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Pedepar. [IpoBenen kpuTHUECKHil aHAIN3 HEJOCTATKOB CYIIECTBYIOIIUX CHCTEM BOJOOYHCTKH.
IpennoxeHo Uit oOecreyeH s 3KOJIOTHYECKOH 0e30MacHOCTH ¥ S9KOHOMHMHU SHEPreTHYECKHUX pe-
CYpCOB HCIIOJIb30BaTh KOMOWHHPOBAHHBIE YCTAHOBKH, BKIIOYAIOMIHE (HU3HIECKHE, XUMUYECKHE,
(U3UKO-XUMHYECKHE U OHMOoJoruyeckue MeToabl. AKIICHTHPOBAHO BHUMaHKE HA TOM, YTO HauoOo-
Jiee aKTyaJbHBIM CHOCOOOM mHoajepskaHust >(GQEKTHBHON BOZOOYUCTKH SIBISIOTCS aJalTHBHBIC
cucTeMsbl yrpasiieHus. [IpoaHaaM3UpoBaHbl HEAOCTATKU YIPABICHHUS YCTAHOBKAMH BOJIOOYHCTKH
U TPEUIOKEHO NMPOU3BOIUTH UX CHHTE3 Ha OCHOBE MAaTEMaTHYECKOTO ammapara CHCTEM HCKYC-
cTBeHHOro HHTe/uekTa. C yueToM TpeOOBaHM 3KOJIOTHUECKOH 0€30MacHOCTH M HEOOXOAUMOCTH
9KOHOMHH 3HEPreTHYECKUX PecypcoB pa3paboTaH KpUTepHii 3Hepro3dpeKTUBHOCTH (yHKINOHHU-
poBaHUS KOMOMHHPOBAHHBIX cHCTeM. Ha MpOMBINIICHHOM NPEANpUsATHH (OYMCTKA CTOYHBIX BOJ
3a00HHOTO 1IeXa) NMPOBeJeHa MPOBEPKA COOTBETCTBUA 3TOI0 KPUTEPHs NPOU3BOJICTBEHHBIM YCIIO-
BUSIM, KOTOpAst MOJATBEPANIIA €T0 aIeKBaTHOCTD H 1eJIeCO000Pa3HOCTh HCIIOIB30BaHUS IIPU CHHTE3€
9Heprod(GGeKTUBHBIX CUCTEM ynpapieHus. IIpennoxeHa mocneoBaTeIbHOCTh CHHTE3a CHCTEMbI
yIpaBiIeHHs: KOMOMHUPOBAHHEIMU YCTaHOBKAMH BOJIOOYHCTKH. ba3upysich Ha ImpenBapUTEIILHBIX
HCCIIeIOBAaHUSX M aHaJIM3€ COBPEMEHHBIX paboT B maHHOI mpobieMHON obnactu, pa3paboraHa
ApXUTEKTypa CHCTEMBI yIPaBICHUS KOMOWHUPOBAHHEIMHU YCTAHOBKAMU BOJOOYUCTKH, HCIIOJIB3Y-
I0Il[asi MHTEIUICKTYaJIbHbIe TeXHOIOTHH. OTIMYHe TaHHOH pa3pabOTKU OT aHAJIOTrOB 3aKII0YaeTCs
B BO3MOXKHOCTH (QJIalITUBHOM KOPPEKTHPOBKH HACTPOEK OOOpPYyIOBaHUS HAa OCHOBE 0OpabOTKU
MOKa3aHUi 1aTYMKOB, HHYOPMALIMK O LICHE Ha PACXOJHbIC MaTepUaibl B YCIOBUAX ACHCTBUS He-
mTaTHBIX cuTyanui. IloAcTpoiika mapaMeTpoB CHCTEMBI YIPABICHHUS OCYIIECTBISIETCS C UCIIONb-
30BaHUEM SKCIIEPUMEHTAILHO-aHAJIUTHYECKHUX JIaHHBIX, COXPaHAEMbIX B 0a3e 3HaHUH TEXHOJIOTU-
YECKHX MPOLECCOB.
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Conceptual Bases of the Energy Efficient System
of Management of Combined Units of Wastewater Treatment

