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AHHOTaI M

CoBpeMeHHbIe IPOrpecCHBHbIE MH(POPMaLMOHHO-KOMMYHUKaLMOHHbIe TexHooruu (MKT) cTpeMuTensHO BHEIPSIFOTCSL BO
Bce cdepnl arporpomeiiiuieHHoro komruiekca (AITK). «YMHOe» ceylbCKOe XO3SICTBO T03BOJISIeT B Pa3bl NMPUYMHOXKATb U
MHTeHCHU(ULIMPOBATh MPOU3BO/ICTBO, TIepepabOTKY M pean3aliyio POAYKIMY PaCTeHUEBOACTBA U )KUBOTHOBO/CTBA. B flaHHOM
paboTe paccmarprBaeTcsi pa3paboTKa M CO37laHMe MO[y/isi, COCOOHOro cobuparh, XpaHWTh W Iepe/laBaTh JAaHHbIE 00
OCHOBHBIX T[apamMeTpax MHKDOK/IMMAara B J>KMBOTHOBOAUECKOM TmomeljeHud Ha 0aze Arduino UNO. Ilpepnaraetcs
WCII0JIb30BaHKe LM(POBLIX U3MEpPUTeIbHBIX MOAy/el (AaTuvK TemIlepaTypbl U OTHOCHUTE/NBHOM BIaXHOCTH Bo3zayxa (DH22),
Jaruvk ocseménHoct (BH1750) w pgarumk rasa (MQ-135)) gss cbopa W XpaHeHWs /laHHBIX, aJjallTUPOBAHHBIX K
BCEBO3MO)KHBIM BapHal[UsiM TeMIIepaTypbl, B/Ia)KHOCTH BO3AyXa W KOHLeHTpaluu rasoB. [losmyueHHass uHGopMaiusi o
MUKDOK/IMMaTUUeCKUX IlapamMeTpax I103BOJUT TPUHATh [lefiCTBeHHble Mepbl CebXO3MPOU3BOAUTENSM I10 COZep>KaHUI0
JKMBOTHBIX B ONTHUMAa/bHBIX YCJIOBUSIX, UTO, B CBOK OUepe/ib, MPUBEAET K YBEJUYEHHIO UX NPOAYKTUBHOCTU U COKpPALLEHUIO
U3 eprKeK.

KimoueBble C/10Ba: MUKPOKJ/IMMAT, XKUBOTHOBOACTBO, 10T, Arduino UNO.
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Abstract

Modern progressive information and communication technologies (ICT) are rapidly being introduced into all areas of the
agro-industrial complex (AIC). «Smart» agriculture makes it possible to significantly increase and intensify the production,
processing and sale of crop and livestock products. This work discusses the development and creation of a module capable of
collecting, storing and transmitting data on the main parameters of the microclimate in a livestock building based on Arduino
UNO. It is proposed to use digital measuring modules (temperature and relative humidity sensor (DH22), light sensor
(BH1750) and gas sensor (MQ-135)) to collect and store data adapted to all possible variations in temperature, air humidity
and gas concentrations. The information obtained about microclimatic parameters will allow agricultural producers to take
effective measures to keep animals in optimal conditions, which in turn will lead to an increase in their productivity and a
reduction in costs.

Keywords: microclimate, livestock farming, IoT, Arduino UNO.

