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OBI'PYHTYBAHHSI APXITEKTYPU CUCTEMM YIIPABJITHHA KOMIIVIEKCHUMHA METOJAMHA
OYHNCTKH CTIYHHUX BOJ ITPOMUCJIOBUX OB’EKTIB

IlITena B. M.

Hayionanvuuii ynieepcumem biopecypcis i npupodoxkopucmysants Yxpainu

Ilpoananizosano 2o106Hi NIOX00U W00 NOOYOO8U cUCeM YNPAGLIHHA KOMNIEKCHUMU eNeKMPOMeXHIYHUMU Me-
MooamMu OYUCMKY CMIYHUX 600, BUABLEHO OCHOBHI HEOONIKU CYHACHUX piulenb MaKoi npodiemu, 3anponoHo8ano apxi-
MeKmypy cucmemu YnpaeiinHa KOMIIEKCHUMU MEMOOaMU OYUCTNKY CINIYHUX 600 NPOMUCTIOBUX 00 €KMIB, 6CMAHOGIEHO

MamemamuyHul anapam 01s pednizayii maxoi cucmemu.

IMocranoBka nmpodaemMu. MeToau OUYUCTKU Y €JIEKT-
POTEXHOJIOTIYHMX yCTaHOBKax, o00’emHaHHs  (i3uKo-
XIMIYHUX MiAXOJIB, MPU MPaBWIBHOMY MO€IHAHHI 3 iH-
IIMMHU BOJOOYHCHUMH 3aX0JlaM{ Jal0Th MOXKJIHMBICTH YC-
MITHO OYMIYBaTH CTiYHI BOJXW BiJ JIOMIIIOK DPi3HOTO
CKJIaIy Ta TUCTIePCii.

OnHak eNneKTPOTEeXHOJIOTIUHI YCTAHOBKH [UISI OYHUCT-
KM CTiYHHX BOJ € CKJIAJHHUM IS YIPaBIiHHSI 00’ €KTOM.
OCKITBKM B HHX 3IIHCHIOETHCS B3aEMOIIS YaCTUHOK
KOJIOITHO-TUCTIEPCHUX CHCTEM, MOPYUIYETHCA
CTaOUTBHICTh TUCTIEPCHUX CHUCTEM, BiIOYBAa€THCS YKPYTI-
HEHHS 4acTHHOK Towlo. [lepenryMoBOIO 1UIsi CHHTE3y CHC-
Temu  aBTomaruuHoro  ynpasninaa ~ (CAY) e
€HEPrOBUTPATHICTh POIIECY; BiIHOCHA BiMPaIlbOBaHICTh
TEXHOJIOT1i BOJOOYHMCTKH; HEPO3PUBHICTH TEXHOJIOTIYHOT
JIHiT; Oe3nepepBHICTb mpolieccy; JOLUIBHICT
aBTOMAaTH3aLil CIIpUYMHEHA HEJIHIHHICTIO,
Henepea0avdyBaHICTIO Ta MEePIOAMIHICTIO 3MIHH X BUTpAT
Ta CKJIaIy, IO 3yMOBJICHO CE30HHUMHU KOJIMBAaHHAMHU Xa-
pakTepy BUpOOHHUIITBA Ta HMOBIPHICTIO HEIITATHUX CHUTY-
ariii (3aMmOBHX BWKIiJA, TOPHBH BOJOMPOBITHUX MEpPExK
TOIIO).

AHaJi3 OCTaHHIX ToCHiTKeHb i MyOsikanii. 3riqHo
MarepiaiB Cy4acHOT BITYM3HSHOI Ta 3aKOPJOHHOT JliTepa-
TYpPH, CTOCOBHO OITHMAJIBLHOTO (€(EeKTUBHOI'0) YyIpaB-
JIIHHS, OJJHUM 13 HAMEHII JOCHIKEHUX Ta HalIepcrek-
TUBHILINX HANPSMKIB CHHTE3y CUCTEM YIPABIIHHS € Bpa-
XYBaHHS BIUTHBY 30ypIOOYNX (GakTOpiB. Y BUOAIKY OYH-
CTKU CTIYHHX BOJ 30ypEHHS MalOTh NMPUPOJHE (KOJIMBaH-
HS TeMITepaTyp, IKOCTi BXiJIHOT BOJH TOIIO) Ta TEXHOTCH-
HE TOXOKEHHS (HEIOTPUMAHHS TEXHOJOTIi, CTapiHHSI
obnagnanHs Tomo) [1-3].

