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OT ABTOPOB

VBaskaemblie pebsTal

Bbl gep:kuTe B pyKax yueOHOe mocobume II0 KYypCy, HOCBSIIEHHO-
My Ppo0OOTOTEXHHKe. JTa 00JIaCTh TEeXHUUYECKOTO TBopuecTBa (MMEH-
HO TBopuecTBal) BaM 3HaKOMAa II0 3aHATUAM C POOOTOTEXHUUYECKUMU
KOHCTPYKTOpPaMi B HPEABIAYINMUX KJaccax. Ho yKe Torga BBl HaBep-
HAKa 3aJyMbIBaJIUCh: UTO JKe maJbiiie? Bo3MOKHO, BaM KasajoCh,
YTO coOpaHHBIE BaMU POOOTHI OOJBINIE IIOXOMKK Ha YBJIEKATEJIbHYIO
urpy? IlosapaBiasiem! 9To 3HAUUT, UTO Ballle MbIIIJIEHIE — B3POCJIOE.
B sTomM Kypce MBI mTocTapaeMcs OTBETHUTH Ha BOIIPOCHI O TOM, KaK PO-
0OTOTeXHMKA B IITKOJIe M Ballll MPOEKTHI CBSIBAHBI C POOOTOTEXHUKOM
Ha OPefupUATUSIX U UHPPaACTPYKTypoOi ropoja.

Bspociierue — 3T0 oTBeTCTBeHHOCTH. HacTaysio BpemMs HM3YUYUTH PO-
0OTOTeXHUKY KaK Cepbe3Hyl 00JacCTh, a HE TOJBKO KaK MHCTPYMEHT
MOJeTnpOBaHUs. Bl y3HaeTe, UeM OTJIMYAeTCS OTKPBLITAS apXUTEKTY-
Pa IPUMJIOKEHHUN M anmapaTHOro obeclieueHHs OT 3aKPbITOi. BbI I10-
3HAKOMUTECh C IPUHATHIMHU CTAHJAPTHLIMU O0O3HAYEHUSAMU B DJIEK-
TPUUYECKUX CXeMaxX U JAPYTrUX OTOKYMEHTaX, CMOXKeTe IIPeICTaBJIATh
cBOU POOOTOTEXHWYECKHE IIPOEeKThI B (popMaTe, IIOHATHOM JIOOOMY
WH)KEeHepy MIUpa, — B COOTBETCTBUHU C MEXKIYHAPOAHBIMHU CTaHIapTa-
mu. IlojiesHbIM Ha BallleM TBOPYECKOM IIyTH OyJAeT U O3HaKOMJIEHUE
C KUBHEHHBIM ITMKJIOM IIPOeKTa. BBl HayduTech MBICIUTH TaK, Kak
MBICJIAT WHIKEHEPHI.

Emie onuH Ba:KHBIA HABBIK B3POCJIOTO UeJOBEKA — YMeHUe agallTH-
poBaThCsA M BBIAEIAATH OCHOBHYIO mH(poOpMAaIiuio. UMeHHO OH MOMOTraeT
npodeccroHaIbHBIM MPOTPAMMMCTAM CO3aBaTh MPOTPAMMBI BBICOKO-
ro KauecTBa HA PAa3JUUYHBLIX S3BIKAX MPOrpaMMUPOBAHUA. Bbl Hayuu-
TeCch He MUCATh Ha OIMpPeHeeHHBIX A3bIKaX, 4 MBICJAUTL AJTOPUTMaAMU
U yCJAOBUAMHU. AJTOPUTMUYECKOE MBIIIJIEHNE O3BOJUT BIOCJIEICTBUU
OBICTPO BBIYUYUTH JIIOOOH SIBBIK IPOrpaMMHPOBAHNS, He BasKHO, OyaeT
OH rpa@UUeCKUM UJIU TEKCTOBBIM.

PoGoToTexHUKA — BaKHasd COCTABJAIONIASA JKU3HU COBPEMEHHOTO
BBICOKOTEXHOJIOTUYHOTO oOIrecTBa. [laske ecjiu BBl He CBSKeTe CBOIO
OyayIyio mIpodeccruio HeIIOCPeACTBEeHHO ¢ POOOTOTEXHUKOII, BbI Oyae-
Te CTAJIKUBATLCA C Hell W ee IPUHIIMIIAMHU IIoBceMecTHO. Ilocobme,
KOTOpoe BBI JEP:KUTe B PYKax, IPU3BAHO IIOMOYHL BaM UYYyBCTBOBATH
cebs KOM(MpOPTHO U JEeTKO afalTUPOBATHCA K OBICTPO Pas3BUBAIOIIEMY-
Csd BBICOKOTE€XHOJIOTUYHOMY MUDPY.



e OT aBTOpOB

s Toro uto6bl BaM ObLIO yAOOHEe, MBI CO3JAJN CUCTEMY CUTHA-
JIOB-TIOACKa30K. Ha cTpaHHIIax BaM BCTPETATCS CJIEAVIOIINE YCJIOB-
Hble 0003HAUEHUSd.

3anmoMHUTEe — caMble BasKHbIe IOHATHUA, (HOPMYJUPOBKU KO-
TOPBIX CJIeAyeT BBIYYUTh HauW3ycTh. OHUM OYIyT WHCIOJH30BATHCA
B JaJIbHEWIeM W SABJIAIOTCA (GyHIaMeHTAJIbHBIMU.

BOIIpOCBI — TeopeTudueCKurue 3amaHudA [OJA IIPOBEPKHN 3HAHUN
IIOoCJI€ IIPOYUYTEHUA KaXXJ0ro pasaeJia. B mux CIIpammnBaeTCAa TOJIBKO
O TOM, 4YTO OBLJIO M3JIOJKEHO B 9TOM pasneJie.

IIpakTuyeckue 3amgaHUSI — MPAKTUUYECKHE BOIIPOCHI U IIPO-
CThle YIPaKHEHUSA [JsI CAMOCTOSTEIbHON paboThl MO U3YyUYEeHHON
Teme. OHU TPeOYIOT AOMOJHUTEJILHOIO HONCKA WH(poOpMAaIlMyd WUJIH pa-
0OTBI C DJIEKTPOHHBLIMU KOMIIOHEHTAMH.

ITO MHTEpecHOo! — J00NbITHBIE (haKThl, HA KOTOPbIe CTOUT obOpa-
TuTh BHUMaHue. OHU MOTYT HPUTOAUTHCS BaM B IIOBCEIHEBHON KM3-
HU U PACIIUPHUTL BAIIy 3PYAUIUIO.

B KHure BBI TaK/Ke HalieTe IIPOEKT IJA CAMOCTOSTEJbHOT'O BBI-
moiHeHusi. PaboTa Haa OPOeKTOM IIOTpedyeT 0000IeHMsI HAaBLIKOB
¥ 3HAHWI, TOJYUYEeHHBIX HA OCHOBE HECKOJbBKHX TeM. B OOJIbIITUH-
CTBe CJy4yaeB MPOEKTHI TOXO0KW Ha JabopaTopHbIe pPaboThl, OTHAKO
B KOHIIEe UMEIOT OTKPBITYIO IIpobjemMy (BOIPOC), KOTOPYIO HEOOXOIITMO
pasperuTh CaMOCTOATEIbHO, MIPUMEHss TBOpUecKue perineHusi. Pabo-
Ta HAJ IIPOEKTOM 3aiiMeT OOJIbIlle BPEeMEHH, YeM BBIIOJHEHMEe IIPaK-
TUYECKOr0o 3aJaHuUsd.

Mpzur mHazeemcsi, 4To Kypc OyneT He TOJBKO ITOJIE3HBIM, HO U yBJe-
KaTeJbHBIM. Eciu BaM moTpebyeTcs Kakas-Jmb0 TOMOINb, HE CTec-
HAWTECh CIpAaIlMBaTh CBOMX II€aroroB WMJM IIMCATh HaAM [0 aJpecy
arduino@pilotlz.ru

W, romaBHOe, HUKOI'La He COMHeBalTech B cebe u cBoux cmiax! 3ua-
eTe JIX BbI, YTO IVIaBHAA 3aJavua HMHIKeHepa — PeIINUTh IIOCTABJIEHHYIO
3amauy B YCJIOBUSAX OrPaHHMUYEHHBLIX PecypcoB. Baru pecypchbl — 3TO
B IIEPBYIO Oouepe[b BAIlld 3HAHUSA U BPEMsdA, a OCTAJbHOE JIETKO IIPU-
obperaeTcss B MarasuHe WJIN yKe HMMeeTcs ToJ PyKoii. MHorma He
MeIllaeT 3arjaHyTh B B3aBeTHBIM YroJIOK JOMa, T'Je XPaHUTCA BCH-
KU XJlaM — cTapasi 9JeKTPOHUKA, AepeBSHHbIe WJIMN ILJIaCTUKOBbBIE
AIMUKY U MHOroe apyroe. OcTaeTcs TOJBKO BKJIIOUUTh HHKEHEPHYIO
danTasuio!

Ycnexos, dopozue dpysval



Maea 1. MpotoTunuposaHune
B poO0OTOTEXHMKE

1.1. MukpokoHTponnep Kak OCHOBHOM
KOMMOHEeHT poboTa

OCHOBHBIM KOMIIOHEHTOM PO0OTa SABJSETCS e€ro «MO3T» — MUKPOKOH-
mpoaiep. MUKPOKOHTPOJJIEPHI HNPUMEHSIOTCS BCIOAY [OJS PeIleHUus
COBEpIIIeHHO HEeMOXOKWX 3aJau: OT aBTOMATHU3AIlUU PYTHUHHBIX IIPO-
IIECCOB B CEJIBCKOM XO03AMNCTBE, OOCIYKXMBAHUUM M SKCIJIyaTalliy 31a-
HUH, 5JeKTPUDUKAIIUU OO CJIOMKHBIX ABTOHOMHBIX CHCTEM KU3HeoOe-
cueueHusa OyHKepoB. Besze, rae aBromaTtusdamnusa mpoilecca He Tpedyer
OTPOMHBIX BBIYUCJIUTENBbHBIX MOIIHOCTEN, MPUMEHAT KOMIBIOTEDPHI
Ha 0aze MUKPOKOHTPOJIEPOB. OCHOBHBIMU HNPUUYMHAMU SABIAIOTCA UX
MaJioe 9HepromoTpebiieHre, KOMIIAKTHBIE pasMephl M TPOCTOTA MOJ-
KJIOUEHUA MATUYMKOB [JIA B3aWMOJEMCTBUS C OKPYIKaIOIIel cpemou
u o6paboTKm mokalaHuii. Korga HeoO0XOMMMO CIIPOEKTUPOBATH CUCTE-
MY, PeIaioIyi0 MHOTOKOMIIOHEHTHYIO, HO BCe Ke eOUHCMBEeHHYI 3a-
Iauy, MUKPOKOHTPOJLIED CTAHOBUTCA 3(h(PEeKTUBHBIM U OJHOBPEMEHHO
HeIOpOrMM pellleHreM. PaHee BBl M3ydYayu POOOTOTEXHUUECKHE KOH-
CTPYKTOPBI, OJIOK YIPaBJIEHUS KOTOPBIX COMAEPyKAT MUKPOKOHTPOJLIED
U HEKOTOphle nepudepuilHble yCTPOMCTBA.

CyiiecTByOT ABe OOJbIINE TPYNNbI ILJIAT C MHKPOKOHTPOJLJIEPA-
mu. K 1epBoil rpymie OTHOCATCA omodeJjibHble NJAamb. C paclasH-
HBIMU KOHTAKTaMU [AJA IOAKJIOUEHUA IepudepuiiHbIX YCTPONCTB
u momaum nuranus, Hampumep Arduino Mega (puc. 1.1). Ha rtaxoii
mjaTe B pAfe CJIydaeB AOTOJHUTEJNbHO YCTAHABIWMBAIOT MUHUMAJb-
HBIH WHTepdelic oisa mepefauyn W IpuemMa WHOOPMAIIUU OT BHEITHUX
ycTpoiicTB, HanpuMep pasbeM microUSB. Kpome Toro, oH moikeT of-
HOBpPeMeHHO ObITh M mnurawmmmM. Ilmxarel Arduino MCIoab3yiOT Ha-
npsskernue 5 B, amasormunoe KOMIIBIOTEPHBIM cTaHmapTaMm. VIMeHHO
TaKoe HampsKeHue momaercsa uepesd USB-pasbeM OT KOMIBIOTEPHOTO
0JIOKa TTUTaHUSA.

IInarer mmeroT HeOONBINIME pPa3Mephbl, HO UX MOXKHO CHeJaTh elle
MEHBIIIE C IIOMOIIBIO BHEUWLHeZ0 NPOoZpammamopa — yCTPOUCTBA IJIA
MHTEPIPETAIIUY MUKPOIPOIECCOPOM MTaHHBIX OT KOMIIbIOTEpa U 00-
pPaTHO¥I TpaHCAANNU KOMAHJ BHEIIHUM ycTpoiictBam. Hampmmep, B
nporpammarope HyKaaerca Arduino Pro Micro. [aTuymku m AOIOJ-
HUTEJbHBIE YCTPOMCTBA MOAKJIOYAIOTCA K TJIaTaM ITPOBOJAAMU.



e Maga 1. MNMpoToTunmpoBaHne B POBOTOTEXHUKE

Puc. 1.1. MNnata Arduino Mega

Bropasa rpynma miat — 3T0 00HONJAMHbLE KOMNbIOMepbl, HAIPU-
mep Raspberry Pi (pme. 1.2). Kaxk scHO u3 Has3BaHUS, B 3TOM CJY-
uae Ha OJHOIM ILIaTe pacIioJiaraeTcs He TOJBKO MUKPOKOHTPOJLIED,
HO M 4YacTb nepudepuilHoro o60pyIOBaHUS: MOLYJIU CBA3W, CBETOIU-
ombl u T. i. Biarogapsi aToMy OAHOILJIATHBIE KOMIIBIOTEPHI ITO3BOJISIIOT
peaJin30BbIBATh MHOKECTBO PA3SHBIX IIPOEKTOB 0e3 KaKuX-aubo [10-
IMOJIHUTEJIbHBIX COeAVHEeHuN. B pesyibrare SKOHOMUTCA MECTO U IIO-

Puc. 1.2. OgHonnatHbln kKoMnbioTep Raspberry Pi 2 Model B



1.2. Po6oToTexHuyeckme nnartbopMbl OTKPLITOMO Tuna e

BBIMIIAETCA CKOPOCTH OOMeHa WH(OpMAaIMed MeXKAy KOMIOHEHTaMU
ycTpolCcTBa.

ITnara MUKPOKOHTpOJJIEPA — 9TO OCHOBAa pPOOOTOTEXHUYECKOU!
miargopmel. IlmaTel obemx TPyl He MMEIOT 3aKPBITOTO Kopmoyca
B OTJIMUME OT T'OTOBBLIX IIPOrPaMMUPYEeMBIX OJOKOB MHOTOKOMIIOHEHT-
HBIX POOOTOTEXHUWYECKUX KOHCTPYKTOpoB, Hampumep LEGO NXT,
LEGO Mindstorms EV3, VEX.

0 Bompocsl

1. IlepeunciauTe ILJIOCHI MPUMEHEHUSI MHUKPOKOHTPOJIJIEPOB Ha IIPOU3-
BOJICTBE WMJIM, HAIIPUMEP, HPU OOCIYKHUBAHUU 3TAHUIA.

2. HazoBuTe OCHOBHBI€ I'PYIHOBI ILIAT MUKPOKOHTPOJIJIEPOB U UX OCO-
GEeHHOCTH.

3. Uem oTamuaeTcss poOOT, aBTOMATHU3HPYIOMIUHA IIPOIECCHI O0CIIY K-
BaHUS WJIU IIPOU3BOMCTBA, OT IIPOMU3BOACTBeHHOTr0o aBTOoMaTta? Mwme-
0T JIV 3HaueHWe AJA KasKAOT0 M3 HUX ITOCTOSHHO M3MEHSAIIHecs
moKasaTeJu OKpysKaloleil cpeabl? HaliimTe u BBIMUINNTE OIIpeje-
JeHusi pobora MU aBTOMATA.

Q IIpakTUUYeckoe 3amaHue

3aiiuTe Ha CAUTHI C IPOEKTaMU Ha POOOTOTEXHUUYECKUX ILIaTdopmMax
Arduino u Raspberry Pi. [losHakoMbTeCh C MPOEKTAMHU U BBIIHUIIIUTE
OATH UAEeH, KOTOpble BaM OCOOEHHO TMMOHPABUJINCH. UeM OHU TOJIe3HBI?

CaiimbsL ¢ npoekmamu:

1. Karamor ycrpoiicte m mogmenok Ha Arduino (http://arduino-|
[profects.ru/).

2. HpoeRTbI nns Arduino (http://arduino-diy.com /).

3. Pobororexunueckne mpoekTs! (https://diyhacking.com/).

4. Coo6mrectBo Hackster.io (https://www.hackster.io/

1.2. Pob6oTtoTexHu4eckue nnartdpopmbl
OTKpbITOro Tuna. NMpororunupoBaHue

Yro Ke XapaKTepHO IJA POOOMOMEeXHUYEeCKUX NAaAm@opm OMmKpbL-
mozo muna (manpumep, Arduino Uno, Raspberry Pi mam STM32)?
Bo-miepBBIX, B yiKe 3HAKOMBLIX BaM POOOTOTEXHUYECKUX KOHCTPYKTO-
pax maTumKu ObLIM 3aKJIOUEHBI B 3aKpPBIThbIe Kopmoyca (Kak W cam
OJIOK yIIpaBJeHUS) U UMeJId OTPaHUUYEHHBbIe (KOJIMUYECTBOM MHeTajeil
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B Habope) Bapuanum cO0pKu. JlocTyma HEmoCpeICTBEHHO K JJIeKTPOH-
HBIM cXeMaM He ObLJI0. B IpaKTumuecKoil pPOOOTOTeXHUKE, IPUMeHse-
MOU Ha MPOUW3BOJACTBE WM B APYIuUX cdepax AeATeJbHOCTH UYeJ0BeKa,
KOJIMYECTBO IIOAKJIIOUAEMBIX TOTOBBIX KOMIIOHEHTOB K MHKPOKOH-
TPOJLIEPY IOYUTH He orpanuumBaeTcs. OCHOBHAs IIjgaTa, Ha KOTOPOW
OH pPACIIOJIOKEH, IOJIXKHA NMETh BO3MOKHOCTh OECKOHEUHOrO Hapa-
MIUBAHUA KOMIIOHEHTOB 0e3 HeoOXOAMMOCTHU MOJIHOTO IIepeMOHTAaXKa.

Bropas ocobGeHHOCTh maaT@oOpM, KOTOPBLIE OYAYT PaCCMOTPEHBI
B OTOM TJiaBe, BbIHECEHA B 3aroJIOBOK U HAIPAMYIO CBs3aHa C BO3-
MOJKHOCTBIO OBICTPOTO HapaIWBaHUsA KOMIOHeHTOB. IIpomomunu-
poéanue (OT aHriI. prototyping) — BTO IpoIlecC OBICTPOI «UEePHOBO »
CcOOpPKM yCTpPOMCTBA.

YcerpoiicTBO, coOpaHHOE B IIPoIlecce MPOTOTHUIIMPOBAHUS, Hal3bIBa-
eTca npomomunom. IIPpOTOTUIIHI MBTOTOBJIAIOTCA IITYYHO U HYMK-
HBI OJIS TECTUPOBAHUS W COBEPIINEHCTBOBAHUS HAEU Iepel 3allyCKOM
B MaccoBOe IIPOU3BOJICTBO.

IIporiecc cosmaHusi IMMPOTOTHIIA COCTOUT M3 UETHIPEX Iaros.

1. OmpeneneHne HavYaJIbHBIX TPEOOBAHWUIA.

2. PaspaboTka mepBOTO BapWaHTAa NOPOTOTUIIA, KOTOPBIA COAEPIKUT
TOJIBKO IIOJIb30BAaTEJIbCKUN WHTEP(dEC CUCTEMBI.

3. syueHne mOpoTOTHUIIA 3aKA3UYMKOM U KOHEUHBIM II0JIb30BATEJIEM,
moJiyueHre OOpaTHOM CBA3WM O HEOOXOAMMBIX M3MEHEHUSIX U [0-
TOJITHEHUSX.

4. IlepepaboTKa MOPOTOTHUIIA C YYETOM MIOJYUYEHHBLIX 3aMeUYaHN
U TIPeIJIOKEeHUN.

3avacTyoo IIpU HOPOTOTUIIMPOBAHUU COEAUHEHUSA BbBIMOJHIIOTCA
npoBomaMu 6e3 MmaliKM M OTCYTCTBYeT BHEIIHUU Kopiryc. Ha Takryio
cOOpKy TpeOyeTcs MUHHMAaJbHOE KOJUYECTBO BpPEeMEHU U YCUJIUH
Opu IOJHOI paboTe MTOroBOM cucTeMbl. IlimaTopmbl, IMOAmep:;KUBa-
[OIMe TTPOTOTUIHNPOBAHNE, TTO3BOJIAIOT COOpPATh AOCTATOUYHO CJIOMKHBIE
¥ MHOTOKOMIIOHEHTHBIE CXeMbI, KOTOPhLIE B TO Ke BpeMsd OyayT obJia-
IaTh BO3MOYKHOCTBIO MHTErpanuu u (WMJam) B3aUMOJAENCTBUSA C BHEII-
HUM O0OpPYIOBAHUEM.

Tperbeit BaKHON OCOOEHHOCTHIO SBJIAETCA IIPOIECC MOMAEJIUPO-
Bauus. HabGophl ¢ OrpaHUUYEHHON 3JIeMEeHTHOM 0a30ii, OCHOBAHHBIE Ha
coOCTBEHHOM CcTaHAapTe (usmyeckoro mHTep(elica (Hampumep, Kpe-
miaenuss LEGO), He MO3BOJIAIOT MEPEHOCUTHh U IIPUMEHATH COOpaHHOe
YCTPOHICTBO B peaIbHBIX YCJIOBUAX.

KoHCTpyKTOpPBI, KOTOpbIe OBIJIM PacCMOTPEHBI paHee B Kypce
TeXHOJIOTUM WJIW Ha YPOoKax POOOTOTEeXHUKMU, IIPEAIIOJarajid MO-
IeJnpoBaHUe B HCKYCCTBEHHOII cpenme. IIpoeKThl, peajms3yeMble Ha
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e e

Puc. 1.3. CoeaguHenve Raspberry Pi ¢ Arduino Uno 4epes npotokon 12C

mirardopMax C HPOTOTUIIMPOBAHUEM, HOCAT NPUKAAOHOU xaparkmep
M 3aTparuBaOT HEUTPOBBIE CUTYAI[UMH.

ITpumenenue yHuB8epcanvbHblX UHMepP@eilco8 YyIpPaBIeHUsS, IIUTA-
HUA (HampuMep, CTaHIAPTHBIX AJIA KOMIIBIOTEPDHOM TEeXHUKU HaIps-
kemut 5 B u 3,3 B), mepemaum qaHHBIX W KPENJIEHUS TTO3BOJISIET CO-
eIVHATh B IPOEKTaX pas3JNYHbIEe AOMOJHUTEIbHbIE KOMIIOHEHTHI U3
peasbHOTO, a He MozeampyeMmoro mupa (puc. 1.3).

Hampumep, ycranoBka Ha mnpororturie peje (puc. 1.4) mosBoJiseT
YIPaBIATH CBEeTHUJIbHUKAMU, DJIEKTPUUECKUMU UallHUKaMu, KodeBap-
KaMM, BEHTHUJIATOPAMU, HOAKJIOUEHHLIMU K OOBIYHOM OBITOBOI CeTH.
ITosTomy mnaaTrdopmMbl, MOAAEPIKUBAIOINE IIPOTOTUINPOBAHUE, IIPHU-
MEHSIOT B KauecTBe YIIPABJISAIOIINX YCTPOMCTB B MPOEKTaX «yYMHOT'O
IoMa» W Oajke Ha MPOM3BOACTBe. Kpome TOro, yHUBEPCAJIbHOCTH WH-
TepdelicoB JaeT BOBMOXKHOCTDH MPUOOPETaTh 0emaJii Pa3Hvlx NPoOuU360-
dumeuaeil, 9TO MPAKTUUYECKN HEBO3MOYKHO AJIS MHOTOKOMIIOHEHTHBIX
HabopoB ¢ cobctBeHHBbIM MHTepdeiicom («TPUK», LEGO Mindstorms
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Puc. 1.4. Pene

EV3 u ap.). BodaM0oXHOCTS IPUMEHEHUSA JOIOJHUTEIbHBIX KOMIIOHEH-
TOB IIO3BOJIAET BBIOMpPATH IJIA MOCTHKEHUS Ilesieli HpoeKTa caMble
TOUHBbIE U cIerNupuuecKue JaTUMKKU, HAIPUMEDP JaTUUK KOJHUUYEeCcTBa
rasa Oyrana B Bo3ayxe miau ckaHep NFC- u RFID-metox. Ha ocHoBe
miaatdopm Raspberry Pi mam Arduino MoMKHO €caMOCTOATENBHO CO-
OpaTh maske MOOMJIBHBIA TeaedOH.

YeTBepTas OCOOEHHOCTh 9TUX MJIATGHOPM — B MUCIOJb3YEeMBIX S3bI-
Kax mporpamMMupoBaHusi. HaGopbl, HalleJleHHbIe Ha pellleHue 3aaad,
MOJEJINPYEMBIX B WCKYCCTBEHHOI cpene (UIpoOBBIX), B OCHOBHOM
B CTAHJAapPTHBIX cpelaX («W3 KOPOOKM») MCHOJB3YIOT A3LIKU IIPOTrpaM-
MUPOBaHUS, HOCAIMNE Cyry0o yueOHBINI XapakTep. K HuUM oTHOCUTCS
rpaduueckoe mporpamMmupoBanmue Ha Scratch, LabView B cpeme LME
u T. 1. PoboToTexHuUecKue ILIATQOPMBI, IIOAAEP;KUBAIOIe IIPOTO-
TUOUPOBaHWE, O KOTOPBIX IIOWJAEeT pedb JaJjiee, IIpeIycMaTPUBAIOT
UCNONb30B8AHUE SA3bLKOE 00BeKMHO OPUEHMUPOBAHHO020 UL QYHK-
YUOHAAbHO20 NPOZPAMMUPOBAHUS, TPUMEHAEMBIX IIPU HAMTUCAHUU
peasbHBIX IIPOTPAMMHBIX OO0OJIOUEK YCTPOMCTB U MAJIA YIPaBJIEHUS
KOMIOOHEHTAMHU CJIOMKHBIX cucTeM. TakuMu sasbikamMu sABasiorca C
u ero mommduranuu, Hanpumep C++ m Wiring, JavaScript, Java,
Python um Assembler. Ogmaxko Arduino, sBiadsch MmIATPOPMOM OT-
KPBITOTO TUIA, TaK:Ke IMOAAep:;KuBaeT rpauuecKue A3LIKU IPOoTrpam-
MHPOBAHUA, U HMEHHO C HHUX MBI BCKOpPe HAUYHEM 3HAKOMCTBO
¢ maatoii Arduino.

Takum obGpaszom, mepexoj, Ha POOOTOTEeXHMUYECKUHe ILIaT(OPMBI OT-
KPBITOTO THIAa I[I0O3BOJIIET 3HAUYUTEJIHHO PACIIUPUTH BO3MOKHOCTU
KOHCTPYUPYEMBIX POOOTOB, WCIIOJNb30BaTh WX [IJd PeIleHus IIpak-
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THUYEeCKHUX 3agad un HpI/I6JII/ISI/ITI:CH K M3YUYEeHHIO PeaJIbHBbIX IIPOM3BOMI-
CTBEHHBIX pO60TOTeXHquCRHX KOMIIJIEKCOB.

9 Bonpocsl

1. Yro Taxkoe MPOTOTUIIMPOBAHUE W IIPOTOTHUI?
2. IlepeuncinurTe XapaKTepPHble OCOOEHHOCTH POOOTOTEXHUUYECKUX
mwIaT@GopM OTKPBITOrO THIIA.

O 3anmoMHuUTE

@ MuxpokoHTposaep € Buemuwuii mporpamMmMmaTop
@ IIpororunuposanue ¢ IIpororum
9 IIpakTHyeckoe 3agaHue

Haiigure mudopmManuo 0 pasaudHbIX ILaaTdopMaxX OTKPBLITOIO THIIA.
3amoysiHuTEe TaOJIUILy.

Mnardpopma CtaHpapTHbIA A3bIK Yem uHTEpeEcHa?
nporpamMmMupoBaHus

SR

9TO0 UHTEepecHo!

HasBanue «Arduino» corsacHo oduUIIHATBHON IOKYMEHTAIIUU OT
paspaboTYNKOB HOJIKHO Hcrosb3oBaTheca juillb B CIIIA. B ocrans-
HOM Mupe miaaTdopma obs3aHa HaswiBaThca «Genuino». Menarorca
u Jsorotunbl. HecMoTpss Ha MoKesJaHUA Pa3pabOTUYUMKOB, IO BCEMY
MUpY IIJaTa Bce paBHO m3BecTHa Kak Arduino.

+[olv|-]

Genuino
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IInardpopma Raspberry Pi, mosyumBIilias IIIUPOKOe TIpUMeHeHUe,
moAIep:KUBaeT YCTAHOBKY OmeparmoHHbIX cucTeM Linux, Windows 10
u Android. Ha ee ocHOBe MOXXHO cOOpaTh HACTOAINUI cMapT(OH C I0-
HOJTHUTEIbHBIMU (PYHKIIMAMU, KOTOPBIX HET OaKe y CaMbIX IIepeo-
BbIX ramxeroB. Hampumep, Takoil cMapT@OH CMOKET OJHOBPEMEHHO
CIYXUTh MYJBTHUMETPOM M pexxyIinuMm QaHepy JaszepoMm. Ha ocHoBe
miaatel Raspberry Pi mMo:XHO coOpaTh HACTOJBHBIA KOMIIBIOTED, MOI-
KJIIOUUB K Hell MOHUTOP, MBIIb U KJjaBuaTypy (puc. 1.5).

Puc. 1.5. HacTtonbHbIn KOMMNbIOTEP Ha OCHOBe nnatbl Raspberry Pi
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2.1. NMnatdpopma Arduino

Arduino — aTo 1miaatdopma, COCTOSINAs M3 allllapaTHO-IPOrPAMMHBIX
CpelCcTB [MJisi IIOCTPOEHWSA CHUCTEeM AaBTOMATHUKU U POOOTOTEXHUKH.
Annapamnoii ocHo60il naaTGOPMbI ABJAETCA IIJaTa C Pas3MeIleHHBIM
Ha Hell MUKPOKOHTPOJLIEPOM KM pPa3BeAeHHBIMHU (T.e. paclIasHHBIMIN)
1m0 (PUKCUPOBAHHOU DJIEKTPUUYECKON cxeMe KoHTaxkTamu. IIpozpamm-
Has yacmsb TOpefcTaBiieHa cpemoii paspaboTrku Arduino IDE.

Ilnardopma obGamaeT HECKOJIBKUMU OCOOEHHOCTSAMU, IEJIAIOIIMIU
ee TOMYJIIPHOM BO BCEM MUDe.

AnmnapaTHasa dyacTh IJIAaTQOPMBI UMEET OMKPbLMYI0 APpXUMeKmypy.
ApxuTeKTypa anmapaTHOH YacTH YCTPOMCTBA HA3bIBAETCS OTKPBITOI,
ecau omyOJIMKOBaHA ee crenuuKaius, T.e. DOIPOOHOe oOIrcaHue,
COCTABJISAIOIINE, CXeMa U IIpUMEeHeHUe KayKJIoro KommnoHeHTa. Cmeriu-
duKausa TO3BOJIAET JIIOOOMY IIPOM3BOAMTEJIIO CO34ATh KOMNHIO IIPO-
OIYKTOB IJdA ILTAT(OPMBI, TeM caMbIM JAejasd UX 0ojiee TOCTYIITHBIMMU.
Kpome Toro, mosiBisgercsa BO3MOYKHOCTH CO3[aBaTh YJIyUIIeHHBIE, 00-
Jee a3((PeKTUBHBIE BEePCUU ILJIAT ¥ MOZAYJEH MJIU HOBbIe COBMECTHMBIE
ycTpoiictBa. Bce aTo BamseTr Ha IeHBI, yAep:KUBasg WX Ha YpPOBHE,
IOCTYIHOM IIIMPOKOMY KPYTy HoJb3oBaTesieii. VI HaKOHEIl, OTKpPbITad
crenupUKaAIUA — 9TO BO3MOYKHOCTH CAMOCTOSATEJIbHOTO PEMOHTa IIPU
JOJIXKHBIX HABBIKAX M YMEHUAX.

OpuruHanbuble ILIATBl Arduino M3roTOBIAIOTCA YeThIPEX THUIIOB
B 3aBUCUMOCTU OT rabapuUTOB M KOJUYECTBA KOHTAKTOB, HOCTYIIHBIX
IS TOAKJOUeHUs (BXOABI UM BBIXOAbI). IIpuBemeM camble pacipo-
CTpaHeHHbIe U3 HUX.

1. Arduino Uno: craugaprubiii pasmep, 20 xouraxrTos (puc. 2.1).
2. Arduino Mega: yBenuuyeHHBIN pasmep, 70 KoHTakTOB (puc. 2.2).
3. Arduino Nano: yMeHbIIIeHHBII pasmep, 22 KoHTakTa (puc. 2.3).

4. Arduino Micro: muHuatopHas Bepcus, 20 KoHTakKTOB (puc. 2.4),
orcytrcTByer DATA-unteppeiic USB (Tpebyercsas BHENIHUN IpoOrpam-
maTtop, USB oGecrieunBaeT TOJBKO HHTaHUWE IIJIAaThI).

Kpome ocHOBHBIX IIIaT ¢ pasdMeleHHBIM MUKPOKOHTPOJIIIEPOM, CY-
IIECTBYIOT IOIIOJHUTEJNbHbIe ILIaThbl. OHU PAaCIIUPAIOT BO3MOKHOCTU
Arduino mobGaBiieHMeM HOBBIX THUIIOB MHTepdelica WUIU MOIOJHUTEIb-
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Puc. 2.4. lNnata Arduino Micro



2.2. KonTtakTtbl nnarbl Arduino Uno a

HBIX MHUKpocxeM. MHOTrga 5TO 3aBHCUMbIe KOHTPOJLJIEPhI, O0eCIIeurBa-
[omre oOMeH JaHHBIMHU II0 APYTHM IIPOTOKOJAM K CTAHZapTaM, YeM
OCHOBHOW MUKPOKOHTpoJIIep. Takme mjaaThl HA3LIBAIOTCA NJAAMAMU
pacwupernus nau wumamu (Shield). O ycraHaBJIMBAIOTCA HENO-
cpercrBeHHo Ha miaarty Arduino Uno miam Arduino Mega, sanmmas
BCe NN IIOUTH BCE KOHTAKTHI OCHOBHOM ILJIATBI, KOTOPbIE AYOJIUPY-
IOTCA Ha ILIaTe pacinupenus. IlogpoOHee ¢ maTaMu PaCIIUPEHUS BbI
Imo3HaKOMHUTECh B paszeie 4.6.

9 Bomnpocsl

1. Yro takoe Arduino? M3 KakuxX UacTeil COCTOUT [AaHHaA IIJIaT-
dopma?

2. Uto Takoe OTKpBITAs apxXUTEKTypa ammapaTHou yactu? Yem 1mo-
Jle3dHa OTKPBITAs apXUTEKTypa OJs KOHEUYHOrO II0Jb30BaTess?

3. Kakue OwiBaror Qopmarsl Arduino? Ilepeuuncianre o0cCOO0€HHOCTU
KasKIoro BHUaA ILIAT.

9T0 nHTEepecHo!

Hassauue miaardopmel Arduino Uno ¢cBsI3aHO ¢ MECTOM ee POKIeHU.
OdunranbHble IJIATHI paspadaTbIBalOTCA M IPOU3BOAATCA B Mranuu.
B mepeBozie ¢ MTaIbAHCKOIO s3bIKA UNO O3HaYaeT «oauH». Arduino
Uno — srajoHHaA 1jaarta, 0asoBasg BepPCUs [OJA OCTAJBHBIX MOMIU-
durammii.

2.2. KoHTakTbl nnatbl Arduino Uno

B kuure smech m gajee paccMmarpuBaercs miarta Arduino/Genuino
Uno. 910 camas pacIpocTpaHeHHas IJjaTa CTaHZAPTHOTO pasmepa.
Omna ympasiasdercsa MuUKpoKoHTposaepoM ATmega328, mmeromium xa-
paxTepuctuku: 2 K6 omepatuBHOii mamsaTtu, 1 KO mamarm Ha sHep-
roHesaBsucumoM Hocutesae (EEPROM, amasmor BIOS y mepcoHaJabHOTO
KoMIIbIoTEpPa), 32 K6 mamsaTmM ad 3arpyskm IIporpamMMm, W3 KOTO-
peix 0,5 KO 3aHATO caMuM 3arpy3umkoM. BXomHOe HAIIpsSKeHNe OT
NCTOUHUKA IUTaHUs cocraBisgeT (—12 B. IlogkiaroueHHBIE ITaTUNKU
¥ MOAYJAW yhnpaBasioTcad TokoM 40 MA 1js OoCHOBHOro pabouero Ha-
npsokeHusa 5 B u 50 MA 118 DONOJHUTEILHOrO Hamps:keHus 3,3 B.
TakToBasgs uacToTra MHKpoIpoleccopa pasHa 16 MI't — sTo mouTu
B 4 pasa MeHbIIle, YeM TaKTOBas YacTOTa MIPOI[ECCOPOB IIEPBOTO IIO-
KojJeHuss Pentium misa mepcoHa/bHBIX KOMIIBIOTEPOB!
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He3no (pasbem) : ; USB-pasbem

nuTaHusa — N — raE

KHonka nepesarpysku
(reset)

BcTpoeHHbIi cBeToamon,

nnTaHnAa

Bnok umdposbIx
BXO[I0B/BbIXOL0B

(nopTtoB GPIO)
Bnok aHanorobIx

BXOA0B (NOpPTOB)

Mwukponpoueccop

ATmega328
Pasbem BHyTpunnaToBoro CseToanoab! ANs HAMKaLmUm

nporpaMMm1poBaHus rnocreaoBaTenbHOro nopTa

Puc. 2.5. KoHTtakTbl nnatbl Arduino Uno

MukKpoKoHTpOJJIep NpenHasHAUeH peliaTh y3KOCIIenaJn3upOoBaH-
Hble 3aJa4yuW, OOBIYHO He TPeOYMIue CJIOMKHBIX BBIYUCJIEHUMN, IIO-
sromy xapaktTepuctuk ATmega328 mocraTtouno ajna 3GPEeKTUBHOTO
yIIpaBJIeHUA aBTOMATHU3alVell M B3aMMOJEWCTBUSA C BHENIHEN cpemont
C TIOMOIIIBIO JATUYUKOB.

Ha ocuoBHO#T mimate (puc. 2.5) pacmojyiosKeHBbI TPU TPYIIBI KOH-
maxmosg (nopmos):

1) KOHTAKThl OUTAHUSA ILJIATHI;

2) KOHTaKThI yIIpaBJieHus: Mu@poBblie Bxoabl/Beixoabl (Digital In-
put/Output mau GPIO — General Purpose Input and Output);

3) amasorosbie BxoAbl (Analog Input).

Koumarxmosl. numaHnus pacioyio’KeHbl B OTAEJIHLHOM OJOKe, HaXO0/ -
meMcsa HemoAajeKy OT THesJa BHEITHero IINUTAHUSA, IIOAKJII0YaeMOro
K ILIaTe C IOMOIIbI0 CTAaHAZAPTHOTO IITeKepa auamerpom 2,1 M.

B 650k BxOZAT:

e IOREF — c »TOro BBIBOJA IIJIaTa PACIIHPEHUs IIoJIydaeT HMHQPOP-
Mmanuio o pabouem mHampskenuu Arduino Uno (5 uam 3,3 B).
Ha ocHoBe 3Toii mH(MpopMaIMK IIJaTa pacIlupeHus BLIOWpaeT He-
00XOAMMBIA MCTOYHHUK IHUTAHUS WU PEKUM paboThl IIpeodpaso-
BaTeseii yposuen (5 mau 3,3 B cooTBeTCTBEHHO);

e RESET — c 2TOTO BBIBOJA TJIATHI PACHINPEHUS IIOJIyUYAIOT CUT-
HaJ Ha cOpOC COCTOAHWHSA, T.e. Iepe3arpysKy, UYTOOBLI cTapble
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U y)Ke HeHY)KHbIe NaHHble He MIPEeBPAaIlajiiCh B KOMIIbLIOTEPHBIH
MyCOp IPHU HOCJIEAYIOMINX 3allyCKax IIPOTrpaMMbI;

e 3.3V — BBIBOA Hampsi:KeHUA 3,3 B oT crabuimsaropa Hampske-
HudA Ha miate Uno. Mcmoabsyercsa OJd MUTAHUS JAaTUNKOB M
MMOAKJIIOUEHNA IIMHBI NUTAHWA MAKETHOI ILIATHI.

IlTuna — 5TO >JEKTPOHHBLIA KaHAJI, CBSI3BIBAIOIINN HECKOJb-
KO BXOJIOB U BBIXOHOB. PusnuecKu OOBIYHO IPEACTABJSAET CO0OI
MeIHYIO IIOJIOCY, K KOTOPOM IOJABEeIeHbl HECKOJbKO BBIBOJOB-
oTBeTBJeHUI. MaKCUMaJbHBIN TOK, IIOTPEOJAeMBIH AAaTUuMKaMU
OT 3TOr'0 BBIBOJA, COCTABJISET D MA;

e 5V — BuIBOJA HaIpsKeHHsS 5 B oT crabuiamsaTopa HANPAKEHUA
Ha 1iate Uno. Yalme Bcero MCIOJb3yeTCS A IIUTAHUS IaT-
YNMKOB HJAN IIOAKJIIOUEHWSA IIMHBI IUTAHUSA MAKETHOI IIJIaThI.
MakcuMaJbHBINT OOOYCTUMBIN TOK, IIOTPEOJAEMBIN AaTUMKaMU
OT 3TOT'0 BEIBOJA, cocTaBiaseT 40 MA;

e GND — zeMmasaHbBIe BBIBOALI. VcIIob3yeTcs CTaHIZAPTHOEe 0003HA-
yeHUEe W3 JIEKTPOHUKUu. 3emas (GND, ground) — sTo orpuiia-
TeJbHBII BBIBOJ OJHONIOJAPHOI'O MCTOYHMKA NHUTAHUA. B posu
MMOJIOYKUTEJBHOTO BBICTyIaeT BbIBOA 5V mam 3,3V, T.e. wuHa
numanus;

e VIN — omHOBpPEeMEHHO BXOJ M BBIXOJ BHelllHero nutanus. C Hero
MOKHO IIOJIYUYUTDH AOIOJHHUTEJNbHBIA TOK MM HOJATh IIUTAHUE Ha
Ipyrue yCTPOMCTBA C TeM HaIPSKeHHEeM, KOTOpOoe IIPUXOAUT Ha
miaty 0e3 mpeobpasoBanusa B 5 B, manmpumep B guamasome 12 B
IJIsI TpaiiBepoOB MOTOPOB.

Arduino Uno umeer 20 KOHTAKTOB IJA YNpasgleHUs U NOJLYYEHUS
UH@OpMaAyUU C JATUYNKOB, MOAyJiell W cepBompuBoAoB. M3 Hux 14 —
9TO TU(POBBIE BXOIbI/BBIXOJbI, OCTAJbHBIE IIIECTH — AHAJIOTOBbLIE
Bxonbl. Kamapiili m3 HMuU@POBBIX KOHTAKTOB MOKeT paboTaTh B Kaue-
CTBe BXOJa WJX BBIXOJAa B 3aBUCHUMOCTH OT IIOTPEOHOCTEH MIpoeKTa.
VYpoBeub HaOpsKeHUS Ha HUX orpammueH 5 B, a makcumaiabHas Be-
anunHa Toka — 40 MA.

Psagom ¢ 6JI0KOM KOHTAKTOB IIUTAHUSA PACIOJIOMKEH OJIOK aHaJoro-
BBIX BX0/0B. OHU o603HaueHbl cuMBogaMu oT AO no Ab5. Ananozosulil
cuzHan (puc. 2.6) — 9TO HENPEPLIBHO H3MEHAIOINeecAd HAIPAKeHUe,
KOTOpOEe IIOCTyIIaeT Ha BXOJ C JAaTUMKOB, CUMTHIBAETCA ILJIATON W TIpe-
ob6pasyercs ¢ momoIrnbio BcTpoeHHoro AIIII (amasoro-mudpoBoro mpe-
obpasoBaresisi). OH MoKeT ObITH IIpencraBjex 1024 ypoBHAMH, T.e.
umeer Buj 10-OuTHOro umciaa. PuamyecKu 5TO O3HAUAET M3MEHEHUE
Hanps)KeHus B nuamnaldoHe ot 0 mo 5 B.

I[ugposoit cuznas TPUHUMAET TOJBKO JaBa 3HaueHuda (puc. 2.7):
aormuyeckyoo exuuuny (HIGH, 5 B) u moruueckuin aysas (LOW, 0 B).
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Puc. 2.8. lpaduk npeacraBneHnss aHasoOroBOro curHana ¢ nomousio WM

B 610Ke yugpposvix KOHMAKMOE8 PACIOJIOMKEHBI CJIEeAYIOIe TPYII-
OBl KOHTAKTOB, PA3JIMUAIOIAECHd MO JOIMOJHUTEIbHBIM (QYHKIIUIM.

1. ITocedosamenvuboliic. unmepgeiic. crionb3yeTcsa IJaA IIOCTIeLOBa-
TEJBHOTO COENVWHEHUs HEeCKOJbKUX Imiaar Arduino mim cBAsu c Apy-
UMY MUKPOKOHTPOJLJIEPAMMU:

e RX<«0 — gua npuema mamubix miaatroil Arduino Uno;
e TX—>1 — mia mepefauu MaHHBIX Ha OPYryIO ILIATY.

2. YupaBieHue 8HEWHUMU NPEPbl8AHUAMU — KOHTAKTHI 2 u 3. 3Ha-
YeHUs HANPS)KeHUs Ha HUX CJIYMKAT B KadecTBe (JIaroB — OTMETOK
0 HACTYIJEHUU OIpeJesieHHOro cobbiTusa. IIpm OoJsbioit wmau, HAa-
000pOT, OTCYTCTBYIOIIeil Harpyske MHKPOIPOIIECCOP MpephIBaeT BbI-
MmoJHEeHWEe TeKyIell (GYHKIUM U 3amycKaeT (GYHKIIUIO IpephIBAHUA,
KOTOpas CTAHOBUTCA IPUOPUTETHOIA.

3. Kourakter 3, 5, 6, 9, 10, 11, moamep;KuBamIUe UWUPOMHO-UM-
nyavcuyio modyaayuro (IIIHM; puc. 2.8) — omnepanuio BLIBOJA H3Me-
HSAIOIIErocs aHaJOroBOI'0 3HAUEHUSA C IIOMOIIbI0 IU(POBBIX YCTPOMCTB.
Pagom ¢ sTuMM KOHTAKTAMU CTOUT 3HAUOK ~.
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v A MowHocTb: 40% paboyero Lumkna
5B
LnpurHa
umnysbca
40%
0B >
- = t
Pabouunn AHanoroBoe 3HayeHue: 410
uunkn WM (Hanpsikenue: 2 B)
(100%)

Puc. 2.9. MNpuHuyun gencteua UMM

Heno B ToM, uTo MuKpokoHTpoJiep ATmega328 me crmocobeH BBI-
IaBaTh HeIPePHIBHBIE M3MeHeHUA curHasjaa. OH mMeeT TOJBKO IBa CO-
croauusa: HIGH m LOW, T.e. MOXeT BBIAABATH TOJBKO ITU(PPOBOI
CUTHAJI. JDTOTO HEJOCTATOYHO s PabOThI, HAIPUMED, C AUHAMHUKA-
MU, TaK KaK B 9TOM CJyuae HUKOTAa He OyAeT JOCTUTaThCA HYKHOE
3HaueHWe YacTOTHI 3BYKaA.

ITpuanun IIINM 3akamouaercd B TOCTOAHHOM TIEPEKJIIOUYEHUU
C OIIpeleJIeHHOII YaCTOTOM Me KAy JIOTMYEeCKUM HYyJeM U eJUHUIei.
AauTebHOCTh BKJIIUEHUA MAaKCUMAaJbHOI'O 3HAYEHUSA, T.e. WUPUHA
umnyanvca (puc. 2.9), 3aBUCUT OT BeJIMUMHBI aHAJOT'OBOTO CHUTHAJA:
yeM OOJIbIIIe €ro BeJWUYMHA, TeM IIHpe UMIIyJIbc, u Haobopor. Iloxo-
KUY NOPUHIMI YacTO BCTPEYAETCA NPU CO3MAaHUU IIOJYIPO3PAYHBIX
n300pasKeHni, HaIpUMep HaKJeWBaeMbIX Ha CTEKJa OOIIeCTBEHHOTO
TPAHCIOPTAa, KOTJa HEIpPOo3pauHble TOYKM UYepeAyIOTCA Ha KapTHUHKE
C IIYCTBIM MECTOM.

HaswiBaTh curmas, moayueHHBIH ¢ momomibio IITMM, aHamoroBbiMm
HeJIb3sI, HO ero JOCTATOYHO JAJIA MOJHOIIEHHOUN paboThl C YCTPOMCTBAMMU.
Hampumep, cBeromgmon, moakaOueHHBIN K mopry c¢ IIIMM, ma camom
Jlejie MepIlaeT, a He TOPUT, HO 5TO HE3aMeTHO UYeJJOBeUeCKOMY TJasy.

4. KorrakT 13 — K HeMy HampaAMYyI0 MTOJKJIOUYEH BCTPOEHHBIN CBe-
Tonuon. Ilpu ormpaBke curmaima HIGH cBerommonm saropaercs, mpu
curHajge LOW racuer.

5. Hnmepgeiic SPI — mocienoBaTeNbHBIN NepUMEPUNHBIA WHTEP-
deiic. OOecmeumBaeT CHHXPOHU3AIUIO IIepelayr MAAaHHBIX MEXKIY
ycTpoiicTBaMu (OTIIPABKY U MOJYYEHWE), UTO JaeT BHICOKYIO CKOPOCTH
oOMeHa MeXKIy IaaToi m matumkamu. OJHO M3 YCTPOMCTB BBICTYIIAET
sedywum (master), Bropoe — gedomuvim (slave). Hampumep, mpu moj-
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KJIIOUEeHNHN OajJbHOMEpa OH IIOJydaeT PoJb Begomoro, a Uno — Bemy-
miero. KoHTaKTHI:

[ ]
[ ]

10 — SS (Slave select) — Bexyiiuii BeIOpaeT BeIOMOTIO;

11 — MOSI (Master Out, Slave In) — BbIXOm BenyIlero, BXO[
BEIOMOTO;

12 — MISO (Master In, Slave Out) — BxXoxm BexnyIlero, BBIXO[
BEIOMOTO;

13 — SCK (Serial Clock) — ¢ Hero mocJiegoBaTeJabHBIN TAKTOBBIMA
CUTHAJI OTIHPABJIIETCA Ha BeLOMOE YCTPOICTBO.

6. GND — pyonupyer GND 6yioka muTaHuA. ITOT KOHTAKT BBLIBEIEH
oas yaobcTsa.

7. AnanoroBeiii KoHTakKT AREF — ompezesienue rpaHUIbl JOIYCTH-
moro Hamnps:xkeHus. Croma mopmaercsa mHpoOpManua, ecam Tpebyercsa
OONHATHL BEPXHIOI T'PAHUILY aHAJOTOBOTO curHasa Beimie 5 B. Tak
’Ke MOKHO M3MEHUTh OIlopHoe Hampskenme (5 B uam 3,3 B) Ha Ha-
npsikeHue, momaBaemoe Ha AREF.

Kpome mepeuncieHHBIX 0JI0KOB, Ha miaate Arduino Uno ecTs ere
HEeCKOJIbKO Ba'KHBIX BJIEMEHTOB:

[ ]

cobcmeeHHas KHONKaQ nepesacpy3Ku — BBIIIOJIHAET cﬁpoc IIpO-
r'paMMBbI 1 3HaAUEeHUH IIepeMEeHHbIX B IIaMATHN YCTpOﬁCTBa;

® passemM NUMAHUA — THE3AO IoJA INTeKep numamerpom 2,1 mwm,

CTaHIApPTHOE IJA BHEIIHUX B3apAAHBIX YCTPONCTB WM OJOKOB
OUTAHUA Ha aKKyMyJadATopax ujam Oarapeikax tuna «KpoHa»,
AA naun AAA;

USB-pa3sem — MOXKET HUCIOJIb30BAThCA MJIA ABYX IleJeli: B Ka-
YecTBe pasbeMa JId NoJauyl MUTAHUA OT KOMNOBIOTEpa WJIU MO-
OMJIBLHOTO aKKyMyJsTopa Jumbo KaK nocnedosamebHulili nopm
(Serial Port), pab6oraromuit mo mnporoxkoay UART. IIporoxou
UART (YAIIIl, yHuBepcaJlbHBII aCUHXPOHHBIN NpUeMoOIlepe-
JATUYNK) — CTAPeHIInii M caMblii PAaCIIPOCTPAHEHHBINI HIPOTOKOJI
mepenauu naHHBIX. VIMEHHO uYepe3 Hero Ha KOMIbIOTep Oyaer
mocTymnath wuWH@OpPMAIUSA C JaTUYUKOB U Pe3yJabTaThl pPadoThI
Arduino, a Tak:ke OyIyT s3arpy.KaThCsd CKETUU U IIepPemaBaTbCA
KomMaHAbl ¢ KommbioTepa. USB-pasbem Arduino sammquiineH orT
meperpysokK: B ciyudae IIofauud Ha ILJIaTy HAOPSIMKEHUs, IIPEeBbI-
IIAIOIero AOIyCTHUMOE, IOPT OyAeT OTKJIIUEeH W HUKAKOro KO-
POTKOTO 3aMBbIKAHUS HE ITPOUIONIET;

® passem 048 BHYymMpucxemHnozo npozpammuposarus (ICSP) — ue-

0OJIBINION pasbeM AJA TOHKOU HacTpoiiku ATmega, mcmoabaye-
MBIN 1ys 3anucu HemocpenacTBeHHO B EEPROM.
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Q Bonpocsl

1. T'me mHa muatre Arduino Uno pacmoso:keH OJIOK KOHTAKTOB IHUTA-
Hus? Ilepeunciaute PyHKIUM ero KOHTAKTOB. KaKoBO HasHaueHUe
HanpsixkeHua 5 B m 3,3 B? OrBer 3anwuiiiure B Buae TaOJUIIbI
B TeTpajgu.

2. YTo TaKoe aHAJOrOBBIM CUTHAJI M KaKMe 3HAUEHUS OH IPUHUMAET?
T'me pacmososkeHbl aHasoroBbie BxoAbl Ha miaaTe Arduino Uno?
3. Uto Ttakoe 1mudpoBoi curHan? C moMOIbi0 KaKoii omepamuu mud-
poOBOIi CUTHAJ MOKHO HPEACTaBUTh KaK aHaJoroBbiii? Kakue KoH-

TAKTBI IIO3BOJSAIOT 3TO caenaTh? Hias uero sto Ttpebyercs?

4. IlogymaiiTe 1 00OCHYITe, OJII Yero HeoOXOAMMO BHeEIITHee IIPEePhI-

BaHnue. IlpuBegure mpumep.

9710 nHTepecHo!

IIpoexkTsl mox yupapieHreM Arduino HOPUHATO OTHOCUTH K pPOOGO-
TOTeXHUKE, OJHAKO uallle BCEro peub uaeT 00 aBTOMATHUKE W aB-
ToMmatusdanuu. Kcratu, To Ke camoe Kacaercsa mpoekToB Ha LEGO
Mindstorms EV3.

Q IIpakTHUeckue 3agaHUA

3amanue 1. Hailinure B MHTepHeTe mpumMephl IJIaT Ha ILaTqopMme
Arduino pasubIx mpousBoguTesieii. Kparko omminmTe, ueM OHH pas-
anuaTrca (3—4 mpensokeHUsaA o Kaxkaou miare). Hampumep, miaaTbhl
Arduino LilyPad, Arduino Esplora mau Amperka Strela.

