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BBEJAEHUE
Ha ceronusimnuii 7eHb 3K0JI0rM4ecKkas 00CTaHOBKA B MUPE CTPEMUTETHHO
YXYIIIaeTcsl, 9TO MOAPOOHO ocBemieHo B padoTax [1], [2]. B Tom umcre, Ha
CErOJHALIHUYN JIeHb HAOII0/IaeTCs 3HAUUTEIIbHOE 3arpsA3HEeHue THIpocepbl 3eMIIH.
Taxk, nadopmarus 06 ycyryOJIeHUN COCTOSTHHSI MUPOBOW aKBaTOPUHU
MPEAOCTABISACTCSI MHOTOYUCIEHHBIMU OTYETAMU U UCCIICIOBAHUSIMU TaKUX
yupexaeHuit kak BO3 wiu nporpamma OOH no okpyxkatorieti cpeae (FOHEIT)[3].
CornacHo HE3aBUCUMbBIM UCTOYHUKAM, OCHOBHBIMU UCTOYHUKAMU 3arPsSI3HEHUS
BBICTYTIAIOT: CTOYHBIE BOJIbI, TBEP/IbIC OBITOBBIE OTXO/IbI, yTEUKa HE(TH,
cOpachIBaeMbI€ OTXOJIbI TETUIOBBIX U @TOMHBIX AJIEKTPOCTAHIIUN U 3arpsI3HEHUS
JIPYTUX TPOUCXOKJIECHUM, KOTOPBIE TPYHO ONPEETUTh, 3TO MOTYT OBITh
HECaHKIIMOHUPOBAHHBIE BPEIHBIE BEIOPOCHI 3aBOJIOB WIIH CJICJCTBUE MPOBEACHUS
cenpxo3paboT. OnmacHOCTh MPOMBIIIJIEHHBIX U OBITOBBIX CTOKOB COCTOUT B TOM, YTO,
nomnajas B BOAY, OHU 00pa3yroT HOBbIE COSAUHEHUSI, BIUSHNUE HAa OPTaHU3M KOTOPBIX
elle He U3BECTHO. M3-32 aKTUBHOTO pa3BUTHS IPOMBIILIEHHOCTH U CEJILCKOTO
x03qicTBa (1o JaHHBIM PoccTata uHIeKca MPOMBIILICHHOTO MPOU3BOJCTBA B Poccun
BO3poc npuoam3uTenbHo Ha 31% B nepuos ¢ 2000 o 2016, a cenbCKOTO X035MCTBA —
Ha 35% B nepuon ¢ 2000-2015), MHOTHE BOAOEMBI 3arPsA3HSIIOTCS UX OTXOoAaMHu [4],
YTO CUJIBHO BPEJIUT BCE MECTHOM IKOCUCTEME: TOTUOAET MHOXKECTBO
MHUKpPOOPTaHU3MOB, YTO MOXKET MPUBECTH K THOeu 0ojiee KPYIHbBIX 3Bepeit. bonee
TOTO, HaIlle 3/I0POBbE HAMPSIMYIO 3aBUCUT OT Ka4e€CTBA BOJIbI, BE/b HAIll OPTaHU3M
coctouT 6onee uem Ha 70% u3 Bojbl. B CBSI3M ¢ 3TUM CTAaHOBUTCS aKTyaIbHOU
po0eMa MOHUTOPUHTA BOJHBIX 0OBEKTOB.II
eablo poekTa siBsieTCs pa3paboTKa AIEKTPOHHBIX CUCTEM TPOTPaMMHO-
anmapaTHOr0 KOMIUIEKCAa MOHUTOPUHTA SKOJIOTUUECKOW 0OCTAHOBKHU BOJHBIX
00BEKTOB, HAXOISIIMXCS TIOJT YTPO30M 3arpsI3HEHUS TPEANPUATUIMU XUMUYECKON
MIPOMBIILJIEHHOCTH.
JlocTikeHne MoCTaBICHHOM 11eNi OYIeT OCYIIECTBICHO MOCPEACTBOM

BBITIOJTHEHUS CIICTYIOIINUX 3a/1a4:



2.

