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MpoekT Arduino ctaptoBan 4yTb 60sbLie 10 1eT 1 Toraa He Kasasncs

O4YeHb cepbe3HbiM. O4HAKO CEeroaHs 3TO AB/IEHUE HE MOXEeT
WFHOPMPOBATb HU OAMH NPOU3BOAUTE/Ib MUKPOKOHTPO/JIEPOB,

HW OAWH pa3paboTymMK BCTpanBaeMbiX cUCTeM. Begb npoekT
Arduino oTpaxaeT COBpeMeHHble TEHAEHUWUN B pa3BUTUUN HE TOJIbKO
3/IEKTPOHUKMN, HO 1 BCErO MUPA YMHbIX BeLer. DTO TOPXEeCTBO
KOHLUenuum cBo604HOro pacnpoCTpaHEHUS OTKPbITbIX NaaTdopmMm,
ApKOe CBMAETEeNbCTBO TOrO, 4TO cyrybo y3kocneumanbHble cdepbl
3N1eKTPOHUKN CTAHOBATCA MAaCcCOBO AOCTYMHLIMU — M MAacCOBO
BOCTpe60BaHHbIMU. Kak NOY4NNOCh, 4TO NPOCTENLLNE NAATDI

Ha OCHOBE He CaMbIX MPOU3BOAUTE/IbHbIX MUKPOKOHTPO/EPOB,

He camas NpoABUHYTasa cpeaa pa3paboTku M HAACTPOMKA Hag,
A3bIkoM C CTanM MacCoBbIM MPOAYKTOM, KOTOPbIN CerogHs yBepeHHo
npeBpaw,aeTcs B OTpac1eBon CTaHaapT? YTo xe Takoe Arduino —
KOHCTPYKTOp-UrpyLiKa Ans Xo66um nam MOWwHbIN MHCTPYMEHT,
CNOCO6HbIN B yMENbIX pykax TBOpUTb Yypeca?

OTKPbITbI KOA + OTKPbITIE MIATOOPMbI = YCMEX?

DNIEKTPOHMKA — Of4HA M3 TeX 06/1aCTen HayKM M MPOMbILLIEH-
HOCTU, KOTOPble 06 EKTUBHO M3MEHSIIOT MUP. [1pY 3TOM Hens-
6eXXHO MEHSIOTCS 1 CAMW MOAXOAbI, NCMOJIb3yeMble BHYTPU
3/1eKTPOHHOW O0Tpac/iv. OAWH U3 HUX — annapaTHble peLleHus
C "OTKPbITLIM KOAOM", CBOBOAHLIM OT IMLLEH3MOHHLIX Orpa-
HWUYEHM. DTO HanpaseHMe CTaN0 NPOAOIKEHMEM KOHLEN-
UMM cBO6OAHOr0 MpOrpamMMHOro ob6ecneveHms C OTKpPbITbIM
KOZOM —open source. Peyb MAaeT He NpoCTO 06 OTKPbLITOM KOAe
NporpamMmbl, HO 1 O BO3MOXHOCTM CBOHOAHO €ro MCcrnob3o-
BaTb B CBOMX NPUIOXKEHUSX, MOAMDULMPOBATL U T.M. APKUIA
npumMmep NpoeKkTa Ha NpUHLMNAX Open source — onepawmoH-
Has cucTema Linux.

O6LLEeNpU3HAHHBIN MAE0/IOr KOHLEMLUMN Open source,
ocHoBaTtenb ®oHaa CcBOHGOAHOrO NMporpammHoro obecne-
YeHus Free Software Foundation Puyapg CronnmaH Been
B 060pOT TMN NNLEH3MI copyleft. VX cyTb — nporpamMmmel, pac
NpoCTpaHseMble Mo 3TUMU NINLEH3UAMM, NOSTHOCTLIO CBO-
604Hbl 0T aBTOPCKMX OrpaHUYEHWIA. A MTPOAYKTbI, CO34aHHble
Ha OCHOBE 3TUX MPOrpaMM, MOy T PaCNpPOCTPAHATLCS TONbKO
Ha OCHOBe Takux Xe copyleft-nmueHsunin (nocneaHee nono-
KeHue He Bceraa 06a3aTtesibHo). MIHbIMKU CloBaMu, NosHas

cBob604a pacnpocTpaHeHus. M 3TO He aHapXmMyecknin npu-
3bIB Pa3pyLWNTb MHCTUTYT aBTOPCKOro rnpasa, a NyTb K Noj-
JIMHHOW MaCCOBOCTM. M OH HMKaK He NpensaTCTBYeT nony4e-
HUIO NpUBLINN. VHCTPYMEHTLI U NMPUIOKEHNSE CTAHOBATCS
[OCTYMHbLIMW BCEM Pa3paboTyMKaM, 32 HUX HE HY>XXHO na-
TUTb, HO Ha UX OCHOBE MOXHO C034aBaTb — W NpogasaTb! —
COHCTBEHHbIE MPOAYKTLI.

AHANOrM4YyHasa KOHLEMNUMS HEeCKoNbKo Mno3fHee cTasa
MNCNO/1b30BaTbCA M B 06/1aCT annapaTypbl. 34eCb OCHOBO-
noJiarakoLwLMMmM NPUHLMNAMUM CTAJSIM OTKPbLITAS MCXOL4HAS KOH-
CTPYKTOPCKAst ALOKYMEHTaLUMS 1 KOAbI BCTpoeHHOro MO npu
NosIHOM cBO60OAE MX MCMONbL30BAHMS. B 0AHY TOYKY COLLANCH
ABa MOAX0AA — NPUHLMM OTKPLITLIX CUCTEM 1 6€3/IMLLEH3MOH-
Hoe NpUMeHeHue.

B cBOIO 04epenb, OTKPbITbIE CUCTEMbI UM OTKPbITLIE M1aT-
dopMbl (Kak aHTUTE3a 3aKpbiTbIM MPOMNPUETAPHbLIM peLle-
HMSIM) — 3TO KOHLLeNTYa IbHbIN NOAX0A, KOTOPbIN, MO CyTH, NpU-
Be/1 K GOPMMPOBAHMIO COBPEMEHHOI0 06anKa NT-MHAYCTpUN.
BcnomHuMm, B Havane-cepeamnHe 1980-x, Korga nepcoHasibHbie
KOMMbIOTEPbI CTaNN MpeBpaLLaTbCs C MACCOBLIN TOBAP, CBOErO
pOAa BMA, 6bITOBOM TEXHNKM, MMEHHO OTKPbLITast apXMTEKTYpa

"IBM PC" ne-daKkTo cTana oTpacieBbIM CTaHAApTOM. A 6onee
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COBEepLUEHHbIE U M3bICKAHHbIE peLLIeHUSs, B TOM YC1e KOMMbHO-

Tepbl Apple Macintosh, Tak 1 oCcTanucb, MO CyTU, HALLEBLIMU
npoaykTamu. M He cay4arHo, SSPKUIN CTOPOHHWUK OTKPbLITbIX
nnatpopm, bunn remTc NOCTaBMI MUMEHHO Ha KOHLEMUMIO
"IBM PC" — v Bbinrpan.

MpuunHa ycnexa CerofHs O4eBMAHA — MepCOHaNbHbIN
KOMMbIOTEP C OTKPbLITOM apXUTEKTYPOW NPeBpaTUACS B F10-
B6anbHLIM MUMPOBOW KOHCTPYKTOP, "AeTann’ gnas KOToporo
BbINYCKAeT MHOXECTBO KOHKYPUPYIOLLMX MPOU3BOAUTENEN
BO BCeM Mupe. DakTnyeckm poamiacb HOBas MHAYCTpUS —
OAVH V3 JOMUHUPYIOLMX CErofHS CEerMeHTOB BCEW 3/eK-
TPOHMKM. MacwTabHOCTL MPON3BOACTBA NpUBea K becnpe-
LefeHTHOMY CHUDKEHUIO LeH WM BCe BO3pacTalrollen mac
COBOCTW. MporpaMmmMunCTbl BCEro MMpa no cyTu paboTtanu
Ha Microsoft, co3gasas ceov npoaykTbl nog OC Windows,
NpOM3BOAUTENN — HA Koprnopauuio Intel n HeCcKoNbKux ee
KOHKYPEHTOB, CO34aBas peLleHMst HA OCHOBE WX NMPOLLecco-
poB 1 T.4. CNOXMAACb OrpoMHas, rnobanbHas camopasBu-
BAOLLAACA CMCTeMA C MONOXUTENbHOM 0BpaTHOM CBA3LIO.
KoTopasi B utore npmsena kK HOBOMY rnobasibHOMY KavecTsy —
K COBPEMEeHHOMY 06AnKY IT-MHAYCTPUN, KOTOPbIN, B CBOO O4e-
peab, CTAaHOBUTCS GYHAAMEHTOM A/151 O4epPEeAHbIX TEXHOMO-
rMYeCKMX CKa4KOoB.

Ho oTkpbITble nnatdopMbl — 3TO elle He Bce. BxogHom
6uneT B M1p paspaboToK Ha MX OCHOBE 3a4aCTYIO HE OYEHb
felues. NaaTGOPMbl OTKPbITbI, HO 33 NPaBo paboTaTh C HAMK
HY>XHO NAatuTb. Cedyowmm Wwar Ha NyTn K MacCoBOCTH —
0TKas oT naatbl. B 1997 rogy 6bina co3gaHa opraHmsauns
Open Source Initiative, inaepamm KOTOpOW BbICTYNnAM bptoc
MepeHc (aBTOp onpeaensatoLero fokymeHTa The Open Source
Definition) n 3puk C.PaliMoHS,. 3Ta opraHun3aLus ctana npo-
BOAHWKOM MAE0NI0rMm CBOHBOAHOI0 annapaTHOro obecneye-
Hus. CeroaHs 3Ta naea BOCNpUHATA M NogAep KaHa caMbiMm
pasHbIMU OPraHn3aumMsMu, BKJIIO4as EBpONENCcKnn LeHTp
aaepHbIX nccneposanmi CERN. MpoekTbl B o6nactu CBo-
604HOro annapaTHOro obecneyeHnss OXBaTbIBAKOT 061aCTU
OT MUKPOMpoLLeccopoB (Hanbosiee N3BECTHBIN — NpoLLeccop
LEON capxuTtekTypomn SPARCVS, VHDL-onncaHue psiga sapu-
AHTOB KOTOPOrO pacnpoCTpaHseTcs Nof cBO60AHON NULEeH-
3men GNU General Public License) 10 3aKOHYEHHbIX YCTPOACTB:
3D-NpUHTEpbI, TEIEKOMMYHMKALMOHHOE 060pyA0BaHNE, KOM-
nbloTepbl, pO60TOTEXHMKA U T. 4.

