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PO3POBKA FUZZY PEIYNATOPA ANt TPbOXMACOBOI
ENEKTPOMEXAHIYHOI CACTEMU 3 3ACTOCYBAHHAM MATLAB

Buxonano cunmes Fuzzy pezynamopa 01s supiulents 3a0a4i ynpasgiinia mpbOXmaco8oio eneKmpoMexaniyHor
cucmemoio. [nsa cunmesy Fuzzy peeynamopa suxopucmano nakem npuxiaonux npoepam Fuzzy Logic Toolbox cuc-
memu MATLAB. Pospobaena cxema modeni neuimxoi cucmemu 6 Simulink cucmemu MATLAB, 0o cknady axoi exo-
oums o0k pezynamopa Fuzzy Logic Controller i mooens mpvoxmacosoi enekmpomexaniunoi cucmemu. 3a 0onomo-
2010 ocHosHoi npoepamu nakemy Fuzzy Logic Toolbox - pedakmopa cucmem Heuimrkozo 8ugedenHs 6 epapiuHomy
pedicumi chOpMOBAHO CIMPYKMYPY CUCMEMU HeYIMK020 8UCHOBKY. Bubpano ninegicmuyni 3MiHHI I 3a0aHi MHOMCUHU
ix 3nauenv. Busnaueno oianazon 3minu, mun i napamempu QyHKYiti NPUHANEIHCHOCMI TTH2GICMUYHUX 3MIHHUX. Bub-
pano aneopumm Hewimkozo euctosky Mamdani. Chopmosano 6a3sy npasun neuimxozo ucnosky. IIlposedeno moode-
JIIOBAHHS MPbOXMACOBOI cucmemu 3 cunmezosanum Fuzzy pecyramopom. Bcmanoeneno, wo neuimka cucmema mae

BUCOKI OUHAMIYHI XAPAKMEPUCMUKLU.

Knrouosi cnosa: Heuimki mexnonoeii, cucmemu He4imKo20 8UCHOBKY, HeUimKa cucmemd, Hedimke YNpasiiHHs,
MPbOXMaACo6a enekmpomexaniyna cucmema, Fuzzy pezyasamop.

Bctyn

IMocTanoBka mpodiemu. B nmanwii wac 3ycmimist
6araTpOX Y4CHHX B YCHOMY CBIiTi HallpaBJIeHI Ha PO3pPoO-
OKy cucrteM ympaBiiHHS Bce OUIBII CKIaJHUMHU MpH-
CTPOSIMHU 1 TIpOIlecaMy, IO BUMArae 3aCcTOCyBaHHS HO-
BHUX METOJIB ympaBiiHHA. HewiTke ympaBiiHHA € OnHi-
€10 3 HAWMEPCIEKTUBHININX IHTEIEKTYalbHUX TEXHOJIO-
Tiif, sika J03BOJISIE CTBOPIOBATH BHUCOKOSIKICHI CHCTEMH
VIOpaBITiHHSA 32 BiICYTHOCTI MOBHOI iH(pOpMAILIii CTOCOB-
HO CTPYKTYpH, HapaMeTpiB i yMOB (pyHKLIOHYBaHHS
00’€KTIB ynpaBJiHHS.

3Bakaroyl Ha 3HAYHY CKJIAIHICT 0AaraTOMacoOBHX
€JIEKTPOMEXaHIYHUX CHCTEM Ta BHUCOKI BHMOTH /O IO-
Ka3HUKIB SIKOCTi (D)YHKI[IOHYBaHHSI CHCTEM, SIK ajbTep-
HATHBY 3BHYAilHUM METOJaM YIpPaBIiHHA JOLLIBHO
3aCTOCYBAaTH HEUITKE YIpaBiiHHA. TOMy CHHTE3 pery-
JSITOpa TPHOXMACOBOI €JIEKTPOMEXaHIYHOI CHCTEMaMU 3
3aCTOCYBAHHSIM TeOpii HEYITKHX MHOXHUH 1 HEYiTKOI
JIOTIKM € BaXJIMBOIO HAYKOBO-TEXHIYHOIO 3ajadero, a
TeMa poOOTH € aKTyalbHOIO.

AHaJi3 ocTaHHIX J0oCATHeHb i myOaikanii. Yuc-
7m0 TyONiKamiif TPUCBIYECHUX HEYITKAM CHCTEMaM
VIOPaBITiHHS BEUKE 32 00CITOM i MPOJOBXKY€E 30LTBITY-
Batucsi. B poborax [1-3] maerTbcsi aHaii3 Cy4acHOTO
CTaHy 1 NEpPCIEKTHB PO3BUTKY HEUITKHX CHCTEM YIpaB-
JHHA, aHAI3YETHCSA MPOoOIeMa HEYITKOTO MOJICIIOBAH-
Hs Ta Pi3HI miaxoau ao i BupimenHs. B [3] ocobnuBa
yBara TpHIUICHA €BOJIOLIHHOMY HEYITKOMY MOJIEIIO-
BaHHIO — PO3POOILI CHCTEM HEYiTKOrO BUBOAY 3 BUKOPH-
CTaHHSAM EBONIONIHHUX anroputmiB. B [4] 3ampomono-

BaHO HOBUH MiAXiZ IO pO3pOOKH peryisropa HEJiTKOI
JIOTIKM 3 MEHIIOI0 KIJBKICTIO MPaBWJI, IO MPH3BOAUTH
JI0 3MEHIIEHHS O0YMCIIOBaIBHOTO Yacy. B pobori [5],
MIPUCBSYCHIN pallioHAIEHOMY BHOOpPY MapaMeTpiB Hedi-
TKOTO PEryJjsiTopa, HaBeJeHO METOJMKY CHHTE3y pery-
JATOpa U HEMIHIHHOI MWHAMIYHOI CHCTEMH HA TpHU-
KJIa/1i iHBEPTOBAHOTO MasSITHHKA.

UwncnenHi myOmikamii TPUCBSYEHI NPaKTUIHOMY
3aCTOCYBaHHIO METOMIB HEUITKOTO YNpPAaBJiHHS: €JIEKT-
POIPUBOZOM €CKAJIaTOpa METPOIIOJITEHY CHCTEMH TH-
PUCTOpPHUII NEPETBOPIOBAY HANPYTH — AaCUHXPOHHUM
JIBUTYH [6], aCHHXPOHHUM €JIEKTPOIPHBOJIOM POJIHKIB
poJbranra Jyisi peryJiloBaHHs, OPIEHTOBAHOTO Ha TOTIK
[7], TeXHOIOTIYHUM MPOIECOM CHIKaHHS arioMepaTy
[8]. B [9] BUKOHAHO CHHTE3 HEYITKOI'O PErysTopa Jyis
peryJIIoBaHHs TEMIIEPaTypH B CHCTeMax BeHTWLil. B
[10]
fuzzy-cucremn HaBeneHHsS paKeTd Ha b 3 BUKOPHUC-
TaHHSAM HEYITKMX KyCKOBO-JIIHIMHUX (YHKIIH Halex-

3alPONIOHOBAHO METOJIUKY pPO3pOOKH Mozemi

HocTi. B [11] mpomoHy€eThCS KOHCTPYKIIiS alalTHBHOTO
HEWPO-HEUITKOTO PEryssaTopa s BUSBJICHHS HECIPaB-
HOCTI TEIJIOBUX ejeKkTpocTaniiii. B [12] 3anpomnonosa-
HO TIOPUIHUI METON JJis TaciHHS YacTOT 1 KOJUBAaHb
MOTY>KHOCTI B eHeprocucteMi. B [13] BukoHaHO cHHTE3
CHUCTEMH KOHTPOJIIO TEMIIEpaTypd 3 BHUKOPHCTaHHSIM
HeuiTKoi Jioriku. B [14] po3pobneHo HediTKui perys-
TOp AN KOHTPOIIFO BOJIOTOCTI BcepenuHi Terumii. B
[15] BuKOHaHO TPOEKTYBAaHHS HEYITKOTO JIOTiYHOTO
peryJsitopa 1Jisl aBTOMaTHYHOT TallbMiBHOT CHCTEMH.
Benunka KinmbKicTh poOiT SK BITYM3HAHUX, TaK 1 3a-
KOPIOHHUX JOCTITHUKIB MPHUCBAYCHA pealrizallii HediT-
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kux I1J1-, II- i ITI]I-perynsaropi [16-27]. Le#t namps-
MOK JIOCII/DKEHb € JyKe€ IEePCHEeKTUBHUM, OCKUIbKH
II03BOJISAC MIABUIIWATH IOKAa3HUKU SIKOCTI 0araTbox ic-
HYIOUHX CHCTEM YIIPaBIIiHHS B PE3yJIbTaTi 3aCTOCYBaH-
HS HEUITKHUX METOJIB.

