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Texniuni ymoBu (TY Y 27.1-XXXXX-001:2025)

1. Ilpu3Hauenasa

Ananrep rs-485 npu3HavYeHHH IS 3UMTYBaHHS IMITYJIbCHUX CHTHAJIIB 3 €JIEKTPO-, Tra30- a0o

BOJIOJIIYMJILHUKIB Ta Tepeaadi 3i0paHoi iHopMalii Ha IeHTpalbHUi Xad 3a momomoror LoRa-

3B’s3Ky. 3a0e3meuye HU3bKE CIIOKUBAHHS CHEPrii Ta rajJbBaHIuHy PO3B’A3KY.

2. OcHOBHI TEXHIYHI XapaKTEPUCTUKNA

HominanbsHa criokuBaHa cuia ctpymy, In, A
MakcumaibHa ClioXKMBaHa cujia cTpymy, Imake, A
Po6oua Hampyra amanTepa xuBJeHHs, B
Jlianma3zon poOoU01 HANPYTH aanTepa KUBICHHS
Jianma3zon poOoUnx TeMIieparyp

CrnoxuBaHa MoTYXHICTh, BT

OCHOBHE XKUBJICHHSI MIKPOKOHTpOJIEpa

Yacrora 0e3rmpoBiqHOI KOMYHIKaIlii
[MToTtyxHicTh MepeaBaya
JlanbHICTh 3B’ A3KY

Kiac To4HOCTI e1eMeHTIB BHYTPIIIHBOCXEMHOI 00B’SI3KH

3. Bumoru Jio BUTOTOBJICHHS

Ho 0.5 A
He Ginmpmre 2 A
220 B
0,8-1,15 Uy
-10 ...+50°C
He 6inbmie 10 Br.
5V (uepe3 USB Type-C
a6o DC-po3’em)
868 MI'1g
1o 30 nbm (1 BT)
JI0 5 KM Ha BIAKPUTIH

MICILIEBOCTI
20 %

- [Inat BUTOTOBIISIFOTHCS BIATIOBIAHO /10 3aTBEPIKEHUX KPECIIEHb.

- AnTtena LoRa miaxitouaerscs uepe3 SMA-KOHEKTOP.

4. ButipoOyBaHHSA

- TectyBaHHs BX1JHUX KaHamiB (SO, 1Hm).

- [epeBipka nepenaui LoRa-moBigomieHs.

- BunpoOyBaHHsI Ha KUBIICHHSI Ta CIIOKUBAHHS CTPYMY.

- TemneparypHa BUTPUMKA B MeXax poOOUOro Jiarna3oHy.

5. MapkyBaHHs

Ha xopmnyci Bka3yeTbcsi:

- Hasga BupoOy
- CepiitHuii HOMep
- Bxig/Buxin, LoRa-anTena, ;KUBJICHHS

- [lixTOorpama HanpsIMKy yCTaHOBKH

6. [TakyBaHHA

- AHTHCTaTUYHHH NaKeT 3 BKJIaJUIIEM

- KommnekT: mpuctpiil, TeXHIUHUN TAcOPT, HAKJIeHKa/IHCTPYKIIis




- KopoOxka 3 miHo3axucToM abo KapTOHOM

7. apanTii
- l'apanTis — 12 wmic.
- Pecypc — 5 pokiB abo 1 MiIH iMITyJIBCIB

8. KoMruiekranis:

1. Konnenrpatop

2. AnrteHa

3. bnok xxuBnenns 5B, 2A

4. Ka6ens sxusneans USB — Type-C (1 m)
5. Incrpykuis

6. YmakoBka




1. CrpykTypHO-pYHKIiOHAIbHA CXeMa NMPHUCTPOIO

[puctpiii 360py AaHUX BiJ TIYMIBHUKIB, TOOY10BaHUN Ha 6231 MIKPOKOHTPOJIEPHOT'O MOTYJIS
ESP32 Ta pamiomomynst LoRa-3B’s3ky, mpu3HAUeHWH i aBTOMATH30BAHOTO 3YMUTYBaHHS Ta
0e31pOoTOBOI Tepeaadi JaHuX 31 CIOXUBYMX OOIIKOBHX MNMPHUIaAiB (JIIYMIBHUKIB €JIEKTPOSHEPTii,
BOJIY, Ta3y TOIIIO).

[Ipuctpiii BUKOHY€E (PYHKIII}0O aBTOHOMHOTO By3JIa B CUCTEMI TeJeMeTpii 3 miarpumkoro LoRa-
3B’S3KY JUIS poOOTH Ha BENUKUX BiacTaHsaX. OCHOBHUMH (YHKILIOHAJHHUMHU OJIOKAMH € JDKEPEIIo
YKUBJICHHS, CTa011i3aTOp HANPYTH, IEHTPAIbHUI 00YHUCITIOBATIBHUI MOy b, BX1THUH 1HTEpDEHC 1Is
MIJIKJIIOYCHHS JIIYWIbHUKIB, LoRa-momynp 1 mepemaui gaHuX, a TakoX KOHQITypamiiHHUMA

inTepeiic yepe3 UART a6o USB.
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Puc. 1.1. CtpykrypHO-(pyHKIIIOHANIBbHA CXEMa IPUCTPOIO

1 — Kepyroumii MikpokoHTpoJep Ha 6a3i ESP32

2 — Pagiomomyns LORa Ha 6a3i LLCC68

3 — bnok xuBnenns, 5 B, 2 A

4 — TleperBoproBay inTepdeiicy RS-485

JKviBneHHS PHUCTPOIO 3MINCHIOETHCS BiJl CTAOUIBHOTO JpKepena MocTiHoi Hampyru 5 B.
LenTpanpHuM 0OYHCIIOBAJILHUM eneMeHToM Buctynae ESP32 —  BHCOKONpPOIYKTHBHHMA
JBOSIIEPHUIT MIKPOKOHTpOJIep 3 MiATpUMKOIo Oe3nporoBux iHTepdeiiciB Wi-Fi ta Bluetooth,
OCHOBHA KOMYHIKaIlisl peasi3yeTbcsi yepe3 30BHiIHIN LoRa-mMomyns. MikpokoHTposnep 37iicHIOe
00poOKy AaHUX 3 JIYMIBHUKIB, POPMYE MAaKeTH JaHUX 3TiAHO 3 BHYTPILIHIM IPOTOKOJIOM 1 Iepeiae

iX Ha paJloMOyb.




