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Koa MaHensb, NMpeanoureHunsa n Nsmeuntb/N3yuntb
Kop lNMaHenb
MpeanoureHusn
N3MeHnTb/N3yuntb
MepemeHHble NMaHenb n N3meHntb/MoHutop NepemeHHan OKHO

JlabopatopHasa Ckambsa MNaHenb
'Uno’
'I/O' YcTponcTBa
Serial MonuTtop ('SERIAL'

MporpammMmHoe Serial ('SFTSER")
SD-Auck ('SD_DRV'
TFT aucnneii ('TFT")
KoHdurypupyembii SPI Begombiit ('SPISLV')
AByxnpoBogHasa I12C Beaombin ('I2CSLV')
TekcToBbiii LCD I2C ('LCDI2C')
TekctoBbii LCD SPI ('LCDSPI')
TekctoBbii LCD D4 ('LCD_D4')
Mynbtunnekcop LED I2C (‘MUXI2C")
MynbTunnekcop LED SPI (‘MUXSPI')
MNopt PacwuunpeHua SPI ('EXPSPI')
MopTt Pacwmpenuna I2C ('EXPI2C")
'1-Wire' Beaombiii ('"OWIISLV')
FenepaTtop ¢ OanH-BbicTpen ('1SHOT'
Peructp CaBura Begombiii ('SRSLV')
Mporpammupyemsbiii 'I/0' Ycrponcrteo ('PROGIO')
LUndposoit FeHepaTtop UMnynbcoBs ('PULSER')
AHanoroBbiii FeHepaTtop PyHkumii ('"FUNCGEN')
LWaroBbii Motop ('STEPR')
Nynbcupyrownii LWaroebii Motop ('PSTEPR')
DC Motop ("MOTOR")
CepBomoTop ('SERVO'
Mbe3oanekTpunueckuin AAvHamuk ('PIEZ0O')
Ckonb)xeHue Pesucrop ('R=1K"
Tonkartb-KHonka (‘PUSH'
LiBeTtHou LED ('LED")
4-LED ps 'LED4'
7-cerMeHTHbI LED Uudpa ('7ZSEG')
AHanoroBbii Cnaiagep
Pin Mepembiuka ('JUMP'
MeH10
dain:
Harpyska INO nnu PDE Prog (Ctri-L)
N3meHuTtb/U3yuntb (Ctri-E)

CoxpaHuTb
CoxpaHuUTb Kak
cnepnyrowmnii (‘#include')
npeabiayLmnii
Bbixon

HaiTtu:
Bocxoautb cTEK BbiI3OBOB
CnycTurechb CTeK Bbi3OBOB




YCTaHOBUTb TEKCT YCTaHOBUTb TeKcT (Ctri-F)

Haitn Cneayrouwmi TeKCT

Haiitu Mpeabiaywimi Tekcr
BbiNOJIHUTDb:

War Buyrpu (F4)

LWar Bokpyr (F5)

LWar BHe (F6)

BoinonHutb Ao (F7)

BbinonHutb Moka (F8)
BoinonHurtb (F9)

Crou (F10)

C6poc

AHunMauusa
3ameanneHHas cbeMka

Onumnu:
Lar Bokpyr Structors/ Onepartopbl
Perucrp-Allocation
Owunbka NpM HEMHULMANIN3UPOBAHHOM
no6aBneHHow 'loop()' 3agepikka
PaspewunTtb BJI0OXKEHHbIE NpepbiBaHUsA

KoHdurypuposarb:
'I/0' YcTpoicTBa
MpeanoureHusn

MNepemO6HOBUTDL:

Paspewuntb aBTo (-) Cokpawarbcs
MUHUMaNbHaA
OCHOBHOIW MOMEHT U3MEHEHUs

OkHa:

Serial MoHuTOp
BoccTaHOBUTb BCe

Pin LindpoBbie OcumnnnorpamMmmbi
Pin AHanoroBbiii OcunaaorpaMmmo

Momorure:

BbicTpbi¥ MoMorute ®an
MonHbii Momorute ®ain
UcnpaBnenuns Owmnbka

U3MmeHeHue / YnyuwieHue

Okono

'Uno' Bepcusa ans Uno u 'I/0' YcrpoiicTBa
CuHxpoHu3auua
'I/0' YcrpoiicTtBo CUMHXpOHU3aUusa
3BYKM

OrpaHuMYeHMa U HenoaAepXUBaEMble 3JIEMEHTbI
BkntroueHo dainbl

AvHaMuMuecKoe pacnpeaneneHue NnamMaTyu U onepaTtuBHaga NamMaTb
'Flash' PacnpegeneHne namarm
'String' MNepemMeHHblIe
Buénuorekun Arduino

yKasaTtenu

'class' a Takxe 'struct' O6bekTOoB

Cdepa

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

ApOoYNHO-513bIKOBbIE 3JIEMEHTbI

C/ C ++ - A3bIKOBbIE 3JIEMEHTbI
DyHKUNOHaNbHbIN Moayab LLIa6noHbI

dMynaumsa B peasibHOM BPpEMEHMU

MpuMeyaHnsa K BbINYCKY
UcnpaBneHma Owmnbka
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UnoArduSim siBnsietcst 6ecnnaTtHol peasibHoe epems (yBuaeTb Ans CYHXpOHM3auusi orpaHUYeHUst ) MHCTPYMEHT
CUMYNSTOp, KOTOPbIN A pa3paboTtan Ansa crygeHTa un aHTy3nacTa Arduino. OH pa3paboTtaH anst Toro, Ytobbl Bbl MOMTM
3KCMEPUMEHTUPOBATL U Nerko otnaxueaTb Arduino nporpammel 6e3 Heo6xodumocmu Kako20-1ubo
¢hakmuyeckoz20 ob6opydoeaHusi , OH HaueneH Ha Arduino 'Uno' Bepcus ans Uno, 1 no3sonsieT BbioMpaTh 13
Habopa BupTyanbHbix 'l/O' YCTponcTBa, a Takke HacTpanBaTb M NOAKMNIOYaTb 3T YCTPOMCTBA K BalLeMy BUPTYarlbHOMY
'Uno' B JlTabopatopHas Ckambsa MNMaHenb , - Bam He HY>HO 6ecrnokonTbes 06 owmnbkax NpoBoakn, oopbiBe / pa3pbiBe
COEAMHEHUN U HENCMNPABHOCTM YCTPONCTBA, KOTOpble MeLlatoT pa3paboTke u TECTUPOBAHMIO NporpamMma.

UnoArduSim npegoctasnseT npocTble coobLeHns o6 owmbkax ansa nobbix owmbok pazodbpaTts Unm BbINOMHEHWE, C
KOTOPbIMU OH CTankMBaeTCsl, U NO3BONSAET BbINONHATL OTNAaAKy ¢ nomoLlbio Copoc , BbinonHuth , BeinonHuts [o,
BbinonHutb Moka , Cton u rmbkui War onepauun B Kog MaHenb ¢ ogHOBpeMEHHbLIM NPOCMOTPOM BCEX rMobanbHbIX
1 B HacCToslLLiee BPEMS aKTUBHbIX NOKanbHbIX NepeMeHHble, MaccuBbl U 06bekToB B NepemeHHble MaHensb ,
BbinonHuTb-BpeMeHHasn NpoBepka rpaHuL, MaccmMBa obecnedeHa, 1 nepenonHeHne namatu ATmega byaet
0BHapyXeHo (M NPecTyNHWK NporpamMma BblaenuT cTpoky!). Jlloboe anekTpuyeckoe yCTPOMCTBO KOHMIMKTYET C,
noakntodeHHoe k '1/0' YcTponcTtea, moMedaeTcs U coobLlaeTcst 0 ero BO3HUKHOBEHUM.

Korga INO unu PDE nporpamma caiin oTKpbIT, OH 3arpyxaeTtcs B nporpamma Kog MaHenb , nporpamma 3atem gaercs
AHanuanposaTb, YTOObI Npeobpa3oBaTh ero B UCMOMHSAEMbIV ¢oaiisl, KOTOPbIA 3aTeM FOTOB K cMOGesTIupO8aHHbIU
eblnoJsiHeHue (B otnn4dme ot Arduino.exe, aBTOHOMHBbIV UCMOSHAEMbIN harin ABOUYHOM He co3aaHo) Jliobas owmnbka
pa3obpaTb OOHapyXeHa 1 NnomeyeHa NyTeM BblOENEHNSA CTPOKU, KOTopasa He AocTurna pasobpartb, n cooblieHuns o6
owmnbke Ha CtaTyc 6ap B camom Hu3y npunoxeHnss UnoArduSim okHo. An U3MeHUTL/U3Yy4unTb OKHO MOXET ObITh
OTKPbIT, YTOObI Bl MOMTM BUAETH U PEAAKTMPOBATh BbIOENEHHYH CUHTAKCUMCOM BEPCUIO BaLLEro nonb3oBaTens
nporpamma. Ownbkn BO BpeMsi CMOAENMPOBAHHOIO BbINOSIHEHNE (Takne Kak HECOOTBETCTBYHOLLMIA CKOPOCTb
nepegayn) coobLLatoTCsl B CTPOKE COCTOSIHUSA U Yepe3 BCMIbIBaOLLEE OKHO COOBLLEHUS.

UnoArduSim V2.7 aBnsieTcst npakTU4Yeckn NorHon peanunsaunen Asbik nporpammupoBaHua Arduino V1.8.8 kak
doKyMeHmasnbHO nodmeepxoeHo Ha arduino.cc , Beb-cTpaHuua co cnpaBoOYHUKOM MO 5A3bIKY, @ TakkKe C
[OOMOMHEHUAMU, YKa3aHHbIMK Ha cTpaHuue Bepcumn 3arpyska. [Npumedanus k Boinycky. Xota UnoArduSim He
noagepXunBaeT MorHyto peanusauuio C ++, KoTopyto nogaepxmnaet Arduino.exe, nexawmi B ocHose GNU
KOMMUIIATOP, BMNOMHE BEPOSTHO, YTO TOMbKO CaMble MPOABUHYTbIE MPOrPaMMUCTbl OBHapY»KaT, YTO Kakon-TO SNEMEHT
C / C ++, KOTOPbI OHU XOTAT UCMONb30BaTh, OTCYTCTBYET (M, KOHEYHO, BCerga eCTb NPOCTble KOAMPOBaHME 0OXOOHbIX
nyTen onsa Takmx OTCYTCTBYOLMX OyHKUMI). B oblwem, 8 nogaepxmean ToNbKo TO, YTO, N0 MOEMY MHEHUIO, SBMASETCS
Hanbonee nonesHeiMm C / C ++ gns nobutenen n ctygeHToB Arduino - Hanpumep, 'enum' a Takke '#define’
NOAAEPKUBAIOTCS, HO YKaszaTenu dyHKLUUOHAmNbHbLIN MOAYNMb - HET. [laxke ecnv nonb3oBaTenbckmin 06bekToB ( 'class'
aTakke 'struct' ) u (6ONbLWMHCTBO) NEPErpy30K ONepaTopoB NOAAEPKMBAKOTCS, MHOXECMBeHHOoe HacriedogaHue
He ,

Mockonkky UnoArduSim siBnsieTcst A3bIKOBbIM CUMYNATOPOM BbICOKOTO YPOBHS!, M0A0ep)Kxusaromcsi mosibKo
ornnepamopsbi C/ C ++ , 3aseneHusi Ha accembriepe He , TOYHO Tak Xe, MOTOMY YTO 3TO HE MaLUMHHas CUMYNALNS

HWU3KOro YpoBHS, Pecucmpbl ATmega328 He docmynHbI Onisi awe20 npozpamMma Onst YTEHUS UK 3anucu, XoTs
pacnpegeneHue, nepegadya n Bo3BpaT perMcTpoB aMynmpytoTca (ecnu Bbl BbibMpaeTe 310 B MeHo Onuum ).

Mo Bepcun 2.6, UnoArduSim nmeeT BCTPOEHHbLIN aBTOMaTUYECKON NOAAEPKKM AN OrpaHNYEHHOrO NOgMHOXECTBA
Arduino npwu ycrnioBun, 6ubnmnoTek, oHu SBnaloTCS: 'Stepper.h' , JIJI1, 'SoftwareSerial.h', 'SPI.h',
'Wire.h', 'OneWire.h', 'SD.h', 'TFT.h' u 'EEPROM.h' (Bepcus 2). V2.6 BBOAMT MexaHu3M 3 " nogaepxka
6UbnMoTekn CTOPOHbLI Hepes haiinbl NpegocTasnaeTcs B 'include 3rdParty' narka KoTopble MOryT 6biTb
HargeHbl BHyTpy UnoArduSim gupektopum yctaHoBku. [ns nmo6oro '#include' M3 nonb3oBaTenbcknx 6nbnuorek,
UnoArduSim 6yaet He Hangute obblYHY0 CTPYKTYPY KaTanoroB ycTaHoBkM Arduino, 4Tobbl HanTn BubnuoTeky; BMecTo
Tebst He06x00UMOCMbL CKOMMPOBaTL COOTBETCTBYHOLLMIA 3aronoBok (".h") n ucxogHbin kog (".cpp”) dann B TOT e
KaTtanor, 4To 1 nporpaMmmMa daiin, Hag KOTOpbIM Bbl paboTaeTe (KOHEYHO, MPU YCITOBUM OFPaHUYEHNsT COOEPKMMOTO
no6oro '#include' dann gomkeH ObiTb NONHOCTLIO NOHATEH UnoArduSim cuHTakcuyeckuii aHanusatop).


http://www.arduino.cc/

A paspaboran UnoArduSimV2.0 B QtCreator ¢ nogaep>KKom HECKONbKUX A3bIKOB, U B HACTosILLEee BPeMS OH AOCTYMNEH
Tonbko anst OkHa ™ | MopTtupoBaHue Ha Linux unu MacOS, ato npoekT Ha oyayuee! UnoArduSim Beipocna 13
CMMYNATOPOB, KOTOpble A paspabaTtbiBan Ha NPOTSXKEHUN MHOMMX NET AN KypCOB, KOTopble S Mpenogasan B
YHuBepcuteTe Koponesbl, U OH Bbif IPOTECTMPOBaH A40CTATOMHO OBLUMPHO, HO TaM HaBepHsika ByaeT HECKOMNbKO
oLIMBKK, KOTOpbIE BCE eLle NpsyvyTcs Tam. Ecnn Bbl XoTUTe coobwmTb 0 owmnbka, onuwwmnTe ero (Kpatko) no
3NeKTPOHHOW noyTe unoArduSim@gmail.com a Takke 06s13amesibHO NPUJIoKUMme MOJIHbIU UCXOOHbIU KOO
npoezpamma Arduino, ebi3biearouwuli owubka Tak 4To S MOTy CKOMMpoBaTh oLnbka 1 ucnpasuTb ero. A He byay
OTBeYaTb Ha OTAESbHblE OTHYETHI OLWNBKA, M Y MEHS HET rapaHTUPOBaHHbIX CPOKOB UCMPABIEHWI B CReayOLEM
Bbinycke (MOMHUTE, YTO 06XOAHbIE NMYTU NOYTU BCEerga ectb!).

Ypa,

C13H CummoHc, PhD, P.Eng.
JoueHT (B oTCTaBke)
Kadenpa aneKkTpOTEXHUKU U BbIMUCTINTENBHON TEXHUKM

'.. i ?‘r:
KoponeBckun yHuBepcuteT ue enIS

MY 4 %
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Kopn MaHenb, MNpeanouyreiuna n Nameuuntb/N3yunTb

(B cTopoHy: o6pasel, okHa, NoKa3aHHbIN Hke, Bce nof BbiopaHHon nons3oatenem OkHa-OS LBeToBasi Tema,
MMetLLas TEMHO-CUHWUIA LiBET hOHa OKHO).

Kopa NaHenb

The Kop MaHenb oToGpakaeT BalL Nonb3oBaTesb NPOrpaMma, a BblaeNleHNe OTCNEXMBAET ero BbINOfHEHNE.

Mocne Toro, Kak 3arpyXeHHbl porpamMmmMa MMeeT yCneLlHbIn AHanM3npoBaTh, NepBasi CTPoKa B 'main () ' BblesneH,
W nporpaMma roToB K BblnofnHeHne. O6paTute BHUMaHUe, YTo 'main () ' HesABHO Aobasngaetca Arduino (1
UnoArduSim), n Bbl AenaeTe He BKITHOYMTE €ro Kak YacTb BaLLEro nosfb3oBartens nporpamma cann. BeinonHenne
Haxo4MTCH No4 KOHTPOSIEM MEHIO BbINONHUTB 1 cBA3aHHbIE ¢ HUM MHCTpyMeHT-Bar KHOMKM 1 KoMOMHaumMm KnasuLl
YHKUMOHaNbHbIA Mogyrb.

Nocne akTMBM3auUMM BbINONHEHWe ogHuM (unu Gonee) default program--
WHCTPYKUUA (Bbl MOXeTe ucnono3osatb MHcTpymeHT-Bar se Fi d Prog to load a different program

kHonkn 4= L=, &= unn 5= ), JInHua nporpamma uto 6yaet
BbINONHWUN CNeayLLMIA 3aTeEM BblAeneHbl 3eNeHbIM LIBETOM - int count;
3eneHbll, BblAeneHHasa CTpoka Bceraa cnefytoLas cTpoka
roToB ObITb BbINOMHUI ,

d setup()

count=8;

TouyHO Tak e, korga Gerywuii nporpamma nopaxaet
(BpemMeHHbI BbinonHUTb [0) To4uka OCTAHOBKW, BbINONIHEHNE
OCTaHaBMBAaETCA U NMIMHUS TOYKa OCTAHOBKM NOACBEYMBAETCS
(n 3aTem rotoBa K BbIMOJIHEHME).

Ecnu nporpamma BbINOMHEHME B HACTOSILLEE BPEMS
ocTaHoBneH, 1 HaxxmuTe B Koa MaHenb OkHO, NWHKSA Bbl
HakMMarnu NoAcBeYnBaeTCs B TEMHO-ONMBKOBEIN (Kak
MoKasaHo Ha PUCYHKe) - GnvkanLume K-ObITb-BbINOMHUI JINHWK
BCerga oCTaeTcs NoAcBeYeHHOW 3eneHbIM LIBETOM (Mo
COCTOSIHUIO Ha V2.7). . Ho Bbl MOXeTe Bbl3BaTb BbINOMHEHWE .
npozpeccuposams A0 NIUHUSA, KOTOPYIO Bbl TONBKO YTO ialEventRun();
BbIAENWNN, HaxaB 3aTeM Ha Boinonnuts Oo b= —

MHcTpymeHT-Bar kHonka. 3ta pyHKLMSA No3BoNsSeT Bam GbICTPO M NErko 4OCTUYb ONPEAENEHHbIX JIMHANA B
nporpamma, 4YTOOBbI BnocneacTsMn Bbl MO War 3a warom npoxoamnTb MHTEPEeCYLYo Bac YacCTb nporpamMmma.

is IMPLICIT in
LICITLY by UnoArduSim

Ecnu Baww 3arpy>xeHHbIn nporpaMma MMeeT Kakme-nmbo '#include' dainbl, Bbl MOXETE NepemMeLlaTtbCcsa Mexay
HUMK ¢ nomoLlbio Pann | npeablAywMn a Takke Pann | cneagyrwmn (c UHcTpymeHT-Bar kHomku + 2 takke =

).

Hencteusix Hantu MeHto nossonut Bam UJTU Havith TekcT B Kog MaHenb mnu NMepemeHHble MaHenb (

i text
MHcTpymeHT-Bar KHONKM w=a 1 "4 unNu codeTaHus Knasul cTpenka BBepx U KHonka "Ctpenka BHU3 ) nocsie
nepeozo ucrnosib3oeaHusi Hantn | Habop YctaHOBUTL TeKkcT TeKcT nnu UHcTpymeHT-Bar dh , WIn

f
AJIbTEPHATUBbI B nepemew,ambcsi no cmek ebi3oeoe B Kog MaHenb ( UHcTpymMeHT-Bar kHoMKK ke ' ynm
CcoyeTaHus knaeuw cTpenka BBepx 1 KHonka "CTtpenka BHU3 ). KniouM BHU3 Ha CTpPaHULY 1M BBepPX Ha CTPaHULY
npbiraTe BeIOOP K criegyloLwiemMy / npeabiaywemMy OyHKUMOHANbHbIA MOgY b .



MpeanouteHun

UHD [MpegnoqteHna

aBToMaTH4eckMil GopMaT oTcTyna

D aETOoMaTH4e {PbITHE E:I__TEEH'-'J'I'}:'
[ut ATh SKCMEPTHBIA CMHTEKMC
MPMMEHATE OFPEHMHEHWA MacoMEa

EI KNHO4YEBLIE CNOB3 NOri NepaTopbl

KoHdmrypupoBats | lpeanoyteHus nossonset
nonb30BaTeNaM YCTaHOBUTbL MporpaMma 1 npeanoyTeHnst
npocmoTpa (KoTopble Nosb3oBaTtenb 06bIYHO XenaeTt
MPVHATb Ha OH cregyowmii ceaHc). [1o3aToMy NX MOXHO
COXpaHuTb 1 3arpy3nTb 13 'myArduPrefs.txt' dainn,
KOTOpPbIN HAXOOUTCS B TOM K€ KaTarore, YTo 1 3arpyXeHHbIN

'Uno' nporpamma ( 'myArduPrefs.txt' aBTomaTnyecku
3arpy>kaeTcs, eCnm OH CyLLIeCTBYET).

OTO AnanoroBoe OKHO MO3BONSAET BbIGMpaTh Mexay OBYMS
MOHOLUMPUHHBIMM LWpUTaMKn 1 TPEMS pa3mepamm WwpudrTa,
a TaKke ApYrMMu pasHbiMy NpeanoyvTeHusaMn. HaunHas c
Bepcum 2.0, BbIOOp A3blka Tenepb BKIIHOYEH. - 3TO BCceraa
BKIMIOYAOT aHIMUNCKUA (aH), NNOC OOUH UNKW ABa ApYrnx
s13blka JIOKanu Nonb3oBaTens (r4e OHWU CYLLECTBYIOT), M OOHO nepeonpeneneHne Ha ocHoBe ABYXOYKBEHHOrO koda
a3blka 1ISO-639 na camou nepeou nuHuu 13 "'myArduPrefs.txt' pann (ecnv TakoBon nmeetcs). Beibop nosiensieTcs
TONbKO ecnn nepesoA ".gm" chaln cylecTBYeT B narnke nepeBonoB (BHyTpu gomallHui katanor UnoArduSim.exe).

N3MmeHunTb/N3yuntb

[BonHbIM Wenykom no nobow ctpoke B Kog MaHenb (Mnu ncnone3ysa meHio ®ann ), UameHUTb/N3yunTb OKHO
OTKpbIBaeTCH AN BHECEeHWS U3MEHEHWIN B BaLLl Nporpamma gaiin, ¢ BbibpaHHas ctpoka B Kog MNaHenb BbigeneHo

OTOT OKHO UmeeT

BO3MOXHOCTb MOJTHOIO
penakTnpoBaHuAa C i alo B) - ) BUILT-IN
AVHaMUYECKOWN MOLCBETKON C ele - e ot
CUHTakcuca (pasnuyHble il L 8, 58);//Beep #include
LiBeTa OCHOBHOW MOMEHT

Mcnonb3yrTCca Ond

UHD mennte/VsyunTs

n

KIHoYEeBbIX CIOB C ++, L e . e . : : OMMMIMPOBETS (
KOMMeHTapueB U T. [1.). (spkrbs g ”
CywectByeT } '

OononHuTenbHas rite(angle); onst

NoAcBeTKa CUHTaKcKca
XXVPHBIN 1 aBTOMaTnyeckoe
dopmaTmpoBaHue Ha
YPOBHe oTcTyna (npwm
YCIOBUMK, YTO Bbl BbIOpanu
3TO C NMOMOLLBIO
KoHdwurypuposatb |
MpeanouteHus ). Bol
Takke MoXeTe yaA00OHO BbibpaTb BCTPOEHHbIN (DYHKLMOHAMNbHbIA MOAYIb 3BOHKM (M BCTPOEHHLIN '#define’
KOHCTaHThl) Ana obaBneHus B Bal NporpaMmMa 13 NpeaoCcTaBEeHHOro CNMcKa - NPOCTO ABaXAbl LLENKHUTE MO
HY>KHOMY 3IIeMEHTY crmcka, 4Tobbl JO6aBUTL ero K Ballemy nporpaMma B TEKYLLEN NO3ULmn KapeTKu
(dyHKUMOHanMbHbBIN MOAYNb-BbI30B NEPEMEHHAsA Murbl TONbKO ANs MHpopMauun 1 NULLIEHBI BO3MOXHOCTW OCTaBNATb
UKTUBHbIE 3anonHuTenn npu gobaeneHnn B Baw nporpamma).

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

Mcnonb3oBaHue ALT-cTpernka BNpaBo A58 3anpoca Bblbopa ABTO3anoNHeHNEe BCTPOEHHbIV FMoGanbHbIN
epeMeHHble, U A5 Y/1eH NepeMeHHble U (pyHKLMOHaNbHbIe MoAynw.




OrtkasaTbCcs ece usMmeHeHus1 Bbl caenanu, Tak kak Bbl BNepBble OTKPbINM NporpamMma Ans peaakTUpoBaHUs, HaXKMUTe
OTmeHa kHorika. [NMpuHATE Tekyllee cocTosiHue, HaxxmuTe MpuHnmMaTtb KHonka 1 nporpamma aBToMaTu4eckm
nonyyaet gpyron AHanuaunposatb (1 3arpyxaetcs B 'Uno’, ecnm owmbok He obHapyxeHo), n B rmaBHoM UnoArduSim
OKHO NosiIBMsieTcA HOBbIV cTaTyc CtaTyc 6ap

A Komnunuposartb ( Ctrl-R ) kHornka (nntoc cBa3aHHbIi AHanuanpoBaTb CtaTyc 6bir1o Jo6aBNeHO OKHO
Co0bLLEHMS, KaK MOKa3aHO Ha PUCYHKE BbILEe), 4TOObI MOXHO BObINIo NPOBEPSITL NpaBku 6e3 HEOOXOANMOCTU cHavana
3akpbiBaTb OkHO. A CoxpaHuTb ( Ctrl-S ) Takke Gbina gobaBneHa B kadecTBe sipribika (3kBrBaneHT MpuHUMMaTb nnoc
no3sxe otaenbHbIi COXpPaHUTb OT OCHOBHOIO OKHO).

JIn6o Ha OTmeHa unu xe MNMpuHumaTtb 6e3 BHeceHHbIX n3ameHeHu Koa MaHenb Tekyllas cTpoka MeHSeTCs, YToObI
cTaTb rnocsiedHsAsA No3uyusi Kapemku U3meHumMb/M3y4yums v Bbl MOXETE UCMONb30BaTh 3Ty PYHKLMIO, YTOObI
nepentu Kop MaHenb Kk onpegeneHHon NMHUKM (BO3MOXHO, YTObObI NoarotoBuUThCS K BbinonHutb Ao ), Bl Takke
MoxeTe ncnons3sosatb Ctrl-PgDn a Tarkke Ctrl-PgUp nepeitu k cnegyrowemMy (unu npegbigyLemy) paspbiBy nycToun
CTPOKM B NporpaMma - 910 nonesHo Ans 6bICTpon HaBurauum BBEPX Uy BHU3 NO 3HAYMMbIM MecTaMm (Hanpumep,
nycTble CTPOKM Mexay pyHKLMOHanbHble Moaynu) Bel Takke moxeTte ucnonb3osatb Ctrl-Home a takke Ctrl-End
nepenTy K Hayany v KoHUy nporpaMma, COOTBETCTBEHHO.

'Tab’ ypoBHA aBTOMaTnyeckoro popmaTupoBaHusi OTCTYNOB [AeNaeTcs Npu OTKPbITUM OKHO, eCNn 3Ta onums bbina
ycTaHoBreHa B cooTBeTcTBuM ¢ KoHdurypupoBaThb | MpegnouteHusi, MoXHO NOBTOPUTL, YTO Npy doopMaTUpOBaHUN
B noboe Bpems, HaxkaB Ha kHomnky MepedopmaTupoBaTb KHoMka (OHa BKNOYEHa, TONMbKO eCcriv paHee BbibpaHa
asmomamud4eckuti omcmyn lpednoymeHue). Bbl MoxeTe Takke [00aBNATb UNW yoansiTe A3bl4kM cebs k rpynne
npegBapuTernibHO Bbl6paHHbIX nocriegoBaTesibHbIX NVHUA C NOMOLLbIO KNnaBuaTypbl npaeasi cmpeJsika unn cmpeJsika
eJ1e80 KrouM - Ho aemomamuyeckuli omcmyn lpednoymeHue OO/MKHO 6bIMb 8bIK/THOYEHO YTOObLI He NOTEPSTh
CBOW COBCTBEHHbIE YPOBHU BKITaOKW.

Koraa ABTO TOYKa C 3ansiTON NpoBepseTcs HaxaTtnem BoruTu ansa saBepLUEHNS CTPOKN aBTOMAaTUYECKM BCTaBMSETCS
TOYKa C 3ansATon.

M 4Tobbl NOMOYL BaM Nyyule oTCriexmnBaTb Ball KOHTEKCTbl U USOITHYTble CKOOKM, HaxkaB Ha ' {' nnn xe '}

n3orHyTasi ckobka ebldesisem eecb mekcm Mexdy 3muM u3o2Hymasi Cko6ka u e2o coomeemcmeyrouum
napmdepom ,

NMepemMmeHHble MaHenb n N3aMeHNTb/MoHUTOp NepeMeHHasas OKHO

The MNMepemeHHble MaHenb pacnonoxeH 4YyTe HUxe Kog MaHenb, OH Noka3biBaeT TeKyLUMe 3HaYeHUs ANs KaXKaoro
nornb3oBaTens rnodanbHOro 1 akTMBHOIO (B cdepa) nokanbHOro nepeMeHHasi / maccmea / 0O6bEKT B 3arpyKEHHOM
nporpamma. Korga Bawl nporpamMma BbINofiHEHWE NepeMeLlaeTcs Mexay yHKLUMOHarbHble Moaynu, cogepxumoe
M3MeHSeTCA, YTOObl OTPa3uTb TOJIbKO Te JIoKallbHble NepeMeHHble, KOTOpble AOCTYMHbI ANA TEKYLero
¢hyHKUMOHanNbHLIN Moaynb / cdepa, nnroc
nobble 06bABNEHHbIE NOMIb30BaTENEM
rmobanbHble NepeMeHHble, Jllobon
nepemeHHble 0ObABMEH Kak 'const' UK Kak
'PROGMEM' (BblgeneHo ans 'Flash' namaTte)
UMEIOT 3Ha4YEHUS], KOTOPbIE HE MOTYT ObITb
N3MEHEHbI, U MO3TOMY Al 3KOHOMUM MECTa OHU
He omobpaxkaemcsi, ' Servo' a TaKke

ec 42
'SoftwareSerial' 3k3eMnnsapbl 06LEKT He RingTones[]

cofepxart NonesHbIX 3Ha4YEHWIM, NO3ITOMY TaKKe RingTeon )

-.-Fr"eciuen-::'-.-': 184E

He OTO6pa)Ka}OTCﬂ' RingTones[@].duration= ]

Bbl MOxeTe HaxoOumb yKa3aHHbIA meKcm ¢ ero

b text
TEeKcToM nonck komaHg (¢ MHcTpyMeHT-Bar KHOMKM et 1 " Unmn codeTaHus knasuw cTpernka BBepx 1 KHonka
"CTtpenka BHU3 ), [Nocne Toro, kak cHa4ana ¢ nomowbto Hantn | Ha6op YcTaHOBUTbL TEKCT TEKCT UK i ,

MaccuBbI a Takke 06 bEKTOB NokasaHbl MO0 B YH-pPACLUMPEHHbIN UK Xe pacluMpeHHbIn hopmart, nubo ¢
3aBepLuaoLLMM NACOM ' (+) ' UM MUHYC ' (=) ' noanucaTtb COOTBETCTBEHHO. CMMBON ANs MaccuBa Uxc
nokasblBaeT kak 'x[]' , UToObl pacumpaTb 3TO NOKa3aTb BCE 3NIEMEHTbLI MaccuBa, MPOCTO HAXXMUTE OAMH pa3s Ha



'x[] (+) ' B lepemeHHble MaHenb , YTOOLI COKpalLaTbCsl BEPHYTHLCS K NPEACTABNEHUIO UN-PaCLUMPEHHBIN, HAaXMUTE
Ha 'x[]1(-) "' , Un-paclumpeHHblIi No yMonyaHuo ans oobekT 'pl' nokasbiBaeT kak 'pl (+) ' K pacwmpsitb 310
rnokasaTb BCEM YfieHaM 3TOro 'class' UNK ke 'struct' Hanpumep, HaxmMuTe oguH pa3 Ha 'pl(+) ' B
MNepemeHHble MaHenb , YTOObLI COKpaLLaTbCs BEPHYTLCS K NMPEACTaBNEHNIO UN-PaCLLUMPEHHbIA, HAXXMUTE OOMH pas3 Ha
'pl(-)'. Ecnu Tbl 0OHO20 wes4yka rno 1060l JITUHUU OCHOBHOU MOMEHM e20 8 MeMHO-0/1u8Ko8bIl (JTo
MOXET ObITb NPOCTO NEPEMEHHAs, NN COBOKYNHOCTL JUI1 MM ' (=) ' JMHWA C MaccuBa Unm ob6bEKT, UM 0gHOro
anemMeHTa MaccmBa Unm obbLEKT-YNeHoB), To genate BbinonHuTb Moka 3acTtaBuUT BbINOMHEHME BO30OOHOBUTL U
3aMOpO3nUTL Ha criegytoLlen 3anucu docmyna B MoGoM MecTe BHyTpW 3TOro BeIGpaHHOro arperarta, Wnuv 4to BbibpaH
eLI,I/IHbII7I nepemMeHHasa MecCTonosioXeHue.

Korga ucnone3ayewws War nnm xe BeinonHuts OBHOBNEHNe oTobpaXkaeMblX 3Ha4EeHWUI NepeMeHHas NPOM3BOANTCS B
COOTBETCTBUM C HAaCTPOMKaMu NONb30BaATENS, BbINOMHEHHBIMU B MeHI0. MepeMOGHOBUTL - 3TO A0NYCKAET MOSHbIN
OmanasoH NoBeAEHUs1 OT MMHUMASIbHbIX MEPUOANYECKUX OOHOBMNEHUI A0 MOMHbLIX HEMEANEHHBIX OGHOBNEHWIA.
YMEHbLUEHHbIE UM MUHUMarbHble 0OHOBNEHUSA NOMNE3Hbl AN1S YMEHbLUIEHUS HAarpy3Kkn Ha NpoLeccop 1 MoryT ObiTb
HeoOxoanMbl, YTOObI BbINOMHEHNE HE OTCTaBan B peanbHOM BPEMEHM OT TOro, YTO B MPOTUBHOM cry4ae 6bino Obl
ype3mepHbIM MepemeHHble MaHenb OGHOBNEHME OKHO 3arpyXaert. korga AHMMaUUsA eACTBYET WU €CNU
OcHogHOU MomMeHmM M3MeHeHuUs1 ONuus MEHI0, U3MEHSAETCH Ha 3HaYeHne nepeMeHHasi BO BpeMsi BbInonHuTtb
npvBegeT kK obHOBMNEHUO 0ToBpaykaemoro 3HavyeHNsi HeMeOJIeHHO , U OH CTaHOBUTCS BblAeNeHHbIM - 3TO NpuBeaeT K
MNepemeHHble MNaHenb NpokpyTUTL (€CN HEOHBXOAMMO) 4O CTPOKM, KOTOpPas COAEPXKUT NepeMeHHasi, U BbiNONIHEHWE
bonblie He ByadeT B pexume peanbHOro Bpemexu !

Koz20a ebinonHeHue 3amep3aem nocne LWar , BoinonHutb Jo , BoinonHutk Moka , unu xxe BbINOAHUTL -3aTem-
Cton , NMepemeHHble MaHenb BbIABUraeT Ha NepBbil NiaH NepemMeHHas!, COOTBETCTBYOLLMIA adpec (a) adpeca,
Komopbie 6b11U U3MeHeHbI (ECIN eCTb) caMasi NOC/IeOHSIsT UHCMPYKUUST BO BPEMS 3TOTO BbINONHEHMWE (BKMOYas
WHMUManusaumio obbaBneHns nepemeHHas). Ecnu ata MHCTPyKUNSt MOTHOCMbHO 3anonHeHbl 06beKkm unu maccuea ,
podumenbckasi (+) unu (-) cmpoka Lnsi 3TOro arperata CTaHOBUTCS BblAeNeHHbIM. ECnv BMECTO 3TOr0 MHCTPYKUUS
M3MEeHuIa MECTO HaXOXOEHUSA TO, YTO B JA@HHbI MOMEHT BMAHO, 3aTEM CTaHOBUTCS NOACBeYeHHbIM. Ho ecnn
N3MEHEHHOe MECTOMONIOXEHUE (51) B HAcTosLLee BpeMs cKpbiBaeTcs BHYTpM UN-paclumpeHHbIn MaccmBa U oobekT,
KOTOpble COBOKYMHblE podumersibCcKasi JIUHUSI ToNyYaeT ebl0esiIeHUe KypcUeoM B Ka4eCcTBe BU3yaribHOW NOACKa3Ky,
YTO YTO-TO BHYTpU 3TOrO ObIS10 3anucaHo - LLIe/TYOK No pacClnpATb BbI3OBET npownoﬁ M3MEHEHHbIN 3NIEMEHT UM
YrieH, YyTOoObI CTaTb BblAENEHHbIM.

The UsmeHnTL/MOHMTOpP OKHO JaeT BaM cnocobHocmb criedoeamb
R LT UL SR  /1/060MY 3HaYeHUIO epeMeHHasi 8 meYeHUe 8bIMOIHEHUE VN U3MeHUMb
€20 3Ha4YeHue 8 cepeduHe (0OCmMaHO8JIEHO) Npo2pamMmMa 8bIrnoJIHeHuUe (TakK
YTO Bbl MOXETE NPOBEPUTb, KAaKOB OyaeT achdeKT NpogomKeEHMA paboThbl C 3TUM
HOBbIM 3Ha4yeHneM). Cton CHavana BbINONHEHWE, NOTOM J1eebili 080UHOU
WieJ140K Ha NepeMeHHasl, 3Ha4eH1e KOTOPOro Bbl XOTUTE OTCNEXUBATbL UMK
N3MeHUTb. YTOObI MPOCTO KOHTPONMPOBATL 3HAYEHME BO BpeMs MporpaMmma
BbIMNOSTHEHVE, OCTaBbTE ANanoroBoe OKHO OTKPbITbIM a 3aTeM oAvH 13 BeinonHutb mnu xe LWar komaHgb! - ero
3HayeHune byget obHoBneHo B U3MeHNTL/MOHUTOP B COOTBETCTBMU C TEMM XXE NMpaBuUiamMm, KOTOpble pPerynmpyoT
o6HoBneHus B NepeMeHHble MaHenb , Ymob6bI usMeHUMBb 3Ha4YeHUe rnepeMeHHas , 3anofiHuTe 3HayeHne nons
BBoga u MpuHumMmaTh , [NMpogomknTb BbiNonHeHue (ncnonb3ya nobon ns War nnm xxe BbINONHUTL KOMaHAb!), YTOGbI
MCMnonb30BaTh 3TO HOBOE 3HAYEHWE C 3TOro MOMEHTa Briepes (unu Bel MoxeTe Bo3BpaluaTbes k npegblayLiemy
3HaYeHuo).

Ha npoepamma Hazpy3ka unu C6poc o0b6paTvuTe BHMMaHWeE, YTO BCe HEUHUUUAIU3UpPO8aHHOE 3Ha4eHue
nepemeHHble cbpacbigaemcsi 00 3Ha4eHus1 0, a 8Ce HeUHUUUaU3upo8aHHbIU yKka3amesb nepemMeHHble
cbpacbisaemcsi do 0x0000.




