JIaGoparopHas padota Ne2
Peanuzarus cucteM moaep KKy MPUHATHS PEIICHU Ha 0a3¢ HEUETKOM JIOTUKH.

1 ens paGoThl
Lenbto paboThI SBISETCS MOJyUYEHUE CTYIEHTAMU MPAKTUYECKUX HABBIKOB peau3allud CH-
CTEM MOJICPKKHU MPUHSATHUS PEIICHUI Ha 0a3e HEUETKOM JIOTUKH.

2 OCHOBHBIE TEOPETUUECKUE CBEICHUS

OCHOBOI cHUCTEM HEUYETKOW JIOTHKH SIBJISICTCS MaTeMaThyecKas TEOpUs HEYETKUX MHO-
JKECTB, KOTOpast O0epeT cBOe HAYaJlo CO CTaThH aMepuKaHckoro yueHoro Jlordu 3ane, omyonuko-
BaHHOW moa Ha3BaHueM 'Fuzzy Sets" (HedeTkune mHOXecTBa) B 1965 romy B kypHaie
Information and Control. B Hacrosiee BpeMst 3Ta Teopus OTyIHIIa TOCTATOYHO IITYOOKOE pas-
BHUTHE, a CHCTEMbI Ha 0a3e¢ HEUETKOM JIOTMKH HAIIUTH IIMPOKOE TPUMEHEHHE B TPOMBIIIUICHHOCTH
OT MPOU3BOCTBA (POTOAMITAPATOB, CTUPAIBLHBIX MAITMH, MUKPOBOJHOBBIX TeUei 10 yIpaBIeHUS
KPYIHBIMH MPOMBIIIIEHHBIMH [TPOU3BOJICTBAMU M CUCTEM MOICPIKKU MPUHITHS PEIICHUS.

Wnest, nexainiast B OCHOBE TEOPUU HEUETKMX MHOXKECTB, 3aKJIFOYACTCSI B TOM, UTO YEJIOBEK B
CBOEH MOBCEIHEBHOM KU3HHM MBICIUT U IPUHUMAET PEIICHUS HA OCHOBE HEUETKHX MoHsATul. Co-
3JIaHUE TEOPUH HEYCTKUX MHOMKECTB - 3TO IMONBITKA (OPMAIM30BATh YEIOBEUECKUI CITOCOO pac-
CyXKIeHHi. Pa3BuTre BBIYUCIUTENHLHON TEXHUKU MO3BOJSET B HACTOsIIEE BpeMs CO37aBaTh Ha
0a3e TEOpUU HEUYETKUX MHOKECTB CHCTEMbl HEUETKOM JTIOTUKH, KOTOPhIE KOMUPYIOT CIIOCO0 pac-
CYXKICHHI uenoBeKa.

B GonpmmHCTBE peaeMbIX 4eTOBEKOM 3a71a4 He TpeOyeTcst BhicoKasi TouHoCcTh. Haobopor,
4acTO MNPUXOAMUTCS HAXOIUTh PA3yMHbIH KOMIPOMHCC MEXAY MOHATHAMHU "TOYHOCTH" U "Bax-
HOCTB" TIpH OOIIEHUH C peabHBIM MUPOM. Tak, i MPUHSITHUS PEHICHHUS O MEPEX0/Ie YIUIIBI Ue-
JIOBEK HE OIIEHUBAET CKOPOCTh MPHUOIUKAIOMIETOCS aBTOMOOMIIS C TOYHOCTBIO JI0 JIECATHIX JTOJICH
MeTpoB B cekyHay. OH ompenensier Juisi ceds CKOpOCTb aBTOMOOWIS Kak "oueHb ObICTpyro",
"OpicTpyr0", "MenneHHyw" u T.JA., T.e. HUCIONb3yeT MM 0003HAUYECHUS CKOPOCTH JUHTBHCTHUYE-
CKHE TIepEMEHHBIE.

Onpedenenue nunegucmu4eckoli nepemeHnol (hpopmanvroe)

JIuHTBUCTHYECKOM MepeMeHHON Ha3biBaeTcs narepka (X, T(x), X, G, M), rae x - ums nepe-
MeHHO; T(X) - MHO>KECTBO UMEH JIMHTBUCTUYECKHUX 3HAUCHUN MEPEMEHHOMN X, KaXJI0€ U3 KOTO-
PBIX SBJISIETCSI HEUETKUM MHOKECTBOM Ha MHOecTBe X; G €CTh CHHTAKCHUECKOE MPaBUJIO IS
o0pa3oBaHUs UMEH 3HaYCHHH X; M ecTh CEeMaHTUYECKOE MPABUJIIO JIJIST ACCOLIMUPOBAHUS KaxI0M
BEJIMYMHBI 3HAYECHUS C €€ ITOHSITHEM.

DTO onpeneneHrue MOKET BbI3BaTh OUIYLIEHUE, YTO JIMHTBUCTHYECKAs MIEPEMEHHAs - OYEHb
CJIO’)KHOE TIOHATHE, HO Ha CaMOM Jiejie 3TO He Tak. llenh KOHIeNIuu JTUHTBUCTUYECKOU Tepe-
MEHHOM COCTOUT B TOM, YTOOBI (pOpMANIbLHBIM 00pa30M CKa3aTh, YTO NMEPEMEHHAST MOXKET IPUHHU-
MaTh B KaueCTBE 3HAYCHHUI CJIOBa U3 €CTECTBEHHOTrO s3bika. Hampumep, eciu Mbl TOBOPUM
"OBICTpast CKOPOCTH", TO MepeMeHHas "CKOPOCTh" JOHKHA MOHUMATHCS KaK JIMHTBUCTHYECKAS
NepeMEeHHas1, HO 3TO HE 03HAaYaeT, YTO NMepeMeHHast ""CKOpOoCTh" HE MOYKET MIPUHUMATh peabHbIe
3HAYCHUS.

Onpeoenenue TUH2BUCUYECKOU NePpeMeHHOU (UHMYUmugHoe)

Ecnu nepemeHHas MOXKET MPUHUMATh 3HAYEHUS CJIOB B €CTECTBEHHOM Sf3bIKE (HAmpumep,
"ManeHbKuit", "OBICTPBIA" U T.I.), TO 3Ta MEPEMEHHAs ONpEeIseTCs] KaK JMHTBUCTUYECKAs Ie-
pemenHas. Ci0Ba, 3HaU€HUS KOTOPHIX MPUHUMAET JIUHIBUCTUYECKAs IEpEeMEHHas, 0ObIYHO 000-
3HAa4Yal0T cOO0H HeueTKue MHOXecTBa. JINHIBUCTHYECKas TepeMEHHast MOXKET MPUHUMATh CBOU-
MH 3Ha4YEHHUSMU JINOO cJI0Ba, 1100 Yucia.

Omnpenenenne. HeyeTkoe MHOXKECTBO - 3TO TaKO€ MHOXKECTBO, KOTOpOe 0Opa3yercsi myTem
BBEJICHUSI 0000IIEHHOr0 MOHATHS NMPUHAAIEKHOCTH, T.€. PACIIUPEHUS ABYXJIEMEHTHOIO MHO-

KecTBa 3HaueHUH QyHKuuu npunHaanexnoctu {0,1} no otpeska [0,1]. 310 03HAUaeT, uTO Mepe-



XOJ] OT MOJTHOW MPUHAUIEKHOCTH 0OBEKTa MHOXKECTBY K €r0 MOJHON HEMPUHAIIIC)KHOCTU TPO-
HCXOJIUT HE CKAYKOM, KaK B OOBIYHBIX "JETKHX'" MHOXKECTBAX, a IJIABHO, MOCTEIICHHO, MPUYEM
CTENEHb NIPUHAIEKHOCTH 3JIEMEHTA MHOXKECTBY BBhIpa)kaeTcs 4ucyioM u3 uHtepsaina [0,1].

Takum 06pasom, HedeTKoe MHOXKECTBO A = {(x, M A(X))} ompenensiercs maremarmuecku
KaK COBOKYITHOCTbH YHOPSAOYEHHBIX IMAp, COCTABICHHBIX M3 JIEMEHTOB X MHOXKECTBA X U COOT-
BETCTBYIOIIUX UM CTENEHEH MPUHAIEKHOCTH K A(X) WM HEMOCPEICTBEHHO B BUJIE (QYHKIIUH K
A XJI’[O,I].PaCCMOTpHM IIPUMEP HEUYETKOI'0 MHOKECTBA.

Ilpumep 1. MHOXECTBO BBICOKHX JIFO/ICH

[TycTh X ecThb TMHTBUCTHYECKAS NEpeMeHHast, 0003Havaromas "pocT yenoseka", a ee QyHK-
s IPUHAIJICKHOCTH K MHOKECTBY BBICOKUX JIFO/IEH K aX= {0,1}, rne X - MHOXeECTBO, BKIIIO-
yaroriee B ce0si Bce BO3MOXKHBIE 3HAYEHHS POCTA YEJIOBEKa, 3aJjaHa CISAYIOIUM 00pa3oM:

1, ecrmd X =180,

)=
Ha (x) 0, ecr x <180.

Torma MHOXECTBO "BBICOKUX JItoJIel" 3aaeTcsi BbIpaxkeHneM A={X| K A(X)=1}, x €X. I'padu-
YECKH ITO MPEJICTABICHO HA pUCYHKE | (CILIONIHAS JIMHUA).
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Pucynok 1

OnHako B peanbHOM >KM3HU TakO€ MOHATHE, KaK "POCT BBICOKOTO 4eNoBeKa', sIBISETCS
CyOBEKTHUBHBIM, T.€. 3aBUCUT OT MHAMBUIYYMA, JIETAIONMEro OoeHKy. OJHU CUNUTAIOT, YTO BBICO-
KHIi 4eTIOBEeK JTOJDKEH OBITh pocToM Oosee 170 cMm, npyrue - 6onee 180 cm, Tpetbu - Gonee 190
cM. HeueTkue MHOXKECTBA TTO3BOJISIOT YUECTh TaKylO Pa3MbITOCTh OIIEHOK. Tak, mycTh (PyHKITUS
MPUHA]ICKHOCTU K A:X9 {0,1} umeer BUJ, MPECTABICHHBIN HA pUCYHKE | MyHKTUPHOUN JTMHU-

Hn

eit. Torma mHOMXecTBO A ("BBICOKHUX TIOJEi") 3aaeTCsa MHOKECTBOM map A={X, K AX)}, x €Xn
SBIISIETCS. HEUETKUM MHO>KECTBOM.

