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CaiiMmoH MOHK — npo¢ecCHOHAJIbHBIH MHUCaTesb, €r0 KHUIH B OCHOBHOM MOCBSALIEHBI
3NeKTpOHHKe Ui mobureneit. Cpean HHX HauGonee u3BecTHbl Programming Arduino:
Getting Started with Sketche (B pycckoMm nepeBoae «IIporpammupyeM Arduino. OcHOBBI
paboTbl co ckeruamm»), The Raspberry Pi Cookbook (B pycckom nepeBone «Raspberry
Pi. C6opHuk peuentoB») u Hacking Electronics (B pycckoMm nepeBoae «IIpakTHyeckas
anekTpoHHKay). OH Takoke nomoraet cBoei xeHe JIunae (anmMuHHcTpaTopy caiita Monk-
makes.com) coOHpaTh H NMpoaaBaTh HabGOpHI H JAPYTYIO COMYTCTBYIOLLYIO MPOAYKLMIO
K 3TUM KHHraM. Bel Moxere orcnexxuBats CaiiMoHa B TBUTTEpE, a Talkke HalTH NOApPoO-
HOE ONHCAHUE €ro KHHUT Ha calite simonmonk.org.



JyHkaHy AMocy yke 3a 50,  60JblIYyI0 YacTh CBOErO TPYAOBOTO CTaKa OH MpOBeJ, 3a-
HHUMAasACh HH)KEHEpHBIM obecreueHHeM TeseTpaHcasuMii. Kpome atoro, AMoc nmpoekTH-
poBal M cobHpasl CIYTHHKOBBIE MOJCHCTEMBI, MHCAJ KHHIH TEXHHYECKOH TeMaTHKH
H TOJIb30BaTENIbCKHE PYKOBOJCTBA, 3aHHMAJICA HCKYCCTBEHHBIM OCEMEHEHHEM CKOTa,
YHHWJI CaZloBYIO TEXHHKY, MOJEJIMPOBa H coOupan mMeGesb. OH 3aHAJICS MHKPOKOHTpOJI-
JiepaMH Y)ke B Bo3pacTe, Oyay4H OMBITHBIM MacTepoM CBOro Aeia. Tak YTO OH 3HaeT,
Y€ro CTOMT YMEHHE MPOCTHIMH CJIOBAMH OOBACHATH CI0XKHYIO TEXHHKY.



MuxkponpoueccopHsie matel Arduino u Raspberry Pi 3HauntensHo obnerunnu mobure-
MM caMoJIeJIOK MyTh B MHP 3JIEKTPOHHKH. Ha MX OCHOBe BbI, HaNpHMep, CMOXETe CO3-
JaTh U1 CBOETrO IOMa aBTOMaTH3MPOBAHHYIO CHCTEMY, criocoOHyo no cetd Wi-Fi pery-
MpOBaTh JOMAlHee OCBEIEHHE M OTOIUIEHHE JMOO MpOCTO YNpaBiATh KaKMMH-ITHG0
MOTOpaMH, NMPUBOASAILMMH B JBH)KEHHE T€ WIH HHbIE YCTPOMCTBA Balllero JoMa.

W3 3T0ii KHUrM BBI Y3HaeTe, Kak UCMOJIb30BaTh MOMyJspHbie miatdopmel Raspberry Pi u
Arduino ¢ TeM, 4yTOOBI yCTpOHCTBa Ha MX OCHOBE MOIJIH YNPABIATh IBH)KEHHEM, OCBELLE-
HHEM H 3BYKOM.

Arduino u Raspbery Pi

Xors u Arduino, u Raspberry Pi — 3T0 ManeHskue MiaTel, CpaBHUMBIE O pa3Mepy ¢
KPEAUTHOH KapTo#, Mexay cob6oi OHM CyILECTBEHHO pa3nuyaioTcs. Arduino — oyeHb
mpocTas MHKPOINpPOLIECCOPHAs MJlaTa, He Tpelymowmas Aas cBoeit paGoThl Kako#-1H60
OnepaLiMOHHOM cHCTeMBl, Toraa kak Raspberry Pi — mosnHoLeHHbIH MUHHATIOPHBIH KOM-
neoTep, paborarowuii mox ynpasineHueM OC Linux 1 ocHalieHHbIH WHTepdeticaMu 1
MOJKJIIOYEHHUS BHELIHUX 3/IEKTPOHHBIX YCTPOHCTB.

Raspberry Pi

Ecu BbI HOBUYOK B 06J1aCTH 3JIEKTPOHHKH, HO CBOOOIHO obpalliaeTech ¢ KOMIBIOTEPOM,
Raspberry Pi mokaxercs Bam GoJiee MpHBBIYHBIM ycTpodcTBOM. M1 B camMom pene —
Raspberry Pi (puc. 1.1) npeacraenser co6oii yMeHbLIEHHYIO BEPCHIO MAaTEPHHCKOH Iila-
Thl OOBIYHOrO KOMIBIOTEPA C OMepalMOHHOM cucTemoii Linux. Ha aToii nnate umerorcs
USB-nopThl a1 NOAK/IIOYEHHS KJIABHATYPbl M MBIIIK, ayJHOBBIXOA M BHIECOBBIXOZ
HDMI ans noakmtoyeHus K MOHMTOPY MM TeneBuzopy. Kpome Toro, mara Raspberry Pi
obopynoBaHa Ethernet-noprom m1d MOAKTIOYEHHS K CETH, OHAa TalOke COBMECTHMa
¢ USB-apantepamu Wi-Fi. DHeprus Ha nmnaty nogaetcs uepe3 pa3beM Micro-USB.

B kauectBe xpanmmmmia wHpopMauuu Ha Raspberry Pi ucmosnbsyercs kapra nmamsaTtu
¢dopmaTta MicroSD, a He OObIuHBIi U1 KOMIBIOTEPOB AMCKOBBIH HakonuTens. Ha 3Toii
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KapTe coAepxkaTCcs Kak OnepalOHHas CHCTEMA, TaK M BCE MOJIb30BATENILCKHE JOKYMEHThI
H MIPOrpaMMBl.

3T0 NIOBONbITHO...

MnaTta Raspberry Pi 6bina ckoHcTpyupoBaHa B BenukobputaHuy, 3apaymbiBanacb, npexae
BCEro, kak AeleBbli KOMNbIOTEP ANS U3yYeHUs OCHOB UHCOPMATUKU W, B YACTHOCTHU, NPO-
rpammupoBaHus Ha sisblke Python, ee uenesas ayautTopus — WKONbHUKKW. [T03TOMY MHOTUME
cuuTaloT, YTO HassaHue «Pi» npoucxoaut ot cnora Py B cnose Python.

Raspberey PI 2 Madel B V14
(&) Raspherry Pi 201
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Puc. 1.1. Raspberry Pi 2

Tem He meHee, nnata Raspberry Pi koe-ueM Bce ke oTnHuaetcs ot riaTel 06siyHOro IK
uM HoyTOYKa, paboTatowero non Linux:

¢ crout okono 3700 py6neii (ynpoweHHbiii Raspberry Pi — Tak Ha3biBaeMas «Mozaesb
A+» — CTOMT JeLleBJie, a MOJEJIb ZEr0 — U €LUe ACLUEBJIE);

4 ucrosb3yeT MOLLHOCTB Bcero 5 Br;

¢ HeceT JBa psjia yHHBepcaJbHbIX KOHTaKTOB Wi BBoAa/BeiBoaa (GPIO'), nosponsio-
IIMX MOAKJIIOYATh 3JIEKTPOHHBIE YCTPOHCTBA HEMOCPEACTBEHHO K ILIATE (3TH KOHTAK-
Thl XOpOLIO 3aMeTHbl Ha pHc. 1.1, cneBa BBepxy). Uepe3 BeiBogsl GPIO MoxHO
yNpaBJATh CBETOJHONAMH, JUCIUIEAMH, IBHUraTesiMM — B OOLLEM, CAMBIMH Pa3HBIMH
YCTpOHCTBaMH BBIBOJIA, O KOTOPBIX MOHJAET peyb B 3TOH KHHUre Aaliee.

Kpome Toro, ¢ Raspberry Pi moxno Beixomuts B UHTepHeT mo cetn Wi-Fi win kabemo
JIOKaJbHOM CEeTH, MO3TOMY YCTPOHCTBO MOAXOAMT M s paboThl Hal MpoeKTaMH U3 00-
nactu UHtepHeTa Belueii (cM. 2nagy 16).

Cneundukauus ans Raspberry Pi 2 (370 HOBeiflnas U Hauyyliass BEpcHs Ha MOMEHT
MOArOTOBKH KHUTH) TaKOBa:

! GPIO — unTepdeiic BBona/BHIBOAA 0GIIEro HasHauenus (oT anrn. General-Purpose Input/Output). — Peo.
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yeTbipexbaaepHsiii mpoueccop ARM v8 1,2 I'T';
monysb Wi-Fi 802.11n;
Moayne Bluetooth 4.1;

4 nopta USB 2.0;

¢
¢
¢
¢ xonrtpomnep Ethernet 10/100 BaseT;
¢
¢ Buaeosbixonq HDMI;

¢

pa3beM U1 MOAKIIOYEHHS KaMephl;
¢ xonoaka GPIO Ha 40 kOHTaKTOB (Bce KOHTaKThl paboTaloOT NoJ HanpshkeHueM 3,3 B).

Jlns Tex, kto paHee He Bctpevasics ¢ Raspberry Pi, B 21age 3 npuBeneH «kypc Moioaoro
foiiLia» Mo ero HacTpokKke U 3aIMycKy, a TaK>Ke IKCrnpecc-Kype no a3biky Python.

Arduino

Ha peiHke npencraBneH BecbMa LIMPOKMI cnekTp pasnuuHelx mozeneii Arduino. Ho
B 3TOH KHHMre Mbl OyaeM MMeThb A€o ¢ Haubosiee pacrnpOCTPaHEHHOH M MOMYJIAPHOH
mozenbio Arduino, kotopas HasbiBaetcsa Arduino Uno (puc. 1.2). Arduino Heckosibko
newesne Raspberry Pi — mnaty Arduino Uno Bel MoxkeTe npuoOpecTd MpUMEpHO 3a
2300 py6uneit.

Ecnu BBl npuBbIKIM paboTaTh ¢ OOBIYHBIM KOMIMBIOTEPOM, TO NapaMeTpbl Arduino Moryt
nokaszaTbCcs BaM Majio Ha yto mnpuroAHsiMu. Tak, Arduino ocHalieHa Bcero JHMILb
34 KbaiiT namaTi pa3nuuHbix TUNOB. To ecth, B Raspberry Pi npumepro B 30 Thbic. pa3
bonbLie maMATH, 4eM B Arduino, 1 3To Aaxe 6e3 yyeTa Toil SHEProHe3aBUCHMOM NMaMATH,
yTOo UMeeTcs Ha BcTaBisemod B Pi kapre MicroSD! Bonee Toro, yactora mpoueccopa
Arduino Uno cocrasnser Bcero 16 MI'u. K Arduino Henb3s MOAKNIOYHMTH KJaBHATYPY,
MBILIb HJIH MOHHUTOP, Ha Arduino HET M OrnepalHOHHON CHCTEMBI.

~ ;= MmN
[ | 1]

DIGITAL (PWM~)

Puc. 1.2. Arduino Uno, Bepcus 3
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Mo>keT BO3HMKHYTb BOMpPOC, Kakoi BOOOLLE MPOK B TakoM ciaboCHIbHOM ycTpoicTBe?
Cekper nonezHoct Arduino — B ee kpaiiHed npocrore. B Hee He Hamo 3arpyaThb
OMepaLMOHHYIO CHCTEMY, U OHa He HeceT MHTepdeiicoB, koTOpble MOrjaH Obl OKa3aThCs
HEHY>XHbIMH B BalLEM MPOEKTe, — OHH MPOCTO MOTpednsan Obl SHEPruIo, a caMo YCT-
POWCTBO M3-32 HUX CTOMJIO Obl JOPOXKE.

B T0 Bpems kak Raspberry Pi — nonHoueHHsbIH koMnetoTep, cuia Arduino 3akimoyaercs
B TOM, YTO OHa XOpOLLO AeJaeT TO, /5 Yero npeJHa3HaueHa, — AJs MOAKIIOUEHHS dJIEK-
TPOHHUKH W yNPaBIICHHS €10.

YroObl 3anporpammupoBath Arduino, noHago6UTCs OOBIYHBIN KOMIBIOTED (€C/IH XOTHTE,
B 3TOM KauecTBE MOXHO HCMoJib30BaTh Jaxe Raspberry Pi). Ha Takom kommbloTepe
noHafgoOUTCs 3anmyCTHTh CELMANIbHYI0 HHTErpUpoBaHHylo cpeny paspabotku (IDE),
C MOMOLLBIO KOTOPOH Bbl CMOXKETE HaMMcaTb CBOIO NPOrpaMMy M 3arpy3HTb €€ BO BCTPO-
eHHy10 (i-namaTbs Arduino.

Ha Arduino B kakablii MOMEHT BPEMEHH MOXHO 3aMyCTHTh JIMLIb OfHY nporpammy. By-
JlyuH 3anporpamMMupoBaHa, Arduino 3anoOMHHUT 3Ty NporpaMMy M aBTOMaTHUYECKH CTaHET
BbITIOJIHATD €€, KaK TOJbKO Bbl T0JaAMTE Ha HEE MUTAHHE.

[natel Arduino MpOeKTHPYIOTCS € pacyeToM Ha MOIKIIIOUEHHE wuUnd08 — IUIaT, BCTaB-
NseMbIX B FHe3aa BBOJa/BbiBoga Arduino v oGecreunBaolIMX € JOMOJHUTENbHbIE arl-
naparHble Bo3MOxHOCTH. Hanpumep, uepe3 wmnapl Arduino MOXHO OcHaluaTh pa3nuy-
HOr0 BUJA AUCIIESIMH, a Takxke anantepamu Ethernet u Wi-Fi.

[Iporpamma asis Arduino nuuietcs Ha s3bike nporpammupoBanus C (nmoapoGHee o npo-
rpaMMHpOBaHHH W UCMOJIb30BaHMH MuaThl Arduino pacckasaHo B 2sase 2).

Bbibupaem yctponctBo: Arduino unu Raspberry Pi?

B 3T0i1 KHHre pacckasbiBaeTcs, kak MOAK/IOYATh 3MEKTPOHHbIE YCTpoicTBa U k Arduino,
v k Raspberry Pi, — x0T HekoTOpble MPOeKThI Jyulle peanusytorces Ha Arduino, a Heko-
Topble — Ha Raspberry Pi. B To ke camMoe BpeMs Mexay 3THMU ABYMs KpalHOCTAMH
CYLIECTBYET pSA YCTPOHCTB, crOCOOGHBIX B3aWMopeiicTBoBaThb kak ¢ Arduino, Tak H
c Raspberry Pi, u 3Ta kHHra nomoxer BaM paboTaTh U C HUMH.

[IpuHMMasch 3a HOBBIW MPOEKT, i PYKOBOJACTBYIOChH JKEJIE3HBIM MPAaBUIIOM: MO yMOJI4a-
HHUIO ucnonb3yto Arduino. OiHako eciii B MPOeKTe NMPHUCYTCTBYET KAk MUHUMYM OJHO M3
crenyrolmx TpeboBaHui, To, noxanyii, Oyaer jayduie ocTaHOBUTbes Ha Raspberry Pi:

¢ notpebyetcs noakmoueHue k MHTepHeTy WK K JIOKaJIbHOH CeTH;
¢ noHazno6uTcs 60MbLIOH 3KpaH;

4 notpebyeTcs NOAKIIOYATH KJIABUATYPY M MBILlb;

¢

noHanobsaTcs nepudepuitHbie ycTpoiicTa, noakitouaembie yepe3s USB, — Hanpumep,
BeO-kamepa.

KoHeuyHo, npHiioXHUB HEKOTOpBIE YCHUIIMS U CHesaB OMNpelesieHHbIE 3aTpaThl, MOXHO OC-
HacTUTb Arduino JOMOJHUTENbHBIMHU LKJIAAMH U YAOBJIETBOPHUTb OOJILIUIMHCTBO U3 YMO-
MsIHYTbIX TpeOoBaHui. OHaKO, MO NO TakoMy MyTH, BaM OyIeT cl0)XKHee 3aCTaBUTb
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BCE 3TO paboTaTh, MOCKOJBKY HH OZIHA U3 3THX BO3MOXHOCTEH, B oT/IHuKe oT Raspberry
Pi, He moanep>kuBaetcsa B Arduino «u3 KOpoOKH».

Beckue noBonsl B nons3y npumeHeHus Arduino, a He Raspberry Pi, 3aimoueHs! B cie-
AyIOLIEeM:
¢ cmoumocms — Arduino Uno newesne Raspberry Pi;

¢ cxopocmye 3anycka — Arduino He JOXHAAETCA, MOKA 3aMyCTHTCS ONMEpPaLMOHHAs CHC-
teMa. [IpucyTcTByer Miub HeGobLIas 3aaepxkka (OKOMIO CEKYH/bI), B TEYEHHE KOTO-
poii cucTeMa npoBepseT, He 3arpy3HiH JIM B Hee HOBYIO NPOrpaMMy, a 3aTeM OHa 3a-
nyckaercs;

¢ Haoescrnocmy — Arduino no cytH cBoeli ropa3no 6oJiee MPOCTOE W OTKA30yCTOHUH-
BO€ YCTpOicTBO, yeM Raspberry Pi, B HeM OTCYTCTBYIOT U3€pXKKH, CBA3aHHbIE C pa-
60Toi1 oriepallHOHHON CHCTEMBI;

¢ sHepzonompebnenue — Arduino noTpebGaseT NPUMEPHO BAECATEPO MEHbLIE SHEPrHH,
yeM Raspberry Pi. Ecnu Bam TpeGyeTcs pelieHue, kotopoe Gyaer paborath Ha Oata-
peiikax WIH COJTHEYHBIX MaHeAX, TO JIy4llle OCTaHOBUThCA Ha Arduino;

¢ mox na evixooe GPIO — GPIO-konTakt Raspberry Pi cnenyer ucnosib3oBath as
noaauu Toka cuioi He 6osee 16 MA. B To ke Bpems, KoHTakT Arduino paccuMTaH Ha
40 MA. Tak 4YTO, B HEKOTOPBIX CITy4asX MOXKHO MOIJIIOYHTH KaKoe-MOO yCTpoiCTBO
(cxaceM, ApKHii CBETOAHOAHBIA MHAMKATOP) HEMOCPEACTBEHHO K Arduino, Toraa kak
K Raspberry Pi ero noaxmounts 66110 Gbl HEJb34.

U Arduino, u Raspberry Pi — otnuuHbie ycTpoiicTBa 1)1 IOOUTENBCKHX MPOEKTOB, U B
HEKOTOpO# CTEeNeHH BHIGOP TOro MM MHOIO YCTPONCTBA ABJIAETCA JEJIOM BKYCa.

[logxmoyass BHELIHHE 3JIEKTPOHHbIE KOMIOHEHTHI K muiate Raspberry Pi, BakxHO uMeThb
B BUAY, 4to Raspberry Pi pa6Gortaer Ha HanpsbkeHuu 3,3 B, — B oTiMuMe OT ruiaTel
Arduino, pa6oTaroweit Ha HanpsbkeHun S5 B. Ecin Bbl nogaaurte S B Ha GPIO-koHTakT
Raspberry Pi, To, ckopee Bcero, noBpeauTe WIH COROKETE JTMOO CaM KOHTAKT, JTMOO Bech
Raspberry Pi B uenom.

AnbTepHaTuBbIl

Arduino Uno u Raspberry Pi — cBoeoGpa3Hbie KpaiiHHe MO3HLIUH B CIIEKTPE YCTPOMCTB,
KOTOpble MOTYT HMCIOJIb30BaThCA [UIA YNpaBJeHHs 3JIeKTpoHHKoii. HeynusuTensHo, uTo
Ha pbIHKE MOSBHU/IACH YiMa IPYrHX YCTpPOMCTB, 3aHUMAIOLIMX TO WIH HHOE MPOMEXYTOY-
HOEe MOJIOKEHHE, a HEKOTOpble MpPHU3BaHbl OOBEAMHMTH BCe AOCTOMHCTBA Arduino u
Raspberry Pi.

Hosble ycTpoiicTBa nosBisioTcs nocrosHHo. bnaronaps «cBo6oaHoii» npupoae Arduino
CYILECTBYET MHOXECTBO CreLiMPHYECKHX HHILEBBIX BAPHAHTOB 3TOMH MIaTHOpPMbI — Ha-
npUMep, 11 yrnpaBiieHHs OeCITMIOTHHKaMH HIIH 6ECPOBOAHBIMH JaTYMKAMH.

Ha puc. 1.3 noka3aHo pacnpeneneHue HaubGoJiee MOMYJIAPHBIX YCTPOWCTB B 3TO# 006-
JacTH.

Kak MoxHo BuaeTh, Hke Arduino Uno pacnonaraercsa ruiata Adafruit Trinket, ycty-
naromas ei kak Mo LeHe, Tak U mo npou3BoguTesibHocTH. Ha atoli uHTEepecHoit nuate
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nMmeeTcss Heckoibko GPIO-KOHTakTOB, B OCTAJIbHOM >X€ OHa BIIOJIHE COBMECTHMA C
Arduino. Takas nnata BnoJiHe MOAOHAET I NMPOEKTa, B KOTOPOM HY>KHO 3aJ1eCTBOBATh
BCEro napy BBOJOB/BbIBOJIOB.

CroumocTb (gonnapos CLUA)

70‘ Arduino Yun

60
50 Intel Edison
BeagleBone
40 Black Raspberry Pi 3
Raspberry Pi 2
30
Arduino Uno
20 Photon

-
o

| Adafruit Trinket

Hu3kas

Bhbicokast
BbluncnutensHas MOLLHOCTb coka

Puc. 1.3. Bctpansaembie nnatgopMbl

CyLuecTBYIOT H IPOMEXYTOYHbIE MPOAYKTHI, K KOTOpbIM oTHOCcATCS Arduino Yun, Edison
u Photon. Bce oHn o6nagaloT BCTpo€HHBIMH BO3MOXHOCTAMH Wi-Fi M npenHasHayeHs!
Ul peasin3aliy MPOeKToB, cBiA3aHHbIX ¢ MHTepHeToM Bewueit (cM. ernagy 16). Ioxanyi,
Haubosiee none3Ha W3 HUX miata Photon. Bee Tpu yka3aHHBIX ycTpoiicTBa mporpaMMH-
pytorcsa npu nomowd Arduino C, mo3ToMy TOT MaTepHan 00 Hcnoyib30BaHHH Arduino,
KOTOPBIi Bbl H3yUYHTE, PUTOJUTCS U NPH paboTe ¢ 3TUMHU MaTOpMaMHu.

[Inata BeagleBone Black koHuenTyansHo oueHb 6m3ka Raspberry Pi. OHa Takoxe npen-
cTaBisieT coOOiM ONHOIUIATHBIA KOMIBIOTEP, H XOTS COBpeMeHHas Bepcus BeagleBone
Black ycrynaetr Raspberry Pi no uacTu 4McTO#f MOIIHOCTH, B HEKOTOPBIX OTHOLIEHHSAX
BeagleBone y Raspberry Pi BbiurpsiBaer. B uactHoctH, Ha BeagleBone 6osbiie GPIO-
KOHTAaKTOB, B TOM YHCJIe €CTb U TaKHe, KOTOpble MOT'YT CJIy>XMTh aHaJIOrOBBIMH BBOJA-
mu, — Raspberry Pi 2 nuien takoit BosamoxxHoctH. I1pu 3ToM BeagleBone Black MoxxHO
nporpamMmmupoBath 160 Ha Python (mpumepHo Tak ke, kak U Raspberry Pi), 6o Ha
JavaScript.
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3aknuyeHue

B 3T0ii rnaBe Mbl kpaTko mo3HakoMuiMch ¢ Arduino u Raspberry Pi. O6cynunu nocro-
WHCTBAa U HENOCTATKH KaXKAOH M3 3THX IJIaT, paCCMOTPENIM HEKOTOpbIe allbTepPHATHBBI.
B cnenyromx OByx riiaBax Bbl y3HaeTe, Kak HauaTb paGoTy M MPUCTYMHUThL K MpOrpam-
MHpOBaHHIO CHauaJsia Ha Arduino, a 3aTem Ha Raspberry Pi.

Ecnu panee Bel yxce paboranu ¢ Arduino u Raspberry Pi, To Moxere nepeiitu cpasy
K 21a6e 4 ¥ NPUCTYNHUTH K MPAKTHYECKOMY HCIMOJIb30BaHHIO 3THX YCcTpoicTB. [1pn HeoO-
XOJUMOCTH K€ Bbl BCET1a CMOXKETE BEPHYTHCS K 21asam 2 WK 3 COOTBETCTBEHHO.



Ora ryiaBa — J0paboTaHHbIH BapHaHT «Kypca Mosiogoro 6oiia» no Arduino, KOTOpBIi
6bu1 BriepBble onmyGiMkoBaH B npuinoxxeHUH Kk Moeit kuure «The Maker's Guide to the
Zombie Apocalypse» u3martesnbctBa NoStarch Press. Martepuan ucnonb3yercs 3aech
¢ mo6e3HOro pa3pelleHns H3AaTeabCTBA.

Ecnu Bbl — HOBHYOK B 00JIaCTH Arduino, TO npeaJiaracéMmas rijiaBa noMoOXeET BaM OCBO-
HUTBHCA C 3TUM BEJIMKOJICITHBIM MHUHHATIOPHBIM YCTpOﬁCTBOM.

Y10 ecTb Arduino?

CyecTBytoT pa3nuyHblie THIbI at Arduino, Ho, moxkanyii, HauboJiee pacnpocTpaHeHa
Ta, KOTOpas HCIOJIb3yeTcs BO BceX Mpoekrax 3Tod KHUrH, — Arduino Uno. Ilnarta
Arduino Uno Heckonbko pa3 mepepabaTbiBanach, U Ha puc. 2.1 mokasaHa miaTta TpeTbei
Bepcud (R3) — HoBeiilas Ha MOMEHT MOATOTOBKHU KHUTH.