JlabopaTtopHaa Ckambsa MNaHenb

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

'Uno’

3710 n3obpaxeHune 'Uno' Bepcusa onst Uno n ero BCTPOEHHbIX CBeTOANOA0B. Korga Bbl 3arpy)kaete HOBbI NporpaMva B
UnoArduSim, ecnv oH ycneLHO aHanu3upyeT, OH NoAaBepraeTcs "MoaenMpoBaHuio 3arpy3ka” B 'Uno’, KoTopbin
nMmTUpYyeT noeefeHme daktmdeckoro 'Uno' Bepcua anga Uno - Bbl yBuante muranune cepunHoro RX n TX LED (Hapsay
C aKTUBHOCTbIO B pins 1 0, KOTopble 8cmpoeHHbIl 051 nocrnedosamesibHOU 853U C 2/1a8HbIM KOMIMbIomMepom). 3a HUM
cpasy cneayet Benbiwka pin 13 LED, koTtopas o6o3HavaeT copoc Bepcms gnst Uno n (u aBToMaTUYECKY0 OCTaHOBKY
UnoArduSim B) Hayano 3arpy>eHHOro nporpamma BbINosfiHeHNEe. Bbl MOXxeTe n3bexatb aToro 0TobpakeHus u
CBSI3aHHOM C HUM 3afiepXKun 3arpysku, oTMeHnB Bbibop MokasaTb 3arpy3ka ot KoHdurypuposaTts | MpegnoyteHus,

OKHO MO3BOMseT BU3yanu3npoBaTh fornyeckue ypoBHU
undpposon Ha Bcex 20 'Uno’ pins ( '1' Ha KpacHbIN Ans
'"HIGH', '0' Ha cuHeM ansa 'LOW' , a Takke '?' Ha cepoMm
Ons HeonpeaeneHHoro HeonpeaeneHHOro HanpsPKeHUs)
HanpaBneHnsa 3anporpaMmmMupoBaHHbI ( 'I' 3a 'INPUT' ,
unu ke '0' 3a 'OUTPUT' ). [ins pins, KOTOpble MyNbCUPYIOT
¢ ucnosnb3oBaHnem LLNM vepes3 'analogWrite () ' nnu
'tone () ' NN 'Servo.write () ', UBET MEHAETCHA Ha
PMONEeTOBbIN M OTOOpPaXXaeMblii CUMBOST CTAHOBUTCS '~ |

O6patute BHMMaHue, Yto Lugppoeolii pins 0 u 1
noodknryeHbl Yepe3 pesucmopb! 1 KOm k USB-4uny ons
nocnedosamersibHasi c85i3b C XOCM-KOMIbIOMEPOM.

B cmopoHe: Llugpposoli pins 0-13 omobpaxkaromcsi Kak
cumynsamop pins 0-13, a aHanozoesil pins 0-5
omobpaxaromces kak A0-A5. Umobsi nony4yums docmyr K
aHaJs0208bIl pin 8 saweM rpospamMma, 8bi Moxeme obpamumbCsi K HOMepPy pin 0OHUM U3 08YX 3K8UBAIEHMHbIX
Habopos ducern: 14-19; unu A0-A5 (A0-A5 sensromcsi 8CmMpPoeHHbIU 'const ' epeMeHHble, uMelowul 3HadeHust 14-
19). U monbko npu ucnonb3o8aHuu 'analogRead () ' docmyneH mpemud eapuaHm - 07151 3mol UHCMPYKUUU 8bl
Moxeme ydanums 'A' nipechuKc u3 Yucsa pin u npocmo ucrionb3ytime 0-5. [lna docmyna K pins 14-19 e sawem
rpozpamma c nomow,bio 'digitalRead () ' unuxe 'digitalWrite () ', 8bl MOXeme fpPocmo obpamumbscs K
3MoMy HOMEPY pin uu 8MECMO 3Mo20 Ucronb308ame rncesdoHuUMbl AQ-AS.

Jleeoli kHonkol Mbiwu Ha ntobom 'Uno’ pin otkpoeT Pin LincdposBbie OcuunnorpamMmmbl OKHO, KOTOPbIN OTOGpaXkaeT
npoLLioe CTOUMOCTb OAHOM CeKyHAbI U3 AKmueHoCcmMb YpPO8Hs yughpoeoll Ha 3TOM pin. Bbl MOXeTe HaxaTb Ha
apyron pins, 4Tobbl 406aBUTL NX Ha gucnnen Pin Lindposbie Ocumnnorpammsl (4o 4 cUrHanoB 0gHOBPEMEHHO).

Uwngpoeeie QcynnnorpaMme

HaxxmuTe ans npocmoTpa CTpaHuLbl BEBO UK BNpaBo uiu ucnonb3ymnte knasuwm Home, PgUp, PgDn, End

OavH 13 otobpaxaeMbix cUrHanoB OyoeT akmueHbIU pin ocuunnorpammMa Ha a1o ykasbiBaeT ee kHonka "Pin",
oTobpaxaemas Kak HaxaTtas (Kak Ha npuBegeHHOM Bbllle CHUMKe akpaHa Pin Lindposbie Ocumnnorpammel). Bel



MoXeTe BblGpaTb ocLuunnorpamMmmMa, Haxas ero LMdpoByto KHOMKy Pin, a 3aTem BbiGpaTb UHTEPECYIOLLYIO NOMSPHOCTb

KPOMKN, HaXXaB COOTBETCTBYHOLLYIO KHOTMKY Bbl60pa NoNAPHOCTU BOCXoOALlero / cnagatowiero Kpa4, I , UNN Ke L
WM C NOMOLLbIO COYETaHNI KNnaBuLl cmpeJiKa eeepx a TakKe cmpeJsika 6HU3 , Bbl MOXeTe Torga I'Ipb/aamb
aKTMBHbIN Kypcop (CI/IHVIe Mnn KpacHble NTIMHNK KypCopa C YKa3aHHbIM UX ,u,eana-BpemeHeM) Hasag nnun enepen K Kparo

BbIOpaHHOM NONSIPHOCTU LUEPOBON 3Mo20 akmueHOo20 pin ocLuMnorpaMmma ¢ NoMOLLbI KHOMOK Kypcopa ( 4 , »
urm xe 4 , » (B 3aBMCMMOCTU OT TOTO, KaKoW Kypcop Obin akTMBMPOBaH paHee C |1 UMW Xe & ), v NpocTo

VICFIOJ'Ib3yl7ITe KnaBuLLUn KNnaBuaTypbl <— a Takke — ,

YT06bI aKTMBMPOBATL KypCOP, HAXMUTE Ero LIBETHYIO KHOMKY akTvBauumn (| T WM ke & MOKasaHo BhilLE) - Mo

makxe npokpyyusaem rnpedcmasiieHue K meKyuemy Mecmoronox)eHuro 3mom Kypcop , Kpome Toro, Bbl MOXeTe
BbICTPO YepeaoBaTb akTUBaLMIO MEXAY Kypcopamu (C X COOTBETCTBEHHO LIEHTPUPOBAHHLIMW BUgaMm), UCNomnb3ys
apnbik "Tab' knioy.

Bbl moxeTe lpblzamb TEKYLLMIN aKTUBMPOBAHHbLIN Kypcop WesIKHye Jieeoll KHONKoU Mbiwu 8 JIn60M mecme B
ocLunorpaMma Ha aKkpaHe npocMoTpa pervoHa. Kpome Toro, Bbl MOXeTE BbliOpaTh KpaCcHYH UIN CUHIOD JIMHUIO
Kypcopa, LLeNKHyB crnpaBa BBepxy (4ToObl akTMBMPOBAThL €€), 3aTeM repemaljyume e20 8 Ho8oe Mecmo 1 OTMyCTUTE.
Korga HyXHbI Kypcop HaxoguTcs r4e-To BHE 3KpaHa, Bbl MOXETE WieJIKHUme rnpaeoul KHOMKou Mbiwu 8 J1lo6om
mMecme 4TOObl NepenTh K 3TOMY HOBOMY 3KpaHHOMY MecCTononoxeHuto. Ecnn oba Kypcopa yxe HaxogaTcs Ha aKpaHe,
LLEeNYOK NpaBoM KHOMKOW MbILLM MPOCTO YepeayeT akTUBMPOBAHHLIN Kypcop.

UYmo6b1 ZOOM IN u ZOOM OUT (macwmab ece20a ueHmpupoeaH Ha AKTUBHOM kypcope), ucnonb3ylime
Koneco Mbiwu unu coyemaHus knaeuw CTRL-cmpenka esepx u CTRL-cmpesika eHu3s,

Jenatb BMeCTO wjesikHuUme npaeotl KHornkou Mbiwu Ha mo6om ‘Uno’ pin oTkpbiBaeT Pin AHanoroBbin
OcuunnorpaMmmo OKHO, KOTOpbI oToDpaxaeT 3@ 0OHy cekyHAy cmoum 13 AKmuUeHOCMb ypPOB8Hs1 aHasi0208bIl Ha
aToMm pin. B otnuume ot Pin Lindposble OcumnnorpaMmbl OKHO, Bbl MOXETE 0TOBpaXkaTb akTUBHOCTb aHaNoroBbIi
TONBKO HA OAHOM pPin OAHOBPEMEHHO.

Anancroesiid Ocuywnnorpammo

YARMTY

Haxxmute ans npocmoTpa CTpaHuLbl BIEBO UK BNpaBo Wn ucnonb3yimnte knasnwm Home, PgUp, PgDn, End

Bbl MoxeTe lMpblizamsb the cnHWe nnu KpacHble NMHUN Kypcopa K criegyoLwlen nogHuMatowencsa nnm onyckarLwencs
"TOUKe HakKnoHa" ¢ NOMOLLIbKO KHOMOK CO CTpenkamu Brnepes unu Hasag ( 4 , P v ke 4 , » , CHOBa B
3aBMCUMOCTM OT aKTMBUPOBAHHOIO KYpCcopa, UMM UCMONb3YNTE <— a Takke —> KIaBULL) B COYETAHUMN C KHOMKaMM

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

npeccoBaxue 'Ctrl-S' BHyTpu /110600 OKHO nMo3eosisiem coxpaHumb ocyusinozpamma (X, Y) OaHHbIe Ha TeKCT
ann no Bawemy BbIbopy, rae UKe B MUKpOCEKYHAAX C NTIEBOW CTOPOHLI, 1 Y B BbonTax.



'I/0O' YcTpoucTtBa

Psn pasnuuHbix YcTporctea okpyxatoT 'Uno' no nepumetpy JlabopatopHasa Ckambs MNMaHens , "ManeHbkue" 'l/O'
YcTporcTBa (M3 KOTOpbIX BaMm paspelleHo Ao 16) Haxoaatcs BOonb nNeBon 1 npason cTopoH MNaHens. "Bonbwon" '1/0'
YcTporcTBa (M3 KOTOPbIX BaMm paspeLleHo A0 8) uMetoT "akTUBHbIE" arieMeHTbl U pacnonoXeHbl BAOMb BEPXHEN U
HWXHen YacTu JlabopaTopHasa Ckambs MaHenb , XXenaemoe konnyecTBo Kakaoro Tmna gocTtynHblx 'l/O' ycTponcTeo
MOXHO YCTaHOBUTL C nomoLlbto MeHo KoHdurypupoBarts | I/0O’ YcTpoincTBa ,

UH [pwkpennennbii 'I/0" Yerpoiictea
poicTBa
Tonkats-KHonka

KaMMYTHPYEMBIA PESHET:

MbesoanexTpiyeaai QuHamm | 2

CTpoiicTBa

CepeoMaTOD m SPI BenoMsit
DC MaTop m 12C BepoMsi
WWarossii MoTop m TexcTost

Kaxgbin '1/O' ycTpOMCTBO MMEET OQHO UMK
HECKOJSbKO BMOXEHWI pin, MOKasaHHbIX Kak
dea-yughpa Homep pin (00, 01, 02,...
10,11,12, 13 n nu6o A0-A5, nnun 14-19, nocne
3TOro) B COOTBETCTBYIOLLEM Nosne BBoga. [Ans
HOMepOB pin co 2 N0 9 Bbl MOXETE NPOCTO

LigeTHyie LED E
41ED Pan D
T-CermeHTHsI LED D eHepaTop Oy

MMnynbcHeie LWaroesi MoTop D TekcT
Lidposoit Mexepatop i BE m CTO )
it m MopT Pacumpenis [
Pin MNepembiurka D SFT Serial D MopT Pacwmpesua
Axanorossii Craitaep |T SR Benombiii D MynsTunnexcop LED
1 Wire BegoMei D MyneTunnexcop LED (
Onw-BoicTpen Mexepatop D Progl0 UNO

BBECTW OOUH uMdpa - Begywmn 0 byget
npeaocTaBneH aBTomaTuyeckn, Ho ans pins 0
1 1 Bbl JOMKHbI CHaYana BeecTu BeayLwwmi 0.
Bxogpbl 06b14HO Ha neBoi cTtopoHe 'l/O'
YCTPOWCTBO, U BbIXOA4bl 06bI4HO cnipaBa (
ecnu nossosisim ). Bee '1/O' YcTponcTtea byayT
pearnpoBartb HEMOCPEACTBEHHO HA YPOBHU
pin U U3MEHEHWsT YPOBHS pin, noaTtomy 6yayT
pearnpoBatb NnMbo Ha GubnmoTeky
hbYHKLUMOHAaNbHbLIE MOAYIW, HALIENEHHYIO Ha
MX NOAKMIOYEHHbIN pins, Nnbo Ha
3anporpaMMmMpOBaHHbIf 'digitalWrite () '
(ans "6uToBOn" onepauun).

Beero {r

Bbl MOXeTe nogKnounTb HECKOSBLKO YCTponcTBa k ogHomy ATmega pin 4o Tex nop, noka ato He
co3gacTasieKmpu4ecKull KOHUKmM, Takon KOHIMKT MOXET ObiTb co3aaH nmbo 'Uno’ pin kak 'OUTPUT' BOXAEHME
C NOAKIYEHNEM YCTPONCTBO C CUIbHON NPOBOAMMOCTBIO (HU3KMM CONPOTUBIEHNEM) (HanpuMep, C BbIXOAOM
'FUNCGEN' nn1 '"MOTOR' Enc BbIXoa) vnv AByMs NOAKMIOYEHHBIMU YCTPOMCTBA, KOHKYPUPYIOWMMK OPYT C APYrOM
(Hanpumep, n kHonka 'PULSER' u 'PUSH' -, npukpenneHHble K O4HOMY 1M TOMY e pin). JTtoGow Takon KOHNUKT byaeT
UMeTb KaTacTpodmyeckne NocrneacTBus B pearnbHOW annapaTHoOW peanusauum u noatomy 6yaer 3anpeLleH, u 6yaert
NMoMeYeH AN Nonb3oBaTens Yepes BCNbIBaKOLLEE OKHO COOBOLLEHUS).

[nanoroBoe 0KHO MOXET UCMOSb30BaTLCS, YTOObLI MO3BONUTL MOSIb30BATENO BLIGMPATL TUMbI U HOMepa Tpebyemoro
'I/O' YcTponicTBa. M3 3TOro AnanoroBoro okHa Bbl Takke MoxeTe CoxpaHuTb 'I/O' YcTporicTBa ans Tekcta dann u /
unu Harpyska 'l/O' YcTponcTea 13 paHee COXpaHEHHOrO (MM OTPeAaKTMPOBaHHOMO) TekcTa dann (eksIrovas ece
coedQuHeHUs pin, UHMepakmMueHble HacmpoliKu U JIlo6ble eeedeHHbIe 3Ha4YeHUsl 8 rnoJsie eesoda).

O6pamume eHUMaHue, Ymo Ha4YuHasi ¢ eepcuu 1.6 3Ha4eHUsIM & Nosisix pedakmupoeaHusi nepuoda, 3a0epPKKu
U wupuHbl umMnysbca 8 coomeemcmeayroujem 10 Ycmpolicmea moxem 6bimb ripuceoeH cygpgpukc 'S’ (unu 's’).
OTO yKa3blBaeT Ha TO, YTO OHM JOMMKHbI ObiTb Macwmabupyemcsi B COOTBETCTBMM C no3uumeit rmobansHoro ‘I/0
____S' nonsyHoK, KOTOpbIN NOABNSETCS B rMaBHOM OkHO UHcTpymMeHT-Bar, C 3TMMm nonsyHKoM BnpaBo MacLUTabHbIN
KoacpuumeHT paBeH 1,0 (eaMHuua), 1 ¢ NON3yHKOM MONTHOCTLIO BMEBO MacLTabHbIn koaddmumeHT paseH 0,0 (c
Y4ETOM MUHUMATbHbBIX 3HAaYEHUIN, YCTaHOBMNEHHbIX KaXablM KOHKpeTHbIM 'l/O' ycTpoincTeo). Bbl MoxeTe
MacLiTabupoBaTb bonee 0gHOro 3Ha4YeHusi Nonsi BBoga 0GHO8PEMEHHO NCMOoNb3ys 3TOT cnangep. Ata pyHKUmA
MO3BOJISIET NEpPETACKMBATL MON3YHOK BO BPEMS BbIMOSIHEHUS F1EMKO 3MYNUPOBaTb U3MEHEHME ONIMTENBHOCTH
MMMNYNbCOB, MEPMOOOB M 3afepXKeK Ars noakntoyeHHbIX 'I/O' YeTporicTea.

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

Heckonbko 13 aTnx YcTponctea noddepka MacwmabupoeaHusi ux 88e0eHHbIX 3Ha4YeHUl C NOMOLLbIO Non3yHKa
Ha ocHoBHOM OkHO UHcTpymeHT-Bar, Ecnn 3HaueHune yctponcteso nmeet 6ykBy 'S' B kavecTBe cyddhmkca, ero
3HayeHue byaeT YMHOXEHO Ha KoadhduUMEHT MacluTabmpoBaHus
(mexgy 0,0 n 1,0), kKoTopbI oNpeaensaeTcs NOMnoXeHWeM NonayHka, ¢
Yy4eTOM OrpaHuU4eHuUs MMHUManbHOro 3HavyeHus yctponctaso (1.0
nonHocTblo Bnpaso, 0.0 nonHocTkIo Brieso) - cmotpute 'l/0O S'
nof KaxabiM LUNaHrom YCTponcTea nogpobHO onmcaH HUXeE.




Serial MoHuTO

o cuors B

tanad

'SERIAL'

9710t 'l/O' ycTponcTBO NO3BONSAET annapaTHO-0NocpeaoBaHHbIN NOcneaoBaTerbHbIM BBOA, U
BbiBog ATmega (4epe3 USB-unn 'Uno') Ha 'Uno’ pins 0 n 1. ckopocTb nepegayn
yCTaHaBNMMBAETCS C MOMOLLbIO PACKPbLIBAKOLLIErOCs CncKa BHU3Y - BbIGpaHHbINA CKOPOCTb
nepefayn osmKkeH coomeemcemeoeams 3HaYeHWe, KOTOPOe Ball NporpaMMa nepegaet
'Serial.begin () ' QYHKUMOHASbHBIA MOOYNb 4SS NpaBUNbHOM Nepegayn / npyema.
lNocrnedosamernbHas ces3b (hukcupyemcesi Ha 8 bumax daHHbix, 1 cmonogom 6ume u 6e3
6umoe yemHocmu. Bam paspelieHo Omknroyums ([1ycto) Ho He 3ameHumb TX pin 00, HO He
RX pin 01.

YTto6bl OTNPaBUTL BBOA C KNaBuaTypbl HA NporpaMMa, BBEAUTE OAMH UMM HECKOMBbKO CMMBOMOB B BEPXHEM (CMMBOJIbI
TX), oTpegakTupynTe OkHo, a 3atem yaapb ‘Enter’ knasuvia Ha kKnaBmaType , (CUMBOIbI BbIAENAOTCA KYPCUBOM,
4YTOObI YKa3aTb, YTO Nepeaayn Havyanmcb) - U1, ECIIN OHU YXKEe BbIMOSHATCS, A00aBeHHbIE NevyaTHble CUMBOJIbI
OyayT BbiAeneHbl KypcuBoM. 3aTeM Bbl MOXETE UCMONb30BaTh 'Serial.available () ' a Takke

'Serial.read () ' PyHKUMOHANbHbLIE MOAYNM OIS YTEHMS CMMBOMOB B NOPSAKe NX noctynneHns B Bydep pin 0
(kpaviHui neBbl HabpaHHbIN cumBon ByaeT oTnpaeneH nepsbiM). OTdopmMaTMpPOBaHHbIE TEKCTOBLIE N YNCITOBLIE
pacnevaTku unu HeopMaTpoBaHHble 6aNToBbIE 3HAYEHMS MOTYT ObITb OTNPaBMEHbI HA HUXKHUIA BbIBOA KOHCONM (RX-
CMMBOJbI) OKHO, Bbi3BaB Arduino. 'print () ', 'println() ', unnxe 'write () ' PYHKLMOHANbHbLIE MOAYIN.

[ononHntensHo, OKHO 6oJsibWwe20 pa3mepa Os1s ycmaHoeKu /
npocmompa cumeosioe TX u RX MOXXHO OMKpPbIMb, 08a0bl
wesnikHye (usnu wesikHye rnpaeoli KHONKol MbIWU) Ha 3Mom
'SERIAL' yempolicmeo , TOT HOBbI OKHO MMEET YBENNYEHHOE
norne pegakTMpoBaHusi cMMBonoB TX 1 OTAenNbHy KHOMKY 'Send’,
Ha KOTOPYI0 MOXHO HaxaTb, YTOObl OTNpaBuTL CMMBOSbLI TX Ha
'Uno’ (Ha pin 0). CywiecTByeT Takke onuus cprnaxka ans noBTOPHOWN
WHTepnpeTaumm NocrnenoBaTesibHOCTEN CMMBOJSIOB C 0OpaTHOM
KOCOM YepTon, Takmx Kak '\n' unmxe '\t' anqa
HeobpaboTaHHOro oToBpaKeHus.

MporpaMmMmHoe Serial ('SFTSER')

OtoT 'l/O' ycTponcTBo NO3BONSAET NCNONb30BaTh BUBNMOTEKY C NporpaMmmHbIM obecnevyeHnem
unu, B Ka4ecTBe anbTepHaTuBbl, MOCNEeAOBaTENbHbIN BBOA M BbIBOA NONb30BaTenNs C
"noumToBOM NocregoBaTeNbHOCTLIO" Ha Nobow nape 'Uno' pins, KOTOPYHO Bbl XOTUTE
3anonHuTb Kkpome pins 0 1 1, KOTOpble NpeAHa3HayYeHbl AN annapaTHoro obecnevyeHns
'Serial' cBfA3n). Baw nporpamma fOrmKeH UMeTh '#include <SoftwareSerial.h>'
CTPOKa psAOM C BEPXOM, €CIM Bbl XOTUTE UCMOMNb30BaTb (PYHKUMOHAMNBbHBIE BO3MOXHOCTM 3TON
oubnuotekun. Kak n B cnyvae annapatHoro 'SERIAL' ycTpoicTBO, CKOPOCTb Nepenayun anis
'SFTSER' yctaHaBnunBaeTCcs ¢ NOMOLLbIO pacKpbIBaloLLErocs Crncka BHU3Y - BbIOpaHHbIN
CKOPOCTb Nepefaym AOMKEH COOTBETCTBOBATL 3HAYEHWIO, KOTOPOE NporpaMma nepeaaet B

'begin () ' (pyHKLMOHANBHBIN MOAYMb A5 NPaBUbHOWN

nepenayn / npuema. lNocrnedosamerbHasi ces3b (hukcupyemcs
Ha 8 bumax 0aHHbIx, 1 cmonosom bume u 6e3 6umos

YyemHocmu.

Kpome Toro, kak ¢ annapatHbiM ' SERIAL' , OKHO 60/1bWe20
pa3mepa 0ns1 Hacmpolku u npocmompa TX u RX MOxHO
OMKpPbIMb, 08a)0bl WesIKHye (unu weskHye npaesou
KHonkoU mbiwu) Ha SFTSER ycmpoticmeo ,

O6paTtuTte BHUMaHue, 4YTo B OTNIMYME OT annapaTHOn
peanusaumn 'Serial 'HET npegocTaBneHHoro TX-6ydep
nogaepXuBaeTcsl BHYTPEHHUMU onepauusiMm NpepbiBaHns
ATmega (Tonbko RX-0ydep), nosToMy TOT 'write () ' (Mnu xe
'print') BbI30BbI BriOKMpyOTCA (T. €. Balw nporpamma He 6yaet
NpoJomKaTbCs, Noka OHW He ByayT 3aBepLUEHb!).




SD-Auck (‘'SD_DRV'

OtoT 'l/O' ycTponcTBo no3BonseT onsg 6ubnuoTtekn NnporpaMmHoro obecneyeHust (HO He "noduTeIn 6uTt") dan
onepauun Beoga v BbiBoda Ha 'Uno' SPI pins (Bbl MoxeTe BbIOpaTh, kakon CS * pin Bbl OyaeTe nucnonb3oaTs). Baww
nporpamMmma MoXeT NpocTo '#include <SD.h>' NMHUSA OKOMO BEPLUMHbI, Y Bbl MOXETE UCMONb30BaTh '<SD.h>'
dyHKUMoHaneHble moaynu UITN nossoHnTe Hanpsmytlo ' SdFile' yHKUMOHANbHbLIE MOOYIM CAMOCTOATENBHO.

OKHO 60J1bWe20 pa3mMepa ¢ Kamarso2aMu u ) Unmairim
ghalinibl (U co0epP)KUMbIM) MOXXHO OMKPbLIMb,
0deax0Obl wesIkHye8 (unu wesikHye npaeou
KHonkoU mbiwu) Ha 'SD_DRV' ycmpoticmeo. ,
Bce cogepxumoe ancka 3agpyxeH uz an SD
rogkaTanor B 3arpy)keHHOM KaTarnore nporpamma
(ecnu oH cywecTByeT) B 'SdVolume: :init () ',
u ompaxaemcs 8 10 xe camoe SD nopgkartanor
Ha pann 'close () ', 'remove () ' UHa
'makeDir () ' aTakke 'rmDir () ',

SD Card files: dlick one to see its initial content

About 1le

XKentbih LED muraet Bo Bpemsi nepegadn SPI, n 'DATA' nokasbiBaeT
nocnegHun 'SD_DRV' omeem 6ant. Bce curHanbl SPI To4HbI U MOryT
ObITb NPOCMOTPEHbI B OcuunnorpaMmma okHo,

{# ASCII

TFT aucnnen ('TFT")

310 'l/QO' ycTpoiicteo amynupyeT Adafruit™ TFT-gucnnen pasmepa 1280by-160 nukceneit (B cBOEM HAaTUBHOM
BpaweHun = 0, HO Npu ucnons3oBaHum 6udnuotekn 'TFT.h', ' TFT.begin () ' Habopbl ANs nHuumanusauum
BpaLleHusa = 1, koTopbln faeT "nensax” sug 160-no-128 nukcenen). Bbl MOXeTe TONKHYN 3Ty YCTPOMCTBO, Bbi3BaB
byHKUMOHarnbHble Moaynv n3 'TET.h' 6ubnuoteka (kotopas nepson Tpebyet '#include <TFT.h>'"), unu Bbl MOXETE
ncnonb3oBatb cuctemy SPI ans otnpaBku BaMm COGCTBEHHYIO MOCNeAoBaTeNbHOCTL OaNTOB TONKHYI €ro.

TFT Bcerga nogkntodeH B 'SPI' pins 'MOSI' (ans 'SID') n 'SCK' (gnsa 'SCK') - Te, koTopble He
MoryT 6bITb U3meHeHbl. 'DS™ pin ans JaHHble / komaHabl Boibopa ('LOW' BeiBupaeT pexum
nepegayn gaHHolx), n 'CS* pin gBNSETCS aKTUBHLIM HU3KMM MUKpPOCXeMa-BbIBop

CywectByeT HeT Cbpoc pin He NpeaycMOTPEHO,
Tak YTo Bbl HE MOXETE cAenaTb annapartHbIi
cbpoc 3TO YCTPONCTBO NPU ABWXKEHUN C HU3KUM
pin (kaKk 'TFT: :begin () ' dYHKUNOHAMbHBIN
MoZaynb NblTaeTcs caenaThb, Korga Bbl NPOLLNN AEACTBUTENbHLIA HOMEpP
'reset’ pin B kadecTBe TpeTbero napameTpa Kk 'TFT (int c¢s, int ds,

int rst) ' KOHCTPYKTOP). YCTPOMNCTBO TEM HE MEHEE ECTb CKPbITOE III
ool

uHn TET Displa...

noakmnoyeHne k cucteme COpoc NMHMK, NO3TOMY OHa cOpackiBaeT cebs ARDUINO
KaxabI pas, Korga Bbl HaxumMaeTe rmaBHbii UnoArduSim Copoc 3Havok
Ha NaHenu MHCTPYMEHTOB, unu kHomnky 'Uno’ Bepcus ans Uno cbpoca ..

Mo deoliHoll wenn4ok (MnNv wenkHye npaeoli KHonkol mbiwu ) Ha
3TOM YCTPONCTBO, OOMbLUMI OKHO OTKPbIBAETCS, YTOObI NOKa3aThb, YTO
nonHeln 160-Ha-128 nukcenen, KK-gucnnen, Hapaay ¢ Haubonee
HegaBHO nomnyunnu 8 6anT (Kak MoKasaHo HUXeE)




KoHdurypupyembii SPI Begombiit ('SPISLV')

OtoT 'l/O' ycTponcTBo amynupyeT BegomMbii SPI BeIGpaHHOrO pexmma ¢ akTUBHBIM HU3kum SS * ("BbiOop Begomoro")
pin ynpaenseT MISO Bbixog pin (korga SS * B npuoputete, MISO 310 He TonkHyn). Baw nporpamma JOMmKeH UMeTb
"#include <SPI.h>' nVHUK, ECNM Bbl XOTUTE NCMOMNBb30BaTh PYHKLMOHANBHOCTL BCTPOEHHBIN SPI Arduino o6bekT
n 6ubnmnotekn. B kadecTBe ansTepHaTMBLI, Bbl MOXETE CO3[aTb CBOM COBCTBEHHbIN "OMTOBLIN Yaap" MOSI a Takke
SCK curHanbl K TOMNKHYI 3TO YCTPONCTBO.
m SPISLY Iﬁ YCTPOWCTBO OLLYLLAEeT kpaeBble nepexonbl Ha ceoeM CLK BBOA B COOTBETCTBUM C BbIGpPaHHbBIM
pexvmom ( 'MODEO', '"MODE1', 'MODE2', Unu e 'MODE3 '), KOTOPbIV JOMKeH ObITb BbibpaH

ol MISC 5 cooTBeTCTBUM C pesknmom SPI 3anporpaMMUpPOBaHHBIN BaLLEro NporpaMma.
DATE ERecv
0X|13 fox|1c JeoliHoli wenyok (unu wenyok npaeoli KHONKou B spisiave 20

Iﬁ fq f{ f{g 13 Mblwu) Ha ycmPo[lcmeo noseoJsisem omKpbimb
S5+ wode SoE 60s1€e KpynHbIl CITYMHUK OKHO 4TO BMECTO )
nossonset Bam Bbl AOMKHbI 3anonHUTL 32-6anNToBbLIN

MakcumarnbHbIn Bydep (4To6bI amynupoBsath SPI YcTporcTea, KoTopbin
aBTOMaTM4YeCKM BO3BpaLLAET CBOM AaHHbIE), N yBUAETbL nocneaHme 32
nonyyeHHbIx 6arTa (BCe Kak LecTHaguaTtepuyHble napbl). Obpamume
8HUMaHue, Ymo cnepyoLimn 6ant bycpepa TX aBTomatmyecku
oTnpaensetca Tonbko Ha 'DATA' nocsie nonHbii ' SPI . transfer () '
3aBepLueHo!

AsyxnpoBogHasa I12C Beaombiit ('I2CSLV")

OT10T 'l/O' yCTPONCTBO TONMLKO aMYNMpyeT 8e00MbIll PEXUM YCTPOWCTBO. YCTPONCTBO MOXET ObITb HAa3HA4YeH agpec
WwuHbl 12C, ncnonb3ys 3anvchb B [Ba LecTHaguaTepuyHbix Lmudpa B none seoga 'Addr' (oH OygeTt oTBeyatb TOMbKO Ha
I12C aBTOOYCHbIE ONEpaLMK C NCMONb30BaHNEM HA3HA4YEHHOIo eMy agpeca). yCTPOMCTBO OTMPaBISEeT U nonyvaert
JaHHble Ha CBOEM OTKPbITOM KaHane (TonbKOo A5 packpbiBatoLerocs cnvicka) SDA pin, n oTBevaeT Ha curHan
TaKTOBOW YaCTOTbI LUMHbI HAa CBOEM OTKPLITOM KaHare (TonbKo Anis packpbiBatowerocs cnucka) SCL pin. Xots 'Uno’
OyneT X035IMHOM LUMHbI, OTBETCTBEHHbIM 3a reHepaumto SCL curHan, aToT pab ycTponcTBo Takke Oyget TsHyTb SCL
HU3KMIA BO BPEMS CBOEW HU3KOW (hasbl, YTOObI yBENMYNTL (€CNN 3TO HEOOXOAMMO) HN3KOE BPEMS LUWHBI 40 3HAYEHMS,
COOTBETCTBYIOLLIEro €€ BHYTPEHHEN CKOPOCTM (KOTOPYH MOXHO YCTaHOBUTL B none pegaktupoBaHus 'Clock’).

Baw nporpamma gomkeH umMeTh '#include <Wire.h>' NUHWM, €CMMU Bbl XOTUTE
ncnonb3oBaTh (PYHKUMOHANBHOCTL ' TwoWire' 6ubnuoTteka Ans B3aMMOAENCTBUA C 3TUM
yCTPOWCTBO. B kayecTBe ansTtepHaTVBbIl, Bbl MOXETe CO34aTb CBOW COBCTBEHHbIE AaHHbIE C
CUHXPOHM3aLMeNn OUTOB M TaKTOBbIE CUTHArNbI A1 TOMKHYM 3TOro NOAYMHEHHOIO YCTPOWCTBa
YCTPOWCTBO.

OpuH 6ant ans nepegayun obpaTtHO Ha BeayLlee ycTponcTBo 'Uno' MOXeET BbITb YCTaHOBIEH B
none pegaktupoBaHus 'Send’, a 0auH (CaMbli NOCNegHUA NOMYYeHHbIN) 6GanT MOXET BbITb
NMPOCMOTPEH B €ro (TOMNMbKO Ans YTeHUs1) okHe peaakTupoBaHus 'Recv'. Obpamume eHUMaHue, Y4mo 3HaveHue rnons
penakTupoBaHus 'Send' Bcerga otTpaxaeT caedyrowul 6anT ansa nepegayn us aToro BHyTpeHHero 0ydepa gaHHbIX
YCTPOWCTBO.

HeotiHol wen4vok (unu wenr4yok npaeoli KHONMKOU MbIWU) Ha £ 12C Slave at 0x02
ycmpolicmeo no3eoJsissem omKpblmb 605ee KpynHbIl cymHUK OKHO
BMECTO 3TOro 3TO MO3BOSSET BaM 3anonHutb 6ydep FIFO ¢
MaKkcuMMarbHbIM pa3mepom 32 6anTa (4Tobbl amynmpoatb TWI
YcTponcTBa ¢ Takon (yHKUMOHANbHOCTBIO) M MpOCMaTpmBaTh (MakCUMym
[0 32) 6anToB caMbiX MOCNEAHMX NOMYYEHHbIX AaHHbIX (Kak aBa hex-
undppa otobpaxaet 8 6anTOB Ha CTPOKY). KonnyecTBo CTPOK B 3TUX OBYX
nonsix peaakTupoBaHUSA COOTBETCTBYET BbibpaHHOMY pa3smepy bydepa
TWI (KOTOpbI MOXHO BbibpaTh ¢ nomowbio KoHdurypupoBath |
MpegnoyteHus ). 370 ObINO AOOABMNEHO B Ka4eCTBE ONUUK, Tak Kak
Arduino 'Wire.h' 6ubnuoteka ncnonbayet 5 Takme 6ydepbl O3Y B
CBOEM Kofe peanusaunm, KOTOpbl SBNSETCA JOPOron onepaTnBHOM
namatn. OTpegakTupoBaB yCTaHOBKY Arduino 'Wire.h' dhain ana nsmeHeHus onpefeneHHOM KOHCTaHThI
'"BUFFER_LENGTH' (a Takke pefakTMpoBaHue KoMnaHboHa 'utility/twi.h' dhaiin nomensaTs [nuHa 6ydepa
TWI) oba gomkHbl 6bITb BMECTO 16 nnu 8, nonb3oBaTenb Mo2 3HAaYMTENbHO COKPaTUTL 0ObEM onepaTMBHOM NamMATK
'Uno' B LeneBom annapamHas peanu3sayust - nostomy UnoArduSim oTpaxaeT aTy peanbHyl BO3MOXHOCTb Yepes
KoHdmrypupoBath | MpeanoyteHus ,




TekcroBbit LCD I2C ('LCDI2C'
3710 'l/O" ycTporctBo amynupyet 1,2, 04 4-CTpoYHbIA cMBOSbHLIN LCD, B 0OHOM M3 TpeX pexmMoB:

1) tvn O (Adafruit ctuna pacwupuTtens nopta ¢ annapatHbiM obecnedveHneM, umetowmm 12C agpec wuHbl 0x20-0x27)
2) Tun prok3ak 1 (DFRobot ctunb nopT pacwmputens ¢ annapaTtHbIM, UMeoWmMy agpec WwuHbl 12C 0x20-0x27)

3) HeT prok3aka (CoBCTBEHHOIO peXxmMM MHTErpnpoBaHHoro nHtepdenca 12C, nmetowero 2C agpec wnHbl 0x3C-0x3F)
Mopoaepkka OMONMOTEKN KoAbl AMS KAXA0ro pexnma ycTponcTeo Obina npegycmoTtpeHa BHyTpu 'include_3rdParty’
nankn UnoArduSIm katanora yctaHoBku: 'Adafruit LiquidCrystal.h', 'DFRObot_LiquidCrystal.h' ,u
'Native LiquidCrystal.h' COOTBETCTBEHHO.

CTPOMCTBO MOXET ObITb HasHa4yeH ntobon agpec 12C
@ E LZVIHbI, nucnonb3ys BXo4 ABa-rekc-uudpa B ero 'Addr'
SDA Wl penakTupoBaTh AWMK (OH ByaeT oTBevaThb ToNbko Ha 12C
Onepauun ¢ yqyactmem aBTobyCcOB Ha3Ha4YEHHOIO
Backpack £ix agpeca). yCTpOWCTBO MPUHMMAET LWNHY aapeca v AaHHbIX
21 (v otBeyaeT ACK = 0 unun NAK = 1) Ha ero OTKpbITOM
®i) . cToke (BbinagatoLmii Tornbko) SDA pin. Bel MoxeTe

Type - Tonbko 3anucu XKK-komaHabl v gaHHble DDRAM - Bbl He
MOXewb CY/TaHbl JaHHbIE U3 MUCbMEHHBLIX MECT

DDRAM .

[AeoliHol Knuk wnu wenkHume npaeoll KHONKol MbIWu YToObl OTKPbITL 2KK-
3KpaH MOHMTOpPA OKHO, U3 KOTOPOTO Bbl MOXETE TaKKe YCTAaHOBUTL pasmep
3KpaHa 1 Habop CMMBOIOB.

TekcroBbit LCD SPI ('LCDSPT'
3710 'l/O' ycTponcTteo amynupyeT 1,2, 04 4 cTpokn cumBonbHbeIN LCD, B 0AHOM 13 ABYX PEXMMOB:
1) (Adafruit ctne SPI nopt pacwwmputens)
2) HeT ptok3aka (PogHoro pexxum He uHTerpupoBaHa SPl nHTepdelic - kak nokasaHo Huxe)
Mopoepxkka GubnMoTekn kodbl ANIA KaXKAOro pexnma yCTponcTBo Obina npegycmoTtpeHa BHyTpu 'include_3rdParty'
nankn UnoArduSIm katanora yctaHoBku: 'Adafruit LiquidCrystal.h' , 1 'Native LiquidCrystal.h'
CoOoTBETCTBEHHO.
Pin 'SID' siBnsieTca nocnegosaTtenbHON nepeaayn B CharlCDDev 5?1 %0
£ l]l_a OaHHbIX B, 'SS' ABNSETCS aKTUBHbLIM HU3KUM e e 03 92 1b 32 1c 00
YCTPOMNCTBO-BbIOpaTh, 'SCK' aTo yachkl pin 1 'RS' ato
Rec AdaHHble / komanaa pin. Bel moxeTe Tornbko 3anucn OK-
Eackpack ﬁx komaHabl 1 gaHHble DDRAM (Bce SPI TpaH3akuua
3annchb) - BbiIHEe MOXKeWb CYNTaHbl AaHHbIE U3
10 %é}é}é n1cbMeHHbIx Mect DDRAM. ) )
Node JeolHolU knuk vnv wienkHume npaeoul KHOMKou
MbIwu YTOObI OTKPbITh 2KK-3KpaH MOHUTOpPa OKHO, 13
KOTOPOrO Bbl MOXETE TakkKe YyCTaHOBUTb pa3Mep akpaHa u Habop CMMBOSOB.

