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1. TEOPETUYECKHUE OCHOBBI IOCTPOEHUS SKCIEPTHOM
CUCTEMbI HACTPOWMKH NUJI-PET'YJISITOPOB.

1.1. OcHOBHBIE 3aMeYaAHUS

[T /I-perynaropsl LIUPOKO pacupocTpaHeHbl B yIIpaBJICHUA
aBTOMATH3UPOBAHHBIMH  IPUBOJAMH, HCIIOIB3YEMBIMH B  TEXHOJOTMYECKHUX
MpoIECCax, YTO OOYCJIOBJICHO MX MPOCTOM peain3alueil U JOCTAaTOUYHO BBICOKOM
abdextuBHOCTRIO. OJIHAKO, KaK MPaBUJIO, BCIEICTBHE H3MEHEHUS MapaMeTpoB
oOwekra ynpasienus (OY) B mpoiiecce skcrutyatanuu, [IA][-perynstopsl TpeOyroT
NEPUOINYECKOTO 00CTYKUBAHUS U TIOJICTPOUKH.

OgHuM U3 BO3MOXKHBIX TMYyTEW pEHIeHUs JaHHOW MpOOJeMbl SBISETCS
pa3paboTKa SKCIEPTHOM CUCTEMBI, KOTOpPasi OCYLIECTBISET AKTUBHYIO JUATHOCTUKY
MPUBOJIA, T.€. OMPEAEIAET BO3MOXKHBIE OTKIIOHEHUS B BBITIOJIHEHUH TpeboBanuii T3
Ha OCHOBE aHajiu3a W3MEHEHUW MapaMeTpPOB BBIXOJHBIX KOOpPAMHAT U
KOMIIEHCUPYET OOHApy>KEHHbIE OTKJIOHEHHUS, C MOMOIIbI0 KOPPEKIMHU ITapaMeTPOB
pEryssaTopa, OCHOBAaHHON Ha TEOPETUYECKHUX, AMIIUPUUYECKUX 3HAHUSX U OIbITE

NOJCTPOWKH KO3 duimenTos (puc. 1.1).

Baza axanuit

3KkcneprHana
cucrema

v

—>¥ nua oy

Puc. 1.1. CrpykrypHas cxema DCII NOCTOSHHOTO TOKa C 3KCIIEPTHOU CHUCTEMOM
Hactpoviku [T /]-perynstopa.

1.2. INA-peryasTop



B mpakTuke npoeKTHpOBaHUA CIEIAIMX TPUBOJOB MEXATPOHHBIX CUCTEM
HanboJIee YacTo UCTIOIB3YETCs MPOMOPLUOHAIBHO-UHTETPO-TU(PPepeHIInaTbHBIN

(ITN 1) 3axoH yrpaBieHus, OMUChIBaEMbINH (PopMysI0it
de(t)
dt

u(t) = Kye(t) + K4 + K; J e(t)dt

WJIU B onepaTopHoi hopme

1
u(p) = Kye(p) + Kgpe(p) + Ki;e(p)

rae Ky, K4, Ki—napamerper IIU]] -perynsaTopa (3axona ynpasnenus) (puc.1.2).
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Puc. 1.2. Ctpykrypa [IN/I-perynaropa
[Tapametpsr [T ]I-perynsitopa 0Ka3bIBAIOT Pa3IMYHOE BIUSHUE HA

nepexoAHbli mpoiecc cuctembl. B Tabin. 1.1 nmpeacTaBieHo BIUsSHUE YBEIUYECHHUS

koadurmenTos [TU]] perynstopa Ha XapaKTEepUCTUKH YITPABISIEMOT0 TIpoliecca.

Ta6muma 1.1
Bpems YcraHoBuB- IHepepery.nu-
Kos¢punuenr P pepery
HAPACTAHHUS | IIASICH OIIMOKA poBaHHe
ITo nmponopuroHanbHON
. YMEHbBIIAET YMEHbBIIAET YBEJIIMYUBAET
COCTaBJIAFOLIEN
ITo muddepennmansuon
. HE BJIUSIET HE BJIUSICT YMEHBIIAET
COCTAaBJISIFOIIEN
[To naTErpaNLHOM cKopee
. yCTpaHsieT YBEJIIMYUBAET
COCTAaBJISIFOIIEN YBEJIIMYUBAET

Takum 00pa3om, Ha OCHOBE aHaIM3a TaOaUIIBI 1 MOXKHO c/ieaTh

CJIeaAyromue BbIBOJbI:



® [POMOPIMOHATBHAS COCTABJSIONIAS] OTBEYAET 3a OBICTPOJCUCTBUE CHUCTEMBI
(Bpemsi HapacTaHusl), a TAK)KE 32 BEJIMYMHY YCTAHOBUBILEHCS OIIUOKH;

e nuddepeHnranbHas COCTaBISAIONIAs MMO3BOJSET YBEJIMUUTH JeMIlpupoBaHue
CHUCTEMBI, T. €. TOJaBUTh HEXKEJIaTeIbHbIC KOJCOAHUS € YMEHBIITUTH
nepeperyanpoBaHue;

® UHTErpajibHasg  COCTAaBISIONIAs  TMO3BOJIIET  YMEHBIIUTh 10  HYJA
YCTaHOBUBIIYIOCS OIIUOKY B CUCTEME.

B o6mewm ciygae [TU][-perymnsiTopbl MOKHO OTHECTH K KaTETOPHH

AKCHEPTHBIX PETYIATOPOB, HOCKOIBKY OHU MOT'YT HACTPAUBATHCS My TEM
HEIOCPEICTBEHHBIX SKCIIEPUMEHTOB C 0OBEKTOM B COOTBETCTBUH C U3BECTHBIMU
Metoaukamu (3urnepa-Hukoica, Kosna-Kyna u ap.).

1.3. Onpenenenne napamerpos [IU/I-peryasitopa

CymectByeT MHO)KECTBO MeTO10B HacTporku I /I-perynsaropa. Onaum u3
Hux asisiercs metoa Kosna-Kyna. / http://pages.mtu.edu/~tbco/cm416/cctune.html/

Meron Kosna-Kyna (Cohen-CoonTuningMethod) mo3Bossier omnpenenutsb
napametpsl I, 1IN u [IN]] peryasatopoB o OQHOM KPHUBOM OTKJIMKA, TO €CTh IO
NEPEXOTHOMY IPOLECCY HECKOPPEKTUPOBAHHOTO 00bekTa OY mpu BO3IEHCTBUU
CTYNEHYATOTO CUTHAJA.

JIOCTOMHCTBO 3TOT0 METO/A 3aKJI0YaeTcs B ToM, 4yTo OV 3amyckaeTrcs OauH
pa3 M Ha OCHOBE IMOJYYEHHOM XapaKTEpUCTUKU [0 H3BECTHBIM (opmyiam
paccunTbiBatoTcs napamerpsl KY, npu stom nepenarounas pynkuus OY moxer
OCTaBaTbCsl HEN3BECTHOM.

Henocratkom siBisieTcst TO, 4TO HECKOpPpEKTUpoBaHHBIM OV N0MKEH OBITH
yCTOWUYMBBIM. B ciydae eciii 00bEKT HEYCTOWYUB, HEOOXOAMMA JTOMOJHUTEIbHAS
KOppeKLHUs IpyruMu MeToiaMu. Taxoke MeTol He yUUThIBaeT TpeboBanus T3.

st pacuera koadduuuentoB IIHUI-perynsaropa nmo merony Kosna-Kyna
HEOOXOMMO Ha 3aMKHYTYIO CUCTEMY 0€3 peryyiaTopa u Npu HATHYMHA BO3MYILEHUH
MOAAaTh CTYIIEHYAaTOE BO3JEHCTBUE C HEKOTOPBIM 3ala3JblBAHUEM, IPU KOTOPOM
NEPEXOAHBIE MPOLECCHI, BbI3BAaHHBIE BO3MYIICHUEM, YCHEOT MNPUATH K
YCTOMYMBOMY COCTOSIHHUIO.

Ha PpHC. 1.3 IMPEACTABJICHBI ITPOLUCCCHI HA BXOJC U BBIXOJAC CUCTCMEIL.



Ha Bxox cuctemsl B MOMEHT BpeMEHU o TOAAETCS CTYIIEHYaTOE BO3IEUCTBIE

aMILTATYI0MN — A.

Buxonm

o e o 5 e e

. lA
Bxono 4

| | | |

T T T

Puc. 1.3. Hpoueccm Ha BXOA€ U BbIXOJC CHCTCMBI

[lo monydyeHHOW KPUBOM OTKIMKA HEOOXOIWMO CHSTh CJEAYIOIIUE
MapameTphI:

B— paznuiia Mexay yCcTaHOBUBIIMMCS 3HAYEHUEM BBIXOAHOW BEIWYUHBI U
3HAYEHHEM B MOMEHT BpeMeHH to;

to—BpeMsi, Ipy KOTOPOM BBIXOJIHAS BEJIMUMHA JOCTUTAET IMOJIOBUHBI B;

t;—BpeMsi, Ipy KOTOPOM BBIXOJIHAS BeM4rHa gocturaet 63.2% B.

Jlanee mo ciaeayromuM 3aBUCUMOCTSIM PacCUMTHIBAIOTCS JIOMOJHUTEIbHbBIC

napameTphbl Iporecca:

¢ tz_an't3
Yo1-mm2
T=t3_t1;

Tper = t1 — to;




[To mosrydeHHBIM 3HAYEHUSAM PACCUYUTHIBAIOTCS KOA(DPHUIIHEHTBHI
KoppekTupytomero ycrporictsa (KY) 3 tadmn. 1.2.

Tabmuma 1.2
4

K, T, = 1/K, T, =K,
I ﬁ (1+ §) : :

1517 % (09+ f—z) ToEL % -

w5t | vemre | veirem

Paccuntannbie 3Hauenus napametrpos [I1]] - perynsitopa o npuBeaEHHBIM
3aBUCUMOCTSIM O0O€CIIEUMBAIOT YJIOBJIETBOPHUTEIBHBIE MEPEXOAHBIE MPOLECCHI.
Opnnako, ecniu B cooTBeTcTBUM ¢ T3 Tpebyercs oOecneunth OOJ€€ BBICOKHE
XapaKTepUCTUKHA, TO HEOOXOJMMO BBINOJHUTH MPOUEAYPY KOPPEKIUH WIH

JIOTIOJIHUTEILHOW HACTPOUKH (TTOACTPONKH) MapamMeTPOB PETYIsATOpA.

1.4. AnroputMm noacrpoiiku napamerpon IIU/[-peryasitopa

JIns co3maHusl DKCIEPTHOM CHCTEMBI MO HAcTporke napamerpoB IIM/I-
peryyTopa BO3bMEM 3a OCHOBY JBPHCTHYECKHI METOJ HACTPOMKH, KaK MPABUIIO
peaiu3yeMblii Ha TMpaKTUKE KBATU(PHUIMPOBAHHBIM COTPYIHUKOM, KOTOPBIN
3aKJIFOYAETCS B IOOYEPETHON YCTAHOBKE NTapaMETPOB PETYISATOPA.

Hactpoiika mnpoBOAMTCS HAa OCHOBE aHAJIN3a pPEaKIUU CHCTEMBI Ha
€AVHUYHBIN CTYIEHYAThId CUTHAJ NPU HAIMYUU BO3MYIIEHUN, NEHCTBYIOIINX Ha
OV.

Ha mepBoM sTane uM3MEHSIOT NMPONOPLUMOHAIBHYIO cocrasistomyro [TH1/]-

peryjsiTOpa Tak, YTOOBI KpuBas IEPCXOJHOro Ipomnecca Ha BbIXOJAC CHCTCMbI



cocrosuia u3 2-3 xonebanuil. Ha mpakTuke 3T0 COOTBETCTBYET NEPEPETYIUPOBAHHIO
o = 20..30%.

Ha BTOopom »3Tame mnepexofHbli Mpouecc AeMI(UPYIOT YBEIMUYEHHUEM

4

mudpepeHInanTbHON  COCTaBSIOMAs — peryasaropa 10 TeX T1op, IoKa
nepeperyiaupoBanne o =~ 0%, npu 3TOM cieqyeT yUuThIBaTh BPEMS PETYIUPOBAHUS
CUCTEMBI.

Ha tperbem 3Tane yBeIM4nBalOT HHTETPATIbHYIO COCTABIISIONLYIO PETYJIATOpa
C LIETIbI0 00€CIIEYUTh BBINIOJIHEHUE TpeOoBaHui T3 10 TOUHOCTH.

AJTOpPUTM JaHHOIO METOAA MpeAcTaBieH Ha puc.1.4.
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Puc. 1.4. Anroputw™m sBpuctuueckoit noacrporku [IN/-perynsropa
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[MPAKTUYECKOE 3AHATUE Ne 2

2. IPEJCTABJIEHUE 3HAHUI JOI'MYECKUMHA ®OPMYJIAMH.
NCUYUCJIEHUE BbICKA3BIBAHUU. UCUUCJIEHUE ITPEAUKATOB
IHEPBOI'O ITOPAIKA

MaremaTrnueckon OCHOBOM IIPEACTABIECHUS 3HaHUH B cuctemax MU sBisieTcs
MareMartuueckas Joruka (popManbHbIE JIOTHYECKHE MOJICIN) C amnmapaToM
JIOTUYECKUX MCYMCIICHUM (BBICKa3bIBaHUM, MPEIUKATOB) M METOJaMHU TOUCKA
JIOTHYECKOTO BBIBOJAA, KOTOPHIC MO3BOJISIIOT UHTEPIPETUPOBATh 3HAHUA U YMEHUS
YEeJI0BEKa B BUJIC MTPOTPAMMBI 111 KOMITBIOTEPA.

Mopenu 3HaHU# TaHHOTO BHJIa OMMCHIBAIOT CIIOCOO JOCTHUXKEHHUS LIETU Yepes
YAOBJIETBOPEHUE  HEKOTOPOTO MHOKECTBA YCIJIOBHM, 3aIllMCHIBAEMBIX B BHUJE
nornyeckux Qgopmyin. IIpu3HaKOM yJOBJIETBOPEHHUS HJTUX YCJIOBHUM SBISETCS
HUCTUHHOCTBH pacCMaTpUBAEMOM JIOTHUECKON (hOPMYIIBI.

Jlormdeckoe BBICKa3bIBaHWE — TMPEMIOKEHHE B KOTOPOM YTO-THOO
YTBEPKIACTCS U KOTOPOMY MOKHO TIPHITHCATh PU3HAK UICTHHHOCTH WJTU JIO)KHOCTH
(TRUE wuau FALSE). Hcmunnocme, kax npasuio, kooupyemcs 1, a noscnocmo -
snauenuem (. Hanpumep, Bbicka3piBaHusa "B romy 12 mecsueB" win "3amkHyTas
CHCTEMa BCeT/ia YCTOMYMBA" SBIISIOTCS BHICKA3bIBAHHUSIMHE, TTPUYEM MIEPBOE UCTUHHO,
a BTOPOE - JIOKHO.

Jlornueckne BBICKA3bIBaHMS, KaK IIPaBWIO, 0003HAYAIOTCS OOJBIIUMH
naTuHckuMH OykBamu A,B.C,...

Y‘-II/ITBIBaﬂ, YTO BBICKA3bIBaAHUA SABJLIIOTCA JIOTHYCCKHMMN KOHCTaHTaMU,
IMPUHUMAOIMKN 3HAYCHUA 1 umm 0, Ha HX OCHOBC C IIOMOIIBIO JIOTHYCCKHX
onepaum"l MOKHO CTPOUTb OO0CTATOYHO HOBBIC OoJiee CIIOJKHBIE JIOTUYECKHE
BbIPAKCHHA UJIM BbICKA3bIBAHUS.

Hampumep, "ancno mu 6ompiie 3" u "yucino nu Menbie 4".

Jlorvka mpearKaToB MEPBOTO MOPSIKA SBISETCS PAa3BUTHUEM KJIACCHYECKOM
ngoruku (moruku Apucrtotens). Ilpeaukat mnpenacTaBisieT CoOO0N JIOTHUECKYIO
KOHCTPYKIIMIO, COCTOSIIIYIO U3 MPEIUKATHOTO CUMBOJA M OJIHOTO WJIM HECKOJIbKUX

TCPMOB. HCHOCpeI[CTBeHHLIM AHAJIOrOM HpCIuKaTa B IIpOIrpaMMHUPOBAHNHN SABJISIOTCS
11



aoruyeckas (OysneBa) pyHkuus, rae "ums QyHKIUH" — IpeJUKaTHBIN CUMBOI, a €€
apryMEHTBI — TEPMBI.

Hanpumep, B mpeaukare (Jorumueckoil Qynkuuu) "mpocroe uucio (X)":
"mpocto_uuciao" - uMs QyHKIMH (MPeAUKATHBIHA cuMBoi), a "X" — TepM {(aprymeHT
dbynkiun). [Ipu onnux 3Hauenus X (Hanpumep, 13,17) 310 BeipakeHre HCTUHHO, TIPU

napyrux (10 umm 18) — noxHO. ITO OBLT MPUMEP OAHOMECTHOM JTOTMUECKON (PYHKITUH
- F(X)/

AHAJIOTUYHBIM 00Pa30M MOKHO OIPEJIEIHUTh JIOTHYECKYIO (PYHKITUIO ABYX M
oonee nepemenHbIXx (X,Y,...), KOTOpas IpH OJHUX COUYCTAHUSAX MEPEMEHHBIX OyIeT
UCTUHHA, a MpU JpYrux — JoxkHa. Takyio (yHKIMIO Ha3bIBalOT N-MECTHBIM
peauKaToM. MHOXXECTBO BCEX COYETAHWN MEPEMEHHBIX, NMPU KOTOPBIX MPEIUKAT
MIPUHAMAET 3HAYCHHUE "MUCTUHA", HA3bIBAECTCSI MHOKECTBOM UCTUHHOCTH MIPEAUKATa.

[Tpumep nByxmectHoro npeaukata Cromuna(X,Y), rae X —rocyaapctso, a Y
— ropof.

[Ipn moxacrtaHoBKE B N-MECTHBIM NpPEIUKAT KOHKPETHOTO 3HAYEHUS OH
cranoButcs (N-1)-mectHpiM, Hantpumep, Cromuma(X, [Tapwx). [Tpu 3amomHernn Beex
N-MECT KOHKPETHBIMH 3HAYEHUSIMHU, IPEIUKAT CTAHOBHUTCA — BBICKAa3bIBAHUEM,
KOTOPOE SBJIIETCS UCTHHHBIM WJIN JIOMKHBIM.

Hanpumep, Cromuua(SAnonus, [apux) — "noxs"

Cromuna (Opanrus, [Tapux) — "uctuna'.

[IpenukaT nepBoro nopsijaka NoJay4usl CBO€ Ha3BaHUE B CBSA3U C TEM, UTO OH
HE JIeTUTCA Ha 1oA(OpMYJIbL, SBISIONIMECS IpyruM npenukaroMm. Homep (mopsiiox)
O3HAYaeT, YTO B KaYeCTBE TEPMOB HEJIb3s UCIIOJIb30BaTh IpyTrue mpeauKkaTsl. B Toxe
BpeMsl IIPEIUKAThl MOXKHO OOBEAMHATH B 0OJiee CIOKHBIE BBICKA3bIBAHUS 32 CUET
JIOTUYECKUX onepanuil (CBSI30K).

Jlormdeckue mpeauKaThl MPEACTABISIOT COO0OW (PYHKIMHM OT JOTHYECKHX
MEPEMEHHBIX, KOTOPhIC MPUHUMAIOT 3HAYCHUSI B HEKOTOPOU MPEAMETHON 00IaCTH.
Otnuuue mnpeaukara OT (GYHKIMM 3aKI0YaeTcss B TOM, YTO MpEIuKaT BCeria
BO3BpAaIaeT Pe3ysbTaT TOJIBKO JIOTUYECKOTO TUIIA.
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[IpeoOpa3oBanrie ¥  JOKA3aTENbCTBO HMCTHHHOCTH WM JIOKHOCTH
BBICKA3bIBAaHUW WJIMA [PEIMKATOB PEAIU3YETCA CIEUUAJIbHBIMU  METOJAMH,
HAa3bIBACMbIMU HCYMUCIICHUSMH BBICKA3bIBAHUM WJIM HCUYUCICHUSIMU IPEIUKATOB,
COOTBETCTBEHHO. .

B ucuucnennu npeauKaToB UCHOIb3YETCs] CUHTAKCUC, BKITIOYAIOIINI B ce0s
OCHOBHBIE Jjormueckue omeparuu: "N" (o6o3nauaercsa A ) u "UJIN" (o6o3HaqaeTcs
V), OOBEAMHSIONINE OT/ICIbHBIC (aTOMapHbIE) BBICKa3bIBaHUA, U oTpumanus "HE"
(o6o3Hauaercs 3HakoM — WM ). CBsi3Ka A Has3bIBaeTCs "KOHBIOHKIHEN", a A -
"mu3pronkiuei'"). Habop 0a30BBIX JOIMUECKHUX ONEpalyil JONOJHEH ONEpalusIMu
"cnoxkenne no moaymo 2" ("uckmrouaromee MJIN") , "onepamus ciemoBaHus" —
"IMIUIMKanuA" 1 "onepanys 3KBUBAJICHTHOCTH — PABHO3HAYHOCTH .

[lepeuenp 0a30BBIX JIOTMUECKHUX OICpaliii HaJa ABYMS apryMEHTaMH
npencTasiicH B Tadmmie 2.1.

Tabmuna 2.1.
A |B A B |AAB|AVB |A®B | C=A—B | C=A<B
0 |0 1 1 0 0 0 1 1
0 |1 1 0 0 1 1 1 0
1 |0 0 1 0 1 1 0 0
1 |1 T 0 0 1 1 0 1 1

Jlornueckass SKBHUBAJICHTHOCTb WU pPaBHO3HAYHOCTb — 3TO JIOTHYCCKOC
BBIPAKCHUC, KOTOPOC ABJISICTCSA MCTUHHBIM TOT' A4, KOI'Ja 00a IMPOCTBIX JTOTMYICCKUX
BBICKA3bIBaHUsI HMCIOT OJHWHAKOBYHO HCTHUHHOCTD. I[BYMCCTHEUI JJOTrn4c€CKast
orcpanusa SKBUBAJICHTHOCTH 0003HaYaETCsI CUMBOJIOM <> WJIN =.

Ha ocHoBaHuM mnpuBeIeHHONW TaOIMIBI MCTUHHOCTH OO0J€€ CIIOKHBIC
JIOTUYECKHE ONepaluu, Takue Kak, "uckimoyvaroniee MJIN" ("cnoxenue mo Moaysto
2"), WMIUMKAIMS W HSKBUBAJIEHTHOCTh MOTYT OBITH MPEICTaBICHBI KOMOMHAIUEH
0osee mpocThix (0a30BBIX) OMEpaITHii:
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C=A ® B=(AvB)A( AvB):;
C=A—B = Av B;

C=A<B=( ArB)v(A AB).

CuHTaKCHC MPEeIMKAaTOB BKIIIOYAET B ce0sl TAK)KE€ CUMBOJIBI KBAHTOPOB
IIEPEMEHHOM:

- 4 -KBaHTOp CyILIECTBOBAHMUS;

- - KBaHTOP BCEOOIIHOCTH.

Jloka3aTenbCTBO HCTUHHOCTH JIOTHYECKUX BBICKA3bIBAHUN OCYIIECTBIISICTCS
Ha OCHOBE OCHOBHBIX 3aKOHOB M aKCHOM OysieBoi anreopsl (Tabnuna 2.2), KoTopbie
UMEIOT TaKOM K€ BUJ, YTO U 3aKOHBI MAaTEMATHUYECKON TEOPUH MHOKECTB. 3aKOHbI
¥ aKCHOMBI OYJIeBOH anreOphl MO3BOJISIOT MPEe0OPa30BHIBAThH U BEIYUCIIATH 3HAUCHUS
JIOTUYECKHUX (HOPMYIL.

2.2. UcuncjieHue BHICKA3HIBAHUM

B noruke craBuTcs 3a/1aya BEIBOIA HOBBIX HCTHUHHBIX MPEIJIOKEHNN U3
HabOpa CyIIECTBYIOLIMX UCTUHHBIX MPEJIOKEHHM - TUIIOTES.

ITonq wucumcienuem (WU ACAYKTHMBHOM  CHUCTEMOM) BBICKa3bIBAaHUM
MOHUMAETCS CUCTEMA, B KOTOPOM CYIIIECTBYET HEKOTOPOE YHCIIO UCXOIHBIX 00 BEKTOB
(axcruoM) U TpaBuUIIa BBIBOJIA HOBBIX OOBEKTOB M3 UCXOIHbIX. ba3oBbIMU MpaBuUiiaMu
BBIBOJIa B MCYHMCIICHUU BBICKA3bIBAHUU SIBJISIOTCS: MIPaBWIIA MIPSIMOTO U OOpPaTHOTO

BBIBOJIA.
Ta6auma 2.2.
Ha3Banue Jloruveckas popmy.ia
. ANB=BAA
KomMMyTaTuBHBIN 3aKOH
AvB=Bv A
ACCONMATHBHBIN 32K0H ANBAC)=(AAB)AC
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Av(BvC)=(Av B)vC
. y ANBVvC)=(AAB)v((AAC)
JucTpuOyTUBHBIN 3aKOH AV (BAC)=(Av B) A (Av C)
3akon n1e Moprana ﬁ - é v §
AvB=AAB
3aK0H MCKJIIOYEHHOT 0 Av A=1
TPETHEro
3akoH MpoTUBOPEYNs AN 2 =0
3aKkoH ABOHHOTO j — 4
OTPHLIAHUS
3 An(Av B)=A
AKOH MOTJIOIIEeHH S Av(AAB)=A

2.3. IlpaBujio pe3osnonuii

B wncuucieHny  BBICKa3bIBaHUMM JUIA  J0OKAa3aTelIbCTBA  MCTUHHOCTH
YTBEPXKJICHUIM IIUPOKO HCIOJIB3YyEeTCS MPAaBUJIO PE3OJIONUM, KOTOpoe Tpedyer
IpeICTaBICHHMS JIOrMUecKor (hopMyIibl (IpeiMKaTa) B KOHbIOHKTUBHOM HOpMaJIbHOU

dbopwme.

1. Konwrouxmueuas nopmaivras hopma (KHD).

Dopmyna npugooumcs K 8U0y KOHbIOHKYUU OU3BIOHKIMOB!
D" D, ADs™ ... "Dy ,
20e Kadxcowlli ouzvionkm Di aensemcs Ou3bioHKyuel amomMapHbiX 6blCKA3bIBAHUIL
PV P,V P3Vv .V Pg.
Takum 0bpazom, ucmuHHOCMb 8celi PopMYbl (8bICKA3LIBAHUS) O3HAYAET
00513aMeNbHYI0 UCHIUHHOCb KAHXCO020 OU3BIOHKMA 8 OMOEIbHOCTIU.

2. Jluszvronkmuernas Hopmanvras hopma (JIHD).

Dopmyna npusooUmMcst K 8U0y OU3bIOHKYUU KOHBIOHKMOG:
ClvC2v(C3vV..Vv(Cn ,
20e kadxcowlll konvionkm Ci 516/15emcsi KOHbIOHKYUEU AMOMAPHBIX 8bICKA3bIBAHUILL:

P~ P2"P3™ " Pk .
15



Dopmyna (8vlcKaA3bIBAHUE) OKA3BIBACMCS UCIMUHHOU NPU UCIUHHOCIU XOM S
Ob1 001020 KonvioHkma Ci u3 3a0aHHO20 CRUCKA.

Ilpy HCHO/IL30BAHMM TNPABWJIA  Pe30JIIOLMH, pellaemMasi 3ajaya
NpeACTABJIsIETCH B BHAE COBOKYIHOCTH YTBep:KIeHMil (AKCHMOM, JIOTMYeCKHX
(hopmyu1), IPU 3TOM UCTHHHOCTH WIM JIOKHOCTH NMPEIJI0KEHHOT0 CJIeICTBUS -
TUIOTE3bI:

(FINF2MF3M ... AFN)—G

JOKA3bIBACTCH B pe3yJibTaTe BbIIOJTHEHUS YIPOILICHUSI MCXOAHOM JIOTHYECKO
(opmyJibl METOIOM PE30JIIOLUI U MOCTCAYIOMIEr0 MOUCKA MPOTUBOPEYM.

W Tak, mpennoysioxkuM, 4To TpeOyeTcsl OoKa3aThb MCTUHHOCTh HEKOTOPOH
runote3bl G, KoTopas SBJISETCS JJOTHYECKUM CIIEICTBUEM MHOKECTBA JIOTUYECKUX
BBICKa3bIBaHUH (fomyIieHuii). To ecTb cama TeopemMa MOKET ObITh CPOpMYITUPOBaHA
CIIEAYIOIIMM 00pa3oM:

"ecmu F1, Fy, ....Fx mctunanbl, TO HIcTiHHA M G
WJIA B CHMBOJILHOM 3aITHCH:
(FIN F2 2F3M ... "Fn)—G.

Ha mpaktuke aisi 10Ka3aTenbCTBA MCTUHHOCTU KAKOTro JMOO JIOTMYECKOTO
BBICKa3bIBaHUsl YJOOHO HCIOJNB30BaTh JOKA3aTENbCTBO OT MPOTHUBHOIO, T.€.
JIOKa3bIBaTh HEBBITIOJIHUMOCTD - JIOKHOCTh (MCTUHHOCTh HEBBIMIOJTHUMOCTH ) JAHHOTO
yTBEpKIeHHUs. I pyrumMu ciioBamu Ipoueaypa J0Ka3aTeabCTBA IPABUIIOM PE30IIIOLUN
Ha CaMOM JIeJIe SIBJISICTCA MPOLIEAYPOM OIPOBEPKEHUs, T.€.BMECTO J0KA3aTEIbCTBA
HUCTUHHOCTU HCXOMHON (OopMysbl (TEOpEeMbl) TOKA3bIBAETCS UYTO €€ OTpHIIAHHE
IIPOTUBOPEYUBO — JIOKHO.

[TokaxeM 3KBUBAJIEHTHOCTb 3TOW MPOLIEAYPHI.
Ucxomanas popmyna sBisieTcst GopMyoin MMITUTHKAIUH:
(FIN F2 MF3~ ... “"Fn)—G.

BrinonnuM npeodpazoBaHus:

(FIAF2AF3..AFN)—>G = (FIAF2AF3..AFN)vG.

(FINF2AF3..AFN)vG = (FIAF2AF3..AFN)VG.
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(FINF2AF3..AFN)vG = (FIAF2AF3..AFN)AG .

Taxum oOpazom, 1Jis JOKa3aTEIbCTBA UCXOAHON JTOTHUECKON (hOPMYJIBI

4

(FIAF2AF3..AFN)—>G

HCO6XOI[I/IMO A0Ka3aThb JJOKHOCTH CICAYIOIICTO JIOTHYCCKOT'O BbIPAKCHUA:

FIAF2AF3..AFNAG .

B cootBerctBUM c onpenenenneM KH®, n0XHOCTH JaHHOrO BbIpaK€HUs Oyner
MMETb MECTO MPHU JIOKHOCTU XOTA ObI OJHOTO (JF000T0) TU3BIOHKTA.

Pemenne 3agauu Ha OCHOBE MNpaBWIAa PE30JIOLMH IPEAIOaracT, Mpexae
BCET0, YIPOILLEHUE UCXOIHOMN JTOTUYECKOUN (DOPMYIIBI METOIOM PE3OITFOLIHIA.

Meton pe30IoUMil  TTO3BOJISIET BBIBOJAUTH HOBBIM JWU3BIOHKT W3 JIBYX
WCXOJIHBIX, YIpOIllasg TeM CaMbIM 3aJJaHHYIO JIOTUYECKYI0 (opmyiny (THUIOTE3Y).
HoBblii TU3BIOHKT HA3BIBAETCS PE30JIbBEHTOM.

[Tpeanonoxum, yto D1 u D, — nBa npeajiokeHusi B JOrudeckor dopmyse,
JIOMYCTUM TIPU ITOM, YTO JAHHBIC MPEJJIOKEHUS MOTYT ObITh MPEICTABIICHBI B BUJIC
CJICTYIOLIUX JIOTHYECKUX KOHCTPYKIIUMN:

D,=PvD, uw D,=PvD,

rie P — HeKoTopast Joruveckas mepeMeHHas (MOKeT MPUHUMATh 3HaueHus "ncTuHa"
! !
nm "noxs"), D; u D, - nro6bie norndeckue npemioxenus, B TOM YHCIe H TyCTHIE,

NI COCTOAIIMEC U3 OJHOI'O CUMBOJIA.

Torna npaBuiio BEIBOAA PE30IOLMI MOYXKHO 3aIIMCaTh B CIEAYIOIIEM BHUJIE:

D, AD,

Dl/\Dz=(PVD1')/\(I_)VD;)=D1'VD; W DIV D,

[Ipennoxenus D1 u D, Ha3pIBalOT pe30iabBUPYEMBIMU (U POAUTEIILCKUMH),
npennoxkenne D/v D, - pesonsBenToif, a morudeckue Qopmynsl P u P

KOHTPAPHBIMH JINTEPATIAMH.

Taxum 06pazom, mpu yIpOIIEHUH JTIOTUIECKOU (POPMYITHI METOIOM PE30TFOIIH
OepyTcsi 1Ba BBIPAKEHUSI U BbIPAOATHIBACTCSI HOBOE BBIPAXKEHUE, COJIepKalllee BCe
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JUTEpaibl JBYX I[E€PBOHAYAIBHBIX BBIPAKECHHM, 32 UCKIIOYEHHEM JIBYX B3aHUMHO
OOpaTHBIX JUTEPATIOB.

OcHoBHas popMyra METoa PE30JTIOLUI BBITIISAUT CICAYIOUIIM 00pa3oM:
4

XVvANrYVA)=XVY.

Meton pe3osronuii MUPOKO UCIOJIB3YETCS U T0Ka3aTeIbCTBA JIOTHYECKUX
¢dopmyi. B yacTHOCTH, ¢ TOMOIIBIO METO/Ia PE3OTIOLUN TOCTATOUHO JIETKO MOKHO
JI0Ka3aTh [EMHOe MpaBmwiIo uMIUukamu Gopmyn B KHOD:

(X—)A)/\(A—)Y)=()?VA)/\(ZVY)=()?VY)=(X—)Y).

[IpaBuno cokparieHusi TOChUIKA TaK)K€ MOXKHO CUMTAaTh aHAJIOTOM IpaBUIa
PE30IOLUHU IS CITydast JIOKHOTO X:

(AvO)A(AvB)=(0v B)=B.

N Ttak, paccMOTpEB CyHIHOCTh METOAA PE3O0JIIOIUIN, BEPHEMCA K HCXOAHOU
Jorudecko hopmysie, ICTUHHOCTD (WJTH JIOXKHOCTh) KOTOPOM TpeOyeTcsl I0Ka3aTh:

R: (FIMF2 "F3~ ... "Fn)—G.
[TpaBuiio pe3omtonuii IPUMEHSETCs CICTYIOIIMM 00pa3oM:

1. Cuauana u3 ucxogHou (hOpMyIbl COCTABISAETCS JIOTUYECKOE BHIPAKEHUE!

FAF, A AR AG

2. 3aTeM Kaxa0e 13 NpeioKeHn mpeoOpa3oBaHHON JIOTUYECKON (POPMYJTBI
npuBoutcs kK KH® (eciau B HICXOMHOM BapuaHTE OHO HE COOTBETCTBYET
KH®).

3. B momydeHHbIx  QopMynax  ONPENeNsIOTCS  PE30JIbBUPYEMBIC
NPEIOKEHUS, COJAEp)KAle KOHTpapHble JUTEpabl. YKa3aHHBIC
IIPEUIOKEHUST 3aMEHSIOTCA OJHUM -  PE30JIbBEHTOM, COJeprKallen
TU3BIOHKITAH.

4. B mpeoOpa3oBaHHOM JIOTUYECKOM BBIPOKEHUH OMPEACTISIOTCS MyCThIC
IU3BIOHKTHL. ECITM TakoBblE HaMIEHBI, TO O3TO CBUICTEIBCTBYET O
JIO’KHOCTH aHaJIM3UPyEeMOn npeoOpa3o0BaHHOMN (bopMyIIbI.
CrnenoBaTeNibHO, UCXOIHAS TeopeMa OyIeT UCTUHHA.
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PaccMoTrpuM  mpumep  HMCHOJIB30BaHMS — MpaBWila  PE3OMIOLUU IS
JI0Ka3aTebCTBA MICTUHHOCTU WM JIOKHOCTHU JIOTHUECKHUX (POPMYIL.

