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SABJAHHA
HA KBAJII®IKAIIMHY BAKAJIABPCHKY POBOTY
crynenrty rp._ KI-119,

crerianpHoCcTi 123 - « KoM rorepHa 1HXKEHEDIS)

ITonosiit Karepuni OexcanapiBHi

1.Tema: «P03p061<a MiKDOHDOHeCODHO.l. CHUCTCMHU PCTYJIIOBAHHA

JOPOXHBOI'O PYXY Ha HGDGXD€CTi>>

sarBep preHa Hakazom No 02-02 Big 11 ciuns 2023 p.
2. TepMiH 31241 CTyIeHTOM 3akiHueHOoi1 poOoTu: 20 uepBHs 2023 p.
3. Ilepenik muTaHb, MO TJISATAIOTh PO3POOIIL:

1. ITposectu orssi (library.econom.zp.ua) npeaMeTHoi 00J1acTi,

03HAMOMMTHCS 3 HiTeDaTVDOIO Ta

IHTEPHET-DKEPEIAMH, 110 MPUCBAYEHI TEMATHII POOOTH.

2. [IpoBecTu orjisaa Ta aHad13 MONYISIPHUX aHAIOTIB, 3pOOUTH BUCHOBKH

IIPO BUMOTH A0 ITPOCKTY.

3. IIpoBecTu BUOIp Ta OIS aapaTHOI CKJIAI0BOI IIPOEKTY.

4. ITpoBecTr BUOIP Ta OTJISIT IPOrPAMHOI CKJIAT0BOT IPOEKTY.

5. 3MIUCHUTH IPOEKTYBAHHS PO3POOIIIEMOI CUCTEMH.

6. Po3poOutH Ta peanizyBaTti aroput™M HyHKINIOHYBAHHSI CUCTEMHUA

7. 3MUCHUTH IPOrpaMyBaHHs MIKDOKOHTPOJIEPA IIATHOPMHU.

8. 3miicHUTH 300pKY Ta HAJIATOLKEHHS PO3POOJIEHOT CUCTEMM.

9. OdbopmuTH 3BIT 3a pe3yabTaTaMu POOOTH
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4. Kanengapuuii rpadik miaroToBKu OakaiaBpChKOi JUIJIOMHOI poOOTH

. [Tigmmc
. I'oToBHICTH .
Tepminu . KEpIBHUKA
No B o rpadiky
3MicT BHKOHAHHS | o, © o | [IPO MOBHY
SEay (zieit.dp.ua) s TFOTOBHICTh
KEpiBHUKA
CTalry, gara
1 30ip mpakTUYHOrO Matepiany 3a Temoro | 16.01.23-
JUIIIIOMHOT pOOOTH 11.02.23
5 I arecraris 27.03.23-
I po3ain 6akanaBpChKOT AUIUIOMHOT pOOOTH 31.03.23
B
(libr
S | I arectanin 24.04.23-
. II po3nin GakaiaBpChKOi TUIIIOMHOI pOOOTH 28.04.23
.Zp.
ua)
IIT aTecTars
4 [T po3ain 6akanaBpchKoi TUIIOMHOL podoTH, | 22.05.23-
BUCHOBKM Ta pEeKOMeHjamii, moaaTku, | 26.05.23
pedepat
5 ITepeBipka JTATIOMHOT pobotu Ha | 15.05.23-
OpUTIHAJBHICTh 12.06.23
JloomnpaiiroBaHHs1 OaKaJIaBPChKOI TUTIIOMHO1 99 05.23-
6 | poboTH, MATOTOBKA MPE3EHTAllll, OTPUMAHHS 12' 06' 23
BIJITYKY KepIBHUKA 1 peleH31i T
7 [TonepenHiii 3axuct 6akanaBpChKOi 12.06.23-
JIUTIOMHOI po0OoTH 18.06.23
[Tonaya GakanaBpChKO1 IUIJIOMHOI pOOOTH HA 38 3 mi
8 Kades 4o
Py 3aXUCTy
9 3axuct OakamaBpchkoi auriiomHoi pobotu | 19.06.23-
(zieit.dp.ua) 24.06.23
Jara Buaaui 3apnanus: 15 sxostas 2022 p.
KepiBHuk OakanaBpchkoi poOOTH C.O. Cabanos
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PE®EPAT

bakanaBpchka aumiiomMHa pobora MicTHTh: 51 cTopiHKa, 8 pHUCYHKIB, 2
Tabnwui, 15 mepromkepen Ta 3 T01aTKy.

O0’eKTOM pO3pOOKM € IHTENEKTyaldbHI CHUCTEMH YIPABIiHHSA JIOPOXKHIM
pyxom (ICYIP).

Meta poOOTH: CTBOpEHHA €(PEKTUBHOI MAII040i MOJAENl OJHI€l 3
HaliBaxuBimux migcucteM ICY/IP — aBToHOMHOTO CBiTIIOOpa 3 MPOTPaMHUM
YIPABIIHHSM, 110 PETYJIIOE PyX HA MEPEXPECTI.

Y poOoTi aAeTalbHO PO3TISJAIOTECS BCl  €Tamu  PO3POOKU  IMPOEKTY,
MOYMHAIOYM BiJ TJIaHYBaHHS Ta aHalli3y BUMOT JI0 30ipKM amapaTHOi YacTHHH
IIPUCTPOXO, 1i MPOrpaMyBaHHs, TECTYBaHHS Ta HAJIArOJKCHHS.

B po6OTi BHUKOPUCTOBYETHCS LIMPOKO PO3MOBCIOJIKEHA OIOPKETHA
MIKpOKOHTpoJiepHa Tuiatpopma Arduino Nano, 10 TMOBHICTIO 3a0e3mnedye
HEOOX1THUH (PYHKII0OHAT IPUCTPOIO.

OxkpemMa yBara npujiieHa peajizailii pi3HHX peXUMIB poOOTH CBiTIOhODpA,
30KpeMa 3BUYANHOr0 PEKUMYy Ta PEKUMY €KOHOMII eleKTpoeHeprii. Po3risHyTi
pi3HI MPOTpaMHI METOIM YIIPABIIHHS TUIATOI0 KOHTPOJIEpa.

PesynbraTti, oTrpumani B JaHid poOOTi, MOXYTb OyTH KOPHUCHUM IS
NPAaKTUYHOTO BHUKOpUCTaHHS 1y vac (Www.dnu.dp.ua) cTBOpeHHS peaabHHX
MPUCTPOIB Ta JJIsi TOJAIBIIOT0 BIOCKOHAJIEHHS anroput™MiB pobotu ICY]JIP B

L1JIOMY.

ARDUINO IDE, ARDUINO NANO, ATMEGA328,
ICY AP, MIKPOKOHTPOJIEP, CUCTEMU KEPYBAHHA JOPOXXHIM
PYXOM, CKETY


https://www.dnu.dp.ua/docs/visnik/fhim/program_6372c241eac32.pdf
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[TEPEJIIK YMOBHNX CKOPOYEHD

Cn0B0 / CIIOBOCTIONYYECHHSI CkopoueHHs
A
ArperaTHa cuctema 3aco0iB yIpaBIiHHS JOPOKHIM AC3Y]IP
pyXxom
E
European On-Board Diagnostics EOBD

G

General Packet Radio Service

GPRS

Global Positioning System

GPS
(scholar.google.com)

In-Circuit Serial Programming ICSP
InTerpupoBana cepena po3p0§1<1/1 (anri. Integrated IDE
Development Environment)
Intelligent Transport System ITS
L
Piaxokpucraniunuii nn(_:nneﬁ; anri. Liquid Crystal LCD
Display
T
Thin-Film Transistor TFT
U
Universal Serial Bus USB
B
Bonbt B
Bart Bt
I
[HTEenexTyanbH1 CUCTEMH YIPABIIHHS JOPOKHIM ICY P
pyxom

K
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BCTVII

[aTenekTyanpHl cucTeMu ympaBiiHHSA AopoxkHiM pyxom (ICYIP) €
BKJIMBOIO YaCTUHOIO CYYaCHMX MICBKHMX 1H(PACTPYKTYp Ta MOXYTh JOMOMOITH
MOKPALTUTH Oe3MeKy i KOMPOPT KUTTSI TPOMAJISIH, CKOPOTUTH TUMYACOB1 3aTPUMKHU
Ha JIOporax Ta 3MEHIIMTH KUIbKICTh aBapii. BOHM BHKOPUCTOBYIOTHCS IS
M1BUIIICHHS €()eKTUBHOCTI KEPYBaHHS JIOPOKHIM PyXOM Ha OCHOBI1 300py, 00poOKHU
Ta aHaNi3y JaHUX, OTPUMAHMX 3a JOMOMOIOI0 Pi3HUX JAaTYMKIB, KaMep, paJapiB Ta
IHITUX MPUCTPOIB, BCTAHOBJICHUX HA JOPOrax Ta TPAHCIMOPTHHUX 3ac00ax.

CucremMu ympaBIiHHA JOPOXKHIM pPyXOM JIO3BOJIAIOTH ~aBTOMATHYHO
KOHTPOJIIOBaTH Ta PETYIIOBATH TPAHCHOPTHUU TOTIK, KepyBaTH CBITJIO(opamuy,
KOHTPOJIIOBaTH IIBUJIKICTh, BIJCTaHb Ta TOBEAIHKY BOJIIiB, ONTHMI3yBaTu
MapuIpyTu pyxy, 3a0e3rneuyBatu O€3MeKy IMIIIOXO/IB Ta YYACHHUKIB JOPOKHHOTO
PYyXy 3arajom.

Ictopis ICY /] po3nouanacs y 1960-x pokax 3 po3poOKHU MEPIIMX CUCTEM
YIOPABIIHHS CBITIO(OpaMU Ha OCHOBI IpOrpaMHoro ynpasiiHHsA. Y 1970-x pokax
MoyYajny 3'SABIATHCS CKIAIHINI CHUCTEMH YIPABIIHHS JOPOXKHIM PYXOM, SKi
BUKOPHUCTOBYIOTH JATUMKHU Ta KOMIT'IOTEpHY OOpOOKY JaHUX.

VY 1980-x pokax Oys0 CTBOPEHO MEPIIi CUCTEMH YIPABIIHHS MIBUIKICTIO Ta
MaplipyTamH, a TaKok CHUCTEMH KOHTpOJIto mepeTuHiB. Y 1990-x pokax movanu
3'ABIATHACA CHCTEMHU AaBTOMATHYHOTO TMApKyBaHHS Ta CHCTEMH KepyBaHHS
JIOPOKHIMH 3HAKaAMH.

3 pPO3BUTKOM TEXHOJOTIM, Takux sk Oe3npoToBuit 3B's30k, GPS Ta
komm'torepuuit 3ip, ICY 1] ctanu OuIbill TOYHUMHU, HATIMHUMU Ta €(DEKTHUBHUMU.
Croroani ICY]] mupoko BHUKOPHUCTOBYETHCS B YChOMY CBITI, IIO0 MOKpaIIUTH
YIOPABIIHHS JOPOKHIM PYyXOM Ta MiABUIIMTH O€3MEeKy Ha Toporax.

Jlo cknmagy cy4acHUX CHCTEM 3a3BHYail BKIIOYAIOTh OJOKM KEepyBaHHS
cBiTIopopaMu, MOAYJl JUHAMIYHOTO KEpyBaHHS MIBUIKICTIO, MIJACHCTEMH
KepyBaHHsS JOPOXHIMU 3HAKaMH, KOHTPOJIIO TIEPETUHIB Ta aBTOMATHUYHOTO

IIapKyBaHHS.



VY cyuacHOMY CBITI aBTOMaTu3allisg Ta poOOTH3allisl MPOLECIB CTAIOTh BCE
OUTBIII aKTyaTbHUMHY 3aBAaHHAMU. OMHIEIO 3 HAWOLIBI MEPCIEKTUBHUX TaTy3eH €
aBTOMATHU3allisl JOPOKHBOIO PYyXy, IO JO3BOJISIE 3HU3UTH KUIBKICTH aBapiil Ta
301IBIINTH OE3MEeKy Ha JOporax.

Kpanigikamiitna qurioMHa po6oTa Ma€e Ha MeT1 pO3pOOUTH ePEKTUBHY A1I0Uy
MoJielb OJIHI€T 3 HalBaxxuBiuX niacucteM [CY IIP — ciTiaodop, 110 perymitoe pyx
Ha mepexpecTi s 3a0e3meueHHs] O0e3MeKH Ta MiABHUILEHHS SKOCTI PEryiiOBaHHS
TPaHCIIOPTHOTO PYXY.

Y  poOoTi jAeTalbHO PO3IJIAHYTI BCl €Tanmd pPO3pOOKHM MPOEKTY 3
BUKOPUCTAaHHAM MIKPOKOHTpoJepHoi miaTtdopmu Arduino Nano, mounHarO4H BiJ
IUTaHYBaHHS 1 aHaNi3y BUMOT JI0 MPOrpaMyBaHHs Ta 301pKH amapaTHOi YaCTUHU
npuctporo. PoboTa TakoX BKIIIOYAE OMUC PI3HUX €TamiB PO3POOKH MPOrpPaMHOTO
3a0e3MeUeHHs, BKIIOYAl0Un KOJAYBaHHS, TECTYBaHHSI Ta HAJIArOJ[KEHHSI.

Oxkpema yBara npujlieHa peajizaiii pi3HHX PeXUMIB poOOTH CBiTIOhODpA,
30KpEeMa 3BUYANHOIO PEXUMY Ta PEXUMY €KOHOMII enekTpoeHeprii. Po3risHyTi
PI3HI METOJIM YIPABIIHHS IUIATOI0 KOHTpOJIepa Ta iX BIUIMB Ha MPOJYKTUBHICTH 1

(GyHKL10HATBHICTH TPUCTPOIO.



PO3ILTT 1
CHUCTEMU KEPYBAHHSI JOPOXXHIM PYXOM

1.1. Cucrema iHTENEKTYaIbHOTO KEPYBAHHS JIOPOKHIM PyXOM

3aropu — oAHA 3 OCHOBHHMX MpOOJIeM MICTa, 3 KO MOXHA HaMaraTuch
OOpOTHUCH, 30KpEMa, PO3IIMPIOIOYM JOPOTH Ta Oyayrouu HOB1 po3B's3ku. [Ipote
TaKul MIAX1J 3acTapiB, Ta 3MIHIOE OOJIMYYs MicTa B Tipmuid Oik. biibmn
MPOTrPECUBHUM CIIOCIO — BIPOBAXKEHHS PO3YMHOI CUCTEMH KEPYBaHHS JOPOKHIM
pyxowm. (petition.kyivcity.gov.ua)

Cucrema I1HTENEKTYalbHOTO YIPABIIHHS JOPOKHIM PYXOM € CKJIQTHOIO
0araTopiBHEBOIO CUCTEMOIO.