1.  Ha ocHOBe pa3iuuHbIX UCTOYHUKOB HHPOPMAIH MPOBECTH aHAIH3
aHAJIOTUYHBIX YCTPOKCTB,
B cooTBEeTCTBUY C IPEABABISIEMBIMHA YCTPOUCTBY 33/Ila4aMH OTIPEICTUTh
HEOOXOIUMBINA HAOOP JICKTPOHHBIX KOMIIOHEHTOB,
3. CKOMITOHOBaTh BHIOpAaHHBIE KOMIIOHEHTHI M CO3/1aTh YJICKTPOHHYIO CXEMY
YCTPOMCTBA,;
4. Ha ocHOBe mipojieniaHHON pabOTHI CO31aTh PaOOTAOIINN TPOTOTHUIT U
MIPOBECTH HATYPHBIC U TTOJIYHATYPHBIE UCTIBITAHUS,
5. IIpopabotaTh ommOKku MPOTOTHUIIA, M HA €70 OCHOBE pa3paboTaTh

MIOJTHOCTBIO Pa0OTAIONTUN SK3EMILISIP YCTPOMCTBA.



1. Hay4Ho — uccjieq0BaTe1bCKas 4acTh
1.1 O0630p u k1accupukanus
Ha ceromusmauii 7eHb CYIIECTBYIOT IBE OCHOBHBIC KATETOPUH CHCTEM
TUAPOJOTUYECKOTO MOHUTOPHUHTA: TTpoduaorpadsl, OCHAIIIEHHBIE CHCTEMOM
M3MEpeHHsI TIIyOUHBI M, KaK CIEACTBUE, CIIOCOOHBIC CTPOUTDH TPAPUKHA 3aBUCHUMOCTH
Pa3IMYHBIX TIOKA3aTeliel KauecTBa BOJIbI OT TITyOWHBI IOTPY>KCHHUSI, M alllTapaThl, HE
criocoOHBIC U3MEPATH ITyOuHy. O/IHaKO OOJIbINAs YaCTh TAKUX aIlllapaToB 001a1aeT
CJIMIIIKOM Y3KOW CTIeTHaIM3aIueH 1T MPOBEACHUS KOMITJIEKCHOTO aHaIn3a
cocTostHUS BojioeMa. Mcxos 13 3Toro ObLIO MPUHSTO PEIIeHUs co3AaTh amnmapar,
KOTOPBIM CMOT OBbI COUETaTh MPEUMYIIECTBO O0OHX KaTerOpHil CHCTEM
THAPOJIOTHIECKOTO MOHUTOPHHTA.
1.2 Kaaccudukanus 3a1a4, BbINOJIHAEMBbIX aNIAPATAMM MOHUTOPHHIA
BO/IHO# cpeabl
YkazaHHbIC paHHEE KOMIUICKCHI TTPETHA3HAYCHBI JISI BBIMIOJTHEHUS IITUPOKOTO
CIIeKTpa pabOT B BHYTPEHHHUX BOJIaX, MOPCKHUX, IPHUOPEIKHBIX U OTKPBITHIX
aKBaTOPHUSAX M MPUMEHSFOTCS JJTSI TUAPODHU3UICCKOTO U IKOJIOTHIECKOTO
MOHHUTOPHHTA.
HccnenoBarenbekue paboThl ¢ UX MPUMEHEHUEM MPOBOISITCS HAMHOTO
OBICTpee M KaUECTBEHHEE BBHUIY YMCHBIIICHUSI BIMSHUS Y€JIOBEYSCKOTO (haKTopa.
Jl1s1 TOTO, 9TOOBI ONMPEISTUTHCS C HAOOPOM HEOOXOIUMBIX IS amnmapara
JTATYMKOB, CTOUT MOJAPOOHEE O3HAKOMUTHLCS ¢ OCHOBHBIMHA MCTOYHHKAMU
3arpsi3HCHUS .
1) Pasnuunbie Heoprauudeckue coeannenus. OCHOBHBIMU HEOPTaHUYECKUMU
(MUHEPATLHBIMU ) 3aTPS3HUTEISAMU TIPECHBIX K MOPCKUX BOJI SIBJISTFOTCS
pa3IMYHbIe XUMUYECKUE COCAMHEHNSI, TOKCUIHBIC JIJIT OOMTaTeNIel BOIHOM
CpeIbl ¥ YeJIOBeKa. DTO COCTMHCHHUSI MBIIITbsIKA, CBUHIIA, KaIMUs, PTYTH U
Tak nanee. J{sa onmpenencHus KOHIIEHTPAIIMN PaCTBOPEHHOCTH
HEOPTaHWYECKUX BEIIECTB UCIOJIb3YIOT JATYUKH JIEKTPOTPOBOTHOCTH.
YucTtas Bosa 6e3 mpuMecei SABISETCS OYCHD CJIA0BIM JIEKTPOJIUTOM,

