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Abstract. The paper examines modern approaches to ensuring environmental
sustainability in the context of the development of the Industry 4.0 concept. Special
attention is paid to the tasks of monitoring atmospheric air as an environmental risk
management tool. The analysis of existing information and analytical solutions in this
field has been carried out, and their limitations related to insufficient data integration
and a low level of information security have been identified. An approach to building
an intelligent monitoring system based on the combined use of Internet of Things and
blockchain technologies is proposed. As part of the research, a database structure has been
developed designed to account for stationary sources of pollution and regulate emission
quotas. The results obtained can be used to increase the reliability of environmental data,
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as well as to improve the mechanisms for monitoring atmospheric air quality
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Annoranus. JXXywmsicra Uaayctpust 4.0 TyKbIpbIMIaMachlH aMbITy JKarJalblHIA
9KOJIOTHSUIBIK TYPAKTBUIBIKTHI KaMTaMachl3 €TYIIH 3aMaHayd TICLIAepl KapacTbIpbLIajbl.
DKONOTHSIIBIK TOYEKeNaep i 0ackapy Kypasbl peTiHae arMocepasblK ayaHbl Oakpliay MiH-
JeTTepiHe epeKIle Ha3ap ayaapbuiaisl. Ockl canagarbl KOJIJaHbICTAFbl aKIapaTThIK-Ta1aMa-
JBIK TICTIMAEpPTe Talaay KYPri3iial, OMapaslH AePEKTEePAl )KETKIIIKCI3 HHTETpalnsiiayMeH
JKOHE aKIapaTThlH KOpFaldy NEHTeHiHIH TOMEHJIriMeH OalIaHbICThl HIEKTEYJIepl aHbIKTal-
nel. [oT xone Blockchain TexHonorusmapsia Oesicyre HEri31€IreH HHTEIIEKTyaibl OaKbl-
Jay KYMECIH KYpy TOCLIl YCHIHBULIBI. 3€pPTTEY asChIHAAa CTAIMOHAPIIBIK JIACTaHy KO3/epiH
€CeIlKe aJlyFa oHEe SMUCCHUSUIBIK KBOTAJIapAbl PETTEyre apHaJlFaH MIJIiMeTTep 0a3achlHbIH
KYPBUIBIMBI JKacaiibl. AJIBIHFaH HOTHXKEJIEP AKOJIOTHSUIBIK AEPEKTEPIIH AYPHICTBIFBIH apT-
THIPY YIUIH, COHJai-aK arMoc(epanblk ayaHbIH camachlH OaKplIdy TETIKTEPIH >KETUIAIPY
YIIiH MaijanaHbuTybl MYMKIiH.
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AnHoTanus. B pabGore paccMmarpuBaroTCsi COBpeMEHHbIE MOIXObI K olecreye-
HUIO 3KOJIOTMYECKOW YCTOMYMBOCTH B YCIOBUAX pa3BuTus KoHuenuuu Muaycrpunm 4.0.
Oco0oe BHUMaHKE YIEJICHO 33Ja4aM MOHUTOPUHIa aTMOC(EPHOro BO3yXa KaKk HHCTPY-
MEHTY YIPAaBIECHUs dKOJIOTMYECKUMH prucKkamu. [IpoBeneH aHanu3 CyliecTBYOIIMX HWH-
(hopMaMOHHO-aHATTUTUYECKUX PEIIEHUH B JaHHON 00JIaCTH, BBISIBIIEHBI UX OTPaHUYECHMUS,
CBSA3aHHBIE C HEAOCTATOYHOM MHTETpaIMed JaHHBIX U HU3KUM YPOBHEM 3aIUIIEHHOCTH
nHpopmanuu. Ilpeayioxken noaxoa K MOCTPOSHUIO MHTEIIEKTYadIbHOW CUCTEMbl MOHU-
TOPHMHIa, OCHOBAaHHBI HA COBMECTHOM HCIIOJIb30BAaHUM TEXHOJIOTMH MHTEPHETA BEIEH
u OnokueiiHa. B pamkax uccienoBanus paspaboTaHa CTpyKTypa 0a3bl JaHHBIX, ITpeIHa-
3HAYEHHOH JJIS y4eTa CTAlMOHAPHBIX HCTOYHUKOB 3arPSI3HEHUS M PETyIpOBaHIs IMUC-
CHOHHBIX KBOT. [lonyueHHbIe pe3ynbTaTbl MOTYT OBITH MCIIO/Ib30BAHBI I TIOBBILIEHNSA
DOCTOBEPHOCTY 9KOJIOTMYECKMX JAHHBIX, a TAKKe /11 COBEPLICHCTBOBAHUS MEXaHU3MOB
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KOHTPOJISl KauecTBa aTMOC(epHOro Bo3ayxa.

KuroueBble cioBa: sMuCCHS BpPEIHBIX BEIIECTB, PEIVIAMEHTHPOBAHHE KBOT TIO
SMHUCCHUH, COBPEMEHHAs] CTPYKTypa MaHHBIX, MEXaHU3MbI PETIAMEHTAIIMH W KOHTPOJIS,
OJIOKYCHH-TEXHOJIOTHH, CMApT-KOHTPAKTHI; BHICOKHI YPOBEHb O€30MACHOCTH; MHTEIIICK-
TyaJIbHBIN TTOJIXO/T, SKOJIOTHUECKUE TTPOOIEMBI
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YIPaBJICHHS TaHHBIMU O BRIOPOCAaX CTAIMOHAPHBIX HCTOYHUKOB 3arps3HEHUS B HHTEIIJICK-
TyaJIbHOW CHCTEME DKOJIOTHYECKOTO MOHUTOpPUHTA // MeXIyHapOoaHbINA KypHaI HHPOP-
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org/10.54309/1J1CT.2026.26.2.001. (Ha pycc.).

Kongaukt nHTEpECOB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(PIUKTA HHTEPECOB.

Beenenue.

B ycnoBusx mudpoBoil TpaHcpopmanuy 3KOHOMUKH CYIIECTBEHHO BO3pPAcTaeT
3HAYEHHE MHTEJUIEKTYyaJIbHbIX HH()OPMALIMOHHBIX CUCTEM B OOECIIEUEHUU HKOIOTHUECKOM
6e3onacHocTu. PazButne mudpoBbIX TEXHOIOTHH 1 TIepexo K koHuenuuu Muaycrpun 4.0
(GbopMuUpyIOT HOBbIE TpeOOBaHUS K CHCTEMaM MOHUTOPHHIA OKpY’KaIOILIEH cpeibl, BKIIO-
yasi HeoOXOJMMOCTb HENPEPHIBHOTO cOOpa, 00pabOTKH M aHaiIM3a AAHHBIX O BBIOpOCAx
3arpsi3HAomUX BemecTB (Abapaxmanosa u ap., 2021; Tlocranosnenne I[lpaBurenscTBa
Pecnyonuku Kaszaxcran, 2022; [Toctanosnenue [IpaButensctBa Pecnyonuku Kasaxcran,
2023).