[Ipumep 1:

(XA XA (X, = X,)=X,.
CHayaJia COCTaBJIsIEM MHOYKECTBO:

(X A XA (X, = X)) A X,
3areM npuBoauM Bce Gpopmyiiel kK KHO:

(X, A X )A (X v X)) A X,

X, A X, AKXV X )A X,
[IpumMeHsieM K IEPBOMY U TPETHEMY AUIBIOHKTOB MPABHUIIO PE3OTFOIIHIA:
(X, VD)A X, A(X, Vv X)) A X,
X, AV X) A X,

CHOBa NMpUMEHSIEM MPABUIIO PE30JIIOIIUU KO BTOPOMY U TPETHEMY

JU3BIOHKTaM, IMOJIy4acM: X 2 N\ (@ Vv @).

Takum 00pazoM, MycTOW NU3BIOHKT BBIBEJICH, CIEAOBATEILHO, BBIPAXKEHUE C
OTPHUIIaHUEM BBICKA3bIBaHUS ONPOBEPTHYTO U, COOTBETCTBEHHO, CAMO BbICKa3bIBAHUE
JI0OKa3aHo.

[Tpumep Ne2.
[TycTh HEOOXOIUMO J0KA3aTh UCTUHHOCTH TPUBEIACHHOM JTIOTUUECKON (DOPMYJIBI:

(PvQA(P>R)AMQ—>S)=(RVY).

HpI/IMCHI/IM A0Ka3aTCJIbCTBO OT IIPOTUBHOTO.
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(PVvQ)A(P>R)A(Q—=>S)HA(RVYS).

[larn noxa3zarenbcTBa:

1) Bce nochUIKy MPUBOASATCS K CTAHIAPTHBIM JU3BIOHKTAM (3aMEHSIEM
3HAYOK ciiejoBanusl). [Ipu 3TOM MBI moTy4aem TpHU TU3bIOHKTA:

(PvQ)
(PVvR)
@QvSs)
2) 3anmceiBaercs B HopMasibHO# hopme (KH®D) oTpuiianue 3akimroueHus:
(RvS)=RAS ,
qTO AAaCT JOITOJIHUTCIBbHO ABA IN3BIHOHKTA.

R

n|

3) Harnee paccMaTpHBAIOTCS KOHBIOHKIIMH TISITH MOJTyYCHHBIX TU3BIOHKTOB:

ﬁ/\(RVIS)/\(PvQ)/\g/\(évS).

HepBBIC ABa TU3BIOHKTA JAar0T P , YTO B COUYCTAHHUHU C TPCTbUM JU3BbIOHKTOM O4CT

Q. UYeTBepThl U IATHIA IU3BIOHKTHI JAI0T Q. Taxum o0Opa3om, B pe3yJbTaTe
HECJIOXKHBIX MPeoOpa30BaHU, MOTYUNIIH:

Q AQ = FALSE.

Takum 06pa3om, MOTyUYeH JOKHbBIN AU3BIOHKT, CJIEA0BATENIbHO, UCXOHas (hopmyJia
SIBJISIETCS. BEPHOM.
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[TPAKTUYECKOE 3AHATUE Ne3

3. OCHOBHBIE IOHATUSA TEOPUU MHOXECTB

3.1. OcHOBHBIE NOJIOKEHNSI TEOPUH MHOKECTB

B ocHOBe HeueTKoOil JIOTMKM JICKUT TEOpUSI HEUETKUX MHOXKecTB. Cam
TepMuH "HedeTkoe MHOXkecTBO" (fuzzy set) Obut BriepBbIe BBeAicH B 1964r. Jlotdu
3ane (Lotfi Zadeh).

Kiaccuueckyro TeOprio MHOXKECTB MOKHO PACCMaTpPUBATh KaK MPEIeIIbHbBIN
Clly4ail TEOpUM HEYETKHX MHOKecTB. I1loaToMy BHadajle HAallOMHUM OCHOBHBIE
IIOCTYJIaThl TEOPUH MHOXECTB.

Omnpenenenue. MHOXeCcTBO — dbyHIaMeHTaIbHOE MOHSTHE,
MpeCTaBIsAoNee COO0M HEKOTOphIM HA0Op (KOHEUHBIM WM OECKOHEUHBIN)
AJIIEMEHTOB, 00JIaJal0IINX HEKOTOPHIM CBOMCTBOM.

Hanpumep, MHOXECTBO 3JIEMEHTOB A, COCTOSIIEE U3 3IIEMEHTOB X
HEKOTOpPOro 6a30BOro MHOXKeCTBa X:

A= {(X, ceoticmeo) | X € X }, _ (3.1)

CBOICTBO, OMpenesoliee MPUHAIICKHOCTh, MOXHO XapaKTepH30BaTh
HEKOTOPBIM TOKa3aTeneM, Ha3biBaeMbIM (DyHKIMEH npuHaaie:kHocTr (membership

function) - 44 (X) .

Iloka3zaTrens INPpUHAOJIC)KKHOCTH JId KIACCHYCCKUX MHOXKCCTB MOKCET
[13

NpUHAMATh TOJIbKO JABa 3HaueHus: 0 m 1 , oTpaxammMMU CMbICI — “HE
MPUHAJICKUT U “NPUHAIIICHKUT .

[IpumepoM YETKOTO MHOXKECTBA SIBIIIETCS MHOXECTBO  «BBICOKHI
YeJIOBEK>>, ONpEICICHHOE Ha YHCIIOBOM OCH — POCT uesioBeka — X (puc.3.1).

1,8 X (M)

Puc.3.1.
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besycioBHO cyOBEKTUBHO, HO TEM HE MEHEE, K MHOYKECTBY "BBICOKUX JTFOACH"
(dbopMaTbHO MOXKHO OTHECTH BCEX JIIOJIeH, pOoCcT KOTOphIX mpeBbimaer 1,8Mm. Eciu

0003HAYNTh Yepe3 MepeMeHHYI0 X '"pocT denoBeka', a QyHKIUIO AL, (X) 3a/1aTh

CJICTYIOIIUM 00pa3oM:

1 ecwm x2>1,8,

malx)= 0, ecuu x<18. (32)

TO MHOECTBO "BBICOKHX JIIOJIEH" A MOKET OBITh 33/1aHO C MIOMOIIIBIO BBIPAKECHUS

A=1{(x 1,(x)=D | xe X}, (33)

rae X - MHOXECTBO BCEX BO3MOXKHBIX 3HaueHW X. Jlpyrumu crioBamw,
MHOECTBO A 00pa3yroT Takue "oOBbeKThl" ("aeMeHThI"), ISl KOTOPBIX YKa3aHHas

BbIllle (DYHKIUS AL, (X) IpUHUMaeT 3HaueHrne 1 (CM. BEpXHIOW BETBb TIpaduka,
BBIJICJICHHOTO CILTONIHOM JInHUEH, Ha puc.3.1.). HampoTtus, Te 3HaueHus X € X , s

KOTOPBIX [, (X) =0, He mMpUHAJIEKAT MHOXKECTBY A.

3.2. OcHOBHBbIE oNepanyu HA/l MHOKeCTBaAMH

1. O6benuHenue (wnM cymMma) MHOXKeECTB X U Y — 3TO MHOMKECTBO,

COCTOSIIEE U3 T€X M TOJBKO TEX 3JIEMEHTOB, KOTOPBIC MMPUHAIIICKAT XOTS
OBl OTHOMY U3 MHOXECTB X U Y

XUY (mmX+Y)={X|xeX wmxeY}
Hanpuwmep:
X =198143}Y =1{,3611}, XuUY=1{,3468911}

2. Ilepeceuenue (wiu mpousBeneHne) MHOKECTB X U Y — 3TO MHOXXECTBO,

COCTOSIIIIEE U3 TEX U TOJBKO TEX JIEMEHTOB, KOTOpPbIE MPHHAIEKAT KaK
MHOKeCTBY X, TaK U MHOKECTBY Y

XNY (wmX-Y) :{X|Xe X HXEY}.
Hanpuwmep:
X ={98143}Y ={3611}, XuY={3}

3. Pa3HOCTh MHOXECTB. JTa omeparusi Onpenessercs TOJIbKO Ui JABYX
MHOKeCTB. Pa3zHocThI0 MHOXKECTB X 11 Y — 9TO MHOKECTBO, COCTOSIIICE 13
AJIEMEHTOB, KOTOPBIE MMPUHAIIEKAT MHOKECTBY X U HE IIPUHAJICKAT Y

22



X-Y ={x|xeX uxegY}
X ={98143}Y ={13611}, X-Y=1{489}

4. Jlononuenue. MuokecTBO X , ONPEAEIAEMOE U3 COOTHOLIEHHS
o ]
HA3bIBAIOT JOTIOJIHEHHEM MHOXECTBa X (10 YHUBEPCAIILHOTO MHOKECTBA
V).
Hampumep:

U =1{012345,6789)}
X ={9,81,4,3}, X ={0,25,6,7}

O“IGBHI[HO, BBIIIOJIHAIOTCA CICAYIOIINUC CBOMCTBA:
U=9, &=U,

Tne D — IIyCTOE MHOXECTBO.
JIns pacCMOTPEHHBIX BBIIIEC OMNEpPAlMd MMEIT MECTO TOXIECTBA,
npuBeeHHBIC B TabuIe 3.1.

Taboauna 3.1. OcHOBHbIE 3aKOHbI TEOPUH MHOKECTB

Ne
- 3akoH ®opmyia
1 KOMMYTaTHUBHBIN AuUB=BUA ANnB=BNnA
. Au(BuC)=(AuB)uC
2 aCCOIMAaTUBHBIM AA(BAC)=(AnB)AC
. ANn(BuC)=(AnB)U(ANC)
3 AWCTPHOY THBHEIH AU(BAC)=(AUB)N(AUC)
4 UCMIIOTCHTHBIN AUA=A ANA=A
5 JIBOMHOTO OTPULIAHUS X = X
6 ne Moprana XuY=XnY; XnY=XuUY
7 POTUBOPEUUS Xu@=X; XN@=T;, XNnX=0
8 UCKITIOYCHHOTO XuU=U; XnU=X; XuX=U
TPETHETO
Ipumep 3.1.

Paccmorpum nokazarenscTBo 3akoHa Ae Moprana:

XuY=XnNY;
XeXUY=>xg(XuY)=>xeXu xeY =>xeXNY;

yeXnY=yeX uyeY)=>yeXuygY=yeXUY.
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AHaHOFI/I‘-IHO MOXHO J0Ka3aTb TOXKICCTBO
XY =XuUY,
a TaKXe M IPyTUe 3aKOHBI (3a1aHKe JIJISl IPAKTUYECKOTO BBITIOJHEHUS ).

JlekapToBbIM (IIPSIMBIM) OPOM3BEACHUEM MHOXECTB X ¥ Y HA3bIBAIOT

MHOKECTBO, COCTOSIIIEE U3 BCEX TE€X M TOJBKO TEX YHOPSIOYEHHBIX Map
(xopTexeil), mepBasi KOMIIOHEHTa KOTOPBIX MPUHAJJICKUT MHOXKECTBY X,
a BTOpas — MHOXecTBY Y. TakuM o00pa3oM, sleMEHTaMHu JeKapToBa
MPOU3BEJCHUS SBJSIOTCS JBYXDJIEMCHTHBIC KOPTEeXH BHIa (X,Y).
DopMaIbHO 3TO 3aMKUCHIBACTCS TaK:

X xY ={(x,y)/xeX,yeY}

Onepanys OpsMoro Npou3BeeHUs CIIpaBeJIMBa U JJisi OOJIBLIETO YUCIIa
MHO>KECTB, HAIPUMEP, ISl TPEX MHOYKECTB:

XxYxZ={(x,y,2)/xeX,yeY,zeZ}

['paduueckas WUTIOCTpAIUSI IPSMOTO MPOU3BEACHUS IBYX MHOXKECTB X U
Y mpuBesneHa Ha puc.3.2.

Ipumep 3.2.
P, Ly,
OIS L A
i@2ae @Y @9
X< 2 e o R Onnmnenens
L (3, ? b @,
S (;,-f-_.‘_’? ..... Q.‘."’::.‘Z’. ..... Q.‘.‘?‘.f’.--
s e | z
a b ¢
Y

Puc.3.2.I'paduueckas nyumocTpaius 1eKkaproBa
IPOU3BEJICHUA JBYX MHOXKECTB X,Y.

OTHomieHneM Mexay N MHOXecTBaMH Xi, Xz, ...Xp Ha3bIBaeTCs
MOAMHOKECTBO MPSIMOTO Tpou3BeAeHus: XiXXpX...XXp, ISl KOTOPOro
BBITIOJIHSIETCSI HEKOTOPOE 3aJJaHHOE CBOMCTBO. YacTHBIM mpuMEpoM
OTHOIIEHUS SBJIICTCS (PYHKITHUS.

AHaJIUTUYECKA OTHOIICHHE JBYX MHOXECTB MOXHO TIPEJICTaBUTh
CJIETYIOIIMM 00pa3oM:

R XxY ={xy);xeX,yeY,y=f(x)}
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3aMeTI/IM, 4YTO OTHOHICHHUC SABJICTCA MHOKCECTBOM, ITIO3TOMY €I'0 MOKHO

3a/1aTh MyTeM yKa3aHus (YyHKITUH TPUHAUICHKHOCTH My (X, Y) KayK0ro
KOpTeXa JCKapToBa MPOU3BEICHHS K STOMY OTHOIICHHIO:

R=1{ue (X, ) I(X,Y)[x€X,yeY}

Ipumep 3.3.
OTHOIIIEHWUS [T JUCKPETHON 00JIACTH OTPEICITICHHUS:

X ={,234}Y =1{238}
R,_, ={0/(1,2);0/(1,3);0/(1,8):1/(2,2);0/(2,3);0/(2,8)......... 0/(4,8)}.

Ipumep 3.4.
OTHOIIICHUS JIJISI HEMPEPBIBHOM 00J1aCTH OMPEICICHUSI:
X,yeR; c=const;

R =

1, ecmu X® +Yy*<c?;
0; hHaYe

Kak BugHO MBI mosyuwsid onucanue kpyra paanycom C, ¢ LEHTPOM B
HayaJjie KOOpAUHAT.

OTHOIIEHUS UTPAOT BAKHYIO POJIb ITPU ONMCAHUM 3HAHUU.

IIpumep 3.5.
Hampumep, mycTh IMeeTcst MHOKECTBO CTPaH M MHOXKECTBO TOPOJIOB:

X = {AHZJzuﬂ, Poccus, @paHuuﬂ},
Y = {JYOHOOH, Tyna, Mockea,Open, [lapuoic, ./YuOH}.

C mnomoImpl0 yKazaHUs TPUHAIICKHOCTH (3HAUCHHUE B KPY>KOYKE Ha
puc.3.3) MOXKHO onucath Ha XXY otHomieHue «CToJuIia rocyaapcTBa>>,
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Auraus -.® .@ @ @ @
X < Poccua —-@ @ @ @ @ @
\tbpamma- @ @ @ @ @ @
JIOHAOH E Mocha Hapmic
. Tyna OpeJI HfI/OH
Y
Puc.3.3.

HYCTB X- MHO>KECTBO, - €I'0 IIOMHOXECTBA:
AeX, ie[ln].

[ToagmuokecTBa Aj 00pa3yroT pa3oueHne MHOKeCTBA X, €CITH BBITTOTHSAIOTCS
JIBA YCJIOBHSI:

) ANA =9, Ii=]
2 ILZJlAi = X.

Ipumep 3.6.

Hanpuwmep,

X =1{a,d,v,25 f},A={2f}, A ={d,v5}A =1{a}
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[TPAKTUYECKOE 3AHATUE Ne 4

4. HEHETKHUE MHOXECTBA

4.1. Onpeneﬂeﬂne HEYCTKOI'0O MHOKECTBA

OueBuaHO, UTO ABy3HauyHas Jioruka (tuma "ma" - "Her"), ompenensemas
byHKIMEH NPUHAAICKHOCTA AL, (X): X - {O, 1}, HE YYMTBIBAET BO3MOKHOIO

pazbpoca MHEHMH pa3IMYHBIX JIOJEH OTHOCUTEIBHO TPAHMIl HCCIETYyEMOTrO
MHOXeCTBa A, BIMAHUS YUCTO OHOJOTMYECKMX (aKTOPOB, HAIMOHAIBHBIX
ocobeHHocteil u T. A. [loaTroMy OoJsiee ecTECTBEHHBIM SIBISETCS 3aJjaHuE (PYHKIUU
OPUHAAJIEKHOCTH B BUJAE HEKOTOPOM HENPEPBIBHOW 3aBUCUMOCTU (IIYHKTHUpPHAs
KpuBasg Ha puc.4.l), ompenensomieldl MUIABHBI MEPEXOJ W3 OJHOTO KpaiHero
coctosinus («0>>) B apyroe («1>>) (T.e. OT MOJHON HEMPUHAIIC)KHOCTH JIIEMEHTOB
paccMaTprUBaEMOMY MHOXECTBY JI0 MOJIHOW MPUHAJIEKHOCTH EMY ).

Takum 00pazoM, GyHKIMS NPUHAAICKHOCTH B JAHHOM ClIydae MPUHUMAET
HEMPEPBIBHBIC 3HAYCHUS U CTABUT B COOTBETCTBUE KAKJIOMY JIEMEHTY X € X YHUCIIO
M, (X) u3 unrepBana [0;1], onuceiBaroiiee cTeneHb NPUHAIEKHOCTU DJIEMEHTa X

MHOXECTBY A.

MHOXecTBO BbICOKUX MOAewN

]
"
’
,

pocT X (M)
>

1,7 18 19

Puc.4.1. I'paduueckoe npeacTaBieHne MHOXKECTBA "BBICOKHX JTrOAeH"

3amaHHOE TaKUM 00pa30M MHOXKECTBO Tap

A=1{0x p,(x)) | x € X} (4.1)

HA3bIBAETCS HEUETKUM (WJIM Pa3MbITBIM) MHOKECTBOM. DyHKIUS MPUHAJJIEKHOCTU
M, (X) npuHUMaeT 3HadyeHus B untepsaie [0,1]. YkazanHas (pyHKUUS IPUITMCHIBACT

KaXJIOMY 3JIEMCHTY X € X CTereHb ero MPHUHAJIC)KHOCTH K HCUCTKOMY MHOKCCTBY
A, I[P 3TOM MOKHO BBIACIIUTL TPH CJIy4dasi:
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1) wu, (X)=1 O3HAYACT NOJHYIO IPHHAICKHOCTh NIEMEHTA X K HEYETKOMY

MHOKECTBY A, T.e. X € 4 ;

2) M, (X)=O O3HAYAECT OTCYTCTBHE NPUHAJIEKHOCTU DJIEMEHTA X K HEYETKOMY

mHOXKecTBy A, T.e. X & A ;

3) O< e, (X)<1 O3HaYaeT YaCTHUYHYIO MPUHAJICKHOCTD DJIEMEHTa X K HEUETKOMY

MHOXXECTBY A.

[Ipu »TOM MHOXECTBO X — Ha3bIBaeTCs 0a30BLIM MHOXKECTBOM WIH
HOCHTEJIEM MHOKECTBA A.

OCco00eHHOCTBIO HCYCTKUX MHOZKECTB ABJIACTCA BO3MOXHOCTbD
NPpUHAAJIC)KKHOCTH OJHOI'0 M TOI'O KC 3JICMCHTA OJHOBPCMCHHO K pPa3JIMYHBIM
MHOJXCCTBaM C pa3JIMYHBIMU CTCIICHAMM ITPHUHAIJICKHOCTH.

PaccMoTpuM HEKOTOpBIE ONPEICIICHUS U3 TCOPUU HEUETKUX MHOXKECTB.
Hocuresem (support) Hederkoro MHOXecTBa A ¢ (QYyHKIHCH

X)
npuHaekHoctn Hy ( Ha3bIBACTCS OOBIYHOE MHOKECTBO BHJIA:

supp(A) = {X | xe X, u, (X) > O}- (4.2)

Ecnu HOCUTEND — KOHEUHOE MHOYKECTBO, TO TAKOE€ MHOKECTBO HA3BIBAIOT
JIOKAJbHBIM, MHA4Ye, KOrJa HOCUTENIL — OECKOHEYHOE MHOKECTBO, TO HEUYETKOE
MHOECTBO — IT00AJILHOE.

Sapom (core) HM A ¢ dyukuueii npuHamiexaocta A (X) Ha3bIBACTCS

00BIYHOE MHOKECTBO BU/IA:

core(A) = {x| x e X, u,(x)=1} (4.3)

Bricora (heigth) HM A

hgt(A) =sup z,(x),x € X. “4)

OTO MOHSTHE MOsICHSET puc.4.2.
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Ha(x) A

Bricora
ICOT o

Hocurenn

Puc.4.2.

Mo)HO TaKKe paccMOTpeTh IoHATHE LeHTpa HM, KoTopsIM sBIsIETCA
cepeuHa sapa.

HeueTkoe MHOXKECTBO Ha3bIBACTCS BBITYKJIBIM, €CJIM BBIITOJIHACTCA YCJIOBUC

VX, X5, X € X, X X, < X :>/UA(X2)2 min(/uA(Xl)’/uA(X3))_ (4.5)

Ha puc.4.3 nokasan npumMep BbITYKJIOTO (A) ¥ HEBBITYKIIOT0 MHOXKecTBa (B).

na(ag) - A B
Ha(2p) -mimmiene
pa(a) - \
XL Xz X3 >
Puc.4.3.

Ecmun  sup pa(X) = 1, To Takoe HM HasbiBaeTCsl HOpMaIbHBIM, B IPOTHBHOM
ClTy4ae — CyOHOPMaJTbHBIM.

Ecmn ¢dyHKIMsS mpUHAUICKHOCTH WMEET OJWH MaKcuMyM, To Takoe HM
Ha3bIBACTCSl YHUMOAAIbHBIM, MHAYE — MYJIbTUMOIATIbHBIM.

Kak rmpaBuiio, uConb3yroTcss HOpMalIbHbIE, YHUMOJAIbHbIE HM.
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MuoxectBom o- ypoBHA (o- cpesom) HM A HaspiBaeTcs OObIYHOE
HOJMHOYKECTBO YHUBEPCAILHOTO MHOXKECTBA X, OMPEIENIEMOE B BUJIE:

A, =ixeX|u,(x)2a} e a<l (46)

CrpaBeyTBO CBOMCTBO (cM. puc.4.4):

Ecmm 01> 0 , TO Agi< Ao

rd

K A(x) 4
1

0.7

0.4

Puc.4.4.

Ipumep 4.1.

[Tpumep 1u1st UCKPETHOM 00IACTH OTIPEIETICHNS:
A=0.2/x1+0.6/x+1/x31+0.8/x4;

Aos={X2,X3,Xs}.

CoBokynHOCT N — BBIMYKJIBIX HEUETKHMX MHOXKECTB OOpa3yeT HeuyeTKoe

pa3ouenne 6a30Boro MHOKecTBa U, ecni BBITIONHSETCS yCnoBUe (IPUMEp TTOKa3aH Ha
puc.4.5.):

N

Z Ly (X)=1, Vx e U.
i-L 4.7)

uA(x)A

o8

Puc.4.5.
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4.2. Cioco0ObI 32JaHUA HEYETKHX MHOKECTB

CnocoObl 3a/1aHNs HEYETKMX MHOXKECTB PA3IMYaIOTCS

Ecau HeyeTkoe MHOKECTBO A COCTOMT M3 KOHEYHOI'O YMCIIa 3JICEMCHTOB, TO
A 3alIMCH TAKOTI'O JUCKPETHOT'O MHOXKCCTBA UCIIOJIB3YCTCA BBIPAKCHUC

A=, () X+ () X+, () X,

WU A:Zn:yA(xi)/xi (4.8)

i=1

rae unciaa (%) - cremenn IIPUHAJICKHOCTH DJIEMEHTOB X; MHOXECTBY A.

3ametuM, yTo 3HaK "torroc” B (12.4) o603HayaeT o0beIMHEHUE, a HEe apu(METHUECKOe
cymmupoBanue. OObIYHOE (YETKOE) TUCKPETHOE MHOXKECTBO MpH Takou (opme
3aMCcyu MOKHO TIPEICTAaBUTh B BUJIC

A=1/x +1/%, +...+1/x, (4.9)
n
wi A=Y 1/
i—1

Bo3MoskeH u TabruHBIi CrIoco0 3a/1aHusl HEUETKOTO MHOXKECTBA A, HaIIpUMep

tabmmma 3.1.
TabOmuma 4.1.
/uA(Xi) 0,1 0,3 0,5 0,8 1,0
X; 14 16 18 20 22

0003Ha4aeT, 4TO HOCUTEIb A COCTOUT U3 5 snemMeHToB: X, =14, X, =16, X, =18,
X, =20, X, =22, cTeneHd NPUHAUIEKHOCTH KOTOPHIX MHOXKECTBY A  DPaBHBI

cootBercTBenHo: 0,1; 0,3; 0,5; 0,8 u 1,0.

Ecimu X — 310 mpocTpaHCcTBO ¢ OECKOHEYHBIM KOJMYECTBOM DJIEMEHTOB, TO

HCUYCTKOC MHOKCCTBO A g X CHUMBOJIMYCCKHU 3aIlChIBACTCS B BUJIC
(X))
A=f4dx X, (4.10)
X

Ha npakTtuke, eciiv HeueTKOE MHOKECTBO A COCTOUT U3 OECKOHEUHOTO YUCIIa
TOYEK, HApUMEP, NPEICTABIAET COOON HEKOTOPHIN UHTEPBAI (&, B) HA YUCIOBOM OCH
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X, T0 (YHKIMA TPUHAINEKHOCTH £(X) OBBIYHO 3ajaeTca TpadUdecKy UM B BHJIE

AHAJIUTUYECKOI 3aBUCUMOCTH.

4.2.1. OnpeneseHue HEYETKOTO YHCIA

-

Kinaccuueckas apudmeTrka npe1ocTaBisieT MeTOAbl BHITOTHEHHUS OTICpaIIHiA
CJIO’KCHMSI, BBIYMTAHUSI, YMHOKCHUS, JCJICHUS HaJ YETKUMM YHCIIaMH, TAKUMHU Kak
1,23 u 1.0. B cBowo ouepens, HedeTkas apuMETHKa OMPEACNIIeT METOJbI
BBITIOJIHEHUS YKa3aHHBIX Olepanuil HaJl HECUETKUMU YUCIIaMU, TAKUMH, KaK:

«IPUMEPHO 4»,

«OKOJIO 5»,

«mpubam3uTensHo 10» u T.1.

B o0mem ciydae — HEYETKOE 4YHCIO TMPEJACTaBisIeT cOOOW OJHY U3
Pa3HOBUIHOCTEN HEUYETKUX MHOKECTB.

HeuyeTknM 4Mc/I0M Ha3bIBAETCS OMPEACIICHHOE Ha BEIECTBEHHON YHNCIIOBOM
ocu HM, obGnanaroree cieayromumMu CBOMCTBAMH:

- BBITYKJIOCT;
-HOPMAJIbHOCTB;
- a1po HM cocTouT u3 0JHOM TOUKHU.

Ipumep 4.2.

JlormyctnM, 4YTO JUIsi KOCBEHHOIO W3MEPEHMsI CKOPOCTH BpalIEHUs Bajia
Harpy>Ke€HHOI'O 3JIEKTPOIIPUBO/A UCIIOJIB3YETCs BBIXOJHOE HAIPSIKEHHWE I'eHepaTopa
MOCTOSIHHOTO TOKa. M3BecTHO 3HaueHue 3Toro HampsbkeHus X =5B. Kpome Toro,
U3BECTHO, 4TO OmMOKa Takoro usmepenus coctasisier +1 B. Torma mepexon ot
YETKOr0 3HaUY€HUs X =5 K HEYETKOMY MHOXKECTBY "X paBHO MpPUOIM3UTENBHO 5"
OCYIIIECTBIISIETCS CACAYIOMIMM 00pazoM (puc.4.6). OyHKIus mpuHaIeKHOCTH ,u(x),

npuBeieHHas Ha puc.4.6,B, OMICHIBACTCS BHIPAKEHUEM

X -5
1- |—,€CJlu X <4 um X =6,
,UA(X)_
0, ecmu X <4 um X > 6.
L JUNeY) A0
A 1 1
1
x,B x,B
' ' L L /Ny
x,B 3 4 5 6 7 3 4 5 6 7
| | | |
3 4 5 6 7 a) 6) B)
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Puc.4.6. [Toctpoenne GpyHKINN TPUHAIEKHOCTH

4.2.2. Cnnoco0b1 mocTpoenust pyHkuuii

NMPUHAAJCKHOCTHA

[To ompeaeeHuIo CTENEeHb MPUHAIIEKHOCTH U4 (X) ecTh CyOBheKTHBHAS Mepa
COOTBETCTBHS 3JIEMEHTA X IMOHSITHIO, CMBICI KOTOporo gopmanusyercas HM A,
MO3TOMY JIJIsl HOCTPOEHUS (PYHKLIHUH MPUHAMJIEKHOCTH IOCTATOYHO MHEHUS OJTHOTO
DKCHEPTA.

OnHako eciu €CTb MHOYKECTBO J3KCIIEPTOB, YCHEIIHO JEHCTBYIOUIUX B
peIMETHOM OO0JacTH, B MpOLENype Ha3HauYeHUd (YHKUHUN NPUHALICKHOCTU
MOJKHO YY€CTh HECKOJIbKO MHEHUH. Kax bl 9KcnepT noirydaer Kodphuuuenr a; €
[0, 1], koTOpBIit OTpaXkaeT ypOBEHb €0 KOMIETEHTHOCTH, TaK YTO ISl TPYIIIIBI U3 M
JKCIEPTOB:

1
ua(x) = — X%, piay, (4.11)

rae p; = 1, ecnu i-# okcnept otHeC X K A, win p; = 0 - B IPOTUBHOM ciIydae.

Ipumep 4.3.
[TycTh MMeeTcst 6 3KCIEPTOB OJJMHAKOBO BBICOKOM KBanupukamu (a; = 1),
umeercs MHOoxkecTBo X = {1,2,3,4,5} m HE0OOXOAUMO TIOCTPOUTH HEUYETKOE

MHOECTBO 4, (hopMaIu3yroIee MOHATHE «KHAMHOTO MEHBIIIE 5.

Pe3ynbTaThl onpoca 3KCIepToB MOKa3aHbl B Ta0. 4.2.

Tabnuya 4.2
Pacuer 3HAYEHMIT IPUHAIIEKHOCTH
X
1 2 3 2 5
6

Z pia; 6 5 1 0 0
i=1
() 6/6 | 5/6 | 16 | 06 | 0/6
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4.2.3. MeToa nonapHbIX cpaBHeHUit .

[Tpu popmupoBanuu GyHKIIMU MPUHAIIICKHOCTH JUIsI KAKOTO JIMOO SIBJICHUS
MOKET BO3HMKHYTH MpoOJieMa, 3aKIII0YaoIIasicsi B TOM, YTO JAHHOE SBJICHHE HE
BO3MO>KHO U3MEPUTH, T.€. OLEHUTh KOIUYECTBEHHO. OJTHAKO MPU 3TOM BO3MOKHO
KA4ECTBEHHO COIOCTABUTH APYr OTHOCUTEIBHO Jpyra pa3jIMYHbIC SIBJICHUS WIIU
coObITusA. B 3TOM cnyyae pyHKIMS MPUHAIIEKHOCTH MOKET OBITh MOCTPOCHA C
MOMOILBIO TaK Ha3bIBAEMOT'0 METO/Ia OMAPHBIX cpaBHEHUH. Eiie pa3 otMeTHM, 4To
METOJi MOMAapHBIX CPAaBHEHUW BBITOJHO HCIOIb30BaTh, KOTJA PAacCMATPUBAIOTCS
HEU3MEPHUMBIE, T.€. KAUECTBEHHBIE ITOHSATHS.

B stom MCTOAC PC3YJIbTATOM JSKCIICPTHOI'O OIIPOCA ABJLACTCA ManHHaZ
M=|mylij=12 .n (4.12)

re 7 - YHCIO TOYEeK, B KOTOPBIX CPAaBHHUBAIOTCA MEXIy co0oil (yHKIuM
IPUHAJUIC)KHOCTH, | - CTPOKA MaTPHIIBL, @ | — CTOJOCI MaTPHIIBL.

Kax1plid 51EMEHT MaTPHIIBI M j TIOKa3bIBAET, BO CKOJIBLKO pa3 i, (X;) Oosbie
pa(x;). KonmuecTBo BOIPOCOB K DKCIIEPTY COCTaBIAET 3[€Ch HE N2, a JuIlb
BenuuuHy (n? —n)/2, Tak Kak mj; = my; = 1 numy; = 1/mj;. 3atem u3 Kaxa0ro
CTOJIOIAa MATPHUIIBI TIOJyYaeTCs OJHO 3HA4YCHHE 10 hopMyJie:

mij

pa(x) = 5", (4.13)

mij
i=1,n

rae | - CTpoKa MaTpHIIbI, a | — cToj10e1r (OH MOKET BBIOUPATHCS JOCTATOYHO
MIPOU3BOJIHHO - ATO MaJIO BIUSET HA PE3YJIbTAT).
ITpu cpaBHEHHN HEOOXOIMMO HCIIOJIB30BaTh KOJIMUECCTBEHHBIE OIICHKH. J[J1s
ATOTO0 MOXKHO, HalpuMep, orepupoBath Tad:1.4.3.
Tabauua 4.3. CpaBHeHMe 3HAYEHUI IPUHANJIEKHOCTH

KauecTBeHHas olieHKa KonnuecTBenHas oreHka
ua(x;) pasna p, (x;) 1
14 (x;) nemuoro Gombrue i, (x;) 3
p4(x;) Gombrue py (x;) 5
14 (x;) samerno Gombe p, (x;) 7
14 (x;) Hamuoro Gombiue 4 (x;) 9
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[IpomMexxyTOoUHbIC 3HAYCHUS 2,4.6,8

PaccMmoTpum npuMep WILTIOCTPUPYIOUTUN METO/I MOMAaPHBIX CPaBHEHU N

4

IIpumep 4.4.

ITycts 3amano 6azoBoe mHOkecTBO X = {40,55,70,100} 1 Heo6X0oauMO
onpeAenuTh Ha 3TOM MHOkecTBe HM «Manenbkuii Bec». [lycth B pe3ynbraTe
OTpoca KCIEPTOB UMEETCSI MaTPHUIla CPaBHEHU:

1 5 7 9
s 1 4 7
M=17 14 1 4
19 1/7 1/4 1

Hamnpumep, ecnu 3adukcupoBaTh IEPBBIA CTOIOEI, TO MOTYYAETCS:

1 1
40) = = = 0.69;
Hal0) =S = Tas

(55) = 0.2 _ 0.2 014

Ha B ;!-:1 mlj B 1.45 o ’

(70) = 0.14 _ 0.14 — 01

Ha B ;!-:1 mlj B 1.45 o
100y = —22 19 _ 08
Ha S Ximy; 1450 T

Ecnu 3adukcupoBarh BTOpoii cronbel, To
11,(40) = 0.81; u,(55) = 0.15; u,(70) = 0.04; 11,(100) = 0.02.

Takum 00pa3oM, MOKHO UCTIOIB30BATH ONTUCAHUE
. 0.69 0.14 0.1 0.08

40 T 55 +70+100'

1100 OJIM3KOE OIMUCAHUE
_ 0.81 N 0.15 N 0.04 N 0.02
40 55 70 100
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4.3. OcHoBHBIE TUNIBI QYHKIUIT PUHALIEKHOCTH

TIpu pelLeHNH 33184 IPOCKTUPOBAHMS CHCTEM C HeUCTKUMH PerysTOpaM,
JUIS TIpeACTaBieHUs (YHKIUN TPUHAUICKHOCTH, KaK TMPABUJIO, HCHOJIB3YIOT
cTaHjaapTHbie QopMbl QYHKIUN MpUHAAISKHOCTH. PaccMoTpuMm Hanbonee 4acto
UCTIONIb3yeMble (hOPMBI 1715 3aaHusl PYHKIMNA TPUHAICKHOCTH.

1. ®yHkuus NpuHALISKHOCTH S-Kiacca (puc.3.6) onpenenseTcs Kak

0, eciu X< a,

2

X—a

2l —— |, ecma<x<b,
c—a

s(x,a,b,c)= (4.14)

2
X—C
1-2| —— |, ecuub<x<c,
c—a
1, eciu X = C,

rae b=(a+c)/2. dyHkuus npuHAIICKHOCTH, OTHOCSIIAICS K 3TOMY KJlaccy,
uMmeeT Trpaduyeckoe mpeactaBieHue (puc.4.7), HamoMuHaromee OyKBy «S>>,
npudeM ee ¢opma 3aBHCHUT OT Moj00pa mapameTpos a, b,c. B touke X=b=(a+c)/2
GbyHKIHS TPUHAJIKHOCTH KJjlacca S MpUHUMAET 3HadeHue pasHoe 0,5.

0,5

\

Puc.4.7.