3agauue 2. IIpu mamuuum getajeil cobepuTe OJOK NUTAHUSA I
Arduino.

KommonenTs! (puc. 2.10):

e OJIOK MOJis YeThbIpeX dJIeMEeH-
TOB nuTanusa tuma AA, 1x;

e IIITEeKep IJA pasbeMa NOuTa-
HUA ¢ KIEMMHUKOM, 1X;

e HJIeMEeHThl MHUTAaHUA  TUIA
AA, 4x;

e orBeprka PHO (xpectoBas),
1x;

® HOMKHHUIIBI, 1X;

e W30JIAIMOHHAA JeHTa, 1X.

Puc. 2.10. KoMnoHeHTbl ansa cbop-
kn 6noka nutaHma Arduino
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B BHumaHue
L ]

Barapeiiku (nam akKKyMyJATOPHI) IIOKA OTJOYKUTE B CTOPOHY — pa-
60TaTh CO BCTABJIEHHBIMH dJIEMEHTAMU NUTaHUS Heab3sa! Or 6J0Ka
OTXOJSAT ABa IIPOBOJA: KPACHBIN M UYePHBINA. B 2/IeKTPOHUKE IMPUHS-
TO HCIIOJIL30BATH OTH I[BeTa AJid 0003HAUeHUs NUTaHUSA (KPACHBIH)
u 3eMan (YepHBI).

1) BospmuTe IITeKep W ocaa0bbTe BUHTHI KJIEMMHUKA, ITOBEPHYB
WX OTBEPTKOM IIPOTUB YaCOBOM CTPEJIKMU.

2) BcraBbTe 3aUHNINEHHBIN KOHEI YePHO-
ro IIPOBOJA B THE3I0 CO 3HAKOM <«MUHYC»,
a KpacHOTO — B THE3J0 CO 3HAKOM «ILJTIOC»
(puc. 2.11). BHyTpu KJIeMMHHUKA JOJKHBI
OKas3aThCsAd TOJBKO MeAHBbIe KOHIIBI TPOBO-
IoB 0e3 mzousanuu (obosmoukm). Eciu gamHa
OTOJIEHHOM YacTH MPOBOJOB HEIOCTATOUHA,
3aunCTUTe IPOoBOA. Ecim mpoBoxa Ha KOHIE
«pacOyIInjCa», 3aKPYTUTE €ro.

3) 3aTAHUTe BUHTHI KJIEMMHUKA, YTOOBI
OopoBoJa Jep:Kajnuch B HeM IpouHo. Cre-
JlaliTe BUTOK MBOJIEHTHI BOKDPYI' MecCTa CO-
eIVHEHUA.

4) BcraBbTe OaTapeiiku B OJIOK OJIsI SJIEMEHTOB IHUTAHUSI, COOJIIO-
Iasd TOJAPHOCTh. ABTOHOMHOE NUTAHUE AJA OYAYIIEero IPOTOTHUIIA
TOTORO.

Puc. 2.11. KnemMMHuK co
BCTaBNIEHHbIMW NPOBOAAMM

T BHumaHue!

[ ]
Eciu mpoBoma y BxXozma B IMITEKep HarpeBalTCA, HEMEAJIEHHO BBI-

TamuTe OaTtapeiiku m pasbepuTe KOHCTPYKIMIO! TO O3HAUYaeT, UTO
re-TO CJHYYHJIOCh KOPOTKOe 3aMbIKanme. Kpome TOro, oroJieHHbIE
YacTH IIPOBOJOB He MOJKHBI BBICTYIIAaTh W3 KJEMMHNKAa BO U30erKa-
HUEe KOPOTKOT'O0 3aMBIKAHUSA. ITO OUYEHb OIAcHO!

2.3. MakeTHble nnaThbl

s mopkaoueHnsa K Arduino JOHNOJHUTEIbLHBIX KOMIIOHEHTOB IIPH-
MEHSAIOTCA MaKemHvle naamol. 11o ciioco0y MOAKJIIOUYEHNST KOMIIOHEH-
TOB OHHU OBIBAIOT ABYX THIIOB:

1) aad TIPOTOTUIIMPOBAHUA C HMOMOINbIO maiiku (puc. 2.12);
2) nna mpoToTUNIMpPOBaHUsA 0e3 maiiku (puc. 2.13).

IlepBoIfi cmoco® MO3BOJAET HAAEKHO 3aKPEILIsATh KOMIIOHEHTEI,
HO B cjiyuae OIMUOKM WX CJIOYKHO AeMOHTHUPOBaTh. Kpome TOro, ecrthb
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Hemeas
T wuma

Puc. 2.13. MakeTHasa nnata gjas npotoTunupoBaHus 6e3 naiiku

PUCK OKOoTa WJM BABIXaHNUS BPEIHBIX BeEIeCTB IIPU HeyMeJIoM obpa-
MIeHUN C MasJIbHUKOM.

Ijist mpoToTUIIMpPOBaHUsa 0e3 MalKM MCIIOJb3YIOTCSI MaKeTHbIe ILjia-
Thl C yKe O0BbeIMHEeHHBIMU B IIMHBI KOHTAKTaAMHU, KOTOPbIe 3HAYU-
TEeJIbHO PACIIUPSIIOT BO3MOMKHOCTHU IIOAKJIIOUEHUS JOIIOJHUTEIbHBIX
KOMIIOHEHTOB K OCHOBHOM IIJIaTeé C MHUKPOKOHTPOJIJIEPOM.

MaxerHble miaaTel Tuna miniBoard pinsa maikm 4YacTo BXOOAT
B cocTaB IuIaT pacinumpeHus (1muToB). HemocpeacTBeHHO Ha IIUTax
TaK)Ke MOTYT OBITH pas3MeIlleHbl MAaKeTHLIe ILIAThI C TOTOBLIMMU IIIMHA-
MU, IMeIINe Ha HMKHEH IIOBEePXHOCTU KJEHKYIO HIPOCJIONKYy. B Ta-
KOM cJIydae HOOAKJIOUEHHBIE 3JIEMEHTHI 3aKpeIllJieHBbl IIOUTH TaK Ke
HaJe)XHO, KaK IIPpU IIEePBOM CIIoco0e, OCOOEHHO MHPH COeSUHEHUU He
IPOBOJAMMU, A KECTKUMU IIepeMbIUYKaMMU.

Kak Bugure, annapamuas wacme naameopmuv. Arduino Hauese-
HA HA MAKCUMAJLbHYIO COBMECMUMOCMb He MOJbKO ¢ KOMNOHEeHMA-
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MU BHYMPU NAAM@OPMbL, HO U ¢ OpYyzuMu Ycmpoicmaeamu, B3auMo-
IeficTBHE C KOTOPBLIMHU IIPOMCXOLHUT Yepes3 CTaHAAaPTHbIe MHTEP(QeIich.

IIpozpammuas wacmev nAAME@OPMbL. COCTOUT M3 OTKPHITOTO (CBO-
00MHOT0) TPOTrPAaMMHOTO oO0eclieyeHUsi. ITO O3HAYAET, UTO BCE KOIbI
nporpaMmuoOil cpenbl paspaborku Arduino IDE BBLIOMEHBI B OTKPBI-
TOM [OOCTYIIE M MOI'YT OBITH HCIIOJIb30BAHLI, M3MEHEHBLI M YCOBEPIIIEH-
CTBOBAHBI 0e3 KaKuUx-J1u00 orpanuveHuii. IlogoOHBIN TOAXOHA HaJt
BO3MOJKHOCTh MHOTHM paspaboTUMKaM-9HTYy3MacTaM CO3AAThb JOIOJ-
HUTEJbHOE IIporpaMMHOEe oleclieueHlne, HAIIpUMep MOAYJb rpaduue-
cxoro mporpammupoBanus ArduBlock mam cpexmy S4A, B KOTOpOit
MBI BHOOCJEACTBUU OyaeM paboraTh. I[lompoOHee mporpaMMHAas YacThb
miaThopMbl OyZeT paccMOTpeHa B CJedyIOIeM pasieJe.

0 Bonpocsl

1. Kakue BuIbI MaKeTHBIX ILJIAT BhI 3HaeTe?
2. Kakue ()yHKIMM BBIIMOJHSAIOT KOHTAKTHI, 3allliCAHHBIEe B Tabjuiie?
3amoyiHuTe Ta0JIUILy.

KoHTakT dyHkumsa KoHTakT dyHkumsa
IOREF 5v
RESET GND
3.3V VIN

O 3anoMHuUTE

@ OTkpbITasg apxXuTeKTypa ® AHaJOrOBBIM CHUTIHAT
@ [Tupposoii curaan ¢ IluporHO-UMIyIbcHAA Momyaamus (IITIM)
@ Illupuna UMITyJIbCA

39TO UHTEepecHo!

HomosHUTEeIbHBIE KOMIIOHEHTHI (JaTUYUKU U MOAYyJIu) ojsi Raspberry
Pi coBmecTumbl ¢ miaatdopmoii Arduino, HO TP OCHOBHOM HAaIPS-
xeHuu 3,3 B.




maea 3. NMporpammHoe oGecnevyeHue
Arduino

3.1. Cpepa pa3pabotkm Snap4Arduino
(S4A)

3HaKOMCTBO C ILJIaTOW M IIPOTpPaMMUPOBAHMEM MbI IpeajaraeM HadaTh
¢ rpad@uUuecKoro 6JOUYHOTO MPOTrPaMMHUPOBAHUSA HaA A3bIKe Snap!, XoTs
opunagbHONi IIPOrPaMMHOIM cocTaBJsiomiel maatgopmbl Arduino
ABJseTCA cpema mporpammupoBaHuda Arduino IDE.

IIperxe yuem HauaTh, 3arjiAHEM B HMCTOPUIO 3TOTO SA3BIKA BUBYaJIb-
HOTO mporpamMMmupoBaHua. Snap! paspaboranu [xxenc Mouur, Bpaii-
aH XapBu W KOMaHIa CTyAeHTOB KaiaumopHUICKOTO yHHBEpPCUTETA,
Bepxsu (http://snap.berkley.edu/). VMx BmoxHOBMJIM [Ba A3BIKA
OpPOrpaMMUPOBAHUSA, OT KOTOPBIX WCCJIEAOBATEJIN B3AJU CaAMOE JYyU-
miee: rpaduueckuii a3bIK Scratch, omumr m3 mambosee pacipocTpa-
HEHHBIX S3BIKOB OOyUeHWsS HPOTPaMMHPOBAHUIO B Mupe, u Scheme,
A3BIK — HaCJIEMHUK W3BECTHEMINero A3bika nmporpamMMmupoBamua LISP,
CO3TaHHOTO /JIsI MOJEJUPOBAHUA WMCKYCCTBEHHOro wuHTeaeKTa. OT
mepBoro sA3bIKa Snap! B3aAa ynoOHBINT uHTepdeiic, mepeTacKuBaHNe
0JIOKOB Ha pabouyio 00JIaCTh U aHUMAIMIO, a OT BTOPOTO — CIIOCOOBI
paboThl ¢ O0BbEeKTaMU U NIPOIEedypPaMU.

Snap! cumraerca momupuKanuein Aswika Scratch 1.2, Ho umeer
CcIeAyIOIINe IIPEeUMYIIecTBa:

® IIPOCTOE CO3JaHMe II0Jb30BATEJbLCKUX OJOKOB (CTAJO TOCTYIIHO
ToabKO B Scratch 2.0);

® UCIOJb30BaHME CIKHCKOB IIEPBOTrO IIOPSAKA;
HCIIOJIb30BAHME IIPOIEAYP IIEPBOr0O IMOPAIKA;
COXPaHsieMble COCTOSHMS IPOrpaMMbl (BO3MOXKHOCTD IIay3bI).

Ucnonusiemble (pparMeHTHl Kofa Ha Snap! Ha3bIBAIOTCA CKPUITAMU
(ot amri. Script — cuenapuil).

ITo amamorum c¢ aseIKoM Scratch mporpaMMbl M IIOAIIPOTPAMMABI
B Snap! HaswiBaioTcsa cupaitamMu. OHI BKJIIOYAIOT B ce0A BCe MCIIOJb-
3yeMble MAaTepUaJibl: KOCTIOMbI, 3BYKH, CKPHUITHI. Eciu B IIpoeKTe
CYIIIECTBYeT HECKOJIbKO CIIPAaliTOB, TO WX COBOKYIHOCTHL HA3BIBAETCH
IMaKeTOM CIIPAWTOB.

Emie ogmH KOMIIOHEHT, KOTODBIN moTpebyercs mpu pabore B S4A
u npumepnmuii u3 Scratch, — sTo cmema. CrieHoil Ha3BIBAIOT IIPO-


(http://snap.berkley.edu/
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CTPaAHCTBO, TZe OTOOpaKaloTCs IMEepCOHaKU U rpaduuyecKue O0HEKTHI,
C KOTOPBIMU IIPOMCXOAUT JeiicTBUe (aHUMAIIUI).

WmetiTe B Bugy, uro maara Arduino mommep:xuBaeT TOJBLKO ONUH
HOTOK MNAHHBIX. JTO 3HAUUT, UTO OHA BBITOJHSET KOMAHABI ITOCJIENO-
BaTeJbHO W HE CIIOCOOHA K IapaljieIbHOMY BBIMTOJHEHUIO HECKOJb-
Kux 3azad. CyirecTByeT HeOOJIbIIAS XUTPOCTh: KOMAHALI CTABATCSA Ha
mays3y C COXpaHeHHEeM COCTOSHUS U 3alyCKarTcsd IoodepegHo. ITOo
obecrmeumBaeT IICeBAONAapaJjjiejibHble BBIUKCIEHUSI. B pesyabTaTe BO3-
Mo:KHOCTA Arduino 3HAUNTENBLHO PACIIUPAIOTCS.

Hasnbiite — GoJibiiie. PeajibHble TPOEKTHI, B OTJIUYNE OT OOJBIIIMH-
cTBa y4YeOHBIX, CO3JaBaeMbIX Ha YyPOKaxX HNHMOPMATHUKH, 3a4YaCTyIO
BKJIIOUAIOT B ce0sd KOMIIOHEHTHI, HAMMCAHHbIE Ha pPasHBIX SA3BIKAX
nporpamMMupoBauua. O6paboTuuk (IPUIOKEHUEe, B KOTOPOM ITPOUC-
XoAUT cOOpKa M 3arpys3ka Koja) HammcaH Ha JavaScript (JS). 9to
OCHOBHOM S3BIK NMPOTPaMMUPOBAHUS CAWTOB, BeIb MMEHHO OH 3aCTaB-
JisieT IBUTAThCA AUHAMUYECKMHe JacTu OoJabIiuHCTBa crpanuil B Ceru.

Pa6ora ¢ sspikoM Snap! 1o mporpaMMHPOBAHUI0 POGOTOB U aBTO-
MaTuku Ha Arduino BBINOJIHAETCS B CIENUAJILHOIN cpeae, 0 KOTOPOM
yIIOMUHAJIOCHL paHee, — Snap4Arduino. OHa Onliaa paspaboTaHa Ko-
mangoii Beprnara Pomarossr B Bapcesone.

Temepn, ecam KTO-TO BaM CKaKeT, UYTO BU3YAJbHBIA HA3BIK IIPO-
rpaMMUPOBAHUSA HE MOJYKET OBITh II0-HACTOAIIEMY IIOJIE3HBIM U IIPO-
M3BOAUTEJNLHBIM, CMEJIO OTIIPABJIANTE ero Ha 9Ty CTPAHUIY HAaIleh
KHUTY NI Ha caiiT codmareseir Snap!.

YctaHoBKka S4A

PaGorars ¢ rpapuuecKuM sS3BIKOM IIPOTPaMMKPOBAHUSA Snap! MOYKHO
B pasHbBIX 000JI0uKax. BbI OyaeTe MCIOJIL30BATH CBOOOLHO PAaCIIPO-
cTpamsgeMoe mporpaMMmHoe obecmeuenme S4A (Snap for Arduino).

Hiss paboTel B 9TO¥ cpejle HEOOXOAWMO IIOATOTOBUTHL Ballly ILja-
Ty Arduino, 3arpysuB B Hee CHeI[MaJbHYIO IIPOIIMBKY S4A, KoTOpasd
obecIreunuT MOCTOAHHYIO cBsaA3b 1m0 COM-mopTy B pekuMe OXKUIAHUS
KOMaHJ OT KoMmmobioTepa. IesiaeTcssi 9TO HpU nep8oM TOAKJIIOUEHUN
mIaThl K KOMIIbIOTEepPY. Ilo TOMYy iKe HpPUHIIUIY pPaboTaroT BCe AJb-
TepPHATUBHBIE ITPOIIMUBKMU.

ITO OUeHb IIPOCTas OIepPAIlHs:

1. Crauaiite (aiis nmpommBku Ha canite S4A (http://sda.cat/|
|downloads/S4AFirmwarel5.inl).

2. CrauaiiTe ycTaHOBIIUK cTaHAapTHOH cpeabl Arduino IDE. 9to
moporpaMMHOe obeclieueHre pPacIpoCcTpaHseTcss OecIaTHO, ITO3TOMY
BBI 0e3 mpo0JieM MOKeTe CKauaTh cebe YCTAaHOBOUHLIN (paiij, mepeiigs


http://s4a.cat/downloads/S4AFirmware15.in
http://s4a.cat/downloads/S4AFirmware15.in
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Download the Arduino IDE

Windows installer, for Windows XP and up
Windows z1P file for non admin install

Windows app Requires Win 81 0r 10

Get 52

Mac OS X 10.7 Lion or newer

Linux 32 bits
Linux 4 bits
Linux arm

Release Notes
Source Code
Checksums (sha512)

Puc. 3.1. 3arpyska Arduino IDE. Bbibop onepaLmMoHHONi CUCTEMBbI

Ha opumuanbueiii caiir Arduino: https://www.arduino.cec/en/Main /|

B mepeune cmpaBa BbIOEPUTE OMEPAI[MOHHYIO CHCTEMY, YCTAHOB-
JIEHHYI0 Ha BamieM KoMmmbioTepe (puc. 3.1). Eciu y Bac ycraHoBjieHa
OC Windows, HO HeT mpaB agMuUHHCTpaTopa (OrpaHWYeHHAS yUYeTHAS
3allnCh), KJIUKHUTE II0 BTOPOI CTpPOKe.

Ha crpanume sarpysku OygeT HPeAJOMKEHO CAeJaTh II0KEePTBOBA-
Hue paspaborumkKam cpenbl. Ecau BbI XOTHUTE CKavaThb YCTAHOBIIUK
6e3 B3HOca, KAuKHUTe Ha Just Download (puc. 3.2).

Eciu y Bac Her KoMIbioTepa HJIM TpedyeTcs, YTOOBI cpela IIpPo-
rpaMMHPOBAHUs OJA POOOTOB ObLIAa Bcerga ¢ coboii, TO MOYKHO HANTU
G6ecmmaTHble mpuioskeHus B Google Play, manpumep ArduinoDroid,
uan B App Store, manpumep ArduinoCode.

Takske MOKHO BOCIIOJIB30BaThCS BeO-Bepcueil cpenbl MIporpaMm-
MHIPOBaHHUsA, JOCTyImHOH mo azpecy |http://create.arduino.cc/editor|
(puc. 3.3).

3. OTKpoliTe ckauaHHBIN paHee (aiin mpomuBKu S4A. ABToMaTmue-
cku 3anycturca cpesa Arduino IDE. Bribepure TpeOyeMbIi THII ILja-
Tl B noamMeHio Hucrpymentsl — Ilmara — Arduino/Genuino Uno
(puc. 3.4).

3arpysuTe NOpOIIWBKY, HaXaB HA KHONKY 3arpy3HTh . Korga
BHU3Y IIOABUTCA COOOIIeHWEe 00 OKOHYAHUU B3arpy3KW, BBIAIUTE U3
cpenbl Arduino IDE.

4. YcranoBure cpeny S4A mHa KoMmIbioTep ¢ caiita mpoexrta |http://
BBIOPAB YCTAHOBIIIUK, COOTBETCTBYIOIIIUU Ballledl oIlleparu-
oHHO# cucreme (puc. 3.5).


https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software
http://create.arduino.cc/editor
http://s4a.cat/
http://s4a.cat/
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Support the Arduino Software

Consider supporting the Arduino Software by contributing to its development. (US tax payers, please note this contribution
is not tax deductible). Learn more on how your contribution will be used.

SINCE MARCH 2015, THE ARDUINO IDE HAS BEEN DOWNLOADED

TIMES. IMPRESSIVE! THIS IDE IS NO LONGER JUST FOR
ARDUINO AND CENUINO BOARDS. HUNDREDS OF COMPANIES AROUND THE
WORLD ARE USING IT TO PROGRAM THEIR DEVICES, INCLUDING
COMPATIBLES, CLONES, AND EVEN COUNTERFEIT. YOU CAN HELP
ACCELERATE THE DEVELOPMENT OF THE ARDUINO IDE BY CONTRIBUTING
TOWARDS THE EFFORT OF MAKING IT BETTER.

$3 $5 $10 $25 $50 OTHER

JUST DOWNLOAD CONTRIBUTE & DOWNLOAD

Puc. 3.2. Pasmep noxepTBOBaHUSA MpPU CKaynBaHUMU

* productsCase fu
T Te—m |
[ swetchboak SEARCH SKETCHBOOK a peoductaCaseing Reatie adoc -

Ex
'

E| Exampies ORDERING BY LAST
B wbraries B productiCase ©
@ Menitor

@ Help

IMPOFE yOUF SkEtches to your n-
oriline Sketchbook and access
them from any device! 2

gln (3608)
(OHTsens0r,

Puc. 3.3. Beb-Bepcus cpegpl nporpamMmmpoBaHms

B pganbueiiniem asa mporpamMmupoBanusa miaaThl Arduino Uno Ha
A3bIKe Snap! moTpedyeTcsa 3amyCTUTL BCEro JIKIIL IIporpammy S4A.
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BB sketch junids | Arduino 133 T e
Wain Mpaska Cxera [Mmcrpymesre:s| Mosows

E‘ AstoBopMarnposanne CtrleT
AprmEnposaTs CLETY
W wnep

Monmrop nopra Ctrl+Shift+ M 5
Mnotrep no nocnegoeatensnony cosgnmerme  CtrleShifts L

! WFiL01 Firmware Lipdater

) ArduBlock [ o
you! Meneguep nnar...

Mnara: "Arduino/Genuine Uno”
1 Mnarst Arduine AVR

Mopr
Arduino Yin

% | Arduino/Genuinc Uno

MNomyunTs UHHODMALNID O MNaTe

Mporpanmarop: “AVRISP midl® Arduing Duemilanove or Diecimila
3anucats arpysum | Arduing Nano

| Arduino/Genuino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo

Arduino Leonardo ETH
Arduino/Genuine Micro

Arduino Esplora

Arduine Mini

Arduino Ethernet

Arduino Fio

Arduino BT

LilyPad Arduine USE

LilyPad Arduing

Arduino Pro or Pro Mini

Arduina NG or alder

Arduino Robot Control

Arduino Robot Metar

Arduing Gemma

Puc. 3.4. Bbibop nnatbl

About Docs Android Changelog Downloads Kit FAQ Team

Download and Install
1l

Install our
firmware
into your
Arduino

Enjoy
programming
your world!

Download
and install
S4A

Installing S4A requires you to install software both in your PC and your Arduino
board. Here you'll find the detailed steps to get it up and running.

Installing S4A into your computer

S4A works in the three major consumer operating systems. Download and install
the one that fits your configuration:

. Winggﬂg

» Mac

« Linux (Debian)

» Linux (Fedora) (version 1.5)

« Raspbian (Debian for RaspberryPi) (version 1.5)

Puc. 3.5. YcraHoBka cpegbl S4A
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o} ) MNpumeyanne
—_—

Temepp BbI MOXKeTe IIPUCTYINUTL K BBIIOJHEHNIO IIPAKTUUYECKUX 3a-
TaHU# U 3HAKOMCTBY ¢ mepudepueii Arduino. [lyia sToro mepexomu-
Te K riaaBe 4. MbI cliemuaabHO coOpaau maparpagbl, HOCBAIIEHHLIE
IIO gnsa Arduino, B ogHOM MecTe, 4TOOBI BBl MOIJVIM IOJB30BaThCS
KHUTOM M KaK CIPABOYHUKOM.

9 Bompocsr

1. IlepeuncauTe, Ha KaKUX A3BIKAX NOPOrPaMMHPOBAHUS OCHOBAaH
Snap!.

2. MoxHO U TPUMEHATH HECKOJBKO HA3BIKOB IIPOTPaMMUPOBAHUS
B OJHOM IpoeKTe?

3.2. Cpepaa paspaboTtku Arduino IDE

B mpegpigyiieit riaaBe TOBOPHWJIOCH, UTO HPOTPaMMHAasA YacTh IIJIAT-
dopmel cocTouT u3 cpenbl paspaborku Arduino IDE u momosiHUTE B-
HOro mporpamMmmuoro obecmeuenus (I10), cosmaHHOro sHTy3macTaMu
U KOMIaHUAMU, OpousBoAainiuMu Arduino-coBMecTuMbIe AaIlapart-
Hble KOMIIOHEHTBHI.

Cpeda paspabomrku Arduino IDE sBiasercsa cBobomubiMm 110 u pac-
mpocTpaHseTca aBTopaMu maaTd@opmbl. Ee HasHaueHMe — Iporpam-
MupoBaHue MuKpokoHTposiepa ATmega. Ha odunuanbHOM caiite
(https://www.arduino.cc/en/Main/Software) nocTymHBI yCcTaHOBIIH-
KM AJiA Pa3HBIX OIMEPAIMOHHBIX CHUCTEM, BKJOUasd OMHApPHBIE (DaMIbI
naa Linux. Taxske mpemocTaBisdeTcs 0e€3yCTAHOBOUHLIN aApXUB IJIA
noJyb3oBaresieii Windows, He MMeEIOIIMX IPaB aIMHUHHCTpPaTOpA.

Cpena paspabOTKHU MMO3BOJISET MUCATH, IPOBEPATH, KOMIUJIUPOBATD
U 3arpyskaTh IporpamMMHBIA Koxa B miaaTbl Arduino uepes UART-un-
Tepdeiic. IToT MHTEPPENC MOKHO 00eCIeunTh (PU3UUECKUM COeIUHe-
Huem uepes USB, Bluetooth, Wi-Fi, LAN B 3aBuCHMOCTH OT BO3-
MOJKHOCTEl yCTaHOBJEHHBIX WMJIM BCTPOEHHBIX alNapaTHBIX MOIYJIEH.
Hasa mmarel Arduino Uno 6es3 MOMOJHUTENBHBIX IIJIAT PACIIUPEHUS
IOCTYIHO IIOAKJIOUeHHe TOJbKO ¢ momolibio USB. Camu mporpaMMbl
ouImmyTcAa Ha A3bIKe Wiring — cmenmaibHON MOAU(MPUKAINU SA3LIKOB
nporpammupoBanusa C/C++, paspaboTaHHON AJd B3aUMOAEHCTBUA
MHKPOKOHTPOJIJIEPOB U Hepu(epUNHOT0 3JIEKTPUUECKOTOo 000pymoBa-
Husa. Ilogpo6Hee 0 ToM, mouemMy OBIJI BHIOpAH WMEHHO JBTOT A3BIK,
u ocobeHHocTsax Wiring MBI paccKakeM IIO3IHEE.

IIporpammbl, HamMcaHHBIE B pegakTope Koma cpenbl Arduino
IDE, nmaswiBatoTca ckemuamu (or auriy. sketch — Habpocokr). s



https://www.arduino.cc/en/Main/Software
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X xXpaHeHusa Ovnla mpuazyman dopmar .INO, momyumBminii HasBa-
HHe OT IocjaeqHuX OyKB cjaoBa «Arduino». Ilpum coxpameHum I1po-
rpammbl Arduino IDE cosmaeTr aisa KaXgOro CKerdya HamKy IPOEKTA.
Heno B ToM, UTO paHHUWE BEePCUU CPEAbl MCHOJh30BAJIM PacCIIUpeHUe
.PDE — ¢paiina mcxomHoro koma Ha A3bIKe Processing, OoCHOBaHHOTO
Ha Java, HO Osim3koro mo cumHTakcucy K C/C++. 910 00BAcHAETCA
Tem, uto cpena Arduino IDE passuBamacey us cpeawsl Processing IDE
c 3ameHol a3bIKa Processing Ha a3pik Wiring.

B rTakom @aiiie comep:kanuch (GPYHKIIUM, KOHCTAHTHI UM JOIIOJI-
HUTEJbHBIE KOHCTpPYKIum. IIporpammer Processing Ha3bIBaJIHCh
«cKeTum» (Sketches) m mpemHasHAYaJNUCh [OJA ITPOTPAMMUPOBAHUS
n3obpakeHnii, aHMMAaIlUd ¥ B3aWMOJAENCTBUSA BHEITHUX JJIEMEHTOB.
Kaxxkaeiii Takoil (aita coxpaHsjcsd B OJHOMMEHHON COOCTBEHHOM
mamKe ITPOeKTa BMECTE CO BCEMM CBOWCTBAMUM W JOTOJHUTEJIbHBIMU
KapTUHKaAMU. OTO II03BOJIAJIO JIETKO II€EPEHOCUTH TOTOBBIE DPEIIeHUSA
BUBYaJBbHOTO OKPY:KeHusA (HalmpuMmep, IporpaMMy, C IIOMOIIBIO I'pa-
GUKOB OTOOpPAaKAMIIYI0 TeMIepaTypy ¥ BJIaKHOCTbL B IIOMEII[eHUH).
N3 Kypca mH(MOpMATHKU BaM M3BECTHO, UTO HEKOTOPBIE IIPOTPaAMMbI
MOTYT CCBLIATHCSA HA IOANPOTPAMMBI — (hallabl APYTUX IIPOTPaAMM
B paMKaXxX 9TOTO Ke IIPOEKTa C OIIpeJeJIeHHBLIM HAOOPOM YaCTO BBIBBI-
BaeMbIX (pyuKIuii. Takum o6pasom, B IIalKe MOKET COJep:KaThbCs He
OIUH CKeTY, a HeCKOJIbKO. IloaToMy MecTO mX XpaHeHUs ObIJI0 HasBa-
HO ckemubykom (B TepeBOJie C aHTJI. KHMUTa HAOPOCKOB), a IIPOIece
co3maHus — ckemuuHzom (T.e. co3manme HabpockoB). IIpu pabore
C MUKPOKOHTPOJJIEPAMHU COAEPIKUMOEe OJHOTO CKeTuOyKa — 3TO BCe,
YTO 3arpysKaeTcs B HaMATh yCTPOUCTBA HENOCPEACTBEHHO M3 CPEIbI
paspaboTKu.

O Bompocsl

1. Yto Takoe CKeTY, CKeTUOYK UM CKETUUHI?

2. B xakom (opmare COXPAHAIOTCA CKETUYM B IMOCJHETHUX BEPCHUIX
cpenbl paspaborku Arduino IDE?

3. Ha KakKoM sA3bIKe TMHUITYTCA mporpaMmbl aiasa Arduino?

3.3. Pa6oTa B Arduino IDE

ITocie ycraHOBKM cpeny HY!KHO 3alyCTUThL Ha KoMmibiorepe. Ilpm
9TOM OTKPOeTcs paboyee HPOCTPAHCTBO. [lJig KaKJOro HOBOT'O CKeET-
Yya OTKPBIBAETCS OTAeJbHOe OKHO. OKHO COAEp)KUT CJeAyIoI[ue OcC-
HOBHBIe 30HBI (puc. 3.6).
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€D sketch_nov19a | Arduino 1.&2_/ Marenb pabotsl ¢ dannamm - O X

Qaiin Mpaexa Crery Mucrpymentor Momowp

B e [1aHE B MHCTPYMEHTOB IR

}

void loop() {
// put your main code here, to run repeatedly:

sketch_novi9a Rabodve]Bkraky)

oid setup() { ~
// put your setup code here, to run once:

/ [Mone pepakTupoBaHusa cketya \

WHdopmaums
0 MOAKII0YEHHOM YCTPOWCTBE

—— RIEEDEE —

Arduino/Genuino Uno u

Puc. 3.6. OkHO ckeTya

1. ITaneas pa6GoTsl ¢ (paiidamMu. ITO CTAaHAAPTHAS BEePXHAA IaHEb
MPUIOKEHUI, KOTOPAA CONEPIKUT BKJIATKU:

o «Paiiyr». PYHKIIUU: OTKPHITHE, 3aKPBITHE, COXPaHEeHNe, BBIBOJ HA

mevaTb, IIallka IIPUMePOB, HeJaBHUE IIPOEKThI, HACTPOMKM CpPelbl.
«IIpaBka». Kpome momcka u 3aMeHbl, IIPUCYTCTBYeT II0JIe3HAS
dysKUa romwmpoBanma kKoxma B HTML, uro mo3BoisdeT BcTas-
JISITH €r0 C TOJCBETKOII CHHTaKCcHca Ha CTPaHUIBI opyMa WJIu
oJsiora. HecmoTps Ha TO 4TO HyMepalusa CTPOK B cpere Arduino
IDE mo ymosuaHNIO He OTOOpaskaeTcs, IepedTr K HYKHOUN CTPO-
Ke (Hampumep, C AOOYIIEHHOI OIMIMOKOM) MOYKHO C TOMOIIIBIO CO-
OTBETCTBYIOIIEH KOMaHAbI (HyMepamuio MOXKHO BKJIIOUUTHL B Ha-
CTPOMKax).

Psagom ¢ TeKCTOBHIM Ha3BaHWEM QMYHKIIUU IIPABKU OdaeTcs
aJbTePHATHUBHOE coueTaHuWe KJaBuill. VX samoMuHaHWe 3HAUU-
TEeJbHO YCKOPSEeT IIPOIlecC HaIMCaHUA Koaa, HO He SABJIAeTCH
00s3aTeIbHBIM.
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o «Cketu». Comep:KUT OCHOBHBIE KOMAHABI KOMIMWJSITOPA, B TOM
yucJie TMPOBEPKY W 3arpys3Ky cCKeTdua B ILIaTy.

3azpys3ka ¢ nomouipblo npozpammamopa Tpebyercd mjnA 3a-
MeHbI 3arpysumka camoii Arduino, T.e. mepenuchbIBAaHUS 3alllu-
IIeHHOM 00JIaCTH TaMSTH.

dKxcnopm OUHAPHO2O ¢hailsa — IPU HTOH oOmIepanuum CKeTd
IIpeACTaBJIAETCS B BUAE ABOWUUYHBIX AAHHBIX, OJHAKO He 3arpy-
JKaeTcd B IaMATh MHUKPOKOHTPOJLIEPA, a COXPAHAETCS B CKeTu-
OyKe OJid mepegauyu, M3MeHeHUus ujiam 3arpys3ku B Arduino c mo-
MOIIBIO IPYIUX IIPOTPAMM.

ITodkawuenue O6ubauomekx yupoinaer Hanucanme kKoma. Ilof-
pobHee oHI OYAYT PACCMOTPEHBI BMECTE C OCOOEHHOCTSIMMU sI3bIKa
Wiring.

Jlobasnenue ¢aiina 6 ckemubyk — olepalusa IPUKPEIJIeHUA
3BYKOB, KAPTUHOK, 9JEKTPOHHBLIX TaOJHUIl U IIOCJeAyIoleil pado-
Tl C HUMHU B CKeTue.

o «MHCTPYMEHTHI»:

AsmogopmamuposaHue B cpele peaqms3oBaHO caabo U CBO-
OIUTCA K COOJIOMEHUI0 HOBBIX CTPOK IIPW OTKPBITUU (DUTYPHBIX
CKOOOK.

ApxusuposaHue ckemua B OTAEJBHBIN Zip-apXuWB C [gaTou
B Ha3BaHUU II03BOJISET COOJIIONATL KOHMPOJb 8epcuili — coxpa-
HEeHMe DpAasHBIX CTaAU{i TOTOBHOCTH IIPOTPAMMHOTO HIPOAYKTA
(mpoekTa) AJisT BO3MOJKHOCTU BOCCTAHOBJEHUS IOCJeqHel pabdo-
TOCIIOCOOHOM BEpCHHU B CJIyuae BO3HUKHOBEHHUS OINMHOOK.

Henpasaenue koduposku youpaeT HEKOPPEKTHO OTOOpasKae-
Mble cUMBOJIbI. Hampumep, BoccramaBiamBaer ASCII (cranmaprt-
HYI0 KOAWPOBKY Asa cTpok ATmega) m3 Texkcra, HamuMCaHHOTO
B Windows-1251 uau UTF-8. K coskanenuio, Arduino IDE He
MOAIePsKUBAET BBIBOJ KUPUJLIUILHI.

Monumop nopma — 3TO OKHO AUAJIOTA MEKIY IT0Jb30BaTeJIeM
u Arduino (puc. 3.7). B Hem orobGpaskaercsa mHGOPMAIUS, II0-
crymamomiass oT miaathkl mo mnmporokoay UART Ha ckopocTu, ykKa-
3aHHOM B IIPAaBOM HHUKHEM YIJIy OKHAa MOHHTOpa mopra. OTmpas-
JseMble JaHHbIe IIepeBoAATcAa B KoAbl cuMBoJIoB ASCII. CumBoa
KOHIIA CTPOKM [00aBJIeTCSA B KOJ, OTIPABIAEMBIN Ha IIATY,
U MOJKeT OBITh MCIIOJIb30BAH B IporpaMme. 3HaUEHUS CKOPOCTHU
UART B mMoHHTOpe mOpTa M BHYTPHU IPOrpaMMBbl JOJIMKHBI CO-
BIIQJATH.

ITnommep no nocaedogamenvbHOMYy COeOUHEHUI0O — 3TO WH-
CTPYMEHT, TO3BOJISIONINNA B PEKMMEe PeaJbHOTO BPEMEHHU CTPO-
UTh Tpa@UKU IO JAaHHBIM, IMOCTYMAIOIIUM OT mMOpTOoB Arduino.
Arduino IDE moaaep:xuBaeT MHOMKECTBO PA3JIMUHBLIX ILIAT, KayK-
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@ COM1

N

[Mone BbIBOAa
nony4yeHHon nHopmaunm Ckopoctb UART

[None BBoAa KomaHbl/CMMBOIOB

CumBon KoHua CTPOKMK

-
[¥] AsTonporpyTia [He_-!-r:om_.nacrm1 ¥ |960060a |v

Puc. 3.7. MoHutOop nopta

Ias U3 KOTOPBIX MMEEeT CBOM OCOOEHHOCTU (HalpuMep, MOJejb
MUKpoIpolieccopa um obbeM mnamatru). I[losTomMy BaskHO, UTOOBI
Ha3BaHUeE ILJIaThl B CPeJle M IOPT, K KOTOPOMY OHA HOJKJIIOUEHA,
COBHAZaJI C PeaJbHBIMU.

O6biuao Arduino IDE aBTOoMaTuuecKu oOmIpeneasdeT IJIATY
u mopt. Haa USB-nogk/aoueHns IOPTY IIpHCBAMBaeTCs HasBa-
aue COM X, rome X — mnu@poBoii HoMep mopra. KasKablii TuHi
MUKPOKOHTPOJIJIEPA, YCTAHOBJIEHHOTO Ha IjgaTe, TpebyeT mpo-
rpaMMaTop, KOTOPBIA eMy COOTBETCTBYET.

«ITomorib». TOT paszesl COCTOUT B OCHOBHOM W3 CCBHIJIOK Ha OH-
JaWH-CIIPaBKy Ha AHTJIMNCKOM s3BIKE.

2. ITaneas mHCTPyMeHTOB. Ha Heli pasmelaioTcs OCHOBHBIE KHOIIKU,
WCIIOJIB3yeMble TIPU paboTe ¢ IPOTrpaMMOIii.

lNpoBepka cketya, 3anucaHHOro B noJsie seoga. Cpega koMmnmnvpyer
(cobupaeT ons gaHHOro MMKponpoueccopa) nporpammy, nNpoBepsis
Ha Hannyme ownbOoK.

KomMmnunnpoBaHue rporpaMmMmbl v 3arpyska €e Ha MNOAKIOYEHHOoe
yCTPOMCTBO. Arduino cpasy Xe 3arnyCcTuUT MOJSTY4EHHYIO MporpamMmmy.

CosnaHune HoBoro cketya. OTKpblBaeTca HoBasa Bknagka. B kavecTtse
Ha3BaHMS MCMNOJIb3YyeTCsa TeKyllasa Aara.

OTKpPbITUE COXPAaHEHHOro paHee cKeTya.
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|7—| CoxpaHeHue OTKpbITOro cker4a. He 3abbiBaliTe MCMOJSib30BaTb
a | 9Ty dyHKUMIO Nepepn 3akpbiTUEM cpedbl, YTOObl HE MOTepsTb
LOOCTUIHYTbIN pe3ynbrar!

MoHuTOop nopta. 3anyckaeT OManoroBOe OKHO aHaslorMyHoO
KoMaHOe Ha naHenu paboTbl ¢ darnamu.

3. Ilaneanp ckerueii (paGoume BKIagku). OTKPBHITBHIE CKETYM OTOOpa-
JKaloTcA B BuAe BKJIAAOK. Ilo ymMouaHMIO Ha3BaHWEM HECOXPAaHEHHOM
BKJAAKU SABJSETCA TeKyIlas mara. IlepeKjamouaTbcsa MeKOy BKJIALKa-
MK MOXKHO ¢ moMoIIbio KomOumHanum kjiaasuin Ctrl+Alt+Left wmam
Ctrl+Alt+Right. HoBas BKJagka co3gaeTcs COYEeTAHHEM KJIABIIII
Ctrl+Shift+N wmiam BBIOOPOM COOTBETCTBYIOIIEH BKJIAZKM. B MeHIO
MOYKHO TaKiKe IIeperMeHOBATh OTKPLITBHIN CKeTd.

4. Ilone pemakTupoBanus ckerda. Cloga 3anuCbIBAe€TCS MCXOMSHBIN
KoJ mporpaMmbl Ha A3bIke Wiring. B pemaxkTope mMmeercs moamepik-
Ka TOJICBEeTKU CHUHTAKCHCA, B TOM YWCJIE CTAaHAAPTHBIX UMEH U (DYHK-
nuii. Hymepanusa cTpok He oTo0OpaskaeTcsd, OJHAKO BeIeTCdA; UX KO-
JINYECTBO MOYKHO YBUAETHh B HUKHeM JieBoM yruy okuHa Arduino IDE.

5. Koucoasr BoIBOga. KoHCOJIb BBIBOAUT COOOIEHUSA KOMIIMJISATOPA
00 ommubkax B Kome, IpobjeMax MOAKJIOUEHHS K ILJaTe W 3arpyske
B YCTPOMCTBO, a TaKyKe O COCTOSAHUU CcBOOOAHOI mamaTu Arduino. Ilpu
BBIBOJIE VKA3bIBAETCS HOMEP CTPOKH C OIIMMOKOI, KOTOPBIIA MOMKHO HC-
HOJIL30BATh IIPU MOUCKE IIPOOJIEMHOIO MECTa B IIPOIECCe OTJIAMAKHI.

6. Ilanexs oOureit uugopmamuu. CaeBa HaXOAUTCA HHPOPMAIUA O KO-
JITYeCTBe CTPOK B KOJe, CIIpaBa — HasBaHMWe IJIATHl M IMOPT, K KOTOPO-
My OHA TMoAKJoUYeHa. [Ipy KOMOUJIMPOBAHUU WU 3arpy3Ke C OIMUOKOM
maHesb MEHsSeT CBOM I[BET Ha KPACHBIN, CUTHAJIUBUPYSA O IIpobieme.

Mgr paccmoTpesn Bce OCHOBHBIE (YHKIIMH Cpeabl paspaboTKu
Arduino IDE. B pganapHelillleM 3TOT MaTepHaJ MOYKET IPUTOAUTHCS
B KauecTBe PYKOBOJCTBA II0Jb30BATEJI.

9 Bonpocsl

1. Kakue ocHOBHBIE omepanuu ¢ (aiiasaMmu JOCTYIHBI B cpege Arduino
IDE?

2. Uto Takoe sKcmopT OuHapHOoro ¢aijia m UYeM OH OTJINUYAETCS OT
3arpys3ku paiijia Ha yCTPOMCTBO?

3. Uem pasinyaroTCs MOHUTOP IIOPTA U ILJIOTTEP IO IIOCJIEIOBATEJIb-
HOMY coenuHenmnio? UTo moapasymMeBaeTCs IIOJ STUMU IIOHATUAMU?

4. Kakue KOMaHIbI AOCTYIIHBI Ha IIaHEeJU HHCTPYMEHTOB?



@ maea 3. lMNMporpammHoe obecnedyeHne Arduino

3.4. AnbTepHaTUBHOE NporpamMmmMHoe
oO0ecneyeHue gna Arduino

Hasa cmapT$OHOB U IJIAHIIETHBIX KOMIIBIOTEPOB CYIIECTBYIOT amHa-
JIOTH cpelbl pas3paboTKM, TaKsKe pacipocTpaHseMmble OecmaTHo. Ha-
opuMep, AJS TamKeTOB O] YIIPABJIEHUEM ONePAI[MOHHON CHCTEeMBI
Android moctymua mporpamma ArduinoDroid.

WNuorma nipm mepeuncieHun HAOOPOB AJIs IIPOTOTUNNPOBAHUA YIIO-
MuHaeTcsa co3ByuHoe Arduino masBanme — Espruino. 9rta miaatdopma
BXOoAuT B ceMmeicTBO Arduino-coBmMecTuMbBIX ILIaT@opM. Bce maaTbl
ceMelcTBa MOTYT OBITH HOAKJIIOUEHBI APYT K APYIY, IIOTOMY UTO HWMe-
IOT OAMH W TOT Ke mHTepdelic: MuPpPOBbIe BXOALI U BBIXOIBI, OZUHA-
KOBOe HampsiKeHue. VX pasinume 3aKJIH0UYaeTCs B MUKPOIIPOIIECCOpE,
Habope pasMeIeHHBIX Ha IIJIaTeé KOMIIOHEHTOB WJU IIPOCTO B IIPOU3-
BoauTtese. Hampumep, miaara Iskra JS maentmuma Arduino Uno Bo
BCeM, KpoMe MUuKpomporeccopa: Bmecto ATmega328 Ha Heir ycra-
HoBjeH Oojsee moiHbIE ARM Cortex-M4. [[na mporpaMMUPOBaHUA
TaKMX ILJIAT MCIOJb3yeTcsa cpema paspaborku Espruino Web IDE,
BCTpamBaeMmas IpamMo B Opaysep Google Chrome.

Kpome opumnuanbubix cpen paspaborku, aas Arduino/Espruino
paspaboTaHO [IOIIOJHHUTEJbHOE IIporpaMMHOe obecrmeuenne. B 00Jib-
IIHCTBE CJIy4aeB OHO PAaCIPOCTPAaHseTCS II0 CBOOOAHOII JIWIIEH3UU,
KaK, HallpuMep, yCTaHOBJEeHHAas BaMu pamee S4A.

Paccmorpum Tpu OeciiaTHbIE IIPOrpaMMbl, KOTOPbIEe MOTYT IIPUTO-
OIUTHCSA TPU IPOTOTUIMPOBAHUMU.

1. Fritzing — nrar@opma BupryanbHoro npororunuposanusa (http://|
[fritzing.org/home/; puc. 3.8). Ona gocrymua mia Windows, Linux
u Mac OS. Ha »sToii miaaTdopme MOMKHO cOOMpPaATh BUPTYAJIbHBIN
IIPOTOTHUII ¥ MOJYyYaTh MNPUHIUINAIBHBIE CXEMbI BAIIKUX MIPOEKTOB,
a TaK/Ke OCHOBY KOZA IJIA MX yIpaBieHus. IIpoliecc IpPOTOTHUINPO-
BAHWS COCTOUT B IIepPeMeIlleHHM Mojejeil Ha pabodee IIPOCTPAHCTBO
¥ OOAKJIOUEHWU UX K MaKeTHOM ILiaTe.

YroObl COEAUWHUTL [OBAa KOHTAKTa, HYMHO 3a)KaTh yKasaTelb
MBI HaJ OSHUM N3 KOHTAKTOB WM IIEPeTAIlUTh ero Ha APYroil KOH-
TakT. BeTpoeHHas KOJIEKIMS MATEePUAIOB IIOCTOSHHO IIOIOJIHAETCS
HOBBIMM MOJEJAMN OT WM3BECTHBIX IIpoM3BoguTeseii. B mporpamme
ecTb moxizep:kka Raspberry Pi u apyrux miaargopm. OHa mo3BOJISA-
eT cobpaTh MPOEKT MPU OTCYTCTBYIOIINX (PU3UUYECKUX AETaNAX WU
n30eKaTh CJIYyYalHOTO KOPOTKOI'O 3aMBbIKAHUA NIPU HEKOPPEKTHON’
cOopke.

2. Moayap rpaduueckoro mnporpammupoBauus ArduBlock (https://
[sourceforge.net/projects/ardublock/files/; puc. 3.9). fAsasiercss mo0-

HOJHUTEJbHBIM MOAYyJeM IJs cpelbl pasdpaborku Arduino IDE, a me
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Puc. 3.8. lMnatdpopma BUpTyanbHOro npototunmpoBaHus Fritzing

camocroATeabHO mporpammoii. ArduBlock — 5T0 aHaJOr A3LIKOB
Blockly, Scratch mam LabVIEW, wucmosb3dyeMbIXx OpU HPOTPAMMMU-
poBanuu poboros LEGO Mindstorms EV3 u apyrux 3HaKOMbIX BaM
miaardopm. O mossoasder cobuparTh mporpammy mjas Arduino u3s
rpaduuecKux OJIOKOB, KOTOPhbIe IIPU 3TOM aBTOMaTHUYECKH KOHBEPTU-
pyioTca B MCXOAHBIN Kom Ha Wiring. Bel mosHakoMuTech MMoapoOHee
C HUM B CJIeIYIOIINX IJaBax.

3. Cpena rpaduueckoro mporpaMmupoBanus FLProg 1|http://flpr0g:|
ru/load/; puc. 3.10). Oma gocTymHa s ycTaHOBKM Ha Windows

u Linux. IIporpaMMa pocCHUCKUX Pas3pabOTUYMKOB CIIOCOOHA IIOKA3aTh
c¢Ba3b Arduino um mpousBoACcTBEeHHOU poboToTexHuKHu. FLProg Harese-
Ha Ha IporpaMMUpPOBaHIE C IIOMOINBIO A3BIKOB FBD (Function Block
Diagram) (puc. 3.11) u Ladder Diagram (LD, LAD, PKC), T.e.
rpad)TuYecKoOT0 SA3BIKA C IOCTPOEHUWEeM Ilelleil M3 TPUTTEPOB M S3BIKA
peJeiiHON JIOTUKMW COOTBETCTBEHHO. BTOpPON A3BIK OPMEHTUPOBAH Ha
WHKEeHepPOB M0 aBTOMATHU3AaIliX HA ITPOM3BOJACTBAX.

B wurore mporpamma BbIZaeT IMOHATHBIN W JIETKO paciind)poBLIBA-
eMBIf JIIOOBIM 3JIEKTPOHIIIMKOM PpPe3yJabTaT. JTO 3HAYUT, YTO OOCIIY-
JKMBATh T'OTOBBIA IIPOAYKT (BOILJIOIIEHHBLIN B JKU3HBb IIPOTOTUII) CMO-
ryT Hemporpammuctbl. FLProg obecrieunBaeT TaK:ke B3aMMOIEHCTBUE
C BHEIIIHUMHU yCTpoiicTBaMu (HAIpUMep, CO CTAHKAMU II0 BJIEKTpUUe-
CKOM ceTu IpPeaIpUATU).

IIpoexkTnl, coOpaHHbie Ha ocHOBe Arduino, Jierko TUpakKUpoOBaTh,
MOCKOJIBKY [OeTaJi CTOAT Hemoporo. OmgHAKO OHM He 00JamaloT TaKoH
JKe MPOYHOCTBHI0O M TOUHOCTBHIO, KaK Joporoe mpodeccruoHaJ bHOE 000-
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Puc. 3.10. Cpepa rpaduyeckoro nporpammupoBanus FLProg
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Puc. 3.11. lMpon3BOACTBEHHbIN A3blK NporpammupoBaHus FBD

pyZoBaHUe, IMO3TOMY UX YaCTO WCIOJb3YIOT KaK PeIIeHUS TOJbKO
I MaJioro Ou3Heca, Tle MX MOIITHOCTEH JOCTATOYHO.

Q Bonpocsl

1. Yro Takoe Espruino? IlepeumncinTe OCHOBHBIE OCOOEHHOCTHU 3TOM
1aT(hopMbI.
2. Obocuyiite, mouemy Arduino — yHuBepcaJbHasa ILIaTdopMa.

O 3anmoMHuUTE

@ Cpena paspaborku Arduino IDE € Cxeru € Crerubyx ® CKeTuymHT
@ Oxcnopr 6unapHoro (Qaiia € Kourponab Bepcuii ¢ MouuTop mopra
@ IlioTTep IO IOCJIEeJO0BATEJLHOMY COEIUHEHHUIO

Q IIpakTHUYeckue 3agaHUA

3amanue 1. Hanumimre KpaTKuii 0630p (1o omHOMY ab3aily) Tpex
OPOTPAaMMHBIX TPOAYKTOB naasaA Arduino, pacmpocTpaHseMbIx Oec-
nyiatHo. i momcKa MOJKeTe BOCHOJIB30BATHCA 0a307 MPUJIOMKEHUN
ot paspaborunmkos SourceForge (https://sourceforge.net/), meaTpom
npunoxkenuit Ubunty, marasumom npuio:keuuit Windows, Google
Play Market nam AppStore um KamoueBbIM cjaoBoM Arduino.
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3amanue 2. IloATOoTOBBbTE MJLIIOCTPAIINU K WHCTPYKIIUU IO IIOAKJIIO-
yeHuio ceeroguona K miaate Arduino Uno B mporpamme Fritzing, BbI-
HOJIHAA CJeAYIOI[Me IIOIaroBble MHCTPYKIIUN.

1) 3anmycture mporpammy Fritzing m cosmaiiTe HOBBI (haii.
2) Pabora Bo BrJanke «MakerHasd 1raTa.

e B pazgene Yactu Bo BKJIagke CORE BwniGepure pesucTop Ha
220 Om (puc. 3.12) u meperarmiuTe ero Ha padbouyr 00JaCThb.

e YcTaHOBUTE €ro Ha MaKeTHOU IljaTe, KaK IIOKa3aHO Ha
puc. 3.13, mepeTaluB MBIIIHI0 Ha HYMKHOE MECTO.

e Bribepure B pasgesie Hactu Briaanky Ilouck. BBegute B mose
sampoca Arduino UNO u mamxmure KJaasuimry Enter. Ilepe-
ramute sjgeMeHT ¢ Haanmcbio UNQO Ha pabouyio o00J1acTb
(puc. 3.14).

e HalinuTe KpacHBIN cBeTOonuond, mcuojib3ysa sanpoc RED LED.
IleperamiuTe sjemMeHT Ha pabouyio obaacthb (puc. 3.15).

e IToakarounTe cBeTOAMOA. Y HEro ecTh ABa BBIBOJA Pa3HOU
IJWHBI, HMeIIre pas3jindyHoe HasHaueHue. TpPaguIlMOHHO
OJUHHBIA BBIBOJ — 9TO aHOMd, IIOJIOJKUTEJbHBIM KOHTAKT, IIO
KOTOPOMY CBETOAMOJ IIoJydyaeT IuTanue. KOPOTKUII BBIBOJ
CBETOAMONA — 3TO KaTOHd, OTPUIlATEeIbHBII KOHTAKT, T. €. 3eM-
asa cxeMmbl. IlogkaounTe CBETOAMON K MaKETHOHW ImJaTe, Kak
moKasaHo Ha puc. 3.16.

e Coemuaure 3emurro miaatbl Arduino Uno ¢ mmHOM MaKeTHOHR
IJIaThl, 0003HAYEHHOI CMHUM I[BeTOM. [[JIis 9TOr0 3a:KMUTE Jie-
ByI0 KJasuiry MbInu Ha mopte GND u He oTmycKas IpPOTAHU-
Te IPOBOJ A0 HYsKHOTO KOHTaKTa MaKeTHOU miaThel (puc. 3.17).
Eciau ciyuyaiiHO IPOTAHYT JUIITHUHA TPOBOJ, yIAJUTE €ro, Ha-

Yacm e
Q, core Parts .
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L R L L B
MIN AW im cevesc oo roveee
™ R
=00 g0
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vees veve

fritzing

Puc. 3.12. Bbibop pe3ucrtopa Puc. 3.13. lNogknoyeHne pesuctopa
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Puc. 3.14. Bbibop anemeHTa Uno Puc. 3.15. Bbibop kpacHoro anopna

4».@{@‘- 8

JKaB Ha IIPOBOJ, IIPABOM KJABUIIEH MBIIIN U BBIOPAB M3 KOH-
TeKecTHOTO MeHI0 NyHKT Delete Wire («¥YmamuThs mpoBox»).

e IlonmatiTe ympaBiisieMoe THUTaHWe Ha cBeToamon. IlycTh
Arduino Uno ympaBisieT cBETOAMOAOM uepes3 HMu(MPOBOI IIOPT
Ne7. IIporssuuTe mpoBoxd oT mopTa Ne7 K psAAy OTBEPCTUM Ma-
KeTHO! NJaThl, B KOTOPOM YCTAHOBJIEH JIEBLINI BBIBOJ pPe3U-
cropa. B pesynbTaTe mOJIyduTCA IOCJemoBaTelbHOE COeIuHe-
Hue pesucrtopa m cBeroamona (puc. 3.18).

o Odopmure 1mBeTa IPOBOAOB. [IJId 53TOTO HAaKMUTE IPAaBOH KJja-
BUIIell MBIIIIY Ha IPOBOJ W BbIGepuTe MYHKT VI3MEHUTH I[BET.

fritzing

Puc. 3.16. lMogxniovyeHne ceBetoamoga K MakeTHOW nnarte
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fritzing

Puc. 3.17. MNMoakniodyeHne 3emnu Arduino Uno K 3eMNsHON LUnHe
Ha MaKeTHOW nnarte

cu T . I
R T T

fritzing

Puc. 3.18. lMocnepoBarenbHoe coeguMHeHne pesnctopa U ceBeToguona

IlycTts muTaromiuii mpoBon OyZeT KPacHOTO IIBETa, a 3eMJIA —
YEepHOTro.