[lepmmii piBeHb MpeACTaBICHUI BUKOHABYMMH MPUCTPOSIMU Ta JATYUKAMHU
TPAHCIIOPTHOTO TMOTOKY: CBITIOpOpaMHu, KaMepamH BiJCOCTIOCTEPEXKECHHS 3
aHATITHIHUMHA MOYXJTHBOCTSIMH.

Hpyruii piBeHb MNpEACTaBICHUN JOPOKHIM KOHTPOJIEPOM: KOHTPOJIEP
JI03BOJIIE KepyBaTh cBiTIopopamu Ta 1HGoOpMalIMHUMU Tabsio, 30upaTH
1H(}OopMaIito Mpo IHTEHCUBHICTh PyXY Ta 3aTOPU HA MEPEXPECTIX, aHATI3yBaTH Ta
00po0sATH OTpUMaHy 1H(GOPMAIIit0, a TAKOXK IIBUAKO OPIEHTYBATHUCS B 3aTOpax Ha
OCHOBI OTPMMAaHHMX J@HUX TIEPEXPEeCTh, CIUIKYBATHCSI 3 IICHTPAIbHUM
JUCIIETUCPCHKUM IIEHTPOM 1 J0JaBaTH OO apxXiBy CBOI MAii Uil OTpUMaHHS
JI0AaTKOBOI 1H(pOpMaITii.

Tperiit piBeHb NpHU3HAYCHUN I Tepedadi JaHUX BiJl JTOPOKHBOTO
JUCTieTYepa B IUCIIETYEPCHKUN TICHTP 1, TPU HEOOX1THOCTI, OTPUMAHHS KOMaH/T JIJIst
YHOPAaBIIHHS 00JaHAHHIM MEPIIOTO PiBHS.

YetBepTrii piBeHb MPEACTaBICHUN IEHTPATLHUMU CEPBEPHUMHU BY3JIaMH,
HEHTPAIbHUMH JUCIETYEPCHKUMU, POOOUYUMH MICLUSAMH, SIKI HAAAIOTh 1H(POPMAIIitO
IHIIMM CHUCTEMaM 1 JI03BOJISIIOTh KEPyBaTH OKPEMUMU MPUCTPOSMH 1 CUCTEMOIO B

JIOMY.


https://petition.kyivcity.gov.ua/petition/?pid=7849

BnpoBamkeHHs cuCTEMHU YOpPaBIiHHSA JOPOKHIM PYXOM Ha MapuIpyTi
TPOMaJICBKOTO TPAHCIIOPTY 103BOJMUTH BUPIIIUTH TaKi 3aBIaHH:

® TIOJIMIICHHS 1HPPACTPYKTYpHU yIPABIIHHS TOPOKHIM PyXOM;

® CKOPOYEHHS LIKIJUIMBUX BUKHIIB BiJl aBTOMOOLIIB, 110 CTOSITh Y MPOOKaXx;

® CKOpPOYEHHs 4acy B IOpO31 Ta 3arajbHe CKOPOUYEHHSI CIIO’KUBAHHS [1AJINBa;

e YIpaBJIiHHA OIPIOPUTETOM PYXY POMAACHKOrO TPAHCHIOPTY 3a MapLIPyTOM
Hepe]] PEUITOI YYaCHUKIB IOPOKHBOTO PYXY;

® MakCHUMajbHE CIPHUSHHS IOTPUMAHHIO PO3KIALy PYyXy IPOMaJChKOTro
TPaHCIIOPTY;

® [IONEPEIKEHHS BUHUKHEHHS 3aTOPIB Ta 3MEHIIEHHS 4Yacy JIKBIIAIli
3aTOPIB HA CKJIQJAHUX Ta HACHYCHUX NEPEXPECTIX;

e HajgaHHsA 1HGOpMAIl MICBKUM CIy>)k0aM TIpO CTaH 3aBaHTAXKEHOCTI
MaricTpaiei, HaJaHHA MOXXJIMUBOCTEH OMNEPAaTUBHOTO BTPYYaHHSA Yy
JOPOKHIO CUTYALIIO JUIsl BUPIIECHHS] €KCTPEHUX CUTYaLIIM.

[HTEeNeKTyanpHa cUcTeMa KepyBaHHs TOPOKHIM PYXOM aBTOMAaTHYHO Kepye

cBiTiohopaMu Ha MEepexXpecTi, MO0 TPAHCHOPTHI 3acO0M Maju MPIOPUTET MPHU

poi3i uepes nmepexpects. [1]

1.2. Bumor#u 10 yrpaBJiHHS JOPOKHIM PYyXOM

VY cydacHOMY CBITI KIJIBKICTh aBTOMOOWIIB 3pOCTa€ IMIOAHS. SAKICTh KUTTS
JIOJIMHU BCE CUJIBHINIIE 3aJ€XHUTh Bl CTyNeHs KOMQOPTY, SIKOCTI Ta IIBHUIKOCTI
nepecyBaHHs. 3a0e3MeUeHHs SKICHOTO MPOIECY JKUTTEMISIIBHOCTI MICT 3aJIeKUTh
Bl CTyneHs MOOUIBHOCTI JIIOJUHU. AKTHUBHUNA PO3BUTOK aBTOMOOIIHHOTO
TPAHCIIOPTY CHOPUYMHSAE 1 HU3KY HeraTuBHUX (¢akTopiB. Bennka KiabKiCTh
aBTOTPAHCIIOPTHUX 3aCO01B HA MAriCTPAJIAX BEJE 10 YTBOPEHHS 3aTOPiB, 3SHUKCHHS
IIBUIKOCTI TIEPEBE3CHb, IMOJOPOKUYAHHS Ta 3MEHIIICHHS TIPOYKTUBHOCTI TIPOIIECY
NIEPCBE3CHb.

OcHOBHI XapaKTepHI PUCH MaricTpanei 11e:



® IHTEHCHUBHHUH TPAHCIIOPTHUH MOTIK;

® BIJCYTHICTh HAMOIMIKYOTO 3yCTPIYHOTO TPAHCIIOPTY;

e 0araTroCMyroBICTb;

® HEPIBHOMIPHICTH PO3MOJILITY TPAHCIIOPTHOTO HABAHTAXKEHHS 32 YaCOM.

AHaJli3 0CcOoONMMBOCTEH pyXy Ha MaricTpaisix IIOKa3ye HeOoOX1IHICTh
CTBOPCHHsI 1 3aCTOCYBaHHS CIEIIaJJbHUX aBTOMATH30BAaHUX CHUCTEM YIPABIIIHHS
PYXOM, IO BPaxOBYIOTh XapaKTEPUCTUKU TPAHCHOPTHOTO MPOILECY, 10 MOCTIIHO
3MIHIOIOTBCS, 1 TIPOMOHYIOTh ONTHUMAJIbHE PIIIEHHS MPU KOKHOMY KOHKPETHOMY
BUMNAAKY. 3aBISIKU JaHUM CHUCTEMaM OYEBHJIHUM € 30UIbIICHHS €(EeKTUBHOCTI
poOOTH aBTOTPAHCIIOPTY, MOCTIHHUI MOHITOPUHI XapaKTEPUCTUK TPAHCIOPTHOTO
MOTOKY MPU3BEJE 10 ONTUMI3allli BChOTO MPOIECY PYXY.

OnTuMizaniss KOHTPOJIIO 3@ TPAHCIOPTHUM TIOTOKOM Ha BCIX pIBHIX
MIJBUIIUTE TMPOAYKTUBHICTH TPAHCIOPTY, 3O0UIBIINTH MOOUIBHICTH HACEJICHHS,
3MEHIIUTh Yac Ha MEpeBEe3€HHs Ta iX BapTicTh. [liABUIEHHSA O€3MeKu pyxy,
3HIKEHHS KUTBKOCTI JIOPO’KHBbO-TPAHCTIOPTHUX MPUTOJ] Ta MOPYIIEHB MPABUII PYXY.

[IpoOnemu, NOB’SI3aHI 3 TOTIPIICHHSIM (YHKIIOHYBaHHS BYJIMYHO-
JOPOKHBOI MeEpexi, BIUIMHYJIM Ha (YHKIIOHYBaHHS BCHOI'O TPAHCIOPTHOIO
KOMITJIEKCY MiCTa. 3aTpUMKH pyXy IIiJI 4Yac pyXy, BHHUKHEHHS 3aTOpiB, IO
XapaKTEepHU3yeThCsl 30UIBLIIEHHSIM 4Yacy B JI0pPO3l, MOTIPHIEHHSM TPAaHCHOPTHOTO
0oOCITyrOBYBaHHS, IO TMPU3BOAUTH 0 3OUIBIICHHS 3a0pyHEHHS MICHKOTO
cepenosuia, (eforum.Intu.edu.ua) a TakoXX MIABUINEHHSAM PIBHS  IIyMYy,
30uTbeHHAM KutbKocTi JITII 13 3a3HaU€HHSIM MICBKMX BYJUIb Ta IOPOTH ICHYIOTh
BIJIMIHHOCTI B MOKJIUBOCTSIX CY4aCHHUX PIBHIB aBTOMOO1TI3aITi].

Haii0inpimi TpyAHOUII B palliOHANIbHIA oOpraHizaiii AOPOXKHBOTO PyXy
BUHUKAIOTh HAa MEPEXPECTSIX BYJIHUIb, OCKITBKA BOHU € «BY3BKUMHU MiCIISIMID)
BYJIMYHO-IOPOXKHBOT Mepeki 3 TOYKH 30py €(HEKTUBHOTO Ta OE3MeYHOro
3a0€3IeUeHHs TPAHCTIOPTHOTO Ta MIIIOX1THUX MOTOKIB.

JUis ynpaBiiHHS PyXOM Ha MEPEXpecTAX HaluacTille BHUKOPHUCTOBYETHCS
CBITIIOOpHE DPEryJIOBaHHS, SKE& MOXKE IMIJBUIIUTA OE3MeKy pyXy, 3MEHIIUTH

3aTPUMKH IJIA y‘laCHI/IKiB AOPOKHBOT'O PYyXY, SMCHIIHUTU CHCPIOCIIOKMUBAHHA Ta


https://eforum.lntu.edu.ua/index.php/jurnal-mbf/article/view/511

HEraTUBHUM BIUIMB HAa HAaBKOJIMIIHE CEPENOBUINE, @IIO, B CBOK Yepry,

(eforum.Intu.edu.ua) 3HauHO BILIMBAE HA SIKICTh MICHKOTO JKUTT.

1.3. CtpykTypa aBTOMaTH30BaHOI CHCTEMH YIIPABIIHHS JOPOKHIM PYXOM

OpHMM 13 OCHOBHMX HAINPSIMKIB PO3BUTKY TEXHIKU YMPABIIHHS TOPOKHIM
PYXOM € CTBOPEHHsI arperaTHoi CHUCTeMH 3ac00iB YMNPaBIIHHS JOPOKHIM PyXOM

(AC3Y]IP).

Pucynox 1.1 — IlepexpecTs 31 cBiTIIOhOpaMu

CrtBopennss AC3Y/IP no3Bosisie 3HU3UTH MUTOMI BUTPATH HA MPOCKTYyBaHHS
CUCTEM, CKOPOTHTH TEPMIHM IX BIPOB3/PKCHHS, 3MCHIIUTH 3aTPUMKH
TPaHCTIOPTHHUX 3aC00IB 32 paXyHOK CKOPOUYCHHS 4acy PO3BUTKY CHCTEM BiIIOBIIHO
710 3MiHH XapaKTEPUCTUK TPAHCIIOPTHUX MTOTOKIB.

Y npomarkax g0 AC3Y/P po3rnspatoTbcss CTPYKTypa Ta METOIHUKH
BU3HAUCHHS JIOLIJILHOCTI BIPOBAKEHHS, OOCTEXKEHHS o00'eKTa YMpaBIiHHA,
po3MiteHHs niepudepiitHoro o0IalHaHHS, TUTIOBI BUMOTH JI0 CYMDKHUX YaCTHUH

MPOCKTY, IHCTPYKIIIi 3 MATOTOBKY JIO BIIPOBAKCHHS CUCTEMHU Ta iH. [2]


https://eforum.lntu.edu.ua/index.php/jurnal-mbf/article/view/511
https://eforum.lntu.edu.ua/index.php/jurnal-mbf/article/view/511

1.4. Ornsin cucteM ynpaBiHHS TOPOKHIM PyXOM

1.4.1. SEA TCS (TrafficControlSystem)

Kommaniss SEA mpornonye cydacHy CHCTEMY KOHTPOJIO JOPOKHBOTO PYXY

BiaacHoro BupoOHurnTBa — SEA TCS (TrafficControlSystem) — ska mo3Bosise

BUPIIIYBAaTH HACTYIIHI 3aBJaHHS:

3MEHIIUTH 3aTOPH Ha AOporax 1 HMOBIPHICTh YTBOPEHHS 3aTOPIB;
3ano0iraHHsl HaAMIPHOTO 3HOCY JOPOKHBOT'O MOKPUTTS;

3a0e3ne4eHHs] 3B'SI3Ky 31 CBITIOGOpHUMH OO'€KTaMH Ta ONEpaTUBHUMN
KOHTPOJIb X (PYHKI[IOHYBaHHS;

Y3rOJIUTH CXEMU CBITIO(OPIB JIJIsl 3SMEHILIEHHS IHTEHCUBHOCTI PyXY;
3MEHIIUTH PIBEHb IIyMY Ta KOHILEHTPAI[I0 BUXJIOMHUX Ta3iB y MICHAX
CKYITYE€HHS TPAHCIIOPTHUX 3acO01B;

3HAYHO MIJBULIUTH PIBEHb OE3MEKH JTOPOKHBOIO PYXy Ta €PEKTUBHICTh

oprasizailii 10pOXHbOTO PYXY.

OYHKIIOHYBaHHS ~ CHUCTEMHM  3a0€3MeUy€eTbCS  BHUCOKOTEXHOJOTTYHUM

CBITIOQOpHUM OOJAAHAHHSIM Ta CIEHIaTI30BaHUM MPOTPAMHUM 3a0€3MEUECHHIIM

ACK/IP po3pobku komnanii CEA.

OcHoBHI (DyHKIIII:

JlokanbHe Ta y3roJiyKeHe YIpaBJIiHHSA pyXOM 00'€KTIB BYJIMUHO-A0POKHbOI
MEpEexi.

Bianpasnse onun cBiTIIOGOPHHI 00'€EKT 1 HOTO TPYIIH.

[TocTifiHMiT MOHITOPHUHT Ta AIarHOCTUKA CTaHy NepUQEepitHMX TPUCTPOIB
(PTK mopoHiIX KOHTpOJIEpiB, CBITIIOMOPIB Ta 1H.).

BinoOpaxkeHHst cTraHy cuUrHaidy cCBITIoQopa Ta NUKIIYHUX Jiarpam y
peanbHOMY Yaci.

