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AHoranisi. 3a 3Ha4HMX 00’ €MiB HE0E3NEYHOro CKHIY IPOMHCIOBHX 00’ €KTiB HEe()EKTHBHICTb 1 JOBIOTPUBANICTD
BHMIPIOBaHb, 3 OISy €KOJIOTiYHOI 0€3NeKH, HEIPHITYCTUMI, 0COOIHMBO B YMOBAX il HeIITaTHUX cUTyawiid. [1ix gac nocmimkens
[POAHAJII30BAHO BUJIM CHUTYallii, SIKI MOXYThb BHHUKHYTH YHAcCHiJJOK Hee()eKTUBHOro BOpooYMIIEeHHA. CTBOPEHO MOJENb
OLIIHIOBAHHS PU3HUKIB Aii BIJNOBIIHUX TEXHOI€HHUX Ta NPUPOAHMUX CUTYallil, SIKa BUKOPHUCTOBYE KPUTEPill eHeproe(heKTUBHOCTI
€JICKTPOTEXHOTYHOIO BOZOOUHILEHHS U151l OPMYBaHHS KiJIbKiCHOI KApTHHU IOTSHIIHHOr0 HACTaHHs JIi1 Ha3BUYAHUX CUTYaLlil.
CxeMy cuUCTeMU BHUJANICHHS 3a0pyAHIOBAdiB PO3IJISHYTO SK MOCHIZOBHUI TEXHONOIIYHMH JIAHIOr pI3HHX CIOCO0IB —
MeXaHi4Horo, GiosorigHoro ta (Gi3MKO-XiMiYHOTO i3 NOAAJIBIIMM HAIPALIOBAHHAM TEXHOJOTIYHHMX 3aJIeXKHOCTEH Y pe3ylibTaTi
3aCTOCYBaHHSM BipTyaJIbHOI MipH SIKOCTI y CKJIai OJIOKIB (pi3MYHOr0 Ta MaTeMaTHYHOI'O MOJIEIIIOBaHb. [IporpamMHe 3a0e3mneueHHs
Jla€ 3MOry ajanTyBaTH (YHKLIOHYBAaHHS BipTyaJbHOI MipH BIAINOBIIHO 0 KPHUTEpit0 eHeproedeKTUBHOCTI HA OCHOBI Mojeni
TEXHIKO-€KOHOMIYHMX IPOLECiB BUPOOHUIITBA Y BUIJISA/I HEUITKOI KOTHITUBHOI KapTH.

KorouoBi  ciioBa:  BONOOYMILEGHHS, HaJ3BHYaiiHa CHUTyallis, BipTyaJlbHa Mipa, HOpPMaruBHE 3a0e€3IIEUCHHS,
€JIEKTPOTEXHOJIOT 1.

Abstract. In significant volumes of hazardous industrial discharges, inefficiencies and long-term measurements, in terms
of environmental safety, are unacceptable — especidly in the context of the potential impact of emergency situations. At the same
time, modern means of automatic water measurement are of low accuracy and speed. They alow set quantitative indicators only,
including the temperature, pH, flow rate, pressure, concentration of suspended particles, turbidity and total sadt content, and a
number of other parameters. Within the framework of the current research, the model is developed for assessing the risks of the
operation of the respective industrial and natura phenomena. This model considers the energy efficiency criterion of electro-
technological water purification to form a quantitative picture of the potentia emergence of emergency situations. The basis of
model is built on the dependence of the water quality after processing of real industrial waste water from multipurpose objects.
Data that meet the requirements of adequacy, with the further development of technological dependencies, is obtained due to
creating the virtual measure of electrochemical water purification. The virtual measure consists of physical and mathematica
blocks of technological processes simulation. Physical modeling includes electrolysis (pH correction, destruction,
electrocoagulation, eectro flotation), aeration, hydro-separation, and sorption filtration. Mathematical modeling is based on the
filtration of the input signal, the correction of temperature influence by robust systems and the synthesis of the neural network for
the formation of water quality dependencies after processing from the regime parameters. The software alows adapting the
functioning of the virtual measure according to the criterion of energy efficiency.

The datareceived in real time alows improve the scientific and technical bases of normative provision of water purification
systems, including recommendations for the design of such the systems and further devel opment of technological regulations for
multi purpose objects.

Key words. Wastewater treatment, Emergency, Virtual measure, Regulatory support, Electro technology.

Beryn O0mu3pk0 3 MIIpH KyO0. MeTpiB BOaW. 3arajioMm 3a0pyn-

_ _ _ HEHUX CTOKIB B YKpaini ckumyro [1]: y 1990 p. —

3rigHo 3 maHuMH “HallioHaapHHMX JOMOBiAEH mpo 3,2 mipn M3, y 2000 p. — 3,3 mipn M3, y 2005 p. —

CTaH HaBKOJMIIHBOI'O cepeloBUINa B YkpaiHi” MiHic- 3.4 wipx M3, y 2010 p. — 1,7 mapn M3, 3 HHX Ges

TEepPCTBA EKOJIOTIi Ta MPUPOAHUX PECYPCIB, IIOPIYHO ounments; 0,5 Mapa M3, 08 MIp W, 09 MIDI e
HCOYMINCHUMHU CKHIAIOThCS y TIOBEPXHEBI BOJOWMHU
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(BiamoBimHO 3a pokamu). [IpudoMy MPOMHUCTOBI CTOKH
cranoByaTh npubnm3Ho 8-10 % 3aranpHOrO OOCSTY
CTIYHUX BOJ, ajJ€ CTYIiHb iX 3a0pyAHEHHS HabaraTo
BHIIHMHI 32 IOOYTOBI CKHUJIU.