TakuM YWHOM, aHAJi3 OCTaHHIX JOCITHEHb 1 Iy0-
JKaIii Mo 3aCTOCYBaHHIO HEUYITKMX METOIIB 10 CHHTE-
3y Cy4aCHHX CHCTEM YMpPAaBIiHHS MOKa3ye, MO 1eil Ha-
NPSIM JIOCHI/DKEHb € aKTyaJlbHUM 1 oTpedye Moasbio-
IO PO3BUTKY.

Merta cratTi. MeToio poOOTH € CHHTE3 PeryisTo-
pa Ha 0a3i TEXHOJIOTiT HEeUITKMX MHOXXHH 1 HEUITKOI JIO-
riky, peanizoBanoro B cucreMi MATLAB, s pinieHHst
3a[adi yIpaBIiHHI TPHOXMACOBOIO EIEKTPOMEXaHITHOKO
CHCTEMOIO.

Buknap ocHoBHOro martepiany

1. Mogenb Simulink HeuiTkOi
TPbOXMAaCOBOI CUCTEMU

Hns cunredy Fuzzy perymsropa TpbOXMacoBOi
€JIEKTPOMEXAHIYHOI CHCTEMH BHKOPHUCTOBYEMO IAKET
npukinagaux nporpam Fuzzy Logic Toolbox cucremu
MATLAB. Fuzzy perynstop npezactasisie co0oro cuc-
TE€My HEUITKOTO BHCHOBKY, SIKa OYyZyeThCSI Ha OCHOBI
3arajJbHUX 3HAHb PO YMOBHU (PYHKITIOHYBaHHS 1 Xapakx-
TEPUCTUKHU 00’ €KTY yIpaBIiHHS.

[Maxer Fuzzy Logic Toolbox mae 3py4nuii rpagiu-
HUH iHTEpdeiic, o T03BOIIsE BUKOHYBAaTH CHHTE3 HEdi-
TKUX CHCTEM, BUKOPHUCTOBYIOYM BiKHa OCHOBHHX IIpO-
rpam, sKi BXOJATH 1O ckiany makery. Fuzzy Logic
Toolbox iHTEerpoBaHo 3 TpadivHUM CEepelOBHIIEM iMi-
Tauiiinoro moxemosandsa Simulink cuctemu MATLAB.
Lle Hayae MOXKIMBICTD OyTyBaTH MOAENI HEYITKUX CHC-
TEM Ta IPOBOJWTH IX AOCHIPKEHHS 3acobamu Simulink.

Cxema mozeni Simulink TproxmacoBoi enexTpo-
MexaHigHol cuctemu 3 Fuzzy perynstTopoM nokaszana Ha
puc. 1. JIo ckiagy CXeMH BXOIUTH OJIOK pEeryisropa
Fuzzy Logic Controller i 6ok Subsystem, mo € Moznen-
710 00’€KTa yIpaBiliHH. Y TaHOMY BHIAJKY 1€ MOJEIb
TPHOXMACOBOI EJIEKTPOMEXaHIYHOI CHCTEMH, TOKa3aHO1
Ha puc. 2.

Monenp ckiIageHa BiANOBIZHO IO PIiBHAHB CTaHy
TPHOXMACOBOT CUCTEMH PETYJIFOBAHHS LIBHIKOCTI €lleK-
TPOTIPUBOLY MEXaHi3My MiAHOMYy IPOMHCIIOBOI yCTaHO-
BKU. ENeKTpoInpruBO BUKOHAHO 32 CHCTEMOIO THPHCTO-
pPHUI TIEpEeTBOPIOBaY — JBHI'YH IIOCTIHHOTO CTpyMy.
Cucrtema ynpaBJliHHSI Ma€ 3BOPOTHI 3B SI3KH 32 CTPYMOM
1 32 DIBUAKICTIO. Y SIKOCTI PETyJISITOPIB CTPYMY 1 IIBHI-
KOCTI 3aCTOCOBaHi MPONOPLIHHO-IHTErpalIbHI PEryJisiTo-
pu. ITapameTpu peryssitopiB BUOpaHi TaKUM YHHOM, 11O
KOHTYp CTPyMy ONTHMIi30BaHO 32 MOJYJIBHHM KpHTEpi-
€M, a KOHTYp IIBHUAKOCTI — 32 CHMETPUYIHUM KPHUTEPieEM.
Ilepra Maca mpeacTaBisie COO0I0 SKip IBUTYHA 1 KOPC-
TKO TIOB’SI3aHUX 3 HUM EJIEMEHTIB €JIEKTPOIIPUBO/IY, 1110
00epTaroThCs 31 MIBUIKICTIO IBUTYHA. Y SIKOCTI Apyroi

Macd IpPUHHATO NpPHUBEAEHY [0 IIBUIKOCTI ABUTYHA
30CcepelDKeHy Macy KaHaTy. TpeTbol0 Macoo € HpHBe-
JIeHa Maca BaHTaXYy, L0 ITiJHIMAEThCS, SIKY y3arajbHe-
HO Ha3MBAIOTh MAaCOI0 MEXaHI3MY.

ds
3P
&

Fuzzy Logic
Controller

D:} Subsystem

Eps Mc

Mpr2-Me

Puc. 1. Mogens Simulink He4iTKOT TprOXMacOBOT
€JIEKTPOMEXaHIYHOT CUCTEMU

Ha nepumii Bxin 6sioky Subsystem, TOOTO Ha BXif
TPHOXMOCOBOI CHCTEMHU TNOAaeThesi curHan Uz, mo €
anreOpaiyHOI0 CyMOIO CHHTaly 3aBIaHHS HIBUAKOCTI
Uzc i curnany Buxony Fuzzy perymsropa U. s dop-
myBaHHg Uzc BHKOpHUCTaHO OJIOK TeHepalii cTymiHda-
TOTO CUTHAITY 3 BUIIaJJKOBOIO aMILTITYI0I0.

Ha npyruit Bxing 610Ky Subsystem mogaerbest cur-
HAaJI BiZl OJIOKY OpMyBaHHS CTYMHYATOTO CHTHAIYy Mc,
IO BIJIOBIJa€ MOMEHTY CTaTUYHOI'O HaBaHTAKEHHS
esekTporipuBoxy. Jlma BimoOpaxeHHs Ha Tpadikax
MIBUIKOCTI TPHOXMAcOBOI CHCTEMH 3aJaHOTO 3HAYCHHS
MIBUAKOCTI BUKOPUCTOBYETHCS CUTHAJ 3 TPETHOTO BXO-
Iy 6moky Subsystem.