Panmiomomyss, mo npairoe B niama3oni 868 MI't, peanizye ¢hi3udHMI piBeHb Mepeaadl TaHuX

3 BukopucTaHHAM LoRa-moxymsauii. Bin 3a0e3nedye HamiifHMH 3B’S30K y CepeloBUINI 3

MEepeIKojaMi Ha BiACTaHi 10 3 KM y NpsAMiil BUIUMOCTI Ta MIATPUMYE THYYKE HaJaIlTyBaHHS

napameTpiB nepeaadi (aapecarisi, MBUAKICTb, TOTYXKHICTb, KAaHAIN).

B3a€MO,Z[iH 3 IPHUCTPOEM [JIsI HAJIAIOTYBAaHHA, I[ial"HOCTI/IKI/I Ta OHOBJICHHA IIPOIIMBKH

3nificHioeTbest yepe3 BOynoannii UART/USB-konpiryparop, 1mo 103BOJsiE MPOBOAUTH TEXHIYHE

o0cCTyroByBaHHs 0€3 IEMOHTAXY MPUCTPOIO 3 IHCTAIALIMHOTO MICIIS.

HonatkoBo Moxe OyTu peanizoBana miarpumka OTA-0HOBICHB (7151 CEPBICHUX IT1ICH ).

KoMmnonent
Monyns ESP32

LoRa Ebyte

JKuBneHHs NpUCTPOrO
IaTepdeiicn
JYUIBHUKIB
CrabinizaTop
KUBJICHHS
Kondirypartop
AHTEHa

Tabmus 1.1. AnapartHi cnenudikaiii IpUCTPOrO

XapakTepucTUKH
2 sapa, 240 MTI'u, 520 Kb SRAM, 4 Mb Flash, Wi-Fi/Bluetooth,
UART, GPIO
MotyxHnicts 30 nbwm, ganehicts 10 3 kM, UART, moaymsiis LoRa,
868MI 11
5B DC
GPIO nns imnynsciB, UART ans nudpoBux npotokoniB (Modbus,
IEC, DLMYS)
3.3 B LDO, ctpym g0 800 MA, 3axuctu Bia K3 Ta neperpiBy

UART ab6o USB-UART
3oBHIimHI SMA 868 MI', 25 dBi, 50 OMm




2. IlpuHHUTIOBA eJIeKTPHYHA CXeMa MPHCTPOIO

Y mporeci po3poOKu TPHCTPOrO 300py naHux (xaby) OyJ0 BHKOHAHO MPOEKTYyBAaHHS
MIPUHITUIIOBOT €JIEKTPHYHOI CXEMH, SIKa € OCHOBOIO allapaTHOi YaCTHHU cucTeMu. Jlo cKiiamy cxeMu
BXOJHWTHh MOAYJb Ha 0a31 MikpokoHTposiepa ESP32, mo Bukonye ¢dyHKIIi KepyBaHHS, >KHBJICHHS,
00poOKM NaHUX Ta B3aeMOJii 3 0e3qpOTOBHM MOIyJsieM 3B’s3Ky. s opranizamii manexoOiiHOT
nepemaui indopmarii nepenbaueno LoRa-monyne Ebyte, sxwit migkmoueno mo ESP32 i3
BUKOPUCTAHHSM JIOJAaTKOBUX JIIHIA KEpPyBaHHS.

st 3a0e3rnedeHHs )KUBICHHS MPUCTPOI0 BUKOPHCTAHO OJIOK >KUBJICHHS Hampyrow 5 B ta
MakcuMaabHUM cTpyMoM 2 A. Take pimeHHs 3a0e3neuye HaaiiiHy poOOTy Ta 3a0e3nedye 3axucT

eleMeHTiB cuctemu. [IpuHIIMIIOBA eneKTpuyHa cxema BigoOpaxeHa Ha Puc. 2.1.
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Puc. 2.1. [IpuH1uMnoBa enekTpuyHa cxema KOHIIEHTpaTopa

Oco0nuBy yBary NpuauIeHO eIeMeHTaM 1HAUKallli Ta yIpaBiIiHHA. Y IPUCTPil IHTErPOBAHO
Tpu cBiTIIOHionH, y popmati RGB-innukaTopa, siki BiioOpakaroTh CTaH XKUBJICHHS, IIepeaady JaHuX
1 MOMMJIKH 200 peXXUM OYiKyBaHHS, 1110 3HAYHO MOJIETIIY€E TEXHIUHE 00CTyrOBYBaHHS Ta MOHITOPHHT
y TMOJBOBHX YMOBax ,a00 B yMOBax HeJNOCTaTHbOI iH(opmarii. [ B3aemonii KopucTyBaua 3
MIPUCTPOEM TIepe0aYeHO OJHY KOHTAaKTHY KHOIIKY, SIKa JI03BOJISIE aKTHBYBATH PEKUM IIepenadi,
BUKOHAaTH CKHUJAAHHA a00 TMepeKiIoyuTH KoHdirypamiro. KoHTakTHa KHOMKa € KOMIUIEKCHUM

KOMIIOHEHTOM pa3oM i3 RGB-inaukaropom.