Onss Toro 4TOOBI IIPOBOJ HE 3aKPHIBAJ YACTH IIJIATHI U IPOEKT
BBITJIAZEI aKKYPATHO, HEOOXOAMMO N00ABUTH HECKOJIBKO TOUEK W3-
ruba. s sTOro Ha)KMuUTe HPABOU KJABUIINEN MBIIIU Ha ITPOBOJ
u BeIOepuTe [[o0aBHTHh TOUKY um3ruba. 3a Hee IPOBOJ MOYKHO CABU-
HYTb B CTOPOHY. [o6aBbTe€ HECKOJBKO TOUYEK U YJIOYKUTE IIPOBOJ
BIOJIb OOKOBBIX CTOPOH ILTaThl (puc. 3.19).
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fritzing
Puc. 3.19. [lob6aBneHne Touyek narnba nporoga
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Puc. 3.20. lMpuHuunmnaneHas cxema

3) Ilepeiinure Bo BKJAAKYy IIpuHIMMNuaapbHadA cxema. 3IeCh BbI YBU-
IVTe, KaK BBITVIAAUT IOAKJIIOUEHNE C TOUKU 3PEHUA DIEKTPUKU
(puc. 3.20).

o I[JIH TOro 4uTOOLI M3MEHHUTL HasBaHNe dJIeMeHTa CXeMbI, agocrTa-
TOYHO HaXaTb Ha Hero ABaXX/JbI.
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4)

5)

6)

e JJIeMeHTHI CXeMbl MOJYKHO IIepeTacKMBaTh II0 paboueii obJacTu,
YTOOBbI HOOUTHCA HAWJIYUIINEero pasMelleHus. Haammcum MOKHO
IBUraTh OTAEJBHO OT 3JIEMEHTOB.

e [Insa coenumHeHus OefiCTBYIOT Te Ke IMpaBUJja, UYTO BO BKJIAIKe
MakeTHasa mjaarTa.

e JJIeMEeHThI CXeMbl MOXKXHO MOBOpauuMBaTh. [ 5TOro HYKHO BBI-
OpaTh COOTBETCTBYIOIHUI IMYHKT M3 KOHTEKCTHOT'O MEHIO IIPaBOi
KJIABUIIIX MBbIIIIH.

e Hagnucu MOKHO HOBOPAYMBATL AHAJOTHUYHBIM CIIOCOOOM.

e OdopmMuUTE CBOIO CXEMY.

Bruagka IlewatHasa miara HeoOXoZuMa TeM, KTO DPEILIUT 3aKpe-
OUTHh KOHTAKTHI C IIOMOIIIBI0O NAWKM, HE HUCIOJIB3YA AJA KOHEUHOTI'O
yCTpOMicTBA MaKeTHYIO ILJIaTy, T.€. CO3JaTh CBOIO COOCTBEHHYIO.
Briaagka Code moxosxa Ha cpeny Arduino IDE. B Heit Toxke MOK-
HO HaOHCcaThb CKeTY U 3arpysuThb ero B miaary Arduino (puc. 3.21).
Coxpanutre mnpoekT. IIporpamma Fritzing wucmoamnsyer cobGcTBeH-
HBIH (opmaT GaiiaoB ¢ paciupenuem .fzz.

IIpoekT MOKHO OmyOJMKOBATH B OHJIAWH-Tajiepee Cpeabl MU BbI-

BeCTH Ha IevyaTh. lIpum mepexone BO BKJAAKU MakeTHas mjara WUIn
IIpurnunuaspHas cxema B MeHI0 Paiig cTaHOBATCA OCTYIIHBIMU
GyHKIIMU 9KCImopTa, BKJIAOUad (opmarbl mszobpaskeHuii PNG, JPEG,
SVG u coxpaneunune B Bume PDF-¢paiina. B Oyaymiem BbI MOKeTe aHa-
JIOTUYHO O(GOPMIATHL COOCTBEHHBIE CJOKHBIE IIPOEKTHI I HyOJIud-
HOH! 3aIUThl UJIU caiiTa.

£

¥ MaketHas nnava We MHUMNKHANBHAA cxell =] MeyatHan nnarta <> Code

\ I 5erial Monitor
- Monitor  Tools
Bknagku cketyen ———
B CKeTybyke

i
/ O0Jl€ BEOZA KO nocnegosaresyibHOro

HoBbI ckeTy

CoxpaHnTb BbiGop nnatbl 1 nopTta

Cpen CoxpariTe

Serial port open error

Platform MNaara

Puc. 3.21. Bknagka Code
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4.1. Bupgbl nepudepuimnHoro
obopyanoBaHus

Kpome ocHoBHOII maTbl ¢ MHUKpoIIpomeccopoMm (Hampumep, Arduino
Uno), pua mporoTunupoBaHuUA Tpebyercd nepugepuiinoe ob6opydosa-
Hue — almapaTHasl 4acThb, IIO3BOJIAIONIAS IIOJYYaTh MHMOOPMAIIUIO 13
OKPYJKAaloIlero Mupa MM BBIBOAUTL ee. HekoTopble (pusmuyecKue sJie-
MeHTBhI miaatTdopmbl Arduino ysxe OBLIM pacCMOTPEHBI paHee.

Cy1iiecTByeT HECKOJBbKO THUIIOB KJIACCU(PUKAIIUNA TaKOro ob60opymo-
BaHWsI, HAIIpUMep:

1. ITo cmoco0y B3aMMOAEMCTBUSA C OKPYKAIOIIell Cpemoii:

CeHCOopblL. — BBHIAAIOT MHAOPMAIIUIO O ITOJIOKEHUMU, OCBEIEHHOCTHU
U T.I.;

MexaHuyecKue KOMNOHEeHMbL — COBEPIIIAIOT KaKue-aImbo Mexa-
HUYeCcKUue melicTBus (HampuMep, CePBOIIPUBO/LI);
aseKmpuiecKue KOMNOHEeHMblL — BJIIEMEHThI 3JeKTPUYECKUX Iie-
meii, HeoOXOOMMbIe IJis M3MEHEHUS HaNPAKEeHUA, COIPOTHUBIE-
HUS WJIN CHJIBI TOKa B IIeNU, A B3aUMOJEHUCTBUSA C OPYTHU-
MU KOMIIOHEHTaMH! WJMW BHEIIHHUMM yCTpoiicTBaMu (HampuMmep,
C OBITOBOM 9JIEKTPUUECKOM CEeThIO);

ycmpoiicmsea undukayuu (ayouo u 8udeo) — BBIBOAAT MHQPOPMA-
IUIO C IIOMOIILIO 3BYKa, I[BeTAa, TEKCTa WJIU KapTUHKU;
cemesvle uHmep@eiicbt — 00eCcTIeunBaIOT CBA3b C IPYTUMU CJIIOMK-
HBIMU ycTpoiicTBamu (Hampumep, ¢ miaatoii Bluetooth XBee);
UCMOYHUKU NUMAHUS — BHENIHNE MCTOUHUKU (Hampumep, OJIOK
MUTAaHUSA Ha 4YeThbIpe sjaeMeHTa Tuma AA wmiam omuuH tuma «Kpo-
Ha»), ITO3BOJIAIOIINE CJeJIaThb HPOTOTUII aBTOHOMHBIM WJU oOe-
CIIEUNTh NUTAHUE C IIOMOIIbI0O OBITOBOM 3JIEKTPUUYECKOU CEeTHU.

2. ITo cimosxHOCTH cocTaBa:

ONHOKOMIIOHEHTHBIE YCTPOMCTBA;
MHOTOKOMIIOHEHTHbBIE€ YCTPOHCTBA (CI0KHBIE TaTUUKN U MOIYJIN);
IJaThl PACIIUPEeHUd.
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0 Bonpocsl

1. ITo xakuM OpusHAKaM KJaccupUIUPyoTca (GusndecKre KOMIIO-
HeuTbl 1aaTd@opmbl Arduino? Kakwme TUNBI YCTPOMCTB ydYacTBY-
0T BO B3ammojelicTBuu ¢ mupom? Kaxme KOMIIOHEHTHI OTHOCATCS
K KaKJOMY M3 STHUX THUIIOB?

2. Kakue TuObl BBIAEISAIOT HPU KJAaCCU(PUKAIUU II0 CJIOMKHOCTU CO-
craBa?

3. Kakue uactu maaT¢opMbl HA3bIBAIOTCA OJHOKOMIIOHEHTHBIMU?

4.2. OQHOKOMMOHEHTHbIE YCTPOMUCTBA

K odnoxomnonenmuwvim ycmpoiicmeam
OTHOCATCA YCTPOMCTBA, COCTOAIINE W3
OOHOTO »dJyieMeHTa. [asa WX IOLKJIIO-
YeHNs K IJIaTe C MHUKPOIIPOIIeCCOPOM
OOBIYHO TPEOYIOTCS [QOMOJHUTEIbLHEIE
SJIEKTPUYECKUEe KOMIIOHEHTHI, YTOOBI
obecrieunTh HEOOXOAMMOEe HAIPSKEHUe
uau conporuBiieHre. OHU TaKiKe SABJIS-
IOTCA BJIEMEHTAPHBIMU KOMIIOHEHTAMU
Puc. 4.1. Cetoamoasbl aJIEKTpUUYecKoil cxembl. IIpumepamu
OJHOKOMIIOHEHTHBIX YCTPOMCTB SIBJISI-
forca cBeroxuon (puc. 4.1), TakToBas KHOIKa (puc. 4.2), IOTEHI[NO-
metp (puc. 4.3), a Taxkike 3ymmep (IIbesousayuaTeib; puc. 4.4), ¢o-
Topesuctop (puc. 4.5) u pesucrTop.

Puc. 4.2. Puc. 4.3. Puc. 4.4. Puc. 4.5.
TakToBas KHoOmMka MoTteHuymo- 3ymmep (Nbes3o- doTopesncTop
MEeTp nanyyarenb)
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Pesucmop — 9TO  Pagmo3IeKTPOHHBII _|:]_ W_
a) 0)

QJIEMEHT, IIMPOKO HpHMeHHeMBII;'I B CXe-
MoTexXHuKe. Ero ocHOBHOe HasHAUeHUe —

OrPaHUUYMBATL BEJUUNHY TOKa MU Ha-  Puc. 4.6. OGO3HaueHuWe pe-
NpAXKeHUusd B DJIeKTPUUYECKON Ilenu,  3VCTOPOB HA 3IEKTPUHECKMX
9TOOBI 00ECIIeYUTh HOPMAJIbHBIN DPEXUM cxemax:

a) B Poccuu n EBpone;

3.6OTI>I OCTaJIBHBIX KOMIIOHEHTOB 3JIEK-
p 6) B CLUA

TPUUYECKOM CXeMbl, HaIpuMep TpaH-

3UCTOPOB, [OUOMOB, CBETOAMOIIOB, MUKpocxeM u nap. llepeMeHHBIN
pesucTop HasbIBaeTcsa nomernuyuomempom. Ha puc. 4.6 moxasaHbI yc-
JIOBHBbIE 0003HAUEHUS PE3UCTOPOB Ha SJIEKTPUUECKUX CXeMax.

STO MHTEpPECHO!

KcraTu, Bce yciioBHBIE 0003HAUEHUs, IPUHATHIE B PP, MOMKHO Ha-
Tu B cuenuaibHoM craHgapre «['OCT 2.728-74 ECK], (Engunasa cu-
cTeMa KOHCTPYKTOPCKOUW mokymeHTamuwm). O0o3HAUEHUS YCJIOBHBIE
rpadpuuecKkue B cxeMax».

Pesucropsr — aT0 HamboJsiee pacIpoCTpaHeHHBIE MACCUBHBIE 3Je-
MEHTBI cxeMoTexHUKu. OHU pasindaroTCA II0 HOMUHAJNY W MOIIIHOCTU
paccesnusi. IIpu moCTpoeHUM cCXeM IPUMEHSAIOT IIOCJemoBaTeIbHOE,
mapaJijie;ibHOe M CMeITaHHOe COefUHeHUe Pe3UCTOPOB.

ITpu mociaemoBaTeIbHOM COEMWHEHUU 71 PE3UCTOPOB C COIIPOTHUBJIE-
Huamu R;, ..., R, o0Iee conpoTuBJIeHNe PAaBHO MUX IIPOCTON CyMMe:

Ro6m=R1+R2+ ... tR,.
IIpu mapaiieJbHOM COeOUHEHWHN N PE3UCTOPOB MX O0Iee COIpPOo-
TUBJIEHNE BbIpakaeTcs 0oJjiee CJIO0YKHOUN (PopMYyJIOii:

n

1
Room=71 "1 1 _ _1°
R, R, R3 '~ R,
Nuauve ee MOXKHO 3amucarh Tak:
1 1 1 1 1
=ttt .
Ron R, R, Rg R,

YupoiienHble (GOPMYJIBl AJIfA IapajjieIbHOTO COeqUHEHUA [IBYX
U TpeX Pe3uCTOPOB:

R By Ry R

— . R, Ry Rj
oom " R, + Ry’

06]].{ = (R2 * R3) + (‘Rl * R3) + (Rl M Rz) :

TakuMm oOpasoM, IIPU TOCJEIOBATEIHFHOM COEIUHEHUUW PE3UCTOPOB
ux o0Illee CONPOTHBJIEHWE YBEJIWUYMBAETCA, & IPU IapajIeJbHOM —
YMEHBIIIAeTCA.
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s
-
heciied

|

Puc. 4.7. MapknpoBka pe3ncTopos

Hnsa yxasanus HOMHHAaJIA IIPUMEHseTCs clelrajbHas CTaHIapT-
Hasgi MapKUPOBKAa PE3UCTOPOB B BUJE UYETHIPEX WJIU IIATU I[BETHBIX
KOJIel, Ha Kopiryce peaucrtopa (puc. 4.7).
IIBeT KoJuier ompenesnaeTca cienyooiiuMu npasuaamu (tabs. 4.1):
® 30JI0ThIe U cepelOpsAHBbIe KOJIbIla pasMeNIalTCsA TOJBKO Ha Tpe-
The W YEeTBEPTOU ITOBUIUAX;

® KaKJIOMY IIBETY COOTBETCTBYET KOHKPETHOE UWCJIO;

® [IOITyCK TOKAa3bIBaeT KJAcC KadyecTBa Pe3WCTOpPa, T.e. HA CKOJBKO
peasbHbIe 3HAUEHUSA COMPOTUBICHUS MOTYT OTJIUYATHCS OT 3afAB-
JIEHHOTO HOMWHAaJIa (B IIPOIEHTAX).

Ta6nuua 4.1
LiBeT MepBoe Btopoe MHoxuTtenb Adonyck, %
KONbLLO KONbLLO

YepHbin Het 0 1 He ObiBaeT
KopuyHeBbi 1 1 10 +1
KpacHbii 2 2 100 12
OpaHxeBbli 3 3 1000 He ObiBaeT
KenTtbin 4 4 10 000 He OGbiBaeTt
3eneHbli 5 5 100 000 +0,5
CuHunin 6 6 1 000 000 +0,25
duronetoBkbIi 7 7 10 000 000 +0,1
Cepbiii 8 8 100 000 000 +0,05
Benbiii 9 9 1 000 000 000 | He ObiBaet
3onoTon He 6biBaeT | He ObiBaeT 0,1 +5
CepebpsHbii He ObiBaeT | He ObiBaeT 0,01 +10




4.2. OOHOKOMIMOHEHTHbIE YCTPOMNCTBA e

s mpuMepa BO3bMEM PE3WCTOP C UETHIPhMSA KOJbIIAMU Pa3HOTO
mBera:

MepBoe konbuUO Btopoe konbuo MHoxutenb Aonyck, %

KopuiHeBbiin KpacHbin OpaHXeBblii 3onoTton
1000 5

Hudpser craBaATCcA moapsazn, ciefoBaTeJbHO, peub uaeT o 12 enwHu-
nax. Ilamee ciaemyer pasobparbca ¢ MHOKHUTeaeM. OpaHIKeBBIN COOT-
BercTtByeT 1000, 3mauuT, Kujgo-. Ytoro: 12 KOm. Ilocmemuwuii mar —
ompezejieHNe OOIIYCKa, T.e. Ha CKOJbKO 3HaUeHMHEe COIIPOTUBJIECHUS
MOYKET OTJIHNYATBCA OT HOMHHAJA. 30J0TO€ KOJIbI[O I'OBOPUT, UTO He
G6osiee ueM Ha 5% B ILIIOC WJIM MUHYC OT HOMKHAJA.

WNHorma B 9JIEKTPOHUKE BCTPEUYAIOTCS PE3UCTOPhI C HATHIO KOJIb-
maMu. B sToM ciayuyae AByX3HaUHOE UHCJIO M3MEHAETCA Ha Tpex3Hau-
Hoe. X MCIIONB3YIOT IJisI 9KOHOMHUHM MeCTa, Korjaa TpedyeTcs yKasaThb
HauboJjiee TOUHOe 3HaueHue. Hampumep:

Mepeoe konbuo | Bropoe konbuo | Tpetbe konbuo | MHoxutens | Adonyck, %

KopuuHeBbin KpacHbin OpaHxeBbii | OpaHXxeBbiii | 3osoTon
3 1000 15

Hauubiii pesucrop umeer HomMuHan 123 xkOm m momyck B £5%.

9 Bonpocsl

1. Yto Takoe pesuctop?

2. Kaxk ompemenuTh HOMUHAJ Pe3UCTOPA MO I[BETOBOII MapKHPOBKe?

3. CymrecTByeT Jiu pasHUIlAa MeXKAY IIOCJIeIOBaTeIbHBIM U Iapasljeib-
HBIM COeJUWHEHHEeM Pe3nCTOPOB?

9TO UHTEepecHo!

Hns OwvicTporo samomMuHaHuA Gop-

Myabl 3akoHa OMa ecTh CeKPeTHBIN
CII0CO0: B3aKpoiTe MaJbIleM Heus-
BECTHBINA 3JIEMEHT U IIOJIyYHTE I'OTO-

Byio dopmyny (puc. 4.8). Puc. 4.8. Cnoco6 3anomwu-
HaHua dopmynbl 3akoHa Oma

Q HpaRTI/I‘IeCRI/Ie 3aJaHUA

1. OnpegenuTe HOMUHAJ PE3UCTOPA, M30-
OpaskeHHOro Ha puc. 4.9. (

2. 3apucyiiTe IBEeTOBble MAapPKUPOBKH 5
IJIsi ciaemyromux HomuHaoB: 100 Owm,

1 xOm, 10 ¥Om, 200 Owm. Puc. 4.9
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4.3. MNMpocTbie ynpaxHeHus
ana Arduino n S4A

B mamnom paspgesie mpeobJazaeT mpaKkTHUecKas cocTaBJsaomiad. IIpes-
JaraeM BaM BBIIOJHUTH HECKOJLKO HeOOJIbIINX IO03HABATEJILHBIX 3a-
IaHWII C BO3pacTamIlell CJI0KHOCThIO. BBl modHakxoMuTech ¢ 0a30BbI-
MH pPaguo- U SJeKTPOHHBLIMK KOMIIOHEHTAMHU B NeiCTBUMU.

Mwuranme csetoamnoaom

Murauune csBeromuomoMm — cBoeoOpasubiii «Hello, World!» gaa po6o-
TOTeXHUKOB. OTO MHOTOJIETHSAA U MPUATHAA TPALUIUSA, KOTOpPas OyK-
BAJIbHO O3HAUYAET, UYTO BBI 3J0POBAETECH C MHUPOM 3JIEKTPOHUKH!

KommnoneHTsI:

e ITnmatra Arduino Uno, 1x;

e MakerHasa mJarta Ajas nporotunupoBanus BreadBoard Half, 1x
(puc. 4.10);

Ceeromuonm, 1X;

Pesuctop, 220 Om, 1x;

YepHbIl IIPOBOA C KOHIIAMM THUIAa IITeKep, 1X;

KpacubIil IpoBOA ¢ KOHI[AMU THIIA IIITeKep, 1X;

USB-kabenap, 1x.

Bce KoHTaKTHBIE OTBEPCTUA Ha OOKOBBIX IIMHAX COENUHEHBI TOPU-
30HTAJBHO II0 Bcell niamHe MakKeTHo# miarel. [IIuHa «+» (muTaHume)
o0o3HaUeHa KpacHOU JimHMed, a mwuHa «—» (GND, 3emua) — cuneii.
B menTpe nmiarel HaxogATcA nBa 6JIOKA OCHOBHBIX KOHTAKTOB, COEIVI-
HEHHBIX MEKIYy CO00H B PAABI IO HATH OTBEPCTUHA B KaKJOM.

Csemoduod (puc. 4.11) — 3T0 3JI€KTPO3JEMEHT, KOTOPBIA CBETUT-
cA TPU TPOXOKIEHUHM Uepesd HETro dJeKTpuuyecKoro Toka. CobcTBeH-
HO€ ero COIIPOTUBJIEHUE OYEeHb MAaJjo, MO3TOMY AJIA OTPAHUUYEHUS TOKa
yepe3 CBETOAUMOJ HEOOXOAMMO IIOCJEeLOBATEJIbHO C HUM BKJIOYATH
pesucTop, MHaUe CBETOAMO ObICTpO IeperopuT. s ymobGcTBa ompe-
JleJIeHUsI BBIBOJIOB HOYKKMU CBETOAMOLA UMEIOT pasHyio aiauny. Hampsa-
JKeHUe IMojaeTcd Ha MIWHHYIO HOXKKY (aHOX, «+»), a 3eMJIAd IOAKJIIO-
yaeTcsi K KOPOTKOHM (KaTom, «—»).

Coopra cxemsl (puc. 4.12)
1. ITogkaounte KaTond (KOPOTKYIO HOMKKY) UEPHBIM IPOBOIOM K 3€M-
jge (mopt GND ma Arduino).

2. IToakmounTe KpPacHBIM IIPOBOAOM aHOA duepes peauctop 220 Om
K OUTAHUIO C yOpaBieHueM — mu@poBomy mopty Ne 12. Cserommon
OyIeT CBEeTUTBhCA, KOTJa Ha Mu(GPOBOM HOPTY MOSBUTCA HAIPAKEHUE.
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fOhii

NI
o Vi
. SEREE ERRRE pEE: + -
—— S — |
AHop, Katopn AHOL, KaTtop,
Puc. 4.10. MakeTHas nnata Puc. 4.11. CeeToamnon n ero
BreadBoard Half n3obpaxeHne Ha cxeme

Pesnc'rop MOMKET HaXOOHUTHBCA KaK CO CTOPOHBI 3€eMJIM, TaK M CO CTO-

POHBI IUTAHUA.
Mgb1 moxaroroBuau cxemy Bo Fritzing.

TEE s e FEEEE EEAEE e EE TEEEE EEE e

fritzing

sEEer sewEs sEEEE wewew

Puc. 4.12. Cxema nogk/o4eHns ceetoguoga u pesmcropa

STO UHTEepecHOo!

Arduino Uno mo3BojisgeT MCIIOJIB30BATH AJIA TeX yKe IeJIell BCTPOEeH-
HBIM cBeTOAMOM. B mporpamme Hy»KHO OymeT M3MEHUTH JIHUIIL HOMEP

mopra Ha 13.
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ITporpamma
CmopaiiT u cuena B cpege S4A mpezncraBjiaeHbl Ha puc. 4.13.

Arduinol
nopT:COMS.

Analog0 [EEFN
Analogl [FEAN

undpoeon 12

undposon 12

Puc. 4.13. CnpanT (a) n cueHa (6) B cpene S4A

Coenmuure Arduino ¢ KomobioTepoM ¢ momorrbio USB-kabess u Ha-
JKMUTE Ha 3eJIeHBIN (QJIa’KOK, UTOOBI 3aIyCTUTDL CITPATT.

Mas4ok ¢ ybbiBaoLLEN APKOCTbIO

Kak y:xe rosopuyioch B paszeje, IIOCBAIIEHHOM 3HAKOMCTBY C ILja-
TOM, He J000I mopT Arduino moamep:KHUBaeT IMINPOTHO-UMMIYJIbCHYIO
mMoayaAnuio. Ecau BBl XOTHUTE PeryJaupoBaTh HaIpPsKeHWEe, BaM IIO-
IOMAYT KOHTAKTHI, IIOMEUEeHHbIe CMMBOJIOM THJBbIA «~». Ha Arduino
Uno sto mu@posbie BXoAbl/BbeIxoabl Ne3, 5, 6, 9, 10 u 11.

KoMmmnoneHTsI:

ITnmara Arduino Uno, 1Xx;

Maxernaa miaara BreadBoard Half, 1x;
Cseromuon, 1x;

Pesuctop, 220 Om, 1x;

IIpoBom ¢ KOHIIAMU THIIA IITEKep, 2X;
USB-kabenab, 1X.

Coopka cxeMbl

COopka oueHb MOXOXKa Ha COOPKY B MPeNbIAYIIEeM 3aJaHUMN, TOJBKO
Ha STOT pas HyKeH mopr c¢ mnoxagep:kkoin INIMM. Ilyctes sTO OyaerT
nudpoBoii Beixox Ne9 (puc. 4.14).

MukpoxoHTpoOJLJIep HpeodpasyeT ypoBeHb B auamnasoHe ot 0 mo 255
B HamnpsikeHue ot 0 mo 5 B.
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fritzing

Puc. 4.14. C6opka cxembl

BHumaHue!

e 910 BbIIOJIHAETCA ¢ momornbio IIIMM, u mosydYeHHBIA CHUTHAJ He
ABJISIETCSA HACTOAIIMM AHAJOTOBBIM curHajsiom. Hampumep, 85 — aTo
1/3 or 255, a 3umauuT, 1/3 or 5 B, T.e. 1,66 B.

IIporpamma
CopafiT aja MUTaHUA MaddKa ¢ HapacTalollleill APKOCThI0 M300parkeH
Ha pwuc. 4.15.

-
|/xorna W efIKHYT no
aHanoroeb 9 | 3HaveHne
[>knam™ ) cekynn

aHanoroeom 9 3HaveHne

l;ciarb ) cexynn

aHanoroebin 2 | 3HadeHne m

Puc. 4.15. Crnpait ons mMuraHus [>xnam> ) cexynn
Masiyka C HapacTaloLLei SPKOCTbIO

IlonpoOyiiTe MBMEHUTL 3HAUEHUSA II0 CBOEMY BKYCY.
Ilepeiimem K 0Oojiee MHTEPECHBIM 3aJaHUIM!
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CeTodop, cpabaTbiBaOLLMIA MO KHOMKE

KoMmoHeHTHI:

IInara Arduino Uno, 1x;

Makxernaa miaara BreadBoard Half, 1x;

Csetonuon, 3X (coBeTyeM B3SATHh CBETOAMOAbI PA3HBIX I[BETOB);
Pesucrop, 220 Om, 3X;

Pesucrop, 10 kOm, 1X;

IIpoBox ¢ KOHIIaMHU THIIA IIITEKEP, 8X;

TakToBass KHOIKa, 1X;

USB-kabesb, 1X.

e 6 6 o o o o o

Taxmosas knonka (puc. 4.16) — sto

KOHTaKT, 3aMBIKAIOIUN IIeNb IPU JaBje-

HUU HA TOJKATEJb, T. €. KJI0U; IMOAKJI0Ua-

Puc. 4.16. YcnosHoe 060- erTcs 4epes CTATUBAIONIUUA WJINU IIOATATH-

3HAYeHME TaKTOBOW KHOMKMW BaOIui pesucrop. [lys mpesorBpaleHus

Ha S/IEKTPUYECKON Cxeme KOPOTKOTO 3aMBIKAHUSA HCIIOJb3YIOTCS pe-
3ucTopbl HOMuHaJIOM OT 10KOM.

B saexTpuuecKoil Ieny BOSHUKAIOT PA3JIUUYHBIE IITyMbI — HEIPO-
U3BOJbHBIE WH3MeHeHUus HanpskeHusi. OHM MOTYT BHECTH OIIHUOKY
B CUMTHIBAEMYIO HH(}pOpPMAaIMio, KOTrJa BaKHO YETKO pasjindyaThb JBa
cocTtosAHUs: jorndeckuit Hysb (0 B mas Arduino) u jJoruueckyro egu-
"Huity (5 B). UTo6bl yOpaTh MIyMbl, MCIOJb3YIOT MOIOJHUTEIbHBIE Pe-
3UCTOPHI. [y rapaHTUM OTCYTCTBUA HANPAMKEHUSA IIPU PA3OMKHYTON
Ienu PSA0M CO BXOIOM CTABUTCA CTAruUBaroIuii pesuctop (puc. 4.17).
B pesysnbTaTre 1mrym OyzeT cTeKaTh B 3€MJIIO, T.€. PE3UCTODP «CTATU-
BaeT» HaAIpsKeHUe N0 HYJId.

Ecnu ke Hamo «IOATAHYTH» HANPAMKEHWE M0 JOTUUYECKON eXUHU-
IbI, TIOKA BHEIIHSSA Iellb PAa3OMKHYTA, UCIOJb3YIOT MOATATHUBAIOITUI
pesuctop. Uepe3 Hero momaercda nuranue (puc. 4.18).

Coopka cxeMbl

COopka JaHHOII MOJEJM IIOX0Ka Ha COOPKY B HPEABIAYIIIUX 3aJaHUAX
(puc. 4.19). Hanuume IIIMM Ha KOHTaKTe Heobsa3aTelbHO. B cxeme
HCIIOJIb3YETCS CTATMBAIOIIUI PEe3UCTOop.

Jloruka mporpaMmsI
Ha cmene B cpeme S4A HoXKHBI HAXOIUTHCSI TPU OOBEKTAa:
e Cmetodop

e Ilsmara Arduino
o Knomka
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+5B o8B
> Bxon
1
10 KOM 0 kOm
ﬁ Bxop,
Puc. 4.17. lMopkno4yeHne cTtarmea- Puc. 4.18. MoaxntoyeHmne nopta-
louero pesucrtopa rymealoLero pesmcropa

Puc. 4.19. Cbopka cxembl

ITpu samycke mporpaMmbl [TOJ:KEH TOpeTh KpacHbIN 1nBer. I[lpum
mieJIYKe 0 KHOIIKE KPAaCHBIN CBETOAUOJ TacHET, M Ha 2 CEeKYHIBI 3a-
JKUTaeTCsd JKeJThIM, a 3aTeM B3eJIeHbIll, KOTOPBIA TOPUT 3 CEeKYHIbI.
ITocie aToro cHoBa 3askuraercs KpacHBbINI. Bce 3TO IPOUCXOAUT Kak
Ha CIleHe, TaK M Ha MaKeTHON ILjiare.

IIporpamma

Ha camom gmese 3mech OyayT 3aJleficTBOBAHBI HECKOJBKO CIIPANTOB —
IJIA KasKIOoro o0beKTa.

1. CopafiT n1d KHOIKM IpeacTaBiied Ha puc. 4.20.

2. Copait «CBeTo(op» COZEPIKUT TPHU KOCTIOMa — 3TO (POHAPUKU
KPacHOTO, »KeJITOTO W 3eJIEHOT'O IIBETOB, KOTOPhIE JOJYKHBI IIOOYEpel-
HO TIOABJIAThCA. VX cMeHa ymnpaBisercda (parMeHTOM IIPOTPaMMBbI,
npeacTaBiIeHHBIM Ha puc. 4.21.
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.I Koraa wesnkHyT no 06bekr2

né}ena‘rb Down

Puc. 4.20. Cnpaiit ons KHOMKU

3. Ocranoch 00ecreunTh CBA3h C alllapaTHON dYacTbio mpoekTta. s
yIOpaBJeHUsA CBETONWOJAAMM HA MAKETHOH IIjIaTe HAMNUIINUTE CJemyio-
muit pparmesT ajas oobekTra Arduino Uno (puc. 4.22).

WcneiraiiTe nmporpammy. Iloayuuiaocs?

YciaoxxHUTE €e, pa3MecTWB Ha ILjaTe KHOIKY, U 3alporpaMMu-
pyi#iTe ee TakK, UTOOBI CBETOAWOABLI 3a’KUTAJMNCh TOCTE HaKaATHUA He
HapPMCOBAHHOM KHOIIKM, a (puamuecKoii. Kox mporpaMmMbl, KOHEYHO,
usmenurcs (puc. 4.23).

CaMOCTOATEJbHO W3MEHUTE MIPOTrpaMMy TaK, UYTOOBI IO IMEeTYKY
MBI HAaPUCOBAHHBIN ¢BeTO(GOP M CBETOAMOILI PaboTa I CUHXPOHHO.

e = e T e
- KOraa WernkHyT no

unbposon 13 |Bkn

f KOrAa WersikKHyT nﬁ @ ————
nepei K Kocmiony  red | Koraa A nony4y Down I
ungpoeon 13 |orkn
undposon 12 | BKN
koraa s nony4y Down I:K—um

e W -
nepeiti K kocniomy Yellow wipposodt [1277] encn

xpam™ @) cexyna undpoeoii 11 |exn

nepenT K KOCTiomy dJreen | >»KAaTo a cexkyHA

sxpams ) cexyua undpoeoit 11 |orkn

nepenm K Kocmiomy red undppoeon 13 |Brn

Puc. 4.21. ®parmeHT nporpamMmbl Puc. 4.22. ®parmeHT nporpamMmbl
OJ1S1 CMEHbl KOCTIOMOB (LBETOB) O ynpaBfieHns ceeToamMonamMm
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| Koraa wenkHyT no

uvppoeon 13 | BN
Bceraa

ecnn cencop Digital2 |nakar? = GO

undpposon 13 | BKA
.. aat g§ cexyHa
unpposon 13 | orkn
uvpposon BKN
[>xmar> @) cexymun
undpposon 12 |orkn
urvpposon 11 | BN
f-;K;aTb 8 cekyHA
uvndposon 11 | orkn
undposon
nHaue
uvdposon

undposon

uvdposon

—

Puc. 4.23. Mporpamma gns paboTbl CBETOAMOLOB
no HaxaTtunto GU3NYECKOW KHOMKU

YnpaBneHue ABMXKXEHNEM C MOMOLLbIO
noTteHumomeTpa. YnpaxHeHue «Kpab»

KoMmnoneHTsI:

ITnara Arduino Uno, 1x;

Maxernasa miaara BreadBoard Half, 1x;
ITorennmuomerp, 1 xOm, 1X;

IIpoBoa ¢ KOHIIaMM TUIA IIITEKep, 2X;
USB-kabean, 1x.

Ilepen TemM Kak BBI IIOBHAKOMHUTECH C IIOTEHIIMOMETPOM, pealnsyiTe
TaKyIo 3aJady: Ha CIleHe HaXOoAuUTCA Kpabd, KOTOPBIN II0JI3eT BAOJb
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Arduino... O0bekT... O0bekT... OOBbeKT...

Puc. 4.24. YeTbipe ob6bekTa

(=

Puc. 4.25. PacnonoxeHne oO6bEKTOB Ha CLeHe

TpyOBI. 3amporpaMMHUpPYIiTe ero mepemelleHne B Tpyde II0 HaKATHIO
KHOIIKH.

Bcero ™Mbl mMeem dYeThIpe cHopalTa — IO KOJWYECTBY OOBEKTOB
(puc. 4.24). PacnoJjio)keHue 0O0BEKTOB Ha ClieHe OyIeT IIPUMEPHO Ta-
KM, Kak IIOKasaHo Ha puc. 4.25. B cmpaiiTe ¢ KHOOKOI OymeT cJie-
ayomuii parMeHT mporpammbl (puc. 4.26):

‘/"’f___‘_ el
l Koraa menkHyT no O6pvexkr4

(mepenam acvrerme |

Puc. 4.26. ®parmMeHT nporpamMmbl Ajisi KHOMKM

HapucyiiTe TpyO0y caMOCTOATENBHO C IIOMOIILI0O BCTPOEHHOI'O Tpa-
¢duueckoro penakTopa. ¥YmobHee cHayajla HapUCOBATH OOJBIIYIO
TpyOy, 3arem momobpaTh Maciutab. Kak BuauTe, Tpybda oKasajlach
CIMIIKOM OOJIBIIION, II09TOMY YCTAHOBUTE IIPOIEHTHOE COOTHOIIIEHUE
OT MCXOIHOTO pasMepa mocpelcTBoM Komamz (puc. 4.27).

B cmopatitTe ¢ KpaboM HPOIUIINTE KMCXOMAHYIO IIO3UIINI0, BHEITHUNA
BuI (BBIOOP KOCTIOMa Kpaba) M KOMaHIy ABUKeHUA (puc. 4.28).
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yCcTaHoBWTD pasmep 3§ %

naOmm B x: a (HN -102

Puc. 4.27. YctaHoBka pa3mepoB TpyObl

S

[ KOrAa A nony4y ABWXeHue

nnboifo X CeKYHA B TOYHKY X: Yy m

T

nepeim K Kocmiomy crabl-b

YCTaHOBVTD pa3mep %%

ybpam rpadmnueckne addexroi

MOTMEBE X: "FN -103

Puc. 4.28. CnpanT ona kpaba

Venoxuure 3amady, cos3mas HeyaoocTBa Kpady. [Jist sToro caesaii-
Te TaK, 4YTOObl AumaMeTp TPYyObl M3MEHSJICS C IIOMOIIbIO MOJI3yHKA,
3aTPYyAHAS Opoxond 1o Tpybe. Uem yike Tpyba, TeM TpyaHee Kpaoy
HOJI3TH UM TE€M HHUMKE ero CKOPOCTb.

Hapucytite monsynok (puc. 4.29) — sT0 GyAeT HOBBIII OOBEKT.

Jlormka cmpaiiTa oA IIOJ3YHKA CJIEmy-
forrass. Cosmaercss mepeMeHHas X, B KO-
TOPYIO IIOMEIAeTcsa KOOPAMHATA MBIIIKNI
o OCH X.

O6paTtuTe BHUMAHWE, UYTO HaYaJbHAS
nosunua mossyuka (0, 134), a sHaueHue
HepeMeHHOI X MeHsIeTCsI TOJIbKO Torja,
KOrJa yKasaTejlb MBIIIKKM HAaXOAUTCA Ha MOJ3yHKe. Ecim ykasaTeib
cMelljaeTcs C IIOJIBYHKA, TO CHpPaiTy ¢ KpaboM IiepegaeTcs COOOIe-

Puc. 4.29. lMonayHok
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| Koraa wenkHyT no 06bexr2 ' KOraa WesnKHyT No

e wam e x: @ y:
S x < m YCTaHOBWTD x B

|el:j'IH Kacaercsa YKazaTenk MbeIWK
I
1
1
|

YCTAaHOBVTD Y B

YCTaHOBWMTD B MDIWKa Mo X

YCTAHOBVMTD X B | X

| [nSpenars pazvep |
: [ne-peaam CTapT noz

==

Puc. 4.30. Kog onsa nonsyHka

e e

Korga A nony4y <o73pT noez

MOt B X: VN -103

neperm K Kocnionmy crabl-c

nioe | X CeKyHA B TOYKY X: Y: m

Puc. 4.31. CmeHa kocTioma kpaba

HUEe C KOMAaHIOM: ABUTaThCA CO CKOPOCTHIO, 3aBUCAIIEH OT AuUaMeTpa
TpyOnI. IlycTh 5Ta CKOPOCTH paBHA X €AUHUIIAM B CEKYHIY.
IIponuiuTe nJist HOBOro O0BEKTA KOM, IIPUBeNeHHbIN Ha puc. 4.30.
IIpu »ToM B cmpaiiTe Kpaba OPOHUCXOAUT CMeHa KOCTIOMa Kpaba
(puc. 4.31).
B urtore crena mosyuaer Buj, m300pakeHHBIN Ha puc. 4.32.



4.3. MpocTble ynpaxHeHns nsa Arduino u S4A @

Analogl [
Analog2
Analog? IEIN
Analogd4 IETR
Analog5 ETH
Digital2
Digital3 FZEE0

ED

Puc. 4.32. OkoH4yaTenbHbli BUA, CLEHbI

Tenepp ITO3HAKOMUMCS € IIOTEHIIMOMETPOM ¥ HOAKJIIUYUM €ro
K MakeTHON muiate. IlomeHuyuomemp — 3TO IIepeMeHHBIN pPe3uCTOop
C peryJupyeMbIM CONpOTUBJIeHUeM. Ilo-

TEHIIMOMETPHI MCHOJb3YIOTCA B POOOTOTEX- *

HUKE KaK PeryJjJdaTopbl Pal3INUHBIX Iapa-

METpPOB: TPOMKOCTM B3BYyKa, MOIIHOCTH,
HaOPSXKEHUA U T.HO. YCJIOBHOE 0603Haqeu- Puc. 4.33. YonosHoe 060-
HUe [IOTeHIMOMeTPa Ha JJIEKTPUYECKON  ghauenme noTeHUMOMeETpa
cxeMe mIpencraBjeHo Ha puc. 4.33. Ha BJIeKTPUYECKOWN CXeme

Coopka
3aMeHHuTe MOJI3YHOK peaJibHbIM IIOTEHIIMOMETPOM, KOTOPbIiI OymeT
BBIIOJHATDL Ty K€ POJb — U3MEHATh AuamMerp TpPyoObl. MTak, Iom-
KJIOUNM IIOTEHITMOMETP K MaKeTHol miarte (puc. 4.34).
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mEmE s momsEs mEsEs mEEEs &omosoww
et OO e O]

Puc. 4.34. Co6opka cxembl C NMOTEHUMOMETPOM

IIporpamma

CospmaiiTe ere ofHy IMepeMEeHHYIO r IJA 3aliCU 3HAUEHUS C aHaJOTrO-
Boro Bxozma AQ (pwuc. 4.35).

PasmecTuTe elie ofHYy KHOIKY WM B e€e CIOpaiiTe MPOMUIIUTE, UTO
Opu IMeJYKe 10 Hel MJOJIPKHO 3alMChIBATHCA TEKyIllee 3HaueHWe Ha-
npsisKeHusd ¢ moreHmumomerpa (puc. 4.36).

B mepemennyio r 3anuiunuTe HAIPSAMKEHMUE C HOTeHImomerpa. Mu-
KPOKOHTPOJIJIEP BbIZacT uucjo B auanasore or 0 mo 1023, mpomop-
[UOHAJLHOE VYIJIy II0OBOPOTA PYUYKH; €ro HEeOoOXOAMMO YMEHBIIUTD,
uyTOOBI HCIIONL30BATh AJA ammmanuu. OOUH 13 BapUaHTOB — pasje-
JUTh IIOJIyYeHHOe 3HaueHue Ha 35 W OKPYIJIUTH Pe3yJbTaT OO0 IIeJI0-
yucjaeHHoro. Takum o6pazoM, BbI IIPOBEJU AaHAJIOTUIO MEXKAY ITOJ3YyH-

-‘-‘"‘--. :
KOTA3 WesiKHyT no | |

Bcerna

YCTAaHOBHMTD ] 3HaveHne ceHcopa Analog0

i -

Puc. 4.35. Co3gaHne nepemeHHon r

mw no O6vexrh

|T1e_pega1-n noTeHUWoMeTp |

Puc. 4.36. CnpaiiT ons HOBOW KHOMKMU



4.3. MpocTble ynpaxHeHns nsa Arduino u S4A @

| KOrAa A nony4y noTeHU S |

nam B x: VAl -103

nepeimm k Kocmiony crabl-c |

NAbib | OKPpYrAvib  F / CeKYHA B TOYKY X! y: -103

Puc. 4.37. ®parmMeHT nporpaMmmbl Ha crnpante ¢ kpabom

KOM, PeryjaupymoiiuM IuaMeTp TPyObl, W paboToil ITOTEHIIMOMETpA.
Ha cmpaiite ¢ kpabom pasmecTuTe CIAEAYIOIIUIN (PPArMEHT IIPOTrPaMMBbI
(puc. 4.37).

YnpaBneHue SpKoCTbio cBeToauoaa
C NOMOLLIbIO NOTEHUMOMETPA

KoMmmnoneHTsI:

Ilnara Arduino Uno, 1Xx;

Maxkeruaa miaara BreadBoard Half, 1x;
CBeronmuonm, 1x;

Pesucrop, 220 Om, 1x;
ITorennmuomerp, 1X;

IIpoBox ¢ KoHIlaMU THUIIa INTEKep, 6X;
USB-kabean, 1x.

B cuenyrorieit Momesnu OT IIOBOPOTa PYYKHM IIOTEHI[MOMETpPa OyIeT
3aBHCETHb APKOCTh CBETOAMOMAa. OTO TaK:Ke OfHA m3 0A30BBIX CXEM PO-
0OTOTeXHUKU, a TOUHEe, aBTOMATUKU.

Coopka cxeMsbl

CoemuHNTEe KOHTAKT «3€MJA» IIOTEHIIMOMETPa, a TaKsKe KaToI CBe-
TOAMOLA C IMUHON «—» HA MAKETHOHW IjaTe. 3aTeM MHOAKJIIOUNTE 9Ty
muay K xoHTakTy GND ma Arduino (pmc. 4.38). Ilpum Taxom IIof-
KJIOUEeHUN 3aJelfiCTByeTcsAd MeHbIIle BXOIO0B, UeM IIPU IIPAMOM IIOL-
KJIOUYEeHNY KOMIOHEeHTOB K Uno, ¥ OT MaKeTHOM IIJIaThl K KOHTPOJI-
Jepy TSHEeTCs MeHbIIIe IIPOBOJOB.

HeBaxxHo, Kakolli M3 KpalHUX KOHTAKTOB IIOTEHIIMOMETpa OyIeT
noAkJ0oUeH K 5V, a Kakoii — K GND: moMeHsieTcss TOJIBKO HampaBJe-
HUEe, B KOTOPOM HYXHO KPYTHUTb PYUYKY IIOTEHIIOMETpa AJIA YBeJIU-
YeHUS HANPSKEeHUs. SallOMHUTE, UTO CHUTHAJI CUNUTHIBAETCS CO CPej-
Hero KoHTakTa!
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Puc. 4.38. Cbopka cxemsbl

OGo3HaueHusaA «+» W «—» Ha MaKETHOH IIjgaTe He 00A3LIBAIOT Bac
HCIIOJIB30BaTh 3THU IIIMHBI TOJIBKO KaK IIINHBI IIMTAaHMUA, OJHAKO 4YaIllie
BCEr0 OHU WCIIOJB3YIOTCA MMEHHO TaK M MapKUPOBKA IIOMOraeT He
OIINOUTHCS.

Jlormka mporpaMMbl

B pasnmene mepemeHHBIX OOBABIAIOTCA [OBE IiepeMeHHbIe: rotal u
brightness. HanpsaskeHue c NOTeHIUOMETPa CUUTHIBAeTCA U COXpa-
HAeTcA B rotat. MUKPOKOHTPOJLIEP BbIAAET YMUCJIO0 B AumamnasoHe ot O
mo 1023, mpomoplioHAJBLHOE YIJIy TOBOPOTA PYYKH. B ImepeMeHHYIO
brightness 3anucsiBaeTca IIOJIyYeHHOEe pPaHee 3HadeHue rotat, neseH-
HOoe Ha 4 (puc. 4.39), Tak Kak cBeromuon mmeeT 256 I1aroB SPKOCTHU
(or 0 mo 255).

Koraa mEnKHvT n
Bceraa

ycraHoBuTp rotat | 3HavYeHne ceHcopa Analog0

ycraHoevip brightness |B  rotat /

aHancroebin ° | 3navenve | brightness

Puc. 4.39. PaboTta c nepemeHHbIMU
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PaboTta c poTope3ncTtopom.
YnpaxHeHune «PoboT»

KommnoHneHTsI:

e Ilnara Arduino Uno, 1x; \\

e Maxkernaa muara BreadBoard Half,

1x;

doTopesucTop, 1X;

Pesucrop, 10 xOm, 1X;

IIpoBona ¢ KoHIlaMU THIIA IITEKep, 4X;

USB-kabenb, 1x. Puc. 4.40. YcnoBHoe 060-

3HavyeHne doTopesncropa
Ha 3N1EeKTPUYECKON Cxeme

Domopesucmop — 3TO KOMIIOHEHT (OJHO-
KOMIIOHEHTHBIN [JATYWK), COIPOTUBJIEHUE
KOTOPOTO M3MEHSAETCA B 3aBUCUMOCTU OT WHTEHCUBHOCTHU IIaJAIOIETO
Ha HETo cBeTa. YCJOBHOe oOO3HaUeHMe (DOTOPe3UCTOpPa Ha IJIEKTPUUE-
CKOlI cxeMe MmokaszaHo Ha puc. 4.40.

Coopkra
YcranoBuM (oropesucTop Ha MakKeTHoi 1miarte (puc. 4.41) u co-
eqIUHUM OIWH ero BBIBOJ C 3eMJieii, a APYroil — ¢ aHaJOTOBBIM BXO-
mom AOQ.

Hasiee cmomenmpyeM TaKyl 3amady. B KomMHaTe ecTh [OBa OKHA,
Ha OJHOM M3 KOTOPBIX MbI YCTAHOBUM »Kagio3u. OHM MOI'yT OTKPBI-
BaThCsA U 3aKPBIBATHLCA IIO IIEJUYKY II0 KHONKe. B KomHaTe o0uTaer
Po6OT, KOTOPBLIA OOUTCA TEeMHOThI. KaK TOJBKO KaJi03W HAYMHAIOT
3aKpPBIBATHCS, POOOT IIepeaBUraeTcsa KO BTOPOMY OKHY, HA KOTOPOM
Her KaJo3u. Korga sxaaros3u Ha IEPBOM OKHE OTKPBIBAIOTCSA, OH BO3-
Bpaljaercsa K HeMy, TaK KaK CBeTa OT IIEPBOro OKHAa 0OJIbIIE, YeM OT
BTOPOTO.

Puc. 4.41. lMogknodyeHne dotope3mcTopa K MakeTHOM nnarte
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ITporpamma

Odopmure cieHy, gobaBuB (oH, M pPa3sMeCTHUTE TPH CHpaiiTa: KaJiio-
31, KHOIKY u pobora (puc. 4.42).

CropafiT «Kaios3u» comep:KUT 12 KOCTIOMOB, OTJIHMYAIOITUXCA HA0O-
pom cexuuit (puc. 4.43). Y pobora ngBa xoctioma (puc. 4.44).

O0BABUTE IIepeMeHHYI0 X, KoTopas OyaeTr colep:kaTb 1, eciu Ka-
Jo3u TpebyeTcsa 3aKpbITh, U 0, ecam mxX TpedyeTcss OTKPBITH. llad
STOr0 AJIA KHOMKM MPOMUIINTE (PParMeHT IIPOrpaMMbI, IIPeICTaBJIeH-
HBINT Ha puc. 4.45.

B copaiiTe ¢ oKamosM IIPOMUIINATE KOJ, IIPEACTABICHHBIN Ha
puc. 4.46.

IIpu samycke mnporpamMMbl 3aJaloTCA HavaJdbHbIe 3HAUYEHUA I
cupaiitoB (poboTa m Kajaio31), 3aTeM IIOCJe IeJYKa IO KHOIIKe Iie-
pemaeTcsa cooOIlleHMe, B pPe3yJbTaTe KOTOPOTO IITPOMCXOIUT 3aKpPhI-
THe WJIU OTKPBITHE Kajaio3u (B 3aBUCUMOCTH OT 3HAUYEHUS IIepeMeH-
HOM x). [lamee poboTy mepemaeTcs cooOIleHre, B KOTOPOM pa3MelleH
ciaenyoomuii pparmMeHT nporpammbl (puc. 4.47).

%1233  yi1-320

Arduine... O6senr... Obvenr... Obfmewr...

Puc. 4.42. Tpu cnpainta ons Tpex o6bekToB U CTaHAApPTHbIA crnpaiT Arduino
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fantasy1
Q

fantasy2

Penacruposars J{Konuposars |

Puc. 4.44. KocTiombl gns obbekta «PoboT»

YcioxHEUTE OpPOTrpaMMy: [TaHHBIE OCBEIEHHOCTU IIOCTYIIAIOT He
OT HApPHMCOBAHHOIO (BUPTYaJbHOrO) OKHAa, a OT (hOTOpPE3mCcTOopa, pas-
MEIIeHHOTO Ha MaKeTHOUW mjaTe. I[Jig 3TOTO co3maiTe IIepeMEHHYIO
okl, B KoTOpyl0 OyZeT CUUTHIBATHCA 3HAUEHWE HANPAXKeHUA ¢ (Ho-
Tope3uctopa. llpomuminure (parMeHT IIPOTPaMMbI, IIOKAa3aHHBIA Ha
puc. 4.48.
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Koraa wenkHyT no O6vexr4

nIMeHTD X | Ha

e x =1

nepepars Xanioau 1 3akp

MHa4de

nepepars Xaniosu 1 oTkp

Puc. 4.45. ®parMeHT nporpamMmbl Afisi KHOMKM

| KOrAaa f nonyvy >xanosun 13akp | Koraa s noay4vy xaniosu 10tkp |

| korpa wenknyTno e =

= noetoputs (3 noetoputs B
nepeunTu K KOCTIOMY KOCTiom1

)1 W1 KOCTIOM
yctaHosuTs pasmep ([ % IS A OLIKOCTION
naTM B XX V2 114 | 'fA%KVHA | xnatb () cexyHn
' ! -

[nepepate nBvXeHye BeBO

fnosTopuTs

nepeuTy k KocTiomy | koctiom # - [

yctaHoeuts x |8 [ \nepepate nsvxenve Bnpaso |

cnepyloLwmii KOCTIOM

[xparte (I8 cekynn ———————

5 = ; | xpats (JE) cexkynp,
T S

nepenTu K kocTiomy | koctiom # - )

Puc. 4.46. Kon B cnpaite c Xanos3u

.Korn,a € NoJsy4y ABWKEHME BNpago | Koraa s nony4y [BUXEHUe BNeBo |
nepeiTu K kocTtiomy fantasy1 nepeiiTu K kocTiomy fantasy1

[koraa wenkHyT no

nepeiitu k koctiomy fantasy2

nepeiiTn B BEpXHUA CNOiA nnbiTh 3 ceKyHA B TOUKY X: y: nnuie @ cexyna e Touky x: @Y y:
natv B x: @) v:

Puc. 4.47. ®parmeHT nporpamMmbl s coobLeHns poboTy

Koraa menkHyT no

BCeraa

ycraHoeib okl |B 3HauveHve ceHcopa Analog0

-

Puc. 4.48. CunTtbiBaHnEe HanpsixeHus ¢ doTope3nctopa B nepemMeHHyto okl
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KOraa i enkHyT no

0
ycranoeymn okl | B 3Hauenve ceHcopa Analog0

|ecnn okl <F¥F » oki > HFN
(Repenam | asvxenie sneso |

MHa4e
|

I'Ié-l—:lenaTb ABMXKEHHME BEMPpaEOC I

—

Puc. 4.50. TectnpoBaHue nporpamMmbl

B mukpoxoutpossiepsl ATmega 328, mpumensemblie B Arduino
Uno, BcTpoeH ana.nozo-yu@gposoii npeobpaszogamensv (ALIII) ¢ paspe-
mreHueM 10 Oour. AIIII mosBojssdeT cUMTHIBATHL HANpsKeHHe, ITofaBa-
eMoe Ha aHaJOoroBble BXOABI, M IIOJydYaTh Ha Bbixoge c¢ IIIMM smaue-
Hua ot 0 mo 1023 (Bcero 1024 rpapmarmun).

