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Abstract. This paper examines contemporary approaches to the design of industrial
monitoring systems aimed at improving the reliability and operational efficiency of
technological equipment in the context of industrial digitalization. The relevance of the
study is driven by the need to develop cost-effective and scalable solutions for continuous
condition monitoring of equipment components within the framework of the Industrial
Internet of Things (IIoT) and their integration with enterprise information systems. The
objective of this research is to develop a universal architecture for sensor data transmission
and processing based on the integration of MEMS accelerometers into microcontroller
platforms, ensuring high reliability, low latency, and compatibility with higher-level
systems. The hardware platform is based on the STM32F407VGT6 microcontroller
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(STM32F4 Discovery) and a three-axis LIS3DSHTR accelerometer connected via the I*C
interface. A data transmission protocol over UART was developed to enable robust and
straightforward integration with external systems and cloud-based monitoring services.
To enhance measurement quality, digital signal processing techniques were applied,
including moving average, median filtering, and the Kalman filter, along with preliminary
vibration analysis using standard statistical metrics. Experimental results obtained under
real industrial conditions confirmed a reduction in noise levels, improved signal stability,
and the capability for early detection of anomalies associated with equipment wear and
imbalance. It is demonstrated that the proposed approach provides a balance between
measurement accuracy, computational complexity, and system cost, while also ensuring
reproducibility in industrial environments. The novelty of the study lies in the use of a
low-cost modular architecture with an open structure, and its practical significance is
determined by its applicability in predictive maintenance systems and digital twins of
industrial equipment.

Keywords: industrial monitoring, STM32, accelerometer, UART, I?C, sensor
network, sensor integration
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AHHoTanus. Makanazga eHIIpicTi HU(PIaHIBIPY KaFAalblHAAa TEXHOIOTHSUIBIK
XKaOBIKTBIH CEHIMUIITT MEH THUIM/1 )KYMBICBIH apTThIpyFa apHaJFaH ©HEPKICINTIK MOHU-
TOPHHT XYHENEepiH KYPYIbIH 3aMaHayd TOCUIAEP] KapacThIPhUIAIbl. 3epTTEYAIH 63€KTLIi-
ri-eHepkacinTik uHTepHeT 3arTapbl (1[oT) asceiHna xaOnbIKTRIH KYHIH Y3/I1KC13 OaKblia-
yFa MYMKIHJIIK O€peTiH KOJDKETIMI1 opl KeHeNUTyre OoJIaThlH HISIIIMIEP/l d31pJiey KOHE
OJIap/Ibl KOPIIOPATUBTIK KYHeIepMeH OIPIKTIPY KaKETTiUTIriMeH O0almaHbICThl. JKYMBICTHIH
Makcatel-MEMS-akcenepomeTpiepii MUKPOKOHTPOJUIEPJIEPMEH OIpIKTIpII, CEHCOPIIBIK
JEpEeKTEPIl )KUHAY, Oepy 'koHE OHACYIIH oMOe0an opi CeHIMI1 KyHeciH kacay. by xyiie
TOMEH KIJIpICTI KaMTaMachl3 €TII, )KOFApFbI ICHICHIeT1 )KYHEeIepMEH OHal JKYMBIC icTel
ananel. Annapattsik Heri3 petinae STM32F407VGT6 mukpokonTposepi xone [°C un-
Tepdeiici apkpuibl KocbutraH yiu ocbTi LIS3DSHTR akcenepomerpi Konnanbuisl. Jlepek-
tepai 6epy yuiH UART npotokosbl maiiaaaHbuiibl, 01 )KYHEH1 ChIPTKbI KYPBUIFbLIApMEH
KOHE OYJITTBIK CEPBUCTEPMEH OHall OaillaHbICThIpyFa MYMKIHAIK Oepei. Omiey JonIiria
apTTHIPY YIIIH CUTHAJIAAPABI OHICYAIH KapamalbIiM oJiCTEPI-KbUDKBIMAIBI OpTalia, Me-
IUaHalbIK cy3ri skoHe Kanman cysrici konganbsuiasl. COHbIMEH Katap, Aipii AepeKTepiHe
OacTamnkpl Tajnay Kacajiblll, HET13r CTaTUCTUKAJIBIK KOPCETKIIITEP ecenTenii. OHAIpICTIK
KarJaiaa )Kypri3uireH Toxipudenep HOTHXKECIHE 11y ASHIeHiHIH a3aliFaHbl, CUTHA1ap-
JIbIH TYPaKThUIBIFbl apTKaHbl KOHE KaOJbIKTaFrbl akayiaapbl €pTe aHbIKTay MYMKIHIIT
nonenaeHal. ¥ ChIHBUIFAH 9JIC AQNMIIK, €CenTey JKYKTeMeCl JKoHE jKyhe KYHbI apachIH-
JaFbl THIMJI TETEe-TeHIIKTI KaMTaMachl3 eTe/l. JKYMBICTBIH JKaHAJIBIFbI-AIIbIK KOHE KOJI-
KETIMJII MOAYJBIIK apXUTEKTypaHbl KoJaHybIHAa. [IpakTuKanblK TYpFbIIaH OyJI MIemiM
OH/IIPICTIK ’ka0/bIKKA aJIJIbIH ajla KbI3MET KOpceTy (IIPEIUKTUBTI KbI3MET) HKoHE LU(PIBIK
eri3zep Kyienepinae KeHIHeH KOJIAaHbLUTybl MYMKIH.