JlunamiuHUE  pexuM  «3elieHa XBWJIS» — OJIHOYACHO KOHTPOJIHOE
OCBITJICHHS  CBITIO(OpPIB, i1HOOPMAIIHHUX TaHENel, EIeKTPOHHUX

JIOPOXKHIX 3HAKIB 1 MIITOX1THUX MEPEXO/iB.



[Tepconan AECIETYEPCHKOTO MEHTPY Ma€ JNOCTYM J0 BCiX (DYHKINN cCHCTeMH

aBTOMaTU4YHOTO KepyBaHHA pyxoM SEA TCS uepes BeO-iHTEepdeiic nucneTuepa. [3]

Al J{ [V A
WEB ARM 3acobu WEB ARM WEB ARM
aAucneryepa sizyanizauii TexHonora aaminicTrparopa

Ethernet 10/100 Mbit

IHTepHeT
Internet cepaep Cepsep B

OcHOBHMIA Kamnan Ethernet + OnTruna ninia + GPRS (3G, 4C)
GPRS (3G, 4C) GPRS (3G, 4C) Ochobrui kawan GPRS (3G, 4C)

Oerexkropu
TpaHcnopTy
& * OnTUYHI
+ IHAYKTHBHI

* Papap- = Oartumku OPOXKHE
T8N aerexropu . Temneparypm, iHdopmauinHe
O6'exTH OcBITNEHHA CO, SO2,NO2... Tabno

Pucynok 1.2 — Komnonentu TrafficControlSystem

I xoua Ha Tpacax MOKM LIO MPOJOBKYETHCS TaK 3BaHA «aBapiiiHa BiilHa»,
MOXKJIMBO, Y MalOyTHbOMY 3aBISKH BIPOBA/KEHHIO NOJIOHMX CHUCTEM BOHA
HapemTl 3aKiHYMThCA. Toal OesrmedHe, MBHUAKE, KOMGOPTHE Ta EKOHOMIUHE

MePEBE3CHHSI MaCaXUPIB 1 BAaHTAXIB CTaHE 3BUYANHUM SIBULIEM.



1.4.2. JlopoxHiit MeHEIKEP

Cucrema «JlopoxHiii MeHemkep» NpHU3HAYEHA JUIsI MOHITOPHUHTY,
MOJCIIOBAHHS,  TMPOTHO3YBAHHS  MICHKHX  TPAHCIOPTHHUX  IOTOKIB  Ta
THTEJIEKTYaJIbHOT'O KEPYBAaHHSA IOPOKHIM PYXOM Y pealIbHOMY pexuMi yacy. [2]

JIopoKHIM MEHEHKEP BKIIIOYAE TaKl OCHOBHI IMTiJICUCTEMU:

o Jlimiika ~ aBTOHOMHHMX  amapaTHO-NPOTPaMHMX  MOJIYJIB  JJis
BiJICOMOHITOPUHTY TPAHCHOPTHUX MOTOKIB 13 (YHKISIMU MiApaxyHKY,
kinacudikamii Ta 1AeHTH}IKAIT aBTOTPAHCHIOPTY HA BYIHMISX MICTA,
BKJIIOYAlOYM HoOMepH TpaHcnopTHUX 3aco0iB  (MC). 3abesmneuye
dbopMyBaHHS TOAATKOBUX JpKepes iHGopMallii Mpo TPaHCIOPTHI TOTOKH B
TOYKaX, He0OX11H1 TOOYJ0BU MOBHOI KapTUHU pyxy T3.

o [{udposa mnardopma, mo 3abe3neyye 30MpaHHs Ta MOMEPETHIO OOPOOKY
iHdopMalli Bi pi3HUX JKepesl (MOIyNi BIJEOMOHITOPUHTY, OTJISIOBI
kamepu, naHi GPS-Hapiramii macaXXupchbKOro TPAHCIOPTY Ta 1H.),
MIPOTHO3YBaHHS PO3BUTKY MPOOOK Ta Bi3yalli3alilo pe3yIbTaTiB.

e [lincucrema 1HTENEKTYaldbHOrO KEpyBaHHS JOPOXKHIM PYXOM 3
MOYKJIMBICTIO ii TOCTIMHOTO HAaBUYAaHHS Ta PO3BUTKY.

o CepBiC [JIsi HACEJICHHS, IO PEKOMEHAYE HAWIIBHUAIII Ta O€3MeyHIiII
MapIIpyTH.

Koxna 3 migcucreM € aBTOHOMHOIO 1 MOXE TOCTaBJISITUCh OKPEMO 3a

OakaHHSAM 3aMOBHUKA. [4]

1.4.3. Poctok-EJIEKOM

[TinnmpuemctBo «POCTOK-EJIEKOM» — BUpOoOHUK 1 CUCTEMHUI IHTEIPATOD
MpOrpamMHO-anapaTHUX pilleHb B 00JAacTi YNpaBIiHHS JOPOXKHIM pyXoM Ha

npunanumnax TS (Intelligent Transport System).



Poctok-EJIEKOM Mae HayKOBO-TEXHIYHUM MOTEHI[IaJ Ta BUPOOHHUI
HOTY>KHOCTI JIJIsl BUPIIIEHHS HACTYITHUX 3aBAaHb:
e Amnam3 J0pOXHBOI OOCTAHOBKM, MPOEKTYBAHHS CHCTEM YIIPaBIiHHA
JIOPOYKHIM PYXOM.
e BupoOHUIITBO 1 MOCTa4aHHS TOBHOTO CHEKTPY amapaTHO-MPOTrpaMHUX
3ac001B KEpyBaHHS JOPOKHIM PYXOM.
o Kowmnanis Mae ABaAUATUPIYHUN JIOCBIJ CTBOPEHHS aBTOMAaTH30BaHUX
CUCTEM KepyBaHHS JIOPOXKHIM pyxoM B mictax Ykpainu (Kuis, XKutomup,
Opneca, /lninmpomneTtpoBcbk, YepHiBli, MuxonaiB, KpemeHuyk) 1 3a
kopaoHoM (MonnoBa, Kumunis, 2001 r.; JlatBis, Pura, 2002 r.; I'py3is,
To1mci, 2012 p.) Ta e1eMeHTIB A0 HUX: IEHTPHU KepyBaHHs, KOHTPOJIEPH,
CBITIIO(OpHU, KOMIUIEKTH 3B'SI3KY 3 PI3HUMH CIOcOO0aMu mepeadi 1aHux,
creniagizoBaHe nporpamHe 3a0e3nedeHHs. Hame ycrarkyBaHHS Ipaltoe
ouremr Hixk B 60 mictax Ykpainu. (rostok-elekom.com) [4]
Poctok-EJIEKOM Bumyckae pi3HOMaHITHI MOJYJ JUIsi CTBOPEHHS CHUCTEM
YIPaBIiHHS JOPOKHIM PyXOM /€Ki 3 HUX MPEICTABICHO Jalli.
Kowmrmiekt Bizeo aetexTopiB TpaHcmopTHUX 3aco0iB RE2023 mpusHauenwmii
JUIsL BUSIBJICHHSI TPAHCIIOPTHHUX 3aC001B Ha KOHTPOJBOBAHUX JIUISIHKAX JTOPOKHbOI

MEpEeXi Ta BU3HAYEHHS XapaKTePUCTHUK iX PYXY.
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Pucynok 1.3 — Kommext PE2023


http://rostok-elekom.com/

JleTekTopu (JAaTYMKH) TPAHCIOPTHUX 3acO0IB — 1€ TEXHIYHI MPHUCTPOI,

NpU3HAYCHI JUTS BUSIBJIIEHHS TPAaHCIOPTHUX 3aco0iB, (eir.zntu.edu.ua) peecrparii

KUTBKOCTI TPAHCIIOPTHHUX 3aC001B, 10 MPOIXKIKAIOThH Yepe3 TPAHCTIOPTHI PO3B'SI3KH,

BU3HAUEHHS MapaMeTpiB TPAHCTIOPTHOTO MOTOKY TOIIIO.

Ta6mug 1.1 — Xapakrepuctuku BigeoaeTekTopiB PE2023

IToxunbka BUSBIIEHHS TPAHCIIOPTHUX 3aC001B, HE

OCHOBHI TEXHI4HI XapaKTePUCTUKU

: 4
oinbie, %
Po3paxyHok IHTEHCUBHOCTI TPAHCIIOPTHOT'O MOTOKY, ot 0 110 1500
(b13UYHUX OJTMHUILH HA TOJIUHY
Po3paxyHOK MIBUAKOCTI PyXy TPAaHCIOPTHHX 3aC001B

: . o or 3 no 120

3 moxubOkoro He Outbmie (eir.zntu.edu.ua) 4 %, xm/rox
MakcumanbHa KiJIbKICTh IETEKTOPIB TPAHCIOPTY, HE 4
MEHIIIe
MakcumanbHa KiIbKICTh TOJIOC PYXY, 5Kl 16
KOHTPOJTIOIOTBCS, HE MEHIIIE
[ToTyXHICTb, IO CIIOKMBAETHCSI BUPOOOM Bijg
oiHO(ha3HOI Mepexi MEPEeMIHHOTO TOKY, HE OiJblIe, 18
Bt
Maca cxmanosux yactud BJIT, He Oinpie, Kr 5

BusiBneHHsl IHTEHCUBHOCTI PYXy 3a JIOIOMOTOIO JIETEKTOPIB TPAHCHOPTHUX

3aco01B JI03BOJISI€ BU3HAYATH MIBUKICTD, TUI KIJTBKICTh TPAHCIIOPTHUX 3aCO0IB Ta

aJIaNTHBHO KEPYBATH CBITIIOhOpamu.

JleTekTopu TpPaHCHOPTHUX 3ac00IB KIACU(DIKYIOTBCA 3a MPU3HAUCHHSM,

MPUHITUTIOM POOOTH YYTJIMBOTO €JIEMEHTa Ta CHCIlaIbHUMHU XapaKTEPUCTHKAMU

(mapameTpamu, 10 BUMIPIOIOTHCS).

1.4.4. TransportTelematics



http://eir.zntu.edu.ua/bitstream/123456789/7018/1/MR_Zaika.pdf
http://eir.zntu.edu.ua/bitstream/123456789/7018/1/MR_Zaika.pdf

CydacHe BHM3HAQUEHHS TEJIEMAaTUKH TICHO TIOB'I3aHI 3 MPAKTHKOIO
BiJICTEKEHHSI aBTOMOOIJIIB Ta 1HIINX aKTHBIB, KOJIU 3HAHHS IX MICII€3HAXOIKECHHS
SK peajbHOTO Yacy Ma€ BUpIIIAIbHE 3HAUSHHS JIJIs1 Oe3nepebiitHol poOoTH O13HeCY.
Taxi Ttexuousorii, sk GPS-cTexxeHHs, € TPUKIAIOM TEIEMAaTHKH, SKa
BUKOPUCTOBYETHCS Y CYy4aCHOMY KE€pYBaHH1 aBTOMApKOM.

Jlns mepenayi, npuitoMmy Ta 30epiraHHs JaHUX TeJIEMETpii Ha aBTOMOO1, 1110
BXO/JISITh JI0 CKJIQJly aBTOIMAPKY, BCTAHOBIIOIOTHCS MPUCTPOT, 110 BXOASATH 10 CKIaTy
TeJeMaTUYHOI CUCTEMU KepyBaHHs aBTomapkoM. SIM-kapTka BCTaHOBIIOE 3B'SI30K
13 0opTOBOIO cucTteMow aiarHocTukd abo moprom CAN-BUS aBToMOoOLs.
Indopmariis nepesaerbest yepes 0€31pOTOBY MEPEXKY uepe3 BOYIOBAHUI MOJIEM.

[ToTiM 11 iHpoOpMallisT HAJACUIAETHCS Ha LIEHTPaTI30BaHUU cepBep 4depes
CITy>K0y MaKeTHOTO pajlio3B'a3Ky 3araibHoro npuszHaueHHs (GPRS), moOibHI gaH1
4G (ckopo 6yzne 5G) Ta CTUTLHUKOBI Mepexi ad0 CymyTHUKOBE 3'eiHanHs. [Ipuctpiii
TaKo’X 30Mpae pi3Hi JIaH1 PO TPAHCIOPTHI 3acoOu Ha noaaTok 10 GPS-piacTexeHHs
aBronapky. OgHak iH(popMallis HAIXOIUTh Ha CEPBEP, AKUH MMOTIM BI0Opaxae ii Ha
3aXUIIEHOMY BeO-CaiiTi, SIKUM MOKHA TMEpEeryisiiaTi 3a JOTOMOTIOK MOOUIBHHMX
IPUCTPOIB, TakuxX sK IulaHmeTd Ta cMmapTdonu. Ilepenaua iHpopmamii Mix
MOCTAYaIbHUKOM TEJIEMATHYHUX TMOCIYT 1 aBTOMOOLIEM YIpaBiisie KOMIAaHis, 110
CIIeIIaII3yEThCSl HAa TeIEKOMYHIKAIIsAX.

[IpucTpiil 3maTHUI 3amUCyBaTH Pi3HI J@Hl, Yy TOMY YHCII PO3TallyBaHHS
aBTOMOOLIS, Or0 MIBUIKICTH, Oylb-SKE pi3Ke MPUCKOPEHHS a00 rajabMyBaHHS,
KUIBKICTh 4acy, SIK€ BIH MPOBIB Ha XOJIOCTOMY XOJy, BUTpaTa MajuBa Ta OL[IHKY
3arajibHOro craHy JBUTyHa. [Hpopmallist micis OIiHKK Ta OOpOOKHM MOXKE HaJaTh
BaM IIHOIIIE PO3YMIHHS BCHOTO BaIllOTO aBTOMAPKY.

B3arai, icHye IIICTh PI3HUX KaTeropiil teneMatuyHux cuctem. llo-mepiue,
1€ CUCTEMHU «YOpHA CKPUHBKa», MO € cTaHaapToM ae-hakrto mist npoektiB UBI y
BenukoOputanii. TeXHOOTIS «40pHOI CKPUHBKIWY» 30Upae Ta reHepye MOTIK TaHUX
BIJl MIAKIIOYEHUX TPAHCHOPTHUX 3aco0iB. YopHi sumku abo iHII CTalloOHapHI
CJIEKTPUYHI MPUCTPOi, OE3MeUHO MOMIIIECHI B TPAHCTIOPTHUH 3aci0, 3aMuCyIOTh Ta

HAJICUJIAIOTh JIaHl TIPO TMOI3AKY Ta Oy/b-AK1 HEIIACHI BUIAJKH, SIKI MOTJIM CTATHCS.