CoBpeMeHHbIE TPOMBIIITIEHHBIE TPEIPUITHS SBISIOTCS 3HAYMMBIMU UCTOYHHUKA-
MU aHTPOIIOI€HHOTO BO3JEHCTBUS Ha OKPYKAIOILYIO Cpeay, YTO 00yCIOBIMBAET HEOOXO-
JTUMOCTb pa3paboTKu U BHeApeHUs 3((EKTUBHBIX MHCTPYMEHTOB KOHTPOJIL U yIpaBiie-
HUS 9KOJIOTMYECKUMU MapameTpaMu. [IpruMeHneHue cucteM HeNpepbIBHOTO MOHUTOPUHTA
BbIOPOCOB MO3BOJISIET 00ECTIEUUBATh MTOyUYEHUE JOCTOBEPHON MHPOPMALIUU O COCTOSIHUU
OKpY’KaloIllel Cpeibl B PEKHMME PEAIbHOTO BPEMEHH, YTO MOBBIIIAET 0OOCHOBAaHHOCTH
IPUHUMAaEMbIX ynpasieHueckux pewenuii (Gottel, 2019).

Bmecte ¢ Tem yBenuueHue oObeMa JAaHHBIX, MOCTYMAIOUIUX OT CEHCOPHBIX
YCTPOICTB, NPUBOAUT K BO3HUKHOBEHUIO psla MpoOsieM, CBA3aHHBIX C UX 00paldoTKoii,
XpaHeHUEM 1 obecrieueHneM 11e0CTHOCTH. COBpEMEHHBIE UCCIIEIOBAHUS B 00MacTH 1ug-
POBOM 3KOJIOTUH JIEMOHCTPUPYIOT, UTO MHTETpalsl pacnpeaeeHHbIX HH(POPMALIMOHHBIX
CUCTEM U MHTEJJIEKTYaJbHbIX METOJOB aHaJIM3a JaHHBIX CIIOCOOCTBYET MOBBIIIEHUIO (-
(beKTUBHOCTH dKojorndeckoro Mmouutopunra (Green et al., 2020).

OnHako OONBIIMHCTBO CYIIECTBYIOUIUX PEIICHUNA OPUEHTHPOBAHBI Ha JIOKAJIbHYIO
00paboOTKy JaHHBIX W HEJOCTAaTOYHO YUUTHIBAIOT CTOXACTUYECKYIO MPUPOAY HHPOpMa-
IIUOHHBIX MOTOKOB, YTO OIPAaHUYMBAET BO3MOKHOCTH IMPOTHO3UPOBAHUS M alalITUBHOTO
YIPaBJICHHS KOJIOTHYeCKUMHU mporieccamu (MyTaHoB u zip., 2009).

B 5710i1 cBsi3M akTyanbHOIN Hay4HOH 3ajauell sBisieTcsl pa3paboTka Mojeseil u Me-
TOJIOB YIPaBJIEHUS JTaHHBIMU O BHIOPOCAX CTALMOHAPHBIX HCTOYHUKOB, 00€CIIEUNBAIOIINX
MHTEJJIEKTYa bHY0 00paboTKy, MPOTHO3UPOBAHNE U HAJEKHOE XPAHEHNE DKOJIOTUYECKOM
uH(GOpMAIH B YCIOBUAX HEOIMPEIEICHHOCTH U BBICOKON TMHAMUKH JAHHBIX.

@ ® This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
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MarepuaJibl 1 MeTOAbI MCCJIEIOBAHMS.

B pamMkax HacTofIlero MccieqoBaHUs paccMaTpUBAETCs 3ajJadya pa3padOTKU HH-
TEJUICKTYaJIbHON CUCTEMbI MOHUTOPUHTA BEIOPOCOB 3arpsI3HSIONINX BEIIECTB CTAIIMOHAP-
HBIMU MCTOYHMKAMU B YCJIOBHSX BBICOKOM HEOMPEIEICHHOCTH U HEOJHOPOAHOCTH BXOJI-
HBIX JaHHBIX.

OObeKkToM UCCIIeIOBaHUs SABISIOTCS Mpolecchl (OPMUPOBAHUS, NI€PElaul U aHa-
JM3a JIaHHBIX KOJIOTMYECKOTO MOHUTOPHUHIA, MOCTYHAIOMIMX OT PacHpelesIeHHON ceTu
CEHCOPHBIX YCTpOHCTB. [IpenmeTom uccnenoBanus BHICTYAIOT MOJICTH M METOBI MHTEJI-
JEKTyaIbHONH 00pabOTKH IKOJIOIMUECKHUX JaHHbBIX, 00€CIIeUNBAIOIINE TOBBIIIEHHE TOYHO-
CTH OIICHKH W TTPOTHO3UPOBAHUS COCTOSIHUS OKPYKAIOIICH CPEIbI.

Lenb uccnenoBanus 3aKio4aeTcsl B pa3pabOTKe MOAEIU U METO/AA YIpaBJICHUS
MOTOKAMH HKOJIOTUYECKUX JAHHBIX, 00€CIICUNBAIONINX UX WHTErPaINI0, 00paboTKy, Mpo-
THO3WPOBAHHUE M HAJIC)KHOE XPAHEHHUE B YCIOBHUSIX CTOXaCTUYHOCTH U HEMOJIHOTHI HH(DOP-
Mallru.

MeTo10510r1YecKy0 OCHOBY MCCIIEI0BAaHUS COCTABIISIOT METO/IbI MAaTEMaTHY€eCKO-
TO MOJICIMPOBAHUS, TEOPUU BEPOSTHOCTEH U MAaTEeMAaTUYECKON CTaTUCTUKH, METOJbI aHa-
JIM3a BPEMEHHBIX PSJIOB U MAITUHHOTO O0y4YEHUSI.

