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AnHoTauus. ccnegoBaHWe HanpaBneHo Ha pa3BUTUE MPUKIAAHBIX NPOrPaMMHBIX CUCTEM
[NA aBTOMaTU3MPOBaHHONO MOHUTOPMHIA OKpY*aloLLen cpefbl. PaccmaTtpuBaeTca 3agava
no paspaboTke W MHTerpaLmm NPUKIAgHON0 NporpaMMHOro obecrneyeHms, B YHacTHOCTU
pacyeTHO-aHaNUTUYEeCKNX Mofesielt Ha OCHOBE MEeTOLO0B MalUMHHOro oby4veHus (ML),
¢ loT-nnatdopmont LMPPOBOro IKOMOHUTOPUHIA ANA NPOMbILLNEHHbIX NPeAnPUATUN.
Takana nnatpopmMa ncrnonb3yeTca AN1A Co34aHWA NPOrpaMMHO-annapaTHbIX CUCTEM Kacca
CEMS - Continuous Emissions Monitoring System, npegHa3sHa4YeHHbIX 4N1A HENpepbIBHOMO
KOHTPOJIA BbIBPOCOB 3arpA3HALLMX BELLECTB B aTMOChEpHbIN BO3AyX Ha NPOM3BOACTBAX.
Ucnonb3soBaHMe ML-MHCTPYMEHTOB, MHTErPUPOBaHHbLIX C NnatGopMon, no3BonAeT
3HAQUYUTENIbHO pacwnpuUTb QYHKUMOHANbHOCTL cyllecTBylowmx CEMS, B 4acTHocTH
OMepaTMBHO KOHCTPYMPOBAaTb HOBble SaaS-cepBUChHl O1A NPOrHO3MPOBaHUA OUHAMUKK
pacnpocTpaHeHuA 3arpasHeHuiA. C y4eTOoM BbICOKMUX Tpe60oBaHUI K MPOMbILLIEHHbIM CUCTEMaM
BO3HWKaeT He0bX0AUMOCTb CO3aHMA CreLmanmM3MpoBaHHOIo NPOrPaMMHOI0 NPoadyKTa —
aHanMTMYeCKoro cepBepa, peanunsyioLLero ynpaeneHue NoaKkNio4aeMbiMU NpeauKTUBHO-
aHanuTMyecknMmn ML-MogensamMm ¢ TpebyembIM YpoOBHEM KayecTBa 06CTyKMBaHWA, B TOM
yuncrie aBTOMaTUYECKOM MHULIMANN3aLMEN HOBbIX aHAIUTUYECKMX CKPUMTOB B BUAE KNaccoB,
N30J/IMPOBAHHOCTLIO OTAESbHLIX KOMMOHEHTOB, aBTOMaTUYECKMM BOCCTAHOBIEHWMEM Mocre
BO3HWKHOBEHWA CH0eB, 3aLLMLLIEHHOCTBI0 M 6@30MacHOCTbI0 AaHHbIX. B cTatbe npepnorkeHa
cxeMa ¢yHKLIMOHaNbHO-anropuTMu4eckoro Bsammopencteus loT-nnatdopmbl LmuppoBoro
3KOMOHUTOPWHIa U aHanuTMYecKkoro cepsepa. lpeacTaBneHHbIN BapnaHT peanusauum
aHaNUTUYECKOro cepBepa UMeeT MepapXUYeCcKylo CTPYKTYpY, B BEPLUMHE KOTOPOM CTOUT
NPUNoMeHWe, cnocobHoe NPUHMMATHL BbICOKOYpoBHEBbIe REST-3anpock! Ha MHULManu3aumio
pacyeToB B peasibHoOM BpeMeHu. [JaHHbIM noaxof no3BosiAeT MUHUMU3NPOBaTh BAMAHME
0[HOIr0 aHaNUTUYECKOro CKpUMTa (Kracca) Ha Opyron, a TaKKe paclUMpATb GYHKLMOHANBHOCTb
nnaTdopMbl B «rOpAYEM» PEXHMME, TO eCTb 6e3 0CTaHOBKM WK nepe3arpysku. MpueeaeHb!
pe3ysbTaTbl, JEMOHCTPUPYIOLLIME aBTOMAaTUYECKYI0 MHULMAM3aLMIo U NoaKItoYeHMe 6a30BbIX
ML-Moaenen gia NporHo3uMpoBaHUA KOHLLEHTPALIMIM BpeOHbIX BELLLECTB.