[e#t MeTO 9aCTO BUKOPUCTOBYETHCS B MICIISIX, /1€ YACTO BUKPAJAIOTh aBTOMOOLII,
OCKIJIbKH 1€ TIEPEBIPCHUI Ta HAIIMHUA METO/I, IKHI HE MOKHA JIETKO OOIMTH 1 SIKHIA
NPU3BOJUTH 1O IIBUIKOIO TOBEPHEHHS BKpaJeHUX aBToMoOuIiB. OpHak i
aKcecyapu Uil aBTO3aMYacCTHH MaloTh OyTH mpodeciiiHo BCTAHOBIEHI Yy
TPAHCIIOPTHUX 3ac00ax, 110 301JIbIIIY€e BapTICTh OY/IIBHUIITBA.

Tenemarnuni cucremu Obd Il — me ogHa 3 paHHIX po3poOOK B 006sAaCTI
aBTOMOOUIbHOT TenemMaTHKu, sika 3 1996 poky € O0OOB'S3KOBOIO sl BCIX
aBTOMOO1TIB, 110 TpoaaroThest B CIIA. AHanoriydi cTaHIapTH MOKHA 3HAWTH B
€Bponi, e BOHH HA3UBAIOTh €BPOIEUCHKOI O0OpTOBOIO AlarHocTHKOoi (EOBD).
Byayun paBHIM 1 n00pe BiIOMHUM OOXITHUM pilleHHsM, npuctpoi OBD, mo
MOBHICTIO TKIIIOUAI0THCS, 3aBOIOBAJIN JIOBIPY 1 HAAIHHICTh HA PUHKY. Y OUIBIIOCTI
BUIAJIKIB 1H(QOpMaLliSd PO BOJIIiB MUTTEBO NEPENAETHCA MOOLTBHUMU MEPEKAMHU.
JlocTynHuii BapiaHT, IKUH MOXKHA BUKOPUCTOBYBATH Y TMOEJIHAHHI 3 MOMJIUBICTIO
MIKITI0OYEHHS cMapThOHA I MiIBUILEHHS 3Ty4eHHS TacaXKUPiB Ta BOJIIIB.

[Ile oawH pi3HOBMA — 12-BOJBTOBI TENEMATHYHI CHCTEMH, IO
MIIKITIOYAI0ThCS, JJII  CAMOCTIMHOI YCTAHOBKH. J[)KepeioM IKUBIEHHS IHX
IHCTPYMEHTIB € po3eTka 12 B y aBroM00111.

Takox MOXXHa BIIMITUTH CHCTEMY YIPABIIHHS MICBKOIO MOOUIBHICTIO
MyCity: mBHaKa, THyYKa TEXHOJIOTIS UISI PO3YMHIIIMX, E€KOJOTIYHIIIUX MICT.
[Iporpamnae 3a0e3rneueHHs] ISl yOpaBiaiHHA Micbkoro MOOLUIBHICTIO SWARCO
MyCity a1 Maanx, cepemHix i Beaumkux Mict. Moro Gyno pospoGneHo s
BUpILIEHHS Mpo0JieM, MOB’SI3aHUX 13 JBOMa KIIOUOBUMH MPOOJIEMAMH, 3 SKUMU
CTUKAIOThCSl MICTA: IIBUAKI 3MIHM THIIB MICbKOI MOOUIbHOCTI Ta IT-nanamadry,
HEOOXITHOTO I il MIATPUMKH; IIBHAKA ypOaHi3aiis Ta ii BIUIMB HA MICHKE

CEpEIOBHIIIE.



Pucynok 1.4 — Intepdeiic SWARCO MyCity

Cucrema ynpaBmiHHS JopoxHIM pyxom MyCity (TMS) 3Himae
HaBaHTa)XCHHS, MOB’SI3aHY 3 KEPYBAaHHAM TPAHCIOPTHUMHU MOTOKAMHM B MalluX 1
BEJIMKUX MicTax. Moro 3pydnmii Ta iHTYiTMBHO 3po3yminuii inTepdeiic m103BoMIsE
orepaTopaM IIBUIIIIE Ta JIETIIE 3aBYaCHO KePyBaTH TpadhiKoM Ha MICBKHX JOPOTaXx.
[le nonomarae 3abe3neunTH OUIbII €(PEKTUBHI TPAHCIIOPTHI OTOKH, TAKUM YHHOM
3HIKYIOUM PU3HK 3aTOPIB, 3SMEHIIYIOUH 3a0pYyIHEHHS MOBITPS, CKOPOUYIOUHU YacC y
JIOpO31 Ta CHOHYKaro4yu OuIbllie JIoAe o0upatu ajdbTepHATHBHI (dopMu

MOO1IBHOCTI. [5]

1.4.5. Traficon

Traficon — me MoOUTPHA CHUCTEMa MOHITOPHHTY JOPOXKHBOTO PYXY IS
BUSIBJICHHS MOPYIIEHb IIBUAKOCTI, 300py CTaTUCTUKM Ta  MOXKIIMBOTO

nepeciiiyBanHs nopyuHukis [1JP.



Cucrema € mNOpPTAaTUBHOIO Ta CKilagaeTeca 3 JBoX Kamep GoPro,
HigKITIoYeHoro koM torepa 3 GPS-mpuiiMadeM Ta cremialbHO PO3POOICHOTO
IpoTrpaMHOTO 3a0e3neueHHs. Besi crcrema MOHTY€EThCS Ta TOTYETBCS MEHIII HiXK 32

JIECSITh XBUJIMH 1 HE MA€ MOCTIITHO BCTAHOBJIEHUX MPUCTPOIB UM 00 THAHHS.

Pucynok 1.5 — Intepdeiic mporpamu Traficon

Hapasi Traficon npusHadeHuil uisi BUKOPUCTAHHS Ha JOpPOTax i3 KiJIbKoma
HalpsIMKaMl Ta BHUMIPIOE IIBUJAKICTh JIMIIE TPAHCHOPTHUX 3aco0iB, Kl
HOPOIKIKAIOTh Y TOMY K HAlpsSMKY.
Cucrema BUKOpHUCTOBYE mo3ullioHyBaHHa GPS 1 610:110TeKy KOMII’ FOTEpPHOTO
30pY 3 BIAKPUTHM KOJIOM, @ TAKOK YHIKaJbHUI alTOPUTM JUIs aHaJI13y BII€OMOTOKY
Ta 300pa’KEeHHSI.
Traficon cknagaeThCs 3 TPbOX OCHOBHUX MPOTPAaMHUX KOMIIOHEHTIB:
e Jlinis mpoBysky. Cuctema crexxeHHs. L{elr Moynb migpaxoBye JIiHIT CMyT
1 BU3HAYa€ JOBXHUHY Ta BIJICTAaHb MI’K HUMHU.

e TpancnoptHuii 3aci6. Cucrema inenTudikauii. e moayns ineHTH]IKYE
TPaHCIOPTHI 3aCO0M Ta HOMEPHI 3HAKH Ta BUSBJISIE TOPYIIEHHS IIIBUIKOCTI
Ha OKPEMHX TPAHCIOPTHUX 3aco0ax NUISIXOM TOPIBHSAHHS MPOWICHOT

BijicTaHl 3 4yacoMm. [HdopmMaliss mpo TpaHCHOPTHI 3acCO0U Ta BJIACHUKIB



aBTOMATUYHO OTpPUMYEThCS 3 HallloHaJIbHOTO peecTpy TPaHCIOPTHUX
3ac001B i1 9ac MPOLECy BiICTEKECHHS.
e [locmigoBuicte. Moayns ckanyBaHHs. Ll mpouemypa aBTOMAaTU4YHO
BUSIBJISIE€ TIOPYIIIEHHS IIBUJIKOCTI Ta MOCTIHHO 30epirae iHdopmMariiro B 6a3i
nanux. llotiMm Bu 3mokere oO0poOuTh naHi misHime. [Iporpamue
3a0€3MeUYeHHs] MOXE OOpOOISITH YOTHPU OJHOYACHUX BHUMIPIOBAHHS.
Hapemrti, BuOpanuii Buxig Moxke OyTH 3amudpoBaHuil 1 epegaHuil Ha
cepBep 1t 0OpOOKH B TOJATKOBOMY IMPOTPAMHOMY 3a0€3MeUeHHI.
[Iporpamue 3a0e3nedeHHss Oyino po3poOJEHO I BUKOPUCTAaHHS B
OCHOBHOMY B IIPOEKTI €KOHOMIYHHX AOCIIKEHb Y CIIBIPALl MK YHIBEPCUTETOM 1
MPUBATHUM O13HECOM.

Traficon — me HeKOMepHIMHWUN TPOEKT, SKHA Ma€ Ha METi CHpPUATH
JOCHIPKCHHIO aJIbTEPHATUBHUX COINAJbHUX JOXOIIB 1 MOKJIMBOTO PO3BUTKY

COITIaJIbHOTO 3a0e3MeueHHS. [6]

1.5. BUCHOBKH 3a NIEPIIUM PO3ALIOM

Hampyxxennit Tpadik CcydacHUX TpPaHCIOPTHUX MaricTpajieid mnoTpelye
BIIPOBAKEHHS CUCTEM YIPABIIHHS JOPOXHIM PYyXOM Ha MapIIpyTi, IO JO3BOJISE
BUPILIUTH Takl MPoOJeMH, SIK BUHUKHEHHS 3aTOPIB, MOPYIICHHS PO3KIaLy pyXy
IPOMaJICHKOT'O TPAHCIIOPTY, CKOPOUCHHS IIKIJIMBUX BUKHUIIB BiJ] aBTOMOO1JIIB, 1110
CTOATH Y IPOOKaX, CKOPOUEHHS Yacy B JI0PO3i, 3arajbHe CKOPOUYCHHS CIIOKHBAHHS
najnuBa, TOIIO.

Hapasi mmpoke nomvpeHHst Ha0yBalOTh 1HTEIEKTyalIbHI CHCTEMH KEpyBaHHS
JIOPOKHIM pyXOM (arperatHi CUCTEMHU 3acO0IB YIPABIIHHS JOPOKHIM PyXOM —
AC3Y]IP). Po3po6ka Ta BOpOBa)KCHHSI TaAKUX CHUCTEM JIO3BOJIIE 3HU3UTH ITUTOMI
BUTPATH HA TPOCKTYBAHHS Ta CKOPOTHUTH TEPMIHHU iX BIPOBAKEHHS 332 PaxyHOK
CKOPOYEHHSI Yacy PpO3BUTKY CHCTEM BIANOBIAHO IO 3MIHH XapaKTEPUCTUK

TpaHCHOPTHUX MOTOKIB. B sikocTi mpuxmany AC3YJIP mMoxHa HaBECTH CHCTEMH



KOHTpoJito aopoxkHboro pyxy SEA TCS, «Jlopoxhiii menemxep», Pocrok-

EJIEKOM, TransportTelematics, SWARCO MyCity Traficon ta inmii.



PO3JILI 2
[TIPOTPAMHO-ATIAPATHI 3ACOBU KOMIUIEKCY

2.1. 3aranbHi BigoMOCTi Tpo miatgopmy Arduino

Arduino — (77.93.36.128) ue enexkrponHa rurardopMa 3 BiIKpUTHM BUXiTHUM
KOJIOM, sIKa JTO3BOJISIE B3a€EMOJISITH 3 HAaBKOJMIIHIM CBiTOM. DakTHUHO I1e Ha3Ba
KOMILTEKCY arnapaTtHo-1nporpaMunx 3aco0is s (77.93.36.128) cTBopeHHS POCTHX
CJIEKTPOHHUX CHCTEM aBTOMATHKH Ta POOOTOTEXHIKH. BOHA MOXE CIIyKUTH IS
PO3pOOKH aBTOHOMHMX IHTEPAKTUBHUX MPUCTPOIB Ta MpaIltoe i KepyBaHHAM [13,
BCTAHOBJICHOTO Ha 3'€JHAHOMY 3 HUM KOMI'tOTepiB. CucrteMa Mae MOBHICTIO
BIJIKpUTY apXITEKTYpy Ta OpiEHTOBaHA Ha HEMPO(ECITHUX KOPUCTYBAUIB.

CimeticTBo Arduino — KijbKa MOJIeNIeH TaK 3BaHUX HAJaro KyBaJlbHHX ILIAT.
HanarompkyBasibHa 1iata sBisie coOOK0 JAPYKOBAaHY IUIATy, Ha SKI CTOITh
MIKpOKOHTpoOJIep. Y  Mojoamux  Iwiatrax  Arduino  BUKOPHUCTOBYIOTHCS
MmikpokoHTposiepy AVR (UNO, Nano, Mega, Leonardo), y cydacHUX MoJemsix
ctosiTh moTyxHit ARM Cortex aJis O1bII CEpHO3HUX MPOEKTIB. 30KpeMa, MOXKHA
Ha3BaTH Takl CIMEWCTBA:

— Arduino Uno;

— Arduino Leonardo;

— Arduino Nano;

— Arduino Mint;

— Arduino Micro;

— Arduino Mega;

— Arduino Due. [11]

[TnaTu MaroTh y CBOEMY CKJIal Bce HEOOXiHE st KoM(popTHOT poboTH, aje
iXHBOT (DYHKIIIOHAJILHOCTI YyacTo OyBae HegocTaTHbO. [1[00 3poOUTH MPOEKT OB
IHTEPaKTUBHUM, MOXHAa BHUKOPHCTOBYBATH Pi3HI MOAYJI Ta IUTATH PO3MIUPCHBD,

cymicHi 3 miarpopmoro Arduino. Crooam BXOIATh JAaTYUKK (TEMIIEpaTypH,


http://77.93.36.128:85/bitstream/handle/123456789/46/2022_Bezkorovayniy_KI_128.pdf?sequence=1&amp;isAllowed=y
http://77.93.36.128:85/bitstream/handle/123456789/46/2022_Bezkorovayniy_KI_128.pdf?sequence=1&amp;isAllowed=y

OCBITJIEHHS, BOJIOTH, Ta3y/IuMy, aTMOC(HEPHOr0 THCKY), MPUCTPOI BBEICHHS

(xkmaBiaTypH, JHKOWCTUKHU, CECHCOPHI TIaHE1) Ta BUBEACHHS (CETMEHTHI 1HIUKATOPH,

LCD/TFT gucmuei, CBITJIIOMIOHI MATPHIL).
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Pucynok 2.1 — Burnsa mnatu Arduino Nano

Ha nporpamuomy piBHi iargopma Arduino miarpumyeTbest 0€3KOIITOBHUM
cepenoBuiieM po3podku Arduino IDE. MikpokoHTponepu Tpeba mporpamyBaTH
MoBOorO C++, 3 HeIKUMH BIAMIHHOCTSMHU Ta MOJIETILIEHHSMHU, CTBOPEHUMHM JIJIs
HIBUIKOI afanTallii moyaTkiBUiB. KoMmuyidiito mporpaMHOro Kojay Ta MpOIIMBKY

MIKpOKOHTpOJIEpa cepeloBuIile po3podku Oepe Ha cebde. (77.93.36.128) [7]

