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CUHTE3 CUCTEMU KEPYBAHHS BOJIOOYMILEHHS
3A JJOMMOMOTI'OI0 MOJIYJIbHOI'O KOHTEMHEPA CUCTEMM
3BOPOTHOI'O OCMOCY

Y cmammi npusedeno ochosHi no10ICeHHs RO CIBOPEHHI0 CUCTEMU KEPYBAHHSL MA NPUHYUN POSPAMY GAHHSL
010Ky pe2ynsimopa Osi MOOYIbHO20 KOHMEUHEPd CUCTeMU 360POMHO20 OCMOCY, WO BCAHOGIEHUL HA
niBOeHHOM) 2IpHUYO-30a2auy8albHOMYy KombiHami. B naw yac nepesajicna Oinbuiicms NPUPOOHUX ddicepei
npicHoi 800U MalOMb CcmMamyc Henpuoamuux O GIHCUBAHHS JIOOUHOI 6 AKocmi numuoi. Buxoosuu 3
mo2o0, Wo yucma 600a 071 CNONACUBAHHS CIAHOBUMb 20JI06HY nNompedy To0UHU ma, 61dcHe, 8I0N0B8I0Ae 3a
MOJICIUBE ICHYB8AHHS, MO NpodieMa i0CymHOCMI HAOIIHO20 8000NOCMAYAHHS NOMPeOYE HALATbHUX Md
Keanigikosanux piwenv. CyuacHi MoNCIUBOCHT NpedCmasieHi 6e3niuuio Memooux ouuwentHs 6oou. B pobomi
NpPeoCmasieno asmomMamu3ayilo npoyecy OYUUeHHsl 3 GUKOPUCIAHHAM VCMAHOBKU Y BUTSIOI MOOYIbHO2O
KOHmelHepa i3 CUCMeMOI0 360POMHO20 OCMOCY, KA 3abe3neuye AKICHU npooykm y uensidi ouuuieHol,
nom’sikuieHoi ma Odeminepanizoeanoi nummuoi 6oou. Ilpoeedenuti ananiz cmawny 8UpOOHUYMSA, BUABUE, WO
NPAKmMuYHO Ha 6CIX sUpodHuymeax 3acmocosano I/J-pecynamop, a npunyunu Kepy8anHs i3 GUKOPUCHIAHHIM
cucmemu 3 MPC-pecynsimopom ne 3acmocogyemuvcs. Y ceoro uepey, MPC-pecyniosanns — mun pecyismopa,
wo @YHKYIOHYE 3a 00NOMO20I0 nepeddayeHHss NOBeOIHKU CUCmeMU 68 Mux 4u [HWUX YyMoeax pobomu —
BUKOPUCHIOBYEMBCSL 8 NPOMUCLOB0CII, KOIU NOMPIOHO 3ACTOCY8amu WmMyyHUll iHmenekm Oas nepeddaueHHs.
Pi3HUX cumyayiil y nepebicy mexnonoziunozo npoyecy. B pobomi 06’ ekmom 00caiodicen s 8Ucmynac mooyavHuil
KOHMeUHEep CUCMeMU 360POMHO20 OCMOCY, WO 6CMAHOGIEHA HA HU3YI GIMYUBHSAHUX MA 3apYOidCHUX
BUpoOHUYUX nionpuemcms. TIpoepamysanns 102i4H020 peie ma Cunmes CUCMEMU KepySaHHs i3 peanizayiro
MPCpeeynosants € OCHOBHUMU 3adauamu 00cCHiodiceHb. Posenanymo mooderv memoOpanu 360pOmMHO20O
ocmocy muny CSM RES8040-BLF. [licia ompumanux pe3yiomamis Mo0eniosants 0yn0 nputiHamo piuleHHs
npo 3acmocysants 6 docniodcennsix MPCpezynamopa. B nposedenux 00CniodicenHsx 6iH UKOPUCIOB)YBABCS
30071 MOYHIWOL ma weuouloi peaxyii cucmemu Ha 3minu nio yac nepexionoeo npoyecy pooomu. Cunmes,
NPOCPAMYBAHHSL MA HATAWMYSAHHS Pe2yIsimopa npoeeoero i3 eukopucmanuim cepedosuuia MATLAB
Simulink.

