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[TPAKTUYECKOE 3AHATUE Nel

1. TEOPETHYECKHWE OCHOBBI IOCTPOEHUS SKCIEPTHOM
4
CUCTEMBI HACTPOUKHU IUI-PETI'YJIATOPOB.

1.1. OcHOBHbBIE 3aMeYaHUsI

[T /I-perynaropsl IUPOKO pacupocTpaHeHbl B YIIpaBJICHUA
aBTOMATU3UPOBAHHBIMH  [PUBOJAMH, HCIIOIB3YEMBIMH B  TEXHOJOTMYECKHUX
MpoIieccax, 4To OOyCJIOBJICHO MX MPOCTOM peain3alueil U JOCTAaTOUYHO BBICOKOM
a¢dexTuBHOCTRI0. OJIHAKO, Kak MPaBUJIO, BCIEICTBHE HM3MEHEHHUS MapaMeTpOB
oowekra ympamieHus (OY) B mpouecce »skcrutyatanuu, [IWI-perynaropsl
TPeOYIOT EPUOAUUECKOTO 0OCITYKUBAaHUA U MTOACTPOIKH.

OgHuM U3 BO3MOXHBIX MYyTEW peHIeHus JaHHOW MpoOJeMbl SBISETCS
pa3paboTka JIKCIIEPTHOM  CHUCTEMBI, KOTOpasi  OCYILIECTBISET AKTUBHYIO
JAArHOCTUKY MPHUBOJA, T.€. ONMPEACISIET BO3MOXXHBIE OTKIIOHCHUSI B BBIITOJIHCHUU
TpeboBannii T3 Ha OCHOBE aHaiMM3a W3MEHEHUW MMapaMeTPOB BBIXOJHBIX
KOOpAMHAT U KOMIIEHCUPYET 0OHAPYKEHHbIE OTKJIOHEHHS, C TTOMOIIBIO KOPPEKIIUU
[apaMeTPOB PETYIATOPA, OCHOBAHHOW HA TEOPETUUYECKUX, IMIIMPUUECKUX 3HAHUAX

Y ONBITE MOACTPOIKHU K03 duitneHToB (puc. 1.1).
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Puc. 1.1. CrpykrypHas cxema DCII NOCTOSHHOTO TOKa C 3KCIIEPTHOU CHCTEMOM
Hactpoviku [T /[-perynsitopa.




1.2. IIN/I-peryasitop
B nmpakTrke mpoeKTHpOBaHUS CIAEASIINX TPUBOJIOB MEXATPOHHBIX CUCTEM
HanbOoJIee YaCToO MCIOIB3YETCs POMOPIHOHATLHO-HHTETPO- T PepeHITAATBHBII

(ITAT) 3axoH yripaBieHUs, OMUCHIBAEMbIN (opMyIToit
de(t)
dt

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

WJIU B onepaTopHoi hopme

1
u(p) = Kye(p) + Kgpe(p) + Kige(p)

rae K, K4, Ki—napamerpsl IIN]] -perynaropa (3akoHa ynpasnenus) (puc.1.2).
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Puc. 1.2. Ctpykrypa [IU/I-perynaropa
[Tapametpsr [T ]I-perynsitopa 0Ka3bIBaOT Pa3IMYHOE BIUSHUE HA

NepexXoAHbIN mpoiiecc cucteMbl. B Tabu. 1.1 mpeacTaBieHo BIUsSHUE YBETHUCHHUS

ko3 urmentos [T perynasitopa Ha XapaKTEpUCTUKH YIIPABISEMOTr0O IIpoliecca.

Tabanma 1.1
Bpemsn YcraHoBuB- Iepeperyanu-
Kos¢pduuuent P pepery
HApaCcTaHWsl | mascs ommndKa poBaHue
[To mponopuroHanbHOM
. YMEHBIIIACT YMEHbBIIAET YBEIIMYUBACT
COCTAaBJISIFOIIEN
ITo muddepennmansuon
. HE BIIUSIET HE BIIUSIET YMEHbIIAET
COCTaBJIAFOLIEN
ITo nHTErpanbHOM CKopee
. yCTpaHseT YBEIIUYUBAET
COCTaBJIIFOLIEN YBEJIIMYMBAET




Taxum o6pa3om, Ha OCHOBE aHaIM3a TAOIUIBI | MOXKHO CclieaTh
CJIEYIOIINE BBIBOJIBI:

® [PONOPLHUOHAIBHAS COCTABJISIOLIAs OTBEUAET 3a OBICTPOACHCTBHE CHCTEMBI
(Bpems HapacTaHHusl), @ TAKKE 32 BEJINYMHY YCTAaHOBUBIIEHCS 0U1H6Iin;

o uddepeHnranbHas COCTABISIIONIAas MO3BOJSET YBEIMUUThH AEMII(PHUPOBAHUE
CUCTEMBI, T. €. IOJAaBUTh HEXEJaTeJbHbIE KOJEOAHUS U YMEHBIIUTH
HepeperyIupoBaHHUE;

® UHTErpajibHas  COCTaBJAIOLIAs  IO3BOJSET  YMEHBIIUTh  JI0  HYJ
YCTaHOBUBIITYIOCS OITHMOKY B CUCTEME.

B obmem ciydae [TU[-peryasiTopbl MO’KHO OTHECTH K KaTETOPUU

DKCIIEPTHBIX PETrYJIATOPOB, IOCKOJIBKY OHU MOT'YT HaCTPauBaTHCA Iy TEM
HENOCPEICTBEHHBIX AKCIIEPUMEHTOB C 0OBEKTOM B COOTBETCTBUU C U3BECTHBIMU
Metoaukamu (3urnepa-Hukosca, Kosna-Kyna u ap.).

1.3. Onpenenenne napamerpos [IU/I-peryasitopa

CymectByeT MHOKECTBO MeTO10B HacTporku I /I-perynsaropa. Onaum u3
HHX SIBJISIETCSI METOJ] Kosna-Kyna. /
http://pages.mtu.edu/~tbco/cm416/cctune.html/

Merton Kosna-Kyna (Cohen-CoonTuningMethod) mo3Bossier omnpenenutsb
napametpsl I, IIN u IIN]] peryastopoB no OOHOM KPHUBOM OTKJIMKA, TO €CTh IO
MEPEXOTHOMY TPOIECCY HECKOPPEKTUPOBAaHHOTO 00bekTa OV mpu BO3IECUCTBUU
CTYNEHYATOTO CUTHAJA.

JIOCTOMHCTBO 3TOT0 METOAA 3aKJI0YaeTcs B ToM, 4yTo OV 3amyckaeTrcss OauH
pa3 M Ha OCHOBE IMOJYYEHHOM XapaKTEepUCTUKU [0 HW3BECTHBIM (opmyiam
paccunThiBatoTCs mapamerpsl KY, mpu stom nepenarounas pyukmus OY moxer
OCTaBaTbCsl HEU3BECTHOM.

Henocratkom siBisieTcst TO, 4TO HECKOppEeKTUpoBaHHBIM OV 10KEH OBITH
yCTOWUYMBBIM. B ciiydae eciii 00bEKT HEYCTOWYUB, HEOOXOAMMA JTOMOJHUTEITbHAS
KOPPEKLUs APYyrUMHU MeTo/laMu. Takyke MEeTO/ He yUuThIBaeT TpeboBanus T3.

Hnsa pacuera ko3pduuuentoB ITN/-perynsatopa no merony Kosna-Kyna
HEOOXOMMMO Ha 3aMKHYTYK0 CHCTeMy O€3 peryiasiTopa W Tpud HAIAYUU

BOBMYH_IGHI/Iﬁ noaaTb CTYIICHYATOC BOSHCﬁCTBH@ C HCKOTOPBIM 3alla3J1bIBAHUCM,



IIPYU KOTOPOM IIEPEXOIHBIE MPOLIECCHI, BBI3BAHHBIE BO3MYILIEHUEM, YCIICIOT IIPUNTH
K YCTOMYMBOMY COCTOSIHUIO.
Ha puc. 1.3 npeacraBneHsl IpOLECCHl HA BXOJE U BBIXOE CUCTEMBI.
4

Ha BXOJ CHCTCMbl B MOMCHT BpPCMCHHU to nmoaacTCs CTylneH4YaToe

BO3JICHCTBUE aMILIUTYI0N — A.
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Puc. 1.3. Tlporieccrl Ha BXOJIE ¥ BBIXOJIC CHCTEMBI

[To monyuyeHHOW KPUBOM OTKIMKA HEOOXOIWMO CHSTh CIEAYIOIIUE
MapaMmeTphl:

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

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

t;—BpeMsi, Ipu KOTOPOM BBIXOJIHAS BeJM4MHA gocturaet 63.2% B,

Jlanee 1o cieAyronuM 3aBUCUMOCTSIM PACCUUTHIBAIOTCS JOMOJHUTEIIbHbBIC

napameTphbl Imporecca:

¢ tz_an't3
1™ 1-mm2
T=t3_t1;

Tper = t1 — to;

K =—;
A
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TpEL
r=

IIo IMOJTYYCHHBIM 3HAYCHUAM PACCUUTBIBAIOTCA KOB(I)(I)I/IHI/IeHTI)I 4

KoppekTupytomiero ycrpoiictsa (KVY) uz tadn. 1.2.

Tadmuma 1.2
K, T, = 1/K; T, =K,
I ﬁ (1 + §) ; ]
317 % (0.9+ f—z) ThsL % -

Paccuurannbie 3HaueHus napamerpos [IW/] - perynsitopa no npuBe1eHHbIM
3aBUCHUMOCTSIM OOECIEUUBAIOT YAOBJICTBOPUTEIbHBIE TEPEXOJHbIC MPOIECCHI.
Opnnako, ecnmu B cOOTBETCTBHUU C T3 TpeOyercs oOecreuuTh Oo0jee BBICOKHE
XapaKTEPUCTUKU, TO HEOOXOJMMO BBINOJIHUTH MPOIEAYPY KOPPEKIUUA WIH

JIOTIOJITHUTEILHOW HACTPOUKH (TTOACTPONKH) MapaMeTPOB PETYIsATOpA.

1.4. AnroputMm noacrpoiiku napamerpon IIU/[-peryasitopa

JIns co3pmaHusi DKCIEPTHOW CUCTEMBbI MO HacTporke mapamerpoB [IM/]-
perynsiTopa BO3bMEM 3a OCHOBY ABPHUCTHUYECKHUI METOJl HACTPOMKH, KaK MPABUIIO
peanu3yemMblii Ha TIPAKTUKE KBAIU(DHUIIMPOBAHHBIM COTPYIHUKOM, KOTOPBIU
3aKJIF0YAETCs B IOOYEPETHON YCTAHOBKE ITAPAMETPOB PETYIISITOPA.

Hacrtpoiika mnpoBOguTCS Ha OCHOBE aHaIU3a pPEAKUUU CUCTEMBI Ha

€AVHUYHBIN CTYIEHYAThId CUTHAJ NPU HAIMYUU BO3MYIICHUN, NEHCTBYIOIINX Ha

oV.




Ha nepBoM sTane u3MeHSIOT NMPONOPUMOHAIBHYIO cocTtasistomyro [TH1/]-
peryisTopa TakK, 4TOObl KpUBas IMEPEXOAHOrO IMpoIecca Ha BBIXOJAE CHCTEMBI
cocrosula M3 2-3  konebanmii. Ha  mpakTHMke  3TO  COOTBETCTBYET

4
nepeperyaupoBanuio o = 20..30%.

Ha BTOopom »3Tame mnepexoiHbli Mpouecc AeMI(UPYIOT YBEIMUYEHHUEM
TupdepeHIMaIbHON  COCTaBIISIIOIIAsl  peryjisTopa A0 TeX M[op, IOoKa
nepeperyaupoBanue o =~ 0%, 1npu 3TOM  CIeQyeT y4YWUTBIBaTb  BpeMs
peryJaupoBaHUs CUCTEMBI.

Ha Tperpem orTame yBENIMYMBAIOT HWHTETPAIBHYIO  COCTABIIIOLIYIO

perymsTopa ¢ 1eablo 00eCIeUnTh BBITIOIHEHHE TpeOoBaHui T3 10 TOUHOCTH.

AJITOpPUTM TaHHOTO METO/a MpecTaBjeH Ha puc.l.4.
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Puc. 1.4. Anroputw™m sBpuctuueckoit noacrporku [IN/-perynsropa



[MPAKTUYECKOE 3AHATUE Ne 2

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

MareMaTnyeckol OCHOBOM TIPEACTaBJIEHUS 3HaHUM B cucrtemax WU
SBJIICTCSI MaTeMaTH4ecKas Joruka ((popmManbHbIC JOTHYECKUE MOJICIH) ¢ arapaToM
JIOTUYECKUX MCYMCIICHUM (BBICKa3bIBaHUM, MPEIUKATOB) M METOJaMHU TOUCKA
JIOTHYECKOTO BBIBOJAA, KOTOPHIC MO3BOJISIIOT UHTEPIPETUPOBATh 3HAHUA U YMEHUS
YEeJI0BEKa B BUJIC MTPOTPAMMBI 111 KOMITBIOTEPA.

Mopenu 3HaHUN MAHHOTO BHAA OIMCHIBAIOT CIOCOO JOCTHXKCHUS IIEJIH
yepe3 yAOBJIETBOPEHHUE HEKOTOPOro MHOXKECTBA YCJIOBUM, 3aITMCHIBAEMBIX B BHUJIC
nornyeckux Qgopmyin. IIpu3HaKOM yJOBJIETBOPEHHUS HJTUX YCJIOBHUM SBISETCS
HUCTUHHOCTBH pacCMaTpUBAEMOM JIOTHUECKON (hOPMYIIBI.

Jlornyeckoe BBICKa3bIBAHWE — TPEMJIOKEHUE B KOTOPOM UTO-JIMOO
YTBEPXKIACTCSI M KOTOPOMY MOXKHO TMPHUIIKACATH MPU3HAK HUCTUHHOCTH WIH
aoxHoctd (TRUE wmu FALSE). HUcmunnocme, xax npasuno, kooupyemcs 1, a
nodcHocmyb - 3Hadenuem (). Hanpumep, Boicka3zpiBanus "B rogy 12 mecsue" winum
"3aMKHyTass cHUCTeMa BCErja yCTOMYuBa' SBISIOTCS BBICKA3bIBAHHMSIMHU, MPUYEM
MEePBOE UCTUHHO, @ BTOPOE - JI0KHO.

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

Y‘-II/ITBIBaﬂ, YTO BBICKA3bIBaHUA SABJIAIOTCA JIOTHYCCKHUMHU KOHCTaHTaMU,
IMPUHUMAOIMKN 3HAYCHUA 1 umm 0, Ha HX OCHOBC C IIOMOIIBIO JIOTHYCCKHX
onepaunﬁ MOKHO CTPOUTb OO0CTATOYHO HOBBIC OoJiee CIIOJKHBIE JIOTUYECKHE
BbIPAKCHHA UJIM BbICKA3bIBAHUS.

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

Jlorvuka mpearKaToOB MEPBOTO MOPSIKA SBISETCS Pa3BUTHEM KJIACCUYECKOM
noruku (noruku Apucrotens). l[lpeaukatr mnpencrtaBisier coOO0H JTOTHYECKYIO
KOHCTPYKIIMIO, COCTOSIIIYIO U3 NPEIMKATHOTO CUMBOJA M OJHOTO WJIM HECKOJIbKUX

TepMOB. HemocpencTBeHHbIM  aHAJIOrOM INpeauKara B NPOrPaMMHUPOBAHHUH
10



SBJISIIOTCSL Jlornueckas (OyneBa) QyHkuus, rae "ums QyHKUMH" — TpeIUKaTHBIHN
CHMBOJI, @ €€ apIyMEHTBI — TEPMBI.

Hanpumep, B mpeaukare (Jorumueckoil Qynkuuu) "mpocroe uucio (X)":
"mpocto_uuciao" - uMs QyHKIMH (MPeAUKATHBIHA cuMBoi), a "X" — TepM {(aprymeHT
bynkuun). [lpu onnux 3HavyeHus X (Hampumep, 13,17) 3To BhIpakeHHE HUCTHHHO,
npu apyrux (10 wim 18) — m0kHO. DTO OBUT MPUMEP OAHOMECTHOW JIOTHYECKOU

bynukun : F(OX)/

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

[Tpumep aByxmectHoro npenukara Cromuua(X,V), rae X — rocyaapcrso, a
Y —ropoga.

[Ipn moxacrtaHoBKE B N-MECTHBIM NpPEIUKAT KOHKPETHOTO 3HAYEHUS OH
craHoButcst (N-1)-mectabiv, Hanpumep, Cromuna(X, [Napmx). [lpu 3amonHeHHH
BCEX N-MECT KOHKPETHBIMU 3HAUECHUSMH, TIPEIUKAT CTAHOBUTCS — BBICKA3bIBAHUEM,
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 HEJIb351 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 (YHKIMM 3aKJIIO4aeTcss B TOM, 4YTO MpEIuKaT BCerjaa
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,

COOTBCTCTBCHHO. 4

B ucuucnennu npeauKaToB UCHOIb3YETCs] CUHTAKCUC, BKITIOYAIOIINI B ce0s
OCHOBHBIE Jjoruueckue oneparuu: "N" (o6o3nauaercsa A ) u "MJIN" (o6o3HaqaeTcs
V), OOBEAMHSIONINE OT/ICIbHBIC (aTOMapHbIE) BBICKa3bIBaHUA, U oTpumanus "HE"
(o6o3Hauaercs 3HakoM — WM ). CBsi3Ka A Has3bIBaeTCs "KOHBIOHKIHEN", a A -
"mu3pronkiuei'"). Habop 6a30BBIX JOTMUECKHUX ONEpanuil JONOJHEH ONeparusIMu
"cinoxenue no moaymwo 2" ("uckmouaromee WMJIN") , "onmepauus crnenoBanus" —
"IMIUIMKanuA" 1 "onepanys 3KBUBAJICHTHOCTH — PABHO3HAYHOCTH .

[lepedeHp 0a30BBIX JIOTHUECKHX OIEpaIlMii HaI JABYMsI apryMEHTaMu
npencTasiicH B Tadimie 2.1.

Tabnuma 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 0 0 1 1 0 1 1

Jlornueckass SKBHUBAJICHTHOCTb WJIN PaBHO3HAYHOCTE — O3TO JIOTHYCCKOC
BBIPAKCHUC, KOTOPOC SABJIIACTCA MCTHUHHBIM TOI'Jld, KOI'/1d 00a IMPOCTBIX JTOTHYCCKUX
BBICKA3bIBaHUsI HMCIOT OJHWHAKOBYHO HCTHUHHOCTD. I[BYMCCTHEUI JJOTrn4c€CKast
orcpanusa SKBUBAJICHTHOCTH 0003HaYaETCsI CUMBOJIOM <> WJIN =.