V. N. Shtepa®
YPolessky State University (Pinsk, Republic of Belarus)

Abstract. A critical analysis of the shortcomings of the existing water purification systems is
conducted. In order to ensure environmental safety and energy savings it is proposed o use
the combined units, including physical, chemical, physical-and-chemical and biological methods.
The attention is driven to the fact that the most effective way to maintain current water purification
is an adaptive control system. The shortcomings of the management of water treatment units were
revealed and it was proposed to produce their synthesis based on the mathematical apparatus of
artificial intelligence systems. Taking into account the requirements of the environmental safety
and the need in the energy savings, the energy efficiency criteria of combined system functioning
has been developed. At an industrial plant (slaughterhouse wastewater treatment) the compliance
of the production conditions of the criterion has been undertaken that confirmed the criterion rele-
vance and usefulness as applied to the synthesis of energy-efficient control systems. A synthetic
control system combined the water treatment plants. Having based on the preliminary research
and analysis of the current work in the subject area the architecture of a control system of com-
bined water treatment units that use intelligent technology was developed. The key functional
of the unit — information-analytical subsystem of the formation control actions including: multi-
layer perceptrons self-organization Kohonen network, fuzzy cognitive map. The basic difference
between the developed design and its analogues is the ability to adjust the settings of equipment
adaptively on the basis of processing sensor data, information on the price of consumables, volley
discharges of pollutants, a sudden change in the flow and other force majeure. Adjustment of the
parameters of the control system is carried out with the use of experimental and analytical data
stored in the knowledge base of technological processes.

Keywords: energy efficiency, environmental safety, water treatment, control system, artificial
intelligence systems

For citation: Shtepa V. N. (2016) Conceptual Bases of the Energy Efficient System of Manage-
ment of Combined Units of Wastewater Treatment. Energetika. Proc. CIS Higher Educ. Inst. and
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BBeaenne

C yueToM MHOTOQaKTOpHOCTH TpeOOBaHUI K HOpMATUBaM BOJBI U OOJIBLION
Pa3HOBHIHOCTH 3arpsi3HUTENCH [1] s HOCTIKEHHS HEOOXOIMMOTO KadecTBa
OYHCTKH Ha TMPOMBINUICHHBIX MPEANPHUATHIX HCMOIB3YIOT KOMOMHHUPOBAaHHBIE
cucteMbl. OHM KOMIUIEKCHO BKJIFOUAIOT U3BECTHBIE METOJBI [2]: MeXaHWYECKue,
XUMHUYeCKue, (PU3UKO-XUMU4eckne M Oumonormueckue. OmHAKo, KaKk IMOKa3ania
MPaKTHKa, 000OMIEHHBIME (YHKIIMOHATFHBIMA HEIOCTATKAMH TAaKUX METOJOB
sBasirorest [2, 3]:

e BBHICOKAst CTOMMOCTb OYMCTKH | M® BOIBI (IIPH YCITOBHH ITOTYYEHHS COOT-
BETCTBYIOIIETO Ka4eCTBA OUNCTKH);

e HaTM4Ke OOJBIINX OOBEMOB OMACHBIX MPOAYKTOB OYHCTKH (pearcHT + 3a-
TPSI3HUTENH ), KOTOPBIE HEOOXOINMO YTHIN3UPOBATH;

e HECTIOCOOHOCTh TIPOTHBOJCHUCTBOBATH 3aJIIOBBIM BBIOpOCAM 3arpsi3HU-
TENCH;

e OTCYTCTBHE PabOTHI B pEXXUME PEANTbHOTO BPEMEHH (TIOCTOSTHHAS 3a/IePiKKa
MEX/Ty TOSBJICHHEM 3arPSA3HUTENS U TEXHOJIOTUIECKON peaKInel CHCTEMBI).
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Hanpumep, 3nauenue Coli-index Boxbl (KpuUTepHil CaHUTapHO-TUTHEHHUYE-
CKOI'0 KauecTBa BOJIbl — HAIMYME ONACHBIX KOHIIEHTpALUi BUPYCOB, MUKPOOOB,
OakTepuil) onpeaesssioT MUHUMYM 4depe3 24 1 ¢ MoMeHTa oTOopa npoOsl. Kak
CJIEZICTBUE — BO3MOXKHA CUTyallus, KOrJa Ha mpennpusitue 24 4 IOCTyHaroT
OIIaCHBIC 3arpsA3HUTENH, IPUUEM CaMble COBPEMEHHBIE OYHCTHBIE CHCTEMBbl Ha
3TO HUKAaK HE pearupyor.