Kniwouosi cnosa: cucmema xepysanns, memopana, Qitbmpayis, UMIpIOSATbHULL NPULAOD, KIAC MOYHOCHI,
NPOCPAMYBAHHSL, NPOSPAMHE CePedosuule.

MocranoBka mpodiaemu. Ilig cyuacHy mnopy
OLTBLIICTh IPUPOTHUX JKEPEN MPICHOI BOAU MaOTh
CTaryC HEMPHUIATHUMHU MJIs BXXHUBAaHHS JIOOHHOIO
B siKOCTi NUTHOI. Jlesiki 3 HUX HaBiTh HE MOXYTh
MaTd cTarycy Uil BUKOPUCTaHHS B TEXHIYHUX
notpebax. OCKUTBKM 4KCTa BOAA Ui CHOKMBAHHS
CTaHOBHTH OJHY 3 HAHBaXIJIMBIIIUX MOTPEO JIOANHH,
IO HAIpSIMY BILTUBAE HA 3I0POB’sl TA OJIaromoyqyst
JKATTEBOTO ITUKITY JIOMNWHU, TO TpoOieMa BiICyT-
HOCTI HaJiIHHOTO BOJOTIOCTaYaHHs MOTpedye Haraib-
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HUX Ta KBali(ikoBaHUX pieHb. CydacHi TEXHOIOTT
nependavyaoTs 0e3Nid METOAIB OYMIIeHHS Boau [1].
JInst BUpIMICHHS NUTAHHS OYMINEHHS BOIM TIEpen-
OayeHi  CaHITAPHO-TOKCHKOIIOTIYHI,  OpraHoJer-
THYHI Ta (I3MKO-XIMiYHI HOKA3HUKH OE3MEYHOCTI
Ta SIKOCTiI MUTHOI Boxu. OUMILEHHS BOAU € ONHIEO
31 cdep MiSTIBHOCTI JIIOAMHY, 1110 BiANOBIIHO BUMa-
rac MakCHMaJbHOI aBTOMarwu3amii mporecy. B mpo-
Ieci OYHWIICHHS HAWIEPCIEKTUBHIMAM BapiaHTOM
BUCTYIIA€ yCTAaHOBKA y BHIVIAAI MOIYJIBHOTO KOH-
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TeiiHepa 13 CHCTEMOIO 3BOPOTHOIO OCMOCY, SKa
3a0e3neuye SKICHUH MPOAYKT y BUIISAAI OYMIICHOT,
MOM’SIKIIICHOT Ta JEMiHEPaJli30BaHOI MUTHOI BOJIU.
l'onmoBHUMEN YMHHUKaMH, Ha AKi MOTPIOHO 3BepTaru
yBary B CHCTeMi 3BOPOTHOTO OCMOCY, € KOHIICH-
Tparis IOMIIIKIB yB OYHINEHIM BOMI Ta MPOIYK-
TUBHICTh [2]. OcCTaHHS BH3HAYA€THCS BUTPATOIO
repMeary Ha BHIXOJI 3 YCTaHOBKH. J[yisi 3HWKEHHs
KOHIEHTpAllii JOMIIIKIB y TmepMeari BUKOPUCTO-
BYEThCSA JICKUIbKA CTYNEHIB (UIBTpalii, OCHOBOO
B SKHX BHCTYMAIOTh MEMOpaHU 3BOPOTHOTO OCMOCY.
MonynbHUl KOHTEIIHEP 3BOPOTHOIO OCMOCY € CHC-
TEMOIO, 00 €KTaMH BHUCTYNAIOTh 3BOPOTHOOCMO-
THYHI ONOKM. BiamosigHo I OMOKH MifIsAraroTh
aBTOMAaTH3allii.

