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1 JABOPATOPHA POBOTA 1
Pobota 3 ni1aroro Arduino Uno Ha niargopmi TinkerCAD

Merta pobotu — 03HaHOMUTHCH 3 aTor Arduino Uno Ta poOoToro y
BeOcepenosutli TinkerCAD.

1.1 3araanHi BizomocTi

1.1.1 3aranbHi BizomocTi npo kidéepdizuyni cucremun

Kibepdizuuna cucrema (CPS) — me MexaHi3M, IO KOHTPOJIOETHCS
ab0 BiICTEKY€TbCA KOMII'IOTEPHUMH aJrOPUTMAMH 1 TiCHO MOB'A3aHUH 3
Intepuerom Ta iforo kopuctyBadamu. B kiGepdizuuyHHX cucTemax
mporpaMHe 3a0e3NeYeHHs TICHO TMOB's3aHO 3 (DI3MYHUMH 00'€KTaMHu.
Kommonentn CPS B3aemozioTh Ha PI3HUX YacOBHUX Ta IPOCTOPOBUX
PIBHSIX Ta MOXKYTh MaTH Pi3Hi, Bi/IMiHHI OJ{Ha BiJ] OJTHOI MOJIE)Ii TIOBE[IHKA
Ta B3AEMOMIATH OAHA 3 OOHOIO PI3HUMH MLUIAXaMH, SIKI MOXYTb
3MIHIOBAaTHCS B 3aJIEKHOCTI Bifi KOHTeKcTy. llpukmagamu kiGepgizuanux
CHCTEM  MOXKHa  BB@KaTH  PO3YMHI  €HEPrOCHCTEMH, OE3MiIOTHI
aBTOMOOITBHI ~ CHCTEMH,  aBTOMAaTH30BaHi  CHCTEMH  KEpyBaHH,
POOOTOTEXHIUHI CHCTEMH, CAMOKEPOBaHi JIiTaJIbHI anapaTH.

JxepenaMu po3BUTKY KiOep(i3WUHUX CHCTEM CTaJH Pi3Hi 32 CBOEIO
cnenudikor0 cdepu JIFONCHKOI  AISUTHHOCTI: aepPOKOCMIYHA Tally3b,
aBTOMOO1JIbHA POMUCIIOBICTB, TPOMAJIChKa iHPPACTPYKTypa, CHEPreTHKa,
OXOpOHa 3[I0POB's, TPAHCIIOPT, PO3Bard, MoOyTOBa TEXHiKa Ta iH.

Ha BinmiHy Bim Bxke icHylouMx BOYJOBaHMX CHCTEM, MOBHOLIHHI
CPS po3po0IisroThes y BUIIISINI MEPEXKi 3 JIEKITBKOX CKIIAJOBUX YaCTHH,
AKi 3aiiMaloThCsl MEepepoOKOI0 CHPOBMHU. ['0NoBHA imes KiOephiznmdHHMX
CHCTEM TICHO MOB's3aHa 3 pOOOTAaMH Ta CEHCOPHHMH CHUCTEMaMH, SKi
o0yiafiHaHI «PO3YMHHMMU» MEXaHi3MaMH 3 JOCTaTHIMH OOYHCIIOBAILHHUMU
MOKJIMBOCTSIMH Ul JIOCTaTHBOTO KEpyBaHHs. 3aBISKH IOCTIHHOMY
HaykoBoMy mporpecy, CPS 3a3HaloTh nepiogUuHUX 3MiH, SIKi MOKPAIIyIOTh
3B'SI30K MDK (I3UYHUMH Ta OOYHCIIOBAILHUMHU KOMIIOHEHTAMH 32
JOTIOMOTOI0  «PO3YMHHUX» MEXaHi3MiB, MOKpAaIlylOYl TakUM YHHOM
3MATHICTh JIO aJamnTallii, MiJBUIIYIOYd aBTOHOMHICTh, €()EKTHUBHICTH,
HaAidHICTD Ta O€3MeYHICTh Ta PO3MHMPIOIOYM  (YHKIIOHAIBHICTD
Kibep¢iznyHnx cucTteM. 3aBIsKH [BOMY TMOTEHLIaN IiX BHKOPHCTaHHS



PO3ILIMPIOETHCS Y HACTYIHI BUMIPH JIIOACHKOI JiSUTBHOCTI: BTPYYaHHS Y
npolec BOAIHHS (Hamp., YHUKHEHHS 3iTKHEHb), TOYHICTh NPH HPOBEICHHI
omepauiil (Hamp., poOOTOXipypris), pATYBanbHi a00 AOCTiAHUIBKI oneparii
(3a ydacTb poOOTOTEXHIKH), KOOPAUHALIS MepeBe3eHb (HaMp., MOBITPSIHUI
Tpadik).

CPS 3acTOCOBYIOTH B SIKOCTI OOJaTHAHUX CEHCOpAaMH ABTOHOMHHX
cHCTEeM, SKI MalOTh MOXKJIIMBICTB 3B'A3yBaTHCS 3 omeparopoM. Hampukmarn,
BEJIMKA KUIBKICTh Mepex 3 Oe3IpOTOBHMH CEHCOpaMH BiJCIiAKOBYIOThH
NEBHUI TTapameTp, a 00poOiieHy iHpOpMaIiio mepeJaroTh A0 IEHTPATLHOTO
By3na. [Hmn Tunm kiOepdi3MYHMX CHCTEM MOXKYTh BKJIIOUATH PO3yMHIi
CHEepProCUCTeMH, aBTOHOMHE BHPOOHHWITBO, MOHITOPHHI CTaHy 3IIOpOB'S,
CHUCTEMH KOHTpPOJIIO TpOLECiB, pOOOTOTEXHIKY Ta CaMOKEpOBaHMI
aBiaTpaHCIOPT.

OpnuM i3 BapiaHTiB peamizamii siapa kibepdismuHOi cucTeMu €
BukopuctanHs 1iatu Arduino. PosrissHemo i OUIBII JAeTambHO Yy JaHii
nabopaTopHiil poOoTi.

1.1.2 3araasni BitomocTi npo miiatu Arduino

Arduino mpexacraBisie co0OI0 HEBENHMKY IUlata 3 BIACHUM
nporecopoM i mam'stTio. Ha miarti Takox € mapa JecsITKiB KOHTakKTiB, 10
SAKHX MOKHAa MiAKIIOYaTH BCUISAKI KOMIIOHEHTH: JIAMIIOYKH, NATYUKH,
MOTOpH, YaWHHKH, POYTepH, MarHiTHi ABEPHI 3aMKH 1 B3araji Bce, IIO
MPALIOE BiJl €ICKTPUKH.

3a momomoroio Arduino MOXHa 3aBaHTaXUTH Tporpamy, sika Oyzae
KepyBaTH BCiMa LUMH MIPUCTPOSMH 32 3aJaHUM aJlTOPUTMOM.

Arduino - amapatHa oOuMCHIOBaJbHA IUIATGOPMA, OCHOBHHUMH
KOMIIOHEHTaMH SIKOi € IUlaTa BBEACHHSI-BHBEICHHS 1 CepeloBHUIIE
PO3pOOKH.

Arduino Mo’ke BUKOPHCTOBYBATHCS SIK Ul CTBOPEHHS aBTOHOMHHX
iHTepakTUBHUX OO'€KTiB, Tak 1 MIOKIIOYATHCS JAO0 HPOTPaMHOro
3a0e3MeYeHHs], 1[0 BUKOHYETHCS Ha KOMI'IOTEpi

3aBnsku BigkputocTi Arduino, i mpHcTpiii BimoMo 1 momyckae
BiyibHEe Momudikaio. ToMy Oynb-sIKHii BUPOOHUK IJIAT MOKE BHUITYCKaTH
anasor mwiatd Arduino, BHOCHTH 3MiHH B caMy IUIaTy

[Iporpamue ymnpaBiiHHS peanizyerbess Ha C ++ copomeHoi Bepcii,
gacTo 3BaHoi Takox Wiring. Po3poOka kepyrouoi nmporpamMu Moke BECTHCS
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1 uepe3 Oyap-skuit 3pyunuii C / C ++ inctpymenTapiil. [lnatgopma npamroe
3 onepauiiHuMu cuctemamu Linux, Windows 1 MacOS X.

TakuMm YMHOM 32 IOMOMOTOI0 IUIaTH Arduino MOXHa CTBOPUTH
HECKIHUEHY KUIBKICTh YHIKaJIbHUX KIaCHHX TaJKETiB, 3pOOJICHHX CBOIMHU
PYKaMH 1 3a BIIaCHOIO 33yMOM.

Arduino - amapatHa oOuMCIIOBaJbHA IUIATGOPMA, OCHOBHHUMH
KOMIIOHEHTaM SIKOi SBJISIIOTBCS MPOCTa IUIaTa BBEACHHS/BUBEICHHS 1
nporpaMHoro 3a0e3neueHHs (CreniaabHOI 000JOHKH ISl IPOTpaMyBaHHS
miati) abo IDE (Integrated Development Environment). Ha miaTi Takox €
mapa JecCSATKIB KOHTaKTiB, [0 SKHX MOXHA MiAKIIOYaTH BCUISAKI
KOMITOHEHTH: JaMIIOYKH, AaTYUKHU, MOTOPH, YalHUKH, POYTEpH, MarHiTHi
JIBEPHI 3aMKH 1 B3araji Bce, 110 MPAIOE BiJl SICKTPUKHY.