Hcxonnbie nanHble. OMIUPUYECKasi 4acTh MCCIICIOBAHUS BHITIOJIHEHA HA BBIOOP-
K€ JIAaHHBIX MOHUTOPUHTA BEIOPOCOB 3arps3HSIONINX BEIIECTB CTAIMOHAPHBIMHU UCTOYHH-
KamH. B umccrnenoBanue BKIIOYEHBI BpEMEHHbIE psnbl HaOmonenui 3a 2015-2024 rr. u
JTAHHBIE CEHCOPHBIX M3MEPEHUMN MO OCHOBHBIM KOHTPOJIHMPYEMBIM IOKA3aTesiM BHIOPO-
coB, Bkitodas CO2, NOx u SO2. CoBokynHbI 00beM BBIOOpKH cocTaBui Oosee 120 000
HabOmonenuit. s kaxxaoro HaOmoaeHusl GUKCHPOBAJIUCh BpEMEHHAsI METKa, UAEHTU(DU-
KaTOp MCTOYHUKA, TUIl 3arpsI3HAIOLIETO BEIIECTBA, U3MEPEHHOE 3HAUEHUE U COIyTCTBY-
IOIME TEXHOJOTUYECKUe mapaMmeTpol. Mcxomubie nannpie ObUTH CHOPMUPOBAHBI HA OC-
HOBE PE3y/IbTaTOB MOHUTOPUHTA CTAIIMOHAPHBIX NCTOYHUKOB 3arPsI3HEHUSI, BKITFOYAFOIINX
ApXMUBHBIC SKOJIOTHUECKUE HAOIIOACHUS, PE3yIbTaThl aBTOMATU3UPOBAHHBIX W3MEPEHUN
CEHCOPHBIX YCTPOUCTB U MPOU3BOACTBEHHBIC JaHHBIE OOBEKTOB MPOMBIIIUICHHOW HH(pa-
CcTpyKTyphl. [Ipu dhopMupoBaHWU SKCTIEPUMEHTAIHHONW BBIOOPKU MEPCOHATBHBIC U KOM-
MEPUYECKH YyBCTBUTEIHHBIC CBEICHUS ObUTH UCKITFOUCHBI.

[IpeaBapurenbuas 06paboTka nanHbiX. [lepen mocTpoennem Moxenei Obuta mpo-
BEJICHA IpeaBapuTeabHas 00paboTka UCXOAHBIX JaHHBIX. OHA BKJIIOYaja yJajJeHUe aHo-
MaJbHBIX 3HAYEHUN METOJOM MEXKKBAapTUIBHOTO pa3Maxa, BOCCTAHOBJICHHE MPOIYCKOB
METOJIOM JIMHEMHOW MHTEPHOISALMN M HOPMAaJIU3ALMIO MPU3HAKOB. Jl0JIsI IIPOIyCKOB B
UCXOJHOW BbIOOpKE HE mpeBbliana 8%, 4To COOTBETCTBYET peajbHbIM YCIOBHIM (PyHK-
LIUOHUPOBAHUS CHUCTEM 3KOJIOTMYECKOro MOHHUTOpUHra. Bce omepauun npenodpadboTku
OIICHUBAJIUCH Ha 00yYaroIIe YacTH JaHHBIX M 3aTeM MPUMEHSIIUCH K BAIMIAIIMOHHON U
TECTOBOM BHIOOPKAM, YTO MCKJIIOYANIO YTEUKY HH(POPMAITUU MEXKTY dTaraMu SKCIIEPUMEH-
Ta.

ANTOPUTMBI M TIapaMeTpbl MOAEIUpOBaHUsA. [[s1 cpaBHUTEIBLHOTO aHAIM3a HC-
MOJIb30BAJIMCH CIIeyIonIie 0a30Bble METOJbl POTHO3UPOBAHUS: JMHEWHAs perpeccus,
ARIMA wu skcnioHeHIIMaNbHOE criaxuBanue. [Ipennaraempiii aBTOPCKUT METOI 00BEIH-
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HSIET CTOXaCTUYECKYIO MOJIENIb HAKOIUIEHHUS U 00pabOTKH JaHHbBIX, IPEIMETHO-OPUEHTH-
POBaHHYIO CTPYKTYpPY 0a3bl JaHHBIX U MHTEJUIEKTYaJIbHbII MOy b TPOrHO3UPOBAHUSI IKO-
Joruueckux nokasareneil. [lapamMerpsl ctoxacTHuecKoil MOJENH A U L HHTEPIIPETUPYIOTCS
KaK MHTEHCUBHOCTH MOCTYIIJICHUS K 00paOOTKH JaHHBIX COOTBETCTBEHHO M OL[CHUBAJIUCH
[0 SMIIUPUYECKUM XapaKTEPUCTHUKAM IOTOKA 3alKCel B CUCTEME 3a aHAM3UPYEMBIH T1e-
puon. Jns momenn ARIMA ucnons3oBanacek cnerudukamnus ARIMA(p,d,q), mapameTpsr
KOTOpOM moadupainch o MUHUMyMYy HHpopmarronHoro kputepus AIC. J{ns Bcex moze-
neit OblTn 3a()UKCUPOBAHBI OIMHAKOBBIE BXO/IHbIE JAHHBIE U €IMHbIE METPUKHU KaueCTBa.
DKcIepUMEeHTANIbHBIN MPOTOKONI U Banuaanus. [lockonabKy ncciaenoBaHiue 0OCHOBA-
HO Ha BPEMEHHBIX PsAax, OLIEHKA KauyeCTBa BBIMOIHSIACH HA XPOHOJIOTMYECKH Pa3/ieieH-
HBIX JaHHBIX: OOy4aromas BbIOOpKa (hopMUpOBajach U3 PaHHETO BPEMEHHOIO MHTEpBa-
Ja, a TecToBas-u3 Oosiee no3aHero. [ HacTpoKK mapaMeTpoB MOAEIH UCIIOIb30BaIaACh
BaJIMJIallMOHHASI CXeMa Ha OCHOBE MOCJIEI0BaTEIbHBIX BpEMEHHBIX pa3ouenuil. Kauecto
POrHO3UpoBaHUs olleHuBasioch o MeTpukaMm MAE u RMSE. Jlns npoBepku ycTon4u-
BOCTH PE3YyJbTaTOB HKCIIEpUMEHT NOoBTOpsIcs 100 pa3 ¢ OAMHAKOBBIM ITPOTOKOJIOM, ITOCTIE
Yero BBIYUCIISIIUCH CPETHUE 3HAUECHUSI METPUK U CTaHAApTHbIE OTKIOHEHHs. [loBTOpeHMe
9KCIEPUMEHTA BBIMOIHAJIOCH JUIsl OLICHKH YCTOMYMBOCTH MOZENHU K CIy4yalHbIM U3MEHe-
HUSAM 00ydYaromiei BHIOOPKU U MPOBEPKH BOCIIPOU3BOAUMOCTH PE3YIBTATOB.
ApxuTekTypa MpengaraéMoil CUCTEMbl OCHOBaHA Ha HWHTETpali HECKOJIbKUX
(GYHKIMOHATBHBIX MOAYJei: Moayns coopa naHHbIX ¢ loT-garunkoB, Moayns mpeaBapu-
TeIbHOM 00pabOTKM U (UIBTPALMKM JAHHBIX, aHATUTHUYECKOTO MOIYIS, PEaU3yIOLIETO
AJITOPUTMbI HHTEJUIEKTYaJIbHOTO aHAJIN3a, @ TAK)KE MOJYJISl XPAHEHHUS IaHHBIX C UCTIOIb30-
BaHUEM PACIIPEIEICHHOTO peecTpa sl 00ecredeH sl LIeT0CTHOCTH NHPOPMAIIUH.

