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Chapter 1 e Introduction

NnaBa 1 BBegeHune

BHeapeHune unna ESP32 ot Espressif Systems 3HameHyeT coboii HOBOe noKoneHne
MUKpOoKoHTponnepos (MK), koTopble npeanaratT OT/IMYHYO NPON3BOAUTENBHOCTD,
dyHKkumoHanbHocTb Wi-Fi n Bluetooth no HenpeB3oliaeHHONM LeHe. DT PYHKLUK
nokopuaun npomnssoantenein. Camble pazHoobpasHble NPUNOXEHUSA U NPOEKTbl B o6nacTtu
NHTepHeTa Bewel (I0T) n goMallHe aBTOMaTUKN MOTYT 6bITb JIerKO U SKOHOMUYHO
peanu3oBaHbl. ESP32 Tak xe nerko nporpaMMmpyeTcs, Kak 1 Knaccuyeckue nnatbl
Arduino. OgHako ansa cpaBHeHuna ESP32 Takxe npepnaraeT, cpean npoyero:

e bonbwasa dnsw-namaTbe U NamaTbe SRAM

¢ 3HauuTenbHO 6osee BbiICOKAsA CKOPOCTb npoLleccopa

e BcTpoeHHbIn Wi-Fi/WLAN
dyHKUMOHaNbLHOCTbL Bluetooth
Bonbwe nuHos GPIO
LLinpokasa dyHKUMOHANBbHOCTb MHTepdeinca
AHanoro-uudgpoBoi npeobpasoBaTenb C 60nee BbICOKUM pa3peLlleHUeM
LUndpo-aHanorosbin npeobpazoBaTtesnb
o OyHKUMM 6e30MacHOCTU U WNdpoBaHUS

Mo 3TUM NpUUYMHAM ero MOXHO cuyMTaTb Hanbonee MHoroob6elwaoWmnMM NPeeMHNKOM
Arduino. B 3TOM KOHTEKCTe 4acCTO UCMNOJIb3yeTCs TepMUH «ybuinua Arduino».

3Ta KHUra 3HakoMUT C NPOrpaMMMpPOBaAHMEM COBPEMEHHbIX OAHOKPUCTAsIbHbIX CUCTEM
(Systems on Chip — SoC). MoMMMO TEXHUYECKOWM NOArOTOBKN, OCHOBHOE BHMMaHMe
yAensieTcs A3blky nporpammmupoBaHusa Python, ocob6eHHo ero BapuaHTy «MicroPython».
OCHOBHbIe B3aUMOCBSA3M MeXAy 3/1EeKTPOHUKON N 3NeKTPOoTEXHUKON 6yayT
paccMaTpmMBaTbCs TOSILKO B TOM Mepe, B Kakol 3TO Heo6XoaMMO ANs NPOEKTUPOBaHUS
CXEM U 3KCNEPUMEHTOB.

B nobom cnyyae, «annapaTtHoe obecrneyeHne» AN Havana MoXeT 6bITb O4eHb MPOCTbIM.
Bo-nepBbix, TpebyeTcs TONbLKO niata KOHTposiepa U HECKOIbKO CBETOAMOA0B, @ Takxe
pe3uctopsbl. MK nnm HoyTHYK, HEO6X0AUMbIN ANS NPOrpaMMMPOBaHUSA YUNa, AOSHKEH
6bITb B KaxaoM goMe. COOTBETCTBYHOLLYIO Cpeay NporpaMMMpoBaHMs MOXHO 6ecnnaTHo
3arpysutb u3 MHTepHeTa. OgHako npu paboTe co cpeAoi NporpaMMMpoBaHus
MicroPython 6bICTpO BO3HUKAIOT NepBble Npobnemsbl.

B nocneaHue roabl Python nepexwun orpoMHbii noagbeM. PasnuuHbie ogHoNNaTHble
cucTeMbl, Takne kak Raspberry Pi, ocobeHHoO cnocobcTBOBanu ero nonynspHocTn. Ho
Python Takxe Hawen wnpokoe npuMeHeHue B Apyrmx obnacTax, Taknx Kak
WCKYCCTBEHHbI UHTENNEKT UK MawunHHoe oby4yeHne. CneaoBaTenbHO, UCMNOb30BaHNE
Python nnu BapuaHTa MicroPython ans npunoxeHuin B SoC TakxXe SBNAETCS IOMMYHbIM
BbIGOpPOM.

OZHaKO Mbl HE OrPaHNYMMCS MPOCTbIM BBEAEHWEM B A3blK NPOrpaMMUpoBaHus. Bo
MHOMMX C/lydasix MoslyYeHHble HaBbIKU NPOrPaMMUPOBAHUS MPUMEHSIIOTCS Ha NpakTUKe
BMECTE C 3/IEKTPOHHOI CXeMoit. Bce NoMHOCTbIO onncaHHble NPOEKTbl NOAXOAAT ANS
MCMNOMb30BaHNS B NabopaTopusix UAuM B MOBCEAHEBHOM XMU3HU. TakmuM o6pasoM, B
ZAonoJiHeHne K obpasoBaTesibHOMY 3hdheKTy YA0BONLCTBME OT C60PKM MOJIHBIX U
NnoJsie3HbIX YCTPOWCTB TaKXXe HaxoAWUTCa Ha nepeaHeM nnaHe. C NoMoLblo TabopaTopHbIX
CbEMHbIX MiaT MOXHO 6e3 0CObbIX YCUMUIA peann3oBaTb CXEMbl BCEX TUMOB. TakuM
06pasoM, TECTMPOBaHME U UCMbITaHWE MPUIOXKEHWIA CTAHOBUTCSA 06pa3oBaTe/ibHbIM
YAOBONLCTBUEM.
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Bnarogaps pa3nnyHbIM NPUIOXKEHNUSIM, TakKUM KakK MeTeocTaHUMK, uMdpoBsble
BO/IbTMETPbI U PYHKLMOHANbHbIE FEHEPATOPbI, NPeACTaB/EHHbIE MPOEKTbI TaKXe
naeanbHO NOAXOAAT A CTAaXUPOBOK UM YUYeBHbIX KYpPCOB MO €CTECTBEHHbLIM HayKaM
WM Ha YpOKax HayKu U TEXHUKW.

1.1 Python, C unm Arduino?

[Onsa HaunHaowmnx cpega nporpammmupoBaHmns Arduino — oAHO M3 caMbiX MPOCTbIX MecT
Ans nporpammmpoBaHna ESP32. 3a atuMm nHtepdencom ctont sepcnsa C ans Arduino, a
Takxe C++. OTn ABa A3blka NporpaMMMpoBaHns rogamu 6binun NonNynspHbel 4ns
pa3paboTku BCcTpanBaeMbix cucteM. Bepcusa C ang Arduino ewe 6onblie ynpoctuna
Hayano paboTbl. Kpome TOro, Ansa 37Ol Lenn co3iaHo OAHO U3 KpYMHEeMRLWnx
TexHonorndyecknx coobuiects B Mmpe. C nosiBNeHMEM HOBbIX 6M6IMoTEK, NPOrpaMMHbIX
MUCNpaBieHU 1 NoAAEPXKM nnaT npobnembl 06bI4YHO pewanuck 6bicTpo. OaHaKo
orpaHu4yeHue, 3aknwyatolieecs B ToM, 4to Arduino-C paboTaeT ToNbKO B
npeAHasHa4YeHHOW AN Hero cpeae, HemanosaxHo. CneunansHo Ans paspabotku 6onee
MacLTabHbIX MPOEKTOB OTCYTCTBYHOT MOJie3Hble U BaXKHble PyHKUMKU. TakmM ob6pa3om,
Arduino-C ocTaBasics B OCHOBHOM OrpaHM4eHHbIM X0661 1 NpoeKkTamMn ANs HauyMHaoLWmX.

MicroPython oTHOCUTENBHO HOBbLI. Co0bLWEecTBO Nonb3oBaTenen pacTeT, U
noaaepxvsaetcs Bce 6onble u 6onblie nnatgopm. MicroPython — 370 ynpoweHHas
Bepcusi Python, oa4HOro M3 cambix NOMyAsIPpHbIX S3bIKOB NPOrpaMMUpPOBaHNS B MUPeE.
M03TOMYy KOHKpeTHble NpobaieMbl MOXHO peLlaTb He TOJIbKO B coobwectBax MicroPython.
Ha camom gene obuwume dpopymbl no Python Bce 6onblie cnocobcTBYOT pelweHunto npobnem
MicroPython.

B nononHeHue k noaaepxke coobuwecrtsa, MicroPython Takxxe obnagaeTr HeKOTOpbIMU
0COBEHHOCTSAAMW, KOTOPbIE CTAaBAT €ro HaMHOro Bblwe Knacca Arduino. OgHOM N3 Takux
dYHKUNI aBnsgeTca Tak HasbiBaeMas pyHkuma REPL. REPL paclwmndpoBbiBaeTcs Kak
«UMWK YTEHUA-OLEHKU-NeyaTn». 3TO No3BOoNSET 6bICTPO BbINOMHATL NPOrpamMMbl U
pa3aenbl koga. KoMnunmMposaTb MK 3arpy»XaTb He HYXHO. TakuMm o6pa3oM, YacTu Koaa
MOryT 6bITb MpOTECTUPOBaHbI 6bICTPO M 3P HEKTUBHO BO BpeMs pa3paboTku.

MicroPython cogep>XuT oueHb KOMMaKTHYIO peanunsauunto nHtepnpetatopa Python. ns
3TOro Tpebyetcs Bcero 256 Kb dnaw-namsat™m u 16 Kb O3Y. TeM He MeHee
wHTepnpetatop pa3paboTaH AN MakCMManbHOW COBMECTUMOCTU CO CTaHAapTHbIM Python.
CMHTaKCUC U A3bIKOBOM AMana3oH B 3HaUMUTENbHOW CTENeHn COoTBEeTCTBYOT Python
Bepcun 3.4, NOSTOMY OMbITHbIE MPOrpaMMUCTbI Ha Python fonkHbl 6bITb B COCTOSIHUM
cpa3y Haltm o6xoaHol nyTb. Kpome Toro, onpeaeneHo HECKOJIbKO A3bIKOBbIX
3N1EMEHTOB, BbIXOASLWMX 3a paMKu CTaHAapTa, YTO CHMXaeT TpeboBaHMS K NaMaTu u
yBEIMYNBAET CKOPOCTb BbIMNOSIHEHUS.

1.2 Tpe6oBaHus

Ons ycnewHon paboTbl C 3TOW KHUFOM HEO6XOAMMO BbIMOAHUTL cneayrowme
TpeboBaHuUs:

e BazoBble 3HaHMA NOH6Oro A3bika NporpaMMUpoOBaHUS, Takoro
kak C, Java u T.n.;

e Mpeanonaratotcs 6a30Bble 3HAHMS B 06/1aCTU 3N1EKTPOHUKMU, 0COBEHHO
B 06/1aCTN «TOK — Hanpsi)XeHue — COMNpPOTUBIEHME.
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Chapter 1 e Introduction

[Ona nonyyeHns cneuuanbHbIX 3HaHWI B 061acTW 31EKTPOHNKK, NoXxanyncTa, obpatutech
K OOWMPHOM TexHuyeckom nuTepaTtype, ocobeHHo ot Elektor, uepe3 wux
KHWUMU, >XYpPHanbl M KOMMAEeKTbl. AnnapaTHas CTpyKTypa Oblla HaMepeHHO caenaHa
NPOCTON, MOCKOJSIbKY OCHOBHOE BHMMaHWe AO/MKHO 6biTb yAeneHOo nNporpaMMmpoBaHuUIO C
nomowbto MicroPy-thon. TeMm He MeHee, TpebylOTCSA pa3nMyHble KOMMNOHEHTblI U AeTanu.
MOACHEHNS MOXHO HAaWTU B OTAEJIbHbIX I1laBax, B KOTOPbIX KOMMOHEHTbI UCMOMb3YOTCS B
nepeyto oyepeab. KpoMme Toro, B NocneaHux pasgenax KHUrn ob6bacHATCA HeKoTopble
OCHOBHble KOMNOHEHTbI, TaKWUE KaK pe3ncTopbl UAn cBeTomsnyyawLue anoabl. Bol MoxeTe
06patnTbCs K HUM, €CiM eCTb Kakume-nimbo HEesACHOCTUM OTHOCUTENbHO OTAENbHbIX
KOMMOHEHTOB.

JononHuTenbHble TpeboBaHUs

e K nnun HoyTbyk c USB,
e OC Windows 10,
e noctyn B IHTepHeT.

Takoxe Nosie3HO MCNONb30BaTh aKTUBHbLIN USB-KOHLEHTpaTOp Mexay KOMMNbIOTEPOM U
KOHTPONNEPOM, T.K. rapaHTUpYeT onpeaenerHHyto 3awnty MK. Xab gonxeH nmetb
cobcTBeHHOe nuTaHmne 5B vepes oTaenbHbI 610K nuTaHma. Toraa MK nam HoyToyk
ydlle BCero 3alimuleH OT KOPOTKOro 3aMblkaHMs 3a XaboM, Tak Kak o4eHb
MasioBEPOSATHO, UTO KOPOTKOE 3aMblKaHME «MNPOHECET» aKTUBHbIN xab B USB-nopT
KoMnbloTEpa.
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FnaBa 2 e PasHoo6pasue nnar ESP

ESP32 — 3TO COBpPEMEHHbIN U Ype3BblYaliHO MOLLHbIN MUKPOKOHTponep. MomMnumo
BbICOKOW TaKTOBOM 4aCTOTbl U O6LUMPHBIX BHYTPEHHUX DYHKLMOHANbHbIX 6J10KOB, Ynn
nmeeT BCcTpoeHHble Wi-Fi 1 Bluetooth. KoHTponnep 6bin pa3zpabotaH KMTanmckom
KoMnaHuen Espressif Systems, 6a3upytoweica B LLlaHxae, 1 nonb3yeTca Bce 6onbluein
nonynsipHOCTbI0. XapakTepUCTUKN NMPOM3BOAMTENBHOCTM ESP HaMHOro npeBocxoasT
M3BEeCTHble nnaTbl Arduino ¢ ToYku 3peHnd ueHbl 1 Npon3BoaNTENIbHOCTW.

Mockonbky ESP32 goctyneH Tonbko B BUuae SMD-uuna, 415 MCnosib30BaHUs
KOHTpo/iepa B HenpodeccnoHanbHol cpeae TpebyeTcs Tak HasbiBaeMasl naarta npopbisa
(BoB) unn nnata pa3paboTkn. Ha pbiHKE AOCTYNHO MHOXECTBO Pa3/IMYHbIX BEPCUNA.
CaMble M3BEeCTHble BEPCUU:

Board Pins Buttons LiPo Charger
ESP32-PICO-KIT 34 EN and BOOT no

JOY-iT NodeMCU 30 EN and BOOT no

ESP32 DEV KIT DOIT 30/36 EN and BOOT no

Adafruit HUZZAH32 28 RESET yes

ESP32 Thing 40 EN and BOOT yes
LOLIN32 40 EN and BOOT no
Node-ESP-Board 38 EN and BOOT no

Ha cnepyowem M306pa)KEHVIVI MOKa3aHbl TOJIbKO TP pa3Hble BEPCUN!

Puc.2.1: Mnatel ESP32 (PICO-KIT, Node-ESP 1 NodeMCU).

YacTo NOMUMO KOHTPOJI/IEpa Ha MaThl MOHTUPYIOTCA APYrve KOMMOHEHTbI, Takue Kak
KHOMKMW, 3apsifHOE YCTPOWCTBO ANS JIMTUA-MOHHbLIX aKKyMYJIATOPOB WAW pasfinyHble
CBETOAMOAbI.
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Chapter 2 ¢ A Variety of ESP Boards

OTO 03HA4aeT, YTO NepBOHaYvasibHble TECTbl U 3KCMEePUMEHTblI MOXHO NMpoBoAUTL 6e3

BHELUHEW CXeMbl.

B cnepytowem pasaene cobpaHbl Hanbosnee BaXxkHble AaHHble 0 ESP32. O630p fo/XeH
co3faBaTtb TO/IbKO NepBoe BrnedaTneHue. bonee rnybokoe NnoHMMaHne oTAENbHbIX
XapaKTepucTuK U pyHKUMi byaeT npeacTtaBieHO B COOTBETCTBYOWMX pasgenax KHUrm.

lMpoueccop:
MNamaTb:

NCTOYHUK NUTaHuns:
MoTpebnsemMbin TOK:

Temnep. okp. cpenbl

Bxoabl/Bbixoabl (GPIO):

Wi-Fi:

Mponyck. cnoco6. cetu:

YyBCTBUT. MpUEMHMKA:
Bluetooth:

dyHkumnoHan Bluetooth:

JdaTtunkn:

NHTepdenchbl:

besonacHoCTb:

AByXbsaepHbIn Mukponpoueccop Tensilica LX6 160/240 My
520 Kb SRAM / 16 Mb ¢nsw-namatm
or2,2Bpno3,6B

CraHpapT: npmbn. 50 - 70 MA

Pexxum Wi-Fi: npuén. 80 - 170 MA

Pexum rnybokoro cHa: npubén. 2,5 MkA

-40 °Cto +125 °C

32 nopTa obuiero HasHa4yeHus c LM

Norvka dyHKUWA n Tanmepa

802.11 b/g/n/e/i

135 M6ut/c (no npotokony UDP)

-98 dBm

V4.2 BR/EDR u BLE

Classic u Bluetooth Low Energy (co BCTPOEHHON aHTEHHOMN)
daTtuuk Xonna

10-KpaTHbIN eMKOCTHbI CEHCOPHbIA AaTuYnK
NHTepdencol: 3x UART c noTokoM 3X nHTepderica SPI
KonTponnep CAN-wWuHbI 2.0

2 nHTepdenica I12S n 2xI12C

18 aHanoroBbiXx BX0A40B C 12-6UTHbIMK ALIM

2 aHanorosbIX Bbixoga ¢ 10-6utHbiMu LIAM
NHdpakpacHbir (MK) (TX/RX)

LLINM moTopa

LED-PWM po 16 kaHanos

NHTepdenc ansa BHewHen dnaw-namatn SPI go 16 Mb
AnnapaTHoe obecneyeHne SD-KapTbl

Wi-Fi: WFA, WPA/WPA2 1 6e3onacHas 3arpyska WAPI
dasw-wndposaHune

Kpuntorpadguueckoe annapatHoe yckopeHue Kpuntorpadus
Ha NIMNTUYECKUX KPUBbIX

eHepaTop cny4yariHbix Yncen (RNG)

ESP32-PICO-KIT 06bl4HO ucCnoONb3yeTcs ANS MNPUMEPOB MPUIOXKEHUI B 3TOU KHure. B
KayecTBe anbTepHaTUBbl MOXHO wucnonb3oBaTb ESP32 DEV KIT wunu agpyryio nnarty.
Ncnonb3yeMblli BapuvaHT yKa3blBaeTCs SBHO B KaxAoM cfiy4dae. B npuHuumne, oaHako,
passiMyHble NnaTbl B 3HAYUTENbHON CTEMNEeHN COBMECTUMbl. OTIMYAIOTCS OHU B OCHOBHOM
pasMepaMu U NOPSAKOM pacrofoxXeHns nMuHoB. PucyHok 2.2. nokasaH PICO-KIT c ero
dYHKUMOHANbHbIMK Y3/1aMU U COEANHEHUAMMU.
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Puc. 2.2: Nnata ESP32 PICO-KIT.

Mnatel nyywe BCero MOAXOAAT AN 3KCMNEPUMEHTOB W pa3paboTKW. DNEKTPOHHbIEe
KOMMOHEHTbI, TaKMe KakK CBETOAMOAbl, AAaTUMKM TEMNEPATYPbl UK AaXe WCMONHUTENbHbIE
MeXaHWU3Mbl, Takue KakK cepBonpuBoOAbI Moaenu R/C, MoryT 6bITb
NoAK/OYeHbl Yepe3 pa3beMbl NopToB. MNnaTa Pico Kit umeeT, cpean npoyero, cneayowme
dYHKUNM:

e KoHTponnep ESP ¢ aBymsa 32-6UTHbIMKU sapamum

e BoicTpbit HTepderic Wi-Fi 1 WLAN (ao 150 M6ut/c)

e OyHkumum ALM n LAN

e CeHCOpHbIV 610K

e XocT-koHTponnep ansa SD/SDIO/MMC

e KoHTtponnep SDIO/SPI

e bnok EMAC n PWM ans ynpasneHus cBeToaMogamMmu u Apuratensimm
e NHTepdencol UART, SPI, I2C n I12S

e NHdpakpacHbIi NynbT ANCTAHUMOHHOMO yrnpaBfieHus

e NHTepdenc GPIO

¢ Bluetooth/Bluetooth LE (4.2)

e USB-to-Serial-Chip ansa gocryna yepes nHtepdeiic USB

2.1 BeBop B 3kcriyaTtaumio u pyHKUMOHaNbHaA NpoBepkKa

Kak Tonbko nnata 6yaeTr AocTynHa, ee cneayeT NOABEPrHyTb MEpBOHAYasibHOMY
pyHKUMOHaNbLHOMY TecTupoBaHuo. Ans 3toro USB-kabenb nogkntoyaetcs k MK wnam
HOYyTOYKY 1 pa3beMy micro-USB Ha nnarte.

Ha 6onblMHCTBE niaT CBETOAMOA 3aropaeTcs npu nogkawdyeHum k USB-nopTy
nuTaHmeMm. Ecnm, Bonpeku oOXuAaHWAM, 3TOT TaK Ha3blBAaEeMbI CBETOAMOA BKJIHOYEHUS
NnUTaHWs He 3aropaeTcs, cneayeT HemMensieHHO OTKAKYUTb coeamHeHne USB. Takum
obpa3oM, Bbl MOXeTe npefoTBpPaTUTb Cepbe3HOe MOBpeXAeHMe WM3-3a BO3MOXHOro
KOPOTKOr0 3aMbikaHus. [lone3Hble COBETbl MO AajibHENWEMY YCTPaHEHUIO Hemnosiafok
[aHbl B COOTBETCTBYIOLLEN [NlaBe B KOHLE KHUTU.

Mnatel ESP Bceraa nomxkHbl akCcnnyaTnpoBaTbcs Ha 6ecnaeyHon nnate (CM. puc. 2.3).
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Chapter 2 ¢ A Variety of ESP Boards

Puc.2.3: NMnata ESP, nogkato4YeHHas K MakeTHOW nnare.

2.2 ESP32 c nutaHueM ot 6atapeu

B 6onblwmnHCcTBE cnyyaes nnata ESP nutaeTtcs yepes pasbem Micro-USB. MNMockonbky npu
CO3[@aHuUM NpOrpaMMbl KOHTPONIEP BCE paBHO noAkntoyaeTtcs K MK nnm HoyTbyky,
AOMNONIHUTENbHOE NUTaHne He TpebyeTcs.

Ecnn npsiMon 06MeH aaHHbIMKM ¢ MK 6onblue He HyXeH, niaTa TakXe MOXeT NMUTaTbCs OT
MCTOYHMKA NuTaHmsa USB, koTopas Ao/mkHa obecneymBaTb BbIXOAHOM TOK He MeHee 1000
MA (1 A; 1 amnep), 4Tobbl n3bexaTb HexenaTenbHbIX NageHnn HanpsxeHusa. Kpome
TOro, UMeeTCs onpeaesieHHbIN 3anac MOLWHOCTU ANns paboTbl HEKOTOPbIX CBETOAMOAOB,
AUcrniees UNM AaTYMKOB.

[axe 6e3 nogkntoveHna USB nnata MOXET OTNpaBnsATb M Noay4vaTtb AaHHble yepe3 Wi-Fi
n Bluetooth. na AOCTUXEHMS NOMHON HE3aBUCMMOCTU MOAY/b AO/HKEH NMUTATbCS TOJIbKO
oT (nepe3apsxaembix) baTtapeln.

HekoTopble nnaTtbl UMEIOT AN 3TOM Uenun pasbeM Ang nutun-noHHon (Li-Ion) 6atapen
(cM. puc. 2.4). NMoaxoasiime 31eMeHTbl MOXHO MOAK/0UATh HAMpPsMYHO Yepes
CTaHAapTHbIN WTeKkep. 3aTeM BHYTPEHHSA peryiMpoBKa HanpsixeHust obecneunsaeT
onTUMasnbHOe NuUTaHue KOHTposnnepos. Kpome Toro, nogkntoveHHas 6atapes
3apshkaeTcs, Kak TOJIbKO MnjiaTa noaksyvaeTcs K gencreyrowemMy USB-pasbemy.

[na 3Toro npunoXeHuUs NOAXOAAT aKKyMYNsATOpbl EMKOCTbIO 0kos10 1500 MAY 1 6onee.
AKKYMynsATopbl MeHblero pa3mepa MeHee 300 MAY He criegyeT UCMoJb30BaTb, Tak Kak
BCTPOEHHbIW KOHTPOJI/IEP 3apsiia MOXET NMpUBECTU K UX Nepe3apsiake.

Mpwn TMNNMYHOM 3HepronoTpebneHnn ok. 50 MA, BapmaHT Ha 1500 MA4Y MoXxeT obecneumnTb
BpeMs paboTbl 0kosio 30 Yacos, TO ecTb YyTb 6onee cyToK. [Tpy MCNoNb30BaHNKU
PYHKUMIA CHa KOHTpoiepa MoXeT 6bITb OCTUIHYTO AaXe 3HauuTenbHo 6onee
AnuTenbHoe BpeMs paboTbl.
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OpHoanemMeHTHble LiPo (nnTun-nonnmepHble) MAn NUTUIA-UOHHbIEe baTapen obecneymBaroT
[OCTaTOYHY MOLWHOCTL Ang ESP32. OgHako ux HanpsbkeHue ot 3,7 0o 4,2 B, B
3aBWCMMOCTM OT YPOBHS 3apsiia, CIMWKOM Benuko ans ESP32. MosToMy OHO
perynupyeTcs C NOMOLLbIO BHYTPEHHEro MoAyNs.

Mockonbky paboTa C NMNTUN-NOHHBIMW aKKYMYISTOPaMn BCeraa ConpsiXeHa ¢
onpeaenieHHoOM CTENEHbI OMACHOCTU, HEMb3s YNycKaTb CleayloLlyo MHdopMauuto:

¢ JIUTUN-NOHHbIE aKKYMYISATOPbl YYTKO PEarnpyroT Ha HenpaBW/ibHbIE 3apsiaHble
TOKW UNKN HanpsxeHus. Npu onpeaeneHHbIX 06CToATENbCTBAX CyLecTByeT
[aXke pUCK BO3ropaHusa uav B3pbiBa.

e Kaxxabl Nonb3oBaTeNlb HeCeT OTBETCTBEHHOCTb 3@ COGCTBEHHbIE MPOEKTHI.

e Hu UzpaTenb, HM ABTOpP He HeCyT HMKaKOl OTBETCTBEHHOCTMU.

'L

e iwan uanw
T
T

Puc.2.4: NMnata NodeESP B pexume paboTbl oT 6aTapen.

https://t.me/it_boooks/2
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Chapter 3 ¢ Programming and Development Environments

Fnasa 3 e Cpeabl NnporpaMMmMpoBaHus U pa3paboTku

B oTnnume oT cuTyaumm, ckaxem, ¢ cuctemont Arduino, ans pabotel ¢ MicroPython
OOCTYMHO HECKOJIbKO MHTErpnpoBaHHbIX cpef pa3spaboTtku (IDE). B npuHumne, co Bcemu
IDE MOXHO nucaTb NporpamMmmbl U 3arpyxaTtb UX Ha KOHTponnep. [Byms Hanbonee
pacnpoCcTpaHeHHbIMU CpeAaMu NporpaMMmMpoOBaHNS B HACTOSLLIEE BPEMS SABJISIOTCA:

e UPyCraft
e Thonny

O6a umMetoT cBoM crneunduyeckme NpenMyLecTsa M HeloCcTaTKK. PasiMuns 3aktovatoTcs
rnaBHbIM 06pasoM B pasfMUHbIX Npouesypax pa3paboTky v yrnpaBeHus NporpaMMHbIM
KOZOM A1 MPOEKTOB MPUIOXKEHWIA.

MepBbIli BapuaHT noA Ha3BaHneM PPyCraft npeanaraet cpaBHUTENBLHO NPOCTOMN
MHTepdenc ans paspabotkn MicroPython Ha KoHTponnepe ESP32. OH paboTaeT ¢
NpOCTbIMK rpauUUecKMMn 3neMeHTaMn N HaNnoMMHAET TEKCTOBbIE ONepaunoHHbIe
cucteMbl. PaboTa ¢ oTaenbHbIMK DYHKUMSIMU NpoOCTa A/ MOHMMaHuUs, a paboTe ¢
Pa3/INYHbIMU MEHIO JIErKO Hay4uUTbCS.

Thonny, ¢ Apyroi CTOPOHbI, UMEET MOJSIHOCTbIO rpaduyecknini nHTepdeinc B ctunie
Windows. IDE ouyeHb nonynspHa cpean npomssoantenen, 0CO6eHHO NOTOMY, UYTO OHa
[OCTyrnHa B onepauunoHHol cucteme Raspbian Ha Raspberry Pi. MosTomy MHorme
nosnb3oBaTenu Raspberry Pi y>xe Xxopowo 3HakoMbl C TOHHM.

IDE o603HauatoT Hambonee BaxHble OonepaunoHHbIE CUCTEMbI, Takne Kak

e Windows PC
e Mac OS X
e Linux Ubuntu

Ecnu npu ycTaHoBKE MW UCMNOJIb30BaHUN O4HOM U3 CUCTEM BO3HUKAOT Npo6ieMsbl,
MOXHO MCMOJIb30BaTb APYryl0 BEPCUIO B KAYeCcTBe asibTEPHATUBHOM CUCTEMbI
nporpaMmMupoBaHuns. Boi6op BEpCcUn 3aBUCUT, KOHEYHO, OT JIMYHbIX CKITOHHOCTEN U

npuBbIYEK NONb30BaTENS.
3.1 YcraHoBka IDE uPyCraft

Mepepn yctaHoBkon uPyCraft IDE Ha MCnNoNb3yeMoM BaMn KOMMblOTEpPe A0XKHa 6bITb
yCTaHoBfieHa nocneaHss Bepcus Python 3.7.X. Ecnn ero HeT, TO YCTAHOBKY MOXHO
Npon3BeCcTn NO ceayoLen MHCTPYKLUNN:

1. 3arpy3uTe yctaHoBOYHbIN dhalin co CTpaHuubl 3arpy3ku Python no agpecy:

www.python.org/downloads
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2. TNMocne onepaunu 3arpyskn dain c nMeHem python-3.7.X.exe
[O/HKEH HAaXOAUTbCA Ha BalleM KoMMbloTepe. [JBONHON LWen4yok no danny
3anycKaeT yCTaHOBKY.

3. Bbibepute «Add Python 3.7 to PATH» u HaxMuTe kHonKy «Install Now».

4. Tpouecc yCTaHOBKW 3aBepLUAETCS Yepe3 HECKOJIbKO CEKYHA, U oTobpaxaeTcs
coobueHne «Setup was successful». Mocne 3Toro OKHO MOXHO 3aKpbITb.

Tenepb uPyCraft IDE ana Windows MOXHO ckayaTtb C
https://github.com/DFRobot/uPyCraft

B Buae daiina c umeHem uPyCraft_V1.x.exe. [Mocne HaxaTus Ha 3TOT dann .exe
oTkpoeTtcs uPyCraft-IDE:

File Edit Tools Help

—Save file

===Download and run
—Stop
——Connect/disconnect
——Undo

——Redo

—Syntax check

—Clear

Puc.3.1: uPyCraft-IDE

Mocne yctaHoBku IDE Ha KOMMbOTEP MOXHO 3arpy3uTb MUKponporpammy ESP32 Ha uun.
TekyLyto Bepcuto Mmkponporpammbl MicroPython ana ESP32 MOXHO HanTu no aapecy

http://micropython.org/download#esp32
Tam Bbl Npokpy4YmnBaeTe Ao pasgena «Moaynu ESP32». Nocne nepexona no ccoblike
«Generic ESP32module» Bbl nonageTte Ha cTpaHuuy 3arpyskm danna ESP32-BIN. 310
6yaeT BbirNaaeTb cieaywmM obpa3om:

esp32-idf3-20191220-v1.12.bin
Tenepb Bbl MOXeTe 3anycTuTb UPyCraft-IDE. Moa

Tools -> Serial

e 20


https://github.com/DFRobot/uPyCraft

Chapter 3 ¢ Programming and Development Environments

BblbepuTe nopt ESP32-COM, 3pecb COMS5:

File Edit Tools Help

Serdial

board

Download
DownloadAndRun
Stop
BurnFirmware
InitConfig

Preferences

Puc.3.2: Bbibop nopta.
Ecnn nnata ESP32 nopkntouyeHa K KOMMbOTEpPY, HO nopT ESP32 He oTobpaxaeTcs B
uPyCraft IDE, BO3MOXHO, OTCYTCTBYEeT COOTBeTCTBYHOLWMI apaneBep USB. B aTOM ciydae
npanBep HeobxoauMo nepeycTaHoBUTb. COOTBETCTBYIOLWMA ApaliBep MOXHO HalTu B
pasaene

https://www.silabs.com/products/development-tools/software/usb-to-uart-
bridge-vcp-drivers

Mocne 3TOro Bbl MOXETE cneaoBaTb
Tools -> Board

[anee Heo6Xx0AMMO BbIGpPATb OMUMIO «esp32»:

File Edit Tools Help

Serdal

board L4 ESnB2E6
Download @
DownloadAndRun Fs pyboard

Stop microbit

BurnFirmware other

InitConfig

Preferences

Pnc.3.3: Bblbop Tuna nnatbl
Tenepb MHTepnpeTaTop MicroPython MoxHo 3anucatb B ESP32 ¢ noMOLLbIO

Extras -> Burn Firmware
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Moaxopswne BapuaHThl:

e nnarta: esp32

e burn_addr: 0x1000

e erase_flash: pa

e com: COMX (here COM5, see above)

B pasaene «USERS» BblbepuTe 3arpyxeHHbi gann ESP32-BIN, kak nokasaHo Ha puc. 3.4.

erase_flash ves i
Firmware Choose
O uPyCraft
® Users ‘#I‘-'HcruPython;’esp32—2019@529—v1.lZ.b‘l'n| m

Puc.3.4: NapameTpbl NpoLWnBKU

Ecnu Bce HacTpoWiku BbibpaHbl MpaBuIbHO, TO Ha HEKOTOPbIX BapMaHTax nniaThbl
Heob6xoaMMOo HaxaTb KHonky "BOOT/FLASH" Ha nnate ESP32. Kak ToNbKO HayHeTCs
npouecc «EraseFlash», ko4 MOXHO OTNYCTUTb. Yepe3 HeCKONbKO CeKyHA NMpoLInBKa
AoskHa 6bITb 3arpyxeHa Ha nnaTty ESP32. OgHako BO MHOIMMX ciy4vasx 3arpyska
HauyHeTcs 6e3 HaxaTus KHOMOoK.

Ecnu skpaH «EraseFlash» He 3anyckaeTtcsa nnm otobpaxaetcsa coobuweHne o6 owmnbke,
NOBTOPMUTE LWIAru, onncaHHble Bbiwe. Takxke CHoBa HaxmuTe knasuwy «BOOT/FLASH»,
uTOo6bI ESP32 nepeluen B peXxuM NpoOLUNBKMU.

3.2 MicroPython ans ESP32

3a HEKOTOPbIMU UCKITIOYEHUSIMU, BCE BO3MOXHOCTU U YHKUMM Python Tak)xe AOCTYMHbI
B MicroPython. Camoe 6onblioe oTAMYME COCTOUT B TOM, YTO MUKPO-Bepcus bbina
pa3paboTaHa Ana UCMOb30BaHMSA B OAHOKPUCTAsIbHbIX CUCTEMAX, MO3TOMY
Kflaccnyeckne noanporpamMmmbl, Heob6xoanMble Tonbko Ans MK, oTCyTCTBYIOT.

Mo aTol npnumHe MicroPython He coaep>XXWT NOMHOM CTaHAapTHOM 6MB6AINOTEKM, a TONbKO
4acTn, OTHOCALUMECS K MUKPOKOHTponaepaM. Taknmm o6pasoM, AOCTYMNHbI BCE MOAYNMU,
HeobxoamMble Ans AOCTyna K UCMONb3yeMOMY YCTPOMUCTBY. TakuM obpasom, ¢
COOTBETCTBYIOWMMUM BNBANOTEKAMM Bbl MOXETE NIEFKO MONYYUTb AOCTYN K nuHam GPIO.
CneuuanbHo anga ESP32 Takxe AOCTYNHbl MOAYAW AN NOAAEPXKN CeTeBbIX
noakntoveHuii (Wi-Fi) n Bluetooth. B yacTHOCTM, NnoaaepXUBAOTCS crneaytowme nnatbl:

e ESP32

e ESP8266

e PyBoard

e Teensy 3.X

e WiPy - Pycom
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XoTs ewe He Bce DyHKUMN KOHTpoanepa ESP nonHocTbio AoCTynHbl B MicroPython,
6nbnuortekun cogepxat Hanbonee BaxKHble KOMaHAbl U NOAMPOrpaMmbl. [103TOMYy MHOrne
NMPOEKTbl N MPUNOXeHUs MOryT 6bITb peann3oBaHbl 6e3 npobnem. Kpome T0ro,
peanusauua HegocTaroWmMX GYHKUMN naeT 6bICTpbIMKM TEMNaMK, Tak YTO Aaxe 3TOT
HeboNbLOM KOCMETUYECKNI HeAOCTAaTOK byaeT 6bICTPO YCTpaHeH.

Mocne yctaHoBKW MUKponporpamMmbel MicroPython Ha ESP32 Bbl Tak)XXe MOXeTe JIerko
BEpHYTbCA, HanpuMmep, B Arduino IDE. nsa 3Toro Npocto 3arpy3uTte HoBbiM koA C ¢ IDE
Ha kKoHTponnep. CneumanbHas npoueaypa yaaneHus He Tpebyetcsl. TeM He MeHee, ecnn
Bbl XOTUTE CHOBa mMcnonb3oBaTtb MicroPython nocne atoro, mmkponporpammy MicroPython
HeobxoaMMO CHOBa NepenporpaMmMmpoBaTh.

3.3 "Hello World" gnsa koHTponnepa

B oTnimume oT kKoHTponnepos AVR, TakuMX Kak Te, 4TO UCnonb3ylTcs B cucteme Arduino,
ESP32 mMoxeT noaaepxuBaTb MOMHYH QannoByo cuctemy. [lepBble MOKOEHUS
KOHTpPONNEpPoOB nporpammupoBanvcb nnbéo Ha accembnepe, nmb6o Ha C. T[loaTomy
nporpaMmMHbI KOA4 CO34aBancsa UM KOMOuAuMpoBancs B cpeae paspabotku. 3atem B
KOHTpONNEep nepeaaBasiCid TONbKO FOTOBbIA «MalUMHHbIA KOA4». Takum ob6pa3oM, naMsaTb
LlesIeBOM CUCTEMbI BCEraa coAepykasa poBHO OAHY MporpaMmy.

HanpoTtus, npu nporpammupoBaHun Ha MicroPython Heckonbko nporpaMm MoryT
XpaHuUTbCA Ha yune ESP32. 3ateM oHKM MOryT 6biTb 06paboTaHbl HEMNOCPEACTBEHHO
MHTEPNPETaTopoOM, KOTOPbIV TakXe AOCTyneH B cncteme. OaiisioBo CUCTEMOM MOXHO
ynpaBnsTb HanpsaMmyto ¢ nomowbio UuPyCraft-IDE. MNoatoMy pekomeHayeTcs 6onee
noapo6bHo o3HakoMuTbCs € IDE, npexae yeM 3arpyxaTb NepBY0 NPUKNAAHYO Nporpammy
B ESP. Cpepna pa3paboTku coaep>XuT, Kak U MHOTUE APYrMe MHCTPYMEHTbI
nporpaMMnMpoBaHus, cneayrowme KOMNOHEHTbl (CM. Takxe puc. 3.1):

Folders and files - Manku n dannbi

Editor - pegakTop

MicroPython Shell / Terminal - O6onoyka/TepmuHan MicroPython
Tools - NHCTpyMeHTbI

PLnNE

B nesom nogokHe («Folders and files») dannbl, XxpaHaLwmecs B AaHHbIX MOMEHT Ha nnaTte
ESP, BuaHbl B nanke ycrpoicrtea («device»). Kak Tonbko nnata 6yaeT nogknoyeHa K
uPyCraft-IDE uepe3 nocneposaTenbHOE COeANHEHNE, BCe coOXpaHeHHble dannbl 6yayT
3arpy>eHbl Npy OTKPbITUM Nanku yctponcTtea. Cpasy nocne yCTaHOBKM MHTeprpeTaTopa
Python 3pecb BuaeH Tonbko dann «boot.py». [Ans BbIMOMHEHUS KOAA MPUIIOXKEHUS
Takxe HeobxoauMo co3paTh dalin main.py. Bel MOXeTe co3gaTth pann main.py,
NCcnonb3ys:

file - new

OH co3gaet HoBbIn dain ("untitled - 6e3 Ha3BaHMa"). C NOMOLLBIO 3HaYKa ANCKETLI B
OKHe «Tools» 3TOT a1 MOXHO COXPaHUTb JIOKaSbHO MNOA UMEHEM «main.py»
B MMKpocxeme ESP.
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Input file name |ma'in.py| |

“ cance.l

Puc.3.5: Co3gaHune HoBOro darnna «main.py».

Cneaytowme Ba daitna Tenepb HaxoAATCa B Narnke ycTpoicTea:
e boot.py: BbINOMHAETCS KaxAablid pas Npu nepesarpyske nnatbl
e main.py: OCHOBHOW CKPUNT N5l KOAA NPUSIOXEHNUS.

Manka SD cneayeT 3a nankoW yCcTpolcTBa. DTa nanka npegHasHadyeHa Ana AocTyna K
dannam, xpaHsawmmca Ha SD-kapTe. HekoTtopble nnatel ESP-32 umeroT cnot ansa
SD-kapTbl. Ecnn 3peck BcTaBneHa kapta PSD, dainbl Ha KapTe NosABATCA B Nanke «sd».

Manka uPy_lib cneayeT HMXe. 3aecb NokasaHbl aisibl BCTpoeHHoM 6ubnmnotekun IDE.
34ecb Bbl MOXeTe HalTh pasnunuHble dainbl cpasy nocne yCTaHOBKM MHTepnpeTaTopa
MicroPython. OHM NpeaoCTaBNAOTCS Kak CTaHAapTHble 6ubnnoTekn.

File Edit Tools Help

untitled <

] umqtt

= uregu
B ureq

Pnc.3.6: CtaHpgapTHble 6ubnnoTtekn B nanke uPy_lib.

MocneaHsasa nanka COAEPXUT Tak HasbiBaeMblt «workSpace». 3To KaTanor ans
coxpaHeHus dannos npunoxeHnn. OTobpaxaemble 3aecb dalibl XpaHATCA Ha
KOMMblOTEPE, MNOAKNIOUYEHHOM Yepe3 nHTepdeic. TaM A0/MKHbI XPaHUTLCS BCE aKTUBHble
dannbl.

Mo3ToMy Npv NepBOM MCMOMb30BaHMU UPycraft pekoMeHAyeTCs co3a4aTh NOAXOASLLMI
pabounit kaTanor ¢ MMeHeM «workSpace», a 3aTeM Moc/ieAoBaTe/lbHO UCMOJIb30BaTb €ro
ANs paboTbl C KOHTPOJI/IEPOM.

B obnactn penakrtopa (2) co3gaeTca KoA Ans NpUKIaAHbIX Nporpamm .py. Pegaktop
OTKpbIBAeT HOBYIO BKNaAKy Ansa Kaxaoro danna.
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Paszgen nop obnactbio pegaktopa — 3710 «MicroPython Shell/Terminal». (3) Bce
BBeLeHHble 3eCb KOMaHAbl HEMeAIeHHO BbINOJHATCA nnatoi ESP. Kpome Toro,
TepMUHan Takxe otobpaxaeT nHbopMaumo 0 COCTOAHUN 3anyLLEHHON NporpamMMbi.
3pecb otobpaxatoTcsa nobble CMHTaKCMYecKme oWnbKM B TeKyLLEN NporpaMmme nm
coobueHna 06 owmnbkax npu 3arpyske u T. 4.

C noMoLlbo CMMBOJ1I0B B 061actu «Tools» B nMpaBoy YacTn rnaBHOro okHa (4) 3agauu
MOXHO BbIMOJIHATL 6bICTPO M HanpaMyl. KHONKKM MMeKoT creayowme pyHKUNK:

e New File: co3paeTt HOBbIV hann B pegakTope.

e Open File: oTkpbiBaeT dain Ha KoMMbloTepe.

e Save File: oTkpbiBaeT dain Ha KoMMbloTepe.

e Download and run: 3arpy3uTe koa Ha nnaty ESP n 3anyctute ero.

e Stop: 3aBepliaeT BbINONHEHWE Kofa. DTo cooTBeTcTBYeT BBoAy CTRL + C .

e MOAKNOUYNTL UK OTKOUUTL NOCeA0BaTENbHbIN UHTEPdENC.
MocnepoBaTesnibHbIA NOPT MOXHO BblibpaTb B MeHto Tools -> Serial.

e Undo: oOTMeHseT nocnegHee M3MEHeHVE B peAaKkTope Koaa.

e Redo: noBTOpUTL NOCNeAHee N3MEHEHWE B PeAAKTOpe KoAa.

e Syntax check: npoBepsieT CMHTAKCUC TEKYLLEro Koaa.

e Clear: ypansieT coobuieHus 060/104KN / OKHA TepMUHana.

YT06bI 03HAKOMUTBLCSI C HAaNMMCaHMEM MPOrpaMMbl U BbIMOJIHEHMEM KoAa Ha ESP32, Huxe
6ynet paspaboTtaHa M BbIMOSIHEHA KOpOTKas nporpamma Ha Python, koTopas 3acTtasut
MUraTb cBeToAnoA. MepBbIM LLAroM ABASETCA YCTAaHOBNEHME CBSA3M C nnaTon ESP:

1. BbibepuTe Tekywyto nnaTy yepes Tools -> Board

B Tools -> Port Bbibepnte COM-nopT, K KOTOpOMY noakntoyeHa ESP-Board.
3. 3artem kHonka Connect ycTaHaBnMBaeT Noc/eAoBaTeNbHYO CBSA3b

c moaynem ESP32.
4. Tlocne ycrnewHoro NoAK/IYEHUs K niaTe B OKHe 0601104KM

oTobpaxaeTtcsa ">>>".

Tenepb MOXHO BBECTM KOMaHAy neyaTtu, 4Ttobbl NpoBEpUTL, NpaBuibHO N paboTaeT
CBA3b:

>>> print ('test')
oTBeT

Test

>>>

nosiBNSEeTCA B OKHe TepMuHana. Koraa coobueHune otobpaxaeTtcsi, Bce B nopsake. B
NPOTMBHOM cny4yae ybeamTecb, YTO nocnenoBaTesibHasi CBSA3b C NJaToOM YCTaHOB/IEHA U
MUKpornporpamma MicroPython 6bina ycnewHo 3anmcaHa Ha nnaTty.
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Tenepb MOXHO €03AaTb CKPUMNT MUraHWUs cBeToaMoAa. [ns 3Toro Heo6xoaMMbI
crneayoLme LWaru:

1. B OKHO peaakTopa co3aHHOro Bbilwe dalisia main.py BBOAUTCS
cneaywuwas  nporpamMma:
from machine {import Pin
from time import sleep
led = Pin(2, Pin.OUT)
while True:
led.value(not led.value())
sleep (1)

2. HaxaB Ha KHOMnKy «Stop», CKpUNT, KOTOPbI/ MOXeT 6biTb elle 3anyLleH,
MOXeT 6bITb OCTAHOBIEH.

3. Mo HaxaTuio Ha kHonky "Download And Run - CkayaTtb 1 3anyctuTb"
CKPUMT 3anncbiBaeTcs B KOHTPOsIep

4. B okHe 060/104KN Tenepb AO/HKHO oTobpaxkaTbcsa coobuieHne «download ok».

File Edit Tools Help

[ blink.py X

machine Pin
time rt sleep

led = Pin(2, Pin.OUT)

VR WA e

True:
led.value( led.value())
sleep( 1)

[--RRN -}

Ready to downlead this file,please wait!

Pnc.3.7: YcnelwHas 3arpyska nepBoi nporpaMmsi.

Tenepb BCTPOEHHbIN CBeTOAMOA MnaTbl ESP32 Ao/mkeH MuraTb KaXAyl CeKyHAy. ITo
O3HayaeT, yTo nepBas nporpamMma Python 6blna ycnewHo nepegaHa B KOHTPOIEp M
HEMEAJIEHHO BbIMOJIHEHA.
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Power-on LED

- -\ - e e o e
Lo B N o M o NASAN D
VINGND D13 012014 D27D26D250D33032035034 UN UP EN
: BRENR

5 D18 019 D21 RX0TX0D22023
1 AAANRAN

Puc. 3.8: BHyTpeHHUI nHankaTop nopta 02 B AENCTBUM.

HekoTopble naaTbl HE MMEKT BCTPOEHHOr0 cBeToAnoAa. B 3ToM crnyyae K KOHTponniepy
[O/MKeH 6bITb NOAKOYEH cBeToAMOA U A06aBOYHbIN pe3nctop (CM., Hanpumep, puc. 4.6
n puc. 4.7). JononHutenbHble CBEAEHUS U MHDOPMaLUIO O NporpamMMe NMpoOLUVBKU U
NOAK/IOYEHNN BHELIHUX CBETOAMOAOB MOXHO HalTu B Pa3sgene 4.4.

3.4 na npodeccumoHanos: Pa6ora c esptool

Ecnu Bo3HumkatoT npobnemol ¢ pPyCraft-IDE nnun gpyrue npuymHbl He NO3BOJSIOT BaM
MCMonb30BaTb ero, Bbl TaKXe MOXEeTe 3arpy3unTb Npowmnsky MicroPython Ha kKoHTponnep
C NMOMOLLbIO YTUINTBI NOA Ha3BaHueM esp-tool.

3aTeM MOXHO Aaxke nepeAasBaTb NPOrpaMMbl Ha KOHTPOJJIEP Yepe3 TEPMUHAN, TaKoN Kak
PUTTY unu TeraTerm. OaHaKo 3TOT MeTOZ, yXe TpebyeT HEKOTOPbIX rNy60oKux 3HaHui
MHTepdeinca KOMaHAHOW CTPOKN UK AUCreTYepa YCTPOoMCTB. [To3ToMy 3Ta npoueaypa He
peKkoMeHAyeTCa ANS HauyMHawWwmx. TeM He MeHee, 3TOT MeTof 6yAeT onucaH 34ech, Tak
KaK OH Takxke obecneumBaeT ganbHelwee NoHMMaHne 06paboTky NporpaMMmnpoBaHns
KOHTposnepa. Kpome Toro, npeacraBfieHHble 34eCb METOAbI Takxe MoryT 6biTb S1Ierko
nepeHeceHbl B cucteMbl Linux nnm UNIX.

Onsa paboTbl c esptool B cucteme gonxeH 6biTb ycTaHoBneH Python 3.7.X nnu 6onee
HoBas Bepcus Python. 3aTtem Tekylyto Bepcuto esptool MOXHO 3arpy3uTb Ha KOMMbIOTEP
yepes OKHO TepMMHana ¢ nomoulbto pip install esptool.

pip install esptool

B HeKkoTopbIX ycTaHOBKax Python aTa MHCTPYKUMS MOXKET NPUBECTU K MOSIBJIEHUIO
cooblueHns 06 owmnbke. B 3ToM cnyyae cneaytolme MHCTPYKLMK MOTYT NPUBECTU K
MEeCTy HasHauyeHus:

pip3 install esptool
python -m pip install esptool
pip2 install esptool
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Tenepb dalin esptool gonxeH 6bITb YCTAHOBMIEH B CTAHAAPTHYO AUPEKTOPUIO AN
ncnonHaemolx garnnos. na goctyna K KOHTponnepy Heob6xoAnMMO 3HaTb ero CEpUMHbIN
HOMep NopTa. OTO MOXHO HAWTK B AUCMETYEPE YCTPONCTB:

File Action View Help

s o a2

~ & Dellol
> | Audio inputs and outputs
> @ Cameras
> B3 Computer
> Disk drives
> [ Display adapters
> & DVD/CD-ROM drives
> E= Keyboards
> (@ Mice and other pointing devices
> [ Monitors
> 50 Network adapters
~ i Ports (COM &LPT)
@ Intel(R) Active Management Technalogy - SOL (COM3)

Silicen Labs CP210x USB te UART Bridge (COM4)
5> [ Prifees
> [ Processors
> B Software devices
» Wy Sound, video and game controllers
» G Storage contrallers
> [ System devices

> § Universal Serial Bus controllers

Pnc.3.9: COM-nopT ESP32 B AucneTyepe yCTPOMNCTB.

Hanpumep, Ha pucyHke HoMep nopta COM3. 3To NO3BONSET BbINOAHUTL C/IEAYIOLLYIO
KOMaHAy B OKHe TepMuHana:

esptool --port COM3 flash_id

OHa npepocTaBnsieT MHdopMaumio o cucteme ESP32, nogkOUYEHHOM K 3TOMY NOpPTY:

Puc. 3.10: NHdopmMauus o ESP32.

CTpoku

Detecting chip type... ESP32
Chip is ESP32-PICO-D4 (revision 1)
Features: WiFi, BT, Dual Core, Embedded Flash
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Keapy 40MHz
MAC: d8:20:1d:40:54:14

Device: 4016
Detected flash size: 4MB

Takum o0bpa3oM, Bbl MOyUYMTE BaXKHYO MH(OPMaLuo 0 TuNne MMKpPOCXeMbl, NaaTe,
OOCTYMHbIX UHTepdencax, YacToTe KBapLa U AOCTYNHOM (G3wW-naMaTu.

Tenepb Bbl MOXETE BOCMOIb30BATbCS UHCTPYKLMEN
esptool --port COM3 erase_flash

ctepeTtb GN3W-namMsaTb ymna.

Puc.3.11: YcnewHoe cTupaHue hnsw-namMaTu.

3T0 0cBO6OXAAET NYTb A4S 3arpy3ku Npowmeku MicroPython. 3arpyska npowwmnBkyY 13
MHTepHeTa yxe 6blla onncaHa B Npeablaylmx rnasax. KomaHaa a4ns 3arpysku

esptool --port COM3 --baud 460800 write_flash -fm dio 0x1000
C:\Users\Documents\workSpace\esp32-XXXXXXXX-VX.X.X.bin

PasymeeTcs, 34ecb CHOBa A0MXKeEH 6bITb yKasaH npaBuibHbIN NyTb, rAe HaxoamTcs dann

esp32-20xxxxxx-vX.X.x.bin. Yepe3 HeckonbKO CeKyHA 3arpyska AoskHa 6bITb
3aBeplueHa:
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R - |

:“ProgramData~Anaconda3 \Scriptedesptool ——port COM3 ——haud 468808 write_flach —fm dio @x1888 C:
bin

uetectlng chip type... ESP32
hip is ESP32-PICO- D4 (pevision
WiFi, BT. Dual Core. Embedded Flash. Coding Scheme Mone
rystal iz 4@8MHz
AC: db:aB:1d:48: 54 14

hanging haud rate to 468888

hanged.

onfiguring flash size...

Auto—detected Flach size: 4MB

ompressed 982832 hytes to 6B9724_ ..

rote 2782832 hytes (609724 compressed) at BxABEA10B8 in 15.3 seconds (effective 514.2 khitssd...
ash of data verified.

Leaving. ..

ard resetting via RIS pin...

nScripts>
v

Pnc.3.12: 3arpyska npoLlUMBKUN 3aBepLUIEHa.

Tenepb Bbl MOXeTe cBA3aTbCA € ESP uepe3 PUTTY mnnu TeraTerm. CKOpoOCTb nepeaayun
[O/MKHA 6bITb yCTaHOBAeHa Ha 115200:

Puc.3.13: MicroPython oTnpasnseTt oTyeTbl Tera Terminal.

MepBas nporpamMMa Python yxe MOXeT 6bITb 3arpyXeHa Yyepes TepMUHas, HanpuMep:

from machine import Pin

import time

p23 = Pin(23, Pin.OUT)

while True:
p23.value(l)
time.sleep(1)
p23.value(0)
time.sleep(.1)
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Pnc.3.14: MNMporpammmnpoBaHue yepes TeraTerminal.

Mocne nepeaayun NporpaMMbl CBETOAMOA, MOAKOUYEHHbIN K MOPTY 23, AO/KEH MUTaTb C
yacToTol 1 cekyHay.

KoHconb npegnaraeT 06bI4HYO CMPaBOYHY CUCTEMY, KOTOpasi Mpn HEOH6X0AMMOCTMU
MOXET NpeaocTaBuUTb NONIE3HYHO MHMOPMaLNIO:

=4

File Edit Setup C Window Help

helpl] ~
Helcone to HicroPython on the ESP32!

For generic online docs please wisit hitps//docs.nicropython.orgl
For access to the havduare use the ‘nachine” nodule:

inport Hachine

pinl? = nachine.Pin(12, nachine.Pin.0UT)

pini2.valuell)

pinld = nachine.Pin(13, nachine.Pin.IN, nachine.Pin.PULL_LIF)
print(pinl3.valuel]]

i?c = nachine, I2C(zcl=nachine.Pin(21), sda=nachine.Pin(221]
i2c.scanl)

i2c.uritetoladdr, b'1234%1

i2c.readf ronladdr, 4)

Bazic HiFi conf igurat ion:

inport netuork
zta_if = netuork HLANCnetuork STA_IF1; sta_if.act ivelTrue)

sta_if.zcanl) # Scan for available access points
sta_if.connect ["¢AP_nane>", "<passuord:>") # Connect to an AP
sta_if. izconnected() # Check for successful connect ion

Control connands:
CTR

L-A == on a blank line, enter vau REFL node
CTRL-B -- on a blank line, enter nornal REFL node
CTRL-C -- interrupt a running progran
CTRL-0 -- on a blank line, do a zoft veset of the board
CTRL-E -- on a blank line, enter pazte node

For further help on a specific object, type helplobj)
For a list of available nodules, tupe halpl ’hodules’)
L

Pnc.3.15: ®yHKUMS CrpaBKn B TepMmnHane.
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3.5 Thonny — Python-IDE ansa HaunHaowmx

ToHHW — xopolwas anbTepHaTuBa uPyCraft. XoTsa gaxe ata cpeaa nporpaMMupoBaHns
eLle He NOHOCTbI0 CBOH6OAHA OT OWMBOK, B LIeSIOM C HEM MOXHO XOpoLlo paboTaThb.
Kpome TOro, cucrema noCTossHHO OGHOB/ISIETCS U COBEPLLUEHCTBYETCS, TaK YTO 3TOT
HeaoCTaToK Takxe byaeT ycTtpaHeH B 0603puMomM byayuiem. Thonny Takxe AOCTyneH Ans
BCEX pacnpoCTpaHeHHbIX onepaunoHHbIX cucteM. MNoa Raspbian ans Raspberry Pi oH
AaXxe YCTaHOBJIEH MO YMONYaHUIO. YCTaHOBKA OTHOCUTENIbHO MpOCTa, NO3TOMY B
npouecce yCTaHOBKM BPSIA NI BO3HMKHYT npobnembl. O653aTenbHbIM YCNOBUEM AN
paboTtbl ¢ Thonny siBnsieTcs 10, 4TO nNpowwmnBka MicroPython yxe 3arpy>eHa Ha ESP32.
HauunHawowmm pekoMeHayeTcs ncnonb3oBaTtb UPyCraft-IDE. DkcnepTbl TakXe MOryT
ncnonb3oBaTtb esptool (CM. nocneaHtow riaBy), YTobbl NOAHOCTLIO 0601TK PPyCraft-IDE.

MpuMepbl B 3TOMN KHUre 6binm co3gaHbl ¢ nomowbio Thonny 3.2. B npuHuune, byaywme
BEPCUN AOKHbI 6bITb COBMECTMMbI C HUM. OAHAKO B Ciyyae HenpeaBUAEHHbIX
npobnaemM crnegyeT BEPHYTbLCA K BEPCUMU, YNOMSIHYTOM Bbiwe. COOTBETCTBYOLWMIA NakeT
MOXHO 3arpy3uTb C

https://thonny.org

Korpa 3arpyska 6yaeTt 3aBeplueHa, Bbl MOXETE 3anyCTUTb YCTaHOBOYHbIN dann. Tenepb
BaM HY>XHO TOJIbKO C/lei0BaTb 3@ NMOMOLLHMKOM, MOKa NpoLecc yCTaHOBKM He 6yaeTt
3aBepuleH. Mocne aToro MoXHo OTKpbITb Thonny-IDE.

File Edit Wiew Run Device Tools Help
D24 O <& oW
Files | blink.py Variables
MicroPython device = |~ | from machine import Pin ~ || Name Valu ~
2 bootpy - from time import sleep
led = Pin(23, Pin.OUT)
5 while True:
led.value(not led.value())
sleep(.5)
Shell
- ~
This computer = |4
C: \ Users \ Python
2. blink.py >3 5
Iz | Assistant
33>
v ~

Pnc.3.16: Thonny-IDE nocne 3anycka.
Tenepb nnaty ESP32 MOXHO NoakniounTb K KOMMboTepy. YTobbl MpoTecTupoBaTtb
yCTaHOBKY, Thonny gomxeH 6bITb HAacTpoeH Ans uHTepnpeTtatopa MicroPython. Kpome
Toro, AonxkHa 6bITb BbibpaHa ncnonb3lyemas nnata. [nsa aTtoro Heob6xoauMbI cneayowmne
waru:

1. Run -» Interpreter oTkpblBaeT cneaytouiee OKHO:
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| General | Interpreter | Editor | Theme & Font | Run & Debug |Termma\ | Shell |Assistant ‘

Which interpreter or device should Thonny use for running your code?
MicroPython (generic)
Details

Connect your device to the computer and select corresponding port below
(look for your device name, "USE Serial” or "UART").

If you can't find it, you may need to install proper USE driver first.

Port

Silicon Labs CP210x USB to UART Bridge (COM3)

CEHCEI

Pnc.3.17: OkHo napameTpos B Thonny.

2. B nepsom okHe Bbi6opa Bbibepute «MicroPython» (generic).
3. COM-uHTepderic ESP32 pomxeH 6bITb ykasaH B pasaene Port.

Tenepb Thonny-IDE gonxHa 6bITb NOAKMOYEHA K NaTe, U B OKHe 060/104KM AO/IKHO
nosiBUTbLCA NpurnaweHve ">>>". B ka4yecTBe anbTepHaTUBbI MOXHO BbibpaTb OMumio
«Try automatic recognition - NMonpo6oBaTb aBTOMaTM4YeCKoe pacno3HaBaHne». OgHaKko
oHa paboTaeT He co BceMu nnatamu. HakoHel, B o6onouky BBoauTcsa komaHaa help().
OHa BepHeT NpUBETCTBEHHOE COObLUEHNE N HEKOTOPYHO MH(OPMauuio:

Welcome to MicroPython on the ESP32!
For generic online docs please visit http://docs.micropython.org/
For access to the hardware use the ,machine' module:

import machine

pinl2 = machine.Pin(12, machine.Pin.0UT)

pinl2.value(1l)

pinl3 = machine.Pin(13, machine.Pin.IN, machine.Pin.PULL_UP)
print(pinl3.value())

i2c = machine.I2C(scl=machine.Pin(21), sda=machine.Pin(22))
i2c.scan()

i2c.writeto(addr, b'1234")

i2c.readfrom(addr, 4)

Basic WiFi configuration:

import network
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sta_if = network.WLAN(network.STA_IF); sta_if.active(True)

sta_if.scan() # TMouck OOCTYMHbIX ToYek JocTtyna
sta_if.connect("<AP_name>", '"<password>") # [Mogkniountbcs K AP
sta_if.isconnected() # [MpoBepsieM ycnelwHoe MoAKMoYeHne

KomaHabl ynpasneHus :

CTRL-A —-— B MyCTOW CTpoke BBeauTe HeobpaboTaHHbIN pexum REPL
CTRL-B —— B MyCTOW CTpPOKe BOWTU B OObIYHbIN pexum REPL
CTRL-C —- npepBaTb 3anyLieHHylo nporpammy

CTRL-D —= Ha MycToW CTpOKe chenaTtb NporpamMMHbIA cOpoc mnaTbl
CTRL-E —= Ha MyCcTOW CTPOKE BOWTU B PEXUM BCTaBKU

[ns nonyyeHwns [ONOMHUTENbHOW CNpaBkM MO KOHKpeTHOMy obbekTy BBeaute help(obj).
YTtobbl MONy4nTb CMMCOK AOCTYNHbIX Moaynen, Beeaute help('modules')

Takum o6pasomM, ycTaHOBKa M BBOA B 3KCrlyaTaumto Thonny ycnewHo 3aBepLieHbl.
AnnapaTHble GYHKUMW TEMEPb MOXHO aKTUBUPOBATL C MOMOLLbI UHCTPYKLUMA 060/104KM.
Mpexae BCEro, MOXHO MMMNOPTUPOBATb MAaLUWHHBIA MOAY/b:

>>> M3 MalWWHbl UMMOPTMPOBATL MUH
3aTteM cBeToAMOA, NOAK/IOUYEHHbIA K NOPTY 23, MOXHO BK/KOYUTL Yyepes
>>> |led = Pin(23, Pin.OUT).value(1)

B KayecTBe anbTepHaTUBbI MOXHO MCMOJIb30BaTb CTAaHAAPTHbLIN CBETOAMOA, AOCTYMHbIA Ha
6onblINHCTBE NNaT.

>>> |led = Pin(23, Pin.OUT). value(0)
COOTBETCTBYIOLLMI CBETOAMOL CHOBA racHeT.

3.6 Pabota c TOHHM
B Thonny-IDE ecTb HECKONbKO pa3HbIX pa3aenos, Cpean KOTopbIX peaaktop n obonoyka
nnn TepmmHan MicroPython:

e B obnactu pegakTopa co3paeTca U pefakTMpyeTcs KoA. MOoXHO OTKpbITb
Heckonbko dannos, ana kaxagoro darna éyaer 4OCTyNHa HOBas BKiaAka.

¢ B o6onouyke MicroPython BBOASITCS KOMaHAbI, KOTOPbIE AOJKHbI HEMEANEHHO
BbINOMHATLCA niaTol ESP. TepMuHan Takxe NpesoctaBisieT MHhopMaLmio
0 CTaTycCe BbIMOJ/IHAEMON NPOrpaMMbl, YKa3biBaeT Ha OLIMOKM, CBA3aHHbIE
C 3arpy3Koii, CMHTaKcuMyeckme oWnbKK, neyaTb COOBLEHUI U T. 4.