VY mpouecop Arduino Mo)KHa 3aBaHTaXXUTH Nporpamy, sika Oyze
KepyBaTH BCiMa LUMH IPHUCTPOSIMUA 32 3aJaHUM AITOPUTMOM. Takum
YHHOM MOJKHAa CTBOPHUTH HECKIHUYEHHY KiNBbKICTh YHIKQIbHUX KIaCHUX
reDKETOB, 3p00JICHNX CBOIMU PYKaMHU 1 32 BIACHOIO 33yMOM.

[Iporpamue 3a0e3medyeHHs] 3alyCKAaeTbcs Ha  MEPCOHAIBHOMY
KOMIT'IOTepi Ta JO03BOJISIE 3allUCyBaTH KoOX, sk Bu po3poOmim Ha
maty.Arduino

Pucynok 1.1 - Arduino i cipaukoBa KopoOka

3aBnsku BigkputocTi Arduino, i mpHcTpiii BimoMo 1 Jomyckae
BiyibHEe Momudikamio. ToMy Oynb-sKHii BUPOOHUK IJIAT MOKE BHITYCKaTH
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aHasor rmiatu Arduino, BHOCUTH 3MiHU B CaMy IUIATy, HE KQXKYy4H BXKE PO
BUTbHY KOMIUIEKTaIito HaOopiB (Kits).

1.1.3 IInaTu-ananoru Arduino

Ockinbku Arduino - ne OpeHI BHpOOHHKA, aHAJIOTH MalOTh
I, ane 3a3Buuail cmiB3ByuHi 3 Arduino Ha3Bu - Freduino,
Freeduino, DCcduino, Xdruino, Funduino, Robotale 1 6e3:miy iHIIux.
bineimn Toro, Opena B3araiii Moke OyTH He BKa3aHo, a Oye MPUCYTHIl
Hanuc tumy for Arduino.

Pucynok 1.2 — ITnara DCeduino UNO

OpurinanbHi Arduino BupoOsitoThest B Itanii, OinpLIicTh aHANOTIB -
B Kurai. BisyasbHO OLIBIIICTh IUX TUIAT BUIISIIAE OAHAKOBO (Ha Arduino
NpUCYTHIN (ipMOBHUIl JIOrOTHII) 1 HaBiTh MAlOTh OJHAKOBHH CHHIH KOJIp
(BuknroueHHss €, ane HebOararo, Funduino, Hampukiaa, dYepBOHOTO
Kobopy). Takoxk munatu-aHanoru Arduino 3a3Buuail B CBOIHM Ha3Bi MaroTh
Taki K NpUCTaBKH, K 1 cama Arduino, Hampuknax, DCcduino UNO
Bigmosigae Arduino UNO.

Icaye pmeximpka Bepciii mmatgopm Arduino. OcrtaHHS Bepcis
Leonardo 0a3yerbcsi Ha MikpokoHTponepi ATmega32u4. Uno, sk i
nonepeans Bepcis Duemilanove cTtBopeHi Ha MikpokoHTposepi Atmel
ATmega328. Crapi Bepcii miar¢popmu Diecimila Ta mnepma poGoua
Duemilanoves Oynu ctBopeHi Ha ocHOBI Atmel ATmegal68, 6inpm panHi
Bepcii Bukopuctamum ATmega8. Arduino Mega2560, y cBoio uepry,
noOyoBaHa Ha MiKpokoHTpoJepi ATmega2560.

Hani npeacrasieHi ocHOBHi Bepcii miat Arduino.



Arduino Nano - ne noBHO(YHKIIOHATFHUN MiHIaTIOpHUNA TPUCTPii
Ha ©0a3i wmikpokoHTponepa ATmega328 (Arduino Nano 3.0) a6o
ATmegal68 (Arduino Nano 2.x), aganToBaHe A BHKOPHCTaHHS 3
MaKeTHUMH IyaTtamu. 3a QyHKIIOHAJIbHICTIO IPUCTPil cxoxuil Ha Arduino
Duemilanove, 1 Bipi3HSAETbCS Bil HBOTO PO3MipaMu, BIZICYTHICTIO PO3'eMY
JKUBJICHHS, a TakoX iHmUM tunoM (Mini-B) USB-kabenro. Arduino Nano
po3pobieHo i Bumyckaethes Gipmoro Gravitech.

WM .ARDUIND.CC
ARDUINDO NANO

RST

-

Pucynok 1.3 — Ilnara Arduino Nano

Arduino Pro Mini - 1e mpucTpiii Ha 0a3i MIKpOKOHTpoJIepa
ATmega328. V ioro ckimaa BXoauTh: 14 1mudpoBux BXOJIB / BUXOIIB (3
HUX 6 MOXYTh BUKOpHCTOBYBatucs B sikocTi [IIIM-BruxoaiB), 8 aHagoroBux



BXOJiB, KBapLUOBHUH PE30HATOpP, KHOMKA CKUIAHHS 1 KOHTAKTHI IUIOIIAJKU
JUTSL BOAIOBAHHS PO3'€MiB.

[IlecTUKOHTAKTHUI PO3'€EM MOXKE CIYXKUTH IJs1 XapyyBaHHA Ta
B3aemoii 3 matoto yepe3 USB 3a momomororo FTDI-mepeximnuka abo
MakeTHoi martu Sparkfun.

Arduino Pro Mini npu3HaueHuid A HAIMIBCTalliOHAPHOTO MOHTAXKY
B pi3Hi oOnagHaHHs abo ycTaHoBKH. [1nara crenianbHO MOCTaBiIsIEThCS 03
BIASHUX PO3'€EMIB, IIO JMJO3BOJISIE KOPHCTYBAadeBI MasTH JOpPOTH abo
BUKOPUCTOBYBAaTH HeoOXimHi Tumu pos'emMiB Ha cBif poscya. Ilo
po3TamryBanHIO BUBOAIB Arduino Mini Pro cymicauii Arduino Mini.

0000000 OSHGSE
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Pucynok 1.4 — [Tmata Arduino Pro Mini

Arduino Leonardo - mo #oro ckiamy BXOAWUTh BCE HEOOXigHE IS
pobotu 3 MikpokoHTposiepom: 20 nuppoBUX BXOIIB/BUXOIIB (7 3 SAKUX
MOxyTh mpamoBaru [IUM-uxonamu, 12 - B SKOCTI aHAIOTOBUX BXO/IiB),
KBapILeBui pesoHarop Ha 16 Mru, po3'im mikpo- USB, po3'iM >xuBneHHS,
po3'iM amst BHYTpimHbO-cxemHoro nporpamyBanHs ICSP (In-Circuit Serial
Programming) i kHomka ckupmanHs. Jis mowatky poGotu 3 Leonardo
JIoCUTh Tpocto noaatu xwusienHs Bin AC/DC- aganrtepa abo Oatapei, abo
MiKIFOYATH HOT0 10 KoMITIoTepa 3a gornomoror USB- kabento.

Bigminnicte Leonardo Bim ycix momepegHix IiaT MOJSTa€E B TOMY,
o Horo USB- xoHTponep BOyaoBaHU Oe3mocepeHb0 B MIKPOKOHTPOJIED
ATmega32U4, mo BUKIIOYae HEOOXITHICTh B JIOJJATKOBOMY IPOIIECOPI.
3aBAsSKM IOMY TIpH M €IHAHHI g0 Komm'iorepa Leonardo wmoxe
BU3HAuaThca He jumie sk BipryaasHuid (CDC) COM- moprt, ane i siK
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3BMYaifHa MuIIa abo KmaBiaTypa. KpiMm Toro, Taka apXiTekTypa poOHUTbH
BIUIMB i Ha IOBEAIHKY IJIaTH.

a®m ROLETMNAS
T TR
DIGITAL (PWM~) F &

) % LEONARDO
m -

Pucynok 1.5 — ITnara Arduino Leonardo

Arduino Mega 2560 - 1o #ioro ckiamy BXOIUTh yce HEOOXiTHE IS
3py4HOi POOOTH 3 MIKPOKOHTpOJEpoM: 54 1udpoBi BXOaU/BUXOAY (3 SIKHX
15 moxyTts BukopucroByBatHca sk LMM-Buxoan), 16 aHazoroBux
BxoziB, 4 UART (amapaTHux mnpuiiMada Ais peaizaiii HOCIiZOBHUX
iHTepeiici), kBapueBud pesoHarop Ha 16 Mru, pos'im USB, pos'im
skuBiieHHs, po3'iM ICSP nmist BHYTpIlIHBO-CXEMHOTO NpOrpamMyBaHHS i
KHOMKa cKuiaHHs. J{Isi modaTKy poOOTH 3 HPUCTPOEM HOCHUTH HPOCTO
nonaty xwuiieHHs Big AC/DC- amantepa abo Oarapeiiku, abo MiAKITFOUUTH
foro mo komm'rorepa 3a gomomoroo USB- kabemo. Arduino Mega
CYyMICHMH 3 OUIBIIICTIO IUIaT PO3IIMPEHHS, Po3pobieHux s Arduino
Duemilanove i Diecimila.

Arduino Mega 2560 Biapi3Hs€ThCS BiJ yciX MONEpEAHIX IUIaT THM,
mo B HIM s meperBopeHHs iHTepdeiiciB USB - UART 3amicts
Mmikpocxemu FTDI BukopuctoByeThcst MikpokoHTponep ATmegal6U2
(ATmega8U2 y Bepcisix mnat R1 Ta R2).

Ha mnarti Mega 2560 Bepcii R2 noganuii pesucrop, mo miaTarye 1o
semm JiHito HWB  wmikpokonTtponepa 8U2. IlomiOHa wipa no3BoIs€E
CIPOCTUTH TIPOLIEC OHOBJICHHS MPOIIMBKH 1 MEPEXil MPHCTPOIO B PEKHUM
DFU.



