biBancst Obl Meperpy3oyHbiin 0TneyYaTok
'unsigned' base-10 pyHKUMOHANBHLIV MOAYNb, 1 3TO 3acTaBurio LCD 'printFloat()’ nevatats '46' BMecTo
[JECATUYHOW TOYKM '.".

11) ABTOMaTu4eckoe 3aBepLueHne BctaBku (nocne 'Enter') yxxe coOTBETCTBYIOLLEINO BCTPOEHHBbIV HEe cpaboTano
nocne Bo3BpaTa Ha3ag, YToObl UCNpaBMTb OLLIMOKY NPY BBOAE B CTPOKY.

12) Yctpoincteo 'TFT' ¢ nycTbiM 'RS; MoXeT Bbi3BaTh COOM NpU BbINOSTHEHWMW.

V2.8.0- nioHb 2020

1) Korga npousowwino npegynpexaeHne AHanuanposaTh (HO He owmnbka AHanmManpoBatsb), V2.7 MOXET NonbiTaTbes
OCHOBHOW MOMEHT NpobeMHy0 CTPOKY B HenpaBuibHOM Oydepe (B camom nocregHeMm '#include' BMeECTO
Oydepa), 1 3TO MOXET BbI3BaTb MONMYanuBbIn cOor (Oaxe A0 NOsIBNEHUSI BCNbIBAOLLErO OKHA C
npegynpexaeHnem), ecnu HoMmep cTpoku Bbin 3a npegenamu atoro '#include' Bydepa.

2) NonyyeHHble 6anTbl B 60onee kpynHoM MoHUTOpe okHa 'I2CSLV', 'SPISLV', ' TFT', 'LCDI2C' n 'LCDSPI'
YcTpoiicTBa elle He Bce Obinv 3aperncTpMpoBaHbl NPaBUITbHO (3TO He BNMSANO Ha UX PYHKLMOHMPOBAaHME).

3) MepemeHHble TUNa 'unsigned char' GbiNK NOBbILWEHLI A0 TUNA 'int' B apUMMETUYECKUX BbIPAXKEHUSAX, HO
HenpaewibHO NogaepXkuBan ux 'unsigned' cTaTyc, BeayLimii kK owmnbke 'unsigned' lMonyyeHHoe BbipaXeHue.

4) ameHeHue (nnu otknioveHue) nuH 'LED4' nnn '7SEG' ycTponcTBO OT NepBOHaYanbHOro AeNCTBUTENBHOMO
napameTtpa NyMH He CMOITIO OTCOEANHUTB €ro BEPXHUE 3 NMUHAaxX U MOTTIO NPUBECTU K HEOOBACHUMBIM CHOsIM - KpOoMe
TOro, N3MeHeHMs1, BHeCceHHble B V2.7 ans cornacoBaHust obpabotkn Bcex 'LED' Tunbl nonHocTbio cnomanu 'LED4'
YCTPOWCTBO.

5) Owmnbka B M3MeHeHMsIX, BHECEHHbIX B Bepcuto 2.6 ans nogaepxku npepbiaHun 'LOW', npuBena kK Tomy, 4To
npepbiBaHus 'FALLING', nogkntodeHHble K NUH 3, noBpeannu onpeaeneHne n3MeHeHus ypoBHs NpepbiBaHns Ha
nuH 2.

6) 'SoftwareSerial' HenpaBUNbHO OTKIOYAI NOMb30BaTENBCKME NPEPLIBAHMS BO BPEMS KaXXO0ro nosry4aemoro um
cmMBOna.

7) Korga 6bin 3arpyxeH 'PROGIO' nporpamma, cogepxalinin olumbky AHanmanpoBaTb, ownbka Obina nomeveHa,
HO nporpamMma yxe 6bin 3ameHeH Ha 'PROGIO' nporpamma no ymon4daHuo BHyTpu moHutopa 'PROGIO' okHo.

8) HaunHas c Bepcun V2.4, nsmeHerus nuH Ha MNuH 1 1 MNuH 0 He Bbinu 3ameveHbl BO BPeMsi 3arpysku.

9) 3auuknuBaHMe onepauni YTEHUS UK 3anncK Ha oTkpbiTom SD dharin npmBeno k cOo NnocrnegoBaTenbHOCTH
BbINOSIHEHME, YTO MPUBENO K BO3MOXHOWN BHYTpeHHen owmnbke UnoArduSim n3-3a rmy6buHbl ypoBHs ccepa.

10) MonbiTka nameHnTsb 'MISO' nnH Ha 'SD_DRV' yctponctso nospeanna MOSI nuH.

11) Bce npegblayline Bepcum He CMOIMKM NpeaynpeanTb, YTO C MOMOLBH0 'analogWrite () ' Ha nuMHax 9 nnm 10
noBpeasaT 'Servo' CUHXPOHM3aLUMs ONs BCeX aKTUBHbIX 'Servo' YCTponcTea.

12) Beog apyroro yncna noeepx yxxe gencrtytowero 'EN' nnH Ha 'LCD_D4' ycTpoinCTBO MOXET Bbl3BaThL COOM
(4acTryHO HabpaHHOe YMcno BEPHET -1 AN 3Ha4YeHUs NnH).

V2.7- mapt 2020

1) Korga 6bina npunsata tema OC OC OkHa (no ymonyaxuio), MaHenb ¢ KOAOM He NoKa3sbiBasl LBETOBYHO
NoACBETKY, NpeAcTaBreHHy0 B V2.6 (BMECTO 3TOro TONbKO CEPbI OCHOBHOW MOMEHT, NOMNYYEHHbIN B pe3ynsrarte
nepeonpeneneHnst CUCTEMBI).



2) Bepcus 2.6 HenpegHamepeHHo npepsana opmaTtMpoBaH/e aBTOMaTUYECKON BKNadkn 'switch () !
NMOCTPOUTb.

