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PO3POBKA CUCTEMMU KEPYBAHHSA
PETEHEPATUBHOIO CKJIOBAPHOIO ITITY4Y10

Y ecmammi naoano ocnoeni ¢idomocmi no npoyecy 6UcOMoBIeHHs CKIOMACU Ma CKIOBAPIHHA 3A2A0M,
HAOAHO acnexmu ma OOIPYHMOBAHO HEOOXIOHICIb CMEOPEHHS CUCMEMU KepYBaHHSA MenI08UM DetCUMOM
pe2eHepamusHoi CKI08ApHOI nedi, NoCMasieHo 3a80aHHs, WO BUCYBAIOMbCA 00 cucmemu KepysauHs. Ha
OCHOBI NPOBEOEHO20 AHANI3Y NONEPEOHIX OOCTIONCEHD, NOB8 SA3AHUX 3 POZPOOKOIO CUCMEM KepYSaHHs pOOOMOI0
CKI08APHOT neyi, 6y10 chopmMosano memy ma 3a80aHHsL Q0CaiOdceHb., Byno euxopucmano memoo cucmem-
HO20 aHANi3y, K HAUOLIbW 8I0N0GIOHUN O/ GUPIULEHHSL OCHOBHO20 3a80anHs pobomu. 11i0 uac gpopmysanns
aneopummy KepysanHsa sukopucmana yHieepcanvua moga UML. Bci cknadosi uacmunu mexHonociuHoz2o npo-
yecy (6xioni ma 6uxioni) napamempu npeocmasieHi y euensoi 300paxcens. llJo 6yde ckradamucs 3 610Ky
AKMUBHUX eIeMEHMiB, OAHUX MEXHOLO2IUH020 Pe2laMenmy, 0a306ux QyHKYil ma iHpopMayiliHux nomoxis.
s spyunocmi gci enemenmu 6ynu 36edeni 00 mabauyb eremenmis. 3 300pasicenv OVia CMBOPeHa ABMoMa-
MUYHA cUcmema KepysanHs CKI08ApHOI0 niuyio 3 donomozorwo diazpamu eapianmis (Use-case diagram). Bci
83aEMO0IT MIJHC KOMNOHEHMAMU BUKOHAHI 3 O0NOMO2010 NOCTIO08HOI nepedayi Oanux 3a 8iON0GIOHI iHmepealu
uqcy. Ilocnioognicmv 0aHux U3HAYAEMbCI 3HAYYWICMIO 0151 MEXHOL02IUHO20 npoyecy ma 6i0nosioHicmy Oitl
mexHonoziunozo peznamenmy. Cucmema Kepy8anHs mMenio8UM PedCUMOM peceHepamueHoi CKI08apHOi neyi
npedcmasiena ¢ pobomi y euenidi oiacpamu Kiacie, wjo 0ani0 MOMCIUGICMb 6 epagpiunii gopmi onucamu
6CI CKAAO08I YACMUHU ANI2OPUMMY KEPYBAHHS Md 83AEMOOIA MIdC HUMU 8 NPOSpAMHUX O1okax. B poni knacy
BUCTYNANLA KOHKPEMHA CKAA008a YACMUHA CUCTeMU KepY8aHHA. Aneopumm, wo peanizyc 0CHOBHUL pecyns-
mop npedcmasieHuti 3 00nomo2ot0 diazpamu cmawy. Po3pobnena cucmema 0ana MONCIUBICIb MAKCUMATIBHO
OnepamueHo 8UKOHY8amu Kepigui 0ii Ha0 npoyecom no0ayi NAIbLHO20, ONMUMIZVIOUU NOKASHUKY UMPAMU.

Kniouoegi cnosa: cknosaprna niu, cucmema xepysanns, UML Oiacpamu.

