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AHANI3 CTPYKTYP HEYITKUX PEIYJIATOPIB AYITOBUX
CTANENNABUIIbHUX NEYEU

Pozenanymo  cucmemui  nioxoou 0o cmpyKmyp pecyiamopig 'y cucmemax agmoMamuyHo20 Kepy8aHH:
ENeKMPUUHUMU PeHCUMAMU OY208UX CMANeniasuibHux neuel. Ilposedeno auaniz nioxoodie 0o cunmesy HeUimKux
pe2yraAmopis 015 0y208uUx CmManeniasuibHux nevei. 1Ipogedeno 00CaiodHcents OUHAMIYHUX XAPAKMEPUCTIUK CUCTHEM 3
HeuimKuMu pe2yiamopamu ma npoedeHo NOPiGHANbHULL AHATI3 3aNPONOHOBAHUX HEYIMKUX CUCHEM 3 MUNOSUMU.

Knrouosi cnosa: enekmpoounamiuna cucmema, CucHmema agmoMamuiHoz0 Kepysants, 0y208a CaieniasuibHa
niu, ITD/[-pecynamop, neuimkuii KOpeKmop, Hewimkuil pezyiamop, Heuimka 102ika, YYHKYia HaneHcHoCcHi.

IocranoBka npodsremu. J{1st 3HAYHOI KUTBKOCTI TEXHOJIONYHIMX TPOLIECIB TA EJIEKTPOTEXHIYHUX 00’ €KTIB 3aCTOCYBAHHSI JIHIMHOT
Teopii aBTOMATIYHOIO KePYBaHHS JUI CHHTE3y PEryJsITopiB iX peKnMIB He 3a0e3redye OTpUMaHHs Oa)KaHWX IMOKa3HHKIB poOOTH
TaKHX CHCTeM. Y OUIBIIIOCTI BUTIA/IKIB iCHYIOUI METOIM CHHTE3Y HEJIiHIIHIX CHCTEM CIPSMOBAaHI Ha 3a0€3IIeIeHHS CTIKOCTI CUCTEM, a
He Ha QopMmyBaHHs il moBemiHkk B apHamini. CydacHi MeTomM Teopii KepyBaHHS, 30kpeMa, feedback mimeapmsaris, pobactae
KepyBaHHSI JOCHTh CKJIAHO 3aCTOCOBYBATH JO TaKuX 00’€kTiB. Lle TOB’S3aHO SIK 31 CKIIAIHICTIO MaTeMaTHYIHHUX MOJCTeH, sKi
ONHCYIOTB TaKi 00’ €KTH a00 TEXHOJIOTTYHI IPOLIECH, TaK 1 31 CKJIAIHICTIO caMOi IPOLIETypH CHHTE3Y KEPYIOHOTO BILTHBY.

AHali3 nomepeaHix gocaimkeHb Ta myOJikaunid. Ha cporomHinmHiii neHb, ITMPOKOTO 3aCTOCYBAaHHS B CKIIAIHHX
cucTeMax HaOyJ0 BHUKOPHCTaHHS METONIB Teopii IHTENeKTyalnbHOTOo KepyBaHHA. [Ipm CHHTE3I KepylouHMxX BIUIMBIBY B
cucteMax 3 fuzzy-peryasitopoM BHKOPHCTOBYIOTH pi3Hi migxomu. [Ipote, sik 3a3HedeHO B pobotax Yager R., “Hemosnikom B
CHCTEMI KEpyBaHHs 3 HEYITKHUM PETryJSITOPOM € BiAICYTHICTh CHCTEMAaTH30BaHMX METOIB IX INMPOEKTYBAaHHS Ta aHali3y’ .
TpamumiiHuid miaxin, mo 0a3yeThes HAa 3HAHHIX EKCIIEPTa Ha MEPIIOMY €Talll CHHTE3y HPH3BOIUTH 1O JOBOJI TPOMI3IKUX
6a3 mpaBWiI 1 B OUTBIIOCTI BHUIAJKIB CTPYKTypa peryjsTopa BUMarae nojaibinoi onrtumizanii. 3acrocyBanns fuzzy ITI/I-
peryisitopiB (puc. 1) chopMOBaHHX 3 BUKOPHUCTAHHSAM IMOXHOKH, 1i TOXIAHOI Ta IHTErpally MOXHWOKM BHMAarae BH3HAUCHHS
3HAYHOI KUTBKOCTI KOS(IiEHTIB PETYIATOPa Ta BHPIIIIEHHS MPOOJIEMH HaiHTETPOBYBaHHS. BiybII IeTabHO HETOMIKH TaKHUX
PETYIATOpiB Ta MOXJIMBI NUIIXH iX yCYHEHHS MOKa3aHo B poboti [3]. 3okpema, HaBite mmsi cuaTedy [ll-perymsaropa
BUKOpHCTaHHA mimxoxy MacVicar-Whelan [5] Beze 10 oTpiUMaHHS TPOMI3IKOI 0231 TIPaBHLIL.
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Pucynox 1 - Cxema cucmemu xepysanns 3 newimkum  Pucynok 2 - Cxema cucmemu kepyeanns 3 I1IJ[-pecynamopom
peaynamopom ma 1020 HewimKuM KOpeKmpom