Ha ocHoBaHuM npuBeIeHHONW TaOIMIIbI MCTUHHOCTU OO0JIEe CIIOXKHBIC
JIOTUYECKHE ONEpaly, Takue Kak, "uckimouaroniee MJIN" ("cnoxxenue mo Momyto
2"), WMIUTMKAIMS W SKBUBAJICHTHOCTh MOTYT OBITH MPEICTaBICHBI KOMOMHAIUEH
0osee mpocThix (0a30BBIX) OMEpaITHii:

12



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 OCYIIECTBIISIECTCS
HAa OCHOBE OCHOBHBIX 3aKOHOB M aKCHOM OysieBoi anreopsl (Tabnuia 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 BbICKA3hLIBAHUM

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

ITonq wucumcienuem (WU ACAYKTHMBHOM  CHUCTEMOM) BBICKa3bIBAaHUM
MOHUMAETCS CHUCTEMa, B KOTOPOM CYIIECTBYET HEKOTOPOE YHCIO HCXOJIHBIX
O00BEKTOB (aKCMOM) U MpaBUJia BHIBOJA HOBBIX OOBEKTOB M3 MCXOJHBIX. ba3zoBbiMu
MpaBWJIaMHU BBIBOJIa B MCUMCIICHUM BBICKA3bIBAHUM SIBJISIOTCS: MpaBUiia MPSMOro U
00paTHOTO BBIBOJIA.

Ta6auma 2.2.
Ha3Banue Jlornueckas popmyJia
. ANB=BAA
KoMmyTaTuBHBIN 3aK0H
AvB=Bv A
AcCCONMATHBHDII 32KOH AANBAC)=(AAB)AC
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Av(BvC)=(Av B)vC

AANBVC)=(AAB)v((AAC)
AV (BAC)=(AvB)A(AvO)

JucTpUOYTUBHBIN 3aKOH

AAB=AvB
3akon ge Moprana S
AvB=AAB
3aK0H MCKJIIOYEHHOT 0 Av A=1
TPeThero
3aKkoH NpoTHUBOpPEYHSA AN Z =0

3aKoH 1BOWHOIO OTPHLAHUSA | 4 — 4

An(AvB)=A4
Av(AAB)=A

3aKOH MOTrJIOICHUS

2.3. llpaBujio pe3omonmii

B wucuncneHnrd BBICKA3bIBaHUN I J0Ka3aTeIbCTBA  MCTHHHOCTH
YTBEP)KIACHUHM IMHPOKO HCIIOJIB3YETCS IPABHIIO PE30JIIOIUH, KOTOpoe Tpelyer
IIPEJICTaBICHUS JIOTHYECKOH (opMmynbl  (Tpeaukara) B KOHBIOHKTHBHOM
HOpMaJIbHOH (hopme.

1. Konwrouxmueuas nopmaivras hopma (KHD).

Dopmyna npusooumcs K 6U0y KOHbIOHKYUU OU3LIOHKMOG:
DA D, ADM ... 2Dy,
20e Kadxcowlll Ouzvionkm Di siensemcst OuzvionKyuel amomMapHvix 8blCKA3bIBAHUIL:
PV P, VPV ... VP,
Taxum obpazom, ucmunHocms éceti popmyivl (8bICKA3LIBAHUS) O3HAYACN
00513aMeNbHYI0 UCHIUHHOCb KAHXCO020 OU3BIOHKMA 8 OMOEIbHOCTIU.

2. Jluszvronkmuernas Hopmanvras hopma (JIHD).

Dopmyna npueooumcst K 8U0y OULIOHKYUU KOHBIOHKIMOS.!
CIlvC2vC3vVv..VCn ,
20e kadcowvlti konvronkm Ci a6715emcsi KOHbIOHKYUEU AmMOMAPHbIX 8bICKA3bIGAHULL:

P~ P2"P3™ " Pk .
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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
BBICKa3bIBaHU M (momymenuit). To ectp cama TeopemMa MOXKET OBITh
chopMyIIpoBaHa CIEAYIONUM 00pPa3oM:

"ecmu F4, Fy, ....F¢ uctunanbl, TO ncTuHHA K G
WIN B CUMBOJIBHOM 3aITUCH:
(FIN F2 2F3M ... "Fn)—G.

Ha mpaktuke ajig moka3aTrenbCTBAa MCTUHHOCTH KAKOTO JIMOO JIOTHYECKOTO
BBICKA3bIBaHUs YyAO0OHO WCIIONB30BaTh JOKA3aTEIbCTBO OT TPOTHBHOTO, T.€.
JIOKa3bIBaTh HEBBITIOJHUMOCTh - JIOKHOCTh (MCTUHHOCTH HEBBIIOJTHUMOCTH)
JAHHOTO YTBEP)KJIEHUA. J[pyrumu cioBamMu TpoIeaypa JA0Ka3aTelbCTBA MPABUIIOM
PE30IIOIMIT Ha caMOM JieJie SBIIICTCS TPOLEAYPOU OMPOBEPKEHUs, T.€.BMECTO
JI0Ka3aTeNbCTBA UCTUHHOCTU MCXOJIHON (POpMYIIBI (TEOpEeMbI) JOKA3bIBACTCS UTO €€
OTpHIIaHUE MPOTUBOPEUNBO — JIOMKHO.

[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 pe30NIONHi  TTO3BOJISIET BBIBOJAWTH HOBBIM JU3BIOHKT W3 JIBYX
WCXOJIHBIX, YIpOIllasg TeM CaMbIM 3aJJaHHYIO JIOTUYECKYI0 (opmyiny (THUIOTE3Y).
HoBblii TU3BIOHKT HA3BIBAETCS PE30JIbBEHTOM.

[Tpeanonoxum, uto D; u D, — ABa mpeajioxkeHust B Joruyeckoi dopmye,
JIOMYCTUM TIPU 3TOM, YTO JAHHBIC MPEJJIOKEHUS MOTYT OBITh MPEICTABICHBI B BUJIC
CJICTYIOLIUX JIOTHYECKUX KOHCTPYKIIUMN:

D,=PvD, uw D,=PvD,

rane P — HekoTopas JOrMyeckas IepeMeHHas (MOXET MPUHUMATh 3HAYCHUS

! !
"ueruna" wm "moxp"), D; u D, - moGsie normueckue npemnoxkenus, B ToM uncie

H IIYCTBIC, WJIKM COCTOAIIMNC N3 OAHOI'O CMMBOJIA.

Torna npaBuiio BEIBOAA PE30IOLMI MOYXKHO 3aIIMCaTh B CIEAYIOIIEM BHUJIE:

D, AD,

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

[Ipennoxenus D; u D, Ha3pIBalOT pe30iabBUPYEMBIMU (U POAUTEIILCKUMH),
npennoxkenne Dv D, - pesoneBenToil, a morudeckue Qopmynsl P u P

KOHTPAPHBIMH JINTEPATIAMH.

Takum o00pazoMm, Tpu YOPOUICHHH JIOTUYECKOW (OPMYIIBI  METOJOM
pezomouuu OepyTcs JIBa BBIPAXKEHUS U BbIPA0ATHIBACTCSI HOBOE BBIPAKEHUE,
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coZiepaKallee BCE JUTEPAIBI ABYX IEPBOHAYAIBHBIX BBIPAKECHUM, 32 UCKIHOYEHUEM
JIBYX B3aMMHO OOpaTHBIX JTUTEPAJIOB.

OcHoBHas popMyra METoa PE30JTIOLUI BBITIISAUT CICAYIOUIIM 00pa3oM:
4

XVvANrYVA)=XVY.

Merton pe3osronuii MUPOKO UCIOJIB3YETCS I JOKA3aTeNbCTBA 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€ MOXXHO CUMTATh aHAJIOrOM IpaBuUia
PE30IOLUHU IS CITydast JIOKHOTO X:

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

N Ttak, paccMOTpeB CYIIHOCTh METOAA PE3OJIIOLUN, BEPHEMCS K HCXOIHOU
Jorudecko hopmysie, ICTUHHOCTD (WJTH JIOXKHOCTh) KOTOPOM TpeOyeTcsl I0Ka3aTh:

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

1. Cuauana u3 ucxogHou (hOpMyIbl COCTABISAETCS JIOTUYECKOE BHIPAKEHUE!

FAF A AR AG

2. 3areM KaxIoe U3 TMPEIOKEHUH TpeoOpa3oBaHHOM JIOTHYECKON
dopmynsl npuBogutcs k KH® (ecnmu B mMcxomHOM BapuaHTe OHO HE
cootBercTBYyeT KHD).

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

4. B mpeoOpa3oBaHHOM JIOTUYECKOM BBIPAKEHUH OMPEACISIOTCS IyCThIe
IU3BIOHKTHL. ECITM TakoBblE HaMIEHBI, TO O3TO CBUICTEIBCTBYET O
JIO’KHOCTH aHaJIM3UPyEeMOn npeoOpa3o0BaHHOMN (bopMyIIbI.
CrnenoBaTeNibHO, UCXOIHAS TeopeMa OyIeT UCTUHHA.
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PaccmorpuM  mpuMep  KCHONB30BAaHMsS — NPABWIA  PE3OJIIOLMH LA
JI0Ka3aTeIbCTBA UCTUHHOCTHU WJIN JIO)KHOCTHU JIOTUYECKUX (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 00pa3oM, MyCTOW AU3BIOHKT BBIBEJIEH, CIEOBATEILHO, BRIPAKEHHE C
OTPUI[AHUEM  BBICKa3bIBAaHUS  ONPOBEPTHYTO U, COOTBETCTBEHHO,  CaMO
BBICKa3bIBaHUE JOKA3aHO.

[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 HeueTKO#l JIOTMKH JIEKUT TEOpUsl HEUETKHUX MHOXkecTB. Cam
TepMuH "HedeTkoe MHOXkecTBO" (fuzzy set) Obut BriepBbIe BBeAicH B 1964r. Jlotdu
3ane (Lotfi Zadeh).

KHaCCI/I‘-IeCKYIO TCOPHUIO MHOZKECTB MOXHO paccMaTpuBaThb KakK
HpCIIGHBHBIﬁ cnyqaﬁ TCOPHUHN HCUCTKHUX MHOZKCCTB. HOBTOMY BHa4YaJIC HAaIIOMHHM
OCHOBHBIC ITIOCTYJAThl TCOPHUH MHOZKCCTB.

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 INPpUHAIJIC)KKHOCTH JId KIACCHYCCKUX MHOXKCCTB MOXKCET
[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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be3ycinoBHO CyOBEKTHBHO, HO TEM HE MEHEE, K MHOXECTBY ''BBICOKHX
moaei" gopManbHO MOKHO OTHECTH BCEX JIIOJIEH, POCT KOTOPBIX MpEeBbIIIAeT 1,8M.

Ecimn 0003HaunTh 4Yepe3 mepeMeHHyro X "pocT denoBeka', a QyHKIHIO AL, (X)
3aj1aTh CIEAYIOIIMM 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 00pa3zyroT Takue "oObeKThl" ("31eMeHThI"), 1151 KOTOPBIX YKa3aHHas

BbIllle (DYHKIUSA L, (X) IMpUHUMAeT 3HaueHue 1 (CM. BEpPXHIOIO BETBh TIpaduka,
BBIJICJICHHOTO CIUTONIHOM JInHUEH, Ha puc.3.1.). Hampotus, Te 3Hauenus 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 MMPUHAJICKAT XOTS
OBl OTHOMY U3 MHOXECTB X U Y

XUY (mmX+Y)={X|xeX wmxeY}
Hanpuwmep:

X ={9,8143}Y ={,3611}, XUY ={,34,68911]

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

COCTOSIIIIEE U3 TEX U TOJBKO TEX IEMEHTOB, KOTOPbIE MTPUHAIEKAT KaK
MHOKeCTBY X, TaK U MHOKECTBY Y

XNY (wmX-Y) :{X|XEX HXEY}.
Hanpuwmep:

X ={98143}Y ={3611}, XuY={3}

3. Pa3HOCTh MHOXECTB. JTa omeparusi Onpenessercs TOJIbKO Ui JABYX
MHOKeCTB. Pa3HOCTBEI0O MHOKECTB X U Y — 3TO MHOXKECTBO, COCTOSIIIEE
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N3 3JICMCHTOB, KOTOPBIC ITPUHAJJICIKAT MHOKCCTBY X u He IMPpHUHAJICKAT
Y:

X-Y ={x|xeX uxegY}

X =198143}Y ={13611}, X-Y=1{489}

. Jononnenue. MHOXkecTBO X , ONPENENAEMOE U3 COOTHOLIECHHUS
o ]
Ha3bIBAIOT JIOMOJIHEHHMEM MHOecTBa X (0 YHHBEPCAIHLHOIO MHOXECTBA
V).
Hanpuwmep:

U =1{012345,6789)}
X ={9,81,4,3}, X ={0,2,5,6,7}

O‘leBI/I,Z[HO, BBIIIOJIHAIOTCA CIICAYIOMINUC CBOMCTBA:
U=g, I=U,

Tne D — IIyCTOE MHOXECTBO.
JUis  pacCMOTPEHHBIX BBIIIE ONEpaldii MMEIT MECTO TOXJIECTBa,
npuBeeHHBIC B TabuIe 3.1.

Tab6auua 3.1. OcHOBHBbIE 3aKOHbI TEOPUH MHOKECTB

No
- 3akoH dopmyia
1 KOMMYTAaTHUBHBIN AuB=BUA ANB=BNA
. Au(BUC)=(AuB)UC
aCCOIMATUBHBIM AA(BAC)=(ANB)C
. ANn(BuUC)=(AnB)U(ANC)
3 AWCTPHOY THBHEIA AU(BAC)=(AUB)A(AUC)
4 UAEMIIOTEHTHBIN AUA=A AnA=A
5 JIBOWHOTO OTPHUIIAHUS X =X
6 ne Moprana XuY=XNY; XAY=XuUY
7 MPOTUBOPEUUS Xu@=X; XNB=T; XnX=
8 HUCKJIFOUEHHOTO XuU=U; XnU=X; XuX=U
TPETHETO
Ipumep 3.1.

PaccMmotpum nokazarenscTBO 3akoHa e Moprana:

XuY=XnNY;
XeXuUY=xg(XuY)=>xeXu xgY =>xeXnNY;
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yeXnY =>yeX nyeY)=>yeXuyeY =yeXUY.

AHAaJIOrMYHO MOKHO JOKA3aTh TOKIECTBO

XAY=XuUY,

a Tak)Ke | JAPYTUe 3aKOHBI (33JJaHKe JJIS1 TIPAKTUICCKOTO BBHITIOJTHCHHUS ).

JlexapToBbIM (IIpSIMBIM) IPOU3BEACHHEM MHOKECTB X U Y Ha3BIBAIOT
MHOJKECTBO, COCTOSIIEE M3 BCEX TEX M TOJBKO TEX YIOPSIOYCHHBIX Tap
(KopTexei), mepBasi KOMIIOHEHTa KOTOPBIX IIPHHAJIICKUT MHOXKECTBY X,
a BTOpas — MHOXecTBY Y. TakuM 00pa3oM, 3JIeMEHTaMH JIeKapToBa
NPOU3BEJCHUS SBJSIOTCS JBYXDJIEMCHTHBIC KOPTEeXH BHIa (X,Y).
dopManbHO 3TO 3aMUCHIBACTCS TaK:

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

Onepanus npsMoro Npou3BeAeHUs CIIpaBeIJIMBa U JJisi OOJBIIEro Yucia
MHO>KECTB, HAIPUMEP, ISl TPEX MHOYKECTB:

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

['paduueckas WILTFOCTpALUS MPSMOTO MPOU3BEACHUS IBYX MHOXKECTB X
u Y mpuBeneHa Ha puc.3.2.

Ipumep 3.2.
P, Ly,
PRSI L (L)
i @2a @b @9
X {2 e o O moenenes Onnmannens
L (3, ? b @,
o ik (;,-f-_.‘_’? ..... Q.‘f”:z.‘i’. ..... 9.(.‘?‘.9.--
s e | z
a b ¢
Y

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

OTHomieHneM MeXay N MHOXeCTBaMH Xi, X, ...X, Ha3bIBaeTCs
MOJIMHOKECTBO MPSMOT0 Tpou3BeAcHUss XixXoX...xXX,, g KOTOPOro
BBITIOJIHSIETCSI HEKOTOPOE 3aJJaHHOE CBOMCTBO. YacTHBIM mpuMEpoM
OTHOIIIEHUS SBJIACTCS (PYHKITHUS.

AHAJTUTUYECKA OTHOIICHHE JBYX MHOXECTB MOXHO TIPEJICTAaBUTh
CJIEIYIOIIUM 00pa3oMm:

23



Rc XxY ={(x,y);xeX,yeY,y=f(x)}
3aMeTI/IM, 4TO OTHOICHHUC ABJIACTCA MHOXCCTBOM, IIO3TOMY €TI0 MOKHO

3a/1aTh MyTEeM yKa3aHus (PYHKIMHA MPUHAIISKHOCTH My (X, Y) KayKI0r0

KOPTCiKa ACKAPTOBA ITPOU3BCACHNA K 9TOMY OTHOIICHHIO:

R=1{u (%, Y)I(X,Y) [ x€X,yeY}

Ipumep 3.3.
OTHOILIEHHUS JUI JUCKPETHON 00JIACTH ONpEICTICHHUS:

X ={,234}Y =1{238}
R, ={0/(1,2);0/(1,3);0/(1,8)11/(2,2);0/(2,3);0/(2,8).........0/(4,8)}.

Ipumep 3.4.
OTHOIIICHUS JIJISI HEMPEPBIBHOM 00J1aCTH OMPEICICHUSI:

X,yeR; c=const;
R—{l’ ec X° + y° < ¢;

0; hHaYe

Kak BugHO MBI mOsyursid onucanue kpyra paauycom C, ¢ LIEHTPOM 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) MoxHO onucatb Ha XXY  orHomieHue «Cronuua
rocyaapcrBa~>>.
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JIOHAOH E Mocha Hapmic
Tyna OpeJI JInon
p - it
Y
Puc.3.3.
ITycTh X- MHOXECTBO, - €ro MOAMHOKECTBA:
AeX, ie[ln].

ITonmHOXecTBa  Aj oOpaszyloT pa30omeHre MHOXKecTBa X, €CJIHU

BBIITOJIHATOTCS IBa YCIIOBHSL
) ANA =9, i=]
U
= X.
2) i=1Ai

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. 1. [loaToMy OoJsiee ecCTECTBEHHBIM SIBIAETCS 3aJaHue (PYyHKIUU
IIPUHAJUIE)KHOCTH B BHJIE HEKOTOPOM HENPEPBIBHOM 3aBUCUMOCTH (ITyHKTHpHAs
KpuBasg Ha puc.4.l), ompeaensomell IUIaBHBIM MEPEeX0J M3 OJHOr0 KpailHero
coctosinus («0>>) B apyroe («1>>) (T.e. OT MOJHON HEMPUHAIIC)KHOCTH JIIEMEHTOB
paccMaTprUBaEMOMY MHOXECTBY JI0 MOJIHOW MPUHAJIEKHOCTH EMY ).

Takum 00pazoM, QyHKIUS MPUHAAJICKHOCTH B JAHHOM CIIydyae MPUHUMAET
HEMPEPBIBHBIC 3HAYCHUS U CTAaBUT B COOTBETCTBHUE KAXKIOMY dJIEMEHTY X € X YHCIIO
M, (X) u3 unrepBana [0;1], onuceiBaroiiee cTeneHb NPUHAIEKHOCTU DJIEMEHTa X

MHOXECTBY A.