TakxXe AOCTYNHbI Apyrmve nonesHble BKNagKu. MIX MOXXHO HacTpouTb B MeHo View.
Bknagka «Variables - NepeMeHHble», B 4aCTHOCTU, YaCTO MOXET 6bITb MCMONb30BaHa C
60n1bWKNM NpenmyLiecTBOM. OHa NoKa3biBaeT BCE MepeMeHHble MporpaMMbl U UX TeKkylme
3HayeHwus.
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[ONna 03HaKOMAeHUs C HanMcaHWeM NporpamMM m BbiNOSIHEHMEM Koda Ha ESP32 cHoBa
MCMOMb3YETCH YXe U3BECTHbIN CKPUMT, KOTOPbIM 3aCTaBNseT MUraTb BCTPOEHHbIN
csetoamoa nnatbl ESP32 nnu BHEWHWMN cBeTOANOA,.

CHauana Ha nnaTte cosgaetcs ¢ain main.py:

1. Koraa ToHHM 3anycKaeTcsl B NMepBblii pa3s, peaakTop nokasbiBaeT ¢annbes
3aronioBkKa. JToT darna coxpaHsaeTca Kak main.py. Ans atoro dann
COXpaHsieTcst yepes

file > save as
rnepenMMeHoBaH B main.py un coxpaHeH Ha nnate ("Micro Python Device").
2. Tenepb AOCTYMHa BKagKa C UMEHEM «main.py».
3. 34ecb BBOAMTCA Crieaylowmn Koa:

from machine import Pin

import time

p23 = Pin(23, Pin.OUT)

while True:
p23.value(l)
time.sleep(1)
p23.value(0)
time.sleep(.1)

Koa focTyneH u3 nanku € KoAgaMu, U ero MOXHO MCMoJib30BaTb NepBOHAYasibHO NyTeM
KONUpoBaHusA 1 BCTaBkn. Mo3xe byaeT 06bCHEHO, Kak dannibl MOryT 6biTb
CKOMMpOBaHbl HenocpeacTBeHHO ¢ MK Ha KoHTponnep.

C NoMOLLbO 3e/1€HOMN CTPENKN N
run - run current script

WK HaxaTtveM dyHKLUMOHaNbHOM knasuwmn F5 koa nepenaetcs Ha KoHTponnep. B
060/104Ky BbIBOAMTCA crneaytowas nHbopmaums:

MicroPython v1.9.4 on 2018-05-11; ESP32 module with ESP32
Type "help()" for more information.
>>> %Run -c $EDITOR_CONTENT

Mpu nepesanycke ESP cHauana BbinonHseTcsa boot.py, a 3atem main.py. Ecnm boot.py
OTCYTCTBYET, OH 3anyckKaeTcsa cpa3y ¢ main. TakuMm o6pa3oM, nporpamMMa AosXkKHa CTaTb
aKTMBHOW Cpa3y nocsie 3arpyskun, a ceetoamos Ha BbibpaHHoM nopTty (N? 23 B npumMepe
BbllLE) AO/KEH MUTaTb.
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[ns HeKOTOpbIX BapMaHTOB MaTbl TakXe MOXeT noTpeboBaTbCsa HaxaTue knasuwn ESP
EN/RESET.

3.7 Pa6ora c dpansamm

YT106bI 3arpy3uTb dann C yHUKanbHbIM MMeHeM B ESP ¢ nomowbio Thonny IDE,
Heo6xoAMMO BbIMOMHUTL ClleAyolne waru:

e CozaaHue HoBoro cdanna
e CoxpaHuTe aiin Ha KoMnbloTepe noAa MMeHeM, Hanpumep «blink.py».

®aiin MOXHO OTKPbITb KaK HOBYIO BKIAAKY B MOAOKHE «DTOT KOMMbIOTEP». 3aTeM
€ro MOXHO OTKPbITb YEpe3 MEHI0

file » save as

Ha KOTOPOM MOXHO coxpaHuTb ESP noa csouM umeHem ("blink.py"). B 3anpoce
HeobxoaunMo Bbi6paTb BTOpon BapuaHT "MicroPythondevice" (cM. pucyHok).

This computer

MicroPython device

Pnc.3.18: 3anpoc npu coXpaHeHuu

Tenepb dain 3arpy>xeH Ha NaTy U NosSBUTCS B NOAOKHe «Files». Tenepb ero MoxHo
3anyCTuTb C NMOMOLLbIO 3€/1€HOM K/IABMLLM CO CTpesnkon unm F5.

CoOTBETCTBEHHO, TaKXe BO3MOXHO 3akayaTtb dainbl C uMna Ha KoMnbloTep, Bbibpas
«ITOT KOMMblOTEP>». [lpyrve KOMaHAabl ANs yAaNeHUs uim nepeMMeHoBaHus ¢annos um
T.4. TaKXe Haxoaatca B MeHw "file".

3.8 CoBeTbl NO ycTpaHeHuIo Henosnapok ¢ Thonny IDE

B TekyweM pasgene 6yayT ob6CyxaaTbCsl HEKOTOPblE coobLieHns 06 owmnbkax
Thonny-IDE. CooTBeTcTBYIOWME NpobaeMbl 06bIYHHO OTHOCUTE/IbHO JIEFKO peLlatoTCs:

e Bo MHOrux cnyyasx nepesanyck ESP ¢ nomMowbo BCTPOEHHOMO Ktoya
EN/RST yxe ycneLieH.
e B Thonny-IDE npo6nemsbl co cBasbio Mexay MK n 4nnom 4acto MOXHO
pewnTb, HaxaB KHOMKY «Stop / Restart Backend" button - Cton/Mepe3anyctuts
cepBepHyto YacTtb» (nnu CTRL-F2).
B npoTnBHOM cilyyae MOryT MOMOYb Creaytolme COBETbI:
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Ownbka 1: HeT cBA3M C nnaTou.
B aTOM cnyuae otobpaxatotca coobuieHns o6 owmnbkax:

========================= [IEPE3AMYCK =========================

Unable to connect to COM4 - HeBO3MOXHO noaknountbcs k COM4

Error: could not open port 'COM4': FileNotFoundError(2, 'The system cannot
find the file specified.', None, 2) - Cuctema He MOXET HaWTW ykasaHHbIN chann

nnn:
MEPESAMYCK =========================
Could not connect to REPL - He yananoce nogkntountbest K REPL
Y6eautecb, 4YTO Balle YCTPOWCTBO MMeEeT MOAXOASALYI0 NPOLUMBKY W HE HaxoauTcs B
pexume 3arpysumka!
Disconnecting - OTknoyeHune.
nnn:

MEPE3AMYCK =========================
MoTepsiHo coeauHeHve c ycTtponcTBom (EOF) .

B 3TOM cnyyae yacTo 6biBaeT nosiesHo npepsaTb USB-nogktoueHne K MOAYS0, a 3aTeM
BOCCTaHOBUTb €ro. Bbl Takxxe A0/KHbI MPOBEPUTbL, YCTAHOBMIEH /1M NPaBUSIbHbIN
nocrenoBaTesnbHbI NOPT B pasaene

Run -> Select Interpreter

OTa owmnbka TakKe MOXET yKa3sblBaTb Ha TO, YTO nocnefoBaTeNnbHbIA MNOPT yXxe
MCMNoNb3yeTcs Apyro NporpaMmon, Hanpumep, nocnegosatenbHbiM TEPMUHANOM UNKU
Arduino IDE. B aTom cny4yae ybeauTtecb, 4To BCe NporpamMmmbl, KOTOpbie MOTyT
nocnepoBaTtesibHO 06MeHNBaTbCA AaHHbIMKU C kKapTol ESP, 3akpbIThl. 3aTeM Heob6xoaMMO
nepesanyctutb Thonny IDE.

Error 2: Thonny IDE He oTBe4aeT nan BblAAET BHYTPEHHIOK OWNOKY.

Mocne 3aKkpbITUS M MOBTOPHOIO OTKPbITUS @aKTUBHOIO OKHA Bbl CMOXETE MPOAOIXUTb
HOpMarnbHYyto paboTy. Mpu noBTopsoWMXCcs c6osix He06X0AMMO Nepe3anyCcTUTb BCHO
Thonny-IDE.

Error 3: Thonny IDE 6onblie He pearMpyeT Ha knasuwy «Stop / Restart Backend».

Mocne HaxaTms KHonkn «Stop / Restart Backend» cnegyet noaoXxaatb HECKONbKO
cekyHA. ESP HyXHO BpeMsi, 4TOObl Nepe3anyCcTuTb U BOCCTAHOBUTb NOC/1€A0BATESNbHYIO
CBA3b C TOHHWU. Ecnn KHonka «CTon» HaxaTa HEeCKOIbKO pa3 Win o4eHb 6bICTPO OAHO 3a
opyrmMm, y moayns ESP He 6yaeT OCTaTOMHO BpeMeHu ANs NpaBMIbHOMO nepesanycka.
3710 MOXeT npuBecTn k cbot Thonny IDE.

Error 4: MNpo6nema npu nepesanycke kapTbl ESP, 3anycke HOBOro CKpUnTa WUauM OTKPbITUK
nocneposaTeslbHOro nopTa.
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Ecnu nossnsaetca cneaytouwee coobuieHmne 06 owmnbke:
Brownout detector was triggered

WKW ecnin eCTb NpoAos/IKaloLWmecs nepesarpyskm, nnm ecnm nHdopMmaums:
ets Jun 8 2016 00:22:57

rst:0x1 (POWERON_RESET) ,boot:0x13 (SPI_FAST_FLASH_BOOT)

configsip: 0, SPIWP:Oxee
clk_drv:0x00,q_drv:0x00,d_drv:0x00,cs0_drv:0x00,hd_drv:0x00,wp_drv:0x00
mode:DIO, clock div:2

load:0x3fffo018,len: 4

load:0x3fffo0lc,len:4732

load:0x40078000,len: 7496

load:0x40080400,len:5512

3TO MOXET yKa3blBaTb Ha annapaTHYyt npobnemy. Yacto 3To Bbi3BaHO 04HOM U3
cnepyowmnx npobnem:

e USB-kabenb nioxoro Kayecrsa

o USB-kabenu cnMwKoM ANMUHHbIE

e MNnata ESP nmeeT gedekT, HanpumMep, naoxas narka

e HencnpasHoe USB-nogkntoyeHne K KOMNbloTeEpY

e USB-nopT koMnbloTepa He obecneymBaeT AOCTAaTOUHOrO NUTaHMS.

B 3Tnx cny4yasax NOMOXeET UCMOJIb30BaHNE KAaYeCTBEHHOIO M MaKCMMaabHO KOPOTKOrO
USB-kabens. Takxe MOXeT NOMOYb Nepexoa Ha apyron USB-pasbem Ha MMK. Ans
HOYTOYKOB cnegyeT UCnoab3oBaTb akTUBHbIN USB-KOHUEHTpaTOp € CO6CTBEHHBLIM
BHELWHUM 6/10KOM NuTaHusa. Takum obpasom, Bbl 6osblle HE 3aBUCUTE OT
npoussoauTenbHoCcT USB-6n10Kka nuTaHmMsa HOyTOykKa.

Ecnu npobnembl COXpaHATCA UM NOSBASIOTCA ApYrue CTpaHHble coobleHmns o6
owmnbkax, pekoMeHayeTcsa 06HOBUTL Nnaty ESP nocneaHel Bepcmeit MMKPONpPOrpaMMbl
MicroPython. 270, no KpaliHel Mepe, NpeAOTBPATUT yXe UCMpaBJIeHHble OWN6KMY,
KOTOpblE MOFYT YCNOXHUTb paboTy.

Error 5: HeT cBa3un mexay MNK n ESP32.

MoXeT CNy4YnTbCs Tak, YTO KOHTPOJIEP CINLWIKOM 3arpy>XeH A/ YCTaHOBNEHUS
USB-coeanHeHus. B aToM cnyyae HaxaTtne KHonkun «Stop/ Restart Backend» Heckosbko
pas MOXEeT MpUBECTU K KenaemMoMmy ycrexy. OgHaKo 3TO NOBTOPHOE HaXaTue AO0JIXKHO
MpoucxXoauTb Yepes onpefesieHHble MPOMEXYTKN BpeMEHU (CM. Bbile).

Mpw 3anycke ckpunTa, ncnonb3ytowero Wi-Fi, nepekntoyatowerocs B CNALWMN pexum
VW BbINOJTHAIOLWEro HECKONbKO 33434 NapannenbHO, peKOMeHAYyeTCs MonbiTaTbCs
YCTaHOBWUTb CBSA3b TPU WK YeTbipe pa3a. Ecnn 3To no-npexHeMy HEBO3MOXHO, cneayeT
NMOBTOPHO NpowunTb ESP ¢ nomoulblo Tekyweln npownsku MicroPython.
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FnaBsa 4 e lNepBble Warv B nporpaMmMmMpoBaHun

Python y»e HeckonbKo NeT ABNSETCS OAHWM M3 Hanbosiee YacTo MCMOJIb3yEMbIX S3bIKOB
nporpamMMmnpoBaHus. OaHa U3 NPUUYKUH 3TOTO 3aK/OYAETCS B TOM, YTO OH 6blfl OYEHb
NMpOCTO CMPOEKTMPOBAH 1 NO3TOMY JIerok B ocBoeHMU. PaspaboTka MicroPython aenaer
NnporpamMMmMpoBaHnE CUCTEM MUKPOKOHTPOIIIEPOB CPAaBHUTENIbHO MPOCTbIM M MOHSTHbLIM.
DTO AenaeT A3blK NPOrpaMMUPOBaHMSA TakXKe OYeHb NMOAXOASWNM AN HOBUYKOB B MUPEe
BCTPaMBaeMbIX CUCTEM.

PaspaboTumkm MicroPython noctaBunu nepes coboi Lenb MakCMMasabHO YNpOCTUTb
nporpaMmmmpoBaHune LmMdpoBON 31EKTPOHNKM, TaKUM 06pa3oM, OTXBAaTUB MaKCMMasibHO
BO3MOXHbIM Kpyr nonb3oBaTtenei. Mporpammel Python MoxHO HanTu B cdepe xo66u, a
Takxe B obpasoBaTenbHbIX UM Hay4HbIX Lensax. Ho n npodeccuoHanbHbie
pa3spaboTtumkun Bce valle paboTatoT ¢ Python. B UT-uHaycTpuun MHorme nuaepsol pbiHKa,
Takme kak Google nnnm Amazon, yxe AaBHO MCNONb3ylT Python ans pa3paboTku cBoero
nporpaMmMHoro obecreyeHus.

KpomMme Toro, 6ecnnatHble Mmogynm n 6ubnmnortekmn, Takme kak MatPlotLib, NumPy, SciKit nnan
SciPy, npenocTaBnsoT WMPOKUE BO3MOXHOCTU. OHM BapbUPYHOTCSt OT Hay4yHOro aHanusa
AAHHbIX A0 MAWWHHOIO 06Yy4YeHUs N NCKYCCTBEHHOMO MHTENNEKTA.

MicroPython 6bin paspaboTaH kak obneryeHHas Bepcmsa Python3. MNockonbKy A3bIK
[ONMKEH6bITb MHTEPNPETUPOBAH, OH 06bIYHO MeaNleHHee, YeEM CKOMMUIMPOBaHHbIE
cuctembl. MicroPython 6b1n paspabotaH Ana MakcMManbHO 3 deKTUBHON paboTbl Ha
HebONbLINXBCTPOEHHbIX cucTeMax. CnefoBaTeNlbHO, ero TakXXe MOXHO 3anyckaTtb Ha
MUKPOKOHTpOJ//1Iepax, KOTopblie paboTatoT HAMHOIO MeAleHHeEe N MMEeIT ropasao MeHbLue
namsTu, 4em obblYHbIE MepCoHasbHble KOMMbIOTEPDI.

HepocTtaTkoM KlaCCMYeCcKoro nporpamMmmpoBaHusa Ha Python siBnsieTcss CnoXxHoCTb
peanusauum HU3KOYPOBHEBbLIX 3/IEMEHTOB yrnpasfieHus. 10 3ToM NpuynHe Knaccnmyeckue
BapuaHTbl Python ncnonb3ytotcs ckopee B KauyecTBe BTOPOCTENEHHbIX B annapaTtHOM
nporpaMMMpoBaHMN. ITOT HEAOCTATOK B 3HAUUTENbHOM CTENEHU YCTPaHEH B
MicroPython. OcHoBbIBasiCb Ha cTaHaapTe, Bepcua Micro Takxxe CMIbHO OCHOBaHa Ha
Python 3 no cBoeMy cuHTakcucy. Kpome Toro, CyLecTBYOT BUPTyasbHble MallnHbl 1
CBSi3@aHHble C HUMKN BnbNMoTEKMN.

Ecnn cpaBHUTL ABa CaMbIX NOMYASAPHbIX A3blKa NpOrpaMMUpoBaHns B cpeae
MUKPOKOHTPOJI/IEPOB, TO oKaxeTcs, uto Python vawe npegnoyuntatotr C/C++. B
pEeNTMHIrax camblX MONYASPHbIX A3bIKOB NporpamMmmpoBaHus Python Bce valle 3aHuMMaeT
nepsoe Mecto. C apyroi CTopoHbl, KoOHKYpeHT C/C++ BCe yalle oTBOAMTCS Ha 6onee
HU3KKMe no3numn. NMpuymMHa Takoro pa3BuTMsS B OCHOBHOM OCHOBAaHa Ha CneayoLwmx
npeumMyLectsax. Python:

e Python oueHb ynobeH ans HaunHawwmx 6narogaps NPoCToin A3bIKOBOKW CTPYKTYpe.

e PasznMyHble MHTEPHET-POPYMbl NOAAEPXKMBAIOT NMPOrpaMMmcTa y4ebHbiMu
nocobusiMM U NpuMepamun Koaa.

e KMMeloTca obwmMpHble 6MbnmMoTekn.

HoBUYKM 06bIYHO BLICTPO HAXOAAT pelleHms cBoux nNpobseM Ha dpopymax. B apyrux
A3blKax 3Ta (opMa B3aVMMHOM MOAAEPIKKM BblpaXKeHa He TaK sipKo.
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B C nporpamMMmnpoBaHMe OCYLLECTBASETCS C MOMOLLbIO YNpPaBsOWMX PErMcTpos,
yKasaTtenen u Apyrmx CTpyKTyp U UHCTPYKLUMIN, KOTOPblE YAacTO TPYAHO MOHSATb.
MpowurBKa ANs LeneBoro KOHTposiepa Ao/HKHa bbiTb 3anNporpaMMmMpoBaHa,
CKOMMUNMpOBaHa 1, HaKoHel, nepegaHa B KOHTPOJJ1ep C MOMOLbIO NporpaMMaTopa.
MicroPython o6beanHsieT Bce 3TK warn. MpocTbIM LWENYKOM MbIlWK NOSb30BaTenn MoryT
ynpasnsTb HN3KOYPOBHEBbLIM 060pYy/l0BAHNEM, TaKUM KakK CBETOANOAbI, AUCTIEN NN
aAsuratenu. MNMonyyeHne aHanoroBbiX 3HAYEHUI HaNpsXeHus unun pabota ¢ SD-kapTamu
CTaHOBUTCS AETCKON UrpoM C COOTBETCTBYOWMMN Bubnnotekamn. MHTerpupoBaHHas
04YMCTKa NamMaTu 1 NpoLecc AMHAMUYECKOoro BblaeneHusa obecneumsatoT addekTUBHOE
ynpasfeHue namsaTblo B Python. 2To o3HauaeT, 4yTo BaM Bpsa v npuaetca npuberatb K
yKasatensam unm noaobHbIM KOHCTPYKLUUSAM, KOTOPble HOBMYKAM 06bI4YHO TPYAHO MOHSTh.

YacTto 3aragoyHble C-CMMBOSbI, Takmne Kak X++, <<, >> U T. 4., @ TaKXe C/I0XHoe
ob6bsBNeHne nepeMeHHbIX NpeacTaBnsatoT cobon npenaTcTeue ans HoBuuka. Python
M3BECTEH CBOEN NMPOCTOTOMN N OTJIMYHOM YMTabEeNbHOCTLIO KoAa.

Mockonbky MicroPython paspabaTtbiBancs kak «obneryeHHas Bepcus» ans MK,
noafepXxmBarTcsa He Bce 6ubnmotekn n dyHKUMM ctaHgapTHoro Python. Tem He MeHee,
Bbl MOXeTe NIerko NepeKktouYnTbCS Ha MUKPOBEPCUIO, €CNU Bbl YXe 3HakoMbl ¢ Python.
JINWb HECKONBbKO CMHTAaKCUYECKUX CTPYKTYP MW MHCTPYKLUMA HEAOCTYMHbI UK He
npumeHumsl B MicroPython.

MUTOH MHTEpNpeTMPYeTCS. DTO 03HAYAET, UTO UCXOAHbIM NMPOrpaMMHbIN KOA
obpabaTbiBaeTcs HEMOCPeACTBEHHO LeNIEBLIM MPOLLECCOPOM. [103TOMY KOMMUASLUNS He
Tpebyetcs. Taknm obpasom, Python npeanaraer BO3MOXHOCTb BbIMOJ/IHATL NpOrpaMmmy,
KOrAa-To HanucaHHY, B CaMbIX pa3HbIX cuctemax. [ns 3Toro Heo6xoAMMO yCTaHOBUTb
TONIbKO COOTBETCTBYOWMI MHTepnpeTaTop. OA4HMM 13 caMbix 60MbLINX NPEUMYLLECTB
koda Python aBnsietcs ero nosHas coBMecTMMocCTb. NporpamMmel Python moryT
BbIMOJ/IHATLCSA HA KNACCUMYECKMX KOMMbloTepax nog ynpasneHvem Windows, MacOS nnu
Linux, a Takxe Ha HeboNbLIMX OAHOMMATHbLIX CUCTEMaX, Takmx kak Raspberry Pi nnu
aHanorMyHbIX MMKpocmucTemMax. B yacTHocTK, ncnonb3oBaHne Ha «RPi» (HeM. «Raspi»)
Takxe cnocobCcTBOBano pocTy nonynspHocTu Python.

C nosiBNIEHNEM HOBbIX MOLLHbBIX KOHTPO/IEPOB, Takux Kak ESP32, cTano BO3MOXHbIM
addekTMBHO N yaobHo ncnonblosatb Python n B aToin obnactu. NMpoyHo
WHTErpMpoBaHHble NPOeKTbl FAPaHTUPYIOT, YTO NPOrpamMMbl MOryT ObITb 1erko
pa3paboTaHbl Kak B ManbiX, Tak U B 6onbwnx MmacwTabax. Takum obpasom, Python
npeBoCcxoAHO MacwTabupyeTcs. Bo3MoXHaa MHKaNCynsaunsa AaHHbIX U MPOrpaMMHOro
KoAa B YeTkue, yaobHble 45151 UCNONb30BaHUa Moayniun, T. e. obbekTbl, Aenaet Python
06BEKTHO-OPMEHTUPOBAHHBIM S3bIKOM MPOrpaMMmnpoBaHus. C++ 06bIYHO MCMONBb3YETCs B
HacToswee BpeMs, 0cO6eHHO B annapaTHO-OPUEHTUPOBAHHOM NPOrpaMMUPOBAHUN.
Knaccuuyeckme BapmaHTbl Python oo cux nop nioxo nogxoawnu anst aton uenu. C
MicroPython aTtoT npo6en 3akpbIT.

C++ BKJIIOYAET KIIMEHTCKME MPUNOXKEHUS, @ TaKXKe MOLLHbIe CepBEpPHbIE NMPUIOXKEHUS,
ApaviBepbl YCTPONCTB U BCTPOEHHbIE KOMMOHEHTHI ApaliBepoB. O6nacTb NpuMeHeHns
BapbWpyeTCcsl OT CUCTEMHOIO NporpamMMHOro obecneyvyeHns A0 NPUKNALHOIMO
nporpammupoBaHus. MNockonbky Python — O0THOCUTENBHO HOBbIN A3bIK
NporpaMMmnpoBaHns No cpaBHeHUto ¢ C, OH ellle He Hallen yHMBEPCaNbHOI0 NMPUMEHEHUS
BO Bcex 06nacTsaxX MHMOPMaLMOHHBbIX TexHonorni. OgHako BmaHo, 4to Python HabupaeTt
CuUNy npakTuyeckn Bo Bcex obnacrax.

naBHbIM HefocTaTkoM Python, 6e3ycnoBHO, SIBASIETCS €ro CpaBHUTENbHO HU3Kas
CKOPOCTb 06paboTkn. 34eCb KOMMUIMPYEMbIE A3bIKW, Takne kak C, MOryT SICHO NnokasaTb
CBOW MpenMyLecTBa. BbiCTpble UKLl YNPaBAEHUS UAN CUCTEMbI peasibHOro BPEMEHMU,
yrpaBfieHne TPaHCMOPTHbIMM CpeACTBaMM 1 3anpocbl 6€30MacHOCTN MOryT 6biTb
peannsoBaHbl HAMHOTrO npoule 1 6esonacHee Ha C.
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OpHako, NOCKONbKY 3TK 061aCTV NPUMEHEHUS BPSIA NV UIPatoT pob ANis
HenpodeccMoHanbHbIX MOsb30BaTeNEN, HEAOCTATOK CKOPOCTM €ABa /N 3HAUYUTENEH.
Python Takxxe npnobpen ocoboe 3HaveHMe B O4YeHb akTyanbHOM obnactm
MCKYCCTBEHHOro nHtennekta (MN). bnarogapst o6wWnpHbiM 6MbANMOTEKAM, TaKUM Kak
NumPi, SciPi n 1. 4., n Takum guctpmbyTtmeam, kak Anaconda, Python Ha cerogHaWwWHMM
LeHb CTan caMbIM MNOMNYsIPHbIM $13bIKOM MNPOrpamMMmMpoBaHus. MosToMy Bce ABepu
OTKPbITbl 47151 OMbITHOrO Nonb3oBatesns Python. OT nporpammupoBaHusa KOHTponnepa,
CBSI3@aHHOrO C annapaTtHbiM obecrneyeHmnem, Ao npunoxenmn MM — c Python HeT
OrpaHnYeHnn Ans NHTYULUU 1 TBOpYECTBa.

B 370V rnaee 6yayT cobpaHbl ocHoBbl MicroPython. Y Bac gomxHa 6bITb
dyHKUMOHaNbHas cpeaa NporpaMMmMpoOBaHKs, NOTOMY YTO KOMaHAbl U MHCTPYKLNK
BCeraa WiICTPUPYIOTCA NPaKTUYECKMMU NMpUMepaMn. 3aTeM MX MOXHO Cpasy Xe
npoTecTMpoBaTb HEMNOCPEACTBEHHO Ha LeneBoM 060pyaoBaHMK, TO eCcTb Ha ESP32. 3710
He 0CTaeTCsl YNCTO TEOPETUYECKMM KYPCOM MPOrpamMMMpOBaHUs, a NoSyYeHHble 3HaHUS
MOXHO Cpa3y NPUMEHSITb Ha NpaKTuKe.

4.1 Hukorpa 6e3: KommeHTapumu

MosicCHUTENIbHbIE KOMMEHTAPUWN BaXXHbl B S1H060M A3blKe MPOrpamMMMpPOBaHUS. ITO
€ANHCTBEHHbIN cnocob y3HaTb Mecsilubl UKW roAdbl CMyCTsl, YTO AenaeT onpeaeneHHbIn
pasaen nporpammbl, 63 He06Xx0ANMOCTN CHOBA M CHOBA BHMKATb B CTapble AeTanu.

HeT Heo6X0AMMOCTM KOMMEHTMPOBATb KaXAyw CTPOKY MpOrpaMMbl MO OTAENbHOCTM.
OnMbITHbIE MPOrPAMMMUCTbI AOJIKHbI MOHUMATb OTAE/bHbIE MHCTPYKLMM 6€3 KOMMEHTapues.
TonbKO B C/lyyae crneumanbHbiX KOHCTPYKLUUA U HEOBbIYHBIX UM MHHOBAUMOHHbBIX CTPOK
KoZa peKOMeHAYETCSt OAHOCTPOUHbIN KOMMeHTapuit. C Apyroi CTOpPOHbI, A1 MOoAMNPOrpamMM
MW UenbliX  JIOTMYECKMX  4YacTel  MnporpaMMmbl  HE  AOJIKHO  OTCYTCTBOBATb
KpaTkoe 06bsiCHEHME TOro, Kak OHW paboTatoT.

MpocTble KOMMeHTapuu 6yAyT HauyuMHaTbCA CO 3Haka #. OHM HauMHawTCA C # MU
3aKaHYMBAlOTCA KOHLIOM CTPOKM:

>>> print("hello ESP32") # this is a comment
hello ESP32

MHOroCTpOYHblE KOMMEHTApMM TakXe MOryT 6bITb MOMeYeHbl TPOWHBIM ABOMHbIM
KasBblukoM (""). 3aTeM Ta Xe CTpoKa CMMBOJIOB 3aBepluaeT KOMMeHTapuii:

finepBas cTpoka KOMMeHTapus
BTOpasi CTPOKa KOMMEeHTapus

Ha npakTuKe 3TO MOXET BbIMrMAAEeTb TaK:

This is a multi-line comment.
Prints "hello world".
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print("hello world")

Kpome TOro, @yHKUNSA KOMMEHTUPOBAHMUSA MOXeET 6blTb MCNOMb30BaHA B TOHHWU. 3TO
MO3BOISET MOMETUTb HECKO/IbKO CTPOK KaK KOMMEHTapun O4HOBPEMEHHO 3HAaKOM #
(pewéTka).

Puc.4.1: ®yHKumMa KoMMeHTapues B Thonny.

DYHKLMA KOMMEHTapMEB TaKXe o4YeHb yA06Ha Ansl KOMMEHTUPOBAHWUS ONpeAeneHHbIX
yacTtei nporpamMmbl. ECnu, Hanpumep, Npu TeCTUpoBaHUn 6osiee 06bEMHOIO Koaa
HeKoTopble pa3aesibl He 6yAyT BbIMOMHATLCS B MPOGHOM peXnMe, UX MOXHO MOMETUTb
3HaKOM KOMMeHTapwus. JIMHMKM Toraa 60Nblue He HabAl4alTCs UHTEPNPETAaTOpoOM. ITO
[enaeT HEHYXXHbIM ANUTENIbHOE yAaNleHMe U NOCNeAYyoLLYH0 MOBTOPHYO BCTABKY
paszenoB NporpamMmbl.

KoMMeHTapuu noMoraloT HOBMYKaM lyylle MNOoHATb CTPYKTYpy nporpaMmebl. C
TEXHUYECKON TOUKM 3PEHMSI MHTEprpeTaTop UFHOPUPYET BCE KOMMEHTapuUu, T.e. OHWN He
B/IMSIIOT Ha XOZ4 NpOrpammbl.

4.2 Onepatop Print()

NHdbopMaumsa MoxeT 6biTb BbiBeAEHA Ha TePMUHA C NMOMOLLBK MHCTPYKUMK print().
KoMaHAy MOXHO BbIMOSHUTb MPSIMO B TEPMUHANE:

File Edit Tools Help

print("Hello")
Hello

Punc.4.2: KomaHpa neyatn B KOHCONN.

C ApYro CTOpOHbI, OH UCMOMb3YeTCs B NporpamMMax Af1s BblBOAA TEKCTOBOW MHGMOpMaUnK:
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File Edit Tools Help

Puc.4.3: KomaHAa neyaTtu Kak nporpaMMHasi MHCTPYKLUMSI.
print() MoXeT coaepXaTb HECKOJIbKO CTPOK, pasaeneHHbix ",":

>>> print("hello", "world!")
hello world!

OnepaTtop print() BbINOAHAET pa3pbiB CTPOKM MO yMon4yaHuto. C
end = nn
3TO MOXHO NOAaBUTb:

print("hello", end=" ")
print("world")

M NPUBOAUT K CleayoLeMy pesynbTaTy:
hello world

Cneaytolwme aBe UANOCTPaUMM CHOBa WINIOCTPUPYIOT BEPCUM MHCTPYKUMIA NnevaTu B
Thonny-IDE:

File Edit View Run Device Tools Help
NEHE 0% ¢ a2 @

MicroPythen device print("3=8 = ) -
print(3*8)

[
>

7 main.py

Shell

This computer
C: \ Users \ Python $553

2 blink.py

Puc.4.4: KoMaHAa neyaTy Kak NporpaMMHas MHCTpyKumMs B Thonny.

e 43



File Edit View Run Device Tools Help

NEE 6% 2.2k @

Files

MicroPython device = |~

. main.py

Shell -

»>» print("Hello"™)

Hello

[
>

This computer
C: \ Users \ Python

7 blink.py

3>

Pnc.4.5: KomaHpa neyatn B KoHconu Thonny.

4.3 OTcTynbl U 6510kMN

MicroPython pa3nnyaeT pa3Hbie 6710kK MO OTCTYNy. HeT HeE06X0AMMOCTUN NCMOsIb30BaTb
durypHble ckobku ("{}") nnn nogobHblie. OTO 0OAHO U3 OCHOBHbIX OTAIMYNIA OT
60nbLWINHCTBa APYrnX A3bIKOB, Taknx kak C, Pascal, Basic n T. 4. NpenMyLiectso 3Toro
MeToAa B TOM, YTO OH MPaKTUYECKM BbIHYXAEH NMPUAEPXKUBATLCSA ONpeaeneHHON CTeneHu
CTPYKTYpbl MpOrpaMmbl.

if True:
# block 01
print ("True")
else:
# block 02
print ("False")

Konnyectso npo6enos ANa OTCTYNnOB MOXET 6bITb pa3HbIM, HO B O4HOM N TOM Xe 6noke
BCerga AO/IHXHO noaaepXmnBatbCd OAMHAKOBOE KOJIMYECTBO npo6er|OB ANna OTCTYnoOB.

B npoTtnBHOM cnyyae oTobpaxaeTtcs coobweHne 06 owmnbke:

if True:
print ("Answer'")
print ("True")
else:
print ("Answer")

print ("False") # [pyroi oTcTyn npvBedeT K owubke BO BPeMmsi BbINOMHEHUS .
3TO NpPUBOAMUT K CeAyoleMy COObLIeHNIO:
>>> %Run —-c $EDITOR_CONTENT
Traceback (most recent call last): - (nocnegHuin BbI30B

File "<stdin>", line 6

IndentationError: unexpected indent - HeOXwuaaHHbI OTCTYN
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B ycnoBusix n unknax 610km GopMmUpyOTCS 0ANHAKOBO.

4.4 YnpasnseMmoe o6opyanoBaHue: yuudpoBble BXOAbl U BbIXOAbI

B otnnume ot nporpammupoBaHums Ha [K wnu HoyTbyke, MicroPython 06blyHO
doKkycupyeTcs Ha NpssMOM AOCTYyMne K annapaTtHbiM dyHKUuaMm. Ocoboe 3HayeHune nmeer
ynpaBfeHne OTAeNIbHbIMM NMHaMu BBOAA/BbiBOAA (MUHLI BBOAa/BbiBOAA wian GPIO ans
BBOAA/BblBOAA 00LLEro HasHaueHus).

YT06bl MNpOBEPUTbL WMHCTPYKUMM Ha nNpakTuKe, BCe, 4YTO BaM HYXHO cAaenaTtb, 3TO
noaKAKUYMTL CBEToAMOoA C nocsefoBaTeNlbHbIM pe3nctopoM K ESP32. Ha cnepytowem
PUCYHKe NoKasaHa COOTBETCTBYIOLWAsA CXeMa NoAKIYEHNS:

Puc.4.6: CxeMa NoAK/IIOYEHUS CBETOAMOAA K MOPTY 25.

CxeMa Ha MaKeTHOW nnaTte BbIMSANUT TakK:

:--j---..-------lnnu-u-.--

|
STeeeea b

e —— . —
Puc.4.7: Ceetoanoa noakntoyeH K nopty 25.

YTo KacaeTcs nporpaMMHOro obecneyeHusi, UMbpPOBON BbIBOA A0/KEH 6bITb CHavana
WHULMaNn3npoBaH. [1na aToro co3gaeTcs nepeMeHHasl, COOTBETCTBYIOLWasn NMHY. 3TO He
MpoOCTO HOMEpP MNMHa, @ NMOJIHOLLEHHbIN 06BEKT, KOTOPbLIN 3HAET BCE acneKTbl NMHa. YTobbI
MCMonb30BaTb NMUHbI, knacc "Pin" gonxeH 6bITb MMNOpPTMPOBaH M3 Moaynsa "machine”.

From machine import Pin
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MNocne aTtoro Y>X€ MOXXHO BbINMO/IHUTb MHUNUMaANIN3aUUO HOXKW CBETOAMOAA:
led = Pin(25, Pin.OUT)

LUndpa 25 — ato HoMep GPIO,koTopas 06bI4MHO HAaXo4MTCA Ha niaTte HanpoTUB
COOTBETCTBYIOLLEro KoHTakTa. MIHCTpyKLUMS onpeaensieT 3TOT KOHTaKT Kak BbIXOA.

Pnc.4.8: HoMmepa KOHTaKkTOB 34ech (34ecb 25 1 26) Ha nnaTte ESP.
Tenepb HOXKY LED MOXHO ncnonb3oBaThb:
led.value(1)

OH ycTaHaBnMBaAET NopT BBOAA-BbIBOAA B «1», T. €. TeNepb OH HeceT HanpsixeHue 3,3 B.
Ecnv Bce NoAKMOUYEHO NPaBUbHO, CBETOANOA Ha MOPTY 25 3aropuTcs Nocae BbINOSHEHMUS
KOMaHAbl  4Yepe3s  KoHcosb. CbHbpoc nuMHa B «0» (0  BOABLT)  BbIMNOAHMUT
CNeayLWyo NHCTPYKLUMIO:

led.value(0)

BmecTe ¢ nHCTpyKuUMer cHa (CM. Takxke cneayioLlyto rnaBy) us moayns time tenepb Bbl
MOXeTe 3anporpaMMupoBaTb CBETOAMOAHYI0 Muranky (blink_simple.py):

# blink_simple.py

from machine dimport Pin
from time import sleep
led = Pin(25, Pin.0OUT)
while True:

led.value(1)

sleep(1)

led.value(0)

sleep(1)

M3-3a MHCTPYKUNM 0XNAAHUSA

sleep (1)

Tenepb CBETOAMOA MUraeT C MHTEPBAJZIOM B OA4HY CEKYHAY, T. €. C Nep1MoaoM B ABe
ceKkyHAabl unun ¢ yactoton 0,5 repu.
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Kaxabli KOHTaKT BBOAA-BbIBOAA TakKXe MOXET MCMOJSIb30BaTbCs Kak uMdpoBOn BXOA.
CoOoTBeTCTBYOLLEE MHULMNPOBAHME OCYLLECTB/ISETCS Yepes:

pin_in = Pin(25, Pin.IN)

OT0 No3BONSAET ONpeAenTb YPOBEHb, MOAABAEMbIN Ha KOHTAKT, T. e. 0 ana 0 Bun 1 ana
3,3 B. OTKpbITbIN BX04, T. €. KOHTAKT 6e3 Kakoro-nmbo coeanHeHus, He AaeT HaLEeXHOoro
pesynbtata. CurHanbl nomex, Takne kak nomexu 50 'y, curHansl WLAN wnnm
paaMoYacToThl, MOFyT Cly4alHbiM 06pa3oM U3MEHSTb YPOBEeHb. NS npeaoTBpalleHms
3TOro Heo6xoAnMbI TaK Ha3blBaeMble NOATArMBaOLWME NN OFrpaHUYNBalOLME PEe3UCTOPbI.
C ESP32 oHu MoryT 6bITb BK/IOUEHbI gaxe BHyTpu. C UCNONb30BaHMEM

pin_in = Pin(2, Pin.IN, Pin.PULL_UP)

FapaHTUPYET, YTO Ha HEMOAKJ/TIOYEHHbIN BXOA NOCTyNaeT CUrHasl BbICOKOro ypoBHA4.
CoOTBETCTBEHHO,

button_pin = Pin(2, Pin.IN, Pin.PULL_DOWN)

HECeT HMU3KMIN CUrHan Ha OTKPbITOM Bxode. C MOMOLLbIO cneaytower NporpaMmmbl MOXHO
npoTecTnpoBaTb MYHKLUMN:
# read_pin_25.py

from machine import Pin
from time dimport sleep

pin_in = Pin(25, Pin.IN, Pin.PULL_DOWN)

while(True):
print(pin_in())
sleep (1)

Ha pucyHke cxema BbIrsaauT Tak:
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Puc.4.9: Perncrpaums ypoBHei HanpskeHus.
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Mpwn HacTpolike 060pyAOBaHNSA MOXHO UCMONb30BaTh OTPE30K NMPOBOAa A/ MPOBEPKM
cxeMbl, kKoTopas nogkntodeHa kK GND wnnum 3,3 B:

Puc. 4.10: AnnapaTHas CTpyKTypa Afsl CYUTbIBAHUS YPOBHEN HaNpsXeHUs
B 3aBMCUMMOCTM OT TOro, NoAkstoveHa s nepembiuka kK GND (0 B) unm 3V3, Ha knemme

nosienseTcs 3HayeHne 0 unu 1. Ecnun BxoA pa3oMKHYT, Ha TepMuHane otobpaxaetcsa 0
(ansa orpaHuyeHuns) nnn 1 (ana NoATArMBaHUS).

BHUMAHME: Hu B KOeM cny4dae Henb3sa NoAKYaTb BXod K 5 B. 3To MOxeT npuBectun
K BbIXOAY U3 CTPOSi MMKPOCXeMbI. BbiBoAbl ESP32 MoryT ynpaBnsiTbCs TONbKO
CUrHanamun ¢ MakCcMMasnbHbIM Hanps>keHuem 3,3 B!

PesncTtop 1 kOM ucnonb3yeTcs Ans 3aWnTbl BXoAa. DTO CHMXAaeT BEPOSATHOCTb
HernpeaHaMepeHHOro npyuMeHeHnsa YpesMepHoro HanpsaXeHus, Bbl3blBatoLWero
noepexaeHue. TeM He MeHee, Bbl BCEraa AOMXKHbI 3beratb Nogayn HanpsXKeHus Bbilwe
3,3 B Ha BbiBOA ESP32.
4.5 YnpaBneHne BpeMeHeM U COH
B npumepe ¢ MuramLmm CBETOANOA0M MHCTPYKLUMSA 3a4€PXKKM YXe ucnonb3osanacb. OHa
coaepxuTca B Moayne «time» un ynpasnsetcs

import time
C onepatopoM

time.sleep(seconds)

MOXHO YCTaHOBWTb (DMKCMPOBAHHOE BpeMs 3aJepXKu B ceKyHaax. Kpome Toro, MoxHo
MMMNOPTMPOBATL TOJIbKO CaMy KOMaHZAy CHa:

from time import sleep
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Torpa MHCTPYKUNIO MOXXHO COKpaTUTb A0
sleep(seconds)

XOTS1 KOMaHAY MOXHO MCNOAb30BaTb M AN A0NEN CeKYHAbI, ANsi OMEHb KOPOTKUX
3a4epXeK peKoOMeHAYETCA UCMNO/1b30BaTb

time.sleep_ms(milliseconds)
MOTOMY 4YTO OHa UMEET Ny4ylyto TOYHOCTb ANA MasbliX BPEMEH.

HepocTaTok 3TUX (yHKLMIA B TOM, YTO OHW TOPMO3ST. DTO 03HAYAET, UTO KOHTPOSIEP He
MOXET BbIMOMHATL Kakne-nmbo Apyrue 3a4ayun B TEYEHUe Nepmroaa OXuaaHus,
NMOCKO/IbKY OH 3aHAT MNOACYETOM TAKTOB MNpoLeccopa. ANbTEPHATUBON ABNIAETCA
MCnosib30BaHWe NpepbiBaHMI AW APYrMX MeToA0B NporpaMMmposaHms. MNoapobHocTn
npvBeaeHbl B NOCNeAYOWNX raBax.

[nsi 3anpocoB BpeMeHM AOCTYMHbI Creayowmne ABe NoAnporpaMMbl:

time.ticks_ms()
time.ticks_us()

OHM NOKasblBalOT TeKyllee BpeMs paboTbl CUCTEMbI B MWIIN- WM MUKPOCEKYHAAX.
KnaccmyeckunM MpuioXeHeM sIBNSIETCS U3MEPEHWUE BPEMEHW BbIMOJSIHEHUSA MporpaMmbl. C
MOMOLLbIO C/IEAYIOLLErO KOZa MOXHO MoKa3aTb, HanpuMep, 4To MaTeMaTUYeckme orepaumm
TpebytoT onpeaeneHHOro BpeMeHu:

# runtime.py

import time
import math

while(True):
start = time.ticks_us()
# x = math.exp(math.sin(22.5))

stop = time.ticks_us()
print(stop-start)

Ecnun nepea pacyetoM ybpaTb 3HaK KOMMeHTapus, oTobpaxaemasi CKOpocTb 06paboTku

yBenuuntca rae-to ot 100 050 mMkc go 100 170 mkc. TakmM o6pa3omM, Bpems
BbluMCneHns popMynbl cocTaBnseT okono 120 Mkc.
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4.6 Ba>kHble 3HAaYEHMUS: NepeMeHHble U KOHCTaHTbI

B Python ocobeHHoO nerko cosaaBaTb NepeMeHHble. HeT He06X0ANMOCTM yKasbiBaTb TN
AAHHbIX nepeMeHHoﬁ BO BpeM4A npucBamBaHuA. OTO rnaBHOE OTNnYMe oT APYruXx A3blKOB.
TaM nepeMeHHble BCeraa A0/MKHbI ObITb SBHO MHULMANM3MPOBaHbI C ONpPeAeneHHbIM
TMnom (Hanpumep, int a =...)

[MepeMeHHble TakXXe MOXXHO MCMNOoJIb30BaTb B KOHCOJ/IN:

>>> a = 17
>>> print(a)
17

K MprCBOEHUID MMEH NMEPEMEHHbIX MPUMEHSIIOTCS Creaytolwme npasuna:

e /IMa nepeMeHHOM AOIKHO coaepXaTb TONbKO uMdpbl, 6YKBbI U
CMMBOJIbl NOAYEPKMBAHUS.

e [lepBbIM CMMBOJIOM MMEHW NEPEMEHHOM A0/kHa 6bITb 6ykBa Unu
3HaK NoAYepKUBaHUS.

¢ /M5 NnepeMeHHOlr YyBCTBUTENTbHO K PErNCTPY.

[MepeMeHHbIM MOryT 6bITb MPUCBOEHbI 3HAYEHUS pa3HbiX TUNOB. Tunbl B MicroPython
BKJIIOYAIOT YnC/ia, CTPOKM, CMIUCKKU, CoBapu, Koptexu n T. A. C nomouwbio type() MOXHO
NPOBEPUTL TUMN AAHHbIX NEePEMEHHbIX U KOHCTaHT, HanpuMep.

>>> a = 17
>>> print(type(a))
<class ,int'>

>>> a, b, ¢, d =17, 1.5, True, 5+7j
>>> print(type(a), type(b), type(c), type(d))
<class ,int'> <class ,float'> <class ,bool'> <class ,complex'>

LUndpsl Bpoae 10, 100 wnam cTtpokm Bpoae «Hello World!» aBnatoTca KOHCTaHTaMu.
MicroPython npeanaraet kntoueBoe cnoBo «const», o6o3HavaloLee HenaMeHsieMoe
3HaueHue

from micropython dimport const

a = const(33)
print(a)

4.7 Konn4yecrtsBo U TUMNbl NepeMeHHbIX
MicroPython nogaepxxmBaeTt cneayowme TMnbl Yncen

¢ Integer (int); Lenoe (int)

¢ Floating point (float); C nnaBatowei 3ansToii (float);
e Boolean (bool); and bBbyneso 3HaueHune (bool);

e Complex.
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YuncnoBon 0b6beKT co3naeTcs cpasy nocne ykasaHusa 3HadeHums. C nomoubto del() Bbl
MOXeTe CHOBa yAanuTb 06beKTbl. B KOHCONW 3TO BbIrNSAUT Tak:

-k (most recent call last):
File "<stdin>", line 1, in <module>
MameError: name "a" i= not defined

Puc.4.11: YoaneHue nepeMeHHbIX.

Tak>xe BO3MOXHO NMpuUcBamBaTb 3HAYEHUS HECKOJIbKUM NEepeMEeHHbIM OHOBPEMEHHO, T.€.
pasaensaa nx To1bKo 3anAaTbiMU, HaNnpuMep:

a, b=1, 2

PesynbTaT geneHus (/) Bceraa Bo3BpallaeT 3HayYeHMe C Nnasatolen 3anaTomn,
Hanpumep:

12/3 = 4.0
LleJ'IO‘-WICJ'IeHHbIIZ d)OpMaT SKBMUBAJIEHTEH YMNC/laM B MaTeEMaTuUKe, BKJIlo4as 3HaKu:
1, 100, -8080, 0 , ...

Yucno ¢ nnaBatoLwel 3anaTol COOTBETCTBYET AENCTBUTE/bHbLIM YnciaM. Takxke MOXHO
MCMosb30BaTb 3KCMOHEHLMaNbHOE NpeacTaBieHne:

>> a = 1.234e3
>>> a
> 1234.0

BaxxHoe pasnuuve Mexay LesnbiM YAC/IOM U YMCIOM C MNaBaloLlei 3ansaToin 3aKkioyaeTcs
B TOM, UTO Le/ble 3HaueHns 06a3aTtenibHo xpaHaTtcsa . C Apyroi CTOpPOHbI, Yncna ¢

niaBatoLWen 3anaTon OKPYrsoTCS.

MepeMeHHble TMNa Bool MOryT npuHuUMaTh TONbKO ABa 3HauyeHus "True" u "False". 3paecb
TakXe AenaeTcs pasanyume Mexay nponucHbIMU U CTPOYHbIMU ByKBaMu.

MepeMeHHas Tnna «complex» cOCTOUT U3 AENCTBUTESIbHON U MHUMOM YacTein B BuAe
a+bj nnn komnnekca(a, b). N nencrentencHasa 4yacTtb a, U MHMMOE 3HayeHne b MoryTt

6bITb UMCIaMKM C NnaBatowen 3ansaTon.

OTO TakXe NMO3BONSAET BbIMOAHATb BbIYMCIEHNS C KOMMNIEKCHBIMWU YNCIaMK:
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>>> a = 1j
>>> b = 1j
>>> axb

>>>(-1+03)

TakXe MOXHO MCnosib3oBaTb ABOMYHbIE (0b...) 1 wecTtHaguaTepuyHble (0X...) ymicna:

>>> a= 0bl1010
>>> a
>>> 10

>>> a = oxff
>>> a
>>> 255

4.8 NpeobpazoBaHue TUNOB Yncen
Yncna v nepeMeHHble Takxe MOoryT 6biTb Npeobpa3oBaHbl M3 O4HOIO TMNa B Apyron. Ans
3TOr0 UCNOMbL3YIOTCA Crieaywme NHCTPYKLMN:

int (x): MpeobpasyeT X B Lesoe 4Yncio
float (x): MpeobpasyeT X B YNC/O C NnaBatowen 3ansaTon
complex (x): Mpeobpa3yeT X B KOMMJIEKCHOE YMCII0

B nepBoM cnyvyae gecAatvyHasa 4aCTb HE OKPYrNsieTcs, a oTpe3aeTcs.

>>> a = 2.0
>>> print(int(a)) # [NpeobpasoBatb uucno ¢ float B int
2

>>> x, y = 4.3, 7

>>> ¢ = complex(x, y)
>>> print(c)

(4.3+77)

4.9 ManeHbkue 6osbLuMe AaHHblIE€: MAaCCUBDbI
Maccusbl npeacTasnsaoT coboin Habop anemMeHToB 0A4HOrO TUNa. OHWM AOCTYMHbI B
60/bLINHCTBE A3bIKOB NPOrpaMMUpOBaHus, Takmx kak Java wnm C/C++.

MpenMyLLLEecTBO MacCMBOB B TOM, UTO OHWU MOTYT XpPaHUTb 60/bliMe 06bEMbI AaHHbIX B
CTPYKTypupoBaHHOM Buge. Ecnv, Hanpumep, HEO6X0AMMO 3anuncaTb Cepuio U3MepeHuit,
OTAe/IbHblE Pe3y/ibTaTbl MOXHO COXPaHWUTb B BUAE MAacCcMBa. 3aTEM Bbl MOXETE JIErKO
MoyYnTb AOCTYM K OTAENbHbIM 3HauYeHusaM. [ns paboTel C MacCBaMu AOJIXKEH 6biTb
3arpy)eH COOTBETCTBYHOLMI MOAY/b, HanpuMep:

import array as arr
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Torpa Y>XX€& MOXHO COo34aBaTb MaCCUB:
a = arr.array('d', [1.1, 3.5, 4.5])

[Ons uncnoBoro TMna, UCNOMb3yeMOro B MacCMBE, MOXHO yKasaTb 6o «d» ansa yncen c
nnaBatoLlen 3anaTon, nnbo «i» ana uenbix Yyncen.

B cneaytowlein nporpaMme cHavana co3gaercsl MacCuB. 3aTeM 3HaUYeHUs BbIBOASTCS MO
OAHOMY B KOHCOJb:

# array.py

import array as arr
a = arr.array(,d', [1.1, 3.5, 4.5])

for n in range(len(a)):
print(aln])

Mcnonb3oBaHWe MaccMBa MOXET MPUBECTM K 04YeHb 3P EeKTMBHbLIM NporpamMmam. MNpumep
3TOro MOXHO HalTW B rnase 9 NpuM OAHOBPEMEHHOW OLEHKE HECKOJIbKUX AaTYMKOB
TemnepaTypbl.

4.10 OnepaTopbl
34ecb npeacTaBrieHbl apudMeTnyeckme onepatopbl MicroPython:

+ CnoxeHune c=a+b
- BbluntaHue c=a-b
* YMHOXeHMne c=a*b
/ OeneHve c=a/b

EcTb Takxe Heckosbko 6onee cneunannanpoBaHHbIX ONepaTopoB:

// LlenouncneHHoe genexHune 11//3==>3
% no Moaynt (ocrtanbHasa yactb AgeneH.) 11 % 3 ==> 2
** MokasaTesnb cTeneHun 2**k 3 ==>8

Norunyeckune onepatopbl "not", "and" n "or" Takxe AoctynHbl B MicroPython:

True False

False True
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a b aandb aorb

True True True True
True False False True
False True False True
False False False False

BuTOBbIE OMepaTopbl NpeAcTaBeHbl B Python cneayrowmMm MHCTPYKUMAMM:

& Mo6utoBoe AND
| MobutoBoe OR

A Mo6utoBoe XOR
~ Mo6utoBoe NOT

Takxxe MOXXHO MCMNoJsib30BaTb ONepaTopbl CABUra:

<< Move bits MepemecTuTb 6UTLI BNEBO
>> Move bits MepemecTntb 6UTLI BNpaso

Crneaytowime nNpuMepbl UITHOCTPUPYIOT NPUMEHEHME:

>>> a = 0blo1lo
>>> b = 0bl1100
>>> bin(a&b)
,0b1000"

>>> a = 0blo1l0
>>> bin(a<<l)

,0b10100"

OnepaTopbl CpaBHEHUS, ONATb Xe, UMeloT CBOM 06blYHbIA MaTeMaTUYeCKNIA CMbICN:

== paBHO

= He paBHO

> 6onblue, Yem

< MeHblle, YeM

<= MeHbLUEe UIN paBHO

>= 60/blle UM paBHO
Hanpumep

>>>a=>5

>>>b=7

>>> a < b True
>>> a > b False
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4.11 C dpopmaToM, NoxXKaJIyACcTa: NpuBJieKaTesibHbIi TEKCT U BbiBOJ
AaHHbIX

BbiBOA4 TEKCTa M AaHHbIX NPOCT, €C/IN UX He HYXHO dopMaTupoBaTb. OAHAKO YacTo
BbIBOA CTPOK UMCEN UM TEKCTOB (DUKCUPOBAHHOM ANMHbI A0MKEH 6bITb BbIPOBHEH MO
npaBoOMy MM NeBOMY Kpato. Takxe yacto TpebyeTcsl BbiBOA M3MEPEHHbIX 3HAUEHUN C
BeAYLIMMWN HYNISIMW NN ONpeaeneHHbIM UMC/TIOM 3HaKOB nocne 3ansaToi. MicroPython
npeasiaraeT MHOXECTBO YA0OHbIX pelleHnin. Hanbonee BaxHble U3 HUX OMUCaHbl B
TeKkylweM pasgene.

CaMbI NpocToi cnocob BbiBOAA TEKCTa — 3TO YXKe M3BECTHbIN onepaTop neyaTtu:

print("This is a string")
Ecnn TekcT nnu uncna fonxHbl 6bITb BCTPOEHbI B APYrOM TEKCT, Syylle BCEro
Mcnonb3oBaThb 3anonHutenn. OHM ob6o3HavarTca napon GurypHeix ckobok {}. Kaxaas
CTpOKa MoOXeT 6bITb pacluMpeHa 3TMM onepaTopoM dhopMaTupoBaHus. Napa KBagpaTHbIX
ckobok "{}" nuweTcsa B TeKCTe Be3ae, rae 4Yto-To AO/IKHO 6bITb BCTaB/eHO. 3aTeM B
KoMaHae dopMaTUpoOBaHMS 3HAYEHUA NPOCTO AatoTcs B Tpebyemom nopsiake. B KoHconm
3TO BbIFIAANT TaK:

>>> result = "4 x 7"

>>> print("The result of {} is {}".format(result, 4x%7))

The result of 4 x 7 is 28
Takxke MOXHO yKasaTb A/nHYy nons. Kpome Toro, AaHHbIE N TEKCTbl MOTYT 6bITb
oT¢opMaTMpOBaHbI MO NEBOMY MM NMPaBOMYy Kpato UK No cepeanHe. [nsa sToro
ncnonbsyeTtcs agsoetoune (:). Cnegytowas nporpaMMa nokasbiBaeT npumep
MPUIOXEHUS:

# format.py

text = "Standard {:10}". numbers"pprint(text.format(12345))

text = "Left-aligned {:>10} numbers"print(text.format(12345))

text = "Right-aligned {:<10} numbers"print(text.format(12345))

text = "centred {:710}". numbers"print(text.format(12345))

MpobneMa BbIFNSAMT CneayowmMm o6pasom

Standard 12345 numbers

Left-aligned 12345 numbers
Right-aligned 12345 numbers
Centered 12345 numbers
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Onsa TabnunyHbiX NpeacTaBneHnit 4acTo XenaTesbHO, YTO6bl TEKCTbI U PUCYHKU Bbln
npeacTaBfieHbl CKaTo. [ns 3ToM uenu AomkHa 6biTb onpeaeneHa GuUKCMpoBaHHasa AsMHA
ANns BbIBOAA uncen. 3ano/iHUTeNb CHOBA AOMOJIHAETCA ABOETOUYMEM, 3aTEM yKa3bliBaeTCs
xenaemas AnivHa u onpeaensieTcs TMn AaHHbIX. Yucna c AecaTUYHbIMK paspsaaMmum
TpebytoT 60NbWOro KONMNMYeCcTBa BblYNCAEHMA N NO3TOMY B MicroPython noaaepxuaroTcs
NVWb B MUHUManbHOM cTeneHn. CyLecTBYOT OrpaHNUYeHns No CPaBHEHMUIO CO
CTaHaapTHbIM Python B oTHOWEHWN BO3MOXHOCTEN DOPMaTUPOBAHUSA U TOYHOCTU. TeM He
MeHee, KOJIMYEeCTBO 3HaKOB Moc/e 3anaToi 1 obwas AnmMHa MoryT 6biTb YKasaHbl 41
dopmaTmpoBaHus. [lencTeyeT crneayowas MHCTPYKUNS:

{:Total length.decimal placesX}

X o3Hauaet d (uenoe uncno) mnu f (nnasatowee yncno). Mporpamma

# table_format.py

a = 3.5

output = "Result 1is {:8.4f} Vvolt"
print(output.format(a))

a = 123.5

output = "Result 1is {:8.4f} Volt"
print(output.format(a))

a = -3.5223

output = "Result 1is {:8.4f} Vvolt"
print(output.format(a))

a=7/3
output = "Result 1is {:8.4f} Volt"
print(output.format(a))

npnBoANT HECKOJZIbKO NPUMEPOB:

Pesynbtat: 3.5000 Volt
Pesynbtat: 123.5000 Volt
Pesynbtat: -3.5223 Volt
Pesynbtat: 2.3333 Volt

KonnuyecTBo paspsaoB BCeraa cneayet KoOppekTupoBaTb C TpebyeMoi TOUHOCTbI0, MHave
MOrYT BO3HMKHYTb HEMpeABUAEHHbIE OWNEKN OKPYrfieHns. Takxke AOCTYMHbI Cleayowme
BapuaHTbl:

Mo neBomMy kpato: {<8.4f}

Mo npaBoMy kpato: {>8.4f}

Mo ueHTpy: {"8.4f}

Bcerana BbiBOANTb 3Hak: {:+8.4f}

Beaywme Hynu u 3Hakun: {:+08.4f}
YcTaHoBuTe 3HaK oAnH noA apyrum: {:=+8.4f}
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YCTaHOBUTE OAMH 3HAK NoA APYrvMM U BeaywmMn Hynsmu: {:0=+8.4f}

3HauYeHUAM TaKXKe MOXHO AaBaTb MMeHa. 3aTeM 3HAaUYEeHUSs MOXXHO BBOAUTbL B NIHO60M
nopsiake:

# labeled_format.py

text = "The result of {calc} is {res}"
print(text.format(res = 3%8, calc = "3 x 8"))text

= "The result of {calc} is {res:5.3f}"
print(text.format(res = 22 / 3, calc = "22 / 3"))
OTo NpUBOAMUT K CllieAyoleMy pe3ynbraTy:
PesynbTaTt 3 X 8 paseH 24.
PesynbtaTt 22/3 7.333
BOT TOXe MHCTpyKUus
print("No NewLine",end=" ")

MCMOsb3yeTcs AN NoAaB/IEHUS YEPECCTPOYHON pa3BepTKM. ITO NO3BOJISET
OYeHb JIerko BbIBOAUTbL OTchopMaTUpoBaHHbIe Tabnuubl. Hanpumep, nporpaMmma

# Multiplication_table.py

for i 1in range(1,11,1):
for j 1in range(1,11,1):
print("%6d"%(j*i),end=" ")
print()

npeaocTaBseT cneaywouwyo Tabnmuy B knaccmyeckom dopmate 1 x 1:

Shell
>33

1 2 3 4 3 € 7 8 9 10

2 4 [ 8 10 12 14 le 18 20

3 3] 9 12 15 18 21 24 27 30

4 8 12 16 20 24 28 3z k1) 40

5 10 15 20 25 30 35 40 45 S0

€ 12 18 24 30 36 42 48 54 €0

7 14 21 28 35 42 49 56 63 o

8 16 24 32 40 48 36 64 72 80

9 18 27 36 45 54 €3 72 81 S0

10 20 30 40 50 &0 70 80 90 100

Puc.4.12: ManeHbkas Tabnuua yMHOXeHus 1 Ha 1.
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4.12 CnMBOJIbl B LleNnoYKaX: CTPOKM

CTpOKK SABAAKOTCA OAHUMM U3 CaMblX NONyAspHbIX TMNOB B MicroPython. Ux MoxHO
Nerko cosaaTtb, NOMeCTUB CTPOKKM B KaBblukn. MicroPython nogaepxxunBaer Kak
OAWHapHble, Tak N ABOMHble KaBbl4ykn. Co3a4aTb CTPOKY TakK e NPOCTO, Kak NPUCBOUTb
3Ha4yeHue nepemMeHHon:

varl = 'Hello!'
var2 = "Python"

MicroPython He noaaep>XvMBaeT TUMbl CUMBOJIOB. DTOT BapuMaHT pacCcMaTpMBaeTCs Kak
CTpOKa CMMBOJIOB AJIMHbI ONe U MOSTOMY TaKXe CcYMTaeTCs NOACTPOKOW. KBagpaTHble
CKOBKM MCMOMb3YHTCS ANa A0CTYNa K NOACTPOKaM. ITO NO3BOJISIET Bblpe3aTh Jtobble
YyacTu CTPOKMU:

varl = ,Hello!'
var2 = "Python"

print (varl[0])
print (var2[1:5])

BO3BpalWla€eT pe3ynbTaT

>>> H
>>> ytho

CyLLEeCcTBYOLY CTPOKY MOXHO «06HOBUTbL», MPUCBOMB NEPEMEHHYHIO APYrON CTPOKE,
BO3MOXHO, CHoBa. HoBoe 3HayeHne MoxeT 6biTb CBS3aHO C ero npeablayLwmm
3HaYeHMEM UM C COBEPLUEHHO APYrov CTpokol. Hanpumep

var = 'Hello World!'
print ("Updated String : ", var[:6] + 'Python')

AQET pe3ynbTaTt

>>> Updated String : Hello Python
BaxHbIM MOMeHTOM MNpu paboTe Co CTpokaMu aABnstOTCS «escape characters -
3KpaHuUpyrowmne CUMMBOJbI>». CJ'IED,y}OLLl,aH Tabnuua COAEPXUT CMNCOK 3TUX

ynpasndarowmnx nam HenedataeMblX CUMBOJ/1I0B, KOTOPbl€ MOTYT 0T06pa)KaTbCﬂ C
obpaTHOW KOCOWN 4epToW.

Character Function Effect

\b Backspace LWar Ha3aa

\n HoBas nuHusa Pa3pbiB CTpOKM
\r Bo3BpaT KapeTku Bo3BpaTt KapeTku
\s Space Space

\t Tab Tabulator
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Hanpumep, onepaTop

>>> print("Hello \n World")

AaEeT pe3ynbTaT

>>> Hello
World
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frmasa 5 e KOHTponnep B NMPaKTN4eCKoOM UCnoJib30BaHUMN

Tenepb, Koraa Bbl 3HAKOMbl C HEKOTOPbIMU BaXXHbIMM OCHOBaMW MporpamMMMpoBaHus,
NpuULIO BPeEMS A4St MEPBbIX NMPaKTUYECKUX MPUSIOXKEHUIA. NOMMMO BbiBOAA Ha KOHCOJSIb,
CBETOAMO/bI, B YaCTHOCTU, ByAyT UCNOb30BaTbCS B KayecTBe MHANKATOPOB COCTOSIHUS
NopToB. DTO yXXe MO3BOJISIET peann3oBaTh HEKOTOPbIE MHTEPECHbLIE MPUOXEHUS.

B 3TMX npuMepax MOXHO MCMNOb30BaTh MM60 BCTPOEHHbIE CBETOAMOAbI OTAENbHbLIX MnaT,
nmbo BHEWHMe cBeToaMOAbl. BCTpoeHHbIE cBETOANOALI OObIYHO MOAKIIOYATCS K NOPTY
02. OcobeHHo 310 KacaeTtcst nnatbl NodeMCU. Mnata Node-ESP pgaxe nMeet
MHOIOLBETHbIN CBETOAMOL TPEX LBETOB, NOAK/OYEHHbIN K nopTam 00, 02 n 04.
KomnnekT Pico He nMeeT BCTPOEHHOro ceetoamoaa. B aToM cnyyae Bam npuaercs
NepeKYNTLCS Ha BHelHne ceeTtoamoabl (M. puc. 4.6 unmn 4.7). He 3abyabTte
[06aBOYHbI pe3ncTop.