Pucynok 1.6 —ITnara Arduino Mega 2560

[Inata Arduino Uno ckiamaeTbes 3 MikpokoHTpojepa Atmel AVR
(ATmega328) 1 eneMeHTHOro OOB'S3yBaHHS MJIsl TNPOrpamMyBaHHA 1
iHTerpamii 3 iHmMMMH cxemMamd. Ha KoXHiIA 11aTi 0OOB’SI3KOBO €
NPUCYTHIMH JiHIHHUI cTabimizatop Hanpyru 5 B i 16 MI'n xBapuosuit
resepatop. B MikpokoHTponep momepenHbO MNPOIIMTHA 3aBaHTAXKyBad
TOMY 30BHILIHIH mporpamarop He morpideH. [yus pobGotu HeobximHO
MiAKITIOYATH TATPOpMy 10 KOMI'IoTepa 3a aornomororo kademro USB, abo
MOJIaTH JKUBJICHHS 3a jortomoroto agantepa AC/DC abo GaTapei.

Kontponep mnporpamyerbcs 3  IHTETpOBAaHOTO  CEpPEIOBHILA
nporpamHuoro 3abesnedenHs Arduino (IDE). I[IporpamyBanHs BinOyBaeTbcs
M ynpaBlIiHHSIM PE3UICHTHOTO 3aBaHTaxyBauya mo mpotokony STKS00.
AnapaTHUH mporpaMaTop Opud LBOMY He HOTpiOeH. MiKpoKOHTpoIep
MOJKHa 3arporpamyBaTH 4epe3 po3'eM Ui BHYTPHCXEMHOTO MPpOorpaMaTopa
ICSP, He BHKOPMCTOBYIOUM 3aBaHTaXyBad. BuxigHuii xoj mnporpamu-
3aBaHTa)KyBaya 3HAXOAUTHCA y BIIBHOMY IOCTYII

Jo camoi miatm MOXKHa HiAKIIOYATH pi3HY nepudepilo - KHOMKH,
JesIKi BUAW AATUYMKIB (TEMIIEPaTypH, THCKY, OCBITJIIEHOCTi, MPUCKOPEHHS 1
T.i.), CBITJIOAIOAM, PIAKOKPHCTAIIYHI iHAMKATOPH HAMHMCATH MporpaMy i
3MYCHUTH B3a€EMOJIISITH BCE L€ SIK 3aBTOJTHO.

Tax camo MmiAKIIOYarOud pi3HOMAHITHI IPUCTPOi, HATTPUKIIA, I
(shields), nmomaemo pi3Hi QyHKOII - Tak MOMKHA YIPABISATH BCSIKHUMU
IBUTYHAMH, CEPBOMAIIMHKAMU, MEPEKHUM HAaBaHTaXCHHSIM (CBITIO,
o0irpiBad Ta iHIIe).

Takox moxna nigkiarodata GPS a6o GSM moznyne Ta oTpuMyBaTH
KOOpIMHATI 13 CYNyTHUKAa YHM BIiANpPaBISATH JaHi Ha CBi Tenedow,
HaTpHUKIa] KOOpAMHATH CBO€i MammHA. MokHa migkmouutu Ethernet-
MOJIyJIb Ta BiJICHJIaTH HEOOXiHI JaHi Ha TBil caliT abo 3amucyBaTH BCE Ha
SD-kapTKy, JoJaBaTH KaHaIH 3B SI3Ky, pagioss’si3ky abo Bluetooth.
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Pucynox 1.7 —Ilnara Arduino Uno

[opiBHsIBPHI XapaKTEpUCTUKKA BUINE MEpeNideHuX IUIaT HaJaHi B
Tabm. 1.1.

VY naniii nabopatopHiii poGoti OyaeMo BHUKOpUCTOBYBaTH Arduino
UNO, neranpHy iH(pOpMAIIifO PO SKY HalaHO Ha puc. 1.8.

3azemneHHs (undp.)

OnopHa Hanpyra ans
aHanorosux Bxodis Uucpposi nium
BXia/ Buxig 2-13 MocniaoeHuil BMXIA

(UART TX)

MocnigoBHUK BXIA
(UART RX)
Kxonka ckugy

aw h?ll.i"l:lﬂrc.\.
DIGITAL (PWM~) K & |

™

-
axwaw  ARDUINO

csp

IHTepdeiic ans
UsB R
MikpokoHTponep
(ATMega328)
KuenewHs Big
30BHIWHLOTO
Axepena SEA38387®

XuBneHHs 3.3 B

ueneHus 5 B
3asemneHHs

Pucynok 1.8 — Jleranizanis miatu Arduino Uno
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Ta6mung 1.1 — ITopiBHsIBHI XapakTepucTHKH iaT Arduino

|Arduino: Leonardo Mega 2560  |Pro Mini INano [Uno
IATmegal68

MixpokonTtponep [ATmega32u4 |ATmega2560 IATmega2560 [ATmega328
IATmega328

IPoGoua Hampyra  SB 5B 3.3B 5B 5B

Hampyra

PKUBJICHHS 7-12B 7-12B 3.35-12B 7-12B 7-12B

(pexoMeH T0BaHa)

Hampyra

PKUBJICHHS 6-20B 6-20B 6-20B 6-20B

(rpannane)

Hugposi ) 54 14 54 14

BXOIH/BUXOIU

IAHaToroBi Bxoau |12 16 8 16 6

MakcrManbHUN

CTpyM OJHOTO 40 MA 40 MA 40 MA 40 MA 40 MA

BUBEICHHS

MakcruManbHUN

BuXimHUA cTpyM (50 MA 50 MA 50 MA 50 MA

BuBeacHHs 3.3V

Flash- mam'sith 32 Kb 256 Kb 16 Kb 256 32 Kb

SRAM 2.5 Kb 8 Kb 1 KB 8 Kb 2 Kb

EEPROM 1 Kb 4 Kb 512 Gaiit 4 Kb 1 KB

TakToBa yactora |16 MI'l 16 MI'ig 8 MI'ig 16 MI'y 16 MI'y

1.1.4 Ocob6imBocti miaatu Arduino Uno

Kuenenna naamu. Arduino Uno Moke OTpPUMYBAaTH >KUBIJICHHS
yepe3 minkmodeHHs USB a0o Biag 30BHINIHBOTO JDKEpeNia KUBJICHHS.
JI>xeperno KUBJIEHHS BUOUPAETHCS aBTOMATUIHO.

3ouimHe kuBiaeHHs (HE USB) wmoxke mopmaBatucs uepes
nepetoproBay Harpyru AC / DC (650k >xuBieHHsI) a00 aKyMyJISITOPHOIO
Oarapeero. [lepeTBOproBay HaNPyTH MiJKIIOYAETHCS 32 JOMOMOTOIO PO3'EMY
2.1 MM 3 UEHTpaJIbHUM TNO3WTHBHUM TmojrocoM. llpoBim Bim Oarapei
miAKITo9aTees 10 BuBoAiB Gnd i Vin po3'eMy KHUBJICHHS.
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[Tnatdopma Moke mpamoBaTé Mpy 30BHIIIHBOMY KHMBJICHHI Bix 6 B
no 20 B. IIpu nanpysi >kxuBieHHs: HIK4e 7 B, BuBig 5V Moxe BugaBatu
MeHme 5 B, npu npomy mmatdopma Moxke mpamoBatd HecTaOunbpHO. [Ipn
BUKOpPHUCTaHHI Hanpyru Buuie 12 B perynsrop Hanpyru Moxke meperpiTacs
1 momkoIuTH 1aty. PekoMmennoBanuii nianaszoH Bix 7 B mo 12 B.

Bueoou scuenenns:

VIN. Bxigx BUKOpUCTOBYETbCA MJSI TMOJAAYl KHUBJICHHS Bix
30BHINIHBOTO JpKeperna (3a BiacyTHocTi 5 B Bim pos'emy USB abo iHmoro
perynpOBaHOTO JpKepena SkuBieHHs). llogaua Hampyru SKUBIICHHS
BifOyBa€ThCs Yepe3 NaHUi BUBIL.

5V. PerynpoBaHuil TKepeso HamnpyrH, 10 BUKOPUCTOBYETHCS AJA
KHUBJICHHSI MIKPDOKOHTPOJIEpa 1 KOMIIOHEHTIB Ha IIaTi. XapuyBaHHS MOXKe
nojaBatucs Biag BuBeneHHs VIN depe3 perymsarop Hampyru, abo Bix
pos'emy USB, a60 iHIIIOr0O peryis0BaHOrO JXKepea HanpyTu 5 B.

3V3. Hanpyra na BuBomi 3.3 B reHepyeTbcs BOYIOBaHUM
PErysTOpOM Ha miati. MakcuMasbHe CIIOKUBAaHHA CTpyMy 50 MA.

GND. BuBoau 3a3eMIICHHS.

Ilam'ams. Mixpoxontponep ATmega328 mae 32 kb ¢ermn nmam'siti, 3
axkux 0.5 kb BUKOPHCTOBY€ETHCS AJIs 30epiraHHs 3aBaHTaKyBaya, a TAaKOXK 2
kb O3Y (SRAM) i 1 K6 EEPROM. (SIka uuTaeThcs i 3amUCyeThCs 3a
noriomoroto 6i6mioreku EEPROM).