KoHTponp TexHOMOriYHMX mNapamerpis, oOciy-
TOBYBaHHS Ta PEMOHT OYHCHHUX CIIOpY[ Ha pealbHUX
MIPOMHUCIIOBUX 00’ €KTax 3IIHCHIOETHCS BIiIIOBITHO IO
YUHHUX Taly3eBUX Ta BHYTPILHIX HOPMAaTHBHHX
nokymentiB Ta CHill 2.04.03 — 85. CrBoprotoun o4ucHi
CHOpYyIH, Ha KOKHOMY KOHKPETHOMY  IiJIPHEMCTBI
po3pobiIstoTh TexHonoriuni permament (TP), ocHoBaHi
Ha BUKOHaHHI ITPOEKTHUX HOPM i BUMOT. BukopucraHHs
TEXHOJIOTIYHUX pillleHb 3a0e3IeueHHs MPOIECiB BOJO-
OYHMIIIEHHS TOBUHHO 3a0e31edyBaTi 00IpPYHTOBaHI PeXH-
MU (pyHKIIOHYBAHHS TaKUX CUCTEM 1 BIITIOBIIaTH BUMO-
raM eKOJIOTi4HOI Oe3mekn Ta pecypcosarparHocri [1, 2].

Henoaixu

AHaI3yI04l CKJIaJ TEXHOIOTIYHUX PErIaMEHTIB
Ta 0CcOOIMBOCTI (DYHKIIIOHYBaHHS BOJOOYHCHOrO 00Ma-
HaHHS, MOXXHa 3POOWTH BUCHOBKH, IO KIIOYOBHMHU Ta
CKJIaJIHUMH 3aBJAHHSIMH I1iJ1 YaC BUKOHAHHS PETIAMEHTY
€. KOHTPOJIb TEXHOJIOTIYHUX IPOIIECIB Y MPOEKTHO BCTa-
HOBJIGHHX TOYKaX BiJ0OpYy MpoO CTIYHOI BOAM Ta OcCauy;
TEXHOJIOTIUYHUI aHaji3 poOOTH OONAaTHAHHSA 3TiAHO 3
BUPOOHUYHMHU eKCIUTyaTallitHUMH ~ TIOKa3HUKaMH,
MacoBHMMHU BHTpaTaMH pecypciB Ta e(eKTHBHICTIO
OYHIIIEHHSI.

MertonuuHi HEHONIKM aHaNi3y CKJIaay BOJH,
HAMpPUKIAJ, Y pa3i MxI1abopaTopHOro mocmimpkeHHs [3]:
He3Ha4YHa KUIbKICTh METOAWK, 30KpeMa OCHOBAHMX Ha
BUKOPUCTaHHI HalcydacHIMX (I3WYHUX METOJIB;
HEMOXJIUBICTh HAAIMHO BHM3HAYaTH 3a0pyIHEHHS Ha
piBHI TpaHmuHOmonycTuMux Koumenrpauiit (IJIK) [2].
lle cknamHima cuTyaiis i3 TEXHIYHUMH TpHIAJaAMH,
30aTHUMHU TPAIfOBaTH B PEXKUMI PEaTbHOrO Yacy B
MIPOMUCIIOBUX YMOBaX — a caMe BOHU € 00OB' I3KOBUMHU
JUIE KOHTPOJIO 33 JOTPHMAaHHSM HOPMAaTHBHHX BHMOT
11010 e(eKTUBHOCTI BojooumieHHs [1, 2]: ix He Ginbiie
BiJl JIECATH, a HEOOXITHO BUMIPIOBATH JECATKH, a 1HOMII
COTHI MapaMeTpiB SIKOCTI BOJHUX PO3YHUHIB.

3a3HaueHi HEJONIKW TPU3BOAATH 10 BiJCYTHOCTI
Ha peaJbHHUX IiJNPHUEMCTBAX METOJMYHOTO Ta TEXHiY-
HOTro 3a0e3Me4eHHs, 3/]aTHOTO Y PEXUMI peallbHOro 4acy
OLIIHIOBATH MOXJIMBICTh BUHUKHEHHS 1 HACIIJKA Ha-
3BHUYAHHHUX CHUTYallii Ha EJEeKTPOTEXHOIOTIYHUX OYHC-
Hux cropyfaax (6igpire Hik 80 % o6magHaHHS BHIA-
JICHHs 3a0pyIHIOBadiB BHKOPUCTOBYE EJICKTPOCHEPTIIO
JUTSL peaizallii TEXHOMOTIYHUX MPOIECiB) Ta ePEKTHBHO
MIPOTHULIISITH.

Meta poboTu

Mertoro po0OTH € JOCIHiPKEHHSI PU3UKIB BUHHUK-
HEHHS HaJ3BHYaliHUX CHTyallidi Ha IPOMHUCIOBUX
€JIEKTPOTEXHOJOTTYHAX OYMCHHX CIIOPYAax Ta BUKOPHUC-

TaHHS BIPTyaJIbHOI MipU BOJOOYHMIICHHS IJIs IPOTHO-
3YBaHHSA IXHIX XapaKTEPUCTHUK i3 KOpETyBaHHSIM Hay-
KOBO-TEXHIYHHUX 3acajl BiAMOBIIHOI HOPMATHUBHOI 0a3H.

(I)aKTOIJI/l BOJOOYMIIICHHSA i OﬁﬂaﬂHaHHﬂ
AJisi IbOIo

3rinno 3 IlocranoBoro Kabinery MiHicTpiB
VYxpainu Ne 1099 “IIpo mopsmox kinacudikarii Haz-
3BHYAWHUX cUTyaliil” 3aTBepmxeHo “IlonoxeHHs mpo
knacudikamito HanzBuyaiiHmx curyauii’. HC Ha
CIIEKTPOTEXHOIOTIYHOMY  OOJIalHAHHI BOJOOYMIICHHS
MOXKHa 3apaxyBaTH 3a XapaKTepOM IOXOIDKEHHS IOMIiH,
SIKi 3yMOBJTIOIOTD iX BUHHKHEHHSI, /IO TAKUX BUIIIB!

— HaJ3BUYaiiHI CUTYaIlil TEXHOTE€HHOTO XapaKTepy
— aBapii 3 BHKuAOM (3arpo3010 BUKHIY) HeOEe3MeuHHX
PEUYOBHH, Ta aBapii Ha IHKEHEPHHUX MEpexkax 1 criopyaax
JKATTE3a0€3IEUEHHS

— HaJ3BUYAiHI CUTYalii NPUPOTHOTO XapaKkTepy —
3MiHa CTaHy BOJAHUX PecypciB Ta biocdepH.