Hauue 3HakomcTBO ¢ Arduino Mbl HauHeM ¢ USB-pa3vema, 06ecneuyrBaroLero HeCKOJIbKO
¢byHKuMit: OH mo3BosseT noxaBath Ha Arduino muTaHue, mporpamMmupoBaTh Arduino
C KOMIBIOTEpa U, HAKOHELl, MOJIePXKHUBATh JIAHHIO CBSA3M IJIaThl C BHEIUHUMH YCTPOMCT-
BaMH.

ManeHnskas kpacHas kHomnka psaaom ¢ USB-pa3beMoM Cly)KHT B KauecTBe KHONKU cODO-
ca — eciM ee HaXxxaTb, Arduino nepe3anycTHTCS M BBIOJHUT NpOrpamMMy, KOTOpas B Hee
3anMcaHa.

Ha BepxHeM H HHXKHEM Kpasx miaThl Arduino pacnosioskeHbl coeOuHUmenbHble pazbembl,
K KOTOPbIM MOTYT ObITh MOJKJIIOUEHbl Pa3IHYHbIE JJIEKTPOHHBIE YCTPOHCTBA H KOMIIO-
HeHTbI. [IpoHyMepoBaHHble OT 0 10 13 KOHTaKTHI, MOKa3aHHbIE B BEpXHE# yacTH puc. 2.1,
NpeACTaBIAIOT co00H yugposwie 6x00bl u 6b1x00bl. Ha BbIXOA MK Ha BXOA cTaHeT pabo-
TaTh TAKOH KOHTaKT, OMpeAesseTcs B MporpamMe, 3arpyxkaemoii B miaty. K uudposomy
BXOly MOXXHO MOJKJIIOYHTH IMepeKIoyaTesb, U 3TOT BXOA OyJeT B COCTOSHHH ompene-
JIMUTh, HaXKaTa KHOMKA Mepekaovaress WM HeT. TOYHO Tak k€ MOXKHO MOACOEIHWHHUTH
CBETOAMOA K LIMGPOBOMY BBIXOAY, H, MEPEBEAS BbIXOJ OT HU3KOrO YPOBHS K BBICOKOMY,
BKJIFOYMTB 3TOT CBeTOAHOA. KCcTaTH, 0AMH Takoi CBETOAHOA BCTPOEH MPSAMO B MiaTty (OH
0603HayeH Ha Hel GykBoii L) 1 noaxmoyeH k uM$poBoMy KOHTaKTy 13.
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CeeToauoaHbIn

vHavkatop L LincbpoBble KOHTaKTHI

/ BBOJa/BbIBOAA

CeToanoaHbIn
NHOUKaTop
nuTaHus

KHonka cbpoca

USB-

pasbem -
nx ‘ - ARDUINO
O e
- B - e
L J i MwukpoKoHTponnep
MHesno ong . = - - ATMega328
nogayu - :

NOCTOAHHOIO
TOKa

Cunosble AHanoroBble
pasbembl BXOAbl

Pwuc. 2.1. Arduino Uno R3

[lon uMdpoOBEIMH KOHTAKTaMH BXO[a/BBIXOJA PACIHONOXEH C8emMOOUOOHBII UHOUKAMOD
numanus, MPOCTO yKa3bIBAOUIMH, YTO Ha IuiaTy noaaHo Hampsbkenue. ICSP-paszvem,
npeJHa3HauY€HHbIA AJs BHYTPUCXEMHOrO MpOrpaMMHpPOBaHHs MO MOCIEAOBaTEIbHOMY
NMPOTOKOJTY, MO3BOJIIET OCYLLECTBIATh «IPOJBHHYTOE» NMporpamMmmupoBanie Arduino 6e3
noarmouenuss no USB. BonblwmHCTBY nose3oBateneid Arduino HUkorja He NMpUXOIM-
nocs pabortats ¢ ICSP-paznemom.

Cnenyet oTaenbHO ynoMsiHYyTb «M03r» Arduino — MHKpPOKOHTPOJUIEPHYKO HHTErpasib-
Hyto cxemy ATMega328. ImeHHo B ee ¢uidi-namMaTH (HaNoMHIO, 4yTo ee TaM 32 Kobaiit)
XpaHUTCS MpOrpaMma, KOTopyro Oynet BeInosHATh Arduino.

Huxe ATMega328 pacnonoxxeH psl aHano208bix 8XOOHbIX KOHMAKMOB, TOMEUYEHHBIX
Homepamu oT AQ 1o AS. U ecnu uudpoBbie BXOAB MOTYT JHMILIL COOOILUTb O TOM, BKJIIO-
YeH KOMIMOHEHT MJIM BBIKJIIOUEH, aHAJIOrOBbIE BXO/bI MO3BOJIAIOT U3MEPSATh MOAAHHOE Ha
KOHTaKT HanpsbkeHue (B npeaenax ot 0 no 5 B), — Hanpumep, ot kakoro-nu6o aaTyuka.
Bnpouewm, eciu BaM cTaHeT He XBaTaTb LM(PPOBBIX BXOAOB M BBIXOOB, TO 3TH aHAJIOr0-
BbIE BXOJIbI M BBIXOJIbI TAKXKE MOXKHO OyIeT CKOH(UrypHpoBaTh Kak LIM(pOBbIE.

Jleree aHaIOroBbIX BXOOB BBICTPOMJIUCH CUTOBbIE PA3beMbl, KOTOPbIE MOTYT OBITb HC-
NnoJb30BaHbl B KAYECTBE aJIbTEPHATHBHBIX BXOJAOB AJ1s 3anuThiBaHus Arduino. Uepe3 Hux
TalOke MOXKHO OyZeT nojaBaTh NMUTaHHE HA 3JIEKTPOHHbIE YCTPOHCTBA M KOMITOHEHTHI
cob1paeMbIX BaMH CXEM.

Nmeetcs Ha nnate Arduino Takxe U 2He300 018 HOOAYU HOCMOSHHO20 MOKA, Yepe3 KOTO-
poe Ha IuIaTy MoxeT ObITb NMOJaH MOCTOSIHHbIM TOK HanpsbkeHueM ot 7 1o 12 B. Peryns-
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TOp HanpsHKEHHWs, BCTPOEHHBIH B MuaTy, MO3BOJISET NMpeobpa3oBaTh €ro B HampshkeHHe
5 B, noxn kotopbiM paboTtaeT Arduino. Inata Arduino cnoco6Ha aBTOMaTH4ECKH MPUHH-
MaTb nutaHue oo ot USB-pazbema, 1160 oT rHe3a ¢ MOCTOSHHBIM. TOKOM, — B 3aBH-
CHMOCTH OT TOTO, Ky/1a CAIeIaHO MOAK/IIOYEHHE.

YcTaHOBKa UHTErpupoBaHHOW cpeAabl pa3pabdboTku
Arduino IDE

Arduino He clHILIKOM NOXOOUT Ha 0ObIuHbIH KommbloTep. [InaTta Arduino He ynpasnsert-
csl KaKoi-IM60 onepaLMOHHON CUCTEMOM, K Hell Hellb3s MOAKIIOYUTh MOHUTOP, KJIaBHa-
Typy Wi Mbilwb. Ha Arduino Bceria BbIMONHAETCS €IWHCTBEHHAs Mporpamma (CKeTd),
U 3Ty nporpammy TpeOyeTcs 3arpy3uTb BO (3LI-MamMiATh MHKPOKOHTpOJJIEepa MpH Mo-
MouiM kommnetoTepa. [lepenporpammupoBats Arduino MOXXHO CTOJIBKO pa3, CKOJIbKO BaM
yroaHo (B NpUHLMIE, MHOTO ThICAY pa3).

YtoO6bl MOTYUHTh BO3MOXHOCTb MPOrpaMMHUpoBaTh Arduino, Hy>KHO yCTaHOBHTb Ha CBO#
KOMIBIOTEp uHmepuposarnnyio cpedy paspabomku (Arduino IDE). Ota cpena npencras-
asiet coboit kpoccnnatdpopmenHoe npusoxenrne — Arduino IDE mMoxxeT paGortats B one-
pauroHHbIX cucteMax Windows, Mac OS u Linux — 1 B 3TOM 0Ha U3 NMPHYHUH OTpPOM-
Hoi nmonynspHocTd Arduino. Kpome Toro, Arduino IDE mo3BossieT 3anporpaMMHpoBaTh
Arduino no USB 6e3 kakoro-nu6o cneuuanbHOro obopyaoBaHHus AJisi POrpaMMHpOBa-
HUSL.

Yto6b1 ycTaHOBUTH Arduino IDE Ha komnbloTep, ckayaiite, cneays HHCTPYKLIMAM C caid-
Ta Arduino (arduino.cc/en/Guide/HomePage), nporpamMmy s Baiueii miat¢opmsl
3aMyCTHUTE YCTAHOBLLHK.

BHUMAHME!

MNonb3osaTtensm Windows n Mac OS noTtpebyeTtcs yctaHoBUTbL cneuuanbHble USB-apait-
Bepbl, 4TOobLI cpeaa Arduino IDE morna B3aumoaencTesoBaTh ¢ nnaton Arduino.

Korna Bce Oymer ycraHoBneHo, 3amyctutre Arduino IDE (puc. 2.2). KHonka 3arpy3ka
(Upload), kak nmoHATHO M3 ee Ha3BaHUS, 3azpydcaem ckeTd Ha miaty Arduino. [lepen 3a-
rpy3koi ckeTya oHa mpeoOpa3yeT ero TEeKCTOBbIH MpPOrpaMMHbIA KOJ B MCIMONHSAEMBbIii
koa ans Arduino. Ecnu B kozne oGHapyskaTcs ownOkH, HHpopMauus o HUX OyneT BbiBe-
neHa B obaacmu xcyprana. Knonka Ilposeputs (Verify) pabotaet aHanorn4HsiM obpa-
30M, HO HE BBIMOJIHSAET MOCJEAHEro lara, — T. €. He 3arpy>kaeT NporpamMMmy Ha IuiaTy.

KHonka Mouutop mopra (Serial Monitor) OTKpbIBaeT OKHO MOHUMOPA NOCe008AMeENb-
Ho20 unme pgheiica, cnyxaiuee A5 cBsi3u ¢ Arduino. Bel mocTtosHHO Gynere nosb3oBaTh-
Csl MOHUTOPOM MOCJIEIOBATENbHOrO HHTEpdelca, BBIMOIHAS SKCIIEPUMEHTBI, ONMUCAaHHbIE
B 9TOH KHHre, T. K. OH OYeHb yN00€H /11 OTNnpaBKH KoMaHA Ha Arduino npsAMo ¢ KOMIb-
torepa. MOHUTOp MOC/EAOBaTENbHOrO HHTepdelica obecneyuBaeT ABYHANpaBJIEHHYIO
CBSI3b — T. €., Bbl MOXKETE NocbuiaTh Ha Arduino TeKCTOBbIE COOOLEHUS W MONy4YaTh OT
NJIaTbl OTBETHI.

B cmpoxe cocmoanus, pacnonioxeHHoii B HibkHe# yactu okHa Arduino IDE, yka3siBatoT-
cs Tvn Arduino M nocienoBarTesbHbIA NOPT, Yepe3 KOTOpHIi ruiaTa 6yaeT nporpaMMHpo-
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BaThCs Mociie HaxkaThs kHonkH 3arpyska (Upload). Ecnu Baw komnsioTep paboTtaer nox
ynpaBjieHHEM omnepauuoHHON cucteMbl Linux uimu Mac OS, To Ha3BaHue nopra Oyzaer
uMeTh BUJ /dev/cu.usbmodem411. Ecnu ke Bbl mporpamMmupyete Arduino yepe3 KOMITbO-
tep ¢ OC Windows, To 3aeck Oyaer nponucad noptr COM ¢ TeM HOMepOM, KOTOpbIit
Windows BbiaenuT Arduino mociie MOAKJIOYEHHs IUIAThl K KOMIBIOTEPY, — Hamnpumep,
COM1 (cm. puc. 2.2).

3arpyska
&9 Blink | Arduipé 1.6.12 - | X
MoHuTop
nopta
MNpoBepuTb Bink
f/ the setup function runs once when you press reset or power the
void setup() {
// initialize digital pin LED BUILTIN as an output.
pinMode (LED_BUILTIN, OUTFUT);
ObnacTtb — iy
nporpaMMbl // the leop function runs over and over again forewver
void loop() {
digitalWrite (LED BUILTIN, HIGH); ff turn the LED on (HIGH is t
delay (1000} ; f/ wait for a second
digitalWrite (LED BUILTIN, LOW): /{ turn the LED off by making
delay (1000} ; f/ wait for a second
} v
< >
CocrtosiHne
)KypHaJ'I uing Uno Ha COM1

Puc. 2.2. Arduino IDE

[locnenHee, HO Ba)kHOe 3aMeuyaHHe: OCHOBHYIO 4YacTb okHa Arduino IDE 3aHumaer
ob.1acmb npozpammel, Kya Bbl BBOAUTE MPOrpaMMHBIH KOJ, KOTOPBI XOTHTE 3arpy3uTh
Ha Arduino.

B mupe Arduino nporpammsl, kak yxke ObUIO OTMEUEHO paHee, UMEHYIOTCS CKemuamu, u
yepe3 meHto Paiin (File) Arduino IDE MoxHo otkpbiBate (OTKpBITH (Open)) Wi co-
xpansath (CoxpanuTth (Save)) CKETUM TOYHO TakK XK€, KaK OTKPBIBAIOTCS M COXPAHSIOTCH
HOKYMeHTbI B mob6oM TekcToBoM penaktope. Menio File (Paiin) taioke BkjIOYaeT noa-
mexto Examples (ITpumepbt), ¢ MOMOLIBIO KOTOPOrO MOXKHO 3arpy3uTh B 1Ty BCTPOEH-
Heie B Arduino IDE ckeTun, conepikaluye none3Hble, IpUMepsI MpoOrpaMm.



28 naea 2

3arpy3ka ckeTva

Yrobbl mpoTtecTHpoBaTh iaty Arduino u yoeautbes, uto cpeaa Arduino IDE ycraHoB-
JieHa BEpHO, OTKpoOHTe cKeTd Blink, mpeiaraeMelii B kauecTBe npuMepa. Bel Haiinere ero,
BBINMOJHUB KoMaHay MeHio ®aiin | Ilpumepsi | 01. Basics (File | Examples | 01.
Basics) — MMeHHO ckeTu Blink ¥ oka3aH Ha puc. 2.2.

IMpu nomouu ka6ens USB noakmounte miaty Arduino k TOMy KOMIBIOTEpY, C KOTOPOrO
cobupaeTech ee MPOrpaMMHpOBaTh, — Ha Arduino JOJDKEH 3aropeThCs CBETOAHO. MUTa-
HHUA U 3aMHraTh HECKOJIBKO APYTHX CBETOIHOIOB.

Tenepb, xorpa miata Arduino noakmoveHa, Hy>kHO coobmuTh cpene Arduino IDE kak
THN nporpamMmupyeMoii atel (Arduino Uno), Tak U mocnenoBaTeNbHbIi MOPT, K KOTO-
POMY MBI €€ MOJK/IIoYaeM:

¢ urobbl 3amaTh mun naamei, BbibepHTe KoMaHay MeHI0O Mucrpymentsi | Ilnara |
Arduino Uno (Tools | Board | Arduino Uno);

¢ uro6bl 3a1aTh MOCJieOBaTENbHbIH NOPT, BoIOepUTE KOMaHAy MeHI0O MHCTPpYMEHTHI |
Iopt (Tools | Serial Port). Ecnu Bbl paboTaete Ha koMnbioTepe nox ynpasieHdeM OC
Windows, To, BeposTHO, BapHaHTOB BaM OyzeT npeioxkeHo He MHoro. Ckopee Bcero,
BBl cMoxceTe BeiOpaTh myHkT COM4. Ha xommnblotepax ¢ Mac OS u Linux o6sr4HO
nepeuuciseTcs MHOxecTBO USB-ycTpoiicTB, H Nopo#t CI0XKHO ONpeaesuTh, KaKoe U3
HUX — Bama ruiata Arduino. Kak mnpaBuno, eit 6yaeT cOOTBETCTBOBaTH 3alHCh
dev/tty.usbmodemNNN, rane NNN — Hekuit Homep. Ha pwuc. 2.3 BbiOpaHa muiata
Arduino, noaxmoyeHHas kK MoeMy MakuHTOLIY.

Ecnu Arduino He orobpaxkaercs B CrHCKe, 3TO OOBIYHO CBHAETENILCTBYET O Mpobieme
¢ USB-npaiiBepamu. B TakoM cirydae nonpoOyiiTe HX nepeycTaHOBHUTb.

@ann Mpaska Crery JCT=TIET S Momoulb

Y |  ABTODOpPMATHPOBAHWE BT
ADXMBUPOBATH CKETY

WenpaeKTh KOAWPOBKY W NepesarpysnTo

MoHWTOP Nopra T #M
Mnorrep No NOCNefoBaTeNsHOMY CoeauHeRwo 3L

sketch_opctld

WIiFi101 Firmware Updater

Mnara: "Arduino/Genuino Ung" >
d oo SORE (M /dev/tty.Bluetooth-Serial-1
put yud: « SetDiaend infb /dev/cu.Bluetooth-Serial-1
1 MporpamMMarop: "AVRISP mk/* > /dev/tty.Bluetooth-Serial-2
3anucaTh 3arpy3dmK /dev/cu.Bluetooth-Serial-2

[dev/tty.Bluetooth-Modem
{dev/cu.Bluetooth-Modem
[dev/tty.Bluetooth-PDA-Sync
{dev/cu.Bluetooth-PDA-Sync
/dev/cu.usbmodemb21

Puc. 2.3. Buibop nocnegosaTtensHoro noprta Arduino
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Korma BbI Oynere rotoBbl 3arpy3uTbh ckeTd Ha Arduino, Ha)kKMHMTe KHOMKY 3arpy3ka
(Upload) — B obnacT xypHasa 10/KHBI OTOOPa3UThCS COOOLIEHHs, a 3aTeM Yepe3 He-
ckoJibko cexyH cetoauoabl TX u RX Ha nnate JO/MMKHBI 3aMUraTh. TO O3HAYAET, YTO
nporpamMma 3arpy»aeTcs Ha Ijary.

Ecnu Bce mpofigeT mwtaTHO, TO MO 3aBepLIEHHH 3arpy3kH Bbl JOJKHBI YBUIETH MPUMEPHO
Takoe coobuieHue (puc. 2.4).

Arduino/Genuing Une Ha CORMI

Puc. 2.4. 3arpyska npousseaeHa ycnewHo

310 cooblLEeHHe CBUAETENbCTBYET, YUTO CKETY 3arpy>keH, U 4To OH 3aHs 928 GaiiToB u3
32 256 GaiiToB, UMEIOLLUXCSA HA TJIATE.

[lo 3aBeplIeHHH 3arpy3KH CKETYa Bbl 3aMETHUTE, YTO BCTPOEHHBIH cBeToauon L Ha narte
Arduino HauHeT MeasIeHHO MuraTh. Tak Bawl ckeTd Blink (MepLiaHie) onpaBabIBaeT cBoe
UMs.

Koa k kHure

Becb kon k 3To# KHUre — u cketud Arduino, U nporpammsi ans Raspberry Pi, Hanucan-
Hble Ha s3bike Python,— BbUIOXKEH Ha CMELMAJbHO CO3JaHHYIO AJI Hee CTPaHWLY
GitHub: https://github.com/simonmonk/make_action.

YroObl ckayaTh 3TH (aifibl Ha Balll KOMMBIOTEP — HEBAXKHO, MOJ YMpaBjeHHeM KaKoii
onepaLMOHHO# cucteMbl oH paboraer: Mac OS, Linux wnu Windows, — HaxxmuTe Ha
atoii crpanuue kHornky Clone or Download (KiioHHpoBaTh WM ckayaTb), pacrosloxkeH-
HYIO HaJ crMcKoM (paiisioB cripaBa, a 3aTeM nossuBLuytocs kHonky Download ZIP (Cka-
yatb ZIP-apxuB).

B pesynbraTe ckavaercs ZIP-daiis, KOTOpPBI BBl CMOXETE COXPAaHUTh y ceOsl Ha KOMIIb-
10Tepe WM B KakOM-J1060 ApyroM yao6HoM Bam mecte. PacnakoBae ZIP-apxuB, Bbl no-
Jy4dTe KaTajlor rnoj Ha3BaHueM make_action-master. Koa ans Arduino Bbl HalifeTte B Ka-
Tajiore arduino, BHyTpH KOTOpOro HMEIOTCS JiBa MoJkKarajora: experiments H projects.

Kaxnas nporpamMa 1jis skcnepuMeHTa (MoAKaTasor experiments) WM npoekTa (moaxa-
TaJIoOr projects) coOepKUTCS B COOCTBEHHOM Kartanore — OOBIYHO TaM HaXOOWTCS OIUH
daiin ¢ koHkpeTHOH mporpammoii. Hanpumep, B noakarasnore experiments Bbl Haiinere
katasnor ex_01_basic_motor_control ¢ eJMHCTBEHHBIM (aiisioM basic_motor_control.ino. Eciiu
y Bac yxe ycraHoBJieHa cpena Arduino IDE, To 3ToT ¢aiin no wmemuky Ha HEM OTKpoOeTcs
uMeHHo B Arduino IDE.
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Hpyroii crnoco6 pocTtyma KO BCEM O3THM CKETYaM — CKOMHPOBAaTh MOAKATAJIOrU
experiments ¥ projects B Balll KaTaJIOr ¢ XpaHUJMiieM cketdeit Arduino, koTopbiii Ha3biBa-
eTcs Arduino U peacTaBiseT coboi 0ObIUHYIO ManKy ¢ JOKyMEHTaMH (TaKylo, HanpHMep,
kak Mou aokymenTbl B Windows unu Documents B Mac OS). Ecnu daiinel Obi1 ckomnupo-
BaHBI B KaTajor CO CKETYaMH, TO UX MOXHO OyAeT OTKpbITh, BbIMONHUB B Arduino IDE
koMaHay MeHio @aiia | [lanka co ckeruamu (File | Sketchbook).

ONEKTPOHHbLIN APXUB

Onsa ypobcTea uiTaTeneit pycckoro nepesoaa 3Toi KHUMM BECb YNOMSHYTbIN 34€Cb aBTOPOM
KOA yXe ckavaH U BbinoXeH Ha FTP-cepsep usaatensctBa «bXB-MNetepbypr» Bmecte
C KOMNMEKTOM LBETHbIX UNACTPaUnii KHUrU. CkadyaTb 3MEKTPOHHbLIN apxuB C 3TUMU MmaTe-
pvuanamu mMoxHo no ccbinke: ftp://ftp.bhv.ru/9785977537544.zip, a Takke CO CTpaHuUbl
KHUMM Ha canTte www.bhv.ru.

PykoBoacTBO NoO NporpaMMuMpoBaHUIO

B aToM pa3zzaene npenocTapiieH 0630p OCHOBHBIX KOMaH[, KOTOpbIe MOMOTYT BaM MOHATb
ckeTuyd M3 KHUrd. Eciu paHee BaM He NMpHXOAWIOCH MPOrpaMMHpOBaTh, U Bbl XOTHTE
u3yunThb A3bik C ans Arduino, npoutute Mot kHury «IIporpammupyem Arduino. OcHo-
BbI paboThI CO CKETYAMHUY, CCHIIKY Ha KOTOPYIO Bbl Oe3 Tpyaa Haiinere B IHTepHeTe.

®yHKuuu setup n loop

Qynxkyuu — 310 6NIOKM NMPOrpaMMHOro Koja, Aejawpowue 4ro-nubo. B kaxaoMm ckerue
Arduino f10/mKHBI ObITh CBOS QYHKLMS setup() U CBOS QYHKUHMS loop (). UToObl pac-
cMOTpeTh QYHKLHMH setup () U loop () B AEHCTBHM, JaBaiTe McclieayeM ckeTd Blink, ko-
TOpBIH MBI ye 3arpy3uiu B Arduino:

int led = 13;

// npoluenypa 3anycka BbIIOJHAETCS OOMH pas3

// mocie TOTO, KakK BEl HaXMeTe KHOIKY c6poca:

void setup()

// uvHMLUMaIM3MpyeM UMPOBOM KOHTAKT KaK BBEIBOL.
pinMode (led, OUTPUT);

}

// uMKkIM4Yeckas npouelypa MOBTOPAETCSA CHOBA M CHOBA,
// v Tak OO BGECKOHEUHOCTM :

void loop() |
digitalWrite(led, HIGH); // BKJIOUUTb CBETOIMOI
// (HIGH — 3TO ypOBEHb HaNpSXeHUs)
delay (1000) ; // nopoxnaTe 1 CeKyHIy
digitalWrite(led, LOW); // BBIKJIIOUMTH CBETOIMOI,

// TNepeBens HaNpspkeHMe Ha ypoBeHb LOW
delay (1000) ; // nomoxmaTb 1 CeKyHIy



Arduino 31

B ckeTye BBl BUIHUTE HEMAJO TEKCTOBBIX CTpOK, nepel KOTOPbIMH CTOST CHMBOJIBI //.
Onu O3HAYaKT, YTO BECh TEKCT MOCJIE // U 10 KOHLIA CTPOKH CUHTAETCSA KOMMeHmapuem.
310 HE HpOl"paMMHHﬁ KO, a NMpoCTO IMOACHEHHs, MOMOrarlue 4Y€JIOBEKY, YUTAKOLIEMY
KO, MOHATH, YTO IMPOUCXOOHUT.

Kak moHATHO M3 KOMMEHTapHEB, CTPOKH KOZa B QYHKLMH setup () BBIMOJIHAIOTCS BCETO
OfIMH pa3 — TO4Hee, BCAKHH pa3, Kak Toybko Ha Arduino mojaercs NMUTaHHE MJIM Tocie
HoKaTHA KHOmMKH cOpoca. To ecTh, QYHKLHUA setup () MCMONB3YETCS VI BBIMOJIHEHHS
BCEX OJHOKPATHBIX OMNEpalMi, KOTOpbIE HYXKHO BBINOJHHTEL MPH 3aMyCKe MpPOrpaMMbl.
B npumepe c Blink HaM Bcero JMIub TpeOyeTcs yka3aTb, YTO KOHTAKT CBETOAHOMA CKOH-
(urypupoBaH kKak BBIBOJ.

KoMaHzp! BHYTpH ¢yHKLHMH loop () BBINOJIHAKOTCS CHOBa U CHOBa — T. €., KaK TOJIbKO
B QYHKUMH loop () 3aKOHUYMTCS BBINMOJIHEHHE MOCJIEHEH CTPOKH, MporpamMma BO3BpaLia-
eTcs K BBIMOJTHEHHIO €€ MEPBOi CTPOKH.