3aramom, CIIPOEKTOBaHA €JIEKTpUYHA cXeMa 3a0e3redye THYYKICThb, eHeproeeKTHBHICTb,
BUCOKY (DYHKILIOHAJBHICTh Ta MOXIJIMBICTh MacIITaOyBaHHA, 1[0 POOUTH NMPHUCTPIH NPUIATHUM IS
iHTerpanii B cucteMu "po3ymMHOro" oOJiKy BOJM, ra3y uu einekTpoeHeprii. Take MmpoeKTyBaHHS
J03BOJISIE IIBHJKO NEPEUTH 1O CTaaii BUTOTOBJICHHS JAPYKOBaHOI IUIaTH Ta MOJAJBIIOTO

MOACIIOBAaHHA pO6OTI/I CHUCTCMMU.




3. CxemoTexHiYHa MO/IeJIb IPUCTPOIO

VY mpoteci po3poOKH MPHUCTPOIO, OYIO CIIPOSKTOBAHO CXEMOTEXHIYHY MOJEINb (iMiTaliiHy
MOJIETIb), sSIKa 3HAYHOIO MIpOI0 BIUIMHYJA HA SKICTh, HAIIHHICTh Ta MAacIITa0OBAaHICTh KIHIICBOTO
BUPOOY. 3acTOCYyBaHHS MOJCTIOBAHHS JI03BOJIIE HAa PAHHBOMY €Talli MPOEKTYBAHHS IMITyBaTh
(GYHKIIIOHYBaHHS €JIEKTPUYHOI CXEMH, 1110 CYTTEBO 3HIIKY€E HMOBIPHICTh KPUTUYHUX TIOMHJIOK TT€PE]T
BUTOTOBJICHHSM (Di3MUHOI I1aTh. 30KpeMa, MepeBipsA€ThCS KOPEKTHICTh MiAKIIIOYCHHS KUBJICHHS Ta
CUTHAJIIB YNPABIIHHA, BIAMOBIAHICTH JIOTIKHM POOOTH HU(PPOBHX BXOAIB/BUXOJIB, MPAaBUIBHICTH
koHpiryparii UART-inTepdeiiciB, a TakoX JIOTiKa MepeMUKaHHs pexxuMiB podotu LoRa-momyis.
ImiTariiine cepenoBUINE Ja€ 3MOTY 3IMCHIOBATH aHAJI3 MEPEXiHUX IMPOIECiB, M0 OCOOJIHBO
BXXJIMBO JUIS BY3JIiB KUBJICHHS, JIiHIH 3B 43Ky, Ta TPAKTIB KUBJICHHS.

CxemoTexHiuHa MoJIeNb Xa0a y 0e31poToBiii cuctemi 300py nanux Ha ocHoBi ESP32 ta LoRa-
moayns Ebyte Bukonye ¢yHKmii HeHTpanbHOro By3jda OOpOOKHM Ta MapuIpyTH3alii JaHHX,
OTPUMAHHMX 3 aJanTepiB, MIIKIIOYCHUX JI0 JIYWIBHHKIB. Y CKJIaAl MOACHI mepeadadyeHo
MikpokoHTposiep ESP32, mo BukoHye moriky B3aemopii 3 mepudepiero, momayiar LoRa mis
0e31pOTOBOT KOMYHIKaIlii, TPH CBITIOII0I IJIs Bi3yalbHOI iHAMKALI{ CTaHy (KUBJICHHS, aKTUBHICTb,

MMOMMJIKA) Ta OJHY KHOIKY JUUIsl py4YHOTO KepyBaHHs abo iHiIiani3aii noii.

I'oTroBa MozeIb, IO TOAAE€THCS IO CYMPOBIAHOI JOKYMEHTAIli1, BiqoOpakeHa Ha Puc. 3.1.
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Puc. 3.1. CxemMoTexHIYHA MOJIEH PUCTPOIO




VYci KIF0Y0B1 KOMIIOHEHTH TIOB'SI3aHI Yepe3 ONTHUMI30BaHY CXEMY CJICKTPHUYHHX 3’ €THAHb:
LoRa-monyns miakmroueno mpo ESP32, imamkaris peanizoBaHa depe3 okpemi HMU(POBI BUXOIU 3
TOKOOOMEXKYBaTbHIUMH pe3ucTopaMu. KoHTakTHa KHOMKa migkiatodeHa 3 pull-up pesuctopom 0
BianoBigHOro GPIO Ta 00po06IIsiEThCS MPOTPaMHO 3 aHTHAPEO1KKOBOIO 3aTPUMKOI0. JKHUBIICHHS Xaba
3MIMUCHIOETBCA BiJ JoKepena 5B 3 moHwkyBanbHUM ctabumizatopoMm 3.3 B, mo XUBUTH 1HII
€JIEMEHTHU CHCTEMHU.

[TepenbaueHo MpOCTy MOAYIBHICTB, IO IA€ 3MOTY JIETKO 3aMiHIOBATH 200 OHOBJIFOBATH BY3JIH
0e3 3MiH y CTpYKTYpi Bci€el muiatu. ApXiTeKkTypa xaba po3paxoBaHa Ha epeKTUBHY poOOTy B yMOBax
€HEeProoOMEKEHOT0 CEpEeIOBHINA, 3 YpaxyBaHHSAM MEPEXOoAy M0 CIUISYUX PEKHUMIB, MiHIMI3aIlii
€JIEKTPOMArHiTHHUX 3aBaJl Ta MiJBUIIEHOI HalIHHOCTI 3B’ SI3KY.

Kpim TOro, mMojentoBaHHsI J03BOJISIE aHANI3yBaTH BIUIMB 3aBajl, LIyMiB Ta MyJbcalliii Ha
poboty cuctemu, 3okpema y By3nax RF-3’s3ky, UART-nepenaui ta xwusnenHs. Lle crnpusiio
OINITHUMI3aIli] TONOJOTIi JPYyKOBAHOT IJIaTH, OMKCAHO1 Y Po3.iii 4.