TaF duvice layer

Biockohan layer |

Uy
Clion Layer

E:;‘ r.-.r:-::..

™ o=

=

Puc. 1. ApXUTEKTypa UHTENIEKTyadbHON CHCTEMBI KOJIOTMYECKOT0 MOHUTOPHHTA BEIOPOCOB

Kak nokaszano Ha pucyHke 1, cuctemMa BKIIOYaeT TP YPOBHSI: YPOBEHb cOOpa JaH-
HBIX, YPOBEHb XPAaHCHUSI H YPOBEHb aHAIUTHKU. JTO 00ECIIeUnBaCT HEMPEPHIBHOCTH MO-
HUTOPUHTA U IOCTOBEPHOCTD JaHHBIX.

Jlst cuctemaru3anuu MHQOpPMaIlMK B CUCTEME pa3paboTaHa CTpyKTypa 0asbl JaH-
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HBIX, BKJIIOYAIOIAsl CYIIHOCTH, ONMCHIBAIOIIME MCTOYHHUKH BBIOPOCOB, MapaMeTpbl 3a-
IpA3HEHMS], BpEMEHHbBIE Psi/ibl HAOMIONEHHM U pe3yibTaThl aHAIN3A.

| JArpEInECEHE BELEETSA KASCE BABCRGCTH

| P | 1 memecTea

P ID
Bruseetaa Hainsnug Laascs

Fi | fomy crerssie nopess swbpocoe

| ST Ty ATt el

[ZATH M EREMA DHCCIUNN MMRCTHH o PE | I METmsnS

SR E TS

Puc. 2. Ctpykrypa 0a3bl JaHHBIX CHCTEMbI MOHUTOPUHTA BEIOPOCOB

[IpencraBnenHas CTpykTypa oOecrneduBaeT IeI0CTHOCTh JAHHBIX U BO3MOXKHOCTD
UX MocIenyromeil 00paboTKH U aHaTU3a.

Jlnist onucanus mpoliecca HaKOTUICHHS 1 00paOOTKHU TaHHBIX UCTIONIB3YETCs CTOXa-
CTUYECKast MOZAEIIb C JUCKPETHBIMU COCTOSHUSMM.

[Tycth X(t) —cny4aitaast GyHKIUS, OMHCHIBAIOIIAS KOJIMYSCTBO HAKOTUICHHON WH-
¢opmanu B MOMEHT BpeMeHH t. [I0TOK MOCTyIuIeHus! JaHHBIX UMEET HHTCHCUBHOCTS A,
MOTOK 00pabOTKU-UHTEHCUBHOCTB L.

JInHaMuKa CUCTEMBI ONIMCHIBAETCSI CUCTEMOMN YPaBHEHUIA:

% = —APy(t) + uPy(t)
d?ft) = —(A+ kp) P (t) + APy (t) + (k + DuPyy4 (1)

rie Py (t)}— BepoATHOCTh HAXOXKICHHUS CHCTEMBI B COCTOSIHHU K.
Maremarndeckoe 0KMIaHUE ONPEIENIAETCS KakK:

my(€) = ) k()

k=0

[Tpu cTannoHapHBIX MapaMeTpax:
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M) = 5 (1=e749)

Jlucniepcus mpolecca onpeiessieTcs: BbIpakKeHUEM:

D.r{t) =m, (t)
Hﬂﬂ OrpaHquHHOﬁ CMKOCTHU CUCTCMBI I/ICHOHL3yeTCH:

dm..(t)

gr - AT umy(t) — AR (1)

Takum o0Opa3om, npeanoKeHHast MO/IEIb TO3BOJISIET OLEHUBATh AMHAMUKY HAKO-
IUIEHUS JaHHBIX U YCTOMYMBOCTH CUCTEMBI.

O630p numepamypul

CoBpeMeHHbIE HCCIIE0BaHMs B 00JACTU 3KOJOTMYECKOTO MOHUTOPUHIA JIEMOH-
CTPUPYIOT YCTOMYMBYIO TEHICHLMIO K HHU(POBU3ALMU MPOLECCOB cOOpa, 0OpaboTKu U
aHanu3a JaHHbIX. B paboTax OTEYeCTBEHHBIX U 3apyOE’KHBIX aBTOPOB IMOJUYEPKUBAETCS
HEOOXOUMOCTh Iepexoja OT TPAJUIMOHHBIX METOJOB KOHTPOJS K MHTEIIEKTYyalbHbIM
cucTeMam, CrocoOHbIM (DYHKIIMOHUPOBATH B YCIOBUAX BBICOKOM HEOIIPEEIEHHOCTH U AU-
HAMHMYHOCTH OKpYy»aromieil cpensl (Abapaxmanosa u p., 2021).

3HAYUTEIbHOE BHUMAHUE B HAYYHOU JIMTEPATYPE yAEHIAETCS IPUMEHEHHUIO T€ONH-
(OpPMAaLIMOHHBIX CUCTEM Ul aHAJIN3a MPOCTPAHCTBEHHOTO PACHpPEAEICHUS 3arps3HEeHUI
U OLIGHKU 3KOJIOTHUECKUX PUCKOB. ['eonH(pOpMalMOHHBIE TOAXO0/IbI TTO3BOJISIOT HHTETPU-
pOBaTh Pa3HOPOIHBIC HCTOUHUKHU JJTAHHBIX U 00€CIIEYMBATH BU3YaJIN3aLIUI0 SKOJIOIMYECKUX
IOKa3areliel, OIHAKO WX MCIIOJIb30BaHUE B OOJIBIIMHCTBE CIIy4aeB OTPAHUYMBACTCS 3a/a-
YaMM CTaTUYECKOIO aHAJIW3a U HE MpEAroaracT MOJTHOLEHHOW UHTErpalui ¢ UHTEJUIEK-
TyaJbHBIMHM METO/IaMU NPOrHo3upoBanus (MyTaHoB u ap., 2009).

B psazae nccnenoBanuii paccMaTpUBarOTCSl CUCTEMbI HENIPEPHIBHOTO MOHUTOPUHIA
BBIOPOCOB, OCHOBaHHbIE HA UCIOJIb30BAHUM CEHCOPHBIX TEXHOIOTUN M aBTOMATHU3UPOBAH-
HBIX CPEJCTB KOHTpOuA. Takue cuctemMbl 00eCreunBaOT BHICOKYIO TOYHOCTh U3MEPEHUN
U ONIEPATUBHOCTH MOJTYYEHHUS JAHHBIX, OJHAKO CTAJIKUBAIOTCA C MPOOIeMaMy MacIiTabu-
pPYeMOCTH, a TaKXe ¢ OrpaHMYCHHBIMH BO3MOXKHOCTSIMU 0OpabOTKU OOJBIIMX 0OBEMOB
uH(opmalum B peasibHoM Bpemenu (Gottel, 2019).