2.2. OcobmuBocTi peanizariii Arduino Nano

2.2.1. ba3zoBuii MiKpOKOHTPOJIEP

[Inara Arduino Nano noctaBisieTbes 3 MiKpokoHTposiepom ATmega328P,
akuid Mae 32 kuto0adTu reni-naM'sTi, 2 KUI00alTH onepatuBHOI nmam'ati ta 14

mupoBUX BXOAIB/BUXOMIB. Lle MikpokoHTposiep BHpOOHHMIITBA KommaHii Atmel


http://77.93.36.128:85/bitstream/handle/123456789/31/2022_Antiplagiat_Kiyko_KI_118k9.pdf?sequence=2&amp;isAllowed=y

(3apa3 Microchip), sikuii BUKOPUCTOBY€ETbCA y 0ararboX MpoOeKTax JJsl KepyBaHHs
PI3HIMH €IEKTPOHHUMU MTPUCTPOSMHU.
Mikpokontposiep ATmega328P — me 8-0iTHUH MIKPONPOIECOp, KUK
3acHoBaHUM Ha apxiTekTypi RISC (nokpamenoro AVR). [laHi MIKpOKOHTPOJIEPH €
OJHUMH 13 HanmomyssipHimux cepiii miniiku AVR. (eir.zntu.edu.ua) CimeiicTBo
MIKpoKoHTpoJiepiB  AVR, Kkyau BXxomuTh atmega328p, CbOTOJIHI IIUPOKO
3aCTOCOBYETHCS MPU KOHCTPYIOBaHHI €JIEKTPOHIKH PI13HOTO PiBHSL.
B 3anexHocTi Bix kopmycyBaHHs, Atmega328p mae 28 ab6o 32 KOHTaKTH.
Texniuni xapaktepuctTuku ATmega328:
e Apxitektypa: AVR RISC.
e PoOoua nampyra: 1.8V - 5.5V.
e UYacrora pobotu: 3anexHo Big KOHPIrypaii, 3a3suyaii 16 MI L.
e Kinbkicts BxigHO-BuXinHux (I/O) miniB: 23.
e KiJIbKICTHh aHAJIOTOBUX BX1JHUX IMIHIB: 6.
e Kinbkicte PWM (ILIIM) kanamis: 6.
e Kinbkicts TalimMepis: 3 (16-0iTHMIL 1 8-01THI).
e Kinbkicte USART (UART) inTepdeticia: 1.
o Kinbkicts SPI inTepdeiicis: 1.
o Kinpkicts 12C (TWI) inTepdeiicis: 1.
o KinbkicTh BOyIOBaHUX aHajgoroBo-mudposux nepersoprobadiB (ADC): 1
— 10-6iTHHI1 ADC 3 6 BXiTHUMU KaHAJIAMHU.

e KinbkicTh BOyOBaHUX KOMITApaTOpIB: 1.

o KinbkicTh BOyZOBaHMX MPOrpaMOBaHUX TaMepis/miumibHUKIB (PWM):
3.

e Kinbkicth  BOyAOBaHMX  MpOrpaMOBaHUX  TalMepiB/JINIUYMUIIbHUKIB
(3BU4aTHUX): 3.

o Kinpkicte drenr-mam'sti: 32 kb (3 sikux 0.5 kb BUKOPUCTOBYETHCS ISt

3aBaHTaXXyBaya).

e Kinbkicts oneparuBHoi mam'siti (RAM): 2 kb.


http://eir.zntu.edu.ua/bitstream/123456789/9683/1/BR_Tarasov.pdf

e Kinbkicte EEPROM: 1 kb.

e KopnycyBauns: 28-puBogoBuii kopnyc (DIP-28), 32-BuBomoBHi KOPITYC
(TQFP-32), 32-BuBopoBmii kopmyc (QFN-32), 32-BuBO0OBHI KOpIyC
(MLF-32).

ATmega328 € MIKPOKOHTPOJIEPOM, SIKHH BHUKOPUCTOBYETHCS B 0OaraThox
CJIEKTPOHHUX TMPUCTPOSIX Ta MPOEKTaX PI3ZHOTO PIBHSA CKIATHOCTI, 30Kpema Yy
MIKPOKOHTPOJIEPHUX MPUCTPOSX, CEHCOpax, poOOTax, IHTEPAaKTUBHUX 1rpax TOIIIO.
Jlst po3poOku mporpamMHoro 3adesnedeHHs st ATmega328 BUKOPUCTOBYIOTHCS

PI3HOMaHITHI MJIATGOPMH Ta IHCTPYMEHTH.

2.2.2. TexH14H1 XapaKTePUCTUKH IIIATHOPMHU

Arduino Nano — 1ie HanmaroKyBalibHa IJ1aTa HEBEJIMKOTO PO3Mipy (PUCYHOK
2.2), ska BXOQUTH IO TPIHKK JIJAEpiB 3a MOMYJSPHICTIO Cepel paaioaMaTopiB-
nporpamicTiB. He3Baxaroun Ha CB1ii CKPOMHUIM PO3MIp, BOHA IPAKTUYHO HIYUM HE
MOCTyINaeThes HanOubin mommupeHid Arduino Uno 3a QyHKIIOHAIOM 1 MOXKeE
BUKOPUCTOBYBAaTUCS B TNPOEKTax, JA€ rabdapuTH BiAIrparOTh I1CTOTHY pOJIb.
(ela.kpi.ua)

Panni Bepcii Arduino Nano 0a3yBaiaucs Ha OCHOBI MIKPOKOHTpOJIepa
ATmegal 68. Ilounnaroun 3 Bepcii 3.0, y HUX BCTaHOBJEHI OUIBII MPOCYHYTI
ATmega328, 31 30imbmenum odcsarom FLASH ta EEPROM-nam'ari, a Takox 3
OUIBILIOI0 TAKTOBOIO YACTOTOIO.

JIist criiyikyBaHHS 13 30BHIIIHIM CBITOM Y Lii MiiaTi nepeadayeHi MTHPbOBI
konoaku. lle 3pydHO Ui MakeTyBaHHs, ajie 3a OakaHHSAM iX MOXKHa He
BCTAHOBJIIOBaTH. Y TakKOMy pasl APOTH O MOTPIOHMX BHUBOJIIB MPUMAIOIOTHCS
6e3mocepeiHbo. Takok MTUPHOBI KOJIOAKU MOTPIOHI TPH BUKOPUCTAHHI B TPOEKTI
CHEIiaTi30BaHUX IUIAT PO3MUPEHHS (UIWIAIB), SKUX IS JaHOoi Moaudikaiii

Arduino npugymano 0e3niy.


https://ela.kpi.ua/bitstream/123456789/43632/1/Skryhonsuk_bakalavr.pdf
https://ela.kpi.ua/bitstream/123456789/43632/1/Skryhonsuk_bakalavr.pdf

ko yBaxkHo po3riiaHyTH miaaTy Arduino Nano, To Ha Hiil MOXHA TOMITUTH

HE TUTEKH MiKpoKoHTposep ATmega328, a i HU3Ky JOIaTKOBUX KOMIIOHECHTIB, SK1

3a0€3Me4yI0Th JKUTTEAISIIBHICTD [[HOTO allapaTHOr0 KOMILUIEKCY B LIJIOMY.

LUndposumi nin 13
Buxin 3,3V

Bxin, 308HiwHboro 1OH

AHanorosi BXOo4mu

KHonka RESET

Buxig 5V
Bxig Reset

GNT
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Pucynok 2.2 — Cknan matu Arduino Nano

[I{o6 3aomaauT Miciie, pO3POOHUKH PO3TANIYBAIA PAJI0CIEMEHTH 3 000X

OOKIB MaTH. 3 JIMLIBOBOrO OOKy HaHeceHa BCs 1H(pOpMaTHBHA LIOBKOTpadis,

BCTaHOBJIEHMI MiKpokoHTposiep ATmega328, kBapoBuii pe3oHATOP, PO3'EM mini-
5 9

USB, xHomka ckuaHHs Ta 4oTUpH 1HAMKaTOpHI cBitnoaionu (TX, RX, PWR 1 L).

[lepuri ABa CBITJIOAIOAM 3aropsrOThCS Mpu 00MiHI JaHuMH iatu Arduino Nano 3

IHIIIMMHY TIPUCTPOSIMH Yepe3 cepiitHuit mociiioBHuit mopt. [8]



Tabnuug 2.1 — XapakTepucTUKH mIaTdopMu

MiKpOKOHTpOJIEp ATmega328
PoGoua nHampyra 5B

BxinHa Hampyra (peKOMEH10BaHa) 7-12 B
BxinHa Hampyra (rpaHu4Ha) 6-20 B

udpori Bxoau/BUX0a1

14 (6 3 AKUX MOXKYTb BUKOPHUCTOBYBATHUCS
sk Buxoau LIIIM (dspace.wunu.edu.ua) )

AHaJIOrOB1 BXOI1

6

[TocTiiiHuii cTpyM Yepe3 BXia/BUXia 40 MA
[TocTiiinmii ctpym juist BuBeneHHs 3.3 | 50 MA
@renr naM SATh 32 K6
o3y 2 Ko
EEPROM 1 K6

TakToBa wactora

16 MI't; (essuir.sumdu.edu.ua)

MikpokoHTpoJiep 3aranpHoro npusnadeHHss ATmega328p, noOynoBanuii 3a
RISC-apxiTekTyporo — 11e ocHoBa Arduino. Kox mporpamu 36epiraerbcs B oro
BHYTPIIIHIM mam'siTi, 1 BIH e BUKOHYE BCl IHCTPYKIIi, IO MICTATHCS B HOTO
CHEproHE3aNIeKHIM MaM’ATi, MIABUIIYIOYH 1 3HIKYIOUM HAlpyry 1 34UTYIOUH
30BHIIIHI BXOoAu. Koiu TOBOPUTHCS MPO MIAKIOUEHHS 4Yoroch a0 Arduino,
HACIpaBJi TOBOPUTHCSA TMPO MIAKIIOYEHHS YOroch JO MIKPOKOHTpoJiepa
ATmega328p — cepenouiie Arduino Ta IpykoBaHa ruiata IpocTo 3a0e3MeuyroTh
3py4Hy YIaKOBKYy, ska pobuth migkmodeHHss g0 ATMega328 Tpoxu

1HTYITUBHIIUM. [10]


https://arduino.ru/Tutorial/PWM
https://arduino.ru/Tutorial/PWM
https://essuir.sumdu.edu.ua/bitstream/123456789/78414/1/Lashch_bac_rob.pdf

2.2.3. Pecypcu mnatopmu, 10 BUKOPUCTAHI B IPOEKTI

B npoexTi 3axisiHa nuie He3HAYHA YacTKa pecypciB miatdopmu. Buxonsuu
3 TOro, IO MOJEIb TOBMHHA 3a0€3MEUUTH KEPYBaHHA MEPEXPECTsM,
BUIPOMIHIOBAYi, 1[0 PO3TAIIIOBaHI HAa MTPOTHJICKHUX CTOPOHAX CBITIO(Opa MOBUHHI
IpaloBaTH CHHXPOHHO. T00TO, 11 00CIYrOBYBaHHS Mapu OJHAKOBOTO KOJIBOPY
MO>KHa OOMEXUTHUCS OJIHIEIO JTiHIEI0. 3arajJoM cuctemMa norpedye micTh HuppoBUx
JHIA 118 ynopaBiiHHSA TpadikoM B ABOX HampsiMkax. Ha mumati pis mporo Oyiio
oOpano BuBogu D2-D7, ckoH(pirypoBaHMX Ha BHBEACHHsS. BpaxoByroouwu, 10
MaKCUMAaJIbHUI CTPYM, 110 MOXKEe OyTH CIOXKHUTO BiJ mudpoBoro Buxoay Arduino,
ctaHoBUTh 40 MA, B mozeni Oyno miaiOpaHO Mapu MOCIIJOBHO BBIMKHEHUX
CBITJIOJIIOIB, CTPYM CIIOKMBaHHS SIKUX Oyso oOMexeHo 0 30 MA 3a J0MOMOTo10
PE3UCTOPIB.

JIng TiOKIIOYeHHs] TepeMuKada, M0 JO03BOJIIE€ BCTAHOBIIOBATH PEKUM
«OnuMarouni  JKOBTUM», Olna BukopuctaHa e oaHa miHig (D8). Ilin
CKOH(]IrypOBaHO Ha BBEJICHHS.

3arpuMku GOpMYIOTHCSI BOYJJOBAaHUMHU TakMepaMu MIKpOKOHTpOJIEpa.

2.3. Cepenosuiiie po3pooku Arduino IDE

CepenoBuiie po3podku Arduino ckiIagaeTbcs 3 BOYIOBAHOIO TEKCTOBOTO
peaaKkTopa MporpaMHOro KOy, 00JIacTi MOB1JIOMJICHb, BIKHAa BUBEICHHS TEKCTY
(koHCOMI), TaHem  IHCTPYMEHTIB 3  KHONKaMH KOMaHj, M0  4YacTo
BUKOPHCTOBYIOTBCS, 1 KUJTBKOX MEHIO. J[JI1 3aBaHTaXEHHS MpPOrpaM Ta 3B'S3KY
cepenosuine (putikvere.ru) po3poOku MiAKIIOYAETHCSA JIO amapaTHOi YaCTHHU

Arduino. (dspace.wunu.edu.ua)


https://putikvere.ru/uk/browsers/arduino-ide-versii-1-6-1-besplatnye-programmy-dlya-windows/
http://dspace.wunu.edu.ua/bitstream/316497/39108/1/%D0%9A%D0%BE%D0%B2%D0%B0%D0%BB__%D0%94%D0%9F_2019.pdf

[aTepdeiic cepenopuina po3podku ApayiHO MICTUTh Taki OCHOBHI €JIEMEHTH:
TEKCTOBUH PelaKkTop JAJsl HallMCaHHS KOAY, 00JIacTh Uil BUBEACHHS MOB1IOMIICHB,
TEKCTOBa KOHCOJIb, TAHEJb 1HCTPYMEHTIB 13 TPAIUIIMHUMU KHOIKAMU Ta TOJIOBHE
MeHIo. Jlanuit codT 103BOINISIE KOMI'IOTEPY B3aEMOJIATH 3 ApAYiHO K Iepenayl

JaHUX, TaK IPOIIMBKU Koay B KoHTposep. (ela.kpi.ua)

&) svetoforl | Arduine 1.8.13 — O *

Daiin MNpaeka Ckety Mhcrpymentsr Momowe

svetofort

/f/e — red, ¥y - yellow, g - green ~
ffrl,¥l,gl - uEeTa CTOpOHH 1

//r2,v2,92 - nseTa CTOpCHH 2

// Busomu ApOoyMHO OIA CTOpPOHH 1

int rl
int yl
int gl

o
(=N o)
s wm

// Busomu ApOyMHCO LOIA CTODOHH 2
int r2 EH
int y2 EH
int g2 tH

//TeperoHaTeNs MATADNETD EENTOTC - Ha BHBOND 8
int s_pin = &;

vold setup () {

// Tpadmex co cropoHH 1
pinMode ({rl, CQUTPEUT);
pinMode (vl, OUIPUI):

