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Pa3paboTka MHOronapameTpM4ecKoi CTaHUMK 3KONOTMYECKOr0 MOHHTODHHra
Development of a multiparametric environmental monitoring station

MoHUTOpPWHI OKpY>KaIoLWed cpegbl NpuobpeTaeT ocobylo 3HaYWMMOCTE MMEHHO NOTOMY, 4TO OH oBbeauHABT 3agaqun
OBLLUECTEEHHOTO 300POBLS, NNAHUPOBAHUA rOPOdoE U (hYHAAMEHTANLHEIX HCCNEA0BAHUA, rae oDULMaNEHBIE CTAHLMK,
oBnanas BLICOKOW TOMHOCTBHD, YNMPalTcA B Gapbepbl CTOMMOCTA M CNOMHOCTW YCTaHoBKW, ocobEHHO B cTpaHax ¢
orpaHUHeHHEIMK BOSMOMHOCTAMK. MoaobHan cuTyaunA noby#0aeT WCKaTe ansTepHaTWBBl, W NPOSKT 3JKONOrMYeckon
cTaHuuM Ha Baze nnartw Arduino Mega 2560 ¢ MmHoronapamMeTpuYeckiMK JaT4HMKaMK TEMNEPaTYPLl, BNaKHOCTH, yrme-
KWCNOo rasa, Menkux 4actul, 3arpR3HALMY BELLEeCTE, OCBELLEHWA W OCAKOB AEMOHCTPUPYET NPaKTUMECKMI BbiXod
M3 NoONoMeHKWA.

Cuctema, cofipaHHan B pamkax WCCNefoBaHWA, WHTErpupyeT BecnpoBopHyo cenze LoRa u Wi-Fi yepes mopyne
ESP-01, nokansHoe xpaHeHue Ha KapTe namatk SO 1 oTobpamedne ganHbx Ha OLED-akpaHe B peansHOM BPEMEHW,
HTO NO3BONAET MOOENWPOBATE DEEGT}I' B nabopaTopHbix YCNOBWAX C YHETOM BCEX KMICHEBLIX 3Tanoe. MeTogonorva
CTPOWMTCA BOKPYr AeTaneHoro pasfopa KOMNOHEHTOB, OMTUMW3ALMA WX NOAKNMEHMA ¥ NOCNESA0BATENLHOMD TECTHRO-
BEaHWA, FOe KamObid War nogkpenneHd MamepeHMamW ctabunsHocTi M HagexHocTu. Pesynitatel naGopaTopHoro mMoge-
NMpoBaHWA NOOTBEPXAAT padoTocnocoBHOCTE OaTYMKOB NPW PEINUHHBIX HArPY3KAaX, YCTOWYMBOCTE KAHAMNDB CBA3W
[awe B YCNOBWAX NOMEX W NPEMMYLLECTEA MOOYNEHOR KOHCTPYKLWKM, KOTOPEA ynpowaeT 3aMeHy anemenToR Bes non-
HO nepecTpoiky. HapAay ¢ 3TWUM NPOTOTUN BLIOENAETCA QOCTYNHOCTLIO M OTKPLITEIM KOOOM, AENaA €ro NOOXoOALLMM
ONA BY30BCKWX NabopaTopwil WNKW ropoackux 3oH ¢ AedMUWTOM pecypcos, roe npodieccuoHansHoe oBopynosaqme
HegocTynHo. Takol Nogxod oTKpLIBAET NYTe K AancHeiluemy pasBsuTHio, BKNIOYaA coNHeYHele Datapen AnA asToHoM-
HOCTH, TOMHYHO KanuBpoBKY CEHCOPOB NOL MECTHLIE YCMOBWA M MHTErPaLUMID ¢ CETAMKM MIHTEpHETa BELLER, 4TO Npeepa-
THT nabopaTopHelil 0Bpazey B NONHOLEHHYIO NONEBYHD CHCTEMY.

Environmental monitoring is particularly important because it combines public health, urban planning, and fundamen-
tal research. While official stations offer high accuracy, they are often constrained by cost and installation complexity,
especially in countries with limited resources. This situation prompts the search for alternatives, and a project involving
an environmental station based on an Arduino Mega 2560 board with multiparameter sensors for temperature, humidity,
carbon dioxide, fine particles, pollutants, lighting, and precipitation demonstrates a practical solution.

The system assembled for this study integrates wireless LoRa and Wi-Fi communication via an ESP-01 module,
focal storage on an SD card, and real-time data display on an OLED screen, enabling lab simulations that take into
account all key stages. The methodology is built around a detailed analysis of components, optimization of their con-
nections, and sequential testing, with each step backed by stability and reliability measurements. Laboratory simulation
results confirm the sensors' operabilify under various loads, the robusiness of communication channels even in interfer-
ence-ridden environments, and the advantages of a modular design that simplifies component replacement without a
complete redesign. Furthermore, the protofype stands out for its accessibility and open-source nature, making it suitable
for universily laboratories or resource-poor urban areas where professional equipment is unavailable. This approach,
therefore, paves the way for further development, including solar panels for autonomy, precise calibration of sensors for
local conditions, and integration with loT network, transforming the laboratory prototype into a fully-fledged field system.
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PA3PABOTKA MHOTOTAPAMET PHYECKOM CTAHLIMH 3KOJOTHYECKOTO MOHHTOPHHTA
DEVELOPMENT OF A MULTIPARAMETRIC ENVIRONMENTAL MONITORING STATION