5.1 Murarowmi LED kak MMUTaTOpP CUCTEMbI OXPAaHHOW CUrHaJiusauum

Muramwmin CBETOANOA YXXe peann3oBaH B pasaene 4.4. B oTiMume oT NOCTOSSHHO
ropsilMX AUCMNIIEEB MUMAOLWME OrHU NPUBJIEKAOT BHMMaHMe. MNo3TOMy MUraHue 4acto
npuefeKaeT BHUMaAHNE K UCKITIOYEHMNIO MW ONACHOM CUTyauun. Hanpumep, NOCTOSHHO
ropsiLMin CBETOANOL Ha MOPO3UJIbHOM KaMepe 06blYHO YKa3bIBAET Ha TO, YTO YCTPOMCTBO
paboTaeT HopManbHO. Ecnu cBeToaMoA HauMHaeT MUraTb, 3TO 06bIYHO YKa3bIBaeT Ha TO,
4yTO TeMnepaTypa BHYTpu 6o/blle He COOTBETCTBYET 3a4aHHOMY 3Ha4vyeHuto. To Xe camoe
OTHOCUTCA M K anekTponpmbopam Ha HbaTapenkax. Fopswmin cBeToano yKkasbiBaeT Ha
nosiHbIN 3apsa 6aTapeun. Ecnu cBeToaMo4 HauMHAeT MUraTb, OCTaeTCs N1Wb Hebonblloe
KOSINYECTBO SHEPruun.

[nsi cMCTeM cMrHanM3aumMm MUraloLwmnii UNn MUralLwmin CBETOAMOL YKa3biBaeT Ha TO, YTO
YCTPOICTBO aKTUBMPOBAHO. TakMM 06pa3oM, CBETOAMOA B PEXUME MUTAHUS MOXET
MCNOJIb30BaTbCS B KaYecTBe CUMYNSTOPa CUCTEMbl OXPaHHOM CcUrHanunsaumm. Bapuauum
TaKuX YCTPONCTB AENCTBUTENBHO MCMOJb3YIOTCS Ha NpakTuke. IX MOXHO, Hanpumep,
YCTaHOBUTb B aBTOMO6MIE. IX HEBO3MOXHO OT/IMYUTb OT HACTOSILLEN, BOOPYXXEHHOM
CUTHanM3auunmn, U OHW yaepxXaT OT B3JIOMa XO0Tb KakMx-HW6yAb BOPOB-aBaHTIOPUCTOB.
CoOTBETCTBYIOLLYIO NMPOrpaMMy onsiTh € MOXHO HalTW B NpuiaraemMoi nanke c Kogamu.

# Alarmsimulator.py

from machine import Pin
from time {import sleep
led = Pin(2, Pin.OUT)
while True:
led.value(1)
sleep(.1)
led.value(0)
sleep(5)

EonMHCTBEHHOE OTNIMYME OT MpOorpaMMbl NepenpoLIMBKU COCTOUT B TOM, YTO 3HAYEHUS B
MHCTpYKUumMax sleep() 6blan namMeHeHbl Ha 0,1 nnm 5. 310 npeBpalwaeT 06bl4HOE MUraHUe
B KOpOTKoe. Kak TonbKo HOBas nporpamMMa byaeTt 3arpyxeHa, ceetoamosn byaer
KPaTKOBPEMEHHO MUraTb KaxzAble MSATb CEKYHA, N CUMYNSATOP CUCTEMbI OXPAHHOW
CMrHanM3aLumm rotoB K UCMoJsIb30BaHUIO.
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5.2 NMNonesHo B SKCTPEHHOW CUTyaLMu: aBTOMaTUYECKUii curHan SOS

Ewe oaHO MHTepecHOe MpuioXeHne — aBTOMaTM4yeckmin curHan SOS. 3To MOXET Jaxe
CNacTX XU3Hb B HEWTaTHbIX CUTyauusx. YTobel nogate curHan SOS, cBeToAMOA AOIKEH
CHayana MWUrHyTb TpeMs KOPOTKMMWU BCMbIWKAMW, 3aTEM TpeMS AJMHHbIMW U, HAKOHeL,
CHOBa TpeMs KOpPOTKMMWU. DTa [MOC/eAoBaTeNbHOCTb CUIMHaNOB AOJ/DKHA MOCTOSIHHO
MOBTOPATLCS.

Koa MMuTaTOpa OXpaHHOM CUMrHanM3aumm MOXHO SIerko U3MeHUTb Tak, 4YTobbl cBeToanoa
noAaBas HYXHbI CUrHan:

# SOS.py

from machine import Pin

from time import sleep
led = Pin(2, Pin.0OUT)
while True:

# "s"
led.value(1)
sleep(.1)
led.value(0)
sleep(.5)
led.value(1)
sleep(.1)
led.value(0)
sleep(.5)
led.value(1)
sleep(.1)
led.value(0)
sleep(1)

# "o"
led.value(1)
sleep(.4)
led.value(0)
sleep(.5)
led.value(1)
sleep(.4)
led.value(0)
sleep(.5)
led.value(1)
sleep(.4)
led.value(0)
sleep(1)
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DTO, KOHEYHO, He CaMblil a1eraHTHbIN MeToA reHepaunn curHana SOS. OgHako 3Ta
nporpamma AeMOHCTPUPYET, YTo Aaxke 6e3 06LWMpPHbIX 3HaHWUI A3blka NPOrpaMMMpoOBaHus
Python Bbl MOXeTe peann3oBaTb CBOM COBCTBEHHbIE MOJIE3HbIE NMPOeEKThLl. B pasaene 6.4
NoKa3aHo, KakK TaKylo NporpaMMmy MOXHO peann3osaTb ropasao addexkTmBHee.

Tem He meHee, nporpamMmma BbINOJTHAET CBOKO 3aaadvy. Ecnn ncnonb3yeTca 0COOEHHO FIpKI/IIZ
CBETOAMOA, CXeMa MOXeT OKa3aTbCs BeCbMa Nones3Hon B TakuxX cUTyauusx, Kak OepncrtBue Ha

# "S"
led.value(l)
sleep(.1)
led.value(0)
sleep(.5)
led.value(l)
sleep(.1)
led.value(0)
sleep(.5)
led.value(l)
sleep(.1)
led.value(0)
sleep(1)

sleep(2)

MOpE Unu B ropax.
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haBa 6 e CTpykTypbl NporpamMm

Hu 0AMH A3bIK NPOrpaMMMPOBaHUSA HE MOXeT 060MTUCL 6e3 ynpaBnsaowmx CTPYKTYp.
Onsa sToi uenu MicroPython npenoctaBnsieT MHCTPYKUUM BETBAEHUSA U unkna. MNMpumep
reHepauumn curHana SOS yxe nokasan, 4To Npu NporpaMMMpoBaHMK YaCTO NPUXOANTCH
MOBTOPATb MHOXECTBO OANHAKOBbIX MW MOXOXMX NocneaoBaTenbHOCTEN. Lnknbl
npeanaratoT ropas3no 6osee aneraHTHbIN MeTOA A/st OTOW LEesin, YeM npocToe
NOBTOPEHME MHCTPYKLUMA B KOAe.

Ecnv Heo6xXoAMMO NPUHSITL peleHne, He06X0AMMbl MHCTPYKLUMW NO BETBIEHUIO. ITO
No3BOJISIET NpOrpaMMe NpaBUIbHO pearnpoBaTb Ha pasfnyHble CUTyauUuu.

B oTnnume oT Apyrux A3bIKOB nporpammupoBaHus, MicroPython obnapaer oueHb
LUMPOKUMU (PYHKLMNOHANBbHBIMU BO3MOXHOCTAMU, KOrAa peyb naet o umknax. 31o byaer
06BbSACHEHO B CneayowWmnx pasgenax.

6.1 YcnoBus v UMNKNbI

B oTBeTBNEHUU ycnoBue onpegendeTrcd B nporpamMMme Karo4eBbiIMU C1OBaMu «if - ecnu» un
«else - nHaue». B 3aBUCMMOCTU OT TOro, NCTUHHO 3TO yCnoBUE UK HET, NporpamMmmMma 6y,qu
NpPoAO/IKATLCA B pasHbIX ToUKax. MTak, nporpamMma Bo3BpallaeT

Temperature = 2

if temperature < 3:
print("Risk of frost" )
else:

print("No danger of frost")

3TO NpuBeaeT K BbIBOAY

>>> Risk of frost
Ecnv BMecTo 3TOro ycraHoBsieHo, 4To Temperature = 17, Bbixoa 6yaeTt

>>> No danger of frost
Pe3ynbTaT nocne KAo4YeBoro cnosa «if» Bo3BpallaeT Slormyeckoe BblpaxeHue. 3To
MoxeT 6bITb MO0 NpaBaoK, NM60 Noxbto. Ecn BbipaxeHne NCTUHHO, ornepaTopbl
BbIMOJIHAIOTCA Cpasy nocne CcTpoku if. 9Tn onepaTopbl AO/KHbI UMETbH OTCTYM, YTOObI
6b110 ICHO, Kakue onepaTopbl NpuHaanexart 6noky if. ObpaTuTe BHUMaHWE, 4TO
NlornMyeckmne BblpaXKeHus B CTPOKe if AOMKHbI 3aKaHYMBaTbCS ABOETOUMEM.
OnepaTtopbl «else» BbINONHATCS TONbKO B TOM cryyae, ecnu 3anpoc if HeBepeH.
LIMknbl ncnonb3yloTca Ans NOBTOPEHUS MHCTPYKUUA. C NOMOLLLIO LMKINOB 6noku Koga MoryT

BbIMONHATLCS] HECKONbKO pa3. BeinonHeHne npogomnkaetcs Ao Tex nop, noka He byaet
BbINONHEHO 3aAaHHoe ycrnosue. B MicroPython goctynHbl ABa TMna LMKMOB:
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e unknbl while
e AN LUUKNOB

Ecnu Bbl XOTUTE BbIBECTU Ha KOHCOb ymcna oT 1 o 10, MOXHO MCNoNb30BaTh
cnepyowmnii unkn while:

number=1

while number<=10:
print(number)
number=number+1

MoBTOpsieMbIli KOA CHOBa ykKasblBaeTcsi OTCTynoM. OH BbIMOSIHAETCS A0 Tex Mnop, noka
3HaueHue nepeMeHHOM «number» MeHbwe wunuM paBHO (<=) 10. B kaxaom uukne
oTobpaxaeTcs TeKyllee YMCo, a 3aTeM 3Ha4YeHWe Yncna yesenmumBaeTcs Ha 1.

3a4auy Tak)Xe MOXHO BbIMO/IHATL C MOMOLbIO LMKAa for:

number = 1
for number in range(l, 10):
print(number)

Linkn for BbINONHsIeTCA 40 TeX Nop, Noka 3Ha4yeHne nepeMeHHon counter HaXoAUTCS B
AvanasoHe ot 1 o 10. ®yHkumsa range() npucBaMBaeT NEPEMEHHON COOTBETCTBYOLUI
AnanasoH 3HaudeHwui. Linkn for npopomxaet paboTaTe A0 TeX NOp, NOKa NepeMeHHas
CUEeTUMKa MeHbLUe 3aaHHOro KOHEYHOro 3HayeHus. NoaToMy Uncno 9 BbIBOAUTCS Kak
Hanbonbllee 3HaYeHue.

TakuMm obpa3oM, uukibl for ICNoONb3yTCA, KOrAa KoAOBbI 610K A0/MKEH ObiTb NOBTOPEH
C onpejerneHHbIM 3apaHee 3a4aHHbIM YMCAOM npoxoaos. Lunknel while, ¢ apyron
CTOPOHbI, U3BJIEKAKOT YacTb KoAa A0 Tex nop, Noka He ByaeT BbINOJIHEHO OMNpeAesieHHoe
ycnoBue.

Kak n B cny4yae C yCnoBHbIMM onepaTopaMu, IOrMyeckmne BblpaxeHns B unkniax for mn
while AoMKHbI 3aKaHYMBaTbCS ABOETOUYMEM.

6.2 XonoBble OrHU M OCBELleHne asponopTa

[o cnx nop nnata ESP ynpasnsna To/bKO OAHMM CBETOAMOAOM. 3aTO C MOMOLbIO
wnerndoB MOXHO 6e3 Npobnem ynpaBnsitTb HECKOIbKMMUK CBETOAMOAAMMU C MHTEPECHbLIMU
pucyHkamun. B aToM pasaene MsHadanbHo 6yayT ucnonb3oBatbcs 5 ceeTtoamonos. OHU
OO/KHbI 3aropeTbCsl OAMH 3a APYrMM. Takoe CBETOBOE LU0y MOXHO YBMAETb, Hanpumep,
B KOHLIe aBTOMarmcTpanein unm Ha AOPOXHbIX CTPOMKaX. 34eCb HECKOJIbKO (hOTOBCMbILWEK
coeamnHeHbl TakmuM 06pa3oM, YTo6bl Co34aBanoCh BnevyaTneHne, YTo no CUrHanbHoOM
Llenoyke ABMXKETCA CBETALWANACA ToUKa. Ha B31eTHO-Nocago4HbIX Nosiocax asponopToB
Takue «berywme orHnM» 4acTo TakXe CNyXaT CUMrHANOM NpubnXaoLWnXcs CaMoNEeTOoB.
MpuHUMNManbHas cxeMa 3Toro NPUAOXEHUS BbIFSAUT cneayowmm obpasom:
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Punc.6.1: MpuHuunuanbHas cxema XO[0BbIX OrHen (4ersep).

CxeMa MoXeT 6bITb 1erko CMOHTMpOBaHa Ha HebobLIOM MakKeTHOWM nnarte:

L] LR ) CRC R oW NN ow

-
L

Puc.6.2: MeToa M3roToBneHNs XOA40BbIX OFHEW UM CBETOAMOAHOIO Yensepa.
Mporpamma MicroPython ans aToro BbirnaguT Tak:
# LED_chaser_list.py

from machine import Pin
from time {import sleep

LED=[25,26,32,27,14]
del_time = 0.1

for n 1in range(5):
LED[n]=Pin(LED[n],Pin.0OUT)

while True:

for n in range(5):
LED[n].value(1l)
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sleep(del_time)
LED[n].value(0)

B nepsoM uukne for Bce MCNoJib3yeMbl€ NMOPTbl HACTPAMBAOTCA KaK BbIXOAHbIE. BTOpOﬁ
umkn for obecneunsaeTt nocnegosartesibHoOe 3aropaHue ceeToamonos.

6.3 dnekTpoHHasa paayra: ucnonb3osaHue RGB-ceetoanoana

Tenepb, Korga npunoXxeHmsa ¢ HeECKOJIbKUMKU CBeTOAMOAaMU 6onblle He ABNAOTCA
I'IpO6J1€MOl7I, TaKXe MOXHO UCNoJZib30BaTb TaK Ha3biBaeMbl€é MHOIMOLBETHbIE CBETOAMNOAbI.
Bo-nepBbiX, NporpamMmy 4yemsepa MOXHO M3MEHUTb:

# MulticolorLED.py

from machine import Pin
from time import sleep

LED = [25,26,32]
del_time = 0.5

for n in range(3):
LED[n] = Pin(LED[n],Pin.OUT)

while True:
for n in range(3):
LED[n].value(1l)
sleep(del_time)
LED[n].value(0)

lMocne 3arpy3kun otaenbHble ynnbl RGB-cBeToAMOAa, NOAK/IOYEHHbIE K nopTaMm 25, 26 n
32, MUratT CUHUM, 3e/IeHbIM U KPacHbIM LiBETaMM OAMH 3a ApyruM. B 6onee nosgHeMm
npunoXeHun 6yayT NnpeanpuHATbHl Mepbl AN obecrnevyeHns NAaBHOCTM NepexonoB, YTO
npuBeaeT K MPUATHOMY BHYTPEHHEMY OCBELLEHUIO.

Ha cnepytowem pucyHke nokasaHo, Kak noakniounts RGB-ceetoanon Kk ESP32 B
COOTBETCTBUM C NMPUBEAEHHON BbilLe NPOrpaMMON.
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PPGOD P EOOEMOOOENEOSBA
FSDI FSD3 FOLK »2] 022 10 1023 0B 05 00 K09 RO _nm 1035 1034 1038 1037 EN CGND 3V
oe.

e EN
@ 0

OB 05 02 06 00 I GO SV
EE XK XK XK.

Puc.6.3: MpuHUMnmnanbHasa cxeMa yrnpasieHUs MHOrMoLUBeTHbIM LED.

6.4 SOS B KOMMAKTHOM CTUJ1E€
C yXe 3HaKOMbIMW MPOrpaMMHbLIMU CTPYKTYypaMu npunoxeHme SOS mMoxeT 6bITb
3anporpaMMmpoBaHoO 6o0s1ee 31eraHTHO M KOMNAKTHO:

# SOS_compact.py
from machine import Pin
from time import sleep
led=Pin(2,Pin.0OUT)
while True:
for n in range(3):
led.value(1l)
sleep(.1)
led.value(0)
sleep(.5)
sleep(1)
for n in range(3):
led.value(1l)
sleep(.4)
led.value(0)
sleep(.5)
sleep(1)
for n in range(3):
led.value(1l)
sleep(.1)
led.value(0)
sleep(.5)
sleep(2)

This is where the advantage of looping becomes clear. The instructions to be repeated need

only be specified once. The loop ensures that they are repeated according to the require-
ments.
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6.5 Metoa npo6 n ownbok: nonpoboBaTb U UCKITIOUYUTb

Bo BpeMsi BbIMO/IHEHUS NPOrpaMMbl MOTYT BO3HMKATb UCKTIOUEHUSI UK OLUNGKMU.
O6paboTka MCKNDYEHMn — 3TO NpoLeaypa, KoTopas No3BofseT nepexsaTbiBaTh Takme
cuTyauuu. 3aTeM KoA MOXEeT BbINOSIHATLCS Aanblue 6e3 npepbiBaHUsS NporpaMmbl.
HekoTopble 60nee BbICOKME S3bIKM MPOrpaMMUpPOBaHUS, Takme Kak Java wim Ruby, a
Takxe MicroPython, nmMeoT BCTpOEHHbIE MEXaHU3MbI ANS BKAOYEHUS 06paboTku
nckaodeHuii. B Python koa, noaBep>XeHHbI pUCKY UCK/TOYEHUS, BCTPOeH B 610K
atry/except. Cneaytowas nporpaMmma A0/HKHA BbIYNCISATb 06paTHbIe BENIMYMHDI:

# reciprocal.py

while True:
n = int(input("Please enter a number: "))
print("Number was: ", n)
print("Reciprocal dis: ", 1/n)

[Toka BBOAATCA 3HAYEHUSA, OTNINYHbBIE OT HYNA, NporpamMma pa60TaeT oTnnyHo. OagHako,
€C/in BBEAEH HOJIb, NporpaMMa npepbIBaeTca C coobuieHneM 06 owmnbke:

Please enter a number: 2

Humber was: 2

Reciprocal is: 0.5

Please enter a number: 3

Humber was: 3

Reciprocal is: 0.3333333

Please enter a number: 0

Number was: 0

Traceback (most recent call last):
File "<stdin>", 1i E in <module>

1 by Zero

Puc.6.4: MpepbiBaHWe NporpaMMbl ¢ COO6LLEHNEM 06 oLLMbKe.
Mcnonb3ys KOHCTPYKUMIO try/except, MOXHO nepexBaTUTb OWUGKY:

# try_ecxept.py
while True:
n = int(input("Please enter a number: "))
print("Number was: ", n)
try:
print("Reciprocal is: ", 1/n)
except:

print("error")

Ecnn Tenepb BBeAeH Honb, coobwaeTca 06 ownbke ("error"), HoO nporpamMma
npoao/kaeT paboTaTb M AOCTYyMHa AN HOBbIX 3anucemn:
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b0 2

Please enter a number: 0O
Number was: 0

error

Flease enter a number:l

Puc.6.5: Owunbka nepexBayeHa.

Mpu NcNonb30BaHMM MUKPOKOHTPOJI/IEPOB 3Ta OMNLUUSA UCMOb3YeTCs, MOMUMO MpPoYero,
ANs 3anpoca 3HayeHuli gaTtumkoB. Ecnn faTumnk He faeT pa3yMHOro 3HayeHus, 3To He
npMBOAUT K c6010 Mporpammel, a TONbKO K coobleHuto o6 owmnbke. Korga gaTtumk cHoBa
nosly4yaeT NpuUrogHble AN UCNOMb30BaHUS 3HAYEHMS, CUCTEMA MOXET NPOAO0SIXKaTb
paboTaTb 6e3 nepepobiBa.
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lnasa 7 e Nl'eHepauua aHaNOroBbiX CUrHasoB

MWHBI KNaccuyeckoro nopTa BBOAA-BbIBOAA MUKPOKOHTPOIIEpa MOryT NpUHMMaTh
TONIbKO UMdpoBble 3Ha4YeHUs HanpsixeHus. KoHtponnep ESP32 pabotaer ¢ 3,3 B u,
cnenoBaTenbHO, TObKO ABa Hanps>XeHus

LOW: oV
HIGH: 3.3V

PeanbHbI MMp, HAaNpOTMB, He CylecTByeT B UMpPOBOM Buae. Pe3KMX naMeHeHnn
TeMnepaTtypbl HE MPONCXOANT. B TeueHne AHA SApKOCTb B NoMelleHun 6e3
WCKYCCTBEHHOIO OCBELLEHMUS HEMPEPBLIBHO YBENNYMBAETCS U yMeHbllaeTcs. UTak, B
npuvpoae n B 6bITy BCeraa CyLlecTBYIOT HernpepbIiBHbIE, T. €. aHaNoroBble,
NMPOMEXYTOYHbIE 3HAYEHUS. BO MHOMMX NPUIOXKEHUAX Takoe NOBeAEHNE TakXKe AO/IHKHO
UMUTUPOBATbLCSA TEXHUYECKMMU CpeAcTBaMn. Hanpumep, ropasno npusitTHee nNpoCHYTbCS
OT MeANIeHHO HapacTawLen My3bikM, YeM OT BHE3anHoro curHana 6yamnbHuka.
MocTeneHHO ycunmBawLwWMncsa cBeT 6onee NpuaTeH ANs rnas, YeMm CBeT BKJIIOYEHHOM
namnel..

CyLlecTBYIOT pasfinyHble METOAbI FreHepaumm aHanoroBblX HampsiXXeHWi. [ByMs
Hanbonee BaXHbIMU U3 HUX SBASIOTCS:

® LIMPOTHO-MMNYNbCHasa Moaynauus (LUMM)
e Lindpo-aHanorosbin npeobpazosatens (LLAM)

B sToM rnaBe nokasaHo, kak oba MeToAaa MOXHO ucnonb3oBaTtb B MicroPython. Janee
06BACHATCA pasNYHbIE NPUNTOXKEHUS.

7.1 WinpoTHO-MNyJsibCHasA Moaynauus

Ecnu cBeToanoabl A0MXKHbI HE TONbKO BK/IOYATLCS W BbIKAOYATLCA, HO U NPUHMMaTb
CKOMb3SLWMe 3HAYEeHUS APKOCTU, MOXHO WUCMOMIb30BaTbh METOA LWMPOTHO-UMMNYbCHOM
moaynsumn (LUMM). C nomMoLlbio 3TOFO METOAA MOXHO FEHEPUPOBATb KBa3nMaHanoroBbli
CUrHan Ha YUCTO UMGPOBOM BbIXOAE. DTO AOCTUIraeTCs o4YeHb BbICTPbIM NepektoyeHnem
nopta Mexay LOW n HIGH,4To ynpaBnseTca AByMA napaMeTpamu:

® 4acToTa NMepeKksYeHus
e pabounii UMK (CKBAXHOCTb)

Pabounii uMkn onpenensieTcs NPOAC/HKUTENBHOCTBIO BbICOKOIO YPOBHSI MO CPABHEHMUIO C
NPOAO/IXUTENBHOCTBIO BCEro nepnoga curHana. MakcumanbHoe HanpshkeHue curHana
AOCTUraeTcsl, Koraa rnopTt NOCTOSIHHO BKtOYeH (ckBaxHOCTb = 100%). Ecnu nopt
NOCTOSIHHO HaxoamTca Ha HU3KOM ypoBHe (pabounit umkn = 0%), BbIBOAUTCA
MWHUManbHbIA ypoBeHb curHana 0 B. Cneayrowmii pucyHoOK UANIOCTPUPYET KPUBYHO
CUrHana, Kotopasi UMeeT MecTo B 3TOM C/y4ae.
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Spannung

A

Pnc.7.1: WNM-curHan.

Ha skpaHe ocumnnorpada curHanbl BbirnsaaaT Tak:

frog 2 727

oy

s 2727

Puc.7.2: WWNM-curHan Ha akpaHe ocumnnorpada.
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C annapaTHOW CTOPOHbI CBETOAMOA CHOBa noakato4vaetca K nopty 25 (cM. puc.4.7).
YT106bI aKkTMBMPOBaATL NOPT C noaaepxkon LLNM, Heobxoanmo cHavyana MMNopTMpoBaTb
MoAyNlb BPEMEHMU:

from time {import sleep
3aTeM MOXHO co3aaTb 06bekT PWM c uMeHeM «LED>:

LED = machine.Pin(25)
pwmLED = machine.PWM(LED)

ITOT 06bEKT TpebyeT ABa NnapaMeTpa:

® MNH, K KOTOPOMY OH NOAKJTlOYEH
e H6as3oBas yacToTa curHana WM

Ons 6a30BO Y4acTOTbl MOXHO MCMNONb30BaTb 3HauyeHne oT 0 go 78125. Yactothl 5000 My
BMOJSIHE AOCTATOYHO AN ynpaB/ieHUs CBETOANOAOM:

pwmLED. freq(5000)

UMM pabotaetr ¢ paspeweHneM 10 6ut. Takum obpasom, BO3MOXHO 2710 = 1024
3HayeHus. TakuM obpa3oM, nepeMmeHHas PWM MoxeT NnpuHMMaThb 3HavyeHue ot 0 go 1023.
3aecb 1023 cooTBeTcTBYyeT CckBaxHoctm 100 % (nonHasa 4apkoctb), a O
COOTBETCTBYeT CKBaxKHOCTN 0 % (cBeToanoa He ropur).

MeTtop duty() ncnonb3lyeTca Ans yCTaHOBKU KO3 dULMEHTA BKIIOYEHUS/BbIKITIOYEHUS.
MapameTp

timedelay = 0.005

ynpaBnidaeT CKOPOCTbtO 6era. Ecnn cBeToamMoa AO/MHKEH NMOCTENEHHO CTAHOBUTLCA Ap4ye, a
3aTEM CHOBa TEMHETb, NOABUTCA CNeaAyOWNnN Koa:

# LED_fader.py

import machine

from time import sleep

LED = machine.Pin(25)

# cosnaem LUMM-o06bekT
pwmLED = machine.PWM(LED)

timedelay = 0.005

# YCTaHOBUTb 4YacToTy U pabounit umkn oT @ (BCe BbIKMIYEHO) A0 1023 (BCE BKIOYEHO)
# 512 -> 50% pabounii LmKn
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pwmLED. freq(5000)
while True:

for dc in range (0,1023):
pwmLED.duty (dc)
pwmLED
sleep(timedelay)

for dc in range (1023, 0, -1):
pwmLED.duty (dc)
pwmLED
sleep(timedelay)

7.2 Ans pOMaHTUYECKUX BEYepoB: CUMYNIATOP cepaLebuneHusn

«bblolweecs cepaue» wuHoraa 6biBaeT Ha pacnpojaxax. 3TO KpacHbI ceeToanos C
LWIMM-ynpaBneHneM B npo3padyHOM MaacTMKOBOM kopnyce B dopMme cepaua. bnarogaps
3HaHMSM, MOJIYyYEHHbIM B MpeablAylWwuMx pasfenax, curHan 6blowerocss cepaua Takxke
MOXHO Jlerko UMMUTMpPOBaTh C nomolbto MicroPython. Cneaytowasa nporpaMMa UMUTUPYeET
TUNWMYHOE ABOMHOE BueHne YyenoBeyeckoro cepaua:

# HeartBeatSimulator.py
import machine

from time import sleep_us
LED = machine.Pin(25)

# cosgaem LUMM-oGbekT
pwmLED = machine.PWM(LED)
timedelayl 300
timedelay2 = 1000

pwmLED. freq(5000)

while True:

# OCHOBHOWN TaKT

for dc in range (0,1023):
pwmLED.duty (dc)
pwmLED
sleep_us(timedelayl)

for dc in range (1023, 0, -1):
pwmLED.duty (dc)
pwmLED
sleep_us(timedelayl)

# low TakT
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for dc 1in range (0,255):
pwmLED.duty (dc)
pwmLED
sleep_us(timedelay2)

for dc in range (255, 0, -1):
pwmLED.duty (dc)
pwmLED
sleep_us(timedelay2)

pwmLED.duty (0)
sleep_us(500000)

BmecTo koMaHAbl sleep() 34ecb MCNoNb3yeTcs BapuaHT sleep_us(). DTo co3aaeT naysy B
MWKPOCEKYHAaxX, YTO NPUBOAUT K rOpa3fo Ny4yleMy BpeMEeHHOMY pa3peLleHuto.

7.3 Light alarm clock for a relaxed wake-up

McKyccTBEHHbIV BOCXOA, COMTHLA TakKXe MOXHO UMUTUPOBaTb € nomouwbto LUINM-curHanos,
€CNN IpKOCTb CBETOAMOAA YBENMYMBAETCHA OYeHb MeasieHHO. MonyyYeHHbI CBETOBOM
6yannbHUK MOXET, HanpuMep, U3MEHSTb SPKOCTb OT abCOOTHOM TEMHOTHI A0
MaKCMManbHOro 3HayeHuns B TedeHne 30 MUHYT. ECim 3TO HayaTb NPUMEpPHO 3a nosnyaca
[0 (haKTUYeckoro BpeMeHun npobyxaeHus, 3To NpUBEAET K O4YEeHb paccnabneHHoMy
npobyxxaeHuto. Moaco3HaTeNbHO 3TOT NPOLLECC BOCMIPUHMMAETCS KaK BUPTyasbHbIN
paccBeT, 1 dasa rnybokoro cHa MSArko 3aBepLlaeTcs. B 3TOM KOHTEKCTe 4acTo 3By4mT
NoHATUE BUONOrMYECKM ONTUMU3NPOBAHHOIO NPO6YyXAEHUS.

[Onsa NCTUHHOIO aHanoroBOro HanpshkeHus KonebaHne «NPSMOYroibHOrO CUrHana»,
KOTOpoOe BO3HMKaeT BO BpeMs LLNM, Bce paBHO AOKHO 6bITb OTHOUNLTPOBAHO
3NEeKTPOHHbIM cnocoboM. OaHaKo Takoe ycpeaHeHne CUrHana NponcxoauT Ha rnasax y
HabnoaaTens nNpym MCNoMb30BaHMM CBETOAMOA0B. BbiCTpoe nepekntoveHne cBeToamoa
CTaHOBUTCS pasMbITbIM OT ONpPeAesIEHHON YacToTbl U Aanee A0 HenpepbiBHOMO
BrevyaTtaeHnst SpKocTun. TpuauaTb MUHYT cooTBeTCcTBYIOT 1800 cekyHAaM. Mpu NOAHOM
pa3speweHun LLINM 1024 3710 paet 3HadeHue 1800/1024 = 1,75 cekyHabl Ha war. Takum
obpasoM, crneayiollas nporpaMMa AaeT XKenaeMblin pesynbraT:

# Sunrise.py
import machine
from time {import sleep
LED = machine.Pin(25)
# create the PWM object
pwmLED = machine.PWM(LED)
timedelay = 1.75
pwmLED. freq(5000)
while True:

for dc in range (0, 1023):

pwmLED.duty (dc)
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pwmLED
sleep(timedelay)

7.4 Mood-Light c MHOrouBeTHbIM CBETOANOAOM

LWLNMM-ynpaBneHne Takxe naeanbHO NOAXOAUT AS yNpaBieHUs Tak Ha3blBaeMbIMU
HENoABMXHbLIMW CBETUNbHUKaMKU. B pasgene 6.3 6bina npeacrasneHa undposas paayra,
B KOTOPOW KpacHbIW, 3eNeHbli U CUHWUI UBeTa 3aropajuvcb OAWH 3a APYrMM C NMOMOLLbIO
RGB-cBeToanona. OaHako Npu HeENpepbIBHbIX NepexoAax 3TO BneyaTiieHne MOXHO
MHOMOKPAaTHO Y/y4lUTb. YCTPOMCTBA 3TOr0 TMNa TakXe AOCTYMHbl B Pa3fIMYHbIX BEPCUSAX
B BuAe «CBETUJIbHUKOB HAacTpoeHMUs». C MHOroOLUBETHbIM CBETOAMOAOM MOXHO NIErKO
BOCIMPOU3BECTM TaKoe OCBeLleHne . 34eCb CBETOAMOA YNpaBnsaeTcs Tak, YTo OH
HernpepbiBHO MeHseT uBeT. [pn ncnonb3osaHum LLNM-ynpasneHns uBeToBble Nepexobl
CTaHOBSAITCS HE pe3KuUMU, a niaBHbIMU. KpoMe TOro, NosiBNSIIOTCS He TONIbKO OTAENbHble
OCHOBHbIe LIBETA, HO M NOMHbIN LBeTOBOW crnekTp RGB-cBeToamoaa.

CooTBeTCTBYOWMNI cKeTY obecrneynBaeT MeasieHHOe YBeSIMYeHNe N yMeHbLUeHMe BCeX
aHaNoroBbIX BbIXOA40B OAMH 3a APYrMM. AAAUTUBHOE CMELUnBaHWE LBETOB MPUBOANUT K
LUMPOKOMY CNEKTPY LUBETOBbIX HIOAHCOB, BK/IKOYaaA No4Tu 6enble OTTEHKMN.

Ceetoanoa RGB cHoBa nogkstoyaeTcs K nMHam 25, 26 n 32 (¢cM. puc.6.3). NMporpamma
019 3TOr0 BbIMNSAANT TaK:

# MulticolorLED.py

import machine

from time import sleep

# create the PWM objects
LEDred = machine.Pin(25)
LEDgreen = machine.Pin(26)
LEDblue = machine.Pin(32)

# create the PWM objects

pwmLEDred = machine.PWM(LEDred)
pwmLEDgreen = machine.PWM(LEDgreen)
pwmLEDblue = machine.PWM(LEDblue)

timedelay = 0.001
pwmLEDred. freq(100)
pwmLEDgreen. freq(100)
pwmLEDblue.freq(100)
while True:
for dc in range (0, 1023):
pwmLEDblue.duty (dc)
pwmLEDblue
sleep(timedelay)
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for dc in range (0, 1023):
pwmLEDgreen.duty(dc)
pwmLEDgreen
sleep(timedelay)

for dc in range (0, 1023):
pwmLEDred.duty (dc)
pwmLEDred
sleep(timedelay)

for dc in range (1023, 0, -1):
pwmLEDgreen.duty(dc)
pwmLEDgreen
sleep(timedelay)

for dc in range (1023, 0, -1):
pwmLEDblue.duty (dc)
pwmLEDblue
sleep(timedelay)

for dc in range (1023, 0, -1):
pwmLEDred.duty (dc)
pwmLEDred
sleep(timedelay)

7.5 YUuctoTa v N1aBHOCTb: aHasioroebie 3Ha4yeHus ot LLAT

KoHTponnepsbl ESP32 nmetroT aBa umdpo-aHanorosbix npeobpasosatensa (LAM) ¢
8-6UTHbIM paspelweHnem Kaxapii. B otnnume ot LLNM, cmrHanbl BbIBOASTCS Kak
peanbHble, CTabubHbIe 3HAUEHUS, @ HE KaK AeNCTBYIOLNE 3HAUEHUs onpeaeneHHoro
OTHOLUEHUS UMMY/bCc-naysa.

TaknuMm 06pasoM MOXHO reHepupoBaTb KarnMbpoBOUYHbIE CUTHAMbI, TOYHbIE 31EMEHTbI
ynpaB/ieHUs UM BbICOKOKAYeCTBEHHbIE 3BYKOBbI€ CUIHaslbl. 3TO O3HAYaEeT, YTo
KOHTposnepbl ESP yxe pocturnm obnacrert npuMeHeHns NpoCcTbIX LNGPOBbIX
CUrHanbHbIX Npoueccopos (DSP).

LIAMN ESP32 poctynHbl Ha GPIO25 (kaHan 1) n GPIO26 (kaHan 2). Cneayoowmin Koa
Python BbiBOAMT pMKCHMpPOBaAHHOE aHANOroBoe HanpshkeHue Ha nuHe 25:

# DAC_test.py
# 8-6uTHbIM guanasoH LIAM: 0-255 - BbIxogHOe HanpsbkeHne: 0-3,3 B

from machine import Pin, DAC
DACValue_0=125

dac0=DAC(Pin(25))
dacO@.write(DACValue_0) # output 1.62V
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3Ha4yeHne HanpsXXeHUs BbIYMCNAETCSA U3
U = 3.3V /255 * DAC_val
Hanpumep, 3Havenne DAC_val = 125 pgaeT cnegyloulee:
U=3.3V/255*125=1.617V

C NoMoLLbi TOYHOro LMPPOBOro BONIbTMETPA MOXHO KOHTPO/IMPOBaTh 3HaYeHUe
BbIXOAHOI0 HAMPS>XEHUS

Puc.7.3: AHaNoroBblit BbIXOA HaMpPsXKeHUS Ha UMGBPOBOM MyJIbTUMETPE

Mpv AONYCTUMOM NOrPeLIHOCTM Nyylle 1% pe3ynbTaT oYeHb XOPOLLMIA.

7.6 BbiBOA 3aBUCUMbIX OT BpEMEHM Hanpsi>KeHum

B gononHeHue K 3HayYeHUaAM cTaTuyeckoro HanpsxeHus LAIM ESP32 Takxke
MOryT reHepupoBaTb KpPMBblE HAMNpPSXXeHUd, 3aBuUCALMEe OT BPEMEHU, C YacTOTaMun
00 3BYKOBOIMO Avana3oHa. [lns 3Toro Tpebyembie 3HauyeHus nepegatotcs Ha LAM B
uukne for:

# sawtooth.py
#8-bit DAC range:0-255Koutput voltage:0-3.3V

from machine import Pin, DAC

from time import sleep_us

#define AnalogOut 25
dac0=DAC(Pin(25))
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while (True):
for DACValue_0 in range(255):
print(DACValue_0)
dacO.write(DACValue_0)
sleep_us(1)

B pe3ynbTaTe nony4vaeTcs aCMMMeTpUYHOE Hanps)KeHue ¢ 4OCTaTOYHO JIMHENHBIM POCTOM
M BO3BpPaATOM MNpakTnyeckn K 0 BOSbT.

Puc.7.4: NMunoo6pasHoe HanpsikeHue Ha ocuunorpade.

7.7 ANnA VHTEpEeCHbIX KPUBbIX: reHepaTop NpPou3BoJibHbIX (DyHKLNIA
Lindpo-aHanorosbin npeobpasoBaTtenib MoxeT 6e3 npobneM reHepupoBaThb ewe 6onee
CNOXHble KpuBble HanpsxeHus. Micnonb3ysa asa umdpo-aHanorosbix npeobpasosaTens B
moayne LIAM ESP32, MOXHO OAHOBPEMEHHO reHEPUPOBaThb NMPAMOYrofibHOE HanpsXXeHue
W CMHYCOMAANbHYIO KPUBYIO HanpsXeHus. [na cCMHyconaanbHOM KPUBOM HaMpsKeHus
Tabnuua CMHYCOB XpaHUTCS B MaccuBe Sinus[]. 3TK 3HaYeHMs MaccmBa 3aTeM
nepegatorca B LIAM B umkne. C NOMOLLbIO Cneayowero «ecsm»-3anpoca
if buf[i] > amplitude:
dacl.write(255)
else:
dacl.write(0)

dYyHKUMA NPAMOYrosibHMKA TakXXe MOXeT 6bITb CreHepupoBaHa 04HOBPEMEHHO. MNonHas
nporpamma MicroPython ansa atoro BbIrnamT Tak:
# sinus_square_generator.py

from math dimport sin, pi
from machine import DAC
from machine import Pin

dac® = DAC(Pin(25))
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dacl = DAC(Pin(26))

offset = 128
amplitude = 127
bufferlength = 100

# create a buffer containing a sine-wave
buf = bytearray(100)
for n 1in range(len(buf)):
buf[n] = offset + int(amplitude * sin(2*xpi*n/len(buf)))

while 1:
for i in range(len(buf)):
dacO.write(buf[i])
if buf[i] > amplitude:
dacl.write(255)
else:
dacl.write(0)

KpuBble HanpspkeHus Ha nuHax 25 n 26 cHoBa MOXHO NMOCMOTPETb C MOMOLLbIO
ocuunnorpada:

Puc.7.5: ESP32 kak reHepaTop CUHyca/npsiMOyrofibHUKa.
LIAI MOXHO ncnonb3oBaTb 414 LUMPOKOIro CnekrTpa ﬂpMﬂO)KEHMVI, TaKnUX Kak
ayanoBbixXo, reHepauunsa 3syKa Uimn LI,MCprBbIe CUHTE3AaTOpPbI. CneumnanbHas
KOHdUrypaums Takxe MoryT 6biTb CreHepupoBaHa TakuMm obpasom:
# sinus_square_generator.py
from math import sin, pi
from machine import DAC

from machine import Pin

dacO® = DAC(Pin(25))
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offset = 128
amplitude = 127
buffferlength = 100

# create a buffer containing a sine-wave
buf = bytearray(buffferlength)
for n in range(len(buf)):
buf[n] = offset + int(amplitude * sin(2*pi*n/len(buf)))

# 1dnsert special values
buf[25] = offset
buf[75] = offset

while 1:
for i 1in range(len(buf)):
daco.write(buf[i])

MporpaMMa BblAaeT «BO3MYLLEHHbIN» CUHYCOMAANbHbIA CUTHaM, KOTOPbIN
KpaTkoBpeMeHHO nagaet Ao 0 B npu AOCTMXKEHUN NUKOBOrO HanpsbkeHus. Takor curHan
HYXX€H, €C/1 Bbl XOTUTE NPOTECTUPOBATh CneumasnbHble yeunutenu nnu dunbtpbl. C
NMOMOLLbIO TAKOrO CUIFHaNa MOXHO NPOBEPUTb, NPaBUbHO SN CXEMbl PearnpyroT Ha 3Tu
¢dOopMbI cMrHanos.
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FnaBa 8 e MNpepbiBaHUA U TauMepbl

B cpene MK BpeMeHHble npepbiBaHMS paboTatowen nporpamMmbl Ha3blBAKOTCS
npepbiBaHUAMW. OHM UCMNOSb3YIOTCA ANS BbINOSHEHUS YacTO KPUTMUYECKOro npouecca.
TUMUYHBIMU NPUIOXKEHUAMWN ABMSIOTCA aBapuUiHble COOBLWEHNS NN 3aLlLUTHOe
OTKJ/TIOYEHNE KOMMOHEHTOB M YacTel MawuHbl. Ecnu, HanpuMep, reHepaTtop
KOHTPOSIMPYETCH 31EKTPOHHbIM CNOCOH6OM, Ha CUrHaN NpeBbIWEeHUs TeMnepaTypbl OT
AaTyunka HeobxoaAMMO pearmpoBaTb HEMeAIeHHO. BpeMeHHble 3a4epXKn 13-3a
MIHOBEHHOW BbICOKOW 3arpy3Ku rnpoueccopa MoryT UMeTb B 3TOM Cllyyae
KaTacTpoduyeckne nocneacTsms U NOSTOMY HeAOMYCTUMbI.

MpepbiBaHMS Takxe HEO6X0AMMbI ANS UCMOSIb30BaHMUS TalMepoB. 34eCb annapaTHbie
6710KM B KOHTpOJIIepe yCTaHaBIMBAOT OnpeAesieHHble BpeMeHHble MHTepBasibl. Ecnu oHu
NCTEKNN, 3anycKaeTcs npepbiBaHue. DTO NO3BOJISIET AOCTUUYb OYEHb TOYHOM
CUHXPOHM3ALMN HE3ABNUCMMO OT Harpy3ku Ha S4p0 OCHOBHOrO npoueccopa. TUNMYHbIMK
MPUNOXEHUSAMU SBNSAIOTCA Yacbl U BCE BMAbI KOHTPOJIS BpeMeHU. TOYHOCTb TaiMepoB B
KOHEYHOM cYeTe 3aBUCUT TOMIbKO OT TOYHOCTM KBapua npoueccopa. MocKonbKy TOYHOCTb
B AnanasoHe 1/1000 moxeT 6bITb gocTUrHYyTa 6e3 npobnem, TanMepbl UCNONb3YHOTCS BO
MHOIMMX MNPaKTUYECKUX MPUSTOXKEHUSX.

8.1 TpebyeTcs HapyweHue: npepbiBaHUA

IMNpepbiBaHMA MCMONbL3YHOTCS, KOrga Heo6xoamMmMo 6bICTPO pearnMpoBaTh Ha
HenpeaBWAEHHbIE N HECTaHAApPTHbIe cobbiTnsa. Ecnv nameHeHne cocTosHNS
o6Hapy>xeHO Ha nNpepbiBaEMOM BbIBOAE, OTAE/NbHbIN annapaTHbIi 6510k B KOHTponnepe
3anyckaeT cobbiTve npepbiBaHUs. Takum 06pa3oM, HeT He06XO0AMMOCTU MOCTOSAHHO
KOHTPO/IMpOBaTbh COOTBETCTBYHOLUMNI BbIBOA C MOMOLLbLIO Npoueaypbl 3anpoca. Mocne
3anycka npepbiBaHUs MOXeT 6bITb Bbi3BaHa npegonpeneneHHas GyHKums, Kotopas
COOTBETCTBYHOLWMM 06pa3oM pearmpyeT Ha cobbiTue.

Koraa nponcxoauT npepbiBaHWe, NpoLeccop npekpalaeT BbIMO/HEHWE OCHOBHOM
nporpammel, 4Tobbl BbIMOHWUTL Npouenypy 06paboTku npepbiBaHUs. TONbKO Koraa 3710
6yaeT BbIMO/THEHO, OH BEPHETCSA B OCHOBHYIO nporpamMmy. Crneayrolmin pucyHoK
WNOCTPUPYET 3TOT NpoLecc:

program start

<=

interrupt-sequence
processing
main ﬂ
program loop

return to
main program

Puc.8.1: lNMpepbiBaHuS.

TakuM 06pasoM, NpoLeaypbl NPepbIBaHNA BbIMOJIHAIOTCA KBa3unapasnie/ibHO C OCHOBHOWM
nporpamMMmoii. Ho 3To He HacToswas napannensHas obpaboTka. Mpoueccop ckopee
o6pabaTbiBaeT OCHOBHYIO NMPOrpamMMy v NporpaMMy npepbiBaHWs OAHY 3a APYroW.
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Mo3ToMy npoueaypbl NpepbiBaHUs A0/KHbI 6bITb KAk MOXHO Kopoue, T. e. X 0bpaboTka
[JO/IHKHA 3aHMMaTb Kak MOXHO MeHbLle BpeMeHU. B nognporpamMme o6paboTku
NnpepbiBaHUS HE A0JKHbI BbINOJIHATLCS TPYAOEMKUE BbIYMCIEHUS UM BbINOJIHATLCS
06LWMpPHbIE NPOrpaMMHble UMKIbI U T. 4.

8.2 ABTOMaTU4YeCKMN HOUYHOM CBeT

B sTOM paspene o6bsICHSETCS, Kak HAacTpouTb NpepbiBaHusa B MicroPython. Hanpumep,
CUYMTBLIBAETCHA KHOMKa. DTa KHOMKa npegHasHa4vyeHa Ans BKAKYEHUS CBeToAMOo4a Ha
onpefeneHHbI nepuos BpeMeHu. Nocne 3Toro CBEToAMOA A0/IKEH aBTOMaTUYECKN
noracHyTb. lNNpMMeHeHWeM 3ToN cxeMbl MOXET 6bITb, HaNpuMep, aBToMaTn4yeckoe
OCBeLlleHMe BaHHOM KOMHaTbl U JIECTHUYHOM KNeTKU. HO Takne cxembl Takxke
NCMNONb3YTCA AN BHYTPEHHErO OCBELLEHNS B TPAHCMOPTHbLIX cpeacTeBax. bnarogaps
apkomMy 6enomy ceetoanoay nnata ESP Takke MOXeT Mcrnonb30BaTbCs B KayecTse
aBTOMATUYECKOM NMpUKpoOBaTHOM namnbl. Ha pnc.8.2 nokasaHa npuHUunuanbHas cxema.

Ans nonyyeHna gononHutenoHon nHdopmaumm 06 annapaTHbiX TariMepax ESP32
obpaTuTech K crneaytoulel rnase.

Puc.8.2: Cxema aBTOMaTM4yeCKOro HOYHOIro OCBeLLEHUS.

0N ncnonb3oBaHUA NpepbiBaHWI MaLUMHHBIA MOAYNb CHa4yana CHOBa MMNOPTUPYETCH, a
3aTeM UCNonb3yeTcs ANa AOCTyna K annapaTtHbIM QYHKUMSAM:

from machine import Pin
Kpome TOro, Mmetoabl cHa He06xXoAMMbI, MOTOMY YTO MO3XEe B NMporpamme TpebyeTcs
nepunon oXxXnaaHua:

from time {import sleep

MepemeHHas ncnonb3lyeTcs Ans 3anpoca Toro, 6b1a M HaxkaTa KnaBuwa. OTa nepeMeHHas
onpegeneHa rnobanbHO, TMOTOMY 4YTO OHa  MoauMdMuMpyeTca B (YHKUMK
06paboTkm NpepbiBaHMA. [JOCTAaTOYHO, €CNIM OHA MOXET NPUHMUMaTb JIoOFM4Yeckme 3HaveHus
True nnu False. MHnumnanmsaumnsa sbinonHaetca ¢ False:

key_pressed = False
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B cnyuae npepbiBaHUa A0SXKHA 6bITh 3anylleHa creayowas npoueaypa:

def interrupt_handler(pin):
global key_pressed
key_pressed = True

OTa dDYHKUMS BbI3bIBAETCS KaXXAbIA pa3 NMpu HaxaTum Knasmwmn. OyHKUMSA
interrupt_handle nmeet BxoaHol napameTp (pin), B KOTOPbIN NepeaaeTcs 06beKT Kacca
Pin, ecnn nponcxoamTt npepbiBaHue. MapamMeTp ykasbiBaeT, Ha KakoM BbiBoae cpaboTano
npepbiBaHue. Ecim ncnonb3lyetcs TO/IbKO OAWMH BbIBOA NPEpbIBaHUSA, 3Ta MHPOpMaUns He
Hy>Ha. OfHaKo, ec/im HECKOJIbKO MpepbIBaHMA MOTYT 3amnyckaTb OAHY U Ty Xe DYHKUMIO
06paboTKM NpepbiBaHUiA, MOXET NpeAcTaBnsATb MHTepec, kakoi GPIO nHuuumpoBan
npepbiBaHue.

B npumepe theinterrupt_handler namenser nepemMeHHyto key_pressed Ha True.
MNockonbky BpeMs 06paboTkm @yHKLUM NpepbiBaHWS AO/KHO 6biTb KaK MOXHO KOpoue,
cnepyeT No BO3MOXHOCTU n3beratb Takmx PyHkumi, kak sleep() nnm print().
CnepoBaTeflbHO, MHCTPYKLUMU, KOTOPbIE AOMXKHbI BbIMOIHATLCSA NMPU BO3HUKHOBEHMWMU
npepbiBaHWs, OOMKHbI HAXOAUTLCA B OCHOBHOM NporpamMe.

YT06bI NMEpeMEHHYI0 MOXHO 6bI10 MCMOb30BaTb Kak BHYTPU PYHKLKUMK, Tak U BO BCEM
KoAe, ee He06x0aMMO 06bABUTL «r106anbHOM». B MPOTUBHOM Cnydae nepeksiovyeHne
ceeToamoaa He cpaboTtano 6bl, MOCKOAbKY U3MEeHEHWe nepeMeHHONn umeno 6bl addexT
TONIbKO BHYTPU DYHKLMKN, HO HE B OCHOBHOW NporpaMme.

Hanucas

led = Pin(25, Pin.OUT)
button = Pin(4, Pin.IN)

NMUHbI AN CBETOAMOAa W KHOMKW onpeaesieHbl. MHCTpyKuns
button.irq(trigger=Pin.IRQ_RISING, handler=handle_interrupt)

BbI3bIBAET cpabaTbiBaHWe NpepbiBaHMA BCAKMI pa3, Koraa HaXkMMaeTcsa KnaBulla.
MapaMeTp «TpuUrrep» MOXET NPUHMMATL Crieaylolmne 3HaUYeHNUs

o IRQ_RISNING: Trigger on rising edge
e IRQ_FALLING: Trigger on falling edge

Ecnu npepbiBaHue cpabaTbiBaeT, KOHTPOAEp NepexoaunT K npoueaype o6paboTku
npepbiBaHWSA, a Ans nepeMeHHon key_pressed ycTaHaBniMBaeTCs 3HayeHue True.

Mocne Bo3BpaTa B OCHOBHY nMporpamMmy otobpaxaetcsa coobweHune "Interrupt
detected! - O6bHapyxeHo npepbiBaHue!" . Kpome Toro, coobuiaeTcsi, Ha KakoMm BbiBOAE
cpaboTano npepbiBaHMe. 3aTeM CBETOAMOA BKIOYAETCS Ha yKa3aHHbIN Nepuos BpEMEHH,
a 3aTeM CHoBa BbIk/tovaeTcs. HakoHeu, key_pressed cHoBa ycTaHaBnuBaeTcs B False, n
KOHTpONNep AOCTyNeH AN cneaytollero npepbiBaHus. MNonHas nporpamMMa BbIrnsamT
Tak:

e 83



# LED_interrupt.py

from machine import Pin

from time import sleep

timeOn=3
key_pressed=False

def handle_interrupt(pin):
global key_pressed
key_pressed=True

led = Pin(25, Pin.0OUT)
buttonl = Pin(4, Pin.IN)

buttonl.irq(trigger=Pin.IRQ_RISING, handler=handle_interrupt)

while True:
if key_pressed:

print('Interrupt detected')
led.value(1)

sleep(timeOn)

led.value(0)

key_pressed = False
B 3TOM npuMepe UCMOob3yeTcsa yXe U3BecTHas koMaHaa sleep(), uTobbl cBETOAMOL
0OCTaBasICs BKJIKOYEHHbBIM B TeYEHMe Tpex CeKyHA. Ha AaHHbI MOMEHT, 0AHaKo,
npuioXxeHne TaMepa 6b1710 6bl TyULIMM peleHneM. Kak n noyemMy UCnonb3yoTcs
TaﬁMepr, NMOoKa3aHoO B CneaylleMm pasgene.

8.3 MacTepa BpeMeHU: TaliMepbl
TalmMepbl MOXXHO UCMONb30BaTh ANS pa3nyHbIX 3aaa4v. Cpean Hanbonee
pacrnpocTpaHeHHbIX NPUSIOXEHUN

* MepnuoanyecKknii BbizoB yHKUNM
e noacyet cobbITni
e reHepauwusa curHanos WM

Kaxablin TaliMep coCTOUT M3 ABYX 16-BUTHbIX KaHanoB, KOTOPble MOXHO CBS3aTb B
32-6uTHbI TariMep. PexuM paboTbl 40/KeH 6bITb HACTPOEH ANA KaXAoro TaMepa, HO
nepunoag nam 4actota MOryT 6bITb Bbl6paHbI HE3aBMCUMO A4 KaXXA0ro KaHasna. C
nMoMOLLbI0 MeToAa 06paTHOro Bbi30Ba COObITME TaliMepa MOXET Bbi3BaTb PYHKLUIO
python. Takum obpasom, cnegytowast nporpaMMa 3acTaB/isieT CBEToAMOA MUraThb:

# LED_timer.py
import machine

led = machine.Pin(25, machine.Pin.0UT)

timer = machine.Timer (0)
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def handleInterrupt(timer):
led.value(not led.value())

timer.init(period=1000, mode=machine.Timer.PERIODIC,
callback=handleInterrupt)

OTnnume OT Knaccmyeckon nporpammbl ¢ pyHKumen sleep() B TOM, UTO KOHTpPOJISIep He
6nokupyeTtcsa ncnonb3oBaHnem dyHKUMM TariMepa. Bo BpeMs BbIMONHEHUS PYHKLNMK
sleep() sapo npoueccopa 3aHATO TONIbKO MOACYETOM TaKTOB. AP0 HE MOXET BbINOSIHATb
HUKaKuUX ApYrux 3agay, noMuMo 3Toro. Takmm obpasoM, dpyHkuua sleep() asnserca "
o6cTpykTmBHON". C Apyroi CTOPOHbI, AN5 TalMepoB AOCTYMHbl OTAE/bHbIE annapaTHble
6510KM, He HarpyxXatwme 54po OCHOBHOIO npoueccopa.

O ToM, YTO S4PO MpoLEeccopa oCTaeTcs CBOHOAHLIM ANA APYTMX 3a4ay npu
MCMONb30BaHNM NPepbiBaHNS, CBUAETENLCTBYET M MOSIBAIEHME KOMAHAHON CTPOKK >>> B
obonouke. CnefoBaTesnibHO, Bbl MOXETE NMpoAo/XaTb paboTaTb 34eCb OAHOBPEMEHHO:!

Pnc.8.3: Tanmep paboTbl U akTMBHaA obosouka.
Opyrve dyHKUMN TakXKe MOTyT BbINOJHATLCA B MpOrpamMMe, noka TanMep akTUBEH.
Cnepyrowmn Kog npuBoAnNT K TOMY, 4To ledl Ha KOHTakTe 25 Muraet ¢ nepuogom 125 mc,
B TO BpeMs Kak led2 Ha nopTe 26 MUraeT KaXxAayl CeKYHAY:

# LED_timer_and_mainprogram.py

from machine import Pin, Timer

from time import sleep
ledl = Pin(25, Pin.OUT)

led2 = Pin(26,Pin.0UT)
timer = Timer (0)
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def handleInterrupt(timer):
ledl.value(not ledl.value())

timer.init(period=125, mode=Timer.PERIODIC, callback=handleInterrupt)

while True:
led2.value(1)
sleep(.1)
led2.value(0)
sleep(1))

BTopoi ceeToamoa AomkeH 6biTb MOAK/OYEH K NOPTY 26 € nocnefoBaTelbHbIM PE3UCTOPOM.

HakoHel, cneayrowas nporpaMmma rnokasblBaeT, YTO ABa CBETOAMOAA C COBEPLUEHHO
pa3HbIMM HaCTOTaMM MOXHO NepPEKSIloYaTb C NOMOLWbIO ABYX TaVIMepOB:

# LED_double_timer.py
import machine

ledl = machine.Pin(25, machine.Pin.0OUT)
led2 = machine.Pin(26, machine.Pin.OUT)

timerl = machine.Timer (0)
timer2 = machine.Timer (1)

def handleInterruptl(timerl):
ledl.value(not ledl.value())

def handleInterrupt2(timer2):
led2.value(not led2.value())

timerl.init(period=125, mode=machine.Timer.PERIODIC,
callback=handleInterruptl)

timer2.init(period=517, mode=machine.Timer.PERIODIC,
callback=handleInterrupt2)

Be3 npepbliBaHWUA U TaMMEPOB 3Ta OTHOCUTENbHO NpPOoCTas 3a4aya 6bina 6bl
HEBbINO/IHMMA.

8.4 MHOrocgyHKLMNOHaJIbHbIA NPO6J/1IeCKOBbIN MasAuOK

RKpacHble BenocunegHble ¢GOHapW CeroAHsi OCHalleHbl HECKOSIbKMMU  MOLUHbIMU
csetogmMogamu. Kpome Toro, B AOMOSIHEHWE K HEMPEepbIBHOMY CBETOBOMY PEXWMY 4acTo
MOXHO YCTAaHOBWUTb pas/iMyHbleé CXEMbl CUICHAIOB. Takum o6pa30M MOXHO MpuBnIeYb
NoBbILWEHHOE BHUMaHue. Murawowme 3aaHWe doHapu, MOCTOSHHO YCTAHOB/IEHHbIE Ha
Benocunene, He3akoHHbI, HO HOLWLeHWMe A0ONOJ/THUTENbHbIX CbOHapeVI Ha wneMe nnn prokKsake
pa3speLueHo npu orpeaeneHHbIX obcToaTenbCcTBaXx. OpgHako, npexae yem
MCNoJIb30BaTb «MUTanKy» Ha opore, BCeraa cnefyet 03HakKOMUTLCS € TeKYLLEe MNpaBoBOWM
CUTyaumen.
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Puc.8.4: CBetoanoaHbI BenocmneaHblii 3aaHNin hoHapb.

C KOHTposiepoM ESP MOXHO NIerko BOCNPOU3BECTM MHOMOMYHKLUNOHANBbHYH MUratoLLyto
NAMMNOYKY. 3anpoeKTUPOBaHHbIN 3aAHMIA OHapb AO/KEH UMETL Crieayowme
SKCMyaTaUMOHHbIE XapaKTepPUCTUKN:

e 5 LED

e [TOCTOSIHHbIN CBET
e MepuaHue

e MuraHue

* DddeKT noroHn

MepektoyeHne Mexay oTAeNbHbIMU pabouynMM COCTOSIHUSIMU SBNAETCS KaCCUYECKUM
NpUMeHeHNeM npepbiBaHUs. Be3 MCNoNb30BaHMUS TEXHOMOMMU NpepbiBaHns ahdhekTUBHOE
ynpasieHue nepekstoyeHneM 6b110 6bl HEBO3MOXHO.

Cneaytowias nporpamMma BbINOJIHSAET 3Ty paboTy:

# bike light.py

from machine import Pin
from time import sleep

LED = [25,26,32,27,14]
del_time = 0.1
mode=1

def handle_interrupt(buttonl):
global mode
mode+=1
if(mode>4):
mode=1
print(mode)

buttonl = Pin(4, Pin.IN)
buttonl.irq(trigger=Pin.IRQ_RISING, handler=handle_interrupt)
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for n in range(len(LED)):
LED[n] = Pin(LED[n],Pin.OUT)

while True:
if (mode==1): # Bce cBeTOAMOAbI ropAT
for n in range(len(LED)):
LED[n].value(1)
if (mode==2): # csBeTOAMOAbI MepLaloT
for n in range(len(LED)):
LED[n].value(1)
sleep(del_time)
for n in range(len(LED)):
LED[n].value(0)
sleep(del_time)
if (mode==3): # cBeToguoabl MuraloT
for n in range(len(LED)):
LED[n].value(1)
sleep(del_time)
for n in range(len(LED)):
LED[n].value(0)
sleep(del_timex*5)
if (mode==4): # LED Bpawatotcs (3deKT noroHn)
for n in range(len(LED)):
LED[n].value(1)
sleep(del_time)
LED[n].value(0)
sleep(del_time)

MoCKoNbKY, B OT/IMYME OT NMPOCTOro Yeisepa U3 pasaena 6.2, Tenepb 04HOBPEMEHHO
AKTUBHbI HECKO/IbKO CBETOAMOAOB, annapaTHYo CXeMY HEOB6XOAMMO HECKObKO

U3MEHUTb:

@ LY EEECE - N A
FSO1 FSD3 FOLK 021 W22 IO K23 0B K5 WK 109 RX0 TXO 1035 K34 1038 K037 EN G V3

e

51 SYP.

G00® 6 0

5% 150 Ohm Lk

Ta \ = | 100nF

Puc.8.5: MpuHUMnManbHas cxemMa CBETOAMOAHOMO 3a4Hero choHaps.

5x LED
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. o — W v

Pnc.8.6: MakeT CBETOAMOAHOIO 3a4Hero hoHaps.

[na nepeknoveHns Mexay pexunMmamu paboTbl Ao6aBneHa KHOMKa Ha HOXKe 4,
BKJItOYalOLLast NOATATMBAOLWMI PE3UCTOP U KOHAEHCATOP A5 yCTpaHeHus apebesra.
KpoMe Toro, kaxablit CBEToANOA Tenepb MMeeT CBOM A06aBOYHbIN pe3uncTop. Mpu
MCMOb30BaHNM 06LLEr0 pe3ncTopa oTAesbHble CBETOANOAbI ByAyT CBETUTLCS BCe crabee
n cnabee npu BKIOYEHWUM KaXA0ro AOMOSIHUTEIbHOMO CBETOAMOAA.
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MaBa 9 e Mcnosib30BaHMEe AaTUUKOB

OueHka AaTYMKOB M 3NEeKTPOHHbIX U3MepUTeNbHbIX NpeobpasoBaTenel ABnseTcs
LEeHTpasbHOM 3aayel TEXHONOrMM MUKPOKOHTpo1epoB. [oaToMy B 3Tol rnase 6onee
noapobHo paccmaTpmBaeTcs ucnonb3oBaHne MicroPython B nameputenbHbIx u
CEHCOpHbIX TexHonorusax. ESP32 nMeeT BoceMHazLaTb aHaNoroBbIX BXOA0B U MO3TOMY
naeanbHO NOAXOAMUT ANS U3MEPUTENbHbIX MPUNOXKEHUN.

B nonofniHeHWe K OLeHKe CUrHanoB AaTYMKOB CEHCOpHas TEXHOJIOMMSA TakXXe BK/IOYaeT B
cebs BbiBOA M 06pabOTKy M3MEpPEHHbIX 3Ha4YeHunn n 06paboTky curHanos Bcex BnaoB. B
YACTHOCTU, BbIAAIOLYIOCS POJib UFPAET TO, YTO Ha3biBaeTcs «06paboTkon curHana».
Takue mMeToabl, Kak

e npeobpasoBaHMe curHana

e NMHeapu3aumsa

® yCUneHune curHana

e dunbTpaums
ABNAKOTCS KNlacCMYeCKMMKM 3agadamMmm cbopa AaHHbIX Ha OCHOBE MUKPOKOHTponiepoB. be3
3TUX METOAO0B MHOrMe 3aZayu M Npoueaypbl B TEXHUKE, NPUKNaaHoON husmke nnm
MeanumHe 6binn 6bl HeEpeanmyemsl.

C MicroPython namMepeHHble 3HaueHMs MOryT oTobpaxaTbCs HENMOCPEeACTBEHHO HA  KOHCOJN.
Y ToHHM paxe eCTb ChneumanbHbll  MAOTTEP, MO3BONASKWWMN  rpaduyeckn
oTobpaxkaTb 3Ha4yeHWs. B kauecTBe anbTepHaTUBbI TaKXe MOXHO OTo6paxaTb 3HayYeHus
Ha aucnnee, Tak 4To ESP32 Takxe MoxeT paboTaTb B aBTOHOMHOM pexuMme. Bropoli MeTopn
6onee nogpobHO onucaH B crneaytoLlel rnase.

9.1 C60p AaHHbIX NU3MEpPEeHUI U AAaTYUKOB

Jaxe ¢ uMdpoBbIMX KOHTaKTaMWN BBOAA-BbIBOAA YXKE€ MOXHO CYMTbIBaTb U3MEpPEHHbIE
3HayeHus. Taknm o6pasoM, ABONYHbBIE YPOBHM HAMPSX)KEHUSI MOTYyT BblTb CUMTaHbl Kak 0
B nnu 3,3 B «n3MepeHHble 3Ha4YeHnsa» ¢ kaxaoro exoaa GPIO koHTponnepa ESP. Yacto
3TOro AOCTAaTOYHO ANS NPOCTbIX 3a/lay U3MEPEHUS NN MOHUTOPUHTa.