Arduino Nano, ATmeg )ld Bootloader) va COMT

Pucynok 2.2 — Inrepdeiic Arduino

[Tporpama, Hanmcana B Arduino IDE, HasuBaeTbes ckeTd. CKETY MUIIETHCS B
TEKCTOBOMY PEIIaKTOP1, SIKUii Ma€ 1HCTPYMEHTH BHPI3KU/BCTaBKH, MOIIYKY/3aMIHA
tekcty. Ilig 4dac 30epekeHHs Ta EKCHOPTYy MPOEKTy B OOJacTi MOBIJOMIIEHb
3'ABIIAIOTHCS. TMOSICHEHHS, TAaKOX MOXYTh BigoOpakaTucs NOMUIKUA. BIKHO
BUBEJICHHS TEKCTY (KOHCOJIb) MOKa3ye MoBigoMiieHHs Arduino, siki MICTSATH MOBHI
3BITU MpPO TOMHIKHM Ta 1HImY iHGopmMamito. KHONKM maHeni 1HCTPYMEHTIB
JTO3BOJISIIOTH TIEPEBIPUTH Ta 3aIIMCATH MPOTPaMy, CTBOPHUTH, BITKPUTH Ta 30€pertTu

CKEeTY, BIIKPUTH MOHITOPUHT MmocitioBHOI mrHM. (dspace.wunu.edu.ua) [12]


https://ela.kpi.ua/bitstream/123456789/44204/1/Fokin_bakalavr.pdf
http://dspace.wunu.edu.ua/bitstream/316497/39108/1/%D0%9A%D0%BE%D0%B2%D0%B0%D0%BB__%D0%94%D0%9F_2019.pdf

2.4. Peamizanis 6araro3amgaydocti B Arduino

2.4.1. bararo3amaunicTs 3 yield()

Oynkii yield() mo3Bossie BUKOHYBATH CBiif KO ycepeanHi 3aTpuMok delay().
[ls ¢yHKIS 103BOJISIE IIBUIKO peanidyBaTd '"mapayieibHe" BUKOHAHHS JIBOX
3aBJIaHb. OJHOTO IO 3aTPUMII, a APYroro — mocTiiHo. OCh MPHKIA, Y SIKOMY

OnmMae CBiTJIOI[iOI[ Ta BUKOPHUCTOBYETBHCS KHOIIKA:

void setup () {
pinMode ( 13, OUTPUT ) ;
}
void loop () {
digitalWrite ( 13, 1 ) ;
delay ( 1000 ) ;
digitalWrite ( 13, 0 )
delay ( 1000 )
}
void yield () |
// a TyT MOXHa ONUTYBATM KHOIKY
// 1 He NponyCTUTM HATUCKaHHS 3-3a delay

}
He menmn sxutteBuM Oyzie MpUKIIAL 31 ClIEHAPIEM PpyXy KPOKOBOTO JBUTYHA

a00 IMJIABHOTO PyXy CEPBOMPUBOJY, SIKI MOTPEOYIOTh YaCTOr0 BUKIWKY "(yHKIIIH

n

Pyxy".

PosrnsisuemMo aOCTpakTHUM MpUKIAL PyXy MOTOpa IO KUIBKOX 3aJaHuX
TOYKaxX, PyHKIisE 00epTaHHA MOTOpA MOBHMHHA BUKIMKATHCS SIKHaW4acTime (Tak

3p00JIeHO Mailke y BCiX 010J10TeKax i KPOKOBUX MOTOPIB):

void setup () {}

void loop () {
// BapmaTu UijaboBM KyT N1
delay ( 1000 ) ;
// BapmaTu UijapoBUIM KyT N2
delay ( 120 ) ;
// BapmaTu UijgpoBUM KyT N3
delay ( 2000 ) ;
// BapmaTu LUijaboBUI KyT N4
delay ( 250 ) ;
// BapmaTu UijgpoBUM KyT N5
delay ( 600 ) ;



}
void yield () {
// obepTaTu OBUTYH

}
Takum 9YMHOM MOKHA TIBUIAKO PO3IMUCATN TPAEKTOPIIO PYXY JUISI KPOKOBOTO

MOTOpA 3a YaCOM, HE BUKOPHUCTOBYIOUH SIKICh TaiMepH 1 010T10TEKH.

2.4.2. bararo3amaunicTs 3 millis()

binbmiicte TMpUKIAAIB A0 PIZHUX MOJYJIB/JATYUKIB BHKOPHUCTOBYIOTH
3atpuMKy delay (), sik "TaqbMyBaHHs" IPOrpaMu, HATPUKIIA JIJIs1 BABEJCHHS TaHUX
3 IaTYMKA B MOCIIiTOBHHUM MOPT.
3a nmomomororo ¢yHKIiM yacy millis() abomicros() MoxHa opraHizyBaTu
MIpOTpaMHMI TaliMep, SKMM 1 BUKOHYBaTH HeoOXiaH1 Aii. Cxema Taka:
— 3aBoauMoO 3MiHHY I TaiiMepa tumy unsigned long (uint32_t) — came nei
tun noeptae millis ().
— HlykaemMo pi3HULIIO M1 MOTOYHUM YacOM POOOTH MPOrpaMH Ta 3MIHHOIO
Taiimepa.
— SIkmo pizHMI OlIbIa 3a HEOOXITHUM NEPioJ — BUKOHYEMO TMOTPIOHUMN
KOJI 1 CKHJIAEMO Tarmep.
Bci po3riisiHyTI HHKYE KOHCTPYKIIL MOXKYTh TaKOX HpaltoBaTu 3 micros()
JUTsl CTBOPEHHS MIKPOCEKYHTHUX TailMepiB.

Peanizariis knacuynoro "raiiMepa Ha millis()" Burnsigae tak:

#define MY PERIOD 500 // mepioxm mc
uint32 t tmrl; // BMiHHa TarMepa
void setup () {}

void loop () {

if ( millis ( ) - tmrl > = MY PERIOD ) { // wyxaemo
piszHMLD

tmrl = millis () ; // CKUIAHHA
TamMepa

// BuxoHaTH 1nimp



JlaHa KOHCTPYKIIiSi BUXOJIUTH 3 MEploay, SKIIO B KOl € 3aTPUMKHU Ta 1HIII
OJTOKyIOU1 JUISTHKH, 111 Yac BUKOHAHHSA skuX millis() BcTurae 301MpImTHCS HA Yac,
OlmpIMi 3a mepion TaiiMmepa. Lle moske Oyru (dspace.wunu.edu.ua) KpUTHYHO,
HANpUKIAL, A MiApaxXyHKy 4Yacy Ta IHIIUX CXOXKHX CHUTYyalliid, KOJIU Mepiof
CTpallbOBYBaHHsI TaliMepa He MMOBUHEH 3MIIIlyBaTHUCS.

VY 1ot ke "ac, K10 3a0I0KyBaTH BUKOHAHHSI KOy Ha Yac, OiIbIINN 332 OJTUH
nepioj] — aarOpUTM MPOCTO CKOPUTYE III0 PI3HUII0, TOMY 11O MU CKHUJAEMO HOTO

akTyaabHUM 3HaueHHS millis (). [13]

2.4.3. bararo3ana4yHicTs 13 nepepuBanHsiMu TaimMepa (ais AVR)

JUis 0coO0aMBO KPUTUYHMX JO Yacy 3aBJaHb MOKHAa BHKOPUCTOBYBATH
BUKOHAHHS NepepuBaHHs TaiiMepa. Lle MoxxyTh OyTH Taki 3aBIaHHS:

— JIWUHaAMIYHA 1HIUKAIS];

— TreHepauis IEBHOIO CUTHATY/TIPOTOKOITY 3B'SI3KY;

— mnporpamuuii LIIIM;

— "TrakTyBaHHS" KPOKOBHUX MOTOPIB;

— Oyab-sKU THITUHN MPUKIIA] BUKOHAHHSA Yepe3 3a3HaueHui yac abo mpocTo

nepiouvHe BUKOHAHHS 33 CYBOPHM IEPiOI0M.

JIiist HanmamTyBaHHS iepepuBaHb 3a TaiiMepamu 1 12 € 616miotexku TimerOne
ta TimerTwo. 3pobneno 616moreky, GyverTimers, B sikiii € taiimep 0 (ms
nporpamyBaHHs 0e3 Bukopuctanus Arduino.h ), a Takox yci Taiimepu Ha Arduino
MEGA (6 mryk). O3HalOMHUTHCS 3 JTOKYMEHTAII€I0 Ta MPUKIAJaMd MOXHA Ha
CTOPIHII O10JTIOTEKHU.

Posrnsnemo mnpoctuii mpuknan, B skoMmy '"mapanensHo" Blink OynyTh
BIJINIpaBisATUCA AaHl B nopT. [Ipukian BigipBaHuil BiJ] peadbHOCTi, TaK POOUTH HE
MOXHa, ajie BIH BaXJIMBUU Ui PO3YMIHHA CaMoOi CyTi: KOJ y T€pEepHBaHHI
BUKOHAETHCS Yy OyIb-KOMY BHUMAJKy, HoMy OailiyXi 3aTpUMKH Ta HECKIHUEHHI

UK B OCHOBHOMY KOII.


http://dspace.wunu.edu.ua/bitstream/316497/39791/1/%D0%93%D0%BE%D1%80%D0%BE%D0%BF%D0%B0%D1%85%D0%B0_%D0%94%D0%9F_2018.pdf

#include "GyverTimers.h"
void setup () |
Serial. begin ( 9600 ) ;
// BcTaHoBIOEMO rnepioxn Tanmvepa 333000 mxc -> 0.333 c
(3 pasm Ha CekyHOY)
Timer2. setPeriod ( 300000 ) ;
Timer2. enableISR () ; // 3anyckaeMmMo NepeprBaHHA Ha
KaHanili A TanuMepa 2
pinMode ( 13, OUTPUT ) ; // OjauMaTuMeMo

}

void loop () {
// "MnuHeup"
digitalWrite ( 13, 1 ) ;
delay ( 1000 ) ;
digitalWrite ( 13, 0 ) ;
delay ( 1000 ) ;

}

// TlepepuBaHHg A TanMepa 2
ISR ( TIMER2 A ) {
Serial. przntln ( "isr!"™ ) ;
}
[lepepuBans 1o TaiiMepy € JAy>Ke MOTY>KHUM 1HCTPYMEHTOM, ajie TakMepiB y

MK He Tak Oarato 1 MOTpiOHO BUKOPHUCTOBYBATH iX JIMIIE y pa3l peabHOI
HeoOXximHOCTI. 99% 3aBaaHb MOXKHA BHUPIIIUTH O€3 TNepepuBaHb TailMepa,

HaIMCaBIIN ONTUMAIBHUN OCHOBHHMH UK Ta IpaMOTHO 3acTocoByrouu millis ().

[14]

2.5. CtBOpeHHs 00'ekTiB 1 KJ1aciB B Arduino

Knac e omuanm 3 (dspace.wunu.edu.ua) HaliOUIBIIMX 1 BAXKIJIMBUX IHCTPYMEHTIB
MoBu C++, came BiH pOOUTH MOBY 00'€KTHO-OPIEHTOBAHOIO 1 JYXK€ MOTYXHOIO.
Came 3aBnsku gomaHHio kiaciB y MoBy Ci 1 3'sBunacs moBa C++, ii HaBiTbH
HazuBatoTh "Ci 3 knacamu". [ledki BOyaoBaHi 1HCTpyMeHTH Arduino Takox €
o0'exTaMu, Harmpukiaa Serial.

Krnac — e mpocto He3anexHa mianporpama, B siKiii € cBiif Habip 3MIHHHUX Ta
¢bynkuiii. B OCHOBHIM mporpaMmi MOXHa CTBOPUTH €K3EMIUISIp Kiacy (BiH
HA3WBAETHCS OO0'€KT ) 1 KOPUCTYBATHUCA THUMHU IHCTPYMEHTaMH, sIKi € B KJAcCl.

BukopucraHHs KaciB 103BOJISIE:


http://dspace.wunu.edu.ua/bitstream/316497/39791/1/%D0%93%D0%BE%D1%80%D0%BE%D0%BF%D0%B0%D1%85%D0%B0_%D0%94%D0%9F_2018.pdf

— Po3ginutu ckinanHy nporpaMmy Ha OKpemi He3aJeKH1 YaCTUHHU.

— CrBoptoBatu 3py4Hi 010J110TEKH.

— BukopucTtoByBaTHM CBOi ‘“‘HampalfoBaHHs” B 1HIIOMY TPOEKTI, HE
NEePENUCYIOUN OJIMH 1 TOH CaMUM KOJI.

— TlojmermmTu 1 COPOCTUTH MPOTpPaMy, SKIIO B Hi BHKOPHUCTOBYIOTHCS
MOBTOPIOBAaHI KOHCTPYKIIIT Ta aJITOPUTMHU.

Posrnsaemo npukiaz i3 610110Teku Servo, B3sBIIH 3 Hel npukiaa Knob:

#include <Servo.h> // [OigkIo4yaeMo BaroJIOBHUM  dani
oibniorexmu, Servo.h

Servo myservo; // crBopweMmo OB'EKT myservo KIJIACY Servo
int potpin = 0;
int val;
void setup () {
myservo.attach ( 9 ) ; // BactocoByemo METOL attach

o OB'EKTY myservo
}
void loop ()
val = analogRead ( potpin )
val = map ( val, 0, 1023, 0, 180 ) ;

myservo.write ( wval ) ; // BacTtocoByeMo METOII
write mo OB'EKTY
myservo

delay ( 15 )

}
Kiac € caMonocTaTHBOIO OJMHUIICI0 MpOrpaMyd — BiH MICTUTh 3MIHHI Ta

¢GyHKLIi, K1 3 HUIMH B3a€EMOJIIIOTh. BCl MOXIMBOCTI KJIacy Ta B3a€MOlIA 3 HOTo
JAHUMU JIOCTYITHI Y HOTO (PYHKIISX 1 HE MOTPEOYIOTh TOAATKOBOTO KOY.

Knacu nyxe Ccxoxi Ha CTPYKTYpH, SK 3a OrOJIOIIEHHSM, TaK 1 3a
BUKOPHUCTAHHSM, ajleé KJIac € HabaraTto MOTY)KHILIOK OAMHUIICI0 MOBHU 3aBISIKU
MeXaHi3MaM yCIaJKyBaHHSL.