Tyitinai ce3nep: enepkocintik Mouutopunr, STM32, akcenepomerp, UART, I°C,
CEHCOPJIBIK JKeJll, CEHCOPIIap bl MHTETpaLUsIIay
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AHHoOTanus. B cratbe paccMaTprBalOTCS COBPEMEHHBIE MOAXOABI K TOCTPOEHUIO
CHCTEM MPOMBIIIIEHHOTO MOHUTOPHHTA, OPUEHTUPOBAHHBIX HA TIOBBIIICHUE HAIEKHOCTH
1 3 (HEeKTUBHOCTH IKCIUTyaTaAllMH TEXHOJIOTHYECKOTO 000PYIOBAaHUS B YCIOBUSAX ITUPPO-
BU3aLMU TPOU3BOJICTBA. AKTYaJIbHOCTh MCCIITIOBaHUS OOYCIIOBIIEHA HEOOXOAUMOCTBIO
pa3pabOTKU TOCTYIHBIX U MACIITAOMPYEMBIX PEIICHHUH Il HEIPEPHIBHOTO KOHTPOJIS CO-
CTOSIHUS y3JI0B 000PYJOBAaHUS B paMKax KOHUEIIMH MPOMBIIIJIEHHOTO HHTEPHETA Bellel
(ITIoT) n mHTErpaIyy ¢ KOPIOPATUBHBIMUA HHPOPMAITMOHHBIMU cucTeMaMu. Llenbio pabo-
THI SIBJISIETCS pa3pabOTKa YHUBEPCATBLHON apXUTEKTYphI Iiepeiaun U 00paboTKH CeHCop-
HBIX JAaHHBIX Ha OCHOBe uHTerpauun MEMS-akcenepoMeTpoB B MUKPOKOHTPOJUIEPHbBIE
1aTGopMbl, 00eCTIeYNBAOIIEH BBHICOKYIO HAJEKHOCTb, HU3KYIO 3aJIepKKY M COBMECTH-
MOCTb C CUCTEMaMM BEPXHErO YpoBHs. B kauecTBe anmapaTHOW OCHOBBI MCIOJIb30BAHbI
mukpokoHTposuiep STM32F407VGT6 (STM32F4 Discovery) u TpEXoCeBOii akcelnepo-
metp LIS3DSHTR, noaxmrou€nnstii mo natepdeiicy 1°C. Pazpaboran mpoTokosn nepeaadu
nanHbIx yepe3 UART, peanusyromuii yCTOMYUBYIO U IPOCTYIO HHTErPALIUIO C BHEIIHUMU
CUCTEMaMHU U 00JaYHBIMU CEPBUCAMU MOHUTOPUHTA. [ MOBBIILIEHUS KaueCcTBa U3Mepe-
HUI NPUMEHEHBI METObI IU(PPOBOH 00PaOOTKM CHTHAJIOB, BKIIOYAsl CKOJIB3SIIIEE CPel-
Hee, MeanaHHyto guiasrpanuio u GunsTp Kanmmana, a Takke BBITIOJIHEH TIEPBUYHBIN aHa-
T3 BUOPALIMOHHBIX XapaKTEPUCTUK C MCIONB30BAaHHEM CTAHIAPTHBIX CTATHCTUYECKHX
METPUK. DKCIIEPUMEHTANIBHBIE PE3YIBTAThI, [IOJIYYEHHBIE B YCIOBUIX PEATLHOIO MPOU3-
BOJICTBA, MOJTBEPANIA CHUKEHUE YPOBHS LITYMOB, NMOBBIIICHNE CTAOMIBHOCTH CUTHAJIOB
Y BO3MOXKHOCTB PAaHHETO BBISIBJICHUSI aHOMAJIMIA, CBS3aHHBIX C U3HOCOM U pa30aiaHCUpPOB-
Koif o0opynoBanus. [Toka3aHo, 4TO MpeATOKEHHBIN TOAX0 oOecreunBaeT OaJaHe MEX Iy
TOYHOCTBIO U3MEPEHUM, BBIYMCIUTENBHON CI0KHOCTBIO M1 SKOHOMUYHOCTBIO CUCTEMBI, a
TaKKe IEMOHCTPUPYET BOCIIPOU3BOJUMOCTD B YCIOBHSIX IPOMBILUIEHHON SKCIUTyaTalllH.
HoBu3zHa paboThl 3aKiI104aeTcs B UCIOJIb30BAaHUM OIOKETHON MOJYJIbHONW apXUTEKTYpPbI
C OTKPBITOM CTPYKTYpOM, a MpakTU4YeCcKasi 3HAYMMOCTb OIPEENISIETCS BO3MOKHOCTBIO €€
MPUMEHEHHS B CUCTEMax MPEAMKTUBHOTO OOCITYXUBAHUS U IU(PPOBBIX JBOHHHUKOB IMPO-
MBIIIJICHHOTO 000PY/IOBaHUSI.

KuroueBbie cioBa: mnpoMmblluieHHBI MoHUTOpUHI, STM32, akcenepomerp,
UART, I?C, cencopHast ceTb, MHTETpaIus JaTYnKOB

Jas  umurupoBanms: O.C. CanwsixoBa, B.A. Mamun, Bb.P. Canbikos,
JI.H. Komapos, H.B. Manyiinos (2026). aTerpanust CEeHCOpHBIX MOAYJIEH mems-aKcelie-
POMETPOB B CHCTEMAaX MPOMBIIIICHHOTO MOHUTOPUHTA // MeXTyHapOIHBIN KypHAJl HH-
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KoH}umKT HHTEpeCcoB: aBTOPHI 3asBIISIOT 00 OTCYTCTBUH KOH(INKTA HHTEPECOB.
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BR24992785 «Opeanusayusi u npogedenHue KOMNIEKCHbIX UCCIe008aHull no obecneye-
HUIO YCMOUYUBO20 PA3BUMUS A2PONpoMblUuLIenHo20 komniekca Kocmanartickou oonacmu
€ CO30aHUuemM Hay4YHO-UCCIe008aAMENbCKO20 MEXHON0SUYECKO20 YyeHmpay. Aemopbl evipa-
JHcarom O1a200apHOCMb PYKOBOOCMEY U mexHudeckum cneyuanucmam 3asooa TOO «OIl-
THUCOPT» 3a cooeiicmeue 6 opeanuzayuu u npo8edeHuUU IKCNepUMEeHmMantbHblX UCCe00-
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8aHUI.

BBenenue.

[ToBpIieHNE HAZEKHOCTH U A(D(HEKTUBHOCTH PaOOTHI MTPOMBITINIEHHOTO 000PYI0-
BaHUS SIBJSETCS OAHOM U3 KIIFOUYEBBIX 3a7a4 COBpEMEHHON MHAYCTpHUH. B ycrnoBusax mud-
POBH3AIMH MTPOU3BOACTBA 0COO0E 3HAUEHUE MTPHUOOPETAIOT UHTEJUIEKTYaIbHbIE CUCTEMBI
MOHMTOpPHUHTIa, 00ecTeurBaoIIe HeMpepbIBHOE HAOIIOIEHUE 32 COCTOSIHUEM TEXHOJIOTU-
YECKUX Y3JIOB U MMO3BOJIAIONINE B PEaIbHOM BPEMEHH BBISBIISATH KPUTUYECKUE N3MEHEHUS
napameTtpoB (Albarbar et al., 2008; Garcia et al., 2025). PazButne KoHIIETIIHHI TTPOMBIIII-
nennoro mHTepHeta Bemen (I1oT) ycunuBaer HEOOXOMUMOCTh MHTETPAIIMNA CEHCOPHBIX
MoyJiel B equHoe HHGOPMAIIMOHHOE TPOCTpaHcTBO npeanpusatuii (Tang et al., 2018).