C Apyrov CTOpPOHbI, peasibHble aHaNoroBble, T. €. HEMpepbIBHbIE, 3HAYEHNS HEBO3MOXHO
M3MepuUTb C MOMOLLbIO LUMbPOoBbIX MOPTOB. Kak yxe ynoMunHanocb B pasgene o
undpo-aHanoroBoM npeobpasoBaHnm, Npupoaa NPEMMYLLECTBEHHO aHaorosasl.
MoaToMy 6bInn paspaboTaHbl cneumanbHble METOAbI M NpoUeaypbl ANS percrpaumm
CUrHanos B aHanorosoi obnactn. B ESP32 ans aTol uenu AOCTYNHbI Tak Ha3blBaeMble
aHanoro-umdposble npeobpasosatenn (ALIM). OHKM ABNAOTCA, TaK CKasaTb, aHA/IOroM
LIATM 1 No3BoMSAOT 04HOBPEMEHHO 3axXBaTbiBaTb HECKOJIbKO aHA/I0roBbIiX KaHasoB.

ALMN cTann HeoTbEMIEMOM YacTblo COBpeMeHHOro c6opa curHanos. Bo Bcex o6nacTsax
TEXHUKMW OHW CreasaT 3a NpaBusibHbIM YHKUMOHUPOBAHMEM KOMIMOHEHTOB U CUCTEM. B
ayaMo- N KOMMYHUKAUMOHHBIX YCTPOMCTBAX, TaKUX Kak CMapTdOHbI UM NAaHLWETbl, OHU
npeobpasyroT CUrHanbl MUKpodOoHa B BbICOKOKAYECTBEHHbIE MOTOKM LUMDPOBLIX AaHHbIX.
TemnepaTypa, MHTEHCMBHOCTb CBETa WK AaBfeHne — 3TO JINLb HECKOJIbKO NMpUMEpoB
MHOMMX MapaMeTpoB, KOTOPbIE PEFNCTPUPYIOTCS U oLeHMBatoTca ALM B TpaHCMOPTHbIX
CpeacTBax Wau 3aaHusaX.

MNMpeobpa3oBaTenn MOXHO OXapaKTepM3oBaTh [BYMS OCHOBHbIMU NapaMeTpaMu:

e paspelleHune B 6UTax
® CKOPOCTb Npeobpa3oBaHus
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TOYHOCTb, C KOTOPOI aHaNoroBbli CUrHaM MOXET 6bITb ouMdpoBaH, onpeaensieTcs
nepBbIM 3HadyeHMeM. Bpemsi npeobpasoBaHua MMeeT pellatollee 3HaueHne ans paboyen
ckopocTn. OHO onpeaenseTr MakCMManbHY 4acToTy, C KOTOPOW CUrHanm MOXET 6biTb
KBaAHTOBaH. DTO BpeMsl Npeobpa3oBaHns 3aBUCUT IMaBHbIM 06pa3oM OT UCMOSIb3YEMOro
MeToAa npeobpasoBaHus.

Ha puc.9.1 nokasaHa oundpoBKa aHaNOroBoOM KpMBOW HanpsixXeHus ¢ nomolubto ALM.
MpeobpasoBaTesib CKaAHNUPYET aHaNIOrOBYH0 KPUBYIO HaMPsSXXeHUs B OnpeaenieHHble
MOMEHTbI BpEMEHU U npeobpasyeT NosyyeHHoe 3HayeHne B undpoByto BenmumHy. ALUM B
ymne ESP32 nmeet paspelwenHune 12 6ut. Hanpumep, npn HopmManusaumun go 3,3 B
HanpsxeHue 2,45 B paert:

Q=245B/ 3,3 B * 4095 = 3040 6ut

A

Vv bit
3,3 1 4095
3 4 a3
2 4 2482 \ _..—-"/
2,45 V = 3040 Bit
1 4 1241
0 -t

Pnc.9.1: OundpoBka aHanoroBblX 3HAYEHUN.

LLnpokas obnactb NnpMMeHeHNs LMdpPOBOI N3MEPUTENBHOW TEXHWKM NpUBENa K pasBUTUIO
pasInNYHbIX npoueccos  ALIM. HekoTopble obnactum npuMeHeHns  TpebytoT
MaKCUManbHO BO3MOXHOM TOYHOCTW M3MepeHus. [pyrme npoueccbl MonaratTcs Ha
MakcuMmanbHo 6bicTpoe npeobpasoBaHue. [lockonbkKy ob6e dyHKUMM He MoryT 6bITb
npeobpasoBaHbl  OAHOBPEMEHHO, 6bl10  pa3paboTaHO  HECKOSIbKO  MPUHLMMIOB
npeobpasoBaHuns AL, KOTOpble SBHO pa3inM4yatoTcs Mo TOYHOCTM U ckopocTu. Cneayiowas
Tabnuua cyMMupyeT mnx:

Mpouenypa namepexHuns MpunoxxeHne XapaKTepucTukm
MapannenbHbin 6bicTpoaecTByOWMeE Undposbie 0YeHb BbICTPbIN, C BbICOKUM
npeo6pasosartesb ocuunnorpadbl, TEXHUKA ynpasneHns | dHepronoTpebieHnem
MocneposaTenbHoe Mpoueaypa 'q:; 6°”b6"””HCTBa vic | GPICTPbIV, BLICOKOTOUHBIT,
npy|6jw|)|(eHy|e BHyTpeHHM)f npeobpasoBartenn ’ CIOKHBIN
(SAR) CTaHAapTHbIN MeTof,
OaHoCKaTHbIN nnn HU3Kasi CTOMMOCTb, XOpoLluas
o MynbTumeTp N N
ABYXCKaTHbIN JINHEWHOCTb, MeANIeHHbIN
[OenbTa-Curma MPeUN3NOHHbIE M3MEPEHNS, HEeOpOroii, MeANeHHbINA
ayanoTexHuka
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B kauecTBe xopollero KOMnpoMucca nocnegosatenoHoe npmbnunxeHve B OCHOBHOM
MCMNONb3YyeTCs B TEXHOJIOMMN MUKPOKOHTpOnepoB. [Ba npeobpaszosaTtensa B ESP32
TaKXXe OCHOBaHbl Ha 3TOM MeToAe. AHANOroBblA MYNbTUNNEKCOP rapaHTUpyeT, 4YTo
Mukpocxema ESP cnocobHa 3anucbiBaTb 18 aHanoroBbixX KaHasioB CO CKOPOCTbIO
M3MepEeHNs HECKOJIbKO ThICAY M3MEpPEeHUI B CeKyHAY. [loCTuXMMasa CKOpOCTb
npeobpasoBaHnsa 3aBUCUT, CPeAu Npo4vero, oT BbiI6paHHOro akTUYeCcKoro paspeLlleHns
ALM. JononHUTeNbHYO MH(OpMaLNIO MOXHO HalTW B Clefyrowmx pasaenax.

9.2 TouyHaA perncrpauyua Hanpsi>keHusa: caMmofesibHblii BOIbTMETP

B nepBOM NMpUMEPHOM MPUIOXKEHUN A0MXKHA ObITb MPOAEMOHCTPUPOBAHA OLEHKA
aHanoroeo-uMdpoBbIX NpeobpaszoBaTtenen B cpeae Micro-Python. ins atoro aHanorosoe
Hanpsi)XeHne, reHepmpyemMoe NoTEHLMOMETPOM, 3anncbiBaeTcs n otobpa)kaeTcsa Ha
KOHCoNn. BbiBoabl 25-34 cnepyeT ncnonb3oBaTth Kak yHMBepcasnbHble Bxoabl ALLM.
Opyrum Bxogam ALM HazHaudeHbl BaXKHble ABOWHbIe PYHKLUNM, NOITOMY UX creayeTt
MCNosb30BaTb TOJSIbKO B TOM C/lyyae, eciin Apyrue KaHasbl yXXe 3aHAThI.

B cneaytowem npvMepe UCnonb3yeTcs aHanorosbln Bxoa 34. Cneaytowas nporpaMmma
NMoKa3blBaeT CaMblii NPOCTOM cnocob cumTbiBaHus ALM ESP32:

# ADC_atten_11db.py

from machine import ADC, Pin
from time {import sleep

adc = ADC(Pin(34)) # wHuuumpoBatb  ALM Ha nuHe ADC
adc.atten(ADC.ATTN_11DB)

while True:
print(adc.read()) # npounTaHHoe 3HayeHue, 0-1024
sleep(1)

C annapaTHOWM CTOPOHbI K KOHTaKTy 34 Heo6X04MMO NOAK/IIOUYUTDL TOSTIbKO MOTEHLMOMETP
Ha 10 kKOm:

I o v W02l m 05 0K K9 R0 110 035 04 I'.v-\! 03 BN oD .\VJ
98
grE‘ ' B
(T |
l I!E] ¥ !--
&

EN WW E s

Wisor syp sy w2s s RS0l mv [ NG K5 K2 04 0 WD 40 5
©00 @ ¢ 2000000 QCGOEO O

Pnc.9.2: N3MepeHue Hanpsi)keHUsl C MoMOLLbI0 NOTEHLMOMETpa.
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JononHuTtenbHbI pe3nctop 1 KOM Mcnonb3yeTcs TONbKO ANs 3awmTbl ynna ESP. B
c/lyvyae HeMCnpaBHOCTM MaKCMMasbHbI TOK OFPaHMYMBAETCS, eC/IN HanpsiXXeHne,
rnogaBaeMoe Ha NMoTEeHUMOMETP, C/IMLLKOM BeSIMKO. TaknMM o6pa3oM MOXHO m3bexaTtb
noBpexaeHus ymna.

»
.
v
|
.
w
w
w
.
v
w
w
w
(3
.
.
"
.

-.-..1(}
-
-

.
4
Eaa
1l
1

Pnc.9.3: MakeT ansg 3anmcu aHanoroBbIX U3MEPEHHbIX 3HAYEHUN.

3HayeHuns ot 0 go 4095 BbLIBOAATCA AN Pa3/INYHbLIX HACTPOEK Hanps>XeHns Ha
noTeHunomeTpe. OTO COOTBETCTBYET pa3spelweHuto 12-paspsgHoro ALM: 212-1 = 4095,
HO €C/NM Bbl U3BMEPUTE HaMpsHKEHUS BHELWWHUM MYNbTUMETPOM, Bbl O6HaApYyXUTE, 4TO
3HayeHue 4095 yxe gocTuraeTcs npu HanpsxxeHUn 1 BoNbT.

Takum 06pa3oM, Npu NCNOMb30BaHUM CTaHAAPTHOM KOHMUIypauum BXOAHbIE
Hanps>keHus Ha BbiBoae ADC AonXHbl HaxoauTbcsa B AnanasoHe ot 0,0 B go 1,0 B. Ansa
BCeX HanpsixeHui Bbiwe 1,0 B otobpaxaetcs 3HaveHne 4095. YTobbl yBENNUUTL 3TOT
MoJIe3HbIN ANANA30H HaMpsHKeHUs, MOXHO aKTUBMPOBATb BHYTPEHHUI AennuTenb
HanpsHKeHus.

Ncnonb3oBaHne KOMaHA

Aemndup. (aB) Aemndupos. (nuH.) Ui max
dc.atten(ATTN_ODB) 0dB 1 1.00V
adc.atten(ATTN_2_5DB) 2.5dB 0.75 1.34V
adc.atten(ATTN_6DB) 6 dB 0.5 2V
adc.atten(ATTN_11DB) 11 dB 0.282 3.6V

MOXHO aKTVBUPOBaTb BHYTpeHHee AeMndupoBaHue. 3aTyxaHune 0 b sBnsetcs
CTaHAAPTHOM HACTPOMKON. PaspelleHne TakKe MOXHO HacTpouTb. Bo3MoxHble
BapuaHTbl:
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ADC.WIDTH_9BIT:

ADC.WIDTH_10BIT:
ADC.WIDTH_11BIT:
ADC.WIDTH_12BIT:

9-bit data

10-bit data

11-bit data

12-bit data (standard configuration)

BaxkHoe npumedaHune: abcontoTHOE MakCUMMasibHOE HOMWHAIbHOE HarnpsXXeHne ANs BXOAHbIX
KOHTAKTOB cocTasnisieT 3,6 B. bonee BbICOKME HaNpsXeHUs MoryT noepeantb ESP32!

[Mocne 3arpy3kun nporpamMmmbl U3MEpPEHHbIE 3HaYeHNS BbIBOASATCH B KOHCOSb:

File Edit

View Run Device Tools Help

DEHE 0% 2w .2 @
ADC_atten 11dB.py * | ADC_3V2.py * |
1 from machine import ADC, Pin -
o from time import sleep
4 adc = ADC(Pin(32))
5 adc.atten(ADC.ATTN_11DB)
7 while True:
& print(adc.read())
S sleep(1)
-
Shell
4055 ~
4087
3429
1776
1043
430
140 =
v

Puc.9.4: OTo6pakeHne U3MepeHHbIX 3HaUYeHUn B KOHCoM Thonny.

Mpn BLICOKMX CKOPOCTAX U3MEPEHUS OTAeSIbHblE 3HAaYEHWNSA CTaHOBATCS TPYAHO
ynTaeMbiMn. B 3TOM cnydyae dyHkums nnotrepa Thonny-IDE sBnseTtcs cpeactsom
Bbl6opa. C ncnonb3oBaHMeEM

View - Plotter

M3MepeHHble 3Ha4YeHns MoryT oTobpaxaTbCs rpaduyecku.
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File Edit Wiew Run Device Tools Help

DEH 0% 25 .25 @

ADC.py - | ADC_3V3.py

e
3 from machine import Pin, ADC
4 from time import sleep

pot=ADC(Pin(34))
7 pot.atten(ADC.ATTN_11DB
9 while True:
18 pot_value = pot.read()

12 print(voltage)
13 sleep(h)

voltage = 8.888816%pot_value + ©.837822

Shell

. 84856
.11291 :
53763

324654

032526 C
727342
.19083
515598
551502
.55395

N N =l sy

< |mi

Pnc.9.5: Mpadmyeckoe NpeacTaBrieHve B NaoOTTepe.

OTa QyHKUMS MaeanbHO NOAXOANUT Anst 6bICTPOro M YETKOro NpeAcTaBieHMs O6LWMPHbIX
[AaHHbIX U3MEPEHWIA, Pe3yIbTaToB WM 3HAYEHWUI AaTYMKOB U T. 4.

9.3 KoppeKuusi IMHEMHOCTHU

MpeobpasoBaHue ALIM koHTponnepa ESP32 nMmeeT TOT HEAOCTATOK, YTO pe3ynbTUpYoLas
XapaKTepucTuyeckasl Kpmasi ABAsieTcsa HenmHerHon. Mpu 3HadeHunax ADC Bbiwe 3000
OTYET/IMBO BMAHO OTK/IOHEHWE OT MAEaNbHOW XapaKTePUCTUYECKON KPUBOW.
3HauuTeNbHble OTKIIOHEHWS BO3HUKAIOT M B6/IM3K HyneBon To4ukuM (CM. puc.9.7). B
pe3ynbTaTte BO3HMKaOT 6onbline oWnbKM n3MepeHns, ocobeHHo Ha Kpasx. TeM He
MeHee, UX MOXHO 3HaYMUTEeNbHO YMEHbLUUTb C MOMOLLbLIO NOAXOASAWMNX MEpP, TaKUX Kak
NnHeapm3aums € NOMOLLbLIO MOJIMHOMA KOMMEHCAUMN AN orpaHnudeHne ananasoHa

N3MEepEHUNd.

HenuHenHocTb ALIM MOXHO sierko oTo6pasnTb rpacmnyeckm ¢ NoMoLlblo (IMHEHOMO)
LIAM. Cneaytowas nporpaMMa npefocTaBisieT COOTBETCTBYHOLME AAHHbIE U3MEPEHWUIA:

# ADC_DAC_tst.py

from machine import DAC, ADC, Pin
import time

dacO=DAC(Pin(25))
adcO=ADC(Pin(34))
adcO.atten(ADC.ATTN_11DB)
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for n in range(0, 256):
print(n, end =' )
dacO.write(n)
time.sleep(0.1)
print(adcO.read())
time.sleep(0.1)

MonyyeHHble TaknM 06pas3oM 3HavYeHnst MOXHO oTobpasuTb B BUAE Cnana-gunarpammbl
¢ nomouwbto Excel nnu Libre-Office:

Pnc.9.6: HenuHelHaa xapaktepuctmnka ALM.
9.4 JInHeapusauusa NyTeM OrpaHUUYEHUs Anana3oHa 3Ha4YeHUun

MonvHOM KOMMeHcaumm No3BONSIET IMHEeapM30BaTh 3HAYEHMS BO BCEM AMarnasoHe
nsMmepeHns. OgHaKo Npu 3TOM HEBO3MOXHO AOOUTBCS OYEHb BbICOKOM TOYHOCTU. Jly4we
NCMonb30BaTb TOJIbKO NMPEUMYLLECTBEHHO JIMHENHbIE YYaCTKU XapaKTepUCTUYECKON
kpusoii. U3 pnc.9.6 BngHo, uto ALIMN paboTtaeT B OCHOBHOM JIMHENHO B AMana3oHe A0
npmbn. 3000 otcyeToB. ECNM OrpaHNyMTLCS 3TUM AMANA30HOM, NMOMYUYUTCS
KanmbpoBoYHaa NMHUSA, NOKasaHHasa Ha puc. 9.7. C nony4eHHOM n3 Hero hopMysion
perpeccuu:

HanpsxeHne = 0.000816 * ADC_count + 0.037822
3HaueHus HanpshkeHns ot 200 MB o 2,5 BonbT Tenepb MOryT 6biTb U3MEPEHbI OYEHb
TOYHO. O6bIYHO 3TOro BNOJSIHE AOCTATOYHO ANS1 CEHCOPHbIX NMPUIOXEHWUI, TaK KaKk MHOrmne
[ATUYMKKN B NIOBOM C/lydae He AOCTUratoT 3HavyeHun meHee 0,2 BonbTa. porpamMma
M3MepeHusl ANS 3TOro BbIrNsSAUT cneayrowmm ob6pasom:

# ADC_lin.py

from machine import Pin, ADC

from time dimport sleep

pot = ADC(Pin(34))
pot.atten(ADC.ATTN_11DB) #Full range: 3.3v

while True:

pot_value = pot.read()
voltage = 0.000816xpot_value + 0.037822
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print(voltage)
sleep(0.1)

C NOMOLLbIO BbICOKOK@YeCTBEHHOIO M TOYHO OTKaNIMH6pPOBaHHOIO BOSIbTMETPA 3HAYEHUSA
MOXHO M3MepuUTb NOBTOPHO. OTK/IOHEHMS AOMXKHbI OCTaBaTbCs 3HAUMUTENBHO HUXe 3%.
DTO 03HAYaEeT, YTO HNYTO HEe MPEensATCTBYET MCMNOJSIb30BAHMIO @HANTOrOBbIX N3MEPUTESbHbIX
npeobpasoBaTenemn, Takux Kak oToaANOAbl, aHaNoroBble AaTYMKM TeMNEpaTypbl Uaun
TEeH30MeTpuyeckme AaTUnKu.

Ons ewe 60nee BbICOKMX TPEBOBAHUI TaKKe MOryT MCNOMb30BaThCs LUMbpOoBLIe
npeob6pasoBaTtenn. ESP32 Takxe naeanbHO NOAXOAUT A/ 3TOr0. DTU AATUYUKM MOTyT
HanpsiMyo CBA3bIBaTbCS C NMPOLIECCOPOM Yepes Noaxoasime cucTeMbl WnH. bonee
noapo6bHyto MHPOPMaLMIO MOXHO HalTK, HaunHasa ¢ Pasgena 9.10.

25

7

Linearized ADC range

Voltage / V

0 1000 2000 3000
ADC count

Pnc.9.7: JlnuHeapusoBaHHas xapaktepuctmka ALIT.

OTO O3Ha4yaeT, 4YTO MOJIHbIA AManas3oH HaMnps>XXeHWn He MOXeT WCNoNb30BaTbCA ANA
TpeboBaHUIN BbICOKOW TOYHOCTU. 3HAYEHUS HaMNPSXEHWUS AOMXHbl 6biTb COOTBETCTBEHHO
orpaHuyeHsbl. [Ipyroil BO3MOXHOCTbIO SABMSIETCA KOPPEKTUPOBKA U3MEPEHHbIX 3HAYEHUIN C
NOMOLL b0 NPOrpaMMHoro obecneyeHms € NOMOLLbIO NOAMHOMA. s 3ToN uenu AOCTYMNHO
HEeCKOJIbKO MeToA0B. B cneaytowem pasaene 6onee noapobHO 06bACHAETCA CTaHAAPTHbIN
MeTOo/A, NTMHeapu3aunmn nepeaaToyHbiX QyHKLUMNA.

9.5 JinHeapusaumua exoga ALLIN ¢ noMoLbO KOMNEHCALMOHHOIO NOJIMHOMA
Ecnn Heobx0aAMMO MCNONb30BaTh BeCb AMANa30oH 3HAYEHW BHYTPEHHero
aHanoro-umdposoro npeobpasosatens ESP32, TpebyeTca nporpaMMHas Koppekums. 2T0
AenaeTcs nyTeM UCMOsb30BaHUSA TOYEK UHTEPNONALUNU, OT/IMYHbBIX OT aKTUYECKON

KpuBoM nsamepeHns. OHN UCMONb3YOTCA A5 CO34aHMUS TaK Ha3blBAEMOro «MHOro4seHa
KPWBOM KOMMNEeHcaummn». 3ateM 3HayeHms ALM MOXHO CKOpPpPEeKTUPOBaTb C NMOMOLLbIO
napameTpos noanHoma. OnpeaeneHHbIn TakuM o6pa3oM NONMHOM KOMMNEHCaunn paBeH

y = -0.000000000009824x"3 +
0.000000016557283x"2 +
0.000854596860691x +
0.065440348345433
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Ons atoro B MicroPython peanusoBaHa dyHKUNA:
# ADC_lin_poly.py

from machine import ADC, Pin

from time -{import sleep

adc = ADC(Pin(34)) # wHuumanusaumsa ALIM Ha 34 nuHe
adc.atten(ADC.ATTN_11DB)

def ReadVoltage():

ADC=adc.read()

return -0.000000000009824*pow (ADC,3)+0.000000016557283*pow (AD-
C,2)+0.000854596860691*xADC+0.065440348345433;

while True:
print(adc.read(), " ", end="")
print(ReadVoltage())
sleep(0.1)

}

C noMoLLbto 3TOro MeToda AOCTUraeTcs XopoLlas JIMHEMHOCTb U TOYHOCTb. Tenepb
OTKJIOHEHUS OCTatoTCcsa HMxe 60 MB BO BCeM amanasoHe U3MepeHusi. OToro BnosHe
AOCTAaTOYHO ANsl 60MbLINMHCTBA NPAaKTUYECKMX NpUoXeHui. Ana ewe 6onblien
TOYHOCTM MOXHO TakKXe MCMoab30BaTb NOJIMHOM 4-1i cTeneHn. O4HaKo Toraa yxe 6yayt
3aMeTHbI Apyrve BO34ENCTBUS, TakMe KakK LWyM OUuM@POBKMK, TaK YTO yCUInNsa BpsSig Nu
OKYynAaTCs.

JononHuTenbHble yNyylleHns Tenepb MOryT 6biTe cAenaHbl NyTeM AanbHenLwero
OorpaHu4yeHus auanasoHa HanpsikeHus. OaHaKo 3To He 0b6a3aTenbHO ANS Cneaywmnx
MPUIOXEHNN.

9.6 iaMepeHune Hanpsi>keHus

Ha Bxoa ALM ymna ESP32 MOXHO nogasaTb TOAbKO HanpshkeHue 3,3 B uan MeHbLue.
Bonee BbiCOKME HaNpsXXeHUs MOTyT NMPUBECTU K pa3pyLLUEHMIO BCErO KOHTposiepa.
OnHaKo C MOMOLLbI AENUTENA HaNpPsXXeHUS AMana3oH N3MepPeHUss MOXHO pacluMpUTb
noyTtu go 6eckoHe4yHoCTU. Ha cnepyolweM pucyHKe rnokasaHa cxema usMepeHus
BXOAHOIo HanpsixxeHust Ao npmbn. 30 B. C penutenem Hanps>XeHusi, COCTOALLMM U3
pe3nctopa 100 KOM 1 pe3uctopa 10 kOM, BXOAHOE Hanps)XeHne yMmeHbllaeTcs Ao 1/11
€ro 3HayeHus:

U, = R1/(R1 + R2) = 10 kohm / 110 kohm = 1/11
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100 k SD1

P ADC _in
Sbz2

Pnc.9.8: denutenb HanpsXeHus ANna paclwumpeHus avanasoHa namepenmsa ALTI.

BAXKHO: MNMepen nogayven BHELWWHEro HanpshXeHus Heob6xoanMO TLWATeNbHO NPOBEPUTL
KOHCTpyKUMI0. Ecnn, HanpuMep, nepenyTaTtb Pe3MCTOPbI, 3TO MOXET MPUBECTMU K
paspyLleHunto naatbl ESP!

B 3NMEKTPOHHbBIX CXeMaxX M CUCTEMAxX HanpsKeHUS NMUTaHUs 06bIYHO HUxke 30 B. Takum
06pasoM, AManasoH U3MepPEHMS CXEMbl, MOKa3aHHOW Ha puc. 9.8, AocTaToveH Ans
MHOMUX MPUIOXeHWI. B ntoboM cnyyae HanpsikeHue Bbiwe 50 B paspelwaetcs nsmepsaTb
TOJIbKO C NMOMOLLbIO NPOBEPEHHbIX Ha 6E30MacHOCTb U3MEPUTENbHbIX NPUBOPOB. B 3TOM
KOHTEKCTe Bceraa Heob6xoanmo cobntofaTh creaytollee npuMeyaHue:

HanpsixeHuve Bbiwe 50 B Npy 0cobbix 06CTOATENbCTBAX MOXET 6bITb OMACHLIM ANS XXU3HK!

Takum o06pa3oM, Npu UCNONb30BaHUM NpeaaenuTens akTuyeckoe BXoAHoe
HanpsixxeHne 30 B cHmxkaeTtcs fo 2,73 B Ha Bxoae ALI. 3To o3Ha4vaeT, 4To

BHyTpeHHM ALM ESP32 Tenepb TakXXe MOXET N3MepsATb HaNPSXKEHUS B PaCLUMPEHHOM
AvanasoHe o 30 B.

Onopbl WoTTkn (SD1 1 SD2), nokasaHHble Ha NPUHUMUNMANbLHON cxeMe, He TpebyroTcs
ansa dakTnyeckoro namepeHmsa. OHKU TONbKO 3alumLaoT BXoAbl MUKpocxembl ESP ot
neperpysku B criyyae owmnbkun. Kak ToNbKO HanpshkeHMe Ha BXOAe KOHTpossiepa nagaer
Hwxe 0 B unu npesbiwaeT 3,3 B, anoabl CTaHOBATCSA NPOBOASLLMMU U TEM CaMbIM
npeaoTBpaLLaloT BO3MOXHbIE nepeHanpshxeHus Ha ALM.

BnunsHune penntens HanpsKeHMs, KOHEYHO e, AO/KHO 6bITb yYTEHO B MPOrpaMMHOM
obecneyeHnn. 3a 3TO0 oTBEYaET KaAMOPOBOYHbIN KOG dumUmneHT cal. OH ncnonb3yeTcs
Ans pacyeTa koadduumeHTa MaclwTabupoBaHns AenuTens HanpsKeHus.

# Voltmeter_30V.py

from machine import ADC, Pin

from time import sleep

adc = ADC(Pin(34)) # WHuummpoatb AU Ha 34 nuHe
adc.atten(ADC.ATTN_11DB)
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Vref=3.30 # BHyTpeHHee OMnopHoe HanpsXeHue
R1=100 # ONs penuTens HanpshkeHus
R2=10 # ONa JeneHvsl HanpshxkeHus
cal=1x(R1+R2)/R2 # KanMbpOBOYHLIN KOIhDULIMEHT

while True:
output="V = {:5.1f} v"
print(output.format(adc.read()*Vref/4095xcal))
sleep(1)

CpaBHeHWEe W3MEepeHHbIX 3HAYeHMW C Ka4yecCTBEHHO OTKa/MbpOBaHHbLIM My/IbTMMETPOM
BbISIBNISET yXe YMNOMSAHYTYyl HenuHenHoctb ESP32-ADC. Owwubka MoxeT 6biTb 6onee
ogHoro BonbTa. Cneaylowasa nporpamma obecneumsaeT ropas3go 6onee TOuHble
3HaYeHus:

# Voltmeter_30V_1lin.py

from machine import ADC, Pin
from time {import sleep

adc = ADC(Pin(34)) # WHuumuposatb AL Ha 34 nuHe
adc.atten(ADC.ATTN_11DB)

Vref=3.30 # BHYTpEHHee OMOpHOEe HanpsiKeHue
R1=100 # ONA OenuTens HanpskeHus
R2=10 # ONA OeNneHWs HanpsbkeHus

cal=1x(R1+R2)/R2 # KanMbpPOBOYHBIN KO3hDULIMEHT

def ReadVoltage():

ADC=adc.read()

return -0.000000000009824*pow (ADC,3)+0.000000016557283*pow (AD-
C,2)+0.000854596860691*xADC+0.065440348345433;

while True:
output="V = {:5.1f} V"
print(output.format(ReadVoltage()*cal))
sleep (1)

MowaroBoe cpaBHeHME C KanMBpPOBaHHbLIM HaCTO/IbHbIM BO/ILTMETPOM AAET C/EAYIOLLYIO
Tabnuuy:
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Chapter 9 ¢ Using Sensors

3.007 3.02

5.022 5.05

10.055 10.09
15.013 15.12
20.039 20.04
25.019 25.06
30.018 30.16

KOHCTaHTbl, UCMONb3yeMble 34eCb B NporpaMMe B BUae KoadduumMeHTa Kanmbposku U
3TaNOHHOr0 HaNpPsXXeHWSs, Ha3blBalOTCS NapamMeTpaMm KanmbpoBKU NPOrpamMMHOro
obecneuveHns. B kauecTBe anbTepHaTMBbI annapaTHas KanmbpoBka MoOXeT 6bITb
BbIMOJIHEHA C MOMOLLbIO MPELM3NOHHOIO NMOTEHLMOMETPA UM TPpUMMEpa. TpUMMEpHbI,
cneumanbHoO pa3paboTaHHble AN AaHHOMO NPUMEHEHWS, MOTYT ObiTb OTPEryiMpoBaHbI
O4Y€Hb TOYHO M MMEKT XOPOLLYH AONTOBPEMEHHYIO CTabubHOCTL 6n1arogaps ceoen
3aKpbITOM KOHCTPYKLUMU. pn cCpaBHEHUM C KannubpoBaHHbIM M3MepUTENbHbIM NPpUG0POM
TPUMMEp HacTpaMBaeTCs A0 TeX Mop, noka BonbTMeTp ESP32 He nokaxeT npaBusibHoOE
3HayeHue. Toraa 6osblue HET HEO6XOAUMOCTUN U3MEHSTb NapaMeTpbl B NporpamMmMe.
TakuMm obpa3oM, B 0cobbixX YC/IOBUAX OKpYXKatoLleln cpeabl (Hanpumep, npu
3KCTpeMasbHbIX TeMNepaTypax) NOBTOPHasa kanmbpoBka MOXeT 6bITb BbiNoSIHEHA 6e3
M3MEeHEeHUs1 NporpaMmMmel.

HepoctaTkoM annapaTHOM KannbpoBkM ABASETCS TO, YTO TpebyoTca A0NONHUTENbHbIE
KOMMOHEHTbI. MNoTeHUNOMETPbl 1 0COBEHHO TPMMMEPbLI CPAaBHUTENBHO AOPOTrU U BCEraa
MoKas3bIBalOT HEKOTOPbLIV Apeid. Bo3aencremne okpyxatowen cpeabl NpMBoanT K
M3MEHEHUIO S/TIEKTPUYECKMX MapaMeTpoB, YTO yXyAllaeT A0/ITOBPEMEHHYHO CTabuibHOCTb
M3MepUTENbHOMO yCTpoicTBa. Ecnu ans noteHumMomeTpa BbibpaHo obuiee conpoTuBieHme
1 kKOM, usaMepeHHoe 3HavyeHne MoXeT 6bITb U3MEHEHO NpuMepHO Ha 5%. Bonee Bbicokue
3HaAYeHUs CONpPOTUBEHUS obecneymBaloT 6osee WMPOKUIA AnanasoH perynpoBKn, HO
TaKXXe CHMXAKT TOYHOCTb PerysMpoBKy.

9.7 MNepekpecTHble NoMexu: NobouHblie 3¢h(peKTbl CEHCOPHON TEXHUKMU
N3MepeHne 3Ha4YeHU aHaNoroBOro HanpsiXxeHust ¢ nomolbo ALIM ESP-32 6onblie He
[OJKHO 6bITb NPO6/1EMON. DTO OTKPLIBAET NYTh A8 OLEHKU AATYMKOB C aHANIOrOBbIM
BbIXOAHbIM HanpshxeHneM. C 3TUMKM 30HAAMU WU AaTYMKaMU AOCTYMHbl KOMNOHEHTHI,
KOTOpble MOryT npeobpa3oBbiBaTe GU3NYECKUE BETUUNHBI B S/IEKTPUUECKNE 3HAUEHUS.
MouTn BCe un3mMyeckmne BENMUMHBI MOTYT 6biTb 3aMMCaHbl B 3/IEKTPOHHOM Buae. B
OOMOJTHEHUE K YXXe YNOMSIHYTbIM NapaMeTpaM, TakuM Kak TeMnepaTtypa, B/aXHOCTb U
MHTEHCMBHOCTb CBETa, 3TO TakKXe OTHOCUTCS K APYrUM BaXKHbIM NepeMeHHbIM, TakKUM Kak

e POMKOCTb UIN UHTEHCUBHOCTb 3BYKa

e MexaHuyeckas nevatb

Paavo, TennoBoe unu MHdpakpacHoe uUsnyyeHue

e YPOBHW paaMOaKTUBHOMO U3NyUYeHUs

e YCKOPEHUS USIM MEXaHUYECKMNE CUIbl

e Bce TUNbl MarHWUTHbIX U 3NEKTPUYECKUX NOJIei

e XMMUYeckme napameTpbl, TakMe Kak 3HauyeHue pH nam
3/1€eKTPOMNpPOBOAHOCTb PACcTBOPOB.

e NT.A.
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COTHM pasnnyHbIX U3MepUTENbHbIX TpaHCd)OpMaTOpOB YCTaHOB/1EHbI HA XUMUYECKUNX
3aBoAax, CaMoneTax, CNyTHNUKax nan CoOBpeEMEHHbIX aBTOMO6MNsAX. be3 KauecTBEHHbIX
AAdTYNKOB BCE 3TN TEXHUYECKNE CPEACTBA 6b15I1 6bl HEMbBICIUMBI.

B naeane gaTunku n3MepstoT TOYHO onpeaenieHHOe KOHKPeTHoe 3HavyeHne. 3To
3HayeHue BOCMpOM3BOAMMO M C MaKCMMasibHO BO3MOXHOM TOYHOCTbLIO NpeobpasyeTcs B
3/1EKTPUYECKYIO BESIMUYMHY, TaKyO KaK HanpshkeHue Ui 3HayeHne conpoTUBIEHUS.
XenaTtenbHa nMHeNHas 3aBUCMMOCTb MEXAY U3MEepPSIEMOM NEPEMEHHON U 3NTIEKTPUYECKUM
3HayeHneM. OgHaKo 4S9 MUKPOKOHTPOIEPOB, Taknx Kak ESP32, aaxe HennHenHas
nepefaToyHas GyHKUUS He NpeAcTaBnsieT NpobseMbl, MOCKObKY IMHEeapM3auns MoxeT
6bITb BbIMOJIHEHA C MOMOLLbLIO NOAXOASALMX MPOrpaMMHbIX METOA0B 6e3 0CObbIX YCUMUA.

Tak Ha3blBaeMble «MEpPEKPECTHbIE MOMEXU» YCTPAaHMTb HE TaK-TO NMpPoCTo. MHorune
JaTUMKW pearnpyroT He TONTbKO Ha XXenaeMyl U3MepsieMyto NepeMeHHyo, HO U Ha Apyrue
busnueckme BennUnHbl. HekoTopblie NpuMepsb!:

e TemnepaTypHas 3aBUCMMOCTb HOTOAATYMKOB

e BansaHue snbpauuni Ha npeobpaszoBaTenu 3ByKa

e BnvsHue BNaXHOCTU BO34yXa Ha AATYMKM INEKTPUYECKUX MOnen

e Peakuusl rasoBbiX CEHCOPOB Ha HEKOTOPbIE XMMUYECKMNE COEANHEHUS
e TennoBble NOMEXN AaTyMKaM BAAXHOCTU UK AaBneHus

YcTpaHeHune TakmX BAUSIHUIA MOXET ObITb CBSA3aHO CO 3HaYMTeNbHbIMK yeunuamu. OanH u3
METOLOB 3aK/o4YaeTCcsl B AOMOJHUTENIbHOM M HE3aBUCMMOM M3MEPEHUU BO3MYyLLAtOLLEN
rnepeMeHHoOM N OCHOBAHHOM Ha 3TOM MaTEMATUYECKOM KOPPEKLMN N3MEPEHHOIO 3HAYeHUS.
B nwoboMm cnydae, npuv  UCNOAb30BaHWM [aTUMKOB BcCerga creayeT npoBepsiThb,
HE MOryT JIN NepeKpecTHble YyBCTBUTENIbHOCTU MOB/NSATbL Ha TOYHOCTb WU3MEpPEHUS Un
MCKa3nUTb €e HefonyCTUMbIM 06pas3oM.

9.8 NpukocHoOBEHME pa3peLleHO: EMKOCTHbIe CEHCOpPHbIe flaTYNKM
CeHCOpHble AaTYMKM — 3TO KJlaCCUMKa CEHCOPHOM TexXHMKM. B 1970-x 1 80-x roaax oHu
66111 06a3aTenbHbIMM AN KaXXA0ro TeneBmsopa u ctepeocucteMbl. OHM 3aMeHUN
NMPUBbIYHbIE KHOMKMW YNPaBAeHUsa 1 Aann BO3MOXHOCTb MEHSATb MPOrpaMMbl Un
perynupoBaTtb FPOMKOCTb MPOCTO Ha owynb. HO 1 3KpaHbl COBpEMEHHbIX CMapTHOHOB —
3T0, B MPUHLMNE, CEHCOPHbIE AAaTYNKMN, KOTOPbIMM MOXHO yrnpaBnsiTe 6e3 KiaBuaTtypbl
WM MEXaHUYECKMX 3NIEMEHTOB YNpaB/iEHUS.

O6bIYHbIN CEHCODHbIVI [AaTUYMK COCTOUT U3 MEeTaN/IMYECKUX N1eKTpoaoB. NHoraa oHu
MOKPbITbl TOHKOM 3aLUMTHON NOBEPXHOCTbI. ECAM K AaTUMKY NPUKOCHYTbCSA NanbueM, 3To
MOXHO onpeaennTb N0 USMEHEHUIO EMKOCTU 3/1€KTpOoAaa.

YT106bl NCMONb30BaTb CEHCOPHbIE AaTunkn ESP32, B MalWWMHHOM MoAayne AOKEH ObiTb
3arpyxeH knacc TouchPad. Mocne atoro goctyneH metoa TouchPad.read():

from machine import TouchPad, Pin
t=TouchPad (Pin(14))
t.read() # BosBpawaeT MeHbLlee 4YuCro Mpu KacaHuu
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TouchPad.read() Bo3BpallaeT N3MeHeHne OTHOCUTENbHON eMKOCTU. be3 NpnkocHoBeHUS
K CEHCOPHbIM MOBEPXHOCTAM, NOAK/MOYEHHbIM K ESP, Bo3BpaltatoTcsa 6onblune ymcna, 1o
ecTb 06bI4HO 3HaveHus 6onbwe 800. Mpu NPUKOCHOBEHUM K @aKTUBHOMY 311€KTPOAY
3HayeHus nagatoT Hxe 200. OgHaKo pe3ynbTaTthl ABASIOTCA OTHOCUTENbHLIMU U MOFYT
pa3nmMyaTbCsl B 3aBMCUMOCTM OT hOpMbl U pa3Mmepa anekTpoaa. B cneaytoweii Tabnuue
npuBeAeHbl HEKOTOPbIE CBEAEHUSA 06 0XMAAEMbIX 3HAYEHUAX:

HenoakntoUYeHHbI KOHTaKT: > 1000
C noaknYeHHbIM 31eKTpoaoM - 6e3 npukocHoseHus: 800 to 1000
C NpUKOCHOBEHWNEM: < 200

Takum obpa3oM, MoxeT noTpeboBaTbCs KanuMbpoBKa, Npexae YeM CEHCOPHble NaHenu
MOXHO 6yaeT Ucnonb3oBaTbh B KOHKPETHOM NpUKIaaHoONW cpeae.

ESP32 npepocraBnseT AecsATb BXOAOB CEHCOPHOM naHenu (Nnowanok).
OHK pacnosnioxeHbl Ha KoHTakTax 0, 2, 4, 12, 13, 14, 15, 27, 32 n 33.

[ina npoBepky paboTbl CEHCOPHbIX BXOAOB MOXHO UCMOMb30BaTb CeAY WY
nporpammy:

# touch_test.py

from machine import TouchPad, Pin
from time {import sleep

from machine import TouchPad, Pin

tl = TouchPad(Pin(2))
t2 = TouchPad(Pin(4))

while True:

capl = tl.read()
print(capl, end="")

cap2 = t2.read()
print(cap2)
sleep (1)
B kauecTBe 3IEKTPOAOB MOXHO UCNO/b30BaTb TakKne NpegMeTbl, KakK YepTeXHble KHOMKN

WKW Menkue MeaHble MOHETHI. Ha creayloweM pucyHKe rnokasaHa npegnosiaraemas
cxXeMa ynpasneHus Bxogamum 2 n 4:
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Pnc.9.9: latunkun, noaknroyeHHble K ESP32.

Mocne 3arpy3ku MNporpamMMbl BbIBOAATCA 3HAYEHUS AATYMKOB. Ecnn HM K oAHOMY U3
OATUYMKOB He rnpuKacaTbCsl, 4ucnoBble 3HadeHuss 6yayt 6onbwe 800. Ecnm cnerka
KOCHYTbCS NasbLieM O4HOro U3 3N1eKTPOAO0B, 3HAUYEHMS COOTBETCTBYIOWEro KaHana ynaayTt
Hmxe 200. Ha nnoTTrepe MOXHO NpoCneanTb XO4 CUrHana:

Shell -

169 953
181 956
182 955
173 959
913 954
915 954
917 958
915 954
914 954

Pnc.9.10: N3MeHeHne curHana npuv NpMKOCHOBEHUWN K CEHCOPHbLIM AaTyMKaM.

C noMoLbio cneayrouero ckpunTa Asa ceetoamona Ha rnoptax 25 u 26 MOXHO
nepeknoyYaTb C MOMOLbIO CEHCOPHbLIX NA0OWAA0K. Mpn KacaHUU nnoLwanKu
3aropaeTcsi COOTBETCTBYHOLUNN CBETOANOA:

# touch_LED.py

from machine import TouchPad, Pin
from time import sleep

tl = TouchPad(Pin(2))
t2 = TouchPad(Pin(4))

ledl = Pin(25, Pin.OUT)
led2 = Pin(26, Pin.OUT)

while True:
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if tl.read() < 500:
ledl.value(1)
else:
ledl.value(0)

if t2.read() < 500:
led2.value(1)
else:
led2.value(0)

MpuMeyaHune: ESP32 Tak)xe MOXHO BbIBECTU M3 CNALLEro pexmMa C NOMOLbIO CEHCOPHbIX
naHenemn. lononHnTeNbHble CBeAEHMNS 06 MCNO/Ib30BaHMM METOA0B CHa CM. B rnaee 17.

9.9 Xopowo oxJiIaXKAeHHbIW UK neperpeTbii: AaTUMKKN TeMnepaTypbl
ob6ecneumMBaloT YETKOCTb

TouyHOe M3MepeHue TemnepaTypbl SIBASIETCA OAHMM U3 Haubosiee BaXKHbIX MPUMEHEHWU
[ATYMKOB B3JIEKTPOHHOW M3MepUTENbHOM TEXHNKE. TEpMOAATUYMKM M AATUMKN TemnepaTypbl
NCMOMb3yTCH ans KOHTpOS npoLeccopoB COBpEMEHHbIX MnK nnu
XMMUYECKNX peakuuii Ha NPOMbILUIEHHbIX NMPEANPUATUAX, @ TakXke TeMnepaTypbl Macna B
MOTOPHbIX JloOAKAX WKW CepBepHbIX 60NblIMX KOMMbIOTEPHbIX CUCTEM. TOYHBIA WU
HernpepbIBHbIA MOHUTOPUHI TeMMepaTypbl TakXe 4acTo Ype3BblHYaiHO BaxeH B obnactu
MeANLUMHBI.

KnaccnyeckMmum cCnupToBbIMWU WAW PTYTHBIMM TEPMOMETPaMM MOXHO M3MepsiTb TOJIbKO
Tekyuwyto Temnepatypy. C Apyroi CTOpPOHbI, 3/IEKTPOHHbIA TEPMOMETP TakXe Mno3sonseT
NpOBOAUTb M3MEpPEHUS] C BPEMEHHbIM paspelleHMeM. DTO 4pe3BblY4aliHO BaXXHO A5
MOHUTOPWUHIa TeMMepaTypbl CUOBbIX TPAaH3UCTOPOB, MMKPOMPOLIECCOPOB, MHKyb6aTopoB
WM cepBepHbIX depM, MOCKOJNIbKY TONbKO HabnwoaeHne B TeyeHue 6onee ANUTENbHbIX
nepuonos BpeMeHM obecneuymBaeT 6e3onacHy paboTy. B cnyyae u4pesBbl4aliHOM
cuTyauum MOXeT O6biTb aKTMBMPOBAH AOMOSHUTENbHbIN GNOK OXNaXAeHus UM paxe
MOXeT 6bITb OCTaHOB/IEHa paboTa BCeW JIMHENKU CepBEpPOB.

MpocTble agaTumkn NTC (c oTpuuaTenbHbIM TeMnepaTypHbIM KO3 PULNEHTOM) HEAOPOr#U
n obecrneynBaloT 4OCTOBEPHLIE MOKa3aHUsl TeMnepaTypbl, HO CYLLECTBEHHbIM
HEeA0CTaTKOM SIBJISIETCS HE0H6X0AMMOCTb KannbpoBkn. AN OAMHOYHBIX AaTYMKOB U B
HenpodeccMoHanbHbIX NPUNOXEHUSX 3TO 06bI4HO Npuemnemo. OgHako B
npodeccrMoHanbHON cpeae U Npu UCNonb3oBaHMK 60/bLIOI0 KONIMYEeCTBa AaTYMKOB
yCUnus no Kannbposke MOryT 6bICTPO CTaTb HepeHTabenbHbIMU. 3aechb
npeanoYTUTENbHbI 4aTYMKK C 3aBOACKONM KannbpoBKkol, Takme kak LM35 nnm TMP36.
Bbicokasi TOMHOCTb M3MepeHUs1 4OCTUTaeTCa 3a CYET MHANBUAYAIbHOW HACTPOMKMU
npomnssoauTenem. Takum o6pasom, 3TM AATUMKM MOXHO UCMOJIb30BaTb HanpsiMyto 6e3
KaKon-nnbo AONONHUTENbHOM NOArOTOBUTEIbHOM paboTbl. LloKoNeBKy LWMPOKO
Mcnonb3yeMoro Aatymka Tuna TMP36 MOXHO yBMAETb Ha CeAylolleM PUCYHKeE:

Pnc.9.11: PacnuHoBka aatynka TMP36.
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Cnepywowme AaHHble OTHOCATCA K TMP36:

Hanps)eHune nutaHus: oT2,7Bpo55B
Kanubposka: 3aBoackas HacTpownka B °C
MacwTabHbilh koadpduumenT: 10 mB/°C

TOYHOCTb: +2 °C (Tunnynas)
JINHEMHOCTb: +0,5 °C (tun.)

Onana3oH TemMnepaTyp: oT =40 °C po +125 °C
TOK 3aMKHYTOW uenu: <50 MKA

ALM Ha BbiBOAE 34 MOXHO MCMOb30BaTb AN CYUTbIBAHMS aHANOroOBbIX U3MEePEHHbIX
3HayeHUN. B pe3synbTaTe NoslyyaeTcs cieaytowlas cxema NoaKayeHns:

Pnc.9.12: TMP36 Ha nnaTe ESP.

OCHOBHbIM MpeuMyLlecTBOM paaTtumka TMP36 sgBnsdetcs 3aBoackas Kanvbposka,
rapaHTupyowas rpagveHt posHo 10 wMB/°C. [aTtumknm obecneymBaloT BbIXOo4HOE
Hanps>eHwe 1,0 B npu temnepatype 50,0 °C. 3To NnpMBOAUT K ONpeaesieHnio TeMnepaTypsbl
B rpagycax Lenbcus:

Temp = (mV - 500.0) / 10.0
Mporpamma ans 3anucu TemnepaTypbl MOXeT BbIrNs4eTb TakK:

# TMP36_TempSens_test.py

from machine import Pin, ADC
from time {import sleep

e 106



Chapter 9 ¢ Using Sensors

TMP36pin = ADC(Pin(34))
TMP36pin.atten(ADC.ATTN_OGDB) # pguwanasoH BBoga 0 ... 1 B

averages=10

while True:

T=0

for average in range(averages):
TMP36data=TMP36pin.read()
TMP36_mV=TMP36data/4.096 # HanpsbkeHve AaTyvMka B MUNNUBOMbTaX
T+=(TMP36_mV-500.0)/10.0;

print(int(10%T/averages)/10.0)

sleep (1)

N3MepeHHble 3HaYeHNs BbIBOAATCA Ha KOHCOSb. [Ans npoBepkn pabotocnocobHoCcTH
ceHcopa K TMP36 MOXHO NPMKOCHYTbCA MasnbLeM Unu cnerka noaytb deHoMm. 370
LOJIXKHO NMPUBECTU K yBEIMYEHUI0 oTobpaxaeMbiX 3HAYEeHUN TeMnepaTypbl.

3HavyeHnsa MoryTkosiebaTbCs OTHOCUTENBHO CUTBHO, MOCKOJIbKY BHYTPEHHNE MEPEKPECTHbIE
rnoMexm oT Apyrunx dYHKUMOHaNbHbIX 6n10KkoB B ESP BbI3bIBAOT
onpefeneHHbln ypoBeHb WyMa. MaMeHeHMe HanpsixeHus Bcero Ha 10 MB/°C asnsietcs
OTHOCUTENbHO HebonbwuMm. TakuMm o06pa3oM, aMnNAUTYyAbl LWYMOBbIX CUIHaNOB B
MUWNINBOSIBTOBOM AMana3oHe yXe MOryT CYLeCTBEHHO BAWUATb Ha pe3yfibTaT U3MepeHUs.
KonebaHusa yMeHbLIAIOTCA 3a CHET yCpeaHEeHuUs.

C nomouwblo 3TOM nporpammbl ESP32 npeBpallaeTcss B KOMMNbIOTEPHbIA TePMOMETpP, C
MOMOLbI0O KOTOPOr0 MOXHO 3anncbiBaTb W3MEpeHHble 3HayeHus B TedeHue 6Gonee
ONVTeNbHbIX NepMoaoB BpeMeHu. Hanpumep, TeMmnepaTtypy B BUHHOM norpebe, yHKLUUIO
MOPO3U/IbHOW KaMepbl UM KOHTPO/Ib TEMMEpaTypbl B TENAMUE U T.A4. MOXHO MOCTOSIHHO
KOHTPONMpPOBaTh.

34ecb UCNOSb3yeTCs KNaccuyecknii BapuaHT dopMaTUpOBaHMS BbiBOAA AAHHbIX:
print(int(10xT/averages)/10.0)

OTOT BapuMaHT rapaHTMpyeT, YTO 3HAYEHMUS BbIBOASATCS TONbKO C OAHUM AECATUYHbBIM

3HaKoM. [1n9 3TOro n3MepeHHoe 3HayeHne cHavana ymHoxaetcsa Ha 10. 3aTtem

LecaTuYHble pa3psaabl obpesatoTcs ¢ noMouwbio dyHkumn Int(). HakoHeu, npu geneHmn

Ha 10,0 reHepupyeTCs 3Ha4YeHWe TONIbKO C OAHOM AeCATUYHOM no3uumen. B kauectse

anbTepHaTVBbl B MicroPython Takxxe MOXHO MCMONb30BaTb CEAYHOLLYI0 BEPCULO:

output = "T = {:4.1f} °C"
print(output.format(T/10))

01151 BbIBOAA 3HAYEHWUI TeMnepaTypbl C OAHUM AECATUYHBIM 3HAKOM.
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nepepayvm fgaHHbIX

Ecnun Bbl XOTUTE 3aNUCbIBATb TOYHbIE 3HAYEHUSA TeMnepaTypbl Aaxe B TPYAHOAOCTYMHbIX
nnn yaaneHHbIX MecTax, 6e3 SNNEKTPOHHOIO U3MEPEHNA HE obonTuck. C noMoLwbrO
06bI4YHbIX TEPMOMETPOB MOXHO OMpeAeNnTb TONIbKO TEMMEPATYPY B MECTe pacrosioXeHuUs
CaMOro TepMoMeTpa. MOHVITOpVIHF TeMnepaTtypbl B MaCngdHOM noaaoHe An3enbHOro
ABUraTtend, B peaktope XUMNYECKOM peakunm nnn B cepBepHon yacTtu 6onbLion
KOMMbIOTEPHOWM CUCTEMbI BPSAL, /I MOXHO OCYLLECTBUTb C MOMOLLbIO BbITOBbLIX
TEpMOMETPOB,

C Apyro CTOpOHbI, 3NEKTPOHHbIA TEPMOMETP Jlyylle BCEro NoAXoAUT ASlsi U3MEPEHUS
TemMnepaTypbl ABUraTens. TeMnepatypy MOXHO U3MEpPWUTb B LMAUHAPE U 0TO6pasuTb B
KabuHe. B NpOMbILNEHHbIX YCNOBUSIX Takxke 6e3 Npo6aeM BO3MOXHbI U3MEPEHUS Ha OCK
MeraBaTTHOro reHepaTopa, B TpaHchopMaTope UK B Mac/stHOW BaHHe.

O4HaKo MOryT BO3HMKaTb ownbkm NU3MEPEHUA, €CIN PaCCTOAHME MeXAY AaTYNKOM U
6510k0OM 06pa6OTKVI AAHHbIX CTAHOBUTCS CMIMLLKOM 60onblwiKnM. [laxke Ha PacCTodaHUA
U3MEepeEHNa B 0.AMH METP BO3MYyLlatoLlmne BO34ENCTBUSA, TakKne Kak conpoTuBieHne NNHUN
NN SNEKTPOMArHUTHbIE MOMEXUN, MOTYT OKa3blBaTb HErATUBHOE BJIMAHME Ha aHanoroeble
[AaTYMKN. KOHTaKTHbIE HaMpsaXeHUS Ha LWTEKEPHbIX COEANHEHUNAX U T. 4. TaKXe MOoryTt
MCKaXaTb aHaJ/lIoroBble N3MepeHus.

LndpoBas nepeaavya namMepeHHbIX 3HaYEHUIA MOXET CBECTU K MUHUMYMY YNOMSHYTbIe
BbllLe OWMOKN n3MepeHus. JKpaHMpoBaHHble Kabenn obecneunBatoT paccTosiHME A0 CTa
MeTpoB 1 6onee mexay MecToM usamepeHus n 61o0koM oTobpaxeHuns. Jaxe
HE3KPaHNPOBAHHbIE NMTOCKNE NEHTOYHbIE Kabenu nepeanarT LLVICprBbIe CUrHanbl Ha
HECKOJIbKO METPOB CO CPaBHUTENIbHO HU3KMM YPOBHEM NMoMex. DTO NMO3BOJISIET,
HanpuMmep, KOHTPOMPOBaTb TEMMNEPATYPY B XONOAWUSIbHUKE UM MOPO3WUSIbHOW KaMmepe.
LLinpoko ncnonb3yetcs undpoBor agaTunk temnepatypbl — DS18(x)20. B cneaytowem
pa3aene 6onee noapobHO 06BACHSAETCS UCMOIb30BaHUE 3TOro npeobpasoBaTens.

9.11 OpHonpoBoAHOM AaTuuk DS18x20

Oatumkm cepumn DS18x20 06MeHNBaKOTCSA AaHHBIMU Yepe3 TaK Ha3blBAEMYIO
OAHOMPOBOAHYHIO WKWHY. JINHWUSA AaHHbIX AaTynKa noakntovaetca K ESP32 yepes nobon
NVH BBOAA-BbiBOAa. KpoMe Toro, TpebyeTcs TONbKO NOATAMMBAOWMNIN pe3ncTtop Ha 4,7
KOM. Ecnu ncnonb3yeTcs BHYTPEHHSAS NOATSXXKa ESP32, aaxe 3TO MOXHO He aenaTb.
JaTunk nmeet cnegytowime ocobeHHoOCTU:

Hanps>keHue nutaHma: o1 3,0 Bao 5,5B
Onana3oH Temnepatyp: o1 -55°C go +125 °C

TOYHOCTb U3MEpEHUS: +0,5°C (o1 -10°C go +85°C)
PazpeweHue: 9 6u1T, 4yTO cooTBeTCTBYET NpMbn. 1/10 °C
Mepwoa namepenHuns: 750 mc (makc.)

KpoMe Toro, MOXHO CYMTbIBaTb HECKOJIbKO AAaTYMKOB. bnarogapsa cneuuanbHOMY
MPOTOKOMY WWHHOM cuctembl One-Wire noutn ntoboe KONNMYECTBO AAaTYMKOB
TemnepaTypbl MOXET 6bITb ONPOLIEHO NapannenbHO Yepes OANH NMUH KOHTPOsIiepa.

Ha cnepytowem nsobpaxeHun nokasaHo nogknroveHme DS18x20:
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Pnc.9.13: Pa3Boaka TepMogatumka DS18x20.
CooTBeTCTBYOWAsA NporpaMmma npefocrasnseT 3Ha4eHnsa BCexX NOAKMOYEHHbIX AaTYMKOB!:
# DS18x20_TempSens_demo.py

from machine import Pin
import onewire
import ds18x20

import time

ow = onewire.OneWire(Pin(25)) # wHUUManNM3aumMs OAHOMPOBOAHOMW LUMHbI
ow.scan()
ds=ds18x20.DS18X20 (ow) # cosfaTb 06bekT ds18x20

while True:
units=ds.scan() # ckaHupoBaTb 0OBLeKT ds18x20
ds.convert_temp() # npeobpa3oBaHue eOVHWL, WU3MEpPEeHUst TemnepaTypbl B €AUHULbI U3MEPEHWS :
print(ds.read_temp(unit)) # oToGpasuTb
time.sleep (1)
print()

Moaynu Python ans uTeHus pgaTyMka CHOBa AOCTYMHbI B CTAHAApPTHON KOMMAeKTaumu
npowwusku MicroPython.
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Pnc.9.14: aTuMK C 0OAHUM NPOBOAOM, MOAKIOUYEHHbIN K ESP32.

9.12 MOWHOCTb AaHHbIX: MYJIbTUCEHCOPHas MaTpula C TepMOAaTUYNKOM
DS18x20

M3MepeHne TeMmnepaTypbl — 3TO MPOCTO MpOryfnka Mo napky 6narogaps nNpoToKony
One-Wire, aaxe Koraa TpebyeTcsi HECKOMbKO TOYEK M3MepeHuns. Bce AaTumkm MoryT 6biTb
MOAK/OYEHbI, TaK CKasaTb, MapannenbHo (CM. WIKOCTpPaUM), TO €eCTb OHM
3aHMMAIOT TOMbKO OAMH KOHTAKT. DTO CTaso BO3MOXHbLIM 6narofaps UHAMBUAYaANbHOMY
afpecy Kaxzoro faTtuvMka B Maccuse,
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P1c.9.15: Heckonbko 0AHOMPOBOAHBIX AATUMKOB, NMOAKIIOUYEHHbIX K ESP32.
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DTa TEXHONOrNSt MOXKET 6bITb O4YeHb 3PMEKTUBHO MCMONb30BaHa B NPOrpaMMHOM
ob6ecneyeHnmn. NHCTpyKums

units=ds.scan()

npenocTasnaeT MHGOpPMaLMIO O KOJIMYECTBE NMOAKIIOUEHHbIX AaTUMKOB. MoanporpamMma
BO3BpaLLAEeT MAacCMB, COAEPXKALLMNIA OTAENbHYIO 3aNUCh A8 KAXA0ro NOAK/UYEHHOro
AaTuvka. Hanpumep, Ans 4yeTbipex NoAK/IOYEHHbIX AAaTYMKOB 3TO BbIMSANT TaK:

[bytearray(b"\x10\r\xc8&\x03\x08\x00F"),
bytearray(b"\x10\x8e\xda&\x03\x08\x00\n"),
bytearray(b'\x10j\xd0&\x03\x08\x00B"),
bytearray(b"\x10\x18\xd5&\x03\x08\x00f")]

34ecb TakXe MOXeT CbirpaTb posb ele o4HO npemmyectso MicroPython. BeiBog
3HaYeHu TeMnepaTypbl OCYLLECTBASETCA C MOMOLLbIO KOHCTpYKUmMK for/loop:

for unit in units:

Takum 06pa3oM, 3aechb ucnonb3yetcs ToT dakT, 4Tto B Python onepatopel for moryT
MCMNONb30BaTbCSl HE TOJIBKO AN YMCTO LIESIOYMCIEHHBIX 3HAYEHUN, HO U ANS 3/1EMEHTOB
Maccusa.

9.13 B NO/IHbIW POCT: ONTUYECKUE AATUUKHU

Mono6bHoO TepMoaaTyUMKaM, CBETOYYBCTBUTE/bHbIE KOMMOHEHTbI CTasIM OYeHb BaXHbIMU B
TEXHUKE U MOBCEAHEBHOM XMN3HW. MNepBoHayanbHO ANa 3TON 3a4adn UCMOb30BaInCh
LDR (cdoTope3uncTopbl). OgHaAKO cerlvac OHM CYMTalOTCS yCcTapeswnmMm. Kpome Toro, oHu
cofepaT BeLLleCcTBa, BpeAHble AN OKpyXatlowern cpeabl, U TONbKO MO 3TOM NPpUYNHE UX
Henb3sa 6onble ncnonb3oBaTb. COBpeMeHHbIMM NpeeMHnkamMm LDR aBnastoTca
¢oToanoabl U doToTpaH3nCTOpbl. O6NacTb NX NPUMEHEHUS BapbMpyeTCs OT ynpasBfieHns
aBTOMATUYECKUMU CUCTEMaMM OCBELLEHUS A0 CBETOBbIX 6apbepoB N CUCTEM Sla3epHOro
MOHUTOPUHra. ®oToAaTUNKKN TaKXKe UCMOJb3YOTCA B COBPEMEHHbIX CMapT@OoHax Ans
aBTOMATUUYECKOWM perysiMmpoBKnN SIPKOCTM 3KpaHa B 3aBUCMMOCTU OT YCIOBUI OKPYIXKatoLLemn
cpeabl.

dOoTOAMOAbI XapaKTEPU3YIOTCS BbICTPbIM OTKIMKOM. MO3TOMY OHW NPeAnoYTUTENbHO
NCMNOMb3YIOTCS B TENIEKOMMYHUKALMOHHbBIX CUCTEMAX. 34eCb OHU 06ecrneunBaloT CKOPOCTb
nepefayv AaHHbIX 40 TepabuUTHOro AvanasoHa. Ecnim BbICOKME CKOPOCTU HE CTOJIb
BaXHbl, (POTOTPAH3UCTOP ABNSIETCS XOPOLWUM BbiI6opoM. CBeTOBbIE 6apbepsl,
3KCMNOHOMETPbI Ans HOTO- U KMHOKAMEpP, a TakxXe NPUEeMHUKM ANs MHbPaKpaCHbIX
NyAbTOB ANUCTAHLMOHHOMO YNpaBieHUs SBASIOTCA TUMMUYHBIMUA MPUIOKEHUAMU A5 3TUX
KOMMOHEHTOB.

doToTpaH3nCTOpbl 0611a4aI0T BbICOKOM YyBCTBUTENLHOCTLIO. KpoMe Toro, noseaeHue
OTKJ/IMKA@ 3HAYMTEsNbHO Nyyle, yeM y LDR. C TOUYKM 3peHMss MEXAHNYECKOM KOHCTPYKLNK
nx 06bI4YHO TPYAHO OTNMUUTL OT 6enoro ceetoamona. GoTOTPaH3UCTOPLI AELleBbl U
LUMPOKO ncnonb3ytotcs. OHW paboTaloT aHanormyHo 06blYHbIM TPaH3MCTOpPaM, C TOM
pa3Huuen, YTo B cny4vae hoToTpaH3MCTOpa CBET NnonajaaeT Ha NoJynpoBOAHUK MPSIMO
yepes npo3payHblil kopnyc. TaM HOCUTENM 3apsaa BbiICBOOOXAATCS 3a cyeT
BHyTpeHHero dotoaddekTa. 3aTeM HOTOTOK YCUIMBAETCSA B CAMOM KOMMOHEHTE. TakuMm
06pa3oM, HPOTOpE3NCTOP MOXKET HAMNPSMYO KOMMYTUPOBaTb MEHbLUME TOKM A0
HEeCKOIbKUX Muanuamnep. GoToTpaH3nUCTOPbl 06bIYHO MMET TONIbKO ABa BbiBOAA —
KonnekTop un amMmmutTep. OAHAKO CyLECTBYIOT TakXe BEpCUU C BbiBOAHbIM 6a30BbIM
CoeHEHMnEM,
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HanpuMmep Ansa perynvpoBku pabouyein Toukn. Ecnn 6a3a ocTtaeTcs HENOAK/IIOYEHHOMN,
NpOXoANT OTHOCUTENIbHO MHOIO BpPeEMeHU, Noka 30Ha 6a3a-aMuTTep He ocBob6oamnTCsa OT
HOocuTenen 3apsiga. OT0 O4Ha U3 NMPUYNH, NoYeMy POTOTPAH3UCTOP BbIKIOYAETCS
MeaneHHee, yeM doTOANOAbI.

Ha cnepytowem pucyHke nokasaH coToTpaHaucTop Tuna BPW40:

~- -t-s;#" -b
e ﬂ?”
T u- B

Pnc.9.16: ®oToTpaH3uncTop.

