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PE®EPAT (library.econom.zp.ua)

BunyckHa pobotra Momofiioro crerjiagicta wmictuTh 70 CTOpPiHOK, 5
Tabmipb, 30 PUCYHKIB, 2 AoAaTKa, 24 O6ibmiorpadiuamnx nocunassb.

Metoto (library.econom.zp.ua) po6ot € po3poOKa CUCTEMH OCBiT/IeHHS 3i
cBiTiiogiogHoi RGB-CcTpiuku 3 MIKpOKOTPOJIEDHUM KepyBaHHSIM.

Y BUNYCKHiA pPOOOTi pO3r/isialOTBCS OCHOBHI CHCTEMM CY4acCHOTO
OCBIT/IeHHSI Ta TIPUHLIUIU IXHbOTO (PyHKIIiOHyBaHHSI. OCHOBHY yBary Ipu/iieHo
CBIT/JIOAIOAHUM CTpiUKaM: TWIaM, MOJeJiAM, XapaKTepuCTUKaM Ta MeToAam
yIIpaBJ/IiHHSA.

HaBesjeHo ommc 1ipoilecy po3poOKu i peanizarjii pobouoi mogeni
ocBiTmoBambHOI cucteMd Ha 6a3i RGB LED-cTpiuky, 1[0 TIparjfoe Tiif
yIIpaB/IiHHAM MiKpOIipoLecopa.

B poboTi BUKOpHCTaHi crerjiasi3oBaHi cepejoBUIlla PO3POOKK Ta
riporpaMyBaHHsl, 30kpeMa Proteus Design Suite 8.13 Ta Arduino IDE 1.8.19.

ARDUINO IDE, ARDUINO UNO, ATMEGA328P, LED, RGB-CTPIUKA, SMD,
WS1228B, KOJIbOPOBA MO/JEJIb, MIKPOKOHTPOJIEP, CUCTEMA
OCBITJIEHHA
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BCTVYII

Y Hau yac enemeHTd RGB — ocBiT/IeHHs1 HAOyBarOTh LLIMPOKOT'O TIOLLIMPEHHS
y MOBCSAK[EeHHOMY XUTTI rogvHU. Hacammepes BUKOPUCTaHHSA TipJsiHf, CTPIYOK
Ta QHAJIOrIYHUX MPUIAZIB aKTyaabHO IIiJ| Yac CBAT, PO3BayKaJbHUX 3aXO0[IB, TOLLO.
OpHak TernepilliHg CUTyallis B YKpaiHi 3 MOCTIMHUMU 3HECTPYMJIEHHSIMU HaZla€
TakKyUM I[pWajiam Iiie OLHOI0 3aCTOCYBaHHs — SIK OCHOBHEe OCBIT/IEHHS IIiJi 4ac
MOCTIMHUX BUK/IFOUEHb €JIeKTPUUHOIO CTPYMYy. TOMY CTBOPEHHSI TaKOi CUCTEMM €
aKTya/IbHOIO 3a/jauero.

Ha cporopHimHii JeHb HaA3BAYAaWHO IIMPOKE 3aCTOCYBaHHS 3HAMIIIA
CBITVIOAIOAH] CTPiuKM, fKl 3'IBWINCA HaBITH paHillle, HiXK CBITJIOAIOAHL JIAMIIH.
HuMmu BUKOHYIOTH IeKOpaTHBHE MiZICBiUyBaHHS CTeJlb, Pi3HUX Hilll, po60ourX 30H.
CeiTnoziogHy eHepros0epirarouy CTpPiuKy YacTO BCTAHOB/IIOKOTH Y BiTPUHH,
cTeslaxki Ta iHIIe ToproBe oOJlafiHAHHSA /I Mi/JCBiUyBaHHS TOBapy, 3aMiCTh
JTFOMIHECLIeHTHUX CBITW/IbHHUKIB, I1J0 MOpaIbHO 3aCTapiBatOTh i MOCTIMHO BUXOJSATh
3 nagy. [Ipy BUKOpHCTaHHI CTpiuky 3i 3MiHOIO KOb0pY (RGB cTpiuku) BaaeTscs
OTpUMAaTH YHiKaJ/IbHi CBIT/I0BI e(eKTH. SICKpaBiCTh i KOJIbOPOBICTh TaKOI CTPIiUKH
MOXXe 3MIHIOBaTUCS 3 MyJbTOM [JUCTAHL[IMHOTO KepyBaHHSA. MOHOXPOMHHUMH
CTpiukamMu OQOpPM/IIOIOTH Kade, pecTopaHd, iHIII MiCUd BiANOYMHKY, a Y
BOJIOI03aXUIlleHOMY BUKOHAHHI TaKy CTpIUKy BUKOPUCTOBYIOTH $fIK BY/IHYHE
[leKopaTHMBHe IIi/ICBiuyBaHHsA. IHIIMMKW (/10BaM{, 3aBJAKU Pi3HOMAaHITHOCTI
BapiaHTIB  BMKOHAHHA  CBIT/IOAIOAHA  CTpIYyKa  CTajla  He3aMiHHOK 1
BUKOPHCTOBYETHCS] B HAMPI3HOMAaHITHILIMX BUMNaAKax 0()OPMJIEHHS.

EnemeHTHa 6a3a CTpiuoK [J03BOJIsiE CTBOPIOBATH MPOCTi ¥ HafiMHI cucTeMu
KepyBaHHS HUMH. OCOO/MBO BUALUISIOTBCS TIPUIAAUd 3 MIKPOKOHTPOJIEPHUM
yTIpaB/IiHHSIM, Yepe3 Te, 1[0 KOPUCTyBau Ma€ MOXK/IMBICTb BIaCHOpPYY oOupartu
peXXUMHM poOOTH TIpW/Ia[y, CTBOPIOBAaTH 0e3/iu KOMbOPOBUX CXeM, 3ZiMCHIOBATH
NepCcoHasbHI HasallTyBaHHS, Ta 30epiraTu ix y mam’sri.

B poboTi HazaeTbcsi omMC PO3POOKM OfHI€I 3 MOX/IUBUX KOHCTPYKLIiN
cuctemd  ynpaBiaiHH ~ RGB-cTpiukoto, 1m0  6a3yeTbcsi Ha  IIMPOKO
PO3IOBCIO/PKEHUX HeIOPOIMX KOMIIOHEHTaX.
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PO3/UT 1

TEXHOJIOI'TYHI OCHOBU ITOBYIOBU CUCTEM OCBITJIEHHA

1.1 Tunu fyKepest OCBIT/IEHHS

OcBiTneHHs1 pobouoi 30HM i poboOUMX MiCIb MOXKe OyTW TIPUPOAHUM i
Ty4YHUM [1].

Buayu TIpUpOAHOTO OCBiT/IEHHA BUW3HAUAIOTLCSA apXiTeKTyporo OyiBesib.
[TpupopHe cBiTi0 OyBaEe:

6iuHMM — TaKWM, 110 TIPOXOUTh Uepe3 BiKOHHiI OTBOPH;

BEpXHIM — 1[0 HAJgXOJSAThb Kpi3b 3aCK/JIeHMM JaxX abo TeXHO/OTiUHHM
OTBIp;

KOMOiHOBaHMM — TIO€JHY€ BUIIIeTIepesliueHi BapiaHTH.

Mo>X/UBI TUTIU OCBIT/IEHHS:

OcHoBHe (piBHOMipHE) — CBIT/IOBMH TMOTIK TOIIMPIOETHCS 0 BChOMY
MPOCTOPY  TPUMILLEHHST 3  OJHAKOBOK  piBHOMIipHicTIO.  Lle
dyHKIiOHa/IbHEe pillleHHs peali3yloThCsl 3a [IONIOMOTOK) yCTaHOBKH
CTe/IbOBUX CBITW/IbHHUKIB, HallpUK/iah TOYKOBUX, 3 JIH3aMH, L0
PO3CIIOI0Th, i KyTOM po3CitoBaHHs A0 360 rpaaycis.

JlokamizoBaHe (MiciieBe) — crocib /s aKIeHTHOTO MifACBiuyBaHHS
OKpPeMMX [i/ITHOK, HaIlpUK/Iaj, MiClld BiATIOYMHKY, POOOUYOro CTOy,
KYXOHHOI CTiJIbHULI. 3aCTOCOBYHOTBCA OCBIT/IFOBa/IbHI [Kepesa i3
BY3bKHM ITy4KOM CBiTiHHA He Oinbirie 30-60 rpaaycis.

MoskHa pO3IVIIHYTH P JlaMIl AJji1 OCBIT/JIEHHS Ta T0Jaui CBiT/Ia LITY4YHO
(puc. 1.1):

HatpieBi nammu (puc. 1.1 (a));
PTYTHi ranoredHi jammu (puc. 1.1 (6));
JaMI po3ykaproBaHHs (puc. 1.1 (B));
nmroMiHeclieHTHi nammu (puc. 1.1 (1));
cBiT/I0ZioAHA lamma (puc. 1.1 (a));
cBiT/ioziioaHi cTpiuku (puc. 1.1 (e)).
, °))- -

_@ (6) (B)
. 3 | U

(r) (n) (doi.org) (e)
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Pucynok 1.1 — Buau j1aMI1 Ta cucTeM OCBiT/IeHHS: (a) — HaTpieBa Jyiamra; (0) —
rajJioreHHa Jiamra; (B) — jlaMria po3)KaproBaHHs; (') — JIFOMiHICLIeHTHi J1ammy; (1) —
cBiT/ioZiiofAHa 1ammna; (e) — RGB — cTpiuka

1.2 Tvnu CBIT/IOAIOAHUX CTPIUOK

CyuacHul CBiTZIOTeXHIUHMN PUHOK Ha CbOTO/HIIIIHIN ZieHb MPOTIOHY€E 6e31iu
HaWpi3HOMAHITHIIIIMX TUIIB CBIT/JIOIOJHUX CTPiYOK. TpaAulliiHO CTpidKa
npe/icTaB/siec OO0 THYYKY TOHKY [DYKOBaHy IUIaTy 3 HaHeCeHUMU Ha Hil
MEeTO/IOM TOBEPXHEBOIO MOHTaxy (vacTime 3BaHMM SMD) pisHOro posmipy
cBiTnoziogamMu. K TIpaBWIO, CBIT/IOZiOHA CTpiukKa 3 TIPOTUJIEXKHOTO OOKY
OCHallleHa KJICFOUOI OCHOBOK) 3@ IMPUHLIUIIOM [JIBOCTOPOHHBOI'O JIMIIKOTO CKOTYY,
ajie y BUHSITKOBUX BUTAJKax KpiM abo 3aMiCTh CKOTUY CTpiuKa MOCTABJSETCS 3i
crieljiaTlbHUMU KpiruIeHHSIMM (TiepeBaKHO 3 BOJIOT03aXMIEHUMU CBIT/IOZi0AHUMH
cTpiukamu). Y OinblIOCTi BUIAJKiB, CBIT/IO/ioAHa CTpiuka Hje OyxTamu mo 5
MeTpiB. KokHa OyxTa Ma€ 3aBOJCbKi TIpUMasiHi CTPYMOMiABiAHI IpOTH
(Haliyacrilile i Ha MoyaTKy OyxTH, i B KiHLIi).

OcHOBHI napameTpy, 3a KMMU CBIT/IOJIOHI CTPIYKU BiIPi3HAIOTBCS OJHA
Bi/| OZHOI:

- TWII CBITJIOAIO/iB;

- Harnpyra;

- KUIbKICTb CBIT/IOAI0/iB;

- CTYIIIHb 3aXUCTY BiJi BOJIOTY Ta MUIY;

- Kouip.

Y cTpiukax BUKOPUCTOBYIOTh TaKi OCHOBHI TUIIKU SMD cBiT/iofiozis:

e SMD3010 - cBiTnogion po3mipoMm 3x1MM (BUKODUCTOBYIOTHCSI B

ToplieBuX (6iUyHOro CBiUeHHsI) CTpiuKax);

e SMD3528 - cBiTogion po3MipoM 3,5x2,8MM  (HaWMOLLMpPEHillli,
BUKOPHCTOBYIOTHCS y CTPiUKaX TOPU30HTAIbHOTO CBITIHHS);

e SMD5050 — cBiTaozion po3MipoM 5x5MM  (CBIT/IOZIOAM MiJBUILIEHON
SCKpaBOCTI 3a PpaxyHOK TOro, 10 BCepejuHI OJHOIO  Jioja
BUKOPHCTOBYETHCS 3 KPUCTA/N).

Big 3arasbHOi KiIBKOCTi CBIT/IOAIOAIB Ha [IPYKOBaHiM I/IaTi 3a/Ie)KUTh
SCKpaBiCTb Ta MOTYXHICTb YycCi€l CTpiuku. SK MpaBuio, y MapKyBaHHI
CBITVIOAIOAHOI CTPIUKM BKa3ye€TbCA TUII BUKOPUCTOBYBAHUX CBITJIOZIOAIB, IX
KIJIbKICTh Ta 3arajbHa CIIOKMBaHa TMOTYXKHICTb. CBIT/IOAIOAHI CTPiUKU 31
cBiTnogionamu SMD3528 BUroTOBISAKOTBCS 3 KijbKicTEO B 60, 120 1 240
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CBITJIOZIOIB HAa MeTp, a CBIT/IOAI0AHI cTpiuku 3 Aiogamu SMDS5050 — 30, 601 120
CBITJIOAIO0/IB HA MeTP.

BuHMKaloThb  BUIMAJAKH, KOMM  CBIT/IOZiOAHY  CTpiuKy  HeoOXimHO
3aCTOCOBYBaTH B YMOBaX IiJIBUILIEHOI BOJIOTOCTi abo Tpu repenajiax TemrepaTyp
(Y TIOHIHT'Y MalllMH Ta MOTOL[MKJIIB, TIPM MOHTa)Xi CTPiYKM Yy BaHHUX KiMHaTax, Ha
bankoHax, OaceliHax, Ha BY/ML], y CBiT/IoOBUX Kopobax Toijo). Came B TakKuX
CUTYyaLliIX BUKOPUCTOBYIOTH CBITJIOLIOAHY CTPIUKYy 3 Pi3HUM CTyIeHeM 3axHUCTy.
CTymiHb 3aXMCTy — Lje Mi>KHapO/JHHM TTapaMeTp i Mo3HavaeThes 5K IP.

Crpiuka OyBae:

e JP20 - wHeBosiOrosaxuilieHa BiJKpUTa CBiTVIOZIOAHA CTpiuka. Taky

CTPiuKy, $K IIpaBU/I0, BUKOPUCTOBYKOTH [/ IIi[ICBIUYBAaHHS BITPUH,
CTe/b, MOMULb, MeO/iB, iHTep'epHOI pek/JaMu Ta [1eKOPaTUBHOIO
Mi/ICBIYyBaHHS.