Bce onwmcanHble coBpeMEHHbBIE METOMBI yIAJICHUs 3arpsi3HUTENEH U3 CTOY-
HBIX BOJ TpeOYIOT NPUMEHEHUs JJIEKTPOTEXHUUYECKUX KOMILIEKCOB. CTeNeHb
BOBJICUEHUS dNIEKTpOTeXHONOTHH coctaBisieT 15-90 % [4]. Ilpu aToM, KaKk OHH
W3 CaMBIX MHTCHCUBHBIX M IPOIPECCUBHBIX, BBIIEIAIOTCS (HUIUKO-XUMHUCCKHUE
METOJBI, T/Ie JIEKTPOTEXHOJIOTHH JISKAT B OCHOBE BOJJOOYUCTKH: JIEKTPOKOATY-
JSIIMSA, 3JEKTPO(IOTaHs, SNEKTPOAUAIN3, SIEKTPOACCTPYKIHS, 0O30HUPOBAHUE
u apyrue Metonbsl. OHM Jar0T BO3MOXHOCTD C TIOMOIIBIO H3MEHEHHUS DIICKTprye-
CKMX MapaMeTPOB YIPAaBJISITh HANpPaBICHHEM M XapakTepoM pPeaKfid yaeHHs
BpPEAHBIX U ONACHBIX 3arpssHuTencil Boasl [2—4]. OgHako mporecchl, Ipoucxo-
JSIIIUE B TAKUX JIEKTPOTEXHOIOTMIECKUX YCTAaHOBKAX, B 3aBUCUMOCTH OT BXO/I-
HBIX ITOKa3aTeJeld CTOYHBIX BOJI BCE PABHO CONPOBOXKAAIOTCS SBJICHUSMH IIEpe-
pacxojia AIEKTPOIHEPTHH W/MITH YMEHbIIeHuEM dQeKTa ourcTku [4].

K s¢pdextuBHbM 1 yHHPUIUPOBAHHEIM METOAAaM HPEAOTBPAILEHHS Iepe-
pacxojia 3IeKTPOIHEPTUH U MOBBIIICHHS KAYeCTBA OYMCTKU BOJIBI CIIEAYET OTHE-
CTH HCIIOJIb30BaHHUE aJalTHUBHBIX cucTeM ympaBieHus (ACY) anekTpoTexHude-
CKUMH KOMIUIEKCAMH, CIIOCOOHBIX MO KUBATh TEXHOJIOTHIECKUE TTapaMeTpPhI
B 3HEProdpGeKTUBHBIX Mpeeaax Mpu YCIOBUU COOJIOACHHUS TPEOOBaHUN K Ka-
4ecTBY BOJOOYHUCTKH [5]. CylIecTBeHHBINH TUMHTHAPYIOMU hakTop d3PPeKTHB-
Horo ucnonb3oBanusi ACY — (akTuueckass HEBO3MOXKHOCTh aJICKBaTHOTO Marte-
MaTHYECKOI'0 MOJEIUPOBAHUS BCEX MPOLECCOB, MPOXOASAIINX B YCIOBHUAX pado-
ThI Ha PeaIbHBIX 00BEKTax [6].

Kpurepuii 3HeprodppeKTHBHOCTH CHCTEM BOAOOYUCTKH

Krnaccuuaeckast 5K00THs IpY YCTaHOBJICHUH OMACHOCTH MpeanpuaTuii (mpo-
IeCCOB) Oa3upyeTes, MPexkJie BCEro, Ha MaKCUMalbHOH MHHAMH3AIMK BHIOPO-
coB.. Hampumep, Oe3pa3MepHBIii HHTETPATBbHBIN TOKa3aTellb SKOJIOTHYECKOM
OIIACHOCTH, KOTOPBIM OTpPa)KaeT KOMIUIEKCHYIO CpPaBHHUTEIBHYIO OIICHKY €€
YPOBHS C Y4€TOM BHEITHUX U BHYTPEHHUX (DAKTOPOB, paBEH