BBeaenmne

B Hacrosiriee Bpemsi aKTMBHO BeZ[yTCS HCC/Ie[OBaHMsl, pa3pabaThIBAlOTCS TPOEKTHI, COBEPLIEHCTBYIOTCS METOAbI U
MOAXOJbl 10 BHE/PEHUI0 ABTOMATM3UPOBAHHBIX M POOOTU3MPOBAHHBIX KoMIiekcoB B AITK [1]. WHdopmaimoHHO-
KOMMYHHKallioHHbIe TexHOoruu (VMKT) AMHAMHUYHO M [OCTAaTOYHO OBICTPLIMH TeMIaMHM HHTErPHPYIOTCS BO BCE CEKTOpa
cenbekoro xossiictBa [2]. K mpumepy, BHegpenne VKT B pacTeHHMeBOACTBO TO3BOJIsieT aHANIW3MPOBaTh MH(OPMALMIO O
(hu3MUeCKUX rapameTpax OKPY’Kalollel Cpe/ibl, TAKAX KaK TeMIlepaTypa U BAaKHOCTb. JTO BeJeT K YAyUYIIeHHI0 KauecTBa U
YPOXKaHOCTH  Ce/IbCKOXO3SIMCTBEHHON —IPOAYKLMM, COOTBETCTBEHHO, K YBEJMUEHMI0 peHTa0eIbHOCTH. «YMHOEe»
JKUBOTHOBOJCTBO, I0Jpa3yMeBaeT aBTOMAaTH3MPOBaHHOe YIIpaB/leHWe TeXHUUYeCKMMH CUCTeMaMH Ha (pepMax C TOMOILbIO
cMapTdoHOB. UTO Takke MPUBOAUT K COKDAIIIEHHIO 3aTpaT U YBEJIMUEeHUIO TIPOAYKTUBHOCTH KUBOTHBIX [3], [4]. MHOXecTBO
TeXHOJIOTMUEeCKUX MPOEKTOB B CENMbCKOM XO35MCTBe peayM3yroTCsl C TIOMOLbI0 LIU(POBBIX TEXHOJIOTUI «VIHTepHeT Belleii» —
Internet of Things — IoT. MiHTepHeT Bemeil 1o3BosisieT MOMyyaTh MH(GOPMALMIO O BHEILIHel cpefie IPY TIOMOILM Pa3/IMUHOIO
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poJia CpPeZICTB U3MepeHHs], COCTOSIIMX U3 TIPOCTHIX JATUMKOB (TeMIepaTyphbl, BIa)KHOCTH, /laB/IeHNs), IPUOOPOB YU&Ta, a TakKe
WHTErPUPOBAHHBIX M3MepUTe/bHBIX Mofy/edl. C MOMOIIBI0 HACTOSIMX TEXHOJIOTMH IOSBM/IACh BO3MOXKHOCTb COOMpath U
HakKaIryIMBaTh JaHHble 00/bIINX 00BEMOB C nocienyromieid ux o6paboTKoH, a Takke repesaBaTh 3T JaHHbIe HA pas/IMuHbIe
VHTEPaKTUBHbIE YCTPOWCTBA (CMapTQoOHbI, KOMIbioTepbl) [5], [6]. BbICTPYyI0 M OJHOBPEMEHHO KaueCTBEHHYHO pa3paboTKy
VHTePaKTUBHBIX CHCTEM MO)XHO OCYIIeCTBUTH IPU IOMOLIM BbIUMCAUTeNbHOM TiatdopMel Arduino. [lanHHas mnnatgopma
BK/TIOUaeT B cebs MPOCTYIO T/IaTy C MHKDOKOHTDOJUIEPOM, a TaKXKe CIeLMajbHYI cpely pa3paboTKu [Jisi HarlvCaHHs
nporpammHoro obecriederusi (I10). IMomynspHOCTb ZaHHOW TIIaT(OPMBI CBs3aHa C JOCTYMHOCTBE) HAlMCAHUSI CKETYeH,
WCXOZHOTO KOZla, OTCYTCTBHEM OrpaHUUYeHHU U BO3MOKHOCTbIO He3aBHCHUMOI'0 UCII0b30BaHUs U PaClipOCTpaHeHusl.

