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YIPABJIEHUE BEHTWJIBHO-UHAYKTOPHBIM
3JIEKTPOIIPUBOIOM HA OCHOBE KOHTPOJLJIEPA
HEYETKOM JIOTUKU
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benopycckuii hayuonanvHulli mexHuueckuil ynusepcumemn

[ocTosiHHOE MOBBIICHUE KayecTBa BBITYCKAaeMOW MPOLYKLUUH TpeOyeT IpH-
MEHEHHSI COBPEMEHHBIX CpPEJICTB aBTOMATH3AIMU TEXHOJOTUUECKHX IPOIIECCOB.
OnHO W3 HUX — aBTOMAaTU3WPOBAHHKINA 3JIEKTPOIIPUBOI, KOTOPHIA TAKKE SBIIETCS
3¢ GEKTUBHBIM CPEJICTBOM 3HEProCcOCPEIKEHHS, TOCKOJIBKY 3JICKTPUUYCCKHIE BUTa-
Tenu oTpedIsroT okoJo 60 % OoT Beelt BrIpabaThIBaeMOid IIEKTPOSHEPT HH.

OCHOBHBIMH YacTSMH COBPEMEHHOI'O PETyJIUPYyEMOro SJIEKTPOIPHBOJIA SIB-
JSIFOTCS CUIJIOBOHM DIIEKTPUYECKUi TpeoOpa3zoBarenb (KOMMYTATOP), dIEKTpOMe-
XaHUYECKUI TpeoOpa3oBaTeNb (IBUTATENh) U CHUCTEMa YIpaBicHUs. PazButue
B 00JIACTH CWJIOBOW M BBIYMCIIUTENBHON AJIEKTPOHUKH CIIOCOOCTBOBAIIO COBEP-
LICHCTBOBAHHUIO PETYIUPYEMOTO JJIEKTPONPUBOJA IEPEMEHHOTO TOKa, B TOM
YHUCIIe Ha OCHOBE BEHTHJILHO-HHAYKTOpHOTO apurareis (B1/1). OcHoBHEIE mpe-
MMYIIECTBA MIPUBOJA C TAKUM JIBUTATE]IeM O00YyCIOBIEHBI POCTOTON €ro KOHCT-
PYKLHWH, BBICOKOW HaJEKHOCTHIO M XOPOIIUMH MaccorabapUTHBIMH IOKa3aTte-
JISIMHU, YTO TIO3BOJISIET HEIIPEPHIBHO PACHIMPATH 00JIACTh MPUMEHEHHS PeryIiu-
pyemMoro anekTponpusoaa [1, 2].

Bwmecre ¢ TeM BEHTMIIBHO-MHIAYKTOPHBIN snekTponpuBox (BUDII) umeer
psan cnenuduueckux ocobeHHOCTEH, Hanboliee XapaKTepHBIE U3 KOTOPHBIX Clie-
JYIOIIHE:

e TUTaHKE Pa3HBIX OOMOTOK OJTHOMOJISPHBIMU UMITYJIbCAMH;

o TMCKPETHBIN XapaKkTep YIpaBIICHUS;

e U3MEHEHHE B IIMPOKOM JHATIa30HE COCTOSHUS MATHUTHON CHCTEMBI;

e JIByCTOPOHHSISI 3yOUATOCTh MATHUTHOM CHCTEMBI IBUTATEIIS.

OTO TPHUBOAWUT K TOMY, YTO 0CO0O€ 3HAYCHHE MPUOOPETAIOT Pa3TUIHBIC
crocoObl peryiaupoBaHust Toka u MoMeHTa BUDIl B (yHKIMH monoxxeHus
potopa [1].

