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IOT-MEPEKA HA BA3I BLUETOOTH-MOAYJIIB J1JIsI ABTOMATU30BAHOT'O
KEPYBAHH: CIIO’KUBAHHAM EHEPI'OPECYPCIB

Kypascbka L.M. loT-mepexka na 6a3i Bluetooth-momyniB misi aBTOMaTH30BaHOr0 KepyBaHHSI CHOKHBAHHSIM
eHepropecypciB. Y CTaTTi 3alpONOHOBAHMI aJITOPUTM BiJKITIOUEHHS Bif €IEKTPOXKUBICHHS HEMPIOPUTETHHX MPHUCTPOIB 3a
normomMororo po3pobiennx 10T Master ta 10T Slave 6nokis. KepyBanus Giokamu 3miHCHIOETBCS a00 aBTOMATH30BAHO Yy
JIOKaJIBHIN Mepexi, abo BigmaneHo depes InrepHeT. 3anporoOHOBaHMN IMiIXi JO3BOISIE 3aO0ITTH HAUTHIIKOBOMY CIIOKHBAHHIO
€IIEKTPOCHEPTii Ta MEPeHABAHTAKEHHIO MEPEXKi EIEeKTPOKHBICHHS MPH HOPMOBaHOMY (a60 O0OMEXEHOMY 3a HOTYKHICTIO)
CIIOKUBAHHIO eHepropecypciB. Po3pobiieHa BiamoBimHa mporpaMHo-anapaTHa cucremMa Ha twiatdopmi Arduino 3 kepyBaHHsIM 3a
nporokonom Bluetooth.

KmouoBi caosa: 10T 6aok, Arduino, Bluetooth, o0me:xennsi eHeprocmoxkuBaHHsi, HeNpiOPUTETHHIl HpUJIaL,
aBTOMATH30BaHe BiAK/IIOUEeHHS BiJ eJleKTpoMepe:ki.

Kypasckas U.H. 10T-cer» na 6a3e Bluetooth-momgyseit 1/ aBTOMATH3HPOBAHHOIO YNpaBjeHHsl MOTPebIeHHEM
JHepropecypcoB. B cratse mpeuioxkeH anropuTM OTKIIOUESHUS OT IEKTPONHUTaHMS HETPHOPHUTETHBIX YCTPOHCTB C MOMOIIBIO
paspaborannsix 10T Master u 10T Slave 6:10k0B. YipaBneHne 6;0KaMu OCYIIECTBISIETCS JTHO0 aBTOMATH3UPOBAHO B JIOKATBHON
cern, muO0 ymameHHo depe3 MurepHer. IlpennoskeHHBIN MOAXOX MO3BOIAET IPENOTBPATHTH H30BITOUHOE MOTpebiIeHne
9IIEKTPOIHEPTUH U TIEPETPY3KH CETH DIEKTPOITUTAHNUS IPH HOPMUPOBAHHOM (HIT OTPaHUYCHHBIM 10 MOIIHOCTH) TOTPEOICHAN
9HEPropecypcoB. PazpaboTaHa cOOTBETCTBYIOMIASI IIPOrPAMMHO-aIIapaTHas cucTeMa Ha iaropme Arduino ¢ yrpasieHHeM 1o
nporokoiy Bluetooth.

Kuarouessie ciosa: 10T Gaok, Arduino, Bluetooth, orpanuyenue 3nepronorpedsieHusi, HEMPHOPUTETHBIH MPUGOP,
aBTOMATH3HPOBAHHOE OTKJII0YEHHE OT 3JIeKTPOCETH.

Zhuravska 1.M. 10T network based on Bluetooth modules for automatizated control power consumption. The
article suggests the algorithm for unplugging non-priority devices from electric power consumption. The loT Master and loT
Slave blocks have developed. Blocks’ control is carried out either automizated in the local network, or remotely via the Internet.
The proposed approach allows to prevent excessive consumption of electricity and overload of the power supply network under
normalized (or limited in power) consumption of energy resources. The hardware / software system has developed on the
Avrduino platform with Bluetooth control.

Keywords: 10T block, Arduino, Bluetooth, power consumption limitation, non-priority device, automatized power
unplug.