Cy1iecTByomI1e NPOMBIIIIEHHBIE PELISHHS] 3a4aCTyI0 0a3upyIOTCs Ha I0POroCTO-
SIIAX MHOTOKAHAJIBHBIX CHUCTEMaxX WM 3aKpbIThiX loT-mmardopmax, 4To OrpaHnunBacT
WX THOKOCTH W aJanTaIuio Moj crienupuiIecKne ycaoBus skcruryaranuu (Zhou, 2025). B
TO K€ BpeMs UCIIONIb30BaHue Hepoporux MEMS-akcenepoMeTpoB B COUYETaHUU C MUKPO-
KOHTPOJUIEPHBIMHU IJIaT(GOPMaMU OTKPBIBAET BO3ZMOXKHOCTH JIJISl CO3/1aHUs dHEProd3ddex-
THUBHBIX U MACIITaOUPYEMBIX CHCTEM MOHHUTOPHHTA, TOCTYMHBIX ISl BHEJIPEHUS B yCIIO-
BUSX peanbHOro nmpoussoacTsa (Mmmerses u ap., 2019; Albarbar et al., 2008).

Lenpro HacTOAIIETr0 HCCIeOBaHUs SBISIETCS pa3paboTKa yYHUBEPCAJIbHOW apXu-
TEKTYphl MEepelaud CEHCOPHBIX JaHHBIX OT aKCEJIePOMETPOB K CHCTEME MOHUTOPHUHIA,
o0ecreunBarolieil MUHUMAJIbHYIO 33]I€PKKY, BHICOKYIO Ha/IEXKHOCTh U BOBMOKHOCTh Mac-
mrrabupoBanus B pamkax IloT.

JI1st MOCTHXKEHNS ATOU 11eNT OBLITN TTOCTABJICHBI CICAYIOIINE 3a0a4u:

-BbIOOp 1 000CHOBAHKE aIMapaTHoOM M1aTOpPMBbI AJ1 HHTETPALlUU CEHCOPHBIX MO-
JyInen;

-pa3paboTka ¥ peanusaliys MpoTOKoJa Nepeaadd JaHHbIX, COBMECTUMOIO C IPO-
MBIIJICHHBIMU UHTEpdercamu;

-MCCJIeIOBAaHNE METOZOB IU(PPOBOI 0OPaOOTKM CUTHAIIOB ISl TTOBBIIICHHS TOYHO-
CTH U CTa0MJIBHOCTU U3MEPEHUI;

-3KCTIEpUMEHTAJIbHAS [TPOBEPKA CUCTEMBI B YCIIOBHSIX PEAIbHOTO ITPOU3BOJICTBA.

Hayunast HoBu3Ha paOOTHI 3aKJII04aeTCs B IPUMEHEHUU OIOIKETHOW MOIYIbHON
APXUTEKTYPBI C OTKPBITOW CTPYKTYpPOH TSI TIOCTPOCHUS TPOMBIIIJIEHHON CUCTEMBI MO-
HUTOPHHTA, KOTOpasi COYeTaeT rHOKOCTh MPOrPaMMHOM HAaCTPOUKH ¢ BOBMOKHOCTBIO MH-
Terpaluu B CyIIECTBYIOUIYIO IIUPPOBYIO HHGPACTPYKTYpy npennpustus. [Ipakrnyeckas
3HaYMMOCTb UCCIIEJIOBAHUS COCTOUT B TOM, UTO MPEAJIOKEHHAS] CUCTEMa MOXKET OBITh UC-
MOJIb30BaHa JUIsl 3aJa4 MPEIUKTUBHON UArHOCTUKU, TEXHUYECKOTO OOCTYXUBaHHS IO
COCTOSTHUIO M MIOCTPOEHUS LU(POBBIX IBOTHUKOB TEXHOJIOTUYECKOTO 000PYAOBaHUS.

MarepuaJjbl 1 METOABI.

OObeKkToM HcCIeIoBaHUS SIBJSIOTCS  y3Jbl MPOMBIIIIEHHOTO 000pYyAOBaHUS,
MOJIBEP’KEHHbIE BUOPALIMOHHBIM HAarpy3kam B YCIIOBUSIX PEaJbHOIO TEXHOJIOTHYECKOTO
nporecca. [IpeameT nccnenoBaHus-MHTETpaAIM CEHCOPHBIX MoyJiel Ha 6aze MEMS-ak-
cejlepoMeTpa B MUKPOKOHTPOIJIEPHYIO IIIATGOpMy C MOCIEnyolel nepeaayei u oopa-
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OOTKOW JaHHBIX JUIS 3a/1a4 MOHUTOpUHTa cocTostHus (Mmmertses, 2019).

B  kadecTBe  BBIUMCIMTENBHOTO  y3Jla  NPUMEHSUICS  MHUKPOKOHTPOIUIEP
STM32F407VGT6 na otnamounoit mmatre STM32F4 Discovery (STMicroelectronics,
2024). B xadectBe ceHcopa ucnoib3oBaH TpéxoceBorr LIS3DSHTR, obecneunBaromnimii
PETUCTpAIIO JTMHEHHBIX YCKOpeHu# 1o ocsim X/Y/Z ¢ mporpaMMUpyeMbIMH Hara3oHa-
mu (STMicroelectronics, 2017). Cencop noaxmroudancs k MK o mune 1°C; oOMeH ¢ cu-
cTteMoil BepxHero ypoBHs BeinosHsics 1o UART uepes Bupryansusiii COM-noprt, uTo
ynpomtaetr unrerpanuto ¢ [1K, SBC u npomsinuienasimu kontpoiuiepamu (Tang et al.,
2018; Zhou, 2025).

Paspaborka Benace B STM32CubelDE ¢ ucnons3zoBannem HAL/LL-6ubmuorex
s uannranm3anun nepudepun (I*C, UART) u xonduryparmu peructpos LIS3SDSHTR
(STMicroelectronics). CTOpOHHHE CEPBHCHI W TMPOMPHUETAPHBIE CTEKH HE HCIIOIh30Ba-
JIMCh, YTO 00ECIIEYMBACT BOCIPOU3BOAMMOCTH COOPKHU Ha JIIO0OH COBMECTHMOW MalInHe
(STMicroelectronics, 2024; STMicroelectronics, 2017).

Jliis TenemMeTpun MpUMEHEH JICTKOBECHBIM TEKCTOBBIN (POPMAT C SIBHBIMU METKaMHU
KOMITOHEHT, HanipuMep: AX:1234 AY:-5678 AZ:9012 ....

Taxoit (hopmat oOierdaer MOTOKOBEIN pa3dop, )KypHATUPOBAHUE U OBICTPYIO Ha-
THOCTHKY B KOHCOJTH, @ TAK)KEe YCTOWYHMB K YACTUYHBIM MOTEPSIM MAKETOB MPH Mepeade mo
UART (Garcia et al., 2025).