2. OyHKnMsS NpUHAIICSKHOCTH T-Kiacca (puc.4.8) ompenensiercs depes
GbyHKIIHIO KJacca S, Kak:

z(x,b,c)z{ s(x,c—b,c—b/2,c) ecmXx <c, (4.15)

1-s(x,c,c+b/2,c+b) ecmmx>c,

36



0,5

C-b C-b/2 c C+b/2 C+b

OyHKIUSA TPUHAIICKHOCTH Kacca T MPHHUMAET HYJIEBBIC 3HAYEHUS IS
X>C+b u X<c-b. B Toukax X=Cxb/2 ee 3Hauenue paBno 0,5.

3. qDYHKIIHH IMPUHAOJICKHOCTH KJIaCCa Y

0, ecmu X<a,
7(x,a,b)= F, ecmn a < X < b, (4.16)

1, ecom X =D,

Puc.4.9.

4. ®yHKUUS NPUHAAJICKHOCTH Kiacca L

1 ecmu X<a,
~X ecnn a<x<h, (4.17)
—a

0, ecu X =D,

L(x;a,b)=
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A

\J

Puc.4.10.

4. ®yHKUMS NIPUHALIEKHOCTH Kiacca t

0, ecmu X<a,

>
<))

, ecna a< X <Db,
t(x;a,b)=

O T
< Q

(4.18)

, ecna b<x<ec,

(@]
O

0, ecmm X >¢,

Puc.4.11.

CummeTpuyHas rayccoBa GyHkuus

["ayccoBa pyHKIIMS OMUCHIBAETCS BIPAXKECHHEM

x—bY’
114(X)=exp _(TJ , (4.19)

Bun sToil pyHkimum nzodpaxken Ha puc.4.12.
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0.36788
0

Puc.4.12. ®yukius npuHaAIEKHOCTH FayCCOBCKOTO THIIA.

Bun nannoit (yHKIMM, WHOTJA HA3bIBAEMOW TayCCOBBIM KOJIOKOJIOM,
omnpezaenseTcs AByMs TapaMeTpamMu — a u b, rae b — 3amaet e€ MoanbHOE 3HAaYEHHE,
U @ — IUPHHY.

Ha ypoBne

u,(x)=e"=0.36788
HIMpUHA TayccoBOM (yHKUMM paBHa 2a. MojanbHOE 3HAYEHUE MOIYYaroT
AKCIIEPTHBIM MYTEM, 3a7aBas BOIPOC O HanbOojee XapaKTepHOM 3HAYEHUU X s
JAHHOTO HEYETKOI'O MHOKECTBA.

CurmouganbHasi QyHKIUS NTPUHAIIEKHOCTH
Bynyun cumMmerpuunbiMu, rayccoBbl ®OII moaxonmst 1js mpeacTaBieHUs

BHYTPEHHUX HEYETKMX MHOXKECTB. ISl pe/icTaBlieHNs KpalHUX MHOYKECTB MOKHO
UCTIOJIB30BAaTh JIEBYIO U MTPABYIO CUTMOMIAIBbHYIO QyHKIMY (prc.4.13).

T T

}
}
i
b b

Puc.4.13. JleBas u mpaBasi CHTMOUJAJIbHBIC (DYHKITUH.

[IpaBas curmouganbHast PyHKIMS 33Ja€TCS C TIOMOIIBIO BHIPAKECHUS:

1
:1+exp[—a-(x—b)]'

11,(x) (4.20)
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[Tapamerp b 3amaer xoopauHaty Toukm K, mpuHamIEKAMEH HEYETKOMY
MHOECTBY cO cTeneHblo 0.5, Mo3TOMy €ro 3HadyeHHUE MOXKHO JIOCTATOYHO
JerkonoiyuuTh ot 3kcrepra. Koadduiment a omnpegenser HakioH (QyHKIUHU B
TOYKe reperuda K — ¢ yBelmueHueM ero 3HaYeHUs pacTeT BelIMUMHA HaKjioHa. [1pu
a=10 By GyHKIMH OJIM30K K cTynieHuaTomy (puc.4.14).

Puc.4.14. ®opma curmouaabHON PyHKIUU
IPU pa3IMYHBIX 3HAYEHUSIX KOA(PPUIIMEHTA HaKJIOHA a.

JleBas curMoungajaibHasn q)YHKI_IHSI 3aaCTCA C IIOMOIIBIO BBIPAKCHUA!

. 1 __epl-a-(x=b)]
1y(0)=1 l+exp[-a-(x—b)] 1+exp[-a-(x—h)]" (4.21)

[To anamorum ¢ mpaBoii, JieBas cUrMoujaibHas (QYHKIUS UMEET TOUYKY
neperuba x =b, u ee 3HaueHUe B 3TON Touke paBHO 0.5. Kosadpuunent nakiona

. _( In(99) ]
X099 -b

CI/IFMOI/IIIaJ'IBHaH (byHKI_[I/IH HNMCCT TC )K€ JOCTOMHCTBA 1 HEAOCTATKH, YTO U I'ayCCOBA.

a BBIYMCIIACTCS 110 opMyJIe:

4.4. IllpuMepsl, WJIIOCTPUPYIOLINE Pa3JIMYHbIE CIIOCOObI
NOCTPOoeHus] PYHKUMH NMPUHALIEKHOCTH

IIpumep 4.5.
[TocTpouTh PYHKIUIO MPUHAIIEKHOCTA HEYETKOTO MHOXKECTBA «IPY3bsi>>
MO>KHO, 33J1aBasi BOIPOCHI BUJIA:
«Koro u3 Bammx 3HaKOMBIX BbI cuuTaere npustensmu (o > 0.5)?7>>
«Koro BbI cunTaere HACTOSIIUMU IPy3bsiMu (o = 1)?>>
«Koro BbI HEe cunTaere cBoumu apy3esimu (o = 0)?>>
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CymrecTBYIOT JiBa crioco0a ornpeneneHus a-cpe3oB (Knappe 1994):

A={z:z€ X, pa(z)>a},
A2 ={z:ze€ X, palz)>a}.

4

[Ipu a:=0 o -cpe3 coBmagaer ¢ HocuTeneM MHOkecTBa S(A), ampu o = 1
— ¢ ero sapoMm C(A4) . ITo MHOXECTBY 0, -Cp€30B HEYETKOI'O MHOKECTBA MOKHO C
TpeOyeMoli TOYHOCTBIO BOCCTAaHOBHUTH €ro (YHKIIUIO MPUHAIIC)KHOCTH. Jlis
JUCKPETHOTO MHOXKECTBA YHCIO HEOOXOAMMBIX CpPE30B KOHEYHO, IS
HENPEPBIBHOT'O — BOOOIIE TOBOPSI, 0ECKOHEYHO (XOTSI BO MHOTHIX YACTHBIX CITyJasiX
OKa3bIBaCTCSI KOHCYHBIM).

Ecnu na obmactu ONpCACICHNA U3BCCTHBI DJICMCHTBI OTACJIBHBIX O -CPC30B

HEUETKOT0 MHOXeCTBa A, TO ero (QyHKIUI0 TPUHAICKHOCTH K, (X) MO>KHO

alIpOKCUMHUPOBATH CIELYIOIINUM 00pa3oMm:

1,(x)= sup (a- u, > a(x)),

ag0,1]
JIn6o

12,(x)= sup (- u1, 2 a(X)).

ag[0,1]

Ipumep 4.6.. [TycTh 3a1aH0 HEeYeTKOE MHOXKECTBO (puc. 4.15)

Ao 0.104 0910 08 06 0.3 01
12345678
pa(z)
o
061 4+ 1 4 t b
0 T 3T T T e=08
T A O (N O T I
B g s St I IR F s v et
0 Q | 1 | ! ) ) q‘> 1 >
1 2 34 5 6 7 8 9 ¢«

Puc. 4.15. JluckpeTtHas GyHKUIUS MPUHAICKHOCTH HEYETKOTO MHOXKECTBA A.

CreneHu NpUHAIIEKHOCTH SJIEMEHTOB a-Cpe3aM MOTYT MPUHUMATh TOJIBKO
sHaueHnus 0 u 1. IIpeacraBnenrne MHOXKECTBa A YepeE3 €ro a-Cpe3bl UMEET BU/I:

Ecnu comocraButh MCXOAHYIO GQYHKIIMIO TPUHAMICKHOCTH Ua(X) C QYHK-
el pa(X)( BOCCTAaHOBIIGHHOW C TIOMOIBIO O-Cpe3oB (puc. 4.16), To MOXHO
3aMETUTh, UYTO PE3yJbTaT BOCCTAHOBJICHUS HE SIBISETCS aOCOJMIOTHO TOYHBIM.
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[ToBBICUTH TOYHOCTH MOXHO IyT€M YBEIHUYEHHS YHUCIa a-CPE30B, JUOO 3a CUET
ONTHMU3ALIUU UX BBIOOpA.

pa(z)
4

1.0
0.8}

06|
0.4

0.2

.
FSS

—————

8

Ncxonnas QyHKIMS NPUHANIIECKHOCTH WA (X)(CIUIONTHAS TUHUS )
1 QyHKIHUS Wa~ (X), BOCCTAHOBJIEHHAS C TOMOMIBIO
a-cpe3oB (IMMyHKTUPHAs JTUHUS )

Cpesnl AZ>%;
»_J1 >om _J111
A _{4}’ A _{3’4’5 i
1.7 1.4 >0.25 1 3 1 11
AZOS"‘ FREVEE TN A/ = Naoraigryerare (9
34256 " 2°3 56T
1 1

1
2

1’2’3’4’5’?’7’8)‘

Jlanee paccMOTpUM pa3iuyHbIe BUII QYHKIIUNA TPUHATICKHOCTH, KOTOPBIC

MOXHO HCIOJIb30BaTh JUIsl MaTeMaTHYE€CKOTO MPEICTAaBICHUS HMHTYUTHUBHBIX
GyHKUMNA TPUHAIJICKHOCTH.

Ipumep 3.4. (Ha npUMeHeHNe rayccoBOr (PYHKIINH)

B  kadyecTBe YHCIIOBOro  3HAUCHHSA, B  HAHWOOJBIICH  CTEICHH

XapaKTEPU3YIOIIEro HEUETKOE MHOXKECTBO «CPEIHUI POCT», MOKET OBITH BBIOPAHO
b=170 cm.

I{J’Iﬂ TOT'O YTOOBI OKCIICPTHBIM IIYTEM OIIPCACIUTb 3HAUCHUC MapaMcTpa a,
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XapaKTEPHU3YIOMIETO MUPUHY (DYHKIIUH, MOMXHO BOCIIOJIB30BATHCA TOHITHEM
KPUTUYECKOM TOUKH K (DYHKIIMU TPUHAMJIEHKHOCTH, IMOJ KOTOPOM MOHUMAETCS
TOYKA CO CTEMEHbIO MPUHAIEKHOCTH, paBHOU (.5. Jlrobas rayccoBa (yHKIMsS
UMEET JIBe TaKuxX TO4kH (puc. 4.17). .

Ecnu mpeanonoxxuth, 9T0 coceqHue (PyHKIIMU MPUHAJIC)KHOCTH Tepece-
KaloTCs MPUMEPHO Ha ypoBHE u(xk) = 0.5 (4T0, OJHAKO, B HEYECTKHX MOJCIIAX
BBITIOJTHACTCSI HE BCETJIa), TO KPUTHUSCKYIO TOYKY K MOXKHO paccMarpuBaTh Kak
TOYKY, JJII KOOPIAMHATHI X KOTOPOH MBI HE MOXKEM yKa3aTh, KAKOMY U3 HEYETKUX

MHOJKCCTB — JICBOMY WJIH IIPABOMY — OHa IIPUHAIJIC)KUT B OOJIBIIIECH CTETICHM.

u(z)

| L e CpeHHH BBICOKHH

0.5

Puc.4.17. I'ayccoBa (pyHKIUSA, UCIIOJIb3yeMasi B KaUeCTBE (PYHKIIMHU
NPUHAJIEKHOCTH HEYETKOTO MHOXKECTBA «CPETHUN POCT»

Takum 00pa3om, eciii Mbl HE B COCTOSIHUM PEIINUTh, K KAKOW TPYIIIIE JIFO-
JIei— HU3KOTO WJIM CPEIHEro pocTa — ClielyeT OTHECTH 4YeJIOBEKa, UMEIOIIETro
poct 165 cM, TO MOXXHO CUMTaTh, YTO JIAHHOE 3HAYCHHE TPHUHAJICKHUT O00UM
Ha3BaHHBIM HEYETKMM MHOKECTBAM C OJJMHAKOBOW CTENEHBI0, paBHOM 0.5, 1 3agaeT
TEM CaMbIM KOOPJMHATY KPUTHYCCKOW TOYKM (PyHKIMH MpuHaIexKHoCcTH: XK =
165 cM.

[To u3BeCcTHOMY MOIAIBLHOMY 3HAYEHHIO TayccoBoi GyHKImHU (b = 170 cm)
MOYKHO BBIYHMCIIMTH 3HAUCHHE BTOPOTO IMapameTpa a:

2
T — 170\ "
u(zy) = exp [— <lk—”‘—)> ] = 0.9,

T — b )
a = I—u = 6CM.

vin2

[TonsiTe kpuTHYECKOH TOYKH K sABIsSETCS 0COOCHHO IMOJIE3HBIM MPHU OIpe-
JIEJICHUH TapaMeTpoB (YHKIMH TPUHAIICKHOCTH IMYyTEM SKCIEPTHOTO OIICHHU-
BaHHUs, TAaK KAK YEJIOBEKY JIETYE€ BCETO yKa3aTh IPAHUYHBIE 3HAYECHUS NPEIb-
SABJICHHOT'O MIOKA3aTeNS Y BbIIEIUTh 3HAYEHUsI, UMEIOLIUE CMBICIIOBOE Pa3INYMe I
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3alaHHON oOnacTu ero m3MeHeHus. lIpm 3TOM dKcmepT, Kak NpaBUIO, HE B
COCTOSIHMM 33J1aTh TOYHBIC 3HAYCHMS CTENEHEW MPUHAJICKHOCTU DJIEMEHTOB, HE
UMEIOIUX B 3aJaHHON OO0JACTH CMBICIOBOTO pa3iauyus. [loBepXHOCTh OTKIIHMKA
HEUYETKOM MOJIEJIH, UCIIOIB3YIONICH IrayccoBY (PYHKIIHNIO, B OOIIIEM CiTydae sSBIISICTCS
ri100aIbHO U JIOKAJILHO HEJIMHEHHOM.

IIpumep 4.7. (Ha npUMeHEeHUE CUTMOMIAILHON (PYHKIMH NPUHA/IJIEKHOCTH)

HedeTkoe MHOKECTBO «BBICOKHI POCT» MOYKHO 3a7aTh C TOMOIIBIO CUTMOHIaTbHOM
dbyHKIMU, TPeICTaBICHHON Ha puc. 4.18.

BBICOKHIL

x
>

b=175  x=pocT (cM)

Puc.4.18. CurmonnanbpHait QyHKIIUS TPUHAICKHOCTH HEYETKOTO
MHOYKECTBA «BBICOKHH POCT»

Ecnu npennosioxuts, 4To At0eH, uMeromux pocT 180 ¢cM, MOKHO € MOJIHOU
yBepeHHOCThIO (1=0.99) oTHecTH K BBICOKHM, TO KOI((UIMEHT HAKJIOHA a
BBIUHCIISICTCS COITIACHO BBIPAXKCHHSIM:

1
1 + exp[—a - (zg.99 — b)] ’
In(99) In(99)

o e >~ ().919.
8= Zois—b 180— 175

/1(-17().99) =

IMpumep 4.8. MHOKeCTBO Al= «BBICOKUI POCTY:
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X = {170cm,172.5¢em,175¢cm, 177.5¢m, 180 cm, 190 cM, 200 cm},

P 0 0.25 0.5 0.75 1.0 1.0 1.0
1= 1 170cm ’172.5¢cm ’ 175cm ' 177.5¢cm  180cm ’ 190cm ’ 200em |

OyHKIMS TPUHATICKHOCTH MHOXKECTBA MpeicTaBiieHa Ha puc. 4.19. 4
UAJ(I)
4
BBICOKHH
1+ < ©- ©
4
05+ 1;5'
p’/
G————+ + t >
170 173.5 175 1775 180 190 200 z

Puc.4.19. ®yHKIMS TPUHAIICKHOCTH HEUETKOTO MHOKECTBA TUTIA 1 «BBICOKUN
pocT».

45



[TPAKTUYECKOE 3AHATUE Ne 5

5.HEUETKAS APUODMETUKA
5.1. OcHoBHbBIEC MOHATHUSA

HeueTkne 4ynciaa MOTYT HMPHMEHSTHCS MPU MOJACIUPOBAHUU CUCTEM, IS
KOTOPBIX 3aBHCHMOCTh MEXIY BXOJHBIMH W BBIXOJHBIMHA CHTHAJIAMH M3BECTHA U
IpeJcTaBUMa B BHJIC TPAJUIIMOHHONH MaTemaTtmueckod monennm Y=f(X), omHako
BXOJIHBIC CHTHAJIBI HE IOJJAIOTCA TOYHOMY H3MEPCHHIO, a JIOCTYITHBI JIHIIb
MPUOIM>KEHHOM OLICHKE, HAllPUMED:

X1 = “npumepHo 97,

X2 = “npumepno 10”

Yy =X+ Xo.

B sToM cimydyae 3HaYeHHME BBIXOJA CHCTEMBI Y MOXKET OBITh MOJYYCHO B
dopme HedeTkoro uncia (puc.5.1).

p(z1)
w(y)

>
y=flz1,22) [——>

7 10 11

Puc.5.1.

Ecnu mozaens 3a1aHa B BUJIE MATEMAaTHYECKOTO BBIPAKEHUS, COIEPIKAIIETO
OTiepaIliy CIIOKCHMSI, BHIUUTAHUS, YMHOXEHUS WU JEJCHUS, TO JIOJDKHBI OBITH
ONPEAEIEHBl METOJBbl BBINOJHEHUSA 3TUX OIEpAMid HAJ HEYETKUMH YHCIIAMMU.
JlaHHBIE METOIBl UTrPalOT BAXKHYID POJib, MOCKOJBKY MO3BOJISIOT BBOJUTH B
TPAJUIIMOHHYIO MATEMATUYECKYI0 MOJEIb CUCTEMbl HEUETKHE OLIEHKH BXOJHBIX
3HA4YCHUH, KOTOPBIC YEJIOBEK (POPMYIMPYeT Ha OCHOBE CBOETO BOCHPHUATHS WJIU
uHTyuuu. Kpome Toro, Ha OCHOBE TaKUX METOJIOB MOHO CO3/1aBaTh TMOpPUJIHBIC
MOJIENIN, COCTOAIINE M3 YETKUX U HEUETKUX OJIOKOB, NMPU ATOM UYETKHE DJIEMEHTHI
MOJEIM MOTYT HCIOJb30BaThCSI B TOM YHCIE€ W I OOpaOOTKA HEUYETKOU

I/IHCI)OpMaHI/II/I, BbIHaBaeMOﬁ COOTBCTCTBYIOIIMMHN HCUYCTKUMU 3JICMCHTAMMU.
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5.2. IlpuHuun o0001IeHUsA

B neuetkoil apudgmeTrke 6a30Bble MATEMAaTHUYECKHE ONIEpPALIMM C HEUETKUMHU
YHUCIIaMU TPEACTABISAIOT CO00M 0000IIEHNEe COOTBETCTBYIOIIMX OMEpaluid Hajd
oObryHBIMH uHcnamu. [IpaBuna Takoro o6o6meHust npeayoxensl Jl.3age B Buze
MPUHLIUTIA O0OOIICHHS.

PaccmoTtpum mansbiil npunanmn Ha mpuMepe cucteM tamna SISO (cuctemsl ¢
OJIHUM BXOJIOM U OJIHUM BBIXOJIOM).

Wrak mycth uMeeTcst 00bIYHAsI CUCTEMA C OJTHUM BXOJIOM U OJTHUM BBIXOJIOM,
peanmsyroras oroopaxenue f MHOxkecTBa X BXOJIHBIX 3HAYCHUI BO MHOKECTBO Y
BBIXO/IHBIX 3HaUeHUH (puc.5.2.).

u(z) p(y)
1p------ 1 p-------
— y = f(z) -
- y 15
Y
zeX, yeyY, f: XY
Puc.5.2.
Eciu A — HedeTkoe MHOMECTBO, 3aJaHHOEC HAa MHOXECTBE X, TO

pesyastatoM f(A) ero orodpakeHHs, B COOTBETCTBHU C IMPUHIIMIIOM O0OOIICHHUS,
sBIIETCS HeueTkoe MHOXKecTBO B = f(A) , onpenensemoe B Buje (5.1), riae cuMBo
V o3Hauaet onepannio NJIN (o0beanHeHe HEUETKUX MHOXKECTB):

B(Y0 = f(A) =V{AX)/ ()} ={(us (V)] ) |y = f(x),x € X},

V 1, (X), s Beex x, miast KoTopwix f(X) =y,
Hp (y)=

0, BOBCeX ApyTHUXCIydasx

W xpatko:

He(Y) =t (V) =V ua(x),  xeX yeY. (5.1)

y=Ff(x)
I{J’IS{ MHOTHUX PCAJIBbHBIX CHCTEM BXOAHBIC MW BbIXOJHBLIC BCINYHHBI
(HaHpH}KeHI/Ie, TOKH H T.I[.) MOI'yT OBITH BbIPAXKCHBI C IMOMOIIBIO BCHICCTBCHHBIX
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YuCces, MOATOMY B JAJbHEHUIIEM W3JIOKEHUH MBI OyJeM Ipeamnojararb, 4To
YHUBEpCaIbHbIE MHOXECTBA COBIIAJIAI0T C MHOKECTBOM BELIECTBEHHBIX uncen R.
OtmeTuM, uto B oOmmieM ciydyae X U Y MOTYT MPEACTaBISATH COOOW MHOXKECTBA
IPOU3BOJIBHBIX 3JIeMeHTOB. Takum oOpa3om, ¢opmyna (5.1) Moxer ObITh
Ipe/ICTaBICHA B BUJIE:
He(Y) =ty (V) =V ua(X), VX, yeR (5.2)
y=f(x)

OCc00EHHOCTBIO TEOPUH HEYETKUX MHOKECTB SIBIIIETCS TO, YTO OJIHA U T XKe
npoleaypa, Hampumep, OObEIMHEHHE MHOXKECTB, MOXKET OBbITh peaan30BaHa
pa3IMyHBIMM criocobamu (00 STOM B CIEIyIOUIEM pasfene). 31eCh KEe Mbl
MPEANOJIOKUM, YTO omepanus V peanusyercs onepatropom MAX, uto o3Hadaer
BBEIOOP MAaKCHMAJBHOTO 3Ha4YeHUs GYHKIUA TPUHAMICKHOCTH ISl JTAHHOTO
3HAYEHUA apryMeHTa (X).

Ipumep 5.1. [Tycts SISO-cucrema peanuzyer oroopakenue X— Y, raey
= x% Jlanee IpeAIoNOKUM, YTO BXOJHOE 3HAYEHUE X 33/1aH0 B (POPME HEYETKOTO
yucia A(x) = «npumepHo 0», mpeacTaBieHHOro B Ta0m. 5.1.

Tabanma 5.1
Heuerkoe yuciao A(x), «<npumepno 0»

Ha (X) 0O 05| 1 (066033 O
X -2 | -1 0 1 2 3

JIJ1st TaHHOTO BXOTHOTO 3HAYEHUS OTPEIEIINM HEUETKOE BBIXOJTHOE 3HAUCHHE
B(y), pyHKIIUS TPUHAAIICKHOCTH KOTOPOTO MOXKET OBITh TIOJIy4eHa 1Mo (GopMyJie:

up(Y)=MAXu4(x), Vx,yER:XEX,YEY.
_ (5.3)
y=x?

Hanpuwmep, 3nauenue y = 1 cootBeTcTBYeT ciaydaro x = | unu x = -1. [ToaTomy
dbopMyiTy NI BBIYUCIICHHS CTENEHU MPUHAIICKHOCTH pg (y) I ¥ = 1 MOXHO
MIPEJCTABUTh B BHJIC:

ug(y)=MAX((0.5),(0.66))=0.66
y=1
(5.3)

Heuetkoe MHOkeCTBO B mpecTaBieHo B Ta0. 5.2.

Ta0numa 5.2
Heuerkoe ynciaoB (y), «<npumepno 0»

us (y) 1 |0.66 | 0.33 0

y 0 1 4 9

48



Ha puc.5.3. npeacraBieHbl HEYETKOE YUCIIO HA BXOJI€ CUCTEMBI M PE3yJIbTaT

€ro npeoOpa3zoBaHus Ha BBIXOJE.

pa(z) p(y)
1 /CA; «IIpMepHO 0» lﬁ\ «IIpuMepHO O»
/'/ \‘Q\ T—p y=z> |—» Y \G\
//0 \\Q\ \\G\\
—e/ + ot \‘9—> +H—H;;:¥=e—o—>
2-101 2 3 ° 0 4 9 4

Puc. 5.3. IIpeo6pazoBanue o0braaON SISO-crcTeMOl BXOTHOTO
HEYETKOTO YKCJIa B BEIXOHOE

5.3. Cucrembl Tuna SISO (oauH BX0/ — OJUH BBIXO/)

Jlanee Mbl pacCMOTpPUM, Kak Ha OCHOBE MIPUHIIUIA 00001eHUs 1Ji1 QYHKIIUK OTHOU
MEPEMEHHON MOKHO ONPEACIIUTh HEKOTOPHIE OTepallui HaJl HEUETKUMH YUCIIaMHU.

e [IporuBOMO/IOKHOE HEYETKOE YHCJIO

[TpOoTHBOIIOIOKHBIM 711 HEUETKOTO YHClia A SBIACTCS HEYSTKOE YUCIIO -A,
KOTOPOE MOXKET OBITh IMOJYYCHO HAa OCHOBE IIPUHITUIIA 0000IICHUS, TPUHUMAFOIIETO
B JIAaHHOM CJTyJac BU/I;

1Y) =V p,(X), VX, yeR
y=—X

IIpumep 5.2. Haiizem npoTHBOIOIOKHOE YUCIO A1 A = KIIPUMEPHO 2
(Tabm. 5.3).

Tabnuma 5.3
Heuerkoe yncio A =«ipuMepHO 2»
ua(X) 0 0.5 1 0.5 0
X 1 1.5 2 2.25 2.5
Pe3ynbTaThl BRIUMCIECHUHN NpeCcTaBIEHbI B Ta0. 5.4 .
Tabmuma 5.4
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IIpoTHBONO/I0:KHOE HEYETKOE YHCJIO0 -4 = KIPUMEPHO -2»

pa(x)

0

0.5

1

0.5

0

X

-1

-1.5

-2

-2.25

-2.5

Takum 00pa3zom, MOKHO IPUITH K BBIBOJTY, YTO YUCIO A U IPOTUBOIIOJIOAKHOE
eMy 4HCII0 —A CUMMETPHYHBI OTHOCHTEIILHO OCH opauHAT (puc.5.4.).

p-a(y) pa(z) p-a(y) Ha(z)
A A

—-A A
Q_ ___________________ _QI
1 /i
1Y /10
o\ AR}
o\ Iy
l: \\ /I :\
o © - o i
[ \ o 1t
[ \ h [
] 1 \ ’ [
A T
+——+ A+ 74 \ 4 —O—+—m
-3 -2 -1 0 1 2 3 =y m—a

Puc.5.4. Yucno 4 = «upumepHo 2» 1 9uciio B = - A =«mpumepHo -2»

* OO0paTHOE HeYeTKOE YHCJIO0

OGpaTHOE HEYETKOE YNCII0 A BBIUMCIISETCSA HA OCHOBE MPUHIHUIIA 000011Ie-
HUA B popme:

,uA,l(y):\/,uAgx), VX, yeR, XxelX.

y=-

X

IIpumep 5.3. Haiinem HeueTKoe YnCII0, SIBISIONIEECs OOPATHBIM K HEYETKOMY

qucnyA «IPUMEPHO 2», 3aJ]aHHOMY C TIOMOIIb Tabd. 5.5. Pe3ynmbrarsl

BBIYMCIICHUM MTPEACTABICHBI B Ta0J. 5.6 U Ha puc. 5.5.

Tabauma 5.5
HeueTrkoe 4uC104= «IPUMEPHO 2»
ua(x) 0 0.5 1 0.5 0
X 1 1.5 2 2.25 2.5

Ha puc. 5.5 nokaszaunsl uncio 4 u o6parHoe K HeMy uucio AL,
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Ba-1(y)

f
i\
A s
0.5 4 DI @
I:Pg \‘\ //ﬁ Q‘\
l‘ : N // \\\
l' : \‘\ ," \
i -~ = —
T,y
0 0405 1 1.5 2 2.5 3

Puc.5.5. Heuetkoe uncno 4 - «npumepHo 2» 1 00paTHOE K HeMy 4ucio AL,
HallIECHHOE C MCIOJIb30BaHUEM IPUHIUIIA O000IIEHHUS

5.4. Cucrema tuna MISO

[Tacte umeercs oObluHast MISO -  cucrema (puc.5.6), peanusyroas

otoOpaxkeHue Y=(x1, x2, X3, ..., Xn ).

- L1

y:f(mla--wxn)

Puc.5.6.
Bxoanoii BekTop X ompejienieH Ha JIEKQpTOBOM TMPOM3BEACHUM O0JacTei
OIPEIICIIEHUS OTACIBbHBIX BXOJHBIX BEIMUMH X1 XXo XX3 X... XXj.
Oynkmust f oroOpaxkaeT MHOMKECTBO DIIEMEHTOB OOJIACTH OIpPEACIICHUS
BEKTOpPA BXOJIHBIX BEJITWYMH X HA 00J1aCTh 3HAUCHUH BBIXOIHOW BEIIMUMHBI Y :
f: X1 XXy XX3 X... xX,—>V.

Ecmu A1, A2,As, ..., Ay - HEeUETKHE MHOXKECTBA, 3aJJaHHBIC HA 00JIACTAX

omnpeneneHus X1, X2, X3, ..., Xn BXOJHBIX BEJIUYHUH, TO B COOTBETCTBUHU C ITPUHIIATIOM
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0000IIIeHHS, Ha BBIXOE CUCTEMBI MOTYIHM HedeTKoe MHOXKeCTBO B=f(41, 42,43, ...,

Ap), SABISIOIIEECS Pe3yIbTATOM OTOOPAYKEHHS BXOTHBIX HEYETKUX MHOXKECTB!

()= v (i ) At () A Aty (%)) I, Xy X, € R

y=f(x)
y=1 (4.2, %)

riue

CUMBOJI V - 03Ha4aeT 00beAMHEHUE MHOXKECTB (MO-TIPEKHEMY IIperoiaaraeM, 4ro

OH peanusyeTcs nporenxypoit MAX);

CUMBOJI A - O3HAYaeT MEpPeceueHre MHOKECTB (HAalpuMep, Ha OCHOBE OIEpaliu

MIN). [lanHble onepamnun moapoOHo Oy IyT pa3oOpaHbl Ha CICAYIONMIEM 3aHATHH.
Jlanee paccMOTpPUM UCIIOIB30BaHUE MPUHITUIIA 0000IIICHUS MPU BBITIOTHEHUN

OCHOBHBIX apu(PMETHUECKUX OTepaIuil AJis Caydasi CHCTEMBI C IBYMs BXOJIaMHU.

5.5. CiaoxeHue HEUETKHUX YMCEJI.

CrnokeHue IByX HEUETKHX YHUCEN MPEJCTaBIsET co00i 0ToOpakeHne
BXOJHOTO BEKTOpa

X=[x1,%2]",

OTIPEJICTICHHOTO Ha JIEKApTOBOM Mpou3BeieHnn RXR , B BbIXOAHOE 3HaUEHUE Y,
ornpeaeneHHoe Ha MHOXecTBe R (puc.5.7).

HA; (1:1)
A «TIPUMEPHO a1»
Fea
i par+ 4 (Y)
! - ¥
(22) aa T «mpuMepHo (a1 + az2)»
HAy (T2 T1 —p

«IIPUMEPHO ag» y=71+T2 >

T2 —P

<V

a1 + a2

o
az

.’II1€X1=R, z2 € X2 =R, y€Y=R

Puc.5.7.

Ecimm A1(X1) 1 Az(X2)— HEYETKHE YrCIIa, TO UX CyMMa TaKXKe SIBIISICTCS
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HCUCTKHUM YHUCIIOM U 3a4aCTCA BBIPAKCHUCM:

(A+A)Y) = A (AC)AA(X)), VX, % €R.

=T

JIJist BBIYMCIICHUS] CYMMbI HEYETKUX YHUCEIT JOCTATOYHO OMPEICTUTh
GYHKUIHIO TPUHAJICKHOCTH

Han, (Y) = y_X+XZ[ﬂA1(X1)AuAZ (%)} ¥x.x eR

PaccmoTpum npumepsl.
IIpumep 5.4.

[TycTh 3a1aHbl HEUETKHE Ynciaa Al = «IpuMepHo 5» (Tabi. 5.6), Ay = «IpUMEpHO
7» (tabm. 5.7). Haiimem HeueTkoe unciio (A + Ay).

Tabnuma 5.6
Heuertkoe unciio A; = «npuMepHO 5»
U, (X2) 0 | 0.33] 0.66| 1 0.5 0
X2 2 3 4 5 6 7
Tabnuma 5.6
HeueTkoe uncio Ay = «mpuMepHoO 7»
P, (X2) 0 0.5 1 | 0.66|0.33|] O
X2 5 6 7 8 9 10
Tabnuua 5.7

Heuertkoe uncno (4; + A,) = «apumepHo 12»

Ha+4,y) | O 0 | 033 05| 066] 1 | 066] 05| 033 O 0

\% 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17

Brrurcnenne cymmbl HeueTKuX umcelt (Ai+Aj), ¢ HCIOIb30BaHUEM ITPHHIIAIIA
00001IIeHUS WILTIOCTPUPYETCS CXeMOM Ha puc. 5.8.
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HA, ($1)

1.0
1 0.66 .~
o ™
033 .-~ o
/’o \\\
0 ul + . B
- 2{ 3! 4! 5i 6i 7
10 _of of of o o [ol
v, ) I BT B B BN
4
0.33 O'/ (9 o] 033 o033 03 q@\ﬁ
,/ 21 I B BT I AN
0.66 O/ (8 o] 033 o066 o] 63|\ o
o m ] G /B MAXMIN{ua, (21), pay (22)}
7 7 ol o3 q@\ﬁ\ 0.5 0T~ JAJs Bcex (z1,T2) TaKHX, YTO
| % - A U YA 2y + 22 =18
\\Q 6 (o] Y3 N6 Nos| o] ol
0.5 2, O 02T MIN{ua, (7), 44, (6)}
g JAW) 0 ol o 0 \
ta,(z2) aT N J¢® 5 10 11 D R S—
s
1 0

Puc.5.8. Meron onpenenenus GyHKITUM MPUHAIICKHOCTH HEUETKOTO uncia (A, +
A,), rie A; = «IPUMEPHO S», A, = «IIPUMEPHO 7»,
u pe3yibtar (A; + A,) = «upuMepHO 12» MOIYYEH ¢
ucnoip3oBanueM onepatopoB MAX (V) u MIN (%)

[Tonyyennsiit pe3yabTat (A1t+Az) = «ripumepHo 12» mpejacrasieH B Tabm. 3.9 u
Ha puc. 5.6.

KAy +42(Y)
«IIPUMEPHO 12»
1.0 {
0.66 1 R
0.5 g b
0.33 - d 8
0 ——0—6—0—4—0—+—0—+—9—‘0—0————>

7 8 9 10111213 1415 1617 y

Puc. 5.9. luckperHas GpyHKUIUS NPUHAIIEHKHOCTH YUCIA KIIPUMEPHO 12,
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SABIISIIOIIETOCS] CYMMOW HEUYETKUX YHUCEI KIIPUMEPHO 5» +«IIpUMEPHO 7» U
MOJIYYEHHOTO C ucnojab3oBanueM onepatopoB MAX (V) u MIN (%)

5.6. YMHOKeHHE HEUYETKHX YHCeJ
4

ycrs A1(X1) 1 Az(X2)— HeueTkue uncia. x npousseacHue (A *Az) MOXKHO
HAWTH, UCMIOJIB3YS MPUHLIUIT 00001IEeHHS B PopMe:

(A-AXY = v (AK)IAARK)) VXX, yeR

=XXp

DaKTUYECKHU I BBIYUCIICHUS] CyMMbI HEUETKUX YHCEN JOCTATOYHO
ONpeNeuTh PYHKIHUIO TPUHAJICHKHOCTH

Hp.p, (y) - yz}éle'uﬂ(xl) N Ha, (Xz)J- VX, X%, Y € R,

e
orepaTop V - 03Ha4aeT 00beTMHCHIE MHOXKECTB (ITO-TIPEKHEMY MTPEATIOIaracM, 9YTo
OH peanusyeTcs nporeaypoit MAX);

orepaTop A - O3Ha4YaeT MepecedeHre MHOXKECTB (HalmpuMep, Ha OCHOBE OIepaIliu

PROD). /lanHble onepaliuy moapooHo OyayT pa3o0paHbl Ha CIEAYIOIIEM 3aHATHH.