AHai3 cTaHy Ta NepCIeKTHB 00YI0BU BiAMOBITHUX
CHCTEM YIIPaBIiHHSI KOMIUIEKCHUMH METOJIAaMH BOJOOYH-
CTKH TIPOJIEMOHCTPYBaB JIOLUIBHICT CTBOPEHHSI IHTEJIEK-
TyanbHOi migcucteMu [4], 3 BpaxyBaHHSIM HEOOXiTHOCTI
¢inpTpauii iHpopmauniiinux kaHaiiB. Takox BiZomo psin
NepeBipeHNX MaTeMaTHYHMX anapariB [5] 34aTHUX BHpi-
LIMTH TaKy 3a/ady: TEOpis BHUIIAQJKOBHX ITPOILECIB, METOJ
TPYIIOBOTO BpaxyBaHHS apryMeHTIB, Mepeki Mapkosa,
MPOTHOCTHYHI crieHapii Tomo. Cepel HUX BUIUISIETHCS
ACOINIaTHBHMM IMTiJX1JT HAa OCHOBI HeMpoHHKMX Mepex (HM),
Jie 3MIHCHIOEThCS JOBITbHE HEMiHIMHE BiJJOOpasKEeHHS BXi-
JTHOT TIOBEpXHi [6].

Mera pocaigxkenb. OOIpyHTYyBaTH Ta pPO3pPOOHTH
apXiTEKTYpy CHUCTEMH YIPaBJiHHS KOMIUIEKCHUMHU METO-
JIlAMH OYMCTKU CTIYHUX BOJ IPOMHUCIIOBUX 00’ €KTIB.

OcHoBHi MaTepiaan pociixkenb. TpaauiiiiHo, Bo-
Jla sika MPOXOJHUTH Yepe3 BHPOOHUUO-TIOOYTOBI 00’€KTH

KOHTPOJTIOETHCS Ha SIKICTh Ta BiIIOBIAHICTh HOPMaTHBHO-
TEXHOJIOTIYHUM BHUMOTaM Ha BXOIi Ta Buxoni. B 006ox
BUIIaJKaX BOHa MoTpedye ounmctku. Ha mepeBakHil 0i-
JBIIOCTI 00’€KTIB HEOOXiJHA SKICTh JOCSTAEThCS 3aCTO-
CYBaHHSIM KUIBKOX METOJIB BOJIOMIJArOTOBKH. TaMm BcTa-
HOBJTFOIOTHCSI KOMITJICKCHI (KacKaJiHi) CHCTEMHU, K1 BKITIO-
4aroTh pi3Hi 3axoau [l]: ¢ismuni (dimeTparis, ompomi-
HEHHS, cemapallisi TOIIO); XiMiuHi (XJIOpyBaHH:I, KOATyJIs-
1isi, moraris Tomo); GiomoriuHi (GioJoTiuHiI cTaBH, BEp-
MHKYJIbTYPH, aEPOTEHKH TOIIIO).

[MigTpmanHs 6e3meYHOi SKOCTI BOAM HAa BUXOML i3
3ac00iB BOJOMIArOTOBKH IPH HerepeadadyyBaHUX 3MiHaX
il ckiamgy y /pkepeni 3abopy B CTallioHapHOMY abo pyd-
HOMY PEXHMi HEMOXIIUBE — aBTOMATH3allisl TAKKX IPOIe-
CciB € 000B’s13k0B0r0. OCOOIMBO TOCTPO 1€ BiIUyBa€THCS B
yMOBax Ha/3BHYallHUX CHUTYalllii TEXHOI€HHOTO Ta IpH-
POAHOTO TTIOXOKEHHSI.