OJIHAKO MPH PACTBOPEHUU B HEM HEOPTraHUUECKUX COCIMHEHHM TE
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JTMCCOLIUUPYIOT, PACIIaiasiCh IIPU ATOM Ha 3apsHKCHHBIC YaCTHUIBI HOHBI.
WoHbI ke SABIAIOTCS HOCUTEIISIMH JICKTPUICCKOTO 3apsijia, BCICICTBUE YETO
MOBBINIACTCS JICKTPOIPOBOTHOCT BOBI. IMEHHO Takne U3MEHEHUS
AIIEKTPOIIPOBOTHOCTH BOJIBI OTHOCUTEIHLHO HOPMBI U U3MEPSIOT TaTUUKU
TDS (total dissolved solids).
2) OpraHudeckue KUCIOTHL. boibioe comepikaHne OpraHMdeCKUX KUCIIOT
Ha0Ir01aeTCsl B 00JIOTHOM MECTHOCTH, K IIPUMEPY, TYMUHOBBIE U
TYMYCOBBIE KUCJIOTHI, Ubs JIOJISI B OPTAHMYECKOU YacTu Topdha MOXKET
cocTaBisATh oT 20 g0 70 nporieHTOB. OpraHuYecKre COSAUHECHUS
SIBJISIIOTCS CIAOBIMU DJIEKTPOJIUTAMHU, U3-3a yero 1 DS-MeTphl He Bcerna
MOTYT U3 Pacno3Hath. /{75 onpeaeneHus: KUCIOTHOCTU CPEbl UCTIOJIb3YIOT
ph — meTpsl. [IpuHIHI UX pabOThI OCHOBAH HA Pa3HOCTH IOTEHIHAIIOB,
KOTOpasi 00pa3yeTcs MEXKy €ro dJIEeKTPOoJaMU B U3y4aeMoH cpesie, Tak Kak
OHAa MPOIMOPIHOHATIEHA YPOBHIO KUCIIOTHOCTHU CPEBI.

3) TennoBoe 3arps3HeHne. OOBIYHO TaKOE 3arpsi3HEHUE CBSI3aHO C
HCITOJIb30BAaHUEM MTPUPOTHBIX BOJ B KAYECTBE OXJIAKIAFOIINX ar¢HTOB B
IIPOMBIIIJICHHBIX TIPOlIeccaxX, HaMpUMeEp Ha 3JIeKTpocTaHIusAX. Boa, Bo3Bparaemas
B BOJIO€MBI IIPEANPUATHSIMH, TETIJIeE UCXOTHOM U, CJICAOBATEIBHO, COIEPIKHAT
MEHBIIIE PACTBOPEHHOTO KHUCJI0poaa. OTHOBPEMEHHO HAarpeBaHUE CPEIb
yBEIIMYMBACT MHTEHCUBHOCTh MeTa0oIM3Ma €€ oOuTarTelei, a, 3SHAaUMT, UX
noTpeOdHOCTh B Kuciopoae. Eciu temnepartypa cOpackiBaeMOl BOJIbI HE3HAYUTEIHHO
OTJINYACTCS OT TEMIIEPATYPhl BOABI B BOJOEME, TO HUKAKMX M3MCHEHUI
OMOTHYECKOTO0 KOMITIOHEHTA SKOCHCTEMbI MOKET HE TIPpon30uTH. Ecin ke
TEeMITepaTypa MOBBIMIACTCS CYIICCTBEHHO, TO B OMOTE MOTYT IIPOU30UTH CEPhE3HBIE
n3MeHeHus. Hanpumep, 11 MpoXoIHBIX PBIO THIIA JO0CcOCs O€TIHBIC KUCIOPOIOM
YYaCTKH PEK CTAHOBSTCS HEMPEOO0JIUMBIMU MIPETIATCTBUSIMH, U CBS3b OTHUX BHJIOB C
HEpECTHINIIAMU TIpepbiBaeTcs. [ToaToMy ISt onIpeiesieHns TAKOTO BUA
3arpsi3HeHHs! ObUIO IPUHSTO PEIICHUE YCTAHOBUTH T€PMETHUHBINA TEPMOMETP.