Paccmorpum npumep.

IIpumep 5.5.

[TycTh 3a1anbl HeUETKHE Ynchia A = «IpuMepHO 5» (Tabdm. 5.8), A, = «ipuMepHO
7» (tabn. 5.7). Haitnem HeueTkoe uncio (A; + Ay).

Tabauma 5.8

Heuertkoe unciio Aj= «mpuMepHO 5»

wi, () | 0 0.33‘ 0.66‘ 1 ‘ 0.5‘ 0 ‘
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X2 2 3 4 S) 6 7

Tabauma 5.9

Heuetkoe unciio Ay = «ipuMepHO 7»

ui,(x) | 0| 05| 1 |0.66|0.33] 0

X2 5 6 7 8 9 10

Ta6muma 5.10

Brrunciienue npousBeeHuss HeUeTKUX ynce (A1°Az) WIUTFOCTPUPYETCS CXEMOM
Ha puc. 5.9. Ilpu ucnonb3oBaHUU H300pPAKEHHON HA HEM CETKU PE3YJIbTaTOM
ABJIIETCS] HEUeTKOoe Yncio (Ai*Ar)= «ipumepHo3 Sy, npeacraieHHoe Ha puc.5.10.

pa, (1)
| 1
0.66 d,/°\\
0.33 o/' ‘03'5
0.~ ‘\\ 0
0 L T o N S o
T2 2| 3, 4} 5 63 7! Zi
110 o wlc o DG
P Y B B Y AU A
0.33 " 19 o o1 \on 05\@\%)
i B NLA & L NG
066 5 s Dyal @D e
P NIV IR VA IPA VA1
v, 1 (DD e
L PR PR L A L
o DN ENENEN
0.5 s U P PR I P
\‘(\5 ﬂ)-\ 0\6\ 0 yAU
- LR S ® B

pay (T2) 0 s \
- +
] AX PROD{ua, (z1), pa, (z2)}

B aa () = PROD i, (01, i, (ga)} /  BBORX (w1582 TARiLT, 3T0
1o = 36

Tr1T2 =Y
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Puc.5.9.

HA, A (y)
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Puc.5.10.
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[TPAKTUYECKOE 3AHATUE Ne6

6. OINEPAIMU C HEYETKUMU MHOXKXECTBAMMU

4
OHpeI[eHeHI/IC OHCpaHHﬁ, BBIINMOJIHACMBIX C HCUCTKHMMHU MHOXCCTBAMH, BO

MHOTOM aHAJIOTUYHO OTEpaIfsiM C OOBIYHBIMU (YETKUMH) MHOXKECTBAMHU, OJIHAKO
HEOOXOJUMO OTMETUTb, YTO IIOCKOJIbKY HEUYETKOE MHOYECTBO SIBIISETCS
paciMpeHeM OOBIYHOIO YETKOIO MHOXECTBa TO U Habop omepauui mis1 HM
3HAYUTENIbHO 00Jiee IMUPOKUI U pa3HOOOPA3HBIN.

PaccMoTpuM OCHOBHBIE Omepanuy, HaubOJIee 4YacTO MCIOJIb3yeMbIE IpU
IIPOEKTUPOBAHUM CUCTEM YIIPABJIEHHUs C HEUETKUMHU perynstopamu. Ilycte Au B —
IIPOU3BOJIbHBIE (KOHEUHBIE I OECKOHEYHBIEC) HEYETKUE MHOMXECTBA, 3a/IaHHbIE Ha
OTHOM M TOM ke yHuBepcyMe X. HauneM ¢ paccMoTpeHus onepauui, ¢ KOTOPbIMU
yXKE€ XOpOLIO 3HAKOMBI K3 TEOPUM MHOXKECTB, a HMMEHHO, IIEpECEUCHHUE,
00BbeIMHEHNE, JTOITOJIHECHHUE.

Hanee OyaeM UCIIOJIb30BATh CIIEAYIOIINE 0003HAYCHUS:

1) aab=min(a,b),

2) avb=max(a,b).

6.1. Ilepeceuenue (KOHbIOHKUUSL)

IlepeceueHueM JIByX HEUETKHX MHOXKECTB A 1 B © X Ha3bpIBaeTcs HEUETKOE
MHOeCcTBO C ¢ QpyHKIMEH TPUHAIIICHKHOCTH:

He (X) =Hys (X) =Hy (X)/\ Hg (X) = min (/UA (X)’ Hg (X))’ (6.1)
JII KaKaoro X € X .

I'padpuaeckas mHTEpHIIpETAIINS STOM ONEepaIuy IpeacTaBieHa Ha puc. 6.1.

A

ne) e Ha(X)

-

x

Puc. 6.1. I'paduueckoe npeacTaBieHre onepayy nepeceueHusl HeYeTKUX
MHOECTB.

Omnepanusi nmepeceyeHuss HEUYETKUX MHOXKECTB MO aHAJIOTUU C OOBIYHBIMU
MHO’KECTBaMU 0003HauaroTcs 3HAKOM «(1». B 3TOM ciydae pesynbTar onepaunuu
nepeceveHust IByX HeUeTKUX MHOXECTB 3anucbiBaercs B Buae C=ANB .

Kak HerpynHo 3ametuth, nepeceuenuss AMNB ecTh HauOomblIee HEYETKOE

MHOXKECCTBO C, KOTOPOE€ COACPKUTCA OAHOBPEMCHHO B HCUCTKHX MHOXKCCTBA An

B.
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[lepeceuenne HeueTknx MHOXeCTB Ag,Ay, ...A, ompenensercs QyHKuuen
IPUHA]JIEKHOCTH:

pe(X)=min[ 1, (%), 12, (X)...., 2, (0], (6.2)
IJI1 Kaxxkaoro X € X .

Omnepanutio rmepeceueHuss HeYSTKHMX MHOXKECTB WHOTJa Ha3bIBAIOT MiN (0) —
nepecevYeHueM WU A -IIEPECCUCHUEM.

JIJTsL BBIYKJTBIX HEYETKHX MHOXKECTB MIMEET MECTO CJICAYIOIIeEe CBOMCTRO:

Ecnu neuemkue mmnoowcecmea A u B — ewinykivie, mo u ux nepecedenue
C=ANB maxkoice A6/151eMCsl BbINYKILIM HEHEMKUM MHONCECEOM.

6.2. Ooveounenue (Ou3bIOHKYUA)

OObeIMHEHHEM JIBYX HCYCTKHX MHOXKECTB A M B Ha3piBaeTcs HEKOTOpOE

TpeTbe MHOXecTBO Jl, 3agaHHoe Ha 3ToM YyHuBepcyMe X, (QyHKIuUA
IPUHAJIEKHOCTH KOTOPOTO OIPENEISAETCS 10 CIeAyoen hopMyIie:

Hp (X) = H, B (X) =Hy (X) Vv Uy (X) = maX(IUA (X)v Hp (X))’ (6.3)
IS Kaxkgoro X € X .
I'paduueckas uaTEpIIpeTaIlds 3TOM ONEpaIliy MpecTaBiIeHa Ha puc. 6.2.

4 Ha(x)

v

Puc.6.2.
Omnepanys 00beIMHEHUS! HEYETKUX MHOXKECTB C OOBIYHBIMA MHOXECTBAMHU
o0o3HavaeTcs 3HakoM U, a pesynmprar: D=AUB .
Kak HerpymHo 3ametuth, oObeauHennme D =AUB ectp HauMmeHsblee
HEYETKOE MHOKeCTBO D, KoTopoe BkItouaeT 00a MHOXkecTBa A u B.

Onepaumo O6’[>€III/IH€HI/I$[ HCYCTKUX MHOXXCCTB MHOT A HA3bIBAKOT MaX (0) -

00bLeAUHEeHHEeM WU V- 00bEeIUHEHUEM.
OYHKIMY TTPUHAJICKHOCTH 00beAMHEHUS HEKOTOPBIX MHOXKECTB A1,Ay, ... An
BBIPAXKAIOTCS 3aBUCUMOCTBIO:
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Hp ()()er]a-)('::uA1 (X), Hy, (X),---, Hy, (X)]’ (6.4)

JJIST KaKaoro X € X .

Paccmompum npumepol onepayuii 00veouneHusn u nepecevenus’
JlomycTUM 3a/1aHbl IBa HEUETKUX MHOXKECTBA:
A- «He00IIbIII0e HATYpPaTbHOE YUCIION:
10 10 09 08 06 05 04 02 01
e
1 2 3 4 5 6 7 8 9
B- «uncno npubiamkeHHoe paBHOE 2»:
06 10 06 04 02 0 O 0 O
B=— "t — =t —+—.
1 2 3 4 5 6 7 8 9
Torma HeueTkne MHOXecTBa A W B, a Takke pe3ynbTarbl oOmepanui

A

06T>€I[HHGHI/I51 " IISPCCCUCHUA ITPCACTABJICHLI B Ta6JII/ILI€:
X 1 2 3 4 5 6 7 8 9
w(A)| 10 | 10 |09 | 08 |06 | 05 | 04 | 02 | 01
u;(B)| 06 | 1.0 | 06 | 04 | 02 | O 0 0 0
AUB | 10 | 10 | 09 | 08 | 06 | 05 | 04 | 02 | 01
ANB | 06 | 10 | 06 | 04 | 02 | O 0 0 0

6.3. lonoanenue

JlomoHEeHWEe HEYeTKOro MHokecTBa A oOo3Hawaercss depes A W
OIpENeNsIeTCs KAk HEYETKOE MHOXKECTBO A={X,,U,;(X)}, Vxe X, ¢ynkuun

IPMHAIEKHOCTH KOTOporo A (X) ompenensercs o crenyromeii hopmyse:

,uz\(x)zl—,uA(X) vxe X . (6.5)
I'paduueckn nanHast yHKIUS UIUTFOCTpUpYETCs puc.6.3.
ROOA
ey HACO

X

Puc.6.3
JInst pacCCMOTPEHHBIX OIEpALIMK HAJl HEYETKUMH MHOXKECTBAMH UMEIOT MECTO
cienyromue pyHaaMeHTalbHble CBOMCTBA.
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ITycts A, B, C — npon3BOJIbHBIE HEUETKHE MHOXKECTBA, 33/JaHHBIE HA OJHOM
U TOM K€ YHUBEPCYME.

CripaBeJIUBBI CIEAYIOLIUE YTBEPKICHUS:

-KOMMYMamueHoCms OINepail 0ObeIMHEHUS U TEPEeCceUYeHUs ,HEUETKUX
MHOECTB:

AuB=BUA ANB=BNnA (6.6)

-accoyuamuenocmy Onepalvu OOBEIUHEHUS U IEPECEUYEHUs HEUYETKUX

MHO’KECTB:

AUMBUQO)=(AuUB)UC ANBNO)=ANB)NC

(6.7)

-Oucmpudymuenocms onepanuii U B = BU 4 ANB=BNAmn
UB=BUA AN B = BN A OTHOCUTEIBHO APYT Apyra

AUBNO) =AUBNUAUCO); ANBUO) =UAUNB)UUANCO)

(6.8)

-udemnomenmuocms onepaurii UB = BU A4 ANB=BNA u

UB=BUA ANB=BNA
AUA=A ANA=A4 (6.9)

-nozciaouieénuée OJHOI0 U3 HCUCTKUX MHOKCCTB IIPU OIICPaAllUU O6’beI[I/IH€HHH
H IICPCCCUCHUA HCUCTKUX MHOKCCTB!
AU(ANB)=AN(4UB) =4 (6.10)
-UHBO0II0UUA

>

=A (6.11)
- 3akonvl Mopzana
AuB)=ANB AnB)=AuUB (6.12)
Oco0eHHOCTh paccMaTpUBAEMBbIX OINEpalldid HaJl YETKUMHU MHOXKECTBAMHU
COCTOUT B TOM, UTO JJISI HUX HE BBINOJHIETCS 3aKOH HUCKIIOYEHHOTO TPETHETO U
3aKOH TOXAECTBA. A MMEHHO B OOIIEM ClIydae OKAa3bIBAIOTCA CIPABEIJIMBBIMU
HEpPABEHCTBA:

ANA=0

@]
X
2 HAx) pzix)

Y

Puc.6.4
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AUA=X
x
H() Halx) Hz(X)

Puc.6.5

6.4. HeueTkue onepaTopbl. AIbTePHATHBHbIE ONIEPAIIHH NepecedeHu st
1 00beTMHEeHNsTI HeYeTKHX MHOKECTB

Omnepanuy Min (0) — mepecevYeHust ¥ max (0) — 00beTMHEHNs] SIBIIIOTCS HE
CIMHCTBEHHBIMH JII1 ONPEICIICHUS  TepeceYeHHs M OOBCIMHEHUS HEUYSTKUX
MHOJKECTB.

BBeneHHBIE B PAacCMOTPEHHE TEOPETHKO-MHOXKECTBEHHBIC OTICpaIlii HE
UCYCPIBIBAIOT BCE BO3MOJKHBIC CIIOCOOBI WX 3aJ[aHMsI, KOTOPHIC MOTEHITHAIBHO
MOJKHO TIPEIOKUTh B KOHTEKCTE OOIIEH TeoprH HEYETKMX MHOXKECTB. lpu sToM
1eJIeCO00Pa3HOCTh MPUMCHCHHS aJIbTCPHATUBHBIX ONEpaliii  MOXKET OBITh
00ycIIoBJIeHa crieln(pHIESCKUMU 0COOCHHOCTSIMH KOHKPETHBIX IPAKTHUSCKUX 3a/1a4
Y CTPEMIICHUEM MTOBBICHTD aJICKBATHOCTH HHTEPIPETAIIMH UCTIOIb3YSMBIX HEYSTKHX
MOJIeJIC Ha OCHOBE yueTa HIOAHCOB peIraeMoi 3a1auu.

O06001IeHneM HEYETKUX OlepaIuil IepeceueHuss U 00beIMHEHUS SBIISIIOTCS
HEYETKHE OTICPATOPHI:

- mpeyzonbHas Hopma (T-HOpM™Ma);

- mpeyzoibHaA KOHOPMA (S-xoHOpMa).

Heuetrkue omepartopel T m S 0003HauatoT (GYHKIUH CO CIENHUATHLHBIMU
cBorictBamu. [logpoOHO ATH CBOMCTBAa OyayT pPacCMOTPEHBI HHUXE. 3/1eCh XKe
OTMETHM JIBa OOIIMX Ba)KHBIX CBOWCTBA: [-HOpMa M S-KOHOpPMa 3TO (PYHKITUU ABYX
JIEHCTBUTENFHBIX TIEPEMEHHBIX X U Y, OTNpeeeHHBIX Ha HHTepBagax 0 <X <1 wu
0<y <1 3nauenus dpynxmmii T(X,y) 1 S(X,y) Takxke HaxoAaTCcs B HHTEpBaje ot 0
1o 1.

6.4.1. Tpeyzonvnasn nopma (1-nopma)
[IpousBonbpHas AecTBUTENbHAS QYHKIIUS OT ABYX MEPEMEHHBIX

T:[0,1] x [0,1]—[0,1] (6.13)
Ha3bIBACTCS TPEYTrOJbHOW HOPMOM, €CIM OHA YJIOBIETBOPSAET CIEAYIONIUM

CBOMCTBaM, Ha3bIBAEMbIM AKCHOMAMHM TPEYTOJIbHOW HOPMBI:
1. ¢bynkuus T gBisieTcsi MOHOTOHHOM OTHOCUTEIBLHO 000OMX apryMEHTOB
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T(a,c)<T(b,d), ecm a<b,c<d

2. ¢yskuusa T yaoBIETBOPSET YCIOBHIO KOMMYTaTUBHOCTH

T y)=T(y,%)
3. ¢ysakuusa T yaoBIeTBOpsAET TPAaHUYHBIM YCIOBUSIM
T(x,00=0, T(XxD=x
4. dbynkmnus T yIoBIETBOPSET YCIOBUIO CBSI3HOCTH (aCCOIMATUBHOCTD )
T(T(a,b),c)=T(a,T(b,c)).
6.4.2. TpeyroJjibHasi koHopMa (S -KOHOpPMA)
[IpousBonbHas AeCTBUTENbHAS PYHKIUA OT 2-X NEPEMEHHBIX
S:[0,1] x [0,1]—[0,1] (6.14)
Ha3bIBa€TCsl TPEYrojJbHOM S -KOHOPMA, €CIM OHa YIOBJIETBOPSET

CJICTYIOIIIUM CBOMCTBAM:
1. ¢yHkus S sBASIETCI MOHOTOHHON OTHOCHTEIFHO 000MX apryMEHTOB

S(a,c)<S(b,d), ecm a<b,c<d

2. (GyHKIUA S yIOBIETBOPSIET YCIOBUIO KOMMYTaTUBHOCTH

S(X, y) = S(y,X)

3. (yHKIUSA S yAOBIETBOPSIET TPAHUYHBIM YCIOBHIM

S(x,0)=x, S(x)=1

4. ¢ynkuus T yTOBIETBOPSET YCIOBHIO CBA3HOCTH (2CCOLMATUBHOCTD)

S(S(a,b),c)=S(a,S(b,c))

B Tabmune 6.1.a m 6.1.6  moka3aHbl Hauboyiee 4acTO BCTPEYAOIIMECs
YacTHbBIC cIy4ae - u S- HOpM.
T-HopMma
Ne T(a,b) HAaUMCHOBaHHE
1 min(X, y) nepeceucHune (MMH-
nepecevyeHue)
2 X-y anreOpanyecKoe MpoU3BEACHNE
3 0, ecmu max(x, y)<1 OTPaHUYCHHOE MPOU3BEICHNC
{min(x, y), ecu max(x, y)=1

4 max(0,x+y—1) yCHJIEHHAsl CyMMa
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S-xoHopMa

Ne S(a,b) HAaUMCHOBaHHE
1 max( X, y) 00beuHEHE (makc-
00BEIUHECHHE) s
1-(1—x)-(1-y) anrebpanyeckasi CcymMmma
3 1 ecmw min(x, y)> 0 OrpaHu4eHHas CyMMa
max(x,y), ecmu min(x, y)=0
4 min(1,x+y) yCHJICHHAs Pa3HOCTh

Paccmotpennsie pyHkmum T- ¥ S- HOpPM HA3BIBAIOTCS TPUAHTYJISPHBIMHU.
HasBaHbl OHU Tak MOTOMY, YTO OHH OIPEACIISIOTCS TOJBKO B TPEYTOJIBHHKE:

0<x<1 u 0<y<1

6.4.3. Anzeopauueckoe npouszeedenue

B muteparype moMuMo omnpe/eiieHus MOHATHS «repeceuenus» (intersection)

HEYCTKUX MHOXKECTB TaK)K€ BCTPEUACTCS OMPECICHHE MOHATHS «anredpandeckoe
npousBenenue» (algebraic product) sTux MHOXECTB.

AJsireOpanveckKum nepeceyeHueM (i ajJireOpanvyecKuM
Npou3BeAeHNEeM) JIBYX HCUCTKMX MHOXKECTB A M B Ha3bIBaeTCS HEKOTOPOE TPETHE
HeyeTKkoe MHOXkecTBO C=A- B, 3amanHoe Ha 3TOM ke yHuBepcyMe X, (pyHKIus
MPUHAIICKHOCTH KOTOPOTO OIpeenseTcs no hopmysie:

e (X) = 1, (X) - 145 (X), vxeX (6.15)

T.e. Kak pe3yJbTarT OOBIYHOTO  aNreOpanyeckoro  MpOU3BEACHUS
COOTBETCTBYIOIIMX 3HAYEHUN (PYHKIUM MPUHAIIC)KHOCTA 0003HAYAETCS:

C=A-B (6.16)

Takum o6pa3zom, anredpandeckoe MPOU3BEACHNE HEUSTKUX MHOXKECTB A U
B — 310 HeueTkoe MHOKecTBO C=A*B, ornpe/ieiecHHOE KaK:

C:{,uA(X)-,uB(X) ‘ X e X}, vxeX, = (6.17)
['paduaeckas mHTEpHIIpETAIINS STOM ONEpaIuy IpeIcTaBiieHa Ha puc. 6.6.
H)4
N Ha(x)

0.5

1/ AN




Puc. 6.6. I'paduyeckoe mpencraBieHne onepanuu aredpandyeckoro
TIPOH3BEICHHUSI.

6.4.4. Anzedpauueckoe 00veduneHue (anzedpauyecKkan cymma)

AnrebpanyeckuM oObeIUHEHHEM (WM anreOpandyeckod CyMMO#) IBYX
HEYETKMX MHOKeCTB A 1 B Ha3wIBaeTcsa HeueTkoe MHOKecTBO D= A @ B, 3amanHoe
Ha 3TOM XK€ YHuBepcyMe X, QYHKIIHS MPUHAIICKHOCTH KOTOPOTO OMPEEISETCS 110
cienyroieit hpopmyie:

5 (X) = 0 (X) + 45 (X) + 224 (X) - 25 (X), vxeX (6.18)
r7ie CIpaBa OT 3HaKa PaBEHCTBA MCIOJIb30BaHbI OOBIYHBIC apU(PMETUUECKUE
oneparuu (puc.16.7).

R4
N Ha(x) L (X)
£
OS5
X
-

Puc.6.7.

[TockonbKy 00MacTblO OMpeAesieHus U OOJACThI0 3HAUYEHUU TPEYTrOJIbHBIX
HOPM W KOHOpM sBisiercsi uHTepBan [0,1], Bce omepamuu ¢ HEYSTKUMHU
MHOKECTBAaMU MOTYT OBITb PAacCMOTPEHbl TIpapUuecku ¢ NPUMEHEHHUEM
TPEXMEPHOTO KyOa.

I'paduueckoe mpexacraBieHue () - TEpeceUeHUs U aIreOpauvecKkoro
IIPOU3BEACHUS B TPEXMEPHOM ITPOCTPAHCTBE MPUBEAECHO HA pUC.6.8.
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4
0 Y
X 7
XoY
0 Y
X 1
Puc.6.8.

['padprueckoe npencrapieHue onepanuil V-o0beIMHEHUS U aIre0pandeckoro

o0beauHeHus (puc.6.9).
XUY

Puc.6.9.
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6.5. IOITOJIHUTEJIBHBIE OIIEPALINUN
HAJ HEHETKMMU MHOXECTBAMU

Cpenu NOMONHUTENBHBIX OMNEpaIdii, KOTOPbIE HAXOAT MPUMEHEHHE IpU
MOCTPOCHUU HEYETKUX MOJICTICH CIIONKHBIX CHUCTEM, CJIEIYeT OTMETHTh OIepaIluu
YMHOKEHHSI HEUETKOTO MHOKECTBA Ha YHCIIO ¥ BO3BE/ICHNE HEUETKOTO MHOXKECTBA
B CTEIICHb.

6.5.1. Paznocmo HeuemKux MHoOIICECme

Pa3HOCTBIO IBYX HEUCTKUX MHOXKECTB A M B Ha3bIBaeTCs HEKOTOPOE TPEThE

HEYeTKoe MHOoXkecTBO E, 3amanHoe Ha ToM ke yHuBepcyme X, (QYHKIHSA
MPUHAIICKHOCTH KOTOPOTO OIpeenseTcs no hopmysie:

pe (x)=max(z2,(x)- 445 (x). 0}, VxeX. (6.19)

I'me mox 3HAKOM MaKCUMyMma HCHOJb3yeTcs OObIYHAs — Omeparus
apu(pMeTHYECKOI pa3HOCTH ABYX uncell. Onepanus pa3HOCTH ABYX YUCET HEUETKUX
MHOKECTB TI0 aHAJIOTHH C OOBIYHBIMH MHOYKECTBAMH 0003HAYACTCS 3HAKOM «\», T.€.

E=A\B.
['paduuecku manHyro oneparuio WuocTpupyet puc.6.10.

A
p(x) Ha(x) pg(x)

Puc.6.10
Kak BugHo u3 dopmyner 3.19, QyHKUMS TPUHAAIEKHOCTH SIBIAETCA
HEOTPULIATENBHOM (€CiM pa3HOCTh (PYHKIMI MPUHAAJICKHOCTH MEHbIIE HYJS, TO
OHa OOHYJISIETCS).
6.5.2. Cummempuunas pazHocme HeUemKUx MHOHCECHE
Crnenyer 3aMeTUTh, YTO OINEpallMd PA3HOCTH JBYX HEUYETKHX MHOXECTB B

OTJIMYMH OT OTepanuii A u V He SBISETCS KOMMYTaTUBHOM, T.€. B 00IIIEM ClTydae

A\B #+ B\4 (6.20)

CummeTpryeckast pa3HOCTh ABYX HEUETKUX MHOKeCTB A 1 B (
ob6o3Hauaercs A © B):

taos(X) = | (x) — pug(x )| VXEX' (6.21)

rI¢ B TPaBOM 4YacTH BBIPAKCHHS TPHUMCHSCTCS OIEpalus MOy
(a0COMIOTHOTO 3HAYEHUS) YHCTIA.

I'padmuecku naHHyO onepanuio WurocTpupyer puc.6.11.
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A
r(x) Ha(x) Hg(x)

7N :

K (x) x
Puc.6.11.
[Ipu 3TOM OKa3bIBAOTCS CIPABEIIMBBIM CIEAYIOLIEE YTBEPKICHHUE:
A © B=(A\B) U (B\A). (6.22)

T.e. cuMMeTpudeckas pa3HOCTh JBYX HEUYETKUX MHOXKECTB TPEICTaBIISCT
co0oli 00beAMHEHNE IBYX Pa3HOCTEN HEUETKUX MHOXKECTB A U B.

6.5.3. YMHOXEHNE HEUETKOTO MHOKECTBA HA YHUCIIO

[Tycte A= {x, 14 (x)}= — mpou3BOIHLHOE HEYETKOE MHOKECTBO, 3a/laHHOC Ha
YHHBEPCYME X; a- IMOJIOKHUTEILHOE JICHCTBUTEIILHOE YUCIIO, TAKOE, UTO:
a-h; <1. (6.23)
Pesynprar omepanuu yMHOXKCHHS A Ha a ONpeesieTcs Kak HEYeTKOe
MHOKeCTBO B= {x,upz(x)} 3amanHoe Ha TOM € YyHUBEpcyMe X, (QYHKIUSA
NPUHAJISKHOCTH KOTOPOTO ONpeAeisieTcs mo GopMmyie:

pp(x) = a- py(x) (6.24)
pp(x) = ki (x)
K- MOJI0KUTENBHOE IENCTBUTEIILHOE YUCIIO.
KpOMe HCpG‘H/ICHCHHBIX, HUMCHOTCA H npyrne onepaum/l, KOTOpBIC
OKa3bIBAKOTCS ITOJC3HBIMHA HpI/I pa60Te C JUHI'BUCTHUYCCKHNMU HepCMeHHBIMI/I.

6.5.4. Onepanusi KOHIEHTPAUH

Omneparusi koHnentpauuu (concentration) CON(A) ompenensieTcss Kak
anredpanyeckoe MpPOU3BEICHUE HEUYETKOr0 MHOXECTBa A Ha caMoro ceos:

CON(A)=A’ te.
Heon(a) (X) = Hy (X)’ Vxe X (6.25)

B pe3ynbraTe mpUMEHEHHS 3TOM OMEPALIMU K MHOXKECTBY A YMEHBIIAKOTCS
CTCIICHU IIPUHAJIEKHOCTH HIIEMEHTOB X ’TOMY MHOXKECTBY, IIPUYEM €CIIH LU, (X) ~1

, TO 3TO YMEHBIIIEHHE OTHOCUTEIBHO MAJIO, a JJIA 3JIEMEHTOB C MAJIOM CTENEHBIO
MPUHAAJIEKHOCTH - OTHOCUTEIBHO BEJIMKO. B ecTecTBEHHOM Si3bIKE MPUMEHEHUE
ATOM onepauuy K TOMY WJIA MHOMY 3HAYEHUIO JIMHIBUCTUYECKOW MEPEMEHHOU A
COOTBETCTBYET MCIOJIb30BAHUIO YCHJIMBAIOIIETO TepMa "oueHs" (Harpumep, "oueHb

snn

BBICOKMI", "O4eHb CTaphii" U T.1.).
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6.5.5. Oneparnus pacTsxeHus
Onepanys pacrskenns (dilation) DIL(A) onpenensiercst kak DIL(A)=A%,

e

luDIL(A)(X): :UA(X)v Vxe X . (6.26)

JlerictBue 3TOM ONEpallMd  MPOTUBOIMOJIOKHO JIEMCTBUIO  OIEpalUU
KOHIICHTPAIIMKM M  COOTBETCTBYET HEONPEACICHHOMY TEpMY 'HOBOJIBHO",
BBITIOJTHSIONIEMY (DYHKIIMIO OCJIA0JICHUS CIASAYIONIEro 3a HUM (OCHOBHOTO) TepMa

AL

A: "MOBONBHO BBICOKHIA", ""TOBOJIBLHO CTaphlid" U T.1I. (puc.6.12).

DIL(A)

CON(A)
/

Puc.6.13.

MO0>kHO BBECTH U IPYTH€ aHAJIIOTMYHBIE [TO CMBICITY ONI€PALH, TO3BOJISIOLINE
MOAU(PUIMPOBATh 3HAYEHUS JIMHIBUCTUYECKOM MEPEMEHHOM, YBEINYUBAS TaKUM
o0Opa3oM ux konuuectBo. Tak, TepM "Oosee ueM" MOKHO ONpPEAETUTh CAEAYIOIUM
obpazom:

"Oomnee uem'"= {(X Uy (X)1'25)| Xxe X } (6.27)
COCTaBHOM T€pM "OUEHb-OUECHB "
" oues - ouenn A= CON(CON(A)) = {(x, A (X)) x & X } (6.28)

U T.J.

PaccMoTpum mpuMeHeHNE yKa3aHHBIX OMEepalfil Ha CIAEAYIOIEM HaTJISITHOM
npumepe [10]. [Tycts nepeMeHHas X XxapakTepu3yeT "poct yenoBeka', X - uHTepBaj
[0,200] (cm). Torma HeyeTKHE MOIMHOKECTBA, OMMMCHIBAEMbIC TepPMaMH "BBICOKHI "
1 "HU3KUI", MOXXHO MPECTaBUTh C MOMOIIBI0 (PYHKIIMK MPUHAICKHOCTH Kilacca
S (puc. 6.13):

0, eciu X<a,

2
Z(X;aj , ecm a<X<b,

u=1 o2 (6.29)
1—2(—] , eciu a<X<h,

c—a

1 eciu X 2> C,
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rae b=(atc)/2. B touke X=b=(a+C)/2 ¢yHKIMA NPUHAILICKHOCTH Kiacca S
NpUHUMAECT 3HaucHue paBHoe 0,5.

A

o5 V-

Puc.6.13.
PaznmuuaroT pyHkiuu S — kinacca — J€BbI€ U MPaBBIE.
[IpaBas ¢ynkmus S — kiacca o0o3HAyaeTCss KaKk Sg U ONpenenseTcs
3aBHCHUMOCTBIO SR:=S .
Jleas ¢yHkumMs S — kjgacca oOo3HA4YaeTcsl Kak Sy W OmpejensieTcs
3aBUCUMOCTBIO:
St =1-S.
HeueTkne MHOXKeCTBa, ONMUCHIBAEMbIE TEPMAMU «HU3KUM» UM «BBICOKUM»
MO>KHO TIPEICTABUTH C MOMOIIBIO0 S-pyHKIMI Ha uHTEepBasie oT 160 m0 180 cwm.

0, x <160
2
o X710V o< x<170
170

S(x,a,b,c) =

2
1-o[ X180} 170« x<180
170

0, x >180

1. Tepm «HU3KUID

S, =1-S(x,a,b,c)

A

05 |- -

\

160 170 180
Puc.6.13.
2. TepM «BBICOKUII»

70



0,5

A

Sz =S(x,a,b,c)

Konuenrpanus:

0,5

/’lo yeHb BICOKUI

/uo yerb HU3KUHN

ﬂnomnmonmmﬁ - \/ SL (X)

=S;(X)

VSr(X)

=S.(X)

ILlI[OBOJII)HOBI)ICOKI/Iﬁ

Hampumep, ecim KOHKpETHBINA 4enoBeK uMeeT pocT 175¢m, T.e. x=175, 10 B

160

180
Puc.6.15.

\

COOTBCTCTBUHU C JaHHBIMHU (bYHKI_II/IHMI/I IMPHUHAIJIC)KHOCTH. Nmeem:

\J

/’loqeub HUBKAN

ILI HU3K

(it

/udogo.rlbuo H

KU

ILI()O(KO,'leO 6bl

OKUTl

lngblCO

kil

ﬂO YeHb BbIC

0,08

0,0

0,3

0,82

0,9

0,83
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I[MPAKTUYECKOE 3AHATUE Ne 7

7. PABOTA C HEUETKUMHW MHOKECTBAMU:
UCCJIEJOBAHUE CIIOCOBOB ®OPMUPOBAHUSI HEUETKUX
MHOKECTB M ONEPAIIUM HAJl HUMM B CPEJIE MATLAB

7.1. DyHKUMHU NPUHALJIEKHOCTH.

NHcTpyMeHTapuii HEUeTKOM JJOTHKHU B cocTaBe nmakera Matlab conepxut 11
BCTPOCHHBIX TUMOB (pyHKIMi mpuHamiexHoctu (DII), popmupyembix Ha OCHOBE
KYCOYHO-JIMHEHHBIX (QYHKIMM, pacupeneneHus [aycca, CUTMOMIHOW KPHUBOH,
KBaIPaTUYECKUX W KyOMYECKUX MOJIMHOMHUAIBLHBIX KpUBbIX. K Hanbonee mpocThiM
@I MOKHO OTHECTH TPEYTOJBHYIO U TPANICIIUEBUIAHYIO.

B cpene MatLab peanmzoBare koMaHABI UIS ONMUCAaHHUS (YHKIIHA
npuHauie)kHoctr (OIT) (cm. tadu. 7.1).

Tabnuya 7.1

Komanoa Peanuzyemasn Qpynkuyus

dsigmf @II B BHIe Pa3HOCTH MEXTY IBYMSI CHTMOHMIaMU

evalmf Breraucnenne 3naueHuit mpouso a0 DI

evalmmf Pacyer cremeHeil mpUHAUICKHOCTEH I HECKOJIBKUX
@Il

gauss2mf JIByxcTopoHHsis rayccoBckast DIT

gaussmf ["ayccoBckas @I1

gbellmf O0o061eHHas koiokooopasHas OI1

pimf [T-mogo6uas OII

psigmf [TpousBenenne AByx curMouaHbIX OI1

sigmf Curmounnas OI1

smf S- monoOHas DII

trapmf TpanenueBuanas OI1

trimf TpeyronsHas OI1

zmf Z-ono6Hast OI1

fuzarith Kanpkynarop st BBITIOJIHEHUS  apu(PMETUUECKUX
OIIepAIIUi CIIOKEHUS, BRIYUTAHUS, YMHOKEHHUSI, M JICTICHUS HAJT
HCYCTKUMH YUCIIAMH

HaumenoBanwue tpeyroipaoit ®I1 — trimf (triangle membership function).

B mapameTrpuueckom BuJe OHA MPEACTABIAET COOON HE YTO MHOE, KaK Habop Tpex
TOYEK, 00Pa3yIoIIUX TPEYTrOJIbHUK.
Onucanue QyHKIMM:
y = trimf(x, [a b c]),
/i€ BEKTOp X — 0a30B0O€ MHOXKECTBO, Ha KOTOpoM ornpeaensercs DII.
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Benuuuns! a 1 ¢ 3a/1a10T OCHOBaHUE TPEYTOJIbHUKA, b— €ro BepInHY.

B ananutuueckom Buae tpeyronbHas OI1 MoxxeT ObITh 3a/1aHa CIIETYIOIIUM
obpazom:

r 0, x <a, )
xX—a
P a<x<b,
fx,a,b,c)=1,_«
) b<x<c,
c—>b
\ 0, x > cC.

OO6muit BUA TpeyrojbHOM W TpanenueBuaHor DIl mpencraBieHb Ha

puc./.1.
HON pex) 4
1 1
0 0 -

><v
x

Puc. 7.1. TpeyronwHas (a) u TpaneuueBuaHas (6) GyHKINHA

IMPHUHAIJIC)KHOCTHU

Jlanee paccMOTpUM pUMEPHI UCTIOIBb30BaHUs pa3inuyHbix PII B cucreme.

[Tpumepsl ipeAcTaBIsSIIOT CO00M (parMeHThl MPOrpaMM U KOMMEHTapHUEB

Ha A3bIKe nmakera Matlab.