Taxum o0Opa3om, yenoBek poctoM 145 cm OyneT npuHAIEKaTh MHOKECTBY A CO CTETIEHBIO
MPUHAJICKHOCTH |‘J‘A(145)=0, YeJIoBEeK pocToM 165 cMm - H a(165) = 0,3, poctom 185 cm -|‘LA
(185)=10,9, a poctom 205 cm - K A(205)=1.

MOoHO cKa3aTh, YTO B HEYETKOW JIOTHKE MPABIMBOCTh KaXJI0TO YTBEPKICHUSI pacCMaTpH-
BaeTCs B paMKaX CTENCHH MPABIUBOCTH, KOTOpPas MOXKET TaKXKe pacCMaTPUBATHCS KaK CTEICHb
YBEPEHHOCTH JKCIEpTa, JENAIONIer0 OLEHKY, B TOM, UYTO DJIEMEHT X MPUHAATICKHUT MHOKECTBY
A.

U3 BhIIECKa3aHHOTO MOYKHO C/IeTIaTh CIEAYIONINE BBIBOIBL:

1) HEYeTKHEe MHOXKECTBA OIMKCHIBAIOT HEOMPEIeNIeHHbIE MOHATUS (OBICTPBIA OETYH, ropsyast
BOJIa, KapKasl MOT0/a);

2) HeYeTKHe MHOXECTBA JOIMYCKAIOT BO3MOXKHOCTh YACTUYHOW MPUHAJICKHOCTH K HHM
(TISITHUILIA - YACTUYHO BBIXOJIHOM JIeHb (YKOPOYEHHBIH ), TOT0/1a CKOpee kKapkasi);

3) cTeneHb MPUHAUICKHOCTH O0BEKTa K HEYECTKOMY MHOXKECTBY OIPEIEISAETCS COOTBET-
CTBYIOIIUM 3HAa4eHHEeM (YHKIIMH MpUHAUIe)KHOCTH HAa uHTepBaie [0,1] (maTHUIA TPUHAICKUT



K BBIXOHBIM JTHSM co CTEIEHBIO MPUHAJIC)KHOCTU 0,3);
4) pyHKIMS TPUHAIICKHOCTH CTAaBUT B COOTBETCTBUE OOBEKTY (WJIM JIOTUYECKOW TIEPEMEHHOM )
3HAUCHUE CTEIICHU ero MPUHA]JIC)KHOCTH K HEYETKOMY MHO>KECTBY.

Jlozuueckue onepayuu ¢ neuemxumu muodxcecmeamu. OIHON U3 BaXKHBIX BEILEH U1 TOHUMaHU
MeXaHHM3Ma HEYETKOM JIOTUKH SBIIAETCS TO, YTO OHA MOXKET pacCMaTpUBAThCA KaK pacIIMpEeHUe
CTaHJAPTHOH, XOPOILIO M3BECTHOW OyieBOW JOrHKH (IOJO00OHO TOMY, KaK HEUYETKHE MHOXKECTBA
ABIISIOTCS PacCHIMPEHUEM OOBIYHBIX MHOKECTB). J[pyrumu ciioBamu, €clii paccMaTpuBaTh HEUET-
KM€ 3HAaYCHHS B UX dKCTpeMyMax, T.e. B 1 (aOcomoTHas mpasaa) u B 0 (aOCONOTHAS JIOXKB), TO
MOHO MPUMEHSTH cTaHAapTHbIe Jorudeckue onepauun: 1M, NJIM, HE. B HeueTkoi Jioruke uc-
TUHHOCTb Ka)KIOI'0 YTBEPXKIECHUS PACCMaTPUBAETCS B ONPEEIIEHHON creneHu. B HeueTkol jo-
ruke 1o anainoruu ¢ onepauusmu M u NJIN BBogsaTcs onepanuu min(A,B) u max(A,B), a ome-
pauuu HE cootBercTByeT onepanus 1-A. ['paduaecku 310 npencTaBieHo Ha pUCyHKax 2 - 4.
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Pucynox 2 - Onepanus min(A,B): a - "yeTkas" JIOTHKA;
0 - "HeuyeTkas" JOrUKa

1.2
o LL)

‘ d ‘ ool ", "

a 0
Pucynox 3 - Oneparnus max(A,B): a - "geTkas" JIOTHKA;
0- "HeueTkas" JOrHKa
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Pucynok 4 - Onepanust 1-A: a - "yeTkas" JIOTHKA;
0- "HeueTkas" JoruKa
Paccmotpum dbopmarbHbIE oTpeeneHusl.

Onpeoenenue 1. Tlepeceuennem A 7B nByx HedeTKHX MHOXeCTB A 1 B Ha MHOXecTBe X SBJISI-
€TCsl HEYeTKOE MHOXKECTBO Ha MHOXkecTBe X ¢ (DyHKUMEH MPUHAATIC)KHOCTH, ONpeaeIsIeMOn s

710600 X X KaK Wynp = mingd [, (X), 1g (X)) _

Onpeoenenue 2. O6benunenuemM A ' B nByx HeueTknx MHOXkecTB A u B Ha MHOXecTBe X sB-
JISIETCSI HEYeTKOE MHOXKECTBO Ha MHOXKecTBe X ¢ (DYHKIMEH MPUHAIIC)KHOCTH, OMpeaeIsieMon

ISt Tr000ro X EX Kak MHUB = maX{ l‘L..!:L (X)?‘]J'B (X)} .

Onpeodenenue 3. JlononHeHNEM A HeweTKOro MHOXKeCTBA A Ha MHOXKeCTBE X SIBIISICTCS HedeT-
KO€ MHOXXECTBO Ha MHOXECTBE X ¢ (DYHKIIMEH NMPUHAIIC)KHOCTH, ONPEACIAEMOM IJIs JIF000TO X

ExX KaK K (X)=1-py (X)
Omnpenenenust 1 u 2 npeacTaBinsoT coboil OAMH U3 BO3MOXKHBIX BBIOOPOB OINEpaTopa mepeceye-
HUSA U 00bEIMHEHUS HEYETKUX MHOXKECTB. BrIOOp onepaTopa BeAET K oNnpeaeIeHHON HHTEpIpe-

Talun MMOHATUMN MnepeccyCcHue n 06LC,ZLI/IHCHI/I6. B JIMTCPATYPE BBOAUTCA IMOHATHUC TPCYT'OJIbHBIX
HOPM U TPEYIOJIbHBIX KOHOPM JIsA 0003HaUYCHHUS OICpaTopoOB MCPECCUCHUA U 06T)€I[I/IH€HI/I$[ HE-

YEeTKUX MHOKECTB.
Onpeodenenue 4. TpeyroapHON HOPMOU (t-HOPMOI) Ha3bIBaE€TCsA JABYXMECTHAs JEUCTBUTEIIbHAS
byHKIUS T:[0,1]x[0,1 ]_) [0,1], YAOBJIETBOPSIONIAS CIEAYIOIIAM YCIOBUSM:
1) T(O, 0)=0; T( KA 1)=T(1, K A)= KA (OrpaHUYEHHOCTH);
2) T( K A K B) < T(”‘ Cs K D), €CIH K A < H Cs K B < H p (MOHOTOHHOCTB);
3) T( KA K B) = T( g, K A) (KOMMYTaTHBHOCTB );

4)  T( KA T( P ))=T( T( K, F B), K c)  (accouMaTuBHOCT).
[TpocTeiMu ciTydasiMu t-HOPM SIBJISIFOTCSI OTIEPAIIMH IIEPECCUSHUs, alreOpanveckoro Mmponu3Bejie-
Hus (nepeceuenue 1), orpannyenHoro npousseaeHus (mepecedenue I11), cubHOrO TIpOM3BEIE-
HUs (nepeceuenue V).
Onpeodenenue 5. AnreOpandeckuM npousBeneHueM A*B nByx HedeTkux MHOXeCTB A u B Ha
MHOXeCTBe X SBJISIETCS HEYETKOE MHOKECTBO Ha MHOKECTBE X ¢ (YHKIIMEH MPUHAICKHOCTH,
OIpeIeIseMOi TUTSL Tr000Tr0 X EX Kak

H ass(x)=H Ax) H o).

-

Onpeodenenue 6. OrpaHnYeHHBIM Npou3BeieHeM A *B IByX HeueTKMX MHOXeCTB A W B Ha
MHOKeCTBE X SIBJISETCS HEYETKOE MHOKECTBO Ha MHOKeCTBE X ¢ (DYHKIUEH MMPUHAIIEKHOCTH,
orpeesieMoi TSt 106010 X X KaK

H A:‘ s(x)=max (0, H A(X)+ H B(x)-1).



Onpeoenenue 7. CunbHbIM npousBeieHrneM A* B 1ByxX HedeTKnx MHOKeCTB A u B Ha MHOKe-
cTBe X SBIISETCS HEUYETKOE MHOXECTBO Ha MHOXeCTBe X ¢ (yHKIMEH MpUHAATICKHOCTH, OMpe-
NeIsieMou st JIF000T0 X =X Kak

I, (x), ecmH L (X)=1;
| (X) =% g (X)> CCIIH I-LA(X) =1,
0 — B ApyTHX CIy4asiIx

st ITHUX t-HOpM CIPaBEIIUBO HEPaBEHCTBO
A*BEA*BEAB=AMB.