CekTOp >XMBOTHOBO/CTBA BO MHOIOM 3aBUCHUT OT YCJIOBUM COZlep)KaHUsl M pasBefleHus J>KMBOTHBIX (mTuu). B
JKUBOTHOBO/JUECKHX TOMeIeHHsIX CKOHLIEHTPUPOBAHO O0JIblIOe KOIWYeCTBO 3arpsi3HUTENeH, MepeHOCHMBIX I10 BO3LYXY,
BPe/IHBIX Ta30B, IbIIK, MHUKPOOPraHu3MoB. CTpemuTenbHoe UX 0OpasoBaHHe OIpeie/seTcs IPUPOJHO-KIMMAaTHueCKUMU
YCJIOBUSIMH OKpY’Karolrieil cpeZibl, TJIOTHOCTBIO pa3MellleHHsl )KUBOTHBIX B TIOMeIleHUH, TUIIaMU KOPMOB, a TakxKe IUIOIIaZbio
TIOMeILieHus], CUCcTeMOii 00pabOTKH, ypOBHEM BEHTH/IMPOBAHUS BO3[yXa, TEMIIEPaTypHbIM DEXHUMOM B IIOMellleHHH U T.4. B
OosbIIel CTermeHW WMEHHO MHMKPOK/IMMaTHuecKde TapameTphl (TeMIleparypa, B/IaKHOCTb, Ta30BBIM COCTaB) HAMpSMYIO
B/IMSIIOT Ha TPOM3BOAUTENLHOCTh U MPOAYKTUBHOCTh JKMBOTHBIX (ITHI]). MaKkCHManbHO [OMYCTHMBIA YPOBEHb I1apaMeTpoB
MHUKDOK/IUMaTa OripeZiesieH [/ KakJOW BO3PaCTHOM TPYIMIbI KUBOTHBIX (IITHL]) U 3aBHCUT KaK OT TPOAYKTHUBHBIX, TaK U
¢usnonornueckux crocobHocreti [7], [8], [9]. CrMIKoM BBICOKHE 3HaueHUsl TEMITEPATYPBI ¥ BIXKHOCTU OKPY’KaroIllel cpe/ibl
MOTYT CIIPOBOLIMPOBATh TEIJIOBOM CTpecC y >KMBOTHBIX, UTO BbI30BET CHIJKEHMe allleTuTa, NMpob/eMbl C MUIeBapeHueM,
3aMe/|/leH/e NIPUPOCTa Beca U CHIKeHUe MpOoAyKTUBHOCTU. K mpumepy, cofepykanue KpynHoro poraroro ckora (KPC) mpu
Temrieparype Bbllle 24°C U BA@KHOCTU 59% NPUBOAUT K HapPYLIEHUIO UX TePMOPEry/siUU U Kak CJIe/CTBHUE MPOUCXOAST
(usronornyueckye, oBejleHYeCcKre U TPoAyKTHBHbIe u3MeHeHust. CHKaeTcst motpebneHrie kopMa Ha 10-30%, ymeHblaetcs
JBUTraTe/ibHasi akTUBHOCTh Ha 20—50%, cHW)KaeTCsl MOJIOUHas TIPOAYKTUBHOCTE A0 35%, yBeIMUMBaeTCs MajeXX MOJIOAHSIKA Ha
5-40%, a 10-15% pOXKAE€HHBIX TPH 3TOM TeJAT YacTO POXKIAITCS OOMbHBIMA M WMEIOT BIIOC/IECTBUU TMOHIDKEHHBIE
MIPOJYKTUBHBIE TIOKa3aresu. [Ipy 6ecripuBsi3HOM cofiepKaHWM Ha TTyOOKOH MOACTHIIKE [JOMYCKAaeTCsl COAep)KaHHe KMBOTHBIX
nipu temreparype 6°C, uto Ha 4°C HuKe, yeM IpU MIPUBSI3HOM CofepykaHuu. Temrieparypa B POAU/ILHOM OT/Ae/IeHUU [0/DKHA
M0Jlep)KuBaThcsl Ha ypoBHe 14—48°C [10].