Beryn. CyuacHi 6e3pOTOBI MEpexeBi TEXHOJIOTIi € KITFOUOBUMH Il BIPOBAKCHHS TEXHOJOT1T
Internet-of-Things (I10T) B iHgycTpianbHUIl CEKTOp, CTBOPEHHS amapaTHO-TPOrPaMHHUX PECYPCiB IS
PO3pOOKHM  AaNTUBHHUX aJTOPUTMIB CHOXHBaHHA enekTpoeHeprii. IllMpoko BHUKOPUCTOBYIOTHCS
crangapta nporokoniB Wi-Fi, Bluetooth, ZigBee Tta iH. HaiOuIbII epeKTUBHO 3a0€3MEUyIOTh PEKUMHU
00MiHY Mi>K IPUCTPOSIMH IIPH HEBETTMKOMY PO3Mipi IepeAaHux nakeriB ganux. Kpim toro, HampanboBaHa
JocTaTHs 0a3a CyMICHOCTI JEKIIbKOX 3 HA3BaHMX TEXHOIOTiH 0e3ApoTOBOro 3B'SI3KY B OAHIH Kepyrouid
cHcTeMi, 1o 3a0e3reuye pallioHalbHe CIIOKUBAHHS eleKTpoeHeprii [1].

BOynoBana texuonoris iHgycrpianeHoi 10T (110T) mo3Bonse He TUIBKM 3MIHCHIOBATH BilIaieHe
KepyBaHHs IPWIaJaMH, a i BAOCKOHAJIIOBATH aBTOMATHU3AaLliI0, KEPYBAaHHS JaHUMHU B PEKHMI PEabHOTO
Jacy Ta MiAKIIOYEHHS MpuiIaaiB 0e3 BTpydaHHs 0cOOMCTO CIOXHMBAya, ajle Ha OCHOBI iHTeNeKTyami3alii
cermeHTiB 10T-mepexx [2]. ToOto, Texnonoris loT cnpomokHa CHPUSTH IOCATHEHHIO E€KOHOMIYHO
BUTIMHOrO OanaHCy MDK BUPOOHUITBOM €HEprii Ta MOMUTOM, BIUIMBATH Ha MPOLECH TeHepalii,
PO3TOLTY, CIOKUBAHHS Ta 30epiraHHs eHeprii.

OKpiM PUHKOBOT'O €HEPTeTUYHOTO MEHEIKMEHTY, TAKOXK aKTyaJbHUM y 0araTboxX KpaiHax € miaxig
3 JEpKaBHUM PETrYJIIOBaHHSM, TONOBHHM iHCTPYMEHTOM SIKOTO € HOPMYBAaHHS CIIOKHBaHHS
eHepropecypcis [3].

Tak, B VYkpaini BianmoBigHo 1o m. 37 IlpaBui KOpUCTYBaHHS €JICKTPHUYHOIO CHEPri€l0 Mais
HacenenHs: (Hamami — [IKEEH), 3atBepmkenux I[loctanoBoro KMV Bim 29 mumust 1999 p. Ne 1357,
EHEeprornocTayaJbHUK Ma€ ITpaBO BCTAHOBIIOBATH TEXHIUHI 3aco0HM, AKi OOMEXYIOTH MMOCTadyaHHS
CJIIEKTPUYHOI CHEPrii COXKUBAYY BIAMOBIIHO IO TOTOBIPHOI MOTYXHOCTI, 1[0 CTAHOBUTH JIISl OMHO(pA3HUX
eNeKTPOYCTaHOBOK MOOYTOBUX cnokuBauiB 2,2 KBT [4]. 3a nmomaTkoBUMH JTOroBOpaMH CIOXKHBaya 3
nocradaibHUKOM («O0neHepro») y madi oOiKy 3 JIYMIBHUKOM €IEeKTpOeHepTii (SKi 3HaXOIAThCS Ha
OaaHci eneKTpornepeaaBaIbHOI OpraHizallii) Moyke OyTH BCTAaHOBJICHHI aBTOMaTH4HUI BUMuKad (AB) Ha
16 A, sxwuii po3paxoBaHUI Ha HOMiHaJIbHE HaBaHTaXXEHHS 3,5 KBT.
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Ane cyyacHa kBaptupa 3 Ooitnmepom (1-2 xBt), enekrpouaitnukom (1-2,5 xBt), npansHOIO
mammHow (1,7-2,9 kBt), CBY-miukoro (500-2500 Bt), inpykuifinoro mauroro (3,2 kBT) motpebye
HabaraTo OuIblIe eneKTpoeHeprii mias omxHouacHoro crnoxuBaHHS. Tomy Tumu x [IKEEH (m. 41)
nependadeHa MOXJIMBICTh BCTAHOBJICHHS CIIOKMBAa4aMH Yy CBOEMY IPUBATHOMY JOMOTOCIHOIApPCTBi
reHepyrouoi ycTaHOBKM NOTYxHicTio 10 30 KBT.

