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PaccmarpusaioTes MexaHu3Mbl HEVPOHEYETKON TEXHOAOr M Pas3paboTK MHTENNEKTYaNbHbIX CUCTEM yii-
paBneHysi CIOXHbiMi 00bekTamy. ITOT KOMIIEKCHbIN NMOAXOA NPEeAnonaraeT ucnoisL308aHne MMNTaLnoH-
HOMO MOAENPOBAHNS 4715 U3BAGHEHNS 3HAHWIT O MPOLECCe YIPaBNeHNs, HeYeTKUX TEXHOAOM M 415 peL-
CTaB/IGHNA 1 HAKOMNNEHWUS 3HaHWIA, HEeHpPOCeTEeBbIX MEeXaHUu3MOB AN peanusauuin 3akoHa ynpasneHus,
a TaKkxe reHeTu4YeCcKoro anroputma Ans HacTpoky peryastopa.

BeepgeHue

HelpoHedyeTkue perynatops!
(HHP) ncnonbayioT HeveTkMe npa-
BUNA U HEMPOHHLIA MEXaHU3M pea-
nmsaumm atnx npasun. QCHOBHOe
OOCTOMHCTBO Takoro noaxoaa 3a-
KOYAETCa B TOM, HTO (hYyHKUMOHWPO-
BaHWe HelpoHHoU cetn (HC) nony-
YaeT CeMaHTUYECKYIo uHTepnpera-
UMIO, @ HeveTkue npasunia peanuay-
0TCH B BUAER, Aonyckatouem obyye-
HWe W napannensHyw obpaboTky.
Wcenenosanna HHP senytes ¢ ce-
penuHbl 80-X roAos NPoLNOro Beka
([1-4] n pp.).

HHP moryT ucnonssoearscs
NPaKTU4HECKW B TEX XKe 0DNnacTax, 4To
N «0Bbl4HBIE» HEYETKUE PerynaTopsb
1 HC, a uMeHHO — B cucTemax pac-
NO3HaBaHWs, NPOrHO3UPOBaHUA, K-
arHoCTuKK W ynpasnedus [5, 6]. Oa-
HaKo NPOLECT KOHCTPYMPOBaHMS
HHP oTtnuyaeTcsa Tem, 410 OH OpUeH-
TUPOBaH Ha W3BNEYEHVE HEeW3BECT-
HbIX 3HAHMA U3 JaHHbIX (data mining),
4TO HeOBXoOAUMO ANA peanusauuu
¢azbl CTPYKTYPHOro obyyHeHus pery-
naropa, npegwecTteyoulen dpase na-
pameTpuyeckoro obydeHwns. 3Ta
BaXHas OCOBEHHOCTh MOXET CAeNaTh
HHP s dexTBHBIM MHCTPYMEHTOM
fpu padote ¢ UMUTALUOHHBIMW MO-
aensmu (MM) cnoxHeix o6beKTos.

Mpobnema KOHCTPYMPOBaHUs pe-
rYNSTOPOB AN CNOXHbIX 0OBLEKTOB
¢ nomowsio MM paccmoTtpeHa B pa-
Borax [7, 8]. OcHOBHas 3a/1a4a 30echb
3aknodaeTcs B nepexone or MM
K MOAEenn ynpaeneHnsa obbLekTom ny-
TEM BblAeneHns KoHeyHoro Habopa
YAPaBAAoWMX npasnn n3 6oNbLWOro
Maccusa aKCNEPUMEHTaNbHOMW WH-

dopmaumn. NoBceMECTHOE MCMNONL30BAHME KOMMBIOTEPHOTO MOAENMPO-
BaHwa No3BONSET YTBEPXAAT, YTO npumeHeHe HHP Ha aT1om Hanpaene-
HUW SBARETCH OAHUM M3 BaXHENLLMX 1 BECbMa NEPCNEKTUBHbIM,

HeuyeTkne KoHTpOnnepbl U MogenMpoBaHue

HeyeTkne perynsatopbl, WKW HeYeTkue NIOTMYEeCKUe KOHTpOonnepsl
(HNIK), siBnsioTcs Hanbonee sipKMM NPUNOXEHUEM TEeopUKU HeveTKMx
mHoxecTB J1.3ane [9]. BazoBoe NoHATME 3TOW Teopun Npeanonaraert,
4TO NI0BON anemMeHT MHOXecTBa X < X MOXeT COOTBETCTBOBATb CPasy
HECKONIBKUM HEeYeTKMM NOOMHOXECTBam A, B, ... Z ¢ pasHoi cTeneHblo
MPUHAANEXHOCTU La(X), tg(X), ..., uz(X), NPUHKUMaOWEN 3HAYeHUs
B amanasore [0, 1]. 3T0 NO3BONAET ONMCHIBATL KA4ECTBEHHLIE NMOHATAA,
BBOAS B PACCMOTPEHWE NUHIBUCTHUYECKME nepemMenHblie (Jil).