HecmoTpst Ha 3HauUMTe/IbHOE UMC/I0 (PyHAaMeHTalbHbIX U MPUK/IaAHbIX UCCIe[0BaHUH, OTCYTCTBYIOT CICTEMHbIE pellleHus],
YUMTBIBaIOI[e peaklMi0 OpraHW3Ma >KMBOTHOIO Ha TeIUIOBble CTPECChl M BbI3bIBAMOLMe HX MpUYMHBL. [losTomMy Ha
CerofiHsILIHNMN /leHb COBEpIIeHCTBOBaHHE METO/0B U TEXHUYEeCKHUX CPEe/ICTB, KOTOpPbIe T03BO/IST KOHTPOJIMPOBaTh MapaMeTphl
MUKPOK/IMMaTa B )KUBOTHOBOJYeCKUX MOMeLLeHUsIX, SB/SeTCs aKTya/lbHO!U 3aZiadeld. B JaHHOe BpeMst He BCe XO351CTBa UMEIOT
BO3MOKHOCTb OTCJI®KHBATh M YTIPABJISITE COCTOSIHHEM OKpY’Karoliedl cpe/ibl B JKUBOTHOBOZUECKOM TIOMeIIleHUH M3-3a BHICOKOU
CTOMMOCTH TeXHHYecKoro obopyzaoBaHus. C TIOMOLbIO WHHOBALMIOHHBIX, a/jallTUPOBAHHBIX, LW(GPOBBIX TEXHOJIOTHN
TIOSIB/ISIETCST BO3MOKHOCTh MUHUMH3HPOBATh 3aTPaThl HA MO/yUYeHre ONTHManbHONH WH(OPMAaL[K O TeMIlepaType, BIaKHOCTH,
XMMHUYeCKOM COCTaBe BO3yXa, OCBEILEHHOCTH U AApyrux (akropax [11]. B paboTe o6cyxzaaeTcsi co3saHue IPOTOTHIIA MOAYIIS
It cbopa MHGOpPMaALMM 0 MUKPOK/IMMare B >KUBOTHOBOJUECKOM IIOMellleHWH Ha Iuiardopme Arduino, B cocTaB KOTOPOH
BXOJIUT cpefia pa3pabotku cketueid (mporpamm) Arduino UNO. PaccmarprBaeMasi pa3paboTka COJep>KUT [U(MPOBbIe JaTUUKU
TeMIlepaTypbl U BJ&XHOCTH, Fa30BOr0 COCTaBa BO3/lyXa, a TaKyKe OCBElEHHOCTH, UHTe/IeKTya/lbHble H3MepUTe/IbHble MOZY/IN
Isisi cbopa M XpaHeHWs JIaHHBIX, a/laliTHPOBAHHbIE K BCEBO3MOXKHBIM YCJIOBUSIM OKDY’Karollel cpefpl KMBOTHOBOAUECKOTO
niomelrieHusi. HayuHo-uccemoBaresibcKasi meib paboThl COCTOUT B TIOMCKe pellleHus pobieMbl HaZieXKHOTO cOopa 1 XpaHeHHsI
JAHHBIX O MHKDOK/MMare C TIOMOLIbH) HeJOPOTMX KOMIUIEKTYIOIMX M arapaTHoi rmiargopmel Arduino ¢ OTKPBITHIM
VICXOZHBIM KOZIOM.