RI/IHT = K03KnmnKTepSI/21V}3K)TV BKH7 (1)

rae Ky, — KoohhUIUEHT 03eICHEHUsT 30HbI ACUCTBUS; Ko — TO e HACEICHHS
apeaina; Ky, — TO X€ ICHHOCTH TEPPUTOPHH; K, — TO K€ HOPMaJILHON JKOJIOTH-
YeCKOW 0e30MacHOCTH; S — IUIoNIanb ACWCTBUS omacHocTel; V, — mokaszarenb
MPEBBIIICHHST HOPMATHBHOTO OOBeMa BHIOPOCOB BPEAHBIX BEIIECTB B aTMO-
cdepy; V, — TO k¢ HOPMaTUBHOTO 00bEeMa BEIOPOCOB BPEIHBIX BEIIECTB B BOJY;
Vor — TO 7K€ HOPMAaTHBHOTO 00beMa OTXOJ0B; Vg, — TO e HOPMATUBHBIX ypOB-
Hel (U3NYECKUX BO3ICUCTBUI.
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OueBuIHO, UTO TAKOI KPUTEPHA HEBO3MOXKHO HCIIOIB30BaTh JUIS TUHAMUYC-
CKOIl HACTpPOWKHM HapaMeTpOB OOOPYJOBaHUS B PEKHME PEATBHOTO BPEMCHH,
YTOOBI HE BBIMTH HPU 3TOM 32 MPEJEIIBI SIKOJIOTMYSCKON 0€30MacHOCTH B KOHIIE
OTYETHOTO Tepuoja. be3ycinoBHO, sKonorudeckas 0€30MacHOCTh OKPYKAFOIIEH
Cpelpbl SIBISIETCS TIaBHBIM KPUTEPHAIILHBIM OTpaHHUueHUEM (DYHKIIMOHUPOBAHHUS
nmpou3BozcTBa. OJHAKO IEIecOo00pPa3HO YUMTHIBATH TAKKE KAYECTBO PaOOTHI
obopynoBanus, 3((HEKTHUBHOCTh HWCIOJIb30BAHHS HSHEPIETHUECKUX PECYpPCOB.
ITpu »TOM NOOBIYA SHEPrETHUECKUX PECYPCOB HAHOCHUT HETONPABUMEINA BpE
OKpyXarolmei cpese, uto He oroOpakaercs B (1). Takue yTBepKIeHHs KacaroT-
Cd U JIPYrHMX HOPMATHUBHBIX (OPMYJ pacueTa DKOJOTUYECKOTO BO3JICHCTBHS
MPOM3BOJICTBA Ha OKPY>KAIOIIYIO CPELy.

C y4eToM mpOM3BOACTBEHHBIX WCIIBITAHUN W TEOPETUIECKUX HapaOoTok [1, 4]
MpeyIaraeTcsl YHUBEPCANBHBIN KPUTEPUH OIeHKH 3HeprodpexTuBHOCTH pado-
ThI AJCKTPOTEXHOJIOTHUISCKOTO 000PYA0BaHUS BOIOTIOATOTOBKH

N
Lo =L 100 06 | [ FNasw =N 100 06 9

E F — L3a£lal-[ L N 3a1aH i (2)
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e Ly — pakTHUeckoe 3HaYeHNE COOTBETCTBYIONIECTO IMapaMeTpa OICHKH Kaue-
CTBa BOJIOOYHCTKH; L5, — 3a1aHHOEC (HOPMATHBHOE) 3HAUCHUE COOTBETCTBYIO-
IIEero TapaMeTpa OIEHKH KadecTBa BOJOOYUCTKH; Q — Bpemsi paboThl o0opy-
noBanus, 9; W — amekTposHeprusi; 3aTpaucHHas Ha BOJOOYHMCTKY, KBT-4; N —
KOJIMYECTBO MapaMeTPOB OIEHKH KadeCTBA BOJOOYHCTKU (KaK MPaBHIIO, COOT-
BETCTBYET KOJIMYECTBY YCTAHOBOK, OUHINAIOIIIX BOY).