4) [TapHuKOBBIE Ta3bl. 3arps3HEHUE UMHU BOJIOEMOB ITPOUCXOIUT

MPEUMYIIECTBEHHO MIPU PA3JI0KEHUHN OPTaHUYECKUX coeauHeHun. [Ipu
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(bepMEeHTATUBHOM THJIPOJIM3E MO AEUCTBUEM aMMOHU(DUIIUPYIOITUX
MUKPOOPraHU3MOB a30TCOJEpIKAIINE COCIUHEHUS, TAKKE KaK OEJIKU WU
AMUHOKHCJOTBI, Pa3JIaratoTcsl Ha YTIEKUCIBINA ra3, SBISIOIMICA OTHUM U3 OCHOBHBIX
IIAPHUKOBBIX Ia30B, JOBUTHIC JUUI YEJIOBEKA AMMHUAK U CEPOBOIOPO/,
apoMaTHYECKHE COCIMHEHUS U TPYyMHBIE sibl. [[apHUKOBBIE Ta3bl HECYT OOJIBIITYIO
yrpo3y Halle MIaHeTe: HarpeTas yiapTpaduoneToBbiM u3nyuenueM CoHia
IIOBEPXHOCTh 3€MJIU CO3/1a€T TEIIOBOE MH(PPAKPACHOE U3ITyUEHHE C JJIMHOM BOJIHBI B
auanasoHe oT 7,8 10 28 MKM, U IPH HOPMAJIbHBIX YCIOBUSAX TAKOE U3TyYEHUE HE
3aJIepKUBaeTCs B aTMOc(epe U yXOIUT B KOCMOC, OJHAKO MHOTOATOMHBIE Ia3bl
HEIIPO3PAYHBI I TAKOTO U3JIy4YEHUs, BCIECACTBUE YETO TEMIIEpATypa 3EMIIM TOJIBKO
npojaoixkaeT pactu. Takoi 3ppeKT Ha3bIBAIOT MAPHUKOBBIM. J1JIsl OTCIIEeKUBaHUS
IPOLIECCOB PA3JI0KEHUSI OPTaHUKU OBLIO PEIIEHO YCTAaHOBUTH Ha almapare AaT4yHK,

CIIOCOOHBIN (PUKCUPOBATH HATMYKE Fa30B OPraHUYECKOTO TPOUCXOKICHUS.

Jlnig onpenenenus riryOUHbI IOTPY>KEHUs anmnapara ObUl BHIOpaH 0apoOMETPUUECKHI
natuk. Pacyer gaBiieHus cTONI0A KUIKOCTH TPOU3BoaAUTCS 1o Gopmyste P = pgh,
rae P —aTo naBneHue croda sKUAKOCTH, P — €€ INIOTHOCTh, § — YCKOPEHHE
cBOOOHOTO TajieHus, a h — BeicoTa cTos0a ®KUIKOCTH. B IpUpoaHBIX BotoeMax
Takasi PyHKIHUS TO3BOJUT COCTABIIATh rPapUKH 3aBUCUMOCTH NTApaAMETPOB BOABI OT
ri1yOWHBI IOTPY>KEHUs, OJarofaps 4eMy MOKHO TOUHEE ONPEAETUTh
MECTONOJIOKEHUE UCTOYHUKA 3arps3HEHMs. B MCKyCCTBEHHBIX BOJIOEMAX, HAPUMEDP
KOJIOALIAX, IOMUMO BbIIIEYKa3aHHON (DYHKIIUU MOKHO OYyJI€T ONpPENesiTh CTENEHb

€T0 3aIl0JIHEHHOCTHU BOJIOM.