[epmmm BXimHUM curHanoMm Fuzzy perymsropa €
MOMUIIKA pEryJifoBaHHs, siKy no3zHauumo “Epsilon”,
TOOTO Pi3HMIL MK CUTHAIOM 3aBnaHHs Uzc 1 CUTHa-
JIOM, TPOMOPUIHHUM mmBUAKOCTI MexaHismy Wm/kds
(kds — xoegimieHT TOCHIIEHHS 3BOPOTHOTO 3B’SI3KYy 3a
MIBUAKICTIO). JIpyrMM BXiIHUM CHTHaJOM € MOMEHT
MPY>KHOCTI MiX JPYTOIO i TPeThOr MacamMu Mpr2 (mo-
3HaYUMO ‘“‘My”), KU TPOMOPUIHHUN MPHUCKOPESHHIO
MeXaHi3My. SIKIIO MOJENIOBaHHS HEYITKOT CHUCTEMH
MIPOBOJANTHCS MPU HAassBHOCTI MOMEHTY CTaTHYHOTO Ha-
BaHTaXXeHHA Mc, To Ha BXin Fuzzy perynsropa moxa-
eTbes curHan Mpr2-Mc. brnok Switch BukoHye mepe-
KJIFOUSHHS CUTHAIIIB.

2. CuHTe3 Fuzzy perynsitopa
TPbOXMAaCOBOI CUCTEMMU

OCHOBHOIO NPOrpaMoI0 MaKeTa MPUKIAAHUX MIPO-
rpam Fuzzy Logic Toolbox cucremu MATLAB e pena-
KkTop cucteM Hewitkoro BuBeneHHs (FIS pemakrop), 3a
JIOTIOMOTOI0 IKOTO B rpadiuHOMy pexkuMi (popMyeThest
CTPYKTypa CHCTEMH: 3aJIaf0ThCS BXI/IHI CUTHAIM CUCTe-
MH, BCTQHOBIIOETHCS METOJ HEYITKOTO BHUCHOBKY 1 iH.
FIS penakrop Hagae MOXIMBICTD B rpadigHOMY pexXuMi
MpaIoBaTH 3 JONOMDKHHUMH IporpaMamu st mo0yo-
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BH 1 KOPETYBaHHA CHCTEMH HEYiTKOIO BHCHOBKY Takw-
MU IIporpaMaMu € peAakTop (GyHKLIH NMPHHAIEKHOCTI
JIHTBICTUYHHUX 3MIHHHMX 1 PElaKTOp MpaBHJI HEYITKOTO
BHCHOBKY, IIporpama IIeperiigy IpaBui, Hporpama
Mepersiay MOBEPXHI HEUITKOTO BUCHOBKY.

Sk 3a3Havanoch, Fuzzy perymstop mnpexacraBisie
CO0OK CHCTEMY HEYITKOrO BHCHOBKY. [Iysi mpoekTy-

BaHHS CHCTEMH HEYITKOTO BHCHOBKY HEOOXiTHO BHOpa-
TH JIIHTBICTHYHI 3MiHHI 1 337aTH MHOXXHHH 1X 3HAYCHb.
B 3aBmaHHIi, 110 PO3TISAAETHCS, JTIHTBICTHYHIUMHA 3MiH-
HUMH €: Pi3HHIA CUTHATIB Ha BXOI i BUXOII PETyIsITO-
pa, ToO0TO momuiKa peryiroBanus Epsilon, npyruii Mo-
MeHT mpyxHocTi My i Buxigawii curnan U Fuzzy pe-
TyJIsTOpa.

e B

in3 Wa

kdsl¢
)

Puc. 2. Mogens Simulink TppoXMacoBoOi €JIeKTPOMEXaHIYHOT CHCTEMH,

110 BifnoBiznae 61oky Subsystem (puc.1)

Sk MHOXWHM JiHrBicTHYHOI 3MiHHOI Epsilon Bu-
KOPHUCTOBYEMO 3HAYEHHsS ‘HETaTHBHA BEIMKA IOMHII-
Ka”, “HeraTMBHa Maja MOMMJKA”, “ONMM3bKa IO HYJIA
MOMUJIKA”, “IO3MTHBHA Maja TMOMHUJIKA”, “IMO3MTHBHA
BEJIMKA TOMMJIKA”, SIKI MOXKHa CKOPOYEHO 3aIlicaTH B
cumBoniunomy Buai: NGE, NSE, ZRE, PSE, PGE.
MHOXXHHOIO 3HAa4YeHb JAPYroi JIHIBICTUYHOI 3MiHHOI,
MOMEHTY TpyXHOocTi My, €: “HeraTUBHMHN BEIUKUI MO-
MEHT”, “‘HeraTUBHUH MaJIMd MOMEHT’, “ONHM3bKUH 10
HyJISI MOMEHT’, “TO3UTHUBHHUNA Majuii MOMEHT”, “TI03u-
TUBHUMA BEJIUKUN MOMeHT”, ckopoueHo NGM, NSM,
ZRM, PSM, PGM. B sikocTi MHOKMHHU 3HAa4Y€Hb BUXIJI-
HO{ JIHTBICTUYHOI 3MIHHOI — HAIpyTH HA BHUXOII pery-
asaropa U , npuiiMaEMO MHOXXHMHY: “HEraTHBHA BEJIMKA
Hampyra”’, ‘“HeraTHMBHa Maja Hampyra”, “OJu3pKa [0
HyJIsl Hanpyra”, “IIO3UTHBHA Maja Hampyra”, “mo3UTUB-
Ha BeNWKa Hampyra”, abo B cumBodiuHOMY Buai NGU,
NSU, ZRU, PSU, PGU.

[MoOyayeMo cucTeMy HEYITKOTO BHUCHOBKY, BUKO-
pucroByroun FIS penakrop. Bun Bikna FIS penaxropa
Imicis 3aBJaHHA BCIX JIHTBICTUYHHMX 3MIHHHMX Ta iX ITO-
3Ha4YCHb MOKa3aHo Ha puc.3. Ha3sa cucremu: “Shahtny
Podem”. SIk anroputm HE4YiTKOrO BHCHOBKY BOpaHO
anroput™m Mamdani.

IIpn mpoexTyBaHHI CHCTEMH HEYiTKOTO BHCHOBKY
HEOOXiTHO 3amaTH (PYHKIT MPUHATICIKHOCTI JIIHIBICTH-
HUX 3MiHHUX. KinbkicTe QYHKIIH TpUHAICKHOCTI BU-
3HAYAE€THCS MHOYKHHOIO 3HAYEHB JIHIBICTUYHOI 3MIHHOI,
TOOTO B 3aBAaHHI, 1[0 PO3TJISAAETHCS, IS KOKHOT JIiHT-
BICTHYHOI 3MIiHHOi HEOOXiTHO 3amaTh 5 (YHKIINA Tpu-
Hane)xHocTi. Tur i mapamerpn QyHKIIH NpHHAIEKHOC-
Ti, @ TaKOX Jiala30H MOYKJIMBHX 3HAa4Y€Hb JIHTBICTHY-
HHUX 3MIHHHX TONEPEJHbO0 BU3HAYUTH HEMOJXKIIUBO, TO-

My BOHM BHOWPAIOThCS OPIEHTOBHO Ha OCHOBI JOCBIiIy
JOCTITHUKA 1 HasABHOI iH(popMamii mpo 00’€KT ympas-
JHHS, a MOTIM YTOYHIOIOTHCS IUIIXOM 0araToKpaTHOTO
MOJEJIIOBAHHS.

LB

) FIS Editor: ShahtnyPodem

File Edit View

PO

Epsilon

ShahtnyPodem

(mamdani)

XX u

My

| FIS Mame: ShahinyPodem FIS Type mamdani

And method Currert Yariakle

Or method e u

Implication win L Sl

Range [-4 4]
Aggregation max.

Defuzzification centroid

L P )

‘ [ Help ] [ Close l |

Renamed FIS to "ShattryPodem” |

Puc. 3. CtpykTypa cucTeMH HEUiTKOTO BUCHOBKY

Jis 3aBmaHHs 1 peparyBaHHS (QYHKIIH PUHATICK-
HOCTI BUKOPHCTOBYEMO MpOrpaMmy peaakropa (yHKIii
MPUHAICKHOCTI. By BikHa pemakTopa Ajs JiHTBICTHY-
Hoi 3MiHHOi Epsilon nokazano Ha puc. 4. [[ns BkazaHoi
3MiHHOI BUOpaHO 5 TPUKYTHHX (YHKIIHA MPHUHAIEKHOC-
Ti. J{ianma3oH iX 3MiHU BCTaHOBJICHO Bix —15 g0 +15.