OKCIepUMEHTAbHBIE WCCIIEAOBAaHMS TPOBOAMINCH HA MPOU3BOJICTBEHHOM IIIIO-
manke TOO «OIITUCOPTy B mrarHOM pekuMe paboThl 000PYIOBaHUS; CHCTEMA ITPUME-
HSUTAaCh JUTS PETHCTPALK BUOPAIMOHHBIX XapaKTEPUCTUK OTAEIbHBIX y3710B (UIMeTseB
ap., 2019). Yacrora onpoca u nmapaMeTpsl nepeaadn NoJ0Mpaiuch UCX0As U3 TpeOOBaHUN
K YCTOWYMBOCTH KaHaJIa M KOPPEKTHON PEKOHCTPYKIIMU TUHAMHUKH CUTHAJIA; JIOTUPOBAHHE
BEJIOCH B IOTOKOBOM PEKUME C MOCIEAYIOMUM KCopToM B CSV.

Jis crabunu3alid BPEMEHHBIX PSIOB W TMOJABICHHS IIYMOB HCIOJIB30BAIHCH
KIJIAaCCHYECKUE METONbI UPPOBON 00pabOTKH: CKOMb3sIIee cpeHee (OKHO MoAOUpaIoch
SMIIUPHYECKU B AMANA30HE MaJbIX 3HAYCHUN), MeIUaHHasl (pUIbTpanus U TIOAaBICHHUS
MMITYJIbCHBIX BBIOPOCOB, a Takxke GuiasTp Kanmana kak 0a30BBIH MOAXOA K PEKYPCUBHOU
orteHke cocrostamid (UuctsakoB u np., 2020; Welch et al., 2006; Illonazapos u np., 2019).
Br160op MeTo10B 00yCITOBIEH OaTaHCOM «Ka4eCTBO CIVIAKUBAHUS <> COXPAaHEHHE TNHAMHU-
Ki» JIUTS 33714 paHHEro BhIssBIIeHUs1 aHoManwmii (Albarbar et al., 2008; Garcia et al., 2025).

[TepBUYHBII aHATHU3 BBITIOIHAJICS IO OCEBBIM KOMIIOHEHTaM YCKOPEHHSI U X arpe-
raraM (HOPMHPOBaHHBIC PSBI, CKOJB3SIINE METPUKH pa3dpoca, OTHOCUTEIHHOE H3Me-
HEHHE TI0 OKHaM). AHOMAJIUU TPAKTOBAJINCH KaK CTAaTHCTUYECKH 3HAUUMbIC OTKJIOHEHHUS
JMHAMUKU CHTHAJIa OTHOCUTENILHO JIOKAIBHOTO (hOHA, TTOTEHIIMAIBHO CBSA3aHHBIE C pa3da-
JAHCUPOBKOW, M3HOCOM MOAIIUITHUKOB U TpounMHu Aedexramu (MmmerseB u ap., 2019;
Bunacos u ap., 2018).

[ToctoOpaboTka BeIMONHsIachk ckpuntamu Python ¢ ncronszoBanuem pandas (map-
cuHT/ouncTKa/arperarus ), matplotlib (Bu3yanu3zaius), a Takke SKCIIOPTOM TaOIUI U Tpa-
(UKOB U151 TOCTIETYIOIIET0 TOKYMEHTUPOBaHUs pe3ynsTaroB (YuctsikoB u ap., 2020). Ta-
KOW CTeK MHHUMU3UPYET Oaphepbl BOCIPOM3BOIMMOCTH U TIO3BOJISIET OBICTPO MEPEHOCHTH
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naurIaiiH Ha JJabopaTtopHbIe WK NpoMbiieHHbIe Y3Ibl (Tang et al., 2018).

OnucaHHas apXUTEKTypa OMUPAETCS HA OTKPBITO JOCTynHbIe koMrnoHeHTsl (MK
STM32F4, narunk LIS3DSHTR) u crangaptasie untepdeiicsl (I*C/UART), uto o0e-
CIIEYMBAET NMEPEHOCUMOCTh PELICHUI U COBMECTUMOCTD C HIMPOKUM CIIEKTPOM BEPXHEY-
poBHeBbIx cucteM (STMicroelectronics, 2024; STMicroelectronics, 2017). MoaynbHOCTB
MIPOLIMBKY (OTJENIbHBIE CIIOU U1 IpaiiBepoB, (hopMaTa NaKeTOB U TPAHCIIOPTHOTO YPOBHS)
CHI)KAET CTOMMOCTD aJlalTalliy MO0J] MHbIE CEHCOPBI U peXUMbI dKcIuTyaTanuu (Albarbar
et al., 2008; Tang et al., 2018).

Ha ocHoBe npeacTaBieHHON METOI0JIOTUU 0CO00€ 3HAaYEHHE TPUOOPETAeT aHATU3
CYILLIECTBYIOIIMUX HCCIEOBAaHUM U MOAXOA0B, MO3BOJSIONIMI COMOCTaBUTh MOJIYYEHHbIE
pEIIEeHUs] ¢ MUPOBBIM OIBITOM U 000CHOBATh HOBU3HY MPOBEAEHHON PaOOTHI.

PesyabTarhl u 00cyxneHue.

CoBpeMeHHbIE HCCIeI0BaHUS B 00JACTH MOHUTOPUHTA TEXHUYECKOTO COCTOSHUS
000pymoBaHUs JEMOHCTPUPYIOT BO3PACTAIOIINI HHTEpEC K ucnoiab3oBannio MEMS-akce-
JIEPOMETPOB U TEXHOJIOTHH npoMblnieHHoro nurepHeta Beuel (1loT). B psne 0630pHbIX
pabot nokazano, yto MEMS-ceHcopsl 6iaronapsi MajibIM pazmMepam, SHEProdPPeKTUBHO-
CTH 1 HU3KOW CTOMMOCTH CTaJI KJIFOUYEBBIM JIEMEHTOM CHCTEM MPEAUKTUBHOTO O0CITYKHU-
Banus (Albarbar et al., 2008; Garcia et al., 2025; Benhanifia et al., 2025). B 1o e Bpems
COXpaHAIOTCs MpoOeMbl Apeiida nokazaHU U 4yBCTBUTEIbHOCTH K TEMIIEPATYPHBIM U3-
MEHEHUSIM, YTO OTPaHUYUBAET UX MpoMbllieHHOe puMmeHenue (Mmmerses u ap., 2019).