3nech s He Oyly OCTaHABJIMBATLCA HA TOM, YTO HMEHHO AEJIalOT B ckeTye Blink kOMaH[bl,

HaxonsiiMecs B (yHKLUHMAX setup() M loop(), HO HE BOJHYHTECh — BCKOpE Mbl 00
3TOM MOTOBOPHM.

MepemeHHble

[Ipy moMowm nepemenHvix MOXXHO TpHUCBaMBaTh 3HaueHHUsAM HMeHa. [lepBas cTpoka
ckeTya Blink (He cuMTas KOMMEHTapHEB) TAKOBa:

int led = 13;

B Heii onpenensercs nepeMeHHas led, MOJIy4yaloLlash UCXOJHOE 3HaueHHE 13. 3Haue-
HHe 13 BBIOpaHO MO UMEHH TOro KoHTakTa Arduino, Kk KOTOpOMY MOJAKJIOYEH CBETOAHUON
L, a int — 310 THN nepemeHHOW. CNOBO int SIBNISETCS COKPALEHHEM OT infeger, 4TO
B IEPEBOJIE C aHIIHACKOro 03HAYAET «LEJIoe YHUCII0» (6€3 JeCATUYHBIX 3HAKOB).

Xorsa w He 00s3aTenbHO JaBaTh OTHAENIBHOE HMS NMEPEMEHHOH 11 KaXKI0ro KOHTAKTa,
¢ KOTOpbIM Bbl paboTaere, Jly4llle BCe-TaKH 3TO AENaTh, MOCKOJIBKY TaK CTAHOBHUTCS IpO-
lle MOHATb, KAKOH KOHTAKT AJA 4ero vcrnosbdyercs. Kpome Toro, ecnu Bbl 3aX0oTHTE
NepedTH Ha ApYrodl KOHTaKT, TO BaM NOTpeOyeTcs M3MEHHTb UM NEPEMEHHOH BCero
B OJHOM MECTE — TaM, I'ie Bbl €€ ONpeaeTHIH.

BOSMO)KHO, Bbl 3aMCTHJIH, YTO B CKETYaX K 3TOH KHHUre TNpH l'IO,El06HOM OIpE€AEJIEHHH I1€-
PEMEHHBIX (KOI‘Ila BblGHpaeTCﬂ KOHTAaKT, C KOTOPbIM MbI 6y11eM pa60TaTb) nepen CTpOKOﬁ
CTOUT CJIOBO const — BOT TakK:

const int led = 13;

Kmouesoe csioBo const coobmaer Arduino IDE, yTo Ha camoM JeJie 3T0 HHKaKas He Iie-
peMeHHasi, a KOHCmanma, — WHBIMU CJIOBaMH, ee 3HaYeHHe paBHO 13, U HUKoOraa He Me-
HieTcs. B pe3ynbTaTe ckeTUM CTAaHOBATCS HEMHOTO KOMIaKTHee U paboTaloT ObicTpee —
pekoMeHIyeTcs, YTOObI HCMOJIb30BaHHE 3TOrO CJIOBA BOLLJIO Y BAaC B MPUBBIUKY.
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UucpoBbie BbIBOAbI

Cxery Blink — xopouuii mpumep LM¢ppoBoro BeiBoAa. PaHee Mbl MPHCBOWIN NMepeMeH-
HOH led 3HayeHHE 13, a B CJEAYIOIIEH CTPOKE KOHTAKT 13 B QYHKUHMH setup() Obul
CKOH(UrypHpOBaH Ha BbIBOJ:

pinMode (led, OUTPUT);

Ora onepauus AenaeTcs UMEHHO B PYHKLIHH setup (), OCKOJIbKY €€ HYXHO BBIOJIHHTh
Bcero oauH pa3. Kak TONbKO KOHTaKT CKOH(HrypHpOBaH Ha BBIBOJA, OH Tak M Oyner
pa6OTaTl: Ha BbIBOJ, MMOKA Bbl HE OTAAAUTE APYT'YIO KOMAHAY.

Yr1oObl CBETOAHOA MHraJl, €r0 HYXHO MOCTOSHHO BKJIIOYaTh M BHIKJIOYATh, H COOTBETCT-
BYIOLIHI KO MPUBOAUTCSA 3A€ECH:

digitalWrite(led, HIGH); // BKJIOUMTL CBETOIMON

// (HIGH — 3TO ypOBEHb HampsKeHUs)
delay(1000) ; // nomoxmaTe 1 cekyHOy
digitalWrite(led, LOW); // BHK/IOYMTH CBETOIM®I,

// nepeBens HanpsXeHMe Ha ypoBeHb LOW
delay(1000); // nomoxmaTb 1 cekyHmy

VY ¢byHKIMH digitalWrite (), KAK MOXHO BHJETh, HMEIOTCS JBAa NMapaMeTpa — OHHU MpH-
BOAATCA B CKOOKax M pasneneHbl 3anatoit. [lepseiii mapamerp — 310 KOHTaKT Arduino,
Ha KOTOpBIA MOiaeT 3amuch, a BTOPOi — 3HaueHHe, KOTOpoe OymeT Tyda 3amlMcaHo.
Hrak, 3HaueHHe HIGH AaeT Ham 5 B Ha Bbixoae (M CBETOAMO BKJIIOYAETCA), @ 3HAYEHHE
Low cooTBeTcTBYET 0 B (1 cCBEeTOAHOA BHIKJIIOHAETCA).

OyHKUUA delay() NMPHOCTAHABIMBAET BBIMOJHEHHE MPOrpaMMbl Ha HEKOTOpPOE BpEMA
(B MIJLIIMCEKYHIaX) — 3TO BpeMs 3aJaeTcs B KauecTBe napamerpa. B ongHo#t cekyHnae
1000 MunMcekyHa, no3ToMy Kaxxaas QYHKUMS delay(1000) NMPHOCTAHOBUT BHIMOJIHE-
HHM€ NporpaMMbl Ha | ceKyHny.

B pazo. «Oxcnepumenm: ynpaenenue ceemoouooom» enraebi 4 Mbl OyneMm paboraTb
C LUMOPOBBIM BHIBOJOM, MOAKIIOUYEHHBIM K BHELIHEMY CBETOAMOY, H Y HAaC CTAHET MH-
raTb MIMEHHO BHELUHHUH UHIMKATOP, a HE BCTPOCHHBIM.

UudpoBbie Bxoabl

IMockonbKy B 3TOi KHHre paccKa3biBaeTCs MPEUMYLIECTBEHHO O BHIBOJAX, a HE O BXOAAX,
3[ech valle HCMoyib3yercs (QYHKUMA digitalWrite(). OIHAaKO BBl AOJDKHBI 3HaTh M
0 Yupposvix 6x00ax, Yepe3 KOTOPbIE MOXKHO MOACOEAUHATh K Arduino mepekioyaTeny
M JaTYHKH.

B kauecTBe I.[H(i)pOBOI"O BXOJa KOHTAKT Arduino MOXHO OonpeaAcJIMTh INpH NMOMOLIH (byHK-
MM pinMode ():

pinMode (7, INPUT)

3neck Mbl KOHPUrypHpyeM Ha BXOJ KOHTAKT 7. PazymeeTcs, BMECTO HOMepa KOHTAKTa 7
MO>KHO HCTMOJIb30BaTh HMs NEPEMEHHOH.
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Tak K€, KaK H B CJiy4ya€ C BbIBOOHBIM KOHTAKTOM, BXOJHOM KOHTAKT 3aJaeTcs IpH NOMO-
H beHKl.lPll/l setup (), MOCKOJIBKY Ha 3Tale€ BBIMOJIHEHUA CKETYA MEHATb PEXKUM pa6on>l
KOHTaKTa MPUXOAHUTCS PEIAKO.

C koHTaKTa, CKOHPUrypHpPOBaHHOIrO Ha BXO[, MOTOM MOXXHO CUMTHIBaTH WH(GOpMALMIO,
onpeaenss, 61xe K KaKOMY 3HaUEHHIO HAXOUTCS Hanps)KeHHE Ha KoHTakTe: 5 B (HIGH)
wm 0 B (row). B cnenyromem npumepe ceeroauon OyAeT BKIIOYEH, €CJIM HA MOMEHT
NpoBEpKH BXoA OyAeT MMeTb 3HaueHWe LOW (Mocjie 3TOro CBETOAMOMA TaK M OCTaHETCs
ropeThb, MOCKOJIbKY B KOJ€ HET KOMaHbl, KOTOpas Obl €ro BbIKJIIOYAIa):

void loop ()
{
if (digitalRead(7) == HIGH)
{
digitalWrite(led, LOW)

}

Yro K, Halll KOJ CTaJl HEMHOI'O YCJIOXKHATBCA, [I03TOMY pa366peM €ro nNoCTpovHo.

Bo BTOpOI#1 cTpOKE Y Hac MpUCYTCTBYeT cUMBOJ {. iHOrma oH cTaBUTCS Ha TOH Xe CTpo-
Ke, 4TO M loop (), @ HHOTJa MEPEHOCHTCS Ha clieayoLLylo. ITo Aeso BKyca — oba BapH-
aHTa KOJa BBIMOJHAIOTCA OAWHaKoBO. CMMBOJ { OTMeYaeT Hayaso 6Jioka Koza, a 3aKkaH-
yuBaeTCs 3TOT GJIOK MapHbIM CHUMBOJIOM }. Takum 0Opa3oM Bce CTPOKH KOAa, OTHOCS-
wuecs 3aech K GYHKLUHMH 1oop, FPYNIHPYIOTCA BMECTE.

B nepBoii U3 3THX cTpOK cToMT omeparop if. Cpa3sy mocjie cjioBa if MIOET YCJIOBHE.
B Hawem ciyyae ycnoBue TakoBO: (digitalRead(7) == HIGH). JIBOWHOH 3HaK paBEHCT-
Ba (==) O3HaYaeT CpaBHEHHE 3HAUEHHIi, pacIOJIOKEHHBIX CJieBa U cripaBa OT Hero. Utak,
€C/IH B HAILIEM CJTy4ae KOHTAKT 7 UMEeT 3HaYeHHe HIGH, TO Mocje oneparopa if BbINOJ-
HuTCS GJIOK KOAa, 3alMHCaHHBbIA MeXay { u },— B NPOTHBHOM Cliyyae 3TOro He Mpo-
woiigeT. Ecnu BBIPOBHATH MO BepTUKANM OTKPBIBAIOLIME W 3aKpbiBatoliye OJIOKH kozaa
CHMBOJIBI { u }, CTAHOBHTCS MOHATHEE, KaKas } 3aMbIKaeT KaKylo {.

Mul YK€ BUACIIH, KaK BBITNOJIHACTCA KO, €CJIU YCIIOBHE COGJ’IIOL[&CTCH, — Toraa CpaGaTbl-
BacT beHKlIl/lﬂ digitalWrite (), BKJOYaKOLWAass CBETOAHOA.

B 3ToM npumepe Mbl MpeAnooKUIH, YTO LIHPPOBOH BXOJ MOXKET UMETh CTPOrO OAHO M3
ABYX 3HAYEHHUH: HIGH Uau LOW. Ecyii BBl Mcnionb3yeTe nepekioyaTeb, MoACOeAMHEHHBDIH
K UMGpOBOMY BXOAY, TO 3TOT MEPEKJIHOUaTesb MO3BOJIAET TOJBKO JIMILb 3aKPBITh (3aMK-
HyTb) coenquHeHHe. Kak npaBuiio, B TakOM cllyuyae MMeeTcs B BULY NMOJCOEAHHEHHE G-
poBoro Bxoaa k 3a3emienuio (0 B). Eciu coenuHeHne Ha mepekJiroyaTesie OTKpPBITO, TO
NMPUHATO TOBOPHTb, YTO LUUGPOBOH BXOA SABJSAETCS HEMOAKIIOUEHHBIM (HE3aMKHYTBIM).
WHeiMH clioBaMH, OH HE HMEET HUKAKOro 3JIeKTpU4eckoro coeanHeHus. Takoii Bxox Oy-
AET MPHUHUMATH JJIEKTPUYECKHE MOMEXH M 3a4acTyl0 MOXET CaMOMNpPOM3BOJIBHO Mepe-
KIOYaTbCs MEXIY BHICOKUM M HHU3KHM COCTOSHHAMH. Bo u3bexxaHue Takoro Hexena-
TeJILHOrO Mpoliecca OObIMHO HCMOJIB3YIOT TaK Ha3bIBaEMbI noOmszugaiowuti pesucTop
(puc. 2.5). ‘
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Puc. 2.5. Ucnonb3oBaHne noaTArusaioLlero pesucropa npu pabore ¢ LupoBbIM BXOAOM

Korna nepekioyartens He 3aMKHYT (Kak MOKa3aHO Ha pUC. 2.5), pe3UCTOP «MOATATHBAET»
BXOJHOM KOHTaKkT N0 HampsbkeHus 5 B. Korma Mel, HaxkaB Ha KHOMKY, MepeKitoyaTeb
3aMbIKaeM, TO ciaboe MOATArMBaHHE BXOJAa MEPEKPHIBAETCA MEpeKIIoYaTeneM, Moaco-
€AMHSAIOINM LM(POBOH BXOJ K 3a3eMJIEHHIO.

Bbl, KOHEYHO, MOXKETE TMOJb30BATECS OTAEIbHBIMU MOATATHBAIOIIUMH PE3UCTOPAMH,
OJIHaKO Ha BxoJaX Arduino UMeITCs BCTPOEHHBIE MOATATHBAIOIIUE PE3UCTOPHI CO 3HA-
yeHreM okosio 40 kOM, KOTOpbIe BKJIOYAIOTCS, €CJIM YCTAaHOBUTH VISl KOHTAaKTa PEXHM
paboThl INPUT PULLUP, @ He MPOCTO INPUT. Cienyiowuii KOA 1€MOHCTPHUpPYET, Kak 3a-
JaTh JUIS KOHTaKTa LH(POBOro BXoJa PeXHUM IJIA paboThI ¢ MepeksoyaTenemM 6e3 Heoob-
XOJUMOCTH HCIOJIb30BaHHS BHEIIHETO MOJTATUBAIOLIETO PE3UCTOPA, MOKA3aHHOTO Ha
puc. 2.5:

pinMode (switchPin, INPUT_PULLUP);

AHanorosble BXoAbl

AHaJIOroBble BXObI MO3BOJIAIOT H3MEPATH HamNpsbkeHue B auana3sone ot 0 1o 5 B Ha -
60M M3 crieLaNIbHBIX aHAJIOrOBBIX KOHTaKkTOB Arduino, mpoHyMepoBaHHBIX OT A0 g0 AS.
B ornuuue ot paboThl ¢ LHMGPOBBIMH BBIBOJAMH H BXOJAaMH, 3a[JeHCTBYS aHaJIOroBble
BXOJbl, HC HY>KHO HMCITOJIb30BaTh beHKumO pinMode () Ha 3Tamne setup.

JIns cCYMTBIBaHHMS 3HAYEHHS AHAJIOTOBOTO BXOJA CITYXHT QYHKLHMS analogRead (), OOHUM
M3 MapaMeTpOB KOTOPOH ABJIETCA UMS TOrO KOHTAaKTa, KOTOPbIH Bbl COOMpaeTech CUUTHI-
BaTh. B ominuue oT ¢yHKUMHM digitalRead(), QYHKUHMS analogRead() BO3BpALLAET
YMCJIO, ' HE TMPOCTO 3HAYEHHS KUCTUHAY M «JIOXb». UHCIIO0, KOTOPOE BBl MOJMYYHUTE OT
analogRead (), Oyzner HaxoauThbcs B AvanasoHe ot 0 no 1023. PesynsTat 0 cooTBETCTBY-
et 0 B, a pesynstaTt 1023 — 5 B. UT0OH NMpeo6pa3oBaTh YKCIIO, MOJY4YE€HHOE OT (YHK-
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UMK analogRead (), B (pakTHUECKOE 3HAUYEHHE HAMNPSXKEHHUS, HYXKHO YMHOXHTBH YHMCJIO Ha
5, a3aTeM paszgenuts Ha 1023, 6o npocto pa3zaemmts ero Ha 204,6. Bot kak 3To nena-
ercs Ha a3bike C g nnatdopmel Arduino:

int raw = analogRead (A0) ;
float volts = raw / 204.6;

[lepeMeHHast raw OTHOCHTCS K THUMY int (LI€JIO€ YKCJIO), MOCKOJbKY MpPU CUUTHIBAHUH
C aHaJIOrOBOro BXOJa Mbl BCerja noJjiy4yaem Lesoe yucyio. OnHako i npeobpa3oBaHus
3HaYe€HUs raw B JAECATHUYHOE YHUCJIO MEPEMEHHAas 10/DKHA OTHOCUTBLCS K TUMY float (YMc-
JIO C TU1aBaroLIei TOUKOM).

K aHayoroBbiM BxoJaM MOXHO MOAKJIIOYATh pa3/IMuHble JaTYMKH — HampUMep, Aajee
B kHMre OyZeT noka3aHo, KaK HCIOJIb30BaTh aHAJIOrOBbIH BXOA COBMECTHO C (hoTOpe3u-
CTOPHBIM JaT4UKOM (CM. pa30. «llpoexm: OomawHAsL NONUBANLHAA YCMAHOBKA HA
Arduino» enaevi 7) M Kak MOIAKJIOYATH MEpPEMEHHbI pe3ucTop (cM. pa3zo. «Illpoexm:
mepMocmamu4ecKkuil 0Xaaoumenb 6e3anK020NbHbIX HANUMKOB» 2naevl 12).

AHanorosble BbiBOAbI

I_lmbpoable BbIBOAbI MO3BOJIAIOT NMOAKJIKOYECHHBIE K HHUM 3JICKTPOHHbIE KOMITOHEHTBI (Ha-
NpuMeEp, CBCTOIU/IOIUJI) TOJILKO BKJIIOYATh M BbIKJIIOYaTh. HO ecyi BbI XOTHTE MOCTENEHHO
M3MCHATDb HANpsXKEHHUE, NMoJaBacMO€ Ha yCTpOﬁCTBO, TO BaM TMOHAJOOUTCA QHANO206bll
601600. UIMeHHO 4yepes aHaJIOroBbIii BBIBOJ yIlOGHO YNpaBJIATh SPKOCTBIO CBETOAMOAA
WK, HAalIpUMEP, CKOPOCTBHIO pa60Tbl apurarens. Kak Bbl YK€ aoraablBa€TeCh, TaKass BO3-
MOXXHOCTb 6y;[eT HCIOJIb30BATbCA B KHHUI€ OY€HDb 4acCToO.

B kauecTBe aHaJOroBBIX BBIBOJOB CMOCOOHBI ()YHKLIHOHHPOBAaTh HE BCE KOHTAKThI
Arduino Uno, a Toneko D3, DS, D6, D9, D10 u D11. Ha nnate Arduino (cM. puc. 2.2)
3TH KOHTaKThbl [IOMEY€Hbl CHMBOJIOM THJIb/BI (~).

[lnst ynpaBiieHHsi aHaJIOrOBbIM BBIBOJOM MCMOJB3YeTCs (YHKLMS analogWrite (), NPH-
HUMaIOLLAs B KaueCTBE NMapaMeTpa Yuciio B Auana3oHe ot 0 o 255. 3Hauenue 0 o3HauaeT
0 B (MoJIHOCTBIO BBLIKJIIOYEHO), a 3HaUEHHE 255 — BKJIFOUEHO Ha MOJIHYIO MOLIHOCTE.

MoxHo 6b110 OBl MPEANOJ0KUTh, YTO aHAJIOTOBLI BHIBOJ MPOCTO MPHHUMAET HampsKe-
wve B avana3ole ot 0 B no 5 B, u, ecnu noaxatoYMTh BOJIBTMETP MEXKIY KOHTAKTOM, MC-
NoJib3yeMbIM B Ka4EeCTBE aHAJIOrOBOrO BHIBOJA, U 3a3€MJIEHHEM, TO NMPH U3MEHEHHUH 3Ha-
YeHHs: mapaMeTpoB QYHKLHM analogWrite() oT 0 Ao 255 meiicTBUTENIBHO MOKaXeTcs,
yTo HanpsbkeHue MeHsetcs mexay 0 u 5 B. Tem He MeHee, Ha caMoM JeJie Bce 0OCTOUT
HecKoJIbkO ciioxkkHee. Ha puc. 2.6 noka3aHo, 4TO (aKTHYECKH MPOHCXOIUT C TaKUM BbI-
BOJIOM — 3TO SBJIEHHE HA3bIBAETCA UUUPOMHO-UMRYTbCHOU MoOyaayueti (LLIUM).

Kaxxabiii koHTakT, paboTatolyii B pexHMe aHaJoroBoro BbiBOAa, reHepupyet 490 um-
myabcoB B cekyHAy (kpome koHTakToB DS u D6, kotoprie BeigatoT 980 umMnynbcoB B ce-
kynay). LLlupyHa MMMysIbCOB, T. €. KX JUIMTENILHOCTD, C MOMOLLBIO MapaMeTPOB GYHKLIUH
analogWrite () MOXeT ObITh H3MeHeHa. [Ipu 3TOM, YeM GoJible BpeMs, B TeUeHHE KOTO-
poro UMMyJIbC OCTAaeTCs BBHICOKMM, T€M OOJibllie MOLIHOCTB, MOJBOAMMAs K BbIXOLY, H,
clleJoBaTeNIbHO, TEM pUYE FOPUT CBETOJHO MJIH ObICTpee BpallaeTcs ABUraTelb.
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490 »MMynbCOB B CEKyHAY

>

5B

5%
08B
5B

50%
0B
5B

90%
08B

Puc. 2.6. LLUWpoTHO-UMNYNbCHAn MOAYNALMA HA KOHTaKTaX aHanorosbiX BLIBOAOB

BosibT™MeETp HKCHPYET 3TOT NMpoLecC Kak H3MEHEHHE HANPSKEHHS JIHLIB MIOTOMY, YTO He
MOXXET pearupoBaTh JOCTaTOYHO OBICTPO, MO3ITOMY OH Kak Obl yCpeIHSET MoJyyaeMoe
HamnpsDKEHHE, M HaM KaXKeTCsl, YTO OHO MEHSETCS MOCTENEHHO.

Oneparop /f...Else

Ecim Bbl noMHuTe, B paszo. «L{ugposvie 6xo0wi» (B 3TOH riaBe paHee) Mbl HCMOJB30BAIA
onepaTtop if IJIs BBHIMOJIHEHHS YKa3aHHOTO JEHCTBHUS, €CIIM ONpEesIEHHOE YCJIOBUE CO-
6monaetca. YToObl elue nyullie KOHTPOJIUPOBATh BBHINOJHEHHE KOAA, MOXKHO HUCHONb30-
BaTh ONEPATOP if...else, KOTOPbIi BBIMOJHAET OJHH KOJ, €CJIH YCIIOBHE COOMOaeTCs,
U Jpyroil — eciu He cobmoaaercs.

B CJIEAYIOLUEM NMTPUMEPE CBETOOAHOA 6y,ueT BKJIFOYCH HJIK BBIKJIFOYEH, B 3aBUCHUMOCTH OT
TOro, KaKOBO aHaJIoroBo€ 3Ha4€HHE: 6oJiblie 500 JIHOO MEHBLLIE HITH paBHO 500:

if (analogRead(AO) > 500)
{
digitalWrite(led, HIGH);

}

else

{
digitalWrite(led, LOW);

}

Jo cux nop Ham BCTpeyasMch J1Ba onepaTopa cpaBHEHHA: == (paBHO) U > (Oonbiue). Ha
CaMoM JieJie, MOXHO BBIMOJIHATD U APYrHe CPaBHEHUS:
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¢ <= (MeHblle WIH PaBHO)
¢ >=(Gouiblile HJIH PABHO)
¢ !=(He paBHO)

MoxHo Tarke cCpaBHMBaTh HE TOJIbKO Mapbl 3HAYEHHH, HO M AenaTh Gosiee CIIOXKHBbIE
cpaBHEHU, nosb3yschk onepatopamu ss (M) u || (WUJIH). Hanpumep, ecnu Bbl XOTHTE
BKIIOYATh CBETOAUOJ TOJBKO mMpH 3HavyeHuH Mexay 300 u 400, To Morym Obl HanMcaTh
Cliefiytoiee:
int reading = analogRead(AO0) ;
if ((reading >= 300) && (reading <=400))
{

digitalWrite (led, HIGH);
}

else

{

digitalWrite(led, LOW);

}

Uuknbi

LJuxn MO3BOJISET MOBTOPUTH KOJ 3aJaHHOE KOJMYECTBO pa3 JIMOO MOBTOPATH €ro A0 TeX
nop, 1MoKa OnpeJeeHHOE YCJIOBHE HE H3MEHHTCA. J/I1 3TOro MOXKHO MOJIb30BaThCS LIMK-
MaMH for WIM while: UMKJIBI for ynoOHee IJis BBIMOJHEHHUS TOrO WJIM HHOTO NEHCTBHS
(HKCHpOBaHHOE YHCIIO pa3, a while — JUIS BBIMOJHEHHS OMEPALMU 0 TeX MOp, MOKa He
Oyner coOMmOIEHO KOHKPETHOE YCIIOBHE.

B cnemyromieM mpumepe LUK for 3acTaBHT cBetoauona 10 pa3 (oOparure BHHUMaHHe:
UMKJT for HAXOOMUTCA B q)yHKuml setup (), @ HE B loop (), MOCKOJIbKY, 6y11y'm B loop (),
OH 3acTaBHJ1 Obl HHAMKATOpP MUTHYTH ewe 10 pa3 nocne nepeeix 10, a Mbl fOOHBaeMcs He
Takoro 3¢dekra):

for (int i = 0; 1 < 10; i++)
{
digitalWrite (led, HIGH);
delay(1000) ;
digitalWrite (led, LOW);
delay(1000) ;
}

Ecnu GBI MBI XOTEJIH, YyTOOBI BCE CBETOANOAbl MUT'AJIU A0 TEX IOP, NMOKa Ha)kaTa KHOIIKA,
NMOAK/IFOYCHHAA K l.lPlepOBOMy BXO4Y, TO BOCIIOJIb30OBAJIUCh Obl LHKJIOM while:

while (digitalRead(9))

{

digitalWrite(led, HIGH);
delay(1000) ;
digitalWrite (led, LOW);
delay (1000) ;

}
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OTOT KOJ Mpeanoyiaraer, YTo KOHTAKT D9 MOJCOeANHEH K MepeKToyaTeno (Kak MoKasaHo
Ha puc. 2.5).