Onpeodenenue 8. TpeyroibHOU KOHOPMOH (t-KOHOPMOI) Ha3bIBACTCS ABYXMECTHAs ACHCTBUTEb-
Hast byHKIUS
L :[0,1]x[0,1]%’[0,1], YIIOBJICTBOPSIONIAS CIICTYFOIIHM YCIIOBHSIM:
1) L@, 1)=1; N NE LHa 0)=H A (OTpPaHMYEHHOCTS);
2) LA Py zHoPo), eem Haz B By =ZH, (vonoronnocts);
3) L H e = LMy, N (KOMMYTaTHBHOCTB);
4 L. LMty = Ld®E. He), Fo (accoumatusrocts).

[TpocTeiMu ClTydassMi t-KOHOPM SIBIISIFOTCS OIEpAallMd OOBEIMHEHUS, aareOpamdecKoil CyMMBbI
(o6benunenue II), orpanuuennoit cymmsl (o0benunenue Il) u cunbHON cyMMBI (0ObeIMHEHHE
V).

Onpeoenenue 9. Anredbpandeckoil cyMMoit A®B JIBYX HEUETKHX MHOXkecTB A u B Ha MHOXe-
cTBe X SIBIISETCSI HEYETKOE MHOXKECTBO Ha MHOXecTBe X ¢ (yHKIMEH NMPUHAIIICKHOCTH, OIpe-
JeISIeMOit TSt 106010 X =X KaK
H oA ®px) = K Ax)+H Bx)-F Ax)H Bx).
Onpeoenenue 10. Orpannuennoii cymmoii A+ B 1Byx HeueTknx MHOXKeCTB A U B Ha MHOXe-
cTBe X SIBIISETCS HEYETKOE MHOXKECTBO Ha MHOXecTBe X ¢ (yHKIMEH MPUHAIICKHOCTH, OTpe-
TEeNsIEMON TS 1r000Tr0 X £X Kak

M ot p(x)=min(1, Mot M 5(x).

Onpeoenenue 11. Cunbrolt cymmoit A+ B 1Byx HeueTknx MHOXecTB A u B Ha MHOXecTBe X
ABJIIETCS. HEYETKOE MHOYKECTBO HA MHOKECTBE X ¢ (PyHKLIMEN NMPUHAIEKHOCTH, OIpeIesieMoin
TSI 10600 X X KaK

W, (X), ecrmH L, (x) =0;
Hse (x)= H (x), ecm M, (x)=0;
1 — B APYTHI CITyHaTL

I[J'IH 9TUX t-KOHOpM CIIpaBCAJINBO HCPAaBCHCTBO

A +B zA+ B zA®B ZA UB,
Crnenyer OTMETHTD, YTO B TEOPUU HEUETKUX MHOXECTB OIEpaTop JOMOJHEHUS TaKXKe He SBISET-
csl equHCTBeHHBIM. [ToMuMo oneparopa 1-A cyiiecTByeT 1enblii Habop OonepaTopoB OTPULIAHUS.
HauGonee obmiee onpeneneHne GyHKIIUU OTPHUIIAHUS B HEUCTKUX MHOXKECTBAX C:[O,I]J/’[O,l]
npernonaraeT, 4YTO BBIIOJHSIOTCA, 10 KpailHed Mepe, JBa CIEAYIOIIUMX CBOWCTBA:
1) C(0)=1, C(1)=0;
2) C - wHeBospacraromias (QyHKIUS, T.. €CIHU Ky Hg 10 C( K A C( K B)-
Onpeodenenue 12. PazHocthio A-B 1ByX HeueTkux MHOXkecTB A U B Ha MHOXecTBe X Ha3bIBaeT-
Csl HEUETKOEe MHOKECTBO Ha MHOXecTBe X ¢ (DyHKIIMEH NMPUHAICKHOCTH, OMPEIeNIIeMOn IS
1060T0 X cX KaK



H A5(x)=max(0, HA)- ) H 5(x)).
Onpeodenenue 13. KOHIIEHTPUPOBAHHEM HEYETKOTO MHOXKECTBa A Ha MHO)KeCTBE X Ha3bIBACTCS
HEYETKOEC MHOXKECTBO Ha MHOXECTBE X ¢ (pyHKIMEW NPUHAAIC)KHOCTH CIIEAYIONIErO BHJA!

2
M =My (%) - ISt 1060ro X =X.
PesynbpTatom npumMeHeHUs onepanuy KOHLIEHTPUPOBAHUS K HEYETKOMY MHOXECTBY A SIBIISETCS
YMEHBIICHUE CTENICHH NMPUHAJICKHOCTH 3JICMEHTOB K 3TOMY MHOXECTBY, U IMPOUCXOUT OHO B
KBaJPaTUYHOMN 3aBUCUMOCTH, T.€. €CJIU K A(X) # 1, TO 3TO YMEHBILIEHUE MAJIO, & €CIIU H A(x) =0,

TO YMEHbILIEHUE BEJIMKO.
B ecrecTBeHHOM sA3bIKE IPUMEHEHUE ONEpAllMM KOHLIEHTPUPOBAHUS K 3HAYCHUIO JTMHTBUCTHYE-
CKOH IIEPEMEHHOMN COOTBETCTBYET HCIIOJIb30BAaHUIO YCUJICHHUS "oueHp".

1
Onpedenenue 14. PacTsokeHHEM HEYETKOTO MHOXKECTBA 4+~ Ha3bIBACTCS OIEPALHs, IPOTHBOIIO-
JIOKHAsI KOHIIGHTPUPOBAHHIO. B €CTeCTBEHHOM $3BIKE €€ MOYKHO CPAaBHHTH C MCIOJIB30BaHUEM
CJIOB "mocratrouHo" WIIH "Gonee-mMeHee" ("Oonee-meHee Oym3kmii").
Cucmemvr neyemiou noeuxku. CHCTEMaMu HEYETKOW JIOTHMKH HA3BIBAIOTCS CHCTEMBI, KOTOpPHIE
OINEPHUPYIOT C HEYCTKUMU MOHITUSAMHU, TAKUMH KaK HEYETKUE MHOXKECTBA, TMHIBUCTUYCCKHE TIe-
pEMEHHBIC U T.II., U UCTIOIB3YIOT IPU ITOM HEUETKYIO JIOTUKY. CHCTEMBI HEYETKON JIOTHKH MO-

TyT OBITH KJ1acCH(UIIPOBAHBI o TpeM OCHOBHBIM THUITAM:
1) mpocteie  cucrembl — HewyeTkod — sorukm  (pure  Fuzzy  Logic  Systems);
2) HEYETKHE CUCTEMBI Takaru U CynxeHno (Takagi and Sugeno);

3) cuctembl ~ HEYETKOH  JIOTUKH ¢  ¢a3sudukaropom u  jnedas3zudukaropom.
Ilpocmvie cucmemvl neuemkou noeuku. bazoBas KoH(UTrypalusi TPOCTOM CHCTEMBbI HEUETKOM
JIOTUKH MpeJCTaBIICHA Ha pUCYHKE 3.
basuc neuetkux npasui copepxut Habop HeueTkux [F-THEN (ECJIM-TO) npaBui, a MexaHu3M
HEYETKOTO BHIBOJIa HA OCHOBE MPUHIIUIIOB HEUETKOU JIOTUKH uctonb3yeT 3Tu [F-THEN-npasuna
JUTsE OTOOpaKeHUsl HEYETKUX MHOKECTB M3 BXOJISIIETO MHOXKECTBA BhICKa3bIBaHUM X B HEUETKHE

MHOKECTBa u3 MHO’K€ECTBA BBICKA3bIBAHHI Y Ha BBIXO/IC CHUCTEMBI.

Heuerkue IF-THEN-npaBuna BBITJIAIAT CJIEYIOIIAM oOpazom:

RP: IF x; eectb F» mw . . . u x, ectb F THEN y ects G° , (1)

rne FiP u GP - neuerkue MHOXecTBa; X= (xq, O, xn)T SX uy €Y ecrb BXOIHBIE U BLIXOAHAS
1.m

JIMHITBUCTUYCCKHUE ITICPEMECHHBIC COOTBETCTBCHHO,; P=

basHc HeYe TKHX IpaBHI

(Fuzzy Rule Base)
HedeTKHE  HeteTkHe
MHOKECTBA Ha | l irummﬁema Ha
MHOKeCTRe X | MexXaHIIM HETeTKOI0 | MHOKecTBe Y

BLIEOJA i

(Fuzzy Inference

Engine)

Pucynok 5 - [Ipocrast cucteMa HEUeTKON JTIOTHKH

[TpakTuka nokaseiBaer, uto 3Tu Heuetkue [F-THEN-mpaBuna oGecneunBaroT yaoOHBIH Mexa-
HU3M Ui NIpEJCTaBIeHUs 3HAHMU yenoBeka-skcrepra. Kaxnoe neuerkoe IF-THEN-mpasuio

orpeenser HEYETKOE MHOKECTBO F,° O X G



HaubGonee o0muM NpUHIIMIIOM HEYETKOW JIOTHKH, UCIIOJIb3yEMbIM B MEXaHH3ME HEUETKOTO BHI-
BOJIa, sIBJIsAETCS KoMIo3ulus. [lycte A' eCTh MPOU3BOJIBHOE HEYETKOE MHOKECTBO U3 X U MYCTh
A' ABIISIETCSI BXOJIOM MPOCTOM CHUCTEMbl HEYETKOM JIOTHMKHU, MIPEACTaBICHHON Ha pucyHke 5. To-
I/1a BBIXOJI, onpeaensieMblil kaxapiM HeueTkuM [F-THEN-npaBunom, ectb He4eTKOE MHOXKECTBO

A oR® B Y c bynkuuei IIPUHAJUICKHOCTH
By opm () = ﬁgw- ROt prygr (BT
rie omnepaTop nB eCTh o/Ha u3 T-Hopwm.