HeGe3neuni ¢dakropu y criuHill Bomi — XiMiyHi,
¢i3uuHi, OIOJOTiYHI YWHHUKH BOJHOIO PO3YHUHY, IO
MOXYTh CHPUYMHHUTH, y pa3i HOTPAIUISHHS y JOBKIJLISA,
IIKIUIMBUI BIUIMB HAa HAaBKOJWIIHE NPUPOIHE Cepeio-
BHIIC Ta 3J0POB’s JIOAWHU. [IpUUOMYy OIliHKA PHU3HKIB
BuHukHeHHsT HC moBuHHa OyTH 00’ €KTHO-Opi€HTO-
BaHOIO, OCKUJIbKM KO)KHOMY MiJIIPUEMCTBY IIPHTaMaHHI
YHIKaJbHI TIOKa3HUKH SIKOCTI Ta 00’ €MIB CTOKIB.

Pasom i3 TuM, CTiUHI BOJIHM MPOMHUCIOBHUX 00’ €KTIB
XapaKTepU3ylThCsS PI3HOKOMIIOHEHTHUMH  3a0pyIHIO-
Bayamu [1-3], BimmoBimno, mis 3abesneuenns ix [JIK
MOTPIOHO 3aCTOCOBYBAaTH KOMOIHOBaHI CHCTEMH BOJO-
OUUINCHHs, SKI TOEAHYIOTh JBa 1 OLIbIIE BiJOMHX
crmoco0iB BUIANCHHS 3a0py/aHIOBaYiB (MexaHiuHu#, Gio-
JOTiYHUH, XiMiYHUH, (isuko-ximidnuit). J{1s BUKOpHC-
TOBYBaHUX 3aCO0IB BHUMIPIOBAIBFHOI TEXHIKH CTYIiHb
PHU3HMKY HeOE3NeYHUX pKepen Ta (akTopiB € pi3HUM i
HerependauyyBaHO 3MiHIOEThCS. Ha OCHOBI momepemHix
JOCITikeHb BcTaHOBIeHO [1-3], mio HadTHnoBimi
MIPUYWHA 3POCTaHHS PU3UKIB TaKi:

— HEJJOTPUMAaHHS BUMOT TE€XHOJIOTIYHUX IPOIIECIB
BUTOTOBIICHHSI POYKIIii (200 iX 3MiHa 6e3 KoperyBaHHs
peXUMIB BUIANICHHS 3a0pyJIHIOBAYiB), [0 MOXE CIIPHU-
YMHUTH TOTPAIUIHHS ITOHAANPOEKTHUX BUTPAT CTOKIB
Ta KOHIIEHTpalii 3a0pyIHIOBaYiB HA OUUCHI CIIOPY/IH,

—apapii Ha BHUPOOHWUYOMY OONamHAHHI, SKi
MOXYTh CIPHYMHUTH TOHAJNPOEKTHI BUKHIN 3a0pya-
HIOBa4iB Ta BUTPATH CTOKIB,;

— HEBIJINOBIJHICTh TEXHOJOTIYHUX PETIIAMEHTIB
CHCTEM BOJOOYHMIIEHHS HOPMATUBHHM BHMOI'aM 3a
MeBHUX KOMOIHAIill 3a0pynHIOBaYiB Ta IHIIUX Iapa-
MeTpax BOJIOBIBEICHHS;

— HEJIOTPUMAaHHS BHMOI TEXHOJOTIYHHX perjia-
MEHTIB BOJIOOYMIIEHHS. TOMHJIKH OOCIYTrOBYIOUOTO
MIepCOHATY, BUKOPUCTAHHS HESKICHUX pEearcHTIB, Heper-
JIAMEHTOBaHE 3aBaHTAXXEHHs (IILTPIB, HEBIAIIOBIIHICTH
MACIIOPTHHUX JTaHUX HACOCIB TOILIO;
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— BHXIJ 13 JTaAy SK yCI€l CHCTEMH BOIOOYHIICHHS,
Tax i ii OKpeMux By3JiB.

Taki pU3UKU AOIIBHO 3TPYIYBaTH 332 TEPHUTO-
plaJIbHUM TIPHHIIUIIOM:

— MmpoeKTHi (HEBiAMOBIAHICTE HOPM CTBOPEHHX
TEXHOJIOTIYHUX PErJIAMEHTIB CUTYyallii Ha KOHKPETHOMY
i AIPHEMCTBI);

— BUpOOHHUYI (MOTPAIUIAHHSA Ha OYUCHI CIIOPYIH
TIOHA/INPOEKTHUX ~ KOHLEHTpaliil 3a0pyAHIOBadiB Ta
00’ eMiB CTOKIB, 30KpeMa y pa3i aBapiliHHUX CHUTYaIlii);

— TEXHOJIOTiYHI (HEBiAMOBIAHICTH POOOTH OYHC-
HUX CIOpY/A BUMOraM TEXHOJIOTIYHHX pPErJIAMEHTIB,
30KpeMa uepe3 MOMHIKH IIepCOHANy, aBapiiHi CHTyalii
Ta BUKOPHUCTAHHS (3aKYIIBIIO) HESKICHHMX KOMITOHECHTIB
3a0e3MeYeHHs MPOIIECiB).

Hebe3neky HESIKICHOTO OYMIIEHHS CTOKIB MOXHA
OITUCYBATH TAKUMH PU3UKAMHU:

— pu3HK 0i0J0TiYHOrO 3a0py/AHEHHS (TIepEeBHUIIICH-
HsI KOHIICHTPAIIi# BipyCiB, MiKpOOiB Ta GakTepiii);

— pHU3HK XiMi4HOrO 3a0pymHeHHs (TepeBUIICHHS
KOHIICHTPAIIi# XiMIYHHUX 3a0pyAHIOBaYiB);

— pwsuK (¢i3uuHOro 3a0pymHEHHs (MepeBUICHHS
HOPMATHBHHUX BUMOT 110710 (Di3UYHUX TTOKa3HHUKIB CTOKIB).

3 ypaxyBaHHJIM HEOOXiIHOCTI pecypco30epeKeH-
HS BBEJICHO OOMEKYBaJIbHUI PU3UK — PU3UK MEPEBUTPAT
pecypciB Ha BOAOOYMIICHHS.