OpHO 13 HanpaefeHWM B 06/1acTM CBOBOAHOro anna-
paTHOro obecneyeHmns CBA3aHO C 06NACTbIO BCTPaMBAEMbIX
ccTeM. IMeHHO K 3TOM KNaccy NPOAYKTOB U NPUHAANEXUNT
nnatdopma Arduino — repon Hatlero pacckasa. Ho To/1bko v
K 3TOMY KJ1iaccy?

ARDUINO - KPATKAA UICTOPUSA NMPOEKTA

Pa3paboTka BCTpamMBaEMbIX 3/1eKTPOHHbIXYCTPOMCTB M CUCTEM
Ha MX OCHOBE — 3TO yAen BbICOKMX npodeccmoHanos. OgHa
13 OCHOBHbIX CZTOXKHOCTEN — HY>KHbI CMELMANNCTbI, COYeTato-
LLiMe 3HaHMA B 061aCTM 3NeKTPOHNKM (YyMeHMe pa3paboTaThb

YNPaBASIOLLMIA SNEKTPOHHBIM MOAY/b HA OCHOBE MUKPOKOH-
Tponnepa, UMdpPOBbIX M AHANOTOBbIX NEPUPEPUNHBIX CXEM)
M NpOrpaMMm1poBaHms (Kak MpUKIAAHOr0, Tak M CUCTEMHOTO).
MpuyemMm MOAYNb HA OCHOBE MUKPOKOHTPOJI/Iepa Maso pas-
paboTaTbh — ero ewe Hy>KHO CNasTb. A 3TO — He CaMbli NPo-
CTOW HaBblK. Bbl He NpoboBanM goMa NasTb MUKPOCXEMbI
B COBPEMEHHbIX Koprycax? KOHe4yHo, MOXKHO 3aKa3aTtb neyat-
HYI0 MNaTy, a3aTeM 1 ee MOHTaX. [oA06HbIe yCayr ceroaHs
BMOJIHE LOCTYMHbLI — HO MHOIO /1N HeCneLMaanCcToB B 3/1eKTPO-
HVKE YMEIT VMW NOb30BaTbCS M FOTOBbI 38 HUX MNAATUTL?
KoHeuHo, 3a nocnegHue 10-15 netT NosABMIOCL HEMaso
peleHnin — 1 CeMencTBa MporpamMMmpyemMbix JIOrnMyYeckm
KOHTPONIEPOB, U rN06anbHbLIN KOHCTPYKTOP MOA ynpasie-
Hnem LabVIEW koMmnaHum National Instruments, MHOXeCTBO
OLLeHOYHbIX NAAT, pa3finyHble cpefbl pa3paboTku 1 T.n. Bee
3TO — 04eHb 3P DEKTMBHbIE, HO NPOPECCUOHASIbHBIE, [OPOrne
WMHCTPYMeHTbI. CO CTapTOBbLIMU LLeHaMM B ThICSHM 4,0/1/1APOB
(oueHOYHbIE NAATLI CTOAT AeLWeB/ie — NOpAAKA COTEH AoNa-
POB — HO 06LL,eN KAPTUHBI 3TO HE MEHSIEeT).
KOHeYHO, LieHbl Ha 3TN NPOAYKTbI COBEPLUEHHO aAeKBaTHbI
B C/lyyae C/I0KHbIX MPOeKTOB (Hanpumep, co3aaHne 60pTo-
BbIX CMCTEM MACCaKMPCKOro camosieTa Uam cucTem aBToma-
TU3aLMN XMMMUYECKOT O Liexa). Ho eiBa v NoAo6HbIe 3aTpaThl
[OCTYMHbI 418 MAaCCOBbIX pa3paboTUMKOB. M pedb naeT gaxe
He 0 1bUTeNaX, 2 0 MHOMOYMCAEHHbIX CTYAEHTaX, MOJIOAbIX
cneumanmcTax, KomaHaax byayuimx ctaptanos U T.M. — 0 TOM
nnuTaTenbHoOW cpefe, KOTopas CerofHsa v ornpeaenseT pas3su-
THe 3N1eKTPOHNKM KaK MHHOBALMOHHOM chepbl. NoTOMY Kak
ec/In CaMn MUKPO3NEKTPOHHbIE TEXHONOMMN POXAATCS
B CTeHax Hay4HbIX 1abopaTopui, BOMIOLWAKTCS B MUKPO-
CXeMbl Ha 3anpeaenbHO AOPOrMxX NpOM3BOACTBAX, TO CO34a-
BaTb KOHEYHbIe peLlleHns Ha UX OCHOBE A0/MKHA OFrPOMHas
apMus pa3paboT4MKOB BO BCEM MUPeE. U 3TO He BCe, NOTOMY
YTO eCTb eLLle apMus CNeLmanncToB B pasnyHbIX 061acTsx,
KOTOpble pabl bbl MCNO/IL30BATL B CBOMX 3a4a4aX BO3MOXK-
HOCTVM MWKPOKOHTPO/I/IEPOB, HO He yMeloT 3TOro AenaTtb.
MaccoBOCTb BO3MOXHA TaM, F4e MpeBannpyeT npocToTa npu-
MEHEHUS 1 AeLleBU3HA MHCTPYMeHTapus. IMEeHHO 3T KpuTe-
pvn — NPOCTO W AeLLeBO — er/In B OCHOBY NpoekTa Arduino.
VicTopus npoekTa Hayanacb B 2003-2004 ronax. B teroabl
(c2001M02005) B ApeBHEM ropofe VBpea B CeBepHOM MTanmm
[encTBOBasa BbICLLIAS TEXHNYECKAS LLIKOAA MHTEPAKTUBHOIO
npoekTUpoBaHua — Interaction Design Institute Ivrea (IDII).
B 2003 roay CTyAeHT 3TOro MHCTUTYTa XepHaHao bapparaH
(Hernando Barragan) pogom 13 Konym6um npucTynmn
K paboTe Haj CBOMM MaruCTepCkMM AWMMJIOMHbLIM Mpoek-
ToM. OH 3aHanca co3gaHvem nnatdopmbl Wiring, aenato-
e AOCTYMHbIMW pa3paboTky LMPPOBLIX CUCTEM yrpaBe-
HWS NS HEMHXXEHEepOB B 061aCTW 3/1EKTPOHUKM.
Mnatdopma BKAKOYANA MOAHBLIA KOMMIEKT MHCTPYMEH-
TOB A/15 CO3[4aHUS BCTPANBAEMbIX PeLleHNI: 93biK Mporpam-
MWUpOBAHUA, cpeay pa3paboTku 1 oTnaaku (IDE —integrated
development environment) 1 N1aTy C MUKPOKOHTPOJIIEPOM.
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Ana nporpaMmMupoBaHWS MUKPOKOHTPOJI/IEPOB UCMOJIb-
30Bancs CBOBGOAHO pacrnpoOCTPaHSIeMbld OTKPbITLIA SA3bIK
Processsing. OH 6bi1 cO34aH Ha OCHOBe Java beHXaMnHoOM
®paem 1 Karcn PU30M — COTPYAHMKAMMW "TPYMMbl 3CTETUKM
n BblumcneHnin" (The Aesthetics and Computation Group)
B nabopatopum MIT Media Lab MaccauyceTckoro TexHoI0-
rmyeckoro MHCTUTyTa (MIT). PyKoBOAUTENSAMM AUMIOMHOM
paboTbl X.bapparaHa BbicTynann Kencn Pu3 n npenogasa-
Tenb IDI Maccmo baHum.

B KayecTBe MNUKPOKOHTpO/Nepa bbis1 BbibpaH ATmegal28
KOMNaHmm Atmel. DTOT o4eHb NOMNyASPHLIN B HaYane 2000-x
ronos 8-paspagHbint RISGMUKPOKOHTPONIEp C apXUTEKTY-
pon AVR o0bnagan psaoM BaXKHbIX AOCTOMHCTB. pexae
BCEro, OH NpoOrpamMMmMpoBasICst MPOCTOM 3anNUCbio KoAa Npo-
rpamMMbl BO BCTPOEHHYK dnew-namsatb No nocnenosa-
TenbHOMY MHTepdency SPI (b1pMeHHas TexHonorus ISP —
In-System Programming). Kpome Toro, komnaHus Atmel
CcBO6OAHO pacnpocTpaHsna ansi AVR-KOHTPONEpOB KOM-
NAeKT MHCTPYMEHTOB pa3paboTku nporpamm (Komnuas-
Top C/C++, accembnep, KOMNOHOBLLMK NPOrpamMm, a Takxe
G6unbnumotekn). MocnenHee CTano pewarwmM GakTopom
015 0OTKA3a OT O4eHb JeLleBbiX 1 NOMNy/AsPHbIX B Te roAbl PIC
KOHTpOAepoB kKomMnaHmm Microchip B nonb3y AVR.