TexHonornyeckas 3ajada — MOJJCPKHUBATh 3HAUCHUE KPUTEPHS, PABHBIM
(MakcuManbHO OJTM3KKMM) HYIO. B ciydae, ecnu ofiHa ycTaHOBKa 00eCIIieYrBacT
HOPMHPOBaHNE HECKOJIBKUX MTApaMeTPOB:

| LN —LN
L= 10096 |4+ 4 N 00%)\Q

E Fy _ 3a/1aH 3aj1aH ) (3)
W

ITpon3BOACTBEHHYIO OLICHKY COOTBETCTBHS K03 duirieHTa sneprodppeTus-
HOCTH MPOBOJWIIM Ha 3JIEKTpOKoaryisitope ¢ HeiipocereBoit ACY (mpou3Bon-
ctBo koMmmannn «Kuii IIpomunBect ['pymm») [1]. JlokampHas cxemMa OYHCTKH
BOJIBI TOCTIEe YOOIHOTO 11eXa MpeanpHuATHs ObliIa TpaIuInOHHOM:

* JKUPOJIOBKA C aBTOMAaTHYECKUM COOPOM U yIallCHUEM JKUPa;

e IEPOYJIOBUTENH C MEXaHUYECKOM CHCTEMOH yaaJleHHsI 3aJep:KaHHOTo mepa
HTHIIBL.

@OyHKIMOHATBHBIE TTOKA3aTeN JAHHOTO TEXHOJIOTHYECKOTO 00OpYIOBAaHHS
COOTBETCTBOBAJIM HOPMATHUBHBIM TpeOoBaHMsAM (Tiepa B MOTOKE CTOYHBIX BOJ
(dakTruecku He ObLIO, coaepkanue skupa 10—15 Mr/in nmpu BX0JHOH KOHLIEHTpa-
nun B3BemIeHHBIX dacTul] 330-360 mr/m). CTouyHble BOABI IOCIE JIOKAIbLHOMN
OYHCTKH CaMOTEKOM IIOTaJaid Ha OCHOBHBIC OYHCTHBIC COOPYKEHHUSI HACEJIeH-
HOTO ITyHKTA.
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[peanpusTue eXeIHEBHO B OJHy cMeHy (8 u) Tpatut 15-20 M X0101HOI
BOJBI HA MOWKY TEXHOJIOTHYECKOTO 000pyAOBaHMS (B TOM YHCIIE aBTOMOOWIIb-
HOro TpaHcnopTa). Bonga 3a0upanace U3 apTe3MaHCKON CKBaKUHBI, XOTS CIIe-
OUATBHBIX TPeOOBaHMH K €€ KaueCTBY HE BBIIBUTANOCH. BBIIO TpeasokeHo
IPUMEHHUTh JOOYHMCTKY CTOYHBIX BOJ C IIOCIEAYIOIIUM HX MHCIOJIb30BAHHUEM
B TEXHOJIOTMYECKOM IMKJIC — CO3/aHHE YaCTHYHOI'O 3aMKHYTOTO LHUKJIAa BOZO-
cHaOxeHus. VccnenoBanns NpOBOAMINCH HA MPOTSHKCHUU JBYX Henlenb (Kaca-
TEJTHHO KKAOTO crtocoba (pyHKIIMOHUPOBaHUS 000PYAOBaHUs) U3 pacyeTa, 4To-
Obl 32 OJMH KaJCHAAPHBIM MeCSIl 3aKOHYHUTH ITOJIHBINA LUKJ IPOM3BOJCTBEHHBIX
HKCIIEPUMEHTOB (MCXOJs1 U3 TEXHOJIOTMYECKOTO aHaln3a MPeNpHUsIThs yCTaHO-
BWJIM, YTO TaKOH MEPHOA BKIIOYAET 0a30BbIe MUKOBBIC 3HAUCHHS KOHLICHTPALIMH
3arpsi3HUTENe). i1 ZOCTHMXKEHHUS] COOTBETCTBYIOLIETO PECYpPcOcOeperammero
¢ deKTa JOKATBHYI0 CXeMy OYHCTKH, yYUTHIBas 3 (eKTuBHOCT (HyHKIMOHU-
POBaHUs >KUPOJIOBKH WU MEPOYJIOBHUTEINS, AOTOJIHWIN 3JIEKTPOKOATYISIHOHHON
CHUCTEMOI1 C paCTBOPUMBIMHU CTAJIbHBIMHU 3MeKTpogamu [1].

[Ipu ucnons3oBannu HeripoceTeBod ACY 3JIEKTpOKOaryasiTopoM BogocOe-
pexenue cocraBuiio 263,00 M° 3a JIBe HeJemH; SHEpProcOepekeHNe Ha AIIEKTPO-
koarymsimuio 215,66 kBt-ron B pacuere Ha aBe HeAenu. [Ipu atom koadduitmeHT
3HEProdhHEKTUBHOCTH BOJOOUYUCTKH, COTJIACHO (2) B €AMHMUIIAX U3MEPEHUS 3a-
TpsA3HUTENS (KOHLIEHTpALMU B3Beceil), ¢ ucronb3oBanueM ACY ymydmuics Ha
54 % 1o cpaBHEHHIO ¢ paboTol 6€3 cuCcTeMBI yrpaBieHus (puc. 1).