KpeMHueBble GOTOTPaH3UCTOPbI AOCTUIAOT MaKCMMasibHON YyBCTBUTEIbHOCTU NpU ANVHE
BOJIHbI cBeTa OK.850HM. OHa HaxoauTcs B HEBUAMMOM GNvKHEM MHPaKpacHOM AuanasoHe.
Bnarogapsi Wnpokomy cnekTpanbHOMY AManas3oHy XOpoLlMe XapakTepuCTUKM OTKINKA JOCTUraloTcst
Jaxe Ha AnvHax BornH Buammoro avanasoHa (400-800 Hm). B cnepytowein Tabnuue npuseaeHsl
Hanbonee BaxHble faHHble poToTpaH3anctopa BPW40:

Makc. HanpsxeHue NuTaHua: 30B

TeMHOBOW TOK: 100 HA

Tok konnekTopa npu 1 MBt/cM2: 2.5 MA

Makc. ToK KonnekTopa: 20 MA

[OvanasoH A5MH BOJH: BUAUM. CBET B 61m>xHeEM MHDpPaKpacHOM Ananos.

B cnepytowen tabnmue npueeaeHbl 3Ha4YeHUs GOTOTOKOB, OXMAAEMbIX MPU ONpeaeneHHbIX
yCnoBuax ocBeLlleHUNA:

OcBelweHHOCTb TOoK KonneKkropa

Laser pointer (5mW) > 400.000 Ix HacbiweHne npm 20 MA
Na3sepHas ykaska (5 MBT) 10.000 Ix 20 MA
TeneBu3noOHHasA CTyans 2.000 Ix 4 MA

OcselleHne ogurca nnm komHatbl | 1.000 Ix 2 MA
TunnyHoe oceeweHne kopugopa | 100 Ix 0.2 MA

AbcontoTHaa TeMHoTa 0 Ix 100 HA

9.14 ina kuHO- U ¢poTonpocdecCcMoHaNOB: 3JIEKTPOHHbDIN JIKKCMETpP
®OTOTPaH3MCTOP MOXHO MCMNOJMIb30BaTh A1 TOYHOro onpeAesieHns SPKOCTU OKpYyXatoLwen
cpefabl. OTO Ype3BblYallHO BaXXHO ANS KWUHO unin dotoceccuin. doTorpacdum n dunbMbl
MOryT 6bITb MO-HacTosWeMy ybeanTenbHbIMW TONIBKO MPY HANIMYMK AOCTAaTOYHOrO
ocBelleHus. MoaToMy npodeccmoHanbHble doTorpadbl U onepaTopbl BCceraa MMelT noja
pYKOW Tak Ha3blBaeMblI/ JIIOKCMETP. DTO NO3BOMSIET BbICTPO M NErko NpoBepuTb,
NOAXOAST /I YCNOBUS OCBELLEHUS A1 XOPOLIMX CHUMKOB.
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[Ona camoaenbHOro SIlOKCMeTpa MOXHO CHOBA MCMOb30BaTh BHYTpeHHM ALIM ESP32,
aHanornyHbii TMP36. [latunk TemnepaTypbl NPOCTO 3aMeHSAEeTCA U3MepUTEbHOM CXeMOM
c BPW40.

Ha cnepytowem pucyHke nokasaHa annapaTHas CTpykTypa. Kak u noboi TpaH3ncTop,
dOTOTPaH3MUCTOpP AO/IXKEH ObITb YCTAHOBJMIEH C cobNtoAeHMeM nonspHocTn. bonee
KOPOTKWUIA COeaAVNHUTENbHbIN NpoBoa (KOANeKTop) A0/MKeH 6bITb NOAKNOUEH K
HanpsiXXeHuto Nnutanma 3,3 B. DTO coeanHeHne TakxXe OTMeYeHO yn/oweHUeM Ha
Kopnyce. Ecnu namepeHHble 3HAaYEHUS HE MEHSIOTCSA UM MEHSKOTCS OYEeHb
He3HauynTenbHO Npu nonagaHum ceeta, nonsapHocte BPW40 gonxHa 6biTb n3MeHeHa. Ha
cnenyrouweM pUMcyHKe nokasaHa cxema JlokcMeTpa:

Prc.9.17: CxeMa noakKoyeHns 31eKTPOHHOro JIIoKCMeTpa.
Mporpamma ans 3Toro cnepytowlas:
# BPW40_luxmeter.py

from machine import Pin, ADC

from time import sleep

fotoPin = ADC(Pin(34))
fotoPin.atten(ADC.ATTN_11DB) # BxogHOW AguanasoH 0 ... 3,3 B

averages=10

while True:

luxValue=0

for average in range(averages):
luxData=fotoPin.read()
luxValue+=luxData/40.96

luxValue/=averages

output="Light level: {:6.1f} %"

print(output.format(luxValue))

sleep(1)
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TekyLme 3Ha4YeHUs APKOCTM OTOHpaxatoTcst Ha KoHconu. TaMm, rae oceelleHue
obecneunBaeTcs anekTpuyeckumm namnamu, pabortarowmmm Ha 230 B, 50 Iy,
HedUNbTPOBaHHbIE U3MEPEHUSA MOKa3bIBAKOT CUJIbHble KonebaHus. ITOT adpdekT
0CO6eHHO 3aMeTeH A1 COBPEMEHHbIX CBETOANOAHBIX 1aMmn. 3TO SBHbINA NpU3HaK TOro,
YTO CBETOAMOAbI HA CaMOM Jefie MepLatloT cuiibHee, YeM 0bblyHble NaMnbl HaKanneaHus,
[axe ecnn rnas co3HaTe/lbHO He BOCMPUHUMAET 3Tu 6bicTpble kKonebaHusa ceeta. Takum
06pasoM, n3mepeHHble 3HaUYeHMS pacCUUTBIBAKOTCS MO paAy CpeaHUX 3HAYEHUN:

ONna cpefHero B AuanasoHe (CpefHux) :
luxData=fotoPin.read()
luxValue+=1luxData/40.96

Mpu MacwTabuposaHun ao 40,96 (= 212/100) ypoBHU OCBELLEHHOCTU OTO6pPaXKaoTCs B
npoueHTax, To ectb oT 0,0 go 100,0. 3HaueHns BbIBOAATCS B popMaTe C AECATUYHOMN
TOYUKOW:
output="Light level: {:6.1f} %"
print(output.format(luxValue))

B nosHOM TEMHOTE AOMKHO O0TO6pa)kaTbCsl 3HAUEHMe 3HauMTeNnbHO HMxke 1%. C gpyron
CTOPOHbI, NMPU SPKOM OCBELLEHUM MOXHO AOCTMYb nouTn 100%.

B kauecTtBe pabouyero conpoTMBNEHNS MOXHO MCMOAb30BaTb 3HaYeHne 100 kOm mnum 10
KOM. lMpu ncnonbsosaHmun conpotmeneHns 100 kOM NOKCMETP AOCTUIAET OYEHb
BbICOKOW YyBCTBUTENbHOCTU. DTO N03BONASET 06HapyXmnBaTb AaXe CaMble HU3KNE YPOBHMU
OCBELLEHHOCTN, eaBa 3aMeTHble rnasy. OTobpaxeHne Npon3BoANTCSH B OTHOCUTENbHbIX
3HauyeHusx. [Ans onpeaeneHns abCcoNtOTHbIX 3HAYEHUN, HanNnpuMep. Ans N3MepeHui Ha
MPOMBbILNEHHbIX pabounx MecTax wam NyTsaX 3BaKyaunmm cuctema AoKHa 6biTb
oTKannbpoBaHa C MCNOAb30BaHMEM CpaBHUTENbHOro nNpmbopa. Toraa Takxe BO3MOXHbI
3Ha4YEeHUS B JIIOMEHax, JIloKCax Uan KaHgenax.

B pasaene 16.4 GoTOTpaH3UCTOP MCMOMb3YyeTCa AN BU3yasibHOro HabnoAeHUs 3a
NMoMeLLeHNEM,

.15 DneKTpPOHHbIE NIeTyune MbILLN: U3MEPEHUE PaCcCTOSIHUSA C MOMOLLbIO
y/AbTpa3BykKa

B npuvHUMNe, pacCTOSIHUSA MOXHO M3MEpPSTb M ONTUYECKUMU AaTunkamn. OQHAKO METoAbI
M3MEpEeHNs OTPaXKeHUs Ha ONTUYECKOM OCHOBE MMEKOT TOT HEA0CTaToK, YTO pe3ysbTaThbl
CUNbHO 3aBUCAT OT CBONCTB NOBEPXHOCTU CBETOOTPaXatwLWnx Mmatepmanos. N3-3a
BbICOKOW CKOPOCTM CBETa AN U3MEPEHUS ONTUYECKOrOo BPEMEHU NMPOXOXAEHUS
TpebyloTca CNOXHbIE 31eKTPOHHbIE Npoueaypbl OUeHKWU. 10 3TUM NpuynHaM ynbTpasByK
4YaCTO UCMONb3YEeTCa AN U3MepPEeHUs paccTosHUA. [na namepeHus pacCcTosiHUi B
AvanasoHe CpefHMX PacCTOSAHUN, T. €. OT HECKOSIbKMX CAaHTUMETPOB A0 HECKOSIbKMX
MeTpoB, NOAXOAAT COOTBETCTBYOLWME MeToAbl. TaK KakK CKOPOCTb 3BYKa B BO34yXe MNpwu
20°C cocTaBnseT ok. 343 M/c, BpeMs NPOXOXAEHUS 3BYKA Ha pacCTosiHUE B OAWNH
CaHTUMeTp cocTaBnseT okoso 30 MUKpPOCEKYH. DTOT MPOMEXYTOK BPEMEHU MOXHO
O4YeHb TOYHO M3MepuTb C NoMoLlblo MicroPython.

MNpuMeHeHWs 3TOro MeToga M3MepeHUsl BKIIOYALOT onpeaesieHre BbICOTbl NMOMeLLeHUs,
M3MepeHue BbICOTbl NPOCBETa MOCTa WK U3MEpeHMe YMcna KBagpaTHbIX METPOB B
noMeLLeHusX 1 nnowaasx. Beicokasi HaAEXHOCTb Y/IbTPa3BYyKOBbIX N3MEPUTENbHbIX
CMCTEM MO3BOJISIET UCMOMb30BaTb UX Kak B POBOTOTEXHUKE, TaK U B OBbIYHBIX UK
@BTOHOMHbIX TPAHCMOPTHbIX cpeacTBax. C NOMOLbIO yNbTpasByka pob0TU3NMPOBaHHbIE
CUCTeMbI CNOCObHbI 06HapyXMBaTb NpensTcTBMs. MNpu NapKkoBKe paccTositHWe aBToMobuUNs
OT CTEHbl MOXHO TOYHO OMNpeAenuTb C NMOMOLLbIO AAaTUMKOB B Ky30BE aBTOMO6UAS.
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Ha pblHKe NOABUAINCL OYEHb SKOHOMUYHbIE NMPUEMO-NEepeaatoLMe MoAYIN C Pe30HaHCHOMN
yacrtoTtol 40 kl'y. Takum obpasom, camocToaTeNnbHas cbopka ynbTpasByKOBbIX CUCTEM
BpSA4 M MMeET CMbIC/. Ha creaytoweM pucyHke nokasaH WMPOKO UCMOb3yeMbli MOAY b
Tuna HC-SRO04.

Pnc.9.18: YNbTpasByKoBOW MoAYy/b C ABYMS Mpeobpa3oBaTenisiMu.

3TO 3KOHOMWYHBIW YNIbTPa3BYKOBOW MOAYJ/Ib CO BCTPOEHHBIMU KaNClOAaMN NepeaaTtymka m
nprveMHuKa. 3Ta Bepcusa naeanbHO NOAXOAUT AN aKTMBaLMK C MOMOLLbI KOHTpoiepa
ESP32. HC-SR04 moxeT obHapyxuBaTb 06beKTbl HA pacCcTosAHMM OT 2 CM 40 nNpubn. 3 M.
PaspelleHne namepeHuns coctaBnseT OKoso 3 MM. TOYHOCTb 3aBMCUT OT CKOPOCTU 3BYKa
W, cnegoBaTenbHO, OT TeMMepaTypbl BO3AyXa, a TakXe OT YPOBHS wWyma. B cneaytowei
Tabnuue npvBeaeHbl TEXHUYECKME AAaHHbIe MOAYNSA:

Hanps>keHue nutaHmsa Vec: +5 B £10%,
MoTpebneHne Toka: OK. 2 MA

YpoBeHb curHana (Tpurrep): orT3405B

N3mepseMble paccTosAHUA: OT 2 CM A0 NpUMEpHO 3 M
PaspelueHune namepeHus: OK. 3 MM

MN3mMepeHuin B cekyHAay: Makcumym 50

Pazmepsbl (4, W, r) B MM: 45 x 20 x 20 MM

HocTynHa 6ubnunoteka ana MicroPython, 4To 3HaunTenbHO ynpouwaeT paboTy ¢
AatymkoM. OnpeaeneHHbIM HEAOCTaTKOM MOAYNS ABASETCA TO, YTO OH TpebyeT
Hanps>xeHns nuTaHusa 5 B. OQHako, MOCKONbKY BbIBOAbLI BBOAA/BbiBOAA ESP32
paccunTaHbl ToSbko Ha 3,3 B, ypoBeHb curHana Ha BbIxoae MoAys HeobxoanuMo
M3MEHUTb C NMOMOLLbIO AENUTENA HanpsXXeHunsa. B pesynbTtate nonyyaerca cnepyoulas
cxema:
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Pnc.9.19: YnbTpa3BykoBOW MOAyb Ha ESP32.

YCTpPOICTBO Ha MakeTHOM njaaTe MOXEeT BbIMSAeTb TakK:

P1c.9.20: YCTpoWicTBO ANt YNbTPa3BYKOBOIrO M3MEPEHWUSI PacCTOSHUS.

[Ons TpurrepHoro Bxoaa aocrtato4yHo 3,3 B Bbixoaa ESP, Tak uTo npeobpa3oBaTenb
YPOBHSI HE HyXeH. MNoKa3aHHbI TakXe 3yMMep HYXeH TOJIbKO B CrieayloLLel rnase, u
€ro B Ha4daJsie MOXHO He UCMNOoJ1Ib30BaThb.

C nporpaMMHON CTOPOHbI yNpaB/ieHne MoaysieM odeHb npocToe. [ocne cpabaTbiBaHUs
no 3agHeMy (POHTY MOAY/Ib aBTOMATUUYECKM U3MEpPSIET pacCcTosiHME U npeobpa3yeT ero B
LUMPOTHO-UMNYNbCHbIN CUITHaM, NOCTYNaloLWMIA Ha BbIXO4 MoAyNs. MHTepBan namepeHus
MMeeT ANUTenbHOCTb 20 MC. DTO 03Ha4aeT, YTO MOXHO BbINONHATL 50 n3mepeHuin B
CeKyHAay.
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[ocrne 3anycka W3MEPUTENBHOIO LUMK/a MOAYJb NOCBITaeT y/IbTpa3ByKOBOW
M3MepUTENbHbIA UMMNYAbC ASIUTENBHOCTBIO Npnbn. 200 Mkc. Cpa3y nocse 3TOro BbIXOA,
rnepexoamT Ha BbICOKMI YPOBEHb, U MOAYJIb OXWAAET Npuema axo-curHana. Ecnm oH
0bHapy»eH, 3X0-BbIX04 BO3BpALLAETCSH K HU3KOMY YPOBHIO. Yepe3 aBaauaTb
MUIINCEKYHA Nocne cpabaTbiBaHUA MOXET ObiTb BbIMOIHEHO Apyroe nsmepeHue. Ecnm
9X0 He obHapyXeHOo, BbIXOAHOW CMIrHaN OCTaeTCs Ha BbICOKOM ypoBHe B TedyeHne 200 mc,
yKasblBasi, TaknMm 06pa3oM, COObLLEHMEM «MpPEBbILEHNE AMana3zoHa», YTO HU OANH
06BbEKT HE HaxXoAMTCA B Npeaenax AnanasoHa. 3aTeM MOAY/b OXWAAET Ceayolero
cnagatowero dpoHTa Ha BXoAe Tpurrepa, n n3aMepeHme HauMHaeTCs CHOBa.

HaunyJwmne pesynbTaTbl U3MEPEHUS NONYYaOTCS MPU OTPaXXeHUM OT rMaaKMX N NNOCKNX
rnoBepxHocTel. Ha paccTosaHnax Ao 04HOro MeTpa MaTepuas NoBepXHOCTU He CTOJb
KPUTUYEH. Yron K 06bekTy MOXeT 6biTb OT MeHee 1 A0 npuMepHO 45° Ha KOpOTKUX
paccTtosiHuax. O6beKkTbl pa3MepPOM C KapaHAall HaAeXHOo 0bHapyXmnBatTcs.

PaspelweHne unsMepeHus 3 MM onpenensieTcs BHYTPEHHEN CKOPOCTbK CKaHUPOBaHUA
MoAyns. TOYHOCTb U3MEPEHUIA BOCHOBHOM OFpaHNYMBaETCA TEMNEpPaTypHON 3aBUCUMOCTbIO
CKOpOCTH 3BYyKa B BO3A4yXe. B npubanxeHun CKOpOCTb  3BYKa KaK
dYHKUMIO TemnepaTypbl MOXHO paccymTaTb B AumanasoHe oT -20°C po +40°C no
cneayiouwlen ¢gopmyne:

Vs =(331.5+ 0.6 * T,/ °C) M/c.
Ons koMHaTHOM TeMnepaTypbl 20°C 370 gaet
c=331,5+ (0,6 x 20 ) M/c = 343,5 m/c

Ha ocHoBe 3TOro 3HayeHunsa cneayowas nporpaMmma obecneynBaeT 3HavYeHUs NU3MepEHNA
pacCTodAHNAa B CaHTUMETpax:

# HCSRO4_US_distance_demo.py
# M3MepeHVe pacCTOsiHUSI C MOMOLLBIO YrbTpasByka

from hcsr04 import HCSR0O4
from time {import sleep

sensor = HCSRO4(trigger_pin=2, echo_pin=4)

while True:
distance = sensor.distance_cm()
output="Distance: {:6.1f} cm"
print(output.format(distance))
sleep(.1)

Bubnunoteka «HCSR04» reHepupyeT UMMNYbC 3anycka, KOTOPbIN 3anyckaeT
COOTBETCTBYIOLWMWIA UMMYbC NEpefayun B yibTpa3ByKOBOM MoayJse. Nocne 3Toro cucrema
oXuaaeT npuxoaa 3xo-curHana. MiHpopMaumnsa o pacCTostHUM nepegaeTcs no WupuHe
npMHMMaeMoro umnynbca. Ha ocuunnorpade MOXHO yBMAETb ABa CMrHana:
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Transmitter Pulse

Echo Pulse

Pnc.9.21: Umnynbc nepegaum ynbTpasByKa (BepXHAS KpueBas) y MMNYbC
rnpuema (HMXHASA KpuBas).

ESP32 HY>XXHO TONbKO onpeaennTb WMPUHY 3X0-UMNyfbca. DTo genaeTcs 6ubnmoteyHomn
dyHKUMEN. PyHKUMSA

sensor.distance_cm()

HEeNoCpeACTBEHHO BO3BPALLAET U3MEPEHHOE PAaCcCTOsIHME B CAHTUMETpax. 3aTeM
M3MepEHHOE 3HaYeHMe MOXET B6biTh BbIBEAEHO Ha 060/I04KY Yepes

output="Distance: {:6.1f} cm" print(output.format(distance))
1 popMaTUPYETCS C OAHUM AECATUYHBIM 3HAKOM.

Mpw pa3sHuue TemnepaTyp B 20 °C yxe BO3HWKAET norpewHocTb B 3,4 %. MNoatomy ans
MCMNONb30BaHUSA BHE MOMELEeHUA 1 n3MepeHus 60bLllnMX pacCTOSHWUI nonesHa
TeMnepaTypHas KoMneHcauums. [Ang npocTbiX NPUNOXEHUN, TAaKMX KaK NOMOLLb Npu
napkoBKe, TemMrnepaTypHasi KoMneHcauus He TpebyeTcs, Kak nokasbiBaeT npumep
MPUIOXKEHUS B C/IeAyIOLWEM pasjene.

9.16 bonblue HUKAKUX BMATUH U LapanuH: gaZibHOMep AJi1A rapaxem
CoBpeMeHHble rapaxu 06bIYHO OYeHb KOMMNAKTHbI C TOUKKW 3peHuns 3aTpaT. B yacTtHocTy,
noa3eMHble NapKOBOYHbIE MecTa CTaHOBSTCS BCe 6ornee y3kMMn. 3aecb NOBpeXAeHNs
aBTOMO6UIS MOryT 6bICTPO MPOU3OMTM NMPKU NAPKOBKE. YCTPONCTBO NpeaynpexaeHuns o
PaCCTOSIHUM OYEeHb MOJIE3HO B TaKMX CUTyaLUNAX.

YnbTpa3ByKOBOM AasibHOMEpP MOXET ObITb JIErKO MOAEPHU3NPOBAH A0 TaKoro yCTPOMCTBA.
[Onsa aToro TpebyeTcst TONIbKO NOPOroBoe 3Ha4vyeHue. Ecnun pacctosHne mexay
aBTOMOOWU/IEM N CTEHOWN MeHbLUe 3TOr0 3HAUYEHMUs, AOHKEH NMPO3BYyYaTh
npeaynpeanTenbHbii curHan. Ecnu ynbTpasByKoBOM MOAY/lb YCTAaHOBUTb B NOAXOAALLEM
MecTe, MOXHO m3bexaTb NOJIOMKN COBCTBEHHOro aBTOMO6MNS.
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OyHKuMio LM MOXHO ncnonb3oBaTth A5 BbiBOAa NpeaynpeamTenbHOro 38yKOBOro
curHana. B cnegytoulen CTpoke OTYETNMBO ClblWeH curHan yacrtoton 1 klu:

PWM(Pin(14), freq=1000, duty=512)
YT106b1 Npeaynpexaatowmin curHan bl CiblleH, NacCUBHbIN NMbe30-3yMMep A0JIKEH

6bITb NoAKIOYEH K KOHTakTy D14 nnatel ESP. Ha cneaytowemM pucyHke nokasaH
noaxoasLmn 3ymmep:

Pnc.9.22: lNbe3so-3ymmep.
3TO0 AONONHUT MPOrpaMMy U3 npeablayLlen rnasbl:

# HCSRO4_anti_colission.py

from machine import Pin, PWM
from hcsr04 import HCSR0O4
from time {import sleep

sensor = HCSRO4(trigger_pin=2, echo_pin=4)
beeper = PWM(Pin(14), freq=1000, duty=512)
beeper.deinit()

minDist=10

while True:
distance = sensor.distance_cm()
output="Distance: {:6.1f} cm"
print(output.format(distance))
if (distance<minDist):
beeper = PWM(Pin(14),freq=1000,duty=512)
sleep(.5)
beeper.deinit()
sleep(.1)

Kak TonbKO paccTosiHMe Mexay Y/bTpa3ByKOBbIM MoAy/leEM M aBTOMObUNEM nagaeT Huxe
3HayeHus «minDist» (B cM), 3By4nT NpeaynpeanTesibHbll 3BYKOBOM CUMHan.
AHanorn4yHble CMCTEMbI TaKXXe UCMOJIb3YIOTCS B NMPOMbILWIEHHOM NPOU3BOACTBE U BCe
yaule B poboToTEXHMKE.

e 120



Chapter 9 ¢ Using Sensors

9.17 OnTManbHbIA MUKPOKJIMMAT B NoMeLleHuun ana c¢paopbl u dpayHbl
Koraa peuyb naet o6 obuiemM caMovyBCTBUM, BaXKHa He TOJIbKO TeMnepaTtypa, HO U
BNIAXHOCTb. [Jaxe npu npuaTHbIX 22 °C Bbl He byaeTe 4yBCTBOBaTb cebs KOMDOPTHO,
€C/n BO34yX O4YeHb Cyxor. C ApyroM CTOPOHbI, C/TULLKOM BbICOKMIA YPOBEHb B/IaXXHOCTU
TakXe He crocobCTBYeT XOPOLIEMY CaMOYyBCTBMIO U 340POBbI0. BrnaxkHOCTb Bo3ayXxa
TakXe UMeeT peluatolee 3HayYeHne A/l KOMHATHbIX pacTeHU. MHOrMM KOMHATHbIM
pacTeHusM, Aaxe KakTycaM, TpebyeTcs BNaXHOCTb Bo3ayxa He Huxke 40%. Tponudeckue
unu cybTponuueckue pacteHus gaxe npeanovmtaloT ropasgo 6onee BnaxHblid BO34yX.
OpWeHTUPOBOYHOE 3HaYeHMe, ONTUMabHOE A1 MHOTUX pacTeHWUI, COCTaBSIET OKOMO
60% oTHOCMTENbHOM BnaxHoctn (RH).

B To e BpeMsi pacTeHuss obecneymBatloT perynmpyemMoe cogep>xaHue Braru B Bo3ayxe 3a
CYeT ucnapeHus Yepes NncTbs. MosToMy AN ONTUMaabHOro MMKpPOKIMMaTa B
NoMeLLeHNM NosIe3HO KOHTPOSIMPOBaTh Kak TeMnepaTypy, Tak W BAaXHOCTb Bo3ayxa. Mpwu
Heo6xX0AMMOCTN MOXHO BMeLaTbCsl, YTObbl yperynnpoBaTb CUTyauuio, Hanpumep, ¢
AOMNOJIHUTENBHBIMW KOMHATHBIMU pacTEHUAMM.

KOM6UHNPOBaHHbIe AaTYMKN 4SS OMNPEnesIeHNs BIAXXHOCTU M TEMMEPATypbl NMO3BONSAOT
OAHOBPEMEHHO M3MepsTb 06a 3HaueHuns. Eciv Moaysb AaTumKa yxe COAep>KUT
Heob6xoaMMble aHanoro-umdposbie npeobpasoBaTenn B AOMOJIHEHUE K CAMOMY AATUUKY,
CUNTBLIBAHME OYEHb NPOCTO. B 3TOM criyyae TpebyeTcs TO/IbKO OAMH KOHTAKT AaHHbIX,
yepes KOTopbIi NepeaaeTcs UHMOPMaLUNS 06 MU3MEPEHHOM 3HAUYEHUMU.

DHT11 — OTHOCUTENbHO HEeAOPOron AaTUMK TeMNEpPATYPbl U BNAXHOCTU. BnaxHocTb
BO34yXa 060MX TUMOB U3MEpPAETCs eMKOCTHbIM METOAOM U3MepeHus. s nsMepeHums
TeMnepaTypbl BO34yXa MCNONb3yeTcs TepMucTop. MNMockonbky npeobpasoBaTesnb BbIBOAUT
roToOBbI/ LMMPOBOM CMIrHaM Ha CBOW BbIBOA AAHHbIX, aHa/IOroBbI BBOA He TpebyeTcs.
Ecnu TpebytoTcs 60onee TOUHbIE 3Ha4YeHMs, MOXHO ncnonb3osatb DHT22 unn ero 6onee
onTMMM3MpoBaHHble Bepcun AM2320, HTU-21 nnn Si7021. OHM umetloT 6onee BbICOKYO
TOYHOCTb, Nydllee paspelleHne n bonee WMPOKUIA AManasoH nsMmepeHuin. OgHaKo 1 LeHa
WX COOTBETCTBEHHO BblLUE.

Moaynb BblAaeT HOBOE M3MEpPEeHHOEe 3HaYeHne Kaxable ABe ceKyHAbl. [ToCKObKy
KOMHaTHaa TeMnepaTtypa U BAa>XXHOCTb BO34yXa 06bI4YHO HE N3MEHSAIOTCS OYEHb 6bICTpO, B
6onblwnHCcTBE cny4aeB Takon CKOPOCTU U3MEPEHNA OA0JIHKHO 6bITb A4OCTATOYHO.

Cneaytowime ABa pUCYHKa MoKasbiBaloT GoTorpadmio MoAys U COOTBETCTBYOLLEE
Ha3HauYeHne HOXeK.

Pnc.9.23: JaTtumku TemnepaTypbl/BNaxHOCTU TMnos DHT11 n DHT22.
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Pnc.9.24: HasHa4yeHue BbiBOAOB DHT11/22.

O603HayeHne «Nc» 34eCb 03HAYAET «HE MOAKJIIYUEH», T. €. WTUMT He NOAKITIOYEH
BHYTPU. XapaKTepUCTUKN AAaTYMKOB NPUBEAEHbI B ClieayloLiein Tabnuue:

DHT11 DHT22

HanpshxeHne nutaHus or3,300558B or3,300558B
MNoTpebnsemMas MOWHOCTb aKTUBHA 0,3 MA Tun. - 2,5 MA Makc. orlp01,5MA
TOYHOCTb NOBTOPEHUS BAAXHOCTU +1% RF +1% RF
TOYHOCTb M3MEPEHMSA BNAXHOCTM +2% RF (B AnanasoHe +2% RF (B AnanasoHe
npm 25°C ot 20 8o 90 %) ot 20 fo 100 %)
BpeMsi peakLuMM BAAXHOCTU npwu 25°C 6c 6c
[onroBpeMeHHasi CTabunbHOCTb <+0,5 % RF/rog <%0,5 % RF/rog
To4HOCTb M3MepeHUs TemrepaTypbl +0,5 °C (B ananasoHe +0,5 °C (B ananasoHe
ot 0 go 50°C) -40 po 80°C)
PaspeweHne 1% RF, 1 °C 0.1% RF; 0.1 °C
Bpemsa TemnepaTypHOW peakunn 10 c 10 c
PacnuHoBka 1: vdd, 2: DATA, 3: NC, 1:vdd, 2: DATA, 3:
4: GND GND,
4: GND
CKOpOCTb Nepeaayn AaHHbIX 1 n3mepeHue B 2 cekyHAabl 1 n3mepenue B
2 CeKyHAbl

Bonee BbicOKas TOUHOCTb, Jyyllee paspelueHne 1 6osiee WNPOKUIA AMana3oH N3MepeHuns
TemMnepaTypbl U BAaxHocT DHT22 TpebytoT A0MONHUTENbHBLIX YCUAWI NPy
W3roTOBNEHWUM U TECTUPOBAHMM, UTO TaKXKe OTPAXAETCS Ha ero LeHe.
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P1c.9.25: MpuHUMnuanbHasa cxemMa Moaynst DHT, nofakaoyeHHoro K nnate ESP.

MoaTaxka 10 kKOM rapaHTUMpPYEeT, YTO CUMHa/NbHbIM KOHTAKT agaTunka DHTxx 6yaet
noaTsaHyT K BbICOKOMY ypoBHI0, ecnin He NpuMeHaeTcs UKCMPOBaHHbIN ypoBEHb. DTO
noaTaArMBaHne He Bcerga Heobxoammo npu paboTe ¢ nnaton ESP, Tak Kak BHyTpeHHee
NOATArMBaHME akTUBUpyeTca B 6ubnnoteke DHT. Ecnn, BONpekn oxunaaHusMm,
pe3ncTopoM npobnem HeET, ero MOXHO UCMOMb30BaTh, Kak NMokasaHo.

Pnc.9.26: Moaynb DHT22 1 Mmoaynb ESP Ha MakeTHOW nnaTe.
[aTuvMky CUMTbIBAIOTCS Yepe3 COOTBETCTBYHOWY 6ubnmoteky. OH aBTOMaTUYECKU

3arpyxaetcsa Ha ESP32 BMecTte ¢ npowwuBkon MicroPython. Takum o6pas3om, gatumku
MOryT 6bITb CUMTaHbI C MOMOLLbIO Creaytowel NporpamMmel.
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# DHT11_HumiTemp_sensor_demo.py

from machine import Pin
from time {import sleep
import dht

#sensor = dht.DHT11(Pin(14))
sensor = dht.DHT22(Pin(14))

while True:
try:
sleep(2)
sensor.measure()
temp = sensor.temperature()
hum = sensor.humidity()
print(,Temperature: %3.1f C' %temp)
print(,Humidity: %3.1f %%' %hum)
print()

except OSError as e:

print(,Failed to read sensor.')

MO>XXHO aKTUBMpoBaTb NN 3aKOMMEHTUPOBATDb.

34€eCb MOXHO eLle pa3s NpoAEMOHCTPUpPOBaTh PYHKLUMIO KOHCTPYKUWUK try/except,
Mncnosib3yeMyro B nporpamme. Ecnun AaTUUNK 6y,qu yAaneH BO BpeEMA paGOTbI Ana
MMuUTaumnm gedekta, nporpamma He 6yaeTt npepBaHa. Bmecto aToro oto6paxaeTtcs
npeaynpexaatoulee coobuieHme «He yaanocb npounTtaTbh AAaTYMK>», U NporpaMma

npoAosikaeT paboTy:

Shell

Humidity: 42.0 %

Temperature: 20.0 C
Humidity: 42.0 %

Failed to read sensor.
Failed to read sensor.

Temperature: 21.0 C
Humidity: 43.0 %

Temperature: 21.0 C
Humidity: 43.0 %

< |m

Pnc.9.27: MNpeaynpexaatowee cooblieHne o c6oe aatumka.

Korga AaTuvk BCTaB/IEH CHOBA, MporpaMMa aBToMaTM4Yeckn BO306HOB/SIET CBOO
nepBoHavasnbHyto paboTy. Tak, ecnun, HanpuMep, B yAaneHHOW U3MepUTENbHON CTaHUuK
aKTUBHbI HECKO/IbKO AATYMKOB, HEMCNPABHOCTb OAHOI0 AATUYMKA HE MPUBOAUT K MOSIHOMY

BbIXo4y U3 CTpo4A BCEWN CTaHUMW n3-3a npepbiBaHUA NporpamMmmMbl.
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9.18 «Bepb MHe...»: CpaBHeHMe AaTYMKOB

B MicroPython Heckonbko TMMNOB AaTYMKOB MOryT paboTtaTb OAHOBPEMEHHO Ha O4HOM
KOHTponnepe 6e3 kakmx-nnb6o npobnem. Cnegytowaa nporpaMma otobpaxaeTt 3HayeHus
oaHoro DHT11 v ogHoro DHT22 Ha KOHcoNu:

«$ noBepso TONbKO TOM CTaTUCTUKE, KOTOpYto caM cdhanbcubumumpoBan», — Tak, Kak
roBOpAT, CKasasn YMHCTOH Yepumnnb. C M3MEpPEHHbIMU 3HAYEHUAMM AeN0 06CTOUT He Tak
YX CUNbHO. M03TOMY BCeraa MHTEPECHO CPaBHUTbL pe3yfbTaTbl PasHbIX AATYMKOB.

# DHT11_22_double HumiTemp_sensor.py

from machine import Pin
from time import sleep
import dht

sensorl = dht.DHT11(Pin(26))
sensor2 = dht.DHT22(Pin(14))

while True:
try:
sleep(2)
sensorl.measure()
templ = sensorl.temperature()
huml = sensorl.humidity()
print("DHT11:")
print(,Temperature: %3.1f C' %templ)
print(,Humidity: %3.1f %%' %huml)
print()

sensor2.measure()

temp2 = sensor2.temperature()

hum2 = sensor2.humidity()
print("DHT22:")

print(,Temperature: %3.1f C' %temp2)
print(,Humidity: %3.1f %%' %hum2)
print()

except OSError as e:
print(,Failed to read sensor.')

OHa Tak>xe No3BOJISIET NPOBOAUTb OYeHb MHMOPMaTUBHbIE CPaBHUTESIbHbIE U3MEPEHMS.
Jlyywwnii cnoco6 caenaTb 3TO — yAanuTb AOMOJHUTENbHYO MH(OPMALMIO B MHCTPYKLUMSX
print(). Toraa 6yayT BbIBOAUTLCS TOMbLKO YNCTblE AaHHbIE. 3aTEM AaHHbIE MOXHO CPaBHUTb
HenocpeacTBEHHO B MOTTEpE.
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Ha cnepyoweM pucyHke nokasaHo cpaBHEHWE, NMoSTlyYeHHOEe TakuMm 06p330M:

100

Humidity
DHT11

DHT11

Temperature

0 sree

Pnc.9.28: CpaBHuTenbHoe namepeHne DHT11/DHT22.

MoayB TensbiM BO3A4YXOM U3 deHa, MOXHO NPOAEMOHCTPUPOBATL, KakK AaTUNKK
pearmpytoT Ha U3MEHEHUS TEMMNEPATYpbl U BNAXHOCTU. BUAHO, YTO CO BpeMEHEM eCcTb
OTKJIOHEHMS. B LenoM, 0AHaKo, U3MEpPeHHble 3HaYeHNss 06pasL OB, UCMOJIb30BaHHbIX
3[€Cb, XOPOLLO COrsacyTcs.

9.19 NUaMmepeHune atMochepHOro AaBJIEHUA U BbICOTbl HaJ, YypPOBHEM MOpS
Hapsaay c TemnepaTypoli U BNaXHOCTbIO, aTMOCepHoe aaBneHune aensietcs Hanbonee
BaXHbIM MapaMeTpoM, KOraa peyb MAeT O KIIMMaTUYeCKUxX AaHHbIX U MPOrHO3MPOBaHUMN
noroabl. JocTtyneH aatunk BME280 ot Bosch — coBpeMeHHbIN n3MepuTesibHbIN
npeobpasoBaTenb, CNOoCobHbIN perncTpupoBaTb BCe TpU napameTpa. JaHHble 4aTYMKOB
CHOBa BbIBOAATCA Yepe3 uHtepdenc I12C. TexHnueckmne gaHHble BME280 npuBeseHbl B
cnepytwollen Tabnuvue:

Pazmepsbl (4 x W) 14 x 10 mm

Pabouee HanpsixeHne: o1 1,8 Baoo5B

NHTepdeiic: 12C

[Onana3oHbl u3MepeHnsa: TemnepaTypa: -40 °C go +85 °C
[aBneHue Bo3ayxa: ot 300 rfMa ao 1100 rMa + 0,25 %
Bna>kHoCTb: OTHOCUTENbHAas TOYHOCTb £3%,

<2% l'nctepesunc

TecToBble NnaThbl ¢ AaT4MKoM BME280 nMetloT 4 KOHTaKTa, KOTopble NOAKI4YalTCS K

ESP32 cnepytowmm ob6pasom.

VIN 3.3V
GND GND
SCL 22
SDA 21
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Pnc.9.29: BME280 1 ESP32 Ha MakeTHOM nsaTe.

[ocTynHbl pa3nunyHble 6ubNMOTEKM AN CYUTBIBAHUSA MOKa3aHui gaTtymka. CCbliku
MOXHO HanTu B nanke c kogamn. ®ann BME280.py HeobxoamMo nepesarpy3uTtb B ESP
noa user_lib. 3aTeM TeKkywmne n3aMepeHHbIe 3HAYEHUSA MOryT 6bITb CYUMTaAHbI C MOMOLLbIO
crnepyoLLlero cketya.

# BME280 Temp_Humit_Press-sensor_test.py

from machine import Pin, I2C
from time {import sleep
import BME280

# ESP32 - Pin assignment

i2c = I2C(scl=Pin(22), sda=Pin(21), freq=10000)
# ESP8266 - Pin assignment

#i2c = I2C(scl=Pin(5), sda=Pin(4), freq=10000)

while True:

bme = BME280.BME280(i2c=1i2c)
temp = bme.read_temperature()/100.0
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hum = bme.read_humidity()/1024.0

pres = bme.read_pressure()/25600.0

# uncomment for temperature in Fahrenheit

#temp = (bme.read_temperature()/100) * (9/5) + 32
#temp = str(round(temp, 2)) + ,F'
print(,Temperature: %5.1f C' %temp)

print(,Humidity : %5.1F 9%%' %hum)
print(,Pressure : %5.1f hPa' %pres)
print(" ")
sleep(1)

ATMocdepHoe aaBneHne BbIBOAUTCS B rekTonackansx (rfla) ¢ ogHMM AeCSTUYHBIM
3HaKoM. Takasi TOYHOCTb MO3BOJISIET HAPOMETPUYECKN U3MEPATb PasHULYY BbICOT BCEro B
oavH MeTp. Cneaytowas nporpamma npeaocTaBseT rekTonackanm B AecsSTUYHOW dopme
C ABYMS 3HakaMu nocre 3anaTon.

# BME280 Press-sensor_numeric.py

from machine import Pin, I2C
from time {import sleep
import BME280

i2c = I2C(scl=Pin(22), sda=Pin(21), freq=10000)

averages=30

def pressure():
p=bme.read_pressure() // 256
pi=p// 100
pd=p-pi*x100
return "{}.{:02d}".format(pi, pd)

while True:
bme=BME280.BME280 (i2c=172c)
press=0
for i 1in range(averages):
press += float(pressure())
sleep(.1)
print(press/averages)

Kpome Toro, 3HayeHus gatunkos ycpegHstoTcs 30 pas. 2To no3BoAseT naoTrepy
obHapyxumBaTb Aa)xke Manenwmne pasnunuus B BbicoTe. Ha cneayrowem rpadumke BbicoTa
AaTtyuvka 6blna n3MeHeHa Ha 0AMH MeTp. Bbl MOXeTe YeTKO BUAETb CHUXEHWE U
NoBbILWEeHNe AaBfeHus.
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Shell

335.3267
935.261 93575
935.1985
935.1501

9355

935.25

935.463
©35.4817
935.5002

<[m

93475 .

P1c.9.30: M3MepeHune BbICOTbI C NOMoLblo BME280.

B pasgene 16.1 faTumMK CNY>XUT OCHOBOW ANSt BUPTYyasibHOW METEOCTaHLMKN, KOTOPYHO
MOXHO BbI3blBaTb MO BCEMY MUPY.

9.20 O6Hapy>xeHne MarHUTHbIX NoJsiei C NoOMOoLWbIo AaTyuka Xosnna

C ynnom ESP32 nocrtaBnseTcs 6ecnnaTHbIM AaTymK. B AOMNOSHEHWE KO MHOMMM ApPYrnM
PYHKLUAM MUKPOCXEMa TaKXXe COAEPXMUT AAaTUMK XO0/na, KOTOpPbI/ NO3BONSET U3MEPATb
HanpsX€HHOCTb MarHUTHoro nons Bé6nusn UC. atumk Xonna — vnm npocto «Xonna» —
BblJAAET HaMps>XeHne, KOTOpoe yBeIMYMBAETCA C yBeNMYeHneM abCconoTHOM
HanpsHKeHHOCTM MarHMTHoro nons B6n13n npeobpasosaTtens.

[aTumnk faxke No3BOJISIET PasfiMyaTb MarHUTHbIA CEBEPHbIN U 1OXKHbIM Nostoca. 3To
03HAYaEeT, YTO €ro MOXHO MCMOJIb30BaTh A1 MHOMUX Pa3fIMYHbIX NMPUIOXKEHUN.
EAVHCTBEHHbLIM HEOCTATKOM SIBASIETCS TO, YTO AATYMK NOCTOSIHHO BCTPOEH B YuM. 3TO
ABHO JaeT BaM MEHbLUY M’MBKOCTb, YEM BHELWHWUI AaTumk Xonna. TeM He MeHee, MHorne
NMPUIOXEHUS peannsyembl, Hanpumep:

e /3MepeHune 4acToTbl BpalleHWs ABuUraTens
e MarHuWTHbI 6€CKOHTaKTHbIM NepekoYaTenb
e MarHuWTHbIN NepekoyaTenb 415 06HaPY>KEHUS OTKPbITbIX OKOH MW ABEpeit

[atunk Xonna BblAAeT aHanoroBble 3HaueHMsa. OAHaKo PYHKLUMUU NEPEKSTIOUYEHNS TaKxkKe
MOryT 6bITb peanM30BaHbl C MOMOLLLIO MPOrpaMMHOr0 pacro3HaBaHWs MOpPOroBoro
3HauyeHuns. [JaTuymMK MOXHO NpPOTECTUPOBATh C MOMOLLbLIO C/leyioLwel NporpaMmmsl. B
OCHOBHOM LIMK/IE€ UCXOAHbIE AaHHblEe AaTUMKa NepeaalTcs Ha KOHCOMb:

# Hall_sensor_test.py

import esp32
from time import sleep

esp32.hall_sensor() # read the -dinternal hall sensor

while True:

e 129



print(esp32.hall_sensor())
sleep (1)

[aTumMK MOXHO JIErko NpOBEPUTb C MOMOLLbI MarHuTa. Ecnn MmarHuT npmubnmsntb K umny
ESP, 3HaueHus MeHawTcs. Jlyylle BCEro 3TO BUAHO C NOMOLLbIO dDYHKUUKW NaoTTepa
obonoyku:

1000

-1000

Pnc.9.31: i3MepeHHble 3Ha4YeHns gaTtymka Xonna.

Ecnu, Hanpumep, OXHbIA MOMIOC YyKa3blBAae€T Ha YMM, 3HayeHus yMeHblialTcs. B
3aBMCUMOCTM OT CUJIbl MarHuTa MoXeT 6bITb AOCTUIHYT AnanasoH oT -500 go -1000. Ecnu
CeBepHbIV NOC NPUBAMXKAETCS K YNy, U3MEPEHHble 3HaYeHns Bo3pacTtatoT oT +500 ao
+1000.

9.21 [laTuMKM TPEBOrM KOHTPOJZIMPYIOT ABEpb U BOpoTa

JaTtunk Xonna MOXHO MCMONb30BaTb, HANpUMep, ANs KOHTPONs ABEepel, BOPOT Uiun
OokOH. Crieaytowas nporpaMma NnepeksoYaeT 3e/eHbli CBETOANOA Ha KpPacCHbIN, Kak
TONIbKO MarHMTHOE nosie B6/1M3K Ynna BbIXOAMT 3@ npeaesnbl onpeeneHHoro
npeaesnbHOro 3HayYeHus.

/# Hall_sensor_alarm.py
import esp32

from time {import sleep
from machine import Pin

ledRed = Pin(2, Pin.OUT)
ledGreen = Pin(4, Pin.OUT)

esp32.hall_sensor() # read the internal hall sensor
threshold=100

while True:
Hfield=1int(esp32.hall_sensor())
print(Hfield)
if (Hfield>threshold):
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ledRed.value(0)

ledGreen.value(1)
else:

ledRed.value(l)

ledGreen.value(0)
sleep(.1)

[Ona 3agay MOHUTOPUHIa K ABEPHOMY UM OKOHHOMY AaTuMKy HEO6X0AMMO NPUKPEnnTb
MOCTOSIHHbIN MarHuT. Moaynb ESP MOHTUpPyeTcsa Tak, YTO6bl MarHUT Haxo4MACs psSAOM C
MoAyNeM Mpu 3aKpbITbIX OKHaxX unu asepsax. Mpun OTKPbITUM MarHUT yaansieTcs 13
mMoaynsa ESP, n Hanps>XXeHHOCTb MarHUTHOro nonsa B6an3u ymMna nagaeT npakTUyecku Ao
Hyns. O6bHapyxeHue nopora reHepupyeT UMdpoBoi curHan. B npuMmepe nporpammel OH
BbIKJ1I0YAET 3€e/IeHbIi CBETOAMOA U aKTUBUPYET KpacHbI ceeToanos. CurHan MoXHO
MCronb30BaTb W ANS Apyrux uenen. Hanpumep, ero MoxHo nepeHanpasuTb Yyepe3s WLAN
Ha MK nnu cMapTdoH, rae OH MOXET Bbi3BaTb COOTBETCTBYIOLUNI CUFHAN TPEBOrw.
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FnaBa 10 e TexHONOrMA OTO6paAXXKEeHUA N 3KpaHbl MaNoro
pa3mMepa

OTobpaxeHne TEKCTOB W 3HAYEHMIN B KOHCONN BMNOJSIHE NOAXOAWUT 4SS MHOIMX Lenemn
TECTUPOBAHUSA N MPOCTbIX NPUNOXeEHU. OaHaKO 3TOT BapMaHT UMeeT 60/bLIoi
HeAoCTaToK B TOM, UTO Bceraa Tpebyetcs MK nnu xots 66l HOyTOYK. ECnn cuctema
HaxoAuTCsl B MOCTOSAHHOM paboTe B TeYEeHUE HECKONbKUX AHEN Uan Hepenb, paboTa aTnx
YCTPOUCTB 6yaeT noTpebnsiTb HEHYXHOE KONMMYECTBO 3HeEprun. Kpome TOro, He Bceraa
XenaTenbHO UK LenecoobpasHo NCMob30BaTb OTAENbHbIM KOMMbIOTEP AJ151 KaXXA0ro
NMPUIOXEHNS MUKPOKOHTpOEepa.

Ecnu peyb naet Ton1bko 06 0TO6paxxeHN BPEMEHU UM U3MEPEHHbIX AaHHbIX OT
KIMMaTUYECKMX AATUYMKOB, ropasao Ayylle NoAKIUYNUTE K KOHTPOIepy COBCTBEHHbIN
Hebonbwon gucnnen. Lnpoko ncnonblyemoint Tun — SSD1306. 3TOT Ancnaen nMmeet
pa3speweHune 128 x 64 nukcener n pasmep Bcero 0,96 awiima (4yTb MeHee 2,5 cM).

CraHpapTHo MicroPython nocraenserca c agpaiBepoM Ans 3TON Bepcumn gmcnnes. 3ToT
ApanBep yxXe 3arpyxeH npu 3arpyske dannosoin cmctembl B ESP32. [lpaiiBep no3sonseTt
oTO6paxaTb TEKCTOBbIE U YNC/IOBbIE AAHHbIE, @ TaKXe NMpoCcTyo rpaduky. Aucnnen
SSD1306 ocHalleH BHYTpPeHHEelN onepaTMBHON NaMsATb U CO6CTBEHHbIM FreHEPaTOpPOM.
Mo3ToMy oH MoxeT pabotaTb 6e3 Kakux-nnmbo BHEWHNX KOMNOHEHTOB. KpoMe Toro, oH
MMEeEeT perysimpoBKYy SpPKOCTU C 256 perynmpyemMbiMU YPOBHSAMM.

OcCHOBHble xapakTepucTukm ancnnes SSD1306:

e PaspeweHune: matpmua 128 x 64 Touek

e /IcTOYHUK nNuTaHusa: ot 1,65 B ao 3,3 B.

e [lnanasoH pabounx Temnepatyp: oT —40 °C go +85 °C

e BcTpoeHHbIl 128 x 64-6uTHbllh 6ydep ancnnes SRAM

e OYHKUMS HEMpepbIBHOW MNPOKPYTKM B FOPU30OHTASIbHOM U BEPTUKAIbHOM
HanpasneHuu

e BCTpoeHHbIli reHepaTop

OLED-aucnnesiMm He TpebyeTcsi (OHOBOE OCBELLEHME, MOCKOJSIbKY KaXAbli OTAENbHbIN
nukcenb cnocobeH nsnydatb cBeT. [0 3ToV NpUYMHE 3TOT BapuaHT MO-NpexXHeMy Nnerko
yMTaeTCs Aaxe npu HebnaronpuaTHbIX YCIOBUSAX ocBeleHus. Kpome Toro,
KOHTPACTHOCTb 3HAYMTE/IbHO BbILWE MO CPABHEHMUIO C XUAKOKPUCTANIMYECKMMU
avcnnesmu (KK-gmucnnesimmn). MocKoAbKy NMUKCeNb NOTpebsSieT SHEPrMi0 TONbKO Toraa,
KOrga OH AeNCTBUTENbHO 3aropaetcsl, OLED-aucnnen ouyeHb 3HeproaddEKTUBHbI.

Camble npocTbie Bepcum nnat SSD1306 nMeroT BCero YeTblipe KoHTakTa. 3Toro
[OCTaTOYHO A9 ynpaBieHus gucnneem no wuHe I2C. [ipyrue Bepcum MMeT KOHTaKThI
cbpoca nnu gononHuTenbHbl MHTepdelic SPI. OgHako ans 60bWNMHCTBA NPUIOXEHUN
[O0CTaTOYHO MpPOCTON KOHCTPYKUUK. B cneayioweli Tabnmue nokasaHbl Bce HeobxoanMbie
coeauHeHus.
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OLED-Pin ESP32

VDD 3V3
GND GND
SCK GPIO 22
SDA GPIO 21

Puc.10.1: OAncnneit SSD1306 Ha ESP32.

Cneaywwmin CKpUnT BbIBOAUT Ha AMCMEN TEKCTOBOE COObLIEHME N NPOCTOM
rpacduyeckmin anemeHT B BuAe dperima:

# SSD1306_DEMO.py

from machine import Pin, I2C
from ssd1306 import SSD1306_I2C

i2c=I2C(-1,scl=Pin(22),sda=Pin(21))

# I2C Pin assignment

oled_width=128

oled_height=64

oled = SSD1306_I2C(oled_width, oled_height, i2c)
lin_hight = 9

col_width = 8
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def text_write(text,lin, col):
oled.text(text,col*xcol_width,linxlin_hight)

oled.fill(0)
text_write("MicroPython", 1, 2)
text_write("for", 3, 6)
text_write("ESP32", 5, 5)

oled.rect(5, 5, 116, 52, 1)
oled.show()

M faeT Takoh pesynbTaT:

:i e e Ty
Al ann vee S0 spa Y
MicroPython
for

ESP32

OADadmAaasadmnnaana
FSDI FSD3 FCLK 1021 1022 1019 1023 10W 105 1010 108 RXO TX0 1035 1034 1038 1037 EN

Pnc.10.2: Oucnnei SSD1306 C TeKCTOBLIM U rpacMyecknM BbIBOAOM.

Onsa ynpaBneHuns gucnneem Heo6xoanMMo MMNOPTUPOBATbL HeobxoanMble Moaynu. Kak yxe
yNOMUHanocb, 6uMbnuotekn «MmawmHa» u «SSD1306» 06bI4HO YyXe J[AOCTYMNHbl B
KayecTBe CTaHAapTHbIX 6ubnuotek. OgHako npu HeobxoanmocTun dann ssd1306.py MOXKHO
3arpy3mTtb Ha nnaty oTaenbHo. [uH-geknapauusa ang wuHel I2C BbiNonHsAeTcs C
MCMosb30BaHNEM:

i2c = I2C (-1, scl = pin (22), sda = pin (21))

Konwnuectso nukcenen NoAKIOYEHHOro MoAynA 3anncbliBaeTCsd CO cneqyrwmnmMm
nepeMeHHbIMU:

oled_width = 128
oled_height = 64
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MNapameTp «—1» yKa3blBaeT, YTO UCMONb3yeMblli MOAY/b HE UMeeT KOHTakToB cbpoca mnnm
npepbiBaHuA. C MOMOLbIO 3TON MHPOPMaLUM MOXHO co3aaTb 06bekT SSD1306_I12C ¢
mMeHeM oled. 3aecb 6epyTcs paHee onpeaeneHHble AaHHble:

oled = ssd1306.SSD1306_I2C (oled_width, oled_height, i2c)
Tenepb ancnnen rotos Kk paborte. OyHkumna "text()" BbIBOAUT MHPOPMALIMIO HA ANCMIEN.
Metoa show() ncnonb3yercs ans obHoBneHus amcnnes. PyHkums text() npuHuMaeTt
cnepyowme apryMmeHThbl:

e CoobLieHmne (cTpoka)

e X-no3numnsa 1 Y-no3mumns TeKCTOBOrO MOst B NMUKCENSX.
e HeobazaTenbHblli UBeT TekcTa: 0 = yepHbIn (TEMHbIN) N 1 = 6enbint (CBETNbIN)

Cneaytowas MHCTPYKUMS BbIBOAUT cooblueHne 6enoro unm CMHero LBeTa Ha TEMHOM
¢doHe. TeKkCT HaumMHaeTca c no3uumm X = 0my = 0:

oled.text ('MicroPython!', 0, 0)
MeTtoa show() AenaeT uaMeHeHns BUAMMbIMK Ha aucrnniee. bubnuoTteka Takxe coaepXuUT
apyrve nonesHole Metoabl. ®yHkuusa fill(1) co3paeT NonHOCTbIO 6enbii aKpaH, T. €. BCe

nukcenu ceetatcs. MNpu oled.fill (0) Bce NnuKcenn CTaHOBATCS YEPHbIMU WUJIN TEMHBIMU.

MeTopa pixel() no3BonsieT rpaduyeckoe npeactasneHve. OH NpUHMMaET creayowme
apryMeHTbl:

e X-KOOpAMHaTa: rOpuU30oHTasIbHOE MOSIOXKEHME B NMUKCENsaX.
e Y-KOoOpAMHaTa: BepTMKanbHas no3nuus B NMKcensax
e LiBeT nukcensa: 0 = yepHbiti, 1 = 6enbin

OanH 6enbin NMKCENb B BEPXHEM JIEBOM YI/ly MOXHO CO34aTb TakK:
oled.pixel (0, 0, 1)

M UCMosb3ys

oled.invert (True).

uBeta OLED mHBepTupoBaHbl. Benoe ctaHOBUTCS YepHbIM U HA060pOT. UTO6LI BEPHYTLCSA
K MCXOAHbIM LiBETaM, MOXHO Mcnonb3oBaTb oled.invert (False).

10.1 Npachmueckoe npeacrassieHne

B fonofHeHWE K MUKCENbHbIM MHCTPYKLMSIM AOCTYMHbI U ApYyrue rpaduyeckne KoOMaHAabl.
FOpM30HTaNbHbIE N BEPTUKAbHbLIE IMHUWM MOXHO pUCOBaTb C nomouwbio .hline() nnu
.vline(). 3apgaetcsa HadanbHaga nosmumnsa XY, a Takxke AfIMHa U UBET JINHUN.
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Hanpumep, cneaytowas nporpamMma pucyeT Ha AUCMNIEE KOHUEHTpUYECKme
NpsMOYrofibHbIe paMKMU.:

# SSD1306_frames.py
from machine import Pin, I2C
import ssd1306

i2c = I2C(-1,scl=Pin(22),sda=Pin(21))

oled_width = 128

oled_height = 64

oled = ssd1306.SSD1306_I2C(oled_width, oled_height, i2c)

for n in [0,5,10,15,20,25]:
oled.hline(n, n, oled_width-1-2%n, 1-2%n)
oled.hline(n, oled_height-1-n, oled_width-1-2%n, 1-2%n)
oled.vline(n, n, oled_height-1-2%n, 1-2xn)
oled.vline(oled_width-1-n, n, oled_height-2%n, 1-2%n)
oled.show()

L]

&€ v
aNn vwer SC1Sha

Pnc.10.3: Pamka Ha OLED-aucnnee.

[wvaroHanu pucytoTcsa c nomolblo: nnHun (x1,y1,x2,y2, c) Mexay AByMS onpeaeneHHbIMU
TOouKaMm (x1, yl) " (x2, y2). MapameTp C ynpasnseTt LBETOM
HapucoBaHHOW NWHUMM. [Ona nNpocToh rpaduku pacTpoBble W306paxeHus MoryT
3anuceliBaTbCst NonukcensHo B 6ydep ancnnesi. Cneaytowlas nporpaMMa nokasbiBaeT CO0

# SSD1306_b1itmap_DEMO.py

from machine import Pin, I2C
import ssd1306

import urandom
i2c = I2C(-1, scl=Pin(22), sda=Pin(21))

oled_width = 128
oled_height = 64
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oled = s

# pamka

oled.hli
oled.hli
oled.vli
oled.vli
oled.sho

ICON = [
(o,
(o,
(o,
(o,
(1,
(1,
(o,
(o,
(o,
(o,
(o,

for n 1in
xofs =
yofs =
for vy,
for

ol

sd1306.5SD1306_I2C(oled_width, oled_height, i2c)

ne(0, 0, oled_width-1, 1)
ne(0, oled_height-1, oled_width-1, 1)
ne(0, 0, oled_height-1, 1)

ne(oled_width-1, 0, oled_height, 1)
w()

o, 0, 6, 1, 1, 1, 0, 0, 0, 0],
o, 0, 1, 0, 0, 0, 1, 0, 0, 0],
o, 1, 0, 0, 0, 0, 0, 1, 0, 0],
i, 0, 0, 0, 0, 0, 0, 0, 1, 0],
o, 0, 0, 0, 0, 0, 0, 0, 0, 1],
i,1, 1, 1, 1, 1, 1, 1, 1, 1],
o, 0, 6, 1, 1, 1, 0, 0, 0, 0],
o, 0, 1, 0, 1, 0, 1, 0, 0, 0],
o, 1, 0, 0, 1, 0, 0, 1, 0, 0],
i, 0, 0, 0, 1, 0, 0, 0, 1, 0],
o, 0, 6, 1, 1, 1, 0, 0, 0, 0],

range(12):

urandom.randint(l, oled_width-12)
urandom.randint(l, oled_height-12)
row in enumerate(ICON):
X, € in enumerate(row):
ed.pixel(x+xofs, y+yofs, c)

oled.show()

CO cnegywouwnMm pesynbTaToM Ha AUCnnee:
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Puc.10.4: I'padunyeckune anemeHTbl Ha OLED-ancnnee.

10.2 OLED-aucnnei B KayecTBe njioTrepa AaHHbIX

B agononHeHMe K pacTpoBbiM M306paXeHUsIM AaHHble W3MEpPEeHU TakXe MOoryT
oTobpaxaTbcs rpacdpmyeckmn Ha OLED-gucnnee. 910 03HayaeT, uTo Bbl 60/1blLE HE 3aBUCUTE
OoT dyHKUMM nnotrepa B Thonny, HO TakXe MOXETe HACTPOUTb aBTOHOMHbIE
YCTPOWNCTBa C rpadmMyecknm BbIBOAOM.

Cnepytowaa nporpamma obecneumBaeT MNPOKPYUMBAKOLWMNCA AUCMNIENA, W3BECTHbIA MO
npodeccrmoHanbHbIM ycTporictBam DKI B 6onbHMLAX.

# Rolling_ECG_display.py

from machine import Pin, ADC, I2C

from time {import sleep

import ssd1306

i2c = I2C(-1, scl=Pin(22), sda=Pin(21))
oled_width = 128

oled_height = 64

oled = ssd1306.SSD1306_I2C(oled_width, oled_height, i2c)

pot = ADC(Pin(34))

pot.atten(ADC.ATTN_11DB) # lMonHbn avanasoH: 3,3 B
vMax = 3.4

dotPos_old = int(oled_height/2)

while True:
pot_value = pot.read()
voltage = 0.000816xpot_value + 0.037822

# print(voltage)

dotPos_new = 1int(voltage/vMax*oled_height)
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oled.line(0, dotPos_new, 0, dotPos_old, 1)
oled.scroll(1l, 0)
oled.line(0, dotPos_new, 0, dotPos_old, 0)

dotPos_old = dotPos_new
oled.pixel(0, int(oled_height/2), 1)
oled.show()

[Onsa perncrpaunmn naMepeHHbIX 3HadeHunn Kk Bxoay AL 34 MOXHO MOAKNIOUYNTD
noteHunomeTp (cM. pasgen 9.2). MNocne 3anycka NporpaMMbl 3HaYEHUS HaNpPsXKEHNS
HenpepbIBHO 0TO6paxatoTcs Ha Aucnee.

OTO0 CTano BO3MOXHbIM 6n1arogapsi BCTPOEHHOW YHKLUMM MPOKPYTKU. Hepes MHCTPYKUMIo
oled.scroll(1l, 0)

BCE COAEpXUMOe 3KpaHa nepeMeLlaeTcs Ha OAMH NuKcenb. Ecnun Bbl XOTUTE 3anucbiBaTbh

He oTAesNbHble NMUKCEeNN, a HEMPEPbLIBHYIO KPUBYIO, BaM HYXXHO CO€AMHUTb TOYKU

INMHMAMKU. Ons 3Toro HeobxoamMMbl aBe nepeMeHHbIE:

dotPos_old

dotPos_new

OHU pUCYIOT NIMHUIO MEXAY TEKYLUUM U NOCNEAHNUM U3MEPEHHbIM 3HaYEHMEM. 3aTeM
M306paxeHne CMELAETCS Ha OAUH NUKCeNb. HakoHeLl HOBas NO3uLMUS NEePeHOCUTCS BO
BPEMEHHYIO NaMsAThb:

dotPos_old = dotPos_new

M Urpa HauymHaeTcsa cHadana. Ha cnefyoleM puCcyHKe rnokasaH rnpuMep HernpepbiBHOMo
M3MEHEeHUS 3HaYeHUN’ NOTEHUMOMETPA:

e 139



Pnc.10.5: BbiBog AaHHbIX Ha OLED-ancnnen.

Ecnn y Bac ecTb ycunutenb IKI, Bbl TaKXe MOXETe TakuM e o6pa3oM 3anucbiBaTb
3/1EKTPUYECKNE CUMHaMbl YenoBeYyeckoro cepaua. B pesynbTate nosyvyaercs TUnuyHas
3/IeKTpoKapAMorpaMMa, U3BECTHasi B OTAENEHUAX MHTEHCMBHOM Tepanun B 60bHULAX:
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10.3 Moxkanyiicra, ykakute TOMHOe BpeMsa: 4LudpoBble Yacbl

c OLED-gucnneem

Ewe oaHUM NONEe3HbIM NPUNOXEHNEM ANS ANCTIES ABNSETCA BbIBOL BPEMEHU. 3TO
npesBpawaeTt ESP32 BMecTe ¢ SSD1307 B npakTu4Hble umdposble Yacbl. PyHKkumA time()
13 moayns time Bo3BpallaeT KOMMYECTBO CEKYHA C MOMEHTA BK/OYEHUS unam cbpoca
nnaTbl. Yepes3 nepeMeHHYyo

time_offset=20%x3600+00*x60+0 # Y4.MM.CC
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MOXHO yKasaTb BpeMd Hadana. B aToM cnydae yacbl HaumHawTcs co BpemeHun 20:00:00.
MNopnporpamma "time_text()":

def time_text(time):
secs=time%60
mins=(time//60)%60
hours=(time//3600)%24
return "{:02d}:{:02d}:{:02d}".format(hours,mins,secs)

npeo6pasyeT nocneaoBaTeNbHble CEKYH/bI B YaCbl, MUHYTbI U CEKYHAbI, TO €CTb B
06blYHOE NpeACTaB/IEHME YY:MM:CC.
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Pnc.10.7: Undposble vyackl ¢ OLED-gmcnneem

Yacbl MOXXHO HaCTpOUTb C NOMOLLbIO ABYX kKHOMoOK (Tal n Ta2) Ha noptax 02 n 04.
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Pnc.10.8: MpuHuMnManbHasa cxemMa LMdpoBbIX YacoB.

KHOMKM CHOBA LWYHTUPYIOTCA KOHAEHCATOpaMu eMKocTbio 100 H® Ans ycTpaHeHus
Apebesra. Pe3ncTopbl HOMMHaNoM 1 KOM ciyaT NoATArMBaOLWMUMU PE3UCTOPAMM.