TekcroBbii LCD D4 ('LCD_D4')
970 'l/O' ycTponcTteo amynupyet 1,2, 04 4 ctpoku cumeoribHble KW, numetoue 4-6utoBbin napannenbHbin nHTepdenc
LWMHbI. GafTOB AaHHbLIX 3anMChIBatOTCS / YMTaTb dee MoJsio8uUHbI No ero AaHHbIM 4 pins 'DB4-DB7' (rae okHO
pefakTMpoBaHUS COOEPXUT C HaUMeHbUWUM HOMEPOM U3 e20 4
rnocrnedosameribHbIX YUCes pin ), - AAHHbIE CUHXPOHU3MPYHOTCS MO 3agHEMY L ke (e
GpoHTY Ha 'E' (BKNtOUUTB) pin, ¢ HanpaBneHneMm fAaHHbIX Nod KoHTponem 'R/W'
pin n XK gaHHbIX / koMaHa pexuma no 'RS' pin.

Mopaepkka bMbnuoTekn koga ObINIo NPeayCcMOTPEHO
BHyTpM ‘include_3rdParty' nanka Bawero UnoArduSIm

D-EA DBE7 KaTanora yCTaHOBKM:

'Adafruit LiquidCrystal.h',6,u

'Native LiquidCrystal.h' obe pa6ortbl.
HeoliHol Knuk nnn weskHUmMe npaeou KHonkou
MbIwu YTOObI OTKPbITh 2KK-3KpaH MOHUTOpPa OKHO, 13
KOTOPOrO Bbl MOXETE TaKke YCTaHOBUTb pasMep aKpaHa
n Habop CMMBOIOB.




MynbTunnekcop LED I2C (‘MUXI2C')

3710 'l/O' ycTponcTteo amynupyeT 12C-untepdencom koHTponnepa HT16K33 (4 agpec wuHbl 12C AVING 0x70-0x77)

KOTOPOMY OAWH N3 HECKOJTbKMX PAa3fIMYHbIX TUNOB MYINbTUNNEKCUPOBaAHHbIX LED aucnneeB MOryTt ObITb
npncoegnHeHo:

a) 8x8 nnn 16x8 LED maccusa
@ @ 6; 8x8 gByxuBeTHble LED maccuBa
SDA 8N B) 24-nBYXLBeTHbIN-LED Gap
=341l r)AaBa ctuns 4-undppa gucnnees 7-CerMeHTHbIX
gxl:l €) oauH 4-undpa 14-cerMeHTHbIN BykBEHHO-LMPOBOIM AUCnnemn

Bce nopgaepxwuBatotcs 'Adafruit LEDBackpack.h' Kod, NPeAyCMOTPEHHbI BHYTPU
'include_3rdParty' nanka:

OsonHon knuk (Unu npaBas KHOMKa MbIWK) YTOOLI OTKPLITL YBENMYEHHYIO OKHO BblGMpaTb U NpocMaTpuBaTb OOWH U3
Heckonbkux UBeTHbIx LED ancnnew.

%¢ Mux LED_I2C at 0x70 %5 Mux LED_I2C at 0x70 %2 MuxLED 12€ at 070

Hex RX: (18 24 24 42 42 Hex RX: |18 7 24 db
RX Clear RX Clear
RX Clear
o
O Quad7segt O Quaf7ss O Quadisegt O Qu 0 5 O 8 O 15x3 O MBar

. . . . i i i Q Quad75egl O Quad7Seg? @ Quadi4Seg
WrR Oc Oy OB ORrR Q6 @y (

MynbTunnekcop LED SPI (‘MUXSPI')

MynbmunnekcupogaHHbIl-LED koHmpornnep Ha ocHoBe MAX6219, ¢ nogaepxkon 'MAX7219.h' koA,
npegocTtasneHHbIn B nanke 'include_3rdParty' ana TonkHyn 4o BOCbMW 7-CErMEHTHbIX Lindp.

@
[

[T3a! [dsonHon knuk (Unu npaBas KHOMKa MbIWK) YTOObI OTKPbITb YBENNYEHHYO OKHO CMOTPETb
c_ax LBETHON 8-Ludpa 7-CerMeHTHble- AUCMNen.

BB Mux LED SPI 2D

o




MNopTt Pacuumpenua SPI ('EXPSPI')

8-paspsdHbit nopm pacwupumers Ha ocHoBe MCP23008, ¢ nogaepxkon 'MCP23008.h'

@ Ko npu ycnosuu, BHyTpw 'include_3rdParty' nanku. Bel moxeTe Hanmucate MCP23008
L perncTpsbl, 1 Yntatb 06paTHO GPIO pin ypoBHW. MNpepbiBaHUSA MOTyT ObITb BKIKOYEHbI NPU

kaxxgom nameHeHun GPIO pin - cpaboTaBwen npepbiBaHne byaet TonkHyn B 'INT' pin.

[BoViHoW knuk (Unu npasasi KHOMKa MblluU) OMKPbIMb 60sbWasi OKHO 4Ymobbi yeudems 8
GPIO nopta nnHuK, 1 NPUNOXEHHbIE NOATArMBaOLLME PE3NCTOPLI. Bbl MOXETE U3MEHUTH
NOATArMBaHMSA BPYYHYHO, HAXKaB KHOMKY, U MPUKPENUTb CHETYMK, KOTOPbLIA OyaeT
NepuoaMYecKn N3MeHSITb UX B A0 noacdeTa cnocoboM. CKOpOCTb, C KOTOPOM NpupaLleHne
cyeTa onpeaensieTca Mmaclitad BHU3 3aaepXkaMn ¢akTop, BblOpaHHbIN B Port Expander SPI 0

nornb3oBaTenem (a 1X MHOXWUTENb COOTBETCTBYET OOUH LIAr NpYMepHO
kaxable 30 MunnmcekyHs, 6ornee BbICOKME KO3MMULIMEHTBI 3a8epXKN AatoT 1ODIR
Oornee MeaeHHbIA 40 NoAcYeTa CKOPOCTH)

rro7 - Or+
pros IR+
pios @ Mr+

PIO4

I0CON E!
GPPU EI
INTF EI

INTCAP PIOD @ R+

Nopt Pacuuupenuna I2C ('EXPI2C'

8-paspsdHbIl nopm pacwupumersis Ha ocHoBe MCP23008, ¢ nogaepxkon '"MCP23008.h' kof, NpeayCMOTPEHHbIN
BHyTpw 'include_3rdParty' nanku. BoamoxHocTn cootBetcTBoBaTth 'EXPSPI' ycTponcTso.

B [ns|

DA SCL

I_ :T=!| [sonHon knuk (Mnu npaBas KHOMKa MbIWK) YTOObI
03 | gx OTKPbITb YBEIMUYEHHYI0 OKHO a ctoaa B 'EXPSPI' Port Expander 12Cat 020 =

YCTPOWCTBO.
IODIR EI

IPOL

INT

Add

rio7 @ MR+ Auto
pios  r+
pios @ MR+

DEFVAL

pios e+
Or+
o MR+

IOCON

GPPU

INTF

INTCAP

GPIO

-

COLAT




'1-Wire' Beaombiit ('"OWIISLV')

OtoT 'l/O' ycTponcTBo aMmynupyeT oguH M3 HebonbLioro Habopa wuHbl "1-Wire' YcTponcTea, NogKMYEHHOro K pin
OWIO. Bbl MoxeTe co3gaTb WwuHy "1-Wire' (C ogHUM M HECKONBbKUMK 13 aTUX Begomebix '1-Wire' YcTporcTtsaa) Ha 'Uno’
pin no BaweMy Bbibopy. ATy kabuHY YCTPOWCTBO MOXHO MCMONb30BaTh, MO3BOHUB 'OneWire.h' 6Gubnvoteka
YHKUMOHArbHbIE MOAYNN Nocne pasMmeLleHus '#include <OneWire.h>' NUHWUSA B BEPXHEN YaCcTW BaLIEro
nporpaMmma. B kauecTBe ankTepHaTUBbLI Bbl TAKXKE MOXETE UCMONb30BaTh Nobutosble curHansl Ha OWIO ans atoro
YCTPOWMCTBO (XOTSl 3TO OYEHb CIIOXHO cAenaTh NPaBuibHO, HE Bbi3biBasd 3NEKTPUYECKNA KOHMNKT - TAKOWN KOHQIUKT
BCe eLLle BO3MOXEH [iaxe Nnpu UCnonb30BaHUM 'OneWire.h' (PyHKUMOHANbHbIE MOOYMU, HO TakMe KOHMIUKTbI
coobuwatotca B UnoArduSim).

Kaxabin peansHbin OWISLV yCcTponcTBO JOMKEH UMETbL YHUKaNbHbIM 8-6anToBbIn i (64-
OUTHBIN!) BHYTPEHHMI CepuiiHbIA HOMep - B UnoArduSim aTo ynpoLuaeTcs nonb3oBaTenem,
npeaocTaBnaga KOPoTkMn 1-6anToBbIN WecTHaauaTtepuyHbin 'ID' 3HadyeHne (koTopoe
Ha3Ha4aeTcsa nocneaoBaTenbHO MO YMONYaHUIo Npuy 3arpy3ke / fobaBneHnn yCTpomucTaeo), Nioc
'Fam' CemenHbin kog ans atoro yctponcteo. UnoArduSim pacnosHaeT HebonbLuon Habop
kopoB cemenictBa ¢ V2.3 (0x28, 0x29, 0x3A, 0x42), nokpblBalOLWUN AaT4MK TeMnepaTypbl, 1
napanneneHbIn BBoA-BbIBo (PIO) YeTponcTea (Hepacno3HaHHbIN Kof, ceMecTBa aenaet
YCTPOWCTBO YHUBEPCanbHbIM 8-6aiTOBbIM BITOKHOTOM YCTPONCTBO C YHUBEPCATbHbLIM

AaT4YnKoMm.

Ecnun y cemencTia yctponcto HeT peructpoB PIO, pernctpel A0 a Takke D1 npeacraesnate nepebie gBa banTa
©rnokHoTa, nHaye oHu npegctaenstoT PIO Pernctp "status" (paktudeckmne ypoBHM pin) 1 perncTp gaHHbIX omkcaTopa
PIO pin cooTBeTCTBEHHO.

OT deoliHol wiennyok (Mnu xe wiesikHye npasol KHOMNKoU MbIiwu) Ha YCTPONCTBo, 6onblie OWIMonitor okHO
OTKpbIT. 13 aTOro 60nbLIero okHO Bbl MOXETE MPOBEPUTL BCE PErUCTPbI YCTPONCTBO, U3MEHUTL MECTOMOOXEHMS
6nokHota SCRO 1 SCR1, ncnonbaysa npaeku 1 nonsyHok (onsaTe xe, SCRO n SCR1 cooteeTcTBYIOT TONbKo A0 a Takke
D1 ecnu PIO otcyTcTtByeT), nnn yctaHosuTe BHelHue noatarusanus pin PIO. Korga SCRO n SCR1 pegaktupytorcs,
UnoArduSim 3anoMmnHaeT 3Tn oTpeakTUpOBaHHbIE 3HAYeHNS KaK nonb3oBaTenbckoe "npeanoyvteHune”,
npencraensolee HadanbHoe (Ha4nHas ¢ COpoc) 3HavyeHne, NpeacTaBnsolee 3Ha4eHe CO 3HaKOM, BbIBOAUMOE U3
YCTPOWCTBO; AaTYMK S - Non3yHok cbpackiBaetcst Ha 100% (macwtabHbl kKoadpduumeHT 1,0) BO Bpems
pedakTupoBaHus. Korga non3yHok BNOCNeAcTBMM nepemMellaercs, 'signed’ 3HadeHune B SCR1 ymeHbluaeTcs B
COOTBETCTBUM C NOMOXEHNEM nonayHka (MacwtabHbli koadpduumeHT ot 1,0 go 0,0) - ero yHKLMA NO3BONSET Bam
Nerko NpoBepPUTb peakLmio Ballero NporpaMma Ha nnaBHO M3MEHSIIOLMECS 3HAYEHNsT AaTuumka. ,

Ona yctponctso ¢ PO pins, korga Bbl ycTaHaBnusaeTe dnaxku yposHs pin, UnoArduSim 3anoMuHaeTt aTu
NPOBEPEHHbIE 3HAYEHNS KaK TeKyLUMe NOATArMBaHUSA NPUMEHSIIOTCA K pins. 3TN BHELLHWE 3HaYEHMs NOATArMBaHNS
3aTeM MCMonb3yHTCA BMECTe C AaHHbIMK 3aLuenku pin (peructp D1), 4ToGbl onpeaenvTb OKOHYaTenbHbIe
draKkTuyeckne ypoBHM pin 1 3axeub Unn noracuTb 3enexbl LED, npukpenneHHsin kK PIO pin (Tonbko pin "HIGH' ecnu
NPUMEHSIETCA BHELUHEE NoaTArMBaHue, a makxe coorseTcTByowmin D1 3aluenka HemHoro '1').

une OWI 1D 0x0

REG7 E
R+
REG6 E o
REGS o s
PIC4 R+

UHn QW 1D CheD

o MFr+
& M
PIOL R+
pio0 @ Flr+




FeHepaTtop c OauH-BoicTtpen ('1SHOT'

37101 'l/O' yCTPOMNCTBO 3MYNMpyeT OAHOKPATHbLIN BbICTPEN LU(POBON, KOTOPbIA MOXET reHepupoBaTb UMMYbC
BbIOpaHHOM MONAPHOCTM M LUMPUHBI UMMyrbca Ha ceoem 'Out’ pin, BO3HUKAIOLWMIA NOCINE YKa3aHHOW 3a4epKKu OT
dpoHTa 3anycka, nofny4yeHHoro Ha ero Tpr (TpuUrrepHbIn) BXxog pin. Kak ToNbKO yKka3aHHbIA OPOHT 3amnycka Mony4eH,
HaYMHAETCA CUHXPOHM3aLMS, a 3aTEM HOBbIV MMMYIbC 3anycka He OyaeT pacno3HaH, noka 'Out' nynbc 6bin
nponseedeH (M NOSIHOCTBH 3aKOHYEH).

OfHUM 13 BO3MOXHbIX NPUMEHEHWI 3TOr0 YCTPOWCTBO SABMASETCSA MOLENMPOBaHNE OaTUYNKN
yNbTPa3ByKOBOIO AManasoHa, KOTOpble reHepupyT MMMYIbLC AarnbHOCTU B OTBET HA UMMYIbC
3anycka. Ero Takke MOXHO UCNOMb30BaTh Be3ae, rae Bbl XOTUTE CreHepupoBaTh BXOAHOW cUrHarn
pin, CUHXPOHU3MPOBaHHBIN (Nocne BbIbpaHHOW BaMu 3a4epXKn) C BbIXOOHBIM CUrHaNoMm pin,
CO34aHHbIM BalLMM nporpamma.

'Pulse’ 1 3HaueHus 'Delay’ moryT 6bITb MacluTabrpoBaHbl U3 OCHOBHOIO OKHO MHCTpyMmeHT-Bar
YnpasneHue nonasyHkom 'l/O S' c pobaeneHmem cydpcukca 'S' (unu 's') unu ogmH (Mnu
o6a).

[pyroe ncnonb3oBaHne 3TOr0 YCTPOWCTBO - TECTUPOBAHWE NporpamMma, UCMob3YHLLEro NpepbiBaHUA, U Bbl XOTENN Obl
NMOCMOTPETb, YTO NPOM3OWAET, ECNK crieyuasibHass UHCMPYKUUs rnpozpamMma npepbiBaeTcd. BpemeHHo oTknounte
'I/Q' YCTpOMCTBO, KOTOPbIV Bbl NOAKMOUMNN K pin 2 (unu pin 3), 1 3ameHuTe ero Ha '"1SHOT' yCcTpoicTBO, K KOTOPOMY
'Out’ pin nogkntoyeH Kk 'Uno’ pin 2 (unun pin3, COOTBETCTBEHHO), 3aTEM Bbl MOXeTe 3anyCTuUTb ero Bxog 'Trg' (npu
YCNOBMUN YCTAHOBKN YyBCTBUTENBLHOCTM NepegHero opoHTa), BCTaBnB napa MHCTpykuui { 'digitalWrite (LOW) ',
'digitalWrite (HIGH) ' } mosibko G0 K MHCTPYKLMU, BHYTPU KOTOPOW Bbl XOTUTE, YTOObI NpepbiBaHmne
npousowno. YctaHosute 1SHOT; ¢ 'Delay' paccunTbiBaTb BpeMsi umMnyrnbca, reHepupyemoro Ha 'Out’, BHyTpu
WHCTPYKUUM NporpamMmma, KoTopas crnegyeT 3a 3ToW napon UHCTPYKUu 3anycka. OBpaTtnTe BHUMaHWE, YTO HEKOTOpbIe
WHCTPYKUUN MacKUpytoT NpepbiBaHns (Hanpumep, 'SoftwareSerial.write (byte) ', au Tak He MOXET ObITb
npepsaHo.

Peructp Casura Begombi ('SRSLV')

37107 'l/O' ycTponcTBo amynmpyeT NpoCTON perncTp casura yCTpOMCTBO C aKTMBHbIM HU3KnuM SS * ("BbiGop Begomoro")
pin ynpaenseT 'Dout’ Bbixog pin (korga SS * B npuoputete, '‘Dout’ 310 He TonkHyn). Baw nporpamma moxet
ncnornb30BaTh MYHKLUMOHAmbHbIE BO3MOXHOCTN BCTPOEHHbIN SPI Arduino o6bekT n bubnuoteku. B kavectse

anbTepHaTUBbLI, Bbl MOXETE Co34aTb CBOW COOCTBEHHbIN "OuToBLIN yaap" 'Din' a Takke CLK curHanbl K TONKHyM 31O
YCTPOWCTBO.

Iﬁ SRSLV Iﬁ YCTPOMCTBO OLLyLLaeT kpaesble nepexoabl Ha cBoeMm CLK Bxof, KOTOpbIN 3anyckaeT casur

TEm Deuz CBOEro perucTpa - nonsapHocTb BocnpuHumaeTcs CLK kpait MoxeT BbiTb BbiGpaH ¢ MoMOLLbIO

m paguo-kHomku ynpaenexusi. Ha kaxagom CLK kpali (BocnpuHMMaeMon NonspHOCTH), PErUCTP
000a0aan 3axBaTbiBAET €ro WyM YPOBEHb B NO3MLMIO MIlagLero 3Hadaulero 6uta (LSB) peructpa casura,

MOCKOSbKY OCTaBLUMecs 6UTbl OQHOBPEMEHHO CABUrAOTCS BMNEBO Ha O4HY NO3MLUIO B

Iﬁ Iﬁ lf . HanpaeneHun nosuuun MSB. Besaknii pas, korga SS * HM3Koe, TekyLlee 3Ha4YeHme B No3nuun
£S5+ CLE L MsB perucTpa casura TonkHyn Ha ‘Dout’,

9710t 'l/O' ycTponcTBo Ha camom gene siBnsetcs YicTbim 'Uno' Bepena ang Uno, kKoTopbin Bbl
MOXeTe nporpaMmma (C otaenbHbIM nporpamma), 4tobel amynuposaTts 'I/O' ycTpOUCTBO Ybe
noBefeHue Bbl MOXETE NOMHOCTLIO onpeaenuTb. Bl MoxeTe BbIGpaTh Ao YeTbipex pins (101, 102,
103 n 104), koTopble 3TOT NoAYMHEHHBIN 'Uno’ 6yaeT COBMECTHO MCMOMb30BaTh C MMaBHbIM
(ocHoBHBLIM) Uno, KOTOpbIN NOABRSIETCA B cepeanHe Bawero JlabopaTtopHasa Ckambs MaHenb,
Kak n B cnyyae ¢ gpyrum YcTponcTBa, Nobon aNeKTpU4ecknii KOHMNNKT Mexay 3TUM BEAOMbIM
'Uno’ n Begywmm 'Uno’ 6yaget o6HapyXeH n nomeyeH. Obpatnte BHUMaHue, 4To Bce obuimne pins
ABMAIOTCA HermocpedcmeeHHO CBSA3aHO, kpome pin 13 (roe mexay ABYMS pins npeanonaraeTcs
nocnegosaTenbHbIn peanctop R-1K, 4Tobbl NpeaoTBpaTUTh 3NeKkTpuyeckmin KoHnMKT Ha CBpoc, y aToro Begomoro
'Uno' He moxeT 6bITh 'I/O" YcTporcTBa cBoero. Ha pucyHke crieBa nokasaHbl 4 coeguMHeHus pin, koTopble 6yayT 4 pins
cuctembl SPI (SS *, MISO, MOSI, SCK) - aTo no3sBonuT Bam nporpaMmma 310 BeJOMOe YCTPOMCTBO KakK YyHMBEpCarnbHOEe
BEOMOE YCTPOWCTBO (Mnn BegyLlee ycTponcTeo) SPI, ube noBegeHne Bbl OnpenennThb.




OT deoliHoU wiesn4yok (Mnu xe wesikHye npaeol KHOMKOU MbIWU ) Ha 3TOM YCTPONCTBO OTKpbIBaeTCs 60nbLUMniA
OKHO, 4YTOObI NoKasaTb, YTo Yy aToro Begomoro 'Uno’ ectb cBoi Kog MaHenb a Takke cBsizaHHbIN NepeMeHHble
MaHenb Tak e, kak MmacTep 'Uno' umMeeT. Y Hero Takke ectb cBo MHCTpyMeHT-6ap, , KoTopblii Bbl MOXeETE
NCnonb30BaTh ANA Hagpy3Ka a Takke yrnpasesieHue 8bINoJIHeHUe NOAYNHEHHOIo NporpaMmma - 4eVCTBUS MUKTOrpaMm
UMEIOT Te Xe COYEeTaHWUs KnaBuLL, YTO U B rmaBHOM okHo. ( Harpyska sisnsietcsi Ctrl-L , CoxpaHuTtb sBnsetca Ctrl-S
Tak ganee.). lNocne 3arpy3ku Bbl MoxeTe BbinonHuTb 13 unu OcHoBHoM UnoArduSim OKHO Miv M3HYTPKW 3TOro
MOHUTOpa Begombili okHo - B ntobom criydyae Main 'Uno' nporpamma un Begombiin 'Uno' nporpamma ocTtatoTcs
3abrOKMPOBaHHBIMU B CUHXPOHU3aLIMUN C MPOXOXAEHMEM B peanbHOM BPEMEHU, TaK Kak UX UCTIONTHEHMS NPOABUratoTcs
Brneped. Ymo6bi esibpamb Kod lNaHenb, komopbili 6ydem umems 3a2py3Ka, MOUCK U ¢hOKYyC ebINoJIHeHue ,
wiennyok Ha e2o podumersibCKasi CmpoKa 3a20/108Ka OKHO - HeghokycupoeaHHbIl Kod MaHenb umeem ceoro
naHesb UHcmMpymeHmoe delicmeusi 3ameHeHbl

HekoTopble BO3MOXHbIE naen Ansa BeOoMOro YCTPOWCTBa, KOTOPbIN MOXET OblTb 3anporpaMMUpPOBaHHbI B 3TOT
'PROGIQ' yctponcTtso, nepeuncneHsl HUxe. [1na nocnegosatensHon amynauum 12C unu SPI ycTponcTBO MOXHO
MCNornb30BaTb COOTBETCTBYIOLLEE KOANPOBaHUE NporpaMMa ¢ MaccuBbl 4nis OycepoB oTnpaBku U NonyYeHus, B
nopsigke Ans UMUTauUmM CROXHOrO NOBeAEHMS YCTPOWCTBO:

a) Begywwmii unu segomeint SPI yctporcteo. UnoArduSimV2.4. MNpognun 'SPI.h' 6ubnuoteka, YToObl paspeLluntb
pexum Slave S {Pl yepes HeobsA3aTenbHbIV 'mode ' napameTp B 'SPI.begin (int mode = SPI_MASTR) ', fBHO
nepefath 'SPI_SLV' BbIGpaTh NOAYMHEHHbIA PEXUM (BMECTO UCMONb30BaHMA OCHOBHOMO PEXMMa MO YMOIYaHUIO).
Tenepb Bbl TaKKe MOXETE ONPeAenuUTb NoNb3oBaTeNbCKOe NpepbiBaHMe hyHKUMOHAMNbHbI MOgYNb (4aBanTe Ha30BEM
370 'onSPI' ) B nobom 'Uno' ons nepenaun 6atoB nyTem BbidoBa Apyroe Aob6aBreHHOe pacluMpeHmne
'SPI.attachInterrupt(user_onSPI) ', Cenuvac c Alling 'rxbyte=SPI.transfer (tx_byte) ' U3HYTPU
Ballero 'user_onSPI' (PyHKUMOHAINbHbIA MOAYMb OYUCTUT Priar NpepbiBaHns I BepHYTE: HEMEOJIEHHO C TOMNbKO
YTO MonyyYeHHbIM 0anTOM B BalleM nepeMeHHas 'rxbyte' , Kpome Toro, Bbl MOXeTe nsbexaTb NpUKpenneHms
npepbiBaHne SPl 1 BMeCTo 3TOro NpocTo No3BoHUTE ' rxbyte=SPI.transfer (tx_byte) ' U3HYTPW BaLIEro
OCHOBHOTO Nporpamma - 3ToT BbI30B OyaeT 6710k ebinosiHeHue noka 6ant SPI He 6bin nepenaH, 1 Gyader 3atem
BepHYTEL C HEABHO NMOMy4YeHHbIM GaToM BHYTPU 'rxbyte' ,

0) o6wmin nocnepoBaTenbHbIN 'I/0O" ycTporcTBO. Bam HyxxHO GygeTt obwatecst Mexay ogHuM 'SoftwareSerial’
onpefeneHHbln B Bawem rnasHoM 'Uno' nporpamma v gpyron, cosgaHHbIn B BegomMom 'Uno' nporpaMmma - OHU SOMKHbI
MCMNoNb30BaTh MPOIMUEBOINOJIOKHO ONpeaeneHHbIN 'txpin' a Takke 'rxpin' 3HaveHus, Tak 4yTo pab 'Uno’
'SoftwareSerial' Mnony4aet Ha pin, Ha KOTOPOM MacTep 'SoftwareSerial' nepenaet (Bbl HE MOXeETe
YCTaHOBMWTb aHanormyHoe coeauHeHve, ncnonb3ys the 'Serial’' nopt Ha pins 0 u 1 Ha oBeux nnarax, Tak kak asa
'Serial' NOTOKM ObINo Gbl TONKHYN nx TX curHanbl gpyr NpoTMB Apyra).

c) Obwun BegyLwmin unu nogumHeHHbln '12C" yctponcteo. Onepaumsi Begombin 6bina gobaeneHa ans 3aBepLUeHus
UnoArduSim; peanusaumsi 'Wire.h' 6mnbnmoteka (pyHKUMOHAmNbHbIE MOAYN 'begin (address) ',
'onReceive () ' a Takke 'onRequest' Tenepb ObINM peanu3oBaHbl AN NOAAEPXKKU onepaLuii B NOAYUHEHHOM
pexume).

r) yHuBepcanbHbivi LmdpoBor nynbcatop , C nomoubio 'delayMicrosseconds () ' a Takke

'digtialWrite () ' 3BOHKM BHYTpPU 'loop () ' B Bawem 'PROGIO' nporpamma, Bbl MOXeTe onpegenvTb 'HIGH' a
Takke 'LOW' uWHTepBarnbl nynbca. [lobaBnss otaencHbin 'delay () ' NO3BOHWUTE B CBOW 'setup () '
PYHKLMOHANbHBIN MOAYSb, Bbl MOXETE OTNIOXMUTL 3aMyCcK 3TOW NocneaoBaTernbHOCTM UMNYNbCOB. Bl faxe moxeTte
N3MEHUTb LUMPUHY UMMYIbCa Kak BPEMS NPOrpeccuMpyeT C MOMOLLBIO cHeTYMKa NepeMeHHast. Bbl Takke moxeTe
ncnonb3oBaTtb oTAeNbHbIN 'IOX' pin Kak Tpurrep A4ns 3anycka CMHXpoHM3aums amynupyemoro '1Shot' (unu geowniHoro,
TPOWHOrO 1 T. [1.) yCTPOMCTBO, 1 Bbl MOXETE KOHTPONMPOBAaThL NPOM3BOAUMYIO LLUMPUHY MMMYIbCa, YTOObI OHa
n3MeHsnach nobbIM XenaembiM 06pasomM C TeHEHMEM BPEMEHM.

[) cnyYanHbIn curHanusaTop. OT0 Bapuaums Ha LUUgpoBON NyNbCaToOpP KOTOPLIN TaKKe NCMONb3YeT 3BOHKU
'random () ' a Takke 'delayMicroseconds () ' reHepupoBaTb CryvariHble MOMEHTbl BpEMEHU, B KOTOPbIe
'digitalWrite () ' curHan Ha no6om BbIGpaHHOM pin, COBMECTHO MCMoMb3yemMoM ¢ Begywwimm 'Uno’. VMcnonbays
Bce yetbipe 'lOX’ pins gonyckaeT YeTbipe OAHOBPEMEHHBIX (M YHUKAIbHbLIX) curHana.

d) YHuBepcaneHbiv 'bit-banging' yctporicteo. Co3gante ntobble OUTOBbBIE MM TaKTOBbIE KOMOMHALUK, KOTOPbIE Bbl
XOTUTE, 4TobbI CUrHamMbI TONKHYN NocTynany B Nobyto noacncreMy Ha rmasHoM yctponctee 'Uno'. U 3anoMuu, Bbi
Mo)Xxeme ucrnosib3o8amsb /106020 paba 'Uno’' npoepamma uHcCmpyKkyuu unu nodcucmemsl, KOmMophble 8bl
xomume ,



UndpoBoin l'eHepaTop UMnynbcoBs ('PULSER')

3710 'l/O' ycTpONCTBO 3MYyNMpyeT NpoCTon LIMPOBOM MMMYMbCHOIO reHepaTop ocumnnorpaMmma, KoTopbii Ipon3soauT
NEepUOoANYECKUIA CUTHAT, KOTOPbIA MOXET BbiTb MPUMEHEH K NoObIM BbiOpaHHbIM 'Uno’ pin.

PULSER 02 LLnpuHbI Nepuod 1 UMNynbcoB (B MMKPOCEKYHAAX) MOXHO YCTaHOBUTL ¢ noMoLubio Edit-6okcbl-
& LT MWHUManbHbIA JONYCTUMBIA Nnepuogd cocTtaBnseT 50 MUKPOCEKYHA, @ MUHUMarbHas LWMpUHa
& 1T uMmnynbca coctabnsieT 10 MKc. Bbl MOXeTe BbIOpaTh MeXQy 3HAaYEHUSIMU CUHXPOHU3ALMS B

Pulse MuKpocekyHaax (‘usec') n munnumcekyHgax (‘'msec'), n aToT Bbibop 6yaeT coxpaHeH BMecTe ¢
1000 ApYrMMun 3HadeHusamMu, korga Bbl 'Save' ot KoHdumrypuposars | |/ O gnanor YcTponcTsa.
usecld Wmsec
Period BERLLLL MonapHocTu Takke MOryT BbITb BbIOpaHbl: Kak NONOXUTENbHbIE, NepegoBbiMU MMMynbebl (0T 0
Ao 5 B) unu otpuuatensHbix nepegosble uMnynscos (5B 0B).

3HaueHus 'Pulse’ u 'Period' moxHo macwtabuposaTb oT ocHoBHOro MHcTpymeHT-Bar 'l/0 S' macwTtabHo-takTop
cnangep ynpaeneHus, gobaenss B kadyectse cydpumkca 'S' (unm 's') kK ogHomy (Mnm o6a). ITo No3BoMsieT 3aTeM
n3meHuTb 'Pulse’ nnmn aHadeHmne 'Period’ OuHaMu4HoO BO BPEMS BbINOSHEHME.

AHanorosbin F'eHepaTop PyHkuun ('FUNCGEN'

37101 'l/O' yCTPOMCTBO SMYNMpyeT NPOCTON reHepaTop aHanoroBbI OCLMANIorpaMmma, KOTopbl reHepupyeT
nepuoanyecKnin curHar, KoTopbin MoXeT BbiTb NPUMEHEH K niobomy BeibpaHHomy 'Uno' pin.

FUNCGENE 42 Mepwviog, (B MUKPOCEKYHAAX) MOXHO YCTaHOBUTL C MOMOLLbIO MOMNS pefakTUpoBaHUS -

(@) T T MWUHUMAnbHO LI,OI'IyCTI/IMbIIZ nepunoa coctaBlideT 100 MUKPOCEeKyHA. ocuunnorpamma, KOTOprIZ
SRV AV AW OH C030aeT, MOXET ObITb Bbl6paH CuHycoungalnbHbIM, TPEYroJibHbIM UIKA FIVIJ'IOO6pa3HbIM (,EI,J'IH

C 1] CO3aHusa NPSIMOYroNnbHOM BOMHbLI Ucnonb3ynTte smecTo atoro 'PULSER'). B meHbLUMe nepuoabl
. Anst MoAenMpoBaH1s NPOU3BeAEeHHOro OCLUMINIorpamMmma UCronb3yeTcsd MeHbLUee KOnMYecTBo

. LIEic 06pasLoB 3a umkn (Tonbko 4 obpasua 3a umkn B nepuog = 100 MUKpoceKyHz).
Feriod 54000

'Period’ 3HauyeHMe MOXHO MacliTabmpoBaTb N3 OCHOBHOIO OKHO MHCTpyMmeHT-Bar YnpasneHue
Non3yHKOM mMacLuTabHoro koadpdumumenTa 'l/O S' nytem gobaeneHus B kadecTtBe cyddumkca 6yksbl 'S' (unn''s’).

LWaroBbin MoTtop (‘STEPR')

37101 'l/O' yCTPOMCTBO aMynMpyeT GUNONApPHbLIA UM YHUMOSSIPHBIN LWaroBbi ABuratenb 6 B co BCTPOEHHbIM
KOHTPOINIEpOM TonKaTenb TONKHyN. nMbo aBa (Ha P1, P2 ) unu yetbipe (Ha P1, P2, P3, P4 ) KOHTpOmbHbIE
curHansl. KonnyecTBo waroB Ha 060poT Takke MOXET ObITb YCTaHOBMEHO. Bbl MoXeTe 1Mcnosb3oBaTth ' Stepper.h'
YHKLMOHanbHble Moaynu 'setSpeed () ' aTakke 'step () ' Ao TonkHyn 'STEPR'. Kpowme Toro, 'STEPR' 6yget
makxxe omeemumsb k cebe 'digitalWrite () ' " GuTOBBIE"CUTHAMBI TONKHYI.

Iﬁ STEPR Iﬁ MOTOp TOYHO CMOAEeNMPOBaH Kak MexaHN4YeCKu, TakK U 3N1eKTPU4EeCKN. MOTOp-TOJ’IKaTeJ'Ib
p3 nageHuna HanpsaxxeHna n UsSMeHqarlLleeca conpotmeneHne n MHOYKTUBHOCTb MOAENTUPYOTCA

— Hapsay ¢ peanucTUYeckMMm MOMEHTOM UHEPLIMM OTHOCUTENBHO YAEePKMBAKOLLETO MOMEHTA.
. i+ | OOMOTKa poTopa ABuratens umeeT cmoaennpoBaHHoe conpoTueneHme R =6 Om 1
2 4| nHOyKTUMBHOCTL L = 6 Munnu-F'eHpwu, koTopasi co3aaeT ANEKTPUYECKYIO MOCTOSIHHYIO BPEMEHMN

p2 steps Ppa| 1,0 munnucekyHabl. M3-3a peanucTMYHOrO MOAENMPOBAHUSA Bbl 3aMETUTE, YTO OYeHb y3kue
Iﬁ m Iﬁ UMMYNbCbl YNPaBNEeHUS pin He rosyYarom war ABUraTerns - Kak U3-3a KOHEYHOro BPEMEHMU
HapacTaHus ToKa, Tak U U3-3a BIIUAHUS MHEpPLMM poTopa. OTO COrmnacyeTcs C TEM, YTO
HabnogaeTcs Npu ynpaeneHnn peanbHbIM WaroebiM gsuratenem ot 'Uno’ ¢, KOHeYHo, U mpebyemcsi ) uin gBuratens
TonKaTtenb Mexay nposogamu asuratens u 'Uno'l

HecuacTHbI oumnbka B ApaymHo 'Stepper.h' Koag 6ubnmoTtekm o3HavaeT, UTo npu copoce warosbi ABUratenb He
Oynet B nonoxeHun LWar 1 (13 yeTbipex waros). YTo6bI NpeogoneTb 3710, NOMb3oBaTeNb AOMMKEH UCMONb30BaTh
'digitalWrite() ' Bero/ee 'setup () ' pyTvHa ANs MHULMANU3aLUUN KOHTPOMNbHbLIX YPOBHEW pin A0 'step (1) '
YPOBHMU, cooTBeTcTBYOWMe 2-pin (0,1) nnn 4-pin (1,0,1,0), n no3sonsoT asuraternto 3a 10 MUNNMCEKYHA NepenTn B
MCcXogHoe 3aJaHHoe nonoXxexHune asuratens B 12 yacos.

AC Bepcun 2.6, 3TO YCTPOWCTBO Tenepb BkNtoyaeT B cebs 'sync' LED (3eneHbir A4ns CUHXPOHU3AaUMN U KPacHbIN Npu



BbIKITFOYEHWUN OAHOMO UIN HECKONbKUX LaroB) .Takke, B OOMOMHEHME K YMCNY LWaroB Ha 060pOoT, ABa JOMNONHUTENBHbIX
(CKPbITbIX) 3Ha4YeHUs MoryT HeobsizaTenbHO ObiTb ykasaHo B I0ODevs.txt daiin, 4Tobbl oNpeaennTbs MexaHU4eCKyo
load-, Hanpumep, 3HadyeHmne 20, 50, 30 onpegenstoT, 20 WaroB Ha 060POT, MOMEHT MHEpPLIMK Harpy3ku B 50 pas, 4To
cam poTop ABuraTtensi, 1 KpyTAWmMiA MOMEHT Harpy3sku Ha 30 NpoueHTOB MOMHOW hMKCaLMM MOMeHTa ABuraTens.

O6paTnTe BHMMaHWe, 4To pedyKkmop He noddepxusaemcsi HanpsiMyro 13-3a HegoctaTka MecTa, HO Bbl MOXeETE
3MynMpoBaTh €ro B CBOEM MporpamMmma, BHEAPUB CHETYMK MO Moaynto N nepeMeHHas 1 Bbi3biBas TONbKO 'step () !
Korga aToT cyeTymk gocturaeT 0 (4ns ymeHblUeHns nepegayn Ha koadpduumeHT N).

Nynbcupyrownii Laroebit Motop (‘PSTEPR')

Ot0 'l/O' ycTpocTBO amynupyeT 6V Mukpo-wazo8bit GunonsapHbii Larosein MOTOp CO BCTPOEHHLIM KOHTPOMEPOM
TONKaTenb TONKHYM MO UMNYIbCHLIN 'Step’ pin, akTuBHble HU3kMI "EN*' (BkntounTs) pin, n 'DIR' (HanpaeneHue) pin ,
KonnyecTBo MOMHbIX LWaroB Ha 060POT Takke MOXET OblTb YCTAHOBINEHO HEMOCPEACTBEHHO, BMECTE C KONTIMYECTBOM
MMKPO-LUAroB Ha nonHbiv war (1,2,4,8 unun 16). B gononHeHne K 3TUM yYCTaHOBKaM, ABa AOMOMHUTENbHBLIX (CKPbITbIX)
3Ha4YeHUs MoryT HeobsizaTtenbHO ObiTb ykasaHo B |IODevs.ixt dpann, YTobbl onpegenuTb MexaHudeckyto load-,
Hanpumep, 3HadeHue 20, 4, 50, 30 onpegenstoT, 20 waros Ha 060pOT, 4 MMKPO-LLAroB Ha MOJTHbIN LUAT, MOMEHT
NHepumn Harpy3ku B 50 pas, 4To aneKkTpoaBuratens poTop cam no cebe, 1 KpyTaLWMn MOMEHT Harpy3ku B 30
NPOLIEHTOB OT NOSHOM hMKCaLMM MOMEHTa ABuUraTensi.

Bbl omkHbI HanucaTtb kog Ans TONKHYIN ynpasneHna pins COOTBETCTBYHOLLNM o6pa30M.

