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METOANKA N NMPOIMPAMMHOE OBECIEYEHWE
LUN®POBU3ALINWN CNCTEM BOAOOTBEAEHNA
BOAOMPOBOAHO-KAHAJTNSALMOHHbBIX XO3ANCTB

6€enopyCcCKuiA rocy1apC TBEHHbIA TEXHOMOMYECKNA YHNBEPCUTET
Jlonecckuin rocyaapCcTBEHHbI YHUBEPCUTET

(MocTynuna Bpefakuuto 05.02.2025)

KntoueBoi Hef0CTaTOK peLLeHnii-aHanoros B cqrepe yrnpasneHnst BOAOOTBe-
[EHVEM HaceNeHHbIX NYHKTOB —OTCYyTCTBME KOMMIEKCHOIO W onepaTWBHOIO
noaxofa Bpaspese «MOHUTOPUHI 3KOMOrMYECKON CUTYyalLun —XpaHeHne 1 aHa-
NN3 LAaHHbIX - NPUHATUE PELLEHNIA B PEXKIME peasbHOr0 BPEMeHN 06 3KoNornye-
CKOVi 3(h(peK TUBHOCT W BOLOOTBEAEHMA» W (haKTNYeCKoe OTCYyTCTBUE Nocnes-
Hero afemMeHTa B TaKOoM Lernoyke, 4T0 CO3AaeT IKONOMMYECKYI0 OMacHOCTb A1
BOZHbIX OObEKTOB. Y>Ke Ha aTane nepBu4HO/ MaTeMaTU4Yeckoin o6paboTku
[aHHbIX, CO6paHHbIX pa3paboTaHHON W BHELPEHHOW Ha BOLONPOBOAHO-KaHa M-
3auMoHHOM xo3ancTee (BKX) MH(hopmaLMOHHOW CUCTEMON, yhanoch onpese-
MTb NOAX0AbI MO UAEHTUPMKALMN «06pa30B» KKUEBbIX 00BbEKTOB-3arpsi3Hu-
Teneil CTOYHbIX BOA, 0TX04bl KOTOPbIX NPeACTaBNf0T 3HAUMTENbHYI0 3KO/O-
MMYECKYH ONacHOCTb A1 OKpy>KatoLLeid cpefibl, MOCKO/bKY BbI3blBAIOT rMbeNb
akTueHoro una (AM) KoMMyHabHbIX OYUCTHbIX coopy>KeHnit (KOC). OueHka
pesyNbTaToB (PU3MYECKOro MOAEMPOBaHNS MPOLECCOB BOAOOTBEAEHUS MO3BO-
nnna BbISIBUTb, YTO NpK Lndposu3aLmm 06beKkToB BKX He06x01MMO aKUeH T U-
poOBaTb BHUMaHWE Ha NPEBEHTUBHOM yCTPaHeHU NOTeHUMansHoro (dhakTuue-
CKOro) HeraTwvsHOro BosaencTams Ha AV KOC CTOuUHbIX BOS OTAeNbHbIX abo-
HeHTOB-npeAnpusTUiA. OCHOBaHHAA Ha TaKWX BbIBOAAX U CO3LaHHas MeTOAMKA
L1dppoBM3aLMM CUCTEM BOLOOTBELEHUS C UCMO/b30BAHNEM KPUTEPUs 3KONMOru-
YecKoi 3(h(PeKTUBHOCTY OYMCTKM, CTana TeopeTuyeckuMm 6Gasmcom paspa-
60TKM 1 BHeAPEHUS MHPOPMALMOHHO-aHaIMTUYECKOro NPorpaMMHOro obecre-
YeHus, BbIMOMHAIOLWLEr0 NOKa/IbHbIE 33fayun: UHTENNeKTYyalbHble MOHUTOPUHT
1 NPOrHO3MPOBaHNE, NOAAEPXKKY NPUHATUSA PELUEHWA NpY peryimpoBaHun Tex-
HOMOTMYEeCKMX NpoLeccoB. PyHKLMOHMPOBaHME MPOLYKTOBbIX PELLEHUI peanu-

30BaHO C MCMOMb30BaHWEM MaTeMaTUYeCKUX MOAXOA0B WCKYCCTBEHHOrO WH-
TenneKTa: HePOHHbIX CeTel 1 KazyabHOro MOAeNMPOBaHUS.

BBefeHune. Cpeamn 0Te4yeCTBEHHbIX HOPMaTMBHbIX AOKYMEHTOB, KOTOpbIe PEryim-
PYIOT KOMMYHa/lbHOE BOAOOTBEAEHNE Kak 6a30Bble, MOXHO BblAeNnTb: «BofHbIA KO-
fLekc Pecnybnuku benapycb» (30 anpens 2014 r. No 149-3) n cTpouTeNbHbIE HOPMbI
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(CH) 4.01.02-2019 «KaHanu3auus. Hapy>xHble CETU U COOPY>XeHus». [MepBblii JOKY-
MEHT MMEET CTPOrme KOHUenTyanbHble 060CHOBaHWUA M TpeboBaHUA HEOOXOAUMOCTM
XXONOrMYEeCcKoro, B TOM Yncne NOKanbHOro, MOHUTOPMHIA Ha Pa3HbIX 3Tanax >XM3HEeH-
MbIX LWKIOB CMCTEM BOAOOTBEAEHMS Pa3HOMPOMPUIbHbIX 06BEKTOB, BK/IOYaA OYMCT-
Hble coopyxeHus (OC) (cTaTbu Kofekca: 6, 23, 24, 47, 50, 56). B CH 4.01.02-2019
ncrarbe 10 «OUMCTHbIE COOPYXEHMA» YKa3blBAETCA, YTO NpoekTMpoBaHue OC gomx-
HO BbIMO/IHATLCS HA OCHOBE UCCMEA0BAHNIA 1 HAYYHbIX PEKOMEHAAL N npu obsa3aTesb-
HOM BHEApPEeHNN aBTOMAaTU3MPOBAHHbIX CUCTEM YMPaBieHNS TEXHONOTMYECKUMM MPO-
ueccammn (ACY TIM) n o6opyLoBaHNS MOHUTOPUHIA NOKa3aTe/eid Ka4ecTBa CTOUHbIX BOA,

M3 3apy6exxHbiX JOKYMEHTOB B yKa3aHHON npobnemHol obnactu gns usyyeHus
66111 BbiGpaHbl: 1SO 24525:2022 «Drinking water, wastewater and stormwater systems
and services - Operation and maintenance of on-site domestic wastewater services»,
ISO 24521:2016 «Activities relating to drinking water and wastewater services - Guide-
lines for the management ofbasic on-site domestic wastewater services», 1ISO 9001:2015
«Quality management systems - Requirements».

CpaBHeHMe 0TeYeCTBEHHOW 1 3apy6exxHO HOpMAaTMBHbIX 6a3 000CHOBbLIBAET Che-
Ayol e HanpasneHUs ynyylleHnsa 6en10pycckmnx JOKYMeHTOB: He06X0AMMOCTb 60/b-
Weid geTanuMsauum MCMOAb30BaHMA WHPOPMALMOHHBIX TEXHOMOTMIA npu 06paboTke
60/1bLIMX MAcCUBOB AaHHbIX; BK/IOYEHUEe TpebOoBaHUI MO BHEAPEHUIO B BOAOMPOBO-
[LHO-KaHanm3aunoHHble x03aiicTBa (BKX) annapaTHO-NporpaMmMHbIX CUCTEM AN One-
paTUMBHOIO W pacnpefeneHHOro y4yeTa 1 aHanm3a nokasateneil Kayectsa TPpaHCNOPTU-
pyeMbIX CTOYHbIX BOA, a He TONbKO Ha OC; (opMMpoBaHMe CUCTEMHbIX TpeboBaHwui
Kacate/lbHO NPOrHO3MPOBaHUA B pexumMe peanbHoro spemeHu (PPB) M3MeHeHUs 3Ha-
YeHWI 3arpA3HMTeNeil CTOUHbIX BOA NMYTEM MHTErpauum B cyllecTByolWwme (MpoeKTu-
pyemble) cneuunanusuposaHHblie ACY Tl nporHocTUYecKux 6/10KO0B.

