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CUCTEMA KEPYBAHHA TEIVIOBUM PEXKUMOM
CKJIOBAPHOI ITEYI BAHHOI'O THUITY

Pozenanymo anzopumm no6yoosu cucmemi KepyeauHs peeHepamugHolo CKIO8ApHOIO NiYY10 8AHHO20 MUNY HA
OCHO8I MOOeNi CKNA0o8Ux 00 €Kmy KepyeaHHA. BUKOHAHO OOCHIONCEHHA CMBOPEHOI cucmeMu KepyeaHHs ma
cnpowents O Nooaslio2o cunmesy. 3a oonomoezolo MathLab ta Simulink. Ompumani epagixu nepexionux
npoyecie no GUXIOHOMY napamempy ma napamempu HACmpotixy pecyramopie koumypia. llocmagnena sadava Ha
nooanvuti O0CONCeHHS.
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MocranoBka 3a1a4i Ta aHAJI3 MONEPeAHIX T0CTi/LKeHb. [IpH CTBOPEHHI CHCTEMH KEPYBAHHS TEXHOJIOTITHAM
00’€KTOM, OJHIEI0 13 OCHOBHHX IIPOOJNEM CTOITh HASBHICTh aJEKBATHOI MOZCT OO0 €KTY KepyBaHHA. B
poboTax [1, 2] pO3rIIHYTO €TamM BHBEACHHS MATEMATHYHOI MOJENI CKIOMACH, K OO0 €KTYy KEpyBaHHSI Ta
TICPEBipeHO 1i aaekBaTHICTD. [ maHOi MOaCHi HEOOXITHA CTBOPHTH CTPYKTYPY CHCTCMH KCPYBAHHA, BUXOIIIH 3
0CcOOIMBOCTEH MPOIIECY BAPKHU CKJIA.

B pobGori [3] mpuBeacHO NPHHIMI CTBOPCHHS OIOK-CXEMH KCPYBAHHSA TEIUIOBHM PEXHEMOM pPOOOTH
pereHEpaTHBHOI CKIOBAPHOI Ie4i BAHHOTO THIY. I1id BiIXHOCHTBCS X0 00 €KTiB 3 PO3MOIUICHUMH HMAPAMETPaMH,
IHEPIIIHHUX, 3 CAMOBHPIBHIOBAHHSM, 31 30YPEHHAM, IO BHIAE IepeadavucHuii pe3yabrar. Ha cxemi mpeacTaBicHoO
3aci0 3mIHCHEHHS IMEPEBOAY IOJYM sl TOPITOK, OJHAK HE TPHBEIACHO 3aco0y KEPYBAHHS CIIBBITHOLICHHS Ta3-
TIOBITPSL.

CknosapHa miv, mo OyAe po3rigaTucs B AaHIH poOOTI BIAHOCHTBECA A0 PETCHEPATHBHUX 3 MONCPCUHUM
TOJAHHAM TIOJyM 1. PereHeparop — kaMepa, BCCPSIHHI K01 3HAXOAUTHCSI HACAAKA Ta BiAOYBAEThCA HATPIB MOBITPA
BiampansoBaHUME Ta3amu. CKIATAETHCH 3 BAHHH TICUi 31 CBOJOM, MAP TOPLIOK PO3MIMCHHX 1m0 000X OOKAaxX medi,
pereHepaTopiB, CHCTEMH 3aBAHTAXKCHHS, BIANPANOBAHOTO KaHATy. Pakes moayM s TOPITOK MAa€ KOHYCOIOMIOHY
(hopMy, PO3MIMIYETHCA HAA PO3IUIABOM Ta MCPCKPHBAE BECh MPOCTIP MK ABOMA CyCimHiMEH mapaMu. Binsinx
BIAMPANOBAHNX AUMOBHX Ta3iB BiIOYBAETHCA MO CHCTEMI AUMOXOMIB. 110 3HAXOAATHCA MM BAPHOIO 30HOIO MEHUi
[4, 5]. Ha puc. 1 mpeacrasicHa CTPYKTYpa HCHUi.