Knac orosomryeTscs 3a J0IMOMOIor0 KirouoBoro ciiopa class (eir.zntu.edu.ua)
1 MICTUTB y cO01 YJIEHH KJIacy — 3MiHHI Ta (PYHKIIII:

class Im'sa xjacy {
uneHl;

UJIeH?2;

}i
BaxxnuBa BIAMIHHICTB BIJl CTPYKTYpU: BMICT KJIacy AUIMTBCS Ha 00J1acTi:

TrpOMAJICbKI Ta MpuBaTHI. BOHM BW3HA4YaAIOTHCS 3a JOMOMOTOI0 KITFOYOBHX CIIiB


http://eir.zntu.edu.ua/bitstream/123456789/2878/1/Stepanenko_Methodical_instructions.pdf

public i private, 00acTs i€ 10 MOYaTKy HACTYIMHOI 001acTi 00 110 BirypHOI AyKKH
KJIacy, 1110 3aKpUBaE:
e Public — unenn kiacy B 1il Taimy3i JOCTYITHI JUIS B3a€EMOJIIT 3 OCHOBHOI
nporpaMu (CKeT4y), B sikiii Oyze cTBopeHo 00'exkt. Hanpukmaa write() y
CepBo.
e Private — unenu kiacy B il Taimy3i IOCTYIHI TLIBKH BCEPEAMHI Kiacy,
TOOTO 3 MPOrpamMu 10 HUX HE MOYKHA 3BEPHYTHCS.
class Im'a kjacy {
public
// Cnmcok ujieHliB, OOCTYIHMX y Oporpami
private

// Cnmucok ujleH1B IJig BUKOPMCTaHHS BCepeIMHl Kjacy

b

MoxHa nobGayutd B “myO0JIIYHOMY JAOCTYHiI” BCl METOIU, SKUMHU MOXXHA
CKOpHCTaTHCs TijJ yac poooTu 3 Servo. Lle nyxke 3pydHO, TOMY 10 HE MOTPIOHO
IIYKaTH JTJOKyMEHTALlil0 — HAlICAHO BCE B OMKCI KJ1acy. MeTo/11 OroJIouIyroThCs TaK
camo, K IpocTi PyHKIII.

[IpuBatHi usIeHU B KJ1aci CEPBO — 3MiHHI, 3 iX Ha3B MOXHAa 3p03yMITH, III0 BOHH
30epiraroTh. JlocTtynmy g0 nux 3MiHHUX "31 CKeT4y'" Hemae, 3BepTaTHUCs 0 LHX
3MIHHUX MOXYTb JIUIIIE METOJIU KJIACY.

Moske  BUKOPUCTOBYBATHCS I 1HIIami3amii 3MIHHHMX, I[epeadi
HaJIAIITYBaHb TOIIIO.

CrtBopeHHs 00'€KTy BiIOYBA€EThCS TaK camo, K 1 CTPYKTYpH — Ha 1M'sl KJ1acy
[15]:
HasBa_ kJjacy im's o6'exTa; // CrBopuTu 06'eEKT
Ha3Ba kJjlacy im's ob6'exra [ 10 ] ; // CTBOPUTU MaCUB
ob'exkTiB
3BEepPHEHHS OO UJIeH1B KJlaCcy S3O1iMCHIETBLCS TaK caMo, SK Yy
CTPYKTYpPax: uUYepes OoIepaTop TOouKa. :
iMm'a o6'ekra.meTonm () ; // BUKJIMK METOIY
imM'a ob6'exta [HOoMep] .meTOn () ; // BUKJIMK MeTOny IJid
ob'exTa 3 MaACUBY
ob'ekTiB.

2.6. BUCHOBKH 3a JpyTryM pO3/1JI0M



[Tnatdopma Arduino Nano moOGymoBana Ha MikpokoHTpoJsiepi ATmega328.
Bona mae 14 mudpoBux Bxij/Buxo/iB (6 3 SIKHX MOXYTh BUKOPUCTOBYBATHUCS SIK
Buxoau [11IM), 6 anamoroBux BXo/IiB, KBapiioBuii reneparop 16 MI'n, USB-pos'em,
crIIOBUH po3'eM, pos'em (dspace.wunu.edu.ua) ICSP i xkHOIKY mepe3aBaHTaKCHHSI.
(www.dgma.donetsk.ua) Takoro amapaTHOTro 3a0e3MeUeHHs I[iIIKOM JOCTATHBO IS
peanizamii 3a7ady MOJIEIIOBAHHS OKPEMOTO OJIOKY IHTENEKTyalbHOI CHUCTEMHU
YIOPaBIIHHS JTOPOXKHIM PyXOM, JI€ 3 YChOTO apceHainy ruiatrgopmu Oyae 3aisHO
Jutie ciM nU¢POBUX JIiHIH, 10 OyayTh CKOH(MIrypOoBaHi, 3T1IHO TOTpedam.

Ha erani MojentoBaHHA B IKOCTI IHAMKALII OyyTh BUKOPUCTOBYBATUCS ApH
CBITJIONIIOAIB, LIO CIOXUBAaTUMYTh He Ouibiie 30 mumiammep. Takum ctpymom
KOHTpPOJIEp MOXKE€ KepyBaTh 0€3 3aCTOCYBaHHS JIOJATKOBUX CXEMOTEXHIYHHMX
pILIEHB.

[IporpamyBaHHs CHCTEMH Bi1IOYBATUMETbCS B CEPENOBUIl PO3pPOOKU
Arduino IDE. Peanizamisi 6araTto3aJaqHocTi MoOXe OyTH BHUKOHaHa TpbOMa
crocobamu:

1) 3a momomororo ¢yukmii yield ();

2) 3a goromororo GyHkii yacy millis () a6o micros ();

3) mepepuBaHHAMU TalimMepa.

B mpoexrTi 3aaisina He3HaYHa yacTka pecypciB Arduino Nano: BuBogu D2-D7,
1o iX CKOH(ITypOoBaHO Ha BHBEAECHHS Ta MiH D8, mo ioro ckoH}irypoBaHo Ha

BBCIACHHI.


http://dspace.wunu.edu.ua/bitstream/316497/39791/1/%D0%93%D0%BE%D1%80%D0%BE%D0%BF%D0%B0%D1%85%D0%B0_%D0%94%D0%9F_2018.pdf
http://www.dgma.donetsk.ua/docs/kafedry/tiup/konf/%D0%9C%D0%9E%D0%9B%D0%9E%D0%94%D0%90_%D0%9D%D0%90%D0%A3%D0%9A%D0%90_2017.pdf
http://www.dgma.donetsk.ua/docs/kafedry/tiup/konf/%D0%9C%D0%9E%D0%9B%D0%9E%D0%94%D0%90_%D0%9D%D0%90%D0%A3%D0%9A%D0%90_2017.pdf

PO3JILI 3.
PEAJIIBAILS CUCTEMU PETYJIFOBAHHS JIOPOXXHIM PYXOM

3.1. [IpuzHayeHHs Ta PYHKIIIOHAIBbHI OCOOIMBOCTI KOMILIEKCY

[Ipoekt peanizye moBHOGYHKIIIOHATFHUN MOYJIb YIIPABIiHHS CBITIOPOPOM,
o0 MoOke OyTH BHKOPHUCTAHMM JJii KEpPYBaHHS TPAHCIOPTHUMM TOTOKAMHM Ha
nepexpecti. Moaysib HE MICTUTh CHJIOBOI YaCTUHU, TOOTO B MPOEKTI BUKOPUCTAHO
uuppoBl diHIT KOHTpoaepa Arduino, 110 A03BOJISIIOTE OTPUMYBATU CTpyM 110 40 MA
pu Hanpy3i 5 BoibT. LIpOTo IiJIKOM AOCHUTH JJIs )KMBJICHHS T1ap CBITJIOMIONIB, SIKI
MOJICJIIOIOTh BUIIPOMIHIOBAU1 CBITIOPOpPA, 0 OOCIYrOBYIOTh OJIHAKOBI HANPAMKHU
pyxy. s peanizaiii B3aeMO/Iii 3 peaIbHUM BUIIPOMIHIOBaueM, MOOYI0OBaHUM Ha
JamMrax po3KapIOBaHHS YW Ha TMOTYKHHUX CBITJIOAIOJHUX MATPHUIAX, CXEMY
NOTPIOHO JOMOBHIOBATH OJIOKAMHM pesie ad0 THUPHUCTOPIB I KOMYTallli TOKIB
JKUBJICHHS BHIpPOMiHIOBauiB. Taka Moaudikallis HE € CKIaIHOI 1 MOXe OyTu
BUKOHAHA y BUTJISIA1 OKPEMOTO MOJTYJIA, 1110 Oyze TOMOBHIOBATH IOTOYHY CXeMy 0€3
3HAYHOI 11 3MIHHU.

KepyBaHHS BUKOHYETbCSI 'y JBOX TEPIECHIUKYJISIPHUX  HAMpSMKaX.
PeanizoBaHo 1Ba pexkuma poOOTH: 3BHYAWHMN Ta EKOHOMIUHMM (OJuMarouuii
»oBTuH). [lepeMukaHHsl peKUMIB B BUKOHAHO TIEPEMHUKAUEM.

Mogens J03BOJIIE PETYJIIOBATH TEPEXPECTs, HE3ICKHO BIJ KUIBKOCTI
BUIIPOMIHIOIOUMX BY3JIIB: iX MOXe OYyTH SIK OJIMH, 1110 CaM€ Peasli30BaHO B MAaKeTIl, a
MOKe OYTH ¥ 4OTHPH, K 3a3BUUYAll KOMIUIEKTY€EThCS Tiepexpectsi. BunpominroBaui
IPU LILOMY IIPOCTO MOTPIOHO IPYIyBaTH NMapayiebHO MIAKIIOYEHUMHU TapaMH.

Bci 3’eananHs 3 maTo0 KOHTpOJepa po3’€MHI, IO JO3BOJISE Y pa3i moTpedu
MIBUJKO 3aMIHUTH TUTaHy O3 HEOOXIIHOCTI BHUKOPWUCTAHHS JIOAATKOBOTO

1HCTPYMEHTA.



3.2. IIlpuHIMIOBA €IEKTPUYHA CXEMa

Yepes MOy IBHICTh TEXHOJIOT1T ApAYIHO CKJIACTH TaHUM MIPOEKT HE € BAXKKOIO
3amauero. [Ipoekt OyB peamizoBanuii y cepemoBumii SPlan 7.0. Cama cxema
i1’ € JHAHHS MMOKa3aHa y 104aTKy A.

SPlan7.0 € opaHi€r0 3 HaAWOUIBII 3pYYHUX 1 MPOCTHX MPUZHAYECHUX IS
KPECTCHHS PaliOCTICKTPOHHNX Ta CICKTPUIHUX CXEM.

SPlan nyxe 3pyunuii y BuUKOpHCTaHHI. JlogaHi KOMIIOHEHTH TIPOCTO
«MEPETATYIOTHCSD 3 MMAHENI, 0 3HAXOAUTHCSA 3711Ba, TPaBOPYY Bifl AKOT 3HAXOIUTHCS
NaHedb 1HCTPYMEHTIB JUIsi MaJIOBAHHS JIHIA 1 PI3HUX TE€OMETPUYHHUX (opM,
J0JIaBaHHSl HAMKCIB, BCTaBKH pacTpoBUX 300paxkeHb 1 T.n. Hymepars
KOMITOHEHTaM MOJK€ HaJaBaTHCS SK aBTOMATHYHO, Tak i Bpy4YHY. Pexxum MoxHa
BUOpaTH MPaBOIO0 KHOIKOI MHMII 4Yepe3 BIACTHUBOCTI KoMroHeHTa (Properties), y
TOMY X TaKH BIKHI peJIarylOThCsl 1I0JaTKOBI aTpUOYTH, Y TOMY YHCIII TEKCTOBE T0JIE
(B HbOMY MOKHA HaIKUCATH, HATPUKJIAJ, HOMIHAJ JaHO1 AeTati 1 T.1.).

OcHoOBa MPUHIIUIIOBOI EJIEKTPUYHOT CXEMHU MPOEKTY — MIKPOKOHTPOJIEpPHA
matgopma Arduino Nano. ®DakTUYHO 3 JOJATKOBUX PECYpCiB, IO iX HaJae
mwiatdopma, 3amisHo Jswmmie USB-intepdeiic. Bin  no3Bossie  mporpamyBaTH
MIKpPOKOHTpOJIEp, MiAKI0Uaun Horo no komm 'otepa. Jlinii D2-D7, D13 — ue
oe3mocepennbo BuBoau ATmega328. PobGora BUIPOMIHIOBAYIiB MOICTIOETHCS
nricteMa napamu cBitnomionis HL1-HL12. Koxna mapa perymntoe Tpadik oHOTO
HaIpsMKY, Bl Hapu 00CIyTOBYIOTh NMEPIEHIUKYIISIPHI HAPSIMKU:

e HL1, HL2 — uepBoHne cBiTiI0 cTOpOHHU 1;

e HL3, HL4 — uepBoHe CBITIO CTOPOHHU 2;

e HL5, HL6 — xoBTe cBiTIIO CTOpOHH 1;

e HL7, HL8 — >xoBTE CBITIIO CTOPOHH 2;

e HL9, HL10 — 3enene cBiTiIO cTOpOHH 1;

e HL11, HL12 — 3enene cBiTiIO CTOpOHH 2.

Ceitnomionu BuOpani 3 diHiku CZ-5014, po3mipom 5 MM.



Pesucropu R1-R6 06MexyroTh cTpyM depe3 cBiTioai0au mpudiausHo a0 30
MA (pucyHok 3.1), mo 3a6e3mnedyeTbes mia00poM HOMIHATY PE3UCTOPIB BETUIUHOIO
33 Owm. [loTyxHiCTb, IO PO3CIIOETHCS HA PE3UCTOP1 CTAHOBUTH 30 MIIBAT, TAKUM
YMHOM MO’KHA BUOPATH PE3UCTOPH, IO € B MPOJIAXKY — pO3PAXOBaHi HA MIHIMAJIbHY
noTyxHicTb 0.125 Br.

[Tepemukau S1, mo 3a6e3neuye nepexiji B eKOHOMIYHUM PEKUM, T1IKITIOYEHO

3a CTaHJapTHOIO CXEMOIO uepe3 MATATYIosui pesuctop R7.

zoTey zrz1sn3‘?!|

i

Pucynox 3.1. — Pesynbratu 3amipy cTpyMy 4epe3 CBITIOI10AH

B mpoekTi BUKOpHCTaHO JpKepesio >KuBlieHHS Hampyroio 5 B. Ilpu mpomy
CTPYM, IO TEOPETUYHO MOKE CIOXKUBATU NpuUcTpii He nepesuiye 0.25 A (50 MA

— Arduino, 180 MA — Bci 12 cBiTiIomioniB).