Ipumep I17.1. Ilpoepamma ucnonvzosanus @I1 trimf,

x=0:0.1:10; 3aoaemcs 6bazoeoe MHOMCECNBO
y = trimf (x, [3 6 8]); Onpeoensiemcs mpeyeonvhas OIT
plot (X, y); Bvisooumcsi epagux gpynxyuu

xlabel (‘trimf (x, P), P =[3 6 8]"); Toonucwieaemcs epaghux noo ocvio
abcyucc
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Pesynbrat pabots! nporpammel [17.1 npencrasien Ha puc./.2.

Figure 1 — O x
File Edit View Insert Tools Desktop Window Help u
Ddde | | AT EMN- @08 =D
.1
0.8} .
0.6} .
D41 .
D21 .
U 1 1 1
0 2 4 b 8 10
trimf (x, P), P = [3 6 8]
Puc.7.2. I'padux tpeyronapHoit OII
TpaneumeBuanas PII — trapmf (trapezoid membership function) —

OTJINYacTCA OT HpeI[BII[YIlIeﬁ Q)YHKLII/II/I JIMIb TEM, YTO UMCCT BEPXHEC OCHOBAHHC.

Onucanve QyHKIMM:
y =trapmf(x, [abcd]),

rje napaMmeTpbl a u d — HUKHEE OCHOBAaHME Tpamnenuu; b U ¢ — BepxHee

ocHoBanwue Tpanenuu (puc. I11, 0).

AHanuTu4eckas 3anich TParnenueBUIHON QYHKIIMH UMEET BHUI:

0, x<a,
X—a < b
b2’ a<sx<p,
f(x,a,b,c,d) =<1, b<x<c
d—x cxr<d
d—c’ csx=6
\0, x> d.

OnHO U3 OCHOBHBIX IOCTOMHCTB TPEYTOJIbHBIX U TpaneuueBuaHbIx OIT —
ux npoctota. Ha ocHoBe QpyHkiuu pacnpenenenus ['aycca moxxuo noctpouts OI1

JIBYX BUJIOB: MPOCTYIO GYHKIUIO IPUHAIEKHOCTH ["aycca v IByXCTOPOHHIOIO,
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0o0pa30BaHHYIO C TTIOMOIIBIO pa3MuIHbIX (PyHKIMI pacnpenenenus ['aycca. [lepBas

U3 HUX 0003HayaeTcs gaussmf a Bropas — gauss2mf

Onucanne QpyHKUMN:

y =gaussmf(x, [o, ¢/).

Cummetpuunas GyHKIms ["aycca 3aBUCHUT OT ABYX MapaMETPOB G U C
(puc. I1.2, a):

—(x—¢)*
f(x,0,c) = e 2062 |,

Ipumep I11.2. Ilpoepamma ucnonvzosanus @I1 gaussmf,

X=0:01:10;
V =gaussmf (x, [25]);
plot (x, y)

Pesynbrat pabotsl nmporpammel [17.2 mpencrasien Ha puc./.3.

Figure 1 - O X
File Edit View Insert Tools Desktop Window Help u
Ddde | h|ARKOVDEL- 2| 0H 0O

1 {Insert Colorbar}—

0.6}

0.6}

D4+

D2+

Puc.7.3. I'padux rayccosoit ®OII1

Ipumep I17.3. Ilpoepamma ucnonvzosanus @I1 gauss2mf.
x=(0:01:10)"

yl = gauss2mf(x, [24 18]);
y2 = gauss2mf(x, [2517]);
y3 = gauss2mf(x, [2 6 1 6]);
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yv4d = gauss2mf(x, [2 7 1 5]);

ys = gauss2mf(x, [2 8 14]);

plot (x, /Yl y2 y3 y4 y5]);

CuMBOII «’» B CTPOKC OIIPCACICHUA 0a30BOro MHOKECTBA X MOKA3bIBAET

4
TPaHCIOHHMPOBAHHOCTh 0A30BOr0 MHOKECTBA.

PesynbTaT pabotsl mporpammel 117.3 npeacrasieH Ha puc./.4.

B Figure - O >
File Edit View Insert Tools Desktop Window Help E

_bl_jlﬂu:ﬂ I +\-_\-€T?@'=I-._¢f€' 'ﬁ_,u OE =

1

0.8

0.6

04

0.2

Puc.7.4. I'padux rayccoBoit @I1

Cnenyromieit (QyHKIuer, KoTopas TO3BOJSET TMPEJACTABIATh HEUYETKUE
cyObekTHBHBIC TpeanoutreHus, sBisercss OII «oO0OIEeHHBIH KOJOKOI» |
ob6o3nauaetcsi gbellmf (generalized bell shape membership function). Ee otimuuune
oT paccMoTpeHHBIX paHee DII 3akirouaercs B 100aBICHWN TPETHETO MapaMeTpa,
YTO TIO3BOJISIET OCYIIECTBIIATH IJIABHBIHN MEPEX0]] MKy HEUETKUMHU MHOKECTBAMH.

Onucanve QyHKIMM:

y = gbellmf (x, [a b c]).

OyHKIMS «0000IIEHHBIN KOJIOKO 3aBUCUT OT TPEX MapaMeTPOB U UMEET

CICAYIOMYIO aHAIMTHYCCKYTO 3aIIMCh:

f(x,a,b,c) =

1
|x—c|2b ’
a
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rze c onpenaenseT pacnoioxenue nenrpa OII; a u b okaspIBaloT BiAMsIHUE HA

bopmMy KpUBOH.

Ipumep I17.4. Ilpoepamma ucnonvzosanus gbellmf-gpynryus

NPUHAONEHCHOCU «000OUeHHbIL KOJIOKOJL

x=0:0.1:10;

y = gbellmf (x, [2 4 6]);

plot (x, y);

xlabel (‘'gbellmf (x, P), P =[2 4 6]");

PesynbTaT pabotel nporpammsl [17.4 npeacrasieH Ha puc./.5.

Figure 1 — | =
File Edit Wiews Insert Tools Desktop Windows Help ™

J_ﬁlﬂé % +\_\€-r?@‘=h__£v@J DIEI >

0.8 -
0.& | -
0.4 F -
0.2k -
o . . . .
0 2 - (3] a 10
gbellmf (x, P), P = [2 4 5]
Puc.7.5.

Ilpumep I15. [Ipoepamma ucnonv3osanus CueMouoHblxX QyHKYULL.

x=0:0,1:10;,— onpedensemcsi 6a3080e MHOICECBO

subplot (1,3,1) ; — ¢opmupyemcs mampuya epaguros (3xX1)
— nepebll d1eMeHm — MeKy Ul

y=sigmf(x,[2 4]);

plot (x, y) ; — 6vlOOUmMCsL 2paguk 6 nepsviil d1emenm Mampuybl

xlabel(‘'sigmf, P = [2 4]")

subplot (1,3,2); —swvlOupaemes smopoii mexyuiuil dnemenm

y=dsigmf (x, [5257]),

plot (x, y) ; 8b1800UMCSL 2PAPUK 80 8MOPOLL dTIeMEHM

mMampuybl
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xlabel (’dsigmf, P=/5257]

subplot (1,3,3); — swibupaemcs mpemuii mexywutl d1emeHm

y = psigmf (x, /2 3 -5 8]);

plot (x, y) ; — ebi8OOUmMCS 2paghux 6 mpemuitl d1emenm Mampuybl
xlabel (‘psigmf, P = /2 3 -5 8]"); *

PesynbTaT pabotel mporpammsl I17.5 npeacrasien Ha puc./.6.

B Figure 1 — O >
File Edit Wiew Insert Tools Desktop Window  Help o

J_jl.'ﬂ,.:;! k3 +\._\.{rr?@l"h._£'@_s O E3 i
1 . 1 T 1
08¢t 1 08¢ ( 41 08¢}

0.6} 1 0.6} 1 0.6¢

04r¢ 1 04r 1 04}

02} 1 02} 1 0.2¢

0 : ] : 0 :
0 5 10 ] ] 10 0 5 10
sigmf, P = [2 4] dsigmf, P=[5257] psgmf, P=[23-58]
a) 0) B)

Puc.7.6.

WucrpymenTapuit Heuetkoit noruku (fuzzy logic toolbox) B cocraBe Matlab
npeaocTaBisieT Bo3MOXKHOCTh (popmupoBanus DIl Ha ocHOBE MOJIMHOMHAIBHBIX
kpuBbIX. COOTBETCTBYIONIME PYHKIINUU Ha3bIBatoTCs Z-pyukuuu (zmf), Pl-pynkimu
(pimf) u S-pyukuuu (smf). dyukuus zmf npeacraBnser coboi aCHMMETPUIHYIO
NOJMHOMHAIILHYI0 KPHUBYIO, OTKPBITYIO cieBa" (puc.7.6, a), ¢yHkums smf —
3epkanbHOe oToOpakeHue ¢yukuuu Zzmf(puc. 7.6, 6). CooTBETCTBEHHO (DYHKIIHS
pimf paBHa Hy/IO B MPaBOM W JICBOM Mpejeiiax W MPUHUMAET 3HAYCHHE, PABHOE

€JUHUIIC, B CEPEIMHE HEKOTOPOro oTpeska (puc. 7.6, s).
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Onucanne QyHKUUN:

y =zmf (x, [a b]) .

[TapameTpsl @ 1 b onpeAenAOT SKCTpeMaIbHbIC 3HAYCHHS KPUBOH (pHc. 7.6,
4

Onucanue QyHKIMM:
y =pimf(x, /abcd]).

[Mapametpbl ¢ u d 3amaroT mepexoa (GyHKIUM B HyJIEBOE 3HAYCHHUE, a

napaMmeTpsl b u ¢ — B equnuuHOE (puc. 7.6, 6).

Onucanve QyHKIMM:

y =smf(x, [a b]) .

[TapameTpsl a 1 b onpeAenaoT IKCTpeMaIbHbIC 3HAYCHHS KPUBOH (pHc. 7.6,

Ipumep I17.6. Ilpoecpamma ucnonvb308anus NOJUHOMUATLHBIX KDUBHIX.

x=0:01:10;
subplot(1,3,1);

y =zmf(x, [37]);
plot (x, ),
xlabel('zmf, P=/3 7]);
subplot(l, 3, 2) ;

y = pimf(x, [1 45 10]);
plot (x, y):

xlabel (‘pimf, P =[14510]");
subplot(l, 3, 3) ;
y=smfx, [18]);

plot (x, );

xlabel('smf, P=[1 8]").

Pesynbrat pabotsl mporpammel [17.6 mpencrabien Ha puc./.7.
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Figure 1 — [} >
File Edit WView Insert Tools Desktop Window Help ™~
e H S | k| SRRSO BDE -2 0OE -
1 1 1
0.8 1 0.8 1 0.8 1
0.6 1 0.6} 1 0.6 1
0.4 1 0.47F 1 0.4 1
0.2 1 02} 1 02} 1
0 L 0 = 0 =
0 5 10 0 5 10 0 5 10
zmf, P=[3 7] pimf, P = [1 4 5 10] smf, P=[1 8]
Puc.7.7.

[ToMuMO paccMOTpPEHHBIX BbIIIE€ (PYHKIUH, MO3BOJSIOMIMX MPEACTABISTH
HeueTKre MHOXecTBa, B Matlab nmeeTcs BoamoxHOCTB popMUpoBaTh COOCTBEHHBIE

®IT i MoauuUIUPOBaTH BCTPOCHHBIE.

4.2. Onepanum ¢ He4eTKMMHU MHOKeCTBAMH

Beigenstor Tpu  OCHOBHBIE JIOTHYECKHE OIEpalid ¢ HEYCTKUMHU
MHOKECTBAMU: KOHBIOHKIIMIO, JU3BIOHKIIMIO U JIOTHYECKOEe oTpuIlaHue. B cpene
MatLab  cymecTtByeT  BO3MOXHOCTb  ONPEACHATh  KOHBIOHKTUBHBIC U
TU3BIOHKTUBHBIC OMEPAaTOPhl C TOUYKH 3PCHHS MUHHUMAKCHOW W BEPOSTHOCTHOU
VHTEPIPETALIAM.

PaccMoTpuM MUHUMAKCHYHO MHTEPIPETAIUIO0 JIOTHYECKUX OTEPaTopoB, B
KOTOPOI KOHBIOHKTHBHBIN OTIEpaTOp MPEACTABISICT HAX0KICHIHEe MUHUMYMa — Min

(puc. 1.8, a), a AM3BIOHKTUBHBIN — MakcUMyMa — Max (puc. 7.8, 0).

Onucanve KOHBIOHKTUBHON (DYHKIIUHU:

y=min (/y1;y2]) .

Onucanve TM3bIOHKTUBHON (DYHKIINH:

y =max ([y1, y2]) .
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[TapameTpsl y1 B y2 IPEACTaBISIOT co00i ncxoauabie PI1. OyHkmmst min
paboraer co cnmckom PII. B MatLab cnucok odopmisiercs KBaapaTHBIMH

CKO6KaMI/I, a DJICMCHTHI CIIMCKA Pa3aCIIAI0OTCA TOYKOH C 3amsTOM.
a4

HAK) HB(X)

0 >
X

Puc. 7.8. Ilepeceuenue (a) u ooObenuHeHne (0) HEUETKMX MHOXKECTB

(MUHMMAaKCHAsI HHTEpIIpETaI)

Ipumep I17.7. Ilpoepamma ucnonvzosanus onepayuti MiN u Max.

x=0:0,1:10;
subplot (1, 2, 1);
yl = gaussmf(x, /3 5]);
y2 = gaussmf (x, /3,7]);
y3=min (lyl; y2));
plot (x, [y1;y2])

nocmpoetue ucxooHvix @II nynkmupHot 1uruetl

hold on; — BKIIOHeHUe MEXAHUIMA 000asIeHUsI KPUBOU 8 MEeKYUULL
epaghux

plot(x, y3) ;

hold off; — BBIKTIIOYEHUE MEXAHUIMA 00DABIEHUS. KPUBOTL 8

MexKywull 2pagux;
subplot(1, 2, 2);
y4=max(lyl; y2];
plot (x, [y1; 2], );
hold on;
plot (x, y4) ;
hold off.
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Pesynbrat pabotsr mporpammel [17.7 mpencrabien Ha puc.7.9.

B Figure 1 — O et
File Edit View Inset Tools Desktop Window Help o

_1_5,2‘_:3 Ly +~._\€T?@'=h._£' @J O B iy

Puc.7.9.

[lynktupHOil nuHMelH Ha Trpadukax wuzoOpaxeHsl wucxonnole ODII, a
CIUIOLIHOM JIMHUEN — PE3yibTaT IEUCTBUS JOTMYECKUX ONIEPATOPOB.

MuHuMaKkcHas MHTEpIpETaIUs SBJISIETCS HAanboJiee paclpoCTpaHEHHOHN NpU
IIOCTPOCHUM HEUYETKUX CHUCTEM. TeM He MEHee Ha IMPAKTUKE TOBOJBHO YacTo
UCITOJIB3YETCSl aJIbTEPHATUBHAS BEPOSITHOCTHAS MHTEPNPETALNs KOHBIOHKTUBHBIX U
JTM3BIOHKTUBHBIX oreparopoB. Matlab conepxut cooTBeTcTBYOIINE PYHKIINY.

B pamMkax pmaHHOM UMHTEpPOPETAlMU  KOHBIOHKTUBHBIA  OIEPaTOp
NpeacTaBisgeT coOOM ornepaTop BBIUMCIEHUS alIreOpanyecKkoro Mpou3BEICHUS —
prod. (puc.7.10, @), a OU3BIOHKTHBHBIA OMEPATOP — ONEPATOP BBIYUCIICHHUS

anrebpanyeckoit cymmsl — probor (puc.7.10, 6).

82



Puc. 7.10. Ilepeceuenue (a) u o0beaguHEHUE (6) HEUETKUX MHOMXKECTB

(BEpOATHOCTHASI MHTEPIPETALINSA)

Onucanue QyHKIINH:

y =prod (/y1;y2].

Onucanue QyHKINM:

y = probor ( [y1; y2]) .

[TapameTpsl y1 1 Y2 peAcTaBisAtoT coooi ucxoausie OII.

Ilpumep I11.8. IIpocpamma ucnonv3068anus 6epoOsmMHOCHHBIX ONEePamopos
KOHBIOHKYUU U OUSLIOHKYULU.

x=0:0.1:10;,
subplot (1, 2, 1);

y1 = gaussmf (x, [3 5]);
y2 = gaussmf (x, [3,7]);
y3 = prod ([y1; y2]);
plot (x, [y1; y2],":");
hold on;

plot(x, y3);

hold off;

subplot (1, 2, 2);
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y4 = probor ([y1; y2]);

plot (x, [y1; y2], ":");

hold on;

plot(x, y4);

hold off. 4

PesynbTaT pabotel mporpammel I17.8 npeacrasien Ha puc.7.11.

B Figure 1 — O >
File Edit View Inset Tools Desktop Window Help E

j_jlﬂiﬁ [% +\_\{W?@I=h._£v @J DIE‘ E

Puc.7.11.

JlomoJIHEHNE HEUETKOTO MHOXKECTBA €CTh HE UTO MHOE, KaK MaTEMaTUUECKOE
npenacrasieHue BepoabHoro Beipakenust «<HE A» , rne A — HeueTkoe MHOXKECTBO,
OIMKCHIBAIOIIEE HEKOTOPOE PA3MBITOE CYXICHUE.

Onucanue GyHKIUU JOTOJTHEHUS:

y=1-y*,

rae y* — ucxonanas OII.

Ipumep 117.9. Ilpoepamma ucnonv3oeanus onepayuy OONOJIHEHUS.

x=0:01 :10;

yl = gaussmf(x, [3 5]);
y-1-yl;

plot (x, y1,":");

hold on;

plot(x, y);
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hold off;

Pesynbrat pabotsr mporpammel 117.9 npencrasien Ha puc.7.12.

B Figure 1 — O >
File Edit View Inset Tools Desktop Window Help &

j_ﬁ.ﬂiﬁ [:3 +\_\{rr?@"-h._£' @J DE i

Puc.7.12.

C nomorsio ¢yHkimu evalmf Mo)KHO OLIEHUTh CTENEeHb MPUHAIICKHOCTH
AJIEMEHTOB 3aJaHHOTO BXOJHOI'O BEKTOpPAa K HEYETKOMY MHOXECTBY. DyHKIHUS

umeet hopmar:
y = evalmf(x,params,type)

rac X - BEKTOp, I KOOpAWHAT KOTOPOro HGO6XO)II/IMO paccuuTaTth CTCIICHU
MPUHAIICKHOCTH; Params - BEKTOp MHapamMeTpoB (PYHKIIMU TPUHAIICHKHOCTH,
NOPSJIOK 3a/laHUsl KOTOPBIX OIpeeNseTcss ee TumoM; type - Tunm QyHKUUU
IMPHUHAOJIC)KHOCTH, KOTOpBIfI MOXKET 6BITB 3aaH UMCHEM (byHKI_II/II/I UJIn €€ KOJIOM:

1 - ‘trimf’; 2 - ‘trapmf’; 3 - ‘gaussmf’; 4 - ‘gauss2mf’; 5 - ‘sigmf’; 6 -
‘dsigmf’;

7 - ‘psigmf’;8 - ‘gbellmf’; 9 - ‘smf’; 10 - ‘zmf’;11 - ‘pimf’.
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[Ipu 3amanuu npyroro Tumna (yHKIMH TPUHAIICKHOCTH MPEIO0NIaraeTcs,
YTO OHA OIpEeIieHa MOJIb30BaTEIEM U 3aJjaHa COOTBETCTBYIOIMUM M-(haiaom.
4
Paccmotpum mpumep
Ilpumep I17.10.
x=[345];

y=evalmf (x, /258 9], pimf’)

y = 0.2222 0.7778 1.0000
BbluucnuTh 3HAUYE€HHUA HECKONBKUX (YHKIMM mpuHamiIexkHoctn HM,

3aJaHHbIX Ha OJHOM H TOM K€ YHHBCPCAJIbHOM MHOXCCTBC, MOXHO C IIOMOIIbBIO

GyHKLIHH:
y = evalmf(x,params,type)

IJI€ X - BEKTOP, JJI1 KOOPJAUHAT KOTOPOro HEOOXOAUMO pacCuUTaTh CTETICHU
MIPUHAJJICKHOCTH; params - Matpuiia napameTpoB GyHKIIMU TPUHAJICKHOCTH.
[lepBass cTpoka MaTpuUIlbl OIpEAeNseT MapamMeTpbl MEepBOM (PYHKIMH
MIPUHAJJICKHOCTH, BTOpasi CTPOKA - MapaMeTphbl BTOPOU PYyHKIIMH MPUHAIIICKHOCTH
U T. 11.; types - MmaTpuiia TumoB GyHKIUN TPUHATIEKHOCTH (CM. OTTMCAaHUE KOMaH bl
evalmf).
Paccmotpum npumeps! BeinosiHeHUs onepanuii Hag HM, npencraBineHHbIMU

Ha puc.7.13 B MatLab.
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Puc. 7.13 HUcxoouvie newemxue muodxcecmsa
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[Tycth naHo 6a3oBoe MHOkecTBO X = [0,10]:

x=(0:0.2:10);

1 3ananbl 1Ba HM ¢ moMotipio GyHKIMM MPUHAICKHOCTH (pHC. 74.14):
Ilpumep I17.11.
A = gaussmf(x, [1 5]);

B = gaussmf(x, [1 7]);

C = max([A,B])

plot(x,C), grid on

Ha puc. 7.14 u 7.15 noka3aHo BBITIOJTHEHUE OoNepaIiuii 00beIMHEHUS U

NepeCCUYCHUs IPHU MCIIOJIB30BAHUU COOTBETCTBCHHO OIICPATOPOB MaX 1 min.

1

. /N /\
/ \ / \

.. / \
0.3 / \

0.2 / \
0.1 //

0

0 1 2 3 4 5 6 7 8 9 10

Puc. 7.14. Obveounenue newemxux mHodxcecms (onepayus max)

0.7

. [\
[\
/ N\

0
0 1 2 3 4 5 6 7 8 9 10

Puc. 7.15. Ilepeceuenue neuemrux mnodxcecms (onepayusi min)
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Jl7is BBITIOJIHEHUSI apU(PMETHUECKUX OMepaluil CIOXKEHHs, BBIYUTAHUS,
YMHOXXCHUS U JIeJIeHUsT HaJ HeueTkuMu yuciiamu HM B cocraBe MatLab nmeercs

kanbKysstop fuzarith. JIns ero ncnosp3oBaHus HEOOXOIUMO 331aTh CTPOKY BHIA:
4

¢ = fuzarith(x,a,b,operator),

IJIC X - YHUBEPCAIbHOE MHOXECTBO, Ha KOTOPOM 3aJ[aHbl HEUETKHE YNCIIa; d -
BEKTOpP CTENCHEH NPUHAMICKHOCTH JIIEMEHTOB YHHBEPCAIBHOTO MHOXECTBA
nepeomy HM; b - BekTop creneneii nprHaIe)KHOCTH 3JIEMEHTOB YHUBEPCAIBHOI'O
MHOXeCcTBa Bropomy HM; operator - ogHa u3 JOMYyCTUMBIX apu(METHUCCKUX
oreparuit: ‘sum.’ - cimoxxenue; ‘sab’ - Beruuranue; ‘prod’ - ymuHoxenwe; ‘div’ -
JICTIEHHE.

Beixonnoii nepemennoit ¢ynkmun fuzarith sensiercs BexTop crenenei
IPUHAUICKHOCTH  JJCMEHTOB  YHHBEPCAJIBLHOTO MHOXECTBA X  PE3yIbTaTy
BBIIOJIHEHHUS HEYETKOM apr(METHIECKO# orepanuu. PasMepHOCTH BEKTOPOB X, @, b
U ¢ OJKHBI OBITH OJMHAKOBLIMHU.

Heuerkue apubdmeTnueckre OIEpaIlldd BBITOJHIIOTCS IO CIACAYIOIIEMY
aITOPUTMY':

- mpeoOpa3oBaHNE HEUETKUX YUCENI-OICPAHIOB B O-YPOBHEBBIC HEUETKHE
MHOYKECTBA;

- BBIIOJHEHUST apu(METHUCCKOW OIepanuu i KaXJI0ro O-ypOBHS B
COOTBETCTBHH C MIPUHIIMIIOM PACIIUPEHUS;

- mpeoOpa3oBaHHE PE3YIbTHPYIOIMIETO HEYETKOTO YHCIa U3 O-YPOBHS
NPEJCTaBICHHS K TPAIUIIMOHHOMY BUIY.

KonudecTBo 0-ypoBHEH MOKET BRIOUPATHCS TOJIH30BATEIIEM.

PaccmoTpuM nipumep UCmonb3oBaHus Kanbkyssitop fuzarith.

Ipumep 117.12.

x = (-20:1:20) %061acme onpedenenus

A = trapmf(x,[-10 -2 1 8]); %onucanue nepsoeco cracaemozo
B = gaussmf(x,/2 5/); %onucanue smopozco crazaemozo

C = fuzarith(x,4, B, ‘sum’); %neuemxas cymma
plot(x,Ax,B,x,C)
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Ha pucynke 1.16 nmoka3zan pe3ynbrat apupmMeruyeckoro cioxxenus HM.
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Puc. 7.16 Peszyromam apugpmemuuecrkozo cuodxcenus HM

I[TPAKTUYECKOE 3AJJAHUE

B cpene MatLab BeimonHnTs opMHEpOBaHKE M MOCTPOCHUE TPA(QUKOB BCEX

PacCMOTPEHHBIX BbIlIe (QYHKUMA NPUHAIIEKHOCTEH, a TaKXKe MOJEIHPOBAaHUE
BBITIOJTHEHUSI OCHOBHBIX ONEPAIMi HaJl HEYETKMMU MHOKECTBAMM.

N o R

KonTpoabHbIe BONPOCHI

YTto Takoe HEYETKOE MHOXKECTBO U KAKOBO €r0 OCHOBHOE OTJIUYHE OT
OOBIYHOTO (YETKOIr0) MHOXECTBA?

Urto Takoe QyHKIHS MPUHAIICKHOCTH?

Kakue KOHBIOHKTUBHBIE U TU3BIOHKTUBHBIE ONIEPATOPHI BBl 3HAECTE?
Yro Takoe SApo HEUETKOro MHOKECTBA?

UYro Takoe anbha-cpes?

3anuimure PyHKIUIO TPUHAMAJIEKHOCTH ONEepaluu nepeceueHue?

3anummre QYHKINIO TPUHAAJICKHOCTH ONepaIiui o0beJuHEHUE?
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I[TPAKTUYECKOE 3AHATHUE Ne 8

8. HEYHETKHE OTHOILIEHUS U HEYETKASI KOMITIO3ALYSI

Panee ObLIM paccMOTpEHBI OCHOBHBIE ONEpaluu Haja ogHoMepHbIMH HM.
MoryTt ObITh Takke HCHOJb30BaHbl MHOromepHele HM. OHu nomayuarorcs npu
PacCMOTPEHHUH HEYETKUX OTHOLIEHUH.

HeueTtkoe oTHOmIeHUE R IBYX YETKMX MHOKECTB X U Y MpEACTaBiIsieT coO00M
HEYETKOE MOJIMHOKECTBO JIEKapTOBa MTpou3BeIeHu X 1 Y.

R={ur(,y)/(x,y);x €X,y €Y}

JU1st n MHO>KECTB HEUETKOE OTHOILIEHUE ONMUCHIBAETCS (POPMYJION:

R = {up(xy, x5, ... X))/ (X1, X3, ... Xp); X1 € Xq,X5 € Xy ... Xy, € X, }-

Jl1st HenpepbIBHBIX 00JaCTE ONMpPEEIeHHs YaCTO UCIOIb3YETCS 3alUCh:

R= | meGy)/ay).
XXY
OyHKIMS TPUHAIICKHOCTH 3[€Ch IPEACTABISET COO0M  HEKOTOPYIO
HOBerHOCTB B TpeXMepHOM HpOCTpaHCTBC. ECHI/I B HCYCTKOM OTHOIICHUU
y4acTBYIOT 00Jjiee ABYX MHOKECTB, TO (YHKIIMS IPUHAJICKHOCTH MPEeBpaIlacTCs B
TUIIEPIOBEPXHOCTb.
IMpumep 8.1.
Paccmotpum nmpumep:
x,y € RY; c = const;
1, x?2+y?<c?%

R(x,y) = ( x? + y2>
exp(——(5g— |, uHaue.

DTO OTHOIIEHUE OMUCHIBAECT «HEYETKHUM KPYT» C Pa3MbITBIMUA TPAaHULIAMM.

JIJist TUCKPETHBIX 00acTel onpeneneHus:

R=D D ua(e)/(xy)
X Y

Paccmotpum mpumep. ITycth nMeercs 1Ba MHOKeCTBA: X - « ABTOMOOHIINY,
Y - «llena (y.e.)».
X = {Mepcenec, Jlana, bentnu},
Y = {6000, 10000, 30000, 100000, 500000, 2000000}.
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C moMmoripio yKa3aHusl CTENEHU MPUHAICKHOCTH (3HaYEHHE B KPY)KKE Ha
puc.8.1) moxxHO onucaTh Ha X x Y oTHomeHue R - «IIpuemnemas CTOUMOCTBY.

@O
@O -
S
b
e

°

o+ @ ,,,,,,, @ fffffff @ ffffffff @ fffffff fffffff @ fffffff

o

6000 10000 30000 100000 800000 2000000

Puc. 8.1. Ilpumep onucanus neuemrxoco omnowenus «llpuemnemas yenay

Kak mokassiBaet puc. 8.1, HeueTkoe OTHOIIEHUE YA0OHO OMHICHIBATH
MaTpULIEH:
1 1 08 02 0 O
R=109 02 0O 0 0 0f
1 1 1 1 08 0

TpexmMepHOE€ HEYETKOE OTHOIIECHUE MOXHO IOJYYUTh, HANpPUMEpP, €CIIH
paccMaTpuBaTh TPU HEUETKHE MHOXKeCTBA: : X - «ABTomMoOunm», Y - «llena (y.e.)»,
Z - «I'ox Beimycka». COOTBETCTBEHHO MOXXHO 00Jie€ TOUHO MOCTPOUTH HEYETKOE
otHotienue R - «ITpuemnemast rieHay:

R = 1/(Jlaga, 3000,2005) + 0.7 /(bentnn,400000,1999) + ---

Heuerkoe otHomienue sBisiercss HM, mosTomy 11 HEro CripaBeJIMBBI BCE
MOHSATHUSI M OTIEpAIIMH, ONMCaHHBIE 1)1 00BIYHBIX HM.

OnHako ecTh U crienupuyecKue oneparuu, BBOJAUMbIC TOJIBKO JIJI1 HEUETKUX
oTHOolIeHH. K HHUM OTHOCATCA omnepanmuM NPOEKUMH, UHJIHHIAPUYECKOrO
pacuIMpPeHMsi, a TAKXKE ONepamus KOMIIO3UIIUH.

Ecan 3a4aHO 6I/IHapHOC HCYCTKOC OTHOILICHUC

R:(x,y) - [0,1],
TO OIlepaLys IPOEKIMH MOKET ObITH 3allCaHa B BUJIE
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B =proj(R;Y) = f sup ur (x,5)/y .
y
Y

IIpumep i HENPEPBIBHOM 00J1aCTH ONPEAEIEHNS TI0Ka3aH Ha puc, 8.2.
O4eBuHO, OMHAPHOE HEYETKOE OTHOIIEHUE MOKET UMETh JBE IPOCKIUU.

Puc. 8.2. Ilpoexyus 6unaproz2o neuemko2o omHoueHus

[TepBoii mpoekiueld OMHAPHOTO HEYETKOro OTHOIICHMS (Tpoekiuer Ha X)
Ha3biBaeTcst HM, 3agannoe Ha X ¢ pyHKIMENH TPUHAIIIEAKHOCTH:

a0 = | J a0
y

AHanoruyHo, BTOpO#M Tmpoekiuen (mpoekiuedr Ha Y) HaszwiBaercs HM,
3a/laHHoe Ha Y ¢ QyHKIMEH TPUHAIIICKHOCTH:

Hr2(¥) = U pr(x,y).

['moGanpHOM TpoeKIMe OMHAPHOTO HEYETKOTO OTHOIICHUS R Ha3bIBaeTcs
BEJIMYMHA:

hR) = | J 00 = | J )
x y

Eciu h(R)=1, To oTHOIIEHUE SIBISICTCS HOPMAIbHBIM.
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[Ipumep nmnst AMCKPETHBIX MHOXKECTB X M Y MOKa3aH Ha puc. 8.3.

Y1 Y2 Y3 Y4
X1 0.2 0.4 0 0.9 0.9 4
R=
X2 0.6 0.3 1 0.1 1 =R1
X3 0.2 0.8 0.7 0 0.8
R2= 0.6 0.8 1 0.9 1 =h(R)

Puc. 8.3. Ilpoexyuu b6unaproco neuemxoco OMmHOUEHUs

Huaunapuyeckoe pacliMpeHHe HEYETKOro OTHolleHus R sBisieTcs
oOpaTHOM oneparfeil Mo OTHOIIEHHUIO K MPOEKIINU, U OTIUCHIBACTCS (POPMYJIOi

R =cext(4; X XY) = j Ha(x)/(x,y).

XXY
BrinmonHenne mUIuHAPUIECKON MTPOSKIIUN WILTIOCTPUPYET puc. 8.4.

Puc.8.4. [Jununopuueckoe pacuiupenue HeyemrKo20 MHO*CECMBA

PaccmoTpum nipumep 11 TUCKPETHOM 00J1aCTH ONPEACICHUS.
[TycTh manbl ABa 6Ga30BBIE MHOYKECTBA:

X = {xl;x2;x3r})Y = {)’1:)’2»)’3»)’4}
N nano HM A na X

02 06 0.2
=—+—+—,
X1 X2 X3
Puc. 8.5. wumocTpupyeT onepanuo MUIMHAPUIECKOTO PACITUPEHUS.
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Y1 Y2 Y3 Y4
X1 0.2
X1 0.2 0.2 0.2 0.2
A= X2 0.6 cext(A,X*Y)=
X2 0.6 0.6 0.6 0.6
X3 0.2
X3 0.2 0.2 0.2 0.2

Puc. 8.5. l{ununopuuecrxoe pacuupenue npu ouckpemrotu ooiacmu
onpeoenenus

Ha ocHoBammm onepanuii NPOEKUMM W LUIMHAPUYECKOTO PACIIMPEHUS
BBOJIUTCS ONEepalus HEYEeTKOM KOMITO3ULIUH.

[Tycth uMeetcst HeyeTkoe oTHoIeHne R Ha X XY U HeueTKoe MHOKECTBO A
Ha X. [log xommo3uiiuel HeUYeTKOro MHoOXKecTBa A M oTHouieHus: R monumaercs
HEYETKOE MHOXeCTBO B Ha Y, koTopoe moiy4daeTcss B COOTBETCTBUU C BBI-
pakeHUEM:

B = proj(R ncext(4; X xY);Y).

Omnepanus N TpakTyeTcs 00bIMHO Kak Min (T-HopMa) U U1 HENPEPBIBHBIX, U
JUI  TUCKPETHBIX MHOXecTB. Omepaiuss Proj uiss HEMpEephIBHBIX MHOMKECTB
TpPaKTyeTCs Kak SUp, a 1 IMCKPETHBIX - KaK Max.

Takum oOpa3zoM, AJisi HENPEPHIBHOM OOJACTHU OMNPEICSICHUS] KOMIO3UIIUS
ONMHCHIBAETCS POPMYIION

up(y) = S?;p(min(uA (), 1 (x, ),

A U1 TUCKPETHBIX 00J1acTel onpeaeneHus Gopmysoi
up(y) = max(min(u, (%), g (x, ).

CoxkpanieHHo oneparysi KOMIIO3ULNHN 3al1CbIBAETCS B BULE:
B = A°oR.

Heuerkue OTHOLIEHUS, BBIMOJHSIEMbBIE TOCIEIOBATEIBHO, JOMYCKAIOT
KOMIIO3UIIHIO.

Ipumep 8.2 (koMmo3uuysi OTHOIIEHM )
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Ro§ =105 0.2]° 08 1 0.5 0.5}
0.5 0.1

04 0.6 05 0.4
0.5 0]:[

01 1

IIpumep 8.3. (KOMNO3ULIMSI OTHOLLIEHUIA)

PaccmoTpum B 001meM Bujae 3ajady O Moja0ope MepcoHasia (TUMOBYIO
KOHCAJITUHTOBYIO 3a/1a4y).
JlomycTuM, uMeeTcs CIUCOK MPETEHAECHTOB Ha Te, WK UHbIE TTpodeccui.

B KkadyecTBe HCXOJHBIX J@HHBIX OIPEACNICHbl CIUCOK TMpodeccuit u
JMYHOCTHBIE TPEOOBAHUS K CIIyKaIlUM, KOTOPbIE HEOOXOAMMO UMETH MPHU MpUEMe
Ha Ty WIM uHYIO npodeccuto (TpeOoBaHMS K MaMSATH, CKOPOCTU PEaAKIUH,
YCUYMBOCTb, BHIHOCIUBOCTb, BBIIEPKKA, OMpE/IeIEHHAs] TOJATOTOBKA MO TOW WUJIU
WHOM CIEeNMaTIbHOCTH, CTETIEHb OCBOCHUS 0a30BbIX AUCIUIUINH U T.J1.).

