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BBICOKO3®®EKTUBHOE TEXHOJIOI'MYECKOE OBOPYJOBAHHUE. ITPOBJIEMbI
IMPOEKTUPOBAHUSA

AHAJIN3 DOPEKTUBHOCTHU PABOTBI AJITOPUTMOB PEI'YJIMPOBAHUA,
INHOCTPOEHHBIX HA AHAJIOT'OBBIX U FUZZY — PEI'YJIATOPAX

Mymxkapésa K. P., I'psiznoB U. E. (Borel TV, 2. Borzcoepao, Poccust)

The qualities of working capacity PID regulators constructed on the basis of traditional systems and
on the basis of fuzzy logic are analyzed in this report. The schemes of one-planimetric systems of
automatic control with analogue regulators (3 kinds PID regulators) and fuzzy — regulators in a
feedback are simulated. These schemes are designed in the environment of Mathlab. Optimum
parameters of adjustment of these regulators are chosen. Schedules of transients specified above
regulators are constructed and the obtained data is analyzed.

Ha coBpemMeHHOM 9JTame pa3BUTUSA KIACCUYECKOM TEOPUM aBTOMATUYECKOIO
YIOpaBJICHUSA CYIIECTBYCT SAPKO BBIpAKCHHAs TCHIACHLHUSA  YBCIMYCHUSA  CIOXKHOCTH
MaTeMaTU4YeCKUX U (POPMATBHBIX MOJIENIEH PEeaTbHbIX CHCTEM M MPOLIECCOB PETYIUPOBAHMUS.
DTO CBI3aHO CO CTPCMJICHHUCM IMOBBICUTH HUX aJICKBATHOCTHL U YYCCTH BCC GOHBH_ICG HUCII0
pa3IUYHBIX (PAKTOPOB, OKA3BIBAIOIIUX BIUSHUE HAa paboTy cuctembl. OIHAKO TPaJUIIMOHHBIC
MCTOJbI MOCTPOCHUMA Mo,ueneﬁ HC MPUBOJAAT K YHOBJICTBOPUTCIIBHBIM pPE3YyJIbTaTaM, KOIr'Aa
HCXOOHOC OIIMCAaHUuEC Honnemameﬁ PCHICHUTO Hp06JI€MLI 3aBCAOMO SABJIACTCA HECTOYHBIM HJIN
HernoJHbIM. C IpYroil CTOPOHBI, CTPEMIIEHHE TOIYYUTh BCIO MCUEPIIBIBAIOIIYIO HH(POPMALIUIO
JUIL TIOCTPOGHHMsS TOYHOM MaTeMaTHMYecKOM MOJENU CKOJb-HUOY/Ib CII0KHOHM peabHOU
CUTYyalluU MOKCT MMPUBECTU K TOTCPC BPEMCHU U CPCIACTB.

B 1'[0,[[06HBIX cIrydadax Hanboee I_ICJ'IGC006pa3HO BOCITIOJIB30BaThCA TaKUMU MECTOJaMH,
KOTOPLIC CTICHUAIIBHO OPUCHTUPOBAHBI HA ITOCTPOCHUC MOI(GJICIZ, YUYUTBIBAIOIIUX HCIIOJIHOTY
U HETOYHOCTb HCXOAHBIX JaHHBIX. HNmenno B Takux CUTyalllsIX TCEXHOJIOTUsS HEYCTKOI'O
MOJCIUPOBAHUSA OKa3bIBACTCS Hauboiee KOHCTpYKTPIBHOfI, IMMOCKOJIBKY 3a IIOCJICIAHCC
JCCATUIICTUE Ha €€ OCHOBC OBLIH pCHICHBI COTHU IMPAKTUYCCKUX 3aJa4 YIHpPaBJICHUA U
IIPUHSATHS PELICHUN.

B NoCJaICAHUC ToAbl B CHUCTEMbI aBTOMATHU3alUU TCXHOJIOTHYCCKUX IIPOLECCCOB U
MMPOU3BOACTB HA4YaJIM AKTUBHO BHCAPATHCA MOACIIN, MCETOAblI W TCXHHUYCCKUC CPCIACTBA,
OCHOBAHHBIC Ha TCOPUHU HCUCTKUX MHOXKCCTB. H_[I/IpOKOMy pacinpoCTpaHCHUIO fuzzy-cmTeM
YIIpaBJICHUA B HEMaJIOl CTEIIeHU CHOCO6CTByeT nporpamMmmHasi CUCTEMa Matlab, B COCTaBC
KOTOpOW wmMeeTcs maker mporpamm mo fuzzy-morumke. Fuzzy Logic Toolbox mo3sBossier
CO31aBaThb U pCAAKTUPOBATH fuzzy-cmTeMm YIIpaBJICHHUSA C HEYETKOH JIOT' HKOﬁ, Ha3bIBA€CMBbIC
B TEPMHHAaX nporpammHoii cucrtembl Matlab - Fuzzy Inference System wmm FIS. Dtu cucrembl
MOKHO CO3[aBaTh, HCIIOJIb3Yyd KaK Fpa(I)I/I‘-IeCI(I/Ie HHCTPYMCHTBI, TaK U KOMAaHJbI pa60qer (0}
okna Matlab.