3.3. Aaroput™ po060oTH IpOrpaMu

AnroputM poOoTu cBiTI0oGOpa 3a3BUYail 0a3yeThCs Ha CTAHAAPTHUX
MOCITIIOBHUX JifX, SKI BHUKOHYIOTBCS JUIsl KEPyBaHHS pPyXOM TPAHCIIOPTY.
KonTtpoep BiampaIpoBye Taki MOCIIIOBHOCTI JTIH:
1) KonirypyBaHHS CHCTEMHU — HAJIAIITYBaHHS 3aMisTHUX JIIHIH, BUBHAYCHHS
HaAMpPSIMKY pOOOTH MiHIB

2) ITouatok poOOoTH. BUMKHEHHS CBITJIOAIONIB — BCI JIHII, 7O SKHX BOHH
M1JIKJTI0YEH1, IEPEBOJIATHCS B CTaH 3 HU3bKOIO HAPYTOIO.

3) Ilepexin B HECKIHYCHHM ITUKII.

4) TlepeBipsieMO TIOJOXKEHHS TepeMHUKava. JSIKIIO HE BBIMKHYTO, TO
BUKIMKaeMo (¢yHkuiro changelights, ne nmponucana noBeaiHKa JiHIN
MIKPOKOHTpOJIEpa:

a. 3CJICHHM HanpsAMKY | — B HU3bKUI PiBEHB;

=

OBTI B 000X HANMPSAMKaX — y BUCOKHUI;

yTPUMAaHHSI CTaHy Ha MPOTs31 7 CEKYH/I;

o o

OBTI B 000X HANpsAMKaxX — y HU3bKUIl pIBEHb;
YEpBOHMM HANIPSIMKY | Ta 3eJIeHUI HaNPsIMKY 2 — y BUCOKHI PIBEHb;
yTPUMaHHS CTaHy Ha MPOTA31 7 CEKyHI;

OBTI B 000X HANMpSAMKaX — y BUCOKHUH;

o ~Hh o

3€JICHUN HaIPSIMKY 2 — B HU3bKUI P1BEHb;
I. yTpUMaHHS CTaHy Ha MPOTI3i 3 CEKYH];
J. KOBTI B 000X HamMpsIMKax — Yy HU3bKUH PIBEHB;
K. 3enmenuit HanpsiMKy 1 Ta YepBOHUIT HAPSAMKY 2 — Y BUCOKHUH PiBEHb;
|. yepBoHwMIT HanpsAMKY 1 — y HU3BKHIA PIBCHB;
M. YyTpUMaHHsI CTaHy Ha MPOTA31 7 CEKYH[;
5) Slkmro mepeMuKay yBIMKHEHO, TO BCTAHOBUMO OJMMArOYNi KOBTHIA:
a. 3racMMo BCi, OKPIM KOBTHX;
b. BMHKaEMO KOBTHIA B OOUIBI CTOPOHHU;

C. yTpUMaHHS CTaHy Ha MPOTs31 MBCEKYH/IH;



d. BUMHUKAEMO JKOBTHIA B OOU/IBI CTOPOHHU;
€. yTpUMaHHS CTaHy Ha MPOTA31 MIBCEKYH/IH;
f. moBTOprOEMO, IOKHM TTIEepeMUKa4 YBIMKHEHHIA;

6) IloBepTraemcs Ha IOYATOK TOJIOBHOTO ITHKITY.

3.4. Onuc nporpaMHUX OJIOKIB

Kon, naganuii Hux4e, € nporpamoro it Arduino, 1o peai3dye KepyBaHHA
CBITJIO(DOPOM 3 IBOX CTOPIH.

Bu3HaueHHs NHIB KOHTpoJIepa IS MiIKJIFOUYEHHS CBITIOI10/1B

int rl = 2; // UepBoHuMM cBiTsomion cTopoHuM 1
int yl1 = 4; // XoBTui cBiTmomion cTopoHu 1
int gl = 6; // 3BemneHmit cBiTsomiom croponum 1
int r2 = 3; // UepBoHuM cBiTsomiom cTopoHuU 2
int y2 = 5; // XoBTuit cBiTnmomion cTopoHU 2
int g2 = 7; // 3ejeHurt cBiTjomion CTOPOHU 2

TyT BU3HA4ArOTHCS 3MIHHI JIJ1s1 30€piraHHs HOMEPIB MiHIB, Ha SIKI T1IKII0UEH1
CBITJIOIIOZM KOXKHOTO KOJILOPY 3 000X OOKIB CBiTIIO(OpA.

Bu3naduenHs mina AJI1 IEpeMUuKada MUTOTIIMBOTO JKOBTOT'O CBITJIA:

int s pin = 13; // [in gna nepeMukKada MUTOTJMBOTO
//%0BTOTO CBiTJya

VY  ¢dynkuii setup() BiaOyBaeThCcs IHILami3alis MiHIB s poOOTH 3
M1IKITF0YEHUMH CBITJIOII0OAaMU Ta mepeMukadem. [1iHu, 1o BUKOPUCTOBYIOTHCS IS
CBITJIO/110/IiB, BCTAHOBIIIOIOTHCA B pexkuM BuBeAeHHs (OUTPUT), a miH nepemukaya
— B pexuM BBeneHHs (INPUT).

OcnoBHa ¢ynkiis 100p().

void loop () {
int s = digitalRead(s pin); // 3BuuTyeMoO CTaH lepeMukKaua



if (s == LOW) {
// Biok komy mjaa poborTu cBimsodopa ©6e3 MUTOTIMBOTO
XOBTOT'O CBiTJa
} else {
// Bjok komy mjsa poBoTu cBiTsobopa 3 MUTOTIUBUM
XOBTUM CB1TJIOM

brox xony nmst po6oTu cBiTiodopa 6€3 MUTOTIUBOTO KOBTOTO CBITIA.

digitalWrite(gl, LOW);
digitalWrite(yl, HIGH);
digitalWrite(y2, HIGH)
delay (7000) ;
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digitalWrite (yl, LOW);
digitalWrite(rl, HIGH);
digitalWrite (y2, LOW);
digitalWrite (r2, LOW);
digitalWrite (g2, HIGH);

delay (7000) ;

digitalWrite(yl, HIGH);
digitalWrite (y2, HIGH);
digitalWrite (g2, LOW);
delay (3000) ;

digitalWrite(gl, HIGH) ;
digitalWrite(yl, LOW);
digitalWrite(rl, LOW);
digitalWrite(y2, LOW);
digitalWrite(r2, HIGH);

delay (7000) ;

VY mpomy 0601l KOy peajtizoBaHa MOCIIIOBHICT, KOMaH JJIs YIIPaBIIHHS
CBITI0(QOpOM 0€3 MUTOTIAMBOTO KO0BTOro cBiTia. Koxxna komanga digitalWrite()
BCTAHOBJIIOE CTaH BIAMOBIAHOTO cBiTIOAIONa, a (QyHkuis delay() 3arpumye
BUKOHAHHS MPOTrpaMH Ha BKa3aHy KUIbKICTh MUTICEKYH/I.

brok Koy i1st po6otu cBiTIIO(Opa 3 MUTOTIMBUM KOBTHUM CBITIOM.

digitalWrite (rl, LOW);
digitalWrite (r2, LOW);
digitalWrite (gl, LOW);
digitalWrite (g2, LOW);
do {

digitalWrite(yl, HIGH);
digitalWrite (y2, HIGH);



delay (500) ;
digitalWrite(yl, LOW);
digitalWrite(y2, LOW);
delay (500) ;
} while (digitalRead (s pin) == HIGH);

Y upomy O5omi KOAy peaji3oBaHa IOCTIOBHICTH KOMaHJ JJjisi poOOTH
cBITJIO(Opa 3 )KOBTUM CBITJIOM, 110 MHUTOTHTh. CrOYaTKy BCl CBITJIOAIOAH, OKPIM
KOBTHUX, BUMHUKaIOThCs. [loTiMm 3a momomororo nukiny do-while MUTOTINBI KOBTI
CBITJIOAIOM BKJIOYarOThCsl mpoTsirom 0,5 cekyHna, NmoTiM BUMHKaroThecs Ha 0,5
cekyH/l. LMK mpomoBKYy€eThCS JOTH, IOKM NEpeMUKad He Oyjae MepeBeACHUl y
MOJIOKEHHS "BUMKHEHO" (3uuTyeThcsi cTan LOW).

TakuMm 4YWMHOM, KOJ peajizye JIOTIKy poOOTH CBITIO(POpa 3 MOKIMBICTIO
BUOOpPY MDK 3BHYAalHUM 1 MUIOTJIMBHM S>KOBTHM PEXKHMOM 3a JOIOMOIOIO

IIepcMruKayda.



BHUCHOBKHA

Hanpyxenuit Tpadik cydacHMX TPaHCIOPTHUX MaricTpajied moTpedye
BIIPOBA/KCHHSI 1HTENEKTYyaJlbHUX CHCTEM YIPABIIHHSA JOPOXKHIM PpPyXoM, IO
MOBUHHI B3a€EMOJIISITH MIXK COOOIO JIJIi CTBOPEHHS KOMIUIEKCHOI cucTtemu. Taki
CUCTEMU MOXKHa OyAyBaTM Ha I[IUPOKO  POCHOBCIOPKEHUX  CYYaCHUX
MIKpPOKOHTPOJIEPHUX TIaTHOpMax.

B pobGori peanizoBaHO MOBHO(PYHKIIIOHAIBHUN MOAYJIb  YIPaBIIHHS
BUIIPOMIHIOBJIBHUM OJIOKOM CBiTIIO(Opa, 1O MOXe OyTH OYyTH JONOBHEHUU
JOBUIBHOIO CUJIOBOIO YACTUHOIO, @ TAKOXK JO3BOJISIE IPOCTY 1IHTErPALIIO B CIMEMCTBO
noaiOoHux cucteM. Moaysb moOy/n0BaHO 3 BUKOPUCTAHHSIM KOHTpojepa Arduino
Nano, mo [103BOJIsIE peali3yBaTH CHUCTEMY 3 MIHIMAJIbHUMHM 3aTpaTami,
CKOPOYEHUM YacOM IpOrpaMyBaHHs Ta JOCUTh IPOCTUM OOCIyTOBYBaHHSIM.

B mpoekTi peanizoBaHO KepyBaHHA TPAHCIOPTHUMH MOTOKaAMHU y JIBOX
NEPICHINKYIAPHUX HampsMKax, a TaKOX pealli30BaHO JBa peXHMa pPOOOTH:
3BUYANHMI Ta eKOHOMIYHUHN (OJIMMarO4Mii )KOBTUH).

Bci 3’eqnanHs 3 1aTOK0 KOHTPOJIEpa Po3’€MHI, 110 A03BOJISIE Y pa3i noTpedu
IIBUJIKO 3aMIHUTH IUIaHy 0€3 HEOoOXIAHOCTI BHKOPUCTAaHHS J0JIATKOBOTO
IHCTpYMEHTA.

[IpoekT "Po3poOka MIKpONpOLECOPHOI CUCTEMHU PETYJIOBaHHS JOPOXKBOTO
pyxy Ha mepexpecti Ha ©0a3i Arduino Nano" neMOHCTpye MOKIHUBOCTI
BUKOPHUCTAHHSA MIKPOKOHTPOJIEPIB Ta PO3YMHHX CHUCTEM JJIsi MOKpAIlIeHHS
PEryIIOBaHHS OPOXKHBOTO Pyxy. BiH Moxke OyTu 3acTOCOBaHMU y MicTax, 1100

3MEHIIUTH 3aTOPH Ta MOKPAITUTH OE3MEeKy Ha JOpOoTax.
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Jlonatok A

HpI/IHHI/IHOBa CIICKTPpHUYHA CXCMa
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Honatok b

[Tepenik enemMeHTIB
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Honatok B

Konx mpoekry

//r - red, y - yellow, g - green
//rl,yl,gl - xombopu BGoky 1
//r2,y2,92 - KOJLOPM CTOPOHU 2
// BuBOm¥M ApPIyiHO IJiS CTOPOHM 1
int rl = 2;

int y1 = 4;

int gl = 6;

// BuBOm¥M APIYyiHO IJiS CTOPOHU 2
int r2 = 3;
int y2 = 5;
int g2 = 7;

//TlepekyoyaTesib MUTOTJIMBOTO XOBTOTO - BMBOX 8
int s pin = 8;
void setup () {

// Tpabix 3 6Goky 1

pinMode (rl, OUTPUT) ;
pinMode (yl, OUTPUT) ;
pinMode (gl, OUTPUT) ;

// Tpabik 3 6Goky 2

pinMode (r2, OUTPUT);
pinMode (y2, OUTPUT) ;
pinMode (g2, OUTPUT) ;

//TiH mepeMmkaya BCTAHOBJIOEMO Ha BX1n
pinMode (s pin, INPUT);
}
void loop () {
//TlepeBipyMO IOJIOXEHHS [epeMMUKaya :
int s = digitalRead (s_pin);
//AKmo He BKJI, TO:
if (s == LOW) {
// 3aropanThbca o0OMIBa XOBT1 i1HIMKaTOPU
digitalWrite(gl, LOW);
digitalWrite(yl, HIGH);
digitalWrite(y2, HIGH);
delay (7000);

// Bummkae XOBTMUM 1 BMmMkae rl i g2
digitalWrite(yl, LOW);

digitalWrite(rl, HIGH);
digitalWrite(y2, LOW);
digitalWrite (r2, LOW);
digitalWrite (g2, HIGH);

delay (7000);



// BMMKAOTLCHA oOMOBA XOBT1 1HIUKATOPU
digitalWrite(yl, HIGH);
digitalWrite(y2, HIGH);
digitalWrite (g2, LOW);

delay (3000);

// BumMmmkae xoBTe cBimmo 1 BMuMKae gl i r2
digitalWrite(gl, HIGH);

digitalWrite(yl, LOW);

digitalWrite(rl, LOW);

digitalWrite(y2, LOW);

digitalWrite(r2, HIGH);

delay (7000);

}

//AKmo nepeMmMkay yBIMKHEHMM, TO BCTAHOBMMO MUTOTJIVBUI XOBTUIM :

—_— o~ o~ o~

else {
// BUMMKAEMO yCe, KPIiM XOBTOTO
digitalWrite (rl, LOW);
digitalWrite (r2, LOW);
digitalWrite(gl, LOW);
digitalWrite (g2, LOW)
do {
//BMMKAEMO XOBTUIM B OOMIB1 CTOPOHM
digitalWrite(yl, HIGH) ;
digitalWrite(y2, HIGH);
delay (500) ;
digitalWrite(yl, LOW);
digitalWrite(y2, LOW);
delay (500) ;
}
//TIpOmOBXYEMO LIMKJI MUTOTJIMBOTO XOBTOIO, I[IOKM INepeMMKAau SaMKHYTD :
while (digitalRead (s_pin) == HIGH) ;
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