Bxoou i euxoou. Koxen 3 14 mudposux BuxoniB Uno mMoxe OyTu
HAJTAITOBAHUH SIK BXiJ a00 BUXiJ, BUKOpUCTOBYIOUH (yHKIIT pinMode (),
digitalWrite (), 1 digitalRead (),. Buxogu mpautorots mpu Hampysi 5 B.
KoxkeH BHBiI Mae HaBaHTaXyBaJbHUH pE3UCTOp (32 3aMOBUYBaHHSIM
Bigkmouennit) 20-50 kOm i moxe npomyckatu 10 40 MA. Jlesiki BuBoAn
MalOTh OCOOJHBI (PYHKIIIT:

HocainoBna muua: 0 (RX) i 1 (TX). BuBoau BUKOPUCTOBYIOTHCS
s orpumanHs (RX) i mepemaui (TX) mamux TTL. Jlani BuBOIHM
MiJKIFOYEHI 10 BIAMOBIAHUX BUBOJIB MIKPOCXEMH TOCTIJIOBHOI IIUHU
ATmega8U2 USB-to-TTL.

3oBHimHe mnepepuBannsi: 2 i 3. Jlani BMBOAM MOXYyTb OyTH
HAJIAIITOBAaHI Ha BUKJIMK MEpPEepHBaHHS a00 Ha MOJIOAIIOMY 3HAa4YeHHi, a0o
Ha MepeJHbOMY YH 3aJHbOMY (POHTI, a00 MpH 3MiHi 3HaueHHA. JleTanbpHa
iHpOopMalis 3HaXoauThCs B onmci GyHKUIT attachInterrupt ().

HIIM: 3, 5, 6, 9, 10, i 11. Byns-sxuii 3 BuBOniB 3a0e3neuye 111IM 3
PO3IiNBbHOIO 30aTHICTIO 8 OIT 3a JonomMororo ¢yHkuii analogWrite ().
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SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). 3a monomororo
JTAHWX BHBOJIB 3MIIHCHIOETHCS 3B's130K SPI, /is 4oro BUKOPHCTOBYETHCS
6i6mioreka SPI.

LED: 13. BOynoBaHuii CBITIONION, MiAKIIOUCHHUA 10 IUPPOBOTO
BuBOAy 13. SIkmro 3HaueHHS Ha BUBEACHHS MAa€ BUCOKHI IMOTEHIIIAN, TO
CBITJIOIO/] TOPHUTH.

Ha nnatdopmi Uno BcTaHOBNIEH] 6 aHANTOTOBHX BXOAIB (ITO3HAYCHUX
gk A0 .. AS), koxxeH no3BosoM 10 6iT (To6To Moxe npuitmatu 1024 pisanx
3HavueHHs1). CTaHZapTHO BHBOJAM MAlOTh Jiama3oH BuUMipioBaHHS 10 5 B
HIO0 3eMIli, IPOTE € MOXKJIMBICTh 3MiHUTH BEPXHIO MEXY 3a JOINOMOTOIO
BuBeaeHHs AREF i ¢ynkmii analogReference (). Jesiki BUBOAM MaroTh
JOAaTKOBI (pyHKIIT:

12C: 4 (SDA) i 5 (SCL). 3a 10omoMoOror BHBOIIB 3IiHCHIOETHCS
3530k [2C (TWI), anst cTBOpeHHs 5IKOi BUKOPUCTOBYETBCA 0i0mioTeka
Wire.

Jlooamkoea napa eueooie naiameopmu:

AREF. OnopHa Hampyra  Juis aHAJIOrOBUX BXOJIB.
BukopucroByeThes 3 ¢pyHkuieto analogReference ().

Reset. Huspkuii piBeHb curHamy Ha BHUBOJI Iepe3aBaHTAXKYE
MIKPOKOHTpOJEp. 3a3BU4ail 3aCTOCOBYETHCS ISl MiJKIIOUEHHS KHOIIKU
nepe3aBaHTaXEHHS Ha IUIATI PO3IIMPEHHS, 10 3aKPUBAE AOCTYII O KHOIKU
Ha camiii miati Arduino.

36¢'azox. Ha mnardpopmi Arduino Uno BCTaHOBICHO KijlbKa
MPUCTPOIB [T 3IiACHEHHS 3B'SI3KY 3 KOMIT'IOTEPOM, 1HIIUMH MPUCTPOSIMU
Arduino abo  mMukpokoHTpoiiepamu. ATmega328  migATPUMYIOTH
nocrigoBauii iHTepdetic UART TTL (5 B), 3niiicHroBanuii BuBogamu ()
(RX) 11 (TX). Bcranosnena Ha miati mikpocxema ATmega8U2 Hanpasise
nanuil  iHTepdeiic yepes USB, mnporpamum Ha CTOpPOHI KOMIT'IOTEpa
"chinkyroTbes" 3 mumatoro uepe3 BipryansHuii COM mopt. IlpommBka
ATmega8U2 BukopucTtoBye craHaaptHi napaiisepa USB COM, Hiskux
CTOPOHIX JpaiiBepiB He TOTpiOHO, ame Ha Windows UIsl miIKITIOYCHHS
notpibHo ¢aitn ArduinoUNO.inf. Monitopunr nocnigoBHoi muHH (Serial
Monitor) mporpamu Arduino J03BOJSE MOCHIATH i OTPHUMYBATH TEKCTOBI
JaHi mpu migkmodeHHI no miatdopmu. Ceimmomiomn RX 1 TX Ha
miatgopmi OyAyTh MUTATH MPH nepedadi AaHux depes Mikpocxemy FTDI
a6o USB miakmodyeHHs (ane He MpU BUKOPUCTAHHI MOCTIIOBHOI mepenadi
yepe3 BuBoan 01 1).
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bibmiorekoto SoftwareSerial MOXJIMBO CTBOPUTH TOCHIiJOBHY
nepeaady AaHUX yepe3 Oyab-saKuii 3 mudposux BuBoais Uno.

ATmega328 migrpumye intepdeiicu [12C (TWI) i SPI. B Arduino
BKJTIOUeHa OibmioTexa Wire ajist 3py4HOCTi BUkopuctanus muau [2C.

Ilpozpamysanna. Ilnarpopma mporpamyerscsi 3a pomomororo 113
Arduino. 3 menro Tools> Board Bubupaerscs «Arduino Unoy» (3rigHo 3i
BCTaHOBJICHUM MUKPOKOHTpOIIiepy). JeTanbpHa iHpopmMalisi 3HaXOIUThCS B
JOBIHUKY 1 IHCTPYKIISX.

Mikpokontpornep ATmega328 mocTaBmseTbcd 3 3alHCAHUM
3aBaHTa)KyBadyeM, L0 MOJIETIIYE 3allMC HOBUX MporpaM 0e3 BUKOPHCTaHHS
30BHIIIHIX HpOrpaMMaropoB. 3B'A30K 3IIMCHIOETBCA OPHUTiHAIHLHUM
npotokonoM STKS500.

€ MOXIHUBICTD HE  BHUKOPUCTOBYBAaTH  3aBaHTaXyBad 1
3anporpaMmyBaTH MiKpOKOHTPOJIEP yepes BHUBOJH ICSP
(BHYTpilIHBOCXEMHE TporpamyBaHHs). [letanbpHa iHpOpMAaLis 3HAXOUTHCS
B JaHi{ IHCTPYKIiI.

Aemomamuuna (npozpamna) nepe3asanmaricenns. Uno
po3poOyieHa TakMM YHMHOM, [I00 Tepen 3almucoM HOBOTO  KOIY
nepe3aBaHTaXEHHST 3AiMCHIOBasacs caMolo mporpamoro  Arduino Ha
KOMIT'IOTEpI, 8 HEe HATUCKAHHAM KHONKH Ha matdopmi. OxnHa 3 miniid DTR
Mmikpocxemn ATmega8U2, kepytounx motokom nanux (DTR), migkmouena
710 BUBOJy Tlepe3aBaHTaXeHHsI MUKpOKOHTposuiepy ATmega328 uepes 100
H® xoHIeHCcAaTOp. AKTHBAIliS TaHO1 JIiHii, TOOTO IMo/1aya CUTHAITY HU3BKOTO
piBHA,  mepe3aBaHTaXye  MiKpokoHTpoiep. Ilporpama  Arduino,
BUKOPUCTOBYIOUH 10 (YHKLIIO, 3aBaHTaXy€ KOJI OJHUM HATUCKaHHAM
knonku Upload B camoMy cepenoBuii nporpamyBanHs. [logaua curnamy
Hu3pKoro piBHA no miHii DTR ckoopanHOBaHa 3 MOYaTKoOM 3amucy KOy,
IO CKOPOUY€ TaliMayT 3aBaHTaKyBaya.