MeTo/bl M IPHUHLMIBI HCCIe0BAHUS

s peanu3anuy 3asiB/IeHHOW Lie/IM HaMU ObUIO pellleHO MCIO0Jb30BaTh [IPOrpaMMMpPYeMy0 allfapaTHylo Ivarhopmy
Arduino, c roMoIIbI0 KOTOPOW MOXXHO IPOrpaMMUpPOBaTh Y IOAK/IIOUATh JAaTYMKU K pas/iuuHbBIM MOJY/SIM, B TOM UHCJe
obecrieurBaroliiee TOAKIIOUeHUe K UHTepHeTY 1o Wi-Fi. B cpene Arduino ornyckaeTcsi UCO/Ib30BaHWE COBMECTHUMBIX C Hel
Pa3/MUHbIX MUKPOKOHTPO/IepoB. OrnpesesieHbl MUKPOKOHTpo/uiepel ESP8266 u ATmega328, obmazgaroriye BBICOKOM
CKOPOCTBIO PaboThl M JOCTYMHOCTBIO B HCIIO/b30BaHUH. MuKpokoHTpoiep ESP8266 3T0 ofHOsiiepHBbIN Mporjeccop C
yactoroii 80 MI'L, umelommii HECKOJIBKO BXOZOB/BBIXOZIOB (general-purpose input/output (GPIO)) mpsiMoro ympaeseHus,
nojJep>KuBatolue pasndunbie rnpotokossl (SPI, I12C, UART, ADC, DAC u PWM). MukpokoHTpoJsiiep ATmega328 ocHaleH
8-6utHbIM nipouieccopomM AVR RISC, BBINOMHSIOIUI C/I0KHBIE MHCTPYKLMY C OTPOMHOM TOUHOCTBIO, 00/1aJjaeT YBeTMYeHHOM
namaTeio — 32 KB usii-nmaMsaTy ¥ 60bIIMM UHC/IOM BXOJOB/BBIXOZ0B (54 IM(POBBIX M 16 aHANIOroBbIX). AIMapaTHOe
obecrieueHre Ha KpUCTajle BK/IOuaeT B cebs BHyTpeHHue reHepartopswl, Taiimepbl, UART, SPI, USB, noatarusaoiue
Pe3UCTOpHl, IIMPOTHO-UMITY/IbCHYIO Moaymsiuto, AL, aHanmoroBeiii kKommaparop, npatiBepel JKK-gucrines go 4x40 u
CTOpOXKeBble TakiMepbl. [Iisi W3MepeHUsl MapaMeTPOB OKPY’Kalolled cpefbl B JKMBOTHOBOJUECKOM TOMEIIEeHWH BBIOPaHBI
CrieLjiajbHble [{U(POBbIe JATUMKH, KOTOPbIe ITOAK/IIOUAlOTCS K ITOPTaM BBOZAA-BBIBOZla MUKPOKOHTposUlepa (puc. 1). [larumk
DH?22 n3mepsier Temiieparypy B uHTepBase oT — 40°C o + 125°C u BiaXXHOCTb Bo3yxa B uHTepsase oT 0% o 100%. Jaruuk
KauecTBa Bo3zyxa MQ-135 crocobeH 0OHapy)KMBaTh TOKCMYHBLIE BeI[eCTBAa B BO3/yXe, TaKWe KakK JbIM, YITIEKUC/IbIA ras,
aMMMakK, OeH3MH, CIHPThI, OKCHZ a30Ta U T.1. JJuana3oH u3MepeHHs KOHL|eHTpalli B MWUIMOHHBIX 107X — ppm (Parts per
million, 1 ppm = 0,0001%): ammuak 10 ppm — 300 ppm, 6eH3ud 10 ppm — 1000 ppm, cnupt 10 ppm — 300 ppm. B nepeyto
ouepesb AHHBIM JaTuMK u3MepsieT B Bo3gyxe KoHHeHTpauuio CO2 (10 ppm — 1000 ppm). Taxxe [yt u3MepeHUs YPOBHS
OCBEIIEHHOCTH B KMBOTHOBOAUECKOM TOMEIIeHUH UCIOIb3yeTcss 16-0uTHbIM AaTunk ocBelrjenHoct BH1750 ¢ auana3oHom
n3MepeHus oT 1 no 65535 k. [JaHHBIM JaTuMK YyBCTBUTE/EH K BUJUMOMY CBeTy U NMpPAaKTUYeCKU He MOJBEP)KeH BIMSHUIO
uH(DpaKpacHOro U3myueHus. [JaHHBIe JAaTUMKUA ZOCTYITHEI O LieHe, a/jalTUPOBaHbI K Pa3/IMYHBIM KO/ie0aHUsIM OKpY>Karollel u
MOTYT OBITH WCIO/IB30BaHbI /IS U3MEepPeHHI TapaMeTpoB MHKPOK/IMMAara B >KMBOTHOBOJYECKOM roMerjeHHU. OfHaKO s
TO/yYeHHsl JIOCTOBEPHBIX 3HAueHWH MapamMeTpoB TpeOyeTcs KaiuOpOBKa CpPEeJCTB W3MEpPEeHHs, TPOU3BECTU KOTOPYIO
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TUIAHUPYETCs B lalbHeHIIeM C TIpeCTaB/IeHUeM pe3y/BTaToB B cieayroiiedi pabore. /st 3alIUThI 37IEKTPOHHBIX KOMITOHEHTOB
YCTPOICTBA OT B/WSHUS TSDKENBIX UM HeO/MaronpusTHBIX YCAOBUM BO3ZAYLIHON cpefpl (TIOBBbIIIEHHAs BAOKHOCTb U
KOHIIeHTpallysl aMMHaKa, 3albIEHHOCTb U []p.) >KUBOTHOBOJUECKOIO IOMellleHHs] UCII0/Ib30BaHbl 3a/MBOYHbIe KOMIAyH/bI, a
TaK)Ke TUIOTHBIA Kopryc. PaspaboTaHa QyHKIMOHa/mbHasi CxeMa MOZY/IBHOTO YCTPOWCTBA AJs W3MepeHHs OCHOBHBIX
rapamMeTpoB MUKPOK/IMMaTa B KUBOTHOBOZUECKOM IToMelljeHnH (puc. 1). YCTpONCTBO MOAK/IIOYAeTCs K CeTH C HarpsykKeHHeM
220 B u ¢ momoIpro 6710Ka UTaHust peobpa3syeTcs epeMeHHbIH TOK U3 PO3eTKU B ITOCTOSIHHBIN TOK ¢ HanpsbkeHreM 5 B. Ha
MOOW/IBHOM yCTpO¥cTBe (CMapToH, HOYTOYK) TOJK/IIOUAeTCS peXMM TOUKH AOCTyNa C TofkitoueHweM Internet. [lasnee
OTKDBIBAeTCs BeO-CTpaHULa C TpadMueCKUM W300paKeHHEM OCHOBHBIX MApaMeTPOB MMKPOK/IWMara. Eciu yCTpoWcTBO He
MOJK/MI0YeHO K ceTd Wi-Fi, To mocsie ero BK/IOUeHMs] BCe MOKa3aHWs MUKPOK/IMMaTUUYeCKUX MapaMeTpOB 3alyChIBAalOTCI U
coxpaHsitoTcss Ha microSD kapre. HamnucaH ucTyUHT nporpamMM KoHTposuiepoB ATmega328p u ESP8266. Arduino UNO 6a3ze
MUKDPOKOHTpoO/lepa ATmega328p exxeceKyH/IHO NpOBepsieT [10Ka3aHWsl C JAaTUYMKOB U OTrpas/iseT ux Ha ESP8266. ESP8266