PDyHKUUMU

@Dyukyuu MOTYT CEpbE3HO 3alyTaTh HayHMHamollero nporpammucta. IloxanyH, ynoOHee
BCEro MpeACTaBUTh GYHKLHUIO KakK crocob CrpynmnupoBaTh HEKOTOPOE KOJHYECTBO CTPOkK
KOZa U aTh UM obLuee UMs, 4ToObl 3TOT pparMeHT Koaa GbLIO JIErko UCMOb30BaTh CHO-
Ba U CHOBA.

Ecnu 651 BBl monpo6oBain 03HAKOMHUTbCS C BHYTPEHHHUM ycTpoiicTBoM Arduino, To 3a-
MeTH/M Obl, YTO BCTPOEHHblE (YHKLMH, HanpuMep, digitalWrite (), MATKO roBOpA,
cnoxxHoBaThl. Jlanee mpuBeneH koA ¢YHKUMH digitalWrite() (He mblTalTech pa3o-
OpaTbcs, YTO OH JA€JaeT, NPOCTO panyiTech, UTO HE MPUXOAUTCA HAOHpaTh BECh ATOT KOJ
BCSIKMI pa3, KOra Bbl XOTHTE MEPEBECTH KOHTAKT M3 BBICOKOIO COCTOSIHHS B HU3KOE):

void digitalWrite(uint8_t pin, uint8 t val)
{
uint8 t timer = digitalPinToTimer (pin);
uint8_t bit = digitalPinToBitMask (pin);
uint8_t port = digitalPinToPort (pin);
volatile uint8 t *out;

if (port == NOT_A PIN) return;

// Eciu KOHTaKT nommepiueaeT UIM-BHBOL, TO €r'0 HYXHO OTKJIOUATH,
// npexhe YeM BHIIOJHATL UMPPOBYI 3anuchb
if (timer != NOT_ON TIMER) turnOffPWM(timer);

out = portOutputRegister (port);

uint8_t oldSREG = SREG;
cli();

if (val == LOW) {
*out & ~bit;
} else {
*out |= bit;

}

SREG = 0ldSREG;
}

[MpucBouB uMs TakoMy GoJiblIOMY (parMeHTy KoJa, HaM IOCTaTOYHO OyneT oOpaTUThHCA
K HEMY 0 UMEHH, — U UCIOJIb30BaTh.

Hapsiny co BcTpoeHHbIMH GyHKUMAMH (HarpuMep, ToH ke digitalWrite), MOXHO CO3-
JaBaTh COOCTBEHHBIE QYHKLIMH A7 OO BEAMHEHHS ONepaLyii, KOTOPHIMHU BbI MOJIb3YETECh.
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Tak, MOXHO HamucaTh (QYHKLHIO, KOTOpas 3aCTaBUT CBETOJMOA MHIHYTb CTOJIBKO pa3,
CKO/IbKO yKa3aHO B mapametpe. KOHTaKkT, Ha KOTOpPbI Hy>HO nepeaaTb KOMaHIy «MH-
raity, TaK)Ke€ MOXKHO YKa3aTh Kak mapaMeTp. OTO MOKa3aHO B CJIEAYIOIIEM CKETYE: MBI
nuieM QYHKLHIO blink U BbI3bIBAEM €€ Ha 3Tamne startup (), Tak 4To cBeToauon L Ha
nnare Arduino MUrHet 5 pa3 nocne c6poca:

const int ledPin = 13;

void setup()

{
pinMode (ledPin, OUTPUT) ;
blink (ledPin, 5);

}
void loop() {}
void blink(int pin, int n)
{
for (int i = 0; i < n; i++)
{
digitalWrite (ledPin, HIGH);
delay (500) ;
digitalWrite (ledPin, LOW);
delay (500) ;
}
}

OyHKUMA setup () 34€Ch 3aJa€T ledPin B KayeCcTBE BbIBOJAA, a 3aTEM BbI3bIBAET (YHK-
U0 blink, cooblas ed MM KOHTAaKTa, KOTOPbIA JOJDKEH MHMraTh, M CKOJIBKO pa3 OH
AOKEH MUTHYTh. @YHKUMSA loop () MycTa U HUYEro He Aenaet, Ho Arduino IDE Hacrau-
BAET, YTO OHA JOJDKHA 3A€Ch ObITb.

Cama ¢yHKUMS blink HAYHHAETCS CO CJIOBA void, YKa3bIBAIOWIEro, YTo GyHKUUS HUYETO
He BO3BpalLaeT. MHBIMM CJIOBaMH, pe3yJIbTaT BbI30BA 3TOM (PYHKLHMH HEJb3S MPHCBOUTD
nepeMEeHHOM, 4TO, BO3MOXKHO, MbI 3aX0TeNM Obl caenathb, eciid Obl GYHKLMSA BBINMOJIHSIA
Kakue-1M60 BbIYMCIIEHUS. 3aTeM Mbl BUAUM UMS (QYHKUMH (blink) M MPUHHUMAaEMbIE €r0
napameTphbl, 3aK/IIOYEHHbIE B Kpyriible CKOOKM M pa3zaeneHHble 3aniaTtbiMd. Onpenenss
(YHKLHMIO, HY>KHO 3aJaTh THIT KaXKAOro napaMerpa (T. €. int, float WM Ap.). B Hawem
clyyae KaK caM KOHTAaKT, KOTOpbIid Oyner Murath (pin), Tak U KOJIMYECTBO MPOOJIECKOB
(n) ABNAIOTCA LIEJIBIMH YHUCIIAMH (int).

B a3bike C, kak ¥ B GOJBIIMHCTBE APYTHMX S3bIKOB NMPOrpaMMHPOBAHHS, Pa3iMUAIOTCS
nokayibHble W riao0anbHble nepeMeHHble. [100anbHble nepemenHble (KaK ledPin B Tpe-
AbIAYLLIEM MpUMepe) MOTYT MCHOJIb30BaTheA B JI0O0i Touke nporpammel. C Apyroii cro-
POHbI, IOKANbHYbIE Ne peMeHHble, HATIPUMEp, MapaMeTpbl pyHKLHKI (B HALLEM CITy4ae pin U
n), U JaXke NMepeMeHHas i B LIUKJI€ for — BCE OHM JAOCTYIMHBI JIMLIb B paMKaX TOH (yHK-
UMM, B KOTOPOH ONpenesieHbl.

Wrak, B pyHKUMM setup () CTpoKa blink(ledPin, 5) mepenaet riobalibHyIO MepeMeH-
HYIO ledPin B (byHKul/llO blink, 1€ OHAa NMPHUCBAMUBACTCA JIOKaJIbHOM l'lepeMeHHOﬁ pin.
JlornuHo CMIpOCHUTBL: a 3a4Y€M 3TO nenaeTca? JICJ'[O B TOM, UYTO, NnepeaaBas pin B blink,
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MBI JenaeM yHKLHIO blink YHHBEPCATbHOH, H MOXKEM C €€ MOMOILBIO 3aXKHraTh JT000#
yKa3aHHBIH KOHTaKT, a HE TOJIbKO ledPin.

B Tene ¢yHKuMH blink €CTh UMK for, KOTOPBI OyleT MOBTOPATH BJIOXEHHBIE B HETO
$yHKUMM digitalWrite () W delay() 5 pa3. Bnpouem, ecnu n caenath paBHbIM 3, TO
CBETOJIMOJ MHTHET 3 pa3a.

3aknoyeHue

B 3T0#i rnaBe Mbl Hay4YHJIMCh yCTaHaBIUBaTh cpeny pa3pabotku Arduino IDE u u3yunnu
HECKOJIbKO MPOCTEHILMX KOMaHA AJs nporpaMmupoBanus Arduino. Mel Takxe pa3obpa-
JIMCh, KaK KOJ MO3BOJISAET YNpPaBJATh BXOAHBIMH M BBIXOAHBIMH KOHTakTaMu Arduino.

Ecnin paHee Bbl He 3aHUMAJIMCh MPOrPaMMHPOBAaHHEM, TO HA OCBOEHHE HEKOTOPBIX MOHS-
THH, NpeJCTaBIEHHbIX B 3TOMH riaBe, BaM norpebyercs BpeMsa. OauH u3 Haubonee ynob-
HBIX CMOCO0OB M3y4aTh MPOrpaMMHPOBAHHE — paccMaTpUBaTh FOTOBbIE MPUMEPHI, a 3a-
TE€M MBITAThCA UX U3MEHUTb, YTOOBI MOHATH, YTO MPOMCXOJUT B KOJE.

Kak y>xe ynoMuHanoch paHee, BECb KOJ K 3TOH KHHI€ MOXXHO CKa4yaTh M3 CMELIHAIBHO
cosfaHHoro pernosuropus Ha caiite GitHub (github.com/simonmonk/make_action),
no3ToMy A paboThl ¢ KHMUIOH HET HeOOXOAMMOCTH NMHMcaTh Kakue-THOO MporpamMMbl.
XoTs, noxxkanyH, 3KCIEPUMEHTBI M TMPOEKTHI U3 3TOH KHHI'H MOTYT MOCIIY>KHTH BaM XOpo-
el OCHOBO#H [ pea3alii COGCTBEHHBIX HACH.

B cnenyroweii riaBe Bac XkAET MOXOXHH «kypc Mosiogoro Ooiia», HO yxe mo Rasp-
berry Pi.



B 3Toii rnaBe Bbl MO3HaKOMUTECh ¢ koMmmbioTepoM Raspberry Pi. Ecnu BbI yxke umeete
onbIT paboTel ¢ Raspberry Pi u npo6oBanu nporpaMMHpoBaTh JJis Hero Ha si3bike Python,
MOXKETE Cpa3y NMepeuTH Kk 2nase 4.

Yro ectb Raspberry Pi?

Raspberry Pi — 3To ofHOIUIaTHEIH KOMIIBIOTEp C ornepalMoHHOM cucTeMoii Linux, USB-
pazbeMaMH )i MOJAKJIIOYEHHs MBIIIM U KJIABHATYPBI, a Takke ¢ BuaeoBbixogoM HDMI
Anst OJKJIIOYEHHUS MOHHUTODA.

Raspberry Pi cymecTByeT B HECKOJIBKHX BapHaHTaX, HEKOTOpBIE W3 HHUX YCTapesd H
fonee He MPOM3BOAATCS, OMHAKO BCe Mojeu Raspberry Pi 06nanaioT mMpokoi coBmec-
TUMOCTBIO, H Bbl cMOxeTe 0e3 mpo6sieM BBIMOMHHUTH JHOObIE MPUMEPHI M3 3TOH KHHIH,
Jaxke eCJIM y Bac ycTapeBilas Bepcus Raspberry Pi.

Ha puc. 2.1 noka3ana niata Raspberry Pi 2 mogenu B. C npaBoii cTOpoHBI maTsl pacrno-
noxeHbl yetsipe USB-nopta. K HUM y106HO noak/oyaTh KJIaBHaTypy U Mblllib, a TaKXkKe
Apyrve mnepudepHiiHble YCTPOICTBa, — B YaCTHOCTH, MPHHTEPbI, CKaHepbl M (dL-
HaKOIMUTEJTH.

[Ton USB-nopramu Haxoautcsa rHe3no RJ4S Ethernet, yepe3 koTopoe MOXXHO NMpH NMOMO-
WM COOTBETCTBYIOLIEro kabens moacoeanHuTh Raspberry Pi k momauHeMy cereBoMy
mapuipytusatopy. [loakmouenne Raspberry Pi k ceTn GbiBaeT Hy>kHO, 4TOOBI BBIXOAUTD
¢ Hero B MIHTepHeT M ycTaHaBnIMBaTh MporpaMmbl. B HekoTopbIx ciydasx yaoGHee o6oii-
THCh 6e3 kabess U BocnoJib3oBaThes noakmovaeMeiM no USB apantepom Wi-Fi. Crout
TakOH ajanrtep HEJOpPOro, OJHAKO BaM MpHAETCA NoAoOpaTh ajzanTtep, COBMECTHMBbIi
¢ Raspberry Pi. CrnHMcok COBMECTHMBIX YCTpPOHCTB MNpPHBOOMTCS MO aapecy
http://elinux.org/RPi_VerifiedPeripherals.

[Iponomkum 3HakoMcTBO ¢ Raspberry Pi, 06xons ero mo yacoBoii ctpeske. CHauasna Mbl
YBHUIAMM pa3beM I paboThl CO CTEpeo-ayAMO M KOMIO3UTHBIM BHAEO. B 3TO rHesnmo
00bIYHO MOAKJIIOYAIOTCS HAYLIHMKH HJIM BCIIOMOraTeNbHbIH kabenb, BeAyIUHH K KOJIOH-
KaM, HO B pa3beMe MpeAyCMOTpEHa M MAOMOJHHTEJIbHAss BO3MOXHOCTh MOJIIIIOUEHHS
MOHMTOPOB MO CHELHAILHOMY Kabeso 18 KOMMO3WTHOro BHAeo. BrmpoueM, MoHUTOp
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WJH TeJIeBU30p vaule noakioyatotcs k Raspberry Pi uepes pacnonoxeHHbIi yyTh aanee
BuaeoBbixogq HDMI, T. k. OH MO3BOJISET AOCTHYb ropa3fo 6oJiee BBICOKOTO KauecTBa
u300paxkeHus, 4eM Ha KOMMO3WTHOM Buaeo. Mexay HDMI-Beixomom u aynauo-
pa3beMaMH pa3MellleH pa3beM Ui MUIOCKOro kabens, yepe3 KOTOpbIH MOXKHO MOJKJIO-
4uTh K Raspberry Pi cneunansHyto BHaeokaMmepy.

Psagom ¢ rHesmoM HDMI Haxomutcs pasbeM Micro-USB, KOTOpBIi CY>KHT TOJBKO A4
3anuThiBaHUA Raspberry Pi uepes S5-BonbTOBBIi aganTep.

Hapn pasbemom Micro-USB Ha oGpaTHO#H CTOpOHE IIaThl pacrojioKeH pa3beM, B KOTO-
pbiii BcTaBnseTcs kapta mamatd MicroSD. Kak yxke oTMeuanoch paHee, KOMIbIOTEp
Raspberry Pi He nMeeT OOBIMHOrO >KECTKOTO OHMCKAa, a ONMEpalMOHHAs CUCTEMa W BCe
MOJIb30BaTENIbCKUE (Baiiiibl XpaHATCSA Ha 3TON KapTe MaMATH.

B BepxHeii yacTH MiaThl pa3MellleHa KOJIOJKa YHHBEPCAIbHbIX KOHTaKTOB BBOJa/BbIBOJA
(GPIO). C ux nomoLupio MOXKHO MoAakmoyaTh Kk Raspberry Pi BceBO3MOXHBIE 3JIEKTPOH-
HbI€ CXEMBI, YTOOBI YNpaB/ISsTh CMOHTHPOBaHHBIMH Ha HUX YCTPOHCTBaMH.

Ho Beimycka Raspberry Pi Bepcun B+ Ha konoake GPIO umenoch Bcero 26 KOHTakToOB, a
He 40, kak moka3aHo Ha pHc. 3.1. OnHako BO BCeX NMPOEKTaX 3TOH KHUIH HCHOJIb3YIOTCS
TOJIbKO 26 KOHTAKTOB, O3TOMY, aXke €cliv y Bac cTapsblii Raspberry Pi, Bce npoekTbl Bce
paBHO J0JKHBI paboTaTh.

KonTaktbel GPIO

YeTbipe
USB-pasbema

Pasbem

/ Ethernet

" s [ [ . o5 8= " L] 3 X
a o ¥ - it . . -
/_ . -
| T \ CTepeo1 ayguo u
Pasbem microUSB, Bupaeosbixoq KOMMO3UTHbLIN BUOEO
TONbKO ANs noJayu HDMI
nUTaHnA Pasbem ans

NOoAKIMKYeHNA Kamepbl

Puc. 3.1. Raspberry Pi 2 Mogens B
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Hactpouka Raspberry Pi

Yrobbl HacTpouTh Raspberry Pi, k HeMy Hy>KHO MOAKJIFOUMTH MbIllb, KJIABHATYPY U MO-
nurop. [locne 3aBeplieHUss HaCTPOHWKH KJIaBHATYpy, MbIllb U MOHHMTOP MOXHO OyzeT
OTKJIIOYHTD, a 11 ynpaBiieHus Raspberry Pi noakmounTbes k HeMy ¢ ApYroro KOMIbko-
Tepa no 6ezonacHoMy cetoBomy npotokosty SSH. OnHako, npexae 4eM Bbl foiaere 10
aToro 3tana, nepudepus gomkHa O6biTh k Raspberry Pi noakmoueHa, — nHave BaM ero
HE HaCTPOMTb.

Jlns HacTpotiku Raspberry Pi moHago6GuTcs cneayrouiee o60pyaoBaHue:

¢ iaBuatypa u Mbilib ¢ USB-pa3bemamu (crannaptHas nepudepus nns ITK Bnonne
nojoiaer),

¢ monuTop U teneuzop ¢ HDMI-Buneosbixonqom u HDMI-kabenewm;

¢ ceTeBoOil ajanTep NUTaHUs ¢ HanpsbkeHHeM 5 B v TokoM He MeHee | A, ocHalLEeHHBIH
pazseMoM Micro-USB ans noakitouenus k Raspberry Pi;

TeneBn3op UM MOHUTOP

JomaluHunii —
MapLupyTusaTop ‘ ' USB-aganTep

-

I | .-  ceTU

HDMI-kabenb

Ethernet-kabenb

MpoBoa ans pabotbl
¢ mmHn-USB

Wi-Fi-apantep [ E

Knasnartypa

| o
o o |
o o o o
0O0000000000

MblILwb

Puc. 3.2. NoaroToska Raspberry Pi k HacTponke

ANSA NOAKIHOYEHU
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¢ Ethernet-kaGenb 115 MOAK/IIOUEHHS K MapILUPYTH3aTOPY MM moakovaemblii mo USB
anantep Wi-Fi;

¢ kapra mamsatd MicroSD. Kaptel oobemom 4 I'GaiiT BnosiHE AOCTATOYHO, OJHAKO Ha
kapte oobemoM 8 I'Gaiit Oynmer Gosblue mMecta A BamuxX ¢aiaoB M MoOBIX Mpo-
rpamm, KOTopbie Bbl 3axoTHTe Ha Raspberry Pi yctanoButh. B mo6om ciiyuae BbiOH-
paiiTe kapTy namaTH kjacca 10 — 3TO MOMOXET MOBBICHUTB MPOU3BOJUTEIBHOCTD CHC-
TEMBI;

¢ BTOpO#i koMmnbtoTep U agantep MicroSD, uTo6bl NOATOTOBUTH KapTy MaMsATH, MOMe-
waemyto B Raspberry Pi. B kauecTBe anbTepHaTHBBI MOXXHO MpHOGpPECTH crielualib-
Hyto kapty namatd NOOBS, Ha koTopo#f yke npelycTaHOBJIEHO Bce HeoOXoau-
Mmoe [10.

Ha puc. 3.2 noka3aHo TUNHYHOE OCHaLlleHHe 1 HacTpoiiku Raspberry Pi.

Kak MHHMMYM Ha 3Tamne yCTaHOBKH OrnepalMoHHO# cucteMsbl Raspberry Pi HyxHo BkJItO-
4YaTh TaM, I'I€ MOXKHO HamnpsMYIO BBIHTH Ha MaplUpYyTH3aTOp, MOAKIIOYEHHbIH k HH-
tepHety. Korna onepauuoHHas cuctema 6yJeT ycTaHOBJIEHA, Bbl CMOXETE CKOHGHIrypH-
poBatb USB-amantep Wi-Fi u, ecnu xenaere, npogomkatre pa6oty B 6ecnpoBoJHOM
peXKHME.

MoaroroBka kapTbl namMaTu MicroSD
C NpeAycTaHOBNEHHbIM NporpaMMHbIM ob6ecneyeHuem

Korna xomneiorep Raspberry Pi Tonbko nmosiBuics Ha pblHKE, 4TOObI MOArOTOBHUTH K pa-
6oTe ero kapTy NamMsTH MPUXOJHJIOCH MOJI30BaThes cneuransHbiM [10 ans 3anucu 06-
pa3oB onepauuoHHbIX cHcTeM. OnHako TexHosorus NOOBS 3TH cOXKHOCTH OTMEHH-
Jla — Tenepb BCs MOArOTOBKA KapThl CBOAMUTCS K KOMMPOBAHHIO HA Hee HYXKHBIX (aiJIoB,
M HHKaKOro CreuuanbHoro popmaTupoBaHus He Tpebyercs.

Camble cBexxHe WHCTPYKLUMH Mo Hactpoiike kapTel MicroSD nmpu nomomn NOOBS Bbl
Haiiaere no aapecy https://www.raspberrypi.org/help/noobs-setup/.

3arpy3uB Raspberry Pi ¢ kaptel NOOBS, BBl yBHIMTE NpeaioxkeHue BHIOpaTh onepawu-
OHHYIO chcTeMy (pHc. 3.3). O6sa3aTenbHO BRIOEpUTE pekoMeHayeMyto onuuio Raspbian.

[Tocne anuTenbHOR 3arpy3kd M MHOTHX mnepesarpy3ok Bawn Raspberry Pi 6yaer roros
Kk pabore. Teneps, ecu y Bac ectb USB-anantep Wi-Fi, MoxxHO ero ckoHdurypuposatsb
Y MOJKJIIOUMTHCS K OeCrpoBOAHOM ceTH npu moMowu yTunutel Wi-Fi Con’ﬁg, KOTOpYIO
BbI Haiinete B pasnene Preferences (Hactpoiiku) MeHio paboyero crona 3arpyxeHHOH Ha
Raspberry Pi onepauuonHoii cuctembl Raspbian.

Hactponka SSH

st MHOTHX MPOEKTOB U 3KCNIEPUMEHTOB, ONTMCAHHBIX B 3TOH KHHUr€, KJIaBHAaTypa, MbILLIb
M MOHHTOp, noaxoueHHble k Raspberry Pi, ckopee momewator, yeM nomoryt. IIporo-
kon SSH otkpbiBaeT ceTeBoit noctyn k Raspberry Pi uepe3s koMaHAHYIO CTPOKY € KOM-
NbIOTEPA, MOJKTIOYEHHOT O K TOH JKE CETH.
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Adds an empty S12MB exta format partition to the partition layout
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¢ %Y, Raspbian - Boot to Scratch
58 A version of Raspbian that boots straight into Scratch
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I""‘I OpenELEC_Pi1

OpenELEC is a fast and userfriendly Kodi Entertainment Center dis Erlhl:ﬂi)r‘-
l_l OpenELEC Pi2

OpenELEC is a fast and userfriendly Kodi Entertainment Center dml.libuw[)n.

4 * Arch | "
RM An Arch Linux port for ARM devices b L
b RaspBMC e
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Disk space

Needed: 2760 MB
Available: 6724 MB

Puc. 3.3. Cuctema NOOBS npepnaraeT BbiGpaTh onepauvoHHyio CUCTEMY ANA YCTaHOBKU

3710 03HaYaeT, YTO KakK TOJBKO Bbl 3aKOHYHTE HAacTpoiiky Raspberry Pi, k HeMy nOJDKHBI
ObITh MOIKJIIOYEHBI JIULIb MPOBOJ JEKTPONUTaHUS M JUMbO ceTeBoii kabenb, 6o USB-
anantep Wi-Fi.

lllenkHuTe Ha 3Hauke TepMHUHalNa B BepxHei uacTh pabouero crona Raspberry Pi
(puc. 3.4) u B oTkpoiBlIeMcs okHe LXTerminal BBeguTe ciienyrouyto komMaHay (3aech U
anee: CUMBOJI $ He BBOJMTE — 3TO MpHIJlallieHHe KOMaHAHON CTPOKH):

$ sudo raspi-config

B pesynbraTte oTkpoeTcs WHCTpyMeHT raspi-config nyis Hactpoiiku Raspberry Pi. [Ipu
MOMOLUM KJIaBHLI CO CTpeSkaMu neperauTe B ero MeHio k nyHkTy Advanced ([lonosHu-
TeJbHO) M HaXkMuTe KiaBuily <Enter>. 3aTeM BHOBb BOCMOJB3YHTECh KJIAaBHUILIAMH CO
cTpesnkamu U Bbibepute nyHkT SSH (puc 3.5).

Beibepute 3ateM nyHkr Enable (AKTHBHpOBaTb), MoCJie Yero BBIMOJHUTE B MEHIO
komaHay Finish (I'oToeo).

Teneps Ha BameM Raspberry Pi aktuBupoBaH npotokon SSH nns ymaneHHoro gocryna.
Hactano BpeMs moAKJIO4aTECA ¢ KOMIBIOTEPA.

Ecnu y Bac Ha koMmblOTepe yCTaHOBJIEHa onepalroHHas cuctema Linux unu Mac OS, To
TaM JOCTYNHa COGCTBEHHas Mporpamma Ais paboThl ¢ OKHOM TEPMMHANA, COCOGHas
noakmouyaTbes k Raspberry Pi. [ToaToMy BbI MoXkeTe cpa3y nepexoauTh K pa3d. «SSH
6 Mac OS unu Linux» nanee B 3TO#H riase.
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Puc. 3.4. 3anyck LXTerminal

& 0 0 (1 81— pid@raspbermypi: -/make action{python/projects/pr_puppet. vaice — ssh — 80x24

Raspberry Pi Software Configuration Tool (raspi-config)

Al Overscan You may need to configure oversca
A2 Hostname Set the visible name for this Pi
A3 Memory Split Change the amount of memory made
A5 Device Tree Enable/Disable the use of Device
AB SPI Enable/Disable automatic loading
A7 I2C Enable/Disable automatic loading
A8 Serial Enable/Disable shell and kernel m
AS Audio Force audio out through HDMI or 3
AR Update Update this tool to the latest ve
<Select> <Back=

Puc. 3.5. Aktusauma SSH npu nomowyu raspi-config

Mouck IP-AQPECA RASPBERRY Pi

Mpexae yeM Bbl cmMoxeTe noakniounTbes Kk Raspberry Pi no SSH ¢ apyroro komnbioTepa
cBoel ceTn, BaMm noHagobutca onpeaenutb /P-adpec Raspberry Pi.

