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Ilepenik yMOBHHX NMO3HAYEeHb TA CKOPOY€EHb

1-Wire One-Wire- Interface

€CKJ €/IMHA CUCTEMAa KOHCTPYKTOPCHKOI JOKYMEHTAI1
IC 1HTerpajgbHa cxema

JIP naboparopHa poboTa

[TOII MOJIIHHO OPIEHTOBAHE MPOTPaMyBaHHS

M ITUPOTHO-IMITYJIbCHA MOTYJISLIIS

DMA direct memory access

12C Inter Integrated Circuit

IDE Integrated Development Environment

NMEA National Marine Electronics Association
PWM IporpamMoBaHa JIOT14Ha IHTEeTpaJibHA CXeMa
RPi Raspberry Pi

SPI Serial Peripheral Interface Bus

UART Universal Asynchronous Receiver/Transmitter
GPIO General Purpose Input Output

GPS Global Positioning System



BCTYII

JlaHuii HaBYAJIBHUM TMOCIOHMK MPHU3HAYCHUM IS MIATOTOBKM OakaiaBpiB 3a
OCBITHIMH  mporpamamul  «PagioTexHIYHI  KOMIT IOTEPH30BaHI  CHCTEMU»,
«IHdpopmarliiiHa Ta KOMyHIKaIliiHa pasioiHKeHepis», «IHTeneKkTyaabHI TEXHOJOTIl
pPaloeeKTPOHHOT TeXHIKW»  crerianbHocTi 172 «EnexkTpoHH1 KOMyHIKaIli Ta
pafioTeXHiKa» 1 MOKe OyTH BUKOPUCTAHUH IJIS 1HIIKUX OCBITHIX MPOTpam.

[TinroToBKa CremialicTiB 3a AUCIUILIIHOW «BOya0BaHI CUCTEMU IPOTPaMHO-
amapaTHUX KOMIUIEKCIB 00poOku 1HGopmarltii» nepeadadae 18 rogun ek, 36 roguH
1a00paTOPHUX 3aHATh, MOAYJIBHY KOHTPOJIBHY POOOTY Ta JOMAIIHIO KOHTPOJIbHY
po0OTy, SKI OpIEHTOBaHI Ha OTPUMAaHHS 3HAHb 1 HABUYOK POOOTH 3 BOYJIOBAHUMHU
MIKpPOKOMIT FOTEPHUMH CHUCTEMaMH, iX MporpaMmyBaHHIO Ha MoBI Python Ta oOMminy
JAHUMHU 32 PI3HUMH MPOTOKOJIAMH 3 CEHCOpPaMU Ta BUKOHABUMMU MEXaH13MaMHu.

OcHoBHa MeTa MOCiIOHMKa — c(hOpMYyBaTH y CTYJEHTIB B IPOIECI BUKOHAHHS
7a00paTOpHUX POOIT HABUYKHM peajizaiii MIKPOKOMIT FOTEPHUX CHUCTEM KEpyBaHHS
mporpamMHo-anapaTHuMu. Taki 3aja4l BUMararoTh 3HaHb CUCTEMHOT'O TTPOEKTYBAHHS,
MporpamMyBaHHs, MPOTOKOJIB OOMIHY JaHUMH, QJITOPUTMIB pPOOOTH PIZHUX
BUKOHABYMX MEXaHi3MIB. BUKOHaHHS a00paTopHUX pOOIT AO3BOJISIE 3aKPIMUTH
TEOPETHUYHI 3HAHHS, OTPUMaHI Ha JICKITISX.

HapuanbHuil MOCIOHMK MiATOTOBJCHO BIJMOBIAHO 10 POOOYOT HABYAIBHOL
nporpamMu (cunadycy) muciuiuiing «BOymoBaHl CHCTEMH NpPOrpaMHO-allapaTHUX
KOMIUIEKCIB 00poOKku iHhopmariii». BiH MICTUTh HEOOX1THUN TEOPETUUHHUIN MaTepial,
SKAW J03BOJISIE  3aCTOCOBYBAaTM HAOyTI 3HAHHSA IS peamizaiii  B3aeMOJIli
MIKpPOKOMIT IOT€pa 3 PI3HUMH CKJIQJOBHUMH PATIOTEXHIYHOTO KOMIUIEKCY IS
00po6ieHHs 1HpOopMaIIii.

3MICTOM JaHOTO BUAAHHS € METOJAMYHI PEKOMEHJIAIlli 10 BUKOHAHHS Ta OTHC
nabopaTopHUX pOOIT KpeauTHOro MoayJis «BOymoBaHi cHUCTEMH MPOTPaMHO-
amapaTHUX KOMIUIEKCIB 0OpoOKHU iH(popmarlii». ¥ BKaziBKax 10 KOXKHOI Ja00paTopHOl
poOOTH HaBEJCHI TEOPETUYHI MUTAHHS B HEOOX1THOMY JIJIsl BAKOHAHHSA J1a00paTOPHUX

poOIT 00’ eMi.



VBara! BukoHaHHsI KOXKHOI 13 JJaDOpaTOpHUX POOIT, 110 HABEACHI B JaHOMY

MOCIOHUKY, pOo3paxoBaHe Ha 4 akaJeMidHi TOJIUHH.
BuxonanHs 1abopaTopHuX pooiT

[lepen BUKOHAHHSAM JAOOPATOPHUX POOIT CTYACHTH TMOBHUHHI CaMOCTIMHO
BUBYHMTH BIJMOBIIHI PO3AUIM AUCIUIUTIHK 32 PEKOMEHIOBAHOIO JHTEPaTyporo 1
KOHCIIEKTOM JIEKI[i}, 3MICT J1abopaTOpHOi pOOOTH, MOPSIOK i BUKOHAHHS. B pexxnmi
ofline mepen MOYaTKOM BUKOHAHHS KOXHOI POOOTH CTYJIEHTU MPOXOJSATH KOHTPOJb
3HAaHb, HA IKOMY NTOBHUHHI [TOKa3aTH PO3YMIHHS METH 1 3MICTy poOoTu. CTyAeHTH, SIK1
OTpUMAJId HE3aJOBUIBHY OIlIHKY, J0 JabopaTOpHOI pOOOTH HE JOITyCKAOTHCA.
[Ipuctynat a0 BHMKOHaHHS J1aOOpPaTOpHOi pPOOOTH MOXKHA TUIBKH 3 JI03BOJIY
BHUKJIanaya. Pe3ynbraTi BUKOHAHHS JIaDOpAaTOPHOI pOOOTH y BUIJISAIl MPALFOIOYUX
CXEM, YaCOBHMX JlarpaM MpU CHUMYJISLII peayli30BaHOTO IMPOEKTa TOIIO HAJAIThCA

BHKJIaJauy.
3MicT T2 0(popMIICHHS 3BITY

VY 3BiTI HEOOX1AHO B11I0OPA3UTH:

- METY po0OTH;

- CTUCIII TEOPETUYH1 BIJIOMOCTI,;

- aJlITOPUTM Ta KOJAM Ha MOBI cuieHapliiB Python;

- CX€MHU MIJKIFOUYEHHS CEHCOPIB Ta IHIIMX KOMIIOHEHTIB;

- pe3yJIbTaTH Y BUIJIAI OTPUMAHUX JAHUX CEHCOPIB TOLIO;

- aHaJI13 OTPUMAHUX PE3yJIbTaTIB Ta BUCHOBKH.

3BITH 3 1a0OPATOPHUX POOIT BUKOHYIOTHCS KOKHUM CTYJI€HTOM 1HIUBITYaJTbHO
Ha okpemux apkymax gopmaty A4. Ha koopauHatHux ocsix rpadikiB MOBUHHI OyTH
MO3HAYEHHSIM MaciiTady Ta pO3MIPHOCTI BUMIPIOBAHUX BEIUYMH. Y (QopMyriax Ta
CJIEKTPUYHUX CXEMaxX HEOOXIJHO BUKOPHUCTOBYBAaTH YMOBHI TO3HAY€HHSA, SKI
BianoBigaroth crangapram €CKJl ado Buxopucranoi CAIIP. Ocob6muBy yBary
HEOOX1THO IPUAUIATH aHAJI3y OTPUMaHUX Pe3yJIbTaTiB Ta (HOPMYJITIOBAaHHIO BUCHOBKIB
3a pe3yJibTaTaMu PoOOTH.

TuTynbHUN TUCT 3BITY OQOPMIIAETHCS HACTYITHUM YHHOM:
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HarmioHayibHIM TEXHIYHUX YHIBEPCUTET YKpaiHu
KuiBchbkuil momiTexHIuHUX 1HCTUTYT iMeH1 Iropst CikopchKoOro
Panmiorexuawnii pakynpreT

Kadenpa pagioTeXHIUYHUX CUCTEM

3BIT

po jJabopaTopHy podboTy
3 IucuuIUTiHu «BOy10BaHi cHCTEMHU MPOrpaMHO-aapaTHUX KOMIUIEKCIB 00pOOKU

1H(popMarIi»

(Ha3Ba poOOTH)

CTYJIEHTa NEPIIOTO KypCy, Ipynu

(mpi3BuIIEe, iM’s Ta T0-0ATHKOBI)

Buxknagau Morunsanii C.b.:

Jlara

202 p.

Jlnst 3abe3nedyeHHsT AUCTaHIHOTO (online) HaBYaHHS BUKOPHUCTOBYIOTHCS
matopmu — Zoom ta Moodle, ki 703BOJSIOTE TPOBOJAUTH TUCTAHIIIMHO JICKIIHHI
Ta BCTYIIHI 3aHATTA nepes; podoToro (Zoom). Takox Mmpu AUCTAHIIHHOMY HaBYaHHI
CTYJICHTH OTPUMYIOTh IJIOJJOOOBUHN JIOCTYyI 110 MIKpOKOMIT toTepiB 3 I[HTepHery.
Po3’sacHenHs (KOHCYJbTAlli) 31 CKIQJHUX Ta HE3PO3yMUIMX MUTaHb MPOBOASTHCS Ha
OHJIAlH 3ycTpivyax B Zoom.

KoHTpons BHUKOHAHHS poOOIT Ta iX 3aXHUCT 3AIMCHIOETHCA Ha IUIaTGopmi

nuctaHIinHoro HaBdanass Moodle. [IpoTokonu BUKOHAHHS POOIT 3aBAHTAXKYIOTHCS Y
8



BIAMOBIAHUHN po3ain auctuiuiind B Moodle. Tpeba 3BepHyTH yBary rnpu ohopmiieH1
3BITIB poOiT Ha noTpuManHs Bumor JICTY 3008:2015. Ilocunanus Ha AUCTAHIIMHUN

Kypc - http://iot.kpi.ua/lms/course/view.php?id=5.

3B'130K 31 CTyJEHTaMM HIATpUMYyeTbca depe3 Tenerpam-rpyny «BOynoBani
CUCTEeMM» Ta €JIEKTPOHHY IMOIITY CTapOCT TPy, 110 3a0e3Meuye CBOEYaCHY BUAAUy Ta
KOHTPOJIb 1HIUBITyalbHUX 3aBAaHb Y BIAMOBIIHOCTI 0 rpadiKy HaBYaHHS.

OTtpuMani 0anau  BIANOBIIHO JIO PEUTHHTOBOI CHUCTEMH  OLIIHIOBaHHS
HAKOMHUYYIOThCSA B KypHali omiHok Moodle Ta B po3ain «llorouna indopmariis»

Kammnyca KIII (https://ecampus.kpi.ua). B Kammnyci Takox BukiiazeHi BCl HaBYaJIbHI

Marepiaiam Kypcy.
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JlaGopaTophna pobora 1

OPT'AHI3ALIS BUIJAJIEHOI'O JOCTYIY TA
BUKOHAHHSI OCHOBHMX KOMAH/ HA RASPBERRY PI

Mera pobotu: O3HailoMuTHCS 3 (QYHKIIOHAJIBHUMH MOKJIHBOCTSMU
Mmikpokomi '1oTepa Raspberry Pi (RPi) Ta ocHOBHUME KOMaHaMu 171t pOOOTH 3 HUM.

3micT. B ganiii poOOTI BHBYAIOTHCS MOMUIIMBOCTI BIIJIAJICHOTO JIOCTYIY JI0
MIKpOKOMII F0T€pa Ta BUBYAIOTHCSI OCHOBHI KOMAH/IU HOT0O OMepariiitHoi CUCTEMHU.

1.1. TeopeTrnuHi BizomocTi

JInsi BUKOHAHHS MOJANBIIMX POOIT 3 MIJKIIOUYEHHS CEHCOPIB Ta BUKOHABUMX
MEXaHI3MIB HaM HeoOXiJHO 3abe3neunTH Aoctyn A0 RPi 3 nokampHOI Mepexi
(Bukonanns JIP B maGoparopii) abo 3 [HTepHery (A qucTaHIIHHOTO HaBYaHHA). B

JIpyroMmy BUIAJIKy cKopuctaemoch cepsepoM VNC (puc.1.1).

Tagxetn
_ JlaGopaTopis
| e = —— MiKpOKOMI'IOTEPIB
L By

VNC® Viewer VNCE Server

Pucynok 1.1 — ITigkmrouennst 1o Raspberry Pi yepes [nTepuer

CepBep VNC Bxomuth 10 ckiamy omepariiiinoi cucremu RPi 1 abcomtoTHo
OE3KOLITOBHUN MJI1 HEKOMEPILIMHOTO BUKOPUCTAHHS; HOTO MPOCTO MOTPIOHO
BKJIFOUUTH.

Ham Ttakox 3nHamoOutbes mporpama VNC Viewer mius komm 'totepa 3 OC
Windows, Mac, Linux, a6o mo6isibHOr0 nipuctporo 10S uu Android (puc.1.2), 3 sikoro

mu 0yaemo kepyBatu RPi. Ha caiiti realvnc.com moxna 3aBantaxut VNC Viewer.
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https://www.realvnc.com/connect/download/viewer/

J

J

Pucynoxk 1.2 — VNC Viewer Ha ramkeri

CrovyaTKy BUKOHa€EMO KOMaH]IH, 00 MePEKOHATHCS, 10 Y HAC OCTAHHS BEPCist
IporpaMHOro 3abe3nedeHHs: sudo apt update 1 sudo apt upgrade -y

Axmo BukopuctoByemo crapy Bepcito VNC Server, mepe3amycTUMO HOro.
SIKIo Hi, 1 BXKE€ 3aBAHTAXKWIKUCS 3 BUKOPUCTaHHSAM rpadiuHOro podOYoro CTOIy,
BuOepemo Menu > Preferences > Raspberry Pi Configuration > Interfaces Tta
nepekoHaemocs, mo 1151 VNC BcranoBieHo 3HaueHHs: Enabled.

A0o0 x 3amyctuMo komaHay sudo raspi-config, nepeiigemo a0 Interfacing
Options > VNC i1 BubGepemo Yes.

Biarenep cepsep VNC Oyne 3amyckaTuCs aBTOMATHYHO IPU KOKHOMY
3aBaHTaXeHH1 RPi.

€ nBa crocoOM MIAKIIOUECHHS 1 MOXXEMO BUKOPUCTOBYBAaTU OJUH 3 HUX a00
oOuBa:

e BcraHoBiieHHS NPSMOTO 3B'S13KY (M1AKII0YaEMO MOHITOp, KJIaBiaTypy 1
MUY ).
o [ligkmroueHHs Yyepe3 JoKaIbHy Mepexy abo [HTepHeT, sike po3risaaeMo
B JIaHIK poOOTi.

[Tepexonaitmocs, 1m0 Mu 3aBaHTaXWIA g0aaTok VNC Viewer Ha KOMIT IOTepU
9 TIPUCTPOI, 3 IKUX XOUEMO KEPYBATH MIKPOKOMII FOTEPOM.

[TinkmroueHHs yepe3 JOKAJIbHY MEPEeXKy € IBUIAKUM 1 MPOCTUM, 32 YMOBH, 1110
MU TIPHUETHAHI 0 Ti€T caMOi MPUBATHOI JIOKAJIBHOI Mepexi, 1o 1 Ham RP1 (Hanpukian,

Ethernet yn Wi-Fi mepexa Bmoma, B mkoJi abo B odici) (puc.1.3).

11



ﬁ Raspherry Pi Edition - Service Mode

Connectivity Sec
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Hon-commercial use only. Download YNC

Puc.1.3 — IligkmtodeHHs B TOKaJIbHIN Mepexi
1.2. HamamryBanua niakiao4veHHs 10 Raspberry Pi uepe3 xmapy

XMapHi TIAKIIOYEHHS 3py4yHI Ta 3amu@poBaHi HACKPI3HO, TOMY HACTIMHO
PEKOMEHAYIOThCS sl  3’€aHaHb dYepe3 I[HTrepHer. Hemae mnotrpebu pobutu
nepexoHdirypaiiro Opanamayepa abo MapHipyTuzatopa 1 He noTtpiOHO 3HaTH [P-
aapecy cBoro RPi un Hagatu ilomy cratuuny IP-angpecy.

Hawm 3nanobutscst o6mikoBuii 3amuc Real VNC — 11e abcomtoTHO 0€3KOITOBHO
JUTsl HanamTyBaHHS. HaM HagaeThcs creriaiabHa Bepcis MEepearuiaTd Ha JOMAIHIO
CTOpPIHKY, sika 3a0e3rnedye K XMapHe, Tak 1 MNpsMe MIAKIIOYCHHS, a TaKoX Taki
byHKIi, SK ayTeHTU]IKalis CUCTeMH, nepefada Qainis, Apyk Ta 4dar. s mporo
HEOOX1IHO:

1. CrBoputH o6sikoBuil 3anuc Real VNC, BBiBIIM afpecy CBOE€i €IEKTPOHHOI

MIOIITH Y BIAMOBITHOMY TIOJIi HA CTOPIHIN CaiTa, JOTPUMYIOUYUCH IHCTPYKITIH.

2. Ha cBoemy RPi BuGpatu Licensing B mento ctany VNC Server, nani Bubpatu
Sign in to your Real VNC account i BBECTH €JIEKTPOHHY aJIpeCy Ta Mapojb HOBOTO
obmikoBoro 3anucy (puc.l.4).

BaxxauBo! [liokmouumucs 0o 001ik08020 3anucy Ha catmi po3poOHUKa 3
BUKOPUCMAHHAM 8IPMYAILHO20 POOOU020 CMOY He ModicHA. Heobxiono niokmouumu
00 RPi monimop, kiasiamypy i muut).

3. Ha npuctpoi, 3 sikoro 0yiemo kepyBatu, 3armyctumo VNC Viewer 1 BBilizieMo,

BUKOPHUCTOBYIOUH Ti caMi 1aHi 00JIIKOBOTO 3aIHCY.

12


https://www.realvnc.com/raspberrypi/#sign-up

4. ITinkmrouenns 10 RP1 apTomatuyHo 3’ saBisieThes y mporpami VNC Viewer mifg
IMEHEM BaIlloro KOMIT 10Tepa, Hanpukiaz, rpisS (pucl.S). [Ipocto HaTHCHITE 00 ABIY1

KJIAIHITH JUIS TAKITIOYCHHS

iCS . = x
? WNC Server - Licensing - 0 X% © A j
1 Infarmation Center

Optione
) About.

Sign in ‘ c

Discennect VNG Viewers

Chat..

Flle Transfer

et to Listening VNC Viewer

Please si0n in fo your RealVIE sccount

Li :
Check for updates.

Eorgot password?
Hide
If you don't yet have an account, sign up onling
By signing in you accept the T&Cs and privacy policy
< Back Sign i Cancel

Pucynoxk 1.4 — JlinensyBanus Raspberry Pi Ha xmapHOMY cepBici

& VNC Viewer - a X
File View Help
YCCONNECT (£ 2 VNC Server address or search ‘ o Serg Mohylnyi
55 Address book | 2
is ess boo -
T - s
rpil pi2 pi3 rpid

rpi3

Pucynox 1.5 — Bu6ip migkmtouenss 1o Raspberry Pi

Ayrtentudikanis Ha cepepi VNC
[IIo6 BcTaHoBUTHM mpsiMe ab0 XMapHe 3’€JHAHHSA, NOTPIOHO MPONTH
aytertudikamiro Ha cepepi VNC. BBoguMo iM’st KOpUCTyBava Ta MapoJib, Kl MU
3a3BUYail BUKOPUCTOBYEMO JIsl log on, y CBiil 00IiKOBUI 3anuc KopucTyBadya Ha RPi.
3a 3aMOBYYBaHHSM IIi OOJIIKOBI JIaHl — pi Ta raspberry, ajie, Cro/iBa€EMOCh,

BHKJIaJIa4 BXKE 3MIHUB MapoJjib Ha OCh OUIbIN Oe3reuHe!
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Cepeep VNC wmoxe BiaaJeHoO IOKa3zyBaTh ekpaH rmporpam RPi, ski
BUKOPUCTOBYIOTh MpPSIMO HaHECEHE HaKJIaJaHHsS, HANpPUKIAJ, TEKCTOBY KOHCOJIb,
Moaynb kamepu RPi Toro.

o6 yBiMKHYTH It0 (yHKIIIO, BiAKpuemo mianoroBe BikHO VNC Server,
nepeiinemo 10 Menu > Options > Troubleshooting, 1 Bu6epemo Enable direct
capture mode. Ha mnpuctpoi, skuil OyJeMO BHUKOPUCTOBYBATH MJI KEpyBaHHS,
s3anmyctuMo VNC Viewer 1 MIKITIOYUMOCS (KO BXKE IMiAKIOYEH1, TO MOTPIOHO Oy/1e
3HOBY MiJAKJIFOUUTHUCH).

Ao yYBIMKHYJIM pPEXKUM MNOPSAMOi 3HOMKHM 1 pPyXH MHIIL 3AaI0ThCA
HECTaOUIPbHUMU TIPU BiIJIaJICHOMY BUKOPHUCTaHHI, cpoOyemo HaTUCHYTH F8, 1100
BiiKpuTH KOoHTeKCcTHE MeHI0O VNC Viewer 1 BuOpatu Relative Pointer Motion.

SKI0 MPOAYKTUBHICTD, 3/1a€THCA, TTOTIPUIYETHCS, CIIPOOYEMO:

1. 3amyctumo Ha RP1 sudo raspi-config, nepeiinemo 10 Advanced options
> Memory Split Ta nepekoHaemocs, 1o rpapiyHUi TpoLecop Mae NMpuHaiMHI 128
MB.

2. 3MEHIIUMO PO3/IIbHY 37aTHICTH ekpaHy RPi.

Ilepenaua daiiniB Ha Raspberry Pi Tta 3 Hboro

Mu moxemo nepeaaBatu ¢aiinmu Ha RPi1 Ta 3 HBOro 3a ymoBH, IO MU
niaknrogaeMocs 3 VNC Viewer, skuii mpaiftoe Ha HacTUIbHOMY KoMil 1oTepi Windows,
Mac a6o Linux.

* [11o6 nepenectu ¢aitnu Ha RP1, HaTUCKaEMO KHOIKY MaHes 1l IHCTPYMEHTIB

s
—

VNC Viewer i 1OTpUMy€MOCH THCTPYKIIii. JleTambHi KpOKU TYT.
 [Ilo6 mepenatu ¢aitnu 3 RPi, BukopucroByroun VNC Viewer, BigajieHO
BinkpueMo nianoroBe BikHO VNC Server, Bu6epemo Menu > File transfer i

JOTPUMYEMOCH THCTPYKIIiH. [[eTanbHi KPOKHU TYT.
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KepyBanns ceppepom VNC y KOMaHIHOMY PSAKY

Takox MoxkeMo npaioBat 3 cepBepoM VNC BUKIIFOUHO B KOMaHIHOMY PSIAKY
a6o uepe3 SSH, sxio xodere.
Kopucni komanau aiis OC RPi 3 BukopuctanusaMm systemd:

» m06 3anmyctutu VNC Server 3apa3:

sudo systemctl start vncserver-xll-serviced.service
* 100 3amyctutu ceppep VNC mijg yac HACTYIMHOTO 3aBaHTaKEHHSI Ta KOXKHOTO

HAaCTYIIHOT'O 3aBaHTAaKCHHSI:

sudo systemctl enable vncserver-xll-serviced.service

* 00 3ynuHuTH cepep VNC:

sudo systemctl stop vncserver-xll-serviced.service

* 1100 3ano0irtu 3anmycky VNC-cepBepa 111 yac 3aBaHTaKECHHS:

sudo systemctl disable vncserver-xll-serviced.service

Bupimenns npo6JieM 3 po3aijibHOIO 31aTHICTIO eKpaHy RPi

Ile Ham MoOJKe 3HAIOOUTHUCS, SIKIIO:

* TOTIPUIYEThCA MPaLE3AaTHICTh — MEHINA pO3JUIbHA 3/IaTHICTh EKpaHy
3abe3reuye OUIBII MBUAKY PEaKIIiio;

* Hamr RPi «6e3ronoBuiit» (TOOTO HE MIAKIIOUCHUH 10 MOHITOpA), a TOYaTKOBA

pO3AUIbHA 3AaTHICTh €KpaHa 3a 3aMOBUYBAaHHSM 3aHAATO Maja.

1106 3MIHUTH PO3AUIBHY 3[aTHICTb, 3aITyCTUMO KOMaHAy sudo raspi-config,
neperinith 10 Advanced Options > Resolution.
Skimo 1me MeHI HeIOoCTynmHe abo XOoueMO OTpUMaTH OUIbIIe KOHTPOJIIO,

BKa)keMO HanamTyBaHHs (Tabmn.1.1) y daiin /boot/config. txt:
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Tabmuns 1.1 — [Mapamerpu quis HanamryBanus HDMI
IHapamerp 3HaYeHHHA Hosicuenust

Bxasye RP1i, mo nigkimrodeHuit qucriiei

HDMI.

hdmi_force_hotplug 1

hdmi_ignore_edid 0xa5000080 [ruopysaru EDID/BinoOpakeHHs qaHUX.

hdmi_group 2 Busnauae puxigny rpyny HDMI.

hdmi_mode 16 Pexum (mpuxian) 1024x768 npu 6011,

3BepTaeMo yBary, II0 NapaMeTpu, 3a3HaueHi B oMy aiili, 3MIHIOIOTh
napamMeTpu JJII MOHITOPIB, SKI 3rOJ0OM MIAKIIOYAEMO (SKIIO HE CKacyeMo
hdmi_force_hotplug), ToMy BHOMpaemMoO pO3IUILHY 37aTHICTh ,,0€3 TOJIOBH,

CYMICHY 3 HalllUM 3BUYAallHUM MOHITOPOM.

1.3. Haii6inbm kopucHi komanau Raspberry Pi
B3aram Ba)XKO BIJICTEXUTH BCl KOpHUCHI KoMaHau RPi, siki Mu Oygemo yacto
BUKOPUCTOBYBATH, TOMY PO3TJITHEMO CIMCOK JESKUX 3 HAWOUIBII TMOIIMPEHUX 1
BKJIMBUX, 1110 3po0uTh poOoTy B Linux Ha RPi HabaraTo mpocTimioro.
Ilpumimka: icaye nBa pexumu (modes), B AKUX MOXXEMO MpairoBaTd B Linux.
OnHuM 3 HUX € PEKUM 3 OCHOBHUMH IpaBaMH JOCTYMy, a 1HIIMA PEXKUM 3
MpaBaMu JOCTyIy aJMiHICTpaTopa (TUIy Cynep KopucTyBada, ado root). Jleski
3aBJIaHHSI HE MOXYTb OyTH BUKOHAHI 3 OCHOBHUMHU IpaBaMu 1 BaM Tpeba Oyje
MEepEeNTH B roOt-pekuM JIsl iX BUKOHaHHA. YacTto OaumtmeMo mnpedikc sudo
nepea KOMaHAaMH, 10 O03HA4ae€, 10 MU MPOTOHYEMO KOMIT'IOTEPY BUKOHATU
JaHy KOMaHAy 3 CyIlep TOBHOBaXCHHSIMH. [HIIMM BapiaHTOM € JOCTYI IO
KOMAaHJTHOTO PsiJIKA T00t, IKUI 3aImycKae BC1 KOMAHIM 3 CYIep MOBHOBAKCHHSM.
MoxeMo nepeiTH B peKuM root, BBIBIIK SUJO SU Yy KOMaHIHOMY psaky. [Ticis
BBEJEHHS  sudo su, MH 100auMMO Yy  KOMAaHIHOMY  PSIKY
root@raspberrypi:/home/pi#, 1 BCl HACTYyIHI KOMaHI1 MOXXYTb OyTH BBEJIeH1

6e3 nmpedikca sudo, ane MaTUMYTh TOBHOBa)XEHHS CYTIEpPKOPUCTYBaya.
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Binbmricte KoMaHa HUKYE, MAlOTh 0araTo 1HITUX KOPUCHUX OIIIIiH, K1 B IIbOMY
3aHATTI HE MOACHIOITHCA. [1[00 moGaynTy CrUCOK BCIX 1HIINUX JOCTYITHUX BapiaHTIB

KOMaH/T{, BBEIEMO KOMaH/Iy, a motim —help.

3arajbHi KOMaHIH
sudo apt update — oHoBIO€ Bepcito Raspbian.
sudo apt upgrade — OHOBIIOE BCl MAKETH MPOTPAMHOT0 3a0€3MeUEHHS], SIK1 MU
BCTAHOBUJIH.
apt — BIJIHOCHO HOBHMM MEHEIDKEp IaKeTIB BUCOKOIO PIBHS JJII CUCTEM
Debian/Ubuntu. [Ipukian Bukopuctanus: sudo apt update
clear — ounilae ekpaH TepMIiHAIY PaHillIe 3aIlyCKy KOMaH]I 1 TEKCTY.
date — BUBEJEHHS MMOTOYHOI JIaTH.
find / -name example.txt — nouyk y Bciii cucremi ¢ainy example.txt 1
BHUBEJICHHS CIIMCKY BCIX KaTaJOr1B, K1 MICTATh (haill.
history — 103BoJis€ MOOAYUTH paHillle BUKOPUCTAHI KOMaHIU ab0 OTpUMAaTH
iHdopMaIlito Mpo KOMaHIy, SKa BUKOHYEThCS KopucTyBadem. JlocBimueHi
KOPHUCTYBaul 3HAIOTh, IO ICTOPIS 3amylIeHHX KOoMaHj 30epiraerbcs B (aiii
~/ -bash_history. [1lo6 xoMaH/1a He 3anKCcyBaiack B iICTOPit0, HAOEpPEMO nepe
KoMaH0t0 Tpobit: [space] [command]

killall - 3aBepulye npouec 3 BUKOPUCTAHHSIM MOro 1MeHi, HaNpUKIA,

killall firefox

man — TOKa3ye€ CTOPIHKY KEpIBHMIITBA I KOMaHAW 4u (Qaitmy (BiI cioBa
manual). [Ilo6 ni3HaTHCs OinbIe 3amycTUMO man man, mo0 MEperIsTHyTH
CTOpPIHKY KepiBHMIITBAa KoMaHau man. Hampukman, mo6 mnpoumtatn ASCII-
Tabymiro, HabupaeMo: man asci i

nano example.txt — BigkpuBae ¢aiin example.txt B «Nano» - TEKCTOBOMY

penaktopi Linux. /leranbHilie, sk NpaloBaTh B PeIaKTOP1 nano.

pipes — J103BOJIsSI€ BUBSACHHS OJHI€T KOMAaH/IM BUKOPUCTATH K BX1IHI JaH1 IS

iHmoi komauau. CuMBOJIOM pipes € BepTuKaibHa JiHig | Hanpuknazn, mo6
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noKa3yBaTu TUIbKH niepii 10 3anuciB 3 koMaHa0w0 Is, 11e MOXKHA 3pO0UTH Yepes
koMmaHay head takum uyumHOM (head 3a 3amMoBYyBaHHSM Moka3zye Jjuiie 10
3anuciB): Is | head

pkill - 3aBepurye 3amyunieHui npouec. Lis komanaa 0oco0IMBO KOPHCHA, KOJIU
nonatok He Bignosigae: pkill [application_name]

poweroff — HerailHe¢ BUMKHCHHS.

pwd — BigoOpakae imM'st IOTOYHOTO pOOOYOTo KaTajaory, ToOTo, pwd BUBEIE MIOCh
Ha 3pa3ok /home/pi.

raspi-config — BiIKpUBAaE MEHIO HAJNAIITyBaHHA KOHPITyparlii.

reboot — HeraliHe Nepe3aBaHTAKECHHS.

sudo — J1ae mpaBo J103BOJICHOMY KOPHUCTYBauy CUCTEMHU 3aIlyCTHUTHU KOMAaHJY SIK
root kopuctyBad. SIkiio HaOpaiaum KoMaHay 0e3 sudo, a MOTIM BUSBHIOCH, IO
BOHa HeoOxiaHa, Habupaemo: sudo !

shutdown -h now — HeraiHe BUMUKaHHSI.

shutdown -h 01:22 —3ynuHka o 1:22.

startx — BinkpuBae GUI (rpadiunmii inTepdeiic kopuctyBaya).