IocranoBka mpodiaemu. CKIOBapiHHSA IOCUTDH
CKJIagHU{ Mpolec, W0 MoTpedye BEIHKHX 3aTpar
MaJIMBHO-CHEPTETUYHUX pecypciB. B po3BuHEHHX
KpaiHax BHTpaTH NalvBa Ha BapKy ckia B 1,5-2 pasu
HIDKYE, HIK BITYM3HSHI IMOKAa3HUKU aHaJIOTTYHOIO
BupoOHHUNTBA [1]. OCHOBHMM 3aBIaHHSAM BITYM3HA-
HOI CKJIOBapHOi IPOMHUCIIOBOCTI € JOCSITHEHHS CBIiTO-
BOTO PIiBHSI €KOHOMIYHOT €()eKTHBHOCTI Y BUPOOHU-
LITBI CKJIA.

Ykpaina Mae oOMeXeHi 3amacu MPUPOTHOTO Ta3y
1 IPAaKTUYHO BCi MUTaHHA [OCTAYaHHS MAJIBHOIO HA
MIPOMUCIIOB] MiANPHEMCTBA BUKOHYIOTHCS IIISIXOM
iMnopryBanHs. Llinm Ha manbHe (MPUPOAHUI ra3)
3pOCTaIOTh 3TiHO 3 TEHACHIISIMA PHHKY Ta MPOTHO-
3aM EKCIIepTiB BiJIOBIIHOT Tany3i, TOMy BHUKOpPHC-
TaHHs ra3y HeoOXiZHO BECTH 3 MaKCHUMAJIbHOIO €KO-
HOMI€I0, Ha I[IM HEe TOTIpPIIYI0YH SKiCTh BUPOOICHOT
MPOAYKITii.

CKIafHICTh TEXHOJOTIYHOTO HpoLecy BUPOOHU-
[TBa CKJIOMacH moTpeOye CTBOPEHHsI Cy4acHOi aBTo-

MaTHYHOI CUCTEMH KepyBaHHS, 110 Oy/ie BiAMOBIIaTH
norpedaM BUPOOHUIITBA.

CxJIoBapiHHA SIBJISE COOOI0 HAWOLNBII aBTOMA-
TH30BaHy CTajil0 B TPOIECI BUPOOHHUIITBA CKIIA.
OCHOBY aBTOMaTH30BaHUX CHCTEM CKIIQIAI0Th MIKPO-
MPOIIECOpHi 3acO0M KOHTPONIIO Ta KepyBaHHs. [lpm
PO3B’sI3aHHI 3aBJaHHS aBTOMATH3AIlil POIIECY CKIIO-
BapiHHS Ha MEPEHIH IIaH BUCYBAETHCS HU3KA YHMH-
HHKIB:

— TIATPUMAHHS PETIaMEHTy TEXHOJOTIgHOTO
mpoIiecy;

— ONTHUMAIILHUU PEeKUM POOOTH CHUCTEMH Kepy-
BaHHS;

— OIepaTUBHE KEePyBaHHS 3HAYCHHSIM BUXIIHOTO
napaMerpa — TeMIIepPaTypH CKIIOMAacH.

AHaJi3 OCTaHHIX JOcCTigxkeHb i NmyOJiKamii.
[MuTaHHAM PO3POOKH CHUCTEMHU KEpyBaHHS 3aiiMa-
Jlacsi HU3Ka BITUYM3HSHUX Ta 3aKOPJOHHHUX BYCHUX,
10 BiIOMTO B poboTax [2-6]. Po3misHyTO nmpuHIMITH
CTBOPCHHSI aBTOMAaTH30BaHOI CHUCTEMHU KepyBaHHS
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NiATPUMKHA TeMIepaTypy y BapwIbHIM 30HI medi,
KOHTPOJIIO TEMJIOBOTO PEKUMY POOOTH CKIOBapHOi
neyi. Hanano 3aci6 BpaxyBaHHS e(eKTy BiJ] MiAIrpiBy
MOBITPS, 110 HAAXOIUTH Ha MPOIIEC TOPIHHS, B pere-
Heparopi medi.

