I'naBa 1

BBenenue

1.1. CylHOCTh TEOPUU HEUETKHX MHOMKECTB

TpanpuuroHHbIe MaTeMaTHUYeCKHe MeTO/bl TIPpeIHa3HaYeHbl 1151 00paboTKH TOU-
HbIX JaHHBIX, TAaKHX KaK «CKOPOCTb aBTOMOOHJsE v = 111 km/4». [Ipencra-
BUTb TaKHe JaHHble rpauyeckKd MOXKHO C MCIOJb30BAHUEM TaK Ha3biBaeMbIX
OIHOTOYEUHbIX (0IHO3JE€MEeHTHBIX) MHOXKeCTB (puc. 1.1).
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Puc. 1.1. BusyanbHoe npesicTaB/ieHre TOUHOTO H3MePEHHsT CKOPOCTH

TouHble naHHbIE MOTYT ObITh MOJYYEHBI TOJBKO C TOMOIILbIO BEICOKOTOUHBIX
TeXHUYECKUX U3MEPUTEJbHBIX YCTPOHCTB, B TO BPeMsi KaK UeJI0BEK CrOCOGeH
HEMOCPe/ICTBEHHO OLEHMBATb CKOPOCTb aBTOMOOHJISI, OMEPUPYs] TAKHUMH Tep-
MHHAMHU, KaK «HHU3Kas», «CPEIHsAsT» U «BHICOKAs». DTU MPUOIHIKEHHBIE OLIEHKH
TaK»Ke MOXKHO MpelNcTaBuTh rpaduyecku (puc.1.2).

C noMoubio (HYHKIHUH «HU3KAS», «CPENHSIsI» K «BBICOKAs», Ha3bIBAEMbIX
(YHKUMSIMH TPUHALJIEKHOCTH, MOXKHO OIPENe/UTh, SIBJSETCS JIK HeKO-
TOpOe TOYHOE 3HayeHHe CKOPOCTH COOTBETCTBEHHO HH3KHUM, CPEIHHM HJIH
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Puc. 1.2. BusyanbHoe npencraBsieHre NpuOIHKEHHBIX OLLEHOK CKOPOCTH
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Puc. 1.3. OueHka cCKOpPOCTH € MCMOJb30BAHUEM MATH HHPOPMALHUOHHBIX IPaHy/I

BbICOKUM. YesioBeK, HabMOMAOMIUE aBTOMOOUJb, ABUXKYIIMHCA CO CKOpO-
cTbio v = 111 KM/4, He B COCTOSSHUH OLEHHUTh 3TO 3HAaYeHHE TOUHO, HO TPH-
GJIM>KEHHO OH MOXKET OLEHHTb TaKyl CKOPOCTb KakK BBICOKYIO (puc.1.2).

O nono6HOTO poia OolLeHKAax TOBOPAT Kak 00 MH(OPMAUMOHHBIX IpaHy-
Jax (Zadeh 1979,1996). Ecau Tpex rpanHyn («HH3Kasi», «CPENHSSI», «BBICO-
Kasi») HeJ0CTaTOYHO, TOYHOCTb OLIEHKH CKOPOCTH MOXKHO TMOBBICHTb, BBEJs,
Harnpumep, O rpaHysn — «O4YeHb HU3Kas», «HU3Kas», «CPENHSsA», «BBICOKAs»,
«oueHb BbicoKasi» (puc.1.3). ToUHOCTb OLIEHKH MOXKHO, Ha0OOPOT, CHH3HUTH,
€CJIM MCIOJb30BaTh TOJBKO Be TPAHYJ/bl — «HU3Kast» U «BblcoKasi». CTemneHb
rpaHyJHPOBAHHOCTH HH(OPMaLUU OyIeT ONpeneasThCs NOTPeOHOCTAMU U HH-
TeJIJIeKTYaJbHBIMH CIIOCOOHOCTSMU MCIOJB3YIOLLETO ee YeioBeKa, oo Oyner
3aBHCETb OT KOHTEKCTa, B KOTOPOM OH €€ HCIOJb3YeT.

Hupopmanus, nosyyaemas ot uejioBeka, 0ObI4HO MeHee ToyHa (6oJee rpa-
HYJHpOBaHa), B TO BpeMs, Kak HH(OpPMalHs OT H3MEpPHUTEJbHBIX YCTPOHCTB
siByisieTcsl Gosiee TOUHOU (MeHee rpaHy/aupoBaHHOH). I'paHyIMpoBaHHOCTH
MH(OPMALUHA MOXKHO OTPENEJUTb C MOMOIIBIO LIHUPHHBI IPaHybl (QYyHKIHH
TNPUHA//IEXKHOCTH), U TaKMUM 00pa3oM TpaHy/a «CpelHss» MOXeT UMeTb pas-
JIUUHYIO IIHPHHY, 3aBUCSLLYIO OT OOILEro KOJUUECTBA UCMO/Ab3yeMbIX YeJs0Be-
KoM rpanyn (puc.1.4). Kaxk BunHo u3 puc. 1.4, yMeHbllleHHe CTeNeHU I'paHy-
JIMPOBAHHOCTHU 1aeT B Mpefiesie TOUKY (rpaHy/y 6eCKOHEUHO MaJjIoH MIHPHUHbI),
KOTOpasi © COOTBETCTBYET TOUHO 3afaHHOH HH(OPMALUK — UMEHHO TOH, C KO-
TOPOH OTEepPUPYIOT TPAAULHUOHHbIE MaTeMaTHUeCKHe METO/HI.

Wudopmauus, mnpencraBieHHass B BHUIe T'paHy/, HMEIOIMIUX KOHEUHYIO
M HeHYJeBYI0 LIMPHUHY, HA3blBaeTCsl HEYETKOW HH(opManmueid — aBTOPOM
IaHHOTO TepMHHa siBasieTcss npod. Jlorpu 3ane, BmepBble HCC/eLOBABLIMH
siBJeHHe UH(DOPMALMOHHOH rpaHyaupoBaHHoCcTH. O61acTh MaTeMaTHKH, 3aHU-
Maromiasicss o6paboTKOH Takod HH(popMauuu, Opljia Ha3BaHA TeOpUer HeueT-
KuX MHOXKecTB (Zimmerman 1994). BaxHe#uM HampaBieHUeM IaHHOH
TEOpUU SIBJIsSIeTCS HedeTKas JIOTMKA, NpHMeHsieMasi B HEUeTKOM MOJIEJH-
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cpeansst CpeaHsst

0 = 0 } } >
50 75 100 v, KM/L[ 60 75 90 v, KM/L{
ZON 1(v)y
CpeHsIst cpeHsis
1 , 1
0 I P> 0 | =
70 75 80 v, KM/4 75 v, KM/4

Puc. 1.4. Pasnuunas wmupuHa MHQOPMALUOHHON IpaHyJlbl,
COOTBETCTBYIOLLEH «CpeHeH» CKOPOCTH

poBaHUWKU W YIIpABJIEHUH. YKaxkeM Ha HOBbIE BO3MO2KHOCTH, IIOABHBIIHECH
B Hay4YHO-TE€XHHYECKHX HCCIACAOBaHHAX 6J1aroaapﬂ TE€OpHKU HEYETKHX MHO-
2KEeCTB.

1. Bo3MOXHOCTb CO3[aHUS1 UCKYCCTBEHHOTO HMHTEJJIEKTa, CXOAHOTO C HH-
TeJIJIEKTOM 4eJsIOBeKa, U ero NpHMeHeHHsl B aBToMaTax U poborax. B HacTos-
mee BpeMs HaOJrofaeTcss YCTOHUMBAs M JaxKe pacTyllas TeHIEeHLHs K I0Jy-
UYEHHUIO B 3TOM HAalpaBJIeHHH DPe3yJbTaTOB, CBUAETENbCTBYIOLIUX O TOM, 4TO
IJ151 psiia KOHKPETHBIX NPUJIO2KeHUH UCKYCCTBEHHBIN MHTEJIJIEKT IPEeBOCXOAUT
4eJsI0BeYeCKHH 110 00beMYy U CKOPOCTH 00pabOTKH HH(OPMALHUH.

2. Co3pnaHue KOMIbIOTEPOB, IPOTPAMMHPYEMBIX C MOMOIBIO €CTeCTBEHHO-
ro sisbika (Zadeh 1996). [IpyMeHeHHe TaKUX KOMITbIOTEPOB B aBTOMaTaX H Po-
60Tax nesnaeT BO3MOXKHBIM yTpaBjieHHe UMH U «OOIlleHHe» C HUMH Ha ecTe-
CTBEHHOM $I3BIKE C HCII0Jb30BAHHEM HeueTKHX MOHATHH. B Hacrosilee Bpems
MUMEIOTCsl YCTPOHCTBA, CMOCOOHBIE PACIO3HABaTb OTPaHUYEHHOE UUCJIO CJIOB
U CJI0BOCOYETAHHH.

3. Hcnosb3oBaHue uHpoOpMauuu JOOOH CTeNeHH T'PaHyJIUPOBAHHOCTH
B 3aJayax MOJEJUPOBAaHMS, YNpaBJeHHs, ONTUMU3AUMH U OUATHOCTHKU. Bo-
Jiee BBICOKAsl CTeleHb TPaHYJIMPOBAHHOCTH MOXKET TPUBECTH K COKpaLIeHHIO
00beMOB 00pabaTbiBaeMON U XpaHUMOH MH(OPMALUKU U K TMOBBIILIEHHIO ObICT-
pOIEeHCTBUS aJrOPUTMOB.
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4. Bo3MOXKHOCTb MOACTPOHKHU YPOBHS T'PaHYJHUPOBAHHOCTH HH(OPMALUH
noj TpeOyeMylo TOUHOCTb MOAEJHPOBAHUS, yIpaBJeHNs], ONTUMHA3ALUH, AHa-
THOCTHKH U T. 1. Takasi moaCTpoHKa BbIMOJHAETCS YeJ0BEKOM, KaK MOKa3aHo
Ha puc. 1.5-1.7.

[IpennosiokuM, 4TO Ha MEpBOM 3Tare
yrpaByeHUss 06beKTOM B3aUMOCBSI3b MeXK-
Iy BXONHBIMH M BBIXOTHBIMH MapamMeTpamMu
KOTOPOTO MpejcTaBJgeHa Ha puc. 1.5, mpu-
HUMAIOTCS BO BHHMAaHHE TOJIBKO Tpefiesib-
Hble COCTOSIHHSI 0ObeKTa ¥ Ha OCHOBE 3TOTI'0
(hopMupyeTCst MOe/Ib, OCHOBaHHAs Ha IBYX
5 > npaBusax (puc.1.6). Ins onpeneseHHOCTH,
> ’ nol Moje/bl0 o0bekTa OyneM MOHUMAaTb

Puc. 1.5. 3aBucUMOCTb BBIXOMA HEKOTOpoe ero HpI/I6JII/I)KeHHOE npeacras-
OT BXOAa /I 00beKTa JeHue, obsanarllee HeOOXOAMMOH TOYHO-
yIpaBJieHns CThBIO.
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R1: ECJIM (3nHaueHue x maJjoe) TO  (3Hauenwue y maJjoe)
R2: ECJIM (sHauenue x Gospmoe) TO  (3HaueHue y Gosblioe)

Puc. 1.6. Monenb o6beKTa, 0OCHOBaHHAs! HAa IBYX UH(MOPMAaLMOHHBIX I'PaHyAaX:

«MaJioe» U «O0JIbIIoe»
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R1: ECJIM (3HaueHue x maijoe) TO  (3HaueHue y maJsoe)

R2: ECJIM (3unauenue x cpennee) TO  (3HaueHue y cpenHee)
R3: ECJIM (3uauenne x Gosbimoe) TO  (3HaueHwue y GoJbIIOE)

Puc. 1.7. Monenb o6beKTa, 0OCHOBaHHAs Ha TpexX WH(OPMALMOHHBIX TpaHyIax:
«Majloe», «CpeiHee» U «OO0JbLIoe»

Ecau TouHOCTb MOZENH, MpeACTaBAeHHOH Ha puc. 1.6, sBjseTcs HepocTa-
TOYHOH, GylleM MBITAaThCs MOBBICUTH €€, NOMOJHUTEbHO IPUHUMast BO BHUMA-
Hue Haubosee cyuectBeHHoe (Babuska 1995b) mpomexyTouHoe cocTosiHUe
(puc.1.7), TeM caMbIM 3anaBasi ellle OfHO MPABHJIO, ONpejeJsiollee MOBefe-
HUe 00beKTa, U MPUXOAS B UTOTe K HOBBIM, 60Jiee MEJKUM HH(POPMALIHOHHBIM
rpanynam. bosee Toro, eciau Monesb, npeicTaBieHHas Ha puc.l.7, Bce ele
MMeeT HeI0OCTATOYHYI0 TOYHOCTh, MOXKHO PACCMOTPETDb JPyTHe CYIleCTBEHHbIE
COCTOSIHUSI 00bEeKTa U TeM CaMbIM YMEHbLIUTh 'PaHYJIMPOBAHHOCTb UH(OpPMa-
[IMH, YBEJHUHTb YUCJIO BepOasbHBIX MPABHJ, XapaKTePU3YIOIHUX MOBeleHHe
00beKTa, U MOJYUUTh TaKUM 00pa3oM GoJiee TOUHYIO MOJEJb.

Kaxk nokasanu uccaenoBanust no ncuxosoruu (Kruse 1994), uesosek co
CPeIHHMH CIIOCOOHOCTSMH B COCTOSIHUM OJHOBPEMEHHO XPaHUTb B MaMATH
oT 5 10 9 XapakTepUCTHK 00BbEKTa, U MO 3TOH NMpUUMHE IJs OMUCAHHUS JIIO-
6oro mapaMmeTpa MCrosb3yeTcs He GoJee, ueM 5—9 HHPOPMALMOHHBIX TPAHYJI.
3ameTuM, 4TO B 00LIeM C/Iydae, IpH yIpaBJ/eHHH JeTaTeNbHbIMY annapatami,
APYTUMH CPEACTBAMM IepeBUKEHUS U 0ObeKTaMH, a TaKxKe TPHU pelleHHH
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MHOKECTBA MOBCEJHEBHBIX 3a/1a4 TaKasi TPaHyJIHPOBAHHOCTD SBJISETCS BIIOJHE
JIOCTATOYHOH.

KommnbioTepHble TEXHOJOrMU 00ECMeurnBalT BO3MOXKHOCTb MPAKTHYECKO-
rO UCTOJb30BaHUS WH(MOPMALUK JMI0O0H CTeTNleHH IPaHyJIHPOBAHHOCTH, BCJE/-
CTBUE Yero MOXKHO MMOJIydaTh 3HAYUTEJNbHO 6oJiee TOUHBIE Mojead. OnbT Mo-
NeJUPOBaHHUs peanbHbIX CUCTEM FOBOPUT O TOM, UTO MPAKTHUYECKH BCET/a eCTh
HEKOTOPBIH MOPOT TOYHOCTH, MPEBBILIEHHE KOTOPOTO He NaeT 0COOOH MOJb3HL.
BosHHKHOBeHMe MOAOOHBIX CUTyallMi CBSA3aHO C OnpeaeSeHHbIMH, HUMEIILHMA
MeCTO B CJOXKHBIX CUCTeMaX 3 peKTaMn, 0XapaKTepru30BaTb KOTOPble MOXKHO
cJeIyI0ILHM 00pa3oM.

1. CymecrBoBaHue xaoca. BHyTpu sizpa cucTeM BO3HUKAIOT aKTHBHBIE BO3-
MYILEHHsI, He Mo aatoiirecs: uaMepeHuio. Kpome Toro, 06 ux cylecTBOBaHHU
MOKET OBbIThb Ja)ke He M3BeCTHO. J[pyrHMH CJOBaMH, B CHCTEMaX BO3MOXK-
Hbl HEKOHTPOJHpPYeMble Mpolecchl. BinsHHe yKazaHHBIX (DAaKTOPOB 3aBHUCHUT
OT TOTO, HACKOJIbKO OHM MHTEHCHBHBI, U MOXKET TPHUBECTH K HeMpeacKasye-
MbIM M3MEHEHUSIM B CHCTeMe, KOTOPble MOXHO TPaKTOBaTh KaK XaOTHUECKHE.

2. CrpeMHUTENBHBIM POCT YNCJIA BO3MOMKHBIX pelIeHHH. YBejudeHHe
CJI0KHOCTH CHUCTEeMbl NPHBOAUT K PE3KOMY BO3pacTaHHIO 4Hc/Ia (PaKTOpOB,
00yCJIOBNMBAOIIMX ee HabJioJaeMoe MoBeJeHHe — 3TOT 3(PPEeKT Ha3blBaeTCs
«KOMOHMHATOPHBIM B3pPBIBOM» M €ro 0ObIYHO HEBO3MOXKHO yueCTb B MaTeMaTH-
yecko# monesu. [Ipu opmMupoBaHWK MOIEJH TAaKOH CHUCTEMBl B Hee ClefyeT
BKJIIOUATb JHILIb HauboJsee 3HAUMMBble (DAKTOPBI, BJAUSIOIINE HA €€ MOBeJeHHe.
DTO CHHKAeT CJI0KHOCTb MOJEJIH, HO MOXKET MPUBECTH K OIIHOKe (1M3-3a 30-
Hbl HEUyBCTBUTEJbHOCTH MOJEJH), 0OYCJIOBJIEHHOH HE CTOJb OUEBHUAHBIMH,
HO CyllecTBeHHbIMH (paKTOpPaMH.

3. HeB03MOXKHOCTh TOYHOTO HM3MEpEHHUSI HEKOTOPBIX CHTHAJIOB MpPH pa-
06ote ¢ cucremou. [Ipy HETOUHOM HM3MepeHUM BXOAHBIX CHUTHAJIOB peasibHOH
CHCTEMbI, BBIYMC/sieMble MJis Hee BHIXOIHble CHTHaJsbl (BBIXOAHAs HWH(pOpMa-
Ms1) fa)ke B CJydyae OUYeHb TOUHOH MOJIEJTH MOTYT He COOTBETCTBOBAaTb IOBe-
JIEHUIO peasbHOM CHUCTEMBl, U3BECTHOMY M3 OTbITA.

[IpusHaBasi CylleCTBOBaHHe OMHCAHHBIX Bhillle 3()(HEKTOB, OCHOBATeNb
HeueTKOH JOTHKH mpod. JI.3ame BbIABHHY/N yTBep)KIEHHE, HA3BAHHOE WM
MPUHIIUIIOM HecoBMecTUMOCTHU (Zadeh 1973):

«[To Mepe Bo3pacTaHHUs CIOXKHOCTH CUCTEMBI HAllla CIOCOOHOCTD (POPMYTHPO-
BaTb TOUHbIE U MPU 3TOM OCMBIC/IEHHbIE YTBEPKIEHHS O €€ MOBeIeHHH YMeHbla-
eTcs BIJIOTh 0 HEKOTOPOro MOpora, 3a npefesaMd KOTOPOro TOYHOCTb M CMBIC/
CTaHOBATCS MPAaKTUYECKH B3aHMOUCKJIOUAIOLUIMMH XapaKTePUCTHKAMU.
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TouyHoe MonmenMpoBaHUE C UCIONb30BaHMEM OYeHb MaJjibiX HH(POPMAaLHOH-
HBIX T'PaHy/J BO3MOXKHO JIMIIb B CJydae MPOCTBIX CHCTEM C MaJjblM YHUCJIOM
BXOJIHBIX BeJWYUH. [/ HETpPHUBHUAJIbHBIX CHUCTEM, OCOOEHHO CHUCTEM C 00Jb-
[LIMM KOJIMYeCTBOM BXOJOB, TPUXOAWUTCS HCMOJb30BaTh HH(POPMALHMIO, MpeN-
CTaBJIEHHYIO C MOMOLLbIO O0Jiee KPYMHBIX TPaHy/l — HeUeTKYyl0 HH(POpMaLHIO.

1.2. Pas3Butue Teopuu HEUETKUX MHOKECTB

Teoprst HeYeTKHMX MHOXKeCTB BbI3bIBA€T CErogHs HeMasbli HHTepec. [To oueH-
kam (Altrock 1993), B 1993 r. HacuuTbIBas0Ch OT 15 10 16 ThIC. MyOGAMKALKH,
cBsI3aHHBIX ¢ aTo# Tematukod. B 2000 r., Ha MOMEHT HallMCAHUA JaHHOU KHU-
TH, UUCJIO MyONHUKALKH TPEBBICUJIO 27 TBIC. U MPOAOJIKAJIO UHTEHCHBHO PACTH.
Opranusytorcsi Hay4yHble KOH(epeHILUH, BO3pacTaeT KOJUYECTBO NPOMBbILIJIEH-
HBIX MPHUI0KEHUH. UTO XKe sIBJISIETCS MPUUUHOHN CTOJb BBICOKOH MOMYJ/ISIPHOCTH
TEOPUH HEUETKHX MHOXKECTB B COBPEMEHHOH HayKe?

Hauano pasBuTHio Teopuu HeYeTKHX MHOMKECTB I0JIOXKHJA OCHOBOIOJA-
ratotiasi craths «Fuzzy Sets» («HeueTkne MHOXKecTBa»), omyOJHKOBaHHas
npogeccopom u3z CHIA Jlorpu 3ane (Zadeh 1965), koTopbiii BnepBbie BBeJ
TIOHSATHE HEYETKOTO MHOXKECTBA, MPEIJIOKHUI HAEI0 U MEPBYI0 KOHLENLHUIO Teo-
pHH, KOoTopasi faBasa BO3MOXKHOCTb HEYEeTKOIO OMHCAHHS PeasbHbIX CHCTEM.
BaxkHeI1M HanpaBaeHHeM TeOPUH HEYETKHUX MHOXKECTB SIBJISieTCS HeYeTKast
Joruka (Zimmermann 1994a), npuMeHsiemasi [Jisi yOpaBJeHHs] CUCTEMaMH,
a TakXe B KCTEepPUMEHTax Mo (POPMHUPOBAHHIO UX MOIeJNeH.