AHami3 ocTaHHIX dOCTiTxKeHb i mMyOJTiKaIriii.
CraH THUTaHHA KepyBaHHS CHCTEMOIO 3BOPOTHOTO
OCMOCY TIpPEJICTaBICHUH Ha BUPOOHWITBI i3 BUKO-
puctanusim 11 /I-perynsaropis [3—4]. I1I-perynstop
(PID-controller) — ue 6a3oBuii perysastop ais OyJib-
SIKOT TIpOMHKCIIOBOCTI. BiH J103BOJIsIE KepyBaTH CHUC-
TEMOIO Tak, 100 BOHA Mala 3MOTY pearyBaTH Ha
Oyab-sike 30ypeHHS Ta yTPUMYBaTH €HTHAT pery-
JTFOBAaHWN TapaMeTp Ha BiAMoOBiAHOMY piBHI [5].
Buxonsuu 3 po3niisiHyTHX MarepialiiB, BUSBIEHO, 110
He OyJ0 PO3MISTHYTO MPUHIIMIIA KEPYBaHHS 13 BUKO-
puctanusMm cuctemu 3 MPC-perynstopom [6—7].
MPC-perynsitop — THIT peryssiTopa, o QyHKIIOHYE
3a JIOMIOMOTOIO TIepen0adeHHs MOBEIIHKA CUCTEMHU
B THX YH IHIIMX yMOBaX pOOOTH Ta BHKOPHCTOBY-
€THCSI B TIPOMHCIIOBOCTI, KOJIM MOTPIOHO 3aCTOCOBY-

dPfc, (fc

BaTW IUTYYHHUH 1HTENEKT U1 mependadyeHHs Pi3HUX
cCUTyaliil nepediry TeXHOIOTigYHoro npouecy [8].

IocTanoBka 3apaanus. O0’€KTOM JIOCITIJHKESHHSI
BUCTYIIA€ MOJYJbHUN KOHTEHHEP CUCTEMM 3BOPOT-
HOTO OCMOCY, LII0 BCTAHOBJIEHA Ha HU3L BITUYM3HS-
HUX BUPOOHMYHX Ta 3apyOKHUX GUPOOHUUUX TIiA-
npuemctB. [IporpamyBanHs oriuHorO pene Siemens
LOGO Ta cuHTe3 CUCTEeMHU KepyBaHHS i3 pealizalio
MPC-perynioBaHHsl BUCTYNalOTh OCHOBHUMH 3ajia-
gaMH JTOCIIHKEHD.

Bukaan ocHoBHOro marepiaiy. Po3paxyHKOBY
CXeMy 3BOPOTHOOCMOTHYHOTO OJIOKY IIPEACTABICHO
Ha puc. 1.

Ha cxemi npeacraBieHo HACTYIHI CKIIAJ0Bi:

Nv — KUIbKiCTh MEMOpaHOTpUMaYiB;

N — KiTBKICTh €NIeMeHTiB (MeMOpaH);

S — moma enemMenTa (MeMOpaH™);

Pifl,.. Pif6 — ocMOTHYHMI THCK BXiAHOT BOIH IS
eleMeHTa 1-6;

Pipl,.. Pip6 — oCMOTMUYHUI TUCK TiepMmeary Jyis
eneMenTa 1-6; y «-» He Moxke OyTH TpoOiTiB

Sel — cenexTUBHICTH MEMOpaHHU;

dPfc — mepeniax THCKY CUCTEMH TI0 KOHIICHTPATY;

Cfc — KOHLIEHTpallisl IPOTOKY 3a KOHLIEHTPATOM;

Cf — KOHIIEHTpAIlis MPOTOKY 32 BXiTHOI BOJIOKO;

Pp — tuck nepmeary;

T — Temueparypa BOJH;

Ys — BigHoBnenHs cucremu (rimpasmiuamii KK/]
CHUCTEMMN);

FF — (bakrop 3a0pynHeHHST MEMOpaHH;

TCF — (axTop TemnepaTypHOi NOIPaBKH;