Y mpomeci BiANAroKeHHS 3’SBHJIACH MOJKIJIMBICTH €MYJIIOBAaTH 30BHIIIHI CUTHAIU
(HampuKIIad, JOT1YHI 3MiHM Ha BUBOJIAX ), IO CYTTEBO IOJIETIIIYE PO3POOKY MPOIIMBKH 1 TECTYBaHHS
MIPOrpaMHO-aNapaTHOi B3aeMOil. MoJIeIIIOBaHHS I03BOJISIE MepeA0AYNTH €Talld MacIITa0yBaHHS Ta
MojepHi3alii — Jojaroyu HOBI (YHKI[IOHANBHI OJOKH, CEHCOpH, 1HTep(heHCH uYu 3MIHIOIYH
napaMeTpH >KUBICHHS.

Tabmurs 3.1. Moy mpucTporo, pUIaTHI 10 MOAETIOBAHHS

Moaynb MOoXJIMBICTH MOJICTTIOBAHHS
ESP32 monyns [Tporpamua emyssuis goriku GPIO, UART, enepro3oepexeHHs
LoRa-monyns Ebyte MonentoBannss UART-00MiHy, 4acoBi 3aTpUMKH
[aTepdeiic sxuBneHHS Amnani3 crabumizanii, GiTeTparlii, mpocijaHb MpH IMITyJIbCax
GPIO-Bxoau\Buxoau MoentoBaHHS IMITYJIbCIB 3 PI3HOIO YaCTOTOO Ta (POPMOIO CUTHAITY

USB-UART mneperBoproBau  Emyisiiist mporpaMHOTO OHOBJICHHS, TIPOIITMBKH, BiJTar0/PKEHHS

Amntena (RF tpakr) EnexkTpomarHiTHe MOJENIOBaHHS, Y3TOJKEHHS IMIIEJAaHCY

CuctemMHU# TiaXia 10 MoOyI0BH CXEMOTEXHIKU 3a0€31edye He JUIe HAAIHHICTh Y poOoTi, a
1 THYUYKICTh Y MOJIEpHI3allil: y Mail0yTHbOMY MOYJIMBE J0JaBaHHS HOBUX 1HTep(]eciB, pO3MIMPEHHS
JIOTIKM B3a€EMOJII 3 cepBepOM, MiITPUMKA 3BOPOTHOTO 3B’ A3KY TOIIO0. TakuM YHHOM, CXEMOTEXHIYHA
MoJiesIb Xaba BHUKOHY€E KIIOYOBY (YHKIIIO IIEHTPaJIi30BaHOTO By3ja 300py Ta YNpaBIiHHA Y

MaciITaboBaHiil apXiTeKTypi 300py MoKa3iB 3 OOIIKOBUX MPUIIAIIB.
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4. TomoJjoriyna cxemMa po3MilieHHsI KOMIIOHEHTIB

VY Mexax po3poOKH MPHCTPOIO 300py TEIEMETPUYHUX JAHUX Ha 0a3l MIKpOKOHTpoOJepa
ESP32 Ta 6e3nporoBoro monyis Ebyte Oyiio cipoexkroBano npykoBany iary (PCB), mo 3a6e3neuye
KOMITAKTHE, €HEproe(eKTUBHE Ta EJIEKTPOMArHiTHO-CYMICHE amaparTHe pimeHHs. BuOpano
JIBOIIAPOBY ILIaTy po3MmipoM opieHToBHO 60%40 MM Ha ocHOBi FR4 3 ToBmmmuoro 1.6 MM, 3
MO>KJIMBICTIO MacIITa0yBaHH: A0 YOTHPUIIAPOBOI KOHPIrypariii 3a morpeOu. Po3minieHHs eneMeHTiB
BUKOHAHO 3 YpaxyBaHHSM (YHKI[IOHAJIBHOTO 30HYBaHHS, MiHIMI3allii 3aBajJ, TEpMOpPEryJsLii Ta
ONTHUMI3aIlii TpacyBaHHS.

Mikpokontpoiiep (Puc. 4.1) po3MiiieHo B IEHTpaIbHINM YaCTHHI TUIaTH, 13 BuBeaeHUMHU GPIO-
niHisMu g0 nepudepii. Ilig Mogynem peamrizoBaHO TEIIOBUN KOHTAKT i3 3emiieto (GND-o6macts),
o J03BoJisie eeKkTUBHO BimBoauTH Terwio. Kmrowosi curaanmeHi BuBOoamM (EN, 100, UART)
CIPOEKTOBAHI TaKUM YMHOM, 1100 3a0e3MedYuTH MPSAMUN JOCTYI 10 HUX uYepe3 KOHEKTopu abo
kHonku. LoRa-momyns E220 posramoBaHo Ha Kpawo IJIaTH, MakcUMainbHO Onm3pko a0 RF-
koHekTopa (turry SMA a6o IPEX), 3 MiKpOCMYKKOBOIO JIiHi€I0, Y3TOpKeHOr0 Ha 50 Owm, ms
cTabinbHOTO pagiodacToTHOro 3 exHanHs. Jlinii kepyBanns (M0, M1, AUX) minkmodeni qo ESP32
4yepes KOPOTKI CUTHANIBbHI TpacH 13 PUIbTPYBATbHUMH €IEMEHTAMH.

brnok xwuBneHHs BKiIO4ae B ceOe mxepeno 5 B (uepe3 micro-USB abo knemy), crabimizarop
turty LDO s 3HmkeHHs Hanpyru n0 3.3 B, a Takok HeoOXimHi 3axwicHi. JKHBWIbHI IIMHH
TPAcOBaHO MIMPOKUMH JOPiKKaMU, 13 cyninpbHolo GND-o6nacTio Ha 000X mIapax, o OZHOYACHO
CITy’KUTh SIK 3aXUCHHUH €KpaH Ta TEIUIOBIABI.