B 60-e ronpl Havascs nmepuop OBICTPOTO Pa3BHUTHS KOMIbIOTEPOB M IUP-
POBBIX TEXHOJIOTMH Ha 6a3e NBOMYHOH JIOTHKH. B TO Bpems cuurasoch, uto
MCIOJIb30BaHHE NAHHOH JIOTMKH TIO03BOJIUT pelllaTb MHOTHE HayuHble U TeX-
Hu4eckue npobsemel. [lo 3Tol mpuUuMHe MOSIBJIeHHE HEUeTKOH JIOTHKH OCTa-
BaJIOCh TIOUTH He3aMeueHHBbIM, HECMOTPSl Ha BCIO ee KOHIIENTYaJbHYI PeBO-
JIOLMOHHOCTb. TeM He MeHee, Ba)KHOCTb HeYETKOH JIOTHKHM Oblla OCO3HaHA
pSIOM TpeNCTaBUTeJeld HAaydyHOTO COOOIIeCTBA M OHA MOJYy4HJa Pa3BUTHE,
a TaKxKe MPAKTHYeCKYI0 peaju3alHio B paMKaX pa3/JM4YHbIX MPOMBILIJIEHHBIX
npusokeHni. Yepe3 HEKOTOpPOe BpeMsi CTaJ/l MOBBLILIATbLCS HHTEPeC K HEH U CO
CTOPOHBI HayUHBIX LIKOJ, 0ObEIUHSBIINX TPUBEPKEHIIEB TEXHOJOIHH Ha OC-
HOBe IBOWYHOH JIOTMKH. DTO MPOU3OMIJIO M3-332 TOTO, UTO OOHAPYXKHJIOChH J10-
CTaTOYHO MHOTO MPAKTHYeCKUX 3ajauy, KOTOpPble He MOANABA/IHUCh pelIeHHIo
C TIOMOLIbI0 TPAIUIIMOHHBIX MaTeMaTHUECKHUX MOJEJEeHd ¥ METONOB, HECMOTPS
Ha CYIIeCTBEHHO BO3POCIIHE NOCTYIMHbIE CKOPOCTH peau3aliy BbIUUCIEHHH.
TpeboBanach HOBasi METOOJIOTHS], XapaKTepHble YePThl KOTOPOH NPeacTosIo
HalTU B HEYETKOHU JIOTHKE.
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[Tono6HO poboTOTEXHUKE, HEUeTKas JIOTHKa Oblaa ¢ OOJbIINM HHTEPECOM
BCTpeyeHa He B cTpaHe cBoero npoucxoxiaenus, CIIA, a 3a ee npenesnamu, u
KaK CJIe[ICTBHE 3TOTO0, MEePBBIH ONBIT MPOMBILIIEHHOTO UCIOJIb30BAHUS HEYeT-
KOH JIOTHKH — JUJISl YIIpaBJeHHs] KOTeJbHBIMH YCTaHOBKAMM 3JIEKTPOCTAHLIMH
(Assilian 1974) — cBsizan ¢ EBpormoii. Bce monbITKH MCnob30BaTh [Js1 YIIpaB-
JIEHUS] NapOBbIM KOTJIOM TPaIHLIMOHHBIE METOIbI, IOPOH BeCcbMa 3aMbIC/I0BA-
Thle, OKaHYMBAJINUCh HeyHaueH — HACTOJNBKO CJOXKHOH OKasasjacb 3Ta HeJsH-
HeliHas cucteMa. M ToJIbKO MpUMeHeHHe HeueTKOH JIOTHKH T03BOJIMJIO CHHTE-
3UpOBATh PEryJsiTop, KOTOPHIH YAOBJETBOPsiN BceM TpebGoBanusM. B 1976 r.
HeyeTKasl JIOTMKa Obl/1a MOJI0KEeHA B OCHOBY CUCTEMBI aBTOMATHUECKOTO yIpaB-
JIEHHs] KapyceJIbHOH TeYbio B Mpou3BoacTBe eMeHTa (Mamdani 1977). U tem
He MeHee, MepBble NMPAKTHYeCKHEe Pe3yJbTaThl IPHUMEHEHUs] HeUeTKOH JIOTHKH,
nosyyeHHble B EBporie U AMepuKe, He BbI3BaJIM KaKOro-J1HOO0 3HAUUTEJTbHOTO
MOBBILIIEHUS] UHTepeca K HeH. TouHO Tak Xke, KakK Obl10 C POOOTOTEXHUKOH,
CTPaHOH, KOTOpas NepBOM HayaJia MOBCEMECTHOE BHEIPeHUe HeYeTKOW JIOTH-
KH, 0CO3HaB ee OTPOMHBIH moTeHuuas, crana dnonus (Bellon 1992).

Cpeny co3naHHbIX B SIMOHUM MPUKJAAHBIX HEUETKUX CHCTEM HaUOOJIbILIYIO
M3BECTHOCTb MOJyuHaa paspaboraHHass Komnanued Hitachi cucrema ympas-
JIeHUs roe3namu MetpononuteHa B I. Cenpail. Peanusauuns npoekra Besach
C ydyacTHeM OIBITHOIO MAIIMHHUCTA, 3HAHHS U ONBIT KOTOPOrO JIETVIK B OC-
HOBY pa3paboTaHHOH Mofend yrpasjeHus. CucTeMa aBTOMAaTHUYECKH CHMIKa-
Jla CKOPOCTb I0€e3/1a NpH TMOABbEe3/le ero K CTaHLHH, o0ecrneuyrnBas OCTaHOBKY
B TpeOGyeMoM MecTe. Ellle OIHHM MpeUMYLIECTBOM Moe3fa Oblga ero BBICO-
Kasi koMpopTabeNbHOCTb, 00YCJ/I0BJIeHHAs MJIABHOCTbIO Habopa W CHUKEHUS
ckopoctu (Abel 1991). Mmesics U nesblil psa APyrUux MPeUMYIIeCTB MO CpaB-
HEHHIO C TPAJUIMOHHBIMU CHUCTEMAaMH YIpaBJ/eHHS.

TecTrpoBaHMe M COBepIIEHCTBOBAHHE CHUCTEMBI YIpaBJEHHS MPOIOJIKA-
JIOCb B TeUeHHe ABYX JieT. DTH YCHJHs OblJIM HaleseHbl Ha NPOBEPKY HOBOTO
MeTofla yrpaBJ/eHHs] U oOecreyeHHe MaKCHMasbHOH 6e30MacHOCTH MaccaxH-
poB. O TOM, YTO HaHHBIH TPOEKT MOXKHO CYMTATh YCIELIHBIM, CBUIETEJb-
cTByeT TOT (bakT, uto cmycts 12 MecsileB pa3paboTKy CBOMX COOCTBEHHBIX
TMPUJIOKEHUH C HCIOJb30BaHHEM HeUueTKOH JIOTMKH Besd YyxKe 50 KpYMHBIX
AnoHcKux komnanui. B 1991 r. Bkaan SnoHny B MUPOBOE MPOM3BOACTBO MPO-
AYKIHH, UCTONB3YIOLlel HeYeTKYIO JIOTHKY, HCUMCHSANCT MHJIHAPAAMH L0JI-
JIapoB — B a0COJIIOTHBIX BeJMYHHAX 3T0 cocTtassiio 80% (mo mannbim Market
Intelligence Research). Hauunas ¢ 1989 r. B fInonuu 6b110 co3naHo He MeHee
O Hay4yHbIX COOOLIECTB, CBA3aHHBIX C HEUETKOH JIOTMKOH, CPelld KOTOPBIX:

1. Jlabopatopuss MexayHapoaHbIX HEUETKHX TeXHUYECKUX UCCJeNOBaHUM

(Laboratory for International Fuzzy Engineering Research — LIFE).

2. fnonckoe Coo011eCTBO TeOPUH HEYETKHX MHOMKECTB U HEUETKHX CHCTEM

(Japan Society of Fuzzy Theory and Systems — SOFT).
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3. Accounanust GHOMEIUIIMHCKUX HEUETKHX CHCTEM

(Biomedical Fuzzy Systems Association — BMFSA).
4. VIHCTUTYT cucTeM HedeTKoH Jioruku Munsyka

(Fuzzy Logic Systems Institute lizuka — FLSI).

5. LleHTp pa3BUTHSI HEUETKOH JIOTMKH

(Center for Promotion of Fuzzy Logic).

C 1986 r. pynkuunonupyet dnoHckoe oTae/eHre MeXAYHAPOIHOH OpraHu-
sauun IFSA (International Fuzzy Systems Association — MexxayHaponHas
accouuansl HeYeTKHUX CHCTEM).

Cpenu mepeunc/ieHHBIX OpraHM3alUi HauboJee HM3BeCcTHa JabopaTopus
LIFE, cosnanHass MUHUCTEPCTBOM MeKAYHAPOAHOH TOPrOBJIU U MPOMBILIJIEH-
HOCTH $IMOHWM COBMECTHO C PSIIOM KPYTHBIX TPOMBILIJIEHHBIX MPEANPUSATHH,
cpenu kotopuix Honda, Kawasaki Steel, Tokyo Electric u np. (obuiee ux
uncao B 1991 r. cocraBasinio 49). Llenbio nedtenbHOCTH HaHHOH sabGopaTo-
puu sABJseTcs pa3paboTKa HEUETKUX METONOB AJs HYXKI MPOMBIILIJIEHHOCTH,
TOPTOBJIM, TIOAAEPKKH MPUHATHSA pellleHuH (Hampumep, B 00/aCTH BaJIOTHBIX
onepauuii) u T. 1. B cocra LIFE Bowiu aydyiiide crenuanncTsl B 00acTH
HEeYeTKOH JIOTHKH M3 STOHCKHUX YHMBEPCHTETOB M MPOMBIIIJIEHHBIX KOMIa-
Huil. [Tomumo 3TOro, (prHAHCOBYIO MOAAEPXKKY JN1a6OPATOPHUHU OCYILECTBJSET
pSI KPYTIHBIX KOMIaHUE 3a Tpenenamu fAnonuu, cpenu kotopeix Bosh, Zeiss,
Siemens, Audi, Volkswagen. Cnoncopsl LIFE nocebinaior B Hee cBOMX HH-
JKEHepoB /15 MPOXOXKAEHHUS CTAaXKUPOBOK W BBINOJHEHHS HCC/AENOBAHUH IOL
PYKOBOACTBOM CIELHATUCTOB.

BrlcTpoe pasBuTHe HeueTKOH JOTHKM B SIMOHHMH NpHBEJO K TOMY, 4YTO
ee TMpaKTHUECKHe MPHUJIOKEHHs TOSBUIUCH He TOJNBKO B MPOMBIIIJIEHHOCTH,
HO W B IPOM3BOACTBE TOBAPOB HapoaHoro norpebnenus. Ilpumepom 3mech
MOKET CJYXKHUTh BHIeOKaMepa, oO60pynoBaHHAsi HEUETKOH MOACHCTEMOH CTa-
ounuszanuu usodpaxenus (Abel 1991), mpumeHsBiiedcs /51 KOMIEHCALHH
KoJieOaHMi H300paKeH!si, BbI3BAHHBIX MaJsIOONBITHOCTbIO onepatopa. JaHHas
3ajaua Obla CJAMIIKOM CJIO0KHOH /151 pelleHHsl ee TPaJUIIMOHHBIMM MeToja-
MH, MOCKOJIbKY TPe00Ba/oCh OTIMYATh CaAy4YalHble KoleOaHUd U300pakeHHs
OT IleJIeHanpaBJeHHOTrO TepeMelleHsi 0OBEKTOB ChbeMKH (HamnpuMmep, JBHKe-
HUs Jofedt). JIpyrum npuMepoM siBJsieTCs aBTOMaTHyecKasi CTHpaJjbHasi Ma-
IIMHA, yrpaBJ/seMas OfHUM HaxkaTheM KHOMKH (Zimmerman 1994). Ilono6-
Hasl «11eJIOCTHOCTb» BbI3BaJia MHTepecC W Oblaa BeTpedyeHa ¢ ogobpeHuem. Hc-
M0JIb30BaHHE METOIOB HEYETKOH JIOTHKH MO3BOJIUJIO ONITHMHU3HUPOBATH TPOLIECC
CTUPKH, obecrieyrBasi aBTOMaTHYeCKOe pacro3HaBaHHe THMA, 06beMa U CTerne-
HU 3arpsi3HEHHOCTH OJIE€K]Ibl, HE TOBOPS y2Ke O TOM, UTO CBeJeHHe MeXaHHu3Ma
yIPaBJEHHs MAlIMHOH K OJHOU €IUHCTBEHHOH KHOIIKe M03BOJIMJ/IO 3HAYHUTEJb-
HO YNPOCTUTh oOpalleHue ¢ Hed. M3o06peTeHus: B 06J1aCTH HEUETKOW JIOTHKH
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OBbILIM BOIJIOLIEHb SATIOHCKHMH (DUPMaMH U BO MHOTMX JIPYTHX YCTPOHCTBAx,
Cpeir KOTOPbIX MHKPOBOJIHOBbHIE medu (Sanyo), aHTHOJOKHPOBOYHbBIE CHUCTe-
Mbl ¥ aBTOMaTHueckre KopoOku nepenad (Nissan), HHTerpupoBaHHOe YIIpaB-
JIeHHe NMHaMHUYecKUMU XxapakTtepuctukamu aBtomoouss (INVEC), a takxe
PEerynsTopbl XKECTKUX IUCKOB B KOMITbIOTEPax, 00eCcreynBaioliie YMeHbIIeHHe
BpPEMEHH JI0CTyMNa K HH(OpPMALHH.

Haxonsice B aBaHrapae ucciegoBaHUi B c(epe NPUIOKEHHH HeueTKOH
JIOTUKH, SITIOHCKHE HHXKEeHephbl MOJYYUJIHM B JNaHHOH 00/1acTH OPOMHOE KO-
JUuecTBO nateHTOoB. Tosbko Kommnanusi Omron u3 ropoma Kuoto B 1993 1.
Baanesna 6osnee yem 700 mareHTamu.

MaccoBoe mpuMeHeHNe HEUETKOH JIOTUKH B U3JE/USX STOHCKOH MPOMBIILI-
JIEHHOCTH TIPHBJIEKJIO BHUMaHHe BO BCeM MHpe U ocobeHHO B EBpore, rae Bbl-
30B JIUIEPCTBY SMOHUH GBI OpOILIEH TIaBHBIM 00pa30M YYeHBIMH U MpeIIpH-
HumatesnssMd u3 [epmanuu. B r. AaxeH HaxomuTcs 1Tab-KBapTHpa eBpOMek-
ckoit opranuzaunu ELITE (European Laboratory for Intelligent Techniques
Engineering Foundation), 3anumarouiefics pa3paGoTKod U NPOABHKEHHEM
MEeTOI0B HMCKYCCTBEHHOTrO MHTeJIJIEeKTa, TaKHX KaK HeueTKas JIoTMKa U HeH-
POHHBIE CETH, C YIIOPOM Ha Hay4yHble MCCJEN0BaHUS B TaHHBIX obsactsax. [Tox
ee 3TUJ0H NPOBOAUTCH MHOXKECTBO MEXAYHAapONHbIX KOH(pEepeHUHH, cpenu
KOTOpbIX exerofHas EBpomelickas KoH(pepeHLHs M0 HCKYCCTBEHHOMY HH-
tesnekty EUFIT (European Congress on Intelligent Techniques and Soft
Computing — EBponeiickuii KoHTpecc MO HHTEJJNEKTYaJbHbBIM TEXHOJOTHSIM
M MSATKUM BBIYHCJIEHHUSIM).

[Tomumo ynomHHaBIIMXCS Bbllle MPUJIOXKeHHH, ¢ Hadana 1990-x rr. nHa-
6Jr0faeTCsl HHTEHCHBHOE Pa3BUTHE HEUETKUX METOM0B B PaMKaxX LeJIoro psiaa
NpUKJAAAHBIX 0OJacTell, B TOM UHCJe U He CBA3AHHBIX C TeXHUKOH. UTOOHI
1aTh UHTATEJIO NPeNCTaBJeHHe O BO3MOXKHOCTAX HEYETKOH JIOTHKH, Mepednc-
JIUM HEKOTOpble U3 U3BECTHBIX ee MPHJIOKEHHH.

e CHCTeMa yTpaBJjeHHs 3JeKTPOHHBIM Kapauoctumynstopom (Akaiwa 1990;

Kitamura 1991; Sugiura 1991);

e CUCTeMa yINpaBJeHUs MeXaHMYECKHMMH TPAHCIOPTHBIMH CPEACTBAMHU

(Altrock 1992);

e Boznorpeiinele KoTabl (Bien 1992);
e xUMHuecKHe peakTopbl M ycrtaHoBkM (Altrock 1995; Bork 1993;

Hanakuma 1989; Hack 1997; Hohmann 1993; Kolios 1994; Roffeld 1991);

e cuctembl oxJaaxaeHus (Becker 1994; Hakata 1990);
e KOH/IMIMOHEPbl W BeHTUJALHMOHHOe obopynoBanue (Tobi 1991; Wata-

nabe 1990);

e oOopynoBaHue 1js cxuranus mycopa (Altrock 1993; Fujiyoshi 1992;

Ohnishi 1991);
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cTekJJonasuabHas nedb (Aoki 1990; Hishida 1992);

CHCTeMa KOHTPOJIST KpoBsiHOTO naBseHus (Arita 1990),

nuarHoctka onyxoded (Arita 1991),

JIMArHOCTHKA TEKYIIEro COCTOSIHHSI —CepAeyHO-COCYIUCTOH CHCTEMBb
(Altrock 1993),

cucTeMa yrpaBJjieHHs MOAbeMHBIMH U MOCTOBBIMU KpaHamu (Altrock 1993;
Watanabe 1991),

HacocHas craHuus (Chen 1992),

o6paboTtka nzobpaxkenui (Fijiwara 1991; Franke 1994),
ObicTpoeicTBYoIIee 3apsiiHoe yeTpoicTBo (Altrock 1993),
pacrniosHaBanue cyoB (Fujimoto 1989),

JleueHue nuabeTa U KOHTPOJIb YPOBHs caxapa B Kposu (Jacoby 1994; Kage-
yama 1990),

3JeKTpoaHepreTuueckas cucrema (Hiyama 1991),

o6opynoBanue s Metannooopadotku (Hsieh 1994),

ynpassenue 6uonporeccopamu (Hanss 1994),

oronuTenbHble npubopsl (Heider 1994),

ynpasseHue sjaekrpoasuratensmu (Kawai 1990; Lee 1992),

CBapo4yHoe o6opymoBaHHe U mpolecchl cBapku (Murakami 1989;
Reshuffled 1994),

CHCTEMbl yTpaBJeHUs nBHXKeHUeM TpaHcrnopTa (Sasaki 1988; Voit 1994),
onomenuuuHckue uccaenosanus (Takahashi 1990),

obopynoBaHue 151 yoopku nomereHu# (Yamashita 1992),
o6opynoBaHue s ouMCTKH oT mama (Yu 1990),

BOIOOUHCTHBIE coopyxeHusi (Altrock 1995).

[lo TeopuH HeUeTKHMX MHOXKECTB H3JaH psifil KHUT, HampuMep
(Altrock 1993,1995; Brown 1994; Bezdek 1981; Driankov 1993,1996;
Gottwald 1993; Hung 1995; Kahlert 1994,1995; Knappe 1994; Kandel 1994;
Kruse 1994; Kiendl 1997; Kaufmann 1985; Koch 1996; Kacprzyk
1986,1992,1997; Nguyen 1995; Pedrycz 1993; Rutkowska 1997; Tilli 1991;
Wang 1994a; Yager 1994,1995; Zimmermann 1994a,1994b).

Ha peiHKe mporpamMmHOro obecrieueHusi UMeeTCsl HECKOJbKO MPOAYKTOB,
OCYIIECTBJISIIONIMX MOAIEPIKKY HEUETKOrO MOIEIMPOBAHUS U yrpaBjeHus. M-
dopmanuio o HUX MoxKHO HaiTu B (Ader 1996; Baldwin 1995a; Koch 1996;
Kuhn 1994; Krieger 1994; Krone 1996¢).

B TIlosbuie wuccnenoBaHusi B 06JaCTH HEUETKHX MHOXKECTB BeLyTCs
¢ 1970-x rr. (Kacprzyk 1977,1978). I[lonbCKHUMH yUeHBIMH, BHECIIUMHU CY-
[eCTBEHHBIH BKJIaJ B Pa3BUTHE AaHHOH TEOPHU B MHUpe, SIBJSIOTCS TMpodec-
copa E. Czogala, J. Kacprzyk u W. Pedrycz (dhamunnu nepedncseHsl B anda-
BUTHOM TOpPSIZIKE).
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U1 xoTs Teopusi HeYeTKUX MHOXKECTB T103BOJIsIeT pellaTb 3alayd, C KOTO-
PBIMH YacTO He CIPAaBJISIOTCS OObIUHbIE METOABI, He CJIEYeT CUMTATh ee «Ia-
Haleel». Beio 66l OLIMOKON TOBOPUTH O Hell Kak O eUHCTBEHHO BO3MOXKHON
3aMeHe BCeX OCTa/IbHBbIX MOAX0A0B. [IpakTuka MoKa3blBaeT, U4TO TMPHUMEHSITh
HEYeTKYIO JIOTHKY LieJlecooOpa3Hee BCEro TaM, IJie OCTa/IbHble MOAXOMbI 10 CHX
nop teprnenu Heynady (Altrock 1993), u cnenoBath TpagHIIMOHHBIM METOMAM,
€CJIH MpHUeMJIeMble Pe3yJbTaThl MOTYT ObITb MOJyUYeHbl HAa X OCHOBE.



['JIABA 2

OcHOBHbIE NOHATHUA
TEOPUN HCUCTKHUX MHOXKECTB

2.1. HeueTkne MHOXKecTBa

YeJ/I0BEK HCIOJb3YyeT HEUETKHe MHOXKeCTBA /ISl OLleHKH U CpaBHEeHHUs (pu3ude-
CKHX BEJIMUHH, COCTOSIHUH 00BEKTOB U CUCTEM Ha MPUO/IMKEHHOM, KadeCTBEH-
HoM ypoBHe. Tak, J11060i1 U3 Hac COCOOEH OLUEHUTh BEJHUHUHY TEMIEPATYpbl,
He mpuberas K MOMOLIM TePMOMETPa, a PYKOBOACTBYSICb JIMIIb COOCTBEHHBbI-
MU OLIYLIEHUSIMH U ILIKaJ0H NPUOIHKEHHBIX OLEHOK, TOL0GHOH TeM, KOTOpble
npejcTaBjaeHbl Ha puc. 2.1.

OTmeTHM, 4TO KaueCcTBEHHasi OlleHKAa MMeeT HEeYMCJOBOH XapakTep, I0-
CKOJIbKY He 00J/iaZiaeT CBOHCTBOM aiJUTHBHOCTH, MPHUCYLIUM YHUCJIAM.

IIpumep. 1 cm+ 1 cm = 2 e,
HO: HeboJiblIasi CyMMa JeHer + HeboJblliasi cCyMMa JeHer =7

Pesynbrar nogo6Ho# onepauuu He Bcerga OyaeT COOTBETCTBOBATb 00Jb-
LIOH CyMMe JeHer.

[loHsiTHs «HeOoOJbLION» W «OOJBLION» CyMMbl SIBJSIOTCS HEUYeTKHUMHU
U CyObeKTUBHBIMU M 3aBHUCSIT OT CMBIC/IA, BKJAAbIBAEMOr0 B HMX B KaxKIOM
KOHKpeTHOM cayyae. [TosToMy KauecTBeHHbIE OLEHKH HeJb3sl CKJablBaTh 110-
00OHO TOMY, KaK 3TO [eJaeTcsi C YACJOBBIMU BeJHYMHAMH.

OYeHb XOJIOMHO  XOJOJHO  TEIUIO OYEeHb TEIIO e
_ } >+
0 TeMmIepaTrypa
HyneBas OYEHb Majas Manas CpefgHss Oonblnas O4YeHb OONbIIast
— } | » +
} } >
0 100% obmavHOCTH
YPOIIUBBII OOBIYHBIN
HENPUBJIEKATEIbHbII ., TIpVBJICKATENbHBIN KPACHUBBIii
_ ' >
0 KpacoTa

NaHUKAa IECCHMH3M  HEONpPEICJICHHOCTh  ONTHUMHU3M  difdopust
- : >+
0 o0OcTaHOBKa Ha OUpKe

Puc. 2.1. TlpumMepsl Ka4eCTBEHHBIX OLIEHOK, HCIOJb3YEMbIX UEJOBEKOM
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KauecTBeHHbIe OLIEHKH UeJIOBEK UCIIONb3YyeT U TOrIa, KOria CpeacTBa To4Y-
HOTO U3MepeHHsI eMy AOCTYIHBL. Hanpumep, HECMOTPS HA TOUHBIE NTOKA3aHUS
CKOPOCTH Ha CIIHAOMeTpe aBTOMOOMJISI, XapaKTepH3ysl CBOI M0e3[KY, BOLHU-
TeJb Yallle BCero rOBOPUT:

e «fl exan o4eHb OBICTPOY,
e «f exan co ckopoctbio nmpumepHo 100 Km/u»,
o «f exan co ckopoctbio Gosee 100 KM/9».

Ecnu 6bl BomuTesb MOMBITAJCS BCIOMHHUTb TOYHOE 3HAaueHHEe CKOPOCTH
B KaXXJIbl MOMEHT CBOEH MOoe3NKH, TO 3TO Obl OblIO, BO-MEPBBLIX, MPaKTH-
YyeCKH HeBBIIIOJHUMBIM, BCJeICTBHE OlpaHHUeHHBIX BO3MOXKHOCTEH uejioBeye-
CKOH MaMsTH, a BO-BTOPBIX, COBEPLIEHHO HU3JUILIHUM, MOCKOJBKY AJS YesoBe-
Ka ObIBaeT NOCTAaTOUHBIM CleJaTh IPyOyI0 OLIEHKY, MO3BOJSAIONLYI0 H30ABUThCS
0T 00JIbIIMX OOBEMOB HEHYXKHOH HMH(pOPMaLHH, COCPEeLOTOYMBIIUCL HA TOH,
KOoTOpasi siBJsieTcss HauboJiee CYIIECTBEHHON, U KOTOPYID MOXKHO ObICTPO 006-
paboTaTh, UTOOBI MPUHATH HEOOXOANMOE pelleHHe.