VY Tabnuii BU3HAYEHO OCHOBHI XapaKTEPUCTUKH
MMOKAa3HHUKIB PH3MKIB HEOE3NEYHOCTI CTIYHHUX BOJ,
3aJIeKHO BiJ| MICIII BHHUKHEHHS, aJle HEe BKa3aHO PHU3UK
MepeBUTPAT  PECYpCiB,  OCKUIBKM  BiH  3JIHCHIOE
orocepeIKOBaHMWi BIUIMB Ha HeratuBHY aito HC momo
JIOBKIJUISL Ta HAaceJeHHs; KOMOIHAIii pi3HUX pPU3HKIB
3a0pyAHEHHS HE PO3IJSIHYTO — HOPMAaTHBHO IpOaHalli-
30BaHO JIMIIE OKPEMIi IIOKa3HUKH, a He TX TOEJHAHHSI.

Tabnuys 1

Buau pusukiB He0e3MeYHOCTI HEAKICHOT0 BOTOOYUIIIEHHSI CTIYHUX BOJ
Table 1. Types of therisks of low-quality water treatment of sewage

Bunn pusnky

XapaKkTepUCTUKH IIOKA3HHUKIB

KoHTponb NpOeKTHUX pillleHb

KoHTponb pexxuMiB Ta napameTpis
BUPOOHHMIITBA (CTOCOBHO
IIOKa3HMKIB CTOKIB, SIKi
HOTPAIUIAIOTH Ha OYUCHI CHIOPY/IHN)

KoHTponb TeXHOIOr 1 9HIX
rapameTpis
€JIEKTPOTEXHOJIOT 1YHOTO
BOJIOOUHIIIEHHS

Bionoriugoro

1.BpaxyBaHHs miJ| 4yac
[POEKTYBaHHS 3aJIOBUX BUKHUIIIB
GionoriuyHux 3a0pyqHIOBaYiB.
2.BpaxyBaHHS BIUIUBY XiMIYHHX Ta
¢bi3M4HUX napamMeTpiB Ha

1.3anm0BuX BUKUIIB Ol0OIOrYHUX
3a0pyIHIOBaYiB i3 BUPOOHMIITBA;
2. HeperiaMeHTOBaHUX CKU/AHb y

1. Konnenrparii 6ionoriqaux
3a0pyIHIOBaUiB Ha BXOZi B
OYHCHI CIIOPY/IH.
2.KoHuenrpauii Gionorigaux
3a0pyIHIOBaUiB Ha BCIX eTarax

Pai0aKTHBHICTH TOLIO).

2. BpaxyBaHH BIUIUBY XiMiYHUX
Ta GiONOriyHUX MapamMeTpiB Ha
(i31MYHI OKAa3HUKH SIKOCTI CTOKIB

3a0pyAHEHHS Gionoriuni 3a0pyHIOBaui. - .
s . KaHaJIi3allif0 OPraHiYHUX PEYOBUH | OYMILCHHS.
3. MiHimi3arii MOXJINBOCTI . e .
13 BUPOOHHMIITBA 3.KoHuenrpauii Gionorigaux
HEepenIaMeHTOBAHOTO . -
. 3a0pyIHIOBaYiB Ha BUXOMI 13
HOTPAIUISHHS 13 BUPOOHMIITBA B
T . OYHCHHUX CHOPYL
KaHaJIi3allil0 OpraHiYHUX PSYOBUH
1.BpaxyBaHnHs mif yac
MIPOEKTYBAHHS 3aJIIIOBUX BUKHIIB 1. KonnieHTpaii XiMiqHIX
XiMIYHHX 3a0pyIHIOBaYIB; 3a0pyIHIOBaYiB Ha BXOZI B
2.BpaxyBaHHs BIUIUBY 1.3aymoBuX BUKHIIB XiMIYHHUX OYHCHI CIIOPY/IH,;
XimiaHoro GionoriyHux ta Gisu4HUX 3a0pyIHIOBaYiB i3 BUPOOHMIITBA; 2. Konnenrpaii XiMigHHX
326y IHEHHS rapaMeTpiB Ha XiMidHi 2.HeperiaMeHTOBaHOTO CKU/IaHHST | 3a0pyIHIOBadYiB Ha BCIX eTarax
pY. 3a0pyIHIOBaui; y KaHaJli3alito XiMiYHUX PEYOBUH | OUHIIEHHS;
3.Minimizawii MOKJIMBOCTI 13 BUPOOHHMIITBA 3. Konuenrpanii XiMidHUX
HEPETIAMEHTOBAHOIO CKUIaHHS 3a0pyIHIOBadiB HAa BUXOMI 13
XiMIYHHX PEUOBHH i3 BUPOOHHLITBA OYHCHUX CIOpPYI
y KaHaJl3awio
1. BpaxyBaHHs mij yac 1. ®izuunoro 3abpynHeHHs Ta
MIPOEKTYBaHHs BUTPAT CTOKIB Ha BXOJli B OYHCHI
HEpEenIaMeHTOBAHOIO BILTUBY 1. HepernaMeHTOBaHOTO BILIUBY CIIOPYIIH.
Disnaroro Gbi3M4HUX NapaMeTpiB Ha SAKICTh TEXHOJIOTIYHUX IPOLIECIiB Ha 2. ®i3u4HOro 3a0pyIHEHHS Ta
CTOKIB (BUTpaTH, TeMIIeparypa 13U4HI MapaMeTpH CTOKiB BUTPAT CTOKIB Ha BCIiX eTamnax
N —— (Burpary, patypa, ¢ pameTp p

(Butparu, Temmeparypa,
Pai0aKTHBHICTH TOLIO)

OUHILIEHHSI.
3. ®iznuHOro 3a0pyIHEHHS Ta
BUTpAT CTOKIB Ha BHUXOI i3
OYHCHUX CHOPYX

Ipumimka. 3annosi euxudu 3a0pyoHIosayie — nepeguujeHHs @GaKmuynux 3Ha4enb NOKA3HUKIE 3a0pyOHIo8ayie HAO
NPOEKMHO BUSHAYEHUMU NPOMALOM YACY, OOCMAMHBLO2O Ol HeOOOYULEHHSl CIIYHUX 600 30 MAKUMU 3A0PYOHIOBAYAMU.
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Jis xoMrIutekcHoro BpaxyBaHHsl pusukiB aii HC