OKoHYATENbHBIA BBIXOJ IMPOCTOW CHCTEMbI HEUETKOM JIOTMKM €CTh HEYETKOE MHOXECTBO A' ©
M .
(R(p),D,R( )) B Y, KOTOpoe SBIseTCs KOMOWHamued M HEYETKUX MHOXKECTB, TaK 4YTO

Hangp®, gy () =H, o ()®..0 Koo (y)

rjae oneparop nEB eCTh 0JIHa u3 T-xoHOpM.
Ecnu nmpucyTrcTByeT oOpaTHas CBs3b, KaK MOKa3aHO HA PUCYHKE 5, TO MBIl HIMEEM TaK Ha3blBae-
MYIO HEYETKYIO TWHAMHYECKYIO CUCTEMY, T.€. IPOCTYIO CHUCTEMY HEUETKOW JIOTMKH, Y KOTOPOM
BXO/IbI 3aBHUCAT oT ee BBIXOJIOB.
CTpyKTypa mpOCTOil CUCTEMBbI HEYETKOW JIOTHKH SIBJSIETCS CYIIECTBEHHOM YacThIO CUCTEM He-
4yeTKoW Joruku. B olmiem ciydae, Korja JIMHIBUCTHYECKass MHPOpMAIIHS OT IKCIEpTa MepeBo-
JUTCS B KOJMYECTBEHHBIC TIOKA3aTENN, IPHHIUIBI HEYETKON JIOTUKU MCIIONB3YIOTCS JJIsl CUCTe-
MaTu3anuu uHQopMaluu. [ TaBHBIM HEAOCTATKOM MPOCTHIX CUCTEM HEYETKOW JIOTHKH SBIISETCS
TO 00CTOSITETILCTBO, YTO €€ BXOBI U BBIXOJIbI - HEUETKHUE MHOXKECTBA, TOTJa KaK B OOJIBIINHCTBE
TEXHUUYECKUX CHUCTEM BXOJIbI M BBIXOJbBI SBIAIOTCS MEPEMEHHBIMU, MPUHUMAIOIINMH PeabHbIC
3HAYEHUS.

Heuemxue cucmemor Taxazu u Cyooiceno. Bmecto paccmotpenust neuetkux [F-THEN-npaBun B
Buge (1) Takaru m CymxeHo mnpennoxuwiu ucnoib3oBats cienyomue IF-THEN-npasuna:

L®: IF Xy ectb F* m . . . u x, ectb F” THEN yV? = CP + CP x4 + . .+ CP X, ,
rze Fi° - neyerkue MuoxkecTBa; Cj - mapaMeTphl, IPUHUMAIOIINE PealbHble 3HAYEHUS; Y - BBIXO]
CHUCTEMBI, COOTBETCTBYIOIIUI [IPaBUILY L®: p= 1L.M

TakuMm o0Opa3oMm, OHU paccMaTpUBaIU MpaBuiia, Y KOTOPBIX YacTh IF sBisieTcs He4eTKoM, HO
"getkoin" sBusiercss yacth THEN, u BbIXOJ siBNIsieTCs TUHEHHONW KOMOWHAIMEW MepEeMEHHbBIX Ha
Bxozie. JIIst BXOJJHOTO BEKTOpA BEIIECTBEHHBIX MEPEMEHHbIX %= (X1, [, Xn)' BBIXOZ y(X) He-
yeTkol  cucteMbl  Takaru-CymkeHo €CTh B3BELICHHOE cpenHee  or  yP-x:

17
S why?
— p=1
)=
¥(X) = —
zwh
p=l
rae Bec WP nojipa3ymMeBaeT O0OOOUIEHHYIO BEIMYMHY MCTUHHOCTU NPU NPUMEHEHHU K BXOIY
ImpaBujia L(p )51 BBIYHUCIISACTCA KakK

wP = [ ()

Kondurypauus nHederkoit cuctemsl Takaru-CykeHo MpeacTaBieHa Ha PUCYHKeE 6.



L TF % ectb F! H...H X, ecTb F,! 1 |
/?' THEN ¥ =Cgl+ Clx . 4 Glx, | T :

: y@E €Y
< i B 2pemeHHDE :
; cpelHee

THEN "= ¢+ oMy, +. . 4+¢Mx,

' k
\.h IMIFx ecre ™ m. . 1 x, ecto FM /WM},M

Pucynok 6 - Cucrema Heuetkoit jjoruku Takaru-CymkeHo

[IpeuMy1iecTBOM CHUCTEM HEUYETKOW JIOTMKM TAKOTO THIMA SIBJISETCS TO, YTO OHU OMHUCHIBA-
I0TCS KOMIIAKTHOM cucTteMoil ypaBHeHM. JlJi1 HUX MOTYT OBITh JIETKO pa3paboTaHbl METOJIbI
OIICHKM TapaMeTpoB U BbIOOpa mopsigka cucteMbl M. Crnaboe MeCTO TaKuX CHCTEM HEUYETKOU
JIOTUKH 3aKkiroyaercs B ToM, uto yacth THEN B IF-THEN-mipaBuie He siBiseTcs HEYETKOM, YTO
HE TIO3BOJISIET €CTECTBEHHBIM O0pa3oM IMOJIy4yaTh HEYETKHUE IMpaBUiia OT YEJIOBEKa-dKCIEpPTa.
Haubonbiee pacnpocTpaHeHue MOJTYYHIIH CUCTEMBI CJIE1YIOLLErO BHJIA.
Cucmemvl Heuemkoul 102uKu ¢ gaszsupuxkamopom u depaszsugpuxkamopom. Jns Toro, 4ToObI UC-
M0JIb30BaTh PAaCCMOTPEHHBIE BBIILIE IIPOCTHIE CUCTEMbI HEUETKOMN JIOTUKU B TEXHUYECKUX MPUIIO-
JKEHHUAX, KOTJIa BXO/IbI U BBIXOJbI CUCTEM MPUHUMAIOT peajbHbIC 3HAYCHUS, HauOojiee MPOCTHIM
nyTeM siBisieTcs nobasienue gazzudukaropa Ko Bxoay u aedazszudukaTopa K BHIXOLY IPOCTON
CHUCTEMBI HEUYETKOU JIOTUKH.
ba3zoBas xoH}puUrypamnus cucreMbl HEUETKOM JOruKu ¢ (azzudukaropoM u nedazzudpukaropom
MpEJCTaBIICHA HA PUCYHKE 7.

Bazuc

HEY eTKHX

i npapHT o
XeX .| Qazmfurarop | o yre— L L

| (uzzifi l T

| Mexzamim ]

HEYETKOIo T

| HeueTrie BBIEOJA Heyersae i

MHOEECTEA € X MHOKECTBE €Y

Pucynok 7 - Cucrema HeueTKoM JIOTHKY ¢ pa3zuduxaropoM u aedaszsuduxkaropom
dazzuduratop orodpakaeT "4eTKyr" TOUKY (MU 3HAYCHHE TIEPEMEHHOH ) u3 X B HEueT-

ke MHokecTBa u3 X. Jledaszzudukatop oroOpakaeT HEUETKHE MHOXKECTBA U3 Y B YETKOE 3Ha-

YeHHE BBIXO/A. bazuc HEUETKHUX MPaBUI U MEXAHNU3M HEYETKOTO BBIBOJIA OCTAIOTCS TAKUMHU XK€,

KaK B MIPOCTHIX cucTemMax HEYETKOU JIOTHKHU.
Cucrtembl HEYETKOH JIOTUKU C (Pa33upuKaTopoM U aeda33nukaTopoM UMEIOT HECKOIBKO MpH-
BJICKATEJIbHBIX Yyepr:
BO-IIEPBBIX, OHU MIPUTOAHBI Ul UCIOJIb30BAHUS B TEXHUYECKUX CUCTEMAX, TaK KaK MX BXOJIHbIE
u BBIXO/IHbIE NepeMEeHHbIE MPUHUMAIOT peasibHbIe 3HAYEHUS;
BO-BTOPBIX, OHH NPEJOCTABISAIOT BO3MOXHOCTh €CTECTBEHHOIO IEPEXO0Ja OT 3aKJIIOUEHUH JKC-
nepra K HEYETKHM [F-THEN-npaBunawm;

B-TPEThUX, OHU MPEJOCTABISAIOT O0MbIIYI0 cCBOOOAY B BeIOOpE (haz3udukaropa, MexaHu3Ma He-
YETKOTOo BBIBOAA M Jedasz3udukaropa, T.€. MOXKHO MOJ00paTh CHUCTEMY HEUETKOW JIOTHKH,



Hauboee MOIXOISAIITYIO TUIS pelieHus KOHKPETHOU 3a/1a4u;
B-UE€TBEPTHIX, MOTYT OBITh pa3pabOTaHbl pa3IUYHbIC AITOPUTMBI HACTPOMKM TAaKUX CHUCTEM He-
YETKOW JIOTHKH, YTO TI03BOJISET 3PPEKTUBHO OOBEAMHITH YUCICHHYIO W JTMHTBUCTUYCCKYIO WH-
dbopmanuio.