Komanau nas gaiiiiB/karajioris
adduser i addgroup — BUKOPUCTOBYIOTHCA ISl TOJIaBaHHSI KOPUCTYBava 1 rpymnu
B CUCTEMY Yy BIANOBIAHOCTI 3 KOH(Irypall€ 3a 3aMOBUYBAaHHSAM, yKa3aHid B
daiin /etc/adduser . conf, Hanpukiaja, sudo adduser pi
cat example.txt — BinoOpaxkae BMicT (aitiny example . txt.
cd /abc/xyz — 3MiHIOE TIOTOYHHUM KaTajor Ha Katajor /abc/xyz. Skmio
BUIIaJIKOBO 3MIHWJIHM JUPEKTOPIIO, TO MOBEPHYTUCS MOXKHA KOMaH/010: cd -
chmod — 3a3BM4Yail BUKOPUCTOBYETHCS MJisi 3MIHU MpaB JOCTyIy A0 (aiina.
Komanna chmod moke BUKOPUCTOBYBaTH CHUMBOJHM U (KOPUCTYBau, SIKUWA €
BJIacHUKOM (paitnty), g (rpyna ¢aiiniB), o (iHIII KOpUCTyBayi) 1 AO3BOJIH I
(untaHHs), w (3ammc) 1 X (BUKOHAHHA), + J0Ja€ mpaBa, - 3a0Wpae mpa.a.

Hanpuxknan, chmod u +x *Ffilename* Hajae 103BUI HA BUKOHAHHS BIACHUKY
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daiina. MoxaMBe BUKOPUCTAHHS BOCBMEPHUUYHOTO (POpMAaTy, HAPUKIIAJ, SKIIO
N03BONMTH BJIACHUKY YHTATU-MHCATH-BUKOHYBAaTH (rwx abo 111 — wymcmo 7 B
JecsITKOBOMY (hopMari), TPy — JUIIe YuTaTH Ta mucatu (rw- abo 110 — gucno
6 B gecsaTkoBOMY (hopmarti), a iHIUM — Jutie yutate (r-- ado 100 — gucio 4 B

necsaTkoBoMy (opmari), To komauaa st 1o3BodiB Filel Oyae BUTISAATH Tak:
chmod 764 filel.

chown — 3MiHIOE KOpHCTyBada Ta/abo rpymy, sikiid HalexuTh (aili. Sk mpaBuio,
BOHA MOBHHHA OyTH 3amylleHa SIK root, BUKOPUCTOBYIOUYHM Sudo, HaNpUKIaj,
sudo chown pi:root *filename* 3MiHIO€ BIaCHHKA Ha pi 1TpyIy Ha root.
cp XXX — komitoe (ain abo karamor XXX, 1 BCTaBIsA€ MOro y BKa3zaHe MICIIE;
T00TO, cp examplefile.txt /home/pi/office/ xomioe examplefile.txt
B IIOTOYHOMY KaTajio3i 1 BcTamisie Horo B karayior Zhome/pi/office/. Skiio
daiin He 3HAXOIUTHCS B MOTOYHOMY KaTajio3i, JOJAWTe MUISIX PO3TallyBaHHS
baiimy (ToOToO, cp /home/pi/documents/examplefile.txt
/home/pi/office/ xoniwe ¢aiin 3 katajgory documents B katajior office).
dd — komitoe Qaiin 3 3a1aHUM NepeTBOPeHHAM (aiiny. HacTo BUKOPUCTOBY€ETHCA,
o0 KomiloBaTH BeChb JIUCK B OJIUH (paitn abo HaBmaku, Hampukiam, dd
if=/dev/sdd of=backup.img cTBOpUTH pe3epBHYy Komito 3 SD-kaptu ado
USB-aucka B /dev/sdd. IlepekoHaeMOCs, 1110 BUKOPUCTOBYETHCS MPABUIBHUN
JUCK TIpU KOIMIIOBaHHI 00pa3y Ha KapTy mnam'sti, 00 IS KOMaH/a MOXe
repe3anucaTu BeCh JUCK.

head filename — BimoOpakae moyaTok Gaiiry i Moke OyTH BUKOPUCTAHO 3 —N,
00 BKa3aTH KIIBKICTh PSIKIB, sIKI MOKa3aTu (3a 3aMoBuyBaHHAM 10), abo 3 -c,
11100 3a71aTH KUTBKICTH OaiT.

Is -1 — orpuMyemo criECOK (aiiiiB B MOTOYHOMY KaTajo3i, pa3oM 3 po3MipoM
daiiny, naTor 3MiHU 1 J03BoJIaMH. BukopuctanHs mpamopa -a 3aMmicth -1 nae
3MOTy Teperisaati Qaiiam, siKi MOYMHAIOTHCS 3 . (Kpamku, TOOTO, TOYKOBI

daiinm).

19



mkdir example_directory — CTBOpPIOE HOBUH Katajor 3 IM'sSM
example_directory BcepeauHi TOTOYHOTO KaTaJory.

mv XXX — mepemimae (aitm abo karamor 3 iMm'siMm XXX y BKa3zaHe MiCII€.
Hanpuknan, mv examplefile.txt  /home/pi/office/ mnepeminrye
examplefile.txt 3 mOTOYHOro Karajgora B Karajgor /home/pi/office/.
Skmo ¢ain He 3HAXOAUTHCS B TMOTOYHOMY KaTano3i, [J0JaeMO MUISIX
posrtairyBaHHs (aitmy (To6To, mv /home/pi/documents/examplefile.txt
/home/pi/office/ mepemimye daiin 3 karamory documents B KaTajior
office). lI1 xoMaHga TakoX MOKe OyTH BHUKOpPHCTaHA JJis NEperMeHyBaHHS
daiiniB (asie TIIBKKU B TiM ke qupekrTopii). Hampuknan, mv examplefile.txt
newfile.txt nepeitmenoBye examplefile.txt B newfile.txt, 1 30epirae
Horo B TIH K€ TUPEKTOPii.

rm example.txt — Bugamsie daiin example.txt.

rmdir example_directory — Bunaise karajior example_directory (TUIbKH
SIKIIO BIH IMTOPOJKHIH).

scp user@10.0.0.32:/some/path/file.txt — komitoe (aitn yepe3 SSH.
Moske OyTu BUKOPUCTAHO JJIA 3aBaHTaKEHHs (ailily 3 JAECKTOma/HOyTOyKa Ha
RPi. user@10.0.0.32 — 11e imM'st kopucTyBaya Ta [P-aapeca nekromna/HoyTOyKa,
a /some/path/file.txt — nuisax Ta iM's Qaiiny ¢aiina Ha IECKTOMI/HOYTOY1II.
tar — CTBOpEHHs apXiBy a00 BUTAryBaTu (aiiyiB 3 apxiBHOro (aiimy. Moxe
TaKOX 3MEHIIIUTHA HEOOX1THUN MPOCTIP, IUISIXOM CTUCHEHHS (aiity, moaioHo 10
apxipy. II{lo6 cTtBopuTH cTUCHeHUM (aiin Bukopucraiite tar -cvzf
*filename.tar.gz* *directory/* Illo0 BUTATHYTH BMICT (aility 3 apXiBy
ckopucraeMocd tar -xvzf *filename.tar.gz*

touch — CTBOPIOE HOBUI MOPOXKHIH (aill B IOTOYHOMY KaTajosi.

tree — MOKa3aTH KaTaJloT 1 BCI MiJKaTajJoru Ta (pailyiv 3 BIICTYNIOM y BUTJISIL
J€PEBOBUIHOL CTPYKTYPH.

users — BUBOJUTH IMEHA BCIX KOPUCTYBAUiB, K1 YBIMIIUIM B CUCTEMY.
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Komanau nist mepexi/Iarepuery
ifconfig — BUKOPUCTOBYETHCS JJIsi IEPEBIPKU CTaHy MEPEKEBOTO 3'€THAHHS
(1106 mobaunTH, Hanpukiaa, un orpuMan wlan0O [IP-agpecy).
ip — yTwiiTa KOMaHIHOTO psjaka i3 makera iproute2. J[o3Bojsie BHUKOHATH
HaJAIITyBaHHS MEPEXKEBOI MICUCTEMH 1 3aMiHIOE Taki yTUiiTH, sk ifconfig,
route, arp. Hanpuknaz, Hasnauutu IP-agpecy inrepdeiicy ethl moxna Tak:
sudo 1p addr add 192.168.56.10 dev ethl
iwconfig — JIs IEPEBIPKH, SIKI MEPEXKi BUKOPUCTOBYE OE3IPOTOBHIA aamnTep.
iwlist wlan0 scan — BHUBEICHHS CIIHUCKY JOCTYIHUX B JaHUW Yac
0€3POTOBUX MEPEK.
iwlist wlanO scan | grep ESSID — BUKOPUCTOBYETHCS grep pa3oM 3 iM'siM
MOJIsl JUIsl 1I0JlaBaHHSI B CIMCOK TUTBKM THIX TOJIIB, SKI MOTPiOHI (HAmpHUKIIA,
npocto nepepaxysatu ESSID).
ping —3aIlyCK TECTYBaHHS MK ABOMA MPUCTPOSMHU, TIAKIIOYEHUMU 10 MEPEXKI.
Hanpuxknan, ping 10.0.0.32 Haainuie naket Ao npuctporo 3 [P 10.0.0.32 1 0ye
yekartu BianoBil. [Tpairtoe Takox 3 aagpecamMu BeO-CalTiB.
wget  http://www.website.com/example.txt — 3apaHTaxye (aiin

example.txt 3 [HTepHeTy 1 30epirae Horo B MOTOYHIN AUPEKTOPIi.

Komanau nuis orpumanHs iHgopMauii npo cucremy
cat /proc/meminfo — mokasye aetanbHy 1HGOPMAIIIIO PO MaM'ATh.
cat /proc/partitions — mokasye po3Mmip 1 KIJIBKICTh PO3AUTIB HAa KapTi SD
a00 KOPCTKOMY JIHICKY.
cat /proc/version —nokasye, siky Bepcito RPi Bukopucrosyere.
df -h — BimoOpakeHHs iH(pOpMAIIii PO TOCTYMHHUIN TUCKOBHUI TPOCTIP.
df / — moka3sye, CKUTbKH BUIBHOTO MICIISI HA IUCKY.
dpkg --get-selections | grep XXX — moka3ye BCl BCTAHOBJICHI TIAKETH,
AK1 TIOB's13aH1 3 XXX.

dpkg --get-selections — mokasye BCi BCTAHOBJICHI MTAKETH.
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free — nokasye, CKUIbKH BUIBHOI MaM'sTi.

hostname -1 — moka3ye IP-aapecy RPi.

I shw — HalTIPOCTIIIMIA 1THCTPYMEHT ISl OTPUMaHHS JIeTalbHOI iHGOpMaIi Ipo
amapatHy KoH(pirypamito MamuHd. g oTpuMaHHS HAWOUIBII  MMOBHOT
1H(opMallii BUKIUKaUTE 11 3 MpaBaMu CyNepKOPHUCTyBaya.

Isusb — BuBeneHHs cnucky anapatHux USB-migkmodens 10 RPi.

UP key — natuckansM kinaBimn UP Oyne BBeneHa octaHHs KOMaHa, 1o Oyia
3amucaHa B KOMaHAHOMY psiKy. Lle mBuakuii cnoci0 BUMpPaBUTH KOMAaH[IH, SKi
OyJu 3arucani MOMUIIKOBO.

vcgencmd measure_temp — IOKa3zye TEMIEpATypy HpoIecopa.

vcgencmd get_mem arm && vcgencmd get_mem gpu — MOKa3y€e pO3MOILT
nam'sati Mix nporecopom i1 GPU.

JleTanpHilIe Ik MIyKaTH 1HGopMaIiro npo cucreMmy Raspberry Pi

1.4. 3aBnanus
l. S0 BUKIIAa4 HE CTBOPUB CaM, TO HEOOXIJIHO CTBOPUTU 5 OOIIKOBUX

3anuciB Ha https://manage.realvnc.com/en/. PEKOMEHIy€eThCS BUKOPUCTATH PEaIbHI

MOIITOBI CKpUHBKK gmail.com, 60 calfT realvnc.com 31iiicHIOE BepudiKaIlito.
2. Hanicnatu e-mail ta maponi peectpaiiii 0OJIKOBUX 3alMCIB BUKJIAaaady,
o0 BiH 3MIT OiAKIIOYUTH 5 KoM totepiB RPi mo xmapu (1 Opuraga — mepriwmii
0OJIIKOBHIA 3aMKC, 2-Ta — IPYTHUH...) 3 BUKOPUCTAHHSM MOHITOpA, KJIaBlaTypH Ta MUIIII.
3. [Tpu nmigkmrouenHs 1o goctynHoro RPi uepes xmapHuii cepsic Tpeba Oye
BBECTH JIOTIH 1 MapoJb, K1 33J1aB TOM, XTO migkiaodaB RP1 1o xmapw.

4. 3asantaxxte VNC Viewer U1g CBOro rapkera.

5. [Tipxmouiteest po BianoBigHOoro RP1 3 Bukopucranusm VNC Viewer Ta
BUOpaHuX JioriHa 1 mapousis. OCKUTbKY TUIaHyeThesl He BUMHUKAaTu RPi, To KoXkeH
CTYJICHTaMH 3MOYE 3PYYHO TMOTPAIFOBATH. 3BEPHITH yBary, 0 MPH MEPIIOMY BXOIi
Ha oOsikoBui 3ammc (3 HOBOi [P-aapecu) calit Moxe Bumaratd Bepudikailiro,

HAJICIIaBIIHM JIMCTA Ha TOLITOBY CKPUHBKY, SIKa BUKOPUCTAaHA SIK JIOTiH. Ko asns
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KUIBKOX CTYJICHTIB (Ha Opuramy) 3apeecTpoBaHHM OJHUH OOJIKOBUH 3amuc, TO

3BEPHITHCS /10 HOT0 BIIACHUKA, 11100 BIH MATBEpAUB Bari npasa goctyiy.

6. BukonaTtu B TepmiHaii komanau update i upgrade.
7. 3naiinite mokansHy [P-ampecy RPi ta Temneparypy npomecopa.
8. 3HaiiniTe (¢alnu, K1 3ragyBajMCh paHille TpH  HalallTyBaHHI

nigkmodeHas RPi mo mepesxi. Skmo RPi migkmouases 1o WiFi, To cripoOyiiTe 3HaTH
MapoJIb JUIS M AKITFOYCHHS. 3pOOUTH CKPIHIIIOTH 71 TIPOTOKOTY.

0. CrtBopiTh TekcTOBHUH (haitst Ha RP1 1 3aBaHTa)kTe HOTO Ha CBIM TaJIKET.

10. BuBuiTe 1HTepdeiic Mikpokomn roTepa. OCHOBHY yBary 3BEpHITh Ha
MmeHto Preferences.

11. TloBtopith HaBeneHi B JIP komanu 1y1st po6oTH 3 RP1, 3p00iTh CKpiHIIOTH
I TIPOTOKOITY, HE3aJIeKHO, UM YCIIITHO BUKOHAHA J1aHa KOMaH/Ia.

12.  OdopMiTh TpOTOKOJ 1 30€pekiTh HOro Ha MIaThOpMi JAUCTAHIIITHOTO
HaBUYaHHS.

13.  [ns 3aBepuienHs po6otu 3 RPi mpocto 3akpuiiTe BIKHO BiJJai€HOTO
JTOCTYITY IO pOOOYOro CTOMY.

1.5. 3micT 3BiTY

1. Mera poGoTH.

2. CKpIHIIOTH pe3yibTaTiB BUKOHAHHS 3aBJaHHS.

3. BiamoBijii Ha KOHTPOJIbHI MUTaHHS 10 pOOOTH.

4. KopoTKi BUCHOBKH.

1.6. KOHTpOJIbHI NUTAHHS

1. Sk 3MiHUTH BIacHUKa MeBHOTO (paitna?
2. Sk oOMeXHUTH MEBHOTO KOPUCTYyBaya JIMILE IEperisgoM Qaitiin?
3. ki € koMaHIU U1 OHOBJICHHS omepartiiinoi cucremu RP1?
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JlaGopaTopHna pobora 2
BUKOPUCTAHHA GPIO RASPBERRY PI

Mera poOoru: Buuenus moxiauBocted iHTepdeiicy GPIO, 6e3neunoro
BUKOPHUCTAHHA KOHTAKTIB iIHTEp(eicy mpu MiAKIIOYESHHI 30BHIIIHIX €JIEMEHTIB.

3mict. RPi mae kontaktu GPIO, 10 AkuX MOXHA MIIKIIOYUTH Pi3HOMAaHITHI
MIPUCTPOI, IO OCOOJIMBO BaXKIJIMBO IpH BUKOpucTaHHI RPi mis IHTepHery peueit Ta
BOyoBaHUX cucteM. B naHiii poOoTi BHBYaIOTHCS, sIK ckopuctatucs GPIO s

oprasizailii yrpasJiHHs y BOYJJOBaHUX CHCTeMaXxX Ta OOMiHY JJaHUMHU.

2.1. Teoperu4Hi BizomocTi

RP1 nanae miarpumky mmH UART, SPI, 12C 1 1-wire (puc.2.1).

8 GPIO14
10 GPIO15
GPIO17 11 12 GPIO18
GPIO27 13 14
/ GPIO22 15 16 GPIO23
; 17 18 GPIO24
! GPI010 19 20 VI
SPI GPIO9 21 22 GPIO25
GPIO11 23 24 GPIO8
BT 25 26 GPIO7
DNC 27 28 DNC
GPIO5 29 30
GPIO6 31 32 GPIO12
GPIO13 33 34
GPIO19 35 36 GPIO16
GPIO26 37 38 GPIO20
D) 39 40 GPIO21

Source: Building the Web of Things.

Pi Zero §

1
3
5 6 [y
7 .
9 UARIT

SPI

Pucynok 2.1 — Buoau GPIO

KopoTki nosicHeHHs1 HaBeleHnX Ha puc.2.] mo3Ha4YeHb:
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* GPIO (General Purpose Input Output) - cTangapTH1 BUBOJH, K1 MOXYTbh OyTH
BUKOPHUCTaH1 JJIsi KepyBaHHS, HANPUKIAJ, TAKUMU HPUCTPOSIMU (BMHUKAHHS 1
BUMHKAHHS), SIK CBITJIOI0/IH.

* [2C (Inter-Integrated Circuit) — BUBOAM, SKI JO3BOJSAIOTH MITKIIOYATH 1
CHIJIKYBaTUCA 3 amapaTHUMH MOIYJISIMH, 110 MIATPUMYIOTh JaHUH MPOTOKOJ
(I2C-npoTOKON), SIKWIi BUKOPUCTOBYE, 3a3BHYAld, JIUIIIE 2 BUBOIM.

* SPI (Serial Peripheral Interface Bus) — BuBoaH, sIKi MOXKYTb OyTH BUKOPUCTaH1
JUTS THAKITIOYEHHS 1 CIUIKYBaHHs 3 ipuctposimu SPI. Maitxke e x, mo 1 [12C, ane
BUKOPUCTOBYETHCS 1HIIUM MPOTOKOI.

 UART (Universal Asynchronous Receiver/Transmitter) — yHiBepcalbHUN
ACHHXPOHHUH NpuiiMay/nepeaaBad (IMOCIiJOBHUM MOPT), 1110 BUKOPUCTOBYIOThCS
JUTSI 3B'SI3KY 3 IHIUMU TIPUCTPOSIMHU.

* 1-wire (One-Wire- Interface) — mocnioBHUIM TPOTOKOJ, IKUH BUKOPHUCTOBYE
€VHY JIHIIO TIepeaadl JaHuX Ta 3eMJII0 JIJIs OpraHi3allii 3B's13Ky, HaNpUKIa, 3

CEHCOpaMH.

3aBasku GPIO cTano MOXIUBUM JIETKO BBOJUTH JIaHi 3 CEHCOPIB 1 popMyBaTu
CUTHAJIM KEPyBaHHS BUKOHABYMMH MEXaHI3MaMHU.
J1st Toro, 100 CKOpHUCTATUCS MIATPUMKOIO P13HUX MPOTOKOJiB B RP1, HeoOxiaHO

ixX mo3BoiuTH Yepe3 koMaHay raspi-config 3 tepminany (puc.2.212.3):

F Edit Tabs Hel
i del B R

Raspberry Pi Software Configuration Tool (raspi-config)

1 change User Password Change password for the current u
2 Network Options Configure network settings

3 Boot Options Configure options for start-up

4 Localisation Options Set up language and regional sett
5 Interfacing Options Configure connections to peripher]
6 Dverclock Configure overclocking for your P
7 Advanced Options configure advanced settings

8 Update Update this tool to the latest ve
9 About raspi-config Information about this configurat

<Select> <Finish>

Pucynok 2.2 — Bubip 3aknaaku inTepdericis
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File Edit Tabs Help

! Raspberry Pi Software Configuration Tool (raspi-config) !

P1 Camera Enable/Disable connection to the

P2 SSH Enable/Disable remote command lin
P3 VNC Enable/Disable graphical remote a
P4 SPI Enable/Disable automatic loading
P5 I2C Enable/Disable automatic loading
P& Serial Enable/Disable shell and kernel m
7 Enable/Disable one-wire interface
P8 Remote GPID Enable/Disable remote access to G
<Select> <Back>

Pucynox 2.3 — J103B11 poOOTH BIAMOBITHUX MPOTOKOJIIB

Ile moxxHa 3po0uTH 1 uepe3 meHro Preferences -> Raspberry Pi Configuration

O VE|IVNC Server] 7 7 . 3 T [ ox] 1838

-

Pucynok 2.4 — Bubip mento Raspberry Pi Configuration

A naii nepexoumMo B 3akiaziky Intefaces Ta qo3BossieMo HeoOX1H1 iHTEpdericu

(mporokonn) (puc.2.5):
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Performance | Localisation

Camera: {®) Enable ( Disable

SSH: {*) Enable © Disable
VNC: (s) Enable O Disable
SPI: {®) Enable ) Disable
12C: (®) Enable O Disable
Serial Port: (=) Enable I Disable
Serial Console: (® Enable () Disable
1-Wire: {=) Enable () Disable
Remote GPIO: (®) Enable _ Disable

Cancel OK

Puc.2.5 — JIo3Bi1 BUKOpUCTaHHS 1HTEpPEICIB

Bcranosyenns 0i0siorexku st poooru 3 GPIO

3axoaumo B KoHcoJb RP1 1 3aBaHTa)ky€eMO apXiB:

wget www.airspayce.com/mikem/bcm2835/bcm2835-1.71.tar.gz

Ipumimxa: OcTaHHIO Bepcito 010J10TEKH MOXKHA 3aBAHTAKUTH HA LIbOMY CAMTI.

Po3zapxiByemo:
tar zxvf bcm2835-1.71.tar.gz

[Tepexoaumo B AUPEKTOPit0, KU PO3TOpHYJIach 010J10TEKA:
cd bcm2835-1.71

Bcranosmoemo 610m0TeKy:
sudo ./configure make
sudo make check

sudo make install

[Ticns mporo Gi6mioteka st podbotu 3 GPIO Oyne BcranoBieHa, a MOayIb snd-
bcm2835 noxanuii B (it /etc/modules, aje 1mie He 3aBaHTAKCHUH B TIaM ATh. J1JIs

3aBaHTA)XCHHS B I1aM’SITh CKOPHUCTAEMOCS KOMAH/I010:
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sudo modprobe snd-bcm2835

00 MU HE MOKEMO IIPOCTO MEPE3aBAHTAKUTHUCA JIA 3aCTOCYBAHHS HAJIAIITYBAaHHA IIPpHU

noctymi 10 RPi 3 [nTepuery.

Ha mpomy erami 3 BuBogamu GPIO Bxke MOXHA BUKOHYBATH SIKICh TIPOCTI i,
HAIpPUKIIAJ, YATATH CTAH NOPTY a00 BMUKATH/BUMHKATH IMIJKIIOYECHE HABAHTAKEHHS.
Hactynne BaxiuBe 3HaueHHs Mae Hymepauis BuBoaiB GPIO, 60 mis pizHux

J0JIaTKiB BOHa MOe OyTu pizHoro. Ha puc.2.6 mokazaHi HOMEpPH KOHTAKTIB PO3'eMyY

RP1i, imena element14 (Name), Homepu wiringPi Ta Homepu Python (BCM).

Python | WinngP: . P1 Pin - WirningP1 | Python
BcM) | GPIO Name Number| Jame GPIO |BCM)
3.3v DC Power | 1 1 v DC Power

8 Gpimfé]m‘“- 3 | 4 | 5vDCPower
. GPID‘IJ:-C!}E'»CL[, slie | oo
4 . GPIOO4 1ls GPIO14 15
(GP10_GCLK) (TXDD) i
GPIOIS
Ground 2110 (RXDO) 16
« GPIO17 GPIO18
1 0 |cpio cenoy | " | | op10_GEND| ! s
. GPIO27
2 |(apio gEny |13 |M] (Ground
" GPIO22 GPIO23 "
a 3 | crio GEny | ¥ |1 ) @GP0 GENg)| ¢ 4
. GPIO24 N
33vDCPower |17 18] o gans)] 5 | 24
B GPIOI0
12| (spr mosyy |1?]2| Ground
" Grioes |, 15, | _Gpioxs . »
: sprM1soy | *! |** | GP10_GENG) :
(no
| cpion GPIOO0S
‘“;f;’ spLcLk) |2 |*| sprceom| 1
x GPIO07
Ground 15126 (SPI CE1 N) 11
w  |Dsbach|,. [ |Dscaco|
geproM) | %' |*%| EEPROM)
5 2 GPIO0OS | 29130]  Ground
22 GPIOD6 | 31|32| GPIOI2 26 12
13 3 GPIO13  |33|34| Ground
19 24 GPIO19 | 35|36| GPIOI6 77 16
26 25 GPIO26 | 37138| GPIO20 2% 20
Ground 39 40| GPiODI 29 21

Pucynok 2.6 — BianoBigHicts HOMepiB KOHTakTiB GPIO Hymepauii B fonaTkax

Buxopucranns BuBoais GPIO i 3axoau 0e3nmexn

ITepm, HiX mock mix’eqHatd A0 BuBoAiB 1HTepdeiicy GPIO, napaiite

po30epeMocs sIKi HapyTu/CTPyMH MOKHA TIKIIFOYaTH IO BUBOJIIB B PEKUMI BXOAY 1

K1 MM OTPUMA€EMO Ha BUXO/II.
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Busio GPIO & peocumi 6x00y:

* Hanpyra 3,3B;

* piBeHb JIOT14HOT ouHHMII (1) OTpUMy€EMO, MOYMHAIOYN TPUOIU3HO 3 HAIIPYTH
1,8B;

* MakcuMmanpHui ctpyM 0,5MA.

Busio GPIO & pesxcumi 8uxooy:

* Hampyra 0 1 3,3B (sioriuyna onuHuUIS — He 5B, K 3BUKIIM BBAXKATH);

* CtpyM 2-16MA (3a 3aMOBUYyBaHHSIM 8MA);

* MakcuManbHUI CyMapHHUM CTpyM HaBaHTa)XEHHsI JJIsl BCIX 3a1sTHUX BUBOJIIB

— 50MA.

Taxox BaJMBO maM'sITaTH 11O:

* BHyTpimHi Oydepu 1 kiroui, ki miakaodeHi 1o BuBoAiB GPIO, He 3axuieH1
B1JI IEPEBAHTAXEHHS HAIIPYTHU 1 CTPYMY;

* BuBoau >xuBneHHs 3 BUXIAHOW Hampyroiro 3,3B MokHa HaBaHTa)XyBaTH
cTpyMoM He Oubiie SOMA (puc.2.7);

* BuBoau 3 BUX1IHOIO Hanpyrow 5B HaMaraeMocst BAHTQKHUTH He OlIbIIe, Hixk

Ha 500MA.

max 1, =16 mA

max ZIOUT =50 mA

max ZIWOUT =500 mA

Pucynox 2.7 — MakcuManbH1 3Ha4eHHs cTpymy uepe3 BuBogu GPIO

[Ipu mpoexkTyBaHHI MPUCTPOIB, B SKUX BUKOPUCTOBYETHCS BEIMKA KITBKICTH

BUBOA1B GPIO, Tpe6a 000B'13Kk0BO pOOUTH PO3B'A3KY Uepe3 10/1aTKOB1 Oy(depHi cXxemu,

MEePETBOPIOBAYl PIBHS HANpPYyTH, €IEKTPOHHI Kitodl. [le moTpibHO mns Toro, mob

yoesneuutd RPi1  Bii MOXIIMBOrO TMOIIKOJKEHHSA (BUTOPSHHS) €JIEKTPOHHHUX

KOMYyTaTopiB (KJIF04iB) 1 OydepiB BcepearHI MIKPOCXEMH.
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A Temnep naBaiiTe MOJMBUMOCS, IO BUIAJIE, SIKII0O MU MIJKIIOYMMO J10 TPbOX
noptiB GPIO i 3aransHOrO /U1st HUX BUBOY 3,3B TpH CBITIOAI0/1a, YEPE3 KOMKEH 3 IKUX
Oyne mpotikatu ctpyMm 20MA (Ham'sckpasi cBiTiomionn): 20MA * 3 = 60MA, 110 €
NEPEeBUIICHHSM MaKCUMaJbHO JIOMYCTUMOrOo CTpymMy Ha BuBoai 3,3B 1
nepeBanTaxeHHsAM a7 BuBoAiB GPIO (mo 20MA Ha BUBIT).

B nmanomy BuUmajaky, s )KUBJICHHS TaKUX CBITJIOAIOIB Tpeba MiAKIIOUUTH 10
BuBOZIB GPIO nmonaTkoBi kitoul Ha TpaH3UcTOpax abo MiKpocxemax, sKi OyayTb
KepyBaTH CBITIIOI101aMU 1 HE OyayTh MepeBaHTaXyBaTH BUBOIU 1HTEpPEIiCy.

Axmo 10 koxkHOro 3 kKutbkKox BuBOJAIB GPIO mpuenHaeMo cBITIOAION, TO iX
CHUTBbHY TOYKY MOXXHA MIAKIIOYUTH A0 3eMil. B TakoMmy BuMajKy, CBITJIOAI0N Oyne
CBITUTHUCS, SIKILIO HA BUBO/I1 OyJie MPUCYTHIM BUcOKHii (3,3B) piBeHb, a 151 0OMEKEHHS
CTpyMy 10 15MA MOCTII0BHO CBITIOAI0/TY MiIKIFOYUMO 0OMEXYBAILHUN PE3UCTOP.

BuBonu 3 Hanpyroro 5B mikiroueHi O OCHOBHOI IIMHM KUBJIEHHA 5B miiatu
(micnst craburizaTopa) 1 BEJMKE HaBaHTAXEHHS MOXKE BIUIMHYTH Ha CTaOUIbHICTD
poOoTH MIaThOPMH B IJIOMY, a TAKOK MOMIKOIUTH BHYTPIIITHIN cTab1113aTOp HANIPYTH
+5B. I1oTp16HO 3 00EpEXKHICTIO CTABUTHUCS JO BUKOPUCTaHHS BUBOAY SB: nomyctumuii
CTpPyM HE TOBUHEH niepeBuIlyBat 1A (6€3 BpaxyBaHHs CIIOKUBAaHHS CaMOIi IIJIaTH ).

HacnpaBai, cnoxuBanuii RPi1 ctpym ©Oarato B YoMy 3ajeXUTh Bij
3aBaHTAXKEHOCTI MpoIiecopa 1 Bijeomnpoiiecopa (rpadiuna 000J0HKa BUMarae HabaraTo
OlIBIIIe pPecypciB, HDK KOHCOJIBHUN PEXKHUM), a TaKOX BIJI KUIBKOCTI IIIKITFOYCHHUX
npucTpoiB 10 USB mopTiB Ta iX CHOXKMBAaHHS. 3HAYEHHS 3arajibHOr0 CIOKMBAHOTO
CTPyMy MO>K€ 3MIHIOBaTHCS B Mexkax Big 250MA no 1A.

RPi, six 1 Oyap-AKka 1HIIA YyTJIMBa €JIEKTPOHIKA, MOXe OyTH MOILIKOMKEHUMN
CTaTUYHOIO enekTpukoro. Ilepen poboToro OakaHo mMpuOpaTH HAKONMUYCHHUM Ha T
CTATUYHHM 3apsil, 3HITH 3 ceOe BOBHSHUMN OJIST 1 HE TOPKATHCS €JIIEMEHTIB Ha TIIATI.

[lepen massHHAM MOZYJIB 1 TUIaT OakaHO BiAKIOUUTH iX Bia pos'emy GPIO 1
OyJe HemoraHo, SIKIIO € MOXJIMBICTh BUKOHYBAaTH MOHTX MAasUIbBHUKOM 3 HAIPyTOIO
36B (ab0 HIKY0I0) 3 BUKOPUCTAHHSAM MOHIKYI0UOTO Tpanchopmatopa 3 220B 1o 36B

TOII[O.
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[Tin116'eMoO HEBEIMKMI MIACYMOK 13 3aX0/1aMH O€3IeKu:

* [lepen po6GoTOIO 3HATH 3 ceO€ CTATUUHUN 3aps/I.

 basxxaHo BUKOHYBATH MaiiKy eNEeKTPOHIKH 3 BiAKII0UeHUM po3'eMom GPIO.

