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Annomayus. VIsMepeHue BIIaXKHOCTU II0YBBI SIBJIETCA Ba)KHBIM IIPOLIECCOM B arpOHOMMHH,
9KOJIOTUH U THPpOJoruu. TpalulinoHHbIE METO/bl U3MEPEHUS BIAXKHOCTU MOTYT ObITh JOPOTUMU U
TPYAOEMKHMH, YTO J€JAET MCIOJIb30BAHUE AOCTYIHBIX U MPOCTHIX B IKCIUIyaTallUd TEXHOJIOTUH,
TaKUX KaK MUKPOKOHTPOJUIEPHI, IIPUBJICKATEIbHBIM pelicHueM. B 1aHHOH cTarbe paccMarpuBaeTCs
METOJl M3MEPEHHUs BIAXKHOCTU IIOYBBI C HCIOJB30BaHMEM Iiardopmbl Arduino, ¢ onucaHueM
MPUHIUIA paOOTHl JAaTYMKOB, CXEMBI MOIAKIIOYCHUS U IIPOTPaMMHOTo obecniedeHus st 00padoTKU
JAHHBIX.

Abstract. Measuring soil moisture is an important process in agronomy, ecology and
hydrology. Traditional moisture measurement methods can be expensive and time-consuming,
which makes the use of affordable and easy-to-use technologies such as microcontrollers an
attractive solution. This article discusses a method for measuring soil moisture using the Arduino
platform, describing the principle of operation of sensors, wiring diagrams and data processing
software.

Knrouesvie cnosa: mousa, BIaXKHOCTb, MUKPOKOHTPOJILIEP, AaTYUKH, 00paObOTKa TaHHBIX.
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BnakxHOCTh MOYBBI — 3TO BaKHBIN MOKa3aTellb, KOTOPBIA OMpeeNsieT CoAepKaHUe BOIbI B
MmoyBe. DTOT MapaMmeTp HUrpaeT KIIOYEBYI0 POJb B CEIbCKOM XO3SCTBE, YIPaBICHUU BOJHBIMU
pecypcamMu M JKOJIOTHH, TaK KaK OH BIMSET Ha POCT PAaCTEHHUH, KA4ECTBO YpOXKas M COCTOSHUC
9KOCHCTEM. TpaauIMOHHBIE METOABl HM3MEPEHUS BIIAXKHOCTH, TAaKWE KaK TPaBUMETPHUS WU
UCIONIb30BaHNE MHPPAKPACHBIX TATYUKOB, YACTO SBISIFOTCS CIOXHBIMHU U JOPOTUMH IS IIUPOKOTO
npuMeHeHus. Arduin0 — 3To HeOoJbIas yIpaBisoas IaTa ¢ COOCTBEHHBIM IMPOIECCOPOM U
namaATe0. [IoMUMO HUX Ha IUIaTe eCTh Mapa JIeCITKOB KOHTAKTOB, K KOTOPBIM MOYKHO TMOIKITIOYAThH
BCEBO3MOKHBIC KOMITOHCHTBHI: CBETOAMOJBI, JATIYUKHA, MOTOPHI, YaWHHUKH, POYTEPbI, MArHUTHBIC
JIBEpHBIC 3aMKH M BOOOIIE BCE, UTO paboTaeT oT anekTpuyectsa[l, 2].
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Memoovwl uccnedosarus

UccnenoBanue npumeHeHus mmiargopmbl Arduino B H3MEpEHUSX MOXKHO IIPOBECTH C
MCIIOJIb30BaHUEM PA3ITUIHBIX METOOB.

CpasnumenvHoe uzmepenue . IPOBECHUE SKCIIEPUMEHTOB, B KOTOPBIX UCTIONB3YIOTCS Arduino
U TPaJUIUOHHBIE U3MEPUTENbHbIE MPUOOPHL. DTO MO3BOJUT OLEHUTh TOYHOCTh U HAIECKHOCTh
naHebIX Arduino.

Kanubposxa oamuuxog: KamuOpOBKa pa3IUYHBIX JAaTYMKOB C UCIONb30BaHUEM Arduino s
MIPOBEPKU UX TOYHOCTH U CTAOUITBLHOCTH B Pa3IMYHBIX yCIOBHSIX.

Obpabomka OanHbix: COOp W aHAIMU3 JAaHHBIX, IOJIYYEHHBIX C TOMOIIbl0 Arduino, ¢
WCIIOJIb30BAaHUEM CTAaTHUCTUYECKUX METOIOB JJsi OLEHKH HUX JOCTOBEPHOCTH U BBISBICHUS
3aKOHOMEPHOCTEM.