CoOTBETCTBUE COBOKYNMHOCTH TpeOOBaHUN mpodeccuid K JTUYHOCTHBIM
KaueCcTBaM MOXKHO 0()OPMUTH B BHJIC HEYCTKOTO OTHOIICHUS S , ONPEICICHHOTO Ha
JIEKapTOBOM TMpousBeneHuun (X,Y), TIe X — TmepedyeHb mnpodeccuil, a Y-
HAaUMEHOBAHUs JIMYHOCTHBIX KaudecTB. lIpeamosioxkum, dYTO pa3MEpHOCTH
yKa3aHHOTO HEUYETKOT0 OTHOIICHHS paBHa N*P.

Jlanee Ha OCHOBE OIpoca TNPETEHIIEHTOB (B pe3ylbrare Oecelnbl ¢
MPEACTaBUTEISIMU KaJIpOBOM CiIykObl) (popmMupyercs HedeTkoe OTHOIIeHHe R B
Bujie Ta0buIel (Y,2), TAC Y - TMIYHOCTHOE KadecTBo, a Z — ®MO npeteHaeHTa, TAKUM
oOpa3oM, oTHoileHue R ompenenser cTeneHb COOTBETCTBHS JTMYHOCTHBIX KaUeCTB
npeTeHeHTy. JlomycTuM, aHHOE€ HEYETKOE OTHOIIEHHE HMEET Pa3MEPHOCTb,
Harpumep, p*m.

Takum o0pa3zoM, Il ONpeAeiCHUs KOMIIO3UIIMU,  JIOJDKHBI OBITh
OTpe/ieNieHbl HEYEeTKOE OTHOIIEHHE S, pa3MepHOCTH N*P , — yCTaHABIMBAIOIIEE
CUJIy CBSI3M MeEXIy mnpodeccusMu u TpodecCUOHATBHBIMU TPEOOBAHUIMU,
HEYEeTKOe OTHOoIIeHue R, pazmepHocTH p*M, — ycTaHaBiIMBaromas HaJIU4YHe TOTO
WJIM UHOTO JIMYHOCTHOTO Ka4eCTBA Y KOHKPETHOTO MPETEHACHTA.

CrerneHb COOTBETCTBUS MPETCHICHTOB TOW WJIM MHOU MPOGECCUU MOKET
OBITh yCTaHOBJIGHA B pe3yiabTare MaxX-MiN-KOMIO3UIMKA CHOPMHUPOBAHHBIX
HEUETKUX OTHOILICHUN WJIM MAKCMUHHOW CBEPTKOM HEUETKUX OTHOILLICHUM:

Q=S° R.

B pesynbrare BBITONHEHHS KOMIIO3UIIMHU, ITOJYYUM HOBOE HEUYETKOE
OTHOILLIEHUE, ONPENCIAIONIEE CTENEHb COOTBETCTBUS MPETEHACHTOB TOM WJIM UHOU
npodeccuu, ohOPMICHHOE MATpPHUICH Ha JACKapTOBOM MPOM3BEACHUU (X, Z),
pasMepHocTd N*m (Tadmuia 8.8).
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TaOmnuma 8.8

8 = i 7, 7
HBanoB IleTpos CunopoB | BacunseBa | I'puropneBa
Xl qll q12 q13 ql4 q15
KOHCTPYKTOP
X2 q21 q22 q23 q24 q25
DIIEKTPOHUK
X3 COIOJIOT Us1 Us2 Uss 034 Uss

PaccmoTpum npumep:

JUts KOHKPETHOTO BapWaHTa, MyCThb X ={X,%X,, X} Y ={Y1, Vs, Var Ya: Vs )
VA ={Zl,22, 23}'

DJIeMEHThl YHUBEPCYMOB HMMEIOT CIIEAYIOIIMHA COIACPKATEIBHBIA CMBICI
(Tabmuis 8.9):

Ta6maus! 8.9
:— Jluunocmmuule kauecmesa

X Konctpykrop Y1 AHQUIUTUYECKAN YM

X, DIIEKTPOHUK Y, YMeHune OBICTPO

Xs Cormomnor IIPUHUMATh PEIICHUS
Ys KoMmMmyHHKaOenbHOCTh
Y4 [IpoctpancTBeHHOE

MBIIICHUE
Ys 3puTenbHas MamsTh
Ilpemenoenmuoi

Z HNBanos

Z, IleTpos

Z, Cupaopos

Z, BacuabeBa

Zg I'puropnesa

KonkpeTtHbie 3HaueHUs PYHKITUN TPUHAIIICHKHOCTH Hs (X, y) u My (y, Z)
npejcTaBiacHbl TabnuyHo (Tadmuip! 8.10, 8.11):
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Taomurs! 8.10

TpeboBanus g I
I
S o E|2 |8 = “
s 7z 0 b5 m =
8 © |9 S (D) =
: |se|E |25|8
= = s | = 22| =
S s = | E = 5
S |2EF 27|¢
S
npodeccu Z = 5 = &
KonctpykTop 0,8 0,5 0,3 1,0 0,9
DJIEKTPOHUK 0,9 0,5 0,3 0,5 1,0
Cormonor 0,7 1,0 1,0 0,2 0,8
Tabmuue! 8.11
HBaHoB IlerpoB | CugopoB | BacwibeBa |I'puropneBa
AHAIHTH 0,9 0,6 05 08 1,0
YCCKUH yM
YMmenne
AR 08 0,4 0,2 0,7 0,6
MPUHUMATD
pelIeHus
Kommy-
HUKa0eb- 0,7 0,8 0,3 0,9 0,5
HOCTb
IIpocrtpan-
CTBEHHOE 0,9 0,9 0,8 0,8 0,7
MBIIIUIEHAE
SputerbHai | g g 0,6 0,7 0,4 1,0
aMsTh
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MaTpuIibl 3TUX HEYETKUX OTHOIICHUH UMEIOT BU/I (Ta0smib 8.12):
TaOmume: 8.12

Ms

Mg

0,8 051031009
_ 109 05/03/0,5(1,0 )
0,7 1,0/1,0/0,2/0,8
0,9 0,6 05 |08 |10
108 0,4 02 |07 |06
~ 107 0,8 03 |09 |05
0,9 0,9 08 |08 |07
1,0 0,6 0,7 104 |10

B pe3ynbraTe BBINOJHEHUS ONIEpallii HEYETKOW KOMITO3UIIMU TOJIYYEHO
OMHapHOE HEYETKOE OTHOIIICHUE, KOTOPOE B MATPUUHOU (DOpME UMEET BU/I;

Tab0mus! 8.13

Ms

0,9 09 (08 |08 |09
1,0 06 [0,7 |08 |10
0,8 08 [0,7 |09 |08

JUist HarnsAHOCTH MpeoOpaszyeM ATy MaTpuly K TabnuyHoil popme (Tabauna

8.11):
Tabanma 8.14

Zl Z2 23 Z4 Z 5

HBanoB ITerpoB CunopoB | BacunweBa | I'puropnena
X, 0,9 0,9 0,8 0,8 0,9
KOHCTPYKTOP
X, 1,0 0,6 0,7 0,8 1,0
AIEKTPOHUK
Xs cOLHOIOT 0,8 0,8 0,7 0,9 0,8

Ananuz HOJIy‘—IGHHOﬁ Ta6JII/II_[I)I IIO3BOJICT CACJIaTh BBIBOJ O HauoOoee

IIPEANOYTHTEIIFHOM BBIOOPE CIICIIMAIIBHOCTH.
Taobmuna 8.15

Z

MBanoB

Z,

[lerpoB

Z3

Cunopos

Z,

BacuineBa

ZS

I'puropresa
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Xy

KOHCTPYKTOP

X

3JIEKTPOHUK

X3

conuoJior

AHanu3 TONy4eHHOW TaOJuIbl MO3BOJIIET CJeNiaTh BBIBOJ O Haubosee
MPEAMOYTUTEIIFHOM BBIOOPE CIIEIUATBLHOCTH JIJIS1 TOTO WJIM MHOTO TIPETECH ICHTA.

99



[TPAKTUYECKOE 3AHATUE Ne9

9. HEUETKAS JIOTUKA 1 HEUETKHI BBIBO/|

4
9.1. OnpeneﬂeHl/le He‘leTKOﬁ JOI'MKHU U JIMHI'BUCTHYCCKAA HepeMeHHaH

Jloruka  uccnenyeT METOABl  PACCYKJIEHUW, MpPUMEHSAEMbIE IS
yOemuTensHOTO 000CHOBAHUS YTBEPKICHUS (MCTUHHOCTH TN JIOKHOCTH).

Knaccuueckas (OysneBa) joruka mperoiaraeT TOJbKO J1Ba BO3MOXKHBIX
3HAYEHUS JJOTUYECKOTO BBICKA3bIBAHUS - «MCTUHA» UJIH <JIOXKBY.

Jlornyeckre BBICKa3bIBaHUS IOJIYYArOTCS C TOMOLIBIO  OCHOBHBIX
nornueckux cBa30k 1 , MJIN a taxxe orpunanusa HE.

OCHOBHBIE JIOTHYECKUE 3aKOHBI OyJIEBOW JIOTUKU UMEIOT TOT K€ BHJI, YTO U
3aKOHBI MATEMATHUYECKON TEOPUH MHOXKECTB (cM.3aHsTUE 1).

Oco060¢€ MeCTO B JIOTHKE 3aHMMAET JJOTUYECKU BBIBOJI, KOTOPBIM pean3yeT
YTBEPKJICHUE TUIA!

Ecau A, T0 B,

T.e. ecnmu A uctunHo, To B Toxxe uctunHo. Ecau A 10xHO, TO 3HaueHue B
Mpou3BOJbHO. Ecnim ke B 50kHO, a A HMCTUHHO, TO JIO)KHBIM OKa3bIBaCTCA
yTBepxaeHue «Ecau A, To B». 910 coBnanaer ¢ moruueckoit opMyIiou:

AV B

BBuny Baxxnoctu popmyinsl «Ecnu A, To B» 17151 Hee BBeIEHO CrieMaIbHOE
o0o3HaueHue — (MMIUTUKaIMs) U 3anuch A—B uutaercs «A Bieuet B». Ctpeinka
MOKAa3bIBACT HANpaBJICHHE pacCcyxiacHuil — u3 A B B, HO He HaoOopot. Takum
obpazom:

A—>B=AVB

Kiaccuueckoe MpaBWiIO JIOTMYECKOTO BBIBOJA HA3BIBAETCS IPABHIOM
COKpaIlleHus mocbutku (Modusponens):

AAn(A—>B)=B

OCHOBHBIM  HEJOCTAaTKOM KJIacCCMUYECKOM (OpMbl BBIBOJA  SIBJIAETCA
BO3MOXKHOCTb €€ IPUMEHEHUSI TOJILKO MPH TOTHOCTHIO OMPEIeICHHON HH( OpMalin
(A — MCTUHHO WJIU JIOKHO).
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B otnuume ot kmaccuyeckoit (OyseBoi) JIOTHUKH, TAE MOJHAS UCTUHHOCTD
JIOTUYECKOTO BBICKA3bIBAHUS KOAUPYETCS YACIIOM |, ITOIHAs JIOKHOCTD — 4rcyioM 0,
B HEYETKOM JIOTHKE JOIYCKaeTCs CYyIIECTBOBAaHHME OECKOHEUYHOIO0 MHOXKECTBA
rpajaluii MCTUHHOCTH B Auana3zoHe or 1 no 0. 310 mo3BojisieT BHINOJIHATH
JIOTU4eCKHil BBIBOJ HA 3HAHUSAX, IPU KOTOPOM JI0CTOBEPHOCTH 3aKJIIOYEHUS
MEHSIETCSI B 3aBHCHMMOCTH OT [IOCTOBEPHOCTH MNOCHLJIOK W MCIOJb3yeMbIX
NMPaBuUJI.

B neuetkoMm mpasuie BbiBoga «Ecinu A, To B» M mochuika U 3aKiro4yeHue
SBJIAIOTCS. HEYETKUMH JIOTHUYECKUMHU TNepeMeHHbIMU. O003HauuM MpocTeifiiee
HeYeTKoe npaBmiio R ciemyromumM o6pa3om:

R=I(A,B),
rae | — HeueTkas UMILTUKAIAS.

HeueTkylo HMMIUIMKaUIO MOXKHO pPEan30BaTh C IMOMOILIBIO HEYETKOTO
OTHOIILICHHSI, KOTOPOE MO3BOJISIET OMKcaTh Tpedyemoe oToOpakeHue u3 A B B.

B cBs3u c TeMm, UTO MJIS HEUETKOM JIOTUKU TMPUMEHSIOT pa3iNYHbIC
MOAU(UKAIIMY OTIEPALIHI ITepeceYeHUs], 00bEIMHEHUS U T.JI., CYLIIECTBYET OOJIbIIIOE
KOJIMYECTBO BAPUAHTOB peAIM3allUA HEYETKOW UMILTUKAUU. HekoTopbie BApUaHThI
Imokasassl B Taomie 9.1.

Tabmuma 9.1
Ne | Ha3zBanue BapuaHTa peanusanuu ®opmyna
/11 UMILUIUKAIIUHA
1 Mamdani I(A,B)=min(A,B)
2 Larsen I(A,B)=A*B

IIpaBuIO JIOrHYECKOTO BBIBOJA UCIIOJIB3YETCSA JJISl IPEACTABICHHUS 3HAHUM.
UYenoseky ynobHee GopMyIupoBaTh, a TAKKE BOCIPUHUMATh 3HAHUS, UCTIONB3Ys HE
KOJMYECTBEHHBIC, a KA4YECTBEHHBIC XapaKTEPUCTUKH TPEIMETHONW 00JIacTH.
KauecTBeHHas xapakTepUCTHKA BBIpaKaeTcs cJIoBecHOU (hopmoii. B cBsi3u ¢ aTuM B
HEYETKOW JIOTMKE BBOJAT B PACCMOTPEHUE TaK HA3bIBAEMBIE JIMHIBUCTHYECKHE
nepemMeHHbie. OCOOEHHOCTBIO JIMHTBUCTHMYECKOW TMEPEMEHHOW B OTJIMYKE OT
OOBIYHOM MEPEMEHHOM SIBISIETCS TO, YTO OHA IPUHUMAET 3HAUYCHUSI BBIPAKAIOIIHECS
CIIOBAMM E€CTECTBEHHOTO s3bika. Kaxkmoe Takoe 3HaueHue (CIOBO) Ha3bIBACTCS
TEPMOM.

Taxum o6pazom, JIIT 3amaeTcss MHOKECTBOM CIIOB, OTIPEEISIONTUX Ka4eCTBO
NpPEAMETHOW O00JacTH, W Ha3bIBAEMBIX TepMaMmu. [Ipu 3TOM KaXIblii TepMm
OTNpENENSETCS HEKOTOPhIM HEYETKHMM MHOXKECTBOM CO CBOeH (yHKIHEH

IMPHUHAOJIC)KHOCTH.
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Tak, nepemennas "Poct (BbicOoTa) yesoBeKa'" MOMKET XapaKTEpPU30BaAThHCA
OJHUM W3 CJICAYIOUIMX 3HaueHWil - TepMoB (terms), T.c. CXKaTBIX CIIOBECHBIX
onucaHui: "Manenpkuii", "HeBbICOKUI", "cpeaHero pocta', "BbICOKHIL".

Hpyras nepemeHHas "CKOpPOCTb JBHMKEHHUS aBTOMOOWIA" MOM]KET OBITH
"maniont", "cpenueit", "0onpuioin" u T.1I.

A .

3a1aTh HEYETKOE MMOJMHOKECTBO ~ ', COOTBETCTBYIOILIEE OIIpeIeICHHOMY (I-

My) TepMy (3HAYEHHIO) JMHIBUCTHYECKOM MEPEMEHHOH, - 3TO 3HAYUT 33]aTh
00JacTh OMpEAENCHUs] YUCIOBOM MEPEMEHHOM X W (PYHKIMIO MPUHAIICKHOCTH

AJIEMEHTA X MTOJMHOKECTBY A .

PaccmoTrpum B kadectBe mpumepa [17] JTMHTBHCTHYECKYIO IEPEMEHHYIO
"Ckopoctb aBTOMOOWIA". ByzieM nosarate, 4To pa3inyHble 3HAYUEHUS (PU3NUECKOM
NepeMEHHON X (CKOPOCTH, B KM/4) MOTYT ObITh OXapaKTepU30BaHbI HAOOPOM U3 5
HEYETKUX MOJMHOXKECTB (3HAUEHUH JIMHIBUCTHUYECKON mnepemeHHoi): {"OueHb
Huskas", "Manas", "Cpennss”, "bonpmras”, "Ouenp Oombinas'}.

Koneuno, BuJ (pyHKIIMM MPUHAMAJIEKHOCTH I KaKJOr0 TEpMa BO MHOTOM
3aBUCUT OT BBIOPAaHHOTO TPAHCIOPTHOIO CpeACcTBa (aBTOMOOWIL TIPYy30BOMH,
JIETKOBOM, CIIOPTUBHBIN; BPEMEHU CYTOK; THIA AOPOKHOIO MOKPHITHS U T.14.). Ha
puc.6.1 B kauecTBe npuMepa NpUBEAEHbI PYHKIMU MPUHAMIICKHOCTH IJIs1 KaXKI0TO
M3 YKa3aHHBIX BbIIIE€ 3HAYEHUW JIMHTBUCTHYECKON mepeMeHHON «CKOpOCTh

aBTOMOOMIISDY.
A LX)
OdeHb Hu3kass Manas  CpepgHsas Bonbwaa  OdyeHb Oonbluas
1,0
0,7
0,3
-
X

180

Puc.9.1. Jluarsuctuueckas nepemerHas "CkopocTb aBTOMOOWIIS"
JlommyctuM, 9T0 pakTUYECKOe 3HaUYECHUE CKOpOCTH paBHO 135 km/4. Torna, B
COOTBETCTBHUH ¢ puC.9.1, 3TO 3HaAUEHHE OTHOCUTCS OJHOBPEMEHHO K JBYM TepMaM
(monmHoxkecTBaM) - "Cpennsis" u "bonbmas" - co cTeneHsIMH MPUHAMICKHOCTH

Hepe (135) =07 n Heserio (135)=03 COOTBETCTBEHHO.
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CoBokymHOCT, N HEYETKHX MHOXXECTB OOpa3yeT HEYEeTKOe pa3OuneHwme
0a30BOr0 MHOKECTBA, €CJIM BBIMOJHACTCS YCIOBHE:

N
> o, (x)=L vxeU
i=1 .

B HeueTkoi#1 Torrke 0000IIeHHEM ITpaBUIa BEIBOAa MOAUSPONENS sBJISCTCS
KOMIO3UIIMOHHOE MTPaBUJIO BBIBOJIA!

B'=A'o(A—> B),
rae A’- HedeTkas Imochluika; B’- HeueTkoe 3aKIIoueHHueE.

Ha cmpICcIOBOM ypOBHE NpaBWIO KOMIIO3ULMHA O3HAYaEeT, 4TO OJM3KHE
MOCBLJIKM BbI3BIBAIOT OJIM3KHE CJICACTBUSL.

[Tpumep nmst AMCKPETHOM 00J1aCTU ONPEICTICHUS.

[IycTh 1ano 6a30BO€ MHOKECTBO
X =1{1,2,34},
Ha KOTOpPOM omnpeneinensl 1sa HM:

A=1/1+0.8/2+0.3/3+0.1/4,
B=0/1+0.1/2+0.6/3+1/4,

PaCCMOTpI/IM HCYCTKOC OTHOIIICHUC

R=4—>B.

[Ipu ucronb30BaHNM BapuaHTa peaan3anuy UMILTuKanu tuma Mamdani,
IIOJTy4aeM:

R =0/(L1) +0.1/(1,2) +0.6/(13) +1/(L4) + 0/(2,1) +0.1/(2,2) +
1+0.6/(2,3) +0.8/(2,4) +0/(31) +0.1/(3,2) +0.3/(3,3) + 0.3/(3,4) +
+0/(4,0) +0.1/(4,2) +0.1/(4,3) + 0.1/(4,4).

WNnu B MmaTpuuHoit (hopme 3anucu:

0 01 06 1]
|0 01 06 08
0 01 03 03
0 01 01 01

JlomycTuM Tenepp, 4TO UMEETCS NOChUIKA (HEYETKOE MHOKECTBO) BUAA!
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A'=0/1+05/2+1/3+0.3/4,

TOr'Ja HCYCTKOC 3aKIIFOYCHUC ITOJIYUAaCTCs B BUIC!

0 01 06 17

0 01 06 08
B'=AoR=[0 05 1 0.3]

0 01 03 03

0 01 01 0.1

B'=[0 0.1 0.5 0.5]

PaccmoTpumM TipuMep HEUETKOTO BBIBOJA JII HEMPEPHIBHOM 00JacTh
onpenenenus. [IycTs nanbl 1Ba 6a30BbIX MHOKECTBA X NY, Ha KOTOPHIX 3a1aHbl HM
C IIOMOIIBIO TPEYTOJIBHBIX (YHKIMH MPUHAIICKHOCTH (pHc.9.2).

Puc.9.2.

>>x2=(0:0.1:6);

>>x1=(0:0.1:6);

>>[X,Y]=meshgrid(x1,x2);
>>Z=min(trimf(X,[0 2.5 5]),trimf(Y,[1 2 3]));
>>plot3(X,Y,2)

Heuetkoe otnomenue R:A—B ummroctpupyet puc.9.3.
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Puc.9.3.

Ilycte wumeeTcs HedeTKas mochUika A’. Bapuant rpaduueckoii
UHTEPIIPETAIMYA HEUYETKOTO BBIBOJIA (IIPH MCIIOJIBL30BAHUHN OINepandyd Min) mokasaH
Ha puc.9.4.

rAI AN
1 —————————————————
A A
o
N
0 5 x Y

Puc.9.4.

Heuetkoe 3akntouenne onucbiBaeTcst GOpMyJIon:

1 (Y) = sng(mx), (1 (X), 125 (¥))) =
=sgp(uA,(x)A(uA(x>qu(y>))-

PaccmarpuBasi mpoekiuio mpocTpaHcTBeHHOW (urypsr (puc.9.5) Ha
IUIOCKOCTh YZMOXXHO TOJYYUTh PE3yJbTaT, COBMAMAIONIMI C TMPABOH YacCThIO
puc.9.4.
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9.2. HeueTkuii BHIBO B 0a3e NMpaBUJI

HeueTkast jornyeckas cucteMa MOKET COCTOSATh U3 MHOXKECTBA npaBuil. B
10001 MOMEHT BO3MOXHO cpadaThIBaHUE JIFOOOTO M3 MPaBUII, MO3ITOMY MOKHO
CUMTATh, YTO OHU CBSI3aHHBI JIOTUYSCKOM cBsA3b10 NJII:

R=R; 1R, | R;..1Ry.
PaccmoTpum mpumep miis IUcCKkpeTHOM obnactu ompeneneHus. Ilycts
HEUYEeTKasi CUCTeMa COCTOUT U3 BCETO JBYX MPABUII:
Riy:Eciux = A;,T0y = By;
R,:Ecnmux = Ay, TO0y = B,.
[Toceuiku mpaBwi ONMUCHIBAIOTCA C mnomompto HM, ompeneneHHbIX Ha
JUCKPETHOM 0a30BOM MHOKECTBE:

_0.7+1+o.7 0.2_B _o+o.1+0.7+1_
171 "2 3 4’ "Y1 2 3 4’
0 01 07 1 07 1 0.7 02

A2=

T IR N i W R S
Heuerkue OTHOIICHH:A, COOTBCTCTBYIOIIHUC ITpaBUJIaM, MOKHO OITHCATh C
IIOMOILIBIO MATPHUIL
0 01 07 07

01 07 1
0 01 07 07’
0 01 02 0.2

Ry=A;, - B, =
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0 0 0 0
_ _ 01 01 01 01
Re=d2a=852= 07 07 07 02
0.7 1 0.7 0.2
Y CHCTEMa HEYETKUX ITPABUJI ONIMCHIBAECTCS MAaTPULIEH !
0 01 0.7 0.7
_ 01 01 07 1
R=RilR =07 07 07 07
0.7 1 0.7 0.2
Ecnu 0a3oBble MHOXXECTBa HEMPEPHIBHBIE, TO KaXIOMY HEYETKOMY

OTHOIIEHUIO COOTBETCTBYET HEKOTOpasi MOBEPXHOCTh, & CUCTEMA MPABHII TaK Ke
SBJIICTCSI TIOBEPXHOCTBIO, TAK YTO KaXKJas €€ TOYKa — BEPXHSA TPAaHMIA BCEX
COOTBETCTBYIOIIUX TOUEK OTACIbHBIX MTOBEPXHOCTEH.

[Ipu nByx u OoJsiee TMOCBUIKAX TMpaBWIa MATPUYHOE MPEACTABICHHE
CTaHOBUTCS 3aTPYyITHUTEIHHBIM.

PaccmoTpum mpumep Juisi HENpepbiBHOM oOnactu omnpenenenus. [lyctsb
UMEETCSI CHCTEMa U3 JIBYX MPABIII, KAKI0€ W3 KOTOPHIX UMEET JIBE MOCHLIKH:

Ri:Eciu (x = A))u (y = By), 10 (2 = C;);
R,:Ecmu (x = A,)u (y = B,), To (z = C,).

3neck A;, B; u C;—HeueTKrEe MHOXKECTBA, BXOISIINE B I-eIpaBUIIo.

ITycte A'uB’ - HedeTKHe MOCBUIKH, TOTJa YPOBEHBb 3allycKa a;KakIoro
MpaBujIa MOXKHO OIUCATH BHIPAKECHUEM

a; = hgt(A'nA;) T hgt(BNB,),
Y BBIXOJHOW CUTHAJI CUCTEMBbI TIPABUII MOIYYaeTCs 1o popMyIie:
R(A,B)=R IR, =(a; TC) I (a, TCy).

Bo MHOrmX ciy4asx BBIXOJHBIC TIEPEMEHHBIC HEUETKOW CHCTEMBI
MPEACTABIAIOT coO0M yncna (T.e. YeTKue 3HaueHus). JIJis BBIMOTHEHUSI HEYETKUX
omepanuii  HY)XHO BBIOJIHUTH MX MpeoOpa3oBaHHE B HEYETKYIO (popmy
(pazzudukanmio). Ilpomie Bcero paccMaTpuBaTh BXOJHYIO MEPEMEHHYIO X, Kak
OJIHOTOYEYHOE HEUETKOE MHOKECTBO (CUHTJIETOH):

par(x) = {é ); + fcz

[Ipu nByX TOCBIIKAxX XHYKaXJI0€ MPABHIO MOXKHO OIHMCATH CIICTYFOIIM

obpazom:
Ri(x,y,2z) = [A;(x) T B{(¥)] = Ci(2).
[Tpu BXOAHBIX JAHHBIX X = Xy HY = YoBBIXOJ I-20 IIpaBHJIa MOJIy4aeTCs 0

dbopmyre

C{ = [A;(xo) T B;i(¥o)] = Ci(2),

TJI€ BEJIMYMHA (; ONPENEISIET CUITY 3aIlyCKa ITpaBuia.
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BrIxo1HO# CUTHANT CUCTEMBI HEUETKHUX MPaBUJI OMMUCHIBaeTCS (popMyIioi

N
C = U Ci,'
i=1 .

M3BeCTHO HECKOJIBKO KJIACCHYECKHX CXEM HEYETKOTO BBIBOJA — BAPHAHTHI
Mamdani, Larsen, Tsukamotou Sugeno.
Paccmorpum  BapmanT Mamdani. HeueTkas uMIUIMKanmus — 37ech
MOJICJIUPYETCS ¢ TIOMOIIBIO oriepaTopa Min.
[Tomo>kuM /7151 MPOCTOTHI U3JI0KEHUS, UYTO 0a3a MPaBHII COACPKUT BCETO JIBa
npasuia R;u R,. Cuna 3amycka KaXJ10T0O U3 HHX:
a; = A1(xo) T B1(¥o);
a, = Ay(xo) T B2 (o)
WNuauBuayanbHBIN BBIXO]T KaXKI0TO MIPABHIIA TIOTydaeTcs o hopMyiaM
Ci(2) = a;, T Ci(2);
C,(z) = a, T C,(2).
['paduueckoii mmmocTparmeit cxembl Mamdani ciryxur puc. 9.6.

/\ \ min
\ L AN
N B 2 /\

x
\ / min
»
x

Yo

N
w v

Az

w VW

Puc.9.6.

Bapuant Larsenornmudaercst or Bapuanta Mamdani Toipko TeMm, dTO
OIepaTop HWMIUIMKAIMK 37IeCh OMKMCHIBACTCS C IOMOIIBID alre0Opandeckoro
YMHOYKCHUSI.

a; = A;(x0)B;(¥o);
Ci (z) = a;C;(2).

Cxemy Larsen njst AByX nmpaBuil WILTIOCTPUPYET puc.9.7.

N B cxeme Mamdani, u B cxeme Larsencesska MHauye OMKMCBHIBAETCA C
TIOMOIIIBIO OTIepaTopa Max:

C(z) =C{(2) !l Cy(2).

Hederkuii BBIBOI, paccMOTpeHHBIH TSUKAmMoto, oTiaudaeTcst TeM, 4TO BCE

tepmbl JIII 371ech WMEIOT MOHOTOHHBIE (QYHKUMU TNpuHAIIeKHOCTH. Ecnm
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HEKOTOPOE MPABUJIO UMEET YPOBEHb 3aIllyCKa (;, TO €r0 BBIXOJHON CUTHAT MOXKET

OBITH paccunTaH 1Mo Gpopmye:
a; = C;(2), T.e. z; = C71(a).

A N A
A By 4
/\ X X
\ S Z AN
I -
x Yy
N A B
“ N /2A
X
X0 % Yo y
Puc.9.7.
/ A A
By
€
Ay :
min | ag
3 i > S
(o . -
X Y 21 z
Az /. Cs
min | oz
> > >
X x b0 y 2 z

Puc. 9.8 wroctpupyer cxemy Tsukamoto st AByX mpaBu.

Cxema HEYeTKOTO BBIBOJA, MPEAIOKEeHHAsT SUQENO, OTINYAETCS OT CXEMBI
TsukamotoTonpko TEM, 4YTO 3l1€Ch BBIXOJHBIC 3HAYCHUS KAXKIOTO IpaBUIIA
SBIISAIOTCS (PYHKUMSMU BXOJIHBIX 3HAYCHUI:

Z; = a;xo + b;y,.
PaboTy cxembl SUGENO 11t IBYX MpaBHIl WILTIOCTpUpyeT puc. 9.9.

A A A
A B
/\ / \ min | g,
S, / o
X y z1=aixptbiyoter 2
A A N N
2
\ / min | g,
> = «
X0 x Yo y z
zr=agnytboyotes
Puc.9.9.

B cxemax Sugeno u Tsukamoto jis kaka0ro mpaBuiia Mmojy4aeTcs 4eTKOe

BBIXOJHOC 3HAYCHHUC, MMOOTOMY AJIA IOJIYUYCHHUA PE3YIbTUPYIOIMICTO CHI'HAJA 0a3nl
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mpaBui 371€Ch HCIOIb3yeTcs GopMmyia (IUCKPETHBIM BapwaHT METOja IIEHTpa
TSOKECTH):
N
_ Li=14iZ;

N .

B BapranTax Mamdani u Larsensbixoiom kaxxaoro npasuia sisisiercs HM,
MI03TOMY 3/IECh TPEOYETCsl BBIMOJIHHUTH OTICPAIIUIO0 arperupoBaHus — 0O bEAMHCHUS
MHO>KECTBa MOIU(UITMPOBAHHBIX 3aKIIFOUEHUH mpaBui B oqH0 HM.

3/1ech BOBMOKHBI JIBa BApUaHTA:

a) paccMaTpuBaeTCs JIOTMYeCKas CcyMMa (YHKIMA MpUHAIJICHKHOCTH
3aKJIFOYEHUN OTAEIBHBIX IPaBUJ, KOTOPOM COOTBETCTBYET omeparop Max. ITo
HanOoJIee YacTo UCTOJIb3yeMblid BapuaHT (puc. 9.10, a).

py (2) = max[uc,(2), uc2(2), - ten(2)],2 € Z.

[Tpu 5TOM MOTYT «IOTJIOMIATHCS 3aKIIOUEHHUS IPABHIII C HU3KUM 4,

0) paccMmarpuBaeTcs OrpaHUYeHHas apupMeTrhyeckas cymma (QyHKIHMA
npuHamiexHoctd (puc. 9.10, 6). OtoT cmoco®0 NO3BOJSIET Yy4YeCTh BKIIAJ
3aKJIIOYEHUHN TIPABUII C HU3KMMU 3HAUCHUSIMHU a.

py, (z) = min[1, pc1(2) + pe2(2) + -+ uen(2)1,z € Z.

[locre BBITIONIHEHUSI arpeTUPOBaHUsI TPEOYETCS BBIMOJHUTH OMEPAIUIO

nedasz3udukanum — MoJydyuTh TOUHOE 3HaUYEHUE BBIXOJIa IJIs BCeW 0a3bl IpaBul.

a 5]
) us(2 P ) s (2) i
i 1.k
al b al ............................
(v ¥ S, S ozt b
N
rd
0 z 0 2

Puc.9.10.

9.3. MeTtoab! nedaszzundpuxanum.
Hedazsudukarnueir (anrn.  defuzzification) HaswsiBaeTcs mporeaypa
npeoOpazoBanus HM B ueTkoe yucio.
CymiecTByeT 00JbII0E KOJIMYECTBO METOAOB Aedaz3udukanuu|___ |, HO Ha
MPAKTUKE Yallle BCEro MPUMEHSETCSI HECKOJIBKO METO0B, OMMMCAHHBIX HIKE.
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[TycTh UMeeTCst HeueTKOe MHOXKECTBO A, ompeieieHHoe Ha 0a30BOii mIKase
X, ¢ pyHkiueit npuHamIeKHOCTH Uy (x). Torma mis mpeobpa3oBaHus €ro B YKCIIO
MOJKHO HCIIOJIb30BaTh CJACIYIOIINE METO/IbI.

1. Meroauentpatsbkectu (anrn. Centroidwmcenter-of-gravity (CO(G)). Dror
METOJ, KaK CIEIyeT U3 €ro Ha3BaHMs, 3aK/IF0YAEeTCsS B BHLIUMCIICHUH LIEHTPA
TSOKECTH IUIOCKON (DHUTYpBI, OrpaHMYEHHON (QYHKIUEH MPHHAIICKHOCTH
HEYETKOTO MHOKECTBA M OCHIO KOOPIMHAT:

[, (aG0)xX)dx

f x Ha (x)dx
2. JIMCKPETHBIM METO/ IEHTpa TSHKECTH (WIIM MHIECKCHBIN — aHTI. discretcenter-
of-gravity (DCOG)). 3nech mpeamnosaracTcs, YT0 YyHUBEPCATbHOE MHOYXKECTBO
— nuckpetHoe. COOTBETCTBEHHO (popmyiia Juisi pacueTa IEHTpa THKECTU
UMeEeT BUJT

COG(A) =

Ve ta(x;)x;

DCOG(A) = .

3. Meron menuanbl (bisector) wim nentpa obiactu (center-of-area (COA)).
31mech BBIOMpPAETCS TOYKA B OOJACTH OIpPEICICHUS BBIXOIHOU MEPEeMEHHOMI
XTaKasi, 4T0 OKa3bIBAIOTCS PAaBHBIMH HHTETPAIIbI:

COA(A) sup x
.[_ pa(x) dx = j fa(x)dx.
i

nfx COA(4)
JToT MeToa WiuTtocTpupyet puc. 9.11.

Ha(x) ¢

COA(4) %
Puc.9.11.
4. JIMCKpeTHbIN METOA MeIUaHbl UCIIONB3YET POPMYITY

] N
1
a=min(); Vji ) 1aCe) 25 ) waCx)
i=1 i=1

5. Meroauentpamakcumymo (center-of-maximum (COM)). Ortauune ot
METOJa LIEHTPA TSKECTH COCTOUT B TOM, UTO PACCMATPUBAETCS TOJBKO Ta
yacTh o0actu onpeneneHus HM, nis koTopoit 3HaueHue MpUHAIICKHOCTH
MaKCHMAaJIbHO
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J,y (aGOx)dx

fM ta (x)dx
MeX,xeEM - uy(x) = max(,uA(x)); Vx € X.
6. Hduckpetnsiii meton ueHTpa MakcumymoB (DCOM) HaxomuT cpenHee
apu(MeTnyecKkoe DSIEMEHTOB YHUBEPCAILHOTO MHOXECTBA, HMEIOUINX

COM(A) =

4

MaKCHUMAJIbHBIE CTETIEHU TPUHAJIEKHOCTH:

inEM Xi
|M]|

7. Unanexcuseiii (moporoseiit) meton 1eHTpa Tsokectu (ICOG). 3mece Meron
LEHTpAa TSHKECTH PUMEHsIETCs He KO Bcemy HM, a TobKO K TOM €ro 4acTu, B

DCOM(A) =

KOTOpOﬁ SHAYCHUC IMPUHAAJICKHOCTH ITOBBIIIACT SaﬂaHHBIﬁ Imopor ,B:
[ (a0 dx
e Ha ()

ICOG(A,B) = iMeEX;x €M - uy(x) > .