MPUHLMNMANBLHO, YTO YXKe Ha MepBOM naaTte ANS CBA3M
C KOMMbKOTEPOM Bbl/1 MCMONL30BaH MeTof "RS-232 yepe3 USB"
(BMpTYyanbHbIM COM-MOpPT), peasin3oBaHHbLIA HA OCHOBE KOH-
Tponnepa FTDI232BM komnaHuu FTDI. B pe3ynstaTte n ans
MUKPOKOHTpOJI/1epa, U A8 nNpukiagHoro MO Ha KOMMbio-
Tepe KaHan CBA3M BbIrsAeN Kak 0bbl4HbIM NocaeaoBaTe b-
HbI HTepdenc RS-232, HO duU3nYeckn coegmHeHne Nponc
xoAamno vyepes USB-NopT. 2T0 o4eHb ynpoLwano paboTty c nna-
ToM — B cepeanHe 2000-x rogoB Noc/aefoBaTeNbHbINM NOPT
RS-232 Ha 06bI4HbIX NEPCOHA/IbHBLIX KOMMbIOTEPAX YKe CTan
3K30TUKOWN.

X.bapparaH cob6CcTBeHHOpPYYHO cnasn 25 nnat Ha oCHoBe
ATmegal28 v pos3gan ux ctygeHtam IDIl BMecTe ¢ Heobxoau-
MbIM MPOrpaMMHbIM o6ecrnedeHnem [1]. Ha 3Tmx komniekTax
6bI/1 BbINOTHEH psif, MHTEPECHbIX paboT, mokasasLwmx 3pdek-
TUBHOCTb noaxopa. B 2004 roay X.bapparaH ¢ otanyvem
3aLUNTUA MArnCTepCKyHo AnccepTaumio nyexan B Konymoumio
paboTaTb B AHACKOM yHMBEpCUTETE B boroTe. TaM OH 3aHA/CS
npenogasaHMeM 1 NPOAO/KM paboTbl Hag naaTthopmon
Wiring, He Tepsaisi KOHTAKTOB C COKYpPCHMKamu no IDII.

Tem BpemeHeM ero yumnTesb MaccMmo baHum pelumnn HavaTb
HOBbIM MPOEKT, KyAa BOLWW ero bbiline CTyaeHTbl JeBn,
Kyaptunnbe (David Cuartielles), Aesua Mennuc (David Mellis)
n Hukonac 3am6etTu (Nicholas Zambetti), ycneslime nopa-
6otatb ¢ Wiring. K kOMaHae npucoeamHUACS U y4acTBO-
BaBLWMIM B pa3paboTke mnat Wiring n noMOrasLmm € nx
npownssoacTeom [xxaHnyka MaptmHo (Gianluca Martino),
KOTOpbIV 3aTeM Co34ajn CBOK KOMMaHWio Smart Projects
SRL (MMeHHO 3Ta KOMMaHUA Hadvana Bbinyck nnaT Arduino).
Mpurnacunun B npoekT 1 Toma Mro (Tom Igoe) n3 LLKObI

nckyccts Tuwa (Tisch School of the Arts) Hblo-MopKckoro
nonuTexHuyeckoro yHmeepcuteTa (NYU). Moyemy B KOMaHay
He no3sanu X.bapparaHa, co3gatens 6a3oBon NAATGOpMbI
Wiring, ocTaeTcs 3aragKkomn.

3aTo HeT 3arafKku c HazBaHmeM — € 990 roga makprpapom
MBpewn 6bin rocnoanH ApaymH, KoTopbiv B 1002 rogy ctan
Koposnem Wtanuun, ot 4ero n ymep B 1015 rogy. Vimsa Koposs
poctanock 6apy Bar di Re Arduino B ero poaHown Mepee, rae
nobun 3aeBmncatb Maccumo baHumM. B 4ecTb 3TOro 6apa oH
1 HasBan npoekT Arduino [2].

MpoeKT M3Ha4Ya/IbHO MOJHOCTbLID BOCMPOU3BOAUS MPO-
rpaMmMHyto naatdopmy Wiring. beina co3gaHa Hoeas naata
Arduino USB, cTaBLuas dakTnyeckm nepeom B npoekTe Arduino.
370 6bI1a NpocTenwas niata Ha OCHOBE MWMKPOKOHTPOI-
nepa ATmega8, ¢ MMHUMANbLHO HEOHXOAMMOM 06BS3KOW.
[ns cBa3n c KoMnboTepoM 4epes USB-NopT UCnonb3oBasncs
KOHTponep BupTyanbHoro COM-nopta kKomnaHum FTDI.
Bce MHCTpymeHTasbHbIe cpeacTBa paspaboTku, BKJKOYAS
a3bIk Arduino Ha 6a3e C/C++ 1 nporpammMHyto 060104ky IDE
(Ha ocHoBe Processing) NoCTaBNSAAMCL CBOBOAHO M 6ecniaTHO,
nog nvueHsunen copyleft. AmnapatHas niata MMKPOKOHTPOA-
Nepanpopjasanachk No pekopAHOW Toraa LieHe MeHee 50 fon.,
KOTOpas BCKope ynana Huxe 30 onn.

MockonbKy BCH  KOHCTPYKTOPCKAs OOKYyMeHTauus
Ha nnaTy 6bina OTKPbITA, MPOU3BOAUTL €8 MOT KTO YroAHO.
EOMHCTBEHHOE OrpaHWyYyeHue Hanarasocb Ha MUCMoab30Ba-
HWe Ha3BaHWs Arduino. To/IbKO 3TO NPOAYKTOBOE UMS MOA-
J1eXKano INLEH3MPOBAHWIO M MPeAnosiaraso BbiMaaTy POsaTu.
[Lns13TOro MHMLMATOPbI NMPOeKTa CO34a/M KOMMaHmio Arduino
LLC (www.arduino.cc), KoTopon NpuHaanexani npasa Ha Top-
rosyto Mapky Arduino. OgHako B 2008 roay mMexay napTHe-
pamu paspasmicst ckaHgasa. Okasanoch, YTo BAageneL, KoM-
naHmm Smart Projects SRL >xaHayka MapTWHO nonbiTancs
3aperncTpmpoBaTh Npaea Ha Toproeyto Mapky Arduino B CLLIA.
B xofe pa3bunpaTteibCTB BbISCHUIOCh, YTO 10 3TOr0 OH BTUXYIO
y>Ke 3aperncTprpoBas Ha CBOK KOMMAHUIO NMpasa Ha TOpro-
BYIO Mapky Arduino B WTtanuun. MNocneposatenu cyaebHble
pa3bupartenbCTBa, B3aMMHbIE NPeTeH3nn. B ntore cerogHs
eCTb ABe BeTBM NpPOeKTa —04Ha NoA 3rnaon Maccumo baHum
1 komnaHum Arduino LLC (arduino.cc), BTopas npuHaanesxxut
Smart Projects SRL (canT arduino.org). B utore Ha o60ux cai-
TaX Mbl BUAMM HECKO/IbKO pa3HbI HABOP HOBbLIX MPOAYKTOB.
Kak cneacTsue, NosSBUAOCH ABE BEPCUM Cpefbl Pa3paboTku
Arduino IDE, noggepXuBaroLime pasamyHbii Habop nnat
nénbamnoTtek. bonee Toro, komaHga Arduino LLC npoasuraet
CBOO NpOAYKLMIO nog 6peHaoM Adruino ToNbKO Ha TeppUTo-
pun CLUA, o115 BCero octasbHOro Mmpa cosfaHa Toprosast
mMapka Genuino. OgHaKo NoA06HbIN pa3fop, X0Tb M MOPOAW
onpeaeneHHyo NyTaHuLy, CBUAETENLCTBYET 06 yCNewHoCTH
npoeKkTa B Le/ioM.

CerogHs npoekT Adruino 13 otaenbHon nnatbopmbl npe-
BPaTUCA B rN06abHYH0 SKOCUCTEMY, OXBATUBLLIYIO BECb MUP.
Mo AaHHbLIM OLHOrO M3 COOCHOBaTenen npoekta [3suaa
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Kyaptunnbe [3], kK KoHuy 2013 roga B Mype 6b110 NpoaaHo
60nee 700 TbiC. opuLManbHbIX NAAT Arduino. A BeAb Ha KaX-
V0 TaKYH0 MaTy NPUXOANTCS MO KpaMHen Mepe CTOMbKO e
naaT KJAOHOB, KOTOPble BbIMYCKAOTCS MHOXECTBOM NMPOm3-
BoauTenen nog nmeHamu "-duino" (CraftDuino, Freeduino,
Seeeduino, Diavolino, Japanino n npod., 1 Npoy.), YTo6bI
He MNaTUTb INLEH3MOHHbIE OTYUCAEHWS. M PbIHOK 3TOT TO/IbKO
HabupaeT 060pOThI.

ADRUINO INMA3AMU UH)XEHEPA

Mnatdpopma Adruino cymena BONA0TUTbL B NMPOTUBOPEYMBBIX
TpeboBaHWsA — NpOCTOTY M AeLleBu3Hy. 115 paboTbl C MUKPO-
KOHTPONNEPOM He Hy>KeH Masi/IbHUK — TO/IbKO AeLleBas naata
C MUKPOKOHTpOA/1IepoM 1 USB-kabenb. Mogkatodan naaty
K KOMMbIOTepy, cka4mBan becnnatHoe MO, n co3pasam cob-
CTBEHHbIe peLleHns. A3bIk NPOrpaMMMPOBaHMSA — NPOCTEN-
WK, Ha ocHoBe C. MogBunack cneumanbHasa yiebHasa nnTe-
paTypa. DHTy3MacTamMmu BCero Mvpa HapaboTaHa 6asa npu-
K/1AAHbIX peLleHn.