Cpeau pelleHunii-aHanoros 6biAn NpoaHann3MpoBaHbl ceayolne NporpaMMHbIe
npofyktel: ArcGIS, Maplinfo, qGIS, TC Zulu, TUC GeoLink, GRASS (IF'C),
CityCom, IndorGIS, SCADA (Supervisory Control and Data Acquisition), TRACE
MODE, SIMATIC WinCC Open Architecture (WinCC OA). YCTaHOBNEHO, YTO OHU
MMEeIT Mepapxuyeckyto CTPYKTYpy, Kak npasuio, BKIKOYAKOT cliefylowne cocTasns-
towme [1; 2]: usmepuTenscHble (CEHCOPHbIE) 610KK; BNOKK nepefavn MHPOpMaLUn; UH-
TepeiicHble Npeo6pasoBaTenu; AMHUM Nepegayvn MHHOPMaLNK; KOHTPOAepHble 6/10-
Ku; 6a3bl faHHbIX; CMeLuannM3npoBaHHOe MporpammHoe obecnedveHue (ynpasneHue,
oTob6paXkeHne MHGOpMaL MK, aHanu3 AaHHbIX, POPMUMPOBaHNe OTYETOB, FEOMO3ULMO-
HUpOBaHWe u pag Apyrux). MNpu aTOM pellaeMble NPON3BOACTBEHHbIE 3a4a4uM TaKUMU
NporpaMMHbIMK NpOAyKTamMu B pamkax uugposusaumm BKX cnegytowme [3]: npu-
BA3KA K KapTorpajuu; perynuposaHue oTAeNbHbIX TEXHONOIMYECKMX MPOLLECCOB; MO-
HUTOPUHI NapamMeTpoB (Kak NpaBwufo, COCTOAHUS 060PYA0BaHMUSA); MOALEPXKKA afMu-
HUCTPATUBHO-OPraHN3aLoOHHON, OGyXranTepckoi W MNn1aHOBO-3KOHOMMWYECKOW ges-
TeNbHOCTW. KN04eBON HeAOCTAaTOK pelleHMWii-aHanoroB —OTCYTCTBME KOMMJIEKCHOTO
1 ONepaTMBHOrO NOAXOAa B pa3pe3e «MOHUTOPUHT 3KONOTMYECKON CUTyaL MM —xpaHe-
HWe W aHanu3 JaHHbIX - NPUHATUE pewleHnit B PPB 06 3K0n10rnyeckoin apdekTmeHoO-
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CTU BOAOOTBELEHUN» U (haKTUYECKOe OTCYTCTBME MOCNELHEr0 3/1eMeHTa B Takoi Le-
MoykKe, YTO CO34aeT 3KOIOTMYECKYH ONacHOCTb A5 BOAHbIX 06BEKTOB.

COO0TBETCTBEHHO, UCCMEA0BAHUSA, HaLleNeHHbIE Ha CO3A4aHWe MEeToAM4Yeckoro obe-
CrMeyeHuns, KOTOpOoe BbICTYNUT 6a3UCHbIM 415 NPOLYKTOBbIX UH(POPMaLMOHHbIX peLle-
HWIA, IBNAETCSA aKTyanbHOW Hay4YHO-MPaKTUYECKON 3agayei.

Llenb nccnefoBaHWin —CHUXKEHWE TEXHOTEHHOW Harpy3Kyu HaceneHHbIX MYHKTOB
Ha OKpYXaloLiyto cpedy NyTeM ynpasfieHUs 3Konornyeckoli 6e3onacHoOCTbIO npouec-
COB BOAOOTBEAEHMNA C y4eTOM TpeHOoBaHM IKOMOrNUYecKon 3PPEKTUBHOCTA OUUCTHBIX
COOPYXXEHWIA Ha OCHOBE MCMOJIb30BaHUA WMHTENNEKTYanbHbIX MPOrpamMMHo-annapar-
HbIX KOM/EKCOB.

O60cHOBaHWe MHHPOPMAaLMOHHO-CTATUCTMYECKOTO Ba3nca AN co3faHnsa MeTo-
AMyecKoro obecreveHns LUppoBmM3aL MM BoL0OTBeAeHNS. C Le/blo yCTpaHeHNs He-
[LOCTaTKOB MPOTOTUMOB U YAYULIEHNS 3KOJ0TMYeCcKo 6e30MacHOCTU BOAOOTBEAEHMS
npeanaraetcs cnefyowas YKpynHeHHas CTpyKTypa cneLnanm3npoBaHHbIX MH(popma-
LMOHHO-yNpasnawownx cuctem (puc. 1.

Puc. 1. CTpyKTypa MH(hOPMALMOHHO-YNPAB/SAOLINX CUCTEM BOAOOTBEAEHNSA

AHann3 gUHaAMMKN U3MeHeHNA NnokasaTenei KayecTsa CTOYHbIX BO4 Ha Bxoge 6mo-
NOTNYECKUX KOMMYHaNbHbIX OYUCTHbLIX coopyxeHuii (KOC) r. BapaHoBMUM (MMetOTCS
3HaUNTeNbHble 3KOMOrMYecKMe PUCKU ANA MPUPOLHBLIX BOLHbLIX PECYpCOB), Mokasan,
4YTO BE/IMYMHbI 3arpA3HUTeNell N3MEHSAIOTCA HENUHEHO, CTOXAaCTUYHO, HecTaloHap-
HO, B HECOOTBETCTBMM C HOPMa/bHbIM 3aKOHOM pacnpefeneHuns, ¢ 60nbWUMMN (Jaxe
B HECKO/IbKO 4acoB) MPOAO/IKMTEbHLIMU aMMANTYAHbIMWU Bbibpocamu (B HEKOTOPbIX
cnyvaax 6onee 60 % OT mMaremMaTMyeckoro oxuaaHusa). CneunanvusmpoBaHHOe Mpo-
rpammHoe obecneyeHue (MO) 6bI10 co3haHO Ha A3blke Python ¢ Mcnonb3oBaHUEM
Kpocc-nnatopmeHHoro gperimsopka Qt (puc. 2). MNMpun Takom NOAXO4e YUUTbIBANOCh,
4yTO Mcnonb3osaHue Python o6neryaeT NOAK/OYEHME MHOXECTBA Pa3IMYHbLIX Hayy-
HbIX U APYTUX MOAYNel AN aHanu3a AaHHbIX, MaWWHHOTro 0by4yeHmsa. Takxe npume-
HeHne Qt no3BonseT He 3aBuceTb OT naatdopmbl: MO MoOXeT paboTaTb Ha pasHbIX
onepaynoHHbIx cuctemax (Windows, Linux, MacOS).
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C60op AaHHbIX cUCTeMbl BogooTBeAeHUs bapaHosuuckoro KYJ1MN «BogokaHan»

OBI cTOYHbIX BOA

3aLUXAHbIN «pi3a lecyupe
3HaueHns.

1oT
-15mV

DKOabIE IXHH'B

C: 29.08.2022 no:  30.08.2G22 Tabnuua 3kcnopT

Puc. 2. IHTepdeiic nporpaMMHoro obecrneyeHusi hukcaumu v Bu3yanusayum
TEXHO/MOrMYeCKMNX NoKasaTenei CTOUHbIX BOj

Takum 06pa3om, Ha OCHOBE ONpefAefieHHbIX HeJIMHEeAHOCTU U HecTauMOHapHOCTK
NpoLeccoB ANA CO34aHna NpPoduabHbIX Mogeneil 060CHOBaHO MCNOMb30BaTh MaTema-
TWYECKMIA annapaTt UCKYCCTBEHHbIX HEMPOHHbLIX CeTeld, KOTOPbIA AEMOHCTPUPYET (-
(heKTUBHOCTb B TakuUX ycnosusx [4; 5].