® [P65 — cBIT/IOAIOAHA CTPiUKa, sIKa 3BepXy MOKPUTA eIMOKCUAHOK CMOJIOH).
Taky CTpiuKy HaluacTillle BUKOPUCTOBYIOTh /ISl MiJICBiUyBaHHS CaJIOHYy
aBTOMO0i/is1, aHAmadTy, CBiT/IIOBUX KOPOOiB, BaHHMX KiMHaT, TOOTO B
TIPUMILLIEHHSX 3 TABUILEHO BOJIOTICTIO. Y 3B'\I3KYy 3 THM, LIO IJ1aTy
3aXMILeHO CUIIKOHOM TUJIbKU 3BepXy, JJIs arpeCMBHUX CepelOBUIL| BOHA
He Tiifiinze.

e JP68 — cBiT/IOAiOAHA CTpiuKa 3 MaKCHMMaJbHUM CTyIeHeM 3axHCTY.
[pykoBaHa MuiaTa TakOl CTPIYKM T[IOBHICTIO 3ajudTa 3 [JBOX CTOpPIH
CWIiKOHOM i, Oinbllle TOrO, /[AOZATKOBO 3axWilleHa CUJIiIKOHOBUM
TPO30pUM 4OXJIOM. BoJsiorosaxuiijeHy CBIT/JIOAIOAHY CTPIUKYy CMIJIMBO
MO’KHa BUKOPUCTOBYBATH IiJ] HUILIEM aBTOMOOi/Isi, 3aHypIOBaTHU Y BOJY,
3aCTOCOBYBATH /ISl CBIT/IOBOrO OOopM/ieHHs (DOHTaHIB, akBapiyMiB Ta B
IHIIMX BiAKPUTHUX I CXUIBHUX [0 BOJIOTH 1 MUY MICLISIX.

Kareropii posnoziny Aio4iB rmoKasaHo Ha pUCYHKY 1.2.

CeiT/iofiofHi CTpiuKM MalOTh TaKi KOMbOPW CBIiTiHHSA: Oimumii  (AKuit
Bi/Ipi3HSIETbCS BiATiHKaMuU: Termii Oiuii i XomozHWM Oinvii), YepBOHUH, >KOBTHUH,
CuHiM, 3eneHuii Ta OaratobapBHuii RGB. VYHiKanbHICTE Pi3HOKO/IBOPOBOI
ceiTiogiogHoi cTpiuki RGB B TOMy, 110 BOHAa MOXe CBITUTUCS pIi3HUMU
KOJIbOpaMU: TIOMapaH4YeBUM, pOXXeBUM, ¢ioseToBUM, Oy3KOBUM, CMaparjoBuM,
6/1aKUTHUM i 6araTbma iHILIMMU KOibopamHu. Pi3Hi BiATiHKY CTBOPIOIOTHCS 3aBASKU
KepoBaHOMY KOHTpO/Iepy, 3a /[OIOMOIOK IIyjbTa SIKOTO MOJKHA 3a/aBaTtu i
BapirOBaTH He TIJILKU KOJIIp CTPIUKY, ajie 1 AUHaMIKy, NTOPAJO0K 1 IBUAKICTh 3MiHU
KOJIbOPY.
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e

PucyHok 1.2 — KaTeropii po3noziny AioAiB A/l Pi3HUX THUITIB 3aXUCTY CTPIYOK

3ase)xHo BiJi iIHTEHCHMBHOCTI CBITIHHS [IOZIB KOXXHOIO 3 KOJIbOPiB, MOXKHA
JOMOTTUCS PI3HUX BIJATIHKIB Ta OTPUMATH LjiKaBe OCBIT/JIEHHS 3 BUKOPUCTAHHSAM
BChOT0 JIUIIIE OJJHOTO MPUCTPOIO. (Swatt.ua)

1.3 KoJsibopoBi mopei

KonbopoBa Mogiesib — abcTpakTHa Mo/ie/Tb OMUCY TIpeZiCTaB/IeHHsS! KOMbOPiB Y
BursiAai  Habopie  (inmad.vntu.edu.ua) meBHOI KilbKOCTi uwncen. 3a3BUyaid
Tpe/iCTaB/ieHa TphbOMa ab0 YOTHMpMa 3HAueHHSAMH, 1[0 Ha3BaHi KOJIipHUMH
KOMITOHeHTaMH ab0 KOJTipHUMH KOOpAWHATaMH [3].

MHoxrHa KOJIbOPIB Mozestl BH3HAyae KOJTipHUM TIPOCTIp
(inmad.vntu.edu.ua) cucremu. IcHye ocHOBHa rpyria Habopy KOJIipHUX MO/eJTei:

- RGB;

- CMYK;

- Lab;

- HSB;

- HSL;

- Grayscale Ta iH.

1.3.1 KonvopoBa mozens RGB

RGB a6o «Red, Green, Blue» — ctapa KosipHa MO/Ie/b, B Kl KOXXeH KOJIip
ripe/icTaBjieHyii, sik (evopack.com.ua) cymMa 4epBOHOrO, 3e7eHOr0 Ta CUHBOTO
KObopiB. Po3TiymaunTy abo mepekiacTu C/ioBa 3 aHTTiMCHKO:

v Red — uepBOHMIA;

v" Green — 3e/1eHUIA;

v" Blue — cusiii.

BuBefieHHs1 300pakeHb Ha €KpaHW BUKOHYETHCS CaMme 3a JIOTIOMOTOM0 IIi€l
MoZeJii. Tpy¥ OCHOBHUX KOJIbOPU TPOAYLIOKOTH L€ TPU MPOMDKHUX BIJTIHKH, K
MoKa3aHO Ha pucyHkKy 1.3. HaluacTtime neu mnpouec UIFOCTPYHOTh TpbOMa
KOMpHUMH KojamH. Bubip OCHOBHMX BiATIHKIB 00yMOBreHui crielrdikoro
OynoBu mofcekoro oka (evopack.com.ua) [4]. Takok Ha pHUCYHKY MOXKHA
pO3T/eiTH 111e Habip Maibke YOTUPHOX CK/IA/JOBHUX KOBOPIB:
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v Magenta — 6y3KOBHH, TypITypOBHUIA.
v Yellow — >k0BTHI.

v' White — 6iuii.

v Cyan — 6/1akuTHHI ab0 KoJip MOpsL.

Pucynok 1.3 — ITpocta KosipHa moziens RGB

[Ipy 3MillyBaHHI OLHOTO 3 TPbOX OCHOBHUX KOJILOPIB (OCHOBHUMU
KOJIbOpaMH BBa)KalOTbCSl UePBOHUH, 3e/IeHWH Ta CUHiM) — HaMpuK/iaz, cuHboro (B)
ta uepBoHoro (R), mu orpumyemo nyprnyposuit (M), npu 3MilllyBaHHi 3e/1€HOTO
(G) Ta uepBoHoro (R) — »xoBTui (Y), rpu 3miiiyBaHHi 3eneHoro (G) Ta CUHBOTO
(B) — 6nakutHoro (C). Ilpu 3MmilnyBaHHI BCiX TPbOX KOJIPHHMX KOMIIOHEHT MH
otpumyemo Oinuit komip (W). (elar.khnu.km.ua)

1.3.2 KosibopoBa mozeis CMYK

CyOTtpakTuBHa KosmipHa mogenb CMYK ommcye cuHTe3 apyKapchbKux ¢apb.
s orrcy OfHOTO TMiKCessi CTaHZAAPTHOTO 300pa>keHHsI BUKOPHUCTOBYEThCS 32 OiTa
inbopmariii (4 06aiitu). Sk BurumBae (lvpuikt.lviv.ua) 3 Ha3Bu abpeBiaTypu
KomipHoi Mozieni, CMYK — 1e CKOpoyeHHS BiJj Ha3BW 4YOTHPhLOX apO, II[0
BUKOPUCTOBYIOTbCSI B JIpyKy: cuHbOI (Cyan), mypnypoBoi (Magenta), »KOBTOI
(Yellow), i wopHoi (blacK). [5]




16

Pucynok 1.4 — Cucrema mogeni CMYK

TeopeTuuHo, /i1 OTPUMaHHS OyJb-SIKOTO KOJBOPY, SIKWW 3HAaXOAUTHCS B
paMKax KoJiipHoi Mogesti, foctaTHbo 3 (hap6 6e3 BUKOPUCTaHHS YOpHOI (MaTFOHOK
1.4). TIpakTruHO X, yepe3 ¢i3nuHi Hegosiku Gapb (Hacammepe[;, HeIOCKOHAICTh
BHUKOPUCTAHOTO B ¢apbax MirMeHTy, B OCHOBHOMY, Uepe3 CHHIO CK/a/IOBYy) TpH
smimryBadHi 100% cyan, magenta i yellow y ApyKy BUXOAWTb TeMHUU OpYIHO-
KopuuHeBuii Komip. Came Tomy gy "TiATpUMKU" YOpHOI CKaazoBoi i OyB
BBeJ/leHWI YeTBepTHil KOMIIOHEHT JpyKoBaHux ¢apb — uyopHa dapba. [Ipu
Konpoporoisi (repexosi mo cyorpaktuBHOI mogeni CMYK) geska wacThHa
"ciporo" Kombopy, yTBOpPeHOro TpboMa KomrioHeHTamu ¢apb Cyan, Magenta,
Yellow, 4acTKOBO 3aMiHIOETHCSI YOPHOIO (hapOoro.

1.3.3 KosnibopoBa mogens HSB

HSB (Hue - Saturation — Brightness; BiariHok — HacuueHicth -—
SlckpaBicTb) — Ko/lipHa Mojie/ib, 3aCHOBaHa Ha (hi3MUHOMY CITIPUMHSATTI KOJipHOI
iHdopmalii OACEKMM  OKOM. 3aBAaHHS KOMbOPY B Uil KOJpHiA Mogeni
BUKOHYETBCS 3a JOMOMOrOK TPbOX KaHaliB, W0 BUAHO 3 1 Ha3pu. [lepumii
napameTp — Hue (BiaTiHoK) — 3amae KoJip, 10 BimoOpa)kaeTbes Bif 00'ekTa abo
BUTIPOMIHIOETBCSA LIUM 00'ekTOM. KOHKpeTHHI KOMip 3a/la€ThCsl B Tpajycax, Iio
BU3HAUa€ pO3TAlllyBaHHS LbOTO KOJBOPY HA CTaHAAPTHOMY KOJIi KOJIbOPY
(pucyHok 1.5). [6].

Pucynok 1.5 — Kossoposa mozens HSB

3HaueHHS 1[bOr0 NapamMeTpa Moxke 3MiHtoBatucs Bif 0 1o 360 (rmapametp B
Ha MaJIIOHKY, 3MIHIOETBCS T10 BCIM TOBXKUHI KOJIA).

HOpyruit mapameTtp — Saturation (HacuueHiCcTb) BU3Haua€ aKTHUBHICTb 1[bOTO
BiATIHKY. 3MiHIOeThCa Bifg 0 mo 100 %. Ilpy Hy/bOBOMY 3HaueHHI IapameTpa
OyAb-AKWi BiJTIHOK € TIPOCTO CipyuM HeWTpasbHUM KojbopoMm. IIpu 100% -
MaKCHMajibHa HaCHUYeHiCThb 0y/Ib-SKOT0 KO/IbOPY B Ifilf TOULIi.

Tpetiti mapametrp — Brightness (fIckpaBicTb, mapameTp Ha MastOHKY,
30i/BINYE€TLCA  3HW3Y BrOpy) € BiJHOCHMM 3HAaueHHSIM SICKPABOCTi, II[0
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BUMIiproeThCs y BifgcoTkax Bif 0 mo 100. ITpu 0% kostip Touku Oy/ie UOpHUM, MPU
100% - Ginum.

[Mpsima migTpyMKa 1€l KoJlipHOI Mofeni y TepeBakHikd OinbloCTi
rpadiuHuX peAakTopiB BiAcyTHs, TOOTO. y Lili KosipHii MoJe/ni He MOKHa
pezaryBaty abo CTBOpPIOBaTHU 300pakeHHs], ajie iCHye HU3Ka (inbTpiB i MpuiloMiB
BIIMBY Ha 300pa>keHHs B Liili Mojiei.

1.3.4 KonbopoBa mogesis LAB

L*a*b — Lightness — a-component — b-component — KoJjiipHa MO/e/b,
3aCHOBaHa Ha 3HaueHHsX sicKpaBocTi (KaHan Lightness — flckpaBicTb), Ta ABOX
KOMpHUX KOMIIOHEeHTax, 1[0 BHU3HAUalOTh TI0JIO’KeHHSI TIOTPiOHOTO KOJIbOPY B
KOOpAMHAaTax 1o Box ocax (Component a — BiCh 3eJIeHOTO — YePBOHOT'O KOJIbOPY,
Component b — BiCb CHHBOT'O — )KOBTOT'O KOJTbOPY, 3HaUeHHs 3MiHIOKOTLCS Bif -127
no +127).

Pucynok 1.6 — KosnbopoBa mogens LAB

Mogens Ma€ IIMPOKUM KOJIIPHUM KYT OXOIMJIEHHS 1 MO)Ke OIKCYBaTu
KOJIbOPDH, BIATBOPEHHS IKUX HEMOXX/IMBE HiI B yMOBax JAPYKY, HI Ha MOHITOPI.
PacTpoBi 300pakeHHs B I1ili KOMipHii Mo/iefi 30epiratoTbCsi, HalpUK/azj, v daiinax
dopmaty Kodak Photo CD, a cama komipHa Mozenb Lab B ocHoBHOMy
BUKOPUCTOBYETLCS SIK MPOMi’KHA MOZesb Ajist 30epiraHHsl pacTpOBUX 300pakeHb.
Mopenb € TakoX i armapaTHO-He3a/IeXKHOK MOZEUII0, 1[0 [03BOJIIE OIMUCYBaTU
KOJIip y Hili 6e3 TIPUB'SI3KY [I0 AKOTOCh KOHKPETHOTO TIPUCTPOIO BiITBOPeHHS. [7]

1.4 Oryign iCHYyrOUMX aHaJIOTiB

Y paHui yac Ha PUHKY TIpeACTaB/I€HO BeJWKY KiJIbKiCTh Pi3HOMAaHITHUX
TIPU/IA/IiB OCBiT/IeHHS Ha 0a3i CBIT/IOiOAHUX CTPiUOK, BAPTICTh SIKUX ITOUMHAETHCS
3 200 rpuBensb. 1li HalpeleBII MOZe/i CK/Iajal0TbCs B OCHOBHOMY 3 HACTYIMHUX
e/leMeHTIB: caMa CBIT/IOAiOAHA CTpiukKa pi3HUX BUJIB Ta MeTpPaxy, MPOCTOro
KOHTpoJiepa, cucteMd KepyBaHHsa (y Oinbmiocti BumagkiB IR-mynbT), O6/10Ka
»xunieHHs1 (220AC/12DC).
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PosrnsiHemMo HaWMoIMpeHilly MoZesb CBiTaoAiogHoi cTpiuku Solar RGB
3528 10 M 3 KOHTpO/JIepoM Ta Iy/JbTOM [UCTAHLIIMHOTO KepyBaHHS BiJ BifloMOro
BupobHuKa Solar Electric 3a riinHoro 700 rpH [8].

Crpiuka CK1aJa€eTbCsa 3 THYUKOI OCHOBU, Ha Ky HaHECeHO CTPYMOIIPOBifHI
JOpPiXKKH, CBIT/IOAIOAM, TOKOOOMEXKYHOUi pe3MCTOpHM Ta Kepyrui eeMeHTH.
[IvpuHa CTpiuKM CTaHOBUTH 1 CM Tpu TOBLIMHI 6/13bK0 2 MM. CTpiuky ¢acyroTb
B 606iHu no 10 metpiB. LED cTpiuka Mae BHMCOKMI pPiBEHb SICKPABOCTI i BeTMKII
KYT CBIiTiHHS, 1110 fopiBHIOE 120°, ToXK BiAAMIHHO Mijiii/e /s MiiCBiuyBaHHS.