OmHrM 3 TUBIXIB TIOKPAICHHS XapaKTEpUCTHK CKJIAMHUX CHCTEM € TIOEJHAHHS METOMAIB KIACHYHOI Teopi KepyBaHHS Ta
HTENEKTYabHIX TIxoiB. OCHOBHHIA PEryISITOp B TAKMX CHCTEMaX CHHTE3YETHCS METOIOM Teopil JIHIHHOTO KepyBAaHHS, a 3a1adecto
HEUITKOTO PeryJsiropa € (popMyBaHHsT KOPETYFOUKX BIUIMBIB (PHC. 2), sIKi KOMIICHCYBATUMYTh TapaMeTpruyHi 30ypeHHs, HEBIIOBIIHOCTI
MOJIETTI, JUTST SIKOI CHHTE30BAaHO KEpyIOUMiA BIUIMB METOZIOM Teopii JIHIHHOIO KepyBaHHS B 00JIaCTi MPOCTOPY CTaHIB, B sIKii mepeOyBae
crctema. CHHTE3 TaKUX PEryIIITOPIB MPOBOJIATH, B OCHOBHOMY, 3 BUKOPHICTAHHSIM 3HAHB EKCIIEPTIB Ta METOLTY riepedopy.

[Tpsime 3acTocyBanHs peryisitopa Tty Takari-CyreHo, CHHTE30BaHOTO 3 BUKOPHCTaHHSIM METOJy KepyBaHHS 38 TIOBHUM
BEKTOpOM cTaHy (puc. 3), id CKJIAMHUX CHCTEM NPH3BOIUTH JO TPOMI3IKUX 0a3 IpaBWI, OCKUIbKH, CHHTC30BAHHIA
KepYyIOUHi BIUIMB € (YHKIIEI0 0araThoX 3MIiHHUX ISl KOJKHOI 3 SIKMX BU3HAYEHI CBOI JITHTBICTHYHI 3MiHHI. 3aIpOIIOHOBaHI B
[3] mizxomu no cuntesy IIIJ] perymsropa Ha ocHOBI Qasudikaiii TUIBKM MOXHUOKKM peryiroBaHHs (puc. 4) MOXYyTh OyTH
YCHIIIHO BHKOPHCTaHi 1 J1s cuHTe3y perymsitopa Takari-CyreHo 3 KepyBaHHSM 3a HOBHHM BEKTOpOM cTaHy. Ha mpomy
pucynky & — inenTudikarop cTany, Ha OCHOBI IKOTO (hPOPMYETELCS KEPYIOUHH BIUIUB, a 3MiHHI X He (Gasu@ikyloThes.
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Pucynox 3 — Cxema cucmemu 3 Hewimxum Pucynox 4 — Cxema cucmemu 3 Hewimxum
Pe2ysmopoM 3a NOGHUM 8EKIMOPOM CIAHY pezyamopom, 8 aKomy asupikyemocs
© Jlosuncoxuti A.O., Hapanuyx A.C., lemxie JLI., 2013 Juue noxXubKu pezyno8anis
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®opmy.aoBanHs Hijeii crarTi. CucTeMy nepeMilieHHs eIeKTpoIiB (puc. 5), 30kpemMa, OyJI0 JOCIIKEHO B CTATTAX
[1, 2]. ¥V nmepmiii 3 HAX NOCTIIPKEHO CHUCTEMY 3 HEYITKUM DEryJISITOPOM 3a IOBHMM BEKTPOM CTaHy, a B JpYrid
JOCIIIJPKEHO CHCTEMY IEPEeMILeHHs eIEeKTPOJIiB 3 HEUITKUM KOPEKTOpoM. B itepaTypi BiICYTHI MiIXOAW IO CHHTE3Y
HEUITKHX KOPEKTOpPiB, B TOW K€ Yac IJIsi CHHTE3y KEpyBaHHS 3a NMOBHHM BEKTOPOM CTaHy BHKOPHCTOBYIOTH H00Ope
Bimomi kmacuaHi Metonu. JocmimkenHio cucteMu 3 HediTkuM [11/I-perymsaTopoM mpHCBSYEHO, 30KpeMa, CTaTTio [4],
OITHAK HABEJCHI TaM Pe3yJIbTAaTH HE JAI0Th MOXIIMBOCTI TIOBHOIO MIpOIO BiATBOPUTH MOJIEIHOBAHY CHCTEMY.
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Pucynox 5 — Cucmema asmomamuynozo pe2ynoganus nonooenns enekmpodis J[CII (wumpuxosanoro nini€io noO3HAYeHO
eapianm KepyeanHs 3a NOSHUM 8EKINOPOM CHAHY).