InauKaTOp KMBJIEHHS Ta aKTUBHOCTI NependadeHi Ha (pPOHTAJbHIM HaHedl y BHIVIAIL
ciTmomioniB. Kosoyka xuBneHnst (po3’em Ush type-C) po3miiieHa Tak, o6 3a0e3meYuTH KOPOTKUH
IUISX JKUBIICHHS /10 OCHOBHHMX €JIEMEHTIB Ta 3MEHIIMTH BTPAaTH Ha Tpacax. TakoX BpaxoBaHO
MO>KJIMBICTB 3aMiHM JDKepesia )KUBJIEHHS 0€3 MOBHOTO IEMOHTaXy MPUCTPOIO.

OxpeMo BapTO BiJ3HAUUTH BUKOPUCTAHHs 310paHOi BijularojkeHoi miuatu Ha 06a3i ESP32.
TpacyBaHHS BUKOHAHO 3 JOTPUMAaHHSIM MPUHLUIIB ONTHUMI3alli TOBXHH CUTHAJIBHUX UUISXIB,
po3niieHHs IH(POBUX 1 AHATOTOBUX 30H, YHUKHEHHS TI€TENb )KUBJICHHS Ta TIEPEXPECHUX TEPEIIKOI.

Tpacu UART 1 LoRa i30mp0BaHO BiJ BUCOKOYACTOTHUX JiHIM 1 >kuBieHHs. s
MikpocMy>kKoBoi RF-J1iHii BUKOpHUCTaHO OOYMCIEHHS IUPUHU JOPILKKH BIAMOBILAHO 10 50-OMHOTO
Y3TOKEHHS, 3 KOHTPOJIEM JTOBKUHH Ta BUTHHIB TPACH.

TpacyBanns miatu BigoOpaxeHo Ha Puc. 4.1.
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Puc. 4.1 TpacyBaHHsI MOHTaXHOI IJIaTH

VYci KOMIOHEHTH MiAi0paHo 3 ypaxyBaHHSAM MOXJIMBOCTI PYYHOIO Ta aBTOMATH30BaHOI'O

MOHTaxXy. 3actocoBano cranaapt SMD-dopmary 0805, a nis cunmoBux komrnoneHtiB — SOIC abo

SOT-23. KpuTnuHO BaKJIMBi CUTHAJIM BUHECEHI Ha TECTOBI Touku. CTBOpEHA IUIaTa € TOTOBOKO JI0

iHTerpalii B KopIyc, nepeadaueHo MOHTaXH1 OTBOPH, a TAKOK OMNMLIOHATIBHI KPIIJICHHS JJI1 aHTEHU

abo 30BHIMHIX ceHcopiB. IlpucTpiii onTUMizoBaHMH [UIi HPOMMCIOBOTO BHKOPUCTAHHS 3

MIHIMaJIbHOIO MOTPe00I0 B 00CIyroByBaHHI Ta BUCOKOIO HA/AIMHICTIO Iepeiadl TaHUX.
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5. MoHTax Ta cXeMH eJIeKTPUYHHUX 3’ €IHAHb

VY cucremi peamizoBaHo Oe3qpOTOBUM NpUHOMII 300py MdaHUX 3 NPWIALiB OOTIKY
(MiYMIBHUKIB) HA 0a3i MIKPOKOHTpOJEpa Ta PagioMOyJis, IO MPAIIOTh y CKJIa/Al aJanTepiB Ta
HeHTpajdpHOro xaba. MoHTaxkHa cxeMa mepenbayae (i3U4HE Ta €IEKTPUYHE BCTAHOBJICHHS IBOX
KJIFOYOBHMX THITNIB IPHCTPOIB: amanTepiB 300py AaHUX, SKI MOHTYIOTbCS Oe3mocepeHbo Oiis
TYUILHUKIB, Ta HEHTPAIHLHOTO Xaba, M0 CIyTye BY3JIOM MpHioMy, 0OpOOKHM ¥ mepenadi JaHUX 10
MOJAVIBLINX CHCTEM a00 iHTepQeiiciB.

MoHTax aganTepiB BUKOHYETbCA Yy MICISIX, MaKCUMAaJIbHO HAOIMKEHUX J0 OOJIIKOBHX
npuianiB. KoxkeH amantep mMae KOMIIAKTHUN Kopmyc (i3 CTyleHeM 3axucTy He Hibkde 1P54), mo
MICTHTD enekTpoHHy miaty 3 ESP32, LoRa-mMomynem, cXeMOI0 KHUBIICHHS, a TAKOXK BXOAaMHU ISt
3UNTYBAHHS IMITYJIBCIB 3 JTiuniabHUKA. [lepen0aueHo BUKOPUCTAHHS ONTOI130JIAIIT TSt 3a0e3meueHHs
eJIeKTpoOe3NeKu Ta 3MEHILIEHHS BIUIMBY IMepemko]. MoHTax mnependavae HaaiiiHE KpIMJICHHS
KOpIYyCy Ha TEXHIUHIA MOBEpXHI (CTiHI, IIUTKY, peWIll), BUBEACHHS aHTEHH i CTaOLIHLHOIO
pamio3B’sI3Ky Ta aKypaTHE MiJKIIOYCHHS CUTHAIIB BiJI JTIYMIBHUKA 0 BXITHUX KJIeM a00 po3'eMiB.