Pereneparop PereHepartop
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Puc. 1 — PereneparnBHa CKJIOBAPHA IiY 3 TIONEPETHAM MO JAHHSM TOJIYM’ ST

[Nepesaroro newi 3 MOMEPEUHUM HOJAHHAM HOIYM SI B TOMY, IO JJI1 KOKHOI IIAPH TOPIJIOK MOYKHA 3aJaTH CBOE
CIIBBITHOIICHHS Ta3-TOBITPA, TAKMM YMHOM MiATPHMYBATH HEOOXITHY TEMIICPaTypy B KOKHIH 30HI BAHHH IICHi,
PETYJFOBATH MIBHAKICTh Ta HANPSAM KOHBCKTHBHUX TOTOKIB CKIOMACH. B CKIOBApHiH mewi 3 IiIKOBOTIOTIOHUM
TOJAHHM TIOJyM sI /Bl TMAPH TOPIIOK PO3MIINEHI B OJHOMY KiHII medi, (aken momym’ s mae U-moxibHy Qopmy,
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TAKUM YMHOM KOXKHA IIPALIOIOYA TOpiITka oOirpiBae Bech NONyM stHEH mpoctip. CKiIoMaca B TaKuX I€4ax
XAPaKTCPU3YE€THC MCHIIOI0 CTYTICHIO TOMOTCHI3amii [5, 7].

Cucrema KepyBaHHS NEPEMHKAE TA30Bi MOTOKM B IMapax TOPUIOK TAKMM YMHOM, OO OJHA MpaIfoBala HA
TOPIHHA TANHBA, 4 Apyra Ha HarpiB Hacankw. Yepe3 (DikCOBaHHMH MPOMIKOK 4acy BiZOYBA€THCA NEPEMHKAHHA
ra30BHUX MOTOKIB (peBepe). Lle mae MOKITHBICTh MAKCHMAIBHO 3HH3HTH 3aTparu manbHOTO [8]. Ha BHpoOHMUTBI
CHCTEMaMH KepyBaHHA peamizoBani y Burpial IBOKOHTYpHHX ACP 3 TII[I-perymaropom. OCHOBHOXO 3a1a4ci0
CTOITh BAOCKOHAIICHH! iCHYFOUOI CHCTEMH KEPYBaHHJ, IO Oye CPAMOBAHA HA IIABHIICHHS SKOCTI BHPOOHHIOTO
MPOLIECY.

jini crarri. PO3rasHyTH CTPYKTYPY CHCTEMH KEPYBAHHS BHXOIUH i3 PE3YIBTATIB MONEPEAHIX JOCTIIKESHD Ta
Momeni 00’ exty kepyBaHHA. Po3poburn 3aco0u peamizamii ganoi Moaemi B MathLab 3 OTpUMAHHSAM PE3yIIbTATIB
podotn.

BuxkJjiag 0CHOBHOIO MaTepiay.

Sk 3a3HAYAI0Ch BUINE OCHOBHOKO 33a4CH0 CHCTEMHU KEPYBAHHSI € PETYIFOBAHHS BUTPATH Ta3y, IO 3a0€31CHHTh
OinbIn sSKiCHE (CKOHOMHE) BHKOPHCTAHHS MANBHOTO. [IpH BHpIIICHI MOCTABICHOI 3a1a4i B CHCTEMI BPAXOBYETHCA
KEPYBAHHS TEMIICPATYPOI0 MATbHOTO Ta  BHTPATOKO TOBITPA ((POPMYBAHHS CHIBBIJHOINCHHS TAa30IOBITPSIHOL
cymimi). Texuomoriuai ocobmmsocti ACP mo majxpHOMY 3a7€XaTh BiJ TCOMETPHYHHX PO3MIPIB, KOHCTPYKIIHHUX
0CcOOIMBOCTEH Tedi — crmoco0y mojadi moiIyM’'s Ha TOPIHHS, KiTBKOCTI TOPIIOK Ta pereHeparii temna [7, 9].
CucremMu pO3pI3HIIOTECS 32 THIIOM PETYIIOBAHHS: IO3HIIHHE TA MO TOPIIOYHE, a TAKOXK 32 PSKUMOM IIEPEBOIY
(akema — MmO TEMIEparypi, 3a MOKA3aMH TEPMOIAp, MO TEMIIEPATypl perecHeparopa Ta MOXKIMBI BapiaHTH 3a
3aJaHUM YaCOBUM KPHUTEPIEM — HE 3aJIeKHO BiX 3HAUCHHS MOKA3iB TepMOIap BiAOYBA€ETHCSA mepesia momym s [10].
ABTOMATHYHHH OUKJI NEPEBOY BiAOYBAETHCS 3 MOXKIHMBICTIO IPOTPAMYBAHHS MAY3 UL MPOJYBKH OKPEMO KOKHOI
31 CTOPIH.