MHOXecTBO BbICOKUX MOAewN

]
"
’
,

pocT X (M)
>

1,7 18 19

Al

Puc.4.1. T'paduueckoe npeacraBieHne MHOXKECTBA "BBICOKHX JIIOAEH

3alaHHOE TaKUM 00pa3oM MHOKECTBO Tap

A=1{(x p,(x)) | x € X} (4.1)

Ha3bIBACTCS] HEUETKUM (UM Pa3MBIThIM) MHOKECTBOM. DYyHKIIMS TPUHAIIEAKHOCTH
H (X) npuHUMaeT 3HadyeHus B uHTepBasie [0,1]. YkazanHas (yHKIUS IPUITMCHIBACT

KaKI0MY 3JICMCHTY X € X CTerneHb ero MPUHAIJIC)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 O3HAYAeT OTCYTCTBUE NPUHAJIEKHOCTU DJIEMEHTA X K HEYETKOMY

mHOXKecTBy A, T.e. X & A ;

3) O< e, (X)<1 O3HAYaeT YaCTHYHYIO MPUHAJICKHOCTD AJIEMEHTa X K HEYETKOMY

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 npunagiexuoctn A 4 (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.

MoHO TaKKe paccMOoTpeTh MoHsaTHEe LeHTpa HM, koTopeM sBisieTcs
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.

Ecmm  sup pa(X) = 1, to Takoe HM HasbIBaeTCSl HOpMaIbHBIM, B IPOTHBHOM
ClTy4ae — CyOHOPMaJTbHBIM.

Ecmn ¢dyHKIMsS mpUHAUICKHOCTH WMEET OJMH MakcuMyM, To Takoe HM
Ha3bIBACTCSl YHUMOAAIbHBIM, MHAYE — MYJIbTUMOIATIbHBIM.

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

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

CrpaBeyTiBO CBOMCTBO (cM. puc.4.4):
Ecmm o > 0 , TO Agi< Ao

K A(x) 4
1

rd

0.7

0.4

Puc.4.4.

Ipumep 4.1.

[Tpumep a5t IUCKPETHOM 001aCTH ONPEEIICHUSL:
A=0.2/x110.6/x5+1/x310.8/x4;

Ags={X2,X3,X4}.

CoBokynHOCT N — BBIMYKJIBIX HEUETKMX MHOXKECTB OOpasyeT HeuYeTKoe

pa3ouenne 6a30Boro MHOKecTBa U, ecni BBITIONHSETCS yCnoBre (IpUMEp TIOKa3aH Ha
puc.4.5.):

N

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

Ecnu HedyeTkoe MHOKECTBO A COCTOHMT M3 KOHCYHOTO YHCJIA JJICMCHTOB,
TO OJIA 3aIIMCH TAKOI'O JUCKPCTHOI'O MHOXKCCTBA UCIIOJb3YCTCS BBIPAKCHUC

A=, () X+ 20, () X+ 2, () X

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

i=1

e uncna M (%) - crenenn IIPUHAJICKHOCTH DJIEMEHTOB X; MHOXECTBY A.

3ametuM, uYto 3Hak 'mmoc" B (12.4) o0o3Hawaer oOObeIUHEHHE, a HE
apupmeTnueckoe cymmupoBanue. OObIYHOE (YETKOE) JUCKPETHOE MHOMXECTBO MpPHU
Takoi opme 3armcu MOKHO MPEICTABUTH B BUJIE

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

BosMoxkeH W TaOnW4HBIA CIOCOO 3a/JaHusl HEUETKOTO MHOMKECTBA A,
Hanpumep Tabmuma 3.1.

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

0003HayaeT, 4To HocuTelb A COCTOMT M3 5 aneMmeHToB: X =14, X, =16,
X, =18, X, =20, X, =22, creneHn NpUHAIEKHOCTH KOTOPHIX MHOKECTBY A PaBHBI

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, HAMpUMeEp, MPEACTABISIET cOO0M HEKOTOPHIH MHTEpPBAJ (@, B) Ha YHMCIOBOM
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OCH X, TO (DYHKIMA NpHHAIIEKHOCTH £(X) OOBIYHO 3amaeTcs rpadMyecKd WIH B

BUJIC aHAJIUTUYCCKOM 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 of0mem ciaydae — HEYETKOE YHCIIO TMPEJCTaBisIeT cOOOW OAHY U3
Pa3HOBUIHOCTEN HEUYETKUX MHOKECTB.

HeyeTkuM 4YMCJIOM HA3bIBa€TCS OIPEICIICHHOE Ha BEIIECTBEHHOU
gyucioBor ocu HM, o6aaroriiee ciaeayroInMMu CBOMCTBAMU:

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

Ipumep 4.2.

JlomycTuM, 4YTO MJI1 KOCBEHHOTO W3MEPEHUsI CKOPOCTH BpallECHUs Baja
Harpy>K€HHOI'0 3JIEKTPOIIPUBOA UCIIOJIB3YETCS BBIXOJHOE HAIPSKEHUE TEeHepaTropa
MOCTOSIHHOTO TOKa. M3BecTHO 3HaueHue 3Toro Hampsbkenus X =5B. Kpome Ttoro,
W3BECTHO, YTO OIIMOKA Takoro m3MmepeHusi cocrapisier =1 B. Torma mepexon ot
YETKOT0 3HAUYECHUSI X =9 K HEUETKOMY MHOXXECTBY "X PaBHO MPHUOJIU3ZUTEIHHO 5"
OCYIIIECTBIISIETCS CACAYIOMIMM 00pazoM (puc.4.6). OyHKIus mpuHaIeKHOCTH ,u(x),

npuBeieHHas Ha puc.4.6,B, OMICHIBACTCS BHIPAKEHUEM

X -5
1- |—,€CJlu X<4um X>6,
,UA(X)_
0, eciu X <4 umu X > 6.
L NINGY A px
4, 1 1
1
x,B x,B
' ' L » L /N
x,B 3 4 5 6 7 3 4 5 & 7
| | | |
3 4 5 6 7 a) 6) B)
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Puc.4.6. [Toctpoenne GpyHKINN TPUHAIEKHOCTH

4.2.2. Cnnoco0b1 nocTpoenusi pyHKuumii

NMPUHAAJCKHOCTHA

[To ompeneneHUIO CTEMEHb MPHHAIICKHOCTH [Uy(X) €CTh CYOBEKTHBHAS
Mepa COOTBETCTBHUS JEMEHTA X MOHATHUIO, CMBICI KOToporo ¢opmanusyercs HM
A, mosToMy Asii MOCTPOCHUS (PYHKUIMU TPHUHAIEKHOCTH JOCTATOYHO MHEHUS
OJTHOTO AKCIIEepTa.

OpHako eciii €CTh MHOYKECTBO JKCIEPTOB, YCHEIIHO ACHCTBYIOIIMX B
peIMETHOM OO0JacTH, B MpOLENype Ha3HauYeHUd (YHKUHUN NPUHALICKHOCTU
MOXXHO  Y4YeCTb  HECKOJIBKO  MHEHMH.  Kaxaplii  skcmepr — mojaydaer
kod(punuent a; € [0, 1], KOTOpLIH OTpaxaeT ypoBeHb €ro KOMIETEHTHOCTH, TaK

YTO AJIA I'pyHIILI U3 m SKCIICPTOB!:
1
Ha(x) = — X2 Pii, (4.11)

rae p; = 1, ecnu i-i skenept otHec X K A, uin p; = 0 - B IPOTUBHOM CJIydJae.

IIpumep 4.3.
[Tycts uMeeTcst 6 SKCIEPTOB OJMHAKOBO BBICOKOHM KBaympukanuu (a; = 1),
umeercs MHOoxkecTBo X = {1,2,3,4,5} m HE0OXOOAUMO TIOCTPOUTH HEUYETKOE

MHO€ECTBO A4, (OpMaIIU3YIOIIEE MOHATHE «KHAMHOTO MEHBIIE 5».

Pe3ynbTaThl Onpoca sKCepToB MoKa3aHbl B Ta0II. 4.2,

Tabnuya 4.2
Pacyer 3HaYeHMIT NPUHANJIEKHOCTH
X
1 2 3 4 5
6
Z p.a; 6 5 1 0 0
i=1
ta(x) 6/6 5/6 1/6 0/6 0/6
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4.2.3. MeToa nonapHbIX cpaBHeHUit .

[Tpu popmupoBaHun GyHKIIMU MPUHAIIICKHOCTH JIJISI KAKOTO JIMOO SBJICHUS
MOKET BO3HMKHYTH MpoOJieMa, 3aKIII0YaoIIasicsi B TOM, YTO JAHHOE SBJICHHE HE
BO3MO>KHO U3MEPUTH, T.€. OLEHUTh KOIUYECTBEHHO. OJTHAKO MPU 3TOM BO3MOKHO
KAUYECTBEHHO COINOCTABUTH APYr OTHOCUTEIBHO Jpyra pas3jIMuHbIC SIBIICHUS WIIU
coOpITusA. B 3TOM cinyyae QyHKIMS MPUHAIICKHOCTH MOXKET OBITh MOCTPOCHA C
IIOMOIIBI0 TaK HA3bIBAEMOI'0 METOJA IONApHBIX CpaBHEHMU. Emie pa3 ormernm,
YTO METOJ IIONApPHBIX CPaBHEHUM BBITOJHO MCIIOIB30BaTh, KOTJa paccma-
TPUBAIOTCSI HEU3MEPUMBIE, T.€. KAYECTBEHHBIE TIOHATHSI.

B stom MCTOAC PC3YJIbTATOM 3KCIICPTHOI'O OIIPOCaA ABJLACTCA ManI/IHaZ
M=|mylij=12 .n (4.12)

r1€ 7 - YHUCIO TOYEK, B KOTOPBIX CPABHUBAIOTCS MEXKIY CO00M (yHKIIUU
NPUHAIISKHOCTH, | - CTPOKAa MATPHIBI, @ | — CTOJOCI] MAaTPHIIBI.

Kaxaplii 57I€MEHT MaTpuilbl 7M;; TOKa3blBAET, BO CKOJBKO pa3 [i4(X;)
Gombme Uy (x;). KonmuaecTBo BOIPOCOB K DKCHEPTY COCTABISET 31€Ch HE N, a
e BenuuuHy (n? —n)/2, Tak Kak mj; =my; =1 u my; = 1/my;. 3atem u3
KQKJIOTO CTOJIOIa MaTPHUIIBI TIOJTydaeTCs OAHO 3HaUYCHUE 110 hopMyie:

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 HCIIOIB30BaTh KOJWUYECTBEHHBIC OIICHKH. J[J1s
ATOTO0 MOXKHO, HalpuMep, orepupoBath Tad:1.4.3.
Tabauua 4.3. CpaBHeHMe 3HAYEHUI IPUHANJIEKHOCTH

KauectBeHnnas onenka KonunyectBenHas orieHka
ua(x;) pasua pi,(x;) 1
Ua (x]) HEMHOTO OoubIie t 4 (X;) 3
Ua (x]) OoutbIre py(x;) 5
Ua (x]) 3aMeTHO OoubIe (i, (x;) 7
Ua (x]) HaMHOTO OoubIire U, (X;) 9
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[TpomexxyTOoUuHbBIC 3HAUCHUS 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
OIpoca SKCIEPTOB UMEETCS MaTPUIlA CPABHCHUIA:

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 TUIIBI QYHKIHI PUHALIEKHOCTH

Ilpy pewlecHWM 3agad  [POCKTHPOBAHMS CHCTEM C  HEYCTKHUMH
perynsTopaMu, i TpeACcTaBIeHUS (DYHKIUN NPUHAUICKHOCTH, KaK TPABUIIO,
UCTIONB3YIOT CTaHmapTHhIe (GOopMbl (GYHKIHMHA TPHHAIISKHOCTH. PaccmoTpum
HanboJiee YacTo UCTOIb3yeMble (OPMBI [T 3aaHus (PYHKIUNA 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. @OyHKUMS TPUHAICKHOCTH T-Kiacca (puc.4.8) ompeaensieTcs yepes
GbyHKIIHIO KJacca S, Kak:

ﬂ(x,b,c):{ s(x,c—b,c—b/2,c) ecmx<c, (4.15)

1-s(x,c,c+b/2,c+b) ecmux>c,
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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 paBuo 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. ®yHKIMS NIPUHAIEKHOCTH Kiacca t

0, ecmu X<a,
x—a, ecmm a <X <Db,
t(x;a,b)=1P-2 (4.18)
c—X
, ecan b<x<c,
c-b
0, ecimu X >,
Ao
S
0 | .
a b c
Puc.4.11.
CuMMeTpH4YHAasi rayccoBa PyHKIUA
I"ayccoBa (yHKITUSI ONTUCHIBACTCS BBIpaKEHUEM
2
(x) e X—Db
H\X)=EXD 3 , (4.19)

Bun sToit pyHkum nzobpaxen 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,
ompenaenseTcs AByMsl Hapamerpamu — a ¥ D, rae b — 3amaer eé mopanbHOE
3HAYEHUE, U a — LIMPUHY.

Ha ypoBne

u,(x)=e"=0.36788
HIMpUHA TayccoBOM (yHKUMM paBHa 2a. MojanbHOE 3HAYEHUE MOIYYaroT

9KCIICPTHBIM IIYTCM, 3aJiaBasd BOIIPOC O HauOoJiee XapaKTCPHOM 3HAYCHHUU X JUIA
JaHHOT'O HCYCTKOI'O MHOXKCCTBA.

CurmouganbHasi QyHKIHA NPUHAAIEKHOCTH
Bynyun cumMmerpuunbiMu, rayccoBbl ®OII moaxonmst 1js mpeacTaBieHUs

BHYTPEHHUX HEYETKUX MHOXKECTB. [l mpeacTaBieHUs KpaHUX MHOXKECTB
MOYKHO UCIIOJIB30BaTh JIEBYIO U TIPAaBYIO CHrMouAalbHyt0 (GyHKImH (puc.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 OJIN30K K cTyneHdaromy (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 __expl-a-(x-b)]
1+exp[-a-(x—-b)] 1+exp[-a-(x—b)]"

1,(x)=1 (4.21)

[To anamoruu ¢ mpaBoii, jeBas cUTMOUJaIbHAs (YHKIUS 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 HMECT TE€ XK€ OJOCTOMHCTBA MW HEAOCTATKH, YTO H

a BBIYMCIIACTCS 110 opMyJIe:

rayccosna.

4.4. IllpuMepsbl, LJIIOCTPUPYIOILINE Pa3JIMYHbIE CIIOCOObI
NOCTPOoeHus] PYHKUMH NMPUHALIEKHOCTH

IIpumep 4.5.
[TocTpouTh PyHKINIO MPUHAIIEKHOCTH HEUETKOTO MHOXKECTBA «IPYy3bsi>>
MO>KHO, 3a/1aBasi BOIIPOCHI BH/A:
«Koro u3 Barmx 3HaKOMBIX BbI cuuTaere npusateasamu (o > 0.5)?7>>
«Koro BbI cunTaeTe HaCTOSIIUMU APY3bsiMu (o = 1)7>>

«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 coBnamaeT ¢ HocuTeneM MHOXxecTBa S(A), a ipu o =
1 —cero saapom C(A4) . [1o MHOXKECTBY O -CPE30B HEYETKOI'O MHOKECTBA MOYKHO C
TpeOyeMOl TOYHOCTBIO BOCCTAHOBHUTH €ro (DyHKIHIO NPUHAATICKHOCTH. [lms
JUCKPETHOTO MHOXKECTBA YHCJIO HEOOXOIMMBIX CpPE30B  KOHEYHO, JJif
HENPEPBIBHOTO — BOOOIIE TOBOps, OECKOHEYHO (XOTS BO MHOTHUX YaCTHBIX
ClTy4asiX OKa3bIBACTCSI KOHCYHBIM).

Ecnu na obmactu ONpCACICHNA U3BCCTHBI DJICMCHTBI OTACJIBHBIX O -CPC30B

HEUETKOTO MHOXeCTBa A, TO €ro (QPyHKUHMIO NPUHAMICKHOCTH M, (X) MOYKHO

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)

A 0.1 04 09 10 08 0.6 0.3 0.1
12345678
pa(z)h
1.0 '“’.‘“r“g'*?"T“T“T“T“‘: a=1
(1 T O T N OO B
') e AL
RSB EEEERE
58 s S St R R R i s i - el
0 | 1 | ! ] IB | o
1 2 34 5 6 7 8 9 ¢«

Puc. 4.15. JluckpetHas GyHKIHS MPUHAIICKHOCTH HEYETKOTO MHOXKECTBA A.

Crenenu NpuUHAJICKHOCTH 3JIEMEHTOB a-Cpe3aM MOTYT IPUHUMATH TOJIBKO
3Hauenus 0 u 1. [IpeacraBinenne MHOXKECTBA A YEPE3 €r0 a-CPE3bl UMEET BU/I:

Ecnu comoctaButh UCXOAHYIO (QYHKLIMIO TPUHAMIEKHOCTH Ua(X) C QYHK-
el pa(X)( BOCCTAHOBIIGHHOW C TIOMOIIBIO 0O-Cpe3oB (puc. 4.16), To MOXHO
3aMETUTh, YTO PE3yJIbTAaT BOCCTAHOBJICHMSI HE SIBIISIETCS aOCONIOTHO TOYHBIM.
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[ToBBICUTH TOYHOCTH MOXHO IyTEM YBEJIWYECHHs YMCa a-Cpe30B, JUOO 3a CUET
ONTHMU3ALIUU UX BBIOOpA.

pa(z)
4

1.0
0.8}

0.6
0.4
0.2

0

Ry e
0 D2 Gl o

8

Ncxonnas QyHKIMS MPUHANIIEKHOCTH WA (X)(CIUIONTHAS TUHUS)
U QyHKUIHS (s (X), BOCCTAHOBIIEHHAS C TOMOILBIO
a-cpe3oB (IMMyHKTUPHAs JTUHUS )

Cpesnl AZ>%;
s J1 75 _J1 11
A _{4}’ o _{3’4’5 ’
pos . J1 1 1.3 pog  Jt 1 1 111
A —{3’4’5,6 ) A jopR, 2a3) ,5’6’7 )
1 1

Jlanee paccMOTpUM pas3iuyHble BHIbI (YHKUUA MPUHAAJIEKHOCTH,
KOTOpPBIE MOKHO  HCHOJIb30BaThb I  MaTEMAaTUYECKOTO  IPEIACTABICHUS
WHTYUTUBHBIX (DYHKIMHI NMPUHAIJICKHOCTH.

Ipumep 3.4. (Ha npUMeHeHNe rayccoOBOH (PYHKIINH)

B  kadecTBe 4MCIOBOTO 3HAueHUs, B  HAUOOJIBIIEH  CTEIEHHU

XapaKTEPU3YIOIIET0 HEYETKOE MHOMXECTBO «CPEIHHH POCT», MOKET OBITh BbI-
opano b =170 cm.
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JIyist TOro 4TOOBI SKCIIEPTHBIM MyTEM OMPENEIUTh 3HAUYCHUE TIapameTpa a,
XapaKTepU3yIIero MUPUHY (YHKIMH, MOXXHO BOCIOJIb30BAThCSl MOHATHEM
KPUTUYECKOM TOUKM K (DYHKIIMU TPUHAMJIEHKHOCTH, IMOJ KOTOPOM MOHUMAETCS
TOYKA CO CTEMEHbIO MPUHAIECKHOCTH, paBHOU (.5. Jlrobas rayccoBa (yHKIIMS
UMEET JIBE TaKuX TOYKH (puc. 4.17).