* He nepeBanTaxxyBatu BuBoAM xkuBjieHHs 3,3 (50MA) Ta 5B (300-500MA) 1 He
i’ €IHYBaTH iX 0€3M0CepeHBO 10 1HIINX BUBO/IIB.

* VHEMOXJIMBUTU TMPOTIKAHHS CTPYMY BEIUYHMHOIO Oiibin 8-15MA uyepes
BuBoau GPIO.

* YHEMOXXITUBUTH MiIKIt0ueHHs Hanpyru 6inbiie 3,3B Ha BuBogu GPIO.

* [TinxmrouaTu 6e3nocepenubo 10 RP1 He Ounbie 3-x cBiTiioaioAiB (Ha 2-15MA
KOXKEH).

* VBa)KHO NEPEBIPATH NPABUIILHICTD MIAKIIOUCHHS TIepe]] M01a4et0 >KUBJICHHS

Ha cxemy 1 RPi.

PiBHi Hanpyru Ha BuBogax GPIO 3a 3amoBYyBaHHAM

[Ticist Toro sik RPi BKiTroueHMit 1 3aBaHTa)KeHa oriepariiiiHa CucTeMa, Ha BUBOJaX
GPIO BcranoBnenuit Hu3bKkui piBeHb (0B), 1 Tak OyAe HOTH, MOKH SIKach Mporpama
a0o clieHapiii He 3MIHUTh CTaH MOPTIB.

g 1udopmaris B3dTa 3 JOKYMEHTalli, BOHA TaKOX IIATBEPIKY€EThCS
BUMIPIOBAaHHSM CTaHIB BUBOJIB 3a JOMOMOTOI0 TecTepa. TyT Bce JIOTTYHO 1 3py4HO:
IiCJIsI BMUKAHHS BC1 BUBOIM BUCTaBJIeHI B "0", mi3HIIIIE BUCTABISEMO Ta IEPEMHKAEMO
CTaH HEOOXIIHMX BHUBOIB 1, TAKUM UYHUHOM, OYyAYy€MO CBOi amapaTHO-IPOrPaMHI
nonaTtku Ha ocHOBI RPi.

AJle, MOYMHAIOYU 3 MOMEHTY IOJauil HUBJICHHS Ha MIaTGopMy 1 10 MOMEHTY
iHiLianm3zamii apaiieepiB B OC, Ha JOBUIBHUX BHBOJAX KOPOTKOYACHO MOXKYTh OyTH
MPUCYTHI BUCOKI piBHI (3,3B).

Ileii momenm nompiono nepedbauumu npu RnPOECKMYBAHHI cXeM, W40
nioknouaomusca 00 GPIO.

[HOMI HEmoTaHWM pillleHHAM MOXe OyTH pe3epByBaHHs oaHoro BuBoay GPIO
JUISL YIIPABIIIHHS CXEMOIO T0/avl )KUBJICHHS Ha €JIEKTPOHIKY 1 BUKOHABY1 MPUCTPOI, B

TaKOMy BHUMAJKYy J>XUBJCHHS Ha €JEKTPOHIKY HaAliiie TIIbKKA TMICAS TOro, SK
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3aBaHTaxuThcsi OC 1 cueHapiii Hamoi mporpamu IMojaB BUCOKHH piBEHb Ha BUBIA
yTIPaBIIiHHS )KUBJICHHSIM CXEMHU.
binem neransHy iH(MOpManii npo Te, sk npairoe GPIO na mmatdopmi RPi,

MO>KHA OTpUMAaTH 3 JOKYMEHTallii npo nponecopu Broadcom.

Ipuxaag nporpamu s Bukopucranasa GP10:
#1/bin/sh
# Homepa GPIO moBMHH1I BUOMPATMUCS 3 LBOTO CIUCKY:
#0, 1, 4, 7, 8, 9, 10, 11, 14, 15, 17, 18, 21, 22, 23, 24, 25
# 3BepHiThL yBary, mo Homepu GPIO, 4gkxi BM TYyT BKaszyeTe, BI1IHOCATLCH
0O KOHTAKT1B
# BCM2835, a He mo HOMepiB BUBOOiB po3’ema.
# TomMy, SAKIO XOuUyeTe aKTMBYBATM KOHTAKT 7 Ha po3’emi, TO HOBMHHI
# BuxopmcrTaru GPIO4 B uLUBOMYy ClieHapiwo. AHaAJOTiUHO, IJjg akTmMBauLii
xkoHTakTy 11 Ha po3’emi noBmHH1 Bukopmucratrm GPIO17.
# HagsamryBatm GPIO4 1 BCTAHOBMTU MOIT'O AK BUXI1IHMUMA
echo "4 > /sys/class/gpio/export
echo "out"™ > /sys/class/gpio/gpio4/direction
# HagsamryBatm GPIO17 1 BCTAHOBUTM MOTO HSK BXI1IHMUMA
echo "17" > /sys/class/gpio/export
echo "in" > /sys/class/gpio/gpiol7/direction
# BpobuTu BUBinm BUxinmHmMM, Ha gkoMmy abo Byme unanpyra 3,3B, ato ii
He Oynme
echo "1" > /sys/class/gpio/gpiod4/value
# MpoumTaTy 13 BX1OHOTO BMBOIA
cat /sys/class/gpio/gpiol7/value
# OumcTuTH
echo "4" > /sys/class/gpio/unexport

echo "17" > /sys/class/gpio/unexport

MakeTHa nuiara JAJ peajizanii NpOCTUX MPUCTPOIB
Makxketna mnata (breadboard) - e MoHTa)xHa mIaTa 11st pO3pOOKH MPOTOTHUIIIB

a00 THMYaCOBHX CIICKTPOCXEM 0e3 BHUKOPUCTAHHA NasJIbHHUKA.
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Bcepenuni MakeTHOi miaTkd TPOKJafeHl MPOBIIHUKA TaKUM YHHOM, 1100
JI03BOJIUTH 30MpaTH JOCUTh CKIIAJIHI KOHCTPYKIii. B miaTi € rpynu 3'€lHaHUX MIiX
co00I0 KOHTAKTiB, pO3TAaIlIOBaHUX Ha BiACTaHi 2,54 MM. CXeMaTUYHO MaKeTHY ILIaTy

MOYKHa 300pa3uTH Tak (puc.2.8):

: Hoezi wiunu 630063t Makemmnoi niamiu 3a36u4ail 6UKOPUCINOGYIOND
'\ 012 niOKIOYEHHA 6UB00Y HCUBCTEHHA MA 3EMTi

. e e R R e R B e L L L R

3'€OHAHHA KOMNOHEHINIG

Pospue nocepeouni
GUKOPUCINOBYIOND
0151 KOMNOHERMIE
3 06oma paoamu
811600186 e

LI N I
LN L L
“« e
LI L L
« e
L)
L L L L
L L L L
L)
L)
e

L I I
L I I
« e
L L I L
L L I
L B
L L L
L I I
« e
« e
..

Ilpuknao napanensrnozo
mr RGN bW e pW X BN FR memmsy i Lol M R mmmsd BXO M R ..
3'"€COHAHHA KOMNOHECHINIE Smom m e o T R R K3 ES EESS MK BL B EC Pee e see

Pucynox 2.8 — YMoBHe 300pakeHHsI MAaKETHOI TIJIaTH

Konu mu nigkitouaeMo MpoBiIHUK 10 OJHOTO 3 OTBOPIB B OKPEMOMY psijii, 1ier
KOHTAKT Oy/i€ OJJTHOYACHO MIAKIIOUEHUH 1 10 PEUITH KOHTAKTIB I[LOTO PSIY.

Ha makeTHux muiatax mpuUAHATO BUKOPUCTOBYBATH II'SSTh OTBOPIB HA OJHIM
IIMHI, 1 MA MOYXXEMO TIKJIFOYUTH 10 T'STH KOMIIOHEHTIB BKJIFOYHO JIO OKPEMOI IIUHH 1
BOHM OyayTh MOB'sI3aH1 MK COOOIO.

B nenTtpi makeTHOI mIaTH B3JOBX HET MPOXOJIUTH OKpeMa KaHaBKa, sIKa 130J10€
IJIACTUHM OJIHY BIJI 1HIIIO1, PO3AUISIIOUN KOKEH Pl Ha JIB1 He3aJIekH1 001acTi. 3aBasIKA
IIbOMY MOHa BCTAHOBIIIOBATH KOMIUICKTYIOYl BHpPOOM, HE 3aMUKAIOYM KOHTAKTH.
Kpim 130541111, 111 KaHaBKa J03BOJIsIE BUKOPUCTOBYBATU MiKpocxeMu (popM-dakTopa
Dual in-line Package (DIP). ¥ DIP-mikpocxeM KOHTaKTH PO3TallloBaHi 3 IBOX CTOPIH
1 BIIMIHHO TIACYIOTh JIJISl IBOX IIWH IO IEHTPY IJIaTH. Y IbOMY BHIMAJKY 130JISI1is
KOHTAKTIB — UYyJIOBUM BapiaHT, SIKUM JT03BOJISIE 3pOOUTH PO3BOJIKY KOKHOTO KOHTAKTY

MIKpPOCXEMHU Ha OKpEMY IIUHY 3 M'SThMa KOHTAaKTaMHU.
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CeiTiioion — npaBuiIbHE i HeNMpaBWIbHe MiIKJIOYEHHS
[lepri npoexTH 3p0OUMO 3 BUKOPUCTAHHSIM CBITJIOIIOAIB. Y HaBEACHUX HUKYE
MpUKIagax BUKOPUCTOBY€EThCs BUBiA "GPIO4", a B peasibHOMY IPO€EKTI 3aMiCTh HOTO

MO>K€ BUKOPUCTOBYBATUCS OYAb-SIKUN 1HIIUHN 3 TOCTYITHHUX.

N\
D1
33V | 1 2 3v
LepY
RPi RPi
GPIO4 f PIO4
7
a) 0)

Pucynox 2.9 — IlpaBuibHe (a) 1 HenpaBuwibHE (0) MAKITIOYEHHS cBiTIoAI0a 10 RPi

SAx BugHO 3 puc.2.9, Bukopuctanuii BuBig GPIO4 1 npu mnpaBwibHOMY
MIKJIIOYEHHI PUCYTHIN PEe3UCTOP, KU 0OMEXKYE CTPYM Yepe3 CBITIO IO,

[Ipu npsiMomy MiAKIIOYEHH] 0€3 pe3ucTopa Ha CBITJIOA101 Oy A€ Mo/laHa HaIpyTa
3,3B, 110 € 6inbiIe HOpMU A5 cBiTIIOAI01B (2-3B). [IpsiMa Harpyra Takoi BeTMYUHA
CTaHEe MPUYUHOIO0 YUMAJIOTO CTPYMY B JIaHI1031 (moHaa SOMA), 1110 MOXXe CIPUUYUHUTH
3a co0O0I0 BUTOPSIHHS CBITJIO/10/1a 1 BUXOAY 3 Jlaay sik okpemoro 0ydepa GPIO, Tak 1
mpoiiecopa B IIOMY.

He TpebGa ekoHOMHTH Ha pe3ucTOpax, a Kpalle BCTAHOBUTH MOCIIJOBHO IO
KOXXHOTO BUBOAY pe3uctop npubnauszno 1K 1 HamamTyBaTtu cxemy Al BIEBHEHOI
poOOTH 3 TAKUMU 3HAUYEHHSMHU OIOPY, HIXK MOTIM, B pa3i MOMUJIKHU, 3IIICYBaTH IUIATy

RPi.

Po3paxyHok HOMIiHAJIY pe3uCcTOpa AJIs CBITJI01i0Aa
Ak mpaBuII0, JUIsl EKCIEPUMEHTIB 31 CBITJI0/110/IJaMH OyJie JOCUTh PE3UCTOpa HA
100-600 Om. Ilpu OinbiiomMy omopi CBITIOAI0A OyAe CBITUTUCS TPOXH ThMsHIIIE, a

IPU MEHILIOMY — SICKpaBIIIIe.
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JI71s1 6111 TOYHOTO PO3PaXYHKY OMOPY pe3ucropa (Mpu KuBjeHH1 Bix +3,3B)
BUKOPUCTOBYEMO (hOPMYITY:

R=(3,3B-Un)/In,

ne:

* R - omip pesucropa;

* U, - poboua Hampyra CBITIOII0a;

* [, - poGoumii CTpyM CBITJI0/110/1.

TunoBi 3HaYEHHS HATIPYTH JJIS CBITJIOAIOIIB PI3HOTO KOJIBOPY:

* yepBoHUii - 1,8 ... 2B;

* )KOBTHH 1 3eyieHuH - 2 ... 2,4B;

* Oui 1 cuHi (sickpasi) - 3 ... 3,5B.

PoGouwnii cTpyMm y CBITIIOAI0/1IB, B 3aJICKHOCTI Bl THIy, MOXKE KOJIMBATHUCS B
Mexax 10-25MA. Jlnsg OuIpIl TOYHMX PO3PAXYHKIB Kpalle yYTOYHUTH MapameTpu
KOHKPETHOTO CBITJIOA10/1a B IOBITHUKY. Y HAIIOMY BUIAQJKY JIJIsl EKCTICPUMEHTIB Oyie
JI0CTaTHIN 1 0e3neunuii ctpyMm BennunHowo 10-15MA.

Hanpuknaz, Bi3bMeMO CBITIIOA10/1 YEPBOHOTO KOJILOPY 1 pO3paXy€eEMO JJisi HOTO
pesuctop npu ctpymi 10MA:

R=(3,3-2B)/0,01A =1300m

[Ipu onopi pe3ucropa 1300M 1 xuBieHHI Hanpyroto 3,3B cBITI0110/] CBITUTUME
TOCUTH sickpaBo. [1IBuamie 3a Bce, 1m0 1 mpu 3HaueHH1 3000M sIcKpaBOCTI CBITIIA JIi01a
Oyne uuikoM poctaTHbo mig excrepuMeHTiB 3 GPIO B RPi 1 mopr He Oyae

MePEHABAHTAKCHUM.

Buxopucranns Raspberry Pi B cruiii Arduino
Opniero 3 momynsipaux 610miorek st pobotu 3 GPIO na RPi croroani €
WiringPi.
Bcranosiaennss WiringPi
1. Skmio y Bac He BCTaHOBJICHA YTUJIITa git 1 pobotu 3 github-peno3uropisimu, TO

BCTAHOBJIIOEMO 1i:
sudo apt install git-core
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2. 3aBaHTa)XyeMO MEPBUHHUM KO 010J110TEKH 3 PEMO3UTOPIIO:
git clone git://github.com/WiringPi/WiringPi

3. BcranoBmoeMo:

cd WiringPi

sudo ./build

Ilpuknaou eukopucmanns
[Ticast Toro, sik BcraHoBHIM Oi0mioreky WiringPi, po3riisiHeMo HalmpocTimny

CXeMy: KepyBaHHS CBITIOAI0A0M (puc.2.10)

Raspberry Pi GPIO
WiringPi  nave

NAME WirmgPi

3.3VDC Power 5.0VDC Power

SDAQ (12C)

SCLO(12C)

GPIO7

Peancrop
DNC (100-300 On)

Pucynok 2.10 — Cxema kepyBaHHS CBITJI0/110]I0M

Ha maxketHiit mati cxema Oye Burisaatu Tak (puc.2.11):

3
-
o
=
E
L

Pucynox 2.11 — 3i0pana Ha MakeTHI# TUIaTi cXeMa KepyBaHHS CBITIIONI0IOM

TecToBa mporpama ajist janoi cxemu blink.c:
/*

* plink.c:
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* [IpocTa TecToBa IpoIpaMa OJigd MOpTaHHA cBiTmomionma Ha BuBomi 1
*/
#include <wiringPi.h>
#include <stdio.h>
int main (void)
int pin = 1;
printf("’'Raspberry Pi wiringPi blink test\n");

if (wiringPiSetup() == -1)
exit (1);

pinMode(pin, OUTPUT);

for (5:){

printf("'LED On\n");
digitalWrite(pin, 1);
delay(250);
printf("'LED Off\n'");
digitalWrite(pin, 0);
delay(250);

+

return O;

3anuiumnock 310patu 1 3aMyCTUTH:
cc -o blink -1 wiringPi -L Zusr/local/lib blink.c
sudo ./blink

Hain cBiTi01104 NOBUHEH MUTOTITH. MOXKEMO 3MIHUTH YaCTOTY MUTOTIHHSI.

2.2. 3aBaaHHsA
1. BcranosiTs Ha RPi akTyaneHy Bepcito 616moTreku s podotu 3 GPIO.
2. [loBTOpiTh HaBeneHuii B yporli npukiaan kepyBands GPIO 3a qomoMororwo komann
echo.
3. Bcranoite 0i0mioTexky WIrIngPi, 30epiTh cxeMy KepyBaHHS CBITJIOIIOIOM,

HaBeJICHY B J1a0opaTopHid poOOTI, 3amporpamyMTe BMHUKAHHS/BUMHKAHHS CBITJIO
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nioza 13 3MIHHOIO 3aTPUMKOIO: CIIOYaTKy YacTOTa MUTOTIHHS 301IBIIY€ThCS, MOTIM —
3MEHIITY€THCS TOIIIO.
4. B mportokoini HaBeniTh npukian nporpamu bl iInk.C 3 momanumu no xoxxHOTO
psIKa KOMEHTAPSIMHU.
5. Hanumnite mporpamy KepyBaHHS TpPhOMa CBITJIOMIOJAaMHU 32 aJTOPUTMOM pPOOOTH
cBiTiIO(Opa, KOJIM YEPBOHUM 1 3€JICHUI CBITJIOMIOAN TOPATH 2 ¢, a xoBTUl — 1 ¢. Kox

3 KOMEHTapsIMU JojAaiiTe B IpoTokoj. CxemMa MiJAKIIOUEHHsS MI0/A1iB IMOKa3aHa Ha

puc.2.12.

Pucynok 2.12 — Cxema jist cuMyJsitii podotu cBitiodopa

2.3. 3micr 3BiTY
1. JlicTuHrM porpam 3 KOMEHTapsIMU.
2. Cxemu nigkiaroueHus 10 RPi.
2. Bianosiai Ha KOHTPOJIbHI MTUTAHHSA 10 POOOTH.
3. KopoTki BUCHOBKH.
3BIT B €JNeKTpOHHOMY BUIIIAl (OaxaHo y Qopmati pdf) 3aBanTaxkutu y

BiAMOBIAHY nanky B Moodle.

2.4. KoHTpPOJIbHI NUTAHHSA
1. SIky MakcuMaJgbHy HOTY)XHICTb MOXYTh CIOXHUBaTU miakmoueHi a0 RPi
PUCTPOi?

2. Slxuii piBeHsb joriuHoi «1» Ha Buxoai RP1?
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JlaGopaTopHna pob6ora 3
CTBOPEHHSA T'PA®IYHOI'O IHTEP®EVCY KOPUCTYBAYA 3

TKINTER

Mera poOotu: HaBuutucs cTBOprOBaTH TpocTi TpadiuHi iHTepdeiicu
KopucTyBaua B Python 3 BUKOpHCTaHHSM B1JIKETIB.
3mict. PosrmsimaeThcs BukopucTanHs Habopy iHcTpymeHtiB tkinter s
ctBopennst GUI B Python.
3.1. Teopernuni BizomocTi
Enementn GUI - e mpumipHuku kiaciB moxyis tkinter, skwii BXOAUTH B
naker Tkinter. Ilpu mporpamyBanHi TpeGa MPOWTH NPUOIM3HO TakKi eTanu, oo
ctBoputH nporpamy 3 GUI:
1. IMoptyBatu 616;110TEKY.
. CTBOpUTH T'OJOBHE BIKHO.
. CTBOpUTH €1eMEHTH YIIPaBIiHHS (BIIKETH).

. BctaHoBUTH BI1acTUBOCTI BIJKETIB.

2

3

4

5. BuznauuTu noaii.
6. BuzHauntu 0OpoOHUKIB MOTIN.

7. PO3MICTUTH BIJKETH B TOJIOBHOMY BIKHI.
8. BinoOpa3uTu rojoBHE BIKHO.

[Tpuknag GUI 3 okpemumu enemMeHTamMu yripaBiiHHs (BimxeTamu) (puc.3.1):

Kunonka Mirka Tekcrose nomte [Tpanopeus Pamka

Mad Lib
Enter informationffor a new story
Person:
Plural Noun: salamanders
Verb:
Adjective(s):

Body Part:

dance

v itchy ™ joyous vV electric

" bellybutton " bigtoe (" medulla oblongata
L Iepemkaa

Click For story:

The famous explorer Keren had nearly given up a life-long quest to find
The Lost City of Salamanders when one day, the salamanders found Keren. A
strong, itchy, electric, peculiar feeling overwhelmed the explorer. After
all this time, the quest was finally over. A tear came to Keren's big toe.
And then, the salamanders promptly devoured Keren. The moral of the story?
Be careful what you dance for.

TexcroBa
o0macTh

Pucynoxk 3.1 — Ilpuknang GUI 3 enemenTaMu yripaBJiiHHS
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Tkinter Hagae pi3HI €IEMEHTH YNPABIIHHSA: KHOMKH, MITKH, TEKCTOBI IOJs
TOIIO, SIKI BUKOPUCTOBYIOTHCA B JI0JaTKax 3 rpadiuaum iHTepdeiicom. B nanuii yac €

19 tumiB BimxeTiB B Tkinter. [IpeacTaBumo 111 BiKETH, a TAKOXK KOPOTKHUH iX OMHC B

tabmui 3.1:
Tabmuns 3.1 — Enementu GUI
Enement (Bigker) Kaac tkinter Omnuc kiaacy
[Ticns HaTUCKAaHHS KOPUCTyBaya
KHornka Button _
BUKOHYETBCS SKACh i
BukopucToBY€ThHCS 111 MaTFOBaHHS TaKUX
dirypu Canvas dbiryp, sk JiH1i, OBajIM, 0araTOKyTHUKH 1
MPSMOKYTHUKH Y JOJATKY
J103BOJIsIE KOPUCTYBavy YBIMKHYTH 200
[Tpanopeup Checkbutton
BUMKHYTH Oy/Ib-SIKUU TTapamMeTp
TekcToBe moJie Entry [Tpuiimae 1 Bi1oOpaskae O UH PAIOK TEKCTY
Pamka Frame Cnyxutb 0a3or0 ais iHmux eneMmentis GUI
_ Bino6paxkae 3Ha40K a00 TEKCT, IKUM HE
Mitka Label
MO>KHA KE€pPyBaTH
. BukopuctoByeThCs ISl HaTaHHS
[TapameTpu Listbox _ _
KOPHUCTYBAUEB1 CIIMCKY OITIIIH
BukopucToBy€eThCS TSI HaTaHHS
Knonka mento Menubutton |kopucTyBadeBi pi3HUX KOMaH], K1
po3MiieHi BecepeanHi knonku MENU
BuxopuctoByeThCs 1714 BiTOOpa)KEHHS B
Menro Menu
J01aTKy MEHIO
BuxopuctoByeThcs U1l BIHOOpaKeHHS
[ToBimomMiieHHS Message 0araTopsIKOBUX TEKCTOBUX ITOJIIB JIJIs

IpUiloMy 3HaY€Hb BiJl KOPUCTYBaya
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http://www.tutorialspoint.com/python/tk_button.htm
http://www.tutorialspoint.com/python/tk_canvas.htm
http://www.tutorialspoint.com/python/tk_checkbutton.htm
http://www.tutorialspoint.com/python/tk_entry.htm
http://www.tutorialspoint.com/python/tk_frame.htm
http://www.tutorialspoint.com/python/tk_label.htm
http://www.tutorialspoint.com/python/tk_listbox.htm
http://www.tutorialspoint.com/python/tk_menubutton.htm
http://www.tutorialspoint.com/python/tk_menu.htm
http://www.tutorialspoint.com/python/tk_message.htm

[Tponorxenus Tadmn.3.1.
Jl03BoJIsI€ KOPUCTYBauy BUOpATH OJUH

[Tepemukau Radiobutton o
napameTp 13 KIJIbKOX 3rpyIOBaHUX
BuxopucTtoByeThCst 17151 3a0€31€UCHHS
Hlkana Scale .
ciaiiiepa BiJKeTa
BuxopuctoByeThcs ISl T0AaBaHHS
Cmyra npoKpyTKd Scrollbar MO>KJIUBOCTI MPOKPYTKH, HATIPUKIIA, AJIs
CITUCKIB
[Tpuiitmae 1 BimoOpaxkae KijbKa psIKIB
TekcroBa 00s1aCTh Text
TEKCTY
. BuxopucTtoByeThCs 17151 3a0€311€UEHHS
Bunuii piBeHb Toplevel

KOHTEHHEepa OKpEMOro BiKHa

Bapiant crangaptaoro Tkinter-Bimxera
Tekcrose nosie 3

Spinbox Entry, sikuif MOKHa BUKOPUCTOBYBATH JIJIsI
BHOOpPOM :
BUOOpPY 3 (DIKCOBAHOTO YKCIIA 3HAYEHD
Konretinep, sikuii MOKe MICTUTH OYIb-SIKY
BikHo naneneit PanedWindow kinbKiCTh NaHeseH, pO3TalloBaHUX
TOPU30HTAJILHO a00 BEPTUKAIHHO
[Ipoctuit KOHTENHED, AKUN
_ BUKOPHUCTOBYETHCS SIK MPOKIaaKa ado
Pamka miTku LabelFrame

KOHTEWHEP JJIs CKJIaJHUX BIKOHHUX

PO3KIIaJI0K

. . BuxopucroByeThes 11 BiToOpakeHHS BIKOH
BikHO moB1gOMIIEHb tkMessageBox _
TIOBIIOMJICHb B JIOJIaTKax

31 croBmisg KkiaciB  tkinter MOXEMO TEPEeUTH 3a TOCWIaHHSM JI0
AQHTJIOMOBHOTO TIJIpyYHUKA, Ji€ OUIbII JETAJIbHO TOSICHIOEThCS BUKOPHUCTAHHS
napameTpiB BiJKETA.

BimkeTn CTBOPIOIOTBCS BUKJIMKOM KOHCTPYKTOpA BIJIOBIIHOTO Kiacy.

[lepmmii apryMeHT (K MpaBUIIO HEIMEHOBAHUM, ajie MOXKHA BUKOPHCTOBYBATH 1M's
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http://www.tutorialspoint.com/python/tk_radiobutton.htm
http://www.tutorialspoint.com/python/tk_scale.htm
http://www.tutorialspoint.com/python/tk_scrollbar.htm
http://www.tutorialspoint.com/python/tk_text.htm
http://www.tutorialspoint.com/python/tk_toplevel.htm
http://www.tutorialspoint.com/python/tk_spinbox.htm
http://www.tutorialspoint.com/python/tk_panedwindow.htm
http://www.tutorialspoint.com/python/tk_labelframe.htm
http://www.tutorialspoint.com/python/tk_messagebox.htm

master() — 1e 0aThbKIBCbKUHN BIKET, B KUK OyJe yrnmakoBaHUM (TOMIIEHUI) HAII
Bi/DKeT. baThKiBChKHN BiPKET MOKHA HE BKa3yBaTH — B TaKOMY BHUITAJIKy Oyje

BUKOPHCTaHE TOJIOBHE BIKHO Mporpamu. Jlami HayTh IMEHOBaHI apryMeHTH, SKi

KOHOIrypy1oTh BipKeT. Lle Mmoxke Oyt BuUKOopucTOoBYBaHUU mpudrt (Font = _..),
komip BiymKery (bg = ...), KOMaHaa, MO0 BUKOHYETHCS TPU aKTHBAIli BIIKETa
(command = ...) ToIIIO.

IIlo Take noaiiiHO-Opi€HTOBaHE MPOrPAMYBAHHS

[Iporpamu GUI, 3a3Buuaii, mnojidHO-opieHTOBaHI. lle o3Haudae, MmO BOHH
BIIMOBIAIOTh HA J1i KOPHUCTyBaya HE3aJIECKHO BIJ MOPSAKY 3A1MCHEHHS OIeparliil.
[ToxiitHo-opienToBane mporpamyBaHHs ([1OI1) — ocoOnuBUiA NUIAX HAMKMCAHHS KO,
HE3BUYHMI Ccrioci0 MHCIEHHA mporpamicra. Aje, SIKIIO HaM KOJMCh MPUXOJUIIOCH
kopuctyBatucsi nporpamamu 3 GUI (manpuxman, Opayszepom), TO MpairoBaTd 3
MOIITHO-OP1EHTOBAHUMH CUCTEMaMHU MU BXKE BMIEMO.

o6 mposicautu cyTh [1OII, po3rasiHeMo 13 30BHIMIHBOI CTOPOHU 1HTEp(eEric
KopuctyBada Ha puc.3.1. Skmo ©6 MU BUPIIIWIM CTBOPUTH IIOCH TMOIIOHE,
KOPUCTYIOUHCh TUIBKM HUHINIHIMUA HAaBUYKaMH HporpamyBaHHs Ha Python, To nama
nmporpama, WMOBIPHO, 3aJaBajia O KOPUCTyBady CEpil0 MUTaHb, BIJMOBiAb Ha 5Kl
oTpuMmyBaiauchk 6u QyHkIieo input(). Komm’otep nmpocuB 01 BBECTH CITOYATKY 1M S
JIIOJTMHU, TOTIM IMEHHUK B MHOKHHI, TIOTIM JI€CIIOBO TOIIO. BCi 111 gaH1 KOpUCTyBayd
MOBUHEH OyB OM BBOAUTH MOCIIIOBHO, MO 4ep3i. A MOAIHHO-OpIEHTOBAHA IIporpama,
Hanpukiazn, nporpama 3 GUI, m03BoiauTh BBOAWTH 1H(OpPMAIIO B JTOBIILHOMY
MOPSIAKY.

B ITOIT noxist (Te, 110 Moxke Bi1OyTUCA 3 00’ €KTaMU Mporpamu) 3B’ A3yEThCS 3
oOpoOHuMKamMu (KOJOM, SIKMM 3alyCKaeTbcs TpHW  BIANOBIAHUX Tomisx). Ock
KOHKpeTHUM npukiiaa. Kooy B HaBeIeHOMY BHIIIE BIKHI KOPUCTYBa4d HATUCKAE KHOTIKY
Ompumamu onosidanusa (1€ TOJIs), MporpaMa BUKIWKAE METOM, SIKUM BUBOJUTH
omoBimaHHs Ha ekpaH (1e oOopooHuk momii). [1lo6 Bce Ha3BaHe BimOynoCh, Tpeba

3B’s13aTH HATUCKAHHS KHOIIKH 3 METOIOM, SIKHM BUBOAUTH TCKCT.
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3agatoun 00’€KTH, MOJIi 1 0OpOOHUKHU MO, MU 3a4aEMO TOPSIIOK poOOTH
nporpamu. [ToTiM mporpamy TpeOa 3amyCTHTH, CTBOPHBIIN ITUKJ TOJii, BCEpeauHi
SKOTO BOHa OyJe uYekaTu omucaHux Bamu mofiid. Komu Oyap-ska 3 WX MOMiN
B110yBa€ThCs, mporpamMa oOpoOJisge i 3ampolOHOBAHMM HAaMH YWUHOM. 3acCBOiBIIH
JIOTIKy pOOOTH KUTBKOX 3pa3KiB, 3pO3yMIEMO, SIK CTBOPIOBATH BJACHI TOIMHO-

OpIEHTOBaHI JOJIATKH.

Bba3ose BikHo (Frame)

BianpaBHot0 TOUK010 Oy Ab-5IKO1 MporpaMu 3 rpadiuHuM inTepdericom - 6a3one,
ab0 KopeHeBe, BIKHO, Haj SIKUM po3MillytoTbes pemra enemeHTiB GUI. Skmro
npeacraButu codi GUI y Burnsial nepesa, To 1e Oyae kopinb. Hare gepeBo Moxke
«TUIKYBAaTUCS» B PI3HUX HAmpsMKax, ajie KOXKHAa HOro dacThuHa MpsMo abo

OTIOCEPEIKOBAHO OY/Ie MPUB’si3aHA 10 KOPIHHS.