VYenoBumMcesi, UTO eciiy 3HAUEHUE epeMEeHHOM HAXOAUTCS B AuAalia-
3oue or 600 mo 1023, To KaaiO3U 3aKPBITHI U POOOT IIEPEeIABUTAETCS
K cocelHeMy OKHY, mHade (3HaueHue mepemeHHon <600) 'Ka03u OT-
KpbIThl. IIpomuiniure xon (puc. 4.49).

Bruatounte GoHapUK M IIPOTECTUPYETE CBOIO IPOTpaMMy, Halpas-
JIAA ero cBeT Ha (POTOPE3HCTOpP U 3aTeM oToaBuUrasd (poHAPUK B CTO-
pory (puc. 4.50).
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Mone3Ho 3HaTh, YTO...

Kapruaku B HTepHeTe, BKJAOUYaA oTorpadduu U PUCYHKU, SABJISIOT-
cAd o0beKTaMU aBTOPCKOTO (MeKIyHapomHOTO) IpaBa. VX MCIIOJIB30-
BaHNe B COOCTBEHHBIX IIPOEKTaxX MOKeT ObITh He3aKoHHO. OcobeHHO
€cJI BBl 3aXOTHUTE NEeMOHCTPHUPOBATH CBOI IIPOEKT 3a IIpemeaMHu CO0-
CTBEHHOI'O JoMa.

OmHaKO CYIIECTBYIOT Pecypchbl, KOTOPbIe MOYKHO 3aKOHHO HCIIOJIb-
30BaTh, COOJIIOMASI PAL YKa3aHHBIX ycaoBuii. Takoili KOHTEHT OTMeUeH
CHMBOJIOM MEXXIYHAPOIHOMN JUIIEH3UU OJISI TBOPUECKUX COODIIECTB —
Creative Common (CC) Licence. Ceromus cyilecTByeT yKe BTOPOI1
cTaHZapT STOM AaBTOPCKON JHUIEH3UUN. PAAOM ¢ ONyO0JMKOBAHHBIM
MaTepuajJoM CTaBATCSA CIeNUaJbHBIE BOAAHBbIE 3HAKM MJIU CHMBOJIBI
YCcaosulilL:

CC BY — Attribution: BBl MOKeTe MCIOJb30BaThb, MN3MEHATDH
Ipou3BeJeHre, CO3IaBAaTh HOBOE Ha ero OCHOBE, HasKe IJIsS KOM-
MepUYeCKNX IPOEKTOB, OJHAKO 00A3aHBI YKa3aTh MM aBTOpa HC-
XOJIHOT'O IPOU3BEIEHU.

@ CC SA — Share Alike: BBI MOKeTe HCIOJb30BaTh U HU3IMEHATH
IIpou3BeAeHNne, HO, BEIKJIAAbIBAs CBOE TBOPEHUE, NOJIKHEI PACIIPO-
CTPAHSATH €ro TOJBKO IIOJ TOM Ke JIMIleH3Wel, YTO M OPUTHHAJ.

@ CC NC — Non-Commercial: BbI MOKeTe HCIIOJIb30BATh U U3Me-
HATH IIPOU3BeAeHUe MIJIsd yueOHOI, HaydyHOW u JI000M MHOU He-
KOMMEPUYECKOH AeATeIbHOCTH.

@ CC ND — No Derivative Works: Bbl MOKeTe HCIOJIb30BATh KOH-
TEHT, OJHAKO CO3JaHMe IIPOM3BOIHLIX pPa0bOT 3alpelreHo. ITOo
3HAUUT, UYTO KAPTUHKY HEJIb3s IIepeKpallliBaThb, IPUMEHATH
K Hell puiIbTpbl U TOMYy ImomobuHoe. Taxoe ycjaoBHe UACTO CTABAT
doTorpadgui-peryiepsbl M HEKOTOPbIE XYAOKHUKMN, KOTOPBLIE He
XOTSAT, YTOOBI HACTPOEHME M IIOChLI UX pPabOThI, IIepeJaHHbIN
B CBeTe U I[BeTe, OLIJIN M3MEHEHBI.

YeaoBuii MOKeT ObITh Cpa3y HECKOJIbKO. OObIU-

@ ® @ HO OHUM HAHOCSTCSA HA CIEeNUAJbHbIE ILIAIIKH.
OnuH w3 BapMaHTOB IIOKas3aH Ha puc. 4.51.

Ocoboe MecTO 3aHMMAIOT IPOU3BEAEHU,

Puc.4.51. MNMnawka ¢ yc- wmaprupyembie CCO. JlamHas auieH3us O3HA-

noguaAMK - pacnpocTpa-  yger mepemauyy IIPOM3BENEHUS B OOIECTBEH-

HeHVa npoaykTa HOe [OCTOSIHHE ¥ MOXKeT ObITh IIpUMeHeHa

B TOM UYHCJ€ K I[pOrpaMMHOMY obecreuenunio. MblI yiKe TOBODPHJIH,

yro Arduino — cBobogHasa maaTdopma, aHAJIOTUUYHOE OLIBAET M B OT-

HomleHUM (pororpaduii, pUCYHKOB M MYy3bIKU. Tarkwme (aiijibl MOXKHO

KUCII0JIb30BAaTh, TPAHCJIUPOBATH, U3MEHATDL JasKe 0e3 yKasaHWUs aBTOP-

CTBa, IIPUYEM COBEPIIEHHO 3aKOHHO. ['J1aBHOe, He BBIZABATH 3a CBOE

CcOOCTBEHHOE TBOPYECTBO, €CJIM BBl HE CO3JAJU IIPOM3BOAHYIO PaboTy.

[ |
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TepmMeHBOKC

B sTomM ympakHeHUM HWMHUTHUPYETCS 3ByYaHNE MY3BIKAJIBHOTO HUHCTPY-
MEeHTa TEPMEHBOKC: M3MeHeHNe BBICOTHI 3ByKa, U3JaBaeMOro 3yMMEPOM,
Ha ocHOBe wmH(opManuu 00 MHTEHCUBHOCTU CBeTa OT (hOTOPE3UCTOpa,
moJiyvyaeMoli 0eCKOHTaKTHBIM ITyTeM. HacTosAluii TepMeHBOKC padoTaeTr
TO)Ke 0eCKOHTAKTHO, OJHAKO IPUHIIMIBI ero PaboThI CJIOYKHEee.

STO UHTEepecHo!

TepmMeHBOKC OBITT CO3MaH HAITUM cooTeuecTBeHHUKOM JIbBom Cepre-
esuueM Tepmenom B Ilerporpaze B 1920 romy. MsHauanbHO m3006pe-
TaTeJb JaJ WHCTPYMEHTY MMS dTEPOTOH («3BYK M3 BO3AYXa»).

CyimecTByeT ellle OJHA MHTepecHas Bapualisi MHCTPYMEHTAa, CO3JaH-

HOTO AmoHCKUM mocyenoBartesieM JIbBa Tepmena — Macamu Takey-
yu. Ero Bepcusa TepMEHBOKCa 3aKJIUeHa B KOPIYyC-MaTPEIIKY.

KomimoHeHTsI:

ITnmara Arduino Uno, 1x;

Maxernaa niara BreadBoard Half, 1x;
Pesuctop, 10 xOm, 1x;

IIpoBonm ¢ KOHIIaMU THIIA INITEKep, 6X;
doTopesucTop, 1Xx;

3ymMmep (mIbes3oussaydarenab), 1X;
USB-kabean, 1x.

Symmep (nvesousiyiamenv, Nbe303dJieKMPULECKUl 38YKOU3LYHA-
meJib) — 9TO KOMIIOHEHT, KOTOPBLIM HAa OCHOBE OOPATHOTO IThE303JIEK-
TPUUECKOTO d(@deKTa BOCIPOUBBOAUT 3BYKH OIPEIEICHHBIX YacCTOT.
Ilox neficTBueM BJIEKTPUYECKOTO MOJA ITPOUCXOIUT MeXaHUUYecKasd
medopMarnusa MaTepuajia, BBIBBIBAIONIASA MOABJIEHNE 3BYKOBOM BOJI-
Hel. OGo3HaueHME 3yMMepa Ha 3JIEKTPUUYECKON cXeMe IIPUBEICHO Ha
puc. 4.52.

Coopka
CoenquHuTe KOMIIOHEHTHI, KAK IIOKasaHo Ha puc. 4.53.

Puc. 4.52. V3obpaxe-
HMEe 3ymmepa Ha anek-
TPU4YECKON CXeme

IIporpamma

IIporpamma paJigd TepMeHBOKCA [OOCTATOUYHO IIPOCTAs, IIOSTOMY BBI
MOJKETe COCTaBUTH €€ CaMOCTOATeJIbHO (puc. 4.54). IIna monyuyeHuUsa
HYKHOM YacTOThl 3ByKa paslesinTe 3HaueHUWe, IIOCTyIaiolllee Ha aHa-
JIOTOBBIII BXOJZ OT (poTopesucTopa, Ha KoHcTauTy 4,1. IIocKOABKY s
BBIBOZA mcHooabadyercss moptT c¢ IIIMM, morpebyeTcsa MCIIONIb30BATh KO-
MaHJy <«aHaJIOTOBBIM».
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Puc. 4.53. lNMogknio4yeHne KOMMOHEHTOB

.
L I
’/Knrna W enKHYT No |
Bi;zrna

ycranoeyms | val |8 3naqenve cencopa Analog0

ycravoevms freq |8 oxpyrmvm  wval / CE)

aHanoroebin & |3Hadqenve |freq

r)-xiam: (0.2] cexynn.

-

Puc. 4.54. lNporpamma o TepMeHBOKCa

HouyHOI cBETUIbHUK

KoMmmoneHTsI:

Ilnara Arduino Uno, 1Xx;

Maxkernasa miaara BreadBoard Half, 1x;
Pesucrop, 10 kOm, 1X;

Pesucrop, 220 Om, 1x;

Cseroauon, 1x;

IIpoBoa ¢ xoHmamMm Tuma mirTexkep, 10x;
doropesucrtop, 1X;

ITorennmuomerp, 1X;

USB-kabean, 1x.

ITO ympajkHeHUe TOKe JocTaTouHo mpocroe. CobepuTe m 3amporpam-
MUPYHATEe MOZeJIbh HOYHHKA C ABTOMATHUYECKUM BKJIOUEHHEM: KOIZA
YPOBEHBb OCBEII€HHOCTM B IIOMEIIIEeHNHM IIagaeT HHNKEe YCTaHOBJIEHHO-
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ro II0JIb30BaTeJIeM IIOPOTrOBOr0 3HAUEHUS OCBEIeHHOCTU IOMEeIleHusd,
BKJIIOYAETCS CBETOLUOLI.

Ocsewennocms (E) — sT0 TOuHasa (GusuvecKasd BeJIUUYUHA, M3Me-
psemasa B Jyiokcax (1 Jirokc paBeH 1 JiloMeHy Ha KBaJpPaTHBIA MeTP)
M XapaKTepusyIolllas OCBEIeHNe IOBEPXHOCTH CBETOBBIM IIOTOKOM,
KOTOPBIM Ha Hee mazaeT. UeM cuibHee MCTOYHUK CBeTa, TEM BBIIIE
OCBEeIIeHHOCTDb II0OBEPXHOCTU. IIpu pacueTe OCBEIEHHOCTU HMOMEIeHUA
Ba’XHO 3HATh rabapuThbl IOMEIeHUs: YeM OHO OOJIbIlle, TeM OOJIbIIIe
TpebyeTcs MCTOUYHUKOB cBera. Tak, HAIpuMep, B ABYX OAMHAKOBBIX
o ILUIOMIaAW KOMHATAX, HO C Pa3HOM BBICOTOM MOTOJKA, OCBEIEeH-
HOCTBL OyZeT pasHas: IJe IOTOJIOK HHXKe, TaM PacCTOSHNEe OT JIAMIIbI,
BHUCAINEH Ha IIOTOJIKE, MO0 IIojJla WM YejlOBeKa MeHbIe, a 3Hauyur,
U CTeleHb OCBEIeHHOCTH OyaeT pasHoii. OCBEIeHHOCTh IOMEII[eHUI
u3MepsaeTcs JIIOKCOMETPOM.

OmgHako B IpPoOeKTaxX, cBA3aHHBIX ¢ Arduino, B KauecTBe IIOHSA-
TUSA OCBEIIEHHOCTH OINMOOYHO IIPUHMMAIOT [IOKA3aHMNA, II0JIyYaeMble
¢ (poTopesucTopa — OCHOBHOI'O KOMIIOHEHTa JiloKcoMmerpa. Ha camom
JeJie 9TO He SABJAETCA JOCTATOYHO KOPPEKTHBIM, IIOCKOJBKY IPU Ta-
KUX W3MEPEeHUSIX dYallle BCEero He YUUTHIBAIOTCA pasMephbl MOMEIeHUA
U yroj IMajeHusi cBeTa Ha IIOBEPXHOCTD.

Coopka cxeMsbl

Hasepnoe, BBI yike goragajnchb, KaK [JOJIKHA BBIMVIAIETH cXeMa
(puc. 4.55).

Puc. 4.55. Cbopka cxembl

v 3apaHue

CocraBbTe IPUHOUIINAJIBHYIO 3JIEKTPUYECKYIO CXeMy, BCIIOMHUB yC-
JIOBHBIE 0003HAUEHUs BCEX HCIIOJIB3YyeMbIX KOMIIOHEHTOB.



@ Maga 4. Mepudepus Arduino

ITporpamma
HyxHO TOJBKO 3aaTh YCJOBHUSA OJA MHUKPOKOHTpoJIepa (puc. 4.56).

Koraa menkHyT no

Bceraa
yCraHoBWTD OCBEUlEHHOCTh | B 3Ha4veHne ceHcopa Analogl

yCcTaHoBWMTD YPOEBEHE |Be zHauenve ceHcopa Analogl

ecnm ocBeléHHocT < ypoBeHDb

ungpoeon 13 |[exn

rHa4e

undpoeon 13 |orkn

=

Puc. 4.56. Ycnosus ans MUKpPOKOHTposepa

ITomobuasi 3amaya — omHa M3 CAMBIX PACHPOCTPAHEHHBIX M IIPO-
CTBIX 3aJad aBTOMAaTH3alnuu. 4Yaile BCEro ee peIllleHre PeaJu3yioT
0e3 HCHOJIb30BAHUS CJIOMKHBIX MHKPOKOHTPOJIJIEPOB, 00XOAsCH 0JI0-
KoM (QoTopeJie.

RGB-cBeTtoomon,

KoMmnoHeHTHI:

ITnara Arduino Uno, 1x;

Maxkernas miaara BreadBoard Half, 1x;
Pesucrop, 10 kOm, 1X;

Pesucrop, 220 Om, 3x;
RGB-cBeromuon, 1x;

IIpoBoa ¢ KOHIIaMM TUIA IIITEKep, 7X;
USB-kabeasn, 1X;

doTopesucTop, 1X.

B sTom VIIpaXHEeHUMN BbI IIO3HAKOMHUTECH C KOMIIOHEHTOM, ROTOpBIfI
yiKe MOKHO OTHecTH K cJIosKHBIM. RGB-cBeTtommon ymnpasiiserca Tpe-
Ms I[BETOBBIMHU KaHajiaMu. Ero HasBaHMe BaM 3HAKOMO M3 Kypca WH-
(popMaTUKU.
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RGB (Red, Green, Blue) — 570 agguTuBHas I[BETOBas MOIeJb, WC-
moJib3yeMasi OJisd KOAMPOBAHMUS IIBETA IIyTeM PeryJInpPOBaHUSA IO TPEM
KaHajJaM HWHTEHCUBHOCTH OCHOBHBIX I[BETOB (KPacHOI'0, 3eJIeHOI'0
W CHUHETr0 COOTBEeTCTBeHHO). Takas MOesb IITUPOKO MPUMEHSAETCS IJIs
web-rpaduru, perymum u T.n. as moaurpadpudyecKux Iieseil uyarre
ucroab3yior cucremy Panton (PMS, Pantone Matching System) —
CTAHJAapPTHU3NPOBAHHYIO CHUCTEMYy II0a0opa IiBeTa, OCHOBAHHYIO Ha CMe-
IIeHNU Pas3JINYHBIX KPAaCoK.

B oraumume ot o6biuHoro cBeroaumoma y RGB-cBeTommoma IiesibIx
TPU aHoJa — IO OJZHOMY Ha KaKAbIi OCHOBHOM 1iBeT (puc. 4.57).
x cnemyer coemmHATh ¢ KoHTakTamMu Arduino, momaep:KUBAIOMIAMIUI
IIIMM, uTo0BbI MMETh BO3MOYKHOCTDH IIOJIYUUTH JIO0OI I[BET IO KeJja-
Huoo. Keratu, 8 RGB-Momenn B KavecTBe MaKCHUMAaJbHOTO 3HAUYEHUS
HCHOJb3yeTcsa uuciyio 255, a MuHuMaabHOTO — 0, IIOSTOMY OJIA TOJIY-
YeHNsI HYKHOI'O I[BeTa He MIPUIETCA IIPOU3BOIUTEL IOIIOJHUTEJIbLHbIE
MaHUITYJAIUN C TepeBogoM 3HaueHmit. Karon oObruHO oOmiuii. MHO-
raga Bcrpeuarorcss RGB-cBeTommoansl ¢ oOIUM aHOLOM.

Coopka cxeMsbl
CoeguHNTE KOMIIOHEHTHI TaK, KaK TOKasaHO Ha puc. 4.58.

7 )

KpacHbli
Cuhuii 3eneHbiii
1234 @
1 3 4 CX) (UNO
2 !
Puc. 4.57. RGB-cBeTo- Puc. 4.58. Cb6opka cxeMmbl

avon, ¢ odWmMM KaTtoaom
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ITporpamma
Hna wHammcaHumsa MIPOrpaMMBbI TOJYUYUTE [AaHHBIE € (oTopesucTopa
(Analog0) u mocraBbTe ycaoBue, uTo npu 3Hauenuu 600 (cBetsio) cBe-
TOAUWOJ 3aropaercsa cumHUM. Kpome TOro, mycTh Ha CIeHY IIPOrpaMMBbI
S4A BwIBOgUTCA (POH, COOTBETCTBYIONIUIU OcBellieHHOCTU (puc. 4.59).
Ha Bruaagxe Koctiombl BriOepuTe nyHKT PucoBaTh 1 B pemgakTope
cosmaiiTe Tpu (poHA C HAAIUCAMU AJS TPEX PEKUMOB OCBEII[eHHOCTH.

KOraa wesnKHyT no

unbpoeon 12 |oTkn
undposon 11 OTKN
undposon 13 |orkn

BCeraa

ecnn 3Ha4eHve cencopa Analog0

nepenTn K KOCTiIomMy TeMHOo
undpoeon 10 |exn
undposon 11 |orkn
undpoeonn 12 |otkn

riHa4e

ecny  3HaueHve ceHcopa Analog0

neperTn K KOCTIOMY CBETno
unpposon 10 | otkn
undposon 11 |BKN
unpposon 12 | orxn

vHaue

|| neperTv K KocTiony ApKo
undposon 10 | otn
undposon 11 |[orkn

unpposon 12 | ekn

Puc. 4.59. ®oH c HagnNUcaMmn Onga TPex PexuMOB OCBELLEHHOCTU
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CaxapHuua

KomMmmnoneHTsI:

ITnara Arduino Uno, 1x;

MaxerHasa miaara BreadBoard Half, 1x;

Pesuctop, 220 Om, 1x;

Hatumk Hakjgona HDX, 1x;

IIpoBon ¢ KOHIIAMU THIIA IIITEKep, 2X;

ITpoBoa ¢ OAHUMM KOHIIOM THUIA INTEKEP W OJAHUM KOHIIOM THUIIA
THE3I0, 2X;

e USB-kabean, 1x.

Hamuux Harkaona HDX ocHOBaH Ha 3jieMeHTe, COCTOAIIEM U3 KOpP-
myca ¥ MeTa/LIMYecKOoro IIapuKa, IIepeKaThIBaoIlerocsi BHYTPU
(puc. 4.60). IIpu HaKJOHe ceHcoOpa B OAHY W3 CTOPOH IIIapUK IIepe-
KaThIBaeTCs B ATy CTOPOHY U 3aMbIKaeT Iienb. TakuM oOpasom, 3TOT
JaTYUK II03BOJISIET CYAUTH TOJBKO O HAJUYNK HAKJIOHA B KaKyIO-TO
CTOPOHY, HO He O BeJmYuHe yrJya HakjJoHa. C IOMOIIbIO 3TOTO JaTUM-
Ka MOJKHO OTCJIE;KWBATh TOPMOKeHUe, IIaJfleHne, BUOpaIiuio.

0 PO

BkntoueH BbiknioyeH BbikntoyeH BbikntoyeH

e 6 o ¢ o o

Puc. 4.60. [Jatuynk HakoHa

IIporpamma

CoapaiiTe  Momesb: IIpu HakJoHe paatuymka HDX BupryaabHad
caxapHHIIa C [A03aTOPOM HAKJIOHSETCI M caxap BbIckimaercda. Ilpu
HCXOMHOM IOJIOYKEeHUU AATUYMKa caxapHHUIla BO3BpAalllaeTCs B BePTHU-
KaJIbHOE TI0JIOYKeHUe.

A Hauvasa pasMecTHUTe Ha ClleHe [OBa cIIpaliTa — caxapHUILY
u caxap (puc. 4.61). CaxapHuila mMeeT OAUH KOCTIOM, caxap — Iie-
JBIX Tpu. BBl MOKeTe HaApPUCOBATH WX CAMOCTOSATEJIHHO C HOMOIIIBIO
BCTPOEHHOTIO rpaduueckoro pemaxkropa (puc. 4.62).

CospaliTe IlepeMeHHYIO Y, KoTopasd OyZeT yBeJIWUUBAThHCA Ha €LU-
HUIlYy IIpU HaKJOHe mam BuOpamuu. CosgaiiTe elle HepeMeHHYIO X,
KoTopas OyIeT comepsKaTh KOJIMUYECTBO CEKYH], B TedeHUe KOTOPhIX
JaTYUK HaXOJUTCSA B BePTHUKAJIBHOM IIOJOMKEeHUH, T.e. korga y = O.
Eciu KoamuecTBO CeKYHI IPEBBIIIAET 2, TO CAXaPHUILY HYIKHO Bep-
HYTh B BepTUKaJbHOe moJoKeHue. CosmaiiTe TakKe IIepeMeHHYIO 2,
K KOTOPOH MBI BepHeMCs 4yTh mo3xke. s aToro B cupatite ¢ Arduino
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OPOTUINTNTE CAENYyoIui (GpparmMeHT mporpaMmsbl (puc. 4.63). asa mo-
BOpOTa caxapHUIILI cOpochbTe 3HaueHuA X m y B (. 3aTeM HauHUTE
OPOBEPKY HaKJIOHA maTuynKa. Kciu OH HAKJIOHEH, TO M3MEHHuTe 3Ha-
yeHne y Ha 1 («ga»). IIpu nmepBoMm cpabaTbIBaHUU JaTUWKa OTIPaBbTe
CcoO0IIeHre caXapHUIle ¢ KOMaHA0U noseprymbs obsexm. llpu axTus-

- Arduino... 06vexT...| ObbekT...

Cuena

kocTiom1

KOCTIOM2

(Penakruposar. )| Konuposar. J3

KocTioOM3

egaxruposars )| Konmposars J <

KocTiom4

Konuposars J 00

Puc. 4.62. KocTioMbl ansa caxapa
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KOrga menxKHyrT no / .

yCcraHoBvTb Y ‘B E

ycranoevme x| [

BCceraa

lecnm . cencop Digital2 |warkar?

N3MEHMTD i__| Ha

ecnm  y =
ilnaaena'm nosopot |
ecnn y > _

|nepeparn  ChinaTh |

Puc. 4.63. ®parmeHT nporpaMmmbl oas gartymka HakoHa

HOM ’Ke cocTogHmu gartdmka (y>1) cupaiiTy ¢ caxapoM IIOCTOSHHO
maeTcss KOMaHaa O CMeHe KocTioMa (YTO MMUTHUPYET MHPOIleCC BBICHI-
maHusA). 3a IIOBOPOT CaxXapHUIILI y)Ke OyIeT OoTBeuaTh HepeMeHHas 2.
ITpaBuso usmeHeHus z OyAeT OIMCAHO HUKE.

ITpu 3amycke mporpaMmbl 3aJaeTcsd BePTUKAJbHOE IIOJIOMKEHUe ca-
XapPHUIIbI, IIPU IIOJYUYEHUU COOOIIEeHUS O IIOBOPOTE IIPOUCXOIUT W3-
MeHeHUe IOJIOKeHUA. B cupaiiTe ¢ caxapHUIlEN HOJI’KeH ObITH pasMe-
meH (parMeHT OpPOTpaMMbl, IPUBENEeHHBIN Ha puc. 4.64.

B kaaniii momeHT, Korga 2z = 1, IPOMCXOAUT HAKJIOH CaXapHU-
bl ¥ BBICBIIAHME caxapa. 3aTeM 3amycKaercsa Taimep. Ecaum Bpe-
MA HecpabaThbIBAHUA JTaTuWKa (OTCYTCTBUE W3MEHEHUSA ITOJIOMKEHUA)
bojsiee IBYX CEKYHI, TO caxXapHHUIla BO3BpaIllaeTCs B TMOJIOMKEHUE II0
YMOJUAHUIO, T.€. B BepTHUKaJbHOEe. B cmpaiiTe ¢ caXxapoM HaNUIIUTE
dparmenT, mpuBeJeHHBIN Ha puc. 4.65.

B wutore ciiena moskHa BBRITJVIAIETh, Kak Ha puc. 4.66.
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| KOorpa ss nony4y nMOoBopoT

[ noeTopr €T

MoBEepHYTHCA Ha S) rpanycoe
i,

>xnaro € cexyun

ne_penarb CeIMaTe

KOoraa A nony4y NoCTaEMTE
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4.3. MpocTble ynpaxHeHns nsa Arduino u S4A @

Analon 128

z T g

Aanalog: [IPL0
Anslogs EFTE
Analogs
Digitalz
Digitald

HOEBbIF DOBEKT: 5’::/ !’J.? ?:(’

Puc. 4.66. OkoHyaTesNbHbI BUA, CLEHbI

Coopka cxeMbl

JlaTyrK HakJoOHa HOAKJIIoYaeTcA K IudpoBomy mopty Ne12. OOmmit
BHUJI yCTAHOBKU KOMIIOHEHTOB IIpeJcTaBJeH Ha puc. 4.67.

SEEs SEEse SEERew I

Puc. 4.67. C6opka cxembl

I/ITaK, Bbl BBIINIOJIHUJIN [OECATH ynpamHeHm‘/’I U IIOSHAKOMMJINCH
C CaMbIMHU 4YaCTO IIpDUMEHAEMBbIMMN KOMIIOHEHTaMM MIJId Arduino. Te-
IIepb nepefx’meM K CJIOKHBIM JaTUyWKaM.
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4.4. Mopynu n CNOXHble AaTYuKu

K mnozoxomnonenmmnuvim nepugepuilhvim ycmpoiicmeam OTHOCATCS
MOJIYJH, CJIOMKHBIE NJAaTUNKHN, MOTOPBHI U CEPBOIIPUBO/ILI.

Modyav — 3TO TOTOBas SJEKTPUUYECKAas cXema, pasMeIlleHHas Ha
OTAEJBHOU IIJIaTe€ M COCTOAINIad M3 HECKOJBbKUX COEJUHEHHBIX dJie-
MeHTOB. Hampumep, cxema gaTuMKa OCBEIIEHHOCTH COCTOUT u3 (ho-
Tope3ucTopa u o0bruHOro pesumctopa Ha 100 xOm. Hcmosnb3oBanue
MOIyJieli 3HAUMTEJBHO YIIpoIaeT paborTy ¢ miaaT@opMoii, TO3BOJIAA
BBIOMpATHL T'OTOBBbIE peIleHus 06e3 cTpaxa OIMUOUTHCA B XapaKTepu-
CTHUKAaX 3JJIEKTPUUYECKUX KOMIIOHEHTOB UM COOMpPATh IPOEKT u3 Habo-
poB. 9TO yAOOHO IJs TeX, KTO XOUeT 3aHUMAaThCA MIPOTrpaMMUPOBa-
HUEeM IIPOeKTOB, MHOTJA [gaske IIPOIyCcKas STall IIPOTOTHUIINPOBAHUSI.
3avacTyio MpU pasMeIleHur MOAYJel HCIOJb3YIOTCSA CIeluaabHbIe
IJIATHl WU TEPEXOTJHUKM BMECTO MaKETHBIX IaT (IJaA IIPOTOTHUIIN-
poBanusa wau madikm). Takum o0pPasoM MOIYJH IIPOCTO «HACAIKUBA-
I0TCA» B IpenHasHaueHHBbIe JJId HUX THe3la, KaK IIpu paboTe C MJaT-
popMamMu 3aKpPHITOTO THUIIA.

ITpumepom saBasitorca Troyka-momynu um um momobGHbIe (puc. 4.68).
Yarre Bcero OHM IIOAKJIIOUAIOTCA K I1uIare Arduino ¢ IIoMoInbio
TpoiiHoro Iiiaeiipa oT rpynmbl KoHTakToB SVG, rme S (signal) — ka-
HaJl Ilepefayn CUTHAJA, HAIIPUMeD, M3MEepeHUs WU YIPaBIeHUS;
V (voltage) — obecueuenme moxyJis nutanumem (5 B, pexxe 3,3 B);
G (ground) — mIuHA «3€MJN».

CroxcHble 0amyukKy — 3TO yCTPOICTBA, MMEIOINe HEeCKOJbKO Ka-
HaJIOB BBOJA / BBIBOZAa, T. €. HECKOJbKO 3JIEMEHTaPHBLIX AaTUMKOB. Ha-
npumMep, yJbTPas3BYKOBOII maabHOoMep (puc. 4.69) cocTrouT m3 comapa,
M3JIyYarolnero yJbTPasBYK, M CIEIUATBHOIO MHUKPO(OHA, OIIpemesis-
IOIIEr0 BpeMsA BO3BpAIlleHUs OTPaKeHHOTro 3ByKa (vxa). IlpumHiiun
9XOJIOKAIIUU 3aKJIOUAeTCsA B pacueTe PacCTOAHUA A0 O0beKTa IO Bpe-
MEeHH! MPUXO0Ja 9Xa C YUYeTOM IMJIOTHOCTH Cpelbl (HampuMmep, BO3ayxa
WU BOJIBI).

Ha camom gmene rpaHb MeXAy ABYMS BTUMU THUOAMU MHOTOKOM-
MOHEHTHBIX MePUPEePUHHBIX YCTPONUCTB HACTOJBKO TOHKA, UTO OUYEHD
YacToO UTHOPUPYETCs.

Momopb. 1 npuodb. aKTUBHO HCHOJB3YIOTCA HE TOJBKO B CIIOP-
TUBHOM POOOTOTEXHUKE, HO U AJsA O0ecCleueHUs MOABUKHOCTU dacTel
Pa3IUUYHBIX IJIardayMoB, YacoB, Kapycejeill um MHoOroro apyroro. Cy-
IIeCTBYET Ja'Ke MHEHHE, UTO POOOT MOMKET CUMTATBCSA POOOTOM TOJIb-
KO B cjliy4yae, €CJIi OH JBUraeTcs. JTO He COBCEM BEPHO, IIOCKOJBKY
po6GoT MoO:KeT OBITH IEHTPOM YIPaBJIEeHUS CHUCTEM U IIPW dTOM €ero da-
CTH OCTaIOTCA HEIOABUKHBI.

Cepsonpusod (servo) — 3To TIPUBOJ C yIIPABJIEHWEM Yepes OTPHUIla-
TeJbHYI0 00paTHYIO CBaA3b. TaKas cBA3b MO3BOJISET TOUHO Y3HATH YTOJ
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Puc. 4.68. AHanoroBbii Puc. 4.69. Ynbrpa3sykoBOM
TEPMOMETP (MOAYNb) OanbHoMep (CNOXHbIV OaTymk)

TOBOPOTA, CKOPOCTHh U HAJWUMWE BHEITHEro ycwiausa. KasKAbIil cepBO-
OPUBOJ COCTOUT W3 JBUTATEJsS TOCTOSHHOTO TOKAa, IIOTEHIIMOMETpAa
U yIpaBJgiomieil maaThl (CO BCTPOEHHBIM SHKoZepoMm). Taxum obpa-
30M, CEPBOIPUBOJ MOKET He TOJHbKO OTpabaThIBATh IIOBOPOT HA HYMK-
HBIH YTOJI ¢ HYXHOW CKOPOCTBHIO, HO TaKiKe M3MepPATH YroJ II0BOpOoTa
U ycujue, IPUJIOKEHHOe K pbluary, yCTaHOBJIEHHOMY Ha IPUBOJE.

CepBOIIPUBOABI PABJIIMYAIOTCSA II0 MOITHOCTU (C PA3HBIM KPYTAIIUM
MOMeEHTOM), opM-(PaKTOPy W HPOYHOCTHU, II0 BeJUUUHE Xoma (MaKCH-
MaJbHOMY YIJIy IIOBOPOTa) M HAOOPY KpPbLIbeB (pbluaru, «MeJbHUU-
HbIe» KPBLIbA U IP.).

CaMbpIii pacIpOCTPaHEHHBIA CEePBONPUBOL CPeaud IMOKJIOHHUKOB
Arduino — sTo magenbKuit cepBoupuBon FS90 ¢ mmamasomom yria
moBopora 180° u Kpyramum moMmernToM 1,32 Kr-cm mpu nuranuu 5 B
(puc. 4.70).

IllTazosvie Od8uzamesu — 9TO CUHXPOHHBIE 3JIEKTPOABUTATENIU IIe-
peMeHHOro TOKa, B KOTOPBIX TOK, IIOJABAEMbBIH Ha OOHY W3 OOMOTOK
cTaTopa, BBIBBIBAET IIOSBJIEHWE BPAIIAOIErocss MAarHUTHOTO TIOJIS
(puc. 4.71). IIpu sTOM POTOP BpAIaeTCA CUHXPOHHO C 3TUM IIOJIEM.
IIpu momaue mMIyJsibca TOKa IPOUCXOAUT NUCKPETHOE YIJIOBOE Iepe-
mereHne. CiieyoIuii UMIYJIbC TOKA BBIBBIBAET OYEPEAHOI IIOBOPOT
poropa u T. . HKoawmuecTBo I1aroB, Ha KOTOPBIE JEJIUTCA KPYT, Yallle
BCEro IIPOTPAMMHO 3ajaeTcsA IIoJb30oBaTeseM. TakKsKe MOKHO 3a7aTh
CKOPOCTh ¥ HampaBjeHUe BpaineHudA. lllaroBblie ABUTATENU PEIKO
TOAKJIIOYAIOT HANPAMYIO, IIOTOMY UYTO OHU TPeOYIOT HaUpAKeHUd,
OTJIMYHOTO OT cTaHAapTHBHIX 5 B. B cBA3mM c 9TMM mMX 3anUTHIBAIOT
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Puc. 4.70. Cepsonpueog FS90 Puc. 4.71. lWarosbih asuratenb
c yrmom nosopota 180° C OpaliBepom

yepes apaiiBep MOTOpPa — OCOOBINI MOAYJb, HAa KOTOPOM YCTaHOBJIEH
OJIOK ympaBJieHUA ¥ HpeoOpasoBaTesib HANPAKEHUA.

W cepBompuBOALI, M IIIAroBble ABUTATEJN YOPABJIAIOTCA C IIOMO-
mipio IIIVM.

Eie oquH TUO MOAyJiel, KOTOPBIN YaCTO BCTpPeUaeTCsA B MPOEKTaxX
Ha Arduino m aBTOMaATHM3AIMU B IIEJIOM, — 3TO MOOYJAU IKPAHOS.

KpaTko omuiieM MxX OCHOBHBIE THUIIHI.

1. LCD (Liquid Crystal Display) — :xugkokpucramiuueckuit (JKK)
nucmeii, oOLIYHO MOHOXPOMHBIN ¢ moacBeTKoi (puc 4.72). HawmubGo-
Jiee pacIpoCTpaHEeHHBIN BUJ — 3HAKOCUHTE3WPYIOIIUii, T.e. oTobpa-
JKAIOIUI TOJBKO CHUMBOJIBI, pasMellleHHbIe Ha HECKOJbKUX CTPOKAaX.
Hexoroppie moamep:kuBaOT KUPUJLINILY, OJHAKO MOYKHO CO3[aBaTh
U CcOOCTBEHHBIE CHUMBOJILI B BHJEe MAacCUBOB. TaKme 9KpPaHbI MOIL'YT

1 B

Puc. 4.72. MOHOXPOMHbIN XUOKOKPUCTANNYECKNIA ONCTNEN
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Puc. 4.73. LIBETHOW XNOKOKPUCTANANYECKNIA ancnnen

UMeTb BCTPOeHHBIH I2C-mHTepdeiic, HO BCTPeUalOTCA MOAeIN U 0e3s
Hero. IIporokos I2C mosBossieT oOMeHHMBaThCcsA HMH(poOpMAamueil ¢ Imia-
Toii Arduino, 3ameiicTByda MeHbIlle (pUBUUECKUX KaHAJIOB CBA3U, W,
cJeloBaTe/IbHO, 3aHMMATh MEHbIIIe KOHTAKTOB ILIATHI.

2. TFT LCD (TFT, or auru. thin-film transistor — ToHKOMmIeHOUHBIH
TPaAH3UCTOP) — I[BETHON KUAKOKPUCTAJIJINUECKUNA OUCIJIEH ¢ aKTUB-
Holt Mmarpuriieir (puc. 4.73). Crmoco6eH HMOKa3bIBATH HE TOJBKO CHUMBO-
JbI, HO U rpaduyecKue OO0BEKTbI. MaTpHUIIbI Pa3JNUUYAIOTCA 10 CBOUM
XapaKTePUCTUKAM, AOMOJTHUTEIbHO MOMKET OBITh YCTaHOBJIEHA CEHCOD-
Hada cetka. Moayau ¢ TFT-gucnnesavu gias Arduino gacTo ocHAIaioT
COOCTBEHHBIMHU IIJIeepaMU M YCTPONCTBAMU Jisd UTEHUSA KapT MaMsTH.

3. LED-pucuneii (Light-emitting diode display) — skpaH, cocrosarimii
u3 cBeroauomos (puc. 4.74). Takwume auciien OBIBAIOT OJHOTO I[BETa
mwin RGB ¢ BO3MOKHOCTBIO TPOTPAMMUPOBAHNUSA CMEHBI OTTEHKOB W WH-
TEHCUBHOCTHU TOCBeTKU. OTINUHO TOAXOIAT AJIs BHIBECOK WM MPUOOPOB,
paboTaroIX TOCTOSAHHO, IIOTOMY UTO MMEIOT MajeHbKOe SHEepPromoTped-
JIeHUe.

Puc. 4.74. OkpaH, COCTOALWMNA U3 CBETOANOLOB
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CTOUT OTMETUTDH, UTO MOAYJN U JAaTUNKU UCHOJB3YIOTCA IJIA CO3-
IaHus oOpaTHOU cBA3U. [[es0 B TOM, YTO aBTOMAT MOYKET BBIIIOJIHATH
IeMCTBUSI MHOTOKPATHO II0 OJHOMY AaJITOPUTMY, HE B3aBUCAIIEMY OT
OKpYysKalolllel cpeabl. B oTamume OT HUX POOOTHI BLIOMPAIOT BETBL
BBIMIOJIHEHUSI HPOTPaMMbl B 3aBHMCHUMOCTH OT YCJIOBUM, HAIpUMep OT
HOKasaHUM ocBellleHHOCTU. Kpome TOro, pobOTHI MOJMKHBI CaMU, T. €.
6es3 yuactusa omepartopa (UesioBeKa), BbIOMpATh IIOBEAEHUE, UTO TOKE
BasKHO.

YupasieHue ¢ oOpaTHOM CBs3bI0 (aHAJIM3 OKPYJKaloIieil o0CTaHOB-
KU IIOCPEACTBOM 00paboTKM WHQMOPMAIIUM C JaTUNKOB U CEHCOPOB)
OCYII[ECTBJISIETCA B 3AMKHYMOI cucmeme YnpasieHus.

B mpotuBOBec eii CyIEeCTBYeT OMKPbLMASL CUCMeMa YNpasieHus,
OpY KOTOPOII KOHEUHOe pellleHre MPUHUMAETCA OIEePaTOpOM: UesOBe-
KOM HJM BHEIIITHUM YCTPOMCTBOM.

0 Bompocsl

1. Yro moxapasyMeBaeTcsA II0J MHOTOKOMIIOHEHTHBIMHU YCTPOHCTBAMM?
B uem pasauume MesKAy MPOCTBIMU M CJIOMKHBIMU gaTuukamMu? Yrto
Takoe Moaysb? IlpumBeguTe mpUMepHI.

2. B uem pasiuume MeKAy CEPBOIPUBOAOM M IITArOBLIM ABUTATEIEM?

3. HpI/IBe,Z[I/ITe IIPMMEPHhI HMCIIOJIB3OBAHUA PA3JMHUYHBIX THUIIOB 3KPAaHOB.

4.5. NMpumeHeHue mopynei n S4A

B sTom pasmesie BbI MO3HAKOMUTECH C PAabOTON JaTUMKa YPOBHS JKU-
KOCTH ¥ CEePBOIIPUBOJA.

CurHanusatop 3aTtonieHus

ITnardopma Arduino sABasieTcss OTKPBITOI, IIOTOMY MATUUKU MHOTUX
OPOMBBOAUTEJNIEN, TIPENCTaBJI€HHBIE Ha PBIHKE, WMEIT UIACHTUUYHBIN
BUL u (yHKIuoHask. Jatuuk ypoBHA (puc. 4.75) mmeeT TaKyio Ke
rpynony KouTakToB SVG (S+-), Kak, Hampumep, u Troyka-momymu.
Konrakr c¢ obOosHaueHmeMm «—» moakJgoouaerca K 3emvue (GND),
cpemHUil — K muTaHuio 5 B, a KOHTAaKT S — K aHaJIoTOBOMY BXOIY,
"Hampumep AQ. Korma gaTuymk COBEpINIEHHO CyXOii, HAIPSAKeHNe Ha ero
BBIXOJIe W IOKA3aHUsS HA aHaJIOTOBOM BXOJe PaBHBI HyJ0. HeM riayo6-
JKe JaTYWK IIOTPYsKeH B BOAY, TeM BhbIlie mokasaHus (ot 0 mo 1023).
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Puc. 4.75. AHanoroBbii JaT4nK YPOBHS >XMAKOCTU

KoMmoHeHTHI:

Ilnara Arduino Uno, 1Xx;

MaxerHasa miaara BreadBoard Half, 1x;

Pesucrop, 220 Om, 3Xx;

CBeronmuonm, 1x;

RGB-cBetoguoxn, 1x;

JaTuyuK ypoOBHSA KUIKOCTU, 1X;

IIpoBox ¢ KoHIIaMU THUIIA INTEKEP, 4X;

IIpoBox ¢ ogHMM KOHIIOM THIIA IITEKep M OSHMM KOHIIOM THIA
THe30, 3X;

e USB-kabeisn, 1x.

Coopkra

Cobepure MOIe/ib CUTHAJIM3AaTOPa 3aTOILIEHUS corjacHo puc. 4.76.

Puc. 4.76. Cbopka monenu
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BCeraa
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Puc. 4.77. ®yHKUUSA BKIIIOYEHUS CBETOAMOAA MPU MPEeBbILLEHVM NOPOroBOro
3HayeHus

IIporpamma

Hanuinure mporpaMmy [IJd aBTOMATHUYECKOrO BKJIIOUEHUS CBETOMMO-
Ja Tpu ToMaJaHWUMW BOALI Ha JaTumK. [[1d Hayasa HEOOXOAMMO BBI-
HOJIHUTh KaJuOPOBKY OdaTUWKa, T.e. y3HaATh, KaKoe 3HaUeHUe IToKa-
3aHNI HA AHAJIOTOBOM IIOPTY COOTBETCTBYET MOJHOMY IIOTPYKEHIIO
JIaTyuKa B BOXY.

CospaiiTe mepemenuyio x. OHa OyIeT MCIOJB30BATLCA OJA XpaHe-
HUS 3HAUEHUS, MMOJIydaeMOro C JaTUMKa IOTpysKeHus. 3amgaiiTe cob-
CTBEHHBIN IIOPOTOBBIN ypPOBEHL BOALI WM M3MepbTe 3HaueHue. Ilocie
TOr0 KaK BbI Y3HAJIM MNOKAa3aHWUs [ATUMKA IIPU €ro yBJIaKHEHWWH,
MOYKHO HOOABUTH B CIPANT (PYHKIUIO aBTOMATUYECKOrO BKJIIOUEHMS
CBETOAMOLA IPHU MPEBLIIIEHUN 3aQaHHOT'O HOPOTOBOT'0 3HAUEHUSA U €ro
BBIKJIIOUEHHS, €CJIU yPOBeHb cHusmicA (puc. 4.77).

YcaoxxHUTE MOmesb, BcTpouB B Hee RGB-cBeromumon. B 3aBucumo-
CTH OT CTEeNeHH! IIOTPYKEeHUS HaTUMKA B JKUIKOCTH I[BET CBETOIMOLA
IoJKeH MeHATbeA (puc. 4.78):

® MaKCUMaJIbHaAsA CTeEeIleHb — RpaCHBIfI;
e cpenHAA — CUHUI;
e cJyiabas — 3eJIeHbIH.

IIpu mogkarouennu RGB-cBeTomuozma me 3a0yabTe BBECTH B CXEMY
IOIOJIHUTEIbHBIe pe3ucTophl (puc. 4.79)!
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Puc. 4.78. LiBet RGB-cBeToanmoga 3aBMCUT OT CTerneHWn MOrpy>XeHus gartdvka
B BOAY

Puc. 4.79. lMNMopknoyeHne RGB-cBeTtogmona
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CepBonpuBog,

Cepsonpusod — 3T0 MOTOD,

IIOJIOKEeHHneM BaJila KOTOpPOro MOMHO

yupasiaATb. OT 0OBLIYHOTO MOTOPA OH OTJHUYAETCS TEM, UTO €My MOJK-
HO TOYHO 3aJaTh B r'paaycax IMOJIOMKEHINEe, B KOTOPOe BCTaHEeT BaJl.
ITopsamok nmoakarouenus cepsonpuBoga K Arduino onucau B Tadi. 4.2.

Ta6bnuua 4.2
MpoBopx cepesonpuBopa MopT Arduino
YepHbin GND
KpacHbin 5V

KenTtbih (OpaHXeBbI)

Jliobon undpoBoOV NOPT C NoAAEepPXKON

LM

KoMmnoneHTsr:

e ITimara Arduino Uno, 1x;

e Maxkernaa maara BreadBoard Half, 1x;
e Ilorernmumomerp, 1X;

e MuxpocepBoupuson FS90, 1x;

e IIpoBoxa c KoHIIAMU THIIA INTEKEP, 6X;
e USB-kabeanb, 1x.

Coopka

ITogknrounre cepsoumpuBon K Imiare Arduino

puc. 4.80.

Uno, kak moKasaHO Ha

Puc. 4.80. lNoaknioyeHne cepsonpueoga
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Puc. 4.81. Koa ona 3anycka cepBonpueoga

Puc. 4.82. YctaHOBKa NOTEHUMOMETpa

IIporpamma

Ilis samycka moTpebyeTcs 3amucaTh ITPOCTOM KOA B CIPAMT ILJIATHI
(puc. 4.81).

Yro mpomsorio mpu 3amycke Koma? Ilouemy IIMKJI He MOIKET BBI-
nonHATheA Becerma? MmeliTe B BUAY, UTO CEPBONPUBOLLI PA3INUAIOTCS
oo yraam moopora: 180° u 360°, m 9TO ciefyeT yYHUTBIBATHL B PO0O-
TOTEXHUKE TPU PEINIeHNun KOHKPETHBIX 3ajad.

YriioM mOBOpPOTa TaKKe MOYKHO YIPABJIATH BPYUHYIO C ITOMOIIIBIO
HOTEeHIIMOMeTpa. ¥ CTaHOBUTE €r0 Ha MAaKeTHYIO IJIaTy U TMOAKJIIOUUNTE
K Mmogmesu (puc. 4.82).
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C amajoroBoro Bxoma Arduino mMo:KHO cuuTaTh 3HaueHus ot 0 mo
1023. B cxeMe ¢ TOTEHIIMOMETPOM 3aJeHCTBYIOTCS BCe 9TU 3HAUEHUS.
B 10 Ke Bpems ma numppoBoil Beixon Arduino ¢ momoinbio ITTMM
MOJKHO mmomaTh 3HaueHusa or 0 mo 255, a B ciydae ¢ CepBOIIPUBOIOM
B KOMAaHAY OBUIKEHUS BOOOIe MOJKHO IIepefaBaTh 3HAUYEHUS TOJIBKO
mo 179, T.e. morpebyeTcs MPOMOPIHMOHAJIBLHO IIpeoOpasoBaTh 3HAUE-
Hua u3 orpesdka [0;1023] B sHauenusa us orpeskra [0;179].

CaMoCTOATeIbHO MOIUIINNTE CIIPAlT, OCHOBBIBASCH HA ysKe 3HAKO-
MBIX BaM MOJEJAX.

4.6. MNnatbl pacwiMpeHns

CaMbIil CJIOKHBIN TuUI TepudepuiitHoro obopymosaunua Arduino — asto
naamul pacuwupenusa. Ix ere HasbiBaioT wumamu (shield). Oru Tak-
JKe SABJISIIOTCS MHOIMOKOMIIOHEHTHBIMU YCTPOMCTBAMMU, HO CYIIECTBEHHO
OTJINYAIOTCS OT MOAYJIEHM, II09TOMY UX BBIAEJISAIOT B OTAEJIbHYIO Ka-
Teropuio. Kaskmas miata pacHiumpeHUsl IIPeICTaBJIsIeT COO0M CIOMKHYIO
9JIEKTPUUECKYIO CXEMYy C BO3MOJKHOCTBIO IMOAKJIOUEHUS K Hell OJHO-
KOMIIOHEHTHBIX ¥ MHOTOKOMIIOHEHTHBIX mIepudepUiiHbIX YCTPOHCTB.
B muT mHOTZA OBIBAET BCTPOEH AOIIOJHUTEIHHBIN MUKPOKOHTPOJLIED,
OGepymiuii Ha cebsA yIpaBjeHWE CHEIUAIU3UPOBAHHBIMH KOMIIOHEHTA-
MU, YTOOBI YMEHBIINTh HArPy3Ky Ha MHUKPOKOHTpoJIep Arduino.

IlnaTer pacmupeHusa AesATCA HA HECKOJIbKO THUIIOB:

e naamvl pacuiupeHus nopmos, Hanpumep Mega Proto Shield
uau Troyka Shiled; Multiservo Shield (puc. 4.83), pacmiupsior
BO3MOYKHOCTH OCHOBHOM IIJIaThl AOOaBJIEHHWEM I[IOPTOB, WHOTAA
cobecTBenHoro ¢gopmara. K aTuM mopTaM MOKHO OBICTPO IIOZ-
KJIIOYaTh COBMeCTHMbIie Moxayau (Takue, Kak Troyka-momysin)

Puc. 4.83. Multiservo Shield
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nieysadwy

ssd O

BUHTHI

MecTa naiikmn BbIBOJOB KOHW

Puc. 4.84. Relay Shield

C TOMOIIbIO BCEro OAHOro Iiieida (HECKOJbKO CKPEeIJIeHHBIX
IIPOBOJIOB);

o naamvl 0aa 63aumodeiicmeus ¢ ObLMOB0IL dJLeKmpuieckKoil ce-
moio, Hanpumep Power Shield mim Relay Shield (puc. 4.84),
mpeoOpPa3yoT HaIPAKEeHNWe BHEIIHEer0 WCTOYHUKA IINUTAHULI,
T. e. cHabG)kaloT ciaaboTounyio miaaty Arduino mHTepdeiicom mis
yIpaBJeHUA YCTPOMCTBAMU CeTeld C BBICOKUM HaIPAKEHUEM,
HampuMep OBITOBOM TEXHWKON MU MOTOJOYHBIM CBETUJIBHUKOM.

1) BHumaHue
e ¢

Pabora c OBITOBBIM HaIpPAMKEHUEM OIlacHa
Ias1 3M0poBba W paske sxusHu! Hu B Koem
ciyJyae He NpUKacalTeCch PyYKaMU WJIU OT-
BEPTKON C HEM30JMPOBAHHOU PYYKON K BUH-
TaM KOHTAKTHBIX KOJIOJOK, a TaKyKe MecTaM
maliku BBIBOAOB KoJiogok u pese. HUKOIT' A
He paboTaiiTe C IIJIaTOM, €CJAW BUJIKA yCTPOIi-
CcTBa IOAKJIIOUYEeHA K OBITOBOM CETH.

e naamvL. ceme8vlx UHmMep@eiicoe 00ecIeunBalOT mepenadyy mgaH-
HBIX II0 CeTU: II0 TOCJeJOBaTeJIbHOMY IHODPTYy depeld dusmue-



@ MmaBa 4. Mepudepus Arduino

Puc. 4.85. lNnata GPRS Shield

CKUe IIOPTHI APYruX HPOTOKOJIOB B3amMeH miniUSB Ha ocHOBHOI
miare:

— naamuvl OecnposodnHozo uHmepgeiica (Haupumep, Wireless
Shield, GPRS Shield niun Wi-Fi Shield) mosBoisoT mOAKIIO-
yaTh Arduino K 6ecIIpOBOAHBIM JOKAJbHBLIM U TJIO0ATBHBIM
ceTaM JIs yOAJIEHHOTO MOJIyUYeHUs MHMOPMAIMU C JaTYNKOB
U MOAyJeil B peaJibHOM BPeMeHM, a TaK/Ke IJid OpPraHU3aIluu
CeTU YIpaBJIEeHUA; IIUPOKO MUCIIOJb3YIOTCA IPU CO3MAHUU Taf-
2KeToB «yMHOro moma». Ilmara GPRS Shield (puc. 4.85) mo-
3BOJISET, HAIIPUMEDP, MOJYyYaTh NAHHBIE O KPUTUUECKOH CUTY-
amuu ¢ momoIlnbio SMS (cMc) mam depesd MHOOPMAIMOHHBIE
CHCTEMBbI OMOBEIeHUsT MOOUJIBLHBIX OIIEPaTOPOB;

— naamuv. npo8o0Hozo uHmepgeiica (Hampumep, Ethernet
Shield) mosBoasoT BKAOUaTh Arduino B IIPOBOAHBIE JOKAJb-
Hble ceTu uiau VHTepHeT HpW HAJUUYUU AOCTyHa K HEeMYy U3
JOKaJbHOM CeTu;

e naamvl 83aumoldeiicmeuss ¢ yesnosexkom (Hampumep, EasyVR
Shield) ob6ecreunBaroT yno0HBINT nHTEepdeEic yIpaBIeHns, HAIIPU-
Mep T'0JI0COBOe yIpaBJieHUe (paclio3HaBaHUe pPeuwu).

IIluTel ycTaHaBAMBAIOTCS HAa OCHOBHYIO ILJIATy ¥ OOBIYHO B3aHU-
MaT Bce mOpThi. OHU MOryT OBITH COEIMHEHBI APYr ¢ aApyrom (ma-
npumep, Troyka Shield ma Wireless Shield), xaxk ciou B cougBuUe
(puc. 4.86). ImeHHO 3a 9TO CXOACTBO IIPOTOTUIILI Ha Arduino mHOrIa
HA3bIBAIOT COHABUYAMU.
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Puc. 4.86. CaHaBuy

Q IIpakTHueckoe 3agaHue

IIpomenaem HeOOJIBIITYIO MPAKTHUYECKYIO PaboTy, UTOOBI JIyUIlle ITO3HA-
KOMUTBCA C IJIaTaMU PaACIIUPEHUS.