3) Hoeas dyHKUusA HaBuraumm CTek BbI3OBOB, NPeACTaBeHHas B Bepcun 2.6, nokasana HeeepHbIe 3Ha4YeHUusl NS
MECTHbIX MepeMeHHbIe, KOrda OH He HaXOAMTCH BHYTPU BbINOMHAEMOrO B AaHHbIN MOMEHT OYHKLNOHANbHbIN
Moaynb, U NpousoLlen coon C BOXEHHbIMW BbI30BaMM YNEHOB (DYHKLMOHAmbHbIN MOAYrb.

4) '"TFT: : text () ' pabotan, HO '"TFT: :print () ' oyHKUMOHAmbHbIE MOAYNN He Bbino (MX NPOCTO
3abnokunposanu Hascerga). Kpome toro, 'TFT::loadlmage()' He yaanocbk, ecnn'Serial .begin() ' 6bino0
CAENaHo paHbLUe (4TO ABMSETCA HOPMAIbHbLIM CIlydaeM, U Tenepb TpebyeTcs).

5) Bepcusa 2.6 npeacrtaBvna owmnbka, KOTOpbI oTOOpaXxkan HenpaBWilbHOE 3Ha4YeHne Ans TeKyLLEero U npolleawero
oantoB 'RX' gnsa '12CSLV', 'SPISLV', 'TFT, 'LCDI2C' and 'LCDSPI '"YcTpoicTBa (M MX MOHUTOPA OKHa).

6) N3ameHeHus, coenanHble B V2.4, BbidaBanu BeinonHutb | AHMMaUMA BbigeneHne, YTobbl NponycTuTe MHOMO
CTPOK KOAa BbIMOSTHUIT.

7) HaunHas ¢ Bepcun 2.4, otmeHa 'SS* unum 'CS*' Ha 'l/O' ycTponCTBO B MHCTPYKLMK, CreaytoLen cpasy 3a
'SPI.transfer () ' NpMBEOET K TOMY, YTO YCTPONCTBO HE CMOXET NONy4MTb NnepegaHHbIn 6anT aaHHbIX. Kpome
Toro, 6anT Npvem B ' SPI_MODEL' a Takke 'SPI_MODE3' He 6bin noMeyeH Ao HavYana cnegyowlero 6anTa,
OTMNpaBIieHHOro MacTepoM (M 6anT ObIT NONHOCTBIO NOTEPSIH, €CNN YCTPOMCTBO 'CS™ 6bl1 OTMEHEH paHee).

8) B HOBOM 'SPI_SLV' pexuM paspelleH HaunHasa ¢ V2.4, 'bval = SPI.transfer () ' BEpHYyn TOMbKO
npaBunbHOE 3Ha4YeHne And 'bval' ecnu nepepada 6arita yxxe 3aBeplLUeHa W XOeT, korga 'transfer () !
HasblBancs.

9) None pegaktnpoBaHus 'DATA' Ha 'SPISLV' YcTponcTea Tenepb nomnyyaeT 3HadyeHne no ymondanuio OxFF, koraga
OonblUe HeT banToB A OTBETA.

10) CocTosiHne cuHxpoHmnsauum LED 6bino HenpaBunbHbiv ans 'PSTEPR' YcTpolictea, umetowwmm Gonee 1
MUKpOLLAr Ha MosHbIN Lwar.

11) OnekTpuyecknin KOHNIMKTDI, BbI3BaHHbIN peakumnen 'l/O' YcTponcTBa Ha nepexodbl Ha TakToBoM curHane 'SPI',
curHanom 'PWM' unu ' tone' curHan, He coobLLanoch, 1 MOXET NPUBECTU K HEOOBACHUMbIM (MOBPEXOEHHbLIM)
npvem gaHHbIX.

12) Korga nHTepBan mexay npepbiBaHusiMy Obin cnuwwikomM Man (MeHee 250 mukpocekyHa), (owmbo4vHoe)
n3meHeHune B V2.4 N3aMeHMI0 CUHXPOHN3aLMS N3 BCTPOEHHbIN (PYHKUMOHANbHbIE MOOYIN, KOTOPbIE NCNOMb3YT
nmMbo cucTemHble Tanmepbl, NIMB0 LUMKIbI KOMaHA ANs reHepaumm 3agepxek (NpumMepbl Kaxgoro 3 HuX:

'delay () ' aTakke 'delayMicroseconds () '). [locneayioulee nsmeHeHue B V2.5 BbI3Bano HemnpasubHoe
BblpaBHMBaHWe ' shiftOut () ' AaHHble U TaKTOBble CUrHarsbl, Korga npepbiBaHne NpousoLLNIo Mexay butamu.

13) MpuHATNE BCTPOEHHBIN TEKCTa aBTO3aBepLUEHUS (DYHKLMOHAMNBHBLIN MOAYMb C NOMOLLBIO Krasuwimn Enter He
NO3BONUMNO yOanuTb TUMbl NapaMeTPOB U3 TEKCTA BCTABMNEHHOIO Bbi30Ba OYHKLMOHANbHbIV MOAYNMb.

14) 3arpyska HoBoro (user-interrupt-TonkHyn) nporpaMmma, Korga paHee 3anyLLeHHbIV NporpaMmmMa Bce eLle UMen
oXuaaHue npepbiBaHUSA, MOXET Bbl3BaTb COON BO Bpems 3arpysku (M3-3a oIMBOYHON NONbITKA BbINONIHEHNE HOBOM
npoueaypbl NpepbiBaHus).

15) ABTo3anonHeHve uneHa O6bekT (BocTynHo Yepes 'ALT'-cTpenka BnpaBo) AN o6bekToB BHYTPK '#include’
dannbl Tenepb AOCTYMHbI, KaK TOMNbKO UX '#include' chann ycnewHo pa3obpaHHbIn.