Ta TIIEPEBUTpPAT pECypciB Ha €JIEKTPOTEXHOJOrIuHe

BOJIOOYHILEHHS 3aCTOCYEMO KpHUTEpid  TEeXHIYHOI
edexruBHOCTI [3]:
&1, - LL 8 @nN,, - LN, )

&b~ Lhao o00p™s e = LNsao 10006 % 0/kBT. (1

1 00%+ +§Tm 000038&3.(21 ( )

% 3a0 o i=1

EFy = N

aw

i=l

ne Leux — ¢axTuuHe 3HAYCHHS BIAMOBIIHOTO
mapamMeTpa OILIHIOBAHHS SKOCTI BOJXOOYMIIEHHS; L3ao —
3a7aHe (HopMaTHBHE) 3HAYCHHSA  BIJIOBIJIHOTO
mapamMeTpa OLIHIOBAHHS SKOCTI BOAOOYHINEHHS; Q — vac
pobotu obOmagHaHusa, rom; W — eleKTpOeHepris,
BHUTpayYcHa Ha BomOOYMIICHHSA, KBTtom, N — KigbKiCTh
rmapamerpiB  OIMIHIOBAHHA SKOCTI BOJOOYMILEHHS (sK
MIPABWJIO, BiIIIOBINAIOTh KiJIBKOCTI YCTAHOBOK, SIKI JTIIOTH
Ha BOJIHI PO3YHHH).

OTXe, TEeXHOJOriYHe 3aBAaHHA MiJ dYac (yHK-
IIOHYBaHHS €JICKTPOOONaqHAHHSA — IMIATPUMYBATH 3Ha-
YeHHsI KPUTEPil0 MaKCUMAaJIbHO OIU3BKUM 10 Hyis (abo
TaKdM, 0 JOPIBHIOE HYNEBi), 3a Bil €eMHHX 3HAYCHD
BiZIOyBarOThCsl TMepeBUTPATH (Hee(PEKTHUBHE BUKOPHC-
TaHHS) CIIEKTPOCHEPTIi. Hns rapaHTOBaHOTO
3a0esmneueHHs BincyTHocTi HC MOBMHHA BHKOHYBATHUCH
YMOBA TS BCIX IMOKA3HHUKIB KOHTPOITIO SKOCTI CTOKIB!

LN, - LN, £0. @

VYHacmigoK MOCTIHHMX 3MiH YMOB BUMIpPIOBaHHS
(Buxomy 3a TPOEKTHO BCTAHOBICHI poOOYI Mexi)
BiIOyBa€THCs HenependadyyBaHe KOJIUBAHHS PE3yNbTaTiB
BHUMipIOBaHHS SKOCTI CTiuHUX BoA (pHc. 1).

Pobodi yMOBH BHMipI0BaHL
(YMORH BHMIpIOREHE, IIPH AKHX 3HATCHHY BEILHEOEHX BEIHTHH
3HAXOAATECA B MEKaX podotHX obmacTei)

/ A\

‘ Komaeanna 00" eMie cxEIy Heizoui nponykts peakniii

o u—— Mix 2a0py/IHIOBZ9EMH, ¥ TOMY
HHCI 1 B Pe3yAETaTi gil
Z0BHINIHIX THHEHKIE

3MIHA IHAYCHE QECATKIE MEPAMETPIE AKOCTI CTOKIE
(xOHIEETpaNii, TeMIepaTypa, THCK TOMIO)

Puc. 1. Cxema snnugy necamugnux nenepeooauysanux
YUHHUKIG HA poDOUL YMOBU BUMIPIOBAHHS SIKOCMI CMOKI6

Fig. 1. The scheme of influence of negative unpredictable
factors on working conditions
of the quality of sewage measurement

Ile, mepemyciM, 3yMOBJICHO iCTOTHHM B3a€EMO-
BIUIMBOM TIOKa3HHUKIB SKOCTI CTOKIB Ta IOCTIHHUMH
CTOXaCTUYHHUMHU 3MiHAMHM  [apaMeTpiB  TEXHOJOTil
BUPOOHMIITBA; BUMIPIOBaHHS HOTPEOYIOTh BiJ KiJIBKOX
JIECATKIB XBWIMH [0 KUIBKOX TOJIWMH, HaBiTh 1i0
(mampukiam, Giomoriuyde crnokuBaHHsA kKucHIO yd Coli-
index). Cutyarlis yCKJIaJHIOETHCS THM, IO BiJICYyTHI a0

XapaKTepU3yThCS HU3bKUMHU TOYHICTIO Ta IIBUIKOJIEO
cydacHl 3acoOM aBTOMATUYHHMX BHMIPIOBaHb CKIIATy
Boju  (iCHYIOTH  CEHCOpDU  TEMIEpaTypH, THCKY,
KaJaMyTHOCTi, BuUTpaT, pH, OKHCHIOBaHOCTI, BMiCTy
XJIOpY, 1I0HHOTO CKIIay).

Tobro (akTHYHO HEMOXKIMBO Yy  PpEXUMI
peasbHOr0 Yacy KepyBaTH CHCTEMOIO BOJOOYHIIEHHS,
KOPHCTYIOUHCh CYYaCHHUMH 3ac00aMH BHMIiPIOBAJILHOL
TEXHIKH, OCKIJIbKH TpPAaIUIIOTHCS: HESKICHE BOJOOYH-
LIeHHs 1 3a0pyIHEHHS HABKOJMIIHBOI'O IPHPOIHOTO
cepenoBuina, ab0 K HepaliOHAIbHE BHKOPUCTAHHS
pecypciB (eeKTpOeHEPril, peareHTiB TOIIO).