B Hacrosmee BpeMst B MUPOBOIA MPAKTHKE HAPSALY C COBEPIICHCTBOBAHHEM
KJIACCHYECKUX CHCTEM YIPAaBICHHS aBTOMATH3UPOBAHHBIM AIIEKTPOIPUBOJIOM
CYIIIECTBYET YCTOHUYMBAs TEHIEHIMsS pa3pabOTKH CHCTEM, OCHOBAaHHBIX Ha
MpHeMax MCKYCCTBEHHOTO (KOMITBIOTEPHOTO) WHTeIUIeKTa. MccmenoBanus B 00-
JIACTH 3KCTIEPTHBIX CUCTEM MPUBJICKAIOT Bce OOIbIliee BHUMAHHUE CIICIIUAINCTOB
Hay9YHOU M WHXKCHEPHOU obOiacTell. B 0COOEHHOCTH ATO OTHOCHUTCS K HEUETKOM
noruke (fuzzy logic) [3], HeiiporHbIM ceTsiM (neural networks) u BeposTHOCT-
HbIM METOJ[aM, TAaKUM KaK TeHeTH4YecKue anroputmbl (genetic algorithms). Co
BpPEMEHN BO3HHUKHOBEHUS TOHSTHS «UCKYCCTBEHHBIH WHTEIUIEKT», KOTOPBIA ¢
TaKUM K€ TIPaBOM MO>KHO HAa3BaTh «KOMITBIOTEPHBIN WHTEIUIEKT), MPOJOIDKAeT-
Csl IMCKYCCHUSI OTHOCHTENFHO €ro MPHHAJIECKHOCTH K MHTEIUIEKTY BOOOIIE, KO-
TOpOii, BO3MOXHO, HE OyJeT KOHIIa. ABTOMATH3UPOBAHHBIN 3JIEKTPONIPUBOA KaK
TEXHOJIOTHYECKasi OTpacib MpeTepIieNl CYIMECTBEHHbIE M3MEHEHUS W JOCTHT B
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HEKOTOPOM CMBICIIE COBepIIeHCTBAa. OMpeNeNeHHbIM 3TalloM HHTETpaIliH CHUC-
TEM YIIPaBIICHUS 3JICKTPOIPUBOJIOM SBIJIOCH CO3/IaHUE BEIYIIUMHU JICKTPOTEX-
HUYECKMMU KOMITAHUSMHU MPOTPAMMUPYEMBIX MUKPOKOHTPOJIIEPOB M IIPOMBIIII-
JICHHBIX KOMIBIOTEpOB. CBHIETENHCTBOM HIMPOKOTO PacHpOCTPAaHEHHS MOJ00-
HBIX CUCTEM SIBJISICTCS TOSIBUBIIIANCS HEJIaBHO TEPMHH
«KOMITBIOTEPU3UPOBAHHBIHN 3JICKTPOIIPHUBOIY.

Bompocsl npoekTHpOBaHMS KOHTPOJUIEpA Ha OCHOBE HEYETKHX MHOXECTB
JUTS YIPABIEHUS DJIEKTPOIPUBOJIOM C aCHHXPOHHBIM KOPOTKO3aMKHYTHIM JIBH-
rareneM oOCyxmarTcs B [4-6]. AKTyanpHas 3a1ada YIpaBlIeHHS TOKOM U MO-
menToM BUDII [7] moxeT ObITH pelieHa ¢ MpUMEHEHHEM CPEICTB Ha OCHOBE
HEUYETKOM JIOTUKH.

[upokomy pacmnpoctpaneHuto fuzzy-cucrem ynpaBieHUs B HEMaJOW CTele-
HU CTIIOCOOCTBYET IIpOrpaMMHBIH poaykT MatLab, B cocTaBe KOTOPOTO UMEETCS
naket nporpamm 1o fuzzy-noruke — Fuzzy Logic Toolbox. Kpome toro, MatLab
BKJIFOYACT B ceOs MakeT MOJEIMPOBAHUS TUHaMuuyeckux cuctem Simulink; xo-
TOPBIA, B CBOIO OYepelb, MO3BOJISIET MPU MOMOIIH CTaHIAPTHBIX OJIOKOB, BXO-
ISIIAX B €ro OMONMHOTeKy, cOPMUPOBATH OJHO- WM MHOTOKOHTYPHYIO CHCTE-
My aBTOMAaTHYECKOI'0 yIPaBJICHUS 3JCKTPOIPUBOIOM C aHAIOIOBbIM MK fuzzy-
PETYIATOPOM.