16) O6bsiBneHne yHKLUMOHANbHbIN MOAYIb C HeENpegHaMepeHHbIM NPobenoM B UMeHN napamMmeTpa
hyHKLMOHanbHbIA MOAYMb BbI3Baro HeYeTkoe coobLueHne 06 owmnbke AHanM3npoBars.

17) Korga BbINOMHEHUE OCTaAHOBIEH B MOAYNe, OTIIMYHOM OT OCHOBHOrO nporpamma, ®awnn | MNpegpiayLlee
OencTBme He yoanoch BKMIOUYUTD.

18) OanHOYHbIE KaBblYKM M30THYTbIE CKOBKM (' { ' a Takke '} ') BCe eLle cumTannch (HenpaBuibHO) Kak CKOBKK
cepa B AHanusupoBaTb, a Takke 3anyTaHHOe aBTomMaTnyeckoe chopmaTmpoBaHmne oTcTyna Tabynsauuu.

19) 'OneWire: : readBytes (byte* buf, int count)' He yganocb HemMeaneHHO OOHOBUTL OTOBpaxxaemoe
'buf' cogepxaHue B [NaHenb ¢ nepeMeHHbIMMN.

20) Octal-latch 'OWISLV' YcTpoicTBa nokasan BbIXO4HbIE YPOBHW MUH, KOTOPbIE OTCTaBanu OT O4HON 3anucu B
perucTp-3aLLerky.



V2.6.0- | auBapb 2020

1) owwnbka, BBeOeHHbIN B V2.3, NpmBen k nageHuto, koraa gobaeneHHas kHomnka Close ncnonb3oBanack B Hantu /
3ameHuTb gnanor (a He ero Bbixop KHOMKa CTPOKM 3aronoska).

2) Ecnu nonb3oBaTenks nporpamMmma caenan '#include' apyroro nonb3oBaTens gannsl, CoxpaHUTb KHOMKa
BHYTpY U3meHnTb/INpocMoTpeTb He yaanock 6bl hakTUYECKN COXPaHUTbL N3MEHEHHLIN dalin, ecnu Gbl
cylecTBoBana owmnbka AHann3npoBaTth Unu BeinonHeHne, nomeyeHHas BHYTpY apyroro cann.

3) OTmeHa nocrne CoxpaHUTb Takke MOXET NPUBECTU K MyTaHWLE - Mo 3TUM NpuynHam CoxpaHUTb a Takke
OTMeHa hYHKLMOHANBHOCTL KHOMOK Gblnia n3MeHeHa (CM. UsMeHeHUs 1 ynyudlueHus,

4) HecbanaHcupoBaHHbIe CKODOKM BHYTPY 'class' onpedeneHme MOXET Bbi3BaTb 3aBUCaAHUE HaumHas ¢ V2.5.

5) MNMpsimoe nornyeckoe TeCTUPOBaHME Ha 'long' BO3BpaLLEHHbIE 3Ha4YeHMs 'false' €CNU HWU OaMH 13 16
Mragwmx OMToB He ObiN yCTaHOBMEH.

6) UnoArduSim oTmeyan olmnbky, korga ykasaTterb nepemeHHas bbin 06bsBNEH Kak LMK NepeMeHHast BHyTpU
CKODOOK 'for () ' 3asaBneHue.

7) UnoArduSim 3anpeLian normyeckme TecTbl, CpaBHMBAOLWME YKa3aTenu ¢ 'NULL' unun '0"',

8) UnoArduSim 3anpeluan apudpMeTnky ykasaTenen, BKIKOHaLLYHO Lernoe Yncno nepemeHHas (bbinm paspeLueHsi
TOSbKO LIENOYUCIEHHbIE KOHCTaHThI).

9) MNpepbiBaHUA, YCTAHOBMNEHHbIE C NOMOLLLIO 'attachInterrupt (pin, name func, LOW) ' 6bi BOCNPUHAT
TONbKO Ha mepexod B 'LOW',

10) MNpwu ncnone3osaHum 6onee ogHoro 'l2CSLV' ycTponcTBO HeaapeCHbI BEAOMbIV MOXET MHTEPNPETUpPOBaTh
Bonee no3gHWe AaHHbIE LWMHbBI KaK COOTBETCTBYIOLLME €ro aapecy WuHbl (unu rnobansHomy BeidoBy 0x00), un,
TakMm 06pas3om, NoxHO curHanmauposatb ACK, noepexaas ypoBeHb ACK WinHbI 1 Bewas ' requestFrom () '.

11) Nepepayva YMcnoBoro 3Ha4yeHns '0' (MM 'NULL') B Ka4yecTBe aprymeHTa yHKUMOHarbHbIA Mogynb Ans
ykasaTens B Bbl30Be PYHKUMOHarbHbIA MOAYNb Tenepb paspeLleHo.

12) YpoBeHb 0TCTyna Tabynauumn nocne BNoXeHus 'switch () ' KOHCTPYKUMM ObINO CANLLKOM MENKUM, Korga
BbIbOp 'auto-indent formatting' KoHdurypupoBatb | HacTponkuucnonbs3osarncsi.

13) BblumTaHve OByX COBMECTUMbIX yKa3aTenemn Tenepb NpUBOAWT K TUMy 'int',

14) UnoArduSim oxugan nonb30BaTeNbCKUN KOHCTPYKTOP MO YMOSMYaHMWIO 115 YfieHa 00beKT, JaXe ecrnv OH He
Obin 0ObSABMNEH Kak 'const’,

15) Ha nepepbiBe BbINonHeHne, HapucoBaHHas nosvums 'STEPR', 'SERVO' nnn 'MOTOR' [IBuratenb MoXeT
oTcTaBatb Ha 30 MUNNUCEKYHA OT CBOEro hakTUYECKOro NOCEAHErO BbIYMCIIEHHOTO MOSOXEHMS.