CBsi3aHHble npouefypbl NpepbiBaHUs

def handle_interrupt_min(pin):
global time_offset
time_offset+=60
time.sleep(.2)

def handle_interrupt_hr(pin):
global time_offset
time_offset+=3600
time.sleep(.2)

ybeaunTtechb, 4To MUHYTBbI (60 cekyHA) unn vackl (3600 cekyHA) yBenMunBaloTCs Ha
eAVHULY NPU KaXA0M HaxxaTuu KHonku. MNonHas nporpaMma un@poBbIiX YacoB BbIrSAUT
Tak:

# setable_clock.py
from machine {import Pin,I2C

import time
from ssd1306 +import SSD1306_I2C
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i2c = I2C(-1,scl=Pin(22),sda=Pin(21))
oled_width=128

oled_height=64

oled = SSD1306_I2C(oled_width,oled_height,i2c)

time_offset=20%x3600+00%60+0 # hh+mm+ss
lin_hight=5
col_width=8

def handle_interrupt_min(pin):
global time_offset
time_offset+=60
time.sleep(.2)

def handle_interrupt_hr(pin):
global time_offset
time_offset+=3600
time.sleep(.2)

button_min = Pin(4, Pin.IN)
button_min.irq(trigger=Pin.IRQ_RISING, handler=handle_interrupt_min)

button_hr = Pin(2, Pin.IN)
button_hr.irq(trigger=Pin.IRQ_RISING, handler=handle_interrupt_hr)

def text_write(text, lin, col=0):
oled.text(text, colxcol_width, linxlin_hight)

def time_text(time):
secs=time%60
mins=(time//60)%60
hours=(time//3600)%24
return "{:02d}:{:02d}:{:02d}".format(hours,mins,secs)

def show():
oled.fill(0)
text_write("Current time:",1,2)
current_text = time_text(current_time)
text_write(current_text,6,4)
oled.rect(10,25,108,16,1)
oled.show()

while True:
current_time=time_offset+time.time()
show ()
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10.4 He ToNbKO AJIN CNOPTCMEHOB: CEKyHAOMep

Takxe MoxeT 6bITb Eerko peannsoBaH cekyHaoMep. PaspeweHne Ao 1/1000 ceKyHAb
BO3MOXHO Aaxcke 6e3 0cobbix ycunmin. AnnapaTHyo CTPYKTYpyY, NOKa3aHHYy Ha puc.10.8,
MOXHO MUCMOb30BaTb 6€3 nameHeHnn. OQHaKo y KHOMOK MOSIBUIMUCH HOBble PYHKLNU:

Tal: Start / Reset Ta2: Stop

Ecnu Bbl XOTUTE OTKA3aTbCsl OT MOATSAIMBAIOWMX PE3NUCTOPOB Ha 1 KOM, Bbl TaKXXe MOXeETe
aKTUBMPOBaTb BHYTPEHHME MOATATMBAOLWME PE3NUCTOPbI:

start_button = Pin(2,Pin.IN,Pin.PULL_UP)
stop_button = Pin(4,Pin.IN,Pin.PULL_UP)

B pe3synbTaTte nonyvyaercs cnepytowas nporpaMMa:
# stopwatch.py

from machine import Pin, I2C
import time
from ssd1306 import SSD1306_I2C

i2c = I2C(-1, scl=Pin(22), sda=Pin(21))
oled_width = 128

oled_height = 64

oled = SSD1306_I2C(oled_width,oled_height,i2c)

start_button = Pin(2,Pin.IN,Pin.PULL_UP)
stop_button = Pin(4,Pin.IN,Pin.PULL_UP)
start_time = 0
total_time = 0
active = False

lin_hight
col_width

I I
o un

led = Pin(25, Pin.OUT)

def text_write(text, lin, col=0):
oled.text(text, colxcol_width, linxlin_hight)

def time_text(time):
mills = time%1000
(time//1000)%60
mins = (time//60000)%60
hours = (time//3600000)%24
return "{:02d}:{:02d}:{:02d}.{:03d}".format(hours,mins,secs,mills)

secs
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def show():
oled.fill(0)
total_text=time_text(total_time)
text_write(total_text,6,2)
oled.show()

while True:
if not active:
led.value(0)
if not start_button.value():
start_time = time.ticks_ms()
active = True
if active:
led.value(1)
total_time = time.ticks_ms() - start_time
if not stop_button.value():
active = False
time.sleep(3)
total_time=0
show ()

B OCHOBHOM UMK/IE ABa COCTOSAHUSA NpeanonaralTca yepe3 rnepeMeHHyto «active». Koraa
CeKyHZOMep OCTaHOBJMIEH, CMCTEMA XAeT, Noka He 6yaeT HaxaTa KHOMKa 3anycka:

if not start_button.value():

3aTeM 3anyckatoTcs Yacbl. C MOMOLbIO BTOPON KHOMKW Yacbl OCTaHABMBAKOTCS, U
OCTaHOBJIEHHOE BpeMSl MOXHO npounTaTth. NNoBTOpHOE HaxaTne Tal cbpackiBaeT BpeMs,
M Yacbl CTAHOBATCSA AOCTYMHbIMU A8 HOBbIX NOKa3aHWN BPEMEHW.

KHONKM HaCcTpoeHbl Ha «HWU3KYID aKTUBHOCTb». DTO O3HA4yaeT, 4YTO B HOPMasibHOM
COCTOSIHMM Ha KoHTakTax 02 u 04 npucytcteyeT BbICOKWUA curHan (3,3 B). Korza
KnaBuwa HaxaTa, oHa noaTtsarmeaetcs K LOW (GND) T.e. K 3emne.
Moatomy B nporpamMme Heo6xoAMMO MCMONb30BaTh KOHCTpyKUumto if not....

10.5 Just Touch: cekyHaoMep € CEHCOPHbIMU KHOMKaMM

CEKYH.U,OMep TaKXXe MOXET ynpaBnaTbCA €MKOCTHbIMU AaTYNKaMU. Torga KHOMKM MOXHO
COXpaHUTb N 3aMEHNUTb NPOCTbIMKN MeTaN/TIMYECKNMUN HaKNnagKaMu. KpOMe TOro,
yCTpaHeHa npobnema apebesra knasuw. Ha cneayioleM pMcyHKe rnokasaH BapuaHT
KOMMOHOBKW A5 3TOro. 3awmuTHble pPE3NCTOPbl HOMUHAIOM 1 kOM 3aecb He
NCcnosib3oBasi1Cb. O,EI,HaKO, €C/IN Ha NpaKTuKe 4achbl 6y,qu MCNOJIb30BaTbCd B Te4YeHune
6onee ANUTENLHOrO Nepmnoaa BpeMeHU, Ux cneayeTt YCTaHOBUTb, KakK MOKa3aHo Ha
puUcyHKe 9.9. DTO CHUXaeT pMUCK NoBpeXxaeHNs KOHTpoanepa ESP anekTpoctatnyeckum
Hanps>XeHnem.
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Pnc.10.9: CekyHAOMEpP C CEHCOPHbIMW KHOMKAMMU.
B nporpaMMe onpoc KHOMOK 3aMeHEeH ABYMS MoAanporpamMMaMm 4Jii eMKOCTHbIX AaTYMKOB:

def start_touch():
if tl.read() < 500:
return True
else:
return False

def stop_touch():
if t2.read() < 500:
return True
else:
return False

Mpn HeobxoanmocTn noporosoe 3HavyeHne 500 MOXHO aaanTMpoBaTh K peasibHbIM
yCrnoBusM. B OCHOBHOM LMKJIe TO/TbKO 3anpockl KHOMOK AOJKHbI 6biTb 3aMeHeHbl HOBbIMU
noanporpaMmMmamu:

# stopwatch_touch_sensor.py

from machine import Pin, I2C, TouchPad
import time
from ssd1306 import SSD1306_I2C
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i2c = I2C(-1, scl=Pin(22), sda=Pin(21))
oled_width = 128

oled_height = 64

oled = SSD1306_I2C(oled_width,oled_height,i2c)

tl
t2

TouchPad(Pin(2)) # start sensor pad
TouchPad(Pin(4)) # stop sensor pad

start_time = 0
total_time = 0
active = False

lin_hight
col_width = 8

led = Pin(25, Pin.OUT)

def text_write(text, lin, col=0):
oled.text(text, colxcol_width, linxlin_hight)

def time_text(time):
mills = time%1000
secs = (time//1000)%60
mins = (time//60000)%60
hours = (time//3600000)%24
return "{:02d}:{:02d}:{:02d}.{:03d}".format(hours,mins,secs,mills)

def show():
oled.fill(0)
total_text=time_text(total_time)
text_write(total_text,6,2)
oled.show()

def start_touch():
if tl.read() < 500:
return True
else:

return False

def stop_touch():
if t2.read() < 500:
return True
else:

return False
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while True:
if not active:
led.value(0)
if start_touch():
start_time = time.ticks_ms()
active = True
if active:
led.value(1)
total_time = time.ticks_ms() - start_time
if stop_touch():
active = False
time.sleep(3)
total_time=0

show()

OTO NpUNoXeHne AEMOHCTPUPYET, KaK MOXHO JIerko M € Nosib30M UCMO0b30BaTh
BCTPOEHHY (PYHKLMIO CEHCOPHOro Aatumka ESP32.

10.6 OTAMYHBbIA KNUMAT € AaaTyukom BME280!
OLED-aucnneun Takxe naeanbHo NOAXOASAT ANA BbiBOAa 3HAaUEHUM AATUMKOB, Kak

NoKasaHo Ha CMefyloleM PUCYHKe:

2
4
2
£
2
2
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anTFoNe

Pnc.10.10: 3Ha4deHunsa gatunkoB Ha OLED-aucnnee.

Cnepyiowas nporpamma AEMOHCTPUPYET, Kak 3HayeHnsa gatymka BME280
(cM. pasgen 9.19) MoryT oTobpaxaTbCsi Ha Ancnnaee. 3TO AenaeT Bac HE3aBUCUMbIM

oT MK nnun HoyTbyka B KayecTBe TepMMHaNa AaHHbIX:

# BME280 Temp_Humit_Press-sensor_to_SSD1306.py

from machine import Pin, I2C
from time {import sleep
import ssd1306

import BME280

# ESP32 - Pin assignment
i2c = I2C(scl=Pin(22), sda=Pin(21), freq=10000)

e 148



Chapter 10 e Display Technology and Small-Size Screens

# OLED setup

oled_width = 128

oled_height = 64

oled = ssd1306.SSD1306_I2C(oled_width, oled_height, i2c)

while True:
oled.fill(0)
oled.text(,BME280 climate', 0, 0)
bme = BME280.BME280(i2c=1i2c)
temp = bme.read_temperature() /100
hum = bme.read_humidity() /1024
pres = bme.read_pressure() /25600

print(,Temp: %7.2f' %temp)
print(,Humi: %7.2f' %hum)
print(,Pres: %7.2f' %pres)
print()

temp_string=str(,Temp:%7.1f' %temp)
hum_string =str(,Humi:%7.1f"' %hum)
pres_string=str(,Pres:%7.1f' %pres)

oled.text(temp_string, 0, 10)
oled.text(, C', 90 ,10)
oled.text(hum_string, 0, 20)
oled.text(, %', 90 ,20)
oled.text(pres_string, 0, 30)
oled.text(, hPa', 90 ,30)
oled.show()

sleep (1)

Ecnu oxupaetcs, yto ESP32 3anycTuTCcs aBTOMaTM4YeCcKn Mocse npepbiBaHUs NuTaHus,
nporpamma Ao/mxkHa 6bITb nepesarpyxeHa Kak main.py BmecTe ¢ gansiom
dummy-boot.py. Takum o6pa3om, Tenepb Bbl MOXETE co34aBaTb HebonbLIME U
KOMMaKTHble YCTPOWCTBa, KOTOPble MOFYT BbIMO/HATL NMOJIe3Hble 3alayM B NOBCEAHEBHOM
KU3HW.

O6patutecb k Paspgeny 14.6 pna nonyyeHus wH@OpMaumm O MeTodax nepenayvn
KAnMaTuyecknx gaHHoix B MHTepHeT yepe3 WLAN.
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naBa 11 e CBeTtoaMoAHbIE MaTpulbl U bosibluue
aucnneun

Mocne noapobHoro onmMcaHmsa ncnonb3oBaHmsa OLED-aucnieeB B nocnenHen rnaee B
cneayowmnx pasgenax oOCHOBHoe BHMMaHue byaeT yaeneHo ynpasieHuto ApYrnM oyeHb
MoNynsipHbIM AUCMNIEEM C ucnosb3oBaHneM MicroPython. C noMoLLblo Tak HasbiBaeMbIX
MaTPUUHbIX AUCMJIEEB Bbl TAaKXE MOXETE oTobpa)kaTb umcna, 6ykBbl, CUMBOJIbI U
rpaduky.

OcHoBHbIM oTnumnem ot OLED-aucnnes aBnaeTca OCTMXMMas SpKOCTb U pasMep
aucnnes. Paamep CBETOAMOAHbBIX MAaTPULL MOXET AOCTUraTb HECKOIbKMX MeTpoB. C
MOMOLLbIO COBPEMEHHbIX CBETOANOA0B TakXe MOXHO AOCTUYb OYEeHb BbICOKMX YPOBHEN
APKOCTW. MO3TOMYy 3TOT BapuaHT AUCM/IEs YacTo UCMOSb3yeTca AN AUcnieesB ¢ 60/bLIon
NAOWAaAbO MW PEKIaMHbIX LUMTOB Ha 0XMBJIEHHbIX NAOWaAsaX, BoK3anax nim
asponopTax. B 3anax ¢oHAoBbIX 6upxMMpa Tekywmne prHaHCOBbIE AaHHbLIE NMOSBASIOTCSA
Ha TaK Ha3blBa€MbIX «XKMUBbIXTUKEPAX».

ToueuHble MaTpuLbl 0OCOBEHHO MONYNsiPHblI B A31K, NOCKOMbKY UX TaKXe MOXHO
MCNONAb30BaTb A1 NpeacTaBfeHns nepornndos, Kak NoKasaHo Ha creayloweM pUcyHke:

Puc.11.1: CBeToaMoAHblE TOYEYHbIE MaTPULLbl O4Y€Hb NOMYNSPHbI B A3MK.

LLInpoko MCNoNb3ylTCA cBeTOoAMOAHbIE MaTpuubl € 5 X 7 = 35 ceeToanogamu. Ho Takxe
AOCTYMHbI pa3fiMyHble Apyrue MaTpuubl. TakXe YacTo BCTPeYaTCs KOHCTPYKUmm € 8 X 8
csBeToamMoaamu.

Prc.11.2: MpWHUMN TOYEYHO-MAaTPUUYHOIO YNpaB/eHUs.

Mpamoe ynpaeneHue matpuuen 8 x 8 notpebosano 66l 65 coeaMHeHM, NOCKObKY
Heob6xo0aMMo 6b110 6bl NOAKIOUNTE 64 WTbIPEBbLIX coeanHeHns n obwun katoq. Mpu
MCNoNb30BaHUM MaTpuubl TpebyeTcs 3HaUYNTENbHO MeHblUe coeAuHEeHW. 3aech 8
CBETOAMOAOB COeAMHEHbl B 0AMH cTonbeuy 1 oanH psa. Takum obpasom, Heob6xoammo
Bcero 8 + 8 = 16 coeanHeHuin. Ha pucyHKe Bblle nokasaH npuHumMn paboTel MaTpuubl 3
X 4. BMecTo 13 coeanHeHnin TpebyeTcs TONbKO 7 coeauHeHU Ana MHAMBUAYANbHOro
ynpaBfieHUs CBETOANOAAMMU.
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Chapter 11 ¢ LED Matrices and Large Displays

Hanpwumep, ana ynpasieHus BTOpbIM CBETOANOAOM BO BTOPOW SIMHUWN BCE NIMHENHbIE
coefMHeHUsl, KpOMe BTOPOi, AOSXKHbI 6bITb ycTaHoBAeHbl Ha HIGH -BbICOKUI yposeHs.
OpHako BTOpOe coeAMHeHMe A0IKHO uMeTb noTeHuman GND. B cnyyae cton6uoB
BbICOKUI noTeHLMan MOXeT NpUCYTCTBOBaTb TOJIbKO BO BTOPOM cTonbLe.

HenocpeacteeHHOe ynpasfiieHne ToHeYHbIMW MaTpuuaMn TpebyeT 3HaUnTeNbHOM YacTu
pecypcoB KoHTposiepa. Ecnu Takxxe HE06X0A4MMO 3anuCbiBaTbh 3HAUEHUS AATYMKOB UIN
yNpaBnsiTe UCMOMHUTENbHBIMU MeXaHU3MaMn, Aaxe MOLWHbIA KoHTponsiep ESP32 6bicTpo
[OCTUraeT CBOMX Nnpeaenos. YnpasneHve 60nbWMMN ANCNNesiMU C COTHel n 6onee
CBETOAMOA0B TaKkXxe 6bICTPO CTaHOBUTCS Npobnemoi, ¢ 0OAHON CTOPOHbI, U3-3a Tpebyemon
BbIYNCINTENBHOW MOLWHOCTU, @ C APYrO — M3-3a OFpaHUYEHHOro Konm4yecTea
OOCTYMHbIX KOHTAKTOB Ha KOHTpoJsfepe.

34ecb MOryT MOMOYb SKOHOMUYHbIE ApaliBepbl Aucnnes, Takme kak MAX7219. 3tu
yCTpoKcTBa UMeloT SPI-cOBMeCTUMbIN MHTepdelc u, Takum o6pa3oM, MOryT ynpaBnsaTb
AncnaesaMu ¢ MaTpUYHbIMK 3n1ieMeHTaMun 40 8 X 8 = 64 € NMOMOLbIO BCEro Tpex LUMdpoBbIX
KOHTaKTOB. [lpariBepbl AOCTYMHbI B BUAE roTOBbIX MOAynen. Ha cneaytowem pucyHke
nokasaH npumep:

Pnc.11.3: CBeToAMOAHbIN MaTPUYHbINA MOAY/b.

MoakntounTL MoAYNM ApaiBepoB K ESP32 oyeHb NpocTo. JoskHbl 6bITb MOAKOYEHbI
TONbKO TPpY KOHTakTa SPI K nnaTte KOHTposnepa:

e MAX7219_data (DIN) Port D02
e MAX7219_load (CS) Port DO5
e MAX7219_clock (CLK)» Port D04
e MAX7219_GNDESP31 GND

MN3-3a OTHOCMTENIbHO BbICOKOI0 3HepronoTpebneHns LenecoobpasHo obecneynTb
BHELWHWUA UCTOYHUK NUTAHUSA. ITOT MEeTOo ] NOo3BONdEeT HACTPOUTb ,D,I/ICI'IHGVI NpaKTU4ecKu
noboro pasMepa. KoHTposifiep NoYTU He NeperpyxaeTtcs, Tak Kak no wuHe SPI
NPUXOAMTCS OTMNPaBiATb TOJIbKO OTAENbHbIE KOMaHAbl. KpoMe Toro, A0CTaTo4yHoe
KOJIMYECTBO KOHTAKTOB OCTaeTCcyd CBO60,D,HbIM Aanga ynpasneHmnda BHEWHUMU AaTY4NKaMU
VN ApYruMun nepmdepuinHbIMM YCTPOUCTBaMM.

Tenepb HUYTO HEe MellaeT peanu3auunn LI.IVIpOKOCbOpMaTHbIX aucnnees, HanpuMmep, B peKnaMHbIX
uenax nnm Ha CnopTUBHbLIX MeponpuAaTnAXx.
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Ccbinky Ha 6ubnuoteky Python ana ynpaBneHus Mmmkpocxemamm Maxim MOXHO HalTu B
nanke c kogamu. Nocne 3arpysku danna apansepa "Max7219.py" B KOHTposiep
LOCTYMHbI cneaylowmne MHCTPYKUUK:

spi = SPI(1, baudrate=10000000, polarity=1, phase=0, sck=Pin(CLK), mo-
si=Pin(DIN))
ss = Pin(CS, Pin.OUT)

ANna NnpuBeAeHHOro Bbllle Ha3Ha4YeHNA KOHTAKTOB YCTaHOBUTE

e CLK = 4
e DIN =2
e CS=5

[Jdanee MOXHO co3aaTb AUCMJIEAHbBIA «0OBbEKT»:
display = max7219.Matrix8x8(spi, ss, MN)

npu 3ToM ansa MN Heo6xoAMMO BBECTU KOMMYECTBO UCMO/Ib3YEeMbIX MaTPUUHbIX
3neMeHTOoB. [locne 3Toro TekcT n rpadmka MoryT 6biTb pa3paboTaHbl C MOMOLLbIO
CneaywWmnx KOMaHA:

display.pixel(x,y,1) YCTaHOBWUTb NUKCENb B KOOpAWHATAX X, Y
display.pixel(x,y,0) yAanuUTb MUKCENb C KOOPAWUHATOM X,y
display.hline(x,y,l,1) ropu3oHTasibHas NMHUSA OT X,y - AINMHA
display.vline(x,y,l,1) BepTMKanbHas IMHUSA OT X,y - ANIMHA

display.line(a,b,c,d,1) cTpoka ot a,b ao c,d display.rect(a,b,c,d,1)
NpsSIMOYrofibHUK C yrinamMmn a, b, ¢, d

display.text('text',x,y,1) TekcT B no3unumnu X,y display.scroll(x,0)
NPOKPYTUTb Ha X NuUKcenemn

display.show() 06HOBUTL Aucnnen

370 no3BonseT co3aaBaTtbh IPPEKTUBHYIO U NIErkKo YMTAEMYIO peKknaMy cobbiTuii ¢
PaCCTOSIHUSA B HECKOJIbKO METPOB.

11.1 CBeTtoamogHasa MaTpuvua B AeVCTBUM
B cneaylowem Koge nokasaH npuMep AUCnies C WeCTblo MaTPUYHbIMKU 35ieMeHTaMm 8 x 8:

# LED_matrix_test.py

import max7219
from machine import Pin, SPI

spi = SPI(1, baudrate=10000000, polarity=1, phase=0, sck=Pin(4),

mosi=Pin(2))
ss = Pin(5, Pin.0OUT)
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display = max7219.Matrix8x8(spi, ss, 6)
display.text(,Python',0,0,1)
display.show()

After loading the program onto the ESP controller, the text is shown on the display:

Prc.11.4: ToYeuHblit MaTPUYHbIM AUCTIEN C LEeCTbo MaTPUYHbIMM
3neMeHTaMu 8 x 8.
Avcnnen n TeKCTbl MOryT 6biTb HE CTaTUUYHbIMKU. [Jaxke ABUXYLLYHOCSA rpacmKy MOXKHO
peanusosaTtb 6e3 npobnem. B cneaylowem pasgene nokasaH COOTBETCTBYHOLMI NpUmMep.

11.2 3anyck aHUMUPOBaHHbIX TEKCTOB U rpadukm

DYHKLUMIO MPOKPYTKM TaKKe MOXHO UCMOb30BaTb AN CO3A4aHMNA 3aMnyLWeHHbIX CKPUMTOB
M TOMY NoAo6HOro. 3To NO3BOJISET BbIBOAUTL 60Nee ANNHHbIE TEKCTbl HAa ManeHbKne unn
KopoTkue amcnnen. Cneayollas nporpamma no3sonsieT Haanucu «Python» npoxoanTb
cnpaBa HaneBo NO TOYEYHO-MaTPUYHOMY AUCMJIEID:

# LED_matrix_ticker.py

import max7219
from machine import Pin, SPI
from time {import sleep

spi = SPI(1,baudrate=10000000, polarity=1, phase=0, sck=Pin(4), mosi=Pin(2))
ss = Pin(5,Pin.0OUT)

speedFactor=0.05
pixelDistance=7
display = max7219.Matrix8x8(spi, ss, 6)

def moveLeft(Pixel):
for i in range(Pixel):
display.scroll(-1,0)
sleep(speedFactor)
display.show()

while True:
display.text(,P',40,0,1)
movelLeft(pixelDistance)
display.text(,y',40,0,1)
movelLeft(pixelDistance)
display.text(,t',40,0,1)
movelLeft(pixelDistance)
display.text(,h',40,0,1)
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movelLeft(pixelDistance)
display.text(,0',40,0,1)
movelLeft(pixelDistance)
display.text(,n',40,0,1)
movelLeft(pixelDistance)
display.text(, ,,40,0,1)
movelLeft(pixelDistance)

OTaenbHble 6YKBbl FEHEPUPYHOTCS C NMOMOLLbIO
display.text('....',40,0,1)

y npaBoro kpas aucnnes. [lanee oHW nepeMeLlaloTCs BIEBO Ha 3Ha4YeHue
«pix-elDistance» ¢ noMowbo dyHKUMM moveleft:

for i 1in range(8):
display.scroll(-1,0)

sleep(speedFactor)

Kaxkyliasaca ckopocTb 6era MoXeT 6biTb MU3MEHEHA C MOMOLLbI 3HaYeHUS
«speedFactor».
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lNaBa 12 e ®dusnyeckme BblUUCIIEHUA: CEpBONPUBOADI
NMPUBHOCAT ABUXXEHUE B Urpy

«[lanTe MHe TOYKY OMnopbl, U pbl4aroM s NEPEBEPHY BECb MUP». [OBOPSAT, YTO Apxumes
NCMNONIb30Bas 3TO NpeasioXeHne, YTobbl MPOUNNIOCTPUPOBATb 3aKOH pblyaroB. CerogHs oH
Mor 6bl ckasaTb: «/[lalTe MHe CepBONPUBOA, U A NepeBepHy BeCb MUp!» dusnyeckne
BbIUMCNEHNSA CBA3aHbl CO COOPOM AaHHbIX 06 OKpyXalLen cpeae, a TakxKe KOHTPONIEM U
peryiMpoBaHMEM MexaHWYeCKnX nepeMeHHbIX. Icnonb3ys AaTunku, MOXHO Nerko
cobupaTb M KOSIMUYECTBEHHO OLIEHMBATb Ba)KHble AaHHble. C ApYron CTOPOHbI, YnpaBneHue
MeXaHUYECKNMU NMepeMEHHbIMU 06bIYHO CBSA3aHO C 60NbLWNMK YCUNTUSIMU.

dusnyeckme BbIYNCIIEHNS BCE Yallle HAX0AAT CBOE NMpPMMEHEHUEe B NMPOeKTaxX, TakKnxX Kak
pob6oToTexHMKa W Npu pa3paboTke aBTOHOMHbIX MalUWH. YAMBUTENbHbIE NPOEKThI,
OCHOBaHHble Ha PhysCom, yxe 6b11 peanMsoBaHbl C MUKPOKOHTPOISIEpaMU, BK/IOYas
camobanaHcupyoLwmxcs pob0oToB, aBTOMaTU3MPOBAHHYIO BbICOKOCKOPOCTHYO
doTorpaduio nam WMPOKUNA CNEKTP NPOEKTOB AOMalLHENn aBTOMATUKW.

,U,OCTYI'IHbIMVI npuneoaamMun aABNAKOTCA, HanpuMmep, aNIeKTpoMardHnTbl, ABUraTenun
NOCTOAHHOIO TOKa, WaroBble ABUraTenn nnn cepsoaBuraTenin. Ecnu oHun AOJIXHbI
yNpaBnsATbCA KOHTPOIEPOM, TPebyloTCa cneunasnbHble Mepbl AN NoAaBIeHMUS
MHAOYKTUBHbIX HanpﬂM(EHMVI, TaKune Kak 6J'IOKVIpOBOl-IHbIe KOHAEHCaTOopPbl U
obpaTHOX0A0BbIE AMOAbI.

CaMbIn NpocToi cnocob — ynpaBnaTb CEPBOABUraTENSMN NPU U3FOTOBJSIEHUN MOAENEN.
OHUM copepXxaT NosiHble NPUBOAHbIE CUCTEMBI, BK/IOYAs CUCTEMY YNpaBneHus aBurateneM
M CUCTEMY MO3MUMOHMPOBaHUA. llocneaHmin COCTOUT U3 peayKTopa U noTeHUMoMeTpa.
MoTEHUNOMETP XKECTKO COEANHEH C OCblO ABUraTens yepes peaykTop. Takum ob6pasom,
NoJIoXXeHue Nos3yHKa noTeHumMomeTpa obecneymBaeT NpsMoe n3MeHeHne TeKyLLEero
NnonoXeHus ocu asuratens. KOHTyp ynpasneHus obecneuymBaeT TOUHOe
No3MLUMOHNPOBAHME CEPBOMNpPMBOAA C NMOMOLLbIO YNpaBnsoLero curHana. Takum obpasom,
Takue CUCTEMbI MAeanbHO NOAXOAAT A8 yrnpaBieHUs MUKPOKOHTpOI1epamu.

12.1 CepBoTecTtep

MeToa WMPOTHO-MMMNYIbCHOM MOAYNSALMN yXKe NPUMEHSANCS ANa reHepauum
KBa3MaHasoroBblX CUrHasioB. DTO NO3BOSIMAO MNNABHO M3MEHATb APKOCTb CBETOAMOA0B.
Ansa ynpasneHuns cepsonpueBoaoM Takxe ucnonesyetca LWWM. Ha cneaytoweM pucyHke
nokKasaHa COOTBETCTBYIOLAsA KpMBas CMrHana u COOTBETCTBYIOLLME MONOXKEHUS
CepBonpuBOAOB.
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15ms 15ms

20 ms
.0ms 1.0ms
20ms 2.0ms

Puc.12.1: CvrHan ynpasneHus cepBOMNpUBOAOM.

Mepnoa nmnynbcos ok. 20 MC, UK YyactoTa noBTopeHmsa 50 Ny nMeeT BTOpoOCTENeHHoe
3HauyeHue. 3aecb AoNyCTMMbI U 6onblume aonycku. NHdopMaums o nonoxeHum
3aKkno4aeTcs B ANMTENbHOCTU yNpaBAsoLWwero uMnynsca. [ns aToro ycraHoBsieH
CneayoLwWmin KBasncTaHaapT:

Anut. tMNynbca Mo3numna

1 mMc JleBas
1.5 mMc CpeaHsas
2 MC MpaBas

Puc.12.2: CepBonpuBoz ANs UCNOMb30BaHWUSA B MOAENPOBAHUMN.

Bnarogaps BCTPOEHHOW ynpaBnsioLel 3eKTPoHMKe TpebyeTcst TONbKO oAHa JIMHUS
ynpaBneHus B AOMOSIHEHWE K UCTOUYHWUKY MUTaHWUS. Ero MOXHO NOAKNOUYUTL K Tl060MY
KOHTaKTy BBoAa/BbiBoAa. Kabenun ctaHZapTHO MapKUpYOTCS CrieayoWwnMm LBETaMu:
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KpacHbiii: +5V
YEpHbIii: GND
OpaHX. unu Kopwmy.: YnpaBnstow. curHan

Onsa 6onee KpynHbIX CEpBONPUBOAOB peKOMEHAYETCS UCNOSIb30BaTb OTAESbHbIN
MCTOYHMK 5 B. 3gecb MOXHO MCNoNb30BaTh CETEBOM aganTtep ¢ paboumm TOKOM OT 2A.

[Ons ynpaBneHus cepsonpmeogamMm ¢ nomowbio MicroPython TpebyeTtcs MalWMHHBIN
MOAY/b:

from machine import Pin
Ero MOXHO Mcnonb3oBaTh A8 yKa3aHUsl BbIBOAA, HA KOTOPOM A0XeH paboTaTb
cepBonpuBoOA, HanpuMmep. KOHTakT 18:

p4 = machine.pin(18)
YactoTta LWUMM ycTaHoBneHa Ha 50 'y, 4To cooTBeTCcTBYET Nnepmoay 20 Mc:

servo = machine.PWM(p4,freq=50)

Tenepb Heobxoanmo onpegenutb pabounin umMkn (CckBaxKHocTb). UMM nMmeeT paspelleHune
10 6uT, T.e. 210 = 1024 3HaueHUs. YTobbl 4OCTUUL CPEAHEro MOJIOXEHMA CEpBONpPMUBOAA,
ANVTENbHOCTb UMMNYbCa

1.5ms/ (20 mc / 1023) = 76.7 Mc,
TO €CTb 3HayeHune 77 9BNseTCs Haunydwum 3HayeHmeM. COOTBETCTBEHHO 3HaYeHus 52 un
102 npmBOAST K NPaBOMYy M NNIEBOMY KpalHWUM MOMOXEHUAM COOTBETCTBEHHO, TaK UYTO 3TU
napameTpbl MOXHO OnpeaenuTb B Nporpamme:

# duty for servo is between 52...102

duty_min=52 # 52x20/1023 ms=1.02 ms
duty_mid=77 # 77x20/1023 ms=1.51 ms
duty_max=102 # 102x20/1023 ms=1.99 ms

[ns 3TUX 3HaYeHWi pblyar CEPBONpPMBOAA NEPEMELLAETCA B CNeAYHOWME MONOXKEHUS:

52: neBbIN cTON (-45° position)
77: CpenHee nosioxeHune (0° position)
102: npasblii cTON (+45° position)

MOCKONbKY B HEKOTOPbIX BEPCUAX CEPBOMNPUBOAOB 60/bLINE OTKIOHEHWUS MPUBOAAT K
NoBpexXAeHuto, creayeT nsberatb 3HAaUYEHU, NPeBbILLALWNX NpUMepHo 45°,
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CepBOTECT TENEPb MOXXHO BbIMOJIHNTE C MOMOLLbIO ClIEAYIOLEN MporpaMmbl Python:
# Servo_tst.py

import machine
from machine import Pin
from time import sleep

p4 = machine.Pin(18)
servo = machine.PWM(p4,freq=50)

# duty for servo is between 52...102
duty_min=52 # 52x20/1023 ms=1.02 ms
duty_mid=77 # 77x20/1023 ms=1.51 ms
duty_max=102 # 102%20/1023 ms=1.99 ms

while True:
for pos in (duty_min,duty_mid,duty_max):
print(pos)
servo.duty (pos)
sleep(1)

Mocne nogkntoyeHns cepeonpueoaa (CM. PUCYHOK) M 3arpy3Ku NporpaMmMmbl pblyar
CepBONpuBOAA AO/KEH NepeMeLlaTtbCsi OT MUHUMabHOrO MOSIOXKEHNS Yepe3 LeHTP K
MakcuManbHOMy n obpaTHo.

PsSU
5v 5

I

Puc.12.3: CepBonpuBoa Ha ESP32

12.2 CepBoTepMOMETp C Meragucrnieem

B nononHeHne K nMpuaoXeHusaM AN MOCTPOEHUs MoAesnel CepBOMPUBOAbLI TaKXE MOXHO
NCNoJib30BaTb BO MHOMUX APYrMX 06nacTtax. OAHUM U3 MHTEPECHbIX MPUTOXEHWI SBASAIOTCA
wnpokodopMaTHble  AuCnen, KOTopble Jlerko  4uTalTca fJaxe ¢ 6onablinx
pacctosiHuii. C OLED-gncnneem yxe CAOoXHO YnTaTb UMDPbl C paccTosiHua 6onee ogHOro
meTpa. C Apyroi CTOpOHbI, OTO6paxaemoe 3HayeHue cepBonpumBoAa, NPeaCcTaBEHHOro
34eCb, MOXHO JIerko YBUAETb C HECKOJIbKUX METPOB.
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Koraa ykasaTenb NpuKpensieH K cepBonpuBoay, Co34aeTcs o4YeHb rmbkum
KBa3MaHasnoroBbln MHANKATOPHbIM NpMbOp. 3aTeM C MOMOLLbIO LWKaslbl MOXHO
oTobpaxaTb 3HaYeHUs, KaK Ha K1lacCMYeCKoM namepmutensHoMm npubope. MporpamMma ans
oTobpaxkeHus TemnepaTypbl COCTOMT U3 KOMBMHaUMM oueHoYHOro koga ans DS18B20 m3
rnasbl 9.11 n cepsoynpaBneHuns:

# servoDisplay_thermometer.py

import machine
from machine import Pin
import onewire
import ds18x20
from time import sleep

p4 = machine.Pin(18)
servo = machine.PWM(p4,freq=50)

# duty for servo is between 40 - 115
duty_min=52 # 52x20/1023 ms=1.02 ms
duty_mid=77 # 77x20/1023 ms=1.51 ms
duty_max=102 # 102x20/1023 ms=1.99 ms

ow=onewire.OneWire(Pin(25)) #MHUUMANM3NpoBanNTb wire
ow.scan()
ds=ds18x20.DS18X20 (ow) #uHMumanuamposatb ds18x20 object

while True:
roms=ds.scan() #ckaHnpoBaTb ds18x20
ds.convert_temp() #npeobpa3oBaHne TemnepaTypbl
for rom in roms:
T=ds.read_temp(rom)
print(T) # TecToBasi BbIXOAHas TemnepaTypa
pos = fdnt(duty_max-(duty_max-duty_min)*T/50)
print(pos) # npoBepka MONOXEHWUS CepBOMpMBOAA Ha BbIXOAE
servo.duty(pos)
sleep(1)

Ons paboTbl TepMoMeTpa TpebyeTcsa ToNbKo o0AMH Aatumk DS18(x)20. Ecnu k wuHe
One-Wire NoaK/l04eHO HECKObKO M3MepUTENbHbIX Npeobpa3oBaTenen, To OLeHnBaeTcs
TOT, Y KOTOpOoro Hambonee 3Ha4YnMbI naeHTUGUKATOP.

KoHTakT 18 6b11 BbIOpaH 45151 NOAKAOYEHNS CepBOCUTHaNa. Kpome Toro, TonbKO MHUK
nuTaHmnsa AokHbl 6biTb nogkntoderbl K GND m VIN (5 B) Ha nnaTte ESP. OgHako ansa
cepBoOnpuBOAa fy4lle UCMOoAb30BaTb OTAE/bHbIA UCTOYHUK NUTaHUSA. Ha cneayowmx
pUCYHKaX MoKa3aHa NnpuHUMnuasabHas cxemMa C UCMNoJIb30BaHNEM BHELUHEro MCTOYHMKA
nUTaHUa N pekoMeHayeMmas KOMNOHOBKa Aucnses.
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Puc.12.4: MpuHUMNManbHas cxemMa TeEpMOMETPa C CEpPBOMPUBOAOM.

Puc.12.5: HacTtpolika TepMOMeTpa Co CTPeNIkon C CepBOMNPUBOAOM.

e 160



Chapter 13 e RFID and Wireless Data Transmission

Fnasa 13 e RFID n 6ecnpoBoaHan nepegava AaHHbIX

RFID pacwmndpoBbiBaeTCs Kak paanoyactotTHas naeHtudbukaums. CumteiBatowme
YCTPOMNCTBA C 3TOW (PYHKUMOHANBbHOCTbIO CNOCO6HbI CUMTBLIBATL AAHHbIE C MACCUBHbIX
TpaHCNoHAepoB, Ha3biBaeMbix RFID-mMeTkamn, no 6ecnpoBogHoOM CeTH, T. €. N0 paamo.
TpaHcnoHaep (Nepefatymk/0OTBETUNK) MOXET ObITb MOMEYEeH cneumanbHbiM KOAOM,
KOTOpbIN AenaeT ero nerko naeHtnduumnpyemolM. MicroPython npepgocrasnser
cneunanbHyto 6MbnMoTeKky, NO3BONSAIOLLYIO CYMTbIBATb 3TU KOAblI NO 6€CnpoBOAHON CETU
(cM. nanky c kogamu).

3710 no3BonseT ucnonb3osatb ESP32 ana peanunsaummn cucrtem 610KMPOBKU M
noaob6HbIX NPOEKTOB, B KOTOPbIX YE€0BEK AO/MKEH nAeHTUdULUMpoBaTb cebs C NOMOLLbIO
nepegartyuvka.

TpaHcnoHAepbl AOCTYMNHbI B CaMblX pasHbiX popMax u BapmaHTax. Ha cneayrowmx
MANIOCTPaUunax cHavana rnokasaH MoAy/b MpUEeMHKUKA, a 3aTeM ABe pa3Hble MeTku RFID.
OpHa 13 ABYyX METOK nMeeT gopMy 6penoka, agpyras COCTOMT U3 NIaCTUKOBOM KapThbl
dopMaTa KpeaAnTHOM KapTbl.

Pnc.13.1: Moayne RFID.

Pnc.13.2: RFID-kapTa 1 6penok.

TpaHCcnoHAepbl MOFYT MOr/IOWaTh SHEPrMIO 3NEKTPOMArHMTHOrO Nons, co34aBaemMoro
nepefaTtyMKoM. DTO O3HAYaeT, YTO BCTPOEHHbIV B TPAHCMOHAEP NepeaaTymK MoXeT
paboTtaTb 6€3 cCO6CTBEHHOr0 NCTOYHMKA SHeprun. Takum obpasom, knaccmyeckas
RFID-MeTka He TpebyeT BCTPOEHHbIX 6aTapei Uin akKyMysiTOPOB M MOCTOSIHHO rOTOBa K
ncrnonb3oBaHuo. TpaHcnoHAep nocbiaeT 06paTHO CBOM MHTErpUpPOBaHHbIN KOZA Ha
dnKCMpoOBaHHONM YacToTe. 3aTeM 3TOT KOA NpuHUMaeTca n obpabaTtbiBaeTcsa Aanblue.
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MeTkn RFID Takxe MoryT 6bITb 3anmcaHbl ¢ HOBbIMW KogaMn. OaHako 3To TpebyeT o4veHb
MHOro BpeMeHW, MO03TOMy JaHHas npoueaypa 34ecCcb Janee He paccMaTpyBaeTcs.
BONbLIMHCTBO NPUIOXKEHUI TaKXKe MOXHO BbIMOMHATE C KOAAMW, YXe NPUCYTCTBYOLWMMHU

B Terax.

13.1 YteHue KapT ¥ UMnNos

C nomoubto 6ubnnotekn mfrc522.py MOXHO cUMTaTh HOMEP «YHUKANbHOIO
naeHTudukatopa» (UID), KOTOpbI COAEPXKUT MHANBUAYAsbHbIE MAEHTUPUKALNOHHbIE
AaHHble RFID-MeTku. MporpamMMa Python ans aToro BbirNaauT cneayowmM o6pa3om:

# RFID_test.py
import mfrc522

# RFID RX pinning

sck = 0

mosi= 2

miso= 4

rst =5

cs =14 # SDA Ha nnatax RFID-RC522
def do_read():

rdr = mfrc522.MFRC522(sck, mosi, miso, rst, cs)
print("Place card before reader")
try:
while True:
(stat, tag_type) = rdr.request(rdr.REQIDL)
if stat == rdr.OK:
(stat, raw_uid) = rdr.anticoll()
if stat == rdr.OK:
print("Card detected")
print("type: 0x%02x" % tag_type)
print(raw_uid[0], raw_uid[1], raw_uid[2], raw_uid[3])
print("")
except KeyboardInterrupt:
print("Bye")

while True:

do_read()

34ecb cCHadana onpeaenstoTcs KOHTaKTbl 418 nogkaoyeHna moayns RFID k ESP32.
Ha cnepyiouwem pucyHKe nokasaHa cxema NoaKItyYeHns:
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RFID-RC522

Pnc.13.3: Moaynb RFID Ha ESP32

B cnepytoweii Tabnuue nepeymcneHbl Heo6xoaAnMble COEANHEHUS:

RFID module ESP32

SCK 1/0 00
MOSI 1/0 02
MISO 1/0 04
RST 1/0 05
CS (SDA) 1/0 14
RST nycrom

Mopnporpamma, Ha3biBaeMas do_read(), 3aTeM no3aboTUTCA O UTEHUM TErOB.

Mocne 3anycka nporpaMmmbl KapTy WIn APYry0 METKY HEO6XOAMMO NMOAHECTU K 30HEe
penctemsa RFID-moayns. MNocne 3Toro B KOHCOAW AO/KEH NOSABUTLCS BbIBOA B

cneayouleM Buae:

Pnc.13.4: UaeHTUbMKaALMOHHbIE HOMEpPa pasfinyHbIX RFID-MeToK

e 163



13.2 BeCKOHTaKTHbIW U 6e3onacHbIi: 3amMok RFID

TexHonorus RFID paboTaeT 6€CKOHTAKTHO U, TakMM 06pa3oM, O4YeHb FMrmeHnyHa 1
3almuieHa oT 3arpsisHeHuii. MNpouecchbl BKAOYEHUS UKW BbIK/IIOYEHUS MOryT 3anycKaTbCs
yepes HEeCKOIbKO CaHTUMeTPOB. BO3MOXHOE NpMMeHeHne: OTKPbITUE 3aMKOB, ABEpei 1
BOPOT C MOMOLbIO KapT C KOAOBbLIM KOYOM. MOCKOMbKY 3Ta npoueaypa He TpebyeTt
npsiMoro u3nM4ecKoro KOHTaKTa, OHa TakXXe 4YacTo UCnosnb3yeTcs B 6onbHMUAX U AOMaX
npecrapesnbiX MO0 F’MrMeHNYEeCKUM NpUYNHaM.

Yenoseky, KOTOPOMY paspelleHo BXOAUTb B ONpeaesieHHY0 KOMHaTy, BblAaeTcs ero nnm
ee cobcTBeHHbI TAG B Buae kapTbl uan 6penka. Moagynb RFID, npukpennaeHHbIn K
OBEPUN, OTKPbIBAET 3arMOpHbIA MEXaHM3M TONIbKO B TOM C/lydae, eciiv B €ro 30Hy AeNCTBUSA
nonagaet agencreytowas metka RFID.

ECTb HEeCKONbKO NpemMMyLecTB rno CPaBHEHMIO C 3aMKaMn C COOTBETCTBYIOLMMN KITHOYaMK:

1. TAG 3HaunTeNbHO AeLleBe, YEM KOUM 6e30nacHoCTU

2. Ecnn ID-TAG yTepsiH, COOTBETCTBYOLWNI KOA YAanseTcs U3 cnucka
OEeNCTBUTENbHbIX NAEHTUHUKATOPOB.

3. HekoTopble ntoaun, HanpuMmep rocTn oTens, KOTopble cy4yaiiHo 3abpanu ceBow
TAG pomoii, MoryT 6bITb 3abnoknpoBaHbl. B aToM cnyyae 6noknposka
COOTBETCTBYHLLErrO KOAa MOXET BOCCTaHOBUTb 6€30MacHOCTb.

B npakTuyeckux nNpunoxeHuax onpeaeneHHblin UID MOXHO CpaBHUTb C HOMEPOM KapTbl C
aBTopu3aumei goctyna. Creaytowas nporpaMmMa nokasbiBaeT npuMep:

# RFID_access_control.py
import mfrc522
from machine import Pin, PWM

from time {import sleep

# BakpenneHve RFID RX

sck = 0
mosi= 2
miso= 4
rst =5

cs =14 # vnn SDA Ha nnatax RFID-RC522

ledRed = Pin(18, Pin.OUT)
ledGreen = Pin(19, Pin.OUT)

p4 = Pin(21)
servo = PWM(p4,freq=50)

duty_min=52 # 52%20/1023 ms=1.02 ms
duty_max=102 # 102x20/1023 ms=1.99 ms
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servo.duty (duty_max)

def open_lock():
servo.duty(duty_min)
sleep(1l)
servo.duty (duty_max)

def do_read():
rdr = mfrc522.MFRC522(sck, mosi, miso, rst, cs)

print("")

print("Place card before reader to read from address 0x08")
print("")

try:

while True:
(stat, tag_type) = rdr.request(rdr.REQIDL)
if stat == rdr.OK:

(stat, raw_uid) = rdr.anticoll()

if stat == rdr.OK:
print("New card detected")
print(" - tag type: 0x%02x" % tag_type)
print(raw_uid[0], raw_uid[1], raw_uid[2], raw_uid[3])
print("")

if raw_uid[0]==124 and raw_uid[1]==24 and raw_uid[2]==62 and

raw_uid[3]==17:

print("OoK!")
ledGreen.value(1)
open_lock()
sleep(1l)
ledGreen.value(0)

else:
print("NOT OK!")
ledRed.value(l)
sleep(1l)
ledRed.value(0)

except KeyboardInterrupt:
print("Bye")

while True:
do_read()
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Mocne onpeaenenus PIN-koaoe ana RFID-TpaHCnoHAepa akTUBMPYIOTCA ABa
cBeToamona. KpacHblil ykasblBaeT Ha HeAeNCTBUTENbHYIO KapTy, 3e/eHblli 3aropaeTcs
npu obHapyxeHuun yteepxaeHHoro UID.
[nsa 3anycka onepauuy nepeksto4YeHns MOXHO MCNOob30BaTh 3HAHMS U3 NpeablayLen
rnasbl. 3aKpbiBaOLWMA MEXAHM3M MOXHO NepeMeLlaTb C NOMOLLbI0 CepBONpuBoAa ANs
M3roTOBNEHUS MoAenu, 3aecb Ha wrudTe 21.
B npoueaype "do_read" gaHHble KapTbl CUMTbIBAOTCA vepes

rdr = mfrc522.MFRC522(sck, mosi, miso, rst, cs)

KapTa, KkoTopas uutaeTt

print("Place card before reader to read from address 0x08")
("MomecTuTe KapTy nepen cyvTbiBaTENEM AN YTeHWs C agpeca 0x08")

Pewatowasn cTpoka nporpaMmsl

if raw_uid[0]==136 and raw_uid[1]==4 and raw_uid[2]==97 and raw_uid[3]==65:
cpaBHMBaeT npoynTaHHbii UID ¢ 3agaHHbIMK AaHHbIMKW B NpuMepe: 124 24 62 17
Mpu coBnaneHun cpabaTbiBaeT 3anupawlmin MexaHM3M. B npoTMBHOM cny4yae
KPaTKOBPEMEHHO 3aropaeTcs TOIbKO KpacHbI cBeToanoA. [Ans CUMTbIBaHUSA KOAOB KapT
MO>XHO MUCMOJIb30BaTb MPOrpaMMy M3 NpPOLUSION rNaBbl.
Ha cnepytoweM pucyHke nokasaHo BO3MOXHOE NpUMEHEHUE B BUAE SLLMKa C 3aMKOM,
KyAa BCTPOEHAa BCS 3/1EKTPOHMKA. YTO6bI OTKPbITL KOPOOKY, NogHECUTE K HEel
Aencreytowyto RFID-MeTky.
B kauecTBe Mepbl NpefoCTOPOXHOCTU Bbl BCErga AOMKHbI UMETb AOCTYN K BHELUHEMY

WUCTOYHUKY nuTaHusa. Ecnu 6aTtapeinkn paspsixeHbl, KOpobKy B MPOTUBHOM ciy4yae
npuaeTcs OTKPbIBaTb CUJION.

RFID
Module

Controller

Pnc.13.5: Xpanunuuwe, KoHTponupyemoe RFID.
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FnaBa 14 e MicroPython n UHTepHeT Bewen (IoT)

B sToii rnaee nnata ESP nHTerpmupyetcs B ceTb. B AoNoNHEHME K MPOBOAHBIM
coeanHeHusM 60NbLWMHCTBO ceTel Tenepb Takxe umetoT WLAN (6ecnpoBoaHyto
JIOKaNbHYIO CEeTb). JTO O3HAYaeT, YTO NPenMyLLecTBa KOMMbIOTEPHOM CETU MOXHO
ncnonb3oBaTbh 6€3 He0bX0AMMOCTU Npoknaaku kabenen.

B npuHumne Kaxaoe coeAnHEHME ABYX KOMMbIOTEPOB yXe npeactasasieT cobor npocTyto
ceTb. Ecnn BrntovaeTcsa Bce 6onblie 1 60nblue KOMMNbIOTEPOB, HOYTOYKOB, MK nnn
NiaHLWeTOoB, co3aalTcs Bce 6onee cnoxHble CTPYKTYPbl. VIX MOXHO HacTpouTb C
MOMOLLbIO Pa3/INYHbIX CETEBbIX KOMMNOHEHTOB, TaKNX Kak KOHLUEHTPAaTopbl, poyTepbl 1
KoOMMyTaTopsbl. [1ns 3T0ro TpebyeTcs noaxoaswmin NpoTokon nepeaayun. B rnobanbHom
WNHTepHeTe ang aTow Lenm ncnonbsyetcsa nportokon TCP-IP.

CraHpapTHbIi npoTokon B Ethernet, a, cneposaTtensHo, n B WLAN, Ha3biBaeTca TCP
(npoTokoN ynpaBneHns nepeaaven). DTOT NPOTOKON NO3BOJISET NepeaaBaTbh AaHHbIe
yepes flokanbHble UK aaxe rnobanbHble CeTU U obecrneymBaeT NpPakTUYECKHU
6e30WwKnb0oYUHYO0 Nepenavy AaHHbIX.

IP 03HayaeT MHTepHeT-NPOTOKO/. 34eCb NPONCXOANT agpecaunsi NakeToB AaHHbIX.
MockonbKy B CETU BCEraa eCTb HECKOIbKO OTMpaBuTeNen u nonydyatenei, Heobxoanma
npoueaypa, Kotopas Bcerga nepeaaet nakeTbl JaHHbIX, NoAnexalme nepegaye,
npasuabHOMY nony4daTento. Mpotokon IP obecneumBaeT NpaBubHYIO agpecaumo
nakeToB AaHHbIX. IP-agpeca B HoTauuu IPv4 coctoaT n3 4 6aTtoB No 8 6UT Kaxabin, T.
e. Bcero 32 6urta. Utak, TeopeTnyeckm,

232 = 4,294,967,296
OOCTYMHbIX agpecos. [Jaxke 3Toro 601bWOro Yncna yxe HeaocTaTouyHo ansa rnobanbHoro
WHTepHeTa. MpunoxeHuns 10T 1 MeXMalMHHANA CBA3b, B YaCTHOCTU, TpebytoT, 4Tobbl

cuctema 6bina pacwmpeHa ao IPvé.

OaHaKo AoMallHWe CeTV Npoaos/KaloT paboTaTh ¢ 4-6aiiTHbIMM agpecaMu. B yacTHOM
poyTepe KaxAoMy YyCTPOINCTBY Ha3HauyaeTcs aapec Buaa

XXX XXX XXX XXX
Hanpumep, IP-agpec 192.168.178.32.

Ha3sHaueHue IP-agpeca TakxXe MOXET BbIMOSIHATLCS MOSHOCTLIO aBToOMaTuyecku. Ecnum
ESP32 pgonxeH 6biTb nHTEerpuposaH B WLAN, Heo6xoAMMO 3HaTb TONIbKO UMS CETU U KOA,
poctyna. JanbHenwure nogpobHOCTN 06BbSACHSIOTCS B CNeAYoWmMX rnaBax.

MpuMeyaHue: aanee pasnnyHaa nHpopMauusa, Takasa kak IP-agpeca, BblaeneHa cepbiM
LBETOM M3 coobpaxkeHni 3aLmTbl AaHHbIX, AaXe eC/n 3TO He 06a3aTeNlbHO OYeHb
KOoHdMAeHUManbHas nHdopMaums. DTy Npoueaypy Takxe cneayeT NoHMMaTb Kak
yKa3aHue Ha OCTOpOXHoe obpalleHne C AaHHbIMU B LLEIoM.
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Tak Ha3biBaeMbli MAC-azpec (ana ynpaBieHus 4OCTYNOM K Cpefie) TakXXe UrpaeT BaXHYo
ponb. 2T0 rnobanbHO  YHUKaNbHbI  MAEHTUOUKATOP, KOTOPbIA  Ha3HayvaeTcs
Ka>IOMy CeTeBOMY COBMECTMMOMY YCTpOUCTBY. OH cocTouT 13 wectn 6antos. MNepsble
Tpu 6aiTa yKasbiBalOT MAEHTUPUKALNOHHBIA KOA NMPOU3BOAMTENS, 3@ KOTOpPbIM crneayet
WHANBUAYANbHbIN KOA, MPUCBOEHHbIV NponssoauTeneM. TunmuHbin MAC-aapec BbIrsanT
Tak:

22-2C-DA-3A-A4-1B
MAC-aapec TpebyeTcs, ecnu ceTeBble KOMMOHEHTblI AO/DKHbI 6blTb ABHO agpecoBaHbl B

WHTepecax ycnyr, npeanaraemMblX Ha 6onee BbICOKMX YPOBHAX CBA3M. [1OCKOMbKY 3TO
Takxe oTHocuTCcs K umny ESP32, eMy Takxxe Ha3HaydaeTcs cobcTBeHHbI MAC-agpec.

Ecnn poyTtep pomawHen cetm nopknoveH K WHTepHeTy uyepe3 nuHuio DSL wnm paxe
OMTOBOJIOKHO, OH Ha3blBaeTCs <«W30M». [Ona dyHKUMM W03a TakXKe HasHayaeTcs
cneumanbHbil IP-agpec. Korga nakeTbl AaHHbIX OTMPaBAsAlOTCA Ha 3TOT agpec, L3
nepecblnaeT JAaHHble 4epe3 nposangepa B MWHTepHeT. Takum o06pa3oM, MOXHO
obMeHMBaTbCs AaHHbIMW C KOHTponnaepoMm 4epe3 WHTepHeT. Hanpumep, B crneayoowmnx
rnaBax rnobanbHas cBsA3b yCTaHaBAMBaeTCs Yepes cepBep ThingSpeak.

14.1 Ansa coBpeMeHHbIX AeTEKTUBOB: CETEBOMN CKaHep

Korga nonuuenckoe paano 6bino ewe Ha 100% aHanoroBbiM, MOLIEHHUMKW 4acTo
MCMNONIb30BaAM TaK Ha3blBaeMble <«paAMoOCKaHepbl», 4Tobbl NoAcCnywuMBaTb coobuieHus
nonvuuu. BHeapeHue undpoBoOli paguonepenaym U U30LWPEHHbIX METOAO0B LWNdpPOBaHUS
NONOXWIIO KOHeL, 3Tol aeaTenbHocTu. OaHako, 4To kacaetcss WLAN, ckaHepbl MOSHOCTbHO
neranbHbl W MOryT MCMOSb30BaTbCs KeM YyrogHo. B nNepBOM  MpUIOXeEHUN
nnata ESP ucnonb3yeTcs Kak ckaHep. Ero MOXHO Mcnonb3oBaTh 4719 06HapyXeHus Bcex
aKTUBHbIX ceTen Noban3ocTn. GyHKUUs

station.scan()

BO3BpaLLaeT crnmcok ¢ nHdopmaumen 060 BCcex NOKaNbHO AOCTYMHbIX ToYkax aoctyna WLAN:

e ssid: «NpeHTndunkatop Habopa ycnyr», T. e. uma cetn WLAN.
¢ bssid: «MaeHTndukaums 6asosoro Habopa ycnyr» — COOTBETCTBYET
MAC-agpecy 6ecnpoBoAHOM TOYKKN AOCTyNa.
e channel: CeTeBoM KaHan
e RSSI: «MHAMKaToOp YPOBHSA MPUHMMAEMOro CMrHana»: ypoBeHb curHana B ab.
e authmode: pexum ayTeHTudbukKauum:
- open
- WEP
- WPA-PSK
- WPA2-PSK
- WPA/WPA2-PSK
¢ hidden: CKpbITasa ceTb?

False — cTaHumMsA BMAHA
True — cTaHUMs CKpbITa
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CooTBeTCTBEHHO, ckaHep MicroPython WLAN MoXeT BbIrnsaeTb Tak:

# boot.py : BbINOMHAETCS NPW KaXOoil 3arpyske
# WLAN ckaHHep

import network
station = network.WLAN(network.STA_IF)
station.active(True)

n=station.scan()
print("Wifi networks found:")

print("-——-———--—-—————————- ")

for i in n:

print("Network: ", i[0])
print("BSSID: ", i[1])
print("channel: ", 1i[2])
print("RSSI: ", 4[3], "dB")
print("authmode: ", 1i[4])
print("hidden: ", i[5])
print("--——-——-————————————— )

[JaHHble BbIBOAATCS HAa KOHCO/b:

Shell
»> .
Wifi networks found:
Network: v
BSSID: b T
channel: 11
RSSI: -71 dB

authmode: 3

hidden: False

Network: b'FRITZ!Box &I00wis 13!
BSSID: b"4Aihwm i oTrlra s
channel: 1

RSSI: -74 dB

authmode: 3

hidden: False

Puc.14.1: CkaHnpoBaHne WLAN B obonouke.

Mporpamma o6bHapyxmBaeT Bce ceTn WLAN B npegenax AoCsiraeMocTu. 3Ta dyHKUMS
OYeHb nofnesHa, HanpuMep, ecin Bbl XOTUTE B6bICTPO U 1erKO NPOBEPUTb, AOCTYMNHA Nun
WLAN B onpegeneHHOM MecTe.

14.2 NMoakno4yeHo, HO HeT kabenein: WLAN

NHTepderic WLAN ESP32 Takxe MOXHO MCNonb30oBaThb AN obmeHa nHdbopmaumen ¢
CeTblo. JTO NO3BOJSET YNPaBNATb YCTPONCTBAMU, CUCTEMaMU UM YCTPOMCTBAMM Mo
6ecnposoaHoli cetn yepe3s WLAN c nomowbio Beb-cepBepa.
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YT106bI CEpBEp Ha ocHOBe ESP aBTOMaTM4yecku nepesanycTuics nocsie BO3MOXHOW
nepesarpy3ku, Heobxoanmel aBa danna

e boot.py
e main.py

daiin boot.py coaep>XuT 4yacTu nNporpaMmbl, He06xoaMMbIe ANs 3anycka CETEBOro
coeanHeHus. K HUM oTHoCATCSA nMnopT 6VI6)'IVIOTeK, VIHCDOpMaLl.MFI Ana BXo4a B CETb U
YyCTaHOBJIEHNS cCoeaMHeHUs ¢ nokanbHo WLAN:
# boot.py fiir WLAN connection
try:
import usocket as socket
except:
import socket
import network
from machine import Pin

import dht

import esp
esp.osdebug(None)

import gc
gc.collect()

ssid = ) XXXXXXXXXXXXX "
password = ,12345678901234567890'

station = network.WLAN(network.STA_IF)

station.active(True)
station.connect(ssid, password)

while station.isconnected() == False:
pass

print(,Connection successful')
print(station.ifconfig())

MHdbopMaums ans AocTtyna K cetu
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e sSid =, XXXXXXXXXXXXX'
e password =,12345678901234567890'

[O/KHbI 6bITb 3aMeHEeHbl COOTBETCTBYIOLWMMMN AAHHbIMK BHYTpeHHe WLAN. DTo MOXHO
HaWTKU, HanNpuMep, Ha 3a4Hein NaHenu poyTepa UM B ero MHCTPYKLMM MO 3KChyaTauuu.

Beb6-cepBepbl paboTaloT € Tak Ha3biBaeMbiMK «cokeTamm» Python API. CokeTbl — 370
nporpaMmMHble 6710KM, KOTOPbIE CyXaT KOHEYHbIMU Toukamu cBsA3n. OHm obecneumBsatoT
OCHOBY AN 06MeHa AaHHbIMK C APYTMMWU MPOrpaMMaMm UM KOMMbOTEPaMU.
KOMMyHMKaUWOHHbIE NapTHepbl MOryT ObITb YCTAHOBMIEHbI HA TOM Xe KOMMblOTepe, Ha
CETEBOM 3/1IEMEHTE MW Ha KOMMNbloTepax, AOCTYMHbIX Yepe3 ceTb. CBA3b Yepe3 CoKeTbl
MOXeT 6bITb ABYHanpassieHHON. TakuMm 06pa3oM, AaHHble MOryT 6bITb OAHOBPEMEHHO
noslyYyeHbl U OTNpasfeHbl. TakuM o6pa3om, cokeTbl 06pa3yoT HE3aBUCUMbIN OT
nnaTthopMbl CTaHAAPTU3NPOBAHHbBIN NHTEPdENC Mexay CEeTEBbLIM MPOTOKOAOM U 6a30BbIM
npuKnagHbIM NporpamMMHbiM obecneyveHmneM. bubnuorteka coketos ans ESPcontroller
MMMNOPTUPYETCH cneaytowmnm obpasom (cM. boot.py):

try:

import usocket as socket
except:

import socket

WTak, ecnu 6onee yHMBepcasnbHblii Moay b usocket HeaoCTyneH, UCNob3yeTcs
CTaHaapTHas Bepcus.

3aTeM nmMnopTupyetcs ceteBas 6ubnmnoteka. OHa no3sonseTr ESP32 obMeHnBaTbCA
AaHHbIMK ¢ ceTammn WLAN. Ons 6ecnpoBoaHoro ynpasneHus nmHamn GPIO Tpebyetcs
TOSIbKO KS1aCC KOHTAKTOB MalMHHOIo MOAyNA:

from machine import Pin
CTpoku

import esp
esp.osdebug(None)

OTK/IIOYalOT 0TNafouYHble coobuleHms. Ecnm TpebyeTcs BbIBOA COOTBETCTBYHOLLEN
MHdOpMaUUKN, CTPOKN MOTYT 6bITb OMNYyLLEHbI UM 3aKOMMEHTUPOBAHbI.

3aTeM aKTMBMpPYeTCS TakK HasbiBaeMbil «cbopimk Mycopa» (gc). OH npeacrasnseT cobomn
BO3MOXHYI0 (POpMY aBTOMATUYECKOro yrnpaBs/ieHMs NamaTblo. To ocBo60XAaeT MecTo B
namsaTy, KOTOpoe MOXET 6bITb 3aHATO 06beKkTaMu, KoTopble 60Mblle He UCMOoMb3YTCA
nporpaMmMmon.

Nmes nHdopmaumio ansa sxona B WLAN (ceteBoin SSID v naposib UCNOSb3yeMOro
poyTtepa), ESP32 MoxeT yCTaHOBUTb COeaMHEHMNE C IOKaNbHbIM poyTepoM. 3aTtem ESP32
HacTpamBaeTCs U aKTUBUPYETCHA Kak ctaHumsa WLAN:

station = network.WLAN(network.STA_IF)
station.active(True)
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Mocne 3Toro KOHTpoNep yctaHaBAnBaeT coeaunHeHue ¢ poytepoM. Lukn while
rapaHTUpyeT, 4To NporpamMma He byaeT npoaos/KeHa, noka Moaynb ESP He noakntoyeH K
nokanbHon cetn WLAN. Mocne ycrnewHoro noaKJ0YeHS BbIBOASATCS CETEBbIE
napameTpsbl, BkAto4asa IP-agpec ESP32:

Shell |

Frx

Connection successful
s B2 = (o e N - o g (LGP Lok p Lo s Lo 1 (T .- s F O i i SR B e i Rt S e A

<lm

Frr

Puc.14.2: BbiBoA ceTeBbIX NapaMeTpoB

14.3 NepeknoueHne u ynpasjieHue C NOMOLLbIO Be6-cepBepa

Mocne ToOro, Kak nnaTa ycrtaHoBuna cBsizb ¢ WLAN, MOXHO HacTPOUTb HE3AaBUCUMbIM
Beb6-cepBep. ITO MOXHO UCNOMb30BaTb, HANPUMeEpP, ANS YNpaBieHUs pasAnyHbIMU
BbiIxogamu. CepBep A0KEH npeasaratb crieayowme BO3MOXHOCTU:

e YnpasneHue oTaenbHbIMU KaHanamu ansa GPIO nnatel ESP.

e locTtyn yvepe3 IP-agpec.

e YnpaBneHue yepes nobolri 6paysep B IOKaNbHOM AOMALUHEN CETU.

e HaxxaTne Ha KHOMKK Beb-cepBepa AOMKHO HEMEATEHHO U3MEHUTb
CTaTyC aKTUBHbIX KaHasoB.

e (O6paTHasa cBA3b NyTeM 0TOHPaKEHUS TEKYLLEro COCTOSIHUS nopTa Ha

Beb-cTpaHuue.