Konuenmpam DN 80; EOILL

3BopomuoocMomuunuu dnok 2 |

Q, Pp ON 80 [lepMeam ————
| < N, S, Pif1, Pif2, Pif3, Pifk, Pif5, Pif6, Pip1, Pip2, Pip3, / RO 41
| A\ OPipA, Pip5, Pip6, Sel, Ys, FF, TCF, A, pf, Pif, Pi, Pip, dPi ' @
/ Pf, T, (f
ON 80[lepream e ——————
N, S, Pif1, Pif2, Pif3, Pifk, Pif5, Pif6, Pip1, Pip2, Pip3, / RO 42
[ OPipA, Pip5, Pip6, Sel, Ys, FF, TCF, A, pf, Pif, Pi, Pip, dPi ’ ¢
Nv l Pf, T, Cf

ON 80 epmeam

oS

.S, Pifl, Pif2, PIF,
D bigt, Pips, Pins, Sel,

Pifk, Pif5, Pif6, Pipt, Pip2,
Ys, FF, TCF, A, pf, Pif, Pi,

Pin3,

i | O @

I Pf, T, Cf

DN 80 ﬂeEMeum

NS, PifT, PirZ, Pir3,
@ pipt., Pips, Pips, Sel,

Pifk, Pif5, Pif6, Pip1, Pip2,

Pip3, [
Ys, FF, TCF, A, pf, Pif, Pi,

ppori | RO&E @

O, Py B G

DN 20, 3041
dPfc, (fc

Kowuesmpam
| —<
I

}mﬂm DN 80

Pf, T, Cf

Puc. 1. Po3paxyHkoBa cxeMa 3B0POTHOOCMOTHYHOIO 0J10Ka
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A — IPOHMKHICTH MEMOpaHu;
pf — KOHLIEHTpaIliifHa MOJspU3aLis;
Pif — ocMOTHYHMII THCK CHCTEMHU 32 BXIJTHOIO

BOJIOIO;
Pi — OCMOTHYHHMH THCK CHCTEMH 34
KOHIIEHTPATOM;

Pip — ocMOTHYHMI THCK CHCTEMH 32 TIEpMEATOM;

dPi — ocMOTHYHUII TIepenajl TUCKY CUCTEMH;

O — BUTpaTa nepmeary;

Pf— Tuck BxigHOi BOAM.

B poborti mpencraBieHo Momens MEMOpaHU 3BO-
potHoro ocmocy tuny CSM RE8040-BLF, po3-
paxyHKH MpoBeneHO 3a (opMmynamMu BUPOOHUKA
memOpan CSM, a dakTop TemmepaTypHOi MOMPaBKH
3a opmyiioro komraHii Dupont. OCKIIBKH MaTema-
THYHI MOJIEJi MICTATh y co0l HeOOXiaHI KOHCTAHTH,
IO TIPAIIOIOTh MPABWIIBHO JIMIIE TSI BUMIiPIOBAIIb-
HUX OJIMHUIIL TUCKY Yy Oapax i 3araabHONpPUKHSATA
NPaKTHKa TOKa3ye, 10 OUIBIIICTh PO3PaXyHKIB JUIS
CHCTEM 3BOPOTHOTO OCMOCY BEIyThCSl B TAKUX OJU-
HUIIX, X BUKOHAHO caMme Yy Takuii croci6. dakrop
TEMIIEPaTypHOI MOTPaBKy uid Temmepatypu < 25°C
npuitasaTo 0,48. Peaizartiss Mojei BUKOHaHA B TIPO-
rpamHomy cepenosuiti MATLAB [9-10]. Mogens
BUKOPHCTaHA JJIsl CHHTE3Y CUCTEMH KePyBaHHSL.