B cydacHili TexHONOTIi KEPYBAaHHSA MPOLCCOM 3TIHCHIOETHCS 34 JOMOMOTO0, 3 BHKOpHUCTAHHIM, SCADA-
cucreM[4], oTHAK Y CBOKO YSPTry MPEACTABIAE JHINC MaTCpiadbHUH 3aci0 A CPOINCHHS 3a4avi KepyBaHHA. [l
pukopucTanus SCADA-cucTeMi HEOOXITHO MaTH CTPYKTYPY CHCTEMH Ta alTOPUTM KEPYBAHHS KEPYBAHHSI, Y CBOFO
Uepry 3azada po3poOKH CHCTCMH KCPYBAHHS TCXHOJOTIYHHM IMPOLCCOM HE MOXKITHBA 03 MATEMATHYHOI MOICTI
00’exty kepyBanHs [1, 2].

ITpu cTBOpEHHI CHCTEMH KEPYyBAaHHS HEOOXITHO CIHPATUCH HA ICHYIOYI CHCTEM KCPYBAHHS, MPU3HAYCHHI I
MATPUMKH 33IaHUX TAPAMETPIB TEdi y BCTAHOBICHOMY PE)KHMI, ABTOMATHYHOTO KOHTPOJIO TEXHOJIOTITHHX
mapameTpiB. JIo ckimamy BXOAATH TPU iHPOpMAMIHHO-KICPYBaNbHI OJNOKH — MPOTPAMOBAaHHH MIKPOKOHTPOIIEP,
MAHCITH OMEpaTopa (KOHTPOIbs mepediry mpoiuecy), iHpopManiiHa cucTeMa (KOHTPOIh BHMIPIOBAIGHHX BCIIHYMH).
[Nepomit 60K BiTHOCHTHCS A0 HIPKHBOTO PIBHS CHCTEMH ABTOMATHKH, APYTHI 1 TPETiH — A0 BEPXHBOTO PIBHSL
[TporpamoBaHmif MiKPOKOHTPOJIEP — MICTUTh B COO1 ST JIOKAMBHUX PETYJITOPIB, 310paHi B €TMHOMY Oomi, pa3oM 3
TIHYHFO MIAKITFOUEHI 10 mpuHImIy ABokoHTY pHUX ACP [11-13].

Binpmm parioHambHO BHUKOPHCTOBYBATH KACKAJHY CHCTEMY  KEPYBaHHA INY4I0. Perymaaropm KOHTYpPY
crabimi3amii Ta KOHTYPY Kopekuii peamizyrors [11/1-3ak0H perymroBaHH, 00 €KT KOHTYPY cTabim3arii mpeacTasisie
COOOFO TOPLIKY, a KOHTYPY KOPEKIii — CKIIOMAacy.
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Puc. 2 — CrpykrypHa cxema kackanaoi ACP ckioBapHoi meqi

