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KopucHa m™mopgenb HanexuTb [0 ranysi eHepreTM4HOro MeHEXMEHTY, eneKkTPOHikM Ta
aBTomaTtu3adii. BoHa moxe 6yTn BUKOpUCTaHa Ansi BUMIPIOBaHHA HaNpyru, CTpyMy, eHeprii Ta 3apsay
B peanbHOMY Yaci Ta 36epexxeHHs iCTopil BUMipIOBaHb Y XMapHOMY CXOBMULL.

Y cy4acHuX MpUCTPOSIX BUKOPUCTOBYHOTb aKyMyrnsaTopu, poboui XapakTepuUCTUKM SKUX CYTTEBO
NoripLyTbCA BHACMIAOK Aerpagadii Ta cTapiHHA. ICHYOYI pPUHKOBI CUCTEMMW MOHITOPUHTY CMOXWBaHHSA
€Heprii Ta TeCTyBaHHA aKyMynaTopiB, KK NpaBurno, He 3abe3nevyoTb HEOOXiAHMX BUMIPIOBaHb Npu
Manux cTpymax, MatoTb 0bmexeHn pyHKLioHan Woao0 AoBroTpueanoro 30opy AaHux Ta, y 6inbLuocTi
BUMAAKIB, He MiATPUMYIOTb XMapHe 30epexeHHs i noganbly aHanitudHy obpoOky. BigxuneHhs
aKkTUYHUX MapameTpiB akyMymnsitopa, Takux fK €MHiCTb abo TpuBanicTb poboTu, Bia 3adBnNeHux
BMPOBHMKOM MOXYTb 3HU3UTU AKICTb KOPUCTYBALbKOro JOCBIQY Ta OyTu NigcTaBoo Ans nepegyacHoi
3aMiHN akymynaTopa. ToMy akTyanbHOW 3aJadvelo € CTBOPEHHSA BUCOKOTOYHOI CUCTEMWN MOHITOPUHTY
Ta TECTYBaHHS BEIMKOI KifIbKOCTi akyMynsiTOpiB, 30aTHOI 34INCHIOBATM BUMIPIOBaAHHSA HanNpyru, CTpymy,
eHeprii Ta 3apsigy B peanbHOMY 4Yaci Ons KiflbKOX aKyMyrnsiTopiB OfgHO4YacHoO, i3 3abe3neyveHHsM
HafiHOro XxMapHoro 36epeXeHHs iCTopil BUMipOBaHb Ta MOXIUBICTIO NOAANbLUOT aHANITUKN.

Bigoma cuctema MOHITOPUHIY CMOXMBAHHA eHeprii Ta TecTyBaHHA akymynatopis NEWARE
CT/CE-8000 [1], sxka cknagaeTbes i3 unudpoBOro MoOHITOpa, MIKPOKOHTponepa, Mikpocxemu nam'aTi,
TpaHcuBepa Wi-Fi, xmapHoro cepaepa.

Heponikamn cuctemMm MOHITOPUHTY CMNOXMBAHHA €Heprii Ta TecTyBaHHA aKymMynsaTopiB €
HEMOXIMBICTb OQHOYACHOrO TECTYBaHHS AEKiNbKOX akyMynsaTopiB, WO OBMeXye ii 3aCTOCyBaHHS Yy
cleHapisx macoBoro abo napanensHoro TectyBaHHs. Kpim Toro, cuctema He MicTUTb BOygOBaHOro
avcnnes Anst NoKanbHOro BigoOpaXeHHs pes3ynbTaTiB BMMIpIOBaHb, YHAcCMiAOK 4YOro KopucTyBau
3MYyLUEHMI BMKOPUCTOBYBATW nepcoHanbHui komn'totep (MK) ona nepernsgy gaHux, WO YCKNagHE
eKcnnyaTauito Ta 3HWKYe MOBINbHICTb NPUCTPOIO.