C pasButuem TexHosnoruii VHTepHera Bemiell HaOnrofaeTcs akTUBHOE BHEIpe-
HHUE paclpe/IeICHHBIX CEHCOPHBIX CeTeH, MO3BOJAIOIINX (GOPMHUPOBATh MOTOKU JAHHBIX
BBICOKOI 4acTOThl. B paboTrax 3apyOeKHBIX MCCIIeOBaTeNe OTMEUaeTcsi, YTO MHTerpa-
ust loT-rexHonoruii ¢ o6mayHbpIMU TIIATGOPMAMHU M aHATUTUYECKUMHU UHCTPYMEHTAMU
CIOCOOCTBYET MOBBIIEHUIO 3(h(h)EKTUBHOCTH MOHUTOPHHIA OKPYKAIOLIECH Cpesibl, OTHAKO
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IIPU STOM BO3PACTAET CIOXKHOCTh 00€CTIEYeHHsI JOCTOBEPHOCTU M LIEJTOCTHOCTH JTaHHBIX
(Green et al., 2020).

OTtnenbHOE HampaBiIeHHE HCCIEJOBAHUN CBSI3aHO C MPUMEHEHHUEM METOJOB Ma-
HIMHHOTO OOYYEeHMsI M aHaJIM3a BPEMEHHBIX PSJIOB AJIsl IPOTHO3UPOBAHUS IKOJIOTMYECKUX
nokasaresneil. Mlcrnonb3oBaHne TaKuX METOJIOB IO3BOJISIET BBISABIISTH CKPBIThIE 3aKOHOMEP-
HOCTH B JAHHBIX W MOBBIIIATh TOYHOCTh NMPOTHO30B, OAHAKO MX 3()()EKTUBHOCTD CyIlle-
CTBEHHO 3aBHCHUT OT Ka4e€CTBA BXOAHBIX JAHHBIX U MOJHOTHI O0Y4aIOIIKUX BHIOOPOK.

HecMoTps Ha 3HauMTENbHOE KOJUYECTBO MCCIENOBAHUM, CIEAyeT OTMETUTH Psij
HEepeleHHbIX MpolieM. Bo-nepBbIX, OOIBIINHCTBO CYIIECTBYIOIIMX PELIEHU OPHUEHTH-
poBaHbl Ha 00pabOTKY JaHHBIX B paMKax OTIEIbHBIX MOJCUCTEM M HE 00ECTIEUMBAIOT UX
KOMIUIEKCHYIO MHTerpainuio. Bo-BTOpbIX, HEIOCTATOUHO YUUTHIBAETCSI CTOXAaCTUYECKas
IpUpOJA TIOTOKOB IKOJIOTMUECKUX JAHHBIX, YTO CHUXKAET JIOCTOBEPHOCTH MPOTHO3HBIX
Mozenel. B-TpeThux, BOMpockl 00ecTieueHus EeTOCTHOCTH U 3aIUIIICHHOCTH JTAHHBIX B
pacnpeesIeHHbIX CUCTEMAaX MOHUTOPUHIA OCTAIOTCS HEIOCTATOUHO MPOPAOOTaHHBIMU.

Takum o0Opa3oM, aHanu3 CyIIECTBYIOUIMX HMCCIEIOBAaHUI MOKA3bIBAET, UTO aKTy-
albHOM OcTaeTcs 3ajada pa3padOTKU HMHTETPUPOBAHHOW HHTEIJIEKTYaJbHOW CUCTEMBI
9KOJIOTUYECKOTO MOHUTOPHUHTA, O0BbEIUHSIONIEH METO/IbI MAIIMHHOTO O0yUYeHUs, aHaU3
BPEMEHHBIX DPSIIOB U TEXHOJOTUM paclpeiesieHHOro XpaHeHus AaHHbIX. [Ipennmaraemoe
B HacTosIel paboTe pelieHre HalpaBIeHO Ha YCTPaHEHUE YKa3aHHbIX OTpaHUuYEHUN 3a
CUeT KOMILIEKCHOTO ToXoa K 00padoTKe U aHaIu3y 3KoJlornyeckoi nHpopmanuu. Hayu-
Hasi HOBU3HA MCCIIEIOBAHUS.

B omnuune oT cymiecTByrommx padboT, OPUEHTHUPOBAHHBIX JMOO Ha JIOKAJbHBIN
cOOp IKOJIOTHUECKUX TMOoKa3aresnel, 1100 Ha U30JIMPOBAaHHOE MPUMEHEHUE METOJI0B IPO-
THO3UPOBAaHMsI, B HACTOSIIEM HCCIEIOBAHUM MPEII0KEHbI MOJIETb U METOJ| YIIPABICHUS
JAHHBIMU O BBIOPOCAX CTAI[MOHAPHBIX MCTOYHHUKOB 3arpsi3HEHUs, 0ObEAUHSIONINE B €1-
HOM apXUTEKType: a) MHOTOYPOBHEBBIM COOp M MHTErpalldi0 AAHHBIX OT PacCIpeesIeH-
HBIX CEHCOPHBIX YCTPOWCTB; 0) MpeAMETHO-OPUEHTUPOBAHHYIO CTPYKTYpPY 0a3bl TaHHBIX
JUIsL ydeTa UCTOYHUKOB 3arpsi3HEHUs, 3arps3HAIOLUINX BELIECTB, KBOT U PE3yJIbTaTOB HH-
CIIEKIINH; B) CTOXaCTHYECKOE OMHMCAHHUE IMPOIECCOB HAKOIUICHUS M 00paOOTKH JaHHBIX;
') MHTEJUIEKTyaJIbHbIM MOAYJIb IPOTHO3UPOBAHUS HKOJIOTMUECKUX Moka3areneid. HoBusHa
paboThI COCTOUT HE B OT/IEIBHOM HcTosib30oBaHuu 10T, Griokuelina Ui BpeMEHHBIX PSJIOB,
a B X COBMECTHOM MPUMEHEHUH KaK €MHOTO MEXaHU3Ma YIIPaBIICHUS SKOJIOTUYECKUMU
JTAaHHBIMU.

