Ba)kHenLwen coBpeMeHHON 3KoNornyeckonm npobnemon anaeTcs 3awmta BOAHOMO
baccenHa oT Bo3pacTatouwero obbema coOpacbiBaeMbiX 3arpsisHEHHbIX CTOYHbIX BO4,
MPOMbILLNIEHHbIMU NpeanpuaTnamMn. NMosTomMy onTUMasibHbIM BapnaHTOM B
MUHUMN3aLMKN NOTpebaieHnsa BOAbl B MPOMbILLJIEHHOM MPON3BOACTBE 3aKJ/04YaeTCH B
co3aaHnm cnctembl 060poOTHOro0 BOAOCHab)xeHns. PelleHne Takow 3agaydm
onpeneneHo pa3paboTKonm COBPpEMEHHbIX CUCTEMHbIX arperaTtoB U YCTaHOBOK O4YUCTKM
CTOYHbIX BOA, CUHTE3MPOBAHHbIX A1 PeaJibHOro NPOMbILWNIEHHOro 06beKTa Ha OCHOBE
aHaIN3a UCXOOHbIX AaHHbIX MO YCNOBUAM (PYHKLVUOHUPOBAHUS B LUMPOKOM npegese
M3MEeHEeHUA HavaslbHbIX N FrPaHUYHbIX 3HA4YeHNI NapaMeTpoB npouecca. CoBpeMeHHble
YCTaHOBKU O4YUCTKU CTOYHbIX BOA KPYMHbIX HEPTEXUMUYECKNX NMPON3BOACTB
ABNATCHA CTPYKTYPHO CJ/IOXKHbIMU cucteMamm. Ocobbin nHTepec NpeacTaBialoT
YyCNOBUA BHEWTATHOro (pyHKLUNOHNPOBAHUSA TaKNX CUCTEM, KOr4a CTOYHbIe BOAbl
NMEeT OUHaMUYECKN N3MEHSILWMECA NapaMeTpbl, Kak No COCTaBy, Tak U
WHTEHCMBHOCTM NOTOKa BMNJIOTb 40 NOKa3aTesen 3aanoBoro cépoca. 39HPeKTUBHOCTb
NX PYHKLUMOHNPOBAHNS MOXKHO obecneynTb C MOMOLLbIO COBPEMEHHbLIX METOL0B
06paboTkn MHpopMaLMK, NPUMEHAS MeToAbl CUCTEMHOIO aHasM3a CII0XKHbIX
06BbEKTOB Ha OCHOBE MaTeMaTUYECKOro onncaHnsa TeXHOIOrn4yeckoro npouecca [1]. B
paboTe NCNonb30BasICA CUCTEMHbIN NOAXOH ABYXYPOBHEBOIr0 MOAENMPOBaHUSA
npoLeccoB BMOXNMUYECKON O4YUCTKN HedbTecoaepKalmx CTOYHbIX BOA, COCTOALWMNN U3
MoJesien Ha HUXXKHEM U BEPXHEM YPOBHSAX, YTO JIOTMYHO XapaKTepusyeT yC0BuUSA
aHanusa AMHaMUKN PYHKLNOHNPOBAHNA CTPYKTYPHO CJI0XKHbIX 06beKTOB
ynpasneHus. CTpyKTypHas cxeMa yCTaHOBKM BMOOYUCTKN HepTecoaep KaLmx
CTOYHbIX BOA NpeacTaB/ieHa Ha puc. 1. PaccMmaTpumBaeTcsa MOAEe/IMPOBaAHME HA HUXKHEM
YPOBHE - npouecca JecTpyKumm yrnesoaoponoB HedTn HehTEOKNCAAOLWMMN
MUKPOOpPraHn3mMamMy B CTPYMHO-OTCTOMHOM annapaTe. Puc. 1 - CTpyKkTypHasa cxemMa
yCTaHOBKN CTPYKTYpHasa cxemMa yCTaHOBKM BKOYaeT (puc. 1): 1 - HakonuTesnb
CTOKOB, 2a 1 26 - Hacochbl, 3 - NEPBUYHbIA OTCTONHUK, 4 - yCpeOHUTeNb, 5 - eMKOCTK
0N MUKPOOPraHM3mMoB N BMoCcTuMynaTopos, 6a n 66 - CTPyMHO-OTCTOWHBbIE anmnapaThbl
(COA), 7 - BTOPUYHbIN OTCTOWHUK, 8 - LLTaMOHaKoNNTEsIb. TEXHOIOMMYECKNI npouecc
Brnonorn4yeckom o4NCTKN HedhTecoaepKawmx cTo4HbIX Bog (HCB) ocyliecTBnseTcs B
annapaTe KOJIOHHOro TUMna HenpepbIBHOrO0 AENCTBUSA - CTPYMHO-OTCTOMHOM annapaTe
(COA). Onga nocTpoeHnsa MaTeMaTMYeCKOro onmcaHna CTpykTypbl noTokoB B COA BecCb
obbem annapaTa yC/I0BHO pa3aennin Ha TPU 30HbI. | - BEpXHASA 4aCTb KOJIOHbI - 30Ha
CMeLLEeHNs, B KOTOPON peann3syeTcs OCHOBHOW MPOLLECC Pa3/IoKEHNS Yr1eBooopon0B.