3 aHamizy cy4acHOrO CTaHy MiJKIIOYEHHS MOOYTOBHX CHOXHMBAaYiB J0 MICBKOI €IEKTpOMEpexi
3po0JicHHUH BHCHOBOK, 1[0 HAWMOIIUPEHIIUM € MigkmoueHHs Ha 5,5 kBt crnoxuBanns (AB 25 A Ha
BXO[II).

Ha »xanp, OUIbIICTH CIIOKMBAYiB BCE K MAalOTh JOTPHUMYBAaTHUCH JO3BOJICHOIO MOTYXHICTIO IO
3,5 kBt ogHouacHo BrioueHux npuctpoiB. Came TyT IHTepHeT pedeit (IoT) Moxke MaTH HalOUTBIINIA
BILJIMB Ha coci® po3mofiny Ta CIIOKUBAHHS eJIEKTPOCHEPTII.

Tepmin «InTepHer peueirr» Brnepiie OyB BBemeHuil Keinom Emronom y 1999 p. min gac iioro
podoru Hax Procter & Gamble, mo06 mopaxyBaTu i BIICTE&KHTH TOBapH 0Oe3 MOTPEOM B JHOJICHKOMY
BTpy4anHi [5]. IlinkaroueHHs 10 Ti100anbHOI Mepexi [HTepHeT mpu oMy He € 000B’s3k0BUM. ToOTO,
IoT-mepexxa 1e Mepexa yHIKaIbHO 1AeHTHU(IKOBAaHHUX O0O'€KTIB, AKi 3IIHCHIOIOTH IHTEIEKTYyalbHY
B3a€EMOJIII0 €3 JII0JICKKOro BTpydaHHs yepe3 |P-moniOHi 3'eqnanus [6].

Takum umHOM, 3a KoHUemnuiero 0T, Mepexa CKIagaeTbesi 3 B3a€MOIMOB'SI3aHUX IMPHUCTPOIB, SKi
MalOTh MOXJIMBICTh MPHUBEACHHS B [if0, (QYHKIiI0 OporpaMyBaHHS Ta imeHTH(IKalil, a TaKoX
JIO3BOJISIIOTH BHKIIOYMTH HEOOXIOHICTH Y4YacTi JIOOUHHU 32 PaxXyHOK BUKOPHCTAHHS IHTEIEKTyaJbHHX
iHTEepdeEHcCiB.

Tomy B naHiii poOOTI pPO3TISAAETHCS AKTyalbHE IUTAHHS ABTOMATH30BAHOI B3aeMOMii Mik
KOMIIT IOTEPHOI0 MEpEeKeIo Ta elekTpomepexeto (anrit. «Inter Net”) nuisixom BCTaHOBIICHHS 3’ €HAHHS Ta
obMmiHy iH(opMartieto 6e3mocepeJHHO MixK TOOYTOBUMH NpUIaAaMH, Oe3 yyacTi iX BJIacHHUKA.

IMocTtanoBka HaykoBoi mpodiaemu. Meroro naHOi POOOTH € CTBOPEHHS amnapaTHO-IPOrpaMHOl
CHCTEMH 3amo0iraHHi HaJAJMIIKOBOMY CIIOKMBAaHHIO €IEKTPOEHEprii Ta INepeHaBaHTAKEHHIO Mepexi
CIICKTPOXKUBIICHHS TIPH MiKITFOUYCHHI JIEKUTHKOX MPUIIAIIB 32 JIOIOMOT0r0 TexHouorii 10T.

AHaJIi3 0CTaHHIX JOCTIIKeHb 1 myOpiKkamiii.

3apa3 Ha PUHKY € IIUPOKI MOXJIMBOCTI IIOJO pearyBaHHS Ha TIONHT, fKi BIUIMBAIOTH Ha
migkmodeHi npuctpoi. Hanpuknazn, Ha Bciii Teputopii CILIA BUKOPHCTOBYIOTBCS MPOrpaMHO-anapaTHi
3ac001 Is1 BIAKIIIOUEHHS PUCTPOIB 3 BUCOKUM CIIOKMBAHHAM E€JIEKTPOCHEPrii MmiJ 4ac MiKOBOTO MOMUTY.
Po3ymHi TepmMocTaTi 1OBeH CBOIO €()eKTUBHICTB 3aXHCTY BiJ] 3001B 1 BiqKIIIOUEHb [7].

KpiMm Toro, Ha puHKY 3'IBUJMCS HOBI MiAKIIOYEHI NPUCTPOI, HalleHI Ha 3MiHY
EHEPrOKOPHUCTYBaHHS CIIOKUBAYAMH IIPOTATOM 100 200 Micsus.