1. Bospmure ocHoBHy Imiaty Arduino Uno m miaaTy paciuupeHuns
Troyka Shield. CoemuHmuTe mx TakK, 4YTOObI HA3BaHUA BBIXOJOB HAa
Troyka Shield u Uno cosmamanu (puc. 4.87).

Puc. 4.87. CoeauHnte nnaty

Arduino Uno wun Troyka Shield

Tak, 4ToObl Ha3BaHWUS BbIXOO0B
Ha HUX coBMnaganu
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@ Amperka.ru
sl Troyka Shield

| |Oref

Puc. 4.88. lNepembluka coegmHaeT V2 n 5V

Yb6enurech, UTO IMepPeMBIUKA PAJLOM C M300paskeHHeM MaTpPeIlKy Ha
miate Troyka Shield coemuusier V2 u 5V (puc. 4.88). 9to 3mauwur,
YTO Ha ILIaTe OyIeT MCIOJb30BATLCA HAIpsKeHue 5 B, meobxommmoe
naa nuranus Troyka-momyeii.

Pagom c 670KOM mMudpoBBIX BXO0A0B/BbIxomoB Ha Troyka Shield
pacmoiyokeHbsl OJybaupyrouue nopmuv. cobcTBeHHOTO Qopmara. Ha-
JUYMe [OBYX JIOHOJHUTEIbHBIX KOHTAKTOB IIO3BOJIAET IIOAKJIIOUYUTH
OUTaHWEe U 3eMJI0 K MOAYJI0 0e3 MOMOJHUTEeIbHBIX HPOBOAOB. AmHa-
JOTUYHBIH OJIOK IyOJUPYIOMINX ITOPTOB OJISI AHAJOTOBBIX BXOIOB pac-
OJIOYKEeH Ha KOPOTKOW CTOpPOHE ILJIaThI.

2. CaMOCTOATeIbHO IIOAKJIIOUNTE AaTUWMK HakKJIoOHa (puc. 4.89) K my-
oaupymoIiieMy HudpoBoMy mopTy (Bxomy) Ne 2, pyKOBOACTBYSACH Ipa-
BIJIOM COIIOCTaBJIeHUSA OYKBEHHBIX U IIBETOBBIX O0O3HAUEHIIA.

006006111as0 BBIMTEUBJIOKEHHYI0 WH(GOPMAIIAIO, CTOUT BBIAEJUTH TPU
TUTIA B3aWMOJIEMCTBUS MIPOTOTUIIOB Ha Arduino ¢ BHEITHUM MUPOM:

I\Itﬂ Amperka
cH O 3 O

royka Module

Puc. 4.89. [Jatunk HaksioHa
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1) asmonomHoe — cHATHE U 00pabOTKa TOKAa3aHWI, BBIBOJA C IIO-
MOIIbI0 WHAWKAIINIU;

2) JN0KanbHOe — ¢ YCTPOMCTBaAMU OBITOBOII 3JIEKTPUUECKON CeTu,
no Wi-Fi, Bluetooth mum mmomy mHTepdelicy B paMKaxX OIHO-
ro IOMeIle s /3aHnsd;

3) enobanbHOe — ¢ TIOMOMIBIO CETEeBBIX MHTeP(elicoB MpU HAJIUUUUN
BBIXOZA B ceThb VIHTepHeT.

IlepBbIil THUII HUCIOJB3yeTCA B YUEOHBIX MOJEJSIX MJIM B CAMOIOCTA-
TOYHBIX YCTPOMCTBaX, HE TPEOYIOIUX MOJYUYEHUS AAHHBIX OT APYTUX
BHEIITHUX CAMOCTOSATEJbHBIX YCTPOUCTB (HAIIpUMep, KOITOBBIA 3aMOK
celipa MM yCTPOMCTBO aBTOMATHUECKOIO MHOJHBa pacreHuit). Um me-
00XOIMMBI JIUIIL AaHHBIE, KOTOPbIE OHUM IIOJIYyUYAIOT OT COOCTBEHHBIX
ITaTYNKOB.

Bropoii Tunm wHaumbojsiee pacIpocTpPaHEH B IeHTPax VIIPaBJIeHUSA
«yMHBII» goM. g HuX HeobxoamM cOop MHGOPMAIUU O COCTOIHUU
HOAKJIIDUEHHBIX B CE€Th OBITOBBIX IIPUOOPOB, TaJ»KETOB UM 3JIEMEHTOB
OBITOBOM 9JIEKTPUUYECKOM CeTH, HAIlpuMep IJA YIIPaBJIeHUs OCBeIle-
HUEM.

Tperuii TUII BCcTpeuaeTcsa KaK B «yMHBIX» JOMaX, TAK U B HeOOJIb-
MINX YCTPOHCTBAX, Pa3MEIeHHBIX B TPYAHOMLOCTYIIHBIX MeCTaX WJIN
TPEeOYIOIUX ITOCTOAHHOTO YAAJEHHOTO IOCTyIla K CHUMAEMbIM WMU
mokazaHusaM. Kpome Toro, riao0aibHOEe B3aMMOMIEHCTBUE IT03BOJISET
KOPPEKTUPOBATH yIpaBJIEHWE yCTPOMCTBAMU, HAIIPUMEDP, B 3aBUCUMO-
CTH OT IIPOTHO3a TOTOAbI WJU OJsA BKJIIOUEHUSA OIIOBEIeHUS O Upes-
BBIUYAHBIX CUTYyaIlUAX.

9 Bompocsl

1. IlepeuncauTe TUOBI MJAT PACIIMPEHUS W CBOMCTBa, XapaKTepHbIE
IJIA Kaskmoro tuma. MoKHO Jin mogkJoduarh K Arduino HeCKOJIb-
KO IIUTOB OLHOBpeMeHHO? B ueM pasjuumsa mjaaTbl PACIIHPEHUA
¥ MHOTOKOMIIOHEHTHOT'O YCTPOMCTBA.

2. HapucyiiTe cxeMy TUIOB B3aUMOAEHCTBUSA IIPOTOTUIIOB C BHEIITHUM
MupoM. B KauecTBe HONOJHUTEJILHBIX BeTBell BLIIIUIIUTE, T'Ae IIPU-
MeHseTCsa KarKIbIi THII.

0 3amoMHuTe

@ Ilepudeputiinoe o6opygosanue ® Moxayiabp € CloKHBIE NaTUYUKU
@ Iljnara pacmupesus (IuT)
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Q IIpakTuueckue 3agaHusd

3agaume 1. CpesatiTe miaatdopMmMy IS CJAeTOBAHUS IO JIMHIU.

ITogkarounte K Arduino Uno muarel pacmupenusa Motor Shield
u Troyka Shield. Curnaj, ympaBidmiomuil ABU)KEHUEM ILIaT(OPMEI,
IOJI’KeH TOCTyIlaThb Ha MOTOp Imocje obOpab6orku IIMWM. [lasa pea-
JIU3AIUM OCTAHOBKM HCIIOJB3yHTe MOKa3aHUSA IMUMPOBBIX JAaTUMKOB
JUHUH.

IIpucoemuamTe K MoTOpaM KoJjeca. PacmosoKuTe ZATUYUK JUHUU
o IEeHTPY Ha mepegHeil cTopoHe maaTGOPMBI Ha BbBICOTE 2 CM OT MOJIA.

JImHuio MOMKHO pacrieuaTtaTh B BHJEe KapTUHKU C Tpaccoit m3 UH-
TepHeTa JIMOO CAeJIaTh C IIOMOIIbI0 UEePHOII M30JIEHTEHI.

3amanue 2. BriroueHue JaMIIOUYKU.

KoMmmnoneHTshI:

e miaara Arduino Uno, 1Xx;

e mara pacmupeHuda Relay Shield, 1x;
e IIPOBOJ C HMAaTPOHOM U BUJIKOI, 1X;

e ocTporyonsl (Kycauku), 1X;

e cBeroxuonHasa jamma (20 Br), 1x;

e KpecToBas OTBepTKa pasmepa phO, 1x.
Coopka

1. OcnrabbTe KJIEeMMBI IIEPBOrO peJie.

2. Ilepekycure OAHY W3 JKUJ ABYX KMJIBHOTO IPOBOAA, KOTOPBIM HAET
K matpony Jiamibl (puc. 4.90). B sToT paspes BbI IOAKJIIOUATE IJIATY
Arduino, xoTopas OyZeT CAYKUTH KJIOUOM B 3JEKTPUUYECKOH IIemu.
Hpyrasa, mnenbHad, sKkuiaa moakjaiodaercsa K 3emie (GND).

3. 3auncTuTe M3OJAIUI0O ITPOBOJHUKA HA MeECTe paspesa TaK, YTOOBI
OroJieHHasl YacThb IIOJHOCTBIO CKDPBLIACHE BHYTPU KJIEeMMHHUKA. Ecun
IIPOBOJ HA KOHIIE «PACIIYIIUJICA», CKPYTUTE ero.

4. OguH KoHeIll 00pesaHHOI'o IIPOBOJA, MAYINHWI K BUJIKE, BCTaBbLTE
B kKjaemmy c¢ Haamucbio N.C. (normally closed) — HOpMasbHO 3am-
KHYTBIIA KOHTAKT (B paboueM COCTOSAHUN 3aMKHYT, T.e€. He pa3pbI-
BaeT Ielb). 3aTAHUTE KJIeMMYy. BHYTPH HOJKHBI OKAs3aTbCs TOJBKO
MeAHBIe KOHIBI mpoBoxa 0e3 mzomanuu (puc. 4.91).

5. [Ipyroii KoHell, MAYIIUA K IIaTPOHY, BCTaBbTe B KJIEMMY C Haji-
nucbio N.O. (normally opened) — HOpMaJbHO PAa3OMKHYTBIA KOHTaKT
(B paboueM COCTOSAHUU Ilelb pasoMKHyTa). IIpoBepbTe IIPOBOA U 3a-
TAHUTe KJjaemMmy (cMm. puc. 4.91).
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Puc. 4.90. Paspexbte 0gHy Xuny Puc. 4.91. MopgknioyeHre namnbl
OBYXXKWUJIBHOIO NpoBOAa, KOTOPbLIN Kk nnare Relay Shield
MOeT K NaTtpoHy OJjis famribl

Eme pas mpoBepbTe KOHTAKTHI — HET JIM OTOJIEHHBIX ITPOBOOB,
BeIb 9TO MOJKET IIPUBECTH K KOPOTKOMY 3aMmbiKaHUi! VI momHuTE 00
OIaCHOCTH PabOThI C OBITOBOW CeThIO!

IIporpamma

Ina ympaBieHUs JIAMIIOYKOM ¢ moMmoInbio Arduino BBI MoiKeTe wuc-
TOJIb30BaTh pa3JINUYHbIE BapWaHThl crpaiToB masa S4A. Hampuwmep,
OPOIUIINTE NJA COpaulTa ¢ IJIATON KOJ, MOKasaHHBIA Ha puc. 4.92.

IIpu mienuke 1o (raskky OymeT IPOU3BOAUTHCSA 3aIlKCh B IIepe-
MeHHYI0 trig (oT aHriu. trigger — mepekiaouarenb). Ilpm Haskatuwm

< - - ———— ‘/'J_-__’_- B B
_[ KOraa WwenkHyrno | L worna knasvwa npofen | makara

ycranosmo trig |s [ ycraHoevio trig | B
Bceraa
ecnn  trig =
unppoeon 13 | BKN
yHabe

urndpoeon 13 |omn

ycranoevmo trig | e [

—i

Puc. 4.92. Kog pns cnpanta ¢ nnaton
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HoBbIX KOCTHOM: Kamepa

lamp

(penarcrpon=ms ) konnposam JIX

lamp1

a
KA o

Puc. 4.93. KocTtiom ansa obbekta lamp

- Koraa wernkHyT no
i

NnoKazato

nepe’mv K kocniony lamp
‘Bceraa

lecrm  trig =
|
[ nepeim k kociomy lampl

| NHa4e

nepemm k kociomy |lamp

—7

Puc. 4.94. Kon pnsa cnpainta CBeTU/bHUKA

kjaasuinu «IIpoGes« TpuUrrep MeHseT 3HAUEHMNE HA IPOTHBOMIOJIONK-
Hoe. Takmm o0pasoM BBI yIIpaBJIseTe MepeKJuaTeaeM JaMIIbl uepes
nudposoii mopt Ne13.

Hob6aBbTe BU3yaabHOe odopmieHme. [jgda sTOoro BO3bMUTE B 0OuO-
anoTeKke o0beKT lamp u cosmaiiTe emy BTOpoil KoctioMm (lampl) miasa
BKJIIOUEHHOTO cocTosuusa (puc. 4.93).

B cmpaiiT cBeTMJIBHUKA IIPOIIUIINTE CIeAyIoImui Kox (puc. 4.94).

WsmennTe mporpamMmy II0 COOCTBEHHOMY BKYCY.



aea 5. 913bIK NporpamMmMmupoBaHUS
Wiring

5.1. BeepneHue B a93bik Wiring

W3 Tperbeii riaBbl BBl 3HAETE, UTO B MEPBBIX BEPCUAX IIPOTPAMM-
HOM cpenbl Arduino IDE wucmonb3oBajics A3BIK IPOTPAaMMUPOBAHUA
Processing. On ocHOBaH Ha Java — OJHOM M3 CAMBIX BOCTPEOOBAHHBIX
COBPEMEHHBIX SA3BIKOB IIpPOorpaMMUpOBaHUA. Ha HEM MOKHO HHUCATh ce-
pbes3HbIe TPOEKTHI, HAIpuMep OOJIbIINE TPOTPaMMBbI WMJIU UTPHI (KCTa-
T, TOMYJAPHBIA ABMIKOK OpaysepHbx mrp Unity manmcan Ha Java).
Onpuako y Java m ero moamupukaiuii, BKJouyas Processing, cyIiecTBy-
er OoJsblllas mpoOJjieMa C paclipelejieHNeM PecypcoB U TPeOOBaHUAMU
K HUM.

MuKpokoHTpPOJIIEPHl UMEIOT HEOOJIBIITYI0O CBOOOIHYIO TaMATh U CJia-
Oble BBIYMCJIUTEJbHBIE MOIIIHOCTHU, ITO9TOMY OBIJIO HPUHSTO PeIleHe
cozpath Wiring — modugurauur sasvika C++. Tounee, Wiring saBisa-
ercsa @peiimeoprkom (auri. framework) — Habopom OUOIMOTEK W IIpa-
BUWJI, YACTUYHO MEHSAIOIIUX OCHOBHBIE KOHCTPYKIIMU ¥ CUHTAKCUC A3bI-
Ka. OTOT A3LIK MeHee TpeboBaTejleH K pecypcamM u 0OoJjiee cTabuJieH,
TOCKOJILKY OCHAIIEH aBTOMATUUYECKOM IIPOBEPKOU OINMOOK oOpalieHus
kK namaru. C++, B CBOIO ouepenb, SABISIETCA HUIAeHHLIM Pas3BUTHEM
U YOPOINeHVEM CHHTAKCHCa A3bIKa mporpammvupoBanusa C, nmcmosb3ye-
MOTO IPY MPOTPAMMUPOBAHUYN YIPABJIAIOIINX MUKPOKOHTPOJJIEPOB HA
IPOU3BOJACTBEHHBIX poboTax. Wiring moayuma oT cosmaTesieil HOBBIE
BCTPOEHHBIe (DYHKIINHU AJIA IPOCTOTO (C TOYKUW 3PEeHUS IPOTPaMMUCTA)
obpallieHnsa K B3JIEKTPOHHBIM KOMIIOHEHTAM IIPOTOTUIIA. HOBBIA SBBIK
cOXpaHMJ B cebe (QPYHKIMOHAJIBHOCTH IIPEAINEeCTBEHHUKOB, a CHU-
JKEeHMEe CJIOKHOCTY HANWCAHUSA IIPOTPAMM IIO3BOJIMJIO HPUOIUIUTHC
K IIPOrpaMMMPOBAHNIO MHKPOIIPOIIECCOPOB MHOYKECTBY JIIOAEH IO BCe-
My MUpy. LOMOTHUTENBbHBIMU ILIIOCAMU SA3bIKA SABJIAIOTCA IIPOBEPKA
¥ KOMIIWJIAIMA IIPOTPAMMbl Ha KOMIIBIOTEDE, BBIABJIEHUE OIIMNOOK M0
aTara 3arPy3KMW Ha IIPOTOTHUII, a TAKKe 0OJIBIIT0e KOJMUYECTBO TOTOBBIX
peleHnii Mau WX JJIEMEHTOB B CBOOOJHOM IOCTYIIE.

Wiring — 9T0 A3BIK BBICOKOI'O YPOBHS, T.€. HalleJJeH Ha B3auMO-
IelicTBUe ¢ yeJoBeKOM u mporpamMMmaMu. OZHOBPEMEHHO OH CIOCOGeH
obparmarbca K almapaTHHBIM KOMIIOHEHTAM KaK S3BIK HU3KOTO YPOB-
HA W peajmsyeT IapagurMbl (CBOJ HEPYIINMBIX IIPAaBUJ) OOBEKTHO
opueHTupoBanHOTO nporpammupoBanus (OOIl) um mporenypHOTro Ipo-
rpammupoBanus (IIII). CraemoBanue mpuununam OOII mompasymeBa-
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er, uro Wiring pabGoTtaeT ¢ COBOKYIHOCTAMHN OOBHEKTOB, O0BeauHSE-
MBIX IO OOIeMYy, OIMMCAHHOMY IIPOTPAaMMMUCTOM NPU3HAKY, HAIIpUMeEP
OPUHAIJIEKHOCTHI0O K OJHOW anmapaTHOUW KaTeropuy WJAN KOMIIOHEH-
Ty. [IpuuemMm QPyHKIIUU ¥ KOMIOOHEHTHI YUUTHIBAIOT HacjiemoBaHue. Ha-
npuMep, ecjau O0BABJIEHO MOJydYeHUe WHMOPMAIUMU C OJHOM HOMKKU
JTaTynKa, 3HAYMUT, CYIIECTBYeT W Bech JaTuuK. llapagurma mporenyp-
HOTO HPOTPAMMHUPOBAHUA WJIJIIOCTPUPYETCA HAJTUYNEM HECKOJbKUX
CKeTuell B OQHOM IPOEKTe, T.e. BhIHECEHUEM HECKOJbKUX (MYHKIIMI
B HOAIIPOrpaMMBbI (IIPOIENYPHI).

Ha camom gese mox Wiring moHMMAIOT HE TOJBKO SA3LIK IIPOrpaM-
MUPOBaHUA, HO M IIAT(GOPMY IIOJHOCTHIO, BKJIIOUAA OJHOUMEHHBIN
A3BIK, Cpeny paspaboTKU U HOAAep:KUBAOIMe UX ILJIaThI.

Brr mosmakomuTech ¢ saA3bikoM Wiring mocremenHo. HYuTarh Kog
Ha TEeKCTOBBIX S3BIKAX NPOTPAMMUMPOBAHUA OUueHBb mpocTo. s aTtoro
HAIO JIUIh MBICJIEHHO II€PEeBOAWTH Ha3BAHUA KOMAaHJ C AHTJIUNCKO-
ro A3bIKa Ha pycckuil. CHauasia BbI MO3HAKOMUTECh C OCHOBOW S3BI-
Ka, a 3aTeM, uTOOBLI Jierde NPUBBIKHYTHL K HOBoMY dopmary, Oymere
YnTaTh KOJ, HaOPaHHBLIA paHee C IIOMOIILI0O Ipa)UUecKUX OJIOKOB
B miaaruHe ArduBlock, cumHTaKcHC KOTOPOrO OUEHbL IIOXOXK Ha YyiKe
OPUBBIYHBIN Aad Bac S4A.

0 Bonpocsl

1. Ha KakKoM A3bIKe IporpaMMupoBaHmusA ocHoBaH Wiring u mouemy?
ITepeuncaure mpemmyIecTBa, KOTOPble HOBBIA A3BIK IIOJYYUJI OT
peaIlecTBeHHUKA.

2. HaiiTe oImpegesieHne A3bIKa IporpamMmupoBanusa Wiring. Kax
B HaIMCAHHBIX HAa HEM IIporpaMMax oTpaskaiorca mapaaurmbl OOII
u IITI? Pacmudpyiite cokparmienus OOII u IIII.

9TO NHTEpPECHO!

Ha saspike C++ @OumoryT omnepanuoHHBIE CHCTEMbBI, IpaiiBepbl
YCTPOHCTB, ABUIKKHW Opay3epoB, OPOTPaAMMBbI ¥ WUTDPHI, HCIOJILI3YIO-
miye ImoTeHIuaJa cucTeMbl Arduino IIOJHOCTBIO, TAK KaK JaHHBINA
ABBIK MMeEeT IMPAMYIO CBA3b C allapaTHBIM obecIlieueHU’eM.

5.2. Mporpammbl Ha a93bike Wiring:
OMOGNNOTEKN U NepEeMEHHbIe

IIporpamMmber Ha s3bike Wiring cTporo crpykTypupoBaubl. Kon Bcerga
HauMHAEeTCA C O0BbABJIEHUSA OMOJIMOTEK.

Bubauomerxa — 310 HabOpP cIeU(PUUIECKUX U YACTO MCIIOJIb3yEeMBbIX
IJIA OIIpelesieHHBIX Ilejiel (PyHKIuii. VIX MOJHOCTBHIO OIMChHIBAET pas-
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pabotunk. Ilosmb3oBaTesb MOMKET BBIBBATHL (PYHKITNIO, yYKasaB JHUIIb
ee HasBaHUe W He IIPOIMCHIBAs BeCh AJTOPUTM. KCJIM MCIOJIB3YIOTCS
KOMAaHAbl TOJLKO M3 CTAHIZAPTHON OMOJIMOTEKI, ee He OOBLSIBJISIOT.
Hampumep, npum Hanucanmm ckerua niad paborel ¢ RFID-merxkamvu
(KaK KJo4YM OT mAoModoHa WM CTUKEP Ha OAesKIe B MarasmuHe) He-
00X0oUMO IIOAKJIIOUUTE OmOamoreky Wire.

1. #include <Wire.h>

HasBanme OubamoTeKM Bcerjga 3aKJOYaeTCs B YIJIOBbIE CKOOKH.
Cnys:xkebHoe cyoBo include (BKJIOUUTH, BCTPOUTH) IIO3BOJISAET BCTPO-
UTHh B UTOTOBBIA IIPOEKT daiin oudbiaumoreru. CayicebHvie cL08G — ITO
KJIOUeBBLIE CJIOBA, 3ape3epBUPOBAHHBIE IJs KOHKPETHOTO S3bIKa IIPO-
rpamMmupoBauusi. OHU ABJAIOTCA Ha3BAHUAMU (PYHKIIUN, OMHMCAHHBIX
B OuOIMoTeKax, BKJIIOUAsS CTAHZAPTHYIO OMOJIHMOTEKY.

Hamee HEOOXOAUMO OOBABUTH TJIOOATbHBIE TIepeMeHHbIe. [lepemen-
Has — 3TO MECTO, OTBeJeHHOe B MaMATH KOMIIbIOTepa MJII XPaHeHUd
JIAaHHBIX, HEOOXOAUMMBIX [IJISI BBIIOJHEHUS IPOrpaMMbl MM IIOJYUYEH-
HBIX €I0 B Ipoliecce paborel. Halle Bcero 1o IepeMeHHON IIOHMMAIOT
HeKUH MUHUMAJBHBIN O0BEKT: OLHO Ilejioe UMCJIO, OJHO BeIlleCTBEeH-
HOe umcJio (c 3amAaToi), OJHO CJIOBO, OAHY CTPOKY u T. A. I'1006a./ib-
Hble nepemeHHbvle NOCTYIIHBI U3 JIIOOOTO MecTa IIPOrpaMMBbI, JOKAJlb-
Hble — TOJBKO M3 (PYHKIUU, T'Ae OHU o0BbABIeHbI. iaa Arduino sto
0COOEHHO BayKHO, IIOCKOJBKY IIaMATHh IIOJ TIJI0O0AJIbHBbIE IepeMeHHBIe
BBIJeJIsIeTCS IPU BKJOUEHUM YCTPOMCTBA M 3alMCaHHbIe B Hell 3Ha-
YeHUS COXPaHATCS (ecar WX He IIepPelrCchIBAIOT MPUHYAUTEJIbHO) 0
BBIKJIIOUEHUSI NIUTAHUSA HEe3aBHUCUMO OT KOJHMYECTBa IIOBTOPOB IPU HC-
HOJTHEHUU IIPOrpaMMbI POOOTOM.

B Wiring npeagycMoOTpeHBI CJIeyIOIEe TUIILI JaHHBIX:

e jormueckuii Tun (boolean);

e cumBoJ (char);

e 8-OutHoe OessHaroBoe umciio (byte, or 0 go 255 B mecaTrepuuHOM
cucreMme);

e T1esiouucJeHHBbIA TUn (int);

e IIeJIOUMCJIEHHBIN 0e33HaKoBBIM Tun (unsigned int);

e 16-O0uTHOe Ge3sHakoBoe uucjao (word, or 0 mo 65 535);

e IleJble UMCJA B PACIIMPEHHOM IHallas3oHe
(long, or —2 147 483 648 10 2 147 483 647);

e (e33HaKOBBIE IleJIble UMCJa B pacIlIupeHHOM AuamasoHe (unsigned
long);

e BerecTBeHHOE uucio (float);

e BellleCTBEHHOE UHCJIO B pacinupeHHOM auaiasoHe (double);

e MaccuB (array);

e myctoil Tum (void).
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T'yo6anbHyI0 IIepeMeHHYI0 MOMKHO 3aJaTh TPEeMs CIIOCO0aMMH.

1. O0bABUTHL IEepPEeMEeHHYI0, YKas3aB ee TUI UM Ha3BaHWe, He IIPUCBAU-
Bad KOHKPETHOTO 3HAUEHUA:

3. intx,y, z

2. O0bABUTH IIEPEMEHHYIO, YKa3aB THUII, Ha3BaHNe U IIPUCBOUB UCXO-
HOe 3HauveHWe (MHUIIMAJIU3UPOBATH), KOTOPOE MOJKET OBITH M3MEHEHO
B XOJle¢ BBIIIOJHEHUS IIPOrPAMMEIL:

5. int oneWire=10;

6. float luxMeter=A5;

ObpaTuTe BHUMaHNEe Ha 5-10 1 6-10 CTPOKHU KoJa. XOPOIINM TOHOM
cunuTaeTcsA HaNNCaHVE Ha3BaHUU IIepPeMeHHO! Ha aHTJIMHACKOM SA3BIKe
CO CTPOYHOUM OYKBBI, a HaIlICAHWE BTOPON U IIOCJHEAYIOIIUX Hepas-
PBIBHBIX YacTell — ¢ 3arjlaBHBLIX, €CJIM HasdBaHUe cocTaBHOe. IIpobeJibl
B HA3BaHUAX II€PEMEHHBIX HEIOIYyCTUMBI.

A oTKyma mosBuJIOCH cTpaHHOoe umcao Ab5? B maHHBIX CTpPOKax
IepeMeHHbIM IPHCBAMBAIOTCA HA3BAHUS IIOPTOB, HMCIOJb3YEeMBIX IIOM-
KJIOUEHHBIMU JaTYUKaMK. JTO 00JerdaeT 4TeHHe IPOrpPaMMbLI B JaJIb-
HeHIlleM, TaK KakK OyaeT cpady M3BeCTHO, rae B kKoae 10 oszHauaer
YUCJ0, a TAe — HOpT AaTumia. JJisg mudpoBBIX BXOAOB U BBIXOIOB
MOJKHO TNPHMEHSTL HOMepa KOHTAaKTOB, IJs aHAJIOTOBBIX — OYKBY A
U IOPAAKOBBIA HOMEP KOHTaKTa. B IporpaMMHBIX CTpoOKax 5 m 6
mpomucano, uro mu@ponoii Beixon Ne1l0 OymeT HasbIBATHCS YCTPOM-
crBoMm oneWirel, a anamoroserit Bxom Ne5 — srokcMeTpoM (JaTUMKOM
IJis U3MEPEHUs OCBEIeHHOCTH).

8. char letter ="a";
9. char warningMes []="Alarm!";

O6paTtuTe BHUMAaHNEe Ha O0BSABIEHNE CHUMBOJIBHBIX II€PEMEHHBIX.
Tumn char paBeH CTPOro OAHOMY CHUMBOJIY. UTOOBI BBECTH WJIU COXpPAa-
HUTH CTPOKY, HEOOXOAUMO CO3aTh MACCUB CUMBOJBHBIX IMePEMEHHBIX,
I00aBUB K Ha3BAHMIO KBaJpaTHbIie CKOOKM. BHYTPUM CKOOOK MOJKeT
OBITH IIYCTO (KOMIIMJISATOP aBTOMATHYECKHU IIOCTABUT 3HAUEHUE, PaB-
HOE KOJMYEeCTBY CHMBOJIOB + CHMBOJ KoHIIa cTpoKu «/0» B ASCII)
WJIM BBEAEHO UMCJIO (TOTZa B HAMATL OyAeT 3aHECeHO CTPOroe KOoJImue-
cTBO OyKB 0e3 oxHOii). Eciam umcao BHYTPU CKOOOK HPEBOCXOAUT He-
ob6xoauMoe, TO OyaeT BbIAejieHAa MaMATh, B KOTOPYIO MOMKET IIOTIacThb
KOMObIOTEPHBIN Mycop. IIpu BBoAe cTpoku 6e3 KBaApaTHBIX CKOOOK
B ImaMAThL OyJeT 3alucaH TOJbKO HEePBBIH CHUMBOJI.

T Onewire («0auH MpoBO4») — MPOTOKOJ, NpegycMaTpuBalowmnii nepegady AaHHbIX

rno OAHOW LUMHE (KaHany) OT U K yCTpouhcTBy. Pnsmyeckn npumMeHseTcs nea npo-
BOOA: oAuH ANns cObpoca OCTAaTOYHOro HarpsXeHus (3emMns), Opyrom ans curHana
1 nutaHua. OO6bIMHO OH MoAkyYaeTcs Yepeld pe3uctop Ha 2,2 kKOm. lMpumep
ycTpoiictBa oneWire — napa «40MOGOH N KJtoY-TabneTka».
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3. O0bABUTH IIEPEMEHHYIO, YKa3aB THUII, Ha3BaHle U IPUCBOUB UCXO-
HOe 3HaueHHe, KOTOPOe He MOJKeT ObITh M3MEHEHO B XOJ€e BBIIIOJIHE-
HUSA TporpaMmbl. [ 9TOr0 MUCIOJNL3yeTCA CIy:KeOHOoe CJI0BO const —
koHcTauTa. OHAa He MOKeT OLITh M3MEeHeHa HUKAKOI KOMAaHIOMH.

11. const int voltage = 220;
I/IHOI‘,Z[a KOHCTAHTHI 3agal0T TaK:
2. #define ground 0

Ha camom pnesie 3mech mepemMeHHas He OO0BABIAETCA, & «IOAMEHAET-
ca». CayskebHoe ca0BO define mepeBOAUTCSA KaK «IIepeo0O3HAUUTD».
B crTpoke samaerca mpaBmiOo, MO KOTOPOMY CJOBO «ground» Oyzer
BOCIIpUHUMATHCA IaaTor Kax 0. IToT cmocob ymoOHO HCIIOJIL30BaTh
I OTJIAAKU TMPOTPAMMBI C TECTOBBIM 3HaUeHUWEM, UTOOBI, HAIIPUMED,
3aMEeHUTh B MacCuBaX BCe CUMBOJBI «a» Ha «b». B cl0KHBIX MaTema-
TUYECKUX mporpamMmax ¢ momolirnbio define 0o0bABIAIOT KOHCTAHTY-KO-
appunuenT (Hampumep, JAMOIY), YTOOBI IMETh BO3MOYKHOCTH OBICTPO
NU3MEHUTL ee 3HaueHUe.

O Bompocsr

1. KakoBbl OomopHbIe IIpaBuJja HAIMCaHUA IporpaMm Ha Wiring?

2. Uro Takoe Oubiamorera? Ilepeuucaumre Buabl Oubamorek. JlaiiTe
oIpejeieHre CTAHTAPTHBIM CJIOBAM W IlepeMeHHbIM. KaK MOKHO
00BABUTL IepeMeHHYI0 B sa3bike Wiring? IlpuBeauTe KOHKPETHBIE
OPUMEDPHI.

5.3. OcHoOBHble PYyHKUUN
B f13bIKe Wiring

B saspike Wiring ana Arduino B sio60ii mporpaMme Bcerga IIPUCYT-
ctByioT nBe (yurnuu: setup() m loop(). Mbl omuieMm uxX u Apyrue
OCHOBHBIe (BDYHKITMHU, WCIIOJb3yeMble B s3biKe Wiring, Ha mpumepax
OPOTPAaMMUPOBAHUSA MPOCTEHINUX OIepaluii: MUTaHUE CBETOIUOIOM
OpY BKJIOUEHUU IJIATHI, paboTa TaKTOBOM KHOIKU, IIOTEHI[MOMETPA,
be30U3JIyYaTessd.

DyYyHKYUU — BTO JIOTUUECKM IIOJHBIE OJIOKW KOJa, BBIIOJHAIOIINE
onpeneneHHble onepanuu. OHU paBHO3HAUHBLI STAlaM KCIOJIb30BAHUA
000pyIOBaHUA, KaK 9TO BCTPEUAJIOCh BaM B JIIO00I «yMHOII» 3JI€KTPO-
HuKe. Hanmpumep, coBpeMeHHBIE TeJIEBU30PHI HPY BKJIKUEHUU ITOKA-
3LIBAIOT JIOTOTHI IIPOW3BOAUTEJIA, 3aTeM PabOTAlOT B PeKMMe IToKa-
3a / IIepeKJIIoYeHnusa KaHaJoOB.
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dyHkuma setup()

dra (QyuHKIUa (ee Ha3zBaHUE IIEPEBOAUTCA KaK <«yCTaHOBKa») pabo-
TaeT OAUWH pas mocje samycka Arduino, ycraHaBimBas KOHKPETHBIE
PeKUMBI HUCIOJb3yeMbIX IIOPTOB, CKOPOCTH IIOCJI€AOBATEJIBLHOTO IIOpPTa
U Opyrue mapaMeTpbl, HeOOXOAMMbIe s MHUINAIU3AIUU IIPOTOTU-
ma. IIpu cpabaTbIiBaHUM OHA He BBIJaeT HUKAKOTO 3HAUEHUS U He Tpe-
OyeT MaHHBLIX OJId 3allyCKa, MOYTOMY MCIIOJNIb3yeTcs Tull void (B Ie-
peB. Cc aHIJI. — IIYCTOII) U apryMeHT B CKOOKax oTcyTcTByeT. VIMeHHO
3lech 3aJaeTcsi CKOPOCTh OOMeHa MJAaHHBIMU II0 TOCJIeZ0BATEeIHLHOMY
nopty (UART). IIna sroro mcnosbadyerca GyHKNua Serial.begin() mua
CTaHJZAPTHON OMOJIMOTEKU.

13. void setup() {
14. Serial.begin(9600);
15. }

Hius dvero myxHa Touka? Cama QyHKIusa — sto begin(), T.e.
«HauaTh (cBsa3b)». Serial — 3T0 00BEKT, IO OTHOIIEHUIO K KOTOPO-
My npuMenserca GyHKNusA (serial port — mociaemoBaTelbHBIN IIOPT).
B ckobOkax maH apryMeHT, KOTOPBIM HEOOXOAMMO IIPHCBOUTH B Kaue-
CTBe 3HAUEHUsS CKOPOCTH.

Kax BeI y:xe 3Haere, mudpoBoil Beixon Ne 13 ympaBiseT BCTPO-
€HHBIM CBeTOmMoaoM. UTOOBI ero 3ameliCTBOBATH, HYKHO YCTAaHOBUTD
pe:xxum mopra Kak Bbixoma (OUTPUT).

13. void setup() {

14. Serial.begin(9600);

15. pinMode(13, OUTPUT);
16. }

Dynryua pinMode() craHgapTHON OUOIMOTEKM HMeeT nOBa ap-
ryMeHTa: HOMep IopTa M ero pPeXuM. B aHIIMHACKOM fA3BIKEe «pin»
03HAYaeT «KOHTAKT», CJOBO «mode» IIePEeBOAUTCSA KaK «PEXKUM».
Y mnugpossix moptoB Arduino ObiBaer aBa pesxkuma: Bxon (INPUT,
HanpskeHue cumTbhiBaercsa) u Beixoa (OUTPUT, mampsakeHue Iona-
eTcs), IPUYeM eIUHOBPEMEHHO MOCTYIeH TOJbKO OAWH W3 HUX.

dDyHkuma loop()

HocyioBHO ee Has3BaHWE IIEPEBOAUTCA KaK «meTyasa». Dyurnua loop()
paboTaeT aHAJOTWMUYHO IUKJIY M 3alyCcKaeTcs cpasdy Iocje padoThI
dysrnuu setup(), MOBTOPASACH CHOBA M CHOBa [0 TeX IIOP, HMOKa He
OymeT OTKJIOUEHO NHTAHWEe IJIaThl. 37ecCh pacmoJiaraeTcsa OCHOBHAS
YacTh IIPOTPaMMbl U peasn3yeTcs B3auMojeiicTBUe ¢ mepudepuiiHbIM
obopynoBanuem. Pyukiusa loop() He BO3BpalllaeT HUKAKUX 3HAYEHUU
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mocje wucIoJHeHuA (KpoMe H3MEHEHHsS IepeMeHHBIX BHYTPH cebsd)
U He TpeOyeT HUKAKWX JaHHBIX A 3alyCcKa, MO9TOMY OHA HMEeT
TUII VOoid W IIYyCTOW apryMeHT.

CBeTonuon MOAKJIOUEH K IudpoBoMy BbIXomay Nel1l3, curHaa Ha
KOTOPOM MOJKET IPUHUMATh 3HaueHusA JiormuecKoro Hyaa (LOW) muiu
goruueckoit enmuuibl (HIGH), 4uTo cooTBeTCTByeT COCTOSHUSIM <«HE
TOPUT» U «TOPUT».

18. void loop () {
19. digitalWrite(13, HIGH);
20. }

Dyuxnua digitalWrite() ycraHaBIMBaeT CUTHAJ, IIOCHLIaeMbIil Ha
KoHTakT. B mepeBome digital osmauaer «iu@dposoii», write — «3a-
nucatb». B aprymenrax Qpyurmnuu digitalWrite() TpebyeTcsa ykasaTb
nBa 3HaueHus: Homep mopta u 3HaueHue (LOW uam HIGH).

ITpu sanycke mporpamMmbl Arduino BKJIOUUT cBeTonmon. Ilpu Kask-
IoM TOBTOpeHUM (QYHKINUU loop() MUKPOKOHTPOJLJIEP OyAeT IMOChLIaTh
CUTHAJ O BKJIOUeHUU. [ MOJyUYEeHUsT MUTAHUS CBETOAMNOJ BBIKJIIO-
yaeTca ¢ IOMOIIIbI0 KoMaHAb! digitalWrite (13, LOW).

18. void loop () {
19. digitalWrite(13, HIGH);
20. digitalWrite(13, LOW);}

OI[HaI-CO a3 He 3aMeTUT 3TO MHUIaHMe, IIOTOMY YTO MHMKPOKOH-
TpoJLIep oTpabaTbiBaeT KOMAHABLI OUeHb ObICTPO. HYIKHO yBeInM4YuTh
IJINTEJIbHOCTh BKJIOUEHHOTO U BBIKJIOUEHHOTO COCTOSAHUU CBETOMO-
Ia, BBega mayay. {iaa maysbsl IpW BBIMOJHEHUU TPOTPAMMBI UCIIOJIb-
3yercsa Komaupa delay():

18. void loop () {

19. digitalWrite(13, HIGH);
20. delay(500);

21. digitalWrite(13, LOW);
22. delay(500);

23. }

B kauectBe aprymenra ¢pyrnum delay() ykaspiBaeTca KOJIMYECTBO
MUWJIJIUCEKYH], Ha KOTOPbhle HEOOXOAMMO BKJIIOUUTH maysy. Hocrarou-
wo 500 mc = 0,5 c.

VYnanure JAWUIIHWE CTPOKM, KaK II0KAa3aHO HUMKe, cpopMHUpPOBaB
CIeAYIOIUI CKeTY:

1. void setup ()
2. Serial.begin(9600);
3. pinMode(13, OUTPUT);
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4. }

5.

6. void loop () {

7. digitalWrite(13, HIGH);
8. delay(500);

9. digitalWrite(13, LOW);
10. delay(500);

11. }

CroMnuaupyiiTe W 3arpysuTe cKeTd Ha I1niaty. llociie sarpysku
cpa3dy HaUYHETCSA BBITIOJHEHNE NPOTPAMMBbBI: BCTPOEHHBIN CBETOIMO/T
OymeT pPaBHOMEPHO MUTATh.

Kowmanna digitalWrite() sanuceiBaja 3HauyeHWe B IU(MPOBON IIOPT
Nel1l3 nna BeiBoma oOpaboranHOW wmH(GOpManuu. aa moaydyeHUSA
ITaHHBIX OT IU(MPOBBIX AATUYMKOB Tpebyercss KomaHna digitalRead()
C eIUHCTBEHHBIM apryMeHTOM — HOMEPOM IIOPTa, K KOTOPOMY IIOJI-
KJaoueH gatuuk. CiaoBo «read» oO3HaAUaeT «CUUTATh», T.e€. KOMaHIA
BBIIIOJIHAET CUUTHIBAHMWE C IIOpTAa.

IIpumepom 1u(PPOBOro AJaTUMKAa ABJSIETCA TaKTOBasd KHOIIKa. B Ha-
’KaTOM COCTOSHHUU OHAa IepeaaeT JIOTUUYECKYIO eIUHUILY, B HEeHaKaToOM
COCTOSTHUM — HYJb. YCTaHaBJAWBas KHOIIKY Ha MAaKeTHOI ILIaTe, IPU
cOOpKe PYKOBOACTBYHTeCh pPUCYHKOM 5.1.

IToaxaiounTe K MaKeTHOM IIjaTe KpPACHBIM IITPOBOJAOM IIHMTaHUE
(5 B) 1 uepHBIM IIPOBOJOM 3eMJII0 OT KOHTaKTOB Arduino 5V u GND
COOTBETCTBEHHO. YcCTaHOBUTe Ha Iniate pesuctop Ha 10 KOm, co-
eIUHUB OOAWH M3 ero BLIBOJOB C IIPABOW HUMKHENW HOMKKOU KHONIKU,
a npyroul — ¢ 3asemJieHHOU mnHOI. IIpaByio BepXHIOI HOMKKY KHOI-
Ku coenuHuUTe C¢ IudpoBbeIiM BxogoM Ne 2 miarel Arduino. 3axoHuure
HOKJIIOUEeHUE, COeIUHUB IMINHY NUTAHUS C HOMKKON KHOIIKU, a IIMUHY
3emMJau — ¢ pesuctopoMm (cM. puc. 5.1).

Heo6xomuMo Has3HAUUTHL PEXKUM IopTa B cKerdue. [[aa sTOoro mo-
6aBbTE CTPOKY:

4. pinMode(2, INPUT);

Puc. 5.1. YctaHOBKa KHOMKM HA MakeTHylo nnaty
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Nudopmarius GymeT CUUTHIBATHCS C IIOPTa, MOATOMY OH paboTaer
B peKuMe BXOHa.

B reno pynrnuu loop() no6aBbTe KOMAHAY AJIsI CYUNTHIBAHUSA CUTHA-
ga. OgHaxko, YToOLI OTOOPA3UTh €e B OKHE MOHMUTOPA IIOCJIeI0BATENhb-
HOTO TOpTa, HeoOXOAMMO HCIOJb30BaTh (GyHKIuio Serial.printin():

12. Serial.printin(digitalRead(2));

3arpysuTe CKeTd B YCTPOMCTBO U 3allyCTHUTE MOHUTOP mopTa. B HeMm
OyayT oToOpasKaTbCA IMOKAa3aHWA, IIOJydyaeMble C TAKTOBOM KHOIIKH.
3a)kMHUTe KHOIIKY U IPOBephTe, UTO Ha dKpaHe oToOpaskaercda 1.

O aHaJIOTOBBIX YCTPOWCTB WCIOJB3YVIOTCA KOMAaHIBI, COmepsKa-
mue cJyoBo analog, T.e. «aHaJOTOBBIH». IIpuMepoM aHaJIOTOBOTO
YCTPOYICTBA ABJSAETCA NOMEHUUOMemp — IePeMeHHBIN pesuctop (0T
JaT. resisto — COMPOTUBJIAIOCH; ITACCUBHBINA BJIEMEHT 3JIEKTPUUECKOH
IeT), COMPOTUBJIIEHNE KOTOPOTO PEryJupyeTcs IIOBOPOTOM PYUKH.

COOpPKY BBIIOJHSANTE B COOTBETCTBUU C PHUC. H.2. YCTAaHOBUTE IIO-
TEHIIMOMETP Ha MaKeTHOU maare. OOBIUYHO IIOTEHIIMOMETP HUMeeT TPU
KOHTaxkTa. KpacHBIM IIPOBOIOM COEIWHUTE JEBBLI KOHTAKT C IIMHON
nutanua (5 B) Ha makerHoi#i 1iate. IIpaBbIlii KOHTAKT COEIUHUTE
YEepPHBIM IIPOBONOM C INWHOU 3emuu. Ocraercda MOAKJIIOYUTH (husuye-
CKUM KamaJ mepemaum maHHbIX Ha maaty Arduino Uno. Coegumuure
JKeJTBIM IITPOBOJOM C KOHIIAMHM THIIA INITEKED CPEeJHUM KOHTAKT II0-
TeHmomMerpa u aHaJyoroswiii mopt AQ maater Arduino.

B mamnoM ciyuae cTPOKYy BbhIOOpa pekmMa mopTa LOOABJATL B IPO-
rpaMMy He HYsKHO, TTOCKOJIBKY aHAJOTOBBLIE MOPTHI PabOTaiOT TOJBKO
B pe:xuMe Bxoja. [losToMy cpasy HauumHaiiTe C BbIBOJA AAHHBLIX C II0-
TEeHIIMOMEeTPa Ha MOHUTOP HOpTa:

13. Serial.printin(analogRead(A0));

Paccmorpure ctpory 13. Buemrnasa dyHKmua printin() — sTo BBI-
BOJ Ha 3KpaH (print), saBepimaroinuiicsa CHMBOJIOM IIepeBOJa Ha HO-
Byio cTpoky (In ot amra. line — quuusA). 9Ty QYHKIIUIO TPUMEHSIIOT

Puc. 5.2. YctaHoBKa noTeHumomeTpa
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B OTHoIIeHUU o0BbeKTa Serial (mociiemoBaTeJIbHBIN IIOPT) W YKMCJIOBOTO
apryMeHTa, NPEACTABJIEHHOTO KaK pPe3yJbTaT PadOThl PYHKIIUU CUU-
ThIBAHUSA IIOKa3aHUU aHayioroBoro moprta AO.

Kaxk BumguTe, B KauecTBe aprymMeHTa (pYHKIIUN MOKET BLICTYIIATh
apyrad QyHKIOUA.

B ckerue mozpsa mpomMcaHbl ABE CTPOKM C BBIBOJAOM YMCJIOBOT'O
3HAUEHUs Ha SKpaH:

12. Serial.printin(digitalRead(2));
13. Serial.printin(analogRead(A0));

HomoaHUTe UX TEKCTOBBIM COIIPOBOKAeHWeM. ¥ (GyHKIum printin
apryMeHThI MOJI’KHBI OBITH OJHOTO THIIA, CJIEOBATEJIbHO, HYXKHO CO-
37aTh CTPOKOBYIO mepeMeHHylo (tuma String). IlpumeHslTe TaKiKe
AB8HOe npeobpasosanHue munog darHHbvix. jsa sToro B sa3bike Wiring
IOCTATOYHO HAIIMCATh HasdBaHWe TUIla Kak Qyukriui String(), a B Ka-
YyecTBe ee apryMeHTa B3dATh TO, YTO HEOOXOAMMO IIPEJACTABUTHL B HO-
BOM (popmare:

12. String answer ="Button” + String(digitalRead(2));
13. Serial.printin(answer);
14. Serial.printin(analogRead(A0));

Cpena Arduino IDE He mmeeT PyCCKOA3BIUHON JOKAIM3AIUM, T. €.
B Hell HeIOCTYIIHO HCIIOJb30BaHNE CHMMBOJIOB KHUPWUJIIUILI. Pe3yiabTar
BBIMOJIHEHUS HPOTPAMMbI MOYKHO IPOBEPHUTh B OKHEe MOHHTOPA IIOpTa
mocJjie 3arpys3KHM CKeTda Ha yCTPOMCTBO.

9 Bonpocsl

1. Yto Takoe QyHKIHU?

2. Kakue yHKIIMU Bcerga OOJIYKHBI IIPHUCYTCTBOBATh B IIpOrpaMMe Ha
a3bike Wiring? Uro mpoucxomut B Kamkmou us Hux? CKOJBKO pas
OHU BBINOJIHAIOTCA?

9T0 UHTEepecHo!

B 5JIeKTPOHWKE MPUHATO WCIOJIb30BATh I[BeTa IJd O0O03HAUEHUS
dyuxnuu npoBoma. Tak, A TpPoBOAA, IMMOAAOINEro NHUTAHUE Ha
YCTPOMCTBO, BBHIOUPAIOT KPACHBIN I[BET, IJisd O0O3HAUEHUS 3eMJIU —
YepHBIN, a WHMOPMAIMOHHOTO CHUTHAJIa — KeaTbiit. Takike cyie-
CTBYeT CII0CO0 JIErKOr0 3allOMUHAHUSA OYKBEHHBIX O003HAUYEHUIA:

e GND — 2pynm — 3emas;
e V — goavmaix — numaHue;
e S — cuzHal — UHQOPMAUUOHHDLI CUZHAL.




5.4. ®yHkummn Wiring 1 LLMM. PaboTa co 3Bykamu @

5.4. dyHkunm Wiring v LLUIUM.
Pa6oTta co 3Bykamu

ITuporHo-umnyabcHadg woxyaanusa (IIIMM, cm. raaBy 2) momora-
eT MepeBOAUTH HU@MPOBBLIE BBIXOAbI B IICeBAOAaHAaJIOrOBbIe. IloaToMy
B a3bIKe Wiring cyiectrByer craHmapTHasa GyHKnusa analogWrite().

s memoHcTpamuu pa6orsl IIIMM Bocmosib3yeMcs 3ymMmepoM (mIbe-
309JIEKTPUUYECKUM 3BYKOHU3JydaTeaeM). ¥ HEro BCero aBa KOHTAKTa:
IJII0OC U MHHYC. 3aKpenuTe 3yMMep Ha MakKeTHou miare (puc. 5.3).
KpacubiM mpoBomOM coefMHNTE KOHTAKT 3yMMepa Ha CTOpPOHE «+»
¢ nupposeim IMMMM-Beixomom Ne 3 maatrel Arduino Uno. Bropoit
KOHTaKT 3yMMepa COeIMHWTe UePHBIM IIPOBOJAOM C IITHMHOM 3eMJU Ha
MaKeTHOU ILiaTe.

ITlepeBenuTe mudposoii mopt Ne3 B perKMM BBIXOHA:

5. pinMode(3, OUTPUT);
CymiecTByeT ABa crocoba BOCIPOM3BEAEHHUS 3ByKa:

1) ¢ momomibio (pyHKIUU tone() cTaHOapTHOIN OMOJIMOTEKU;
2) ¢ momoinpio 6ubamoreku Arduino Tone Library.

Cmoco6 1. Dyuknua tone() reHepupyeT curHajg B GopmMe IIPAMO-
YrOJBHOM BOJIHBI 3aJaHHOM uacToThl. B crammaptHOoM Buae IIIMM
BKJaouaercsa Ha 50% -ii pabounii nmukga. PYHKINUI MOXKET HMETh ABa
WJIN TPHU apryMeHTa: mopT c¢ mnoanxep:kkoirn IIIMM, uwactora 3ByKa
B replax " [AJUTEJbHOCTh B MUJINCEKYHAaX. Eciu IJINTEeIbHOCTh
He yKasaHa, PyHKIud paboTaeT OO IOCTYILJIeHUs KoMaHAbI noTone(),
apryMeHTOM KOTOPOU ABJSAETCS HOMeEp IIopTa. 3arpysuTe CKeTd Ha
IJaTy U IPOBepbhTe BBIMOJIHEHUE.

CRCI R BT

e " E AR

filn = & u =g

. v

Puc. 5.3. 3akpenneHue 3ymmepa Ha MakeTHOW nnate
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15. tone(3, 500); //uactoTta 500 Iy (repu,)
16. noTone(3);
17. tone(3, 700, 500); //yactota 700 T'u; 0,5 cekyHObl

31ech MOABJISIETCA OJHOCTPOUHBIN KoMMeHTapuii. OH He o6pabaThI-
BaeTcsA KOMIIMJISITOPOM WM He BJIMAET Ha BBINOJIHEHWE CKeTda MHUKPO-
KOHTpoJLIepoM. [[omoHNTe HAYaJIO TPOTPaMMBI TIOAMUCHI0, 0(hOPMIEH-
HOII KaK MHOTOCTPOYHLIA KOMMEHTapuil Buma /* ab3ay mexcma */:

/* MepBbii cketd anga Arduino.

Mnata: Arduino Uno

KOMMNOHEHTbI: BCTPOEHHbIN CBETOAMOM, TAaKTOBAsA KHOIMKA,
NOTEHUVOMETP, 3yMMeEP.

*/

CBs:kuTe MeKIy co00ii paboTy ABYX KoMmoHeHTOB. IlycTh uacTo-
Ta TOHA 3yMMepa 3aBHCHUT OT HoKasaHuii Ha Bxoze A0, ImOoJIy4eHHBIX
¢ moreHImoMeTrpa. [Jisi ymoGcTBa WCIIOJNIB3YHTE TJI00aJbHYIO WU JIO-
KaJbHYIO IIePeMeHHYI0, HaIlpuMep:

abr0N =

23. int freq = analogRead(A0);

Temepsr Tpebyercs mepenaTh 5TO 3HAUEHNE 3yMMepPY:
24, tone (3, freq, 500);

ITocsie 3arpy3xku W BBINIOJIHEHUS CKeTYa CJIBINIHBLI I1ay3bl, BO3HU-
Kalollye M3-3a KOMAaH[, HANNCAHHBIX IJA YIIPaBJIEHUS CBETOLHOIOM.
VYnanmure nuirHme KOMaHObI U OTPAHWYEHUE AJIUTEIbHOCTU 3BYyUYaHUS
ToHA B cTpoKe 24. MTOTOBBLIA CKEeTUY MOJIKEeH BBITJIANETH TaK:

1. void setup () {

2 pinMode(3, OUTPUT);

3 }

4.

5. wvoid loop () {

6 int freq = analogRead(A0);
7 tone (3, freq);

8.

}

3arpysute ero Ha Arduino Uno m y0emmTech, YTO HACTOTa 3BYKa
U3MEHAETCA IIPU IOBOPOTE PYUYKU IIOTEHIMOMeETpAa.

Cmoco6 2. YTo0BbI HIPUMEHUTH BTOPOI CIIOCO0, M00aBbTe OMOJJIMOTEKY
Tone B cpeny Arduino IDE. [mna sToro ckauaiitTe zip-apXxuB c 0ub6-
aunorexoit (https://github.com/bhagman/Tone/archive/master.zip).
3aTem BbuIOepuTe BKJAIKY «CkeTu», momMeHo «IlogkaounTL OmOJIMMO-
TeKy» WM NYHKT «Jlo6aButh .ZIP-6ubmunorery». Ilocie mobaBiieHusa ap-
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XUWBa B Cpely BHIOEPUTE M3 CIHCKA B TOM K€ IMOJAMEHIO0 OMOJIMOTEKY
Tone. B 0CHOBHOM 3Ty OMOJMOTEKY MCIOJB3YIOT IJIA PAOOThI ¢ OOBLIU-
HBIM JUHAMUKOM.