BpaxoByroun ckiIamHICTE 00’€KTa 3aCTOCYBaHHS KIIACHYHOI Teopii KepyBaHHA HE Ja€ MOXJIMBOCTI 3MIPOEKTYBaTH
BHCOKOE()EKTUBHI CHCTEMH, a iICHYIOUi CHCTEMH KepyBaHHs He 3a0e3MeUyIOTh IIOCTaBIICHI BUMOTH Y TOBHIHM Mipi.

Buknan ocHoBHOro martepiasy. Ilpoananizyemo eeKTHBHICTh 3aCTOCYBAHHS JBOX i3 3TafjaHUX BUIIE ITIXOMIB, a
caMe CHCTeMY KepyBaHHs 3 KOPUI'YIOUMM HEYITKUM PETYJIATOPOM Ta CUCTEMY KepyBaHHS 3a IOBHHM BEKTOPOM CTaHy,
IUTA KepyBaHH repeMirneHHsM enextponis B JCIL.

Ha puc. 6 mokazaHo yacoBa 3aJI€KHICTh JOBXHHH IYI'M Yy BHUIAJKy BUKOPHCTAaHHS CEPIHHOIO IMIEIaHCHOTO
peryJisitopa (puc. 6a), peryJisaropa 3 HeYiTKMM KOpeKTOpoM (puc. 60) Ta peryisropa 3a MOBHUM BEKTOPOM CTaHy (puC.
6B) mpu @, = 50. OCHOBHI IIOKa3HUKHU SKOCTI JMHAMIKH BIAINPallOBaHHS J€TEPMiHOBAaHUX 30ypEHb 3a JOBKHHOIO AyTH

3BemeHO y TaOm.l. AmHami3 OTpHIMaHUX MOKAa3HWKIB Ja€ 3MOTY CTBEPDKYBATH, IO 3aCTOCYBAaHHS IPUHIIUIIB
IHTETIeKTYaIbHOTO KEePYBaHHA , Y TMOPIBHAHHI 3 CHCTEMOIO 3 IMIEIaHCHUM PETYIIATOPOM, 3a0€e3MeUy€eThCS IIBHIIINI
BHUXIJ] Ha 33J]aHuil piBeHb (PYHKIIOHYBaHHS CUCTEMH 32 BiJICYTHOCTI IEPeperyItOBaHHS.

Tabmuus 1 — IToka3HUKK AMHAMIKK TOCHIPKYBaHHUX peryisitopi nosxunu ayr JCII.