Ons atoro BeinonHuTe Ha Raspberry Pi B okHe LXTerminal cneaytowyio komanay:
$ hostname -I

OHa BepHeT COCTOSALMI U3 4-X rpynn Lumcp HOMep, NOCTPOEHHbIN N0 CrieayiowemMy NpUHLUM-
ny: 192.168.1.23.

3710 M ecTb |P-agpec Bawero Raspberry Pi.
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SSH Ha komnbloTepe ¢ Windows

Ecnu Bawn kommeioTep paGotaeT noa onepauuoHHoi cucteMoiit Microsoft Windows, To
s pabotel ¢ Raspberry Pi Bam notpedyercs nporpamma PuTTY. YcraHaBnuBate mpo-
rpamMmy He TpeOyeTcs — c aapeca http://www.putty.org/ Bel CKauHBaeTe HCMOJIHAEMbIii
daiin mporpaMMmsl putty.exe. MoxkeTe MpPOCTO COXPaHUTH ero rae-Hubyap (Hampumep, Ha
paboueM CTOJIe) U 3aMmyCTUTh ABOWHBIM LIETYKOM MbIH. OTKpoeTcs OKHO KOHHrypa-
um PuTTY (puc. 3.6).

X PuTTY Configuration

Categony
=1 Seagion B asic optioks for your PUT T segsion
T L.':'glgmg Specify the destination pou want to connect o
=I- Temina
Hast Mame [ar IP address] Piart
Fepboard
Bel 192.168.1.24 22
Features Connection tppe:
= \wirdoe (O Raw O Telet i Rlogin &) 55H () Senidl
Appearance .
PPRes Load, zave or delele a slored zezzion
Behawiour
Translatian Sawved Seszions
Selechon
Calours D .
efault Setings
= Connection
Data B
e
Rlogin
+- 55H
Serial Cloze window on exit:
Coplways CiMever (0 Only on clean exit
[t e

Puc. 3.6. KoHdurypaumonHoe okHo PuTTY

Beenute B nosie Host Name (or IP address) (Xoct-ums winu IP-agpec) IP-agpec Bawero
Raspberry Pi (cMm. paHee Bpe3ky «Ilouck IP-aopeca Raspberry Pi») 1 HOKMHTE KHONKY
Open (OTkpbiTh). CHcTeMa NpeasIoKUT BaM 3aidTd Ha pi (puc. 3.7). Beeaute ums moJib-
30BaTeNId. pi M Mapojib: raspberry — BC€, Bbl BOLILIH. Tenepb Bbl MOXXE€TE€ BBOJHUTH
B PuTTY kxoMaHAbl Ha BalleM OCHOBHOM KOMITBIOTEPE — W OHU OYIYT BBINIOJIHATHCA Ha
Raspberry Pi.

SSH B Mac OS uvnu Linux

Ecnu BB paboTaere Ha KOMMBIOTEPE MO YIpaBJIeHHEM OnepalHoHHOH cucTeMbl Mac OS
wid Linux, To nmporpammel ans noakyrodeHds k Raspberry Pi Ha Bawem koMmmbioTepe
yxke npeayctraHoBieHbl. OTkpoiiTe ceaHc paboThl C TEPMHHAIOM U BBEAMTE CJIELYIOLLYIO
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& pi@raspbernypi: - EI @|§|

login as: pi

pilf192.168.1.23"'s paasword:

Linux respkerrypi 3.18.7-w7+ #7585 3IMP PREEMPT Thu Feb 1Z 17:20:45 GHT Z015 srmv’
1

The progrsms included with the Debian GNU/Linux Systewm are fres softuares
the exact distribution terms for each program sre described in the
individuzsl file= in Susr/zhare/doc/  /copyright.

Debian GHUSLinux comes with ABSOLUTELY HO WARBANTY, to the extent
permitted by applicskhles law.

Last login: Wed blug 12 09:13:05 2015 from simons-mac-pro.local
pilfraspherrypi

Puc. 3.7. YaaneHHoe ynpasneHue Raspberry Pi no npotokony SSH

KoMaHAy, 3ameHuB B Hel IP-agpec moel nmnatel Raspberry Pi (192.168.1.23) anpecom
cBoeii maTel Raspberry Pie:

$ ssh 192.168.1.23 -1 pi

Caenas 3To B MepBbIii pa3, Bbl YBUIUTE ClieAylolliee COOOLIeHHe:

The authenticity of host '192.168.1.23 (192.168.1.23)"' can't be established.
RSA key fingerprint is 48:8f:c3:07:c2:04:9e:8b:59:ed:53:2b:0b:d0:aa:e5.

Are you sure you want to continue connecting (yes/no)? yes

Warning: Permanently added '192.168.1.23' (RSA) to the list of known hosts.
pi@192.168.1.23"'s password:

Yrobbl NpoaomKUTh paboTy, MOATBEPAMTE AyTEHTHYHOCTb TOrO KOMIBIOTEPA, K KOTOPO-
My MOJKJIOYaeTech, — BBeAUTE yes. C 3TOro MOMEHTa BCe BBOAUMbIE BAMH KOMaH/Ibl Ha
camoM Jenie OyayT BeINONHATBCA Ha Raspberry Pi, a He Ha BaleM koMnbroTepe.

KomaHgHasa cTtpoka Linux

Ecnu BBl 06bIuHO paboTaere B onepaunonHol cucteMe Windows unu Mac OS, To, BO3-
MO)XKHO, BaM HHKOrJa He MPUXOAWJIOCH B3aUMOAEHCTBOBAaTh C KOMIBIOTEPOM uepe3 Ko-
MaHAHYI cTpoky. OaHako Linux — onepaunoHHas cucreMa Raspberry Pi— tpebyer
BBOJMTb KOMaHIbl B KOMAHIHYIO CTPOKY MpPH YCTAHOBKE MPOrpamMM, KOMUPOBAHUH H Tie-
perMeHOBaHUH (aitsioB, 3amycke NporpaMM WK peAakTHpPOBaHHH (aiiios.

MsI y>xe BOCNONb30BAINCh KOMaHAHOH cTpokoii Raspberry Pi mpu pa6ore ¢ LXTermi-
nal — korga HactpauBaid SSH-coemuHenue Ha Raspberry Pi, u Tenepp komaHmpl
Raspberry Pi moxHo BbinonHaTh no SSH unu HenocpeacteeHHo yepe3 LXTerminal.
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Bbi, BeposTHO, 3aMeTHNH, 4TO kak Tojbko LXTerminal unu SSH-ceanc OynyT rotoBsi
K MpYeMy KOMaH/[Ibl, B KOHLIE CTPOKH MOABUTCA CUMBOJ $. OH Ha3bIBAa€TCs npuiauieHuem
KOMAaHOHOU cmpoku — UMEHHO Tak Linux coollyaeT, 4Tto roToBa K MOJIyYEHHIO Clie-
AyIOLLEN KOMaH/BI.

Paborta ¢ komaHgHO# cTpoko#i Linux ocHOBaHa Ha KOHLEMLHUH MeKyue20 Kataiora. To
KaTajor, ¢ KOTOpbIM Bbl paboTaeTe B HACTOALUMA MOMEHT. DTO 3HAYUT, YTO €CJIH BbI
XOTHTE BBIMOJIHUTE Mporpammy Ha Python, pacnonoxxeHHyr0 B KOHKPETHOM KaTaiore, TO
00bIMHO nepea 3amnyCckom 3TOH NporpaMmMmbl HY>KHO nepei'md B TOT KaTajior, B KOTOpOM
OHa Haxo4UTCH. HpenHa?,HaquHaﬂ JUId TaKOoro mnepexoja KoMaHJa Ha3bIBaeTCs cd (OT
aHINJ1. change directory, H3BMEHHUTH KaTaJIOl“).

Cpasy mocne 3amycka ceanca LXTerminal Bbl Oka3piBaeTechb B TEKYLLEM KaTajore
/home/pi. OH Ha3bIBaeTCca domawnum kamanozom. Ecnu B noMalliHeM kartayiore ecThb nar-
ka make_action, TO nepeianTe B Hee, BBEAs CIEAYIOLYIO KOMaHAy (M3MEHEHHs KaTanora
OTHOCHTEJILHO TEKYLLEero):

$ cd make_action

Taoke MOXKHO BBECTH H BECh MyTb K KaTaJiory:

$ cd /home/pi/make_action

Becb kon s Raspberry Pi B 3To#t kHMre HamucaH Ha s3bike nporpaMmupoBanus Python.
Yro6bl 3amycTuTh nporpamMmy Ha Python, HasbiBaemyio test.py, HalO BBINOJHHUTH Clie-
AYIOLLYIO KOMaHAY:

$ python test.py

Jlpyras komaHza, ¢ KOTOPOH BaM JOBEAETCSA YaCTO MMETh JEJ0, Ha3biBaeTcs sudo. OHa
npUMEHsIeTCs U1 3amycka cliefylolleit 3a Hell KOMaHIbl B PeXXUME CYNepnoib308amessl.
Jleno B ToM, uTo Linux nbiTaeTcs 3alMTHUTBCS OT ClIy4alHOro yaaneHHs BaKHbIX ¢aitioB
ONEpaLMOHHOM CHCTEMBI U BbINOJIHEHUS APYTrHX KPUTHYECKUX NEHCTBUI U HE AET TaKo-
ro npaeBa oObIYHBIM MoJIb30BaTeNaM. [Ipy 3TOM MMeeTcs B BUAY, UTO MOJIb30BATENb, BbI-
CTYMaloIWMiA OT UMEHHU CYMNeprosb30oBaTess, 3HaeT, uto aenaetr. Tem He MeHee, paborta
B peXHMe CYMNeprojb3oBaTesis HyXHa JJid nojydeHus noctyna k koHtaktam GPIO,
K 4eMy B 3TOH KHHUre notpebyercs npuberaTb JOBOJIBHO YacTo.

Hanpumep, ecnu nporpamma test.py ucnons3yer koHTakThl GPIO, To 3amyckaTh ee mo-
TpebyeTcs clieAyroLLei KOMaHaoii:
$ sudo python test.py

Xotsa Becb kon Ha Python k 3Toif kHWre noctyneH Ay ckaumBaHus (cM. paszo. «Koo
K KHu2e» Aaliee B 3TOH IiaBe), MHOrJa BaM MOHAaJOOMTCS W3MEHHMTb MPOrpamMMy HIH
kakoH-nubo Apyroi dain. 310 MOXKHO clenaTh B peJakTope nano, KOTOpbIi OTIHYHO
paboraetr 1 mo SSH. Uto6bl oTpeaakTHpoBaTh ¢aii, NpocTo BBEAUTE KOMaHAY nano, a
3aTeM yKaxkute daiin ansa penaktupoBanus. Eciv daiina ¢ TakuM MMeHeM He cyuiecTt-
BYET, nano CO3ACT €ro, Korja Bbl pelIUTe COXPaHUTb OTPEAAKTHPOBAHHOE:

$ nano test.py

Ha puc. 3.8 penaktop nano nokasaH B 1eiCTBUMU.
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800 (] PhoBot — pi@raspberrypi: ~/make_action/python/experiments — ssh — 80x24 7
GNU nano 2.2.6 File: ex 01 on off control.py

import RPi.GPIO as GPIO
import time

GPIO.setmode(GPIO.BCM)

control pin = 18
GPIO.setup(control pin, GPIO.OUT)

while True:

GPIO.output(control pin, False)
time.sleep(5)
GPIO.output(control pin, True)
time.sleep(2)

finally:
print("Cleaning up")
GPIO.cleanup()
[ Read 19 lines ]

e Get Help ¢ WriteOut i Read File Prev Page @i Cut Text Cur Pos
@ Exit Justify Where Is Next Page [gif UnCut Tex To Spell

Puc. 3.8. PeaakTop nano

[Tockonbky nano npenHa3HaueH A1 paboThl B cpelie ¢ KOMaHAHOM CTpokoH (HanpuMep,
B LXTerminal unu no SSH), nns nepexona no daiisy npuxoaurcs Nonb30BaThCs KJIaBU-
LIAMK CO CTpeskamH, a He Mbilblo. Korzma Bbl cobeperech coxpaHuTh (aits, HaxMUTe
coueTanve knapum <Ctrl>+<X>, zateM knapuuly <Y> W, HakoHel, knapuiny <Enter>,
4TOOBI MOATBEPAUTH COXPAaHEHHE.

Koa Kk kKHure

Raspberry Pi mporpammupyercs 6e3 yuyacTHs OTHENBHOTO KOMIBIOTEpa, MO3TOMY BCe
nporpamMMHbie (aiifibl, UCMOJib3yeMble B KHHMre, HY)XKHO 3arpy3uTh npsmo Ha Rasp-
berry Pi.

XoTs ¢aiinbl U MOXHO yXaTb, COXpaHHUB UX B Buae ZIP-apxuBa, kak 3To Aenanock ¢ Ko-
aoM Arduino (cM. 2ragy 2), nyudile BocnoJib3oBaThes Git — cnelualbHBIM HHCTPYMEH-
TOM U1 pabOThI C MPOrPaMMHBIM KOJIOM.

Git oTcnexuBaeT BHOCHMMbIE B KOJ M3MEHEHHs M JaXke MO3BOJISET OOBeAMHATh KOJ, Ha-
MUCaHHBI pa3HBIMH MporpamMMKicTaMHi. B nomynspHOM o6lieA0CTYNMHOM PENno3MTOPHH
koaa GitHub kak pa3 ucnonesyercs Git. Cucrema Git npeayctaHoBjeHa U B JUCTPUOY-
TuBe Raspbian, mostoMy nis u3BneueHus Bcero koaa Ha Raspberry Pi Bam Bcero nuib
norpebyercs oTKpbITh ceaHc LXTerminal U BEINOMHUTD CEAYIOLLYIO KOMaHTY:

$ git clone https://github.com/simonmonk/make action.git

nocJie yero Ha BaiieM Raspberry Pi 6yaer coznan katanor make_action. B HeM BbI Haiifie-
Te KaTaJior python ¢ IByMs MOJAKAaTaJOraMH: experiments U projects.
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PaGorats ¢ Git ynoOHee noToMy, 4TO Bbl MOXKETE U3BJIEKaTh KOMaHIHbIH KO/ BCAKHIA pas,
KOrja XOTHTe MPOBEPUTb, HE BHEC JIK aBTOP B HEro KakHe-JIMOO U3MEHEHHs M JIOMOJIHe-
HUs. UTOOBI MOJTyYUTh 3TH U3MEHEHHS, POCTO 3aMyCTHTE KOMaHIy:

$ git pull

PykoBoACTBO NO NporpaMMmUpoBaHUIO

Yrobbl Hay4WTbCS MpPOrpaMMHpPOBaTh, yAoOHee Bcero monpoboBaTb M3MEHHTb Kakue-
HUOYIb MPOCTBIE MPOrpaMMbl U MOCTENEHHO pa3obpaThes, YTO B HUX K yeMy. Bee mpo-
rpaMmbl, KOTOpbI€ MOHANOOATCS BaM Uil 3TOH KHWIM, OOCTYMHbI IS CKayMBaHHUA,
no3ToMy paboTaTh MOXXKHO M 6€3 onbiTa nporpaMMHpoBaHus. OHAKO MOJIE3HO Mpen-
CTaBATh cebe, UTO M Kak YCTPOEHO.

Hello, World

OGbIyHO MepBas nMporpamMma, KOTOPYIO Bbl MHILETE HA HOBOM s3bIKE, MPOCTO BHIBOIUT HA
skpaH cnoBa Hello, world. Uto6bl mo3HaKOMHTBECS C HEH, 3aMycTUTE PelaKTop hano H
BBEMTE CJIEAYIOLLYIO KOMAHAY:

$ nano hello.py

PaciumpeHue py yka3sbiBaet, 4to ¢aiin ¢ nporpamMMoii HanucaH Ha s3bike Python. [lanee
BBEJUTE B PEAAKTOP Nano CleIyIOLIH TEKCT U COXpaHUTe (ain:

print ('Hello, World')

3aTeM 3amycTHTE NpOrpaMmy:

$ python hello.py
Hello, World

CPABHEHMWE PYTHON 2 U PYTHON 3

Cenuac nonb3osartenu Python nepexuBaloT Tsxkenbie BpEMeHa — NPUXOAUTCA yXOAuUTb CO
crapon Bepcum Python. U xoTs BbinyweHa Hosenwas Bepcus Python 3, mHorue no-
npexHemy paboTaioT ¢ Python 2. ’

B Raspbian ucnonb3yetcs kak Python 2, Tak u Python 3. Ecnu Bbl X0TUTE BLINONHUTL NPO-
rpammy Hello, world! Ha Python 3, To BBoauTe kOomaHAy:

$ python3 hello.py
PesynbTaTt GYAET coBepLleHHO OauHaKOoB.

MoueMy xe B TakOM cnyyae MHOrme nonb3oBaTenu npogomkaloT paborate ¢ Python 2, u Ha
Python 2 Takxe 0CHOBaHbI BCe NpOrpamMmmbl 3TON KHArN?

Oeno B Tom, 4TO He BCe Bubnuotekn Python yaanoch ycnewHo noptuposatb Ha Python 3.
Mpueeay npumep: GubnuoTeka nocnepoBaTenbHOro UHTepdenca, ¢ KOTopoit Mbl Byaem
pabotatb B 2nase 14, Ha MOMEHT NOAroToBKM KHUrKU He paboTana ¢ Python 3.
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Tabynsauua u oTctynbl

[IporpaMMHUCTBI NPUBBIKINA 0POPMIATE KOA 0COOBIM 00pa3oM, YTOOBI OH Jierye BOCIpH-
Humancs. B a3pike C ans Arduino 650k koa BHYTpH (GYHKLMH MM MHCTPYKLMH if
MUILYTCS C OTCTYNaMH, YTOObI BBl Cpa3y BHAENH, K Kakoi GYHKLUHMH WIIM KOMaHJE OTHO-
cutes kon. B Python Takoii ctune — He aeno Bkyca, a o06s3aTenbHoe TpeboBaHHeE.

B Python HeT ckobok { WM }, KOTOpBIE yka3biBaJid Obl Ha4ajlo U KoHel 6Jioka Koja.
Uro6bl Moka3aTh, KakHe CTPOKH KOJa CBSA3aHbI APYT C APYroM, HCMOJb3YIOTCS OTCTYbI.

PaccmoTpumM npumep koja:

while True :
GPIO.output (control pin, False)
time.sleep(5)
GPIO.output (control pin, True)
time.sleep (2)

print ("3asepueHo")

3TO UMK while (TOYHO TAKOro XK€ BHIA, Kak UHKJ while B A3bike C gya Arduino, onu-
CaHHbIt B pa30. «LJuxaviy 2naewi 2). B HalleM ciyyae yClIOBHE BBIMOJIHAETCS (True).
3HayeHHe True BCErJa PaBHO True, MO3TOMY LIMKJI MoJiyyaetcs OeckoHeyHbiM. B koHLe
nepBoit cTpoky cTouT aBoetoure (:). OHO yka3biBaeT, uTo jaajee uaer Ojiok koxa. Kak
MOXHO BHIETh, JBoeTouHe B Python ananoruuno { B C mns Arduino, ToNbko 3aKpbiBato-
LM CHMBOJI OTCYTCTBYET.

Crpoku B 6510ke KoAa A0JkHbI ObITh OTAENEHBI OT Npeabiaylei ctpoku. [loka Bl npH-
Jep>KuBaeTech 0popMIIEHHS, HE BaXXHO, CKOJIbKO KIMEHHO MPOOEJIOB Bbl OCTABJISETE MEX-
Iy CTpOKaMH Kojaa. BonbLIMHCTBO MPOrpaMMHCTOB MCMONB3YIOT Ha Ka)<IOM YPOBHE OT-
CTyna 4eTbipe npobena.

B koHue 6y10ka K02 HUKAKOH CHMBOJI HE CTaBUTCS, MPOCTO MPEKPALLAIOTCS OTCTYMBI.
O6paTuTe BHUMaHHE: B MPUBEJAEHHOM NpUMeEpe KOoAa MOCJEIHAs KOMaHIa print HaxXo-
auTcs 3a npeaenamu uMiia. [Tockonbky LMK while 6€CKOHEUEH, MOCIEIHss CTpOka TaK
1 He OyJeT HCMoJIHEeHa.

NepemeHHble

[lepemeHHbie B Python HanomuHatoT nepemeHHble B C Ha Arduino, HO OTJIMYAIOTCS TeM,
4YTO MpH NMEPBOM HCMONb30BAaHUU NEPEMEHHOI He Tpedyercst yka3biBaTb, OTHOCHUTCS JIH
OHa K THNY int, float WM K KakoMy-160 apyromy. [lepemeHHo# npocTo npucBauBa-
€Tcs 3HaYeHHe, U HUYTO (KpOMe 31paBoro CMbIC/a) HE MEIUAET BaM MPHCBOUTL OJHOM
M TOH e MepeMEeHHOH LIeIOYUCIIEHHOE 3Ha4YeHHe, a Yepe3 MHUHYTY — Yy>Ke CTPOKOBOE.
Hanpumep, cneltytoLuii Ko BOJIHE AOMYCTHM, HO HE CJIMILKOM YJaueH:

a = 123.45
a = "message"

an pa60Te CO CTPOKaMH MOXXHO HCIIOJIb30BATb 6o JIBOHHbIE€ KaBbIYKH (KaK B IpHBE-
JC€HHOM npnmepe), JIH60 OAMHOYHBIE.
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WHcTpykuum if, while v np.

B Python ecTb cTpykTypa if...else, kak U B C Ha Arduino, HO GJIOKH KOJa BHYTPH MHCT-
pyKuMH if 0603HAYaIOTCs MPH MOMOLIH JBOETOYHI H OTCTYMOB:

if x > 10 :

print ("x — Gospwe!")
else:

print ("x — mMeHbwe")

PaGotas nanee ¢ KHMroi, Bbl moApoOHee MO3HAKOMHUTECh C LMKIAMH M APYTHMH Npo-
rPaMMHBIMH CTPYKTYpaMH.

Bubnuorteka RPi.GPIO

Kak u B Arduino C, B Python nognep>xusarorcs 6H6IHOTEKH — M X MPOCTO MOTpedyeTCs
HMIMOPTHPOBATh, @ IOTOM MOXKHO OyJEeT HCMOJIb30BaTh B MPOrpaMMe.

B artoit kHure mbl Oymem MHoro paborath c¢ kosoaxod GPIO, pacnosnoxeHHol Ha
Raspberry Pi. Camas nonynspHas Oubiuoreka Python nns ynpaBieHHs KOHTaKTaMu
GPIO, koTopas 1 ucnonb3yeTcs B 3TOi KHHUre, HazbiBaeTcs RPi.GPIO.

Ora 6ubnuoTeka mpenycraHoBiieHa Ha Raspbian, nmosToMy ee ycTaHOBKOH 3aHUMAThCs
He MPUAETCS, — MOXXHO MPOCTO MMIMOPTHPOBATh €€ B NMPOrpaMMy W HayMHaTbh MCMOJIb-
30BaTh.

CymecTByeT HeOousbluas MyTaHHLA C HMEHOBAaHHEM KOHTAaKTOB Ha kosoake GPIO
B Raspberry Pi: uHorma ykasniBaeTcs nmo3uuus koHtakta Ha kosioake (1,2, 3,4 uT. 0.), a
uHoraa — ¢yHkuus koHtakta. Ha 3ape cywmectBoBanus Raspberry Pi 06a BapuanTa 6bi-
N1 IOCTaTOYHO pacnpocTpaHeHsbl. CeroaHs GONBLIMHCTBO MOJb30BaTEeH MPEANOYUTAIOT
HMEHOBaTh KOHTaKThI MO WX ¢yHKuMsaM. bubnuoreka RPi.GPIO noanepxxuBaet oba cro-
coba MIMEHOBaHHA KOHTAaKTOB, HO €i HY>XHO COOOLIMTB, KaKkoi BapHaHT MCIOJIb30BATb.
CooTBeTCTBYIOILMIA KO BBl BCTPETHUTE B Hayaje nouTH Jitoboi mporpammsl Python u3
3TOM KHMIH:

import RPi.GPIO as GPIO
GPIO.setmode (GPIO.BCM)

[lepsas ctpoka umnoptupyer 6ubauoreky RPi.GPIO, a Bropas onpenenser Broadcom
(BMC) — ato Ha3BaHue uuna B Raspberry Pi.

Ha Raspberry Pi, B orinune ot Arduino, HeT aHanoroBeix BxonoB. OnHako 6ubnnoTeka
RPi.GPIO noanepxusaet ananorossie LLIUM-Bxoapbl.

Konopka GPIO

Ha puc. 3.9 noka3aHnbl BapuaHThl noakodeHus k konoake GPIO. Ecnu y Bac crapas Mo-
nenb Raspberry Pi, roe Bcero 26 KOHTaKTOB, TO TEX KOHTaKTOB, KOTOpbIE HAXOAATCS MOA
MyHKTUPHOH JNHHHEH, y Bac Ha ruiate He 6yneT. [IpoekThl, onMcaHHbIE B 3TOH KHHrE,
MOXXHO BBIMOJHATH Ha mMoObIX Mozensx Raspberry Pi, mosatomy Mel 6ynem paborath
MHLB C NEPBBIMHU 26 KOHTaKTaMH.
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3.3v O0Osv
2sbA OOs5v
3scL OdOGND
4 O01471xD
GND OO 15 RXD
17 OO 18
27 OOGND
22 O0O23
3.3v OO 24
10 mosI OO GND
amMiso OO 25
11sckL OOs

iD_sb OO Ib_sc
Tonbko Ha 5 OOGND
Raspberry Pi B+ 6 OO 12
Y BblLLe 13 OO GND
19 OO 16
26 020
GND OO0 21

Puc. 3.9. Konoaka GPIO

Cxema 11 cnipaBkH npoay0MpoBaHa B KOHLIE KHUTH (CM. npunodicenue 2). B otnuune ot
Arduino, Ha camoii cxeme Raspberry Pi uMeHa KOHTakTOB He HaHECEHbl Ha Me4aTHYH
nnaty (PCB), mostoMy ci0XHO onpeaenuTh, riae Kakoil KoHTakT. UTo6bl ObLI0 Mpolle,
MOXXHO KYMHUTb WJIH CaMOCTOSTENbHO HM3rOTOBMTH TpadapeT, HaklaIblBaeMbli MOBEpX
KOHTaKToB, — Hamnpumep, Raspberry Leaf (https:/www.adafruit.com/products/2196).
OOpaTuTe BHUMaHHE, YTO HEKOTOPbIe KOHTAKThl MPOHYMEPOBaHbI (A0MyCTUM, 2), HO ps-
oM Takke ykazaHa QyHkuus (Hanpumep, SDA). Koraa Bbl Oynere ynoMuHaTh B Koze
koHTakTbl GPIO, npocTo cchinairech Ha HUX MO HOMEPY.