[Tpn mpoMy mporiec OYMCTKH BUMAarae 3arpaT 3Had-
HUX EHEepreTHYHWX pecypciB. Hampukian, ocHOBHUMHA
CHOXXKMBAYaMH €JIeKTPOCHEpril Ha Ol0JOTIYHMX CTAaHLIAX
[0 OYMIIEHHIO CTiYHHX BOJA € TYypOOIIOBITPOIYBKH, IO
MTOJIAIOTh MOBITPS 10 aepoTeHKIB. bionoriuyae ouumeHHs B
LUX CHOpy/Aax BiIOYyBaeTbCS 3a PaxyHOK CHOXKHMBAHHS
kucHIO. [TuToMa BUTpaTa €ICKTPOCHEPrii Ha TMOjady Io-
BITpsl y BEJIMKIM Mipi 3aJ€XHTh BiJl SIKOCTI PiIMHHM, IO
OYHUIIAETHCS 1 B cepeqHboMy craHoBUTH 50-100 kBtTox
Ha 1000 M. EKOHOMisi eleKTpoeHeprii 3a paxyHOK BH-
KJIIFOUCHHSI TypOOIIOBITPOMyBHA arperariB  MOXIIUBA,
OCKITBKHM BUTpAaTa CTIYHAX BOJ i KUTBKICTh MICTSATBHCS B
HUX 3a0pYyZAHEHb 3MIHIOIOTHCS 32 CE30HAMH POKY 1 IPOTSI-
TOM 100H.

3araiiom e BapTiCTh OYUCTKH | M cTiuHMX BOJ KO-
JUBAETHCS Y MIMPOKHUX MEXKAaX 1 3aJIE)KHUTH BiJ: SKOCTI BO-
I, sIKa MOJAETHCS HA YCTAHOBKM Ta SKOCTI BOAW MICIIS
o0naaHaHHs (MOBTOPHE BUKOPUCTAHHS, CKUJI Y MPHUPOAHI
BOJIOMMHM YK KaHAJII3aIlii0 TOII0). Takox moTpiOHO po3y-
MITH, II0 Ha pealbHUX BUPOOHHIITBAX 3aCTOCOBYIOTHCS
KOMOiHOBaHI MeToH (TOE€THAHHS BOX ab0 OiIbIIe Iif-
XOJiB), TOGTO BapTiCTh OUMCTKH | M’ MOXKE ONTHMI30BY-
BaTHCh, 3a0€3MEUyI0UN TOTPUMaHHS HOPMaTHBHUX BHMOT
II0J10 SIKOCTI CKUJLY.

Icaye nexinbka (akTopiB, SKi COPUIHHSIOTH HETATH-
BHUH pe3ynsTaT pobotrt CAY KOMIUIEKCHUMH METOJaMH
BOJI0 OYMCTKM Ha BUPOOHHWIITBI: BIJICYTHICTH MOBHOTH
iH(opMaIii MO0 KOHKPETHOTO KOMIUIEKCHOTO IPOIECy
BOJIOTIATOTOBKH, CKJIAJHICTh (HEMOXKJIMBICTh) HOTO ajek-
BaTHOTO JIOCIII/DKCHHSI HaBiTh y JIaOOpaTOpHHUX YMOBax;
OararoakTopHICTh 010-(Pi3MKO-XIMIYHUX XapaKTEPUCTUK
NpOLECy, IO MOXKE CHPUYMHUTH YTBOPEHHS HOBHUX HEBIi-



JOMHUX 3a0pyIHIOBAdiB; BiICYTHICTh a00 HHU3BKI TOUHICTH
Ta OIBUAKOMIS CYyYacHUX 3aC00iB aBTOMaTHYHHX BHMIpIO-
BaHb CKJaay BOIH (iCHYIOTh ATYMKH JUIsS BUMIPIOBaHHS
JIMIIIE TEMIIepaTypu, THCKY, KalaMyTHOCTi, BUTpaT, pH,
OBII, BIIK, XTIIK, BmicTy XJi0pa, iOHHOTO CKJIaay), HEi-
HIHHICTh IOKAa3HUKIB KIILKOCTI Ta SIKOCTI CTOKIB (puc. 1).
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Pucynok 1 — ButpaTtu Boau 3a 3MminHy (8 ronuH) y
3abiitHomy niexy BAT “Bonogumup-BonnHcpka
nraxogpabdpuka’” IpOTATOM POKY (ITOMICSUHO)