IIporpama «Haitnpocrimuii GUI»

Sxmo 3amyctutH mporpamy Ha OcHOBI tkinter mpsmo 3 IDLE, Tto abo
nporpama, abo IDLE 3aBuche. IlpocTimie BChOrO BHUPIIUTH II0 MpoOeMy,
Oe3mocepeIHbO 3alyckaround mnporpamy; B Windows i bOro JOCTaTHBO JBidi
HAaTUCHYTH Ha ii 3HA4OK. X04a MiCJIsl MOJIBIMHOTO KJIallaHHSI KHOMIKOIO MUIII BIKOHHUMA
J0JIaTOK 1 MOYHE MPalOBaTH, BUHUKAE JIPYyra CKIAIHICTh: SKIIO KOJ MPOrpaMH Mae
MMOMUJIKY, TO KOHCOJIbHE BIKHO 3aKPHETHCS paHillle, HI)X MU BCTUTHEMO MPOYUTATH
onuc 1i€ei nomuiku. [Ipu po6oti B Windows onTuMaabHO CTBOPUTU MaKETHUN (aili,
KU OyJie 3amyCcKaTy mporpamy 1 YeKkaTu 3akiH4eHHs ii poOboTu. B pe3ynbrarti, BIKHO
KOHCOJTI 3JIMIINTHCS BIAKPUTHM 1 MTOBIOMJICHHSI TIPO TMMOMUJIKUA Oyzie BUIHO. SIKIIo,
Hanpukiaa, mporpama HaszuBaeThesa simple_gui.py, To makeTHud Qaiin, skuit

3amycKae ii, MIOBUHEH CKJIAJIaTUCS BCHOTO 3 ABOX PSAJIKIB:
simple_gui.py
pause

Le#t aiin TpeOa BUKIUKATH JJIs1 BAKOHAHHS, IBIY1 KJIAIHYBIIA HA HOTO 3HAYOK.

[I{o6 cTBOpUTH MaKeTHUH (aily, BITKPUEMO IPOCTHN TEKCTOBUHN peaKTOp, HAPUKIA]
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bnoknot (ane e Word a6o WordPad), morim BBenmemo koju. 30epexxemo aitn 3
pO3IIMPEHHSIM .bat (Hanpukiaa, simple_gui.bat). [lepekoHaemocs, 1110 3a bat He
e po3mupeHHs . txt.

[Iporpama «Haitnpocrimuit GUI» Moxke (He Ha BCiX onepaniiHuX CUCTEMax)
BUKJIMKATH JI0 KUATTSA IE OJHE BIKHO — 3HaliloMy Ham KoHcoJib. Komu (abo sKkimio) y
nporpaMi 3 iHTepdeiicom Tkinter BUHUKHE MOMMJIKA, Y BIKHI KOHCOJI 3’ SIBJISITHCS
AeTanbHi1 BigoMocTi mpo Hei. KoHCoap He BapTo 3aKpHUBaTH II€ i TOMY, IO B I[LOMY
Bunaaky GUI takox 3ynuHUTH poOOTY.

OtpumaBimm  6e3noMuiIkoBy poboty cBoro GUI-momatka, Mu, MOXIHMBO,
nobaxaeMo BUIAIUTU JIpyTe BiKHO. 1100 3poOuTH 11€ Ha KOMIT IOTEP1 3 OIepaliitHO0

cuctemoro Windows, HalilipoCTillie 3MIHUTH PO3LIUPEHHS (Qailily 3 . py Ha - pyw.

Imnopt moayns tkinter
Haiinepme, mo Ttpeda 3podutu B mnporpami «Hainpoctimmit GUI» — me

3aBaHTaXXUTHU MOAYJIb tkinter:
# Hamnpocrimmir GUI
# IeMOHCTPYE CTBOPEHHS BikHAa

from tkinter import *
Leit psimok Oe3mocepeIHbO TepeHece Bech 3MicT tkinter B riodanpHy 00JacTh
BHJIMMOCTI IIPOTPaMH.
Ilpumimka. B Python 2.x.x npu immopti Mmoayast Tkinter, BiH MUILIETHCS 3
BEJIMKOI JIiTepH (1HaKume BUHHMKAe nmomuika). [lpu imnopti tkinter y Bepcisx

3.x.x Python iM’st MOyJIst MUIIETHCS 3 MAJIEHBKO1 JTITEPH.

CTtBOpeHHs1 602a30BOro BikHa

[IIo6 cTBOpUTH Ga30Be BIKHO, 1HIIIANIZyeMO Kiac Tk 3 Moayis tkinter:

# cTBOpPEeHHs 0asz’0BOTO BikHa

root = TkQ)
3BepHEMO yBary Ha Te, 110 npedike tkinter 10 Ha3BU Kjacy Tk HE 10Ja€ThCS.

Bnacne, Oynp-saka yactuHa Moayns tkinter goctymHa 0e3 npedikcy. OCKUIbKH
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3a3BMYail B MporpamMax Ha OCHOBI IIOTO MakKeTy € 0araTo MocuijaHb Ha KJacH i
KOHCTaHTHU BCEPEIUHI MOMYJsS, MPOrPaMiCT TaKUM UYHUHOM 3BUIBHSETHCSA BiJ Macu
HEnoTpiOHOI mparyi, a JuiIe yuTae Koa. B mporpamax 3 inTepdeiicom Tkinter Moxe
OyTH TibKH OAHE 0a30Be BIKHO. SIKIO CTBOPHUTH JiBa iX MPUMIPHUKH, TO TPOrpama

nepecTaHe BiAMOBIaTH, 00 BikKHA OYyTh CIiepeyaTUCs 3a IPIOPUTET.

3MmiHa Buriasay 0a3oBoro BikHa
Tenep ckopuctaeMoch ABOMa METOJaMH 0a30BOro BIKHA, 100 3MIHUTH HOTO

30BHIIIHIN BUTJIAI:
# sminHa BikHa

root.title ("HavnpocTimmm GUI")

root.geometry(*'200x100™)

Meron title() mnpu3Hayae 3arojaoBOK BikHA. JIOCUTH MepeaTu HoMy PSIOK,
AKUW XO4eMO Bi0Opa3uTHU B 3arojoBKy. B mpukiami camuii BepXHIii pSIOK BiKHA
orpumye tekcT "Haitnpoctimmit GUI" (puc.2).

Meton geometry() BCTaHOBIIOE pO3Mipu 0a30BOro BikHa B Mikcensx. llew
METO/1 IpUIMAaE PsIAKOBUH (2 HE IJIOYMCEIbHUIN) apryMEHT, B IKOMY LIMPUHA 1 BUCOTA
BIKHA TTOBUHHI OYTH PO3/1JIeHI CUMBOJIOM X. TyT Ha3HAYMJIM MIUPUHY BIKHA PIBHOIO

200 mikceniB, a Bucoty — 100 mikcemiB.

# Haiinpoctiwmii GUI - O X

Pucynok 3.2 — Haiinpocrimmit GUI
3anyck moaiiiHOro UKy 0230B0ro BikHa
Tenep, HapemTi, MokHa BUKIMKAaTH MeToa mainloop(), 100 moYaTtu IUKII

o1l 0a30BOTO BIKHA:
# crapT UMKy oDonmiil

root.mainloop ()
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SIK pe3ynbTart, BIKHO 3aJIMIIAETHCS BIIKPUTHM 1 YeKa€ TOIN ISl TOAABIIIOrO
00poOneHHsi. OCKUIbKM HE OMHUCaHa KOJHA MOAisA, (QYyHKIIOHATBHICTh OTPUMAHOIO
BikHa HeBesmKa. OMHAK 1€ BiKe a0COIIOTHO IOBHOIIIHHE BIKHO, IKE MOYKHA 3MIHIOBAaTH
3a po3MipaMu, 3rOpHYTH a00 3aKpUTH. J1JI1 EKCIIEPUMEHTIB 13 HUM MTPOCTO HATUCHEMO

JIBIY1 HA 3HAYOK MakeTHoro (aitmy simple_gui -bat.

3acTocyBaHHSI MITOK

Ho cxnagy GUI BXoasTs pi3HI €1eMeHTH ynpaBiaiHHsA. MaOyTh, HEMa€e 1HIIOTO
HACTIIIBKH K MIPOCTOTO €JIEMEHTY YIIPaBIIiHHS, SIK MITKa — TEKCT 1/a00 300paskeHHs, K1
HE MOXHa pefaryBaTh. Y BIAMOBIJIHOCTI 31 CBOEIO HA3BOIO MITKa «II03HAYA€» SIKYCh
yacTuHy 1HTepdeiicy, Hampuknag, apyruil enemeHT. Ha BiaMiHy BiJ OUIBIIOCTI
€JIEMEHTIB yNPaBIIiHHS, MITKH HE THTEPAKTUBHI: SIKIII0O KOPUCTYBa4 HATHUCHE HA MITKY,
TO cHCTeMa HIAK He Biapearye. BTiM, 1le He 3aBakae MiTKaM OYyTH IIO-CBOEMY
kopucHuMU. llpu cTBOpeHHI Oyab-skoro rpadiuHoro iHTepdeiicy Mu Xou pa3

BUKOPHCTAEMO MITKY.

IIporpama «Ile 51, MiTKa»

HanamryBaHHsI mporpamMu
CriouaTky BHUKOHAa€EMO HaJlAIITyBaHHS: IMIOPTYyeMOo Moaynb tkinter 1

CTBOPHUMO 0a30Be€ BIKHO.

#lle 2, MmiTka

# IeMOHCTpPyE 3aCTOCYBAaHHS M1TOK
from tkinter import *

# crTBOpeHHs 6Aa30BOTO BikHAa

root = TkQ)

root.title("lle a, miTka"
root.geometry(*'200x50'")
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3anyck HMKIy moaii 0a30B0Oro BikHa

Hapernri, mounnae po6oTy 1ukiI 1mojii 6a30BOTro BiKHA, a pa3oM 3 HUM 1 BECh

GUI:
# crapr umkiy nomii

root.mainloop()

CTBOpeHHs paMKH
Pamka - 11e Takuii eleMeHT yNpaBiIiHHs, BCEPEANHI SIKOTO MOXYTh OyTH 1HIII

CICMCHTH, HAIIPpUKIIAI, MITKH. CTBOpI-OGMO HOBY PaMKYy:
# BcepemmHl BikHa CTBOPKWETHCH PaMKa OJ8 PO3MiMEHHS 1HMMX EJIEMEeHT1B

app = Frame (root)

[Ilopa3y mnpu CTBOpPEHHI YEpProBOro €JIEMEHTY YMpPaBIiHHS MM TOBUHHI
nepeaaBaTi KOHCTPYKTOPY HOBOTO 00’€KTa Moro 0aThbKiBCHKUM €JIEMEHT, TOOTO TOi
€IEeMEHT, BCEpPEIWHI SKOTO BiH 3HAXOAWTHCA. B maHOMy BHUNAAKy METOMY-
KOHCTPYKTOpY Frame Oyio nepeaaHo root. Ik HacnigokK, BcepeauHi 0a30BOro BiKHA
3’SIBJISIETHCSI HOBA pamKa. Tenep BUKIMKaeMo MeTo grid() HOBOro 00’ €KTa:
app-gridQ

Merton grid() € y BCiX eIeMeHTIB ynpaBiiHHs. BiH 3B’ s13aHull 3 MEHEKEpOM

PO3MIIIEHHS, 3 AKOTO MOKHA YIPABJISITH PO3MIILIEHHAM €JIEMEHTIB Y BIKHI.

CTBOpEHHA MITKH
B nporpami BcepeanHi 6a30BOTO BiKHAa CTBOPIOETHCA elleMEHT Label, sikwuii

MIPOCTO OTOJIONIYE PO CBOE icHYBaHHS (puc.3.3).

# Uen, mitea — O >
Tyt Al

Pucynox 3.3 — CTBOpeHHS MITKH

J1yis cTBOpEHHS MITKH 1HILIai3yeMo Kkiac Label:
# cTBOpPeHHS MIiTKM BcepeluHi paMku
Ibl = Label(app,text = "lle a, miTxal™)
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KonctpykTopy 00’exty Label nepenanu apryMeHT app. TUM caMUM 3aCTaBUIIH
IHTEPIIPETaTOp BBAXKATH, LII0 PaMKa app — OAThKIBCHKUH €IEMEHT BiTHOCHO MITKU. OT
yoMy MiTKa OyJe po3MilieHa BCEpeIuHl paMKu. B eJIeMeHTIB YIpaBliHHA €
napameTpu, 3HAYCHHs SIKMX MOXe BUOUpaTH mporpamict. bararo 3 mux mapamerpis
BH3HAUAIOTh 30BHIMIHIN BUTIIA] eieMeHTa. Tak, HalpuKiIal, MU Iepeaid mapaMmeTpy
text TeKCT "Tyr sa!", 1 IIpU BiIOOpaKEHHI MITKM Ha €KpaHi 3 SBJISIIOTHCS CJIOBa
Tyt al. Tenep Buknukaemo meton grid() o6’exry-mitku: Ibl.grid()

Hapemiri, ane He MEHIII BaXKJIMBO, 51 BUKJIUKAIO IUKII MO/l KOPEHEBOTO BIKHA,
1106 3amyctutu GUI: root.mainloop()

3aBasku IbOMY MiTKa Oyne BimoOpaxkena B ckiaji GUIL

KepyBanHs po3MillleHHSIM Bi/IKeTiB y BiKHI
JUisi KepyBaHHS PO3MIIIEHHSIM BUKOPHUCTOBYIOTH (pyHKIII0 pack() — e Tak
3BaHUM MaKyBaJIbHUK, 800 MEHEKep po3MmilieHHs. BiH BinoBigae 3a Te, K BIIKETH
OylyTh PO3MINITYBATUCS Y TOJOBHOMY BiKHI. /{151 KOXKHOTO BijkeTa Tpeba BUKIMKATH
METOJ TaKyBaJIbHHKA, B IHIIOMY BHWIIQJIKy BiH He Oyzae BimoOpaxkenuii. Bcboro
MaKyBaJIbHUKIB TPU:
pack(). ABTOMaTHYHO PO3MIIIy€ BIJKETH B OaThbKIBCbKOMY BikHi (puc.3.4).
Mae napamerpu side, Fill, expand.
ITpuxnan:
from tkinter import *
root = TkQ)
Button(root, text "1").pack(side = "left")
Button(root, text = "2%).pack(side = "top~)
Button(root, text "3").pack(side = “right®)
Button(root, text "4") _pack(side = "bottom*)
Button(root, text = "5%).pack(fill = "both")
root.mainloop()
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. 4

Pucynok 3.4 — Meton pack()
grid(). Po3wmimye Bimkern Ha citii. OcHOBHI mapametrpu: row/column —
PAIOK/CTOBIEIb Y CITII, rowspan/columnspan — CKUIBKH PSJIKIB/CTOBIIIIB
3aiimae BikeT (puc.3.5).
[Ipuknan:
from Tkinter import *
root = TkQ)
Button(root, text

Button(root, text
Button(root, text

:2)

root.mainloop()

*1").grid(row = 1, column = 1)

*2").grid(row = 1, column = 2)

* 3 _").grid(row = 2, column = 1, columnspan

1] 2]

3

Pucynok 3.5 — Meron grid
place(). [o3Boisisie po3MillyBaTH BIJKETH B YyKa3aHUX KOOpAMHATaX 13
3a3HAYCHUMU po3MipaMu (puc.3.6).
OcHoBHI mapameTpu: X, y, width, height.
[Tpuknan:
from tkinter import *
root = TkQ)

Button(root, text = "1%).place(x
Button(root, text

10, y = 10, width = 30)
45, y = 20, height = 15)
Button(root, text "3 ").place(x = 20, y = 40)
root.mainloop()

"2") .place(x
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Pucynok 3.6 — Metona place
3acTocyBaHHSI KHOIIOK
Knonky, enemeHT ympaBniHHS Kiacy Button, xopucTyBau moke mOTIM-abo
aKTUBYBAaTH — HATHCHYTH. OCKIJIBKM HaM YK€ BIZOMO, SIK CTBOPIOBATH MITKH,

MpoIeypa CTBOPEHHS KHOMOK HE TOBUHHA BUKJIUKATH TPYIHOIIIIB.

IIporpama «be3KOpPUCHI KHOIIKW

Mu BXe CTBOPIOBaJIM KUIbKa KHOIOK, $Ki, SIKIIO 1X HATUCKAaTH, HIAK HE
B1/IMOB1/1at0Th. Po3micTuTH Ha rpadiuHomMy iHTEepdeiici Taki KHOMKU — BCE PIBHO IO
MPUKPYTHUTH 10 CTEJ JIIOCTPY O€3 JlaMro4ok. BoHa Bke Ha CBOeMy MicCIIl, aJie 1€ HE

(yHKI1OHAJIbHA, SIK KHOMKHU Ha puc.3.7.

# Beskopuchi krenku - O x

A Hivoro He poGnro!

| 7 Takom!

| at

Pucynok 3.7 — PaMka 3 KHOIKamMu
HanamryBaHHS IporpaMu 3 6e3KOPMCHUMH KHOMTKAMU
Cnouatky, sIK 3a3BHuai, iMnoptyemo tkinter, cTBOpuMO 0a30B€ BIKHO 1 paMKy

B HBOMY:

# Be3KOpPMCH1 KHOIKMU

# IeMOHCTPYE CTBOPEHHS KHOIIOK
from tkinter import *

# cTBOpeHHa 06as30BOTO BiKHA

root = TkQ

root.title ("Beskopucui xuHonkm")
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root.geometry ("200x85")
# BcepemmHl BikHa CTBOPKWETLCHS paMKa IJIS PO3MimeHHS 1HIMX eJIeMeHTiB

app = Frame(root)
app-gridQ)

CTBOpeHHH KHOIIOK

[Ilo6 cTBOpPUTH KHONKY, I1HCTaHIipoBaHUN Kkjac Button. Ile BHUKOHYIOTH

HACTYTHI PSIIKU KOMY:

# CTBOpPEHHS KHOIKM BCEPEeIVMH1 paMKu

bttnl = Button (app, text = "4 Hiuoro He pobiw!")
bttnl.grid()

TyT CTBOPIOETHCS HOBA KHOMKA 3 HAmUCOM S Hiuoro He pobmo!. i
OaTbKIBCHKUI €JEMEHT - paHillle CTBOPEHA paMKa; TaKUM YWHOM, KHOIKa Oyne
pO3MillleHa BCEPEUHI PAMKH.

Konu cripaBa 10X0auTh 0 CTBOPEHHSI, OMUCY 1 3MIHU 30BHINTHBOTO BUTJISITY
€JIEMEHTIB yIpaBJeHHsS, MOAYJh tkinter BUSBISE€ HEMaJO THYYKOCTI. Tak, MOKHa
CTBOPHUTH €JIEMEHTU 1 BU3HAYUTHU BCl MOTO MapaMeTpu OJHUM PAJIKOM KOIY, SIK TYT
3po06seH0. MokHa, HaBMaKu, CIIOYaTKy CTBOPUTH €JIEMEHT, a IOTIM 3aJ1aTH Ui 3MIHUTH
roro Burman. Ha mpuknazl HAacTynmHOT KHOMKH 3pO3yMi€Te, MpO IO Hae MoBa.

CnoyatKy CTBOPIOETHCSA HOBA KHOIIKA!

# cTBOpPEeHHS OPYyTrol KHONKM BCEPEeIMH1 paMKu
bttn2 = Button(app)
bttn2.grid()

3BEpHEMO yBary, 110 KOHCTPYKTOPY 00’ €KTY TepeIacThCs JINIIE 3HAYCHHSI app
— iM’s OaTBbKIBCHKOTO €JeMEHTY KHOMKU. OTKe, MOKU JUIIe J00aBUIU BCEpEIUHI
paMKH IMyCTy KHOIKY. AJi€ 11€ JIeTKO BUIIPABUTHU. BUTISA KHONKK MOKHA 3MIHUTH

TICJISI CTBOPEHHS, IS 4OTO 1CHY€E MeToJ1 00’ ekTy configure():
bttn2.configure(text = "I a raxox!')

Lle# psAIOK MPUCBOIOE ITapameTpy text 1aHO1 KHOIKY 3HAYEHH "I 1 Taxox!",

TOMY BIJMOBIIHUM TEKCT 3’sBIAE€ThCS Ha KHomil. Meton configure() mo3Boisie
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KOH(DIrypyBatu Oy1b-IKUI MMapaMeTp eJieMeHTa Oy Ib-IKOro TUITy. 3 HOro JOOMOT 010
MOKHA HaBITh HAa3HAUYUTH HOBE 3HAUYCHHS BXKE yCTAaHOBJIEHOMY Napamerpy. Temep

CTBOPUMO III€ OJIHY KHOIIKY:
# CTBOpPEHHS TPEeTbOl KHOIMNKM BCEepeIMH1 paMKu
bttn3 = Button(app)

bttn3.grid()

B upoMy BuIaaky 3Hau€HHS apaMeTpy text Oyje BUOpaHe 1HIITUM CIIOCOOOM:

bttn3["text"] = "I a!"

Ak Oauurte, 3AIMCHEHWI AOCTYN JI0 TapaMeTpy text uepe3 i1HTepdeiic,
MOAIOHUN CITIOBHHUKY. YCTAaHOBJIGHO 3HA4YeHHSA "I «!", TaKk IO Ha KHOIII Oyne
BimoOpaxkaTtucs TeKcT I s !. [l[o0 mpucBoroBaTH 3HaUYCHHS B TAKOMY «CIIOBHUKOBOMY»

CTHIII, TpeOa BKa3yBaTH sIK KJIOUl IMEHA IMapaMeTpiB, B3STI B JIAMKU.

3amyck HuKJIy noaii 6a30BOro BikHa

Sk 3aBxau, i 3anycky GUI tpeba mouatu poGoTy UKITy Mo/ii 6a30BOT0O BiKHA
# cTapT UMKy momii

root.mainloop ()

BusnavenHs nmojiii Ta ix 00poOHUKIB

[Toniii Ta cmoco6iB iX 0OpPOOKHU O€37114, TOMY PO3TJSHEMO JIUIIE TPUKIIAJI, KOJIU
3a/laueio KHOTKU € BHUBEJEHHS SKOTO-HEOyJbh MOBIJIOMJICHHS B TIOTIK BHBEACHHS,
BHKOPHUCTOBYIOUM (PyHKIIIO print. PoOutu me BoHa OyJe mpu HAaTHCKaHHI Ha Hel
JBOIO KHOITKOIO MUIIII.

Hii (anroput™m), siki Bi10yBarOTHCS MPH TiM YU IHILINA MO1T, MOXKYTb OyTH JJOCUTh
ckiagHuMu. ToMy 9acTo ix opopMistoTh Y BUTIISAL QYHKIN, a TOTIM BUKIIUKAIOTh,
KOJIM BOHU NOTpi0OHI. Hexall y Hac BUBeieHHsI Ha eKpaH 0OopMIIEHE Y BUTIIA1 QYHKITIT

printer:
def printer(event):

print ("'dx zasxmou, ueprosu “Hello World!™™)
Bigznauumo, mo QyHkuiro 6axkaHo (Maibke 00OB’S3KOBO) pO3MIIIyBaTH Ha

nouatky koay. [TapameTp event — 11e sikach MOJisl.
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[Tomis HaTHCKaHHS JIiBOIO KHOMKOK MHINI BHUTJSAAaE Tak: <Button-1>.
[ToTpiOHO 3B’s3aTH 1110 MO0 3 0OpoOHMKOM ((yHKIIE printer). s 3B’s3Ky
npusHaueHudt Meron bind. CuHTakcuc 3B’sI3yBaHHs TOJii 3 0OpOOHUKOM BUTJISAAE

TaK:
but.bind(*'<Button-1>",printer)

3.2. 3aBaaHHs
3aeoannsa 1. I1oBTOPITH HaBeACHI B MOy BripaBu. CKPIHIIOTH BUKOHAHHS JIOJalTe
B npoToko:n JIP.
3asoannsa 2. 3po0ith ecki3 Ta ctBopiTh GUI a1 kepyBaHHS SCKPaBICTIO Ta KOJILOPOM
RGB-niona 3a monmomMoror ABoX BiKETIB Scale, 1100 Kojip MoxHa 0ys10 3MiHIOBAaTH

B1J1 YEPBOHOTO J10 (PI0JIETOBOTO (SIK B CIIEKTP1 COHSAYHOI'O CBITIA).

3.3. 3mict 3BiTY

1. CkpiHIIIOTH BUKOHAHHS 3aBJaHHs 1.

2. Ecki3, Koj1 3 KOMEHTapsiMU IS 3aBJaHHS 2.

2. Bianosiai Ha KOHTPOJIbHI MUTAHHSA 10 POOOTH.

3. KopoTki BUCHOBKH.

3BIT B eNeKTpoHHOMY BUTIAMl (Oaxano y Qopmati pdf) 3aBanTakutu y
BiAMOBIAHY nanky B Moodle.
3.4. KoHTpPOJIbHI NMTAHHA

1. ki mapameTpu MOXHa 33J1aTU/3MIHUTH B Kiaci Listbox?
2. o 6yne 3 GUI, sxmo 3amanuii po3mip KHOMKH OyJe OUTHIIMIA 3aaHOTO

pPO3Mipy paMKu?
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JlaGoparopHna podora 4
BUKOPUCTAHHS IIIIM TA CTBOPEHHS IHTEP®EVICY JIJIA
KEPYBAHHSA CBITJOAIOJAMHA

Mera poGoTu: BuBYNTH BHUKOPUCTaHHS IIUPOTHO-IMITYJIBCHOT MOJYJISLI]
(IIIM) nmns  kepyBaHHA TMOTYXHICTIO CHTHANTy, SIKHH TOJAEMO 3 BHUXOIIB
MIKpOKOMII FOTEpA.

3mict. Posrnsgaerbes ympaBiiHHS SICKPaBICTIO CBITJIIONIONA 33 JOTIOMOTOIO
[IIM, Go peryioruu HapyTy Ha CBITIO10/I1, 11€ 3pOOUTH HE 3MOKEMO 13-32 BEJIUKOL

MEPTBO1 30HU, KOJIU HAIIpyTa HEJOCTATHS 1 CBITJIOAI0] HE Oy/Ie CBITUTHUCA.

4.1. TeopeTnuni BizomocTi
JIs yripaBiiiHHS SICKPaBICTIO CBITIIOA10/11B BUKOPUCTOBYIOTh aHAJIOTOB1 BUXO/IU
IIM — mupoTtHo-imMysibeHa Moayisitiss (PWM - Pulse-Width Modulation). [iticHo,
[IIM € wmeTomoM yHOpaBIiHHSI TOTYXHICTIO. Mu BHKOPUCTOBYEMO ii, 1100
KOHTPOJIIOBATH MOTYXHICTb, MOJIaHy Ha CBITIOAIO0J, a OTXKE, 3MIHIOBaTH SCKPaBICTh
Horo cBiTya.

Ha niarpami (puc.4.1) nokazanuii curnan Ha suBoi IIIIM Raspberry Pi:

11500 sacond

3V

J H H 1/20 (5%)
av
av P—

‘ 10/20 (50%)

v

J H H 18/20 (90%)
v

Pucynok 4.1 — Curnanu Ha Buxoi LM

Y
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Koxni 1/500 cexynnu IIIM-Buxing BupoOssie immynbc. JlOBXHHA I[HOTO
IMITYJIbCY PETYJIOE KUIbKICTh €HEprii, IKy OTPUMY€E CBITIOMNIOJ YW JBUTYH. 30BCIM
HEMa€ KOJTHOTO IMITYJIbCY — CBITJIO/IO HE CBITUTHCS, KOPOTKHM IMITYJIBC — Mi07 Oye
CBITUTUCS TbMSHO. SIKIIO IMIYJbC AKTUBHHUI MPOTSATOM IOJIOBUHM TMEPIOAY, TO
CBITJIO/II0]] OTPUMAE TIOJIOBUHY MOTY>KHOCTI TOIIIO.

CBiTyiofion MOXXYTh BMHUKATHCS 1 BUMHUKATHCS TyX€ IIBHUIKO, 3a3BHYAM,
MEHIIIe, HDK 3a MUIBMOHHY 4YacTKy CEKyHIu, ToMmy Ipu BukopuctanHi M 3i
CBITJIOZI0/JaMU, BOHU Hacmpap/i OaumaroTs 3 yactotoro LIIIM, ane oko 0auuTth Ty ix
SCKpPAaBICTh, SIKA 3AJICKUTD BiJl YACTKU Yacy, KOJU CBITJIIO/10]] HACTIPAB/1 TOPUTb.

UYepBonuii, 3enenuii 1 cuHiii cimiogionu (RGB LED) moxyTs OyTu omHUM
CBITJIOIOZOM, SIKMA (PAKTUYHO MICTUTh TPU CBITIIOAIONU. Tpu CBITJIIOAIONH:
yepBoHUM, 3eneHuit 1 cuniil. [Ipu Bukopuctranni IIIM mis kepyBaHHS sSCKpaBICTIO
KOKHOT'O 31 CBITJIOJIIOAHUX KOJIBOPIB, MU MOXKEMO 3pOOUTH, 1100 CBITJIOI0 CBITUBCS
Oyb-SIKMM KOJIbOPOM.

Xoua RGB LED wmicTuTh Tpu HOpMasibHI JBOX BUBIJHI CBITJIOJIOAM, 1I€ HE
O3HAyYae, 110 CBITVIOAIOHUNA KOPITYC MOBUHEH MaTH IIICTh BUBOJIIB, TOMY IO OJIUH

BHBIJI KOKHOTO CBITJIO/II0/Ty MOXKE OYTH €TUHUM CHiILHUM (puc.4.2):

5.00 .
Unit: mm
o
®
Ol
I~ 810 2:00 L .
Viewing Angle Drawing
N
1.00
0.00 °
| I—
Tp
e r”z i Tg
o o o 2
- ~
RED = ~—BLUE
—  T——GREEN §

1234
Pucynok 4.2 — RGB-aion
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SIKIo KaToau KOXKHOTO CBITJIOAIONY 3B'Si3aH1 OJUH 3 OJHUM, TO OTPUMaHUMN
CHUIbHUN BUBIJI HAa3UBA€ETHCS 3arajbHUM KaTOAOM, a SIKIIO aHOJHU € 3arajlbHUMH, TO
CHUTbHUN BHBIA Ha3uBaeThes 3aranbHuM aHoaoM. Kopmyc RGB LED moxe Oytu
po30puM ado nudy3HuM. SIKIO BiH MPO30PHUH, TO MU 3MOXKEMO MOOAYUTH YEPBOHI,
3eJIeH1 Ta CHH1 CBITJIOAI0IU BCEPEIUHI KOPITyCY, 1 KoJip Oy/e 3MilIyBaTUCS HE 30BCIM

noope. JludysHi Kopimycr 3MINTyIOTh CBITJIO BiJl TPHOX CBITJIONIOAIB HA0araTo Kparre.

Buxopucranns PWM B RP1.GPI1O
Jns crBopenHs npukiiany PWM:

p = GPIO.PWM(xaHajyl, dYacToTa) # me xaHas - BMBim RP1, uacToTa

— BHAuUeHHd YacToTm B Il

Jns 3armycky PWM:

p.start(dc) # ne dc - mmapysaricte (0.0 <= dc <= 100.0)

JInst 3MIHU 9acTOTH:

p.ChangeFrequency (dacToTa) # me yacTOoTa € HOBa uYacToTa B I'u

JUjist 3MIHU IIIapyBaTOCTI:

p -ChangeDutyCycle(dc) # me 0.0 <= dc <= 100.0

Jns 3ynuaku PWM:

p.stop(Q)

3BepTaemo yBary, 1o PWM Takox 3ynuHSA€THCS, SKILO 3MIHHA MPUMIPHUKA D'

BUXOJIUTH 3 00JIaCTI BUIMUMOCTI.
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3MilyBaHHS KOJIbOPIB

Buxopucraemo RPi, mo6 kouTpomroBatu koiip 3 RGB LED. [Ins uworo
ctBopuMoO rpadiunuii iHTepdeiic kopuctyBaya (GUI) 3 TpbomMa MOB3yHKamu, SIKi
BUKOPHUCTOBYIOTHCS JJIsl YIIPABIIIHHS KOJIHOPOM.

Mu Bxe 3Haemo, 1m0 GUI — 3aci6 BizyasbHOT B3a€MOJii MK KOPUCTYBa4YeM 1
komn’rotepoM. GUI 3acTOCOBYETBCS y BCIX MOMYJIIPHUX ONEpAIifHUX CUCTEMAaX Ha
KOMIT IOTEpax; BiH CIPOIIYE il KOPUCTyBayda 1 pOOUTH iX OJHOOOPA3ZHUMHU.

Cxema min’enHanHs cBiTiioaiona (puc.4.3):

\ R1 470
Red PWM J AV aTAY
R2 470
Green PWM I\ AN
RE3 470
Blue PWM
Bl o R
r 4
VAL
N
GND )

Pucynok 4.3 — Cxema min’ennanas RGB-miona

JUist onTUMaNbHOI SICKPABOCTI 1 Kpaumioi mepeaadl KoJibOpy, MU IOBHHHI
peTeNnbHO BHOpAaTH HOMIHAIM pe3ucTopiB. [Iporte, nermie KynuTu cBOi KOMIIOHEHTH,
SIKIIIO BUKOPUCTOBYEMO OJIMH 1 TOM K€ HOMIHAJ pe3UCTOopa sl BCIX TPhOX KaHaIB. Y
1IbOMY BHUMAJAKY, pe3uctopu 4700M BBakarOThCs "yHIBepcaIbHUM'" BapiaHTOM, SKHMA
Oyne uyoBo mpairoBaTi 3 RPi.