PucyHnok 1.7 — CeitniogiiofHa ctpiuka Solar RGB 3528

Ha crpiuni posramoBanHi LED, KOXeH 3 gKUX CK/IaJA€TbCA 3 TPbOX
KOJTbOpiB: UEepBOHOTO, CUHbLOTO Ta 3ejeHoro. OcobnMBICTHO JlaHOI CTPIUKU €
MOK/IMBICTE BUOOpPY KO/MILOPIB i BiATiHKIB  ocBiT/ieHHs. baraTo6apBHa
(epicentrk.ua) cBiTnogiogHa ctpiuka SMD 3528 RGB mpariroe Bif Hanpyru 12V
TIOCTIHOTO CTPyMy, I110 3a0e3reuye 6Ge3rmeKy Ta eKOHOMiuHiCTb BHKOPHUCTAaHHS.
TexuiuHi xapakTepuctuku (epicentrk.ua) HaBegeHi B Tabmmwi 1.1

Tabmung 1.1
TexHiuHi XapakTepuCcTUKU OaraTobapBHOI CBIiT/I0/[iOAHOT CTPiUKU
SMD 3528 RGB (epicentrk.ua)

repeMUKaHHS (ILBUAKO), MepeMUKaHHs (TTOBLIBHO),
Pexxumu MaBHe  TepeMUKaHHs  (ILIBUAKO),  IJIaBHE
repeMUKaHHs (TTOBi/IbHO), CTATUUHUN PEKUM

KisbKiCTh KOJIbOPIB Ta

L 16
BiJITIHKIB
[I>Kepesio »KVBJIeHHS MOCTiHUM cTpyM 12 V, 2 A
KyT cBiueHH# 120 rpagyciB

Mopens cBiTiogiofiB | SMD 3528

Po3mip nosxuHa: 10 M, mmpurHa: 1 cMm, Bucora: 0.25 cm

ctpiuka (10m), KoHTponep, Onok >xuBneHHs, Y-

Kommnekratiig )
H nyssT (epicentrk.ua)

OpHak JaHa ciucteMa (SIK i 6araTo iHIIMX) MarOTh psiJ| HeIOJKiB:
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- Hamnpyra >XWBJeHHs cKaajga€ 12 BosbT, 1m0 Malike YHEMO>K/IHUBIIHOE
BUKOPUCTaHHSI aBTOHOMHUX cucteM (PowerBank), siki MOXXyTh HajlaBaTu
Harpyry 5 BosbT;
- BIJCYTHI eHepros3aoljaJKyBajbHi MeXaHi3MU BKJIFOUEHHS / BUK/IFOUEHHS
3a HasBHICTIO JItO/le y TIpUMIllleHHi, [JOL[i/TIbHICTh OCBIT/IEHHSI B/i€eHb
TOLL[O;
- MaroTh JIUIIIe BCTAHOBJ/IEHI a/ITOPUTMHU CBITIHHS, SIKI KOPUCTYBauiB B)Ke He
3AUBOBYIOTb.
BpaxoByroui BuIlleHaBe/ieHe, [OI[iTbHO CTBOPUTH HOBY CHCTeMy Ha 0a3i
BUKOPUCTAHHA MIKPOKOHTpOJIepa, CUCTeM CEeHCOpiB Ta akTyaTOpiB 3 HOBUMU
CXemMaMM OCBIT/IeHHS.

1.5 Onmc po3po6/IIEMOTO TIPOEKTY

HacTynmHMM KpDOKOM € CXeMaTWuyHe T[pe/CTaB/JeHHsI PO3P0o0JIIEMOro
MIPOEKTY, SIKUM IIpe[CTaB/leHO Ha PUCYHKY 1.8. BiH ck/aZiaeTbCsi 3 HACTYITHUX
OJIO0KIB:

v' 6JIOK MiKPOKOHTPOJ CIicTamMa " J/I0K, 1[0 3/[ilCHIOE KePyBaHHSI
Ta B3aEMO/IIO BCI€T |  naTyuMKiB Ta
v/ cucTeMa JIaTuMKiB T CEHCOPIR Ha /IJ1s1 OTPUMAaHHS JaHUX 30BHI

Z1711 poOOTH CUCTEMU;

bJIOK bJIOK B3aEMO|I

Cuctema DAL 3 iKDOKO ose enbau ra
. | MikpokoHTpon
OCBITNEHHS  |pMmariii P P 3
KODNNCTVRBayYeM

pa
v clicTemMa OCBIT/IeHHS — cma,qef*acn 31 CBITJIOZIOfHO] CTPIUKH;

v' clicTeMa KMBJIEHHS OLIiHHOT POOOTH CHCTEMHU.
Cuctema

XUBJNEHHA

PucyHok 1.8 — IIpoekT po3po0bJisieMoi crucTeMu

Iy oTpyMaHHs iHopMariil BiJ KoprcTyBada nepeZibaueHoO TaKTOBi KHOITKH
Ta My/bT JUCTAHI[iIHHOTO KepyBaHHS. [lepenbaueHo TP C/Ty)KOOBUX CBIiT/I0i0u
[J1s BUBOJY /ISl KOpHUCTyBaua HeoOXiiHoT iHhopMariil mpo CTaH CUCTEMH.

[l BU3HAUeHHSI TIPUCYTHOCTI KOPUCTYyBauiB Oa)kaHO /0/aTH /10 CUCTEMHU
JaTuuK pyxy. st BU3HaueHHsI OIaTKOBUX YMOB POOOTH CUCTeMH repej0aueHo
BUKOPHCTaHHS 3MiHHUX pe3icTopiB ((hoTope3ucTopa Ta MOTeHL[ioMeTpa).
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1.6 BUCHOBKHU 3a TepLinM po3/ijioM

B ocHOBy pO0OTM KOJIbOPOBOi CBIiT/JIOJiOJHOI CTPiUKM TIOK/Ia/IeHO
TpaJuliiiHy Mofenb onucy naaitpy RGB, 110 BHUKOPUCTOBYETHCS — AJIsi
BUIIPOMIHIOIOUMX CBITJ/IO [IPUCTPOIB.

['Hyuka cBiT/iogiogHa ctpiuka RGB — 1ie oCBiT/HOBa/ibHUN MO[Y/b, SIKMM
CKJ/IQIA€TBCA 3 THYYKOI OCHOBM, HaHeCeHUX Ha Hel CTPYMOIIPOBIJHUX JOPLKOK,
Pe3UCTOpiB Ta CBIT/IOAI0AIB. (epicentrk.ua)

EnexTpuuHi MapamMeTpd Ta ejleMeHTH CTPIYKUA [103BOJIAFOTH CTBOPUTHU
cucTeMy KepyBaHHsI Ha 0a3i KOHTpoJsiepa 3 BUKOPHCTAHHSIM MiKPOIIPOIiecopa, 1o
[I03BOJIMTH BiATIpalbOBYBaTU [OBIJIbHI aJrOPUTMU YIIpaB/IiHHA [l0JaMH CTPIUKHU.
[TpoekT Takoi cucteMd BKIOUae B cebe O/I0K MiKpDOKOHTpO/epa, CHUCTEMY
JATUMKIiB Ta CeHCOpiB, OJIOK B3aEMO/Iii 3 KOPUCTyBaueM, CUCTeMY OCBiT/IeHHsI Ta
JKUBJIEHHS.
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PO3/ILT 2
BUBIP TA OBI'PYHTYBAHHS CKJIAJOBUX [IPOI'PAMHO-
ATIAPATHOI'O KOMIIJIEKCY

2.1 Bubip rutatdopmu Ta MiKpOKOHTPOJIEpY

s JaHorO TIPOEKTY [AOL[iIbHUM Oy/Je BUKOPHUCTAHHA TiaT(GopMu
ARDUINO UNO R3 Ha 6a3i mikpokoHTposiepy ATmega328p.
TexHiuHi XapaKTepUCTUKH KOHTPOJIepa:
- TakKTOBa vacToTta 16 MI'l;
- 14 1tmdpoBux TMOPTiB, 10 TIpallOlOTh Ha BXiA/Buxim (6 3 HUX
MiJTPUMYIOTh PEKUM LIUPOTHO-IMITY/TbCHOI MOZYJIALIiY);
- USB nopr;
- 6 aHa/IOroBUX BXO/IB;
- PpO3'€M >XUBJIEHHS;
- PpO3'€M BHYTPILIHBO CXEMHOI'O MPOrPaMyBaHHS;
- xuonka RESET. [9]

PucyHok 2.1 — 3oBHimHiu Bug miati Arduino Uno (bmi.fbmi.kpi.ua)

Y mnati € BCi KOMIIOHEHTH, II0 HeoOXifgHi /s 3abe3reueHHs poOoTu
MiKpOKOHTpoJiepa. KuB/siua Haripyra noziaetbcst uepe3 USB kabenb, Hanpukiaf,
BiJ| KOMIT'HOTepa.

[Tnaty MoskHa TiporpaMmyBaTH Oe3mocepeiHbo 3 cepezioBuiija Arduino IDE.
Pe3neHTHUI 3aBaHTaKyBau 3a0e3reuye  ympaB/iHHS TIPOTPaMyBaHHSM TIO
npotokosy STK500. AmapatHuii rporpaMarop B IIbOMY BHUTIAIKy He TOTpi0OeH.
TakoX MOKHa 3amporpaMmyBaTé  MIKPOKOHTpojiep uyepe3 po3'em ICSP
(BHYTpILLIHBOCXEMHE  MpPOrpamMyBaHHsd)  3aBaHTa)XyBad Ipd  LbOMYy  He
BUKOPHUCTOBYETHCS.

Onuc ¢yHKIiOHATBHOTO MpH3HAUeHHs TMOPTIB IJIaTU HaBeeHO B A0JaTKy
A.

Arduino UNO R3 € HamagkoMm koHTposiepa Arduino Diecimila Ta
Duemilanove. Bonu BigpisHstorbcst muiie USB-UART mocTtoM. 3a KoMepijiiiHOO
3MOBOO KommnaHiii Atmel Ta Arduino, ocTaHHs nepeiiiiiia Ha BCTAHOBJIEHHS y CBOI
niaT¥ Arduino, mporpaMHO 3ajie>kKHi MOCTH Ha MiKpokoHTposiepax ATmegal6U2,
Ha Mictie uiniB komrnadii FTDI FT232R. Arduino Uno MoxxHa »uBUTH K Bify USB,
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TaK i BiJ 30BHIIIHBOTO JpKepesa >KWUBJEHHs, MpU Tifbopi [Kepena >KUBJIEHHS
TaKO0>X BDaXOBYMTe CHOKMBaHHS mifgkmouyeHux 0 Arduino UNO fgopaTkoBUX Ij1aT
Ta moayniB. Kontponep Apayino Uno 3paTHUIA MpaLjfoBaTH NPU MiJK/IHOUEHHI [0
HbOT'0 30BHIIIIHBOI HANPYTyX Ha KOHTAKT Vin Bif 6 1o 20 B. IligkaroyeHHs HaNpyru
6inbiie 12 B, 6e3 [07aTKOBOTO OXOJIO/PKeHHsT cTabisizaTopa Moyke TIPU3BECTH
MikpocxeMy cTabisi3aTopa [0 mMeperpiBy Ta MNOMIKOMKeHHS. s mMigKIroueHHs
YKUBJIEHHSI MOXKYTh OyTH BUKOPHCTaHi HAaCTYTHI BUBO/IU:

v Vin — JKuiB/ieHHsI T/1aTH Bifi 30BHILIHBOTO Kepeia.

v' 5V — Buxiz crabinizaropa Hanpyru ratid. Ha HboMmy Hampyra 5 B

v 'V 3 — Hamnpyra 3,3 B Biz cTabisizaTopa Harnpyry Ha riari.

v" GND - 3ara/ibHuii MpoBi.

v' IOREF - Busegennst indopmariii rmpo pobouy Hampyry matd. [lrnaTa

PO3LLIMPEHHS MOXKe BU3HAUWTU 3HAUEeHHSI CUTHaIy i MepeKkF0YMTUCA Ha
pe>xuM >xuByieHHs1 5 B abo 3,3 B.
Y MIKpOKOHTpOJIepa TpU TUIIY 1am'ATi:
- 32 kb ¢nemws (FLASH);
- 512 kb onepatuBHoi nam'sati (SRAM);
- 1 kb He3anexsit nam'sti (EEPROM);

KoxxeH 3 14 uudpoBux BUBO/[iB MOXKe OyTH BUKOPUCTAHUM B SIKOCTi BUXOAY
abo Bxopy. PiBeHb Hampyru Ha BuBOAax 5 B. I'paHHYHO AOTycTHMe 3HAUeHHS
ctpyMy ckiazae 40 MA. KoxeH BUBIJ Ma€ BHYTPILLHIA MiJTAralOuUMid pPe3UCTOP
ortiopoM 20-50 kOM. Pe3ucTop Moxe OyTH BiiK/IFoueHU MpOrpamMHo.

CeiTnogion, miakmoyeHut 1o Buxody 13. CBITUTbCA TPU BUCOKOMY PiBHI
curHany Ha BuBofi. Inrepdeiic TWI: BuBiz A4 abo SDA i A5 a6o SCL.

Y mnnatu Arduino UNO € 6 aHanoroBux BXO[jiB, mo3HaueHux A0-AS5.
Po3ziibHa 3/1aTHICTH aHa/JIOroBoro LudpoBoro neperBopeHHsi 10 po3psziB. 3a
3aMOBUYYBaHHsM, BXi/lHa Harpyra BUMIpIHOETLCA 1110710 3eMili B fiana3oHi 0-5 B, ane
Moxke OyTH 3MmiHeHO 3a gorioMororo BuBejeHHs AREF i mporpaMHuMX ycTaHOBOK.
[Ile 2 BuBegeHHs Miatd MarTh (yHKUil: AREF. Husbkuii piBeHbp Ha LjbOMY
BUXO/ly BUK/IUKAE CKWIaHHS MIKPOKOHTpOJIepa.

Moayne Arduino UNO mae 3aco6u /s 3B'13Ky 3 KOMITHOTEPOM, 3 iHIIIOI0
maroro UNO abo 3 iHImMMM MiKpOKOHTpoJiepaMu. [Iisi 1bOTO Ha MiaTi icHye
intepgeric UART 3 noriunumu piBassmu TTL (5 B), nos'sizanuii 3 Buxogamu 0
(RX) i 1 (TX). Mikpocxema ATmegal6U2 Ha muiati nos'sisye UART inTepdetic 3
USB noptom komm'totepa. [Ipu migk/itoueHHi 10 MOPTYy KOMITHOTEpa, 3'AB/ISEThCA
BipTyasibhuii COM mopT, uepe3 $IKMM NpOrpaMd KOMM'tOTepa TMpaLioloTh 3
ApJyiHo.
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2.2 TlepepuBanHs B Arduino

[lepepuBaHHs € MexaHI3MOM, 3a J[OIOMOIOKH $KOIO MOKHa THMYacOBO
MPU3YNIMHUTH HOPMasbHY TMOCIIIOBHICTh [iM (HOpMasbHe (YHKL[iOHYBaHHS) i
3MyCUTU Horo oOCIyroByBaTH T[epepuvBaHHS, SIKe B [aHOMY BUIMAJAKy Mae
HaVBUILMK MPIOPUTET cepeJi YCixX AiH, siKi BiH BUKOHye. Harmpukiaj, HoOpMmasibHe
GbyHKLIIOHYBaHHSI MIKpOIIpOL[ecopa MO)Ke TiepepBaTd sKWii-HeOyab [JaTuvK i
3aMyCTUTH TOCIIIOBHICTb [Jik, w0 € Yy mnporpami (QyHKLii, mnpoueaypi)
obcnyroByBaHHs riepepuBadb (ISR — Interrupt Service Routine). ITic/is BUKOHaHHS
nporpaMu 00C/TyrOBYBaHHsI TepepUBaHHs MiKpPOIPOLIeCOP MOXKe TTOBEPHYTHUCS 0
HOPMAJIbHOTO (DYHKLIIOHYBaHHS.