B HJIK ncnoneaytotesa 0bbiaHo ST «owwmbka ynpagneHus» (e*), «npo-
U3BOAHAA OWWOKKN ynpasneHus» ((de(t)/dt)") n «curHnan ynpaeneHus»
(u™). DT JIM NPUHWUMAIOT 3HAYEHWUA HA MHOXECTBE TepPMOB: «oTpuua-
TensHoe bonbwoer (OB), «<nonoxuTensHoe manoes (M), «Hynesoe» (H)
v T. n. Kaxasiii U3 TeEPMOB ABNSETCH HEYETKMM MHOXECTBOM. MexaHn3a-
mMbl paboTtel HITK getansHo onucaHs B 0DWKWPHOR nuTeparype (Hanpu-
mep, [10]). 3aeck NMwb NOAYEPKHEM, HYTO HEYETKME NPaBnna CBA3LIBA-
10T Habnopaemylo cUTyaumio 1 ynpaesneHne, KOTOpoe OOAXHC B 3TOW
CUTYyauum MCNoNb30BaTLCH:

npasuno 1: ecnu (e* = «H») u ((de(t)/dt)* = «OM») TO (U™ = «[TM»);

npasuno 2: ecnu (£* = «Ob») 1 ((de(t)/dt)” = «[MM») To (U" = «H»);

npasuno N: ecnu (" = «[MM» ) 1 ((de(t)/dt)* = «[1C») TO (U™ = «OM»).

ObbivHo npasuna HIK GopmynupyloTes © NOMOLLLIO Yenoseka-
akcnepTa. Ho atoro yacto BbiBaeT HegOCTATOHHO A1 3anN0NHeHUa BCel
6a3bl 3HaHWR. 34ecCb KPOETCHA rnaBHaa TPYAHOCTL ucnonb3osadus HIK.
Hpyraa npobnema 3akno4yaeTcs B OTCYTCTBUW MaTEMATUYECKOrO AoKa-
3atensctea ycrtonumsocTn HIIK. 31y npobnemel MoryT orpaHu4msaTh
nenons3osadue HJIK B HekoTopbix oBnacTtax n npunoxeHuax., Ho,
C APYroi CTOPOHLI, YCNOBWA YCTOMYMBOCTW 0BLIYHO A0Kas6BalTCA ANs
YNPOLWEHHOW (NMHENHOI) Moaenu cuctembl. YOeauTeca B YCTORYUBO-
CTW CUCTEMbl YNpaBNeHUsi CNOXHbLIM 00BEKTOM MOXHO NMBO nocne npo-
BEeEeHWA HaTYPHbIX 9KCNEepUMEHTOR, NuBo nocne cepuy BblYUCAUTENb-
HbIX 9KCMNEPUMEHTOB C MCMNONbL30BaHUEM afeKBaTHON (HENMHERHOR) Mma-
TemMaTu4eckon moaenu obvekTa.
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\ OBPABOTKA MH®OPMAUWN VIPABMEHVE N\

HIK npucylum Takme npyuaHaHHble OOCTOWMHCTEA, KaKk Manaa 4yBCTBU-
TENBHOCTL K BHELWHWM W NapaMeTpuHecKuM BO3MYLLLEHWAM B CUNY ec-
TECTBEHHONM aanTUBHOCTKU HEYEeTKUX NPAaBui «B ManomM» 1 rmbkocTs B
CUnYy TOTO, 4TO 32KOH ynpaBieHrs GOpMUPYETCH U2 OTAENbHbLIX NPaBuMN,
Tak 4To Kax[0e HOBOE MPAaBMA0 MOXET AOMNONHWTL ONMcaHue 3akoHa
YyNPaBneHns B HOBOW cuTyaumn. 9T¥ 0COBEHHOCTU OTKPLIBAIOT BO3-
MOXHOCTb UCMONb30BAHWA KOMMLIOTEPHOro MOAEMMPOBAHWA ana dhop-
MYIMPOBaHWA Npasun ynpasneHng obbexkTom.

HecmoTpa Ha BNeYaTngiowylo MOLWb COBPEMEHHOW BbHUCINTENb-
HOW TexXHWKW, Mcnonb3oeadue MM ans cuHTEe2a ynpaeneHusa 8 peanb-
HOM BRPEMEHU BO MHOTMX CRYHasax HEBO3MOXHO MO PAAY NPUYKH,

« YNpagengollee peleHne CUHTE3nPYeTea Nocne BeiNOAHEHWA MHO-
XecTBa NPOroHOB MOAENW C BapbUpyemMmbIMK napamMetTpamu. lNpu atom
HENL3A rapaHTHUPOBaTh HEe TONLKO ONTUMANLHOCTL NONYYEHHOTO PE3ynb-
Tava, HO ¥ CamMy BO3MOXHOCTL ero nonyy4eHns 3a oTBedeHHoe ANs Npu-
HATWUS PELUeHWUA Bpems.

« [na obecnevyeHun afekBaTHOCTM Moaen 06bEeKTY HYXHO pellaTb
npobnemy naeHTudUKauMKM B peansHOM BpemeHu. B obBem cnyvae
HacTpoWka Modenu Takxe TpebyeT BoINMONHEHWs NPOroHOB ¢ U3MEeHAe-
MbIMUW NapameTpamu,

Takurm 0Bpa3zomM, MOXKHO KOHCTaTMPOBATL, 4TO 00bIMHO VM MOXeT nullb
Kau4eCcTBEHHO COOTBETCTBOBAThL CNOKHOMY 0BBEKTY U HE MOXET UCNOfb-
30BaThLCA B peanbLHOM BpemeHn. OaRako npy cobniodeHn Ka4ecTBeH-
HOFO cooTBETCTBMA MM MOXEeT UCnonb30BaThea B pexume off line ons
0ByHEHWSI MHTENNEKTYANLHOrO perynstopa. Annapartom ana obpabor-
Ki1 KAYECTBEHHOM UHMOPMALUKMN CNYKUT TEOPWS HEYETKNX MHOXECTB.