SAckpagictb 1 epextuBHIcTE RGB LED Taka, 1o HaBiTh 1151 3MA CBITJIOI0 BCE

e Oyjie BUTIIAIATH JOCUTh SICKPABO.
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Pucynok 4.4 — Cxema nigkintoueHHss RGB-giona no Raspberry Pi

IIporpamue 3a0e3neuyennst Raspberry Pi

[Iporpama Python st nporo €KCepHUMEHTY BUKOPHCTOBYE (DpelMBOPK Mij
Ha3Boro Tkinter, 110 J03BOJISIE CTBOPIOBATH JOJIATKH, SIKI 3aIyCKAIOTHCS Y BIKHI 1
MaTh €JIEMEHTH YMPaBIIHHS KOPHUCTYBAJIBHULIBKOTO 1HTEpQeEicy, a He MpOCTUi
KOMaHJIHUW PSAAOK, SIKWA MU BHUKOPHUCTOBYBaiu jaocl. Lle poOuth mporpamy Tpoxu
JIOBIIIOIO, HIXK 3a3BUYail. Lle Takox 3MyIirye BUKOPUCTOBYBATH JCsKE OLTBII TPOCYHYTE
porpaMyBaHHSI.

JlaBaiiTe OAMBUMOCS Ha KOJI MIPOTpaMH, SIKUM TMOTIM 30epexxkemMo y Qaiim

mixing_colors.py:

from tkinter import *

import RPiI.GPIO as GPIO

import time

GP10.setmode(GPI10.BCM) #1
GPI10.setup(18, GPI0.0UT)

GPI10.setup(23, GPI0.0UT)

GPI10.setup(24, GPI10.0UT)

pwmRed = GPI0O.PWM(23, 500) #2
pwmRed.start(100)

pwmGreen = GPI10.PWM(18, 500)
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pwmGreen.start(100)

pwmBlue = GPIO.PWM(24, 500)
pwmBlue.start(100)
class App:
def __init__ (self, master): #3
frame = Frame(master) #4

def

def

def

root = TkQ)

frame.pack()

Label (frame, text="Red").grid(row=0, column=0) #5
Label (frame, text="Green").grid(row=1, column=0)
Label (frame, text="Blue®).grid(row=2, column=0)
scaleRed = Scale(frame, from =0, to=100, #6
orient=HORIZONTAL, command=self.updateRed)
scaleRed.grid(row=0, column=1)

scaleGreen = Scale(frame, from =0, to=100,
orient=HORIZONTAL, command=self.updateGreen)
scaleGreen.grid(row=1, column=1)

scaleBlue = Scale(frame, from_=0, to=100,
orient=HORIZONTAL, command=self.updateBlue)
scaleBlue.grid(row=2, column=1)

updateRed(self, duty): #7
# change the led brightness to match the slider
pwmRed.ChangeDutyCycle(float(duty))

updateGreen(self, duty):
pwmGreen.ChangeDutyCycle(float(duty))
updateBlue(self, duty):

pwmBlue .ChangeDutyCycle(float(duty))

#8

root.wm_title("RGB LED Control*)

app = App(root)
root.geometry(*'200x150+0+0")

try:

root.mainloop()

finally:

print("'*Cleaning up™)
GPI10.cleanup(Q)
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[TosicHuMO POHYMEPOBAHI PSJIKU:

1. Kondirypyemo RPi, BukopuctroBytoun imena Broadcom (BCM) BuBoiB, a He
iX To3wuitii.

2. 3amyckaeMo IMMPOTHO-IMIyJbcHY wMmonyismdito (IIIM) na dyepBoHOMY,
3eJIEHOMY 1 CHHbOMY KaHaJlaxX JiJIsl YIPaBIiHHSA SCKPABICTIO CBITIIOIO/IB.

3. g hyHKIIS BUKIMKAETHCS TIPU CTBOPEHHI 0JaTKA.

4. @peitm Mae pi3Hi enemeHTH yrpasiinuaa GUIL

5. CTBOPIOEMO MITKH 1 pO3TAIIOBYEMO iX B CITLII MAKETy.

6. CTBOPIOEMO MOB3YHKH 1 PO3TAIIOBYEMO iX B CITLII MakeTy. ATpuOyT command
3a/1a€ METOJ1 JJIsl BUKIIUKY, KOJIHM MOB3YHOK IMEPEMIIIA€THCA.

7. 1le#t meTon Ta aHAJIOTTYHI METOM JIJIS 1HIIMX KOJIbOPIB BUKIUKAIOTHCS, KON
iX TOB3YHOK NIE€PEMIIIAETHCS.

8. BcranoBmoemo GUI Ha 3amyck 1 3aJaeMO BIKHY 3arojloBOK, pO3Mip 1
MOJIO’KEHHS.

3amyckaMo rporpamy BiJl IMEH1 CyIIepKOPUCTYBa4a, BUKOPUCTOBYIOYH HACTYITHY

KOMaHAy:

sudo python mixing_colors.py

Yepes cexkyHay ado IBl, 3'sIBUTHCA BIKHO, IOKa3aHe Ha puc.4.5:

RGB LED Control ~» A x

Red

Pucynok 4.5 — Intepdeiic kepyBaHHs 3MIITYBaHHAM KOJIbOPIB CBITJIOAI01a

[Tpu nepemilieHH1 MOB3yHKa KOJIP CBITIOAIOTY 3MIHIOETHCSI.
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4.2. 3aBnaHHs
1. 310patu cxemy KepyBaHHS OJTHUM CBITJIOA10/I0M
2. Hammmcatu mporpamy 3a JOMOMOTOIO SIKOi MEPEBIPUTH POOOTY PO3TIISTHYTHX
BuIiec komang GP10.PWM.
4.3. 3micr 3BiTY
1. CKpiHIIOTH BUKOHAHHS 3aBJIaHHS.
2. Kox 3 noganuMu 70 pAJIKIB CLIEHAP1I0 KOMEHTAPSIMH.
2. BianoBiai Ha KOHTPOJIbHI MUTAHHSI 10 POOOTH.
3. KopoTki BUCHOBKH.
3BIT B €JIEKTpOHHOMY BUIJsAl (Oaxano y ¢opmari pdf) 3aBanTakutu y

B1IMOB1IHY nanky B Moodle.

4.4. KoHTpPO/IbHI M TAHHA
1. YoMy He MOXKHa KepYBATHU SCKPaBICTIO CBITJIOAI0/1Y, TIOAAI0UH HAMIPYTY 3 BUXOTY
MiKpocxemu 6e3nocepennbo, 6e3 [1IIM?

2. Sk BU3HAYUTH BEJIMUYMHY OMOPY 0OMEXYBAILHOTO PE3UCTOPA ISl CBITIOAI0AY?
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JlaGoparopHna podora 5
HNIAKJIKOYEHHSA CEHCOPIB 3 IHTEP®ENCOM 1-WIRE 10

RASPBERRY PI

Mera poGoru: HaBumtncs BukopuctoByBaTH iHTepdeiic 1-Wire s
oprasizailii B3aeMo/1ii MIKpOKOMIT roTepa 13 nepudepiiHUMHI TPUCTPOSIMHU.
3micT. B po0OoTi gociimKy€eThes BAKOpUCTaHHS TpoTokoiy 1-Wire st mepegaut

JaHUX B OOUBI CTOPOHU MO OJHIM JIIHIi.

Oco0siuBocTi porokoJay 1-Wire

[Iporokon 1-Wire po3pobnenuii xopmopariieto Dallas Semiconductor (3apa3
Maxim Integrated) me B 90-x pokax, ajge aKTUBHO BHUKOPHUCTOBYEThCS 1 3apa3. Ha
1- Wire croromni mpairoe Ouibiiicth "mirynok" - momodonnux yimiB (DS1990A),
KapTOK JOCTyly, a TakoX uepe3 [-Wire CHUIKYIOThCS TOIMYJISIpHI CEHCOPH
temnepatypu (DS18S20 1 DS18B20), Tpansucropni kmtoui (DS2405, DS2406),
nmporpaMoBaHi moptu BBeneHHSA-BuBeAcHHs (DS2408), AIIIT i1 IIAII, roauHHHMK
peanbHOro yacy (DS2417) Tomo.

PexxuM 3B's13Ky B IIbOMY IIPOTOKOJII — ACHHXPOHHUH 1 HAMIBAYTUIEKCHUH, a MIPU
HaJICWJIaHHI MYJIbTHOAUTHHUX IIJTUX TIepeiada e BiJl MOJIOIIIOro OaiiTa 10 CTapIioro.
[Ipy upomMy y Hac 3aBXKAM € BEAy4YMid — OAWH NPUCTPIA Ha IIWHI, SKUH BIJICUJIAE
KOMaHH, 1 BeJICH1 — MPUCTPOI, K1 11l KOMaHIW TPUIUMAIOTh 1 BIJIMOBIIAIOTh HA HUX,
SKITO0 HEOOXI1THO; KOKHUH 3 BEJCHHUX IMPUCTPOIB IMiAKIIOUAETHCS OS3MOCEPETHBO 10
3arajbHOI IIHHI.

[le pa3 miakpecauMo — Ha IIMHI MOXK€ OYyTH JIMILE OJWH BEAY4Hi, 1HAKIIe
BUHUKHYTh KOH(IIKTH, KOJH 00MJIBa BEyUUX «TATHYTUMYTbh KOBIpPY Ha ceOe».

[IpoTokon 1-Wire xopormuii TM, 110 HE CKJIAJHUM B peai3allii 1 BUMarae s
3B'SI3Ky BCHOTO JBa-TPH IPOTH (IITMHA JAHUX, 36MJIA 1, IPU HEOOX1THOCTI, )KUBIICHHS);
OJIHAK TIPH I[bOMY BiH HE 1M030aBJIEHUN 1 HEJIOMIKIB — IIeH TPOTOKOJI JOCUTh Uy TIUBUI

70 4acy 1 70 3aBaj. Takox 1-Wire He mpu3HAUYCHHI 1Ji nepeadl BeIMKUX OOCATIB
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iHpopMarii Ta a9 MBHAKICHOTO OOMIHY JaHMMHM — MaKCHMaJlbHa IIBUIKICTh
15,4 Koit/c.

Bincranp nepenaui mocsirae 300M, K10 JOTPUMYBATHCS TTIEBHUX YMOB:

o 3acTOCyBaHHA Kabens tumy "Burta mnapa';

o BUKOPHUCTAHHS CIIEIIAbHOTO JpaiiBepa Mepexi (aKTUBHE MIATIATYBaHHS
3 BpaXxyBaHHSIM CTpyMYy B JiHi1);

o BUKOPHUCTAHHS TEXHOJIOTII «CI1JIbHA MIMHA» 3 €UHUM CTOBOYpPOM (HE
BUJIbHA TOIIOJIOTIS).

®di3u4HO AJI opradizanli inTepdericy HeoOX1IH1 K MIHIMYM JIiHIA IS JaHUX 1
"3emis"; OCUTh YacTO TAKOX ISl MIAKIIOYEHHS MPUCTPOIB HEOOX1/IHA TAKOXK JIIHISA
KUBJICHHS, TPOTE JEsIKI BEACHI MPHUCTPOI MOXKYTh >KUBUTUCA 1 MapasuTHO —
OTPUMYBATHU "NIJHKUBJICHHS" Yepe3 MMHY JaHUX. 3TiJHO IHCTPYKIIIl 3 BAKOPUCTAHHS,
IIMHA JIAaHUX TOBMHHA OyTH MIATATHYTA JO >KUBJICHHS pe3uctopoM 4,7kOM, oJiHaK
JaHWH{ HOMIHAJI BUKOPHUCTOBYETHCS MPU BITHOCHO KOPOTKHX JIIHISAX; SKIIO 5K BIJICTaHb
M1 MPUCTPOSIMHU JTOCUTH BEJIMKA, TO OMIp PE3UCTOPa MOXKHA 3MEHIIIUTH.

OOMiH 1H(DOpMaILII€r0 BEIEThCS TaK 3BaHUMH TUMYACOBUMH, a00 TaliM-CJI0TaMuU
(60 MKC): OIMH TalWM-CIOT CIYXHUTh JJIi OOMIHY ofHUM OitoM iH(popmaiyi. a1
nepeaThes 01T 32 01TOM, TOYMHAIOYHY 3 MOJIOAIIOro 01Ta MOJIOAIIOro 0aiTa - 11e, 10
pedi, JOCUTh YacTO MPU3BOAUTH J0 MOMUIIOK Y HOBAYKIB — 3/1a€ThCA, 110 MOTPIOHO
nepeaaBaTH J1aHl 3J1iBa HApaBo, TakK, K BOHHM 30€piraroTbCsl B MaMm'siTi — ajie IpH
nepeaadi no 1-Wire, Hanpukiia i, 1BOOANTOBOTO YKCIIa MOPSAOK Nepeaadi Oyae TaKUM:

Maemo uucno 1023410, sike B aBiiikoBoMmy Burisiai Burisinae sik: 00100111
11111010.

[lepenaua mo 1-Wire Oyje BUTIIsaTH Tak:

0—»1-0-1-1-1-1-1-1-1->1-0-0-1—-0—-0

[Tpu oOMiHI 1H(pOpMAITIEIO BeIyUH 1HIIIIOE KOKHUM 3B'SI30K Ha OITHOMY pIiBH.
Ile o3nauae, MO mepeAaya KOKHOTO OiTa, HE3aJNEKHO BiJ HAaNpsMKy (meperada 4u

npuiioM), MOBMHHA OyTH iHiIIAOBaHa Beayuum. llluna naHux 3a 3aMOBYYBaHHSAM
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HATATYEThCA 10 "oAMHUIN", TOMY JJi MOYaTKy SK MpUoMy, Tak 1 JJIs mepenayi
BEJIyUUI OMyCKae JiHII0 Ha ACAKUI yac B "HYJb'".

VYBara: Hi BeIy4rii, Hi BEJICHI HE BUCTABJISIOTh HA MIWHI "OJMUHUIIO" — I1€ MOXKE
MPU3BECTH JJO KOPOTKOTO 3aMUKAHHAM: SKIIO OJIMH MPUCTPIA BUCTAaBUTH Ha muH1 "1",
a iHmmii - "0"; ToMy SIK Bey4ui, Tak 1 BeIeHUI MOXKYTh BUKOPUCTOBYBATH TLIbKH /1B
cTaHu: "Ha BUXiT B HyJb'" 1 "z-ctan" (Ha BXij 6e3 miaTsaryBanss). [lintaryBaHHs 10
KUBJICHHS 3/IICHIOETHCSI PE3UCTOPOM.

Po3rnssHeMo 5 OCHOBHMX KOMaHJ Juis 3B'A3Ky mo muHi 1-Wire: "3amumc 1",
"3anuc 0", "Yuranns", "Ckunanns" 1 "[lpucytHicts".

Ha manroHkax 4epBOHMM BUJIIJICHO YIPABIIHHS JIIHIEIO Bl BEIy4Oro, CHHIM -
VIOpaBIIHHS JIHIEO BiJ BEIEHOTO, YOPHUM — 3BUIbHEHA JIHISA (32 JOMOMOIOIO

MIATATYBaHHS IIIMHA aBTOMATUYHO MEPEXO0/IUTh B "OJMUHHUIIIO").

Curnan "3anuc 1". Bexyunii BCTaHOBIIOE HU3bKUN PIBEHB MPOTATOM 1 ... 15 MKC

(puc.5.1). Iicas poro, MPOTIATOM PEIITH TUMYACOBOTO CJIOTA BiH 3BUIHHSIE IIHUHY.

Pucynok 5.1 — BcTaHoBeHHSI HU3bKOTO PIBHS BEAYUYUM

Curnan "3anuc 0". Benyuuii popmye HU3BKUN PIBEHb MPOTITOM He MeHIie 60

MKc (puc.5.2), ane e nosiie 120 Mkc.

Pucynok 5.2 — ®opmyBaHHs curnainy 3anucy 0

Curnan "Yuranns". Beayuuii BCTaHOBIIIOE HU3BKHUM piBeHb MpoTsarom 1 ... 15
Mkc. [Ticns iporo BeaeHui, aKio xoue nepeaatu 0, yrpuMye IMHy B HU3bKOMY CTaHi

110 60 MKC; SIKIIIO K BEJIEHUM X0ue MepeaTu 1, To BiH MPOCTO 3BIILHSE JIiHI0. Bemyuuit
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3a3BUYai CKaHY€ CTaH NINHU ITICJIS 3aKIHYEeHHS 15 MKC 1iC/Isl BCTAHOBJICHHS HU3BKOTO

piBHs Ha 1muHI (5.3).

N/

Pucynok 5.3 — @opMyBaHHS CUTHAIy YATAHHS

1Bep,yqnﬁ YMTaE CTaH NiHii

Tak, BeleHU yTpUMYE€ JIIHIIO 0 3eMIIl, AKIIo Xoue nepenatu "0", 1 mpocTo
BI/IMMyCKAae€ JIHIIO, SKIO Xoue nepenatu "1".
TakuM YMHOM NP YUTAHHI OTPUMYEMO HACTYIHI Alarpamu (puc.5.4-5.5):

Curnan "Yuranns npu otpumansi 1" (puc.5.4):

TBe,qermﬁ BignycKae niHilo

Pucynok 5.4 — Curnai yuTaHHsi Ipu OTpuMaHHi 1

Curnan "Yuranns npu otpumansi 0" (puc.5.5):

Pucynok 5.5 — Curnan yutansst npu orpumanti 0

OcHoOBHI mnpoOsieMu, SIKI BUHMKAIOTh MpU peaiizalii YUTaHHS-3alucy — 1e
npoOjemMu 3 yacoMm, TOOTO "HEBUTpUMYBaHHs'", a00 HaBMaKH, "TIEPEBUTPUMYBAHHS"
THMYACOBUX 3aTPUMOK TPH YWTaHHI JiHII. BUHMKaOTH 11 mpobiemMu uepes Te, 1o
4acTo HE poOJISATH MONPaBKy HA 3aTPUMKY BUKOHAHHS KOMAaHJ MOB NPOTpaMyBaHHs

BHCOKOTO piBHsI. OCOOIHMBO 11€ CTOCYETHCS PI3HUX "H0MaTKOBHUX" (QYHKITIH.
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Curnan "ckuaaHHS/MPUCYTHICTR". TyT THUMYacoOBI I1HTEpPBAIM IMITYJIbCIB
BIJIPI3HSIOThCA. Beayuuil BCTaHOBIIOE HU3BKUN PIBEHb NPOTATOM 8 THUMYACOBHX
cioTiB (480 MKc), a MOTIM 3BUIbHAE MUHY. [laHuil TpuBanuii mepio] HU3bKOTO CTaHy
Ha3UBAa€THCS CUTHAJIOM "cKkumgaHHg'".

SIK10 Ha MMHI NPUCYTHIN BEACHUMN, TO BiH MOBUHEH MpOTIroM 60 MKC micis
3BUTPHEHHS BKAYYWUM ITWHU BCTAHOBUTH HHU3BKHU PIBEHb TPUBATICTIO HEe MeHIne 60
MKC. JlaHuW BIATYK HOCHTH Ha3By '"HPHUCYTHICTBH". JSIKIIO TakuWi CHUTHAI HE
BUSIBJISIETHCS, TO BEAy4YHil TIOBMHEH MyMaTH, 10 HEMA€ MiIKII0YEHUX TMPHUCTPOIB 10
IIMHY 1 TOJIAJIBIINHI 3B'I30K HEMOXKIIUBHM.

JlaHa OCITIOBHICTh CUTHAITIB 3aBKIM TOYMHAE Oy Ib-AKHI 00MIH 1H()OpMaIIi€r0
MIK IPUCTPOSIMHU.

KpiMm 1poro, nmotpiOHO BpaxoByBaTH, 10 OyAb-SKHI BEACHUN MPUCTPIN MICIs
I1IKJTFOYEHHS KUBJICHHS BiIpa3y K BUAAE CUTHAJ MPUCYTHOCTI.

Curnan "ckumanas" (puc.5.6) 103BOJIsIE BEAYy4YOMY JOCTPOKOBO 3aBEPIIMTH
oOMiH 1H(OpMAITI€I0 — HATIPUKIIA, SKIIIO CEHCOP TEMIIEPATypH MepeIae HaM BCIO CBOIO
nam'saTh, a HaM MOTPIOHI TIILKK NEPILI IBa OaiiTa, Ikl MICTSTh 3HAUEHHS TEMIIEPATYPH,
TO MICIISE OTPUMAHHS IIUX JIBOX OANT MIKpOCXEMa MPOCTO MOXKE OMYCTUTH JIIHIIO B HYJIb

Ha MOTPIOHY TPUBAIICTh YaCy — CEHCOP 3pO3YyMI€, 10 OUIbIIIE HIYOr0 NEPECUIIATU HE

N\ /o N/

CrupaHHa MpucyTHicTe

Tpeba.

PucyHnok 5.6 — @opmyBaHHS CUTHAITY CKUJAHHS
[Ipu peamizamii 3a3Buyail HEOOXIIHO 3ampPOrpaMyBaTH MIKPOKOHTPOJEP YU
MIKPOKOMIT FOTEp K BEAYy4UHil MPUCTPIN, TOMY MIKPOKOMII IOTEPY BapTO T€HEPYBATH
CUTHAJIU TPUBAJIOCTI TPOXHU O1IBIIIOT HEOOX1THOTO MiHIMYMY, a BIIMOBI1 BiJl BEICHUX
MIPUCTPOIB YEKATH 3a HANTIPIIUMHU TPOTHO3aMHU — TOJIi B3a€MOIisI TIO MMPOTOKOJTYy Oye

OIITUMAJIBHOIO.
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[Ipu npomy BeaydoMy Tpeba He 3a0yBaTH MEPIOUYHO MEPEBIPATH CTaH JIHIL
JaHUX, 110 BOHA IMOBEPTAETHCA B MIATATHYTUH CTaH 3 IJIMHOM Yacy, a TO MOXKe
BUHUKHYTH cutyais. Hanpuknazn, sxuii-HeOynb BeJeHUI 371aMaBcs 1 3aKOpOUYE,
JIHIIO B HYJb — 1, B NPUHIIMII, MPOTOKOJ HE TNEpeBipse AaHy MpodiieMy caM, Xoda
MOMMJTIKA MOKE 1 HE BUHUKHYTH.

Posrnsuemo "Bummit" piBeHb mpoTokony 1-Wire — MOCHIIOBHICTH NIl Tpu
B3a€MOJIIi BEAy4Oro 1 BEACHOrOo, a TaKOXX OCHOBHI KOMaHAM Ha MPUKIAJI

BUKOPHCTAaHHS TEMITIEPATypPHUX CEHCOPIB.
Buxopucranns teMneparypHux ceHcopis 3 Raspberry Pi

RPi ne mae BuBoniB ALIIl (anamoro-mudposoro neperBoproBaua) B GPIO, i
TOMY 3MOXEMO BUKOPHUCTATH JIMIIE [IUPPOBUI CEHCOP TEMITEPATYPH.

CeHcop, skuil Haiyactime BuOupatoth, 1e Dallas DS18B20 — cencop
TemMriepatypu 3 intepdericom 1-Wire (onHomnpoBiaHuii). Bid BiTHOCHO JemieBuid, 1oro
JIETKO 3HANTH, MPOCTUM Y BUKOPUCTAHHI 1 MOKA3y€ TEMIEepaTypy 3 TOUHICTIO A0 +/-0,5
rpajayca y BcboMy aiama3oni Big -10 go +85 rpanycis Llenbcis.

Jns Toro, o6 BiH B3aemoisiB 3 RPi, HaM moTpiOHuUiA Jinille OJIUH PEe3UCTOp Ha
47K, skl Jll€ K «MATATYIOYUR» pEe3UCTOp, 1 MIAKIIOUUTU BCE, SK MOKa3aHO Ha

puc.5.7:

left
bottom top Dalla;‘,
P1-01 P1-02 ds18b20

3V3 Power M 5V Power ‘
awooson ©) (©) -

GPIO 1 (SCL) @ ° Ground
(GPeLxo) ¢ (©) cpio 14 rx0)
- (o) (0) cro15RXD)

GPIO 18 o
GPIO 17 o o 1.7K Pull-Up
el Resistor

Raspberry PI GP10O

Pucynok 5.7 — IligkmtodueHHs: ceHcopa Temiieparypu 10 Raspberry Pi
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Cnouatrky pgo3Bonumo 1HTepdeiic 1-Wire B meHro HamamryBanus ->
InTepdeiicu, mo6 RPi 3mir npuitmMaTy 1aH1 Bij ceHcopa.

Haui, ysiiinemo Ha RPi1 B koMaHIHOMY PSJIKY BUKOHAEMO TaKi KOMaH/IH:
sudo modprobe wl-gpio

sudo modprobe wl_therm

1100 3aBaHTAXUTHU MOAYJI SiApa OJHOMPOBIIHUX MPUCTPOIB 3B'sI3Ky, HEOOX1/IHI
JUTsI BAKOPUCTAHHS CEHCOpa TEMIIEpaTypH.

(II1o6 yHMKHYTH HEOOXITHOCTI PYYHOTO BBEICHHS ITUX KOMaHJ MI0pa3y, KOJIH
MOBTOPHO 3aBaHTaxxyemo RPi, Biipegaryemo 3 BUKOpUCTAHHAM nano abo moioHoro
penaktopa (aiin "/etc/modules" mogaBaHHAM PAIKIB Wl-gpioiwl_therm y KiHelb
Gaiiny.)

Tenep B KOMaHAHOMY PSIIKY BBOAMMO:

Is -1 /sys/bus/wl/devices/

11100 M00AYUTH CITUCOK MPUCTPOIB, MIJKIIOUYEHUX B TaHU MOMEHT 10 RPi.

Hamr cencop temmneparypu 3'ssBUThes 3 aapecoro y dopmati 28-00000xxxxxXX.
Ha puc.5.8 moxxemo mo0GauuTu, 110 ajJpeca HAIIOro CEHcopa TemrmepaTypu Oyna 28-
00000283c6cd. Koxken cencop temmeparypu DS18B20 mae yHIKambHY MKOPCTKO
3a/laHy ajapecy, Tak 110 MPU HEOOXITHOCTI MOXEMO MIIKIIOUUTH KUJIbKa CEHCOPIB

TEeMIIepaTypH 1, SIK 1 paHille, YATATH iX OKPEMO.

&% pi@raspberrypi: -

errypi § 1ls -1 /fsys

: 1 root

= 01 4b )

Sd 01 4b 46
pifraspherrypi

Pucynok 5.8 — Anpeca ceHcopa Ta OTpUMaHe 3HaY€HHs TeMIIepaTypu
3HailiemMo cBiii CEHCOp TEeMIEPATYPH 1 BBEIEMO HACTYIIHY KOMaHy B T€pMIHAJI,

100 BIAKpUTHU (hailil ceHcopa 1 IEPerIsIHYTH MOKa3aHHs TeMIIepaTypH:
cat /sys/bus/wl/devices/28-00000283c6cd/wl_slave
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(mepeKoHaBIIMCh, 3BUYANHO, LIO MIJCTaBWIM aJpecy CBOrO BIACHOTO CEHCopa
TeMnepaTypu).

Ha puc.5.8 6aunMo Ha BHUXOJIl HaBEACHOI BHINE KOMAaHAM JABa PSAAKU JTaHUX.
Hanpukinii apyroro psaxy micis "t=" BUBeJeHE unciaoBe 3HaueHHs. [{e 3HaueHHs €
TEeMIIEpaTyporo ceHcopa B rpagycax Llenbcis, momuoxxenoro Ha 1000. Tomy, B Harmomy
MpuKIaai, MU O0aunMo moka3anus t=24812 i temneparypa o6yae 24812/1000 = 24,812
rpanyciB 3a Llenbciem.

Yurtatu TemrepaTrypy 3a JONOMOTOI0 KOMAaHAHOTO psAJIKa HE JIYyXE 3pydHO.
3arasoM MU XO4€MO BUMIPIOBATH TEMIIEpATypy Yepe3 peryJisipHi MPOMiIKKHY Yacy 1 abo
BiJI0OpaxxaTu ii Aech, abo 30epiratu B Qaiii s moaansiioro anamsy. s mporo Mu
MOBMHHI Hanucatu cueHapiid. [Ipoctuil cuenapiii Ha Python nns BumiproBaHHs Ta

BiJI0OpaK€HHs TeMIIepaTypHy OJIMH pa3 B CEKYH]Iy Moke O0yTu TakuMm (puc.5.9):

£ pi@raspberrypi: ~
GNU nano 2.2.6 File: tempsensor.py Modified

import time

while 1:

= open("/s us/wl/devices/28-00000283c6cd/ w1l slave™)

tempfile.read()

ot ct ot ct
= om

split ("™\n")[1] .split ("™ ") [9]
(tempdatalZ:])
1000

t

m M M M

t

gt Get Help g8 riteQut : i v P: ut Cur Pos
P
@ Exit gl Justify iTh = ext C TnCu bl

Pucynox 5.9 — Crenapiit Ha Python nnst orpuManHs Temnepatypu 3 ceHcopa

[le#i crmenapiii oawH pa3 Ha CEKyHAy uuTae (aili ceHcopa TeMmIepaTypH,
OTpUMYE APYTUM PATOK, PO3OUBAE MOTO HA PO3IICH] IPOOITAMH €IIEMEHTH, OTPUMYE

IEecATU 3 1UX eleMeHTiB (meHoMmi"HoBaHux '9'. 00 '0' € mepmmMm eJIeMEHTOM
9 5
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npomyckae rmepuri gBa cuMBoiid ("t=") 1IbOro ejeMeHTa 1 MEPETBOPIOE Te, IO
3ayMIIaeThes (24812 B HAIIOMyY MPUKIAAl), 3 psAAKa B UACIOBE 3HAYCHHS, SIKE IMOTIM

nimateess Ha 1000, mo0 moka3aTh HaM TEMIIepaTypy, sika BUBOJIUTHCS Ha €KpaH

(puc.5.10).

sudo python tempsensor.py

SV oS ] J

5
2
4
2
2
o

)

Qo

o

B oo~

Pucynok 5.10 — BuBezgeHi Ha ekpaH 3HaYEHHS TEMIIEpaTypu
Ha pwuc.5.10 mokazaHuil 3amyck CILEHapil0 TIOKH CEHCOp TeMIepaTypu

MPOXOJUTh HarpiBaHHS.

Cuenapiii Python 1151 YUTaHHS JaHUX 3 CEHCOPA

CtBopumo HOBuUM creHapiii Python temperature.py y BiKHI TepMiHay
(manpukinan, 3 nano) abo 3 IDLE (Interactive Development Environment).

[lepmiM KpokoM Oyne IMIOPT HEOOXIJHUX MOAYJIB: OS JO3BOJIIE HaM
BKJIIOUUTH JipaiiBepu 1-Wire Ta inTepdeiic 3 HalmM ceHcopoMm, a time qo3Bossie RPi
BU3HAYMUTH Yac Ta BUKOPUCTOBYBATH YaCOBI MEPIOJIA B HALIOMY KO/II.

BBenemo HacTynmHuUM KOX:

# ImnopT 6ib6mioTex

import os

import time

# Iniuianisauia smsomis GPIO

os.system("modprobe wl-gpio') # Bmmkxanusa momyns GPIO

os.system("modprobe wl-therm®") # Bumukanus monmysna Temperature
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# Orpumanus device file (wl_slave file), saxuir 36epirae mani
TeMrepaTypu
temp sensor = ‘sys/bus/wl/devices/28-000005e2fdc3/wl_slave
# ®dyHkUisg, sSka uMTae JaHli 3 ceHcopa
def temp_raw():
f = open(temp sensor, 'r') # BiIOKpuTTA 3Ha4YeHHA
TeMmreparypm B device file
lines = f.readlines () # I[loBepHEeHHS TEKCTY
f.close()

return lines

# llepeTBOPEHHSA 3HAUEHHs CEHCOpa B TeMIepaTypy
def read_temp():

lines = temp_raw() # Uurauus remneparypu -device File~

# fAxwo nepumyt panoxk He Mae 'YES', uexatm 0.2 c

# 1 morim npoumrTaTtu device file 3HOBY.

while lines[O].strip()[-3:] !'= "YES":
time.sleep(0.2)

lines = temp_raw()

# BHaxomxeHHd mo3MLiI '=' B OpyroMy pAaIKy
# device Tile.
temp_output = lines[1].-find("t=")

# fdxmo '=' 3HaWIOEeHO, TO MNEePEeTBOPEeHHS PeumTM paaka Iicjs
# '=' B rpamycu lenbcig, a norim B Tpamycu dapeHremnrTa
if temp_output = -1:

temp_string = lines[1l][temp_output +2:]

temp_c = float(temp_string) /7 1000.0

temp F = temp_c * 9.0/ 5.0 + 32.0

return temp_c, temp_F

# BuBeneHHsa TeMIIepaTypm, IIOKM He 3YIMHMMO IIpoIrpaMy.
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while True:
print(read_temp())
time.sleep(1)

Kona HeoOxiaHo 3amyctutu 3 npaBamu Super User:

sudo python temperature.py

IIBuaKe BifoOpakeHHs TeMIepaTyPpH B KOMAHIAHOMY psaaKy — Bash

3amicTe TOrO, MO0 muUcatu cueHapiii Python nns uuranns temmeparypu 3
CEHCOpa, MOXKHA HamucaTH OJIMH PSAJOK KOMaHIW, sSka OyJe YWTaTh CEHCOoD,
BUTSATYBAaTU TEMIIEPATypy 3 YACTHUHH MOBEPHYTUX JaHUX 1 0OpoOIsATH pe3yibTaT 3a
JI0TIOMOT010 Bash B komaHaHOMY psifiky RPi.