B okpyxatouiem Hac Mupe nMeeTcsl 0OJbILOe YUCJIO BEJHYUH, KOTOpbIE
HeJlb3sl OLIEHHTb C [OMOILBIO U3MEepPUTEJbHbIX YCTPOHCTB, MOCKOJbKY TaKHX
YCTPOHCTB MpocTo He cyulecTByeT. K TakuM BeJqUuMHAM OTHOCSITCS, HalpH-
Mep, JKeHCKasi KpacoTa, NOpsIOoK B J10Me, ONacHOCTb HauaJsa BOWHBI, LLAHCHI
Ha ycrex B 6u3Hece  T. . Ho y KaxK10ro uesoBeka ecTh CBOM COOCTBEHHBIE,
Heu3BellaHHble WM MOHSTHBIE JIMIIb OTYACTH «M3MepHUTeJ/bHble YCTPOHUCTBA»,
MO3BOJISIIOLIME €My 1aBaThb KaueCTBEHHbIE OLEHKH MOAOOHBIX BEJUUHUH U CUTY-
alMi, NMpeacTaB/ISIOLMXCS HACTOJNbKO CJI0XKHBIMHU, YTO C HUMHM HEBO3MOXKHO
CTPABUThCS CPEICTBAMHU COBpeMeHHOH HayKH. [lo/ib3ysich MOnO0OGHBIM HeCOBep-
IEHHBIM, HEUeTKUM MeXaHU3MOM OLIeHHBaHHS, JIOAHW OTJIHMUHO CIIPaBJSIOTCS
C OKpy’Kalolled NeHCTBUTENbHOCTBIO, NMPHUCNOCabNUBalOTCS K Hel, npeodpa-
3yIOT €€, PachosHalT (MAEHTHU(PUUUPYIOT) CYIIECTBYIOLIHEe B HEH CHCTEMBI,
KOTOPBIMHM YIPaBJSIOT 3aTeM ONTHMAaJ/bHbIM UK CyOONTHMa/NbHEIM 00pa3oM.

KadecTBeHHO ouLeHMBasi AEHUCTBUTENBHOCTb, JIOAM BblpaboTann y cebs
BeCbMa COBepIIeHHble JIOTHYecKHe U MHTeJJIeKTyasbHble CII0COOHOCTH, KOTO-
pPbIMH POOOTOTEXHHUECKHE YCTPOHUCTBA He 00/1aJaloT, HECMOTPS HA Hempekpa-
LIAIOU1YI0CS UHTEHCHBHYI0 padoTy B 3TOM HanpasJeHHH. [Io 3Todl npuuyuHe y
yUEHBIX ¥ UHXKeHePOB BO3HHUKJIA Wesl CO3laHNsl UCKYCCTBEHHOTO HHTENJIEKTa,
KOTOPBI UMHUTHpPOBaJ Obl Ues0BeYeCKHH UHTeNJIEKT U UCIOJb30BaJ CXOLHbBIE
C HUM MOAXOABI.

Barknelillee yc/0BHe CO3[aHHUSl TaKOrO HHTeJ/J/EKTa COCTOHUT B TOM, UTO-
Obl MepeBecTH HeYeTKHe, KaueCTBeHHble OLEHKH, NPHUMEHseMble YeJOBEKOM,
Ha $I3bIK MaTeMaTHKH, TOHSTHBIH BBIYMCAWTENbHOH MaluuMHe. B pesynbrate
CTaHeT BO3MOXKHBIM:
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e 1peoOpa3oBbIBaTh YETKHE W TOUHbIE MTOKa3aHUs NMPUOOPOB B GopMy Kaue-
CTBEHHBIX OLIEHOK, TPUMEHSIEMBIX JIFOJbMHU, H UCI0Jb30BaTh UX B a/JTOPHUT-
MaxX HCKYCCTBEHHOTO HHTeJ/IJIeKTa, OCHOBAHHBIX Ha MpaBHJ/aX, MOLOOHBIX
TeM, KOTOpbIE JIeXKaT B OCHOBE YeJIOBEUECKUX PacCyXKAeHUH,
e BBOAUTb B CHCTeMbl 00pabOTKH HH(OpPMAlMH, MaTeMaTHYeCKHe MOMAEJH
yIpaBJ/sieMbIX CHCTEM W aJTOPUTMBI YIIPaBJeHUsl BEJHUYHUHBI, OTNPeNesHUTh
KOTOpPble MOXET TOJIbKO YeJsIOBeK, HalmpUMep MJIaTeXeCrnocoOHOCTh MOKY-
nareJisi, BEpOSITHOCTb cOopa GOraToro ypoxkast B JaHHOM TOLY H [Ip.
BunHo, Takum 06pa3om, 4TO HeUYeTKHe, KaueCTBEHHbIE OLIEHKH MO3BOJISIIOT
3HAUUTEJbHO PACIIUPUTH TPaAULHOHHBIE METOIBl MaTeMaTHUECKOr0 MOMIEJH-
poBaHusl, TpeGyiollie TOUHOH HH(POPMALUK O BXOAHBIX BEJUYMHAX CHCTEMBI.
DTO CTAHOBHUTCS BO3MOXKHBIM 33 CUET HCIO0JIb30BaHUSI MH(OpPMAaLHUK O Napa-
MeTpax, paHee He YUHTbIBA€MbIX M3-3a OTCYTCTBHSI CPEICTB HX H3MepeHHs
(T. e. BBOLSITCA THOPUAHBIE MOJEJH, UMEIOLIMe KaK YeTKHe, TaK U HedyeTKHe
cocrapJsiioline). Tem camMbiM, HeUeTKHe METO/bl KaueCTBEHHOrO Oll€HMBaHHS
c/lelyeT pacCMaTpUBaTh He KaK ajbTepPHATHBY, a KaK [OMOJHEHHEe K TOYHBIM
TeXHUYECKHM H3MepeHHsIM, MO03BOJIsIOIee CO31aTh GoJsiee MOJHYI0 KapTHHY
HJIE MOJIeNIb IeHCTBUTEbHOCTH.

dopmanuszanys KadyeCTBEHHBIX OLEHOK MOXKET OCYLIECTBJSITbCS Ha OCHO-
Be TEOPUH HEYETKUX MHOKeCTB. [IOHfITHe HEUeTKOTrO0 MHOXKECTBA MOSIBUIOCH
B HayuHOH suTepaType B 1965 r., 6aaromapst pabote yueroro us CIIA Jlot-
¢u 3ane (Zadeh 1965), BHecuIero CyiecTBeHHBIH BKJaJ B Pa3BUTHE JAHHOH
TEOPHH.

PaccmoTpuM fasiee OCHOBHbBIE TOHSITHS, CBSI3aHHbIE ¢ HEUETKUMH MHOXe-
CTBaMH.

e JlunrBucruueckas nepeMeHHas

JIMHIrBHCTHUECKON TepeMeHHOH sBJIsieTCs MepeMeHHasi (KOTopast MOXeT ObITh
KaK BXONHOH MJIKM BBHIXOMHOH, TaK W MEPEMEHHON COCTOSIHHUSI) C JIMHTBUCTHYE-
CKMMM 3HAUeHHSIMH, BbIPAXKAIOLIUMHU KayeCTBeHHbIE OLEHKH.

Ilpumepsbl: CKOPOCTh Cy[HA, 3/E€KTPUUECKOe HalpsiKeHHe, TeMIeparypa.

Ha npaktuke A/isi 3afaHusi JUHTBHCTHUECKHX IEPEMEHHBIX MOXHO HC-
M0JIb30BaTh He TOJIBKO JIMHIBUCTHYECKHE 3HAYeHHs, HO U HeYeTKHe UHhc/a
(Bertram 1994; Koch 1993), 1. e. onpeneseHHOro pomna KOMOHHUPOBaHHbIN
TOJIXOJ.

e JIuHrBHCTHUECKOE 3HAUYEHNE

JIuHrBHCTHYECKOE 3HAaYeHHe NpeCcTaB/seT cO00H 3HaUeHHe THHIBUCTHYECKOH
NepeMeHHOH, BBIPAXKEHHOE B CJI0BECHOH (popMe.
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IIpumepsbl: oueHb OOJIBIION OTPULATENbHBIH, CPeIHUI OTPULIATEbHBIH, CPel-
HUH TOJIOKUTE/bHBIH, OUeHb OOJBILIOH TMOJOXKHUTEJNbHBIA, CTapbli, MOJOLOH,
XOPOLUMH, CPeIHUH, MPUATHBINA, HENPUATHBIA, HCTUHHBIN, JIOXKHBIH.

JIMHrBUCTHYeCKOe 3HaYeHHe BCerjga MPUCYTCTBYeT B MOJAEJNH COBMECTHO
CO CBSI3aHHOM C HUM JIMHTBUCTHUYECKOH MepeMeHHOM.

IIpumepsl: BbICOKOE aTMOC(epHOe JaBJieHHe, CUIbHOE TeueHHe, MOJIOLOH BO3-
pacT (uesioBeKa), UCTHHHAs HH(OPMALHs, JOXKHAST HHPOPMALHSI.

e Heuerkue uncia

[TonsiTne HeyeTKOro uMcsaa OyeT PacCMOTPEHO B IJaBe 3.
Ilpumepbl HeueTKUX YHUCEJ: OKOJO HyJs, NMPUMepHO O, GoJiee (MeHee) 5,
HeMmHoro 6osiee 9, mpubausurenpHo mexnay 10 n 12.

OueHKa mapaMeTpoB CUCTEMbI C HCIOJb30BaHUEM JHMHIBUCTHUECKUX 3HA-
YeHWH OCHOBaHA Ha BOCIPUATHH YesiOBeKa U He TpeGyeT TEXHUYECKHUX H3Me-
PUTEJIBHBIX YCTPOHCTB, B TO BpeMs Kak IPHU HCIOJb30BAHUHU C 3TOH LeJblo
HeueTKUX 4YMces NMofoOHble YCTpoHcTBa HeoOxomuMel. C MOMOLIbIO HeUeTKUX
yuces MOXHO 0600611aTh 00JbllHe 06beMbl TOUHBIX MNAHHBIX, SIBJSIOIIAXCS
pesy/abTaTaMH H3MEpPeHHH MM oOpallleHHd K 0asaM JaHHBIX, HalpUMep HH-
(dopmalmio o 1eHe X; Ha akIMU HEKOTOPOH KommaHuu (puc.2.2).

JlaHHble, MpencTaBeHHbIE HA PHUC. 2.2 B TOUHOH (4eTKOoi) opMe, MOXKHO
000011eHHO MPeICTaBUTh B BUJE HEUYETKOro YHUCHa:

— «IpHUOIM3UTE/IbHO B Npefeaax Mexay 9 u 11» unn
— «okoJio 10».

IeHa
aKIun

11

10

Puc. 2.2. [Ipumep 60/b1I0r0 06beMa AaHHBIX O TOYHOM 3HayeHHH NapaMeTpa
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Ha npakTuke npuMeHsII0TCS CMelllaHHble HA0Opbl 3HaYeHUH JIMHIBUCTHYe-
CKHX TlepeMeHHbIX — cM., Hanmpumep, (Abel 1991; Koch 1993). B wactHoctH,
BO3MOXKHBI 1LIKaJbl CJelyIOLlero Buaa:

— OTpHULATeNbHbIH, OKOJIO HYJS, MOJOXUTENbHbIH,
— OOJIBLIOH OTPULATENbHBIN, CPeJHUH OTPULIATeNbHBIH, MaJIbId OTPULIATE/Ib-

HbIl, OKOJIO HYJS, MaJblid TOJIOKUTEJNbHbIH, CPeNIHUN MOJOXKHUTENbHBIH,

00JIbILION MOJIOKUTEJbHBIM.

e JIuHrBuCTHYECKOE TEPM-MHOXKECTBO NepeMeHHOMN

JIMHTBUCTHYECKHM TepM-MHOXKECTBOM Ha3blBaeTCs MHOXKECTBO BCeX JIMHT-
BUCTMUYECKHUX 3HAUEHHUH, WCMOJb3yeMbIX AJS ONpefeseHUs] HEKOTOPOH JIMHT-
BUCTHUYECKOU TepeMeHHOH. J[aHHOe MHOXECTBO TaKxKe HAa3bIBAIOT 0A3MCHBIM
JIMHTBUCTHUECKHUM MHOKecTBOM (Bertram 1994), nunreuctrdeckoil npeamer-
HOM 06/1acThIO, JMOO JIUHTBUCTUYECKOH 00/acThio (MPOCTPAHCTBOM) 3Haye-
HUH. g 0603HAUEHUS] TepM-MHOXKeCTB OyleM HCIO0Jb30BaTh MPOMNUCHBIE Ja-
THHCKUE OYKBBI:

X1, = {ompuuamenoroili, noroscumenrvrolli} = {xr1,xr2},

Y7, = {manwiii, cpeonuii, 6orvuwoii} = {yr1,yr2,yrs} -

JIuHrBHCTHYeCKas 006JacTh 3HAYeHHH (JMHHTBUCTHUECKMH YHHBEPCYM)
npejcTaBJsieT cOO0H KOHEUHOe MHOXKECTBO.

e OOnacth 3HaYEHUH MepeMeHHON

O6s1acTblo 3HaYEHHH TepeMeHHOH SIBJSIETCS MHOXKECTBO BCEX YHCJIOBBIX 3Ha-
4eHUH, KOTOpPble MOXKET MPUHUMATh OTpeNeeHHbIH MapaMeTp H3yyaeMoH CH-
CTeMbl, OO MHOXKECTBO 3HAU€HWH, CYIIECTBEHHBIX C TOYKH 3PEHHs pelliae-
MOH 3anaun (Mozesid cucteMbl). [Lasi 061acTH 3HAaUEHHUH UCTIOMNb3YIOTCS TaKkKe
cyeyiole Ha3BaHUS:
— MPOCTPaHCTBO 3HaueHWH (mpocTpaHcTBO paccyxaeHuil) (Bertram 1994),
— noJe sHadenui (Abel 1991),
— mnpoctpanctBo (Kacprzyk 1986; Yager 1994,1995),
— wmHoxkecTBO (Kacprzyk 1986),
— ob6sacTb 3HaueHHH (00/1aCTh pacCcyX aeHH#H),
— npenmetHas obsactb (Yager 1994,1995),
— oOasucHblil auanason (Knappe 1994),
— MHOXKeCTBO 3JeMeHTapHbIX 3HaueHu# (Kruse 1994).

CJI0BO «4MCJIOBBIX» YMOTPEOJEHO 3[eCh, YTOOBI MOAYEPKHYTb OTIHUHE
TUX 3HA4YeHHH OT JMHTBHCTHYecKUX. O6/jacTH 3HaueHWH MepeMeHHbIX Oy-
neM 0003HaYaTh MPOMUCHBIMU JIATUHCKUMH OyKBaMH, HampuMep:
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|| | L

X a

< »
-« >

0 100 MM

X={z:ze€R, 0<z<100(mm)}

Puc. 2.3. HenpepblBHBIH 41C/I0BOM UHTepBaJ 3HAYE€HUH NO3ULMH MOPLIHSA T

X = {x} — GeckoHeuHas (HenpepblBHAs1) 06/1aCTh,
X ={z1, ®o, ..., T,} — KOHeUHasi, IUCKpPeTHAasi 00JACTb.

Ilpumep HenpepbIBHOH 06/1aCTH 3HAYEHHUH NepeMeHHOH TIpUBelieH Ha puc. 2.3.
Ilpumep nuckpeTHOH 06JIaCTH 3HAYEHHH:

X = {:Ul = —1, Ty = —0.75, ceey, g = 0.75, xrg = 1}
e MOIHOCTH YMCJIOBOHA 00/1aCTU 3HAYEHUN

MorHocTh uncOBOH 06/acTH 3HaYeHHH (UHCJIOBOH TIPeIMETHOH 00/acTH)
€CTh UNCJIO CONEePKAIIUXCSl B HEH 2/IeMeHTOB:

1X[ = n. (2.1)
e Heuerkoe MHOXECTBO

Heuetknm MHOXecTBOM A, onpeneseHHbBIM Ha HEKOTOPOH YMCJOBOH Mpef-
MeTHOH o6macTh X, Ha3plBaeTCsl MHOXKECTBO Map:

A={((a),2)}, VeeX, 2.2)

e AJS KaXKJA0ro sjneMeHTa x € X CTeeHb [y ero NPUHAAJeXHOCTH MHOXKe-
cTBY A 3anaetcst ¢ MOMOLIbI0 DYHKIMH MPUHALIEKHOCTH fi4(x), IPH 3TOM

MA(x) € [07 1]'

DyHKUKS TPUHALIEKHOCTH 0TOOPAXKAET YUCIOBYHO 00/1acTh 3HaueHH#H X
NlaHHOH mepeMeHHOH Ha oTpesok [0,1]:

pa: X —[0,1].

[ToHsiTHE HEYETKOTO MHOXKECTBA 00ecrneuynBaeT BO3MOXKHOCTh MaTeMaTHye-
CKOr'o MnpenctaBJ/ieHrsd KaueCTBEHHbIX OLI€HOK, BbIpaKa€MbIX JIIOAbMH B (bopMe
JIMHTBUCTHYECKUX 3HAUEHHH U HEUETKUX UMCEeJI.
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° MOI].lHOCTb HEYETKOIo MHOXKECTBa

Mo1HOCTh HEYeTKOr0 MHOXKECTBa ONpefe/IsieTcsl KaK UMCJ/IO0 COoAeprKalHuXCs
B HeM map (u%(z),z):
[A]] = n.
3HayeHHe MOIHOCTH HEYeTKOro MHOKeCTBa A COBMajaeT Co 3HaUeHHEM
MOIIHOCTH €ro npeaMeTHOH objacTu X.

o q)yHKI.lI/IH NPUHANJIECKHOCTH U CTENIEHb MPUHAOJECIKHOCTHU

DyHKUMS TPUHALJIEKHOCTH CTABUT B COOTBETCTBHE KaXKJIOMY 3HAUEHHIO
3alaHHO} MepeMeHHO# HeKoTopoe uucao 13 uHtepBana [0,1]:

pa(r): X —[0,1], Ve X. (2.3)

OTO 4HCa0, Ha3blBaeMOE CTeNeHbI0 NMPUHAMJIENKHOCTH, XapaKTepU3yeT
CTerneHb, C KOTOPOH 3JeMEeHT X TPHHALJEXUT HeYEeTKOMY MHOXKecTBy A.
DyHKIUSA PUHALIEKHOCTH MOXKeT ObITh 3alaHa B BUIE:

— rpaduka (B HEMPEepPLIBHOM CJIy4yae) WJH AUArpaMMbl (B AHCKPETHOM CJy-
yae),

— aHaAJMTHYECKOTO BblpaxkeHHs ((hopMyJIbl),

— TabauLBbl,

— BeKTopa CTeleHeH MpUHANJ/IeXKHOCTH,

— CYMMBI WJIM MUHTerpasna.

[Ipy 3amaHuM (PyHKUMM NPUHAMJIEKHOCTH C MOMOLIbI0 (hOpPMYJbl LieJe-
c000pa3HO BBECTH JIOTHYECKYIO MepeMeHHYI0 w, OTPaHHYUBAIOILYI0 00JacTh
3HauUeHUH IepeMeHHOH &

—a<xr<
w:{l’ ecan —a < 7 < a, (2.4)

0 B IPYTUX CJaydasx.

B stom cayuae dhyHKUMSA MpUHALIEXKHOCTH, NPECTaBIeHHas Ha puC. 2.4,
JOIyCKaeT CJefylLy0 (opMy 3aMHCH:

() = w (”) - (2.5)

a

JluckpeTHasi PyHKUIMS TPUHAMJIEKHOCTH MOXKET ObITb MPeACTaBJIeHa B BH-
e 1abu. 2.1.

3ameuanue. B kauecTBe 3HaueHH# x B TabJHle MOTYT BBICTYNaTh He TOJb-
KO UMcJ/Ia, HO U KakHe-1H00 0ObeKTbl, YeJoBeuecKhe HHAMBHIYYMBI UM ab-
CTpaKTHble MOHsATHs. Hanpuwmep, Tabmuua MoxeT colep:aTb HH(OPMALHIO
0 TPHHANJIEKHOCTH PA3JUUHbIX KOMIAHHWH MHOXKeCTBY A MpeycreBaloLix
npennpusituil (tabia. 2.2).
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w(x) p(r)
a) A 6)
«IPUMEPHO HOJIb»
1 1.0
075 ¢ 0 0.75
05¢ | L 005
025¢ | | L 0025
—a E O a E xT —a 0 a o
| w i

:<—>

Puc. 2.4. Tpaduueckass (opma 3amaHMs HeNpepelBHOH (@) W AMCKpeTHOH (6)

CIL)yHKHI/II/I NPUHALJC2KHOCTH HEYETKOro 4rhcJa «IIPUMEPHO HOJIb»

Taobauma 2.1
IIpumep TaGanuHOro 3agaHus (PYHKUUU TPUHALJIEKHOCTH

rzeX

r1=a

zo=—0.75a

x3=—0.5a

x4 =—0.25a

375:0

pa(z)

0.00

0.25

0.5

0.75

1.00

reX

x6=0.25a

z7=0.5a

xg=0.75a

Tg=a

pa(z)

0.75

0.5

0.25

0.00

Ecau mopsok c/enoBaHHsl BceX 7 3/1€MEHTOB x; 00JIaCTH ONpefiesleHHUs
X (QukcHpoBaH, TO (PYHKUMS NPUHALJIECIKHOCTH MOXKeT ObITb 3aJaHa B BHIE
BEKTOpa CTeleHel MPUHALJIeKHOCTH Vy:

Va ={pa(z1), pa(za), ...

, NA(xn)} :

(2.6)

Ipumep. V4 = {0.00, 0.25, 0.50, 0.75, 1.00, 0.75, 0.50, 0.25, 0.00}.
JMcKkpeTHOE HeYeTKOe MHOXKECTBO TaKKe MOXKeT ObITh 3amnucaHo B popme
cymmbl (Zimmermann 1994a):

A = Pale)

pa(zs)

T

_l’_

T2

+ ...+

naA (xn)
Ty,

n
=y ()
ZTj '
i=1

(2.7)

Tabauma 2.2

TabnuuHoe 3agaHue (PYHKIUU NPUHALJIEKHOCTH
MHOK€CTBA MPeyCIeBaoUX MpeInpusITHi

reX

Komnanus 1

Komnanus

2 | ... | Komnauusi (n—1)

Komnanusa n

wilz)

0.4

0.5

1.00

1.00
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[IprBeneHHasi 3amuch O3HauaeT, YTO MHOXKecTBO A mpencrasisieT co6Goi
o6beauHenye (a He apudmeTndeckyio cymmy) map (pa(x)/z) .
IIpumep.
A— 0.00+ 0.25 n 0.50 n 0.75 i 1.00+ 0.75 0.50 0.25 0.00
. —a —0.79a  —0.5a  —0.25a 0 0.25a  0.5a¢  0.75a a

HenpepbiBHOE HeueTKOe MHOXKECTBO MOXKET ObITh 3allHCaHO B BHJE MHTe-
rpana (Zimmermann 1994a):

A= [ ral®) 2.8)
s

[IpuBeeHHas 3aMKCh O3HAYAET, YTO HeueTKoe MHOXKeCTBO A mpeacTasis-
eT co6oi oObenrHeHne KOHTHHYyMa nap (ua(z)/z).

Ilpumep. «BeriecTBeHHble uncaa, 61u3KHe K Hya0» (puc. 2.4).