MeToauka GpopMynrMpoBaHng HEHETKMX NpaBun No pesynstatam Kom-
NbIDTEPHOrO MOAENMPOBaHWA NpeanofiaraeT asa atana pabotel [3, 4].

Ha nepsom aTane mMHOroKpaTtHO CTaBuTca 3anada ynpasneHus npu
pasnNUuHbIX yenoeuax. C noMoLBI NOUCKOBLIX NPOUEAYD CUHTEe3npyeT-
€A MHOXECTBO 3TaN0OHHbLIX TPAeKTopUit. MrKCUpya BXOM U BbIXO4 MOAE-
K NPY ABWXKEHWW NO 3TaNIOHHOW TPAeKTOPWIM B Pa3Hble MOMEHTLI Bpe-
MEHW, MOXHO NONY4YMUTL MHOXECTBC obydalowmx nap <X, Y>, rae X —
BEKTOP BXOQa MoLenu (ynpasneHve), Y — BeKTop Bbixo4a MOAENN,

Ha BTopomMm aTane obydaowme napbl 06pabaTbiBaldTCa C LENLI
hOPMUPOBAHMA HEYETKUX NpaBun ynpasnexdusa. [1na sa1oro HyxHo npe-
obpazoeaTe 0ByYaoWMe Napsl B HeueTkyio Gopmy. 34eCb BO3MOXHbI
[Ba BapuaHTa:

1. 3aparee onucelsaoTes JIM Takum 06pasom, HTO UX TePMbI PaBHO-
MEPHO pacnpeaensaioTca No COOTBETCTRYIOWMM 6a30BLIM WKANAM BXOA,-
HbIX M BBIXOAHbLIX NepeMEHHbIX.

2. Kaxpoe «4eTkoe» 3HaYeHWe BXOAa W Bbixoga mMoaeu npeobpa-
3yeTcs B HeveTkylo qyopmy, CTaHOBAChL LEHTPaNbHON TOYKON (hyHKUMK
npuHagnexHocT Tepma J1M, B KOTOPOR pa(x) = 1.

CoOTBETCTBEHHD, MOXHO NPeAIoKUThL ABa anropyuTMa NocTPOeHUs
HEYETKUX NPaBuN, OAMH U3 KOTOPbLIX OCHOBaH Ha 0bpaboTke 3HAYeHWA
NPUHANEXHOCTW anemeHTos obydatolux nap k Tepmam SN, a sBTopon —
Ha BEKTOPHOW knaccudukaunuy ¢ NOMOLWEK BCNOMOraTenbHOn Cetu
KoxoHeHa.

Mony4YeHHbIA MTOTrOBLINM HABOP HEeYeTKMX NpasBu/l ABNSEeTCA Nnpeasa-
pUTENbHBIM, C Er0 NOMOLLBIO PELIAeTCA 334a4a OUEHKW CTPYKTYpbl HC
NPAMOro PacnpocTpaHeHna, napameTpsl KOTOPon NOACTPANBAIOTCS Ha
cneayilowen atane paboTsl.

BolOOp CTPYKTYpbl HEMPOHEUYETKOMW CUCTEMBI

dopmMupoBaHue HevweTKUX Npasun ynpaeneHus. B patorax [7, 11]
Beina chopMynMposatHa nNpocTas MeToauKa s reHepaunm HeveTKux
npasvn U3 BX04—8bIXOOHbLIX OdHHBLIX, MOonyHaeMblx NMpyu MogenpoeaHnia
B pexume off line. Noxoxas METOAVKA HE3aBKCUMO NPeA/IoXKeHa B pa-
Bore [12].

PaccMoTpuM Anst NPOCTOThI M3NOXEHWS CUCTEMY C ABYMS BXOAAMM
Xy W X W OOHWM BbixOAoM V. [MyCTb UMEETCH MHOXeCTBO obydatowmx
AaHHBIX, NOAYYEHHBIX MNMPK OBVKEHWN Oﬁ'beKTa Nno 37aN0OHHbLIM TRAEKTO-

Lns nony4eHns HeYeTKUX NpaBus
BbINOMIHAIDTCA CNeayloLmne Wwaru.

Ular 1. BxopHoe W BbIXxOAQHOE
NPOCTPaHCTBA PasfensioTcs Ha He-
yeTkue obnactn — tepmbl 1. Yuc-
No TEPMOB KaxA0W BXOAHOW N Bbi-
xoaHon JIM dukcrpoBaHo, 1 OHU
paBHOMEPHO pacnpeneneHsl B 06-
nacTtv onpegeneHna kaxaon NI,

Ang dyHKUWMA NPUHAANEXHOCTH
TEPMOB BBOAWTCHA YCNOBUE MOMHO-
el & [13] npu €=0,5 mnum ¢=1
(puc. 1). 310 ycnoeue 03Ha4aeT, YTo
AR 3a4aHHOro 3Ha4YeHus x Bcerpa
cyulecTeyeT TepMm T, TakoW 4To
Ur{x) = €. 3a c4eT 3TOro yCnoBmA He-
yeTkas cucTema BbIBOAOB obecne-
YmMBaeT NNaBHbLIA Nepexon oT 0AHO-
ro NUHrBUCTUHECKOro 3HaYeHus K
apyromy.

War 2. leHepupyloTcd HeveTkme
npasuna. CHavyana onpenensercs
CTENEeHb NPUHAANEXHOCTU BXOOHbLIX
[OaHHbIX K oTAenbHbiM Tepmam JII1.
Hanpumep, nycTb

unmix]) =08;
rnc(x5)=02;
whly') =08,

roe p,—,M{xf} — CTeneHb NpuHaLIex-
HOCTW BXOJHOIO 3HA4YEHWA X K Tep-
MYy C HassBaHwmem «[IM» coOTBET-
creytowen M.