[nsa TecTmpoBaHMs cepBepa K MCNofib3yeMbiM nopTaM (22 1 23) cHavana noaks4aoTcs
ABa cBetoauoaa. Npu HeobxoAMMOCTN CBETOAMOAbI, KOHEYHO, TaKxXe MoryT 6biTb
3aMeHeHbl pefie UNn ApyruMn 31eKTPOHHbIMU KOMMOHEHTAMMN, TaKUMKN KaK CUI0Bble
TPaH3UCTOPbl NN CUMUCTOPBI U T. 4., ANS NepekniodYeHns 6onee BbICOKUX BbIXOAHBIX
ypoBHeW. Mocne Toro, Kak B ¢anne boot.py yxe ycTaHOBMEH KOHTaKT C CETbIO,
nocTpoeHne Beb-CcTpaHuLbl CepBepa MOXHO OCYLLEeCTBUTb B daline main.py. 34ecb
06BbEeKTbl BbIBOAOB CHavana onpeaensiTcs ana ynpasnsemblx GPIO. B cneaytowem
npvMepe «cBetoamos 1» Ao/mKeH 6biTb MOAKIOYEH K KOHTAKTy 22, a «CBETOAMOA 2» — K

from machine import Pin
ledl = Pin(22,Pin.0OUT)
led2 = Pin(23,Pin.0UT)
Beb6-cTpaHuua nMmeeT 3agadvy oTobpaxaTb Tekywme coctossHus GPIO. MNepen co3paHnem
HTML-TekcTa Heo6x0ANMO NpPOBEPUTb COCTOSAHMUSA cBeToAMoA0B. OHM 3anucbiBalOTCS B
nepeMeHHyto gpio_state:
if ledl.value()==1:
gpio_statel="ON"
else:
gpio_statel="OFF"

if led2.value()==1:
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gpio_state2="ON"
else:
gp-i o_state2="0OFF"

3aTeM onpenensieTcs KOHCTpyKunsa Beb6-cTtpaHuubl. OCHOBHbIE MOMEHTbI 3TOM
KOHCTPYKUMKN ByayT KpaTKO 06bsiCHEHbI HUXe. B nepBoM 6noke HTML ocHOBHbIe
napamMeTpbl, Takne Kak

® 3arosioBoK
* pasmep
o LIpUPT

CTpaHWUbl onpeaendarTca:

html = """<html><head> <title>WLAN server</title> <meta name="viewport" con-
tent="width=device-width, initial-scale=1">

<link rel="dcon" href="data:,">

<style>html{font-family: Arial; display:inline-block; margin: Opx auto;
text-align: left}

hl{color: black; padding: 2vh; font-size: 20px;}

3aTeM cnefyeT KOHCTPYKUMS ABYX BMPTYasibHbIX KHOMOK KPAacHOMO M 3e/1eHOM0 LIBETOB:

.buttonGreen{display: 1inline-block; background-color: green; border: none;
font-size: 20px; margin: 10px; cursor: pointer;}

.buttonRed{display: inline-block; background-color: red; border: none;
font-size: 20px; margin: 10px; cursor: pointer;}

Tenepb Be6-CTPaHULY MOXHO BbIBECTU C MOMOLLbIO

¢ 3arosioBOK
e nHdOpMaLMs O COCTOSTHUM
® KHOMKM

cneayiwoulee:

</style></head><body> <hl>WLAN server V 1.2</hl; text-align: left>

<p>Channel 1: """ + gpio_statel + """
</p><p><a href="/ledl=on"><button class="buttonGreen">ON</button></a>
<a href="/ledl=off"><button class="buttonRed">0FF</button></a></p>

<p>Channel 2: """ + gpijo_state2 + """
</p><p><a href="/led2=on"><button class="buttonGreen">ON</button></a>

<a href="/led2=off"><button class="buttonRed">0FF</button></a></p>
</body></html>"""
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Mocne cospaHna HTML-koaa ans seb-caita TpebyeTca NpocnyLwmMBatoLWmMn COKeT, 4TobbI
oXnpaTb BXogswme 3anpockl n otnpaenaTe HTML-TekcT B kKayecTse oTBeTa. [ns 3Toro
CO34aeTcs HOBbI 06bEKT cokeTa "s" ¢ cOOTBETCTBYHOLWMM TUNOM cokeTa (STREAM TCP).
3aTeM 3TOT 06beKT cokeTa MOXeT bbITb NpMBA3aH K agpecy (ceTeBoMYy MHTepdency u

HOMepy nopTa) ¢ nomoublo MeToaa bind().

s=socket.socket(socket.AF_INET, socket.SOCK_STREAM)
s.bind((,"', 80))
s.listen(5)

[MycTasa cTpoka «» npeaoctasnsaeT IP-aapec nokKanbHOro Xocrta u, ciefoBaTesbHO,
Tekywui IP-agpec ESP32. MopTt Homep 80 cnyXuT CTaHAAPTHbLIM MOPTOM.

Tenepb cepBep MOXET NMOAKMYaTbCs K ceTu. COOTBETCTBYIOLWAA CTPOKa No3BONsET
cepBepy YCTaHOBUTb coeanmHeHue «read» (UTeHne). ApryMeHT COOTBETCTBYHOLLErO
MeToga listen() onpenensieT MakCMManbHOE KOMMYECTBO COeAMHEHUI B ovepean,
MaKCUMYM MSThb.

Lmkn while oxnaaeT 3anpocoB. Koraa KAMEHT NOAKIIOYAETCS, CEPBEP Bbi3bIBAET METOA
accept(), 4Tobbl NPUHATL coeanHeHMe. 3aTeEM OH COXPAHSAET HOBbIN 06beKT cokeTa Ans
npveMa u oTrnpaBKW AaHHbIX AN NepeMeHHoW conn. AApec KIMeHTa coXpaHsieTcs Ans
NOAKJ/IOYEHUA K cepBepy ANns nepeMeHHon «addr».

Yepes cTpoky

print(,Got a connection from %s' % str(addr))

aapec K/MeHTa BbIBOAMTCA Ha KOHCOMb Ans ynpaBneHus. O6MeH faHHbIMU Mexay
KJIMEHTOM N CEPBEPOM MPOUCXOAUT C Nomollbto MeTogos send() u recv(). Metopa recv()
nosly4YaeT AaHHble U3 KIIMEHTCKOr0 cokeTa. ApryMeHT MeToZa yKasbiBaeT MakCcMMasbHoe
KOJIMYECTBO AaHHbIX, KOTOPOe MOXeT 6bITb MOsy4YeHo 3a OAMH pas.

MNepemeHHas «response» (OTBET) coaepXuT TekcT HTML, Bo3Bpawaembln QyHKUMEN
web_page(). Init BbinonHsieTcs nouck knasuwm "ledx=on/off" ©n COOTBETCTBEHHO
BKJTIOYAETCS UM BbIK/KOYAEeTCs CBETOAMNOA,.

HakoHeL, oTBET OTNpaBASETCHa K/IMEHTY COKeTa C noMowwbo Metogos send() mn sendall(),
a COKeT 3aKpblBaeTcs ¢ noMoLlbto conn.close().

Becb aiin main.py ans co3aaHus Be6-CTpaHuLbl cepBepa BbIrNsSaUT Cneayowmm
obpa3zom:
# main.py: WebServer_WLAN_switch

from machine import Pin
ledl = Pin(22,Pin.0OUT)
led2 = Pin(23,Pin.0OUT)

def web_page():
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if ledl.value()==1:
gpio_statel="ON"

else:
gpio_statel="OFF"

if led2.value()==1:
gpio_state2="0ON"

else:
gpio_state2="OFF"

html = """<html><head> <title>WLAN server</title> <meta name="viewport"
content="width=device-width, initial-scale=1">
<link rel="dcon" href="data:,">

<style>html{font-family: Arial; display:inline-block; margin: Opx auto;
text-align: left}
hl{color: black; padding: 2vh; font-size: 20px;}

.buttonGreen{display: inline-block; background-color: green; border: none;
font-size: 20px; margin: 10px; cursor: pointer;}

.buttonRed{display: inline-block; background-color: red; border: none;
font-size: 20px; margin: 10px; cursor: pointer;}

</style></head><body> <hl>WLAN server V 1.2</hl; text-align: left>

<p>Channel 1: """ + gpjo_statel + """
</p><p><a href="/ledl=on"><button class="buttonGreen">ON</button></a>
<a href="/ledl=off"><button class="buttonRed">0FF</button></a></p>

<p>Channel 2: """ + gpjo_state2 + """
</p><p><a href="/led2=on"><button class="buttonGreen">ON</button></a>

<a href="/led2=off"><button class="buttonRed">0FF</button></a></p>
</body></html>"""

return html

s=socket.socket(socket.AF_INET, socket.SOCK_STREAM)
s.bind((,', 80))
s.listen(5)

while True:
conn, addr = s.accept()
print(,Got a connection from %s' % str(addr))
request = conn.recv(1024)
request = str(request)
print(,Content = %s' % request)
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ledl_on = request.find(,/ledl=on"')
ledl_off = request.find(,/ledl=off")
led2_on = request.find(,/led2=on"')
led2_off = request.find(,/led2=off")
if ledl_on==6:

print(,LED ON'")

ledl.value(1)
if ledl_off==6:

print(,LED OFF'")

ledl.value(0)
if led2_on==6:

print(,LED ON'")

led2.value(1)
if led2_off==6:

print(,LED OFF'")

led2.value(0)

response = web_page()
conn.send(response)
conn.close()

14.4 Be6-cepBep WLAN B geiictBumn
B Be6-cepBep BXoAMT TONbKO nnaTta ESP ¢ ogHuM cBeTtoanonomM Ha noptax GPIO 22 u 23
M COOTBETCTBYIOLLME nocnefoBaTenbHble pe3nctopbl (2 x 150 Om).

PucyHok 14.3: Beb-cepBep ESP32.
Mocne 3arpy3ku daiioB main.py un boot.py B nanky «device» ESP32 MOXHO HaxaTb

kHonky ESP EN/RST. Yepe3 HeckonbKko cekyHA byaeT yCTaHOB/IEHO coeanHeHune ¢
nokaneHbiM poytTepoM WLAN. CBs3aHHbIl IP-agpec oTobpaxaeTcs B o6onouke.
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I )
connecting. .
connecting. ..

Connection successful

o), '255.255.255.0', '1%2.1leB8.178.1', '192.168.178.1")
n from ('192.16€8.178.1', 56€445)

< ml

Puc.14.4: HacTpoiika noakntoueHuns u IP-aapec nnaTel ESP32.

[Ons Bbi3oBa Be6-CcTpaHMUbl TpebyeTcss KOMMbOTEP, MOAK/IOYEHHbIM K TON Xe I0KanbHOM
ceTu. Ha 3TOM KOMMbKOTEPE MOXHO OTKpbITb fob6oM 6pay3ep C yKasaHHbIM Bbllle
IP-appecoM ESP B none Beoga (CM. nsobpaxeHue).

Puc.14.5: Be6-cant kommyTtaTtopa WLAN.

Mocne HaxaTns BUPTyanbHOW KHOMKKN «ON>» 3aropaeTcs COOTBETCTBYIOLUI CBETOANOA,.
KpomMme Toro, cpa3y obHoBnsieTcst ctatyc GPIO Ha cTpaHuue.

14.5 CuntbiBaHMe AaHHbIX AaTtuuka yepes WLAN

MoMMMO KOMMyTaLMKN YCTPONCTB, OAHOM U3 BaXHeNLWMX 3a4a4 Beb-cepeepa saBnseTcs
CuMTbIBaHWE M Nepefava AaHHbIX AAaTYNMKOB. HanpuMmep, TpW aHaNoroBbix KaHana
AOJKHbI 6bITb 0TNpaBneHbl Be6-knneHTy yepe3 WLAN. YTob6bl rapaHTMpoBaThb, YTO
3a4aHHble 3HAYEHUsI MPUMEHSIOTCA K KaHanam, OHU NMOAK/OYEHbl K NOTeHUMoMeTpaM. B
KayecTBe asibTEPHATUBbI MOXXHO WUCMOIb30BaTh t06ble AaTUMKK C aHANOroBbIMU
BbIX0AaMW, Takue Kak hoToanoAbl UM aHaNoroBble AaTYMKK TeMNepaTypbl

(cM. rnasy 9).
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Puc.14.6: Be6-cepBep Ang nepefayn aHaNoOroBblX KaHasos.

CoepmnHeHune ¢ WLAN ycTaHaBnmBaeTcs, Kak 06bl4HO, Yepes dain boot.py.
CnepoBaTenibHO, OH MOXET 6biTb NPUHAT 6e3 n3mMeHeHui. MNocne nMnopTa BbiBoAa M ALIM
KaHanbl ALIMN onpeaensioTcs B arnne main.py:

adcs = [ADC(Pin(i)) for i in (32,34,35)]
Danach erfolgt der Aufbau der Web-Page:

html = """<IDOCTYPE html>
<html>
<head> <title>ADC MAP</title> </head>
<body> <h1>ADC MAP</h1>
<table border="1"> <tr><th>Pin</th><th>Value</th></tr> %s </table>
</body>
</html>

B KOMMJIEKTE C Ha3BaHMEM, 3ar0/lI0BKOM U NpeaBapuUTebHO 0ThopMaTUpPOBaHHOM
Tabnuuen. 3aTeM COKeTbl CHOBa aKTUBMPYHOTCS. B OCHOBHOM UMKNe KaHanbl,
onpeaeneHHble B «adcs», BbIBOAATCS Yepes

rows = [,<tr><td>%s</td><td>%d</td></tr>' % (str(p), p.read()) for p in
adcs]

C NMOMOLLbIO CO3AaHHOM Tabnuubl. Ha cneaytowemM pycyHKe nokasaH npuMep Ans Tpex
aHanoroBblX 3HAYEHUA:
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9 ADC MAP X | aF = a X

] D iy ¥

ADC MAP

| Pin ||Value‘
|ADC(Pin(32))[[2285 |
[ADC(Pin(34))|[1365 |
[ADC(Pin(35))|[2911 |

Puc.14.7: AHanoroBble U3MepPeHHble 3Ha4yeHUs B 6paysepe
OpHako onucaHHas 34ecb npoueaypa M03BOMSIET pacnpoCTpaHsATb AaHHble TOMbKO B
BHYTPEHHEN CeTu AO0Ma yepes JSioKasibHY Man 6ecnpoBOAHYO NOKanbHYH ceTb. [JocTtyn
M3BHE HEBO3MOXEH 6e3 aasibHeENWMX N3MEHEHUN. HACTPOIKN NO YMOYaHMIO AOMALLHEro
poyTepa 06bIYHO 3anpeluatroT BHELWHWIA AOCTYN K BHYTPEHHUM CETEBbIM pecypcaM. 3To
TaK)Xe WMeeT CMbIC/, TakKk Kak O06bl4HO HexenaTenbHo, 4Tobbl HEWU3BECTHble Mua

ynpasnsnu cobCTBEHHOW AOMalUHEl aBTOMaTMKON.
CneumanbHble NOpTbl MOTyT 6bITb OCBOOOXAEHbI AN BHELWHEro AocTyna. Toraa MOXHO

6b1710 6b1 NOAYUNTL AOCTYN K KOHTPOJISIEPY B AOMALUHEN ceTu 3 Ntobor ToUkn Mmupa. ITa
npoueaypa, OAHako, Tpebyer rnybokux 3HaHMM O TOM, Kak obpawaTtbca C
COOTBETCTBYIOLWMMM MepaMu MNpefoCTOPOXHOCTN, 4YTOObl WCKNIOUYNTL HenpaBW/ibHOE
MCnonb3oBaHue. M3-3a 3TUX CONYTCTBYKOLWNX PUCKOB 3TOT MeToa He 6yaeT 34echb
OnMuCbIBaTHCS.

Fopa3no 6onee NpocToi M Ny4dlwnMii MeTOA NpeacTaBneH B rnase 16 «OTnpaBka AaHHbIX B
NHTepHeT yepe3 ThingSpeak». Tam 6ecnnatHas MHTepHeT-nNnaTdopMa UCNoAb3yeTcs Ans
M3BJIeYEHNS AAHHBIX U3MEPEHUI U3 COOCTBEHHOM AOMAalLHE aBTOMATUKM MO BCEMY MUpY.
Kpome ToOro, nnatdopma npeanaraetr LWUPOKME BO3MOXHOCTM ANa rpaduruyeckoro
0TO6paxeHss U3MEepPeHHbIX 3HAaYeHUI U AaHHbIX. TakxXe npeayCcMOTpeHbl CTaTUCTUYeCcKme
MeToabl c6opa 1 06paboTkn AaHHbIX.

JocTtyn k nnatdopMe MOXHO perympoBaTbh U OrpaHUUYMBATb C MOMOLLBIO Pa3/IMYHbIX
HacTpoek. OTo obecneymBaeT pa3yMHbIli ypoBeHb 6€30MacHOCTU, XOTS, KOHEYHO, HU
O[lHa CMCTeMa He MOXET NpeasioXuTb abCoNOTHYIO 3aLlUTy OT HeXenaTebHOro
BTOPXEHMUS.

14.6 3anucb NnapaMeTpoB OKpy>Kalowen cpeabl:
TepmomeTtp/rurpometrp WLAN

Ecnn namepeHHble 3Ha4YeHus HeobxoAnMMO perucTpupoBaTb M3 yAaneHHbIX,
M3MEHSIOLWNXCA UM TPYAHOAOCTYMHbIX MECT, XenaTenbHO He NMpoknaabiBaTb
n3MeputenbHble kabenn. B 3ToM criyyae paguonepenaya MoxeT 6bITb METOAOM BbiboOpa.
NS 3Tol Luenn MOXHO MCMoNb30BaTb CUCTEMY 3anucu ¢ nogaepxkon WLAN. Ecnm
OOKHBbI NepeAaBaTbCs peasbHble U3MEpPEeHHbIe 3HAaYEeHUs, TONIbKO MOTEHLUWUOMETPbI U3
nocneaHen rnasbl Heo6X0ANMMO 3aMEHUTb NOAXOAALWMMU AaTuMKaMu. Hanpumep, ans
6ecnpoBOAHOrO0 ANCTAHUMOHHOIO U3MEpPEHMS TeMnepaTypbl CHOBA MOXHO MCMO/b30BaTb
HaCTpOWKY, NOKa3aHHYy Ha puc. 9.12. B cOOTBETCTBYIOLWEN NporpaMme nepegaya
AaHHbiXx WLAN o6beanHeHa ¢ nporpaMMoi TepMoMeTpa.
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B kayecTBe anbTepHaTUBblI MOXHO MCMOb30BaTb AaTuMK DHT22 1 pe3nctop Ha 10 kKOM.
MoaknyeHne 1 oueHKa 3Toro 1 Apyrux AAaTUMKOB yxe 0bbscHanMCh B rnase 9. OaHako
Ternepb 3aperMcTpMpoBaHHble 3HAaYEHUS JOMXKHbI HE TONIbKO 0TO6paXkaTbCs SIOKasbHO Ha
Aucnnee, HO 1 nepepasaTbcs No 6ecnposoaHon cetn yepes WLAN.

OnaTb Xe, Ana 3Toro npoekrta Heobxoaumel dannsl boot.py n main.py. Boot.py
naeHTu4yeH Bepcumn ansa LED-cepBepa. B cTpoke main.py Tenepb yKa3aH NUH gaTtyunka
BMECTO HOXKU CBeToAMoAa:

sensor = dht.DHT22(Pin(14))
TeMnepaTypaL4BnamHOCTbchTHBachnqepe3
def read_sensor ():

[Be nepemeHHble «temp» (TemnepaTtypa) u «hum>» (BNaXHOCTb) XpaHAT AaHHblE O
TeMnepaType U BIAXHOCTU, CUMTAHHbIE C AaT4mMKa.

Mpu cnepylowen KOHCTPYKUnUK try/except BbINosHEHWE NpPOrpaMMbl NPOAOIIXKAETCS, Aaxe
€Cnn BO3HMKAeT UCKIoYeHne. OTo npeaoTepallaeTt c6or Beb-cepBepa, ecnu AaHHbIE He
MOryT 6bITb CUMTaHbI C AaTumka. Ecnm nokasaHmsa AOCTOBEpPHbI, NOArOTaB/IMBAETCS
cooblueHne, coaepxallee nokasaHus TemnepaTypbl U BNaXXHOCTU:

msg = (b ,{0: 3.1f}, {1: 3.1f}'. format (temp, hum))

HakoHeL, AaHHble BO3BpaLLatoTca ¢ noMowbio return (msg). Ecnu gatunk He MoxeT 6biTb
npo4YnTaH, HanpuMmep, U3-3a TOro, YTo CBSI3b C N3MepUTENbHbIM 6/10KOM NpepBaHa,
reHepupyeTtcsa coobueHune o6 ownbke ("Failed toread sensor - He yaanocb npouyntath
natyumk").

dyHkunsa web_page() cHoBa Bo3BpawaeT HTML-cTpaHuuy. Kak n B cnydae co
CBETOAMOAHbBIM CEPBEPOM, 3[€Cb CHayana onpeaensercs oblas KOHCTPYKUUS CTpaHuLb.
3aTeM co3patoTcs ABe NoANporpamMmbl Ans oTobpaxeHust TemnepaTypbl U BNaXXHOCTU:

<p>
<i class="fas fa-thermometer-half" style="color:#059e8a;"></i>
<span class="dht-labels">Temperature</span>
<span>"""+str(temp)+"""</span>
<sup class="units">°C</sup>

</p>

<p>
<i class="fas fa-tint" style="color:#00add6;"></i>
<span class="dht-labels">Humidity</span>
<span>"""+str (hum)+"""</span>
<sup class="units">%</sup>

</p>
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3aTeM BbIMNOMHAOTCA Warn nporpaMmMmel, y>xe pacCMOTpeHHble B pa3gene 14.9, ansa
nepegaun seb6-cTpaHuLbl.

s = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
s.bind((,"', 80))
s.listen(5)

B unkne while Bbi3biBaeTcs dyHKUMS read_sensor() ANs BbiBOAA 3HAYEHUN AaTyMKa U
obHoBneHusa rnobanbHbliX NepeMeHHbIX temp 1 hum. MonHbIM darn main.py BbirNaguT
TakK:

# main.py: ENVIRO Server DHT11

import dht
sensor = dht.DHT11(Pin(14))

def read_sensor():
global temp, hum
temp = hum = 0
try:
sensor.measure()
temp = sensor.temperature()
hum = sensor.humidity()
if (disinstance(temp, int) and qdisinstance(hum, int)):
msg = (b'{0:3.1f},{1:3.1f}'.format(temp, hum))
print(msg)
return(msg)
else:
return(,Invalid sensor readings.')
except OSError as e:
return(,Failed to read sensor.')

def web_page():

html = """<IDOCTYPE HTML><html>
<head>
<meta name="viewport" content="width=device-width, initial-scale=1">
<style>

html { font-family: Arial; display: inline-block; margin: Opx auto;
text-align: center; }
h2 { font-size: 2.0rem; } p { font-size: 2.0rem; }
.units { font-size: 2.0rem; }
.dht-labels{ font-size: 2.0rem; vertical-align:bottom; padding-bottom:
Opx; }
</style>
</head>
<body>
<h2>ESP32 ENVIRO Server</h2>
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<p>
<span class="dht-labels">Temperature:</span>
<span>"""+str (temp)+"""</span>
<span class="units">&deg;C</span>
</p>
<p>
<span class="dht-labels">Humidity:</span>
<span>"""+str (hum)+"""</span>
<span class="units">%</span>
</p>
</body>
</html>"""
return html

s = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
s.bind((,', 80))
s.listen(5)

while True:
conn, addr = s.accept()
print(,Got a connection from %s' % str(addr))
request = conn.recv(1024)
print(,Content = %s' % str(request))
sensor_readings = read_sensor ()
print(sensor_readings)
response = web_page()
conn.sendall(response)
conn.close()

Mocne 3arpy3kun dannos Ha ESP32 MOXHO cHOBa 3anycTuTb Be6-6pay3ep 1 BBeCTU
Tekywmni IP-agpec ESP32. [laHHble namepeHuii Tenepb 6yayT oTtobpaxaTtbcs B BuAe
Be6-CTpaHuLbl:

R = R x = B =

« > O @ S 192163.172.0) * *x 4 e -

Thermo/Hygro Server
Temperature: 23.8 °C

Humidity: 41.1 %

Pnc.14.8: Cepsep Thermo/Hygro paboTtaeT un otobpaxaetcs B 6pay3epe.
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Fnasa 15 e lNMpocTo n xopowo: npotokon MQTT

B 3ToV rnaBe paccMaTpMBarOTCsA OCHOBbI NpoTokona MQTT. MQTT pacwmndgposbiBaeTcs
kak Message QueuingTelemetry Transport. 3To npocTas cuMctema nybankaunm m
MOAMWUCKM, C MOMOLLbIO KOTOPOWM MOXHO NMy6/MKOBaTb M MosyyaTb coobieHuns. MpoTokon
6b1n pa3paboTaH, B TOM uucie, Ana nepefadn AaHHbIX C HU3KON NPONyCKHOWM
CNoCcO6HOCTBIO. DTO AenaeT ero NpeanoyYTUTENbHbIM peleHreM ans npunoxenun IoT. C
nomowbo MQTT MOXHO OTNpaBAATbL KOMaHAbl ANs ynpaBneHuns Bbixogamu. Kpome Toro,
TaKXXe BO3MOXHO CUUTbIBATb AaHHble C CEHCOPHOro y3na u nybnmMkosaTb UX.

Mpu paspaboTke npoTokona 6bina LeHTpannsoBaHa Heo6X0AUMOCTb MMETb BO3MOXHOCTb
yCTaHaB/MBaTb CBSA3b MEXAY HECKOJIbKUMU yCTpolrcTBamm 6e3 ocobbix yemnuii . MQTT
BKJIIOYaAET B cebs cneayolmne OCHOBHbIE MOHATUSA:

Publish/Subscribe - Ony6nnkoBaTb/noanucaTbCs
e Messages - CoobLieHuns

e Topics - TeMmsl

e Broker - Maknep

MepBbIli NoaXxo4 — 3TO cucTeMa nybankaummn 1 NoANMUCKU. ITO NO3BONSIET YCTPOUCTBY
ny6nvkoBaTb coobLieHns No onpeaeneHHor TemMe. Kpome Toro, MOXHO NoANMcaTbCs Ha
onpeaeneHHyo TeMy, YTobbl NonyyaTb COO6LEHMS.

Smartphone

MQTT D
Sensors Server .
/’22 °C i

2 Gz

Light

Humidity PC
Air Pressure

Laptop

Puc.15.1: MQTT: ocHOoBHas npoueaypa.

CoobueHnss — 370 MHbopMaums, KOTOPOM 06MeHMBATCSA pas/InyHble YCTPONCTBa. IDTO
MOryT 6bITb KOMaHZbl MW JaHHbIE.

Elle o4HUM BaXXHbIM NMOHATUEM SABMSAIOTCS TeMbl. TeMbl coaepxaT MHCbOpMaLIM}O O TOM,
Kakne HOBOCTU UHTEPECYIOT YYaCTHUKa UK rae HOBOCTU AO0J1XKHbI 6bITb Oﬂy6J'IVIKOBaHbI.

Tembl NpeacTaBfieHbl CTPOKaMU, pasaeneHHbiMu kocor yepton ("/"). Kaxaasa kocas
yepTa yKa3blBaeT Ha YpoBeHb TeMbl. HanpuMep, TeMy «kodeMalimHa» B 0puce MOXHO

npeacTtaBnTb Tak:

work/office/coffeemachine
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TeMbl YyBCTBUTENbHbI K PETUCTPY:

work/office/coffeemachine

work/office/CoffeeMachine
cnenoBaTesibHO, 3TO ABE pa3HblE€ TEMbI.

WTak, ecnn Bbl XOTUTE BKAOYUTL KodeMalwmnHy B oduce Yepes MQTT, fosxkeH
MPOU30NTM CneayoLwWwnii cueHapumn:

‘_ Subscribe
Publish - _—
Message: TOpIC Message:
D "on/off" "onioff"
MQTT
MQTT client Device

Puc.15.2: CueHapui BbinosiHeHMs MQTT.

TepMMHanbHOE YCTPOWCTBO, TaKoe Kak HOYTOYyK Ui cMapTdOH, BblAAeT KOMaHAY
«0n - BKJIOYUTb» UK «off - BbIKIOUNTL» ANns TeMbl «paboTa/oduc/kodemalinHa».

Ha 3Ty TeMy nognucaHo Apyroe yCcTponcTso, Hanpumep ESP32. MoaToMy, Korga B 3Tom
TeMe nybnnkyeTcst HoBoe coobueHne, ESP32 nonyyaet coobuweHnne «Bkn.» nnm «Bbikn.»
M BKJIIOYAET WU/IM BbIK/IOYAET KodeMalunHy.

HakoHeL, Takxe TpebyeTcsi 6pokep . OH B NepByl0 ovepeb OTBeYaeT 3a NosiyyeHune
BCeX coobuieHnin, nx punbTpaunio n onpegeneHme Toro, KTo B HAX 3aMHTepecoBaH. Y
Hero TakXxe ecTb 3ajava nybnvkaunm nHbopMaumm Ans BCceX NOANUCAHHbIX KITMEHTOB.

[nsa 3Tol uenu AOCTYNHbl pasfiMyHble 6pokepsbl. LLIMPOKO M3BECTHOWM Bepcueit sBnseTcs

6pokep Mosquito, KOTOPbI MOXHO yCTaHOBUTb Ha Raspberry Pi. B kauectse
anbTepHaTUBbI MOXHO MCNonb3oBaTh 6pokepa cloudMQTT, Hanpumep ThingSpeak.
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Chapter 15  Simple and Good: The MQTT Protocol

15.1 MQTT uepes3 ThingSpeak

B ThingSpeak aaHHble MOryT 6bITb MpeAcTaBeHbl B CaMbiX pa3Hbix opMax. Beb-cant
npeanaraeT BCECTOPOHHIOW MOAAEPXKKY ANS PasfIMYHbIX CUCTEM MUKPOKOHTPOIEepoB. Bxoa
Ha nnaTtdopmy ThingSpeak ocylwecTenseTca yepes cTpaHuuy Bxoaa. Nocne ycnewHoro
BX0Ja B CUCTEMY MOXHO 3aMpOCUTb YHMKasbHble KOAbl HA3HAYeHUs, TaK Ha3biBaeMble KUK

API (ans nHTepdelica NpMkNagHoOro NporpaMMmMpoBaHuns).
Channels » MyChannels  KaHanbl - Mown kaHanbl
Onsa cesA3m yepe3s MQTT TpebyeTtcsa cneaytowan nHdbopmaumsa o kaHane ThingSpeak:

e NpeHTudukaTop KaHana (B BEpXHeEn 4acTn Kaxkxaon CTpaHuLbl «KaHana»)
e NpenTudukaTtop nonb3osartens(Account -> My Profile)

e YrteHue kntoua API (API Keys TAB)

e 3anucb knto4da API (API Keys TAB)

e Kntou API MQTT (Account -> My Profile)

Ha cnepyiollem pucyHKe rnokasaH npumep ctpaHuubl knwoden API.

Channel ID: 2722

Author: tonismarthome

Access: Private

Private View Public View Channel Settings Sharing

rite APl Key

Key AT A e g m e
ST LT

Read API Keys

Key

B

o5 5 . e AL T PO e

Note

Puc.15.3: Kntoun API B ThingSpeak.
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Onsa nepepayn aaHHbIX Ha Thingspeak.com cHoBa TpebytoTcsa asa darina boot.py m
main.py (B nanke ¢ kogamun nog MQTT_thingspeak). boot.py ocTaetcsa 6e3 nsmeHeHui,
Kak 06bl4HO, U yCTaHaBnmMBaeT coeamHeHne ¢ WLAN.

CHavana B main.py co34aeTcs KANeHT co cBoboaHOo BbI6MpaEMbIM HOMEpPOM!:
myMgttClient = bytes("client_"+str(2151139), 'utf-8')

3aTeM 3TOT KAMEHT noaknatodaeTcs K 6pokepy ThingspeakMQTT. CoeanHeHune
ocyuwiectensetcsa yepes nopt TCP.

THINGSPEAK_URL=b"mqtt.thingspeak.com"

THINGSPEAK_USER_ID=b'USER_ID'

THINGSPEAK_MQTT_API_KEY=b'MQTT_API_KEY"

client=MQTTClient(client_id=myMqgttClient,
server=THINGSPEAK_URL,
user=THINGSPEAK_USER_ID,
password=THINGSPEAK_MQTT_API_KEY,
ssl=False)

Ons 3anonHuTenen

e USER_ID
e MQTT_API_KEY

34eCb AO/MKHbI UCMOb30BaThCA AaHHbIE, B3ATble ¢ Beb-cTpaHuubl ThingSpeak. 3atem
AenaeTcs NonbITKa YCTAaHOBUTb COeAUHEHMUE:

try:

client.connect()
except Exception as e:

print(,could not connect to MQTT server {}{}'.format(type(e).__name__,
e))

sys.exit()

B cnyyae owmnbKM BbIBOAUTCS COOTBETCTBYOLEE coobLieHme. Mocne yKasaHus

1. THINGSPEAK_CHANNEL_ID = b'XXXXXX'
2. THINGSPEAK_CHANNEL_WRITE_API_KEY = b'1234567890ABCDFG'

W onpeaeneHne nepuoaa BpeEMEHU Mexay ABYMsl nepeAavyamu faHHbIX (MUHUMMYM 15
CeKyHa),

PUB_TIME_SEC = 15

Bbl MOXETe Ha4aTb OTNpaB/iIATb 3HAYEHUA!
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Chapter 15 ¢ Simple and Good: The MQTT Protocol

dummyData = adc.read()
credentials = bytes("channels/{:s}/publish/{:s}".format(THINGSPEAK_CHANNEL_
ID, THINGSPEAK_CHANNEL_WRITE_API_KEY), ,utf-8')

payload = bytes("fieldl={:.1f}\n".format(dummyData), ,utf-8')
client.publish(credentials, payload)

time.sleep (PUB_TIME_SEC)

YT06bl NPesoTBpaTUTL BO3MOXHOE 3aBepLUeHME NPporpaMMbl, NOCNeA0BaTEIbHOCTb
nepepauun 6blna BCTpOeHa B KOHCTPYKUMIO atry/except. B ToM uucne, Bcs nporpamMma
BbIFAANT TakK:

# main: MQTT_ThingSpeak

from umgtt.robust import MQTTClient
import time

import os

#vmnopTupoBaTtk COHOPLUMK Mycopa

import sys

from machine import ADC, Pin

adc = ADC(Pin(34)) # create ADC object on ADC pin
adc.atten(ADC.ATTN_11DB)

# cosgaTb cnyvaviHbli maeHTUdMKaTop KnmeHta MQTT
randomNum = 1int.from_bytes(os.urandom(3), ,little')
myMgttClient = bytes("client_"+str(randomNum), ,utf-8')

# noaknounTtbes kK 6pokepy Thingspeak MQTT yepes HesawumLieHHbIn TCP (nopT 1883)

THINGSPEAK_URL=b"mqtt.thingspeak.com"
THINGSPEAK_USER_ID=b'tonismarthome'
THINGSPEAK_MQTT_API_KEY=b'65A4YORGS7N6HPFB'client=MQTTClient
(client_id=myMgttClient,
server=THINGSPEAK_URL,
user=THINGSPEAK_USER_ID,
password=THINGSPEAK_MQTT_API_KEY,

ssl=False)

try:

client.connect()
except Exception as e:

print(,could not connect to MQTT server {}{}'.format(type(e).__name__,
e))

sys.exit()

# onybnukoBaTb B Thingspeak ¢ nomoubto MQTT
THINGSPEAK_CHANNEL_ID = b'123456'
THINGSPEAK_CHANNEL_WRITE_API_KEY = b'1234567890123456'
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PUB_TIME_SEC = 15
while True:
try:
dummyData = adc.read()
print(dummyData)
credentials = bytes("channels/{:s}/publish/{:s}".format(THINGSPEAK_
CHANNEL_ID, THINGSPEAK_CHANNEL_WRITE_API_KEY), ,utf-8')
payload = bytes("fieldl={:.1f}\n".format(dummyData), ,utf-8')
client.publish(credentials, payload)
time.sleep (PUB_TIME_SEC)
except KeyboardInterrupt:
print(,exit...")
client.disconnect()
sys.exit()
HakoHel, Ha ESP HeobxoamMo 3arpy3uTtb dann robust.py (13 nankm c kogamm). OH
COLEPXUT OCHOBHbIE nMpoueaypbl Ana npotokona MQTT.

3aTeM nocrenoBaTeNlbHOCTb NPOrpaMM MOXeT bbITb 3anyLleHa Yepes nepesarpysky. ESP
aBTOMaTUYECKN BXOAMT B YKasaHHyto ceTb WLAN 1 noakstoyaeTcs K cepBepy
ThingSpeak.

Tenepb AaHHble yXXe MOXHO 3arpy)aTb Ha Beb6-CTpaHuuy, a 3aTeM 3anpalumBaTth Mo
BCeMY MUpPY. [N 3TOro Bbl MOXeTe HaCTPOUTb CBOK MHAUBUAYaAsbHYIO Be6-CTpaHuLy
ThingSpeak. KaHanbl AaHHbIX MOTyT 6bITb CKOHMUIYPUPOBaHbI MHAUBUAYANIBHO B:

MyChannels » New Channel Mon kaHanbl - HoBbIV KaHan

Pnc.15.4: MyChannels Ha ThingSpeak.com.

Ha 3ToM 3Tane MOXHO onpeaennuTb HECKOIbKO KaHanos. B HpMBEAeHHOVI BblllE
nporpaMMe Tak Ha3blBaeMOE Mnosie yXxe onpegeneHo.
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Chapter 15  Simple and Good: The MQTT Protocol

Ha cTpaHuue kaHana rpaduyeckme npeacraBsieHNst MOXHO co34aTb B pasaene
«Add Visualizations - Jo6aBuTb BM3yanmsaunm». Ana GUKTUBHbIX AaHHbIX ALM

pe3ynbTaT BbIrNAAUT Cneayoumm 06pa30M:

Private View Public View Channel Settings Sharing APl Keys

Channel Stats

Created: ._yearsago
Lastentry: lessthanaminute ago
Entries: =77 "

DAC value

15:54 15:56

15:58

e —_ .
| @ Add Visualizations H Add Widgets H & Export recent data
S e .

Field 1 Chart g o, =

T 2nna o

1600 1602 1604
Darte

Thingspezk com

Pnc.15.5: ®UKTMBHbIE AaHHble Ha CcTpaHuue ThingSpeak.

YTO KacaeTcss KOMIMOHEHTOB, 34eCb CHOBA MOXHO MCMNOJIb30BaTh HaCTDOVIKy,

MoKasaHHYl Ha puc. 9.2, T.e. NOTeHUNOMETpP Ha nopTy 34.
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lnasa 16 e OTnpaBka AaHHbIX B MHTEepHeT yepes
ThingSpeak

B WLAN faHHble U3Ha4yanbHO AOCTYMHbI TO/IbKO B OFpaHMYeHHOn cpeae. MNMpenMyLecTso
3TOr0 3aK/4YAETCHA B TOM, YTO U3MEPEHHbIE 3HAYEHUS U T. M. TAKXe OTHOCUTESIbHO
6e3onacHbl. OgHako Takxke 6biBalOT CUTyaLMn, KOraa Bbl XOTUTE NONYUUTb AaHHblE
WU3MEpPEHNIN UNK 3HAYEHNS AaTUYMKOB C 60bLIOro PacCTOSIHUA MKW Aaxe CO BCero Mupa.
Bo MHOrmMx cny4vasx »kenatesbHO MMeTb BO3MOXHOCTb MPOBEPATb AOMALUHWE AAHHblE B
aopore, ¢ paboTbl unu B oTNycke. B npuHUmMne, MoxHO 6b1s10 6bl caenaTtb BCe 3HaYEHUS
13 goMawHen WLAN A0CTynHbIMW rno6anbHO, eCnu Mbl pa3peLlunM BHELWHUI AOCTYN K
aomawHen WLAN. OgHaKo 3TO CBA3aHO C pa3fiMYHbIMW puckammn 6e3onacHoCcTn. MIMeHHo
34ecb oHnanH-nnaTdopma, Takasa kak ThingSpeak, MOXET NCNOMb30BaTb CBOU CUJIbHbIE
CTOPOHBI.

C nomoLubto cnyx6bl I0T MOXHO perMcTpupoBaTb 3HAYEHUS N3MEPEHUN UM AaTYMKOB,
NOC/e Yero OHW CTAHOBATCS AOCTYMHbIMU MO BCeMY MUpy. [ToMMMO AocTyna vyepes
NHTepHeT, TakXxe AOCTYMHO NPUIoXeHNe AN MOBUNbHBIX YCTPOUCTB (CM. HUXeE).
3awmuieHHbIn naponem goctyn k nnatdopme ThingSpeak Takxe obecneumBaer
OOCTaTOYHYIO 3aLUNTY AaHHbIX.

KoHTponnep ESP32 npakTuyecku npeaHasHayeH ansa ncnonb3oBaHms B ThingSpeak
6narogaps BCTPOEHHbIM BO3MOXHOCTSAM 6€CnpoBOAHONM CBA3M. DTO BCTPOEHHOEe
coeanHeHne WLAN aBnseTcs pewatrowmm NnpemmyLecTsoM rno CpaBHEHUIO C APYTruMuU
cucTeMamMm, TakMMKM Kak knaccmyeckme nnatbl Arduino. MM TpeboBancs co6CTBEHHbIN
«wwnng WLAN>» ans csssm yepes 6ecnpoBofHyto ceTb. C Apyron CTOpPOHbI, B YmMne ESP32
3Ta PyHKUNSA yXKe MHTErpupoBaHa.

16.1 fo>xab nnu rposa? BuptyasibHas MeTeocTaHUMs AOCTYyNnHa no
BCEMY MUpY

B o6wem, Hy>XHO OTNPaBAsATb HE TO/IbKO MUKTUBHBbIE AaHHbIE 3HAYEHWUI NOTEHUNOMETPa,
HO U peanbHble U3MepeHHble 3HayeHus. [JaHHble 0 NoroAe uau KnuMmaTe nMerT ocoboe
3HayeHne B 3TOM KOHTeKcTe. [na HaAeXHbIX MPOrHO30B NOroAbl BaXHO 3HaTb KAMMaT
WY JaHHble O Noroje Aaxe 13 oTAaseHHbIX MecT. Hanpumep, ecnu Bbl B OTNYCKE WU B
KOMaHAMPOBKE, MOXeT 6blTb MHTEPECHO NPOBEPUTbL METEOCTaHUMIO AoMa. Hanpumep, npu
yrpo3e 3aMOpO3KOB MOXHO MOMPOCUTbL COCeaa BKKOUYMTb OTONAeHWe. Man Bbl MOXETE
NnpoBepuTb AaHHbIE O NMOroAe B BalleM 3aropoAHOM AoMe u3 goMa. Npu HeobxoamMMocTn
TaM MOXHO 3apaHee BK/IUYUTb KOHAVULMOHED U MO Npuesay HalTU KOMHaTbl C MPUSTHON
TeMmnepaTypon.

NS 3Tol Lenn MOXHO MCnosb3oBaTb AaTumMk BME280. Ero ocHoBHas dyHKUMS 1
npoueaypa CYMTbIBaHUS AaHHbIX yXe 06bsAcHANMCh B pasgene 9.19. Tenepb 3Tn
OaHHble HY>XHO nepefaTb Ha cTpaHuuy Thingspeak.com. Co BCTPOEHHbIMM AaTYMKaMu
ans

e TeMmnepaTtypa
e BnaxHocCTb
e ATMOChepHoe aaBneHue

Bbl MOXeTe caenaTbh CaMble BaXKHble AaHHble AOCTYNHbIMK Yepe3 ThingSpeak. Ans atoro
B TECTOBOM NporpamMMme M3 nocnegHero pasgena BMecto GUKTUBHbIX AaHHbIX NepeaatTcs

TOJZIbKO peajibHble 3Ha4YeHUA:

def collectData():

e 190



Chapter 16 ¢ Sending Data to the Internet via ThingSpeak

bme =BME280.BME280(i2c=12c)
temp=0.01xint(bme.read_temperature())
humi=0.01*1int(bme.read_humidity()/16.24)
pres=0.01xint(bme.read_pressure()/256)
return temp,humi,pres

YTeHune AaHHbIX Yepes wuHy I12C yxe 6b110 06BSACHEHO B rnase 9, a AONOMHUTENbHbIE
CBeAeHNs MOXHO HalTh B pasgene 18.1. NomuMo nepenaumn Ha ctopoHy ThingSpeak,
KNMMaTUyYeCcKme 3Ha4YeHNs Takxe AO/MKHbl 0TobpaxaTbCs TIOKaNbHO Ha AUCMee.
Mo3ToMy BKJIHOYEHbI COOTBETCTBYOLWME YacTu nporpammel u3 Pasgena 10.6. CHoBa
TpebyeTcs 3arpy3ka U 0CHOBHOM dalif, 4Tobbl kinmMaTmyeckas ctaHums WLAN
npaBwWJIbHO 3anycKanacbk Nnocne BO3MOXHOIro oTKYeHus nutanma. Jdoctyn kK WLAN
OCYLLEeCTBSETCS, Kak 06bI4HO, Yepe3 daiin boot.py, KOTOpbIA MOXHO B35Tb 6e3
M3MEHeHUN 13 npeabiaywero pasgena. C Apyrorn CTOpOHbI, MOAHbLIN dann main.py
Tenepb BbIMSAUT Tak:

# ClimateStation.py

import network

from umgtt.simple dimport MQTTClient
from time import sleep

from machine import Pin, I2C

import ssd1306

import BME280

PUB_TIME_SEC=15 # final->300

# paHHble cBA3nM ThingSpeak
SERVER="mqtt.thingspeak.com"
CHANNEL_ID="123456"
WRITE_API_KEY="ABCDEFGH1234567890"

# OObekT knmeHTa MQTT M cTpoka Tembl MQTT
client=MQTTClient("umgtt_client", SERVER)
topic="channels/"+CHANNEL_ID+"/publish/"+WRITE_API_KEY

# ESP32 - HasHayeHue nuHOB
i2c = I2C(scl=Pin(22), sda=Pin(21), freq=10000)

# Hactpoiika OLED
oled_width = 128
oled_height = 64
oled = ssd1306.SSD1306_I2C(oled_width, oled_height, i2c)

# OYHKUMSA YTEHWs BCEX OaHHbIX:

def collectData():
bme =BME280.BME280(i2c=1i2c)
temp=0.01xint(bme.read_temperature())
humi=0.01xint(bme.read_humidity()/10.24)
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pres=0.01xint(bme.read_pressure()/256)
return temp,humi,pres

# MOCTOSIHHO OTNPaBMsATb AaHHblE

while True:
oled.fill(0)
oled.text(,BME280 climate', 0, 0)
temp,humi,pres=collectData()

print(,Temp: %7.1f' %temp)
print(,Humi: %7.1f' %humi)
print(,Pres: %7.1f' %pres)
print()

temp_string=str(,Temp:%7.2f"' %temp)
humi_string =str(,Humi:%7.2f"' %humi)
pres_string=str(,Pres:%7.2f' %pres)

oled.text(temp_string, 0, 10)
oled.text(, C', 90 ,10)
oled.text(humi_string, 0, 20)
oled.text(, %', 90 ,20)
oled.text(pres_string, 0, 30)
oled.text(, hPa', 90 ,30)
oled.show()

#check data on terminal
print("Data for ThingSpeak:")
print(temp,humi,pres)

#send date to ThingSpeak

payload="fieldl="+str (temp)+"&field2="+str (humi)+"&field3="+str(pres)
client.connect()

client.publish(topic, payload)

client.disconnect()

sleep(PUB_TIME_SEC)

Mocne Bxopa B nons Thingspeak HacTpoika 6a3bl AaHHbIX 3aBeplueHa, 1 Bce cobpaHHble
3HayeHus MOryT oTobpa)xaTbCs rpadnyeckn B passiMdHbIX NpeacTaBleHnsaX.

Ha puc.16.1 nokasaH npumMep BuU3yanmsaumm AaHHbIX AaTymka. B cnepyowem pasgene
NOKa3aHo, KaK MOXHO HacTpouTb rpaduky.
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Temperature (== Field 1 Chart 2 o #ox
Temperature
225
¥
2325
1515 1520 5:25
Time
2318 “himgszeni zm
i
Humidity o sox Field 2 Chart o s ox
Humidity
a0
E W
I,
5=
1515 1520 1525
Time
2751 .
% RH
Pressure F o #x Field 3 Chart E o & x
Pressure
5255
2
=
s25
1505 1520 525
Time:
92544
hPa

BME288 climate
Temp : 24.86C
Humi: 37.56%
Pres: 924.356hPa

Pnc.16.2: JlokanbHoe oTo6pa)keHue KIMMaTUYecknx AaHHbIX Ha OLED-aucnnee.
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PucyHok 16.3: KoMnakTHasa MeTeoctaHums WLAN c gucnneem.

16.2 Npacdmueckoe npeacraBneHme paHHbix B ThingSpeak

Bce gaHHble 1 M3MEPEHHbIE 3HAYE€HUA MOTYT 0T06pa)KaTbC$| FpaCbVI‘-IeCKVI B pa3/IMYHbIX
npeacrtaBneHnax. Ha cnegyrowmnx nnniocTtpaunsax nokasaHbl HEKOTOPbIE peKOMeEHAaUNN
no 0T06pa>|<eHmo AaHHbIX AaTyunKa:

Puc.16.4: OTobpaxeHne aaHHbIX B ThingSpeak.

Mpacdmka MoxeT 6biTb pa3paboTaHa WHAMBMAYaNbHO. PasfnnuyHble LBETa M LBETOBble
KOMBMHaLUMWM OTKPbLIBAKOT LUMPOKME BO3MOXHOCTU. OCKM, KOMMYECTBO TOYEK WM3MEepeHus,
NPOMEXYTKM BPEMEHU U3MEPEHUS U T. A. MOTYT 6bITb HACTPOEHbl MHANBMAYANBHO, KaK U
TUMbI IMHWUIA, KONMYECTBO CPeAHUX 3HauveHuit n T. 4. KpomMe Toro, MoryT otob6paxaTbcs
pasniMyHble BUPTYyasnbHble WMHCTPYMeHTbl. C WX MOMOLLbIO ONpeAesieHHble 3afaHHble
3HaAYeHWs UM ONacHble 30Hbl MOrYT 6biTb OTMEYEHbI LIBETOM. HacTpOMKM MOXHO BbI3BaTb
C MOMOLLbIO CMMBOJIa KapaHaalla B NpaBoM BEPXHEM Yy nons:
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Field 1 Chart Options

Title: Temperature Timescale: ~
X-Axis: Time Average: | 10 ~
Y-Axis: °C Median: e
Color: #ddoo20 Sum: ~
Background: #eefidd Rounding:

Type: step ~ Data Min:

Dynamic?: false v Data Max:

Days: 1 Y-Axis Min: 10

Results: 20 Yohds
Max:

Pnc.16.5: BapnaHTbl aHann3a AaHHbIX.

TakuM 06pa3oM, MOXHO CO3ZaBaTb OYEHb YeTKME N MH(POPMATUBHbBIE ANCTIEN AaHHbIX. B
YyacTHOCTH,

Ha3BaHWS rpaduKkos,
® MEeTKM Ocewn,
® LBET JINHWNI U POHa,
TUNbl rpadmKoB, Takme Kak
- NNHenHble rpadukm,
- FMCTOrpaMMbil,
- cnnanH-rpadukm,
® KO/IMYECTBO TOYEK U3MEPEHMUS,
LWKanbl BpEMEHMU,
areHTCTBa,

M apyrve MoryT 6biTb ycTaHoBfeHbl. KpoMe TOro, AOCTYMHbl BUpTyalsibHble aHasorosble
npmnbopbl N spkue npeaynpexaanme agucnnen. Tak 4To NpakTUYeCcKM HeT OrpaHuyeHum
ONS NHAMBUAYANbHOro oopMieHnst COBCTBEHHbIX AaHHbIXOTOBpaxaTb.

16.3 aHHble ana cMmapTdoHa ¢ npunoxxeHmeMm ThingView

C «ThingView» AOCTYNHO NpUIOXEHME AN OLEHKWN AaHHbIX Ha MOBU/bHBIX YCTPOWCTBaX,
TaKMX KaK CMapThOHbl WK MAaHLWeTHble KOMMbloTepbl. C ero NoMOLLbI MOXHO 6bICTPO U
JIErKO MPOBEPUTbL M KOHTPOJIMPOBATL BCE N3MEPEHHbIE 3HAUYEHUS MO BCEMY MUPY.
MpunoxeHne MOXHO 6eCnNaTHO 3arpysnTb U3 U3BECTHLIX MAarasvHOB NPUIOXKEHWUI
(HanpumMep, Play Store). He3aBMCMMO OT TOrO, XOTUTE I Bbl NPOUYUTATL 3HAUYEHMS AOMA
M3-3a rpaHunLbl MK NPOBEPUTL TEKYLLYIO Moroay Ha paboTe, MpuIoXeHMe npeanaraert
BCE BO3MOXHOCTU. lNocne BBOAA MAEHTUdMKATOPA KaHana U COOTBETCTBYIOLLErO
API-knto4a AaHHble AOCTYMHbI Ha 11060M MOBWIbLHOM YCTPOMCTBE.

MpunoxeHue 6epeT Ha cebs Takme HACTPOMKM OKHA, KakK LBET, WKana BpEMEHU Uan T1n
AvarpamMmbl U KOJIMYECTBO pe3ysbTaToB. Ha cneaylowemM pucyHke nokasaHo npuioxeHue
B AENCTBUU:
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Pnc.16.6: JaHHble B npunoxeHun ThingView.

16.4 3awmTa OT HexXenartesibHbIX NoceTUuTesien: onTuiueckKkoe
HabnwgeHue 3a NOMeELeHueM

OnToAATUYMKM MOXHO UCMOJIb30BaTh HE TOJIbKO A1 U3MEPEHUS OCBELLEHHOCTH
noMmeLueHuns. Mx Takxe MOXHO MCMOJIb30BaTh A/t HACTPOMKKM cucTeMbl ThingSpeak Iot
ANS MOHUTOPWHIa 3agad. TakMM 06pa3oM, KOMHATbl MOXXHO KOHTPOSIMPOBaTh Ha Hanuuue
HeXenaTesNbHbIX AeNCTBUIA U HE3BAHbIX «rOCTeil». AKyCTMUYECKas CUrHannsaums 4acTo
He O4YeHb MoJie3Ha, TakK Kak TOMbKO NpeaynpexaaeT HexenaTeNbHbIX NoceTuTene.
Ecnun, c Apyroi CTOPOHbI, ABUXKEHWS B NMOMELLEHNN PErUCTPUPYIOTCS, TO SIErKO
NpoBEpUTb, HEe NMPOHUKANW N1 B MOMeLLeHMs 6e3 paspelleHus B c/lyvyae Noao3puTesnbHoM
LesiTeNbHOCTY.

Takxke BO3MOXHO caenaTtb 3To 6e3 cneunanbHOro CTOYHMKa ceeTa. Yacto bbiBaeT
[OCTaTOYHO onNpeaennTb YCN0oBMS MAaCCMBHOIO OCBELLEHMS B NMoMeLleHnn. Hanpumep,
HeoXxnpaHHoe ysennyeHme sapkoctn B 01:30 B noaBasibHOM MOMeELLEHNM YKa3bliBaeT Ha
HE3BaHOIro roCTsl, KOTOPbIA HeNnpeAHaMepeHHO OCBeLLaeT MOAY/ b AaTUMKa OCBELLEHHOCTH
doHapukoM.
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[HeM ecTecTBEHHOE OCBELLEHME MOXHO MCMNO/b30BaTh ANa HabnoaeHus 3a
nomeweHnem. [IHEBHOW CBET MEHSIETCS CpaBHUTENbHO MeasleHHOo. PaccBeTbl 1 3akaTbl
Bceraa 3aHumaloT 6onblwe BpemeHu. Ecnm HabnogaeTcs Tak Ha3biBaeMblii BNIECK,
BEPOSITHO, YesIOBEK W/ XXMBOTHOE 6pPOCKIM TEHb Ha AATYMK OCBELLEHHOCTH.

B kauecTBe annapaTHON OCHOBbI MOXHO WUCMOMb30BaTbh CTPYKTYPY, MOKa3aHHYH Ha
pnc.9.17. CooTBeTCTBYIOWAa NporpaMmma main.py BbIM194aUT TaK:

# BPW40_intrusion_detection.py
from time import sleep

from umgtt.simple import MQTTClient
from machine import Pin, ADC

# [HaHHble ThingSpeak

SERVER="mqtt.thingspeak.com"

THINGSPEAK_CHANNEL_ID = b'123456'
THINGSPEAK_CHANNEL_WRITE_API_KEY = b'1234567890123456'
PUB_TIME_SEC=15 # final->300

# OO6bekT knmeHTa MQTT M cTpoka Tembl MQTT
client=MQTTClient("umgtt_client", SERVER)
topic="channels/"+CHANNEL_ID+"/publish/"+WRITE_API_KEY

fotoPin = ADC(Pin(34))
fotoPin.atten(ADC.ATTN_11DB) # 1input range 0 ... 3,3 V

# OYHKUMSA YTEHUs BCEX OaHHbIX:

def collectData():
data®=fotoPin.read()/40.96
return data®

# MOCTOSIHHO OTNPaBNATb AAHHbIE
while True:
data®=collectData()
#check data on terminal
print(data0)
payload="fieldl="+str (data0)
client.connect()
client.publish(topic, payload)
client.disconnect()
sleep(PUB_TIME_SEC)

B dyHKUMK
def collectData():
TeKYLLME 3HAYEHNS SPKOCTM 3aMnCbIBAOTCA U CHOBa HopManusytoTcs Ao 100%. 3ateM B

OCHOBHOM LMKJ/IE OHUM OTMPABASATCS Ha CTpaHuuy ThingSpeak.
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Tam Mx MOXHO 0TO6pasnTb B BMAe rpaduka, kak Ha puc.16.7. B npumMepe BMAHO
HECKOJ/IbKO «BCM/IECKOB>», KOTOPbIE SIBHO YKa3bIBalOT Ha TO, YTO YEN0BEK Haxoauscsa B
KOHTPOSIMPYEMOI 30HE B pacCMaTpuBaeMblin Nepuoa,.

Field 1 Chart [Eg = A

light
100

0
20-44 20:46 20:48

Thingspeak com

Pnc.16.7: Bcnieckn, Nnpou3BoAuMblE OMTUYECKUM KOMHaTHbIM
MOHUTOPOM, MOKa3bIBatoOT, YTO B o6cne.qyeM0171 30HE Haxoauncsa
YeioBEK.
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lnasa 17 e Metoabl MUKPOMOLLHOCTHU M cnsalme
pe>XumMmbl

Ecnun aneKTpoHHble YCTPOCTBa He paboTatoT B CTAaLlMOHAPHOM MecTe, a ABMAATCS
MO6UNBbHBIMU, OHW HE MOrYT 6bITb CHabXXeHbl 6JJ0KOM MUTAHUS UKW NOAKIIOYEHBI K
USB-nopTy. B 3ToM cnyyae anbTepHaTMBOW ABndeTca paboTa C nepe3apsKaeMbiMU UK
cyxvmu 6atapesimu. Knumatmyeckue, sKonormyeckme unmn apyrme namMepuTesbHble
CTaHUMW B yAaneHHbIX MecTax TakxXe 4acTo 3aBUCAT OT paboTbl oT 6aTapei. B 3Tux
cny4asix aHepronoTpebneHne CUCTEMbI UMEET peLuatollee 3HauyeHne. Huskoe
SHepronoTpebneHne 0cobeHHO BaXxHO, Koraa ycTpolicTBa paboTatoT HenpepbIBHO.
YacTo Takas usMepuTesibHas CMCTeMa A0JKHA 3anucbiBaTb onpeaesieHHoe 3HaYeHne
AaTumnKa, HanpuMep, TOIbKO OAMH pa3 B MUHYTY. B npoMexyTke HUKaKUX AeNCTBUIA He
TpebyeTcs. ECNn KOHTPOep OCTaeTCsl BKAOUYEHHbIM B O6bIYHOM pexuMe, 3TO
COMPOBOXAAETCA 3HAaUUTENbHbIM NoTpebieHnemM aHeprun. Fopasao Aelwesne NnepeBecTu
4NN B «CMALWMIA PEXNM>», B KOTOPOM OH MOTPeBASET 04EHb HEGObLIOE KOIMYECTBO
3Heprum.

B cneayoowmx pasaenax npeacraB/ieHbl COOTBETCTBYIOWME PEXUMbI paboTbl M OMUCaHbI
HEeKOTOpble MpUMepbI.

17.1 SHeprocbepexeHne 3alumnLiaeT OKPY>KaKLWY cpeay: TEXHOI0MrMmn

C HM3KKUM aHepronoTpebneHnem

EMKOCTb COBpPEMEHHbIX aKKyMYJISTOPHbIX 3/IEMEHTOB UK 6aTapel HaxoaMTCs Bnpeaenax
HeCKONbKknx amrnep-4yacos (A4). Takum 06pa3om, Npu NPoOAOIKUTENBHOCTMPA6OThI B
HECKOJIbKO HeAenb UAN MecsiLeB U3MepuTebHasi cucTemMa MoXeT NoTpebnaTb BCpefHEM
BCEro Heckosibko Mmkpoamnep (MA4Y). C koHTponnepoM ESP32 sta uenb,6e3ycnoBHo,
OOCTMXMMa. [Insg 3TOro KOHTPOIEP HAAO0 NePeBECTU B PEXUM «ryboKOorocHa».

Mpu HopManbHOW paboTe C NyCTbIM OCHOBHbLIM LIMK/IOM, COAEPXALUUM TOSbKO
Knaccuyeckyto koMaHay sleep(1), noTpebnsiemMas MOWHOCTb TUNNYHOWM nnaTel ESP
coctaBnsieT okono 50 MA. C noMoLLbio CASILLEr0 peXuMa MOXHO 3HAYUTENTbHO CHU3UTb
3HepronoTpebneHue. Cneaytolwas nporpaMmma cHayana Bbi3blBaeT TP KOPOTKUX
MUraHus ceetoguona Ha nopte 02, 3aTeM KOHTPOJI/IEp MEPEXOAUT B CMSILLNI PEXUM:

# deepSleep_demo.py
import machine

from machine import Pin
from time import sleep

led = Pin (22, Pin.OUT)

# muraHue LED

for n 1in range(3):
led.value(1)
sleep(.1)

led.value(0)
sleep(.1)

sleep(5) # awake time
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print(,going to sleep...')
machine.deepsleep(10000) # B MuUNIMCEKyHAax !

Cpa3sy nocne 3anycka nporpamMMbl TOK NOTpebseHns nnaTtbl ele MOXHO U3MEPUTb Ha
ypoBHe no4ytn 50 MA. OgHaKo NpUMEpPHO Yepe3 oaHY CeKyHAay noTpebneHne Toka
CHuxaeTtcs Ao MeHee 5 MA. CaM KOHTpossiep NoTpebasieT HaMHOro MeHblle ToKa, HO Ha
nnatax ESP Takxe akTuBHbI Nnpeobpasosatens USB-to-serial n ceeToanos BkAoUeHUs
NUTaHUs. DT KOMMNOHEHTbI HeNb3s1 OTK/IIOUYMTL 6e3 annapaTHOro BMelwaTenbLCcTea. TeM He
MeHee CHWXeHMe MowHOCTM B 10 pa3 BecbMa CyLEeCTBEHHO WU BECbMa MOJIE3HO.
Mcnonb3ys cnsawmim pexumm, Cpok cnyxbbl baTapen unm spems paboTbl OT 3apsaa
6aTapeun MoXeT 6bITb YBEIMUYEHO Ha 3TOT KO3 dULMEHT. DTOro BNOSHE AOCTAaTOYHO ANS
MHOMUX MPUIIOXKEHUN.

Mpn MOLWHOCTU UCTOYHMKA NUTaHKUs, HanpuMep, 3000 MAY BpeMsi paboTbl MOXHO
pocturatb 500 yacos unm 6onee 20 aHen. C Apyroi CTOPOHbI, MPU NOCTOAHHO aKTUBHOM
paboTe NCTOYHMK NUTaHus 6yaeT ncyepnaH Bcero vyepes 48 yacoB. DKCnyaTaums
conHeyHon 6aTapen ¢ 6ydepHbIM akKyMy/ISTOPOM TeNepb TakXXe HaMHOro npotie. B
KNMMaTUYeCKOM CTaHumnK, paboTatowen oT conHeyHon 6aTapen (cM. pa3gen 17.3),
CMSILWMIN pexnM yBenuuymBaeT BpeMs paboTel 6ydepHon 6aTtapen A0 NnpueMieMbix
3HaYeHUN.

17.2 OTKkNOUYEeHMEe HEeHYXXHbIX noTpeburenen

Ncnonb3oBaHWe CnsLWero pexmnMa yxe 3HaunTeNbHO CHUXaeT notpebneHue
KOHTpONNepoM Toka. OaHaKo Npu UCNONb30BAHWM MOJTHBIX MJAT KOHTPOJIIEPOB 3TO
3aMEeTHO /NLWb B OrpaHUYEHHoi cteneHn. NMomMmumo camoro umna ESP32, oHu Takxke
cojepxat gpyrue notpeburtenu, Takme Kak cBeToanoAbl BKIOYEHUS NUTAHUSA UIN
npeobpasoBatenn USB-to-serial. MNosToMy Ans AanbHENLWEro CHUXeHUs
3HepronoTpebneHns ycTponcTea Ha 6a3e ESP32, paboTatowero NCKIIUYNUTENBHO OT
6aTapeun, Heo6xoANMbI AOMNONHUTENbHbIE Mepbl. CBETOAMOAbI NUTAHWUS UKW Apyrue
MHANKaTOpbl paboyero COCTOAHMA AOMXKHbI 6bITb OTKOUEHbI. MNpeobpa3oBaTenu
MHTEP®dENCOB M ApYyrne KOMMOHEHTbI AO/IKHbI UMETb BO3MOXHOCTb OTKItOUeHUS. Mpun
COOTBETCTBYHOLMX YCUNMUSAX NOTpebreHne Toka MOXET BbiTb CHUXEHO A0 YPOBHS MeHee 1
MA. OfHaKo Ans 3TOro BCe HEeHYXHble noTpebutenn AonXHbl 6bITb OTKIOUYEHbI OT
MCTOYHWKA MUTAHMS C NMOMOLLbIO COOTBETCTBYIOLWNX NpepbiBaHni N1HUW. OaHaKo 3To
BPAA 1N OCYLLECTBMMO MPOCTbIMU CPeACTBAMM Ha KNIACCUYECKUX MaKeTHbIX niaTax.
HeobxoauMble annapaTHble BMeLlaTeNnbCTBa NPeAnonaratoT BbICOKUI YPOBEHb OMbITa,
nosToMy 3Ta npoueaypa npeaHasHayeHa Ans nonb3oBaTenelt ¢ COOTBETCTBYOLWMMMN
cneumManbHbiMK 3HaHUAMK. [103TOMY 34eck 3Ta TeMa 6onble 0bcyxaatbcs He byaeT. B
3TUX cny4asax obblYHO fyylle BCe Xe NnepenTn Ha crneuunanbHble nnaTbl.