Jis HTBICTHYHOT 3MiHHOT My Takox BHOpaHO 5
TPUKYTHUX (QYHKIIA npuHaiexHocti. [liana3zon ix 3Mi-
HH BcraHoBieHO Big —800000 mo +800000. Jlns BuXia-
Hoi 3miHHOi U BuOpaHo n'sTh QyHKUINH MPHHAIEKHOCTI
raycoBOTO THITY, Aiana3zoH 3MiHu: Bix —20 1o +20.
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CEX

< Membership Function Editor: ShahtnyPodem
File Edit Wiew

FIS Variables Membership function plots  Rlot points: 181

o [

Epsilon u

My

HGW NS IRV PSW PGV

15 ET) 5 0 5 10 15
input variable "Epsiion”

Current Yariable Current Membership Function (click on MF to select)

Mame Epsilan Mame: e

Type trimf H

Params L5 53]

Tyne infut

Range 15 15]

Display Renge

[-1515] | [ Help | [ Close | |

Selected variable "Epsilon" |

) Rule Editor: ShahtnyPodem
File Edit View Options

1. If tEpsiln is NGV and (My is NGM) then (U is PGU) (1) ~
2. If (Epsilon is NGW) and (My iz NSh) then (U is PSLD(1)

3. If (Epsilon is NGW) and (My iz ZRM) then (U is PSUD(1)

4. If (Epsilon i NGW) and (My iz PSM) then (L is ZRUD (1)
5| PCM) RIS (1)
(My iz NGM) then (U iz PSL) (1)
7.1f (Epsilon is NSWY) and (My is MSM) then (U is PSU) (1)
8. If (Epsilon is NSWW) and (My is ZRM) then (U is PSU) (1)
9. If (Epsilon is NSWW) and (My is PSM) then (U is ZRU) (1)
10, If (Epzilon is NSW) and (My is PGM) then (U is NSUJ (1)

1. If (Epsilon is ZR¥W) and (My is NGM) then (U iz PSU) (1) v

It and Then
Epsilon is My is Uis

NG ~ MGU -
MEM
ZRM FRU
PSM PsU
PG PoLI
[ net [ nat [ nat
Connection Wieight:
Oor
) and 1 Delete ruie | [ Addrule | [ Change rule |

Puc. 4. ®yHkuii npuHANEKHOCTI JIIHTBICTUYHOT
3mirHOI Epsilon

OpHuM 3 HAWOLIBII BiMMOBIJAIEHUX CTAIlB MPHU
MPOEKTYBaHHI CHCTEMHU HEYITKOTO BHCHOBKY, BiJ SKOTO
3aNICKUTh YCIiX cuHTe3y Fuzzy perymstopa, € dhopmy-
BaHHS 0Oa3u mpaBwi. Buxoasuw 3 TOro, mo cucreMa
HEJIiTKOTO BUCHOBKY Ma€ NIBi BXiIHi JIHTBICTHYHI 3MiH-
Hi, I KOXKHOI 3 SKHX BCTAHOBJIEHO 5 3HauyeHb, Oaza
MPaBUJI HEYITKOTO BUCHOBKY IMOBHHHA MICTUTH 25 mpa-
BIJI. ¥Y3araJbHIOIOYX JOCBi MMPOEKTYBAaHHS Ta €KCIDIya-
Tarii 0araToMacoBHX EJNEKTPOMEXAHIYHUX CHCTEM,
chopMyeMO HACcTyMHY 0a3y MPaBHI:
IMPABMJIO_1: SKIIO Epsilon e NGE I My ¢ NGM TO U ¢ PGU
IMPABMJIO_2: SKIIO Epsilon e NGE I My ¢ NSM TO U ¢ PSU
ITPABMJIO_3: SKIIO Epsilon ¢ NGE I My ¢ ZRM TO U ¢ PSU
ITPABUJIO_4: SKIIO Epslon ¢ NGE I My ¢ PSM TO U ¢ ZRU
IMTPABWJIO_5: SIKIIO Epsilon ¢ NGE I My ¢ PGM TO U ¢ NSU
MMPABUJIO 6: SKIIO Epslon € NSE I My e NGM TO U e PSU
IMTPABMJIO_7: SKIIO Epsilon ¢ NSE I My ¢ NSM TO U ¢ PSU
IMTPABMJIO_8: SKIIO Epsilon ¢ NSE I My ¢ ZRM TO U ¢ PSU
ITPABMJIO_9: SKIIO Epsilon ¢ NSE I My ¢ PSM TO U ¢ ZRU
IMPABUWJIO _10: AKIIO Epsilon ¢ NSE I My ¢ PGM TO U ¢ NSU
IMTPABMJIO_11: KO Epsilon ¢ ZRE I My ¢ NGM TO U ¢ PSU
MMPABUMJIO 12: AKIIO Epsilon € ZRE I My ¢ NSM TO U ¢ ZRU
MMPABUWJIO 13: IKIIO Epsilon ¢ ZRE I My ¢ ZRM TO U ¢ ZRU
TMTPABUJIO 14: AKIIO Epsilon ¢ ZRE I My ¢ PSM TO U ¢ ZRU
ITPABHMJIO_15: SKIIO Epsilon ¢ ZRE I My ¢ PGM TO U ¢ NSU
ITPABHUJIO_16: SKIIO Epsilon ¢ PSE I My ¢ NGM TO U ¢ PSU
ITPABMJIO_17: SIKIIO Epsilon ¢ PSE I My ¢ NSM TO U ¢ ZRU
MMPABUMJIO 18: AKIIO Epsilon € PSE I My ¢ ZRM TO U e NSU
ITPABHMJIO_19: SAKIIO Epsilon ¢ PSE I My ¢ PSM TO U ¢ NSU
ITPABHMJIO_20: SKII[O Epsilon ¢ PSE I My ¢ PGM TO U ¢ NSU
ITPABMJIO_21: SKIIO Epsilon ¢ PGE I My ¢ NGM TO U ¢ PSU
ITPABMJIO_22: SKIIO Epsilon ¢ PGE I My ¢ NSM TO U ¢ ZRU
IMPABMJIO_23: SKIIO Epsilon ¢ PGE I My ¢ ZRM TO U ¢ NSU
TIPABUJIO 24: SIKILO Epsilon € PGE I My ¢ PSM TO U ¢ NSU
MPABUMJIO_25: SIKIIO Epsilon € PGE I My ¢ PGM TO U € NGU

JUis 3aBIaHHS TPaBWI BHKOPHCTOBYETHCS BIiKHO
penakTopa mpaBuil, BitoOpakeHe Ha puc. 5.
3a 0MOMOroI0 I[bOr0 BiKHA MOXKHa B rpadidyHomy pe-
KMMI 3aJaBaTH, pelaryBaTd, BUAAITA mpaBwia. J[is
3aIUCy TPaBHJI BUKOPHCTOBYIOTHCS TOJNS BBEICHHS, B
SKUX BiZOOpa)KarOThCSI BCI 3HAYEHHS JIHTBICTHYHHUX
sminuux Epsilon, My i U. 3a nonomororo nepemukaya
Connection 3aal0ThCS JIOTIYHI 3B'SI3KU I YMOB Tpa-
BUIL: “or” abo “and”.