Takum obpazom, NoNy4aeTcs co-
BOKYMHOCTb TROEK BWAA:

(0,8; 0,2; 0,6), (0,7; 0,5; 0,1) ...

OTa COBOKYNHOCTb TPOEK CTene-
HEel NPUHAANEXHOCTU ONUCLIBAET
BCE BO3MOXHbLIE BApWaHTLI Npasun
[N KaXKA0W TRPOWKW BXOOHLIX OaH-
HbIX.

3atem BoibupaeTca Tpoika c
MaKCUManbHbiM 3Ha4YeHUEeM npu-
HaONeXHOCTW NO ABYM BXOAHbLIM K

Hr(x) 1 T

AVAVAN

Ui {x) }‘

X

pUSAM:
(X:, X, y1J, (Xf, e y2), (X?, X3, y”], B Pyuc. 1. Onvicarue TEPMOB AUHIBY-
CTUHECKUX NEPEMEHHBIX
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/ 0BPABOTKA VNHPOPMALIIA 1 YTPABIIEHWE /

OAHON BLIXOAQHOW NepeMeHHON, KoTopas nopoxaaeTt npaewno. Hanpu-
Mep, NPaBMno ¢ HomMepom 1:
(x], x3, ¥ = (unm(X1) = 08; noc(x2) =08; nogly)=09)=

Mpaeuno 1: ecnn x; =M un x, = OC, 10 ¥y = OB.

tlar 3. NpuceoeHue koadduumrenTa onpeageneHHocTy (KO) kaxpno-
My npasuny. 9TO NO3BONSIET BLINCNHUTL CxaTue Badbl npaswun, T. e.
pewnTb cnegyiowme 3agaqu.

* BO-NMEpPBbIX, PA3pelwnTsb KOHGNNKTLI, KOraa OAHW 1 Te Xe NOCLINKK
B PasHbIX NpaBuiax NopoXaaloT pasHbie 3akno4eHns;

* BO-BTOPbIX, COKpPaTWUTL 00LLEe YMCNO NpaBui, Tak Kak y4UThIBATLCH
MOryT TONBLKO Npasuna ¢ makcumaneHbiM KO.

Kaxnoe npaBuno akTMeMsnpyeTcs ¢ y4eTom ceoero KO, ans Bbliuuc-
NEHUSA KOTOPOro MOXHO MCMNOMb308aTh OAHY M3 ABYX GopMy (NPK Npu-
BEAEHHbIX BbILLE AaHHbLIX):

KO =unmix1) roc(x2) nogly) =08-06-09 = 0432
KO = min(}lnM (XI } ¥ ].Loc(Xz) UoB (y)) = r‘nln(O,S 3 0,6 . 0,9) =086.

Takum obpazom, ecnu asa unu BonbLie NPABUI MMEIOT OAUHAKOBbLIE
I'I(E)CmeM 1 3aKNi04eHne, TO UCNONb3YEeTCH NPasuno, y KOTopore Bonblue
KO.

OueBnaHO, 3TOT METOA MOXeT BbiTk PACNPOCTPAHEH U HA CUCTEMBI
CO MHOMMMY BXOAAaMKW WU MHOMMMMK BbIXOAamu.

WUcnonb3oBaHue ceten KoxoHeHa. [1ng BblAENEHWA HEYETKUX npa-
BW M3 AaHHbIX TAKXEe MOXHO MCnonb3osarte ceTn KoxoHeHa — addex-
TWBHLIA MHCTPYMEHT BEKTOPHOW kKnaccundrkauun [4].

Byoem cuntatb, 4to U, V un W — HeveTkme NOAMHOXECTBA KOHEYHbIX
MHOXECTB X, Y11 Z MOUIHOCTbIO COOTBETCTBEHHO 7y, Ny, 1 1. [ycTh ume-
eTcs g HabopOoB AaHHbIX MOAENVMPOBAHWA, ONUCLIBAEMbIX TPOWKaMU (A",
By n C*), npuHMMalowWmmMm 3Haqedma Ha U, Vu W,

Cetb KoxoHeHa [14] umeeT BXOAHOW W BLIXOAHOW CNOR (puc. 2).
BxonHoi cnovt nonxeH coaepxats N, + N, + N, BXOAOB, OHW COOTBET-
CTBYIOT KaxOoMy 3neMeHTy MHoxecTB X, ¥ 1 Z. BbixogHol cnoid gon-
XEH COOEPXaTb N < g HEMPOHOB (TOYHOE YWNCNO HEMPOHOB oNpeaenseT-
CS NO OKOHYaHUKN 0BY4eHUs ).

Kaxaeli BxoA, coeanHeH Co Bcemu Bbixoaamu., HavanbHble 3Have-

HWS BECOB NPUCBaMBAIOTCA CnyvarHo. Beenem obo3HaveHns: dj by €i—

Ui .
3Ha4eHWe Beca Mexay BXOACM X; , y; , £; COOTBETCTBEHHO W BbIXOAOM I/

A;, B;, E;— BEKTOPbI, COCTaBNEHHbIE U34&; , by , €.
MycTb MMeTCa BXOAHbIE HabmoaeHns {/—‘(*, é* n C*). Ans kaxporo
BbIXOAHOMO HEMPOHA HEeOBX04MMO BLIMUCIUTL TPW 3HAYEHWA CXOACTBA:

1) Qf =S((A*(x,),a”), (At(XE}! 3,‘2), rany (A‘[XHXL afﬂx));
2) 0P =S((B*(y1), bi), (B*(y2), bj2), ..o (B* Yy s biny )
3) pf =S((E*(z1), €1), (E*(22), €i2), s (E *(Zpz), Binz)).