LUudpoBble Bbixoab!

B npuBoauMoM aasiee npuMepe Moka3aHo, Kak CKOH(HUIYpUpOBaTh KOHTAKT 18 € KOJIOIKH
GPIO (cM. puc. 3.9) B kauecTBe LMPPOBOro BLIXOAA, a 3aTEM YCTAHOBHTb BBLICOKHIA ypo-
BeHb BBIXOJHOrO CHrHasa:

import RPi.GPIO as GPIO
GPIO.setmode (GPIO.BCM)
GPIO.setup(18, GPIO.OUT)
GPIO.output (18, True)

Korpa Mbl ycTaHaBnHMBaeM BBIXOJ MPH MOMOLIM KOMaHbl GPIO.output, HA HEM MOXHO
3a[aTh BBICOKHI1 YPOBEHb BBIXOJHOIO HAMpSDKEHHs, MPUMEHHB 3HA4Y€HHE True MJM 1,
60 HU3KHI, MPUMEHUB False WIH O.



Raspberry Pi 55

UndpoBble Bxoabl
lludpoeeie Bxoabl Ha Raspberry Pi ¢pyHKUHOHANBHO BO MHOrOM MOXOXH Ha LIU(pPOBbIE
Bxozbl Arduino:

GPIO.setup (18, GPIO.IN)
value = GPIO.input (18)
print (value)

YkazaTb, UTO Ha BXoJe paboTaeT MOATArMBaIOLLMi pe3ucTop (cM. paso. «L{ugposuie 8xo-
Obly 21a6bl 2), MOXCHO BOT TaK:

GPIO.setup(switch pin, GPIO.IN, pull up down=GPIO.PUD UP)

AHanoroBble BbixoAbl

Pabora ¢ aHanmoroBeiMM Bbixogamu Ha Raspberry Pi nporekaer B nBa stama. CHauana
Hy>KHO 3a/1aTh KOHTAaKT B Ka4yeCTBE BbIX0Ja, a 3aTeM onpeaeuth LIIMM-kanan, koTopsii
OyZeT UCroJIb30BaTh 3TOT BBIXOJ.

[lonpoGHbIH MpUMep, B KOTOPOM HCIMONb3YyETCA Takas BO3MOXKHOCTb, NPHBEAEH B
paso. «Jxcnepumenm: cMeuuBanue yeemosy 2naewi 0.

3aknoyeHue

B sToit rnaBe Mbl pa3oOpanuck ¢ TeM, kak HacTpoutb Raspberry Pi, u ocounuch
¢ koMaHaHoH cTpokoi Linux. Mbl Takxke MO3HaKOMHJIMCh C OCHOBaMM sA3bika Python,
KOTOpbI MOHaOOUTCA AJIA ynpaBJieHHus ycTpoicTBamu yepes koHTakThl GPIO.

Tenepb naBaiiTe monpakTHKyeMcs — B 2/1a6e 4 Mbl pACCMOTPHUM OCHOBBI HCMOJIb30BaHUS
Arduino u Raspberry Pi.



Bcerna nyuiie — H y>K TOYHO MHTEpECHEe — MOonpoboBaTh YTO-JIMO0 caMoMy, a He Tpo-
cto npouuTath 06 3TOM. U ceituac 1 pacckaxy BaM, kak obpawaTtbscs ¢ 6ecriae4HoN Ma-
KETHOH MIaToH, Ha KOTOPYIO YCTAaHABJIMBAIOTCS Pa3IMYHbIE DJIEKTPOHHBIE KOMITIOHEHThI.
Bbl Takoke y3HaeTe, kak ¢ nomouublo Arduino u Raspberry Pi ynpaenste cBeToaHoaom
Y JIBUTaTENIEM.

BecnaeyHaa makeTHas nnara

Kak npasuno, noawmouas k Raspberry Pi wim Arduino BHelIHHE 3€KTPOHHBbIE YCTpOii-
CTBa (Te e [BUraTeli), He YAAeTcs CAeNlaTh 3TO HampsAMylo — TpebyeTcs 3aneicTBo-
BaTh JOMOJIHUTEJIbHBIE 3JIEKTPOHHbIE KOMIIOHEHThl. B mo6oMm ciiydae, naxke ecnu Bbl
MPOCTO 3a)KMraeTe CBETOAMO, BaM HYXKHO €ro kakum-to obpa3om k Raspberry Pi nm
Arduino noacoe UHUTS.

Yto6bl coeauHATh YCTpOHCTBA, HEe Mpuberas Kk naike, yao6HO Moyb30BaThes HecnaeyHwl-
Mu makemuoimu niamamuy. Takue MiaThl JAIOT /€K TPOHILMKAM BO3MOXHOCTb CO3/1aBaTh
¥ 0TpabaThIBaTh MPOTOTHIBI MOAEIHPYEMBIX HMH CXEM JI0 TOTO, Kak BOIUIOTHTb HX B 6o-
Jiee cTabUIIbHBIX BAPHAHTaX, — C HaZE)KHO MPOMasHHBIMH KOHTaKTaMH.

Ha puc. 4.1 nokazana GecriaeuHas MakeTHas IUlaTa C YCTAHOBJIEHHbIMH Ha Hell KOMIO-
HEHTaMH U3 pa3z0. «IKcnepumenm. YnpasieHue 31eKkmpoosuzame.iemMy», KOTOPbIiA Mbl pac-
CMOTpHM B 3TO# rnaese yyTh nozxe. Kak Buaure, Ha 6ecnaeyHoil MakeTHOMH MJiaTe MOMHO
M KOMIIOHEHTHI pa3MellaTh, U MOAKIIOYATh K Hel MpoBoJa.

Becniaeunas MakeTHas mnaTa, ¢ KOTOpOi Mbl OyieM UMeThb AeJ0, YaCTO UMEHYETCH MAO
unu 400-moueynoii (1. x. B Heit 400 orBepcTHii). BriBatoT GecnaeuHble MaKETHbBIE MUIAThHI
U JpYrHX pa3MepoB, HO HMEHHO TaKOi pa3Mep JIy4lle BCEro MOAXOMMUT AJis MPOEKTOB U
3KCMEPUMEHTOB, OMUCAHHBIX B 3TOM KHHTE.

ITo 6okaM GecriaeyHOl MaKeTHOMH IMIaThl TAKOro THMAa OOBIYHO HMEIOTCS JBa psAda OTBEp-
ctuii. Kak npaBuno, oaMH U3 HUX MapKHPOBaH KpacHOM JIMHHUEMH, a Ipyroif — cuHeii. Bece
OTBEPCTHS KaXKJOro TAaKOro psja 3JEKTPUUYECKH COEIHMHEHbI Mexay coboi nepembluka-
MH, pacrojioKEHHbIMM Ha HHXKHEH CTOpOHE MuiaThl. XOTS 3TH pAlbl OTBEPCTHH MOXKHO
MCIIOJIb30BaTh [Vl YEro YroJHO, Yalle BCEr0 OHM CIIy>KaT AJI MOAayd Ha CXEMY MOJIOXKH-
TEJIbHOTO U OTPULIATEILHOrO MUTAHHUA.
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Puc. 4.1. BecnaeuyHas makeTHas nnaTa

OcHOBHOE MpPOCTPAaHCTBO MUIATHI MOJEIEHO Ha ABa 6JOKa PAAOB MO MATH OTBEPCTHIA
B LUMPHHY Ha KaxcIoM. B aTux psaaax mobble NATh OTBEPCTHH, pacroioKEHHbIE HA OIHOM
YPOBHE, COEIMHEHBI MEPEMBIUKAMH, PACIIOJIOKEHHBIMH N0 MU1aToH. YTOOBI MOJKIIFOUMTD
BbIBOJ OJHOrO KOMIIOHEHTa K ApYyromy, oba mpoBoJa OT HHX HY>KHO MPOCTO BCTaBHUTb
B OTBEPCTHS, pacMOJIOKEHHbIE HA MAKETHOMH IaTe B OAHOM psAy.

He pa3bupante maketHyto nnary!

[lon oTBEpCcTHAMH, pacroyioXkeHHbBIMH Ha JIMLIEBOH MaHeIH MaKeTHOW IMiaThbl, HAXOAATCS
MeT/LTH4YECKHE MEPEMBIYKH, CHaOXKEHHbIE 3a)KMMaMH, CIOCOOHBIMH (MKCHPOBATh MPO-
BOJAA M BBIBOJbI KOMIOHEHTOB. He pekomeHayto pa3bHpaTh MakeTHYIO MiaTy (Kak noka-
3aHO Ha puc. 4.2), NocKo/bKy coOpaTh €€ B MPEeXXHEM BHAE OObIUHO YK€ HE ynaeTcs.

MNogknoyeHne kK MakeTHoM nnarte Arduino

Konnektopel GPIO nnatel Arduino (koTOpble MHOra HEMPAaBUJIBHO HA3bIBAIOT «IHHA-
MH») Ha CaMOM JeJie MPEACTABIAIOT CO0Oi pazvembl. UTOOBI COENMHUTD TaKOM paszbeM
C OJHUM M3 OTBEPCTHI1 Ha MaKETHOMH MaTe, MOXKHO BOCMOJIb30BAaTbCA COEAUHUTENIbHBIMU
npoBoJaMH (MOHTaXXHBIMH MEPEMbIYKAMH), UMEIOLLIUMH LITHIPEBbIE KOHTAKThl HA 000MX
KOHLIAX, — Ha >KaproHe 3JIEKTPOHILMKOB UX Ha3bIBAIOT «Mamna-namnay (puc. 4.3).

[lone3Ho UMeTh XOpOLIWH 3arMac TaKUX COEOUHUTENIeH pa3HOH UIMHBI, YTOOBI MOJIKJIO-
YaTb YTO YrOAHO K ueMy yrogHo. O03aBeCTUCh UMH HECJIO)KHO — B MPOJaxKe UMEIOTCS
HabOpbl MOHT@XKHBIX MEPEMBbIYEK BCEBO3MOXHBIX Pa3MEPOB M LBETOB (CM. npuiodice-
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Puc. 4.3. MoaknioueHne Arduino K MakeTHO nnate

Hue 1). Umeet cmbica cpa3sy npHoOpecTH KOMIUIEKT B COCTaBE MAKETHOM IUIaThI C MpHJIa-
raloLIMMHCA K Hell nepemelukaMu. KcTaTy, korja npoBona pa3sHOLBETHbIE, JIy4llle BUIHO,

KakoH U3 HMX K YEMYy MOAKIIIOYEH, 0COOEHHO €C/ld Ballla IjaTa onyTaHa MHOXECTBOM
INpOBOAOB.
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NoaknioyeHne K MakeTHOW nnare Raspberry Pi

Konnekropel GPIO Ha Raspberry Pi — B otnuune ot Arduino — 310 wmughmul, a He
pazbeMbl. COOTBETCTBEHHO, C HUMH HeJIb3s MCMOJIb30BaTh MEPEMBIYKH THIMA «namna-
nana», kak B ciy4ae ¢ Arduino. Bmecto Hux npu pabore ¢ Raspberry Pi Bam noHano64t-
1 COeIMHHUTENbHBIE MpPOBOJA THMAa «MaMa-namna». Ha ogHOM KoHLE Takoro mpoBoja
HAaXOMTCS pa3beM, HacakuBaeMblii Ha WTHdT konoaku GPIO Raspberry Pi, a Ha mpy-
rOM — IUTHIPEBOI KOHTAKT, BCTaBJIAEMbIH B MaKeTHYIO IUIaTy.

Ha puc. 4.4 nokasaHo, kak moakmouath koHTakTel GPIO Raspberry Pi k*koHkpeTHOMY
paly Ha MakeTHOM MJjaTe, MoJib3ysACh NepeMbIUKaMH «Mama-mnanay.

Puc. 4.4. MNoaknioyenue Raspberry Pi k makeTHoW nnate

NOEHTUONKALNA KOHTAKTOB GPIO HA RASPBERRY PI

KonTaktel GPIO Ha nnaTte Raspberry Pi Hukak He o603HaueHbl. Mo3ToMy, uTOBbI BaM He
NpUXoAUNOCH TWAaTENbHO NepecYnTbIBaTL WTbIPbkK, 063aBeauTeck GPIO-TpadapeTom, Ha-
KnaabiBaeMbiM Ha KOHTaKTbl. TpadpapeT, nokasaHHbIl Ha puc. 4.4, HasbiBaeTcs Raspberry
Leaf, ero MmoxHo kynuTb B Adafruit n Ha caite MonkMakes.com (cMm. npunoxexue 1). Ectb
TaMm B Hanuuuu u apyrue TpadapeTsbl.

CkauunBaHuMe nporpamm

Bce nporpammbl k 3TO# KHHre — M CKEeTYH (Tak Ha3bIBaloTCsA nporpamMmsl uis Arduino),
u mporpammsl 11 Raspberry Pi, HanucaHHble Ha s3bike Python, noctynHbl B penosuro-
pur GitHub k 3To#t kHure (github.com/simonmonk/make_action).
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HHcTpykuuu no nepeHocy cketueit Arduino ¢ o6bprMHOr0 KoMnbloTepa Ha riaty Arduino
npuBeeHbI B pazo. «Koo k kuuzey 2nagui 2.

Yrobwl 3akauaTh Ha Raspberry Pi paccmaTtpuBaeMble B kHuUre mporpammbl Ha Python,
cnenyiTe HHCTPYKLMAM U3 pa3o. « Koo k xkHuze» 2nagul 3.

AKCNepuMeHT: ynpaBneHue CBeToaMoaoM

B coobuectBe Arduino croxuiace TpaauuMs, clieays KOTOpOH, B KauecTBe MEPBOro
9KCMEPUMEHTa Mbl 3aCTaBUM MHUraTh CBeTOAHOA. [Ipexxae Bcero Mbl 3TO cleslaeM Ha
Arduino, a 3aTem — Ha Raspberry Pi.

Hnsa Havyana pabGoThl — 3TO MpUATHBIN U npocToi nmpoekT. Ham notpebGyercs monknto-
YUTh K MAaKETHO# MJiaTe BCEro /IBa KOMIIOHEHTA: CBETOAUON U pe3ucTop. Peauctop 3nech
YIOMSHYT MOTOMY, 4YTO OH TpeOyeTcs BceM CBETOAMOAAM il OrpaHH4YeHHs MPOXOAsiLLe-
ro yepe3 HUX Toka. bonee moapo6Ho 06 3TOM pacckaszaHo B 2rnage 6, a CaMH PE3UCTOPSI
paccMOTpEHBI B 2iiase 5.

Komnnekrylowmue

B 3ToM skcnepuMenTe ajia pabotel ¢ Arduino u Raspberry Pi noHamoGsaTcs cnemyrolme
KoMrIuiekTyrowue (tabin. 4.1).

Tabnuya 4.1. Komnnekmytowue dna pabomsi ¢ Arduino u Raspberry Pi
8 aKcnepumeHme o ynpaeneHuro ceemoduodom

KomnoHeHT cxembl UcTouHunkmn
KpacHbii ceeToaunon Adafruit: 297
Sparkfun: COM-09590
Pesucrop 470 Om 0,25 Bt Mouser. 291-470-RC
400-ToueyHas 6GecnaeyHan makeTHas nnarta Adafruit' 64
Mepemsbivkn «nana-nana» (Tonoko ans Arduino) Adafruit 758
MNepemblvkn «Mama-nana» (Tonbko Ans Pi) Adafruit: 826
[NPUMEYAHUE

B rpacdhe UcTo4YHMKM yka3aHbl NOCTaBLUMKM U KOAbI TOBapa Ans kaxaown aetanu. MNoapob-
Hee 060 BCex KOMNMEKTYIOWMX, UCNOMb3yEMbIX B 3TOW KHUre, n 06 MX BO3MOXXHbIX NOCTaB-
LyMKax, BKMIOYas U pOCCUNCKNE, pacckasaHo B fpunoxeHuu 1.

KoMmnoHoBKa MakeTHOM nnaTtbl

KoMmnoHoBka MakeTHOMH IUIaThl [J1s Halllero MmpoekTa rnoka3aHa Ha puc. 4.5. OHa oauHa-
KOBa, paboTaete Jiu Bbl ¢ Arduino unu ¢ Raspberry Pi, Ho moaknroueHre MakeTHO#H Mia-
Thl K Arduino u k Raspberry Pi npoHcxoaut mo-pasHoMmy.
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Ha puc. 4.5 nokasaHo, 4yTo TOK C BbIXOOHOro KOHTakTa Arduino unu Raspberry Pi non-
KEH MOCTYMATh CHayana Ha Pe3UCTOp, a 3aTe€M Ha CBETOJHO.

He3aBucumo ot Toro, kakum o6pa3oM MOAKIIOUEH PE3UCTOP, MUIIOCOBOH BBIBOI CBETO-
moaa (OH 4yTh JJIMHHEE MHUHYCOBOrO) AOJIKEH ObITh MOIKIIOUEH K BEPXHEMY M3 IIBYX
3aefiCTBOBaHHBIX PAAOB MaKeTHOH muarhbl. ONpeaesHTh MHHYCOBOH BBIBOJ CBETOAHOMA
BaM MOMOJXKET M TO OOCTOSATENILCTBO, YTO KpaH CBETOAHOJA, PACMOJIONKEHHbIH Ouvke
K MHHYCOBOMY BBIBOJY, HMEET IJIOCKYIO KPOMKY.
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Puc. 4.5. KomnoHoBka MakeTHoOIA nnaTtbl ANS ynpaBNeHWsa cBETOANOAOM
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Puc. 4.7. MoaknioueHne MakeTHON NNaTbl ANA ynpaBneHus cBeToauoAoM ¢ Arduino

Mporpamma ans Arduino

Cketu Arduino ass 3Toro 3KCrnepUMeHTa HaXxoOWTCs B KaTasiore arduino/experiments/
on_off_control (cM. pa30d. «Cxauueanue npozpamm» B 3TOH rjiaBe paHee).

l'IporpaMma BKJIIOYAET CBETOAMOM Ha 5 CEKYHZ, [NIOTOM OTKJIKOYA€T Ha 2 CEKYHbI, 3aTEM
BECH MPOLIECC MOBTOPACTCA. Bot ee nonHbIi koxa:

const int controlPin = 9; //

void setup() { //
pinMode (controlPin, OUTPUT) ;

void loop() { //
digitalWrite (controlPin, HIGH):;
delay (5000) ;
digitalWrite (controlPin, LOW);
delay (2000) ;

1. B nepBoit crpoke (oHa 0oGO3HayeHa KOMMEHTapHeM 1) ONpenesisieTcs KOHCTaHTa
controlPin As koHTakTa 9. Xots B Arduino Uno umerotcs kak LH(GPOBbIE KOHTAKThI
ot 0 no 13, Tak W aHanoroBeie oT 0 10 5, CyLIECTBYET COrJIaLIEHHE, YTO Koraa Koj
Arduino cceiiaeTcs MPOCTO Ha YMCIIO KaK TakoBoe (B HALLEM ciyyae: 9), 3T0 OTHOCHT-
cs K uuppoBoMy KOHTakTy. Eciu Bbl XOTHTE 0OpaTHTBCA K OJHOMY M3 LLECTH aHaJo-
roBbIX KOHTAKTOB, TO IOJDKHbI TOCTABUTD MEpe HOMEPOM KOHTaKTa OyKBY A.

2. Bo BTOpO#i cTpoke (KOMMeHTapuii 2) QYHKLUMS setup () OMpeNeNseT 3TOT KOHTAKT
KaK UH(poBOii BLIBOJ, HCMOJL3YIOLHI QYHKLHIO pinMode.
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3. B 6noke, moMe4eHHOM KOMMEHTapHeM 3, 6eckoHeuHas QyHKLM loop () CHayana 3a-
JIaeT AN controlPin (KOHTaKT 9) 3HayeHHe HIGH (5 B), 4TOOBI BKJIFOUMTH CBETOAHO/,
3aTeM OHa JenaeT 3aJepkKy B 5000 Mc (5 cekyHI) W 3aJaeT AJii controlPin 3Ha-
yeHue 1Low (0 B), uToObl moracuth cBeroauon. B cnenytouiell cTpoke Mbl JenaemM
3aJIEPXKKY ellle Ha 2 CeKYHAbI, MOCJe Yero LUKJI 3aMyCKaeTcs CHOBA.

3arpyxaemM U BbINOMNHAEM Nporpammy

Jarpy3ute nporpammy Ha Arduino. Kak Tonbko mnata Arduino B mpouecce 3arpysku
nepe3arnycTUTCS, Ha Hell CTaHEeT BBIMOJIHATBCA Ball KO, M CBETOJUOM 3aMHIaerT.

Eciun CBETOAHOA HE MHUIAC€T, TO INMPOBEPHTE BCE COCAUHEHHUS U yGCIlHTer, 4YTO CBETOOHOO
YCTAHOBJIEH MPAaBHJIBHO (60.1166 JUIMHHBIA BBIBOJ CBETOAHOAA JOJIKEH HIATH K BEPXHEMY
13 IBYX 3a/ICHCTBOBAHHBIX paaoB MaKeTHOM l'l.]'laTbl).

[lonpoGy¥iTe moMeHATh 4Kcaa B PyHKUHMAX delay, YTOOBI BapbHPOBATh MJIMTENBHOCTD
paboThl CBETOAMOA B KaXKAOM LMKJIE. YUYTHUTE, YTO TMOC]e KaKIOr0 W3MEHEHHUs Mpo-
rpaMMbl ee MoTpebyeTcs 3arpyaTh 3aHOBO.

dkcnepumeHTupyem c Raspberry Pi
Noakniouenue Raspberry Pi

B otnnume ot Arduino, kontaktel GPIO Ha Raspberry Pi Hukak He moMeueHEl, U cxony
onpeaeauThb, rAe Kakod HaxoauTcs, TpyaHo. [ToaTomy ecTh Ba BapraHTa: TGO UCIOJIb-
30BaTh cXeMy pacnoJjoxeHus koHTakToB GPIO (cM. npunooicenue 2) u nocuntathb, kakoi

Puc. 4.8. MoaknioueHne MakeTHON NNaTbl ANA ynpaBneHWs cBeToauoaom ¢ Raspberry Pi
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Puc. 4.9. KomnoHoBka MakeTHOW NnaTbl ANA yNpaBNeHUsA CBETOAUOAOM C Raspberry Pi

KOHTAKT BaM Hy>eH, 6o paboTaTh ¢ TpadapeToM Uil pa3METKH KOHTaKTOB, HaKJaIbl-
BaeMbiM Ha GPIO, — Hanpumep, ¢ Raspberry Leaf, kak mokasaHo Ha puc. 4.8. Komrmo-
HOBKa MaKeTHO# MmiaTel U coeauHeHus ee ¢ Raspberry Pi mokaszansi Ha puc. 4.9.

Mporpamma ans Raspberry Pi

s nporpammupoBaHus Raspberry Pi He HykeH oTaenbHBIH KOMOBIOTEP — MpOrpamMmy
MOXXHO 3amMcaTh W 3alycTUTh Ha caMoM Raspberry Pi. Mrak, 3arpy3um Ha Raspberry Pi
nporpammy, kotopasi HaxoauTtcs B ¢aiine on_off_control.py kaTasiora python/experiments:

import RPi.GPIO as GPIO //
import time // B

GPIO. setmode (GPIO.BCM) //

control pin = 18 // E
GPIO.setup(control pin, GPIO.OUT)

try: // E
while True: // [§
GPIO.output (control pin, False) // ﬂ
time.sleep(5)
GPIO.output (control pin, True)
time.sleep(2)

finally:
print ("C6poc")
GPIO.cleanup ()
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Orta mporpamMMa npeacTaBiseT cob6oi npakTHYeckH NBOHHHMKA nmporpamMsl it Arduino.
PaccMoTpuM ee Takxke MO MyHKTaM, BOCMOJIb30BaBIUMCh Pa3METKON CTPOK, CHAEJIaHHOM
B KOMMEHTapHAX:

1. Yro6el monyuuts goctyn k koHtaktam GPIO Raspberry Pi, Bam noHamo6urcs 6u6-
nvoteka RPi.GPIO Ha s3bike Python, koTopyto Hanucan 3HTy3uacT Raspberry Pi ben
Kpocton (Ben Croston). Tak uTo, B nepBoii CTpoke koJa Mbl 3Ty GUOIHOTEKY UMITOp-
tupyeM. bubnuoreka RPi.GPIO npenycraHoByieHa BO Bcex MOCIEHUX BEPCHSAX CTaH-
JaapTHoro auctpubytuBa Raspbian, mosroMy Bam He MpHIETCs €€ YCTaHaBJIMBATb,
€C/IM TOJIKO Bbl He paboTaere co cTapoii Bepcueii Raspbian. B ciyuyae ke crapoii
BepcHH yOoOHee BCEro yCTaHOBUTb OMONIHOTEKY, NPOCTO OOHOBUB CHCTEMY, YTO BB,
cKkopee BCero, Tak M caesnaete. J11s 3Toro HyHO BBIMOJTHUTb B KOHCOJH CJIEYIOLLYIO
KOMaHLy:

$ sudo apt-get upgrade

2. Bam Taxoke norpebyeTcs UMNopTHpoBaTh OUOIHOTEKY BpPEMEHH, MOCKOJIbKY UMEHHO
OHa obecrnieyrBaeT 3aJ1epaKKH NMPH BKIIOYEHHUH U BBIKJIIOYEHHH CBETOHOA.

3. CTpoky GPIO.setmode (GPIO.BCM) CledyeT BKJIIOYaThb B JIOOYIO MporpaMMmy Ha
Python, koTopyio Bbl nuuiere ans ynpasneHus koHtaktamu GPIO, npexxae yem 3ana-
BaTb PEXWM KOHTAKTOB WU BOOOLIE Kak-NMOO WX ucnonb3oBaTh. Komanga coobuiaer
oubnuoreke GPIO, uto koHTakThl OynyT HaeHTHdULMpoBaThes Mo WX Broadcom-
HauMeHoBaHusM (BCM), a He no nonoxxeHuto. bubnuoreka RPi.GPIO nonnepxusaet
obe cxeMbl IMEHOBaHHUs, HO UMeHoBaHHe No Broadcom Gonee nonynspHo, U UMEHHO
UM MbI OyJIeM MOJIb30BaThCs B 3TOM KHUre.