basuc Hewerkux mpaBwi. ba3zuc HedeTkux mpaBmi cocTouT u3 Habopa HeueTkux IF-THEN-
npasu Buaa (1). bes morepu oOLIIHOCTH MOKHO paccMaTpUBaTh MHOTOBXOJIOBYIO CHCTEMY He-
YEeTKOW JIOTMKU ¢ ofgHuM BbIxogoM (MISO-cucremy), T.K. cucréeMa CO MHOTMMH BBIXOJaMU
(MIMO - cucrema) MOXKET OBITh MPEACTaBICHA KaK KOMIIO3HMIIUS TPYIIIBI CHCTEM, MMEHOIINX
OJIMH BBIXO/I.
ba3uc HeueTKkux mpaBuII ABJISETCS OCHOBHOM 4acThIO CHCTEMbI HEUETKOM JIOTUKU B TOM CMBICIIE,
YTO OCTAJIBbHBIE €€ KOMIIOHCHTHI HCIIOIB3YIOTCS JUISI MHTEPIPETAIIMH STUX MPABUI U UX TPUMeE-
HEHUS IPU pEIICHWHM KOHKpeTHBIX 3amad. [IpakTtuka mokxaseiBaer, yto Hederkue I[F-THEN-
npasuia B opme (1) mpenocTaBusioT yA0OHBI MEXaHU3M YEJIOBEKY-IKCIIEPTY IS BEIPAKEHUS
CBOUX 3HAHUM.
Mexanuzm nHewemxoeo 6vi600a. B MeXxaHM3Me HEUETKOTO BHIBOJIA IPUHIIUIIEI HEUYETKOM JIOTUKH
ucnonbp3ytoTcst s oobeaunenus Hedetkux IF-THEN-mpaBun u3 6a3uca HeueTkux mpaBuil B

0TOOpa)keHHe BXOJHBIX HEYETKUX MHOMKECTB U3 X= Ky XonX XﬂB BBIXOJIHbIE HEUETKHE MHO-
xecTBa U3 Y. Beraer Bonpoc, kak unrepnperuposath HeueTkue IF-THEN-npasuna, 3anannsie B
BUJIE (1)?
Heuerkoe IF-THEN-npaBwio Bupma (1) wuHTEepnperupyercss Kak HeYeTKas MMILIMKaLus

Flpx...XFE ﬁG’p '
. HyCTb HCUYCTKOC MHOKCCTBO A nu3 X SABJIACTCA BXOJO0M MEXAaHH3Ma HE-
yeTKOro BbIBoJa. Torna kaxnoe Heuetkoe IF-THEN-npaBuiio onpeenser HeUeTKOe MHOKECTBO

B’ u3 Y, UCnosb3ys KOMIO3HIMIO ONEPaTopoB Sup U ':'B(rz{e oreparop Pecrs t-HOpMa), T.€.

Mo () = sUply, o B9)© )]

()
IToHATHO, YTO BO3MOYKHBI Pa3IMYHbIE HHTEPIPETALMY HEUETKON UMIIMKALUU B 3aBUCUMOCTH OT
TOTO, KaKue t-HOpMBI 51 t-KOHOPMBI Ooyayr HCITOJIb30BAHBI.

I[J'IH BXOJa A' BBIXOJ MCXAaHW3Ma HCYCTKOI'O BbIBOJAd MOXET IIPUHHUMATL [BC CI)OpMBIZ

=1,M
1) M nHeueTknx MHOxkecTB BP, P *77" B Buge (2), KaKa0€ U3 KOTOPBIX OMPEIEICHO HEYETKIM

IF-THEN-mpaBuiom B BHJIE (1);
2) ogHUM HEYEeTKUM MHOXecTBOM B', koTopoe siBisiercs o0beinHeHneM M HEYeTKUX MHOXKECTB
B®, TaK 4TO
Hp (¥) = Mt () €. 8 pom (¥)

rae orepaTop Decrs t-KOHOpMaA.

TakuM o0Opa3om, IS KaKJOT0 BXOJa BBIXOJ MEXaHM3Ma HEYETKOTO BBIBOJA MOXET OBITH JTHOO
HaObOpOM 13 M HEUeTKHUX MHOXKECTB, JIN00 00bequHEHHEM M HeueTKUX MHOKecCTB. Jlis pa3nuy-
HBIX THIOB BBIXOJIOB MCIOJB3YIOTCS pa3iuyHbie TUIHI Aeda3z3udukaTopoB, yToObI mpeodpaso-
BaTh BBIXOJHBIC HEUETKHE MHOXECTBA B €IMHCTBEHHYIO TOUKY B BBIXOJAHOM MPOCTPAHCTBE Y.
Dazzuguxamopel.  Dazzudpukarop  BHINOIHAECT  NpeoOpa3oBaHWe  "4eTKOHU"  TOUKH

= T
X=(XXx,) €X \ N

B HeueTKoe MHOkeCTBO A' m3 X. CyluecTByer, Mo KpaiiHeil Mepe, 1Ba
BO3MOYKHBIX BBIOOpA TaKoro IPe06pa3OBaHMUSL:

N X" =1
1) ogHOo3HauHBI ¢az3udukaTop: A' - HEUETKOE MHOKECTBO, TaKOE, UTO K ﬁ'( ) , €cIu

— | LTl — — — —
X'= X, 0w g (X)=0 JUIS  BCEX  OCTANBHBIX % € X, I KOTOPBIX X'#X:
1

—

. X'=X)=
2) HeOXHO3HAUHBIH (a3sndukaTop: A' - HeYeTKOe MHOKECTBO, TAKOE, UTO a )
—r _

X
Ha ( )yMeHLmaeTcs[ oT 1 c YAAUICHHEM Xor X, Harpumep:



e T ey —
- (X'-%) (X=%)
W, (X7) = exp[- > ]
8]
2 =
rae G ecrp napamerp, XapaKTePU3yHOLIUii popmy Py (X )

B 0OBIYHBIX TIPHUIIOKEHUSX HCIIONB3YeTCsl OJHO3HA4YHBIN (ha33udukarop. Heonnoznaunslii as-
3u(UKaToOp MOXKET OBITh TOJE3CH B TEX CIyYasx, KOTJia Ha BXOJ| CHCTEMbl HAKJIAJbIBACTCS J10-
MOJHUTEIBHBINA IIyM, WK KOTJa HHPOPMAIIKsA O BEIUYMHE HAa BXOJIC HOCUT BEPOSTHOCTHBIN Xa-
pakTep.

Hedgpazzugpuxamoput. Jledazzudukarop BBITOIHIET NEPEXO0]T OT HEUSTKUX MHOXKECTB U3 Y K YeT-

. EY . .
KOH TOYKE ¥ . CymiectByer, 1o KpaifHeld Mepe, HECKOJIBKO BO3MOXKHBIX BBHIOOPOB TakKoro
rnepexona.
I[J'ISI CHUCTCMBbI, BBIXOJIO0M KOTOpOfI SABJIACTCA OJHO HECUYCTKOC MHOXXECTBO, CyCCTBYIOT CJ'IC,Z[yIO-

ue THUIIBI nedaz3upuKaTopoB:
1.  Hebassudukatop 1m0  MAKCUMyMy  ONpEHeNIsAeTCs  CICAYIOIUM  00pa3oM:
y = argsup(Ug: (¥))

i
rmue Mg (¥) OIpeessIeTCsI u3 ypaBHEHHSI (3).

Ecnu mMakcumMyM He OJUH, TO B 3TOM Cllydae BO3MOXHBI MOJAM(UKALUU C BBIOOPOM KpailHero
MPABOr0 WJIM KPAWHETO JIEBOI0 MAKCUMyMa WJIM UCIOJb30BAHUEM JPYroro KPUTEPUsl, HAIIPUMED,

y = l %'}rmﬂ

i
cpenHero apu(pMETHIECKOTO M3 MAKCHMYMOB m =1 , TII€ M - KOJIUYECTBO MAKCUMY-
MOB.
2. Iledasz3npukaTop mo LEHTPY TSKECTH. B KavecTBe BBIXOJHOIO 3HAYECHHS IPUHUMAETCS 3Ha-
YCHHC y, COOTBeTCTByI'OH_Iee HeHpr TSAXKCCTHU q)HprBI, OrpaHquHHOﬁ (byHKHHeﬁ IIpUHAIJIC K-

HOCTHU He (y) u OCBIO abcuucc:

1[ Yl (¥)dy

Y ety
K'd

e He(¥) OIIPEIETISETCS ypaBHEHHEM (3).
Moudukanyeii MeTo1a EHTpa TSHKECTH SBJISIETCA METOJ, KOTJa HHTErPUPOBAHUE TIPOUCXOIUT

TOIBKO B  O0mactsax, Tae He' (¥) > O Oecrp, mpapamerp or 0 g0 1.
st cucteMbl, BBIXOJOM KOTOPOU sBIIsIETCsl HA00p M3 M HEYETKUX MHOXKECTB, CYIIECTBYIOT Clie-

yIoIue THUIIBI nedaz3upuKkaTopos:
1. Hedaszsudukarop MmO UEHTPATBLHOMY CpEIHEMY OIPEACNICTCS CIEIYIONUM 00pa3oM:
M
ok ok
¥ 3T
_ pel
¥ o .
ZH(FY)
p=l
el b Mo (¥)
rne €CTh IIEHTP HEYeTKOro MHOkecTtBa G, T.e. Touka B Y, B KOTOPOH MPUHUMAET
Hoge (V)
MaKCUMaJIbHOE 3HAYEHUE, u onpeaensieTcs u3 YpaBHEHHUS (2).

2. MoaupuuupoBaHHbIN nedaszupukaTop o LEHTPaIbHOMY CpEeIHEMY:



i
ZYP (g, (37)/67)
p=1
Y=
ZIMBP (" /%)
p=
rie & . napameTp, XapakTrepusyoumii Gopmy Hae (v) , TaK 4TO 4eM yxe (opma Har (F),
TeM MEHBIILIE Bp.
Ilpumep cucmembl Heuemkou JI02UKU

PaccMoTpuM MCTONB30BaHUE CHCTEM HEYETKOW JIOTWKH JUIA peanu3anuy (pyHKIUH NPUHATHS
pELIeHUs] Ha MEKIIEXOBOM YPOBHE MAIIMHOCTPOHUTEIBHOTO MPEANPHUATHS HA ITpuMepe QyHKIUH
"IpuHsTHE OIITHMAJIBHOIO iaHa".
3agaya NpUHATHSA ONTHMAIBHOTO IUIaHA 3aKJII0YAaeTCsl B BEIOOPE HOMEHKJIATYPHI BHIITYCKAEMBIX

b
F (I/II = szE

U3JIeNHiA TaKUM 00pa3oM, 4TOOBI 1esieBast QyHKITUS 1=l rae Xj - I-e m3nenwue; Pj -
IUTaHUpYyeMas IpUOBLIb OT pealin3allvy 1-To U3Aenus, IpUHIMalla MaKCUMallbHOe 3HaueHue. Ha
oTy (bOpMy'J'Iy HaKJIaJAbIBAOTCA OI'PaHUYCHUSA, CBA3AHHBIC C IIPOU3BOACTBCHHBIMH MOINHOCTAMHA
HNpENIPUATHL.