16) 'Stepper: : setSpeed (0) ' BbI3biBan cbon ns-3a geneHnsi Ha HoMb.

17) OgHa nuHmna 'if () ', 'for () ', a Takke 'else' KOHCTPYKLMM BOMbLLE HE BbI3bIBAKOT CIULLKOM MHOMO
BKIAZoK aBTO-OTCTyna.

V2.5.0- okta6bpb 2019
1) Aowwnbka BBeaeH B V2.4 cnoman vHuumanusaumio kapTbl 'SD' (BbiaBan coon).

2) Ncnonb3osaHue noacncTembl 'SPI' B HOBOM 'SPI_SLV' pexum pabotan HernpasuibHO B 'SPI_MODE1' a
Takke 'SPI_MODE3',

3) BennbiBatoLme okHa aBTo3anonHeHus (cornacHo 3anpocy 'ALT-right=arrow') 66111 ncnpasneHs! Ang
byHKLMOHanbHbIe MOAYNU, MMEIOLLEro napameTpbl OObEKT; CMMCOK BCMIbIBAKOLLMX OKOH TEMEPb Takke BKIOYaeT
yHacnefoBaHHble (6a30Bble) YneHbl Knacca, a aBTo3anofiHeHVs Tenepb Takke oTobpaxatoTca ans ' Serial’,

4) HaunHas ¢ Bepcum 2.4, Bo3BpaLjaemMoe 3HayeHne ansd 'SPI.transfer () ' a Takke 'SPI.transferl6 ()’
ObINI0 HEBEPHO, eCnv BO BpeMsi 3Toln nepefadn Obina 3anylleHa nognporpaMmma npepbiBaHUs Nonb3oBaTens.

5) B Bepcum 2.4 BbICTpble Nepuogmyeckue curHansl Obinm nokasaHbl Kak umetoLme 60mbLUy0 ONUTENbHOCTb, YeM
nx pakTnyeckas onUTenbLHOCTb, O4YEBUAHASA MPU MPOCMOTPE C BOMNbLUMM YBENUYEHMEM.

6) KoHCTpykTOp 'File: :File (SdFile &sdf, char *fname) ' He paboTan, Tak
'"File: :openNextFile () ' (KOTOpPbI/ ONMPAETCA Ha 3TOT KOHCTPYKTOP) Takke He paboTaer.



7) UnoArduSim HenpaBuibHO 06baBRsN ownbky AHanuanpoBaTb Ha OObeKT-NepeMeHHble, a 06beKT Bo3BpaLlan
byHKUMOHanbHbIe MOAYNWN, OOBbABMNEHHBIN KakK 'static' .

8) 3asBneHus o HasHavyeHun ¢ 'Servo', 'Stepper', UM 'OneWire' 06bEKT NnepeMeHHas Ha LHS, n obbekT -
BO3BpaLLieHne OyHKLMOHamMNbHbBIN MoAyrb UMK KOHCTPYKTOpa Ha RHS, BbI3aBano BHYTPEHHIO owKnbKy yucna
CBsi3aHHbIX 0OBEKTOB, YTO NPMBOAUT K BO3MOXHOMY Bpe3aTbCsl.

9) ByneBbl TeCcTbl Ha 06BLEKTOB TUNA 'File' Bcerda Bo3Bpalanuch 'true' gaxe ecnu ann He Obin OTKPLIT.



Yaur ES / YnyuyuweHusn

Bepcusa 2.9.2 - anpens 2021

1) DobaBneHa koMaHaa pexuma crnpasku "Yro aTo Takoe" (Ctrl +>) B rmaBHOE OKHO ¥ BO BCe BCMIbIBalOLLME OKHA
coobLeHun (CTpoka 3aronoska '?') - nocne Bxoda B 3TOT PEXMM CMPaBKn Bbl MOXETE 3aTeM LLEMNKHYTb Mo
rMmaBHOMY OKHY nyHKTbI MEHIO, 3NTIeMeHTbl NaHelnn NHCTPYMEHTOB UIMN TEKCT CTPOKU COCTOAHUA UNn
npegynpexaeHns / cooblyeHns ob olwmbkax BO BCNIbIBAOLLEM OKHE, COOTBETCTBEHHO, AN NPOCMOTpa UX
0OBbACHEHMSA Ha aHITIMINCKOM S3bIKe U (Heobs3aTeNbHO) AN KONMMPOBaHNSA 3TOrO TEKCTa B CUCTEMHbIN Bydep
obmMeHa, 13 KOTOPOro Bbl MOXeTe BCTaBUThb Balle nobrmoe npunoxeHue Ans nepesoaa, Ytobbl MonyunTb
06bsACHEHMSs1 Ha BbIGpaHHOM BaMu Si3bIKE.

2) NobGaeneHbl Homepa cTpok BHYTpy MU3meHuTb/lTpocMoTpeTh.

3) Caenan none peaakTMpoBaHUs UMEHW NePEMEHHON AOCTYMNHbLIM TOMbKO ANSt YTEHUS BHYTPYU
N3meHnTL/OTCNEXUNBaATDL.