F"STEF"R [Buratenb TOMHO CMOAENNPOBAaHbI KaKk MEXaHUYeCKU, Tak 1 anekTpuyeckn. MoTop-TonkaTenb
EN* DIR| HanpsbkeHue nagaeT v Bapbupys HEXeNaHe U UHAYKTUBHOCTb MOAENMPYIOTCSA BMECTE C
peanvcTU4eckMmM MOMEHTOM MHEPLIMM OTHOCUTENBHO YAEPXKMBAOLWEro MoMeHTa. [Buratens
0obMOTKa poTopa MMeeT CMoAeNMpoBaHHyto conpoTuereHme R = 6 Om 1 nHOyKTUBHOCTL L = 6
MUINMNU-TeHPU, KOTOPbI CO3aEeT SNEKTPUYECKYO MOCTOSHHYIO BpeMeHM, paBHyto 1,0 Mc.
STEP steps micro
370 yCTPOICTBO BKMoYaeT B cebst xenThint 'STEP' aktueHocTb LED, 1 'sync' LED (3eneHbin
ONSi CUHXPOHM3ALIMKN UMW KPacHOTo LiBeTa Npwu OTKIIOYEHUM OHOMO UM HECKOMNbKUX LIAaroB).

DC Motop ("MOTOR'

97101 'l/O' yCTPONCTBO MMUTUPYET 6-BONLTOBLIN ABUraTenb NOcTosiHHOro Toka 100: 1 ¢ BCTPOEHHBIM KOHTPOJIIEPOM
TONKaTerb TOMKHYIT CUTHANOM LUMPOTHO-UMMYSIbCHOW MOAYNAUUN (Ha ero WMPOTHO-UMMNYNbCHAA MOAYNALMA BXO4)
W ynpasnsioLWwmm curHan HanpaeneHus (Ha ero Dir Bxoa). [iBuraTtens Takke UMEET BbIXOA 3HKOAEepa Koneca, KOTopbIn
Tonkaet Ha ero Enc Bbixog pin. Tel MOXeLUb MCMONb30BaTh 'analogWrite () ' K TONKHYM WMPOTHO-UMMNYNbCHasA
moaynsiuma pin ¢ 490 Ny (Ha pins 3,9,10,11) unn 980 Iy (Ha pins 5,6) ¢ LWIMPOTHO-UMMYMNBCHOW MoayNsLUMen
ocuunnorpamma ¢ pabounm umknom ot 0,0 o 1,0 ( 'analogWrite () ' 3HadyeHus oT 0 go 255). Kpome TorO,
'MOTOR' 6yaeTt makxe omeemumeb K cebe 'digitalWrite () ' ™ GutoBble"CUrHanNbI TOMNKHYI.

MoTop TOYHO CMOAENUPOBaH Kak MEXaHUYECKM, TaK 1 NeKTPUYecKkn. YyYeT nageHun
|E HanpshXeHUs Ha TpaH3UCTope ABUraTens Tonkartenb U peanMcTUYHOro KpyTALWEero MoMeHTa
Enc| 3yBuatoro koneca 6e3 Harpy3ku 4aeTt NosHyl CKOPOCTb NMPUMEPHO 2 0bopoTa B CEKyHAY, a
KPYTSALLMIA MOMEHT COCTaBMSAET YyTb bornee 5 kr-cm (Npu noctosiHHOM pabodem umkne WM
1,0) c cymmapHbIi MOMEHT MHEpUMW ABUraTens Mroc Harpyska 2,5 kr-cm. ObmoTka poTopa
Dip OBuratensi UMeeT cMofenmpoBaHHoe conpoTuenerre R = 2 Om u nHgyktusHocTs L = 300
MKIH, YTO CO34aeT ANEKTPUYECKYHO MOCTOAHHYI0 BpeMeHn 150 mukpocekyHa. MN3-3a
Iﬁ peanvMcTMYHOIro MOAENMPOBAHNS Bbl 3aMETUTE, YTO OYeHb y3kue nmnynscol LM He
ronyyatom BpalleHue ABuraTens - Kak u3-3a KOHEYHOro BpEMEHM HapacTaHWs Toka, Tak U 13-
3a 3HAYUTENBHOrO BPEMEHW MPOCTOS MOCIE KaXaoro y3koro nmnynbsca. OHn 06beauHATCS, YTOObI BbI3BaTb
HEe4OCTaTOYHbIA MMMNYNBC POTOPA, YTOObLI MPEOAONETb MPYXMHHYIO 3aLUenKy peaykTopa npy CTaTu4eckoM TPEHUN.
Cneacteue npu NCNONb30BaHMM 'analogWrite () ' pabounit uukn Hwxe npumepHo 0,125 He 3acTaBuT aBuraTernb
CABUHYTBLCSA - 9TO COrnacyeTcs ¢ Tem, YTo HabnogaeTca Npy OBMXXEHUN peanbHOro peaykTopHoro asuratens ot 'Uno’
C, KOHEYHO, COOTBETCTBYIOLWMM ( U mpebyemcsi ) Mogynb ABuratenst Tonkatens Mexay gsuratenem un 'Uno'l.

ﬁ MOTOR
Prm

[atuuk amynsaumm asuratens - 3To 4aT4MK ONTUYECKOro NpepbiBaHNs, YCTAHOBMNEHHLIN HA Barny, KOTOPLIN
BblpabaTtbiBaeT 50% -HbI pabo4mi LMK ocumMfiorpaMmma, MMeoLLmMi 8 NomnHbIX NepMoaoB BbICOKONO-HU3KOIO 3a OAMH
0bopoT korneca (No3TOMy Ball NporpaMma MOXeT BOCNPUHMMATL N3MEHEHWST BPaLLEHUS Koreca ¢ pa3pelueHmem 22,5
rpagyca).



CepBomoTop ('SERVO'

37101 'l/O' yCTPOMNCTBO MMUTUPYET 6-BOMLTHLIM CEPBONPUBOL, NOCTOsIHHOrO Toka PWM-TonkHyn ¢ ynpasneHuem
nonoxeHvemM. MexaHU4ecKkne n anekTpuyeckne napaMeTpbl MOAENUPOBaHMA Ana paboTsl cepBonpuBoga OyayT TOYHO
COOTBETCTBOBATbL NapaMeTpaM CTaHgapTHOro cepeonpueoga HS-422. CepeonprBoa MMeET MakCumarbHYH CKOPOCTb
BpaLleHunsa okono 60 rpagycos 3a 180 munnucekyHa , Ecnun neBbin HUXKHUIA (braXok ycTaHOBMEH, CEPBONPUBOL,
CTaHOBUTCS HernpepbieHOe 8paujeHue CepBONPMBOL, C TOM e MaKCMaribHOW CKOPOCTbIO, HO TeNepb LWNPpMHA
umnyneca LM ycTaHaBnmBaeT ckopocmb a He Yron

SERVO IE

Baw nporpamma gomkeH MMeTh '#include <Servo.h>' NMHUSA, Npexae Yem oobABUTb
'Servo' 3k3eMmnnsAp (bl) ecru 8bl pewume Ucrob308amb hyHKUUOHaIbHOCMb bubruomeku
‘Servo.h' Hanpumep, 'Servo.write() ', 'Servo.writeMicroseconds () ' Kpome Toro,
'SERVO' Takke pearupyeT Ha 'digitalWrite () ' "ButoBble" curHanbl. M3-3a BHYTpeHHEN
peanusauun UnoArduSim, Bbl orpaHmyeHbl 6 'SERVO' YcTponcTea.

| e

Mbe3sosanexkrpuuyeckuin AvHamuk ('PIEZO'

Iﬁ PIEZO OTOT yCTPOMCTBO NO3BOMSAET BaM "NMpocnyLInBaTh" curHansl Ha nobom Bb16paHHOM 'Uno’ pin n
MOXET ObITb NOMNe3HbIM AONOMHEHNEM K CBETOAMOAAM Afsl OTNaAKV Ballen onepauummn nporpamma.

Bbl Takke MOXeTe NOBECENUTLCS, Urpast COOTBETCTBYIOLLME MeNoann ' tone () ' a Takke

"delay () ' 3BOHKM (XOTS 1 HET NPSIMOYIOMNbHOW hUMBTPALIMM OCUMUINorpaMmMa, No3TOMY Bbl HE

ycnbiwmnTe "4nCTbIX" 3aMeTOK).

Bbl Takke MmoxeTe npocnywmBate nogkntoveHHbin 'PULSER' unn 'FUNCGEN' yctpoicTeo, nogkntoums 'PIEZO’ k pin,
KOTOPbIA YCTPONCTBO TONKAET Ha.

Ckonbxxenue Pesucrop ('R=1K"'

R=1K Iﬁ OTOT yCTPOMCTBO MO3BOMSAET NOMb30BaTenNto nogkntoydatecs k 'Uno' pin nnbo ¢ MOBbILIAIOLNM
conpotmeneHuem 1 kOm go + 5 B, nmbo ¢ noHwxkawwmm pesmctopom 1 kKOM ¢ maccon. 3To no3eonseT
ij BaM MOENMpoBaTh anekTpuyeckue Harpysku, nobaBneHHble K peanbHOMY 06opyaoBaHUIO
J; YCTPOWCTBO. LLienkHyB neBoin KHOMNKOW MbILLK MO NON3YHKY mesio Bbl MOXeTe nepekniovaTh XKenaemMbin
BbIOOp NOATArMBaHMS UK BbiNagatoLlero. Vicnonb3oBaHWe 0QHOMO UM HECKOMNbKUX U3 3TUX
YcTponcTBa NO3BONUT BaM YCTAaHOBUTbL OOUH (MNN HECKOMBLKO) -OUTHBIN "koa" Ans Ballero nporpaMmmMa
ONs YTEeHUs U oTBeTa.

Tonkatb-KHonka ("PUSH'

PUSH 31071 'l/O' YyCTPONCTBO IMYNUPYET HOPMarkbHO OTKPLIThIN M2HoeeHHoe UTTU ¢ ghukcayueti

L3tct ofHononwcHagda, ogHonontocHasa (SPST) kHoMKa € Harpy3o4HbIM (M NOHWXaLWmMM) pesunctopom 10
o kOM. Ecnn ans ycTporcTBo BbibpaH NepexogHbli pexum ¢ nepegHnM hpoOHTOM, KHOMOYHbIe
{i: o KOHTaKTbl OyayT NOOKMOYEHbI MEXAY YCTPOMCTBO M pin Ao + 5 B ¢ onyckaHuem 10 KOm Ha 3emnio.

Ecnu ansa ycTponcTBo BbIGpaH nepexoq no PpoHTY, KHOMOYHbIE KOHTaKTbI ByAyT NOAKI0HYEHb! MEXOY
PUSH YCTPOWNCTBO 1 pin 1 3emnen ¢ HanpsbkeHnem 10 kOm o + 5B.

ol LLlenkHyB NIeBON KHOMKOWM MbILIM MO KHOMKE UMW Haxas tobyto KnasuLLy, Bbl 3aKpblBaeTe KOHTaKT
B @ 1 | KHOMKW. B MOMeHmanbHbIl pexmm, OH OCTAeTCs 3aKpbiTbiM, NOKa Bbl YAEpXKMBaETe KHOMKY MbILN
= UNW KnasuLly, 1 B 3aLlenka pexum (BknoyaeTcsa Haxkatmem Ha 'latch' kHomka) oH ocTaeTcs
3aKpbITbIM (M APYroro LBeTa), Noka Bbl HE HaXKMeTe KHOMKY elle pas. OTCKOK KOHTaKToOB (B TedeHue 1
MUNNMCeKyHAbl) OyaeT NPpon3BOANTLCS Kaxabli pa3, korga Bbl MCMOMNb30BaTh K1aguwa OJis uHmepeasio8 HaxaTb Ha
KHOTKY.



LiBetHou LED ('LED")

I:I LED Bbl MoxxeTe nogkntountb LED mexay BbibpaHHbIM 'Uno’ pin (4epes ToKoorpaHUYmMBatoLLuUn pe3nctop ¢
conpotueneHnem 1 KOM CKpbITOM cepun BCTPOEHHBIN) NMOO K 3emne, nnbo K + 5B - aTo AaeT Bam
Q () ) BO3MOXHOCTb BKMOUNTL NnoaceeTky LED, korga nogkntodeHHbIn 'Uno' pin "HIGH ' unuv BMECTO Korga
(® OH siBNsieTcs 'LOW',
S LiBeT LED moxeT 6bITb BbiGpaH kak kpacHbin ('R'), xentbii ('Y'), 3eneHbii ('G') unu cunui ('B'),
T NCronb3ysi ero norne pegakTupoBaHuUs.

4-LED pap ('LED4’

LED4 By moxere nogkniounTs atoT pan U3 4 LBETHbIX CBETOANOA0B MeXay BbiGpaHHbIM Habopom 'Uno'

lofa pins (kaxablii U3 KOTOPbIX MMEET ToKoorpaHmumBeatoLwmii peamctop 1 KOM co cKpbITOl cepuen
00 BCTPOEHHbIN) K 3a3eMIeHNo Unn k + 5 B - 3To gaeT Bam BO3MOXHOCTb BbiGopa CBETOAMOAOB. Koraa
I 0 nogkmntodeH 'Uno' pin 'HIGH ' unv BMECTO Korga oH siBnsieTcs 'LOW',

The "1of4' MNMone BBOAA pin NPUHMMAET OOHO YMCIO pin, KOTOPOE ByAEeT 03Ha4YaTbL NepebIl U3 Yyembipex Nodpso 'Uno'
pins, KOTOPbI NOAKMYMTCS K 4 cBEeTOaMOOaM.

Liset LED ('R, 'Y', 'G' unun 'B') ABnsieTca cKpbimasi onyusi 3T0 MOXET ObiTb 6bIMb 8bI6PaHHBIM MOJILKO
pedakmupoeaHue |ODevices.txt ¢halin (koTopblli Bbl MOXeTe co3aaTh ¢ nomoLlblo CoXpaHUTb OT
KoHdmrypupoBarth | 'l/O' YcTponcTBa AnanoroBoe OKHO).

7-cermeHTHbIN LED Lindpa ("7SEG')

Bbl MOXeTe NOOKNIOYNTL 3TOT 7-cermeHTHbIN agucnnen Ludpa LED k BbiBpaHHbLIN Habop yemsbipe
nocsiedoeamenbHbix 'Uno’ pins, komopbie darom ko0 wecmHaduyamepuYHbil ons Tpebyemoro
oTobpakaemoro undpa (ot '0' go 'F') 1 BknouMTE MK BIKNOYKUTE 3TOT umdpa ¢ nomoLbio CS * pin
(active-LOW gnsi ON).

OTOT YCTPONCTBO BKMOYaET B cebs Aekoaep BCTPOEHHBIN, KOTOPbLI MCNonb3yeT akmueHbiti BbICOKUM yposHu Ha
yeTblpex nocnegoBaTenbHblX "10f4' pins ons onpegeneHns 3anpallnBaeMoro WecTHaauaTepuyHbin umndpa ans
oTobpaxeHusi. YpoBeHb Te Ha caMOM HM3KOM HOMepe pin (TOT, KOTOpPLIN oToOpaxaeTtcd B "1of4" none
pedakTMpoBaHus) NpeacTaBngeT Mnagwun 6mt 4-6MTHOro koga WecTHaaLaTEPUYHbIN.

LiBeT cermeHToB LED ('R’, 'Y, 'G' unu 'B') sBnsieTca ckpbimast onyusi 3T0 MOXET ObiTb 6bIMb 8bI6PaHHBIM MOJILKO
pedakmupoeaHue |ODevices.txt ¢halin Bol MmoxxeTe co3gath ¢ nomoubto CoxpaHuTtb oT KoHdurypuposaTs | 'l/O*
YcTponcTBa AnanoroBoe OKHO.

AHanoroBbit Cnanngep |
+5\

Mon3syHkoBbIn noTeHunomeTp 0-5 B MmoxeT ObITb NOAKNYeEH K ntodomMy BeibpaHHOMY 'Uno' pin ans

NonyyYeHnst CTaTU4eCcKoro (MM MeaneHHO MEHSIIOLLIEroCs) YPOBHS HaMPsXKeHNs aHanoroBbIn,

KoTOpbI ByaeT cunTbiBaThCs 'analogRead () ' Kak 3HadeHue ot 0 go 1023. Micnonb3yinTe Mbllb,

4yTOObl MEepeTaLmTb, UK HaXXMUTE, YTOObI NpbIraTh, Cnangep aHanoroBbIn. -

Pin Nepembiuka (‘JUMP'

JUMP

Pin Pin

ov

Bbl MOXeTe nogknounTs gsa 'Uno' pins BMecTe C MOMOLLbIO 3TOr0 YCTPOMUCTBO
(ecnu kakon-NMBO ANEKTPUYECKUA KOHPIUKT OBHapYXeH Npu 3anofHeHUn BTOPOro Homepa pin,
BblOpaHHOE coeguHEHME He paspeLLaeTcs, U pin OTKNoYaeTcs).
l_ l_ OTa nepemMblyka YCTPOMCTBO UMEET OrpaHUYEHHYHO NONe3HOCTb U Hanbonee nonesHa B codeTaHun ¢

npepbiBaHUAMU AN TECTUPOBaHMS NporpaMMa, SKCNepMMeEHTOB U y4ebHble uenu. HayuHasi ¢
UnoArduSim V2.4, ebl Moxeme o6Hapyxumb, Ymo ucnosnb3oeaHue 'PROGIO’ ycmpoiicmeo
npednazaem 6osbWyr0 2ubKOoCcMb, YeM MemoOdbl NPepPbI8aHUsT MOJIKHYJI, NpueedeHHbIe HUXEe.,

Bot TP BO3MOXXHbIX BapuaHTa MCMNoJfib30BaHNA 3TOIo yCTpOVICTBOZ

1) Bbl MOXeTe co3damb 6x00 yughpoeoli 017 mecmuposaHUsi eawie2o npozpamMma KoTopbli meeT Gonee



CMNOXHbIV CUHXPOHU3aUNS, YEM MOXET BbITb Mpou3BedeH ¢ Ucnonb3oBaHmemM noboro n3 Habopa CraHgapt 'l/O'
YCTpoKcTBa, a MUMEHHO:

Onpepenutb NpepbiBaHne OyHKUMOHanbHbIA MogyNnb (Ha3oBeM ero 'myIntr') m genatb
'attachInterrupt (0, myIntr, RISING)' BHyTpu Bawero 'setup()'. lNogknounte nynbcatop OT
YCTPOMCTBO A0 pin2 - cenyac 'myIntr () ' O6yaet BeinonHUTh Kaxabln pas nynbCcaTop BO3HMKAET HapacTaloLwwumii
@pOoHT. Bawl 'myIntr () ' QyHKUMOHAmNbHBLIA MOAYMb MOXET ObiTb anropMTM y Bac €CTb 3anporpaMmMnpOBaHHbIN
(ncnonb3ays rmobanbHbI CHETYMK NEPEMEHHbIE U, BO3MOXHO, Aaxe 'random()') W3roToBWTbL OcuuniorpaMmmMma
BaLlero cobCTBEHHOro An3anHa Ha nbon JoCTynHOW 'OUTPUT ' pin (gonyctum, ato pin 9). Cenvac MPbIFATb pin
9 no Bawemy xenaHuto 'Uno’ 'INPUT'pin, 4TOGbI NPUMEHUTL CreHeEpPUPOBaHHbIV LIMPOBOI OCcLMIIiorpaMmma K
3TOMY BX0Ay pin (4ToObl NPOBEPUTL Ball NPOrpaMMa; OTBET 3TOM0 KOHKPETHOMO ocuunniorpamma). , Bel moxeTte
reHepuMpoBaThb NOCNeAoBaTeNbHOCTb UMMYNLCOB, MW NOCNeAoBaTeNbHbIE CUMBOJSIbI, UM MPOCTO rPaHNYHbIE
nepexoasbl, Nto6or NPOM3BOSIBHOWM CIIOXHOCTM U C pa3nuyHbiMK MHTepBanamu. ObpaTute BHUMaHWE, YTO eCnu
BalLl OCHOBHOW NMporpamma 3BOHUT 'micros () ' (Unu Bbi3biBaeT Ntobon yHKUMOHANBbHBLIN MOAYIb, KOTOPbI
ronaraeTcs Ha Hero), ero 'return' 3HadeHue 6ydem ysesiu4eHO No BpeEMEHU, NPOBEAEHHOMY BHYTPU BaLlero
'myIntr () ' PyHKUMOHANbHLIA MOOYNb KaxAabli pas, korga npepbiBaHne cpabatbiBaeT. Bl MoxeTe nponsBecTy
ObICTPbIN BCNIECK TOYHO PACCUYUTaAHHBIX TPAHEN, NCMONb3ys BbI30Bbl 'delayMicroseconds () ' oT BHYyTpM
'myIntr () ' (BO3MOXHO, YTOObI CO3aaTh Lenbii 6alT N3 BbICOKasa nepefadya CKOpoCTb nepeaayn), unm npocto
creHepupoBaTh OAMH Nepexoq 3a npepbiBaHne (BO3MOXHO, AN reHepauun oauH 6UT nepefadn ¢ HU3KUM
YPOBHEM CKOPOCTb Nepeaaydun) ¢ nynbcaTop ycTponcTeo 'Period’ BbiOpaH B COOTBETCTBUM C BaLLMMMU
NoTPEBHOCTAMN CUHXPOHMN3ALMSA (HAMOMHUM, YTO MyNbCcaTop orpaHuyMBaeT ero MuHuMmym 'Period’ fo 50
MUKPOCEKYHA).

2) Bbl MoxeTe kcrepuMeHm ¢ nodcucmemoli o6pamHol cessu:

Hanpuwmep, otkniounte 'SERIAL' 'I/O' yctporictso TX '00' pin (oTpegaktupynTte ero nycTteiM), a 3atem NPbIFATb
'Uno’ pin '01' BepHyTbcsA K 'Uno’ pin '00" amynupoBaTh annapaTtHyto netnto ATmega 'Serial' nogcucrema.
Tenepb B BalleM TecTe nporpamma, BHyTpU 'setup () ' cAenatb He 3aMyeM 'Serial.print()' M3 CNoBo
W CUMBOS, Y BHYTPM Balero 'loop () ' BEPHYTb BCe MOJyYEHHbIE CMMBONbI (Korga 'Serial.available() ')
caoenaB 'Serial.read() ' CcnocrneaywowWmM 'Serial.write () ', a 3aTeM NOCMOTPETh, YTO NpomncxoauT. Bhl
MOITIN 3aMEeTUTb, YTO MOXOXUIA 'SoftwareSerial' netnd-obpaTtHo He ydacmces (Kak 3710 6blno Obl B peanbHOu
XM3HU - NporpaMmHoe obecnevyeHne He MOXET JenaTtb ABe BeLu OOHOBPEMEHHO).

Bbl Takke moxeTte nonpobosaTte SPI 3auuknueaHue ¢ nomoulbto MPbIFATb nogkntounts pin 11 (MOSI) o6paTtHo Kk
pin 12 (MISO).

3) Bbi Moxxeme nodc4yumamae Kosiudecmeo u / unu usmMepums UHmepeasn mexdy nepexodamu
onpedesiIeHHO20 ypoeHsi Ha Ntbom 'Uno’ ebixod pin X KOTOPblE NPOUCXOOAT B pe3ysbraTe CrOXHOIo
MHcTpykums Arduino unm émbnuoteka dyHKUMOHAmNbHLIA MOAYNb (Kak NpuMepbl: 'analogWrite () ', Unun xe
'OneWire: :reset() ', N xe 'Servo: :write() ') , cnegywoilee:

MPbIFATb pin Ukc npepBatb pin 2 1 BHyTpW Bawero 'myIntr () ' ucnonb3oBatb 'digitalRead() ' u
'micros () ' BbI30B, N CPABHUTbL C COXPaAHEHHbIMY YPOBHAMU U BpeMeHeM (0T npeabiayLumnx npepbisaHui). Mpu
HeobXxoaMMOCTH Bbl MOXETE N3MEHUTb YYBCTBUTENLHOCTb K KpasiM 411 CNeayoLwero npepbiBaHns, C MOMOLLBHO
'detachInterrupt() ' aTakke 'attachInterrupt () ' oT éHympu Baw 'myIntr () ' , O6patute BHUMaHue,
YTO Bbl HE CMOXETE OTCIEXUBATL Pin Nepexoabl, KOTOpble NPOUCXOOAT CIIULLIKOM Brnm3ko Apyr K apyry (bnvke, yem
obuiee BpeMsi BbINONHeHWe Baw 'myIntr () ' YHKUMOHAmMbHLIA MOAYMb), HANPUMeEp, Te, KOTOPble MPOUCXOAST C
nepegadvamu 12C nnu SPI, nnn ¢ BbICOKUM CKOPOCTb Nepefaymn 'Serial' nepeBodbl (Qaxe ecnu Balle
npepbiBaHe PyHKUMOHANBHBLI MOAYIb He BydeT MeluaTb Nepexoay CUHXPOHM3auUs 3TUX annapaTHbiX nepegady).
Tarke obpaTnTe BHMMaAHWE, YTO NPOrpamMMHO-0NOCpPef0BaHHbLIE NepeBoabl (HAaNpMMep, 'OneWire: :write() ' a
Takke 'SoftwareSerial: :write() ' )gaBnawTca [NpegHamepeHHO 3aliuLLEH OT NpepbIBaHUN (MX
OMBNMOTEYHbIN KOO BPEMEHHO OTKIIOYAET BCE NpepbiBaHus, YToObl NpegoTBpaTtuTe COOU CUHXPOHU3aLMS), MO3TOMY
Bbl HE MOXETE NPOBOANTL U3MEPEHUS BHYTPM TEX, KTO UCNOMb3yeT 3TOT METOA.

XOTS Bbl MOXXETE BMECTO 3TOr0 cAenaTth Te e U3MEepPEeHNsi pacCTOsHUS Mexay Kpasmu eu3syasnbHo B Lindposon
¢hopMbI BOMHbI OKHO, €CMN Bac MHTEpECYET MUHUMASbHBIN MU MakCMMarbHbIA MHTepBan ansa 6onbLoro
KOnmn4yecTBa NepexonoB Unn NOACHET NEPEXOAOB, CAeNanTe 3TO C MOMOLLLIO 3TOro 'myIntr () ' -plus- MPbIFATb
TexHuka ygobHee. M Bbl MOXeTe M3MepbTe, HanpuMep, BapuaLummn paccTosHUS MeXay OCHOBHbIMU Nepexoaamu,
co3gaHHbIMK MporpaMma (M3-3a Toro, Y4TO Balle NporpaMMHoe obecneyeHne NCNonb3yeT pasHble MYTU BbINONTHEHME
B pa3Hoe BpeMs BbIMONIHEHME), caenatb Bug nporpamma "lMpodumnmpoBaHue”.



Harpy3ka INO nau PDE Prog
(Ctri-L)

2

Mo3BonseT nonb3oBaTtento BbiOpaTk Nporpamma dawn c
BbIOpaHHbIM pacLuMpeHnemM. NporpaMmMa HeMeAneHHo nony4vyaet
AHanusupoBaTb

N3mMeHnTL/N3yunTb (Ctrl-E)

OTKpbIBaET 3arpyxeHHblit NporpaMmMa Ans npocmoTpa /
penakTMpoBaHus.

CoxpaHuTtb_

CoxpaHuTb 0TpeaakTMpOBaHHOE CoAepkaHve nporpaMma
BO3BpaLLaeTcs K opurMHaneHOMY nporpamma dann.

CoxpaHuUTb Kak

CoxpaHuTb 0TpeaakTUpOBaHHOE COAEPXKUMOE Nporpamma nog,
OpYyrMM UMeHeM dhann.

cnepaywowmin ('#include') >

Mpopsuraet Kopg NMaHenb oTtobpaxath crnegyowmi '#include’
davin

npeabl 7171

Bosspawaet Koa MaHenb nokasaTb Ha nNpeabigyLmi dann

=
Bbixoa Bbixog n3 UnoArduSim nocne HanomMmHaHUS Nonb30BaTento
COXpaHUTbL NOObIE N3MEHEHHbIE ¢hann (s).
HawnTtu:

BocxoanTtb CTEK Bbi30OBOB

func

MepenTyn K NpeablayLlen YHKLMN Bbi3blBaOLLIErO aboHEHTa B CTEke
BbI30BOB - MaHenb MNepemeHHbIX OyoeT aganTMpoBaHa K 3TOM

dyHKLMM

CnycTurech CTEK Bbi30OBOB

func

MepenTu Kk crnegytoLlen Bol3bIBaeMON OYHKLMK B CTEKE BbI3OBOB -
MaHenb MepemMeHHbIX GyaeT aganTUpoBaHa K 3TON OYHKLMK

YCTaHOBUTb TEKCT

AktusuposaTb UHcTpymeHT-Bar Haiitn none BBoga ans

YcraHoBuTb TeKCT (Ctrl-F) ﬂ onpeneneHus Tekcta, KOTopbIn HEOOXOAMMO HaWTU crnegyowmnm (1
[obaBnsieT nepBoe CrioBO U3 BblAENEeHHOW B AaHHbI MOMEHT CTPOKM
B Kog NMaHenb unu xe MNepemeHHble MNaHenb ecnv ognH 13 HMX
nmeeT oKyc).

Haiitu Cnegyrowmm Tekcr Mepentu Kk crniegytowemy BxoxaeHuto Tekcta B Kog MaHenb (ecnu

e | OH MIMEET aKTUBHbIN (OOKYC), UMK K CrieayloLeMy BXOXAEHWIO TEKCTA

B NepemeHHble MaHenb (eCnn BMECTO 3TOr0 OH MMEET aKTUBHbIN
hokyc).

Haitu Mpeabiaywmn wa | |1EPEVITU K MpeabiayLiemy BxoxaeHuto Tekcta B Koa lMaxenb (ecrn

TEKCT m OH UMEET aKTUBHbLIN YOKYC), UK K NpeabIAYLLEMY BXOXOEHUIO

TekcTa B NepemeHHble MaHenb (ecnn BMECTO 3TOMO0 OH UMEET
aKTUBHbIN (OOKYC).




BbINO/IHUTL:

LWar BHyTpu (F4) = LLlaru BeinonHeHue Briepe Ha O4HY UHCTPYKLMIO, UNU 8 mak Ha3bieaeMbil
= | ¢pyHKUUOHanbHbIU MOOYIb ,

LWar Bokpyr (F5 = | Waru BeinonHeHue Bnepen Ha 0gHY UHCTPYKLNIO, NN OOHUM MOSIHbIM 3860HKOM
pyHKUUOHabHbIU MOOYIb,

Llar BHe (F6) = | ABaHchbl BblnonHeHue no JJocmamoyHo, 4mobbi ocmasumb meKyuud
QQyHKUYUOHasbHbIU MOOYIb,

Pabotaet nporpamMmma, ocmaHoeka Ha Hy)KHOlj JIUHUU npoepamma - npexane
YyeM mcnonb3osaTb BeinonHUTh [10, Bbl AOMKHBLI CHavana LLEeNTIKHYTb OCHOBHOWN
MOMEHT Ha HY>XHYH CTPOKY nporpamMmma.

Bbinonxuutb [lo (F7)

Y

BbinonHutb Moka (F8) iy 3anyckaeT nporpamMmma Ao Tex fnop, rnoka He NPOM30MAET 3anncb B NepeMeHHas!
C TEKYLLMM OCHOBHOW MOMEHT B NMepeMeHHble MaHenb (HaxmuUTe Ha OauH,
4YTOObl YCTAHOBUTb HaYarbHbIA OCHOBHOW MOMEHT).

Bbinonuutb (F9) ﬂg PaboTaeT nporpamma.
Crou (F10) T OcTaHoBKM Nporpamma BbINONTHEHWE (U 3aMopaxkueaem 8peMsi).
C6poc 1 C6pachbiBaeT nporpamma (Bce 3Ha4yeHusi nepeMeHHble copackiBaloTCs B
= | 3Ha4yeHue 0, a Bce ykasatenu nepemMeHHble copacbiBatotca B 0x0000).
AHumMauuns ABTOMaTMYECKM LLArK NocrnegoBaTenbHbIX CTPOK Nporpamma ¢ dobasrieHHoU
ucKyccmeeHHoU 3adepXkKkoli U BblaeneHne TekyLlen cTpoku koga. Onepauuyn B
peanbHOM BpeMEHU N 3BYKU TEPSAIOTCA.
3ameaneHHasa cbeMka 3ameanset Bpems B 10 pas.
onuumu:
LWar Bokpyr Structors/ [MponeTnte CKkBO3b KOHCTPYKTOPbI, AECTPYKTOPLI U NEPErpy3ky
OnepaTtopsl oneparopa (yHKL1OHarnbHbIe MoAynu BO Bpems nioboro wara (T.e. oH
He OCTaHOBUTCS BHYTPU 3TUX (DYHKUNOHANbHbIE MOOYIN).
Perucrtp-Allocation HasHaubTe nokanbHble YHKLMOHANbHbIA MOgynb ANa perncTpos
ATmega cBo60aHO BMECTO CTeKa (reHepUpYyeT HECKOMBbKO YMEHbLUEHHOE
ucnonb3osaHne RAM).
Ownbka npum MomeTnTb Kak owMbKy AHanM3npoBaTb Besae, rae Ball nporpamma
HEUHULNANIN3UPOBAHHOM NblTaeTcs UCNOmNb30BaTb NepemeHHas 6e3 npeaBapuTENbLHON
WHMLManu3aumm ero 3Ha4eHuns (Mnu xoTs Obl OQHOr0 3HAa4YEHUSA BHYTPU
mMaccuBa).
Apo6aBneHHoun 'loop () Ho6aensiet 1000 MUKpOCEKYHA, 3adePXKn Kaxabl pa3 ' Loop () '
3aaepxKa BbI3bIBAETCA (B Cryyae, ecinv HET APYrMX BbI30BOB NporpaMma Ha
'delay () ' rge yrogHo) - nonesHo nsberatb CAMLWKOM 60MbLIOro
OTCTaBaHus OT pearibHOro BpeMeHM.
Pa3pewinTtb BJIOXKEHHbIe PaspelwnTb NOBTOPHOE BKIIOYEHME C 'interrupts () ' U3HYTPU
npepbiBaHNA nognporpamMmmbl 00CNyXMBaHWA NPepbIBaHMI NONb30BaTENS.




KoHdurypupoBarb:

'I/0' YcTpoucTBa

OTKpbIBaAET AManoroBoe OKHO, MO3BOSSOLLEE NOMb30BaTENO BbIGpaTh TMN (bl)
n HoMepa Tpebyemoro 'l/O' YcTpowcTea. 3 3TOro AManoroBoro okHa Bbl TaKke
moxeTe CoxpaHuTb 'l/O' YcTporicTBa B TekcT chann v / unu Harpyska 'l/O
YCTpoNCTBa 13 paHee COXPaHEHHOIO (M OTPeAaKTUPOBAHHOIO) TeKcTa dann
(Bkntoyasi Bce coeguHeHUs pin, MHTEPaKTUBHbIE HACTPOWKN 1 BBEAEHHbIE
3Ha4YeHus).

MpeanoureHums

NepeMO6HOBUTD:

Pa3pewunTtb aBTO (-)
CokpauwaTtbca

OTKpbIBaAET AManoroBoe OKHO, MO3BOMSOLLEE NOMb30BaTEN YCTaHABNMBATb
npennoyTeHns, B TOM YMCIe aBTOMATMYECKUn OTCTYN MCXO4HOTO nporpamma
CTPOK, paspeluatb cuHTakcuc Expert, Bbibnpath WpudT rapHnTypa, BoibnpaTb
fonbLwnii pasmep WpudTa, NPUMEHATD rPaHULBI MaccuBea, pa3peLlaTb
KInoyeBble CroBa orM4eckoro oneparopa, nokasbiBad nporpammMa 3arpyska ,
BblOOp Bepcun 'Uno’ Bepcua gna Uno v anuHel 6ydepa TWI (ana 12C
YctpornicTea).

Paspewnts UnoArduSim ans cokpallatbcsi oToOpakaeTcsl pacluMpeHHbIn
mMaccuBbl / 06 EKTOB NpY OTCTAaBaHUN B PEXXMME pearnbHOro BpEMEHM.

MUHUMaNbHa“A

Tonbko ocBexuTb NMepemMeHHbIe MaHenb oTobpaxaTtb 4 pa3a B CEKYHAY.

OCHOBHO MOMEHT
MN3MEHEeHUa

OCHOBHON MOMEHT U3MEHUI 3HaYeHUs NepeMeHHas npu pabote (MOxeT
Bbl3BaTb 3aMeffieHne).

OkHa:

Serial MomuTOp

MoakntounTe nocnegoBaTenbHbIN BBOA / BbIBOA YCTPOWCTBO K pins 0 1 1 (ecnu
€ro HeT) 1 NoTsHMTe Gonbwnin ' Serial' MoHUTOP TX / RX € TEKCTOM OKHO.

BoccrtaHOBUTb BCe

BoccTaHoBWTE BCe CBEPHYTHIE AOYEPHME 3IIEMEHTHI OKHa.

Pin LindpoBbie
Ocumnnorpammsl

BoccraHoBuTb cBepHyThIM Pin Lingposbie Ocumnnorpammbl OKHO.

Pin AHanorosbi#
Ocumnnorpammo

MNMomMmorure:

BbicTpbiii MMoMorure ®ain

BocctaHoBuTb cBepHyThIM Pin AHanorosbii OcunnnorpaMmmo OKHO.

OtkpbiBaeT UnoArduSim_QuickHelp PDF dawnn.

MonHbii Momorute ®aunn

OTtkpbiBaeT UnoArduSim_FullHelp PDF dann.

UcnpaBneHus Ownbka

HPOCMOTpeTb BaXXHbl€ UcnpasneHnA owmnbka ¢ MOMeHTa npeabigywero
BbllMyCKa.

U3MeHeHue / YnyuwieHume

MpocMoTp 3HaYUTENBHbBIX U3MEHEHWI U YIYYLLEHUI NO CPAaBHEHUIO C
npeabigyLWwnM BbIMyCKOM.

Okono

OToGparkaeT Bepcuio, aBTOPCKOE Mpago.




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

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

CuHXpOHM3aUUna

UnoArduSim BbinonHsieT goctatoqHo 6eicTpo Ha MK nnu nnaHweTte, 4To MOXET ( 8 60bWUHCMEE CrlydYaes ) AeNCTBUs
MOAENU NporpaMmMa B pexvme peansHOro BPEMEHWU, HO MOJILKO eCJlU 8all po2paMma eKsirodaem 8 cebsi xoTb
Kakow TO ManeHbkuii 'delay () ' 3BOHKU UNU Apyrue 3BOHKWU, KOTOPbIE, ECTECTBEHHO, CUHXPOHU3UPYIOT €ro ¢
peanbHbIM BPEMEHEM (CM. HUXE).

Insa sTtoro UnoArduSim ncnonb3yeT Tanmep obpatHoro BbizoBa OkHa (OyHKLUMOHANbHBLIN MOAYMb, KOTOPbIV MO3BONAET
€My TOYHO OTCMeXMBaTb peanbHoe BPEMS. BbINOMHEHNE U3 psida UHCTPYKLUMIA NporpammMa MogernupyeTcs B TedeHue
OOHOro Tanmepa, a UHCTPYKLMK, AN KOTOpbIX TpebyeTcs 6onbLue BbINONHeHWe (Hanpumep, Bbi3oBbl 'delay () ' )
MOXeT NoTpeboBaTbCs NCMOMb30BaTh HECKONbKO TariMepoB. Kaxaas ntepauusi Tanmepa obpatHOro Bbl3oBa
bYHKLMOHarNbHbIA MOAYIb KOPPEKTUPYET CUCTEMHOE BPEMS, UCMOMb3Yys CUCTEMHbIE annapaTtHble Yachl, Tak YTo
nporpamMma BbIMOSIHEHNE MOCTOSHHO PErynupyeTcs, YTobbl He OTCTaBaTb OT PeXMMa pearibHOro BpEMEHW.
EQuHcmeeHHbIl pa3 8binosiHeHUe cmaska QOJIKeH omcmasame 0m peasibHo20 8peMeHU Korga nonb3oBaTernb co3gan
NNoTHble NeTn 6e3 gononHUTeNnbHOM 3aaepxkun unu 'l/O' YctpocTBa ckoHMrypupoBaHbl ans paboTbl C 04eHb
BbICOKMMU YacTtoTamu 'l/O' ycTponcTBO (M / Ny CKOpOCTb Nepedayu), Kotopble OyayT reHepMpoBaTh Ype3MepHoe
KONMYEeCTBO CODObITUIA UBMEHEHUS YPOBHS pin U CBA3AHHOW C 9TUM neperpyskm obpabotkn. UnoArduSim crnpaenseTcs ¢
3TON Neperpyskown, Nponyckas HeKOTopble MHTepBarbl TaiMepa AN KoMneHcauuu, a 3atem 3ameanset
nporpeccupoBaHne NporpaMma Ao HUXe peasibHo20 8peMeHU ,

Kpowme Toro, nporpaMmmbl ¢ 60MbLIMM MaccuBbl OTOBpaXkaeTcs UM CHOBa C NNOTHLIMK NETNAMK 6e3
AONONMHUTENBLHOMN 3aAEPXKKU MOXET BbI3BaTb BbICOKYIO YaCTOTY BbI30BOB (PYHKLMOHANbHLIA MOAYIb N reHepupoBaTh
BbicOKyto [NepeMeHHble MaHenb 3arpy3ka 06GHOBNEHWI ANCMNes, NPUBOASALLANA K OTCTaBaHWIO B PEXMME pearnbHOro
BpemeHu - UnoArduSim aBTOMaTU4eCKn CHUXaET 4acToTy OOHOBNEHUS NepeMeHHas, YTobbl NoNbITaTbCs He
oTCTaBaTb, HO Koraa TpebyeTcs elle bonbluee ymeHblueHne, Bolbepute MuHumanbHbil, oT NepeMOGHOBUTL MeHIo
yKasaTb TOMbKO YeTbipe OOHOBMNEHUS B CEKyHAY.