BosmoxHasa dhopmyna ong usmMepeHns cxoacTea:

1 n
S{(@ By, (@2, Ba), ..‘.(an,ﬁn))=1—;21|a,- ~Bil-

UI’ Uj Uﬂ

BhIxOOHOR Cnoi

P

A, B, E, ‘ BxonHow cnoi

T Tt 1t

Ay B A*, B* E* At B E

B Puc. 2. Cerb KoxoHeHa B pexvMe KknacTepusaunmn

Ha cneaywouiem ware ansa Bbl-
YUCNEHWHA OKOHYATEeNsLHOro BbIXOn-
HOro curHana HewpoHa BBOAMTCSH
nepemeHHas:

pj =min [o?, 0P, pf |

B BbixOQHOM Cnoe OelcTByeT
MEXaHU3M naTepasibHoro Bo3byxae-
HUA-TOPMOXEHKS (CM. puc. 2). B pe-
3ynbTaTe COPEBHOBAHWUS MPOUCXO-
AT BO3OYXAEHUE WKW He BO3DYX-
NeHue oTaenbHbix HelpoHoB., Ecnu
HeWnpoH i nobexnaeT B COpeBHOBa-
HUKU 1 BO3BYXAaeTcs, TO OH (U ero
Bnuxaiune cocean) Mogupuumpy-
eTCs B HanpasneHun BXOQHOIrO BeK-
Topak (A*, B*, C*). NameHeHne Be-
COB HEWpOoHa [ BLINONHAETCH Mo
dbopmynam:

Af = A +a(AT = A,
Bf =B, +o(B"- B;);
E{=E; +alE*-E;).

HeipoHbl, BAn3kne K i, Takxe
MOACTPanBalTCA, HO B MeHblueWn
cteneHu. Tak Beca noBeguBlInx
HENPOHOB NpUBAMXAIOTCH K BXOA-
HblM 3H@YE€HWAM.

Kak nokazaHo B [14], B pe3yib-
Tare NoOBTOpeHWs 3TOro npouecca
CO BCeMUW ODY4YaOWMMU OaHHbIMK
oBecneynBaeTcs WX KnacTepusaumns
BECaMu HelpoHos A;, B; un E;B COOT-
BETCTBMWU C OOyYalOWMMKW AAHHbI-
mMu. OOWH KnacTep OTHOCUTCH K MO-
TeHunanbHOMY npaswuny, KOTopoe
MOXHO BCTaBUTbL B §a3y npasun.
Kaxabllt knactep npeacrasisieTcs
TpoWkol (A, B, E), koTopasa dopmun-
pyeT OCHOBY npasuna:

ecnu (V ectb A) n (U ecTb B) 10
(W ectb E)

Beca ceazei onucelBadT QyHK-
UMM npuHagnexHoctu tepmos 1M1,
OTHOCAWMECH K NOCLINKaM W 3aKN-
YEeHUAM NPOAYKUMOHHBLIX Npasun,
Taknm 06pPa3oM, MOXHO CHWUTATD, 4TO
3necs Bce npasuna umetot KO =1,

ApxuTekTypa
HEeMWpPOHe4YeTKOoro perynaropa

Apxutektypa HyFIS (Hybrid
neural Fuzzy Inference System)
npeacTasnaeT coboi MHOrocnNon-
HYIO CETb NPAMOro pacnpocTpaHe-
Hua [15]. Tononorua HyFIS nokasa-
Ha Ha puc. 3.

HellpoHbl BXOAHOrO cNosi Nony-
HaKT BXOAHbLIE COCTOAHUA, a HENPO-
Hbl BbIXOAHOrQ cnos BbipabaTbiBa-
10T ynpasnawwme pewenwd. MNpo-
MEXYTOYHbLIE  CNOWM  ONWUCHLIBAIOT
YHKUMM NPUHAANEXHOCTW 1 npa-
BWAa, 410 NO3songeT nNony41uTh Ac-
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HOe MpencTaBneHne O MexaHuame
paboThbl TaKoW ceTu.

HelipoHbl cnos 1 npocto nepe-
Oal0T BXOAHbIE («4eTKMe») CUrHanb
B nocneaywuwmnin cnoi. Kaxabii
HEWPOH Cnod 1 CBA3aAH TONBKO C
TEMU HEMPOHaAMW CNos 2, KOTOPbLIE
OMMCLIBAIOT COOTBETCTRYIOWME Tep-
mbt JITT.

HelpoHbl cnos 2 ONUCLIBAIOT
Tepmbl BxoaHeix JIM. Ans BxonHoro
3HAYEHUA BLIMUCNAIOTCH QYHKLUMU
MPUHAANEXHOCTU K TepMam CoQT-
geTcTBytowen /M. N3HayaneHo seca
cBazenn mexay 1-m n 2-m cnoem
eduHuYHbe, U dYHKUWMM NpUHannex-
HOCTW pacnpeaeneHbl PABHOMEPHO
B NPOCTpaHCTBE BECOB. Ecnu cyue-
CTBYIOT Kakne-TO 3KCNEPTHLIE 3Ha-
HUA, TO UX MOXHO MCNONL30BATbL Mpn
VHMUManM3aumm.

