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AHOTALIS

bakanaBpcbka numiioMHa po0oTa ckianaerbes 3 74 cropiHok dopmaty A4, Ha
AKUX € 33 pUCYHKA, CHUCOK BUKOPUCTAHUX JIKEpeN MICTUTh 21 HaliMeHyBaHHS.

MeToro TOCHIKEHHSI € MIABUIIEHHS €EKTUBHOCTI pOOOTH (POTOENEKTPUUHHUX
MOJYIIB 32 paxyHOK po3poOku cuctemu [0T 1711 MOHITOPUHTY MapaMeTpiB reHepanii
Ta COHSYHOT 1HCOJISIIII.

Po3pob6neno indopmarliiny cucteMy i aHali3y TeHepallii eJeKTpoeHeprii
(GOTOCNEKTPUYHUMH  MOJYJISIMA Ta COHSYHOI iHcouArii. OOpaHo amapaTHe
3a0esneyeHHss cucteMu loT: KOHTpomep, MIYWIBHHUK eJIeKTPOSHEprii, IaT4uK
OCBITJICHHs. 3a jomnomoroio po3smupeHHss Apps Script y Google Tabnuusgx
pO3ropTaeThcsi BeO-A0JIATOK, SKUW 00poOmnse http-3anmuTu, sKi TEpPiOJIUYHO
reHepyroThes KoHTposiepoM NodeMCU Ta MICTSTh pe3yJibTaTH BUMIPIOBaHb IATUHKIB,
SIK1 XapaKTepU3yIOTh (PYHKITIOHYBaHHS (DOTOEIECKTPUYHOTO MOYJIS.

Kirouori crnopa: cuctema loT, ananiz manux, iHcomsmiss, Apps Script, Google

Sheets.



ABSTRACT

The bachelor's thesis consists of 74 A4 pages, which contain 33 figures, the list
of sources used contains 21 titles.

The purpose of the study is to increase the efficiency of the operation of
photovoltaic modules due to the development of an loT system for monitoring
generation parameters and solar insolation.

An information system has been developed for the analysis of electricity
generation by photovoltaic modules and solar insolation. The hardware of the loT
system is selected: controller, energy meter, lighting sensor. Using the Apps Script
extension in Google Sheets, a web application is deployed that processes http requests
that are periodically generated by the NodeMCU controller and contain the results of
sensor measurements that characterize the functioning of the photovoltaic module

Keywords: 10T system, data analysis, insolation, Apps Script, Google Sheets.
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BCTYII

AKTyaJIbHiCTh TeMH. 3BaKal0YM HA 3HAYCHHSI COHSYHOI €HEprii B Cy4acCHOMY
CBIT1, CTATUCTHUKA T€HEpallll COHAYHOI €IEKTPOEHEPTil MIMCHO LIIOCTPYE PICT I[HOTO
cektopa. 3a naHuMu MDKHApOJHOTO areHTCcTBa 3 BimHOBIIOBaHOI eHeprii (IRENA),
COHSIYHA €HEPris cTajla HAHIIBUAILE 3pOCTAIOUYMM JKepesoM eHeprii y citi. Y 2021
pol1i BAPOOHUIITBO COHAYHOT eHeprii 30ubiuniocs Ha 22% nopiBHIHO 3 2020 poKOM.

3a ominkamu €Bponeichbkoi acomialii poroonbraiku (EPIA), y 2023 porri 6ymno
BCTaHOBJICHO 0;1M3bK0 180 riraBaTT COHSAYHUX MaHEJICH Y BChOMY CBITi, IO MTOABOIIO
oOcar y nopiBHsiHHI 3 2018 pokom.

VYkpaiHa TakoX CHOCTEpira€ 3Ha4YHHMH pICT CEKTOpa COHSYHOI eHeprii. 3a
nanumu JlepxkaBHOi cinyxOu cratucTuku Ykpainu, y 2023 pomi B Ykpaini Oymo
BCTAaHOBJICHO OJIM3BKO 6 riraBaTT COHSYHHUX €JIEKTPOCTAHIIIMN.

3a nmaHuMu YKpaiHCBHKO1 acolliaifii BiJIHOBJIFOBAHOI C€HEPTreTHKU, COHSIYHA
eneprisi 'y 2023 pomi cTtajma TpeTiM 3a 00CSATOM BHUPOOHHIITBOM e€JEKTPOEHEepPTii
JHKepesioM B YKpaiHi, BUPOOUBIIHN OJIU3bKO 5% BCi€l eeKTpOCHEePrii.

i craTrcTUYHI AaH1 CB1IYATh MPO T€, IO COHSAYHA SHEPris MBHUIKO 3POCTAE SIK
y CBITI, TaK 1 B YKpaiHi, 10 pOOUTH OIIHKY €(heKTUBHOCTI (DOTOCICKTPUYHUX MOTYJIIB
me OUIBII aKTyaJIbHOK JUIsi  3a0e3medeHHs CTaOUIbHOTO Ta  €(eKTHBHOTO
BUKOPUCTAHHS I[bOTO JHKepesia eHeprii.

Ominka edeKTUBHOCTI (YHKIIOHYBaHHS (OTOEIEKTPUUHUX MOJYIIB €
HAJ3BHYAHHO aKTyaJIbHOIO TEMOIO 3 KUTbKOX MPUYHH:

- Tepexia J0 BiIHOBIIOBAHOI €HEPrii: y 3B'SI3Ky 3 POCTOM CBIJIOMOCTI TPO
npoOieMu 3a0pyAHEHHS JOBKULIS Ta 3MCHIIICHHS 3aIlaciB MPUPOJIHUX IMAJIUB, 0arato
KpaiH TepexoasiTh [0 BHUKOPHCTAHHS  BIIHOBIIOBAHWUX  JKEpEN  E€HEprii,
(G OTOCIEKTPUYHI MOy i, 30KpEMa COHSYHI IaHell, CTal0Th KIIFOYOBUM €JIEMEHTOM B
IIbOMY TIEPEXO/Ii;

- 3pPOCTaHHSA TOIYJSPHOCTI COHSAYHOI EHEPrii: COHSYHA CHEPris CTae BCe
OUTBIII MOMYJISPHOIO K JHKEPENO ENEKTPOCHEPT11 IS IOMOTOCIIOAPCTB, KOMEPIIMHUX
MIJIPUEMCTB Ta MPOMUCIOBUX OO'€KTIB, OLIHKA €(PEKTUBHOCTI (HOTOEIEKTPUUYHUX

MOJIYJIIB € KJIFOYOBOIO sl 3a0€3MmeueHHs e(PEKTUBHOCTI Ta CTAOLTLHOCTI 11€T CUCTEMH ;
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- TEXHOJIOT1YHI BJOCKOHAJIIEHHSA: PO3BUTOK TEXHOJOTM y BUPOOHUUTBI
($OTOENEKTPUYHUX MOJYJIB MPU3BOJUTH 10 TMOSBH HOBUX MaTepialliB, AU3alHIB Ta
METO/IIB BUTOTOBJIEHHS, 110 MNOTPEOYIOTh OLIHKH iX €(QEKTHUBHOCTI MOPIBHSAHO 3
TPaAUIIAHUMU T1X0JaMH.

- eKOHOMIYHI MepeBaru: OLiHKa €(PEeKTUBHOCTI (POTOENEKTPUYHUX MOIYIIB
TAaKOXX BAXJIMBA JUIsl BHU3HAYEHHS IX EKOHOMIYHOI JOUUIBHOCTI, pO3paxyHKH
MOBEPHEHHS 1HBECTHI[IM Ta ONTUMATILHOI peHTa0eIbHOCT1 4acTO 6a3yI0ThCS Ha TOUHUX
JaHUX 10/10 €(EeKTUBHOCTI (POTOETEKTPUUHHUX CUCTEM.

OT1xe, oliHKa ePEeKTUBHOCTI (DOTOCIEKTPUUHUX MOJIYINIB HE JIUIIE JAOMOMAarae
3a0e3neuYnT CTaOUIBHICTh IOCTAYaHHS €JeKTPOEHEeprii, a i copusie pPO3BUTKY
BIJTHOBJIFOBAHO1 EHEPTreTUKH Ta 3MEHIICHHIO BIJTUBY Ha JIOBKLILIA.

Mera i 3agaui [gocJaiikeHHsl. MeETOI0 [JOCHIKEHHS € MIIBUINECHHS
edeKTUBHOCTI G YHKIIIOHYBAaHHS (POTOCTEKTPUUHUX MOJTYJIIB 32 PAXYHOK PO3POOIICHHS
[oT-cuctema MOHITOPUHTY MapaMeTPiB T€HEPYBaHHS Ta COHSIYHOT 1HCOJISIIII.

JIJist TOCSATHEHHS TTOCTABIIEHOT METH HEOOX1AHO PO3B’SA3aTH TaKi 3aayi:

— TPOBECTH aHaJIi3 OCOOIMBOCTEM BUKOPUCTAHHS (DOTOCTEKTPUUHUX MOTYJIIB
B PO3pi31 BUBHAUYCHHS ONTUMAJILHUX YMOB iXHBOT pOOOTH;

— 3AiMCHUTH  OHiHKY  (aKTOpiB  sSKi  BIUIMBAaIOTh Ha  TIEHEpaIliio
(hOTOCTIEKTPUIHUX MOJTYIIIB;

— CHHTE3yBaTH alrapaTHO-TporpaMHuil komiuiekc loT-cucTteMu orliHOBaHHS
edeKkTUBHOCTI PYHKITIOHYBaHHS ()OTOCTEKTPUIHUX MOYJIIB.

— 3/IICHUTH MPAKTHUYHE TECTYBAHHS MAKETHOTO 3pa3Ka.

O06’exkToM  fociiskeHHs1 €  aHami3 e(QeKTHBHOCTI  (YHKIIIOHYBaHHS
(GoTOENEeKTPUUHUX MOAYIIB.

IIpeameToM gocaizKeHHsl € 3acO0M, METOIM 1 MPOTPaMHI PIIICHHS JIJIs 300py
Ta aHaNi3y JaHuX, M0 XapaKTepu3yrTh e(EeKTUBHICTh (PYHKI[IOHYBaHHS

(bOTOCTEKTPUIHUX MOTYJIIB.



1 3ATAJIBHA XAPAKTEPUCTUKA OB’EKTY JOCJIIXKXEHbD

1.1 Anani3 npo6yieMaTuky €(peKTUBHOTO BUKOPUCTAHHS COHSIYHOT €HEePrii

CBITOBE CHOKMBAaHHS EJIEKTPOEHEPTil 3pocTae 3 MOCTIMHUM EKOHOMIYHUM
PO3BUTKOM 1 3pOCTaHHSIM HacelieHHs. He3Bakaroun Ha 3pOCTaHHS MOMYJISIPHOCTI
BIIHOBJIIOBaHOi €Heprii [1], BUKOMHE MaJMBO 3aJUIIAETHCI OCHOBHUM JIKEPEIOM
eHeprii 11 BupoOHUITBa enekTpoeHeprii. 100 3a10BOIRHUTH 3pOCTAIOUNI TIOTIHT Ha
CJICKTPOCHEPTii0, OAHOYACHO 3MCHIIYIOUM BIUIMB Ha HABKOJUIIHE CEPEIOBHIIIE,
BiTHOBJIFOBAaHAa CHEPreTUKA TOJAEThCA SK BaxuiMBa anbTepHaTtwBa. Cepen pi3HHX
BiJTHOBJIFOBAHUX JDKEPEJT CHEprii COHSYHA CHEPris Mae€ BEJIUKHH IMOTCHIIAN JIJIs
3aJI0BOJICHHSI 3pOCTAl0UUX MOTPEO Y CIIOKUBAHHI €HEPTi.

VY 2022 pori BBEJACHHS HOBUX MOTY)KHOCTCH BITPOBUX Ta COHIYHHMX YCTAaHOBOK
3anuIanucs Ha BUCOKOMY piBHI (+75 I'BT HOBO1 BiTpoBOi notyxHocti Ta +191 I'Br
HOBO1 COHSIYHOT IMOTYXHOCT1). ¥ BChOMY CBITI YacTKa BITPOBOi Ta COHSYHOI €Heprii y
BUPOOHUIITBI €JICKTpOCHeprii 3pocia Ha 1,5 m.a. y 2022 pori 10 nonax 12% [2]

OxpiM MIHIMAJIBHOTO BIUIMBY HA HABKOJIMIIHE CEPEIOBUILE, COHAYHA €HEPTis
Mae€ MUPOKUH cekTp rnepesar. CoOHsIYHA €HEprisl MUPOKO JOCTYITHA, @ TOMY 3MEHIILYE
3QJICKHICTD BiJl IMIIOpTY eHeprii. OCKUIBKH COHSYHA CHEPTiS MOKpaIye CHEPreTUUHY
PI3HOMAHITHICTh 1 3aXHWIa€ BiJl HECTAOUIBPHOCTI I[iIH HAa BHKOITHE ITaJIUBO, BOHA
JoTIOMarae IMiJBUINMTH HAJIMHICTh TOCTAa4aHHS Ta CTaOULTI3yBaTH BHTpPATH HAa
BUPOOHHUIITBO EJIEKTPOCHEPTii B JOBTOCTPOKOBiM mepcrektuBi. Kpim Toro, mms
CUIbCHKUX pAalOHIB, /1€ HEMAa€ IOCTYIy JO eJIeKTPOCHEeprii, aBTOHOMHI COHSYHI
CUCTEMHU YaCTO € HAMOLIBII MPUIHHATHUM PIIICHHAM TSI MIHIMAJIBHOT eekTpudikarrii.

PozramyBanHsi € BaXauBUM (haKTOPOM SIKMA BPAaXOBYETHCS IIifl 4ac BUOOPY
MICIII BTAHOBJICHHsSI (DOTOEIICKTPUYHUX TaHENEeH, OCKUIbKH Pi3HI MICIs 3 PI3HUMU
reorpa@iyHIMH Ta KIIMATHYHUMHU/METEOPOJIOTIYHUMH YMOBaMU MOXYTh 3HAYHO
BIUTUHYTH Ha TIPOJIYKTUBHICTH (POTOCIEKTPUYHUX MaHeNeh. [ KUTIOBUX 1 MEIKUX
HEXUTIOBUX POTOETEKTPUUHUX CUCTEM Jaxu a0o gacaau OyJUHKIB 4aCTO € KpAIIUMU
MICI[IMH BCTAQHOBJICHHS. Y IIMX CHCTeMax JOCHIKEHHS Oylud 30CepekKeHl Ha

BH3HAYCHH1 BIAMOBIIHUX 30H Ha Jaxax OYIWHKIB 3a JIONOMOTOI0 JeTadbHuX 3D-
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MoJieNiel, JaHUX BUABIICHHs Ta Bu3HaueHHs BifcTtaHl (LIDAR) 1 cuctem reorpadiunoi

iHdpopmartii (GIS) [3].

BusHnaueHHs BIAMOBIIHUX MICI[b ONTHUMAJIBHOIO BCTAHOBJICHHSI COHSIYHOT
CUCTEMHM Ha TMPAKTUIl MOXEe OyTH CKJIaJHUM 3aBlaHHsIM. Benuuunna BuUXiTHOT
MOTYXHOCTI COHSYHUX TaHENell 3alieXuTh Bl OaraTbOX 30BHIMIHIX (AaKTOPIB
CEpelloBHUINA: BEIUYMHA COHSYHOI pajmiamii sKy TOTJIMHAE TaHellb, TeMIlepaTypa
(GOTOCHCKTPUYHOTO  MOAYJSA,  MaTepiall  Ta  TEXHOJIOTiSI  BUTOTOBJICHHS
(GOTOCTCKTPUIHHUX E€ICMEHTIB, YIPABIIHHSI BEJIMYMHOIO T'€HEPOBAHOI MOTYXKHOCTI 3
BpaxyBaHHS BOJIbT-aMIIEPHOI XapakTepucTUkH naHenm [4]. IcHye Benuka KiIbKiCTh
MaTEMaTUYHHX MOJICJICH Ta aKeTiB MPUKJIAJHUX IPOTrpaM, SKi OITUCYIOTh ONITUMAJIbH1
napamMeTpH IHCTAJISIIT Ta BUKOPUCTAHHS CHEPrii COHSYHUX maHened [5], ogHak Bci
BOHHM MOTPEOYIOTh TIEPEBIPKM Ta ajamnTallii J0 yYMOB KOHKPETHOTO pErioHy, IO
HEMOJKITUBO 0€3 BUKOHAHHS PAY CKCIIEPUMEHTATBHIUX MOHITOPHHTOBUX JOCIIKCHb
3 BUKOPUCTAHHSAM CY4YaCHUX BHUMIPIOBAILHUX MPUCTPOIB.

[Ilo6 nmocsArTd ONTHUMAIBHOI MPOAYKTHUBHOCTI (DOTOEJIEKTPUYHOI CHCTEMH,
BUJIUTUMO KiTbKa 0a3oBux ¢aktopiB. KyT Haxuiy Ta opieHTaIlis MaHell y MpocTopi
OyJIu IMHUPOKO JOCIIKEH1 B poboTax [6, 8] 1 oTpuMaHHI MaKCUMAJIbHOT'O 3HAYCHHS
COHS'YHOTO BHIPOMIHIOBaHHS Ha MOBEPXHI MaHENl a OTKE 1 MaKCUMaJIbHO1 BUXITHOT
IOTY)KHOCTI. Pe3ynprat mokasyroTh, 1m0 reorpadidyHe IOJOKEHHS Ta MICIICBUMA
KJIIMaT BIUIMBAlOTh HAa ONTHMAJBHHN KyT HAaXWjy Ta OpIEHTAIII0 COHSYHOL
doToenekTpuaHOoi cucteMu. JlOCHiTKEHHsS IOKa3ajdd, IO B ITBHIYHIA IMIBKYI
dboToeNeKTpUYHI MaHeNi, CIPSIMOBaHI Ha MIBJACHb 3 KyTOM HaXWjy, PIBHUM IIHUPOTI,
JOCSITIIA MAaKCUMAJIBHO1 PIYHOT TPOyKTUBHOCTI cuctemMu [7].