[TepepuBanHs B Arduino MoykHa MOJiTMTH Ha KilbKa BU/IIB:

v’ AnaparHi nepepyuBaHHS — BUHHWKAIOTh TPU HACTaHHI SKOICh 30BHIIIHBOT

nofiii, HampuKaajJ, CcTaH KOHTakTy 3MmiHUTbCa 3 LOW Ha HIGH ab6o 3
HIGH Ha LOW..

v' TIporpamHi nepepuBaHHS — BMHUKAIOTDH TIiJi YaC BUKOHAHHS OY/b-sIKUX
IHCTpYKLUiM y Tini mporpamu. Harmpukiaz, mepeprvBaHHSI Bifj TaliMepiB
Arduino € mporpaMHUMH TNepepUBaHHSIMHU.

v’ BHyTpilllHi TepepuBaHHs — TeHepPYITbCA y BHUIAZAKy TOPYLIEHHsS Y
BUKOHAHHI MporpaMu (HamnpyK/aJ, Tpy MeperoBHEHHI PO3pPsAHOI CiTKH,
3BEpHEHHI /10 aJipecu, 110 € HeNpUITyCTMMa, NPYU HEKOPEeKTHiM onepariii
TTOII[0).

AmnapaTHi TiepepuBaHHSI 0OpOO/SIFOTHCS Ha arlapaTHOMY piBHi, TOMY iXHS
006pobka BizOyBaeTbcsi ayKe MBUAKO. Lli mepeprBaHHSA MOXKHA HajallITyBaTH Ha
nofii 30i/bIIeHHs1 abo maziiHHS piBHS a00 TTPOCTO Ha HU3bKUM PiBeHb HaMpYTH.

Homepu KOHTaKTIB /711 BUKOPUCTaHHS 30BHILIHIX nepepuBanHb — 2 Ta 3 [11].
Y mnatax Arduino mo)kHa 3HauHO 30i/BIIUTH KiTBKiCTh KOHTAKTIB /1 00POOKM
nepepuBaHb. Y Tiatax Arduino, moOysoBaHMX Ha OCHOBI MiKDOKOHTpPOJepiB
ATmegal68/328, koxxeH 3 20 cUrHa/JIbHUX KOHTAKTiB MOXKHa HasjallTyBaTHU Ha
06pO0OKy IepepvBaHHs. [X TaKOXX MOKHA HA/lALITYBATH Ha TOZii 30i/bILeHHs UK
Ta/iiHHA piBHSA.

2.3 Bubip cuctemMu OCBiT/IeHHS
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OcHOBHe TpH3HAuUeHHs TPOEKTYy — Cy4YacHUW Tpuaaj Ajas pobotu 3
ocBiT/IeHHsAM. CBIT/IOAI0AH] CTPIUKU 3apa3 € akTyaJbHUMU MpWiafamu A JaHUX
cucteM. Tomy HeoOXifJHO pO3IVISHYTH TPUHLMIK POOOTH TaKUX CTPIiYOK Ta
3AiticHUTH BUOip HeOOXiIHOT 10 TIPOEKTY CTPIUKH.

2.3.1 Ipuniun pobotu SMD RGB cBitnogiony WS1228B

WS2812B — e RGB cBitnogion i3 BbymoBanum IIIMAM KoHTposiepoMm B
O0ZIHOMY Kopryci (puc. 2.3).

PucyHnok 2.3 — 3oBHimHiY BUg LED cBiTnogiogy WS 2812B y SMD kopnyci

BigmingicTro Big iHmmx RGB cBiTinogioziB € HasiBHICTB azpecarlii — ToOTO
KOXXHUM CBITJIOAIOZAOM y CXeMi MOKHAa KepyBaTH iHAMBIAya/ibHO. [ UbOro
BUKOPUCTOBYETHCA MOC/IiJOBHA OJHOIPOBIIHA LIWHA, BXiJ DIn migkitouaeTscs g0
MIKpPOKOHTpOJIepa, a Buxiz DOut — 10 BXoAy HaCTYITHOT'O CBITJIOZAI0/a, IPU LbOMY
B O/IMH JIaHI[I0>KOK MO>KHa 3'efHaTH 10 1000 Takux cBiTnogiozis [12].

XapakTepuCTUKY CBITIOZi0Ay HaBeJeHi y Tabsurii 2.1.

Tabmug 2.1
ba3ogi xapakrepuctuku SMD cBitiogiogy WS1228B

XapakTepruCTHKa 3HaueHHs
Poboua Haripyra 3.5...5.3B
MaxkcrmanbHUl CTpyM 60 MA
[HTeHCUBHICTb BUTIPOMiHIOBaHHS YepBOHUU KOip (625 Hm) 550-700 MK[
[HTeHCHBHICTb BUTIPOMiHIOBaHHS 3eieHuH KoJip (520 Hm) 1100-1400 mkx
[HTEHCUBHICTb BUTIPOMiHIOBaHHS CHHIiM KoJiip (470 Hwm) 200-400 MKn
Kyt BurnpomintoBanHs (ekmair.ukma.edu.ua) 120 °
Twun kopnycy 5050
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Asroput™m ympaBaiHHA cBiTAoAiogaMu WS2812B peanizoBaHuM Tak, 110
micas TOro, SK TeplMi  cBiTiofion rmipuiiMae 24 iHdopMauiliHi  6iTH 3
iH(dhopMaLli€ro Tpo SICKpaBiCTb KOXKHOTO 3 BOyZOBaHUX Ai0/iB, BUKOHYETHCS 3ammC
1ux OiTiB y BHYTpillIHIO MaM'sATb. BCi HAaCTyMHi iMIy/ibCU Tiepe/iatoTbCsl Ha BUXIJ
M0 JIAHLIFOXKKY 1HIIUM cBiTiogiogam. Ilicis BUKOHaHHA Tiepefaui Ay BCIX
CBIT/IOZI0IB BUTPUMYETHCA T€XHOJIOTIUHA Tiay3a npotaroMm 50 mikpocekyHz. Lle
NOTPiOHO /1/151 OHOBJIEHHSI CTaHy CBIT/IO/IiO/IiB.

2.3.2 Ornsg agpecHoi cBTiIoAioAHOL cTpiuku WS1228B

3a [JOMOMOroOr aJpecHOl CBIT/JIOAIOAHOI CTPIUKA MOKHa CTBOPHOBATHU
CBIT/IOMY3HWKYy, PO3yMHEe ITi/ICBiuyBaHHS JJs TeseBi3opa, psAKy, mo OikaTb, Ta
iHIITi TIPOEKTH, B SIKUX MOTPiOHO BimoOpa3uTH iHdOpMaIiifo Ha IITMPOKOMY eKpaHi.
3aB/sKy BOyJOBaHMM KOHTpOJIepaM, MO)KHa KepyBaTH KOXXHHMM i3 CBiT/IOZiOfiB
CTPiUKH OKpeMO, KepyrHoul HUMHU $IK TiKCceasiMU Ha ekpaHi [13].

PucyHoK 2.4 — 30BHIlIHIM BU/] aipeCHOI CBiT/I0Ai0AHOT cTpiuku WS1228B

[IIM ppaviBep B aZipeCHiM CTPiulli KOMITAKTHUM i PO3MILYETHCS TIPSMO B
KOPITYCi CBIT/IOBUIIPOMIHIOKOYOTO [1i0Aa.

CTpiuka OCHallleHa YOTHMpMa BHUXOJAaMU: J>KUBJIEHHS; BUXIJ Tiepezaui;
3araJibHMM KOHTAaKT; BXiJ mepejaui.

OjuvH afpeCHUM CBIT/IOZIO/ B MAKCUMYMIi CITO)KHMBa€ CTPyM B 60 Misiamriep.
Hiama3oH pobouux TemmepaTtyp CTaHOBUTHL -25° — +80°. Hampyra >XuBeHHS
cTaHoBuUTh 5 +0,5 B.

IIINM ppatiBepu cTpiuky 8-6iTHI — /11 KO’KHOTO KOJIbOPY MOXX/IMBiI 256
rpajailii  sickpaBocCTi. [Inss BCTAHOBJEHHSI SICKPABOCTi TOTpibHO 3 OGaiiTh
indopmariii — mo 8 6iT 3 KoxkHOro cBiT/iomiofa. IHdopmariisi repefaeTbcs 3a
OJIHOJIIHINHUM TMPOTOKO/IOM 3 (ikcoBaHOIO MIBHAKICTIO. Hysi Ta ofuHuLi
KOAYIOTbCS BUCOKUM Ta HU3bKUM pPIBHEM CUTHAJIY T10 JIiHil.

1 6it mepemaetbcsi 3a 1,25 mKc. Bech maker i3 24 6itT ans omHOro
cBiT/I0AI0a nepeaaeTbCs 3a 30 MKC.

XapaKTepUCTUKU CTPiUKY HaBeeHi y Tabmmiii 2.2.

Tabmmis 2.2
ba3oBi xapakrepuctuku cTpiuku WS1228B
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XapakTepruCcTHKa 3HaueHHs
KisibKicTh CBIT/IOAI0/1B 60 wr / MmeTp
Po3wmip cBiT/i04101a 5,0 x5, 0 Mm
Hamnpyra >kxvBieHHs 5B
[ToTy>XHiCTb 14.5 Bt/meTp
AckpaBicThb 720 JIm/meTp
KyT BurnpomiHtoBaHHA 120 °
CTyriHb 3aXUCTy IP 65
[vipyHa migKIagKu 10 Mm
PobGoua Temnieparypa Biz -40° mo 60°C

Crpiuka TOCTaB/ISETbCS B KOTYIIKaxX Mo 5 MeTpiB, (led-story.com.ua) npu
3aMOBJIEHHI MeHIlle KOTYIIKW, IliHa Bi/Ipi3aHOI CTpiuKY, KpaTHO MeTpy,
36isbIyeThest Ha 20%

2.3.3 Ommc pobotu LED-cBiT/oziony

CeiT/ioZjiog Ma€ ABa eIeKTPOy: MO3UTUBHUM (@aHO/T) Ta HeraTUBHUM (KaTO[)

(pucyHoK 2.5). __ _
e

PucyHok 2.5 — 30BHillIHIYM BUTJISA Ta MO3HAUYEHHs CBIT/IO/i0[a

CeiTnozio 3aBXAW BK/IKOUYAETbCA B CxeMy depe3 pesuctop (puc. 2.6).
OcHoBHa (yHKIisl pe3ucTopa MoJsra€ B 00Me>XeHHi CTPyMy i KOHTPOJIi HaJ| HUM.

| SOVIV IV VDT PAMNG DU U

MOHTaxXy

PucyHok 2.6 — Burmsiz Ta cxeMaTHdHe 300pakeHHsT pe3UCTOpiB

BaxymBoro XapaKTepUCTUKOKO aiony, y TOMY YrCIIi 1
CBIT/IOBUIIPOMIiHIOBAJILHOTO, € CTPYM JKUBJIEHHs Ta Haripyra. [aHi cBiTiozionu y
cepeHbLOMY PO3pax0OBaHi Ha MakcMMasbHUM cTpyMm 20 MA. Haripyra BapitoeTbCs B
3a/Ie)KHOCTI Bifi CTpyMy Ta Marepiany CBITJIOAIOAY, 110 3YMOBJIIOE KOJIp CBITIHHS.
IaHi 3 XapaKTepUCTHK CBIT/IO/[i0/liB HaBe/ieHi y Tabsuiii 2.2.
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Tabnurs 2.2
XapakTepUCTUKH CBIT/IOAI0/IB 3a HAarlpyramMmu
[Ipsima Haripyra ripu 20 MA
: Konip Marepian Turose
CBITJIOAIOAY ssauents (B) [Hiana3ox (B)
|8} GaAs, GaAlAs 1,2 1,1-1,6
YepBoHUU GaAsP, GaP, AlInGaP 2,0 1,5-2,6
ITomapaHueBU GaAsP, GaP, AlGalnP 2,0 1,7-2,8
JKoBTui GaAsP, AlInGaP, GaP 2,0 1,7-2,5
3e/IeHun GaP, InGaN 2,2 1,7-4,0
BrnakutHum ZnSe, InGaN 3,6 3,2-4,5
nowiodepon 6 | (atgun
N, F

CurHasbHi TIOpT Uno (uu@poBl Ta aHa/ioroBi) MOXXYTb BU/jaBaTH
70 40 MA (HIGH — gng undpoBux ta 1024 — 1151 aHQIOTOBMX) Ta Harpyry y 5 B.
besnocepenne Hi,[[KﬂO €HHS CBIT/IOAI0AY MOXKe ﬁeﬁ” no Buxoay LED-
iHaMKaTOpIB 3 Mazy: =d

I[lo6 wuporo He BigGyBanoch HeobxigHO| o6MeXuTH mOCTZOBHMIA
eJIeKTPUYHUI JIaHLIFOT 38 CTPYMOM 3a I0MIOMOT 010 pe3pcTopy (puc. 2.7).

Pucynok 2.7 — CxeMa miJK/IFOUeHHs [io4y Ta Pe3UCTOPY

Omnip (R) Ta moTyxHicTb TeroBoro po3citoBaHHsl (P) Mo)xHa 3HaWTHU 3a
JornoMororo ¢opmyn 2.1 ta 2.2.

I (2.1)
P=(U-U,)I 2.2)

Ckopucraemock (opmysamu (2.1, 2.2) Ta BUpaxyeMO OIip Ta MOTY>XHICTb
pe3ucTopa, HeobXiZHOTO /IS TTiAKTF0UeHHsT YepBOHOTO CBiT/IoAioAy Ao Arduino:

R = (5-2)B/0,02A=150 Om; P=(5-2)B*0,02A=0,06BT

T

) = =
= o =

RESET DO/RX
RESET2 D1/TX
AREF b2
ioref D3 PWM

D4

il
T

AD D5 PWM

LED3 L
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W OS] Br— \\
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HI D13/5C K lme A" 4 ‘JIO,E[iO,Ely
Gyne 6i | LEDL efhe ) OMm 3
. =N Red (633nm)
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PucyHok 2.8 — CxemMa miJKO/IFOUeHHs CBITJIOAI0AY A0 ApAyiHO

2.4 ITigkmroueHHsI HATUCKHOI KHOTIK!

B cxemax, /le BAKOPUCTOBYHOTbCS KHOMKHW 3a3BUYal MPUCYTHI MiATATYHOUMM
(BKJIFOUEHMM MDK TIDOBIJHMKOM i >kuBjieHHsM — pull-up) Ta craryroumit (Mibk
NpoBigHMUKOM 1 3emyieto — pull-down) pe3ucTtopu.

[TigTAryrounii pe3ucTop rapaHTye Ha JIOTIUHOMY BXO/, 3 SKKMM 3'€/HaHul
npoBigHUK, BUcoKuii (ela.kpi.ua) (v mepiioMmy Bumnaziky) abo HU3bKHUM (Y APyroMy
BUMAZIKy) PpiBeHb y BUMAAKax, KO/JM TPOBIJHUK He 3'€HAaHUM i3 JIOTIYHUM
BUXO/IOM, KO/IM MIPUEAHAHUMN BUXiJl 3HAXOUTHCSI Y BUCOKOOMHOMY CTaHi Ta KOJIU
PO3IMKHYTO KJ/IFOUOBUM €JIeMEHT Ha TMPUEJHAHOMY JIOTIUHOMY BUXOZi, SIKUM
(ela.kpi.ua) nanaropkeHo, siK BIAKPUTWUM BUBIJ K/Io4ya. KIrOUuOBHM ejieMeHTOM
MO)Ke OyTH TIO/IbOBUH UH OIiMOJIAPHUM TPAH3UCTOP, a BIAKPUTAM BUBOJIOM —
KOJIeKTOp, eMiTep, cTik (ela.kpi.ua) uu BUTIK.