A= / ( '“’”')/x 2.9)

HpI/I 3aIllUCH q)YHKI_II/II/I NPUHAAJEXKHOCTHU DJEMEHThl T;, CTEIeHb NMPUHA/-
JIE2KHOCTHU KOTOPBIX HYJIeBasi, KakK IpPaBHJIO, OMMyCKAOTCA.

e IlycTroe HeueTKOE MHOMKECTBO

HeueTkoe MHOXecTBO A, QyHKIMS NMPUHAMJIEKHOCTH [ 4(Z) KOTOPOTO paBHa
HYJIIO Ha BCeH MpeiMeTHOH obsacTh X, Ha3blBaeTcsd MYyCThIM U 0003Ha4aeTcs

CUMBOJIOM .
I ug(r) =0, VeelX. (2.10)

o YHnBepcaJleoe HEYETKOE€ MHOXKECTBO

HeueTtkoe MHOXKeCTBO, Bce 3JIEMEHTHI MPEIMETHOH 00JiacTH KOTOPOro HMe-
IOT CTeNeHb TMPUHAMJIEXKHOCTH, paBHyK |, Ha3blBaeTCss yHHBEPCAJIbHBIM
(Knappe 1994) u o6o3Hauaercsi cumBoJsioM U

U: py(x) =1, VrelX. (2.11)

HYCTOG g u YHHBepCaJibHOE U MHOXecTBa COOTBETCTBYIOT MpeneJbHbIM

caydasm. CooTHoOIIEHHE
I<LALU (2.12)

CTpaBelIuBO JJIsl JIDOOr0 HEYeTKOro MHOXKecTBa A.

" Tapy pa(z:)/zi, i =1,...,n, pa(z:i) > 0 MOKHO paccMaTpHBaTh KaK ONHO3JEMEHTHOE
HeyeTKoe MHOXecCTBO. Torna A ecTb oObeqMHEHHe TaKMX MHOXeCTB. B ciyuae AuCKpeTHOro
HEeYeTKOro MHOXKeCTBa A 3TO yTBepKaeHHe nMmeeT BHJ (2.7), Tie BMECTO TPAAHIHOHHOTO 3Ha-
Ka | J, cooTBeTCTBYyIOLLIEr0 OMepalyi 06 beIMHEHNsT MHOXKECTB, TPHHSTO HCI0Ab30BATh 3HAKH +
u .. — Ipum. peo.
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M pu ()

0 0 .
X T X z

Puc. 2.5. [lycroe HeueTKOe MHOKECTBO Puc. 2.6. YuuBepcanpHoe HeyeTKOE
MHOXKecTBO U

° HOpMaJIbHLIe HEYETKHE MHOXKECTBa

JonycTrMbpl AnMana3oH 3HAaueHWH (QYHKIUM TPUHALJNEKHOCTH He 00s3aH
orpaHuuuBaTbesl MHTepBasoM oT O no 1. TeopeTHKo-MHOXKecTBeHHBIE oOIle-
paluy He BBIBOAAT 3a Mpefiesibl JaHHOTO MHTEepPBaJa, B TO BpeMs Kak IPH Bbl-
TMOJIHEHUH apH(PMeTHYeCKHX Orepalrid MOTYT M0Jy4aTbCsl 3HAUEHHUS CTeNeHH
NPUHANJNEKHOCTH, O6sbLre 1.

Ecan 0603HaunMTh MakCHMMasibHOe 3HA4YeHHe CTeNeHH IMPHHALJIeXKHOCTH
MHOXKECTBY 4epe3 sup,, i4(x), To J0b0e HemycToe HeueTKoe MHOXKecTBO A
MoxeT ObiTb HOpMupoBaHo (Knappe 1994; Zimmermann 1994a) nyrem ne-
JIEHUS] UCXONHOH (DYHKLHH NPHHALJIEKHOCTH Ha ee MaKCHUMaJlbHOe 3HaueHHe.
DyHKUUA NPUHALIEKHOCTH pe3yJbTHpyollero MHoxecTBa A, OyneT NpHUHU-

sup, pa(z) <1

| |

\

a) 6)

Puc. 2.7. Ilpumeps! HopMasnbHOTO (@) U CyGHOPMAIBHOTO (6) HEUETKHX MHOXKECTB
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MaTb 3HayeHHs B UHTepBase oT O no I:

(O (2.13)

" sup, pa(x)

HeueTkoe MHOKeCTBO Ha3blBaeTCsi HOPMAJbHBIM (HOPMHPOBAaHHBIM), ec-
JIU ero (YHKIHUS NMPUHAIJIEKHOCTH MPUHUMAeT 3HaueHHs B uHTepBaje oT O
no 1 (pu 3TOM CyLIECTBYIOT 3JIeMEHTHI, CTelleHb MPUHAIEKHOCTH KOTOPBIX
paBHa 1).

HedeTkoe MHOXeCTBO Ha3blBaeTcsi CyOHOPMAJbHBIM, €ClH MakKCHMaJb-
HOe 3HaueHHWe ero (HYHKUHH NpHHaAJeXHOCTH MeHblle 1. CyGHOpMasibHBIMU
SIBJISIIOTCS Pe3yJbTaThl HEKOTOPBIX OMepaudil Hal HOPMa/JbHBIMM HEUEeTKHUMHU
MHOKECTBaMH.

e HaGop

HaGopom (naketom) B Ha3biBaeTcs J11060e MHOXKECTBO 3JIEMEHTOB MPeEIMET-
Ho#l o6JsacTh (06/acTu onpeneseHus) X, MpyU 3TOM JOMYCKalOTCsT MHOTOKpAT-
Hble BXOXXJIEHUsI OJTHOTO M TOT'O K€ 3dJeMeHTa B Habop.

IIpumep. Ha npenmernoit obmactu X = {x, 9,3, 24} MOXKHO 3a1aTb Ha-
6op:
*
B :{.CUI,.TQ,.TQ,.%'S}-

Paznuuue mMexay MOHATHSIMH MHOXeCTBa M HabGopa COCTOMT B TOM, UTO
MHOXKECTBO HE MOXKET COfep»KaTb MHOTOKPATHble BXOXKIEHHsI OTHOTO M TO-
o >Ke 3JIeMeHTa.

Heuetkum HaGopom B (Yager 1994,1995) HasbiBaetcsi Habop map Buaa
(3/71€MeHT z, CcTeleHb NMPHHALIEKHOCTH dJeMeHTa x Habopy B):

B ={(z,pup(x)), VreX}. (2.14)

Hpnmep.B:{O'?,O'g,O'G,O'S}.

Ty X2 X2 X3

Heuerkue HabGopbl MOSIBASIOTCS B pe3ysbTaTe BhINOJHEHUS apudMeTHye-
CKUX (T. e. He OTHOCSILIMXCS K TEOPETHKO-MHOXKECTBEHHBIM) OINepaluii Haj
HeYeTKUMU MHOXKECTBaMHM, HalpUMep, CYMMHUPOBAHHUS HECKOJbKUX HeYeTKHX
mHoxecTB (Yager 1994,1995). IlockonbKy OOMH M TOT e 3JEMEHT MOXKET
BXOOUTb B HAOOp MHOTOKPATHO, TO COBOKYMHAsl CTeleHb ero MPUHAAJIeXKHO-
cTi (B apudMeTHUECKOM, a He TeOPeTHKO-MHOXKECTBEHHOM CMBICJIE) MOXKET
NPeBOCXOAUTD 1.
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IIpumepbl HEUETKUX MHOIKECTB TpHUBeleHbl Ha puc. 2.8-2.10.
M(T)ﬂ

XOJIOAHBIN | TEIIbIA OYE€Hb TEIUIBII

1 1 1 1 1 1 1 1 »

|

-10 0 10 20 30 40 7°C

Puc. 2.8. Bo3MOXKHBIH BUI HEUETKUX MHOXKECTB «XOJOAHBIH», «TeMJbIH» U «04YeHb
TeMJIbli» MPU WX UCIMOJIb30BAHUU JJIs KAUECTBEHHOH OLEHKH TeMIepaTyphl

WK )A
XOpOIIUil KoJuIeEa
1 ©
@)
0.5+ e}
0]
0 & | | | | >
K, K> K3 Ki Ks

N KoJs1eru K
Apam Ben Kpuc  siiB  Dnau !
Puc. 2.9. Ilpumep AHCKpPETHOrO HEYETKOTO MHOXKECTBA «XOPOLIUH KoJjieras

N(Z)“

Maiasa CpeaHss OoubIas

0 1 1 >
25 50 75 100

0,
CTEIEeHb 00JIAYHOCTH [A)]

Puc. 2.10. [Ipumeprl HeUeTKUX MHOXKECTB, UCIIOJNb3yeMbIX AJs IPyOOH OLEeHKH
cTeneHy 06JIa4YHOCTH 2
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2.2. XapaxkTrepucTuyecKue napameTpsbl
(moka3aTejn) HEUETKOr0 MHOXKECTBa

e BnicoTra HeueTKoro MHoxectsa A

OnpenensieTcss Kak MakCHMaJjbHOe W3 3HAUEHWH, MPUHUMAaeMbiX (QYyHKIHel
NPUHAJIEXKHOCTH HEYeTKOI0 MHOXKeCTBa Ha Bcel oOsacTu onpenesieHns X:

h(A) = sup (pa(z)). (2.15)
rzeX
[TockosbKy (DYHKIHSI TPUHAIIEKHOCTH HEUETKOTO MHOXKECTBa B 00ILIeM
clydyae MOXKeT HMeTb HECKOJIbKO JIOKaJbHbIX MaKCHMyMOB, BbicoTa (2.15)
ompeie/isieTcst ¢ TIOMOILbI0 TOYHOH BepXHeH rpaHu (sup).

e Hocurean HeueTKOro MmHoxecrsa A

[IpencraBnsier coGo#l ueTKoe MOAMHOXKECTBO 00JacTu omnpepeseHus X, co-
JlepaKalilee BCe 3JeMEHThI, CTeNeHH MPUHAMJ/EKHOCTH KOTOPBIX MHOXKECTBY A
OTJIMUHBI OT HYJIS:

S(A) =supp(A) ={z: pa(z) >0, zeX}. (2.16)
Hocurenb HeueTkoro MHOXkKecTBa siBJsieTCsl 60J1ee Y3KUM 110 CPABHEHHIO C
00J1aCTbIO omnpeeseHus b0 COBManaeT ¢ Hell.

e Anpo HeueTKoro mHoxkecrsa A

[IpencraBnsier coboil yeTKoe MOAMHOXKECTBO obJsacTh ompeneneHus X, co-
JepxKalllee BCe 3J€MeHThI, IPUHAJeXKAlllie MHOKECTBY A CO CTeneHblo, pas-
HoH 1:
C(A) =core(A) ={x: pa(x) =1, ze€X}. (2.17)
HopmasibHOe HeueTKOe MHOXKECTBO UMeeT HEMyCTOe SIAPO, B TO BpeMsl Kak
AP0 CyOHOPMAJNBHOTO HEYETKOrO MHOXKECTBA SIBJISETCS MyCTBIM.

w(z) A

a1po A

1

HOoCcHTEL A

Puc. 2.11. XapaxrepucTuyeckue IokKasare/d He4eTKOIO MHOXKeCTBa
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!
0.5 i
!

4 5 6 7 8 9 10 =

Puc. 2.12. OnHo3/ieMEHTHOE HEYeTKOe MHOXKECTBO

e OpHoToueuyHoe (OTHOIJEMEHTHOE) HEUETKOE MHOMKECTBO

[Ipencrasssier coboil HeueTKoe MHOXKeCTBO A, HOocUTesb KoToporo S(A) co-
IEPXKUT B TOYHOCTH ONMH 3JeMeHT (T.e. A MMeeT TOJbKO OIMH 3JEMEHT
C HEHYJIEBOH CTeNeHbI0 NPUHAJIEKHOCTH).

° BeanKaJleoe NnpeacTaBJA€HNEe HEUETKOI0O MHOKECTBA

BeprukanbHasi Gopma MpeacTaBJeHHs HEYETKOrO MHOXKECTBA COOTBETCTBY-
eT ero MpejACTaBJeHHI0 B BHIEe MHOXKeCTBa map (3JeMeHT x MHOXKecTBa A,
CTeleHb MPUHANMEXKHOCTH djeMeHTa x© MHOXKecTBY A). Takas ¢opma mpen-
CTaBJIeHHs] HeyeTKOro MHoxecTBa (puc.2.13) ucnosib3yercss HauboJiee 4acTo
(Kruse 1994).

pa ()b

R
|
|

Lo Lol
L

0.5 =ttt @t
A
G b b

Y. S R B S A N -
1 2 3 4 5 6 7 x

pa(z) | 0251 051075 | 1|05
x 1 2 3 41 5

Puc. 2.13. [IpumMepsl BepTHKAIBHOTO MpeACcTaBAeHUs
JUCKPETHOT0 HEYETKOr0 MHOXKECTBA
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0.25

8Y

HOCHUTECIIb

Puc. 2.14. [Ipumepsl a-cpe3oB HeueTKOro MHoxKecTBa A

o ropI/ISOHTaJIBHOC npeacraBjJd€HuEe HEUYETKOT0O MHOXKECTBaA

[opusoHTanbHas opma npeacraB/eHHs HEUETKOIO MHOXKECTBA COOTBETCTBYET
ero 3ajlaHyIo C MOMOLIBIO TaK Ha3biBaeMbIX a-cpe3oB A% (puc.2.14).

BBeneHue moHATHS -Cpe30B 00YyCJ/IOBJEHO TeM, UTO B psifie CJAy4yaeB ero
MCIOJ/1b30BAHHE YIPOLLAeT MPOLEAYPY H3BJIEUEHUS] SKCHEePTHBIX 3HAHUH MJIs
NOoCTpOeHUs (PYHKLU UM NpHUHaAJeKHOCTH. Hanpumep, eciu skcnept 3aTpya-
HsleTCs 3a/laThb KOHKPeTHble 3HaYeHHs CTeleHel NPUHA/ekKHOCTH 3/1€eMEeHTOB
HeYeTKOMY MHOXKECTBY, TO €r0 MOXHO CIIPOCHTb O TOM, KakKHe U3 HHUX MpH-
HaJ/exKaT HeueTKOMY MHOXKeCTBY CO CTeleHblo, He MeHblIeH «; OTBETHTb
Ha TAaKOH BONPOC, KAK MPaBMJIO, Jierye.

IIpumep. [TocTpouTs QYHKUUIO MNPUHAMJIEKHOCTH HEYETKOTO MHOMKECTBa
«JIpy3bsi» MOXKHO, 3alaBasi BOIIPOCHl BHUAA:
— «Koro 13 Balix 3HaKOMBIX Bbl CuHTaeTe TpusteasimMu (o > 0.5)?»
— «Koro Bbl cunTaeTe HaCTOSIIUMU APY3bsIMH (v = 1)?»
— «Koro Bbl He cunTaeTe cBoUMHU APY3bsiMH (v = 0) ?»
CytecTByioT nBa cnocoba onpeneseHus a-cpe3oB (Knappe 1994):

A7 ={x:ze X, palx)>al,

Az ={z:xe X, palz)>=al. (2.18)

[Ipy o« = 0 «-cpe3 coBmagaetr ¢ HocuTeseM MHoxecTBa S(A), a
npu a = 1 —c¢ ero sapom C(A) (puc.2.14).

[To MHOXeCTBY (-Cpe30B HEUETKOI'0 MHOXKECTBA MOXKHO ¢ TpebyeMoil Tou-
HOCTbIO BOCCTAHOBHTb €ro (DYHKLHIO MPHHALIEKHOCTH. /s AHCKPETHOro

" B oTeuecTBeHHOH JuTepaType aib(a-cpesbl YacTO HA3BIBAIOT MHOXKECTBAMU ajbda-
YPOBHsI, @ FTOPU30HTAJ/IbHOE Npe/icTaBJeHHe HeUeTKOro MHOXKeCTBa — pasJioKeHHeM HeyeTKOro
MHOKECTBA 110 MHOXKeCTBaM YpOBHs. — [Ipum. nepes.
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pa(w)h

1.0 pF-—1---r——1-—@ -1 -1 a=1
os| | L% o

ettt kA b ] @ = 0.75
L S -

RS A ISRy U DU [P PR B —
2 T A R O A
02 frofrerd S a0
P A N T T O O

1 2 34 5 6 7 8 9 7

Puc. 2.15. [luckpetHas (yHKUUS NPUHAIEKHOCTH HEYETKOr0 MHOXKecTBa A

MHOXKeCTBa YUCJIO HEOOXOAMMBIX CPe30B KOHEUYHO, JJIs HelpepbiBHOIO — BO-
o611e ToBOpsi, 6ECKOHEYHO (XOTS BO MHOTHX YACTHBIX CJIydasiX OKa3blBaeTCs
KOHEUHBIM).

Ecnv Ha obnactv onpenesieHUst H3BECTHBI 3J€MEHTBI OTHENbHbBIX (:-CPE30B
HeyeTKoro MHoxectBa A, To ero QYHKIHMIO NPHHAINENKHOCTH [ty (Z) MOXKHO

*
anmnpoKCHMHUPOBATh CJAEAYIOIIUM 00pa3oM :
*
pa(z) = sup (a-pa>o (7)),
a€l0,1]

60

pa(x) = sup (- pgza (2)). (2.19)
a€l0,1]

ITpumep 2.2.1. [lycTb 3agaHo HeueTKoe MHOXKeCTBO (puc. 2.15)
4 f01 0409 10 08 06 03 01
172737475767 778 [
Cpesbl A%

1 1 11
A>1: - A>0.75: - - -
41’ 374757
11 11 111111
A205 )2 - L2 AZ02 ) - - 2 - 2
374’576 2°3’4°576° 7]
>0 1 1111111
A/: 19999 A Y p Ym0 o .
172°3°'4°5°6°7°8

CreneHu NMpPUHAJJIEKHOCTH 3JIEMEHTOB (v-CPe3aM MOTYT TNPUHHUMATh TOJb-
Ko 3Hauenus O u 1. [IpencraBienue mHOxKecTBa A 4yepes ero a-cpesbl HMeeT

" 3gech, B ommume oT (2.2), yepes ¥ () 0G03HAUAETCS MPUOIMIKEHHOE MpPeICTaB/eHHe
(byHKUKM TPUHALIEKHOCTH pa(z), Vo € X, nocpenctsoM a-cpe3oB. — [Tpum. peo.
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Puc. 2.16. Ucxonnasi (yHKUMS TPUHAMJIENKHOCTH fia(x) (CIJIOLIHAS JIMHHUS)
1 QyHKUHS 1 (2), BOCCTAHOB/IEHHAS C MOMOLbBIO (--CPe30B (MyHKTHPHAsK JHHHUS)

BUI:

* () — (1 (r i1 (1111
MA(m)—aset[lUI?l](l (4>+0.75 <3,4,5>+0.5 (3’4’5’6)+

Ecau comocTaBuTh UCXOAHYIO (DYHKIUHIO IPUHAINERKHOCTH fi4 () C DYHK-
uMeld p% (), BOCCTAHOBJEHHON C MOMOILbIO -cpe3oB (puc.2.16), To MOXKHO
3aMeTHTb, YTO Pe3yJbTaT BOCCTAHOBJIEHHUS] He SIBJsieTCS abCOJIOTHO TOUHBIM.
[ToBBICHTbH TOUHOCTb MOXKHO MyTeM YBeJHUEHHs YUCIa (-CPE30B, KO0 3a cyeT
ONTHMH3ALHH HUX BBIOOpA. |

o MOIIIHOCTI) (Kap)lI/IHaJ'leOC ‘-II/ICJ'IO) HEYETKOIro MHOXKECTBa

JLast IUCKPETHOr0 HEeUeTKOTO MHOXKECTBa MOIIHOCTb ||Al|, uin KapauHaabHOE
uncso card(A), ompenensieTcss Kak CymMMa CTeleHed NPHHAIJIEXKHOCTH BCeX

€ro >JeMEeHTOB:
JA|| = card(A) = > pal), (2.20)
z€S(A)

rae S(A) — HOCHTe/Ib HEUETKOI0 MHOXKECTBA.
MouiHoCTb HenpepbiBHOTO HEYETKOrO MHOXKECTBA BBIYHCISIETCS TPH IO-
MOLLY MHTETrPUPOBaHUS (YHKLHH MPUHAIJIEHKHOCTH:

1A|| = card(A) = / 1a(z) dz. (2.21)
:cG:S'(A)
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HHTerpupoBanue UM CyMMUPOBaHHe MPOHU3BOANUTCS MO dJe€MeHTaM HOCH-
TeJisi HeYeTKOro MHOKeCTBa, MOCKOJbKY CTeleHb MPHUHAIJIEKHOCTH OCTaJb-
HbIX 3J1eMeHTOB 00JIaCTH OolpefeseHUs] paBHa HYJ/10. [ToHsiTHe MOLLIHOCTH 1103-
BOJISIeT CPaBHMBATb pas3JMuHble HeUeTKHEe MHOXKecTBa Mexny coboi. Ilycroe
HeuyeTKOe MHOXKEeCTBO UMeEeT HYJEeBYI0 MOLIHOCTb.

e OrHocuTe bHaAS MOIIHOCTDb HEUETKOIo MHOX2KE€CTBaA

OTHocHUTebHAS MOULIHOCTb AUCKPETHOTO HEHETKOTO MHOXKECTBA Ollpene/sieTcCs
KaK [0Jisd €ro MOUIHOCTH, NpUXoAdllasacsd Ha OAWH 3JEMEHT obJaacTu onpene-

Jenust X:
ZX pa(x)
1Allx = *=%—, (2.22)
rie N — 4UCJIO 3JIEeMEeHTOB 00/1aCTH OIpeaeseHHusI.
OTHOoCHTe/IbHAsI MOLIHOCTb HENPEepPbIBHOT'O HEUETKOTO MHOXKECTBA 3aJaeT-
csl opmysion
[ pa(z)de
A x = *=F—. (2.23)
[ dx

zeX

B ciyyae 6eckoneuHo 6oJbiuoro uncaa N 371eMeHTOB AUCKPETHOTO HeyeT-
KOT'0 MHOXKECTBA WJIM HeOTPaHUUEHHOU 06JIaCTH OmnpesiesieHusi HelpepbIBHOTO
HEeyeTKOTr0 MHOXKEeCTBAa CYMMHPOBAHHE WM HHTETPUPOBAHHE MOXKHO MPOU3BO-
LUTb 110 d71eMeHTaM Hocutesst S(A).

o BBIHYKJIBIC N HEBBINNYKJIbIE HEUETKHE MHOXXECTBA

[TpuMeps! BBIMYKJIOTO ¥ HEBBIMYKJOTO MHOXKECTB TNPeNCTaBJeHbl Ha puc. 2.17.

A>a

0)

Puc. 2.17. TlpuMepsl BBINYKJOTO (@) U HEBBIMYKJOTO (6) HEUETKHX MHOXKECTB
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BrinykJioe HeueTKoe MHOXKECTBO 00/1a[1aeT TeM CBOHCTBOM, UTO BCE €r0 (-
Cpe3bl BJSIOTCS CBA3HBIMH, OMHOMHTEPBAJNbHBIMU MTOAMHOXKECTBAMH 00/aCTH
onpeneseHdss X. Y HEBBIMYKJOr0O MHOXKECTBA HMEIOTCSI HECBSI3HblE (v-CPE3bl,
COCTOSIIIIME U3 HECKOJbKUX YacTel (puc.2.17,6).

HeBbinyksible HeyeTKHe MHOXKECTBA MOTYT BO3HHKAaTb B pe3y/bTaTe Bbl-
MOJIHEHUSI TEOPETHKO-MHOXKECTBEHHBIX, a/reOpandeckiuX U apu(pMeTHUECKHX
omepanuil HaJl MHOXeCTBaMM (HCXOTHblE MHOXKECTBA TPHU 3TOM MOTYT ObITh
BBIMYKJABIMH). JJ151 BBIMYKJIBIX HEYETKHX MHOXKECTB CIIPaBEJHBBI CIENYIOLIHe
YCJIOBHSI:

r1 < 2 < 73 = pra(r2) = min (pa(r1), pa(rs)), (2.24)
V:Ul,xg,xg (S X, ’

pa Oy + (1= A)ag) > min (ja(@r), pa(as))

(2.25)
YAe[0,1] u Vrp,x3 € X.