KpiMm kyTa Haxuiy Ta opi€HTaIlii, JOCTIPKEHHS TOKa3aiu, 10 Pi3HI CUCTEMH
BIICTeKEHHS  COHIII MOXYTh BIUIMBATH HA  TPOAYKTUBHICTh  COHSYHHX
doroenekrpuunnx nanenei [8, 9]. JocmimkeHHs, MpoBeIeHi B Pi3HUX reorpapiqHux
MICIISIX, TTOKA3YIOTh, 110 TAHEl 3 COHSYHUMH TPEKEpPaMU, BIICTECKECHHS TOJOKCHHS
COHIISl BUPOOJISIIOTH OUTBIITY BUXIAHY HOTYKHICTh, HUK (pikcoBaH1 naneni. Hanpuknan,
B [10] mposeaecHo nmocmimxkeHHs B Jlamacky, Cupisg, i BUSBICHO, IO IaHEIb

BIICTEKEHHS a3uMmyTa (0JHOOCHOBA) BUpOOJsie HAa 20% OuIblle MOJACHHOI BUXITHOL
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MOTYXHOCTI, HDK (PIKCOBaHA MaHEelb, 3 Habarato BUIIOK NPOAYKTUBHICTIO (Ha 40%

OiblIE) BpaHIll 1 BBEUYEPI.

[lle onuH BaxJIMBHUI MapaMeTp, SAKUH BIUIMBA€ HA NPOAYKTHUBHICTH COHSYHOI
(OTOENEKTPUYHOI CUCTEMH, CTOCYEThCSI MaTepialy COHSYHHMX eleMeHTIB. B po0oTi
[11] mocnmimkyBamu TpWU TUIHM MarepiaaiB — TOHKY IUTIBKY, MOHOKPUCTAJIIYHHUN 1
MOJIIKPUCTAIIYHUHN KpeMHi — y perioni Kaxpamanmapaiu, Typeuunna. byso ouineHo
€HEProClOKMBAHHS, BapTICTh, PIYHUA JOXIJ, TOYKH O€330MTKOBOCTI, IUIOILLY
BCTAHOBJICHHS Ta Baru KO>KHO1 cucTeMu. B pe3ynbTaTi JOCTIAHUKY TIAILTH BUCHOBKY,
110 TOJIKpHCTaTidHa (POTOCTCKTPUYHA CHCTEMA € ONTHUMAIILHOKO JIJISl PETiOHY 3 TOUKH
30py HAWKOPOTIIOI TOYKH 0€330UTKOBOCTI (KOJM EKOHOMIYHA Bijjadya CHUCTEMH
JOPIBHIOE BUTpaTaM). BoHM Takok BUSBWIM, 1110 TOHKOTUTIBKOBI TIaHEN1 OyJU OUTBII
KOHKYPEHTOCIIDOMOKHHMH B CEPEIOBHUIII 3 BHUCOKOI TEMIEPAaTypol Ta Mallk
nepeBary 3 TOYKHM 30py Baru. IIpoTe TOHKOIUTIBKOBI MaHEN1 3aiiMaiu OuIble MicIis
HOPIBHSAHO 3 JBOMa IHIIUMHU cucTeMaMd. B po6oti [12] mopiBHSIN €HEpreTHUHI
XapaKTepUCTUKH TPbOX THUIIB (OTOCNEKTPUYHUX MOAYIIB  (KpUCTATIYHHX,
MYJIBTHKPUCTAIIYHUX 1 KaIMIEBO-TEIYPUIOBUX MOJYIIB) Yy KIIMATHYHUX YMOBaX
Typeubkoro micta [3miT. BoHM BUKOPHUCTOBYBaJIM METPUKHU OI[IHKM HOPMAai30BaHOi
eHeprii cucreM, KoedillieHTH MPOAYKTUBHOCTI, cepeaHI0 €(EeKTUBHICTh MAacCHBY Ta
Koe(iIlieHTH TOTY)XHOCTI. Pe3ynpTraTv mokasanu, IO MOIYNII TEIYPUIY KaaMiro
reHepyBany Oinpllie eHeprii 3 BHUIOI CepPeaHbOI0 C(PEKTUBHICTIO MAcCHBY,
Koe(DIIiEHTOM MPOMYKTUBHOCTI Ta KOE(DIIIEHTOM MOTY>KHOCTI 3a TOTOJHUX YMOB
[3Mmiry.

[Tlin wac mnpoekTyBaHHSA (OTOCTEKTPUYHUX CHUCTEM BAXKIMBOIO € 3a/Jada
pPO3paxyHKy Ta BHOOpPY HEOOX1THOI KUTBKOCTI COHSYHHUX IaHENeH Ta mapaMeTpiB iX
ONTUMAJIBHOI 1HCTamsAMI. OTXKe BaXKIWMBO PO3YMITH MOTEHIlIA] TeHepallii eHeprii B
KOHKPETHOMY MICIli BCTAHOBJICHHSI MOJYJIB 1 €(EKTUBHICTh MEPETBOPEHHS €HEPTil

JUJT 33IaHUX YMOB.
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1.2 Knacudikamiss (OTOETEKTPUYHUX YCTAHOBOK, OCOOJIMBOCTI pO3TalllyBaHHS

COHSIYHUX TIaHEJIEH.

[IpoananizyeMo nAuHAMIKy 3MIHM BCTAaHOBJIEHOT TMOTYXHOCTI JOMAIIIHIX
constynux enektpocraniiii (CEC), mo ykiaau T0roBip Mpo MOCTayaHHS €Heprii 3a
«3eneHuUM Tapudpom» 3rigHo manux twatdpopmu [13]. Ha pucynky 1.1 HaBemeHo
MOKBApTAIbHY 3MIHY MOTYXHOCTI SIKI BCTAHOBJIEHI B TPUBATHUX JIOMOTOCIIOIAPCTBAX
Binaunskoi ooJacri.

Knacudikaris (poTtoenekTpuuHUX YCTAaHOBOK, OCOOJIMBOCTI pPO3TaIlyBaHHS
COHSIYHUX IaHeJIen

40 A
35
30
25
20

15

10

Pucynok 1.1 - TlokBaptanbna 3mina noty»HocTi CEC ski BcTaHOBJIEHI B

MPUBATHUX JIOMOTOCIoapcTBax BinHuibKkoi obmacti, MBT

JlaHa cTaTUCTHKA TTOKA3y€e CTIHKY TCHICHITIIO O 3pOCTaHHS, 1 caMe TaKWH TiaXia
JI03BOJISIE Peai3yBaTH KOHIIEMIIII0 PO3MOAUICHOTO TEHEPYBaHHS EJIEKTPOCHEPrii B
VYxpaini [14]. Eneprernuna cuctema YKpaiHu ChOTOAHI TepeOyBae Iia 3arpo30r0
oOctpiniB. CTBOpEHHSI MEPEX1 PO3MOAUICHOI TeHepalii eJIeKTpOeHEPTii, MOxke OyTH
TIEBOIO TPOTUJIIEI0 [0 MOPYIIEHHS UUIICHOCTI E€HEProCUCTeMH IIPU HAasIBHOCTI

nedinuty eneprii. Taka Mepeka Mae CKIQJaTHUCA 3 THUCAY MaJuX €JIEKTPOCTAHIIIN,
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MIPUBATHUX €JIEKTPOCTAHIIIN IO JIOMOMOXE HaIliil eHeprocucTemi AuBepcudiKyBaTu

reHepalio 1 yoe3neynuTu eHepreTuyHi 00’ €KTH BiJl MAacIITAOHUX MOIIKOIKEHb.
Pozpizusitors nBa Buau manux CEC — ribpunni ta mepexenl. Ha pucynky 1.2
300paXeH0 CTPYKTYpy TIOpUAHOT COHSYHOI €JEKTPOCTaHIlli, BOHAa JI03BOJISIE
3a0€3Me4YnT aBTOHOMHE €JEKTPONOCTaYaHHSA BiJ (POTOENEKTPUYHUX MOJIYIIB 3a
pPaxyHOK HAKOMHYEHOI eJIEKTPOEHeprii B aKyMyJsTopax, SKi HOKPHUBAaIOTh
HEPIBHOMIPHICTh TeHepallii. SKI0 MOTY>KHOCTI HE JOCTaTHbO 3/IACHIOEThCSA il

CIIO’KMBAaHHA 3 Mepe>1<i

Enextponpuiaiun

DC 3axmcT

Poromoay.1i
& ] .
AC 3axucr
ki "g" Mepexa
InBeprop
e
AKB i
JliuAIbHAK

Pucynok 1.2 - Ctpykrypa riOpuaHoi COHIYHOI CTaHIIii

Ha pucynky 1.3 300pakeHO CTPYKTYpYy MEpEeKeBOi COHSIYHOI €IEeKTPOCTAHII],
BOHA JI03BOJIsI€ 3a0€3MEYUTH AaBTOHOMHE €JIEKTPONOCTAYaHHS TUTBKU KOJIM € TOCTATHS
reHepailis COHSYHUMHU TaHENISIMH, 1HAKIIEe MOTYXXHICTh CIIOKHBAYiB MOKPUBAETHCS
eHeprieto i3 Mepexi. ['0JJOBHOIO BIIMIHHICTIO € T€, IO B TAKOMY BHITaJIKy BIACYTHI
Hakonmu4yBadi eHeprii. ToMmy AediluT MOKPUBAETHCS MEPEKEI0 a MPH HASBHOCTI

HaJIJIMIIKIB TeHEpallii BIIOYyBaEThCS PEKYIEpallisi B MEPEKY.



11

DC 3axmct - -
TaBeprop
Portomoaymi
AC 3axmcr
l - . Mepexa
Enextponpaiann

JivaIbHAK

Pucynok 1.3 - CtpykTypa MepexeBOi COHIYHOT CTaHITI{

B Takux mManux COHSYHHMX CTaHIIIX BUHUKAE aKTyalbHa 3a7a4ya 3HAXOJKEHHS
ONTUMAJILHOTO MICLII pO3TallyBaHHS COHSYHOI TMaHEIl 1 MOMJIUBICTh OI[IHKU
edekTUBHOCTI ii (PyHKIIIOHYBaHHS IS TOTO YW I1HIIOrO BapiaHTy. lle Moxe OyTtu
po3ramryBaHHS Ha dacasi, naxy Yd HaBiThb BcepeauHi mnpuminieHHs [15]. Ha
pucyHKy 1.4 300pakeHO pI3HOMAaHITHI BapiaHTH BCTAHOBJICHHS COHSYHUX TaHEJeH.

PozramryBanust Ha dacagax Moxe mMaTH OaraToBapiaHTHI YMOBH, SiIKi OyAyTh
BIIPI3HATHUCH BiJl ONTUMAJIBHUX, HAIPHUKIA] SIKIIO € MOXKJIMBICTh BCTAHOBUTH TaHEN1
Ha CTiHI SKa po3TallloBaHa HE Ha IMBJCHb a Ha CXiJl. B TakomMy BHIMaJKy HalOUIbII
e(eKTUBHO Taka TaHedb Oyae MpaIloBaTH BpaHIll a YxKe Michs o0ily COHsSYHA
AKTUBHICTH PI3KO CKOPOUYYETHCS, KPIM TOTO € iHII (PaKTOpW: HASIBHICTH JTOAATKOBOT
3a0ym0BH TOPST, AepeBa SKi 3aTPUMYIOTh BUIIPOMIHIOBAHHS, aKTUBHICTH BIAOUTOTO
BUTIPOMiHIOBaHHSA. ToOTO mMOTpiOHO BpaxoByBaTH TEXHIUHI, Ta TEXHOJIOTIYHI
0COOJIMBOCTI, SIKI BaXXKO OOpaxyBaTH MaTE€MaTU4HO, ajie JJIsI KOKHOTO (DAKTUYHOTO
MICITS PO3TallyBaHHS MOYKHA BH3HAYaTH JOCHTIIHO, SKIIO 3a JIOTIOMOTOK) CEHCOpIB

(dikcyBaTH reHepyBaHHS COHSIYHOI MMaHeJl Ta BU3HAYaTH 30BHIIIHI YMOBH.
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BpaxoBytoun cnenudiky po3rairyBaHHs ciifi BUKOpucToByBaTd [0T piieHHs

JJIA MBUAKOI'O BU3BHAYCHHA e(i)eKTI/IBHOCTi KOHKPCTHOTI'O MiCI_UI poO3TalryBaHHA.

A |

TN P r VvV

Pucynok 1.4 - BapianTtu BCTaHOBJICHHSI COHAYHUX MaHeNel Ha (acaaax Ta

naxax OyauHKiB [15]

1.3 Ananiz IoT pimess ajis MOHITOpUHTY €(GEKTHUBHOCTI BUKOPHUCTAHHS

(bOTOETEKTPUYHUX MOTYJIIB

B po6oti [16]. 3ampomonoBano IoT cucTeMy misi MOHITOPHHTY COHSYHOT
yctaHoBkH (puc.1.5). Mera cucTeMH MaKCHMI3yBaTH BHXIAHY IOTYXKHICTh 3a
JIOTIOMOTOI0 HAJNIAIITYBaHHS KyTa ii BCTAHOBJIEHHS B peajbHOMY 4Yaci BIIIHOCHO
MoJIOKeHHs coHId. Jlana cuctema modyaoBaHa Ha KOHTpoJiepi Arduino sSikuif 3UuTyeE B
PEXHUMI peaTbHOTO Yacy CTPYM Ta HAMPYTy (POTOCTEKTPUIHOTO MOJYJIS & PE3yJIbTaTH
MOHITOPHHTY BIIIPABIIAIOTECS Ha cepBep depe3 moxayiab Wi-Fi. B pesynbrari
oTpuMaHi rpadiku JO3BOJISIIOTH OLIHUTA €(EKTUBHICTH POOOTH (HOTOETEKTPUIHUX
MoayniB. Takox MarOun CTATUCTHUKY 32 TPUBAIUH Yac MOKHA MPOBOJIUTH €KOHOMIYHY

OI_[iHKy BHUKOPHUCTAHHA COHAYHUX MaHeJeH.
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Rectifier Regulator Display
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Pucynoxk 1.5 - IoT cuctema MOHITOPUHTY (OTOCIEKTPUIHUX MOYJIiB [16]

B po6Gori [17] aBTOpamu 3ampormoOHOBAaHO METOAWKY, Ta BigmoBimamii loT
opuctpiii  (puc. 1.6) 1o BU3HAYEHHS  IOTY)KHOCTI, fKa T€HEPYEThCS
(OTOCHEKTPUIHUMH MOAYIAMH. JlaHWN TPUCTpi Mae KOMMAKTHI PO3MipH, IO
BXJIMBO JUIsI KOTO aBTOHOMHO1 POOOTH, KpIM TOTO y HbOMY HE BHUKOPHUCTOBYETHCS
OKpEeMHUH CEHCOp Hampyrd, Horo (QyHKIiI0 BHKOHye moauibHuK Ta AIlll
MikpokoHTposepa ESP32 wna skomy yxe interpoBano WiFi moxynp Ta iHmIi
KOMYHIKaIiiH1 iHTepdeiicu. Takok 10 CKIaxy CHCTEMH BXOJWUTHh JHUCIUICH IS
BiJITIKH Ta BimoOpakeHHs iHdopmariii mo micirio. [IpoBeneHi nociimkeHHs 31 3MiHOIO
MOJIOKCHHS TMaHeJl JTO3BOJISIOTh BU3HAYHWTH ONTHMAJIBHE PO3TANTyBaHHS, B SKOMY
OTPUMYEMO MAKCHUMAIIbHY CEpeHbOA000BY MOTYXHICTh. st 00poOku iHpopMmarrii
Bukopuctano loT mmarpopmy ThingSpeak moctynm g0 34yuTyBaHHS Ta 3ammucy

3abe3mneuyeThest yepe3 APl 3 BukopucTaHHSIM 1eHTU(DIKALIITHOTO KITto4a.
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e

Pini4 Photovoltaic Panel
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Pucynoxk 1.6 - [oT cuctema BU3HaYEHHS MOTYKHOCTI COHAYHOT maHesi [17]

1.4 BucHOBKH

VY upomy po3aini 0ysia0 MpoBeeHO aHai3 MpoOIeMaTUKH MPEeAMETHOT 001acTi,
a came npo6iemu mooynoBu [oT cucteM oriHIOBaHHS €PEeKTUBHOCTI G YHKITIOHYBAaHHS
(bOTOENEKTPUYHUX MOAYJIB. Po3risiHyTo 0co0iuBOCTI (DYHKI[IOHYBaHHSI COHSYHOT
€HEPreTUKH, 30KpeMa BIA3HAYEHO BAXKIMBICTh aHalli3y TEHEpPYBaHHS EHEprii B
3aJIEKHOCT1 Bl YMOB 30BHIIIHBOTO CEPEIOBUINA, Ta PO3MIIIECHHS (POTOEIEKTPUIHUX
MoxayiiB. OcHoBHI (yHKIII cuctemu: 30ip JaHMX 3 BIANOBIAHHUX CEHCOPIB B
upPOBOMY BWTJIS/I, HAKOMUYECHHS JaHUX 3a 3HAYHUN TepioJl Yacy, NMEepBUHHA

00poOKa TaHUX MOHITOPUHTY, aHaJ13 Ta IPOTHO3YBaHHS BUPOOJIEHHS €HEepPTil.
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2 AHAJII3 ®AKTOPIB BIIVIMBY HA TEHEPALIIO

®OTOEJEKTPUYHUX MOAYJIIB

2.1 Anaii3 eHepreTHYHoro noTeHuiany YKpainu

VkpaiHa wmae crpusariuBe TreorpadiuyHe po3TallyBaHHS ISl  PO3BUTKY
dboToenekTpuuHOi reHeparilii. 3rifHo 3 KapTow iHcoJsail (puc. 2.1), npubau3HO Ha

80% TepuTopii KpaiHU CepeIHIi MOKA3HUK CTAHOBUTH OLIBIIE TPHOX OJUHUII.
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Pucynok 2.1 — Kaprta constunoi iHcomsiii Ykpainu

Ile nabGaraTo Bumie a00 Ha piBHI 3 IHIIMMHU €BPONEHCHKUMH KpaiHaMmu, SKi
aKTUBHO 3aCTOCOBYIOTH €HEPIil0 COHIIS Uil €JIEKTPOIMOCTa4YaHHS Ta OOIrpiBY CBOIX
OynunkiB. OCHOBHI MepeBaru BUKOPUCTAHHS COHSAYHOI CHEPTeTUKY IS Y KpaTHH:

— € BEJMKWW TMOTEHIan sl 301TbIICHHS BUPOOHMUIITBA COHAYHOI €HEprii,
0COOJIMBO B CUTCHKHX paliOHaX, /i€ € BEJIMYE3HI1 BUIbHI MPOCTOPH JUISI PO3MIIICHHS
COHSIYHUX ITaHENEH,

— PO3BUTOK COHSYHOI €HEPTeTHKH JIOMOMOXKE 3MEHIIHUTU 3aJICKHICTh Bif

IMIIOPTHUX JIKEpeJl eHeprii, TaKuX sK ra3 4yu HaTa;
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— BHUPOOHMIITBO COHSIYHOI €HEPrii € €KOJOTIYHO YHMCTUM IPOLECOM, IO HE

CYNPOBOIKYETHCS BUKUJAMHU BYIJIEKUCIIOTO ra3y Ta IHIIUX WIKIJJIUBUX PEYOBHH, 1110
cCIpHsi€ 3SMEHUIEHHIO BIUIMBY Ha HABKOJIMIITHE CEPEOBUILIE;

— PO3BUTOK COHS'YHOI €HEPreTHUKU CTUMYIIIOE THHOBALIT B raixy31 TEXHOIOT1H
BITHOBJIIOBAJIbHUX JUKEpEJl €HEeprii, 10 MOKEe NPU3BECTU [0 CTBOPEHHS HOBHX
poOOYMX MICLIb Ta TPUCKOPEHHS TEXHOJIOTTYHOTO MPOTPECY;

— 3aCTOCYBaHHSI COHS'YHOI €Heprii Mo)ke MPU3BECTH J0 3MEHIICHHS BUTpAT
Ha €HEeprito JUIsl MIAIPUEMCTB Ta JOMOTOCIOJIAPCTB, IO CHPUATHUME €KOHOMIYHOMY
PO3BUTKY KpaiHH.