Il - cpenHAa 4acTb annapaTa - 30Ha oceflaHuA, B KOTOPOW NMPONCXOOUT OasibHENLLINNA
npouecc 6MO0YNCTKM CTOYHbIX BOA OT 3arpsa3HeHun. lll - HNKHAS YacTb annapaTa -
30Ha OTCTOSA, B KOTOPOW 3aKaH4YMBaeTCA NpoLecC pas3sioxXeHusa yrnesogoponos. 111
MaTemMaTunyeckas Mmogesb npoLecca B 30He cmeweHus (I 30Ha) 3anucbiBaeTcsa B BUAe
Mooenn ngeanbHoro cMmeweHus: (1) (2) Ha4anbHble ycnosus: , (3) roe B(0), B(1) -
KOHL,EeHTpauns MUMKPOOPraHM3MoB BO BXOAHOM NOTOKE N B 30HE CMeLleHus
cooTBeTCcTBEHHO; S(0), S(1) - KOHUEeHTpauusa yranesogoponoB HeTV BO BXOLAHOM



MOTOKe N B 30He CMeLleHus; qB - CKOpOCTb pPOCTa MUKPOOPraHNU3MOB; S - CKOPOCTb
OKNUCNEHNA HEPTU MUKPOOPraHn3Mamu,; - o6beM 30HbI annapaTa; - obbeMHas
CKOpPOCTb NoToKa. KnHeTnyeckme xapaktepuctmkm (napameTpsbl) npouecca dB n s
onpenenaTca (pacCYNTbIBAOTCA) MO SMMUPUYECKUM COOTHOLWeHUAM: (4) (5) roe
mmax - MakKCMMasibHasa yaesibHas CKOPOCTb poCTa MUKPOOPraHn3mMoB; Kd - KOHCTaHTa
CKOPOCTN OTMUPAHNSA MUKPOOPraHM3MOB; Ys - KoadhdunumeHT no cybcTpaTy,
CBSA3bIBalOWMNN KOIMYECTBO BMOMACChl N KOIMYECTBO ylealwero Ha ee npmpocT
cybcTpaTa (yrnesonoponos); Ks - KOHCTaHTa noJsiyHacblweHnsa (KOHCTaHTa CpOACTBa
cybcTpaTy); K1 1 K2 - KOHCTaHTbl MHrMbnposaHmna noHamm sogopona; K1 onuceiBaeTt
NHrubmnposaHue B Kucnom obnactm (H+>>K1); K2 onuceiBaeT nHrmbnposaHue B
wenoyHonm obnactum (K2>>H+); H+ - KOHUeHTpauusa noHos sogopoaa; toopt -
3Ha4YeHmne TemMnepaTypbl, ONTUMasbHOE A1 Pa3BUTUA MUKPOOpPraHn3mMos; t0 -
Tekylwasa TemnepaTypa; d - TeMnepaTypHbIN gnana3oH; CKkaT - KOHUeHTpaunsa
brnokaTanminpywmx coeanHeHnin; Kkatl n Kkat2 - 3PeKTUBHbIE KOHCTAHThI
MHrMOUpPoBaHNSA - aKTUBaALMK B COOTBETCTBYOWMX obnacTtax, pK1l n pK2 - KOHCTaHThI