2.3. JIuHrBucTu4YeckKkue MOAU(PUKaATOPHI
HeYeTKHUX MHOMKECTB

JIMHrBUCTHYECKUE MONM(DUKATOPHl HUCIOMNb3YIOTCS [JI CO3[aHUS HEUYETKHUX
MHOKeCTB, SIBJASIOLIMXCS TPOU3BOAHBIMU OT HEKOTOPBIX paHee 3agaHHbIX. Ha-
npuMep, ecld UMeeTCsl HeueTKOe MHOXKECTBO «XOJIOAHBIN», TO Ha €ro OCHOBE
C MOMOUIBIO TUHIBUCTHYECKUX MOAM(PHUKATOPOB MOXKHO MOJYYUTh MHOXKECTBA
«0UeHb XOJIOAHBIH» UK «DoJiee UM MeHee XOJOMLHBIN».

Cyl11eCTBYIOT TPHU OCHOBHBIX MoAM(HKaTOopa (Ha3biBaeMbIX TaKxkKe orepa-
TOpaMH):
— omnepaTop KOHUEHTPUPOBAHUS,
— OmnepaTop pacTsiKeHHUH,
— omnepaTop MOBHIIIEHHS/TIOHHKEHUsT KOHTPACTHOCTH.

L] OnepaTop KOHLUECHTPHUPOBAHUA HECUETKOI0 MHO2KECTBA

Ecin A — HeueTKoe MHOKECTBO, COOTBETCTBYIOIEE JMHIBUCTHUECKOMY 3Ha-
YeHHUIO [;, TO JaHHBIH ONMepaTop MO3BOJSET MOJAYYUTh NPOU3BOJHOE 3HAYEHHE
«oueHb [;». JleficTBHe omepaTopa KOHLEHTPHUPOBAHHUS MOMKHO OINKCATh B BHIE
creytomei hopMyaIH! :

pcon(ay(@) = CON (pa(z)) = pa(z)?, Vo e X, (2.26)

Pesynbprat neficTBUs onepaTopa Ha JHHIBUCTHUECKOE 3HAUEHHE «CPEeHH»
C TpeyrosbHOH (pOpMOH (PYHKLHH NPHUHALJIEKHOCTH N0Ka3aH Ha puc. 2.18, a.

" Or concentration — konuenTpuposanue. — [Ipum. peo.
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) ) w@) A

0OJIBIION

cpenHuit

o O4YEHb 0OJILIION
OYCHB CPEeIHUI

.

Puc. 2.18. Ilpumep neiicTBHs omeparopa KOHIEHTPUPOBaHHs Ha BHyTpeHHee (a)
¥ KpaiiHee (6) HeueTKHe MHOXKECTBA

[IprMeHHUTENBHO K BHYTPEHHEMY HEYETKOMY MHOXKECTBY C TPeYTroJibHOH
(opmoil (GyHKIUM TpHHALIexKHOCTH (puc.2.18,a), CMBICT KOHLEHTPHPOBA-
HUS 3aKJ/JI04aeTcss B TOM, UTO «OuUeHb CPEeHUMH» CJEeNyeT CUHUTAThb TOJbKO
Te 3HaueHWs x, KOTOPbIE PACTIONOXKEeHbl OueHb OJHM3KO K LEHTPY ¢ HOCHTEJs
MHO>KecTBa. Mcrnosb3oBaHHe NAaHHOTO OrepaTopa BO3MOXKHO M JJs KpalHHUX
HeueTKMX MHOXECTB, TAKHX KaK MHOXKeCTBO «0o0JibllIoH» Ha puc.2.18, 6, on-
HaKO BMECTO 3TOr0 B MOAOOHBIX CHUTYalUsiX 4acTo CTPOSIT HOBOe KpakHee
HeyeTKOe MHOXKECTBO «04eHb 6oJibioi» (puc. 2.19).

o OnepaTop pacTdKeHUud HEUYETKOro MHOXKeCTBa

JlaHHbIl omepaTop mpeoOpa3yeT UCXONHOe HeyeTKoe MHOXKecTBO A, cooTBeT-
CTBYyIOLIl€€ JIMHTBUCTUYECKOMY 3HAUeHMIO [;, BO MHOXECTBO, COOTBETCTBYIO-
llee JUHTBUCTUYECKOMY 3HAUEHHIO «CJierKa l;» uan «bojiee WM MeHee [;».

() g

cpeaHui 00110 OUYeHb OOJIBIION
]

T

Puc. 2.19. AnbrepHaTrBa KOHIEHTPHPOBAHHIO MHOXKECTBA «OOJIBIIOH»
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x x
ni@) A Gornee wiTH MeHeeM( ) A

CpeIHMi

N o
~ CJICTKa XOJIOJJHbIN

‘\ CpenHuit
\
1
1

a) 6)

Puc. 2.20. JleiicTBue omeparopa pacTsiKeHust Ha BHyTpeHHee (a) W KpaiiHee (6)
HeyeTKHe MHOXKECTBa

o o *
Ero AeHNCTBUE NPOTHUBOIOJ02KHO ACUCTBHUIO KOHUEHTPHUPOBAHUSA

i )(@) = DIL (a(2)) = Via(@), Ve e X. (2.27)

Onepatop pacTsixKeHUs] NPUBOAUT K YBeJUUYEHUIO CTeleHeH MpHHaJIex-
HOCTH 3JIEMEHTOB HeUeTKOro MHOXKecTBa. [Ipumep ero neiicTBusi npencrasJeH
Ha puc. 2.20.

CMBICT oTIepalluM pacTsKeHUsT 3aKJII0UAETCS B TOM, UTO 3JIEMEHTHl & HOCH-
TeJisi MHOXKECTBa, pPacloJjoxKeHHble NaJblie OT ero LEeHTpa ¢, COOTBETCTBYIOT
MOHATHIO «00Jiee WM MeHee CPeNHHH» B OOJbIlEd CTeleHH, 4eM IMOHSATHIO
«CpeIHUI».

° OnepaTop MNOBBIIIEHUA KOHTPACTHOCTH HEUYETKOI0 MHO2KECTBA

XapakTepHOH 0COGEHHOCTBIO MOJEeJeH, OCHOBAaHHBIX Ha NMPUMEHEHHH HeueT-
KHX OLEHOK, SIBJS€TCS HEYeTKOCTb IPAHULl MEXKIY OTAENbHBIMH JIHHIBUCTH-
4eCKHMH 3HaueHUsiMH (puc. 2.21).

[paHuIbl MeXAY OTHEJbHBIMH JIHHIBUCTHUECKHMH 3HAYEHHUSIMH SIBJISIOT-
Csl Pa3MBITBIMH NPH HeYeTKOM OLeHHBaHHU (puc.2.21,a) u, HAa060POT, SBHO
BbIPaXKEHbI NP UCI0/Ib30BAHUH YETKHUX OLeHOK (puc. 2.21, 6). Ucnoabays one-
paTop MOBbILIEHHS KOHTPACTHOCTH, HeYeTKHEe MHOXKECTBA MOXKHO TPHUBOIUTD
K 4eTKOMY BHJIY. MI3MeHsis1 yriibl HaK/I0Ha BeTBeH (DYHKLHMH NPHUHA/IEXKHOCTH,
OH M03BOJIsIeT G0JIee YETKO BbIAEJSITh IPAHULEI IePEX0a OT OLHOTO HEUETKOT0
MHOXKeCTBa K Apyromy (puc.2.22).

Oneparop MOBBbIIIEHHS] KOHTPACTHOCTH 3afaeTcsl ¢ MOMOLIbIO ABYX (hop-
MyJ1, TIepBasi U3 KOTOPHIX COOTBETCTBYET CTENeHSM MPHHAMJIEKHOCTH, MeHb-

* Or dilatation — pacrsenue. — [Tpum. peo.
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w(z) A p(z) A

MaJIblid cpenHuit OOJIBIION Manblii  cpemnmii  OONbIIOH

Q) 6)

Puc. 2.21. Heuetkue (@) u uetkue (6) TpaHUIBI JIUHIBUCTHUECKHUX OLEHOK

Puc. 2.22. JlelicTBue onepaTopa MOBbILIEHHS KOHTPACTHOCTH HEYETKOIO MHOXKeCTBa

mum 0.5, a BTopas — cTenensiM, GoabmuM au60 pasHbIM 0.5 (puc. 2.22)":
HINT(A) (z) = INT (pa(z)) =

_f 2(pa(2))? nast - pea(z) < 0.5, (2.28)
Tl 1 =2(1 = pa(x))? B OCTaJIbHBIX CJIydasix.

[ToBblllleHHe KOHTPACTHOCTH MOXKHO YCHJIMBATh, HCIOJb3ys CTENeHH,
66abine 2. [Ipu cTpemMsieHUHM MoOKasaTessi CTereHH K OeCKOHEUHOCTH (PyHK-
IMsl IPUHAMJIEIKHOCTH f14(T) TPUHUMAET TPSIMOYTONbHYI0 (OPMY U MBI MPHU-
XOIMM K OOBIYHOMY MHOXKECTBY C UETKHMH rpaHunamu (puc.2.23).

° OnepaTop NMOHUKEHUA KOHTPACTHOCTHU HEUYETKOT0O MHO2KECTBA

JleficTBMe MAHHOTO onepaTopa MPOTHBOIMOJNOXKHO NEHCTBHIO Oreparopa IIo-
BBILLIEHHs] KOHTpacTHOCTH. Ormnepanusi MOHHKEHUS] KOHTPACTHOCTH, 0603Ha-

" Or intensification — ycunenue, noseimenne. — [pum. peo.
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Puc. 2.23. YeTKkoe MHOXKeCTBO KakK IpeJeibHbIN CJyyail NMOBbILIEHUS] KOHTPACTHOCTH
HeYeTKOr0 MHOXKeCTBa

yaemas a66pesuatypoii BLR', BHIMOJHAETCS B COOTBETCTBHH C (DOPMYJIO
(Kacprzyk 1986):

1BLR(4) (%) = BLR(na(2)) =
B { 1—-2(1—pa(z)® ans  pa(z) < 0.5, (2.29)
T 2(pa(x))? mas pa(x) = 0.5.

JLnst ycu/ieHust NefCTBUS 1aHHOTO OMlepaTopa MOXKHO MCIO0JIb30BATh CTeIe-
Hu n > 1. [Ipy oueHb GOJIBIINX CTEMEHsAX HEUETKOEe MHOXKECTBO TpeodpasyeT-
csl B TOYKY, KOTOpasi COBMaaaeT ¢ ero MofaJbHbIM 3HaueHHeM m (puc. 2.24, 6).

() A

Puc. 2.24. TToHuKeHHe KOHTPACTHOCTH HEUETKOTO MHOXKECTBA MPU 1 = 2 (@) W Tpe-
nenbHasi popMa HEYeTKOr0 MHOXKECTBA MpU n — oo (6)

" Or blurring — pasmeiBatue. — [Tpun. nepes.
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a) A 6) A

I

Puc. 2.25. MopanbHoe 3HauyeHHe 1M HEUYETKHMX MHOXKECTB pa3JIMUHBIX THIIOB!
@) TPEYroJbHOro, 6) OfHO3JEMEHTHOrO, 8) TPanelHeBUIHOTO

° MOIlaJIbHOC 3HAYE€HHE HEUYETKOI0 MHOXKECTBaA

[Tonsitne MonanbHoro 3Hauenus (Kahlert 1995) rnaBHbIM 06pasoM HCIOJb3Y-
eTcsl 1J1s HeYeTKMX MHOXKECTB C IIPOM, COIeprKalliM eIHHCTBEHHBIH 3JIeMeHT
obnactu omnpenenenuss X (puc.2.25,a, 6).

Ecau g1po HeueTKOro MHOXeCTBa COHEPXKUT 0oJjiee ONHOTO 3JeMeHTa,
TO 1JISl TAKOTO MHOXeCTBA MOJa/ibHOe 3HaueHHe OMpeessieTcs Kak cpeaHee
3HaueHHe 3JeMeHTOB sinpa (puc.2.25, 8).

e HeueTkne MHOXKeCTBa, 1Jisl KOTOPHIX BBIMOJHSETCH YCJIOBHE
pa3dueHUs eIUHULIbI

BaKHBIM U 110JI€3HBIM CBOMCTBOM HEUETKHX MHOXKECTB, OMMCHIBAIOIIMX BXOJ-
Hble TapaMeTpPbl CHCTEMbI YIIPaBJIEHHS!, SIBJSETCS BBITIOJHEHHE YCIOBHS pa3Ou-
enust ennuuibl (2.30) (Brown 1994), koTopoe COCTOUT B paBeHCTBe 1 CyMMbl
CTerneHel MPUHAMJMEKHOCTH /ST KaXKI0T0 U3 3JE€MEHTOB x 00JacTH ompese-

JIEHUS:
Z/Mh(x) =1, VzelX, (2.30)
h
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Puc. 2.26. [lpumepbl HeUeTKHX MHOXKeCTB Ap, /s KOTOPHIX BhIMOJHSIETCS ()
W He BblNoJiHsieTcs (6, 8) yCJ0BHe pa3OUeHHs eTUHHULBI

rie h — HOMep HeueTKOro MHOXKeCTBa.

[Iprmep BbIMONHEHHS] NAHHOTO YCJOBUS NMPHBeNEH Ha puc. 2.26, a, npumep
HeBBITIOJIHEHUST — Ha puc. 2.26, 6, 8.

[Tpu BbIMOJMHEHUH YCIOBUSI pa3OUeHHs] eIUHUIBI MOIEsb OOBIUHO HMeeT
6osiee MKyl NMOBEPXHOCTh OTKJHKA 10 CPaBHEHMIO C MOJEJSMH, HCIIOJb-
3YIOLIMMH HeYeTKHe MHOXKEeCTBa, MON00HbIe MPeCTaBJeHHBIM Ha pHc. 2.26, 6,
B TO BpeMsl KaK MHOXeCTBa Ha pHC.2.26, 8 NpUBOAAT K 0o0Jjee MJIOCKUM I10-
BepXxHOCTSIM. HeueTkne MHOXeCTBa, /11 KOTOPBIX yCJIOBHe pa3bUeHus eIHHH-
IIbl He BBITIOJIHSIETCS, MOXKHO MPUBECTH K BHY, YIOBJETBOPSIOUIEMY NaHHOMY
YCJIOBHIO.

IMpumep 2.3.1. Koppekiusi HeueTKUX MHOKecTB A; Ha puc.2.27 BbHINOJHS-
eTca caenylomnM o6pasoM (A — npeo6pasoBaHHble MHOXKECTBA):

* o :uA1(a’) _ Ha (a) =
Ha, (@) = pay(a) + pag(a) — pa(a)

B fra, (b) + i, (b) S04
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Puc. 2.27. IlpuBenenne HeueTKUX MHOXKECTB, He yIOBJETBOPSIOLUIUX YCJAOBUIO pas-
OueHus efuHULbl (@), K BULY, OJis KOTOPOTO JAHHOE YCJOBHe YAOBJeTBopsieTcs (6)

[IpeoGpasoBaHue (QyHKIUH TPUHAILIEKHOCTH HEUETKHMX MHOXKECTB Ap,
NpeCcTaBJeHHbIX Ha puc.2.27,a, MPUBOOUT K MHOXKeCTBaM Ha pwuc.2.27,6.
OpnHako, cjenyeT OTMETHTb, YTO B pe3y/bTaTe TAKOTO AEHUCTBHUS U3MEHseTCs
(opma (pyHKLHUH NPUHALNEKHOCTH, a TAKKe BOSHUKAIOT CJ0KHOCTH, CBfI3aH-
Hble ¢ 00pa0OTKOH HHTEPBAJIOB, He MPUHALJIEKAINX HU OMHOMY U3 MHOXECTB,
Hanpumep uHTepBana (d;e) Ha puc.2.27. VIHTepBaJibl TaKOTO THUIIA MOTYT BO3-
HUKaTb TMPH TOACTPOHKe (afanTtaliu) HeYeTKUX MoJeJsell Ha OCHOBE BXOIHBIX
¥ BBIXOIHBIX NaHHBIX (T. €. MPUMeHEHHWH aJrOPUTMOB camMooOyueHust). B pe-
3y/bTaTe BO3HUKAET COBOKYMHOCTb 0OJacTel, HeUYBCTBUTEbHBIX K H3MEHe-
HMIO COOTBETCTBYIOIIMX BXOIHBIX MapaMeTpOB.

YcnoBre pa3bueHHs eIMHHUIBl Ha3blBAlOT MHOTJA TaKXKe YCJOBHEM Iepe-
KPbITHS (PYHKUHH TPUHALNEKHOCTH HJH YCJIOBUEM MPHUBENEHHS 3TUX (PYHK-
LUH K eIUHHULe. [ ]

2.4. Tunbl pyHKUMA TIPUHALJIEKHOCTH
HeYeTKHUX MHOMKECTB

B npaxkTHuecKUX MPHUJIOKEHUSIX TEOPUH HeUeTKHX MHOXKECTB HCIIOJb3yeTcs
60JIbILIOe KOJMYECTBO PA3JIUUHBIX THUMOB (DYHKLUHH TMPUHAILIEKHOCTH. 31€Ch
Mbl PacCMOTPHUM PSi KaK MPOCTBIX, TaK M CJIOXKHBIX BHIOB 3THX (PYHKLHH
1 00CYIUM HX CBOHCTBA.

e DYHKUMU MPUHALJIEKHOCTU, COCTOSAIHE U3 MPIMOJTUHENHBIX
YYacTKOB

Takue QyHKLMU NPUMEHSIIOTCS HA NMPAKTHKe NOCTATOYHO YACTO, YTO 00YyCJI0B-
JeHo ux npocrotoi. Ha puc.2.28 nokazaHwl pasznnunble GhopMmbl Haubosee
4acTO HMCHOJIb3yeMOH (PYHKLHH MHOTOYTOJNBHOH (DOPMBI.
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Puc. 2.28. ®opmbl HauboJsiee 4acTO HMCMOJMb3YEMbIX KYCOUHO-JMHEHHBIX (YHKIMH

MPUHAIEXKHOCTH: a — KpalHsAs JeBasg (QyHKUHUS TPUHALJIEKHOCTH; O, K — acHM-

MeTpHUUHasl TpeyrospHas (YHKLUHS NPUHAMJIEKHOCTH; B, 3 — aCHMMETpPHUHAs Tpare-

uMeBUIHAA (DYHKLUHS NMPUHALJIEKHOCTH; I — CUMMeTpHUYHAs TpaneundeBUaHas (QyHK-

UMs TPUHAMJIEKHOCTH; [ — CUMMETpPUYHAs TpeyroJbHas (PYHKLUUS NPUHALJIEKHO-

CTH; € — NPSAMOYToJbHasA (PYHKLUS NPUHALNEKHOCTH; U — KpalHss npaBas GyHKLHUSA
MPUHAIJIEXKHOCTH

CyllecTBeHHBIM MPEUMYLIECTBOM MHOTOYTOJbHBIX (PYHKIUH MpPUHALIEXK-
HOCTH fIBJSIETCS TO, 4TO [IJs1 HUX OINpeleseHdss TpeOyeTcss HaWMeHbILHH
M0 CpPaBHEHHUIO C OCTaJbHBIMH (YHKUUAMH 00beM HH(POPMALMH, KOTOPbIH
B JA@HHOM CJlyuyae OrpaHUUYMBAETCs NAHHBIMH 00 YTJIOBBIX TOUKAX, UTO SIBJIS-
eTCsl BeCbMa BaKHBIM 0OCTOSITE/IbCTBOM MPHU MOJENHPOBAHUH CHUCTEM B yCJIO-
BUSIX OTPAaHUYEHHOCTH 00beMa MCXOAHBIX AaHHBIX. UT0OBl ONpenesuTb MHO-
rOyroJibHYI0 (PYHKIHIO MPUHAJIEXKHOCTH, HA IPaKTHKe 00bIYHO TpebyeTcs 3a-
IaTb JHLIb MOAA/JbHOE 3HAUEHHE COOTBETCTBYIOIIEI0 HEUETKOTO MHOXKECTBA.

Ilpumep 2.4.1. 3HayeHHs BXONHBIX U BBIXOJHBIX BeJIMYMH peasibHbIX CUCTEM
0OBIUHO OTPAHUUMBAIOTCS HEKOTOPHIM AMAana3oHOM H3MeHeHus. Hampuwmep,
rnepeMellleHHe TTOPLIHS B CEPBOBUTaTe/ie MOXKET U3MEHATbCS B Npeaesax aua-

[masoHa
Tmin € T < Tmax-

OyHKUUSA NPUHALJIEKHOCTH MOXKeT HMeTb (OpMy, MpPeACTaBIeHHYIO
Ha puc. 2.29.

B cayuae, npencraBieHHom Ha puc.2.29, s MOJMHOTO 3aJaHusl Tpex
(YHKUMH TNPUHAI/IEKHOCTH NOCTaTOYHO TpeX (BMECTO HeBATH) 3HAYeHHH:
Lmin, Tmeds Lmax-

Ecsi, mo MHeHHIO 3KcmepTa, MOAa/JbHOE 3HAaYeHHWe BHYTPeHHeH (hYHKIHUH
MPUHALJNEKHOCTH HAXOMUTCS B CepelMHe NHana3oHa H3MeHeHHs MmapameTpa,
TO TpeOyeTcsi TOJNbKO BA 3HAYEHHS: Tin U Tmax, TOCKOJBKY B 3TOM Cjyuae
3HAUEHHE Tp,eq OJHO3HAUHO OMpeNessieTCss Ha X OCHOBE. |
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MaJIbIit cpeaHuit GOJILLION
1 b

Lmin Tmed Lmax

Puc. 2.29. [Ipumepsr QyHKUNH TPUHALIEKHOCTH AJs Caydas,
KOTJa JInanasoH W3MeHEeHHs MmapamMeTpa orpaHuyeH ¢ 06enX CTOPOH

YroObl onpenesuTh MoIalbHOe 3HAaUeHHe TPEYroJabHOH PYHKIHH (T. €. Be-
JUYHUHY Zped), C/IELYeT OTBETHTb Ha €IMHCTBEHHBIH BONPOC O TOM, KaKoe
3HaueHHe T CJIeflyeT CUHUTaTh Haubosee XapaKTePHbIM /s JAHHOTO JHHIBH-
CTHYECKOro 3HaueHHUs (HampuMmep, 3HAUeHHUs «CpefHHH» Ha puc.2.29).

J11s1 3anKcK MaTeMaTHYeCcKOro BbIpaXKeHHsl MHOTOyTOJbHOH (DYHKLIHH MPH-
HaJlJIe)KHOCTH CJIe[lyeT HCII0Jb30BaTh Joruueckue nepemenusle w;: {0,1}.

IIpumep 2.4.2. B cayuae TpaneuueBUAHOH (YHKUUK TNPUHALNEKHOCTH
(puc. 2.30, a) BBOmATCS CJEAYIOUIME JOTHUECKHE MepEeMeHHbIE:

W — 1 s a < x < b,
7Y o B IPYTHX Cayyasx,
1 amb<xr<c
w0y — { mabsz<e, 2.31)
0 B IPYTHUX CJydasx,
e — 1 s ¢ < x < d,
5710 B IPYTHX Cayyasx.
p(z) (z)
a) 6)
1 fpmmrfe—m—— - ) - R
i\ g .
0 a b c d 0 e-a e e+al
> Bl w P
w1 w2 w3

Puc. 2.30. AcummeTpruHasi TpaneluneBUiHast U CUMMeTPHUHAsT TPeyroJbHast
(YHKIMHU NPHUHAIJIEKHOCTH



2.4. Tuner pyHKUHH OPHHAAIEKHOCTH HEUETKHX MHOMKECTB 53

DyHKUMA PUHANIEKHOCTH, UMelollas (POpMy aCHMMEeTPHUUHOH Tparneluy,
MOXeT ObITh TpeACTaBJ/eHa B BHLE

w(x) = wn (CZ:Z) + wa + w3 <Z:Cz) . (2.32)

B cayyae cummeTpuuHO# TpeyroabHol GyHKIHH (puc.2.30, 6) TpebyeTrcs
BBECTH TOJIbKO OJHY JIOTHUECKYIO MepeMeHHYIO w:

w:{ 1 st (e —a) < x < (e +a), (2.33)

0 B IPYTUX CJaydasix.

cIDyHKI_I,I/IH [NPpUHAAJEKHOCTHU MOXKET ObITH 3aMHcaHa B BUE

u(z) = w <“‘|H> . (2.34)

a

JlocTouHCTBa MHOTOYTrOJbHBIX (PYHKUIMUA MPUHALJIEKHOCTHU

1. Hns ux 3apanus tpebyercs Majblil 06beM AaHHBIX.

2. Tlpocrora Momu(uKalLWK NapaMeTpoB (MOJA/JbHBEIX 3HAUEHWH) (YHKIHUH
TNPUHAMJIEKHOCTH Ha OCHOBE H3MepsieMbIX 3HAU€HHH BXOIHBIX U BBIXOIHBIX
BEJIMUHH CHCTEMBI.