TouyHoe MoaenMpoBaHNe BPEMEHM BbINOMHEHMUE C TOYHOCTBLIO A0 MUINMCEKYHAb! AN KaXA0N UHCTPYKLUA UK
onepauun nporpaMmMa He cOeJsiaHo - TONbKO OMeHb NPUBNM3NTENbHbIE OLEHKN AN 60NbMHCTBA ObINN NPUHATLI ANS
uenen mogenuposaHnd. Tem He MeHee, CUHXPOHU3auusa n3 'delay () ' , a Takke 'delayMicroseconds () '
PYHKLMOHanbHbIE MOAYNM U PyHKUMOHAmNbHbIE MOAYNM 'millis () ' a Takke 'micros () ' BCe COBEPLUEHHO TOYHO,
n do mex rop, rnoka ebl UCIoJib3yeme xoms 61 00HY 3a0epXKy hyHKUUOHaIbHbIe MOOYJIU B NeTIe rae-To B
BalLeM nporpamMma, usu xe Bbl ncnonbsyete yHKUMOHANbHbIA MOAYIb, KOTOPbIA €CTECTBEHHLIM 06pa3oM nNpmBsa3aH
K paboTe B pexunme pearnbHOro BpeMeHu (Hanpumep, 'print () ' KOTOpbIV NPUBS3aH K BbIGpaHHOMY CKOPOCTb
nepegayn), TO cMogenupoBaHHasi NPOM3BOAUTENBHOCTL Ballero nporpaMma 6yaeT oveHb brnmaka k peanbHOMY
BpeMeH (ONATb e, 33 UCKIIOYEHNEM SIBHOMO Ype3MEPHOro BbICOKOHACTOTHOIO COOLITUSI M3MEHEHWSI YPOBHS pin MUK
Ype3MepHbIX pa3peLLeHHbIX Nonb3oBaTenemM o6HOBNEHUI MNepeMeHHble, KOTOpblE MOTYT 3amMeannTb ero).

YTobbl yBUAETL 3OeEKT OTAENbHBLIX MHCTPYKLMUIA NporpaMMa W Kypuya bexxum MOXeT ObITb XenaTenbHO UMeTb
BO3MOXHOCTb 3aMeannTb xod cobbiTnin. KoadppumumeHT 3ameaneHus BpemeHn 10 MOXeT ObITb YCTAHOBIEH
nonb3oBaTenemM B MeH0 BbInonHuTb

'I/0' YcTponcTtBO CMHXPOHM3auus

OTu BUpTYanbHble YCTPOMNCTBA NPUHUMALOT B pearibHOM BpeMEHU CUrHanbl 06 M3MEeHEeHUsIX, KOTOpble MPOMCXOAAT Ha
nx BXode pins, 1 BbipabaTbiBalOT COOTBETCTBYIOLLME BbIXOAbl HA CBOMX BbIXOAaX Pins, KOTOpble 3aTeM MOryT
pacno3HaBaTtbcs 'Uno' - NO3TOMY OHM MO CBOEW CYyTU CUHXPOHU3UPYIOTCA C MporpaMma BbinonHeHue. BHytpernuun 'l/O'
YCTPOWCTBO CUHXPOHM3ALIMSA YyCTaHaBNMBAETCSA Nonb3oBaTtenem (Hanpymep, ¢ NOMOLLLIO BbiGopa CKOPOCTb Nnepedayn
WK TaKTOBOW 4acToThl), a COBLITUA CUMYNATOPA YCTaHABNUBAKOTCS A8 OTCNeXnBaHUS BHYTPeHHeN paboTbl B
peanbHOM BpEMEHM.



3BYKM

Kaxgbin 'PIEZO' ycTponcTBO M3gaeT 3ByK, COOTBETCTBYOLLMN N3MEHEHUAM 3NEKTPUYECKOTO YPOBHS, NPONCXOAALLMM
Ha NOAKMYEHHOM pin, HE3ABNCUMO OT UCTOYHMKA TakUX M3MEHEHMIN. YTOObI CUHXPOHM3MPOBATL 3BYKWU C NporpaMma
BbinonHeHune, UnoArduSim 3anyckaeTt n octaHaBnNMBaeT BOCNPOU3BeaeHNe COOTBETCTBYHOLLENO 3ByKOBOro Bydepa,
Kora BbINONHEHWe 3anyckaeTcs / ocTaHaBNMBaeTCS.

HaunHas ¢ Bepcuun 2.0 3Byk Tenepb Obin M3MEHEH A ucnonb3oBaHus ayamo API Qt - k coxxaneHuto, ero
QAudioOutput 'class' He NoAAepPXUBAET 3auUMKIMBaHUE 3ByKOBOro bydepa, UTobbl n3bexaTb ucHepnaHusa camnsios
(kaK 9TO MOXET CNy4nTLCS BO BpeMsi bonee AnuTENbHbIX ONepaLMoHHbIX 3adepXek). Moatomy, 4tobbl n3dexatb
nopaensoLLero 6onNbLUMHCTBA pasapakatolwmx LWEN4YkoB 3ByKa 1 NpepbiBaHNs 3Byka BO BpeMsi 3agepxek OC, 3ByK
Tenepb OTKMOYaeTCsl B COOTBETCTBUM CO CINEeAYOLWUM NpaBuioM:

3ByK OTKMoYaeTcs Ao Tex nop, noka UnoArduSim He siBnsieTcs "akTMBHBLIM" OKHO (KpOMe cryvaeB, Korga HOBbIN
[04YepHUI 0OBbEKT OKHO TOMNbKO YTO BblN co3aaH 1 akTMBMpoBaH), u daxe korga UnoArduSim siBnsertcs "akTuBHbIM"
OCHOBHbIM OKHO, HO yKa3saTelb MbILUW 8He U3 Eero OCHOBHAas KNUEHTCKasi 30Ha OKHO.

OGpaTtuTe BHMMaHWe, YTO 3TO O3HAYAET, YTO 3BYK OyOAET BPEMEHHO MNPUITIYLLIEH Kak KOporb Npu HaBeaeHUn Kypcopa
MbILLN Had pe6eHKOM OKHO, Vi ByOeT OTKIOYEH ecsiu amom pe6eHOK OKHO Ha)kaJl, Ymobbl akmueupoeamsb e20
(mo Tex nop, noka ocHoBHoM UnoArduSim okHo He GyaeT HaxaT CHOBa, YTOObl MOBTOPHO akTUBMPOBAaTb €ro) ,

3eyk ecea0a MOXHO OMKNOYUMb, WeEJIKHY8 8 II60M Mecme eHympu KsiueHmckol obnacmu 2n1aeHo20
KO193 UnoArduSim.

W3-3a Bypepusaumm, ¢ B peansHoM BpeMeHu 3agepikka coctaBnseT 4o 250 MUnnmMceKkyH ¢ COOTBETCTBYHOLLETO
BpeMeHu cobblTns Ha pin nogkntoveHHoro 'PIEZO".

OrpaHunyeHuna U HenoaAEepPXXUBaEMbIE JIEMEHTbI

BknrouyeHo dannbli

A'<>'-BckobOkax '#include' ms '<Servo.h>', '<Wire.h>',6 '<OneWire.h>',K6 '<SoftwareSerial.h>',
'<SPI.h> ', '<EEPROM.h>' aTakke '<SD.h>' senstercst NoAOep>KUBAETCS, HO OHU TOMbKO SMYNUPYHOTCSH -
dakTUyeckuin annbl HE ULLETCS; BMECTO 3TOro UX OYHKLMOHArbHbIE BO3MOXHOCTU HENOCPEACTBEHHO "BCTPOEHLI" B
UnoArduSim n gencteuternbHbl Anst UKCUpOBaHHON noaaepxmnsaemon sepcum Arduino.

JTio6on untupyembin '#include' (Hanpumep, " supp.ino" , "Myutil.cpp" , unumxe "Mylib.h" )
nogaepXuBaeTcsl, HO BCe Takve haiinbl JOMKHbI MPoXKUeamb 8 Mom )Xe KamaJsio2 8 Kayecimee podumerisi
npozpamma halisnn TOT COAEPXKUT UX '#include' (HeT noucka B Apyrux katanorax). The '#include' yHKUMSA
MOXET ObITb MonesHa Ans MMHUMM3aLMn Konn4ecTea Koga nporpamma, nokasaHHoro B Kog NaHenb B nto6oe Bpewmsi.
XKatka dpanrnbl ¢ '#include' (T.e. Te, KOTOPbIE MMEKOT " . wac" pacluMpeHne) JONONHUTENBHO 3aCTaBUT CUMYMSTOP
nonbITaTbCsA BKIKOYUTE OAHOUMEHHbLIN dhann, UMeLWnA " . Cpp" pacluMpeHue (eCrv OHO Takke CyLLeCTBYeT B
KaTanore poavMTenbLCKOro nporpaMmma).

OAvHaMunueckoe pacnpegesnieHue NaMsaATU U onepaTMBHas NaMATb

onepartopbl 'new' a Takke 'delete' NogaepXkmBarTCs, Kak n poaHble Arduino 'String' 0oObEKTOB, HO He
npsimble 360HKU 'malloc () ', 'realloc() ' aTakke 'free () ' YTO OHM NonaratoTcA

YUpeamepHoe ncnonb3oBaHne O3Y onst o6bsBNEHNIn NnepeMeHHas NnoMevaeTcsl BO Bpemsi AHann3npoBarh, a
nepenornHeHve namsatn O3Y oTmevaeTcs BO BpeMs NporpamMma BbINofHEHME. AN MYHKT B MeHio Onuumn no3sonser
BaM aMynuMpoBaTb 00bl4HOE pacnpegeneHue permctpos ATmega, kak ato byaget caenaHo AVR koMnnnasitop, unm
MOZENMPOBaTh arnkTEPHATMBHYIO CXEMY KOMMUISALMMW, KOTOpas MCNONb3yeT TOMbKO CTEK (B kKayecTBe onumm
©e3onacHOCTM B criyvae, ecnv owmnbka nosiBnsieTcs B MOEM MOAENMPOBaHNN pacnpeneneHnst permctpos). Ecnv Obl Bbl
NCNonb30Banu ykasaTernb Ans NpoCMoTpa COAEPKUMOTO CTeKa, OH A0IMKEH TOYHO OTpaXkaTb TO, YTO NOSBMOCH Obl B
pearnbHOM annapaTHOW peanusaunn.



'Flash' PacnpeaeneHme naMaTun

Mamatb 'Flash' 'byte' , 'int' aTakke 'float' nepemMeHHble / MacCuBbl 1 COOTBETCTBYOLWMI MM AOCTYN ANS
YTEeHMS (DYHKLMOHarbHbIE MOZYIM NOAAEPXKMUBAKOTCS. 060N 'F () ' 3BOHOK pyHKUMOHaNbHLIN Moaysb (‘Flash’
Makpo) ns niobasi 6ykBeHHas CTpoKa sienszercst NOAAEPKMBAETCS, HO €ANHCTBEHHOW NOAAEPXXMBAEMOWN CTPOKOM
namaTti 'Flash' npamoro goctyna yHKUMOHanNbHbIe MOOYNU ABMSAIOTCA 'strcepy P() ' a Takke 'memcpy P() ',
MO3TOMY ANS UCMNOMb30BaHWSA APYroro yHKUMOHaNbHble MOAYN BaM HYXXHO CHayana ckonuposaTb cTpoky 'Flash' B
00bl4HYIO OnepaTuBHYIO NaMATb 'String' nepemenHasa , a 3aTem paboTaTb C 3TOM onepaTMBHOW NaMSTbIO
'String' , Korga Bbl ucnonbayete ' PROGMEM' KritoueBoe CrioBo-MoandmkaTop nepeMeHHas, OHO JOSTKHO
NnosiBNATLCA rmeped UMsi NepeMeHHast, U 3TO NepeMeHHas makke dosmkeH 6bimb 06bs8J1EH Kak 'const'

'String' NepeMeHHble

PogHon 'String' Gubnuoteka noYT NOSTHOCTLIO MOAAEPXKMBAETCS C HECKOSTbKMMU OYEHb (M HE3HAUUTENbHBIMU)
NCKIIOYEHUSIMMA.

The 'string' onepatopbl nogaepxumsatorces +, + =, <, <=,>,> =, ==, !sHak paBHO , aTaKke [],
O6paTnTe BHMMaHWe, YTO: 'concat () ' 3aHUMAET He 3aMy>XeM apryMeHT, KOTOpbI ABNSeTCa 'String' , Unuxe
"char' ,unmxe 'int' 6bITb AOBaBNEHHbIM K OpurnHany 'String' ob6beKT, He ABa apryMmeHTa, kak omMbo4vHO
ykasaHo Ha BeG-cTpaHuuax Arduino Reference).

Bbubnuorekun Arduino

Tonbko 'Servo.h', 'SoftwareSerial.h', 'SPI.h', 'Wire.h',K6 'OneWire.h', 'Stepper.h' ,6 'SD.h'
, "TFT.h' 1 'EEPROM.h' ansa Arduino v1.8.8 penua B HacTosilee Bpems nogaepxmeatorca B UnoArduSim. V2.6
BBOAMT MexaHu3m 3 " nogaepxka GMbnuoTekn CTOpoHbl Yepes dhaiinbl npeaocTasnseTcs B 'include 3rdParty’
nanka KoTopble MOryT 6biTb HangeHbl BHyTpM UnoArduSim ampektopum yctaHoBkW. [NonbiTka '#include' " .cpp" K
" .uac" annbl U3 Apyrux noka eLle He nogaepxusaeTca oubnuotekn 6yayT He pabomaem kak OHV ByayT
copepXaTb MHCTPYKLMU N0 COOPKE HNU3KOYPOBHEBbLIX N HEMOAAEPKNBAEMbIE OUPEKTUBLI U HEMPU3HAHHLIN charrnbl!

yKasatenm

I'Io,u,p,epmmsaromﬂ yKasatesnu Ha nNpocTble TuMnbl, MacCuBbl UK 00ObeKToB. YkasaTternb MOXeT OblTb npupaBHEH K
MaccuBa TOro Xe Tuna (Hanpumep, 'iptr = intarray' ), HO Torga 6bl Hem nocnedyrowel NPosepKU epaHul,
Maccuebl Ha BblpaXeHUe Kak 'iptr [index] ',

dyHKUMOHarbHbIE MOAYNM MOXET BO3BpaLLaTh ykasaTenu, Unn 'const' ykasaTtenu, Ho NoGoli nocrneayoLmi
ypOBEHb 'const' Ha BO3BpALLEHHOM yKasaTene UrHopupyeTcs.

EcTb Hukakoli noddepxku AN PYHKLUMOHANBHBIA MOAYNb 3BOHKN Yepe3 06bsiesieHHbIe Mo/1b308amesieM
yKazamesiu (hyHKUUOHaIbHbIU MOOYJIb

'class' a TaKXe 'struct' O6bekTOB

XoTsa nogaepkmBaeTcst NONMMopdn3m 1 HacnegoBaHue (Ha nodyto my6buHy), 'class' UM xe 'struct' MOXHO
onpenennTb TONbKO Ha MakcMMym oOQuH 6a3a 'class' (T.e. MHo20sly4Yeeas HacnegoBaHWe He nogaepXkueaetcs).
MopoepkMBaoTCs BbI30BbLI MHMLMANM3aLmMmn KOHCTpykTopa Base-'class’ (4epe3 ABoeTo4YME) B CTpOKax 0ObsiBNEHUs
KOHCTPYKTOpPA, HO He HNLManu3aums YreHOB C UCNOMb30BaHMEM TOM e 3anucu ABOETOHYUS. DTO 03HAYAET, YTO
0ObEKTOB, KOTOpble coaepaT 'const' He-'static' nepeMeHHble, NN CCbINOYHbIN TUM NEPEMEHHbIE, He
NnoaaepXnBaroTCs (3TO BO3MOXHO TOSbKO C YKa3aHHbIMW MHULMaNM3aLmMsMm SN1EMEHTOB BO BPEMS CTPOUTENBCTBA)

Meperpysku onepaTtopa HasHa4YeHns KONMPOBaHUSA NOAAEPXKMBAOTCH BMECTE C KOHCTPYKTOPaMU NepemMeLLeHNs 1
Ha3Ha4YeHUsAMU NepemeLLeHns, HO Nnornb3oBaTtenbckoe nNpeobpasoBaHne obbekT ("nepemeHHasn") pyHKUMOHaNbHbIE
MoAynu He NoAaepXKnBaeTcs.

Cdepa
Tam HeT nogaepXkM ans 'using' KNOYEBOE CNOBO, UK ANS 'namespace' unu ansa 'file' cepa. Bee

HernokarbHble 06bABNEHUS MO peanusaumn npeanonaratTca rnobanbHbIMU.
noGoli 'typedef' , 'struct' , mam xe 'class' onpegenieHue (T.e. 3TO MOXET ObiTb UCMONb30BaHO AJS



Oynywmnx o6baBnNeHUn), AOMKHO OblTh caenaHo MnobanbHbIl cdepa ( MecmHbIlU onpeferneHns Takux NpeaMeToB
BHYTPU (PYHKUMOHANbHLIA MOAYIb HE NOAAEPXKUBAOTCSA).

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

The 'unsigned' lMpecdukc paboTaeT Bo BCex HOpMaribHbIX PUANYECKMX KOHTEKCTaX. The 'const' Kno4eBoe
CNOBO, KOraa UCNonb3yeTcsl, AOMMKEH Mpedwecmeoeamb UMsi NEPEMEHHAs MU UM DYHKLMOHASBbHBIA MOay b UK
'typedef' wuMms, KOTOpoe 06bABNAETCH - pa3MeLLEeHNe ero Nocre UMeHW NpyBeaeT k ownbke AHannsmpoBaTb. 3a
OB6bsaBneHns MyHKUMOHaNbHbLIN MOAYIb, TONLKO (YHKUMOHANbHbLIE MOAYIN C BO3BPATOM yKa3aTens MOXeT UMETb
'const' NOSABMAAIOTCH B UX AeKknapauuu.

Bce UnoArduSim nepemeHHble SBNsOTCS 'volatile' peanu3aumen, noaTomy 'volatile' KniodeBoe crnoBo
NPOCTO UrHOPUPYETCS BO BCEX OOBbABNEHUAX NnepeMeHHas. PyHKUMOHarbHbIE MOOYNN HE pa3peluaeTcs 06bABNATL
'volatile' Takke He ABMAKTCA aprymMeHTaMu Bbi30Ba (PyHKLMOHANbHbLIN MOAYMb.

The 'static' knOYeBOE CNOBO pa3peLLeHo Ansi 0ObIYHOrO NepPEMEHHbIE, a TaKkKe Ana YneHoB 00bLekT U member-
YHKLMOHArbHbIE MOAYNN, HO SIBHO 3arnpeLleHOo Afsl CaMux 9K3eMmnnisipoB 00bekT ( 'class' / 'struct' ), Ans He
yneHa pyHKUMOHanbHbIE MOAYMM U AN BCEX apryMeHTOB (PYHKLMOHANbHbIA MOGY b.

AnpexkTnsbl Komnunarop

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

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

ApAYVNHO-A13bIKOBbIE 3J/1IEMEHTbI

Bce pogHble anemMeHThl A3blka Arduino nogaepXXmMBatoTcs, 3a UCKIMOYEHNEM COMHUTENBHBIX 'goto' MHCTPYKLUS
(eQnHCTBEHHOE pasyMHOE UCMOSb30BaHMeE, KOTOpoe S Mory cebe npeacTaBUTb, 3TO Nepexos (K 6ECKOHEYHOMY LIMKITY
aBapuinHOro 1 6e3onacHoOro OTKMYEHMS) B Crydae BO3HUKHOBEHUSI OLLMOKM, C KOTOPOW Ball NporpaMma He MOXET
MHa4ye cnpaBuTbCS)

C / C ++ - A3bIKOBbIE 3J1EMEHTbI

CoxpaHsitowue 6ut "kBanudmkaTopbl OUTOBLIX NONen” Anst YeHOB B ONpeaerneHnsix CTPYKTYpbl He
noddepxxuesaemcs,

'union' sABnNsieTcA He noddepxueaemcsl.

CTpaHHbIN "onepaTop 3anaTon" He noddepxusaemcsi (NO3TOMY Bbl HE MOXETE BbINOMHUTE HECKONbKO BbIPAXXeHWUIA,
pasgeneHHbIX 3ansaTbiMK, korga obblYHO OXXMAAETCst TONbKO OAHO BbipaXeHue, HanpuMmep, B 'while () ' a Takke
"for( ; ; ) ' KOHCTPYKUWM).

DYyHKUMOHAJIbHbIX Moaynb LLIa6n10HbI

Onpepensaembli nonb3oBaTenem yHKUMOHaNbHbIE MOAYNN, KOTOPbIA MCMONb3YET KNtoyeBoe cnoeo "template”, 4Tobbl
No3BOMWUTbL MY MPUHUMATbL apryMeHTbl "yHMBepcanbHoro" Tuna, He noddep)xueaemcs,

3MynauuMsa B peasibHOM BPEMEeHMU

Kak oTMevanoch BblLEe, BbINOSIHEHNE Pa3 U3 MHOXECTBA OTAENbHbIX BO3MOXHbIX MHCTPYKUMI Arduino nporpamma He
CMOAEenNMpoBaHbl TOYHO, TaK YTO AN TOro, YTobbl paboTaTh B pexunme peanbHOro BpeMeHu, Ball nporpammva byget
HYXXOaTbCs B HEKOTOPOM AOMUHMPOBaHUM 'delay () ' UHCTPYKUMA (MO KpanHen mepe, oavH pa3 B 'loop () ' ) unu
WHCTPYKLUMS, KOTOpasi ECTECTBEHHBIM 00pPa30M CUHXPOHMU3UPYETCS C U3MEHEHMSIMU YPOBHSI pin B pearnbHOM BpeMeHU
(Hanpumep, 'pulseIn() ', 'shiftIn()', 'Serial.read()', 'Serial.print()', 'Serial.flush()"' TaK
panee.).

YBuagetb CUMHXpOHM3aumsa a Takke 3BYKM Bbille anis 6onee nogpobHon nHgpopmaumm 06 orpaHnYeHusIX.



MpuMevYaHUa K BbiNYCKY

MUcnpaBneHus Owunbka

V2.7.0- mapT 2020

1) Korga (OkHa no ymon4danuio) 6bina npuHata ceeT Tema OS, 1o Koa MNMaHenb He nokasbiBaeT LBET, BblAensis
BBEAEHHbIN B BEpCcUM 2.6 (BMECTO TOr0, YTOObI TONIBKO CEPbI OCHOBHOM MOMEHT B pe3yrnbrate Yero U3 CucTemsl
nepeonpegeneHnst).

2) Bepcua 2.6 HEOCTOPOXHO MeNM aBTOMATMYECKOro OTCTYN BKNaAoK hopmaTnpoBaHne Ha NepBoM 'switch () '
NnoCcTpouThb.

3) Hoeas cTek BbI30BOB (hyHKLMSI HAaBUraLmm BBeeHa B Bepcun 2.6 nokasan HernpaeuJsibHble 3Ha4YeHUus1 ONsi
MECTHbIX MEepPEMEHHbIE KOrga He BHYTPY UCMNOMHAEMON B AAHHbLIN MOMEHT hYHKLMOHAMNbHbIA MOAYIb, Tak N HE
yAanochb C BNOXEHHbIMU YNeHOB OYHKLMOHAMbHbIA MOAYIb BbI30OBOB.

4) '"TFT: : text () ' pabotan, HO pyHKUMKN 'TFT: :print () ' He pabotanu (OHM NPOCTO GNokMpoBanuchb
HaBcerga). Kpome Toro, 'TFT: : loadImage () ' He yoanoch, ecnu 'Serial.begin () ' Obln BbINOMHEH paHee
(4TO ABNSIETCS HOpPMaIbHBLIM CrydaeM u Tenepb TpebyeTcs).

5) Bepcusa 2.6 BBefeHa owmbka, 4To oTobpaxkaeTcs HEBEPHOE 3HaYeHWe st NpoLnoro u Hactodawero 'RX' 6antol
ans '12CSLV', 'SPISLV', 'TFT, 'LCDI2C' and 'LCDSPI"YcTpoiicTta (4 ux Monitor okHa).

6) lameHeHune, BHeceHHoe B V2.4 Bbi3Bano BbinonHWTb | AHMMaumsi NogcBETKY NPOMYCTUTb MHOMO BbIMOMHWI
KOLOBbIX CTPOK.

7) Tak V2.4 pe yteepxgatowmii 'SS* unu 'CS*' Ha 'l/O' ycTponcTBO B UHCTPYKLUK Cpasy nocne
'SPI.transfer () ' Oyger NnpuM4MHa TOro, YTO YCTPOMCTBO YTOObI HE MONyYnTb NepeaaHHble 6anTbl JaHHbIX.
Kpome Toro, 6antbl nprem B 'SPI_MODE1' 1 'SPI_MODE3' He 6bif1 MOMeYeH A0 Havana cneayollero bawra,
nocraHHoro mactep (1 6anTbl 6bIM NOMHOCTLIO MOTEPSIHBI, ECNN YCTPOMCTBO 'CS™ 6bin BbIOpaH Ae-4o 3Toro).

8) B HOBOM 'SPI_SLV' pexuM HeoonycTuM, NockonbKy V2.4, 'bval = SPI.transfer () ' TOMbKO NpaBunbHoe
3HavyeHne ons 'bval' ecnu nepenadva 6anta Obina yXe 3aBeplueHa U XAeT, koraa 'transfer () ' HasblBancs.

9) 'DATA' okHO pegakTupoBaHus Ha 'SPISLV' YcTponcTtea Tenepb nony4daert no ymonyanuto OxFF, korga HeT
fonblue 6anT oTBeYaThb.

10) CuHxpoHusaumm LED coctosiHue 6bino HenpasunbHbiM ans 'PSTEPR' YcTpolicTea, nmetowwmmm 6onee 1
MMKpO-LUara 3a NosHbIN LWar.

11) OnekTpuyeckme KOHMNMKTLI Bbi3BaHHbIE 'I/O' YCTpoicTBa pearnpytoT Ha nepexofbl Ha 'SPI' yackl, curHan
'PWM' unun ' tone' curHan, He coobLUancs, n MOXeT NPUBECTU K HEOOBbACHUMOMY (MOBPEXAEHO) MpUEM AaHHbIX.

12) Korga nHTepBan mMexay npepbiBaHUsIMU Obin cnuwkom man (MeHee 250 Mkc), a (HeMcnpaBHOCTb) M3MEHEHUNE
V2.4 N"3MEHNNO CUHXPOHU3aLMSA N3 BCTPOEHHbIN (DYHKLUMOHArbHbIE MOAYNN, KOTOPbIE UCTMONb3YIOT NMbo
CUCTEMHbIE TalMepbl, NN NEeTNMU KOMaHA, YTOObl reHepupoBaTh 3a4epXKKU (NPUMepbl KaXXaoro u3 HUX 'delay () '
n 'delayMicroseconds () '). [locnegymollee nuameHeHne B V2.5 BbiaBano HenpasunsHoe

BblpaBHMBaHWe ' shiftOut () ' AaHHbIE U CUrHamMbl CUHXPOHU3aUMKW, KOr4a npepbiBaHMe NPOM3O0LLIO MEXAY
Butamu.

13) MNMprHMMas BCTPOEHHbIN (PYHKLMOHaNbHbLIN MOAY b TEKCT aBTO3aBePLUEHNS C MOMOLLbLIO knasuwn Enter He
yO4anocb Bblpe3aTb TUMbl NapamMeTpPoB M3 TEKCTA BCTaBEHHOTO Bbl30Ba (DYHKLMOHAIBHbIA MOgY b.

14) 3arpyska HOBbII (NONb30BaTENbLCKOE NPepbiBaHNE TOMKHYN) NporpaMmmMa npu npeabiayLiemM 3anycke
nporpaMma eLle npepbiBaHNE OXnAaloLero MoOXeT Bbi3BaTb COOM BO BpeMsi 3arpy3ku (M3-3a HeUCnpaBHyo
MonbITKY BbINOMHEHWE HOBOW NporpaMMbl 06paboTku npepbiBaHus).

15) OGbeKT-uneHbl aBTO-NOMNOMHEHME (AOCTYNHbI Yepes 'ALT'-cTpenky BnpaBo) Ans 06bLEKTOB BHYTPU
"#include' bannbl TeNepb AOCTYMNHbI, KaK TOMbKO UX '#include’' dhann ycnewHo pasobpaHHbIN.

16) dyHKUMOHaNbHbIM MOAYNb AeKnapauus, MMeroLLas HenpegHamepeHHoe NPOCTPaHCTBO BHYTPU NMEHM
napameTpa yHKUMOHamNbHbIA MOAYIb Bbl3Basnia HEMOHATHOE coobLieHne 06 owmnbke AHanManpoBaThb.



17) Korga BbINOMHEHWE OCTAHOBUIICS B MOAYMe OTNMYaeTcsa OT OCHOBHOro nporpamma, B ®ann | MNMpegbiayLiee
OencTBme He yoanoch CTaTb BKIMIOYEHO.

18) Single uMTUPYeMbIN N30rHyThie ckobkM (' {' 1 '} ') Bce elle NogcunTLIBAOT (HENPaBUIBHO), Kak cdepa B
ckobkax AHanu3npoBaTb, a Takke nyTaTb aBTO-Tabynauuen otctyna opMaTMpoBaHus ..

19) 'OneWire: : readBytes (byte* buf, int count) ' ObINK HE B COCTOSIHUM HEMEOJIEHHO OOHOBUTL
oTobpaxaembiMn 'buf' cogepxaHue B [lepemeHHble MaHenb.

20) BocbmuiTeipbkoBas-3atenka 'OWISLV' YcrponcTtea nokasana OUTPUT pin ypoBHeERN, KOTOpble OTCTaloT OT
OOHOW 3aLLernKun-3anvcu B perncTpe.

V2.6.0- Jan 2020

1) owmnbka BBegeHa B V2.3 npuBeno Kk aBapuu, korga gobaenserca 6nmsko kHonka Obina ucnonb3oBaHa B Hantu /
3ameHunTb gnarnor (a He ero Beixog KHonka Ha3BaHue-6ap).

2) Ecnn nonb3oBatene caenan nporpammMa '#include' gpyroro nonb3oBarens gannbl, To CoxpaHUTb KHOMKa
BHYTpY U3mMeHnTL/N3yunTb He cMornu Gbl peanbHO COKOHOMUTL MOANMULIMPOBAHHOM (halnn ecnu ecTb
cylecTByoLMiA AHannampoBaTtb Unn BeinonHeHve ownbka nonagaeT B Apyrov dann.

3) OtmeHa nocne CoxpaHUTb Takke MOXeT couBaTtb C TOMKY - N0 3TUM npuynHam CoxpaHutb 1 OTmeHa KHonka
PYHKLMOHAarbHbIE BO3MOXHOCTN BbINn N3MeHeHbl (CM U3MeHeHus n ynyylueHus).

4) HecbanaHcupoBaHHbIe CKOOKM BHYTPY 'class' onpegeneHne MOXeT NPUBECTU K 3aBUCaHWMIO, Tak Kak V2.5.

5) MNpsimoe nornyeckoe TeCTUPOBAHME Ha 'long' BO3BpallaeMble 3Ha4yeHus 'false' ecnv HM 0aMH U3 16 cambix
HU3KMX OUTOB He ObiNM YCTaHOBIEHbI.

6) UnoArduSim 6b1nm nomeTtkn 06 owmnbke, Korga ykasatens nepeMeHHas 6ol 00bABMNeH Kak NeTnv nepemMeHHas
BHYTpU ckobok a ' for () ' 3asiBNeHue.

7) UnoArduSim 6b1nn 3anpeLyast normyeckne TecTbl, KOTOpble N0 CPaBHEHUIO ykasaTenen 'NULL' unum '0’,

8) UnoArduSim 6bin 3anpellas apudMeTHKy yKasaTenemn ¢ ydacTmem Lenoro nepemMeHHasi (TonbKo Lerioe Yncro
KOHCTaHT ObInn paspeLleHbl).

9) MNpepbiBaHWs yCTaHaBNMBAETCS C MOMOLLBIO 'attachInterrupt (pin, name_func, LOW)' ObINO TONbLKO
BOCNpUHMMaeMble Ha a nepexod B 'LOW',

10) MNpwm ncnone3oBaHun 6onee ogHoro yctponcTea '1I2CSLV' HeagpecyeMbli BEAOMBIN MOXET MHTEPNPETUPOBATL
fonee No3gHWe AaHHbIE LWMHBI KaK COOTBETCTBYOLLME ero wuHe (nnu rmobanbHomMy BbizoBy 0x00), 1, Takum
o6pa3om, NnoxHo curHanmaupoBaTtb ACK, nospexaas ypoBeHb ACK WwinHbI 1 Bewasi ' requestFrom() '.

11) MNepepaya uncrnoBoro 3HavyeHus '0' (Mnn 'NULL') B kadecTBe aprymeHTa oyHKUMOHANbHbLIN MOgYIb K
yKasaTerno B Bbi30Be DYHKLMOHANMbHbIV MOAYNb TENEPb pa3peLLeHo.

12) Tabynupysi OTCTYN YPOBHS MOCIE BMOXEHHOCTU 'switch () ' KOHCTPYKUUM ObINM CAINLLKOM MENKNMU, Korga
BbIOOp 'auto-indent formatting' n3 KoHdurypuposath | lpeanoyTeHUAObLIN NCNONL30BaH.

13) BblunMTaHne AByx COBMECTUMbIX yKa3aTernen B HacTosilLiee BpemMs NpuBoanT K TUNy 'int',

14) UnoArduSim oxugan onpeaeneHHbI Nonb3oBaTerieM KOHCTPYKTopa Mo yMOnYaHuio Anst OObEKT SreMeHTa,
Jaxe ecrim oH He 6bin 0ObsABNEH Kak 'const',

15) Mpw paspbiBe BbiNoNHeHWE, BTSHYThIN nonoxeHne 'STEPR', 'SERVO' unn 'MOTOR' gsuratenb moxet
3anasgbiBatb A0 30 MUNNMCEKYHA ABUMXEHMS 3a ero hakTuyeckoe nocrneaHee BblMUCIEHHOE NOMOXEHME.

16) 'Stepper: :setSpeed (0) ' Obln NPUYNHOW aBapumM N3-3a AEeNEHUSA HA HOMb.

17) OgHa nuHusa 'if() ', "for () ', n 'else’' He CTPOMT GofbLUe He Bbi3blBAET CIIMLIKOM MHOTO BKI1agoK
aBToOOTCTYyNA.

V2.5.0- okta6pa 2019
1) owwubka BBegeH B V2.4 menu unnumnanusaumm 'SD' kapTbl (MpuynHa aBapun).

2) Ncnonb3osaHue noacucTemsl 'SPI' B HOBOM 'SPI_SLV' Pexum pabotan HenpaBunbHO B 'SPI_MODEL' u



'SPI_MODE3',

3) ABTO-3aBepLUEHNE BCMIbIBaOLLME OKHa (B COOTBETCTBUM C Npocbbont 'ALT-right=arrow') Gbinmn ycTaHoBMEHbI AN
hbyHKLMOHamNbHbIE MOAYNWN, UMEILLNX 0OLEKT MapaMeTpbl; CMIMCOK BCMMbIBAOLLMX OKOH TENepb Takke BKIoYaeT
HacnegyeTcs (base-) UneHbl knacca, U aBTO-MOMNOMHEHNUs TENePb Takke NoABNATLCA ' Serial’,

4) Tak kak V2.4 Bo3BpallaemMoro 3HadyeHus anst 'SPI.transfer () ' n 'SPI.transferl6 () ' Obin
HenpaBuUnbHbIM, €CNW NOANPOrpamMMa npepbiBaHNs NONb30BaTENS yBONEHa BO BPEMS TakOW nepeaadu.

5) B V2.4, ObicTpble nepuoamyeckme curHanbl Obinn nokasaHbl Kak umetoLme 6onee ANUTENbHbLIV CPOK, YEM UX
(PaKTUYECKOWN NPOAOIPKUTENBHOCTM OYEBUOHON, ECITM CMOTPETL Ha 6oree BbICOKOM YBENUYEHUN.

6) KOHCTPYKTOp 'File::File(SdFile &sdf, char *fname) ' He paboTaer, Tak
'File: :openNextFile () ' (KOTOpbIli 3aBUCUT OT STOrO KOHCTPYKTOpA) Takke He paboTaer.

7) UnoArduSim 6b1n HenpaeunbHo 00bsBNSATL OLWMOKY AHanM3npoBaTb Ha 0ObLEKT-NEPEMEHHbIE U OOBbEKT
BO3BpaLLaloWmx OyHKUMOHaNbHbIE MOAYNN, OObsABNEH 'static',

8) Onepatopkl Np1cBanBaHus C 'Servo’, 'Stepper', UnNn 'OneWire' 0ObekT nepemeHHas Ha LHS, n obbekT
BO3BpaLLaLWNX PYHKLMOHAMbHbIA MOAYNb UM KOHCTPYKTOp Ha PUT, BbidBano BHyTpeHHUMn MISCOUNT 13 unicna
accoLMUpPOBaHHbIX OOBEKTOB, YTO MPUBOANT K BO3MOXHOMY Bpe3aTbCs.

9) Jlornyeckne TecTbl Ha 06BLEKTOB TMNa 'File' Bcerda BO3BpallaloTes 'true' Aaxe ecnu ann He Obin
OTKPbIT.

V2.4- man 2019

1) Toukn HaGnogeHs BoinonHuTb MNMoka MoryT ObiTh NOXHO MHULMUMPOBAaHbLI 3aMUCbio B COCEQHUI NepeMeHHas
(appec Ha 1 6anT Huxe).

2) Bbibop CkOpOCTM nNepegayn AaHHbIX MOXET ObIThb OLYTMM Korga Mbiwb 6bina BHyTpu 'SERIAL' nnn 'SFTSER'
YCTPOMCTBO 60/ packpbiBaOLUMIACS CMNMCOK (Oake Koraa CKopoCTb Nnepenayun AaHHbIX He Oblna Haxara).

3) HauuHas c V2.2, oumbkM nocnenoBaTenbHOro npuema npoucxoamnm co ckopoctbio 38400 6oa.

4) BHeceHHble n3meHeHus B V2.3 'SoftwareSerial' nHorga owmbo4Ho coobLatb 06 OTKIIOYEHHOM NpepbIBAHUA
(1, Taknm obpasom, oTkasbiBaTb Npu NepeoM npueme RX).

5) NameHeHwue, BHeceHHoe B V2.3, 3actaBuio SPISLV YcTponcTea HeNpaBuiibHO MHTEPMNPETMPOBaTh
LecTHaauaTepnyHble 3Ha4YeHns, HenocpeacTBEHHO BBeAEHHbIE B MX nosne Beoda 'DATA'.

6) BHeceHHble nameHeHus B V2.3 BbizBanym SRSLV YcTponcTBa mHorga NnoxHO U Monya obHapyxmeatb
3ANeKTpUYecKMn KOHANUKT Ha ux 'Dout' pin 1, Takum obpasom, 3anpeLlatb HasHavyeHne pin Tam. NoBTOpHbIE
NonbITKN NPUCoeanHUTb pin K 'Dout’ MoryT npuBecTn kK BO3MOXHOMY cHoto nocne yaaneHus yCTponcTso.