Bepcus 2.9 - auBapb 2021

1) B USB 'SERIAL' ycTponcTtBo ObIrio 4OOaBNEHO CKPbITOE 3Ha4YeHne, YToObl paspeLlumTb NpsiMoe NOAKIIOYEHNE K
nopty 'COM' - B Bawewm 'lODevics.txt' dpann ykaxute kno4eBoe CrioBO BO MHOXECTBEHHOM 4ucre "3HavyeHus",
3aTeM nocre 3HavyeHusi CKoOpocTu nepedayn gobasbTe 3ansTylo, 3a KOTOPOW cregyeT ABOVHbIE KaBblYKWN. UMS
xenaemoro nopta 'COM' gna nogkntoyeHus. ITo No3BoNuT, Hanpumep, Bawemy UnoArduSim nporpamma
B3aMMOAENCTBOBaTb C HacToswmum 'Uno' nnara, nogkntodeHHsiM k 'COMS3', nnun nogkniovaTts coeanHeHns nopra
'COM' oT otgensHoro npunoxeHus k 'Serial' Bawero UnoArduSim nporpaMmma (C TOMOLLbIO 9MyrnsaTopa Hyrb-
MoZemMa nporpamma).

2) [obaeneHa nogaepkka yCrioBHOW KOMMUAALMUN C UCMOMNb30BaHNEM ANpeKTMB komnunaTtop. '#ifdef',
'#ifndef’, '#else' U '#endif' (TONbKO). [Nopgaepxka Ansa'#undef' Tenepb Takke gobasneH (4TobbI
OTMEHUTb Npeabiaywmi '#define').

3) MNpwn BLICTPOM NEpPEKNIOYEHNN YPOBHU SPKOCTY CBETOAMOA0B TEMEPb 3aBUCAT OT X MPOLEHTHOrO COOTHOLLEHNS
BPEMEHW BKIIOYEHMS.

V2.8.2- ceHTtabpb 2020

1) Yto6bl n3bexaTb nyTaHuubl, UnoArduSim Tenepb No3BonsieT '< >' MCNOMb30BaTb TPEYrorbHbIE CKOOKN 1
ABOWNHbIE KaBblYKM B3anMO3aMeHseMO BOKPYr Ha3BaHuA pann B '#include' onepartopbl Kak Ana NOKanbHOro
none3oBatens, Tak n anga '3rdParty’ daiinei.

2) B'MOTOR' ycTpoOIiCTBO TENEPb MOXET NPUHUMATbL TPU CKPbIThIX 3Ha4YeHus oT 'l0ODevs.txt' dann: 'F' vnn 'B'
(Freewheel- BbIOErOM MK peXXMM TOPMOXEHMST), 3aTEM NOCTOSIHHBLIN MOMEHT Harpy3ku B MpoLeHTax OT MOMEHTaA
OCTaHOBKM, 3aTEM MOMEHT Harpy3ku nHepumsi kak kpatHoe 'MOTOR' nHepuunsi potopa.

3) UnoArduSim Tenepb npyHUMaeT 'long int' Kak CMHOHWM 'long'.

4) UnoArduSim Tenepb BblgaeT 0gHOpPA30Boe NpeaynpexaeHe Anst MCNonb3oBaHns 'volatile' korga
rnobanbHbIV NepeMeHHast MogudmLmpyeTcs NPorpaMMon NpepbiBaHMS NOSNb30BaTENS.

V2.8.0- moHb 2020

5) [lo6aeneH HoBbIN 'Mega2560' nnata HacTpowkun onums (Mnata Homep == 10). 3T0 0COBEHHOCTH eLle MHOMo
'I/0' nnHax, ewe 4 BHeLWHWX npepbiBaHuda (NuHax 18, 19, 20, 21), ewe Tpu 'HardwareSerial' nopTbl (Ha NUHax
22-27), a o6bem onepatuBHon namaTtn ysenuyeH ¢ 2 Kb oo 8 Kb.

6) 'SFTSER' yctponcTso 6bin nepemmeHoBaH B 'ALTSER' (MockonbKy Tenepb OH Takke MOXET UCMONb30BaThCs C
'Serial1’, 'Serial2' u 'Serial3').

7) Wenyok BHyTpK Nonsi peaakTMpoBaHWs YCTPOWCTBO NMUH Tenepb BblIOMpaeT Lenoe Ynicrno, YTobbl YNpocTUTb



BBO[, @ HaXkaTue BHYTpW Mons peaakTupoBaHusa Homepa YcTponctea B KoHdurypuposats | 'l/O' YcTponcTtea
Aenaet To Xe camoe.

8) ,El,o6aBneHa OpaHXxeBad noaceeTka COOTBeTCTByIOLLI,eﬁ CTPOKM NCTOYHWMKa O5nA BCrJ1biIBAOLWKMX OKOH C
npenynpexgeHnamm AHaJ'IVI3VIpOBaTb 1 BbinonHeHue.

9) ABTOCbOpMaTVIPOBaHVIe Tenepb yoandeT nyCcTble CTPOKU, KOTOPbIE NOABNAKTCA NOCI1e€ CTPOK KIK4YeBbIX CIoB
nnu nocne npegwecTByolLMX NYCTbIX CTPOK.

10) JoGaeneHa nogaepxka 'digitalPinToInterrupt () ' 3BOHKMU.

11) Knaccbl Tenepb Bcerga nornyvaroT KOHCTPYKTOP MO YMOMYaHUIO, ECMN Y HUX HET YKa3aHHOTO Monb3oBaTernem
KOHCTpYKTOpa (Jaxke ecnu y HUX HeT 6a30BOro Knacca unm 4neHoB 0ObeKT).

V2.7 mapTta 2020 r.

1) B pononHeHune Kk TekyLlen CTPoke Kofa (3eneHbI, ecriv roToB K 3amnycky, KpacHbln, ecnu owmbka), UnoArduSim
Tenepb NogaepXmMBaeT Ans Kaxaoro Mogyns NOCNEAHIon KOOUPOBAHHYO CTPOKY, HaXaTyto nonb3oBaTenemM unm
CTEKOBYIO HaBuraumio (BblaeneHa TeMHbIM ONMBKOBBLIM (POHOM), Aenasi NpoLle YCTaHOBUTbL U HAUTU BPEMEHHbLIE
NMHKMM TOYKa OCTaHOBa (Tenepb paspelleHa ogHa ANs Kaxaoro moayns, Ho Ha 'Run-To' gencTByeT TonbKo ogHa us
oTobpakaeMbIX B AaHHbIN MOMEHT Moayren).