_L_L]IUUIIU _L'\—lluul ]
a) 6)

PrcyHok 2.9 — CxeMma 3 miATsrytounm (a) Ta ctaryrounm (0) pe3ucropamu

JIaHI[fOI 3 pe3suCcTopoM, M0 MIATATY€E, MOKHA MOPIBHATU 3 [iIJIbHUKOM
Harpyru 3 ABOX Pe3vCTOPIB — BeMKOrO IIATATCYIOUOro 1 JyKe MaJIeHbKOIO Ha
MiCI[i KHOTIKH ab0 BiZIKDUTOTO CTOKY.

[lpy HaTHMCKaHHI Ha KHOMKY i ii BiAmyckaHHI BUHUKae T.3B. "Ops3KiT"
(bounce). Ile 6araTopa3oBe rMepeMUKaHHsI CTaHy KHOTIKM 3a KODOTKHM MPOMiXKOK
yacy (mopsiKy KiJIbKOX MiJiCeKyH/|), MepIl Hi’K BOHa mpuiiMe ctaaui ctad. Lle
HebakaHe sIBUIlle BUHUKAE B MOMEHT TepeMUKaHHS KHOIKWA 4epe3 TIPY>KHICTh
MaTepia/liB KHOTIKA ab0 uepe3 MiKpOiCKpH, II[0 BUHUKAIOTh TIPU €IeKTPUUHOMY
KOHTAaKTI.

3 edexkToM OpSI3KOTY KOHTAaKTiB MO)XHa Oopotvcsi abo amapaTHUMH, abo
IIpOrpaMHUMU MeTO/IaMHU.
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OpHuM i3 cxeMOTexHIUHUX crocobiB 60poTHOU 3 OPSI3KOTOM KOHTAKTiB €
BUKOpUCTaHHA RS-Tpurepa. Llg cxema BUKOpPUCTOBYETHCS Yy BUIMALKY, KOJIU
KHOTMKa a0o iHIMM MeXaHiYHUN JaTUMK BUKOHAHI y BUTJISi TPYIIH KOHTAKTIB, 1[0
TepeMUKar0ThCS.
RS-tpurep ckiamaetscsi 3 aBox JioriuHux enemeHTiB [-HE 1 mae BXif
yCTaHOBKM S (BiJ] aHr/1. Set —BCTaHOB/IIOBATH) i BxijJ ckugaHHs R (Big Reset). Ha
o0uziBa BXOJU yepe3 CTPyMOOOMeXKYyroui pe3ucTOpy MOZAHO HATpYTy >KUBJIEHHS.
Ha Bxozsi RS-Tpurepa, sikuii B AaHUM MOMEHT He TiJK/IHOUEHUW [0 pPyXOMOTO
KOHTAKTy, NPUCYTHiW CUTHAJ JIOT1YHOI OJTUHULII.
SKI10 pyXOMHUM KOHTAKT 3aMHMKaE BXiJ| 3eMJTi, TO HbOMY (DOPMY€ETbCS PiBEHb
noriuHoro Hyns. Ilp¥ HaTMCKaHHI Ta BignyckaHHi KkHomku (abo rmipu
Crpal[bOBYBaHHI IHIIIOTO MeXaHiYHOTO JiaTuMKa) 3a [IONIOMOTOK) pPYXOMOTO
KOHTaKTy O/IWH, TO iHIIWK BXiJj TPUrepa MiJAKIH0Ya€eThCs 10 3eMIIL.
PobGoTa cxeMu 3aneXWTh BiJl yMc/a i TPUBAIOCTI iMIy/bCiB, BUKIMKAHUX
OpsI3KOTOM KOHTAKTiB.
e oguuM criocobomM 60pPOTHOM 3 OPSI3KOTOM KOHTAKTiB € BUKOPHCTAHHS
RC-}inbTpiB A1 3r1aiy)KyBaHHSI KOMBaHb. 3r/a/pKeHUU CUTHAJT MOTIiM MOJa€ThCs
Ha BXij Tpurepa IlImiaTa abo iHIIOro0 /OTiYHOrO €1emMeHTa 3 BUCOKOiMIIeJaHCHUM
BXOZIOM.
HaiinpocTimmii mporpamHuii croci6 60poThbu 3 OPsI3KOTOM KOHTaKTiB — 1€
BUKOPUCTAHHSA 3aTPUMOK. DbBpsA3KIT KOHTaKTiB IMPU3BOAUTHL [O TOrO, IO HAa
BXI/IHOMY IIiHi 3aMiCTb 3MiHU CTaHy 3 OJWHUL] B HYJIb [IPU HATUCKaHHI KHOIIKU, MU
OTpUMaEMO 111y cepito imrynbciB. 11106 mo30aBUTHCS IX TTapa3sWTHOTO BILIMBY
MOTPiOHO BUSIBUTHM HATHUCKAHHS KHOIKW, TMPU3YITMHUTU BUKOHAHHS TPOTpaMM i
peastizyBaTu [JiesiKy 3aTpuMKy. Yac 3aTpUMKU HeoOXifHO BUOpaTH TakKUM UUHOM,
11106 BiH mepeBuIIyBaB Opsi3KiT KOHTAKTiB. Taky K mpoiielypy 3aTpUMKH MOTPiOHO
peasii3yBaTH IMiC/Isl BUSB/IEHHS Bi/IITyCKaHHS KHOIIKU.
Takoxx pnsi 6opoThbu 3 OpsiI3KOTOM KOHTakTiB Ay Arduino icHye
crietlianibHa 6ibsioTeka, fKa Ha3uBaeTbcsd Bounce2. 3aBaHTaKuTh il MOXKHA 3
peno3uTopito GitHub. s 6i6/1ioTeka BKIrOUa€e Taki MeTO/IU:
v Bounce () — iniriami3arist 06'ekta Bounce.
v" void interval (unsigned long interval) — BcTaHOB/IIOE YaC aHTUOPSI3KOTY B
MiJTiICeKyH1ax.

v" void attach (int pin) — BCTaHOBJIIOE IIiH, /10 SKOI'O IMiZK/IF0YeHa KHOMKA i
MiZK/TI0UaEe Ha LIbOMY BUCHOBKY BOY/JOBaHUM MiTATYIOUNI Pe3UCTOP.

v" int update() — ockiibku Bounce He BUKOPHCTOBYE nepepuBaHHst Arduino,
BU «OHOBJIIOETE» 00'€EKT [0 TOTO, K 3UMTYETe MOro CTaH i Lie MoTpibHO
pobuTH nocTitiHo (Haripukaz, ycepeauti loop). Merton update oHOB/IOE



30

o0'ext i moBepTae TRUE (1), siKiljo cTaH MiHa 3MiHWI0CS (KHOMKa Oysia
HaTUCHyTa abo X, HaBmaku, BigmyijeHa) i FALSE (0) B iHmomy
BUTIAIKY. BUkmuk mMertoay update BcepeauHi loop HeoOXigHO pOOHTH
JVLLIe OJTUH pa3.
v" int read () — roBepTa€ OHOBJIEHHH CTaH ITiHAa.
3a mpomoBuaHHsM 6ibsioTeka Bounce BUKOpPUCTOBY€ iHTepBas cTabisizarii
(stable interval) pgnst peanisanii anTubpasraty. Lle mpocrTiiie i po3yMiHHS i
JI03BOJISIE He 3HAaTU TPUBAJiCTh Ops3KoTy [15].

2.5 Pobora 3i 3MiHHUMM pe3rucTopaMu

Y MpoeKkT [AOLiJbHO BK/IKOYMTH 3MiHHI pe3ucTopu: (OTOpe3UCTop [Jst
KOHTPOJIIO PIBHS OCBIT/IEHHS Ta MOTEHLIIOMETP, AJ/151 BAKOPUCTaHHS KOPUCTYBayeM.

2.5.1 Po6oTa 3 oTope3ncTopom

doTOpe3ucTop — Lie HaMiBNPOBIIHUKOBUM NOpwaaj (JaTuuK), SKAW MOpU
OMPOMIHEeHHI CBIT/IOM 3MiHIO€ CBil BHYTPILLIHIN OIIip.

Ha Bigminy Bijg (QoroenemeHTiB iHIIMX TUMIIB  (QoTogioniB Ta
(OTOTPAH3UCTOPIB) JaHWM TIpuiaf He Mae p-n mepexony. Lle o3Hauae, 1[0
(OTOpe3nCTop MOKe MPOBOJWUTH CTPYM He3a/e)KHO BiJj MOT0 HAaNpSMKy i MOXXe
TIpaLfOBaTh He TiJIbKA B JIAHL[IOTax IMOCTIMHOTO CTPYMY, [le € MOCTiiHa Harpyra,
asze i 3i 3MiHHUMM CTPyMaMU.

KoHcTpykuist pisHUX Mozesiel (h)OTOpe3uCTOpiB MOXKe BiZJpi3HATHCSA (POPMOKO
Marepiany KOpmycy. Ajie B OCHOBI KOXKHOI'O TakoOro MpWIajy JIeXXUTb OCHOBA,
HalyacTille KepaMiyHa, BKPUTA 11apOM HaIliBIPOBIIHUKOBOr0 MaTepiany. [ToBepx
I[bOT'O HATIBIIPOBiZIHUKA HAHOCATb 3MIiMKOK TOHKHWU IIap 30JI0Ta, IMJIaTUHU abo
IHIIIOr0 KOPO3iMHOCTIKKOro MeTainy. Illapy HAaHOCATBCA LIITXOM HanueHHs. [16].

\ \ ~ i rum—‘.H.‘\ﬂ..f———--”'
a) - :

Pucynok 2.10 — Bug (a), cxemaTruHe 306pakeHHs (0), Ta KOHCTPYKIIis (B)
dboTopesurcTopa
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Y HeakTHMBHOMY CTaHi HaIliBIIPOBIJHUK BUSBJISIE BIACTUBOCTI Jie/leKTpPUKaA.
Ons Toro 1mo0 BiH TNPOBOAWB CTPyM, HeoOXifHWN BIUVIMB Ha peUYOBHUHY
30BHIIIIHBOTO CTUMYJIAITOpa. TakuM CTUMY/ISITOPOM MOXKe OyTu TepmiuHa fist abo
CBITJIOBA.

[Tig pmiero (OTOHIB CBiT/I@ HAMIBMIPOBIAHUK HACUUYETHCS €/IeKTPOHAMHU, Y
pe3y/ibTaTi BiH CTa€ 3/JaTHUM TMPOBOJAWTH eJIeKTPUUYHUM CTpyM. Uum Oisnblie
e/IeKTPOHIB YTBOPIOETHCS, TUM MEHILUWW OIip CTPyMy Ma€ HamiBOPOBiJHUKOBUM
mMarepiaJl.

Ha upomy mpuniuni 6a3yeTbcsa poboTa ¢oTOpe3sncTopiB. YTBOPEHHIO
e/IeKTPOHIB CIpUSIE SIK BUJVMMHUW CIIEKTP CBiT/Ja, Tak i He BUAuMUU. [Ipruomy
(oTOpe3nCcTop UyTAUBILIMKA [0 iH(pauepBOHUX TMPOMEHIB, L0 MalTh BEJIUKY
eHepriro. HU3bKy 4yT/IMBICTh 0 BUAUMOTO CBIiT/Ia BUSIB/ISIFOTE YMCTI MaTepiaiu.

@OTOPE3UCTOP MAE€ CIIeKTPa/bHY UYTAMBICTh. KO [OBXUHA CBITJIOBUX
XBU/Ib 3HAaXOAUTHCS [103a 30HOIO MPOBIJHOCTI, TO MPU/IAJ IlepecTae pearyBaTv Ha
Taki TipoMeHi. OCBIT/IEHICTb y TakKUX BUIAJKaX B)Ke He MOXKe BIUIMBATHM Ha
CTPYMOIIPOBiiHiCTE BUPOOY. Bubip criekTpa/sibHUX XapaKTepUCTUK 3aJleXKUTh Bif
YMOB eKCIlTyartallii BUpoOy Ta pO3B'S3yBaHUX 3aB/aHb. SIKII[0 iHTEHCMBHOCTEM
BUIIPOMiHIOBaHHS 3aMajio cTabisbHOI poOOTH TPUCTPOIO, MOTrO e(eKTUBHICTH
MOXXHa TIBUIIUTH IIJSXOM MifA00py UyTIMBUX efieMeHTiB, 3 BiANOBiAHUM
HarliBIIPOBIJHUKOBUM I1aPOM.

2.5.2 PoboTa 3 rnoTeH1ioMeTpoM

[MTorenijiomerp (aHrn. potentiometer) — 3MiHHHN ab0 peryJbOBaHHUM
pe3uctop. BiH Bifipi3HA€THCS Bif MOCTIMHOTO TUM, IO MOTO OIip MOJKHA MJIABHO
3MiHIOBAaTH MPaKTUUHO BiJl HYJISl /10 TIEBHOTO 3HaueHHs. 3MiHa BifOyBaeThcs 3a

JIOTIOMOI'OK0 MeXaHIUHOTr 0 NepeMmilieHHs MoB3yHKa. [17].
[ ]

a) 6)

PrcyHok 2.11 — CxemaTHyHe TI03HAUEHHS a) Ta TUTIOBUM BUIJISA]] TTOTEHLiOMeTpa

3MiHHUI pe3ucTop MO)Ke OyTH [BOX THIIIB: JPOTSHUM Ta ITUTiIBKOBUM. Y
JPOTSIHUX Ha Jlie/IleKTPUUHYy TPYOKY HaMOTaHUM JIPIT, y3[0BXK Hel rmepeMilljaeTbCst
MeTajleBUii MepeCcyBHUM KOHTaKT — TOB3YHOK. Voro posraiyBaHHs i BU3Hauae
omip esemMeHTa. BUTKU [pOTy yKjajeHi BOPUTYJT OAUH [0 OJHOrO, aje BOHU
pO3AiseHi 11apoM JIaKy 3 BUCOKUMU [iieJIeKTPUUHUMU BJIaCTUBOCTIMU.
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IcHye 6araTro pi3HMX KOHCTPYKLiM 3MiHHMX pe3UCTOpiB, aje iX MOXXHa
PO3JINTU HA [IBI OCHOBHI I'PYyIY, SIKi Bi/IPI3HAIOTHCSA TPAEKTOPIEI0 PyXy KOB3HOIO
KOHTaKTY: MOTEHL[iIOMETPH 3 JIIHINHUM PYXOM PyXOMOI CUCTEMU Ta MOTEHLIIOMeTPH
3 KPYTOBUM PYXOM PYyXOMOI CUCTEeMHU.

3[BO€HI, YOTHUPHUBIPHI 1 T.J. MOTEHLIIOMETPU BUKOPUCTOBYIOTHCS B ayzio
TeXHilli /7151 3MiHW PiBHS T'YYHOCTi Ta TeMOpy B KiJIbKOX ay/jio KaHa/jax 0/[HOUaCHO
(cTepeo, KBapo i T.A.).

ChiBBiCHI TMOTEHLIIOMeTPU 3aCTOCOBYHOTbCSA [/l KepyBaHHSA PI3HUMU
GyHKIISIMM, HalPUK/Ia/l, TYUHiCTIO Ta 6aslaHCOM B aBTOMOOiNbHil Ta TepeHOCHi
pazioariaparTypi.

[ToTeHL[ioMeTpr 3 BUMHMKAaueM 3a3BMYall 3aCTOCOBYIOTb [Jii KepyBaHHS
TYYHICTIO Ta YBIMKHEHHSIM/BUMKHEHHSAM 3a [JOTIOMOTOK0 OJHI€l PYUKHU.