7) MNonbiTka NnpucoeanHnTs 'LED4' ycTponcTBo 3a pin 16 MOXeT npnBecTu K cOolo.

8) owwubka, BbI3BaHHbIA ObICTPLIMU MOBTOPHLIMU BbI30BaMK 'analogWrite (255) ' 3a '"MOTOR' koHTpOnb Yy
nonb3oBaTens nporpamMmma Bbi3Ban pesynstupytowmii ‘'MOTOR' ckopocTu 6biTb HeNpaBWUibHBIMU (CIIULLKOM
MeaOJSIEHHbIMN).

9) HauunHas c Bepcun 2.3, SRSLV YcTpolicTBa He MOXET BbiTb HazHayeH 'Dout’ pin n3-3a HeucnpaBHOIo
3MNeKTPNYECKOro OOHapyXeHMs KOHIMKT (M, TakKMM 06pa3oM, 3anpeLLaeTcs HasHayeHme pin).

10) Begomble SPI Tenepb cbpacbiBatoT CBOK NOTMKY Nepedarynka 1 npuemMHuka, korga ux 'SS*' pin nget 'HIGH',

11) npnsBaHne 'Wire.h' yHKUMOHAmNbHbIE MOAYM 'endTransmission () ' uUnMxe 'requestFrom()'
Korga npepbiBaHUs B HAacTosiLee BpeMsi \ OTKIIOYEHL!, TENEPb reHEPUPYET OLIMOKY BbINONHEHME ('Wire.h' ans
paboTbl HY>XHbI NPEPbLIBAHUS).

12) 'Ctrl-Home' n 'Ctrl-End' Tenepb paboTatoT kak nonoxeHo B IameHnTb/N3yunTs.

13) The 'OneWire' aBTOOycHas komMaHda 0x33 ('ROM_READ') He pabotan v nosecusn asTobyc.

V2.3- npeka6bpb 2018

1) ownbka, NnpegcTasneHHbIN B V2.2, caenan HEeBO3MOXHbBIM peAakTUpOBaHUE 3HaYeHWs anemMeHTa maccuea
BHYTpU U3ameHuTb/MoHuTOP.



2) HauunHas c Bepcun 2.0, TekcT B 'RAM free' [laHenb MHCTPYMEHTOB ynpasneHus 6bina BUAHA TONbKO Mpu
ncnonb3oBaHnM TeMHol TeMbl OkHa-0S.

3) Ha ®ainn | Harpy3kau Ha BBoZ, / BbIBOZ YCTPOMUCTBO hann Harpyska, hvnstpel hann (Tuna *.ino' a Takke
* txt') He paboTtanu - BMecTo 3TOro 6bIM NokasaHbl hannbl BCex TUMOB.

4) "MoandurumpoBaHHoe" cocTosiHne dharin OblNIo NOTEPSHO NOcne BbiNomnHeHMs NMpUuHUMaTb 1N xe
Komnunuposathb B nocrieaywolleMm ®ann | UameHnTb/N3yunTtb ecsiu danbHeliwiue rnpaeku He 6bi71U 8HECEHbI
(CoxpaHuTb CTan OTKIIIOYEH, U He Bblno aBTOMaTMYecKoro 3anpoca CoxpaHuTb Ha nporpammMa Bbeixoa).

5) onepartopbl ' /="' aTakke '$=' gan Tosfibko npaBuibHble pe3dynbraThl ANd 'unsigned’' nesas CTOPOHa
nepemMeHHble

6) TpOUYHbIN YCrOBHLIN ' (bval) ? S1:S2' pgan HeBepHbIN pesynbTar, korga 'S1' unnxe 'S2' 6bino
floKanbHOE BbIpaXXeHNe BMECTO NepeMeHHast.

7) ®yHKUMOHAIbHLIN MOAYNb 'noTone () ' BbiN UCNPaBMeH, YTOObI CTaTk 'noTone (uint8_t pin) ',

8) aBHuIn owmbka BbI3Ban cbor nocne Bbixoga n3 Coépoc koraa atoT COpoc Gbin BLINOMHEH B cepeanHe
PYHKLMOHArbHBIN MOAYIb, KOTOPbLIV OblN Bbi3BaH C OTCYTCTBYHOLLUMM OOHUM U3 ero napamMeTpoB (1 Takum obpasom
NONy4nn 3Ha4YeHue MHMLManm3aTopa fno yMonyaHmio).

9) BulpaxeHus uneHoB (Hanpumep, 'myobj.var' wnuxe 'myobj.func () 'He Hacnegosanu 'unsigned'’
CBOWMCTBO MX MPaBOW CTOPOHbI ('var' nnnxe 'func () ') M NO3TOMY HE MOXET ObITb HEMOCPEACTBEHHO
ConocTaBneHo unn obbeguHeHo € ApyrMMn 'unsigned' TUMbl - NIPOMEXYTOYHOE NMPUCBOEHNE 'unsigned’
nepemeHHas Obin nepBbiM 06s3aTeNbHbIM.

10) UnoArduSim HacTamBan Ha TOM, YTO ecrniu B onpeaeneHnn oyHKUMOHanNbHbIA MOAYNb €CTb Kakon-nnbo
napameTp C MHULMaNM3aTopoM Mo YMOMYaHMIO, YTO (OyHKLMOHArbHbIA MOAYIb MMEET paHee 0ObsABNEHHbIN
npoToTU.

11) 3BOHKM B 'print (byte bvar, base)' oOWMOO4YHO NOBbIWEH 'bvar' Ansg 'unsigned long', U TaK
pacneyaTaHo CAULLKOM MHOIO Lmdp.

12) 'String (unsigned var) ' a Takke 'concat (unsigned var) ' uonepatopbl '+=(unsigned)' a
Takke '+ (unsigned) ' HenpaBuWnbHO cO34aH 'signed' CTpOKM BMECTO.

13) 'R=1K" ycTponctso 3arpyxeH 13 IODevices.txt dann c nonoxeHnem 'U' 6bin No ownbke HApUCOBAH C ero
Mon3yHKOM (Bcerga) B mpomueonosioxHasi Mo3uyusi OT €ro UCTUHHOMO 3MEKTPUYECKOTO NOMOXEHNS.

14) MNMonbITKa NoNoXxuTbca Ha AedonT 'inverted=false' aprymeHT npu obbsBneHMn 'SoftwareSerial ()’
00beKT BbI3Ban cOon u NpoxoxaeHue 'inverted=true' paboTan TONbLKO €Cnu nonb3oBaTenk NporpaMma
cAenan nocrnepywmi 'digitalWrite (txpin, LOW)' pAns Toro, 4YToObl CHavana ycTaHoBUTb Heobxoaumbli
XONocTon 'LOW' YpOBeHb Ha Texac pin.

15) '12CSLV' YcTpoincTBa He pearnpoBarn Ha M3MEHEHUs B CBOMX MOMSAX pefakTupoBaHus pin (3HaYeHns no
ymonyaHuio A4 n A5 octaBanuch B cune).

16) 'l2CSLV' 1 'SPISLV' YcTponcTtea He 0BHapyXunnu n He UCnpaBuUnmn YacTUYHbIE U3MEHEHUS, Koraa Mblllb
MOKWHYMNa CBOW rpaHuLbl

17) 3HadeHusa Pin ons YcTtporictsa, kotopble criegoBanu 3a SPISLV nnm SRSLV, 6binm HenpaBuibHO COXpaHeHb! B
IODevs.txt baiin B WecTtHaguatepuyHoMm cdopmare.

18) MNonbiTka nogkntounTe 6onee ogHoro SPISLV yctporicteo MISO k pin 12 Bceraa npyvBoauvna K arnekTpruyecKkon
owmnbke KoHGNUKT.

19) MNMepekntoveHne pin OT 'OUTPUT' BeEPHYTbCS K Pexmum 'INPUT' He yaanocb cOpoCcuTb YpOBEHb dhnKcaumnm
OaHHbIX pin 4o 'LOW',

20) C nomoublo 'sendStop=false' B 3BOHKaX 'Wire.endTransmission () ' Unmxe
'Wire.requestFrom() ' BbI3Basn cOOW.

21) UnoArduSim HenpaBunbHO gonycTun 'SoftwareSerial' npuemM JOMMKEH NPONCXOAUTL OOHOBPEMEHHO C
'SoftwareSerial' Kopobka nepegau.

22) lNepemeHHble OObSIBMNEH C 'enum' TUMY HE MOXET ObITb NMPMCBOEHO HOBOE 3HAYEHME MOCME UX CTPOKM
o6bsiBnenus, 1 UnoArduSim He pacno3HaeT anemMeHTbl 'enum’, Koraa Ha Hux ccbinaetcs (Legal) 'enumname: : !
npedwukc.



V2.2- nwoHb 2018

1) BbI30B (hyHKUMOHANBHLIV MOAYIb C MEHbLLUUM KONMYECTBOM apryMeHToB, Yem Tpebosanock ero
onpegeneHuem (Korga aToT (PyHKUMOHaNbHLIA MOoaynb 6bin "onpeaeneH Bnepen”, To CTb, KOrga y Hero He Bbino
Bonee paHHeNn CTPOKN 0BbABMNEHUSA NPOTOTUN), BbI3BaN HapyLleHue naMsaTn 1 coon.

2) HauunHas c V2.1, BonHoBble He 06HOBNSANCA BO Bpems BbinonHuTb (Toneko B Ctonunu nocne LWar) - kK Tomy
e, MNMepemeHHble MaHenb 3HaYeHNs He 0GHOBNSANUCH B TedeHWe anutensHoro Lar onepaumn.

3) Kakoi-To HecoBepLueHHoNeTHUI OcumunnorpamMmma npo6remMsl ¢ NPOKPYTKON M MacluTabupoBaHNeM, KoTopble
cywiecTBoBanu ¢ Bepcun 2.0, Tenepb UCMPaBeHbI.

4) [axe B paHHux Bepcusax Copoc B MmomeHT Bpemeru t = 0 ¢ PULSER unu FUNCGEN, 4en nepuog cosepLunn
Obl camblin nocnegHui Lmkn nepeq t = 0 ObITb TONBKO YacMUYHbIU LUK, B pe3yrnbrare 4Yero ero
Ocuunnorpamma nocne t =0 cMellaeTcsa U3 CBOEro MCTUHHOIO MOSIOXEHNUS Ha 3TY (MU OCTaBLUYHOCS) BENUYMHY
ApoOHoro uukna, nubo BnNpaeo, MMO0 BreBO (COOTBETCTBEHHO).

5) |/|Cl'lpaB.l'IeHbI HEeKOoTOopble I'IpO6J'IeMbI C NoACBETKOM CMHTaKCcKCa B LBETE M3MeHVITb/V|3y‘-IVITb ,

5) HaumHasa ¢ V2.0, HaxaTtre Ha paclumpsaTb OQHOro 0ObEKT B MaccnBa 0ObeKTOB He paboTano A0mKHbIM
obpasom.

6) 'delay (long) ' Obin UcnpaeneH, YToObI ObITh 'delay (unsigned long) ' a Takke
'delayMicroseconds (long) ' 6bin ncnpaeneH, Ytobbl O6biTh 'delayMicroseconds (unsigned int) ',

7) HauunHas c Bepcun 2.0, pyHKUMOHANbHbIE MOAYNN NPUKPENSIEH C UCMOMNb30BaHWEM 'attachInterrupt () '
He Oblnn NpoBepPEHbI Kak AeNCTBUTENbHbIE YHKLUNOHANBbHbIE MOAYNM AN 3TON uenu (T.e. 'void' BEpHyTb, U He
umMes napaMeTpoB BbI3OBA).

8) BnusHne 'noInterrupts () ' Ha PyHKUMOHAmMNbBHbIE MOAYN 'micros () ', 'mills () ', 'delay() ',
'pulseInlong () '; ero BNUsHMWE Ha 'Stepper: :step () ' U Nocne 'read() ' a Takke 'peek () ' TamayThl;
Ha Bcex RX nocrnegosaTtenbHbIN NPUEM, U Ha 'Serial' nepepada, Tenepb TOYHO BOCNPOU3BEAEHa.

9) Bpems, noTpayeHHOe BHYTPU NoMb30BaTeENbCKUX NpoLeayp NpepbiBaHUN, TENEPb YYUTLIBAETCS B 3HAYEHUU,
BO3BpaLlaemMoM 'pulseln () ' 3agepxKa, Bbi3BaHHas 'delayMicroseconds () ' 1 B nonoxeHuu pebep Ha
aucnnee Pin UndpoBble Ocumnnorpammbil ,

10) 3BOHKW B 06beKm-4sieH (byHKLI,VIOHaJ'IbeIe mMoaynu, KOTopble ObINN YacTbio OONbLUNX CIOXKHbIX Bblpa)KeHl/IIZ
nnn camm obinu BHYTpPU BbI3OBOB (byHKLI,VIOHaJ'IbeIIZ MOAylb, UMEHLWNX HECKOJTbKO CIOXKHbIX aprymeHTos, €, g,
'myobj.memberfuncl () + count/2' unuxe 'myfunc (myobj.funcl(), count/3)', Oyger nvetb
HEeBEpPHbIe 3HAYEHMS, BbIYUCIEHHbIE / NnepeaaHHble BO BPEMS BbINOMHEHME U3-3@ HEMPABUITbHOIO pacnpeaeneHms
CTEKOBOIO MPOCTPaHCTBA.

11) Ykasartenb MaccuBbl nepemeHHble paboTan npaBuibHO, HO OTOBpaXkanucb HEBEPHLIE 3HAYEHNST B
MepemeHHble MaHenb.

12) Korga anHammnyeckuin MaccmBbl NPOCTOro Tuna Obin co3f4aH ¢ 'new' , TONbKO NEPBLIN ANEMEHT nony4van
WHMLManu3aumio (No ymonyaHuio) K aHadeHuto 0 - Tenepb BCe ArIEMEHTHI AeNnatoT.

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

14) 'SERVO' YcTponcTtea ¢ HenpepbIBHbIM BpalLeHNeM Tenepb naeanbHO HENOABWKHbI NMPU ANUTENbHOCTH
umnynbca 1500 MUKpOCEKyHA.

15) Bbizos SdFile :: Is () (cnncok katanoroB SD-kapTbl) paboTan npaBunbHO, HO HEMPAaBUITLHO NOKa3biBar
HekoTopble AybnupoBaHHble nepegayn SPI 6rnokos B Waveforms okHo.

V2.1.1- mapt 2018

1) UcnpaeneHbl HECOOTBETCTBUA B HEAHITIMACKMX NOKansax ¢ A3blkoM, coxpaHeHHbIM B 'myArduPrefs.txt’, ¢
oTobparkaeMbIMK KHOMKaMu A3blka paano B MpeanovYTeHUsA AnanoroBoe OKHO, U C COOTBETCTBMEM
nepeeegeHHbIM cTpokam B ‘'myArduPrefs.txt’.

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

3) Haxas Ha MNepemeHHbIe MaHenb K paclunMpsiTb MHOTOMEPHbIN MacCMBa NMOKaXKET FIMLLHIOW NyCcTyto '[!
KOHComnbHo-napa ,



4) Ccbinkx Ha anemeHTbl MaccuBa ¢ 3aBepLUaloLLMMU NIMWLHUMKU CUMBONaMK (Hanpumep, 'y[2]112') He 6binu
obHapyXeHbl Kak oLMOKM BO BpeMsi AHann3mpoBaTh (4OMNOMHUTENbHbIE CUMBOMbI MPOCTO MTHOPUPOBANNCH).

V2.1- mapTt 2018

1) owmnbka B HOBbIX Bepcusx V2.0.x Bbi3biBan pocT Kydun OkHa ¢ kaxabiM oOHoBneHnem B MNepemMeHHble MaHenb
-- nocrne MWNIMOHbI 0BGHOBMNEHWI (MHOTO MUHYT CTOUT BbIMOJTHEHUE), MOXET NPOM30NTHN COON.

2) 3BOHKM Ha 'static'uneH yHKUMOHanbHbIe MOAYNMN C UCMONb30BAaHNEM ABOVHON ABOETOUMA ': : ' 0603Ha4YeHne
He yaanocb AHanu3npoBaTh, Korga BHyTpu 'if () ', 'while () ', "for () ', aTakke 'switch () ' B ckobkax u
Korga BHYTPW BblpaXXeHU UCNOMb3YIOTCHA B KAYEeCTBE apryMEHTOB Bbl30Ba (PYHKLMOHAmMbHbIA MOAYMNb Un
MHOEKCOB MaccuBa.

V2.0.2 dheBpansb 2018

1) ownbka, BBeaeHHbIN B V2.0, Boizsan ®ann | Harpyska c6oi, ecnu '#include' ynomvHaeTcsi Kak
OTCYTCTBYIOLLNIA Unn NycTon chann

2) Buytpu 10devs.txt dpann, oH 'l/O' HazBaHuMe 'One-Shot' oxunganoce Bmecto 6onee craporo 'Oneshot’; oba
Tenepb NPUHATHI.

V2.0.1- auBapb 2018

3) B HeaHrnuickmx s13bIKOBbLIX JTOKansx, 'en' Obin HeNpaBUITbHO MOKa3aH Kak BbiopaHHbIi B MpeanoyvteHus,
Jenasi BO3BpaT K aHITIMINCKOMY A3bIKy HENOBKUM (TpebytoLmm oTMeHbI Bbibopa, a 3aTem NOBTOPHOro BbiGopa).

4) MNonb3oBaTtenb MOr OCTaBUTb 3HAYEHWE NOMNs pefakTMpoBaHNs YCTPOMCTBO pin B HEMNOMHOM COCTOSHMU
(Hanpumep, 'A_") n octaBuTb 6uThl 'DATA' 'SRS:V' HenomnHbIMu.

5) MakcmanbHoe KOnmM4ecTBO crianepoB AHamNoroBbiv Obino orpaHnYeHo 4 (Tenepb UcnpaeneHo 6).
6) UnoArduSim Bonblue He HacTanBaeT Ha '=' MOSBMASETCH B arperaTHoOn MHMUuanMsauum maccusa.
7) UnoArduSim HacTosan, ytobbl aprymeHT "inverted_logic" 6bin npenoctaeneH 'SoftwareSerial () ',

8) Onepaumu caevra GUTOB Tenepb NO3BOSSIOT CABUMM ANVHHEE, YeM pa3Mep COBUHYTOIO NepeMeHHast.

V2.0- nekabpb 2017

1) Bce doyHKUMOHanbHbIE MOAYNN, KOTOpble Bbinv 06bsABNEHbI Kak 'unsigned' TeM He MeHee BO3BpaLlan
3Ha4yeHwus, Kak ecnu Obl OHW ObiNK 'signed' , OTO He MMENO HUKaKOro ahdeKTa, eCnn 'return' 3Ha4YeHNe
Obln Ha3Ha4eH Ha 'unsigned' nepemMeHHas, HO Bbi3Bano bbl HeNpaBWbHOE OTpUUAaTeNibHOe TONIKOBaHWeE, ecrn
OHO nmeeT MSB == 1, a 3aTem OH Gbin Ha3HaveH 'signed' nNepeMeHHas, Vv NPOBEPEHO B HEPaBEHCTBE.

2) AHanorosbin Cnangepbl TONbKO 4OCTUIMM MakcumyMa 'analogRead () ' 3HadeHue 1022, He npaBurbHOE
1023.

3) owmbka crnyyarnHo BeegeH obpatHo B V1.7.0 B NOrMKy, NCnonb3yemyto ans yckopeHmsi oopaboTtkm cuctembl SPI.
SCK pin BbI3Ban nepenady SPI ana 'SPI_MODEL' a Takke 'SPI_MODE3' noTepneTb Heygady nocre nepsoro
nepenaHHoro 6arTa (noxHas gononHutensHas MNepexon SCK cnenosan 3a kaxabiMm 6aritom). Takke Bbinu
oTnoxeHbl 06HoBNeHWs B none 'SPISLV' ana pepaktuposaHus 'DATA' anga nepegaHHbix 6anToB,

4) LiseTtHon LED ycTtponcTteo He Bkntovan 'B' (4nst cMHero ueta) B ka4eCcTBe LBETHOMO BapuaHTa (XoTsi 3To 6bIno
MPUHATO).

5) Hactponku gnsa 'SPISLV' 1 '12CSLV' YcTpolicTBa He 6binu coxpaHeHbl none3oBatento /0" YcTponcTBa darin.

6) KonnpoBaHue 'Servo' 3K3eMNNspbl He yAanock U3-3a HEUCNPAaBHOIO 'Servo: : Servo (Servo &tocpy) '
peanusauns KOHCTPYKTOPa KONMpPOBaHMS.

7) BHe gnana3oHa 'Servo.writeMicroseconds () ' 3HaUYeHUsI ObINM NPaBUbHO OBGHAPYXXEHbI Kak oLwnbkKa, HO
yKasaHHble NpefesnbHble 3HaYeHUs!, CONPOBOXAatoLne TeKCT coobLleHms 06 owmnbke, Obinm HEBEPHLIMM.

8) 3akoHHbIN ckopocTb nepegayn 115200 He 6bin NpuHAT npu 3arpy3ke u3 'I/O' YeTponcTBa TEKCT chann.

9) AnekTpryeckune pin KOHPNUKTbI, BbI3BaHHbIE NOAKMOYEHHbIM AHanorosbli Criangep ycTponcTBo, He Bceraa
oBHapyxuBanuce.



10) B penkux cnyyasax nepefada HeBepHOro ykasaTtens CTpoKU (Mpu oTCyTCTBUM CTpokM O-TepMmHaTop) B
'String' YHKUMOHAmMbHbLIA MOAYIb MOXET NpuBecTy k cboto UnoArduSim.

11) Koa MNaHenb MOXET OCHOBHOWM MOMEHT TeKyLLas CTpoKa ownbkn AHanM3mMpoBaTh B HerpaeusibHo Mogynb
nporpamma (korga '#include’' Mcnonb3oBarncs).

12) 3arpy3ka 'l/O' YcTponcTtea dann ¢ yCTPOUCTBO, KOTOPLIN (HeHaanexawmm obpasom) TonkHyn npotme 'Uno’ pin
13 npuBen K 3aBMCaHUIO NporpaMmma npu NosIBIIEHUN BCMIbIBAOLLEro coobLeHnst 06 owmbke.

13) YHOApayCuM no owmbke No3Bonus nonb3oBaTtefls MOXET BCTABUTb He LeCTHaauaTepuyHble CUMBOSbI B TX-
Oydep paclumpeHHbI okHa ana SPISLV n 1I2CSLV.

14) lHMumanmsaumsa cTpokn o0baBneHnsa He yaanoch, Koraa 3HavyeHue ¢ NpaBor CTOPOHbI ObINo 'return'
3Ha4yeHue oT YneHa o6beKT-PYHKUMOHarbHbIM ModyNb (kak B 'int angle = myservol.read();').

15) 'static’' YneH nepeMeHHble UMes SIBHbIA 'ClassName: : ' NpedUKCbl HE Pacno3HaKTCs, €CNN OHU
NOSIBNSAIOTCA B CAMOM Hayarne CTPOKM (Hanpumep, Npy HasHavyeHun Ha 6a3y - 'class' nepemeHHas),

16) npusBaHue 'delete' Ha ykasaTene, CO34aHHOM 'new' 6blf pacno3HaH, TOMbLKO eCrin Ucrnonb3oBarnach
HOTauus dyHKUMOHAanNbHbIN MOAYNb Kpyrnas ckobka, kak B 'delete (pptr) ',

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

18) N3meHeHus, koTopble yBenuuunu rnobansHele 6anTtel 'RAM' B nporpamma, KoTopbiv Ucnonb3oBan 'String'
nepemenHble (Yepe3 UameHnTb/U3yunTb 1nm xxe ®ann | Harpyska ), MOXeET NpMBECTM K MOBPEXAEHMIO B 3TOM
rmobanbHOM npocTpaHcTBe 'Uno' n3-3a yganeHns 'String' o6bekToB, NPUMHAANEXallmMin cTapoMy nporpamMma,
MpyY NCNOMb30BaHWUMN (HENPABWIBLHO) Ky4u, NPYHaanexailen HoBoMy nporpaMmma. B HEKOTOpbIX Cryvasx 3To MOXeT
MPMBECTM K KPYLLEHWIO Nporpamma. XoTs BTopon Harpyska nnv AHannsmpoBaTtb pewnn npobnemy, 3ToT owmbka
HaKoHeL, ncnpasneH.

19) BosBpallaeMble 3Ha4yeHus oNnsl 'Wire.endTransmission () ' a Takke 'Wire.requestFrom() ' 06a OHU
3acTpsnu Ha 0 - Tenepb OHU UCMPaBMEHBI.

V1.7.2- cheBpanb 2017

1) MNpepbiBaHuA Ha pin 2 Takke bbinn (HenpegHamMepeHHO) Bbi3BaHbl aKTUBHOCTBIO CUMrHana Ha pin 3 (1 HaoboporT).

V1.7.1- ¢pbeBpanb 2017

1) ®yHKUMOHanNbHLIN MoAynb 'delayMicroseconds () ' npou3Bogun 3agepxky B Munnu-cekyng (8 1000 pas
oonbLue).

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

3) WecTtHaguaTtepuyHble nuTepans! 6onblue 0x7FFF ecTb ceivac 'long' No onpedeneHnto 1 Tak Tenepb dyaer
reHepupoBaTh 'long' pesynsTUpYyloLLMe apudMeTUYecKme BbipaXxeHusl, B KOTOPbIE OHW BOBMEKaloTCs.

4) owwmbka, cny4varHo BBegeHHbl V1.7.0, npegoTBpaTtun ansTtepHaTUBHBIN CTuib C ++ nepeMeHHast YMCnoBbIX
nutepanos (Hanpumep, ' (Long)1000*3000 ' He ObIN NPUHSAT).

5) 'Serial' Gonblie He 3aHUMaAET MHOro 6aToB B onepaTMBHOM NamATh 'Uno’, ecnmn oHa HUKOra He HyXXHa
nornb3oBaTento Nporpamma.

6) OB6bsIBNEHHbIN Nonb3oBaTeneM rmobarnbHbIN NepemMeHHble Oonblle He 3aHUMAET MECTO B ONepaTUBHON NaMaTu
'Uno', ecnu oHM dhakTuyeckn HUKorga He UCMOoMb3YTCA.

7) CuHM nepemMeHHble OObsBMEH KaK 'const', 'enum' YYacTHUKW, W yKasaTernu Ha CTPOKOBbIE nutepansl,
fonbLue He 3aHMMaloLWMe MecTa B onepaTnsHon namsAtn 'Uno’ (no cornacosaHuto ¢ komnunsaumen Arduino),

8) O3Y GawnTtos, HeobxoamMMbix Ans '#include' BCTPOEHHbIE BMONMOTEKN TENEPb TOYHO COOTBETCTBYIOT
pesynsratam ycrnoBHoOW koMnunsaumm Arduino.

9) C nomMoLpblo 'new' Ha ykasarterne daktmdeckas CTpoka oObsiBNeHUs1 notepnena Heygady (TONbKo No3xe 'new'
NpuCcBOEHME yKkasaTtento cpabortano).

10) UcnpaeneH owwmbka, n3-3a KOToporo "oxugaromnin” nokas karanora Ha SD-gucke mMor Bbi3BaTb 3aBUCaAHUE



nporpaMma.

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

a) MNpepbiBaeT 0 1 1 pebpa, koTopble Npon3oLLnn BO BpeMs Arduino (oyHKUMOHAMNbHbIA MOAYMb, YTO GrokKu BO
Bpems oxuaaHus (kak 'pulseIn() ', 'shiftIn() ', 'SPI.transfer () ', 'flush()', aTakke 'write() ')
BbI3Bas oWKNOKyY B MOTOKE BbINOMHEHWE NPY BO3BpaTe NpepbiBaHus

6) Heckomnbko KOnui NnokanbHOro nepemMeHHble Niiboro NpepBaHHOro OyHKUMOHANbHbIA MOgYIb MMENu
nosiensancs B NepemMeHHble MaHenb (0aHa KonNus Ha BO3BpaT NpepbiBaHns ), 1 3T0 Obino ncnpaeneHo B V1.6.3, HO
Apyrue npobnemsbl ¢ NpepbiBaHNSIMIN OCTasnunch).

B) OyHKUMOHAanNbHbLIN Moaynb 'delayMicroseconds () ' He co3gaBarn HUKaKoW 3a4ep)kku, eCni Bbi3biBancs 13
noanporpamMmMbl NpepbiBaHNA Nonb3osaTens.

r) 3BOHKM Ha BroKMpoBKY hyHKLUMOHamNbHbIE MOAYNM BpoAe 'pulseIn () ' OT 6Hympu NpepbiBaHNEe pyTUHA He
pabotana.

1) owmbka, BBeAeHHbIN B V1.6.3, BbI3Ban notepto 06HoBNeHWs 3HavyeHus B NepemeHHble MNaHenb BO Bpems
BbIMOJTHEHWS, KOrAa 3HaYeHMs OEeACTBUTENBHO MEHSANUCH (3TO NPOMCXOAMITO TONBKO nocrne AByx unm 6onee Cton
unu meHio NMepemOBGHOBUTL AelicTBMSA nonb3oBaTens). Kpome Toro, korga BeinonHuTs [1o 6bin caenax nocne
PaspewmnTb cokpalueHue 6bin Bbi3aBaH, MepemeHHble MaHenb 13peagka He NepepucoBbIBancs (Mo3TOMy cTapble
3Ha4eHus u local-nepemeHHbIe MO NOSABNATLCS Tam 40 cneaytowlero Lar).

2) The Kop MaHenb Bbigenss noseaeHvie War Bokpyr komaHaa MOXET NoKa3aTbCs BBOASALLEN B 3abnyxaeHue B
"if () -else' LeNM - 3TO Tenepb UCMpPaBMEHO (XOTS pearbHas PYHKUMOHANbHOCTb CTeNnnuHra bbina
npaBuUITbHON).

3) dyHKUMOHanNbHbIM MOAYNb 'pulseIn () ' HEMPaBUMLHO YCTAHOBWN TalM-ayT B MUMMUCEKYHAAX BMECTO
MWUKPOCEKYH, - OH TaKkKe HenpaBuSIbHO Nepesanyckarn TaiM-ayT, Koraa Nepexofbl Ha HEaKTUBHbIN Y akTUBHbIN
YPOBHM GbiNn BriepBble 3aMeYeHbI.

4) Ncnonb3osaHue nutepanos HEX mexay 0x8000 a Takke OxFFFEF B 3afaHWNsX Unv apudmeTuke ¢ 'long'
Lenoe Y1Cro nepemMeHHble 4ano HenpaBusbHble pesynbTaTthl M3-3a HENPOBEPEHHbIN 3HAK-pacLUMpeHue.

5) MNepepaya vnu Bo3BpalleHne '£loat' M3 NOOOMO 'unsigned' LENOYUCIEHHDbIA TUN CO 3Ha4YeHneM MSB = 1
Oan HeBepHble pesynbTaTthbl M3-3a HEUCNPaABHOCTU 'signed' WHTepnpeTauus.

6) Bce 'bit_ () ' dyHKUMOHAmNbHbLIE MOAYNM TENEPb TaKKe NPUHUMaeT onepauun Ha 'long' -pasmep
nepemeHHble 1 TecTbl UnoArduSim Ha HegonycTuMble 6GUTOBbLIE NO3KLMK (KOTOPLIE BLIXOAST 3a Npefens! pasmepa
nepemMeHHas).

7) HesepHbin BBOA B nore peaaktupoBaHus 'Pulse’ (wnpnHa) Ha 'PULSER' YeTponcTBo Bbi3Ban noBpexaeHne
3Ha4eHus 'Period’ (o Tex nop, noka He ByaeT McnpaBneHo cneayroLen 3anucbio peaakTUpoBaHUs
nonb3oBaTenem 'Period').

8) Ynanenwue 'PULSER' unu 'FUNCGEN' yctpoicTteo ¢ nomoubto MeHo KoHduryprpoBaTb He yaansino CBOW
NepuoLMYECKN curHan 3 pin, KOTopbin oH Ben (Copoc Gonblue He TpebyeTcs).

9) Bo3amMoXXHOCTb MHUUmManu3aumm 1-D 'char' maccuBa CO CTPOKOW B KaBbl4Kax OTCYTCTBYET, (Hanpumep, 'char
strg[] = “hello”; ')

10) WecTHaguaTepuyHbI gucnnen B pacwmpeHHbii 'SERIAL' unu 'SFTSER' Monitor okHa nokasbiBan HEBEPHbIN
CcTapLuMii 3Ha4alun CMMBON 4SS 3Ha4YeHn 6anToB Oonblue 127.

11) Ocumnnorpamma okHa He oTpaxkanu nporpaMMHble U3MEHEeHNs Nonb3oBaTtens, caenaHHeole ‘analogWrite()'
xoTma HoBoe 3HaueHne 6binno nnbo 0%, nnbo 100% paboyero umkna.

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

13) A 'myArduPrefs.txt' bann c 6onee yem 3 cnosamu B ogHow cTpoke (unu npobenamu B 'l/O' Yetponctsa Vms
harin) MoxXeT BbI3BaTb CHOM U3-3a HEUCNPABHOIO BHYTPEHHETO yKasaTens.

14) duHanbHaga cTpoka 'I/0' YcTponcTBa chaiin He Obin NPUHAT, ECNN 3TO HE TaK 3akaHYyueaemcsi nepeesodom
CMpPOKuU,



15) JobaeneHne bonee YeTbipex cnangepos AHaNoroBbIv BbI3Bano MonyanmebIvi olwmMbka, KOTOpbI Nepesanucan
LED 'l/O' ycTponcTtBo ykasatenu

16) HauunHas c V1.6.0, aHanoroBbIii ocuuniiorpamMma obpasLoB Ansi mepeas Moso8uHa Kaxaoro mpeyaosbHUK
ocuunnorpamma 6binn Bce HyJb (13-3a owmnbKa B BbIYMCNEHUM Tabnuubl ocumniorpammMa).

17) denatb NoBTOPHLIN BbinonHuTb [lo Korga Ha NUHWM TOYKa OCTaHOBKM Donblue He TpebyeTcst HECKONMbKO
KITMKOB 3a aBaHC.

18) MNMepepnayva agpecHbIX BblpaXkeHu B napaMeTp pyHKLMOHamNbHbIM MOAYNb YHKUMOHAMbHbBIA MOAYIb He Obin
NpUHAT CUHTaKCUYECKUIN aHanm3aTop.

19) PeKkypCuBHBIN (hyHKLMOHANbHBbIE MOOYIN, KOTOPbIV BO3BpaLlan BbIpaXXeHWsi, codepallne ykasaTtenb Unm
pa3biMEHOBaHHbLIE CChISTKM MAacCuBa, 4an HeBepHble pe3ynbTaThl M3-3a copoca ¢raroB "roTOBHOCTU" B 9TUX
BbIPa)XEHUAX KOMMOHEHTOB.

20) npusBaHue 'class' uneH-yHKUMOHaNbHbIE MOAYNM Yepes 1060l ykazamesib 06bLeKm nepeMeHHasi unu
ebIpa)keHue yKka3amejisi He paboTan

21) Nonb3oBaTternb (PyHKLUMOHAaNbHbIE MOAYMNMW, KOTOPbIN BO3BPaTUN 3HAYEHNE OBBHEKTOB, TOMLKO YCNELLHO
BO3BpaTMWI1 CBOE 3HAYEHME NPU CaMOM NEPBOM BbI30Be (hYHKLMOHANbHbIV MOAYIb ecsiu BEPHYNUN 6e3bIMSIHHYO
NocTpoiKy 0ObekT (Bpoade 'String ("dog") ' - Npu Nocneayowmnx BbI30Bax BO3BpaT Oblf NponyLleH 13-3a
3acTpsaBLUero gnara "rotoeo".

22) Tam He BbINO HMKaKOM 3aWwmThl, YTOBLI NpegoTBpaTuTL KoMmaHay OkHa | Serial MoHuTop ePom nobasnsas
HOBbIV 'SERIAL' YCTPOWCTBO, KOrda Ha camMoM Jere He Bbino Mmecrta ans aToro.

23) Ecnu pobasneHne hmkcupoBaHHOrO pin yCTPoMCTBO (Hanpumep, 'SPISLV') Bbi3Bano BehnbiBaoLLee
coobLeHune pin koHhNUKT, JlabopaTopHaa Ckambsa MaHenb nepepucoBka MOXET NokasaTtb Aybnukata "npuapak
YCTPOWCTBO HanoxeHue camoro npasoro 'l/O' ycTponcTBO (00 crefytoLlen nepepucoBKi).

24) VicnpaBneHbl HEKOTOpble Npobnembl ¢ HeHaaexHbIMU 3Bykamm 'PIEZQO' ans Henepuoguyeckmx curHarnos pin.
25) 'PROGMEM' nepeMeHHble Tenepb Takke AOMmKeH ObiTb ABHO OOBbSBMNEH KakK 'const' cornacutbcs ¢ Arduino.

26) "Het mecTa B ky4e" Obin HenpaBMnbHO MOMEYEH Kak OLMbKa BbINOMIHEHNE, Korga 'SD.open () ' He yaanocb
HaWTW Ha3BaHHbLIN (barin Unn 'openNextFile () ' AOCTUM NOcCneaHero dann B KaTanore.

27) CuHTakcn4yeckmmn aHanna3aTtop owmnbka HenpaBuUIbHO NPUHAIN 3aKpbITUE N30rHyTas ckobka ' ',

28) owubka c NMepemeHHble MaHenb VicnpaBneHo yaaneHue nocne Bo3Bpata KOHCTPYKTopa member-o6bekT
(owwnbka NnpumeHsieTcs ToMnbKo Ans 06bLEKTOB, KOTOpPbIE CaMM CoaepKaT Apyrne 0ObeKTOB B KAYeCTBE 3IEMEHTOB).

V1.6.3- ceHTab6pb 2016

1) MecTHbI nepeMeHHble Noboro npepBaHHOrO PYHKUMOHAMNbHbBIN MoAdynb He yaansancsa n3 NepemeHHble
MaHenb npw npepbiBaHNN 3anMcy PYHKLUNOHANbHBIN MOAYIb, YTO NPUBOANT K HECKOMNBbKMM KOMUAM MOSBRASETCA
Tam npuv Bo3BpaTte npepbiBaHUS-OYHKUMOHANbHbIA MOAYNb (M BO3SMOXHOW BO3MOXHOW OLLUMOKE BbINOMIHEHUE UMK
cboe).

2) OcumnnorpamMmma okHa He oTpakanu nporpaMMHble U3MEHEHUs B 'analogWrite () ' K HOBOMY paboyemy
uukny 0% mnmn 100%.

3) WectHaguatepuyHbii gucnnen B pacwmpeHHbin 'SERIAL' nnn 'SFTSER' Monitor okHo nokasbisan
HenpaBunbHbIN cumBon MSB gns 6antoBbix 3HaueHu 6onblue 127.

V1.6.2- ceHTab6pb 2016

1) ®PyHKUMOHANBHBLIN MOAYIb BbI30BbI, CAENAaHHbIE C HENMpPaBUilbHbIM HOMEPOM UMM TUMOM aprymMeHTOB, He
creHepupoBanu cooTBETCTBYoLLEee coobLleHre 06 owmnbke AHanM3npoBaTh (TONMbKO MOSBMITOCH 0OLlee
coobuieHne "HegencteutenbHbIn naeHtTudmkarop”).

2) The UHcTpymeHT-Bar KHonka cbpoca Tenepb paboTaeT Tak Xe, kak 1 kHomnka cobpoca 'Uno' Bepeus anst Uno.
3) TekcT owmbkn AHanuanposaTb GonblUe He 0bpe3aeTcst nocne 16 cumBonoB 6€3 MHOrOTOUMS.

V1.6.1- aBryct 2016

1) B V1.6 Bepcusa 'Uno’' Bepcns ans Uno B 'myArduPrefs.txt" dann, kotopbii oTnnyancs ot 3Ha4yeHus
BEpCMM 2 Mo yMOITYaHM1I, BbI3Bas UCKITHOYEHME Npu 3anycke (M3-3a HEMHULMANM3MPOBaHHOIO CobbITUs pin 13).



2) W3meHeHMe 3HaYeHnsa nepemMeHHasa ABONHbIM LLenYkoM Mbilin B MepemMeHHble MaHenb MOXeET Bbi3BaTb
OLUMBOYHbIE BCMIbIBAKOLLME OKHA C COOBLLEHNSIMM 06 OTCYTCTBMM BbIAENEHUSA NAMSATK (4151 NporpamMmmbl C fo0ObIM
onpefeneHHbIM nofnb3oBaTtenem 'class').