OyHkuis Mae mie oaHe 3actocyBaHHS. llepesaBantakeHHs Uno
BiOyBa€ThCsI KOKHOTO pasy MpH MiIKIIOYEeHHI A0 mporpamMu Arduino Ha
komm'torepi 3 OC Mac X ab6o Linux (uepe3 USB). Hactynni miBcekynan
TicCIIs Iepe3aBaHTAXXEHHS MPaLIoe 3aBaHTaxyBad. [1if yac mporpaMyBaHHs
BifOyBa€ThCs 3aTpUMKa JEKUIBKOX Mepmux OaiTiB Kooy, mo0 YHHKHYTH
OTpUMaHHA TIaT(GOpMOI0O HEKOPEKTHUX NaHHMX (BCiX, OKpiM KOAy HOBOI
mporpaMu). SIKImo OpOBOAMTECS — pa3oBa  HaNAroJUKEHHS  CKETUy,
3allUCaHOro B IUIATGopMy, abo BBeIeHHA OyIb-IKHX IHIINX NAaHUX MpU
MepuIoMy  3alyCKy, HEOOXiZHO TMepeKoHAaTHCs, W10 MporpaMa Ha
KOMIT'IOTEPI OYIKY€ MPOTATOM CEKYHIH Mepea nepeaaveto JaHuX.
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Ha Uno € MOXIMBICT, BIAKIIOYHUTH JIHIIO aBTOMATHYHOI
nepe3aBaHTaXEHHS! PO3PUBOM BinnoBigHOi jiHii. KoHTakTH MikpocxeM 3
000X KiHIIB JiHII MOXYTh OyTH 3'€AHaHi 3 MeTOl0 BigHOBJIeHHS. JliHis
MapkoBaHa «RESET-EN». BuMKHEHHSI aBTOMaTHYHOTO Nepe3aBaHTAKEHHS
TaKOX MOXKJIMBO MigKIIOUUBIIK pe3uctop 110 Om mixk mxepenom 5 B i
JaHOIO JIHIEIO.

Cmpymosuit 3axucm po3'emy USB. B Arduino Uno BOynoBaHuit
3amo0KHUK (aBTOMAT), SKUH MOXE CaMOCTIMHO BiIHOBIIOBATUCS, IO
saxumae nopr USB komn'torepa Bil CTpyMiB KOPOTKOTO 3aMHUKaHHS i
HaACTpyMiB. Xo4a MPAKTHUYHO BCI KOMM'IOTEPH MArOTh MOAIOHMH 3aXHUCT,
TAM HE MeHII, Ied 3amoObKHUK 3a0e3rnedye JOAaTKOBUEH Oap'ep.
3ano0iKHUK 3MpalboBYe MPU MPOXOIXKEHHI cTpyMmy Oinbiie 500 MA uepes
USB nopt i po3MHKae JaHIIOT 10 THX MOKH HOPMaJbHi 3HaYEHHS CTPYMiB
HE O6ynyTh BitHOBJIEHO.

@Dizuuni xapakmepucmuku. JIoBXWHA 1 IUpUHA APYKOBAHOI MJIaTH
Uno cknagarots 6.9 1 5.3 cm BiamosizHo. Po3'em USB i cunoBmii pos'em
BUXOJATH 32 MEXI AaHUX po3MipiB. HOTHpH OTBOpHM B IJaTi JO3BOJIAIOTH
3akpinuTy ii Ha moBepxHi. Bixcranp Mix nuppoBumu BuUBoAaMu 7 i 8
nopisaioe 0,4 cM, Xx04a MiXK iHIIIMMHA BUBOJIaMU BOHO CTaHOBUTH 0,25 cM.

1.1.3 CepenoBuiie TinkerCAD

TinkerCAD — online-cepBic Ta cepeOBHINE MOJICITIOBAHHS s
pobotu 3 3D o0'ekTaMu Ta €NEKTPOHHHMH CXEMaMH, IO HAJICKUTH 3apa3
kommaHii Autodesk. BigMiHHUMH pHicaMH € BiJKpHUTICTh, OE€3KOIITOBHHI
JocTyn, Oarati (yHKUIOHaNbHI MOXIMBOCTI penaktopa. IlinTpumyerbces
rpymnoBa poOoTa, OOMIH TOTOBUMH pe3ylbTaTaMH, IHTErpamis 3
MOMyJISIpHUME Katanoramu 3D-mopeneit ta cucremamu Bignmanenoro 3D-
APYKY.

CepenoBuiie MonenoBaHHs — enekTpoHHUX cxeMm TinkerCAD
CKJIaZa€ThCsl 3 HACTYITHUX KOMITIOHEHTIB:

— PEOaKTOp EJEKTPOHHUX CXEM;

— eMyJsITOp poOOTH OCHOBHHX €JIEKTPOHHUX KOMITOHEHTIB;

— emyJsTop KoHTpoinepa Arduino;

— PpEOaKToOp CKETUiB, 30KpeMa Bi3yalbHHIA;

— CHCTeMa HalaroMKEHHA Ta CUMYJIOBaHHS TIPOCKTIB 3
BUKOpUCTaHHIM Arduino.
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HasBHiCTP TakMxX KOMIIOHEHTIB Y BIpTyallbHOMY MpOCTOpi Ta
IHTYITUBHO-3pO3yMiNIOro iHTepdeiica Jae MOXJIMBICTh MPaLIOBATH 3
miatoro Arduino ©e3 BTpaTu (yHKWiH, SKi MOXHa peanmizyBaTd Yy

pearbHOMY IPOCTOPI.

1.2 Xix po6oTn

Peectpyemocs Ha caiiti https://www.TinkerCAD.com/ ta 3axoanmo
y cBiii mpodine. IlpuegHyemoch 10 Kiacy, CTBOPEHOTO BHKJIaJadyeM 3a
MOCHUJIAaHHSIM a00 3a HaIaHUM KOJIOM (YHIKaJIbHUH JUJIsl KOXKHOI TPYTIN).
Onunsiemocs y dashboard (puc.1.9).

€ 5 C & tinkercadcom/deshbosrd et OND@® !

H0I AUTODESK
WL T eread GrromEe OO MR REOTETET  REDESe Q 0

)

Mapisi Tarykoea

TBOM KNaccobl

N GE— e
| Knaccbl
@ cromsovmnevrs) (P nessepmaarnoon nos
HeHasHauyeHHble yyalumecs

HauHuTe paboTy ¢ yuebHbIMY ayauTopusmy Tinkercad!
B

6onbue

MpOCToR 0BaRNEHME YUaIIVKES & KNACChL. (10K

Pucynoxk 1.9 - Dashboard

Hani natuckaemo «IIpoekte» - «Co3nare». Ta obupaemo «llemby.
[MocainoBHicTh HAOYHO BimoOpaxkeHo Ha puc. 1.10.

e x ORD@:

< C @ tinkercad.com/dashboard?collection=designs

A5 | AuTODESK WameHenus v  Tanepes  MpoeKTbl  KnaccHble KOMHaThl  Pecypcbi ™ Q 0
@nr Tinkercad B & o w

6 Balm NpoeKTb! o

@ 3D-npoekTbl @ 30-npoexr
Mapis TaryHosa
(9 uems

e B Bnown xona

Knaccs

Cool Robo-Fyyran Fantastic Lahdi

Pucynok 1.10 — CTBOpeHHS IIPOEKTY
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OnuHAEMOCH Y TIaHEeIi CTBOPEHHS MPOeKTiB (puc.1.12).

Ter OXC@®:
B:=6

Ko B Hauarb Mogenuposanme  OTnpasute.

<« [ HYhpulPy-funky =circu

o
[EEL Funky Albar
kR

59 8- —-

Konmaneira =

OcHosHle

Momck

Pucynok 1.12 — I1anens CTBOPEHHS IPOEKTY

Hanmi mpu CTBOpeHHI NPOEKTy y IMOJi MOMIYKY 3a Ha3BOI Ha
AHTIIMCHKIN MOBI 3HaXOIMMO BiJIIOBITHI 3aBAAHHIO TPUCTPOI.

Jus mouatrky 3Habijgemo 1oiaty Arduino. Jlnsg 1poro 3miHUMO
«Kommonentst OcHoOBHEI» Ha «Bce» Ta BBemeMo y TOJdi MOMIYKY
«arduino» (puc. 1.13).

T2 x O*DO:

EQ—Q aﬁ = ©®

= Koa P Hauate mopenuposanme  OTnpasuTs

e Bee - =

O )
- p— - arduino uno r3
‘'® /| -
o e e MHUKPOKOHTpONNepb
-0 i =
) Aunouno

Pucynok 1.13 — INomyk KOMIIOHEHTIB

HaTuckaemo 1iBOI0 KHONKOIO MUIII Ha MaJieHbKe 300paskeHHS
IIaTH, 1 BOHA 3'ABUTHCS Yy BikHI po3poOku. [licis mporo HaTHcKaeMo
«Hauatp MoenTpoBaHue», K BiToOpakeHo Ha puc. 1.14.

[NounHaeThCs MpOLIEC MOCTIOBAHHS.
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C @ tinkercad.com/thing:

gy fonky sbafedaenant=crooks oﬁ Cex OMO0:
Funky Albar
Arduino Uno R3

. B: -6

W « e @-—-« L —

Ornpasurs

Pucynoxk 1.14 — INomyk KOMIIOHEHTIB

3BepHITH yBary, 0 MpU 3allyCKy MOJCITIOBAHHA IJIATH 3arOPUTHCS
BOYZOBaHHI CBITIOI0, IKUH P POOOTI 13 peasbHOIO IJIaTOI0 BiOBigae

TOMY, IO IUIaTa BipHO Mij'€THAHA O KOMITIOTEpa Ta BIAMOBIAHI ApaiiBepu
BcTaHoBIeHi (puc. 1.15 i3 BkaziBHUKOM 1).

com/things/4)2HYhpulPy-funky-albar/editel?tenant=circuits

Tex OND@:

Hﬁ ga
2O 8- —- -

Bpems Mopenuposanus: 00:00:04 (VB B Ocranosuts mosenuposanme QLTINS

Kounomentas =
Bce =

arduino uno r3

o MUKPOKOHTpOANEpS!

) .