IlocranoBka 3aBaanHusi. Mera pobotu — cru-
parodynuch Ha MOIMEPEAHi MOCIiIKECHHS, PO3POOUTH
CHCTEMY KepyBaHHS TEIUIOBUM DPEKHUMOM pereHe-
paTHUBHOI CKJIOBapHOI redi, Mo Oyie peanizoByBaTH
ONTHMAaJbHE MTPOrpaMHe KepyBaHHSI.

Buknag ocHOBHOro marepiajy AOCJiI:KeHHs.
SlkicTh CKJIIOMAacH BW3HAYAETHCS TOYHICTIO Tif-
TPUMKH HAOOpy MapaMeTpiB HA Pi3HUX eTarax TeXHO-
JIOTIYHOTO TIporiecy BapinHsa. CKIIaIHICTh KepYBaHHS
3yMOBJICHA 3alli3HEHHSIM II0 KaHANaX KepyBaHHS.
Ilix 9ac mocmimKeHHS CHUCTEMH KEepyBaHHS TEIIO-
BAM PEXHMOM pPEreHepaTHBHOI CKIIOBApHOI BHKO-
PUCTOBYETHCSI METOJ] CHCTEMHOro anamizy [7; 8],
10 Ma€e MIUPOKI MOXKIUBOCTI JOCHimkeHb. [lix dac
(opMyBaHHSI aJITOPUTMY CHUCTEMH KEpyBaHHS JUIs
TEXHOJIOTIYHOTO MPOIIECY BUTOTOBJICHHS CKIIOMACH,
HEOOX1THO 3aaTHCs KpUTEpieM KepyBaHHs [9], a mist
3pyYHOCTI BHUKOPUCTOBYBaTH YHIBEPCAIbHY MOBY
nporpamyBanHs UML, mo sBis€ cO0O MaKcH-
MaJIbHO HIMPOKI MOKIIMBOCTI AJIsl peatizamii mocTas-
JICHUX 3aB/IaHb.

Ha TeopeTnyHO-MHOXMHHOMY DPiBHI TEXHOJOTid-
HUH Tporec MoXke OyTH TMPENCTaBICHWUH Yy BUIIIAII
300paxeHs [7; 8] :

T,,AxBxY,,xR->Y,, 1<n<N.

ne A={a,...a,} — ONOK aKTUBHUX EJIEMEHTIB CHC-
TeMH KepyBaHHs, B={b,...b,} — 610k 6a30BUX PyHK-
uiit, R={r,...r,} — OJIOK TEXHOJOTIYHOTO PETIIAMEHTY,
110 HAKJIaJEeH] Ha TOKAa3HUKKA CUCTEMH Ta BiAIOBiIae
TEXHOJIOTIIHOMY TIpotiecy, Y={y,...y,} — 010K iHbOop-
MAaLlIHUX [MOTOKIB B CUCTEMI.

Taomusg 1
3HaveHH eleMeHTIB 0JI0KiB

Enement XapaKTepuCTHKA eJIeMeHTA

a, AJNTOPUTM BUTOTOBJICHHS CKJIOMACH

a Oneparop SCADA-cucteMu KepyBaHHS

IPOIIeCOM
b OnuTyBaHHS BUMiPIOBAIEHAX
! MPUCTPOIB B TOUKAX BUMIpPY

b, BuMiproBaHHS BUTPATH MAIEHOTO

b, BxuttoueHHs1 B poO0Ty pereHeparopis

b, PeBepc noaym’s

bs Kyt moBopoty numMoBoro mubepy

b ABapiiiHa cuTyanis

b, IIBUAKICT 3aBaHTAKCHHS IITHXTH

r KpuruuHe 3Ha4eHHs TapaMeTpy THCKY

7, IToka3HUKH TEMIIEPATYPHOTO PEKUMY
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7 MartepiansHuit 6ananc
i [Tokasn nar4mkiB piBHS CKIOMAcH
Buxiguwnii 1o6oBuii 00°em
V2 OTPUMAHOI CKJIOMACH
Temmeparypa ra3y npH BHIBOTY

s 3 MaJbHUKA

Vs [Toka3u TepMOMapu CKICHiHHSI
[Toxas3u Temmneparypu Ha IOBEpXHi

s cksromacH (mpomerp)