obpabaTbIBaeT JaHHbBIE U OTChUIAET UX Ha BeO CTpaHHUILY.
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PucyHok 1 - @yHKI[MOHA/IbHASL CXeMa MOAYJIS fijis cOopa uHGOpPMaLIMK 0 TTapaMeTpaXx MUKPOK/IMMATa B YKUBOTHOBOZUECKOM
TIOMeELL[eHUN
DOI: https://doi.org/10.23649/JAE.2024.43.4.1

st anpobupoBaHusi paboThl YCTPOWCTBA U3MEPEHHs TTapaMeTPOB MUKPOK/IMMATa BhibpaHa yuebHasi hepma @TBEOY BO
Upkyrckoro 'AY umenu A. A. ExxeBckoro, kotopas pacrosiokeHa B 1. MosogéxHoMm MpKyTckoro paiioHa, VIpkyTckoit
obnacTy. YuebHasi depMa COCTOUT U3 HECKONBKUX MTOMeLlleHHi: aiMUHUCTPaTUBHOE IIOMelljeHue (afMUHUCTpays U yueOHbIe
ayAUTOPHH), TIOMeIlleHHe /ISl CoZlep>KaHHsl KPOJIMKOB M MeJIKOTO poraroro CKoTa (IipaBoe KpbUIO) U IoMelljeHue {71l KPYITHOro
poratoro ckora (JieBoe Kpbuio). Moay/b ObLT yCTaHOB/IEH B TOMelleHuH Jjisi copepxanuss KPC, B KOTOPOM Ha MOMEHT
V3MepeHN HaxO[WINCh MOjofble TenATa (PUC. 2a). YCTPOMCTBO C AAaTYMKaMU M3MepeHHWM MapaMeTpOB MMKDOK/IMMAara U