MonynspHOCTb naaTtpopmbl Arduino BO MHOFOM 06yCN0B-
NleHa yaobCTBOM ee NporpamMMupoBaHns. [ns HanucaHus
NpOrpaMMHOro Kopaa, ynpasastowero paboton Arduino-
CMCTeM, NCNONb3yeTcsa cneumanbHas Bepcns sisbika C/CH+.
EcTb dupmeHHas becnnatHas cpega paspabotkm Arduino IDE
(pwnc.), pocTynHas ANs 3arpy3ky Ha camTe Npou3BOAUTENS.
OHa no3BOAseT NNCaTb M OTIAXMBATL NPOrpaMMHbIA KO,
(Tak Ha3bIBaeMble ckeTym — sketches), a 3aTeM 3arpyarb ero
B MUKPOKOHTPO//1ep 65a30BOro Moay/ist Yepes USB-mHTepdenc.
Cpepfa paspabotku Arduino IDE co3gaHa anst onepaumoHHbIX
cnctem Windows, Mac OS X u Linux. 115 601bLUMHCTBA MOAY-
ner Arduino cyLecTByeT roToBbIN KO C KOMMEHTapusaMn. OH
Nerko BCTaBASETCA B 06LLYO NPOrpaMMy yrpaBieHns cucre-
MOW W, KaK MpaBuo, TpebyeT nib HebobLon opaboTKm
NPUMEHUTE/TLHO K KOHKPETHOMY MPUIOXKEHUIO.

AnnapatHas 4acTb naatdopmbl Arduino BKAKOYaeT
HECKOJIbKO Mogesien 6a30BbIX MOAYNEN M MHOXECTBO naat
pacwmpenud (shields), a Takske pasnnyHble akceccyapbl [4—6).
Cpa3sy 0OTMETUM BaXKHYIO 1 AAXe YANBUTESIbHYIO OCOBEHHOCTb:
B OT/IN4YMe OT "KNaccnyecknx" OTKpbITbIX NAaTdopMm, CTaH-
AapTa Ha dopm-dakTop nnaT Adruino He cyllecTByeT. ECTb
JIMLLb HECKONLKO Pa3IMYHbLIX 6A30BbIX M1AT, OT/IMYAIOLLMXCS
$opM-bakTopom (M 4MCIOM NOPTOB), HABOPOM UHTEPdEN-
COB 1 MCMONb3YeMbIM MUKPOKOHTPOJINEPOM. I HUKTO YMCN0
6a30BbIX POpM-PaKTOPOB HE OrPAHNYNBAET.

Kaxxgbin 13 6a30BbiX MoAy/ien npenctasnser cobou
nAaTy ¢ MUKPOKOHTPO/I/IEPOM (B OCHOBHOM KOMMAHWUM Atmel,
HO B MoC/iefHee BpeMs 3Ta TeHAEHLMA MEHAETCA) U Habo-
pOM ceTeBbIX MHTepPeNCcoB. MpUHLMNMAaIbHAS 0COBEHHOCTb —
B KQXXAOM KOHTPOJIepe ye 3anmcaHa nporpamMmMa Hadasnb-
HOrO 3arpy34mka. NMo3ToMy paspaboTUmMKy BOOBLLE HE HYXKHO
OYMaTb O peXkMmMe nporpaMmmMmpoBaHMS — BCE BbINOHSETCS
13 060104KM IDE, HaXkaTnem OLHON KHOMKMW.

Uno - 6a3oBas Mojenb

Hanbonee nonynsipHbiA 1 "CTaHAAPTHBLIN" MOAY b, MPOAO-
AWM CaMyro MepBYIO JIMHUIO nMaaT — 310 Arduino Uno
(pnc.2, cm. Tabnuuy). CerofHsa BbINyCKAETCS yXe TPeTbhA
Moandukaumsa 3Toro moayns (Rev.3). OH pa3MeLLeH Ha KOM-
nakTHoM nnate 68,6 x 53,4 MM 1 MOCTPOEH Ha BOCbMUPA3psia-
HOM MWKPOKOHTponnepe ATmega328. MWUKPOKOHTponlep
paboTaeT Ha TakTOBOM 4actoTe 16 MIL, ocHalweH daew-
NamATbio Nporpamm o6bemoM 32 K6ant (M3 Hux 0,5 KbanTt
NCNONb3YHOTCA A1 HAa4aIbHOTO 3arpy34nka), a Takxke 2 Kbant
CO3Y (SRAM) A9 XpaHeHUs BpeMEeHHbIX AaHHbIX 1 1 K6anT
3PM3Y (EEPROM) o189 4ONTOBPEMEHHOMO XPaHEHUS AAHHDIX.
HuKakon 4ONONHNUTENbHOM NAMATWN He NPpeayCMOTPEHO.

Ha nnate c OByX CTOPOH CMOHTMPOBAHLI LUTbIpEBble
pa3bembl. COAHOW CTOPOHbI PACMOI0XeHb 14 LMdpPOBLIX MOp-
TOB BBOJA/BbIBOAA, LLECTb U3 KOTOPbLIX MOMYT ObITb MCMOSb-
30BaHbI KaK LMM-BbIBOAbI. Bce OHM paboTaloT ¢ Hampsixe-
HMem 5 B 1 paccymTaHbl Ha ToK A0 40 MA (pekoMeH40BaH-
Hoe 3HaveHue 20 MA). C Apyroi CTOPOHbl HAXOAATCS LWeCTb
AHANOroBbIX BXOAOB, KX AbIV MOAK/IOYEH K 10-pa3psaHOMY
LecTuKaHaabHOMY BCTpoeHHOMY AL MUKPOKOHTpO/1I/Iepa
ATmega328. 10 yMO1HaHWIO HanpsAXKeHMe Ha aHa10r OBbIX BXO-
[ax M3MepseTcs B AnanasoHe mexay "semnen” n'5 B, Ho Bepx-
HUIM AMANa3oH MOXHO M3MEHUTb, N0AaB Tpebyemoe Hanps-
YKeHMe Ha crneumanbHbii KoHTakT AREF.

Arduino Uno MoxeT nnuTatbcsl Kak Yyepes USB-nopT, Tak
M OT BHeLUHero ycTponcTea (AC/DCGafanTepa uam 6atapeikm).

@ Blink | Arduing 1.65 - O b

gl-lil: Edit Sketch Tools Help

Puc.1. HHTepdetic cpenrl paspaborku Arduino IDE
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NCTOYHMK NUTaHMA BbIBMpaeTCs aBToMaTmyeckn. Agantep
MOXHO MNOACOeAUHUTbL Yepe3 CrneumasnbHbIA LWTbIPEBON
pasbeM, a NPOBOAA OT baTaperku BCTABSOTCS B KOHTAKTbI
Gnd and Vin. Mnatdopma MoxeT paboTaTb NpY BXOAHOM
Hanps>XeHNN NUTaHns oT 6 40 20 B, HO pekoMeHayeMbIn Ana-
Nna3oH cocTasniseT 7-12 B.

B Arduino Uno npeaycMOTpeHO HECKO/1bKO CNOCOB0B BHELL-
Her KOMMyHUKauMW. [na CBS3M C KOMMbIOTEPOM UCMOMb-
3yeTca KaHan RS-232 yepes USB (BMpTyanbHbin COM-MopT).
OfHaKo B OT/I4Me OT MepBbIX M1aT, peasn3oBaH OH He Ha
KOHTponnepe FTDI, a C MOMOLLbIO AOMO/IHUTE/IbHOr 0 MUKPO-
KOHTponnepa ATmegal6U2 (ATmegag8U2 B paHHWX BEPCUSAX).
Mpouecc nepefadm AaHHbIX UHANLMPYIOT CNeumnasibHble cBe-
TOoAMOAbI. MNocnenoBaTeNbHbIM ACMHXPOHHLIM KaHan UART
MOXHO peann3oBaTb W HaMNpaMyto, Yepes [Ba creuvasb-
HbIX L PPOBbLIX BbIBOAA. TAKXKE MOAY/1b MOXXHO NOAK/THOUNTD,

NCMO/b3ysa CTaHAAPTHbIE MOC/eA0BATE IbHbIE UHTepdhenChI 12C
1 SPI, noaaepxvBaemMble MUKPOKOHTPO/1/IepoM ATmega328.
YCTaHOB/EH pa3beM A/151 BHELIHero nporpaMmmaropa yepes
SPI (OH Hy>XeH, Hanpumep, eC/In No Kakon-TO NPUYMHE B KOH-
TPO/SIEP HE 3annCaH HayvabHbIA 3arpy3ymK). 418 npamMoro
nepesarnycka Ha njaaTe npegycMoTpeHa KHornka RESET.

Taknm 06pa3om, Mbl BUAMM NPOCTENLLYIO MNATY HA OCHOBE
AVR-MUKPOKOHTpO/Iepa. AnnapaTtHoe OKpy>XeHue — MUHU-
MaJlbHO AOCTAaTOYHOE, HET flaXke pe3nCTOPOB MOATSXKKM yPOB-
Helr Ha LWKWHe AaHHbIX. HeT 1 cxeMbl MOHUTOpPA MUTAHWUS —
NCMONb3YIOTCA NNLLL CTabMAN3ATOPBI. TO €CTb MOYTU HUKAKOM
3aLWMUTbl OT BHELLIHUX UMMY/bCHBLIX MOMeX U c6oeB No nNuTa-
HUIO. OfHAaKOo Tak NOCTPOEeHbl MHOrMe OT/Iaf04HbIe M1aTbl.
W HY>XHO 1 HOE A5 KOHCTPYKTOPa? Tem 6os1ee Y4To KHOMKa
RESET Bcerga nog pyKow.