CraproBbie Habopbi

5 U S
Pucynox 1.15 — MonenmtoBanHs poOOTH IIIATH

Hani nartuckaemo Ha «Kom» (puc. 1.15 i3 BkasziBHHKOM 2) Ta
obupaemo «TekcT». Y pe3ynbTaTi OTPUMYEMO NPOTPAMHHN KOA, SKHUN
BIJIMIOBi/Ia€ 3a MEpEXTiHHA BOY0BaHOTO Miona (puc. 1.16).
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Cex OO
O:-6

1 (Arduino Uno R3)  ~ Texcr - 3 @ A~ 1 (An

Pucynok 1.16 — 3MiHEeHHS TPOTrpaMHOTO KOy POOOTH IUIaTH

1.3 3aBaanHs 10 BUKOHAHHSA

3aBaanns 1. 3MiHITH TPUBATICTH TOPIHHS Ji0Ja Ta IOAUBITECS HA
pe3yJIbTaTH.

3aBaanns 2. O0epiTh OAMH i3 cTaHAApTHUX HaOOpiB 0a3i Arduino
Uno, mo npexacrasneni y cepenosui Tincercad, Ta mpoaHamizyiite iWoro
pobory.

1.43micr 3BiTY

3BIT HOBUHEH MaTH TaKl CKJIAI0BI:

— TUTYJIBHUH JIUCT;

— Mera poboTH;

— pe3yJIbTaT BUKOHAHHS 3aBJlaHb;

— BIJTOBiI HA KOHTPOJIBHI MUTAHHS.

1.5 KonTpoJbHI nUTaHHSA

[MosicHiTh MOHATTS KiOep(}hi3UIHOT cUCTEMHU;
OnuuriTe NpU3HAYEHHS Ta TEXHIYHI 0cOOMMBOCTI miatu Arduino

N —

UNO;

Hasenite ananoru miatu Arduino UNO;
Hagenite ananoru Arduino;

Hasenits ananoru TincerCAD.

w kAW
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2 JABOPATOPHA POBOTA Ne2
IIpoexTyBanHs cxem y nporpamHomy cepenosuiui Fritzing

Meta poOOTH — HABUYUTHCH TMPOEKTYBATH CXEMH CHCTEM Ta
MPUCTPOIB y MporpaMHOMY cepenoBuili Fritzing.

2.1 3araanHi BizoMocTi

Fritzing — ue Oe3komTOBHA MpOTrpaMa MPOEKTYBAHHS 1 MAaKETyBaHHS
cxeMm. Ilporpama Fritzing npusHaueHa pans pPO3pOOKH EIEKTPOHHHUX
NPUCTPOiB BiA NPOTOTUIY y BUIJISAI MAaKeTHOI IJIaTH 1O KiHLIEBOTO
MPOAYKTY Y BUIJIAII IPYKOBAHOT IIATH.

[Ipunagn cTBOPIOIOTHCS 3 TOTOBHUX €JIEMEHTIB, CITUCOK SKUX MOKHA
MOJUBHUTUCS B TPABOMY BEPXHBOMY KYyTKY MpPOTPaMH, SIKi BKIIOYAIOThH
MOHTaXHY IU1aTy Arduino, pi3Hi aHanoroBi i IUQPOBI Mikpocxemu,
TPAaH3UCTOPH, CBITJIONIOAN, PE3UCTOPH, KOHACHCATOPH, KHONKH, MAKETHI
I1aTH, 6aTapeiku Ta HaBiTh MOTOPYHUKH.

[Ilo6 momicTuTH iX Ha cxeMmy, iX JOCHTH OOpaTH 31 CIHMCKY i
NEPEeTSrHYTH Ha poOOYHiA POCTIp JTIBOIO KHOMKOK MHUIIKH.

MaoBaTi cXeMy MOKHa SIK B PEXHMi MakeTHOI IUIaTH, Tak 1 B
pexxumi npuHIUNoOBoi cxeMu. [Ipu npomy, apyra cxema Oyne OymyBaTHcs
aBTOMaTu4yHo. To0TO, HaKWAABIIM CXEMy Ha MaKeTHI IuiaTi, BOHa
AaBTOMATUYHO MOOYIY€ETHCA 1 Y BUMIAAI IPHHLIUIIOBOI CXEMHU.

3aBaHTaKUTH TPOTPaMHE CEpPENOBHIIC MOXHA 3a IOCHIAHHSIMH
https://drive.google.com/drive/folders/1kaZyH2F7DhtjdvDSMsuglyuPeuA
2bn9N?usp=share_link.

2.2 Xig poborn.

3aBaHTaKUTH Ta 3allyCTUTH MporpaMue cepeposuile Fritzing. ko
€ y IbOMY 1T0Tpe0a, 3aBaHTAKUTHU 3aIIPOIIOHOBAHI OHOBIICHHS MAKETY.

CropoektyBaT poOOTy cBiTiHodopy 13 TaiiMepoM Yy JIaHOMY
CEpPEIOBHIII.

3pobutH 3BiT 10 1a00paTOpHOI poOOTH.
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2.2.1 PoGora y Fritzing

Ha puc.2.1 mokazaHo BiKpuTe BIKHO HOBOTO CTBOPEHOTO (aiiny y
pexuMi MakeTHOI miatu. [HTepdeiic mporpaMu € iHTYITHBHO 3pO3yMilInM,
TOMy He OyZeMo NeTajJbHO HOTO OmMCyBaTd. 3a3HA4YMMO JIMLIE, MO JUIS
3’€IHAHHA €JIEMEHTIB HEOOXiJHO JHMIIE MPOBECTH MHUUICIO i3 3aTUCHEHOIO
JIBOIO KJIABINICIO BiJl OJTHOTO €JIEMEHTY N0 iHmoro. Takum 4uHOM Oyne
CTBOPEHO JiHIIO 3B 3Ky €JIEMEHTIB.

VYci 0CHOBHI MOKIIMBOCTI O3Ha4Y€HO Ha puc. 2.1.

[ Untitled Sketch 4.fzz - Fritzing - [Maxervan nnara] - =1 X

alin(f)  Pegaxtvposars(®)  Onewewt’)  Ba()  Owio()  Routing Mowows)  @UOID MUNY £XeMU
f Welcome ‘ MakeTHasa naata W MHUMNnanbHas cxe | =l MeuatHas naata

- BiKHO BH6OpY
> aod Yactn . @Xx
€JIeMEeHTIB ._

-1 Q Core Parts

6azoee 8ikHO

gidob6paryceHHa /
cxemu

Breadboard1  8/12CMUBOCIIELL

Placement  eieMeHMi6
location -0.052 % 0.000 % in

o rotation 0.0 % degrees
[ 35 I HeT coeanHeHus ¢ MapLipyToM Locked
o oc)

To6asuTs npumeuanie TlogepHyTs Orobpazums.

(xV6570.1.981in 1% (D) @ =

Pucynok 2.1 — BikHO HOBOTO CTBOpEHOTO (hailily y pexxuMi MakeTHOI IUIaTH

2.2.2 IlpoextyBanHus cBiTi0(OpY i3 Talimepom

Mopnenp cBiTiodopa i3 TaliMEpOM CKJIAJAEThCS 3 HACTYITHUX
CJIEMEHTIB!

— marta Arduino UNO;

— MAaKeTHa TUIaTa;

— pe3ucTopy;

— CEMHCETMEHTHHH iHUKATOP;

— 3’emHYBaJbHI APOTH input-input;

— CBITJIOXIOMM.

3YNMUHUMOCS Ha JISTKUX 3 HUX OiJIBII AETaIbHO.
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CBITIIOIOIM MAIOTh JIESKY OCOOIHMBICTh MiAKIIOYCHHS. BOHN MaroTh
nBi HiKkM: aHonm (+) i karox (-). Jo jokepena s>kuBieHHS X TOTPiOHO
00OB'A3KOBO MIAKIIIOYATH 4Yepe3 Pe3ucTop. Y HAmOMy NPHUKIAIl JOCHTh
pesuctopa Ha 220 Om.

3'eqHaHHA ejeMeHTIB Mi:K c00010. 3 OIALy HA ONMHMCAaHI TEXHIYHI
XapakTePUCTUKH BHUKOPHUCTOBYBAHMX Uil TPUKIAAy KOMIIOHEHTIB,
OIUIIIEMO, SIK caMe BOHH OyAyTb 3'€HaH] MixK cO00I0.

CBITIIOIIOIN YEPBOHOTO, YKOBTOTO 1 3€JICHOTO KOJIhOPY MiJ’ €THAEMO
no miatu Arduino Uno 3 BHKOpPHCTaHHS MakeTHOI IulaTH. Sk Bke
TOBOPHJIOCSL BHIIE, iX MOXXHa MPUEAHYBATH TUIBKA 4Yepe3 Pe3UCTOpH. Y
HAIIOMY BHIAJIKY, JOCTaTHBO pe3ucTopiB 220 Om.

Hns peamizauii y nmabopaTopHiii poboTi Momem cBiTiodopa
HeoOximHO 3'emHaTu 4-if koHTAakT miatu Arduino Uno (GND) mo minii
MiHyca MakeTHOI ruiath. Jai 3'eqHaeMo Oynb-sIKMii KOHTaKT 3 HETaTUBHOI
JiHIT 3B'13Ky 3 OyJb-SIKUM KOHTAaKTOM 3 KOHTakTiB Al-J64, Hanpukian, 3
koHTakToM Al4. Pezuctop 220 OM cTaBUMO OAHI€IO HIKKOIO HA JiHi0 14,
Hanpuknaza, B14, inmmii - Ha B18. [aii migkiro4aeMo 3eIeHUH CBITIONI0
B koHTakth MaketHoi mmatu C18 i C19. Jlinito 19 depe3 koHTakt Al9
3'eagHyeMo 3 Oynp-skUM 3 mudpoBuX miHiB 2-13, Hampuknaz, 3 12. Hami,
aHAJIOTIYHUM YHHOM 3'€JHYEMO JXOBTHH cBiTiomion 3 muatoio Arduino
UNO uepe3 pesuctop i 3 minoM 10, a yepBoHuii - 3 miarow Arduino UNO
gepe3 pe3ucTop i 3 miHoM 8.