AXTyaJlbHUM € BHKOPUCTaHHS BUMIpIOBaJIBHOIO
MIPUCTPOIO, SIKMK OW JaB 3MOT'Yy IOKPAIIUTH BHKOpPHUC-
TaHHS EJIEKTPOTEXHONIOTiM 1 peanizoByBaB Ou Bij-
TBOpeHHs Ta (a0o0) 30epexeHHsT mapaMeTpiB CTOKIB. Ha
eramax TIPOEKTyBaHHS Ta, MOTEHIIHHO, Yy pasi
eKCILTyaTallii B peX1Mi peasibHOro 4acy, Ha BUPOOHHYHMX
00'extax. Jlns Takux IiJied JOLIIBHO CTBOPUTH
BIpTyaJIbHy Mipy e(heKTHBHOCTI BOMOOYHMIINCHHS. [lif
€(QEeKTUBHICTIO PO3YMIIOTh BUKOPHCTaHHS KiJIBKOCTI
pecypciB  (eIeKTpOeHeprii, peareHTiB  TOIIO), sKa
IOCTaTHA JUIi TapaHToBaHOro 3abesmedenns [ JIK
BOJIOOYMIIICHHS, @ BapiaHT HESKICHOTO BOJOOYHIICHHS,
BimoBiaHO i BunukHeHHs1 HC — Henpumyctumuii [5].

OuuIeHHd CTIYHUX CTOKIB

OuuIneHHs! CTIYHUX CTOKIB MOYKHA PO3IIISLAATH SIK
€IMHUI TOCIIIOBHUI TEXHOJIOTIYHHMHA JIAHIIOL, BOAA IO
SIKOMY ITPOXOIHTH ITOCIIIOBHO Yepe3 pi3He 0OiaHaHH,
1o peattizye 6a30Bi CrIocoOW BUAAIEHHS 3a0pyIHIOBadiB
i3 crokiB (MexaHiuyHi, Oiomoriuni, (i3UKO-XiMiuHi),
dbopMmyroun HanexHi pu3ukd BuHHKHeHHA HC i
MepeBUTPaT pecypcis (puc. 2).

Jiss  okpeMoi TEXHONIOTIYHOI JIAHKH CHCTEMH
BOJIOOYMILIEHHSI PIBEHb IPUBHECEHOIO Ta BJIACHOIO
PHU3HKIB CTaHOBHUTH piBeHb pH3MKy BHHUKHeHHs HC i
TIEPEBUTPAT PECYPCIB Y I JTaHII.

Ipuiivemo, mo R = EF, (mna Bcix nmaHOK Ta
CHCTEMH 3arajioM) Ha OCHOBI KpHUTEpito
edexruBHOCTI (1):

R3 =0- (0- RY)(0- R?). ©)

3aBmaHHA ~ TEXHIYHHX  CHCTEM, 30KpemMa
yIpaBliHHS, — 3a0e3neunTH, 1100 3HAYEHHS pPIiBHA
pusuky HC Tta mepesurpar pecypcis (3) mopisaroBaio 0
abo Oyl1o MakCUMajibHO ONU3BKUM 10 HbOro (abo
BiJ eMHMM) 3 BHKOHaHHsAM yMoBH (2). Kokna i-manka
BUJANICHHS 3a0pyJIHIOBAYiB XapaKTePU3yeEThCS PiBHEM
npuBHECEHOro pu3HKy RY, piBHeM BrackHoro pusuky R? i
piBHeM pms3uky Ri.i', KoTpumii 0OZHOYACHOrO BBAKAKOTH
piBHEM MpHBHECEHOro pu3uKy i (i+1)-maHku, mae
i =1, 2,..., N. Baranenuit pusuk R gopiBHioe pusuky R

eHepro-
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1
N+1 , O TCHEPYETHCA 3aBCPIIAJIbHOIO JIAHKOIO

Bomoouniennst. Tomi s cxemu (puc. 1) 3amuiiemo:
R, =0- (0- RH(0- R?),i=1,2...,N-1, (4)

[Mincrasupum (4) y (5), orpumyemo Bupas st
ominku pusukiB BuHukHeHHs HC Ta mepeBuTpar
pecypciB (i3 000B’ I3KOBUM BUKOHAHHSIM YMOBH (2):

N
R=0- (0- RY)(0- R%). 5) R=0- (0- l%1)_91(0- R?) (6)
R;! R,! T R;! Ry! Ry+l=R
Omnpamosanss 1 Oupammiam < Onpaiposanna N
Cromx (RI:) (R.z‘) (RN:) Oammera
E0a8

Puc. 2. Cxema nocnioosHo20 mexHonoziuno2o nanyio2a oduuyenns cmivnux 600: Ry' — pieenb npusnecernozo pusuxy eunuxnenns
HC i nepesumpam pecypcig gionogionoi aanku, R - pisens enacnozo pusuxy eunuxrenns HC i nepesumpam pecypcie
6i0no6ionoi nanku, N — kinexicme nanox (6n0xie 60doouuwenns), R — pisenv pusuxy eunuxnennss HC i nepesumpam pecypcie yciei
cucmemu 600004 UUY€HHSL

Fig. 2. Scheme of the successive technological chain of the wastewater treatment: Ry' —thelevel of introduced risk of ES
occurrence and over-expenditure of resources of therelevant level, Ry —the level of own risk of emergence of ESand resources
over-expenditure of the particular section, N —the number of sections (water purification units), R —the risk of occurrence of ES
and over-expenditure of the resources of the entire water purification system

®Di3uvHUI CEHC TAKOro BUPA3y IMOJIATae y TiM, IO
3a BiJ' €MHHUX 3Ha4eHb R crocTepiraroThCsi MepeBUTPATH
€JIEKTPOEHEPTii, 32 I0AaTHUX 3HAYEHHSIX — 3a0pyIHEHHS
JOBKUJLISA, BimNOBiAHO, BuHMKae pusuk HC. BukoHaHHS

ymoBu (2) Jmst  BCiX  3a0pyIHIOBA4iB  TapaHTye
nmorpuManHs ymoB BigcyrHocti mii HC, To0TO st
rapaHTOBaHOTO  3amo0iraHHs  MOTPIOHO  BUOpaTH