Puc. 5. 3aBnaHHs npaBuII HEYITKOTO
BHCHOBKY

IMaker Fuzzy Logic Toolbox micTuTh I1Bi AOTIOMI-
XKHI TIPOTPaMH, IO BUKOPHUCTOBYIOTHCS TIPH CHHTE3I
HEUITKOTO pEryiisiTopa: mporpama IMeperiisity IpaBHil
(puc. 6) 1 mporpama Teperisily TOBEpXHI BIATYKY
(puc. 7).
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Puc. 6. Iepermnsa mpaBuil HEYITKOTO BUCHOBKY

L[i nporpamu HarmsiIHO JEMOHCTPYIOTh IPOLIEC
HEYITKOTO BUCHOBKY 1 JO3BOJISIFOTH 3HAYHO MPUCKOPHUTH
nporec BUOOpy napaMeTpiB peryssiropa.

3a JOMOMOTOI0 MPOrpaMy IMeperiisify MpaBHI MO-
JKHA 3MIHIOBATH 3HAY€HHS BXiJHHX CUTHAJIB CHCTEMH
HEYiTKOr0 BHUCHOBKY IIUISIXOM MEPEMIllleHHS YepBOHHX
BEePTUKAJIBHUX JiHIA 1 aHANI3yBaTH BIATOBIAHY 3MiHY
BUX1THOTO CUTHAJTy CUCTEMHU.

Ile mae MOXIUBICTH OIIHWATH 3HAYEHHS BXITHHX
CUTHAJIIB 1 IPOAaHAIi3yBaTH BILTUB KOYKHOTO 3 TIPABUII Ha
pe3yJbTaT HEe4iTKOro BHCHOBKY. Ilporpama meperisiy
MOBEPXHI BIATYKY MOKa3y€e 3aJIe)KHICTh BUXIMHOI 3MiH-
HOi — Hampyru Ha Buxofi perynsropa U Bix BXigHHX
3MIHHAX — NOMMWJIKH peryiroBaHHs Epsilon i MmomeHTy
npy>xHocTi My.

BoHa 1a€ Tako)X MOXKJIMBICTh aHANI3yBaTH 3aJICXK-
HicTh BuxigHoro curHaxy U Bix omHoro 3 Bximaux: Ep-
silon abo My.
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Puc. 7. BikHO nepersisiy HOBepXHi BIATYKY

3. JocnipkeHHA AMHAMIYHMX XapaKTepUCTUK

MPOIIECiB OCHOBHUX 3MIHHHX CTaHy CHCTEMH IIPH HaJ-
XO/DKEHHI Ha BXIJ CHCTEMH CTYIIHYATOrO BXIJIHOTO
CHUTHAJTy 3 BUIAJKOBOIO aMIUITYIOI0, HaBeleHI Ha
puc. 8.

st nopiBHSIHHSA, Ha puc. 9 npeacrasieHi rpadiku
MEePeXiTHUX MPOIIECiB TPhOXMACcOBOi cucteMu 0e3 Fuzzy
peryisitopa.

B cucremi 6e3 Fuzzy perymsaropa mepeximHi mpo-
LlecH MaloTh XapakTep cjabo 3aTyXar4uux KojuBaHb. Lle
BHIHO 3 Tpadikis.

B cucremi 3 Fuzzy perymsaropom nepeperynoBas-
Hs He mnepeBuilye 15%, nmepexiHUil mporec 3aKiH4y-
€Tbcs 3a 7 C.

TakuMm YMHOM, cHHTE30BaHHMU Fuzzy perynsTop
3a0e3neuye 3aJ0BUIbHI ITOKa3HUKU SIKOCTI IEPeXiTHUX

TpbOXMacoBoOi cucremu 3 Fuzzy perynartopom MPOIIECiB TPHOXMACOBOT EJIEKTPOMEXaHIYHOT
CHCTEMHU.
MopenioBaHHS CUCTEMHM 3 CHHTE30BaHUM Fuzzy

pETYNATOPOM BHKOHAaHO 3 BHUKOPHUCTAHHSIM CXEMH
Simulink, npuBenenoi Ha puc. 1. I'padiku nepexigHux
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Puc. 8. I'padixu nepexiHuX MpoleciB 3MIHHUX CTaHy TPhOXMacoBoi cuctemMu 3 Fuzzy peryisitopom:
a — IIBUJIKICTh MEXaHi3My; O — IIBU/IKICTh KaHATy; B — MOMEHTY IPY)KHOCTI
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Puc. 9. I'padixu nepexiHUX MpOIECiB 3MIHHUX CTaHy TPbOXMacoBoi cucremu 6e3 Fuzzy peryssitopa:
a — MBHUJKICTH MEXaHi3My; O — IIBUIKICT KaHATY; B — MOMEHTY ITPY>KHOCTI

BucHoBKku

HaykoBa HOBM3Ha 1 NpakTH4HA I[IHHICTH POOOTH
moJisirae B cuHTe31 Fuzzy perymsatopa Juis BHpIlICHHS
3aBJIaHHSI YIPABIiHHS TPHOXMACOBOKO EIEKTPOMEXaHiu-
HOI0 CHCTEMOIO, 3 3aCTOCYBaHHSM MaKeTy MPUKIaJHUX
nporpam Fuzzy Logic Toolbox cucremu MATLAB.

Po3pobnena cxema Simulink mozmeni HewiTKoOI crc-
TEMH, JI0 CKJIaJy SKOI BXOAUTH OJIOK perynsropa Fuzzy
Logic Controller i Mozienb TPrOXMaCOBOI eIEKTpOMeXa-

HIYHOI CHCTEMHU.

B rpagiuHOoMy pexiMi OCHOBHOI IpOrpaMu Iake-
Ty Fuzzy Logic Toolbox — FIS penakTopi, chopmoBano
CTPYKTYPY CHCTEMH HEUiTKOTO BUCHOBKY, BHOpaHi JIiH-
IBICTHYHI 3MiHHI 1 3aJjaHi MHOKMHH 1X 3HAY€Hb, BU3HA-
YeHi Jiana3oH 3MiHHM, TN 1 mapaMeTpu QyHKLiH npuHAa-
JISKHOCTI JIIHTBICTUYHAX 3MIHHUX, BUOPAHO aITOPUTM
HEJiTKOTO BHCHOBKY, c(hopMOBaHO 0a3y MpaBHI HEUiT-
KOro BHUCHOBKY. B mporeci mociikeHb BCTaHOBIICHO,
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1110 3MIHIOIOYH THII i apameTpu GYHKI[H TPpUHATIEKHO-
CTi, Ziana3oH iX 3MiHK Moxe OyTH cuHTe30BaHMi Fuzzy
peryisTop, sKkuil 3abe3rnedye BUCOKI NOKA3HUKH SKOCTI
(yHKIIOHYBaHHS TPHOXMACOBOI  EJIEKTPOMEXaHI4HO1
CHCTEMH.

[TpoBeneHo MozeTIOBaHHS TPHOXMACOBOI CHCTEMH

Fuzzy perynsropa.

[opiBHSHHS TOKa3HMKIB SIKOCTI IEPEXiTHUX MPO-
neciB cucremn 0e3 Fuzzy perymaropa i cucremu 3
Fuzzy perynsatopom CBIZUUTH PO €PEKTUBHICTH 3aCTO-
CYBaHHS CHCTEM HEYITKOI'O BHCHOBKY y SIKOCTI peryJisi-
TOpIB 0AraTOMacOBUX CIICKTPOMEXaHIYHUX CHCTEM.

3 cuHTe30BaHMM Fuzzy perymsitopom i cucremn 6e3

Cnucok nitepatypu

1. T'epman D.E. CoBpeMeHHOE COCTOSIHHE M MEPCIICKTUBBI pa3BUTHs cUCTeM HeueTkoro yrpasienus / O.E. T'epman // Becr-
UK Har. texn. ya-ta “XIIN”. — 2008. — Ne 57. — C. 37-44.

2. T'epman D.E. IIpoekTupoBaHne HEYETKUX MOJeNiel HHTEIUIEKTYalIbHBIX POMBIIIICHHBIX PETYJISITOPOB U CHCTEM yIIpaBJie-
aus / D.E. Tepman, JL.A. Kmumenko // IadopmarniiiHo-kepyrodi CHCTeMH Ha 3ali3HHYHOMY TpaHcmopti. — 2015. — Ne 3.
—C. 24-31.