Hnst peamizanii ommcanoi monem y makeri Fritzing, cTBOproemo
HoBHH Qaiin: Paiin — New.

IIpu npOoMy BiOKpUBAETbCS BiKHO, TpeacTaBieHe Ha puc.2.2. B
JaHOMY BHIIAJAKY Y BiKHI IPUCYTHS TUTbKM MaKeTHa IUIaTa.
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Untitled Sketch.fzz" - Fritzing - [Breadboard View]

Fle  Edit  Pat  View Window  Routing  Help

f Welcome Breadboard W Schematic PCB <> aod Parts L3

-1 q Core Parts

CORE 2sc
e s 0§ m

-0 0B

o0
B
Y

T W .. mk

Inspector ax

No connections

(x)=(6.594. 2.839) in

g5 % () W D
Pucynok 2.2 — Burmsin HoBoOTO (haiina

OckinbKM HaM HeoOXimHO cTBOpuTH cBiTiodop Ha 0asi Arduino
Uno, To Ki1aaeMo JiBOIO KJIABIIICI0 MHII Ha 3HA4uKy Arduino B JiBoMy
psny BikHA BHOOpY €JIEMEHTIB 1 0OMpaeMo BiINOBigHY Bepcito Arduino -

Arduino Uno. Ileperocumo ii B 6a30Be BIKHO MOHTa)XHOI cXeMU MakeTHa
miara (puc. 2.3).

IH Untitled Sketch.fzz* - Fritzing - [Breadboard View] - x
Fle Fdit  Part  View Window Routing  Help
£ Welcome Breadboard W Schematic PCB <> cod Parts @x
~{Q Arduino =
: i P .

oo = = il e
=l =18

- E

v

Inspector ax
Part1

Part1

Placement

location 1650 % 2200 % in
rolation 0.0 4 degrees
Locked

Properties
(-(6.411.3.650)in o ] @

Pucynok 2.3 - JlogaBanns miatu Arduino Uno
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Hani momykoM 3HaxoamMo cBiTiomiogu (puc.2.4) i pesucropu
omopom 220 OM i 1oAa€MO iX Ha MOHTaXKHI CXEMY, 3T1JJHO 3 pUCYHKOM 2.5 i
OTIMCAHOM BHIIE MOJIETI CBiTIO(Opa.

Inspector X

Pucynok 2.4 - Tlomyk cBiTIODI0AIB

[ 1b1.22" - Fritzing - [Breadboard View]

File  Edit  Part  View Window  Routing  Help

Breadboard W Schematic PCB ‘<> con_Parts o

q Core Parts

f Welcome

(IR

CORE Basc

e 0§
<-00 &8

Input

Vot eae—0
? [ T

Inspector 28X

Routing completed

Pucynok 2.5 - MonTaxkHa cxema CiTiiodopa

3amuc «TpacyBaHHs 3aBEpIICHO» CHUTHANI3yE TMPO TNpaBUIbHE
MiAKIIOYEHHS! eJIeMEHTIB. Y pa3i MOMHIKM Hamuc Oy[e Takoro THITY, SIK
MPEACTABICHO HA PUCYHKY 2.6.
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D I 6 of 7 nets routed - 1 connection still to be ==

y - Click to highlight unconnected parts
Add a note Rotate rou Share

(x.v)=(-2.387. 2.494) in 73 %

Pucynok 2.6 — ITomuka TpacyBaHHS

[MomiHsTH KOMIp CBITJIOAIOIB HA BiNMOBIIHUN MOXHA B 1HCIIEKTOPI
BIIacTHBOCTEH (puc.2.7).

T EF€—™m =Ex v

Inspector (=4
m ,{(I V.4
LED1
Placement
location -4.363 % -1.648 % in
rotation 0.0 + degrees
Locked
Properties
: family led
3 current \v
color Red (633nm) v

P

PucyHok 2.7— Inspector of LED properties

Jnst HaouHOCTI BiZOOpaskeHHS, MOXHA MOMIHSATH KOJip APOTIB TakK,
SIK TIOKa3aHo Ha puc.2.8.

lab1.fzz* - Fritzing - [Breadboard View] - X

File  Edit  Part View Window  Routing  Help

f Welcome <> Cod
Raise and Lower »
| wire Color 4 blue

Delete Wire black

Delete Wire up to bendpoints yellow

Add Bendpoint green
grey
white
orange
ochre. Properties.
G famil wire

‘Fi”'% L - ° brown o]
[ L1 purple color red v Banded
pink
Tags

' wire, fritzing core
Routing completed Connections

conn.

(xV1=-4.193.-0.597) in 7 % name

Ak ] @
PucyHok 2.8 — 3MiHa KOJIBbOPIB IPOTiB
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[lepefimoBmin  Ha Bkimaaky IlpuHnmmoBa cxema, m0OaYMMO
BiJOOpakKEHHsI CHPOEKTOBAHOTO CBITJIOQOpa Yy BUIVISII aBTOMAaTHYHO
no0yJ0BaHOI IPUHIUIIOBOT cxeMu (puc.2.9).

[Hl 1ab1.tzz* - Fritzing - [Schematic View] - X
File  Edit  Part  View Window  Routing  Help
f Welcome # Breadboard “W- Schematic =] PCB <> Qo
Traffic light
- - H
Ao B~ A
Bt v
o) 23w o }'
— — Hiw s 14 Inspector 8 x
(wugssoy ] P
i~ AW
— sy = v s
=2 Ny A EEE -
B Ywe# weDi
%SF
Placement
oy ® location  2.055 % 0990 % in
It&1N L rotation  -90.0 4 degrees
Locked
Properties

Routing completed family led
current v

color Red (633nm) v

(x.y)=(4.192.1.235) in

0% () @ D
Pucynok 2.9 - Ilpuanmmnosa cxema cBiTiopopa

3i0paHe TpHCTPii 32 HABEACHOI CXEMOK OyJe MaTH MPHOIM3HO
Takwuii BUrIsA (puc.2.10).

Pucynox 2.10 - [TigkarodeHHs 3 BHKOPHCTAHHSAM PEAUTFHIX SJIEMCHTIB
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2.33micT 3BiTY

3BIT HOBUHEH MAaTH TaKl CKJIAIOBI:

— TUTYJIBHUH JIUCT;

— MeTa poboTH;

— pe3yJIbTaT BUKOHAHHS 3aBJIaHb;

— BIJTOBiI HA KOHTPOJIBHI MUTAHHS.

2.4KoHTpPOJILHI NUTAHHA

1. IIlo Take MpoeKTyBaHHS CUCTEMU?

2. Illo Take MakeTyBaHHS CUCTEMU?

3. OnuuiitTe KOPOTKO MporpaMu-ananoru Fritzing?
4. YV yomy iX mepeBaru Ta HeIOJiKu?
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3 JABOPATOPHA POBOTA Ne3
MopenoBaHHs CBIiT/IO(OpPa y NPOrpaMHOMY CepeaoBHIII
TinkerCAD

Merta poOOTH — HABYUTHUCS POOUTH eMyJIILi0 poOOTH cBiTIOdOpa y
nporpamMHomy cepenosuii TinkerCAD.

3.1Xix podotn

HeoOxigHo y maniii mabopaTopHiii poOoTH 310paTH 3a CXeMOI0 Ha
puc.3.1 mogmens cBiTiodopa i3 IHAMKATOPOM 3BOPOTHBOTO BITIKY Y
cepenouili TinkerCAD. CrBopeHHs cucTeMH Ta mepeBipky ii pobotu
HEOOXiAHO 3pOOUTH TIOETAITHO.

Jns mouaTky 30mpaeMo cuctemy 3a puc. 2.5. Ilporpamuuii Ko uis
PpOOOTH L€l cUCTEMU MPECTaBICHO Y MicTUHTY 3.1. AHanizyemo ii pobory.

Jlictuar 3.1 - Cxerd poboTH cBiTIIOPOpa Oe3 Taiimepa
int led red = 8; // nim nipkmodeHHs 8

int led yellow = 10; // nim nipxmouenHs 10
int led green = 12; // niH ninxmoueHHs 12
void setup() { pinMode (led red, OUTPUT);

pinMode (led yellow, OUTPUT);
pinMode (led green, OUTPUT); }
void loop() { digitalWrite(led red, HIGH);
delay (10000); // Uexaemo
digitalWrite (led yellow, HIGH);
delay (2000);// Yexaemo
digitalWrite (led green, HIGH);
digitalWrite (led red, LOW);
digitalWrite(led yellow, LOW);
delay (10000);// UYekaemo
digitalWrite (led yellow, HIGH);
digitalWrite (led green, LOW);
delay (2000);// Yexaemo
digitalWrite(led yellow, LOW); }
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Jlanmi HapoIlyeMo CUCTEMY JI0 CHCTEMH, MPECTaBiIeHol Ha puc. 3.1.
[IporpaMuuii Kon it poOOTH 1€l CHCTEMHU MPEACTABICHO Y JICTUHTY 3.2.
AHanizyemo ii poOorty.