OCBEIEHHOCTH 3aKpeIieH Ha YPOBHE TOJIOBHI TeJST (pUC. 20)
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PucyHok 2 - Yue6nast pepma PT'BOY BO UpkyTckoro T'AY:

(a) ruian nomettienust Ayis copepskanusi KPC (nieBoe Kpbuio): 1) cToiinioBoe romeirjeHue; 2) TamOyp; 3) rioMelieHue fjist
XpaHeHUst KOPMOB; 4) MOMeIleHue [Jisi IPUTOTOBJIEHUSI BIAXKHOTO KOPMa; 5) Ciiy)keOHOoe roMeltieHue; 6) 1utosas; 7)
K/azoBasi; 8) yuebOHbIN JOWIbHBIHN 3a51; 9) Kopuaop; (6) pacronoxeHye MoAyss A/ c6opa UHGOPMALMHK O apaMeTpax
MHKDOK/TIMaTa
DOT: https://doi.org/10.23649/JAE.2024.43.4.2

OcHoBHBIe pe3y/1bTarhl
B pesynbrare paspaboraH Moaynab Aas cbopa MHGOPMALMKM O TapaMeTpax MHKPOK/IMMara B JKUBOTHOBOZUECKOM

nomerjenun. Co3aHHOe YCTPOHCTBO peanusyer paboty WEB cepBepa Ha 6ase kpucramioB ESP8266, ATmega328 u
MO3BOJISIET TIepe/iaBaTh JIaHHbIE TIAPAMETPOB OKPY’Kalolljel cpefbl Ha J00ble ceTeBble ycTpoictBa. Ha pucyHke 3
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TIpe/ICTaB/IeHbI TIePBbIe HEKaMOPOBaHHbBIE pe3y/bTaThl U3MepeHui Temmepatypsl (t, °C), OTHOCHUTEBHOW BIaXKHOCTH BO3/lyXa
(9, %), razoBoro cocraBa Bo3gyxa (h, ppm) u ocseménnoctu (E, 1K) Ha yuebHoii depme Vpkyrckoro 'AY. V3mepenus
npoBoguuch 21 HostOpst 2023 T. B HEBHOe BPeMsi MPO/O/DKUTEILHOCTBIO OKOJIO Yaca. B 3To BpeMsi CHapy»Xu Temriepatypa
Bo31yxa coctaBuia -6°C. Io gaHHbIM TpaduKa BUAHO, UTO [JaTUMKU PEarvpyroT Ha Kakue-mubo W3MeHeHMs B OKpY’Karolen
cpefie. Harpumep, 3acukcupoBaHO H3MeHeHHe TeMIlepaTypbl M BJIaKHOCTH, KOTOpPOe CBSi3aHO C TeM, YTO B 3TO BpeMs
MPOBOAM/IACch YOOPKa HaB03a U B TIOMeLLeH|H GBI OTKPBITHI IBEPH.

Ha ganHOM 3Tame paboTel pOpMHUpPOBaHHE CTOMMOCTH pa3pabaTblBaéMOr0 MOAY/S COCTOUT M3 KOMIUIEKTYHOLIMX YacTel,
aHa/IM3aTOpPOB TTAPaMeTPOB MUKDOK/IMMATa M 3aTpar Ha mpuobpeTeHre ob0pyAoBaHUs /il COOPKU U OTIAAKu Moay/s. Ilpu
3TOM 000pyZOBaHWE MOXeT ObITh HCIMOb30BaHO B OyayliemM s COOPKM aHalIOTMYHBIX Mofyned. B CBs3u C 3TUM
OKOHYaTe/IbHasi CTOMMOCTb MOZY/Is1 MOHUTOPHHIa NTapaMeTPOB MUKPOK/IMMara BecbMa yCJI0BHa.