Pa3BuTHE MPOMBIIIIEHHBIX CEHCOPHBIX CeTel U OECIPOBOAHBIX TEXHOJIOTUN 00e-
CHEUUJIO WHTErpalyio CUCTEM MOHUTOPUHIA B €IMHYI LU(GPOBYIO UHGPACTPYKTYpPY
npeanpusatuii (Tang et al., 2018; Zhou, 2025). OnHako BBICOKass CTOMMOCTh 3aKPBITHIX
loT-rutatdopm u orpaHnyeHHasi aJalTUBHOCTb OCTAIOTCS (PAKTOpaMH, CIEP>KUBAIOILUMU
mupokoe BHeApeHne. HemaBuue 0030pbl yKa3bIBalOT HA HEOOXOIUMOCTD Pa3pabOTKH yHU-
BEpCAJIbHBIX IPOTOKOJIOB IE€Pelaul JaHHBIX C MUHHUMAJIbHBIMU 3aJ€PKKAMU U yCTONYU-
BOCTHIO K TIoTepsM makeToB (Behnke et al., 2023).

3HAYUTEIbHOE BHUMAHUE YAESAETCS TaKKe BOIPOCaM TOYHOCTU U CTaOMIbHOCTU
u3MepeHuil. B uccnenoBaHusx MOCIETHUX JIET PacCMaTpUBAIOTCS METO/bI KOMIIEHCA-
nuu apeiipa MEMS-ceHCOpoB U MOBBILIEHUS UX HAAEKHOCTH B YCIOBUSAX dKCTpEMallb-
HBIX TeMreparyp (Zhang et al., 2026), a Tak:ke BO3MOKHOCTH F'MOPUAHOrO 00BbEINHEHUS
MEMS-akcenepomMeTpoB ¢ IpyrumMu TexHonorusmu, Hanpumep GNSS, st MoHUTOpHHTA
BUOpauuii B tuHamuueckux oobekrax (Paziewski et al., 2025; Carratu et al., 2025). 9to
MOATBEPKIAET aKTyaJIbHOCTh ITOMCKA PEIIeHN, 00eCIeunBaloIUX OalaHC MEXTy TOUHO-
CTBIO UBMEPEHUM U SKOHOMUYHOCTBIO CUCTEMBI.

HoBeie 0030pbI ceHCOpHBIX TexHONMOrui B KoHTeKCcTe [oT moguépkuBaior nmorped-
HOCTb B KOMIUIEKCHBIX IOJIX0/IaX, COUYETAIOIIUX HU3KYIO CTOUMOCTb, THOKOCTb apXUTEKTY-
pol 1 Macmrabupyemocts (Abdulhussain et al., 2025). B To sxe Bpemst psin uccieaoBaHui
aHAJTM3UPYET HOBEUINE KOHCTPYKIIMH HU3KOOOMKeTHRIX MEMS-akcenepoMeTpoB u ux
MIPUMEHEHHE Il BUOPALIMOHHOTO MOHUTOpPUHIa B IpoMblnuieHHOcTH (Yaghoubi et al.,
2024). Kpome TOr0, COBpEMEHHBIE UCCIIEIOBAHUS MOATBEPKIAIOT MEPCIEKTUBHOCTh UC-
MOJIb30BaHUS HIU(DPOBBIX TBOMHHUKOB JIJIs MOJJIEPIKKU TUAarHOCTUKY U aHAJIN3a CUCTEMHBIX
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naHHbIx MoHuTOpUHra (McCourt et al., 2025). Ilony4yeHHble BBIBOABI HOATBEPKAAIOT, YTO
ucnonp3oBanue MEMS-ceHCOpOB B coueTaHUU C OTKPBITBIMU anlapaTHO-IPOrpaMMHBI-
MU 1u1aTopMaMu 0cTaércsa Haubosee MepCreKTUBHBIM HAlPaBICHUEM Pa3BUTHS.

Takum 00pa3oM, aHaIW3 CYIIECTBYIOIIMX pPAaOOT IMOKAa3bIBAET, YTO, HECMOTPS
Ha miporpecc B obmactu MEMS-texnonoruii u IloT, ocTaroTcs HEpemEHHBIMU 3a/1a4u
o0ecredeHnss yCTOWYMBOCTH Tepeaadll AaHHbBIX, CHIKEHHUS] YPOBHS LIYMOB U CO3JaHUS
JOCTYIHBIX apXUTEKTYp, JIETKO HMHTETPUPYEMBIX B IPOMBIIUIEHHYI0 HH(PACTPYKTYpY.
Hacrosimee nccnenoBanue oTBeYaeT Ha 3TU BBI3OBBI, Mpejiaras HEJOPOTYI0 U MOIYJb-
HYI0 CUCTEMY MOHUTOPHUHIA, COYETAIOUIYI0 0a30Bble METOAbl LU(POBON QUIBTpaLUU C
BO3MOYKHOCTBIO MHTETPALIUU B MPOLIECCHI MPEAUKTUBHOIO OOCITY)KUBAaHUS U MMOCTPOCHUS
ungposbix 1BoitHUKOB (Iranshahi et al., 2025).

Pesynprarel mpoBeE¢HHON pa3paOOTKU U BHEAPEHUS IPOTOTUIIA CUCTEMbI MOHUTO-
pHHTa OTpa)keHbl Ha PUCYHKax | u 2.
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MEHEHa (UIBTpaIrs METOJAOM CKOJIB3sIIero cpennero. Ha pucynke 3 mpencraBiieHO cpaB-
HEHHE CUTHAJIOB 1O ocsiM X, Y U Z 70 U TTocye 00paboTKH.
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Puc. 3. Curnaiisl akcenepoMeTpa 10 U rnocjie GuibTpainun (CKoIb3siiiee cpeaHee, OKHO = 5)

AHanu3 rpaduka nokasaji CylleCTBEHHOE CHIKEHUE BBICOKOYACTOTHBIX MTOMEX, I10-
BbIIIIEHNE CTA0MIBHOCTH CUTHAJA U €r0 MPUTOAHOCTH JIJIS aHaJIu3a B 3a/1a4ax TUarHOCTUKU
cocTosiHuS 00opynoBanus. B Tabnuie 1 npuBeneHbl KOHKPETHBIE YUCIOBBIE 3HAUEHUS /10 U
mocye oOpaboOTKH 1O BCEM TPEM OCSM.