KepyBanust Butrpatamu Ha monut (amrin. Demand Charge Management — DCM) wmoximBo,
HaINpHKJIaJ, BCTAaHOBJICHHSAM Ha OyIMHOK MOJYJIbHOrO HakomuuyBaua eHeprii Sparkplug Power [8]. ¥V
pasi mepeBUIICHHS CIIOKUBAaYEM IMTiJBECHOT ITOTYXHOCTI, CHO)KMBAHHS NIEPEBOANUTHCS 3 LEHTPaTi30BaHO]
eNICKTPOMEpPEXKI Ha JiTieBi akymynsaropu (puc. 1).
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Puc. 1. KepyBaHHsi BUTPaTAMHU HA NOMMUT 32 IONIOMOr0I0 MOAYJIbHOI0 HAKONMHYYBA4a eHeprii
Sparkplug Power

Ane Take pilieHHS MiAXOMUTH TUTBKH JJIS MOTY)KHHUX CIOXXHBAYiB, OCKUTBKU 3a3HAYCHE PilllCHHS
opieHToBaHe Ha piBeHb crioxkuBanHg 250 kBt — 5 MBT.

Ha punKy 3’SBISIOTBCS BCE HOBI pIllIGHHS, IO JO3BOJIAIOTH IIKIIOYCHHS Ta YIPABIIHHSI
MPOAYKTaMH JiJIsi BUPOOHUIITBA, PO3MOUTY, YNpaBIiHHA Ta 30epekeHHs eHeprii. Tak, Hampukian,
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komnaniss Heatworks (CILA) y 2017 p. ma BucraBui Consumer Electronics Show (CES -2017)
3aMponoHyBaB BUKOPHCTOBYBATH €HEproeeKTUBHUHI BoJoHarpiBau 3 miarpumkoro 10T Ha mimatdopmi
Xively (puc. 2, a) — 3 HOBHUM KOHTPOJIEM TeMIIEpaTypH Ta BUKOHAHHSM 3aBaaHsb [9, 10].

6080

a) 6)
Puc. 2. 10T-pinmienHs: 3 KepyBaHHSI eHeprocnoxkuBaHaam: a — ¢ipmu Heatworks (CIA);
(0) — ¢pipmu Sowee (Ppaniisn)

[HIIMM npuKIazoM € (paHily3bKe pillleHHS — MiIKII0YeHa JoMallHs craHmis Sowee (puc. 2, 0),
AKa TaKoX JO3BOJSIE CIIOKMBayaM BCTaHOBIIOBAaTH OIO[DKET Ha MICSAIb 3 KOPUTYBaHHSIM
CHEeProCIOXKMBaHHAM Ha OCHOBI IIbOrO OIO/KETY LUIAXOM 3HIDKEHHS TeMIlepaTypd HarpiBy BOAH,
TeMIepaTypH «TeIIol miamoru» Tomo) [11].

Ha punky Ykpainu npucyTHi Taki peryasTopyu HaBaHTaKEHHs elekTpoMmepexi, sk «AR-01», pene
BiZIKIIFOUeHHS HenpiopuTeTHux npuctpoiB ABB LSS, pene npioputery «PITH-1-25» Ta in. [12-17].

Hanpukman, aBTOMaTHYHMKA PEryasTOp HaBaHTAXKEHHS MEPEXKi SBIA€ COOOI NPUCTPId 3
CNEeKTPOHHOIO CXEMOIO YNPABJIIHHS, BUKOHAHWHM B IUIACTMACOBOMY KOPITYCi 3 MEPEKEBOIO BHIIKOKO 1
nBoma poserkamu (puc. 3, a). OmgHa 3 po3eTok Mae MapKyBaHHs «Priority». Poboua nanpyra 220 B,
JONYCTUMHUN CTPyM KOXKHOI 3 po3zeTok 16 A. Ilix poseTkaMu po3TamoBaHi CBITIOAIOAHI IHAUKATOPH, L0
MOKa3yITh peKUM pobotu npunany [12]. [Ipuctpiit Mae ¢pikcoBaHi yCTaHOBKH i HE MOTpeOye OyAb-sIKHX
HaJNAITyBaHb, aje nepeadavyae MIKIIOYEHHS BCIX KEPOBAHUX MPUCTPOIB TIILKH B OJHOMY NPUMIILICHHI
(puc. 3, 6).