MPUMEYAHUE

O6patute BHUMaHue, YTO npu nporpammupoBaHun nof Raspberry Pi He 3apencrsyloTcs
oTAenbHbIe PYHKUMU setup () U loop (), KaK Mbl 3TO A€nanu Npu NPoOrpaMmMupoBaHum Noa
Arduino. Onpeaenenus, Bkniovyaembie B Arduino B yHKUMIO setup (), NPOCTO NPONUCHIBA-
lotcst anech Gnuxe K Hayany nporpaMmbl, @ 6ECKOHEYHbIW LMKN while UrpaeT TyT pofb,
koTopys B Arduino o6bi4HO nopy4yaeTcs YHKUWUM Loop () .

4. [lepeMeHHast control pin uaeHTHUuMpyeT GPIO-koHTaKT 18 kak HMMEHHO TOT,
K KOTOpOMY Bbl coOHpaeTech noakmoyath cBeroaron. Or W onpenensercss B KayecT-
BE BbIBOJIA NP MOMOLLHY KOMaH/bl GPIO. setup.

5. TepexoauM k ¢YHKUMH, KOTOpas SKBHBaJieHTHa LMKy Arduino. OHa 3akiodeHa
B KOHCTPYKLMH try...finally. CyTb €€ B TOM, YTO €C/M B NMPOrpaMMe BO3HHUKHET
Kakas-n1160 owmunbka, To Bbl JIMOO NMPOCTO OCTAHOBUTE MpOrpaMMmy, HaxaB KOMOWHa-
uuto knasuul <Ctr[>+<C> B okHe TepMHHaJIa, IIe OHa BBIMOJHAJIACD, MO0 3aMmyCTHT-
sl KOZI OYMCTKH, colepxaliuiics B 6Jioke finally.

MosxHo oGoiiTich 6e3 3Toro Koa ¥ MOMPOCTY MCMOJIb30BaTh LMK while, HO KOA
OUYHCTKHU aBTOMaTHuyecku cOpachiBaeT Bce GPIO-koHTakThl B 6€30nMacHOe COCTOSHHE
(Ha BXOJ), CHMXKasi BEPOSITHOCTb TOrO, YTO Ciy4aiiHOE KOPOTKOE 3aMblKaHHE WK
olnOKa MOHTaXka Ha MakeTHOM nyate noBpeaut Raspberry Pi.

6. B uMkie while JOeiCTBYeT yCJIOBHE True. JTO MOXET MOKa3aTbCsd CTPaHHBIM, HO
B Python Mbl MMeHHO Tak obOecrneunBaeM OECKOHEYHOE BBIMOJIHEHHE KaKOro-Jimbo
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koma. Ha camoM pnene, mporpaMMma npocTO NpPOAOJDKHT LMKJIHYECKH BBIMOJHATH
KOMaHAbl B LMKJIE while, MOKa Bbl HE OCTAHOBHUTE €€ KOMOMHaLMeH KiaBHLI
<Ctr[>+<C> nu6o He otkmounte Raspberry Pi.

7. Kox BHYTpHM LMKJIa OYEeHb MOXO0X Ha ero aHaiuor U3 Arduino. Konrakt GPIO umeer
3HaueHHe True (high), 3aTeM cnenyer 3aaepxka S cekyHa, nocye yero GPIO-koHTakt
noJjiy4yaet 3HaveHHe False (low), MPOMCXOOMUT elle oAHA 2-CeKyHAHas 3alepikka, u
LIMKJI TIOBTOPSETCA.

3arpyxaeM 1 BbINONHAEeM NporpamMmmy

Hns pocryna k koHtaktam GPIO B Linux TpeOyroTcs MpHBHUJIETHH CYMEPIOJib30BaTeN .
[TosTroMy, uTOGbI BBHIMOJHUTH NporpamMMmy, nepeiaure B katanor c ¢aitnoM on_off_
control.py M 3aIyCTHTE e CleAyIoleld KOMaHAOM:

$ sudo python on_off control.py

Hanom—no, 4YTO, HAYHMHAsA KOMAaHAY C sudo, BBl 3allyCKa€TE NMporpaMMmy OT UMEHH CYyIep-
MOJIb30BATEJIA.

Korna ceeToauon noctaToyHOe KOJMYECTBO pa3 MOMUIaeT, HAXKMUTE KOMOWHALMIO KJa-
Bl <Ctr[>+<C> nns 3aBeplueHHs NporpamMmal.

CpaBHeHue Koaa

O6bwas crpyktypa koga Ha Arduino C u Ha Python Beckma moxoxa, HO CTHJIb Koja
3aMeTHO oTiimyaercs. Kpome Toro, nmpy MMeHOBaHMM MepeMeHHbIX WM ¢yHKuui B C
HCIOJIb3YEeTCA COMJIAlEHHe, MPH KOTOPOM KaKAOe CJIOBO MOCJiE MEPBOro HayMHAeTCs
¢ 3arJiaBHO# OykBbl, a B Python ucnone3yercs «3MeHHbIi» CTHIb snake case, MpH KOTO-
POM CJIOBa pa3aesIAtOTCS HIKHUMHU MO0 J4ePKUBAaHHUAMH.

B Tabu1. 4.2 npuBeAeHbI KIIOYEBbIE OTJIMYHUS MEXY JBYMS MPOrpaMMaMH.

Tabnuya 4.2. Arduino C u Python

Komanpa Koa Arduino C Koa Python

OnpepensieM KOHCTaHTy | const int controlPin = 9; control_pin = 18
ANA KOHTakTa

3apgaem KoHTakT pinMode (controlPin, OUTPUT) GPIO.setup (control pin,
B KayecTBe BblBOAA GPIO.OUT)

3apnaem ans BbiBOAA digitalWrite (controlPin, HIGH); GPIO.output (control pin,
3HauyeHve high True)

3apaem ans BbiBOAA digitalWrite(controlPin, LOW); GPIO.output (control pin,
3Ha4eHwue low False)

[enaem 3aaepxky delay(1000) ; time.sleep(1l);

Ha 1 cekyHay




Mepeoe 3HakoMcmeo 67

dKCnepuMEeHT: ynpaBreHue aneKkrpoaBurarenem

Wrak, Teneppb Bbl 3HaeTe, kak npu nmomout Arduino u Raspberry Pi Bkimouyats U BblJTIO-
4YaTh CBETOAHOAHBINH HHANKaTOp. [laBaiiTe, BOOPYKHUBLUMCH STUMH 3HAHHSAMH, NMOMpPoOyeM
3aMycKaTh ¥ OCTAHABJIMBATh 3JIEKTPOABHIraTeNb. JIJI1 3TOro Mbl BOCMOB3YEMCSA TEMH XKe
porpaMMaMH, 4TO OMHCaHbl PaHEE B paz0. «IKCnepuMeHm: ynpagieHue ceemoouooomy
3TOH )K€ IiaBbl, HO AJIA YNpaBJIEHHUs [BUraTeleM MOCTOSHHOIO TOKa MPUMEHHM Mepe-
KnoyaTens.

lopazno moapoOHee MBI pacCMOTPUM ABMIaTed MOCTOSHHOrO Toka B 2naee 7. Ceituac
ke HaM JIOCTATOYHO 3HATh, YTO MBI UCMOJIb3YEM B 5TOM 3KCINEPUMEHTE HEOONbIIHE MO-
TOpbl, HANMOJOOHE TEX, KOTOPbIE YCTAHABJIMBAIOT, HAPUMED, B PYYHOM BEHTHJIATOPE WK
B MrPYLLIEYHOI MallMHKe. ITH JBUraTelM HauboJsiee MPOCTHI B UCMOJIb30BAHHH: Yepe3 JBa
UMEIOLIMXCS Y HUX KOHTAKTa Ha HUX MOJAETCS HaNpshKEHHE, U BaJl HAYHHAET BpaLlaeTcs.

[lockonbky nMouTH BceM ABUraTtensM Tpedyercs Tok, 60iee CHIIbHBIH, Y€M MOTYT BblIEp-
*aTb uudpossie BoiBoAbl Raspberry Pi unn Arduino, Mbl He MOXKeM 3aNUTaTh JBUIATENH
HEMOCPECTBEHHO C HHX, MOITOMY B CX€MY BKJIIOYAETCS TPAH3UCTOP, MO3BOJISIOLIMIA
mantoMy Toky ¢ Raspberry Pi wnn Arduino ynpanste ropasno 6oJiee CHIBHBIM TOKOM,
MUTAIOLLKM 3JIEKTPOABUraTENb.

[Ipu pabote u ¢ Raspberry Pi, u ¢ Arduino ucrons3yeTcs OAHO U TO XK€ 3JIEKTPOHHOE
obopynoBaHHe, KOTOpoe B OOOMX CllydasX yCTaHAaBJIMBAa€TCS Ha OJMHAKOBBIX Oecraeuy-
HbIX MAaKETHBIX UIaTax.

Jta ryiaBa npeiacTaBiseT coOOH JIMLIL NMepBOe€ 3HAKOMCTBO C BOMPOCAMH YNpPaBJIEHHs
HAlLMMM TJIATaMH, MO3TOMY HEKOTOpbie€ A€Tajd MPOBOAMMBIX JKCMEPUMEHTOB CTaHYT
BaM GoJiee SCHBI JIMLIBb B MOC/IEAYIOIMX r1aBax. MMeiiTe Takoke B BUY, UTO HA MAaKETHbIX
nnatax OyJaeT yCTaHOBJIEHO ropas3zio 6oJiblie KOMIIOHEHTOB, YEM B NEPBOM 3KCIEPUMEH-
Te, NO3TOMY y6eauTech, YTO BCE MX BBIBOJbI BCTABJIEHbI B HYXKHbIE OTBEPCTHA, a TaKxke
HCTIPaBHBI M MPaBHJILHO YCTAHOBJIEHB CAMH KOMIIOHEHTHI.

Komnnekryowme

B stom skcnepumenTe ans pa6otsl ¢ Arduino u Raspberry Pi nonapobsarcs cnenyrompue
kommiekTytorue (tabn. 4.3).

Tabnuya 4.3. Komnnekmyrowue 0ns pabomsi ¢ Arduino u Raspberry Pi
8 3KCrepuMeHme o ynpasneHulo snekmpodsuzamenem

KoMNOHeHT cxeMbl UCTOYHNKKN

CoctaBHoM TpaH3ucTop (napa [apnvHrroHa) Mouser: 833-MPSA14-AP
MPSA14

Ovoa 1N4001 Adafruit: 755

Sparkfun: COM-08589
Mouser: 512-1N4001

PeavcTop 470 OM 0,25 BT Mouser: 291-470-RC
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Tabnuya 4.3 (okoHYaHue)

KoMnoHeHT cxembl UcTouHunkmn

HeGonbLuoi aBUraTens NOCTOAHHOMO ToKa Adafruit: 711

C HanpsxeHuem nuTaHus 6 B

BatapeiiHbiii oTcek 4 AA (6 B) Adafruit: 830 -
400-ToueyHan GecnaeyHan makeTHas nnata Adafruit: 64 -
Mepemblukn «nana-nana» Adafruit: 758 -
MNepemblukn «mama-nana» (Tonbko Ans Pi) Adafruit: 826 -

HanoMHIO, 4TO nepeMbluKH «MaMma-namna» MOHaAo0ATCs TOJNbKO A MOAKIIOYEHHS
Kk MakeTHO# ruiate koHTakToB GPIO Raspberry Pi (ecnu Bbl ninaHupyeTe npoBecTH 3TOT
skcnepuMeHT ¢ Raspberry Pi Toxe).

KomMmnoHoBka MakeTHOM nnaTtbl

KoMnoHoBka MakeTHOH miaThl [J11 3TOro MpoekTa noka3aHa Ha puc. 4.10. Tlocne ycra-
HOBKHM Ha MaKETHYIO IUIaTy BCEX KOMIMOHEHTOB HY>KHO YO€QUThCs, YTO TPAaH3UCTOp pac-
MOJIOXEH NPAaBHIIBHO, — €ro IMJIOCKasi CTOPOHA € HAJAMUChIO NOJDKHA ObITh OPUEHTHPOBA-
Ha BnipaBo. Kpome Toro, Haao NpoBEpUTh M PacroJioKeHHE JUO0Aa — Ha OAHOHM CTOpOHE
y HEro MMeeTrcs MOJIOCKA, W 3Ta CTOpPOHa A0JDkHA ObITh HampaB/ieHa K BepXHEH 4acTH
IIaThl.

[TockoJibKy 3KCIEpPUMEHTHPOBATh 3a4acTyl0 HHTEpecHee, YeM pa3OHUpATbCs B AeTaisx
(GYHKLUHOHMPOBAHHUSA, Mbl OTJIOKUM MOApOOHOE 00CYXkIeHHEe 3TOro 3KCMepUMEHTa [0
2naevt S.

[Buratenb 6 B nocTtosiHHOro Toka
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Puc. 4.10. KomnoHoBka MakeTHON NNaTbl ANA YNpaBNEHUNA ABUraTenem
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JkcnepuMeHTbl 6e3 Arduino unu Raspberry Pi

[Ipexxne yeM noakmoyaTh MakeTHyIo miaty k Arduino unu Raspberry Pi, MoxHo mpo-
TECTHPOBATh €€ U MOIKCNEPUMEHTHPOBATH C HEH M 0€3 TaKoro MoAKIIOYEHH .

TpaH3ucTop AeicTBYeT 31ech B kauecTBe nepeisnoyarens (moapobHee o6 3ToM paccka-
3aHO B enase ). CooTBeTCTBEHHO, K 1iiate (Arduino umu Raspberry Pi) 6yayT noaeene-
Hbl IBa POBOAA: ynpaBisiomuii 1 3a3zeminenue. 3azemnenue (GND) cooTBETCTBYET HYJIO
BOJBT, KakK JJI CXEMbl MaKeTHOH IIaThl, Tak U A miat Arduino u Raspberry Pi. Ynpas-
1slouee NOOKNIOYeHUe 3aIyCKaeT JBUraTellb, KOrAa OH MOJK/IOYEH K TF000MY HCTOUHHKY
Toka ¢ HampsbkeHHeM Goniee 2 B. Korga HanpskeHHe OKaXKeTCs HHXKE 3TOH BEJIMYMHBI,

ABUraTeJib BbIKJIFOYHUTCA.

[lorpeHupyiitech B paboTe ¢ MepeMbIUKOM «mama-namnay» A0 TOro, Kak NMPUCTYNaTh K HC-
nonb3oBaHuio Arduino unu Raspberry Pi. BctaBbTe 0HH ee KOHell B OTBEPCTHE TOTO XKe
pana, KyZa BCTaBJIEH JIEBbI BBIXOJ PE3UCTOpa, a APYroi KOHEL MPHIIOXKHUTE K BEPXHEMY
KOHTAaKTY AMOJa, KOTOPbIH MOJKIIOUYEH K IUTIOCOBOMY KOHTaKTY OaTtapeiiku (puc. 4.11), —
ABUraTeNb 3aMyCTHTCS, HO KaK TOJIbKO Bbl OTBEJETE IUTBIPEK MEPEMBIYKH OT AMOJHOrO
BbLIBOJA, IBUraTeJb OCTAHOBHUTCS.
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NoaxknioueHue Arduino

Tenepp, koraa Bbl yOeAWIHCh, YTO YNpPaBJSAIOWIMI BBIBOJ C MAKETHOW IUAThl AeHCTBU-
TENbHO BKJIIOYAET M BBIKIIOYAET JBUraTeNlb, MOXKHO MOIACOEAWHHUTH €r0 K OJHOMY H3
GPIO-koHTakTOB Arduino npu nmoMoly nepeMbluKy «rnamna-nanay. Bocnonesyiitech ans
3TOro KOHTaKToM 1o HomepoM 9 (puc. 4.12). OOpaTuTe BHUIMaHHE: MBI YK€ UMEJTH AEJI0
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C 3THM YNpaBIgOLIUM KOHTAKTOM paHeEe (CM. pa30. «3Kcnepwuenm.‘ ynpaesJjeHue ceemo-
ouo0oMy).

Kpome Toro, BaM moHagoOMTCS MOAKJIIOYHTH Apyroil BeiBoa — 3asemiyieHue (GND),
k BbiBony GND Ha nnate Arduino. 3To Takxke noka3aHo Ha puc. 4.12.

[euratens 6 B nocTosiHHOro Toka
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Puc. 4.12. KoMnoHOBKa MaKkeTHOI nnaTbl ANS YNpaBneHus aBuratenem npu nomowm Arduino

dkcnepumeHTupyem ¢ Arduino

Ecnu y Bac Ha nnaty Arduino mo-npexxHemy 3arpyskeHa mporpamMa U3 paHee paccMoT-
PEHHOro paszo. «OKchepumeHm: YnpagieHue C8emoouoooM», TO 3arpyxatb Oosiblue
Huuero He Hano. Ecnm aToli mporpamMbl Ha Arduino y»e HET, TO BEpHHTECh K TOMY pas-
Aely, 4ToObl BHOBb €€ 3arpy3uTb.

Kak u B 3KCNMEPHUMEHTE CO CBETOAUOAOM, nourpaiflTe C YUCJIaMH B (i)yHl(l.lPlﬂX delay, YTO-
Obl H3MEHHTD AJIUTEJIBHOCTh paGOTbl JABUraTelid B KOKIOM LHUKIIC.

MoakntoyeHue Raspberry Pi

Tenepb MOXXKHO OTCOEMHUTH MaKeTHYIO IiaTy ot Arduino ¥ noakIouuTh ee k Raspberry
Pi. [Tonkmounte GPIO-koHTakT 18 (ynpasnstowmii kontakt) 1 GND (3a3zemiieHue), kak
MOKa3aHo Ha puc. 4.13.

dkcnepumeHTupyem ¢ Raspberry Pi

[Tporpamma s Takoro skcnepumeHta Ha Raspberry Pi ¢yHkuMoHanbHO aHamoruyHa
nporpamme Ui paboTbl CO CBETOJHOOM.

YroObl BBIMOJHUTE MpOrpaMMmy, nepeiaure B katanor c¢ ¢ainom on_off_control.py 1 3a-
MyCTHUTE €€ CJEeAYIOLIEH KOMaHAOM:

$ sudo python on_off control.py
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[Oeuratens 6 B nocTosiHHOro Toka
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Puc. 4.13. KOMnOHOBKa MakeTHOM nnaThbl ANA YnpaBneHwus Asuratenem npu nomowwm Raspberry Pi

[locne Toro kak ABHraTesb nopaboTaeT JOCTATOYHO AOJr0, HAXXMHTE KOMOHHALIMIO Kna-
Ul <Ctr>+<C> m1s 3aBeplueHUs NporpaMMbl.

3akntoyeHue

B 3T0li rmaBe Mbl cTpeMUIIMCh NPHOOpECTH MEPBbIi NMpakTHYECKHi onbIT. B crnenyromei
rnae GyneT nmoapobGHee pacCMOTpEHa TEOpETHYeCKas OCHOBA INpPEACTABJIEHHOrO 3JeCh
npoexTa. Mbl Takxke pazbepeMcs, kak NMpaBUJILHO MOA00OpaTh TpaH3UCTOp 11 paboThl U
KaK pa3iMyaTb KOMIIOHEHTHI.



B pas3o. «Qxcnepumenm: ynpagnenue s1ekmpoosuzameniem» 21aebl 4 Mbl yXKe HCIOJIb30-
BaJIM TPAH3HCTOP AJIA 3aMycKa ABUraTess, Ho 6e3 kakux 6bl TO HH ObLIO MOSACHEHHH, Kak
aT0 paboraer. Ecnu Bbl XOTs Obl HEMHOro pa3bupaeTech B 3JEKTPOHHKE, TO, BIOJHE
BO3MOXKHO, UMEJIM JEeJNO0 C TPAH3UCTOpPaAaMH M MOXKETE TOrja MpOMyCTHTb OOJbLIYIO
4acTh 3TOH rnaBbl. Eciu ke Bbl B 3/1eKTPOHMKE HOBHYOK, MpHBENEHHAs 3ech HHPopMa-
LM BaM BECbMa MPHIOAUTCS.

Tok, HanpsXXeHue U conpoTUBNeHue

Pazobpatbes ¢ 3TUMM BETMUMHAMU HaM MOMOXET JIEKTPUYECKAs CXEMa COEJUHEHHUH U3
paso. «Ixcnepumenm: ynpasieHue 31eKkmpoosuzamenemy 2nagvl 4, KOTOpPYO Mbl coOpa-
JI1 Ha MakeTHoH ruiate (puc. 5.1).

OBuraTtenb
6B

UcTouHumk

D1 nuTaHusa

1N4001

Q1
YnpaBneHue

3emnsa
Puc. 5.1. Cxema ynpaBneHus gsuratenem
Takoe cxemaTHyeckoe npeacTaBlIeHHEe — MPOCTO elle OauH, Gosiee abCTPakTHBIM, CIO-

cob IOKa3aTh, YTO HAXOAUTCAd Y HAC Ha MakeTHOH mate. Ha cxemMe KOMIOHEHTHI M30-
6pa>|<alorc;1 HE TaK, KaK B p€aJIbHOCTH, a TaK, YTOOBI OBIJIO MOHATHO, KaK OHH pa60Ta10T.
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Tok

Jlomanas nuHMA, u3o6paxatowas pesuctop R1, noackaspiBaer, YTO 3TOT JMEMEHT Orpa-
HMYMBAaeT TOK. B 3/1ekTpoHHKE moxom Ha3bIBaeTCS MOTOK 3JIEKTPOHOB, HAYLUMH uepes
NpoBOJA HJIM JIEMEHTHI CXeMbl. MOXKHO CKa3aTb, YTO 3JIEKTPOHBI ABKXKYTCS W3 OIHOMH
yacTH Balled cxembl B Apyryro. Hampumep, Tok moxer BbixoauTh ¢ GPIO-BeiBOAa
Arduino unu Raspberry Pi u noctynats Ha pesuctop R1. Ipoiins yepes pesuctop R1, on
normaJaeTt Ha LIeHTpaJlbHOe coenHeHue (6a3y) TpaH3ucTopa Q1.

Maneiii TOK, HaYLHIi Yepe3 6a3y TpaH3UCTOpa, MO3BOJISET YNPABJATh MPOTEKAHHEM TO-
pa3no GoJsiee CHIIBHOrO TOKA 4epe3 [Ba COeAWHEHHs TPAH3MCTOPa, MOKAa3aHHBIE CIPaBa:
koanekmop (cBepxy) U smummep (cHu3y). UMeHHO 3a cueT 3Toro 3ddekra cnadblif TOk
¢ GPIO-koHTaKTa MO3BOJISET YNPaBIATh CUIIbHBIM TOKOM, MUTAIOLHM, HalpUMep, IBUra-
Tenb. Takyro KOHCTPYKLHMIO YAOOHO CPaBHUTh C LIM(PPOBHIM MEpeKsIoYaTeNeM, KOTOPBIH
MOXKHO BKJIIOYATh M BBIKJIIOYATH MPH MOMOLLIH MaJIOro TOKa.

EnvHuua u3mepeHus cuiibl Toka HasbiBaeTcs amnep (cokpauieHHO A). [Tockonbky Tok

¢ cunoi 1 A cnMUIKOM MOILHBIHA, YTOOBl paboTaTh ¢ HUM Ha Arduino unu Raspberry Pi,

valwe s ynobctBa HcmoJibdyercs eauHuua mwuiuamnep (MA). Ilpu stom 1 MA =
1

=100 A.

OrpanuumBaroLuii cuiy Toka pesdctop R1 Bkilouyaercs B Haury cxeMy MOTOMY, UTO
GPIO-konTakThl Arduino unu Raspberry Pi HenocTaTouHo MOLUHBI, YTOGbI MOXKHO GbLIO
YNpaBisTh JBUraTesieM MpsMo ¢ HUX. M eciu Bbl Bce ke MOMBITAETECh 3TO CAENaTh, TO,
ckopee BCero, MOBpeANUTE MM BOBCe BbiBeeTe M3 cTpost Pi umn Arduino. Kak yxe orme-
yanoch paHee, Raspberry Pi moxer pabGotate ¢ TokoM cuiioii He Gonee 16 MA, a
Arduino — okoro 40 MA.

HanpsixeHue

Bona Bcerna Teuyer cBepxy BHH3. AHANOTHYHO, TOK B 3JIEKTPUYECKOH cXeMe Bcerza Ino-
CTyrnaeT OT KOMIIOHEHTOB, HAXOAALIMXCS 1o OoJiee BHICOKUM HANnPAXiCeHueM, Ha KOMIIO-
HEHTBI, HaXoAsLMecs nol HanpsbkeHueM 6onee HU3kUM. U eciin GPIO-koHTaKT, OT KO-
TOPOrO TOK JAOJDKEH MOCTYNAaTh Ha Hauly cxemy (cM. puc. 5.1) mo nuHuM YmnpasiieHue,
HaxoauTCs moJ HanpsbkeHHeM 0 B, HHMKakoro Toka He MOTEYET OT HEro Ha Pe3UCTOp,
TPaH3UCTOp U Jajiee Ha 3a3eMIIEHHE, T. K. HanpsbkeHue 'y GPIO-koHTakTa, U y 3a3eMie-
Hus Oy et oguHakoBbiM, — O B.

Onnako, korga GPIO-kOHTakT HaXoaUTCs B BbICOKOM cocTosiHuM (high) — T. e. Ha Hero
nogaxo 3,3 B (Raspberry Pi) umu 5 B (Arduino), Tok OoT Hero noiaeT Ha pe3ucTop U Ja-
niee, yepe3 TPaH3UCTOP, B 3a3€MJICHHE.

3Iler BAOXHO OTMETHTbD, YUTO BO BCCX TOYKaX, COCAHHCHHBIX Ha CXCME J'lPlHHeﬁ, Harnpsoke-
HHE OJUHAKOBO.