2) [lobasneH HoBbIN 'I/O' YcTponcTBa (M NOAAEPKUBAIOLLMIA CTOPOHHWIA Ko 6ubnmotekn), Brrtovas 'SPI' n '12C
MopTbl pacwmpenusan 'SPI' 1 '12C" Mynstunnekcop LED KoHTtponnepsl n gucnnen (LED, maccuBbl, 4-6yKBEHHO-
undpoBble 1 4-Lnudpa nnm 8-Ludpa 7-cerMeHTHble AUcnnen).

3) 'Wire' onepauuu Gonblue He 3anpeLleHbl U3HYTPU NOANPOrpaMM npepbiBaHWA Nofb3oBaTens (3To
nogaep>unsaeT BHeLHWe npepbiBaHud oT '[2C" MopTt Pacwmpexus).

4) CvrHansbl LindppoBow Tenepb nokasbiBatoT NPOMEXYTOUHLIN YpOBEHb (Mexay 'HIGH' a Takke 'LOW') korga
MVH He SIBNSIETCS TOMKHYI.

5) UTo6bl n3bexaTb NyTaHMUbl Npu Nepexoae Yepes oaunH 'SPI. transfer () ' B COOTBETCTBUM C MHCTPYKLMAMM,
UnoArduSim Tenepb rapaHTUpyeT, YTO nogkntoveHHbin 'I/O' YeTporicTBa Tenepb NOMy4YMT CBOWM (C IOrMYecKomn
3aepKKON) OKOHYaTENbHbIN (PPOHT TakToBOro curHana 'SCK' go BosBparta yHKUMOHaNbHbIA MOGY b.

6) Mpu aBTOMaTMYECKOM (hOPMaTMPOBaHMK BKIaZOK NpeanoYTeHue BKIOYEH, HabpaB 3aKpblBaloLLMIA M30rHyTast
ckoGka '} ' B UasmeHuTb/MpocMoTpeThb Tenepb Bbi3bIBAET Nepexoq K No3uumMmn oTCTyna BKIagku
COOTBETCTBYIOLLENO OTKPLITUA-U30rHyTas ckobka ' { ' napTHep.

7) NepecbopmaTupoBaTth kHomMKa Gbina gobasneHa k U3ameHUTh/MpocMoTpeThb (Bbi3BaTb HEMEATIEHHOE
aBTOMaTM4ecKkoe nepedopmaTpoBaHme OTCTyna Tabynsaumum) - aTa KHOMKa akTUBHa TOJIbKO B TOM Cryvae, ecrim
BKJIOYEHA OMNUUSi aBTOMaTUYECKOro OTCTyra.

8) bonee yeTKkoe coobLueHne 06 oLwnbKe Tenepb NOSBNSETCS, KOrAa KroveBoe CroBo npedukca (Hanpuvep,
'const', 'unsigned', unu 'PROGMEM') crniegyet 3a naeHTMdUKaTopom B 06bABIEHUN (OH AOIMKEH
npeaLwecTsoBaTb MaoeHTUdUKaTopy).

9) VlHI/ILI,I/IaJ'Il/I3I/|pOBaHHOMy rno6aanomy nepemMeHHble, Ja)e eClin OH HUKOor4a He UCNOoJ1b3yeTCAd No3Xe, Tenepb
BCerga HadHadaetca agpec namMAaTu, 1 Nno3ToOMy OH 6yp,eT BUOEH.

V2.6.0 sauBapb 2019

1) po6asneHHon Character-LCD gucnnen Yctponctea, nmetowmii 'SPI', 'l2C' n 4-6unapannensHbin nHTepdenc.
MopaepxuBatoWwmnn NCXoaHbIM kof 6ubnuoTtekn 6uin gobasneH B HOBYIO nanky yctaHosku 'include_3rdParty' (n
MOXeT ObITb OCTYMNEH C NOMOLLbI0 06bIYHOMO ' #include' AMPEKTMBA) - MOfb30BaTENN MOTYT BMECTO 3TOrM0
BblIOpaTbh BMECTO 3anMCcK CBOM COBCTBEHHbIE (PyHKLMOHanNbHble Mogynu K TonkHyn XK yctporicTtso.

2) NaHenb ¢ KOAOM ynydllieHa NOACBETKa C OTAeNbHbIMUN LIBETAMM OCHOBHOW MOMEHT Ansl FOTOBOM CTPOKM Koaa,
[N CTPOKM KoAda oWwmMBKM 1 Ans noboi Apyroi CTPoKM Koaa.

3) HanTtun meH1o 1 naHenb nHCTpymeHToB [lencteums 'func' (NpegblayLwnm BBepX M criefyroLwmin BHU3) 6onblue He
nepexoasT K npeablaylien / criegytowen cTapToBon NIMHUK (PYHKLMOHAmMNbHbLIN MOAYrb, @ BMECTO 3TOr0 Tenepb
NOAHUMAIOTCA (MU OMYCKaETCS) CTEK BbI3OBOB, BbIAENAS COOTBETCTBYIOLLYIO KOAOBYIO CTPOKY B BbI3bIBAIOLLEM
(Mnu BbI3bIBaEMOM) (PyHKLMOHANBHBIN MOAYMNb, COOTBETCTBEHHO, rae MNMaHenb ¢ nepeMeHHbIMU COAepPXXMMOe
OTKOPPEKTUPOBAHO, YTOObI NOKasaTb NepemMeHHble AN PYHKUMOHAamNbHbIN MOAYNb, COAEPXKaLlero TEKYLLY



BblAENEHHYI0 CTPOKY Koaa.