Ha puc. 9.12 nokazan npumep |ICOGnpu f = 0,5

A
pa(®)
11

0.57

‘L ICOG (A.0.5) X

Puc.9.12.
8. Meton cepenuubl MakcuMyma (mean-of-maximum (MOM)). DTo moporoBbIi
METOJ IIEHTPa TSKECTH, B KOTOPOM IOPOT COOTBETCTBYET MAaKCHMYyMY
¢byHkumn npuHaiexkHocty (puc. 9.13):

MOM(A) = ICOG(A, hgt(A)).
9. Merox HaubosbIrero u3 Mmakcumymo LOM (LargestOfMaximums):
LOM(A) = max(x);Vx € X; uy(x) = max(,uA(x)).
10.Meton Haumensbiero u3 makcumymoB SOM (SmallestOfMaximums):
LOM(A) = min(x);Vx € X; uy(x) = max(,uA(x)).
OueBuHO, yTO /Tt yHUMOAabHOr0o HM Metoast MOM, LOMu SOMcoBnamaror.

A
Ha(9
1

0.5 1

sV

MOM(4)
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Puc.9.13.

9.4. Ta6au4Hoe npeacTaBJIeHUe 0a3bl MPABUJI

4

Ha npakTuke 4acTo uCHoiab3ylOT BapUaHT, IPU KOTOPOM HEUETKHUE MTPaBUIIa
MMEIOT JBE€ MOCHUIKU.

Hampumep, ImycTh NMOCBIIKM X1 XpH 3aKIIOYEHUE YNPEACTABIAIOT COOOM
JIMHTBUCTUYECKUE TEPEMEHHBIE, KaXKasd U3 KOTOPBIX OMUCHIBACTCS HAOOpOM U3 S5
TEPMOB

T(x,;) = T(x,) =T(y) = {0Ob,0OM, H, 1M, [1B},

rae Ob — «oTpunarensHoe 6oibinoe», OM — «oTpunateabHoe Manoey, H —
«HyneBoey, [1b — «nonoxurensHoe 0601b110€», [IM — «110510KUTETbHOE MaIoey.

Takum oOpaszom, mpaBuia UMEIOT BU/I;

ECJIU (x; = H)U (x, = H), TO y = TIM.

MaxkcuManbHOE KOJMYECTBO BO3MOXHBIX MPABWII PABHO NPOU3BEICHUIO
MOIIHOCTEN TEPM-MHOKECTB MOCBUIOK. B paccMarpuBaemoM npumepe

card(T(xl)) * card(T(xz)) =25

Ecnu Bce mpaBuiia M3BECTHBI, TO COJEPKUMOE Oa3bl MPaBHI YIAOOHO
OTOOpakaTh B BHUJIE TaK Ha3biBaeMoW TaOmuilel JUHTBUCTHYEeCKUX mpaswl (TJII)

(puc.9.14).

»
OB | OM | H | IOM | 1B |,
OB |iIIB | IC | IIC | IIM | IIB
OM (iIIC | IIM | IM | H | OM

M
1B

x H |iIIC| IIM | IIM | OM | OC

Puc.9.14.

B 3aBucumocTu ot pemaemon 3agadn TJIIT MoxkeT onuchiBaTh, HaI[pumep,
JTUHAMUKY OOBEKTAayNpaBICHUsI(X,- BXOJ OOBEKTa, X,— BBIXOJ OOBEKTa, y—
M3MEHEHHE BBIXOJa OOBEKTa), WM TOBEACHHUE (X;-OIIMOKA, X,— H3MEHEHHUE
OLLIMOKH, y—CUTHAJ YIIPABICHUS).

Mexanusm ¢pynkuronupoBanus TJIT ummroctpupyeT npumep, MoKa3aHHBIHN
Ha puc. 9.15, rae I OMUCAHUS TEPM-MHOXKECTB ITOCBUIOK HCIIOJIB3YIOTCS
TpanenueBuIHbIe PYHKITUN TPUHAIIICKHOCTH.
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3akroueHue pa3InIHbIX HEUETKHUX MPABIII MOTYT COBIaaaTh. OKpalieHHbIE
y4acTKH Ha puc. 9.15 03Ha4aroT 30HbI B3aMMOACHCTBUS (KOHKYPEHIIMN) COCETHUX
npaBwil. B KaKaplii MOMEHT BpEMEHH 3/1eCh MOTYT cpabaThIBaTh He OoJiee 4 MpaBulL.

~
uri(xs) . 4
o6 Yom¥ #H Y1umY 1B |

pri(xy) L

= x2
OB OB IC ‘IC. NM  IB
oM nc OM. OM_ H oM
H OC 10OM M OM OC
M IIM OM OM OM OC
B H oM OC ’ 0oC OB
Yy ¥

Puc.9.15.

[Ipu BbIOOpE npyroro cmnocodba onucaHusi (PYHKIUU MTPUHAMLIECKHOCTH
TEPMOB (TPEYroJIbHbIE WJIM TayCCOBBI (DYHKIIMHM) 30HA B3aMMOJCHCTBUN IMpaBHII
paclmpseTcs, v MOBEAECHUE HEUETKOW CUCTEMbl U3MEHHTCS.

Opnako HauOonblliee 3HayeHUE I (PYHKIMOHMPOBAHUS HEYETKOU
CUCTEMbI UIMEET BBHIOOD MpaBuUIIL.

2.8. TpeboBanus k 0a3ze mpaBuil
Xopomiass 0a3a  mpaBuUJ  JIOJDKHA — YJOBJICTBOPSITH  TPEOOBAHMSIM
HEMTPOTUBOPEYMBOCTH, ITOTHOTHI ¥ HETIPEPHIBHOCTH.

1. HenportuBopeuuBocTh (aHrj. consistency) o3HadaeT, 4yTo B 0aze He
JOJDKHO OBITH TIPAaBWJI, KOTOPHIE MMETH OBl MPU CXOJHBIX IMOCBHUIKAX
CYILIECTBEHHO pa3lIMyHbIC 3akitoueHus. PaccMoTpum mpaBuia ¢ OJHOM
MOCBUTKOW ¥ OJTHUM 3aKJTIOUYEHUEM:

R] Ecin A], TO B],
rae Au B— HeueTkue MHOXECTBa, ONpe/IeJICHHbIC HA YHUBEPCATbHBIX
MHOXecTBaxXu Y.
CreneHb HEMPOTUBOPEYMUBOCTHU JBYX MPaBUI RjI/I Ry MoxeT OBITh OIlEHEeHA 110

bopmyie

C(Rj, Rie) = |max(ua; () T pa, (1)) = max(us; () T b, ()|

[IpoTMBOPEYMBOCTL NpaBuiIa R;10 OTHOIIEHUIO KO Beel 6ase n3 Nmpasui

BbIpakaeTcsa popmyon
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N
C(R) = Z C(Ri,R;),i #].
i=1

Takum 00pa3oM, MOXKHO BBIIBUTH «ILTIOXHUE» MPABUIIA, HE COTIACYIOIINECS C
OCTaJIbHOU 4acThIO 0a3bl MPaBUII. ‘
2. IMTomuota (anri. completeness) 6a3pl mpaBuiI 03HAYAET, YTO HE MOMKET
OBITH «OeJBIX MATEH» BO BXOJIHOM MPOCTPAHCTBE MpaBmil. i Kaxaoro
TEKYIIErO0 COCTOSIHUSL XJOJDKHO CYIECTBOBATh XOTS OBl  OJHO

yOpaBJSAOIee TMPaBWIO, TOCBUIKM KOTOPOTO HMMEIOT HEHYJIEBYIO
MPUHAICKHOCTD 11 X.

[TomHoTa Ga3kl MpaBUII MOKET OBITH OLIEHEHA 110 (hopMyIie
Ng

Nx
M) = D ] |ran oy
k=1 i=1

rne Np - KonudecTBO mpaBuil; Ny — KOJIMYECTBO MOCHUIOK Ka)I0r0 MpaBUJa.
B03MOKHEI ClIeyroIue oKa3aTeau MOJTHOTHI 0a3bl TIPABHIT:
CM(X) = 0 - HermostHas Oa3a mpaBuiI (eCTh «0eJI0€e IATHOY ),
CM(X) = 1- crporas mosHasi;
CM(X) < 1 - He coBceM IOIHAS;
CM(X) > 1 — u3zbsiTouHast 6a3a MpaBulL
3. HempepwiBHOCTH  0a3el  mpaBui. Hampumep, TycTh  IOCBUIKH
npeacTaBisaoT coboit HM, obpa3yroiine HeueTkoe pazdoueHrue 0a3oBoii
IITKAJTBI:
A <A, <. A1 <A <A <...Ay.
[TycTh B 6a3e mpaBuI HIMEIOTCS JBA TIPaBUIIA:
Ry:Ecmmx; =Ai,ux, =A,,,T0y =B,
R, :Ecmuxy =A;,ux, =A,,, T0y =B,

B HenpepwiBHOI 6a3e MpaBUil BHITIOIHSIIOTCS YCIOBUSI:
Ecin Al,TL = Al,mr TO Az'n N Az’m * @.
ECJII/I AZ,TL == Az’m, TO Al,n N Al,m * @.

COOTBETCTBEHHO, TP BHITIOJIHEHUHU 3TUX YCIOBUM JI0JKHO BBIMOJHSATHCS:
B, N B,, # @.
Takum 00pa3om, HEMPEPHIBHOCTH 0a3bI MPABUII 03HAYAET, YTO OJIM3KUM MOCHIIKAM
JTIOJDKHBI COOTBETCTBOBATH OJIM3KUE 3aKITFOUCHHUS.
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9.5. HeueTrkas cucTeMa KaK YHUBEPCAJbHbIH aNNMPOKCUMATOP

HeueTkue NPOAYKIMOHHBIE CHCTEMbI JIMIIEHbl HEJOCTATKOB 'OOBIYHBIX
HPOAYKIMOHHBIX cucTeM. Kak ObLIO MOKa3aHo B psijie paboT [ |, cucTeMa He4eTKUX
IIPAaBHJI MO3BOJISCT AlIPOKCUMUPOBATh J00yi0 pyuknuio Y=F(X), 3amannyio Ha
OTPaHUYCHHOM HETIPEPHIBHOM MHOKECTBE 3HaueHU U, T. €. BBITTOTHSICTCS

sup =
2 e gIFCG) = FOOll <&,

rie X — BekTop aprymentoB GpyHkimu; F(X) - BBIXO HEUETKON CUCTEMBI, € —
MPOU3BOJIbHAS MaJIasi KOHCTAHTA.
Tak B pabote [ ] ObUIO MOKa3aHO, YTO HEUETKASI CHCTEMA, UCIIOIB3YIOIIAs
HaOop u3 N npaBun
R;:Ecnu (x; ectb A;)u (y; ectb B;), T0 (2; ectb C;);i = 1,2, ..., N,
SIBJISICTCS] YHHUBEPCAJIBHBIM aIIPOKCUMATOPOM TIPH CIEAYIOMIUX YCIOBUSIX:
1. Jlns onpicaHusl MOCHIIOK U 3aKJIFOYCHUH UCTIONB3YIOTCS TayCCOBBI (DYHKITHH

IMPHUHAIJIC)KHOCTHU
1/x —aj\? 1/y—ap)\?
A;(x) = exp —E(Tll> ; Bi(y) = exp —§<TLZ) ;
l l
C.(2) 1 (z - al-)z
(2 =exp|—=——]) |;
l 2\ B

2. Jlornueckast oreparusi &OMMUCHIBACTCS KaK MMPOU3BEICHNE:
[4;(x)&B;(y)] = A;(x)B;(y);
3. MmMrmumikarust mpuMeHSIeTCS B BHJIC TTPOU3BEICHUS
[4;(x)&B;(¥)] = C;i(2) = A;(x)B;(¥)C;(2);
4. Jlns nedaz3udukauy UCIOIb3yeTCs TUCKPETHBIN METOT IIEHTPA TSHKECTU
N
_ Li=1CiAB;
==
i=1 4B,
beuto mokazaHo, YTO HEYeTKas JIOTHYECKas CHCTEMa MOXET OBITh
YHUBEPCATHHBIM aMMPOKCUMATOPOM U TIPH JIPYTUX YCIOBUSX:
1. Jlyis omycaHus MOCBUTOK W 3aKTFOYCHUH MCTIONB3YIOTCS CHMMETPHYHBIE
TPEYTroJibHbIE QYHKIIUN

1—M ecau |a; — x| < «;

Ai(x) = - - s a
0, WHaye;

1—M ecanu |b; — x| < B;

Bl(y) = ﬁi ’ ' -
0, HHayve,;
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1—M ecs |¢; — z| < y;
Ci(z) = vi : =V

0, WHaye;
2. Jloruueckas onepanus &OMUChIBaeTCA KaK min:

[4;()&B;(y)] = min(4;(x)B;());
3. Hcnompsyercs ummumkanus Mamdani
[4:(x)&B; ()] > C;(z) = min (min(4;(x)B,(¥)), Ci(2) )
3. st neazzudukanmm MpUMEHSETCs TUCKPETHBIN METOT IIEHTPa

TAKCCTH.

N . .
,  Zi=t min(min(4;5;), C;(2))
— S _
i=1 Min(4;B;)
Ha mpaxTrke aGCOMIOTHO TOYHAS ANMIPOKCHMALHS He TPeOyeTcs, JOCTATOYHO
IPUOIIKEHHUS C HEKOTOPOIl JOITYCTHMOI OIIHOKOIL.

9.6. HeueTrkuii BbIBOJ B MATPUUHOM dopme

IIpouenypa HEYETKOTO BBIBOJA [JOMYCKA€T KOMIIAKTHYIO 3aluCh B
MaTpUYHOU (hopMe MPU CIAESAYIOUINX YCIOBUIX:
1) JUtst onMcaHusl TEPMOB MOCBUIOK MCHOJB3YIOTCS TPEYrOJIbHBIE
(GYyHKUMM TPUHAUIEKHOCTH, W TEpPMbl 00pa3yloT HEYeTKoe pa3OueHue
COOTBETCTBYIOIIHUX Oa30BbIX MHOXKECTB;
2) 3aKmoueHus OIMHCBIBAOTCS CUHIJIETOHAMH, TUTSI
nedaz3upuKanuy UCIONb3yeTcsl JUCKPETHBIM METOI IEHTPa TIKECTH.
PaccMoTpum cHauana cUCTEMy HEYETKMX NPAaBWI C OAHOW IOCBUIKOW U
OJTHMM 3aKJII0YCHUEM, KOTopas peanusyeT otoopaxenue f: X—=Y (puc. 2.20, rae Fu
DF- o603Hauenue onepanuil ¢pazzuduxanuu 1 aedaz3zupukarmm).

[Ipu cnenaHHbIX qOMYIIEHUAX (HOpMYyTIa TUCKPETHOTO METOa IICHTPA TSHIKECTH

yIPOIAeTC:
N
_ Z%V=1 a;yi _ Z?’=1 MUr; ()i _ z wr (X)y; = XY
§V=1 a; ?I:l Hr; (x) =1 & l .

Takum 00pa3om, BBIXOJHOW CHUTHAJI HEYETKOW CHUCTEMBI IMOJIy4aeTcs Kak
CKaJISIPHOE MPOMU3BEACHHUE ABYX BEKTOPOB: X—BEKTOpa CTENEHEN MPUHAIEKHOCTH
BXOJIHOTO 3HAYE€HHUS K PA3JIMYHBIM TE€pMaM BXOJHOW IMEPEMEHHON M Y—BEKTOpa
LIEHTPOB TEPMOB BBIXOJIHOM IIEPEMEHHOM.
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Paccmorpum mpumep. Ilycte ans onmcaHusi BXOJHOW M BBIXOJHOU
IIEPEMEHHBIX UCIOJIB3YIOTCS 110 5 TepmoB (puc. 9.15).
Bekrtop creneneil npuHaAJIe)KHOCTH MTOCBUIKA UMEET BUL!
X = {ur,(x")} = [pop(x") oM (") () ptmm (X (x)] = [0 0 0.3 0.7 0].
Heuetkas cuctema BbIBOJA UCTIONIB3YET S5 MPaBUIL:
Ecnu Xx=0b, To y=0b, nnaue
Ecnu x=0OM, o y=0OM, nnaue
Ecmu x=H, To y=H, nnaue
Ecmu X=IIM, To y=IIM, nnaue
Ecmu x=I1b, To y=IIb.
HeueTkuM 3aKiit04eHUSIM COOTBETCTBYET BEKTOP
Y=[-1-05 0 05 1]7,
TaK 4TO pe3yJIbTaT HEYETKOTO BhIBOJIA MOJIy4aeTcs o popmyre:
y=XY=[00030.70][-1 —0.5 0 0.5 1]7 =0.35.
PaccmoTpum panee cuctemMy HEYETKHX MPaBWI C ABYMs MOCBUIKAMU U
OJIHUM 3aKIIIOYCHHEM, KOTOpas peanusyet otoopaxkenue f:X; * X, - Y (puc. 2.23).
ITockoJIbKY 3aKJIIOUEHHS] TPEJCTABICHBl CHHIJIETOHAMH, IpaBble YacTu

HpaBI/IJ'I MOXHO OITMCATh C ITOMOIIBIO ManI/IHBI
1 1 0.5 1
0.5 0.5 0
R=] 05 0 -—-05|
0 -0.5 -0.5
—-05 -1 -1
JlormycTM, 4TO B HEKOTOPBIM MOMEHT BPEMEHU BXOJHAs IEPEMEHHas
X1 AMEET CIACIYIOIINI BEKTOP CTENCHEH MPUHAIICKHOCTH

X, = {MTi(X1)} = [rop(x1) pom Cep) pn Cey ) prm (1) s (x,)] = [0 0 0.3 0.7 0].

DTO 03HAYaeT, 4YTo B MaTpuile mpaBuil ROy 1y T 3amyckaTbCs TOJIBKO MpaBuia,
BXOJSIIUE B TPETHIO U YETBEPTYIO CTPOKY.

Ilycte miist  BTOPOM  BXOAHOM  NEPEMEHHOM  BEKTOpP  CTEIEHEU
MPUHA/JICKHOCTH UMEET BUJ

X, = {ﬂTi(xz)} = [po(xz)up (xx)pun(x2)] = [0 0.2 0.8].

DTO 03HA4YaeT, uTo B R OyIyT 3amycKaThCsi TOJBKO MpaBujia, BXOASIINE BO BTOPOU
u Tpetuii crondern. Takum oOpazom:

118



Zi5=1 Z?:l(HTi(xl).uTj(xz))yij _
i1 Z}o":l(liri(xﬂlirj(xz))
_ (0.3%0.2) *0 + (0.3 %0.8)(—0.5) + (0.7 * 0.2)(—0.5) + (0.7 x 0.8)(—0.5)
B 03%x0.2+03%x08+0.7+x0.2+0.7%0.8 )
_ —0.47

= =047,
1

y:

Takoii ’xe pe3yabTaT MOKHO MOJIYYUTh, UCIIOIB3YS MATPUYHYIO 3aMUCh:
»x; =[0 0 0.3 0.7 0];
» x, = [0 0.2 0.8]';
>R =1[11 0.5; 0.5 0.5 0; 05 0 — 05,0 —0.5 —0.5;, -05—-1 —1];
» x1 *R*x,
ans = —0.47
Takum 00pa3om, IpU ABYX BXOJHBIX MEPEMEHHBIX PE3YJIbTAT HEUETKOTO
JIOTUYECKOTO BBIBOJIa OIKUCHIBACTCS (DOPMYJIOM:

y = X;RX,
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[MPAKTUYECKOE 3AHATHUE Ne 10

10. CUCTEMBI YIIPABJIEHUSA C OBPATHOM CBSI3bIO. MOJIEJIN
OBBEKTA YIIPABJIEHUA. UIEHTU®OUKALUSA IIAPAMETPOB
MOJIEJIA OBBEKTA YIIPABJIEHUSA

10.1. Cuctema ympaBiaeHus: ¢ OOpaTHOM CBSI3bIO

PaccMoTpuM TpaJWIIMOHHYIO CHCTEMY VYIpPaBICHUS C OTPHUIATEILHOM
obpatHoii cs3bio (puc.10.1).

0 B
an e ) )L * o
—_— Peryaartop Onere SRy
T N “lynpasaesns| 7 7 %

¢

Puc. 10.1. Cucrtema ynpaiieHust ¢ 00paTHOM CBS3BIO

3amaromiee Bo3zciicTBueg(t) omuchIBacT JKelaeMOe 3HAYCHUE BBIXOJA
oobekTa ympasienusy(t). Ommoka ympaeienuse(t) = g(t) - y(t) mcmombsyercs
peryysitopoM Jiis popMupoBanus curHana yrpasieHus U(t). OObekT npeacTaBisier
co00¥ TMHAMUYECKYIO CUCTEMY, KOTOPasi MOXKET ObITh HEYCTOMYMBOM WIIK 00J1a71aTh
IUIOXUMH JUHAMHUYECKUMU CBOMCTBaMH. PerymsTtop CHyXKdT uisl yIydIIeHUs
JUHAMHYECKOro moBeaeHust oobekra. Illymel Ha BXoze u Beixoae oobekra fl () u
f2(t) mMoryt OBITh OJHHUM W3 HMCTOYHHUKOB HETOYHOCTH (HEYETKOCTH) 3aJauu
yIpaBJIeHUS (IPYU CUHTE3€ PETYISATOPAa MU YacTO MPEHEOPEraoT).

Kitaccuueckast Teopust yrpaBiieHHs] OpUEHTUPOBAHA B OCHOBHOM Ha CHHTE3
JUHENUHBIX PEryJIATOpPOB ISl JMHEHHBIX OOBEKTOB. (CBOWCTBO JIMHEMHOCTH
MO3BOJISIET MOJYYUTh YJIOOHBIE AJITOPUTMBI OLEHKHM TAaKMX BaXKHBIX CHUCTEMHBIX
CBOMCTB, KaK YCTOMYHBOCTb, YIIPABISIEMOCTh, HAOIIOJAEMOCTh | T. 1.

OnHako Bce peasibHbIe OOBEKTHI SIBIISIOTCS HEIMHEWHBIMU, U JIMHEAPU3AITHs
WX MAaTEMaTUYECKOTO OMUCaHUs TPeOyeT pacCMOTPEHMUSI HEKOTOPOM pabodeii TOUKH,
OTHOCHUTEJILHO KOTOPOM PacCMaTpPUBAIOTCSI MaJIbl€ OTKIOHEHUSI.

HenunelHocTs MareMaTH4ecKOM MOJENU BBIPAXKACTCA B IPUCYTCTBUU
HEJIMHEWHBIX OJIOKOB, TAKMX KaK HACBIIMICHHUE, CyX0€ TPEHUE, TucTepe3nc u T. 1. B
YaCTHOCTH, BBeJieHHE B CTPYKTypy puc. 10.1 orpannueHusi Ha 3HAYEHUE CHUTHAJIA
YIIPaBJICHUS [IEJIAET €€ HEJIMHEMHOW. HeNMMHEWHOCTh Takke BO3HUKAET, €CIIH B
MaTEMaTUYeCKOM ONHCAaHWUU TPHUCYTCTBYIOT HENWHEWHbIe (yHKIUHA (KBaapar,
KBaIPATHBIN KOPEHb, TPUTOHOMETpUYECKUE QYHKIIUA U T. T1.).
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Heuerkue normueckue perynstopsl (HJIP), HenuHeiiHble o cBO€il CyTH,
MOTYT YIPAaBIISAThH JUHEHHBIMH 0ObEKTAMH JTy4UIIle, YeM KIIACCUIECKUE PETYISATOPHI,
a TaKKe YOpPaBIsATh HEIMHEWHBIMH OOBEKTaMH, IS KOTOPBIX JIMHECHHBIC
PETYIATOPH HEMPUMEHUMBI. )
JIJIst TUHEWHBIX CKASIPHBIX O0BEKTOB (C OJJHMM BXOJIOM M OJTHUM BBIXOJIOM)
IPH OINHCAHWU TEPEXOAHBIX IMPOIECCOB TPATUIMOHHO paccMaTpUBACTCS
peakiusy(t) Ha ckaukooOpa3Hoe BxoiHOE Bo3ericTBre](t), M HCITONB3YIOTCS TaKHe
napameTpsl, kak (puc. 10.2):
- BpeMs HapacTaHus £y, T. €. BpeMs, 3a KoTopoe nepeMeHHasy(t) Bo3-
pacraer ¢ 0.1 mo 0.9 ycranoBuBmerocst 3HaueHustYyct(t);
- nepepezynuposanue 6 - ((Ymax(f) - Yyer(t))/100) %;
- ycranoBuBmasics omuoka e =g(t) - Yyem(t);
- BpeMms MepexoIHOro Tporecca by, (BpeMs OT Havaya nepexo HOTo
mporiecca 10 MOMeHTa, koraay(t) He mokuaaet nHTepBaNyyc + 0.05;
- 13 - BpeMs 3aTyXaHHUs NIEPEXOTHOTO Mporiecca (BpeMs MEKIy MOMEHTOM
HIEPBOTO TOCTHIKCHUS CUrHAIOMY(t) €TMHIMYHOTO YPOBHS U MOMEHTOM,
HauuHas ¢ KoToporo 3HaueHusy(t) ocraroTcst BHyTpu MHTEpBaja | 1
+0.05].

81t)t) 4 5

Ymaxd 1)
1

0.9

0.1},

Puc. 10.2. mapameTpbl mepexoaHOTo mpoIiecca.

Peakmusi o0BbekTa Ha CTymeHYAaTOE BXOJHOE BO3JICUCTBUE HA3bIBACTCS
nepexoaHo (PyHKITMEH WM KPUBOM pa3roHa.

[To xapakTepy yCTaHOBHBIIIETOCSI 3HAYEHUSI BBIXOTHOW BETMIMHBI 00BEKTA
(pu moJ1aue Ha BXOJ €AMHUYHOTO CKa4yKa) BCE OOBEKTHI JICTSATCS Ha ABE IPYIIIbIL: C
CaMOBBIPAaBHMBAHHUEM U 0€3 CaMOBBIPAaBHUBAHMUSI.

CamoOBBIpaBHUBAaHUEM HA3bIBACTCS CBOWCTBO PETYIUPYEMOro OObeKTa
MoCJ€ W3MEHEHMS BXOJHOTO CHTHAJla CaMOCTOSITEILHO BepHYThcsi K HOBOMY
yctaHoBuBIIeMycsi coctosiHuio (cMm. puc. 10.2). CamoBbIpaBHUBaHHE O00JIer4aeT
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paboTy perynsaropa. YcToW4unBoe (PyHKIMOHHUpPOBAHUE OOBEKTa YIpaBieHUs 0e3
CaMOBBIpaBHUBAHUS HEBO3MOXKHO 0€3 peryisTopa.

10.2. Moaenu 00beKTOB ylpaBjieHUsl .

Kak nmoka3piBaeT MHOTOJIETHUN ONBIT IPOCKTUPOBAHUS CUCTEM yIPABICHUS
[48], OOJNBIIMHCTBO peaTbHBIX TUHAMHYECKHUX OOBEKTOB JIMOO OIMHCHIBACTCS
MepeIaToYHbIMA  (PYHKITUSMUA TIEPBOTO WM BTOPOTO TOpsAKa (BO3MOXKHO - C
3ama3/ibIBaHUEM), JUO0O0 UWX JHHAMHUYECKHE XapaKTepUCTUKH MOTYT OBITh
anmpOKCUMHUPOBAHbl 3TUMHU (YHKIUAMH. TakuMm oOpa3oM, THUIIOBOE OIHCAHHUE
00BbEKTa yIpaBICHUS UMEET BU/I;

W (p) = kexp(=p) T, > 2T,.
(Mp+1(T,p+1) (10.1)

[Ipy Hanuuuu 3BeHa 3amnazgbiBaHus (exp(-Tp)) MOPSIOK MepeaaTOUHOU
¢yHkuun Bo3pactaeT Hak pas, raek - mopsmoK pas3noKeHHs SKCIIOHCHIIMATBHOM
bynkuuu B psn [aze.

Jlist OOBEKTOB yHOpABJICHHS C SBHO BBIPAKEHHOW Mpeo0saaaroniei
MOCTOSTHHOW BpEMEHU TiepeaaToyHast GyHKIHS YIPOIIASTCS:

W ( ) _ k eXp (_Tp)
P)= T(Tos+D)
(Tp+1) (3.2)
raeK, 7,t koahunreHT ycuneHus, moCTOsSTHHAS BPEMEHH U 3ara3/bIBaHue,
KOTOpBIE JODKHBI OBITH ONpEIeNieHbl B OKPECTHOCTH HOMHHAIBHOTO PEKHMA
paboThI OOBEKTA.
Jliist oObekTa ynpasienust 6€3 caMOBBIpABHUBAHUS TIepeaaTodHas (yHKIIHS
UMEeT BUJT

Ke™
S (3.3

Bo3nukaer 3amaya ompeiesiieHUs MNapaMeTpPOB JIWHAMHUYECKOW MOJIENH

W (s) =

o0bekTa ynpasieHus (MaeHTUPUKAIMN). ITO MOXKHO CJeIaTh IKCTIEPUMEHTAIBHO
Ha pealbHOM OOBEKTEe ympaBiieHus. MoOTyT paccMaTpUBaThCs BPEMEHHBIE WIIU
YaCTOTHBIE XapaKTEPUCTUKHU OOBEKTa YIPaBJICHUS.
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PaccmoTpuMm  aKCniepUMEHTANbHBIE METOMBI  ONPECIICHHUS] BPEMEHHBIX
JTUHAMHYECKHUX XapaKTePUCTUK 00BhEKTa yrpasieHus. OHU JEATCS Ha JIBa Kiacca:
aKTUBHBIC U TTACCUBHBIC.

AXTUBHBIE METOIbI TpEANoiaraeT Mmojadyy Ha BXOJ 0OBeKTa, MPOOHBIX
TECTUPYIONINX CUTHAJIOB, TAKUX KAaK CTYIECHUYATHIN WX MPSIMOYTOJIbHBIA UMITYJIhC.

B 3aBucuMocTH OT BuAa MpOOHOTO CUTHAJIA BEIOMPAIOT COOTBETCTBYIOITHE
METO/IbI 00PaOOTKHM BBIXOHOTO CUTHAJIA OOBEKTA YIIPABICHHUS.

Bo3nukaer 3amada omnpeneneHHs TapaMmMeTpoB JTUHAMHYECKOW MOJETH
00BEKTa yIpaBlieHUs (MISHTUPUKALINN). DTO MOXKHO CAENaTh SKCIIEPUMEHTAIBHO
Ha peaTbHOM OOBEKTE YIpaBieHHA. MOTyT pacCMaTpHUBATHhCS BPEMEHHBIC WIIH
YaCTOTHBIE XapaKTEPUCTUKHU 0OBHEKTA YIPABICHHUS.

PaccmoTpuM  aKCniepUMEHTANbHBIC METOMABI  ONPEACICHUS] BPEMEHHBIX
JTUHAMAYECKHUX XapaKTEePUCTHK 00BeKTa yrpaBiaeHus. OHU JesITCS Ha ABa Kiacca:
aKTUBHBIC U TTACCHUBHEIE.

AKTHBHBIC METOBI TPEANOJaraeT IMojady Ha BXOJ OOBEKTa MPOOHBIX
TECTUPYIOIIMX CUTHAJIOB, TAKMX KAaK CTYIEHUYATHIN WX MPSMOYTOJIbHBIA UMITYJIbC.

B 3aBucuMocTH oT BuAa NMpoOHOIO CUTHAJIa BEIOMPAIOT COOTBETCTBYIOITUE
MeTO/1bl 00PaOOTKM BBIXOJHOTO CUTHAJA OOBEKTA YIPABIICHHUS.

Tak, HampuMmep, TpH TMOAAaYe CTYIEHYATOTO YIPABISIONIETO CHUTHAIA
CHUMAIOT KPUBYIO Pa3roHa 00BEKTA, a MIPH MOo1a4ue IPSIMOYTOJILHOTO UMITYJILCHOTO
CUTHAJIa CHUMAIOT KPUBYIO OTKJIMKA. KpuBast OTKIMKa CHUMaETCS 11 00bEKTOB, HE
JOMYCKAIOIIUX MMOJavy Ha BX0Jl 00BEKTa CTyNEeHYaThIX CUTHAJIOB.

[TaccuBHBIE METO/BI MPUMEHSFOTCSI TOT/Ia, KOT/Ia HEBO3MOXKHO HApYIIIEHUE
HOPMAJILHOTO X0J1a TEXHOJOTUYECKOTO Tpoliecca.

PaccmoTpum ompeneneHue AUHAMUYECKUX XapaKTEPHUCTHK OOBEKTa BUIA
(10.2) mo ero kpuBOii pa3roHa mpu mojave CTyrmeHYaToro MpoOHOro CUTHAA.

B HauanpHBII MOMEHT HEOOXOAMMO, YTOOBI CHCTEMa YIIpaBJICHUS Ha-
XOJIUIIAach B MOKOE, T. €. peryaupyemas BennunHay(t) u 3amaroree Bo3zaciicteued(t)
HE W3MCHSJIMCh, a BHEIIHWE BO3MYIICHUS OTCYTCTBOBAJIM. 3aTe€M Ha BXO]
WCITOJIHUTEIILHOTO MEXaHW3Ma T0/IaeTCs CTYIIEHYaTOe BO3JEHCTBUE, U COCTOSHUE
00BEKTa HAYNHACT U3MEHSITHCS.

[Ipu cHsATHU KPUBOI pa3roHa HEOOXOAMMO BHITIOJIHUTH PSJ] YCIOBUH:

1) €CIIM MPOCKTUPYETCS CUCTEMA CTAOMIIU3AIINH, TO KPUBasi pa3roHa
JOJDKHA CHUMATBCS B OKPECTHOCTH paboveil TOYKH Ipoliecca;

2) KpHUBBIC Pa3roHa HEOOXOAMMO CHUMATh KaK MPH TOJOKHUTEIbHBIX, TaK U
OTPHUIIATEIBHBIX CKaUKaX yIpaBJISIONIETo curHana. [1o Buay KpuBbIX
MOKHO CYJIMTh O CTETICHU aCUMMETPHUH 00BEKTA;
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3) TMPHU HAJMYUU 3alIyMJIEHHOTO BBIXO/IA KEIATEIbHO CHUMATh HECKOJIBKO
KPUBBIX Pa3roHa ¢ UX MOCJIEAYIOINM HaJI0KEHUEM APYT Ha Apyra u
MOJIYYCHUEM YCPEIHEHHOW KPUBOU.

4
CHsIB KpHUBYIO pa3roHa, W OIICHWB XapakTep OOBEKTa ympaBieHUs (C
CaMOBBIPABHHBAHUEM WM 0€3) MOYKHO OIPEACIIUTH MapaMeTphbl COOTBETCTBYIOMIEH
nepeaaToyHon pyHKIMU. B 4acTHOCTH, C 3TOH IEThI0 MOYKHO UCIIOJIB30BATh METO/T
KacaTeIbHON K TOUKE Mepernda KpuBoi pasroHa.
PaccMmoTpuM npuMep UCIOJIb30BaHUSI METO/Ia KacaTesIbHOU Ui 00bEKTa C
camoBbIpaBHHBaHKeM (puc. 10.3).

y(®,20

Yyer

0.63yyer

0. 1yyer

Puc. 10.3. I'paduk kpuBoii parona

Touka mepernda COOTBETCTBYET MEPEX0Ty KPUBOH OT PeKMMa YCKOPECHHUS K
peKMMY 3aMEJICHHS TeMIla HapacTaHWsS BBIXOJHOTO curHama, I[locTrosHHas
BpeMeHnu T ompexaensercs B cooTBeTcTBUU ¢ rpadukoM puc. 10.3. JlocrarouHo
TOYHOW CUUTAETCS TAKXKe OLIEHKA BUA

T= Toe3 T3

JluHamudeckoe 3amas3iblBaHue | Takke ompenensiercs mo rpaduky, u
CKJIQJIbIBAETCS U3 IBYX KOMIIOHEHTOB:

T=1,+1,

IZle T3 - YUCTOE (EMKOCTHOE) 3ama3[blBaHHUE, X¢ - TPAHCIIOPTHOE 3amas-
JIbIBAaHUE.