KpoMe Toro, cneayet CTpeMUTLCSA K NMpsiMoi paboTe ¢ HanpsbxeHueM 3,3 B. CHMxeHue
HanpshkeHusl, ckaxem, ¢ 5 B o 3,3 B Bceraa cBsi3aHO C NOTEPSMU, U MO3TOMY €ro
cnepyet usberatb. NoTepn MOLWHOCTU 31EKTPOHHBLIX KOMMOHEHTOB 06bIYHO
yBEMYMBAIOTCA NPOMOPLMOHaNbHO KBaapaTy paboyero HanpshkeHus. o aToi npuunHe
BCE BHELLHME KOMMOHEHTbI TakXXe A0/KHbI paboTaTb Npu HanpshkeHun 3,3 B. [leTekTop
MOHMXXEHHOro HanpshkeHust (BOD) ESP32, koTopbln 06Hapy>XnBaeT MOHMXKEHHOE
HanpshkeHune, a 3aTeM 3anyckaeT cbpoc LM, nomkeH 6bITb HaCTPOEH COOTBETCTBYHOLMM
obpazom.
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LncdpoBbiX AgaTuMKkoB cneayeTt usberaTb, Tak Kak OHM TakXe MMEKT A0BOJSIbHO BbICOKOE
notpebneHne Toka nokos. MNMpeanoyteHne cneayeT oTAaBaTbh KNacCMYECKMM aHaloroBbIM
npeobpasoBaTensaM (HOTOTpaH3NCTOPbI, TEpMOAATUYMKN U T.M.). ECin, TeM He MeHee,
Henb3a n3bexaTb NCNOJIb30BaHNSA LMQPOBbLIX AaTYNKOB, UX CeAyeT BKIoYaTh U
BbIK/1l0OYaTb Yepe3 NopThbl BBOAA-BbIBOAA, YTOObI OHU paboTanu TONbKO Toraa, KOraa oHu
haKTUYECKUN BbIMOJIHSAOT CBOM U3MEPUTESNbHbLIE 3aauM.

17.3 MeTeocTtaHuma ¢ 6aTapeMHbIM WU COJIHEYHbIM NMUTaHUEM

B kauecTBe NpuMeHeHUst pexunma rinybokoro cHa MeTeocTaHums U3 rnaebl 16 MOXeT 6bITb
nepeseneHa B pexuMm paboTbl C HU3KMM SHepronoTpebneHvem. [1nsg 3Toro A0CTaTOYHO
CTpOKM

sleep (PUB_TIME_SEC)

cnenoyeT 3aMeHUTb Ha

machine.deepsleep (PUB_TIME_SEC)

KpomMme Toro, nepes komaHaon "deepsleep" pekomeHayeTCcs MCNOAb30BaTb KOMaHAy sleep
(1). 210 caenaet nporpaMMy HeMHoro 6onee ctabunbHon. [Ana AanbHeENLWeEro CHMXeHns
3HepronoTpebneHnss MOXHO TakXe OTK/YNTb AUCMNeN 1 yaannTb COOTBETCTBYOLWME
CTPOKM KoAa. DTO NO3BONSAET CTaHUuuM paboTaTbh B HENPEPbIBHOM pexuMe 24 yaca C
HebOoNbLIMM CONMHEYHbIM 3N1IeMEHTOM C BydepHbIM akKyMynsaTopoM. Ha cneaytowem
pPUCYHKE MoKa3aHa YCTaHOBKAa C aKKYMYJISTOPOM COJTHEYHOW SHEPTruu.

Puc.17.1: MeTeocTaHUMS C NMUTAHWEM OT COJTHEYHOWN SHEPTUM.
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FnaBa 18 e LLInHHbIE cucTeMbl Ana 3PPeKTUBHON CBA3U

LLIMHHbIE CMCTEMbI YXKE MCNOJSIb30BasINCh B pa3fiMYHbIX rnaBax. VX cHoBa 1 cHoBa
MCMonb30Banu ANs ynpasieHUs UCNOMHUTENbHBIMU MEXaHU3MaMun 1 aaTynkamu. OHU
NO3BONSOT NOAK/YATb 60/IbLLIOE KOMYECTBO KOMMOHEHTOB K KOHTPOJIJIEPY C MOMOLLLIO
HECKOJIbKUX BbIBOAOB NMpoLeccopa U MMHUMYMa CXeM.B 3TuX nocnefHux rna.Bax KHUMM
3Tn cuctembl 6yayT obcyxaaTbcs 6onee noapobHO. YTO KacaeTcss NporpaMMHOro
obecneyeHus, MicroPython npenocrtaBnsieT yao6Hble ApaliBepbl ANs yrnpaB/ieHus
NoAK/OYEHHBIMU KOMMNOHEHTaMMU. [lB€ CUCTEMbI LUMH HaLWN LUMPOKOE NPUMEHEHNE B
NPUNOXKEHNSX MUKPOKOHTPOJISIEPOB:

o I2C (Inter IC or IIC)
e SPI  (Serial Peripheral Interface)

Y 3TUX ABYX CUCTEM €CTb MHTEPECHbIe BO3MOXHOCTU, KOraa Aeno A0XOAUT A0
peanusauuu 6onee KpynHbix NpoekToB. Co BCce 6onee CNOXHbIMK 3aaavyamum 1
3HAUUTENbHBLIMU PACLUMPEHUSIMU B KaKOM-TO MOMEHT Aaxxe Yy ESP32 3akoHYaTCs MUHbI.
LLIMHHbIE CUCTEMBI ABNAIOTCS 34ECb OT/IMYHBLIM PELUeHMEM, TaK KaK MHOMMMM
KOMIMOHEHTaMN MOXHO YrNpasBnsaTb C NOMOLLbIO BCero HeckonbkuMn GPIO. Nockonbky
MHOIrMe AaTYMKN MMEKT COOTBETCTBYHOLME UHTEPPENCDI, WNHbI Y)KE€ HEOAHOKPATHO
ncnonb3oBanncb. B cnepyrowen Tabnvue NnpuBeaeHbl HEKOTOPbIE NpUMepbI:

Moaynb WuHa

SSD1306 OLED display 12C
RC522 RFID SPI
BMP280 BapomeTp 12C
BME280 MynbTuknumaT. gatumk | I2C

Kpome Toro, kK ESP32 yepes WWHHbIE CUCTEMbI MOXHO MOAKOUNTb MHOXECTBO APYrUX
KOMMOHEHTOB, HanpuMmep,

e aucnneun n 6nokn nHankaumm,
e EEPROM, dnaw-namaTtb nnm SD-kapTbl,
® 4acbl peasibHOro BpEMEHMU.

BONbWMHCTBO 3TUX KOMMOHEHTOB TakXe MOXHO 6e3 npobnem nucrnosb3oBaTb B
MicroPython, ocobeHHO ecnn AOCTYNHbI COOTBETCTBYOWME BUbNnoTeKku.

18.1 OcHOBbI U NpMeHeHue WKnHbI I12C

ESP32 wnmeetr 36 nnHOB uUMdpPOBOro BBOAA-BbIBOAA, HO HE BCE W3 HWUX AOCTYMHblI Ha
6onbwunHcTBe Nnat. Ana HebonblWMX MPOEKTOB 3TO BMOJSIHE MpUeMnemo, Ho ans 6onee
KPYMHbIX NPUIOXEHWUI Bbl MOXETE CTONIKHYTbCS C OFPaHUYEHUAMMN.

LLUnHHbIE CUCTEMbl npeanaratoT 34eCb 3KOHOMUYHBLIA  BapuaHT pacwupeHus. OHu
MO3BOJISIOT YNPaBAsATb LIMPOKMM CMEKTPOM (YHKUMA C MOMOLbIO BCEro HECKONbKUX
KOHTaKTOB. KnaccmyeckmMm nNpuvMepoM ABASieTCS ucnonb3oBaHue aucnnes 12C. [na Hero
TpebyeTcs BCero nBa KOHTakKTa nopTa, B OT/IMYMe OT LwWectu wunam 6osiee nopTos,
3aHuMaeMbIX knaccmyeckum XK-agmcnneem HD44780. B stoii rnaee wwuHa I2C 6ypet
paccMoTpeHa B nepByk odepedb. LlnHa SPI 6ypeT paccmoTpeHa B c/eayowmx
pasgenax.
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12C o3HauaeT Inter-Integrated-Circuit. NocnenoBaTenbHas ABYXNpoBOAHas WKHa 6bina
pa3paboTaHa koMnaHuel Philips 6onee 30 net Hazaa. Cucrtema 6bICTPO pa3BuBaniach U
CcTania KBasnoTpac/eBbIM CTaHAAPTOM ANS 3a4ad yrnpas/ieHus B cpeae
MWKPOKOHTPO//1epoB. HM3Kas CTOMMOCTb M NpOCToTa peanusaumm 6bicTpo obecneumnnu
LUMpOKOe pacnpocTpaHeHne. CKopocCTb nepenaumn 4o 3,4 Méut/c goctaTtoyHa ans
MHOMMX MPUSIOXXEHUI U HE NO3BOSINIIA LWMHE NOTEPSTb CBOK MOMYJ/ISIPHOCTb MO Cell AeHb.

LLnHa I2C obecneumBaeT apdeKTUBHbIN 0OMEH AaHHbIMU MexAay Heckonbkumn UC Ha
oAHoM nnaTe. Bbina peanusoBaHa CTPYKTypa NocnenoBaTeNlbHON WKHbI, YTO6bl 060MTUCH
BCEro HECKOJIbKMMU AOPOXKaMU. ITO NPUBENO K BYHaNpPaB/IEHHOW WMHHON cucTeme C
apxXMTeKTypol BeayLlimin/Beaomblli. Bnarogaps BCTpoOeHHOMY NMPOTOKONY nepeaayvn u
NporpamMMHoON agpecaummn TpebyoTcs TONTbKO ABE COeAMHUTENbHbIE IUHUN:

e TakToBas nuMHua SCL (Serial Clock)
* MHKMS faHHbiX SDA (Serial Data)

C NOMOLUbIO 3TUX ABYX JIMHUI MUKPOKOHTPOJIJIEP MOXET YNpaBnsaTb BCEW CETbIO
KOMMOHEHTOB BCEro € ABYMs BblBOAaMu nopta. NNpuMeHeHMe WnHbI B OCHOBHOM
BCTpeyaeTcs B 6bITOBON aneKTpoHMKe. CuMTbiBaHWE NoKasaHWn YacoB peasibHOro
BpeMeHU, yrnpaBfeHne ANCnaesMm Uamn s3neKTpoHHasa perynmposka rpoMKOCTU SBMASIOTCA
TUANYHBIMU NPpUIOXeHnaMn 12C,

Ha cnepytowieM pucyHke nokasaHa 6asoBas CTpykTypa wuHbl 12C.

a7 ﬁ a7

e e ——

Pnc.18.1: ba3oBas CTpyKTypa wuHbl 12C.

PacTywme TpeboBaHMs K NPON3BOAUTENBHOCTN NPUBENU K MOCTOSSHHOMY POCTY TaKTOBOM
YacTOTbl C TeYEHMEM BpeMeHU. TeM He MeHee, bonee MeasieHHble KOMMOHEHTbI TakxXe
MoryT paboTaTb Ha LUMHE NOCPeACTBOM PaCTSAXXEHUs TaKTOBOW YacToThbl (CM. HUXeE).
Mockonbky HeT He06X0AMMOCTU NPUAEPXKMBATLCS DUKCUMPOBAHHOIO BPEMEHMU,
OLHOBPEMEHHO MOryT paboTaTb kak 6onee MeasieHHble, TaK U O4YeHb HbICTpble
YYaCTHUKW LUUHBI.

LLinHa I2C noCTOSIHHO COBEpPLUEHCTBOBANACh U Ternepb MUCMOJb3yeTCs He TOSIbKO AN
coeanHeHuns otaenbHbiX UC. MpocToe ynpaBnstowee NnporpaMMHoe obecneyeHmne MoXxHo
O4YeHb rMbKo aganTMpoBaTh, YTOObI LWMHY MOXHO 6bI10 NCNONbL30BaTh U B 6onee
KPYMHbIX cucteMax. CTpykTypa nporpaMMHoro obecneueHmns I12C Takxe no3BosseT
ncnonb3oBaTtb 605ee MeaneHHble A3bIKM MPOrpaMMMpoBaHusl, Takme kak Python. 310
elle ofiHa npuynHa, No KOTOpPOKM cMcTeMa uaeasnbHO NOAXOAMT ANS LWMPOKOro CnekTpa
npunoxeHunii B cektope IoT.

LWwnHa I2C ocHOBaHa Ha cucTeMe BeAyLwMii-BeaoMbIn. MNepepaya aaHHbIX BCeraa
3anyckaeTcsl «MacTepoM». 3aTeM «BeAOMOe YyCTPONCTBO>», K KOTOPOMY obpaliaioTcs no
ero agpecy, oTBeYaeT Ha 3anpoc. B pexunme MynbTuMacTepa Ha OAHOM LUMHE MOryT
paboTaTb HECKO/IbKO MacTepoB. 3aTeM ABa BeAyLMX YCTPOMNCTBa CBA3bIBAIOTCA APYr C
APYroM, HEHaAOoMro NepeHacTpamBas OAUH U3 HUX B KayecTBe NOAYMHEHHOro. 3TOT
0CO6bIM KOHTPOJb AOCTYNA K LWMHE TOYHO peryanpyeTcs COOTBETCTBYHOLWEN
cneundunkaumen. OaHaAKO 3TO OTHOCUTENBHO PEAKO UCMOb3yeMOoe NpUnoXeHue,
KOTOpOe Mbl He byaeM 3aecb paccMaTpuBaTh.
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KOMMOHEHTbI 1 YCTPOMCTBA, NOAK/IIOYEHHbIE K LUMHE, UMEIOT BXOAbI C OTKPbIThIM
KOJNITIEKTOPOM. BMecTe ¢ noATArMBaoLwWmMMmM pe3anctopamm 3To co3aaeT CXeMY MPOBOAHOIO
M. 9T0 no3BonsieT WwWnHe paboTaTb C pasHbIMK HanpskeHusaMu. MoaTsarveamwme
YCTPOMNCTBA AO/KHbI 6bITb MOAKIOUYEHbI TO/IbKO K COOTBETCTBYHOLLEMY HaMNPSXEHMUIO
(Hanpumep, Vdd = 3,3 B nuam Vdd = 5 B).

JonyCcTUMbIA BbICOKUIA YPOBEHb AN CUTHAN0B LWNHBbI coCTaBnsieT He MeHee 0,7 B BonbT.
Hu3knii ypoBeHb He aomxeH npesbiwaTb 0,3V BonbT. Mpu YacTbix owmbkax nepegayuun
cnefyeT NpOBEPUTL HaNPSXXEHUs: C NOMOLLbIO ocunnnorpada. Ecnu 3HauyeHus
HanpsHKeHUs OTKOHAKTCS OT LefneBoro AvanasoHa, Heo6xoaMMo OTperynmpoBaTth
NOATArnBaloLMe pe3ncTopbl. B HEKOTOPbIX KOHTPO/I/IEpax Aaxe BCTPOEHbl BHYTPEHHME
NMOATArMBalOLWME YCTPONCTBA; BHELWHME PE3MCTOPbI B 3TOM C/ly4ae MOXHO He
ncnonb3osaTb. Cneundurkaumm KoMnoHeHToB I12C 06bIYHO coaepXXaT COOTBETCTBYHOLLYHO
nHdopmaumio.

LLUnHHasa cuctema I2C ocHoBaHa Ha NMofoXuTenbHOM nornke. CneaoBaTesibHO, BbICOKNIA
YPOBEHb Ha JIMHUW AaHHbIX COOTBETCTBYET JIOFMYECKOM eaNHNLE, HU3KUIA YPOBEHb —
NOrMYyecKoMy Hyso. Yackl WKWHbI BCeraa 3a4atTcs MacTepoM. PasfinyHble peXuMbl WKHbI
Bcerga paboTaloT ¢ MakCMMasabHO A0MYCTUMOWN TaKTOBOM YacTOTON WuHbI. Bonee HU3KMe
TaKTOBbIE YaCTOTbl BO3MOXHbI TO/IbKO B TOM C/lydae, €C/iv OHM MOAAEPXMBAIOTCS
MacTepoM. OfHaKo HeKOTopble KOMMNOHeHTbl 12C, Takme Kak aHanoro-undposble
npeobpasosatenu, TpebyoT onpeaeneHHoN MUHUMarbHON TaKTOBOM 4YacToTbl, YTOObI
paboTaTb 6€3 owmnboK. 3aecb HEO6X0AMMO NPOBEPUTL, MOAAEPXKMNBAETCS SN 3TO
MacTepoM. Hanbonee pacnpocTpaHeHHble TaKTOBbl€ YacTOTbl:

e 100 kHz TakTbl: CTaHAAPTHBIN PEXUM

* 400 kHz TakTbl: 6bICTPbIN peXuM

e 1.0 MHz TaKTbl: 6bICTPbI/ pexuM +

e 3.4 MHz TaKTbl: BbICOKOCKOPOCTHOMN peXuM

Ecnn BepomoMmy ycTtpoicTBy TpebyeTcs 60/blue BpeMeHM, 4YeM TakTaM BeAyliero, OHO
MOXET yAep>XMBaTb TAKTOBYIO JIMHUIO Ha HW3KOM YPOBHE MeXAy nepeaavelt oTAeNbHbIX
6anToB. YNOMsIHyTas Bbllle pacTsXKKa 4YacoB MOXET OblTb MCMOMb30BaHa A/ HAaCTPONKM
OCHOBHbIX 4YacoB, €C/n 3To HeobxoaAMMO.

B cucteme I2C paHHble AeNCTBUTENbHbI TOJIBKO B TOM C/lyyae, €C/Iv UX JIOTMYecKui
YPOBEHb HE U3MEHSETCH B TeHUeHNe BepXHel a3bl TaKTOBOro curHana. CurHanbl nycka m
OCTaHOBKM 4BASIOTCA  WUCK/AKOYEHMeM U3 3Toro npaswuna. CrapToBble CUrHasbl
XapaKTepu3yTcs cnagalowmmMm GpoHTaMu CMrHana AaHHblX, B TO BPeMS KaK TaKToBas
JINHUA OCTaeTCs Ha BbICOKOM YypoBHe. CurHanbl OCTaHOBKW, C APYrol CTOPOHbI,
CUrHaNU3npYyTCa HapacTalwmM GPOHTOM Ha IMHUKU AaHHbIX, B TO BPeMs KaK TaKTOBbIA
CUrHan OCTaeTCsl Ha BbICOKOM YPOBHe.

Kak 06bl4HO B TEXHONOrMW AaHHbIX, OTAeNbHble 6/10KM AaHHbIX Ha wuHe I2C Takxe
COCTOSIT M3 BOCbMW OUTOB [aHHbIX KaXAbli, TaK Ha3blBaeMbll OKTET. ITO MOXHO
MHTeprnpeTupoBaTb NMHO0 Kak 3HadeHue, NnM60 kak agpec. Kpome TOro, B KadecTse
noaTeepxaeHuss ucnonblyetcsas 6ut ACK (noarsepxaeHue). O6 3TOM curHanmsmpyet
BeAOMOE YCTPOMCTBO HU3KNM YPOBHEM Ha JIMHUU AaHHbIX.

MepBbii 6anT, OTNpaBNeHHbI MacTepoM, npeacTasnseT cobon ctaHaapTHbIN agpec 12C.
MepBble ceMb 6UT NpeacTasnsaoT dhakTMyeckmin agpec. BocbMon n nocnegHunii 6ut (6ut
R/W) coobiaeT BeAOMOMY, AOJIXXEH NI OH NONyYaTb AaHHble oT Beaywero ((LOW) nau
nepeaasaTb AaHHble Beaywemy (HIGH). Takum obpasom, B cucteme 12C goCTynHO
aApecHoe NpocTpaHCcTBo U3 7 6uT. MNpn 16 agpecax, 3ape3epBUpoOBaHHbIX ANS
cneunanbHbIX Lenen, octaetcs 112 n3 27 = 128 BO3MOXHbIX aApeCcoB, KOTOpble MOryT
6bITb aapecoBaHbl O4HOBPEMEHHO Ha OA4HOW LUUHE.
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Kaxablh KOMAOOHEHT ¢ nogaepxkoi I12C nmeeT agpec, onpeneneHHbii MPOU3BOANTENEM,
M3 KOTOPbIX TpM 6UTa, Tak Ha3blBaeMbI Nogaapec, 4acTo MOXHO ONpeaennTb
WHAMBUAYANbHO C MOMOLLLIO TPEX YMNpPaBASOWMX KOHTAKTOB. DTO O3HA4yaeT, uYTo A0
BocbMun NC ogHoro Tuna mMoryT pabotatb Ha oaHa wuHa I2C. 310 6onee noapobHO
OMMCaAHO HMXE C UCMOJIb30BaHMEM AaTunKa B/IAXXHOCTU M TeMMNepaTypbl BO34yxa Tuna
BME280.

Ons MHOrMX NpuNoXXeHun aoctatovyHo 6onee 100 y4yaCTHMKOB Ha LUMHHOW CUCTEME.
JocTynHble agpeca Bce ele MoryT ctaTb AePUUUTHBIMU B OBLLIMPHbBIX
npodgeccmoHanbHbIX cuctemax. Mo 3ToM NpuUYMHE HECKONbKO NIET Ha3aA aapecauuns 6bina
pacwupeHa 8o 10 6ut. Mcnonb3ys 4 13 16 3ape3epBMPOBaHHbLIX aipecoB, HOBOE
aapecHoe NpocTpaHCTBO 06paTHO COBMECTUMO CO CTapbiM 7-6UTHbIM cTaHaapToM. Oba
Tuna agpecaumn MOryT UCNOJIb30BaTbCA OAHOBPEMEHHO, TaK YTO B HacTosiLiee BpeMs Ha
OAHOM LWWMHE MOXHO agpecoBaTb A0 1136 KOMMOHEHTOB.

Mepenaya gaHHbIX 12C BCcerga Ha4YnMHaeTcs CO CTapTOBOro CUrHana oT BeAyLlero
YCTPOMCTBa. 3aTeM CriefyeT HyXHbI aapec. DTo noaTBepxxaaetcs 6utom ACK
aZpecyeMoro BefoMoro yctponcrea. B 3aBucumoctu ot 6uta R/W gaHHble MOryT 6biTb
3anucaHbl UM NpounTaHbl NnobanTHo. MNpu 3anmcu ACK oTnpaBnsieTcs Be4OMbIM
YCTPOMCTBOM; NpW YTEHUWN OH OTMPaBNSETCS MacTepoM. Nepenaya npekpallaeTcs
CTOM-CUrHAsIOM.

B npoTtokone I2C nepeaaya AaHHbIX HAYMHaeTCs CO cTapwero 6uta («MSB-first»). Ans
BbICOKOCKOPOCTHOIO peXuMa cHadasna OTnpaBAseTCs COOTBETCTBYHOLLNIA MacTep-Koa B

6bICTPOM UM CTaHAAPTHOM pexuMe. 3TO 3acTaBfsieT BCO CUCTEMY NEPEKNoYaTbCsa Ha

HOBYO, 60/1€ee BbICOKYIO YacToTy.

Prc.18.2: CUHXPOHU3aLMs WKHbI 12C.

LWwnHa I2C no3BonseT ynpaBasATb CETbIO 3/IEKTPOHHbIX KOMMNOHEHTOB BCEro C ABYMS
nHamMn GPIO. B npodeccnoHanbHbiX NPUIOXKEHUSAX 3TO AAeT 3HaYUTeNbHble
npeMMyLLecTBa No CTOMMOCTU. [OCKONbKY pUCK C605a yBENMUYMBAETCS C YBE/TMUYEHNEM
Konunyectea Heob6XoAMMbIX COeAMHEHWUI, 3aTpaTbl HA TECTUPOBAaHME U NPOBEPKY TaKXe
BO3pacTatoT. Takmm 06pa3oM, MeHblle C/1e40B Ha nnate MUHUMU3MPYET 3aTpaTbl Ha
npon3BOACTBO, pa3paboTKy U TeCTUpOBaHME.

NHTepderic 12C nyywe Bcero noaxoamuT Ans nepudepuinHbIX YCTPOUCTB C 6onee HM3KoM
CKOPOCTbIO Nepefayun AaHHbIX. [lJaHHble ynpasieHus n KoHpurypauum obbl4HO He
TpebyoT BbICOKMX TAKTOBbIX YacToT. Mo3TomMy wurHa I12C yacto ncnonb3lyerca Ans
3NIEKTPOHHbIX perynsatopos rpomkocTtun, ALUM nan LIATM ¢ HM3KOIM YacToTon
ANCKpeTM3aLUnmn, HebonbLINX SHEPrOHE3aBUCUMbIX 3aNOMUHAIOLLNX YCTPOMUCTB, YacoB
peanbHOro BpeMeHW Wnn ABYHanpasfeHHbIX nepekaoyvaTenein. Kak nokasbiBaet npmmep
BME280, a51eKTpOHHbIE AAaTUMKU KIMMATUUYECKUX AaHHbIX, TaKMX Kak TemMnepaTtypa,
AaBlieHMe BO34YyXa WU BNAXHOCTb, CO BCTPOEHHbIMW aHanoro-undposbIMU
npeobpasoBaTenisiMnm 0CO6eHHO NoAXoAAT ANS WuHbI 12C.
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B cneaytowlen Tabnmue nokasaHbl HEKOTOPbIE APYyrMe 4acTo UCMOJIb3yEeMble MUKPOCXEMbI
c nogaepxkon I12C. ina HUX AOCTYNHbI COOTBETCTBYOWME 6ubnnotekn MicroPython,
MO3TOMY WX WUCMOJSIb30BaHME He AO0JIXKHO Bbi3blBaTb HUKAKMX MpobieM.

UC / KOMNOHeHT DyHKUMNA

DSS1306 OLED aucnneit 0,96 atorima

AT24C256 EEPROM

BMP180/280 [atunk 6apomeTp

BME280 JaTuunk knumaTta

DS1307 Yackl pean. BpemMeHu ¢ bydepom baTtapen
12C16x4 4 x 16 segment LCD display

LM75 [aTunk TeMnepatypsbl

MAX127 ALN

PCF8574 Pacwwuputens nopTos

PCF8583 Yachkl peasnibHOro BpeMeHu

B Tabnunue nokasaHo N1ilb HEHOsbLIOE KOMNMYECTBO AOCTYMHbLIX KOMMNoHeHToB 12C. B
YaCTHOCTH, 6bINN BbIGPAHbl KOMMOHEHTbI, KOTOPbIE MPEeAnoYTUTENbHO NUCMOJIb3YIOTCSA B
CeKTope yMHOro aoma.

Ewe ogHUM npenmyLiectBoM cuctembl 12C aBnseTcsa Tak Ha3blBaeMasi BO3MOXHOCTb
ropsiyen 3aMmeHbl. 3TO 0O3HAYAET, YTO KOMMOHEHTbI MOryT 6bITb A06aBNEHbI MU yAaNEeHbI
M3 WKHbI BO BpeMsl paboTbl. B MicroPython aTa pyHKUMSA MOXeT NoAAEepPXUBATbLCS
KOHCTpYKUMEN try/except. DT0 03HaYaeT, YTO MOXHO 3P HEeKTMBHO n3bexaTb
HeXenaTeNbHbIX NMpepbiBaHWI NPOrpamMMbl, AaXKe eCNu 3/IEMEHTbl 6yayT yaaneHbl nnu
nobaBneHbl.

Tabnuua ACHO NokasblBaeT, YTO MOSAy4YeHWe 3HaYeHWN AAaTUMKOB SABASETCH OAHUM U3
Hanbonee BaxHbIX NpuUMeHeHun WwuHbl I12C. MNMouTn BCe du3Myeckne nepeMeHHble MOoryTt
6bITb 3aperncTpuMpoBaHbl C MOMOLLbK AaTtumMkoB I2C. HekOoTOpble KOMMOHEHTbl CTanu
0COo6eHHO nonynspHbIMK B npunoxennax MHTepHeta Bewel (IoT). Hanbonee BaxHble 13
HUX 6yayT npeacTaBfeHbl HUXe B KayeCcTBe NpMMepOoB NPUMEHEHUS LUMHHOM CUCTEMbI.

AucTaHuMOHHOE ynpaBieHne TeMnepaTypoin, Hanpmmep, o4eHb HEHAAEXHO C NMPOCTbIMU
aHanoraMu AaTynkoB. TennoBble HaNPsSXXEHUs, CONPOTUBNIEHNE NINHUWN WU
3/1IEKTPOMArHMTHbIE MOMEXU NPUBOAST K 3HAUYUTENbHbIM OWMbKaM namepeHusi. Kpome
TOro, 4acTo MeXxAay AATYMKOM U UMPPOBOM CUCTEMOWN yNpaBieHUs NMelTCs
3HauyMTeNbHbIE PacCTOsiHUS, 0CO6EHHO B CMCTEMaxX YMHOMO AoMa. JTO TOXe MOXET
NpMBECTU K ownbkam naMepeHus. Lindposble 4aTUMKM ropa3fo MeHee NnoaBepXKEeHbI
3TMM TMNaM ownbok. Mpu HMUX n3MepeHHOoe 3HadyeHne npeobpasyeTcs B LMdpoBo
CUrHan HernocpeACTBEHHO B TOUKE M3MEPEHUS, YTO AeNlaeT CUCTEMY MeHee
YYBCTBUTENIbHOW K BbILLEYNOMSAHYTbIM BAUAHUAM. 10 3TUM NpUUYMHAM TaKXe MOXHO
npeoaosieTb 60/blINE PACCTOSHUS MEXAY AAaTYMKOM U LLEHTPOM YNPaB/IEHUS YMHbIM
LOMOM.

Ecnu K WinHe noaksoyaeTcs Bce 60blie KOMMNOHEHTOB, LienecoobpasHo NpoBepuThb BCO

yCTaHOBKY nepej BBOAOM B 3KCMyaTauumto. B cneaytowen Tabnnue nokasaHbl
HeKOoTOpble U3BEeCTHble AaTUYMKKN U CBA3aHHbIE C HUMKU aapeca 12C:
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KoMnoHeHT [1BouuHbIi agpec Hex Address

BME280 0b1110110 0x76
BMP185 0b1110111 0x77
I2C display 0b0011100 0x3C

Bnarofaps nx nHAMBMAyanbHO pasHbiM agpecaM BCce AaTYMKK, MPUCYTCTBYOLWME Ha
LWnHe, MoryT 6bITb agpecoBaHbl 0AHOBpEMEHHO 6e3 Kakux-nnmb6o npobnem. PaboTy LWKHbI
MOX>XHO MPOBEPUTL C MOMOLLbIO TaK Ha3biBaeMoro ckaHepa I2C. B MicroPython ckanep 12C
MOXET BbIMNAAEeTb TakK:

# I2C_scanner.py
from machine import Pin, I2C

#i2c = I2C(scl=Pin(5), sda=Pin(4))
i2c = I2C(-1, scl=Pin(22), sda=Pin(21))

print(,Scan i2c bus...")

devices = i2c.scan()

if len(devices) ==
print("No i2c device !")
else:

print(,i2c devices found:',len(devices))

for device in devices:

print("Decimal address: ",device," - Hex address: ",hex(device))

Ecnn BCce KOMMNOHEHTHI NnoAKMKYEHbI NpaBU/IbHO, B KOHCOJIN NOABATCA COOTBETCTBYOLLMNE
afpeca WnH:

Shell

>y -~

Scan i2c bus...
iZc devices found: 2

Decimal address: €0 - Hex address: Ox3c
Decimal address: 11% - Hex address: 0x77 =l
>y hd

Pnc.18.3: CkaHep I2C HaxoauT Ha WMHE ABa KOMMNOHEHTA.

3TOo rapaHTUpyeT, 4YTO WKnHa paboTaeT NpaBUAbHO M YTO BCE AaTYUKKN MOrYT nepefaBaTb
AaHHble. Tenepb HUUTO He MelaeT ucnonb3oBaTtb cuctemy I12C ang npunoxenuii IoT nnum
YMHOro goma.

18.2 llinuHa SPI
Momnmo cuctembl I2C, wuHa SPI (nocnepoBaTenbHbii nNepudepunHbin MHTepdenc)
SIBNSIeTCA BTOPOM BaXHOW LMHHOW CUCTEMON, 3apeKkoMeHAoBaBlIel cebs B cekTope

MWUKPOKOHTPO//1ePOB. TaKTOBbIE YaCcTOTbl KOMAOHEHTOB SPI MOryT AOCTUraTb HECKOSIbKUX
Merarepu. DTo genaet WwuHy SPI noTeHumManbHO HaMHoro 6bicTpee, , YeM cuctembl 12C.
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B nononHeHue k TepMnHy SPI, KoTopbIi NnepeBoHayanbHO 6bi1 BBeaeH Motorola, Takxe
4acTo NUcnonb3yeTcs TepMuH «Microwire», npuayMaHHbln National Semiconductor. O6a
TEepMUHA NCNONb3YIOT OAHU U Te Xe YyHKLUMOHA bHbIE NMPUHLAMLI.

MHorune BaxHble NPUIOXeHMS MOryT 6bITb peann3oBaHbl C MOMOLLbIO YCTponcTs SPI, B
TOM ynucne:

¢ RFID-TpaHcnoHaep

e EEPROM

o KoHTponnep XK-aucnnes

e LIAM 1 ALN

e Bce Tvnbl gaTumKoBs

e DnieMeHTbl ynpasneHunsa LED maTtpuuei
*nNT. 4.

Kpome Toro, ayAnoKOMIMOHEHTbI UM 3N1EMEHTbI HAaCTPOMKUN UM CUCTEMbI YNpaB/IEHUS Ha
ocHoBe SPI goctynHbl Ansa Hi-Fi n TeneBnsopos uan 6bITOBON TEXHUKMU.

LLnHa SPI ncnonb3yeT NpUHLUMN CUHXPOHHOW NepeAayn AaHHbiX. Mo3ToMy Ana nepenayn
OAHHbIX U CUHXPOHM3aLUMKN TpebyoTCsA OTAENbHbIE TMHUN, OTOpble He TpebytoT
CUHXPOHHOW FreHepaunmn TaKTOBbIX MMMYJIbCOB C 06enx CTOpoH. MepenaBaeMble TaKTOBbIE
CUrHanbl MPUEMHUKY C BbICOKOW TOYHOCTbIO, B 3TO BpeMS BUTbI Ha JIMHUN AaHHbIX
AONXHbI 6bITb MPOCKaHMPOBaHbI. 18 3TON Lenm MOXHO MCNOosib30BaTb HapacTaloLwmi
WAn cnagaroLwunii ppoHT TakTOBOro curHana. Ecnu npmeMHmnk obHapyxumBaeT MPOHT Ha
TaKTOBOM NIMHUU, OH HEMEAJIEHHO CKaHUpyeT CUrHan AaHHbIX, 4Tobbl NpoynTaTh
cneayowmn 6uT (CM. pucyHok). NMocKonbKy Yackl NepefalnTcs BMECTe C AaHHbIMU, HET
HEo6X0AMMOCTM yKa3biBaTh TAKTOBYH YACTOTY, TaK Ha3blBAEMYI «CKOPOCTb Nepeaaym».

L
v

PRI
E MOSIr__ __‘ :

MISO | ‘
- L] I

Puc.18.4: lNMepepaya AaHHLIX Mo wuHe SPI.

MpreMHas cTopoHa WnHbI SPI MOXET COCTOATb M3 MPOCTOro CABUIOBOrO perncrpa. 1o
ropa3no 6onee NpocToe M AelleBOe pelleHne, YEM BbICOKOUHTErpMpPOBaHHble
koMnoHeHTbl UART (yHMBepcasnbHbIli aCUHXPOHHbIM NMpUEeMHUK/NepeaaTynk) ans
ACMHXPOHHBIX NOC/eAOBaTeNbHbIX MHTepdelicoB. MNoaToMy cuctema SPI yacTto
WCMONb3yeTcs ANS MPOCTbIX M SKOHOMWUYHbIX peLleHnin B HenpodeCcCMoHaIbHOM CEKTOpE.

OaHako CMHXPOHHAaA nepeaayvya AaHHbIX UMEET TOT HEAOCTATOK, 4YTO Tpe6yeTcs:|
HECKOIbKO CUIHaNbHbIX NMHUIA. Bcero Heobxoanmo Ao YETbIPpEX CTPOK:
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e TakToBas NnHus, SCLK nnm SCK (nocnepgoBaTtesibHble TaKTbl)

e MOSI wnu BXoA nocneaoBaTesibHbIX AaHHbIX (SDI)

e MISO (BbIxoa Master In Slave) wnn BbiBOA NocneaoBaTesnbHbIX AaHHbIX (SDO)
e CurHan Bbibopa umna (CS) nnn SS ansa sbibopa BeAOMOro

DATA

0 1 o S

O T

Pnc.18.5: CurHan wuHbl SPI.

Yepes nuHuio CS aKkTUBUPYETCS alpeCOBaHHOE B AA@HHbIN MOMEHT nepudepuiiHoe
yCcTpoincTBo. CurHanel B cucteme SPI ManoakTuBHbI, T.e. nnHna CS ocTtaeTcs
BbICOKOMOTEHUMANBHON A0 TeX Nop, Noka He 6yaeT agpecoBaHa MMKpocxeMma. JInHum
AAHHbIX UMEIOT BbICOKMA MMMNEeAAHC B COCTOSIHUM OXUAAHUSA U, TakuM o6pa3om,
3/1eKTpUYecKn passsi3aHbl C LWUIMHOWM AaHHbIX. Ha puc. 18.5 nokasaHo, Kak Ha npakTuke
BbIrNAAAT TenerpamMmma SPI 1 CBSI3aHHbIM C HEWN TaKTOBbIN CUrHan.

Ecnn oTaenbHble KOMMOHEHTHI Ha WxHe SPI aonmxHbl 06MeHMBaTbCS AAHHbIMU B ABYX
HanpasneHusx, TpebyloTcs BCe YeTbipe CUrHanbHble NMHUKN. Ecnn TpebyeTcs Tonbko
OorpaHuW4YeHHbI 06MeH AaHHbIMKW, O4HY CTPOKY MOXHO OonycTuTb. Ecnn, Hanpumep,
nepndepuiiHbIN 3N1EMEHT He HYXXHO KOH(UIrypmMpoBaTb, CTPOKY BBOAA AAHHbIX MOXHO
onycTuTb. Kak TO/IbKO COOTBETCTBYOWMI Ynn Bbi6paH no nuHumn CS, OH HauuHaeTt
oTNpaBnsaTb gaHHble. B ALM, HanpuMep, cTpoka MISO saBAseTcs NUWHENR U MOXET 6bITb
onyuweHa. ToOYHO Tak xe KoHTposanepaM XK-ancniees HYy>HO TONbKO NOSy4YyaTb AaHHbIE.
B 3TOM cnyyae MOXHO COKOHOMUTb Ha coeanHeHun MOSI.

Moa MicroPython 06bIUHO AOCTYNHbI Noaxoasawmne 6nbnMoTekn Ana cambix
pacnpocTpaHeHHbIX KOMNOHeHTOB SPI. Ecnu ycTtaHoBneHa npaBuibHas 6ubnmoTteka,
MOXHO 6e3 npob6nem 06MeHUBaTbCA A4aHHBIMU C COOTBETCTBYIOLUM YCTPONCTBOM. [anee
6yayT npeacTtaBneHbl HeKoTopble NepudepuiiHble KOMNOHEHTbI. PaznnyHbie KOMMNOHEHTHI
MOXHO pasfenuTb Ha CreayloLune OCHOBHbIE KaTeropum:

e MNamsatb (EEPROM n FLASH)

¢ Mpeobpaszosatens curHanos (ALM mn LIAM)

¢ Yacbl peanbHoro Bpemenun (RTC)

e [laTumku (TemMnepaTtypa, AaB/ieHWNE, BIAXXHOCTb, OCBELLEHHOCTb U T.4.)

¢ XXK-koHTponnep, undgposoi noteHunomeTp, USB-KOHTpOnnep, MMKLLIEpP CUIHANOB U T. A.

BO/IbLUMHCTBO KOMMOHEHTOB MOXHO OTHECTU K MEPBbLIM TPEM KAaTEropusaM: naMsitb,
npeo6pasoBaTenn 1 Yacbl peasibHOro BpeMeHun. C Apyroi CTOPOHbI, KOMMOHEHTbI U3
nocneaHux AByX rpynn 3ape3epBUpOBaHbl ANs CreumasbHbIX MPUI0XKEHUA.

B o6nactm AL AOCTyMNHbI pasfinyHblie TaKTOBblE YAacTOTbl, HOMepa KaHanos 1
pa3spelleHmns. PaspeweHne 6utos Bapbupyetcs ot 8, 10 n 12 go 24 6ut. JoCcTynHble
TaKTOBble 4acTOoTbl HaunHatTcs ¢ 30 Tbicay oTtcyeToB (KC) B cekyHAy M AOCTUratoT
6onee 600 TbICAY OTCHETOB B CEKYHAY AN BbICOKOMPOM3BOAUTENbHbIX UC.
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Ecnu ckopoctn nnu paspelweHns BHyTpeHHnx ALM ESP32 HepgocTaTouyHo Ans
KOHKPETHOro MpUIoXeH s, NoAX0ASILLNM peLleHMEM MOXET cTaTb npeobpasosaTtens SPI.

EEPROM npenMyLecTBEHHO AOCTYMHbI B BUAE MUKPOCXEM NaMAaTU. EMKOCTb namsaTu
EEPROM BapbupyeTcs OT HECKOIbKUX BUT A0 HECKONbKMUX KUI06UT. TakTOBbIE YacTOThl
A0 3 MU AOoCTynHbI ANna ckopocTen xpaHeHus. Ocobblt cnyyvan kapT SD 1 micro-SD
paccmaTpuBaeTcs B pa3gene 18.4.

B ceHCOpHOM cekTope cpaBHUTEeNbHO Mano SPI-ycTponcTs. MNMoOCKoNbKY 34€Ch 4acTo
TpebyeTcs TOMbKO HU3Kas CKOPOCTb nepeAayun AaHHblX, wnHa I12C yacTto
npeanoyTuTenbHee. Takne N3MepeHus, Kak onpeaeneHme temMnepaTtypbl, BNaXHOCTH,
KOHLIeHTpauum rasa, CKOpocTu BeTpa, MHTEHCMBHOCTU CBETa U T. 4., He TpebyoT
ype3BblYaliHO BbICOKMX CKOPOCTEN nepenayun AaHHbIX U TakXke MOryT 6biTb 06HapyXeHbl C
MOMOLLbIO MEANEHHbIX NHTEP(dENCOB, TaK YTO MOXHO 060MTUCE 6€3 BLICOKNX CKOPOCTEN
nepeaayn gaHHbIX WnHbl SPI.

18.3 YneHbl cemeinicTBa SPI
B cneaytowen Tabnmue nokasaHbl HEKOTOPbIE N3 Hanbonee BaXKHbIX KOMMOHeHToB SPI:

Moaynb DyHKUMNA

74HC595 PerncTp casura
AD8403 Lndp. noteHunomeTp
MAX7219 Opavisep LED aucnnes
MCP4912 10-6uTHBbIN LIAN
NRF24L01 Pagnomoaynb

RC522 RFID-TpaHcrnoHaep

Tabnunua coaepXXuT nuib HeboNbLOM OTPbIBOK M3 06wMpHOro cemencrea SPI. B
OCHOBHOM 6bI151 BblbpaHbl YCTPONCTBA, ANS KOTOPbIX AOCTYneH agpavisep MicroPython.
LpanBep ancnnes ons CBETOANMOAHbLIX MAaTpUL yXXe ncrnosib3oBasics B Pasaene 11.
TpaHcnoHaep RFID RC522 6bin npeactasneH B rnaese 13.

Kpome Toro, SPI-noakntoueHne agucnnees SBASIETCS MHTEPECHOW anbTepHaATUBOMN.
Mcnonb3oBaHne OLED-gncnnees ¢ wuHon I12C B rnaBe 10 coaep>XUT COOTBETCTBYHOLWLMNE
npvMepbl.

18.4 YnpaBneHnue kaptamm SD n pSD uyepes SPI

KapTbl Secure Digital (SD) nan Micro Secure Digital (USD) Takxe MOryT 6biTb
aapecoBaHbl yepe3 nHtepgeric SPI. KapTbl namMsaTh UCNOMNb3YHOTCS B UMM POBLIX KaMepax,
cMapTdOoHax n T. A. B Ka4YeCTBe 3anOMUHALWMX YCTPOMCTB. DTW KapTbl TAKXXE MOXHO
ncnonb3osaTb ¢ ESP32. HekoTopble nnathbl, Takue kak nnata NodeESP, nmetot
BHYTpPeHHMI cnoT ansa SD-kapTbl. XOTS OH HECKOIbKO HEeYA06HO pacnosioXeH Ha HUXKHEN
CTOpPOHEe nnaThbl, €ro BCE XXe MOXHO UCMO/b30BaTb AJ1S NErkoro n HeAopororo
pacwnpeHus namatn ESP32 no paamepa B HECKONbKO rurabamt.

SD-kapTbl B3aMMOAENCTBYIOT C KOHTPOJJIEPOM MO NpoTokoay SPI. Takum obpa3om, Bce
Moaynu unu 6mbnnotekn SD aBnAOTCS agpecyemMbiMn. OnaTb Xe, coeanHeHne
KapTpuaepa C KOHTPOJIIEPOM OCYLLECTB/ISIETCS Yepes yXKe U3BECTHbIE MUHbI. ITO
0O3HAu4aeT, YTO COOTBETCTBYOLWME BbIBOAbI BBOAA-BbIBOAA 60MbLIE HENb3S NCNOSIb30BaTb
ANS Apyrux uenen.
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Chapter 18 e Bus Systems for Efficient Communication

Ha pucyHke nokasaHbl COOTBETCTBYHOLNE coeanHeHns Ha SD-kapTe. icnonb3oBaHue
SD-kapT 0cobeHHO NpoCTOo, ecsin Bbl UCMOJb3yeTe roToBble SD-Moaynn. Takmm o6pa3om,
BaM He HY>XHO 6eCrnoKOUTbLCS 0 Ha3HAYEeHUM KOHTaKTOB. [locne nogkaoyeHns Moayns
WAK ero noakoueHns Kk SD-kapTe BCce HEOH6XOANMbIE CUIHaMbl NOAK/IFOYEHbI NPaBUbHO.

n. c.

SS
MOSI
GND

Vee
SCK
GND
MISO
IRQ

Pnc.18.6: UHTepdeinc SPI Ha SD-kapTe.

Ecnn Bbl X0TUTE yBennuuTb 06beM namatn ESP32, SD-kapTbl — XOpOLWWA U HEAOPOrom
BapuaHT. C MX MNOMOLbK JAOCTYMHYH MaMATb MOXHO pacWwupuTb A0 rurabanTHOro
AvanasoHa. M3-3a maccoBoro npomssoactsa SD-kapTbl gelwesne n AOCTYMNHbl ¢ 6onbluei
€MKOCTbI0, 4yeM BHewHne EEPROM.
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Nnaea 19 e Co3zpgaHue cxeM C NoMoL b0 KOMMOHEHTOB U
MaKeToB

Ecnun Bbl x0TUTe paboTaTb ¢ MicroPython Ha ESP32, BaM npakTuyeckun Bceraa
noTpebyroTCs Apyrne 3NeKTPOHHbIE KOMMOHEHTLI. B npocTeriwem cnyyae 3To MOXeT 6bITb
TONbKO BHELUHWI CBETOAMOA C NocnefoBaTeNbHbIM pe3nctopoM. OgHako no mepe
YBENMYEHUS CIOXXHOCTM NMPOEKTOB YBEIMUMBAETCS U KOTMYECTBO HEOOXOAMMBbIX
KOMMOHEHTOB. [103TOMY B 3TOM pa3zesie KpaTko OnuMcaHbl Hanbonee BaXkHble OCHOBHbIE
KOMMOHEHTbI, Takne Kak:

e CoeanHuTenbHble Kabenu (NnepeMbivkm)
e Pe3ucropbl

e CseToAnoAbl

e KoHAeHcaTopbl

C 6011bLlUIMM OMNbITOM NnpuxXoanT BO3MOXHOCTb peaJ/inu30BbiBaTb 6onee 06umpr|e MPOEKThI.
YT106bI YNy4YlWnTb CBOM HaBbIKN, OOCTYMNHbI pa3/inyHble METOAbI NMPOEKTUPOBAHNUA
3JIEKTPOHHbIX CXEM, TECTUPOBAHNA U NMOUCKaA HeVICI'IpaBHOCTeVI. OAHUM 13 BapnaHTOB
aB/sSIeTCs co34aHMe neYaTHOW nnaTthbl, Ha KOTOPYI Bbl NpunavBaeTe KOMMOHEHTbl. 3TO
NO3BONAET CO34aBaTb HaAeXHble N AONTOBEYHbIE CXEMbI U yCTpOVICTBa.

Kpome Toro, Ans xo66u WMpoKo MCMOMb3yTCs cneumanbHble MakeTHble naaTtbl. OHU
UMEIOT perynsipHyo CTPYKTYpPYy TOKOMPOBOASLLMX AOPOXKEK, YTO MO3BONSET
peanu3oBbiBaTb 6051€e CNOXHbIE BapUaHTbl CXEM C 3/1IEMEHTaMM U COeAMHUTENbHbIMU
nposoAamu. OAHaKO 3TOT METOA HE OYeHb NMOAXOAUT AN SKCMEPUMEHTaNbHbIX Lenewn,
Tak Kak Bceraa Heobxoammo nepenaveaTth Ans MoanduKaumin nnnu BapuaHTos. [MoaTomy
B 3TOM 0611acTn yTBEPAMINCD TaK Ha3blBaeMble «MaKeTbl». DTO 6ecnaeyHbie naaThl,
KOTOpble NO3BOJISIOT CO34aBaTb AaXe C/I0OXHble cxeMbl 6e3 nanku. ITK nNnaTtbl naeanbHO
noAXOAAT ANs 06yyeHns U SKCNepuUMEeHTOB. Ha cneaylolemM pucyHke nokasaHa «CucTteMa
WUrpoBOM NNOLWAAKU», COCTOSLWAN U3 ABYX MAaT, HA KOTOPbIX MOXHO NOCTpouTh 6onee
KPYMHbIE CXEMbI C Pa3/IM4yHbIMU JaTynKaMu, 3ieMeHTaMun yrnpaBieHus, AUCMIeaMn u T. 4.

Pnc.19.1: UrpoBas nnowaaka, coctoswas us AByx 60/blLMX MaKeTHbIX naaT.
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Chapter 19 e Building Circuits with Components and Breadboards

19.1 MakeTbl naaTtbl
Ons coeanHenns nnat ESP32 ¢ ApyrMMu 31eKTPOHHbIMM KOMMOHEeHTaMun 6e3 naku
MOXHO MCMOMb30BaTb pa3nnyHble 6ecnaeyHble MakeTHble NaaTthl Pa3HblIX pa3MepoB.

Pnc.19.2: TunuuHbln makeTHaa 6ecnaedHasa nnara.

Punc.19.3: BapuaHTbl MakeTHOW nnaTbl

MakeTHble niaTbl AOCTYMHbI B CaMbIX pasHbIX hopMax, LBeTax, An3aiHax u pasMepax.
MHorve BapuaHTbl UMEOT pa3beMbl MO KPasiM, YTO6bl MOXKHO 6b110 COEANHUTbL HECKOIbKO
nnart.
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Takne «BCTaBHble MaTbl», «BCTaBHbIE MAAThl A5 3KCMEPUMEHTATOPOB>» MU NPOCTO
«MaKeTbl» CerofHs LUMPOKO MCMOMb3YIOTCA B 3/IEKTPOHHOM MPOMBILLJIEHHOCTU, @ TaKXe B
AomalwHux nabopatopusx ans pa3paboTku cxem. MNpu npaBuIbHOM UCNONb30BAHUN OHU
MMEIOT AONTUI CPOK CNyX6bl.

TOHKME coeAnHUTENbHbIE MPOBOAA MOIYT JIEFKO MHYTbLCSA NMPU NOAKIIOYEHUN, NO3TOMY
BBO/J, NMPOBOAOB KOMMNOHEHTOB B OTBEPCTUS BCTAaBHOM NiaThl BCEraa Ao/HKeH
BbIMOJIHATLCS CTPOro BEPTUKAsbHO. B yacTHOCTW, ecnv MakeTHas nnarta elwe HoBas, Ans
BCTaBKN NPOBOAOB MOXET notpeboBaTbCs HEKOTOPOe ycunune. bonee npoyHbIn nuHUET
WAKN NNockory6ubl MOryT NOMOYb MPW BCTaBKe coefuHeHnn. aeanbHO, ecnv KOHUMK
WHCTPYMEHTa MOKPbIT PE3MHOBOWN TPYOKOM UM KIIEMKON NTEHTON, TaK KakK 3TO 3awuaeT
KOMMOHEHTbI 1 obecneymBaeT Nyylnin 3axBaT UHCTpyMeHTa. [pn HE06XO0AMMOCTU MOXHO
HEMHOro paclMpUTb OTAENbHbIE NMPYXWUHbI BHYTPWU NAaTbl, BCTaBMB WTUPT. OAHAKO He
CTOWUT MepeycepACcTBOBaTb, Tak Kak 3TO MOXET NPUBECTN K NpobriemMaM C KOHTaKToM B
AanbHenwem.

19.2 NMNepeMblYKU U cOeAUHUTESIbHbIE Kabenun

[Ona coeaMHeHUs Ha MaKeTHOW niaTe MOXHO MCMOJIb30BaTb OTPe3KM npoBoaos. OaHaKO
OHM YacTo He obecrneymBaloT XOPOLLEro 3NeKTPUYECKOro KoHTakTa. Kpome Toro,
OrofieHHble KOHLbl MPOBOAOB sierko crubatTcs n B KOHeYHOM uTore obnambiBatoTcs. Tak
Ha3blBaeMble «MpPbIFyHbl» 34eCb HAMHOIO Ny4ylle. 9TO TrMH6KMe MHOrONPOBOJIOYHbIE
NpoBoJa C KOHTAaKTHbIMWU WTUdTaMM Ha 060MX KOHLUAX. ITO NO3BOJISET BbINOHATb
anekTpuyeckme coegmHeHus 6biCcTpo 1 6e3onacHo.

™
Pnc.19.4: CoeamHuUTENbHbIM NPOBOAHUK (NEepeMbIYKa).
AnbTepHaTUBOW NMepeMblyKkaM SBMSIOTCA Tak Ha3biBaeMble kabenn Dupont. VX MOXHO

MCMNONb30BaTb ANS NOAKIIOUEHMS] TaKMX KOMMOHEHTOB, Kak AaTtuynk DHT22 nnu Mmoaynb
OLED, k makeTHoOW nnate.
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Chapter 19 e Building Circuits with Components and Breadboards

Pnc.19.5: Kabenb Dupont.

LLTbipeBble pa3beMbl, U306paXkeHHble Ha pUC.19.6, Takxke SABNAIOTCS NOAXOAALLMMMU
COeAMHUTENbHBLIMU YCTPOMCTBaMM.

Pnc.19.6: 3-KOHTaKTHbIA U 12-KOHTAKTHbIN pa3beMbl.

Mepemblukn Dupont TakXXe MOXHO NOAKYNTL K MAaKETHON niaTe:

Pnc.19.7: Kabenb Dupont ¢ NoAKIOYEHHbIM 3-KOHTAKTHbIM Pa3beMOM.

19.3 Pe3ucropbl
PeBVICTOpr ABNAKTCA OAHUMU U3 OCHOBHbIX KOMMOHEHTOB B 3JIEKTPOHUKE. OHn

Hernonspu3oBaHHble, NO3TOMY HanpaB/ilieHMe YCTaHOBKW He MMeeT 3HavyeHus. HoMunHan
pe3ncTtopa KogMpyeTcs HaneyaTaHHbIMU LUBETHbIMU KOJbLaMU. YeTbipe UBETHbIX KoJbua

TpebyloTca Ans pe3ancTopos C AoNyckoM 5%.
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TpyY U3 HUX YKa3bIBalOT 3HAYEHNE COMPOTUBNEHMUS, YETBEPTbI MMEET 30/10TOM LBET AN
[O0MnyCcKa U yKasblBaeT 3Ha4yeHue gonycka. a8 MeTanonaeHo4YHbIX pe3ncTopoB C
aonyckoM 1 % TpebyeTca naTb LBETHbLIX KOJEL, 34€Cb KOPUYHEBOE MSATOE KOJbLO
yKasblBaeT Aonyck. Konbuo Ansg 3HavyeHus A4onycKa MOXHO Y3HaTb MO TOMY, YTO OHO
HEMHOrO LUMpe OCTallbHbIX.

Pnc.19.8: BbiBOAHbIE pe3nUCTOpSI.

Peauctopbl HoMuHanom 150 unu 220 Om YacTo UCMoNb3yTCH B KAaYecTBe NocrefoBaTesbHbIX
pe3ncTopoB Ansi CBeTOAMOA0B MMM AUCTNNEEB HA OCHOBE CBETOAMOAOB. Takxe Yacto TpebyoTcs
3HaueHuss 1 kOm, 10 kOm 1 100 kOm (rge kOm = kunoom; kOm; 1000 Owm). Mpu
Heo6X0AMMOCTUN Bbl MOXETE CO3AaTb AOMONMHUTESbHbIE 3HAYEHUS] CAMOCTOSITENBHO, MOAKIOYNB KX
napannensHo unu nocneposatensHo (Hanpumep, 500 Owm, nogkntoums ABa peauctopa no 1 kOm
napannensHo, unu 20 kOm, noaknoume asa pesuctopa no 10 kOM nocnegoBaTenbHO U T. 4.).
[ns Hauana pekoMeHAyHTCs criegytolme 3HauYeHns :

Quantity Value Colour rings for 5% tolerance Colour rings for 1% tolerance

10 220 ohms Red - Red - Brown Red - Red - Black - Black

10 1 kohms Brown - Black - Red Brown - Black - Black - Brown
5 10 kohms Brown - Black - Orange Brown - Black - Black - Red

5 100 kohms Brown - Black - Yellow Brown - Black - Black - Orange

B crneunannsnpoBaHHbIX TOProBbIX M MHTEPHET-MarasnHax 4acTo npeanaratTcs
aCCOPTUMEHTHbIE KOPO6KM C Hambosnee BaXHbIMM 3HAUYEHUSAMU HOMUHAN0B. B Lesnom
ropaszo felleBse NpuobpecTu Takyo KOpobKy, YeM 3akasbiBaTb PE3UCTOPbI MO
OTAENbHOCTU.

19.4 Csetoamopabl

CBeToAMOAbl UCMONb3YIOTCHA, HanpuMep, ANs MHANKaunn coctosHusa nopta (HIGH/LOW).
OHW 3aropaloTcs TONbKO B TOM C/lyyae, eciiv OHM NpaBubHO NOAK/YeHbl. Ecnn,
BOMpPeKM OXWAAHWSM, CBETOAMOA HEe 3aropaeTcs, CHayana nposepbTe NoaspHocTb. Katoa
MOXHO onpeAenuTb no 6onee KOPOTKOMY BbIBOAY.
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Chapter 19 e Building Circuits with Components and Breadboards

Mpn noakno4YeHnn cTaHAapTHbIX LED K MCTOYHMKY HanpskeHus Bceraa Tpebyercs
nocnepoBaTtenbHbIl pe3uctop. MNMockonbky ESP32 paboTtaeT ¢ ypoBHsaMu curHanos 3,3 B,
0151 3TOW Lenn XopoLwo noaxoaaT pe3nctopbl Ha 220 nnu 150 OM. Mockonbky Ha LED
napgaet ot 1,6 B oo 2,5 B — B 3aBMCUMOCTM OT UBeTa — A1 NaAeHuns
nocnenoBaTeNbHOro pe3ncTtopa octaeTcs HanpshkeHue ot 0,8 B no 1,6 B. Takum
obpaszom, Tok LED coctaBnsiet oT 4 MA no 7 MA. Takmm o6pasom, LED cBeTaT ¢
[OCTaTOYHOM aApkocTbio, @ LED n koHTponnep paboTatoT B 6e30nacHOM AnanasoHe.

Pnc.19.9: Ceetoamoasbl.

19.5 KoHaeHcaTopbl U 3/1EKTPOJSIMTUYECKUE KOHAEHCAaTOPbI
B npononHeHne K pe3ncTtopaMm, KOHAEHCATOPbI TaKXe ABNAKTCA OAHUMU N3 OCHOBHbIX
KOMMOHEHTOB 3JTEKTPOHUKMN. ﬂpOCTbIe KOHAEHCATOPbl HE NONAPHbI. OpaHako cnenyer
C061'IIO,IJ.aTb OCTOPO>XHOCTb NMpN NCNO/1b30BaHUN 3NEKTPOIUTUHECKUX KOHAEHCATOPOB.
Bceraa cneaute 3a cobntogeHMeM NonsSpHOCTU, Tak Kak Mpu NepenitocoBKE OHW MOTyT
B30pBaTbCA. Bot no4yeMmy aNeKTpoINTUHeECKNE KoHAeEHCATOPbl BCerga MMEKT
COOTBETCTBYIOLLYIO MapKNPOBKY.

B MVIKpOKOHTpOﬂJ'IepHOVI TEXHUKE TOYHbIE HOMUWHAbl 3NEKTPOTUTUHECKUX
KOHAEHCATOPOB MeHee BaXKHbl. OHW YaCTO HYXHbl B Ka4ecTBe TaK Ha3blBaeMblX
6J'IOKVIp0BO‘-IHbIX KOHAEHCATOpPOB ANnd nodaBsieHNA NOMEX, MO3TOMY TOYHOE 3HAYEHNE HE
KpUTNYHO. Hanpumep, BMecTo 10 Mk® NpaKTU4yeCKn Bcerga MOXHO NCnonb3oBaTb
3HayeHue 33 MK®, ecsin OHO AOCTYNHO. [Nns Hayana AoCTaTOYHO HECKOJIbKUX 3HayeHun,

KOTOpble CBeAEeHbI B creaytowyto Tabnuuy.

Yucno 3Ha4yeHune MapkupoBka
Okono 10 10 Mk®, 16V 10p
Okono 5 100 mMk®, 16V 100p
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Ha crneayrowemM pucyHKe rnokasaHbl 3/IeKTPOSIMTUYECKME KOHAEHCATOPbl B paanalbHbIX
Kopnycax:

P1c.19.10: DNeKTpoNnTMYECKME KOHAEHCATOPbI.

Ecnn B umMdpoBbIX cxeMax BpeMsl OT BpEMEHMN BO3HUKAKOT OWMOKM, ocobeHHO B bonee
CNOXHbIX CXEMax, peKoOMeHAYyeTCs f06aBUTb HECKOTbKO 3/1EKTPOIUTUUYECKUX
KOHAEHCAaTOPOB Ha WWHblI NMNTaHNA — eCTeCTBeHHO, C C061'IIO,IJ,eHVIeM MONAPHOCTU.

Mpn Hannuum ocunnnorpadga HanpsXXeHne NUTaHua MOXHO NpoBepuTb 6onee TOYHO.
Ecnu cTtaHOBATCA BUAHBI MUKK Ha LUMHE MUTaHKS, T. €. KpaTKOBPEMEHHbIE NPOoBasbl
HanpshKeHus, cneayeT UCMNofib30BaTb /IEKTPONUTUYECKNIA KoHaeHcaTop 100-200 Mk®
nokanbHO Ha niaTe, YTo6bl NoAAepPXUBaTb YNCTOE HAMpPsHXKEHNE MUTAHUS.
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MicroPython ans
MUKPOKOHTpPOSEpPOB

Asblk nporpammmpoBaHus «Python» B nocnegHve rogbl nepexwn
OrpOMHBbI MogbEM. He B nocneaHio ovepeap ero nomnynsipHOCTM
cnocobcTBoBany pasnnyHble OAHOMNAaTHbIE CUCTEMBI, TaKMe Kak
RaspberryPi. Ho Python Takke Hallen wWrpokoe NpUMeHeHWE B
Apyrux obnacTtsx, Takux Kak UCKYCCTBEHHbIN MHTennekT (M) nnu
maLumHHoe obyyeHue (MO). Takum 06pa3om, 04EBUAHO, YTO Python
unu BapuaHT «MicroPython» Takke cnegyeT ucnonb3oBatb B SoC
(cucTeMbl Ha kpucTanne).

MoluHble KOHTponnepbl, Takne kak ESP32 ot Espressif Systems,
npegnaratT OTINYHYI NPOV3BOAUTENBHOCTb, @ TAKKE DYHKLIMN
Wi-Fi n Bluetooth no goctynHom LieHe. Bnarogaps 3Tum yHKLMAM
cueHa Maker 6bina B3siTa WTypMoM. o cpaBHEHWIO C ApyrMMuy
KOHTponnepamu, ESP32 nmeeT 3HaunuTenbHO 6onblumin o6bem flash n
SRAM namsiTy, a Takke ropasfo 6onee BbICOKYH CKOPOCTb
npoueccopa. bnarogaps aTuM xapakTepucTukam Ynn NOAXoanT He
TonbKo Ans knaccuyeckux Capplications, Ho u gns
nporpammupoBaHust Ha MicroPython.

3OTa KHWUra 3HakOMUT C NPUMEHEHNEM COBPEMEHHbIX
OOHOKpUCTanbHbIX cucteM. [OMMMO TEXHUYECKON NOATOTOBKY,
OCHOBHOE BHUMaHue yaensetca camomy MicroPython. Mocne
3HaKOMCTBA C A3bIKOM MONYyYEHHbIE HaBbIKM NPOrpaMMUPOBAHNS
cpasy Xe NpPYMEHSTCA Ha NpakTuke. MIHamBnayanbHble NpoeKThbl
NOAXOAAT Kak Ans UCMOofb30BaHMSA B nabopaTtopum, Tak 1 Ans
NMOBCEAHEBHOIO UCMOMNb30BaHUs. Takum obpasom, B AOMOSTHEHNE K
hakTnyeckomy ahhekTy 00y4eHns, OCHOBHOE BHUMaHWE yaenseTcs
pagocT OT CO3AaHMS MOMHbIX M NONE3HbIX YCTPOMCTB. Micnonb3ys
nabopaTopHble MakeTbl, MOXXHO C MUHUMAanbHLIMU YCUIIMSIMA
Co3[aBaTh CXeMbl BCEX BUAOB, MPeBpaLLas TeCTMPOBaHNE N OTNaaKy
CTOMPOLIEHTHO CAMOAENbHbIX MPOEKTOB B NOY4UTENBHOE
YO,0BOMbCTBUE.

PasnunyHble NpunoxeHus, Takne kak METEOCTaHLMK, LMPOBLIE
BOMbTMETPBbI, YNbTPa3BYKOBbIE AarbHOMEPbI, CYATLIBATENMU KapT
RFID unu reHepaTopbl pyHKUWIA, enatoT NpeacTaBneHHbIe MPOEKThbI
naeanbHO NOAXOASLUMMU ANS NPaKTUYECKMX KyPCOB Unu
npeaMETHBIX U y4ebHbIX paboT B 0611acTy eCTECTBEHHBIX HAYK UMK B
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