I[aHHaSI (bopMyna OIMUCBIBACT UACAIIBHYIO CUTYallut0, KOI'Zla BCC 3aKA3YUKU TOM WJIM MHOM Ipo-
OYKIUU 00Ja/1al0T CTOMPOIICHTHON TIATEKECTIOCOOHOCTRIO. PeanbHast )KM3Hb BHOCHT CBOM KOP-
pPEeKTUBBI, U (opMyna s BBIYUCICHHUS IeNeBOW (QYHKIMHM TpuoOpeTaeT CIeAYIOUIUil BUI:

n

=1 rie Ki - koauumeHT miarexecnocoOHoCTH 3akazyuka. [IoHATHO, 4TOo TUIa-
TEXXECHOCOOHOCTh SIBJISIETCS BIIOJIHE HEUETKUM MOHSATHEM U orpeneneHue koddduumenra mia-
TEXECHOCOOHOCTH MPENPUITHUS SIBIIETCS CIOXKHOM 3a1aueil mpuHATUS peleHus. B coBpemen-
HBIX YCJIOBHUSX POCCHICKONH SKOHOMHKH IIIATEKECITIOCOOHOCTh MPEATIPUSATHS OIPEIEIIIETCS He
TOJIbKO HAJMYUEM JICHEKHBIX CPEJICTB Ha OAHKOBCKOM CUETY WJIM BO3MOXKHOCTBIO MX CBOEBpE-
MEHHOTO TIPUBJICUEHHS U3 APYTrUX UCTOYHUKOB, HO M HATMYHMEM W3JIENUI MM MaTepHaIIOB, CIIO-
COOHBIX 3aMHTEPECOBATh MPEANPUATHE-NIOCTABIIMKA B KauecTBe TaKk HaszbiBaeMoro "Oaptepa'.
B cBs3u ¢ 3TUM QyHKIMSA NPUHATHS peLIeHMs 10 3aJaHhI0 KO3(PPUIMEHTA MIIaTeKeCIOCOOHO-
cTH ObUIa peayin30BaHa MPEJICTABICHHON Ha PUCYHKE 8 CHCTEMON HEYETKOW JIOTMKU C ABYMS
BXOJ[AMH, OJHUM BBIXOJIOM W TpeMs TpaBWIaMH. BXomaMu CHCTEMBI SBISIOTCS SKCHEPTHBIE
OayuIbHBIE OLIEHKM HAJIM4YMs JCHET Ha CUeTy 3aKa3uMKa M HaJIM4YUs MHTEPECYIOLIero Mpeanpus-
e 6aprepa. MuHUMaIbHOE KOJM4YecTBO 0amioB (0) COOTBETCTBYET aOCOMOTHONW YBEPEHHOCTH
JIAIOILEr0 OLIEHKY JKCIIepTa B TOM, YTO 3aKa3UMK HE UMEET Ha CUeTy JCHEXHBIX CPEJCTB U HE
CMOXET UX BOBPEMS TPUBJIEYb JUISI OTUIATHI TIOCTABIISIEMBIX €My W3JIENNH, a UMEIOIIUIICS B €ro
pacropsbkeHun 6apTep aOCOJIIOTHO HE HY)KEH MpeAnpHUsITHi0. MakcuManbHOe KOJIUYeCTBO Oall-
0B (10) cootBeTcTByeT OOpaTHOMY MOJOXKEeHHIO Beme. OIEHKH O HAIWYUU JIEHEXKHBIX
CPEZCTB U MOJIE3HOCTH OapTepa BBIHOCATCS pa3HbIMU crieranuctaMu. OleHKa HaIuyus JeHexX-
HBIX CPEJICTB Ha CUETY 3aKa34rKa IMPOU3BOAUTCS CIICIMAINCTAMH OT/Iena COOCTBEHHOM Oe3omac-
HOCTH TPEANPHUITUS U OCYLIECTBISETCS M0 KOCBEHHBIM Ipu3HakaM. [lone3HocTs Oaprepa orle-
HUBAIOT CTICTIHATACTHI u3 oTaena CHa0>KeHUSI.
BbIxooM cucTeMbl HEYETKOHM JIOTMKM SIBISETCS 3HaueHHe KOd(pQHIMEHTa IIaTexecrnocoOHo-
CTH, KOTOPBIN NpUHUMAeET 3HadeHus ot 0 1o 1.



Ipl: IF gensru ManeHEKRe H 0apTEP LADXDE

Bxoz 1: p THEN matesecnocoiHoCTh HICK L8 , Brrzox:
IMEHETH .{ \ TUIAr execnocoGHOETE
{0-10) 4 {0-1)

“u| TTp2: TF gesmrH cpemame Z I

/ \,«' THEN mmatesecoocoiHocTs ¢pemis

Bioa 2: é"
faprep , /
{U-llilj \" r

Tlp3: IF nesmern Goomunte o Gap Tep Xopoumr
THEN wraTese caorodHocThE BECOKaA

Pucynok 8

Cucrema pabortaer ciuenyromuM obOpazoM. HMHpopManuoHHBI MOTOK ABMXKETCS CleBa
HaIpaBo, OT JBYX BXOJOB K OJHOMY BbIXo1y. [lapaiienbHas npupoja BbIIIOJHEHUS NPaBUII SB-
JSI€TCS OJJHUM U3 BaXHBIX aCHEKTOB CUCTEM HEUYETKOH JIOTUKU. BMECTO pe3koro nepeximtoueHus
MEXIy MOJEISIMU (TIpaBUjIaMi) B TOUKaX MEPEXo/ia MoIydaeTcs TJIaIKUi epexoa oT 00J1acTu, B
KOTOPO# MOBEJICHHE CUCTEMBI OMUCHIBAETCS OJTHUM MPABUIIOM, K 00JIaCTH, I/I€ OHO OMHCHIBACTCS
JIPYTHM [IPaBUIIOM.
JIns BXOJOB CHCTEMBI ONPEAEIEHbl COOTBETCTBYIOIIME MM HEYETKHE MHOKECTBA M 3a/IaHbl
OIpeAEIAIONINE 3TH MHOXKECTBA (QYHKIIMU NPUHAICKHOCTH. B 1aHHOM ciyyae BXOJbl 3aJ1al0T-
cs Ha MHOXKecTBe uncen (0amnoB) ot 0 mo 10. DxcneproM, MPUHUMABIIUM y4acTHE B MOCTPOE-
HUU CUCTEMbl HEUETKOM JIOTMKH, OBbUIM 3aJjaHbl TP MIPaBUIIA, UCIIOJIb3YIOLIME HEYETKUE MHOXKE-
CTBa, U ompejeseHbl GyHKIUN UX MPUHAIICKHOCTU. [l Hamu4us JCHEr Ha CUeTy 3aKa3uMKa
(nepemenHast "neHpru'") - 3T0 HEUETKHE MHOXKeCTBa "MajeHbkue", "cpennue" u "0onbuue", s
nepemMeHHoi "Oaptep" - "mmoxoi" m "Xopommwmi", IS IEpEeMEHHOM '"TIaTeKECTIOCOOHOCTR" -
"Huskas", "cpennsisa” u "BpICOKAS".
[Tpexne yeM NPUMEHUTH TOT WJIM MHOM METOJ UMILTUKAIMHM, HEOOXOIUMO YUUTHIBATh BEC Mpa-
Buna. Kaxnoe mpaBuiio mMoxeT umeTh cBod Bec (uucio ot 0 no 1) B 3aBUCMMOCTH OT TOTO,
HACKOJIBKO 3TO NMPAaBUJIO ABJIAETCS BaXXHBIM. Bec npaBsuia HaknaaeiBaetrcsa Ha BbixoJ [F-uactu. B
JAaHHOM CJy4yae BCE MpaBuUjla NPUHATHI PAaBHOIIEHHBIMH, M BEC KaXJOro IpaBuiia paBeH 1.
Metoa UMIUIMKALUKU ompesenseTcs Kak (GopMUpOBaHME BbIBOJA U3 MpaBWJIa HA OCHOBE 3ajlaH-
HBIX YCJIOBHUNA. BX0o10M mpoliecca UMIUTMKALIMK SBJSIETCS YUCIIO, MTOJIyY€HHOE U3 YCJIOBUH (CTe-
NEHb UCTUHHOCTHU YCJIOBHUS), @ BBIXOJOM - HEYETKOE MHOXKECTBO. J[JIsl TaHHOM cHCTeMBbl HeueT-
KOM JIOTUKH OB BBIOpPAaH camblii IPOCTON M XOpOIIO ce0si 3apeKOMEHI0BaBIINI METOl UMILIH-
Kaluu o MUHUMYMY.
B cnyuae, xorna HECKOJIBKO TIpaBuII padOTAIOT MapajuieTbHO, HE0OOX0AUMO 0ObETUHUTH (arpera-
TUPOBATh) HEYETKHE MHOXECTBA, IPEJCTABIISAIONINE BBIXO/IbI OTAEIbHBIX NPABHII, B OJTHO HEYET-
KO€ MHOJKECTBO JJIsl TIOATOTOBKU K 3aKJIIOUYUTEIbHOMY Iary - nedassudukanuu. Bxogom mpo-
1[ecca arperaTupoBaHusl SBJIsieTCsl HA0Op HEUETKUX MHOKECTB, MOJIYYEHHBIX U3 KaXKIO0ro MpaBU-
Ja MyTeM MMIUIMKaluuu. Ero BBIXOZOM SBJISETCS OJHO HEUYETKOE MHOXKECTBO JUISI KaKJOW BBI-
XOJIHOM MepeMeHHON. B 1aHHOM ciiyyae A arperaTupoBaHMsI HEUETKUX MHOYECTB HCIONb3Y-
ercst oreparus 00bETUHEHUSI.
Ha pucynke 9 nokazana o0mast cxema peajaracMoi CHCTEMbl HEYETKOMN JIOTHKH.
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Pucynox 9