3. BosmoxHOCTh  mosiyueHHsT B paMKax ~— MOAEJH  OTOOpaKeHHs
«BXOI—BBIXOl» B BHJE TMUIEPIIOBEPXHOCTH, COCTOSALIEH W3 JUHEHMHBIX
Y4acTKOB.

4. JInsi MHOTOYTOJbHBIX (DYHKUUH MPHUHAMJIEKHOCTH JIeTKO oOecrneynBaeTcs
BBITIOJIHEHNE YCJIOBUSI pa3OHeHUs eIWHHIbI (B COOTBETCTBHHM C KOTOPHIM
CyMMa CTereHel NMpHUHAAJIEKHOCTH /IS JIIOOOTrO 3JeMeHTa & IOJKHA paB-
HATbCS 1).

HenoctaTtkyu MHOroyroJibHbIX (pyHKIUI NPUHAIJIEKHOCTH

1. MHoroyrosbHele (YHKLHH NPUHAIICKHOCTH He SIBJSIOTCA HENpPePbIBHO
I pepeHIHpyeMbIMH.

Ilpumep 2.4.3. Kak MoxxHO BuaeTh Ha puc.2.3l, mpousBomHas (yHKLUHH
NPUHALJEKHOCTH B TOUKAX pa3pblBa M3MeHsieTcs CKauKooOpas3Ho. TakuMm 00-
pasoM, MOJesb CHCTEMbI, colepzKallas nogoOHble (PYHKLHH, TaKxkKe He SIBJIsI-
€TCSl HelIpepblBHO AU((hepeHIHpyeMOoH. |
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Puc. 2.31. TpeyronbHass (pyHKUHS NPUHAANEKHOCTH U ee MPOU3BOJIHAS

B HexoTopbix pabotax (Preuss 1994a; Rummelhart 1986) BbickasbiBaeTcst
MHEHHEe O TOM, 4TO OTCYTCTBHE HeNpepblBHOH NU((epeHLHPyeMOCTH (yHK-
LIMH NIPUHAMJIEKHOCTH YCI0XKHSET Tpolece afanTauuy (06y4yeHHs) HEUETKHX
Mofesiefl. Bmecte ¢ TeM, pe3y/abTaThl UCCAENOBAHWUH aBTOpPAa W €ro KoJjujer
(Piegat 1996,1997a) no3BoJ/IsifOT yTBEPKAATh, YTO MOMAENH C PYHKLUUIMHU MPH-
HaJJIeXKHOCTH PACCMOTPEHHOTO BUJA BCe Ke 00/1aJal0T XOPOLIMMH afanTHB-
HBIMH CBOWCTBaMH.

e HMHTyuTHBHBIE (DYHKLUH NPUHANJIEKHOCTH

OYHKIUKY MPUHALNEKHOCTH, KOTOPbIE, UaCTO Ha MOACO3HATEJbHOM YPOBHE,
MCIOJIb3YeT YeJIOBeK, Ha3bIBAIOT MHTYUTHUBHBIMH (DYHKIUSIMU MPHUHALJIEKHO-
ctu. MceenoBanusi, MpeuMyIeCTBEHHO CBSI3aHHBIE C METOIAMH KJacchduKa-
uuu pemerui (Altrock 1993), nosBosusM cuesaTh BBIBOA O TOM, YTO [Jisi HH-
TYUTUBHBIX (DYHKLUHE MPUHAI/EXKHOCTH CIPABEIJNB PSifi CBOHCTB, HMEHYye-
MbIX akcuomamu IlIBaba.

Akcuoma 1. VHTyuTHBHBIE (GYHKUHK MPUHAANEKHOCTH p(x) SBASIOTCS
HernpepbIBHBIMK Ha Bcell YUCJ0BOH 00JacTH onpeneeHus X.

Bripakaemasi yesl0BeKOM KauecTBEHHas OLleHKa BEJUUYHHbl & He H3MeHseT-
cs1 CKauKoOOpa3HO HU NPH KaKOM J0CTAaTOUHO MaJIOM U3MEHEeHHHU ee 3HaYeHHs.
Takum 06paszoM, UHTYUTUBHAS (DYHKIHUH MPUHANJIEKHOCTH HE MOXKET UMEThb
BUJ, NpPeACTaBJeHHbII Ha puc. 2.32.

IIpumep 2.4.4. BecbMa COMHHTENBHO, YTO [JI KaueCTBEHHOH OLIEHKH po-
CTa Mbl CTaJK OBl UCIOJb30BATh (DYHKLUHIO MPUHAJIEKHOCTH MPSMOYTOJbHON
¢dopmbr (puc.2.33), B COOTBETCTBHH C KOTOPOH yeJsioBek ¢ poctoM 179.9 cm
CUMTAETCS WMEIOLIUM CPeIHHUH POCT, a TOT, KTO BCEro JIMIIb Ha 2 MM BbIlle
(1. e. umeer poct 180.1 cM), OTHOCHTCS y»Ke K BBICOKMM JIoAsiM. MaJjio KTo
coryiacuicsl Obl C TTOAOOHOH KaccH(UKaLHeH. |
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Axkcuoma 2. [lepBast npou3BoiHast HHTYUTUBHOHU (DYHKUHH MPHUHAJJEKHOCTH
p():

jlw) = 12

SIBJISIeTCS HENPepPBIBHOM Ha BCEH UYMCJI0BOH 00JIaCTH OIpeneJie-
Husa X.

ITO caenyeT M3 HaOJIONEHHS, COMVIACHO KOTOPOMY CKOPOCTb H3MeHeHHS
OLIEHKH MapameTpa x (T. e. MPOM3BOLHAS ITOH OLEHKH) He MeHseTCsl CKauKo-
00pa3HO NpH JIOOBIX MasblX U3MEHEHHsX CaMoro mnapamerpa.

Ilpumep 2.4.5. B cayuae, korna (yHKIHUS TPUHANJIEKHOCTH HMeeT Tpe-
yroJbHyo dopmy (puc.2.34), mob6oe HebOJbILIOE H3MEHEHHE TIePEMEHHON T
B OKPECTHOCTH TOUKH b NMPHUBOAUT HE TOJNBKO K CKAuK0OOpa3HOMY H3MeHeHHIO
3HaueHHUs MPOU3BOAHOM fi(x), HO TAaKXKe U K U3MEHEHHIO ee 3HaKa. TeM cambiM,
TpeyroJsibHasi (OYHKIUS MPUHAANEKHOCTH NAeT BecbMa rpyboe npubauKeHHe
TOrO, KakK JeJiaeT OLEeHKY YeJoBeK.

OTMeueHHOe CBOHCTBO, TeM He MeHee, He 03HAuyaeT, YTO AaHHbIE (PYHKIIHUH
He cJielyeT UCIOJ/b30BaTh B HEUETKHUX MOJEJSX, TOCKOJBbKY TOUHOCTb MOJEJH,
cofieprKallledl TpeyrosbHble (PYHKLUHUW MPUHAANEKHOCTH, MOXKET ObITh BIOJIHE
YIOBJIETBOPUTEbHOH. |

Akcuoma 3. Bropas npousBogHasi MHTYUTHBHOH (DYHKLMH MPUHA/J/IEKHOCTH
p(z):
d*p(x)

,u(x) = T2

HerpepblBHA Ha BCcel 00J1aCTH OMpeaeseHus.

Axkcuoma 4. I/IHTYI/ITHBHaH CPYHKLLI/IH NPpUHAAJECKHOCTU UMeeT MUHUMaJIbHOe
3HayeHHe KPHUBHU3HLI.

JlaHHOe yTBepKIeHHe 03HAUaEeT, UTO U3 MHOXKECTBA BO3MOXKHBIX (PYHKIHH
NPUHAMJIEXKHOCTH UesloBeK BbIOHMpaeT Ty, AJsI KOTOPOH 3HaueHHe MaKCUMyMa

p(w) A

s

o

Puc. 2.32. ®yHKuus NpUHALNEKHOCTH, UMEIOLLAs PA3PbIB B TOUKE T = a
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()
HU3KHUI CpeHUIl  BBICOKUI
179.9 | 180.1
0 160 180 x = pocrt (cm)

Puc. 2.33. Tlpumep pa3pbiBHOH (pyHKIUM MPHUHAMJIEKHOCTH
IJI1 TMHTBUCTHYECKOH MepeMEeHHOH «pPOoCT»

BTOPOH NMPOU3BOJAHON SIBJASIETCS MUHHUMAJbHBIM CPed BCeX TaKUX (PYHKIHU:
d?u(z
max M(2 ) .
X dz

Ilpumep 2.4.6. [l1s TpeyrojbHO# (DYHKUHH TpUHALJEKHOCTH (pHc.2.34)
3HayeHHe KPUBH3HBI B Toukax (b—a), b, (b+a) CTONb BeNHKO, UTO ee BTOpast
npousBonHas ji(x) obpaliaeTcs B 3THX TOYKAaX B OeCKOHeUHOCTb. [IpHHLH-
NaM OLEeHHBAHUS, KOTOPBIMU PYKOBOACTBYETCS ueJ/ioBeK, B OOJblIeH CTeneHH
COOTBETCTBYeT (DYHKILHS, NPeACTaBJeHHas Ha puc. 2.35, obnajaromias Majou
KPHMBU3HOH U HeNpepbIBHBIMU MePBOH U BTOPOH MPOHU3BOAHBIMH. |

w(x): p(r) = arg ml}n

Puc. 2.35. [Ipumep HenpepblBHOH (PYHKLUHYM NPUHALNEKHOCTH C MaJoi KPUBHU3HOH
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Jlanee Mbl pacCMOTpPUM passinuHble BUIAbl (PYHKLUH, KOTOpble MOXKHO HC-
MoJIb30BaTh JJI MaTeMaTHMYeCKOro MpeACTaBJeHUS MHTYUTHBHBIX (DYHKLHH
NPUHAJIEXKHOCTH.

e CummerpuuHas rayccoBa (pyHKIUS

.
[ayccoBa (pyHKLMS OnMChIBaeTCs BblpaKeHHUEM

() = exp [— (“’” - bﬂ . (2.35)

a

Bupg  stolt  yHkuum  u3oOpaxkeH
Ha puc. 2.36. w(x)
Bun nanHo# (yHKIMM, HHOTIA Ha3bIBae- 1
Mo# rayccoBeiM KosiokosioMm (Preuss 1994a),
omnpesessieTcs AByMs napameTpamMd — a U b, 036788
re b 3a7aeT ee MO bHOE 3HAUEHUE, U a — '
wrpuHy. Ha ypoBHe = 74

p(x) = e”! 2 0.36788 Puc. 2.36. dynkuus npuHan-

, JIE2KHOCTH T'ayCCOBCKOrO THIA
[LIMPHHA rayccoBoil (hyHKUMH paBHa 2a. Mo-

HJaJbHOE 3HAYEHHE IMT0JYHaIOT 9KCIIEPTHLIM ITyTEM, 3adaBasi BOIIpOC O HauboJiee
XapaKTepHOM 3HAa4YE€HUU x OJis1 HaHHOI'O HEYETKOro MHO2KeCTBa.

Ilpumep 2.4.7. B xayecTBe 4MCJIOBOro 3HaueHHsl, B HauOOJblLIeH CTeNneHH
XapaKTepU3yIollero HeyeTKoe MHOXKECTBO «CPeHHUH POCT», MOXKeT ObITb BbI-
6panHo b = 170 cMm.

Jla1s1 Toro 4ToOBI 9KCIEPTHBIM IyTeM ONpele/IMTh 3HaYeHHe NapaMeTpa a,
XapaKTepU3yollero WHPHHY (YHKLHH, MOXXHO BOCIOJb30BaTbCSl NOHATHEM
KPUTUYECKOA TOYKM k (PYHKUUM MPHUHAIJIEKHOCTH, MOA KOTOPOH MOHUMA-
eTcsl TOYKa CO CTeleHblo MpHHanjexHocTH, paBHod 0.5. Jliobas rayccosa
(YHKLHS UMeeT JBe TaKUX ToukH (puc.2.37).

Ecnn npenmnosoxuth, 4To cocefiHHe (PYHKLHH NPHHALJEXKHOCTH Mepece-
KaloTcs PUMepHO Ha ypoBHe p(zy) = 0.5 (4TO, OIHAKO, B HEYETKHX MoJe-
JISIX BBITIOJIHAETCS He BCEra), TO KPUTHUYECKYI0 TOYKY K MOXKHO paccMaTpH-
BaTh KaK TOUKY, AJis KOODAMHATHL & KOTOPOH Mbl HE MOXKEM yKa3aTb, KAKOMY
U3 HeuyeTKUX MHOXKEeCTB — JIeBOMY MJIM [IPaBOMY — OHa [PHHA/J/eKUT B 00JIb-
el crenenu (Altrock 1993).

" O6BIYHO 3Ty (QYHKIHMIO OTIPeJeNsi0T HEMHOTO HHAUe:

(z—b)Q}

pa) = exp [

B sTom cayuae Touku b+ a 6yayT Kak pas3 Toukamu neperuda. — [lpum. nepes.
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{ HUBKHKA cpenHuit BBICOKHIA

0.5 fmmmmmmmmmm e :

»
!

Thy b The x = poct

Puc. 2.37. TayccoBa ¢yHKuMs, HCIONb3yeMasi B Ka4eCcTBe
(YHKLMH MPUHAAJIEKHOCTH HEYETKOrO MHOXKECTBA «CPeIHHH POCT»

Taxkum o6pa3om, ecid MBIl He B COCTOSIHWM PeLUUThb, K KAKOH I'pyMIe Jio-
nel— HHU3KOr0 UJH CpelHero pocTta — cjelyeT OTHECTH 4eJsioBeKa, UMelollero
poct 165 cM, TO MOXKHO CYMTATh, YTO JAHHOe 3HAUEHHE MPUHAMIJIEKUT 000-
MM Ha3BaHHbIM HEUeTKHM MHOXKEeCTBaM C OJHHAKOBOH cTereHblo, paBHOi 0.5,
M 3a/laeT TEM CaMbIM KOOPAHUHATY KPUTHUUECKOH TOUKH (PYHKLIMH MPHUHALJIEXK-
HOCTH: zf = 165 cMm.

[To u3BecTHOMY MOA/IbHOMY 3HaYeHHIO TayccoBoi GyHKuuU (b = 170 cm)
MOXKHO BBIUMCJ/IMTb 3HAaU€HHe BTOPOro MapameTpa a:

() = exp {— <M)2] 05,

a
|z — b

a="— =Z6¢cM. [ |
vIn2

[ToHsiTHE KPUTHUECKOH TOUKHU k siBJIsieTCs 0COOEHHO MOJIe3HBIM TP OMpe-
IeJIeHUH napaMeTpoB (QYHKUWH NMPUHAIEKHOCTH MyTeM 3KCIEPTHOTO OLEHH-
BaHMS, TaK KaK 4eJIOBEKYy Jlerye BCEro ykKasaTh IpaHUYHble 3HAUEHUS IMpelb-
SIBJIEHHOTO T0Ka3aTeJisi U BbIAEJUTh 3HAYEHHS, UMEIOLINEe CMBICJIOBOE Pa3Ju-
yde 1/ 3aJaHHOH o6/acTH ero usMeHeHus. Ilpu 3ToM 3KcmepT, Kak mpa-
BUJIO, HE B COCTOSIHUM 33/aTh TOUHBblE 3HAYEHUS CTeleHed MPUHAIJIEXKHOCTH
3/IeMeHTOB, He MMEIOIIUX B 3a4aHHOH 06JacTH CMbICJ0BOro padnauyus. [lo-
BEPXHOCTb OTKJMKA HEUeTKOH MOMIEJH, HUCMOJb3YIOleHd rayccoBy (DYHKIHMIO,
B ofl1eM ciyyae sBJsieTcs r7106aqbHO U JOKa/JIbHO HeJHHEHHOH.

JocTonHcTBa rayccoBoyl (DyHKUMU NMPUHANJIEKHOCTU

1. Ucnonb3oBanue rayccoBblx (DYHKUHWH oOecreyrBaeT MoJydyeHue rafiKux,
HernpepbiBHO AU(depeHHPYEMBIX TUIIEPIIOBEPXHOCTEH OTKJINKA HEUETKOM
MOZEJIH.
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2. fBnssice HenpepblBHO H, GoJsiee TOoro, 6eckoHeuHO AUD(epeHIupyeMbIMU
(6eckoHeuyHast nU(GepenrpyeMoCcTb 03HaUaeT HaJndKe TPOU3BOAHOH JII0-
6oro mopsiaKa), rayccoBbl (DYHKLHH TAIOT BO3MOXKHOCTb MPOBEIEHHUS Teo-
peTHUecKOoro aHa/nu3a HedeTkux cucteMm (Brown 1994).

Henocratku rayccoBoil (pyHKIMM NPUHAIJIEKHOCTH

1. TayccoBa QyHKUHS CHMMETPUUHA, YTO MPUBOJUT K HaApPYyIIEHUIO YCJOBHS
pa3buenus equHuLb (puc.2.38).

2. Hcnonb3oBaHue rayccoBod (hyHKIHH TPUHAJIEKHOCTH NPearoJaraeT 3a-
naHue GOJbIIero, 4eM AJs TPeyroNbHOH (PYHKLHH, YUC/Ia apaMeTpoB (o
JIBa MapameTpa 1Jsi KaX 10l QyHKIHH), YTO YCIOKHSIET HAaCTPORKY HeuerT-
KOHM MOJIEJIH.

3. TayccoBa (pyHKIMS HMeeT HeOrpaHHUEHHbIH HOCHTE/b, YTO O3HAUAET, 4YTO
JM060H 37eMeHT = obsacTh omnpeneneHuss X OyfeT NpUHAAJeXKaTb JIO-
60oMy He4YeTKOMY MHOXKECTBY, 3a7aBaeMOMYy C MOMOLIbI0 3TOH (DYHKIHUH
(puc.2.38), 1 3TO MOXKET He COOTBETCTBOBATb IPEACTABJEHHUSIM 3KCIIEp-
Ta 0 MojeJHpyeMoHd cucteMe. Bmecre ¢ TeM, CTemeHH NpPHHAMJIEKHOCTH
3JIeMEHTOB &, HAXOASIIMXCS aleKo OT LeHTpa rayccoBod (hyHKLHH, Tpe-
HeOpeXHMMO MaJibl, BCAEACTBHE Uero WHpHHA 3TOH (PYHKILHUHU Ha NMpPaKTHKe
OKa3bIBaeTCs He CTOJIb BeJIHKa.

4. Vcnonb3oBaHue rayccoBoil (hyHKIUM 3aTPyIHSET MOoJyueHHe MPOCTHIX JOo-
KaJbHO JINHEHHBIX MOBEPXHOCTEH OTKJMKA HEUeTKOH MOAEJH.

B KkayecTBe aJsbTepPHATHBBI TayCCOBBIM (DYHKLHUAM TMPHUHALJIEKHOCTH
C HeOrpaHWYEHHBIM HOCHTeJeM OBIIM NpeasoxeHbl OeCKOHeYHO AHudhepeH-
IIMpyeMble TayccoBbl (DYHKIIMU ¢ orpaHHueHHbIM HocHTeseM (Werntges 1993).
[Ipumep tako# ¢pynkuuu (Brown 1994) nokasan Ha puc. 2.39.

w(r) A
Ay As A
1

0

Tmin a b c Tmax

Puc. 2.38. HepaBHoMmepHOe pacrosiokeHHe raycCOBBIX (DYHKLUMH MPUHALJIEKHOCTH
Ha obJsiacTy onpejesneHus X A5 PA3IHUHBIX 3HAUEHUH LIMPHUHbI
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T
»
L

>
=

+ b
>

V)

A1 A2

[\

Puc. 2.39. l'ayccoBa ¢pyHKLUNSA NPUHALIEIKHOCTH
C OrpaHUUYEHHBIM HOcHUTeseM (A1, A2)

dopma naHHON (YHKUMH omnpenessieTcss BblpaKeHHeM

4()\2 — x)(x — )\1) — ()\2 — )\1)2
p(x) = P A0 —2)(@ — M)
0 B IIPYTUX CJayyasx,
(2.36)

s A1 <7 < Ag,

re A1, A2 3a[AI0T y3JI0Bble TOUKH (DYHKIMH (OrpaHUYHUBAIOIINE €€ HOCHUTED).
layccoBa dyHKIHs BUaa (2.36) siBasieTCs] CUMMETPHUHOH.

e AcumMeTpuuHas rayccoBa (DyHKIHS

JanHasi GyHKIUSI coyeTaeT B cebe NMPeUMYILIECTBO raycCOBOM (PYHKLHH, CBf-
3aHHOe C OecKOHeuHOH Nu(p(epeHLNpPYeMOCTbIO, C OTCYTCTBUEM HENOCTATKa,
BbIpakalollerocst B ee cummetrpudHoctu (puc. 2.40).

Ecnn BBecTH BcrioMoraTesibHYIO JIOTHUECKYIO MTepeMEeHHYI0

— <
w— { 1 s o< xT<m, (2.37)
0 B IPYTUX CJayydasix,

wz) A
1

e =0.36788

Puc. 2.40. beckoneuno nuddepeHnupyemasi aCMHMMeTpUUHAs rayccoBa (QYHKIHUS
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\ &

Puc. 2.41. JleBas (a) u npaBas (6) curmouaanbHble (PYHKINH

TO acCMMMeTpHUUHasl rayccoBa (PyHKLUS 3aaeTcsl B c/elylolleM BUJE:

p(z) = w- exp [— (“’”a‘lm)Q] +(1—w)-exp [— (f”;zm)z] . (2.38)

TJie m — ee MOaJbHOe (CpeqHee) 3HAUEHHUE.
[Ipy ucrnosib30BaHUM aCUMMETPUUYHOH rayccoBo# (PYyHKUHH HUMeeTcCs BO3-
MOKHOCTB BBITIOJIHEHHUS YCJI0BUS pa3bueHus enuHuisl (Brown 1994).

e CurmoupanpHasi (pyHKIUSA MPUHANJIEIKHOCTH

Bynyun cuMMeTpUUHBIMH, rayccoBbl (PYHKLHUU MOAXOAAT AJs1 NPeACTaBJIEHUS
BHYTPEHHUX HeueTKHX MHOxkecTB. /sl mpeacTaBjgeHUs] KPAaHHUX MHOXKECTB
MOKHO HCITI0JTb30BaTh JIEBYIO U TIPaBYI0 CUTMOHIAMbHYI0 (QyHKIHIO (puc. 2.41).

HpaBaﬂ CHUrMoMugaJ/bHad qJYHKU,I/IH 3aja-
#
€TCA C IIOMOILLbIO BbIpaK€HUA

. 1
~ l4expl—a-(z—0)]’

u(x) (2.39)
[TapameTp b 3aaeT KOOpAHHATY TOUKH K,
NpUHaLeXalleldl HeueTKOMY MHOXKeCTBY CO
crenenpio 0.5, N0O3TOMY ero 3HaueHHe MOXK-
HO OCTATOYHO JIETKO MOJNYYUTb OT IKCIepTa.
KosduuneHT a onpenesseT HakJIOH (YHK- P“UC- 2.42. ®opma CHIMOMIAb-
LMK B TOYKe mepernba k —c yBeJudeHH- O (yHKUMK TIpH  pasTMUHbIX
eM ero 3HaueHHs pacTeT BeJMYHMHA HAKJ/OHA. SHATeRX Eﬁgfﬁ)gunema e
[Tpu @ = 10 BUA GyHKUMU OJIHM30K K CTyIEH-
yartomy (puc.2.42).