[IpeoOpazoBaHre «MOMEHT — TOK» C MOCJEAYIOUIMM PaCIpe/IeICHHEeM 3aja-
HUS TOKa 1Mo (ha3zaM MOXKHO pealin30BaTh C MPUMEHCHHEM KOHTpOIUIepa HeueT-
koit moruku (KHJI). Torma ctpykrypHas cxema BUDII ¢ mpumeneanem KHJI
OyJeT UMETh BHJI, KOTOPBIH MpeaCTaBIeH Ha puc. 1.
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Puc. 1. Crpykrypras cxema BUDII ¢ npumenennem KHJI: PC — perymnsitop ckopoctu;
I'PT — rucrepesucusiii perymnstop Toka; K — kommyTtarop

Cursan 3afianus MoMeHTa M mojydaeM Ha BBIXOJE PETYJISTOpPA CKOPOCTH,
CTPYKTYpa ¥ MapaMeTpbl KOTOPOTO MOTYT OBITH ONpEACNICHBI KIACCHUSCKUMH
MeTonamMK cuHTe3a. MH(opMalus o 3aiaHHOM MomeHTe M W yrie ToBopoTa
Balla IBHUraTess O MO3BOISET ONPEACIUTD 3aAaHus TOKOB (a3 i (ia, ip, ic) C 1MO-
momipio KHJI. B ciydae 3HauMTEeNbHOrO AMana3oHa W3MEHEHUS CKOPOCTH
M Harpy3KH Ha Bajly IBHTATels 00JacTh ONTHMAJIBHBIX TOKOB Oy/eT CMEIaThCs
B CTOPOHY YMEHBIIICHHS YIJIOB KOMMYyTanuu. Toraa s moay4eHHss MakCuMy-
Ma MOMEHTa IpH MHUHHMYME MOTEpPh B CTAaTOpE IOMOJHHUTEIBHO B KadecTBE
BxozHoro BozaerctBusi KHJI MokHO mMcnonp30BaTh MHGOPMAIMIO O CKOPOCTH
poTopa.

KHJI npencraBnsier coboli CTPYKTYpY, COCTOAIIYI0 U3 OIOKOB: (hazzuduka-
uun, 0a3pl 3HaHUK W nedassudpukanuu. B Onoke Qaszsuduranuy mpoucxoguT
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npeoOpazoBaHNe BXOAHBIX BEIMYMH CUTHAIIOB 3aJaHusl B (PYHKIIMU TIPHHAIIIEK-
Hoctu KHJI, koTOophie B COOTBETCTBUM C JIMHTBUCTUYCCKIMH BBIPRXKCHUSAMU Oa-
3Bl 3HAHUI ONPEENOT QYHKIMY NPUHAIIC)KHOCTH BBIXOJIOB. B Oioke nedas-
suukanuyu QyHKIUN MPUHAJISKHOCTH BBIXOJIOB MPeo0pa3yroTcs B BBIXO/IHBIC
BEJIMYMHBI CUTHAJIOB YIIPABJICHUS.

Monynb fuzzy mo3BoisieT CTPOUTh HEUYETKHE CHUCTEMBI JIByX THUIOB — Mawm-
nauu u Cyraso [3]. B cucremax trma Mammanu 6a3a 3HaHHWA COCTOWT U3 TIpa-
BWI BUsa «Eciu X; = HUBKUN U X, = CPEHUMN, TO Y = BBICOKUI», T. €. 3aJ]aeTCA
HeueTKuMHU TepMamu. B cucremax Tumna CyraHo 0a3a 3HaHUI COCTOUT M3 MPaBUIL
Buna «Ecnu X; = HU3KUHU U X, = CPeIHUN, TO Y = 8o + a1-X1 + 82-Xo», T. €. 3a1a-
€TCsI KaK JIMHEHass KOMOMHAIINS BXOIHBIX TEPEMEHHBIX.