2 kBt

a) 6)
Puc. 3. ABTomaTtnunmii peryasatop HaBaHTa:keHHs Mepexi «AR-01»: a — 30BHilIHii BUrasa;
0 — BapianT minkarouenHs [12]

[HIi po3MOBCIOMXKEHI HA BITYM3HSHOMY PHUHKY MPHUCTPOi KOHTPOIIO CHOXXKMBAHOI MOTYKHOCTI
BCTaHOBIIOIOTECS B ENEKTPUYHE KOJIO Michs BBimHoro AB mepen HaBaHTakeHHAM. Taki MIpHCTPOl
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3MCHIOIOTh TOCTIHHUN KOHTPOJIb MOTOYHOI CHOXKMBAHOI MOTY)KHOCTI Ta TMOPIBHIOIOTH ii 13 3aJaHUM
MaKCHUMaJbHO JOMyCTUMHM 3HadeHHSM. Y pa3i IMepeBHILEHHS 3arajbHOi CIIOKWBAaHOI MOTYXXHOCTI
3aJJaHOT0 MAaKCUMyMY, pelieé BiAKIIOYae HENpIOPUTETHI HAaBaHTAXXEHHsS, YHM HE JOIMYCKaE
CIpallbOBYBaHHs ToloBHOr0 AB.

AIbTepHATHBHUM BHUIJIAAAE pilleHHs 3 BukopucTaHHsIM GSM-poserku a6o WiFi-poserkw, ski
YIPaBISIIOTH MOJAYei0 €NeKTPOKUBIICHHSI BCTABJICHOIO B HUX NMPHJAAY MicIs KOMaH[, OTPUMAaHUX Big
BJIACHMKA 4Yepe3 BIANOBIAHY BigmaneHy Mepexy [18]. «PosymHa poserka» ckiiafaeTbes 3 KOHTpoiepa i
enekTpoMarditHoro pene. Ilicns oTpuMaHHS KOMaHIu KOHTpoJep ii po3mi3Hae i mepenae BiAMOBITHUHA
CHUTHAII pernie, Sika B CBOIO Uepry 3aMHKae abo po3MHUKae eNeKTpHUHWH jaHuior. CUTHAIW KOHTpoJepa
MOXYTh HaIXOIUTH 32 JAOMOMOro0 iHTepHeTy, SMS-moBinomiens, mo GSM kaHanam 3B'A3Ky.

Crig BigMITHTH, 1110 BCi 3a3HAYCHI pilllcHHS HE € aganTuBHUMU. [Ipu KepyBaHHI HaBaHTAXKCHHSIM,
OpTaHi30BaHUM Y JIOKaJIbHIM MEpexKi, pO3MOALT Ha PIOPUTETHE Ta HEMPIOPUTETHE HABAaHTAKEHHS MEpexi
KOpHUCTyBada MPUHAMAETHCSI OAHOPA30BO Ta Ha3aBXKAM MPHU BUKOHAHHS OyAiBEIbHO-MOHTaXXHUX POOIT y
npuMimieHHi. B Toit ke wac, B mporeci ¢axoBoi abo moOyTOBOI MiSUIBHOCTI Y CIIOKMBada MOXYTb
MIHATHACS TOTOYHI MPIOPUTETH ISl PIi3HUX NPUCTPOIB, HABITH MPOTSAroM A00U. Ale, NpiopUTETH
MPHUCTPOIB Y BCIX 3a3HAUEHUX PIMICHHAX HE MOXYTh OYTH 3MiHEHI BIACHHKOM IIPHCTPOIB BIACHOPYY, a
noTpeOyIOTh MPH KOXKHIN Takidl 3MiHI 3aiTy4eHHs (axiBLiB eHeprOKOMIaHIH.

HaBnaky, npu TiTbKY BiggaJeHOMY THITY KepYBaHHS €JICKTPOCHOXMBAHHAM Y JIOKAJIbHIN Mepexi
OCTaHHS 3HaXOAWTBCA i MOCTIHHOIO 3arpo3oro IHTepHer-xakiHry. Ilpu TakoMmy THITy KepyBaHHS HisfKi
MiAKITIOYEHH/BIAKIIOUEHHS] HE BHUKOHYIOTbCS aBTOMATUYHO, HaBiTh TaKi, II0 € OJHOTHUIIHUMH Ta HE
noTpeOyYIOTh 3MiH PEeXHUMiB poOOTH.