IlepBasi cTpoka ckKeTua HOJI;KHA IPUOOPECTH BUL:

1. #include <Tone.h>

Y moakJo4YeHHO# OMOJIMOTEKMH, KaK M Y CTAHIAPTHOM, CYIIEeCTBY-
0T coOcTBeHHBIe crelnupuueckue GpyHKIUN (Io-IpyroMy HasbIBaeMbIe
memodamu). Ix Tpebyerca IpuUMEHATb K o0bekTaM. Hampumep:

#include <Tone.h> //TogxnioyeHHas OononHUTenbHas 6ubnmnoTteka
Tone zum; //Co3gann obbekT zum Tuna Tone

void setup (){
zum.begin(3); //MNogrotoBmnu nopt 3 Ona nepenadu curHana

}

void loop () {
zum.play(NOTE_D1, 500); //MNpowurpann HOTYy «pe» OObEKTOM zum
delay (1000);

HtCLONOOTR~WON =

—_ =

}

Bce usyuennnie komaHOvl sa3vika Wiring MOKHO pasbuTh Ha JIBe
KaTeropuu:

1) KomanObL HU3K020 YPOBHsA (B3aMMOAEHCTBYIOIIUE C AaIllapar-
HOM YacCThIO U «TOBOPAIINE HA €e SA3BIKE»);

2) KomanOvL 8bLcOK020 Ypo8HA (PYHKIIUU OUOJIMOTEK, a TaKiKe KO-
MaHJbI, B3aUMOJEHCTBYIOIINE TOJBKO C IPOTPAMMHBIMH KOM-
HIOHEHTAMM CPeIbl, W T. I.).

ITpuBemeHHBIX B 9TOM pasfesie QYHKIIUA M KOMAaHI XBaTUT AJIS Ha-
YaJIbHOTO M3yUeHUsA maaTdopMbl. i TPOABUHYTHIX ITPOEKTOB MOTYT
JOTOJIHUTEJILHO IOHALOOUTHCA CJENYIOIINe KOMAaHABI U (DYyHKIUNU:

Serial.available() Bo3BpalwaeT normyeckyrdo NepemMeHHyo nocne
NPOBEpKM AO0CTYNHOCTM MocneaoBaTesibHOro
nopta

Serial.read() CunTtbiBaET POBHO OAMH OGalT M3 nocneno-

BaTe/IbHOro MHTEpdernca (noprta)

Serial.write() OcyuiecTtBnsgeT nobanToOBbIM BbIBOA [OAHHbIX
n3 oydepa (BpeMeHHoW namaTu) nocneposa-
TeNbHOro nopTta

millis() 3HayeHne BpeMeHu, npollenuero oT nocnen-
HEro BbiI30Ba PYHKUMN, B MUIMCEKYHOAX




@ maea 5. A3bik nporpammunposaHns Wiring

IIpodonscernue maba.

micros() 3HavyeHne BpPEMEHU, MpoLleawero nocne 3a-
nycka nporpamMmbl, B MUKPOCEKYHOAX

randomSeed(seed) YcTtanHaBnMBaeT HavyalbHOE YMCNO A QYHKUNN
noucka ncesmochnyyaHoro 4ucna.  Onsa
nyduwiero peasynbrata B Ka4dYeCTBe aprymMeHTa
MCMONb3YIOT CUrHan C aHasoroBoro Bxona

random(min, max) leHepupyeT nceBooCnAyyYamiHOE 4MUCNO B 3a-
LaHHbIX rpaHuuax

pow(a,b) BoseepeHue yucna a B cteneHb b

abs(x) Mopaynb yncna x

min(x,y)/max(x,y) Bbibop  MWHMMaNbHOro/MakCUMasnbHOro  n3
OBYX 3HA4YE€HU X N 'y

sqrit(x) B3aTtme kBagpartHOro KOpPHA M3 x

sin(x)/cos(x) BblumcneHne  cuHyca/kocuHyca — (aprymeHT

B pagnaHax)

9 Bompocsl

1. C momoIp0 KaKUX KOMAH] BBIIIOJHAETCS YTEHWE U 3alllCh JaH-
HBIX IUMPOBOTO JaTuMKa? aHaJoroBoro matuuka? HUrto Tpebyercs
yKasarhb B Tesie QYHKIUU Setup() HNpU IMOAKJIIOUEHUU TaTUNKOB?
Kaxwue pekumbl mopTa OpM 3TOM UCIOJIb3YIOTCA?

2. Yro pmenaer craHmaptHasa ¢Gyuknua delay()? B Kakux eguHUIIAX
oTtobpaskaeTcsa ee Pe3yabTaT UM KaK OHA CBA3aHA CO CBETOLUOIAMII?

3. Kak BbIBecTM B3HAUEHUs, IOJYyUYEeHHbIe OT [AATYMKOB, HA MOHU-
TOp mocJsieoBaTenbHOTO mopra? Kaxk odopMmiasaioTcs KOMMeHTapuu
B IIporpamme?

4. Yro TakKoe KOMAaHABI HUBKOTO YPOBHA U KOMAaHIbI BBICOKOTO
YPOBHH.

O 3anoMHuTe

¢ Wiring ® BubGauorexa ® Cuysxeb6Hble cioBa ® Ilepemennas
¢ Oynrnun

Q IIpakTHUYeckue 3agaHUA

3amanue 1. Hanumure ckeTd, BBIBOAAIUN HA MOHUTOP IIOCJIELOBa-
TeJbHOTO mopTa 3HaMeHuTyoo ¢Gpasy: «Hello, world!»

3amanue 2. Hamuinure cKeTd, BBIBOAAIINN Ha OJHOM CTPOKe ITOKasa-
HUSI IIOTEHIMOMEeTPAa M BPeMs, IIPOIIeAIllee IIOC/Je BKJIIOUEHUS IIJIATEHI.
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STO UHTEepecHo!

Cpenu Arduino-coBmecTumbix 1atdopM ocoboe MecTO 3aHUMaeT
Espruino, KoTopas, Kak Bbl yKe 3HaeTe, UCII0JIb3yeT SI3bIK IIpOorpam-
mupoBanus JavaScript. Pa6ora ¢ HUM umMeeT pAJ IIPEUMYILECTB.
JauHbIf A3bIK IpeJHA3HAUYEH [/ HAUWCAHUS CIEIUaJbHBIX CUEHA-
pues paborbl ¢ obbekTamu. Crenapuit JavaScript orsimuaercsa ot
nporpaMM Ha A3bIKe Wiring. Bo-miepBbIX, OH He UMeeT CTPOTOH IIO-
CJIeIOBATEJILHOW CTPYKTYPHI PACIOJIOXKEHUS 3JIE€MEHTOB B CIl€HAPUU.
Bo-BTOpPBIX, KOMIUJIUPYETCSA U BBIMIOJHAETCA IIOCTPOYHO, a HE BeCh
cpady. Takas ocobenHOCTh JavaScript mosesHa mpu MCIOJIBL30OBAHUU
A3BbIKa B KauecTBe (pyHKIMoHaIbHOro momosHeHuda HTML — runmep-
TEeKCTOBOII pasMeTKM cTpaHuly B UHTepHere. [a'ke ecau CKOPOCTH
mepegauy ObLIa HM3KON MJIM IIPOM3OIILIA OINMOKA B IMOJYYEHUUN HAaH-
HBIX, IOJIb30BaTEeJb YBUAUT YaCTh, KOTOpas ycIeja 3arpy3UTbhCH.

Be6-paspaboTka TecHO cBsA3aHa C AU3aMHOM. 3a4YacTyi0 OIMCAHUE
nelicTBUI caiiTa BBINOJHAET AuiaiiHep. Hampumep, eMy MOMKeET II0-
HagoOUTHCA BCTABUTH CJIANJ-IIIOY WJIU CO3[JAaTh IIJIaBHBIE II€PEXOIbI
MeKAy BKJAAKaAMU IIPU HACTYIJIEHUU OUpPeIeJIeHHBbIX coObITuit. Il
TOTO UTOOBI AU3aiiHEep CIPABUJICA COOCTBEHHBIMU cuUjaMu, JavaScript
co3JjaH JIETKUM [Jid NOHUMAHUSA U IpuMeHeHus. [losTomy ramsxe-
TBI C yHOpaBJeHUEeM 1o JS ymoOHO CBS3BIBAIOTCA C PA3JIUYHBIMU
BeO-cepBUCAMHM U OTJIUYHO HOAXONAT [JIA CO3JaHUS METEeOCTAHITUH
WIN «YMHBIX» Kamep HaOJI0eHUsd.

5.5. Npadpunueckmne 6510Kku n Kop,
B ArduBlock

ITepBoe, uTO HYKHO cAesaTh, YTOOBI MCIOJH30BATH I'pa)TIECcKOe IIPO-
rpamMmupoBaHue B cpeae Arduino IDE, — ycTaHOBUTH JOTOJTHUTEIH-
Hel#i maaruH (plug-in). 9To He3aBUCUMO KOMIIUJINPYEMBIN MOIYJb,
KOTOPBIN IIpejicTaBJigeT co00i pacmimpeHue (YHKIIWI U BCTPauBaeT-
csd B OCHOBHYIO IpPOTpaMMYy.

ArduBlock — sT0 oxHOBpeMeHHO U rpadUUECKUl sIBBIK IPOTPaM-
MHPOBaHMUA, M IIJarWH, IIEPEBOAAINIUNI HPOTPaMMbI, HAKCAHHbIE Ha
9TOM s3bIKe, B Koa Ha Wiring.

Wrak, ycraHoBuTe TJaarmH, CJIEAYd WHCTPYKIIUU:

1. Crauarite muarua ArduBlock c¢ BeOG-cTpamuibl paspabOTUNKOB:
lhttp://sourceforge.net/projects/ardublock/files/| BoiGepure mpexrro-
CJIEIHIOI0 WJIM IIOCJEeIHIOI Bepcuio. MbI peKOMeHAYeM HANTU BePCUIO
MaKCHMAaJbHOTO 00beMa Cpedu IMOCJIEeTHUX IMSATU, IIOCKOJbKY OHAa SB-
JsieTcsa CTabMIBHOI M comep:KuT OoJibille 0JI0KOB. Ha MoMeHT Hamu-
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Hacrpoiiku X
HacTpoiiki | Cets

PazMewerne nanky ckeTHed
C:\Users\suh_o_T_stoy\Documents\Arduino | | ofsop

A3tk peaakTopa: N YHOMHEHAID ~ | (Hyxen nepesanycx Arduino IDE)
Pasmep wpndTa: :12 .

MacwTab uiTepdeiica: [ Astomatika | 100 T % (ywen nepesanycx Arduino IDE)
Moxasats noapofeii seison: [ ] Kommunsun ] 3arpyska

Coobierma KomnunsTopa: Hirero w

[] Nekasats Homepa cTpok

[ Brniomte ceopaqmearme kona

[ NpoeepsTs koa nocne sarpysmm

[ Menons3osaTs sHewHwi penakTop

ArpeccisHoe KIWWPOBAHWE CKOMMNMAMPOBAHHON0 AAPa

[ NposepsiTs obrosners npn sanycke

[] KoxeepTuposaTte daiine oweTyeit 8 HosLIi dopwat (.pde -> .ino)

[ CoxpansaTe ceTy NpU NpOBEPKE MM KOMMMARLYA
[lONONHUTENGHBIE CCLINKK ANR MeHeREpa NNaT: ﬁ
Opyrie HACTPOIKK MOMHO PEAAKTMDOBATE HENOCPEACTEEHHO B daiine:
C:\Users\suh_o_T_stoy\AppData\Local\Arduino 15\preferences. txt

(Toneko Koraa Arduino IDE He sanywieHa)

OK Otmena

Puc. 5.4. MNyTb kK nanke cketyen Arduino

CcaHus KHUTU caMoli IoJIHOII Oblja Bepcus ot 2 wuioas 2014 ropa:
https://sourceforge.net/projects/ardublock/files/ardublock-|
beta-20140702.jar/download | Boree HOBble Bepcuum HMeJIUd MeHBIIIE
0JIOKOB.

2. Korga ¢aiin ¢ manarmaom ArduBlock sarpysurcs, mepeummeHyiTe
ero B ardublock-all.jar

3. Orkpoiite cpeny Arduino IDE.

4. 3aiinure B MeHio «®Paiiin» —> «HacTpoiiku» U IIOCMOTPUTE IIYTh
K mnanke cketrdeii Arduino. Hampumep, B oIepamuoHHON cucrte-
me Windows sra mamka Oyzer pacmojaratrbcsa B Imamke Documents
(puc. 5.4).

5. OTKpoiiTe TPOBOAHWMK M B HEM NANKy C¢ AoKyMmMeHTamMu Arduino.
B oToii mamke cosmamiTe mankKy tools, BHYTPU Hee — HAIKYy
ArduBlockTool, a BHyTpU Hee — HanKy tool u yKe B 9Ty TamkKy tool
nomectuTe Gaitn ardublock-all.jar. Takum o6pasoM, MMOJHBIN TYTH
K (aitny OymeTr BBITIAAETH Tak: ../Documents/Arduino/tools/Ardu
BlockTool/tool/ardublock-all.jar

6. Ilepesarpysure IDE. B paszaene «MHCTPYMEHTBI» TMOABUTCS IIYHKT
ArduBlock (puc. 5.5).


https://sourceforge.net/projects/ardublock/files/ardublockbeta-20140702.jar/download
https://sourceforge.net/projects/ardublock/files/ardublockbeta-20140702.jar/download
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@ sketch jun19a | Arduino 1.85 (2| B i)

_———— - m—
®aiin Mpaexka Crery [Huc‘rpymerm:nl Momowus

AstoDopmatupoearune Ctrl+T

ApxMBMpOBATE CKETY

sketch_jun19a

WMcnpaenTe KOAMPOBKY W NEPESArpPY3HTE
wvoid setup() { MonuTop nopra Ctrl+Shift+M &
// put your set|

Mnotrep no nocnegosatensHomy coeguienmo  Ctrl+Shift+L
String answer|

} WiFil01 Firmware Updater
veid leep() { ArduBlock
f/ put your mai
Mnara: "Arduino/Genuino Uno" »
} Mopt 4

Mosmyunte nHdopmauno o naate

Mporpammarop: "AVRISP midl" 4

3anucate 3arpyzumk

Genuino Uno wa COM3

Puc. 5.5. lMyHkT ArduBlock B pasgene «/MHCTpyMeEHTbI»

QU ) MpumeuaHune

- Cayuaercs, uYTo mporpaMmMa He BBINOJHAET KOHBEPTAIHIO U3
ArduBlock B Wiring. ITpuunHoii 9TOT0 MOKeT OBITH HeCTaOUIbHASA
TeKyIllasa Bepcus. Hampumep, eciiu Ha HaHHBIT MOMEHT Bepcud 1.8
He KOHBEPTUPYET IPOrpaMMy B TEKCTOBBIH KOZ, HEOOXOJUMO yCTa-
HOBUTH 0OJiee PAHHIOI BepcHIO ILIaruHa, Hampumep 1.7.7.

BrinmosHUTE HECKOJIBKO yHpakKHEHUM, KOTOPhIe BaM yiKe 3HaKOMBI,
HO C IpHUMeHEeHNEeM HOBOTO MHCTPYMEHTA.

MooknovyeHne gardymka YPOBHA XNOKOCTU

BoapmuucTBo 6s10k0B B ArduBlock mpousirocTpupoBaHbl KapTUHKOM
(boTorpadusaMu JaTUNKOB U MOAYJIEil), UTO YIIPOIIAET IIPOIleCC IIOWC-
Ka HY/KHOM KOMaHAbI. B KadecTBe IIpuMepa PacCMOTPUM IIPOTpaM-
my moBopora Ha 180° cepBompuBOAA, IMOAKJIIOUEHHOTO K HOPTy Ne 5,
C 3aJepsKKoii B 2 ceKyHABI (puc. 5.6).
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BEINOMHUTS

Sarve: SEE)0)

MILLIS MrmsieesyE

-
_L mopriRes S ‘
yronk 180 ,

Sarve: SEC)0)

MILLS Manmisesyzmn s, | 200

Puc. 5.6. lNporpamma noBopoTa cepBonpuBoga

Korma BBl 3aKOHUMTE coCTaBJieHHE IIPOTpaMMBbI U3 TIpaduyecKux
6Ji0KOB, coxpaHuTe (daiin. Haxxmure KHONKYy Save. B mosBuBinemcs
IUAJIOTOBOM OKHe (puc. 5.7) BbIOepuTe MECTO [IJId COXPaHeHHUs Ballleil
nporpaMmbl B opmare .abp (ArduBlock Program).

Save in: [E Mou AoKyMEHTHI

1) Arduino
| chrome
|4 Fritzing
|14 Scratch Projects

File name: ] | [ Save ]

Files of type: [ ArduBlock Program File(*.abp) v | Cancel

Puc. 5.7. CoxpaHeHne nporpamMmmbl B popmaTte .abp
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Hnsa sarpy3km cKeTdya Ha miaaTy HakmuTe Ha KHOOKY Upload.
Bamra mporpamma Oyzer mepeBeseHa B Koa Ha Wiring, KOTOpBIT 0TO-
OpasuTca B roToBOM BHIe B pemaxkTope cpeabl Arduino IDE. B Ha-
IeM cjydae BbI IOJYUUTE CIAEeAYIOIHIN KOXI:

1. #include<Servo.h> // MNopknioyeHrne 6ubnnoTekn ans paboThb
2. // C cepBONprBOOAOM

3. Servo servol; // ToaknioyeHne 6udnmotekn ans padoThl
4, // € cepBONpPUBOAOM

5.

6. void setup() { // ©YHKUMSA yCTaHOBKU

7. servol.attach(5); // MNpueaska (aHrn. attach) cepsonpueoga
8. // K umnpposomy Bbixogy N2 5

9. // ¢ noppepxkon LLIMM

10. }

11.

12. void loop() { // @YHKUMS NOBTOPA, OCHOBHOM LMK

18. servol1.write(0); // 3anucb (anrn. write) rpagyca yrna (0)
14. // ons obbekTa cepBOMNpPMBOL,

15. delay(3000); // OxupaHue (delay) 3 ¢ obbekToM servol
16. servol.write(270); // 3anucb 3HadeHus yrna B 270 rpanycoB
178. delay(1500); // OxwupaHmne 1.5 ¢

18. }

YnpasseHre NOTEHUMOMETPOM

IlomosHMTE TpeAbIAYINyI0 cxemy, perynupys IIIMM c momoinesio mo-
TeHIImoMeTpa. BhITaluTe COOTBETCTBYIOIUU OJOK M3 MEHIO KOMIIO-
HEHTOB W mo0aBbTe B IUKJ (puc. 5.8).

KiauknayB npaBoil KjiaBuiei mo GJIOKY, MOKHO BbI3BATh KOHTEKCT-
HOe MeHIO, B KOTOPOM IIpelJiaraeTcA cO3JaTh KOMMEHTapuil MJIn KJO-

nopPIINSEAS

f———————— .
Wirom & SFErEHE nopi N2 AR
= ‘ Bpamalommﬁ@TeHumomeT[)

i ‘ maj

| &55

delay MILLS muunesin (2000

SERve: SEC)0

O LY

Puc. 5.8. lo6aBneHne noteHuyomMeTpa
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HUPOBaTh sjieMeHT. [[06aBJIeHHBIII KOMMEHTapUi OTPasUTCS MO3AHee
u B Kope.

1. #include <Servo.h>

2. Servo servol;

3.

4. void setup()

5. {

6. servol.attach(5);

7. }

8. void loop()

9. {

10. int potent=analogRead(A1); //nHnymaumsa nNepemMeHHOn C 3anmcblto
11. //B Hee 3HayeHus, CYUTbLIBAEMOIo
12. //c aHanorosoro nopta Ail.

13. potent=map(potent,0,1023,0,180);

14. // co3paHne KapTbl, T.€. rpaHnL, N3MeHEeHUs

15. // BXOOSALWMX 3HAYEHUN U HEOOXOAUMbIX FPaHWL, Ha BbIXOOe
16. servol.write(potent); //3anucb 3Ha4eHus yrna nosBopoTa

17. // cepBonpmeBoga M3 MNoJly4eHHOro

18. // B nepemMeHHyo potent

19. delay(2); //nay3a gons oXugaHus NoBOpOTa CepBOnpuBoOa
20. }

B pmampOoM cayuae paGora ¢ rpadpuuecKHMU OJOKaMU KaxKeTCs
clIoMKHee, ueM paboTa C TEKCTOM, IIOCKOJBLKY MCIIOJIL3YEeTCA MaJio KO-
MaHJ, a OJIOKM 3aHMMAaIOT OOJIBIIYVIO YacTh 9KpaHa. OgHaKo ymo0CTBO
HCIIOJIb30BAHUA I'Pa)MUECKOro A3LIKA JIErKO IIPOJAEeMOHCTPUPOBATH Ha
OpuMepe CJAeAYIOIIero yIparKHeHM!s.

Pabota c LCD-gucnneem

KoMmmoHeHTHI:

e miaara Arduino Uno, 1x;

LCD-gucnoaein 1602, 1x;

USB-kabean, 1x;

IIPOBOJ C OJHUM KOHIIOM THIIA INTEKep M OSHUM KOHIIOM THIIA
rHe3I0, 4X;

e maxeTHasa miata BreadBoard Half, 1x.

e o o

LCD-aucnien pasmepHoctu 16 x2 (MapxupoBka 1602) Ha 6ase KOH-
Tposaepa HD44780 HaxomATca B PALY CAMbBIX IIPOCTBIX, JOCTYHHBIX
M BOCTPEOOBAHHBIX NUCILJIEEB NJA PaspabOTKM PAa3JUUYHBIX DJIEKTPOH-
HBIX YCTPOMCTB. IX MOKHO BCTPETUTH KaK B YCTPOHCTBaX, COOPAHHBIX
Ha KOJIEHKe [JIf JIMYHOTO KCIIOJIB30BAHUWA WJNM IPOCTO W3 WMHTEepeca,
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KOH"::KTa O6o3Ha4yeHue HasHauyeHue
1 VSS MuTaHne kKoHTposnepa (KOHTaKT 3eMJin)
2 VDD MuTaHne kKoHTposnepa (KOHTaKT MUTaHUS)
3 VO BbiBOL ynpaBieHUs KOHTPaCTOM
4 RS Bbibop peructpa
5 RW Y1eHne/3annch (pexum 3anmcu BbibnpaeTcs
npu COEOMHEHUN KOHTakTa C 3eMien)
6 E Enable (ctpo6 no cnaay)
7-10 DB0-DB3 Mnagwuve 6uTtbl 8-6UTHOro MHTEPdEnca
11-14 DB4-DB7 Crapwme 6utbl nHtepdeica
15 A AHOpL, (+) NMMTaHua NoacBeTKu
16 K Katon (—) nutaHmMs NOACBETKMU

TaK ¥ B HOPOMBINIJIEHHO M3TOTOBJEHHBIX CHUCTEMAaX aBTOMAaTU3AIUH,
TaKUX KaK, HAIIPpUMep, aBTOMAThI OJA HPUTOTOBJEHUA Kode.

Ha pumcnnee mmeerca 16-xoHTarkTHBIN (16pin) passem maasd mon-
KaoueHusa (puc. 5.9). BeiBogsl mpoMapKupoBaHbI Ha THLIBHOW CTOPO-
He 1maaTbl. HeKoTopble IPOM3BOAUTEJN MEHAOT MectaMu 1-ii u 15-i
KOHTaKThl, O UeM BCerJa CBUAETEJbCTBYET HaIINCh.

IIpe:xme uem o6Cy:KOaTh IMOAKJIOUeHMe Auciiesd K Arduino uepes
I2C-urTep(deiic, maBaiiTe IOrOBOPUM O caMoM IpoTokoiue 12C.

12C/1IC (Inter-Integrated Circuit) — 3TOT IIPOTOKOJ W3HAYAJIBHO
co3ZaBajica AJIA CBA3U WHTETPDAJBHBIX MUKPOCXEM BHYTPU DJIEKTPOH-
HOTO ycTpoiicTBa. Paspaborka npuHamaiaexkutr pupme Philips. B ocuo-
Be mpoTokoJsa I12C JIeKUT HCIOIb30BaHUe S-6UTHOI IIMHBI AJIS CBA3U
O0JIOKOB B YIIPaBJAIOIIEH 9JIEKTPOHUKE M CHUCTEMBLI aapecalinu, 0Jiaro-
ITaps KOTOPOIl MOMKHO CBSBBIBATHCA II0 OAHUM U TeM Ke IIPOBOIaM
C HECKOJbKHMH ycTpoiicTBamMu. MBI IPOCTO TOOUYEPEeIHO Iiepemraem
IaHHBIE TO OJHOMY, TO OPYIOMY YCTPOMCTBY, HO0OaBJIsdsd K IIaKeTaM
TaHHBIX UAeHTU(GUKATODP HYKHOTO 3JIeMeHTAa.

Puc. 5.9. Pasbem ana nogknoyeHns LCD-moHmnTOpa



@ maea 5. A3bik nporpammunposaHns Wiring

Camas mpocrad cxema I2C MOKeT COZep)KaTh OIHO BemyIIee
ycTpoiicTBo (uallie Bcero sTo MHUKPOKOHTposiep ATMega mHa miare
Arduino) u meckoabko BegoMbIx (Hampumep, LCD-gucmieii). Kaxxkmoe
YCTPOMCTBO MMeeT aJgpec B MaccuBe aapecoB oT 7 mo 127. B oxmoit
cxeMe He JOJIKHO OBITH JBYX YCTPOMCTB C OAMHAKOBBIM aJpPecoM.

IInata Arduino Uno mopagmep:xuBaer npoTokos 12C Ha ammapaTHOM
ypoBHe. OOBIUYHO /1A MOAKJIIOUEHUS YCTPOMCTB IO JAHHOMY IIPOTOKO-
JY HCIOJBL3YIOTCsS aHaAJOroBble KOHTAKThBI A4 u Ab.

B pabGore mporokosia I2C MOKHO BBIJEJUTH HECKOJILKO IIPEUMY-
IIeCTB:

e s paborbl Tpebyercss Bcero ase jaumHuu — SDA (nuHua maH-
HbIX) 1 SCL (IMHUA CUHXPOHUI3AIIUN);

® BO3MOYKHOCTHb TOIKJIOUEHUS OOJBIIIOTO KOJUUECTBA BEeIOMBIX
YCTPOICTB;

COKpaIllleHue BpeMeHU paspaboTKU;
HA0Op YCTPOMCTB YyHOPABJISAETCA BCETO OMHUM MUKPOKOHTPOJI-
JIepoM;

e BO3MOYKHOE UHMCJIO0 MUKPOCXEM, IIOAKJIIOUYAEMBIX K OJHOU INNHE,
OTPAaHMYUBAETCA TOJBKO HArPy304YHOII crmocobHocThI0 Arduino
Uno;

e BBICOKAs CTeIleHb COXPAHHOCTU [HaHHBIX obecmeuuwBaeTcA IIOJA-
BJIAIONIMM BCILJIECKM (DUJIBTPOM, BCTPOEHHBIM B CX€MBI HHTED-
detica;

e mpocTasd IMpolenypa AUATHOCTUKMN BO3HHUKAIOIUX c00eB, ObI-
cTpasd OTJIaJKa HEeMCIPABHOCTEH;

e IMMHA yKe mHTerpupoBaHa B maaty Arduino Uno, mosTomy He
HYKHO paspabaThIBaTh AOIOJHUTEJIHHO INTWUHHBIN MHTEP(deTic.

HecmoTpss Ha 060JbIlIOE KOJUYECTBO HAOCTOUHCTB, IIPOTOKOJI MMEET
M HeIOCTATKU:

e eMKocTHOe orpanmnveHue Ha Jguuauu — 400 nod;

e TpyZHOe IPOrpaMMHUpOBaHMe KoHTposiepa 12C, ecau K IIuHe
IIOAKJIIOYEHO HECKOJBKO Pa3JIUUYHBIX YCTPOICTB;

e TIpu OOJIBLIITOM KOJUYECTBE YCTPOMCTB BOSHUKAIOT TPYIHOCTH JIO-
Kajnusaunuu c6osi, ecau OZHO M3 YCTPOUCTB OMIMOOYHO yCTaHAB-
JIUBAeT COCTOSHUNE HU3KOTO YPOBHS.

Camblii OBICTPBIH U YAOOHBIH crmocob mcmoab3oBaHusa LCD-aucmies
¢ Arduino — 9T0 MOKyIKa roTOBOT'O SKPaHa CO BCTPOEHHOII IMOALEPIK-
koit mporokosa I12C. Ho TakuX 9KpaHOB He OYeHb MHOTO U CTOAT OHU
HenerieBo. B To iKe BpeMs CTaHIAPTHBIX SKPAHOB Ha PBIHKE MIpe.-
JaraeTcs MHOKECTBO. Il09TOMy caMbIM [OOCTYIIHBIM U IONYJISAPHBIM
Ha CerofHs BapUaHTOM SBJSETCA ITOKYIIKA WM YCTAHOBKA OTIEJNBLHOTO
I2C-monynsa — mepexonguuka (uHTepdeiica), KOTOPBII u300paskeH Ha
puc. 5.10.
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Puc. 5.11. lNMoakntOYEeHHbI MOAayb 12c

Ha oxHO# cTOpOHe MOIYJIS PACIOJIOMKeHBI BBIBOALI 12C: 3eMuid, mu-
ranue u SDA, SCL mis mepemaum JaHHBIX, a HA IPYroll — pasbeMbl
BHeITHero muTaHmsa. VI KOHeYHO, Ha IJaTe eCTh MHOKEeCTBO HOMKEK,
C TIOMOIIbI0 KOTOPBIX MOAYJb MPUIAWBAETCA K CTAHAAPTHBIM BBIBO-
mam skpaHa (puc. 5.11). Ecsiz B paboraeTe ¢ IaaToOW AJIs IIPOTOTU-
nupoBaHusa 0e3 MaKM, TO MOAYJb IIPHUAETCS MOAKJIIUYATH AOMOJHU-
TeJbHBIMU IIPOBOJAMMU.

Ins noxknioueHus K mnare Arduino ucmonbsyrorca I2C-BeIxo-
Ibl. Eciu HY)XHO, HOAKJIIOUaeTCA BHEIIHee IMUTaHWE IJIs IOJACBETKMU.
C momoIIbi0 BCTPOEHHOTO IIOJCTPOEYHOI'0 PE3WCTOPa MOYKHO IIOAPEry-
JIMPOBATh HacTpanmBaeMble 3HaUYeHUS KOHTPAcTHOCTH sKpaHa (J).

Ha psiake mosxuo BerperuTh LCD-moxayiaum 1602 ¢ yike mpumasiH-
HBIMU IIePeXOJHUKaMM — BTOT BapuwuaHT caMblii mpoctoii! Ecau ke BBI
KYIUJIN OTAEJbHBLIN MEePeXONHUK, MPUNASiTe WIN TMOAKJIOUYUTE ero
K MOJYJIIO.
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Puc. 5.13. Bnokn gnsa nporpammupoBanus LCD-gmucnnes

Ilocie monKJIIOUEHUA MOMKHO IIPUCTYyHATh K IIPOTrPAMMUPOBAHUIO
LCD-gucnies uepes ArduBlock.

HKUIKOKPHUCTALINIECKUH MOHUTOP ¢ Hoanep:kkoii 12C moakioua-
ercsa K miaate Arduino Uno ueTwIpbMs IPOBOJAMM: ABa IIPOBOAA IJIS
ODaHHBIX W OBa OJd nuranus (puc. 5.12):

1) BeiBog GND moakiaiouaercsas k¥ GND Ha Bepmyiieili mJare;
2) BeiBog VCC moakiiouaeTcsa K KOHTAKTy HV;

3) SCL moakiouaerca K KOHTAKTy A5 aHAJIOTOBOI TPYIIIIHI;
4) SDA mopkJoyaeTcd K KOHTAKTy A4 aHaJOTOBOM TPYMIIHI.

Orkpoiite cpeny mporpammupoBanusi ArduBlock m cobepure 6.io-
Ku, m3obpakeHHble Ha puc. 5.13. Komauga print mossosiser mucath
coo0IIeHne, T.e. IleyaTaTh ero Ha BdKpaHe. Line — HoOMep CTpOKHU
nuciiesi, HaunHasa ¢ 0, Char — Homep cumBoJsia B cTpoke. B rpade
address c memaBHEro BpeMEHU BMECTO «CTAaHIapTHOIro» aapeca 0x27
cranu ykasbiBaThb 0x3F (uarme Bcero) mam 0x5C.
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CoxpaHuTe CKeT4Y U HaskMuTe Ha 3arpy3uts B Arduino. VTorossrit
kKox mporpammbel B IDE:

1. #include <Wire.h>

2. #include <LCD.h>

3. #include <LiquidCrystal 12C.h>

4,

5. LiquidCrystal _I2C Icd_I12C_3F(Ox3F, 2, 1, 0, 4, 5, 6, 7, 3, POSITIVE);
6. /* 3pecb nponucbiBaeTcs, YTO OblN MOAKMIOYEH OOBLEKT Tuna

7. Oucnnen Ha KOHKPEeTHble ajapeca U C HacTpoikamu. 9710 TpebyeTcs,
8. Tak kak Bce AaHHble PU3NYeckm mayT no OAHOWM LUMHE. */

9. void setup()

10. {

11. Ilcd 12C_3F.begin (16, 2); //O0bsBneHne pasmepa aKkpaHa

12. Ilcd_12C_3F.setBacklight(HIGH); //BxntoyeHne noacBeTkum

13. lcd_12C_3F.setCursor((1)-1, (1)-1); //YcTtaHoBKa KapeTku

14. // (kypcopa)

15. Icd_12C_3F.print( "Hello" ); //BbiBog, coobLieHus

16. }

17.

18. void loop()
19. {
20. }

Insa BzaumopeiicTBua Arduino ¢ LCD 1602 no mune I2C Bam mo-
TpeOdyoTCsI KaK MUHUMYM OBe OMOJIUOTEeKHU:

1) 6ubsmorexa Wire.h mna paborsr ¢ I2C y:ke mMeeTca B CTaH-
maptHoil mporpammMe Arduino IDE. Wire — sTo mHTepdeiic aiasa
«OOIIeHnsI» IO OMHOM IIIIHE;

2) oubamoreka LiquidCrystal I2C.h, korTopas BKJO4YaeT B ce0s
6oJibIlioe pasHooOpasme KoMaHA mJs yupaBiaenusa LCD-muciie-
em o mmHe 12C 1 mO3BOJIAET cAesaTh CKeTd IIPOIe U Kopoue.

ITocsie momkJioueHUsA OUCIIEsT HYKHO YCTAHOBUTHL ellle OuGJIMO-
Teky LiquidCrystal I2C.h. [lnsi sToro ckauaiite (aia HO CCBHLIKE
B ¢opmaTe apxwuBa: |htt]=s:/ /bitb_ucket.org/fmalpartida/new-liquid|
ferystal/downloads/LiquidCrystal_V1.2.1.zip|

3arem B cpene Arduino IDE umnoprupyiite sty 6ubamnoreky: Creru
— Ilogkarounts 6ubaAMOTEKY — [lo0aBuUTH O0MOIMOTERY .ZIP — 11 BBI-
OepuTe CKauaHHBIN apXwuB.

5.6. lNpakTuyeckue 3apaHunga no Wiring

Tenepb, Korjga BbI IPUBBIKJIN K UTEHUIO TEKCTOBOTO IPOTPAMMHOTO
KoJla, mepeiijieM K €ro HaIMCAHUIO.


https://bit bucket.org/fmalpartida/ new-liquidcrystal/downloads/Liquid Crystal_V1.2.1.zip
https://bit bucket.org/fmalpartida/ new-liquidcrystal/downloads/Liquid Crystal_V1.2.1.zip
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doTopesucTop

KoMmmoHeHTHI:

miaara Arduino Uno, 1x;

doTopesuctop, 1Xx;

pesuctop, 100 xOm, 1x;

USB-kabean, 1x;

IPOBOJA C ABYMS KOHI[AMHU THUIA IIITEKep, DX;
mMakeTHas miaata BreadBoard Half, 1x.

ITogkarounuTe GoTOPE3UCTOD, MPEABAPUTEIHHO MHOATOTOBUB MAKET-
HyI0 mjaTty (IOAKJIOUMB HUTAaHWE W 3eMJ0). BecraBbTe BBIBOABI (ho-
TOPE3UCTOPa B OTBEPCTUS PA3HBIX PANOB MaKeTHOU miaarhl. Jlo6aBbTe
pamom pesuctop Ha 100 kOM, Kak moKasamo Ha puc. 5.14.

CoemuHuTe 00IIyI0 TOUKY (hoTopesucTopa u pesucropa Ha 100 xOm
¢ amamorosbeiM BxozmoMm AO maarter Arduino Uno.

doropesucTop OymeT M3MEHATHL COMPOTUBJIEHWE JJIEKTPUUECKOI
ey B 3aBUCUMOCTH OT YPOBHS OCBEIIEHHOCTU IIOMEIIeHUS: UeM
0oJIbIlIe CBeTa B IIOMEI[eHUU, TEeM HUKe YPOBEHb AaHaJOTOBOTO CHUTI-
HaJja.

ITIpoBepbTe pe3yabTAT C MOMOIIBIO CKeTYa:

void setup (){
Serial.begin(9600);
}

void loop () {
Serial.print ("Light:");
Serial.printin(analogRead(A0));

ONoOGORLN =

Puc. 5.14. lMogxnioveHne ¢oTtopesncTopa
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JanbHomep

KoMImoHeHTBI:

miaara Arduino Uno, 1x;

yJIbTpasdBykoBoii ganbHomep HC-SRO04, 1x;

USB-kabean, 1x;

KPACHBIN IIPOBOJ C OJHUM KOHIIOM THIIa INTEKEP WM OJHUM KOH-
IIOM THIIA T'HE3I0, 2X;

3eJIeHBbIII HTPOBOJ C OOJHUM KOHIIOM THIIA IITeKep U OJAHUM KOH-
IIOM THIIa T'HE3I0, 2X;

IPOBOJ C ABYMS KOHI[AMH THUIIA IIITEKep, 2X.

ITogkarounte ¥ Arduino Uno cioskHBIA HUMPOBOI SATUUK — YJIb-
Tpa3BykoBoii manbHomep HC-SR04 (puc. 5.15). CoemuHuTe KOHTaAKT
VCC (muramme) Ha gajabHOMEpe W KOHTAaKT 5V Ha miaare Arduino.
KpacupiMm mpoBomoM (ecam HeT UYEPHOTO MPOBOMAA) COEAUHUTE KOH-
takT GND ganpHOMEpa ¢ KOHTAaKTOM 3€MJIM HA OCHOBHOU mJarte (CM.

puc.

5.15).

Conap B nmanpHomMepe HC-SR04 mmeer o6osmauenme Trig, a mu-
Kpodou — Echo. 3esenbIM mpoBomoM coefuHUTe KOHTAKT Trig manb-
Homepa u mupposoi mopT Ne9 maarel Arduino. BropbsIM 3ejaeHBIM
npoBogoM moAkJounTe KoHTAaKT Echo manprHOMepa K 1mudpoBoMy
nopty Ne8. Bcé, manpHOMEp moakJoueH (puc. 5.16).

Bpaagb

[rub.

[ Y
Camuen

[

L

Puc. 5.15. Cxema nogksnoyeHnsa ganbHomepa
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Puc. 5.16. JanbHomep MNOaK/I4YeH

Creru ns m3MepeHUU OyAeT BBITJISOETh TaK:

void setup () {
Serial.begin (9600);
pinMode(9, OUTPUT); //Trig
pinMode(8, INPUT); //Echo
}

void loop () {
digitalWrite(9, LOW); //oumcTka curHana Bo mabexaHue olmnbok
delayMicroseconds(2); //nay3a B MUKpPOCEKyHAAX
digitalWrite(9, HIGH); //Hayano oTnpaBku ynbTPa3ByKOBOrO CUrHana
delayMicroseconds(10); //onntensHOCTb curHana coctasnset 10 mkc
digitalWrite(9, LOW); //BbIklO4eHNE COHapa
int duration = pulseln(8, HIGH); //noacyeT cekyHn no

// npuxoga OTPaXeHHOro curHana
float cm = duration / 58;
/* 58 — 31O KOHCTaHTa, 0b6ycfnoBfeHHas GU3NYECKMM CTPOEHUEM
JanbHoMepa paHHol mogenu. Ha camom pene Heobxoaumo
nenutb Ha 29 gBa pasa (npsiMoii 1 obpatHbIi nyTh). */
Serial.printin(cm);
delay(1000);
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LLlaroBbI gBuratenb

IITaroBsrit ABUTraTeJIb HeJIb3d IIOAKJJIIOUYUTHL HEIIOCPEACTBEHHO K BBIBO-

Jam

Arduino — Ha BbIXOZaX MUKPOKOHTpPOJIJIEpa HemoCTaTOYHO Ha-

I'PY30YHOM CIIOCOOHOCTH IO TOKY M HampsiKeHuio. Ilo sToii mpuumue
HEOOXOAUM YCUJUTEJIb YIPABJISAOINNX CUTHAJIIOB — ApaiiBep MoOTOpa.
OOBIYHO 3TO OTHAeJIbHAA ILJIaTa.

KoMImoHeHTBI:

niara Arduino Uno, 1x;

maroBeiii aBuraresb 28BYJ-48 (5V), 1x;

npatiep motopa ULN2003, 1x;

USB-kabenab, 1X;

IIPOBOJ, C ONHUM KOHIIOM THIIa INTEKEeP U OSHUM KOHIIOM THUIIA
THe3I0, 2X;

TPOUMHOM ILIend aaA apaiiBepa moTopa, 1X.

Mpzr 6ynem 3amuThIBATH ApaiiBep MoTopa oT miaaThkl Arduino (uepes
npeobpasoBaresib). OIHAKO OH II03BOJISAET MCIOJL30BATH U BHeEIIIHEe
nuTaHue, npuuem OoJiee MorrHoe, Hanpumep 9 B. Ha puc. 5.17 uso-
Opasken obmuit Bung coemuuHeHusi Arduino Uno, mraroBoro asBuraTtesis
u apaiiBepa moropa. Ilopsamok coemumHeHus pacnucaH B Tabdia. 5.1.

Puc. 5.17. CoeguHeHnune Arduino Uno, waroBoro apuratensa n apanBepa moTtopa
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Tabnuua 5.1
Apavieep moTopa Arduino Uno
IN1 D8
IN2 D9
IN3 D10
IN4 D11

IlepeneuaraiiTe mpeacTaBJIeHHBINI HUMKE CKETY UM 3aIlyCTUTE €Ero.
IToskcnepumenTupyiite ¢ aaureabHOcTAMU delay().

1. int in1 = 8§;

2. intin2 =09;

3. int in3 = 10;

4. intind = 11;

5.

6. void setup() {

7. //3apaHue ponern NopToB:
8. pinMode(in1, OUTPUT);
9. pinMode(in2, OUTPUT);
10. pinMode(in3, OUTPUT);
11. pinMode(in4, OUTPUT);
12.

18. }

14.

15. void loop() {

16. digitalWrite(in1,HIGH);
17. digitalWrite(in2,HIGH);
18. digitalWrite(in3,LOW);
19. digitalWrite(in4,LOW);
20. delay(5);
21. digitalWrite(in1,LOW);
22. digitalWrite(in2,HIGH);
23. digitalWrite(in3,LOW);
24. digitalWrite(in4,LOW);
25. delay(5);
26.
27. digitalWrite(in1,LOW);
28. digitalWrite(in2,HIGH);
29. digitalWrite(in3,HIGH);
30. digitalWrite(in4,LOW);
31. delay(5);
32. digitalWrite(in1,LOW);
33. digitalWrite(in2,LOW);
34. digitalWrite(in3,HIGH);
35. digitalWrite(in4,LOW);
36. delay(5);

w
N



38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
50.
61.

}

digitalWrite(in1,LOW);
digitalWrite(in2,LOW);

digitalWrite(in3,HIGH);
digitalWrite(in4,HIGH);

delay(5);

digitalWrite(in1,LOW);
digitalWrite(in2,LOW);
digitalWrite(in3,LOW);

digitalWrite(in4,HIGH);

delay(5);

digitalWrite(in1,HIGH);
digitalWrite(in2,LOW);

digitalWrite(in3,LOW);

digitalWrite(in4,HIGH);
delay(5);

digitalWrite(in1,HIGH);
digitalWrite(in2,LOW);

digitalWrite(in3,LOW);

digitalWrite(in4,LOW);

delay(5);

5.6. MpakTuyeckne 3agaHua no Wiring @

Kak Bumure, KOA MONyUYMJICA CIAUIIKOM I'POMO3AKMUII, HO C IIOMOIIBIO
crenuaabHoOll OMOJMOTEKH €ero MOYKHO CHJIBHO COKPATHUTh W YIIPO-
cruth. Huike IpuBemeH TOT 2Ke caMblii ()parMeHT IIPOrpaMMbl, HO
HanmucaHHbIH B IDE ¢ ncmosmbsoBanmem OmbaunoTeku Stepper myis 1ma-
TOBBIX OBUTATEJIeH:

1.

©CONOO A~ WN

10.

12.
13.
14.
15.
16.

#include <Stepper.h> //MNogkniovyeHne 6uUdNMOTEKU ONs OBUratens

Stepper myStepper(2048,8,9,10,11); //NHnumanmnzauus odbbekTa

}

void setup() {

//Tuna waroBbli apuratens ¢ 2048 waramu, noakto4eHHOro
// K KoHTakTam 8-11

myStepper.setSpeed(10); //YcTaHOoBKa CKOPOCTU

void loop() {

myStepper.step(2048); //Coenatb MoNHbIA 0O00POT BRepen,

delay(1000);

myStepper.step(-2048); //CnoenaTb NONHbLIK 0OOPOT Has3apg,

delay(1000);
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Jatynk Temneparypsbl  BnaxHoctn DHT 11

DHT11 — sT0 1mu@poBoii JaTUYUK, COCTOAINUI M3 TepMucTtopa (pesu-
CcTOpa, COIPOTUBJIEHNE KOTOPOTO M3MEHSAETCsS IO BIUSHUEM H3MeHe-
HUI TeMIepaTypbl) 1 eMKOCTHOTO AaTuynKa BiaaskHocTu. OH HeZoporoi
U UMeeT CJeAyIollue XapaKTepUCTUKHU: muranue 3,5—5 B; TouHOCTH
u3MepeHus temieparypsl 2% B pabouem auamazone 0-50°C, mmama-

30 m3Mepenus BiaaskHoctu 20-95% c TounocThiO 5% .

KoMImoHeHTBI:

miaara Arduino Uno, 1x;

IaTymK TeMmmoepaTypbl u BaakHoctu DHTI11, 1x;

USB-kabean, 1x;

IIPOBOA C OOHMM KOHIIOM THIIAa IIITEKEep W OAHMM KOHIIOM THIIA

rHe30, 3X;
IPOBOJA C KOHIIAMM THIIA IHITEKep, 3X.

ITogxmiouenue matumka DHT11 mpezxcraBiaeHo Ha puc. 5.18.

Has pabGoTbl C AATYUMKOM HEOOXOAWMO CKavaTh U YCTAHOBUTD
crenuanbHyio 6ubauorery (https://istarik.ru/file/stDHT.zip).

CkeTu OymeT BBITVIAAETH CJAEAYIOIIUM 00pasoMm:

1
2.
3.
4.

#include <stDHT.h>

DHT sens(DHT11); //Ykasatb gatumk DHT11, DHT21 nnn DHT22
// (HECKONBKO AAT4YMKOB BMWCbIBATb HE HYXHO).

-
DRI R

Puc. 5.18. MNMoakntoyenne patyvka DHT11


https://istarik.ru/file/stDHT.zip

5.7. JononHuTenbHble 3a4aHus OJ19 CaMOCTOSTEsNbHOM paboThl @

//Mogknioyate MOXHO TOJNIbKO OAMHAKOBbIE OaT4UKWU, T. €. HeNb3s
//vncnonb3oBartb ogHoBpeMeHHo DHT11 n DHT22!

void setup()

{
Serial.begin(57600); // OTkpbiTe nopTa Ha ckopoctn 57 600 6oa,.
pinMode(2, INPUT);

}

void loop()
{

int t = sens.readTemperature(2); //CunTbiBaHME B NEepeMeHHyIo t
// NokasaHu Temneparypbl C Oaryuvka,
//Ha3BaHHOIo sens.

int h = sens.readHumidity(2); // CuntbiBaHMEe B NepemMeHHylo h
//NoKa3aHuin BNaXHOCTW.

delay(2000);

//BbIlBO4, pe3ynbTaTtoB B MNOC/EN0BaTENbHbIA MOPT:
Serial.print("Hum: ");
Serial.print(h);
Serial.print(" %");
Serial.print("Temp: ");
Serial.print(t);
Serial.printin(™ C ");
}

BrimosiHuTe KOMIMAANMIO M 3arpysKy CKeTda Ha yCTpoIicTBO. 3a-

TeM

OTKPOITE MOHUTOP IIOCJIEAOBATEJIBHOTO HOpPTa. B HEM MOJIKHBI

0TOOPA3UTHCA JaHHBIE B PEKUME DPeasibHOTO BPEMEHU.

JTo

5.7. QononHuTenbHbIE 3a4aHNNA
OJ1I CaMOCTOATEIbHOM paboThbl

LLlap c npegckazaHuamm

3aJaHue HOeT mocje yupaskHeHus «Pabora ¢ LCD-gucrieem».

KommnoHneHTsI:

e o o o

miata Arduino Uno, 1x;

matuuk BuOpanuu SW-520D, 1x;
USB-kabesb, 1X;

CBETONMOJ KPAaCHBIN, 1X;
CBETONMOJ 3eJIeHbIH, 1X;
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e IIPOBOJA;
e mMakerTHasa mara BreadBoard Half, 1x.

3amporpaMMupoBaTh «Illap» TaK, YTOOBI OH CJHYyYalHBIM 00pasoM
«OTBeUaJI» Ha MOCTaBJIeHHBIN Bompoc «/la» mau «Her». Pabora 1mapa
OUeHb IIPOCTa: €CJIAM OH HAXOAUTCA B COCTOSAHUU MOKOS, TO HUUYETO He
OPOUCXOAUT, HO CTOUT HOCTYUYaTh IO MJAaTUMKY, KaK 3aropaetrcsa Jubo
KpacHBIl, 00 3eJIeHBbIII CBETOLMOJ.

YcnoxHeHune 3agadn 1
H_Iap AOJIJKEeH BbIJaBaTb COOﬁH.IeHI/Ie Ha 9KpaH B BHIOE TeKCTa Ha
LCD-gucmee.

ABTONOBOPOT

3amporpaMMUpoOBaTh KapTUHKY Ha 3JKpaHe TaKUM 00pa3oM, YTOOBI
OHA IIOBOpauYMBAaJiach B COOTBETCTBUU C IIOJIOKEHUEM JaTuuKa-akce-
aepomempa (puc. 5.19).

Puc. 5.19. AkcenepomeTp

AKcesepoMeTp II03BOJISIET ONIPENEJATH YCKOPeHWe, AeMCTBYyIoIee
B HaIpaBJEHUU OCeHNl X, Y, 2, U IPUMEHAETCA AJIA OIpeHesIeHUS OPHU-
eHTanuu o0BEKTA B IPOCTPAHCTBE: YIJIOB KpeHa ¥ TaHraxka. Kcra-
TH, BIIOCJEACTBUU 3THU 3HAHUS MOKHO HCIIOJIL30BATH IPU CO3TAHUN
IPOHOB.

KoMmmnoneHTsI:

naara Arduino Uno, 1x;

miaara pacmupenus Troyka Shiels, 1x;
axceaxepometrp (Troyka-momyins), 1X;
USB-kabenb, 1X;

IIPOBOLA;

makerHas miaara BreadBoard Half, 1x.

e 6 o o o o

AxcenepoMeTrp o0IaeTcsa ¢ YOPABJIAIOIEH 3JIeKTPOHUKOMN IIO IPO-
rorkoxy 12C / TWI. IlogkiriodeHne BBHITIOJHAETCA ABYMS TPEXIIPOBOI-



5.7. JononHuTenbHble 3a4aHus OJ19 CaMOCTOSTEsNbHOM paboThl @

HBIMU muIefidaMu, UAYITUMUA B KOMILIEKTe ¢ MomyJseMm. Ilpu mof-
KJaoueHnn mMoayJasa K Arduino ymo0HO mcmoJsib3oBaTh MoAyJab Troyka
Shield, Ha KoTOpOM y)Ke BBIBEJEHBbI MOIIOJHUTEJIbHbIE KOHTAKTHI.

st mosyyeHUs MAaHHBIX C aKcejgepoMeTpa Tpedyercsa OubiamoTeka
Troyka-IMU. Oua ckpbiBaeT B ce6e BCe TOHKOCTH IIPOTOKOJIA, ITOCPET-
CTBOM KOTOPOT'O II€pefaloTCs JaHHbIe C aKCeJiepoMeTpa, U IIPeaoCTaB-
JIsIeT IPOCThIe M MOHATHBIE (DYHKIIUU AJIs BbIBOJA 3HAUEHUM.

Peknama «beryuiasa ctpoka»
3anporpaMMupoBaTh Ha IUQMPOBOM TabJIO OEryIIUil TEKCT.

KomMmnoneHTsr:

e miaara Arduino Uno, 1x;
CBETOAMONHBIN AUCILIeN, 8x8, 1X;
USB-kabenp, 1x;

IIPOBOLA;

makerHas miaara BreadBoard Half, 1x.

ITogrkntounTs AUCIIENT MOYKHO, PYKOBOJICTBYACH CXeMOHM Ha
puc. 5.20 u Taba. 5.2 cOOTBETCTBUSA KOHTAKTOB.
g paboTsl HEOOXOAMMO yCTaHOBUTH Oubsuorery FrequencyTimer.

w6 I ' e
O0000OO0O0OO0
D0 VOO0 0
O OO0 OO0
00000000,
00 ODO0OO000
O00O0
Q00O
Q00O

1 X J L L

0000
0000
0000

@

Puc. 5.20. MNoaknioyeHne cBeTOAVMOAHOro aucnies
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Ta6bnuua 5.2
KoHTakTbl MaTpuLbl KonTtakTbl nnatbl Arduino Uno
Pin 1 Al
Pin 3 D5
Pin 4 D11
Pin 6 A2
Pin 7 D7
Pin 9 D4
Pin 10 D6
Pin 12 AO
Pin 13 D10
Pin 15 D12
Pin 16 A3
Pin 18 D2
Pin 19 D8
Pin 21 D3
Pin 22 D13
Pin 24 D9

5.8. MpoekT «Pa3zButne MoTOpUKUN»

Puc. 5.21. Baw npoekT MoxeT
BbIMMSAETb Tak

THUA MEJKOU MOTOPUKHU y HIeTen

B sTom pasgese mam mpumep poboTo-
TeXHuYecKoro mpoexkrta (puc. 5.21).
Ilpu ero BhImOJHEHMH BaM IIOHAIO-
0sTCA BCe BalllM 3HAHUSA, MOJyUYeH-
Hble B IPEALIAYINUX IJIaBaxX KHUIM,
B TOM umHcje O paboTe AATUMKOB
U mporpaMMupoBaHuu. Ecam xoru-
Te, UCHOJIL3YITE ero B KauecTBe BO3-
MOJKHOTO I1abJioHa MOJasd odopmie-
HUSI COOCTBEHHBIX HOBBIX IIPOEKTOB.

Ilens: cosmaHme CHCTEMBI pPa3BU-

JOIIIKOJIBHOI'O BO3pacTa.

ManeubKue meTH TOJBKO yUaTCs YIPaBIATH COOCTBEHHBIM TEJIOM.
To, 4TO B3POCJBIM KasKeTcs HPOCTBIM U He TPeOYIOIUM CIerualb-
HOTO BHUMAHUS, OJA HUX MOMKET IIPEACTABIATH OIpPeeIeHHbIe TPYI-
HocTu. HelipoHHBIE CBA3W B oprammsMe peOeHKa ele TOJbKO (opmu-
pYIOTCs, ITO9TOMY HY:KHa TPEHHUPOBKA, UTOOLI HAYUUTHCS HAKKUMATD
Ha IIpeAMeThI MaJbllaMU C PasHOIl CUJION M B PasHBIX KOMOMHAIIUSX.