Ha BUpOOHUIITBI JJ1si CHCTEMH 3BOPOTHOTO OCMOCY
HalJacTilie BHUKOPHCTOBYIOThCS OJHOKOHTYPHI CHC-
temu kepyBaHHs 3 [II[I-perymsaropom. IHupokoro
BUKOPHCTAHHSI HaOyMW PETYIATOPH, IO BHUKOPUCTO-
BYIOTBCSI B TIPOTPaMOBAaHOMY JIOTIYHOMY KOHTpOIEpi
3 minidku Siemens Simatic S7. Cepen BUMIpIOBaIb-
HUX TpHIagiB MOXKHa BifgHectu cepito MTP-138 Bix
BITUM3HSAHOT KomrmaHii «Mikpom». B poboti mpo-
BEJICHO HAJIAINTYBaHHS PETyIsTopa 3a JIOMOMOTO0
nporpamyBanHs (GyHKUiH Matlab Simulink y Omori
PID-controller. 3rimHo 3 HaJamTyBaHHAMH TPOTPaM-
HOTO CEpeloBHIIAa MOXKHA 3pOOMTH BHCHOBOK MPO
napaMeTpy HaJallTyBaHHS KOHTPOJIEpa.

[Ticnst orpuMaHHs pe3ynbTaTiB Oylno MPUHHSTO
pillleHHs TPO 3acTOCYBaHHS B JOCIIKEHHIX
MPC-perynsaropa. MPC-perymarop — THII HOBIT-
HBOTO PETYISATOpa, IO (PYHKIIOHYE 3a JTOTIOMOTOI0
nepe0aYeHHs] TIOBEIHKM CUCTEMHU B THX YH 1HIITHX
yMoBax poOoru. Yacrto Takuil THI peryssiTopa
3aCTOCOBYIOTh Yy aBTOMOOUIBHIA MPOMHUCIIOBOCTI,
KOJIM TTIOTPiOHO BUKOPUCTOBYBATH IITYYHUN THTEIEKT
JUTS Tiepei0adeH sl Pi3HUX CHUTYallill Ha T0po3i — Bil
MPaBWJIFHOTO KEPyBaHHS aBTO M0 IMepeadavdeHHs
JIOPOXKHBO-TPAHCIIOPTHOT mpurogu. B poOoti BiH
Oy/ile BUKOPHUCTOBYBATUCS 32Ul TOUYHINIO! Ta MIBH-
101 peakilii CHCTEMH Ha 3MIHH IiJ] Yac MepeXiHOro
nporecy poOOTH. BOHW BHUTOTOBISIOTHCS TaKUMH
KOMITaHIIMU, K Siemens ta Schneider Electric.
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Puc. 2. MPC-peryasitop EasyLogic Schneider Electric

Crin 3a3HAYATH, 10 3a3HAYCHUN TIPUCTPIA BUKO-
puctoByethes y IIJIK Bixg xommanii Siemens, Takux
sk SIMATIC S§7-1500, a Takox HOro 3acTOCOBYIOTH
y xomnauii 7esla. MPC-peryastop A NpaBUIBLHOTO
PETyIIOBaHHS KOPUCTYETHCS JIHIMHUMH MOJEISIMH
yCTaHOBKU Ta 30ypeHb. Ilicis BU3HAYCHHS JaHUX
MOJIeTIi BiH MMPOTHO3Y€E BUXIIHI CUTHAIH Ta PO3B’sI3y€
3a/ladqy ONTHUMAIIBHOCTI KBaJpaTHYHOTO IPOrpamy-
BaHHs. [Iparfoe peryisiTop TakuM YHWHOM, IO CHT-
HaJI MOJIISETHCS. HA TEBHY KUIBKICTh KPOKIiB y yaci
Ta MiJ] 9ac peryiIoBaHHs 00Upae Ha KOXKHOMY KpOIii
MOTPIOHE ONTHMAJIbHE 3HAYCHHSI, HA sSIKe HEOOXiTHO
BHITH 3aJIC)KHO BiJl TOBEIIHKU CUCTEMH Y BIAIIOBII-
HOMY TIepioji Jacy.

Ho mapametpiB MPC-perynstopa BXOAATB: 4ac
JMCKpETH3aLlii, TOPU30HT IMPOTHO3YBaHHS Ta Kepy-
BaHHS, HOMIHAJIbHI 3HAYCHHS, MacIITaOHI Koediri-
€HTH, BATH.

CuHTe3, mporpaMyBaHHS Ta HaJAIITYyBaHHS MpPO-
BezieHo y cepenoBuiii MATLAB Simulink.