BCSIKyIO MOJCJIb MOXXHO HNPCACTAaBUTH HGHOHKOﬁ IIOCIIE€A0BATCIBbHO COCIMHCHHBIX
3BeHbeB. McXons W3 3THX Mojened, MOXHO (OpMHUPOBaTH CTPYKTYpPHI IEpeaaTOYHbIX
¢byHKuMi B mMMUpOKOM auamna3zoHe oTHomeHui t/T. Hamell nenpio sBISUIOCH MOJIydeHHE
Fpa(bI/IKOB, C MOMOIIBIO KOTOPLIX, UMECA IIaPpaMCTPhI ’E/T, MOKHO OIIPECACIIUTb 9KBUBAJICHTHBIC
501 NepeaAaTOYHbIC (I)YHKLII/II/I, yI[O6HBIe JJIs1 MOACIINPOBAHUA. H606XOI[I/IMO
MMpOaHaAJIN3UPOBATH pa60Ty AJITOPUTMOB, UCIIOJIB3YS MMOJIYYCHHBIC ICPEAATOYHBIC (bYHKHHH

MOI[GJ'H/I NpEaACTaBJICHBI B  BHAC HCNOYKHU  IOCICAOBATCIBHO COCAUMHCHHBIX
MHEPLUOHHBIX 3B€HBbEB C NEPEAATOYHON (HyHKIIMEH!
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[TpoBeneM HECKOJIBKO dKCIIepUMeHToB ais N=2,3,4,5,6,7,8.
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[TocTosiHHBIC BpEMEHH 3BEHBEB YCTAHABIUBAIOTCS CIIEAYIONIMM 00pa3oM:
T1=1500
Th=Th1-b, (2
b=0.3; 0.5; 0.7.
JInst ykazaHHBIX MoJelield OOBEKTOB TOJYYCHBI TEPEXOHBIC XapaKTEPUCTHKH, IO
KOTOPBIM ONpE/EICHbl 3HAYCHUs YCIOBHOro mapamerpa T/T M mocTpoeHsl Tpaduku
BhIpakarorue 3aBucuMocts /T ot N (puc.l).
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[MTonyueHHbIE MOAETH OOBEKTOB MOKHO IPOU3BOJBHO Pa30OMTh HA CIEAYIOIINE TPU
TPYIIIIBL.
e /T =pn00.15
e 1/T=0.15-0.28
e /T =or 0.28 u BeIIIE
N3 npeacTaBICHHBIX rpaKOB  BBIOpAHBI TP TeperaTovHbie  (DYHKIIHH,
COOTBETCTBYIOIIHME TPEM BHIOPAHHBIM TPYIIIIAM.

©/T=0.12
W (p) =1/((1500p +1)(450p +1)(135p +1)(40,5p +1)) 3
©/T =0.24
W(p)=1/((1500p +1)(750p +1)(375p +1)(187,5p +1) (93,75p +1)) (4)
o/T =0.37
W (p) =1/((1500p +1)(1050p +1)(735p +1)(514,5p +1) (360,5p +1)(252,1p +1) * 5
*(176,5p +1)) ®)

Ha o0bekrax, nmpencTaBieHHBIX MEPEeIaTOYHbBIMU (DYHKIMSAMU BBILIE NPH €UHUYHOM
CTYIIEHYaTOM BO3JEHCTBUH, MPOBEICH aHAIN3 PAOOTHI CIEAYIOIINX PETYIATOPOB!
1 Kinaccuueckuit uneansusiit [I]] perynsatop ¢ nepenaroyHoit GpyHkuuei:

1
W(p)=K, +.|.u—p+Top (6)
2 Peanbusiii [11M]/]a perynstop, ¢ nepeaTouyHolt GyHKIKEH:
1 1 K,T 1
W(p) = —=— (K +——+—2-2F )
Ko.c. TP T() p+1 TMM/KO.C. p+1

3 Peanpnsiii [TUJ16 perymnsTop, ¢ nepenaToyHoON QyHKIIUEH:
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KTp, K@p+d | 1 1
T()p+l Tp(KyK+l)+l TuM/Ko.c.p+l KO-C-

W(p)= (8)

4 Fuzzy perynsrop, OCTPOCHHBIN Ha OCHOBE ainroputMa Mamaanu.[1]

[TapameTpsl peryisTopoB OBUIM pPAcCCYMTaHBI C TMOMOINBI TIpadOoaHATUTHISCKUX
MeTo10B[2].