PacueT okymnaemocTH mpefijaraeMoi pa3pabOTKM BO3MOXKEH IIPH COCTaB/leHMM OM3Hec-TUlaHa W peasu3aliiM IIPOeKTa
CHUCTeMbI MOHUTOPHHI'a MUKPOK/IMMATa B KHBOTHOBOAUECKUX [TOMELIeHHsX, Kyza OyzeT BXoAUTh pa3paboTaHHbIA MOAY/Ib.

HernpepbIBHBIM MOHUTOPHUHI OCHOBHBIX I1apaMeTpPOB MHKPOK/JIMMaTa IO3BOJUT JieTalbHO MpOoaHaau3UpoBaTh yCAOBUS
COJlep>KaHusl )KUBOTHBIX Ha (hepMe, BBIIBUTE MPOO/IEMBI U PUHSATH A€HCTBEHHbIE MEPBI 10 UX YCTPaHEHHIO.
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PucyHok 3 - [laHHbIe TeMIiepaTypbl, OTHOCHUTE/IbHOM B/Ia)KHOCTH, Ta30BOT0 COCTAaBa U OCBELIEHHOCTH B )KUBOTHOBO/[UeCKOM
nomeltenun (yuebras pepma ®TBOY BO UpkyTtckoro I'AY)
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3ak/IloueHue

PaspaboTaH U co3zad Moay/b A5 cbopa MHGOPMALMK O IIapaMeTpax MUKPOK/IMMaTa B )KUBOTHOBOJUECKOM IIOMeIl|eHHUH
Ha 6ase Arduino UNO. Pa3paboTaHHblii aBTOMaTH3MPOBAHHBINA MO/Y/Ib 103BOJIsIeET HAO/IOAATh B PeXKUMe pealbHOro BpeMeHU
OCHOBHBIe TapaMeTpbl MHUKPOK/JIMMaTra B TIOMeIeHWH [JIsi COJep>KaHWs J>KUBOTHBIX (NTUL)) pasHoro Buza. Kpome Toro,
HaKOIUIeHHbIe JlaHHble OyAyT I10J1e3HBI [/ HayUYHbIX MCC/IeL0BaHUM B 00/1aCTH )KUBOTHOBOZCTBA, a TaKXKe /IS MOZ|e/IMPOBaHMUs
CUCTeMBI yTIpaB/leHUs MUKPOK/IMMAaTOM B )KMBOTHOBOZUECKOM ITOMeLLeHUH [/ KaXKJOW BO3PaCTHOM IPYMIILI JKUBOTHBIX (IITHLY)
C YUeToM WX (U3HO0IOTUYECKHUX W MPOAYKTUBHBIX CIIOCOOHOCTeH. [IaHHbIA MOAY/Ib OTHOCHUTENIBEHO HEOPOrO0 CTOUT U MOXKET
ObITb [JOCTYIIeH HeOOJNBIINM  KPeCThSHCKO-(hepMepCKUM  XO3SIMCTBaM, CeMelHBIM ¢depMaM, a TakkKe pa3/MYHbIM
Ce/bCKOXO035IICTBeHHBIM MpeJIIPUATHSIM.

Pabota BbinosiHeHa B paMkax KoHKypca «CryaeHueckuii crapram» Ponja cozeiictBus nHHoBanusaM (https://fasie.rw/), a
Takke B paMkax koHkypca HMOKP mosoapix yueHbIX Ha couckaHue rpaHta ®I'BOY BO «MpKyTcKuii rocynapcTBeHHbI
yHUBepcUTeT uMeHU A. A. ExxeBckoro».
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