€ OaraTo cnoco0iB Jisi JOCATHEHHS IIi€l METH, HABEJAEMO OJIMH TMPHUKIAJ 3

BUKOpHUCTaHHSM sed 1 awk (puc.5.11):

cat /sys/bus/wl/devices/28-00000283c6cd/wl_slave | sed -n
"S/N\NCE=E IFN\N) - */N\L/pt | sed "s/t=//" | awk
"{x=$1}END{print(x/1000)}"

# pi@reuk-office: -

Pucynox 5.11 — Crenapiii 111 Y4MTaHHS TaHUX 3 CEHCOPA TeMIIepaTypu

CumBost TpyOu "|" BHUKOpPUCTOBYETHCS HJIsl NE€peaadl pe3yiabTaTy BUBEACHHS
OJIHI€1 KOMaH/IM IO HACTYIHO1 KoMaHu. Lleil ckpunT crioyaTky 4uTae TeMreparypy 3
CEHCOpa, TEePIIl HiXK MOBEPHYTH JIBa PSAIKUA JaHUX, OCTAHHS YaCTHHA JIPYTOTO PSJKa,
aKka € t=XXXXX, me XXXXX - Temmepatypa B mumtirpamycax llenbcis. Ilotim mu
BUKOPUCTOBYEMO Sed, 100 3HAWTU «CIIOBOY, SIKE MOYMHAETHCH 3 't=' B JaHUX, Jai
MepecuIaEMo HOTo 70 Ipyroi KoMaHau sed, sika Bugamsie 't='. Hapemri, yucenbHUA
pe3yibTaT MEPEeCUAEThCS A0 KOMAaHIU awk, sika TiauTh 1eil pesynabrar Ha 1000 1
BiIoOpakae Temmneparypy B rpamycax Llembcis.

O4eBuaHO, IO MU HE XOTUIM O HaOWpaTH Led JOBIMM PSAOK LIOpa3y, KOJIH

MEePEBIPSEMO TEMIIEPATYPY CBOTO CEHCOPA, TOMY MOXEMO CTBOPUTH TICEBIOHIM:
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alias checktemp=""cat /sys/bus/wl/devi...... x/1000)}"

Tenep mpu BBeaeHHI KoMaHJIU checktemp B KOMaHIHOMY PSIKY, OyIyTh
3amyIieHi Bci 30epekeHi KOMaH IH.

AJIbTEpHATHUBHO, MOXEMO 30€perTd KOMaHIM SK clieHapid oOosoHku. s

IIHOTO BiIKPUEMO TEKCTOBUN PETAKTOP 32 TOTIOMOTOI0 KOMaH/IH:

sudo nano checktemp

KWW CTBOPUTH MOPOXKHIHN (aitn 3 iM'aM checktemp. Beaemo:
#1/bin/bash

B TEPIIOMY PSIKY, a TOTIM B JIpyroMy psSAKYy BBOAMMO KOMaHIu cat
/sys/bus. . . Tomo. Hatucuemo Ctrl-X, mo6 Buiitu 1 30epertu ¢aiin. 11lo0 3poobutu

IIaHI/Iﬁ (baﬁﬂ BHKOHYBAHUM JJIA MOJKJIMBOCTI HOTO 3aIlYCKY, BBOOIUMO:

chmod +x checktemp
1, HapeuITi, epeMICTUMO HOro B Katajor /usr/bin, ne 30epiraerbcst OLIBIIICTh

BUKOHYBaHUX (DaiiITiB:

mv checktemp Zusr/bin/
Tenep, KoM B KOMaHIHOMY PsIIKYy HabupaemMo checktemp, To ciieHapii Oyne

3ammyckaTHCs Hall 1 Oyie BiIoOpakaTucs MPOYUTaHA 3 CEHCOpa TeMIIeparypa.

Higkar04eHHs JeKUIbKOX ceHcopiB Temnepatypu 10 Raspberry Pi
Posrissaemo, sk MOJKHA 1111’ €THATH KiJIbKa CEHCOpiB Temreparypu 1o RPi, 1o
0COOJIMBO KOpPUCHE ISl JACSKUX JOJATKIB BHUMIPIOBAHHS PI3HUII TeMIEparyp, ne

MOTP1OH1 ABa a00 O1JIbIlIE CEHCOPIB TEMIIEPATYPH.

4.7K Pull-up

Rosistor Sensor 1 Sensor 2 Sensor 3

left
bottom top
P1-01 P1-02

3V3 Power i ° 5V Power
GPIO 0 (SDA) @ @ o

GPIO 1 (SCL) @ ° Ground | l | | | | | |
@axa @ (©) cro1emo [ I
-- @ @ GPIO 15 (RXD) l l
GPIO 17 o o et

Raspberry Pi GPIO

Pucynok 5.12 — IligkiroueHHs KUIbKOX ceHcopiB 10 Raspberry Pi
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Ha puc.5.12 cxemMaTH4YHO MOKa3aHO, AK MIAKIIOYUTH TPU TEMIIEPATypHUX
cencopu DS18B20 no GPIO BuBoxis RPi. Binznaunmo, 1110 xo4a Mu BUKOPHUCTOBYEMO
JeKiJbKa TEMIIEPATYPHUX CEHCOPIB JIJIsl YUTaHHA, MU MaeMO Tpu 3'eHanHs 3 RPi: 3,3B
1 OB migkiatoueHHS >KMBJICHHS CEHCOpPIB, 1 OJWH MPOBIJ JIaHMX, SKHH IOBEpTAE
MPOYUTAHY TEMIIEPATypPy BiJl BCIX CEHCOPIB.

[IpounTaTy Moka3aHHs TEMIIEPATypH 3 ACKITLKOX CEHCOPIB Yepe3 OJIUH MPOBIT
JI03BOJISIE CEPITHUI HOMEP CEHCopa, 3aKOJI0BAHUI B HOMY IPU BUTOTOBJICHHI, SIKHI
RPi moxe BUKOpUCTaTH 1S 11€HTUDIKAIII].

[Ipn BuUKOpUCTAaHHI JAEKITBKOX CEHCOpIB, Meplie, mo Tpeda 3podutu, I1e
OTpUMATU CEpINHUIM HOMEp JJIsi KOXKHOTO CeHcopa 1 (i3MYHO MapKyBaTH iX, 1100
3HATH, JIe SIKU CEHCOp, KOJIU Oy1eMO BCTAHOBJIIOBATH 1X Y PI3HUX MICIISIX KOMJICKCY.

JloTpuMyemMocsi IHCTPYKIIIA, HaBEACHUX BHUIIE, MPO MIAKIIOYEHHS OJHOTO

CeHcopa, 00 BCTAHOBUTHU KOXEH 3 HUX Ha cBoeMy RP1i, 1 ckopucTaeMocsi KOMaHI010:

Is -1 sys/bus/wl/devices

1100 3HAUTH CepIiHUN HOMED JIJISl TIEPILIOTO CEHCOoPA.

[ToTiMm nmomamo ApyrHii CeHCOp 1 BU3HAYMMO MOTrO, TTOBTOPHO TMEPEBIPUBIIU
MJIKJTF0YEH1 TPUCTPOI Ta BiA3HAYMMO HoTOo cepiiinuii Homep. [loBTopumo 11eit nporec,
MTOKH HE TIKIIOYMMO 1 HE BU3HAYUMO BC1 CEHCOPH.

[[lo6 miaTBepaAuMTH, IO BCE MpAIlO€ K Tpebda, OTpUMAEMO TEMIIEpATypy 3

KOXXHOI'0 C€HCOpa OAWH 3a OJHUM 3a JOIMOMOI'0OI0 KOMaHIU:

cat /sys/bus/wl/devices/28-00000xxxxxxx/wl_ slave

3aMIHUBIIN XXXXXXX MPaBUILHUM CEPITHUM HOMEPOM IS KOSKHOTO CEHCOopa.

Tenep My rOTOB1 BUKOPUCTOBYBATH CEHCOPHU TEMIIEPATYPH y CBOEMY TTPOEKTI Ha
RPi. TloniOHuM ynHOM MOkHa BUKOpHCTOBYBaTtd 3 RPi ¥ iHmn nudposi ceHcopu 3

iHTepdericom 1-Wire.
5.2. 3aBnanHs
1. BuBunti ocobmuBocTi BUKOpUCTaHHS 0i0mioTeku OS (3HAWTH OMHC B

MEpexi).
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2.  BukoHaTHM NIAKIIOYEHHS CEHCOpa TEMIIepaTypH, 3alporpaMmyBaTH Ta

OTpUMAaTH 3HAUEHHS TEMIIEPATypH.
5.3. 3micr 3BiTY

1. Onuc po6oTu 6107110TEKH OS

2. Cxema HiAKJIIOUEHHS CEHCopa TEMIIEPATypH JI0 MIKPOKOMII ' I0TEPA.

3. CkpiHIIOTH Pe3yJIbTAaTiB BUKOHAHHS POOOTH 3a JOTIOMOTOI0 JIOCTYITY 4epe3
[aTepuer.

4. BUCHOBKH 3a pe3yJibTaTaMi BUKOHAHHS pOOOTH.

3BIT B €JIEKTpOHHOMY BUIJsAAl (Oaxano y ¢opmari pdf) 3aBaHTakutu y
BIAMOBIAHY nanky B Moodle.

5.4. KoHTpOJIbHI MUTAHHSA

1. nst 4oro moTpiOHUN «HIATATYIOUMNA PE3UCTOP MPHU MIAKIYEHI CEHCOPIB 3
inTedericom 1-Wire?

2. /1151 4oro BUKOPUCTOBYEThCS KoMaHa sed? fIKi mapameTpu BOHA Mae

3. JIns yoro BUKOpUCTOBYEThHCS KoMaHa awk? fIki mapameTpu BoHa Mae?
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JlabopaTopna pobora 6
BUKOPUCTAHHSA H-MOCTA JIJIs1 KEPYBAHHSA IBUT'YHOM
MOCTIMHOI'O CTPYMY

Mera poGoru: BuBuutu BapianTH 3acTocyBaHHS H-MocTta miis kepyBaHHS
MIBUKICTIO Ta HAMPSIMKOM OOEpTaHHS ABUTYHOM IMOCTIMHOTO CTPyMY.

3micT. Posrismaerbest cxeMa KepyBaHHS JBUTYHOM Ha OCHOBI MIKpOCXEM, SIKi
peani3zytotb H-micT, Ta mponoHyeThes cueHapiid Ha Python m1st ctBopeHHs iHTEpdeiicy
KOPHUCTYBaya JJIsl TAKOTO KEPYBaHHS JBUTYHOM.

6.1. Teopernuni BizomocTi

[IpocToto y Bukopucransi iHTerpambHor cxemoro (IC) H-mocrta, sxa
KOPHUCTYEThCS NOMYJISIPHICTIO, € L.293D. Ile MikpocxeMa npu3HadueHa JAJisi HEBEIUKUX
JIBUTYHIB 3 MakCUMalIbHUM cTpyMoM 600 MA 1 Hanpyroto 110 36 B.

L293D wmictute aBa H-mocTtH 1 HOedkl IOJATKOBI CXEMH aBTOMAaTHYHOI'O
BuUMKHEeHHs [C, K110 BOHA MOYMHAE TIeperpiBaTucs. Ajie He BApTO €KCIIEPUMEHTYBATH

3 L293D, xoua ii Baxkko cnanutu. Po3mimenns BuBojiB L293D naBeneHo Ha puc.6.1:

L293D
—] ENi 4y BLaC
=24 N1 oy AL
==Joutt  ouTa
—Jov ov =
- ov ov 2
~Slout2  outs
=2 N2 iNg
—8 +Vmotor EN2 —9

Pucynok 6.1 — BuBoau mikpocxemu L293D
[Tapametpu L293D:
« Jliara3oH Hanpyru *UBJIEHHs ABUTYHA Bia 4,5B 1o 36B.
* [TocTiitamii ctpym asuryHa 10 600MA.

* [TikoBuit cTpym aBuryHa 1,2A.
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» Jlioiv Ha BCiX BUXOJaxX JIsl 3aXUCTY BiJ CTPUOKIB 3HAYEHHS HAIIPYTH Ha
BHBO/JIaX JIBUTYHA.

» HasiBHICTB TEIMIOBOTO 3aXUCTY.

 CywmicHicts 3 3B 1 5B sorikoro (RP1 1 Arduino).

IC opranizoBaHa y BUTJISAII YOTUPHOX MOJIOBUH H-MOCTIB, a He 1BOX moBHUX H-
MOCTiB. MOXHa pO3IsiiaT KOXKHY MoJoBUHY H-MocTa sik indpoBuii BUXig BUCOKOT
MOTY>KHOCTI, 3/JaTHUN 3a0€3MeUnTH CTiK a00 BUTIK cTpymy J0 600MA. Lle 3abe3mneuye
O1IbIITY THYYKICTh TIpu BUukopucTanHi IC.

IC Mae oxkpemi KOHTaKTH ISl >KUBIIGHHS JIOTIKM 1 JIBUTYHA, IO JI03BOJISE,
HaIpUKIa, ynpasisaTyd 6B neurynamu 3 Bukopuctanasm 3,3B joriku RPi.

®ynkuis koxHOro 3 BuBo1B IC L293D naBenena B Tabnui 6.1.

Tabnuns 6.1 — [Ipusznauenns BuBoaiB L293D

Homep Hazsa
BuBOAY BMBOOY

Onuc

1 12EN | Bugig nossonse euxogu HaniemocTie 1 i 2 (To6To, AKWO Ha LsoMY
KOHTaKTi BUCOKMIA piBEHb, BUXOAW HE POBHTUMYTE HIYCro), e YacTo
eukopucToByeTeCA 3 LUIM-crianom Ana ynpaeniHHA WBKMAKICTIO ABUIYHA

2 1A Bxig kepyBaHHA HaNIBMOCTOM 1. AKWO Le BUCOKMI piBeHb, TO BUXIg
Ha Bueogi 3 6yae BUCOKMM

3 1Y Buxia HanismocTa 1

45,12,13 |GND 3emns (Ha gpykoBaHii NNaTi BCi Ui BUBOAKW NpUNasHi A0 BENMKOro
MargaHuuKa, AKMIA BUCTYNAE AK NOTMWHaY Tenna)

§ 2 Buxig HaniemocTa 2

7 2A Bxig kepyBaHHA HaniBmMocTom 2

8 VvCQ2 Hanpyra »uUBneHHA AnA ABKryHie, ax 40 36B; po3ginsHe KUBNEHHS
aBuryHa i norikw gonomarae a6epertu ctabineHicTe

9 34EN | ossinHaniemocTiB 314

10 3A Bxig kepyBaHHA HaniBMocToM 3

11 3Y Buxig HaniemocTa 3

14 4Y Buxig HaniemocTa 4

15 4A ‘Bxia kepyeaHHs HaniBMOCTOM 4

16 vca Hanpyra :xvMBnexHa AN norikk; BoHa Moxke ByTH HUHYOI, Hix Hanpyra

MMWBNEHHS OBUryHa Ha BuBogi 8 | 3aseudail pieHa 5B

Cxewma miakmtoueHHs: H-mocta na L293D B npoekTi mokazaHa Ha puc.6.2:
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Pucynok 6.2 — Cxema miaxiatodeHHst Mikpocxemu L.293D nist kepyBaHHs
JIBUTYHOM

RP1 3a0e3neuye 5B aJist ®KUBIICHHS JIOTIKA Yepe3 KOHTAKT 16, a >KUBIECHHS IS
JIBUTYHa 6B rmojaerbcsi Ha KOHTaKT 8 3 akyMyssiTopHoi Oatapei. dakTUdHO
BUKOPUCTOBYEThCS TibKA ofauH 3 H-moctiB B IC 1 Tomy BuBig EN2 3'enqnanuii 3
3eMIIEI0, 100 BIAKIIOYUTH HEBUKOPUCTaHY 1ojaoBuHY IC.

Busoau EN1, IN1 1 IN2 OyayTh nmigkirodeHi 10 (ppoBUX BUX1THUX KOHTAKTIB
Ha RPi.

Cxema Oyne mpamroBaTtu 1 6e3 konjaeHcaTopiB Cl Ta C2, aie Oyne XOpOIIO
3BUYKOI0 BUKOPHCTOBYBATH KOHACHCATOPH, 00 MPOEKT OyB PO3TOPHYTHH TIO-
CIIPaBXXKHbOMY.

Bkazane po3ranryBaHHs KoHJIeHcaTOpiB ayxe turnose aia [C cxemu H-mocra.
C1 Ha3uBaOTh PO3AIBHUM KOHJEHCATOPOM. BiH MOBUHEH pO3TAILIOBYBATUCA IKOMOTA
omkue o IC 1 6ytu mix mxepenom kuBiieHHs joriku 1 GND. Hocuts 100 D
(KOHJIEHCATOP HEBENIMKOI €MHOCTI), KM yCyBa€ OyIb-siKi €JIeKTpUYHI 3aBajH, 110
MOXYTh CTBOPIOBATH Nepenikoau B po0oTi jioriku IC. C2 3abe3neuye KOpoTKOYaCHUN
3amac eHeprii, aje IS IBUTYHIB, a HE JJIA JIOTIKH MepeMUKaHHSI. 3HAYCHHS I1HOTO
KOHJICHCAaTopa, 3a3Bu4ai, 3HauHo OuibIe, Hixk Cl: 100 Mx® abo Oinbiie.

Ha monTaxH1i miati 3BepHemMo ocobnuBy yBary Ha IC. [lepekonaemocs, 110
pO3TallyBaJIi MIKPOCXEMY TPABHJIBHO. MOXKEMO TaKoX MIIKIIOUATA OaTapero.
Cnouatky JIBUTYH HE MOBUHEH 00epTaTUCS.

[TepeBaroro Bukopuctanus takoi IC H-mocra, sk L293D, € Te, 1mo BUBOAMU

KEepyBaHHs BHMAraloTh AyXE€ Majlo CTPyMy JUIsl KepyBaHHS JBUTYHOM. JlificHO,
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texHiunui onuc IC Bkasye, 1o 11e 3apxau Mmeniie, Hixk 100MkA (0,1MA), 1110 03Havae
BIICYTHICTB OYJIb-SIKUX TTPOOJIeM 3 BUKOPUCTAHHSIM CJIa0KOCTpyMOBUX BUXOiB RPi.

[Tinkmrouenns makeTHoi miatu 10 RPi (puc.6.3):

6V DC Motor

Efnable

In1
In2

usE 2x

[ AAA Battery ”

I

fritzing

Pucynok 6.3 — IliaknroueHHs: MakeTHOI Iiatu 10 Raspberry Pi

JonoBHumo Ta 30epexeMo y ¢aitmi Full_motor_control .py creHapiii Ha
Python mns RPi, mo6 moxxna Oyno 3MiHIOBaTH HampsM OOEpTaHHS BUTYHA,

IIBUJIKICTh OOEPTaHHS Ta MaTH 3MOT'Y MOTO 3yITUHUTHU:

import RP1.GPIO as GPIO

import time
GP10.setmode(GPI10.BCM)

enable _pin = 18 #1
in_1 pin = 23

in_2 pin = 24
GPI0O.setup(enable_pin, GP10.0UT)
GPIO.setup(in_1 pin, GP10.0UT)
GPIO.setup(in_2 pin, GP10.0UT)
motor_pwm = GPI10.PWM(enable_pin, 500)
motor_pwm.start(0)
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def forward(duty): #2
GPI10.output(in_1 pin, True)
GPI10.output(in_2 pin, False)
motor_pwm.ChangeDutyCycle(duty)
def reverse(duty): #3
GPI10.output(in_1 pin, False)
GPI10.output(in_2 pin, True)
motor_pwm.ChangeDutyCycle(duty)
def stop():
GPIO.output(in_1 pin, False)
GPIO.output(in_2 pin, False)
motor_pwm.ChangeDutyCycle(0)
try:
while True: #4
direction = input("Enter direction letter (f -
forward, r - reverse, s - stop): ")
iT direction[0] == "s":
stop(Q)
else:
duty = int(input("Enter Duty Cycle (0O to 100):

"))
1T direction[0] == "f":
forward(duty)
elif direction[0] == "r~:
reverse(duty)

finally:
print("'Cleaning up'™)
GP10.cleanup()

KomenTapi:

1. 'V BepxHiii wactuHl ¢ainy 3BHuYailHuid koA HanamrtyBanHa GPIO i
npu3HaueHHs BuBOAIB. Businm Enable L293D BukopucTOBY€ThCS M YNpPaBIiHHS
IIBUJIKICTIO OOepTaHHsS JBUTYHA, TOMY BHBII 18 MIIKIIOYEHUNH 10 HBOTO 1

HajanrroBauui sk suxig HIIM.
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2. O®yukiis forward BcranoBmoe koHTakTH IN1 1 IN2 nius kepyBaHHS
HanpsIMKOM 0OepTaHHs, a TIOTIM 3aJa€ mmnapyBaTicTs kanany [IIM.

3. Sxmo nopiBHATH (yHKLIIO reverse 3 forward, To MoxkxeMo mo6auuTu, IO
3Ha4yeHHs KOHTAKTIB IN1 1 IN2 nominsumncs mictisamu. OyHKIs stop 3a1ae Ha BUBOIaX
HANPSIMKY 3HaueHHs A 3ynuHky (o6uasa LOW) 1 pobounit ki LM piBawmii 0.

4. Komannma 3amuTye y KOpUCTyBada 3HAUEHHS IIMApyBaTOCTi, a MOTIM

BUKJIHKaE stop, forward, abo reverse, B 3aJ1e’)KHOCTI Bijl BBEJICHOTO.

3anyctumo mnporpamy Full_motor_control.py, 1 mnepekoHaemocs, 10

MOKEMO 3MIHIOBATH HaIIpsAMOK 06epTaHHH Ta IHBI/II[KiCTI)I

sudo python3 full_motor_control.py

Enter direction letter (f - forward, r - reverse, s - stop): T
Enter Duty Cycle (0 to 100): 50

Enter direction letter (f - forward, r - reverse, s - stop): T
Enter Duty Cycle (0 to 100): 100

Enter direction letter (f - forward, r - reverse, s - stop):

7))

Enter direction letter (f - forward, r - reverse, s - stop):
Enter Duty Cycle (0 to 100): 50

Enter direction letter (f - forward, r - reverse, s - stop): r
Enter Duty Cycle (0 to 100): 100

Enter direction letter (f - forward, r - reverse, s - stop): s

-

Enter direction letter (f - forward, r - reverse, s - stop):

[Ipukman crenapito s peanizaimii rpadiuyHoro iHTepdeicy KepyBaHHS

JBUTYHOM:

from tkinter import *
import RP1.GPIO as GPIO
import time
GP10.setmode(GPI10.BCM)
enable_pin = 18
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in_1 pin = 23

in_2 pin =.24

GP10.setup(enable_pin, GPI0.0UT)
GPIO.setup(in_1 pin, GPI0.0OUT)
GPI0.setup(in_2 pin, GPI0.0UT)
motor_pwm = GPI10.PWM(enable_pin, 500)
motor_pwm.start(0)

class App:

def __init__ (self, master):

frame = Frame(master, bg = “purple”)

frame.pack()

Label (frame, text="velocity®, bg = "purple®, fg =
*white®).grid(row=0, column=0)

scaleVel = Scale(frame, from =0, to=100, length=250,
orient=HORIZONTAL, command=self.motorduty, bg = “purple®, fg =
*white®)

scaleVel .grid(row=0, column=1)

Button(root, text = “reverse®, command=self.reverse,
bg = “purple®, fg = "white").place(x = 10, y = 60, width = 130,
height = 80)

Button(root, text = “forward®, command=self.forward,
bg = “purple®, fg = "white").place(x = 160, y = 60, width = 130,
height = 80)

Button(root, text = "stop", command=self.stop, bg =
"purple®, fg = "white").place(x = 20, y = 155, width = 260, height
= 90)

def motorduty(self,duty):
motor_pwm.ChangeDutyCycle(float(duty))
print(duty)

def forward(self):
GPI10.output(in_1 pin, True)
GPI10.output(in_2 pin, False)
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def reverse(self):
GPIO.output(in_1 pin, False)
GPIO.output(in_2 pin, True)

def stop(self):
GPI0.output(in_1 pin, False)
GPI0.output(in_2 pin, False)
motor_pwm.ChangeDutyCycle(0)

root = TkQ

root.wm_title(*Motor Control~)
app = App(root)
root.geometry("'300x250+400+250")
frame = Frame(root)

frame.pack()

try:
root.mainloop()

finally:
print(""Cleaning up™)
GPIO.cleanup()

Pe3ynbTaT BUKOHAHHS CLIEHAPIIO OKa3aHUil Ha puc. 6.4.

— A N}
| Vioter Contrel

—

reverse

Pucynok 6.4 — I'padiunuii inTepdeiic kopucTyBaya A KEpyBaHHs IBUTYHOM
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6.2. 3aBnannsn

1. Jlomaiite B cueHapiii NPOEKTY KEpyBaHHA IIBUAKICTIO 1 HAMPSIMKOM
oOepranHa JBuryHa TrpadiuHuii iHTEepQeiic KOpPUCTyBaya, BHUKOPHUCTOBYIOUU
HaBeJICHUN HUXKYE KOJI.

2. InTepdelic koprucTyBaua BUKOHATH Y BUTIISIIL «XPECTHKA»: B LIGHTP1 YEPBOHA
kHonka Cmon, a peuira 4 kHonku — Bnepeo, Hazao, Baieo, IIpasopyu.

3. PeanmizyBatu mikamy Juisi KEpyBaHHS IIBUJIKICTIO pyXy SK B HaBEICHOMY
MIPUKITAIL.

4. Koumnip inTepdeiicy BUOpaTu 1HIINHN, HIXK B MPUKJIIA/1 Ha puc.6.4.

Ilpumimrka. Kaonku Bnaieo 1 Ilpaeéopyu we nporpamyBatu — I BXKeE IS

KCPyBaHHs IBOMaA JIBUT'YHAMMU.

6.3. 3mict 3BiTY

1. Cxema mAKIIOYEHHS JBUTYHa J0  Mikpocxemu H-mocta Ta
MIKPOKOMIT FOTepa.

2. Cuenapiii Ha Python 3 komMeHTapsMH.

3. CKpIiHIIOT pe3yJIbTaTiB BUKOHAHHSI CIICHAPIIO.

4. BucHOBKHM 3a pe3yJibTaTaMi BUKOHAHHS pOOOTH.

3BIT B €JIEKTpOHHOMY BUIJsAl (Oaxano y ¢opmari pdf) 3aBanTaxkutu y
BiAMOBIAHY manky B Moodle.

6.4. KoHTpOJIbHI NUTAHHSA

1. Slk 3a mOMOMOror BUBYEHHUX paHIINIE BIIHKETIB peaiizyBaTh KEPyBaHHS
MIBUAKICTIO JABUTYHa HE Yy BHIJISIII TOPU30HTAJIBHOTO TOB3YHKA? 3ampornoHyuTe
BaplaHTH.

2. YoMy sl KepyBaHHA JABUIYHOM BHUKOpHUCTOBYIOTH IIIIM, a He mpocte
MIKJIIOYEHHS Horo 10 BuBoaIB RP1?

3. SIxe pilieHHs MOKETe 3alpOIOHYBATH, SIKIIO0 BUX1JHOTO PiBHA HANmpyru Ha

BuBosIax RPi Oyzie HemocTaTHRO 1715t KepyBaHHS Mikpocxemoro H-mocTa?
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JlabopaTopna podora 7
JOCJ/IIKEHHSA KEPYBAHHSA CEPBOITPUBOJIOM

Mera  po6oru:  [locmiauthd ~ METOAUM  KEpyBaHHA  CEPBOINPHUBOIOM
(cepBoABHUTYHOM) 32 gonoMororo cpopmosanoi [1IIM

3mict. Posrmsparotees pizHi metonu ¢dopmyBanHs [IIIM Ta BHBUYaKOTHCS
MIPUKJIAAN CrieHapiiB Ha Python miist kepyBaHHS CEpBOIIPHBOIOM.

7.1. Teopern4Hi BizoMocTi

[Tinkir04eHHsT CEpPBONPUBO/TY, 3a3BUYAl, 3/IHCHIOETHCS 3a JOMOMOTOIO ILiekpa
3 TpbOX TpoBOIB (puc.7.1):

YepBOHMI — XKUBJICHHS — ITIIKITIOYAEThCS 10 KoHTakTa SB (BuBix 2 RP1 — mis

MaJIONOTYKHUX CEPBOMPHUBO/IIB) a00 Oe3MocepeIHbO J0 HKEpea SKUBICHHS;

Kopu4HeBHil a00 yopuuii — 3emiis GND (BuBig 6 RP1);

JKOBTHI a00 Olimii — curHan; miakimodaeTses 10 BuBoay 11 RP1 (GPIO17).

Pucynoxk 7.1 — BuBoau cepBonpuBoy

Haranaemo npusnauenus suBoaiB GPIO (puc.7.2):

GPTO14
GPTIOL1E
GPTO23
GPTO24
GPIOZ25

GETOZ22
GPTOL10
GPIOS

Pucynok 7.2 — [Ipusnavyenns suBoais GP1O
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MasnonoTy>XKHU CEepBONPHUBI MOXHa XKUBUTH Bl RPi. Ane, skio mnpusia
CTMOXXHMBAE JOCUTHh BEIMKHHA CTpyM, a0 MiAKIIOYAaEMO KibKa CEPBOMPUBOJIB, TO
BUKOPHCTOBYEMO OKPEME JIXKEPEIIO KUBJICHHS.

JInisi BCTaHOBJIGHHS CEPBOIPHUBOAY B HEUTpaJbHE MOJOXKEHHS HEOOXiTHO
MOJIaTH CUTHAJl BUCOKOTO piBHS TpuBamicTio 1,5mc, B 0 rpaxyciB — 0,5mc, B 180
rpagyciB — 2,5Mc. [logatoun Ha cepBONPUBI IMITYJIBCH PI3HOT JOBKUHHU, MH MOXEMO

3MIHIOBATH MOTO IOJIOJKCHHS.

7.1. KepyBaHHsI cepBONPUBOAOM 32 J0NOMOrow nporpamuoi M

Hpuxaax 1 — Iporpamue ¢popmyBanus HIIM
JlJi IpOrpaMHOT0 KEpyBaHHS CEPBOIIPUBOJOM HAIUIIEMO CIIEHApIid Servo.py,
KOJI IKOT'O HaBEeICHUH y IPUKIa/ll HHKYE

Cnouatky cTBOpUMO (paiiil Servo.py:

nano Sservo.py

Kon na Python:
import RPi.GPI0O as GPIO
import time
GPI10.setmode(GPI10.BCM)
GPI10.setup(17,GP10.0UT)
p=GP10.PWM(17,50)
p.start(7.5)
try:
while True:
p.ChangeDutyCycle(7.5)
print(‘'Left™)
time.sleep(1)
p.ChangeDutyCycle(12.5)
print(*‘Center')
time.sleep(1)
p-.ChangeDutyCycle(2.5)
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print(C'‘Right™)
time.sleep(1)

except KeyboardInterrupt:

p-stop(Q)
GPIO.cleanup()

3amycTUMO Servo.py:

python3 ./servo.py

Oyukmii print choemiaabHO BCTaBIEHO B KoA. HasBHICTH HUX (QYHKIiH
CTBOPIOE MpodIieMy HecTabuIbHOCTI porpamMHo chopmosaHoro IIIIM. CepBonpusin
He (PiKCYyeThCS B 3aJaHOMY IOJIOKEHHI, 2 CMHUKAEThCA. SIKIO BUIATUTH (PYHKIIIO

print, To npobiemMa 3MEHIIUTELCS 200 HABITh 30BCIM 3HUKHE.

7.2. KepyBanus cepsonpusoaoMm 3a gonomoroxo HIIM, cpopmoBanoro yepes

DMA

RPIO.PWM 3a6e3neuye HIIM uepes DMA (direct memory access — mpsiMuii
noctyn o mam’siti) nnst RPi, BukopucToByrouun BOyAOBaHHMM MOIYJb JJIsS HaIliB
anapartsoi LIIIM 3 TounicTio 10 1 MKC.

3 RPIO.PWM Mu mMoxeMO BUKOPUCTOBYBAaTH Oynb-akuii 3 15 DMA-kaHamiB i
Oynb-siKy KutbKicTh BUBOJIB GPIO mns koxuoro kanamy. Ockimbku [IM
saiicHoeThest yepe3 DMA, To RPIO.PWM npakTuyHO HE BUKOPUCTOBYE pecypcu
LEHTPAIBHOIO IMpoliecopa 1 MOXe r'eHepyBaTH CTaOUIbHI IMITYJIbCH 3 JY’KE€ BUCOKOIO
po3autbHOO 31aTHICTIO. RPIO.PWM  peanizoBanuit nHa C, ane #Horo MoKHA
BUKOpHUCTOBYBaTH Ha Python 3a momoMororo HagaHoi OOTOPTKH.