Ve [Nokasu TepMonapu JHa

¥y Temmeparypa pereHeparopis

Vs Yac pob0TH 110 KO)KHOMY 3 MaJIbHUKIB

) BuTpara rasy 3a naJpHHKaMH

Vo CHiBBiTHOIIICHHS T'a3-MIOBITPS
CroctepexxeHnHs 3a Gopmoro dakena

Y NaJbHUKA Ta MOKPUTTS J3epKasia CKIOMAcH

Y12 Kyt numoBoro mmbepa

Vi3 PoGora pereneparopis

IBuakicTh poOOTH 3aBaHTAKyBa4a IIHXTH

Vs Ta CKJI00O0T0

Vis 3MiHA BUTPATH a3y 3a NaJbHUKAMHU

Vi CurHai pesepcy HoimyM s

Bino6paxanus 7, OyayTb MaTu TakKMid BUIVISA Ta
3BEJICHI B TAOJHIIIO ISl 3pYYHOCTI POpMyBaHHS Jia-
rpam:

Ha cxemi mim Hymepali€ro TO3UWIlHA MpeacTaB-
JeHi: 1 — KepyBaHHS TEIJIOBUM PEXHMOM Iiedi;
2 — KepyBaHHA MarepiajJbHUM OajaHCOM TIedi;
3 —mepenaya JaHUX CUCTEMi KepyBaHHSI; 4 — MOXKIIHBI
Iii oneparopa; 5 — Bi3yallbHHI KOHTPOIb OIeparopa.
®dakTUIHO OTpHMaHO nBa piBHI kKepyBaHHi — ACP
TEIUIOBOrO pexxumy Ta omeparop SCADA cucremu.
3 omady Ha cxeMy puc. 1. MoxHa ckaszaru, mo ACP
sIBJIsiE COOOI0 HYDKHIM PiIBEHb KEPYBaHHS MPOLIECOM, a
oIepaTop — BEPXHill piBEHb.

B3aemopis MiX CKIAQIOBUMH KOMIIOHEHTAMU
BHKOHAaHa 3 JOIIOMOTOIO TIOCIIIOBHOI Tepemadi
MTOBiIOMJIEHB 3a BiqNoOBinmHI iHTepBanm 4acy. [locmi-
JIOBHICTh TMOBiZOMJICHb BH3HAYAETHCS 3HAUYILICTIO
JAHOTO TIOBIJOMJICHHS [UIsl TEXHOJIOTIYHOTO HPOLECy
Ta BIAMOBITHICTH il TEXHOJOTIYHOTO pErIaMEHTy
(sIx puKIIaA — HE MOXKHA 3HIMATH MOKa3W BUXIITHOT
TeMIIepaTypy IpU BUMKHEHHUX MaJbHUKAX Ta 3aBaH-
Ta)XXyBadax).

Hns cucteMu KepyBaHHS TEIUIOBUM PEKUMOM
CKJIOBAapHOI Meui Oy/e BUKOpPHUCTaHa JiarpaMa Kiacis
[10; 11], mo mo3Bomnsie B rpadivHiil popMi onucaru
BCI CKJIaZIOBI YaCTHHH aJITOPUTMY KepyBaHHS Ta B3a-
€MOJIisT Mi>k HIMH B IIporpaMHHX Oytokax. ITin kimacom
Oyne po3mIsaaTHCs KOHKPETHa CKJIQJoBa YacTHHA
CHCTEMH KepyBaHHS.
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Puc. 1. CrBopenns ACP ckioBapHoi neui 3 ronomororo aiarpamu Bapiantis (Use-case diagram) UML
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Puc. 2. Cucrema KepyBaHHS TeNJIOBUM Pe:KMMOM pereHepaTuBHOI CKJI0BApPHOI meyvi

b

IMmiHa TEMNBPATYRH CKNOMECH Binnpaska aHaYeBHKA CHrHANY
Ha NyYNLT onepaTopy

A
Axania 30H4 nedyi 3anuc aHaverHa
BAIHAYEHHA NEpapiay TEMNEpPaTYPH Ta BITDATH -‘_:’.
Ao Gasw gaHix