XapaKkTepHucTuka
Yac nepiroro Makc. moxu0ka B
[TepeperymntoBanus, % JIOCSITHEHHST OKOJTY Hac suxony na YCTaJICHOMY PEXUMI
Tun ’ .. yCTaJICHUH peXuM, C 0 ’
peryusTopa pob6o4oi TOUKH, C %
301Ib1I. JIOBXK. SMCHII. 301IBIII. TOBXK. SMCHIIL. 301IbII. TOBXK.| 3MEHIII. 301IBI1I. SMCHIIL.
K.3. ayru JOBIXK. K.3. ayru JOBIXK. K.3. ayru JOBXK. TYTH K.3. JIOBIXK. IYTH JOBIXK.
Y IyTH y JyTH Y Ay Ay JyTH
ImnienancHui| 18.5 9.6-16.6 6.5-17.5] 0.405 0.2 0.3 1.03 0.5-0.9 0.56-0.94 2.45
3 HeuiTkIM | g5 55 0 0.5 | 0.207-0.34 | 0.8-1 f0.5| 034-095 | 08-1 2.55
KOPEKTOpOM
Heuitkuii
peryisTop 3a 0.54
IIOBHUM 0 0 0 1.05 | 0.38-0.43 0'78- 1.05] 0.38-0.43 | 0.54-0.78 0.43
BEKTOPOM '
CTaHy
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Pucynox 6 — Yacosi 3anesxcnocmi 006axcunu 0yeu el1ekmpood 3a 6UKOPUCIMAHHS a) IMReOancHo2o peayasmopa, 0)
pe2yiamopa 3 HewimKuM KOPeKmopom, 8) Heuimko20 pe2yisamopa 3a NOGHUM 6eKMOPOM CIMAHY
Tyr [, — OoBXuHA Iyru eleKTpoJa 3a Iil JeTepMiHOBaHUX 30ypeHb 3a JOBXKHMHOK Oy 1 3piBHOBaXKEHOI

KiHEMaTHYHOT CXEMH MEXaHi3My MEPEeMIllIeHHS eNeKTPO/a.
BucnoBku. [lopiBHIOIOYM MK COOOK JOCHTIIKYBaHI CUCTEMH B IIEpIIy 4epry CIiJ 3a3HAYMTH Maibke LUTKOBHUTY

BIJICYTHICTh T€pEperyJifoBaHb Ta KOJIHMBAJIBHHX PYXiB IPH 3aCTOCYBaHHS CHUCTEM 3 IHTENIEKTYaJbHMM KepyBaHHSM, IO
minBuIIye 3HococTirkicTs MexaHi3miB JICII. V Bumagky KOpPOTKOrO 3aMHKaHHS HEUITKUN PEryJsiTop 3 KOPEKTOPOM Mae
CYTTEBHH (10 IBOX pa3iB y MOPIBHSHHI 3 IHIIMMH JOCIIPKYBAHMMH PETYJISITOPAMHU) BUTpAI B Yaci BUXOJy Ha yCTaJICHHN
pexum Ha (oHi BiICYTHIX KoivBaHb. [IpoTe MpH BiAlpallfoBaHHI IHIIMX PEXWMIB, 30KpeMa 3MIiHHM JOBXHHH JYyTH, IeH
PETYJISATOp CYTTEBO MPOTPAE HEUITKOMY PETYJISATOPY 3a IIOBHUM BEKTOPOM CTaHiB. KpiM TOro y HEHiTKOro Kopekropa Oiiblia
MOXHOKa B YCTAJIGHOMY PEXHMi, XO4a BOHA 1 3HAXOJWUTHCS B JIOIMYCTUMUX MEXax, a/pke B CHCTEMI IPHUCYTHS 30HA
HeuyTBocTi & =20% . Ilporpain HEWiTKOro peryssTopa 3a IOBHMM BEKTOPOM CTaHIB MOXKHA YCYHYTH, B3SIBLIM IHIIY
CTPYKTYpY peryjsTopa, 30KpemMa 3MiHUBLIN 3HAYEHHSI CEPEeTHHOI€OMETPUYHOI0 KOPEHS 00 ILBHUAKOIIIO CUCTEMU.

175



ISSN 2074-2630 Hayxkosi npaui JouHTY. Cepis: «Enexkmpomexuixa i enepzemuxay Nel(14)’ 2013

OpnepxaHi pe3yJIbTaTH CBIMYATh IPO JIOLUIBHICTH 3aCTOCYBaHHS CHUCTeM iHTesekTyansHoro kepysanus JCII npu
MoJiepHi3anii un npoektyBaHHs HOBUX CAK 3a Takoro kepyBaHHS 3aMiCTh CUCTEM 3 IMIIEJAHCHUM PEryJISITOPOM, aJiKe
TaKMUM YMHOM MOJKHA OJIEp>KaTH ITOKpPAIIEHHs 32 yCiMa JIOCHIPKyBaHIMH ITapaMeTpaMH.
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A. 0. JIOBUHCKWUIA, 5. C. TIAPAHYVYK, JI. 1. JIPDMKIUB
HanunonanbHblil yHUBepcUTET «JIbBOBCKAs IOJIUTEXHUKA