Cranom kiHeup 2020 poky BctaHoBieHo CEC 3aranbHO0 HOMIHAJIBHOIO
notyxHicTio 6320 MBT 6e3 ypaxyBanus Onu3bko 407,9 MBT mnoryxHOCTEH, fKi
nepeOyBaoTh Ha OKynoBaHii Pociero Teputopii, siki renepytots 1,265 mipa kBt ron
enextpoeneprii. Yactka CEC na mepmmit kBaptan 2021 poky 3aranbHiil reHepariii
Ykpainu ckiamae 6au3bko 6 %[18]. Ha pucynky 2.2 300paxkeHo aiarpaMy reHeparrii
COHSYHUMM €JIEKTPOCTAHIISIMU JllarpaMy reHepalii COHTYHUMHU €JIeKTPOCTaHIIISIMU, 3
alarpaMM MOKHa 3pOOMTH BHCHOBOK IPO IIBUJIKUHA PO3BUTOK LBOTO HAIPIMKY
CHEPreTUKH.
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Pucynok 2.2 — Jliarpama consiuHoi renepariii B Ykpaini (MBT)

JI71s1 BUBHAUYEHHS! €HEPreTUYHOTO MOTEHI[1a]ly BUKOPUCTAHHSI COHSIYHOT eHeprii

MPOAHANI3YEMO CEpENHIA MICAYHHMI PIBEHb COHSYHOI pasiamii B M. BiHHUI, SKUM
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MOXHa TOIIUPHUTHU 1 HA BCIO 00JacTh. JlaHi OaraTopiyHUX CIOCTEPEKEHb HABEJCHO B

tabnui 2. [19].

Tabmuusa 2 — CepenHiil MicAYyHUM piBEHb COHSYHOI paniauii B M. BiHHuIs

(xBT'Toa/M%/ neHs).

Ciu. | JIot. | Bep. KBai. Tpa. | Yep. | Jun. | Cep. Bep. | Kos. | Jluc. | I'py. | cepean.

1,07 11,89 1294392519 | 53 |516468|321|197| 11| 0,9 | 3,11

OpienToBHY 1000BY MOTYXHICTh I'€HEpallli COHSYHUX MaHeIeH I KOXKHOTO

MICSIII MOKHA BU3HAYUTH 13 CITIBBITHOIIIEHHS:
1100. __
Wee = Pi-ky-Kky-Sq0m, (2.1)

ne P, — MOTY»XHICTb COHSYHOT MaHed;

Ki - Cepemniii MiCAYHHI pIBEHb COHSYHOI 1HCOJIALII, SIKUH 3aIeKHTh B[
reorpa@iyHUX KOOPJUHAT Ta CIIOCOOY BCTaHOBICHHS HaHei (auB. Tadm. 2);

Kp — Koedilli€eHT NepeTBOPEHHs 3aJIeKUTh BiJ pO3TAIlyBaHHSA 1 XapaKTEPHCTHK
naHeJi, oka3ye e(eKTUBHICTh TIEPETBOPEHHS CBITJIOBOI €HEPT1l B €JIEKTPUYHY;

N — KUIBKICTH [TAHEJIEH;

Sy - o1 MaHesi.

OTxe HAWOUIBII Ba)XKJIMBUM 1 BapiaTUBHUM IapaMETPOM € PIBEHb COHSYHOL

1HCOIAIIT BiH 3MIHIOETBCS B IIUPOKHUX MEXkKaX B 3aJIGKHOCTI BiJl OpI€HTAIII] IIOMIMHA
maHeJal B MPOCTOPi 1 BiJf YMOB OCBITIIEHOCTI B KOHKPETHHMX YMOBaX 1HCTaJSIii

(OTOCIEKTPUIHOTO MOTYJIS.

2.2 CrtBopenns kounemmii  loT-cucremu  oriHIOBaHHS  €(EKTHBHOCTI

byHKITIOHYBaHHS (HOTOCTEKTPUIHUX MOTYITIB

Ak Oyno BiA3HAYEHO JJIsi BU3HAYEHHS HEOOXITHOTO MICIS PO3TalllyBaHHS
COHSIYHUX MaHesnedl HeoOXiMqHO CTBOpUTH BianoBiaHy loT-cuctemy sika 6 HamaBana

OL[IHKY €()eKTUBHOCTI TMEPETBOPEHHSA €Heprii (POTOCNECKTPUUHUMHU MOIYIISIMH.
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3apnanssaMm loT-cucremMu € BU3HAYUEHHS HEOOXIIHMX MapaMeTpiB Ta XapaKTEPUCTHK
anapaTHO-MIPOrPaMHOTO KOMIUIEKCY JJisi MOHITOPUHTY €JEKTPUYHUX TMapaMeTpiB
reHepallii COHAYHOI MaHeNl MpU PI3HUX 3HAYEHHAX KyTa BCTAHOBJIEHHS B 3aJaHUX
reorpadiyHIX KOOPANHATAX, 3 BPAXyBaHHAM MOTOIHUX YMOB.

B octanHi poku BU€H1 pO3pOOMIN PI3HOMAHITHI METOIM 3 METOK MaKCHUMi3allii
reHepaiii eneprii GOTOCICKTPUUHUX MaHeseH, Ik MOXXHAa YMOBHO PO3JUIUTH Ha JBI
ocHOBHI rpynu. [lepmia kateropis MeTOJIB BKJIIOUae B ceOe Ti, sIKi CIPSAMOBaHI Ha
3HAXO/DKCHHS MaKCHUMAJIbHOI MOTYXXHOCTI, IUISIXOM 3aCTOCYBaHHS KOHTpOJIEPIB 3
PI3HOMAHITHUMH alNTOPUTMaMH, SIKI HaJlaloTh 3MOTY BIJACIIIKOBYBATH EJIEKTPUYHI
napaMmeTpu QOTOENEKTPUUHUX MaHesNeH 13a0e31neuytoTh iX eeKTuBHY poOOTy B TOUII],
OJIM3BKIN O MAKCUMYMY BUXIJTHOT TOTYHOCTI. .

Jlpyra rpyra MeTo/liB CTOCYEThCSI BA3HAYCHHS Ta 3a0€3MeUeHHS ONTUMAIBHOTO
KyTa HaXWIy COHSYHHX IMaHeNeH, sSIKHi BpaxoBye reorpadiuai KOOPAUHATH, COHSIUHY
aAKTUBHICTb, IIOTOJIHI YMOBH, TEMIIEPATYPY COHSIYHOI MaHeN 1 iHII1 (GaKTopu. Y bOMY
BUIIAJIKy ONTHUMI3allisl KyTa Haxwmly BUMarae aBTOMaTH4HOI (ikcarii mapameTpiB
reHepartii Juisl pi3HUX KyTiB HaXW1y, BpaXOBYIOUM 3MiHU (PaKTOPIB, 110 BILIUBAIOTH HA
BUPOOJICHY TOTYXKHICTh. Takwil MinXxig BpaxoBye OararoakTOpHUN BIUIMB Ta
HMOBIpHICHMI XapakTep 3MiH IapaMeTpiB, IO BIUIMBAIOTh Ha TIPOLEC TeHeparli
eHeprii.. Tomy /u1si BU3HAYEHHS ONTUMATBLHOTO HAXWITY COHSAYHUX MaHeNel He00X1THO
3MIMCHIOBATH aBTOMATHYHY (ikcarito mapamMeTpiB TeHepallii s pIi3HUX KYTiB
YCTaHOBKH, IIPH 3MiHI MTapaMeTpiB, K1 BIUIMBAIOTh HA TEHEPOBAHY MOTYKHICTb.

AHaANI3yI0OUd XapaKTePUCTUKH COHSYHMX TIaHEJIe MOXXHA BiI3HAYHUTH
3aJIeKHICTh TOTYXKHOCTI TeHepalii BiJ IHTEHCUBHOCTI BHIIPOMIHIOBaHHS Ta
TeMIlepaTypu CcoHs4HOi maHem. Ili 3amexHOCTI BiAOMBAIOTH BIAMOBIAHI BOJBT-
aMIepHi  XapakTePUCTUKH, JUISI  TPUKIATYy  PO3TIITHEMO  XapaKTEPUCTHKHU
moJTikpucTanigyHoi constunoi maneri MAXPOWER CS6U-345P [20], siki 300paxeHo
Ha PUCYHKY 2.3.



19

A

10 A

9

8

7

6

5

4

3 B 1000 W/m?

5 O 800 W/m?
» 600 W/m?

! H 400 W/m? ‘

0 | | | I | . I »v
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 50

Pucynok 2.3. Bonbr-amnepHi xapaktepucTuku constunoi naneiai MAXPOWER

CS6U-345P

Sk BUIHO 13 HaBEJEHUX XAPAKTEPUCTHUK HANUOUIBIIMI BIUIMB Ha TeHEpAIlilo
YUHUTH IHTCHCUBHICTh BUIMIPOMIHIOBaHHS JKEpea CBITa,

Sx1o coHstaHi 6aTapei BCTaHOBIIOIOTHCS MM ISIKUM KyTOM [3 10 TOPU30HTY, TO
CEepeaHBOMICAYHA J€HHAa CyMapHa KUIbKICTh COHSYHOI €HEeprii, 1o HaAXOIUTh Ha

MOXUITY TIOBEPXHIO, MOXe OyTH Bu3HaueHa 3a ¢popmyioro [21]:

E,=R-E, 2.2)

ne E - cepenHpoMicsIYHA JIGHHA CyMapHa KUIbKICTh COHSYHOT €Heprii, 110 HaIX0IUTh
Ha TOPU30HTAIBHY TIOBEPXHIO;
R - BigHOIICHHS CEPEeIHBOMICIYHOI JIEHHOI KIIBKOCTI COHSYHOI pajialiii, Mo
HAJXOAUTh HA TIOXIITY 1 TOPU30HTAIBHY MTOBEPXHI.
KoedimienT mepepaxyHKy 3 TOPU30HTAIBHOI IIOMIMHI HA TTOXUITY 3 MIBICHHOIO
OpIEHTAIIEI0 JIOPIBHIOE CyM1 TpPhOX CKJIQJOBHX, IO BIAMOBIIAIOTH MPSIMOMY,

PO3CISTHOMY 1 BIIONTOMY COHSYHOMY BUIIPOMiHIOBaHH!O [21]:



20

E E _
R=|1-—=|.R _p_1+cos[3+p.l cosB,
= = 2 2 (2.3)

B ¢popmyi (2.3) BukopucTaHi Taki NO3HAYEHHS:
— E, — -cepennbomicsiyHa J€HHAa KUIBKICTb PO3CISHOTO COHSYHOTO
BUIIPOMIHIOBAaHHS, 1110 HAAXOJAUTh Ha TOPU30HTAIILHY MOBEPXHIO;
— E, /E - cepenHboMicsuHa JE€HHA YacTKa po3CisHOro (Audy31iHOrOo)
COHSIYHOT'O BUIIPOMIHIOBaHHS;
— Ry - cepeanboMicsiuHMi KOe(DILIEHT NEPEPaxyHKy MPSIMOTO COHSYHOTO
BUITPOMIHIOBAHHSI 3 TOPU30HTAIBHOI HA MMOXUITY TIOBEPXHIO;
— B - KyT HaxWIy TOBEPXHI COHAYHOI OaTapei 10 TOPU3OHTY;
— p - koediuieHT BinoOpaxkeHHs (anbOen0) MoBepXHi 3eMJIl 1 HABKOJIUIITHIX
TiJ1, 3a3BUYai 1o popisuioe 0,7 mis 3umu 10,2 m1s miTa.
CepennboMicsiyHMM  KOE(QILIEHT  MepepaxyHKy  MpsMOTO  COHSYHOIO

BUIPOMIHIOBAHHS 3 TOPU30HTAIBHOI Ha MOXMITY MOBepxHio [21]:

cos(p—P)-cosd-sinw, +-——_-sin(¢p—B)-sind
R — 180
n _ p (2.4)
COSd-Cc0sd-Sinw, + — -, -Sin¢-sind
180

— (@ - IAPOTa MICIIEBOCTI, TPAI;
— B - KyT HaxXuIy COHSYHOI OaTapei 10 TOPU3OHTY, TPal;
— 0 - cxui CoHnug (KyT MiX JiHI€0, 1m0 3'ennye nertpu 3emu i CoHng, 1 ii
IIPOCKITIE€I0 Ha TUIOMIMHY €KBAaTOPa) B CEPEAHIN JeHb MICSIl, TPaI;
— s - KyT 3axoxay (cxomy) CoHIls y1sl TOPU30HTAIBHOT TOBEPXHI, TPaT;
— sy - KyT 3axoxy COHIIS 1Tl TOXUJTiA MTOBEPXHI 3 MBJACHHOIO OPIEHTAIIIETO,
rpa.
Tomy, 11t mpaBUIIBHOT IHCTAIAIIT TaHETIel MOTPiIOHO BpaxoByBaTU reorpadiuni
KOOPJIMHATH, MOPY POKY, Ta MOTOHI YMOBH B IaHOMY PerioHi. I 0JJOBHMM HEIOJIKOM

ICHYIOUHX MIJIXO/1B /10 BU3HAUCHHSI MTOTY>KHOCT1 TeHEPYBaHHS Ta ONTUMAIbHUX YMOB
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THCTAJISIIT € HETOYHOCTI SIK1 BUKJIMKaH1 JOJaTKOBUMHU (PaKTOpaMu sIK1 BIUIMBAIOTh Ha
e(eKTHBHICTh reHeparlii, TOOTO HE BPaxOBYETbCA (pAaKTUYHUM PIBEHb T'€Hepalli, 110
BKpail BaXJMBO TpPU MPOCKTYBaHHI CHUCTEM aBTOHOMHOTO e€Hepro3abe3meueHHS.
Brnue nogatkoBux (hakTOpiB MOXKHA HaWOUIBII TOYHO BpaxyBaTHU MpU MPOBEACHI
EKCIIEPUMEHTAIBHUX JIOCTIDKEHh 3 BUKOPHUCTAHHSM CHEIialbHUX MPHUCTPOIB
MOHITOPUHIY MapaMeTpiB TeHepalii Ta 30BHIIIHBOIO CEpPEOBHINA, 3 TMOAANbIIOO
MaTeMAaTUYHOIO  OOpOOKOI0  pe3ynabTaTiB  BHUMIPIOBAaHHS Ta  BCTAHOBJICHHIM
MaTeMaTUYHHX 3aJIeKHOCTEH MIXK TTapaMeTpaMH.

Jlo MPUCTPOIO MOHITOPHHTY BUCYBA€THCS PsAJ TEXHIYHUX BUMOT: HEMEpEepBHE
BUMIPIOBAHHS €NEKTPUYHUX TMapaMeTpiB: CTPyMy, HANPYTH, MOTYKHOCTI TeHepaIllii;
HeTiepepBHE BHUMIPIOBaHHS TapaMETPiB 30BHINIHBOTO CEPEIOBUINA: TEMIIEpaTypH,
BOJIOTOCTI, OCBITJIEHOCTI; MPUCTPI MOBHHEH 3a0e3MeuyBaTd HENEpPEepPBHUN 3aIucC
napaMeTpiB Ha MPOTA31 TPUBAIOrO TMepioAy wyacy (Micsli, POKH) 13 3aJaHUM
1HTEepBaJIOM Ha HaAIWHUN HOCIM 1HGOpMallii; MOBUHHA TepeadadaTUCh MOMIJIMBICTD
BIZITIPABKH JIaHUX Ha BifgajacHui cepsep mo mepexi Wi-fi .

CrpykTypHa cXema 3allpOIIOHOBAHOI'O IPHUCTPOI0 MOHITOPUHIY TeHepalil
COHAYHOI naHenl 300pakeH0 Ha pUcyHKy 2.4. OCHOBHUMM OJIOKaMH IPUCTPOIO €:
MIKpPOIIPOIIECOPHUH roIoBHUN Monyiabs (Main monitoring module), Moxynb morogHoi

ctaniii (Weather Module), 6;10k cencopiB (Sensors)



| Sensors : r |
| I Weather Module
Solar Solar | I I |
panel 1 panel 2 | — | | |
™ Voltage divider 1 (— | Temperature |

| | _» sensor |

[ I | * ' DS18B20 |

|| Currentsensor 1| | | Load 1 | |

I"| _ACS71220A |7 > ' — |

| o | Humidity |

I *—;— 5 bl sensor |

[ : o ' DHT22 |

Voltage divider 2 [ o : |

| o

| 1 | @ é o | Light :

< m

: Current sensor 2 | | | Load 2 o Ol | » Bsfi:?gz) |

> ACS71220A [T = = '

I | 1 L ——— — I
St ny N i a i A S
| Main monitoring :
' Voltage 16 bit ADC

L module |

: refere;]ce ADC1115 - |

I uni :
|

! vy !

V| e !