[IpoBeneHO BU3HAUEHHS CTPYKTYpU PETYIATOpa
3a ponomoroo MPC Structure Ta TPOBEICHO TMeEp-
BHHHE HAJIAIITYBaHHS.

[IpoBeaeHo HamamTyBaHHS cucTeMu. OCKIIbKH
CHUCTeMa TpaIioe B TMIKOBUX CBOiX 3HAYCHHSIX
(24 Gapm) 3 mormryckom 3miHM Ha 1 Gap, TO 3HAYHOTO
MepeperyaloBaHHs B CHUCTEMiI HE JIOMYyCKAETHCA.
Tomy nmnst cTaOiTBbHOCTI CUCTEMH BH3HAYCHO TOPHU-
30HT NMPOTHO3Y sK 20, a TOPU30HT KepyBaHH: — 5.

B po6oti 3HaveHHst mapamerpa Weight Binmnosi-
Jae 3a MAHATTA Tpadika 10 MOTPIOHOTO 3HAYEHHS.
3a3Bu4ail BOHO Bi/MOBiae HOMiHAIEHOMY 3HAYEHHIO
CUCTEMHU JIJIs BXiJTHOTO KaHamy. Rate weight motpibeH
JUISl BUPIBHIOBaHHSI CHTHATy IO TaKOro 3HAYCHHS,
sike Oyle ONMTUMAaIbHUM JUIsl Hamoi cuctemu. Ilepe-
peryioBaHHs He MOTpiOHe, Yepe3 Mo CUcTeMa MOYH-
Ha€ BUXOAUTH Ha HeOOXiJgHE 3HAYEHHS ITOBUIbHIIIE,
ane ctabinpHime. Weight y BUXiTHOTO CUTHAITY HE00-
X1THUH A7 TPUCKOPEHHS CHCTEMH, ajie 3 MPUCYTHIM
MepeperyroBaHHsIM, Yepe3 110 MOTpiOHO 30epirath
OajlaHC MIXK BXIJHMMH Ta BUXIJHUMH BaraMH.
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,-=OT Define MPC Structure By Linearization - O X

MPC Structure

- —
Measured Disturbances Unmeasured |
Ld

Setpoints Manipulated Variables . Inputs Outputs i
{reference) >~ Plant > ———>  Number of UDs: 0

Number of MVs: 1

-

Number of MDs: 1

Mumber of MOs: 1

Unmeasured Disturbances Measured
>

3
| — -

4

Mumber of UOs: 0

E@I Change /O Sizes

Controller Sample Time

Specify MPC controller sample time (default sample time in the MPC block): | 1 |

Simulink Operating Point

Select | Model Initial Condition v

Simulink Signals for Plant Inputs

Selected Type Block Path

1 Manipulated Variables (MV) rosystem2024/MPC Controller:1

<} Select Signals

Simulink Signals for Plant Qutputs

Selected Type Block Path

1 Measured Outputs (MO} rosystem2024/Transfer Fcn1:1

[ Import ][ Cancel ]

Puc. 3. llepeunne Hanamrysanusa MPC-perynsatopa B MATLAB Simulink

. 485 + 24.0868 .
mo
1255+ 1
MepenasansHa dyHKUiA MPC my » !
24.0868 » ref Sarpumka peakuii
3HaUEHHA YCTABKM