HanpsbxkeHue usmepsercs B goswmax (cokpaiieHHo B). U, kak yke oTMeudanoch paHee,
GPIO-konTakThl Raspberry Pi, paboTarowue Ha BeIBO, UMeIOT Hanpsbkenue 3,3 B (high)
um 0 B (low), a Ha Arduino cootBetrcTBeHHO: 5 B 1 0 B.
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3a3emMneHue

JIunus «3emas» B HIOKHEH yacTH puc. 5.1 — 310 3a3emnenue. Ha nonoGHbIX cxeMax OHa
yacTo ob6o3Hauyaetcs ab6peBuaTypoit GND (ot aHris. ground, 3emns). BennunHa Hanps-
JKE€HHs Ha 3a3eMJieHHH Bcerna paBHa 0 B u sBnsercs 6a3qBbIM 3HAUEHHEM, OT KOTOPOTO
OTMEPHBAIOTCA BCE OCTalIbHBIE MOKA3aTesM HanpskeHHs Ha cxeme. Tak, BEpXHHH Mmoo
XKUTENbHBIA 30kuMM OaTapeiiku 0603HaveH 6 B, mockonbky ero HampsbkeHue Ha 6 B Bbl-
1€, YEM Yy BbIXOJa «3emMJis».

[Ipy moaxyIrOYEeHHH APYr K ApYry pa3jH4YHbIX KOMIOHEHTOB Kakoro-jiM6o NmpoekTa Bce
3a3eMJIEHHs 9THX KOMIIOHEHTOB JOJDKHBI ObITh COeIMHEHbI MeX 1y coboii. B Hawem ciy-
yae, koraa Mel cobepeMcs NMPUCOEAMHHUTb MOAYJb YMpaBJE€HHs IBHraTejeM K IUiaTe
Arduino wmm Raspberry Pi, ero 3azemnsiomas nuHus OyAeT MOAKIIOYEHA K OOHOMY M3
KOHTaKTOB 3a3emiieHHs (GND) 3Toit miatel.

ConpotuBnenume

Kaxxapiit pesucrop obnagaer CBOUM HOMHHANBHBIM CONPOMUGIEHUEeM, KOTOPOE U3MeEpPs-
ercs B omax (om), Ha cXeMax OMbl HHOrja o603HavalTcs rpedeckoii OykBoit omeza (Q).
Pa3bpoc 3Ha4eHHil CONMpPOTHUBIIEHHS PE3UCTOPOB BEChbMa BeJIMK, OBIBAIOT TaKHE, COMpo-
THUBJIEHHE KOTOPBIX COCTABJIAET HECKOJIbKO KWJIOOM (TBICAY OM), a MHOrJa U MeEraom
(MHJIITMOHOB OM).

Pe3ucTop, BKIIIOYEHHBII B cxeMy, MMOKa3aHHYIO Ha pHcC. 5.1, uMeer 3HaueHue 1 kOm, a
OMpeae/MTh, HACKOJIbKO MOXCHO OrpPaHHMYHUTH TOK TAKUM PE3UCTOPOM, MO3BOJISAET 3AKOH
Oma. DTOT 3aKOH TI'JIACHT, YTO CHJIa TOKA, MPOXOMSALIEro Yepe3 pe3uCTop, paBHA pa3HHLE
HamnpspKEeHUs 1Mo 06e CTOPOHbI pe3HCTOpa (B BOJBbTAX), pa3le/IeHHOH Ha COMPOTHBIIEHHE
pesucropa (B omax). B ciyyae Raspberry Pi MakcHManbHbli epenan HanmpsokKeHUs Mex-
Iy GPIO-kOHTakTOM M 3a3eMJIEHHEM BO3MOXKEH B MOMEHT, koraa GPIO-koHTakT Haxo-
autcs B BbicokoM (high) cocTosHMu, T. €. 3HaueHHe HampsHKEHHS Ha HEM COCTaBIIsET
3,3 B. Otciona MakcuMasnbHasi BO3MOXKHasi CHJIA TOKA MPU 3TOM:

3,3B /1000 Om = 3,3 MA.

Tok HA GPIO-KOHTAKTAX RASPBERRY PI

o cux nop HeT obLiero MHEHUA O TOM, C KakUM MakCMManbHbIM TOKOM MOXET pabortaTb
GPIO-koHTakT Raspberry Pi. O6bI4HO 1 UICXOXY U3 3HAYEHUS, OULMANBHO YKA3aHHOTO W3-
rotoBuTenem Raspberry Pi (1. e., 3 MA Ha 1 koHTakT GPIO). 3Hauenne 3 MA nosiBunochb no-
TOMY, YTO Ha nepsoin moaenm Raspberry Pi 6bin0 Bcero 14 KOHTaKTOB, U €ro0 TPEXBOSMLTO-
Bbli perynaTop HanpshkeHus no3sonsn nogate Ha GPIO-koHTakTbl BCero 50 MA TOKa,
yto Aasano 3 MA Ha 1 koHTakt GPIO npu ycnosun 3aaenicTBOBaHUS BCEX TAKMX KOHTAKTOB
nnaTbl.

OTn nokasaTtenu yxe He akTyanbHbl Ans HOBbIX moaenew Raspberry Pi (A+, B+ n Pi 2),
MMeIoLMX NO 24 KOHTaKTa, AOCTYNHbLIX ANSA Ucnonb3osaHus B kadyectee GPIO, a Takxe 06-
napalolmnx TpPeXsoNbTOBLIM PErYNIATOPOM HANPAXEHWUS, KOTOPbLI TEOPETUYECKU MOXET No-
paBaTb’0 1 A. OaHako faxe ecnv Bbl paboTtaeTe C OAHOW M3 3TUX HOBLIX MoAenei
Raspberry Pi, To Bce paBHO He nbiTaWTecb nogasatb 1 A / 24 = 41 MA Ha koHTakT GPIO,
nockonbky npumeHsemas B Raspberry Pi ogHokpuctanbHas cuctema (system on a chip,
SoC) Broadcom Takxe orpaHMuuBaeT npeaenbHblil TOK Ha 0AnH koHTakT GPIO BenuunHomn
16 MA.
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TeopeTudeckn Ha Raspberry Pi A+, B+ unu Pi 2 moxHo nogasatb Ao 16 MA Ha kakoe yroa-
HO konuyecTBO GPIO-KOHTaKTOB, OAHAKO €CTb U Apyrue hakTopbl, OT KOTOPbIX 3aBUCHT,
CKONbKO TOKa MOXHO noaatb Ha Pi 6e3 pucka noBpeauTb YCTPOMCTBO, — Hanpumep, 4acTo-
Ta moaynauum n obwmn Tok Ha Bcex koHTaktax GPIO, koTopbii MOXET BblaepXaTb Kpu-
ctann Broadcom.

Wrak, HY>XXHO NpuaepXxueBaTbCa cneayowmx peKOMeHAaLMVI:

e Ha 6asosoM Raspberry Pi moxHO ucnonb3oBatb 16 MA Ha Kaxabli KOHTaKT Npu obwem
TOKe Ha BCex KOHTakTax 40 MA,;

e Ha Raspberry Pi A+, B+ unu Pi 2 moxHo 6e3 onacku noaasatb He 6onee 16 MA Ha KOH-
TakT u He 6onee 100 MA Ha BCe 3a4eACTBOBaHHbIE KOHTaKTbI.

[Toka3zanHblii Ha puc. 5.1 pesuctop R1 3ammimaer GPIO-koHTaKkT, OrpaHHYMBas CHITy TO-
Ka, KOTOpBIH MOXKET OBITh MOJIyYEH C 3TOr0 KOHTAKTa, H €CJIM KaKbli LU(pPOBO# BbIXOA
¢ Raspberry Pi Bcerna Oyner 3aumiueH pe3sucTopom conpotuBiaeHrHeM | kOM, Mbl MOXeM
He GecriokouThbes 3a Haw Pi. Kctaty, noBosibHO 4acTo, oco6eHHO nmpu paboTe co cBeTO-
AMOAaMH, MOXHO OyZAeT MPUMEHATh PE3UCTOP U C MEHBLIUM 3HaUY€HHEM, MOCKOJIbKY Ha
HEKOTOPBIX dJIEMEHTaX (TexX ke cBeToaHoAax) OyneT NMpOUCXOAUTh YaCTHYHOE MaJeHHe
HanpsHKEHH, YTO MPUBENET K CHHXKEHHIO CHIIBI TOKA.

MowHocTb

Korga Tok MpoxoauT vepe3 pe3UCTOp, TOT HarpeBaeTcs. DJIEKTpHUECKas SHEprus mnpe-
Bpallla€TCs B TEMJIOBYIO, U H3MEPAETCA Takoe MpeoOpa3oBaHUE MOUHOCHIbIO — KOJIHYE-
CTBOM 3HEprHH, Mpeobpa3yemoil nmpH 3TOM 3a cekyHay. EnuHuua MomwHocTH — eamm
(BT), # 4TO6BI BBIYMCIIMTH MOILHOCTD, BbIAEISAEMYIO KOMIIOHEHTOM MpPH HarpeBaHUH €ro
MPOTEKAIOIUM Yepe3 HEro TOKOM, HY)KHO YMHOXHTb HamnpspkeHHE, NMoJ KOTOpbIM OH Ha-
XoauTcs (B BOJIbTaX), Ha CHITY MPOXOJALIErO Yepe3 HEro Toka (B aMrepax).

BepHeMmcs k pesucropy u3 puc. 5.1, umetouiemy conpotusieHue 1 kOm. Eciu oH Haxo-
IUTCS MOJ HampsbkeHueM 2,2 B, u uepe3 Hero uzaeT Tok cuioit 2,2 MA, To oH OyneT BbI-
JaBaTh MOLIHOCTH 0k0JIO 4,8 MBT. DTO oueHs HebGonbluas MOWHOCTh. OJHAKO TpaH3uU-
CTOpPBI TaK)K€ IeHEPUPYIOT TEIUIOTY, OMpeAesseMyI0 YMHOXKEHHEM CHJIbI MPOXOASLLEro
yepe3 HUX TOKa Ha HanpsbkeHue. U ecnu Gbl BBl paboTany ¢ JOCTaTOYHO MOLLHBIM JBHUra-
TeneM — noTpedisiomumM, ckaxeM, Tok 800 MA, — To mepenaa HanpsHXKEHUS MEXAY
KOJIIEKTOPOM M 3MUTTEPOM B LIEJIOM Ha TpaH3ucTOpe cocTaBui Obl okoso 1,2 B. Toraa
MOLUHOCTb, Mpeo6pa3oBaHHas B TEIUIOTY, paBHsIACh ObI:

800 MA x 1,2 B =960 MBT.

B 3TOM cityyae TpaH3UCTOp Obl CEpBE3HO pa3orpencs. A €clid TPaH3UCTOp Meperpeercs,
TO YTO-HUOYIb B HEM pacIIaBUTCS, M OH BhIHAET U3 cTpos. [loaToMy orpaHHyYeHHe Mak-
CMMaJIbHO JIOMYCTHMOrO 3Ha4Y€HHs CHJIbI TOKA CYLUECTBYET HE TOJIbKO i Arduino WM
Raspberry Pi, Ho u nns TpaH3ucTopa. CpaBHUTENBHO KPYMHBIE MO pa3MepaM TPaH3UCTO-
pbl 06BIYHO paccuMTaHbl Ha 6ojiee CHIIBHBIH TOK, YeM HebGombLIKne, H 3TOT PpakTop HE0O-
X0OAUMO YUYHTHIBATD, non6upaﬂ TPAH3HUCTOP Jid YyNpaBJICHUST HUCIIOJIHUTEJIbHBIM M€Xa-
HU3MOM.

CocraBHoii TpaH3uctop (napa JapmunrroHa) MPSA 14, ucnonb3oBaHHbIN B HallleM 3Kc-
NEpUMEHTE MO YMPaBJIEHHIO 3JIEKTPOABUraTENEM (CM. pazo. «IKkcnepumenm: ynpasneHue
anekmpoosuzamenem» 21aevl 4), BbIAEP>KUBAET TOK CHIION 10 1 A.
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PacnpoctpaHeHHble KOMMOHEHTbI

31ech Mbl paCCMOTPHUM HEKOTOpbIE KOMITIOHEHTBI, IPUMEHSEMBIE B 3TOH KHHre, U 00BsAC-
HHM, KaK HX MCMOJIb30BaTh M KaK MoaOHpaTh.

Pe3sucropbl

Ha Bua pe3ucTopbl — MaJIeHbKHE 3JIEMEHTBI, HECYILME Ha cebe pa3sHOLBETHBIE MOJOCKH.
Ecnu Bbl XOTHTE y3HaTh 3Ha4Y€HHE COMPOTHBIIEHHS PE3UCTOPA, MOXKHO H3MEPHUTh €ro
MYJIbTUMETPOM, JIHOO OMpeNeNIuTh 3TO 3HAUEHHE MO LBETaM noJiocok. Kaxaomy ety
MOJIOCKH COOTBETCTBYET YHMCJIO, yKa3aHHOe B Tabum. 5.1.

Tabnuya 5.1.

Lisemosbie 0bo3HaveHuUs pe3ucmopos
LiseT nonocku Yucno
YepHbin 0
KopuyHesbii 1
KpacHbiv 2
OpaHxesbii 3 P
HKentoin 4
3eneHblii 5 / }wmm’
CvHun 6 Hwncppa 1 . Lonyck
Puonetoss i ! Puc. 5.2. Pacwudposka
Cepbitt 8 LBETOBOI MapKUPOBKN pe3ncTopa
Benoiii 9
3onoTUCTIi 1o
CepebpucTbiit 100

TPUMEYAHUE

30M0TUCTBI U CEpPEBPUCTLIN LIBET YKa3biBaloT He TONbLKO A0NK, COOTBETCTBEHHO, /10 U /100,
HO 1 TOYHOCTb pe3ucTtopa. Tak, 30MoTUCTLIN 14BEeT 03Ha4YaeT 5%, a cepebpucTbii — £10%.

Kak mpaBusio, Ha OZHOM KOHLE pPEe3UCTOpa MPHCYTCTBYIOT TPHU TaKHe MOJIOCKH, Jaliee
MIyT npoGest U elle OfIHa MOJIOCKA Ha IPYyroM KOHLIE pe3HCTOpa, KOTOpaas O3Ha4yaeT Tou-
HOCTb 3Ha4Y€HHs pe3HUCTOpa.

Ha puc. 5.2 noka3aHo pacnoJioXkeHHe LBETHBIX MOJIOC. 3HAYEHHE PE3HUCTOpa ONpeeseT-
Csl 110 TPEM MEPBBIM MOJIOCKAM: NepBasi COOTBETCTBYET NepBoi LMdpe, BTopas — BTOPOH,
a TPeThs — «MHOXKHTEJIbY, YKa3bIBAET, CKOJIbKO HYJIEH HY>KHO NOCTAaBHTh MOCJIE MEPBBIX
IByX uudp.

Hcxons u3 cka3aHHOro, pe3uctop, H300paxkeHHbIH Ha pHC. 5.2, HMEET COMPOTHBJIEHHE
270 Om: nepBas uudpa — 2 (kpacHas nmoJsiocka), Btopas — 7 (¢huoneroBas nosuocka), a
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MHOXcUTENb — | (KOpHuHeBas noJocka), nobapnstowwuit 0 nocne unudp 27. AHaJIOrHYHO,
Ha pe3ucTope conpoTuBieHdeM | kOM OynyT HaHeceHbl KOPUYHEBasl, YepHas U KpacHas
nonocsl (1, 0, 00).

Pesucropel Takke paznMuyalOTCs W MO HOMHHAIbHOM MouwHocTH. [lpakTHuecku Bce
00bIYHBIE PE3UCTOPBI TOrO THIA, UTO UCIMOJIL3YIOTCS B CXEMAX 3TON KHUIM ()11 MOHTaXa
B CKBO3HbIE OTBepcTHs), obsagaroT MouHocTeio 0,25 Br. Jlpyrue pacnpoctpaHeHHbie
3HauYeHUS1 HOMUHaNbHON MowHocTH: 0,5 BT, 1 BT 1 2 BT, npuyem, uem Bbillle HOMHHAJIb-
Hasi MOLLIHOCTb PE3UCTOPA, TEM KPYIHEE OH CaM.

TpaH3ucTopbl

Kak npaBuiio, t060ii NocTaBLIMK KOMIUIEKTYIOLIMX MpeajaraeT HeMbICIUMOE KOJIHYeCT-
BO CaMbIX pa3HbIX mpan3ucmopos. [103ToMy 1JIs UCTOJIb30BaHHs B 3TOH KHHre s, YTOOBI
He YC/IOXKHATb MOMCK, MoA00pasl BCero 4eThipe TPaH3UCTOPa, Ha OCHOBE KOTOPBIX MOXKHO
co3aaBaTh MPAKTHYECKH BCE JJIEKTPOHHBIE CXEMbl, COCOOHbBIE YNPABNATh Pa3iMYHbIMH
yCTpOHCTBaMH, MOAKIIOYEHHBIMHU K M1aTaM Arduino u Raspberry Pi.

Tpansucrop u3 pazo. «Ixcnepumenm: ynpasieHue 31eKkmpoosuzamenemy 21agsl 4 — 310
KaK pa3 TOT caMblii KOMITOHEHT, MpPH MOMOILK KOTOPOro ciabbid TOK CHJIOH HECKOJIbKO
MHUJIJTHAMITIEDP MO3BOJISET YNPABIATh COTHAMH MUJUIMaMIep, NOAAaBa€MbIMH Ha JBHIraTelb.
XoTs TpaH3UCTOpPBI MOTYT MCMOJB30BATHCA M U1 JPYrHX LieNei, B 3TOH KHUre OHH Io-
cly>KaT HaMm nepeksioyaTesisMi. Masibiii TOK MOCTynaeT Ha 6a3y TpaH3UCTOpa U Aajiee Ha
3azemuisitolil BeiBoA (GND) uepes amummep TpaH3ucTopa. ITOT TOK M OyIeT neperio-
yaTh ropaszo 6oJiee CHIIBHBIH TOK, NOCTYNAIOLLHUI C KOIeKmopa Ha sMummep.

Ha puc. 5.3 nokazaHa noabopka TpaH3UCTOPOB Pa3JIMYHBIX THIIOB, MO3BOJIAIOLIMX pabo-
TaTb C Pa3HbIMH MOLLHOCTSIMH.

Puc. 5.3. Moa6opka TpaH3UCTOpoOB

CylecTByeT BCEro HeCKOJIbKO pa3HOBHAHOCTEH KOpMycoB TpaH3ucTOpoB. IIpu 3TOM Mo
BHELIHEMY BHY TPAH3HUCTOpA OMpEAEUTb €ro CBOHCTBA HEBO3MOXHO — HYXKHO NPOYH-
TaTh, YTO HA HEM HAIMHCAHO.

Haubonee pacnpoctpaHeHHble BapuaHThbl kopnycoB: TO-92 (puc. 5.3, ciesa) u TO-220
(puc. 5.3, 6 yenmpe). UHorna, ang paboThl HA O4Y€Hb CHIbHBIX TOKAaX, MOTYT HMCIMOJIb30-
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BaThCs TPAH3UCTOPHI ¢ GoJiee KPYNHBIM KopiycoM — kak BapuaHT TO-247, noka3aHHbli
Ha puc. 5.3, cnpaea.

Mopemu TO-220 u TO-247 npenHa3HaueHbl AJI1 MOHTaXa Ha TEIJIOOTBoJaX. Brpouew,
€CJIM Bbl UCIOJIb3YETE 3TH TPAH3UCTOPBI MPHU TOKAX, KOTOpbIE 3HAUYUTEIBHO MEHbLIE YKa-
3aHHOTrO JI HUX MAKCUMYMa, TO yCTaHaBJIMBATh UX Ha TEMJIOOTBOJAX HEOOA3ATENBbHO.

BunonspHbie TPaH3NCTOPbI

TpaHzucTOpbl M3roTaBIMBAIOTCA MO Pa3HbIM TEXHOJIOTHAM, KOKAOH M3 KOTOPBIX MpHCY-
I CBOM JNOCTOMHCTBA U CBOHM HeAOCTaTKH. [I03TOMy TpaH3UCTOpP MOXKET MOAOHTH BaM
B OZIHOHM CHTYaLlMH U He MPUTOJUTHCS B IPYTOM.

HauuHas paboTaTh ¢ TpaH3HCTOpPaMH, Bbl, CKOpeE BCEro, CTOJIKHETECH HMEHHO C buno-
asproti Monenblo. OHH MPaKTHYECKH HE U3MEHHWIIMCh CO BPEMEH 3apOXAEHHUS TpaH3u-
cTopHOH oTpaciu. [Ipermy1ecTBO TaKUX TPAH3UCTOPOB — B UX JELIEBU3HE U B TOM, YTO
HX OYEHb JIETKO HUCMOJIb30BaTh MPH MAJIbIX Harpy3o4HbIX Tokax. EcTh y HUX W HemocTa-
TOK — XOTS MaJibli TOK, MPOXOAALIMIA yepe3 0a3y K SIMUTTEpPY TPaH3HUCTOpa, MO3BOJIMTD
npoxoxcaeHue 6oJiee CHJIBHOTO TOKA, HAYLLETO OT KOJUIEKTOpPAa K SMUTTEPY, TOK KOJIJIEK-
TOpa OrpaHMYMBAETCS MHOXHTEJIEM TOKAa 0a3bl, U 3TOT MHOXHUTEJb (Ha3bIBAEMBI K03¢h-
uyuenmom ycunenus, unu hFE), xak TpaBujIo, HAXOAUTCA B AuanasoHe oT 50 mo 200.
CooTBeTcTBeHHO, eciu Raspberry Pi nonaer Ha 6a3y Tok cunoii 2 MA, TO yepe3 KOJLIek-
TOp MOXKET UATH TOK He Gosiee 100 MA. DTa BeIMYHHA ropas3o MEHbILE TOH, Ha KOTOPYIO
Bbl, BO3MOXXHO, PaCCUMTHIBAJIH, — MOCKOJIbKY TPaH3UCTOP BIMOJIHE MOJXKET BbIJEPXKHBATh
U 6osnee cunbHbIH TOK (ckaxkeM, 500 MA), HO OHa HMKOrJa He JOCTHUTHET TaKOro npene-
na — Beb TOKa Ha Ga3e mpocto He xBaTuT. Kak npaBuino, npu pd6ore ¢ Arduino Takas
npo6nemMa He BO3HHUKAET, MOCKoJibky Arduino mo3BoJiset noAaaBath Ha 6a3y GoJBIIMI TOK
(mo 40 MA), ecnu BMecTO pe3uctopa conpotuBieHHeM 1 kOM (cM. puc. 5.1) npUMeHUTD
Gonee cnabeiii pesuctop. Tak, eciiv B3STh pe3UcTop co 3HayeHreM 150 OM, To Tok 6a3bi
YBEJIMUHTCS JI0:

I=V/R=(5-0,5/150=30 MA.

U paxe B xynauiem ciyyae — ecJid TPaH3UCTOP UMeeT ko3 PHLIHEHT ycuneHus 50 — Tok
6a3bl cunoii 30 MA pacT Ha KoJUleKTope TOK cuioi 1,5 A.

Tyt Hano MOACHUTB: B TOJILKO YTO PACCMOTPEHHOM NMpHMEpPE HaNpsH>KeHHE pacCUMThHIBA-
ercs kak (5 — 0,5), mockoyibky HampsbkeHHe Mexay 6a30if 1 SMUTTEpOM OGUMONAPHOro
TPaH3UCTOPA, KOrAa TPaH3UCTOP BIJIIOYEH, cocTaBseT okoJo 0,5 B.

B atoit kHure Mpl 6yaeM pabotaTh Bcero ¢ OQHOH MOJEsbIO GUIOIAPHOrO TPaH3UCTO-
pa — BecbMa pacnpocTpaHeHHbIM 2N3904. XoTs B HalM4MH €CTb GUMOJIAPHBIE TPaH3U-
CTOpBI, BbIAEpKUBatOLLKE OoJiee CHIIbHBIH TOK, PH YBEJMUEHHH CHIIBI TOKA JyyLie pabo-
TaTh ¢ 60Jiee BLICOKOTEXHONOTHYHBIMH TPAH3UCTOPAMH.

CocTaBHble TPaH3UCTOPbI

Korna Bam TpeGyercs Oonee 3HaUMTEIbHOE YCUIEHHE — €CJIH, K TPUMEPY, Bbl yIpaBJisie-
Te HeOOJIBLIMM 3JIEKTpOJABHIraTesNeM ¢ miathl Raspberry Pi, no3sonstomeii nogate Ha 6a-
3y BCEro HECKOJIbKO MHJUIHaMIep, TO BMECTO OOBIYHOrO OMIIOJIAPHOrO TpaH3UCTOpa
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yRoOHO B3ATb cocmagHoil mpan3zucmop (Tak Ha3blBaeMyl1o napy [apaurnemona), KOTOpbIi
00bIYHO MMeeT K0dpPHULHeHT ycuieHus He meHee 10 000.

CocraBHOH TpPaH3UCTOpP COAEPXKHT [Ba OWUMONAPHBIX TPaH3UCTOpa B OJHOM KOpIyce
(puc. 5.4), 1 MeHHO Onarofaps Takoi JBYXKOMIIOHEHTHOH CTPYKTYpe COCTaBHbIE TpaH-
3UCTOPBI MOJYHAIOT CTOJIb BHICOKHI KO3 GHLIMEHT yCHIIEHHUS.

J

Konnektop

—

Puc. 5.4. CocTaBHO# TpaH3UCTOP

[lockonbky B COCTaBHOM TPaH3UCTOPE MMEIOTCA [Ba KOMIIOHEHTa ¢ 6a30i M SMHUTTEPOM
B K&XJOM, NMPH BKJIIOYEHHOM TPAH3UCTOpE B KAXKIOH TaKOi Mape mepenaj HanpsKeHUs
coctaBuT kak MUHUMYM 0,5 B, uto naet obwuii nepenan Hanpsokenus | B, a ve 0,5 B,
kak B 0ObI4YHOM OumonspHoM TpaHsuctope. Ha camoM nerne, 3ToT mepenana kacaercs U
HanpspKEHHUs KOJUIEKTOpA M YBEJIMYMBAETCS C MOBBILIEHUEM Harpy3ouHoro toka. Takum
obpa3oM, korzaa Mbl ynpasiiseM TOkoM B | A, coctaBHO# Tpan3ucTop MPSA 14 Ha npak-
THKE criocoOeH aTe HaMm Beero 9 B, muras Harpysky B 12 B. B oaHux cimyyasx sTo uMeer
3Ha4yeHHe, B APYrHX —