[lenTpanpHuii xa®d BCTAHOBIIOETHCS B 3pPYYHOMY ISl OOCIyTOBYBaHHS Micmi — 3
MO>KJTUBICTIO Bi3yaJIbHOTO KOHTPOJIO CTaHy 4epe3 3 CBITIOA10AM 1HANKAIT (>KUBIICHHS, AKTUBHICTD,
MOMUJIKA) Ta OJIHY KHOMKY KepyBaHHs. JKuBneHHs xaba 3aiiicHioeThes uepe3 USB-konekTop type-c
3 BHUKOPHCTAHHSM QJalTepa >KUBJICHHS. YCl CHUTHAIbHI 3'€IHAHHA BUKOHYIOTBHCS 3TITHO 3

MIPUHIIMIIOBOIO €JIEKTPUYHOIO CXEMOI0, MoKa3aHoro B [1.2.
VY mpoiieci MOHTaXy TOTPUMYIOTHCS HACTYITH1 TEXHIYHI BUMOTH:

BuxopucTtanHs npoBiAHUKIB 3 BIANOBIIHUM niepepizoM (He MeHie 0.25 MM? JUis AKUBJICHHS).
Po3pineHHs CUTHAIBbHUX Ta CUJIOBUX JIHIM JUIS 3MEHIIEHHS HaBOIOK.
I"anpBaHiuHA PO3B’A3Ka MIXK JIIYMJIBHUKOM Ta MIKPOKOHTPOJIEPOM.

CrinbHS «3eMIIs» Y MeXaX OJHOTO MPUCTPOIO.

S A

Haniitna ¢ikcanis ApoTiB, aHTEH, p0O3’€MIB Ta 3aXUCT BiJ MEXaHIYHOTO TOLIKO>KEHHSI.

OcobnuBa yBara MPUAUISETHCS O€3MEYHOMY MIAKIIOYEHHIO 70 JIYWIBHUKIB, IO MOXE
BKJIFOYATH POOOTY 3 MEPEIKEBUMH elieMeHTaMu. JIJIs IIbOro BUKOPHCTOBYIOTHCS ONTOIIAPH, 3aXHCHI

,Z[iOIlI/I, a TaKOK JOTPUMYIOTHCA TPABUII MOHTAXKY CJ'Ia6I(OCTp}/MOBI/IX CHUCTCM.

[TepeBaroro oOpaHoi cxemH € 11 MOAYJBHICTh 1 MAacIITA0OBaHICTh: KOXKEH aJanTep Mparfoe
aBTOHOMHO, TI€pPEIal0yu JaH1 Ha EHTpaIbHUM Xab 06e3 HeoO0X1IHOCTI MPOKJIaIKH IPOBO/IIB MIX yciMa

Toukamu 300py. Lle 103BONs€e BCTAaHOBIIOBATH CUCTEMY B ICHYIOUMX OyHIiBISX 3 MiHIMaJIbHUM

BTPYYaHHSM Y IHPPACTPYKTYpy.
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MoHTaxHy cxemy 13 (YHKIIIOHATbHUMH MOXJIMBOCTSIMU Xa0y mokaszano Ha Puc. 5.1.
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Puc. 5.1. Cxema MOHTaXYy Ta MiJKIIOUEHHS IPUCTPOIB B CUCTEMY

MoHTa)XKHa CcXeMa BpPaxOBY€ TaKOX AaCIEKTH MOJAIBIIOTO OOCIyroByBaHHS — 30KpeMa,

MOKJIMBICTb OHOBJIEHHS IMPOIIMBKHU, AOCTYII OO KHOIIKKM KCPYBAaHHA, 3py‘IHiCTI> I[iaFHOCTI/IKI/I 3a

noromoror LED-igaukarii.

TakuM yMHOM, JaHA CHUCTEeMa Ta Il MOHTa)KHA peai3allisl BiAMOBiAa€ Cy4aCHUM BUMOTaM 10

HAQIIHHOCTI, eHeproeeKTUBHOCTI Ta Oe3meku Oe3qpOTOBUX TEXHOJOTIH 300py JaHUX B yMOBax

KUTIIOBUX 1 KOMEPLIMHUX 00’ €KTIB.
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6. Ilopsiaok po6OTH 3 MPUCTPOEM

Bumoru

- KonienTpaTtop nmoBuHeH OyTH po3TaiioBaHuii Ha BijacTani He Oinbine 10 merpis Bix Wi-Fi
poyTepa 1t 3a0e3meueHHs CTadlIbHOTO 3’ € THAHHS.

- Baxxmuso: [Tinxiroyaiite xxuBienas TIJIBKMH miciis BctaHoBIEHHS aHTEHU !

HiI[KJ'II-O‘{eHHH KOHIICHTPATOpa

1. BcTaHOBITh aHTEHY:
- [IpuequaiiTe aHTeHY 10 BiIMOBIAHOTO P03’ €My Ha KOHIICHTPATOPI.
2. ITigKIr09iTh 10 MEepexi:
- BeraBre 6110k sxuBiieHHs B po3etky 220 B.
3. IligxnrouiTh KaO€eb JKUBICHHS:
- BeraBre onun kinenp kadbemo USB — Type-C y po3’em Type-C Ha KOHIICHTpaTOpi.
- Inmmii kinenp kademo (USB) BctaBTe B po3’em USB Ha 6110111 )KHBJICHHS.

4. ITicns migKIIOYeHHs, KOHIIGHTPATOp aBTOMATHYHO TEpei/ie B peXXUM HAJAIITYBaHHS, PO IO

CBITUUTHME OJIMMAHHS KHOTIKK O1TMM KOJIBOPOM.

HanaimryBaHHs KOHIIEHTpaTOpa

1. loeonaiimecw 0o Wi-Fi mepearci konyenmpamopa:

- Ha Bammomy npuctpoi (cMapT@oH, miaHmer abo KOMIT I0Tep) BIAKPUITE CIIMCOK
noctynaux Wi-Fi mepex.

- 3HalAITh MepEeXy KOHIIEHTpaTopa (Ha3Ba Mepeki BKa3zaHa Ha KOPILYCl MPUCTPOIO abo B
JOKyMEHTaIll1) Ta MJIKI0YIThCs 10 Mepexi. [Taponb (Ko noTpideH) Takok BKa3aHUH y
JIOKyMEHTAITi.