IIpu paspabotke 0a3wl mpasun KHJI Ha ocHOBe cucTembl THiTa Mammganu
BOCIOJIb3yEeMCS TTPaBHIIAMH B 0011IeH opme

(M1: ECJIU x1 ectb A11 U ... x, ecTb A1, TO U ects Z(U1)

ELSE

M2: ECJIU x, ectb A1 U ... x ecTb Aoy TO U ecthb Z(U3) @
ELSE

(Mr: ECJIU x; ectb 441 U ... x ecTb Ay TO U ecTh Z(Uy),

N

rae Xi (i =1, ..., N) — TUHTBUCTUYECKHUE MEPEMEHHbIC, MPEICTABISAIONINE TIPO-
CTPAHCTBO COCTOSIHHN 00bekTa; Ajj (j = 1, ..., I) — HeUeTKHe HaOOPBI, IPEACTaB-
JISIOIIE JTMHTBUCTUYECKHE TIEPEMEHHBIE Xij; U — JIMHIBUCTHYECKAs TIEpEMEHHas,
npesacTaBisonias ynpasienue; Z(U,) — HeueTKHe OHOIIEMEHTaPHbBIE MHOKECT-
Ba ¢ p(Uj) = 1; Kaxxgoe Takoe MHOXKECTBO OINpenesieTcs (HyHKIHOHUPOBAHUEM
MEPEMEHHBIX COCTOSIHUS 00BEKTA B BUJIE:

Uj = Uj(X1, X2, ..., Xn). 2

Janee nonaraem, 4TO Ka)kAas IMEpeMEHHAsi COCTOSIHUA SBISETCS Pa3HOCTBHIO
MEXIIy BBIXOJIHOW YIPABIIEMOW BEIMYMHON 00BekTa M ee 3amanueM. HaGop
npaBui (2) mpencraBisieT coboil HeueTKuit anroput™ gyHxauonnpoBanus KHIL.

Jluareuctraeckue mpasmwia KHJI npencraBnensr B Tabm. 1, roe HedeTKoe
MHOJKECTBO OITUCBIBACTCS CJCMYIONIMMU JIMHTBUCTUYECKUMHU TIE€PEMEHHBIMH:
IO — monoxkutensHoe; OT — orpunarensuoe; HO — nyneroe; BH — Gnuskoe k
Hymo; +bH, —=BH — 61m3ko0e k HyJTi0 TOJIOKHUTETEHOE M OTPHUIIATEIEHOE.

Tabnuya 1
JInarsucruyeckue npasuiaa KHJI
y X +BH BH -FH
oT u; U Uz
HO Us U Us
o U U u;

BLIXOI[HaH BCJIMUMHA CUTHAJIa YIIPABJICHUA B COOTBETCTBHU C BCIIMUYMHAMU
X1, «..y Xn IICPEMCHHBIX MOXET OBITh ImoJIydy€Ha C HMCIOJB30BaHUEM ME€TOJa LICH-
Tpa TAKECTU
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U=-——od, 3)
2.3,
=1
rae Ujp = Uj(X10, X20, .., Xno); @j — CTCTICHb 3allOJHEHHMS j-TO MpaBUJIa YIpaBlic-
HUSL.
Benuuunna aj MOKET OBITH BBIYMCIIEHA 110 (hOpMYyJIE
aj = pAj1(X10) HA2(X20) ... HA(Xno), (4)

rae pAji(Xio) — CTEIeHb IPUHAUICKHOCTH Xio K Aji 1 omepaTop (*) o3HauaeT Tpe-
yroipHy10 HopManu3anuio. Cpean pa3HooOpasust TPeyrojabHOW HOpMaN3aluH
HaunboJiee MIMPOKO UCIIONIB3YeTCsl alredpandeckas cymma (MUHHMAIBHBIA Olle-
parop).