MPC-perynatop

Puc. 4. Cucrema 3 MPC-peryasiTopom
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*ﬁ MPC Designer (rosystem2024new/MPC Controller) - O X
TUNING
IS
—_— Sample time| 1 | T Y T [
MPC Controller| mpcT ~ | PO ﬂ’T Robust Closed-Loop Performance Aggr(lessive @
Internal p|am[ plant - \ Constraints Weights Estimation T Review  Store Export
— Control hori; 5 - | 0 [ | i =
ontrol horizon Models Slower State Estimation Easter Design Controller Controller .
CONTROLLER HORIZON DESIGN PERFORMANCE TUNING ANALYSIS a
- Plants i |5 scenariol: Input X i |7 scenariol: Output X
plant
Input Response (against internal plant) Output Response (against internal plant)
25 T T T T 12 T T T T
—
1k
2t 1
= Controllers
mpc1 08} 4
L 151 1
S -
3 B
g w
c .
o 06 4
:
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= =
1} 1
04r 1
- Scenarios
scenario
05F 1
0.2 1
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M
Puc. 5. HamamryBaHHS cHCTeMH Ta ii peakiist
’i MPC Designer (rosystem2024new/MPC Controller) - [m] X
TUNING
o
—_— Sample time| 1 ﬁ i N (
MPC Controller| mpc1 -] DU ﬂ’T Robust C\osed—Loop‘ Performance Aggréssive E]
Internal Plant[ plant - \ Constraints Weights Estimation | Review Store Export
— Control hori: 5 - | o | [ i i =
ontrol horizon Models Slower State Estimation Easter Design Controller Controller B
CONTROLLER HORIZON DESIGN PERFORMANCE TUNING ANALYSIS a
~ Plants i | scenario: Input X i |5 scenariol: Qutput X
plant
Input Response (against internal plant) Output Response (against internal plant)
1 T T 25 T T T
0.9 /’/ o~
/
/
038 / 20
h f/
~ Controllers H /
0.7 /
mpc1 —
g / ~
£ g
% 0.6 8 15
T -
= c
B 05 frd
=] =
5 3
(&) c
o 04 § 10
o =
=
03
~ Scenarios
scenariol
02 5
0.1
0
0 500 1000 1500 2000 0 500 1000 1500 2000
Time (seconds) Time (seconds)
4

Puc. 6. Ilepexinna xapakrepuctuka cucreMu 3 MPC-peryasiTopom
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BucHoBku. bByno nocmikeHO MOMYIBHHM KOH-  HIX TEXHOJIOTIH TPOTPamMOBaHOrO JIOTIYHOTO pelie
TEHHEpP CUCTEMH 3BOPOTHOTO OCMOCY, po3pobienuit  Siemens LOGO. CHUHTE30BaHO CUCTEMY KepyBaHHS
koMmraHiero «Hepekc» 3 IMIUIEMEHTAIliEl0 HOBIT- 13 peanizaiito MPC-peryatoBaHHs.
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Sytnikov A.V., Lukiniuk M.V., Ftemov A.O. SYNTHESIS OF A WATER TREATMENT CONTROL
SYSTEM USING A MODULAR CONTAINER OF A REVERSE OSMOSIS SYSTEM

The article presents the basic provisions for creating a control system and the principle of programming
the regulator unit for a modular container of the reverse osmosis system installed at the southern mining
and processing plant. Nowadays, the vast majority of natural sources of fresh water have the status of being
unsuitable for human consumption as drinking water. Based on the fact that clean water for consumption is
the main human need, which is responsible for the very existence, the problem of the lack of reliable water
supply requires urgent and qualified solutions. Modern capabilities are represented by a variety of water
purification methods. The paper presents the automation of the purification process using a unit in the form
of a modular container with a reverse osmosis system, which provides a high-quality product in the form of
purified, softened and demineralized drinking water. An analysis of the state of production was conducted, it
was found that a PID controller is used in almost all production facilities, and the principles of control using a
system with an MPC controller are not applied. In turn, MPC-regulation is a type of regulator that functions by
predicting the behavior of the system under certain operating conditions, used in industry when it is necessary
to use artificial intelligence to predict various situations of the technological process. In the work, the object
of research is a modular container of the reverse osmosis system, which is installed at a number of domestic
and foreign manufacturing enterprises. Programming of a logic relay and synthesis of a control system with
the implementation of MPC-regulation are the main tasks of the research. The model of the reverse osmosis
membrane type CSM RES8040-BLF was considered. After the obtained modeling results, a decision was made
to use the MPC-regulator in the research. In the conducted research, it was used for a more accurate and faster
response of the system to changes during the transient process of work. The synthesis, programming and tuning
of the regulator were carried out using the MATLAB Simulink environment.

Key words: control system, membrane, filtration, measurement, accuracy class, programming, software
environment.
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