Mpn NpPOEKTUPOBAHUM KOHLENTYanbHON CXeMbl MHPOPMaLUOHHON CUCTEMbI KOH-
TPONSA 3KONMOrMYeckoin 6e30MacHOCTM KOMMYHa/NbHOrO BOAOOTBELEHWSA WCNOMb30Ba-
nacb metogonorusa IDEFO - npuemMbl (yHKLUOHANLHOIO MOAeNMpoBaHua u rpaguye-
CKOl HOoTaumu. Ha 0CHOBE TEXHOMOrMYECKOro aHanM3a BblbpaHbl cregyoLline KaTero-
puun napameTpoB (cornacHo TepmuHonoruun IDEFO) (puc. 3) [7; 8]: Bxogawime hakTopsl
(baHHble MOCTynatT OT U3MEPUTENbHbLIX CPeACTB U N1abopaTopHOro aHanmsa): Kaue-
CTBO CTOYHbIX BOJ OTAe/IbHbIX aBOHEHTOB, KaYeCTBO CTOYHbIX BOJ Ha BXOAe B OYMUCT-
Hble COOPYXEHWSs, Pacxof CTOYHbIX BOA, COCTOSHME 060pyAOBaHWA; ynpasnawoLime
(haKTopbl: HOpPMaTMBbI TPeb6oBaHUS K aboOHeHTaM U cOpocy B NPUPOAHbIE BOLOEMbI,
CTOMMOCTb PecypcoB, NacCNOPTHbIE XapakKTEPUCTUKN 000PYyA0BaHNSA; MeXAHU3MbI: TeX-
Honornyeckoe o6opyAoBaHune; pesybTaTbl: 3KOOrMYeckas 6e30NacHOCTL U pecypco-
3aTPaTHOCTb CUCTEMBI.

Mcxoas M3 KOHTEKCTHOI guarpammbl (puc. 3), NCnonb3ys nporpaMmMmHoe obecneve-
HWe cucTemMbl cbopa n aHanm3a uHpopmaymu [8], npuMeHUB BeliBNeT-NpeobpasoBaHme
¢ rny6uHoli pas3noxeHusa 8 n nopagkom 10, BbIAENNIN CTIAXKEHHYHO KOMMNOHEHTY CWUT-
Hana nokasartens cTouHbIX Bog (CB) «pH» (puc. 4).
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HopmatusHble
Tpe60o3aHus Kk
aboHeHTaMm
30/100TBE/JEHNK

WNHchopmaLns 0 kKauecTBe CTOUHbIX
B0/} a6OHEHTOB (faTumnKm)
WNHhopmaums 0 Ka4ecTBe CTOUHbIX BOJ|
aboHeHTOB (nabopaTopHbIii aHann3)

WNHopmaums 0 pacxofe CTO4YHbIX BOJ
abOHEHTOB
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HopmartnHble
Tpebo3aHus K
c6pocy CTOUHbIX
BOJ BBOAHble  CTOMMOCTb
06bEKTBI pecypcoB

MacnopTHble
XapaKTepucTukn
TEXHON0TMYECKOro
o6opyaoBaHus

Skonoruyeckas 6€30MacHoCTb
cucTembl BOAOOTBEAEHUA

Mupopmayus o coctosnum 060pyAOBHI K LT POSIE SKONIOFMUECKON Ge30MacHoCTH

WHthopmaLms o kayecTBe CTOUHbIX BOJ Ha
BXO/le OYMCTHBIX COOPYXeHUit (faTumkm) ,,

WHhopmauma o Ka4eCTBe CTOUHBIX BOJ Ha BXOfe
OUNCTHBIX COOPYXeHUii (nabopaTopHbIil aHanu3)

WNHchopmaLns o pacxofie CTOUHbIX BOA Ha
BXO/}€ O4UCTHBIX COOPYXEeHNiA

CUCTEMBI BOAOOTBE/EHMA Pecypco3aTpaTHOCTb cUCTEMbI

BOZ0OTBEAEHUA

TexHonornyeckoe
o6opyaoBaHue

Puc. 3. KOHTeKCTHaa guarpamMmma KOHTpons 3KOJI0TMYecKoi 6e3onacHoCTH BOAOOTBEAEHNA

Puc. 4. Busyanmsauus (C UCNONb30BaHWEM BeiBeT-Npeo6pasoBaHns) U3MeHeHUst pH CTOUHbIX BOJ,
CUCTEMbI BOAOOTBEAEHNS 3a 8 MecsiLIeB
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Ocob6blii MHTepec BbI3blBaeT NajeHne akTUBHOIM peakuum Ha 0,6-0,9 eanHuy Ha
5-n mecqy peructpayun (puc. 4) - Takas cuTyauus Ao/HKHa ObiTb Bbi3BaHa OCTaHOB-
KOV BOL0OTBEAEHMNSA KHOUYEBLIM 0OBEKTOM(-aMu)-3arpsasHUTENEM(-AMU) N N3MEHEHUEM
TexHonornu hopmupoBaHua CB. CneflylolMM LWarom ctan pacyeTt cpefHeapupmeTu-
YyecKMx 3HavyeHuin pH ana gHein Hegenwn BCero aHanM3npyemoro otpeska (puc. 5).

Puc. 5. Buayanusaumsi 3HaueHuii pH CTOUYHO BOAbl CUCTEMbI BOAOOTBefeHMUs T. BapaHoBMUM NO AHSAM
Heflenn 3a 8 MecsiLeB

OueHka puc. 5 NpnBOAMT K 04eBMAHbBIM BbIBOAAM, YTO MCTOUYHMKAMU 3arps3HeHUi
CB, npuBOAALWMNX K LLLEOYHOMY 3HAUYEHWIO AKTUBHOW peakuuu, BbiCTynatT 06beKThI,
paboTarouime B NATUAHEBHOM PEXMMe WAM MMEIOLMe OPMEHTUPOBAHHBIA Ha Takoi
pPexxnm BbINyCKa NMPOAYKLMM C UCMONb30BaHUEM B TEXHOJIOTMYECKUX MpoLeccax, Ha-
npuMep, KayCcTuKa UM CXO0XUX peareHTos.

MprvMeHNB cneumann3MpoBaHHbI NakeT MaTematumyeckmx nporpamm Deductor
(aHannTuyeckas nnatgopma, co3faHHaa ANd POPMUPOBAHMA MNPUKNALAHBIX peLle-
HWIA B 06NacTu aHanmn3a faHHbIX) 415 YCTAHOBMEHUA BAUSHUA APYTUX (UKCUPYEMBbIX
nokasatenein CB Ha pH (okmcauTenbHO-BOCCTaHOBUTENbHbIA noTeHuman (OBM) -
RedoxSensor, anekTponposogumoctb - ECSensor, TemnepaTtypa Bogbl - TPHSensor),
NpOoBeny KOppensuMoHHbIi aHanus (puc. 6).

BxoaHble nong

Koppenauuns ¢ BoIXOAHbIMU NONAMU

Ne V  Tone PH Sensor
1 RedoxSensor 1x: a 1-0.925
2 ECSensor MET. | 0,502
3  TPHSensor mE | 0,797

Puc. 6. KoppensiumoHHble BAUSAHUS (IMKCUPYeMbIX NoKasaTenield CTOUHbIX Boj Ha pH BogHOro pacTBopa
(nVHeliHan Koppensuns Ha 0OCHOBe KpuTepusi MnpcoHa)
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Xopowwue B3aumocssAsn Mmexay OBl v pH 1 3HauYMTENbHbIE MEXAY 31eKTPOBOAHO-
CTbto 1 pH (prc. 6) 06BACHATCA NCXOAA M3 XMMUYECKON Teopumn. B To e BpeMs Ko-
aypuymeHT Koppenaymu 0,797 mexay Temnepatypoi n pH dopMmupyeT yTBepXieHue,
4yto CB nokanbHbiX 00bLEKTOB-3arpA3HUTENE MOMUMO 3HAYUTENbHOM LEN0YHOCTH
XapaKTepusyrTCa U BbICOKUMU 3HAYEHUAMU TeMMepaTypbl.

Torga, Ucnonb3ysa apxuTeKTypy MHOFOCNOWHOrO MepcenTpoHa U ONTUMU3ALMOH-
Hble moaxoabl [9; 10], co3gaHa HeipoceTh (puc. 7).