3eepuimb _yeazy, AKImO y 310paHiii BaMH CHCTEMi BHKOPHUCTOBYBAJIUCS
TIIKTFOYCHHS 32 MHAMHY 3 IHIIAMH HOMEpa, TO TaKi 3MiHA HEOOXIJTHO BHECTH i y

MIPOTPaMHMIN KO AJIsl KOPEKTHOT poOOTH BaIloi CHCTEMH.

(
——— 1 e

e s

Pucynok 3.1 - Cxema cBiTiIoopa i3 3BOPOTHIM BiIJTIKOM Hacy

V npa”ii cxeml [JOJAHO HOBUU €JE€MEHT — CEMHCETMEHTHUI
IHAMKATOp AN peanizalii 3BOPOTHBOTO BiMIiKy dacy. CxeMaTH4HO
CEMHUCETMEHTHHMH AUCTIIIEN BUTIISIAE TaK, K HA PUCYHKY 3.2.
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g
SEGMENT

A DISPLAY
B

D

FLbEEEFELEFL

Pucynok 3.2 - CxeMa CeMHCErMEHTHOTO JUCILIES

Bubepemo cemucerMeHTHUH AUCIUICH 13 3aradbHUM KatogoMm D5611.
TepMmoperysiTopu TUcIjiest HAOYHO MPeCTaBiIeHi Ha puc.3.3.

Common
Cathode

12345
[

Common
Cathode

Pucynok 3.3 - CemucerMeHTHUI TUCIUICH i3 3aranbHuM KaTtogom D561 1

st Toro, mo0 3MEHIINUTH KiJIbKICTh KOHTAKTIB, IO ITiIKIIOYal0ThCS
(3 14 1o 9) mo Arduino Uno 3'eJHaEMO JBa CEMHCETMEHTHUX JUCIUICS MiX
00010 (KOHTaKT A ¢ KOHTaKTOM A, KOHTakT B 3 koHTakTOoM B, KoHTaKT C 3
koHTakToM C 1 Tomio.). [lepeMukaHHsl ympaBiiHHS KOXHHM 3 JIUCIUICTB
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OKpeMo OyleMO peryiroBaTH Mojaaucto Hanpyru 3 miata Arduino Uno Ha
neBHUH gucruied. s mporo migkmroumMo KoHTakT Gl meprmoro
CEMHCETMEHTHOTO muciuies n0 9 mmdpororo miny miatu Arduino Uno,
koHTakT G2 Apyroro ceMucerMeHTHOro auciuies 1o 11 mudpoBoro miHy
mwiata Arduino Uno. [Ipu nipoMy migkimtouaTt O6yaeMo 4epe3 pe3nucTop, 1o
BiJTOBiZae 00OpaHOMY AWCILIEIO.

Jam migkmroyaemMo KOHTakTH A ... G CEMHCETMEHTHOrO IHCILIES 10
uudpoBux miHiB 2 - 7 Ta 13 matu Arduino Uno BiamosizHo.

Jlictuar 3.2 — Cketu pobotu cBitinodopa 3 TaliMepomM
int buttonState = 0;
int t = 10;
int value;
int timer = 100;
int pinl =
int pin2 =
int pin3 =
int pind =
int pinb =
int pin6 =
int pin7 =
int gndl
int gnd2 =
int led red 87
int led yellow =
int led green = 1
void setup () {

pinMode (1, INPUT);

pinMode (pinl, OUTPUT) ;

pinMode (pin2, OUTPUT) ;

pinMode (pin3, OUTPUT)

pinMode (pin4, OUTPUT); //The following sets up
//all of the pins for use.

pinMode (pin5, OUTPUT) ;

pinMode (pin6, OUTPUT) ;

pinMode (pin7, OUTPUT) ;

pinMode (gndl, OUTPUT) ;

pinMode (gnd2, OUTPUT) ;

pinMode (led red, OUTPUT);

pinMode (led yellow, OUTPUT);

~ O
~ O
|
|
[e)}
|
|

~e

3;// | ——4-—|

~ O
~ O

~e No

O WwWNhJdRR > oo

I~

0;

’

1
2

’
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pinMode (led green, OUTPUT);
}
void loop () {
digitalWrite (led red, HIGH);
for (int i = 0; 1 <timer; 1 ++) {
// The for loop, for running the program 500 times.

digitalWrite (pinl, B1);
digitalWrite (pin2, B1);
digitalWrite (pin3, BO);
digitalWrite (pin4, B1l);
digitalWrite (pin5, BO);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);
delay (t); // Writes 20 to the display.
digitalWrite (pinl, B1);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, B1);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);

}

for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, BO);
digitalWrite (pin2, BO);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, BO);
digitalWrite (pin6, BO);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);
delay (t); // Writes 19 to the display.
digitalWrite (pinl, BO);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);
digitalWrite (pin4, B1l);



digitalWrite (pin5, B1);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);

}

for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, BO);
digitalWrite (pin2, BO);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, BO);
digitalWrite (pin6, BO);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);
delay (t); // Writes 18 to the display.
digitalWrite (pinl, B1);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);
digitalWrite (pin4, B1l);
digitalWrite (pin5, B1l);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);

}

for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, BO);
digitalWrite (pin2, BO);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, BO);
digitalWrite (pin6, BO);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);

delay (t); // Writes 17 to the display.
digitalWrite (pinl, BO);
digitalWrite (pin2, BO);



digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, BO);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);
}
pb:

delay(100);

digitalWrite (gndl, BO);
digitalWrite (gnd2, BO);

buttonState digitalRead (1) ;
if (buttonState == HIGH) ({
goto cn;
}
else {
goto pb;
}

cn:

digitalWrite (led yellow, HIGH);
delay (2000) ;
digitalWrite (led green, HIGH);
digitalWrite (led red, LOW);
digitalWrite (led yellow, LOW);

for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, B1);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, B1);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);
delay (t); // Writes 05 to the display.
digitalWrite (pinl, BO);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);
digitalWrite (pin4, B1l);
digitalWrite (pin5, B1);



digitalWrite (pin6, B1);
digitalWrite (pin7, BO);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);

}

for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, B1);
digitalWrite (pin2, B1l);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, B1);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);
delay (t); // Writes 04 to the display.
digitalWrite (pinl, BO);
digitalWrite (pin2, BO);
digitalWrite (pin3, B1l);
digitalWrite (pin4, B1l);
digitalWrite (pin5, B1);
digitalWrite (pin6, BO);
digitalWrite (pin7, B1l);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);

}

for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, B1);
digitalWrite (pin2, B1l);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, B1);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);

delay (t); // Writes 03 to the display.
digitalWrite (pinl, BO);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);



digitalWrite (pin4, B1l);
digitalWrite (pin5, BO);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);
}
for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, B1);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, B1);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
digitalWrite (gnd2, BO);
delay (t); // Writes 02 to the display.
digitalWrite (pinl, B1);
digitalWrite (pin2, B1);
digitalWrite (pin3, BO);
digitalWrite (pin4, B1l);
digitalWrite (pin5, BO);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, BO);
digitalWrite (gnd2, B1l);
delay (t);
}
for (int i = 0; 1 <timer; 1 ++) {
digitalWrite (pinl, B1);
digitalWrite (pin2, B1);
digitalWrite (pin3, B1l);
digitalWrite (pin4, BO);
digitalWrite (pin5, B1);
digitalWrite (pin6, B1);
digitalWrite (pin7, B1l);
digitalWrite (gndl, B1);
)

digitalWrite (gnd2, BO
delay(t); // Writes 01 to the display.
digitalWrite (pinl, BO);
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digitalWrite
digitalWrite
digitalWrite
digitalWrite
digitalWrite
digitalWrite
digitalWrite
digitalWrite
delay(t);
}
for (int i=0; i<timer; 1i++) {
digitalWrite (pinl, B1)
digitalWrite (pin2, B1)
digitalWrite (pin3, B1)
digitalWrite (pin4, BO);
digitalWrite (pin5, B1)
( )
( )
( )
(

pin2, BO
pin3, Bl
pin4, BO
pinb5, BO
pin6, BO
pin7, Bl
gndl, BO
gnd2, Bl

~e

Y

Ne N

~e

~ e~~~ o~~~ —~
~

digitalWrite (pin6, Bl
digitalWrite (pin7, Bl
digitalWrite (gndl, Bl
digitalWrite (gnd2, BO);
delay(t); // Writes 00 to the display.
digitalWrite (pinl, B1);
digitalWrite (pin2, B1)
digitalWrite (pin3, B1)
digitalWrite (pin4, BO)
digitalWrite (pin5, B1);
digitalWrite (pin6, B1)
digitalWrite (pin7, B1)
digitalWrite (gndl, BO)
digitalWrite (gnd2, B1)
delay(t);
}
digitalWrite (gndl, BO);
digitalWrite (gnd2, BO);
digitalWrite (led yellow, HIGH);
delay (2000) ;
digitalWrite (led green, LOW);
digitalWrite(led yellow, LOW);
}

3.2 3aBaanHs 10 BUKOHAHHS
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3apaanns 1. 3podutu emynsmiro podoTu cBiTIIOPOpa 32 HEBEACHOIO
BUILE CXEMOIO.

3apaanna 2. JlopoOutu mporpaMHUil Koj, mo0 BiIJIiK 4yacy Ha
iHAMKaTOPI MpoAoBKyBaBcs A0 0.

3.33micT 3BiTY

3BIT HOBUHEH MAaTH TaKl CKJIAI0BI:
— TUTYJILHUH JTUCT;

— MeTa podoTH;

— pe3yJIbTaT BUKOHAHHS 3aBJaHb.
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