B mpomeccop ApAaynHO MOXKHO 3arpy3uTh MpOrpaMMmy, KOTopas OyneT ympaBisTh BCEMHU
3TUMH yCTPOWCTBAMU IO 33aJaHHOMY aJlrOpUTMY. Takum o0pa3oM MOXXHO CO31aTh OECKOHEUHOE
KOJIMYECTBO YHUKAJIBHBIX KIIACCHBIX Ta/KETOB, CIEIAHHBIX CBOMMH PYKaMH U 1O COOCTBEHHOM
3agymke [3, 6].

Hcnonp30BaHne MUKPOKOHTPOJUIEPOB, TaKMX Kak Arduino, MpeaoCTaBiseT IOCTYIHBIE WU
3¢ deKTUBHbIE pElICHUS i MOHUTOPHHra BJIaXKHOCTH mouBbl. CucremMa Ha 6aze Arduino
MO3BOJIIET CO3/1aBaTh MPOCTHIE M HEAOPOTHE YCTPONCTBA JJIsi MOHUTOPUHIA COCTOSIHHS TOYBBI B
pEaTbHOM BpPEMEHH, YTO OCOOCHHO AaKTYaJIbHO JJISi CEIbCKOTO XO3SWCTBA M JKOJOTHYCCKUX
HCCIIE0BAHMM.

Ipunyun pabomuvl 0amuyuxkos 61aNCHOCMU NOYebl. JIaTIMKN BIAKHOCTH MOYBBI paOOTAIOT HA
OCHOBE Pa3NUYHbIX (PU3MYECKUX MPUHIUIOB, TAKUX KaK U3MEHEHHE COIPOTUBIICHUS, EMKOCTH WU
MOTEHIIMAaa TIOYBBI B 3aBHCHMOCTH OT €€ BIaXHOCTH. HamOosee pacmpoCTpaHEHHBIMH THITAMU
JATYUKOB [T N3MEPEHUS BIQXKHOCTH MOYBHI sIBIIstOTCS [2, 3]:

ConpomusumenbHvle 0amuuKy 61AXCHOCMU. DTU ATYUKU padOTAIOT HA OCHOBE M3MEHEHHUS
AIIEKTPUYECKOTO COIMPOTUBJICHUS MEXIY ABYMS MPOBOIHHUKAMHU, DPACIOJIIOKEHHBIMU B TIOYBE.
Bna)XHOCTB MMOYBHI BIUSET HA MPOBOJMUMOCTD BOJBI B TTOYBE, YTO MU3MEHSIET COMPOTHUBICHUE MEKITY
anektponamu.[IpenmyiecTsa: MpocToTa B peajn3alii ¥ HU3Kas CTOMMOCTh. HemocTarku: Moryt
OBITh TIOABEPKEHBI KOPPO3UHU TIPU JUTUTEITHHOM HCIIONb30BAHUU B BIAXKHOM cpefie.

Enmxocmuvle damuuxu enasxcrocmu. ITH JAaTYUKU U3MEPSIIOT MU3MEHEHHE EMKOCTH MEXITY
ANIEKTPOJIAMH, KOTOPBIE HAXOIATCS B TOYBE. VI3MEHEHHE €MKOCTH CBSI3aHO C KOJIMYECTBOM BOJIBI B
MOYBE, TaK KakK BOjAa 00JIaaeT BBICOKOM AMAIEKTPUUYECKON MpPOHUIaeMOCTh0. [IpenmyiecTna:
Oonee TOYHBIE W3MEpPEHUS W MEHbIIas TOABEPKEHHOCTh KOPPO3UU IO CPAaBHEHUIO C
CONPOTHUBUTENBHBIMU AaTunkaMu. HegocraTku: 6osee BhICOKasi CTOMMOCTb.

Tuepomempuueckue oamuuxu. VICTIONB3YIOT W3MEHEHHS BJIQXKHOCTH B 3aBUCHUMOCTH OT
OCMOTHYECKUX CBOWMCTB MarepHaioB, YyBCTBUTEIBHBIX K BIAKHOCTH. JJIs MPOEKTOB Ha Tiardopme
Arduino wdarie BCEro HCIONB3YIOTCS CONMPOTHBUTEIbHBIC WM EMKOCTHBIE IaTUYHUKH H3-3a HX
JOCTYMHOCTH U MPOCTOTHI MOJKITIOUYCHUS.