KnioueBble cnoBa: CEMS, cucteMHan apxuTeKTypa, nnatgopMa MHTepHeTa Bellei, aHanuTUYeCKUin cepBep,
MaLLIMHHOE 0by4eHue
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Abstract. The research focuses on the development of applied software systems for automated
environmental monitoring. The task of developing and integrating applied software, in particular
calculation and analytical models based on machine learning (ML) methods, with an loT platform
of digital eco-monitoring for industrial enterprises is considered. Such a platform is used to
create software and hardware systems of CEMS - Continuous Emissions Monitoring System
class, designed for continuous monitoring of pollutant emissions into the atmospheric air at
production facilities. Use of ML tools integrated with the platform allows to expand significantly the
functionality of the existing CEMS, in particular to quickly build new SaaS services for forecasting
the dynamics of pollution distribution. Given the high requirements for industrial systems, there
is a need to create a specialized software product — an analytical server that implements the
management of connected predictive analytical ML models with the required level of service
quality, including automatic initialization of new analytical scripts as classes, isolation of individual
components, automatic recovery after failures, data security and safety. The paper proposes
a scheme of functional and algorithmic interaction between the loT platform of digital eco-
monitoring and the analytical server. The proposed implementation of the analytical server has
a hierarchical structure, at the top of which is an application capable of accepting high-level REST
requests to initialize calculations in real time. This approach minimizes the impact of one analytical
script (class) on another, as well as extending the functionality of the platform in "hot" mode, that
is, without stopping or reloading. Results demonstrating automatic initialization and connection
of basic ML models for predicting pollutant concentrations are presented.
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BseneHue

7. KOHTPOJISl KauecTBa aTMOC(EpPHOTO

BO3/IyXa Ha MPOMBIIIICHHBIX MPEINpH-

ATUSX MPUMEHSIOTCS IPOrPaMMHO-aI-
naparHbie cucteMbl kitacca CEMS (Continuous
Emissions Monitoring System). Takue cuctemsl
M3MEPSIIOT KOHIICHTPAIMK 3arps3HSIONNX Be-
[IECTB, COXPAHSIOT JJaHHBIE B JopMaTe BpeMeH-
HBIX PSJIOB, (GOPMUPYIOT OTUETHI JJISI FKOJIOTOB,
PYKOBOJICTBA PEIIPHUATUI 1 KOHTPOIUPYIOIIUX
oprasoB [1]. IIporpammuoe obecneuenue (I10)
CEMS opuenTrpoBaHOo Ha pabOTy B HETIPEPbIB-
HOM (online) pesxume, YTo CBSI3aHO C BEICOKOH JTH-

HAMHKOH BO3IYLIHOM CPEbl, COCTOSTHIE KOTOPO
MOCTOSIHHO U3MEHSETCS 10 BpEMEHHU.

M3BecTHO, UTO MIHTEHCHBHOCTh M COCTaB BbI-
OpOCOB 3aBHUCAT OT MapaMeTPOB CaMUX UCTOU-
HHUKOB BBIOPOCOB, JMaHAmadTa, METEOyCIOBHH,
HaJM4Msl CMEXHON »HEepreTudeckol nHppa-
CTPYKTYPBI, TPAHCIIOPTHBIX MAaruCTpajel u Ipy-
rux ¢axropos [2, 3]. Ha tepputopun KpymHbIX
MIPOU3BOJICTB C OOJIBIINM YHCIOM MCTOYHHUKOB,
a TaroKe BOKPYT MPENNPUATHNA, HAXOIAIIUXCS PS-
JIOM C YKHJIOH 3aCTPOIMKOM, KOHTPOJIb 3arpA3HEHUH
MHOTOKPAaTHO YCJIOXKHSETCS 33 CHET 00ECIIeUeHUs
NPOTHO3UPOBAHUS PACHPOCTPaHEHUH BHIOPOCOB.
B ciyuae oOHapy>KeHUsI prcKa ONaCHBIX KOHIICH-
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