Ecnmu mpeanonoxxuth, 4To coceqHue (pyHKIIMU MPUHAJICKHOCTH TIepece-
KaloTCs MPUMEPHO Ha ypoBHE u(xx) = 0.5 (4T0, OJHAKO, B HEYECTKHX MOJECIIAX
BBITIOJTHACTCSI HE BCETJIa), TO KPUTHUSCKYIO TOYKY K MOXXHO paccMarpuBaTh Kak
TOYKY, [JI1 KOOPAUHATHI X KOTOPOM MBI HE MOXKEM YyKa3aTh, KAKOMY W3 HEUETKUX
MHOKECTB — JIEBOMY WJIM MPABOMY — OHa MPUHAJIJICKUT B OOJIbIIIEH CTETICHH.

u(z)

, L R CpeTHHA BBICOKHH

0.5

B
>

Tk b Tka T = pocT

Puc.4.17. I'ayccoBa (pyHKIUSA, UCTIOJIb3yeMasi B KaueCTBE (PYHKIIUU
IPUHAJIEKHOCTH HEYETKOI'O MHOXKECTBA «CPEIHUI POCT»

Takum 00pa3om, eciii Mbl HE B COCTOSIHUM PEIIUTh, K KAKOW TPYIIIIE JItO-
JIE— HU3KOTO WJIA CPEIHEr0 poCTa — CJIEAYET OTHECTH YEJIOBEKA, UMEIOIIETO
pocT 165 cM, TO MOXXHO CUMUTaTh, YTO JAHHOE 3HAYCHUE MPUHAMICKUT OOOUM
HA3BaHHBIM HEUYETKUM MHOXECTBAM C OJMHAKOBOW CTENeHblo, paBHOU (0.5, u

3a/1aeT TEM CaMbIM KOOPAUHATY KPUTUYECKON TOUKUA (HYHKLIHUH TPUHAIIECHKHOCTH:
Xk =165 cm.

[To u3BecTHOMY MOIAIBLHOMY 3HAYCHHIO TayccoBoi GyHkImu (b = 170 cm)
MOYKHO BBIYHCIIMTH 3HAUCHHE BTOPOTO IMapamMeTpa a:

2
T — 170\ "
u(zy) = exp [~ <“(—I”> ] ='0.D,

Tr — b )
a:____l k — bl = 6 cM.

vin2

[Tousitrie KpuTHYECKOH TOYKU K sABIsSIETCS 0COOEHHO IMOJIE3HBIM IIPHU OIpe-
JIETICHUH TapaMeTpoB (YHKIMHM TPUHAIICKHOCTH IMyTEM SKCIEPTHOTO OICHHU-
BAHUA, TAaK KaK YEJOBEKY JIErde BCEr0 YKa3aTh TI'PAHWYHbIC 3HAYEHUS NPENb-
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SBJICHHOTO IOKAa3aTesl M BBIACIUTH 3HAUYECHUS, UMEIOIIHUE CMBICIOBOE Pa3IMvyue
JUIS 3aJIaHHOM 00JacTh ero u3MeHeHus. Ilpu »Tom 3KcmepT, Kak MpaBuio, HE B
COCTOSIHMM 33J1aTh TOYHBIC 3HAYCHMSI CTEICHEW MPUHAIJICKHOCTH AJIEMEHTOB, HE
UMEIOIUX B 3aJaHHON 00JIACTH CMBICIOBOTO paziaudus. [IoBepXHOCTh OTKIIHMKA
HEYETKON MOJICITH, HCTIOIL3YIONIEH TraycCOBY YHKIIUIO, B OOIIEM CITydae SIBIISICTCS
ri100aIbHO U JIOKAJILHO HEJIMHEHHOM.

IIpumep 4.7. (Ha npUMeHeHHEe CUTMOMIAIbHOM (PDYHKIIMU MPUHAIJIEKHOCTH)

HeuyeTkoe MHOXECTBO  «BBICOKHMH POCT» MOXHO 337aTb C IOMOIIBIO
CUTMOMIaTbHON (DYHKIIMH, peACTaBlIeHHOM Ha puc. 4.18.

BBICOKIHIT

Z
>

b=175  x=pocr (cM)

Puc.4.18. CurmonnansHail GyHKIUS TPUHAAJICKHOCTH HEYETKOTO
MHOJKECTBA «BBICOKUI POCT»

Ecnu npenmnosioxxuth, 4TO Jr0jeH, uMeronux pocT 180 ¢cM, MOKHO C TIOJTHOU
yBepeHHOCThIO (1u=0.99) oTHecTH K BBICOKHM, TO KOI((UIMEHT HAKJIOHA a
BBIYUCIISICTCS COTJIACHO BBIPAKCHUSIM:

1

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

Toao —b 180 —175

#(Iu.go) =

I

= (.919.

a

IMpumep 4.8. MHOKeCTBO A 1= «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».
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[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,

X, = “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 MATEMAaTUYECKOTO BBIPAKEHUS, COJIEPKAIIETO
OTiepaIliy CIIOKCHMSI, BHIUUTAHUS, YMHOXEHUS WU JEJCHUS, TO JIOJDKHBI OBITH
ONPEAEIEHBl METOJBbl BBINOJHEHUSA 3TUX OIEpAMid HAJ HEYETKUMH YHCIIAMMU.
JlaHHBIE METONBI WIrPalOT BAXKHYIO POJib, MOCKOJBKY IO3BOJSIIOT BBOJWUTH B
TPAJUIIMOHHYIO MATEMATUYECKYI0 MOJEIb CUCTEMbl HEUETKUE OLECHKHA BXOIHBIX
3HA4YCHUH, KOTOPBIC YEJIOBEK (POPMYIMPYeT Ha OCHOBE CBOETO BOCHPHUATHS WJIU
uHTyuuu. Kpome Toro, Ha OCHOBE TaKUX METOJIOB MOHO CO3/1aBaTh TMOpPUJIHBIC
MOJIENIA, COCTOSAIINE W3 YETKHUX U HEUETKHX OJIOKOB, MPU ITOM YETKHE IJIIEMEHTHI
MOJENIM MOTYT HCIOJb30BAaThCSl B TOM YHCJIE€ W JJis OOpaOOTKM HEUYETKON

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

B Heuerkoil apudmernke 0a30Bble MaTeMaTHYECKHE ONEpAIH C
HEUYETKHUMH YHUCJIAMU TMPEACTaBISAIOT €000l 0000IIeHHe COOTBETCTBYIOIIMX
orepanuii Haj oObIYHBIMU unciamu. [IpaBuna Takoro oOOOIICHHS MPEATOKEHBI
JI.3ane B Bume mpuHITHIIA 0000IIEHNS.

PaccmoTtpum nmanHbIi npuHIMT Ha ipuMepe cucteM tuma SISO (cuctembr
C OJTHUM BXOJIOM M OJTHHM BBIXOJIOM).

Htax mycTs uMeeTcs OOBIYHAS CHUCTEMa C OJHHM BXOJOM U OJHUM
BBIXOJIOM, peanu3yroimas otoopakenne f MHoxecTBa X BXOIHBIX 3HAYCHUH BO
MHO’KECTBO Y BBIXOJHBIX 3HaUeHUH (puc.5.2.).

u(z) p(y)
1p------ 1 p-------
— y = f(z) -
- y 15
Y
zeX, yeyY, f: XY
Puc.5.2.
Ecim A — HeueTkoe MHOXECTBO, 3aJaHHOEC Ha MHOXKECTBE X, TO

pesyiabratom f(A) ero oroOpakeHusi, B COOTBETCTBUH C MPHHIIUIIOM 00O0OIICHUS,
sBIIsAeTC HedeTkoe MHOkecTBo B = f(A) , ompenensiemoe B Buae (5.1), rae
cumBoI V o3Haudaet onepaunto NI (oObennHeHre HEYETKUX MHOYKECTB):

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

Wi xpatko:

He(Y) =t (V) =V ia(X),  XxXeX yeY. (5.1)

y=F(x)
I[JIH MHOI'HX pCaJlIbHBIX CHCTCM BXOJHBIC MW BbIXOAHBIC BCIMYHHBI
(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)
OC0OEHHOCTBIO TEOPUU HEUETKHX MHOKECTB SIBJISIETCS TO, YTO OJHA U Ta
XKe Tpoleaypa, Hanmpumep, 00beIMHEHHE MHOXKECTB, MOXKET OBbITh peajn30BaHa
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-cuctema peanusyer oroopakenue X— Y ,  r7€

y = x°. Jlasiee IIPeIOI0KIM, UTO BXOJHOE 3HAUCHHE X 3a1aH0 B (hOpPME HEUETKOrO
yucia A(x) = «npumepHo 0», mpeacTaBieHHOro B Ta0m. 5.1.

Tabanma 5.1

Heuerkoe yuciao A(x), «<npumepno 0»

Ha (X) 0O 05| 1 |066/033| O
X 2 | -1 0 1 2 3

JIJIsi TaHHOTO BXOJHOTO 3HAUYEHHUS OIpPEACIMM HEUYETKOE BBIXOJHOE 3Ha-
yeHue B(y), DyHKIUS TPUHAICKHOCTH KOTOPOTO MOXKET OBITh MOJydeHa I10
bopmyie:

up(Y)=MAXus(x), VX, YyER:XEX,yEY.
y=x2 (5.3)

Hanpumep, 3nauenue y = 1 coorBercTByeT ciaydaro x = 1 nmm x = -1. Ilo-
sToMy (OpMYITy IS BBIYMCICHUS CTEMEHW MPUHAIICKHOCTU pg (y) st y = 1
MO>KHO TIPE/ICTaBUTh B BUJIE:

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

HeueTtkoe MHOXeCTBO B mipeicTaBieHo B Tabi. 5.2.

Ta6mmma 5.2
Heuerkoe ynciaoB (y), «<npumepno 0»

we(y) | 1 |0.66 | 0.33 0

y 0 1 4 9
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Ha puc.5.3. npesacraBieHbl HEYETKOE YUCIIO HAa BXOE CUCTEMBI U PE3yJIbTaT

cro Hp606pa3OBaHI/ISI Ha BBIXOIC.

pa(z) LB (Y)
1$ «1ripuMepHoO 0» lg\ «IIpuMepHO 0»
0,// \‘Q\ T—ply=2c* —» Y “s\\
// \Q\ \\S\\
—Q'l + — \%—> —o——+—+—o—+—?—7—‘he—a-—>
=310 1923 ¢ 01 4 9 o

Puc. 5.3. IIpeo6pazoBanue oObruHOM SISO-crcTemMol BXOAHOTO
HEYETKOTO YKCJIa B BBIXOJIHOE

5.3. Cucrembl THna SISO (oauH BX0/J — OJIMH BBIXO/)

I[aﬂee MbI PaCCMOTPHUM, KaK Ha OCHOBC IIpHMHIMUIIA O606H1€HI/I§I JJIsA (IJYHKHI/II/I
OIIHOﬁ HepeMeHHOﬁ MOJXHO OIIPpCACINTL HCKOTOPLIC OIICpAallMH Had HCUCTKHMH
qHuCJIaMHU.

e [IporuBOMNO/IOKHOE HEYETKOE YHCJIO

[TpOTHBOMONIOKHBIM /JISi HEUETKOTO YHhClia A SBISETCS HEYETKOE UMCIO0 -A,
KOTOPO€ MOXKET OBITh MOJYYEHO Ha OCHOBE MpUHIUINA 000OIIEeHHS, MPUHUMA-
IOLLErO B IAHHOM CIIy4ae BUJ:

H4(Y) =V pa(X), VX, yeR
y=—X

Ipumep 5.2. Haiinem nmpoTUBOIOIOKHOE YUCTO 1T A = «IIPUMEPHO 2»
(tabm. 5.3).

Tabnuma 5.3
Heuerkoe yncio A =«nnpuMepHO 2»
ua(X) 0 0.5 1 0.5 0
X 1 1.5 2 2.25 2.5

PesynbTaThl BRIUMCICHUH TIpeICTaBlIeHbI B Ta0. 5.4 .

48



Ta0mnuma 5.4
ITpoTHBOMOI0KHOE HEYETKOE YNCI0 -A = KIPUMEPHO -2»

ua®) | 0 0.5 1 0.5 0

X -1 -1.5 -2 -2.25 | -25

Takum 00pazoMm, MOKHO HPUWTHU K BBIBOJY, YTO YMCIO A W MPOTUBOIO-
J0KHOE MY YUCII0O —A CHMMETPUYHBI OTHOCUTEIBLHO OCH opauHaT (puc.5.4.).

p—-a(y) pa(z) : p-aly) wa(z)
—A A A A
! TR ® |
66 1 90
;'I E “\ ,‘/ E “\\ E Ba
oo o+ A
-3 -2 -1 0 1 2 3 z,y m—A ma Z,Y

Puc.5.4. Yucno 4 = «upumepHo 2» 1 yucio B = - A =«rpumepHo -2»

* O0paTHOE HeYeTKOe YHUCJIO0

1
O6paTHOE HEYETKOE YUCII0 A BBIYUCIISCTCS HAa OCHOBE MPHUHITUIIA 0000111e-
HUA B popme:

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

y=-
X

Ipumep 5.3. Haiinem HedeTKoe YKCIIO, SBISIONIEECS 0OPATHBIM K HEYETKO-
My YHCIYA = «IpUMEpPHO 2», 3aJaHHOMY C HoMoulbio Tabn. 5.5. Pe3ynpraTh
BBIYKCIICHU MTPEACTABICHBI B Ta0. 5.6 U Ha puc. 5.5.

Tabéauma 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 moka3ansl uncio A 1 06paTHOE K HeMy 9HCIo A
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Ba-1(y)

h
]
i
| i / \
0.5 - D! @ 3
{ %
i \ 7 \
{ \ / \
[ \ /S \
O o +— Y —
T,y
0 0.4 0.5 1 1.5 2 2.5 3

-1
Puc.5.5. Heuetkoe umncio 4 - «npumepHo 2» U oOpaTHOE K HEMY 4ucio 4,
HaWJIEHHOE C UCIIOJIb30BAHUEM MTPUHIUIIA 0000IIIEHUS

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

OIIPEIICIIEHUS OTACIBbHBIX BXOJHBIX BEIIMUUH X1 XX, X X3 X... XXj.

Oynkmust f oroOpaxkaeT MHOMKECTBO DIIEMEHTOB OOJIACTH OIpPEACIICHUS

BEKTOpPA BXOJIHBIX BEJIUYMH X HA 00J1aCTh 3HAUCHUH BBIXOIHOW BEJIMUMHBI Y :
f: X]_ XXZ XXQ, X... XXn —V.

Ecmn Ay, AyAs, ..., A, - HEUETKHE MHOXKECTBA, 3aJaHHbIE Ha 00JIACTIX

BXOJHBIX BCJIWYHH, TO B COOTBETCTBHH C

ompenenenuss X1, Xp, X, ..., Xj
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MPUHIIAIIOM OO0OOIICHHS, HA BBIXOJE CHUCTEMBI IMOJYUYUM HEYETKOES MHOKECTBO
B=f(41, AAs,..., A,), SBIAOMEECS pPe3yJIbTaATOM OTOOPaXEHUS BXOJHBIX

HCUYCTKHUX MHOKCCTB.

pe()= v g () Aty () A n iy (X)) V%%, €R.
y=F04q. Xz, %,)

rae

CHUMBOJI V - 03Ha4aeT 00bEAMHEHNE MHOXECTB (TIO-TIPEKHEMY IMPEAIoIaracM, 9To

OH peanusyeTcs nporexypoit MAX);

CHUMBOJI A - O3HA4YaeT MepeceueHrue MHOXKECTB (HampuMmep, Ha OCHOBE OIEpaIiu

MIN). /lanHbIe oneparuu moapooHo OyayT pa3o0paHbl Ha CIACAYIOIIEM 3aHATHH.
Jlanee  pacCMOTpUM  HUCIOJIB30BaHWE NpPHHIMNA O0OOLIEHUS  MpH

BBITIOJIHEHUU OCHOBHBIX apU(PMETHYECKUX ONepaluid s ciaydas CHCTEMBI C

JIBYMS BXOJIaMH.

5.5. CiaoxeHue HEUYETKHUX YMCEJI.

CrnoxeHue ByX HEUETKMX YMCeN NPeCTaBIsieT co00i 0ToOpakeHne
BXOJTHOTO BEKTOpa

X=[x1,%]",

OTIPEJICTICHHOTO Ha JIEKApTOBOM Mpou3BeeHnn RXR , B BbIXOgHOE 3HaUEHUE Y,
ornpeeiieHHoe Ha MHOXecTBe R (puc.5.7).

HA; (1111)
A «IIPUMEPHO a1»
s
KAy +A;(Y)
& A
(22) I (. S «mpuMepHo (ay + az2)»
HA (T2 T1 —P»

«IIPUMEPHO ag»

Yy=z1+x2 [—p

<Y

a1 + a2




Ecimm A1(X1) 1 Ax(X2)— HEUETKHE YrCIia, TO UX CyMMa TaKXKe SIBIISICTCS
HEYCTKHM YHUCJIOM U 3a/1a€TCS BHIPAKCHUEM:

(A+A)Y) = , (ACDAA(X)), VX, % R

Vv
=X+X,

JI7is BBIUMCICHUS] CYMMBbI HEUETKUX YHCEI TOCTATOYHO ONPEACTUTh
(GYHKIUIO IPUHAJIEKHOCTH

()= a0 n sy ()] VX%, € R

=X X

PaccmoTpum npumepsl.

IIpumep 5.4.

[TycTh 3a71aHBI HEUETKHE Yuciaa Ay = «IpuMepHo 5» (Tabi. 5.6), A, = «IIpUMEpHO

7» (Tabn. 5.7). Haitnem HeueTkoe uncio (A; + Ay).

Tabnuma 5.6
Heuertkoe unciio A; = «npuMepHO 5»
U, (X2) 0 | 0.33] 0.66| 1 0.5 0
Xz 2 3 4 5 6 7
Tabnuma 5.6
HeueTkoe uncio A, = «mpuMepHoO 7»
P, (X2) 0 0.5 1 | 0.66|0.33|] O
Xz 3) 6 7 8 9 10
Tabnuma 5.7
Heuertkoe uncino (4; + A,) = «upumepHo 12»
Ha,+4,(Y) 0 0 | 033] 05| 066] 1 | 066 05| 033 O 0
\% 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17

Brrurcnenne cymmbl HeueTKuX umcell (Aj+Aj), ¢ HCIOIb30BaHUEM ITPHHIIAIIA

00001IIeHNS WIUTFOCTPUPYETCS CXEMOM Ha puc. 5.8.
52




HA, ($1)

1.0
1 0.66 .~
o ™
033 .-~ o
/’o \\\
0 ul + . 5
- 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. Meton onpeaenenust GyHKIIUN MPUHAIICIKHOCTH HEUETKOTO YnCIa
(A, + A,), rae A; = «ipuMepHO 5», A, = «IpUMEpHO 7»,
u pe3ynbTat (A; + A,) = «ipuMepHo 12» TOIy4eH ¢
ucnoip3oBanueM onepatopoB MAX (V) u MIN (%)

[Tonmy4ennslit pe3yabTar (A;+A;) = «ripumepHo 12y npejcrasieH B Ta0n. 3.9 u
Ha puc. 5.6.
KAy +45(Y)

«IIPUMEPHO 12»
10 T+ R

e
(=)
N

-
o

0.5+ g b
0.33 4 \
P ]
',' \‘
1] \
0 [
——O0O—+—+—+—+—+—+—+—O0-O———>
7 89 10111213 1415 16 17 Yy

Puc. 5.9. JluckpetHast GpyHKIUA NPUHAIICKHOCTH YUCTIA KIPUMEPHO 12y,
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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 Ay(X,)— HeueTkue uncia. x npousseacHue (A *Ay) MOXKHO
HAWTH, UCMIOJIB3YS MPUHLIUIT 00001IEeHHS B PopMe:

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

=XXp

daKkTHuUeCKu MJ1 BBIYHUCIICHUA CYMMbI HCUCTKUX YHUCCII JOCTATOYHO
OIIPpCACIINTD Q)YHKHI/II-O IMPpUHAAJICKHOCTHU

Hp.n, (y) = y_V LUA1 (%) AN Hp, (Xz)J' VX, %, Y €R,

=X Xy

rje
oreparop V - o3Ha4aeT OOBEAMHEHHE MHOXKECTB (MO-MPEKHEMY IMPEIoJiaraem,
YTO OH peanusyeTcs nporeaypoit MAX);

oreparop A - 03Ha4aeT NePEeceueHre MHOXKECTB (HallpuMep, Ha OCHOBE ONEpaLNH

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

Paccmorpum npumep.