220V AC! Lal; St

AC/DC ep-down DC/DC ol " |

g et P > Arduino Nano —J»-| LCD 1602 | |

| |

|

: A |

SPI |

: * \ v |

| |

| Wi-Fi module SD-ear RTC !

| module |

| |

Pucynok 2.4 CtpykTypHa cxema NpUCTPOI0 MOHITOPUHTY TeHepallii

COHAYHOI ITaHel

JKuBJIeHHS IPUCTPOIO 3TIHCHIOETHCS Yepe3 TpaHCHOPMATOPHUN TTOHMIKYIO YU
onok xuBneHs (Transf. AC/DC converter ), 1j1sl MpUBEIEHHS BUX1THOI HANIPYTH /10
piBHA, 110 3a0e3neuye poOOTy €NeKTPOHHUX MPHUCTPOIB BUKOPUCTAHO MOHMKYIOUUN
DC-DC mnepersoproBau (Step-down DC/DC converter). OcHOBY NPUCTPOIO CKIIagae
anmaparia tatrpopma Arduino Nano Ha 06a3i mikpokoHTponepa ATmega328.
[TpucTpiii 3mificCHIOE ABOKAaHAJbHE BUMIPIOBAHHS CTPYMY 1 HAmpyrd COHSYHHX
nanererd (Solar panel 1, Solar panel 2) a6o ix 36ipok. CTpyM Ta Hampyra COHSTIYHHUX
naHeJsiel (PIKCyIOThCS BiINOBIIHUM ceHcopamu cTpyMy (Current sensor 1) ta Hanpyru
(Voltage divider). B sikocTi ceHCOpa CTpyMy BHKOPHUCTaHO CEHCOp Ha edekti Xoiuia
ACS712 20A, B IKOCTi CEHCOPIB HAIPYTH BUKOPUCTOBYETHCS PE3UCTUBHUMN MOILTHHUK
3 peneH31iHuMHU pe3ructopamu. CUTHAIU NPONOPIIIHI BUXITHOMY CTPYMY Ta Harpys3i

MaHesel Yepe3 aHaloroBy IMIMHY MOIAaI0ThCs Ha Bxoau 16 — 6itHoro ALIT ADC1115,
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3actocyBaHHs JaHoro ALl no3Bosisie 3HaYHO MiIBUILIUTH TOYHICTh BUMIPIOBAHHS B

MOPIiBHAHHI 13 3acTtocyBaHHsIM BOymoBaHoro AIIIl mikpokonTponepa ATmega328.
JUist mpoBeieHHsT TOCIKEHHS 3 METOI0 BU3HAUYEHHS ONTHUMAJIBHOTO KyTa YCTaHOBKHU
COHSTYHOT MaHeli, IOBUHHO OyTH 3a0€3MeUYeHO CTalie eNIeKTpUYHe HaBaHTakeHHs Load
1 ta Load 2 . B cxemi Takoxk mepeadadeHo pkepeno omopHoi Hampyru (Voltage
reference unit) ais cTaGUIBHOTO 3aJJaHHs 3MILIEHHS CEHCOPIB cTpyMy. JloaaTKoBO 10
HPUCTPOIO MPHUETHYEThCS MOAYIb noroaHoi ctanmii (Weather Module) i3 cerncopom
temrneparypu DS18B20, cencopom Bosorocti DHT22 Ta cencopoMm OCBITIEHOCTI
BH1750. [{ani ceHcopu 3B’s13aHi 3 OCHOBHUM MOJAYJEM uepe3 Hudposi inTepdeiicu 1-
Wire ta [2C. Takox no inTepdeiicy SPI 3nilicHI0€ThCs 3B'5130K 13 MoayeM SD kaptu
ta Wi-fi momymem. Jlnsi BimoOpakeHHS MOTOYHUX TMapaMeTpiB BHUKOPHUCTOBYETHCS
mucteit LCD 1602, takox nepeabadeHo HasgsBHICTh TOJUMHHNKA peanbHoro yacy RTC
3 aBTOHOMHUM >KMBJICHHSM JJIS IPUB’ A3KU JaHUX BUMIPIOBAHHS JI0 Yacy.

[Ticns BBIMKHEHHSI MPUCTPIM MOHITOPHHTY iHIIIamizye SD kapTy Ta 34UTye B
OTIEpaTHBHY TMaM'siTh 3HAYEHHS 4Yacy Ta JaTu, SKIIO Il il BiAOYIUCH YCIIIIHO,
(bIKCYIOThCSI 3HAUEHHSI CTPYMY, HANpPYTH, MOTY>KHOCTI, TEMIIEpAaTypH, BOJOTOCTI Ta
OCBITJICHOCTI, sIKi1 13 3aJaHUM iHTepBajgoM T 3amucyroTbcs Ha SD kapTy mam’Ari.
3naveHHs iHTepBany T obupaerncs B maiana3oni 1-10 xB, aist 3ab6e3reueHHs] TOYHOCTI
BU3HAUCHHS CTPYyMY, HAMPYTH Ta MOTYXHOCTI BUKOPUCTAHO aJTOPUTM yCepeIHEHHS

Ha BKa3aHOMY Jliara30Hi, TOJ1 OTPUMAEMO MACHUB 3 KUIbKICTIO PSJIKIB M

Ti:m(ui'At)
U =+ :
=
Ti:m(li'At)
=" (2.5)
(U1, -AL)
Pj — i=0 :
=
JEN;'=0,1 t :
T m-T
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— At — TUCKPETHICTh BUMIPIOBAHHS;

— Ui, |;, Pi — enemenTn macuBy 3Ha4eHb HAIPYrd CTPYMY Ta MOTY>KHOCTI sIKa
BU3HAYAEThCA KOXkeH MoMmeHT vacy At; Ui, li, Pi — enemeHTH macuBy
yCEepEeIHECHNX 3HaUeHb HANPYTH CTPYMY Ta MOTY)KHOCTI SIKa BU3HAYAETHCS
Ha niepioai T.

[IpucTpiii MOHITOPUHTY NTapaMeTPiB FeHEPallii COHSIYHOI aHeNl HaBeeHU! Ha
PUCYHKY 2.4 BUKOPUCTOBYETHCS 3 MAHENSIMHU, SIKi BCTAHOBJICHO CTalliOHApHO, BiH J1a€
MOJIMBICTh BH3HAYAaTH PEAbHUN PIBEHb MOTYXKHOCTI COHSYHOI TMaHeNl 4YH TPyI
EJIEKTPUYHO 3’ €IHAHUX NaHene. OTpuMaHi pe3ylbTaTH MOHITOPUHTY MOXYTh OyTH
BUKOPHUCTaHI JUIS BU3HAYCHHS KOE(IIEHTY BUKOPHCTAHHS TMaHENeH, B 3aJaHHUX
yMOBax iX BCTAHOBJICHHS. 3alPOITOHOBAHUHU MIIXiA A0 MOOYIOBH MPHUCTPOIO, K yiKE
3a3Hayanocs, BUKOPUCTOBYETHCS 3 TAHENSIMU, SIKIi BCTAaHOBJIEHO CTallioHapHO. B
BUIIAJIKY HEOOXITHOCTI aBTOHOMHOTO BUMIPIOBAHHS MUTOMOI MOTY>KHOCTI reHeparlii
Ha MICIIEBOCTI, 13 pI3HUMH BapiaHTaMH IMO3UIIOHYBAHHS [TaHEJI1 BITHOCHO CTOPIH CBITY
po3pobieH0 MOOUTBHUIN MPUCTPI, CTPYKTYpHA CXeMa SKOTo 300pakeHa Ha puc. 2.5.
MarnorabaputHa coHsiuHa maHenb (Solar panel) BcTaHOBIEHa Ha JABOXOCHOBOMY
TpeKepi 3 MOXJIMBICTIO 3MIHM KyTa TaHEJIl B TOPH30HTAJbHIM Ta BEPTHUKAIBHIM
wionuHi. Jljig  TOBOpPOTYy TaHedl B JBOX IUIONIMHAX BUKOPHUCTOBYIOTHCS
ropuszonTanbHuil (Gorizontal servo drive) ta Beptukanbhuii (Vertical servo drive)
cepBorpuBo. CepBOMPUBOIN MAIOTh PEBEPCUBHE KEPYBAHHS BiJl MIKPOIIPOIIECOPHOTO
rojjoBHoro Moxayys (Main monitoring module) gepe3 6ok pene (Relay module).
MikponpoIecOpHrii TOJOBHHM MOIYJIb OTPUMYE I1H(POpPMAIII0 PO TOJTOKEHHS
MaHeJael 3aBAsSKA  HAsBHOCTI 3BOPOTHOTO 3B’SI3Ky BHUKOHAHOTO Ha  0asi
TOPU30HTAIHPHOTO Ta BEPTUKAIBHOTO abcomoTHUX eHkoaepiB (Gorizontal encoder,

Vertical encoder).
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Pucynok 2.5. CtpykTypHa cxema MOOLIFHOTO IPUCTPOIO MOHITOPUHTY

reHepartii COHIYHO1 aHesi

JlomatkoBO MOOUTHPHUN TPUCTPIA TMependavae HASIBHICTh CEHCOPIB JUIA
BHU3HAYCHHS TOUHHMX reorpadiyHuX KOOPAUHAT Ta MOJIOKESHHS ITaHeJ1 BITHOCHO CTOPIH
ceiry (GPS IC ta Compas IC BiamoBimnHo). [Ins 3a0e3neyeHHST aBTOHOMHOTO
KUBJICHHS BCIX CJICKTPOHHHUX Ta  CICKTPOMEXAHIYHUX BY3JIIB  IPHUCTPOIO
BUKOPUCTOBYETHCS JIITIH-I0HHA aKyMyJsTOpHA OaTapesi, IO 3apsAIXKacTbCs Bia
COHSYHOT MaHeJ 1 YM 1HIIOro JpKepena yepes koHTpoiep 3apsany (Charger controller).

Orxe po3pobieHi MmMIXOoAW IMOA0 NOOYJOBH  armapaTHO-IPOTPAMHOTO
KOMITJIEKCY IS MOHITOPUHTY €JIEKTPUYHUX MapaMeTpiB TeHepallii COHSYHOI MaHemi
JI03BOJISIOTh BH3HAYATH XapaKTEPUCTUKHM TeHeparii Oe3mocepeqHh0 Ha MicCIi 1X
IHCTANAMIT B 3amaHuX TreorpadiyHux KoopawHatax. KpiMm Toro, dikcariss 3MiHU
TeHepYBaHHA B 3aJCKHOCTI BiJ MOTOAHUX YyMOB, MPOTATOM TPHUBAJIOTO dacy,
JI03BOJIUTh OTPUMATH KOPEJISII{IAHI 3aJI€XKHOCT1 [l IPOTHO3YBaHHS PiBHS reHepallii,

110 € BaXJIMBUM IpU (POPMYBAHH1 aBTOHOMHHUX CUCTEM €JIEKTPOIOCTaYaHHS.
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2.3 Bucuosku

B mpomy poznuni Oyno 3aliicHEHO omMc Ta OOrpyHTYBaHHS (akTopiB, SKi
BIUIMBAIOTh HAa TEHEPYBAaHHSA €JIEKTPOEHEPrii, (POTOENEKTPUYHUMH MOIYJISIMU 3
MPUB’SI3KO0I0 10 reorpadgiyHux ymMmoB Ykpainu. Po3pobneno konuenuito [oT cucremu
OLIIHIOBaHHA €(EeKTUBHOCTI (YHKIIOHYBaHHA (HOTOENEKTPUYHUX MOIYIIB 3
pO3pOOKOI0 BIAMOBIAHUX CTPYKTYpHHUX cxeM. JlaHa cucrema 3a0esnedye sk

JIOKaJLHUM TaK 1 BiJIaJieHuit 301p TaHUX.
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3 CUHTE3 AITAPATHO-ITPOT'PAMHOI'O KOMILVIEKCY 10T-CUCTEMH

OHIHIOBAHHSA EPEKTUBHOCTI ®YHKIHIOHYBAHHA
®OTOEJ EKTPUYHUX MOAYJIIB

3.1 Po3po0ieHHs apXiTeKTypH 1HGOpMALIITHOT CUCTEMHU

Benuuuna BUXITHOI MOTY)KHOCTI COHSYHUX TIAHEJICH 3aJICKUTh BiJl 0araThox
dakTOpiB: BeNMYMHA COHSIYHOI pajiaiii, TeMreparypa TMOBITps, MaTepial Ta
TEXHOJIOTiSI BHTOTOBJICHHS (DOTOCIICKTPUYHUX E€JIEMCHTIB, aJTOPUTM YIIpaBJIiHHS
MOTY)XHICTIO TEeHepallii 3 BpaxyBaHHS BOJBT-aMIIEPHOI XapaKTePUCTUKH TaHedi. €
BEJIMKA KUTbKICTh MAaTEeMAaTHYHUX MOJICIICH, SKi OMUCYIOTh ONTHMAJIbHI MapaMeTpu
1HCTAJAIIT Ta BUKOPUCTAHHS €Heprii coHsuHux mnaHesned. LI momem moTpeOyroTh
NEPEeBIpKM Ta ajamnTalii g0 yMOB KOHKPETHOTO pETiOHYy, IO HEMOXKIHUBO 03
BUKOHAHHS Psy EKCIepUMEHTaJbHUX JOCHipKeHb. llpuctpoi BUMIiprOBaHHS
napaMeTpiB TeHepallii COHSYHUMH TaHEJIsIMU MaroTh CTallloHApHE BUKOHAHHSA, IO
YHEMOKJIUBIIIOE 1X BUKOPUCTaHHS B MOJIOBUX YMOBax JUIsl aHaji3y IMapaMeTpiB
reHepailiii Ha BK€ BCTAHOBJICHUX MTAHEIISX.

Tomy akTyanpHOIO € 3a7a4a po3poOKHu iHPpOpPMaIlIHHO-BUMIPIOBATBHUX CUCTEM
JUISE BU3HAYCHHS XapaKTePUCTUK COHSYHUX TaHeled 3a (QakTUYHUX YMOB iX
IHCTAJIAL].

Ho IoT cucremu BHCYBa€eThCs psAll BUMOT: MOXJIUBICTh aBTOHOMHOI po0OOTH,
dopmyBaHHa BimmaneHoi 0a3u JaHUX pe3yJbTaTIB BHUMIPIOBAHHSA, MOXIIUBICTH
dbopmyBaHHS HEOOX1THOT BUOIPKH TaHUX Ta X 0OPOOKH.

Jlist po3B’si3aHHS 33724l 3aMpOMOHOBAHO MPUCTPIM CTPYKTypHA CXeMa SKOTO
300pakeHa Ha pucyHky 3.1. Constuni maneni SP miakmroueHi yepe3 kontpoiuep Ul mo
HaBaHTaXXEHHA Z| Ta akyMynaTopHoi 6atapei G. /[ BU3HaUYCHHS CTPYyMIB Ta HAMpyT
MaHes i, HABAaHTAKEHHS Ta aKyMyJsTOpa BUKOpUcCTaHO IndpoBi ceHcopu PAV1-3.
BuxinHi cuUrHagum CEHCOpIB MPOMOPLIMHI CTPyMy Ta Hampy3l NOCTYNarTh 0
MmikpokoHTpoaepa MCU. Jliis cuaxpoHi3atlii 1o 4acy MiKpOKOHTPOJIEP BUKOPUCTOBYE
iHpopMmariito Mmoayis peansHoro yacy RTC, Takox mepembadeHo 3amuc iHdopmartii

BUMIPIOBaHHS Ha 30BHINTHIO KapTy mam’sTi SD. Takox miist BimoOpakeHHS TOTOYHHUX
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JaHUX B CTPyKTypHid cxemi mnepeadadeHo OLED nucnneit D Texniuni

XapaKTEPUCTUKU MPUCTPOIO HaBeAeH1 B Tabuii.3. 1.

<
P
> pAV?2 j] Z, | D
> DAV1|» Ul — >
— o |Meu
—» PAV3 T
RTC —» > SD

Pucynok 3.1 — CtpykTypHa cxeMa OpuCTPOIO [l BU3HAYCHHS XapaKTEPUCTUK

COHSI'UHUX IMaHeJIeH

Tabnuus. 3.1 — TexHiyH1 XapaKTepUCTUKH

IMapamerp 3HavYeHHA

KinpkicTh KaHaJiB MOHITOPUHTY 3

Jliarma3oH BUMIpIOBaHHUX Harnpyr, B 0...26

Jliana3oH BUMIPIOBAHUX CTPYMIB, A -3,6...3,6

[IBuakicThk mepemadi 1anux, 0/c 115200

Metoa ¢hbopMyB. BUMIPSIHUX 3HAYEHb VYceepennenns 1000 3naueHb 3 BUOIPKH
128 Touok

Yac BuOipkH Ha KaHaJ, MC 68,1

JIMCKpETHICTh BUMIPIOBAHHS, C 10

JKuBiieHHs! TPUCTPOIO, 5B uepe3 USB, a6o Bix 30BH. mkepena
(Vin=6...12B).

IMiaxmrouenus mo ITK USB --- RS-232

[Tam'ste kapT Gb 4

Ha pucynky 3.2 300pakeHO CTpyKTypHY cxemy loT-cuctemu OIliHIOBaHHS
e(eKTUBHOCTI (YyHKIIIOHYBaHHS (POTOENEKTpUUHUX MOAyIiB. Jlo ckiagy cuctemu

BX0aATh ceHcop ocBiTieHHs TEMT6000, cercop Temmepatypu DS18B20 eneprometp
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TppoxkaHaibHUl INA3221, B SKOCTI KEpyHOuUOro HPUCTPOI0 BUKOPUCTOBYETHCA

NodeMCU na 6a3i kontposiepa ESP8266 i3 Wi-Fi moxynem. 3B's130k 3 GoogleSheets

3IIHCHIOETRCS uepe3 poytep, Tak sk NodeMCU mpariroe B pexxumi KITieHTA.

5 CEOOE

= (< >) Goo le
o » Sheets

% WiFi Router / Hotspot

Pucynok 3.2 - CtpykrypHa cxema loT-cucremu oriHoBaHHs €()eKTUBHOCTI

dbyHKITIOHYBaHHS (POTOETEKTPUUHUX MOYITIB

3.2 O0rpyHTyBaHHS BUOOPY eJ1eMeHTIB anapaTHoi yacTuHu loT cuctemu

B sikocTi 6asoBoro xontpoisepa Bubupaemo riary NodeMCU (Lolin) Bona
ABII€ cOOO0 MuaTy po3poOHMKa Ha 0Oasi uimy ESP8266 (Bepcis ESPI12E), skuii
npenacrasisie co6or0 UART-WiFi monyns 3 ynbprpa HU3bKUM ciO)KuUBaHHSIM. CaM dir
MPOEKTYBABCS JJIsl IPUCTPOIB IHTEPHETY peuei, a JlaHa Tuiata J03BOJISIE CIIPOCTUTH
po3poOKy, TOMYy IO Ha HIA Bxke peanizoBaHo miakmtodeHHs mo USB, perymstop
KUBJICHHS 1 BCE BUBOJM MIKPOCXEMHU Uiy PO3BEACHI HA TPeOIHKM 31 CTAaHAAPTHUM
KPOKOM 2.54 MM, TI10 JO3BOJISIE BCTABUTH HOTO B MAKETHY IUIATY 1 CTBOPUTH MPOTOTHUIT
HAaBITh HE BKIIIOYAIOYM MasUIbHUK. KpiM 1BOTO IIaTa MOCTaBISETHCS 3 MPOIIUBKOIO
NodeMCU, mo mo3Bojisie mporpamyBaTH ii 3a jgomomoror MoBu Lua abo 3a
JIOTIOMOT'OK0 1HTErpoBaHOro cepeposuina po3pooku Arduino IDE. Ha pucynky 3.3

IMOKAa3aHO 30BHIIIHIA BUTJIA IJIATH.
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Pucynok 3.3 — [Iporpamosana miata NodeMCU

OCHOBHI XapaKTepUCTUKHU:

WiFi 802.11 b/g/n

niaTpumka STA/AP/STA + AP pexumis

BOynoBanuii ctek mpoTtokoniB TCP/IP 3 miaTpUMKOW MHOXUHHHX
KJIIEHTCHKUX MITKIIOYEHB (J10 5)

udposi Bxoau Buxoau DO ~ DS, D1 ~ SD3: MmoxyTb OyTH BUKOPHUCTaHI1 K
GPIO, PWM, IIC, Tormo.