anccounaunn. NoeHTudmnkKaunsa KNHETUYECKNX NapaMeTpoB CKOPOCTU peakunini qB un
gS oCyLecTBAAIOCb Ha 0OCHOBe 0bpaboTKM AaHHbIX, NoNyYeHHbIX B labopaTopun
brnotexHonorum KIrrny n onybnmkosaHHbix B pabotax Mopo3osa H.B., AsnmoBalO.U.:
mmax = 0,7; KS = 10; pK1 = 4; K1 = -Ig(pK1); pK2 = 9; K2 = -Ig(pK2); KkaTl = 5;
KkaT2 = 50; tOopt = 280C; d = o1 140C go 300C; Kd = 0,02; YS = 1. Cuctema
ypaBHeHun (1, 2) pewaeTcsa COBMECTHO C YPaBHEHUSAMN KUHETUKN BUOXMMNYECKOT O
npespawieHns (4, 5) metoaoM PyHre - KyTTa. MaTeMaTmnyeckasa Mmoaesib 0O4NCTKN
HedTecooepXawmnx CTOYHbIX BOA BO |l 30He - 30He oceflaHNA, onpenesieHa yCJI0BUEM,
4yTo HBMonpoLecc CoNPoOBOXKAAETCA NOCTENEHHbLIM OCaXXAEHNEM pPacCbl/IEHHbIX YacTuL
MoTOKa M NpenocTaBaseTcsd BO3MOXKHOCTb 3anucu npowecca B Buae
ofHOoMapamMeTpunyeckon andpdysmoHHon mogenn: (6) (7) roe B(2) - KoHUueHTpauuns
MWKPOOPraHU3MOB B 30HE BblITeCHEeHUSA; S(2) - KOHUeHTpauunsa yrnesogopoaoB B 30He
BbITECHEHUA; TCP2 - cpefHee BpeMs npebbiBaHUA 3/ieMeHTa NOTOKa B 30He
BbITECHEHUSA; - KO3(hPULUMEHT NPOLOSIbHOIO NepeMeLllMBaHNSA B NpoLecce oCaKaAeHUs
pacnblIEHHbIX YaCTUL, NOTOKA; - AJINHA 30Hbl OCa)KAeHUs; - 0bbeMHasa CKOPOCTb
notoka HCB; - cedeHune annapaTta. ChopMynmpoBaHHblie AN AaHHON CUCTEMbI
ypaBHeHUN B 06/1aCTN U3MEHEHUSA NePEMEHHbIX Ha4asibHble N FPaHNYHbIE YCI0BUSA
nMeT BUL , Ha4anbHble ycnosusa: T cpl Tt tepl + tep2, B(2)|t=Tcpl = B(1),
S(2)|t=Tcpl = S(1), (8) rpaHu4HbIe ycnosus: , , (9) , . Cncrtema ypasHeHun (6, 7)
pellaeTcs COBMECTHO C YPAaBHEHUAMMN KNHETUKN BUOXMMNYECKOro npeBpalleHns (4,
5). JaHHaa cuctemMma guddepeHumanbHbiX ypaBHEHUW, ONMUCHIBAOLLMX MPOLLECC B 30He
ocepaHus, Hamm bblna peweHa METOLOM KOHEYHbIX Pa3HOCTEeN No HEABHOW CXeEMe.