Puc. 7. ApXUTEKTypa HelipoHHOI ceTn (MHOrOCN0MHOro NepcenTpoHa) aHanusa pH cTo4HOl BoAbI

BbINOAHUB NMHEHYI0 HOPManM3aLuo UHPOPMaLNOHHbLIX NOTOKOB, YAanoch A0-
CTUTHYTb HEO6XOLMMOrO NPOLEHTa PacCN0O3HABAEMOCTM YUeOHbIX JaHHbIX Ha YPOBHe
0K0n0 97 % npw yCNoBUW, YTO JaHHbIe CYUTAIOTCA PacnO3HaHHbIMU MPU OWKOKe Me-
Hee 3 % (500 anox oby4eHns). BmecTe c TemM CTeneHb 0TCeBa aMNAUTYAHbIX BbIGPOCOB
ABNAETCA OTAENbHON CNOXHOW 3afadeli ganbHeRWNX nccnegoBaHnin. CosgaHHasa Hei-
pOHHAs CeTb NO3BOJSIAAET ONEPATUBHO aHaNM3MPOoBaTh (MPOrHO3MPOBATL) BAUAHWE APY-
rnx nokasatenein CB Ha «pH».

AHanun3 pesynbTaToB (U3MYECKOro MOLE/IMPOBAHUSA Ka4deCcTBa KOMMYHaslb-
HbIX CTOYHbIX BOZ NPV MX TPAHCMOPTUPOBKE B CETWM BOAOOTBELEHUS M 060CHOBaHUe
YCOBEPLUEHCTBOBAHHOM apXMTEKTYpPbl YNpaBieHUs TakKuM MpoLeccoM. 3Havanb-
HO BbIMOMIHANOCH PU3MUYECKOE MOLENNPOBaHWE U3MEHEHMWS CBOWCTB BOAHbLIX pacTBO-
poB, KOTOpble TPaHCMNOPTUPYIOTCA MO CeTU BOAOOTBEAeHWS [0 OYMUCTHbLIX COOpPYXe-
HWii. B kayecTBe MOAeNbHOIO pacTBOpa MCMOo/b30Banach CTOYHAA BOAA HACENIEHHOrO
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NyHKTa (KOAMYEeCTBO XuTenein - okono 140 Teicay), 0TO6paHHas «B ros0Be» KOMMY-
HaNbHbIX OYNCTHbIX COOPYXXeHuiA; Bpema —9:00 (4na BCex 3Tan0B MCCNeA0BaHUNA).

AHanu3 pesynbTatoB (YM3MYECKOro Mofe/IMpoBaHUSA MO3BONSAET ChenaTtb cliefyto-
Wwme 0606LeHHble BbiBOAbI [11]:

nokasatenn KayecTBa KOMMYHa/IbHbIX CTOYHbIX BOJ NOA BAUAHWEM (akTopoB,
MMELNX MECTO B CETM BOA0OOTBeAeHNA 6e3 BO3MYLLAIOLLINX BO3AENCTBUIA B BUAE BHO-
CUMbIX LOMOMHUTENbHbLIX MOAMOTAHTOB, 4OCTATOYHO CTabWU/IbHbLI U NPOrHO3MPYEMbI:
(hNYKTYyaLnmn 3HaYeHUiA UMEKT MECTO TONbKO AN «pH» 1 «OBI», 4TO BbI3BaHO 6MO-
XUMWYECKON MHOrO(aKTOPHOCTbO (hOPMUPOBAHUA WX BEAUYMH WU CNELUPUKONA UH-
CTPYMEHTaNIbHbIX U3MEPEeHWUIA;

B pe3y/ibTaTe KOMMJIEKCHbIX BO3MYLLAIOLWNX BO3AEACTBMIA KNCOT, Liefovell, Tem-
nepatypbl, OPraHNMYecKnx 3arpsasHuTeneii 6esIKOBOW 1 XMPOBOI MPUPOL B a3pPO6HbIX
YCNOBUAX UMEKT MeCTO 3HauyuTeNbHble aMMINTYyAHble KonebaHua nokasaTenei Boj-
HbIX PACTBOPOB OT 3HAYEHWNS MX MATEMaTUUYECKOro OXMAAHWUA: Mo a30Ty aMMOHUIHO-
My - nopsgka 10-100 %, no HuTpuTam - nopsagka 20-50 %, no HuTpatam - nopsagka
10-40 %j;

B pe3y/nbTaTe KOMMAEKCHbIX BO3MYLLAKOLNX BO3AECTBMI TeMnepaTypbl U OpraHu-
YECKMX 3arpsA3HUTenein 6enK0BOI M XXMPOBOW NMPUPOA B aHaspobHbIX ycnosuax (6 4 nepe-
MelmnBaHNA) UMEKT MeCTO 3HauuTeNbHble aMnauTyAHble KonebaHUs MokasaTenei
BOZHbIX PACTBOPOB OT 3HAYEHUA UX MATEMATMYECKOrO 0XUWAAHWA TOIbKO MO a30Ty am-
MOHWIHOMY: nopsagka 20-100 %;

BO3MYLLaloL e BO3LECTBUA B BUAE 3arpA3HUTeNeli OTBOANMbIX CTOUYHbIX BOA OT
OTAeNbHbIX abOHEHTOB (Kak NpaBuio, NPOMbILIJEHHbIX NPeAnpuUATUIA) Npu onpege-
NEHHbIX YCNIOBUAX MOTEHUMANBHO MOTYT chopMuUpoBaTh HegonycTumele gns KOC no-
KasaTe/nm KauyecTBa CTOYHbIX BOJ, Ha UX BXOfe - YEMY He06X0AUMO NPEBEHTUBHO MNpPO-
TMBOAENCTBOBATbL He TOMbKO Ha 3Tane nonajaHusa TaKux NOoAAKTaHTOB B CETU BOAOOT-
BEAEHWS, HO N MYyTEM HefONYLEHWsA CO34aHUA YCN0BMIA (OPMUPOBAHMUSA BTOPUYHBIX
3arpssHuTenei B Tpy60npoBoax, KaHan3aLMOHHbIX HACOCHbIX CTaHUMAX U ApYTrux
TEXHO/IOTMYECKMX Y3/1aX KaHaNn30BaHuA.

Torga B TepMMHaX TEOPUM aBTOMATMYECKOTO ynpasnenuns [12]:

BO3MYLLaloL e BO3AENCTBUS MOKasaTeneli KayecTBa CTOYHbIX Bog Ha KOC - aTo
3HaueHUs MokasaTeneli KayecTBa CTOUHbLIX BOA, KOTOPble BbI3blBAKOT Nt06Gble BO3Ael-
CTBUA, He NPefyCcMOTPeHHble TEXHONOTMYEeCKMMMN AOKYMEHTaMU NpoLeccos BOAOOT-
BEJEHMA 1 BegyLMe K HapyLIEHNIO TEXHOIOMMYECKOTr0 PeXxxnma 0YUCTKU CTOUYHBIX BOJ,
Ha OYMCTHbLIX COOPYXKEHUAX;

KOHTPOJIb N0 BO3MYLLEHUIO NMapamMeTpoB BOLOOTBEAEHMNSA - 3TO U3MEPEHME MOKa3a-
Tenei KayecTsa CTOUHbIX BOJ, BbI3blBAlOLMX BO3MYLLAIOLLNE BO3ENCTBUA, aHANN3 NX
OTK/IOHEHMWSA OT TEXHOMIOTNYECKN 6€30NacCHbIX AN OYUCTHBIX COOPYXEHWUI 3HAYEHWA,
MPOrHO3MpOBaHNeE UX BANAHUA Ha 3PEHEKTUBHOCTL OUMUCTKM CTOUYHBIX BOog Ha KOC.

Vcxogs w3 uccnegosaHuii [11; 13] n hopmanv3oBaHHbIX Bbille ONPeseneHunii, KoH-
LuenTyanbHasa Mofesib U MeTOANYECKOe obecneyeHne LMpoBmU3aL MM CUCTEMbI BOAOOT-
BeleHNs BOAOMPOBOAHO-KaHan3aLMOHHbIX X03AACTB B CErMEHTEe «TPaHCNOPTUPOBKaA -
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OYMCTKa CTOUHbIX BOA» HA OCHOBE KPUTEpMS 3KOMOrMYecKon appheKTUBHOCTN OYUCT-
HbIX COOPYXXeHNN 060CHOBAHHO LO/MKHA CO34aBaTbCsA HA OCHOBE MPUHLMMNA KOMMEHca-
LWV BO3MYLLEHWIA, Hanpumep, cornacHo metogonorun Moncens (puc. 8).