OCHOBHBIE XapaKTepUCTUKU Mogyel Arduino

. . Arduino .
. Arduino . Arduino . Arduino
[lapametp Arduino Uno . Arduino Nano Leonardo | ArduinoDue
Micro MEGA 2560 101
Ethernet
ATmegal68 Intel
MHUKPOKOHTPOJIIED ATmega328P | ATmega32U4 38878 ATmega2560 | ATmega32U4 | AT91SAM3XSE Curie
ATmega328
Pabouee HampsikeHUe, B 5 5 5 5 5 3,3 3,3
BxoziHOe HallpsiKeHHUe
7-12 7-12 7-12 7-12 7-12 7-12 7-12
(pexomeHayeMoe), B
BXomHOe HalpssReHuUe
6-20 6-20 6-20 6-20 6-20 6-16 7-20
(momyctuMoe), B
Yncio LUGPOBBIX BBOLOB/
BBIBOZIOB (M3 HUX
os ( . 14 (6) 20(7) 14 (6) 54 (15) 20(7) 54(12) 14 (4)
c nopgepskkou MMM -
B CKOOKax)
YKCI0 aHAIOTOBBIX BXO0B 6 12 8 16 12 12 6
16 (2
dnem-naMaTs’ @)
B ATmegal68
(M3 HUX [J1s 3aTpy3UHKa - 32(0,5) 32(4) 256 (8) 32(4) 512 196
. wnu 32 (2)
B CKOOKax), KbauT
B ATmega328
1
AT 168
SRAM®, K6afiT 2 2,5 (5 ATmegal6s) 8 2,5 9% 24
WU 2
(B ATmega328)
0,5
AT 168
EEPROM®, K6alit 1 1 (5 ATmegal6s) 4 1 -
unu 1
(B ATmega328)
TakToBas yactoTa, MI'1g 16 16 16 16 16 84 32
TabapuTsl, MM 68,6x53,4 48x18 45x18 101,52x53,3 68,6x53,3 101,52x53,3 |68,6x53,4
Macca, r 25 13 5 37 - 36 -

MamsaTb pa3sMellaeTca B MUKPOKOHTpOIIEpE.
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Puc.2. Mogynb Arduino Uno

Mogenb Arduino Uno MOXHO CHMTATL HA4aI0M KOOPAMHAT
B cemencTae Arduino. JanbHerLiee pa3BmTmE WO B CUCTEME
13 IBYX OCeN KOOPAMHAT: 0AHa OCb — pa3mepbl U popma naathl
(caTMM cBsA3aHO pa3Hoo6pasne HTepPdEenCcoB), Apyras —Tun
LLeHTpaIbHOro MUKPOKOHTpO1epa.

Pa3mep umeeT 3HaueHue

Mo rabapmtam 6a3oBble MAaThl pa3BMBANMCL Kak B CTO-
POHY yBeIMYeHMs (4TO MO3BOJIANO0 YBEUYUTL YAC/IO NMOPTOB
BBO/ZA/BbIBOAA M MOAK/IOYATL 60/1bLUE BHELLIHUX YCTPONCTB),
Tak U MUHMATIOpM3aUMK. PasBuTnem nnHum Arduino Uno
MOXHO cuMTaTh Moayb Arduino Leonardo Ethernet (puc.3,
CM. TabnuLly). Paznnumsa — B MUKPOKOHTponnepe (ATmega32U4
BMecTo ATmega328P) n Habope HTepdeincos. Tak, B Leonardo
Ethernet ecTb BCTpOeHHbIN Ethernet-koHTponnep 1nopt R)-45.
EcTb 1 USB-nopT, HO oTanyme oT Arduino Uno B TOM, 4TO
B MUKPOKOHTpoAnepe ATmega32U4 npeaycMoTpeHa anna-
paTHasa nopaepxka USB, NO3TOMY He HY>XHO OpraHn30BbI-
BaTb BMPTyaNbHbI COM-nopT. Moaynb Leonardo Ethernet
OCHALLLeH TaK>Ke KOHHEKTOPOM A5 KapT dopmarta microSD.
ECTb iBa MCNOJIHEHUS MOAYNS — C NUTaHWeEM Yepes Ethernet
(POE) 11 6e3 Hero.

Puc.3. Moayns Arduino Leonardo Ethernet

Puc.4. Monyns
Arduino Micro

Arduino Micro (puc.4, cM. TabnuLy) BbINOJIHEH B APYrOM
dopM-paKTope — OH 3HaYMTe/IbHO MEHbLUE MO pasmepam
(48x18 MM). DTOT MOAY/Ib OCHOBAH HA MUKPOKOHTPOJIepe
ATmega32U4, Tak xe kak u Arduino Leonardo Ethernet, u,
COOTBETCTBEHHO, 06/1a43eT CXOXUMU C HUM XapaKTepucTu-
KaMu — TeMU e 06bemMamm NamsTm n HABOPOM BBOA0B/ BbIBO-
[0B. HO peann3oBaHbl 3TV BBOAbI U BbIBOAbLI COBEPLUEHHO
MHAye — OHW BbIMOJIHEHbI B BUE LUTbIPbKOB, PACMON0XKEHHbIX
B [1Ba psiAa Ha 0bpaTHOW CTOpOHE MoAyAst. [4ns CBSA3M C KOM-
nbtoTepoM B Arduino Micro npegycmMoTpeH nopTt micro USB.
MnTaHne MOXeT NOCTyNaTb Yepes 3TOT NOpT B0 OT BHeL-
HEero NCTo4YHMKa.

MpaKTUYECKIN CTOSb XKe MabIMu pasMepamm (45x18 Mm)
obnafaet n moaynb Arduino Nano (puc.5, cM. Tabnuuy).
OH ocHawaeTcsd MWUKPOKOHTponnepamu ATmega328 wnu
ATmegal68, BMpTyanbHbin COM-nopT 4epe3 USB peanunso-
BaH C MOMOLLbIO KOHTposiepa FTDI FT232RL.

Mogynb Arduino MEGA 2560 (puc.6, cMm. Tabénuuy),
HanNpoTWB, CyLWECTBEHHO 60Jblie OCTasibHbiX MO raba-
putam (101,52x53,3 MM). OH OCHOBaH Ha MWKPOKOHTPOSI-
nepe ATmega2560, nmeeT 3Ha4MTeNbHO 6oMbLle NamMaTW.
Gonblie 1 NopToB — 54 UndpoBbIX BXoAa/Bbixoda (M3 HUX 15
MOryT UCMNOb30BaTLCs A4 LLUMM), 16 aHaNoroBbiX BXOIOB.
®akTunyeckn, Arduino Mega 2560 — 3TO pacluMpeHHas Bep-
cnst Arduino Uno. OH BbINOJTHEH TakMM 06pa3oM, YTOHbI BbITb
COBMECTUMbBIM CO CBOMMMW "MeHbLUMMMK BpaTbaMu” n Moay-
NAMU paclumpenus (shields). Tak, neBast 4acTb NAaTbl UAEH-
TrYHa Arduino Uno Kak no pacnonoXKeHuo, Tak U N0 HazHave-
HW0 BbIBOAOB. bnarogaps atomy Arduino Mega 2560 MoxxeT
3aMeHnTL NaaTy Arduino Uno, eciv ee BO3MOXHOCTeM byaeT
HeJoCTaToO4HO.
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Puc.5. Mogyns Arduino Nano
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Puc.6. Monyib
Arduino
MECGA 2560

ELLle ogmH npumedaTensHbiv dopm-dakTop naat Adruino —
LilyPad (puc.7), cneumanbHo nNpefHasHayYeHHbIA 4158 HOCU-
MbiX/ BLUMBAEMbIX B 04exXAay yCTponcTB. Moaynu B dopmaTte
LilyPad BbinyckatoTcs HA OCHOBe KOHTpo1epoB ATmega32U4
1 ATmega328P. OHU BbIMOJIHEHbI B BUAE AMNCKA AMAMETPOM
OKOJI0 5 CM 1 TOoAWMHOM 6,5 MM, BK/IKOYAsi KOHHEKTOP A8
barapeu nuTaHus. Mo NepMMeTpy PacnoNOXKeHbl KOHTaKT-
Hble NNoLWaAKW BbIBOAOB MUMTAHKMS, 9 NOPTOB BBOAA-BbLIBOAA,
a Takxe pasbeM micro USB (B moaynsx LilyPad USB) unm
LWTbIpEBOM pa3beM. Elle MeHbLle aHasnormyHas no popme
nnarta Arduino Gemma gnamMeTpom 28 MM C Tpemsi nopTamm
BX0Aa/BbIXx0A4a, pa3beMoM micro USB 1 MMUHMATIOPHbLIM AVR-
KOHTpOAaepom ATtiny85.

Mpoueccop pewaet Bce

Kak Mbl y>ke 3aMeTun, NNatbl pa3nN4atoTcs He ToIbKO GopM-
$aKToOpOM, HO 1 TUNOM MUKPOKOHTPOIEPOB. VI noxanyw,
3TO Hambosnee cepbe3Hoe OTNYME, MOCKONbKY BO3MOXHO-
€T 6a30BbIX AT Arduino NOHOCTLIO ONpeaenstTCa TUNOM
MUKPOKOHTpo/INepa. M ecnv nsHa4anbHo BbI6OP Nasi Ha apxu-
TekTypy AVR oT Atmel (B CBSA3M C yHUKAIbHbIM COYETAHNEM ee
LOCTOMHCTBY), TO CErOAHS YPEe3BbINAMHO MNOMYASAPHBLIMU CTas U
MUKPOKOHTpOJI1epb ¢ sapamuv ARM Cortex. X BbinyckaroT
npakTU4ecku Bce BeayLLme Npon3BoaANTENN MUKPOKOHTPO-
Nnepos, B TOM Yncie n Atmel. [103TOMy BNOSIHE eCTECTBEHHO,
4YTO MUKPOKOHTpOANepbI c sapamu ARM Cortex, oT MO+ go M4
1 M7, npeacTaBneHbl B naatax Arduino.

Puc.7. Mogynb
Arduino LilyPad
USB

Puc.8. Moaynps Arduino Due

MepBon NaaTon Ha 32-pa3psiAHOM NpoLueccope C S4pOoMm
ARM Cortex-M3 ctana Arduino Due (puc.8, cM. Tabnuuy), ocHa-
LLleHHasi MUKpPOKOHTponnepomM Atmel SAM3X8E. Mo dopm-
dakTopy 3Ta nnara coorsetcTyeT MECGA. TakTOBas 4acToTa
KOHTponnepa — 84 Mr, noaaepxnsaetcs JTAG-nHTepdenc,
512 K6anT dnew-namaTtu, 96 Kbant CO3Y. HanpsxeHne nnTa-
HUA NOHMYKeHO A0 3,3 B.