CyuacHui CTaH PO3BUTKY KOMII IOTEPHO-IHTETPOBAHUX CHUCTEM JIO3BOJISE MEPETJITHYTH KOPCTKY
OJHO3HAYHICTh Y BU3HAUCHHI TUIYy KEpPyBaHHs a00 MPiOPUTETIB MiAKIIOYEHb MPUCTPOIB BiAMOBIAHO 110
MOTOYHUX MOTpPed cHokuBadya. [3 3poCTaHHAM KITBKOCTI PO3YMHHX MPHUCTPOIB, MiAKIIOUYEHHX 3a
TexHojoriero 10T, 3’4BAsSEThCS MOXKIMBICTE HajgaBaTh croxuBauaMm (Ha MOOLTBHI abo0 cTarfioHapHi
KOMII'FOTEPHI CUCTEMH) JOKIAIHUI BHUIJISAA TOTO, SIKi MPUJIAJN BUKOPUCTOBYIOTH EIIEKTPOCHEPTII0 B iX
OyanHKy y KOKeH MOMeHT yacy. Kpim Toro, MoximBo 3a0e3nedyBaTd KOMOIHYBaHHS BilJaJIeHOTO Ta
ABTOMATH30BAHOTO KOHTPOJIO LMX MPHCTPOiB, m00 abo0 3MEHLIMTH CIIOKWBaHHS eHeprii, abo
MOTIEpEANTH 11 BIAKIIIOUEHHS Yepe3 MepeHaBaHTaKEHHSI €IIEKTPOMEPEXKi CIIOKUBAYA EJICKTPOITPHIIaIaMH.

Bukiiax ocHoBHOTO MaTepiany i 0OIpyHTYBaHHSI OTPHMAHMX Pe3yJIbTATIB A0CTIKeHHS.

Po3poOka Ta migkmiodeHHs l0T-0MOKIB A0 KOXHOTO MPHCTPOIO CHOXKHBada JO3BOJISE 3aMICTh
LEHTPAJII30BaHOI TEXHOJOIl KepyBaHHs, CTPYKTypa SIKOi OOMpaeThCsl Ta peamizyeThCsl OTHOPA30BO,
peanisyBaTH aJalNTHUBHI aIrOPUTMU POOOTH TaKUX NPUCTPOIB 3 YpaxyBaHHSIM IOTOYHHX MOTPeO
CHOXKHMBaya.

Ha puc. 4 HaBemeHi cxeMoTexHiuHi pimieHHs |0T-0nokiB JBOX THUMIB (IIPIOPUTETHOTO Ta
HEMPiOPUTETHOr0 HaBaHTa)KeHHs1) Ha tuatdopmi Arduino [19-21].

Moaynb pene
OAHOKAHANBbHUI

Bluetooth
imoayns HC-

HenplopuTteTHuii
| npunag - 6oinep

IoT Slave block

BaratogyHKuUioHanbHMA

Bluetooth 5
-05 Arduino/Nano satrTmeTtp PZEM-004t

NplopyUTeTHWIA Npunaa
IoT Master block B R MANNE

Puc. 4. Cxema ninkiaoyenns: moay.aiB loT-0/10kiB
NPiOPUTETHOIO Ta HENMPIOPUTETHOT0 MOOYTOBUX NMPHJIAIIB

[NounnaeThcss poboTa ONOKIB 3 X MITKITIOYECHHS O €ICKTPOMEpEeki Ta BHOOPY KOpHUCTYBaueM
NPIOPUTETHOrO Ta HEMPIOPUTETHOTO NMpWIAAy Ha TEeBHUHA TepMiH. Jlami cTapTyroTh HeckiHYeHHI (10
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MOBHOTO BUMKHEHHSI OJIOKIB 3 €JIEKTPOMEPEXKi) LUKIN poOOTH it KoxkHOro 3 10T-0okiB, OI0K-cxema
ITOPUTMY SIKO1 HaBelleHa Ha pucC. 5. SIKII0 moYaB MpalioBaT Npuiaji, BUSHAHUN IPIOPUTETHUM Y TaHUH
Jac, To 10 HenpioputerHux 10T-0okiB yepe3 Bluetooth-mepexy BinnpaBiseTbesi CHrHaI Ha PUIMHEHHS
pobotu. ITicns BUMHKaHHS Yepe3 IEeBHI IHTEPBAIN Yacy ijie mepeBipka BXiTHIUX CUTHAJIB Ha TOHOBJICHHS
POOOTH: AKIIO TaKUil CUTHAJ MPUHALIOB BiJl MPiOPUTETHOrO OJOKY — BiZOyBa€ThCA MOHOBIICHHS POOOTH Ta
MOBEPTaHHS HA MOYATOK LUKITY, SKIIO Hi — MOBEPTAHHSI BUMKHEHOTO CTaHy.
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Puc. 6. Anroput™M po60TH CHCTEMH MOYEPTrOBOTO MiTKITIOYEHHS
1Mo0YTOBOI TEXHIKH 10 eJIeKTpOMepexKi

