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This article analyzes modern wastewater management systems for pulp and paper
mills, revealing the systemic limitations of existing solutions for data integration and
real-time monitoring. A multi-level digital twin architecture has been developed that
integrates operational monitoring data, predictive algorithms based on artificial neural
networks, and process optimization tools. A methodology for adapting various neural
network architectures, including graph, recurrent, and convolutional networks, to
the specifics of multi-component wastewater from pulp and paper mills is proposed.
A seven-month industrial trial confirmed the effectiveness of the developed solution:
a 91 % reduction in COD exceedances, an annual savings of 8.4 million rubles due
to reagent optimization, and the prevention of potential emergencies. The obtained
results demonstrate the potential of applying artificial intelligence technologies to the

creation of integrated wastewater management systems for industrial enterprises.
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BcemupHbIn hopym no cornacosaHuio Npasun as TPaHCNOPTHBLIX

CpeacTB

Menerauuu 6onee 40 rocyaapcTs, NPeACTAaBUTENM MEXAYHAPOAHBIX
OpraHu3auuii U 0TpacneBbIX acCOLUALMA NPUHANIA yyacTHe

B 0YepefHoOi ceccun BeemupHoro hopyma no cornacoBaHuio npasun
ANA TpaHcnopTHbIx cpeacts (WP.29)

B NMOBECTKY CeCCUM BOLUTN aKTyallbHble BOMPOCHI Pa3BUTUA
MeXOyHapPOoOHbIX NpaBuni Ang TPAHCMNOPTHLIX CPEenCTB,

B TOM 4M1CEe PACCMOTPEHbI MOMPaBKM K AeMCTBYOLLMM
pernameHtam OOH no cuctemam NOMOLLM BOAUTEN!O,
3alnTe OT HeCaHKLUMOHMPOBAHHOIO MCMNOMb30BaHWA, a Takxe
HoBas rnobanbHas TexHMYeckas pernaMmeHTauns ans oLeHKu
[ONroBeYHOCTH BaTapert TSXKerbIX INeKTPOMOOUNEN.
VToroBble peLLeHns 3acefaHuii No3BONSOT CTpaHam
NPVMEHSTb rapMOHN3MPOBaHHbIE HOPMbI, 06ecneYmBatoT
6onee BbICOKMI YpOBEHb 6E30MACHOCTU N 3KONOMMYHOCTU
OOPOXHOIrO ABVXKEHNSA MO BCEMY MUPY.

B cBOeM BbICTYNNeHWn rnasa PoOCCUINCKON aeneraumm
3amecTuTens pykosoautens Pocctanaapta A.M. KysbmuH
NPOMHAOPMMPOBAN Y4aCTHMKOB O pe3ynbTarax UCMbITaHW
rPY30BbIX TPAHCMOPTHbLIX CPEACTB B Poccuiickoi

depepaunm, NPOBEAEHHbIX B PAMKaxX KOHTPOMbHbIX
(Haa30pHbIX) MeponpusTuii PocctanaapTa. Ocoboe
BHUMaHWE ObIN0 yAENEHO BbISBEHHBIM HAPYLLIEHMAM

B OTHOLLEHMM BHELLHErO LLlyMa rpy30Bbix aBTOMOOUNeNn,
odhuumanbHo yTBepxaeHHbIX no Mpasunam OOH Ne 51-02,
N OTMEYeHa HEOOXOAMMOCTb KOPPEKTUPOBKM METOANKN
ncnbitanu no Mpasmnam OOH Ne 51-02 Takm 06pasom,
4TOObI UCKMIOYUTL BO3HUKHOBEHME MOA0OHbIX CUTYaLMIA

B fanbHerweMm. [Joknagimk Takxke NpeacTaBus y4acTHIKam
dopyma foknag 0THOCUTENBHO CUTyaunK, CBA3aHHOM

¢ otcyTcTBMemM B CBoaHow pesontoumm R.E.3 YeTkom
KnaccudmKaumm TPEXKONECHbLIX TPAHCMOPTHbIX CPeaCTB

C caMOoCBallbHbIM KY30BOM [J151 NEPEBO3KM MPY30B.

[o yperynupoBaHusa Bonpoca knaccudunkaLumm Takoi
NPOAYKUMM Ha MeXAYHAaPOLHOM YPOBHe Poccuiickas
Defepauns NPUMET peLleHe O COOTBETCTBYIOLLIMX
NPUMEHVMbIX TPEBOBaHWSX K paccMaTprBaeMbiM
TPaHCMOPTHBIM CPpeaCcTBaM Ha HaLVOHaIbHOM YPOBHE.
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