IIpumep 5.5.

[lycTh 3aaHbl HEUETKHE unciia A; = «IpuMepHo S5» (Tabi. 5.8), A, = «mpuMepHO
7» (tabn. 5.7). Haitnem HeueTkoe uncio (A + Ay).

Tabauma 5.8

Heuertkoe unciio A; = «mpuMepHO 5»

wi,(x) | 0 0.33‘ 0.66‘ 1 ‘ 0.5‘ 0 ‘
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Tabauma 5.9

Heuetkoe unciio A, = «ipuMepHO 7»

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

Xz ) 6 7 8 9 10

Ta6muma 5.10

Beruncnenne mnpousBeneHMs — HedeTKUX uucenl (Aj*A;) WILTIOCTPUPYETCS
cxemoii Ha puc. 5.9. IIpum ucnonap3oBaHWM H300pAKEHHOW HA HEM CETKH
pe3yabTaToM  SIBISETCS  HedeTkoe  uucino  (Aj*Ap)=  «IpuUMepHO35»,
npeacTaBieHHoe Ha puc.5.10.
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[TPAKTUYECKOE 3AHATUE Ne6

6. OINEPAIMU C HEYETKUMU MHOXKXECTBAMMU

4
OHpeI[eHeHI/IC OHCpaHHﬁ, BBIINMOJIHACMBIX C HCYCTKHMMH MHOXCCTBaMH, BO

MHOTOM aHAJIOTUYHO OTEpaIfsiM C OOBIYHBIMU (YETKUMH) MHOXKECTBAMHU, OJIHAKO
HEOOXOJUMO OTMETUTb, YTO IIOCKOJIbKY HEUETKOE MHOMECTBO SBIISETCS
paciMpeHeM OOBIYHOIO YETKOIO MHOXECTBa TO U Habop omepauui mis1 HM
3HAYUTENIbHO 00Jiee IUPOKUI U pa3HOOOPa3HBIN.

PaccMoTpuM OCHOBHBIE OIEpaluy, HAauOOJIEE YacTO HCIOJIb3YyEeMbIE NpHU
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 H3 TEOPUUM MHOMXKECTB, a WMEHHO, 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) laI: (X) = H,y (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 npeacTaBiaeHre onepalyy nepeceueHusi HeUeTKUX
MHOECTB.

Omnepanusi nmepeceyeHuss HEUYETKUX MHOXKECTB MO aHAJIOTUU C OOBIYHBIMU
MHO’KECTBaMU 0003HauaroTcs 3HaKOM «(1». B 3TOM ciiydae pesynbrar onepanuu
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 AgA,, ...A, ompenensercs QyHKuuen
IPUHA]JIEKHOCTH:

uC(X)zmin[uAl (X)!ll’lAz (X)a'“a Hy, (X)], (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:

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

6.2. Ooveounenue (Ou3bIOHKYUA)

OObeIMHEHHEM JIBYX HEYCTKHUX MHOXKECTB A M B Ha3bIBaeTCs 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 tg(x)

v

Puc.6.2.
Omnepanys 00beIMHEHUSI HEYETKUX MHOXKECTB C OOBIYHBIMA MHOXECTBAMHU
o0o3HavaeTcs 3HakoM U, a pesynmprar: D=AUB .
Kax wnerpyaHo 3ameruth, oObemuuenne D =AUB ecth HammeHsblnee
HEYETKOEe MHOKeCcTBO D, KoTopoe BkitouaeT 00a MHOXkecTBa A u B.

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

o0beIMHEeHHeM N V- 00beINHEHUEM.
OYHKIMY TTPUHAJICKHOCTH 00beAMHEHUS HEKOTOPBIX MHOXKECTB Ap,A,, ... Ay
BBIPAXKAIOTCS 3aBUCUMOCTHIO:
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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/IH€:

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
s pacCMOTPEHHBIX Omepaludii HajJ HEYETKUMH MHOMXECTBAMH HWMEIOT
MECTO ClieAyromue GyHaaMeHTaJAbHbIe 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)

-udemnomenmuocmsy onepauuiit UB = BU A4 ANB=BNA nu

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

P~
X
2 Ha(x) pzix)

Y

Puc.6.4
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X
k) Malx) H3l(X)

Puc.6.5

6.4. HeueTkue onepaTopbl. AJIbTePHATHBHbIE ONlePALMU NepeceYyeHust
U 00beIMHEeHNS HEYeTKNX MHOKECTB

Omnepanuu Min (0) — mepecevyeHust U Max (O) — 00beIUHEeHUsS  SIBJISIIOTCS
HE €IMHCTBEHHBIMU JJI OMPENENICHUS] TepPeceueHUusi U OObeAMHEHUS HEYETKUX
MHOECTB.

BBeneHHbIE B pacCMOTPEHUE TEOPETUKO-MHOKECTBEHHBIE OIEpaluyd HE
HCYEPIIBIBAIOT BCE BO3MOJKHBIE CHOCOOBI MX 3aJaHusl, KOTOPBIE MOTEHIIUAIBLHO
MOKHO TIPEIJIOKUTh B KOHTEKCTE OOIIel TeOpUU HEYeTKUX MHOXeCTB. [Ipu aToM
11e71IeCO00pa3HOCTh MPUMEHEHHUsI aJbTEPHATHUBHBIX OMNEpaluii MOXeT ObITh
oOycioBjieHa CHEeUUPUIESCKUMU OCOOCHHOCTSIMU KOHKPETHBIX MPaKTHUYECKUX
3a/1ad ¥ CTPEMJICHHEM TMOBBICUThH aJICKBATHOCTh HMHTEPIPETALMK HCIIOJIb3YEeMbIX
HEUETKHUX MOJICJIEN HA OCHOBE yueTa HIOAHCOB PELIAEMOU 3aJa4H.

O06001IeHneM HEYETKUX OlepaIuil IepeceueHuss U 00beIMHEHUS SBIISIIOTCS
HEUYETKHUE ONEPATOPHI:

- mpeyz0abHan Hopma (T-HOpM™Ma);

- mpeyzo1bHaa KOHOpMaA (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 dynxmmit T(X,y) u S(X,y) Takxke HaxoasTcs B uHTEpBaje 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

Txy)=T(y,x)

3. yukmus T ynoBiIeTBOpSET TPAaHUYHBIM YCIOBUSM
T(x,00=0, T(XxD=x

4. dbynkmus T yIoBIETBOPSET YCIOBUIO CBSI3HOCTH (2CCOIMATUBHOCTD )
T(T(a,b),c)=T(a,T(b,c)).

6.4.2. TpeyroJjbHasi KoHOpMa (S -KOHOpPMA)
[IpousBonbHas AeCTBUTENbHAS PYHKIUA OT 2-X NEPEMEHHBIX
S:[0,1] x [0,1]—[0,1] (6.14)
Ha3bIBACTCSI TPEYTOJIbHOM S -xoHopMa, ecnu OHa YIOBJIETBOPSET
CJICTYIOIIIUM CBOMCTBAM:
1. dyHKIUS S ABIAETCS MOHOTOHHOM OTHOCHUTEIILHO 000UX apryMEHTOB

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

2. (GyHKIUA S yIOBIETBOPSIET YCIOBUIO KOMMYTAaTUBHOCTH

S(X,y)=3S(y,X)

3. GyHKIUA S yIOBIETBOPSIET TPAHUYHBIM yCIOBUSIM

S(x,00=x%x, S(x1)=1

4. ynkiusa T yioBIETBOPSIET YCIOBHUIO CBA3HOCTH (2CCOITMATUBHOCTH )

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

B Tabmune 6.1.a u 6.1.6  moka3aHbl Hauboyiee 4acTO BCTPEYaAOIIUECs

YacTHBIC cIy4ae - u S- HoOpM.
T-HopMma
Ne T(a,b) HAaUMCHOBaHHE
1 min(X, y) nepeceueHne (MMH-
MepeCceUCHHE)
2 X-y anreOpandecKoe MPOU3BEICHHE
3 0, ecmu max(x, y)<1 OTPaHUYCHHOE MTPOU3BEICHUE
{min(x, y), eciu max(x y)=1

4 max(0,x+y—1) yCHJIEHHAs CyMMa
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S-KoHOpMa

Ne S(a,b) HanMEHOBaHHE
1 max( X, y) o0benuHeHne (MaKc-00bEeANHEHNUE)
2 1-(1-x)-(1-y) anreOpandeckas CyMmma
3 1 ecw min(x, y) >0 OrpaHu4eHHas CyMMa

max(X,y), eciu min(x, y)=0

4 min(1,x+y) YCHJICHHAsI pa3HOCTh

Paccmotrpennbie GyHkuu T- ¥ S- HOpM HA3bIBAIOTCS TPUAHTYJISPHBIMHU.
Ha3Banbl OHU Tak IIOTOMY, YTO OHH OIIPCACIIAIOTCS TOJIBKO B TPCYI'OJIbHUKC!
0<x<1 u 0<y<1

6.4.3. Ancebpauueckoe npouszsedenue
B nuteparype momMuMo omnpeesieHus OHATH «TiepecedeHus (intersection)

HEYETKHX MHOXECTB TaK)K€ BCTpEUaeTCs OINpe/iesieHUE MOHATHS «alredpandeckoe
npousseaeHue» (algebraic product) sTux MHOXKECTB.

AJire0OpanvecKum nepece4yeHmuemM (nn aJredpandecKum
Npou3BeeHNEeM) JIByX HEUSTKHX MHOXKECTB A M B Ha3bIBaeTCsI HEKOTOPOE TPETHE
HeyeTkoe MHOXkecTBo C=A- B, 3amaHHOe Ha 3TOM ke yHuBepcyMe X, (pyHKIus
MPUHAAJIEKHOCTH KOTOPOTO OIpeAesieTcs no Gopmyre:

He (X) = 14 (X) - 15 (X), VX e X_ (6.15)

T.e. KaKk pe3yJbTaT OOBIYHOTO  ajreOpamvyecKkoro  MPOU3BEACHHUS
COOTBETCTBYIOIIMX 3HAYEHUN (PYHKIUM MPUHAIICKHOCTA 0003HAYACTCS:

C=A-B (6.16)

Takum oOpazom, ajiredbpandeckoe MPOU3BEACHNE HEUETKUX MHOXKECTB A U
B — 310 HeueTkoe MHOXkecTBO C=A*B, onpeeieHHOe KaK:

C:{ﬂA(x)-yB(x)\ XEX}, vxeX, = (6.17)

['paduaeckas mHTEpHIIpETAIINS STOM ONEepaIuy IpeIcTaBlieHa Ha puc. 6.6.
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0.5
0.25

Puc. 6.6. I'paduueckoe npeacraBiecHrue onepaiuy aaredpanieckoro
TIPOU3BEICHUSI.

6.4.4. Anceopauueckoe od0veounenue (anzedpauueckas cymma)
AnreOpandyeckuM 0ObeIMHEHHEM (WM alredpandeckod CymMMoOM) JBYX
HEUYETKUX MHOXeCcTB A u B Ha3piBaeTca HeueTkoe MHOXecTBO D=A® B,

3aJITaHHOE Ha 3TOM K€ YHHBepcyMe X, (YHKIHS IPUHAJICKHOCTH KOTOPOTO
OTIpEIETISIETCS TI0 CIeayomel hopMyIie:

i (X) = 125 (X) + 415 (X) + £, (X) - 15 (X), vxeX (6.18)
IJIe ClIpaBa OT 3HaKa PaBEHCTBA MCIOJb30BaHbI OOBIYHBIC apU(METHUCCKHEC
oneparuu (puc.16.7).

HO)A
N Ha(x)
0.75 e
(O Y A—
X
-

Puc.6.7.

[TockonbKy 00MacThlO OMpeAesieHus U O00JACThI0 3HAUYEHUW TPEYTrOJIbHBIX
HOPM W KOHOpM sBisiercsi uHTepBan [0,1], Bce omepamuu ¢ HEYSTKUMHU
MHOXECTBAaMHU MOTYT OBITb PAcCMOTPEHbI TIpapUuecku ¢ MNPUMEHEHHEM
TPEXMEPHOTO KyOa.

I'paduueckoe mnpezncraBieHue () - TepecedyeHUs U anredpanvyeckoro
MIPOU3BEACHUS B TPEXMEPHOM ITPOCTPAHCTBE MPUBEACHO HA pUC.6.8.
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4
0 Y
X1
Xo0Y
0 Y
X 7
Puc.6.8.
I'padpuueckoe MPE/ICTaBICHUE orieparyii V-00beTMHCHIISI
areOpandeckoro oobeauHeHUs (puc.6.9).
XUY
1] v
X T
X®Y
1] v
X T
Puc.6.9.
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6.5. IOITOJIHUTEJIBHBIE OIIEPALINUN
HAJ HEHETKMMU MHOXECTBAMU

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

6.5.1. Paznocmo HeuemKux MHoOIICECme

Pa3HOCTBIO IBYX HEUETKHMX MHOKECTB A M B Ha3bIBaeTCs HEKOTOPOE TPEThE
HEYeTKoe MHOoXkecTBO E, 3amanHoe Ha ToM ke yHuBepcyme X, (QYHKIHSA
MPUHAIICKHOCTH KOTOPOTO OIpeenseTcs no hopmysie:

pe(x)=max(p,(x) - 5 (x), 0),  ¥xeX. (6.19)
I'me mox 3HAKOM MaKCUMyMma HCHOJb3yeTcs OObIYHAs — Omeparus
apudmeTnyeckol paszHOoCcTH ABYX uncen. Omepamuss pa3HOCTH JBYX YHCET
HEYETKMX MHOXECTB IO AHAJIOTMM C OOBIYHBIMH MHO>KECTBaMU 00O03HA4aeTcs
3HAaKOM «\», 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 ONEpalMM PA3HOCTH JBYX HEUYETKHX MHOXXECTB B

OTJIMYMH OT OTepanuii A u V He SBISETCS KOMMYTaTUBHOM, T.€. B 00IIIEM ClTydae
A\B #+ B\4 (6.20)
CummeTpuyeckass pa3HOCTh JIByX HEYCTKMX MHOkecTB A u B
( o6o3HavaeTcs 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, t4(x)}= — MpOU3BOIBLHOE HEYETKOEC MHOXKECTBO, 3aJaHHOE
Ha YHUBEPCYME X; a- TIOJIOKUTEIIBHOE JICHCTBUTEIBHOE YHCII0, TAKOE, YTO:
a-h;<1. (6.23)
Pesynprar omepanuu yMHOXCHHS A Ha a ONpeneiseTcs 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)
up(x) = pi(x)
K- mostosxuTeNbHOE ACHCTBUTEILHOE YHCIIO.
Kpome TmepeuuciieHHbIX, HMMEIOTCS H JApPyrue OIepaliy, KOTOpbIC
OKa3bIBAIOTCS MOJIC3HBIMH ITPH PpabOTE C TUHIBUCTUYCCKUMU TIEPEMEHHBIMH.

6.5.4. Onepanusi KOHIEHTPAUH

Omneparusi koHnentpauuu (concentration) CON(A) ompenensieTcss Kak
anredpanyeckoe MPOU3BEICHUE HEUYETKOr0 MHOXECTBa A Ha caMoro ceos:

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

B pesynbpraTe nmpuMEHEHHUS YTOW ONEpaluy K MHOXECTBY A yMEHBIIAIOTCS
CTCIICHU NPHUHAMIEKHOCTH DJIEMEHTOB X JTOMY MHOXECTBY, IPUYEM ECIH
,uA(X)zl, TO 3TO YMEHBIICHHE OTHOCHUTEJIBHO MaJIo, a JUIsl DJIEMEHTOB C MaJION

CTEMICHbI0 TPUHAJIC)KHOCTH - OTHOCHUTEIIBHO BEJIMKO. B €CTECTBEHHOM S3bIKE
MPUMEHEHHE ITOM Olepaluu K TOMY WJIM MUHOMY 3HAQYEHUIO JIMHTBUCTUYECKOU
MIEPEMEHHON A COOTBETCTBYET HCIMOJIb30BAaHWIO YCUJIMBAIOIIETO TepMma "O4YeHb'

(Hammpumep, "odyeHb BbICOKHI", "0O4eHB CTaphIk" U T.11.).
68



6.5.5. Oneparnus pacTsxeHus
Oreparus pactsikenns (dilation) DIL(A) ompenemsercst 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",
BBITIOTHSIONIEMY (DYHKIIIO OCJIa0JICHUS CIEAYIONEro 3a HUM (OCHOBHOI'O) TepMa

AL

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

DIL(A)

| con)

Puc.6.13.

MoOXHO BBECTM M JApPYTHME€ AHAJIOTMYHBIE 110 CMBICIYy OI€paluH,
NO3BOJIAIOIIME MOAU(PUIMPOBATh 3HAYEHUS JIMHIBUCTHUUECKOH IEpEMEHHOMH,
yBEIMYMBAsi TaKUM 00pa3oM MX KoiuyecTBO. Tak, TepMm "Oosiee ueM'" MOXKHO
OIIPENEIUTH CIEAYIOIUM 00pa3oM:

"6omee yeM"= {(X, Uy (X)1‘25)| Xxe X }, (6.27)
COCTaBHOU T€PM "OUEHb-OUECHB :
" ouens - ouern A= CON(CON(A)) = {(x, A (X)) x & X } (6.28)

U T.JI.

PaccMoTpuM nmpuMeHeHne yKa3aHHBIX ONepaliil Ha caeayIouieM HariasAHOM
npumepe [10]. Ilyctb mepemeHHas Xx Xxapaktepuszyer 'poct denoBeka', X -
untepsai [0,200] (cm). Torma HEYETKUE MOJAMHOKECTBA, OMMCHIBACMBIC TEPMaMU
"BpicOKMM" W "HM3KMH'", MOXHO TPEICTaBUTh C TOMOIIBIO (PYHKUUHU
NpUHAIISKHOCTH Kiaacca S (puc. 6.13):

0, ecmu X<a,
2
Z[Ej , eciu a<X<Db,
u(x)=1 ‘78 (6.29)

2
1—2()(—_(:} , ecm a<X<b,
cC—a

1 eci X > 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.

Ak

o5 V-

Puc.6.13.
PaznmuuaroT GpyHKIIMU S — Ki1acca — JIEBbIC U MPaBHIE.
[IpaBas ¢ynkmms S — kimacca oOo3Ha4yaeTcs KaK Sg M OMPEIENsIeTcs
3aBUCHMOCTBIO SR:=S .
JleBass ¢yHkmms S — Kigacca oOo3HAyaeTcs Kak S, M ompeaessercs
3aBUCHUMOCTBIO:
S, =1-S
HeueTkne MHOXkECTBa, ONKMCHIBAEMBIE TEPMAMH «HU3KUIW» W «BBICOKHI
MO>KHO TIPEICTaBUTh C IOMOIIIBI0 S-pyHKIMI Ha mHTEepBasie oT 160 mo 180 cwm.