3aMeTHM, 4TO TaK KaK METOJIbl arperaTHPOBAHUS SBISIFOTCS KOMMYTaTHBHBIMH (YTO JJOJKHO
BBITIOJHATHCS BCET/Ia), TO MOPSAIOK, B KAKOM CTOSIT MpaBuiia, HE UMeeT 3HaueHus. Jyig uiito-
cTparuu paboThl CUCTEMBI Ha pUCYHKe 9 3amanbl BxoAbl "aeHbru=3" u "Gaprep=8". Brixomgom
olepalyy arperaTUpoBaHus JUIs 33/1aHHBIX BXO/OB SIBISIETCS HEYETKOE MHOXKECTBO C (yHKIMEH
NPUHAJJIEKHOCTH, Mpe/ICTaBICHHON Ha pUCYHKE 10.
Jedas3udukaiys BHIXOAHOTO HEYETKOTO MHOXKECTBA METOJOM IIEHTpa TSXKECTU JaeT JUIs Mpu-
BEJICHHOTO MpUMEpa BBIXOJHOE 3HaueHue kodduimenta miarexecrnocoonoctu 0,8. 3amerum,
YTO BCE HEUETKHE MHOKECTBA 3a/laHbl HA COOTBETCTBYIOLIMX MHOXecTBax. s AeHer u 6aprepa
- Ha MHOXkecTBe OayioB oT 1 1o 10, 11 koddunmenTa miaTexecnocoOHOCTH - Ha HENPEPbIB-
HOM MHOxkecTBe oT 0 110 1.
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Pucynok 10
3 IHopsnox BBITIOJTHEHUS paboThI
3.1 Uzyuure crnucok komanj npuinoxenus FUZZY k nakery MATLAB u nopsiiok paboTsl ¢
HUMU (mpuItoKEeHue A).

3.2 IlpocmoTpuTe J€MOHCTpAIMOHHBIE MpUMEpPHI paboThl ¢ npuioxenueM FUZZY (komanaa
fisdemo).

3.3 TloctpoiiTe GyHKIMM TMPUHAUICKHOCTH PA3IMYHBIX THIIOB, HUCIOJIL3Yys KoMaHnbl bell 1,
bell 2, sigmoid, trapeze. OnummuTe, KakuM 00pa3oM U3MeHseTcs popma GyHKUUN TpUHAIEK-
HOCTHU B 3aBUCHUMOCTH oT WU3MEHEHUS apaMeTpoB TUX GyHKIHIA.
3.4 TlocTpoiiTe GYHKIUIO MPUHAATIE)KHOCTH HEUETKOTO MHOKECTBA ""BBICOKHE JTFOAH", TIPEJICTaB-



JeHHy1o Ha pucyHke 1. Mcnonp3ys ¢ynkiuto grademf, mosyuute 3HaUYeHUS CTETIEHU MPUHA-
JSKHOCTH  3TOMY  MHOXECTBYy Jroaed pocrom 150, 155, OO , 210 cwm.
[TosryueHHble pe3yJIbTaThl IIPE/ICTaBbTE B BUJIE TaOJIHIIBL.
3.5 Jlns paccMOTPEHHOT0 Ha pUCYHKe 2, O mpumepa, UCIonb3ys (pyHKIUM union U intersec, 1mo-
ayunuTe PYHKIUN MPUHAAICKHOCTH HEYETKHX MHOXKECTB, SBJISIOIIUXCS OOBbEIUHEHUEM U Tepe-
CeueHHEM 3a/laHHbIX HeueTKHX MHoxecTB A u B. Mcnonb3ys ¢pynknuu comple u not, noxydure
JIOTIOTHEHHUSI TUISL TUX MHOKECTB.
3.6 IlocTpoiiTe GpyHKIUN NPUHAUIEKHOCTH HEYETKUX MHOXKECTB, SBJISIOLIUXCA 00bETUHEHUEM
II (1L, IV) u nepeceuenuem II (III, IV) HeueTknx MHOecTB A U B, ncIosb3ysl ONKMCAaHHBIE BbI-
me t-HOpMbl M t-KOHOPMBI  (HEOOXOAMMO Hamucarb COOCTBEHHBIE —ITOAIPOIPaMMBI).
3.7 Jlns pacCMOTPEHHOr0 MpHUMeEpa UCIIONIb30BaHMUsI CUCTEM HEYETKOW JIOTMKU JUISl pealu3aliu
(GyHKUUH OPUHATHUSA pelieHus (pucyHkH 8 - 10) HanmuImuTe IporpaMMy, peajin3yrollyo JaHHYIO
cuctemy HeueTkol joruku B nakere MATLAB, ucnionb3ys npunoxxenne FUZZY . Paccmotpure,
KakUM 00pa3oM 3HA4Y€HUE Ha BBIXOJI€ CUCTEMbl HEUETKOW JIOTMKM 3aBHUCHUT OT MCIOJIb30BAHUS

TOTO W WHOTO THIIA nedaszzuduraropa.
3.8 IIpeoOpasyiiTe TaHHYIO CHUCTEMY HEeYeTKOW JIOTUKH K Buay Takaru-CymkeHo U peanusyite
ee B nakere ReSolver (mpuioxeHue b)
4 KoHTtposbHbIE BOIIPOCHI

4.1 Yto Takoe HEYETKHE MHOKecTBa? IlaﬁTe OIIpCACIICHUC W IPUBCAUTEC IPUMEPbI HCUCTKUX
MHOXKCECTB.
4.2 Kakne JJOTMYCCKHUC orcpanuun C HCUCTKHNMH MHOXCCTBaMHU BbI 3HaeTe?

4.3 Kakune CYILIECTBYIOT CHCTEMBI HEYETKOMN JIOTUKU?
4.4 Kakue BbI 3HaeTe TUIBI (a33udukaTopos u aedaszzuduraropon?

IMPUJIOXEHUE A
(oGs3aTenbHOR)
[MPUJIOXXEHUE FUZZY K I[MTAKETY MATLAB
(pa3pabotka A.Jlotdmn)

Jlia obmero ozHakomienus ¢ npuioxenuem FUZZY k nakery MATLAB cnyxut ¢yHk-
st FISDEMO. Dt1a ¢yHKuMs BbI3BIBACT AEMOHCTPALMOHHBIE IPUMEPBI PA0OTHI C MPHIIOKEHH-
emM FUZZY, 1.e. npuMepsl BBINOJHEHUsS KOMaH, a TaKKe MPUMEPhI peaanu3alyy OTIEIbHBIX
npukinaaaeix 3ana4. Oynkuus FISDEMO BbI3biBaeTcs MyTeM BBEACHUS €€ Ha3BaHUs B pabodeit
CTpOKE raKkera MATLAB.
Janee npuBoasTcs B al(aBUTHOM MOPSAKE OCHOBHBIE OINEPATOPhI C MPUMEPAMH UX HCIOIb30-
BaHMSL.

BELL-1: 3amaer QyHKIMIO MpUHAAIEKHOCTH (POPMBI KOJIOKOJA C TpeMs mapameTpamu a, b, ¢
(mo YMOJTYaHHUIO 1, 1 u 0 COOTBETCTBEHHO).
[Y] = BELL-1 (X, a, b, C).
Bo3sspamaer matpuily Y Toro e pazMepa, 4To M X, KaXKIbIi JIeMEHT y 0003Ha4YaeT CTENneHb

NPHHA/UIEKHOCTH H BBMHCISETCA 0 cleyiomedi hbopmyme: exp(-(((x - ©)/a)"2)"b)
(3HaK A B cpene MATIIADB o0o03Hayaer BO3BEJICHUE B CTETICHb).
BELL-2: 3agaer ¢pyHKIUIO NpUHAAIEKHOCTH (POPMBI KOJIOKOJIA ¢ TpeMs MapameTrpamu a, b, ¢
(1o YMOJIYaHHUIO 1, 1 " 0 COOTBETCTBEHHO).
[Y] = BELL-2 (X, a, B, C).
Bospamaer marpuity Y TOro ke pasmepa, yTo U X, KaxJbli 3J1eMEHT y 0003HayaeT CTENeHb

y ¥y=1/1+{((x-c)/a)y*2)  b)
NPUHAAIEKHOCTH U BBIYMCIIAETCS MO cleaytomen Gpopmyie: .
CENTRE: sTa ¢yHKIMs BO3BpallaeT [EHTP MaTPUILIbl HEYeTKUX BeanuuH B Ha MHOXecTBe X .
[enTp C ecTb BEKTOP € TEM K€ YHUCIOM 3JIEMEHTOB, YTO U KOJIUYECTBO (PYHKIMH MPUHAIEKHO-
CTH B B (KOJIMUYeCTBO pAI0B).
[C] = CENTRE(B,X).
Konuuectso CTPOK B B JIOJIKHO COBIIAJATh c Pa3MEpPHOCTBIO X.