Co3faHue MeToAUKM LUN(PPOBMU3ALUM CUCTEM BOLOOTBELEHMS BOAOMPOBOAHO-
KaHa/In3aLnoHHbIX X0351IACTB Ha OCHOBE KPUTEPUST 3KOMIOTMYECKOl 3pheKTUBHO-
CTU OUUCTHBIX COOPY>XEHUIA. MeToguKa LndpPoBM3aLnn, NCXOLA U3 KOHLENTYasbHOI
mogenun (puc. 8) Ha OCHOBE KPUTEPUS 3KOTOTUYECKOW 3(PPEKTUBHOCTM OUUCTHBLIX COOPY-

Puc. 8. KoHuenTyasnbHas mMofenb Lngposm3saLmm CMCTeMbl BOJOOTBEjeHNA BOLOMNPOBOAHO-KaHanm3aLm-
OHHbIX X03ANCTB B CErMEHTe «TPAHCMOPTNPOBKA - OYMCTKA CTOYHbIX BOA» HA OCHOBE KpUTepUst 3KOJ10-
rMYecKon atheKTUBHOCTY OYMNCTHBIX COOPYXKEHWI B pamMKax perympoBaHuns napameTpoB BOA0OOTBEAEHUSA
no sosmyueHnto: X1...XN - nokasaTenn KayecTsa CTOYHbIX BOJ OT 6bITOBbLIX WU MPOMbILLIEHHbIX a60-
HEHTOB, CTOYHble BOAbl KOTOPbIX HE OKa3blBalOT BO3MYLLAKOLLEro BO3AeACTBUA Ha TeXHONOrnmyeckme
npoueccbl Ha KOC; Z1...ZM - nokasaTe/in KayecTBa CTOUYHbIX BOZ OT ObITOBbIX 1 MPOMbILUNEHHbIX a60-
HEHTOB, CTOYHbIe BOAbl KOTOPbIX 0Ka3blBaloT BO3MYyLLaloLLee BO3AeNCTBME HA TEXHONOrMYeCKMe NpoLiecchbl
Ha KOC; 0KZ1...0KZM - nokasaTenn Ka4yecTBa CTOYHbIX BOA OT 6bITOBbIX Y MPOMbILLIEHHbIX a60HEeH-
TOB, CTOYHbIE BOfbl KOTOPbIX 0Ka3blBalOT BO3MYLLalOLLee BO3AENCTBNE HA TEXHOMNOTMYECKMe NPOLLeCChI
Ha KOC nocne opraHu3auMOHHbIX MepOnpuUSATUIA KOPPEKLUM TakKoro HeratTMBHOro BamsiHus, KOC;
XZ1... XZM - nokasaTeNn KayecTsa CTOYHbIX BOJ OT 6bITOBbLIX U NPOMbILLIEHHbLIX a60HEHTOB, CTOYHbIE
BO/bl KOTOPbIX 0Ka3blBalOT BO3MYLLaloLLee BO3AeliCTBME Ha TeXHONOrMyeckure npoteccbl Ha KOC nocne
KOPpeKLUMy TaKoro HeratMBHOI0 B/AUSIHUSA C NMOMOLLbI NOAXOAOB NOKaNbHOW OYMCTKM CTOYHbIX BOA;
Y - KOMIM/eKCHbIe MOoKasaTe/In KavyecTBa CTOUHbIX BOJ, 0TBOAMMbIX Ha KOC
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XEeHWM, AO/MKHA BKIOYaTh CMHEPTeTUYECKOE UCMOb30BaHMe: MPEAUKTUBHOIO ynpas-
NeHNsa; WHTeNNEKTYaNbHOr0 MOHWUTOPWUHTIa; LU(PPOBOro MOAe/NUpOBaHWA; NOLXOL0B
M NPUHLMNOB NpoeKTMpoBaHus un ynpasneHns KOC, ¢ yueTom ocobeHHoCTeli (Tvna)
TEXHOMOTMYECKOro npouecca, ¢ NpUMeHeHMeM COBPEMEHHbIX CPeACTB U KOMMIEKCOB
n3MepeHns, KoHTpons u ynpasneHus (KUTMWA, cTtaHUMM nabopaTopHOro KOHTPOAS,
WKabl YNpaBAeHUs, 3KCNEPTHbIE 3aK/I0YeHNA).

3afauu Takol meToguku (6asnpysach Ha pesynbtatax pa6oTbl MO cbopa n aHanu3sa
nHpopmauuu (puc. 3-7):

1 VHopMaLMoHHO-aHanMTUYecKoe obecrneyeHne NpoOeKTUPOBAHUA CUCTEMBI BO-
[00TBefleHns.

2. NHTennekTyanbHblii MOHUTOPUHT TEXHOOTNYECKNX PEXMMOB TPAHCNOPTUPOB-
K/ M OYUCTKW CTOYHBIX BOA, (hopmanm3aumnsa npeacTaB/ieHUs BCEro TEXHONOTMYECKOTO
npoLecca 1 ero y4acTkoB, UX C/MOXHbIX B3aMMOCBA3el, B yA406HOM ANA aHanmsa u no-
HUMaHUA NPOMPUILHBIX CNeLnanucToB BUae.

3. OnepatvBHas NojgepXKa NPUHATUA pelleHWid Npu ynpasieHUn C BO3MOXHO-
CTbO MOBbILIEHUS IPPEKTUBHOCTU (3KONOTMYECKOW M PECYPCHOI) TEXHOMOIMYECKOro
npouecca v BbI6bopa ONTUMaNbLHOro crnocoba ero MHTEHCU(PUKALUM - Ha OCHOBAHUU
afanTUBHbLIX anropuTMOoB, B COOTBETCTBUW C NpefyCMOTPEeHHbIMU 3aKOHO4ATEe/IbCTBOM
Tpe6oBaHMAMM MO NpefesibHO JONYCTUMbIM KOHLEHTPALUAM OCTUXEHUA MaKCUMalb-
HoW 3th(heKTMBHOCTU paboThl 060pyf0BaHNA (BO3AYXOAYBHbIX arperatoB U T. 4.).

4. HTennekTyanbHblii MOHUTOPUHT 3((EKTUBHOCTU (3KOSIOTUYECKON M PECYPCHOWA)
TEXHO/IOTMYECKMX MPOLECCOB, MOBbIWEHMNE UX HAAEXHOCTU U OMepaTMBHOCTM ynpas-
NEHNA TEXHOMOTMYECKMMM MnpoLueccaMmun (peakuus Ha BHELHWEe BO3MYLLEHUA: U3MeHe-
HWe Harpys3okK, 3a/inoBble NOCTYNAEHNA 3arpa3HUTEeNei (BKOYaa TOKCUKaAHTbI), Kofe-
6aHns nokasaTesneil N0 OMOreHHbIM 371EMEHTaM W T. 4.) C Lebio OnpejaenieHns u npo-
FTHO3MPOBAHMNA €ro KPUTUYECKMX TOYEK.

5. ObecneyeHre 3KOHOMUYECKON 3h(PEKTUBHOCTM IKCMyaTaLum, TEXHUYECKOTO
obcnyxusaHua n pemoHTa (TOUP) TEXHONOTMYECKUX Y3/10B Ha BCEX 3Tanax UX Xu3-
HEHHbIX LUUKNOB (060CHOBaHME MOAEPHM3ALUN N PEKOHCTPYKLMK) npu obecneyeHnm
3K0N0rMYecKoi 6e30NacHOCTM OKPYXKatoLen cpegbl.

6. MH(popmaLMOHHO-aHaNMTNYEeCKas NoaaepXKa nnaHoBO-(PUHAHCOBOI0 (DYHKLU-
OHupoBaHunsa BKX.

Takum 06pasom, UndpoBas cucTema LOMKHA BKIOYaTb pag 6a30BbiIX NOACUCTEM
Ha OCHOBE MCMONb30BAHWNA MHTENNEKTYaNbHbIX TEXHONOrni (puc. 9).

OfHO M3 MPenMyLLecTB Takol LUUGPPOBOA cucTembl OyaeT B TOM, YTO €€ MOXHO
MCNoMb30BaTh Kak efuMHoe MHPOPMALMOHHO-aHaIMTUYECKOEe PelleHMne YXe Ha aTane
NPOEKTUPOBaHUA ANA NOAAEePXKU paboTbl MPOEKTHON opraHm3auuun (NpesnpoexT,
MPOeKT) ¢ TpaHCchopMmaL el B CUCTEMY yNpaB/ieHUs YXKe Npu 3anycke v WTaTHOW pa-
60oTe Tex e KOC.