1.3 Pa3paboTka mporpaMMHO-anmnapaTHOro KOMILIEKCa
VYerpoiicTBo OyAeT pa3eneHo Ha 2 OCHOBHBIC YaCTH — MOTPYKHOM U BHEIIIHUIMA
MOJIyJIH. 3aa4el MOTPyKHOTO0 MOAYJIsl OyAeT SABISATHCS U3MEPEHUE MTOKa3aTese
KauecTBa BOJIbl, KOTJa KaK BHEIIHUM OyAeT coOMpaTh JaHHbIE 00 aTMOC(PEPHBIX

IMOKa3aTCJIAX, BIUAIOIINX HA BOOY, o0ecIreynBaTh nepeaavy AaHHbIX U IIMTAHHUC
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cucreMmbl. AnnapatHast yacth [IAK npencraBnena 610KkoM 3J€KTPOHUKH, KOTOPBIN
JIOJKEH BKJIFOYATh B CE0sI CIEAYIOLNE KOMIIOHEHTHI:
— MUKPOKOHTPOJUIEPHI HA KAXJI0M U3 MOJYJIEH JIsl CHATHSI TOKa3aHUN €
JaTYNKOB, OTIIPABKU JAHHBIX HA YCTPOUCTBO OMEPATOPA;
— COCIUHHMTEILHOIO Ka0es;
— JATYUKHU JUIS CHATUS TIOKa3aHUI Ha 00EHX YacTsX.
[IpuHumMn AeicTBUS yCTPOMCTBA OyIET IPEICTABIIEH HA PUCYHKaX 3 U 4:

MpuHUMN paboTkl ycTPOUCTBA
B NMPUpPOAHLIX BogoemMax

BuewHuit Mogynb, obecneynBaeT NUTaHUe CUCTEMbI
Butas napa, obecneunsaer OT aKKyMynaTopa, U3MepseT credyolue napameTpsbl,

CBA3b MeXay mogynamu nepegaBas uX no DecnpoBOAHOW CBA3W NONb30BATENHO:

» KOHLEHTpaLmA opraHuyeckux
rasos

« AtmocthepHoe aaBnenue

« BnaxHocTb

« Temnepatypa

MorpyxHoit MOAynb, W3MepAET CneaylWe NapaMeTpsl BOAbI,

nepegaeas ux no BUTOM nape Ha BHEWHUH Moaynb:

« [nybuxa

* 3neKTponpoBogHOCTL
* KucnotHocts

* Temnepatypa

Pucynox 3 — nmpunIun paboThl yCTPONHCTBA B MPUPOHBIX BOJOEMAX.



MpuHUMn paboTkl ycTpoUCTBa

Butas napa, obecneuusaer BHewHuit Moaynb, obecneunBaeT NUTaHNE CUCTEMBI
CEATH MERAY MONYRAMN OT aKKyMynATOpa UMM CETH, U3MepsET Creayolne napamMeTphbl,
nepegaeas ux no 6eCNPOBOAHON CBA3W NONb30BATEN!O:
« KoHUeHTpauma opraHuyeckux
razos
« AtmocthepHoe gaeneHue
* BnamHocTs
« Temnepatypa
U \ /

MackumanbHasn

rnybuHa norpyxeHus
6 lMorpyxHo# MoAyNb, W3MepAeT credytoune napaMeTpbl BOAbI,

M
nepeaaeas UX Mo BUTOW Nape Ha BHEWHWIH MOLYNb:

mybuxa
SneKkTpoNpoBOAHOCTL
KucnoTHocTs
Temnepatypa

>

Y | ]