OueBHIHO, 10 TUIBKA BUMOTH 10 SIKOCTI BOJH 3aJIH-
IIAI0THCS CTAIMMH — HOPMAaTHBHO-TEXHOJIOT1YHI JTOKyMe-
HTH. [HII 6710KM iHpOpManii y mpoueci GyHKIIOHYBaHHS
CAY MOXyTb KapIMHAIbHO HEKOHTPOJILOBAHO 3MiHIOBA-
TH HE JIMIIE CBOi 3HAYCHHS, a HaBiTh CTPYKTYpy. Sk pe-
3yJIBTAT — TEXHOJIOTiYHA HEBiAIOBIAHICTH pOOOTH.

OueBnaHo, mo posrasaatd CAY, sk enuHmiA (ocTa-
TOYHMH) 3aci0 y3TO/KEHHS POOOTH PI3HUX EIEeKTPOTEX-
HIYHHMX YCTaHOBOK Ta IiZBHINEHHS iX eHeproe()eKTUBHO-
CTi — JIOKOPiHHO HeBipHO. Ii CHHTe3 MOBHHEH PO3MOYHHA-
TUCh YK€ Ha eTami NepeaIpOeKTYBaHHs, A€ HEOOXiIHO
BpaxoByBaTH (puc. 2):

1. 31aTHICTH BIIOMHX METOIB OYHUCTKH Ha SIKICHY
3MiHY KOHIEHTpaliil 3a0pyIHIOBaYiB y CTIYHUX BOAAX —
Ha OCHOBI aHaNi3IB SKOCTI CTOKIB Ta PEXHUMIB poOOTH
i ITPUEMCTBA,

2. EneproeeKTHBHICTh TAKUX MPOIIECIB — IPH YMOBI
JOTPUMAHHS €KOJIOTIYHOI Oe31eKy;

3. MOXIHUBICTb, 3 BpaxyBaHHIM ONHMCAHUX CKJIAIHO-
CTell moOyJOBH BIITIOBITHUX CHCTEM YIIPABIiHHS, CTBO-
peHHA e(eKTHBHOI aBTOMATHYHOI CHCTEMH, OCKLIBKH
000B’SI3KOBUM € YCyHEHHs "JFOJICBKOTO (akTopy", sSIKUii €
OJHUM 13 TOJIOBHMX YHHHHKIB HEIOTPHUMAHHS PEKHUMIB
poboTH 00JIaTHAHHSL.

Ha nannii yac TexHiyHe 3aBIaHHS HA CHCTEMY yIIPaB-
JIHHS BHJA€Thc 0€3 BpaxyBaHHS YacOBHX CKCILTyaTa-
HIHHUX OCOOJMMBOCTEH MiANPUEMCTBA Ta MPHHIUIOBOT
3IaTHOCTI E€(QEKTHBHOTO Y3TO/DKCHHS pI3HHX METO/IB
BOJIOOYMCTKN — PO3POOHMKHM BIAIITOBXYIOTHCS JIMIIE Bil
THUIIOBHUX NMPOEKTHUX PIIIECHb, SIK MPABHIO BELYYH pO3pa-
XYHOK OKPEMO JJIsI KO)KHOTO METOAY BHUAAJIECHHS 3a0pyn-
HIOBaYiB, Ta, BIONOBIOHO, CTaBIATh  iHXKEHEPIB-
ABTOMATHHKIB Tiepe] (akToM HEeoOXiTHOCTI cuHTe3y Oa-
raronapamerpuunoi CAY 06e3 00’ekTHOi ajanTanii Ta
OIIHKKA IOTEHI[IITHOr0 CTYyICHS aBTOMAaTu3alli, ane i3
JKOPCTKMMH BUMOTaMH IIIOJI0 SIKOCTI BOJIU Ta MiHIMi3allil
€Hepro3arpar.