14—
EF, r/kBt Y
10 A
1
s d A /

. \ / 2 /

o
0‘_I==I==I"M‘ .-l"z".""‘l-.. i—'—”‘l’
123 _4?"5'7 g |9 [ 1 |n2]13]n

JleHn

Puc. 1. DHeproadGeKTUBHOCTH HNEKTPOKOATYISIIIUOHHON OYHCTKH:
1 — 6e3 apantuBHOH cucteMsl ynpasienus (ACY); 2 — ¢ ACY

Fig. 1. The energy efficiency of electrocoagulation purification:
1 — without an adaptive control system (ACS); 2 — with ACS

OO0beKTHO-OPHMEHTHPOBAHHAS KOHIENIMS CO3AaHUS
3Hepro3gpeKTUBHBIX CUCTEM YIPABJIEHUSA
KOMOMHMPOBAHHBLIMYU YCTAHOBKAMH BOJ00YUCTKH

KiroueBas 3amaga cucteMm ympaBieHHS yCTaHOBKAMH BOJOOYHCTKH — TOJ-
JIepKaHUe PEKUMOB PabOTHI, TPU KOTOPBIX OOECHEUMBAETCS 3KOJOTUYECKAS
0€301acHOCTh, TOAIEPKUBAETCS MAKCHMAIBHO OKOJIO HYJS KPUTEpHUH 3HEPro-
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s dexruBHOCTH (2). CHHTE3 CHCTEM YIIPABJICHUS BOIOOYMCTKON JOJDKSH Oa3u-
pOBaThCsl HA TOHUMAHWH, YTO JBYX OAMHAKOBBIX OOBEKTOB HE CYIIECTBYET, a
€CTb TUIIOBBIE METO/IbI YJaJeHN 3arps3HuTeneil. Micxons u3 Takoil TpaKTOBKHU U
HEIOCTATKOB MMEOIUXCS PEIIEHUH, MOXKHO c(hOPMYIHPOBATh [10CIEI0BATEIIb-
HOCTh OOBEKTHO-OPUEHTUPOBAHHOTO CO3/IaHMSI TAKUX CHCTEM (puc. 2):

1) uccnenoBaHne XapaKTEPUCTHK BOJONOIb30BaHHS OOBEKTA, a HE TOJBKO
KayecTBa BOADI;

2) MpOBEICHUE IKCIICPUMEHTAIBHBIX HCCIICIOBAHUN C LEJbIO OMPEACICHHS
METOAOB M PEKUMOB BOJOOUYUCTKH — COIJIACHO TPEOOBAHUSAM [0 KPUTEPHIO
sHeproaddexruBHOCTH (2);

3) uH}pOpPMALMOHHO-aHAJIUTUYECKUE MCCIICI0BAHUS HA OCHOBE ITYHKTOB 1 1 2
C IIeTbI0 BBIOOpAa OOBEKTHO-OPHEHTHPOBAHHBIX HOMEHKJIATYPHl M PEXKHMOB
(YHKIMOHUPOBAHUS 000PYAOBAHHUS;

4) CHHTE3 CHUCTEM YIpPaBJICHHUS HAa OCHOBE pa3pabOTOK MCKYCCTBCHHOT'O HH-
TEJIJIEKTa C BO3MOKHOCTBIO a/IaliTallii B PEKUME PEaIbHOIO BPEMEHH XapaKTe-
PHUCTHK U CTPYKTYpHI (Ha OCHOBaHUH PE3yJIbTAaTOB IyHKTOB 1 U 2);

5) ampobarss ACY Ha peanbHOM 00bekTe (MPOBENEHHE KOPPEKIUH IPH
HEOOXOIMMOCTH) C MOCJIEAYIOIIUMH MOHTXOM MW HANAaOKOW TEXHUYECKHUX
CpPEe/ICTB aBTOMATH3AIIHH.

Bozmymaromue
BO3ICHCTBUS
(upe3BblUaiiHble CUTYALUH, Biok
3aJIMOBBIE COPOCHI, S ——

LICHbI HA PacXOJHbIE

BXO/IHBIX CHT'HA-
MaTepHaisl U T. 1.)