CTPYM Ha CHOXXKMBaHHS B IpocToi: 15 MA

Awnamnorosuii 8xig ADO

Hanpyra xuBieHas: 4.5 - 9B (10B makcumym), >xuBnenHs Bim USB 3
HaJaHHSIM HAJIaroKyBaHOTO iHTEpQeicy

CIIO’KMBaHHS B pekumMi oOMiny gaaumu: ~ 70 MA (200 MA Makcumym).

st mporpamyBanas NodeMCU MokHa BUKOPUCTATH CEPEIOBUINE PO3POOKH

Arduino IDE. Mosa mporpamyBannst nmpuctpoiB depe3 Arduino IDE 3acHoBana Ha

C/C ++ i 3xkommoHoBaHa 3 610;moTekor0 AVR Libc 103BoJisie BUKOPUCTOBYBATH OY/Ib-

aki i ctapmaptHi ¢yHKIii. Pa3om 3 THM MOBa € OCUTH MPOCTOIO B OCBOEHHI, 1 HA

nanuit MoMeHT Arduino IDE - me, MaOyTh, Hali3py4HImANA CrOCIO MporpamyBaHHS

MPUCTPOIB HA MIKpOKOHTpoJsiepax. [HTerpoBane cepenonuiiie po3podku Arduino IDE

1e OararoratpopMOBUM 10JATOK Ha Java, 10 BKJIIOYAaE B cedOe peaakTop KOay,

KOMIUISITOp 1 MOJydb IMepenayl npomuBkd B 1uiaty. CepenoBuiie po3poOKu
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3aCHOBAaHE Ha MOBI ITporpamyBaHHs Processing Ta cripoeKToBaHe JJis MPOrpaMyBaHHs

HOBayKaMu, HE 3HAOMHUMU OJIU3BKO 3 PO3pOOKOI0 TpOorpaMHOro 3abe3neueHHs. MoBa
nporpaMmyBaHHs aHanoriyHa moBi Wiring. 3aranom, e C++, JOMOBHEHUN NEIKUMHU
6i0mioTexamu. [Iporpamu oOpoOISAIOTHCS 3a JTONOMOIOI0 MIpPEmpouecopa, a MOTIM
koMIuToThest 32 gonoMororo AVR-GCC. KopucrtyBayam HEOOX1IHO BHU3HAYUTHU
auiie 81 QyHKUII AJig TOro, moO CTBOPUTH Mporpamy, ska Oyjae MpamoBaTd 3a
MPUHIIMIIOM LUKIIYHOTO BUKOHaHHS: setup(): QyHKII BUKOHYETHCS JIUIIE pa3 Mpu
CTapTi MporpamMu 1 JO3BOJsi€ 3ajJaTd TouyaTkoBi mapametrpu loop(): QyHkuis
BUKOHYEThCS TEPIOJIMYHO, JOKU IiaTta He Oyne BumkHeHa [9] Arduino IDE nns
ESP8266 no3Bonsie ctBoproBaTH MpolMBKY 1 powmuBaty ix B ESP8266 Touno Tax xe,
gk nas wiat Arduino. Kpim Toro, € MOXIHMBICTH BUKOPUCTOBYBATH MPAKTUYHO BCI
Arduino 6i6mioTexku 3 ESP8266 micns HeckiiagHOTo AoompaltoBanHs. B ganuii gac
BXKE€ JJOCUTh OaraTto 0i0110TeK afanToBaHo aJisg BUKopuctanHs 3 ESP8266.

B sxocTi HeoOX1THOTO CeHcopa OCBITIEHOCTI BuOUpaemo cencop TEMT6000
(puc.3.4) OcHOBHI XapaKTEPUCTHKU .

- THII CEHCOpa — aHaJIOTOBUH, (POTOPE3UCTUBHUIL;

- Hampyra xuBjeHHs — 3 - 5 B;

- Jiama3oH creKkTpabHOI uyTiauBocTi — 360 HM - 970 HM;

- MakCHMaJIbHUU CTpyM KojiekTopa — 20 MA;

- cTpyM Kojektopa mpu ocBiTienocti 20 IX — 10 MA, 100 IX — 50MA;

- po3mipu miatu — 14x7mm .

Pucynok 3.4 — Cencop ocsitinerocti TEMT6000
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CoHsiyHa IHCOJIALIS 1 OCBITJIEHICTD B JIIOKCAX € IBOMA PI3HUMHU, aJi€ NOB'SI3aHUMHU
KOHLEMUIAMH, K1 BUKOPUCTOBYIOTHCA AJI1 BUMIPIOBAHHS CBITJIA, alie 3 PI3HUX TOYOK
30py.

Consiuna i”Hcomamis: Ile KUIBKICTh COHSYHOT €HEprii, sika Mmajae Ha TUIOULY
3eMHOI TOBepXHI. Bumiproerbcst y BaTTax Ha KkBajgpatHuii wmetp (W/m?) 1
BUKOPUCTOBYETHCS Y PI3HUX TATy35X, TAKUX SIK COHSYHA CHEPreTHKA, METCOPOJIOT1sI Ta
Oy1IBHUIITBO.

OcaitnieHicTh B Jokcax: Lle mMipa OCBITIICHHS, sika BUSHAYAETHCS K KUIBKICTD
CBITJIA, KA IMaJa€ Ha TUIolly MoBepxHi. OCBITJIICHICTh BUMIPIOETHCS B Jitokcax (Ix) 1
BUKOPUCTOBYEThCS ISl OIIIHKA PIBHSA CBITIA B TPHUMINICHHSIX, Ha BYJIHUIAX, Y
BUPOOHUYUX MPUMILIEHHSAX TOIIO.

[cHy€e eBHA 3aJIeKHICTh MK COHSYHOIO THCOJIAIIEI0 TA OCBITJIICHICTIO B JIFOKCAX,
0COOJIMBO KOJIM MOBA iJ1€ MPO OCBITIICHHS MPUMIIIEHb a00 30BHIIIHIO OCBITJICHICTb:

Jlns  BUMIpIOBAHHS BUXIAHOT TOTYXXHOCTI BHKOPHUCTAEMO IHTETPOBAaHHI
npuctpiii  enepromerp TpboxkaHambHuii INA3221 (puc. 3.5). Iudposuit 3-x
KaHIBHUN ceHcop cTpymy Ta Hampyru INA3221 3 inTepdeticom 12C ta SBUS
NPU3HAYCHUH I KOHTPOJIIO CIOKHBAHOTO MPUCTPOSIMU CcTpymy. KOHTporoeThCs
CTPyM IIYHTOM IUTIOCOBOTO KOHTAaKTy JDKepena XUBJICHHS. /[ KOXKHOTO KaHamy
Hampyra JpKeperna SKMBICHHS MoKe OyTh pi3HOW. BUKOpHCTaHHS MOIMIMPEHUX
MOCJTIIOBHUX 1HTEPQEHCIB TO3BOIISIE MIAKIIOYATH IATYHK SK 10 KOHTPOJIEPIB, TaK 1 0
MIiHI-KOMIT'IOTEpiB. 3a 3HA4YEHHSM CTPYMYy Ta HAMNpyTd TaKOX BU3HAYAETHCA
reHepOBaHa MOTY>KHICTb.

OcCHOBHI TEXHIYHI XapaKTEPUCTUKHU:

- Hanpyra xusnenns: 2.7 - 5.5 B;

~ MakcuManbHuil BUMIpIOBaHU# cTpyM: 3.2 A;

- MakcumansHa BUMiptoBaHa Hanpyra: 26 B;

— Inrepdeticu: 12C, SMBUS;

— T'abaputhi po3mipu moayns: 38 x 30 mm.
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Pucynok 3.5 — Enepromerp INA3221

INA3221 - wne iHTerpoBaHa cxXeMa MOHITOPUHTY HaIlpyTH, CTPyMy Ta
MOTY>KHOCTI, 1110 MICTUTh TPU HE3aJIe)KH1 KaHAIM JUIS BUMIPIOBaHHS IIUX ITapaMeTpiB.
Ochb onuc OCHOBHUX XapaKTepUCTUK Ta QyHKIIi cencopa INA3221:

— INA3221 no3BoJisi€e BUMIpIOBAaTH HAIIPYTY, CTPYM Ta MOTY>KHICTh Ha TPHOX
HE3aJIeKHUX KaHalaX 0JIHOYACHO;

- IHTErpoBaHA CXeMa Ma€ TPU KaHAM JUIi MOHITOPHUHTY PIi3HHUX JKEpes
’KUBJICHHS a00 HaBaHTa)XECHb,

- INA3221 miarpumye 3B's130k o muHi [2C (Inter-Integrated Circuit), 1o
pPOOUTH OTO JIETKUM Y BUKOPUCTaHH1 3 MIKPOKOHTPOJIEpAMHU Ta 1HIIUMHU TPUCTPOSIMU;

- ceHCOop 3a0e3medye BHCOKY TOYHICTh BHMIPIOBAaHb IS HAIIHHOTO
MOHITOPUHTY HaIllPyTH, CTPYMY Ta MOTYKHOCTI;

- INA3221 mae BOyq0BaHi 3aXUCHI MEXaHI3MH, 1110 JO3BOJISIOTH YHUKHYTH
TMOTIIKOJKEHHST CEHCOPa BHACIIIOK TIEPEBAaHTAKCHHS,

— CEHCOP Ma€ HU3bKE CIIOXKUBAHHS €HEPrii, 10 POOUTH HOTO 11 IbHUM J1JIsI

3aCTOCYBaHb, J€ Ba)KJIMBa €HEProe(heKTUBHICTD;
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- INA3221 mae pan mapaMeTpiB, AKI MOXXKHA HalAlITOBYBaTH, TakKl SIK

PEXUM poOOTH, PO3AUIBHICTh BUMIPIOBAaHb Ta 1HIII;

- CEHCOp MOXE MPAIIOBATH 3 MIUPOKHUM Jialla30HOM HAIPYTH Ta CTPYMY,
10 pOOUTH HOTO YHIBEpCATIBLHUM JJIsl 6aratbox 3aCTOCYBaHb.

- INA3221 BigoMHH CBO€H BHMCOKOKO HAJIMHICTIO Ta CTAOLIBHICTIO, IO
poOUTH HOro MOMYJISIPHUM B IPOMHUCTOBUX Ta X001 MPOEKTAX.

Cencop INA3221 mupoKO  BUKOPUCTOBYETHCS Uil  MOHITOPUHTY
CJIEKTPOXKUBJICHHS, HABAHTAKEHHS Ta IHIIMX [apaMeTpiB y pPI3HOMAHITHUX
MPUCTPOSX, BT poOOUYMX CTAHLIN JJO MOPTATUBHUX €IEKTPOHHUX MPUCTPOIB.

Jlist BUBeieHHs 1H(popMallii Mpo MmapaMeTpu MOHITOPUHTY OOMpaeMo AUCILIEH
SSD1306 (puc. 3.6). SSD1306 - 1i¢ HEBEIUKHH MOHOXPOMHHH JHMCILICH 3
opraniuaumu  cimiogiogamu (OLED), skuii 1IMPOKO BUKOPUCTOBYETHCA B
EJICKTPOHHUX TPOEKTax I BiAOOpa)KeHHs TEKCTY, Tpadikv Ta IHIIUX BI3yaJIbHUX

€JIEMEHTIB.

Pucynok 3.6 — {ucruieit SSD1306
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OCHOBHI XapaKTepUCTUKHU:

~ posmip ekpana - 0.96";

- tun ekpana - OLED;

~ Hampyra KuBiieHHs - 3-6 B;

~ po3AUIbHA 3/IaTHICTH Auctuies - 128*64;

~ rtabaputu - 11x27x27 mwm;

~ KyT oruiany > 160 rpanycis;

OTxe oOpaHe amapaTHe 3a0e3leyeHHs JO03BOJISIE  MOHITOPUTH  CTaH
($OTOENeKTPUYHOI MaHeal OTPUMYIOUM JlaHI PO BEJIMYMHY OCBITICHHS B MicCIll

THCTANSIIT Ta eIEKTPUYHY MOTYKHICTh T€HEpyBaHHS.

3.3 IIporpama mikpokoHTposepa loT cucremu 360py nanux (yHKIIOHYBaHHS

(OTOCIEKTPUIHUX MOJTYITIB

BianoBigHo no ctpyktypHoi cxemu loT-cucrtemu oriHrOBaHHS €()EKTUBHOCTI
GyHKIiOHYyBaHHS (HOTOCTCKTPHYHUX MOAYJIIB (IUB. pUC. 3.2), 10 IPOrpaMHOT YaCTHHI
BITHOCHTBCS MpOTrpaMa MiKpOKOHTpOJIepa Ta CEpBEpHa Mporpama Il arperyBaHHs
JAHUX 3 MOXKJIMBICTIO iX BITOOpaKCHHS Ta aHAJI3Y.

AJTOpUTM pOOOTH MTPOTpaMH MIKPOKOHTpOJIEpa HaBEACHO Ha PUCYHKY 3.7, BiH
nepeadavae MOCIiIOBHE BUKOHAHHS OTIEpalliid MiAKIIOUCHHS 10 MEpeXkKi, BUSHAYCHHS
rmapaMeTpiB TeHepallii Ta COHSIYHOT IHCOJIAIIIT Ta MUKJIIYHA Iepeiada oIepKaHuX JaHUX

Ha cepBep.
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( Iloyatox )

IHimiamzarist 3MiHHHAX
HaJIalITyBaHHS
nepudepii

3
h 4

[MigxmroueHns g0 mepexi uepes Wi-Fi B
pexxumi BeO-KITieHTa

v

BusnauenHs eH CPIreTUYHUX I1OKa3 HUKIB

v

BusnaueHHs COHSYHOT 1HCOJISLIT

v

BuBix moToyHMX JaHUX MapaMeTpiB Ha
IUCIUIEH

v

[TepenaBanHs naHUX Ha CEpPBEP
script.google.com 3a http mocunanusm

Kinenp BUMipIoBaHb

Pucynok 3.7 — Anroput™M MikKpOKOHTpoJIepa

[Iporpamy HaBeiaeHO B J0JaTKax, PO3TIITHEMO ii CKJIQJ0BI Ha OKPEMHX
¢dparmenTax koxy. Ha pucynky 3.8. HaBegeHO (pparMeHT Komy, IO BiAMOBiTae 3a

MMOYATKOBY IHIIiaTi3aIlii0 3MIHHUX Ta HAJIIITyBaHHS niepudepii.



* ggid = "U
* password =

¥ host = "s
httpsPort =

String T1, T2, T3, T4 ;
volts, amps, microamps, lux;

shuntvoltage = @;
busvoltage = 8, busvoltage corr
current_mA 8, current_mA_corr
loadvoltage 2
power_mi = power_mi_corr
WiFiClientSecure client
String GAS_ID = ° y cdNj «<BhjTeHkec nYHp iMich-3zf ThUZBI6IpLg”;

Pucynok 3.8 - ®parMeHT koay iHimiamizarii

Crnouatky 3a jgomnomororo naupektuBu #include migkmrouaroTbes —daiinu
010s1i0TeK HeoOXial sl poOOTH 3 MPUCTPOSMH SKI BKIIOUCHI B MPOEKT, HANPHUKIIA]
<ESP8266WiFi.h> - 6i6mioTeka as podotu 3 maramu ESP B cepenoBuiiti po3pooku
Arduino IDE, <Adafruit SSD1306.h> - 6iOmioreka, sika HiATpUMYE poOOTY i3
muctieeM SSD1306.h. Jlam 3a momomoror nupektuBu #define 3amaroThcsi iMeHa
HeoOxigHuX KoHcTaHT, Hanpukiag SCREEN ADDRESS 0x3C 3anae anpecy nucres
B [2C mepexi. Hactymuuii ko pparMeHTy OnUCye 3MiHHI B AKX 30€piratoThCs JaHi
st pyakiionyBanHs [oT cucremu: macuBu ssid ta password, 30epirarote iMs Ta
napoib Touku noctymy Wi-Fi 1o sikoi migkmrodaeTrbess KoHTposep, host Ta httpPort
BU3HAYAIOTH IMsI XOCTa Ta MOPT KyAW OyIyTh MEPECUIaTUCh JaHi, CTPIYKOBi 3MiHHI T1,
T2, T3, T4 nie 3mMiHHI B IKUX 30€piratoThest 4 BEIMUYNHU MOHITOPUHTY, SIKI €PEAArOThCS
B http-3amuTi, 3minHi THNy float: volts, lux, current mA, power mW — 1ie 3MiHi i3
IJIaBal0YOI0 TOYKOIO B SIKUX 30€piraroThCs Pe3ysibTaTH BUMIPIOBAaHb HEOOXITHUX Ta
NpOMDKHUX MapaMeTtpiB. ClliJl 3BepHYTH yBary Ha 3MiHHI 13 1HIEKCOM COIT, 11€ 3MIHHI

B SKUX 30€epiraroTbCs KOHCTAHTU JIsI KOPETYBaHHS BUMIPSHUX IapaMeTpiB, BOHU
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HAJTAITOBYIOThCS eKcnepuMeHTabHO. 3MinHa String GAS_ID MicTUTh Tak 3BaHUN

imeHTUdikaTOp po3ropTku BeO Jomatky Ha xocti Script.google.com. Ilei
IICHTU(IKATOP OTPUMYETHCSI HAJTAIITYBAHHSAX CKPUIITA.