A

Mepagaqa CUIHANY KEPYBAHHA
00 nansHKa

PopMYyBAHHA
CHIHANY KepyBaHHRA
ANA NankHAKa

Puc. 3. UML niarpamMu cTany ajJropuTMy KepyBaHHs
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Tabmuus 2
3HaveHHs 300paxkeHb
3aJIesKHO BiJI eJieMeHTIB 0JIOKIB
Bxigni Buxigni
=
; - = o o
3 ] == = =
. 3 = E 3 g5 ‘g =
Bino6paxkanns T, = = = = % s 3
< S S = == Z B
z = | sI | BE | &f
S = S =
& e £ o = =
= s 5 = = =
] @ o o=
Z © =
=
T, IToka3aHHS JaTYNKIB BUMIPIOBaHHS a b, Ty, ¥y 1 - V1=
T, Kyt moBopoTy AMMOBOTO mubdepa a bs 7 - Y1 Vi
T, Butpara ra3-nosirps a, b, P Vs = Yo Vis
T,Po6ora pereneparopa a, by P Ya=Yio Yis
T PoGora 3aBaHTa)KyBaya a, b, 8 Y= Yia
T, PeBepc (akeny maabHUKA a, b, - Ya—Vio Vi
T, BizyanpHu# KOHTPOJIb a, - SR LTS . Ju
T, i mpu aBapiiiHiil cutyanii a, a, bg T, 1o 1 1= Yu YisVie
T, 3miHa mapaMeTpiB TeX. MPOIeCy - - STRATR) Y1~ Vu Vi

[porecy, Mo BiOYBAIOTHCS B OCHOBHOMY PEryiisi-  KEPyBaHHS TCIUIOBUM PEXHMOM PETeHEPaTUBHOT
Topi (control3 puc. 2) mpencTaBiIeHO Ha JiarpaMi CTaHy.  CKJIOBApHOi Ie4i Ta HAJAaHO aJITOPUTM KEpyBaHHSI.
BucnoBku. Takum gmHOM, po3poOiieHa cucteMa  Bci po3poOky BUKOoHaHI 3 moroMororo UML miarpam.
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Zhuchenko A.L, Sytnikov A.V. DEVELOPMENT OF THE CONTROL SYSTEM OF
REGENERATIVE GLASS MELTING FURNACE

The article gives the basic information on the process of making glass and glass in general, presents the
aspects and justifies the necessity of creating a control system for the thermal mode of a regenerative glass
furnace, and presents the tasks put forward in the control system. Based on the analysis of previous studies
related to the development of control systems for the operation of a glass furnace, the purpose and tasks of
research were formed. The method of system analysis was used as the most suitable for solving the main task
of work. When forming the control algorithm, the universal language UML was used. All components of the
technological process (input and output) parameters are represented as representations. That will consist of
a block of active elements, data of the technological regulations, basic functions and information flows. For
convenience, all elements have been reduced to the elements tables. From the displays, an automatic glass-
glass furnace control system was created using the Use-case diagram. All interactions between components
are performed by sequential data transmission at appropriate intervals. The sequence of data is determined by
the importance for the technological process and the compliance of the technological regulations. The thermal
regeneration glass furnace control system is presented in the form of a class diagram, which made it possible to
graphically describe all components of the control algorithm and the interaction between them in the program
blocks. The role of the class was a specific component of the control system. The algorithm implementing the
main regulator is represented by a state diagram. The developed system made it possible to carry out control
operations on the fuel supply process as efficiently as possible, optimizing the cost parameters.

Key words: glass furnace, control system, UML diagram.
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