RPIO.PWM Hanmae mMeTonu HU3BKOTO PIBHS JJISI PYYHOTO KOHTPOJIIO BCIM, a
TaKOXX JIOTIOMDKHI Kiacu, ski copouryroTs [IIIM ans meBHUX BUKOPHUCTaHb,
Harnpukiag, RPIO.PWM.Servo. [y 1boro Moayis, MOKH 110, MATPUMYETHCS TUIbKU

nymepauis BCM GPIO.
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BcranoBmoemo RPIO, k1o He BCTaHOBJICHO:

CHO‘I&TKY 3aIlyCKa€MO KOMaHaU:

sudo apt install python-dev
sudo apt install python-setuptools
sudo easy_install -U RPIO

Takox moxxemo orpumatu RPIO 3 penozutopito Github:
git clone https://github.com/metachris/RP10._git
cd RPIO
sudo python setup.py install

A60 3 Github, ane 0e3 Git:

curl -L https://github.com/metachris/RPI0O/archive/master._tar.gz |
tar -xz

cd RP10-master

sudo python setup.py install

Ipuxnan 2 — Bukopucranass PWM.Servo

Yac cyOuukny (mepioay) 3a 3aMoBUyBaHHsAM 20 MC 1 IMIMpHUHA IMIYJIbCY 3a

3aMOBUYYBaHHSIM 30UTbIIYETHCS 3 KpOKOM 10 MKC:

from RPIO import PWM

servo = PWM.Servo()

# BcTaHoBUTUM cepBO Ha GPIO17 mo 1200 us (1.2 ms)

servo.set_servo(17, 1200)

# BcTaHoBUTM cepBO Ha GPIO17 mo 2000 us (2 ms)

servo.set_servo(17, 2000)

# BynuHUTKM cepBO Ha GPIOL17
servo.stop_servo(17)
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Ipuxaan 3 - Bukopucranus Hu3bkopiBHeBux Mmeroais IIITM

from RPIO import PWM

# BcranosienHa PWM i xanamny DMA O
PWM.setup()

PWM.init_channel (0)

# IomaBaHHA IOEeAKMX 1MIOYJIBCIB OO CYOLUKIIY
PWM.add_channel _pulse(0, 17, 0, 50)
PWM.add_channel pulse(0, 17, 100, 50)

# Symnmuxka PWM mns exasanoro GPIO Ha xanamni 0

PWM.clear_channel gpio(0, 17)

# Symnmuka Bcix PWM i1 axtmsrOocTi DMA

PWM.cleanup()

Ipuxnanx 4 — Ilporpama KepyBaHHs1 CepBOABUIYHOM 4Yepe3 DMA

Hanmmmemo crienapiii, cioyaTky ctBopuBId (aiin servo _dma.py:

nano servo_dma.py

TekcT crieHapito:
import time
from RPIO import PWM
servo = PWM.Servo()
# BcranosuTu Servo xHa GP1017 mo 900 mxc (0.9 wmc)
servo.set_servo(17, 900)
# BcranosuTu Servo na GPI017 no 2000 wmxc (2.0 wmc)
#servo.set_servo(17, 2000)
try:
while True:

servo.set_servo(17, 750)

print(*'Left')

time.sleep(1)
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servo.set_servo(17, 1500)
print(*‘Center')
time.sleep(1)
print(C'Right™)
servo.set_servo(17, 2500)
time.sleep(1)
except KeyboardInterrupt:
# Clear servo on GPI017

servo.stop_servo(17)

3anmyCcTUMO CIIEHApIi:

python ./servo_dma.py
Teneps cepBOmpuUBI MOBUHEH MpaloBaTH CcTaOUIbHO. Takum YUHOM, IS
KepyBaHHA CepBONpUBOAamMU mporpamHy peamsauiro [IIM  OGaxano He
BUKOPHUCTOBYBATH.
7.2. 3aBnaHHsA
1. Po3pobiTh cueHapiii Juisi KepyBaHHS KyTOBHUMH IOJOKEHHIMH (IIOBOPOTY)
CEPBOIMPHUBOTY BIAMOBIHO A0 TAOJMIN BapiaHTIB 3 KyTaMU MTOBOPOTY B rpaaycax.

Tabnuus 7.1 — BapianTtu 3aBianb JJ1s1 KyTiB TOBOPOTY CEPBOMPUBOILY

Bapiant Kyt 1, rpan. | Kyt 2, rpan. | Kyt 3, rpan. | Kyt 4, rpaa. | Kyt 5, rpan.
1 45 0 135 180 90
2 90 45 180 0 135
3 135 90 0 45 180
4 180 135 45 90 90
5 45 180 90 135 0

6 90 0 135 180 45
7 135 45 180 0 90
8 180 90 0 45 135
9 90 45 45 90 180
10 0 0 80 180 0
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7.3. 3micT 3BiTY
1. Cuenapiii Ha Python 17151 kepyBaHHS CEpBOIIPUBOIOM 3 KOMEHTAPSIMHU.
2. BucHOBKH 3a pe3ynbTaTaMu BUKOHAHHS pOOOTH.

3BIT B eNIeKTpOHHOMY BUIIsIA1 (6akaHo y opmati pdf) 3aBaHTaXXuTH y BIANOBIIHY

nanky B Moodle.

7.4. KOHTPOJIbHI MUTAHHSA

1. SIxi mepeBaru cepBONPHUBO/IIB IPU BUKOPUCTAHHI iX Y BAKOHABYMX MEXaH13MaxX

KOMILIEKCIB?

2. qOMy M1 KCPYBAHHA CCPBOIIPUBOJIOM MH HC BHKOPHUCTOBYEMO JOJATKOBHX

KOMITOHEHT, Hanpukiaa, H-mocta?
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JlabopaTopna podora 8
BUKOPUCTAHHS CEHCOPIB 3 IHTEP®ENHCOM 12C

Mera poOoru: HaBumTucs BHUKOPHCTOBYBaTH OOMIH JaHUMH 3 MIKPO
koMt torepom depes intepderic [2C (Inter Integrated Circuit), sikuii CTBOprOBaBCS SIK
npocTuil iHTepdeic 3 MiHIMaIbHO KIJTBKICTIO JIHIHM 3B'A3KY 1 € JOCUThH MOIIUPEHUM.

3mict. Posrnsmaerscst BukopuctanHsa iHtepdeiicy [2C, skuii BUKOPUCTOBYE
BCHOTO JIB1 JIIHIT JJIs 3B'I3KYy BEIy4Oro MPUCTPOIO 3 BEJACHUM: JBOHAIIPABIICHY JIIHIIO
nanux SDA (Serial DAta) Tta minito TtaktyBanHsi SCL (Serial CLock) nns

CUHXPOHI3aIlil mpuifoMy 1 nepeiadi JaHuX.

8.1. OcobuuBocCTI 3acTocyBanHs iHTepgeiicy 12C

OcHoBHult pexxuM pobotu iHTepdericy 12C — 100 kbit/c 1 10 k6iT/c B pexumi
po0OoTH 13 3HMKEHOK WBUJKICTIO. Ilicns BBemeHHsa crangaptry 1992 poky crano
MOKJIMBUM MAKIIOYEHHS OUIBIIOT KUTBKOCTI MIPUCTPOIB HAa OJHY MIMHY (32 paxyHOK
10-6iTHOT agpecarii), a TakoX 3pociia IMBUAKICTE oOMiHy 10 400 kOiT/c y
IIBUJIKICHOMY pexkumi (peanizoBano B RP1). BiamoBinHo, 1ocTymHA KUIBKICTh BY3JIIB
3pocna g0 1008. Bepcis crannmapty 2.0, BunymieHa B 1998 pori, mnpencraBuia
BHCOKOIIBUJKICHUNA PEXUM poOOTH 31 MBHUAKICTIO A0 3,4 MOIT/C 31 3HUKEHUM
€HEProCIOKUBAHHSM.

[2C BUKOPUCTOBYEThCS B Takux pgojaarkax sk, uyutanHs RTC (roaguHHUK
peasibHOTO Yacy), goctyn o 30BHImIHBOI mam'sti EEPROM, B Momymsx Takux
CEHCOPIB, SIK TIPOCKOIHU, MarHITOMETPH TOIIIO.

3B'130k mpucTpoiB dyepe3 iHTepdeiic [2C Ha piBHI E€IEKTPUYHMX CUTHAIIB
3MIIACHIOETHCS 3 ypaXyBaHHSAM HAaCTYNHUX 4 MpaBUIT:

1. BUCOKWU pisens Ha ninii nannx SDA a6o Ha ninii Takryanns SCL He Moxe

OyTu BcTaHoBleHuM 6e3nocepenubo npuctpoem 12C. Bei npuctpoi [2C noBuHHI

MAaTH BHXOJM 3 BiIKPHTHM KOJEKTOpOM (a6o BimkputuM cTokoM). BUCOKHUIA

pIBEHBb HANIPYTH Ha JiHISIX (POPMYETHCS 30BHIIIHIMUA PE3UCTOPAMU MIATATYBaHHS.
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2. Indpopmaris Ha miHii ganux SDA 3uutyetbes auine npy BUCOKOMY piBHi

Ha miHii TaktyBaHHsa SCL.

3. Indopwmariis Ha mnito gaaux SDA BuctaBnsieTscs Tinbku npu HU3bKOMY

piBHI Ha miH1i TakTyBaHHs SCL.

4. Sxo mmHa [2C B JaHuii MOMEHT HE BUKOPUCTOBYETHCS, TO Ha JIIHISIX TOBUHEH

6ytn BcTanoBnenuit BUCOKWMH pisens curnanmy (joriuna 1).

OcHoBuuit popmar kaapy oominy uepe3 [2C ckianaerscs 3 11 6it. Ciouatky
MOCHUJIAETHCSI CTApT-0IT, MOTIM 8 OIT AaHUX, aji OIT MiATBEPKEHHS MPUHOMY, TTOTIM
cTon-0iT. dopMa MojaHHs CTAPT 1 CTOM-0ITIB MOPYIIIYE 3alKMCaHe BUIIEC MPaBUIO 3.
CrapT-0IT BH3HAYa€ThCS HASBHICTIO crajgaidoro ¢pouty Ha miHii SDA mnpu
BUCOKOMY pisHi curtany Ha miHii SCL. [{ro xom0iHalii0 CUTHAIIB MPUUHSATO
TaKoXX Ha3MBaTH CTApTOBUM CTaHOM, abo crtanHom Start. Ctom-0iT (abo ctan Stop)
BU3HAYAETHCS HASBHICTIO HapocTtarouoro ¢ponty Ha jniHili SDA nmpu BUCOKOMY

piBHi Ha JiH1i SCL. Ctanu Ctapt 1 CTon reHepyroThes BELy4rM IPUCTPOeM (puc. 8.1).

BN TN

Curnan |
il b |
Cran CraH
Start Stop

Pucynok 8.1 — Ctanu Start 1 Stop Ha mumH1 [2C

[Ticns ¢popmyBaHHsS cTapTOBOro OiTa BeAy4Hil MPUCTPIM BUCTABIIAE€ Ha JIHIIO
nannx SDA 8 OiT jgaHux, mouMHaro4yum 31 crtapmoro Oita Oarita. Koxken Oir
CYynpOBOKYEThCs iMmysibcoM cuaxpoHizamii SCL. IloTtim mpuitmMau renepye Oit
ninTBepmkenHs npuitomy ACK, Bcranomooun ninito SDA 8 HU3BKWM cran Ha
1HTepBaJi AeB'sITOro iMmynbcy Ha JiHil SCL.

Sxmo mnpuiiMad He BII3HAB NPUUHATI JaHl, TO TEHEPYETbCS OIT
«uemniaTepkeHHs» npuitomy NACK, npocto He mnepeBoasun miHito SDA B

HU3bKUH cran. B ripoMy BHIajgKy HepeaaBad 3aKiHdye IOTOYHHMI ceaHC mepeiadi
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JaHUX 1 TeHepye CTOm-0iT. 3TiHO aJropuTMy MPHUKIAAHOT MpOTpamMH TepeaaBad
cripoOye mepenaty iHpopmariito mizHime. Ha puc. 8.2 moka3aHi yacoBi giarpamMu Ha
miHisx [2C, sxi cynpoBOKYIOTh mepefady Ta npuiiom 6Oaiita 11010000 (mepenaua

ycmimHa, 01T miareepmkenns ACK chopmoBanuit).

Nepeaaerbca 6ant 11010000, a y signosigb otpumyemo 6iT nigrsepakeHHs A
START 7 6 4 3 2 1 0 A STOP

m [N §

SCL

NpuitmaeToea 6anT 11010000, a y sBignosigb HagcunaeToea 6iT nigreepaskeHHs A
2 1 0 A STOP

NpEnERIEEY

Pucynox 8.2 — Kagpu nepenadi ta npuiitmanus qaHux uepes inrepdeiic 12C

TpuBamicts GpoHTIB NMpHU NMEpPEeMUKAHHI B PEATbHHX CHUCTEMaxX HE HACTUIbKU
Maja, sSIK TTOKa3aHo Ha PHUC.8.2, OCKIIBLKH pealibHi JIIHII MalOTh PO3IMOAIEHY EMHICTS 1
10 HUX MIAKIIOYEH] MATIATYo4l pe3ucTopu. YuM OLIbIIl 3HAYEHHSI EMHOCTI 1 OMOpPY
MIATATYIOYUX PE3UCTOPIB, TUM OUTBII TPUBAJIOCTI (POHTIB cUTHANIB. Benukuii yac
HapOCTaHHS 1 CIMaly CUTHAIY MOXE MPUBECTU 0 MOMUIIOK MPU OOMIHI JaHUMU MIX
MPUCTPOSMU

[Tpu npoextyBanHi muHU [2C HE0OX1HO BpaxOoBYBaTH KiIBKICTh MIPUCTPOIB, IO
MIIKJTI0YAI0ThCS, BETUYUHU 1X BX1JIHOI €MHOCTI 1 OTMOPIB MIATATYIOYUX PE3UCTOPIB.
Jlesiki  BUPOOHWMKHM  HAMIBNPOBIJHUKOBUX TMPWIAMIB MPOMOHYIOTh CIEHialbHI

KOHBEPTOPH JJ1s1 30UJIbIIICHHS KIJTLKOCT1 MPUCTPOIB, 110 MiAKII0Uar0Thes 10 muHu [2C.
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Ilpumimka. TpebGa BpaxoByBaTH, 10 MaKCUMajlbHa CyMapHa €MHICTb

nigkimoueHux 1o didii [2C npuctpoiB He moBuHHA nepeBuiryBaty 400 nd.

[Iporokon 12C nependavae MONKIMBICTh MPUMYCOBOTO 3HMKEHHS IIBUIKOCTI
nepeaadi JaHuX BEICHUM IMPHUCTPOEM B mporieci camoi mepenadi. Komm minis SCL
3HaxoauThcsi B HU3BKOMY crani, BeneHuil mpucTpiit MOe mpUMYyCOBO MPOIOBKHUTH
el CTaH Ha JIHII, TOKX BiH HE OyJie TOTOBHM NPUNHATH HACTYMHUHN OIT gaHux. Lls
GyHKITIS HA3UBAETHCS «PO3MIMPEHHIM TAKTOBHUX IMITYJIBCIBY.

[Ipu HEoOXigHOCTI B3a€MOAIl JEKUIbKOX MPHUCTPOiB 1o muHI [2C y KOXHOTO
HIAKIOYEHOr0 /0 IIMHU HPUCTPOI0 MOBUHHA OyTH CBOsl ajapeca. BinmoBigHO A0
cnenudikanii nporokony 12C agpeca moxe Oytu 7-mu ado 10-61TOBOIO.

Crpykrypa kazpy oominy yepes [2C mpu nepegaui 7-61THOI aapecu: ctapT-0it, 7
01T aapecu, OIT HAPSIMKY Nepenadl Juisl HaCTYIMHOro kajapy R/W, 01T miaTBep1KeHHs
ACK. Ilepmi 9 61T, BKJIIOYatOYU CTApPT-01T, FEHEPYIOTHCA BEAYUYUM MPUCTPOEM, a OIT
MIATBEPKEHHS IPUHOMY — BEJIEHUM MPUCTPOEM, UMl afjpeca 30IraeThCs 3 apecoro,

SIKy BUCTABUB Ha JIIHIIO BEIyUYUi:

Cnyx608uit naker - 3anut ao Slave (segeroro)

7 |e |s | a 3| 2] 1 "Hn A |eee
: I%I

| J
Appeca Slave npucrpoio 1
Lo nosuHeH 3pobutu Slave

Bianosigb segaexoro (ACK), abo ii sigcyTHicts (NACK)

Pucynox 8.3 — Ctpykrypa kaapy oominy uepe3 [2C

3a3zBuuaii 7-0iToBa ajapeca CKIAMa€ThCs 3 JABOX vacTuH: meprri 4 Oira
BH3HAUAIOTh THII BEJIEHOIO MPUCTPOIO, @ OCTaHHI 3 — HOMEP MPHUCTPOIO 3a3HAYEHOTO
Ty B cucteMmi. Y Tabn. 8.1 HaBedeHl AEsIKI TUIM MPUCTPOIB Ta iX CHEIllaldbHI

3ape3epBOBaHi aipecyu MpH Opraxizallii 38's13Ky depes npotokon [2C.
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Ta6muis 8.1 — 3ape3epBoBaHi aapecH Mpu BUKOpUCTaHHI TpoTokoiy [12C

YuraHHA

Appeca Saiie /Cmm:

0000000 0 Anpec 3aranbHoOro BU3oBY

0000000 1 CrapT-6aiiT (4ONoOMaraemo NoOBINbBHUM BEAEHMM NPUCTPOAM BUIHAYUTU MOYATOK CEaHCY
nepegadi A4aHux)

0000001 x Apnpeca CBUS

0000010 x Pesepe

0000011 x Peseps

0000Ixx x BUCOKOLIBMAKICHWIA Beayunid (4o 3.4 M6it/c).

0010xxx X CHHTE3aTOpPU MOBHM

0011xxx x AyaioiHTepdeicn

0100xxx x leHepaTopu 3BYKOBMUX YacToT

0111xxx X LED/LCD-gucnnel

1000xxx X BigeoiHTepdeiicn

1001xxx X Uundpo-aHanorosi i aHanoro-undpoei nepeteopiosadi

1010xxx X Mam’AaTb

1100xxx x BY cuHTesaTopu

1101xxx x FroguHHUKK/KaneHaapi

11101xx x Pezeps

11111xx x Pexum 10-6iTHOT agpecu

[Iponenypa anpecartiii Bi10yBa€TbCsl HACTYITHUM YHHOM:
1. Bexyuuit npuctpiii reHepye ctan Ctapr.
2. Bexyuuit mpucTpiii BUCTaBJIsIE€ HA JIHIIO aApECy BEJACHOTO MPUCTPOIO.
3. B 3anexHocti Bia 3HaueHHs Oita R/W, Bemyumii mpucTpiii mocuiiae naHi
BeJlecHOMY TipucTporo (sikmo R/W = 0) abo 3uuTye naHi, BUCTaBJEHI HA JIHIIO
BeJIeHUM MpUcTpoeM (R/W = 1).
4. Sk TiNBKY BC1 IaH1 HAJIICTIaH1, BEy4YUid IPUCTPIM reHepye Ha JiHiT cTaH
Stop.
VY cnenudikaiiii mpoTOKOIy OMUCAHUM 1€ OAWH PEKUM, SIKUH HA3UBAEThCS
«IToBTOpHUI cTapT». B oMy pexxumi Beyqrii IpUCTPiii BCTAHOBIIIOE IIIE a3
ctaH Start 1 mepegae oauH 6alT agpecu 0e3 reHepariii crany Stop. Ile OyBae

KOPHUCHO JIJISl 3MIHM HANPSAMKY Mepeadl TaHuX.
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8.2. Buxopucranuns intepdeiicy I2C na Raspberry Pi
Buxopucrtanns intepdeiicy 12C na RPi posrisiHemo Ha mpukiaai nudpoBoro
komnacy GY-271 (HMCS5883L).
Marnitomerp GY-271 (puc.8.4) BHUKOPUCTOBYEThCS I BUMIPIOBAHHS
HaIpPsIMKY Ta BEIMYMHU MATHITHOTO TOJIA 3€MJTi B JICIEBUX MUGPOBUX KOMITacax Ta
Mar"iromeTrpax. BuMipioe 3Haue€HHS MarHiTHOTO Mot 3eMJi B310Bxk ocerd X, Y T1a Z

Bl Mulirayca no 8 rayc. Jlomomarae 3HalTHM HampsAMOK pyxy npuctpoto. s

3’€THaHHSI BUKOPUCTOBYE mpoTokoi [2C.

Pucynok 8.4 — Marnaitomerp (HMC5883L)

RPi mae BuBoam inTepdeiicy 12C, siki mokazani Ha puc.8.5:

Unv

o VU

3.3V
GPIO2 (SDA1
| GPI03 (SCL1)
GPIO4 (GPIO_GCLK)
GND

GPIO17 (GPIO_GENO)
GPI027 (GPIO_GEN2)
GPIO22 (GPIO_GEN3)
3.3V

GPIO10 (SPI0_MOSI)
GPIO9 (SPI0_MISO)
GPIO11 (SPI0_CLK)
GND

ID_SD (12C EEPROM)
GPIO5

GPIOB

GPIO13

GPIO19

GPIO26

GND

12C1

5V
5V

GND

GPIO14 (UART_TXDO)
GPIO15 (UART_RXDO)
GPIO18 (GPIO_GEN1)
GND

GPI023 (GPIO_GEN4)
GPI024 (GPIO_GENS)
GND

GPI025 (GPIO_GENS)
GPIO8 (SPI_CEO_N)
GPIO7 (SPI_CE1_N)
ID_SC (12C EEPROM)
GND

GPIO12

GND

GPIO16

GPIO20

GPI021

Pucynok 8.5 — BuBonu intepdeiicy [12C na Raspberry Pi
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[Ilo6 orpumaru moctym no muHu 12C B RPi, MU MOBUHHI BUKOHATH TEBHI
HajamTyBaHHs. [lepmn 3a Bce, Tpeba mo3ponutu iHTepdeiic [2C nHa RPi. Ile moxna

3po0OuTH Yepe3 MeHI0, 800 BUKOPUCTATH TePMiHaJI, BBIBIIM KOMaH/Y:

sudo raspi-config

Bubupaemo Interfacing Configurations, a norim I12C. [{o3Bonsiemo ioro i
nepe3aBaHTaxxyeMo RPi.

[Ticns nepezaBantaxkenHs: RPi, nepeBipsiemMo, Skuii pekUM BUKOPUCTOBYE TIOPT

[2C, BBIBIIIK KOMaHY:
Is /dev/*i2c*

RP1 noBuHeH noBepHyTH Ha3By noprta i2¢ (puc.8.6):

pi@raspberrypi:
/dev/i2c-1
pi@raspberrypi

PucyHnok 8.6 — Buznauenns pexumy nopta [2C
Buiie nokaszane Bukopuctanns intepgeiicy [12C B pexumi i2¢-1. Crapi Bepcii

RPi moxyTs moBepTatu pexum i2¢-0.

Tenep nigkirounmo maruiromerp Ao nopta [2C (puc.8.7):
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Pucynok 8.7 — Maruitometp 3 Raspberry Pi 3B
Jani, Mo>keMO TIpoTecTyBaTu/CkaHyBaTH MpucTtpoi [2C, miakiItoueHi 10 HAIIoi
mnati RPi, monepennbo BcTaHoBUBIIM i2c-tools. Mu MokeMO oTpumaTtu i2c-
tools 3a nmomoMororw apt-MeHemkepa MakeTiB. BuUkopucTaeMo Taky KOMaHIy B
tepminaini RPi:
sudo apt install -y i2c-tools

Cxanyemo nopt 12C 3a 701OMOTro0 KOMaHAu:

sudo i2cdetect -y 1
VY BiAMNOBIAF MU TMOBHHHI OTPUMATH ajapecy MpucTporo. Hampuxman, mwu
nigkimounan GY-271 12C go RPi 1 cipoOyBanu BUABUTH 1LIEH TIPUCTPIid, K MOKa3aHO

Ha puc.8.8:

File Edit Tabs Help
pieraspberrypi: 1
1 2

Pucynok 8.8 — BusnauenHns ajpecu npuctporo 3 inrepdeiicom 12C
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Komanna i2cdetect ckanye nopt 12C, mo0 oTpumaru ajapecy MNpUCTPOIO,
AKIIO BiH MOAKIIOUeHWH. Skmo mpuctpii He miaxmoueHudt no mopta I12C, To
MOBEpPHETHCS 1oJIe 3 (- -).

Mu moxkeMo oTpuMaTH ab0 BCTAaHOBHTH AaHi mpuctporo [2C 3a momomororo
KOMaH]I 12cget, 12cset, TOIlO.

Hanpuxian,
sudo i12cget -y 12C_user_mode_Port address_of_device

Register_address
sudo i12cget -y 1 0x68 0x01

1 OTPUMAEMO JIaHi, 1110 MICTAThCS B peecTpi 3 aapecoro 0x01.

Mu moxkemo otpumaru aoctyn jo mmau [2C na RP1, BukopuctoByroun SMBus.
SMBus — me mniamHoxkuHa mmuHu/iHTepdeiicy [2C. SMBus Hamae miarpumky
npucTtposM 3 inTepdeiicom [2C. [Ipu HanmMcanHi Tporpamu Juist JOCTYITY 0 IPUCTPOIO
Ha 6a31 [2C BukopucroByemo komaniu SMBus.

[Ipu po3podui nporpam juist 3B'sa3ky 3 RP1 uepes inTepdeiic 12C na Python
TaKOK BUKOPUCTOBYEMO MakeT 010mioTekn SMBus, sikuil Haae MUPOKY MIATPUMKY
noctymy a0 npuctpoiB [2C. OTxe, My TOBUHHI foAaTH mATpuMKy SMBus mis Python

3a JOIIOMOT' 010 ITAKETHOI0 MEHEKepa apt:

sudo apt install python-smbus

IIporpamyBaHHs
* [lo-nepiie, MU TOBMHHI BCTAHOBUTHU peeCTp KOHbIryparii A sl cepeTHbOTro
3HaYeHHS 3 8 BUMIpPIOBAaHb 3 MIBUIKICTIO BUBEJCHHS JaHUX 332 3aMOBUYYBAHHSIM
15 Tm.
* HanamryBatu Gain, BUKOpUCTOBYIOUHM pericTp KoHbirypauii B, Tyt Bubpano
0xAO0. (MoxeMo BUOpaTu OyIb-SIKUM THITNI Oa>KaHU )
* Bubupaemo B perictpi pexxumy pexxum Oe3nepepBHOro BumiptoBanas. OTxke,

3HAYEHHS pericTpa pexumy Oyne piBae 0x00.

[Ticns iHimiami3zanii npoYuTaEMo PSAKUA 3HAYeHb pericTpiB X, Y Ta Z-0cei.
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O06uKCIII0EMO 3HAYEHHS HAMPSMKY 32 JIONOMOTOI0 Takoi (hopMyJiu:

Magnetic heading = atan2 (i) (Radian)

True heading = Magnetic heading + Declination Angle (Radian)

3BepHEMO yBary, 0 HEOOX1AHO BpaxyBaTU MarHiTHE BIIXHWJICHHS ISl TAHOTO
reorpadigyHOro Micisg. BigxwieHHsS MOXXHA 3HAWTH, CKOPUCTABIIHCH PECYPCOM
http://magnetic-declination.com. 3amyCTHBIIM CIIEHApid HA CaiTi, OTPUMAEMO IS

M.KuiB (puc.8.9):

{ o % ~ \
-\ B PN NV 3 Chernihiv

—
L nihiv
blast
R
Kiev Kyiv _
Latitude: 50° 27 16.8" N F Nizhyn
Longitude: 30° 31" 25.7" E
Korosten KIEVPETROVSKY PORT
Magnetic Declination: +7° 44’
"t Declination is POSITIVE (EAST)
24 Inclination: 67° 19'
Magnetic field strength: 50488.0 nT
7 — Prylu
A (07
v B[cvay
— 7 Kiew:f"
). Boryspil
Zhy‘fémfr o
| ) Pereiaslav-
{ Obukhiv Khmelnytskyi
| Fastiv ) } raion
{ Kyi i’f st
B‘gtdychiv
ﬁ|(a Tserkva
| | Kaniv

1

Cherkasy

e
blast N\ I Leaflet | Esri

Pucynok 8.9 — MarsiTHe BiIXUJIEHHS IJIs1 JaHOTO reorpadiqyHOro Micist

Cuenapiit Ha Python:

\\7rr 17

3HAXOIXEHHA HampaMmMKky 3 GY-271 3a momomoron Raspberry Pi i
Python

http://www.electronicwings.com

i
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import smbus

from time import sleep #Imvnopr sleep

import math

#rneakl pericrpm Ta ix ampecwu

Register_A =0
Register B = 0x01
Register _mode = 0x02
X_axis_H = 0x03
maHmx X-oci

Z axis_H = 0x05
OaHux Z-oci

Y _axis H = 0x07
manmx Y-oci
declination = 0.135
panianax

pi = 3.14159265359

deft Magnetometer_Init():

#Anpeca
#Anpeca
#Anpeca
#Anpeca

#Anpeca

#Anpeca

#KyT BIiOXMIJIEHHS IOJId OAHOTO MICLE B

pericrpa
pericrpa
pericrpa
pericrTpa

pericrpa

pericrpa

#3uauenus pl

#3anyc B pericrp koHbirypauii A

#Ivnopr monmysigs SMBUS iuTepdericy 12C

koHGirypanii A
koHGirypanii B
PEeXVMY

cTapuworo HanTa

cTapumoro HanTa

cTapworo HawmTa

bus.write_byte data(Device_Address, Register_A, 0x70)

#3anuc B pericrp koHbirypauii B mmg gain

bus.write_byte data(Device_Address, Register_B, 0xa0)

#3anuc B pericTp pexumy oJjsg BUOOPY pexXuMy

bus.write byte data(Device Address, Register_mode, 0)

def read_raw_data(addr):

#Uuranusg panka 16-6iToBOTO 3HAUEHHS

high = bus.read byte data(Device Address, addr)

low =

102

bus.read byte data(Device Address, addr+1l)



#06'’ eqHaHHA CTApPWOTro 1 MOJOAMOTO OamMTiB

value = ((high << 8) | lIow)

#OTpT/IMaHHH 3S3HaKy 3HA4YeHHA 3 MOOyJiAa
if(value > 32768):
value = value - 65536

return value

bus = smbus.SMBus(1) # abo bus = smbus.SMBus(0) nna crapwux
BepCciy mnjatu

Device_Address = 0Ox68 # Ampeca marHiTomerpa

Magnetometer_Init() # Iniuianisauis marsHiTomeTpa

print (' Reading Heading Angle™)

while True:
#UrTaHHg pgOKa 3HAUEHHS aKceJlepoMeTpa
X = read_raw_data(X_axis_H)
z = read_raw_data(Z_axis_H)
y = read_raw_data(Y_axis_H)

heading = math.atan2(y, x) + declination
#Uepes BimxuieHHda mnepeBipsgeMo um He Ginbme >360 Tpamycis
if(heading > 2*pi):
heading = heading - 2*pi
#HllepeBipka 3HaKy
if(heading < 0):

heading = heading + 2*pi

#llepeTBOPEHHA B T'pamyCcu

heading_angle = int(heading * 180/pi1)
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print (""Heading Angle = %d ™ %heading_angle)
sleep(1)

Bupimennsi npooJiem
e Skmo pesynpratd KoMaHAM i2cdetect BHUIAIOTH MOMHIKY, TO abo He
BCTaHOBJICHO i2c-tools, abo HaM noTpiOHO BUKOpHcTaTu pexkuM 0, a He 1.
* SIK1110 pUCTPiif HE BUSBJICHUI 1 BU HE Oa4uTe apec, To a00 MU HEMPABUILHO
I1IKITIOYMIN TPUCTpil, abo He BkItoueHui intepderic 12C.

* [Ie pa3 nepeBipsieMo 3’€IHaHHS 1 Iepe3aBaHTakuMo RPi.

VY piAKiCHUX BUIAIKaX MO)Ke OyTH HECIPAaBHUM MPUCTPI, aje JacTimie OiIbII

HMOBIPHO, 110 Ma€ MICII€ OJIHA 3 MIEPEPAXOBAHUX BUIIEC MPUUUH.