Ha pucynky 3.9. HaBeneHo (parMeHT KOay, IO BIAMOBIJA€ 3a MOYATKOBI
YCTAHOBKM Ta ormepauii skl BUKOHYIOTbCS OAWH pa3, HE LUKIIYHO, LI KOMAaHIU

00enHyt0ThC (yHKITiEo Setup(). Bia3HaunMo 0OCHOBHI KOMaH/IU I[LOTO OJIOKY KOJY.

n{ssid, password);
tln{™");
N_Board LED,OUTPUT);
i oard_LED, HIGH);
N
led to find INA219 chip™);
{ delay(1@); }

"Connecting™);

WL_CONNECTED) {

1)
talWrite(ON_Board_LED, HIGH);

digitalWrite(ON_Board_LED, HIGH);

Pucynok 3.9 — ®@ynxkuis setup()

Serial.begin(115200) — Bu3Hauae MIBUAKICTH ITOCIIIOBHOI'O MIOPTA IS BiJIa KK
Ha piBHi 115200 601, dynkis WiFi.begin(ssid, password) migkirodae miaTy 10 TOYKHA

JOCTYIy 3a BIiINOBLAHMM iMsiM Ta maposieM, 1mukin — While (WiFi.status() !=
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WL_CONNECTED) Binmosigae 3a 04ikyBaHHS ITiIKJIIOYCHHS 1 MOTPAHHS CUTHAIBHOT

Jamnu Ha 1uiati yepes 0,5 cekyHau.

Ha pucynky 3.10 HaBegeHo ¢parMeHT OCHOBHOTO KOJly OMHCAHOTO B (PYHKIIIi
loop(), yci xomanmu 1i€i (yHKIIi BUKOHYIOTHCS HUKIIYHO, BiJ3HAYMMO OCHOBHI
KOMaH/I1 1Iboro 00Ky koay Pynkitis energi_meter() e kopucTyBaibka GyHKILIS SKa
BiZIMoBifae 3a poooty i3 eHepromerpom INA219, dynkmis Light_meter() Bianosinae

3a onmuTyBaHHs ceHcopa ocsitienocti TEMTG000.

ap gy ' L
int(power_mW) ;
In(" m"});
(e, 30);
age: ");

>

113
113
112
113
113
113
113
112
113
113
112
113
113
)1a)
11ay

Pucynok 3.10 — ®ynkuis loop()

Jaui iine 6710k (yHKIIH podoTH 13 auciieem Ae GyHkiii display.clearDisplay();
display.setTextSize(1.2); display.setTextColor(WHITE); 3agaiore  ouHICHHS

JUCIIICI0, BCTAHOBBIICHHSI pO3MIpy LIpU(dTa Ta KOJbOPY TEKCTY BIANOBIAHO. Jliis
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BUBEJICHHA  MapaMeTpiB Ha  JIUCIUIEH  BUKOPUCTAHO  HACTYNHI  (PyHKIi
display.setCursor(0, 20); display.print("Energy: "); display.print(power_mW);
display.printin(" mW"); - cmo4arky BCTaHOBIIOEMO IO3UIlII0O Kypcopa je Oyje
BBOJUTUCh TEKCT, 3alUCYEThCA HAJMNUC BHUMIPIOBAHOTO TapaMmeTpa, MOopAan
3aMMCYETHCS BU3HAYEHE YUCIIO TA OJUHUILI BUMIPIOBAaHHS 13 MEPEXOAOM Ha HACTYIHY
cTpiuky. OTKe Ha TUCIUIeH BUBOAUTHCSA BUXiTHA MTOTYXHICTh, HAPYTa, CTPYM MOIYJIS
Ta BEJIMYMHY OCBiIeHOCTI B Touli BuMmipiB. ®@yukiis delay(30000) 3amae iHTepBa
BuMiproBanb B 30 cekyna a ¢yukmis sendData() Biamosigae 3a BiAnpaBKy JaHUX Ha
cepaep.

Ha pucynky 3.11 300paxeHo ¢parment konay ¢ynkmii energi_meter()

BUMIPIOBaHHS €HEPreTUYHUX napameTpiB enepromerpom INA2109.

energi_meter() {

shuntvoltage

busvoltage ina219.getBusVolta }+busvoltage corr;

current_mA ina219.getCurr L J+current_mA corr;

power mW = ina getPower_ml{)+power_mW_corr;

loadvoltage 1) ;

erial.pr " : ); S .print(busvoltage}; S al.println(" v"

' a: ") nt{shuntvoltage); rial.println{" mv"

nt{loadvoltage); rintln(™
nt{current_mA};

amps =
microamps
Lux

String Vv = "Volta : @ string{volts) + " V"

String L ght : ~ String " 1xM;
S iEIl.|:|"' 1

Pucynoxk 3.11 — ®ynkii energi_meter() ta Light_meter()

Meronu ina219.getShuntVoltage mV(), getBusVoltage_V(),
ina219.getCurrent_mA() ta ina219.getPower mW() BiamoBigarOTh 3a 3YUTYBAHHS

3Ha4Y€Hb HAIIPYTY HA LIYHTI1, HAPYTH )KUBJIEHHS, CTPYMY (POTOENEKTPUYHOI [TaHell Ta
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MOTY>KHOCT1 TeHepallii BIAMOBIIHO, 111 1HPOpMAIlis TAKOXK AyOIIOETHCS IS BIIAAKU

B nochigoBHuil mopt. Takox Ha pucyHky 3.10 300paxeHo ¢parMeHT koay (QyHKIIIi
Light meter() BuMmipioBaHHS COHSYHOI 1HCOJIALII CEHCOPOM TEMTG6000.
[Iponopiiiina Hampyra mnepeTBOPIOETbCs B LU(poBUil Kox 3a gomomorow 10-
pospsianoro ALIT kontponepa ESP8266 1s iHpopmalis Takoxx AyOIHO€ThCSA IS
BIJIJIa/IKK B TIOCJIITOBHUM MOPT.

Ha pucynky 3.12 300paxkeno ¢parmeHnt koay ¢yukuii sent_Data() sxa
Bianpasise hitp 3amut 3 pe3ynbraTaMd MOHITOPUHTY 3 BHKOPHUCTAHHSM METOMY

client.print.

» httpsPort)} {
ection failed");

power_mi) ;
g(busvoltage);
g(current_mA);

println("request sent”);

Pucynoxk 3.12 — ®ynkuis sent_Data()
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3.4 Ilporpama cepsepHoi yactunu [oT cucremu 300py naHux (GyHKLIIOHYBaHHS

(OTOEAEKTPUUHUX MOAYJIIB

JlaHi1 13 ceHCOpIB HE MOXKYTh TPUBAJIO HAKOMUYYBATUCh B TIaM’SITI KOHTPOJIEpa,
JUIsL IXHBOTO 300py HEOOXITHO MaTH BiJJIaJieHUul cepBep, sKuil Oyjie pearyBaTu Ha
3alMTH B1J KOHTpoOJepa 1 3amucyBaTH 1H(OpPMAaLi0 B CBOIM mam’sTi JUisl TPUBAJIOTO
30epiraHHs Ta MOJAJBIIOro aHaizy. € pi3HiI TeXHOJIOT1i Takoro 30epiraHHst B poOoTi
npornoHyeTrbess Bukopuctatu Google Sheets Tak sk e AOCTYNMHUN IHCTPYMEHT JIJIst
300py laHKUX Jie 0/ipa3y MOKHA 31MCHUTH MOIEPEIHIN aHali3 Ta 00pOOKY.

Google Sheets - 1e moTyXHUH OHJAWH IHCTPYMEHT, SIKUM Hamae Oe3mid
MOJKJIUBOCTEH 111 poOOTH 3 AaHUMHU Ta TabmuisMu. OcCh JOKIATHINIE PO HOTO
MOKJIMBOCTI:

1) onnaiin moctyn Ta cnibHa poborta: Google Sheets mo3Bosisie mpamroBaTu 3
JaHUMHU B PEKUMI OHJIAMH, HAJAIOYM MOXIJIHMBICTh OJHOYACHO peaaryBaTé TaOIuIli
KUTbKOM KOpHcTyBadaMm. Lle ineanbHo MmiaXoauTh AJI CIIUTEHOT pOOOTH HaJl TPOCKTaMU
a00 TOKyMEHTaMH;

2) poOoTa 3 AaHUMH: € MOKJIMBICTH BBOJIUTH, PeIaryBaTH Ta aHali3yBaTH
pizHOMaHITHI AaH1 B Tabmuisax Google Sheets. Ile Mmoxe OyTu Oyab-110 Bix Yucesn Ta
TEKCTY JI0 JaT Ta (opMy1, IO JI03BOJISIE CTBOPIOBATH CKJIAJIHI MOJIEJII Ta aHAII3yBaTH
JIaHi;

3) dyukuii Ta dopmynu: Google Sheets mae BOynoBani pyHkIi Ta hopmynu
JUTSI aBTOMATHU3allii 00YMCIIeHb Ta aHali3y JaHuX. Bu MokeTe BUKOPUCTOBYBATH 1X IS
BUKOHAHHS PI3HOMAaHITHUX 3aBJaHb, BiJ MPOCTHX OOYUCICHb JIO CKJIQJHUX
aHAJITHIHUX OTepaIlii;

4) rpadiku Ta miarpamu: BOymoBani iHCTpymMeHTH Google Sheets mo3BonstOTH
JIETKO CTBOPIOBATH Tpadiku Ta aiarpaMu Ha OCHOBI Bammx fgaHux. lle momomarae
Bi3yalli3yBaTH JIaHi Ta 3pOOUTH 1X 3pO3yMUTIIIAMHY JIJIsl aHATI3Y;

5) ¢inpTpamis Ta coptyBaHHs: Google Sheets Hagae MOXIUBICTH JETKO
GbiTbTpyBaTH Ta COPTYBaTH JaHi B TaOJHUIIAX, IO JOMOMAra€ IIBHIKO 3HAXOIUTH

He0oOX1IHY 1H(QOpMAIIil0 Ta OPraHi30BYBaTH JaHi;
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6) cneuianpHl (yHKIIi: kpiM crapaaptHux ¢QyHkui, Google Sheets mae

IIUPOKUNA CIEKTP CHeniadbHUX (PYHKIIIH, SIKI JO3BOJIIIOTh BUKOHYBAaTH PI3HOMAaHITHI
3aBJIaHHS, TaKl sIK poOOTa 3 4aCOM, TEKCTOM, CTATUCTHKOIO TOLLO;

7) IMIOPT Ta €KCIOPT JAaHUX: € MOKJIMBICTD JIETKO IMIOPTYBATH J1aHl 3 1HIIUX
mkepen, Takux sk Microsoft Excel, a Takoxx ekcnopTyBaTu AaHi B pi3Hi ¢opMaru
(aiiniB, 1110 AO3BOJIAE JETKO OOMIHIOBATHUCS JAHUMHU 3 IHIIMMH MPOTpaMaMu;

8) moxauBocTi (dopmaryBanHs: Google Sheets m03BoJsi€ HaIAITOBYBATH
BUTJISA Ta (OpMAT CBOIX JAaHUX, BUKOPUCTOBYIOUM PI3HOMAaHITHI ONIIii opMaTyBaHHs,
Taki K KOJIp TEKCTY, MpUT, paMKH Ta 1HII CTHITI3AIlli.

BukopucrtoByroun ¢ynkuii Google Sheet na iHmmMX BKITagKax JIOKYMEHTY
MokHa (popMyBatn HE0OXiIHI BHOIpKH Ta 3MIHCHIOBATH 00poOKy iHopmallii mpo
E€HEePIreTHYHI MPOLIECH B CUCTEMI.

Apps Script - e cepsic Big Google, sikuii 103B0JIsIE CTBOPIOBATH Ta PO3TOPTATH
JOJATKU Ta CKPHIITH JJIs pi3HuX npoaykrtiB Google, takux sik Google Sheets, Google
Docs, Google Forms ta inmri. Ckpuntu aas Apps Script numyThest MoBoro JavaScript,
110 pOOUTH IX JOCTYIMHUMH JJIs 0araTh0X po3pOOHUKIB, OCKLIBKHU JavaScript € oxHiero
3 HaWNOIIMPEHINUX MOB MporpamyBaHHsa. ApPPS Script Mae mpocTuii Ta IHTYiTHBHO
3p0o3yMUIHH iHTEep(dEc po3poOKH, 110 JO3BOJISIE MBHUIKO CTBOPIOBATH Ta PO3TrOPTATH
pI3HOMAHITHI JOJAaTKM Ta CKpUOTH. 3a jgomomoror Apps Script MokHa
aBTOMAaTH3yBaTH PYTUHHI 3aBJaHHS, Takl SK TeHepallis 3BiTiB, 00poOKa IaHWX,
HaJICWJIAaHHS TIOBIIOMJICHb €JICKTPOHHOIO TOMTOI Ta Oararo iHmoro. Apps Script
JI03BOJISIE PO3IINPIOBATH (DYHKIIIOHAIBHICTD pi3HUX MPpoaykTiB Google, nogaBatu HOBI
MO>KJIMBOCTI Ta B3aEMOJIIATH 3 IHITUMU cepBicamu Ta AP, MoxnuBicTh 30epiratu Ta
o0poOuiATH naHi Oe3mocepeHbO Yy BimmoBigHHX mpoayktax Google (mampukian,
tabmuiax Google Sheets) 3a mormoMoror CKpUMTIB.

BuxopucroBytoun posmupenass Apps Script B Google Sheets € MOXIHUBICTB
po3ropTaHHs BeO-noaaTka (puc. 3.13), sxuii onpanpboBye http-3anmuTu 110 mepioguIHO
reHepytotbcs NodeMCU 1 MiICTSTh pe3yibTaTd BHUMIPIOBaHb CEHCOPIB  SIKi

XapaKTepu3ylOTh (QYHKIIOHYBaHHS ()OTOCIEKTPUIHOTO MOIYJIS.
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®opmat  Oadi  HecTpymedTw  Poswwpedds [Josigka

£ % .0_ .00 13 | 3 B3 [lonoBHeHHA > ¥
(») Makpocu >
o - 2 Apps Script
k) Power (mW) Voltage (V)
1.72 0.00 0. 7 AppSheet >
165 0.00 0. .
e 0,00 3 & Looker Studio a - |
h. 84 0.00 0.
b 53 000 0 B7 OpenSolver .
.55 0.00 0o.m -0.20
53 0.00 0.01 -0.20
F.58 0.00 0.02 -0.20
F.58 0.00 0.01 -0.20
F.58 0.00 0.01 0.00
67 0.00 0.01 -0.40
.32 0.00 0.01 010

Pucynoxk 3.13 — loctym g0 Apps Script 8 Google Sheets

BumipsHi ycepenHeHi JgaHi CTpyMiB 1 Hampyr Ta po3paxoBaHi MOTY>KHOCTI
NaHeNl, HaBaHTAXKEHHsS Ta aKyMYJISTOpHOi OaTapei 3amMCylOThCS dYepe3 piBHI
MPOMDKKM Yacy Ha KapTy MamsTi, mapanenbHo, udepe3 Wi-fi mMomyns 1mi naHi
nepenarotbes y Burisiai GET 3amuty. B sikocti cepBepa BukopuctoByeThesi Google
Sheet Tabmuis, sxa po3ropyra B pekuMi BeO-I0/1aTKy 3a JOMOMOTOI0 1HCTPYMEHTY
Apps Script. BinnmoBigHuii js-CKpunt 37idcHIOE 00poOKy http 3amuTiB, siki hopmye
MIKpOKOHTpoJep, 3anucyroun GET nmapameTtpu y BiIOBiIHI KOMIPKH TabIHIIl, TAKOXK
nependayeHo 3amuc MOTOYHOTO Yacy (pOpMyBaHHS 3aIUTY.

GET-3anut (GET request) - ne oaun 13 metoniB HTTP-mportokony, sikwii
BUKOPUCTOBYETHCSI JJII OTpUMaHHS JaHuWX 3 BeO-cepBepa. Y kontekcti HTTP-
nporokony, GET-3anuT Hanacumaerbcs 3 KiieHTa (Hampukiaa, BeO-Opaysepa) Ha
CepBep 3 METOI0 OTPUMAaHHS BIJMOBII, KA MICTUTh MEBHI pecypcu ado /IaHi.

GET-3anuT BUKOPUCTOBYETHCS MJIsl TPOCTOTO OTPUMAHHS JaHUX 3 CEpBEpa, BiH
HE 3MIHIOE CTaHy cepBepa a00 He BIUIMBae Ha JaHi Ha HboMy. GET-3anut moxe
MICTUTH TIapaMeTpH, sK1 nepegarotbest pazoMm 3 URL-anpecoro 3anuty. Lli napamerpu

MOXYTh BUKOPUCTOBYBATHCS JJIs Iepenayl JI0JaTKOBOi 1HQopmallli Ha cepsep,
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Hanpukian, aas GuibTpanii faHux ado Bu3HayeHHs omilii 3anuty. Ockinbku GET-

3aIIUT BUKOPUCTOBYETHCA JIsI OTPUMAHHS JaHUX, BIH 4acTo BUKOPHUCTOBYETBLCA IJIA

JOCTYIY 110 BEO-CTOPIHOK, 300paxeHb, (paililiB Ta IHIIOTO KOHTEHTY, SIKUM MOXKHA

myOJIIYHO MepersisiaTy.

@®parMeHT TabaUII HaBeAEHO HA pUCYHKY 3.14, naHi BUMIpIOBaHb 3alIOHIOIOTH

il B peadbHOMY 4Yaci.