5.8. MpoekT «Pa3BuTrié MOTOPUKU» @

3amaumn:

1. Cosmanne TpeHakepa [OJsd PaA3BUTHUA MEJKON MOTOPHUKH y OeTei
IOIIIKOJBHOTO BO3pacTa.

2. ®opMyJIUpPOBAHNE U OIIMCAHNE UTPHI:

1) metoguku (IpaBUJI UTPHI, YUACTUSA U ONMNCAHUA);
2) mporpaMMbl [JIs TpeHa)kepa, COOTBETCTBYIOIINE TpPeOOBaHUAM
oyHKTa 1).

KiaioueBsle ciaoBa: JeTu, MOTOPUKA, 3J0POBbe, UI'PHI, Pa3sBUTHUE.

O6sacTu MpUMEHEHUT:

e Joma: OJis PA3sBUTUSA MEJIKOM MOTOPUKH y MJIAAIINX UJIEHOB Ce-
MbU, IJisI PA3BUTUSA COOCTBEHHBIX HaBBIKOB, a TaKKe OJA Tpe-
HUPOBKU IIMAHNUCTOB;

e 8 00pa308amMeNbHbLX YupercOeHusXx: OIS PA3BUTUSA MOTOPUKU
y IeTeil B IpymIiax JIeTCKOTo caja.

KommoHeHTHI n UHCTPYMEHTHhI:

e KoMmbioTep (MmHHUMaJbHBIE TpeboBaHusa): OC Windows XP,
Vista, Windows 7, Windows 8, Windows 8.1, Windows 10
(32/64) / Linux Mint, Ubuntu, Fedora / Mac OS X; omepartus-
HasA namMATh He MeHee 512 MO; mpormeccop — 1,1 I'T'q (mam Obr-
cTpee); cBOOOAHOE IPOCTPaHCTBO Ha Aucke — 200 MO;

cpena nporpammuposanus Arduino IDE;

niaara Arduino Uno;

COEIMHUTEBHBIE IIPOBOLA C ABYMS INTHIPHKOBLIMU KOHTAKTaAMU, 8X;
COeIMHUTENbHEBIE IIPOBOAA C KOHIAMM THUIA INTHLIPEK M THEe3I0, 6X;
miara pacmimpenus Wireless Proto Shield;

MOAyab GecripoBogHOM cBasu Bluetooth Bee (unu XBee);
makerHas miaara BreadBoard Half;

pesucTop maBJeHus auamMerpom 12 mm, 3X;

pesuctop, 10 xOm, 3Xx;

NiMH-akkymyssaTop tuna «KpoHa» m rkabesb muTaHusA AJis Oa-
Tapeiiku «KpoHa» miu uMnyJabcHBIN 600K nutanusa ¢ USB-passb-
eMoM (peKoMeHIyeTcs);

e USB-kabesp Tuma A-B;

e M30JISAIMOHHAS JIEHTA WJIU CKOTY;

® HOMKHUIIHI.

e 6 6 0 o ¢ 0o 0o o o

Jdasa kopmyca:

e TOTOBBIN HAOOP s COOPKU CKBOPEUHMKA WUJIN AePeBAHHAS IITKA-
TYJAKa Ui AeKylaka, B KOTOPYI0 CMOYKET MOMECTUTHCSA COHIBUY
u3 Arduino Uno u Wireless Proto Shield u orzensHas makerHasa
mjaTra; y Hac HAIJIach KOPMYIIKa ajd mTuil (cMm. puc. 5.21);

e JIpeJib;

e Haa(duab WIN Ha)KJauHass Oymara Ajis oOpabOTKH Kpaes.
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ns1 cBoero mpoeKTa BBl MOYKETE€ B3ATH MOAYJIN APYTUX IIPOM3BO-
IUTesell, UMeIoIe aHAJOTUYHbIE XapPaKTEPUCTUKHU, IMOCKOJIBKY Ar-
duino — oTrkpeiTas annaparHas miaTdopma.

HccaemoBanue
B mpoexkTax Bcerma Bce HAUMHAETCS C BBISIBJIEHUS IIPOOJIEMBI, IIOCTA-
HOBKHU BOIIpOCA I IIOMCKA YiKe CYINEeCTBYIOIUX pPeIleHU, KOTOpbIe
IOTOM IIOTpedyeTcs WM aJalTUPOBATh, WJIW OTBEPTHYTH KAaK HEOI-
TUMaJbHbIe. YTOOBI HA 5TO PEIINTHCS, HYIKHO IPOBECTU TIIATEJIbHBIN
aHaJIu3.
Wrak, sTan ucciaemoBaHus BKJOUAET B ceds:
e KpaTKoe M3ydYeHHe HalIpaBJieHus PabOThI;
e yccJeqOBaHUWE CYIECTBYIOIUX paspaboToK II0 3aJaHHOW TeMa-
THUKE;
e aHa/JIM3 MaTepuaJjOB U BbISIBJIEHNE MNPUHIINIIOB, IIPUMEHIEMbIX
B 9THUX paspaboTKax;
e KPUTUUYECKYIO OILEHKY CYIIEeCTBYIOIIUX PeIIeHN’il;
e (popMyJIHMpPOBAHNE THUIOTE3LI O COOCTBEHHOM OIITHMAJBLHOM pe-
IIIeHUN.

Kax Bumutre, mian 0OJIBIION, OSJHAKO IIOZOOHOE IMCCJIEIOBAHIE MO-
JKeT 3aHATHh B (popmaTe Te3ucoB He Oojsee 5—10 crpammuii.

Hamnpumep, nd ZaHHOrO IpoeKTa IIoTpedyeTcs:

e BLINHKCATH ompenaeaeHuss (MOTOPUKA, Pa3BUTHUE U T. I.);

® H3YUYUTh, KAKMe METONUKHU NPUMEHSIOTCS, CY3UB 00JacTh IO Me-
TOAVK, BKJIIOUAIOIINX IIPUMEHEHNe WUIP U UTPYIIeK;

® BBISICHHTH, KaKWe WUIPYINKM HamboJiee HOMYJSIPHBI M KaKue pe-
KOMEHIYIOT TICUXOJIOTW; M3 Uero S9TU UTPYIIKU chejaHbl (mJia-
CTUK, JePeBO, MEeTAaJlJ), OHK CTATUYHBLI WUJIN AUHAMUIYHBI;

e BBINMCATDL, II0OUEMY 3SJIEKTPOHHBLIE WUIPYIIKN M3 OEIIeBLIX MaTe-
PpHAaJIOB MOT'YT OBITH HE TOJBKO BPEIHBI, HO M 0ECHOJIe3HbI M3-3a
HHU3KOM UYyBCTBUTEJHLHOCTH IATUMKOB M HECOOTBETCTBUS 3asB-
JIEHHBIM MapaMeTpaM;

e [I0Ka3aTh, UTO HPSIMOM KOHTAKT C XOPOIIO 3aKpPEeNJIeHHLIMU LaT-
YMKaMHK OAcCT JYYIINHA pe3yjabTaT, 1 BBECTH OIPAaHUYEHUS U TpPe-
OoBaHUA K OyAyIlleMy HPOAYKTY.

Coopka

1. Yemanosxa naamut pacuwupenus Wireless Proto Shield ma mimaty
Arduino Uno (puc. 5.22).

2. Yemanosrka modyas 6ecnposodnoii ceasu Bluetooth Bee (puc. 5.23)
Ha CIeIUaJbHYIO0 TPYINIy KOHTaKTOB Ha muate Wireless Proto Shield.

3. IIodkaoueHue numanus Kk maxkemuoil naame. CoeguHUTE Kpac-
HBIM TIPOBOJAOM JIO0OII KOHTAKT Ha IIHHE IUTAHUA <«+» (pPAIOM
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> @ Biuetooth °

P Bu..

Puc. 5.22. CoHaBuy 13 nnatbl Puc. 5.23. Moaynb 6ecrnpoBoaHoi
pacwmpeHus Wireless Proto Shield cea3u Bluetooth Bee

n nnatbl Arduino Uno

ARDUTNG

Puc. 5.24. MNopaya nutaHns Ha MakeTHylO nnarty

C KPacHOM JIMHHWEelH) Ha MaKeTHOM IjIaTe ¢ KOHTakToM 5V Ha ILiaTte
Wireless Proto Shield. YuurbiBas Oyayiiue IOAKJIIOUEHHUS, YA0OHee
3alefiCTBOBATh INUHY, PACIOJIOMKEHHYI0O HAaBEePXy MAaKeTHOM IIJIaThl

(puc. 5.24).

4. ITodkawoueHue 3emau k makemuoit naame. CoegfUHUTE UYEPHBIM
OPOBONOM JIFOOOM KOHTAKT Ha IMUHE 3eMJN «—» (PAJOM C CUHEHN Ju-

HUell) HAa MaKeTHOUW mJjate ¢ KoHTakToM GND
Ha miaate Wireless Proto Shield. Temeps ymo0-
Hee WCIOJb30BaTh IIMUHY, PACIIOJOMKEHHYIO
BHU3Y MaKeTHOI miaaThkl (cM. puc. 5.24).

5. CaegytomuMm 1mrarom OyzaeT cOOpka TIpo-
CTeHBKOUN aJexmpuueckoil cxemvl TPeHa)Kepa.
Ona OyzerT COCTOATH M3 TPeX OeJauTesiell Ha-
OpAKeHNs, IMOCTPOEHHBIX COBEPIITEHHO OMMHAa-
KOBO: M3 De3ucTopa naBjeHus R, u 0OBITHOTO
pesuctopa R Ha 10 kOM, coemMHEHHBIX IIOCJIe-
moBareabHO (puc. 5.25). BrixomHoe HampsKe-

Puc. 5.25. OnekTtpu-
yeckas cxema OOHOro
nenutens HanpsikeHus
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HIe CHUMAaeTCA C UX OOIIeill TOUKM UM THOJAeTCsS B BUIE aHAJIOTOBOTO
CHUTrHaJIa Ha YIPAaBJIAIIYI0 3JeKTPOHUKY, Hampumep Arduino.

STO0 MHTEepeCcHO!

PesucTop gaBiieHUsS M3MEHSET CBOE COIPOTUBJIEHNE B 3aBUCUMOCTU
OT CUJIbI, IPUJIOKEHHOU K ero AUCKY: ueM OOJIbIlle CUJa AaBJIeHUA,
TeM MeHbIe comporusienue R,. [Ipu oTcyTcTBUU NaBJIEHUA COIPO-
TUBJIEHUE pesucTopa npaBjeHus mnpesbimmaer 1MOwm. Pesucrop mas-
JIeHUs MOJYKeT u3MepATh Bec B auamasoHe or 100 r mo 10 xr, mHo
C HEBBICOKOM TOYHOCTBIO, IMOITOMY JMJIsI COOPKU 3JIEKTPOHHBIX BECOB
OH HEe TOAUTCH.

Cuia TOKa B TaKO#l cXeMe PaCCUUTHLIBAETCSA COIJIACHO 3aKoHy Oma:

_U_

R+R’

rae I — cuna Toka; U — HanpskeHue NUTaHusA; R, — compoTusieHue

pesucTopa gaBjeHHsd; R — COIPOTUBJIEHHE BTOPOI'O Pe3HCTOpA.
Hanpsasxenne U, , KoTopoe Oyzer mocrynars Ha miaaty Arduino

Uno c pesucropa R, MOKHO BBIUYHCJHTH II0 (hopMyJe:

_rp__U
Upix=IR=—4 7 R

I =

nJjin

ITOT OYHKT TOXKe cJeAyeT OnucaTh B JOKYMEHTAIlMM IIPOeK-
Ta, KaK U BCe IpUMeHsAeMble (POPMYJIBI.

Wrak, mpucTynuM K cOOpKe Ha MAKETHOI ILjaTe IIePBOTO [IeJIi-
TeJsl HaupsKeHus. llpucoenmuuTe JI000M M3 BBIBOJOB pPeE3UCTOPA
IaBJeHUA K INWHe NUTAHUA Ha MaKeTHOU marte (puc. 5.26). IIpyroit
BBIBOJ MOAKJIIOUNTE K KOHTAKTy jl (cm. puc. 5.26).

3areM BcTaBbTe BBIBOABI pesucTopa R (#a 10 kOwm) B KoHTaAKTHI f1
u el. ITocse aTOro coeMHUTE YEPHBIM IIPOBOAOM KOHTAKT d1 u mimHy
semau (puc. 5.27).

OcTaoch MOAKJIIOUYNTDL BBIXOM NEJIUTEJIS HANPSIKEeHUS K Iriare Ar-
duino. CoeguHuTEe TPOBOJOM KOHTAKT g1l Ha MaKeTHOM IJaTe M aHa-
goroBbiii Bxonm AO (Analog NeO) ma maate Wireless Proto Shield
(puc. 5.28).

AHajoruuHO coOepuTe elle ABa AeJUTeJsd HampsKeHus (puc. 5.29).
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Puc. 5.26. lNogknioyeHre NepBOro pe3mcropa AaBfeHus

Puc. 5.27. lNogknioyeHne pesu- Puc. 5.28. lNogaknioyeHne Bbixoaa ae-
ctopa R nutensa HanpsbkeHus K nnare Arduino

B rabiuiie HmiKe pacmucaH IIOPAAOK IMIOAKJIIOUEHHS KOMIIOHEHTOB
TpeHa)Kkepa:

Adenutenn HanpsHKeHus

MepBbin BTopom TpeTuin

R, i1 1 wnHa «+» j11 n wurHa «+» j21 n wuHa «+»
R f1 n et f11 nell f21 n e21
Beixop, gl n AO g1l n A1 g21 n A2
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Puc. 5.29. lNoaknioyeHne BTOPOro U TPETbEro AeNUTENEN HanpsXeHUs

6. Jusaiin wopnyca. IlepBBIM JeJ0M HYKHO 00€CHEUUTH BEHTUJIA-
IO — YCTPOMCTBO He MOJIXKHO IeperpeBaThbces! [y aToro mpojesaii-
Te B CTEHKaX KOPIyca OTBEPCTUS IS Pe3ucTopoB masienus. COOKy
HYKHO ellle OJHO OTBEpPCTHEe, YTOObI 3aBECTH BHYTPH Kabesb MUTAHUS
(puc. 5.30). O6paboraiiTe Kpas Ha’KJauHOU Oymaroit miaum Hanbujiem,
uyTOOBI OJIB30BATENb HE MOJYUYNJ 3aHO3BI IIPU HTPE.

AxKyparHo nmomectuTre coHaBuY m3 miaat Arduino m Wireless Pro-
to Shield u makeTHyi0 mIaTy B KOPIIyC, BBIBEAS HaAPY:Ky TPU Pe3U-
cropa mpasienusa (puc. 5.31). 3adpukcupyiiTe UX HU30JEHTON TaK, UTO-
OBl pebeHKY OBLIO yIOOHO HaKNMATh.

s muraHus yCTPOMCTBA IOACOEAUHUTE K TpeHakepy MIPOBOAOM
barapeiiry Tumna «KpoHa» wuim BOCHOJB3YyHTECH OJOKOM HHUTAHUS

Puc. 5.30. JoMmuk gns TpeHaxepa Puc. 5.31. Tenepb BCE Ha mecTe!
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u USB-kabeaxem. Barapeiika mam akkymyJaTop tuma «Kpoma» o0e-
CIIEUMBAIOT aBTOHOMHYIO, XOTS W HEAOJITYIO0, paboTy mpoeKTa. MOKHO
B3ATHb aKKymyJaaTop tuna PowerBank.

JlobGaBbTe dJIeMEHTHI AeKOopa, HaIpuMep IIOCaauTe Ha JKEePIOUYKY
IIMIIeByl0 NTUYKy. COpsubTe MB0JIEHTY U 3aMaCKUPYHTe BUAUMYIO
YacTh ITPOBOJOB JATUYMKOB.

IIpoBepbTe, UTO COegUHEHUA HEe HAPYIIEHBI U HUUTO HE KacaerTcs
miuaTt. Eciu Bce B mopsaake, To cOOpPKa 3aBepIlleHA M MOYKHO ITOJKJIIO-
YaTh TPEHa’Kep K KOMIIBIOTEPY IJis IIPOrPaMMUPOBAHUS.

IIporpammupoBaHue

s pesucTopa naBJIeHUSA HET CIeNuMPUUecKUX OmOJImOoTeK — OOBIYHO
npuMeHsieTcs 00paboTKa 3HAUEHUsS CUTHAJA, IOCTYIIAloIero Ha ama-
JIOTOBBIH BXoJ 1aTbl Arduino. [Ija MCHOIB30BAHHON B IMPOEKTE CXe-
MbI COOPKM BEPHBI CJIEAYIOIINE 3HAUEHUS:

ConpoTtuBneHue Cuna BbixoaHoe 3HaueHue PyHKUUMn
pesucTtopa pas- HaxaTtusa, H HanpsikeHue, B analogRead( )
newus, Rp
30 kOm 0,2 1,3 266
6 kKOm 1 3,1 634
1 kKOm 10 4,5 921
250 Om 100 4,9 1003

Ilpumenenune momyas OeCIIPOBOAHOM CBA3U TOKe He Tpedyer mo-
HOJITHUTEIbHBIX OMOJIMOTEK, IMOCKOJBbKY OH Ha (PUBUYECKOM YpPOBHE
peanuayeT APYToii KaHaJ OJA IIPOTOKOJA IIOCJIeI0BATEIHLHOTO IIOpTa
UART (VAIIII, yauBepcaJbHBIA aCMHXPOHHBIA IIPUEMONEPEeaTunK),
ucnoabdyemoro npu USB-momxiroueHun.

1. /*1 QTAMN. NOAIrOTOBKA NAMATU*/

/*MEPEMEHHbIE*/

int firstSensor = 0; // Ona XpaHeHns 3Ha4YeHusa OaBAeHUs
//Ha nepBbIi OaTYUK.

int secondSensor = 0; //Ona XpaHeHUs 3Ha4YeHUs OaBfieHus
//Ha BTOPON AaTyuk.

int thirdSensor = 0; //Ona XxpaHeHus1 3Ha4eHusa gaBneHusd
//Ha TPeTun JaTyuk.
String textling; //HasBaHne cunbl Haxatus.

/*Ansa ynobcTtBa cneoyet nepeobo3HauYnTb aHaNIoroBble BXOAbl,
Ha3BaB VX NO Aar4ymkam.*/

#define fsrOne AOQ //TepBbIn PeE3NCTOP OaB/IEHUS.
#define fsrfwo A1 //BTOpOn pe3ncTop OasieHus.

3
4
5
6
7
8
9.
10.
11
12
13
14
15. #define fsiThree A2 //TpeTuii pe3ncTtop OaBneHus.
16
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17.

18. /*Il YACTb. 3AMYCK YCTPOMCTBA (®YHKLINA YCTAHOBKW)*/
19. void setup() {

20. Serial.begin (9600); //UART. B gaHHOM cny4ae BbIBOAUTCSH

21. //Ha Bluetooth, nepekniovaetca puandeckun.
22. }

23.

24. /*lll. OCHOBHA4A MNMPOIrPAMMA.*/

25.

26. /*OOMONHUTENBHAA ®YHKLUWNA PAHXNPOBAHUA OABJIEHUA*/
27. void pressure (int value) { //BbyaeT Bo3BpalaTb CTPOKY, a Ha BXOn4,
28. //nony4aeT 3Ha4YeHue OT JaTdmka

29. /* MNMocne cnoB HeobxoaMMoO [06aBUTb NMpobesnbl, YTOObl MO HUM
30. paspenatb gaHHble B NpuioXeHun Ha Android */

31. if(value<250) textline = "cna6o ";

32. else if(value>=250 & value<500) textline = "HopmanbHO ";
33. else if(value>=500) textline = "cunbHO ";

34. Serial.print(textline);

35. }

36.

37. /*O0ONONHUTENIbHAA ®YHKUNA OMPOCA OATHUKOB*/
38. void info(){

39. firstSensor = analogRead(fsrOne); // CunTbiBaHNE MNOKa3aHui
40. //C NepBOro gatyuka.
41. secondSensor = analogRead(fsrTwo); //CuuTbiBaHME MOKa3aHWUM
42. //CO BTOPOro Aaryuvka.
43. thirdSensor = analogRead(fsrThree); //CunTbiBaHME MOKa3aHUNM
44, //C TpeTbero gart4yuka.

45. //BbIBOL paHXMPOBAHHbLIX 3HAYEHUI C TpPex OaTynMKOB
46. //B OOHY CTPOKY.

47. pressure(firstSensor);

48. pressure(secondSensor);

49, pressure(thirdSensor);

50. Serial.printin(); //TMepeBon, KapeTkn Ha HOBYIO CTPOKY.

51. }
52. /*2. OCHOBHAA ®YHKLIMA NMOBTOPA*/
53. void loop() {

54, info();
55. delay(5000); //Maysa 5 cekyHa.
56. }

IIpu mnpommuBke uepes USB-xabenb yb0eauTech, UYTO PHIYAMKOK
«SERIAL SELECT» uma miare Wireless Proto Shield maxomurcsa
B moao:kenuu USB. Ilocje IpOIMBKU IIepeBequTe PHIYAYKOK B II0JIO-
sxeaue «MICRO».
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BN APp INVENTOR
Servenl » | fodamneinoas | ¥ganrs span Auaainen | Brown

NamuTpa NpocmaTp KomnicwenTes Ceoicrea

Devices

HHTEpdedic nonsaceaTenn

2 Hnonka

Cratyc:

Pexum axudanus
o

Cencop 1
CeHcop 2
CeHcop 3

NMOUCK DEHOBHTbl

BbiXon

- ' Megua
Pacnanamenme hammesprg
BarpyauT

Megsia
el HECDHOHMBIC KOMNOHCHTRI

PHCORSHIE W AHHMALMA

Maps

Cencopil

Dfuyesme

Xpannmue

Hanansi ATl dra s

Puc. 5.32. NHTepdeinc nporpamMmmbl

O monyuyeHUsS AAHHBIX W AOCTyHa K IIOCJIEA0BATEIHLHOMY MOPTY
YCTPOMCTBA C IIOMOIIBI0O MOOMJIBLHOTO TesiehoHA YCTAHOBUTE HA CMapT-
dou npuno:kenme Game. Bbl MoKeTe ero cKkauaTh Ha CTPAHUUYKE 9TOH
KHUTY Ha caiiTe u3gaTeJbCTBa «JlabopaTopusa 3HaHUII», a MOYKeTe
CO37aTh aHaJIOT CAMOCTOSATEJIBbHO C IIOMOIIbiI0 web-mpuioxxenus Ap-
pInventor2. 9to He moTpebyeT MOIOJHUTEJABHBIX 3HaHUU. CBoe mpH-
JIO}KEeHMe Mbl pasMeCTHJIX B rajiepee: ai2.appinventor.mit.edu/?galle
ryld=6606960705798144

HNurepdeiic mporpaMmmbl n3odpakeH Ha puc. 5.32.

Cumauvana paccmorpuM Kon. OH HamucaH Ha BU3YaJIbHOM sA3bI-
ke Blockly, mo cTpykType ouenb moxoikem Ha Scratch wmam Snap!.
Bioku TpUIIOMKEeHUA BBITJIAOAT cJenyouM obpasom. CHauama HYK-
HO cOo3JaTh OYCTON JIUCT, KyAa OyAyT IMEePeHOCUThCA IPUHUMAEMbIe
C yCTpO¥iCTBa NaHHBIE:

WHWLMANN3UPOBAaTH rNobankHyio 8 | (3] cospatk nyctoit nuct
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3arem wuAyT OJIOKW, OTBeUalOI[Me 3a 3alpoc CIHCKa JOCTYII-
HBIX K MOAKJIOUEHUIO YCTPONCTB U HEMOCPEACTBEHHO IMOAKJIIOUEHU
(puc. 5.33).

Korga .NepenBiGopom
nenats JDHCBOHTb Devi + M JnemeHTHl T BluetoothClient1

AnpecallimeHa -

Korga MocneBuibopa
nenate | (3] ecnm :18LT:) BluetoothClient1 » BRI TGIET S

anpec

10 npucsouts Devices * M Sneme G BluetoothClient! + B AppecallWmena -+ |

Puc. 5.33. Bnoku, oTBeyawowme 3a 3anpoc crnumcka

Korga ycTpoiicTBO mOAKJ/IIOUEHO, IporpaMMa JOJIKHA MOKAasaThb Co-
OTBETCTBYIOIIyI0 nHpopMmamnuio (puc. 5.34).

(Gl EN Clock1 » BRETIVEL]

@) BluetoothClient? -

TO NPUCBONTE §

NPUCBOUTL §
-

) -0 L BluetoothClient1
TO  MpUCBOUTB nection v Ml TekcT

npuceouTb i
-

Puc. 5.34. YCTpOICTBO MOAKIIIOYEHO

Camasi BasKHAasi 4acTh NIPOTPAMMBbI — 9TO MOJYYEHUE JaHHBIX II0
Bluetooth ot co6panmoro tpenaxxepa. Korma mpureaiias ctpoka 0y-
IeT cuuTaHa, ee CJeAyeT cpasdy sKe pas3duTh HA 9JIEMEHTBI, HCIIOJb-
3ysd B KadecTBe pasAeJuTesisa mpobes. 3aTreM MHMOPMAIUA IO KarK-
JIOMY 9JIEMEHTY BBIBOAUTCA B COOTBETCTBYIOIIYIO CTPOKY Ha 9KpaHe
(puc. 5.35).

IIpaBusioM XOpPOIIIETO TOHA CUMTAETCA HAJIUUYNE ABHOM KHOIKM BBI-
Xoma U3 MPUJIOKEHU:

koraa [SAED -Llenuok

aenartb L 3aKpbITE NpUNoXeHWe

Bepuemca Ha BKIagky dusaiiHep M pacCMOTPUM ITOAPOOHEe BHEIII-
HUil BUJ 9KpaHa npujokenus (puc. 5.36). Ou OyaeT eIMHCTBEHHBIM,
HO B Applnventor2 BB MoOKeTe HacTpamBaTh SKPaHBI IJs PasHBIX



WeLHawale ou uunewdodHn Togiag "G g *omd
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Cratyc:

Pexum oxudanus. ..
[/

CeHcop 1
CeHcop 2
CeHcop 3

NMOUCK OBHOBUTL

BbIX0[

Puc. 5.36. BHewHwun Bug,
3KpaHa NpUNoXeHus

KomMnoHeHTbI
e Screen
A\ Status
A Connection

& iconHammer
A NepebiCeHcop
"\ BropoitCeHcop
I TpeTuiiCeHcop
e HorizontalArrangement1
Devices
. data
e Exit
<
Clock1
bk ;
4% BluetoothClient1

MNepeumeHoBaTb  Yaanutb

Puc. 5.37. lNaHenb komno-
HEHTOB
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COOBITHII, TOTHA IIPU HAKATUN KHOIKU
WJIW IPYTOM JAeficTBUM M300pasKeHUe Ha
sKpaHe TejedoHa OyIeT IMOJHOCTHIO Me-
HATHCA.

B paccmaTpuBaeMoM IPOEKTEe MBI TIO-
MECTUJIU Ha SKPaH UHIWKATOP IIOIKJIO-
yeHus ycrpoiicts mo Bluetooth (Status),
TPU HAAIUCU, KOTOPbIe OYAYT MEHATHCSA
B 3aBUCUMOCTHU OT ITOJYYEHHBIX HAaHHBIX
(c HOMepaMu CEeHCOPOB) M TPU KHOIIKH:
KHOMIKY IIOMCKA [JOCTYMHBIX YCTPOICTB
(Devices), OTKPBIBAIONIYI0O COOTBETCTBY-
IOIUHA 9KpPaH, KHOIKY 3ampoca JaHHBIX
(data) o mamaTMm IpPU MMOAKJIIOUEHHOM
TpeHakepe " KHONKY B3aKpPbITUS IPU-
aoxenus (Exit). Ha mnameam xowmio-
HEHTOB 5TO BBITJIAAUT, KaK II0KasaHo
Ha puc. 5.37.

Bl mMosxere oTpemakTUpOBaTh HPU-
JIOJKeHNe TPSIMO Ha caliTe MJIU CO30aTh
ero ¢ HyJd. [[J1d mOAKIIOUYeHWA HaAWUaUTE
B CIIICKe [OOCTYIHBIX ycTpoiicTB Blue-
tooth Bee. B KauecTBe Koma II0 yMOJI-
YAHUIO A BCEX MOjiejell yCTaHOBJIEHO
0000 nam 1234.

3amycTuTe YCTPOWCTBO W IIPOBEPHTE
ero paboToCIOCOOHOCTb.

JononHutenbHble 3agaHudA

ITpupgymatiTte urpel ¢ pebeHKOM u cje-
JaiTe crienuagbHble KApTOUKU. UTO erre
MOJKHO JOejIaTh C HJAaHHBIM YCTPOMCTBOM?
Kak OBl BBI ero MOTrJIM YJIYYIIUTH?

B Tabamumom mpolieccope cosnaiiTe
OIHEBHUK TPEHUPOBOK. BBINUIIIUTE OTBe-
Thl Ha CJEAYIOINe BOIPOCHI:

1. Kax uacTo BaM caMuUM yJaeTcs IIpa-
BUJBHO paclpefesisaTh cuiay? A wuCIbI-
Tyemomy (pebeHKY)?

2. EcTb u CBA3L MeEXKIYy HOMEPOM IIO-
OLITKY B JeHb M TOYHOCTHIO BLIIIOJIHE-
HUA 3aJaHua?



aea 6. NpumeHeHne pPoGOTOTEXHUKU
B pa3nunyHbix cdepax

6.1. PoOboToTexHuka
B COBPE€MEHHOM Mupe

CoBpeMeHHBIe POOOTOTEXHHUYECKNE ILIAT(POPMBI CIIOCOOHBI K JIOKAJb-
HOMY M TIJIOOAJIBLHOMY B3aHMOAEHCTBUIO, IIO3TOMY POOOTOTEXHUKA IIO-
Jy4YnJa IIMPOKOEe MIpHUMeHeHNe IIPAaKTUUYeCKU BO BcexX cdepax KIU3-
HeJIeATeJIbHOCTH. PaccMOTPUM HEKOTOpPhIEe 00JIaCTU, MCIIOJIb3YIOIIIe
cpencTBa UHMeEALeKMmYalbHoil asmomamuidayuu (¢ BbIOOPpOM clieHa-
puUs B 3aBHUCUMOCTH OT BHEIIHUX (PAKTOPOB).

Pob6omomexHuka HA npou3sodcmee CeTOAHS ABJSIETCA OCHOBOM
HIPOU3BOAUTEIHLHOCTH U 0E30IIaCHOCTH.

ABTOoMaTH3UpPOBaHHbIe JUHUN Ha 3aBogax u (pabpuxax (puc. 6.1)
yacTo O0BbeNUHEHBI B EAUHYIO CeTh. PaHbIille 000pyZoBaHIe OBIIO
aBTOHOMHLIM, OCTAHOBUTH (PU3MUECKM HE3aBHCHUMbIE APYr OT Apyra
aBTOMAThI (HampuMep, IevaTamlnue OOJOKKM M IeuaTalllue CcTpa-
HUIIBI KHUT') MOYKHO OBLIO TOJBKO BpyuHYyI0. CeromHs ke, IOJIYUYUB

Puc. 6.1. ABTOMaTn3npoBaHHasa NMHUA



@ MmaBa 6. MpuMeHeHre POBOTOTEXHUKM B PasfnYHbIX chepax

curHaj o6 omubKe WM, HAIPUMED, Ieperpese OJHOTO M3 aBTOMATOB,
YIPaBAAONINNA OJIOK OCTAHOBUT 3aBUCAINME KOMIIOHEHTHI JUHUU WJINU
CHUBUT TEeMII IIPOW3BOJCTBA, UTOOBI YCIETh YCTPAHUTH OINMUOKY 06e3
Cepbe3HBIX IIOTEPh.

ABTOMAaTHUYECKME CHCTEMBI MPOBEPKU JJIEKTPOHHBIX M MeXaHuue-
CKUX KOMIIOHEHTOB BHEAPEHBLI B IIPOM3BOJICTBO IoBceMmecTHO. Camas
M3BeCTHAs KOMIIAHUA, IIPOMUBBOAAIIAS ITOJOO0HBIE POOOTOTEXHUUYECKIIE
perienus, — Siemens. BOJBIIUHCTBO TaKUX CHUCTEM IIPOTPaMMUPYeET-
ca Ha as3bike C — ocHoBe aA3bIKa Wiring.

Kpome Toro, poGoTusupoBaHHBIE CHUCTEMbI MCIIOJL3YIOTCA IIPU 00-
CAYHUBAHUL NPOU3BOOCMEEHHLLX NOMeUW,eHUll, HAIpuUMep IJd yaa-
JIEHHOTO YIpPAaBJI€HUS OCBEIeHUEM, er0 MHTEeHCHUBHOCTHIO; IS KOH-
TPOJISI TTOKa3aHWil HaTUMKOB BJIAYKHOCTHU, 3aTa30BAHHOCTU U BPEIHBIX
BeIleCTB B BO3AyXe. ITO IIO3BOJAET cAejaTh TPy PabOTHUKOB 6e30-
HacHBIM M KOMMOPTHBIM M XPAHUTh CHIPbE U MPOAYKIINIO B IIOAXO-
OAMUX YCIOBUSAX.

CTouT OTMETHUTh, YTO aBTOMATHU3UPOBAHHBLIE CHCTEMBI OOCJIY;KMBA-
HUS TIOMEIeHnII TaKyKe MCIIOJb3YIOTCA B By3aX, HEKOTOPBIX IMKOJIAX
U IPYTrUX OOII[EeCTBEHHBIX MeCTaX; OHU IOAAEPyKUBAIOT OIPeeIeHHYI0
armocdepy (TemmepaTypy, OCBeIlleHHEe U T.I.) B My3eaxX, KHUMKHBIX
XPAHUJUINAX U OUOJIMOTEKAaX, YIIPABJIAIOT IPA3AHUUYHON II0JCBETKOI
U CBEeTOMY3bIKaJAbHBIMU (poHTaHaMu (puc. 6.2). Bexmyieit B aToii 006-
Jactu saBasgercA Hemelikas ¢dupma Schneider Electric, TpuMeHSIO-
mas O TPOrpaMMUPOBAHUA zpa@uiecKuil sA3blK, KOTOPBIA MOMKHO
TaKsKe HCIOJb30BaTh AJiA IporpaMMupoBaHusa maat Arduino (Hampwu-
Mep, ¢ moMoIbio cpedvl FLProg).

ABTOMAaTH3UPOBAHHBIE POOOTOTEXHUUYECKNE CUCTEMBI ITPUMEHAIOTCS
IUIST O0CAYHCUBAHUS 30AHUL U YNpasaeHUs KOMMYHAAbHbLM X035il-
CMeoM TeJIbIX MUKPOpPaiioHOB. P0OGOTHI, B 3aBUCUMOCTU OT TeMIIepa-
TYpPBI OKPYIKAaIOIell cpeabl, Ce30HA W APYrux (PaKTOPOB, YIPABISIOT
HArpeBOM BOJABI B CHCTE€ME€ OTOILJIEHUS, PEeryJUPYIOT HAIIOP XOJIOJHOI
BOZbI, IPOBEPAIOT COCTOSHME KPBIII, 3alKUChIBAIOT HOMEpa IIpUIap-
KOBaHHBIX BO JBOPE MAIIMH, PACIO3HAIOT JIMAIlA 3JIOYMBINLJIEHHUKOB.
IIpu monmomke nudra, mosKape WM MOIMBITKAX B3JIOMa OHH aBTOMATHU-
YECKH BBI3BIBAIOT COOTBETCTBYIOIIME CIIEIUAJIBbHBIE CIAYIKOBI U JeIaroT
MHOTrOoe apyroe. Takoe ympaBiieHMe, dallle BCero BCTPOEHHOE B CaMoO
3mammve, MOJYUYMUIIO HasBaHme «ymHoe 30anue» (smart building). Cu-
CTeMBbI, WCIIOJIb3yeMble JIOKAJbHO U YyCTAaHABJIWBaeMble EeIUHUUYHBIM
0JIb30BaTEJIeM B COOCTBEHHOII KBapTupe 0e3 BHeAPEHUS B KOHCTPYK-
muu (CTeHBI), HA3LIBAIOTCS MPUBBIYHBIM W TPOUYHO BOIIEIIITAM B OOU-
XOJ CJIOBOCOUETAaHUEM «YMHbLiL dom» (smart home).

B couuanvnoit cpepe pobGOTOTEXHUUECKUE CHUCTEMBI IIPUMEHSIOT-
cs mJisg o0paboTKM pPes3yabTaTOB OIIPOCOB, OBICTPONl M KaueCTBEHHOM
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Puc. 6.2. ABTOMaTM4YeCKOEe yrnpaB/ieHME CBETOMY3bIKasibHbIMU (pOHTaHaAMU

IPOBEPKU PE3YJIBTATOB T'OJIOCOBAHUII M KOHTPOJIS Ha M30MPATEIbHBIX
yuacTKax. ABTOMaTHUUYECKUe 3aIllMCU B ouepenu, (opMupoBaHme 3aKa-
30B B MHTEpPHET-MarasmHax, Ha CKJIafaxX W MHOroe Apyroe (pusudecKu
OCHOBaHO Ha POOOTOTEXHUKE.

PoboroTexHuKka IMUPOKO IPUMeHAETCA B MeduyuHe: OT UCCeqoBa-
HUS ¥ IPOBEPKU HOBBIX (DOPMYJ JIEKAPCTB [0 CO3MaHUS OMOHUUYECKUX
npore3oB. CucTeMbl TPEBOKHBIX KHOIIOK ¥ aBTOMATU3UPOBAHHOI'O
OIIOBEINeHUA COIMAJBHO HESAIUINEeHHbIX TPYII TIpakJaH BCTPaWBAa-
IOTCA KaK KOMIIOHEHTBI «yMHOTO AoMa». OmHako pobOTOTEeXHUUYECKUe
CHCTEeMbl He OTPaHWUYEeHbI MOMeIllleHuAMU. Hampumep, MOAKJIIOYEHHbBIE
K eQUHOI ceTH TepMHUHAJIBLI KOHTPOJIJIEPOB B OOIIECTBEHHOM TpPAHC-
mopTe, AaBTOMATU3WPOBAHHBIE CHUCTEMBLI KOHTPOJSA OILIAaThl IMIpoesaa
U Jake TYPHUKETHI B METPO ABJAIOTCA YacCTbIO OOJBIION poOomu3u-
POB8aHHOU cucmemyvlL zopoda.

B mpancnopmuoii cpepe pobOoTH3UPOBAHHBIE CUCTEMBI ITPUMEHSI-
IOTCA Ui DpeIllleHus IIpobJeM JoZUuCMUKU — YIPaBJIeHUd MaTepu-
aJBHBIMHU U JIIOJCKUMM HOTOKaMu. Tak ocylecTBJisgeTcs, HaIpuMep,
KOHTPOJIb 3a [IBUYKEHWEM MeKIYyrOPOAHBIX I10e30B, COCTaBOB Me-
TPO, HA3eMHOI'0 I'OPOACKOI'0 TPAHCIOPTA, BKJIOUaA MH(GOPMAIIUIO Ha
OCTaHOBKAX O IPUOJMKEeHUN aBTOOyCOB M TpoJLieiibycoB (puc. 6.3),
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. P

Puc. 6.3. VMIHpopmaumoHHoe Tabno Ha OCTaHOBKE OOLLECTBEHHOro TpaHcrnopTa

HOYTOBBIM COOOII[eHHMEeM ME)KIy HACEJeHHBIMU IYHKTAMM, JOCTAaBKOM
rpys3oB u T. . MHOTrMe M3 9THUX CHCTEM OOMEHUBAIOTCA HMHMOPMAILU-
el Apyr C IPpYyroM, B pe3yJabTaTe 4Yero padoTa KOHTPOJUPYEMBIX UMU
cep cranoBuTca 0oJsiee s3(P(PEeKTHUBHON M MeHee 3aTPATHOI.

B cenvcroxossaiicmeennom cexkmope pobOTOTEXHUYECKNE KOMILIEK-
Cbl IIPUMEHSIOTCA OJIS OIpenesieHNsI COCTOSIHMS IOUYBBLI, aBTOMAaTHUe-
CKOT'0 IIOJIMBA M IMOAKOPMKHU KYJBTYpP, IIPOBEPKU KauecTBa IIPOAYK-
nuu (HanpuMmep, MOJIOKA, Msca WM SUI) U YCJIOBUI ee XpaHEHUd.

CerogHsa B 9TOM CEKTOpPE CYIIIECTBYIOT IIOJHOCTBHIO aBTOMATU3UPO-
BaHHBIE CEJIbCKOXO03AMCTBEeHHbIe ITpou3BoicTBa. IIpocaesKknBaeTcss TeH-
IeHIINA K Po0oTU3aIiuy HeOOJBIINX X03AicTB. OZHAKO B OTJIMYNE OT
KPYIHBLIX Ipou3BoAuTeell ()epMbI IMHPOKO HPUMEHSIOT POOOTOTEX-
HUYECKUEe PEeIleHUs HA 0CHOo8e Arduino m co8mecmumovlx naam@popm.

B soenno-npomviuwisiennom womnaexce poOOOTOTEXHUUECKUMU pe-
MIEHUSAMN OCHAIAIOT He TOJbKO COBPEMEHHYI0 TEeXHHUKY, BKJOYas
0eCIIMJIOTHBIE CaMOJIETHI, BEPTOJIEThl M TAHKH, HO U IIPOU3BOJICTBO
MACKUPOBOUYHBIX KOMILJIEKTOB, CIEINaJbHBIX TKaHell W IIPoYero Xo-
3SMCTBEHHOr0 OOecIleueHUus apMUIU’.

PoGoTorexHuka sABJIAEeTCA OIHON U3 IPUKJIATHBIX objacTeilt uc-
KyccmeenHHozo uHmeanaekma. OcHalleHue pPOOOTOTEXHUUYECKUX CHU-
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CTeM MIPOrPAMMHBLIMHU PeEIIeHUSAMM, CIIOCOOHBIMM pearupoBaTh Ha
cuTryamnun, He IPeSyCMOTPEHHBbIe IIPOrPAMMMCTOM, SIBJISETCS OJHOM
W3 TJaBHBIX 3amadu coBpeMeHHOCTU. CeromgHs y:Ke CYIIIECTBYIOT Me-
OIUITUHCKNE POOOTHI, CHOCOOHBIE CAMOCTOSITEIHLHO COCTABUTHL JieKap-
CTBO, U POOOTHI, YMEIOII[Me CAMOCTOSATEJIbHO IIOCTPOUTH W ITPEOJO0JIETH
CJIOKHBIN MAapIIPyT II0 IIePEeceYeHHOM MEeCTHOCTH.

PobGoToTexHMKA HTPOYHO BOILIA BO Bce cdephl Halleil xusuu. Po-
6oToTexHMYecKue maaTdopMmbl oTKpbiToro Tuna (Arduino, Raspberry
Pi u gp.) IOBBOJAIT CAMOCTOATEJIBHO PEaAJIM30BATH OTHOCUTEJIHLHO
HPOCThIE PEIIeHUs, OINTUMHUSHUPYIOINE MHOTYME PYTHHHBIE IIPOIECCHI.
Hcnonp3oBanmne B »sTux ImaargopMax s3bIKa IPOrpaMMHUPOBAHUA,
POACTBEHHOIO SI3BIKY IIPOTPAMMUPOBAHUSA B OOJIBIINHCTBE CEPhE3HBIX
HIPOM3BOACTBEHHBIX CHCTEM, II03BOJIIET CO34aBaTh KOMIIOHEHTHI, KO-
TOpBIE MOYKHO MHTEIPHUPOBATH KaK JOIOJHHUTEJbHbIe (PYHKIUK B pe-
aJIbHOM IIPOU3BOJICTBEHHOM OOOPYIOBAHIU.

Q Bomnpocsl

1. B uem sakJjouaeTca 0COOEHHOCTh MHTEJJIEKTYAJbHOM aBTOMAaTI3a-
mun?

2. B raxux cepax mnmpumeHsercs poodororexHuka? OTBeT HOsSCHUTE
npumMepamMu. YTo 00Iero y IIPOM3BOJACTBEHHON pPOOOTOTEXHUKU
u Arduino?

3. Uto Takoe «ymHBII goM»? Ha mpumepe cOGCTBEHHOrO gOoMa WJIU
MIKOJIBI OIIpefesinTe, KaKie KOMIIOHEHTBHI OTHOCATCA K «YMHOMY
3IAHUIO», a KaKue — K «YMHOMY JOMY».

4. Kak mpumeHseTcsa PoOOTOTeXHHKA Ha OOIIeCTBEHHOM TpaHCHoOpTe?
IIpuBenuTe mpuMepsI.

5. Kak mpuMeHseTcsi POOOTOTEXHUKA B CEJIbCKOXO3AMCTBEHHOM CeK-
Tope? IlpuBenuTe TTpUMeEpHI.

6. Kakue zamaum peIaioT poOOTH3WPOBAHHLIE CHUCTEMBI Ha OCHOBE
aJITOPUTMOB MCKYCCTBEHHOTO WHTEJJIeKTa?

Q IIpakTHUeckue 3aTaHUA

3amanue 1. CesavcrkoxossaiicmeeHHblit cexkmop. IlpugymaiiTe u pea-
JIU3yHiTe MTPOEKT aBTOMATHUYECKOTO IIOJUBa pacteHuit. Ilodcka3ka:
MOTYT HOHALOOUTLCS IIOABEINEeHHBIN pesepByap, rmOKas TpyOKa c 3a-
JKHMOM, CEPBOMOTOP M HATUYMK BJIAYKHOCTH IIOUBLI.

3ananue 2. IIpouszsodcmeo. IlpugymaiiTe u peanusyiiTe IIPOEKT
YIIpaBJIEeHUA IIOBeAE€HMEM aBToMaTa B 3aBHMCHMMOCTH OT M3MEHAIOIIMX-
cA ycaoBuii (3aABIMJIEHHOCTh, TEMIIEpaTypa) U BPEMEHU CYTOK.
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3ananue 3. CoyuaavHas cgepa. IlpungymaiiTe u peanusyiiTe MPOeKT
KaOMHKHU [JIs TOJOCOBAHUSA 3a OJHOTO M3 ABYX KaAHIUIATOB, KOTOpPAas
aBTOMATHUYECKM IOJACUYNUTELIBAET roJjoca usbupareseii. Ilodckaska:
IUIsT ydeTa T'0JOCOB MOJKHO IIPUMEHHUTH TAKTOBble KHONKM WJIX IBa
JaTurKa JIUHUU.

6.2. Arduino n Npou3BOACTBEHHbDbIE A3bIKU

CrnenuanbHble TpapuuecKme A3LIKU IIPOrPaMMUPOBAHUS, HPUMEHsIe-
Mble B IIPOMBBOJICTBEHHON POOOTOTEXHUKE, TPEOYIOT YCTAaHOBKU CPebl
nporpammupoBanusa FLProg. Cse)xkasa Bepcusi IIporpaMMbl JOCTYI-
Ha Ha caiiTe paspaboTyMKa M pacupocTpaHsercsa OecmiaatHo. IIpa-
Mas cchLIKa Ha crpaHuny sarpysku: https://flprog.ru/category/|
downloads/distrutives/actualversion /!

BriGepuTe yCcTaHOBIIMK Ballleil OIE€PAI[MOHHOI CHUCTEMBI, YCTAHOBU-
Te IPOrpaMMy B OYTh IO YMOJUYAHUIO U 3aIYCTUTE €e.

Cospatite mpoexkT B mporpamme FLProg, B Koropom wmHAmMKaTopa-
MU COCTOSHUS OCBEI[eHWsS B IMOMEIIeHUWU OYAYT CBETOAUWOJ U IIHEe30-
IVUHAMUK (3yMMep), yIIpaBJigeMble IIPOTPaMMOIl HAa OJHOM M3 A3BIKOB
IPOrpaMMUPOBAHUSA ITPOMBBOJICTBEHHBIX aBTOMATOB.

dusnuecKkoe IMOAKJIOUEHNE HpeAcTaBJieHo B Tabua. 6.1

Ta6nuua 6.1
KomnoHeHT MopTt Arduino
doTopesuncTop AHanorosbln Bxog, N2O
KHonka Lndpposon exon N2 1
CeeTtoauop, Lndpposon Bbixon N23 ¢ nopgaepxkon LLINM
3ymmep Unopposon Bbixon N25 ¢ nogaepxkon LM

1. CosgatiTe HOBBIN IpoekT (puc. 6.4).

B moaBuBIlIEMCA OMAJIOTOBOM OKHE BBLIOEpUTE SA3BIK IIPOrpaMMU-
poBanua FBD u murxpoxoHTposaep Arduino Uno u3 BbIDaLAIOINEro
caucka (puc. 6.5).

FBD (Function Block Diagram — duazpammbl QYHKUUOHALbHBLX
010K08) — 3TO0 TpadUUeCKUil A3BIK IIPOTPAMMUPOBAHUSA CTaHIapTa
MOK 61131-3, ucmoaba3yioiiuii Habopbl 6uMOGIMOTEeYHBIX 0J0KOB. Bio-
KM TPeJCTaBJISIOT CO00M MOANpPOTrpaMMbl, QYHKIHN WIU (PYHKIIHO-
HaJbHbIe KOMIIOHEHTBI: TPUITEPbl, TAaMephbl, CUETUNKM, OJIOKU oOpa-

T Veaxaembie pebsata! OOpawaem Bawe BHUMaHWe Ha HanucaHue distrutives

B CCblJIKe.


https://flprog.ru/category/downloads/distrutives/actualversion/
https://flprog.ru/category/downloads/distrutives/actualversion/
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;‘;} FLProg
daiin Bua MpoexT WHCTPYMEHTEI Hacrpoﬁm Momowb

B Qun %O

Puc. 6.4. Co3gaHme HOBOro npoekrta

R HauaneHbie HacTpoiiku npoekTa b

AzbIK NporpaMMUpoBaHAA: ) LAD

KoHTponnep: ‘

gr] Bribop koHTponnepa x

Arduino Pro (ATmega328, 3.3V, 8MHz) ~
Arduino Pro (ATmega328, 5V, 16MHz)

Arduino Pro Mini (ATmega168, 3.3V, 8MHz)

Arduino Pro Mini (ATmega168, 5V, 16MHz)
Ardumo Pro Mlnl (ATmegaBZB 3.3V, 8MHz)

Obwne ceefeHnA

Arduino Uno koHTponnep noctpoe
Mnardopma umeet 14 undpoesix BX0;
MOryT MCNONbL30BATLCA KakK BbIXOAkI u
BX0A08, KBapuesklii redepatop 16 Ml
pazbem, pazsvem ICSP u kHonky nepe

_ ' OTmeHa

Puc. 6.5. B nosiBuBlIeMCs OVanoroBOM OKHE BblIOepUTe A3blK NpPOrpamMmupoBa-
Hna FBD u MmukpokoHTponnep Arduino Uno v3 Bbinagalowero cnmcka

OOTKM aHAJIOrOBOI'O CHUI'HAJIA, MaTeMaTHUYeCcKle Olepalliy, JJOTHYEeCKue
snementsl (A, HE, WUJIN) u t.n. W3 GJIOKOB COCTABJAIOTCS IIEIH,
BHYTPH KOTOPBLIX KOMAHIBLI BBINOJHSAIOTCA CTPOT'O IIOCJIENOBATEJIBLHO.
PesysnbTaT BBIUMCIEHUS 3alMCHIBAETCS BO BHYTPEHHIOK II€PEMEHHYIO
WJIN IIOJAETCS CPasy Ha BBIXOJ KOHTpoJIepa. aHHBINA SI3BIK HCIIOIb-
3yeTcsl IPU HPOrPaMMMHPOBAHNMN IIPOU3BOACTBEHHBIX ABTOMATOB MHO-
ruMu (pupmMamMu, BKJIOUas Siemens.
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@@‘@ﬁﬂ%‘@ 272 Bxoa nnatel

MapameTpel [ WHdopMaLma ‘

Wma: ‘ PoTopesucTop l

|&] Tags Tur; ‘ AHaNoroBbIiA V]

&

R KommeHTapuit
- 00aBHETE BXO, ‘
§

El Berxoasl

Mepenenmuie Honep onTara:
Puc. 6.6. Job6aBneHne HOBOro Puc. 6.7. lNpuceonTte BXoOy MMs
BXxoda anst obpaboTkm curHana doTopeauncrTop, ykaxute TUn U HO-

doTopesucTopa MEep KOHTaKTa

B cpene s Beibopa moctymneH eie A3k LAD (Ladder Diagram,
LD, PKC) — asbIKk pejeiiHo# (yecTHUYHOI) joruku. llogxomur nisa
3aMeHBl JIOTUYECKUX CXEeM, BBIOJHEHHBIX Ha peJIeHON TeXHUKe.
SBbIK OpHMEeHTHMPOBAH Ha WHIKEHEPOB II0 aBTOMATU3AIUU, ITO3TOMY
JIoOTUUecKHre oIlepalliil B HeM IIPEeACTaBJIE€HBLI B BHUIE SJIEKTPUUECKUX
memnedl ¢ 3aMKHYTHIMM WJIM PAa3OMKHYTBIMM KOHTAKTaMM, IIapa KOH-
TaKTOB OTOKJECTBJIAETCA C IlepeMeHHO#. [[1a Halero mpoekTa wuc-
HOJIbBOBAHME TOTO A3bIKA HEIeJaecoo0pasHo.

IToaTBepauTe BHIOOP sA3BIKA KOMAaHAOUW BnIOpaTsh.

2. [loGaBbTe HOBBIN BXOHA mJis 00paboTKu curxHajiga (oTopesucrTopa,
BeIOpaB Jlo6aButh Bxox (puc. 6.6). B oTKphIBIIIeMcsA OKHe IapaMe-
TPOB IIPUCBOMTEe BXOAy MMA DOTOPE3UCTOP, YVKAKUTE TUII U HOMED
KoHTaKkTa (pmc. 6.7).

Ilocne HaskaTua xkHonku I'OTOBO meperamniuTe IMOSBUBINEECA Ha3Ba-
HHUe BXoja Ha pabouyio ob0sacTb (puc. 6.8).

3. ITo amamoruu n06aBbTe BXOM AJIA KHOIKHM W IEPEeTaIuTe 3JIeMeHT
Ha pabouyio objsactb (puc. 6.9).

4. O0bABUTE BBIXOJM, IIpeJHA3HAUYEHHBIN AJisi cBeTomuona. Ilo6aBiATh
BXOIbl U BBIXOIAbI MOJKHO TAKIKE C IIOMOIIBIO CIIEIHAJBHBIX KHOIIOK
(puc. 6.10). IlpucBoiiTe Bbixony mmsa CBeTommon, BLIOEpUTE M3 pac-
KPBIBAIOIIEroCcsa cHucKa ImopT ¢ momaepskkoi IIIMM, ykaskuTe HOMEpP
nopra. IleperamiuTe sjeMeHT Ha pabouyio 00JacTh.

5. [lna pnpobGaBieHWsA NObe30AMHAMHKA BBIOEPUTE COOTBETCTBYIOIITUMA
KOMIIOHEHT M3 CIMCKA BCTPOEHHBLIX OJIOKOB U IIepeTalluTe ero Ha
pabouyio obGJsacTth (puc. 6.11).
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l2)=)lz]| >
Tags
Bxoasr

=2 <Anaroroeelii> Poropezncrop = Pinl
47 ToGaBETE BXOX
= Brixoast

[ Mepemennsie

@9+ (=@ (=

132

. ﬂm MNnarta: 1
|18
o HanmeHosaHne:
> KosmsenTapuu:
doTopesncTop

Puc. 6.8. lNepeTawute nosiBMBlLLUEECs Ha3BaHMe Bxoda Ha paboyyilo obnactb

;a Bxoa nnatel

MNapameTpebl | MHdopMawma

Wms: | KHonka ‘ [] 3awwra ot apebesra
T | Lindposoii v‘ [] BxniounTe noaTarmeatowmii pesuctop
KoMMeHTapMIA

—

Homepa, oTMEYeHHEIE KPaCHEIM, MOTYT MCNONL30EATECA KaK Beixoasl <LLUAM !