SIK pe3ynbTaT — CUCTEMH YIPaBIiHHS HE 3/IaTHI Mpo-
TATOM JOBTOTPHUBAJIOTO TEPMiHY 3a0e3IedyBaTu HE JIHIIC

ONITUMAJIBHICTB MPOIIECIB, a 1 iX e(h)eKTUBHICTS.
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PucyHnok 2 — Biiok-cxema ajaropurMy no4aTkoBOro €Taiy
cuaTe3y CAY KOMIUIEKCHIMH METOAAMHU OYHCTKU
CTIYHUX BOJI IPOMHCIIOBUX 00’ €KTiB

[MposiBmm mnodatkoBuii cuate3 CAY Ha erami me-
pennpOeKTYBaHHs (IUB. PUC. 2), Y apXiTEKTypy CHUCTEMHU
HEOOXiHO IHTErpyBaTH BiJIOBIIHUN IHTENEKTyaIbHUN
ook (puc. 3).

TexHOMOT TR [ETeNeKTyas HiH ThnameTon
TPOUECH T2 MOJYTE E:-cucrfp
—
HABHIHAIITHE (0333 sHaHE, BEBEIEHHA Y|
— : . o CTHHHH B0
PHIEHD, THTEN EKTyATL HITH
CEpENOEHIE mTepdefc)

JIOKATEH CHCTEM YIIPAEMHAAL TEXHIHHME
2ac00aNm BEOR00HCTIN | ENERTPOMLIERH,
UTETHH, 2EPOTEREH TOII0)

PucyHoKk 3 — ApXiTeKTypa CHCTEMH YIIPaBITiHHS
KOMIUIEKCHIMH METOaMH BOJOOYHCTKH CTIYHHMH
BOJIaMH IPOMHUCIIOBaMH 00’ €KTaMu
(3 IHTETEKTYaIbHUM MOJIYJIEM )



3aBmaHHs Takoro OJIOKy (puc. 4):

— OTpPHUMaHHA i3 HasfBHUX CIPHUIMAIOYMX eJIeMEeH-
TiB, SIKI 3[]aTHI TPAIOBATH Yy PEXHMI peaJbHOrO Hacy,
iH(pOpMaIlifo O0: AKOCTI CTIYHOI BOJU, CTaHy IapaMeT-
PIB HaBKOJIMIIHBOTO TPHPOAHOTO cepeloBUIna (omau,
TEeMIIEpaTypa TOIIO), IPOTIKAHHS TEXHOJIOTIYHOTO HpoIie-
Cy, IO Ja€ 3 MOXIIMBICTh NPEBEHTUBHO pearyBaTd Ha
HEeTaTHBHI 3MiHU: BUKUAW 3a0py/AHIOBauiB, 30UIbIICHHS
00’€eMiB TOIIIO;

— CTBOPCHHA Ta MOCTiifHE OHOBIICHHs 0a3W 3HAHB
BOJOOYHCTKU KOHKPETHOTO BUPOOHHUIITBA,

— PpO3paxyHOK eHeproe(eKTHBHHX Ta €KOJIOT1YHO
0e3neyHX 3Ha4eHb KEPYIOUUX BIUIMBIB, MOCTIHHI “JI0HA-
BYaHHs  Ta CaMOOpraHizaiis MaTeMaTH4HOIrO arapary,
HaIpHKJIaJl Ha OCHOBI HEHPOHHHUX MEpeK;

— TepelJaBaHHs Ha JIOKAIbHI CHCTEMH YIPaBIiHHS
CJICKTPOTEXHIYHUM O0JIaHAHHIM EHEProe()eKTUBHHUX Ta
€KOJIOTTYHO Oe3MEeYHNX 3HAueHb KepYIOYHMX BIUTHBIB: TyC-
THHA CTPyMY, 00’ €M KHCHIO, 1032 peareHTy TOLIO.