OIITHMaJbHE 3HAYEHHS TOKA3HUKA HE3aJIEKHOCTI CHCTEM
BOIOOYMIICHHS BiJi HETaTUBHHX HACTIJIKIB IOTOKIB
BUIAJIKOBUX il (DaKTOpiB TEXHOTEHHOI'O i MPHUPOTHOTO
MMOXO/DKCHHS, TPUUHSBIIM 32 IIJIBOBY  (DYHKINIO
P= f(Xl,XZ,X3,...,Xn), IIE X1, X2, X3,..., Xn — PSKUMHI
napamMeTpy CKJIaJOBUX JIAHOK CHCTEMHU BOIOOYHIICHHS.
besymoBHe  3aBmaHHA ~ onTUMi3alii = monArae  y
BCTAHOBNCHHI MiHiMymy oyHkmii (Bim »n  mificHux
3MIHHHX) | BU3HAYCHHI BiJIMOBIHUX 3HAYCHb ApPT'YMCHTIB
Ha Aeskiit MEHOXHHI G N-6umiprozo mipoctopy. Po3B’ 130k
ONTUMI3alidHOl 3a7adi MPOmeMOHCTpyBaB [5], 110
MiHIMyM Takoi HiIbOBOI (DYHKIT MOCSATAETHCS 32 YMOB
MiHiMi3amii WMOBIPHOCTI HETaTUBHOI dii HaJA3BUYAWHUX
CUTYaIlI} y KOKHIN OKpEeMiil JIaHIll CUCTEMH.

OpmHak MiOXix JUIIe i3 MO3uIli MiHiMizamii pu-
3MKiB Ha TnpakTumi (3a JIOIMOMOroo, HalpUKIaj,
KPaTHOTO TICPEBUIICHHS HOPMATHBHHUX 03 PCArcHTIB)
NpU3BeNe 10 MEpPEeBUTpAT PecypciB, L0 HE BiIOBiJaec

KOHIIeNIii pecypco3depexxeHns. [nsg Tl BUKOHAHHS
MOTPIOHO aJanTyBaTH PSKUMHI MapaMeTPH K OKPEMHX
JIAHOK, TaK 1 CHCTEMH 3arajioM — VHUKAIOuu

nepesuiienHs [JIK 3a0pynHioBauiB Ha OCTaHHIH 13 HHX
i3 3aCTOCYBaHHSM MAaKCHUMaJbHO IHTEHCHUBHUX (hi3UKO-
XIMIYHHX CIOCOOIB BIUTMBY Ha BOJIHI PO3YMHH.

Toxi mocrae 3aBoaHHs NPOTHO3YBAHHS CTaHy
NPOLECIB Y KOMIUIEKCI  BOJOOYMIIEHHS, IO €
HEOOXiZHOI0 TepenyMOBOI0 MPUHHATTA pillleHb LIO00
peakuii Ha moreHuiiini pmsukun HC. Maremarnuna

MOCTAaHOBKA 3aj[adyi IPOTHO3YBAaHHS CTaHIB 00 €KTa B
ymoBax HC 3anexxuts Big Iijied NpPOrHO3YyBaHHS,
BHUKOPUCTOBYBAaHOTO MaTeMaTHYHOIO amapary, a TaKoX
BiJl METOIIB MNpOrHO3yBaHHA. llpumycTtumo, o craH
00’ €KTa ONMUCYETHhCS 0AaraTOBUMIipHOIO (YHKIIEIO CTaHy

Qky, koyeo kn), me ki, Ky, .., ky — mapamerpu
obnagHaHHs. Y pe3yasTari ClOCTEPEKEHb BCTAHOBIEHO
3HaueHHs i€l GyHKIii y MomentH 4acy (to, ty, ..., tm) )

T Qtg), Q(ty),...,Q(tm). HeobximHo 3HANWTH 3HAYCHHS
dynkuii crany Q(tme1), Qltme2),..Qltms) y HacTymmi
MOMEHTH 4acy (tme1, tmszyess tmsx) | To. Bemmumma Q
MOXKE TIPEACTABIATH OyIb-SKUH y3arallbHeHHH KpUTepii
crany 00’ ekra X. ToOTO 3aBAaHHs MoNsATae y BU3HAYEHHI
takoi Qynkmii F(X), sika gaBama © 3Mory 3HaiiTH
3HAUEeHHS MPOTHO30BaHOI Y.

OnHak CTpareriyHuil HEMOMIK MiJ 4ac MPOEKTY-
BaHHsA Ta eKCIUTyaramii oOlajHaHHS Ha peaJbHUX
00’ €KTax MOJArae y BIJACYTHOCTI aJeKBaTHHX Marema-
TUYHHUX MOJENEH, KOTpi ONMUCYIOTh KOMOiHOBaHI (i3uko-
010XIMiYHI MPOIECH BUAAJCHHS 3a0pyIHIOBAdiB 31 CTO-
KiB; BiJIIIOBITHO HEMOKIMBOCTI aJ€KBATHOTO IPOTHO3Y-
Banus [3]. Came TOMy 3alpOMOHOBAHO EIEKTPOTEXHO-
JIOTIYHUH KOMIUIEKC MOJENIOBAHHS BOIOOYHIICHHS, Y
SKAA BXOMATH [2]: MOAyms (Di3HYHOTO MOJICTIOBAHHS Y
CKJanmi eNnekTpomizepiB, (GiasTpa, aeparopa, OJ0Ka
xuBnenns (puc. 3, a); MOIYJIb ONpalfoBanHs iH(opMarrii
Ha OCHOBI iHTENEKTYaJbHUX TEXHONOTiH (HelpoMepexi,
pobacrHi cuctemu (puc. 3, 6)).