YKpynHeHHas MeToAMKa LMKPOoBU3aLUU CETU BOLOOTBELEHMNSA B LiE/IOM:

3tan 1 lNpoBegeHNe MOHMTOPUHIa 00bEKTA BHEAPEHWA: CUCTEMHbIA U PYHKLKO-
HaNbHbI/ aHanu3, nabopaTtopHble UccneoBaHns, ONPOC 3KCNEPTOB.
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MoBbiLLeHNe 3P(EKTUBHOCTM TPAHCMOPTUPOBKM 1 Ka4ecTBa OUMCTKM CTOUHBIX BOZ C YAaseHHbIM YnpaB/ieHneM npoLeccam
IMoBbILLEHNEe pecypcocBepeXKeHnst TPAaHCMOPTUPOBKY 1 OUNCTKM CTOUHBIX BOZ
dopmMupoBaHue NeperekTUBHbIX, KaUECTBEHHbIX M Pea/ibHbIX 3aflaH1K Ha PEKOHCTPYKLMIO N MogepHM3aumio BKX
AHann3 NosoMOoK 1 NOTepN NacnopTHbIX XapakTepucTnk 06opyoBaHneM
MPOrHo3 3KONOTNYECKNX PUCKOB NS OKPYXatoLLeli cpespl
CuCTeMHOe NOBbILLEHNE KBaNN(UKaLMK COTPYAHNKOB NpeanpuaTuii BKX

Pykosogctso, MTP.
NNaToBO-3KOHOMUYECKMIA

MpoeKTHbIE OpraHu3aLmm
otgen

Linthposas cucTema ynpasneHus BOL0O0TBEAEHNEM

CucTeMbl ynpaseHus (aBTOMaTI3aL M) BOAOOTBEAEHUEM, 3KCTepTHas! oeHKa
BK/IIOYaA OUMCTHbIE COOPYXKEHNS, Hanpumep, Ha OCHOBE NPOLIECCOB OTBEAeHNS
SCADA (nepefaya AaHHbIX CAATYUMKOB KayecTsa
CTOYHbIX BOf,. ON-line XapakTepucTuKu NpoTeKaHWsa
NpOLeccoB, COCTOAHNE 060pyA0BaHMSA)

NaCkdatopkas oLeHka
OTBE/IEHNS 1 OUNCTKN
H OUNCTKM CTOUHBIX BOJ CTOUHBIX BOJ,

CeTb KananuLiBaHWs 1 OYNCTHbIE COOPYXXEHUSA

(6uonoruyeckue, H3MKOXMMUYECKNE, KOMBUHUPOBaHHbIE)

Puc. 9. CTpyKTypa ynpaB/fieHUs1 0TBEAeHNEeM U OUMCTKOW CTOUHbIX BOA
Ha OCHOBE LM(POBbLIX TEXHOMOT WA U KPUTEPUS IKONIOTMYECKOi adheKTUBHOCTU KOC

3T1an 2. Pa3paboTka 1 corfiacoBaHne TEXHMYECKOTO 3afaHus (BKI4asd annapar-
HYI0 4acCTb) M MPOrpaMmbl BHeAPEHUA LN POBOL CUCTEMBI.

3tan 3. Co3gaHme MaTeMaTU4eCKUX MOAENER, NPUKIaLHOr0 NPorpaMmMHoOro obe-
cneyveHus (MMNO).

JT1an 4. ABTOHOMHaa Hanajka v npeasaputensHble ucnbitaHusa MMNO; pa3paboT-
Ka, corjiacoBaHune v BbIMYCK JOKYMeHTaLuUK.

JTtan 5. MoHTax ¥ Hanagka annapaTHOW YacTu LU(POBOIA cucTembl; Hanagka B3a-
MMOLEeNCcTBUS C APYTUMU UHPOPMALUOHHBIMU CUCTEMAMMU.

JTtan 6. Agantaums v napameTpusauus maTemaTuyeckux mogeneid, 6a3 gaHHbIX
M 3HaHW Ha 06beKTE.

3tan 7. Co3gaHue eAVHON AOKYMeHTaLMM LM(POBOL CUCTEMBI.

Jtan 8. MNpoBedeHWe OTNaAKM UUGPPOBOI CUCTEMbI: LWed-HanagouHble paboThl,
KOPPEKTMPOBKa fOKYMeHTaLun No pesynbtataM oTnagku.

3tan 9. Cgava B aKcnyaTayunio LUGPpPOBOA CUCTEMBI.

Jran 10. Pa3paboTka MeToAMYeckoro obecrneyeHns MCMONb30BAHWUA U Pa3BUTUA
LUMU(POBOI CUCTEMbI, CUCTEMHOIO 00yYeHNA nepcoHana.

3tan 11. ConpoBOXAeHNEe N 06HOBNEHWEe LM(POBOI CUCTEMbI, BK/OYAA MOBbILIE-
HUe KBanu@ukauum cotTpygHmkos BKX.

O60CHOBaHHas 1 co3fjaHHasa MeToAMKa UM poBU3aL U BOLOOTBEAEHMNSA HA OCHOBE
3Konornyeckoro kputepmsa agdektusHocT KOC no3sonuT paspabaTbiBaTb U BHEAPATb
MH(POPMaLNOHHO-aHAINTUYECKOE M NporpaMMHoe obecrneyeHne, BbINOMHAKOLLLEE: MO-
HUTOPWHT, LM(POBOE MOJENNPOBaHNe, NPOrHO3MPOBaHWE, MOALEPXKKY MPOEKTMPOBa-
HUA W NPUHATUA PeLeHUi A Npu ynpaBneHUW (PeryampoBaHnun) TeXHONOTMYECKUMU
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npoweccamy BOAOOTBEAEHUA, aKKYMYNMpPYOLLee JaHHble C CYLECTBYOWUX (MK npo-
EKTUPYeMbIX) NoAcucTeM KaHann3oBaHua u KOC (oTgefbHble TEXHUYECKUNE CPefCTBa,
nokanbHble SCADA, cyluecTBytowme n npoektupyemole ACY) 1 4pyrmx NCTOYHUKOB:
6a3bl AaHHbIX aKKpeaMTOBaHHbIX NabopaTopuil, pesynbTaTbl QU3MYECKOr0 MOAENNPO-
BaHWA, 9KCNEPTHbIE 3aKNOUYEHUS, CMeXHble cuctembl (ACKY3, ACTY3).

Mpun 3TOM MO 3KONOTMYECKUM KpuTepuem adekTneHocTn KOC nogpasymeBaeT-
CA K/1aCcCMYecKoe MoHATHUE «Tly6uHa OUMCTKM CTOYHbIX BOA» U cbpoc (BLIHOC) Npume-
celi B BO4Hble 06BEKTbI, KOTOPbIE YCTaHaBANBAOTCA HA OCHOBE HOPMATWMBOB: NMpeaesb-
HO AONYCTUMbIX W BPeMeHHO COrjacoBaHHbIX BbIGpOCOB. [lokasaTenamu KayecTBa
BOAbI OUMLLEHHON CB ABNAIOTCA 3HAYEHMSA KOHLEHTpaLmMii B Hell BpeAHbIX BewecTs C;.

Torpa HeobxogmMmas 3aPHeKTUBHOCTb OUUCTKM CTOUHbLIX BOf (r|}) OT /-ro 3arpssHs-
IOLLLEro BeLLecTBa onpegenserca rno gopmyne

rCT 'roq

n/ 100%, (1)

roe Ccr- KOHUEHTpaums BelecTBa B CTOYHOW BoAe, NOCTyNallLLeid Ha 04UNCTKY, MI/n;
Cod- KOHLEHTpaLMs 3arpa3HAIoLLErO BeLeCTBa Ha BbIXO4e U3 YCTPOICTBa, paspelleH-
HOro K cOpocy B BOAHbI 06bEKT, Mr/n.