0, x <160
2
2(’(_160) . 160<x<170
S(x,a,b,c) = )
1-o[ X180} 170« x<180
170
0, x >180

1. Tepm «HU3KUID»

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

A

05 |-

\j

160 170 180
Puc.6.13.

2. Tepm «BBICOKHIN»
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A

0,5

\J

160 170 180
Puc.6.13.

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

Konuentpanus:

2
ILlolleHb HU3KAN = SL (X)

lLlILOBOJII)HOHI/IBKI/If/i - \/ SL (X)

2
/’loqub BICOKUIA - SR (X)

lLlI[OBOJ'ILHOBLICOK[/Iﬁ - \ SR (X)

A

[OX T S ——

\

160 170 180
Puc.6.15.

Hampumep, eciam KOHKpETHBIA 4enoBeK uMeeT pocT 175¢m, T.e. x=175, 10 B
COOTBETCTBHUH C JaHHBIMU (YHKITUSMU MPUHAIIICKHOCTH. MiMeeM:

luovenb HUFKAN /u HU3KUI lLl()OSO,"IbIIO HU3KAN lu005’0ﬂbno 6bICOKU T ILIGblCOKu /’lo!teub BBICO KU

0,08 0,09 0,3 0,82 0,91 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 HEYeTKOM JIOTUKH B cocTaBe maketa Matlab coxepxur

11 BcTpoeHHBIX TUMOB (QyHKIMM npuHamiexHoctu (PII), popmupyemsix Ha oc-
HOBE KyCOUHO-JIMHEHHBIX (QYHKIUH, pactpeaeneHus ['aycca, CATMOMJIHOM KPUBOH,

KBaJIpaTU4YCCKHUX U KY6I/I‘-IeCKI/IX IMOJIMHOMHUAJIBHBIX KPUBbIX. K maunboiee IMPOCTBIM

@I MOXKHO OTHECTH TPEYTOJIBHYIO U TPAEHUEBUIHYIO.
B cpene MatLab peanmzoBare koMaHABI UIS ONMUCAaHHUS (YHKIIHA

npuHauie)kHoctr (OIT) (cm. tadu. 7.1).

Tabnuya 7.1
Komanoa Peanuzyeman gpynkuyus
dsigmf @II B BUE pa3HOCTU MEXKIY IBYMSI CUTMOUIAMH
evalmf Brraucnenue 3nauenuit mponsBoaHoi OI1
evalmmf Pacuer creneneli mpHHAICKHOCTEH TSI HECKOJIBKUX
@Il
gauss2mf JIByxcTopoHHsis rayccoBckast OIT
gaussmf I"ayccoBckas OI1
gbellmf O06o061IeHHas komokooOpasHas OI1
pimf [T-momo6Has ®II
psigmf [TponsBenenne aAByX CUrMOMIHBIX DIT
sigmf Curmonnas ®OI1
smf S- mogoOHas OI1
trapmf TpanenueBuanas OI1
trimf Tpeyronsnaast OI1
zmf z-ono6Hast OI1
fuzarith Kanpkymsitop [  BBIONHEHUS — apUPMETHUECKUX

HaJl

onepaunﬁ CJIOXXCHM, BbIYUTAHUSA, YMHOXCHUA, U JCICHHA

HCYCTKUMHU YHUCIIaMU

HaumenoBanwue tpeyroipaoit ®I1 — trimf (triangle membership function).
B nmapameTrpuueckoM Bue OHa MPEACTABISIECT COOOM HE UYTO 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 anaimutnueckom Bume TpeyrosbHas @DII  mokeT OBITH 3ajaHa
CJIEAYIOIIMM 00pa3oMm:

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 TpeyrojbHOW U TparneuueBuaHord DIl mpencraBieHsl Ha
puc./.1.

HON px) 4
1 1
0 > 0 >
X X

Puc. 7.1. TpeyronwHas (@) u TpaneuueBuaHas (6) GyHKINH

IMPpUHAAJIC)KKHOCTH

Jlanee paccMOTpUM pUMEPHI UCIIOBb30BaHUs pa3nuyHbix PII B cucreme.

[Ipumeps! ipeAcTaBIsSIIOT cO00H (hparMeHThl IPOrpaMM 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); Bvisooumcs epagpux ¢hynxyuu

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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y4 = gauss2mf(x, [27 15]);
y5 = gauss2mf(x, [2 8 14]);
plot (x, [yl y2 3 y4y5]);

CI/IMBOH «,» B CTPOKC OIMPCACICHUA 6330BOF0 MHOXXCECTBA X IIOKA3bIBACT
4

TPAHCIIOHUPOBAHHOCTH 0a30BOr0 MHO>KECTBA.

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

Crnenyromieit (QyHKIuer, KoTopas TO3BOJSET TMPEJACTABIATh HEYETKUE
cyObekTHBHBIC TpeanoutreHus, sBisercss OII «oO0OIEeHHBIH KOJOKOI» |
ob6o3nauaetcsi gbellmf (generalized bell shape membership function). Ee otimuuune
oT paccMoTpeHHBIX paHee DIl 3akimrouaercs B 700aBICHWH TPETHETO MapaMeTpa,
YTO TO3BOJIIET OCYIIECTBISATH IJIABHBIA  TEPEXOJ  MEXIy HEYETKUMU

MHO>KECTBAMU.
Onucanue QyHKINM:
y = gbellmf (x, [a b c]).
DyHKIMS «0000IMIEHHBIN KOJIOKO» 3aBUCUT OT TPEX MapaMeTPOB U UMEET

CIICAYHOIYIO aHAJIMTUYCCKYTO 3aITMCh!:
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f(x,a,b,c) =—1 _

T

a

4
rac ¢ onpeaciiACT pacCilojJoKCHHUC ICHTPA (DH, aun b OKa3bIBAKOT BJIIMAHNC HA

dbopMy KpUBOH.

Ipumep I17.4. Ilpoepamma ucnonvzosanus gbellmf-gpynryus

NPUHAOIEHCHOCMU 0000 eHHbIU KOJOKOI

x=0:0.1:10;
y = gbellmf (x, [2 4 6]);

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

Pesynbrat pabotsl nporpammel I117.4 npencrabiieH Ha puc./.5.

Figure 1 — (.| =
File Edit Wiews Insert Tools Desktop Window Help ™

J_ilﬂn..gﬁ [% +\_\€T?@&h__£'@_) DIEI >

0 2 4 5 8 10
gbellmf (x. P). P = [2 4 §]

Puc.7.5.

Ipumep I15. [Ipocpamma ucnonb308anusi CUeMOUOHBIX PYHKYUIL.

x=0:0,1:10;— onpedensemcs 6azosoe MHOICECBO
subplot (1,3,1) ; — gpopmupyemces mampuya epagpuxos (3X1)
— nepevlil d1eMeHm — meKyuuu
y=sigmf(x,[2 4]);
plot (x, y) ; — evl600umcs epagux 6 nepswiil dnemMenm mampuyol
xlabel(‘'sigmf, P = [2 4]")
subplot (1,3,2); —swviOupaemces smopoii mexyuwpuil snemenm
y=dsigmf (x, [5257]),
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plot (x, y) ; — ev1800UmMCA epaguk 60 6mopoil snemenm

mMampuybl
xlabel (’dsigmf, P=/5257])

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

y = psigmf (x, /2 3 -5 8]); *
plot (x, y) ; — ewi6OOUmMCS 2paghux 6 mpemuitl d1emenm Mampuybl

xlabel ('psigmf, P = /2 3 -5 8]");

PesynbTaT padotel mporpammel I17.5 npeacrasien Ha puc./.6.

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

_1 _j IH u.:j L} +x % {1’!‘;. ‘@ I"l:__ r’e T @_} D El g
1 : 1 . 1
0.8rp 1 08¢ / 1 08¢}

06} 1 06} 1 06¢

0.4} 1 0.4} 1 0.4¢

02} 1 02} 1 0.2¢

0 : ] : 0 :
0 5 10 ] ] 10 0 5 10
sigmf, P = [2 4] dsigmf, P=[5257] psigmf, P=[23-5 8]
a) 6) B)
Puc.7.6.

WNucrpymenTapuii Heuerkoit norukm (fuzzy logic toolbox) B cocrase
Matlab mpemocraBnser Bo3MokHOCTH  (opmupoBanuss DPII  Ha ocHOBe
HOJTMHOMHAIIbHBIX KPUBBIX. COOTBETCTBYIOIINE PYHKIMH HA3bIBAIOTCS Z-(DyHKIIMN
(zmf), Pl-pyukuuu (pimf) u S-pyuxuuu (smf). dynkius zmf npeacraBiaser coboi
ACUMMETPUYHYIO TOJIMHOMUAJIBHYIO KpHMBYIO, OTKphITYIO cieBa" (puc./.6, a),
byukus  Smf — 3epkanbHOoe oToOpakenue GyHkumn zmf(puc. 7.6, 6).

CootBercTBeHHO (yHKIMsA PiMf paBHa HYII0 B IpaBOM M JICBOM IMpeleiax H
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NpUHUMAET 3HAYCHHEe, PaBHOE CIUHHIIC, B CEpeAMHE HEKOTOPOTO OTpe3Ka (pHc.
7.6, 8).

Onwucanue QyHKIUU:

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

[Tapametpbl a 1 b onpenemnsroT SKCTpeMasIbHbIC 3HAYCHUS KPUBOU (pHC.
7.6, a).

Onucanne QyHKUMN:

y =pimf(x, /abcd]).

[Mapametpbl ¢ u d 3amaroT mepexoa (GyHKIMM B HyJIEBOE 3HAYCHUE, a
napameTpsl b u ¢ — B eruHU4HOE (puc. 7.6, 0).

Onucanue QyHKIMY:

y =smf(x, [a b]) .
[Tapamerpsr a u b ompenessior sKxcTpeMasabHbIe 3HAYCHUS KPUBOH (pHC.
7.6, 6).

Ipumep I17.6. Ilpocpamma ucnonb308anus NOIUHOMUATLHBIX KPUBHIX.

x=0:01:10;
subplot(1,3,1);
y=zmfx, [37]);
plot (x, ) ;
xlabel('zmf, P=[3 7]");
subplot(l, 3, 2) ;

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

xlabel (‘pimf, P =[14510]");
subplot(1, 3, 3) ;
y=smix, [18]);

plot (x, y);

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

Pesynbrat pabotsl mporpammel [17.6 mpencraBien Ha puc./.7.

79



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
HeueTkne MHOXecTBa, B Matlab wumeercs Bo3moxHOCTH  (HOPMHPOBATH

cooctBerHble DI win MoauduIIMpPoBaTH 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 MHUHHUMAKCHOW W BEPOSTHOCTHOU
VHTEPIPETALIAM.

PaccMoTpuM MUHUMAKCHYHO MHTEPIPETAIUIO0 JIOTHYECKUX OTEPaTopoB, B
KOTOPOW KOHBIOHKTUBHBIA OIEpPaTOp MPECTaBIsACT HAXOXKJICHHE MUHAMyMa —

min (puc. 1.8, a), a TM3BIOHKTUBHBIN — MakcuMyMa — Max (puc. 7.8, 0).

Onucanve KOHBIOHKTUBHON (DYHKIIUHU:

y=min ([y1; y2]) .

Onucanve TM3bIOHKTUBHON (DYHKIINH:

y =max ([y1, yo]) .
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[TapameTpsl y; B y, IPEACTaBISIOT co00i ncxomuabie PI1. dyHkmmst min
paboraer co cnmckom PII. B MatLab cnucok odopmisiercs KBaapaTHBIMH

CKO6KaMI/I, a DJICMCHTHI CIIMCKA Pa3aCIIAI0OTCA TOYKOMU C 3alATOM.
4

u) ueo) 4
1 1

AX) B(X)
: e wo) || e
0 > 0 >
X X

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

Ipumep I17.7. Ilpoepamma ucnonv3zosanus onepayuti MiN u Max.

x=0:01:10;

subplot (1, 2, 1);

yl = gaussmf(x, /3 5]);

y2 = gaussmf (x, /3,7]),

y3=min ([yl; y2]);

plot (x, /y1; y2 1)— nocmpoenue ucxoonvix @I1 nynkmupnoi unuer

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

plot(x, y3) ;

hold off; — BBIKTIIOYEHUE MEXAHUIMA Q0DABIEHUSI 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.

MuHUMaKcHasi WHTEpIpeTanusi SBISETCS HaubOoJee pacnpoCTpaHEHHON
IIPU ITIOCTPOCHUM HEYETKUX CUCTEM. T€M HE MEHee Ha NMPAKTUKE JOBOJIBHO 4acTO
UCIIOJIB3YETCsl AIbTEPHATUBHASL BEPOSITHOCTHAS MHTEPIIPETALs KOHBIOHKTUBHBIX
U TU3BIOHKTUBHBIX oniepaTopoB. Matlab conepxut cootBeTcTByIOIIME DyHKIHN.

B pamkax pmaHHOM HHTEpPOpETAlMM  KOHBIOHKTUBHBIA  OIEPATOP
NpeacTaBisgeT coOOM ornepaTop BBIUMCIEHUS alIreOpanyecKkoro Mpou3BEICHUS —
prod. (puc.7.10, @), a OU3BIOHKTHBHBIA OMEPATOP — ONEPATOP BBIYUCIICHHUS

anrebpanyeckoit cymmsl — probor (puc.7.10, 6).
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Puc. 7.10. Ilepeceuenue (a) u o0beaguHEHUE (6) HEUETKUX MHOMXKECTB

(BEpOATHOCTHASI MHTEPIPETALINSA)

Onucanue QyHKIINH:

y =prod (/y1;y2].

Onucanue QyHKINM:

y = probor (/yy; y2]) .

[TapameTpsl y; U Y, npeacTaBistoT codooi 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; y21,":");
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.

JlonmoTHEHNEe  HEYETKOr0 MHOXECTBA €CTh HE UYTO HHOE, Kak
MaTeMaTh4yecKoe MpejacTaBieHue BepoaibHoro BeipaxeHuss «<HE A4» , rne 4 —
HEUYETKOE MHOKECTBO, OMKCHIBAIOIIEE HEKOTOPOE PA3MBITOE CYKIACHUE.

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);

84



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 KOTOPOIro H606X0)II/IMO pacCuuTaTtb 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)

IZI€ X - BEKTOP, IJIs1 KOOpJAUHAT KOTOPOro HEOOXOAUMO PacCUUTaTh CTEIEHU
MPUHAAJIEAKHOCTH; params - MaTpuiia napaMmeTpoB GyHKLIHUH MPUHAJICKHOCTH.
[lepBass cTpoka MaTpuUIlbl OIpEAeNseT MapamMeTpbl MEepBOM (PYHKIMH
NPUHAJIEKHOCTH,  BTOpas  CTpoOKa -  MapaMeTrpbl  BTOpPOd  (yHKUUHU
IPUHAJJICKHOCTU U T. A.; types - MaTpuia TUIOB (GYHKIIUH MPUHAJIEKHOCTH (CM.
onucanue koman sl evalmf).
PaccmoTrpum IIPUMEPBI BBITOJIHEH U onepanun HaJ HM,

npejcTaBIcHHbIME Ha puc.7.13 B MatLab.

1 —=T~~
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1 \‘
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0.5 / # \ 5
i \
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’ \
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g N
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0.1 = -

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),

IJIe X - YHUBEPCAIIbHOE MHOYKECTBO, Ha KOTOPOM 3aJ]aHbl HEUSTKUE YUCIIA;
-BEKTOp CTCICHEeH NPHHAUICKHOCTH DIIEMECHTOB YHUBEPCAJIHLHOTO MHOXECTBA
nepsomy HM; b - BekTop cTemneHel npuHAaICKHOCTH 3JIEMEHTOB YHHBEPCAIBHOTO
MHOXeCcTBa Bropomy HM; operator - ogHa u3 JOMYyCTUMBIX apu(METHUCCKUX
oreparuit: ‘sum.’ - cimoxxkenue; ‘sab’ - Beruuranue; ‘prod’ - ymuHoxenme; ‘div’ -
JICJICHNE.

Beixonnoii nepemennoit ¢ynkmun fuzarith seisiercs BexTop crenenei
NPUHAIJISKHOCTH  DJIEMCHTOB  YHHUBEPCAJIBHOIO MHOXECTBA X  PE3YJIbTATy
BBITIOJTHEHUS HEUETKON apudMeTnuueckoil onepanuu. PaaMepHOCTH BEKTOPOB X, 4,
b ¥ ¢ 71OKHBI OBITH OIMHAKOBBIMHU.

Hedetkue apudmeTnyeckue ornepamnuy BBITOJHSIIOTCS IO CIEAYIOMEMY
aJITOPUTMY:

- ipeoOpa30BaHUEe HEYETKUX YHCEI-OMEPaHIOB B O-YPOBHEBbIC HEUETKHE
MHOJKECTBA;

- BBIIOJHEHUST apu(METHUCCKOW OIepanuu i KaXJI0ro O-ypOBHS B
COOTBETCTBUH C MIPUHIIUTIOM PACIIUPCHHUS;

- mpeoOpa3oBaHHWE PE3YJbTUPYIONIET0 HEUETKOr0 YHCIa M3 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 IU3bIOHKTUBHBIE ONIEPATOPHI BBl 3HAETE?
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 nomyuarorcs 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 0o0Jjiee JBYX MHOXECTB, TO (PYHKIMS MPUHAJICKHOCTH TPEBpaIiaeTcs
B TUIIEPIIOBEPXHOCTb.
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 . ¢ o o

6000 10000 30000 100000 800000 2000000

Puc. 8.1. Ilpumep onucanus neuemkozo omuoutenus «llpuemnemas yenay

Kaxk mokaspiBaeT puc. 8.1, HeueTKOe OTHOIIICHHE YI0OHO ONHUCHIBATh
MAaTpHILIEH:
1 1 08 02 0 O
R=(09 02 O 0 0 0}
1 1 1 1 08 0

TpexMepHOe HEYETKOE OTHOIIEHWE MOYKHO TOJIYYHTh, HAIPHUMED, €CIH
paccMaTpuBaTh TpU HEYETKHE MHOXecTBa: : X - «ABromobOmmm», Y - «llena
(yv.e.)», Z - «l'ox Beiltycka». COOTBETCTBEHHO MOXKHO 00Jie€ TOYHO ITOCTPOHUTH
HeueTkoe oTHomeHue R - «IIpuemnemas meHay:

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

HeueTtkoe otHomenue sBisiercss HM, mosToMy 171 HETO CIIpaBeJIMBBI BCE
MIOHSATHS ¥ OTIEPAIIMH, ONMCAaHHBIC I 0OBIYHBIX HM.

OmHako ecTh U crienupuIecKUe oneparui, BBOJUMBIC TOJIBKO JIJIST HEUSTKHUX
oTHomeHUH. K HHM OTHOCATCS omepanMyd NPOEKIHH, UHJIHHIPHYECKOTO
pacIIMpeHusi, a TAaK)Ke onepanusi KOMIO3HIINH.

Ecan 3a4aHO 6I/IHapHOC HCYCTKOC OTHOILICHUC

R:(x,y) - [0,1],
TO OIepalysl IPOEKIUU MOKET OBITh 3aIlMCaHa B BUIE
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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 bunaproco neuemrxoco OMmHoOuEeHUs

Huaunapuyeckoe pacuiMpeHde HEYETKOro OTHolleHus R sBisieTcs
oOpaTHOM oneparfeil Mo OTHOIIEHHUIO K MPOEKIINH, U OTIUCHIBACTCS (POPMYJIOi

R =cext(4;X xXY) = j ta(x)/(x,y).