[IpakTryeckasi 3HaUUMOCTb PE3yJbTATOB 3aKJIIOYAETCS B TOM, YTO pa3padOTaHHBIN
MOJIXOJT MOXKET OBbITh MCIOJIB30BaH MPU CO3JAaHUM M MOAEPHU3ALNN WHTEIEKTYaIbHBIX
CUCTEM SKOJIOTUYECKOT0 MOHUTOPHUHIA Ha MPOMBIIIICHHBIX MPEANPUATHIX U B rocyaap-
CTBEHHBIX CUCTEMAaX KOHTPOJISl OKpyxkatoliei cpeasl. [Ipennaraemas apxurekrypa odecrie-
YUBAET HE TOJHKO MOHUTOPHUHI [TOKa3aTesiell BHIOPOCOB, HO U MOBBIIICHHUE MTPOCIIEKUBAeC-
MOCTH JAHHBIX, TOJIEPKKY KOHTPOJISI SMUCCUOHHBIX KBOT U () OPMUPOBAHUE TOCTOBEPHOM
MH(GOPMAIIMOHHON OCHOBBI JUISl IPUHSATHS YIIPABIEHYECKUX PEIICHUN.

PesyabTarhl 1 00CyXKICHHE.

Jlst mpoBepku 3(PGEKTUBHOCTH MPEAIOKEHHON MOJIEHM U METoAa ObLT MPOBEICH
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BBIYMCIIUTEIbHBIN SKCTIEPUMEHT Ha JTAHHBIX MOHUTOPUHTA BBIOPOCOB 3arpsi3HSIONINX Be-
IIECTB cTalMOHApHBIMU HcTOYHMKaMK 3a 2015-2024 rr. ba3oByto sMnupuuecKyto BbIOOD-
Ky coctaBuiu 6onee 120 000 nabnronenuii nmo nokazarensiMm CO2, NOy u SO2. g ananuza
IPUMEHSJIACh €MHAs cXema MpeaoOpaboTKu JaHHBIX, BKIIOYAOIIAs y/laJeHHe aHOMalb-
HBIX 3HAYEHUI METOJ0M MEKKBApTHJIBHOTO pa3Maxa, BOCCTAHOBJIEHHUE MPOIYCKOB METO-
JIOM JIMHEMHOW WHTEPIOSALNN U HOPMAJIU3ALUIO TPU3HAKOB. Jl0JI MPOMyCKOB B MCXOI-
HBIX JIaHHBIX cocTaBisia 10 8%.

Banupanus mMozeneil BbINOMHSIACH HA XPOHOJIOTMYECKH pa3lefieHHBIX JIaHHBIX,
YTO COOTBETCTBYET MPHUPOAE 3a7aydl MPOTHO3HPOBAHHS BpEeMEHHBIX psifoB. OOyueHue
POBOJIMJIOCH HA paHHEM BPEMEHHOM HMHTEpBaJle, HACTPOIKa MapaMeTpoB-Ha BaJually-
OHHOM YacCTH, a UTOrOBasl OLIEHKA KaueCcTBa-Ha TECTOBOM MHTepBase. [[i1s noBelieHus Ha-
JI)KHOCTH pe3yJIbTaToB dKcniepuMeHT nopropsuics 100 pa3, mocie 4ero pacCHuThIBAINCH
CpeIHUE 3HAYEHUS] METPUK U CTaHJAAPTHBIE OTKJIOHEHHS.

B kauectBe 0a30BBIX METOJIOB CPaBHEHUS MCIIOJIb30BAJIUCH JIMHEIHAs perpeccus,
ARIMA u skcrioHeHIIHaNIbHOE CIiakuBaHue. Bee Moaenn o0y4yanuch Ha OJJUHAKOBOM Ha-
Oope MpU3HAKOB U OlleHHWBaIKUCh 1o equHbIM MeTpukam MAE u RMSE. Merpuka MAE
XapaKTepHU3yeT CPEIHIOI a0CONMIOTHYIO OMHUOKY MPOTHO3a, Torma kak RMSE nomonnam-
TEJIbHO YCHIIMBAET IITpad 3a KPYNHbIE OTKIIOHEHUS U U3MEPSAETCS B TEX K€ €IMHULAX, YTO
U IPOTHO3UpYyeMasi BeJINYMHA.

[Iponecc moctyruieHuss 1 0OpPaOOTKU IKOJIOTHIECKUX TAHHBIX B CHCTEME MOJIEIH-
pyercs Kak CTOXaCcTHUYECKHM Mpoliecc ¢ HEMPEPbIBHBIM BPEMEHEM U TUCKPETHBIMH COCTO-
aHuAMU. COCTOSIHUE CUCTEMBI ONPEIEIAeTCs KOIMYECTBOM HAKOIIJICHHBIX 3amuceil B 0ase
JTAHHBIX.

[Tycte X(t)— cnydaiinast (yHKIUS, XapaKTepu3yromas 00beM HAKOIIJICHHON HH-
dopmani B MOMEHT BpeMeHU t. IHTEHCHBHOCTB MOCTYIIJICHUS JaHHBIX 0003HAYUM Yepes
A, @ ”HTEHCUBHOCTbH 00paOOTKH-uepe3 LL.

JluHaMyKa BEpOSITHOCTEH COCTOSIHUM CHCTEMBI OMHCHIBACTCS CUCTeMOM nudde-
pPEHIIUATIbHBIX YPaBHEHUMN:

2Po(®) = —APy(t) + uP(t),
dt
d Py (t)
Fr —(A + ku)Pp(t) + AP (t) + (k + D)uPp (), k =1,2,...,n.

rne P (t) = P(X(t) = k)— BEpOATHOCTH TOTO, YTO CUCTEMA HAXOIUTCS B CO-
CTOSIHHU.

Maremarudeckoe oXuaaHne 00beMa HAKOTUICHHBIX JaHHBIX OMPEIeNsieTCs CIeay-
IOIIUM BBIpaKEHUEM:

my(t) = ) kPy(t).
k=0
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JlJig cTalMOHAapHOTO Cilyvasi PU MOCTOSIHHBIX A U | pELIEHHE UMEET BU:

A
m,(t) = ;(l—e‘”f) +m, e L

Tpy HyIeBOM HaYaIbHOM COCTOSHUM My, = 0:
A
m,(t) = —(1—e™).
u

Jlucrniepcus Ciy4aiiHOTO Mpoliecca ONpeIeNsIeTCs Kak:
D,(t) = E[X*(£)] — (m,(1))*.

Jlnst paccMarpuBaeMoi MOJIEIH MOJTYUYEHO:

Du(t) = ﬁ(l—e-ﬂr),

YTO CBHUJIETEJILCTBYET O TOM, UTO JUCIIEPCHS MPONOPLMOHATIBHA MATEMATUYECKOMY
OKUJAHUIO, @ 3HAUUT Ipouecc 00J1aJaeT CBONCTBAMU ITyaCCOHOBCKOTO THIIA.