Tabmuna 1 — [Ipumep cpaBHeHUs 3HAYEHUH 70 U MOcie GUIBTPAIMH 10 ocsaM X, Y,

Bpewms, ¢ X (mo) X (mocme) Y (7o) Y (nmocne) | Z (mo) Z (mocne)
0.200 0.837 0.432 0.280 0.804 1.057 1.022
0.250 0.916 0.627 -0.043 0.571 0.950 1.011
0.300 1.068 0.807 -0.312 0.301 0.991 1.007
0.350 0.885 0.913 -0.680 -0.034 1.017 1.010
0.400 0.507 0.843 -0.859 -0.323 1.026 1.008
0.450 0.318 0.739 -0.828 -0.544 0.966 0.990
0.510 0.028 0.561 -1.119 -0.760 1.014 1.003
0.560 -0.217 0.304 -0.916 -0.880 0.941 0.993
0.610 -0.606 0.006 -0.702 -0.885 0.945 0.978
0.660 -0.851 -0.266 -0.611 -0.835 0.958 0.965

ConocraBiieHne BpEMEHHBIX PSJIOB «J10/mociie» (UIbTPalMK M0 BCEM OCSIM IOA-
TBEPKJIa€T CHUYKEHUE BHICOKOUACTOTHOM COCTABIIAIOIIEH U CyKEHUE JIMana3oHa aMIUIUTY/,
YTO 0COOCHHO 3aMETHO JIA ocu X Ha ydacTKax ¢ JIOKaJbHBIMH BeIieckamu (puc. 1, 3).
st ocu Z nocne o0paboTKH OTYETIMBO BBIACIAETCS KBa3UCTAllMOHAPHAS COCTaBIISIONIAs],
COOTBETCTBYIOLAsl TPABUTALMOHHOMY YCKOPEHHIO, UTO YHPOIAeT UHTEPIPETALUIO JUHA-
MUYECKUX OTKJIOHEHUH (pHcC. 2, 3). B COBOKYITHOCTH 3TO MOBBILIAET «YUTAEMOCTb) CUTHAJIA
Y PUTOAHOCTH ISl TOCIIEYIONEH TMarHOCTUKH COCTOsIHUA y3i10B (MmmMeTneB u ap., 2019;
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Garcia et al., 2025).

Jns opmanuzanuu yaydiIeHHH KadyecTBa CHTHaJla MCIOJIBb30BAIMCH POOACTHBIC M
KJIACCUYECKUE METPUKH: MEXKKBapTWiIbHBIN pazmax (IQR), crannaprHoe OTKIIOHEHHE, CpE-
HekBaiparndeckoe 3HaueHue (RMS) u pasmax «muk-k-niuky» (peak-to-peak). [Tocie ¢uib-
Tpauuu HabmonaeTcst onHoBpeMeHHoe ymenbiienne IQR u peak-to-peak mpu coxpaneHuu
MH(POPMATUBHON HU3KOYACTOTHON KOMIIOHEHTBI, YTO COOTBETCTBYET LIEJSIM CIIaKUBaHU 0€3
norepu Tperaa (Welch et al., 2006; Illonazapos, 2019). Takoii mpoduiib H3MEHEHHI COTIIA-
CYeTCsI C 0OKHIAEMBIM 3((HEKTOM CKOIB3SIIETr0 CPEeAHEro/MeTMaHHOH (DMIIBTPAIIUK TIPH MTO/1a-
BJICHUHU MMITYJIbCHBIX BBIOpOcOB (Huctsakos u ap., 2020).

Ha otnenpHBIX MHTEpBajax MCXOAHBIX JaHHBIX (DUKCUPOBAIUCH KPATKOBPEMEHHBIC
OTpUIaTeIbHBIC BEIOPOCH 10 ocH Y (cM., Harpumep, otpe3ok 0.50—0.66 ¢ B TaOMMIHOI BbI-
00pKe «10»), KOTOpBIE MOCie 00paOOTKH 3aMETHO OCJAONSIOTCS, HE HMCKaXkas OCHOBHYIO
OUHaMUKY. 1 OHJIaliH-BBISIBIIEHUS TOJOOHBIX AMU30/10B 11€J1I6CO00pa3HO MPUMEHSTh IIOPO-
TOBbI€ KPUTEPHUHU IO Z-OLIEHKE WM OTKJIOHEHHIO OT Meauansl (MAD) B ckonb3siiieM OKHE;
3TO MO3BOJISIET aBTOMATU3MPOBaTh NMOMETKY MOTEHLMAJIBHBIX COOBITHI (pa30amaHCHUpPOBKA,
HavaJIbHBIA U3HOC OTOp) JIsl AasibHeIIen skcrnepTHoi unreprperanuu (Ummerses u np.,
2019; Garcia et al., 2025).

C TOYKM 3peHHs yCTOWYMBOCTH KaHaJa TeJIEeMETPHUHU MPEI0KEHHBIN TEKCTOBBIN (Pop-
MaTr ¢ MeTkaMu KOMIOHEHT («AX... AY... AZ...») oka3aJcs NMPaKTUYHBIM JJIsI IOTOKOBOM
JMAarHOCTUKU M JKypHAJIMPOBAHMS: OH OOECIEUMBACT IMpeNCKa3yeMblii pa3dop B BEpXHEM
YPOBHE U COMPOTHUBISIEMOCTh YaCTHYHBIM MOTEPSM CHMBOJIOB 0€3 HEOOXOIUMOCTHU CIELH-
aNM3UPOBAHHBIX JeKo/epoB nakeTtoB. B coueranun ¢ UART-coenuHeHneM 3T0 ynpocTHIIO
unTerpanuio ¢ IIK/SBC u ITIVIK 6e3 nopaboTkun kKoMMyHUKaMOHHBIX cTtekoB (Tang et al.,
2018; Zhou, 2025).

[TpakTveckast 3HAYMMOCTh MOTYYCHHBIX PE3YJIBTATOB 3aKITI0YAETCS B TOM, UTO (PHITh-
TpaunoHHasi 00paboTKa, MPUMEHEHHAS! B IPOTOTHIIE, MOBBIIIAET YyBCTBUTEIBHOCTD K PaH-
HUM TIpU3HAKaM JIerpajaiui (pocT AUCIIEPCUU/TIEPEN30BITOK BEIOPOCOB) MPH COXPAHEHUH
BBIYUCIIMTENILHON JIETKOCTH Ha MHUKPOKOHTpPOJUIEpE. DTO JeIaeT BO3MOXKHOM peaan3aluio
[IOPOTOBOW MPEIUKTUBHON IMAarHOCTUKM HAa KPAa€BOM YPOBHE U IOCJEAYIOLIEE BKIIOUEHHE
00pabOTaHHBIX PU3HAKOB B KOHTYP TEXHUYECKOTO 00CITYKUBAHHUS TI0 COCTOSIHUIO M ITU(PO-
BbIe IBOMHUKHN oOopynoBanus (Albarbar et al., 2008; Garcia et al., 2025).