Pe3ynbTaTbl pacyeToB Mo MmoAenun rnpencrtasiieHbl Ha puc. 2, 3. Puc. 2 - UBmeHeHune
KOHUEeHTpauum HedpTenpoaykKToB Nno aAsinHe annapaTta Puc. 3 - IamMeHeHne
KOHL,EeHTpaunum MNKPOOPraHM3MoB No AJIMHe annapaTa Ha pnucyHke 2 npeacTaBfieHbl
pacyeTHble AaHHble KWHETUKN Npouecca BUOXMMNYECKON O4YNCTKM



HedTecooepXalWmnX CTOYHbIX BOL NPU pa3/IM4YHbIX CKOPOCTAX NMoToKa. PacyeTsl
MoKas3bIBaAlOT, YTO AOMNYCTUMAsA CTerNeHb O4YUCTKN AOCTUraeTcs NMpu CKOPOCTAX NOTOKa
B npepenax 7 n/MmuH. Npn CKOPOCTAX NOTOKa B npenenax 7 n/MUH yBenn4ymeaeTcs
KOJIN4EeCTBO MUKPOOPraHN3MoB B 2 pa3a (puc. 3), 4To nosbliwaeT 3PPEKTUBHOCTb
npouecca bnookuncneHunsa B COA. 1nda ynpaBseHUsa NnpoueccoM O4YUCTKU
HedTecoaepXallmMx CTOYHbIX BOA pa3paboTaHa MaTeMaTu4eckas Moaesb
TEXHOJIOrMYeCKOoN CXeMbl U ee NporpaMMHas peaamsaumsa. MaTemaTnyeckas mogenb
cucTeMbl BMOOUYNCTKN HepTecoaepKaLLMX CTOYHbIX BOA (BEPXHU YPOBEHb)
pa3paboTaHa B BMAE MOANDUNLMPOBAHHON ceTun eTpu, BbINOJIHEHNE KOTOPON
rMno3BoJsifeT nccnenosaTtb PYHKUMOHMPOBAHME OAHHOMO KOMIMJIEKCa B YCNI0BUAX
Pa3/INYHbIX HAarpy3oK N BO3AENCTBUN, @ TaK>XXe NPOBOAUTb aHaIM3 yNpaBasoLWmnX
anropuTMoB [2]. Bblsin MOCTPOEHbI MOAENN OCHOBHbIX annapaTos, peasn3yowmnx
TexXHOosIornyeckmni npouecc bnoovnctkn. U3 CIn moaenen TmnosBbix annapaTtos 6bisa
CUHTe3npoBaHa Mofesb Bcen ycTaHoBKU. C ucnosibzosaHmem Clrl-mogenu Hamm
pa3paboTaH NporpaMMHbIN KOMMJIEKC CUCTEMbI TEXHOIOMMYECKOro MOAY NS
ONOOYNCTKN HedpTecogepKalnMx CTOYHbIX BOA, UMUTUPYOLWEN PYHKLNOHUPOBaHME
O1Moo4YNCTKKN B BUpPTYyasibHOM BpeMeHun. Cpencteamm SCADA-TexHonornm TRACE MODE
pa3paboTaH NPorpaMMHbIN KOMMJIEKC CUCTEMbI YNPaB/EHNSI TEXHOJIOrNYECKUM
npoueccom 6MOOrN4eckom o4NCTKN HedpTecoaepKalinx CToKoB. CyLlecTBEHHON
0cobeHHOCTbIO pa3paboTaHHOro NPOrpaMMHOro KOMMJieKca CMCTEMbI yNpaBieHUs
TEeXHOI0rMYeCKUM NPOoLLECCOM ABNSIETCA ero cnocobHOCTb afanTUPoOBaThCS K
TEXHOI0rMYecKoMy Moaysito BMoouYncTKkm Ntobonm MOLWHOCTU, KakK A8 YCTaHOBKMU B
paMKaXx oTAeNlbHON BEH30KOMOHKUN, NN TaHKepa TakK N CUCTEMbl BOOAOOYNCTKN
KPYMHbIX MPOU3BOACTB HehTexummnn [3]. Ha npeactassieHHoOM (prc. 4) OCHOBHOW
3KpaHHOW hopMe cnuctembl ynpabneHnss BOCB oTobpa’keHbl OCHOBHbIE 3/1EMEHTbI
KoMmnekca 6moo4uncTkun. Puc. 4 - OCHoBHasa aKpaHHasa oopMa NpoeKTa CUCTEMbI
ynpasneHunsa bOCB Cncrtema ynpaBsieHUs TEXHOJIOMMYECKOro npouecca no3sonseTr
BbINOJIHATL Crefyowme oencTems: 1. AUcneT4epCcKnNim KOHTPOJSIb OCHOBHbLIX 3JIEMEHTOB
CUCTeMbl ynpassieHuns (ypoBeHb CTOYHbIX BOA, AJINTENIbHOCTbL npouecca u. T. 4.); 2.
npu HeobxooMMoCTK OCTAaHOBKaA CUCTEMbl BMOOYNCTKK; 3. aHaIN3 COCTOSHMNSA CUCTEMBI
BNO0YNCTKN B LLEJIOM N NPOrHO3MPOBaHME PAa3BUTUSA BHELITATHbIX CUTYaLNNA.