Hainbinbw ©OnuM3bknm aHamorom € cucTtemMa MOHITOPUHIY CMNOXMBAHHA €Heprii Ta TecTyBaHHsI
akymynatopis [2], Ska cknagaeTbes i3 LM poBOro MoHiTopa, AMcnres, MiKpOKOHTporiepa, Mikpocxemu
nam'ati, TpaHcuBepa Wi-Fi, xmapHoro cepBepa. BkasaHa cuctema 6asyeTbcsa Ha npuHUMNax
posnogineHnx ob4ncneHb Ta MOAYMNbHOCTI, A€ 3adadi peanbHOro 4acy BWKOHYE MIKPOKOHTponep, a
3agadi MepexeBoi KOMyHikauii Ta nepegadi gaHux - TpaHcusep Wi-Fi. ApxiTekTypa cuctemy 4o3Bonse
3abe3neynTn BUCOKY TOYHICTb BUMIpIOBaHb 6e3 3aTpuMOK, NOB'A3aHMX i3 0BpPOBKOI MepexeBux
npoTtokonis. BignosigHo, MaluM po3noAineHi 3agadvi, KOXeH MOoAyNb CUCTEMU BUKOHYE CBOIO
KOHKPETHY porfb: LMGPOBUIA MOHITOP 34INCHIOE BUMIPIOBAHHSA Hanpyri, CTpyMy Ta iHWKXX napamMmeTpis
akymynatopa 3 nofanblio nepefadero pesynbTaTiB Yy UMGPOBOMY BUMMsAl O MIKPOKOHTponepa;
MiKPOKOHTpOIiep BUCTYMNae B poOrli rOfIOBHOrO 0B4YMCnoBanbHOrO LEHTPY (kepye nepudbepieto, 36mnpae
AaHi Ta obpobnge ix), a TpaHcuBep Wi-Fi gie sk mepexeBui aganTtep, ronoBHE 3aBAaHHA SAKOrO
OTpMMaHi AaHi Big MikpokoHTporepa vepes iHTepdenc UART i BignpasuTtu ix Yyepes Wi-Fi Ha xmapHuin
cepep. Cepeep xe npunmae Ta 3bepirae oTpMMaHi gaHi B 6a3y gaHux, a canT Bidyanisye gaHi, wob
MO>Ha Byno OuiHUTY NpoBeAeHi BUMIPIOBAHHS.

Heponikamn HanbinbL 65M3bKOro aHanora € HEMOXIMBICTb TECTYBaHHS AEKiNbKOX aKymynaTopis
0QHOYaCHO, WO NPU3BOAUTE OO0 3HAYHOrO 30iMbLUEHHS 3aranbHOro Yacy NpoBeaeHHs BUMIpIOBaHb.

B ocHOBY KOpuCHOi Mogeni nmocTaBneHa 3ajada CTBOPUTU cucTemy, sika 3abesnedyBaTume
MOHITOPUHI  CMOXWBaHHS €Heprii  Ta OOHOYACHOro TeCTyBaHHSA [JEKifbKOX aKymynaTtopiB i3
MiHiMarnbHUM YacoM TECTYBaHHSA Ta 3py4YHUM BigobpaxeHHsIM iHdopmaLii Ha gucnnei.

MocTtaBneHa 3agadva BUPILLYETLCA CTBOPEHHAM CUCTEMWU MOHITOPWUHIY CMOXWBaHHA eHeprii Ta
TECTyBaHHSA akyMyndaTopiB, WO MICTUTb LMEPOBUIA MOHITOP, MIKPOKOHTpOMEp, MIKpocxeMy nam'aTi,
ancnnen, TpaHcusep Wi-Fi, xmMapHuin cepBep, y SKil HOBUM € Te, O BOHa MICTUTb LiOHaAWMeEHLUe
OAWH JO4AaTKOBUM LLMKPOBUIA MOHITOP.