Pucynox 4 — @parmeHT anapaTHO1 peanizarii
iHTEeNEeKTyanbHOTO 010Ky CAY OYHCTKOIO CTIYHHX BOJ
MPOMHUCIIOBHX 00’ €KTIB Ha 6a3i KoHTposiepa Atmega

3aBIaHHs JOKAIBHUX CHUCTEM — IATPUMAaHHS BCTa-
HOBJICHUX IHTEJEKTyaJbHUX OJIOKOM 3Ha4€Hb KEPYHOUHX
BIUTMBIB 0€3MOCEPEIHBO Ha TEXHIYHUX 3aC00ax BOIOOYH-
cTku. TakuM YnHOM JOCATaAETHCA:

1. 31aTHICTD CHCTEMHM IpaIfoBaTH He JIMIIe 3a (ak-
TOM 3apeecTPOBAHOTO CHPUIMAIOUYMMM EJIEMEHTaMH Ha
BXOJli B YCTaHOBKY 3a0pyJTHEHHs BOJHM, @ Ha OCHOBI aHa-
T3y Takoi MOXIIMBOCTI BIAIITOBXYIOUHCH BiJl CTaHY TEX-
HOJIOTi1 BUPOOHUIITBA Ta IPUPOIHOTO CEPEIOBHIIA;

2. VHiBEpCAIBHICTh apXiTEKTypH, OCKIJIBKH IHTEIEK-
TyanbHHH OJIOK MOCTIHO TOMOBHIOBAaTH 0a3y 3HaHb Ta
Oy/ie ajanTyBaTUCh IiJi KOHKPETHE BUPOOHHIITBO.

BucHoBOK. 3anpornoHOBaHUI MiJXiJ] 100 CHHTE3Y
CHCTEMU aBTOMATHYHOTO YIPaBIiHHS KOMIUIEKCHUMHU
METO/IaMH OYUCTKH CTIYHHMX BOJI MPOMHUCIIOBUX 00’€KTIB
(1 apxiTeKkTypa) BiANOBIAAIOTh CY4YaCHUM BHMOTaM THY4-
KOCTi (pyHKIIOHYBaHHS TakKoro OOJIaJHAHHS B YMOBax
MOCTIHHOTO BIUIMBY 30ypIOIOYMX BIUIMBIB IPUPOJHOTO Ta
TEXHOTCHHOTO TIOXOKSHHS.
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AHHOTAIIUSA

OBOCHOBAHMUME APXUTEKTYPbI CUCTEMbI
YHPABJIEHUA KOMIIVIEKCHBIMHA
METOJAMH OYUCTKHU CTOYHBIX BO/]
IMPOMBIIIVIEHHBIX OBBEKTOB

IIrema B. H.

Ipoananusuposansvl 0CHOBHbIE NOOXO0bI K NOCHPOE-
HUIO CUCmeM YNpAaeiieHusi KOMNJIEKCHbIMU DJIeKMpomex-
HUYECKUMU MeMOoOamMU OYUCKU CHIOYHBIX 800, GbISGICHbI
OCHOBHbIE HEOOCMAMKU COBPEMEHHbIX pPeulenutl maxou
npobiembl, NPedIoNHCEHA apXUmeKmypa cucmemuvl ynpas-
JIeHUst KOMNIEKCHbIMU MeMoO0amMu OYUCHKU CHIOYHBIX 600
NPOMBIUAEHHBIX 00BEKMO8, YCHAHOBIEHO Mamemamuye-
CKUil annapam 0/ peanu3ayuy maxKou CUCHeMbl.

Abstract

RATIONALE FOR INTEGRATED MANAGEMENT
SYSTEM ARCHITECTURE METHODS
OF SEWAGE TREATMENT
INDUSTRIAL FACILITIES

V. Shtepa

Analysis of the main approaches to build complex
electrotechnical  systems management methods of
wastewater treatment, revealed major shortcomings of
modern solutions of such problems, the proposed
architecture of complex management methods of
wastewater treatment, industrial facilities established
mathematical tools for the implementation of such a sys-
tem.
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