B cnyuae orpaHndeHust eMKOCTH 0a3bl IaHHBIX 3HAYCHUEM N, JHHAMHUKA MaTeMaTH-
YECKOT0 OXKUJAHUS ONPEIEIAECTCS YPABHCHUEM:

dm,(t)

— = A=y (8) = ARy (),

rie B, (t)— BeposATHOCTD 3aMONHEHNUS CUCTEMBL.
CooTBeTcTBYIOIIIEE YpAaBHEHUE /ISl AUCTIEPCUN UMEET BU/I:

% = —2uD,(t) + um,(t) + A — AP, ()[1 + 2n — 2m,(t)].

JlaHHbBIE COOTHOIIEHHUS MO3BOJISIIOT OLICHUTH BEPOSTHOCTH NEPETPY3KU CUCTEMBI U
OTIPENIeNINTh KPUTUUECKHUE PEXUMBI (PYHKIIMOHUPOBAHUSI.
I'pa¢ cocTosiHuMil cuCTEMBI PEICTaBIEH Ha PUCYHKE 3.
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O ORI O O O

Puc. 3. I'pad cocrosiHuii mporiecca HaKOIUICHUsT HHOOPMAIIUH B CHCTEME

Kaxk BUJIHO M3 PUCYHKA, NEPCXOAbl MCKAY COCTOAHUAMHA ONPCACIAIOTCA NHTCHCHUB-
HOCTAMMU IMOTOKOB IMOCTYIUICHUSA U O6pa6OTKI/I JAaHHBIX, YTO IMO3BOJIACT ONMUCBIBATH CUCTEMY
KaK MapKOBCKHUH ITpoLecC.

Peanuzamus ciyuaitnoro nporecca X(?) mpeacrapieHa Ha PUCYHKE 4.

MH(t) 4

f £ i f. . G

Puc. 4. Peanuzanus npouecca HaKOTUICHUS TaHHBIX

I'paduk 1eMOHCTPUPYET CTOXaCTUYECKHIA XapaKTep M3MEHEHHsI 00beMa JaHHBIX U
MOJATBEPKIAET aIEeKBAaTHOCTh BHIOPAHHOM MOJIEIH.

JIj1s OLIEHKM YCTOWYMBOCTH CHUCTEMBI ObLI PACCMOTPEH Ciydail, TPy KOTOPOM HH-
TEHCUBHOCTH 00pa0OTKH 3aBUCHT OT TEKYyIIEero o0beMa JaHHBIX: (L k=k[L.

CootBercTBYIOIIAs MOJIENb MPEICTAaBICHA HA PUCYHKE 5.

S EPRECD €D £ D

Puc. 5. I'pad coCTOSIHUI CUCTEMBI TIPU

AHanmm3 1mokasal, 4To Ipy yBeIHUYEeHUU 00bheMa TaHHBIX BO3PACTaeT HHTEHCUBHOCTh
ux 00pabOTKH, YTO MPEAOTBPAIIAET MEPETIOIHEHNE CUCTEMbI U 00ECTIEYNBACT €€ yCTOMYH-
BOCTb.

Jiis mpoBepku 3 PEKTHBHOCTH MPEITIOKESHHOTO METOIa ObllIa MTPOBEeHA CPABHHU-
TEJbHASI OI[EHKA C 0A30BBIMH MOJICIISIMU MPOTHO3UPOBAHUSI.

KagecTBO mporuo3upoBaHus OlIEHUBAIOCH C HCIOJIb30BAHUEM METPHUK:

mn
1
MAE = — s
nil;n il
=

T
1
RMSE = n E (¥ — )2
i=1
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e Vi— (akTHdeckue 3HaUYCHUs, V;— MPOTHO3HbIE 3HAYCHHSI.
Pe3ynbrarel npeacraBieHsl B TadauIe 1.
Tabmuma 1 — CpaBHeHHE TOYHOCTH MOJIEIIEH TTPOTHO3UPOBAHUS

Mopenb MAE | RMSE
JInneltHasa perpeccus 12.8 18.4
ARIMA 10.2 14.7
DKCIOHeHIMaIbHOE CIIaKnBaHme | 9.6 139
IIpennoxxenHas Mofenb 6.1 8.3

JI1s1 OTIEHKH CTATUCTHUYECKOW YCTOMYMBOCTH TMOYYSHHBIX PE3YJIBTaTOB OBLIN pac-
CUUTAHbI CPEJIHUE 3HAYCHUSI METPHUK O MTOBTOPHBIM MPOTOHAM M MX CTaHJAPTHBIE OTKJIO-
Henus. [Ipennaraemas monenb coxpaHsiia HauMeHnbIue 3HaueHuss MAE u RMSE Bo Bcex
CepHUsIX SKCIEPUMEHTOB, a BApMATUBHOCTh PE3YJIBTaTOB OCTABAJIACh B IOMYCTUMBIX Mpee-
Jax. DTO MO3BOJISET CACIaTh BBIBOJ HE TOJIBKO O 00JIee BEICOKOM TOUHOCTH, HO M O CTA0MIIb-
HOCTH MPEIJIOKEHHOTO TOIX0/1a.

AHanu3 pe3ynbTaToB MOKA3bIBAET, YTO MPEJIOKEHHAs! MOJIEIIb MPOJAEMOHCTPUPOBA-
na HauMenbIne 3HaueHuss MAE u RMSE cpenu Bcex cpaBHrBaeMbIx MeTO10B. [1o cpaBHe-
HUIO C IMHEHHOM perpeccueil ommbka RMSE cuusunace 6onee uem Ha 54%, OTHOCHUTETb-
HO Mozenu ARIMA-Ha 44%, a 110 CpaBHEHHUIO C DKCIOHEHIIMAIbHBIM CIIAKMBAaHUEM-HA
40%. [TomyueHHBIE pe3yabTaThl CBUACTEIBCTBYIOT O 00JIE€ BBICOKOM CITOCOOHOCTH TIPEIJIO-
’KEHHOTO MOJX0/1a YUYUTHIBATh CTOXACTUUYECKYIO MIPUPOJTY HKOJIOTHYECKUX JTaHHBIX.

[IpoBeneHHbIC UCCIEIOBAHUS TOATBEPAUIH, UTO MPETIOKEHHAS! MOJIEIb TTO3BOJISIET
3¢ (HEKTUBHO ONMUCHIBATH MPOIECCHl HAKOIUICHUS W 00paOOTKH SKOJIOTHYECKUX JIaHHBIX, a
TaKke 00eCIeYNBACT BHICOKYIO TOYHOCTh IMPOTHO3UPOBAHHUS.