PucyHnok 4 -nipuHuun paboThl yCTPOKUCTBA B KOJIOALAX.
PaccMoTpuM KakIblii KOMIIOHEHT OTAEIBHO.
1.3.1 Bbi0Op 0CHOBHOI0 BHIYMCINTEIBHOIO 3JIeMeHTa 0J10Ka ynpaBJieHusl
KOMILJIEKCA
K ocHOBHOMY BBIYUCIMTEIILHOMY 3JIEMEHTY OJIOKA yIPaBIICHUS
NPEAbIBISIOTCS CIAEAYIONINE TPEOOBAHUS:
- NOJIepKKa MOCJIEI0BATEIbHOTO COEIMHEHNS;
— U(PPOBBIE BXOIbI/BBIXO/IbL;
- aHaJIOTOBBIE BXOJIbI;
— HeOOJIBIIION pazmep;
- HEBBICOKasi CTOMMOCTb;
— MoJI/Iep kKKa OECIIPOBOIHOTO COSTUHEHUS C YCTPONCTBOM MOJIB30BATEIIS
Onupasich Ha AEMIEBU3HY U YHUKAIHOCTh B HUIIE JCIIEBbIX

MHKPOKOHTPOJIJIEPOB, 00JIaJAI0IINX BO3MOKHOCTBIO O€CIIPOBOIHOTO COSTUHCHHMS
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ceMeicTBa MUKPOKOHTpoJIiepoB ESP Ob110 perieHo ucnonbp30BaTh cCaMbli JeMIEBBIN
¥ KOMIIAaKTHBIN 13 HuX — ESP32 S2 mini
Tak kak ycTpoiCTBO OyA€T pa3fesieHO Ha 2 YaCTH — MOTPYKHOUM U BHEIIIHUM,
TO 117151 00eCreueHus CBSI3U MEXIY HUMU OyIyT UCIIOJIb30BaThCSl COCIMHEHHbIE
BUTOM napoi Moayiu RS485, ocymectsisrommm cBsi3b o nporokony UART c
1eJIbI0 00ECTIeUNTh YETKHUI cUrHall Ha riayouHe B 20 METpOB.
Takum 00pa3oM, OCHOBHBIM BBIYUCIUTEIILHBIM AJIEMEHTOM OJI0Ka yIIpaBiIeHUS
annapara siBisitoresa ase miatel ESP32 S2 u noakitoYeHHbIe K HEMY MOJYJIU CBSA3U
RS485.
1.3.2 BbiOop AaTUYNKOB JIsl CHATHS MOKA3AHUI
AnmnapaT J0JKEeH OTCIEeKUBATh JAHHBIE TapaMeTpbl BHEIIHEH CPeJibl:
- pH;
- COJIEHOCTh U JIEKTPOIPOBOAUMOCTb;
- TeMIepaTypa BOJbI;
- BBIJICJIEHUE OPTAHUYECKUX T'a30B;
- riyouHa.
[Tocne u3yuenus priHKa ObLITN BBRIOPAHBI CIEAYIOIINE JATIYUKU:
- repMETUYHBIN naTuuk AasiaeHus (Pucynok 5);
— JATYUK KOHIIEHTPAIIMU COoJiel Ha 0OCHOBE MUKpocxeMbl LMC555
(PucyHok 6);
— JaTduK roproyunx razoB MQ-5 (PucyHok ).

— repMEeTUYHBIN naTuuk TemiepaTtypsl Bojbl Dallas(DS)18B20 (Pucynoxk
8)

11



Pucynok 5 — 'epMeTHYHBIN 1aTUYUK JaBICHUS

Pucynox 6 — JlaTunk KOHIIEHTpAIMK cOJIeil Ha ocHOBE Mukpocxembl LMC555

Pucynok 7 — Jlatuuk roprouux razoB MQ-5
12



Pucynok 8 - DS18B20

2 Co3aaHue JIEKTPOHHOM CXeMbl YCTPOiicTBA.
2.1 Buemnuii MmoayJb (Pucysok 9).

Brennnit Mogynb yCTpOMCTBA B IEPBYIO OUEPElb MPEAHAZHAYEH TS
MATAHMUSA yCTporCTBA. J{JIs ATHUX 11eell B KOHCTPYKITHIO ObLI 100aBIICH
npeoOpa3zoBarenpb HanpsokeHus Hi-Link, 9ro mo3BosuT nuratbes yCTpOHCTBY
KaK OT aKKyMYJISTOPOB, TaK U OT CETH.