Obopyoosanue ona usmepenus. Muxpoxonmponiep Arduino. Jlns v3MepeHUs: BIAKHOCTH
MOYBBl HMCTOJNB3yeTCsl Miata Arduino, KoTopas CIYXHT JUisi 0OpaOOTKM MaHHBIX C JaTdyuka |
yIpaBJIeHUs] BbIBOJAMHU. B kauecTBe mpuMepa MOXHO HCIOIB30BaTh MOMYJsSpHbIE miartel Arduino
Uno wimm Arduino Nano, xoTopbie 00eCreunBarOT JTOCTATOUYHYIO BBIYMCIUTEIBHYI) MOIIHOCTh H
KOJIMUECTBO BXOHBIX/BBIXOHBIX THHOB JIJIS IIOIKITFOUEHHSI TaTIMKOB [2, 3].

Jlamuux enasxcnocmu nouswvi. Jis moakimodeHus K Arduino MOXXKHO HCIIOIB30BaTh JaTYHK
BJIQXKHOCTH, Hampumep, YL-69, KoTOpeIii sBISETCS pacnpoCTpaHCHHBIM IPEJICTABUTEIEM
COMPOTHUBUTENBHBIX AATYMKOB. [laTYMK COCTOMT W3 JBYX JJIEKTPOIOB, KOTOPBIC MOTPYXKAIOTCS B
MOYBY U U3MEHSIOT CBOE CONPOTUBIICHUE B 3aBUCUMOCTH OT €€ BIXXHOCTH [3, 4].
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Pucynok 2. JlaTyuk BIaXHOCTH No4BHI Y L-69

Hononnumenvhvle Komnonenmovi. Pe3UCTOPbl (IJIsI KOPPEKTHOTO MOAKIIOYCHUS JaTdydka K
aHajoropoMy Bxoay arduino), mpoBoma (I COCIMHEHHsS KOMIIOHEHTOB), 010K mutaHus (mis
obecrieueHust mutaHus arduino).

Cxema nookmrouenus. IoakmarouaeM BeiBog VCC marynka BIaxHOCTH K 5V Ha miare Arduino.
IMonxirouaem BeiBOg GND nmarumka k GND Ha Arduino. ITomkirouaeM aHasmorosslii Beixon AQ
jJaryrka K aHaimoroBomy Bxoay AO wa Arduino. Ilpu HeoOXOAUMOCTH MOYHO MOJKITIOYMTH
JIOTIOJTHUTEIBHBINA PE3UCTOP ISl TOUHOM KaTMOPOBKU M3MEPEHUM.

Pucynoxk 3. Cxema noaximoueHuss MUKpoKoHTposuiepa Arduino Uno v gaTyMKa BJIaXKHOCTH ITOYBbBI

IIpoepammmnoe obecneuenue. Ilporpammsl 1ist ApIyrHO MUIIYTCS Ha OObIYHOM si3bike CH++,
JIOTIOJTHEHHBIM MPOCTBIMU W TOHSATHBIMU (QYHKUMSIMH JJI YIpaBJI€HUS BBOJOM-BBIBOJIOM Ha
KOHTakTax. J[is paboThl ¢ AATYMKOM BIAXHOCTH TOYBBI HEOOXOAMMO pa3paboTarh Mporpammy,
KOTOpast OyJeT CYMTHIBATH JaHHBIC C AHAJIOTOBOTO BXOJa M BRIBOJMTH UX Ha MOHHTOp mmopTa [4, 5].
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PI/ICYHOK 4. YcTaHOBKa AaT4YvKa BJIAX)KHOCTH Ha IIOYBY

[Tpumep xoxa mist Arduino:
cpp
Konmposars kox
int sensorPin = AQ; // aHaJIOTrOBBIM BXOI I/ JaTYHUKA
int sensorValue = 0; // mepemMeHHas 111 XpaHEHUS 3HAYCHUS C JTaTUYNKA
void setup() {
Serial.begin(9600); // Ununuanu3aius mopra s BEIBOA JaHHBIX

}

void loop() {
sensorValue = analogRead(sensorPin); // Urenue 3HaueHus ¢ JaTUnKa
Serial.print("Sensor Value: ");  // BeiBoa 3HaueHus
Serial.printin(sensorValue);
// TIpeoOpa3yem 3HauEHUE B MPOIEHTHI BIAKHOCTH (IpUMepHasi KaTuOpoBKa)
int moisturePercentage = map(sensorValue, 0, 1023, 0, 100);
Serial.print("Moisture Percentage: ");
Serial.printin(moisturePercentage);

delay(1000); // 3amepxxka B 1 cekyHIy

}

B sTOoM mpuMepe mporpaMMa CUMTBHIBACT aHAJIOTOBOE 3HAYCHHE C JIATYMKA W BBIBOJWUT €0 Ha
MOHHTODP MopTa. Takke MPOU3BOIUTCS POCTask KaTHOPOBKa 3HAUYEHU B MPOLIEHTHI BIAKHOCTH.