2. Ilepetioimb Ha cMOPIHKY HANAUIMYBAHHSL:
2.1. Biakpwuiite Opay3ep i BBeiTh y psiiok agpecu: http://192.168.0.1. Ha
CTOpIiHILII BU OOAYHUTE:
- Criucox MmiKITI0YeHNX ailanTepiB (MPUCTPOIB AJIs 3UUTYBAaHHS TOKA3HUKIB).
- MOXHBICTh JOJJATH HOBUI afamnTep.
- HanarmryBanus Wi-Fi mepexi 1uist KOHIIEHTpaTopa.
3. Hanawmysanns Wi-Fi mepeorci:
VY BiAMOBIIHOMY pO3.1iiTi BBEIITh mapametpu Bamioi Wi-Fi Mepexi:

- SSID: Hasga Bamoi Wi-Fi mepexi.
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http://192.168.0.1/

- Tun mmdpyBanus: Bubepits Tun mmdpysanns (Hanpukiaa, WPA2, WPAS toro).
- [Tapouns: Beenite mapous Bamoi Wi-Fi mepexi.
- Tun nmigknrouenns: 3a3suuaii DHCP (aBromaruune orpumanns IP-agpecn), abo

crarnunuit [P, skmo motpidHo.

4. 36epesicimv HaNAUWMYBAHHSL:

- Ilicns BBeneHHs BCiX MapamMeTpiB 1 MITKIIOYCHHS aJanTepiB HATUCHITH KHOIIKY
30eperTy Ha CTOPIHII HAJIAIITYBaHHSI.

- JlouekaiTech, MOKHA KOHIIEHTPATOP ITiIKIIFOUUTHCS 0 MEPEKi.

- [licnga ycoimHOro MiIKIIOYEHHS JO CepBepa KHOIMKAa Ha KOHIIGHTPATOpl 3aCBITUTHCS
3€JIeHUM KOJILOPOM, 110 BKa3y€ Ha BCTAHOBIICHE 3’ €THAHHS 3 CEPBEPOM.

- SIKIoi0 KHOMKa CBITHTHCS YEPBOHUM KOJBOPOM, II€ O3HAYae, II0 € IOMHJIKA: BiJICYTHE
3’enHaHHA 3 [HTepHETOM. Y IBOMY BUMAKy NepeBipTe HanmamTyBanHs Wi-Fi, miakmodenss

710 poyTepa abo 3BEpHITHCS 10 TEXHIYHOT MIATPUMKH.

HiI[KJ'IIO‘leHHH aZarTepa 10 KOHOCHTPATOpa

1. IlepekonaiiTecs, 1110 KOHLIEHTPATOP NepedyBae B peKUMi HAJIAIITYBaHHA (1HIUKATOP

OJiMMae O17TMM KOJIBOPOM).

2. YBIMKHITH anantep (auB. po3ain "[HCTpyKiist 3 BUKOpHCTaHHS ajanTepa').

3. Ha cropinui HanamryBanHs konueHTparopa (192.168.0.1) y criiucky 3’ IBUThCSI HOBUIM
ajmanrep.

4. BubepiTh aganrep 31 CIIUCKY Ta HATUCHITH KHONKY [likmounTtu (a00 aHAOTI4HY, 3aJ]1€KHO Bif
iHTEepdeiicy).

5. JlouekaiiTecst NATBEPHKEHHS PO YCIHIIIHE MM1IKII0YSHHS afanTepa.

TlepeBipka HiAKIIOYEHUX AJAITEPIB

1. Ha cropinmi 192.168.0.1 nepeBipTe CIMCOK MiAKITIOYCHUX aanTepiB.

2. IlepexoHnaiiTecs, 110 BC1 aanTepy B1I0OOPaKaroThCs Ta MPAIIOI0Th KOPEKTHO.
3. Slkmo ajgantep He 3’SBHUBCS, MOBTOPITH MpPOLENypy MiJKIOYEHHS abo mepesipTe, 4u

YBIMKHEHHH ajianrep.

3aBeplIeHHs HAJTAIITYBAHHS

1. Tlicas migkTroueHHs aganTepiB Ta HagamTyBanHs Wi-Fi 30epeskiTh yci 3MiHH Ha CTOPIHIII.

2. KoHueHTpaTop BUiiie 3 peXHMy HAJAMITyBaHHA, 1 1HIMKATOp NepecTaHe OinMMaTH OiTuM
KOJIbOPOM.

3. IlpucTpiii roTOBHIA 10 pOOOTH Ta 3YUTYBAHHS TAHUX 13 MiAKIIOUYSHHUX adanTepiB.
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7. BuMoru 1o TexHikH 0e3meKkH Ta 0e3IMeYHOoro NoBOIKeHHS

[Tix uyac MOHTaxXy, HaJaro/[UKEHHS Ta eKCIUTyaralii HpUCTPOI0 HEOOXiAHO CYBOPO
JOTPUMYBATUCh BHMOT TEXHIKM Oe€3lekH, sKi 3a0e3medyloTh 3aXUCT TNEepCOHANy, IUIICHICTh
oOJaiHaHHS Ta YHUKHEHHS aBapiiHUX CUTYaIlil.

7.1. Enextpobe3meka
1. 3a060poHsETbCS MIAKIIOUEHHS IPUCTPOIO JI0 JHKEPEN JKUBJICHHSA 0e3 MOINepeaHboi MepeBipKu
CXEMH Ha HasiBHICTb KOPOTKHX 3aMHUKaHb.
2. Ilepen monavero >KUBJIEHHS HEOOXIAHO BIEBHUTHUCS B KOPEKTHOCTI MOJSPHOCTI >KHUBIICHHS,
0COOJIMBO TPH MiIKJIFOYCHH] 30BHIIMIHIX a/1alTepPiB.
3. ¥YcipoboTu, MoB’A3aHi 3 MOHTaKeM a00 PEMOHTOM, IIOBUHHI BUKOHYBATHCS ITPH BIAKIIIOUYCHOMY
YKUBJICHHI.