Jlns BeiOopa moaenu Hi-Link Obl1 mpoBeieH pacueT MakCUMAJIbHO
oTpeOIIsIeMOi anmapaToM MOIITHOCTH ITyTEM CJIOKEHHS TTOTPeOIIIeMbIX
JATYMKAMHU ¥ BUTOU MApOX MOITHOCTEM:

P = Uln, rune P — moTpebiisiemast 1TaTYuKOM MOIIHOCTh, U — moTpebisiemoe

AATYUKOM HAIIPSAKCHHUC, | — Tok HOTpe6J'IeHI/I$I JAaTYNKOM, N — KOJIMYECTBO

13



JaTYMKOB OJTHOTO TUna. HeoOxoiMMble 1 pacueToB JaHHbIE ObUTH B3ATHI U3
OTKPBITHIX HCTOYHHUKOB.

P(rs-485) = 70MA * 5B * 2 = 700mBT
P(esp32 s2 mini) = 310mMA * 5B * 2 = 3100mBT
P(mg5) = 160mMA * 5B = 800MBT
P(bme-280) = 3,6 mxA * 3,3B =0,01188mBT
P(tds) = 6MA * 5B = 30MBT
P(matuuk naBnenus) = 45MA * 5B = 225MBT
P(ds18b20) = 1,5MA * 5B =7,5MBT
P(tp4057) = 500MA * 5B = 2500MBT
P(ph-metp) = 25MA * 5B = 125MBT

P(Buroii maper) = Ul
ITo 3akony OMa i1 yyacTKa Lenu:

| = U/R, orcrona: P(Butoii maper) = U?/Ro6 = (5B) 2/ 8,520m = 2,934MA

Pobmree = P(rs-485) + P(esp32 s2 mini) + P(mg5) + P(bme-280) + P(tds) +
P(maTumk naBnenus) + P(ds18b20) + P(tp4057)+ P(ph-metp) + P(BuToii maphbn)
= 700MBT + 3100MBT + 800MBT + 0,01188MBT + 30MBT + 225MBT +
7,5mMBT+ 2500MBT + 125MBT + 2,934MA = 7490,44588MBT nim
7,49044588BT
Wcxons U3 HaiiieHHON TOTpeOIsieMoil anmapaToM MOIIIHOCTH Oblia
BbIOpana mojenb Hi-Link na 20BT, a 1151 ero npeaoxpaHeHus OT PE3KUX
CKAYKOB HAINpsKCHUs OyIEeT YCTAaHOBJICH MO/, HE MPOITYCKAFOIINH
aJIeKTpUYeCcKuil TOK Mo Hampasiennto K Hi-Link . Taxke 1a0b1 n30exath
CKaYKOB HaIpsKEHUS B cXeMe OyJIeT ucnoiib3oBaThcsi Moayib TP 4057.
JIist iepeiaun JaHHBIX YCTPOMCTBA MOJB30BATEI0 OYAET UCTIOIb30BAThCS

MUKpokoHTpoJutep ESP32 S2 mini, B koTopoMm mperycMoTpeHa CBS3b 110

Wi-Fi.
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Bo BHelHeM MoayJie ycTpoiicTBa OyIeT YCTaHOBIIEH CleyIOIuUi Habop
JNATYUKOB:
- BME 280, uzmepsier Temnepatypy U BIQXHOCTh BO3AyXa, aTMOc(epHOoe
JABIICHUE.
- MQ5, n3mepsieT KOHIICHTPAIUIO TOPIOYMX Ta30B.
CBs13b MEXY MOIYJISIMU OyZeT o0ecrieunBaThes MoayieM RS 485 u 4-x
SIIEPHOM BUTOM MapoM, 2 siipa KOTOpoi Oy IyT nepeaaBaTh JIaHHBIC MEXTY

MOJTYJISIMU, @ OCTAJIbHBIE 2 — MTUTATh MOTPY>KHOU MOJTYJIb.