3) 'SoftwareSerial' He paspelunn AOCTYN K 'write (char* ptr)' aTakke 'write (byte* ptr, int
size) ' yHKUMOHaANbHbIE MOOYNN N3-32 HEUCMPABHOIO OOHAPYXEHUS NEPErpy3kM PYHKLNOHANBbHbIA MOAYIb.

4) WcnpaeneHa npobnema c aBTOMaTM4eCcKMM BKIOYEHMEM COOTBETCTBYHOLErO ".cpp” dhann ans n3onMpoBaHHOM
"h" 6ubnmotekn '#include’',

V1.6- noHb 2016

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

2) Tenepb AobaBrneHo oOHapyXeHue pin KOHPNUKTYET C NpunaraeTcsi BHELLUHWI NPOBOSHUK C CUITbHON
nposogumocTbio 'I/O' YeTponcTtea 'Serial' pin 1, Ha SPI pins SS, MOSI u SCK, Ha 12C pins SCL n SDA (Bce,
Korga COOTBETCTBYHOLLME 'begin () ' HasbiBaeTcs), a no nobomy obbsBreH 'SoftwareSerial' TX pin.

V1.5.1- vioHb 2016

1) B V1.5 HoBble aganTupyemble kK TemaMm uBeTa cuHTakcnca OCHOBHOM MOMEHT He cOpacbhiBanvCh Kaxabln pas
OOMKHbIM 06pasoMm UameHnTb/U3yunTb Obin OTKPLIT, U NO3TOMY (C TEeMOM Ha 6enom oHe) Bbinv NpaBUNbHBIMU
TOMNbKO Kaxabli BTOPOW pas.

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

V1.5 - man 2016

1) owwnbka, NnpeacTtaeneHHbIn B V1.4.1, npegoTBpallaeT nepegady OTKpPbITbIX CTPOKOBbLIX NMTEPArnoB B YreH
byHKLMOHamNbHbIE MOAYW, KOTOPLIN OXnaan 'String' oObEKT, Kak B 'mystringl.startsWith ("Hey") ',
2) A owwubka B opurmHane SD peanusaums UnoArduSim paspelueHa Tonbko SD 4OCTYN C NMOMOLLbIO 3BOHKOB
'read () ' aTakke 'write()' (moctyn yepes 'Stream' QyHKUMOHANbHbIE MOAYNY Obin
npenoTBpaLLeH).

3) 'R=1K' Non3yHKoBble NepeknoyaTeny He NepepmncoBbIBANIUCE AOMKHBIM 06pa3omM Npu nepemMeLLeHnm
NonayHka.

4) OTtmeHa B gmanoroBom okHe Confirm-CoxpaHuTb dann 4ormKeH ObliT NPeaoTBpaTUTb BbIXOA U3 MPUIOXKEHMS.

5) OTcyTcTBYET 3aKpbliBaloLLas UuTata unm 3akpbitne '>' -kpyrnas ckoGka Ha nonb3oBatens dain '#include’
NpVBEAET K 3aBUCAHNIO

6) WcnpaeneH owmbka B NOACBETKE CMHTaAKCUca 'String' M Nonb3oBaTernb 'class' UNUxe 'struct'wu
paclUMpeHHOe BblaeneHne, YTobbl BKMOYUTL  KOHCTPYKTOP (PYHKLMOHAMbHBIN MOAYrb Bbi3blBAET.

7) WcnpaBneHbl HeaHauuTernbHble NpobrnemMbl B UsMeHUTb/U3yunTb ¢ U3MEHEHUSIMI TEKCTA / BbiAENEHUS U
3abpaTb KHOMKa.

V1.4.3 - anpenb 2016

1) C nomoubio Kondwmrypuposarts | 'I/O' YeTporcTBa [JoGaBneHre HOBOro YCTPOWCTBA, a 3aTeM nocnegytoLlee
yoaneHue ogHoro n3 aTux HegaBHO Jo06aBNeHHbIX YCTPONCTBA MOXET NPMBECTM K COOL0 Npu nepesarpyske unm K
npekpaLleH1to paboTbl APYroro yCTPOWCTBO.

2) Mogundmkaums 'String' nepemeHHasi 4BOWHbLIM LWen4ykomM Mblilwn B NMepemeHHble MNMaHenb He yaanoch
(HoBbIN 'String' 6bINIO NPOYMTAHO HEMPABUIILHO).

3) WameHeHus Pin Ha 'FUNCGEN' n 'PULSER' YcTponcTtea He pacrno3HaBanuch 40 Tex nop, Noka He Obin caenaH
nepBbIn copoc.



V1.4.2 - mapT 2016

1) V1.4.1 nmen eeedeHbl Heyaa4Hbln AHaNM3npoBaThb oLwnbKa, KOTOPbI NPENATCTBOBAS BbINOMHEHWIO 3a4aHuUi,
CBSA3aHHbIX C MIOObIM 'class' 0ObLEKTOB (B TOM YucChe 'String' ).

2) HenonHoe ncnpaenenune ownbka, caenanHoe B V1.4.1, Bbi3Bano 'unsigned' 3HaveHus Tuna 'char’
neyataTtb kak cumeonbl ASCII, a He Kak UX UenoYncrneHHble 3Ha4YeHus.

3) CnoxHble aprymMmeHTbl Bbi30Ba (PYHKLMOHAMbHbIN MOZYMb B BblpaXKeHUsIX-UneHax He Bcerga pacnosHaBasnvch
KaK JonyCcTMMble COBMaAeHUs napamMeTpoB PyHKLMOHAIbHBIA MOAYIIb.

4) Bce uenouncrneHHble nuTepanbl U BbIPaXXeHUs Bbiny CnuLLIKOM BENUK ' long ') W, CNeaoBaTenbHO, BbINOMHeHue
He oTpaxaeT ghakmuyeckuli nepenonHeHnst (00 OTPULAHKSA), KOTOPbIE MOTYT BO3HUKHYTb B Arduino npu
onepaumsix CroXXeHWsl / yMHOXEHUS], BKIIOYaloLWMX 'int ' pasmepHble 3Ha4YeHus!.

5) BblpaxeHusi, BknovatoLimMe cMech 'signed' a Takke 'unsigned' LeENoYMCreHHbIE TUMbI HE BCerga
obpabaTtbiBanvcb AOMKHbIM 06pa3oM ( 'signed' 3HaveHue OygeT HeMpaBMIbHO paccMaTpuBaTbCs Kak
'unsigned' ).

6) B cniyyasnx pin-koHGNUKT coobLueHms o6 owmbkax "value =" MoryT nokasbiBaTb yCTapeBLUME 3HAYEHWS pin Aaxe
nocne C6poc 13 npeapiayLlero KOHMMMKT, KOTOPLIA NOMb30BATENb YXKEe OYUCTUI.

V1.4.1 - auBapb 2016
1) 3BOHKM Ha 'print (char) ' Tenepb nevatanTe NpaBuibHO Kak cumBorbl ASCII (a He YMcnoBble 3HaYeHWs).

2) OTBET Ha NpepbIiBaHUe Tenepb BKIHOYEH MO YMONYaHUIo, Korga 'attachInterrupt () ' Ha3biBaeTcsd, Tak YTo
fonblue HET HEOOXOAMMOCTM B BalleM 'setup () ' MO3BOHWUTL B pa3peLuatounin oyHKLMOHaNbHbIA MOgYy b
'interrupts () ',

3) Heckonbko '#include’' 3k3emnnsipbl Nofnb3oBatens annbl 3 BHYTPU OOHOrO goann Tenepb
obpabaTbiBaloTCHA NPaBUNBHO.

V1.4 - pexabpb 2015

1) A daeHuwHuUll owNOKa HeNpaBWUibHO NOMeYEH OesTeHUsT Ha HOJb YCIOBWE NPy AeneHun Ha gpobHoe
3Ha4yeHune MeHbLUle eauHULbI.

2) WUcnpaeneHa 'SoftwareSerial' (KOTOpbIN Bbin Criy4aHO crioMaH AobaBneHHbIM 'class' -MpoBepka
Banuagaummn yneHa B V1.3 pennsos).

3) KoHeuHble BbI30Bbl (OYHKLUMOHANBbHLIN MOAYIb C NPOMYLLIEHHON TOYKOW C 3ansiToN He ObINn NepexBaveHbl, 1
CvHTaKCMYEeCKMIN aHanm3aTop NPonyCTWI CreaytoLLyto CTPOKY.

4) lMnoxo otdopmaTtnpoBaHHbil 'I/Q' YeTponcTBa TekcT chann gan HenpasunbHoe coobLuleHne ob owmbke.

5) AHanusuposaTb VicnpaBneHa owmbka NOACBETKMN HENMPaBUbHOW (CMEXHON) CTPOKM B MHOTOCTPOYHbIX
BbIPaXXEHUSAX U BblpaXKeHMX

6) Jlornyeckoe TeCcTUpoBaHWE yKasaTenewn ¢ ucnosnb3oBaHmem 'not' (! OnepaTop Obin NepeBepHyT.

V1.3 - okTa6pb 2015

1) HenpaBwunbHas BHyTpeHHAA obpaboTka B6riokHOTa nepeMeHHble, Bbi3BaHHasA Cly4YanHbiM NpeBbIeHa
MaKkcuMmarnbHas rnyouHa BnoxeHus 6nokHota "Owmnbkn AHanu3anposaTb.

2) CKOGKM 8HYmMpU 00UHaPHBIX KaBbI4eKU30THYThbIe CKOBKM, TOYKa C 3ansTol, parentheses BHYTpU 3aKMNOYEHHbIX B
KaBbl4YKN CTPOK W 3KpaHWpPOBaHHbIE CUMBOJIbI 06pabaTbiBanunch HeEMPaBUIbHO.

3) Maccuea c nyCTbIM N3MEPEHNEM U 6e3 cnvcka nHuumManusauum Boi3ean 3asncaHne RESET, a maccuBbl TONbKO
C OOHUM 31EMEHTOM He Obli 3anpetLleH (M Bbl3Ball UX HEBEPHYIO UHTEpNpeTaunto Kak HeBepHO
VIHI/ILI,I/IaﬂI/I3l/IDOBaHHbII7I YKa3aTeﬂb).

4) NHorga owmnbkn AHann3anpoBaTb MHOMAa NPUBOAAT K HENPaBWUIIbHON (CMEXHOW) CTPOKE OCHOBHOW MOMEHT.

5) Mepenava ykasatens Ha He-'const' K PYHKLUMOHAMNbHbIA MOAYMb NPUHUMAET yKasaTesfb Ha 'const' Obin
3anpetleH (a He HaoboporT).

6) BblpaxeHus nHnumManmsaumm HenpaBuIbHO HacneayTcs ' PROGMEM' knaccudukatopbl U3 nepeMeHHas
NHUUManu3mpyoTcs



7) 'PROGMEM' 00bsiBWS, YTO NEPEMEHHbIE HEBEPHO cocymTan ux pasmep B 6anTax deaxkdbi NpOTUB UX
BblaeneHus namaTtn 'Flash' Bo Bpems npouecca AHanmanposaTth.

8) Beop B none Beoga 'Send’ '12CSLV' nHorga Bbi3biBaeT cOon n3-3a 'sscanf' owmodka.

9) 3arpyaka HoBoro nporpamma ¢ HoBbiM 'l/O' YcTporcTBa hanin B CBOEM KaTasriore MOXET Bbl3BaTb
HeakTyarsbHble pin KOHQUKTYET C cmapbIll pin HanpaBreHus..

10) OkpaHupoBaHHas nocnegoBatenbHasi 06paboTka cMMBOMOB Gbinia HEMPaBUITbHO NPUMEHEHA K MONyYEHHbIM, a
He nepefaHHbIM, NOcneaoBaTenbHOCTSIM CUMBOMOB B (6onbliem) Serial MoHuTop Gydepbl OKHO.

11) 'while()' aTakke 'for () ' NETNM C COBEPLUEHHO NYCTbIMM TEMAMU, TAKUMU KaK 'while (true) ; ' unu
Xe 'for (int k=1;k<=100;k++) ; ' nepegan CuHTakcMyeckuin aHanusaTop (C npegynpexgeHnem), Ho
notepnen Heygavy BO BPEMS BbINOMHEHME.

V1.2 - nwoHb 2015

1) CambIi npocTon nonb3oBaTenb yHKUMOHANbHbIE MOAYN, KOTOPbI 3BOHMI NM60 'digitalRead () ' nnm
'analogRead () ' nnmMxe 'bit () ' MOr UCNOPTUTb NX (CaMbll NEPBLIN) O6BABNEHHbIV NTOKanNbHbIM NepeMeHHas
(ecnu ecTb) M3-3a HEAOCTATOYHO BbIAENEHHOro NPOCTPaHCTBa BNoKHOTa PyHKUMOHAanNbHbIN Moaynb (ecnu Obl
Tonbko ABa 6anTa 6nokHoTa ObinM BblgeNneHbl B cCaMOM Havane crteka yHKUMOHanbHbIn moayne) Jllo6oro
YMCNOBOTO Bblpa)XeHUs BHYTPY (OYHKLMOHAMbHBIN MOAYrb OCTAaTO4MHO, YTOObI BbI3BaTh 4-6anTOBOE BblaeneHme
BnokHoTa, 4YTO No3BoNseET M3bexaTb aToM Npodnembl. ATOT HeyAaYHbIN oWwWKnbKa CyLecTByeT C MOMEHTa
nepBoHavanbHoro Bbinycka V1.0.

2) dyHKUMOHAanNbHbIE MOAYNN, KOTOPbIe ABMAIOTCH 'void' C paHHWUM SiBHbIM 'return' u He 'void'
dyHKUMOHanbHble Moaynu ¢ bonee Yem O4HMM 'return' 3asiBneHve, OyaeT BMAETb NPOBan BbINOMHEHWE Ha
3aKpbimue uzo2Hymasi ckobka (ecnv a1o ObIno JOCTUTHYTO).

3) nobon 'return' 3asBneHUs BHYTPU 'if () ' OTCYTCTBYHOLLUME KOHTEKCTbLI M3OMHYTLIE CKOOKM NMpUBENM K
ownBOYHOW Lienv Bo3BpaTa K Bbi3biBaKOLLIE CTOPOHE.

4) 'PULSER' v gnutenesHoctb nmnynsca 'FUNCGEN' nnu nepuoabl 3HaveHus 0 moryT Bbi3BaTth cbon (0 Tenepb He
paspeLueH).

5) Tam, rae He BbIno N3orHyTble CKOOKK, 'else' NpogomkeHms nocrne 'if () ' He cpaboTano, ecnv oHu
cnepoBann 3a 'break', 'continue' , UNK Xe 'return' ,

6) KOrga MHOXECTBEHHbIN 'enum' user- ObINW cAenaHbl 3asBNEHUsl KOHCTaHTbI ONpederneHbl BO BCEX,
KpOMe camoro nepBoro 'enum' MOPOXAEHHbIN HEUCTNPABHbIA 'enum' HecooTBeTCTBUE" OLWMOKK
AHanumanposaTtb (3TOT owmnbka Gbin BBegeH B V1.1).

7) HyneBon ngeHTtudmkatop camoro nocrnegHero napametpa yHKLUMOHaNbHbIA MOgYMNb NPOTOTMN Bbi3Bas OLWNOKY
AHanunsnpoBartb.

8) BbinonHuTb [lo ToYkM OCTaHOBA, YCTAHOBIIEHHbIE HA CIIOXHbLIX JIMHUSX, HE Bceraa obpabaTbiBanunch OOMKHBIM
00pa3om (1 NOSTOMY UX MOXHO BbIfI0 MPONYCTUTD).

9) 'HardwareSerial' a Takke 'SoftwareSerial' mncrnonb3oBascs 3akpbiTbii TX-oxumaaroLwmn dydep
peanusaumm, KOTopbIn He Bbin ouneH Ha CBpoc (YTOOLI MOIMM NOSIBUTLCA OCTaBLUMECH CUMBOSbI NOCIEAHErO
BpeMeHN).

10) CuHTakcmyeckmi aHanmnsaTtop He yaarnocCb NpoBepuTb Ha HE3aKOHHOE nepekrnkyveHne ouToB 'float'm
apVI(bMeTVIKa yKasarend npeanpuHATa ¢ HegonyCctuMbiMK onepatopamMmu.

V1.1 - mapt 2015

1) Hpekcbl MaccuBa, koTopble Obilnn 'byte' unu xe 'char' pasmep NnepeMeHHble Bbi3Bas HENpPaBUrbHbIE
CMeLLIeHMs1 MaccmBa (eCnmn cocefHUIN NepeMeHHasi cogepxan crapwmn 6anT, otnmyHbIn oT 0).

2) MNpw normyeckom TeCTMPOBaHWM yKasaTernen NpoBepseTcs 3HaYeHne-yka3aTernb Ha HEHYNeBoe 3HayYeHne, a He
camo 3HayeHue ykasartens.

3) nobon 'return' 3aaBNEHUSA BCTPOEHbI BHYTPU 'for () ' nnn ke 'while () ' netnum Obnn HENpaBUIbHO



obpaboTaHbl.

4) Cnnckun arpeFMpOBaHHOPI MHUUManu3auum ans MmaccuBbl N3 0OBbEKTOB NN OOGBHEKTOB, cogepxawune gpyrvue
06bEeKTOB / MaccuBbl, UM NONHOCTLIO nyCcTbl€ CMUCKN MHUUmanm3aunu, O6p866TbIBaﬂl/ICb HenpaBWJibHO.

5) ,D,OCTyFI K 'enum' 3Ha4yeHUs YNEHOB C UCMOfb30BaHNEM 'enumname: : ' I'Iped)MKC HEe noaaepxmBaeTca.

6) MHmumanumsauusa cTpokm o6bsiBNeHnst 'char[ ]' MaccuBa C 3aK/HOYEHHBIM B KaBblYK/ CTPOKOBbLIM NUTEPAniom
He paboTtan.

7) MmaccvBa, nepegaBaeMblil B PyHKUMOHANbHbLIN Moaynb 6e3 npeaBapuTensHOW MHUUManm3aunm, obin
HenpaBuUIIbHO NMOMEYEH C OLINBKOM "NCNONb3YyeTCs, HO HE MHULManNM3MpoBaH".

8) BblpaxxeHus ykasaTtensi C UMeHaMu MaccmBa Oblnin HenpaBunbHO 06paboTaHbl.

9) MapameTpbl PYHKLMOHANbHBIN MOAYMb 06bABMNEHLI KaK 'const' He ObiNv NPUHATHI.

10) Pin Anarnorosblit OcumMniorpaMMo okHo He otobpaxkan curHansl LM ( 'servo.write () ' a Ttakke
'analogWrite () ' ).

11) SnemeHT pyHKUMOHAaNbHbLIE MOAYIN, OOCTYMN K KOTOPOMY OCYLLECTBISETCA Yepes ykasaTernb 00bekT, Aan
HEBEPHbIN JOCTYM K ANIEMEHTY.

12) CurHanbl He 0BHOBMSANUCL, koraa BbInonHUTL [lo ToUYKa OCTaHOBKW Gbln AOCTUTHYT.

13) MogenvpoBaHue pacnpegeneHust permcTpoB MOXET 3aBEPLUMTLCA OLUMOKOW, Korga napameTp
PYHKLMOHarbHBIN MOAyrb Obin MCNOMNb30BaH HEMNOCPEACTBEHHO B Ka4eCTBE aprymeHTa AN Apyroro BbI3oBa
PYHKUMOHAMNbHLIA MOAYNb

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

V1.0.1 - noHb 2014
VcnpasneH owmnbka, KOTOpbIN ypesan MOHTaXHble nacTbl, KoTopble 6binn B Tpy pasa bonblue konnyectsa 6anTos
B OpUrMHanNbLHOM nporpaMma.

V1.0 - nepBbIX Bbinyck Mak 2014



YaHrES / YnyJywenusn

V2.7.0- mapt 2020

1) B gononHeHue K TekyLen KOgoBOWN NIMHUM (3eNeHbIN, eCriv roToB K paboTe, KpacHbIN, ecnun owwmodka),
UnoArduSim Tenepb nogaepxuBaeT ans Kaxgoro Mogynsi, NOCnegHUN Nonb3oBaTerb LENKHYI UK CTEeK
HaBWrauum KOAOBYH CTPOKY (BblOENEHHYI0 C TEMHO-ONTMBKOBOM (DOHE), UTO AeNaeT 3TO NPOLLE YCTaHOBUTb U HAUTU
NNHM BPEMEHHbIX TOYKa OCTaHOBKM (OAMH ANSA KaXa0ro MoAynsi Tenepb paspeLleHo, HO TONbKO OOUH B
oTobpaxaeMon B AaHHbIN MOMEHT Mogynb AencTteyeT Ha 'Run-To').

2) [oGaeneHbl HoBbIe 'I/O' YcTponcTea (M ¢ NoaaepXKOM TPETbUX CTOPOH Kog 6mubnuoTteku), B Tom vncne 'SPI' n
'12C' MopT pacwuputenul 'SPI' n '12C' Mynstunnekcop LED KoHtponnepsl u gucnnen (LED maccuBsel, 4
BykBeHHO-UMdpoBbIe 1 4-undpa unm 8-undpa otobpaxkaeT 7-CerMmeHT).

3) 'Wire' onepauun He Gomblue He 3anpeLLeHbl OT MNoNb30BaTeNs BHYTpY nNpoueaypbl 06paboTkn npepbiBaHWN
(31O NopgaepxuBaeT BHELLHNE NMpepbiBaHus oT nopta kK '[2C' pacwmpurtens).

4) UndbpoBor ocuunnorpaMmm Tenepb NoKasbIBalOT NMPOMEXYTOYHbIN YPOBeEHb (Mexay 'HIGH' u 'LOW'), Korga pin
He Byay4dn TOMKHyI.

5) Utobbl n3bexatb NyTaHuLbl Npy NowaroBom Yepes 6onee yem ogHoro 'SPI. transfer () ' MHCTPYKUMM,
UnoArduSim Tenepb genaet yBepeH, 4to npugaet 'l/O' YcTponcTBa Tenepb Nony4vatoT Ux (JTIOrvKy 3agepikku)
okoH4aTenbHoe 'SCK' yackl kpasi 40 yHKUMOHarbHbIA MOAYb BO3BPaLLAETCS.

6) Koroa aBTo-anemMeHTHbIN doopmaTupoBaHMe NpeanoYTeHne BKIoYeH, Habpas 3aKpblBatoLLy0 M30rHyTas
ckobGka '} ' B UameHUTL/M3yunTb Tenepb Bbi3biBAET Nepexoq K OTCTyny No3uuumn Tabynsaummn ero COoTBETCTBUE
OTKpbITNE-N30THyTas ckobka ' { ' mapTHep.

7) NepedopmaTtupoBaTb KHonka 6bina gobasneHa UsmeHUTb/U3yunTb (UT0OLI BbI3BaTL HEMEAIEHHbIE
aBTOMaTM4YeCKNe 3aknagku otcTyna nepedopmaTMpoBaHnst) - 3Ta KHOMKa BKIOYEHA TOMbKO NPW aBTOMaTU4ECKNX
3aknagkax orctyna MpegnodTuTeneH BKITHOYEH.

8) YeTtkoe coobLueHre 06 owmbke B HacTosILLLEE BPEMS MPOUCXOANT, Korda KIro4eBoe CrioBo npedukca
(Hanpumep, 'const', 'unsigned', unn 'PROGMEM'’) cnenyet ngeHtudmkatop B o6baBNeHNM (OHO JOMKHO
npealwecTsoBaTb naeHTUdMKaTop).

9) WUHnunanmsmpoBaH rnobanbHbIN nepeMeHHble, AaXXe eC/in HUKOoraa He UCMNoJib30Bas NMo3Xxe,
Tenepb BCerga npmnceBanBaeTcd aapec naMaTn, N Tak 6y.u,eT noABNATbLCA BUOHO.

V2.6.0 stuBaps 2020

1) DobasneH cumeon-LCD gucnnen Ycrponctea umetowmin 'SPI', '12C' n 4-6u-napannenbHbli MHTEPGENAC.
Mopaepxka ucxogHoro koga 6ubnuotekn 6bina gobaeneHa B nanky ‘'include_3rdParty' HoBOW yCcTaHOBKM (M MOTyT
ObITb 4OCTYMHbI C MOMOLLLI0 HOpMarbHOMO ' #include ' [QUpekTuBa) - MONb30BATENN MOTYT anbTePHATUBHO
BblOpaTb BMECTO NMcaTbh CBOM COBCTBEHHLIE (PYHKLIMOHAnNbHbIE MOAynM B TonkHyn XKK ycTponcTBao.

2) Kog NaHenb MoaceeTka 6bina ynydlieHa, ¢ oTaenbHbIMM OCHOBHOWM MOMEHT LIBETOB A5sl FOTOBOrO Koda CTPOKM,
Ons Koda OLWMBKM NUHUK, 1 Ans Nio6oro Apyroro koga CTPOKW.

3) HanTtun meHo n nHctpymeHThl 6ap 'func' genctens (npeabigyLlimne n crieqyolime BHu3) 6onblue He nepexoa K
npeablaywemy / cnegyrowemy dyHKLMOHaAbHBIA MOoAYyb HAa4YMHas NMHULD, 1 BMECTO 3TOMO B HacTOsILLEE BPEMS
B30WTM (MMM CNYycK) BbI30B CTEKA, BblAEMNNB COOTBETCTBYHOLLMIA KOA CTPOKM B Bbi3blBaloLLEM (MMM HA3bIBAETCS)
PYHKLMOHAmbHbIA MOAYIMb, COOTBETCTBEHHO, rae MepemeHHble MaHenb cogep)xaHne KOPPEKTUPYETCS, YTOObI
rokasaTb NepeMeHHble AN PYHKUMOHArbHbIA MOAYMNb, COAEPKALLErO TEKYLLYIO BblAENEHHYI0 KOOOBYH CTPOKY.

4) Yto6bl n3bexaTb NyTaHuupl, a, CoxpaHnTb caenaHo B U3meHnUTb/U3yunTb Bhbi3biBAET HEMEAIEHHbIE
NMEPEYCTAHOBKMKomnunupoBatbW ecrniv CoxpaHnTb Obin ycnewHbIM, Ucrnonb3ys nocrneayowiee OTMeHa unm
Bbixog Tenepb TONMbKO BEPHETCS TEKCT K 9TOMY NOCNEeQHEMY COXPAHEHHOMY TEKCTY.

5) flobaeneH Bxog umnynbcHoro LWaroebii Motop (‘PSTEPR') ¢ 'STEP' (nynbc), 'EN*' (BkntounTs) 1 'DIR’
(HanpaBneHne) BXO4OB M YCTAHOBKY MUKpO-Llarn-3a-ctaguu (1,2,4,8 nnn 16) ,



6) O6a 'STEPR' n 'PSTEPR' YctponcTtea Tenepb umetot 'sync' LED (3eneHbin Ans CUHXPOHU3MPOBaHbI UNn
KpacHbIV LiBET NPUW OTKIOYEHNM OT OAUH unu bonee Liaros.)

7) 'PULSER' YcTpoiicTBa Tenepb eCTb BbIBOp MeXay MUKPOCEKYHA U munnucekyHa ans '‘Period' u 'Pulse’.

8) BcTpoeHHbIN-hyHKUMOHANbHBIN MOOYIb aBTO-MOMNOSIHEHMS BoNnbLUe HE COXPaHAT TUNa napamMmeTpa nepeg
UMeHeM napameTpa.

9) Mpu nepekntoyeHnn obpaTHo Kk npeabiaywert Kog MaHenb, Ero paHee BblaeneHHasi CTpoka Tenepb NOBTOPHO
BblAEmNeH.

10) B kayecTBe BCNOMOraTenbHOro CpeAcTea Ans yCTaHOBINEHUS BPEMEHHOTO Bpelik-nonHTa, ncnonb3ys OTmeHa
unu Beixog n3 U3ameHnTL/U3yunThb octaBnsieT ocHoBHOM MoMeHT B Kog MaHenb Ha nuHMW nocnegHero
nocetleHus kypcopa B UsMeHUTb/U3yunTb,

11) OnpegeneHHbIN Nonb3oBaTenb (MK TpeTbs CTopoHa) 'class' Tenepb paspelleHo UCNonb3oBaTh 'Print' nnm
'Stream' B KauyecTBe 0a30BOro knacca. B noareepxaeHun atoro, HoBas nanka 'include_Sys' 6bina gobaeneHa (B
UnoArduSim nanku ycTaHOBKM), KOTOpasa NpeaocTaBnsieT UCXOOHbIV Kog AN Kaxaon 6asbl 'class', B atom
crny4ae Bbl30Bbl TaKoW KOpnyc-'class' yHKUMOHAmNbHbLIE MOAYNM ByayT obpabaTtbiBaTbCA OOUHAKOBO As
nonb3oBaTens Koa (KOTopbi) MOXET ObITb BOLLEN B), BMECTO TOr0, YTOObI Kak BCTPOEHHbI (DYHKLNOHANbHBIN
MOAYNb, KOTOPbIA HE MOXET BbITb CTyNeHYaTbIMK B (TakMe, Kak 'Serial.print () ').

12) YUneH-yHKUMOHaNbHLIN MOAYIb aBTO-A0PabOTKM Tenepb BKIOYAKOT MMSA NapaMeTpa BMECTO TOro ero Tum.

13) UnoArduSim AHanunanpoBaTb NO3BOMSET TENEPb NMS 0OBLEKT B 0ObSIBNEHUN NepeMeHHas ObiTb
npegucrnoBrem ero hakynsTaTMBHBIM (M cormacoBaHus) 'struct' unu ‘class’ knoyeBoe Cnoeo, 3a KOTOPbIM
cnegyet 'struct' M 'class' nm4.

V2.5.0 oktabpsa 2019
1) DobaeneHa nopgaepxka "TFT.h' 6ubnuoteka (3a ucknodeHnem 'drawBitmap () ' ), M go6asun

accouunmpoBaHHbii "TFT' 'I/O' YeTporcteo (128 Ha 160 nukcenen). O6paTute BHUMaHUe, YTo A5is TOro, YToObI
n3bexaTtb Ype3MepHbIX NaroB B pexmMe pearnbHoro Bpemenn Bo Bpems 6onbLioro 'fillXXX()' nepeagavya, ca yactb

nepesogoB 'SPI' B cepeaunHe 3anonHeHna Oyaet oTcyTcTBoBaTh B 'SPI' aBTOGYCE.

2) Bo Bpewmsi 6onblumx dann nepesodos Yyepes 'SD', a yacTb TpaHcdepTos 'SPI' B cepeauHe
nocnegoBaTenbHOCTM 6aTOB aHanorM4HbIM obpasom oTcyTcTByeT B 'SPI' WwuHe,

3) CHmkeHue 'Stream'-usage HaknagHbix 6anT, Tak 4To 'RAM free' 3HadeHne Bonee TOYHO COOTBETCTBYET
Arduino komnunauuu.

4) UnoArduSim Tenepb npegynpexaaeT nonb3oBaTens, Koraa 'class' UMEET HECKOMbKO YNeHOB 00bABUIM Ha
OfHOW CTpOoke 06bABNEHMS.

5) Ucnonb3oBaHue 'File | Save As'tenepb ycTaHaBNMBaeT TEKYLLUIA KaTanor, KOTopbI Chac-B KaTarnor.

6) [1Ba nponaBLuux 6e3 BeCTK ' remove () ' YNEHOM (PYHKLUMNOHAMNbHbIE MOAYMX, KOTopble bbinn gobaBneHs! K
'String' y4ebHbIV knacc.

7) UnoArduSim Tenepb 3anpeLyaeTt KOHCTPYKTOP 6a30BbIX BbI30OBOB B KOHCTPYKTOPE (hYHKLMOHAMNbHbIA MOAYIb
NPOTOTMMN €CNK NOoMHoe onpeaeneHne Tena yHKLMOHarbHbIA MOAYy b CPa3y He BbITEKAET (Tak, YToObI
cornacutbcsa ¢ Arduino KomMnNunNATop).

8) nspaHneGE Bpems nepexofa UMpoBoN ocumnnorpaMm bbina ymeHblueHa Ans NoaAepKku BU3yanusauum
BbIcTpbIX curHanos 'SPI' Npu BbICOKOM yBENUYEHWN.

9) OOH oArduSim no3BonsieT Tenepb HEKOTOPbIE KOHCTPYKTOPbI AO/MKHbI 6bITb 06bSBNEHbI
'private' unm 'protected’' ([ns BHYTPEHHEro NCMNObL30BaHUS Krnacca).



V2.4 masa 2019 r.

1) Bce dpainnbl yctpoincTs 'l/O' Tenepb COXpaHSOTCA B NepeBeAeHHON Ha a3blk opMe, U BMecTe ¢ hannom
MpeanouyTeHus Tenepb BCE OHU COXpaHsATCA B kKoamposke TekcTa UTF-8, 4Tobbl n3dexartb owmbok coBnageHus
npv NocrneayoLwem YTEHNN.

2) lobasneH HoBbIn 'PROGIO' YcTpoincTBO, KOTOPLIV ABASETCS rOfNbIM NporpaMMmpyemsiM BeaoMbiM 'Uno’
Bepcusa gns Uno, koTtopbii pasgensiet Ao 4 pins BMecte ¢ JlabopatopHas Ckambs MaHenb macTep 'Uno’, - pab
'Uno' MmoxeT umetb Hem 'l/O' YcTporcTBa COGCTBEHHOMN.

3) Tenepb Bbl MOXeTE yaanuTb ntoboi 'I/O' ycTponcTBO, HaXaB Ha HEro, 04HOBPEMEHHO Haxumas knasuwly 'Ctrl'.

4) B U3ameHUTL/U3yunTb TEKCTOBOE aBTO3anosiHeHNe 6bino gobaeneHo ans rnobanbHbiX, BCTPOEHHBIX MOOYIEN U
YNeHOB NepeMeHHbIe U (PyHKUMOHanNbHble MOgynu (ucnonb3ynte ALT-cTpenka Bnpaso, 4Tobbl 3anpocuTb
3aBepLUeHne, unu BonTm ecnm cnMcok BCTPOEHHbIX 3NIeMEHTOB B HACTOsILLee BPEMS BblOENSeT COOTBETCTBYOLLUN
BbIGOP).

5) B NMpepnoyTeHus , HOBbI BbIOOP MO3BOMSIET aBTOMATUYECKN BCTABNATL TOUKY C 3aNSATOM B KOHLE CTPOKM Ha n
BonTun HaxkaTtue knaBuLIn (eCJ'II/I TeKyllaa CTpoKa ABNAETCA UCMOJTHAEMbIM onepaTtopomMm, KOTOprI7I KaXeTcA
ABTOHOMHbIM W 3aBEPLUEHHbIM).

6) npeccoBaHue 'Ctrl-S' n3 Ocuunnorpamma okHO MO3BOJISIET COXPaHUTb Ha chain Bece (X, Y) ykasbiBaeT BOOIb
oTobpaaeMoro yyacTka Kaxgoro ocuunnorpamma (rge X - MMKpoCeKyHAbl OT CaMOoro f1eBoro ocuumnisorpamma
Touka, a Y BofbT).

7) A'SFTSER' 'ycTpOICTBO Tenepb MMEET CKPbIThIN (ONUMOHAaNbHO) 'inverted' 3Ha4YeHWe (OMHOCUMCS KakK K
TX, mak u k RX) KoTopbIi MOXET ObITb fODaBMNEH Nocne ero 3Ha4eHnsi CKOPOCTU Nepeaadn B KOHLIE CBOEN CTPOKM
B IODevs.txt dann.

8) loGaBun 'SPISettings' Knacc, PyHKUMOHamNbHbIe MOAYNM 'SPI. transferl6 () ',
'SPI. transfer (byte* buf, int count)', 'SPI.beginTransaction() ', a Takxe
'SPI.endTransaction () ', Tak Xe KaK 'SPI.usingInterrupt () ' a Takxe
'SPI.notUsingInterrupt() ',

9) lo6aeneHa bubnunoteka SPI dpyHkuMOHanbHble Mogynn 'SPI .detachInterrupt () ' BMecTe C
pacwupeHnem 6ubnuotekn SP| 'SPI.attachInterrupt (void myISRfunc) ' (BMeCTO (hakTnyeckon
B1bnroTekn PyHKUMOHaNbHbIM MOayNb 'SPI.attachInterrupt (void) ' (4TOObI M3bexaTb HEOOXOAUMOCTH
pacno3HaBaTb 'ISR(int wvector) ' HM3KOYPOBHEBbIE AeKNapauuy NpepbiBaHNA OYHKLMOHANbHbBIN MOAYIb).

10) Cnctema SPI Tenepb MOXET UCMONBb30BATLCA B MOAYNMHEHHOM pexume, nmdo nytem 'SS' pin (pin 10) n
"INPUT' pin v 3apynem 'LOW' nocne 'SPI.begin() ' vnu ykasas 'SPI_SLV' KaK [JOMNOMNHMTENbHbLIN 'mode’
napameTp B 'SPI.begin(int mode=SPI_MSTR) ' (elle oaHO pacwmpeHne UnoArduSim ana 'SPI.h' ).
Mony4eHHble 6anTbl MOryT BbITb COBpaHbl C NOMOLLLIO 'rxbyte = SPI.transfer (tx_byte) ' nM6o BHYTpU
yHKLMOHanbHbIN Moaynb 6e3 SPI-npepbiBaHus, Nnbo BHYTpM cnyxbbl NpepbiBaHWIA NONb30BaTeNs
PYHKLMOHAamNbHbIN MOAYrb, paHee NPUcoeanHeHHON 'SPI . attachInterrupt (myISRfunc) ', B noguymHeHHOM
pexuMme, 'transfer () ' XOeT, Nnoka 6anT aaHHbIX He OyaeT rotoB B SPDR (noatomy obbivHO Grioknpyet
oXvaaHve nonHoro npuema 6anTa, HO B Npoueaype npepbiBaHnsa 310 6yAeT BepryTs HEMEAIEHHO, MOTOMY YTO
nonyyeHHbIn 6anT SPI yxe cyuwectsyer). B niobom cnyyae, 'tx_byte' nomeuwlaerca B SPDR, nostomy 6ynert
noryyeH NpuKpenneHHsiM rmasHeiM SPI Ha cneayowem 'transfer () ',

11) Mopaepxka pexuma Begombin 6bina gobaeneHa B peanmsaumio UnoArduSim 'Wire.h'. ®yHKLMOHaNbHBIN
Moaynb 'begin(uint8_ t slave_address) ' Tenepb AOCTYMNHO, Kak U 'onReceive (void*) ' a Takke
'onRequest (void*) ',

12) 'Wire.end () ' a Takke 'Wire.setClock (freq) ' Tenepb MOXHO NO3BOHUTL; NOCNELHUN, YTOObI
ycTaHoBuTb YactoTy SCL ¢ ' freq' 3HayeHne 100 000 (yactota SCL B cTaHOapTHOM peXMMe No YMOMYaHuo) unm
400 000 (ObICTpbIN pexum).



13) 'l2CSLV' YcTpoincTBa Tenepb BCce 0TBeYaloT Ha 0x00 agpec obuiero Bbi3oBa U T. 4. 0x00 6onbLue He MOXeT
6bITb BbIGPaH B Ka4eCTBe YHMKaNbHOro agpeca WnHbl 12C ans oAHOro u3 aTux BEAOMbIX.

14) CmogenvpoBaHHbIe BbINONHEHNE 3a4EPXKKN OCHOBHbIX LIENOYMCIIEHHbIX Onepaunin 1 onepauuin npuceanBaHus
1 MaccuBa 1 onepaumm ¢ ykasaTensmm Obinin yMeHbLUEHbI, U Tenepb 4 MUKPOCEKYHAbLI A00aBNAKTCS A8 KaXX4oN
ornepauum ¢ nnaeawLen 3anaToun.

V2.3 pek. 2018

1) OrtcnexuBaHue Tenepb BKMtoveHo Ha UHeTpymeHT-Bar 'l/O S' nON3yHOK Ansi HenpepbIBHOIO U rMagkoro
MaclTabupoBaHue 3HadeHumi '1/0O' yCcTponcTBO, K KOTOPbIM Nonb3oBaTtens Aobasun cyddukc 'S'.

2) Hosbii 'LED4" 'l/O' ycTponcTBo (pag 13 4 ceBeToguoaoB Ha 4 nocsiedogamesibHbIX HOMepa pin) Obin
pobaBneH.