3. Sharma D. Designing and Modeling Fuzzy Control Systems / D. Sharma // International Journal of Computer Applica-
tions. —2011. — Ne 1(16). — P. 46-53. https://doi.org/10.5120/1973-2644.

4. Chopra S. Fuzzy Controller: Choosing an Appropriate and Smallest Rule Set / S. Chopra, R. Mitra, V. Kumar // Interna-
tional Journal of Computational Cognition. —2005. — Ne 4(3). — P. 73-79.

5. Filo G. Modelling of fuzzy logic control system using the MATLAB SIMULINK program / G. Filo // Technical Trans-
actions. — 2010. — Ne 8(107). — P. 73-81.

6. Kiermuko B.b. DHeprocoeperaromiee fuzzy ynpasieHue 3JIEKTPONPUBOIOM dCKaaTopa MeTpomnoiuTeHa cucteMsl TTTH-
AJl/ B.b. Kienukos, E.®. baunes, C.A. Mexosuu // Bectauk Harr. Texn. yu-ta “XITHU. — 2010. — Ne 28. — C. 579-582.

7. Ueperko E.A. Ynpasienue 3nekTponpuBo oM posnkoB poskranroB TJIC ¢ ucnons3oBanueM dazzu-noruku / E.A. Ue-
pesko // Bicauk [Tpra3oBchKoro aep:kaBHOro TexHiuHOro yHiBepcutery. — 2014, — Ne 28. — C. 179-183.

8. llokin B.I1. InTenexTyanbHa cucTeMa yIpaBIiHHS 3 HEWiTKHM aganTuBHIM emyistopoM / B.II. I{okin, O.0.Cymenues,

I'B. Konominy // ABromarmka. ABroMarm3auis. EnekrporexHiuHi komiuiekcu Ta cucremu. — 2009, — Ne .
—C. 177-181.

9. Crenanenp O.B. Po3po6ka HediTkoro peryisitopa Juist 3a1adi 3a0e3MnedeH s TeMIIepaTypHOi CKJ1ajoBoi KOM(pOPTHOTO MiK-
poxmimary / O.B. Crenanens, A.B.Kapakoit // TexHonmormueckuii aymutr W pesepBel mpousBoacTBa. — 2016. — Ne 1(2).
—C. 50-55.

10. ®enun C.C. Moaenuposanue fuzzy-cuctemsl HaBeaeHus paketsl Ha 1enb / C.C. ®equn // Cuctemn 030po€HHs i Bild-
cpKoBa TexHika. — 2016. — Ne 1(45). — C. 190-195.

11. Priya R. Design of an adaptive constrained based neuro-fuzzy controller for fault detection of a power plant system /
R. Priya, E. Sherly // Indian journal of computer Science and Engeneering. — 2016. — Ne 5(7). — P. 208-218.

12. Khaksar M. Simulation of novel hybrid method to improve dynamic responses with PSS and UPFC by fuzzy logic con-
troller / M. Khaksar, A. Rezvani, M.H. Moradi // Neural Computing and Applications. — 2016. — Ne 29(3). — P. 837-885.
https://doi.org/10.1007/s00521-016-2487-1.

13. Singhala P. Temperature Control using Fuzzy Logic / P. Singhala, D.N. Shah, B. Patel // International Journal of In-
strumentation and Control Systems (IJICS). —2014. — Ne 1(4). — P. 1-10. https://doi.org/10.5121/ijics.2014.41011.

14. Saudagar P.A. Design of Fuzzy Logic Controller for Humidity Control in Greenhouse / P.A. Saudagar, D.S. Dhote,
K.D. Chinchkhede // International Journal of Engineering Inventions. —2012. — Ne 1(11). — P. 45-49.

15. Solanke D.R. Design & Implementation of Fuzzy Inference System For Automatic Braking System / D.R. Solanke,
K.D. Chinchkhede, A.B. Manwar // International journal of Reseach in Science and Engineering. — 2017. — Noe 6(9).
—P. 1242-1255.

16. Vichuzhanin V. Realization of a fuzzy controller with fuzzy dynamic correction / V. Vichuzhanin // Central European
Journal of Engineering. —2012. — Ne 2(3). — P. 392-398. https://doi.org/10.2478/513531-012-0003-7.

17. I'epman E.€. Cunre3 cucteMu ynpaBliHHS CYIIMIBHOIO YCTAaHOBKOIO 3 BUKOPUCTAHHSM HEYITKOTO KOHTPOJIEpa 3 camo
nanamryBanssaM / E.€. I'epman, L.T. JIucauenko, K.I. Becrianos // InpopmarniiiHo-kepyrodi cucTeMH Ha 3aIi3HHYHOMY TPaHCIIOP-
Ti. —2015. - Ne 1. - C. 71-74.

18. Xapuenko P.IO. CpaBHUTENbHBIA aHAN3 METONOB aKTUBHOHM amanrtaimu [1M-peryisTopoB W HEUETKHX PETyIsATOPOB
it cucteM KoHaunuonupoBanus u BeHTwAuK (CKB) mopckux cynos / P.O. Xapuenko // HaykoBuii BicHHUK XepCOHCHKOT
nepkaBHOI MOpcbKoi akagemii. — 2012, — Ne 2(7). — C. 276-286.

19. Icae €.0. AHami3 cHCTEM HEWIiTKOTO KepyBaHHS CyIHOBHMH €JIEKTPO-CHEPreTHIHNMHI KOMIUIEKCAMH Ha NPUKIaNi aB-
TOMaTUYHHX peryisropiB Temmeparypu / €.0. Icaes, A.JI. Cimanenkos // HaykoBuii BicHHK XepCOHCHKOI IepkaBHOT MOPCHKOT
akanemii. — 2013. — Ne 2(9), C. 35-40.

20. Almatheel Y.A. Speed control of DC motor using Fuzzy Logic Controller / Y.A. Almatheel, A. Abdelrahman // Interna-
tional Conference on Communication, Control, Computing and Electronics Engineering (ICCCCEE). — 2017. — P. 586-594.
https://doi.org/10.1109/ICCCCEE.2017.7867673.

21. Ramjug-Ballgobin R. Load frequency control of a nonlinear two-area power system / R. Ramjug-Ballgobin, S.Z. Sayed
Hassen, S. Veerapen // International Conference on Computing. — 2015. — P. 54-55. https://doi.org/10.1109/CCCS.2015.7374172.

22. Chaudhary H. ANFIS based speed control of DC motor / H. Chaudhary, S. Khatoon, R. Singh // Second International

60



Teopemuuni ocHo8U po3pOOKU Ma eKChyamayii cucmem 030pOCHHSA

Innovative Applications of Computational Intelligence on Power, Energy and Controls with their Impact on Humanity
(CIPECH). — 2016. — P. 63-68. https://doi.org/10.1109/CIPECH.2016.7918738.

23. Carvajal J. Fuzzy PID controller: Design, performance evaluation, and stability analysis / J. Carvajal, G. Chen, H. Og-
men // Information Sciences. — 2000. — Ne 123. — P. 249-270. https://doi.org/10.1016/S0020-0255(99)00127-9.

24. An optimal fuzzy PID controller / K.S. Tang, K.F. Man, G. Chen, S. Kwong // IEEE Transactions on Industrial Elec-
tronics. — 2001. — Ne 48(4). — P. 757-765. https://doi.org/10.1109/41.937407.

25. Xie X. Fuzzy PID Temperature Control System Design Based on Single Chip Microcomputer / X. Xie, Z. Long // Inter-
netional Journal of Online and Biometrical Engineering. — 2015. — Ne 11(8). — P. 29-33. https://doi.org/10.3991/ijoe.v11i8.4881.