8.3. 3aBnanusn
1. OtpumaTu BiAJaNE€HO HANPSMOK, BUKOPUCTaBIIM MiAkaoueHud no RPi
moxayib GY-271.
Ipumimka. Moayni Ha KOXKHOMY 3 J1a0OpaTOPHUX CTEH/IIB MOBEPHYTI B pi3HI
CTOpOHU. TaKoXK MIOJEHHO 3MIHIOETHCS iX OpIE€HTAIllsl, TOMY IICJIsl BAKOHAHHS
JIP HapcunaiiTe mpoToKoa 0€3 3aTPUMKH, 1100 3aIMcaHi B HUX JaH1 BIIIOBI 1IN
peaJbHUM 3HAYEHHSIM Ha BIJIMOBIAHY JaTy.
8.4. 3micr 3BIiTY
1. Crienapiit Ha Python s Bu3HaueHHS HaNPSIMKY 3 KOMEHTapSIMHU.
2. BucHoBKkH 3a pe3yibTaTaMyd BUKOHAHHS POOOTH.
3BIT B eNleKTpOHHOMY BUTIIsIL (OakaHo y opmati pdf) 3aBaHTaXXUTH y BIAMOBIIHY
nanky B Moodle.
8.5. KoHTpOJIbHI MUTAHHS
1. Yomy HEOOXiAHO BpaxOBYyBaTM MAarHITHE BIOXWJICHHS JJIA JIaHOTO
reorpagpigyHOro micus?
2. Sk opraHizyBaTH MIJKIIOYEHHS KUIBKOX ceHcopiB 3 iHTepdericom 12C nmo
MIKpOKOMIIT toTepa?
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JlaGoparopHna podora 9
BUKOPUCTAHHSA UART HA RASPBERRY PI 3A TIOITIOMOI'OIO
PYTHON

Meta po6oru: Busuutu BukopuctanHss UART (Universal Asynchronous
Receiver/Transmitter — yHiBepcaabHOTO ACHHXPOHHOTO MpUiiMada/mepeaaBada) —
MPOTOKOJY TOCHIIOBHOTO 3B'SI3KYy, B SKOMY JaHI MEpeNaloThbcs IMOCHiJOBHO, TOOTO
noOitHo. [Tpu TakoMy 3B'S3Ky 32 OAMH pa3 MepeIacThCsl OANUT TaHUX.

3mict. Posrmsmaersces nanamryBanas UART na RPi ta iforo Bukopructanus Ha

npukiaai moxyist GPS.

9.1. HanamryBanus UART na Rapberry Pi
UART 3a3Buuaii BUKopucTtoBy€eThCs B RP1 sik 3pyunmii crocid kepyBaHHS yepes

GPIO abo gys mocTymy J0 3aBaHTaKyBAJIbHUX MOBIIOMJIEHB siApa 3 MOCHIAOBHOI
KOHCOJI (BKJIFOUEHO 3a 3aMOBYYBaHHSIM). BiH Takox Moxe OyTH BUKOPUCTAHUU SIK
crioci6 mmsa B3aemonii 3 Arduino, 3aBaHTaxkeHoro ATmega, ESP8266 Tta iHmux
MikpokoHTpoJiepiB 3 RPi. Tpeba Oytu oOepeXHUMHU 3 pIBHSAMHU JIOTIKA MIXK
npuctposmu, 60, Hanpukiaaa, RPi mae 3,3 B, a Arduino — 5 B. ITigkimrouuBim ix pazom
MU MOKETE 1X MOIIKOIUTH.

RPi mae nBa BOynoBanux UART:

* PLO011 UART

* mini UART

PLO11 UART - e UART Ha 6a31 ARM. Bin mae kpaiity npomnyckHy 31aTHICTb,
HiK mini UART

Xoua RPi mae nsa UART, ane mu maemo nuuie ogny napy BuBoaiB TXD 1 RXD
JUISL pOOOTH.

UART PLOI11 € ocHoBuum UART nns moneneit 6e3 ¢ynkuii Bluetooth 1
3B's13aHUN Oe3nocepeHbo 3 KoHcouto Linux. [le o3nauae, mo uepes ueit UART mu

MOkeMo Hajzcuiati koManau Linux 3 gamroro [1K sa RPi.
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3 inmoro 6oky, minit UART e Linux koncomto UART st moaeneii 3 Bluetooth,
takumu sk Raspberry Pi 3 1 Raspberry Pi Zero W. [lns uux moneneit UART PLO11
3B's13aHMN Oe3mocepeHko 3 MoayieM Bluetooth.

UART PLO11 61umpm mamitamii, Hixk MiHI UART, OCKIJIBKM OCTaHHIN Ma€ MEHIII
3a ob6csirom FIFO, He MOke KOHTPOJIIOBAaTH MOTIK, a MIBHIKICTh Meperadl JaHUX
3aneXuTh BiJ TakToBO1 yacToTu GPU. Ockinpku yacToTa sifjpa rpadiqHoro mpoiecopa
3MIHIOEThCS, TO 3MIHIOEThCS 1 yacTota UART, 1110, B CBOIO 4epry, 3MiHIOE MIBUIKICTh
nepemadi ganux depe3 UART. Ile pobutr mini UART HectaOimpHUM 1 MOXeE
MPU3BECTH JI0 BTpaTh JaHUX abo iX momkokeHHs. [1[o6 3pooutn mini UART
cTabuIbHUM, Tpeba 3MIHUTH OCHOBHY uacToTy. Takoxk mini UART He miaTpumye
MepeBIPKY NapHOCTI.

Jist kpaioro Ta e(heKTUBHOTO 3B'SI3KY peKOMEHIy€eThCsl BUKopucToByiite PLO11
UART 3amicts mini UART.

JUisi BUKOpUCTaHHS MOCIII0BHOro 3B'si3Ky TpeOa Bkimountu UART RPi. B
THIIIOMY BUTIAQJKY MU HE 3MOKEMO CIJIKYBATHUCS Yepe3 MOCIIJOBHUMN MOPT, OCKIIBKA
noptu UART BHUKOpHCTOBYIOTBbCS AJi1 BUBEIEHHA KoHcoii Linux Ta momyns
Bluetooth.

B RPi y BikHI TepMiHaITy BBEIEMO HAaCTYNHY KOMaH[y, 00 no3oiaut UART:

sudo raspi-config

Bubepemo -> Interfacing Options (puc.9.1):

File Edit Tabs Help

Raspberry Pi Software Configuration Tool (raspi-config) |

1 Change User Password Change password for the default u
2 Hostname Set the visible name for this Pi
3 Boot Options Configure options for start-up

4 Locahsanon Options Setu language and regional sett
6 0verclock SN Conf).gure overclockmg foryourP
7 Advanced Options Configure advanced settings

8 Update Update this tool to the latest ve
9 About raspi-config Information about this configurat

<Select> <Finish>

Pucynok 9.1 — Bubip Bknaaku iHTepgeiicis
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[Ticns BuGopy MeHro Interfacing, Bubepemo mapametp Serial, 11100 7103BOIUTH

UART (puc.9.2):

File Edit Tabs Help

Raspberry Pi Software Configuration Tool (raspi-config) F

P1 Camera Enable/Disable connection to the
P2 SSH Enable/Disable remote command lin
P3 VNC Enable/Disable graphical remote a
P4 SPI Enable/Disable automatic loading

PS5 I2C Enable/Disable automatic loading
[ Enable/Disable shell and kernel

able/Disble one-wire interface
Enable/Disable remote access to G

P7 1-Wire
P8 Remote GPIO

<Select> <Back>

Pucynok 9.2 — JI03B1J1 OCHII0BHOTO MOPTa
Jlo3Bonutu Bukoprctands UART moxHa Takox uepe3 Bkianaky Interfaces
MEHIO nmapameTpiB y rpadiunomy iHTepdeiici RPi. BuBoau Raspberry Pi 3 UART

rmoka3aHi Ha puc.9.3:

3.3V 5V
GPIO2 (SDA1) 5V
GPIO3 (SCL1) GND

GPIO4 (GPIO_GCLK) GPIO14 (UART_TXDO0)

. UV

GND

GPIO17 (GPIO_GENO)
GPI027 (GPIO_GEN?2)
GPI022 (GPIO_GEN3)
3.3V

GPIO10 (SPI0_MOSI)
GPIO9 (SPI0_MISO)
GPIO11 (SPI0_CLK)
GND

ID_SD (12C EEPROM)
GPIO5

GPIOS

GPIO13

GPIO19

GPIO26

GND

GPIO15 (UART_RXDO

GPIO18 (GPIO_GEN1)
GND

GPI023 (GPIO_GEN4)
GPI024 (GPIO_GENS)
GND

GPIO25 (GPIO_GENS)
GPIO8 (SPI_CEO_N)
GPIO7 (SPI_CE1_N)
ID_SC (12C EEPROM)
GND

GPIO12

GND

GPIO16

GPI020

GPIO21

Pucynox 9.3 — BuBogun UART na mnati Raspberry Pi

UART BuBoau maroth HoMepH: B pexxumi BCM 14, 15, a B pexxumi WiringPi

15, 16.
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[Ile pa3 3BepHEMO yBary, o BuBoau RPi BukoprcToByroTh piBHIi Jioriku 3,3 B,
TOMYy MH HE MOXEMO MIAKIIOYUTH iX Oe3MocepelHb0 [0 MPUCTPOIB, SKi
BUKOPHUCTOBYIOTH SB: Arduino UNO a6o I1K.

Just noctyny 10 mini UART B Raspberry Pi 3 npucBoroerbes mopt ttyS0. A
st noctynmy mo PLO11 B Raspberry Pi 3 Oynme mpucBoenuit mopt ttyAMAO. B
nonepeanix moneisx RPi noctynmuuii Tineku mopt ttyAMAO.

Amapatauii mopt mini UART, to6to GPIO14 (TXD) ta GPIO15 (RXD)
Bimomuii sk serialO, toxi sk inmuid mopT UART, skuii 3a 3amMoBUyBaHHSM
niKIroueHui 10 Moy Bluetooth, Biqomuii sik seriall. Ili imeHa CTBOPIOIOTHCS K
nceBIOHIMU J1s iepeHocumocTi Bepciil RPi. [lceBnoniMu ctBoproroThest B Raspbian.
O1xe, MH MOXKEMO 3aMIHATH ttySO abo ttyAMAO Ha serialO.

Konu BukopucroByemo serialO sk UART-nopt 3amicts ttyS0 abo ttyAMAO,
TO mporpama, HanucaHa ajs Raspberry Pi 3, Takox Oyjae mpaioBatd Ha CTapux
mozensx RPi.

Jlist kpaioi mpoayKTUBHOCTI mociiioBHOTO 3B'si3ky Ha GPIO14 ta GPIO15
HEOOX1JHO BHUKOPUCTOBYBATH MOPT ttyAMAO, SIKUM MIAKIIOYEHUH 10 MOy
Bluetooth. /Ins BukopucTaHHs 1[bOr0 MOPTY MM MOBHUHHI CIIOYATKy OOMIHATH MOPTU
UART, 106710 oTpumatu ttyAMAO Ha GPIO14 Ta GPIO15, a ttySO (mini UART) B
moxayni Bluetooth.

OOMIH MOCTIJOBHUMHU MOPTaMU MOXKHA 31MCHUTH 3a JonomMororo MiHiI-UART
(ttyS0) nns moxynisi Bluetooth uepes oBepreit nmpuctporo, T06To pi3-miniuart-bt.
AOo0 1e MokHa 3poOuTH, TOBHICTIO BimkmouwmBiK Bluetooth uepe3 3abopony
npucTpoto, To06To pi3-disable-bt.

106 mominrsita mopT UART, Binkpuemo ¢aiin config. txt KoMaHI00:
sudo nano /boot/config.txt

a TIOTIM JI0aMO B KiHIII (DaiTy psAIOK, KU MOKa3aHO HIDKYE.
dtoverlay = pi3-miniuart-bt
abo

dtoverlay = pi3-disable-bt
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[Ticist nopaBaHHs psiaKa 30epekeMo 3MiHM Y (aiiial Ta mepe3aBaHTaXKUMO
cucteMy. Mu MOKeMO TMEepeBIpUTH HOBE B11I0OpaKEHHS IMOCIIIOBHUX MTOPTIB 3a

JOIIOMOI'0OI0 KOMaHIN
Is -1 /dev

Kapra UART nia /dev/ttySO i /dev/ttyAMAO noka3aHa Ha puc9.4:

ram4
ramS
ramé6
ram7
rams8
ram9
random

2 rfkill
seri1al0 -> ttySO
seriall -> ttyAMAO

spidev0.0
spidev0.1
0 stderr -> /proc/self/fds2
stdin -> /proc/self/fd/0
stdout -> /proc/self/fd/1
tty
tty0
tty1
tty10
tty11
tty12

Pucynok 9.4 — Kapra UART

9.2. Higknrouenns moay.ast GPS no RPi yepes UART
Icnye nBa ciocoou miakmoueHHss UART/mocnigoBaux npuctpoi 10 Raspberry
Pi: Oinb1n mpocTuit croci0 1 TPOXU BaXKYHM MIJISX.
[IpogeMoHCTpyeEMO  MiAKIIOUEHHS oOoma  crocobamMu Ha  TPUKIIAMIL
Bukopuctanua wmoxayis GPS (puc.9.5), ame B mnabopartopHiii poOoTi Oyxe

BUKOPUCTAHUN IPYTUH CIOCIO.

Pucynok 9.5 — Moayne GPS 3 anTeHoro

109



IpocTHii HIsIX — BAKOPUCTAHHS 30BHIIHLOr0 KOoHBepTOpa USB-UART
be3cyMHiIBHO, HAUTIPOCTIIIMI CIOCIO TOAATH MOCIIIOBHHM IMOPT - BUKOPUCTATH

kabenb 3 kousepTopoMm USB - UART. KaGens npocTo minkmtouaiots 10 nopta USB,
sk s nigkarodeHHs RP1 o T1K. Ha inmomy kiHIi kaGemto € mpoBou abo po3’eMm, sKi
3a0e3MevyoTh KUBJICHHS, 3eMiTt0, RX, TX Ta, MOXIHBO, 1HIIII KOHTPOJIBHI PYHKIIT UK
J0JAaTKOBI TPUCTPOi. 3aMicTh Kabemo MOKHAa BHUKOPHCTATH IUIATy-KOHBEPTOP HA
mikpocxemax CP2102 a6o CP2104.

Buxonaemo migkimrodennst Moyt GPS Takum criocobom (puc.9.6):

* GPS Vin 1o USB 5B a60 3B (uepBonwuii npoBia Ha kabeni USB)

* GPS Ground no USB Ground (uopHuii mpoBin)

e GPS RX no USB TX (3enenuii nposi)

* GPS TX no USB RX (0inuit mpoBin)

Puc.9.6 — Ka6ens 3 kouBepropom USB — UART Ta moayns GPS
[Ticns migkmouenHs agantepa USB Ham noTpiOHO 3'scyBaTH, siKe 1M’ OTPUMAB
MOCTIIOBHUN MOPT. 3HAWUTH 1M’ MOXXKHA IUISXOM BiIKIFOUCHHS-ITIIKITIOYEHHS J10
USB, a notimM HaOpaBIIu KOMaHTy:
dmesg | tail -10

(abo mpocTo dmesg) 1 HIyKaTH TEKCT, CXOXKUH Ha TOKa3aHuil Huxk4e (puc.9.7):

dmesg | tail -10
] usb 1-1.2: Manufacturer: FTDI
] 2 alNumber: ALOOFP25
stered new interface driver usbserial
ered new interface driver usbserial_generic
Serial support regis ed for generic

ered new interfa iver ftdi_sio
: USB Serial support reg for FTDI USB Serial Device
1.2:1.0: FTDI USB Serial Device converter detected

: Detected FT232RL
: FTDI USB Serial Device converter now attached to ttyUSBO

Pucynok 9.7 — IlepeBipka iMeH1 MOC1JOBHOTO ITOPTa
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Buuzy no6GaunmMo Ha3By MNPUEIHAHOTO MPUCTPOIO, B JTAHOMY BHUMAAKY 1M’

ttyUSBO, TOOTO HaIll TPUCTPIH MOCTIOBHOTO MTOPTa JOCTYIHUM Ha /dev/ttyUSBO.

Buxopucranns BOynosanoro UART

SIko He XO4YeMo MiAKJIIYAaTH 30BHIIIHE ycTaTKyBaHHsA A0 RPi, To moxemo
Bukopuctati BOymoBanuii UART nHa BuBomax RX/TX, xoua mOCBix BUKOPHUCTAHHS
3a3HaueHoro moyia GPS yepes KoHBepTOp MOKa3ye OUIbITY Uy TJIUBICTh IPH MPUIOMI
CUTHAJIIB.

He 3a0yBaemo, 1110 SKIIIO MU 11€ 3p0OMMO, TO BTPATUMO JIOCTYII JIO MOCIiJOBHOT
KOHCOJI1, TOMY, K10 BUKOopucToByeTe kKabenb PIUART abo KOHCONbHMI KaOeab uu
HAT, sxuii 103BOJIsi€ MIAKIIOYATHCHh OE3MOCEepPeHbO 0 KOHCOJI, I1e OLIbIe He
Crpaltoe, 1 HaM JoBeneThcsi BUKopuctoByBaTd HDMI+knaBiatypy ado ssh-meton
3aIyCcKy KOMaH]I.

Ile He € mpoOIEMOI0, a/IKe KOHCOJIb TTOCIIZIOBHOTO BXOAY OUIbIIIEe HE TOCTYITHA
3a 3aMOBUyBaHHsM Ha Raspbian, ajie npo 11e BapTo NmonepeauTu.

[Ticns mepe3aBaHTa)KeHHS MOXeMO BUKopucToByBaT BOyoBanuit UART 3a
Jornomororw /dev/ttySO.

ITin’eqnaemo GPS Takum ynHom (puc.9.8):

e« GPSVin 103.3B
(UepBOHHIT IPOBIT)

¢GPS Ground 10 Ground
("MOpHHIi TPOB1T)

¢ GPSRX g0 TX
(3eTICHHIT IIPOBLT)

e GPSTX g0 RX
(Oimmit mpoBiT)

Pucynok 9.8 — Ilin’ennanus moaynst GPS no Raspberry Pi 4
Ha momym aBa cBiTiiomiona - 3ejieHUi (BMUKAEThCS TIPHU MOAAYl KUBJICHHS),
CUHIN (BMUKA€ETHCS MPHU MOJAYl KUBJICHHS, TOYMHAE MOPraTH MICJisi BCTAHOBIIECHHS

3B’SI3KY 3 CYIyTHUKaMH).
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VYBara! GPS curnan cam no co6i aye ciaOkuii, TOMy B MPUMIIIIEHHI aHTCHY
Tpeba pO3MICTUTH SIK MOXXHaA OJk4e A0 BIKHA 1 HAlpaBUTH Ha HEOO (SIKIIO
3HAXOAMMOCS B TIPUMIIIICHHI ).

Tenep, AKIIO BCEe MPAaBUIBHO MiAKIIOYEHO, HAOpAaTU B KOHCOJII KOMaH Ty
cat /dev/ttyAMAO

1y BuBOA1 mobaunmo nosigomiieHHs y popmari NMEA, sixi GPS mpuiimau nepenae
Ha RP1.
BcTranoByieHHS HEOOXITHOTO MPOTrPAMHOI0 3a0e3Me4YeHHs

BcranoBmoemo gpsd i gpsd-client:

sudo apt install gpsd gpsd-clients

gpsd - cayx0a, ska npuiimae nani y ¢opmari NMEA Bigx GPS monpyns i
"po3maproe” 10CTyI A0 HUM JIsi CTOPOHHBOTO MPOTpaMHOro 3ade3neueHHs. OauH 3
BapiaHTIB OTPUMAaHHSA JaHUX BiJl gpsd — I1e OTpUMaHHS UX iX BiJ COKET-cepBepa, KU
nigHiMae gpsd Ha opty 2947 (3a 3amoBuyBaHHsIM), Yy JSON ¢popmarti. 3HauHa yacTUHA
HaBiramiitnoro 113 Bumarae HasBHOCTI gpsd.

JIJ1st oTpuMaHHs 10JIaTKOBOI 1H(OpMAIlii Tpo Mporpamy MOXEMO BBECTH:
man gpsd

[Ticisi BCTAHOBJICHHSI TMEPEKOHAEMOCS, IO MOXXEMO OTPUMYBATH JaHl BiJ
moxaysst GPS. Jls iboro BUBEAEMO JaHi, sIKi BiH HAJCUJIA€ HAM Yepe3 MOCHiTI0BHUMN
MOPT:
cat /dev/serialO

CrnoyaTKy pe3yJibTaT HOBUHEH BUIIISIATA MPUOJIM3HO TaK (puc.9.9):

Pucynok 9.9 — IlouaTok nepenayi JaHUX Yepe3 MOCIIJOBHUN TOPT
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He Mae 3HaueHHs, sKI JaHI OTPUMYEMO Ha JaHUH MOMEHT, SKIIO LIOCh
OTpUMY€EMO. SIKIIIO K MOPT HeTalHO 3aKpuBaeThecst a00 RP1 B3arani He oTpuMye JaHuX,
MepeBIPAEMO, YU TMPABWIBHO MM MiJKIIOYAINA MOIYJb. 3BEPTAEMO YyBary, IO MH
MOBUHHI MaTH 3MOTY 3alTyCTUTH 1[I0 KOMaHy He Oyy4uu CylepKopucTyBayeM. SIKIIo

HE MOXXEMO I1¢ 3p0OHTH, TO TOAAEMO KOPUCTYBaYa pi J0 TPYIH A1aTOTOBOTO BIKHA:

sudo adduser pi dialout

3unTyBaHHS JaHUX PO MO3UIII0

Tenep, HapemTi, HacTaB 4ac BuU3HauuTH MicienoioxxeHdss RPi. Beememo
HACTyIHY KOMaHJy, 100 3yNMUHUTH CIY>K0y gpsd, sika 3amycTuiacsi aBTOMAaTHYHO,
KOJIU paHillie BCTaHOBIIOBaIH gpsd. MU MOBUHHI 3p0OUTH 11€, OCKUIBKH MTapaMeTpH 3a

3amMoBuyBaHHSM 171t RP1 He nmpaBuIibHi:

sudo systemctl stop gpsd.socket

3BepHEMO yBary, 110 HaMm JOBEAETHCS BBOJIUTH II0 KOMaHAY LIOpa3y i 4ac

3aBaHTaKCHHS CUCTEMU. MU TaK0K MOKEMO ITOBHICTIO HOTO BiI[KJ'HO‘II/ITI/II

sudo systemctl disable gpsd.socket

3amyckaeMo HOBUM MPUMIPHUK gpsd, SIKWW TMEpeHaINpaBiisie 1aHi MPaBUIbLHOTO

MOCJTIJIOBHOTO TIOPTA B COKET:

sudo gpsd /dev/serial0 -F /var/run/gpsd.sock

A TOTIM MOXEMO BHUKOHATH OYJb-IKy 3 HACTYIMHHMX JIBOX KOMaHa JJis

BimoOpaxenHs nanux GPS:

sudo gpsmon

sudo cgps -s

CnoyaTky MU OBUHHI TOOAaYUTH 110ch oi0He (puc.9.10):
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P pi@raspberrypi: ~ = m} X

Pucynox 9.10 — [Toyatok oTpuMaHHs JaHUX 13 CYITyTHUKIB
Onnak, yepe3 IesKui 4ac MOJyJIb MIOBUHEH Oy/ie 310paTh JOCTaTHBO JAHHUX

JUISL B1TOOpaskeHHS MicIienoyioKeHHs (puc.9.11):

P pi@raspberrypi: ~ - [m} >

Pucynox 9.11 — 3i6pani nani jyist BigoOpakeHHs
3BepTaeMo yBary, 1o Moxe 3HagoouTuCs 10 30 XBWINH, TOKA MOIYJIb 3MOXKE
BHU3HAUMTH Halle TMOJOXKEHHS IiJ] Yac MEepIIOoro 3aBaHTa)XKEHHs, OCOOJMBO SKIIO
nepedyBaere B npuminieHHi. CpoOyeMo HapaBUTH aHTEHY Ha BIKHO a0o0, 1€ Kpalie,
po3TallyiiTe BeCh MOJYJIb MOPYY 3 BIKHOM UM Ha BIJIKPUTOMY MOBITPI.
CrpoOyeMO BHKOHATH TaKy KOMaHIy, SKIIO IiJ Yac 3alycKy gpsmon

3’BJISIETHCS] TIOMUJIKA, A MICIS 3allyCKy CgPS HEMA€E pe3ybTaTiB:
sudo systemctl stop serial-getty@serialO.service

Tomi Mu TakOXK 3MOXKEMO BUKOPUCTOBYBaTH gpsmon (puc.9.12):
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@ pi@raspberrypi: ~ - O >

Pucynok 9.12 — Bukopucranas gpsmon
IMpuxaan
Hagaiite opranizyemo B3aemonito GPS-monyna 3 RP1 1 Oygemo oTpumyBaTu
GPS-iadopmariro. Moxxemo niaxatounTi moxysib GPS no RPi 3a jonmomororo Python
ta C (WiringP1). Jlnsa B3aemoxii moayns GPS migkmrounmo moayins GPS no RPi, sk

MOKa3aHo Ha puc.9.8.

Buxopucranus Python

Otpumaemo 1H(oOpMaLiI0 MPO HIMPOTY, AOBroTy Ta 4dac 13 psaka NMEA
GPGGA, orpumanoro Big moayns GPS 3a momomororo Python i1 BuBememo ii Ha
KOHCOJIb (TepMiHa). BUKOpHUCTOBYIOUYM 1l IIMPOTY Ta JOBrOTY, 3HAWEMO MOTOUYHY
no3uiliro Ha kapTi Google.

[Iporpama Ha Python:

GPS BBaemomisa 3 Raspberry Pi 3a pmonomorown Pyhton

http://www.electronicwings.com

import serial #iMmmopT makeTa IJig [NOCJI1OOBHOTO MOPTAa

from time import sleep
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import webbrowser #iMmnopT makera OJid BiIOKPMBAHHSA
NocuJaHHA B Opaysepi

import sys #ivnopr makera SYS

def GPS_Info():
global NMEA buff
global lat _in_degrees
global long_in_degrees
nmea_time = []
nmea_latitude = []
nmea_longitude = []
nmea_time = NMEA_ buff[O] #BuTardyTu yac i3 psanxka GPGGA
nmea_latitude = NMEA buff[l] #suraruyTu umpory 3 panka GPGGA
nmea_longitude = NMEA_buff[3] #suraruyru mosrory 3 psanxka GPGGA

print(""NMEA Time: "', nmea_time,"\n")
print ('NMEA Latitude:", nmea_latitude,NMEA Longitude:",
nmea_longitude, *\n")

lat = float(nmea_latitude) #nepereopuTtn panok y float mnus
OOUMCIIEHHHA
longi = float(nmea_longitude) #rneperBopuTK panok y float mmus

ODUMCJIJIEHHSA

lat_in_degrees = convert_to_degrees(lat) #oTpumMaTy WMPOTY B
Trpalycax y IecaTkoBoMy dopmaTi
long_in_degrees = convert_to_degrees(longi) #orpumMaTtu nOBTOTY

B I'palycax y IOecCaTKOoBOMy bopmaTi

#neperropurty HeoBpobiseHurt pamok NMEA B rpagycr y IOeCATKOBOMY
bopmaTi
def convert_to _degrees(raw_value):

decimal_value = raw_value/100.00

degrees int(decimal _value)

mm_mmmm = (decimal_value - int(decimal _value))/0.6
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position = degrees + mm_mmmm
position = "%.4F" %(position)
return position
gpgga_info = "$GPGGA,"
ser = serial._Serial ('/dev/ttyS0™) #BinkpuTy nopT 31
LBMIOKICTIO nepemayi ODaHMUX
GPGGA_buffer = 0
NMEA_buff = 0O
lat_in_degrees = 0

long_in_degrees = 0

try:
while True:
received_data = (str)(ser.readline()) #npouuraTu
npuninaTuir pagox NMEA
GPGGA_data_available = received_data.find(gpgga_info)
#rnepesipka mis psaxa NMEA GPGGA
iT (GPGGA _data_available>0):
GPGGA_buffer = received_data.split("$GPGCGA,",1)[1]
#36eperTy maHi, WO HaIXOoOATh nicya pangxa $GPGGA,"
NMEA buff = (GPGGA_buffer.split(®, "))
#zbeperTtu maHi, pos3miseHi komamu, B Oydepil
GPS_Info()

#orTpumMaTu yac, WMPOTY, IOBTOTY

print('lat in degrees:"™, lat_in_degrees,”™ long iIn
degree: ", long_in_degrees, "\n")

map_link = "http://maps.google.com/?q=" +
lat_in_degrees + "," + long_in_degrees HCTBOPUTY [OCUIIAHHSI
oJisa posMmimeHHs Micus Ha kapTi Google

print(’'<<<<<<<<press ctrl+c to plot location on google
maps>>>>>>\n'") #uartucuytu ctrl+c, mo6 HamecTu rpadik

Ha KapTy 1 BUNTHU
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except KeyboardInterrupt:
webbrowser.open(map_l1ink) #BinkpuTy iHbopMauio npo
[IOTOUHY IMo3Mulil Ha kapTi Google

sys.exit(0)

Bugig va Python IDE (puc.9.13):

3§Ih0l13 4.2 Shell - 0 X

File Edit Shell Debug Options Windows Help

NMEA Latitude: 1832.9724 NMEA Longltude: 07347.4944 =
lat in degrees: 18.5495 long in degree: 73.7916
<<<<<<<<press ctrl+c to plot location on google maps>>>>>>
NMEA Time: 141750.000

NMEA Latitude: 1832.9724 NMEA Longitude: 07347.4945

lat in degrees: 18.5495 long in degree: 73.7916
<<<<<<<<press ctrl+c to plot location on google mapss>»>>>>
NMEA Time: 141751.000

NMEA Latitude: 1832.9724 NMEA Longitude: 07347.4943

lat in degrees: 18.5495 long 1in degree: 73.7916
<<<<<<<<press ctrl+c to plot location on google maps»»»z>>
NMEA Time: 141752.000

NMEA Latitude: 1832.9724 NMEA Longltude: 07347.4942

lat in degrees: 18.5495 long in degree: 73.7916
<<<<<<<<press ctrl+c to plet location on google maps>>>>>>

2o
e

Ln: 107|Cal: 4

Pucynox 9.13 — Jlani NMEA

Busenenns posramryBanus Ha kapti Google

[Ilo6 moka3zatu cBOe Miclie poaTamryBaHHs Ha kapti Google, Ham Tpeba
3BepHyTHCa 3a nocwinanHsM URL ana kaptu Google. Mu MoxeMo BHKOpHUCTATH
HACTyMHE TMOCWUJAHHS i BIAKpUTTS Kaptu Google 13 HamMMH BUTITHYTUMU

AOBI'OTOIO Ta IIMPOTOLO:

http://maps.google.com/?qg= <umpora>, <OOBTOTa>
9.2. 3aBnaHus
1. BcranoButu HeoOxiane I13 Ta 3amyctuTu 310paHy cucTeMy BU3HAUYEHHS MiCIs

IMOJIOKCHHS.
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2. B npoToko:i HaBECTH CKPIHIIIOTH PE3yJIbTaTiB BUKOHAHHS POOOTH, B TOMY

4yucIi, BU3HaYeHe micuenonoxenHs RP1 Ha kapti Google.

9.3. 3micT 3BITY

1. Cuenapiii wa Python nns BuU3HAYeHHS KOOpPAWMHAT MICIIE3HAXOKCHHS 3

KOMEHTapsAMHU.
2. CKpIHIIOTH PEe3yJbTaTiB POOOTH CLIEHAPIIO.
3. BucHoBKU 3a pe3ynbTaTaMy BUKOHAHHS pOOOTH.

3BIT B eNIeKTpOHHOMY BUIIIsI1 (OakaHo y opmati pdf) 3aBaHTaXXuTH y BIAMOBIIHY

nanky B Moodle.

9.4. KOHTpOJIbHI MUTAHHS

1. Sk 30ubmuTH yyTuBicTh GPS-npuiimaua?

2. Sk TOTIOBHUTH ClieHApiil BU3HAYEHHS KOOPJUHAT, 100 MiCIIE3HAXO[KEHHS Bipa3y

BioOpaxanock Ha kKapTi Google?
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5. John C. Shovic. Raspberry Pi IoT Projects: Prototyping Experiments for Makers. -
Washington, USA.: Liberty Lake, 2016, - 253 p.

6. Eben Upton, Gareth Halfacree. John. Raspberry Pi® User Guide, 4th Edition.
- Chichester, West Sussex, United Kingdom.: Wiley & Sons Ltd, 2016. - 315 p.
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http://isearch.kiev.ua/uk/book/1850-microcomputer-raspberry-pi-tool-researcher

7. Sams Teach Yourself Python Programming for Raspberry P1 in 24 Hours, Second
Edition, Pearson Education, Inc., 2016. — 1760 c.

Indopmaniiini pecypcu Intepuery:

1. Caiir Akanemii Mikrotik:

https://mikrotik.kpi.ua/index.php/courses-list/category-raspberry

https://mikrotik.kpi.ua/index.php/courses-list/category-python

2. TlepconanpHuii caiT BUKIIanava: - http://isearch.kiev.ua/

3. Caiit nucranIiiiHoro HaB4aHHs Ha margopmi Moodle Akanemii Mikrotik: -

http://iot.kpi.ua/lms/

4. Tlnardopma guctaniiitnoro HaBuaHHs «CiIKOpChKHil»: - https://www.sikorsky-

distance.org/
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