[TpencraBieHHbIe pe3yabTaThl WLTIOCTPUPYIOT padoTy Ha OIHOM ammapaTtHOW KOH-
¢durypau 1 orpaHHuYEHHOM BPEMEHHOM OKHE HaOmoneHus. B mampHeimem miiaHupyeT-
csl pacmpuTh Habop MeTpuk (RMS-ckop, KypTo3ucC, CIeKTpalibHbIe HHICKCHI), YBETHYUTh
JUTUTENTHOCTD CEPUH, a TAKXKE JIOTIONHUTH U3MEPEHHSI TEMIIePaTypOit/aKyCTHKOM IS TOBBI-
LIEHMsI JOCTOBEPHOCTHU CYXIECHUI O MPUPOJIE aHOMAJINH B y3iax npuoja (Mummerses u ap.,
2019; Bnacos u ap., 2018).

3akiroueHnue.

B pamkax npoBeAEHHOTO UCCeN0BaHUs ObUIa pa3paboTaHa U peann3oBaHa apXUTEK-
Typa CUCTEMBI IPOMBIILIIEHHOI'O MOHUTOPUHIA, OPUEHTUPOBAHHAs HAa IPUMEHEHUE B YCIIOBU-
X IU(GPOBU3ALIUH TPOU3BOJCTBEHHBIX MPOLECCOB M Pa3BUTHSI KOHIETIIUY IIPOMBIIIUIEHHOTO
untepHera Bemien (I1oT). B xauecTBe anmapaTHON OCHOBBI HCIIOJIB30BaHbI MUKPOKOHTPOJI-

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 @ @
International License .
319



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

nep STM32F407VGT6 (STM32F4 Discovery) u TpéxoceBoit MEMS-akcenepometp
LIS3DSHTR c untepdeticom [?C, uTo MO3BOIUIO CO3/1aTh KOMIAKTHOE, YHEPTodPdek-
TUBHOE U PKOHOMMYECKH JTOCTYIIHOE PELICHHE JJIsi HEIMPEPHIBHOIO KOHTPOJIS BUOpALU-
OHHBIX XapakTepucTuk obopynoBanus. KoHpurypamnus ceHCopHOro y3ja U mapameTpbl
cbEMa JTaHHBIX 00€CTEeYMSIM JOCTATOYHYIO YaCTOTy JWCKPETU3alUU Ui perucTpanuu
XapaKTepHbIX BUOPAIIMOHHBIX KOMIIOHEHT, PEJIEBAaHTHBIX 33/1a4aM paHHEH TUarHOCTUKU.

KittoueBbIM pesynbraToM paOoThl SBISIETCS pa3paboTka YHUBEPCAIBHOTO MPOTO-
KoJia repefayn qaHHbeix yepes uHTepdeiic UART, obecnieunBaromiero yCTOWuuByO U Ha-
IEXKHYI0O KOMMYHHUKAIMIO MEXy CEHCOPHBIM YPOBHEM M CHUCTEMaMHU BEPXHETO YpPOBHSI.
[Ipennoxenuplit popmar Tenemerpun (MapkupoBka komrnoHeHT AX/AY/AZ, xaapoBas
CTPYKTYpa U KOHTPOJIb LEIOCTHOCTH) MOKa3aJl T0CTaTOUHYI0 THOKOCTh JUIsl HHTErpaluu
C pa3IMyYHBIMHM IpPOrpaMMHO-aNNapaTHbIMU MIaTGOpPMaMU, BKJIKOUas CUCTEMbI cOopa U
o06pabotku maHHbBIX, SCADA/PLC-ypoBeHbh M 00NaYyHBIE CEPBUCHI MOHHTOPHHTA. DTO
MOJTBEP)KIAET BO3MOXKHOCTh HUCIIOJIb30BaHUS Pa3paOOTaHHOMN apXUTEKTYphl B pacipee-
JEHHBIX CHUCTEMax MPOMBIIUIEHHOTO MOHUTOPUHIA 0€3 HEOOXOIMMOCTH CYIIECTBEHHON
MoIU(UKALMU CYIIECTBYIONIEH HHPPACTPYKTYPhl U C MUHUMAJIBHBIMU TPEOOBAHUSMU K
BBIUHCIIUTENIBLHBIM PECYpCaM Ha KPaeBOM YPOBHE.

Oco0oe BHUMaHHE B UCCIIEOBAHNH Y/I€JIEHO BOPOCAM MOBBIIIEHUS KaueCTBa U3-
mepenuid. [Ipumenenne MeTo10B UPPOBOIl 0OPaOOTKH CUTHAIOB, BKIIOYAs CKOJIb3AIIEE
cpenHee, MeauaHHyo (uiabTpanuio U GuibTp KanmaHna, mo3Bosiniao CylmecTBEHHO CHU-
3UTh YPOBEHb LIYMOB U MOBBICUTH CTAOUIBHOCTbh PETUCTPUPYEMBIX CUTHANIOB. AHaJIN3
MOJTyYEHHBIX BPEMEHHBIX PSAIO0B MoKa3ad, 4To (uiabTpanus 3p(EeKTUBHO MOAABISET BbI-
COKOYACTOTHBIE TIOMEXHU U UMITYJIbCHBIE BHIOPOCHI, COXPAHSISI IPU 3TOM HH()OPMATHUBHYIO
COCTABJIAIONIYIO0 CUTHaja, HEOOXOAUMYIO JUIsl TUAarHOCTUKH COCTOSIHUSL 00OpYyHAOBaHUSI.
JloTIOTHNUTENBHO OLEHUBAINCH 0a30BbIE€ CTATUCTUYECKHE XAPAKTEPUCTUKU (IUCHepCus,
MEXKBapTUIbHBIA pa3max, peak-to-peak), moaTBepIuBIINE YIIyUIIEHHUE «UUTAEMOCTH
CUTHaJIa mociie 00paboTKH.

DKCcTiepUMeHTaIbHas anmpooarys pa3pad0TaHHOTO PEIICHHS B YCIOBHSIX peajlb-
Horo mpousBojcTBa (twiomanaka TOO OIITUCOPT) nponemoncTpupoBana ero padboro-
CIOCOOHOCTh M MPAKTUYECKYIO MPUMEHUMOCTb. B Xo/1e ncnpiTanuii ObI0 yCTaHOBIIEHO,
YTO cUCTEMa CIIOCOOHA PUKCUPOBATh PAaHHUE MPU3HAKU MEXAHUYECKUX HEUCIIPABHOCTEH,
BKJItOYas pa30alaHCUPOBKY U HauajbHbIE CTAJAUU W3HOCA MOAIIMITHUKOB, MPOSIBIISIONINE-
sl B BUJIE JIOKAJIbHBIX aHOMAJIMH aMILIUTY/Ibl U U3MEHEHHS CTAaTUCTUUECKHX MoKa3aTesneit
BUOPALIMOHHOTO CUTHaja. BoIsBIeHHbIE N3MEHEHUS TO3BOJISIFOT UCIIOJIb30BaTh CUCTEMY B
KaueCcTBE MHCTPYMEHTA paHHEH AMArHOCTUKH, UTO SIBJISIETCS BaXKHBIM (PAKTOPOM IOBBILLIE-
HUS HaIEKHOCTH U CHUD)KEHUS 3aTpar Ha 00CIiIy>)KUBaHHE 000pyIOBaHUS.