26. Jigang H. An anti-windup self-tuning fuzzy PID controller for speed control of brushless DC motor / H. Jigang, W. Jie,
F. Hui // Journal for Control, Measurement, Electronics, Computing and Communications. — 2017. — Ne 58(3). — P. 321-336.
https://doi.org/10.1080/00051144.2018.1423724.

27. Kim J. Fuzzy PID controller design using time-delay estimation / J. Kim, P. Chang, M. Jin // Transactions of the Insti-
tute of Measurement and Control. —2016. — Ne 39(9). — P. 1329-1338. https://doi.org/10.1177/0142331216634833.

References

1. German, E.E. (2008), “Sovremennoe sostoyanie i perspektivyi razvitiya sistem nechetkogo upravleniya” [The current state
and development prospects of fuzzy control systems], Bulletin of the National Technical University “KhPI”, No. 57,
pp. 37-44.

2. German, E.E. and Klimenko, L.A. (2015), “Proektirovanie nechetkih modeley intellektualnyih promyishlennyih regulya-
torov i sistem upravleniya” [Design of fuzzy models of intelligent industrial regulators and control systems], Information and
Control Systems on the Railway Transport, No. 3, pp. 24-31.

3. Sharma, D. (2011), Designing and Modeling Fuzzy Control Systems, International Journal of Computer Applications,
No. 1(16), pp. 46-53. https://doi.org/10.5120/1973-2644.

4. Chopra, S., Mitra, R. and Kumar, V. (2005), Fuzzy Controller: Choosing an Appropriate and Smallest Rule Set, /nterna-
tional Journal of Computational Cognition, No. 4(3), pp. 73-79.

5. Filo, G. (2010), Modelling of fuzzy logic control system using the MATLAB SIMULINK program, Technical Transac-
tions, No. 8(107), pp. 73-81.

6. Klepikov, V.B., Banev, E.F. and Mehovich, S.A. (2010), “Energosberegayuschee fuzzy upravlenie elektroprivodom
eskalatora metropolitena sistemyi TPN-AD” [Energy-saving fuzzy control of the electric drive of the metropolitan escalator of
the TPN-AD system], Bulletin of the National Technical University “KhPI”, No. 28, pp. 579-582.

7. Cherevko, E.A. (2014), “Upravlenie elektroprivodom rolikov rolgangov TLS s ispolzovaniem fazzi-logiki” [Control of
the electric drive of the rollers of the TLS roller tables using fuzzy logic], Bulletin of the Priazov State Technical University,
No. 28, pp. 179-183.

8. Shchokin, V.P., Sushentsev, O.0. and Kolomits, G.V. (2009), “Intelektualna systema upravlinnia z nechitkym
adaptyvnym emuliatorom” [Intelligent control system with fuzzy adaptive emulator], Automatics. Automation. Electrical
Complexes and Systems, No. 1, pp. 177-181.

9. Stepanets, O.V. and Karakoy, A.V. (2016), “Rozrobka nechitkoho rehuliatora dlia zadachi zabezpechennia
temperaturnoi skladovoi komfortnoho mikroklimatu” [Development of a fuzzy controller for the task of providing a temperature
component of a comfortable microclimate], Technological Audit and Production Reserves, No. 1(2), pp. 50-55.

10. Fedin, S.S. (2016), “Modelirovanie fuzzy-sistemyi navedeniya raketyi na tsel” [Modeling of a fuzzy-missile guidance
system on a target], Systems of Arms and Military Equipment, No. 1(45), pp. 190-195.

11. Priya, R. and Sherly, E. (2016), Design of an adaptive constrained based neuro-fuzzy controller for fault detection of a
power plant system, Indian Journal of Computer Science and Engeneering, No. 5(7), pp. 208-218.

12. Khaksar, M., Rezvani, A. and Moradi, M.H. (2016), Simulation of novel hybrid method to improve dynamic responses
with PSS and UPFC by fuzzy logic controller, Neural Computing and Applications, No. 29(3), pp. 837-85.
https://doi.org/10.1007/s00521-016-2487-1.

13. Singhala, P., Shah, D.N. and Patel, B. (2014), Temperature Control using Fuzzy Logic, International Journal of In-
strumentation and Control Systems (IJICS), No. 1(4), pp. 1-10. https://doi.org/10.5121/ijics.2014.41011.

14. Saudagar, P.A., Dhote, D.S. and Chinchkhede, K.D. (2012), Design of Fuzzy Logic Controller for Humidity Control in
Greenhouse, International Journal of Engineering Inventions, No. 1(11), pp. 45-49.

15. Solanke, D.R., Chinchkhede, K.D. and Manwar, A.B. (2017), Design & Implementation of Fuzzy Inference System For
Automatic Braking System, International Journal of Reseach in Science and Engineering, No. 6(9), pp. 1242-1255.

16. Vichuzhanin, V. (2012), Realization of a fuzzy controller with fuzzy dynamic correction, Central European Journal of
Engineering, No. 2(3), pp. 392-398. https://doi.org/10.2478/s13531-012-0003-7.

17. Herman, E.E., Lisachenko, 1.G. and Bespalov, K.I. (2015), “Syntez systemy upravlinnia sushylnoiu ustanovkoiu z
vykorystanniam nechitkoho kontrolera z samo nalashtuvanniam” [Synthesis of the control system of a drying installation using a
fuzzy controller with the setting itself], Information Control Systems in the Railway Transport, No. 1, pp. 71-74

18. Kharchenko, R.Yu. (2012), “Sravnitelnyiy analiz metodov aktivnoy adaptatsii PI-regulyatorov i nechetkih regulyatorov
dlya sistem konditsionirovaniya i ventilyatsii (SKV) morskih sudov” [Comparative analysis of methods of active adaptation of
Pl-regulators and fuzzy regulators for air-conditioning and ventilation systems (VS) of sea vessels], Scientific Bulletin of the
Kherson State Maritime Academy, No. 2(7), pp. 276-286.

19. Isaev, Ye.O. and Simanenkov, A.L. (2013), “Analiz system nechitkoho keruvannia sudnovymy elektro-

61



Cucmemu 036poenns i siticbkoéa mexuika, 2019, Ne 3(59) ISSN 1997-9568

enerhetychnymy kompleksamy na prykladi avtomatychnykh rehuliatoriv temperatury” [Analysis of systems of fuzzy control of
ship electrical and energy complexes by the example of automatic temperature controllers], Scientific Bulletin of the Kherson
State Maritime Academy, No. 2(9), pp. 35-40.

20. Almatheel, Y.A. and Abdelrahman, A. (2017), Speed control of DC motor using Fuzzy Logic Controller, International
Conference on Communication, Control, Computing and FElectronics Engineering (ICCCCEE), pp.586-594.
https://doi.org/10.1109/ICCCCEE.2017.7867673.

21. Ramjug-Ballgobin, R., Sayed Hassen, S.Z. and Veerapen, S. (2015), Load frequency control of a nonlinear two-area
power system, International Conference on Computing, pp. 54-55. https://doi.org/10.1109/CCCS.2015.7374172.

22. Chaudhary, H., Khatoon, S. and Singh, R., (2016), ANFIS based speed control of DC motor, Second International In-
novative Applications of Computational Intelligence on Power, Energy and Controls with their Impact on Humanity (CIPECH),
pp. 63-68. https://doi.org/10.1109/CIPECH.2016.7918738.

23. Carvajal, J., Chen, G. and Ogmen, H. (2000), Fuzzy PID controller: Design, performance evaluation, and stability
analysis, Information Sciences, No. 123, pp. 249-270. https://doi.org/10.1016/S0020-0255(99)00127-9.

24. Tang, K.S., Man, K.F. and Chen, G. (2001), An optimal fuzzy PID controller, IEEE Transactions on Industrial Elec-
tronics, No. 48(4), pp. 757-765. https://doi.org/10.1109/41.937407.