HecoMHeHHO, 3HameHaTe/ibHbIM Llarom CTajio U MosBs-
neHue moaynen Arduino Tian (www.arduino.org) ¢ MMKpoO-
KOHTpo/lepoMm Atmel SAMD21 Ha ocHoBe 32-pa3psifHOro
aapa ARM Cortex MO+. Ha nnarte ycTaHOB/IEH U KOHTPO/I-
nep 6ecnpoBofHOro goctyna AR9342 (Qualcomm Atheros).
MocnegHMn ocHaleH MIPS-npoLeccopoM C TakTOBOW HacTo-
ToW A0 560 MI 1 BCTpoeHHbIM Wi-Fi-TpaHc1BepoM, peanu-
3YI0LLIMM CTeK NPOTOKO0B CTaHaapTa IEEE802.11n (¢ MIMO
2x2) B AmManasoHax2,4 1 51Tu. AR9342 noaaep>KMBaeT U NaTb
nopto. Fast Ethernet. HemanosaxcHo, 4To MIPS-npoLeccop
MoXxeT pabotaTb nog ynpasneHnem OC Ha ocHoBe Linux —
Linino. Mnata Takyke oCHaLleHa YeTbipexrMrabanTHbIM Moay-
nem onew-namat eMMC. MpumeyaTensHo, YTO NpoLeccop
AR9342 focTyneH rnosb3oBatensaM 415 NporpaMMmMpoOBaHmS
yepes cpeay IDE. He npaBaa v, yamemntenbHO —naarta Arduino
C ABYMS NMpoL,eccopamu, npuyem Ha OCHOBE KOHKYPUPYHOLLMX
apxutekTyp — ARM v MIPS?

OauH M3 HeaasHux npoektos Arduino 101 (puc.9,
CM. TabnmLy) CO3A4aH B COTPYAHMYECTBe C Kopriopauuen Intel.
Mogaynb B popmM-dpakTope Arduino Uno 0CHOBaH Ha MUKPO-
KoHTponnepe Intel Curie. OH pa3paboTaH kKoMnaHwnen Intel
cnewumasbHo 415 NOPTATUBHLIX, B TOM YMC/1e BCTPanBaeMbIX
B O4eXAy YCTPOMCTB. DTO NepBoe nogobHoe yCTpoMCTBO
B MoAenbHoM psay Intel. OBnacTbio NpUMeHeHms 0byCcnoB-
NeHbl OTAnYUTENbHble 0COBEeHHOCTU Curie — OYeHb Masible
(ocobeHHo ang Intel) rabapuTbl U HU3KOE 3HepronoTpebne-
Hue. Curie ocHalleH ManonoTpebnsowmmM 32-paspsaHbiM
npoueccopHbiM sapom Intel Quark SE, 384 Kéant dnewwu-
namsaTn, 80 KbanTt namstm SRAM, KoHTponnepoM Bluetooth
LE, wectnoceBbIM KOMOBUHUPOBAHHLIM AATYMKOM YCKOpe-
HWWM W YrI0BbIX CKOPOCTeW, 610KOM KOHTPOSISA 3apsSAKN aKKy-
MYNATOPA, a TakxKe creumanbHbIM KOHLEHTPaTOpOM AaTyn-
KoB (DSP sensor hub) ¢ ManbiM NOTpe6AEHNEM SHEPTUN.
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Puc.9. Monyinb
Arduino 101

Moppepxka nupepos

CpeAy MHOrOUMCIEHHbIX MAAT Arduino 1 UX KTOHOB HEMao
BapWaHTOB C MUKPOKOHTPO/I/IepaMM PA3INYHbIX KOMMAAHUN.
OpfHaKOo 04eHb BaXKHO, HTO BMoc/iegHee Bpems dopmat Arduino
Hayasn NOAAEPXKNBATL HEMOCPeACTBEHHO BeayLe Npouns-
BOAVTENN MUKPOMPOLECCOPOB Y MMKPOKOHTPO/11EPOB.

B uacTHoCTU, KoMNaHus Intel v cama BbinyCKaeT HECKObKO
nnaT NpoTOTUNMPOBAHUS HA OCHOBE CBOMX NMPOLLECCOPOB. ITO
nnatbl Intel Galileo nepBoro 1 BTOpOro NOKOMEHUI, a TaKXe
nnaTta Intel Edison Kit for Arduino. Tak, nnata Intel Galileo
(pnc.10) nocTpoeHa Ha 6a3e npoleccopa Intel Quark X1000 —
32-pa3psAHON CUCTeMbl HA KpucTanne. rNnata coBmecTnma
CArduino Uno Ha nporpaMMHOM M annapaTHOM ypOBHe, 0611a-
f[aet passuton nepudepuen.

Psf npoun3BoaMTener MUKPOKOHTPOJIIEPOB BbIMYyCKAKOT
KOMMJIEKTbI CBOMX OLLEHOYHbIX M IPOTOTUIMHbLIX NAaT, COBMe-
CcTUMbIX c Arduino. Tak, komnaHmsa NXP B IMHENKe OLLeHOUYHbIX
nnat LPCXpresso (p1c.1l) Ha 6a3e MMKPOKOHTPOJI/IEPOB CEPUM
LPC obecneymBaeT cOBMeCTUMOCTL C Arduino Uno. CeroaHs
B NOpTHONNO 3TON GUPMbI BXOAUT U IMHENKA COBMECTUMbIX
C Arduino Uno oueHOo4HbIX naaT KW2x Ha 0OCHOBE MUKPOKOH=
Tponnepos Kinetis — nx Bbinyckana o6beanHmLuascs ¢ NXP
KomnaHus Freescale.

Lpyron  xapakTepHbld  Mnpumep —  KOMMAHWUS
STMicroelectronics. OHa pa3BMBaeT HECKONbKO JMHeeK
naaT npotoTunuposaHmsa Nucleo Ha OCHOBE CBOMX MUKPO-
KOHTpONepoB cemenctea STM32 c aapammn ARM Cortex.
Mpuuem nnatsl cemencTs Nucleo-144 and Nucleo-64 (puc.12)

Puc.10. [TnaTa gius paspaborunkos Intel Galileo

Puc.11. OuenovyHas maaTta LPCXpresso
KoMIIaHUU NXP

OCHaLLeHbl pSAHBIMU pasbeMamu, COBMeCTUMbIMKM C Arduino
Uno Rev3, nnatbl Nucleo-32 coBMeCTUMbI MO BbIBOAAM pa3b-
emoB ¢ Arduino Nano. Bce nnatbl CEMeNCTBA MOXHO MpO-
rpaMMMpOBaTh, UCMOMb3ysl CPeACTBA pa3paboTKM pasnny-
HbIX NMpousBoauTenei (Takmx kak IAR uam Keil), Bkaoyas
IDE Arduino.

MOHSTHO, YTO He BCe Arduino-COBMeCTUMbIe N1aThbl OTAU-
YaKTCs NpeaenbHO HU3KOW LLeHOM, XOTSI, HanpuMep, LieHbl
Ha yCcTpomncTBa ceMencTea Nucleo MONHOCTLIO COOTBETCTBYIOT
CTOMMOCTHOMY AmanasoHy Adruino. OgHako cam GakT noa-
[LEepXXKM CO CTOPOHbI 3aKoHOoAATeNen Mog, B 061acTy MUKPO-
KOHTPO/1EPOB N BCTPaMBaeMbIX CUCTEM OLHO3HAYHO CBU-
petenbcTByeT, 4To Arduino ge-pakTo CTaHOBUTCS oTpacie-
BbIM CTaHAAPTOM. A3TO LOPOroro CTOUT —e/,Ba 1N He CaMOoro
popororo. Begb nprsHaHue Adruino HeoduUManbHbIM CTaH-
[apTOM 03Ha4aeT, YTO Ha MPOoeKT Tak UK MHaYe HAYMHaeT
paboTaTh He OTAe/NbHOe, MYCTb N O4eHb H60JbLIoe CoobLLe-
CTBO 3HTY3MACTOB, @ BCA 3/IEKTPOHHAS MHAYCTPUSI.

NAATbI PACLUIUPEHUSA

Ba30Bble N1aThl — BaXHbIA, HO AANEKO He eANHCTBEHHbIV 3/1e-
MeHT B Arduino. 1N NpakTUYeckoro npyMeHeHMs BO3MOX-
HOCTer ofAHMX 6a30BbIX MOAYNEN, KaK MpasBuao, OKasblBa-
eTCcs HefoCTaTouYHO. Hy>XKHbl pas3/iiHble AATUYNKKM, CceTeBble

Puc.12. Tlnata
[IPOTOTUIIHPO-
BaHusa Nucleo-64
KOMITaHUH
STMicroelectronics
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Puc.13. Ilnata
paciinpeHuUs
Arduino
Ethernet Shield 2

NMHTepdenchbl, CpeacTBa MHAMKALMK, MPUBOALI M Ap. s pea-
NM3aLMmM 3TUX BO3MOXHOCTEN B 3KOCMCTeMe Arduino cyuue-
CTBYeT 60/IbLLIOE YN0 NAAT paCLUMPEHIs, NOAAEPXKNBAIOLLMX

Te UM Hble PyHKUMK. COBCTBEHHO, YHUPUKALMS MO BbIBO-
[aM BaXKHA MMEHHO A/151 MOAK/IHOYEHNS MAT PacLUMpPEHMS.
DTW NNaThl yCTaHAB/IMBAIOTCSA HA 6a30Bble MOAY/M 3TAXKEPOY-
HbIM CNOCO60M — 0 Ha Ha Apyryto. KOHeYHO, 418 3TOro camu

NAaTbl pacLUMpeHNs AOMKHbI UMETb COOTBETCTBYHOLLME CKBO3-
Hble KOHTaKTbl, GOPMUPYIOLLME BEPTUKASbHbBIE LUNHBLI — TaKon

KOHCTPYKTUBHbIV MOAXOL UCMONb30BaH, HANpUMep, B CUCTe-
Max popmata PC/104. Npuenem nnilb HECKObKO MPUMEPOB

naaT paclnpeHusl.