HelpoHb! cnos 2 UCNoNb3yIoT ra-
YCCOBCKUE (YHKLWUW NPUHAANEXHO-
CTW, ABa napameTpa KoTopbiX —
LeHTp (¢) v WwupuHa (o) — HacTpa-
MBaTCH Npy obyyeHuu:

2o
y2 =ur (xj) =g e/,

Ha pwuc. 3 JIIN onwucbiBaloTca C
noMoLbl TepMOB «BonbLio» (B),
«CpepfHuit» (C), «maneHbkuin» (M). Bo
MHOMMX CNYYaax HY>XHO Y4WTbIBaTb
3HaK BXOAHOW nepemMeHHOn, Toraa
WCNONbL3YIOTCA TEPMbI «MOJOXM-
TeNbHbi BonbLwoii» (MB), «oTpuua-
TensHbli cpegHuins (OC) n T. A,

Buixo40M HEWPOHOB BTOPOro
cnos asnaoTea GyHKUMKM npuHag-
NEeXHOCTU BXOAHOM0 3HaYeHus K
Tepmam JIIM.

Kaxablit HeipoH cnos 3 onwncel-
BAET MOCLINKW HEeYeTKUX npasuin.
Beca ceazel nonaratotca eauHny-
HbIMK, HERMpOH 3TOro cnos BbiNon-
HAeT onepauuio AND (unwn BblYuC-
naet apyryilo T-Hopmy). CoBOKyri-
HOCTbL HEWPOHOB 93TOro Cnos
dopMupyeT HeveTkyio Basy npaswn.
DYHKUMOHUPOBAaHME Kaxaoro Hemn-
poHa cnos 3 MOXHO onucaTth Tak:

y} =min (y?),
:er’J,-

rae f; — MHOXeCTBO HEVPOHOB CNOS
2, CBA3AHHBIX C j-M HEMPOHOM CNos
3, y? — BbIXOA HelpoHa j Cnos 2.
Beca ceaseit Mexay cnosimu 3
v 4 onuceisaloT KO npasuna.
HelpoHbl CNos 4 onuCbIBAIOT
BO3MOXHbIE 3aKN4YeHWus npasun,
Kaxaplih HeipoH peannayet QyHK-
Um0 OR, y4nTeIBas COBMECTHOE Oei-
CTene npaswn ¢ oAHKUM KU TEM XKe
TEPMOM 3aknkoyeHuns. Tak onucblsa-
erca 06nacTs BOCNPUATUA BbIXOAHOW
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Cnoi 5
[BLIXDAHOIR)

Crnoin 4
(IAKNOHEHWA Npasun)

Cnoit 3
{NOCKLINKK Npasun)

Cnoi 2

{NpUHaQNEXHOCTb
K Tepmanm)

Cnoi 1
(BXOAHOW)

B Puc. 3. Heiipornnas cets HyFIS

COOTBETCTBUA ero MYHKUMK NPUHAANEXHOCTU BCEM HEYETKUM NpaBu-
nam BmecTe. yHKLUMOHMPOBaHWE HEMPOHAa Cnos 4 MOXHO onucaThb Tak:

4
yk =max (y§ wy),
jely

roe !, — MHOXecCTBO HelipoHOoB €nosi 3, CBA3AHHLIX C K-M HENpOHOM
cnog 4, yj(‘ — BbIXOJ, HellpoHa k cnos 4.

Cessn wy; Mexay cnosimu 3 1 4 AeiCTBYIOT Kak MexaHu3m BblBOAa,
NO3BONAIDLWIMIA M3BexaTe COCTA3aHua npasun. Kaxanoe npasuno akiu-
BM3UPYETCA C HEKOTOPOW CTENEHbIO, NPeACTaBNeHHON KBaapaToM Beca
CBA3MN.

Cnoii 5. 3aecs BbipabaTbiBaeTCA BLIXOAHAA (BbIXOAHbIE) NEepeMeH-
Hbl€ CHMCTEMBI, T. €. BbinoaHaeTcs onepauus aedasandukaumm (DF) —
BbIYMCNEHUS TOYHOMO BLIXOOHOMO 3HaYeHua. [Nns 3Toro MoXeT npume-
HATLCA METON LUeHTpa TaxecTn uin uedTpa obnactu (LLO). Cxema pe-
dazandukaumm L0 npegnonaraet pacdeT BbIXOAHOrO curHana no op-
Myne:

4

Zyk GieCix

5 kel
{

= 3 ,
> Yk Ok
kel

roe f; — MHOXeCTBO HeMpPOHOB CNos 4, CBA3aHHbLIX ¢ K-M HEIMPOHOM Cnosa
5; Gy W Cyp — WMPUHA W LeHTpanbHasa To4ka GyHKUWMK NPUHAANEXHOCTH
k-ro HeinpoHa cnosa 4.

Beca cBa3ei HepoHoB cnoes 4 1 5 eguHuyHble. OBy4alTCs ToNb-
KO Beca mexay cnoamu 3 n 4,

Takum 0b6pa3oM, apxutekTypy HyFIS BeIrOAHO MCNONL30BaTh NMpU
npoueaype BblaeNeHus HeueTKUX Nnpasu.