BaxHbIM pe3ysnbTaTOM HCCIENOBAHUS SIBISIETCS MOATBEPKACHHE BO3MOXKHOCTHU
co3anus 3p(EKTUBHBIX CUCTEM MPOMBIIIIEHHOTO MOHUTOPUHIA HA OCHOBE OIOIPKETHBIX
anmnapaTHbIX KOMIIOHEHTOB. Vcronib30BaHUE JOCTYIMHBIX MUKPOKOHTPOJUIEPHBIX ILIAT-
dopm u crangaptHeix MEMS-ceHCOpOB MO3BOJISET 3HAYUTEIHHO CHHU3UTH CTOMMOCTH
BHEJPEHUS 110 CPAaBHEHUIO C TPAJAULIMOHHBIMU IPOMBILUIEHHBIMHU PELICHUSIMU, COXPaHSIs
IIPU ATOM JIOCTaTOYHBIH YPOBEHb TOUHOCTH U HAJIEKHOCTU U3MEPEHUN. DTO JIeTaeT npe-
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JIOKEHHYIO apXUTEKTYPY HEPCIEKTUBHOMN JUIsl IIUPOKOTO MPUMEHEHUS, BKIIOUasl MaJlble U
CpeIHUE MPENNPUITHS, 1€ BHEIAPEHUE JAOPOrOCTOALIMX CUCTEM MOHHUTOPUHIA YacTO 3a-
TPYZIHEHO.

C mpakTH4YeCcKOi TOYKH 3pEHUs pa3padOTaHHOE PELICHHE MOXKET ObITh MHTETPHPO-
BAaHO B CHCTEMBI NMPEIUKTUBHOTO OOCITYXHUBAHUS W UCIIOJIB30BAaHO B PAMKAX IOCTPOCHHS
UQPOBBIX JBOMHHUKOB 0OOpyrnoBaHus. [10TOKOBBIE JAaHHBIE O BHOPAIIMOHHBIX XapakKTe-
PHCTUKAX MOTYT CIYXXHTb OCHOBOW /U (pOPMUPOBAHMS TUATHOCTUYECKUX MOJelnel, Ha-
CTPOMKHU IOPOTOBBIX MPaBUJI U MOCIIEIYIOLIETO Mepexoaa K MOJEISIM OLIEHKH 0CTaTOYHOI'0
pecypca. Takum 06pa3oM, MpeIOKEHHBIN MOAX0A 00ECIIEYMBAET HE TOJIHKO MOHUTOPHHT
TEKYILIETO COCTOSIHUS, HO U CO3AaET NPEAIOCHUIKY /IS IEpexo/ia K MHTEJUIEKTyaJIbHbIM CH-
CTeMaM yTpaBJICHUS KU3HECHHBIM IIMKJIOM 000PYIOBaHHS C IOAJICPKKOHM yIanEHHON aHaTH-
TUKU U NEHTPAIN30BAaHHOI'O XPAaHEHUS! TAHHBIX.

[IepcrieKTHBBI TAIBHEUIINX UCCIIEIOBAHUN CBSI3aHBI C Pa3BUTUEM KAK aIlllapaTHOU,
TaK ¥ MPOTrPaMMHOM COCTAaBJISIOIIMX CHCTEMBbI. B 4acTHOCTH, MpeAcTaBiIsSeTCs 1EIeC00-
Opa3HbIM pacUIMpeHUE HaObOpa aHAIM3UPYEMBIX MAapaMeTpPOB 3a CUET BKIIIOUEHUS CIIEK-
TpanbHbIX XapakrepucTuk (FFT-npusnaku), kyprozuca u RMS-MeTpuk, 4To No3BOIUT O-
BBICUTBH UyBCTBHTEIBHOCTH K PAa3IMUHBIM THIIAM Je(EKTOB. J[OMOIHUTETFHOE OBHIIICHUE
MH(POPMATHBHOCTH MOXET OBITh JJOCTUTHYTO 3a CUET MHTETPALUHU IPYTUX THIIOB CEHCOPOB,
TaKWX Kak TeMIIEpaTypHbIe, aKyCTHUYECKHE M TOKOBbIE JATUYUKH, 00ECIICUNBAIOIINX KOM-
TUIEKCHYIO OIIEHKY COCTOSIHHS 000py/IOBaHMUS.

OTnenbHBIM HAIlPaBJIEHUEM Pa3BUTHUSA SIBIISETCS IPUMEHEHHE METOI0B MAILIMHHOIO
0o0yueHus JUIsl aHaJu3a HAKOIUIEHHBIX JAaHHBIX M IIPOTHO3UPOBAHUS OCTATOYHOIO pecypca
y3510B. Mcrionb30BaHue alrOpUTMOB MHTEIICKTYalbHONH 00pabOTKH MO3BOIUT NEPEHTH OT
[IOPOTOBBIX METOAOB IMArHOCTUKH K 00Jiee TOYHBIM U aJlallTUBHBIM MOJEIISM, YUUTHIBAIO-
MM HEJTMHEWHBIE 3aBUCHMOCTH U TUHAMUKY PEKUMOB paboOThl. B coyeTaHum ¢ BOZMOXK-
HocTsiMH 10T 3TO co31aéT OCHOBY [UIS MOCTPOSHHS MACIITAOUPYEMBIX CUCTEM MHTEIIJICK-
TYaJbHOTO TEXHHUYECKOTO OOCITY)KMBAaHUS U WHTETPALUU C KOPHOPATUBHBIMU CHUCTEMaMHU
YIPaBJIEHUS POU3BOJICTBOM.

Takum 00pa3oM, pe3yabTaThl UCCIENOBAHUS MOATBEPIKIAIOT, UYTO IMPEIOKCHHAS
ApPXUTEKTypa CHCTEMBbI MPOMBIIIICHHOTO MOHUTOPUHTa 00iagaeT HeoOXOMUMBIMU XapaK-
TEPUCTUKAMH HAJIEKHOCTH, THOKOCTH M SKOHOMUYECKOH Y(PPEKTUBHOCTH, a TAKKE JIEMOH-
CTPHUPYET BOCIPOU3BOAUMOCTD U aIallTUBHOCTD B PEAJIBHBIX YCIOBUIX SKCIUTyaTalluu, YTO
Jienaet e€ NepcreKTUBHOM /1715 TPaKTUUECKOTO BHEAPEHUS B COBPEMEHHBIX ITPOU3BOACTBEH-
HBIX CUCTEMAX.
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