[vipekTop noapasaesieHns npoaax
RS Components B Poccun Hukonam
Ovmnutpnee  (AO  "IOE-UHTep-
HeMWHAN"): YeM HaM MHTepecHa
nnat¢opma Arduino?

Kax 1106abHBIN IIOCTABIIUK
TOBAPOB [JI51 MHK€HEPOB, MBI CJIe-
JUM 32 HOBBIMU TE€XHOJIOTHSAMH
U CTPeMHUMCS 00eCIIeduTh HHKe-
HepoOB II0C/IeIHUMH Ha PEIHKe HOBUHKaMU. MeHe/[>Kephbl
I10 ITPONYKIIM K HEIIPEPBIBHO MOHHTOPST PHIHOK, U3yYal0T
CIIPOC BO BCEM MHPe U [IOCTOSIHHO BBOAST HOBBIE M3/e/THS
Y I PYIIIIBI TOBAPOB B HOMEHKJ/IATY Py IIOCTaBOK. BO3MOKHO,
M3-32 TAKOHM aKTHBHOM PaboThl OpHUTAHCKASI KOMIIAHHUS
Electrocomponents plc., KoTOpo¥ NpUHAAIEKUT OpeH[T
RS Components, 3aHHMaeT MIECTYI0 CTPOKY B PeUTHHIe
71062 IBHBIX JUCTPHUOBIOTOPOB 3JIEKTPOHHBIX KOMIIOHEH-
0B TOP50 ¢ 06eMOM IIPOJasK CBBIILE 2 MIIPZ,. JOJII.

[Inarpopma Arduino - ofMH M3 IPUMEpOB AMHA-
MHYHO Pa3BHUBAIOIINXCS HAIIPaBAeHUH, I1le MBI Ipes-
JlaraeM He TOJIbKO 6a30BBIe IIJIAThI, HO U IIUJIIBI, IIATHI
paclIMpeHHus, JOIMOIHUTE/IbHbIE MOLYIN, UCTOUHUKHU
IIUTAHUS, KOPITYCa U T.[. ACCOPTHMeHT Arduino HHTepe-
CeH TeM, YTO 3TH IIJIaThl MOKHO IIPUMEHSATh KaK B Kaye-
CTBe 0T/IaJOYHBIX Ha COOTBETCTBYIOIIEM MUKPOKOHTPOJI-
Jepe, TaK U KaK MOZY/Ib B COCTaBe KOHEYHOI'O H3/Ie/IH.

Puc.14. Ilnarta
pacmupe-

uus Arduino
Wireless Shield,
yCTaHOBJIEH-
Hast Ha MOJYJIb
Arduino Uno.
Ha Hee, B cBOIO
o4epenp, ycTa-
HOBJIEH MOAY/b
XBee

Moaynb Arduino Ethernet Shield 2 (pnc.13) npeaHasHaveH
Ans nogktoveHns Arduino-cuctem K MpPOBOAHBLIM CETSIM,
BTOMumcie IHTepHeTy. OH OCHalleH Ethernet-koHTponiepom
W5500 1 obecneymBaeT CkOpoCTb coeamHeHms 10/100 MouT.
Ha nnate ecTb pasbem RJ-45, a Tak>ke CI10T 418 KapT microSD.
Mogaynb BbiNyCKaeTCs B UCMOJIHEHMAX C NOAAepPXKOn POE
nnm 6es Hee.

ECTb M NAaTbl paclumpeHns gns opraHmsannm 6ecnpoBoa-
HOM cBA3M. OaHa M3 HMX — Arduino Wireless Shield (punc.i4).
Ha Hen ecTb cneumanbHble COeAUHUTENU AN MoAynen
XBee, KOTOpble 0becneynBatoT CBA3b MO NpoTokonam Zigbee.
CTOPOHHWE MPOM3BOAMTESIN BbIMYCKAKOT MOAY/IN B TAKOM Xe

OTKpbITas 1aTGopMa, Majble rabapyUThl, ZOCTYIIHOCTD
IJ1S1 MIMPOKOr0 Kpyra 3aKa3uHMKOB II03BOJISIOT IIPHMe-
HATb Arduino B 6eCKOHEYHOM MHOKeCTBE HH>KeHEPHBIX
3agad4. I[losToMy 3Ta maardopma AOCTOKMHA BHUMAHUS
KaK OTZIe/I0B Pa3paboTKU KPYIHBIX, CPeAHUX U MAJIBIX
NpefNpUITHI, TaK U coTpyaHHKOB HUH, IH3aHH-TIeH-
TPOB, CTapTAaIlOB B CAMBIX Pa3THYHBIX OTPAC/IAX MK~
TPOHUKH, aBTOMAaTHUKH, POOOTOTeXHUKH, MHTepHeTa
BEIeH, CBeTOTEeXHUKU.

Hama KoMITaHUsI, B CBOIO O4Yepelb, TOTOBA IIPeAJIO-
SKUTb MHKeHepaM-pa3paboTurKaM YHUKaIbHBIE CEPBHC —
MMHUPOKUM ACCOPTHMEHT 3/MeKTPOHHBIX KOMIIOHEHTOB
U IOTIOTHUTE/IbHBIX IIPUHA/IIESKHOCTEH /151 [IPOEKTHUPO-
BaHMUS, UMEIOLIUXCSI B HAIMYMNHU Ha CKJIaie, C JOCTaBKOM
B KOPOTKHe CPOKH. Y Hac HeT OTPaHUYeHHS Ha MUHU-
MaJIbHYIO IIAPTHIO HHU [0 3aKa3y, HU I10 YIIAaKOBKe, TO eCTh
MBI JOCTaB/IsIeM 1100011 ToBap U3 Halllell HOMEHKJIATYy bl
OT 1 IIT., YTO OYeHb BaXKHO CeMYac B YCJIOBUSAX OIITUMHU-
3al[UU OI0IKeTOB KOMIIAHHUM.

[Inatdopma Arduino B COYeTaHHU C HAIIUM ITpeAiyIo-
>KeHHeM JAI0T BO3MOKHOCTH HHKeHepy-pa3paboTUuKy
OBICTPO peaIn30BaTh CBOM CAMBIL CMeJIBI ITPOEKT, YCTpa-
HUTD 33JIepP’KKU B KOMIUIEKTOBAaHUU OIIBITHBIX U YCTa-
HOBOYHBIX MapTUM U3[eNHN 3aKa3uUKOB U [IOMOTAIOT
HOBBIM pa3paboTKaM HAIIKX KIWEHTOB OBICTPO BBIMTH
Ha PHIHOK M HAYaTh IIPHHOCUTH UM IIPUOBLIB.
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dopm-dakTope Ans cBA3M No npotokonam Bluetooth n Wi-Fi,
KOTOPbIe TaKXKe MOryT yCTaHABIMBATLCA HA 3Ty NAaTy. MaaTol
pacwmpenunsa Arduino Wireless Shield BbinyckatoTcsa B ABYX
BapMaHTax: co CIOTOM Ans SD-KkapT u 6e3 Hero.

Moaynb Arduino GSM Shield 2 (p1c.15) npeaHasHayeH, kak
BWAHO M3 ero HassaHus, Ans Ces3mn no ctaHgapTty GSM. OH
[AeT BO3MOXHOCTb COBepLIaTh TenedOHHbIe 3BOHKM, OTMNpaB-
NATb SMS 1 BbIXOAUTL B IHTEpHeT.

Elle ogHa rpynna nnaTt paclivMpeHuns rno3Bo/sSeT yrnpas-
NATb pasIMYHbLIMK 31eKTpornpuBogamMu. [eno B TOM, 4YTO
BbIBOAbI 6a30BbiX Moaynen Arduino cnaboTouHblie (20 MA).
Mo3ToMy 4N19 yNpaBAeHMS CUI0BOW Harpy3kom HeobxoanMbI
[LONONHUTENbHbIE NNATbI. [oNyASapHbLIA NpeaCcTaBUTeNb 3TON
rpynnbl — moaynb Arduino Motor Shield (puc.16), nocTpoex-
HbIM HA OCHOBE CABOEHHOr0 ApanBepa 31eKTpoABUraTenen
L298 (STMicroelectroncis). OH NO3BOASET yNpaBsATL CKOPO-
CTbIO M HaMpaB/ieHNEM BpaLLEeHWs ABYX ABUraTesnen, No3eo-
NeT NOAKN0YATbL APYrYHO MOLLHYIO Harpy3Ky. B Moayne ectb
[Ba HE3ABUCUMbIX KaHaNa, KaXAblA M3 HUX 334encTByeT
yeTblpe BbIBOAA 6a30Boro moayns Arduino. O6beanHMB ABa
KaHana, MOXHO MOAKAYNTL BUNONSAPHbLIN LWIAroBbIA ABW-
ratesnb. Moay/b TakyKe No3BONSET N3MepATb TOK, NOTpebns-
eMbli ABUraTensiMu. Bbixogbl Ans NOAK/IOYEHUS ABUraTe-
Nler BbINOJSIHEHbI B BUAE KNEMMHWUKOB C BUHTaAMM, MO3TOMY
narka He Hy>XHa. MakCUManbHbLIN TOK B KaX/OM KaHasne
cocTaBnsieT 2 A.

Ona paboTbl C 6ONALWWMKM TOKaAMM npegHasHaveHa
ewe ogHa nnata — Arduino 4 Relays Shield. Ha Hen pasme-
LLeHbl YeTblpe pefie, C MOMOLLbIO KOTOPbLIX MOXHO BKJItO-
4aTb W BbIKOYATb Pa3/IMyHble CUIbHOTOYHbIE YCTPOMCTBA.
Pene ynpasnsitoTCs CMrHaNaMm C BbIBOAOB 6a30BbIX MOAY/EN
Arduino. CocTosiHue pene 0TobpaXkaeTcss CBETOANOAHBLIMMN
MHAMKATOPaMM, pasMeLLeHHbIMM Ha naate. MakcmanbHoe
KOMMYTMpPYyeMOoe HanpshkeHme paBHO 30 B NOCTOSSHHOMO TOKa,
MaKCMMasIbHbIA TOK —2 A.