AHAJIN3 CTPYKTYP HEYETKHX PeryJsiTopoB IyroBBIX CTAJENJIaBHIbHBIX medeld. PaccMOTpeHbl cUCTEMHBbIE
MOJIXO/IBI K CTPYKTypaM PEryJsiTOpoB B CHCTEMaX aBTOMATHYECKOT'O YIPABJIEHUS JJICKTPHUECKUMH PEKMMaMH TyTOBBIX
CTalCIUIaBIIBHBIX Tedeld. [IpoBeneH aHanmM3 NOAXOJAOB K CHHTE3y HEUETKHX PETYJISATOPOB JUIS JYTOBBIX
CTNCIUIABIIBHBIX Tiedel. [IpoBeneHo wuccienoBaHNe IMHAMUYECKHX XapaKTepHUCTHK CHCTEM C HEYETKHMH
pEeryJIATOpaMu U MPOBEACH CPABHUTEIBHBIN aHAIN3 NIPEATIOKEHHBIX HEUSTKUX CUCTEM C THITMYHBIMH.

Kniouesvle cnosa: 31eKmMpoOUHAMUYECKAA CUCHMEMA, CUCHEMA ABMOMAMUYECKO20 YNpasieHus, 0y208a:
cmanennagunvnaa neus, IIH/[-pezynamop, neuemkuii KOppeKmop, HeuyemKuii pezyiamop, Heuyemkas J102UKd,
dynkyua npunaonesxcnocmu.

A.LOZYNSKYY, J. PARANCHUK, L. DEMKIV
National University "Lviv Polytechnic"

Analysis of the Electric Arc Furnaces’s Fuzzy Regulator Structure. Application of linear control theory for
controllers regime synthesis does not ensure the desired performance of the system for a large number of processes and
electrical facilities. In most cases, the synthesis methods of nonlinear systems are aimed at ensuring the stability of
systems rather than forming its behavior in dynamics. Modern methods of control theory, in particular, feedback
linearization, robust control are difficult for application to such objects. It is concerned both to the complexity of
mathematical models that describe such objects or processes and to the complexity of the synthesis procedure of the
control action. One of the possible ways to improve the performance of complex systems is to combine classical
control theory with intellectual approaches. The main regulator in such systems is synthesized by means of the linear
control theory and the task of fuzzy controller is to develop corrective actions to compensate the parametric
perturbation, discrepancy of the model for which the managing impact by means of the linear control theory was
synthesized. Synthesis of such regulators is mainly conducted using expert knowledge and method of enumeration.
Direct application of the Takagi-Sugeno controller, synthesized using the method, for complex systems leads to
cumbersome rule bases, since the synthesized control action is a function of many variables for each of which its own
linguistic variables are defined. Known approaches to the synthesis of PID controller based on fuzzification of only
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control error can be successfully used for the synthesis of Takagi-Sugeno full state feedback controller. This paper
investigates the system of electric arc furnace’s electrode regulation. Taking into account the complexity of the object,
classical control theory application does not allow constructing cost-effective systems, and existing control systems do
not fully provide all the requirements. We analyze the effectiveness of two of the above mentioned approaches, namely
a control system with correction fuzzy controller and system for system which regulates electrodes in arc furnace. In
the literature there are no approaches to the fuzzy corrector synthesis and at the same time to synthesis full state
feedback control one uses well-known classical methods. Analysis of the results obtained suggests that the application
of the principles of predictive control in comparison to a system with impedance controller provides faster output for a
specified level of system functioning without overshoot. So, comparing each studied system one should note almost
complete absence of overshoot and vibrational motions at application of intelligent control systems which increases
durability of arc furnace mechanisms. In case of short circuit fuzzy controller with corrector has a significant (up to
two times compared to other monitored regulators) winning time of entering the default mode with almost no
fluctuations. However, at other modes, in particular changes in arc length, this regulator essentially losses to a fuzzy
full state feedback regulator. Furthermore, fuzzy corrector has the larger error in the steady state, although it is within
acceptable limits, since there is a 20% dead zone present in the system. The loss of fuzzy full state feedback controller
can be removed by taking a different controller structures, including changing the value of mean geometric root or
system performance speed. The obtained results confirm the expediency of intelligent control systems for arc furnaces
at upgrading or designing new ACS for such control systems instead of impedance control, because in this way one can
obtain improvements by all studied parameters.

Key words: electrodynamic system, automatic control system, arc furnace, PID-controller, fuzzy corrector, fuzzy
controller, fuzzy logic, membership function.
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