4) Yto6bl n3bexatb NnytaHuubl, CoxpaHuTb caenaHo BHyTpu UameHuTtb/lpocMoTpeTb Bbi3biBaET
HemegneHHoeKomnunuposaTby ecnn CoxpaHnTb 6bin yecneLwwHbiM, Mcnonb3ys nocnegyowmn OTmeHa nnu
Bbixog Tenepb 6yaeT TONbKo BO3BpaLLaTh TEKCT Ha 3TOT NOCNEAHUIN COXPAHEHHbIN TEKCT.

5) [o6aeneH nmnynbcHbI Bxog LLaroebin apuratens (‘PSTEPR') ¢ Bxogamu 'STEP' (umnynbcHbin), 'EN*
(akTmBupoBatk) 1 'DIR' (HanpaBneHue), a Takke HaCTponka MUKpo-wwaros Ha war (1,2,4,8 unn 16) ,

6) M'STEPR', n 'PSTEPR' Yctpoiictea Tenepb umetot 'sync' LED (3ENEHBLIN ansa cuHxpornsaumumn unn KPACHbBIN
MpW OTKMIOYEHWUN HA OAUH UIN HECKOSBKO LUAroB).

7)Y 'PULSER' YcTpoicTBa Tenepb eCcTb BbIOOP Mexay MUKPOCEKYHAAMU 1 MunnmMcekyHaamm ans 'Period’ n
'Pulse’.

8) ABTO3anonHeHus BCTpoeHHbIN-yHKUMOHAMNBbHBLIA MOAYMb BorbLue HE COXPaHSIIOT TN NapamMeTpa nepeg
UMEHEM napameTpa.

9) NMpu nepekntoyeHnn obpaTHO Ha npeabliaywmii MaHenb ¢ KOAOM, ero paHee BblAeneHHasa CTpoka Tenepb CHOBa
BblaeneHa.

10) B kayecTBe NoMoLM ANs YCTAaHOBKM BPEMEHHOW TOYKM OCTaHOBA, ncnonb3dys OTmeHa unm Beixog u3
U3meHunTb/lpocMoTpeTb OCTaBNAET OCHOBHOM MOMEHT B lMaHenb ¢ KOAOM Ha CTpoke, nocrnegHer NoceLeHHON
kypcopoM B UameHutb/lpocmoTpeTh,

11) MNonb3oBaTensckuin (N CTopoHHMN) 'class’ Tenepb paspeLueHo NCnonb3oBaTh 'Print' Unn 'Stream’' Kak
ero 6a3oBbIN knacc. B nogaepxky atoro 6bina fobaeneHa HoBas nanka 'include_Sys' (B nanke ycTaHOBKY
UnoArduSim), koTopasi NpegocTaBnsieT UCXOLHbIV KOA Anst Kaxaon 6asbl ' class', B aToM criyyae 3BOHKM Ha
Takue 6asbl-'class' yHKUMOHaNbHbIE MOAYNM GyaeT obpabaTbiBaTbCA MOEHTUYHO KOQy nonb3oBaTens (B
KOTOPbIN MOXHO BONTH), @ HE Kak BCTPOEHHbIN (OYHKLMOHAMbHBIN MOAYrb, B KOTOPbIN HENb3s BOMTY (Hanpuvep,
'Serial.print()").

12) AsTo3anonHeHns Member-chyHKLUMOHamNbHbIN MOAYb TENEPb BKIIOYAOT UMSA NapamMeTpa BMECTO €ro Tun.

13) UnoArduSim AHanuaunpoBaTb Tenepb No3BONSAET UMEHN 06BLEKT B 0ObSIBNEHNN NepeMeHHas NpeaBapsaTbCa ero
Heobs13aTenbHbIM (M COOTBETCTBYIOLLMM) 'struct' WM KMo4YeBOe CroBo 'class’, 3a KOTopbIM criegyer 'struct'
unn 'class' umA.

V2.5.0 Oct 2019

1) Jo6aeneHa nogaepxka "TFT.h' Gubnuoteka (3a ncknioveHnem 'drawBitmap () ' ) 1 4oOaBUN CBA3aHHbLIN
"TFT' '1/O" Yctponctso (128 Ha 160 nukcenen). Obpatnte BHUMaHUE, YTO BO U3bexaHue YpesMepHbIX 3agepKek B
peanbHOM BpemeHu Bo BpeMs 6onbLumx 'filIXXX()' nepeog, Yactb nepegay 'SPI' B cepeanHe 3anonHeHus
Oypet oTcyTcTBOBaThH B aBTObYyCe 'SPI'.

2) Bo Bpemsi 6onblunx nepesodos dain Yepes 'SD', yactb nepenad 'SPI' B cepeauHe nocneaoBaternbHOCTU
©anToB Takke OyaeT oTcyTcTBOBaTH B LWMHE 'SPI',

3) CHuXeHune 'Stream'- UCNoOnb3oBaHWe crnyxebHbix 6antos, 4Tobbl 'RAM free' 3HaueHne 6onee TOYHO
cooTBeTCcTBYeT Komnunsumm Arduino.

4) UnoArduSim Tenepb npeaynpexaaeT Nonb3oBaTens, Korga 'class' MMEET HECKOSBbKO YIEHOB, OObABMEHHbIX
B OAHOW CTpPOKe 06bABNEHUS.

5) Ncnonb3oBanue 'File | Save As'Tenepb ycTaHaBNMBaET TEKYLLUMUIA KaTasor, KOTOPbIA COXPaHEH B KaTarsor.

6) [lBa nponaBLunx 6e3 BECTK ' remove () ' YNeH PYHKLMOHaNbHbIe Mogynu Obin AobaBneH B 'String' y4ebHbIN
Knacc.