BWKOHaHHA cUCTEMU 3 BUKOPUCTaAHHAM LLIOHaNMeEHLLe ABOX LU(POBUX MOHITOPIB € CYTTEBUM ANs
OOCArHEHHSA MOCTaBMEHOl 3ajadvi, OCKiMbKM Came apxiTektypa 3 [JekinbkoMa BuMiptoBanbHUMM
KaHanamu 3abesneyye MOXINUBICTb OAHOYACHOIO TECTYBaHHS AEKiNbKOX aKymynaTopis, WO
Oe3nocepeaHbO CKOpPOYYE 3aranbHUA 4Yac MPOBEAEHHS BUMIptoBaHb. HasiBHiCTb gBox i Ginblie
He3amneXHWX BUMIpIOBaNbHUX KaHamniB [[O03BONAE€ napanenbHO 34nTyBaTM nNapamMeTpu KOXHOro
akymynsatopa 6e3 B3aemMHoro BnnvBy Ta 6e3 HeobxigHOCTi NOCMIOBHOIO NEPEMMUKAHHST MK HAMM, LLO
yCyBa€ 3aTPUMKM Ta BTPATU TOYHOCTI.

OcHOBOIW cucTeMU € Lndposi MoHiTopu Tuny INA228, INA229. ix iHilianisalis Ta 34MTyBaHHS
3gincHioloTbest Yepe3 iHdTepdenc [2C. KniovoBuM etanoMm poboTU cCUCTEMM € MporpamHe
KanibpyBaHHs1 UMPPOBMX MOHITOPIB, SIke BUKOHYETLCS Ansi 3abe3neyYeHHs1 KOPEKTHOIO NEPETBOPEHHS
"cupux" 3HauyeHb pericTpiB y i3U4Hi BENUYMHW, Taki SK CTPYM, Hampyra, NOTYXHiCTb, eHepria Ta
3apsag.

CTpyKTypHO nporpamHe 3abe3neyeHHs1 MikpokoHTponepa Tuny STM32 noginsetbcsa Ha Tpu
NOriYvHi piBHI:
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- piBeHb gpariBepiB - 3abe3nedye HU3LKOPIBHEBY B3aeMogito Yepes iHTepdenc 12C 3 undposnm
MOHITOPOM Ta 3 Mikpocxemamu nam'sTi Tuny AT24C256, yepes iHTepdenc SPI 3 gucnneem tuny
ST7789 Ta yepes iHtepdenc UART gns 3B'a3ky 3 TpaHcusepom Wi-Fi tuny ESP8266;

- piBeHb norikv - peanisye anroputMu kanibpyBaHHs LMPOBUX MOHITOPIB, CTaHIiB TECTyBaHHS
(novaTtky Ta 3ynuHkn), o6pobKy KOpMCTYBaLbKOro BBOAY Ta (POPMYBaHHS NakeTiB OaHUX;

- piBEHb KOMYHiKalii Ta npeacTaBrneHHs - BiAMNOBiAae 3a BMBEAEHHS OaHWX Ha Aucnnen Ta
dopmyBaHHsa aaHux y popmat JSON ana nepepavi yepes iHTepderic UART.

Ha pucyHky HaBegeHa cxema CUCTEMW MOHITOPUHIY CMOXWBAHHA €Heprii Ta TecTyBaHHS
aKyMyn4aTopi..

Cuctema MOHITOPUHIY CMOXMBaAHHS €Heprii Ta TeCcTyBaHHS aKyMynsTopiB MICTUTb LUEPOBI
MoHiTopun 1.1, 1.2, gucnnen 2, MikpokoHTponep 3, mikpocxemy nam'ati 4, TpaHcusep Wi-Fi 5, xmapHui
cepsep 6.