[lepexon oT curuanaoB (U3NUECKUX BEIMYMH K JIMHTBUCTUYECKOM MEepEMEeH-
Hort KHJI ocymectBisiercst B Onokax ¢azzupukanuu u nedaszudukanuy B co-
OTBETCTBHU ¢ (QYHKIHMEH IPUHAIISKHOCTH. B nanpHelieM orpaHuYUMCS TpeMst
(GYHKIMAMH TPUHAIICKHOCTH ISl BXOJHBIX Y BEIXOAHBIX BETMYHH.

Fuzzy Logic Toolbox mo3Bossier 3amaBaTh pasiWdHbIC BHIBI (GYHKIHIA
MIPUHAJUICKHOCTH, TIPH 3TOM BUJ KaXI0H QyHKINK B On0Kax (a3szupukanuu u
nedaszzudukanuy MOXKHO 3aaTh OTACHbHO. [IpocTeifiine (QyHKIMUA TpPUHAI-
aexHoctd TpeyronbHas (trimf) u Tpanmeumesumnas (trapmf) dopmupyrorcs
C HCHOJB30BaHHEM KyCOYHO-TMHEHHOM -anmpokcuMmanuu. TparnenueBuaHas
(GYHKUIUS TPUHAIUIEKHOCTU ABJSETCS 00001IEHHEM TPEyTroJIbHOH, OHA TTO3BOJIS-
eT 3aJaBaTh SIPO HEYETKOTO MHOXKECTBA B BHJE MHTepBaia. B ciydae Tpare-
MUEBUAHON (DYHKIIUHN TPUHAIIKHOCTH (PUC. 2) BO3MOXKHA CIenyIomas yao00-
Hasl HHTEPIpPETALUs: SIPO HEYSTKOTO MHOXKECTBA — ONTUMHUCTHYECKAS OICHKA;
HOCHUTEIh HEYETKOTO MHOXKECTBA — MECCUMHUCTUIECKAs OI[CHKA.

@ ®a  Anula) @b

X1

—62 _el 61 92
Puc. 2. DyHKuun npuHaUICKHOCTH HEYETKOTO MHOKECTBA

JIBe GYHKIMH TPUHAIISKHOCTH — CHMMETpUYHAs rayccoBckas (gaussmf)
U JIByCTOPOHHsS TayccoBckas (gauss2mf) — GpopMHUpyIOTCs ¢ HUCIOIb30BaHUEM
rayccoBcKoro pacmpenencuus. OyHkips gaussmf mosBossier 3aaaBaTh acHM-
METpUUYHBle (YHKIUK TNpUHAUIEKHOCTH. OO000IIeHHass KOJOKOJI0OOpa3Hast
¢bynkums npunamiexunoctu (gbellmf) mo coeii hopme moxoxka Ha rayccoBCKue.
OTH QyHKIMM TPUHAIEKHOCTH YacTO HCIONB3YIOTCS B HEYETKHX CHCTEMax,
TaK Kak Ha Bcel 00JacTH OnpeelicHHs OHU SIBIISIOTCS TIaJKUMK ¥ IPUHUMAIOT
HEHYJICBbIC 3HAUCHHUS.

Oyuxiun npuramiexknocta sigmf, dsigmf, psigmf ocrosans Ha ncmonb30-
BaHWHM CUTMOMIHON KpuBOH. OHM MO3BOJSIOT GOpMUPOBATh (PYHKITUN TPHUHAI-
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JIGKHOCTH, 3HAYCHUS] KOTOPBIX, HAUMHAS ¢ HEKOTOPOTO 3HAYCHUS apryMEHTa M
1o oo, paBHbl 1. Takue GyHKIMM yHOOHBI AJIsl 331aHUSI TMHITBUCTUYECKUX Tep-
MOB THIA «BBICOKHI» HITH «HU3KHID».

[TonuHOMMaNbHAs aNMpPOKCHMAIMs HpPUMEHseTCsl Tpu  (GopMHUPOBaHUH
¢byukumit zmf, pimf u smf, rpaduyeckue n300parkeHNsT KOTOPHIX MOXOXKH HA
dbyukuuu sigmf, dsigmf, psigmf cooTBeTcTBEHHO.