Pe3ynbraThl pacyeToB 3aMKHYTBIX CHCTEM PETYIMPOBAHKS, CTOUKU 3PEHHS PA3IHYHBIX
KPHUTEPUEB, NIPE/ICTaBIICHBI B TabuIe 1.

Tabmuna 1. Kpurepuun kauecTBa peryasiTopoB

Perymnsarop Ilepenarounas Ilepenarounas Ilepenarounas
dynkuus (3) dynkuyst (4) dynxuus (5)
I” tp, C I” ty I” t,
TT1]] 0,7228 5000 0,7366 7000 0,7543 30000
[T 1a 0,6873 4500 0,7337 7500 0,6822 24000
[T 16 0,7201 12000 0,7281 13000 0,6356 25000
FUZZY 0,7014 5400 0,6527 6500 0,6100 9000

Tak kak omeHka pabOTBl pPEryasTOPOB IO OJHOMY KpPUTEPUIO KauecTBa HeE
OOBEKTHBHA, OBUIO TPHUHITO pEIIEHWE CpaBHHUBATh TIPYIIY IOKa3zaTeslel: BpeMms
perynuposanus (1), nepeperynuposanue (G) ¥ HHTETPaTbHBINA KBaJPaTUIHBINA KpUTEpUil (1%).
Jins  ynpolieHuss TapamMeTpbl  PEryJliaTOpoB  BBIOMpPAJUCh TakKUM  00pa3oM, 4TOOBI
nepeperyIupoBanye ObUTIO PaBHO HYIIIO.

WHTerpanbHblil KBaApaTUYHBIN KpUTEPU OLIEHUBAJICS 1O (hopmyIe:

7 an 7
== _J:} - dt 9)

Ha ocHOBaHMY NOJY4YEHHBIX JAHHBIX MOYKHO CJIENATh CIEAYIOLINE BBIBOIBIL:
Bo-nepBbix, npumenenune FUZZY — perynatopoB nis MpOCTBIX CHUCTEM C
otnomenueM /T = mo 0.15 sBiusercs He menecooOpa3HbIM, TaK Kak B Ipolecce

pEeryJaupoBaHus OH MMEET HE CaMblil MEHBIINM MHTETPAIbHBIA KBAaAPAaTUUHBIM KPUTEPUU U
HalMEHbLIEe BpeMs  peryJupoBaHME CpeOu  pealibHbIX  perynsatopoB.  CambIMu
MUHHMAaJIbHBIMH KPUTEPUSMHU KadecTBa CUCTEMBI peryiupoBaHus obnagaer cucrema c [11/]a
PEryasTOpOM, 3TOT PErYIATOP U sABisAeTCs Hanbosee 3p(HEKTUBHBIM B TPOCTHIX CUCTEMAX.

Bo-BTOpBIX, Uil CUCTEM ¢ 0OBEKTOM, 00JIaIalOIUM OTHOLICHUEM C OTHOIIeHHEeM T/ T
ceeimie 0,15 wucnonszoBanue FUZZY - perynaropoB nHaubonee s¢dextuBHO. Tak kak
peryaupyemasi UM cuctema o0jagaeT HauMEHbIINMHU 3HAaY€HUSIMU KPUTEPHUI KauecTBa.

Ha mnpousBoacTBe wamie BCEro MPUXOTUTCS CTAJIKUBATBCA C HEJIWHEHHBIMU
oObekTamu. [loaToMy paccMoTpeHue paboThl PEryisiTOpOB Ha OJHOM U3 TaKUX OOBEKTOB
KpaiiHe HeoOxomumo. B pabore BbIOpaH OOBEKT BKIIOYAIOUIUI pENEHHYI TUIOBYIO
HEJIMHEHHOCTh C 30HOM HEYYBCTBUTEIBHOCTU. B JaHHBII MOMEHT IIPOBOAUTCS AHAIIU3
3G PEKTUBHOCTH PETYIUPOBAHMS HEIMHEHHOTO 00bEKTa
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