" 3nech a > 0, MOTOMY 4TO MPH OTPHIATENBHEIX @ 3TO yXKe OyleT JeBas CHIMOHIANbHAS
¢yukuus. — [lpun. nepes.
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KosdduuneHT HaK/IOHA @ MOXKHO BBIUHUCJUTb Ha OCHOBE 3KCIIEPTHOH OLIEH-
KM 3HaueHHUs x(gg, T. €. HAUMEHbIIEero 3HaueHWs MepeMeHHOHW x, KOTopoe
MOXKeT C NMPaKTHUYeCKH MOJHOH YBepeHHOCTbIO CUMTATbCS NpUHALJeXKALLUM
HeueTKOMY MHOXKECTBY, 3a7laBa€MOMY CUTMOWJA/NbHON (DYHKIHEH.

PaccmatprBaemasi curmoupanpHas (yHKUMS [ocTuraet 3sHaueHusi 1.0

pu  — o0:
1

a:lggo 1+ exp|—a- (z — b)) =1 (2.40)

C Yy4eTOM Yero Ha NMpakTHKe MOXKHO IMpEeAINoJarath, 4YTo 3HaueHHe (DyHKIHH,
paBHoe, Hanpumep 0.99, cooTBeTCTBYeT MOJHOU NMPHUHAMIJEKHOCTH 3HAUEHHSI
NepeMeHHOH - HeueTKOMY MHOXKECTBY.

Ilpumep 2.4.1. HeueTkoe MHOXKECTBO «BBICOKHH POCT» MOXKHO 331aTh C MO-
MOLIbIO CUTMOMJA/bHOH (DYHKIHH, NpeICcTaBJeHHON Ha puc. 2.43.

Ecau npeanonoxuts, 4to Jiofel, umerowux poct 180 cM, MOXKHO ¢ M0J-
HOH yBepeHHOCTbIO (1 = 0.99) OTHECTH K BBICOKHM, TO KO3(D(HUIMEHT HAKJIO-
Ha @ BBIYMC/SIETCS COMVIACHO BBIPA’KEHUSIM:

1
M($0.99) - 14+ exp[—a . (1-0'99 . b)} ) (241)
~ In(99) — (99 o
 xp99—b 180 —175 0.919. (2.42)
|

JleBasi curmMonpanbHasi GyHKuus (puc.2.41, a) 3agaetcs BbIpaykeHHEM:

1 —a-(x—b
= — _oela @bl (2.43)
1+exp[—a-(z—0)] 1+exp[—a-(z—0)]
[lo anasoruu ¢ mpaBoH, JeBasi cUrMoHMJa/jbHAas (PYHKLUHS HMeeT TOUKY
neperuba r = b, U ee 3HaueHwe B 3Tod Touyke paBHo 0.5. KosadpduuneHt

p(r) =1

w(x) A
BBICOKHH
1 _____________________

(1] E——

0 >

b= 175 x = pocr (cm)

Puc. 2.43. CurmouzanbHasi GYHKIUUS TIPUHAJJIEKHOCTH
HEYEeTKOr0 MHOXKECTBA «BBICOKHH POCT»
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Puc. 2.44. 'apmonnyeckass (yHKLHS IPUHALJIEKHOCTH U €€ IIPOU3BOJHbIE

HaKJIOHA @ BBIUHCJSETCS MO (hopmy.e:

0= (1“(99)> . (2.44)

Zo.99 — b

CurmonpnanbHasi QyHKILHS UMeET Te K& JOCTOMHCTBA M HEJOCTATKH, UTO
U rayccoBa.

e TapmoHnueckass pyHKIUS NMPUHANIEKHOCTU

BripaxkeHue 17151 BHyTpeHHeH rapMOHUUECKOH (PYHKUHWH UMeeT BHUI:

i(z) = 0.5- [1+cos (WxT_b)] s (b—a) <z < (b+a),
B IPYTHX CJAydYasix.

(2.45)
Bun stolt pyHKIMK TOKa3aH Ha puc. 2.44.

JdocTonHcTBAa rapMOHNYeCKON (PYyHKIIMHM MPUHALJIEKHOCTH

1. TapmoHHueckasi QyHKLHS UMeeT orpaHUYeHHbIH HocuTedb [(b—a), (b+a)l,
4TO MO3BOJISIET 3a/1aBaTh €€ MapaMeTphl SKCIEPTHBIM MyTeM.

2. Bynyumn GeckoHeuHO nU(pepeHIHpyeMOoi, TapMoHUUYecKast PYHKIUS YIIPO-
1laeT MoOJyyeHHe [VIaAKHX, HelpepblBHO NU((depeHLHpyeMblX MOBEPXHO-
CTel OTKJIMKA MOJEJH.

3. TlepBasi mpou3BoxHas TapPMOHHUYECKOH (DYHKIIMH B IPAHHUHBIX TOYKaX HO-
CHUTeJISl paBHa HYJIO, BCJECTBHE Yero JaHHas (PyHKLUSI XOPOLIO COr/acy-
eTcsl ¢ HeKOTOpbIMU M3 akcuom [IIBada.

Henocrarku rapMoHHYecKol (pyHKIUM MPUHAAJIEKHOCTH

1. FapmoHUueckas pyHKUHUS ABJISETCS CUMMETPHUUYHOM U, €C/IM (DYHKIHHU TPU-
HaJlJIe?KHOCTH PACIONOXKeHbl Ha 00J1aCTH ONpeeieHHsl HepaBHOMEPHO, 3TO
HapyllaeT yCJOBHS pa3sOMeHHUs €IUHHLBl M OTPHULATENbHO CKa3bIBAETCS
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e
T
8‘12_5 b b+a
- b—a \\\\j :
- T

b—a b b+a

Puc. 2.45. TlpaBas BHelIHssl rapMOHHUYecKas (DYHKLHUS PUHALJIEKHOCTH
U ee MPOU3BOJHBIE

Ha KauecTBe MOJEJMPOBAHHMSI Ha yuacTKax, cjJabo 0XBaThlBaeMbIX (PYHK-
HUSIMH TPUHAAJNEKHOCTH. [/ MUHHMHU3aLUWKA JAHHOTO HeJ0CTaTKa MOXK-
HO BOCIIOJIb30BAaThCSl ACUMMETPUUYHOM TapMOHUYECKOH (pyHKUMeH, 3ana-
Ba€MOH aHaJIOTUUHO TOMY, KaK 3TO [eJ/ajJoCh B CJydyae acCMMMeTPUUYHOH
rayccoBoit pyHKuuu (2.38).

IlpaBasi BHemHsI rapMoHUYeCKass (PyHKIUS NPUHAIJIEIKHOCTH 3a1aeTCs
C TIOMOLIbBIO (POPMYJIBI

1 s x> (b+a),
p(r) =< 0.5- [1+sin <7Tx2—_ab>] g (b—a) <z < (b+a),
0 s oz < (b—a).

(2.46)

Bun npaBoil  BHellHeH  rapMOHHYeCKOH — (DYHKUMH  IIpeACTaBJeH
Ha puc.2.45. Kak u B ciyyae BHYTpeHHeH rapMOHHUECKOH (DYHKIIMHU, ee Mmep-
Basi IPOU3BOJHAS PaBHA HYJIO B IPAHHUUYHBIX TOUKax Hocuress [(b—a),b+a)l.
DyHKUHS HMeeT Masnylo KPUBHU3HY, BC/IEICTBHE Yero XOPOIIo (XOTs U He I1oJ-
HOCTBIO) coryacyetcs ¢ akcnomamu llIBaba.

JleBass BHemHsAs rapMoHMYecKasi (pyHKIUS NPUHANJIEKHOCTU 33/13eTCs
C TIOMOLIbBIO (POPMY.JIBI

0 s x> (b+a),
p(r)=1< 0.5- [1 — sin <7r xg_abﬂ s (b—a) <z < (b+a),
1 s oz < (b—a).

(2.47)

DyHKUHKSA UMeeT BUM, NPeICTaBJIeHHbIH Ha puc. 2.46.
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fi(x)

T

8a? b—a /‘i x

|1 b bta
-l

Puc. 2.46. Jleas BHellHss rapMoHUYecKass (PYHKIUUSA NPHUHAIIEKHOCTH
U ee MPOM3BOAHBIE

o TlonnHomMuaabHbBIE q)YHKIlI/II/I NPpUHAAJIECKHOCTHA

JlOCTOMHCTBO 3TUX (PYHKLHH COCTOUT B TOM, YTO UX CJIO0KHOCTb OTpefieseTcs

yucyaoMm akcuom [IIBaba, cripaBensMBOCTb KOTOPBIX CJEAYyeT 00eCnedyUuTh.
Hawnbosee npocToiél siBAsieTcss BHYTPeHHSIS MOJMHOMHUAJNbHAs (YHKLHS

NPUHALIEKHOCTH BTOPOTO MOPSAKA, KOTOPast ONpefie/sieTcsl BblpaKeHHeM

z—b\>
u(z) = 1—< . ) , ecmd (b—a) <x < (b+a), (2.48)

0 B IPYTUX CJaydasx.

Bup stoil ¢hyHKUMHK TOKa3aH Ha puc. 2.47.
[IpaBasi BHelIHsisl MOJHHOMHA/bHAsT (DYHKLHS TPUHAI/IEXKHOCTH BTOPOTO
NopsiiKa onpefessierTcs no popmyse

0, ecin z < (b—a),
2
plx) =49 1- <x a_ b) , ecid  (b—a) < x < b, (2.49)
1, ecin x> b.
() fi(x)
:u'(a?)l _______ E ] 0+b,a b b+a‘
a SERNEEY K
! b—a bN_ |z 2| !
b—a b b+a

Puc. 2.47. [lonnHomMuanbHas QYHKLHKS PUHALJIEKHOCTH BTOPOrO MOPSiAKA
U ee MPOM3BOAHBIE
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w(z) A

1 1

\ K

\ S

b b+a b-a b
Puc. 2.48. JleBas u npaBas BHeLIHUe [10JMHOMHUA/bHblE (DYHKLHUH NIPUHALJIEKHOCTH

BTOPOro nopsaaka

JleBasi BHelIHsi MOJUMHOMMAJbHAsS (DYHKLUS TPUHAIJIEKHOCTH BTOPOTO
nopsiika onpejessieTcs No GopmyJe

1, ecan  x < b,
2
plz) =< 1— (x;b) , ecin b<z < (b+a), (2.50)
0, ecin x> (b+a).

JleBasi 1 mpaBasi MOJMHOMHAJbHBIE (DYHKLHMH MPHHALIEKHOCTH BTOPOTO
nopsiika u3obpaxeHsl Ha puc. 2.48.

I[OCTOI/IHCTBa MOJIMHOMHAJIbHOM q)YHKH,I/II/I NPpUHAAJIECIKHOCTHU
BTOpPOro nmopgaakKka

1. ®yHKuMA ABJAsIETCS HEMPepPbIBHO AU(QepeHIUpyeMOl BO BCeX TOUKAX HO-
cuTess, a cTano ObITh GoJiee TJIALKOH, UeM TpeyroJbHas.

2. Tlapametpsl @, b JIerKo 3a1al0TCS SKCIEPTHLIM MyTeM.

Henocrarku moimHOMHUAJbHOU (PYHKIUHM NMPUHAAJIEKHOCTH
BTOPOTrO MopsiiKa

1. ®OyHKUMSA He yIOBJETBOPSIET B AOCTATOUHOH cTerneHW axkcromam IlIBaba.
B uwactHocTH, ee mpon3BoaHAas He 00pallaeTcsl B HOJb B IPAHHYHBIX TOY-
Kax Hocutess (puc.2.47).

2. OyHKUMSA CUMMETPUUHA, T. €. [/ Hee MOXET He BBINOJHSATHCS YCJI0BHE
pa3OueHus] eAUHUILBL.

UroObl 00ecreunuTh BhLINOJHEHHE OOJbLIEro uyuciaa (B TOM 4YHCIe BCeX)
axkcuom [1IBab6a, ciemyet BOCNOIb30BATHCS MOJMHOMHAJIBHON (PYyHKIIIEH 71-
ro mopsaKa, ruie n = m — 1, m — YHACJO OCHOBaHHBIX Ha akcuhomax IlIBa6a
TpeOOBaHUH, NMPEeAbIABJSEMbIX K (DYHKLHH MPUHAIJIEKHOCTH.
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Tr TR xrrL M IR xrrL TR

neBast BHYTPEHHSIS npaBas

Puc. 2.49. Ipumepsl moMMHOMHANBHON (DYHKIUH MPHUHAMJIEKHOCTH

[TomvHomuanbHas (QyHKLUMS TPUHALJNEKHOCTH N-TO TMOpsSAKa 3anaercs
thopmysiof

() = nx™ + ap_12" L+ ...+ a1z + ao, ecan xp <1 < TR,
Y= 0 1 B IPYTUX CJaydasx.

(2.51)

[TpuMepbl BHELTHUX W BHYTPeHHeH (PYHKLUHH NMPUHAAJIEKHOCTH TPeNCTaB-
JieHbl Ha puc. 2.49.

Meton mocTpoeHHUs] TONHHOMMAJNBHOH (DYHKIMK NPUHAIJIEKHOCTH pac-
CMOTPHM Ha CJeyIolleM HHXKe MpUMepe.

IIpumep 2.4.1. [lpennosoxxum, 4To K JeBOH MOJUHOMHANbHOW (DYHKIHH
MPUHANJIEKHOCTH TPEABIABJAIOTCS CJeNyIollie OCHOBAaHHbIE HAa aKCHOMax
[IIBaba TpeGoBaHust (4UCI0 TpeGOBAHUH MOXKHO BapbUPOBATh):
I pu(xp) =1, 2. p(xg) =0,
3. plzr) =0, 4. ((zr) =0,
rie 1y, TR — 3aJaHHblE y3JI0Bble TOUKH (DYHKLUHUH TPUHAIJIEKHOCTH, X )7 —
ee MojlaJibHOe 3Ha4YeHHe.

J1/1s1 BHIMOJTHEHHUS] YKa3aHHBIX YCJIOBHH (m = 4) cJlieyeT BOC0Jb30BaThCs
(hyHKIHEH MPUHAJIEKHOCTH 3-TO MOPSAKA:

w(x) = asz> + asx® + a1z + ag.
[IpousBonHas 3Tol (PYHKUHUH UMeeT BHUJ
,u(x) = 3a3x2 + 2a2x +aj.

[losarast KoopauHaThl y3/10BbIX ToYeK paBHbIMH 21 = 0, xp = 1, npuxo-
IOUM K CUCTeMe UeThlpeX ypaBHEHWH, BEIPAXKAIOLIUX MpPeAbsBAeHHbIE K (PYHK-
UU TpeOOBaHUSA:

1. aozl, 2. (11:(),
3. ag+as+1=0, 4. 3a3 + 2a2 = 0,
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peluas KOTOPylo, NMoJydaeM:
1. aozl, 2. (11:0,
3. as = —30, 4. as = 2.
OxkoHuaTe/bHO, HMeeM CcJefyollee BblpakeHWe /s (PYHKLUUH MpHUHAM-
JIE2ZKHOCTH:

p(z) =223 — 322 + 1. [ |

IIpeumymecTBa MONMHOMUANbHBIX (PYHKLUI NPUHAAJIEIKHOCTU
BBICOKOTO mopsaka

1. Bo3aMOKHOCTb BBHIMOJIHEHHST HAK/AAblBaeMbIX Ha (DYHKIHH MPUHAMIJIEKHO-
CTH YCJIOBHH, CBA3aHHBIX ¢ akcnomaMu L11Ba6a, moJioskeHremM KpUTHYECKOM
touk# (u(xg) = 0.5) u ap.

2. B03MOXKHOCTbL 3HAUMTEJNBLHOTO TMOBLIILIEHHS] TOYHOCTH MOJEJIH MU ee ajall-
TallMKd K MOJEJUPYeMOH cucTeMe OJarogapsi GOJIbIIOMY YHCJY CTereHek
CBOGO/IBI TOJMHOMUAIBHBIX (BYHKIHH TPHHAJIEKHOCTH.

3. TloBbilleHHe BO3MOXHOCTH IMOJY4YeHHS TVIaJKUX, HelmpepelBHO aHddepeH-
LHPYEMBIX MTOBEPXHOCTEH OTKJHMKA HEe4eTKOH MOJEJH.

4. TlpocToTa TMOCTpPOEHHS ACHMMETPUUHBIX BHYTPEHHHUX (PYHKUHUH TpUHA-
JIEXKHOCTH, UTO MO3BOJISIET TOBBICUTh TOYHOCTb MOJEJIUPOBAHHS.

HelIOCTaTKI/I IMOJNMHOMHUAJBHBIX q)YHKIlI/Iﬁ NPpUHAAJECIKHOCTH
BBICOKOI'O nmopsgaaka

1. CnoXHOCTb HaxoxkAeHHs OOJBLIOrO YHCJAa MapaMeTpPoB, HeOOXOMHUMBIX
IJIs1 3alaHUsl TOJMHOMHAIbHON (PYHKLUHUH BBICOKOT'O MOPSIKA.

2. HesbinosiHeHue (BooOIle TOBOPS) YCIOBUSI Pa3OUeHHUsT eIHHHLIBL.

e PexkomeHganuu npu BbiOOpe (PyHKIUM NPUHALJIEKHOCTU

Bei6op pyHKUKK NPUHANJIEKHOCTH B 3HAUHUTENbHON Mepe onpefiesisieTcst 00be-
MOM HMMeIoLIeCcsT HHPOPMALMK O MOAENHPYEMON CUCTEME, a TaKXKe KayeCTBOM
MMEIOLIUXCS B Paclops2KeHHUH HCCIe]oBaTe Isi METOI0B HACTPOHKH MOJIEJIH.

Maugsiit 06bemM HHpOpMALMU O CHCTEME

[Ipu manom oO6beme uMerolleHcs UHPOPMALMK O CHUCTEMEe CJeNYyeT HCIOJb-
30BaTh MpocCTeHliMe (QYHKIUHU MPUHALJEKHOCTH, COCTOSILIIME H3 TIPSIMOJIH-
HeWHBbIX Yy4acTKOB, AJSI HAaXOXAEHHS MapaMeTpoB KOTOPHIX TpebyeTcs 3Ha-
YHTEJbHO MeHblilee, [0 CPABHEHHIO C OCTAJbHBIMU (DYHKLHSIMH MPHHALJIEXK-
HOCTH, KoJiMuecTBO MH(popManuu. KycouHo-nrnHeliHble PYHKIUY MPUHALIE K-



2.4. Tuner pyHKUHH OPHHAAIEKHOCTH HEUETKHX MHOMKECTB 69

Puc. 2.50. JlokasabHo JuHedHas (a) W J0KaJabHO HeJMHeHHas (6) MOJesb CHCTEMBI

HOCTHU MNPUBOAAT K IMOJYUYEHHIO JIOKAJbHO JIMHEUHBIX HOBerHOCTeljl OTKJIMKA
MOoAeJ/IHu (HpI/I YCJIOBHU TIPABUJIBHOTO BbI60pa APYTrUuX COCTaBJAIOLINX HEYeT-
KoM CI/ICTeMbI), YTO MOJOKHUTEJIbHO CKa3bIBA€TCA HAa TOYHOCTH MOAEJ/JUPOBAHUA
B YCJIOBUAX MaJIOTO o0beMa UCXOAHBIX HAHHBIX.

Ilpumep 2.4.1. TlycTh M3BECTHBI TONBKO TPU TOUKH TMOBEPXHOCTH OTKJIHKA
mMonenupyemo#t cucrembl: P1, Po u P3 (puc. 2.50).

[Tpu orcyTcTBUM MH(OPMALMK O MOBEIEHUH CHCTEMbl B HHTEpBa/lax MexK-
ny toukamu Pp, Ps u P3 nHaunbosee HamexxHbIM OyIeT HUCIOJb30BaHUE MOJIe-
JIM, COCTOsIIeH W3 MPSIMOJMHENHHBIX yyacTKoB (puc.2.50, a). Mcnonb3oBaHue
(DYHKUIMH NPUHANJIEKHOCTH ¢ KPUBOJHUHEHHBIMM y4acTKaMH MPUBEIET K MO-
BEPXHOCTH OTKJHKA, TaKxKe colepxKalllell KpUBOJNHHEHHble YYaCTKH, OfHAKO,
BCJIEICTBHE CJIOKHOCTH HEUETKHX Mopesel, OyleT CJI0KHO MpenyranaTh Be-
JUYUHY W HarpaBJeHHe UX KpuBU3HBI (puc. 2.50, 6).

YkazaHHOe CBOHCTBO, BOOOIEe TOBOPSI, HETATUBHO OTPaXKaeTcst Ha TOYHO-
CTH MofenupoBaHus. MneHTH(HULMPOBATb XKe NapaMeTphbl HeJHHEHHbIX (yHK-
IUH TPUHAIJIEKHOCTH TI0 TNpHYMHE HeoocTaTKa HH(GOPMAlUUH O CHCTEMe
B 3TOM CJlyyae 4yacTo He YHaeTcs. |

Boabmoit 06beM nH(poOpManuu 0 cucTeMe

Hannune Gosbluoro o6bema uHPOpPMaUUH O cHcTeMe B (hopMe H3MepeHHbIX
BXOIHbBIX U BBIXOAHBIX NAHHBIX JaeT BO3MOXKHOCTb HAEeHTH(HUKaLUUU OoJblile-
ro YhcJa NapaMeTpPoB HEYETKOH MOJeJ/H, YTO MO3BOJSET UCIONb30BaTh OoJee
CJI02KHble (DYHKLHMH NPUHAAJNEKHOCTH, TaKHe KaK TayCcCOBbl HJM MOJHHOMMU-
aJbHble, U TeM CaMbIM NPUBOAUT K MoJeJsIM 0OoJiee TOYHBIM, YEM B CJY-
yae NPOCTBIX (YHKUHMH, COCTOSILMX M3 MPSIMOJHMHEHHBIX ydyacTKoB. Bmecre
C TeM, AJs UAEHTH(PHUKALUK OO0JbIIOTO YHUCJIa NapaMeTpPoB HeUeTKOH Moje-
J1 TPeGYyIOTCS BbICOKOA(P(PEKTHBHbIE METOMbI €€ afanTalul (HaCTPOHKH), KO-
TOpble He BCerja HMEITCS B pacllopsiKeHHH Hccjenosaresisi. Kpome Toro,
6oJiee C0KHBIE (PYHKLUHH TNPUHAAJEXKHOCTH COCTOST M3 KPUBBIX, UTO MOBBI-



70 [naBa 2. OcHOBHble MOHATHS TEOPHH HEYETKHX MHOXKECTB

IaeT CTeleHb HeJWHEHHOCTH MOJENH, YBeJUYHBasi B CBOK OYepelb UHCJIO
JIOKaJIbHBIX 3KCTPEMYMOB (DYHKLHH OLIMOOK. B pesysbrarte mporecc HaeHTH-
(UKaLKKU COMPOBOXKIAETCS 3HAUUTEJbHBIMH TPYAHOCTSIMU, AJISI TPEOLOJEHHS
KOTOPBIX CJIEAyeT MPUMEHSTh NO0CTATOUHO MOILIHblE TeHETHUECKHUEe aJrOpHUT-
Mbl (Davis 1991; Goldberg 1995; Kahlert 1995), xotopele, onHako, He Bceraa
Nal0T yIOBJETBOPUTEbHbIE pe3yabTaThl (Preuss 1995) Bejenctue cioxHO-
CTH MOfeJed M HaJUuhsi y HUX OOJBLIOrO Yucja crerneHed cBoGoabl. OmbIT
aBtopa (Piegat 1996,1997a) u npyrux wuccsaenoparteseii (Hensel 1995) nos-
BOJISIET TOBOPUTH O MPEUMYIIEeCTBE B HaHHOH CHUTyallud GoJiee MPOCTHIX, CO-
CTOSILIMX W3 MPSIMOJMHEHHBIX yYacTKOB (DYHKUHUH TMPUHALJIEKHOCTH, yIpO-
HIAIOLIMX TPOLEeCC HACTPOHKU (0OyueHUsi) HEUeTKOH Mofesu, obecrneudBast
MPH 9TOM €€ BBICOKYH TOYHOCTb.