[ToTeHujiomeTpy, 3 (ikcaLier0 cepeHbOr0 CTaHOBUILA, BUKOPUCTOBYHOTHCS
peryoBaHHsI cTrepoebasiaHca, TeMOpy Ta iHIIMX MoAiOHKUX hYHKIIiIN 3 0JHOYaCHUM
OTPUMMAaHHSIM TaKTWIbHUX BilUyTTiB B HEUTPA/JIbHOMY MOJIO>KEHHI.

3MiHHI pe3UCTOPU MOXKYThb Bi/Ipi3HATUCS PO3MIpOM i MaTu pi3HUM JiaMeTp
Basy, 10 A03BOJIsIE TIPU MPOEKTYBaHHI pajiioanapaTypy BUOMpaTU MOTeHL[iOMeTpr
BUXOJAUH 1 3 pO3MIpPIB KOPITYCY MPUCTPOIO.

Ha BifMiHy BiJi MOCTiIMHUX pe3UCTOPIB, y pPery/bOBaHUX He JiBa BUBOJH, a SIK
MiHIMyM Tpu. Ha esleKTpUuHUX cxeMaxX 3MiHHI Ta IiCTPOIOBa/IbHI pe3nucTopu
M03HAYalOThCS TPSMOKYTHUKAMHU SIK TIOCTiMHi, ajie MaroTb J0JaTKOBUU BUBI[,
SKUM CXeMaTUYHO MpeJCTaB/JeHUl SIK JlaMaHa JIiHis, 110 YIHUPaEeThCsl B CEPeUHY
300pakeHHs. 11106 MoxkHa Oy/0 Bifipi3HWUTH 3MIiHHUU BiJ MMiICTPOIOBAILHOTO, Y
3MiHHOTO Ha KiHIL[i TPeTbOTrO BBEJ€HHS Ma/O0Th CTPIJIKY, MiACTPOIOBAIbHUAN
300pa)Ky€eThCS IOBIIIOK TIePIeHAUKY/IIPHOIO iHi€r0 6e3 CTPilKu.

Bubupary 3MiHHUI pe3ucTop HeoOXiJHO He TiIbKKM 3a CTaHAapTHUMMU
rapamMeTpaMH — OTIOPY, MOTY>KHOCTI, 1[0 PO3CIFOEThCS, i IOMyCTUMOI TOXUOKH, a U
3a TAKUMU:

- [liara3oH 3MiHU OMOPIiB.

- Pob6oua TemriepaTypa.

- TenoButii omip. [Toka3ye, HaCKibKK 30i/IbIIY€ETHCS OMip MPU HarpiBaHH.

- EdekTuBHUI KyT MOBOPOTY pery/sitopa.

2.6 Pob6ora 3 iH(pauepBOHUM TpHiiMaueM

[Hdpavueproni TpomMeHi — HaWOINBII JemIeBUA CITOCiO /s AUCTaHI[iHHOTO
KepyBaHHSI TPUCTPOEM Yy HEBUIMMOMY /[liaria3oHi CBIT/a.
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BiZleo mpucTpoi yrpaB/sitoTeCa IY  mpoMeHsaMH. Y  3B'I3KYy 3 ILLIWPOKUM
BHKOPUCTOBYBaHUX HeOOXiZIHUX KOMIIOHEHTIB, [Y ympaB/iHHs cTano
Jy)Ke JiellieBuM, 1[0 poOUTh MOro ifjea/lbHUM y H0OUTE/iB BUKOPUCTOBYBATH /IS
B/lacHUX MpoekKTiB (lektsii.com) [18].
Mogaynsiiisi HeobxigHa A/ TOTo, 11100 CUrHa/A BUZIMSBCS Ha TAi 1Iymy. 3
Moaynsijietro curdHan [Y 6Gaumae 3 meBHOI uactoTor. [Y-mpuiimau Oyze
Ha/allTOBaHWM Ha Lf0 YaCTOTY, TOMY BiH MO)Ke irHOpyBaTH peLUTY.

1

PucyHok 2.12 — Cxema poO0TU CUCTEMU

Ha pucynky 2.12 niBopyu Iepezasay, 1[0 MOAYJ/IFOE€ CUTHA 3a [OIOMOIOX0
[U-cBiTnoziona. CurHam peecTpyeThCs y TIpUiiMaui 3 iHIIoro 60Ky.

Ha pucysky 2.13 npeacraBieHO TUIOBY 06/0K-cxemy [Y-mpuiiMaua.
Otpumanuii [U-curnHan i3 gortofiosia BUsiBeHHs (Ha JIiBiKi CTOPOHI Aiarpamu). Leit
CUTHA/ TIOCU/TIOETbCS Ta OOMeXYyeTbCsl y Tepiux 2-x eTanax. OOmexkyBaueMm €
APII, mo6 oTpumaTu MOCTiMHUM piBeHb IMIy/bCY, He3aJeXHO Bif BiZCTaHi [0
nynbTa. Jani 3 APII curHan HaaxoauTh Ha cmyroBuu QinbTp (BPF). CmyxHui
(GibTp Ha/MAIITOBAaHMM Ha YaCTOTY MOZAYJISLII MyJ/ibTa. 3arajJbHUAM Jiara3oH yacToT
Bif 30 kI'y 1o 60 KI'1y A1 crio>kuBUOT eneKTpOHiKU. HacTyrnHuii eTarn: [jeTeKTop,
iHTerpaTop Ta Kommnaparop. L{inb 1ux TpboX OIOKIB /7151 BUSIBJIEHHS] PUCYTHOCTI
yacTtoTu moay/suii. [lsg yactora Mofyssiii € BUXi[, KOMIapaTopa SIK HHU3bKHM
CUTHaJL.

Amplifier Limiter Demodulator Integrator Comparatar
PucyHok 2.13 — Cxema pobotu Y npuiimaua

IY npuiimau (IR receiver) Ha 6a3i gatuvka 1838 ripusHaueHuii A1t npuiioMy
JlaHUX BiJl My/bTIB yIpaB/iHHS, L]0 MPALIIOIOTh B iHPpauepBOHOMY Jiara3oHi Ha
yacTtoTi 33-43 KI'1j. 3araspHi XapakKTepUCTHUKHU:

v’ poboua Harpyra: 2.7 .. 5.5 B

v’ crniokuBaHui ctpym: 1.4 MA

v" vacrota: 38 KHZ

v’ KyT UyT/IMBOCTi: 45 rpaiycis

v’ manbHicTh npuiiomy: 0 20 M

[Mpuitmau TL1838 VS1838B 1838 mpaifoe 3 Oi/blIicTIO Ty/bTIB
JVICTaHL[iIMHOTO KepyBaHHs (PUCYHOK 2.14).

BuBogu npuiiMaua iH¢padyepBoHOro BumnpoMiHtoBaHHs TL1838 VS1838B
1838 :

1 - BUxipg;
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2 - 3eMJIs;
3 - mmoc 5V.

AR 4%

PucyHok 2.14 — CxemMa KOHTAKTIB [J1s TTiAK/IFOUeHHS

2.7 PoboTa 3 JaTUMKOM pyXxy

Hatuvk pyxy (PIR-ceHcop, mnacuBHMM iH(QpauyepBOHUM [aTuMK U
MipOe/IeKTPUYHUN CEHCOp) — pearye Ha pyX. atuuk pyxy ApAyiHO [103BOJIsIE
Bi/ICTe)KUTH TIepeMillleHHs] B 3aKpUTiii 30HI 00'€KTiB, 1110 BUIMPOMIHIOIOTh TETI0
(/mrogu, TBapuHM). Taki CHCTeMH YacTO 3aCTOCOBYHOTH y TIOOYTOBMX YMOBaAXx,
HamNpUK/aJ, [/ BK/IIOUEeHHS OCBiT/IeHHs y TiA'i3gi. Mani  rabaputw,
(essuir.sumdu.edu.ua) HM3bKa BapTiCTh, MPOCTOTA eKCILIyaTawii Ta BiJCYTHICTb
CKJIa/IHOLLIIB Y IMIK/IFOYEHH] 03B0JISIE BUKOPUCTOBYBATH TaKl JAaTYMKU y CAUCTEMax
CUrHasIi3aLil pi3HOro THUITY.

Konctpykuisa PIR-ceHcopa ck1afaeTbCs 3 MipoeieKTPUUHOIO ejieMeHTa, 110
Bi/IDi3HSIETHCSI BUCOKOIO UYT/IMBICTIO (ZieTasib LWIIHAPUYHOI (DOPMH, B LIEHTPI SKOI
pO3TalllOBaHWK KPUCTa/l) [0 HasfBHOCTI B 30HI BIUIMBY TE€BHOTO PpiBHA
iHbpauepBoHOTO BUMpOMiHIOBaHHS. [1lo Ginbilia Temriepatypa o6'ekra, To Oisblie
BUIPOMiHIOBaHHS. 3Bepxy PIR-7iaTurika BCTAHOBJIIOETHCS HarmiBcgepa, po3jijeHa
Ha KiJlbKa [JingHOK —(J1iH3), KOXKHa 3 SKUX 3abesreuye  (HOKyCyBaHHS
BUMNPOMIiHIOBaHHSI TEMJIOBOi eHeprii pi3Hi cerMeHTH AaTuvKa pyxy. Haduacriiie
(learn.ztu.edu.ua) sK miH3a 3acTOCOBYIOTH JIiH3Yy DpeHens, siKa 3a pPaxyHOK
KOHL|eHTpaL|ll TeruioBOro0 BUIIPOMIHIOBAHHA [03BOJISIE PO3LUWPUTHU JiarasoH
YYyT/IMBOCTI iH()pauepBOHOTO JaTuuKa pyxy Ap/yiHo.

PIR-ceHCcOp KOHCTPYKTMBHO TiOofiiieHO Ha [Bi (essuir.sumdu.edu.ua)
MoJIOBMHU. lle moB'A3aHO 3 TWM, 1[0 3 TPUCTPOIO CUTHAII3aLil BaXkK/IMBO Came
HasBHICTb PYyXy V 30HI UyT/IMBOCTL, @ UM He caM piBeHb BUIIPOMIHIOBaHHA. ToMy
YaCTUHU BCTAHOBJIEHI TaKUM Crocobom, 110 TIpY YJIOBJIFOBaHHI OJJHOTO Oi/IbIIOTO
piBHSI BUTIDOMiHIOBAaHHS Ha BUXif Oy/ie TIoZjaBaThCsl CUTHa 3i 3HaueHHsM high a6o
low. (learn.ztu.edu.ua)

OCHOBHMMMU TeXHIYHUMU XapaKTepUCTUKAMU JaTurka pyxy ApAyiHo €:

30Ha BuUsiB/IeHHsI 00'€KTIB, 1[0 PyXalOTbCsl, CTAaHOBUTS Bif 0 10 7 MeTpiB;

® jiarasoH KyTa cTekeHHs — 110 ©;

® Harpyra )XusjeHHs — 4.5-6;

e pobouuii ctpym — 70 0,05 MA;
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® TemmepaTypHUM pexxuM - Bif -20 ° 1o +50 ° C;

® peryJibOBaHUM yac 3aTpuMkH Bif 0,3 10 18 c.

Mogaynb, Ha sKOMY BCTaHOB/IeHO iH(payepBOHMW [JaTYUK DPYXY,
(essuir.sumdu.edu.ua)  Bk/tOUAa€  JOJATKOBY  eJIeKTPUYHY  OOB's3Ky 3
3anobi>kHMKaMH, pe3ucTopaMu i KoHZeHcaTtopamu. [19].

I-LUVY Uulput (PIVIT TN L

Pucynok 2.15 — Jatumk pyxy HC-SR501

Koy ripucTpiii BCTaHOB/IEHUN Y MOPOXKHIM KIMHATI, /1038 BUIIPOMIHIOBaHHS,
oJlep)kKyBaHa KOKHHMM eJleMeHTOM, TOCTilHa, K i Harpyra. 3 MosiBO0 B KiMHaTi
JIFO[JMHU, BiH Hacamrepes, MoTparvisi€ y 30Hy OIJIsZy IepIIoro ejieMeHTa, V IKOMY
3'AB/ISIETbCS TO3UTUBHUM €JIEKTPUYHMM iMITy/ibC. Koy Tt0jiHa repemilaeTbCsi 1o
KIMHAaTi, pa3oM i3 Hero repeMiljaeThCs 1 Ternji0Be BUMIPOMIHIOBaHHS, 1110 MTOTPAarise
BXe gpyroro ceHcop. lleli PIR-enemeHT reHepye HeraTHBHUM iMITy/IbC.
PisHOCIpssMOBaHI IMITyJ/IbCH PeECTPYHOTHCS €IeKTPOHHOK CXeMOK [aTyuKa, L0
pPoOUTL BUCHOBOK, 1110 y 110711 30py Pir-sensor Arduino 3HaXoAuTBCS THOMHA.

V

Pucynok 2.16 — Ilpunuun pobotu aaturka (learn.ztu.edu.ua)

15 Ha[iMHOTO 3aXMCTY BiJ 30BHILIHIX LIyMiB, MepernajiB TeMrepaTypu Ta
BOJIOTOCTiI €/IeMeHTH /laTyMKa BCTAHOB/IIOKOTBCSI B TePMETHUYHUA MeTajeBUr
Koprnyc. Ha BepxHil uyacTMHI KOpHyCy MO LIEHTPY 3HaXOAMUThCS MPSIMOKYTHUK,
BUKOHAaHWM 3 Marepiaay, L0 TPOIYyCKae iH(pauepBoOHe BUIIPOMiHIOBAHHS
(HaluacTille Ha OCHOBI CWIiKOHY). UyT/MBI e/leMeHTH BCTaHOBJIIOIOTBHCS 3a
racTiHOR. (essuir.sumdu.edu.ua)

2.8 Bubip nporpamMHOro iHCTpyMeHTapito

He MeHI Ba)K/IMBUM IUTAHHSIM o0 BUKOPUCTAHHA TTPOrPAMHHUX 3aco0iB
AJId  TIPOEKTYBAHHSA CHCTEMH, HAIIMCAHHA Bi,[[l'[OBi,E[HOl" (0] Ha6opy KOMdH/[ Ta
IMMPpOIIMBAHHSA l'IJ'IaTd)OpMI/I. TOMy PO3I/IAHEMO OCHOBHIi nporpaMHi KOMIIOHEHTH
HIKYe.

2.8.1 Bubip cepemoBuiiia po3poOKu
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Tak sIK Jjsi JaHOro TIPOEKTY 3aCTOCOBYEThCS TaTdhopma ApyiHO TO
JopeuHuM OyJie BUKOpUCTaHHs BijoMoro 3acoby — Arduino IDE.

Abpesiatrypa IDE posumdpoByetbcs sik  Integrated Development
Environment, y Tiepekaii — iHTerpoBaHe cepezioBuiile po3poOku. (ela.kpi.ua)

Arduino IDE po3Bonsie ckiajaTd TIporpaMd 3a JOMOMOIOH) 3pYyYHOTO
TEKCTOBOI'O peJlakTopa, KOMIIIFOBaTH IX y MallMHHWK KOJ, i 3aBaHTa)KyBaTH Ha
BCi Bepcii miatu Arduino. [20].