Mpautoe cuctema HaCTYNMHUM YNHOM:

MikpokoHTponep 3 BUKOHYE pOnb LIEHTpanbHOro npoLecopa CUCTEMM, Kepye BCiMa iHLIMMUK
KOMMOHeHTamMu Ta 06pobnsie oTpumaHi aaHi. Lindposi moHiTopyn 1.1 Ta 1.2 BUMIpIOIOTL NnapameTpu
aKyMynsaTopiB i nepeaatoTb pe3ynbTati BUMIpOBaHb y LMpoBOMY BUrMaai Yepes iHTepderic 12C po
MikpokoHTporiepa 3. Mikpocxema nam'ati 4 BUKOPUCTOBYETLCHA OS1 €HeproHesanexHoro 36epiraHHs
XypHaniB gaHux, To6TO iCTOpMYHMX 3anuciB BMMIpIOBaHb, SKi MOBWHHI 30epiratuca HaBiTb nicns
BUMKHEHHS XXMBMNEHHs, Wob 3abe3neunTt 6e3nepepBHiCTb Ta AOCTOBIPHICTb TECTyBaHHSA. Mikpocxema
nam'ati 4 oTpumye AaHi ons 36epexxeHHs Big MikpokoHTporepa 3 vepes iHTepdenic 12C. ducnnen 2
NpuU3HayYeHnn 4nsi lokanbHOro BigobpaXeHHs 3ibpaHnX gaHUX i NigKNYeHnn O MIKpOKOHTporepa 3
yepe3 BucokolBuakicHu iHTepdenc SPI. TpaHcuep Wi-Fi 5 3abeaneuyye 6e3gpoToBuMiA 3B'A30K
cuctemn Ta B3aemogie 3 MikpokoHTponepoM 3 4yepes iHTepdenc UART. Yepes tpaHcmsep Wi-Fi 5
AaHi nepegalTb A0 XMapHoro cepsepa 6. [Ans edeKTMBHOro OOMiHY NOBIAOMMEHHAMU 3 XMapHUM
cepsepom 6 BukopuctoByoTb npotokonn MQTT (Message Queuing Telemetry Transport), a cam
XmMapHun cepsep 6 Bkntovae 6a3y gaHux gns 36epiraHHA BuMMIpoBaHb i Beb-iHTepdenc ans ix
BigdaneHoro nepernsay.

Takum 4mHOM, MIKpOKOHTponep 3 3unTye AaHi 3 uudposux MoHiTopie 1.1, 1.2, Binobpaxae ix Ha
avcnnei 2 Tta 3bepirae y mikpocxemi nam'ati 4, Ta nepepgae vepes TpaHcmsep Wi-Fi 5 Ha xmapHuin
cepsep 6.

BukopuctaHHs 3asiBNEHOI CUCTEMM  MOHITOPUHIY CMOXWMBAHHA €Heprii Ta TecTyBaHHS
aKyMmynaTopiB 403BOMWTbL OAHOYACHO TECTyBaTW [eKinbka akyMynsiTopiB, WO 3HA4YHO MNPUCKOPIOE
npoLec TeCTYBaHHS.

[bxepena iHdbopmallii:

1. https://www.neware.net/products/ctce-8000-series.htm

2. Ximiy B.C. "Cuctema MOHITOPUHIY CMOXWBAHHA €Heprii Ta TecTyBaHHA akymynsaTopis":
marictepcbka gucepTtauisa: 171 Enektporika. - KMl im. Iropsa Cikopcbkoro, Kuis 2025. - 75 c.

®OPMYIJIA KOPUCHOI MOLENI

Cnctema MOHITOPUHTY CMOXWBAHHA €eHeprii Ta TeCTyBaHHA aKymynsaTopis, WO MICTUTb LMdPOBUNA
MOHITOpP, MIKPOKOHTpOMep, MikpocxeMy nam'sti, aucnnen ta tpaHcueep Wi-Fi, xmapHumn cepsep, ska
BiAPI3HAETLCA TUM, IO ANS BUMIPIOBAHHA NapameTpiB akyMyrnaTopiB BCTAHOBIEHO LLIOHaMMeHLe
OAWH 0O4AaTKOBUM LMKPOBUIA MOHITOP.
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