YIK oo4

IHMBYEB Jmurpwit [Merpormy, MOHCEEB Anton Hropeswy, [INMTOTHHKOR Makcuw Baaagnmuposny
(FBOY BO “Himeropo ckuil rocyJapcTREHHBI HHKEHEPHO-IHOHOMHYECHH I YHHBEpCHTET )

Mouuwropuur oxpysamomeii cpeast npuobperaer ocolyi0 IHAYHMOCTE MMEHHO NOTOMY, YT0 OH ODBLEAHHAET 33/a4M
OGIWECTREHHOTO 3A0POBLEA, ITAHHPOBAHHA FOPOAOE W GYHIAMEHTANLHBIX HOCAEN0BAHMH, rae odHUMANBHBE CTaHUMK, 001a0an BEICORDI
TOMHOCTLK), YIHPAWTCA B Gaphephl CTOMMOCTH H C/MMHOCTH YCTAHOBKH, OCOGEHHO B CTPAHaX ¢ OTPAHMMEHHBMH BOAMOMHOCTAMH.
NMogoGuan curyaumn nOGY#IAET HCKaTh AMBTEPHATHELL, M NPOEKT IKOAOFHYEcKoN cTanumi Ha baze nnatw Arduine Mega 2560 ¢
MHOTONAPAMETPHYCCKHMH  JaTYHEAMH  TEMNCPATYPLI, BAGKHOCTH, YMACKHCAODO raza, MEeakHX YacTHilL, 3arpAasHapimx BeUuecTs,
OCBEIMEHHA W 0CAAKOE JEMOHCTPHPYET NMPAKTHYECKHIT BRIXOI, M3 MOJDHEH HA,

Cucrema, cofpanHas B paMKax HMCCNefoBaHMA, WHTerpupyer Gecnpopognyio coAak LoRa w Wi-Fi wepes moayae ESP-o1,
AOKANLHOE XpaHeHHe Ha Kapre namatH SD u oroGpamense pavHbix Ha OLED-3xpane B peanbHOM BPEMEHH, HTO NO3BOAAET
MOJIEMHPOBATE paboTy B NaB0paTOPHBIX YEAOBHAX € YHETOM BCEX KAKMEBRIX STanos. MeTogonorua cTpoMTCR BOKDYT JeTansHoro pazbopa
ROMIOHEHTOB, ONTHMH3AUHE HX NOJKINYMEHHA H NOCASI0BATENRHOTO TECTHPOBAHHA, TOE KAXLIH WAr NOJKPEnIeH H3MepeHnaMH
cTaGHARHOCTH M HagewHocTH. Peayawratel MafopaTopHOrG MOJeAMPORAHHA TOATEEPHIANT pafoTocnocofHOCTE JATYHHOR NPH
PAITHYHBEX HAPPY3KAX, '}'(‘Tﬂﬁ'-lhﬂl]ﬁ"fh HKaAHANOB CBRA3IH Jade B YOIOBHAX NOMex W NpeuMyliecrsa MDA}’HHHGH KOHCTPYKIHK, KOTOpasn
YNpou@aeT 3aMery aneMeHTor Ge3 nonnoil nepecrpoiikn. Hapagy ¢ 3THM NpoToTHN BRASIAETCR JOCTYMHOCTBI M OTKPBITRIM KOA0M,
AENaN ero MOAXOAAUMM A BY30BCKHX nafoparopHil MaM ropojckHx 3oH © aedMunTOM pecypoos, rae npodeccHoHanbHoe
ofopyfnoBanme Hegoctynuo. Takoll NMOANOA OTKPWBAET NYTE K Ja’AbHellleMy pasnHTHED, BKIIOMAA CONHeYHble Garaped [as
ABTOHOMHOCTH, TOYHYH) K&ﬂHﬁPDHK}" CEHCOPOR MOJ MCECTHRE YCAOOBHMA H HHTErPAUMHKY © COTAMM HH"I'QPHE‘TH. BEUEH, YTO NpeBpaTHT
naboparopHeii 0bpasel B NOAHOLEHHYID MONEBYI0 CHCTEMY,

Environmental monitoring is particularly important because it combines public health, urban planning, and fundamental research.
While official stations offer high accuracy, they are often constrained by cost and installation complexity, especially in countries with limited
resources. This situation prompts the search for alternatives, and a project involving an environmental station based on an Arduino Mega
2560 board with multiparameter sensors for temperature, humidity, carbon dioxide, fine particles, pollutants, lighting, and precipitation
demonstrates a practical solution.

The system assembled for this study integrates wireless LoRa and Wi-Fi communication via an ESP-o1 module, local storage on an
S card, and real-time data display on an OLED screen, enabling lab simulations that take into account all key stages. The methodology is
built around a detailed analysis of components, optimization of their connections, and sequential testing, with each step backed by stability
and reliability measurements. Laboratory simulation results confirm the sensors’ operability under various loads, the robustness of
commumnication channels even in interference-ridden environments, and the advantages of @ modular design that simplifies component
replacement without a complete redesign. Furthermore, the prototype stands out for its accessibility and open-source nature, making it
suitable for university laboratories or resource-poor urban areas where professional equipment is unavailable. This approach, therefore,
paves the way for further development, including solar panels for autonomy, precise calibration of sensors for local conditions, and
integration with loT networks like The Things Network, transforming the laboratory prototype into a fully-fledged field system.

Knwuessie cnosa: Arduino Mega 2560, Hurtepuer sewei, samumks oxpymawweii cpeaw, LoRa, ESP-o1, cranums
MOHHTOPHHIA.
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