'=

Pucynok 2.17 — Intepgeiic Arduino IDE

ApayiHo IDE, gk cepejoBuille IporpaMyBaHHs, IIpU3HauyeHe [jid
HerpodeciitHOro BUKOPUCTaHHSI y poO0TOOYIyBaHHI Ta CTBOPEHHSI HaUMPOCTIILNX
aBTOMAaTUYHUX cucTeM yrpaBiiHHS. CrieKTp 3aBAaHb, sKi Oyje 37aTHMI
BUKOHYBaTU T'OTOBUM TMPHUCTPii, BHM3HAUa€TbCsl HaOOpOM IaT, 10 BXOASTH [0
1oro cknany.

st pobotu 3 cepefoBUIlleM HeoOXigHO TiAKIOUMTH 3i0paHuii BUPiIO 10
KOMI'toTepa 3a Joromorow kKabemto USB. [ani B Aucrneryepi TNPUCTPOIB
HeoOXi/IHO TiepeBipyTH, [0 SKOrO MOPTY MiAKIHOUeHUd MiKPOKOHTposep. SKIio
BiH He BiZiobpakaeTbcsi abo HamuvcaHo, 10 MPUCTPiIM He PO3Mi3HaHUM — 3HAUUTh
HeNpaBW/ILHO BCTaHOB/IeHWU [paiiBep abo maTa TmoTpebye AiarHOCTUKM.
HactynmHum KpokoMm Oyzie 3amyck MoBU mporpamyBaHHs Arduino IDE. Y meHio
noTpibHO BUOpaTy BKIaAKy iHCTpyMeHTH. [1pu i HaTMCKaHHI BiJKPUETHCS CITUCOK,
y sIKOMY HeoOXijHO BUOpaTH MyHKT NopT. TaM noTpibHO BUOpaTH MOPT, BKa3aHU
y ngucrietuepi mnpuctpoiB. KiHIleBUM NyHKTOM € BuUOip TuI1aTH, $SIKy MU
BUKOPHUCTOBYBaTUMEMO [1JI1 3aBaHTa)KeHHsI CKeTUiB.

2.8.2 Bubip MoBU nIporpaMyBaHHsI

OcHoBoro a1t ApayiHo € w™oBa C/C++, mpore pasg  pobotu 3
MiKPDOKOHTpPOJIEpAaMM BUKOPHUCTOBYIKOTBCS W iHIII, Harnpukiaag Processing —
HeBeJIMKa CyOMoOBa TporpaMyBaHHsI, 3aCHOBaHa YaCTKOBO Ha Java (KOHIIemnllis) Ta
yacTKoBO Ha C++ (CHHTaKCHC, 3pY4YHICTb, iHIlle, iHile). Ha Processing Mo)kHa
JIETKO Ta ILIBUJKO CTBOPDUTU MYJbTUMEAIMHUM [OJATOK JJis Pi3HUX MiaTtdopm.
[Tporpama Arduino Ha3UBa€THCS CKETY.
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2.8.3 Bubip cepesoBuilja TpOeKTYBaHHS Ta MO/IeTFOBaHHSI

171 TIpOeKTyBaHHSI Ta MOjie/lFOBaHHSI po3pobsieHoi cucTeMu HeoOXigHO
obpatu CAIIP, 1m0 3a/I0BUIbHATH BHUMOTaM IIPOeKkTy. /[Ijii [hOr0 MO>XKHA
CKOpHCTaTUCh cuctemoro Proteus Design Suite 8.x Bijg kommanii LabCenter
Electronics.

Bona npaiitoe 3a crangaptamu PSpice, Ha OCHOBI SIKMX (PYHKIIiIOHY€ JIOTiKa
BCiX IMepCOHAa/IbHUX KOMII'FOTepiB CYUYaCHOCTI, @ TAKOK MPOrPaMOBaHKUX MPUCTPOIB:

. MiKPOKOHTPOJIepU;

. MiKpOIIpOLIeCOpH;

. LM(POBi cUrHa/bHI TTPOLIeCOpy;
. Ta iHIIIe.

InTepdetic Proteus ayke HaouHuu (puc. 2.21). Bci, XTo Ha TmpakTUiii
3HalOMUM i3 MOOY/I0BOI0 MiKpOCXeM, JOCUThb IIBHAKO OCBOIThCS TYT. Jlo CKmamy
KOMII/IEKCY TaKOK BXOJUWTb [IOBiIKOBa iH(opMmallisi, /e BU 3HaiileTe Bi/IIOBi/li Ha
CBOI 3alTMTaHHS, a TAKOXX 03HalOMUTeCs 3i crieljudikallisiMu.

€ O6ibmioTeka geMOHCTpariiHUX TIpoekTiB. Tam peasizoBaHi THIIOBI
cuTtyalii, 3 TPUKJIAAYy SKMX 3MOKeTe HaBUaTUCHA 1 HaBiThb peasli30ByBaTU BJIACHI
po3pobku. Le 3a0111aguTh yac i J03BOIUTH HIBU/LLIE BTITHYTUCS Y TIPOLIEC.

[TepenbaueHo i pemakTopa AJsi HAMMCAHHS MPOTpaMU sl KOHTPOJepiB. Y
pe3y/bTaTi B OJHOMY Cepe/IOBUILI BU 3MOJKeTe CIIPOeKTYBaTH CXeMY, IMOAUBUTUCS,
sK BOHa BUIJIsiIaTMe B TOTOBOMY BWIJIsSiZi, i HamucaTy mporpamHe 3abe3rneueHHs
Ji1s1 11 ipaBUW/IbHOTO (YHKITIOHYBaHHS [22].

Pucynok 2.18 — CraproBa crtopinka CAIIP Proteus 8.x

€ migTpMMKa IUIariHiB 1 KOMIIVISTOPIB, IO IMiAK/IHOUaroThCs. Lle 3HauHO
pO3LIMPUTh (DYHKI[iOHAN Ta chepr 3aCTOCYBaHHSI.

2.9 BUCHOBKY 3a IpyrUM pO3/17I0M

Y BiATIOBIAHOCTI O CTPYKTYPHOIL CXeMU J/1s1 IPOrpPaMHO-ariapaTHOIo
KOMILTeKCY, O6ymo mifibpaHo Taki OCHOBHI KOMITOHEHTH:

1. xoutponep Arduino UNO R3 Ha 6a3i mikpokoHTponepy ATmega328P;

2. cBiTI04i0AHa cTpiuka WS1228B;
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3. IY npwuiimau npurimau TL.1838 VS1838B 1838;

5. pmatuuk pyxy HC-SR501

[TnaTtdopma Arduino Uno, Ma€ BCi MOXK/IMBOCTI /iJis peaJti3allii moCcTaBIeHUX
B pobOTi 3aBAaHb: 3UMTYBaHHS TOKa3iB JaTUWKiB Ta KepyBaHHS BUXOJAMH, [0
SAKUX Yepe3 CXeMH Y3rO/pKeHHs IMiK/II0YAEThCS CTPiuKa. AJITOPUTM BUMIpPIHOBaHHS
riepeibaya€ MOJK/IMBICTb TMPOTPAMHOTO 3ajlisTHHS Takux KomroHeHTiB MCU i
JIOTIOBHEHb B CXeMOTEeXHiL|i MJ1aT(GOPMU:

- LIAIL
6710k 06pOOKY TepepuBaHkb;
1[M(POBi BXOIU/BUXO/IU;
aHaJsIOroBi BXO/IH.

MogentoBaHHs1 po60TH crCTeMH Beslocs 3a [0TIOMOror0 rnporpamu Proteus
Design Suite 8.13

Y dKocTi cepefoBuilla PO3pPOOKM TMporpaMHOro 3abesreueHHs Oyso
BupilieHo BuKopuctoByBatM Arduino IDE, wMoBa miporpamyBaHHsI —$iKa

BUKOpHUCTOBY€EThCS B Arduino [DE (essuir.sumdu.edu.ua) — Processing.



PO31JI 3
PEAJIISALIA ITPOT'PAMHO-AITAPATHOI'O KOMIIJIEKCY
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3.1 IIpoekTyBaHHA arapaTHOr0 KOMILJIEKCY CUCTeMU

[ns ripoekTyBaHHSI CKOpUcTaeMOCh KommoHeHTamu CAIIP Proteus, 1o
HaBe/leHi y Tabmui 3.1.

Tabmmig 3.1
[Tepenik He0OXiTHUX KOMIIOHEHTIB MTPOEKTY
317191 Tun petani Po3sraiyBaHHA [TigK TroueHHsI Burnsig,
. | Arduino DEVICES/ F;J;OB?IE“
UNOR3 | Arduino UNO R3 Ay
TIPOEKTY
®doTo- DEVICES/TORH
2 pesucTop LDR flo Hopry Al
3 RGB DEVICES/ Ho Tlopty
Crpiuka WS2812x8 D11
LEDS: DEVICES/
A RED LED-RED ng gngy gg
GREEN LED-GREEN ﬁo Hop;y Do
BLUE LED-BLUE pPTY
Knomnka DEVICES/
® | MexaHiuHa BUTTON flo Topry D2
IK-ripuiimau DEVICES/
6 Ta IyJIbT IRX_KEYES flo Hopry D9
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51%[ Twun petanmi Po3raiyBaHHs [TigKTroueHHs Burmsig
IK-daTuuk DEVICES/PIR
7 fyxy Sensor2 Mo Hopry D7
g | TOTEHWIO- | ppviCES/POT | [lo Topry A2
MeTp
Omip y R2
9 Pesucrop DEVICES/RES eJIeKTPUYHUX —A 1
JIaHIFOrax 220
s
10 | 3asentenms TERMINALS/ 3a3eMJIeHHS Y _l_
GROUND eJIeKTPUYHUX =
JIaHLIForax
Ha +5V
11| SKusnenus TERMINALS/ JKUBJIEHHSA
POWER eJIeKTPUYHUX ¢
JIQHLIIOTIB
st
Jloriuaui DEVICES/ OTPUMaHHA E)
12 CUTHaJI LOGICSTATE JIOTTYHOTO
CUTHAaJy
[ po3puBy
, TERMINALS/ y LneL
13| 3'emuyas DEFAULT e/IeKTPUUHUX &
cxeMax
st
INSTRUMENTS/ | MojieioBaHHs o
14 | TepmiHan VIRTUAL poboTu .
TERMINAL MTOC/TiIOBHOTO _—
TOPTY

B pmomatky A 3o0pakeHa cxema IMpOEKTYy, 1110 MoOysoBaHa B CepeOBUII

CAIIP Proteus. LlenTpasibHUM BY3/10M aHOiI cxeMd € poToTuIl rmiiati ARDUINO

UNO R3, Ha ssKkoMy TIpUCYTHiI BUBOJU LIM(POBUX Ta aHa/oroBux noptiB (ARD1).

JKviB/ieHHsI Ta 3a3emyieHHs Y 1Iili MoJeni TuiaTu He mepefOaueHo. /laHa Mojienb

TIpWIaJly He BXOAUTH /10 odirfitinoro I13 cucremu, Tomy ii HeoOXiHO CKayaTH Ta
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yCTaHOBUTH 710 6ibmioTek 3 caliTy KoHCOpLiymy po3pobHuKiB [23]. IIpu Bu30Bi
KOHTEKCTHOTO MEHIO0 [JIJaHOTO KOMITOHEHTy MOXXHa 3aBaHTaXUTH [0 HBOTO
TIPOIIIMBKY 3 KOZIOM TIPOeKTy y 6iHapHOMY dhatini (ekcropT 6iHapHOTrO (haitny).

CeiTnogiogu (uepBonuii — D1, 3esennit — D2 Ta cuHin — D3) nigktoueHi /10
uudposux noptis (essuir.sumdu.edu.ua) 4, 5, 6 BiAnoBigHO. [J0 KaTO/iB KOKHOTO
31 CBIT/IOZIO/IIB TTiAK/IFOUEHO pe3ucTop HoMmiHaioMm 220 Om Ta 3a3eMJIeHHs.

Hatuckna kHomka (BTN1) migkmtoueHa go pudpoBoro nopty 2 3i
ctaryrounM pe3uctopoM R5 HomiHaziom 10 kOm. Ha iHIIMM KOHTAakKT KHOMKHU
MOJAETHCA KUBJIEHHS +5V.

3MiHHUK pe3ucTop — mnoreHLiomeTp RV1 migkiroyeHO [0 aHaIOroBOrO
rnopty Al. IHIII MOro KOHTAKTH MiJ’€JHAHO [0 >XUBJeHHs (+5V) Ta 3a3eMJieHHs.
DOTOPE3UCTOP TIIAKIOUEeHO A0 nopTy A2 3 migraryrouuMm pesuctopoMm R4 Ha 10
KOM.

BipTyaneHuit TepMiHan BiZIMOBIAHO MiAKIrOUeHO Ao nopTiB 0 Ta 1 natu aJis
MO/Ie/TFOBaHHsI POOOTH arapaTHOTO CEepiltHOrO TOPTY.

IH(ppaueBoHUl AaTUWK pyxy TipefcTaB/ieHO y npoekTi sik PIR1. Ile Takox
TIPUCTPili, 6i6/ioTeKy sfKOro HeoOXifHO 3aBaHTaXKUTH 3 TOTO K pecypcy 1o i
AppayiHo. BiH Ma€e yoTupu BXoAu:

¢ TestPin — migk/r0uaeMo OTiYHUNA CUTHAJ [iJ1s1 imMiTarlil pob0TH JaTUMKY;
® Vcc — go xuBneHHs (+5B);

¢ OUT — nigknmrouaemo 10 nopty 7 uepe3s 3’egHyBau PIR_Data;

® GND — g0 3a3emJ/ieHHS.

Mopenb mipuiiMaua 3 MyJbTOM AWCTaHLIIMHOTO KepyBaHHSA [1 migkitouaemo
no riopty 11 uepes 3’egHyBau Remote.

Mogenb CBIiT/IOMIOAHOI CTPiUKH, 1[0 CKIA/IA€ThCA i3 TPhOX OJIOKIB MO Bicim
CBIT/IOAIOIB T1iJ’ €AHAHO [0 MOPTY 9.

N mOCTOBipHOCTI pOOOTM CHCTEMH Ta IIPABUIBHOCTI ITiK/TFOUEHHS
TIPUCTPOIB CX€MU MOYKHA CKOPUCTAaTUCh MPOrpaMol0, sIKa HaBeJieHa Y JIICTUHTY:

#include <Adafruit_NeoPixel.h>
#include <IRremote.h> //6i6nioTeka pgna po6otm 3 IY
#npuniimayem

#define LEDRED 4

#define LEDGREEN 5

#define LEDBLUE 6

#define buttonPin 2

#define POT A1l

#define PHOTO A2

#define PIR_Data 7

#define PIN 9

#define Remote 11



IRrecv irrecv(Remote);//06'eKT Knacy
Adafruit_NeoPixel strip (numPixels,
NEO_KHZ800);
decode_results results;
uint8_t numPixels = 24;
int ledSwitch=0;
void setup() {
pinMode (LEDRED, OUTPUT);
pinMode (LEDGREEN, OUTPUT);
pinMode (LEDBLUE, OUTPUT);
pinMode(buttonPin, INPUT);
pinMode (POT, INPUT);
pinMode (PHOTO, INPUT);
pinMode(PIR_Data, INPUT);
irrecv.enableIRIn();//AxkTuBauis
//npunmaya
Serial.begin(9600);
Serial.println("Test");
strip.begin();
strip.show();
uint8_t brightness=200;
strip.setBrightness(brightness);
for (int i=0;i<numPixels;i++)
strip.setPixelColor (1,

strip.show();
digitalWrite(LEDRED, HIGH);
digitalWrite(LEDGREEN, HIGH);
digitalWrite(LEDBLUE, HIGH);
delay(100);
digitalwrite(LEDRED, LOW);
digitalWrite(LEDGREEN, LOW);
digitalwWrite(LEDBLUE, LOW);

3

void loop() {
if (digitalRead(buttonPin))

{
ledSwitch++;
Serial.print("ButtonPressed "),
Serial.println(ledSwitch);
Serial.print(analogRead(POT));
Serial.print(' '),
Serial.print(analogRead(PHOTO));
Serial.print("' ');
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PIN, NEO_GRB +

iHdpayepBOHOrO

strip.Color(rand()

%brightness, rand()%brightness, rand()%brightness));

Serial.print(digitalRead(PIR_Data));

Serial.println(' ');
delay(200);
3

if (irrecv.decode(&results))

{
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Serial.print("ox");
Serial.println(results.value, HEX);
irrecv.resume();

b
}

[aHa rporpama po3paxoBaHa Ha TepeBipKY IOpPTiB, CBIT/IOAIOAIB, AATUMKIB
Ta KHOMKHU. JlaHuii Kop HeoOXigHO TpaHC/oBatu [0 OiHapHOrO (haiimy a moTim
3aBaHTaXUTHU (Paiin 3 po3mmpeHHsM .hex 1o mozesni Program File:(puc. 3.2).