XXY
BrinmonHenne mUIuHAPUIECKON TPOSKIIUN WILTIOCTPUPYET puc. 8.4.

Puc.8.4. [Jununopuueckoe pacuupeHrue Heuemrko2o MHOICECMBA

PaccmoTpum nipumep 11t TUCKPETHOM 00J1acTU ONpeAeICHUs.
ITycTh nanbl 1Ba 6a30BbIE MHOYKECTBA:
X ={x1,%2,%3,},Y = {y1,¥2, Y3, ¥a}
U mano HM A ma X
0.2 06 0.2
A= + +

)

X1 Xy X3
Puc. 8.5. mmoctpupyet oneparuio MUINHAPUYECKOTO PACIIUPEHHUS.
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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 ocHoBaHuu onepaunﬁ MPpOCKIMKU W MUIMHIAPHUYCCKOIO pPACHINPCHUA
BBOOUTCA onepaunns HeYeTKOM KOMIIO3MIINU.

[Tyctb nuMeetcst HeueTkoe oTHomeHue R Ha X XY u HEYeTKOe MHOXKECTBO A
Ha X. Ilox xoMmImo3uIel HEYETKOro0 MHOKECTBAa A M OTHOIIEHHS R moHMMaeTcs
HEYeTKoe MHOXecTBo B Ha Y, KoTOopoe moiiy4aeTcss B COOTBETCTBUHU C BBI-
paKEHUEM:

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

Omneparust N TpakTyeTcs 00bHO Kak MiN (T-Hopma) U Isl HENPEPHIBHBIX,
U JUIS JUCKPETHBIX MHOXKecTB. Ormeparusi Proj Juisi HEmpepbhIBHBIX MHOXKECTB
TpakTyeTcsl Kak SUpP, a I TUCKPETHBIX - Kak Max.

Takum o0Opazom, uis HempepblBHON 00JacTH oOIpeaesneHus KOMIO3ULUs
OMHCHIBAETCS POpMYIION

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

A 17151 TUCKPETHBIX 0o0JiacTel onpeaeneHus Gopmymnoi
up(y) = max(min(u, (%), g (x, ).

CoxkpanieHHo oneparysi KOMIIO3ULNHN 3al1CbIBAETCS B BULE:
B = AoR.

Heuerkue OTHOLICHH:, BBIIIOJHACMBIC IIOCJICAOBATCIIBHO, AOITYCKAIOT
KOMITIO3HMIIHIO.

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 WIKM UHYI0 npodeccuto (TpeOoBaHMS K MaMSTH, CKOPOCTU PEaKIUH,
YCUYMBOCTb, BHIHOCIUBOCTb, BBIIEPKKA, OMpE/IeIEHHAs] TOJATOTOBKA MO TOW WUJIU
WHOM CIEeNMaTIbHOCTH, CTETIEHb OCBOCHUS 0a30BbIX AUCIUIUINH U T.J1.).

CoOTBETCTBUE COBOKYNMHOCTH TpeOOBaHUN mpodeccuid K JTUYHOCTHBIM
KauyecTBaM MOXXHO O()OPMHUTH B BHJIC HEUECTKOTO OTHOIICHHUS S , ONMPEACICHHOTO
Ha JICKapTOBOM Ipou3BeneHun (X,y), rae X — TmepedeHb mnpodeccuil, a Y-
HAMMEHOBAaHUA JUYHOCTHBIX KadecTB. [Ipeamoniokum, 4YTO pPa3MEpHOCTh
yKa3aHHOTO HEUYETKOT0 OTHOIICHHS paBHa N*P.

Jlanee Ha OCHOBE oOIpoca TNPETEHIECHTOB (B pe3ysbTare Oecelbl C
MPEACTaBUTEISIMU KaJIpOBOM CiIykObl) (popmMupyercs HedeTkoe OTHOIIeHHe R B
Buje Tabimnpel (Y,Z), TAC Y - TUMYHOCTHOE KaudecTBO, a Z — ®UMO mnpereHneHra,
TakuM 00pa3oM, OTHOIIEHHE R omnpeaenser cTeneHb COOTBETCTBUS JTUYHOCTHBIX
KauecTB TIpeTeHAeHTy. JlomycTnM, mAaHHOE€ HEYETKOE OTHOIICHHE WMEET
pa3MepHOCTh, HAapUMeEp, 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

Z 7 7o, 2, 7
NBaHoB [Tetpos CunopoB | BacunwseBa | I'puropnena
Xl qll q12 ql3 q14 q15
KOHCTPYKTOP
X2 q21 q22 q23 q24 q25
AIEKTPOHUK
X3 COIINOJIOT q3l q32 q33 q34 q35

PaccmoTpum npumep:

JIst  KOHKPETHOTO BaphaHTa, MYCTh X ={X, X, X h Y ={Y1, ¥2. Ya» Va» Vs )
Z :{21122123}'

DJIEMEHTBl YHHBEPCYMOB HWMEIOT CIECAYIOIIUN COAEPKATEIbHBIM CMBICIT
(Tabnumb! 8.9):

Tabauim! 8.9
! Jluunocmmuule kauecmsa

X, Konctpykrop Y1 AHQIUTUYECKAN YM

X, DJIEKTPOHUK Y, YMenue OBICTPO

Xs Conuoutor MPUHUMATh PEIICHHUS
Ys KoMmyHHKabenbHOCTh
Y4 [IpocTpancTBEHHOE

MBIIUICHUE
Ys 3puTtenbHasi aMsTh
IIpemenoenmuoi

Z HBanoB

z, IleTpos

Z, CuaopoB

Z, BacuabeBa

Z; I'puropnesa

KoukpeTHsle 3HaueHUs QyHKIMA nmpuHaaiexnoctu Hs (X, Y) u Hg (y, Z)
npecTaBiIeHbl Ta0m4HO (Tadmuip 8.10, 8.11):
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Taomurs! 8.10

TpeboBanus B
I
2 |58 |¢ |E “
~ (S} E = O O <
> = 0 | o = =
5t © | Q 5 o o
2 o 2 | g = 5 | 2
= = 8 | E 22| &
| 5) = jan = A 5
5 |2 E|% |8 *|¢
npodeccu =z > 5 = = =
Rl X
KonctpykTop 0,8 0,5 0,3 1,0 0,9
DJIEKTPOHUK 0,9 0,5 0,3 0,5 1,0
Cormmonor 0,7 1,0 1,0 0,2 0,8
Tabmuue! 8.11
HBaHoB IlerpoB | CupopoB | BacwibeBa |['puropneBa
AmamTi- 0,9 0,6 0,5 0,8 1,0
YECKUI yM
YmeHnue
S 0,8 0,4 0,2 0,7 0,6
PUHUMATD
peIICHHUs
Kommy-
HUKa0EeIIb- 0,7 0,8 0,3 0,9 0,5
HOCTh
IIpocrtpan-
CTBEHHOE 0,9 0,9 0,8 0,8 0,7
MBIIICHHE
SputeibHai | g g 0,6 0,7 0,4 1,0
aMsITh
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MaTpuIibl 3TUX HEYETKUX OTHOIICHUH UMEIOT BU/I (Ta0smib 8.12):
TaOmume: 8.12

0,8 05/03(10/(0,9
0,9 05/03/0,5(1,0

s 0,7 1,0/1,0/0,2/0,8
0,9 0,6 05 |08 |10
0,8 0,4 02 |07 |06
R 0,7 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

0,9 09 (08 |08 |09

1,0 0,6 [0,7 |08 |10

0,8 08 (0,7 |09 |08
SR

JUist HarnsAHOCTH MpeoOpaszyeM ATy MaTpuly K TabnuyHoil popme (Tabauna

8.11):
Tabanma 8.14

Z, 7 75, 2, 7

HBanos IetpoB CunopoB | BacunwseBa | 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 cormonor | 0:8 08 0,7 0,9 0,8

AHanu3 TONy4YeHHOW TaOJUIl TO3BOJIIET CHAENaTh BBIBOJ O Hambosee
MIPEATMIOYTUTEIIBHOM BBIOOPE CIIEITUATBHOCTH.
Tabmuna 8.15

Z, Z; /g 7 Z
NBanos ITerpos CunopoB | BacunwseBa | I'puropnena
X, 0,9 0,8 0,8 0,9
KOHCTPYKTOP
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X, 0,6 0,7
AIEKTPOHUK

X, 0,8 0,8 0,7 0,8
COLIMOJIOT )

AHanmM3 TOJNy9eHHOW TaOJUIlbI TO3BOJISIET CHACNATh BBIBOJ O Hambosee
MPEAMOYTUTEIIHHOM BBIOOPE CIIEITUATBLHOCTH JIJIS1 TOTO WJIM WHOTO TIPETECHICHTA.
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[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 € TIOMOLIBIO  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).

Oco0oe MecTo B JIOTUKE 3aHMMAET JOTMYECKHM BbBIBOJ, KOTOPBIN
peanu3yeT yTBEpKACHUE THIIA:

Ecau A, T0 B,

T.e. ecnmu A uctunHo, To B Toxxe uctunHo. Ecau A 10xHO, TO 3HaueHue B
nmpou3BoJibHO. Ecimm ke B J10%kHO, @ A HMCTUHHO, TO JOHBIM OKa3bIBACTCS
yrBepxkenue «Eciu A, To By». 910 coBnagaer ¢ jornueckou popmynoii:

AV B

BBugy Baxnoctu Qopmynsl «Ecou A, To B» 1us Hee BBeIEHO
crenuaibHOe 0003HaUeHHe — (MMIUIMKaLKUA) U 3anuch A—B unraerca «A Bieyet
B». Crpenka moka3plBaeT HalpaBlICHHE paccyxkaeHud — m3 A B B, HO He
HaobopoT. Takum 0O6pazom:

A—>B=AVB

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

AAn(A—>B)=B

OCHOBHBIM ~ HEJOCTAaTKOM KJIACCMYECKOH (OpMBI BBIBOAA  SIBIISIETCA
BO3MOXXHOCTh €€ TPUMEHEHUS TOJBbKO TIPU TMOJHOCTBIO  OMNpEAeIIEHHON
uHpopmauu (A — UICTUHHO WU JIOKHO).
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B otnuume ot kmaccuyeckoit (OyseBoi) JIOTHUKH, TAE MOJHAS UCTUHHOCTD
JIOTUYECKOTO BBICKA3bIBAaHUSI KOJAUPYETCA YHUCIOM 1, MONHAs JOKHOCTh — YHCIOM
0, B HEUETKOW JIOTMKE JOIMYCKaeTCAd CYIECTBOBAHHE OECKOHEYHOTO MHOYKECTBA
rpajaluii MCTUHHOCTM B auana3zoHe oT | no 0. 310 mo3BojisieT BHINOJIHATH
JIOTU4eCKHH BBIBOJ HA 3HAHUAX, PH KOTOPOM J0CTOBEPHOCTH 3aKJIKYEHUS
MEHSIETCSI B 3aBHCHMMOCTH OT [IOCTOBEPHOCTH NOCHLJIOK H HCHOJb3yeMbIX
NMPaBuUJI.

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

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

HeueTkyro MMIUIMKALIMIO MOXXHO PEAM30BaTh C IMOMOIIBI0O HEYETKOIO
OTHOIILICHHSI, KOTOPOE MO3BOJISIET OMKcaTh Tpedyemoe oToOpakeHue u3 A B B.

B cBs3u c TeMm, UTO MJIS HEUETKOM JIOTUKU TMPUMEHSIOT pa3iNYHbIC
MOAU(UKAIIMKM OTepaluil TepeceueHus, OOBEIUHEHHUS] U T.1., CYHIECTBYET
OO0JIBIIIOE KOJMYECTBO BAPUAHTOB peasin3allii HeUeTKoM uMIuiukanuu. Hekoropeie
BapUaHTHI NMOKa3aHbl B Tabuie 9.1,

Tabmuma 9.1
Ne | HazBanue BapuaHTa peanuszanuu ®opmyna
/11 UMIDUIMKAIIIHA
1 Mamdani I(A,B)=min(A,B)
2 Larsen I(A,B)=A*B

[IpaBuio TOrMYeCKOTro BBHIBOJIA UCHOJIB3YETCS JIJIA MPEACTABICHNUS 3HAHUM.
UYenoseky ymobHee GhopMyaupoBaTh, a TaKK€ BOCIPUHUMATH 3HAHUS, MUCTIONIB3YS
HE KOJIMYECTBEHHBIC, a KAUYECTBCHHBIC XAPAKTEPUCTUKH TMPEAMETHON 00JIacTu.
KauecTBeHHast xapakTepUCTHKA BhIpa)kaeTcs cioBecHOU (hopmoii. B cBsi3u ¢ aTuMm
B HEUYETKOW JIOTMKE BBOJAT B PACCMOTPEHHME TaK HA3bIBAEMBIC JIUHTBUCTUYECKUE
nepemMeHHbie. OCOOEHHOCTBIO JIMHTBUCTHMYECKOW TMEPEMEHHOW B OTJIMYKE OT
OOBIYHON TMEpEeMEHHON  SBIAETCS TO, YTO OHA MPUHUMAET 3HAYCHUS
BBIPAKAIOIIMECS CIIOBAMHU €CTECTBEHHOTO si3bika. Kaxaoe Takoe 3HaueHue (CI0BO)
HAa3bIBACTCS TEPMOM.

Takum oOpaszom, JIII 3amaercss MHOXKECTBOM CIJIOB, OIPEACISIONMINX
KaueCTBO MPEIMETHON 00JIaCTH, M Ha3bIBAEMbIX TepMaMu. [Ipu 3TOM KakbIil TepM
OTIPEIEISIETCS HEKOTOPHIM HEYETKUM MHOXXECTBOM CO CBOEHM  (DyHKIHEH

IMPHUHAOJIC)KHOCTH.
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Tak, nepemennas "Poct (BbicOoTa) yesoBeKa'" MOMKET XapaKTEpPU30BaAThHCA
OJHUM W3 CJICAYIOUIMX 3HaueHWid - TepMoB (terms), T.e. 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 ITOJAMHOYKECTBO ', COOTBETCTBYIOIIEE OIPEACICHHOMY
(i-my) TepMy (3HAYEHHIO) JMHTBUCTHYECKOW TEPEMEHHOW, - 3TO 3HAYUT 3a1aTh
00JacThb OMNpEAENCHUs] YUCIOBOM MEPEeMEHHON X U (YHKIHIO MPUHAAICKHOCTH

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; BPEMEHHU CYTOK; THIA JOPOKHOIO MOKPHITHS U T.A.). Ha
puc.6.1 B kauecTBe npuMepa NpUBEAEHbI PYHKIMU MPUHAMIICKHOCTH IJIs1 KaXKI0TO
M3 YKa3aHHBIX BbIIIE€ 3HAYEHUW JIMHTBUCTHYECKON mepeMeHHON «CKOpOCTh

aBTOMOOHMIIS.
A L)
OdeHb Hu3kaag Manas  CpefHss Bonbwasa  OueHb Gonbluas
1,0

0,7
0,3

<Y

180

Puc.9.1. Jluarsuctuueckas nepemerHas "CkopocTb aBTOMOOMIIS"

JlomyctuM, 4T0 (pakTUYECKOe 3HaYeHUuE CKOpocTu paBHO 135 km/4. Torna,
B COOTBETCTBUU ¢ puc.9.1, 3TO 3HAUYEHHE OTHOCUTCS OJIHOBPEMEHHO K JIBYM
TepMaMm (moamMHOkecTBaMm) - "Cpemnsss" u  "boapmas" - co cTeneHsAMH

Hcremie (135) =07 n Heserino (135) =03

MNPpUHAAJIC)KHOCTH COOTBCTCTBCHHO.
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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#t Torvke 0000IIeHHEM ITpaBuIa BpIBOAa MOAUSPONENS sBIsCTCS
KOMIO3UIIMOHHOE MTPaBUJIO BBIBOJIA!

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

Ha cmpICciOBOM ypOBHE NpaBHIIO KOMIIO3UIMHA O3HAYaeT, YTO 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,) +0.1/(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) BUA!
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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. [lycte nanbl nBa 0a30BBIX MHOXECTBa X UY, HA KOTOPBIX 3aJIaHbI
HM ¢ nomMo1isio TpeyroiabHbIX GyHKIMH mpuHaIIeKHOCTH (purc.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

Heuerkas noruueckasi cucteMa MOXET COCTOSITh U3 MHOXECTBa npasuil. B
10001 MOMEHT BO3MOXHO CpabaThIBaHUE JHOOOTO0 M3 MPaBUII, MOAITOMY MOKHO
CUMTATh, YTO OHU CBSI3aHHBI JIOTUYSCKOM cBsA3b10 NJII:
R=R; 1R, | R;..1Ry.
Paccmotpum mpumep asis auckpeTHoW oOmactu onpeneneHus. Ilyctsb
HEUYEeTKasi CUCTeMa COCTOUT U3 BCETO JBYX MPABUII:
Riy:Eciux = A;,T0y = By;
R,:Ecnmux = Ay, TO0y = B,.
[Toceuiku mpaBwil ONMUCHIBAIOTCA C mnomolpto 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 uMIUIMKanus — 37eCh
MOJICJIUPYETCS ¢ TIOMOIIBIO oriepaTopa Min.
[Tomo>kuM I IPOCTOTHI M3JIOKECHHS, YTO 0a3a MpaBWII COAEPIKHUT BCETO
nBa npaBmwia R,u R,. Cuna 3amycka KaXJ0ro u3 HUX:
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 Larsencssska WHade 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 (YHKUMU TNpuHAIIe)KHOCTH. Ecim
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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. Meroauentpatsokectu (anrt. Centroidumacenter-of-gravity (COG)). 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

fX ta (x)dx
2. JIMCKPETHBIM METO/I IIEHTpa TSHKECTH (WM MHIECKCHBINA — aHTII. discretcenter-
of-gravity (DCOG)). 3aech mnpeamonaraercs, uYTO YHHUBEPCAIbHOE
MHOXECTBO — AuckpeTHoe. COOTBETCTBEHHO (hopMyJa Uil pacueTa IEeHTpa
TSOKECTH UMECT BHJT

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. MeroauentpamakcumymoB (center-of-maximum (COM)). Ortauuune ot
METOJa LIEHTPA TSKECTH COCTOUT B TOM, UTO PACCMATPUBAETCS TOJBKO Ta
gyacTh o0actu onpeneneHus HM, nis koTopoi 3HaueHue MPUHAIC)KHOCTH
MaKCHMAaJIbHO
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Ji, (uaC)dx

MeX,x €M — uy(x) =max(,uA(x)); Vx € X. .
6. Hduckpetnsiii meton ueHTpa MakcumymoB (DCOM) HaxomuT cpenHee

COM(A) =

apu(PMETHICCKOE JJIEMEHTOB YHHBEPCAIBHOTO MHOXKECTBa, HWMEIOIINX
MaKCHUMAJIbHBIE CTETIEHU TPUHAJIEKHOCTH:
inEM Xi
|M]|
7. Unanexcuseiii (moporoseiit) meton 1eHTpa Tsokectu (ICOG). 3mece Meron
LIEHTpPA TSHKECTU MPUMEHsSETCS HE KO BceMy HM, a TONbKO K TOW €ro 4acTu,

DCOM(A) =

B KOTOpOﬁ SHAYCHUC IMPUHAAJICKHOCTH ITOBBIIIACT BaIIaHHBIﬁ mopor ,3 .
[ (a0 dx
e Ha ()

ICOG(A,B) = iMeEX;x €M - uy(x) > .