Sh(HeKTUBHOCTb OYUCTKN UMEET, MO CYLLECTBY, CMbIC/ KO3( (ML MEHTA NONE3HOrO
LeicTBMS COOTBETCTBYIOLLLErO YCTPOicTBa. BecneacTaue 601bLLI0r0 pa3Hoo6pasns CBOWCTB
MpUMeceil B MOTOKE CTOYHbIX BOA PeLMWTb 3afadyy HOPMaTUMBHO Tpebyemoll OUMCTKM
B KaKOM-1M60 OfIHOM YCTPOCTBE NPaKTUYECKN HEBO3MOXHO. OTO Onpefenser Heob-
XOAMMOCTb MPUMEHEHUS CUCTEMBI NOCNeL0BaTE/IbHO COEUHEHHBIX annapaToB (/;), Ko-
TOpas faeT 06wy ahheKTUBHOCTL No /- npumecw:

LLk = 1—1—|n)(1 —F1/r) —O—FkuX @)

rae Ly —ah(eKTUBHOCTb 04NCTKN OT /- npumecn B /-m ycTpoiicTBe.

Micxoas 13 Takoro Kputepus akonormnyeckoi agdektusHoctn KOC (1) u (2) npea-
naraetca NpoBOAWTL NO3TANHOE BHeApeHMe Ha npeanpuatuax BKX mMeTooB U TEXHO-
NOrnit NOBbILIEHUSA UX 3KONOTMYECKOW ynpaBaseMocTu (Hanpumep, cornacHo Tpe6osa-
HusMm ISO 14001: «CucTeMa 3Konormyeckoro MeHegkmeHTta» (COM), KoTopble U NAryT
B OCHOBY MeTOAMKWN CO3[4aHMNA TeXHUYecKoro 3agaHus (T3) Ha UX CTPOUTeNbCTBO (MO-
LEepHM3aLmNI0, PEKOHCTPYKLMIO)) C 0653aTe/lbHbIM Y4YeTOM PUCKOB BO3HUKHOBEHWUSA
HelwTaTHbIX cuTyauunin (HC). YcoBepLleHCTBOBaAHHAA KOHLeNUMA UTepaTUBHOIO UHTe-
rpyuposaHHoro ynpasneHus C3M dopmuposaHus T3 Ha ocHoBe IWRM (Integrated
Water Resources Management) npegctasneHa Ha puc. 10.

Ha nepsom 3Tane co3gaHua C3M npegnonaraeTcs pa3paboTka cxembl 6e30MacHo-
CTU YCTOWYMBOrO pasBMTWA Ha OCHOBE BOAHOrO TEXHOMOrMYeCKOro nacnopra npej-
npuatua BKX c co3gaHneM KOHLUeNnTyanbHOW MOZenn MOTOKOB BOAHbIX PecypcoB
M TEXHONOTNYECKUX pelleHnii (MX peXXMMOB) BO34eNCTBUS Ha HUX: CTPOUTENbCTBO HO-
BOr0O NPeAnpuATUA WA PEKOHCTPYKLMA CTaporo He LO/MXKHbI Bbi3blBaTb 3KOJIOrMye-
CKWUI gucbanaHc, HE3aBMCUMO OT OTPac/v X039MCTBOBaHUS.
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Puc. 10. YcoBepLUeHCTBOBaHHAs KOHLENUWS CO34aHNa TeXHUYECKUX 3aflaHUnii NpoeKTUpoBaHus
OUUCTHbIX COOPYXKEHUIA HaCeNeHHbIX MYHKTOB Ha OCHOBE BbIMO/IHEHWSI 3KOM0T MYeCKUX TpeGoBaHMii

BTopbiM warom BHegpeHna C3M aBnsetca MeTof TeCTMPOBaHMA (ONTUMMU3ALMUK)
CO34aHHOI Ha NepBOM 3Tane MOAeNn € y4eTOM MoTeHumansHoro geiictena HC TexHo-
FeHHOro 1 MPUPOAHOIo XapakTepa: UccnefyoTca oTAeNbHbIe MOLENN 3/IeMeHToB COM
(Ha ocHOBe 4eKOMMNO3MLMMN KOHLeNTyanbHOM), rae QUKCUPYOTCA 3afaHHble (LeneBble)
napameTpbl, MPOUCXOANT UMUTALMOHHAA OLEHKa napaMeTpoB paboTbl 060pyA0BaHUA
0N TPaHCMOPTUPOBKU U OYUCTKU BOAbI (B TOM YMUC/e MO MPUMEHEHUIO KBasuWHaTy-
panbHbIX PU3NYECKUX MOAENeW, BUPTYyanbHbIX Mep U T. N.).

TpeTtba cTagus peanusaumm COM (HakonneHue gaHHbIX ana T3) - npepnpoekT-
Has, Korga Ha OCHOBaHWW MONYYEHHbIX AAHHbIX cocTaBnseTcsa 6u3Hec-nnaH ¢ 06a3a-
TENbHO KOMMJIEKCHOM OLEHKOW KaK 3KOHOMUYECKUX (Hanpumep, Yepes NHAEKC peHTa-
6enbHOCTKN), TaK U TeXHONOrn4yecknx (3HeproahPeKTUBHOCTb) KPUTEPUEB MNepCrnek-
TMBHOCTU npoekTa KOC.

Mpn 3aTOM MCNO/b30BaHMe HOBbLIX U YCOBEPLUEHCTBOBAHHbIX HAYYHO-TEXHUYECKUX
OCHOB HOpPMaTUBHOW 6a3bl MPOMbILLNEHHbLIX CUCTEM BOA006eCeYeHMs NO3BONAET pea-
NN30BaTh KOHUENUWI0 UHTErpupoBaHHbIX Liefiel JOCTVXKEHNA pecypcoadpheKTUBHOIO
BOL0OGECNEYEHNSA COrNacHO MeXAyHapoAHbIM CMCTeMaM OLEHKM KayecTsa ynpasie-
Hus npeagnpuatTnamu BKX npu yuete puckoB gelicteus HC ¢ ucnonb3oBaHnem pac-
npejeneHHbIX MHPOPMaLMOHHbIX cucTtem (puc. 11).
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Puc. 11. Mpumep CTPYKTYpbl pacnpefeneHHOW UH(HOPMaLMOHHOW CUCTeEMbl MOHUTOPWHIA NapameTpoB
KOC gns hopMmnpoBaHnsa KavyeCTBEHHbIX T3 Ha NPOeKTMPOBaHMSA

PaspaboTka 1 anpobaums UHTeNNEeKTYa/lbHbIX MPOrpaMMHbIX NPOAYKTOB Lud-
poBM3aunM BOJOOTBEAEHUSA HaceNeHHbIX MYHKTOB. C yyeTOM MHOronapameTpuuy-
HOCTWU, CNOXHOCTU hopManu3aunn, HecTauMOHAapPHOCTU, HENMHENHOCTWU NPOLEeccoB,
NMPOUCXOAALLMX MPU OYUCTKE CTOYHbIX BOA, CUHTE3MPOBaThb MPOAYKTOBbIE PELUEHNUS,
KOTOpble 6bl aHANMNUTUYECKWU MOALEPXMBaNM COOTBETCTBYHOLLEE YNpaBAeHWe, KpaiHe
CNoXHO. OAHMMM M3 BaXKHbIX 3a[a4 Npu 3TOM ABMAKOTCA: MPOrHO3MpOBaHMe nokasarte-
nein kayectsa CB, Kak BpeMeHHbIX PALOB, U PerpecCUOHHOE MOAeNnuMpoBaHune paboThbl
OYNCTHbIX COOPYXXEHWIA. A Takux Lefeil BNosHe LenecoobpasHo paspaboTartb npo-
rpaMMHbI NPOAYKT Ha OCHOBE HEMPOHHLIX CeTel.

Co3paHHoOe pelleHue ncnonb3yet 6a3y SQLite3, koTopas xpaHUT Habopbl Napame-
TPOB B 0OA4HOM (haiine, obecneumsas NPoCTOTY MCMNOMb30BAHUSA W NIEFKOCTb Pas3BepThbl-
BaHuA. JononHutensHo SQLite3 noagep>xmBaeT cTaHA4apTHbIA SQL v npegoctasnset
yHKUMKN Ansa paboTbl C AaHHbIMW, Takne Kak co3gaHue Tabnuu, BbIMONHEHWE 3anpo-
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COB, MHAEKCMpPOBaHMe 1 TpaH3akuuu. Sloruka MO HanucaHa Ha Python 3.7: nmetoTcs
BCTPOEHHbIE BO3MOXHOCTU ANA paboTbl ¢ (aiinamm, cTpokamu, CNMCKamu, cloBaps-
MW, PYHKLUAMUN 1 gpyrumMun cTpykTypamu. NHTtepgelic MO 6bin peann3osaH ¢ NoMo-
wbto perimBopka Tkinter (cTtaHgapTHas 6ubnnoTeka A4Na cO3faHWA rpagmyeckoro
Monb30BaTeNbCKOro UHTepdeiica (GUI)).