BMEB nae 3mory orpumyBatH (YHKIIOHAJIbHY
3aJIeKHICTh CTaHy CHCTEM BOJOOYMINEHHS BiJ BXiJTHHX
nmapamerpiB (muB. Tabn. 1) i orpumyBaTu (yHKIOHAT
F(X) [3] 1 BiAMOBiAHO TIPOTHO3YBATH  PHU3UKH
unukHeHHs1 HC Ta nepeButpar pecypcis (6) sk Ha etarmi
MIPOEKTYBaHHS, TaK 1 MiJl 4ac IITaTHOrO (PYHKIIOHYBaHHS
(puc. 4).
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Puc. 3. Bipmyanvha mipa enekmpomexnonoziti 6odoouuujents (BMEB) 32iono 3 namenmom Ne 120530 UA: a — 306niwmiu 6u2isio;
6 — cmpyxkmypa onpayiogannst ingopmayii ma ynpaeninnsi BUEB (namenm Ne 95200 UA): ITTIP — niocucmema npuiinsimms
piwensv; bO — onox onpayiosanns ingpopmayii;, BIIP — 6nok npuiinamms piwiens, BY — 6nok ynpasninus; JICY — nokanvna

cucmema ynpagninnsi,; JIAYVII — nokanvhuii agmomamuunuii ynpagasiouutl npucmpiti; BE — euxonagui enemenmu; OY — 06’ ekm

ynpagninns;, Bs —moocnuei eapianmu il kepysanns i nokasnuku sxkocmi, C —eapmicmo enekmpoenepzii ma sumpamuux
mamepianie; U, — onmumanvrua cmpameeis ynpasainns; U,,y —3a0ana cmpameeis ynpasninns, Z— 36ypenns; U — peanizayis
subpanoi cmpamesii; A —enaue na OY; Y — peakuii OY

Fig. 3. Mrtual measure of water purification by e ectrotechnol ogies (VMWPE) according to the patent number 120530 UA: a—

outwards; b —the structure of the information processing and management of the VMWPE (patent number 95200 UA): I1TIP —
decision-making subsystem, 50 — information-processing block, 5ITP — decision block, 5Y — control unit, JICY — local control
system; JIAVIT — local automatic control device; BE — executive eements; OV — control object; B; — possible variants of control

actions and quality indicators, C— cost of eectricity and consumables, U, — optimal management strategy, U,,, — strategy for

control, Z — perturbation; U —realization of the chosen strategy; A— influence on OV; X - reaction of the OV

Criuni BogH

4

BMEB
MogensHuil posUHH CTIMHET E01 BMEE L e s Cpuii i ememenTi 3xaTHI
(H2 OCHOE{ ZHATITHYHO CIEOPEHOTO (OpMYEIHHR PeRHMENY I2paMETPiE 13 DEUETPIE 15 B HC NPaKEITH E PeiHMi PeaIbHOTo
TEXHOIOTTIHOTC EOJHOTO NaCHOPTY —» EPaxyEaHHAM PHSHEE SuEmrmens HC 1a PHSHEIE EHEHIRERRR © 3 ™ wacy Ta fani nafopaTopHoro aHanBy
THIPHEMCTES) DEPEEHTPAT PecypiE) PERITpE PeCyF —
/ I Crmanni sodu
CHcTema RepyBanHs - - 3
ApanTanis HOPMaTHEHHY I 3ara 3aransni ouncri coopyxa ‘
. . . [POEKTYBAHHA CHCTEM BOTO0YHIIEHHS . 1
BOKYMEHTIE 0 PesyaLTaTiE sz p— e HCi CHOpyEaMH
MoZeTmBannA A ocnosi BMEE | | PaRYE mmﬂm — 5 (amananin pesmiis ﬂ
(EPaNYEAHHA PHSHKIE EHHHKHEHHA mmﬂ_{ peqrpcfx W OB TRAHHR nn}plmclsm
HC ta nepessmpar pecypcis) OFFIHY CREMy BHFEHRHSRER BT Ounmeni criuni Boxn |
TIEPESHIPAT PECYPCiE)
a o

Puc. 4. Konyenyis euxopucmanins BMEB 3 yoockonanenHam naykogo-mexuiuHux 3acao npoekmysants ma 6UKOPUCAaHHs CUCIeM
600004 UWEHHSA. A — HA emAani NPOEKMY8anHs, O —3a WMAMHO20 YHKYIOHYBAHHS 0ONAOHAHHS

Fig. 4. The concept of use VMWPE with advanced scientific and technical principles of designing and utilizing the water
purification systems. a— at the design stage, b — at the regular operation of the equipment

VY sampononoBaniii cxemi (muB. puc. 6) BMEB BucHoBKH
BUKOHYE TaKi 3aBIaHHs:

N . Kopuctyrounch Cy4acHUMHU  BHMipIOBATBHUMU
— TMOCTiHE KOPEryBaHHS PEKHUMIB OCHOBHHX

3aco0aMu, (PaKTUYHO HEMOXKIMBO y PEXKUMI PEATLHOTO
qacy KepyBaTH CHCTEMOK BOJOOYHMINEHHS, OCKUIbKH
CIIOCTEpIraeThcsl ab0 HEAKICHE BOJOOYHUIICHHS 1
! 3a0pyIHEHHST HABKOJIUIITHBOTO TIPUPOTHOTO CepeOBHIIA
pecypceis, (i3 morenmiitnoo Moxmusictio aii HC), a6o Hepario-

— KOPEryBaHHi HOPMATHBHOi 0a3d CTBOPEHHS  yajppe  BuKOpHCTAHHS —DeCYpCiB  (eNeKTpoeHeprii,
CHCTEM BOJOOYMIICHHS i3 METOK BPAaXyBaHHs HA €Talli  pearentis Towo). OGrpyHTOBaHa i crBopena BMEB ta
NPOCKTYBaHHs pu3uKiB BuHMKHEHHs HC Ta nepesutpar YIIOCKOHAJICHI HAayKOBO-TEXHIYHI 3acald HOPMATHBHOI
PeCypCiB y TEXHOIOTTYHAX PEIIAMEHTAX 1 ANPHUEMCTB. 0a3u 1al0Th 3MOT'y 3a0€31EYUTH MPOEKTYBaHHS Ta BUKO-

OYUCHHX CIIOPYA METOIOM IOPIBHSAHHS SKOCTI CTOKIB Ha
X BUXOI 13 SKICTIO CTOKIB Micis mpoxomkenns BMEB 3
ypaxyBaHHAM pu3uKiB BuHHKHeHHS HC Ta mepeButpat
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PUCTaHHSI y PEXHMI pPEaTbHOrO0 Yacy KOMOIHOBaHHX
CHCTEM OYMIIEHHS CTIYHUX BOJ  Pi3HOTATy3€BUX
00'€xTIB 13 JOTpUMaHHSAM eHeproeeKkTUBHOCTI Ta
npoTuiero MoxmBoMy po3Butky HC.
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