Buxomom 00’ekty Wy(p) BECTymae TeMmeparypa CKIOMAcH Y BIANOBITHUX 30HAX medl, a ¥/ (p) — remmepaTypa
ra3y, CUTHAII KCPYBAHHA #/; MPEACTABICHAN V BUTJIAII KOHTPOJIO BUTPATH MATBHOTO, A U, — PCTYJFOBAHHS TOAAM1
ra3y Mo KOKHIH i3 Topiaok. @aKTHIHO PETyIATOP CTAOLTI3YHOU0TO KOHTYPY W,1(p) Moske peamizyBaru [1I-3aKk0H, mo
3HAYHO CIIPOCTUTH MPOLEC HATIAIITYBAHHS JAHOTO KOHTYPY [14].
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Jna BimOOpy aHANOTOBHX CHTHAJIB 3 TCPMOIAP BHKOPHUCTOBYETHCA MPOMUCIOBA MEPEXA, MO0 TO3BOIIIO
CKOPOTHTH BHTPATH YaCy HA MOHTAK KaOCTFHUX MCPEK TA BIACHE MPOAYKLir0. Lle moB’43aH0 3 THM, IO BiIAANICHI
MOJYJIi BCTAHOBIIOIOTHCSA MOOMM3Y TPYMH [TATYHKIB, a MIAKTIOUCHHA A0 LCHTPAJABHOTO MIWTA VIPABIiHHA
3OIHCHIOETHCS KadeneM 31 CTaHAApTHHM iHTepdercoM 1 kabeneM »kuBIcHHS. [lapamerpu 3 IMPOMHCIOBOI MEPEXi
TIEPENAIOTHC B NU(POBOMY BHIJIII, IIE BHKITIOYAE HABEACHHS ICPEHIKOA HA CHTHANMM. B momampmmx podoTax
IIAHY €THCS HABECTH MPHKJIATH 3aMiHH OC3IPOTOBOIO CHCTCMOIO MISPEIAYl CHTHANY .

INomamemuM KpokoM € meperBopeHHs Kackamaoi ACP 1o ekBiBameHTHOI Ha 0a3i perymiropa KOHTYPY
Kopekwii. BHXoaoM CHCTEMH € BHXiA 00’ €KTY 2 — TeMIeparypa CKIOMAacH, a BXOJA0M A0 CHCTEMH KSPYBaHHA (x) —
3aJaHi YMOBH TCILIOBOTO pexkumy [14]. Cnpomena cucTeMa KepyBaHHS MPESACTABICHA HA PHUC. 3.
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Puc. 3 — Cnpomiena cTpykTypHa cxema kackaaHoi ACP ckiosapuoi medi

CropomieHy cTpykTypHY cxemy kackaguoi ACP peamisyemo B  AMathlLab ta Simulink [15], mo A03BOTHTH
CHHTC3YBaTH PCTYILATOPH BiAMOBITHAX KOHTYPiB. BHACTIAOK TOTO, MO MOACITs BAHHH NCYL 3 PO3HOAUICHHMH
mapaMeTpaMu, Il MPHKIAAY CHHTC3Y CHCTCMH KCPYBAHHS BHKOPHCTAEMO TICPEIATHY (PYHKINIO MO KOHKPETHOMY
3HAYCHHIO KOOPAWHATH X Ta TCPCHATHY (DYHKIFO TOPLNIKH, MO BHBSACHA 3TiTHO MAPAMCTPIB TCXHOIOTIYHOTO
perIaMeHTy.

J PID Pl y » 183 (I

1de+1 3345443 Adet1

x PID Controlle2 Pl Contrallerd

glass fumase temperature

Puc. 4 — Peanizanist kackaguoi ACP ckioBapHoi nedvi 3a ronomoroio MathLab

Ha cxemi Pl — perymarop koHTYpY crabimizamii (W,1(p)), a PID — peryaiarop KOHTYpY kopekuii (W,(p)).
OTpuMaHi 3HAYCHHS TTAPAMETPIiB HACTPOHKH PETYJIITOPIB BIAMOBIAHUX KOHTYPIB HABEACHO Y Ta0mumi 1.

Ta6mms 1 — Pe3yabTaTn CHHTE3Y KOHTYPIB KACKATHOT CHCTEMH KepYBAHHS PO0OTOI0 CKJIOBAPHOT mewi

KoHtyp Kr Ti T7d
Crabimizamii 1,457 4 -
Kopexuii 0,875 5 1,65

Otpumano rtpaik TEPEXiTHOTO MPOLECY, 3a JOMOMOTOK) OIOKY Scope CepemoBHINA IMITAIIHHOTO
MOICTIOBAHHSA Simulink, MPSACTABICHUN HA PHCYHKY .