Puc. 6.9. [lo6aBbTe BXOA, A1 KHOMKN U MNepeTawmte 31eMeHT
Ha pabouyio 06nacTb

= <Anagoroesiii> PoropesacTop = Pinl
+= <Indposoii> Knonxa = Pinl

Puc. 6.10. Jo6aBnatb BXOAbl U BbIXOAbl MOXHO TakXe C MOMOLLbIO
cneunasibHbIX KHOMOK
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Berpoennsie | [Toab3oBareibekue

#/fl SD kapra
&2 KoHBepTauus THNA

#E MukpocxeMbl pacliHpeHHi

8 Onepauuu ¢ Guramu
HApyrue
f Marpuynas knaBuarypa
IlbezoauHaMuK
£ CranupoBanne winHb OneWire
=] Mewnio
=1 O6opynosanue Noolite
&l RFID moayas RC522
#(# EEPROM
/@] KommyHuKannu

Puc. 6.11. JobaBneHne nbe3oamHammka

HBOoWHBIM HaKaTUeM KJaBUIIN 1o 00Ky Buzzer (mbe3sogumHaAMUK)
OTKPOITEe OKHO IIapamMeTpoB. BribepuTe HOMEDP KOHTAKTA W YCTAHOBU-
Te 3HAUEHNUs, KaK IIOKasaHo Ha puc. 6.12.

6. @oTopesucTop, ABJAICH aHAJOTOBBIM JaTUMKOM, IIepeJaeT Ha IIja-
Ty 3umauenus 0-1023. IIIMM wmoskeT BBIZaBaTh CUTHAJ B TIpajgalldu
sHaueHuin or 0 mo 255. Yacrora curHaja nbe3oMHAMUKA MMeEeT Iua-

ﬂ MbesoagmMHamMmk

I'IapameTpu[Ha,unmb K 6n0|<y”l/IHq>opmauwﬂ

Homep nuHa
Bpewms 3ByqaHunsa

() HenpepbiBHO (NP1 HaNU4Mmn BLICOKOrO YPOBHS Ha Bxoae “EN”)

() Bxon,

(® KowucTaHnTa (Mc) | 500 —

YactoTa

O KoHcTaHTa (I'y)

Puc. 6.12. Bbibop KkOHTakTa M yCTaHOBKA 3HA4YeHWUI Ons Nbe3oguHamuka
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Berpoennsie [HO.TII:SOB&TEJ] bCKHE

#54 Opopmaenne
#{1H BazoBble 21eMeHTBI

£k MacwraGuposanue

‘- #¢ Hesinueiinoe MacmTabHpoBanue
ey Tpurrepsi

#{ Taiiveps

#l= CyeTYHKH
#2+2 MaTteMaTHKA

Puc. 6.13. BcTpoeHHbIi 610K NMHerHoro macwtabupoBaHusa Scale

mazon 20—-20 000 I'm, u ee KOHKpeTHOe 3HaAUeHHE HYKHO IepenaBaTh
YKCJIOM.

O KOpPpPeKTHOU paboThI MPOTOTHIA HEOOXOMMMO IIpeodpasoBaTh
3HAUEeHUSA ¢ TMPUMeHeHWeM MacIlnTabupoBaHMUs.

IlockoabKy B3mech HabJOdaeTcs JAWHENHAs 3aBUCHUMOCTb MEXXKIY
CUTHAJIOM, IIOJy4aeMbIM OT (hOTOPE3UCTOpa, U KejlaeMbIM HaMpsiKe-
HueM Ha BbIXoze ¢ IIIVMIM, mcooab3yiiTe BCTPOEHHLIA OJIOK JWHEHHO-
ro macirrabuposaunus Scale (puc. 6.13). Ileperarure aBa 6Ji0Ka Ha
pabouyio 00JIacTh.

OTKpoliTe OKHO HIapaMeTpPOB IIepBOT0 0OJOKa MacHITaOMpPOBAHUA
U IPOBEPHTE, UTO TAM BBEJEHBLI 3HAUEHUd, IIOKa3aHHble Ha puc. 6.14.
IToT OJIOK OyIeT WCII0JIb30BaThCs IJIsA CBETOAMOIA.

OTKpoiiTe OKHO IIapaMeTpoB BTOPOro O0JOKa MacHITa0MPOBAHUA
(puc. 6.15). Hasa Toro yToOBI CUTHAJIBI ITHE30AMHAMUKA Pa3JIUUYATINCH
Ha CJIyX, BbIOepuTe uacToThl B auamazone or 300 mo 800 I'm.

ITepetizuTe Bo BRAanxky Hamgmucs K O6a0Ky (puc. 6.16) m BBemure
B II0JIe Ha3BaHMe, YTOOBLI He IIeperyTaTh OJIOKM B JajbHEHIIIeM.

&3 Macwra6uposatie

. I'Iapame'rpm: Hapnucs k GJ'IOKy”WHCDOpMaLLHH‘

BepxHuii npepaen exoaHoro curtana ) Bxog, (%) Kowcrawta | 1023

HuxHuit npepen exogHoro curdana () Bxop (#) KowcranTa E

BepxHuii npeaen euixogHoro curHana () Bxop, @ KoHcTaHTa

HuxHUit npeaen BuixoaHoro curdana () Bxon, (3) Kowctauta | 0

Puc. 6.14. OkHO napameTpoB MnepBoro 6soka MaclTabupoBaHus
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E MacwrabuposaHue

| MapameTtpel .[Ha.u.nnc:b K GHOKYHMH(DODMaLLHﬂ]

BepxHuii npeaen BXoAHOMo curHana O Bxop, {*}} KoHctanTa | 1023
HuxHwii npepen exoaHoro curkana () Bxop, (&) KoHctanTa I |

BepxHuit npegen BeIXOAHOro CUrHana Q Bxog @ KoHcraHTa 800[
HwXHWiA Nnpegen BLIXOLHOMO CUrHana Q Bxop, @ KoHcTaHTa ‘ 300 |

Puc. 6.15. OkHO napameTpoB BTOpOro 65oka mMacltabupoBaHua

R MacwrabuposaHue

MapameTpsbl| Hagnuce k 6noky [Mthopmau.uﬂ

MNMoka3biBaTb

BreipaeHuBaHne
(%) Bneeo () Mo uentpy ) Bnpaeo

“-Iac:TOTa 3ymmepa|

Puc. 6.16. Bknagka «Hapgnucek k 6noky»

7. Coenqunure 6J0oKu B cxemy (pumc. 6.17). Curmaa c ¢goropesucropa
JOJIKEH IIoJaBaThCs B OJOKM MacmiTabupoBanusa. KasKablii 0JIOK mac-
miTabupoBanua uMeer naBa mopta: Input (I) — Bxox, Quit (Q) — BbBI-
xon. K BBIXOMYy HEIOANMCAHHOTO 0JIOKA MAacCIITAOMPOBAHUS IIOLKJIIO-
ynTe OJIOK CBETOAUMOLA.

Y 6moxa Buzzer aBa Bxoma: F (foreign) — BHemrunumii BXoza, Ha KO-
TOPBIN IOJAIOTCA OaHHbIEe M3 ApPyroro 0Joka, u En (encoder) — Kjaiou
paspelleHnsa, Ha KOTOPBIl MOCTYIIAIOT TOJBKO IBA 3HAUEHUA: JIOTHUUE-
CKUI HYJb WIMN Jiornueckas emuumniia. Korga Ha En momana emuHwn-
ma, symMmMep paboraeT, ecJM HYJb — OH BBIKJOUeH. Ilogk/rounre Ko
Bxony F OJyioKka mbe3oguHAMMKA BBIXOJ BTOPOr'o OJIOKA MACIITAOMPO-
BaHUA, a Ko Bxony En — xHomKy (puc. 6.18).

8. BeimosinuTe IMpPoBEPKY IIpoekTa (puc. 6.19).

9. CkomnuiupyiiTe npoekt (puc. 6.20). IIpu HaKaTUU KHOIKHU IIPO-
rpamma FLProg samyctut cpenmy Arduino IDE, B mosie pemakTopa
KOTOPOM OymeT BHECeH IIPOEKT, IIepeBeleHHbINI Ha A3BIK Wiring.
Cromnuaupyiite u sarpysure ckeru Ha miaaty Arduino Uno o0bru-
HBIM CIIOCOOOM.
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DINCIENEEEEDS
. HJ.‘" Mnara: 1

10
81 HanmeHoBaHue:

KommeHTapum:
SCALE
| Q Csetoanon
W]_. Yacrota 3ymmepa
SCALE
I Q p—

Puc. 6.17. Cxema coeanHeHus 6510K0B

NNEIRNEEEE

. m"’ Mnara: 1

# HanmeroBaHue:

KommeHTapun: SCALE

| Q I CeeToavon |

! YactoTta 3ymmepa Bijs=ar
SCALE M— EN

| Q F

Puc. 6.18. MogknioyeHne 6noka Buzzer

WHCcTpymMeHTel  HacTpoiiku  Momolwe

1€ (x]

NpoeepuTh npoelcr.

Puc. 6.19. lNpoBepka npoekTa

| Ofm)% O

|Komnnnuposarb npoekT

Puc. 6.20. Komnunaumsa npoekta
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MpoekT MWHcTpyMeHTel HacTpoiik  Momowb

Sc ©aal

PaHUTL NPOEKT

Puc. 6.21. CoxpaHeHne npoekta B FLProg

10. 3akpoiite cpeny Arduino IDE u coxpanute mpoekt B FLProg
(puc. 6.21). Paiin O6yaerT coxpaHeH B coOCTBeHHOM opmMaTe Iporpam-
MBI ¢ pacinupenuem .flp.

6.3. OdopmneHmne poobOTOTEXHUYECKUX
NnPOEeKToB

IIpeguciaoBue. B sTom pasgesne OymeT OoyeHb MHOIO <«YMHBIX CJIOB»
M Cepbe3HBIX PAa3rOBOPOB, KOTOPBIE TakK JOOAT B3pocabie. Ho oHm
HYKHBI, UTOOBI B3POCJIbIe MPWHUMAJIU BaCc Ha PaBHBIX.

Bl HayumiInchk HMCOOJIB30BATL IMHPOKME BO3MOMKHOCTU TIJIAaT(OPMBI
Arduino um roTroBbl 3aHHMATLCA HACTOAINNMN HMHIKEHEPHBIMU IIPOEK-
Tamu. Ho ogHMX 3HAHUUI O IPOTrPaMMUPOBAHUU U COOPKEe HeIOCTaTOU-
vo! Hamo yuuThcsa IPaBUIBHO MX MIPEACTABJIATD.

NHiKeHepHasa KyJbTypa MNOpeaycMaTPWBaeT OIOPYy Ha B3aKOoHOIa-
TeJbHYyI0 0asy, T.e. BCEeBO3MOKHBIE CTaHAAPTBI, pPerJaMeHTUPYIOo-
e MHYKEeHEPHYI0 AesdTe/IbHOCTh, II03TOMY 3/eCh U Jajiee Mbl OyaeM
CChLIIATHCA Ha MEKIYHAPOIHBbIE W TOCYAapCTBEHHBIE CTaHAAapThl. WX
co0rofeHe IIOMOTraeT HH)KeHepaM MHOHMMATh APYr Apyra, a 3aKas-
YuKaM U II0TpeOuTe/isM OBLITh YBEPEHHBLIMU B KauecTBe pe3yJibTa-
ta. B T'OCT P 54869-2011 «IIpoexTHblii MeHemxkMeHT. TpeboBaHUA
K yOpaBJIEHUIO HNPOEKTOM» MAaHBI CJEAVIONINEe ONpeeIeHUs:

IIpoekm — B5TO KOMILJIEKC B3aWMOCBS3aHHBIX MEPONPUATHUI, Ha-
IpaBJIeHHLIA HaA CO3JaHNEe YHUKAJLHOTO HNPOAYKTA WJIH YCJIYTHU B yC-
JOBUAX BPEMEHHLIX M PECYPCHBIX OI'paHUUYeHUH.

IIpodyxkm npoexma — U3MEPHUMBIA pPe3yJIbTaT, KOTOPBHIH gOJIXKEH
OBITHL MOJIYUYEH B XOJe peanu3aluu IIPOeKTa.

Ilenr m060r0 mHpoeKTa — col3gaHMe MaKCUMaJIbHO 3((EeKTUBHOTO
pellleHusA NPU MUHUMAaJBbHBIX 3aTpaTax pecypcoB. ITO 3HAUUT, UTO
WH)KEeHep TINATeJbHO M3ydyaeT 00JacTh MPo0JeMbl U IIPOAYMBIBAET Ta-
KOe pellleHne, KOTopoe Obl IIOMOTraJjo JOCTUTHYTH TPeOyeMOoro pesyJib-
TaTa ¢ MUHNMAJbHO BO3MOMKHBIMU 3aTpaTaMU MaTepuajia U BpeMeHU.
KomeuHo, CHUBUTHL CTOMMOCTH IIPOAYKTa BO3MOKHO HE BCerma: HMHO-
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rga TpedyeTcsa JKepTBOBaTh (PMHAHCOBBIMHU BJIOMKEHUAMHN Pagyd yayd-
MIeHUA XapaKTepHUCTUK HPOAYKTA.

JI1000#1 mIpoeKT obJiazaeT CIeAYIONIMMHN XapaKTepPHBIMU OCOOEHHO-
CTAMU’, OTJIHUYAIOIIMMU €ro OoT J00ro APYyroro Buza u (POPMBI ges-
TEJILHOCTH:

npobJieMa IIPOEeKTa YEeTKO cPOPMYJIUPOBaAHA;

pes3yJbTaT IpoeKTa Bcerjga YHUKAJEeH W M3MePUM;

IPOEKT OTPaHUUYEH II0 BPEeMeHU;

pecypchl IMPoeKTa, BKJOUAS BpeMsa M KOMAaHIy, Bcerga OTrpaHU-
YeHBI;

e IIPOEKT [OOJI}KeH HMMEThb CTPOro chopMyJJHPOBAHHOE TEeXHUUYECKOe
3aJaHune;

IIPOEKT «IPOKMBAaeT» BCe ATANbl KU3HU 0e3 MCKJIOUEHMUS;
obJiajlaeT COIIPOBOAUTEIBHON NOKYyMeHTallueli.

COBOKYITHOCTH COIIPOBOAUTEJIBHONU JOKYMEHTAIlMU IIPOEKTa, OTO-
Opaskamleil KayKIbIA 3Tall ero XW3HU, OOBbeIUHSAETCA B UHMCEHep-
HYI KHUZY WIU UHINMCeHepHbLll HypHai. OH IIOJHOCTBIO OTpaKaeT
Baml mpoekT. Ero cocraBjieHMe IIOMOKET BaM IIPOU3BOIUTH OIEHKY
COOCTBEHHOTO IIPOEKTAa, HEe TEepATh BaKHbIEe U U CUCTEMATUZUPO-
BaThb OeATEJIbHOCTD.

B cBaAsm ¢ TeM uUTO MH)KeHepHas KHHUTra OTOOpa’KaeT dTalbl KU3HU
IIpoeKTa, ee CO3[MaHUe HIeT NapajjieJIbHO co3faHmio npoekrta. llocaen-
HHUM 3TanoM sABJAeTcA O(GOpMJeHVEe IOTOBON WHIKEHEPHOU KHUIMU.

9710 nHTEepecHo!

IEC 81346 (2009). IIpombIlijeHHBIEe CUCTEMbI, YCTAHOBKU U 000PY-
IOBaHMWE U IIPOMBINILJIEHHAS HIPOAYKIUS. [IPpUHIIUIBI CTPYKTYPUPO-
BaHUA W KOJMPOBAHHBIE 0003HAUEHUS.

T'OCT P UCO 15926-1-2008. IIpombImiIeHHbIE aBTOMaTU3UPOBAaH-
Hble CHCTeMbl W WHTerpamus. VHTerpanus [AaHHBIX KU3HEHHOTO
MUKJa s mepepabaThIBAOINX MPEeANPUATUN, BKJIOUYAA HeTAHBIE
W Ta30Bble€ IIPOM3BOJACTBEHHBIE IPEIIPUATU.

T'OCT 34.601-90. WudopmarmoHHasa TexXHOJIOTUA. KOMILIeKC cTaH-
JIapToB Ha AaBTOMATU3WPOBAHHBLIE CHCTEMbI. ABTOMATU3UPOBAHHBIE
cuctembl. CTaguu CO3TAHUSA.

T'OCT P 57100-2016/ISO/IEC/IEEE 42010. CuctemMHass 1 IIporpamMm-
Hasi uH)KeHepusi. OmncaHme apXUTEeKTYPHI.

T'OCT P CO 9241-210-2012. DproHoMuKa B3aUMOMEHCTBUS UEJO-
Bek-cucteMa. HJacth 210. HeroBeKOOPHMEHTUPOBAaHHOE IITPOEKTHUPOBA-
HU€e WHTEPAKTUBHBIX CHCTEM.

T'OCT P HCO 9001. Cucrembl MeHemXKMeHTa KauecTBa. TpeboBaHMUS.
T'OCT P UCO/MOK 15288. NudopmanmuonHasa TexHogoruda. Cucrem-
Has WH)KeHepus. IIpoliecchl KU3HEHHOTO ITUKJIA CHUCTEM.
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B saBucumMocTu OT TOTO, KaKoe TpebyeTcs peleHue, Ompeaessaior-
cd XapaxkTep MeATeJbHOCTHM M, KaK CJIeJCTBUE, OCOOEHHOCTU ITAIIOB
KUSHEHHOTO IIUMKJAa IpoeKTa. Tak, ecam pernraeTcda TeXHUYECKad 3a-
radya, peub uierT o0 WHIKEHEePHOUW NeATeJbHOCTH, Pe3yJbTaTOM KOTO-
poii Bcerja SABJIAIOTCS MPOAYKTHI U W3OEJIUA.

ITpoaykToM pPOOOTOTEXHUUECKUX IIPOEKTOB SABJSIOTCSA, HECOMHEH-
HO, UCKYCCMBEHHble CUCMeMbl — CUCTEMBI, KOTOPHIE CO3JAaHBI YeJio-
BEKOM U COCTOSIT M3 OJHOTO MJIM HECKOJbKUX CJIEAYIOINX 3JIeMEHTOB:
TeXHUUYEeCKHe cpeacTBa (poboToTexHMUYecKas IraTdopma), IporpaMm-
Heie cpexactBa (IIO mgas momenupoBaHUsSA, CpeAbl IIPOTPAMMUPOBAHUA
u T.nO.), JIOOU, IIPOIecChl (HAIIpUMep, IIPOIECC OIEHKMU), MPOIeaAyPhI
(mammpumMep, WHCTPYKIIMU OIlepaTopa B YIIPABJISIEeMOM payHIe UTPHI),
OCHOBHBIE€ CPEICTBA M NPUPOLHBIE pecypchl (HAIpuMep, BOAA, O0b-
eKThl JKUBOUM mpuponbl). IIpoliecchl KM3HEHHOTO IMKJIA IIOJO0HBIX
cucteMm persiameHTupoBaubl B 'OCTe P MCO/MIK 15288-2005 «UH-
dopmanuonHas TexHogorusi. CucremHas wuHMKeHepus. IlIportecchl
KUSHEHHOTO I[MKJAa CUCTEeM», a KOHIENIMS caMHUX IIMKJIOB OIIMCaHa
B Ilpmaoskenum B sToro moxkymeHTa. WTak, MHCUSHEHHLLIL UUKJL CU-
cmem TIPOXOIUT CJIEAYIOIUe cmalduu:

1) sambIcia;

2) paspaboTKu;

3) Ipou3BOMCTBA;

4) npuMeHeHud;

5) mogIep:KKU IIPUMEHeHUsT;

6) mpekpallleHusa TPUMeHeHUsS U CIIMCAHUI.

I[JIH IITKOJIBHBIX pO6OTOTeXHI/ItIeCRI/IX IIPOEKTOB 39TOT CIIMCOK MO-
JKeT BBIIVIAAETh TaK:

1) cragua 3aMbIcia;

2) paspaboTKa;

3) cOopKa M mporpaMMHPOBaHUE;

4) yyacTre B COPEBHOBAHUAX W KOHKYypCax;

5) PEMOHT W COBEPIIEHCTBOBaHUE POOOTa Iepe] CJIENYIOIIUMU 3Tara-
MU COPEBHOBAaHUI M KOHKYPCOB;

6) pasbopka poboTa Ha OeTasiu.

Merogosorusa ompenenseT MOAXOA K paboTe KOMaHIBI, IIOCTPOE-
HUIO B3aummozeiicTBus. KpaTKo paccMOTpuUM [Ba IOAXO0Ja, Hambojee
pacupoCTpaHEeHHBIX B MHIKEHEPHOI AesTeIbHOCTH.

ITepBaa meTomosiorusi sIBJsieTCs TpamurumoHHOi. OHA Ha3bIBaeTCs
Kackadnoil (uau waterfall) memodonozueil paspabomku U npegycma-
TPUBAET IIOCTEIEeHHOe BBIMOJIHEHNE YacTell MpoeKTa B PaMKax OJHOM
CHCTEMBbI, pas3fesdsa 3aJauM II0 PAa3JIWYHBIM OTAeJaM BHYTPU KOMIIa-
HUM W CTaBA UM COOTBETCTBYIOIME cpoku. Takum oOGpasom, B maH-
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HOU METOIOJIOTHH COCTaBJsAeTCA rpadUK, eIUHBIA IJd BCel CHCTEeMBbI.
IATanbl BBIMIOJIHAIOTCA TOCJIEIOBATEJIHHO.

® Ctagusa 3ambicna

® Ctagus pa3paboTkm

* Ctagmsa Npon3BOACTBa

* Ctagus npMeHeHnd

* Ctagus noanep>xkku
NPYMEHEHNS

® Ctagms npekpaLeHus
MPUMEHEHUS N CNUCAHUS

3mech co3maeTcda HNPOAYKT B IIeJIOM, HA IIOACHUCTEMBI pacKJaabIBa-
IOTCA JIUINh YaCTH COTJIACHO (PYHKIIUAM WNMEIOIIUXCA Ha IIPeaIpH-
ATUU OTAEJOB (HAampuMep, KOHCTPYKTOPCKUM OTAEJ U OTAes, 3aHU-
MaIOIUICs HEeIOCPEeACTBeHHO IIPOou3BOoACTBOM). Takas MeTOmOJIOTUA
ymoOHa s [OOJTOBPEMEHHBIX IIPOEKTOB, KOTOPHIE BBITTOJHSAIOTCS
CTPOTO YCTAHOBJIEHHBIM U HEM3MEHHBIM UHCJIOM YUYAaCTHUKOB C OIIpe-
IeJeHHOU KBaqudurKanuei (KoMaHga UCIOJHUTEIeH cTPoro (hUKCUPO-
BaHa) M CTPOroil (popMyJHMPOBKON OT 3aKas3umKa, IOJydaeMOl B Ha-
yajie paboThI.

C TeueHMeM BpEMEHHU IMOSBJISIOTCS HOBBIE TEXHUKU W METOIO0JIO-
ruu paspaboTKM, KOTOPBIE MO3BOJISIIOT YCOBEPIIEHCTBOBATL MJAHHBIN
nporecc. C 2000 roza HIMPOKYIO IONYJSPHOCTL HpuoOpesia HoBasd
2ubkasn memodoaozus paspabomku (agile), B KOTOPOH IPUCYTCTBYIOT
aHajiornuHblie craguu. OmHAKO IIPOEKT pasdmBaeTcsa Ha KPaTKOBpe-
MeHHbIe IIOAIPOEKThI, Pe3yJAbTATOM KOTOPBIX ABJAETCSA IIPOMEKYTOU-
HBII IPOAYKT — (PYHKIIMOHUPYIOIIUN, MMEIOIUIl COOCTBEHHYIO IeHY
U TOJIb3y. 9TO MOJKET OBITH YCTPOMCTBO, IMporpaMmMa MU, HAIPUMep,
Ietanab. BIocyencTBUM TaKoOW TPOAYKT OyAeT BKJIOUEH B UTOTOBBIN
npoaykT. OOBIUYHO KaKIbI TOANPOEKT mJuTcsa 1-4 Hemeau — 3TOT
BPEMEHHOU OTPe30K HA3BIBAIOT cnpuHmoMm. CIPUHT COAEPIKUT MIpaK-
TUYECKM BCE 9Tallbl KJIACCUUYECKOM MOMesu, KpoMe YTHUJIU3aI[UH.
Buenpenme nmpoaykTa cupuHTA MOXKeT OBITH HeoOszaTeabHBIM. Ilocie



@ MmaBa 6. MpuMeHeHre POBOTOTEXHUKM B PasfnYHbIX chepax

Ka)KIOr0 CIIPHHTA IIPOBOAUTCA OOCYsKIAeHMe pPe3yJbTaTOB M PabOThI
KOMAaHIbI, T.e€. OIleHKAa COOCTBEHHBLIX OINMMOOK W MOCTHMIKEeHUI. 3aTeM
KOMAaHZa MOJKEeT OBITh IlepepaclipeneseHa, M3MeHeH Ipauir pabdoThl
WV BHECEHBLI MHbIe M3MEHeHUs B popMmaT mau moaxon. Kpome Toro,
ru0Kasi MeTOLOJIOIMs IIPefyCMaTpPUBaeT eXeIHeBHbIe KOPOTKMe (OKO-
Jo 15 MUHYT) COBeI[aHUS [IJIs1 OPTraHU3AIUU AESATEJbHOCTH U CBOEB-
PEMEHHOI'0 OTCJIeKHUBAHUA IIporpecca. dale BCEro s pean3allin
meromogorumn agile mcmoabsyercs moxxon SCRUM:

Tg MpoaykT 1 (nogcucrema) MpoexT 1.1 1 CnpuHT 1
D
[&]
3
- MpoaykT 2 (noacncTemMa) = MpoekT 1.2 — CnpuHT 2
g
I}
g
C MpoaykT 3 (noacucTema) f—j MpoekT 1.3 — CnpuHT 3

e [1naHnpoBaHne
* Pa3zpaboTka

e [TnaHnpoBaHne
* PaspaboTka

e [naHnpoBaHne
* PagpaboTka

e Co3paHue
* BHegpeHue

e Co3paHve
* BHegpeHue

e CospaHue
* BHegpeHue

N V7

NPOAOYKT

B xozme paboTel CBOM KOPPEKTHUBBLI MOYKET BHOCUTH U 3aKa3uuK,
HampuMmep, II0 pes3yJbTaTaM IPUMEHEeHUs IIPOAYKTa OLHOI'O M3 IIep-
BbIX cIpuHTOB. OOpaTHAasi CBA3L OCYIECTBJISETCS IIOCTOAHHO. IIpo-
eKT, cOo3JaBaeMblii ¢ IIpHMeHeHHeM MeTomoJiorum agile, 0osee rubOK
¥ TO03BOJIIET BHOCHUTH m3MeHeHHus. Taxike sTa MeTOHOJIOTHS XOpolla
IJIs KOMAHJ C HEIIOCTOSHHBIM COCTABOM HJIM BO3MOJKHOI CMEHOI PO-
Jeii BHYTPH KOMAHIbI, B YCJOBUAX HEBO3MOKHOCTHM TOYHOIO IJIAHU-
poBaHUA Ha AJUTEJLHBIA CPOK (HampmMmep, OOJIbIIIEe ueM Ha y4eOHYIO
YeTBEePTDb, COCTOSINYI0 M3 UYETHIPEeX-TISATU Hemesb).

CyliecTByIOT M IpPyrue MeTOMOJIOTHMH Pa3padoTKM, O KOTOPBIX BbI
MOYKeTe Y3HATh CAMOCTOATEILHO. OTalbl JKU3HEHHOIO IMKJIA CHCTEM
OIpeneJAT 3Tanbl PadoThbl KOMAaHALI HAJ HPOEKTOM BHE 3aBHCHMO-
CTH OT BBIOPAHHOI MeTOomoOJOrMM. Kciam BBl OBJIafeeTe Pa3IUUYHBI-

CnpuHT 1
CrnpuHT 2
CnpuHT 3
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MM METOJOJIOTUAMMU pPaspaboTKM, BKJOUAA paclpeaesieHne poJieit
¥ B3aWMMOCBSA3b 9TAIOB W AEWCTBUI B HUX, BBl CMOKeTe 3(P(heKTUuBHO
CIIPABJATHCA C JIIOOBIM IIPOEKTOM JIO0OTO peasibHOTO 3aKasuyuKa. DBo-
Jlee TOTO, TOJYYWB OIBIT, BbI CMOKETE€ BBICTYIHUTH B KadecTBe COO0-
CTBEHHOTO 3aKa3uMKa — CO3JaTh COOCTBEHHBIN CTapTall.

Ilpesxkge yem BBI NPUCTYOHUTE K IIJOTHOM, AeTaJbHOW paboTe HaJ
KaKIbIM ITYHKTOM, PACCMOTPUM, UTO HPEACTABJISIOT CO0OM JaHHBIE
9Tambl U YTO TpedyeTcA Ha KaKIOM M3 HUX OT MHIKEHEPOB.

9TAN 1. MNMocTtaHOBKa M 0CO3HaHMe NpoonemMbl

IlpaBunsuO chopmMyJHpoBaHHAS HOpPoOJeMa BJINSIET Ha IIOCTAHOBKY
meJieii, 3amay M, Kak CJENCTBHE, Ha JOCTUTHYTHIEe Pe3yJbTaTbl. IATa
HCTHHA 3HAKOMAa BaM U3 JIIOOBIX YYeOHBIX IIPOEKTOB, HAUMHAS OT MH-
GopMaIMOHHO-TIOMCKOBBIX M 3aKaHUYMWBAsA HAYYHO-HCCJIeI0BaATEeIbCKU-
mu paboramu (HUP). IIpob6aema mpoexkTa A POOOTOTEXHUUECKUX
COPEBHOBaHUII BBITEKAET U3 OTCYTCTBUA 3(PPEeKTUBHOTO U/UJIU OUTU-
MaJbHOTO pPeIleHUsA C IPUMEeHeHMHeM perjJaMeHTHPOBAHHBIX CPEICTB
IPU YCJAOBUAX OTPAHUUYEHHOCTH PECYPCOB U BLIABUTAaeMbIX TPeOOBAaHMI
B CHUTyaIluu, OIIMCAHHOW B perjaMeHTe HUTPbI/ce30Ha. [[OIIOJIHUTEIb-
HBIMHI (paKTOpaMM, BIUSIOIUMI HA IIOCTAHOBKY IIPO0JIEMbI, BLICTYIIA-
0T TpeboOBaHU, IIPEeAbABIAeMble K KOMAHAEe WU HHIUBULYAJILHOMY
YUYaCTHUKY €ro yuuTeJeM WK O0pPa30BATEJbHBIM YUPEKIEHUEM, WJIN
WHOM opranmusarueii. [[Jis IPoOeKTOB, He CBI3AHHBLIX C COPEBHOBAHUS-
MU, Ipob0jieMa BO3HHKAET U3 PacCMaTPUBAEMBIX B TeMe KOH(MEepPeHIN
NI KOHKYypCa TEe3MCOB, M3 IIOCTABJIEHHBIX BaMM CAMIMM BOIIPOCOB,
BaIlllUX WHTEPECOB.

OxuHaxko popMyJMpoOBaHUA IPOOJIeMbl HemocTaTouHO. [yiss mpeobpa-
30BaHUA IIPO0JEeMbl B MH)KEHEPHYIO 3aJady HeoOXOAMMO IIOHWMAaHUe
ee KaK CHCTeMbI, COCTOMAINell M3 TpebOoBaHWII M YCJIOBUM, T.e€. BBOI-
HBIX MJaHHBIX, W MIPOTHUBOPEUNs, KOTOPOEe HEOOXOAMMO pPa3pPeIluTh.
3avacTyio ABUTaTeJeM BBICTYIIAeT BOMpPOC: «A TMoueMy TakK HeJab3aA?»
HeiicTButenbHo, mouemy? IlompoOyiiTe MOHATH, KaK, He MeHAA UIEH,
CTaHeT MOYKHO, IIPU KaKHUX YCJIIOBUIX.

STAN 2. BbIOOp cTpaTerum peweHnsa

Korga samaua sicHa, BBIMIOJHSETCS IIOMCK BO3MOXKHBIX perrenuii. Ha
JaHHOM dTalle HeoO0XOAMMO C(POPMYINPOBATHE OCHOBHYIO HIEI0, 34 CUET
KOTOPO# BaIll IIpoeKT Oyaer ayumnM. CHadajsia aHAJIU3UPYIOTCS Bce
IOCTYIHBIE CTPATeruU U CIIOCOOBI PEIIeHUsA IIOCTABJIEHHOII MPOOJIeMBbI.
3aTeM U3 MPEIJOKEHHBIX BBIOMpPAETCS Ta eSUHCTBEHHAasd, YTO Hambo-
Jilee BBITOJHA C TOUKM 3PEHUSA PECypPCoB UM MNPUOBLIN, IIJIaHUPYEMbBIX
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pesyabraToB. B mo6oMm ciydae, s BRIOOpA CTpPATETnU BaM HPUIETCA
IPOBECTU HEKOTOPOe uccredos8arue KoHkpemuoil oonacmu (analysis).

STAN 3. TpebGoBaHus N orpaHNYeHUs Ans BbiIOpaHHOro
pewieHuda

3nech HaumHaeTcAd NTPopabOTKa KOHKPETHON BBIOPAHHOW CTpaTEeTUH.
B kauecTBe TpebGoBaHMII BBICTYIIAIOT OPUIIMAJILHBIE ITYHKTHI W3 IIpa-
BUJI COPEBHOBAHUN WM KOHKypca Jmb0 TpeOGOBAaHUA K IITKOJBbHBIM
npoexkTaM. TexHmKa 06e3omacHOCTH NpuU PadoTe ¢ BIEKTPUUYECKUMU
KOMIIOHEHTaMU W HMHCTPYMEHTAMHM TOK€ BXOIUT B IlepedeHb Tpebo-
BaHU#. [[omosHUTENIbLHBIE TPeOOBAHUSA BBIIBUTAIOTCA HEIIOCPEICTBEH-
HO YIeHaMM KOMAaHJbl, YUUTEIAMHU U PYKOBOAUTEJIAMU YUPEIKICHUIA.

Taxk:xe B perjgaMeHTe yKasbIBaloTcA orpaHmueHusa. OHU MOTryT
KacaTbCsA KaK KOJIMYECTBA YeJIOBEK B KOMAaHJe M WX BO3pacra, Tak
M TeXHUUYECKUX KOMIIOHeHTOB. Ocoboe BHUMAHUE CJENYEeT YAEJTUTH
BPEMEHHBIM OTPAHUYEHUAM, T.€. CPOKaAM: JJIUTEJIHLHOCTb UYETBEPTH,
CPOKM BBICTABKHU U T. [I.

Kpome yrkazamHBIX TpebOBaHWII M OTPAaHWYEHUN, CYIIECTBYET Iie-
JBIA PAJ BOIPOCOB, KOTOPhIEe HE YKAa3bIBAIOTCSA B CTOJIb ABHOM BHU/IE,
HO IIOApasyMeBaloTCsA MJIs KasKJoTO0 MHYKEHEePHOro IIpoeKTa. Bo-mep-
BBIX, BBl JOJI’KHBI OIIPeNeJIUTh CTeleHb HAaJleKHOCTH CBOETro IIPO-
exta. IlogymaiiTe, HyK€H J1U OH TOJIBKO [IJIs BBIIOJHEHUS OJHOU
3amayu B OJiMsKaiiliiee BpeMs HJIM KOHCTPYKIIMA MOYKET MCIIOJIb30-
BaTbCs B TeUueHUWE HECKOJIbKUX JieT? U rae oHa OyxeT MCHOJIB30BATH-
cA: B moMelleHnu uiau Ha yaune? Bo-BTOpBIX, 3alaTh MUHUMAJIbHBIE
XapaKTEePUCTUKU TOTOBOTO pobora. Hampumep, ecam pobGOT mOIKEH
youpaTh MycCOpHBIe 0aKu, TO €ro MeXaHU3MbI MOJYKHBI yIepP:KUBATH
Bec Mycopa ¢ ydyeToM Beca 6aka. B-TpeThux, ciaegyerT oOpaTHUTh BHU-
MaHMWe, UTO POOOTHI He 00sA3aTEeJbHO MOJKHBI OBITH ABTOHOMHBIMH,
OHU MOTYT yHOPaBJIATHCA uepe3 VHTepHET MJIM TPOCTO TOAKJIIOYATH-
cs IO JIOKAJBHOM ceTu K paboueil cTaHIUM omeparTopa (Hampumep,
oxpaHHUKa). MHMOpPMaAIMOHHBIE CUCTEMBI MOTYT IIpEIycMaTPUBaTh
B3aMMOJEUCTBUA THUNA YeN08EK—CUCMEMA WUIU CUcCmema—cucmema,
T.e. BBl JOJIXKHBI TaKiKe IIPeJyCMOTPeTh TPeOOBAHUA U OTPaHUUE-
HudA, BbiABuUTraemble K Ul (user interface/mosib3oBaTebCKOMY HHTEP-
deiicy, «KaK BBIMIAAUT») U yacTuuHo K UX (user experience/omnbiTy
B3aMMOJENCTBUA, OIIYIIEeHUA MOJb30BATEA OT HCIIOJH30BAHUA, «UTO
nenaeT»). ITonvzoeamenvckuil unmepgeiic — 310 (pUsUUECKUe U TeX-
HUUYECKVe MEeTOAbI B3aUMOJENCTBUA C IOJb30BaTeaeM, HaIpaBJICHHbBIE
B OCHOBHOM Ha oOMeH wuH(popMamueil (BBOL M BBIBOA) C CHCTEMOM
B YOOOHOM [Jig YeJOBeKa Buie (Hampumep, KHOKU). Onvim 63aumo-
delicmaBus — 9TO peasns3anus COOTBETCTBUSA OKUIAHUS IIOJb30BATEJS
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OT IPOM3BEAEHHOTO0 MM HeHMCTBUA U pe3yJbTaTa, AeHCTBUTEJLHO pea-
JU3YeMOTr0 CHCTEeMOM (HampuMep, O:KUIaHNe, YTO HaKaTue OOJIBIIION
KpacHOl KHOIIKM IIpUBeNeT K 3amycKy ycTpoiicTBa). Takum oOpasom,
UI — sT0 MHCTPYMEHT, BUAMMOE BbIpaskeHue mjsa UX. ITu aBa KOM-
IOHEHTAa, KOTOPble HUKOTJAAa He OBIBAIOT pasiejiMMbl, KpaliHe BasKHbI
IS B3aMMOJEMCTBUSA UesloBeK—cucreMa. Eciu Ke IIpeaycMaTpuUBaeT-
cs B3aMMOJIeMiCTBME CHUCTEMa—CHCTEMAa, TO PeUb MOXKET UATU O CO3/a-
HUU coolIiecTB («posi»), TpeboBaHUMEM OJIsI KOTOPBIX OyaeT msbeka-
HUEe CTOJKHOBEHUS WJIN Peajusallus cJemoBaHus. [[pyrum mpuMepom
B3aMMOIENCTBUA CHCTeMa—CHCTeMAa SIBJISETCS yIpaBJeHNe KOMIIOHEH-
TaMMA «yMHOI'O» IOMA.

STAN 4. dopmynupoBaHue KOHUENUUn peLlieHus

HUrax, xorma o6sacThb pelreHus YeTKO OTPaHUYEHA, MOYKHO IIepexo-
IUTh K (POPMYyJMPOBAHUIO IIar0OB KOHKPETHOT'O BBIOPAHHOTO pellle-
Hus. Ha pamHom sTame IIOKa He paccCMaTPUBAIOTCA KOHKPETHBIE
pecypchl. 3[ech COCTABJAIOTCA OJOK-CXeMbI aJTOPUTMOB MIOBEJEHUSI
poboTa 1 ajropuTMbI AeHCTBUII OIIEPATOPOB, ecau 9TO Tpedyercs. Ha
STOM dTale IOABJSIETCS UeTKOe IPeACTaBJIeHUe O MeHCTBUAX poboTa.
Takum 00pazoM, Ha YETBEPTOM dTalle OKOHUYATEIHLHO Pean3yeTcs MO-
menb UX.

STAN 5. MopenupoBaHue apXUTEKTYypbl

Apxumexmypa UCKYCCMBEHHOI cucmemb. — 3TO abCTPaKTHOE IIpen-
cTaBJieHMEe CHUCTEeMbI, BKJIOUalllee B ce0sa Uaealn3upPOBaHHbIe MO
KOMIIOHEHTOB W MOZEeJU B3aMMOIEHCTBUA MEXKIy HUMHU. Bce ajgeMeH-
Thl B HEll B3aMMOCBSI3aHBI, HO SBJIAIOTCA BCEro JUIIL a0CTPAKTHBIMIU
MOAEeIAMU, UTO II03BOJIAET B JaJbHEUINIEM Ha dTane NTPOU3BOJACTBA
(peanmsanum) U3MEHATH COCTaB PECYPCOB, 3aMEHATH JAaTUMKM HA aHAa-
JOTUYHBIE, BLIOMpPATHL OOCTYIIHbIe MJU 0OoJiee BBLITOAHBIE IIO0 radapu-
TaM ycTpoiicTBa m mjaaThl. K KOMIOOHEHTaM apXUTEeKTYPbl OTHOCATCS
MOJeJIU NAaTYMKOB, YCTPOMCTB BBOJA-BLIBOJA, KOMIBLIOTEPOB, WHTEP-
(eiicoB, KaHAJOB mepemaum mH(OpPMAINU, TPOTOKOJIbI, MHTEeP(denCHI,
IpanBepsl U T. 1.

Modeauposarue — 3TO IIPOIECC IPEACTABIEHUA YeTro-aubo ¢ coxpa-
HEHUEM CYMIEeCTBEHHBIX MIJIs MCCJEeIOBAHUA/PENIeHNA 3aJauud CBOWCTB
u cBaAseili. Hampumep, mpm MOAEIUPOBAHUU APXUTEKTYPHI CHUCTEMBI
IJIsI MOJEJIN MTaTYMKAa OCBEINeHHOCTU BaKHO JIUINL ero (DYHKIIMOHAJIb-
HOe Ha3HaUeHUe.

MogenupoBaHue NTPOM3BOAUTCS B CIEIMAJBHBIX KOMIIBIOTEPHBIX
cpemax mam Ha OyMare IyTeM IIOCTPOeHUA cxeM. MOYKHO MCIIOJIb30-
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BaTh crenuuuecKkue A3BIKU. [JI CHUIKEHUSA UTOTOBON CTOMMOCTU
IpPOeKTa ’KeJIaTeJIbHO II0JIb30BaThCA CBOOOAHBIM IIPOTPaMMHBLIM o0ec-
IIeYeHeM.

Yaime Bcero cos3galoTCsa MHOTOYPOBHEBLIE MOJeNIM, Ha BepxXHeM
YPOBHE KOTOPBIX CHCTeMa pasfelieHa Ha (PYHKIMOHAJbHBIE IOACHICTE-
MBI CIIeIIMAJbLHOrO HasHaueHud. KayKgas Takas IIOJCHCTeMa B CBOIO
ouepenb pPacKJIagbIBaeTCs Ha MOACHUCTEMBI, IIPUUYEeM pasiesjeHHne IIPo-
U3BOAUTCA [0 KaHAJNY C HAUMEHBLIINM IIOTOKOM HH@OpPMAIUN. ITOT
mpoliiecc HasbIBaeTcsa OexomMno3uuyueil cucmemvl. B ciaydyae HCIOIb-
30BaHUA agile-meromosiornm Kakgas IIOACHUCTEMA CTAHOBUTCS IIEJIbIO
OIHOTO CHPHHTA.

ApxuTeKTypa CHUCTEeMBbI JOJKHA OBITH:

HaJle)KHa;
peMoHTOIIpUrogHa — pPaboTOCIIOCOOHOCThL B CJydyae HeHCIPaBHO-
CTH MOKHO BOCCTAHOBUTH 3a MUHUMAaJbHOE BpeMs IIPU OTHOCHU-
TeJHbHO HEOOJBINTNX 3aTpaTaX PecypcoB;

e NUarHOCTHUPyeMa — B CJIydae BO3HUKHOBEHUS HEIMOJaAKU ee
MOJKHO OOHAPY KUTh;

e TecTHUpPyeMa — eCTh BO3MOKHOCTL OIpEIeJNTh ee IIPaBUILHYIO
pab6ory;
mpocTa B OOCHYKWBAHUU U SKCILJIyaTal[UU;

OesomacHa;

e HapalllmBaeMa U OTKPbBITA — MUMETh BO3MOJKHOCTb PACIIUPEHUA

W 3aMeHBbI YacTei.

M camoe TJIaBHOE — apXUTEeKTypa CHCTEeMBbI OOJIZKHa IIOJIHOCTBIO
peasin30BbIBaTh KOHIIEIIIINIO BBIGpaHHOI‘O penieHnsdad B YCTAaHOBJIEHHBIX
YCIIOBHUAX M OI'PaHMYEHUAX.

O9TAN 6. PecypcHasa 6a3a

Pecypcuas 6asa ompenenseTrcsa MHOTHMEH (aKTopaMu U HATPAMYIO
CBsIBaHA C OTPAHUUYEHUAMU, K KOTOPHIM OTHOCATCSA HE TOJBKO ITYHKTHI,
YKa3aHHbIe B IIPaBUJaX MEPOIPUATUSA, HO U BO3MOKHOCTHU Balllero
o0pas3oBaTeJIbHOTO YYpeKJIeHuA uau Balltu cobcTtBeHHBIe. [lomMHUTE,
YTO pecypchbl OBIBAIOT MaTepuajJbHble, WHPOPMAIMOHHBIE, (DMHAHCO-
Bble, YeJOBeUYeCKUe ¥ BpPeMeHHEIe. BalKHO yuyuTBHIBATH UX BCe.

Ha pmamHOoM »srame mpomsBOAATCA aHAIW3 W OIEHKA WNMEIOIIUXCH
U TpeOyeMBbIX pPEeCcypcoB, BO3MOXKHOCTH [OIIOJHUTEJNBHBIX 3aKYIIOK
B paMKaX MJOCTYIHBIX (DMHAHCOBBIX PECYPCOB, PACIPERENAIOTCA 00s-
3aHHOCTH.
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ITAN 7. TexHuuyeckoe 3agaHue

3Iech IIPOUCXOAUT paclIpeneseHre 3aad II0 (PYHKIMOHAJBHBIM 00-
JACTAM ¥ O0JIACTAM [IeATEJbHOCTH MEXXKIY YVYAaCTHUKAMK. OTO OUYEeHb
OTBETCTBEHHLII IIar, W KpaliHe BajsKHO, 4TOOBLI pacIipeleieHie IIPOo-
BOJMJIOCH B COIVIACOBAHUM C ONBITHBIM PYKOBOJUTEJEM IIPOEKTa, Ha-
OpUMEpP YUUTEIEeM.

dranbl 6 W 7 BBINOJHSIOTCA HUTEPAI[MOHHO OO TeX IIOp, IIOKa He
OyZerT IOOCTUIHYTO OIITHMAJIbHOE paclpeleeHre PpecypcoB, poJieit
u 3amgad.

Hy BOT TellePhb BbI ITOJTHOCTBIO IIOTPY3UJIMNCh B TEPMMWHOJIOTUIO HMH-
JKEHEePHBIX IIPOEKTOB M MOJKETe CO3[aTh HACTOSIIHUN CTapTall, IIOCBS-
IMIeHHBIN MPOM3BOACTBEHHBIM POOOTAM HA OCHOBE ITOJIOOMBIIEIiCA BaM
miatdopmbl Arduino. Bmepen!



SAKJTIOMEHUE

VBaskaemble pebsTal

Bbr mporiin HeJlerKuii, HO MHTEPECHBIH HyTh OT 3HAKOMCTBA C ILIa-
TOH M0 M3yueHUs MPo(ecCHOHAJbHBIX TOHKOCTel paboThl MHIKeHepa.
HaBaiiTe ocTaHOBMMCSA U OIJITHeMcCA HasalX. UTo 'Ke BbI y3HaIU?

CHauajsia BBl OTKDBLIM IJis ce0s MHTEPECHBI MHD OTKDBITBIX PO-
00oTOTeXHUUECKUX ILTAaTGOPM, Y3HAIU, UTO TaKOe IPOTOTUIIMPOBAHUE.
Ha maxeTHBIX mImaTax BbI coOpasim COOCTBEHHBIE ITPOTOTHUIIBI, MCIIOIh-
3ys pasJuYHBbIe 3JIEKTPOHHBIE KOMIIOHEHTBI: OT OJHOKOMIOHEHTHBIX
YCTPOMCTB O MOAYJIeH M IJIAT PACIIUPEHUS ¢ COOCTBEHHBIMH MUKPO-
nporieccopamu. Ha mpumepe oTKpwITOH maatdopmbl Arduino BbI usy-
YU TPUHIUO Tepeaaun wWHGOPMAIIUU H3MeHeHWeM HAIpPIKeHUsd,
OPUHITUAI IMTAPOTHO-UMITYJIbCHON MOAYJASIINU, (PU3UUECKYIO CTOPOHY
nporokosos UART, I2C, pa6ory ycrpoiictB OneWire m MHOTroe ApY-
roe. B Bammx pykax TOPKH IIIaT M KYYKH IIPOBOJOB CTAHOBUJIMCH
MOJIHOIIEHHBIMH II0JIE3HBIMU YCTPOMCTBAMU!

ITpu mayueHHMHM Kypca BBl MO3HAKOMUJINUCH C OCOOEHHOCTSAMU TPEX
SA3BIKOB IPOTPDAMMUPOBAHUA, IPUHAJIEKAINUX K PA3JIUYHBIM T'DYII-
naM. 3HaHUe Trpad@dUUecKOro HPOIEeAeBTUUECKOTO A3bIKA HPOTPaAMMMU-
poBaHuA Snap! mo3BoaMIO0 0e3 0COOBIX YCUJIMHA U 3aTpPaT BpPeMeHU
HOJIYUYUTh Pe3yJabTaT PaboThl IIPOTPaMMBbI, a TaKyKe W3yUYUTh pPas3jiu-
Uyre MeKAy OTKPBITBIMU U 3aMKHYTBIMHU (ABTOHOMHBIMM) CHCTeMaMU
yupaBjaeHus poboromM. Ilepeiligd K TeKCTOBOMY OOBEKTHO OPUEHTH-
POBAaHHOMY NOPOTPAaMMUWPOBAHWIO Ha A3bIKe Wiring, BBl craju Ha
HECKOJIbKO CTyIleHeil OJMiKe K IOMyJAPHOMY S3BIKY IIPOrPaMMUPO-
Banus C++, mpumenseMoMy IIpodhecCuOHAIbHLIMU HPOTPaAaMMUCTAMU
OpY HATMCAHUU OMEPAI[MOHHBLIX CUCTEM U APYrux mporpamm. M3yuus
A3BIK cTaHmapTHOi cpenbl Arduino IDE, BBI ¢ JIETKOCTBIO OCBOUTE
CHUHTAKCHUC J0Or0 HOBOTO TEKCTOBOTO A3BbIKA. 3aTeM BBl IIO3HAKOMU-
Jauck ¢ tperbuMm sA3biKkoM — FBD. Okasayoch, uTo rpaduyuecKue s3bI-
KM — 9TO HE TOJBKO 00yuaroliyue WHCTPYMEHTBI, HO X BO3MOYKHOCTH
OPOTPaMMUPOBAThH CEPHE3HYIO ITPOU3BOICTBEHHYIO POOOTOTEXHUKY WH-
JKeHepaMU-3JeKTPOHIITUKAMU.

Teopusa mMeeT MaJyio IIEHHOCTh 0€3 MPaKTUKU. B oTamume OT mpo-
XOMKAEHUSA KYpPCOB, MPEeIyCMAaTPUBAIOIIUX TOJHKO yUueOHBbIe 3aJaHusd
¥ KOMIIOHEHTBI, BbI, BLINOJIHASA HEOOJbINNe yIPasKHEHUS W MPOEKTHI,
TaK)Ke M3ydasid dJIEKTPUUECKUE CXEeMbl U O003HAUEHUA, SBJIAIOIIUECST
YHUBEPCAJbHBIMU JIsI BCEX CIEI[UAJTHCTOB MHUpa. B maabHeHIeM 35TO
HOCJYKUT BaM XOPOIIUM IIOACIIOPhEeM IIPU UTEHUU CXEM IIPOEKTOB IO
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aBTOMaTHKe U TejemMexaumke! K Tomy ke, Temeph BBl yMeeTe COCTaB-
JATH U COOCTBEHHBIE CXEeMbI. BbI y3HAJIM, YTO aBTOMATU3UPOBAHHBIE
CHUCTEeMbl TPUMEHSIOTCA TOBCIOy: B TOPOACKOU WHMPACTPYKTYpE,
B menunune, BIIK, cdepe passieueHuii m make B XoIe IIPOBeIeHUS
BBIOOPOB.

YT0o06bl CcHUCTEeMATH3WPOBATH 3HAHUA W IIPUMEHHUTh HMX B KU3HU
I NOCTHKEHUA IeJiell, Bbl M3YUYWJIU HOHATHE JKU3HEHHOIO ITMKJA
OPOEKTOB W y3HAJU, YTO AJA IPABUJILHOTO O(GOPMJIEHUS IPOEKTHON
ITOKYMEHTAIUU CJIE[yeT ONMMPAThCA Ha IOCYyJapCTBEHHBIE U MEXKIyHAa-
ponubie craumapthl ('OCTsI u ap.).

HoBoabHO GOJIBINION TYTh, He paBaa au? MbI ropaguMcsa BaMu. Bbl
IoKasaJau MUPY ¥ B MEPBYIO ouepensb cebe, UTO CIIOCOOHBI HA MHOTOE.
Bac orpanwumBaer siumis Baina paHTazmA. SHAUYUT, IIPErpaj He CyIIe-
cTtByeT. TBOpuTe, KOHCTPyuUPYHTe, mporpammupyite! A cepus KHUT
u TPoeKToB «PoboduIirkm» 006sA3aTeIbHO BaM B 9TOM HOMOJKET.

Ycnexos, dopozue opysvsa!
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IOHble NHXXeHepbl
N nx npenopgasarenun!

Hal nonHbIf yyebHbIN Kypc, NOCBALEHHbIA POOOTOTEXHUKE U
nnatpopme Arduino®, NO3HAKOMUT Bac C 0COGEHHOCTAMU ar-
napaTtHoro obecneyeHus n nporpammuposaHma Arduino Uno®.
Kpome Toro, Bbl MproBLWMTECH K SNEKTPOHUKE — HAYUUTECH Yu-
TaTb, COCTaBNATb 1 COOMPATL AENCTBYIOLLME CXEMbI 13 INTEKTPOH-
HbIX KOMMOHEHTOB. HakoHeLl, Mbl MOKa)eM BaM, Kak NpaBuiibHO
0bOPMNATL UHXKEHEPHbIE NMPOEKTHI.

B nocobun mHOro BHMMaHWA yaeneHo A3bikaM Nporpammu-
poBaHuA. Bbl HayunTecb mporpammupoBaTtb Ha rpaduye-
cknx a3bikax Snap! n ArduBlock, n3yunte TekcToBbIN A3bIK
Wiring, no3Hakomutecb C MPOU3BOACTBEHHBIMU A3bIKaMU
nporpaMmMmMpoBaHnA.

MNocobue BbINOMHEHO B d)opmaTe nocnenoBatesibHO BbICTPO-
€HHbIX TeéM, CONMPOBOXAaeMbIX BOMPOCaMN, NPaKTUYECKNMUA
3afjaHNAMU N NPOEKTaMW.

B nepBylo ouepeab [HaHHbIA KypC MOXeT OblTb BCTPOEH
B YPOUHBIN Mnpouecc B KauvectBe mopayna «PobGoToTexHuKay.
Takxe oH GyneT noneseH ANA BHEYPOUHOWN AeATeNIbHOCTU U
CaMOCTOATENbHOIO U3YyUYeHUs.

Kypc MoxeT paccmaTprBaTbCA B KauecTBe TPeTbel CTyneHn nsy-
yeHuns poboToTexHMKK nocse Kypcos C. A. Oununnosa «Ypoku
po6otoTtexHuku. KoHcTpykuus. [iBukeHune. YnpaBneHue» v
t0. A. BuHHuukoro u K. 10. MNonAkosa «KoHcTpympyem po6oTos
Ha ScratchDuino®. MepBbie warn» nsgatenbcrea «J/labopato-
puvA 3HaHMM». NpoeKTHaA YacTb Kypca MoXKeT ObiTb paclumpe-
Ha cepuen KHur «POBODULLKU. KoHcTpynpyem po60TOB Ha
Arduino®».

info@pilotLZ.ru
arduino@pilotLZ.ru
www.pilotLZ.ru
m vk.com/robolz
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