B Fuzzy Logic Toolbox mist mosip3oBaTens Takxke IpeaycMOTPEHa BO3ZMOK-
HOCTH CO3JaHMs COOCTBEHHOH (DYHKIIMHM MPUHAIICKHOCTH. {151 3TOTO HE0O0XO0-
VMO CO3J1aTh M-(YHKIHWIO, COJAEPIKAIIYIO 1Ba BXOJHBIX apryMeHTa — BEKTOP,
JUIE KOOPAWHAT KOTOPOTO HEOOXOIMMO pPacCUUTATh 3HAYCHUsS (YHKUUH TPH-
HAJUISKHOCTH, U BEKTOP MapamMeTpoB (YHKIIMHU TPUHAUIC)KHOCTH.

B HacTosimiee BpeMsi BHITYCKAalOTCS MUKPOKOHTPOJUIEPHI, HAIIPUMEDP CeMeu-
crBo 68HC12/912 dupmer Motorola 1 TMC320 Texas Instruments, KoTOpbIc
MOJUICPKUBAIOT (DYHKIMM HEYETKOW JIOTUKU. B JaHHBIX MHKPOKOHTPOILIEpAx
(YHKIUY MPUHAUICKHOCTH BBITIOJIHSIOTCS. B BUJIE TparelnenIaIbHON QyHKIHH,
Kak HamboJyiee IpocTo peannzyeMoit. [loaToMy B JalbHEHITUX pacdeTax MpUHU-
MaeM i 0J10k0B (azsudukanuu u nedazzuduraiiy GyHKIHIO TPUHAAICKHO-
CTH TPEYTOJIBHOW WK TparenenaanbHoi GopMBl.

KHJI, onpexnenennsiii cornmacHo (1)—(4), BelpabaThIBaeT pa3iUyHbIC YIIPaB-
JAI0IIME CUTHAJIBI HA OCHOBE CUTHAJIOB 00paTHOM cBA3u U;j (2) nomo6HO cucteme
yIpaBieHHs C IEPEeMEHHOH CTpyKTypoil. OfHaKO B OTIIMYME OT IOCIEAHEH me-
PEKIIIOYCHUE OT OJIHOM K JIPYro¥ MpOUCXOAUT TUTABHO, KaK 3TO OMPENesicHO He-
YETKAM aNropuT™MoM 0a3bl mpaBui (1) U TeM, 9TO UMEET MECTO yCcpemHeHue 00-
JIee YeM OJHOTO MpaBuJa yrpasieHus [3].

Nmvuranmonnas moxens BUDII ¢ mpumenernem KHJI B cpeme mporpammu-
posanust MatLab — Simulink — Fuzzy Logic Toolbox mpenacrasiena Ha puc. 3.
Mojenb TO3BOJISIET HCCIIENOBaTh TUHAMUYECKHE CBOWCTBA aBTOMATH3HPOBaH-
HOTO 3JIEKTPONPHUBOAA, yipasisiemoro ot KHJIL.
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Puc. 3. Umutammonnas mozaeins BUDII ¢ npumenennem KHJII B cpene mporpaMMupoBaHust
MatLab — Simulink — Fuzzy Logic Toolbox

OnHoi U3 BaKHBIX Xapaktepuctuk BUDBII sBiseTcs BenmunHa IyJTbCaIldii
MOMEHTa JABUTaTelsl B yCTaHOBUBIIEMCS pexume. COOTBETCTBYIOIIUE 3aBUCH-
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MOCTHU NPCACTABJICHBI HA PUC. 4, KOTOPBIC MOKA3bIBAKOT CYHICCTBCHHOC CHUIKC-

HHUC HyJ'IBCElIII/Iﬁ MOMCHTA.
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Puc. 4. Dnexrpomaruutaeiii MomeHT BUOII npu ynpasnenuu
C peseitHbIM perysTopoM Toka (a) u ¢ KHII (6)

BbIB O I bl

1. PazpaGoraHHas UMUTAMOHHAS. MOJIENb C IPUMEHEHUEM KOHTpPOJUIEpa He-
YETKOM JIOTHKH MOXKET OBITh MCIOJb30BaHA JJIsl HCCICIOBAHHS TUHAMUYECKUX
CBOMCTB BEHTWJIBHO-MHIYKTOPHOTO 3JIEKTPOIIPUBOLA.