Buxoasun 3 oTpuMaHHX Tpa(ivHUX JAHUX, BHIHO, MO BiAOYBAETHCS BIIXWJICHHS BiJ 3aJaHOTO 3HAYCHHS, B
CHCTCMI TPUCYTHI KOJHBAHHS, fSKi HCTATHBHO BIUTHBAIOTH HA SAKICTh BHXITHOI MPOAYKWii — HCOTHOPiIAHICTH
CKJIOMAcCH, M0 B MOJAJTBIIOMY TPH3BOIUTH 10 OpaKy TOTOBOI MpoAyKIii. [id YHHUKHCHHSA MOMIOHHX CHTyaUiil Ta
TMOBHOI[IHHOTO TPOTPIBY CKIOMACH CTOITh 33/a4a PO3POOKH ATANTHBHOI CHCTCMH KCPYBAaHHA Ha 0a3i HCUITKOI
JIOTIiKH.

OTpuMaHi pe3yIbTATH CHHTE3Y CHCTCMH, MiAXOAATH TIMBKH I KOHKPETHOTO 3HAYCHHA KOC(IiLieHTIB 00 eKTY
KCPYBaHHS, B MOJANBIINX JAOCTIHKCHHAX HCOOXITHO BPaxXyBAaTH BCi BapiaHTH Koe(ili€HTIB mepemaTHOi (hyHKIIi
BAHHU TICYi TA JOJATH MOKJIHBICTD CIIBCTABJICHHS MICPEXiTHUX MPOIICCIB Ta MAPAMETPIB HACTPOHKH PETyIIITOPA.
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Puc. 5 — lepexipnuii nponiec ACP ckioBapHof medi 3a KatoM KepyBaHHsI
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Zhuchenko A.L, Sytnikov A.V.
CONTROL SYSTEM FOR THE THERMAL REGIME OF A GLASS-FURNACE OF A BATH TYPE

The glass industry is a energy-intensive industry. Only a well-developed system for controlling the process of
production of glass, will allow the most economical use of firel and energy resources, with no variable quality of the
original product. The main task of the control system is to support a given thermal regime in the furnace.
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Before the development of the control system, an analysis of previous research in this direction was carried out, the
task was to set the type and create a model of the control object. In a series of robots a model of a regenerative
glass furnace with a transverse flame representation of a bath type type has been developed, relates to objects with
distributed parameters. The advantage of this firnace is the ability to ask for each pair of vodkas their own
correlation of gas and air. Systems differ in type of regulation: positional and violet, and also according to the
mode of transfer of the torch - temperature, thermocouple displays, regenerator temperature and possible variants
according to the given time criterion - regardless of the value of the thermocouple displays, there is a flame
transfer. Based on existing control system variants, the blocks contain a modern glass oven control system.
According to the existing control systems, it has been established that a programmable microcontroller contains a
number of regulators for implementing specific control and parameter control tasks.

The structure of the control system, the cascade ACP, was adopted, which represents the objects of the
corresponding circuits, which laws implement regulators of the contour of correction and stabilization. On the basis
of the correction circuit, the cascade system was simplified to a more comfortable type and simulated by Simulink in
MathLab. The system was synthesized - the parameters of adjusting the regulators of the corresponding circuits
were received and a graph of the transition process through the control channel was presented. Due to the fact that
an object with distributed parameters, for the correction circuit, the transfer function of a specific layer of glass
was taken.

Based on the behavior of the transition graph and the presence of the oscillation zone, further adaptation steps must
be developed to avoid fluctuations in the transient process, which may affect the lack of finished products. Also, the
task is to consider in a single control system several transfer functions corresponding to different layers of glass
and to match in one coordinate system the graphs of the corresponding transients.

Keywords: Glass furnace, cascade system, PID controller
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