Kosxen 10T-0mok cknaga€eTbest 3 YOTUPHOX OCHOBHUX KOMITOHEHTIB.
leopHTerHHH (loT Master block):
mrata Arduino Nano (ATmega328);
—  Bluetooth-momysne mnst Arduino (HC-05 6 pin);
—  OaratodynkuioHansHuit BarMerp PZEM-004t;
CNEKTPUYHNHN TTOIOBKYyBaY.
HCHpIOpI/ITeTHI/II/I (loT Slave block):
mrata Arduino Nano (ATmega328);
—  Bluetooth-momysne mas Arduino (HC-06 4 pin);
OIOK perne omHOoKaHAIBEHUH 5 V;
CNIEKTPUYHUHN TTOI0BKYyBaY.

Taxi 610KkH IPALIOIOTh B aBTOMATH30BaHOMY PEXHMI Bifjpasy Micis po3NOALTY Ha HMpIOPUTETHE Ta
HEMpiopUTETHE HaBaHTAKCHHS B CIIEKTPOMEPEXi CroXKuBaya. BignaneHe kepyBaHHS He MOTPIOHE ax 110
MOMEHTY, KOJIW HEe0OX1THO 3MIHUTH PEKUM MiIKITIOUEHHS MPUIaiB.

Takox MOXHa 00JagHATH TOJIOBHUHM MOIYJb MOMJIMBICTIO KE€pyBaHHS depe3 Mepexy IHTepHer
(puc. 7). Jns uporo y Bxke icHytouy cxemy notpioHo gonatu Wi-Fi moxyns ESP8266 ESP-01, sixuii Oyne
MPUIMATH CUTHAIM 3 MOOUIBHOTO TIPHCTPOIO CHOXKWBaya abo 31 CTallioHapHOro cepBepy, e
BCTaHOBJIOETHCS BIMOBIIHUI IPOrpaMHUil 3aCTOCYHOK JUTsS KepyBaHHsI onucanoro 10T-mepexero.
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Puc. 7. Anroput™ podoTH cCTeMH NO4YeProBOro MiIKII0YEeHHs NPWIALIB 10 eJ1eKTpoMepe:Ki
(3 MokTUBiCTIO KepyBaTH 4epe3 IHTepHeT)

Y pasi HeoOXiTHOCTI BizmaneHoro kepyBaHHs 4yepe3 [HTepHeT HaBeaeHNUH aaropuT™ Oyae 3MiHEHO
1ust ipioputerHoro 10T-610ky Takum uuHOM (puc. 7):
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— IepeBipKa, YM 1MOoYaB MPUJIAJ] MPANIOBATH Y JaHUI 4ac (SKIIO 1MoYaB, TO BiANPaBKa CHTHAIY 0
HenpioputerHoro 10T-010Ky Ha mpunuHEHHS PoOOTH, SKIIO HE TMOYaB — TO MEpeBipKa HAAXOIKEHHS
KoMaH[ uepe3 [HTepHer);

—TepeBipka HAaJIXO/DKEHHS NMaHWX 3 [HTepHeTy (SKIIO NpPWHIUIK, TO BiINpaBKa CHTHATY Ha
MPUITUHEHHSI po0OTH A0 HempioputeTHOro |0T-050Ky; SIKIIO HE MPUHWLIUIA — MOBEPHEHHS HAa MOYAaTOK
UKITY);

—pobora,

—TepeBipKa, Y¥ BUMKHYBCS Tpuiiaj (SKIIO Tak, TO BiANMPaBKa CUTHATY Ha TIOHOBIICHHS POOOTH 10
HerpioputeTHoro 10T-0JIoKy Ta mepexiz 10 MoYaTKy IHUKITY; SKIIO Hi — HOBEPHEHHS 0 POOOTH).

BucHOBKH Ta mepCcneKTHBH NMOAATBIIMX AOCTIIAKeHb. B pesynbraTi poOOTH mpoaHami3oBaHO
ICHYIOWl pillleHHS! IIOAO0 KepyBaHHs eNeKTPOCHOXHBAHHAM MMOOYTOBUX TNPWIALIB 4Yepe3 JIOKAJIbHY
MEpEexy.