Kanubpoexa. Jlnsg TOYHBIX HW3MEpeHHH TpeOyeTcss KaauOpoBKa JaTdyuka B Pa3IUYHBIX
YCIIOBUSAX BJIOKHOCTH TIOYBBL. PEKOMEHIyeTCsi HCITOJIb30BaTh IMOYBY C HM3BECTHOW BIIAKHOCTBHIO
(HarpuMep, BBICYIICHHYIO M IOJIHOCTBHIO HACHIIICHHYIO BOJOW TOYBY) JIJISL ONPEIEICHHUS] TOYHBIX
3HAYEHUN COMPOTHUBIEHUS M HMX COOTBETCTBHS YPOBHSM BIQXXHOCTH. JTO TMOMOXET KOPPEKTHO
HACTPOUTH MPOTpaMMYy JJis OTydeHuUs: 60Iee TOUYHBIX TaHHBIX.

Ipeumywecmea u Hedocmamxu. Vicnonb3oBanue Arduino At ©3MepEHUs BIAKHOCTH TTOYBBI
UMEET HECKOJIBKO BaXKHBIX MpPEeUMyMmecTB. Arduino W JaTduKd BIQKHOCTH TIOYBBI SIBIISIOTCS
JOCTYMHBIMU M JIEHIEBBIMU KOMIOHeHTaMu. CucTema Jerko coOupaeTrcs U HACTPauBaeTcCs, 4YTO
JieNaeT ee JOCTYMHOW IS WMCIONB30BaHUSI B 00pa30BaTeNbHBIX U HCCIEIOBATEIBCKUX MPOEKTaX.
BO3MOXXHOCTh HHTETpallid ¢ JAPYTUMHU JIaTYNKAMA W CHCTEMaMH, TaKUMH KakK JaTYHKH
TEMIIEPATyPhI WM YPOBHS BOJIBI, JUTS CO3aHHS KOMIUIEKCHBIX CHCTEM MOHUTOPHHTA.

OnHaKko UMEIOTCS U HEJIOCTATKH, TAKUE KaK: COMPOTHBUTENbHBIC JaTYMKH MOTYT OBITH MEHEe
TOYHBIMUA U TIOJIBEP>KEHBI BIUSHUIO (PAKTOPOB, TAaKUX KAaK COJICHOCTh WM XUMHYECKHI COCTaB
TTOYBBI; JIEKTPOABI COMPOTHBUTEIBHBIX JATYUKOB MOTYT CO BPEMEHEM IOJBEPraThCsl KOPPO3HH,
OCOOCHHO B YCJIOBHSIX JUIUTEIHHOTO UCTIOH30BAHHUS.
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3axnouenue

N3mepenne BIaKHOCTH TMOYBBI ¢ MCIOJIB30BAHUEM MHKPOKOHTPOJIEPOB Arduino sBiseTcs
YIOOHBIM U HEIOPOTMM METOAOM JIJIi MOHHTOPWHTA COCTOSHUS TOYBBL. DTOT TOAXOJ MO3BOJISIET
CO3/1aBaTh CHCTEMBI ISl aBTOMAaTHYE€CKOTO KOHTPOJIS BIQXKHOCTH, YTO MOXET OBITh TMOJE3HO IS
CEIbCKOTO XO35MCTBA, HAYYHBIX HMCCIICIOBAHWNA W DKOJOTHYECKOTO MOHHMTOpHHTAa. Hecmorps Ha
HEKOTOPbIE OTrPAaHMYCHHUS B TOYHOCTH M JIOJITOBEYHOCTH JATYMKOB, TexXHOMOorus Arduino
MPEIOCTABISIET THOKOCTh M BO3MOXKHOCTH IS JANBHEWINUX YIYUIICHUH W pa3paborku Ooiee
CJIOHBIX CUCTEM MOHUTOPHUHTA.
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