Ans cnctem Arduino npegnararoTcs TakxkKe pasHoobpas-
Hble akceccyapbl — KOpnyca A5 pa3meLLeHus Moayaen, MCToY-
HUKM MUTaHWA, AaTyumKkuy, aucnien u ap. [5, 6]. B uenom, nnat
paclMpeHuns, noa Kaxayro 6a3oByto MaaTy, 04eHb MHOTO,
M C KaXKabIM AHEM UX CTAHOBWUTCS BCe BONbLLE.

BMECTO 3AK/IOYEHWS - UTPYLLKA WX CEPbE3HBIA
WHCTPYMEHT?

CerofHs BbINMyCKaeTCs AOCTaTOYHO MHOrO TMNOB 6a30BbIX
nnat Arduino. Ewe 6onble — naat pacwmnpexms. Bce Bme-
CTe OHM 06pasyoT CBOEro poaa s3bik, HA KOTOPOM MOXHO
nMcaTh pasHble ICTOPUMN — KOHEYHbIE MPUIOXKEHNS. DTO MOXET
6bITb M 0aHA dpasa, M OrPOMHbLIM POMaH, 1 AaXke TemaTuye-
CKNIM COOPHMK C MHOXKECTBOM aBTOPOB. YMCN0 33434, KOTO-
pbleé MOXHO peLlnTb C MOMOLLbI0 Arduino, pakTnyeckm bec-
KOHe4YHo. Ha ocHose Arduino fenaroT ntobutensckme meTe-
OCTaHUMW B pamkax npoekTa HapomHbIA MOHUTOPUHT [7].

gL |
inle

Bce gna Bonnowexsnna
Bawunx nHXeHepHbIX
ngen ot RS Components

upokrit BRIBOP 3NEKTPOHHLIX KOMNOHEHTOR
¥ COMYTCTEYHILLMX TOBAPOE ANA pa3paGoTkv 1
NPOeKTUPOBAHWA No katanory RS
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Puc.15. Ilnata
pacmupeHus
Arduino GSM
Shield 2

Bo3moxkHocTen Arduino 4OCTATOYHO 4151 MOCTPOEHMS CUCTEM
yrnpasneHune KBaapokonTepamu. Arduino-CcTembl LINPOKO
NCMONb3YHTCA B APYTMX paaNoynpaBisieMbiX MOAESIX, B pas-
JINYHbIX peLleHnsax ans "yMHOro 4oma", M3BeCTHbl MPOeKThbl
3D-npuHTepa Ha ocHoBe Arduino... NMpuMepbl NPOEKTOB, B TOM
yncne C AeTanbHOM TeXHUYeCKoW AOKyMeHTauuewn, npeg-
CTaB/eHbl HA MHOFUX MHTEpHeT-CanTax, He byaem ux nepe-
YnCnATb. Fopaszo BaXkHee OroBOpUTL 06 OrpaHNYEHUSX As
3TOr0 UHCTPYMEHTA.

Mpexae Bcero, 6asoBas koHuenums Arduino — 370 npe-
[enbHO ynpolleHHble naaThbl. Jliobas 3awmTa oT UMMyALC
HbIX MOMeX, OT 3aBMCaHWA NpoLeccopa npu cb6oax no nuTa-
HWIO OTCYTCTBYET B NpuHuMne. AnanasoH KAMMaTuyeckmx
N MEeXaHWNYeCKMX BO3LENCTBUN He HOpMUpyeTcs (M dakTu-
YecKkmn CooTBeTCTBYeT knaccy Commercial), no3Tomy petue-
HWS HA OCHOBE YCTPOMCTB Arduino He CTOUT MCNOJIb30BaTb
B aBTOHOMHbIX HEOB6CYXMBAEMbIX cucTeMax (rae npekpa-
LeH1e paboThl YCTPOMCTBA KPUTUYHO), B BOPTOBON 3M1eK-
TPOHMKE, B YIMYHbIX MPUMEHEHNAX (EC/IM Mbl FOBOPUM O POC-
CUMACKOM K/iMmate) u T.n. CTaHAapTHble NaaThl A8 3TOro
NpOCTO He NnpeAHa3HaYeHbl, 0 YeM NPOU3BOANTENL YECTHO
npeaynpexgaeTt. Ecan makeT "3aBuc" Ha cTone pas3pabot-
4mKa — HaXKMm RESET 1 paboTtam ganbLue. A BOT eCav Takoe
YyCTPONCTBO yNpaBAseT, Hanpumep, 31eKTPOHHbIM 3aMKOM —
TYT MOTyT 6bITb Mpo6AEMbI.

KoHeYHO, pbiHOK Arduino pacTeT, 1 BNOHE MOXHO OXM-
[aTb NOSBAEHMS NAAT C KOMMOHEHTaMM, paboTaloLLMMK B pac-
LUMPEHHbIX TeMNepaTypHbIX AMana3oHax. CXeMoTexXHUYeckne
"npobnembl” naat Arduino Tak>ke BNOHE peLlarTcs — 6b110 Bbl
>KenaHve n HeobxoaNMble 3HaHUS.

C Opyron CTOPOHbI, HY>XHO /I CTPOUTL CKOJIb-HUOYAb
OTBETCTBEHHbIE peLleHNs UM MACCOoBbIE MPOAYKTbI HA MOAY-
nax Arduino? Befib 3TO NPOAYKT M3HAYaIbHO CO34aBasICs AN
WHbIX 33434 — CAeNaTb BO3MOXHOCTU COBPEMEHHbIX MUKPO-
KOHTPON/1EPOB AOCTYMHbLIMU LUMPOKOM Macce Henpodeccu-
OHaNoB B 061aCTN 3M1EKTPOHUKU. U pedb MAeT He TONbKO
W He CTOMbKO O LWKOJIbHUKAX W CTYAeHTax-MNafLweKypCHN-
Kax, @ 0 NporpaMmmMmcTax u cneumanncTax no NPOMbILLIeH-
HOMY AM3anHy, MEXaHMKaX 1 pa3paboTyMKax aHaIMTUHECKOro
060pyaoBaHMS, YHEHBIX 1 XYAOXKHNKAX— BCeX Tex npodeccu-
OHaslax He B 3/IEKTPOHMKE, KOMY HEOBXOAMMbI BCTPOEHHbIE
CUCTeMbI yripaBneHus 1 06paboTkn. BoT gnsa Hux Arduino —
3TO HaxoAKka. Co34aTb MaKeT, NpOBEpUTbL M 0TPaboTaTb KOH-
Lenumio, NoNy4nTb AeNCTBYHOLLYIO YCTAHOBKY — M A1 3TOr0
He Hy>KeH (UM MOYTU He HYXKEeH) NasSIbHWK, He HY>KHO 3HaTb

Puc.16. [Inata
pacIiupeHust
Arduino Motor
Shield

" g L
LiEdtadids i

BHYTPEHHIOK OPraHm3aLmio MMKPOKOHTPO1EPA, HE HYXKHO
YMeTb NcaTh NporpaMMbl Ha acceMbiepe UM 3HaTh HIOAHCHI
CXeMOTEXHUKM, He HY>KHbI 4OpOrve CpeAcTBa OTnaakn. ECTb
naest — cagmcb 1 paboTtan. A ecsiv naes OKaXKeTcs yaay-
HOW 1 NOTpebyeT MPOMbILLIEHHOrO BOMJIOLEHNS — Toraa
MOXHO pa3pabaTbiBaTbh OPUTMHANbHYIO KOHCTPYKLMIO, NpK
HeobXx04MMOCTM 3BaTh CneLmanmcTa N0 MUKPOKOHTPOIe-
paMm M CxemoTexHuke. Ho Bcs normvka paboTbl, BCe anro-
PUTMbl K 3TOMY MOMEHTY ByayT NpoBepeHbl U OTNAXKEHbI.
W 3TO — NnpUHUMNMANLHO.

Taknm 06pa3om, geLLeBbin, MAaCCoBbIN MHCTPYMeHT Arduino
NO3BO/ISIET CYLLECTBEHHO YCKOPUTbL U YAELIEBUTbL NpoLecc
CO3[aHKNS OYeHb CJIOXKHbIX M OTBETCTBEHHbLIX CUCTEM. "A3bIK"
Arduino (Mbl roBopuM 060 BCeit naathopme) MOXKeT CTaTb
CBOEro poaa 3CnepaHTo ANA CNeLuasucToB B PasINYHbIX
0bnacTax, 06beAMHEHHbIX B paMKkax 04HOro npoekTa. bonee
TOro, OH MO3BONSIET BLIMOJIHATL NPOEKTbI, Y4aCTHUKM KOTO-
pbIX pacnpegeneHbl N0 BCEMY MUPY — AOCTATOYHO AOroBO-
pUTLCS O KOHKpeTHoM nnatdopme Arduino. Hy 1, KOHEYHO,
Arduino — NpekpacHbLIN MHCTPYMEHT A5 Ha4YaNbHOro 0by-
YeHW S, YTO OYeHb BaXKHO B YC/IOBUAX KAAPOBOr0 roN104a As
MHOTMMX OoTpacaen. Tak 4To Arduino — 3To 04eHb Cepbe3HO.

B Poccum ogHUM K13 oduLMaNbHBLIX OUCTPUBBLIOTOPOB
Arduino sBnsietca RS Components Russia. Kak rno6anbHbin
nocrtasLmk, RS Components MOXeT NpesioXuTb MHXXeHe-
pam nocnefHue HOBUHKW 1 peLleHns oT Arduino. Mogobpatb
nnatbl U BCe HEOBXOAWMbIE KOMMOHEHTLI K HAM, a TakXe
pa3sMecTUTb 3aKa3s MO3BOJISIET OHAMH-CEPBMC Ha canTe
ru.rsdelivers.com.
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