Po3pobnene amaparHe pimeHHss Ha roiatgopmi Arduin0 ajist BIAKIIOYCHHS HENPiOPUTETHOTO
SNIEKTPONPHIIAAY Yepe3 JIOKAIbHY MEPeXY NpU MOYaTKy LHUKIY POOOTH NPIOPUTETHOTO MPHIIAdY.
Po3pobnene mporpamue 3abesneuenHs (I13), mo 103BONIsiE aBTOMATHU3yBaTH IPOLEC IOYEPTOBOTO
MiAKITIOYEeHHS 3a3HaUeHUX TPHUIIaJIiB 10 EeKTPOMEPEXKI.

Po3poOiiennii anropuT™ Ta CTPYKTypHa CXeMa amapaTHOTO MOIYJIO VIS BiJaJ€HOrO KepyBaHHS
PO3pO0IEHUM IPUCTPOEM Uepe3 [HTepHeT.

[IpoananizoBaHi MOXJIMBOCTI Ta MPUHLMIM OpraHi3amii parioOHAJIbHOIO E€HEProCIOXMBAHHS Ha
ocHOB1 TexHonorii «IHTepHeTy peueil». BukiageHo TeOpeTHYHI MiAXOOW OO CTBOPEHHS aJalTUBHUX
ITOPUTMIB ONTHUMIi3allil eIEKTPOXKUBIICHHS B YMOBaX 00MEXEHOT MOTY>KHOCTI.

3anponoHOBaHUIl aNrOpUTM aBTOMATH30BAHOI'O MOYEPrOBOTO MiAKIIOUEHHS MPUIAIIB A0 MEpexi
CNICKTPOKMBJICHHS [UIAXOM pPO3MOIUTy HA TNPIOPUTETHE Ta HENpIOPUTETHE HAaBAHTAXKEHHS 3
BUKOpUCTaHHsIM TpoTokony Bluetooth. BukopucranHs 0e31pOTOBUX TEXHOJNOTIH CYTTEBO PO3ILHPIOE
ragy3b 3aCTOCYBaHHS 3alPOIOHOBAHOTO MiAXOAY 3 KEpyBaHHS MiIKIIOUEHHAM MPHUJIALiB Yy IPUMIILEHH]
JO KEepyBaHHS MiJKIIOYCHHSIM J0 EHEProCIOKUBAHHS TEPUTOPIaJbHO PO3MOIUICHUX cHCTeM (y T. U.
OesminoTHux, Oe3 BTpy4aHHs mroauHM). [lepembayeHi nBa pEKUMH pPOOOTH: aBTOMATU30BAHHU Yy
JokanbHiA 10T-Mepexi Ta 3 MOXKIIMBICTIO BiAJaIeHOrO KepyBaHHS.

Po3pobiena BimmoBinHa amapaTHO-IpOrpaMHa cucreMa Ha Iwiatgopmi Arduino. PosrisHyTO
npukiaan peanizamii 10T-mepexi Ha 0a3i Bluetooth-mpuctpoiB s moOyIoBH CHCTEMHU paIlioHATIBHOIO
CHOXXKMBaHHS €IEKTPOEHeprii.

BukopuctanHs 3anponoHOBaHUX PIllIeHb 3 iHTErparii KOMIOHEHTIB KOMIT IOTEPHOI Ta eNeKTPUIHOT
MEpEeK JT03BOJISAE 3alO0IrTH NMEpEeHaBAHTAKEHHAM EIEKTpOMepexKi, 3a0e3neunuT Oe3nepepBHICTh LHUKITY
poOOTH MPIOPUTETHUX MPUIAAIB Ta MO30ABUTHCH Bij aBapiiHUX BIIKIIOUEHb BCIX MPUJIAIiB CIIOXKHBaya
BiJl eNIEKTPOKUBIEHHs. KpiM TOro, Takuii miaxin CyTTeBO MiABUIIYe Oe3MeKy BIpoBakeHHs |0T-pimens
B JIOKaJbHIH Mepexi depe3 BiACYTHICTh MOCTIMHOTO MiOKIIOYEHHS OCTaHHBOI A0 TJ00albHOI Mepexi
[aTepuer. BukopucTaHHS BiIiaieHOro KEpyBaHHS 3IIHCHIOETHCS TIABKH y Pa3i HEOOXiAHOCTI 3MiHH
3aMporpaMoBaHMX 3a34aJIETiAb PEKUMIB.

Hanpsimom mopaneimoro AOCHiKeHHS € po3poOka crocoOiB 30inbieHHs Bigcradi mik 10T-
OJoKaMU B TMPHUBATHIA Mepexi Ta 3MEHIIEHHS 4YacoBOi 3aTPUMKH NPH TMEPEHiAKIIOUEHHSIX anapaTHUX
KOMITOHEHTIB.
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