Hexoropoie uccnenosatenu (Altrock 1993) pekomeHnnyioT Ha HayaJabHOM
JTare MOCTPOEHHsT MOJEJH UCIOb30BaTh MpoCTeliie HYHKIUN MPHUHAIIekK-
HOCTH, a Ha MOCJENYIOUIMX 3Tanax MPOBOAUTh TECTHPOBAHHE MOAEH C MPHU-
MeHeHHeM GoJiee CAOKHBIX (PYHKIUH [/ TOTO, UTOOBI IPOBEPHUTH, HE TPUBO-
ASIT JIK 3TH QYHKUHUK K [OBBILIEHUIO TOUHOCTH MOJeJH. Takke OTMETHM, UTO
cyutectByiomiee MHeHHe (Altrock 1995; Zimmermann 1994) o Tom, uto BUJI
1 hopmMa (PYHKIHUH TPUHALJIEKHOCTH He OKa3bIBAIOT CYIIECTBEHHOTO BJIHSHMUS
Ha TOYHOCTb M KaueCTBO HEUETKOH MOJEJH, SIBJISETCS HEBEPHBIM — 00 3TOM
TaKKe CBHIETEJNbCTBYIOT Pe3yJbTaThl UCC/IENOBaHUH, MPUBENEHHBIE, B 4acT-
HoctH, B (Baglio 1994; Brown 1994).

2.5. HeueTkue MHOXkecTBa TUMA 2

Ecnu nois MHOXKecTBa Ay KaXKIOMY 3JIeMeHTYy x 00J1acTH onpenesenns X co-
MOCTaBJEHO 3HaUeHHe “21 (x) cTemeHH MPUHAMJIEKHOCTH 3TOMY MHOXKECTBY,
nexaiiee B uuTepsase [0,1] U 3anaBaemMoe ¢ MOMOIIbIO PYHKIHH MPHUHALJIEXK-

HOCTH
By (.%') X — [Oa 1]1 (2.52)

TO 06 Aj TOBOPAT KaK O HEYETKOM MHOXKEeCTBe THMa 1.
IIpumep 2.5.1. MHoxxecTBO A] = «BBICOKHH POCT»:

X ={170cm, 172.5¢m,175¢em, 177.5¢em, 180 em, 190 cm, 200 em},

A, — 0 0.25 0.5 0.75 1.0 1.0 1.0
L7 Y 170em " 172.5em " 175 em  177.5em 180 cem 190 cem ’ 200 em [

DyHKUMSA MPUHALIEKHOCTH MHOXKECTBA MpeacTaBsieHa Ha puc.2.51. W
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HAy (:C)
A
BBICOKHIA
1+ [ o o
o
0.5+ 3
8
————— | : -
170 1 180 190 200 P

172.5 7 177.5

Puc. 2.51. OyHKuMs NpUHANIEXKHOCTH HEYETKOrO MHOXKeCTBa Thna |
«BBICOKMH pOCT»

OnHako He Bcerna BO3MOMKHO ONpelesIUTh CTeleHb NMPUHALIEeKHOCTH TOY-
HO, B YMCJIOBOH (pOpMe — MHOTZIa 9TO MOXKHO C/eNaTh TOJbKO JIMHIBHUCTHYE-
CKH, MCII0JIb3ysl HEUETKYIO Mepy.

IIpumep 2.5.2. X = {duuapwo, ben, YUapmu} = {z1,z2,x3} — MHOXKECTBO
CTYIEHTOB,

L = {uu3kas, cpenHsisi, Beicokasi} = {lj,ls,l3} — MHOXKeCTBO HEUeTKHX CTe-
MeHel MPUHAMJIEKHOCTH HEUETKOMY MHOMXKECTBY «CIOCOGHBIX CTYIEHTOB»,
Ao — MHOXKECTBO «CIOCOGHBIX CTYIEHTOB:

BBICOKAsl CpENHSAS HHU3Kas ls 1o Iy
AQ - ) ) - Ty Ty
Auppio Ben Yapau r1 9 X3
HeueTkue cTeneHu npuHaaieKHOCTH MHOKECTBY «CIIOCOOHBIX CTYIEHTOB»
MOKHO HarJIsiIHO MPeACTAaBUTb TaK, KaK 3TO TMOKa3aHo Ha pHc. 2.52.

MHOXeCTBO «CMOCOOHBIX CTYIEHTOB» MOXKHO I'pa)HuecKH MpencTaBUTh B
COOTBETCTBHH C pHC. 2.53.

[Ipu olieHKe crocoBHOCTEH CTYAEHTOB 0OBIYHO TPYAHO TOUHO OLEHHUTD CTe-
NeHb NPUHAAJEXKHOCTH KOHKPETHOTO CTYJEeHTa MHOXKECTBY «CIOCOOHBIX CTY-
IIEHTOB», B BUJE, HATpUMep:

A, (Auaproo) = 0.99.
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Mll(y)
cpenHss = lo
HHU3Kasg = [y BbICOKast = I3
1
y€10,1]
0 0.5 1 y= Croco6HOCTH (HempepbiBHast Mepa)

Puc. 2.52. HarnsinHoe npencraBienre GyHKUKN MPUHALIEXKHOCTH HEUETKUX CTele-
Hell NMPUHAMJIEXKHOCTH [ij; B MHOXKECTBE «CIOCOOHBIX CTYIEHTOB»

EnuHcTBEeHHON pa3dyMHON (opMOi U3MepeHHs IPUHALJEKHOCTH B JAHHOM
caydae OyleT ee HeyeTKasl OlleHKa C HCIOJb30BaHWMEM 3HAYeHHH «BBICOKAS»,
«CPeHAS» UJIH «HU3Kas». [ |

Jlpyrue nprMepbl UCMOJNb30BAHUS HEUETKHUX CTeleHeld MPUHAIJIeXKHOCTH:
e MHOXECTBO NPUBJIEKATENbHBIX JEBYIIEK,
e MHOXKECTBO ONACHBIX MK 6e30MacHBIX MEPHUOAOB [J51 TOCYAapPCTBa,
e MHOXECTBO KPEAUTOCNOCOOHBIX KJIUEHTOB OGaHKa.
Ecau cTenenn npruHaAIesKHOCTH (1% () HeUeTKOMY MHOXKecTBY A 3anaroT-
Csl C TIOMOILbIO HEYETKUX Mep (TaKiKe SIBJISIOIIMXCS HeYeTKUMH MHOXKECTBa-
MH), To A HasbiBaeTcsl HEYETKUM MHOXKeCTBOM Tuma 2. HeueTkoe MHOXKeCTBO
THMa 2 npencTaByser cob6oi MHOXKecTBO map (2.53) Buna:
(HeueTKasi CTeneHb NMPUHAMJIEKHOCTH 3JEeMEHTa = MHOXKeCTBYy As, aJe-
MeHT T).
HNunekc 2 B 0603HaUE€HUH MHOXKECTBA UCIIOJb3yeTCsi, UTOObl OTJIHUUTD €ro
OT MHOXeCTB THIMa l:

Ay = (3, (@), 2)}, Vo e X, (2.53)

M (Z) Hi; (2:) Hi; (Z)
l3 lo I

0 05 1 > 0 05 1 =z 0 05 1 2
v j

OHapro ben Hapnu

Puc. 2.53. I'padpryeckas gopma npeacTaBieHHs] MHOXKECTBA «CIIOCOOHBIE CTYAEHTHI»
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rie  p,(7) — cTeneHb NPUHAEKHOCTH 3JeMEHTa T MHOXecTBY A, 3ana-
BaeMasl C MOMOLIbI0 (DYHKIMH MPUHAIJIEKHOCTH fi4, () BHOA:

pa,(x): X — L, (2.54)

rie X — o06sacTb onpeneseHUs MHOXKecTBa Ao,

L = {li,...,l;n} — MHOXeCTBO HeYeTKHUX 3HAUEHHH CTeNeHH MpPHHAL-

JIEXKHOCTH Ao,

{4 (y),y)} — HeueTkas cremeHb MPUHA/IEKHOCTH MHOKeCTBY Ao,

pu;(y) — GYHKILHS NPHHALIEKHOCTH HEUETKOH CTeNeHH IpHHAJIeKHO-

CTH [; MHOXKecTBY Ag,

Y — o6/1acTb onpenesieHHst HEUETKUX CTeleHel MPHHAJIeXKHOCTH,

y: yeY.

DyHKUMS NPUHANMEKHOCTH MHOXKECTBA THNA | 3aBHCHUT OT OLHOH mepe-

MeHHOH x € X, B TO BpeMsl KaK (DYHKIHs IPHHALJIEKHOCTH MHOXKeCTBa THIA
2 aBnsercs (pyHKUHEH IBYyX NepeMeHHbIX BHJA:

pa,(x,y): X - L)Y — L. (2.55)

Ilpumep 2.5.3. X — MHOXKECTBO MNPOE3KAOMIUX MHUMO aBTOMOOHJEH, 000-
3HauaeMbIX ¢;, i = 1,2,3,4; X = {c1,c9,¢3,¢4}; Az — MHOXKECTBO aBTOMO-
OuJIel, MpeBHIIANIIUX IOMYCTUMYIO CKOPOCTh V = 60 KM/4;

N 'Y Y N
AQZ{aaa}a

€1 C2 €3 C4

rme N («HeT») COOTBETCTBYET CKOPOCTH, Jiexallled B IOMYCTHMBIX Mpefiesiax
(V < 60 gm/u), Y («1a») COOTBETCTBYeT CKOPOCTH, TpeBbIlIaOIIEeH
orpanudenve (V' > 60 km/4), L = {N,Y} — MHOXKECTBO HEUETKHX
CTelneHel NMPUHAJIEKHOCTH.
V3amepeHue CKOPOCTH TPOU3BOAUT MHCIEKTOP TMOJNHUIMH, OLIEHHBAs ee 3Ha-
ueHust ¢ TouHOCTbIO +10 KM/4. Ha puc. 2.54 npencraBnena GyHKUHS TPUHA-
JIeX)KHOCTH g,V — L. |

HeueTtkne MHOXecTBa THUMA 2 MOKHO HCIOJIb30BaTh MPH MOJAEJIHPOBAHUN
CHCTEM, /ISl KOTOPBIX BO3MOXKHA OLleHKAa 3HAaYeHHH BXOAHBIX H/HJH BBIXOAHBIX
BEJIMYMH C MOMOILBIO HeueTKUx Mep (puc. 2.55).

[Tono6uas (opma oLleHUBAHUS UMEET MeCTO, HAaPUMep, B 9KOHOMHUECKHX
U MOJIUTHUECKUX CHCTEeMax, KOrja B yCJIOBUAX HeLoCTaTKa MH(OpPMALUHU MPH-
XOUTCS PYKOBOJACTBOBATbCS B OCHOBHOM HMHTyHLHeH. [TockosbKy HeueTkue
CTeNeHHW MPHUHANJNEKHOCTH («Masasi», «CpeaHsisi», «O0/blIasi») MOXKHO TMpPe-
CTaBUTb B BHUJE HEUETKHUX UHCeJ, HeUeTKHe MHOMKECTBa THUNAa 2 MOXKHO Tpe-
00pa30BbIBaTb Ha OCHOBE MPUHLMNA 000011IeHHs JUO0 YIPOILEHHBIX METOJ0B



74 [naBa 2. OcHOBHble MOHATHS TEOPHH HEYETKHX MHOXKECTB

nr(V)
A
N (uer) Y (na)
1
0 : >
50 60 70 V. KM/4

Puc. 2.54. OyHKIUM NPUHALNEKHOCTH HEUETKHX CTeleHel NPUHANNEXKHOCTH
MHOXKeCTBY aBTOMOOMJIEH, MPEeBbIIAIOINX AOMYCTHMYIO CKOPOCTb

pl@1) cpeanuii

Tl

\

MOJIEJTb
CUCTEMBI

A
<
L,

p(x2) 0OJILLION

T2

Puc. 2.55. MO[LeJII/IpOBaHI/Ie CUCTEMbI C HMCIIOJIb30OBAHHWEM HeUYETKHUX OLEHOK
BXOJHBIX BeJIMYHWH

(L-R-npencraBnenusi). Bosee nogpobHyt0 MHMDOPMAIHIO 0 JaHHOMY BOMPOCY
mMoxkHO Ha#Th B (Kacprzyk 1986; Zimmermann 1994a).

2.6. [IBa BHAA HeoNpeaeJeHHOCTH —
HEYETKOCTh U BEPOSITHOCTH

[TockoJIbKy HEYETKOCTh YaCTO MYTAKT C BEPOSITHOCTBIO, CJEIYET KOCHYThCS
pasjMuui MeXIy STHUMH ABYMsSI MOHATHSAMHU. Cpeid CyIIeCTBYIOUIMX BHIOB
HeOoTpeeIeHHOCTH BBIAEJSIOT, B UaCTHOCTH, cienytomde aBa (Altrock 1993):
1. croxacTuueckasi HEOTpPeIeJeHHOCTb,

2. Jekcudeckas Heonpene/JieHHOCTD.

IIpumepom cTOXacTHYECKOH HEONpPENeJeHHOCTH MOXKeT CJIYKHUTb
yTBEpXKAEeHHE:

Beposmnocmo gviuepame erasubili npusd 8 romepee «6 us 49» cocmas-
asem 1/13983816.
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CoObITHE «BBIMIPBIII [JIABHOTO MPH3a» SIBJASETCS B NaHHOM CJyyae TOUHO
omnpesie/IeHHBIM W O3HauaeT HaJMude LIeCTH MPaBUJIbHO yTraJaHHbIX HOMEpPOB.
ToyHoe 3HaueHHe BEPOSITHOCTH HACTYIJIEHHS NaHHOTO COOBITHSI MOXKHO BbI-
uncauth (Empacher 1970), 3Hasi uucio Bcex coueTaHwil M3 6 3/eMeHTOB
MHOXKeCTBa, cofepxariero 49 snementoB (m = 6, n = 49):

n!
om =

= (2.56)
m!(n —m)!

CroxacTuueckasi HeoNpele/eHHOCTb B JAHHOW CHUTyalUH MPOSIBJSETCS

B BHJE BEPOSTHOCTH BO3HUKHOBEHHS KOHKDETHOTO, TOUHO OMpPeAeJeHHOro
COOBITHS, COCTOSIIIET0 B BHIMTPHILIE TJIABHOTO MPH3a HJM, UTO TO 2Ke CaMoe,

[IPpaBUJIbHOM yraablBaHUH 1IECTH HOMEPOB.

IIpumep JeKcHMYeCKON HeolpenaeJeHHOCTH

B yrtBepxknenun «Beposmrocme eviuepams OOAbULYHO CYMMY 6 AOmepero
,0 u3 49“mara» NPUCYTCTBYIOT IBa MOHSATHSA:

1) Gosbluasi cymMMa BHIMTpBILIA,

2) Majasi BEpOSTHOCTb.

O6a 3T NOHATHSA SBJAIOTCS HEYETKHUMH, HETOUHBIMU U 3aBUCAT OT CyOb-
€KTUBHBIX NIPeACTaBJeHHUH TOTO, KTO UX BBIpaXKaeT. Tak, 4esoBeK CO CPeIHUM
LOCTaTKOM OyleT cYUTaTh OOJBIIOH CyMMOH Ty, KOTOPYIO MOXKHO BBIUTPATh,
yrajgaB ueThlpe WJIM MSATb HOMEPOB, YeJOBEK Ke ¢ NOCTATKOM BbILLE CPEIHEro
6yneT OTHOCHUTB CIOfia TOJIbKO BBIMIPBILI MPH yragaHHBIX LIECTH HOMepax.

TouHo onpenennTh NOHATHE «MaJsasi BEPOSATHOCTb» B JAHHOM CJlydyae TaK-
XKe TpeacTaBJsieT coOoH CI0KHYI0 3anady, MOCKOJIbKY OOJBIIHHCTBO UIPalo-
ILIMX B JOTEpPEI0 He 3aAyMBIBAIOTCS HE TOJBKO O TOUHOM UHCJOBOM 3HAaU€HHUH
BEPOSITHOCTH BBIMTPATb TJIABHBIA MPHU3, BbUUCAseMOM 1o (opmyse (2.56),
HO Ja)ke U 0 MPUOIHKEHHOM ee 3HaUeHHH, OLEHHUBAs JAaHHYIO BeJUUHHY HH-
TYUTHBHO, HA OCHOBE CTeleHH CBOEH yBepeHHOCTH B BblUrpheilie. ToT, y Koro
3Ta CTeleHb BHICOKAasi, B JOTepee y4yacTByeT, TOT Ke Yy KOro OHa HH3Kaf,
OT y4YacTHsl OTKAa3bIBAETCH.

M3 paccMoTpeHHBIX NPUMEPOB BHUAHO, YTO HEXBAaTKa TOUHOH MH(OPMaLUU
00 OKpy’Kalolleldl AeHCTBUTENbHOCTH He SIBJSETCS MPENsiTCTBUEM [Js Jesi-
TeJIbHOCTH YeJsIOBEKA W MPUHSATHS UM pellieHUH. Ha npoTsKeHHH MHOrHX JeT
BefleTCsl pa3paboTKa TOYHBIX MaTeMAaTHUECKUX MoJeJsel pPasJHuuHbIX SBJEHHH
OKpY?KaloLlero MHUpa, HO FOBOPUTb 00 YCIELIHbIX pe3yJbTaTax MOAeHMPOBaAHUS
MOXKHO JIMLIb AJIS MaJOH MX YacTH, TOCKOJbKY MOCTPOEHHe MOJAEJH SIBJIEHUS
TpebyeT Hanmn4usi OOJBLIOTO KOJIUYECTBA UH(POPMALUH O HEM.

Bmecre ¢ TeMm, uesioBeK, HE3aBUCHMO OT YPOBHSI CBOeH 00pa30BaHHOCTH,
crocobeH 3(p(eKTHBHO MOAENHPOBATb B CBOEM BOOOpa’KeHHHM KaK OKpy»Ka-
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IOLIYI0 JeHCTBUTENBbHOCTh, TAK U paboTaiollle MeXaHHW3Mbl, MalllWHbI, aBTO-
MOOWJIH, JieTaTesbHble annapatsl U T. 0. [lono6HOrO poga Moxesd OCHOBaHbI
Ha MCIOJIb30BAHUH TaKHX IMOHSATHH, KakK:
OO0JIBIIION, MaJIbIH,
NPUBJIEKATENbHBIH, OTTAJKUBAOLINH,
pPa3yMHBIH, Hepa3yMHBbIH,
nofo6HbIA X, HemoxoxXui Ha X U 1p.
Bce oHM mnpencTaB/siloT cCOO0H HETOUHblE JEKCHYECKHe MOHSATHS, U HX
OIleHKa 3aBHCHT OT Crocoba ONMHCaHHsl YeJJOBEKOM IeHCTBHUTeNbHOCTH. UeM
HIMpe CJ0BapHbIH 3amac uesoBeKa, TeM TouHee (POPMYNUPOBKH, UCTIOIb3yeMble
UM B OTIMCAHWH MHTEPECYIOLIHUX ero 00BEKTOB OKPYKAIOIIero MUpa.
CkazaHHOe MOXKHO TMOABITOXKHTh CJEAYIOIIUM 00pa3oM:

® CTOXaCTHYecKas HeomnpenesJeHHOCTb 0O3HAUaeT HeoNpeneJeHHOCTh MOsiBJe-

HUS COOBITHS, KOTOpOe fABJSeTCS caMo Mo cebe TOUHO OMUCAHHBIM,

e JleKCHYecKas HeoTpele/eHHOCTb 0O3HauaeT HeolpeaeleHHOCTh B ONMCAHUN

COOBITHS.

HeomnpeneneHHOCTb OMUCAHUS 03HAUAET €ro HEYeTKOCTh, U TEOpHUs HeueT-
KUX CHCTEM 3aHUMaeTCss METOAMKOH MOCTPOEHMs] MOAeJsed ¢ MpuMeHeHHeM
HeueTKHUX MOHATHH, UCMOJb3yeMblX uesoBeKoM. OTMETHUM 3[eCh, YTO, MOMH-
MO JIEKCHYECKUX HEeUeTKHX TOHSTHH, UeJIOBEK TaKyKe HCMOJb3yeT HUHTYUTHB-
Hble TIOHATHUS U 06pa3bl, BOOOIle He WMeIOllMe CJOBECHOTO onucaHus. Jloau,
He 3HAIOLIME HU OOHOTO SI3blKa, TaK)Ke KaK W »KUBOTHBIE, CTPOST HH(pOpMa-
[{UOHHbIe 00pa3bl 00BEKTOB OKPYIKAIOLIEr0 MUPa HA UHTYUTHBHOM, OTIHYHOM
OT JIEKCHYECKOT0, YPOBHe, U Takhe 00pasbl MO3BOJSIOT UM B 3TOM MHpE XKHTb
U JedcTBOBaTh. PasBUTHeM TeopUM HEYETKOTO MOAEJHPOBAHUS B OYAYIIEM
MOXKeT CTaTh TEOPHsi MHTYUTUBHOT'O MOJAEJIHPOBAHMS.

Paznuune MexXay HEYETKOCThIO M BEPOSITHOCTBIO MPOUJNIOCTPUPYEM TaK-
»Ke ¢ TOMOLIbIO CJefyIollero npumMepa, ocHopanHoro Ha (Bezdek 1993).

IMpumep 2.6.1. O603HauuM yepe3 X MHOXKECTBO BCeX >KHMIKOCTeH, uepe3
Ap — MHOXeCTBO KHIKOCTEH, MPUIOAHBIX AJS MHUThbS, U 4yepe3 Ay — MHO-
XKEeCTBO XKHUJKOCTEH, [/151 MUTbsl He NPUTONHBIX.

CreneHb NpPUHANJMEXKHOCTH KJIIOYEBOH BOABI MHOXKecTBy Ap paBHa I,
a creneHb ee npuHaiexHoctd Ay pasHa 0. JlomycTHM, UTO peyHylO BO-
1y, B3SITYIO U3 yCTbsl BHCJ/IbI, MOXKHO OTHECTH K NMUTbeBOH co creneHbio 0.6
(ee MBIOT AMKHe BOJOMJABAIOIIHE MTHIbI) U K HENMPUTOLHOH I/ MUThS — CO
crenenbio 0.4, 1 uyTo cocyn A HamosHeH HMEHHO TaKOH BOJOH.

CreneHb NpHUHAM/IEKHOCTH COJISTHOH KHCJIOTH MHOXKecTBY Ap pasHa 0,
a creneHb ee npuHaanexHoctd Ay pasHa 1. IlycTb MBI U3BJeKau cocyn B
U3 KOp3HHBHI, cofepxauleil 10 cocynoB, 6 M3 KOTOPBIX HaNOJHEHbl KJOYe-
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BOI BOZOH, a oCTa/ibHble 4 — COJITHOH KUCA0TOH. BeposTHOCTh U3BJI€UYb COCYL
C XKHUAKOCTBIO, IPUTOAHON A/ MUThs, paBHa 0.6.
[IycTb MBI HOJIKHBI BEIOpaTh OAMH U3 CJedYyHOLIUX ABYX COCYLOB:

Cocyn A Cocyn B
pa,(A) =0.6 Py, (A)=0.6

roe A, (A) — creneHb NMPUHALIEKHOCTH COIep:KUMOro cocyra A MHoxe-
CTBY Ap XKHUIKOCTEH, MPUTOAHBIX 1JIs1 THTbS,
P4, (A) — BeposTHOCTb TOro, 4YTO COCYA B COLEPXKHUT MNPUTOLHYIO
IJIS1 TIUThST )KUAKOCTb.

Uro cnenyer BeIOpaThb, ecau ynoTpebJjeHHe KUIKOCTH M3 cocyma A
OTacHO I 3J0pPOBbsl, a ynoTpebJieHHe XKUAKOCTH M3 cocyla B omacHo
IUIST JKU3HU? [ |