25. Xie, X. and Long, Z. (2015), Fuzzy PID Temperature Control System Design Based on Single Chip Microcomputer, /n-
ternetional Journal of Online and Biometrical Engineering, No. 11(8), pp. 29-33. https://doi.org/10.3991/ijoe.v11i8.4881.

26. Jigang, H., Jie, W. and Hui, F. (2017), An anti-windup self-tuning fuzzy PID controller for speed control of brushless
DC motor, Journal for Control, Measurement, Electronics, Computing and Communications, No. 58(3), pp.321-336.
https://doi.org/10.1080/00051144.2018.1423724.

27. Kim, J. Chang, P. and Jin, M. (2016), Fuzzy PID controller design using time-delay estimation, Transactions of the In-
stitute of Measurement and Control, No. 39(9), pp. 1329-1338. https://doi.org/10.1177/0142331216634833.

Haoitiwna 0o peoxoneeii 12.06.2019
Cxsanerna 0o opyxy 10.09.2019

Bioomocmi npo asmopis:

Kaniok I'ennaniii IBanoBuu

JIOKTOp TEXHIYHUX HAyK Mpodecop
npodecop YKpaiHCBKOT

IH)KEHEPHO — MEAAroriyHol aKaaeMii,
XapkiB, Ykpaina
https://orcid.org/0000-0003-1399-9039

Bacunens Tersna FOxumiBna
KaHIM/AT TEXHIYHUX HAYK JOLICHT
JIOLEHT YKpaiHChKOI

IH)KEHEPHO — Me/IaroriyHol akaaeMii,
XapkiB, Ykpaina
https://orcid.org/0000-0002-2148-8645

BapdosiomieB Ouexciii OnexciiioBua
KaHIUIaT TEXHIYHUX HAayK

PhD maremaTn4HuX HayK acmipaHT
VYuiBepcurery DeVry,

HLm-ropK, CIIA,
https://orcid.org/0000-0001-7110-0760

bausanuenko Onena MukoJiaiBHa
KaHJUJAT TEXHIYHAX HAYK JOIEHT
JIOLIEHT YKpaiHCBKO1

iH)KEHEPHO — TIeJaroriyHol aKaIeMmii,
XapkiB, Ykpaina
https://orcid.org/0000-0002-2774-5200

Toacropedpos Ousexcanap TimypoBuu
OaxanaBp

VYkpalHCHKOT iH)KEHEPHO — ITearoriyHol akaieMii,
XapkiB, Ykpaina
https://orcid.org/0000-0002-0550-5492

Information about the authors:

Gennady Kaniuk

Doctor of Technical Sciences Professor
Professor of Ukrainian Engineering
Pedagogics Academy,

Kharkiv, Ukraine
https://orcid.org/0000-0003-1399-9039

Tetiana Vasylets

Candidate of Technical Sciences Associate Professor
Senior Lecturer of Ukrainian Engineering
Pedagogics Academy,

Kharkiv, Ukraine
https://orcid.org/0000-0002-2148-8645

Oleksiy Varfolomiyev

Candidate of Technical Sciences

PhD Mathematical Sciences

Doctoral Student of DeVry University,
New York, USA
https://orcid.org/0000-0001-7110-0760

Olena Blyznychenko

Candidate of Technical Sciences Associate Professor
Senior Lecturer of Ukrainian Engineering
Pedagogics Academy,

Kharkiv, Ukraine
https://orcid.org/0000-0002-2774-5200

Oleksandr Tolstorebrov

Bachelor

of Ukrainian Engineering Pedagogics Academy,
Kharkiv, Ukraine
https://orcid.org/0000-0002-0550-5492

62



Teopemuuni ocHo8U po3pOOKU Ma eKChyamayii cucmem 030pOCHHSA

PA3PABOTKA FUZZY PEFYNATOPA AN TPEXMACCOBOW
ANEKTPOMEXAHUYECKOW CUCTEMbI C UCMONb30BAHUEM MATLAB

I'.W. Kantok, T.E. Bacuien, A.A. Bapdonomees, E.H. bamsandenko, A.C. Toictopedpos

Buinonnen cunmes Fuzzy pecyaissmopa 0ns peuwienus 3a0a4u ynpasieHus mpéxmacco8oil 1eKmpoMexanudeckoll CUCmemou.
Jna cunmesa Fuzzy pezynamopa ucnoiv306an nakem npukiaonvix npoepamm Fuzzy Logic Toolbox cucmemvr MATLAB. Paspa-
bomana cxema modenu Hewemkou cucmemvt 6 Simulink cucmemovr MATLAB, 6 cocmag xomopou 6xo0ums 610K pezyramopa
Fuzzy Logic Controller u moodens mpéxmaccosoui anexkmpomexanuueckoul cucmemot. C noMowbio OCHOBHOU NPO2paMMbL NAKema
Fuzzy Logic Toolbox - peoaxmopa cucmem neuemxozo 6616004 8 epaguyeckom pexlcume cgpopmuposana cmpykmypa cucmembsl
HewemKo20 6b1600d. Buibpanvl nunzeucmuieckue nepemennble U 3a0anbl MHOJCeCMEa ux suavenuti. Onpedenensl OUanason u3-
MeHeHUs, mun u napamempuvl GYHKYUIl NPUHAONEHCHOCU TUHSBUCTNUYECKUX NepeMeNHbIX. Bolbpan aneopumm neuemkozo 6b160-
oa Mamdani. Cihopmuposana 6aza npasun newemrozo 6vi600a. IIposedeno modenuposanie mpéxmaccogoli cucmemvl ¢ cunme-
supogannvim Fuzzy pezynamopom. Ycmanosneno, umo nevemras cucmema umeem blcOKUue OUHaMUuieckue XapaKmepucmuru.

Knroueevie cnosa: neuemxue mexHono2ul, CUCHeMbl HEUEMKO20 6bl600d, HEUEMKAs CUCHeMd, HeuémKoe ynpasieHue,
MpEXMaccoeas dnexmpomexanuieckas cucmema, Fuzzy pezynamop.

DEVELOPMENT OF FUZZY CONTROLIer for THE THREE-MASS
ELECTROMECHANICAL SYSTEM WITH MATLAB APPLICATION

G. Kaniuk, T. Vasilets, O. Varfolomiyev, O. Blyznychenko, O. Tolstorebrov

The Fuzzy controller has been synthesized to solve the task of controlling the three-mass electromechanical system, which
is a fuzzy inference system. For the synthesis of the Fuzzy controller, the MATLAB system Fuzzy Logic Toolbox has been used. A
Simulink scheme has been developed for a fuzzy system model, which includes the Fuzzy Logic Controller regulator unit and a
tryomasma-electromechanical model. During the synthesis of the Fuzzy controller, the main program of the Fuzzy Logic
Toolbox package is used - fuzzy inference editor (FIS editor), with which the fuzzy inference system structure is formed in
graphic mode. In the process of synthesis, the auxiliary programs of the FIS editor are used: the editor of the membership
functions of linguistic variables and the fuzzy inference rule editor, the rules viewer, the fuzzy inference surface viewer. To build
a system of fuzzy inference, linguistic variables and given sets of their values are selected. The range of change, the type and
parameters of the membership functions of linguistic variables are determined. Mamdani fuzzy output algorithm is selected. A
base of fuzzy inference rules has been formed. During the research it was found that by changing the type and parameters of the
membership functions, the range of their changes can be synthesized by the Fuzzy controller, which ensures high quality
performance of the three-mass electromechanical systems. A simulation of the three-mass system with a synthesized Fuzzy
controller and a system without a Fuzzy controller with a step input with a random amplitude was performed. Comparison of the
quality of transients of a system without a Fuzzy regulator and a system with a Fuzzy regulator demonstrates the effectiveness of
using fuzzy inference systems as regulators of multi-mass electromechanical systems.

Keywords: fuzzy technologies, fuzzy inference systems, fuzzy system, fuzzy control, three-mass electromechanical system,
Fuzzy controller.
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