3) Hosbin '7TSEG' 'l/O' ycTponcTso (7-cermeHTHbIN LED uundpa ¢ kogom wectHaguaTtepuyHbin Ha 4
nocnedoeamesibHbIX HOMepa pin 1 ¢ akTMBHO-HU3kMM CS * BbIbepuTe BXx0A), 6bin fobaBneH.

4) Hoebii 'JUMP' [Jo6aBeneH 'l/O' ycTpocTBO, KOTOPbLIA AENCTBYET Kak NepemMbivka mexay AsyMs 'Uno’ pins. 3T1o
no3BonseT 'OUTPUT' pin AOMXeH ObITb NoAKNoYeH K ' INPUT' pin (CM. Bbile ycTpocTBO AN BO3MOXHOIO
NCMNOMNb30BaHUSA 3TON HOBOW OYHKLUN).

5) Hosbii 'OWISLV' 'l/O' ycTponcTBO Obinm OOaBNEH M CTOPOHHUIA '<OneWire.h>' OuMOnuoteka Tenepb MOXeT
ObITb MCcMonb3oBaHa C '#include' Tak YTO NOMb30BATENb NPOrpamMMbl MOXET NPOBEPUTL B3aMMOLENCTBME C
HebomnbLIMM NOAMHOXECTBOM LUKHLI '1-Wire' YcTpowcTea.

6) The BbinonHuTb MeHi0 COpoc Tenepb koMaHAa nogknoveHa kK COpoc KHomMKa.

7) [Onsa 6onbluen scHocTh, korga UckyccTBeHHas 3agepxka 'loop()' BbibpaH nog Onuum MeHto, ABHOE
'delay (1) ' BbI30B Jo6aBnsieTCsl B KOHEL, LiMKNA BHYTPU 'main () ' - Tenepb 3TO peanbHas 3agepxka, kotopasi
MOXeT BbITb NpepBaHa Nonb30BaTeNnbLCKMMM NpepbiBaHMaMu Ha 'Uno’ pins 2 n 3.

8) Onektpuyeckne pin KOHNUKTYET C C OTKPbITbIM cTOKOM unu CS-'l/0O' Yctponctea (Hanpumep, 12CLV nnn
SPISLV) Tenepb 06bsBMNEHb MOJIbKO K020a UCMUHHBLIU KOHhIUKM npoucxodum 80 epems
8bIMOJIHeHUEeBMECTO HEMELTEHHON OLLUMOKM Npy NEPBOM MOOKIOYEHUUN YCTPOMCTBO.

9) OyHKUMOHamNbHbBIM MOAYMb 'pulseInlLong () ' TeNepb C TOYHOCTLIO A0 4-8 MUKPOCEKYHA MOXHO COrnacuTbCa
¢ Arduino (NpegplayLiasn To4HOCTb Gbina 250 MukpocekyHA).

10) Owmnbku, NOMEYEHHbIE BO BpEMST MHULMANn3aunm rinobanbHOro nepemMeHHasi, Tenepb OCHOBHOM MOMEHT, YTO
nepemeHHas B Kop NMaHenb,

V2.2 noHb 2018

1) Ha CoxpaHuTb nnoo u3 MNpeanoyteHunsa guanorosoe okHo, unu us KoHdurypuposarts | 'I/O' YcTponcTBa, the
'myArduPrefs.txt' chaiin Tenepb coxpaHsieTcsl B kaTanore 3arpy>KeHHOro B AaHHbIi MOMEHT NporpamMmma - Kaxapli
nocnegywowmi @ann | Harpyska satem aBTomatmnyecku 3arpyxaet cann BmecTte ¢ ykazaHHbiMu IODevs cann ns
TOrO Xe KaTarora nporpaMmma.

2) dyHKUMOHaNbHLIM MOAYNb 'pulseInLong () ' ObiN OTCYTCTBYET, HO Tenepb 6bin AobasrneH (nonaraeTcs Ha
'micros () ' AN ero usMepeHun).

3) Korga none3oBatene nporpamma gernaet '#include'’ 13 '*.h' dann, UnoArduSim Tenepb Takke
aBTOMaTUYECKWN NbITAETCH 3arpy3nTb COOTBETCTBYIOLLMA '* . c' dhann ecsu COOTBETCTBYHOLWMUN '* .cpp' hann
He ObIn HangeH.

4) ABTOMaTu4eckasi BCTaBka close-u3orHyTtast ckobka '} ' (mocne Kaxaoro OTKpbITUS-U30rHyTas ckobka ' { ' )
Obin gobaeneH B Mpeano4yteHus,

5) HoBbin OnumMu BbLIOOP MEHIO TEMEPb NO3BONSAET 'interrupts () ' BbI3bIBATLCA U3HYTPW NOAMNPOrpaMMbl
npepbiBaHMs NONb30BATENS - 3TO TONbKO Ansi 06pa3oBaTenbHbIX Lienen, NOCKONbKY Ha NpakTuke cnegyeT nsberatb
BMNOXEHUS NpepbIBaHNN.

6) NepemeHHas ykasaTenen Ha 'int' 3HaYeHue Tenepb NoAAEPKMBAETCS (HO NOSBUTCS BCNIbiBaoLLee
COOGLLEHNE C NPeayNpPeXaeHUEM).



7) UnoArduSim Tenepb nogaepxvMBaeT NOMeYeHHbIe CTPOKU nporpaMmma (Hanpumep, 'LabelName: count++;'
ansa ynobctea nonb3oBaTens (HO 'goto' BCe elle 3anpeuweHo )

8) BbinonHeHune npegynpexaeHus Tenepb NosBASHOTCA, KOraa npuv Bbi30BE ' tone () ' MOXET NnomelaTb
aktuBHoMy UMM Ha pins 3 unu 11, korga 'analogWrite () ' OygeT mewaTb CEpBOMNPUBOAY, YK€ aKTUBHOMY Ha
TOM e pin, Korga nponyck CEPUNHOr0 CMMBOIIA NPOMYLLEH, MOTOMY YTO NPEpPLIBAHMS B HACTOsILLEE BPEMS
OTKJITIOYEHBI, U KOrda npepbiBaHna GyayT NpuxoguTb Tak 6bICTpo, 4To UnoArduSim nponyCcTuT HEKOTOPbLIE N3 HUX.

V2.1 mapTa 2018

1) Otobpaxaemoe MNMepemeHHble MNaHenb 3HavyeHNs Tenepb 06HOBNSATCA TONbKO Kaxkable 30 munnucekyHa (1
onumsa Minimal MoxXeT Bce elle yMeHbLUUTb 3Ty YacToTy obHoBNeHUs), Ho NMepeMOBHOBUTL [yHKT MeH!O,
3anpeLyarLmi ymeHbLleHne o6HOBMNEHWS, Obin yaaneH.

2) Onepauuu, KOTopble HaueneHbl TONMbKO Ha YacTb 6aNTOB 3HAYEeHUs NepeMeHHas (Hanpumep, Te, KoTopble
caenaHbl C NOMOLLIbIO YKa3aTernen) B HacTosiLLee BpeMs BbI3BaTb U3MEHEHMWE K TOMY, YTO 3Ha4YeHne nepemMeHHas
Oynet otpaxeHo B NepemeHHble MaHenb gucnnen.

V2.0.1 auBapb 2018
1) HegokymeHTnpoBaHHbIM Arduino doyHKLUMOHarnbHble MOAYNM 'exp () ' a Takwke 'log() ' Obinv gobasneHsbl

2)'SERVO' YcTpoiicTea Tenepb MOXHO BbINONHATL HEMPEPbIBHLIM BpallieHueM (MO3TOMY LWMPUHA UMNynbca
KOHTPOMNMPYET CKOPOCTb, a He yron).

3) B U3meHuTb/M3yunTb3akpbiTe n3orHyTtasi ckobka '} ' Tenepb aBToMaTtudecku AobaBnseTcs npu BBoae
OTKPbITUSA U30THYTasd ckobka '{' ecsim B BHOpPasiu >To IpemnoureHue.

4) Ecnu Bbl HaxMeTe NameHUTL/U3yunTb CTpoka 3arofioBka OKHO 'X' 4TOObI BbINTH, TENepb Yy Bac eCTb
BO3MOXHOCTb NpepBaTb, €CNv Bbl U3MEHWIN, HO HE COXPaHWUK, OToGpaxxaemMyto Nnporpamma dasn.

V2.0 ceHTa6pb 2017

1) Peanusauus 6bina noptupoBaHa Ha QtCreator, noaTomy rpaduydecknii MHTEPgENC MMEET HEKOTOPbIE
He3HaunTEeNbHbIE BU3yalibHbIe Pasnnynsi, HO HUKaKUX PYHKUMOHAIBHBIX OTIIMYMIA, KPOME HEKOTOPBIX YITyYLLEHWN:

a) CtaTycHas cTpoka CoOBLLEeHMIn BHU3Y OCHOBHOIO OKHO U BHYTPU U3MeHNUTL/U3yunTb GbINo ynyylieHo
AnanoroBoe OkHO 1 fo6aBneHo LBETOBOE KOAUPOBaHNE OCHOBHOW MOMEHT.

0) BepTukaneHoe NpoCTpaHCTBO, BbligeneHHoe mexay Kop MaHenb a Takke NepemeHHble MNaHenb Tenepb
HacTpamBaeTcs Yepes nepetackuaemMblii (HO He BUOUMbIN) pa3genutens Ha ux obLuen rpaHuLe.

c) 3HayeHust nons pegakTMpoBaHus 'l/O' ycTpoCTBO Tenepb NPOBepsATCS TONbKO Nocre Toro, kak
norb3oBaTenb NepemMecTun ykasaTerb Mbllv 3a Npeaerbl YCTPOMNCTBO - 3TO NMO3BONSET U30ekaTb HEYKITOKNX
aBTOMAaTUYECKMX U3MEHEHWI ANs oGecnevYeHmnst JONyCTMMbIX 3Ha4YeHWI, Korga nonb3oBaTeslb NevyaTaer.

2) UnoArduSim Tenepb NnoaaepxmBaeT HECKONbKO A3bIKoB Yepe3 KoHdmrypupoBaTth | peanoyteHus,
AHIMNIACKNI S3bIK BCETAa MOXHO BbiOpaTh, B AOMOMHEHME K S13bIKY AN A3bIKOBOroO CTaHAapTa nornb3oBaTerns (ecnm
B nanke UnoArduSim 'translations' npucytcTByeT nonb3oBaTenbCkMii Nnepesos, * .qm dharn ans 31oro s3bika).

3) 3Byk Tenepb 6bin U3MeHeH Ang ucnonb3osaHusa ayamo APl Qt - ona aToro TpeboBanock NPUMMyLWNTL 3BYK Npu
onpegeneHHblx obcTosATenbCcTBaX, YTOOLI M3berath pasgpakatoLero npepbiBaHWs 3ByKa U LENYKoB BO BPeEMS
H6onee ANUTENbHBIX OKOHHbIX ONEPAaLMOHHBIX 3a4EPXKEK, BbI3BaHHbIX OObIYHBIMU LLENYKaMU MbILLW NOMNb30oBaTenem
- Ansi nony4yeHnsi bonee nogpobHo MHpopmaumm cM. pasaen "3Byku". Ha 3TOM.

4) na yno6cTBa nonb3oBaTtens Tenepb UCMonb3yoTcs npobenbl Ang npeactaBneHns 3HadeHust 0 B nonsix
pefaktTupoBaHus ycTponcto-count B KoHdurypupoBats | 'I/0' YeTponcTBa (Tak UTO Tenepb Bbl MOXETE
ncnonb3oBaTb Npoben, 4Todbl yaanuTb YCTponcTBa).

5) He macwrabupoBaHHbii (U) kBanndukatop Tenepb He obsizateneH ans 'PULSER', 'FUNCGEN' 1 "1SHOT!
YcTponicTBa (370 npegnonaraemMoe 3Ha4YeHne o YMOYaHuio).

6) UnoArduSim 'const'
LiENOYMCIIEHHbIN NepeMeHHble, U



V1.7.2- cheBpanb 2017

1) BeiGop uBeta cunun (B) 6bin gobaeneH gna LED YcTporicTtsa.

V1.7.1- c¢beBpanb 2017

1) Cydocpukebl 'L' n/ vnnm 'U' Tenepb NPUHUMAIOTCS B KOHLIE YMCIOBbIX NIMTeparbHbIX KOHCTAHT (4TOObI
onpeaennTb Ux Kak 'long' M/ vnn 'unsigned' ), aTakke ('0b' unmxe '0B' ¢ npedmkcom) KoOHCTaHTbI
ABOUYHOM Tenepb Takxke npuHMMatoTcs. Jliobas gecatuyHas yncnoBas KOHCTaHTa Ha4YuHasi ¢ '0' B HacToswee
BpEMS CUMTAETCS 80CbMepPUYHbIl 3Ha4YeHne. (cornacutbes ¢ Arduino).

2) Ipu BbINONHEHUN B TECHOW NETNE, N3 KOTOPOM HET BbixoAda (Hanpumep, 'while (x) ; x++; ' rae lkc Bcerga
BEPHO), HaxxaB CToM BTOPOW pa3 Tenepb rapaHTUPYET, YTO NporpaMma BbINOSIHEHWE (DaKTUYECKN
OCTaHaBnMBaeTcsl (M Ha 3TOM HEUCNPABHOW NIMHUK NporpaMma).

V1.7.0- npekabpb 2016

1) Hoebin MHcTpymeHT-Bar nobaBneHa yHKUMSA, KOTopas nokasbiBaeT GarTbl onepaTnBHOM NamAT CBOOOAHO BO
BpeMs MporpaMma BbINofHeHne (y4nTbiBas obLuee KonmyecTso 6anToB, MCNoMnb3yeMblX rnobanbHbIM
nepemMeHHble, pacnpegeneHmem Ky4m 1 NokarnbHbIM CTEKOM NepPeMEHHbIE).

2) MNonb3oBaTtenbckoe npepbiBaHNe PYHKLMOHaNbHbIE MOAYMNY TENEPb MOXET U Camy Bbl3blBaTb OIOKMPOBKY
Arduino dyHKUMOHanNbHbIE MOAynu Bpoge 'pulseIn () ' (HO 3TO crneayeT MCMOMb30BaTh TOMBKO C
OCTOPOXXHOCTbIO, MOCKOMbKY MpepbiBaHue (OyHKUMOHANbHbIA MOAYNb HE BEPHETCH, Noka He ByaeT 3aBepLueHa
HnoknpoBka yHKLUMOHAMNbHbIA MOAYMb).

3) lNonb3oBaTenbckne npepbiBaHUA Oonblle He OTKMYaTCs BO BpemMA 3a6J'IOKVIpOBaHHbIX onepau,mﬁ NMOTOKOBOIO
YTEeHudA, N0O3TOMY noBeeHne Tenepb COOTBETCTBYET d)aKTMHeCKOVI onepaunn NOTOKOBOIo YTeHUA Arduino.

4) Tenepb Bbl MOXETE BXOANUTb W BbIXOAUTb M3 BriokmpoBku Arduino dyHKLMOHANbHbIE MOAYNN, KOTOpasi MOXET
ObITb NpepBaHa (Hanpumep, 'delay () ' a Takke

'pulseIn() '), U COOBLLEHMSA B CTPOKE COCTOSHMS ObINm JOMOMHEHbI, YTOObI MOKa3aTb, KOrga Bbl HaXanu
npepbiBaHWe ToYKa OCTAHOBKM BHYTPU TaKoro oyHKUMOHanbHbIA Moayrnb (MK korga Bbl Haxkmete CTON, korga
BbIMOSIHEHME B HACTOsILLIEE BPEMSI HAXOAMTCS BHYTPY Takoro yHKUMOHaNbHbIA MOAYMb).

5) Hoebih BeinonHuTtb Moka komaHaa (n UHcTpymeHT-Bar nyHKT) 6bin gobaBneH - 0gHMM LWENYKOM MbILK Ha
nobon MepemeHHbIe MaHenb NepemMeHHast (3TO MOXET ObITb MPOCTO, COBOKYMHOCTb MaccuBa UIm o6beKT, nnm
3MeMeHT MaccuBa Unm YneH obbekT) K OCHOBHOW MOMEHT 370, 3atem caenatb BeinonHuts Moka - BbInonHeHue
3aMep3HET Ha crneayoleM 3anucu docmyna BHYTPY 3TOrO arperata nepeMeHHast Unu B 3T0 AUHCTBEHHOE
MecTO.

6) Korga BbinonHeHune 3asucaet nocne War, BeinonHuts o, BeinonHuts MNoka, unu ke BbInONHUTL-3aTEM-
Ctowm pencteue, NepemeHHble MaHenb Tenepb BblABUraeT Ha NepBbIN NMaH NnepemMeHHas, KOTopbIn
COOTBETCTBYET adpec (a) adpeca, komopbie 6bITU U3MeHeHbl (ECNV eCTb) caMbIll MOcs1eGHUl UHCMPYKYUST
80 8peMsi 3Mo20 8bIMOJIHeHUE - ECII 3TO MECTOMNOSOXEHNE B HACTOSILLEE BPEMS CKPbITO BHYTPY UN-
pacLUMPEHHbI MaccuBa UM OBBLEKT, LLENYOK No pacLuMpsATb MPUBEOET K TOMY, YTO NMOCINEAHUA U3MEHEHHbIN
3MNEeMeHT nnu anemMeHT OyaeT BblgeneH.



7) Tenepb Nonb3oBaTenb MOXET CNeanTb 3a 3HadeHneM onpeaeneHHoro NMepemeHHas MNaHenb nepemeHHas /
member / element Bo BpeMsi BbINONHEHUS - ABaXAbl LWENKHUTE No 3Ton cTpoke B MNepemeHHble MNMaHenb OTKpbITh
N3ameHuTb/MoHuTOp 3HaveHue MNepeMeHHas OKHO, 3aTeM caenanTte oanH n3 BoeinonHuTtb nnu xe Lar
KoMmaHgbl - [NokasaHHOe 3Ha4YeHue ByneT OGHOBINEHO B TEYEHWE BbINOMHEHNE B COOTBETCTBUUN C TEMM Xe
npasunamu, Kotopble perynupytoT obHoBneHus B NMepemMeHHble MaHenb, [locne ocTaHOBKK BbINOMHEHNE, BaM
paspeLuaeTcs BBOAMTb HOBOE 3HayeHne 1 NMpuHUMaThb 370, Npexae YemM BO30O6HOBUTL BbIMOSIHEHWE (M MOXET
BosBpawartbca gollpuHMMaTth 3Ha4YeHne, ecnu Bbl NepeaymaeTte 4o Toro).

8) Knaeuwu yckopenust F4-F10 ycTaHOBREHbI B COOTBETCTBUN C MEHIO BbinonHuTe MHCTpyMeHT-Bar komaHap!
(cnesa Hanpago).

9) B gononHeHve K ABOVMHOMY LLEMYKY MO HUM, LernkHUTe npaBon kHonkon mbiwm no 'SERIAL', 'SFTSER,
'SPISLV', 'I2CSLV' YcTtponcTtea Tenepb byaeT Takke otobpaxatb 6ainTbl / cumBonbl TX / RX 6onbLuero pasmepa
OKHO (U Ha 'SD_DRV', ¢annbl-MOHUTOPUHT OKHO).

10) None pepaktupoBaHusa TX B 'SERIAL' unun 'SFTSER' 6onblLue He OTKNIOYaeTCs BO BPEMS aKTUBHOW Nepeaayn
CVMMBOJIOB (TaK YTO Tenepb Bbl MOXeTe A406aBNATbL UK 3aMEHsITb TO, YTO TaM €CThb), HO BO3BPAT KapeTku (Mnu
HakaTue KHonku 'Send' B cooTBeTCTBYHOLWEM "ocnefoBaTenbHOM NOpsAKe; KOHTPONMPOBaTh 4OYEPHUI ANIEMEHT
OKHO) BygeT urHopupoBaTbCs A0 TEX Nop, NoKa nepegada He BEPHETCS B COCTOSIHME OXUOAHUS CHOBa (Tenepb
CYMBOITbI BbIENEHbI KYPCUBOM, KOrda rnepegaya rotoBa Kk Ha4arny, oHa akTMBHa). Kpome Toro, nonb3oBaresb
Tenepb NpeaynpexneH B nocrnenoBaTeibHOM MOTOKE 'begin () ' €CNW OHU yXKe Ha4vanu paHee NpPUKPEneHHbIN
YCTPOWMCTBO (B HacToslLLiee Bpems) nepeaayu, NocKomnbky Torga He 6b1no 661 CUHXPOHM3aLMK KagpoB, YTo
npuBOAUIO K onMbKam npuema.

11) Mo ymonyaHuto fobaeneHo 'loop () ' 3agepxka Obina yBenuyeHa ¢ 250 MUKpocekyHa A0 OOHOM
MUIIINCEKYHAbI, YTOObI HE OTCTaBaTb OT pearlbHOro BPEMEHMU, KOraa Mnosb3oBaTerb He YYUThIBAET HEKOTOPbIE
'delay () ' (SBHbIM UNW €CTECTBEHHbIN) FAE-TO BHYTPU 'loop () ' MM BHYTPU PyHKLUMOHANBHBIN MOAYIb,
KOTOPbIV OH BbI3bIBAET.

12) MaccuBbl 1 NpPOCTbIE TUMbI Tenepb nobaBreHbl B noaaepXKy BblAENEHUSA Ky4n 'new' UNHCTPYKLUA.

13) bonee wmnpokme NnpoBepkn (K cBA3aHHbIE coobLLEHMs 06 owmnbkax) Obinn gobasneHbl Ans goctyna
nonb3oBaTens 3a npeaernbl nporpaMmma (T.e. BHe onepaTtuBHon namaTtu 'Uno’ unu BHe 'Flash' ansa ' PROGMEM'
aocrtyn).

14) 3HadeHus ykasatens B NepemeHHble MaHenb Tenepb 6onee 6M3KO HAaNOMUHaOT aKTUYECKUE 3HAYEHUS
ykasatenst Arduino.

15) Nonk3oBatene 'myArduPrefs.txt' dain Tenepb 3arpyxaetcsa Ha kaxgom ®awnn | Harpyska, a He TOnbKo npu
3anycke UnoArduSim.

16) Ownbka AHanmM3MpoBaTb TeNepb NoMeYaeTcs Npu nonbiTke 'attachInterrupt () ' ANs nonb3oBartens
PYHKLMOHArbHBIN MOAYMb, KOTOPLIA HE 'void' BO3BpAT, UMK KOTOPbIN MMEET napameTpbl PyHKLUOHAMbHbIN
MOAYIb, NN KOTOPbIV He Gbln 06bsBMEH rae-To paHblue 'attachInterrupt() ',

17) 'static' member-nepemMeHHble Tenepb oTobpaxatoTcs B BepxHen YacTu NepemeHHble MaHenb Kak
rnobanbHble, a He NOSBNSAILLMECS BHYTPU KaXXA0ro 3K3emMnnsapa (pacluMpeHHbIn) 0ObLeKT.

18) OyHKUMOHANbHLIV MOAYNb 'availableForWrite () ' Obin gobaBrneH k peanu3aumm 'Serial’,

19) Bce cneumnanbHble ' PROGMEM', 'typedef' naiik 'prog_char' aTakke 'prog_intlé6' Tenepb Gbinn
yaaneHsl (OHU 6bInn 06bsABNEHbI ycTapeswumu B Arduino).

20) Yny4lueHbl cooblueHmns 06 owmnbkax ans owmook AHanNM3npPoBaTh, BbI3BaHHbLIX HEBEPHO HAMUCaHHBLIMU UMK
HeJoMNyCTUMbIMY TUNamu 0BbABIEHNIA.

21) MakcmanbHO 4ONYyCTUMBIN pasMep nporpamMma Obinl yBENIMYeEH.

V1.6.3- ceHt. 2016



1) Jobasun ynydweHo coobueHne o6 owmnbke pasobpaTb, korga 'attachInterrupt () ' OTHOCUTCA K
npepbiBaHWiO (hYHKLNOHAMNBHLIA MOAYIb, KOTOPLIA He Obin Mpomomun paHee ,

2) No6aeneHo yny4yueHHoe coobLueHne 06 ownbke AHaNM3MpPoBaTb AJ1i MHOTOMEPHbIX CMIMCKOB MHMLUManu3aumum
maccuBa.

V1.6.2- ceHrt. 2016

1) Dobasnn Hantu-Text pegaktupoBaTth ynpaeneHue B MHcTpyMeHT-Bar ynpoctuth nouck tekcra (8 Kog
MaHenb a Takke NepemeHHble MNMaHenb ).

2) The UHcTpymeHT-Bar KHonka Cbpoc Tenepb paboTtaeT ngeHTu4Ho kHomnke 'Uno’ Bepcusa ana Uno Copoc.

V1.6.1- aBryct 2016
HobaBneHa npoBepka, 4ToObI M3bexaTb OyOnupoBaHus 3arpysku n pasbopa yxe npegpigyero '#include’

dannsl, ,

V1.6 - moHb 2016
1) Jo6asneH HoBbI "1ISHOT' (ogHOKpaTHbIN) 'l/O' YCTpOWCTBO, KOTOPLIV reHePUpPYeT MMMYNbC NOcne BblbpaHHON
3a4epXKKn oT PpOoHTa TPUITEPHOTO CUrHana BblIOpaHHOM NOMSAPHOCTL.

2) [lobaBneHa HoBas byHKLMS, KOTOpas MO3BOSSET FIErko U3MEHsITb 3HaveHus B pegakTtope 'l/O' ycTpoiicTBo
Macwmabupyemcsi BO BPeMs BbINOMHEHWNE, NepeTackuas rmobaneHeii cnangep 'l1/0 S' Scale Ha ocHOBHOWN
UHcTpymeHT-Bar (npocto BBegute ogHy OykBy 's' unum 'S' nocne 3HayeHusl, 4ToObl ykasaTb MacliTabupoBaHue).

V1.5.1 - noHb 2016
1) JobasneHa nopgaepxka 6ubnmotekn EEPROM dyHKUMOHaNbHbIE Moaynu 'update () ', 'put () ' a Takke
'get () ', 1 Aansa 6anToBOro 4OCTyna Yyepes HoTauMIo MaccuBa, Hanpumep 'EEPROM[k] ' ,

2) PaspewnTtb aBTO (-) CoKpawaTtbca 6bin fobasneH B MeHo NMepeMOBHOBUTL Y4TOObLI pa3peLunTb SBHbIN
KOHTpOIb TOro, ByaeT N pacluMpeHHbI MaccuBbl / OObEKTOB aBTOMATMYECKM COKpaLLaTbCsl, KOrda BbIMOSHEHME
OTCTaEeT OT pearibHOro BPEMEHW.

3) I'IepCOHa>|<v| M3 'String’' nepemMeHHas Tenepb Takxe gocTyneH4yepes o603HavyeHue mMaccuea,HanpunmMmep
'mystring[k]’' ,

V1.5 - main 2016

1) NameHunTb/N3yunTb Tenepb ectb koMBUHaums knasuw Ctrl-E 1 HoBas kHonka ans Komnunuposatsb (ctrl-R), a
TaKKe OKHO C OLUIMBKOM BCTPOEHHLIN AHann3npoBaTh, YTOObI paspeLlnTb TeCTUPOBaHME U3MeHeHu 6e3
HeobXOAMMOCTU 3aKPbITUSI OKHO.

2) UameHnTb/U3yunTb cenvac ceinvac takke nogaepxusaet MNepegenbiBaTtbyn nmeeT HOBbIM CoxpaHuTtb (Ctrl-S)
KHOMKa (3kBuBaneHTHo MpuHUMaTb NMAC NO3)Ke OCHOBHOW-0KHO CoxpaHuTb), a Tenepb AaeT Bbibop "Tab'
pasmMep (HoBOe MpeanoYTeHNEe, KOTOPOe MOXHO COXpaHuTb C nomoLlbio KoHdurypupoBaTh | MpeanoyTteHus).

3) Bce gocTynHble NS pegakTMpoBaHWs Nons pegakTMpOBaHWs Tenepb COOTBETCTBYIOT BbIOpaHHbIM LiBETAM TEMBbI
OC OkHa, n ons kKOHTpacTa, BCe AOCTYMNHbIE TONbKO ANsi YTEeHMA nonsi pegaktupoBanns 'RECV' ncnonbesytot
Oenbivi TEKCT Ha YepHom dhoHe. The U3MeHnTb/U3yunTb LBeTa hoHa U CMHTaKCUCa OCHOBHOM MOMEHT Tenepb
TaKkKe aganTupyroTcs K BbiIDpaHHOW Teme.

4) UnoArduSim Tenepb no3sonsiet Bbloupathb WpnUQT - STOT BbIBOP 1 ero pasmep 6binn nepemelleHsl B
KoHdurypupoBats | MpeanoyteHus (Tak MOXXHO coxpaHuTb B 'myArduPrefs.txt' dann).

5) Arduino npegonpeneneHHble GyKBEHHbIE 3HAYEHWUS JBOUYHOM (HanpvumMep, 'B01011011"') Tenepb paspeLLeHo.

6) OKpaHMpoBaHHbIE LWECTHaaUaTepUYHbIe, BOCbMEPUYHbIE U 4-Lndpa nocreaoBaTeNnbHOCTU CUMBOSIOB B
kaBblykax FOHMKOOA Tenepb MOMYT UCMOMNb30BaTbCA B KAYECTBE YNCMOBLIX NUTEPAroB.



7) MNocne nepBoHa4anbHOrO LWenyka Mbllbio Ha kKHonoyHor naHenu 'PUSH' ycTpoicTBo nonb3oBaTeris MOXET
BMECTO 3TOro UCMoNb30BaTh HaxaTune Knasuwwm (Nobyto KnaeBuLLy) AN HaXKaTus Ha KHOMOYHbIE KOHTaKTbI.

8) M3M9HVITb/V|3y‘-IVITb Tenepb ocBoboXaaeT cBoe BpeMeHHOEe Ha4alibHOe COCTOAHUE TOJIbKO AJ1A YTEHUA (I/I
yoandet BblaeneHne NCXOAHOM Bbl6paHHOI7I CTpOKI/I) nocne KpaTKOIZ Bmayaanon BCMbILLKN.

9) UnoArduSim Tenepb NpoBeEpSiET HECKONLKO 'Stepper' a Takke 'Servo' pin KOHMMKTHI, T.. HEUCMNPAaBHbIA
nornb3oBaTernb NporpaMma nbiTaeTcst NOAKMIOYNTBCA K Pins, yXKe NOAKMYEHHOMY K paHee 'Stepper' Unm xe
'Servo' nepemMeHHble.

10) Owmnbka AHanM3MpoBaTb, Bbi3BaHHAs OTCYTCTBMEM JIEBOW MK NPaBOW CTOPOHbLI ornepaTtopa (nponyckasi
BblpaxxeHne LHS nnn RHS unun nepemeHHas), Tenepb reHepupyeT YyeTkoe cooduieHne ob owmnbke.

11) Hencnonb3oBaHHbIN 'String' y4ebHbIVi knacc 'flags' 4neH nepemeHHas 6bin yganeH, 4tobbl cornacutbes
c Arduino V1.6.6. A 'String' 06bekT Tenepb 3aHMMaeT 6 6arkToB (NNOC ero Ky4ya CMMBOSIOB).

V1.4.2 - mapT 2016

1) Onpegensembivi Bepea OyHKUMOHarbHbIE MOAyNu (TO eCTb Te, Y KOTOPbIX HET 0ObABNEHUSA NPOTOTMN A0 UX
nepBoro BbI30BA) Tenepb reHepupyeT npeaynpexaeHns (He owmnbkn pa3obpatb), korga 6onee No3gHWM Tvn
BO3BpaLLlaeMoro onpegeneHns yHKUMOHaNbHbIM MOAYMNb HE COOTBETCTBYET TUMY, BbIBEAEHHOMY N3 UX NEPBOro
NCMNONb30BaHUS.

2) MaccwBbl, MEIOLLMIA Pa3MePHOCTb, PaBHYHO 1, GombLUe He OTKMOHSETCS (4TOObI COOTBETCTBOBATL CTAHAAPTHLIM
npasunam C ++).

3) nons peaakTMpoBaHusi 6onblle He YyCTaHaBMMBAOTCS YEPHBLIMU Ha 6eroM hoHe - TENePb OHU UCNOMb3YHOT
nanuTpy, ycTaHoBIEHHY ucnonb3dyemon temon OC OkHa.

4)'SERIAL', 'SFTSER', 'SPISLV' n 'I2CSLV' ycTponcTBo paclumpeHHbin MOHMTOP OKHa (OTKpbIBAeTCH ABONHbLIM
LLIeNYKOM MbiLlW) Tenepb NPUHMMAaET UBET doHa ceoero poautens /0" YcTponcTso.

V1.4 - pexka6bpb 2015
1) 'Stepper.h' yHKUMOHANBHOCTb BMBNMOTEKM U CBA3aHHbIE C Hew 'l/O' YcTponcTea 6binn gobGaBneHbl.

2) Bce HacTpouku 1 3Ha4eHus 'lI/O" YcTponcTBO (B JOMOSNHEHME K BbIOpaHHOMY pins) Tenepb Takxke
COXPaHSATCA Kak YacTb BbibOpaHHoOro nomnb3oatens 'I/O' YcTponcTBa TeKCT charn Ans nocrnenyroLllen
nepesarpysku.

3) LED Liget 'l/O’ ycTponCTBO Tenepb MOXHO YCTaHOBUTb Kak KPaCHbIN, XXENThIN UIK 3eMeHbIN, UCNONb3ys none
penakTMpoBaHWUs Ha YCTPONCTBO.

4) HnumanmsaTtopam obbaBneHun MNepemeHHasn Tenepb paspeLleHo 3aHNMaTh HECKONbKO CTPOK.
5) MHgekebl MaccuBa Tenepb MoryT 6bITh 3neMeHTaMm Maccuea.

6) KoHdmrypupoath | MpeanoyteHnsa Tenepb BKHOYAET hriaxok, YToObl pa3pewmnTs 'and', 'or', 'not’
KMntoyeBble CMoBa, KoTopble ByayT ncnonb3oBaTbCcs BMecTo cTaHgapta C '&&' , '|| ', aTakke '!' nornyeckue
oneparopbl.

7) "Woy MNporpamma 3arpyska" 6biro nepeHeceHo Ha KoHndwmrypupoBats | MpeanoyteHus

V1.3 - okTa6pb 2015

1) The 'PUSH' ycTtpoicTtBo Tenepb nmeet "push-like" donaxok, nomeveHHbIn 'latch’, ytobbl coenatb nx
"3aLlenkuBarowumMmucs” (a He "MrHOBEHHBIMK"), TO €CTb OHU ByayT PUKCUPOBATLCS B 3aKPbITOM MONTOXEHUU (M
MEHSITb LIBET) NPW HaXKaTuK, MOKa OHU He ByayT HaxaTbl CHOBa OCBOBOANTL KOHTaKThI.

2) o6aeneHa nonHas Bo3aMoxHOCTb 'SPISLV' YcTporicTea ¢ Beibopom y3na ( 'MODEOQ ', '"MODE1 ', 'MODE2', unu



Xe "MODE3'). [1BoriHow wen4yok oTkpbiBaeT bydepbl TX / RX OkHO, B KOTOPbIX MOTyT ObITb onpedeneHsbl
npepctoswme 6antel REPLY (TX), n ans npocmoTpa npoLwunbix NpuHATbIX (RX) 6artoB. MpocToe Begomoe
YCTPOWCTBO CABWUIOBOIO perncrpa yCTporuCcTBO NpeablayLuen Bepcum bbino nepemmeHoBaHo B 'SRSLV' ycTpoiicTBo.

3) XKnpHbI# rapHUTypa Tenepb MoXHO BbiOopaTh ansa Kop MaHenb a Takke MNepemMeHHble MaHenb (M3 MEHIO
Onuun), a Takke XUPHbIU Nodceemka K/ro4YeebIX C/1068 U orepamopoe Tenepb MOXHO BKITHOYUTL / BbIKMOYNTD
B UsmeHnTL/U3yunTs ,

4) UnoArduSim Tenepb No3BOMsET 'bool' Kak CUHOHMM 'boolean'

5) [inst scHOCTM B coobLieHmsax o6 owmnbkax oobABNEHNAM nepemMeHHas bonblue He paspeluaeTcst 3aHMMaTh
HECKOMbKO CTPOK (KpOME MacCuBbl, UMEIOLLENO CMMCKM MHULMaNn3aTopoB).

6) CkopoCTb OKpacku cuHTakcuca B UameHnTb/U3yunTb Gbin ynydlleH (3To OyaeT 3aMeTHO Npy yBENUYEHUN
nporpaMmsil).

7) JononHuTenbHble 200 MUKPOCEKYHAHbIE N3OepXKM (B MeHo Onuum ) 6bin gobaBneH K Kaxgomy Bbl30BY
"loop () ' - 9TO Aenaetcd Ans Toro, YTobbl He OTCTaBaTb CMAMLIKOM Aarneko OT peanbHOro BpeMeHn B criyyae,

korga lNonb3oBaTtenb nporpamma He fobasun 'delay () ' B nto6om mecTe (cM. obcyxaeHne CUHXpOHU3aLms
HUXe).

V1.2 noHb 2015

1) Bubnuoteka SD Tenepb NOMHOCTbLIO peannaoBaHa, 1 6bin gobaeneH (HebonbLuon) 8-merabantHbin SD-aumck '1/0O
yctponcTeo ('SD_DRV') (M dyHKUMOHANBHOCTL NPOTECTUPOBaHA Ha Bcex obpasuax Arduino SD nporpammei).

2) Kak v Arduino, UnoArduSim Tenepb OygeTt aBTomaTm4ecku npeobpas3oBbiBaTb apryMeHT OYHKLMOHAsbHbIN
MoZyInb B CBOW aapec npw Bbi30Be (PyHKLMOHANbHbIV MOAYIb, OXXUOAIOLWEro nepeaayn ykasarens.

3) Coobuwenuns 06 owmnbkax AHannanpoBaTtb Tenepb 6ornee yMecTHbl, korga NponyLeHbl TOYKU C 3ansiTon 1 nocne
Hepacno3HaHHbIX 06bLABNEHUN.

4) Hecexwii NepemeHHble MNMaHenb OCHOBHbIE NMHUK TEMNEPb YAANATCS NpY Bbi3oBe / BO3BpaTe
PYHKLMOHAambHbLIN MOAYrb.

V1.1 - mapt 2015

1) OcHOBHOW OKHO Tenepb MOXET BbITb YBENUYEH UNU n3MeHeH, 4Tobbl caenaTe Kop MaHenb a Takke
MNMepemeHHble MaHenb wupe (Ana 6onbLUMX 3KPaHOB).

2) HoBoe meHto Haitn (c KHonku naHenu MHCTpyMeHTOB) Obinn fobasneHbl Ana 6onee OGbICTpoi HaBuUraumm B
Kop MaHenb a Takke MNepemeHHble MaHenb (PgUp 1 PgDown mnu TEKCTOBLIN MOUCK CO CTPENKOWN BBEPX,
CTPENKon BHU3).

3) The UameHUTBL/N3yunTb OKHO Tenepb No3BoNSAET nepexoabl HaBurauum ctrl-PgUp u ctrl-PgDn (k cnegytoLen
NycTon CTPoKe), h 6bin pacwmpeH Hantm / 3aMmeHuTb PyHKLMOHAINBbHOCTb.

4) A HoBbIV NYHKT 6bIn gobasrneH B MeHo NMepeMOBHOBUTL 4TOOLI NO3BONMTL NOML30BAaTENIO BbIOPaTh NOAX0A K
3KOHOMUW BblYMCNEHWI nof TaxenbiM NepemeHHble MNaHenb 06HOBUTL 3arpy3ku.

5) 'Uno’ pins 1 npukpenneHHbin LED Tenepb oTpaxatoT nodble naMeHeHusl, BHeceHHble B 'I/O' YcTpoicTBa, aaxe
Korga Bpems 3aMOPOXEHO (TO eCTb Aaxe Korga BbiNOMHEHWE OCTaHOBMEH).

6) Opyron nonb3oBaTternb MYyHKLUMOHAbHbIE MOAYNM TeNepb MOXET BbI3bIBATbCA M3HYTPU NOMb30BaTENbCKOrO
npepbiBaHMs (PYHKUMOHANbHbIA MOgyMb (B COOTBETCTBUM ¢ 06HOBNEHeM Ao Arduino 1.06).

7) A 6onbwmnn WpundT TENnepb MOXHO BbIOpaTh M3 MeHo Onumu,

V1.0.1 - oHb 2014
Ocuunnorpamma okHa Tenepb MapKkupyeT aHanorosbiv pins kak A0-A5 BmecTto 14-19.
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