JIOB OT JIATYHKOB
BBIXOJITHOM BOJIBI

A

JlokanbHble
Biok Hndopmanuonno- CHCTEMET Kom6unmpo-
CbI/IJ'ILTpaL[I/II/I AHAJIMTUYCCKas Ioa- YIPaBJICHUS BaHHBIC
BXOJHBIX CHTHA- (—p| CHCTEMa (OPMHUPOBA- || rexuomornde- [Pl CHUCTEMBI
JIOB OT )I%T‘{I/IKOB HUs prajSHﬂ}OIf.[I/IX CKUM 060pyzl0- BOJOOYUCTKH
BXOJHOHU BOJBI BO3JICMCTBUH BaHHEM

Puc. 2. ApXI/ITeKTypa CHUCTCEMBI YIIPABJICHUA KOM6PIHI/Ip0BaHHI)IMI/I CUcTeMaMu BOJOOYUCTKHU

Fig. 2. The architecture of control system of combined water purification units

MareMaTHIeCKHH ammapaT COOTBETCTBYIOMHMX dIeMeHTOB ACY:

e OJIOKM (pUABTpALIMM CHUTHAIOB OT AATYMKOB — mpeobOpasoBanue [ mibbep-
Ta — Xyanra [5];

« HH(GOPMAIIMOHHO-aHATIUTHYECKAsT TToJIcucTeMa (hOPMHUPOBAHUS YIIPABIISIO-
mmx BozneiictBuil (IIOYB) — HeyeTkre KOTHUTUBHBIE KapThl, CAMOOPTaHU3aLIU-
OHHbIEe KapThl KoxOoHEHa, HEWPOHHBIE CETH: BEPOSTHOCTHAS M MHOTOCIOWHBIN
mepcentpon [6-10];
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e JIOKaJIbHBIE CUCTEMBI YIIPABIEHHS — KJIACCUUECKUE 3aKOHBI TEOPHH aBTOMa-
TUYECKOTI'O yIPaBICHHUS.

Baxxable nmapaMeTpsl IIPOLECCOB COXPAHSIOTCA B 0a3e JaHHBIX U HCIOJb3Y-
I0TCA 11 KOPPEKTUPOBKHM HACTPOEK, B TOM UHUCIIE B PEXKHMME PEalbHOIO BpeMe-
Hu. Takas apxuTekTypa cBoOomHO HHTerpupyercss B coBpemenHsie SCADA-
cuctembl. Ha cramun mpoektupoBanus ACY ucnonsdytorcs CASE-cpencta u
00BEKTHO-OPUEHTUPOBAHHBIN A3bIK pa3zpadoTku UML. Ilpu coznanun ACY uH-
¢dopmaunonHo-anaautuueckas [IOYB (puc. 3) oOyuaercs u mpoBepsieTcst Ha
aJIeKBaTHOCTH B IMyHKTaX 3—5 3TamoB MPOEKTUPOBAHUSL.

Bosmymaromue Bo3aeictus
(upe3BbIYaiiHbIC CUTYALIUH,
3aJOBBIe COPOCEL,
LICHBI Ha PACXOHbBIC
MaTepHaibl U T. 1.)

MHeHue 5KCnepToB
0 3HAUCHUSIX MIPOMEKY-
TOYHBIX KOHLIENTOB

OTuILTPOBaHHEIH
CHUrHaJl KauecTBa BOJBI
1ocjae BOJOOYUCTKU

N v

Mnuoeocnoiinviii nepcenmpon:
MO/ICIIMPOBAHUE BIMSHUS BXOJAHBIX TAPaMETPOB
Ha 3Ha4YeHHs KOHIIENITOB

OThUIBTPOBAHHBIN
CHTHAJI KaueCTBa
BXOJIHOM BOJIBI

v
CamoopeanuzayuonHas
cemb Koxouena:
KJIacTepu3aLusl 3HaueHu i
KOHIICTITOB

A 4

OtdunbTpoBaHHbIH
CHTHAJI KaueCcTBa
BXOJHOH BOJIbI

Bepoamuocmuas netiponnas cems:
pacuer OJHO3HAYHBIX 3HAUCHUI
KOHLICIITOB

\ 4

Heuemxas koenumuenas kapma:
CLICHApPHO-KOTHUTUBHOE
MOJICIINPOBAHUE

\4

OT¢uabTpOBaHHBIN
CUTHAJI KaueCTBa BbI-
XOJHOW BOJIBI TTOCIIC

BOJIOOYHUCTKHU

Bosmyatomue
BO3/IEHCTBUS
(upe3BbIYaiiHbIC CUTYALUH,
3aJIIIOBBIE COPOCHI,
LICHBI Ha PACXOHbIC
MaTepHaikl U T. 1.)