Apxutektypa ANFIS (Adaptive Neuro-Fuzzy Inference System) onu-
caHa B pabote [16]. CtpykTypa ANFIS npeactasneHa Ha puc. 4.

dyHkUMoHUpoBane ANFIS Heckoneko oTnuyaetcsa oT HyFIS. Pac-
cmoTpum paboty ANFIS noapobHee.

e HelpoHblI BXOAHOrO cnos v cnoa 1 paboTaloT aHanorudHo HyFIS,

« Cnow 2 peannayeT HeYveTKyIo T-HOpMY, Ha ero BbIXoAe NOABNAETCH
BEUYUHA ¢, ABNSIOWAACA Pe3yNbTaToOM NPUMEHEHUSI HEYETKOM onepa-
umn AND no OTHOLUEHUIO K NOChIIKaM COOTBETCTBYIOWEro npasuna.

e HelipoHbl €Nost 3 BLIMUCASAIOT 3HAYEHWA!

O

nepemeHHON. YpoBeHb akTuen3aLmm B; = )
HEeWpoHa CNosl 4 OnucLIBaeT CTeneHb P oyttt Oy
Nal,2002 Wy MHOOPMALMOHHO-YTIPABMIAIOLAE CUCTEMbL W 5
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Cnoi 5
(BLIXDAHOR)

Cnon 4
(3aKnoUeHMR Npasin)

Cnoi 3

Cnon 2
{NoCLINKW Npasun)

Cnoii 1
(NPMHAANEXRHOCTE)

BxofHOR cnoi

W Puc. 4. Ctpykrypa cetit ANFIS

e B cnoe 4 BbINONHAETCH Onepauns BblHWUCIEeHKs
BE/INYUHBL:

Bizi =B F o),

roe F — GyHKUMA NPUHAONEeXHOCTWU, OnuckiBaloLas
TEPM yNpaBheHus z;
« Cnoii 5 BeinonHsieT onepaumntio Aedazsndurkaumm:

Zo=P1Z1+B222+ ... +PBmZm-

Hactpoiika cetn ANFIS Takke npegnonaraer Kop-
pPexTUpPOBKY MYHKUMA NPUHAANEXHOCTU 3aKNI0YeHWIA
HevyeTkux npasun F;. O4eBUAHO, YTO 3TY CTRYKTYPY Bbl-
roAHO MCNONb30BaTh NPU NPOUEAYPE BbIOENEHUS He-
YeTKUX NPasuni Ha OCHOBAHWUWU MMUTALIMOHHOMo MoAe-
NUPOBaHKA.

NapameTpuyeckaa HacTpoiika perynsaropa

B npouecce napameTpuyeckon HacTpPOWKWN pery-
naTopa Tpebyerca MUHUMU3UMPOBaTbL OLWNBKY ynpas-
neHws no Bcem 0By4alOLWMM napam, a Takke npoee-
puTb paboTy perynatopa B Tex cuTyauuax, Kotopsle
He Bxoawnu B obydatowyo Belbopky. Mpwu pabote ¢
HenuHenHbiMy VM pgns 9Toro HeoGxoaumo Mcnonb-
30BaTh reHeTuyeckuin anroputm (FCA). F'A ocHoBaH Ha
dyHAaMeHTanbHbIX NPeacTaB/ieHWax O MexaHuame
9BOMOUMN KaK npouecce sbixusaHusa Hanbonee npu-
cnocobneHHbix ocobein n rubenn HaumeHee NpMcno-
cobneHHbIx [17].

Mpwv ncnonszosarHun A HacTpanBaemole napamMer-
pbl perynstopa (KO npasun unu napameTpbl GyHKUMA
MPWHAQNEXHOCTW) KOOAUPYIOTCH ABOWYHBLIMU LienoYka-
MW KOHEYHOR ANUHbI — XpoMocomamun., COBOKYMHOCTL
XpOMOCOM 0BpasyeT NOMNynauMilo — MHOXECTBO TO-
YeK MHOrOMEepHOro NPOCTPaHCTEA, B KOTOPOM Npouc-
XOAMT NOWCK pelleHus. Kaxaas XpomMocoma oueHu-

BaeTCcya NyTem MoAenvpoBaHns NepexoaHoro npouec-
ca (puc. 5).

Mpwn ynpasneHun AMHamMuiyecknm npoueccom ob-
wan owmnbka perynuposaHusa g(f) 4oNXHa NOACHUTHI-
BaTbCs HAa NOCTATOMHO BONLLWIOM KONUYECTBE To4ek
nepexoaHoro npouecca (N), Toraa NnpuroaHoCTb Xpo-
MOCOMbI MOXHO OUEHNTL NO dopmyne:

P=—%

Ha OCHOBaHWKM 3TUX OUEHOK «XOPOLIWe» XPOMOCO-
Mbl NONYNAUMK PA3MHOXAI0TCH C MOMOLLBIO TeHeTn-
4eckoro onepartopa konupoeadus. OctanbHble reHe-
TUYECKME ONepaTopbl — CKpewmuBaHua U MyTaunuu —
no3BONSINT UCCNeAO0BaThL BCE NMPOCTPAHCTBO NOWUCKA
pelweHus [18, 19].

Ycnex napaMeTpu4eckon HaACcTPOMKWM 3aBUCKMT OT
TOr0, HACKOMNLKO BEPHO Bbina BbibpaHa CTpykTypa pe-
rynsatopa. B CNOXHBbIX cnyyaax npouecc obyyeHus
MOXET BKOYaTh HECKONBKO LWAros, ¢ yepejoBaHueMm
CTPYKTYPHON WU napameTpu4eckon HacTpPonku pery-
naropa.