E Logger solar ¥ B &
@ain  3miHaTk  Burnag  Betaeutw  @opmat  Oadi HeTpymedTa  Poswwmpedda  dosigka

Q, MeHio S ¢ & % 100% ~ | £ % 0 00 123 3aym. ~ | — | 10 | +
Al - fix Date

A B c I D E F

1 Date .| Time Lighting (Lx) Power (mW)  Voltage (V) Current (mA)
2 09/06/2024 12:45:11 11.72 0.00 0.02 0.10
3 09/06/2024 12:45:49 14.65 0.00 0.00 0.10
4 09/06/2024 12:46-28 13.67 0.00 0.01 0.00
5 09062024 12:47:06 .64 0.00 0.01 0.00
6 09/06/2024 12:47:44 19.53 0.00 0.01 0.10
T 09/06/2024 12:45:23 18.55 0.00 0.01 -0.20
& 09/06/2024 12:49:01 19.53 0.00 0.01 -0.20
9 09/06/2024 12:49:40 17.58 0.00 0.02 -0.20
10 09/06/2024 12:50:18 17 .58 0.00 0.01 -0.20
1 09062024 12:50:56 17.58 0.00 0.01 0.00
12 0%/06/2024 12:51:35 13.67 0.00 0.01 -0.40
13 09/06/2024 12:52:14 28.32 0.00 0.01 -0.10
14 09/06/2024 12:52:52 12.70 0.00 0.01 0.00
15 09/06/2024 12:53:31 27.34 0.00 0.01 0.00
16 09/06/2024 12:54:09 68.36 0.00 0.01 0.10
17 09/06/2024 12:54:43 7715 0.00 0.01 010
18 0%/06/2024 12:55:26 7715 0.00 0.01 -0.10
19 09/06/2024 12:56:05 75.20 0.00 0.00 0.00
20 09/06/2024 12:56:43 2441 0.00 0.00 -0.10
21 09/06/2024 12:57:22 4980 0.00 0.00 -0.20
22 09/06/2024 12:58:01 15.63 0.00 0.01 -0.10
23 09/06/2024 12:55:40 7324 0.00 0.00 010
24 09062024 12:559:18 32.23 0.00 0.00 0.00
25 09/06/2024 12:59:56 78.13 0.00 0.00 -0.20
28 09/06/2024 13:00:35 114.26 0.00 0.01 0.10
27 09/06/2024 13:01:14 110.35 0.00 0.01 0.00
28 09/06/2024 13:01:52 29.30 0.00 0.01 0.30
29 09/06/2024 13:02:31 76.17 336.00 393 70.90
30 09/06/2024 13:03:11 67 38 10.00 408 0.00
| 0%/06/2024 13:03:50 42.97 10.00 4.07 -0.10
12 NONEMINDA 13-04-28 £7 &0 [ 298 010

Pucynok 3.14 — ®parmeHT Ta0auIll 3 BUMIPIOBAaJIbHUMU 3HAYCHHSIMU FeHepallii
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3a ompaIlfroBaHHs ojiep:kaHoro hitp-3amuty BiAMOBIAA€E JS-CKPUIIT JIICTUHT SKOTO

300paxeH0 Ha pUCYHKY 3.9. SKiIo OTpUMaHO 3amuT, M0 MICTUTh 1AEHTU(DIKATOP
JIOKyMEHTa B CTPIYKY B OKpPEMI KOJIOHKM 3alUCYIOThCSl JlaTa Ta 4Yac, MOKa3aHHS
TEMIIEpaTypu Ta CEHCOpa OCBITJICHHS BIAMOBIAHO, MPU OTPUMAHHI HACTYIHOTO

MOBIJOMJICHHS 3alKC BiAOYBAa€TbCA Y BUIbHINA, TOOTO HACTYITHIM CTPIYIILi.

')

1 function doGeti{e) {
Logger .log( JSON.stringify(e) );

var result = 'Ok’
if (e.parameter == 'undefined') {
result = 'Mo Parameters';
h
else {
var sheet_id = "1TIMguX-4cWDzyU41lBcoV9ewtl71kyBAVKVITNNXSERA  , J/ Spi

var sheet = SpreadsheetApp.openById(sheet_id).getActiveSheet();
var newRow = sheet.getlLastRow() + 1;
var rowData = []:
var Curr_Date = new Date();
rowData[B8] = Curr_Date; // Date in column A
var Curr_Time = Utilities.formatDate(Curr_Date, "GMT+3", 'HH:mm:ss');
rowData[1] = Curr_Time; // Time in column B
for (var param in e.parameter) {
Logger.log('In for loop, param=' + param};
var value = stripQuotes(e.parameter|[param]);
Logger.log(param + ':' + e.parameter|param]);
switch (param) {

case "lux':
rowData[2] = wvalue; // Lux in column C
result = ‘Lux Written on column C°:
break;
case 'power
rowbData[3] = value; // Power in column D
result += ' ,Power Written on column D°;
break;
case 'wvolt
rowData[4] = value; // Voltage in column E
result += ' ,Voltage Written on column D'
break:
case 'current':
rowbData[5] = value; // Current in column F
result += ' ,Current Written on column D';
break;
default:
result = "unsupported parameter”
}
'
Logger.log(JSON.stringify(rowData));
var newRange = sheet.getRange(newRow, 1, 1, rowData.length);
newRange .setValues([rowDatal);

i

Pucynok 3.15 — Ckpunt 06po6ku 3anutiB Big NodeMCU
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PosrnsiHemo neranpHime eneMeHTH ckpunta. 3minHa Sheet_id wmictuTh
i1eHTH(IKaTop Tabnuii B Ky OyAyThb aBTOMAaTUYHO BHOCUTHCH JaHI MOHITOPHUHTY,
el ineHTHdikaTop IOCTYIHHM B ajapecHid crpiuii Opaysepa. rowData[0] =
Curr_Date: ne 3anuc B HyJIbOBHI CTOBITYMK (CTOBMNYMK A) 3HAUEHHS 1aTH Ta 4acy JJIs
3 uvacoBoro mosicy 3a ['piaeiuem (var Curr_Time = Utilities.formatDate(Curr_Date,
"GMT+3", 'HH:mm:ss')). 3amoBHEHHS CTOBIIIB BiIOYBA€THCS IO BIAMOBIIHOMY

napaMeTpi B 3allHTi 1 pealli3yeThCsl KOHCTPYKITiero switch-case (puc. 3.16).

Logger.log{param + ':' + e.parameter|param]);
switch (param) [
case "lux':
rowDatal2] = value; // Lux in column C
result = "Lux Writtem on column C';
break
case power
rowData[3] = value: // Power in column D
result += ' ,Power Written on column D°:
orealk ;
case 'wvolt
rowData[4] = value; // Voltage in column ﬂ
result += ' ,Voltage Written on column D'
break
case ‘current’:
rowDatal|5] = value; // Current in column F
result += ' ,Current Written on column D'
orealk ;
default:
result = "unsupported parameter”:
b

Pucynoxk 3.16 — Koncrpyxkitist Switch-case ckpwurira aiist 3aoBHEHHS TaHUX

Kon ckpunta ynpasnse 06podxoro HTTP GET 3anutiB y cepenosuiii Google
Apps Script. function doGet(e) : [louaTok oronomenns ¢pynkuii doGet, sika Biamosinae
3a 00pooky HTTP GET 3anuTis:

- Logger.log( JSON.stringify(e) );: 3amucye y XypHan (JIOT) mapameTpH
OTPUMAHOTO 3amuTy y BUTJsAA1 psiaka JSON;

- var result = 'OK';: imimianizye 3minHy result 3nauennsMm 'Ok', sike Oyne

BiIMIpaBJIeHE SK BIAMOBIAL HA 3aMMMT 32 3aMOBYYBAHHSM,;
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- if (e.parameter == 'undefined’) : mepeBipsie, uu BiACYTHI mapameTpu B

3aIuTI;

- result = 'No Parameters';: skmo BiACYTHI mapameTpu, 3MiHHa result
npuiimae 3HaueHHs 'No Parameters';

- var sheet_id =
'1TIMguX4cWDzyU410c6V9ewtl71ky8AVKvI7TWnXsBRA';: 3amae igeHTH(IKATOP
Google Tabmuiii, ne 30epiraTUMyThCs 1aHi;

- var sheet = SpreadsheetApp.openByld(sheet_id).getActiveSheet();:
BinkpuBae Google Tabnuiro 3a 3ajaHUM 1IEHTU(PIKATOPOM 1 OTPUMYE MOCUIIAHHS Ha
11 aKTUBHUM apKyL;

- var newRow = sheet.getLastRow() + 1;: 3HaX0UTh MOPOXKHIN PSIOK IS
3aMKMCy HOBUX JIAHUX;

- var rowData = [];: cTBoproe macuB it 30epeXeHHS JaHUX, Ki OYIyTh
3anucani B Google Ta6mwirro;

— var Curr_Date = new Date();: oTpuMye MoTOYHY JaTy Ta 4ac;

- rowData[0] = Curr_Date;: 3anucye noTouHy JaTy B EpIry KOJIOHKY;

— var  Curr_Time =  Utilities.formatDate(Curr_Date, "GMT+3",
'HH:mm:ss'");: dopmarye moTounuii yac y BKazaHuii popmar;

- rowData[1] = Curr_Time;: 3anucye noTOYHUN Yac y APYTry KOJOHKY.

— for (var param in e.parameter) {. mepebupae mapameTpu, nepemaHi y
3aIlUTI;

- var value = stripQuotes(e.parameter[param]);: Bumanse mnankud 3i
3HAYEHHS MapamMeTpa;

— switch (param) {: ITepeBipsie mapameTp Ta BU3HAYA€ KOJOHKY ISl 3AITHCY
3HAYCHHS;

- Logger.log(JSON.stringify(rowData));: 3anucye MacuB TaHHUX y )KypHal
(;ror) y Burmsizi psiaka JSON.

- var newRange = sheet.getRange(newRow, 1, 1, rowData.length);:

Otpumye nianasoH s 3anucy aaHux y Google Tabnuiio.
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— newRange.setValues([rowData]);: 3anucye mgaHi y BkazaHui Jiana3oH y

Google TaGmuiri.

- return ContentService.createTextOutput(result);: moBeprae pe3ynbTat
00poOKHU 3aMUTY Y BUTJISAII TEKCTOBOTO BUBOY;

- function stripQuotes( value ) {: mnouatok oroyiomeHHs QYHKIT
stripQuotes, sika BUAJIS€ JIAMKHU 31 3HAYCHB;

- return value.replace(/"[""]|[""]$/9, "™");: moBepTae 3HaUECHHS 3 BHIAICHUMH
JanKaMHM 3 TIOYaTKy Ta KiHUS pSAKa.

JIist BBeIEHHS B /1110 CKpHUNTa y BUIJISAAl BeO-104aTKy HEOOXITHO MEperTH y
BiAnoBiAHe MeHto. [licia Horo axkTuBaiii OTPUMYEMO 1IEHTU(DIKATOP PO3TOPTKHU

(puc. 3.17).

Hoee BBepeHHA B gito
BeeneHy B Ait0 BEPCI0 OHOBMEHO.

Bepcin 2, 27 Tpae. 2024 p., 22:15

I0eHTHDIKATOP BESASHHA B A0
AKfycby fkd8-Qr2YZEgtxKoiOcdZ9Ur5jBGznCd40KdmEDYLST4umdH7oJTPLpPEUarRzHmMAwW

IO Konitosatw
Beb-gofaToK
URL-appeca

https://script.google.com/macros/s/AKfycby.Jfkd8-Qr2YZEgtxKoiOcdZ9Ur5jBGznCd40KdmEDYL5T4umdH7oJTPLpPEUA...

IO Koniwoeatn

(=]

Pucynok 3.17 - OTpumaHHs TOCWIaHHS BeO-T0AATKY IS 300py TaHUX

AHanoriyHUM MiAXi peani3oBaHo s 300py JaHUX MOpo HapameTpu

HaBKOJIMIIIHBOTO CEPEeJIOBUINA, SKI BINIMBAIOTh Ha TEHEpaIlilo, 1€ OCBITICHHS Ta
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BUMIPIOBaHHS TMPOBOJUIUCH BCEPEIWHI NPUMIIMIEHHS TaOIuIs
BUMIPSIHUX 3HaUCHb MpUBEJIEHA Ha pUCYHKY 3.18.

I'padixu 3MiHHM OCBITIEHOCTI Ta TEMIIEPATYPH HA MPOTA31 S-IEHHOTO MEPIOy

CIIOCTEPEXKEHBb 300paxeHo Ha pucyHKy 3.18. Marodi 111 3HaueHHS MOXHA

MPOrHO3yBaTH MOKJIMBOCTI T€HEPYBaHHS €HEprii POTOETEKTPUUHUMHI MOTYJISIMH.

OCBITNEHICTE, NK
400

-

Temneparypa, rpag. C

w—/Lm_,J;\/ﬁmwwmw

Pucynok 3.18 — I'padixu 3MiHM OCBITJIEHOCTI Ta TEMIIEpAaTypH HA MPOTA31 5-

JIEHHOTO MEePIOAY CIIOCTEPEIKCHb
3.5 BucHoBku

B manmomy pozaini Oymo po3poOsieHo iHGopMalliiiHy cUCTeMy IJisi aHalizy

re’epairii eneKTpoeHeprii (POTOENEKTPUIHUMH MOMYJISIMU Ta COHSYHOI 1HCOJIAIIII.
Bubpano amapatHe 3a0e3mneueHHs: KOHTPOJIEpP, €HEPrOMETp, CEHCOP OCBITICHHS
BuxopuctoByroun posmupenns Apps Script B Google Sheets posropuyto Be6-
JI0JTaTOK, SIKAW OTMpaIboBye http-3amuTH 110 MEPIOTUIHO TEHEPYIOTHCS KOHTPOJIEPOM

NodeMCU 1 MIcTITh pe3yJibTaTH BUMIPIOBAaHb CEHCOPIB SIKI XapaKTepU3YIOTh
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(yHKUIOHYBaHHS (OTOENEKTPUYHOr0 Moayisa. s oOpoOKH 3amuTiB CTBOPEHO

BIJIMOBIJHUH JS-CKPUIT. IKUI (POPMY€E CTPYKTYPOBaHY TAOJIHIIIO AaHUX.
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4 IIPAKTUYHA PEAJIIBAIIA IOT CUCTEMH OINIHIOBAHHSA

E®EKTUBHOCTI ®YHKIIIOHYBAHHS ®OTOEJEKTPUYHIX
MO/IYJIIB

4.1 ExcnepmeHtanbHe npociimkeHHss [oT cuctemu oOImiHKM €()EKTUBHOCTI

(GyHKU10HYBaHHS (DOTOENEKTPUYHUX MMAHENen

Cxema IoT mpuctpoto, moOynoBaHoOro i3 BUOpaHUX €JIEMEHTIB, 300pakeHa Ha
pucynky 4.1. Jlns npakTu4HOi peanizaimii oOpaHuUl OJHOKaHAJIBHUNU EHEPrOMETP
INA219 JKuBneHHsl PUCTPOIO 3A1MCHIOETHCS BIJ JKEpesia MOoCTiHOiI Hanpyru SB,
yepe3 USB konektop. Hanpyra gotoenekTprudHoi nmaHesni migkiIio4acThCs 10 BUBOIIB

Sourse Terminal a HaBanTakxeuds 1o BuBoAiB Load Terminal.

B TYITNERY
e < - = I

Source Terminal

Load Terminal

Pucynok 4.1 — Cxema 10T nmpuctporo i aHamizy TeHepailii eneKTpoeHeprii

($OTOCIEKTPUUHUMU MOYJIIMHU

3i0paHuii MakeT NPUCTPOIO OLIHKU €(PEeKTUBHOCTI T'eHepallii eIeKTpOeHeprii

(OTOCNEKTPUYHUMU MOJYJISIMU 300paxeHO Ha puUCyHKY 4.2. VYci eleKTpoHHI
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KOMIIOHEHTH PO3MIIIYIOThCS HAa MAKETHIN IJIaTl MIBUAKOTO 0€3 MailkoBOr0 MOHTAXY,

BIJIMOBIJHI 3’ €JHAHHS 3pO0JIEHI TPOBIIHUKAMHU, B AKOCTI JKEpeia eIeKTPOCHEPrii B
JaHOMY MakeTi BUcTynae xuBjieHHs Bii USB kabGemto uepes BiamoBigHMM TiH Ha

miaTi. B SKOCTI HaBaHTa)KEHHS CIYTYIOTh JIBa MOCITOBHO BBIMKHEH1 CBITJIOI0AU

SOLAR MON. “RING

Energy: 114.00 ab
Uoltage: 5,08 U

Current: 26,30 sf
Light: 5.86 lux

Pucynok 4.2 — Cxema 10T nmpuctporo s aHamizy TeHepallii eneKTpoeHeprii

(b OTOCTEKTPUIHUMH MOTYJISIMH 310paHa Ha MaKeTHIH TIaTi

[ToTouni mani Takox BUBOAATHCSA Ha MoHOXpoMHUK OLED mucrneit SSD1306
(puc. 4.3) a came: piBeHb F'€HEPOBAHOI MOTYKHOCTI, HAIIPyra Ha BUXO/I1 MaHEJIl,
CTPYyM IO TIPOTIKa€ yepe3 (PoToeneKTprUUH1 MO, a TAKOXK PIBEHb OCBITICHOCTI B

JIFOKCax.
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SOLAR MONITORING
Enfrgs= 124.00 my

tage: 4.99 ¢
Current: 23.1p mA
Light: 2.93 yux

Pucynok 4.3 — Burnsg nanux Ha aucruiei SSD1306

J1yist mpoBeZIEHHS! TECTOBOI'O €KCIIEPUMEHTY OyJIo BUOPAHO MiCIIe Ha MiJBIKOHHI
onHiei 3 aynutopii kapeapu CAIT ne mpuctpiit 3aiiicHIOBaB 301p TaHUX MPOTATOM &
roguH. B pesynprati 3 nepiogudHicTio 40 CeKyH[ AaH1 BIANPABISUTUCH Ha CTOPIHKY
Google Sheets. Ha ocHoBi oaepkaHux JaHuX 1moOymoBaHo rpadik (puc. 4.4). 3MiHu
OCBITJICHOCTI B 4aci, 3 SIKOTO BUJHO, 1[0 OCBITJICHHS MPOTITOM Yacy CIIOCTEPEKECHHS
Ma€e 3HauyHI HEPIBHOMIPHOCTI 3yMOBJICHI 3MIHOKO COHSYHOI aKTUBHOCTI, micys 18.00

COHIIE B)KE HE OCBITJIIOE MIABIKOHHS 1 PIB€Hb OCBITJCHOCTI PI3KO CIIajIaE.

Lighting (Lx)
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Pucynok 4.4 — I'padix OCBITIEHOCT1 OJIEp>KaHUN B TECTOBOMY PEXKUMI
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[Ticns 22.00 OCBITJIEHICTh, a OTXE€ 1 IHCOJAILIS MNaAaloTh MPAKTUYHO MO

HyJnboBOoro piBHs. Ha puc. 4.5-4.7 300paxkeHo rpadik 3MIHU CTpyMy, Halpyrd Ta
MOTYXHOCT1 B 4acl, IK BUJHO 3 rpadikiB LI BEJIUYUHU MAIOTh MPAKTUYHO MOCTIHHE
3HaueHHa (28 MA, 5 B, 124 wMBrT), mo 3yMOBJI€HO NOCTIHUM €JIEKTPUYHUM
HAaBAaHTAXXEHHSAM B pOJII AKOTO BUCTYNAlOTh JBa CBITI0AI0aU. OTKEe MOXHA 3pOo0UTH
BUCHOBOK, III0 MPOMOHOBaHA CHUCTEMa TMpaIioe CcTabLIbHO, 0€3 TOMUIKOBHUX

CIIpaltOBaHb.