Hi-Link

npeob pasyer
Hanpskenne 220B
B 5B

Avog,
npegoxpaHser
NOHWKAOLLYHO TP 4057,
Rs 485 annapartypy npegoxpaHseT o1
(obecneunsaer CKa4KoB
nepezavy AaHHbIX HanpsXeHns B
MeXzy MOAyNaMK) uenn

MukpokoHTponnep AKKyMYNSTOPbI
ESP32 52 mini 18650

[JaTtunk
aTMocepHoro [laTumnK roproumx
AaBneHns, rasos MQ5
BNIAXHOCTN 1

Temneparypbl

BME 280

PucyHoK 9 — areKTpOHHas cXxeMa BHEIIHEr0 MOIYJIS.

2.2llorpy:xHoii Moayab (Pucynok 10)
['maBHas 3a7a4a MOrPy>KHOTO MOAYJIS — 3TO U3MEPEHHUE KaueCTBA BOJIBI.
Jlis 3Tol nenu Oy1eT NPUMEHSTHCS CIEeAYIOMUNA HabOp JaTYUKOB:
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- I'epmeTnunsiii Tepmomerp Ds18b20
- TDS — MeTp, u3mepsieT CTeleHb MUHEPATU3aIlui BOIbI
- pH — mMeTp, u3mMepsieT KUCIOTHOCTH BOJIBI
- ['epMETHYHBIN JaTYHUK AaBICHHUS, C TOMOIIBIO KOTOPOTO OYyIeT
OTIPEIEIATHCS TIIyOrHA, Ha KOTOPOW HAXOIUTCS yCTPOHCTBO.
B kadecTBe MUKPOKOHTpOJUIEpA TaKKe, KaK U BO BHEIIIHEM MOJTyJIe, UCTIOIb3YeTCs
ESP32 S3 mini u3-3a cBOMX CKPOMHBIX rabapuTOB.
CBsi3p CO BHEITHUM MOAYyJeM OyneT o0ecnieunBatbes Moayiem RS 485,
COCJIMHEHHBIM C TaKUM K€ MOJIyJIeM BO BHEIIITHEM MO/TyJIE€ IIPU TOMOIIY BUTOM Maphl.

KOHI[GHC&TOp eMKOCThIO 10 MKCD, YCTaHOBHGHHBIﬁ B CXCMC, IIPCAOTBPAIIACT PC3KUC

CKa4YKHN HAIIPSIKCHHA.




3AK/IIOYEHUE

B xoze paboThl ObUTH OIpe/ieNieHbl OCHOBHBIE TAKTUKO-TEXHUYECKUE
XapaKTEPUCTUKHU U GOpM-(PaKTOp KOMILIEKCA:
— rIyOrHa morpyskeHus 10 20 MeTpoB;
- OecrnpoBoiHAs Mepeava TaHHbIX;
— OCYIIIECTBIICHUS OTCIICKUBAHUS ITAPAMETPOB BHEITHEH CPEJIbI, TAKUX KaK
TeMIlepaTypa, MUHEpaliu3aius, TTyOrHa, BbIJIeJICHHe OpraHnYecKux ra3on, pH.
B pabote Taxke nmpoBeAEH aHAIN3 CYIIECTBYIONINX aMlapaToB, BBIICICHBI U
KJ1acCU(UIIMPOBAHBI OCHOBHBIE THUIIBI, OTIPEJIEIICH XapaKTep BBIMOIHAEMBIX 3a/1a4.
[To pe3ynpTaTaM BBITIOJIHEHUS MPOSKTHON paOOTHI ObLJIa COCTABIICHA YEPHOBAS
cxema ycTpoiicTBa B nporpamme EasyEDA, a nmocie 1opaO0TKH KOHIIEIITA anmnapara

YHCTOBAs cxema ObLIa co3/iana B cpene Fritzing.
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