Exclude from Current Variant [ Edit all properties as text

Pucynok 3.2 — /lianorose BiKHO HajalITyBaHHSA ApPJYiHO

[Totim 3a pgomomororo BOymoBaHMX 3aco0iB MojemoBaHHs (Run the
Simulation) MoykHa MepeBipyUTH BipHICTh OTPMMAaHUX pe3y/bTaTiB MPOrpaMyBaHHs
Ta MPOeKTyBaHHA (#oJaTok b).

SIk Mu GauMMo Ha BipTyalbHOMY TepMiHasli BigoOpakaeTbcsi Ciy»kKO0Ba
iHdopmallisi. 3 MPOeKTOM y peXHMi CUMYJISILIT MO)KHA B3a€MOJIATU (HAaTUCKAaTH
KHOTKH Ty/IbTy, MeXaHiuHi KHOITKY, 3MIiHIOBATU 3HAYEHHS [JaTUMKIB Ta CEHCOPIB).
[Tpu ubomy iHdopMaliisi BijobpakaeTbCsi Ha eKpaHi. A camMe KiJIbKiCTb HAaTHCKIB,
3HAUeHHS 3i 3MIHHUX Pe3UCTOPIB Ta KOJ, KHOMKHW JUCTaHLIIMHOTO KepyBaHHSI.

3.2 IIporpaMmyBaHHs KOMIIJIEKCY CUCTEMU

3.2.1 BukopucTaHHs 30BHiIHIX 0iGmioTek

o GinbiiocTi mopTiB Mu OyzaeMo Ge3nocepeiHbO 3BepTaTUCh y TIporpami 3a
[IOTIOMOTO}0 METO/IB 3UYUTYBaHHs/3alMCy, OJHAK [/l YIIpaB/iHHA CK/IaJHUMU
CUTrHajlaMd iH()payepBOHOIO MpUiKiMaua CUTHAJIiB Ta KOHTpOJiepa CBIT/I0ZiOAHOI
CTPiuKM HeOoOXi/[HO BUKOPUCTOBYBATH 30BHiIlHI 0iGi0oTeKH, 1110 MOXKYTh MPOCTO
Ta 3pO3yMiJI0 KepyBaTH IpoiiecoM poOOTH JlaHuX npuaafiB. Ekocucrema Arduino
3acHOBaHa Ha Open Source IpoekTax, TOMY HaBiTb [/ JAHUX CUCTEM MOXKHa
3ycTpiTu Oarato 6i6sioTek, oTKe ixHili BuOip TOBUHeH OyTH UiTKUM Ta
JOLIJIBHUM.

755 ynipaB/iHHSA iHQpauepBOHUM MpriiMaueM MU Oy/ieMO BUKOPUCTOBYBAaTU
6i6mioTeky IRremote (<IRremote.h>) Bepcii 3.6.1, 3 odiriiiHoro iHdopmaiiito sKoi
MO>KHa 03HaMOMUTHCh Ha ratdopmi GitHub [24].

MNana 6iGmioTeka mpu3HaHa OaraTbmMa pO3pPOOHHMKAMM SIK OJHa 3 TOBHUX,
cTabi/IbHUX, 3 BEJMKOI KUIBKICTHO TIPUMK/IAZ[iB BUKOPWUCTaHHSA. 3TifIHO [0
BH3HAuUeHHs CaMUX PO3POOHUKIB TIpoeKTy, 1je 6ibmioTeka A/t iHppauepBOHOTO
JVMCTaHL[IMHOTO KepyBaHHA A1 Arduino: Hajcuiae Ta MNpyUMMae iH(ppauepBOHI
CUTHAJ/IA 3a JOTMOMOIOK KUIBKOX IMPOTOKO/iB. BoHa migTpumye OOII napagurmy
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Ta Ma€ JleKi/ibka OCHOBHMX KJIaCiB Ta CTPYKTYP, eK3eMIUISIpHU SIKUX OyJyTb JOpeuHi
y TIPOEKTi.
ITo nepiire 1je ky1ac IRrecv, KOHCTPYKTOP SIKOI'O Ma€ BUIJISA/:

IRrecv::IRrecv(uint_fast8_t aReceivePin) {
decodedIRData.rawDataPtr = &irparams;
setReceivePin(aReceivePin);

#if 'defined(NO_LED_FEEDBACK_CODE)
setLEDFeedback (0, DO_NOT_ENABLE_LED_FEEDBACK);

#endif
}

OCHOBHI MeTO/IH, sIKi HeoOXi/iHi y TPOeKTi:

¢ enablelRIn() — gns iHirianizanii I4 npuiiMaua;

¢ decode(decode_results *aResults) — meToa /151 IeKOlyBaHHSI CUTHAY;

* resume() — /151 CKUZAHHSI OTPUMaHUX JaHUX.

Takox y 6i6ioTeli € MOXX/IMBICT> BUKOPHUCTOBYBATH JUHAMiUHi CTPYKTYPH

decode_results (->value, ->bits, ->decode_type) Ta 6isbIlr cydacHy:
struct IRData {
decode_type_t protocol; // UNKNOWN, NEC, SONY, RC5,

//PULSE_DISTANCE,

uintl6_t address; // Decoded address
uintl6_t command; // Decoded command
uintl6_t extra; // Used for Kaseikyo unknown

//vendor ID. Ticks used for

//decoding Distance protocol.

uintl16_t numberOfBits; // Number of bits received
for
//data (address + command +
//parity) - to determine
//protocol length if
different
//length are possible.
uint8_t flags; // See IRDATA_FLAGS_*
definitions
IRRawDataType decodedRawData; // Up to 32 (64 bit for
//32 bit CPU
architectures)
//bit decoded raw data,
//used for sendRaw
functions.
uint32_t decodedRawDataArray[RAW_DATA_ARRAY_SIZE];
// 32 bit decoded raw data,
to

//be used for send function.
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irparams_struct *rawDataPtr; // Pointer of the raw
timing
//data to be decoded.
//Mainly the data buffer
//filled by receiving ISR.
(github.com)

4

Ins pobotu 3i cBiT/IOAiOfHO CTPiuKOl0 Oy/0 TPUMHATO PpillleHHS
ckopucTtaTuch Oibmiorekoto NeoPixel Big Bigmomoro po3pobHuka Adafruit
(<Adafruit_NeoPixel.h>). 3 odiuitinoto iHdopmarjito gaHoi 6ibmioTeKHM MoXKHa
03HaOMUTHCh Ha ruiatdopmi GitHub [25].

Bibnioteka Arduino jjis KepyBaHHS OJHOMPOBIAHWMH CBiT/IOAi0JHUMU
MiKCe/asIMU Ta CTpPiuKamH, TakKUMHU sIK LUPpoBa cBiTi0AiogHa cTpiuka Adafruit 60
LED/meter, Adafruit FLORA RGB Smart Pixel, Adafruit Breadboard RGB Smart
Pixel, Adafruit NeoPixel Stick (github.com) i Adafruit NeoPixel.

Lle TakoX Bifloma 06ibsioTeka 1110 Ma€ 3pyYHMM iHCTpyMeHTapiii B3aeMOii.
[To-niepiie KoHCTpYKTOP Knacy Adafruit_NeoPixel Mae feKinbKO mepeBaHTaXkKeHb,

ajie IOpevyHo CKOPUCTAaTUCh HACTYITHUM:
Adafruit_NeoPixel: :Adafruit_NeoPixel(uinti16_t n,
intl6_t p, neoPixelType t)
: begun(false), brightness(0), pixels(NULL),
endTime(0) {
updateType(t);
updateLength(n);
setPin(p);
#if defined (ARDUINO_ARCH_RP2040)
// Find a free SM on one of the PIO's
sm = pio_claim_unused_sm(pio, false); // don't panic
// Try piol if SM not found
if (sm < 0) {
pio = piol;
sm = pio_claim_unused_sm(pio, true); // panic if no
SM is free
i
init = true;
#endif
}
Bin mae Tpu mniapameTrpu, Jle N — KUIBKICTb CBIT/JIOAIOAIB, P — TIOPT
I IK/TFOUYeHHSs, t — TUIT CTPIUKHU.
TakoXX y mpoekTi HeoOXiZJHO CKOPHCTAaTHCh OCHOBHHUMH METOJlaMU IaHOi

6ibmioTeku:
void Adafruit_NeoPixel::begin(void) {
if (pin >= 0) {
pinMode(pin, OUTPUT);
digitalWrite(pin, LOW);
}
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begun = true;

}

show() — a5t BioOpaskeHHsT OCBIiT/IEHHS CTPiUKY;
setBrightness() — /i yripaB/iiHHSI SICKPaBiCTIO
setPixelColor() — /151 BCTaHOB/IEHHS KOJILOPY CBIT/I0/i01y.

3.2.2 3unTyBaHHS KHOIOK MYJIbTY JUCTAHLIIMHOTO KepyBaHHS

3aa/is TIPaBWILHOTO KepyBaHHS TIPUCTPOEM HEOOXiJHO 3UuTaTU KOAU
MyJIbTY JUCTAHLIIMHOTO KepyBaHHsI, 300pa)keHoro Ha PUCYHKY 3.4.

v

PrcyHok 3.4 — TIpUCTpi AUCTAHL[IMHOTO KePYBaHHS

[nst 1bOr0 CKOPUCTYEMOCH MPUK/IAZOM KePYBaHHS IyJbTY AUCTAHLIITHOTO

KepyBaHHs 3 6i6sioTeku IRremote:
#include "PinDefinitionsAndMore.h"
#include <IRremote.hpp>

void setup() {
Serial.begin(115200);
// Just to know which program is running on my Arduino
Serial.println(F("START " __ _FILE__ " from "
__DATE__ "\r\nUsing library version "
VERSION_IRREMOTE));
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// Start the receiver and if not 3. parameter
//specified, take LED_BUILTIN pin from the internal
//boards definition as default feedback LED

IrReceiver.begin(IR_RECEIVE_PIN,
ENABLE_LED_FEEDBACK);

Serial.print(F("Ready to receive IR signals of
protocols: "));
printActiveIRProtocols(&Serial);
Serial.print(F("at pin ")),
Serial.println(IR_RECEIVE_PIN);
}

void loop() {
/*

Check if received data is available and if yes,
try to decode it.

Decoded result is in the
IrReceiver.decodedIRData structure.

E.g. command is in
IrReceiver.decodedIRData.command

address is in command is in
IrReceiver.decodedIRData.address

and up to (doi.org) 32 bit raw data in
IrReceiver.decodedIRData.decodedRawData

¥ % X X X X X * *

*

*/
if (IrReceiver.decode()) {

// Print a short summary of received data
//IrReceiver.printIRResultShort(&Serial);
if (IrReceiver.decodedIRData.protocol == UNKNOWN)

//We have an unknown protocol here, print more info
IrReceiver.printIRResultRawFormatted(&Serial, true);

}

Serial.println();

/*
* I'llImportant!!! Enable receiving of the next
* value,

* since receliving has stopped after the end of
(www.minregion.gov.ua)
* the current received data packet.
*/
IrReceiver.resume(); // Enable receiving of the
next value

/~k
* Finally, check the received data and perform
* actions according to the received command
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*/
if (IrReceiver.decodedIRData.command == 0x10) {
// do something
} else if (IrReceiver.decodedIRData.command ==
ox11) {
// do something else

}

[Ticnst BUKOHAHHS JaHOTO KOAY 3 My/IbTOM [JHMCTaHIIiIMHOTO KepyBaHHs 0y10
OTPMMAaHO 3HauYeHHs KOZIB y LIiCTHAUATAPIYHOMY (hOpMaTi, 1[0 Npe/CTaBIeHO Y
Tabmmili 3.2.

Tabmmis 3.2

[Tepesik KOZiB 3UMTyBaHHS JUCTaHL[iIMHOIO MYJ/IbTY KepyBaHHS

Const 3HaueHHs Const 3HauyeHHs
B_BR_UP F700FF B_BR_DOWN | F7807F
B_COL_R F720DF B_COL_G F7A05F
B_COL1 F710EF B_COL2 F7906F
B_COL4 F730CF B_COL5 F7B04F
B_COL7 F708F7 B_COLS8 F78877
B_COL10 F728D7 B_COL11 F7A857
B_OFF F740BF B_ON F7CO3F
B_COL_B F7609F B_COL_W F7EO1F
B_COL3 F750AF B_REGI1 F7D02F
B_COL6 F7708F B_REG?2 F7FOOF
B_COLS F748B7 B_REG3 F7C837
B_COL12 F76897 B_REG4 F7E817

NaHi Koy OyAyTh BUKOPUCTaHI Y TIOA/IBIIIOMY TIPOTPaMyBaHHi

BMCHOBKU
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EnexTpuyHi nmapamMeTpy Ta ejieMeHTH THYUYKOI CBIT/IOZAIOAHOI cTpiuku RGB
[I03BOJISIFOTH CTBOPUTU CUCTEMY KepyBaHHSA IIJ0 MOXKe BiJIpaljbOBYBaTH [0OBIIbHI
aJITOPUTMHU YIIPaBJ/IiHHS CBIT/IOBUMH e(heKTamHu.

B po6oTi po3pob/ieHO0 TIPOeKT Takoi CHUCTeMH, ITI0 BK/OUae B cebe 6JIOK
MIiKDOKOHTpOJIepa, CHUCTeMYy [JaTuuKiB Ta CeHcopiB, 0/ioOK B3aemofii 3
KOpHCTyBaueM, CUCTEMY OCBIT/IEHHS Ta JKUBJIEHHSI.

OCHOBHUMM KOMIIOHEHTaMU CUCTeMU KepyBaHHS CTPIUKOIO €:

1. kontponep Arduino UNO R3 Ha 6a3i mikpokoHTponepy ATmega328P;

3. IY npwuiimau npurimau TL.1838 VS1838B 1838;

5. pmatuuk pyxy HC-SR501

Anroputm poboTH crcTeMu BUKOPUCTOBYE Taki 610ku MCU i foroBHeHb B
CXeMOTexHiLi M1aTGOpMHU:

- LIAIL

- 6s10k 06pOOKYU TepeprBaHb;

- 1udpOBi BXOU/BUXO/IU;

- aHaJIoroBi BXO/H.

MogentoBaHHsi pobOTH cUCTeMH TIpOBeZieHO 3a JOIMOMOTrOH TMpPOrpamu
Proteus Design Suite 8.13. Y sxocTi cepefoBuilja po3poOKH TMPOrpaMHOTO
3abe3mneuenHst BUkopucTtaHo Arduino IDE 3 MoBoro nporpamyBaHHsi Processing.
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