NHTerpainus METOJ0B CTOXaCTUYECKOTO MOJICIMPOBAHUS, aHAIN3a BPEMEHHBIX Psi-
JIOB ¥ MHTEJIEKTyaIbHOM 00pa0OTKHU JTaHHBIX TIO3BOJISIET IMTOBBICUTH HAJAC)KHOCTh CHCTEMBI
1 00eCTICUnTh €€ YCTOMYMBOCTD K HEOIIPEICICHHOCTH BXOAHOW HH(POPMAITUH.

Takum 00pa3oM, MOTyUYEHHBIC PE3YyIbTAaThl CBUACTEIHCTBYIOT O 11EJIeCO00pa3HOCTH
MIPUMEHEHHUS pa3pad0OTaHHOTO IMOAX0/a MPHU CO3JIaHUHU COBPEMEHHBIX CHCTEM JKOJIOTHYE-
CKOT'O MOHUTOPHUHTA.

3axJjiroueHue.

B xone mpoBeneHHOTO MCCieI0BaHus Oblla pelieHa aKTyaIbHas HayYHO-TIPUKIIA]I-
Has 3a/1a49a pa3pabOTKH MOJEITH U METOJa MHTEIUIEKTYaIbHOTO SKOJIOTHYECKOTO MOHHUTO-
pUHTa BEIOPOCOB 3arpsA3HSIONINX BEIIECTB CTAIMOHAPHBIMA HCTOYHUKAMU B YCIIOBHSIX HE-
ONPEICICHHOCTH U BBICOKOW TUHAMUKH JTAHHBIX.

Peanuzarus mocraBieHHON 11eyM oOecreueHa 3a CYeT MPUMEHEHUS KOMITJIEKCHOTO
MO/IX0/1a, BKJTIOYAIOIIIETO METOJIbl MAaTEMAaTUYECKOTO MOJICTTUPOBAHHUSI, AHATIN3a BPEMEHHbBIX
PSAIOB U MAIIMHHOTO OOYYEHHMS, @ TAK)Ke HMHTETPAIUIO PACIIPEACIICHHBIX TEXHOIOTHI Xpa-
HeHus AaHHBIX. [IpeiokeHHas apXUTEKTypa CHCTEMbI 00eCIIeYnBaeT HEMPEPBIBHBIN cOOP,
00paboOTKy M aHaJIW3 JaHHBIX, TOCTYIAIIMNX OT CEHCOPHBIX YCTPOMCTB, YTO IMO3BOJISET
dbopMHpOBaTH JOCTOBEPHYIO MH(POPMAITMOHHYIO OCHOBY JIJISl TIPUHSATHS YIIPaBICHUYCCKUX
pelIeHH.
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[TonmyueHHble pe3yabTaThl SKCIEPUMEHTAIBHBIX HCCIIEIOBAHUN MOATBEPIMWIN 3(-
(EeKTUBHOCTB pa3pabOTaHHOIO METO/Ia. YCTAHOBJIEHO, YTO MPEUIOKEHHAst MOJIENIb o0ecIe-
YUBAET MOBBIIIEHNE TOYHOCTH TPOTHO3UPOBAHUS IKOJIOTMUECKUX [TOKa3aTesiel Mo cpaBHe-
HUIO ¢ 0a30BBIMU METOZAMH, a TAKXKE JIEMOHCTPUPYET YCTOMUMBOCTh K HAJMUHUIO IIIyMOB U
MIPOITYCKOB B JAHHBIX. DTO CBUJETENIHCTBYET O BOZMOKHOCTH €€ MIPUMEHEHUS B PEaIbHBIX
YCIOBUAX (PYHKIIMOHUPOBAHUS CUCTEM HKOJIOIMUE€CKOT0 MOHUTOPHHTA.

Hayunast HoBU3Ha HcciieI0OBaHMS 3aKIII0YaeTCs B pa3paboTKe HHTETPUPOBAHHON MO-
nenn 00pabOTKU AKOJOTHYECKUX JTAHHBIX, YUUTHIBAIOIIEH CTOXaCTUYECKYIO MPUPOIY HH-
(opMaIMOHHBIX IOTOKOB, a TAKXKE B IPEIOKEHUU METO/A, 00€CIIEYMBAIOIIETO COBMECTHOE
HCIOJIb30BaHNE UHTEIEKTYaJIbHBIX aJITOPUTMOB aHAJIN3a U PaCHpe/IeIEHHbIX MEXaHU3MOB
XpaHEHUs JAHHBIX Ul MOBBIILIEHUS HA/IEKHOCTH U JOCTOBEPHOCTH MH(POPMALIUH.

[IpakTHueckas 3HaYUMOCTH PE3yJbTATOB OINPEAESETCS BO3MOKHOCTBIO MX HC-
MIOJIb30BaHUS MPU CO3/1aHUU U MOJAEPHU3ALUHU CHUCTEM SKOJOTMYECKOI0 MOHMTOpPUHIA Ha
MIPOMBILUICHHBIX MPEANPUITHSIX, a TAK)XKE B FOCYAapCTBEHHBIX CHCTEMax KOHTPOJIS OKPY-
xaromiei cpeabl. PazpaboTaHHbIN MPOrpaMMHBIN TPOTOTUI MOXET ObITh BHEAPEH B CYIlle-
CTBYIOILLIME UH(POPMAIIMOHHBIE CUCTEMBI C LENIbIO MOBbIIEHNS 3((HEKTUBHOCTHU SKOJIOTHYe-
CKOT'O KOHTPOJISI U CHUKEHHSI SKOJIOTHYECKUX PUCKOB.

[lepcriekTHBBI JaIbHENIINX UCCIIEIOBAHUM CBSI3aHBbI C pacIIipeHUEM (PyHKLIMOHAIIb-
HBIX BO3MO)KHOCTEH CHCTEMBI 32 CUET BHEPEHHUS a/IalITUBHBIX aJITOPUTMOB CaMO00yUueHus,
MHTETpaLH JONOJHUTENbHBIX HCTOYHUKOB JaHHBIX, BKJIIOUasl CITyTHUKOBBIM MOHUTOPHHT,
a Takke pa3paboTKON METOJJOB MHTEIJIEKTYaIbHON MOAIEPKKY IPUHATHS pELIeHHUH B 00Ma-
CTH KOJIOTUYECKOTO YIIPaBJICHUSI.

Taxum oOpa3oM, pe3ynbTaTbhl UCCIEIOBAHMS BHOCST BKJIAJ B Pa3BUTHE METOJOB
MHTEJJIEKTYaJIbHOTO 3KOJIOTMYECKOTO MOHUTOPUHIA U CO3JAI0T OCHOBY JJIsl JajbHEMIe-
IO COBEPIICHCTBOBAaHUS MH(POPMALIMOHHO-aHATUTUYECKUX CHCTEM B YCIOBUSIX LU(POBOM
TpaHchopmaum.
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