7.2. 3axHCT BiJ €IEKTPOCTATUYHOIO PO3PSILY
1. ITpu po6oTi 3 MIKPOKOHTpOJIEpaMH, YUamMu 1am’siTi, LoRa-Monynsamu Ta iHIIMMH 4y TIAUBUMU
KOMIIOHEHTaMH1 HEOOX1JHO BUKOPHCTOBYBAaTH aHTUCTATUYHI OpaciieTn abo 3a3eMIJICHI KUITHMKH.
2. 3a00pOHSETHCS TOPKATHCH BIJKPUTUX BUBOJIIB MIKPOCXEM TOJIMMHU pyKamMH 0e3 TONepeaHbol
PO3PAIAKU CTATUYHOTO NOTEHIIATTY.

7.3. [loxexxHa 6e3mnexa
1. Iig yac peMOHTY UM MOJIEpHi3alii BUKOPUCTOBYBATH BUKJIFOYHO CIIPABHE MAasJIbHE 00JIaJHAHHS
3 TEPMOPETYJISIIEI0.
2. Yci po0oTH 3 JIerko3aliMUCTUMU MaTepiaiaMu (HalnpuKial, ouulilyBadaMu (hJIrocy, CIUPTOM)
MIOBMHHI BUKOHYBATUCh y 100pe MPOBITPIOBAHOMY IMPUMIIIEHHI, OJaJIl B/l JUKEpes BIIKPUTOTO
BOTHIO.

7.4. TemneparypHa Ta MeXaHiuHa Oe3meKa
1. ITix yac excrutyaTaliii MOAyJiB HE JOMYCKAETHCS X MEPErpiB: TeMIepaTypa KOPIyCcy MiKpocxemM
He MOBUHHA NEPEBUIILYBAaTH PEKOMEH10BaHMX 3HaueHb (1711 ESP32 — 1o 85 °C).
2. [Inara He MOBMHHA 3a3HABATH 3TMHAHHS, NIEPEKPYUyBaHHS a00 yaapiB — IIe MOXKe MPHU3BECTH
710 MIKPOTPILIUH 1 BIAIIAPYBaHHS IIapiB APYKOBAHOT MJIATH.
3. Pobora 3 aHTeHamH Ta KjJeMaMH I[OBHHHA IMPOBOJUTHCA 3 BUKOPHUCTAHHSAM 130JIbOBAaHUX
IHCTPYMEHTIB.

7.5. PagiouactoTHa Oe3rexa
1. 3aboponsieTses excruyarairis LoRa-mMomyns 6e3 miakiItoueH0i aHTeHH — 11€ MOYKE CIIPUYHUHUTH
MOIITKOKSHHS BUX1THOTO KacKay TepenaBaya.
2. Ilixg yac BuUmpoOyBaHb MPHUCTPOIO 3 YBIMKHEHHM IepegaBaueM HEOOXITHO JAOTPUMYBATHUCS

IpaBHUJI BUKOPUCTAHHA pa)liO‘-IaCTOTHOFO CIICKTPY.
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3. 3ab6opoHEeHO BUKOpUCTOBYBaTH MOTYKHI LoRa-mepemxaBaui B Oe3mocepenHiii OJIM3bKOCTI 10
HIINX YYTJIMBUX €JIEKTPOHHUX MpUialiB (0COOINBO MEIHMYHUX).
7.6. Opranizariiiina 6e3meka
1. Po6oTu 3 MOHTaXy, HAJIAIITYBAaHHIO, PEMOHTY Ta MOJIEpHI3allii MalOTh BUKOHYBATHUCS TLIBKU
IT1JT KepIBHUIITBOM 200 3a y4acTi 0ci0, SKi MarOTh BIAMOBIIHY KBaTiiKkaIliro.
2. PoGoue Miciie MOBUHHO OyTH YHCTUM, OPraHi30BaHUM, 0e3 3aiiBUX MPEIMETIB, 3 BIAMOBITHUM
OCBITJICHHSIM Ta BEHTHJISIIIEIO.
3. Ilicns 3aBepuieHHs poOIT HEOOXIAHO 3HECTPYMHTH BCI MPUCTPOI, MPUOpATH 1HCTPYMEHTH,
OYMCTUTH MOBEPXHI BiJ (IIIOCY Ta 3aJIMIIKIB IPOTIB.
JloTpuMaHHs BUIE3a3HAYCHUX BHUMOT JO3BOJISIE TAapaHTYBaTH HE JIMIIE OE3NEUHy
eKCIUTyaTaIlil0 MPUCTPOI0, ajie W IMiJBUIMUTH 3arajlbHUH piBEHb HAMIMHOCTI, 3MEHIIUTH PU3HK
aBapiiHUX CHUTYaIlii, 3a0€31CUUTH TOBrOTPUBAIY POOOTY €IEKTPOHHUX KOMIIOHEHTIB Yy CKIIQIHHUX

YMOBaxX eKCIuTyaTarii.
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JNOJATKHU
Honatok A Monynb Ha 6a3i ESP32
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Puc. A2 [lpuHiumoBa e1eKTpUYHA CXeMa eJIEMEHTIB CXEMOTEXHIYHOI 00B’I3KH MIKPOKOHTpoOJIepa
ESP32
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Puc. A5 Cxema po3ralryBaHHs €JIEMEHTIB Ha TUIaTi MOAYJIs Ha 0a3i MikpokoHTposiepa ESP32
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Puc. A6 Cxema po3raIrryBaHHS €JIEMEHTIB Ha TUTaTi MOAYJIs Ha 0a3i MikpokoHTpoJiepa ESP32
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Honatok b Pagiomomyis Ha 6a3i LLCC68
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Puc. b1 3aransamii Burnsa pagiomoayss Ha 6a3i LLCC68
Ul MCU
1
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Puc. B2 Enextpudna cxema miaKIFOYeHHS pajaioMo ryiis Ha 6a3i LLCC68

USART_Module
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