Jlist oObekTa ¢ CcaMOBBIpAaBHUBAaHUEM JUHAMUYECKUN KOADPUIIMEHT
ycriieHHs K TOKa3bIBAET, BO CKOJIBKO Pa3 JaHHOE 3B€HO YCUJIMBAET BXOJHOW CUTHAIT

(cm. puc. 10.3):




Jnst oOwekta ©Oe3 camoBbipaBHuBaHusa Buaa (10.3) muaamudeckuit
koddumuenT ycunenus K ompenenseTcs Kak OTHOIICHHWE YCTaHOBHUBIIEHCS
CKOPOCTH H3MEHEHHUS BBIXOJHON BEIWYMHBI ) K BEIMYMHE CKAaykKa BXOJIHOTO
currana. [Ipu eTMHUYHOM CKadyKke )

Jlis ompenenicHusT TUHAMUYCCKUX XapakTepucTuk oObekTa Buma (10.1)
MOYHO MCIOJIb30BaTh MeTOA OpMaHca.

DTOT METOJ IMO3BOJISIET 10 HOPMHUPOBAHHOW KPHUBOW pas3roHa OMNPENEIIUTh
JIB€ IOMUHUPYIOLINE TOCTOSHHbIE 00BEKTA yIIPABICHHUS.

Ilepen HayasioM 00paOOTKHM MEPEXOJHYIO XapaKTEPUCTUKY Tpedyercs
MPOHOPMHPOBATH (JIMAMa30H U3MEHEHNS HOPMUPOBAHHOW KpuBOii 0-1) U BBIIEIUTD
U3 €€ HaYaJIbHOT'0 YYacTKa BEJIMYMHY YUCTOrO BPEMEHHOTO 3aIla3/IbIBAHMS.

HopmupoBanHas kpuBasi IepexofHasi XapaKTEpUCTHUKA OIpeAesIeTcs
dbopmyroit

h(t) _ y(t) ~ Ymin '

Ymax — Yrin

3arem ormpezaensercs BpeMs, COOTBETCTBylolee 3HaueHutro YH= 0.7 u
o0o3Havaetcs t7 . IlomydyeHHbI MHTEpBaN OenUTCS Ha Tpu yacTu. [lomHumaercs
NEePHeHAUKYJIAp [0 KpHBOM pasroHa W onpenensiercss BenuunHa YH4
AHaNIMTUYECKHN 10KAa3aHa C CBS3b MEKIY TOUKaMHU KPUBOU pa3roHa v napameTpaMu
MOJIEJIN, @ UMEHHO

t
_ 4T
3
[TocTostnabie BpeMeHu oObekTa ymnpasienusTx m T2 omnpenensitorcs ¢
MOMOIIIBI0  BCIIOMOTAaTEJIbHOM  BEIMYMHBIZ2, Uil HAXOXACHUS  KOTOPOU
Ucrob3yeTcst Homorpamma (puc. 10.4).

hH4 4
0.35
0.3 -
0.25

0.2 —
0.15 L e




Puc. 10.4. Homozpamma ons onpedenenus eenuduivl 2>

[MocTosiHHBIe BpemeHn oOBbekTa yrpaeinenuss T1 u T2 ompenensrorcs 1o
cienyonuM hopmyiam:

t t
T,=—"(@A+2);T,=—"-(1-2).
! 2.4( Ak 2.4( )

Ecimu hH4< 0.19, To ana ompeneneHuss TUHAMUKA OOBEKTa HCIOJIb3YIOT
Metos miomaaei. Ecnu T1>>T2 1o MOXKHO NTEPEUTH K MOJIEIU IEPBOTO MOPSAIKA.

Hanbonee yHuBepcaabHbIM aJITOPUTMOM OIPEISICHUS TTapaMeTPOB MOJICIIH
clelyeT Mpu3HaTh MeTo 1 HauMeHbIux kBaapatoB (MHK). C ero moMmoripio MOKHO
MOCTPOUTH MOJIENIb HE TOJILKO BTOPOT0, HO M 00Jiee BBICOKUX MOPSJIKOB.

s ucnons3oBaaus MHK HeoOXoaumbl MacCHBBI 3HAUYCHHI BXOJHBIX H
BBIXOJ/IHBIX CHUTHAJIOB OOBEKTA, CHIATBHIX Y€pe3 HEKOTOPhIA UHTEpBaid BpeMeHu Tk -
nepuoj KBaHTOBaHUs. Bo BXOJHOM curHaje 00beKTa 10 KHA MTPUCYTCTBOBATH KaK
MOCTOSIHHAsl, Tak HW TpoOHas coctaBistomye. I[locTosHHAs —CcoOCTaBIsIONMIAs
OTIpEJIeIISIET TMOJOXKEeHWEe pabodeil TOYKM MpoIecca, B OKPECTHOCTH KOTOPOM
MIPOU3BOIUTCS OTPE/ICTICHUE TTapaMeTPOB JUHAMUYECKON Mojienu o0bekTa. Takum
o0Opa3om paboTa MPOUCXOIUT ¢ IIUPPOBOM (IUCKPETHOI) MOJIETIbIO0 OOBEKTA.

[TycTh nudpoBas MojeIb IEPBOTO MOPSIKA 3a]]aHa B BUJIE

yu (K) =ay(k —1) +bu(k —1).

y(k)

5| O6BexT

u(k) '* 1 e(k)

i |

Mogennb

1‘0

MHK <-----__-.-.__;

Puc. 10.5. Cmpykmypuas cxema sxcnepumernma

Cxema skcrieprMeHnTa rmokasana Ha puc. 10.5, rae M - Mmozens 00bexTa,U(K),
y(k), YM(k); 9 - BXO1HO# 1 BBIXOTHOM CUTHAJIBI OOBEKTA, BBIXOAHOW CUTHAJ MOJICITH
U BeKTOp orieHkH napametpoB;e(K) - Texyias ommoka uaeHTH)UKALINN.

[Tyctp nHakommeHoN -f- 1 Touek M3MepeHHs BXOJHOIO U BBIXOIHOTO
CUTHaJIOB 00ObeKkTa. B MeTole HaMMEHBIIMX KBaJpaToB 000OIIEHHas OIIMOKa

UJEHTU(PUKAIIMY JOJIKHA ObITh MUHUMAaJIbHA!
N +1
E =) e(k)” —>min.
k=1 o
BBenem 0003HaueHMS
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A=y(k)—ay(k -1);B=bu(k -1),

Torna

N+1

E=)[A-BF. 4

[Tocne packpbITUs CKOOOK U MPUBEACHUS MOI0OHBIX MOTyUYUM
E=S,-2aS, +a’S, — 2bS, + 2abS, +b?S,,
8=y (k);
S, =2a)_y(k)y(k—1);
S;=a’) y*(k-1);
S, =2b> y(k)u(k —1);
S, =2ab)_y(k)u(k —1);
S, =b?> u? (k -1).

Ycnosue muanmyma pyakunu E mpeanonaraet paBeHCTBO HYIIO YaCTHBIX
IIPOU3BOIHBIX MO MapamMeTpam a u b:

oa ob
oE
5:-82 +aS, +bS, =0_) S, =aS, +bS,
OE S, =aS; +bS;

E:—S4+a85+b86:0

Takum 00pa3zom, MOXKHO 3aIUCaTh
A6 =B.

rac

o2 e

CrnenoBaTenbHO, JJI BBIYMCICHHUS OIICHOK BEKTOpa MapaMeTpoB OOBEKTa
yIpaBJeHUsI 0 METOTy HAMMEHBIITUX KBAIpAaTOB MoJydyeHa ¢hopmyia
6=A"B.

OO6parnas matpuiia A-1 Bcerja CyImecTByeT, TaKk KaKk UCXOIHAs MaTpuia A
CHMMETPUYHAS U MOJIOKUTEIIBHO OMpeaeICHHas.
3Hasi mapaMeTphl JUCKPETHOM MOJETH MOXXHO ONPEACNIUTh MapaMeETPhI
nepenaTouyHo QyHKIKUU 00BEKTa
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K _y(p).

W(p):Tp+1 u(p)’

CBs13bp MEX Ty TTapaMeTpamMu JUCKPETHON MOJIEIN U IepeIaTOUHOH (QYyHKITHH

ompezaensieTcs: GopMyIamu:
Tk

a=eT ;:b=K(1-a).

OTtkyna crnenyer, 4To

In(a)’ 1-a’

B mnakereMatLab mnomoOHble mpeoOpa3oBaHUS BBIMOIHSIIOTCS CAMHO-
o0Opa3Ho I MOJIeJIe JTI000T0 TopsIKa.

[Ipn ncnonp3oBannn MHK mnonydaemble OLICHKM BBIYMCISAIOTCS C HeE-
KOTOPBIMH OITMOKAaMH, KOTOPBIE HA3bIBAIOTCS CMEIIIEHUEM OTICHOK. [[ist momydeHus
XOPOIIHNX PE3YIHTATOB HEOOXOIUMO BBITIOJTHATH PSIJT YCIOBHUH, TJIABHBIC U3 KOTOPHIX
3aKTIOYAIOTCS B TOM, 9YTOOBI TECTUPYIOIIWA CHUTHAT OBUT  JIOCTaTOYHO
pa3zHO00pa3HbIM, 2 00bEM BBIOOPKH ObLT IOCTATOYHO OOJIBIIIHUM.
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I[MPAKTUYECKOE 3AHATUE Ne 11

11. M A-PETI'YJIAATOPBI

B npowmsbinuieHHOCTH Hanbosiee 4acTO MCIOJB3YETCs MPONOPLHOHAIBHO-
UHTETpO-Au( depeHIInaIbHbIA 3aKOH yIPaBICHHs, OMUChIBAEMbIN (OopMyIIoi

u(p) = k,,e(t) +k, de(t) +kje(t)dt
dt (11.1)

rnekpJkd ukt - napaMeTpLI 3aKOHa YIIPaBJICHHUA.

Puc.11.1. Ctpykrypa [IU]] —perynsitopa.

3akoH (11.1) peanuzyetcs ¢ moMolbio HUGPOBLIX Wiau aHanoroBbix [TN]]-
perynsatopoB (puc.11.1), a Takxe ux ynpoieHHbix moaudukanuii: I1, I, TTA u U-
PEryIsTOPOB, KOTOpPHIE MOJYYalOTCAd MPU Pa3HbIX KOMOMHAIMAX CJaraeMblx,
Bxoasmux B (opmyny (11.1). VYmpasnstomas nosepxHocts [IHM]J[-perynsitopa
ABJsETCS rurep miockoctoro, [1J1 u [IN-perynsatopos - miockocTero, nopeaexue 11
u U-perynsaropoB ONHCHIBAETCS MNPSMOM, T. €. BCE 3TH PErYJSATOPHI SBISIOTCS
JIMHEUHBIMH.

Komnonenter IIM/[-perynsitopa oOKa3blBalOT pa3IMYHOE BIHASHUE HAa
Hepexo IHbIH mponecc (Tabm. 11.1).

Taomuma 11.1
Oddexrol npu yBenuueHnu kodppuunenton [IU/-perynstopa

Kosgdunuenr Bpems Hapac-|YcranoBusiasic ([lepeperynupona-
TaHUs s OIMoOKa HUE
[[ponoplIMOHANIbHBI| YMEHBIIIAET | yMEHBIIAET YBEJINYUBACT
i
Juddepenimanba | He BIUICT HE BJIUSIET YMEHbBIIAET
19171
WNuTterpanbHblii | yMEHbIIAET yCTpaHseT YBEIIUYUBAET
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Takum oGpazom, B popmyne (11.1) mepBoe ciaraemoe oTBedaeT 3a ObI-
CTpOJCHCTBUE cCHUCTEMbl (BpeMsi HapacTaHHs), a TaKXe 3a BEJIMYUHY
yCTaHOBUBLIEHCS  omuOKkd. Bropoe  ciiaraemMoe  MO3BOJISIET  YBEJIUYUTH
NeMI(pUPOBaHUE CHUCTEMBI, T. €. MOJaBUTb HEXENaTeJIbHbIE KOJIGOAHUS U
YMEHBIINTh NEPEPETYNUPOBaHUE. TpeThe cllaraeéMoe IMO3BOJISIET YMEHBIIUTH 0
HYJI YCTAaHOBUBIIYIOCS OIIMOKY B CUCTEME.

Ecnu maremaTtnueckass Mozienb OOBEKTAa M3BECTHA JOCTATOYHO TOYHO, TO
napametpel [IW]/[-perynstopa MOXKHO ONpPENEIUTh B PE3yibTaTe BHIOPAHHOMU
MPOLEAYPHI ONTUMU3AIMH, HAIPUMEDP C TOMOIIBI0 T€HETHYECKOTO AITOPUTMA.

B ob6mem cayuae IIHU/[-perynasatopsl MOXKHO OTHECTH K KaTErOpHUH
DKCIIEPTHBIX PETYJIATOPOB, IIOCKOJIBKY OHM MOTYT HACTPAauBaThCi IIyTEM
HEIOCPEICTBEHHBIX AKCIEPUMEHTOB ¢ OOBEKTOM B COOTBETCTBUHU C M3BECTHBIMU
Metoaukamu (3urnepa - Hukosca u ap.).

Meron 3urnepa - Hukoisca ¢gopMmynupyeTcss B JByX BapuaHTax - JUJIs
3aMKHYTOM M pa3oMKHyTOoM cucteMbl. Paccmarpusarorcs I, IIM u IIN [I-peryn
ATOPBL.

[Iepenumem 3akoH ynpasneHus [IW]Jl-perynsaropa B BUAE IepelaTOUYHOU
byHKITUN

1
H(S)=K,@+T,S +?s)'

PaccMmoTpum niepBbIif BApUaHT (3aMKHYTAasi CUCTEMA):

1)  xooddunmentoiky wki ycTaHaBIMBAIOTCS paBHBIMH HYJIO, a KO-
apdunmentk, yBenuuyuBaeTcs 10 TEX MOp, TOKA B CHUCTEME HE BO3HUKHYT
aBTOKOJICOaHHUS.

2)  o0o3HaumM mpenenbHOE 3HaUeHHE K, kak P, a mepron aBTOKOICOaHMIA
kak T.

3)  3HaueHHs KOI(PPHUIMEHTOB PEryjIsaTopa PaCCUUTHIBAIOTCS B COOT-
BeTCTBHHM ¢ Tabn. 11.2.

Taoauna 11.2
Pacuer ko3¢ puumenToB peryasitopa (Bapuanr 1)

Ti Ty
11 05P
J 1041 045 P T/1.2
N 0.6 P T2 /8

[TycTh OOBEKT yIpaBiieHHs ONMUCHIBACTCA MEPEAATOUHON PyHKIMEH
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1

W(p) = :
p®+15p° +2p+1
Tpebyercs paccuutars napametpsl [11/-perynstopa 4
— YT @ - '—ﬁ
Derivative Scopes
Gain3
=1 ait) L le uft) :
| 17 +
_l __:. o s3+1552+25+1
Step2
Gain2 Transfer Fen2
1
’ 255
Transfer Feni
yit)

Puc. 11.2. Moaenupoanue padotsl [IU]I-perynstopa

Cxema wmopgemupoBanust BSimulinkMatLab mnokasana na puc. 11.2.
ABTOKOJI€OaHus B cucteMme Bo3HUKaroT mpu Kp=28 (puc. 11.3). Takum oOpazom, P
=28, T~5.

B cootBercTBUM ¢ Taba. 11.2 momyyaem:

K, = 17; Ty = 0.625; T; ~ 2.5.

[lepexoansiii nponecc ansa [IN/[-perynstopa nokasan Ha puc. 11.4.

PaccMmoTpum BTOpO# BapuaHT (pa30MKHYTasi CHCTEMA).

Ha Bxoja cucTeMbl mojaeTcs €IMHMYHLINA ckauok. He3aBucumo oT TOTO,
ABJISIETCS CUCTEMA YCTOMYNMBOW WIIM HEYCTOMYMBOM, CTPOUTCS KacaTesbHas K TOYKE
neperuda KpuBOM NEPEXO0THOTO Mpoliecca, U ONpeAesatoTes 1Ba napamerpa: R u L

(puc. 11.5). anee k03¢ GULIUEHTHI BHIOPAHHOTO TUIIA PETYJISITOPA PACCUUTHIBAIOTCS
B COOTBETCTBUU C Tabm. 11.3.

2 " = 1.8

1.8 A__ln 1.6 LA

oy A AN A \ Y T

o I N O O O L L 1.0 L]

1.2 16 T R | \ | 1 F\ —
(03 1 O L O [ y(1o.8 |l Lol

oghkl VU VT VAE1JTY | 0.6 4 [V

o R 0.4 (]

o 1 0.2

ool AT W4 A1 AfT \J 0

0 V V[ VI V 0.2

0 5 10715520525 0 5 10 15 20 28

t t
Puc. 11.3. Hezaryxarommue xonebanus Puc. 11.4. Tlepexoansiii mporiecc B B

cucreMme ynpasienus  cucreme ¢ [IU/I-peryisitopom
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y(t) R

Puc. 11.5. Onpenenenne napamerpoB Puc. 11.6. Ilepexoausiii mpoiiecc st
YCTOMYMBOW CUCTEMBI  JIJISl CHCTEMBI 0€3 perynisaropa
Tabauya 11.3
Pacuer koaddunrienToB perymnstopa (BapuaHT 2)

s Kp T, Ty
B 1/(RL)

881 0.9/(RL) 3L

A 1.2/(RL) 2L 0.5L

[TycTh OOBEKT yIpaBICHHS OMUCHIBACTCA MEPEAATOUHON PyHKITUEH

1
w = .
(P) 17p® +8p+1

TpeOyercs  paccumtate  mapametpbl  [IW/[-perynsropa.  Kpusas

MEePEXOHOTO MPOIlecca I Pa30MKHYTOH CUCTEMBI ITOKa3aHa Ha puc. 11.6.

7
]
i B
y(t)o.sll \ ")
i
]

~0.2 .
0 5 10 15 20 25

¢

Puc. 11.7. Ilepexoansiii npouecc B cucteme ¢ [T JI-perynastopom

ITo kpuBoOI mepexoJHOTO TMpoliecca, ToKkazaHHoU Ha puc. 11.6, onpeaensem
L=1;R = 0.1.
3arem no popmynam tadiu. 11.2 umeem
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K, = 12; Ty = 0.5; T; = 2.

npolecc JUisl 3aMKHYTOM CUCTEMBI 1OKa3aH Ha puc. 11.7.
Kaxk mokaseiBatot puc. 7.4 u 7.7, dns [N [-perynsTopoB, pacCCUMFaHHBIX IO

MeToauke 3uriepa - Hukonca>> xapakTepHO O0JbIIOE MEpEeperyIupoOBaHHE
(mopsimka 60%).
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[MPAKTUYECKOE 3AHATUE Ne 12

12. MIPUMEP CUHTE3A HEYETKOI'O PEI'YJIATOPA II-TUIIA
4

B SimulinkMatLabkxonTteiiHepoM i CHCTEMBI HEYETKOTO JIOTHYECKOTO
BbIBOJIa siBJIsieTcst 010k FuzzyLogicController(maker FuzzylLogicToolBox).

CuntesupyeM HenuHednbid HIJIP 11 B COOTBETCTBUM € METOAMKOM,
U3JI0)KEHHOW B METOJUYECKOM Marepuane 4-ro 3aHATus, g OObBEKTa,
OMMKCHIBAEMOI0O NEepPeAaTOUYHON PyHKIIUEH:

1

W(s) = .
(©) 0.02s*> +0.45+1

OTOT 00BEKT SBJISACTCS YCTOWYHMBBIM, HO BPEMs MEPEXOJHOTO Ipoiiecca
CJIMIITKOM BeJIMKO (puc. 12.1).

0.9 ]
0.8 //
0.7

0.6
o5/
04 /

0.2

0.1

(=)
<
(44}
f"'-l‘
ot
ot
o

Puc. 12.1. Peakyus oovexma ynpasierusi Ha eOUHUYHbLI CKAYOK

Tpebyercst obecneunTh MEPEXOAHBIA MPOIIECC ¢ MaJlbIM BPEMEHEM Ha-
pacrtaHusi, ycraHoBHBIIeics ommokoi A < 3% u nepeperyiaupoBanreM 0<10%.

byneM wucnonp30BaTh ONMCAHHBIM BBIIIE 3-IIArOBBIM AITOPUTM IPO-
EKTUPOBAHUSI.

1. Paccmotpum HJIP II ¢ Tpems mpaBuiiamu, KOTOPBIA UMEET €IUHUYHBIHI
kodhumuent ycunenus (puc. 12.1 m 12.2). Takoi perynasiTop HE OKa3bIBaeT
BJIMSIHUSI HA MTpoOIiecC yrpanieHus. Beioepem 6a30Bbiii k03¢ GuimeHT ycuneHus Ky=
6.5, Ipx 3TOM 00€CIICUNBACTCS YCIOBHE Ymax—1 (cM. puc. 12.2 u 12.3).

Takum o6pa3zom, nentpamu TepmoB Ob u I1b 6ynyT Touku -1 u 1.
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1
6.5 3 3
T 0.0252+0.45+1
Gain Transter Fen S

Puc. 12.2. bazoeuvuii [1-pecynamop

1
ool /[
0.8 f
0.7 l
/

0.6
y(© 0.5
0.4]1
0.3
0.2
0.1

0 /* LTS AR
0 0102030405060.70.809 1
t

Puc. 12.3. Ilepexoousiii npoyecc npu 6a3060m Kod3ghguyuenme ycunenus

2. Paccmorpum HIJIP I ¢ Tpems mpaBunamu (puc. 12.4). buok
Saturationciy>kKuT AJ1s IPUBEICHHUS BXOIHOM MEpeMEHHOM K 3a1aHHOMY JTHara30Hy.
Tepmbl BBIXOJTHOM MEPEMEHHON PETyJsITOpa pacrnojaratorcs mo 06a3oBoil mkaie B
COOTBETCTBUH € puc. 12.4, TepMbl BXOJIHOM MEPEMEHHOMN - B COOTBETCTBUH C PHUC.
12.5, Meronom mipo0 u omubok BeiOupaercs 3Hauenue x1 = 0.5 (puc. 12.5), npu
3ToM o0ecrieyuBaeTcds MUHUMaNbHOE BpEeMsl HapacTaHUs IMpU  3aJaHHOM

HEepepEryINPOBaHUH.

=1 |0 Yo e

Puc. 12.4. Onucanue vixooa pecynismopa ¢ mpems npaguiamu.

Puc. 12.5. Onucanue 6xooa pezynamopa ¢ mpems npaguiamu
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[TepexoaHblii Mporecce Moka3aH Ha puc. 12.6.
Hentpamu TepmoB OC u I1C 6ynyT Touku -0-5 * 0.66=-0.33 u 0.5 * 0.66 = 0.33.

4

X 7|£ _’Lm. b 0.025%+0.4s+1 =

Step1 Saturation ‘
Fuzzy Logic Scope]
(‘ngl%'ol?gr Gain1 Transfer Fenl
Puc.
12.3. Cucmema c neuemxum pezynismopom II-muna.
1.4
1.2
: f\%\/
0.8 / E
w0 ]
0.6
0.4 ]
ozl ]
0

0 0.10.20.30.4 ot.50.60.7o.é‘6.b‘1

Puc. 12.6. Ilepexoonuiii npoyecc na emopom waze npoekmuposarust HJIP I1

1.4

1.2
1 N\

SO I T

0.6

o4l ]

0.2

0 Rl R (el
0 0.10.20.30.-1(%.50.60.70.80.9 1

Puc. 12.7. I[lepexoouwiii npoyecc na mpemvem waze npoekmuposanus H/IP _I1

136



Degree of membership
=)
<N

S)B'.

i!?put 1

Puc. 12.8. Onucanue mepmos owubku ynpasneHnus

3. Ha tperpem mare cHoBa paccmarpuBaercs HJIP _II ¢ tpems npasBunamm.

Bri6upaercst k03 huIeHT ycuiieHus peryisitopa x2 Takou, utoost A < 3%.

Ha puc. 12.6 noka3aH nepexoHblil MpoIecc, yI0BICTBOPSIONINI ITUM KPUTEPHUIM

(mpu x = 0.1).

Lentpamu TepmoB OM u [IM 6yayT Touku -0.1  0.33=-0.033 u 0.1 « 0.33

=0.033.

4. Ha nocnenHem miare HEOOXOJAMMO TOJYYUTh HEIUMHEHHBIH 3aKOH
ynpasienust HJIP_I1. LleHTpbl TepMOB BXOJIHOM MEPEMEHHOM (€) paCCUNUTHIBAIOTCS

B COOTBETCTBMH C Tabi. 12.1.

3axon ynpasiaenus HJIP_I1

Tabnuya 12.1

Ob oC oM 1 M [1C I16
e -1 |-0.66* x»| -0.33* x4 0 0.33*x; 0.66*x, 1
u -1 -0.66 -0.33 0 0.33 0.66 1

[leHTpbl TEPMOB BHIXOHOM MEPEMEHHOM (1) pacloararoTcsi paBHOMEPHO
(Ta6m1.12.2)

3akon ynpasjenuss HJIP_II

Tabnuya 12.2

Ob oC OM H M I1C I1b
-1 -0.33 -0.033 0 0.033 0.33 1
u -1 -0.66 -0.33 0 0.33 0.66 1
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outputl
=)

_1 2 M A
-1 -0.5 0 0.5 1
inputl

Puc. 12.9. Umoeosviii 3axon ynpaenenus HJIP 11
14
1.2
1
0.8

/]
/
]

0.4
0.2

0 L. : e Ot
0 0.10.20.30.40.50.60.70.80.9 1
t

Puc. 12.10. Ilepexoonwiii npoyecc onss HJ/IP 11 ¢ cemvio npasunamu

OKoHUaTeNbHOE PACHOJIOKEHHE TEPMOB BXOAHOM MEPEMEHHOM MOKa3aHO Ha
puc. 12.7. Ha puc. 12.9 nokazano rpaduueckoe npeacTaBieHUE MOTYyYUBIIETOCS
3aKOHA YIIPaBJICHHUS.

Ha pwuc. 12.10 moka3aH mepexoJHbIH MPOIECC I CHUHTE3UPOBAHHOTO
HJIP 11, oH ynoBiIETBOPSAET MOCTABICHHOM 3a71a4€ MPOECKTUPOBAHUSI.
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I[MPAKTUYECKOE 3AHATHUE Ne 13

13. HPUMEP CUHTE3A HEUETKOI'O PEI'YJIATOPA IIM - TUIIA

4

Paccmotpum npumep. B cootBetcTBHH € prc. 13.1 chopmupyem
BSimulinkMatLabmonens cuctemsl ynpasinenust ¢ HJIP_TTH ipu x=0.08 (puc.
13.2).

e(t)

Asir(t) uxit) u(t)

-

HJIP

Puc. 13.1. [luckpemnoe onucanue HJ/IP _I11

B
0 Ii

s

b - -

- -
- -

~x 0 x & &
Puc. 13.2. Jluneeucmuueckoe onucanue 6x0008 u gvixooa HJIP ITH
Tabnuya 13.1

JIMATrBHCTHIeCKHe npasuaa HJAP ITH

Tabauna e*(k)

NPaBHUII 0O II

0 |10 [TH | Au*)
Ae*(R T :
R e :
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Ctep3 Saturation2 QOQ 0.08 :
0 \d # D
o e —ple 00252+045+1 WD
1 § uzzy Logic  Gain3 S¢
z Saturation] Confroller2 Transfer Fcn3 =i
Unit Delay ]
— = f—
Z
Unit Delay1

Puc.13.3. Cucmema ¢ HJIP ITH ¢ SimulinkMatLab

14
1.2
1 N\

w osl-1/
0.6

0.4

02|/

¢

0123%5678

Puc. 13.4. Ilepexoonuwiii npoyecc ons cucmemwt ¢ HJIIP TIH

Ha puc. 13.4 npuBeneH nepexoaHbli poLece sl CAHTE3UPOBAHHOW CHCTEMBI.
Puc. 13.4 moka3piBaeT, 4TO JOCTUTHYTA HyJIEBasi yCTAHOBUBILIASICS OIIMOKA, OJHAKO
BpEMsl YCTAHOBJICHUSI MOJYYaeTcs CIAUIIKOM OosbiinuM. CrenoBaTeiabHO, 3aKOH
yIpaBleHUs, 3a1aHHbIi Tabu. 13.1, He BIOJTHE Y OBIETBOPUTEIICH.

Paccmotpum anroputM nomaroBoi Hactporiku HJIP T'II, koTopslii (Kak U B ciiyyae
c HJIP I1/]) naunnaetrcs ¢ konctpyuposanust HJIP_I1.
ANTOPUTM BKIIFOYAET CIAEAYIOIINE IArH.

1. Cunresupyercss HJIP_II, orBeuaromuii 3agaHHbIM TpeOOBAaHUSAM K
nepeperyMpoBaHuio, BPEMEHH HapacTaHusi W ycTaHoBuUBLIeHcs ommOke. Ilocrne
ATOrO IIara OKa3bIBA€TCS W3BECTHBIM monoxeHue tepMoB JIII «Ommbka>> u
«Curnain ynpasieHHus™>, a Takke 3HaueHue koddduimenta JleHopmanuzanuu.

1

e = max“e(t)dt"
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2. Tepmst JIIT «uHTETpan OMMUOKK yIpaBIEHUS™>> PABHOMEPHO PACMOJIaratoTcs 1o
0a30BoOI HIKAJIE.
14

1.2 - 4

Vit 0.8
0.6

/

/
ol ]
o2}

ol

0 02 04 , 06 08 1

Puc. 13.5. Ilepexoousiii npoyecc nocie nowazosou nacmpotuixku HJ/IP TTH
3. PaccmatpuBaercs 6a3a npasui (Tadn. 13.1, B koTopoii BMecTo [le*

UCTIONIB3YeTCs Je*).
Ha puc. 13.5 nmoka3zaH pe3yabTaT MojenupoBanusi. O4eBUIHO, BpeMs HapacTaHUS
YMEHBIIIMJIOCH ITOYTH Ha MOPSIOK MPH JOIMYCTUMOM MEpeperyTupOBaHIH U HYJICBOM
YCTaHOBMBIIIECHCS OIINOKE.
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[TpakTnueckoe 3ansitue Ne 14

Cunre3 HeveTkoro peryasaropa IIA/-tuna

4
Paccmotpum peanuzanuto ctpyktypst HJIP TIWJ] puc. 14.1 ¢ ucnosib3oBanrem

cuatesupoBanHbix Beitie HJIP_TTJ] u HJIP_TIU (puc. 14.2).

HJIP_II

4

e(f)

u(®)

v
P
wermwm |1

4

Puc.14.1.
Ha puc. 14.3 noka3aH nepexo/iHbIi NpoIEecc B CUCTEME.
CymecTByIOT Takke aJIbTepHATUBHBIE BapruaHTsl cuHTe3a HJIP  TIA/,
PacCMOTPUM HEKOTOPBIE U3 HUX.

Saturation2 I”I—’ —m- b
S g 2 FUZzy LOgic ~ Lans

2 : Controller2
Integrator Saturationl

Step!

1

>
o

Uration4 *os204sa| |
-[m- Transfer Fenl
du/g uzzy Logic Gain'
i — Controlier1
Deriva : -
Gain2

Puc. 14.2. Cxema mooenuposanus HJ/IP T1H]] ¢ SimulinkMatLab
PaccmoTpuM aanee peanusaiuio CTPYKTYphbI, TOKa3aHHO# Ha puc. 14.2, T. e.

nernocpencrsenno HJIP TIWJI, momydvarorero Ha BXo/i€ OIIMOKYy, ee
MTPOU3BOJHYIO U UHTETPAJL.

142



1.4

1.2
1
0.8
yl(t
0.6
0.4
0.2
Puc. 14.3.
0
npoyecc noo
HJIP T1H]]

1.5 2

Ilepexoonuii

ynpasneHuem

C HCJIbI0 MUHUMU3AUN KOJINYCCTBA ITPaBUJI 6YI[6M AJIs1 BXOJAHBIX IICPCMCHHBIX

UCIIOJIB30BaTh 10 3 TepMa (YTO JaeT 27 ynpaBisiOmUX MPaBHII).
[Ipu 3TOM KaXK1011 MIEpeMEHON COOTBETCTBYET COOCTBEHHBIN MaciiTad 6a30BOi
mKaisl X (puc. 14.4).

JI1st onvcaHus cUTHANA yIpaBjieHus: OyJeM UCIOJIb30BaTh 5 TEPMOB

Hae) A

0

e,de/dt, j:;.dt

Puc. 14.4. Jluneeucmuueckoe onucanue

Tabnuya 14.1

Jlunzeucmuueckoe onucanue
6x00HbIX nepemennviii HJIP T1H]]
nepemennou HJIP T1H]]

nale) a
OB OM H oM 1B
s | 0 1 4
Puc 14.5.
8bIXOOHOU

Tabruya 14.2



ilpasuna HJAP MU npu nysesom Ilpasnaa HJP_IIH]I npu nonxomxy.

MHTerpaJe OuIHOKH TeJFHOM HHTErpajie OXIHOER
Tabnuna ek Tabruna er
IIpaByJI O H I IpaBHI 0 H I1

O |ioB|OM| H [ ! o |iH [mM|OB [ 7}
act| H |lom | B | M | |ae*| H [iM | OB | 1B

. H S e S n |ins | o8 | ns | w5y

Paccmotpum nipoekiuu nosepxnoctu ynpasienus HJIP [T /] na
mockocThexde/dtnpr pasTHYHBIX THHTBHCTHYSCKHX 3HAYCHMAX |edt.
Bapuant 1: «unmeepan owubku>> = «H>>. B 310l cutyanuu koieOaHus
IIPOUCXOMST B 00JACTH HYJIEBOM OLIMOKHU, U MOKET OBITh HCIIOIb30BAHA
cummerpuuHas TJIIT (Tabm. 14.1).

Bapuanr 2: «unmeepan owubxku>> = «77>>. B 3TOl cuTyaluu yrpasiseMas
NEePEMEHHAss MOXKET HaXOAUTHCS B 00JIACTH MOJIOKUTENIBHOM OMIMOKH, TOTAa
TpeOyeTcsi CUrHaJl KOPPEKLIUY, BEIMYMHA KOTOPOrO IPONOPLUOHATIbHA POCTY
ommOku. Eciu ske nHTerpas olmuOKY MOJO0KUTENbHBIN, a caMa OIIKOKa OTpu-
HaTeabHast U YMEHBIIIAETCS, TO KOppeKius HyyeBas (Tadm. 14.3).
Tabauya 14.3

Hpasuna HJAP TN npu orpuna-
TENBHOM HHTErpale olmuoKH

Tabanna e¥
mpasua | O | H | I
o [oB|OBlOB|
Aex| H || OB | OB | OM
Bapuanr 3: I1 éQb~ OM | H | ¥* ; «unmez2pan ouuo-

ku>>=«O0>>, e DTOT BapHaHT
OKa3bIBACTCSl CHMMETPUYHBIM MPEIBITYIIEMy BapuaHTy (Tadi. 14.3).
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Cle—

1
—>z /|
Integrator

[THo———FF
Step2 Saturation
du/c ;7|4

Derivative Saturation2 simout
I To Workspace y(t)

Puc. 14.6. Cxema HJIP_11H1]] ¢ SimuiinkMatLab

Scope3

‘ > 1
—M 0.152+0.01s+1

TR |
F&g‘,’;{(';.?g,w Gain3  Transfer Fcn2

Tabnuya 14.4
IIpaBuaa ynpasaenus HJIP_ITAJL

Ne | feat e de/dt u 4 Ne jedt e de/di u
1| B 156 0 OB || 15 IT H o | us
2| H 0 H | oM [ 16 I1 11 0 1B
3| H 0 I H || 17 I I H 1B
e O | oM | 18 I Il 11 1B
5| H H H H [ 19 0 0 O 0B
6| B | H o | oM || 20 0 0 H OB
Z H I 0 H 21 0 0 I OB
8| H | 1 H | oM | 22 0 i 0 OB
o| H | W 3 B | 23 0 H H OB
10| 1 0 0 H 24 0 H n | oM
11| I 0 H | oM | 25 0 I 0 OB
12| I 0 o | msB | 2 0 I H | oM
i3l molun O | oM || 27 0 II I H
TIE H B

O6muras Tabmuma mpaBwI npuodperaet cienyronuii Bus (tabdmn. 14.4), ona
COZIEPKUT 27 TPaBWII, U KAKJI0€ MPABUIIO UMEET TPU MOCHUIKH.
Ha puc. 14.6 noka3zana crpykrypHas cxema HJIP_TTM/I B SimulinkMatLab, a na
puc. 14.7 - mepexoHbIN TIpoliecc B cucTeMe. B cxeMe UCmoib30BaH HHTETPaTop ¢
Hacelenuem, naaue HJIP TIN/I Beipoxxknaerca B HJIP T1/1.
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14
1.2

e g'z I
aalt
Gl

Puc. 14.7. Ilepexonnsiii npouecc noxa ynpasienunem HJIP_TTN/]
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