I'Ipal("ru YeCcKWne npunoxeHus

OnucaHHag MeToamka MoxeT BbiTb Becbma addek-
TMBHA B 3aAaqax ynpasneHus CNOXHbIMW AuHamuye-
ckuMm obbekTamn. PaccmMoTpuM Oga npyumMepa.

1. 3apava ynpasneHus NOABOAHbLIM WMCCNeaoBa-
TensLcknum BykcupyembiMm komnnekcom (BK) [20, 21].
BK npeacraesnaeT coboi cuctemMy cyaHO—Tpoc—noa-
BOAHbIM annapaT ([A). Tpaektopua asuxeHwus A
ornpegensiouim 06pasom 3aBUCUT OT AMHAMUKK CYA-
Ha W Tpoca ANWHOM HEeCKONkKO KunomeTpos. Henw-
HellHaa MIM BK nossonser nony4nTb Nullb OTHOCK-
TENbHO Manoe KOMMYECTBO MNPOTrOHOB B YCKOPEHHOM
BpemeHu. Ho B pexume off line moxeT ObiTk Hakon-
neHo Bonbloe KONMYECTBO AaHHBIX MOAENUMPOBaHUS.
B peaynstaTte CTPYKTYPUpOBaHUA 3TOW MHbOpMaumm
BbIOENAETCH OrpaHM4eHHOe YUCNO HeveTKWX ynpas-
NAOLWMX NPaBun, NapamMeTpbl KOTOPbIX KOPPEKTUPYIOTCS
C Yy4eTOM OnepaTtuBHoin uHdopmaumun [20, 21].

2. Bapaya ynpasneHus NOCaaKoi camoneTa sep-
TUKANLHOro B3neta v nocagku [22]. Ucnonbays He-
nuHenHyio MM obbekTa ynpaBaeHus, MOXHO C NOMO-
LLBIO MOWCKOBbLIX NPOUEayp CUHTE3MPOoBaTk B PexXume
off line BonbwWoe KONWYECTBO YAOBNETBOPUTENbHBIX
TpaekTopuii ABmkeHua obvekTa. Nocne BhinoNHEeHd
KnacTtepusauun npocTpaHcTBa BXO[OB U BLIXOLOB
NONy4aeTcs orpaHWHeHHbLIn Habop HevyeTKuX npaemn,

3TanoHHbLIR
npouecc

W Puc. 5. Hactpovika perynartopa ¢ nomoisio A
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3apaloLlniA CTPYKTYPY ynpasnsiouwen HC, napameTpel
KOTOPOW NOTOM MNOABERralnTCa Koppekumu. ns obec-
ne4yeHus agantauuvn B peanbHOM BpPpemMeHW BO3MOXK-
HO B3auMOAEWCTBUE KOHKYPUPYIOLWMX CTPYKTYP [22].

3aknwueHune

U cuctema HeveTkux npaBun, U uckyccTeeHHas HC
ABNAIOTCA YHUBEPCANbHbLIMKW annpokcumaTopamm —
C UX NOMOLWLBID MOXHO ONUCaTb NOBYID HENVMHENHYIO
dyHKUMIO. OaHaKOo TONBKO COeAMHEHUE 3TMX ABYX NOA-
x0A0B B pamkax HHP nozsonser QaHOBPEMEHHO UC-
none3osate cnocobHocTu HC k oby4eHnio 1 ynob-
CTBa NPEeACTaBNEeHUS W aHanu3a HeveTKuX NpoayKLu-
OHHbIX npasun. KoHcTpyuposaune HHP skniovaeT aga
aTana, Ha Kaxaom M3 KOTOPbIX He0BX0AMMO MCNOoAb-
3o0BaHne UM obbekTa.

Ha nepeom atane NPOMCXOANT CTPYKTYPHbLIA CUH-
TE3 perynaropa-— onpefaeneHne KonuyecTsea npoayk-

LIMOHHBIX NPaBw, 4OCTAaTOMHOMO A5 ONUCaHWA 3aK0-
Ha ynpasnenus. Kak 6bIn10 nokasaHo B cTatbe, 34ech
BO3MOXHbl ABa noaxoga: nubo npeasaputensHoe
onucaHwe Tepmos NI, nuBo NoWcK aTOro onucaHus
B pesynbTaTe knactepusauuu, CooTBETCTBEHHO, Npu
NepBOM BapuaHTe BbIMDAHO MCMNOMNbL30BATE apXUTek-
TYRY HyFIS, a npwn BTOpPOM BapuvaHTe — apXuTekTypy
ANFIS.

Ha sTOpoM aTane npoucxoauT napamerpuyeckas
(To4Has) HacTpoKa — YyTOYHEHUE TeX WU WHbIX Mna-
pameTpoB HC, peanuayiollen HevyeTKyIio NPoAYKLWUOH-
HytO cucTemy. Ons apxutektypbl HyFIS — aT0 koad-
duUUMeHTbl ONpeaeneHHOCTU NPaBus, a Ans apxvrek-
TYpbl ANFIS — napameTpbl GYHKLMR NPUHAONEXKHOCTW.
30eChb BbIFOAHO MCNONba0BaTh A — MOLWHLIA MHCTPY-
MEHT noucka rnobanbHOro 3KCTpPeMyma ueneBon
dyHKUMMK,

OnucaHHas MeToaMKa MOXeT UCroMb30BaThCA NPU
paspaboTke CUCTEM YNPaBeHns MHOMMMWU peanbHbl-
MW CNOXHBIMW OOBLEKTaMu,
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