7) UnoArduSim Tenepsb 3anpeluaet 6a30oBble BbI30Bbl KOHCTPYKTOPA B KOHCTPYKTOPE (PYHKUMOHANbHLIA MOAY b
MPOTOTUM, €CNN HEMOCPEACTBEHHO HE CneayeT nonHoe onpeaeneHve Tena gyHKUMOHanNbHbIN Moayrnb (4To6bI
cornacutbcs ¢ Arduino KOMNUNAToOP).

8) nspaHunespems nepexona Popma BonHbI LMGPPOBON ObiNa yMeHbLUEHA A4S NOAAEPXKK BU3yanusaLmm
HbIcTpbIX curHanos 'SPI' npy MakcumarnbHOM yBEMUYEHUN.

9) UnoArduSim Tenepb no3sonseT 06bsaABNATb HEKOTOPbIE KOHCTPYKTOPbI 'private' Uan
'protected' (419 BHYTPEHHErO MCMNONb30BaHMSA Kfacca).



	обзор
	Панель с кодом, Настройки и Изменить/Просмотреть
	Панель с кодом
	Настройки
	Изменить/Просмотреть

	Панель с переменными и Изменить/Отслеживать Переменная окно
	Лабораторная панель
	'Uno' или 'Mega'
	'I/O' Устройства
	Serial Монитор ('SERIAL')
	чередовать Серийный ('ALTSER')
	Карта памяти SD ('SD_DRV')
	TFT Дисплей ('TFT')
	Конфигурируемый SPI Ведомый ('SPISLV')
	Двухпроводная I2C Ведомый ('I2CSLV')
	Текстовый LCD I2C ('LCDI2C')
	Текстовый LCD SPI ('LCDSPI')
	Текстовый LCD D4 ('LCD_D4')
	Мультиплексор LED I2C ('MUXI2C')
	Мультиплексор LED SPI ('MUXSPI')
	Порт Расширения SPI ('EXPSPI')
	Порт Расширения I2C ('EXPI2C')
	'1-Wire' Ведомый ('OWIISLV')
	Регистр Сдвига Ведомый ('SRSLV')
	Программируемый 'I/O' Устройствo ('PROGIO')
	Один-Сигнал ('1SHOT')
	Цифровой Генератор Импульсовв ('PULSER')
	Аналоговый Генератор Функций ('FUNCGEN')
	Шаговый двигатель ('STEPR')
	Пульсирующий Шаговый двигатель ('PSTEPR')
	Двигатель постоянного напряжения ('MOTOR')
	Серводвигатель ('SERVO')
	Пьезоэлектрический Динамик ('PIEZO')
	Слайд резистор ('R=1K')
	Kнопка Тактовая ('PUSH')
	Цветной LED ('LED')
	4-LED ряд ('LED4')
	7-сегментный LED Цифра ('7SEG')
	Аналоговый Слайдер
	Pin Перемычка ('JUMP')


	меню
	Файл:
	Загрузить INO или PDE Prog (Ctrl-L)
	Изменить/Просмотреть (Ctrl-E)
	Сохранить
	Сохранить как
	следующий ('#include')
	предыдущий
	Выход

	Найти:
	Ascend Call Stack
	Стек вызовов Descend
	Установить текст Искать (Ctrl-F)
	Найти Следующий текст
	Найти Предыдущий текст

	Выполнить:
	Шаг с заходом (F4)
	Шаг с обходом (F5)
	Шаг с выходом (F6)
	Выполнить До (F7)
	Выполнить Пока (F8)
	Выполнить (F9)
	Приостановить (F10)
	Сброс
	Анимация
	Замедленное движение

	Опции:
	Шаг с обходом Structors/ Операторы
	Регистр-Allocation
	Ошибка при неинициализированном
	добавленной 'loop()' задержка
	Разрешить вложенные прерывания

	Конфигурировать:
	'I/O' Устройства
	Настройки

	ПеремОбновить:
	Разрешить авто (-) Сокращаться
	минимальная
	Основной момент изменения

	Окнa:
	Serial Монитор
	Восстановить все
	Pin Цифровые Осциллограммы
	Pin Аналоговый Осциллограммо

	Помощь:
	Режим "Что это такое" (Ctrl >)
	Быстрый Помощь Файл
	Полный Помощь Файл
	Исправления Oшибка
	Изменение / Улучшение
	Около

	'Uno' или 'Mega' Плата и 'I/O' Устройства
	Синхронизация
	'I/O' Устройствo Синхронизация
	Звуки

	Ограничения и неподдерживаемые элементы
	Включено Файлы
	Динамическое распределение памяти и оперативная память
	'Flash' Распределение памяти
	'String' Переменные
	Библиотеки Arduino
	указатели
	'class' а также 'struct' Объектов
	Сфера
	Отборочные 'unsigned', 'const' , 'volatile', 'static'
	Директивы Компилятор
	Ардуино-языковые элементы
	C / C ++ - языковые элементы
	Функциональный модуль Шаблоны
	Эмуляция в реальном времени

	Примечания к выпуску - начиная с версии V2.5
	Исправления Oшибка
	V2.9.2 - апреля 2021
	V2.9.1 - февраля 2021
	V2.9 - январь 2021
	V2.8.2– сентябрь 2020
	V2.8.1– июнь 2020
	V2.8.0– июнь 2020
	V2.7– март 2020
	V2.6.0– | январь 2020
	V2.5.0– октябрь 2019

	Чанг ES / Улучшения
	Версия 2.9.2 - апреля 2021
	Версия 2.9 - январь 2021
	V2.8.2- сентябрь 2020
	V2.8.0- июнь 2020
	V2.7 марта 2020 г.
	V2.6.0 январь 2019
	V2.5.0 Oct 2019