Current (mA)
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Pucynok 4.5 — I'padix cTpymy onepkaHuil B TECTOBOMY PEKUMI

Voltage (V)
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Pucynok 4.6 — I'padik Hanpyru ofep>KaHUu B TECTOBOMY PEXKUMI
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Power (mW)
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Pucynok 4.7 — I'padik moTy>KHOCTI 0JiepKaHUN B TECTOBOMY PEKUMI

4.2 BUCHOBKH

B nanomy pozaini Oyno 3miiiCHEHO MPaKTHYHY peajizallifo CUCTEMH OIlIHKHU
e(heKTUBHOCTI (PyHKIIIOHYBaHHS (POTOETEKTPUUHUX TaHeNel. 3i0paHuil Ha MaKeTHIH
IaTi TPUCTPI TPOTECTOBAHO B PCAIBbHUX YMOBaX IOTEHIIMHOTO MIiCIA
BCTAHOBJICHHS ()OTOCJICKTPUIHOTO MOAYJsA. Pe3ynbraté TecTiB 3acBITUWIM, IO
MIPOTIOHOBAaHA CHCTEMa MpaIoe CTabUIBbHO TMepioguvyHa Hajacwiarodu naHi B Google
Sheets, me ix MoOKHA aHai3yBaTH BHUKOPHUCTOBYIOYH IOCTYIIHI iHCTpYMEHTH, a0o0
IMIIOPTYBaTH NaHi JJIg iX TOAANbINoi OOpoOKM Ta aHamily B IHIIMX cepBicax i
cepenoBumax.  Pe3ynapTaTH  BUMIPIOBaHHS  JOCTYIHI 32  TIOCHJIAHHSIM
https://docs.google.com/spreadsheets/d/1SIrC6l_xinV7uGj5einrgLNufj2CTfNcS33X
kQ6LR30o/edit?gid=0#gid=0
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BUCHOBKH

B xoni BukoHaHHsi OakanaBpPChKOI AUIUIOMHOT POOOTH MPOBEICHO aHai3
npeaMeTHOi 005acTi, MPEeACTaBICHO CyTh MPOOJIEeMH Ta JOBEIEHA aKTyalbHICTh
MUTaHHS BHOpoBaKeHHS loT-cucteMm mJisi BU3HAYEHHS TapaMeTpiB 1HCOJAMII Ta
reHEepYBaHHs eHeprii POTOCTESKTPUIHUMHU MOAYJISIMU 3 METOIO OI[IHKM €(EeKTUBHOCTI
ix pobotru. 30uIbIIEHHS €(EKTUBHOCTI JOCATAETHCS BU3HAYEHHAM  MICIS
BCTAaHOBJICHHS MaHelsel Jie 3a0e3neuyeThesi HanOoUbIIMi Koe(IliEHT BUKOPUCTAHHS .

B poGoti mpoBeneHo aHamiz NpoOieMaTHKWA MpeAMEeTHOI 00yacTi, a came
npoonemu noOynoBu loT cucrem oniHOBaHHS €(OEKTUBHOCTI (YHKIIOHYBaHHS
doToeneKTpUYHUX  MOIYNIB  1H(QpacTpykTypu.  Po3rissHyro  0coOJIMBOCTI
(GYHKIIOHYBaHHS COHSYHOI €HEPreTHKH, 30KpeMa BiJ3HAYCHO BAXKJIMBICTH aHATI3y
reHepyBaHHA €Heprii B 3aJeXHOCTI B YMOB 30BHIIIHBOTO CEpE/OBUINA, Ta
po3MilIeHHsT POTOENEKTPUUHUX MOAYIiB. OCHOBHI (YHKIIII CUCTEMU: 301p JaHUX 3
BIJIMOBIIHMX CEHCOPiB B IM(POBOMY BUTJISA 1, HAKOITMYEHHS JaHUX 32 3HAYHUHN MepioJl
Jacy, epBrUHHA 00poOKa JaHWX MOHITOPUHTY, aHaJli3 Ta MPOTHO3yBaHHS BUPOOJICHHS
eHeprii.

B apyromy posaimi Oyno 3aiiicHEHO omuc Ta OOIpyHTYBaHHS (haKTOpiB, SKi
BIUIMBAIOTh HAa TEHEPYBAaHHS EJIEKTPOCHEPrii, (HOTOECNEKTPUUYHUMU MOIYISIMH 3
IpUB’SI3KOI0 710 TeorpadiuHux ymMoB Ykpainu. Po3pobieno xonneniito [oT cuctemu
OIliHIOBaHHA e(EKTUBHOCTI (PYHKIIOHYBaHHSA (OTOCICKTPUIHUX MOJYIIB 3
pPO3pOOKOIO BIAMOBIAHUX CTPYKTYpHHX cxeM. JlaHa cucrema 3a0esnedye SK
JIOKaJbHUM TaK 1 BiJIaJieHU 301p TaHUX.

B tpetromy poszaini Oyno po3pobiieHo iHGOpMaIiiHy cCHCTeMY JUIsl aHaTi3y
resepaiii enexTpoeHeprii (HoToereKTpUUHUMHU MOAyIsIMH. Bubpano amapatHe
3a0e3MeyeHHs: KOHTPOJIEpP, E€HEProMeTp, CEHCOp OCBITIEHHS. BukopucroByoun
posmupenHas Apps Script B Google Sheets posropHyro BeO-701aTOK, SKUN
omparboBye http-3amuTu 1Mo NEpiogUYHO TeHEPYIThcs KoHTposiepoM NodeMCU i
MICTATh PE3yJIbTATH BUMIPIOBAHb CEHCOPIB SIKI XapaKTEePU3YIOTh (YHKIIOHYBaHHS
doToenekTpuaHoro moayJs. s oOpoOKu 3aUTIB CTBOPEHO BIAMOBIAHUMN JS-CKPHUIIT.

KU (POopMy€e CTPYKTYpOBaHY TaOJIUIIIO JaHUX.
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B uerBepTOoMy po3aini Oyiio 3M1MCHEHO MPAKTUYHY peaizallilo CUCTEMU OI[IHKU

e(eKTUBHOCTI PYHKIIOHYBaHHS (DOTOENEKTPUYHUX TaHeNel. 310paHuil Ha MaKeTHIH
miari MOPUCTPI MPOTECTOBAHO B pEATbHUX YMOBaxX IOTEHUIHHOIO MICUS
BCTAHOBJICHHS! (OTOEJIEKTPUUHOrO0 MOAYJsA. Pe3ynpTaT TecTiB 3acBITUMIM, LIO
MIPOIIOHOBAHA CHCTEMA MpALOE CTaOUILHO MeploguyHa Hajcuiaroun gaHi B Google
Sheets, ne ix MoXxHa aHaNi3yBaTH BHKOPUCTOBYIOUYH JIOCTYITHI IHCTPYMEHTH, a0o0
IMIOPTYBaTU JlaHl g iX MOAanblIoi oOpoOKM Ta aHamily B IHIIMX cepBicax 1
cepenoBuliax.  Pe3ynabTaTd  BUMIPIOBaHHS  JOCTYNHI 32  MOCHUJIAHHSAM
https://docs.google.com/spreadsheets/d/1SIrC6l_xinV7uGj5einrgLNufj2CTfNcS33X
kQ6LR3o/edit?gid=0#gid=0.

Pesynpratn poboTHM mepenaHo s BOpoOBaKeHHs B HaykoBo-nmocminHy
nabopaTopil0  aBTOMAaTHU30BAaHUX  CHCTEM  YIOPABIIHHA B  EHEpPreTull  Ta

tpancnopTi (HIJI ACYET) kapenpu CAIT BHTYV.
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1. IlincraBa aJyis IpoBEIEHHS POOIT.

[TincTaBoro 17151 BUKOHaHHS poboTu € Haka3 N mo BHTY Big «_ » _2024p.,
Ta 1HIUBIAyanbHe 3aBiaaHHa Ha BJIP, 3aTBepmxeHe mpoTokosoM Ne  3aciJaHHS
kaeapu CAIT Bix «_ » 2024p.

2. Jlxepena po3poOKu:

1) Google App Script, iHopMaIiitHMiA pecypc. URL:
https://developers.google.com/apps-script/guides/sheets;

2) Internet of Things for Industry and Human Applications , Edited by
V. S. Kharchenko, 2019. — 605 C. URL:
https://csn.khai.edu/gallery/File/2019/aliot/ ALIOT _Multi-Book Volumel web.pdf
3. Mera 1 npu3HaYeHHs pOOOTH.

Meroro JOCIIKEHHS N1ABULIEHHS e(eKTUBHOCTI (G yHKIIIOHYBaHHS
(GOTOENeKTPUYHUX MOIYIIB 3a paxyHOK po3pobisieHHs loT-cucrema MOHITOPHHTY
napaMeTpiB reHEPYBAHHS Ta COHAYHOT THCOJIALILI.

4. BuxigHi gaHl AJig TPOBEIEHHS pOOIT: CEHCOPH Il BUMIPIOBAHHS MOTY>KHOCTI
TreHEPYBaHHS EJICKTPOCHEPrii Ta COHSYHOT 1HCOJIAIIT B MICI[l BCTAHOBJICHHS IMMaHE],
mikporporiecopra mara NodeMCU, cepenouiie po3pooku Arduino IDE.

5. Metoau TOCHIKCHHS:

AHaJi3 JiTepaTypHUX JHKEpesl: BUBUCHHS HAyKOBHX CTATeH, KHUT, TUCEPTAIli Ta IHIINX MyOTiKaIii
3 TeMaTUKHu (HOTOETEKTPUIHUX MOYIIB Ta loT-cucrem , cuctemuuii anami3: BuzHaueHHs BUMOT 110
[oT-cuctemu st OmiHKU €(HEKTUBHOCTI (POTOCIEKTPUYHUX MOJYITIB, PO3pOOKa CTPYKTYPHOT CXeMH
MIJICUCTEMH 300py Ta MEPBUHHOT OOPOOKHU JaHUX , EKCIIEPUMEHTAIbHI J0CII1KEHHS.

6. Eranu po6oTu i TEpMiHM X BUKOHAHHS

a) 3arajibHa XapaKTEPUCTHKA 00’ €KTY JOCIIKCHb —

b) IopiBHsAIBHMI aHATI3 IPOOIEMATHKH —

¢) Anaii3 ¢akTopiB BILIUBY Ha F¢HEPaIlit0 (POTOCTCKTPHUHUX

MOYJIIB —

d) Cuntes anapatHo-nporpaMHoro Kkomiuiekcy loT-cucremu —

e) [Ipaktuuna peanizais loT-cuctemu —

f) Opopmienns matepianiB 1o 3axucty bJIP —

7. OuikyBaHi pe3ynbTaTH Ta MOPSIIOK peaizamii

Otpumanss iHGOPMAIIHHOT CHCTEMH Ui OIIHIOBaHHS €(EKTUBHOCTI pobOTH

(boTOETEKTPUIHUX MOIYJIIB.

8. Bumoru 110 po3po6iieHo1 JoKyMeHTalii

TexcToBa Ta UTIOCTpAaTUBHA YaCTUHU pOOOTH OQOpMIICH] y BIAMOBITHOCTI 4O BUMOT
«MeToTMYHUX BKa31BOK JI0 BUKOHAHHS OaKaaBPChKHX KBaTI(iKaIIHHUX pOOIT s
CTYyJIeHTIB crienianbHocTel: 124 «Cuctemuuii anamnizy», 126 «ludopmartiitai cucreMu
Ta TeXHOJOT11» (0cBiTHS mporpama «IIpuknaai iHPOPMAIIITHI TEXHOIOT1»)».

9. Tlopsinok npuiiManHst poOOTH

[1y6niunmii 3axuct «_ » 2024 p.
[ToyaTox po3poOku «_ » 2024 p.
['panununi Tepminu BukoHanust b/[P «_ » 2024 p.

Po3pobus crynent rpynu CA-200 Amnatomiit [IIBEIb
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Honarok B

(TOB1THUKOBUI)
Jlictunar nporpamu NodeMCU

e Include the NodeMCU ESP8266 Library
LT see here:
https://www.youtube.com/watch?v=8jMr94B8iN@ to add NodeMCU ESP12E ESP8266 library
and board (ESP8266 Core SDK)

#include <ESP8266WiFi.h>

#include <WiFiClientSecure.h>

#include <Wire.h>

#include <Adafruit INA219.h>

#include <Adafruit_ GFX.h>

#include <Adafruit_SSD1306.h>

Adafruit_INA219 ina219;

#define ON_Board_LED 2 //--> Defining an On Board LED, used for indicators when
the process of connecting to a wifi router

#tdefine SCREEN_WIDTH 128 // OLED display width, in pixels

#define SCREEN_HEIGHT 64 // OLED display height, in pixels

#define OLED_RESET -1 // Reset pin # (or -1 if sharing Arduino reset pin)
#define SCREEN_ADDRESS ©x3C ///< See datasheet for Address; 0x3D for 128x64, 0x3C
for 128x32

Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RESET);

e e T SSID and Password of your WiFi router.
const char* ssid = "UktDomNet"; //--> Your wifi name or SSID.

const char* password = "UKR 3526"; //--> Your wifi password.

[/===mm s
R C LR Host & httpsPort

const char* host = "script.google.com";

const int httpsPort = 443;

[/ ===

String T1, T2, T3, T4 ;
float volts, amps, microamps, lux;

float shuntvoltage = 0;

float busvoltage = @, busvoltage_corr = 0;

float current_mA = @, current_mA_corr = 2.6;

float loadvoltage = ©;

float power_mW = @, power_mW_corr = -4;
WiFiClientSecure client; //--> Create a WiFiClientSecure object.
String GAS_ID =
"AKfycbw8IhzN6rYQ9AJ18Pa6aDEyZDsvnT3GIIgIWFkSdztYbmIDI4u5FfNKOFVEALQHC812Chg"; //-->
spreadsheet script ID

void setup
void setup() {
// put your setup code here, to run once:
Serial.begin(115200);
delay(2000);
if(!display.begin(SSD1306_SWITCHCAPVCC, 0x3C)) { // Address @x3D for 128x64
Serial.println(F("SSD1306 allocation failed"));



for(53);
}
delay(2000);
WiFi.begin(ssid, password); //--> Connect to your WiFi router
Serial.println("");
pinMode (ON_Board_LED,OUTPUT); //--> On Board LED port Direction output
digitalWrite(ON_Board_LED, HIGH); //--> Turn off Led On Board
if (! ina219.begin()) {
Serial.println("Failed to find INA219 chip");
while (1) { delay(190); }

[ = e - Wait for connection
Serial.print("Connecting"”);
while (WiFi.status() != WL_CONNECTED) {

Serial.print(".");
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R e Make the On Board Flashing LED on the

process of connecting to the wifi router.
digitalWrite(ON_Board_LED, LOW);
delay(2590);
digitalWrite(ON_Board_LED, HIGH);
delay(2590);

digitalWrite(ON_Board_LED, HIGH); //--> Turn off the On Board LED when it is
connected to the wifi router.

e T T If successfully connected to the wifi
router, the IP Address that will be visited is displayed in the serial monitor

Serial.println("");

Serial.print("Successfully connected to : ");

Serial.println(ssid);

Serial.print("IP address: ");

Serial.println(WiFi.localIP());

Serial.println();

void loop

void loop() {
energi_meter();
Light_meter();

// Display static text
display.clearDisplay();
display.setTextSize(1.2);
display.setTextColor(WHITE);
display.setCursor(o, 0);
display.println(" SOLAR MONITORING");
display.setTextSize(1);
display.setTextColor(WHITE);
display.setCursor(0, 20);



display.print("Energy: ");
display.print(power_mW);
display.println(" mW");
display.setCursor(0, 30);
display.print("Voltage: ");
display.print(busvoltage);
display.println(" V");
display.setCursor(9, 40);
display.print("Current: ");
display.print(current_mA);
display.println(" mA");
display.setCursor(@, 50);
display.print("Light: ");
display.print(lux);
display.println(" lux");
display.display();
delay(30000);

sendData(); //--> Calls the sendData Subroutine

void energi_meter() {
shuntvoltage = ina219.getShuntVoltage mvV();
busvoltage = ina219.getBusVoltage_ V()+busvoltage_corr;

current_mA
power_mW =
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ina219.getCurrent_mA()+current_mA_corr;
ina219.getPower_mW()+power_mW_corr;

loadvoltage = busvoltage + (shuntvoltage / 1000);

Serial.
.print("Shunt Voltage:

Serial
mv*");
Serial

print("Bus Voltage:

.print("Load Voltage:
Serial.
Serial.
Serial.

print("Current:
print("Power:
println("");

delay(2000);

void Light_meter() {
volts = analogRead(A@) * 5.0 / 1024.0;
amps = volts / 10000.0; // across 10,000 Ohms
microamps = amps * 1000000;
lux = microamps * 2.0;
delay(3500);
// Check if any reads failed and exit early (to try again).

String V = "Voltage :

")
")

")
")
")

Serial.print(busvoltage); Serial.println(" V");
Serial.print(shuntvoltage); Serial.println("

Serial.print(loadvoltage); Serial.println(" V");
Serial.print(current _mA); Serial.println(" mA");
Serial.print(power _mW); Serial.println(" mW");

" + String(volts) + " V";

String L = "Light : " + String(lux) + " 1x";

Serial.
Serial.

println(V);
println(L);

void sendData
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// Subroutine for sending data to Google Sheets
void sendData() {
Serial.println("==========");
Serial.print("connecting to ");
Serial.println(host);
[ = e e - Connect to Google host
if (!client.connect(host, httpsPort)) {
Serial.println("connection failed");

return;
}
R e Processing data and sending data
//String string temperature = String(tem);
T1 = String(lux);
T2 = String(power_mW);
T3 = String(busvoltage);
T4 = String(current_mA);
String url = "/macros/s/" + GAS_ID + "/exec?lux=" + Tl + "&power=" + T2 +

"&volt=" + T3 + "&current=" + T4;
Serial.print("requesting URL: ");
Serial.println(url);

client.print(String("GET ") + url + " HTTP/1.1\r\n" +
"Host: " + host + "\r\n" +
"User-Agent: BuildFailureDetectorESP8266\r\n" +
"Connection: close\r\n\r\n");

Serial.println("request sent");

R e e T T Checking whether the data was sent
successfully or not
while (client.connected()) {
String line = client.readStringUntil('\n");
if (line == "\r") {
Serial.println("headers received");
break;

}
}
String line = client.readStringUntil('\n');
if (line.startsWith("{\"state\":\"success\"")) {
Serial.println("esp8266/Arduino CI successfulll");
} else {
Serial.println("esp8266/Arduino CI has failed");
}
Serial.print("reply was : ");
Serial.println(line);
Serial.println("closing connection");
Serial.println("==========");
Serial.println();
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Honarok I'

(000B’s13KOBHI)

I'TIOCTPATUBHA YACTHUHA

IOT-CUCTEMA OLIHIOBAHHA EOEKTUBHOCTI ®YHKIIOHYBAHHA
OOTOEJIEKTPUYHUX MOAVYJIIB. INACUCTEMA 3bMMPAHHS TA
INEPBMHHOI OBPOBKU JAHUX

HopMOKOHTpOJIB: K.T.H., JOIECHT
Cepriit XKYKOB
«  » 2024 p.
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