2. IlpuMeHeHne KOHTpOJUIEpa HEYETKOM JIOTHKH TO3BOJIAET CYIIECTBEHHO
YMEHBIIUTH MyJIbCAUN MOMEHTA MPH TMEePEKIOYCHAN pabodnx 0OMOTOK B BEH-
THJIBHO-VHYKTOPHOM JIBUTaTelle B YCTAHOBUBIIEMCS PEKUME.

JUTEPATVYPA

1.b o1 u x 0B, M. . DJeMeHTbl TEOPHH BEHTHJIbHO-MHAYKTOPHOTO 3JIEKTpONpHBoaa /
M. T. BerukoB // DnexkrpuaectBo. —1997. — Ne 7. — C. 35-44.

22AnexcanapoBckuil C. B, llepcrekTHBE MPUMEHEHUS BEHTHIFHO-UHYKTOPHBIX
JIBUTaTeNied B MPOMBIIUICHHBIX U TPaHCIOPTHBIX ycraHoBkax / C. B. Anexcanaposckuii // Vn-
(opMalOHHBIE TEXHOJIOTUH B MTPOMBIIIJIEHHOCTH: Te3. JOKI. 5-if MexayHap. Hayd.-TeXH. KoH(.,
MuHck, 22-24 oktsaops 2008 r.: OUIIN HAH Benapycu; penkon.: E. B. Bmagumupos [u ap.]. —
Mumnck, 2008. — C. 91-92.

3.1ItoB6a,C. [ IlpoexTupoBanue HeueTKuX cucteM cpeacrBamu MatLab / C. JI. IlIToB-
6a. — M.: N'opsigas nmunus — Tenexom, 2007. — 288 c.

4. Petrenko, Y. N. Fuzzy logic and genetic algorithm technique for non-linear system
of overhead crane/ Y. N. Petrenko, S. E. Alavi // Computational Technologies in Electri-
cal and Electronics Engineering (SIBIRCON), 2010 IEEE Region 8 International Conference,
11-15 July 2010. — P. 848-851.

5. Anaswu,C.D. Fuzzy logic controller for non-linear system design / C. O. Anagu, 1O. H. Tler-
perko // UudopmaloHHbIe TEXHONOTHH B IPOMBIIUICHHOCTH: ¢0. Te3. 5-if MexayHap. Hayu.-
TexH. kKoH}. ITI*2008, r. MuHck, 22-24 okTs0ps 2008 r. — C. 214-215.

6. I1etpewHnxkxo, IO. H HWccnenoBanne paboTsl MOCTOBOIO KpaHa ¢ KOHTPOJUIEPOM
HEYCTKOM JIOTMKH Ha OCHOBE TpexMepHoi umurarmonnoi moaenu / FO. H. Tlerpenko, C. D. Ana-
Bu, C. B. Anekcanaposckuii // Duepreruka... (M3B. Bblcul. y4ye0. 3aBeIeHMH M SHEPr. 00b-
equuennit CHI'). — 2011, — Ne 3. — C. 20-25.

7.AnexkcaunnpoBckuii,C. B. PazpaboTka MaTeMaTHUCCKON 1 UMHTAIIMOHHOW MOJICITH
BeHTHJIbHO-UHAyKTOopHOTO aBurarens / C. B. Anexcanaposckuii, FO. H. Ilerpenko / Duepreru-
Ka... (13B. BoIcI. yuel. 3aBenenuii u suepr. oobeaunenuid CHIY). — 2011, — Ne 2. — C. 15-22.

[pencrasnena xadenpoii anekTporpuBoaa
W aBTOMATH3aLH1 IPOMBIIIICHHBIX YCTAaHOBOK
U TEXHOJIOTHYECKUX KOMILJIEKCOB [Toctynuna 22.05.2012

40


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5547588
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5547588