COMPLE: »sta QyHKIuS BO3BpamlaeT JONOJHEHHE K (DYHKIMHM TNPUHAUICKHOCTH A.
[momonHeHne Al = COMPLE(A).
3ameuanue: 9dTa (YHKOUS BBIIOJHSAET TO ke camoe, uro u ¢ynkuus NOT.
DEFZFIR: sta ¢dyHKUMs BBIIOJHICT omnepanuio jaeda33udukaiimy, UCIoIb3ys JIBE HamOoJiee

yZ100HbIE JUTS MIPAaKTUYECKUX nenen CTpaTEeTruu:
cpenHee u3 MaKCUMyMOB u LEHTP TSAKECTH.
[Bo] = DEFZFIR (Bp, X, N),

rae B, ects BekTOp (pyHKIMU NPUHAUIEKHOCTH HEYETKOIO MHOXKECTBA Ha MHOXecTBe X; N -
CeJIeKTUpyeMasi MepeMeHHasi, MpUHUMaloIas 3HaueHus | uinm 2 U 3a/1aroiasi COOTBETCTBEHHO
METO/JI IEHTPAa TXKECTH WK cpeiHero u3 MmakcumymoB. [1o ymomuanuto N=1. Beixogowm sBiset-
cs "yeTkoe" 3HaYeHHUE Bo.
FZFIR: pynkius BeimoaHseT oneparuio dasz3zudukanuu, T.e. TpaHchopMupyet "deTkoe" 3Have-
HHME A¢ B HEYETKOE MHOKECTBO A,. Pa33udukanus MoXKET OCYILECTBIATLCSA C UCIOIb30BaHUEM

ISTH Pa3INIHBIX THUIIOB byHKIMi MIPUHAICKHOCTH.
[Ap] = FZFIR (1, X, a, b, Ao) (pynKIIS bell 1);
[Ap] = FZFIR (2, X, a, b, Ap) (pynkuus bell 2);
[Ap] = FZFIR @3, X, s, t, Ao) (pysKIHS trapeze);
[Ap] = FZFIR (4, X, a, Ap) (pynkums sigmoid);
[Ap] = FZFIR S, X, Ap), (0HO3HAUHBIH ¢azzudukarop),
rre X - MHOXECTBO, Ha KOTOPOM HJAET TMOCTPOCHHE HEYETKUX  MHOMKECTB.

GRADEMF: sta ¢yHKIHsS BO3BpaliaeT 3Ha4eHUsT (PYHKIUI TPUHAIICKHOCTH, COOTBETCTBYIO-
HIMX KaXJIOMY HEYETKOMY MHOXKECTBY B X (psiibl B MaTpuiie A) JUisi Y4e€TKOTO 3HaYeHHs HaOII0-
naeMoit BenmuuuHbl Ag. PasmepHoctn A (konmmuecTBO CTpoK) W X JOJKHBI COBMIAAATh.
INTEGRAL: sta yHKUIMS BO3BpalllaeT MHTETPabl MATPHUI] HEUETKUX 3HAYeHH B Ha MHOXe-
ctBe X. | ecTh BEKTOp C TEM ke KOJTHMYECTBOM JIEMEHTOB, UTO M KOJIMYECTBO (DYHKITUI TTPUHA-

JISKHOCTH B B (ducio PSIIOB).
(1] = INTEGRAL (B, X).
Yucno CTPOK B B JIOJDKHO COBIAJATh c Pa3sMepHOCTHIO X.
INTERSEC: ¢yHKkuusa BbIYHCISET NEpeceyeHre MaTpull HedeTKuX 3HaueHud Al u A2, 3anaH-
HBIX Ha OJTHOM u TOM xKe MHO’KECTBE.
[Al~ A2] = INTERSES (A1, A2).
Martpuust Al u A2 - MaTpuibl QYHKIUN NPUHAAIEKHOCTH. BbIX0ooM siBsieTcss pyHKIUS MpU-
HAJJIEKHOCTH, COOTBETCTBYIOIIAsi MHOXECTBY - IepeceueHuto MHoxkecTB Al u A2

MF PANEL: sTa (yHKIMS OTKpbIBA€T OKHO PYYHOH HACTPOMKH (QYHKIUI MPHHAIIEKHOCTH.
Bpyunyto MoxHO BBIOpaTh TUI (YHKIIMU U TIOJCTpauBaTh ee napameTpsl. [locie 3akpbITus OKHA
PY4HOI HaCTpOMKM MapaMeTpsl a, b, ¢, MHOXkecTBO X, Ha KOTOPOM 33J]aHO HEUETKOE MHOXKECTBO,
U (QYyHKIUS TPUHAJIEKHOCTH Y CTaHOBSTCS JIOCTYIHBIMM B paboyeM HPOCTPAHCTBE CPENbl
MATLAB.

MFPLOT: ata kOMaH/Ja UCIOJIb3YETCsl, YTOOBl HAPUCOBATH TpapuK (PYHKIIMH IPUHAJIEKHOCTH,
OTpe/ielIeHHON MaTpuleil HeueTKUX 3HaYeHU A Ha MHOXecTBe X, WK B OoJiee oO1IeM IMiiaHe -
rpaduk mpaBui, 3aJlaHHBIX 0a3MCOM IPAaBHJ C MAaKCUMYM 4-Msl BXOJaMU U OJHUM BBIXOJIOM.
MORELESS: sta ¢pyHKuus Bo3Bpamaer GyHKIUIO MPUHAIICKHOCTH, TOTYYaeMyI0 C TIOMOIIbIO
onepanuu "Oosree-MeHee A" Haxg MaTpUIEH HEYETKUX 3Ha4YCHUH A.
[0onee-MeHee A] = MORELESS(A).
NOT: sra ynkmus Bo3BpamiaeT (yHKIHIO MPUHAISKHOCTH uisi MHOxkecTBa "HE A", rme
(GyHKLIMS TPUHAAISKHOCTH MHOXKECTBAa A 3aJaHa MaTpUIe HEYeTKUX 3HaueHWid A.
[He Al = NOT(A).
REASON: sTa ¢yHKIMS HCIIONB3YEeT METOI MUHUMAKCa Il MaTPUIIbl HEUETKUX 3HAUeHUH A u
BEKTOpa HaOMoqaeMbIX 3HaYeHn A,. HedeTkne MHOkecTBa A M A, TOJKHBI OBITH ONpEIENICHBI
Ha O/IHOM U TOM JXK€ MHOXXECTBE (T.€. KOJMYECTBO PSJIOB B MAaTpulle A JOJKHO OBITH PaBHO
JUIMHE BeKTOpa A). DIEMEHTBI BBIXOAHOTO BeKTOpa W SBIIAIOTCS pe3yabTaTaMH IPUMEHEHHS
MEeTO/Ia MUHMMAaKCa K Ha0JIr0JaeMOH BEeIMUUHE A, C KaKIbIM PSAIOM MaTPHUIIBI A B OT/AEJIBHOCTH.



[W] = REASON (A, Ap).
RULEBASE: 3Ta ¢yHKIHS UCTIONB3YeTCs sl OoJiee JITKOTo 3aaHusl PyHKIIMN MPUHAJIC)KHO-
CTHU B mpaBujiax C MaKCUMYM 4-ms BXOoJaMHu n OAHUM BbBIXOJ0M.

[A,B] = RULEBASE(N, X, a, b, c, M, Y,a ,b ©),
rae X 1 Y - MHOXKECTBa, HAa KOTOPBIX 3aJJal0TCSI HEYETKHE MHOKECTBA YCIOBUN U CIEICTBHS CO-
OTBETCTBEHHO. BH (GyHKIIMY PUHAUICKHOCTH I BXOZA U BBIXOJIa IOJDKEH OBITh OMPEJICIICH C
nomouibto napamerpos N u M coorBerctBeHHO. 11 N(M)=1 - 3TO 3KCITIOHEHIIMAIbHAS TayCCOB-
ckas ¢ynkmms, N(M)=2 - rayccoBckas ¢yukmus, N(M)=3 - TpaneneuaaibHas ¢(yHKIHS,
N(M)=4 - curmoBunas ¢pynkuus. [lapamerpbl, COOTBETCTBYIONIME BEIOPAHHOMY THITY ()YHKIIMU

”~ ”~

MMPUHAJIC)KHOCTH, - 3TO BEKTOPHI a, b, C, a ,b ,C . Z[.]'II/IHa OTHUX BCKTOPOB ONPECACIIICT KOJIUYC-

CTBO MpaBUII B Oasuce MpaBUII.
SIGMOID: sta ¢yHKOus 33a7aeT CUTMOUIAIBHYIO (PYHKIMIO MPUHAIICKHOCTH C IBYMs Tapa-
MEeTpaMu a Hu c.
[Y] = SIGMOID (X, a, c).
@yHKIHKS BO3BpAILlaeT MaTpully Y, OHOrO pazMepa ¢ X, KaXAblid 3JIEMEHT y KOTOPOM COOTBET-
CTBYET CTEIEeHU IPUHAJJIEKHOCTH. ITo YMOJIYaHHUIO a=1, c=0.
TRAPEZE: 3aJ1a€T GbyHKIUIO MPUHAJICKHOCTH TparneneuaiIbHON (hOpMBL.
[Y] = TRAPEZE (X, a, b, c),
/i€ TapaMeTphl a - HaKJIOH Tpareuy; b - BeTUYMHA IJIOCKOT0 Y4acTKa; C - HeHTp Tpamnenuu. 1o
YMOJIYaHHUIO a=1, b=0, c=0.
UNION: ¢yHKIus BeIYUCIAET 00BEAUHEHNE MATPUIl HeueTKUx 3HaueHui Al u A2, 3agarommx
HEYCTKUEC MHO>KECTBa Ha OJTHOM u TOM xKe MHO>KECTBE.
[Al A2] = UNION (A1, A2).
Martpunst Al u A2 - MaTpuisl QyHKIHMIA TPHHAUISKHOCTH. BBIXo10M siBisieTcst MaTpuna QyHK-
JA05051 MPUHAIJICKHOCTU 00BeIMHEHUS MHOKECTB Al u A2.
VERY: sta ¢yHKIMsA Bo3BpamaeT (GyHKIHUIO MPUHAIICKHOCTH, COOTBETCTBYIONIYIO ONEPaIluN
"04YeHn A" Hang MaTpuiien byHKIIUU MIPUHAITICKHOCTU A.

[ouenb A] = VERY(A).