MHnozocnotinwiii nepcenmpom:
pacuer 3Ha4eHHit SHepro3hHeKTHBHBIX
YIPAaBJISIIOIIKX BO3EHCTBUM

TexHosmornueckue napaMeTpsl

KOM6PIHPIpOBaHHLIX CUCTEM BOJJOOYHCTKH:

CHJIa TOKa, HAIIPSI’KCHUE U T. 1.

Puc. 3. Apxurexrypa HHPOPMaIXOHHO-aHATUTHIECKOH HOACHCTEMBI (pOPMHUPOBAHHS
YIOPaBIAIOIIUX BO3AEHCTBUH (pPeXXUM peaabHOr0 BPEMEHH)

Fig. 3. Architecture of information-analytical subsystem of formation

of control actions (real-time)
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[IOYB pemaer 3amady MOACIHPOBAHUSA W aJalTUBHOTO (HOPMHPOBAHUSI B
peXMMe peanbHOTO BPEMEHH CTPATETHH YNPAaBICHUS KOMOWHUPOBAHHBIMHU CH-
CTEMaMH{ BOJOOYHCTKH. BakHass 0coOCHHOCTH paboThl mpemimokeHHoir ACY
3aKJIFOYAETCS B y4eTe NEHCTBHSI HEMPEABUACHHBIX (DAKTOPOB: UPE3BBIYAIHBIX
CUTYyaIUii, 3aJIOBBIX COPOCOB 3arps3HUTENCH, MUKOBBIX TOBBINICHUI pacxo-
OB ¥ T. A. TpeboBaHMS K aJalTHBHOCTH ITOJICHCTEMBI BBI3BaHBI HECTAIIMOHAP-
HOCTBIO TIPOIIECCOB M BO3MYIIAIOMINX BO3JEHCTBHIA, KOTOPBIE CITIOCOOHBI M3Me-
HUTH MHEHHE SKCTIEPTOB O 3HAYEHHSIX KOHIIETITOB.

OyuknuoHanpHbIC 3a0a4u O6J0K0B [IOYB:

© MHO20CNIOUHbBII NepcenmpoH. MOJCSIUPOBaHUE 3HAYCHUH KOHIICTITOB KO-
THUTHBHOM MOJENIM HAa OCHOBaHWM 0a3bl 3HAHWH TMpeIBAPUTEIBHBIX JIKCIECPH-
MEHTOB C YIETOM KpUTEpHsI dSHEPTodhHEKTUBHOCTH (2), IpH dTOM MHEHUE DKC-
MEePTOB YYUTHIBAETCS MPU BBIOOpE 3HAYEHHUH KOHIIETITOB 3(PPEKTUBHOCTH U CO-
CTOSIHMS 000PYI0BaHHMS;

e camoopeanuzayuonnas cemsv Koxowena: TPYNIHPOBKA W KIacTEpU3aLIUSL
3HAYECHUH KOHLIETITOB KOTHUTUBHOW KapThI;

* 8EPOAMHOCINHAA HEUPOHHAS cemb. BHIOOP YMCITOBBIX 3HAYEHUH KOHIIENITOB
KOTHUTUBHOM KapThl;

 HeuemKas KOSHUMUBHASL Kapma: PacdeT TPOBEICHUS CIICHAPHO-KOTHUTHB-
HOTO MOJICITUPOBAHUS;

o MHO2OCTIOUHLL NEPCENMPOH. PACUET FHEProd(D(EKTHUBHBIX YIIPABIISIONIHX
BO3/ICHCTBHIA (Ha OCHOBAHWHU CLIEHAPHO-KOTHUTUBHOTO MOJETHPOBAHUS U TIPE/I-
BapUTEIHHBIX 3KCIIEPIMEHTOB C YUETOM KpUTEPHs F3HEPTOIPHEKTUBHOCTH (2)).
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