Ob6ecneyeHo 06yueHne Helipomogeny Ha Bknagke «TpeHupoBka HC» (puc. 12).
B none «Konnmyectso 3anox» BbIMOSIHEHO BBEEHME UX yucna (B LefiblX HaTypanbHbIX
ynucnax), a B mone «TecT Bbibopka (%)» - NpoueHTa A4/ TECTOBOW BbIGOPKM npu 06y-
YyeHunu, KakK npasuao 20 %.

Puc. 12. MHTepeiic BKnagku «TpeHnposka HC» NnporpamMmMHOro HelipoceTeBOro Mogyss

MporpaMMmHbIil HelipoceTeBOW MOAY/b OLEHKM NMapameTpoB o4ncTku CB asnsetcs
NMPOAYKTOBbIM pelueHnemM NoALEPXKKN MPUHATUSA PELLUEHNI A U MOXET JOMNONMHATL 6a30-
Boe MO umndposunsaunm BKX. C ero ncnonb3oBaHMEM U HA OCHOBE OMMCAHHbIX NOAXO0-
fnoB Ha KYTM «BopokaHan» r. bapaHoBMYU» Bblnia BbINO/HEHA anpobauma MeToanKu
UM poBM3aLMMN CUCTEM BOLOOTBEAEHMA C YUETOM KPUTEPMSA 3KOMOTMYECKON 3dek-
TUBHOCTU OYUCTHbIX COOPYXXEHWUI. PesynbTaTtamm MpakTUYECKOTro WMCMOb30BaHUS
NpoBeAeHHbIX UCCNef0BaHNIA CTanu:

MOBbILLEHME KayecTBa SKCMEPTHON OLEHKM NoKasaTeneid BOJOOTBEAEHMA U afek-
BATHOCTW MPUHATUSA yNpPaBNeHYECKNX PeLLEHNIA;

060CHOBaHHOE onpegefieHne NPeanpuATMIA-ab0HEHTOB CeTW BOLOOTBEAEHUSA, KO-
TOpble OKa3blBalOT HaMbO/bLLEe HeraTMBHOe BO34eACTBME HA paboTy OYMCTHBLIX COO-
PYXXEHWIA;

thopmupoBaHne CTaTUCTUYECKON N METOANYECKOI 6a3bl ANA MEPCNeKTUBHOMO Mo-
CTPOeHMs eANHO MaTeMaTMUeCKo Mmogenn (LMpoBoro ABOMHMKA) CETU BOLOOTBeAE-
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MM UCXOAA W3 3KONOTNYecKOW 3PPeKTUBHOCTM (PYHKLMOHUPOBAHUA OUYUCTHBIX COO-
PY>XEHWIA;

ynyudlleHne KayecTBa CO34aHWA TEXHUYECKUX 3aJaHWii HA MOAEpHM3aLU0 U pe-
KOHCTPYKLMIO 3/1EMEHTOB CeTU BOLOO0TBEAEHUNSA, BK/IHOYASA OUMCTHBLIE COOPYXEHUS.

Mpn 3TOM NPOMbILWEHHOE NPUMEHEHME LMDPOBbIX ABONHUKOB B paMKaxX 00bek-
TOB BOAONPOBOAHO-KaHaNM3aLMOHHbIX X035/ACTB 060CHOBAHO peann3oBbiBaTh Ha 6ase
paboTatlowmx Ha npegnpuaTnax ACY TN n/vnn SCADA, ¢ NOAKNIOYEHNEM K HUM na-
60paToOpHbIX NHPOPMALMOHHO-MOLENNPYIOLWMX CUCTEM, U JanbHelLen TpaHchopma-
LMeil 0O aBTOMaTU3MPOBAHHbIX CUCTEM YNpPaB/ieHUS TEXHONOTMYECKUMM nNpoLeccamu
(MHTerpupys u3nKo-maTeMaTUYeCcKMe MOAeNN, HanpumMep, Knacca BUPTYyalbHbIX pa-
604Mx Mep) 1 06LLEeNPOU3BOACTBEHHbIX LM(POBLIX MOAENel ¢ BHEAPEHNEM MH(OpMa-
LWOHHO-aHaNUTNYECKUX NnaTdopm.

3aknoyveHune. Co3faHHble MeTOAMKa M NporpaMMHoe obecrneyeHue LUGppoBM3a-
UMM BOLOOTBELEHUA MOTYT 06ecneynTb CnefytolMe OCHOBHbIe pesyibTaTthl A1 opra-
Husauuin BKX Pecny6nuku Benapyce:

MOBbICUTb pecypce- U 3HeproadeKTUBHOCTb TEXHONOTMYECKUX MPOLLECCOB BOAO-
OTBEAEHMUSA N OYUCTKU CTOYHBIX BOA MPU 3KOHOMUU YEN0BEKO-YaCOB;

YAYULWINTb 3KOIOrMYeCcKyto 6e30MacHOCTb CUCTEMbl BOLOOTBEAEeHUSA, BKKOYas on-
TUMU3ALMI0 YHKLUOHNPOBAHUSA OUNCTHbIX COOPYXEHWUIA;

obecneunTb Ka4ecTBO NAaHNPOBaAHMNA TEXHONOTMYECKUX ONEepaLuil n BbINOAHeHNS
pabot no TOuWP arperatos, 060pyA0BaHUA U APYTUX COCTaBNAIOLLMX 3NIEMEHTOB CU-
CTemMbl BOJ4OOTBeeHUS;

CMNpPOrHo3upoBaThb OnepaTuBHOEe (YNpexparoliee) pearmposaHne Ha noTeHuuasnb-
Hble Ype3BblyaiiHble CUTyaLUn TEXHOFEHHOr0 XapakTepa 1 npejoTBpalieHne ux Bos-
HUKHOBEHMNSA Ha 06BbEKTAX.

PaboTa BbINOMIHEHA NPY (PMHAHCOBON nogaepxke benopycckoro pecnybnmkaHcKo-
ro ¢poHga pyHAamMeHTaNbHbIX nccnefoBaHnii (rpaHt Ne ©23Y-012).
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l. V VOITOV, V. N. SHTEPA, A. V. KOZYR, A. B. SHIKUNETS

METHODOLOGY AND SOFTWARE FOR DIGITALIZATION
OF THE WATER DISPOSAL SYSTEMS OF THE WATER AND SEWAGE FACILITIES

Summary

The key drawback similar solutions in the field of wastewater management in populated areas is the lack
comprehensive and operational approach in the context of “monitoring the environmental situation - sto-ring
and analyzing data - making decisions in real time on the environmental efficiency wastewater disposal”
and the actual absence of the last element in such the chain, which creates an environmental ha-zard
for water bodies. Already at the stage of the primary mathematical processing of the data collected by the
information system developed and implemented in the water supply and sanitation sector (WSSS), it was
possible to determine approaches to identifying the “images” of key wastewater polluting objects,
the waste which poses the significant environmental hazard to the environment, since it causes the death
of activated sludge (AS) of the municipal wastewater treatment plants (MWWTP). Evaluation the results
physical modeling ofthe wastewater disposal processes made itpossible to identify that when digitalizing
WSSS facilities, it is necessary to focus on the preventive elimination of the potential (actual) negative
impact on the AS of the MWWTP of the wastewater from individual subscriber enterprises. The methodology
for digitalizing wastewater disposal systems based on the criterion environmental efficiency of treatment,
substantiated on such conclusions and created, became the theoretical basis for the development
and implementation information and analytical software that performs local tasks: intelligent monitoring
and forecasting, decision-making support in regulating technological processes. The functioning product
solutions is implemented using mathematical approaches of the artificial intelligence: neural networks

and casual modeling.