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

N
pa()
11

0.57

‘L ICOG (4,0.5) X

Puc.9.12.

8. Meron cepeauHbl Makcumyma (mean-of-maximum (MOM)). 3to
MOPOTOBBI METOJ| IIEHTPAa TSHKECTH, B KOTOPOM IOPOI COOTBETCTBYET
MaKkCUMyMy QGYHKIUH puHaIexkHocTH (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
1a(
1 4

0.5 1

sV

MOM(4)
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Puc.9.13.

9.4. Ta6au4Hoe npeacTaBJIeHUe 0a3bl MPABUJI

4

Ha mnpakTuke Yacto HWCHONB3YIOT BapUaHT, IIPU KOTOPOM HEUETKHE
MPaBUJIa UMEIOT JIBE MOCHUIKH.

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 COJEpXUMOE 0a3bl MPaBHI YIO0OHO
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).

Mexauuzm  pyHkuuonupoBanus  TJIII  wuroctpupyer  mpumep,
nokaszanHpli Ha puc. 9.15, rme s omucaHWS TEPM-MHOXKECTB TOCBUIOK
WCITIOJIB3YIOTCS TPpANeUeBUIHbIC (DYHKIINN MPUHAIIC)KHOCTH.
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3aKO4eHUE  pa3IMYHBIX  HEYETKUX  MIpaBUJl  MOTYT  COBIAJATh.
OxpamieHnpie  ydyacTku Ha puc. 9.15 o03HayaloT 30HBI B3aUMOJICUCTBUS
(KOHKYpPEHIIMHM) COCEIHUX MpaBuil. B KaxIblii MOMEHT BPEMEHH 3/1eCb MOTYT

cpabaThIBaTh HE OoJiee 4 MpaBuII. .
A
uri(2) '
OB OM H II IIB |
i) >
Z X2
OB IoB . IC: IC. NM:> IB

;E nC OM IM H oM
H OC 10OM M OM OC
G/E IM OM OM OM OC

Puc.9.15.

[Ipu BbIOOpE npyroro cmnocodba onucaHusi (PYHKIMH MPUHALIECKHOCTH
TEPMOB (TPEYroJIbHbIE WJIM TayCCOBBI (DYHKIIMHM) 30HA B3aMMOJCHCTBUN IMpaBHII
pacimpseTcs, ¥ MOBEAECHUE HEUETKOW CUCTEMbI U3BMEHHTCS.

Opnako HauOounbliee 3HadeHHE M (QYHKIMOHMPOBAHHUS HEYETKOM
CUCTEMbI UIMEET BBHIOOD MpaBuUIIL.

2.8. TpeboBanus k 0a3e mpaBuil
Xopomass 0a3a mpaBuUil  JIOJDKHA — YJOBJIETBOPSTH  TPEOOBAHMSIM
HEMPOTUBOPEUUBOCTH, TIOJTHOTHI X HEMPEPHIBHOCTH.

1. HenportuBopeuuBocTh (aHrJ. consistency) o3HadaeT, 4yTo B 0aze He
JOJDKHO OBITH MpaBUJI, KOTOpPhIE MMENU Obl MPU CXOAHBIX MOCBUIKAX
CYLIECTBEHHO pa3jMyHble 3aKiItoueHus. PaccMoTpuM mpaBuiia ¢ 0JIHOM
MOCBUIKOW U OJTHUM 3aKIIFOUECHUEM:

Rj: Ecau Aj, TO B]-,
rae Au B— HeueTkrie MHOXKECTBA, OPE/ICJICHHbIE HA YHUBEPCAIbHBIX
MHOecTBaxXu Y.
Crenenb HEMPOTUBOPEYMBOCTH JIBYX MPaBUil Rju R MOXKET OBITh OLICHEHA 110

bopmyie

C(Rj, Rye) = |max(ua; () T pa, (1) = max(uus; ) 1, (1))

114



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

BbIpa)kaeTca popMyIion

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

Takum 00pa3oM, MOKHO BBISIBUTH «ILTIOXHUE» MPABUIIA, HE COTIACYIOIINECS C
OCTaJIbHOM YacThiO 0a3bl MPABUIL.

2. IMTomuota (anri. completeness) 6a3pl mpaBuiI 03HAYAET, YTO HE MOMKET
OBITH «OeJBIX MATEH» BO BXOJHOM MPOCTPAHCTBE MpaBmil. [ Kaxxaoro
TEKYIIEr0 COCTOSIHUSI XJIOJDKHO CYIECTBOBAaTh XOTA OBl  OJHO
YOPaBJISIOMIEE MPAaBWIO, MOCBUIKM KOTOPOTO HMMEIOT HEHYJIEBYIO
PUHAIICKHOCTD 1715 X.

[TonHOTa 6a3bl MpaBUI MOXKET OBITH OLIEHEHA IO (hopMyJie
Ng

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

rne Ny - KonruecTBO npaBui, Ny — KOJIMYECTBO MOCHUTOK KaXKJIOTO MTPaBHIIA.
B03MOXHBI ClIeyIOIINe TOKa3aTeNIH MOJIHOTHI 0a3bI IPABHI:
CM(X) = 0 - nerosHast 6a3a mpaBuiI (€CTh «OEII0e MATHOY);
CM(X) = 1- crporas moJHasi;
CM(X) < 1 - He coBceM IOJIHAS;
CM(X) > 1 — uzbsiTouHast 6a3a MpaBuIL
3. HenpepwsiBHOCTH  0a3pl  mpaBui. Hampumep, mycTh  IMOCBUIKH
npeacTaBisaoT coboir HM, o6pa3yroiine HeueTkoe pazdoueHrue 6a3oBoii
IITKAJTBI:
A <Ay <. Aj_1 <A <A <..Ay.
[TycTh B 6a3e paBHIT UMEIOTCS JIBa MPaBUJIa:
Ry:Ecmmx; =A,ux, =A,,,T0y =B,

Ry:Ecmmxy =A; nux;, =A; 10y =B

B HenpepwiBHOI 6a3e MpaBUil BHITIOTHSIOTCS YCIOBUS:
Ecin A, = A1, TOAyy N Ay # 0.
ECJII/I AZ,TL == Az’m, TO Al,n N Al,m * @.

COOTBCTCTBGHHO, HpI/I BBITTIOJIHCHHUU OTUX YCJ'IOBI/Iﬁ JOJIXKHO BBIIIOJIHATHCA.
B,NB, + 0.
Taxum o6pa30M, HCTIPCPBLIBHOCTD 68,351 IIpaBuJI O3HA4YaCT, YTO 6J'II/13KI/IM ITOCBIJIKAM
JOJI’)KHBI COOTBETCTBOBATH 6JII/13KI/I€ 3aKJIFOUYCHUA.
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9.5. Heuerkasi cucTeMa KaKk YHHUBEPCAJIbHBIN alllPOKCUMATOP

HedeTrkue mnpoayKIMOHHBIE CHCTEMbI JIMIIEHBI HEJOCTATKOB OOBIYHBIX
IPOAYKIMOHHBIX cucTteM. Kak ObUIOo MoOKazaHo B psae pador [ ], cucrema
HEYETKUX TPABWI IO3BOJISICT aNIpOKCUMHPOBATh JOOyI0 (yHkiuio Y=F(X),
33JJaHHYI0 Ha OIPAaHMYEHHOM HENpPEpPhIBHOM MHOXecTBe 3HaueHuit U, T. e.

BBITTOJTHACTCS
sup
XeuU
rae X — BeKTop apryMeHToB (GyHKIuH; F(X) - BBIXO/ HEYETKOM CUCTEMBI, & —

IFCO = FOII <&,

MIPOM3BOJIbHAS MaJlas KOHCTAaHTA.
Tak B pabote [ ] ObUIO MOKAa3aHO, YTO HEUETKAs CUCTEMa, UCTOJb3YIOIIas
Habop u3 N mpaBun
R;:Ecnu (x; ectb A;)u (y; ectb B;), T0 (2; ectb C;);i = 1,2, ..., N,
SIBJIICTCS YHUBEPCAIBHBIM aIlIPOKCUMATOPOM IIPH CICAYIONINX YCIOBHUIX:
1. Jlns onycaHus TIOCHUTOK M 3aKITIOUCHHH UCITOJIB3YIOTCS TayCCOBBI (DYHKITUN

IMPpUHAAJIC)KKHOCTH
1 /x — a;\? 1/y—ap\?
A;(x) = exp —§<ﬁ—ll> ; Bi(y) = exp —E(’B—lz) ;
i1 2
Ci(2) = 1(Z_ai)2 '
i\Zz) = exp > IBi ;

2. Jlornueckast onepanus &OIMUChIBACTCS KaK MPOU3BEICHUE!
[4;(x)&B;(y)] = A;(x)B;(y);
3. MMmnuukanus npuMeHsieTcsl B BUJE MPOU3BEICHUS
[4;()&B;(y)] = Ci(z) = A;(x)B;(y)C;(2);
4. Jns gedazzudukanuy UCHOIb3yeTCs TUCKPETHBIN METOJ IEHTPA TKECTU
N
_ i=1GAB;
==
i=1 A;B;
bbiio mokazaHo, 4YTO HedeTKas JIOTMYecKas CHCTeMa MOXKET ObITh
YHUBEPCAIbHBIM alMPOKCUMATOPOM U IIPU JIPYTUX YCIOBUSX:
1. Jlng onucaHus MOCBUIOK U 3aKIFOYEHUI UCIOJB3YIOTCSI CAMMETPUYHBIE
TpeyroiabHble QYHKIIH
1 la; — x|
Al(x) = a;
0, WHayve;

, ecnd |a; — x| < «a;,
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|b; — x|

1————, ecau |b; — x| < by,
B(y) = n b= x| < B,
0, HHayue;
1—M ecs |c; — z| < y; ‘
Ci(z) = vi : =V
0, HMHaye;

2. Jlornueckas orcpanusAd &onwuceIBaeTCS Kak min:

[A;(x)&B; ()] = min(4;(x)B;(¥));
3. Hcnompsyercs nmmumkanus Mamdani
[4:(x)&B; ()] ~ C;(z) = min (min(4;(x)B,(¥)), Ci(2) )
3. lns nedassudukaiuy IpUMEHSIETCS JUCKPETHBINA METO LIEHTPA
TSDKECTH:
S - . min(min(4;B;), C;(2))
., min(4;B;)
Ha npakTuke aGCOIIOTHO TOYHAS AIPOKCHMALMs HE TPeOYeTCs, 10CTaATOUHO

MPUOJIMKEHUS C HEKOTOPOH JAOMYCTUMOM OIIMOKOM.

9.6. HeueTrkuii BbIBOJ B MATPUUHOM dopme

[Ipouienypa HEYETKOrO BBIBOJA JOMYCKAET KOMIIAKTHYIO 3aluch B
MaTpU4HON (HhOpME MPH CICAYIONMUX YCIOBUIX:
1) JIns onucaHMsi TEPMOB IMOCBUIOK HCIIOJB3YIOTCS TPEYrOJIbHBIC
(GYHKIIMM TPUHAIUISKHOCTH, W TEPMBI 00pa3yloT He4YeTKoe pa3OueHue
COOTBETCTBYIOIIKX 0a30BbIX MHOXKECTB;
2) 3aKmoueHus OIMHCBIBAOTCS CUHIJIETOHAMH, TUTSI
nedas3udukany UCNoJIb3yeTcs TUCKPETHBIN METOJT IEHTPA TAKECTH.
PaccmoTprum cHavana cUCTEMY HEYETKHX IMPABWI C OJHOM TOCBUIKOW U
OJTHUM 3aKJIFOUCHHEM, KoTopas peanusyeT oroopaxenue f: X-=Y (puc. 2.20, roe
Fu DF— o6o3nauenue onepanuii azzudukanuu u aedaszzuduraiun).

[Ipu cnenaHHbIX qOMyIIEHUAX (HOpMYysIa TUCKPETHOTO METOa IICHTPA TSHIKECTH

YIIPOIIACTCS:
N
CXhiay Zitq hr, ()i _ _
- N - N - :uTi(x)yi = XY.
i=1 al' i=1 .uTi (x) i=1
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Takum 00pa3oM, BBIXOJHOW CHUTHAJI HEYETKOW CHCTEMBI MOIYy4aeTcs Kak
CKaJISIpHOE MPOU3BEICHHE JBYX BEKTOPOB: X—BEKTOpa CTENEHEH MPUHAIJICKHOCTH
BXOJIHOTO 3HAYEHHUS K Pa3IMYHBIM TE€pMaM BXOJHOW MEPEMEHHON M Y—BEKTOpa
LEHTPOB TEPMOB BBIXOAHOU EPEMEHHOM. .

Paccmorpum mpumep. Ilycte ans onmcaHusi BXOJHOW M BBIXOJHOU
IIEPEMEHHBIX UCIIOJIB3YIOTCS 110 5 TepmoB (puc. 9.15).

BekTtop crenenel npuHAIIEKHOCTH TOCBUIKA UMEET BUL:

X = {ur,(x)} = [ros (x") pom (g () pt (D ps ()] = [0 0 0.3 0.7 0].
Heuerkas cucrema BbIBOAA UCIIONB3YET S5 MPABUIL:

Ecnu x=0Bb, To y=0Bb, nnaue
Ecmu x=0OM, Tto y=0OM, nnaue
Ecmu x=H, To y=H, unaue
Ecimu X=IIM, To Yy=IIM, nnaue
Ecmu x=I1b, To y=IIb.

HeueTkuM 3aKiII04eHUAM COOTBETCTBYET BEKTOP

Y=[-1 -05 0 05 1]7,
TaK 4TO pe3yJbTaT HEYETKOr0 BhIBOJIA MOIy4aeTcs o (popmyie:
y=XY=[00030.70][-1 —0.5 0 0.5 1]7 = 0.35.

PaccmoTpum panee cucremMy HEYETKHX MPAaBWI C ABYMS MOCBUIKAMHU U
OJHUM 3aKJIOYCHUEM, KOTopas peanusyer orobOpaxkenue fX; *xX, =»Y (puc.
2.23).

IToCcKOJIBKY 3aKJIIOYEHHS] MPEACTABICHBl CHHIJIETOHAMH, IPaBblE YacTu

MPaBUJI MOXKHO ONUCATH C TIOMOIIBIO MaTPUILIbI
1 1 0.5
0.5 05 0
R=| 05 0 -0.5]
0 -05 -05
-05 -1 -1
JlormycTM, 4TO B HEKOTOPBIM MOMEHT BPEMEHU BXOJHAs IEPEMEHHas
X1AMEET CIICYIOIIUN BEKTOP CTENEHEN MPUHAIIICKHOCTH

X = {MTi(x1)} = [pop(x1) pom o)y (e v (1) pps(x1)]1 = [0 0 0.3 0.7 0].

DTO0 O3Hayaer, 4ro B MaTpule mpaBuil ROyayT 3amyckaTbCs TOJBKO
npaBuia, BXOASIINE B TPETHIO U YETBEPTYIO CTPOKY.

Ilycte it BTOPOM  BXOAHOM  NEPEMEHHOM  BEKTOp  CTEIEHEU
MPUHAJIEKHOCTH UMEET BUJ

X, = {HTi(xz)} = [po(x)up (x)pun(x2)] = [0 0.2 0.8].
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DT0 03HaYaeT, yTo B R OynyT 3amyckaTbcsi TOJIBKO MpaBUiia, BXOASIINE BO BTOPO
u TpeTuit cronden. Takum o6pa3oMm:

_ 1'5:1 Z}o":1(liri(x1)HTj(x2)))’ij _
Y i1 Z}o":l(liri(xﬂlirj(xz)) -
(0.3%0.2) *0+ (0.3 x0.8)(—0.5) + (0.7 x 0.2)(—0.5) + (0.7 * 0.8)(—0.5)

- 03+02+03+08+07+02+07+08

047 _ .
- 1 - . .

Takou e pe3yJIbTaT MOXKHO MOJYYUTh, UCIIOJIb3Ys MATPUUHYIO 3aIIHUCh:
» x; =[0 0 0.3 0.7 0];
» x, =[0 0.2 0.8];
» R =1[11 0.5; 0.5 0.50; 05 0 —-0.50 —05 —0.5 —05—-1 —1];
> x1 * R * x,
ans = —0.47
Takum 00pa3om, IIpU ABYX BXOJHBIX MEPEMEHHBIX PE3YJbTAaT HEUETKOTO

JIOTUYECKOTO BBIBOJIa OMUCHIBACTCS (DOPMYJION:

y - XlRXZ
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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 TpaJMIIMOHHYIO CHCTEMY VYIpPaBICHUS C OTPHUIATEIHLHOU
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

3amaromee Bo3zciicTBueg(t) omuchIBacT JkKelaeMOe 3HAYCHUE BBHIXOJA
oobekTa ympasienusy(t). Ommoka ympaeienuse(t) = g(t) - y(t) mcmombsyercs
perynstopoM it GopmupoBaHusi curHana  ynpaeineHus  U(t).  OOBEKT
npeacTaBisger co0OM  JIUHAMMYECKYI0 CHCTEMY, KOTOpas MOXKET ObITh
HEYCTOWYMBON WJIM 00Ja1aTh MIIOXUMH JUHAMHUYECKUMU CBOMCTBaMH. Perymstop
CIYKUT JIJISl YIy4IIeHUs] TUHAMHYECKOro noBeneHus oobekTa. [lllymbr Ha Bxone u
BeIxosie o0bekta fl (t) m f2(t) Moryr OBITH OJHMM W3 MCTOYHMKOB HETOYHOCTH
(HeyeTKOCTH) 3ajayu  yrpaBlieHUs (IIpU CHUHTE3E peryjasaropa HMH 4acTo
npeHedperaror).

Krnaccuueckasi Teopus yrpaBieHUsi OpUEHTUPOBAHA B OCHOBHOM Ha CHUHTE3
JUHENUHBIX PEryJIATOPOB ISl JMHEHHBIX OOBEKTOB. (CBOWCTBO JIMHEHMHOCTH
MO3BOJISIET MOJMYYUTh yJIOOHBIC AITOPUTMBI OIICHKH TAKWX BAXKHBIX CHCTEMHBIX
CBOMCTB, KaK YCTOMYHBOCTb, YIIPABISIEMOCTh, HAOTIOJAEMOCTh | T. 1.

OpHako Bce peanbHbIe OOBEKTHI SBISIIOTCS HEJIMHEWHBIMU, W JIMHE-
apu3aius WX MaTEeMaTHYECKOTO OMHCAaHHS TpeOyeT pacCMOTPEHHS HEKOTOPOH
paboueil TOUKH, OTHOCUTENIBHO KOTOPOH paccMaTpUBAIOTCSI MaJIble OTKJIOHEHHUSI.

HenunelHocTs MareMaTH4ecKOM MOJENU BBIPAXKACTCA B IPUCYTCTBUU
HEJIMHEHHBIX OJIOKOB, TAKMX KaK HACBIIIEHUE, CyX0€ TPEHHE, TUCTEpE3UC U T. 1. B
YaCTHOCTH, BBEJICHUE B CTPYKTypy puc. 10.1 orpannueHus Ha 3HaYEHUE CUTHAJIA
YIIPaBJICHUS [I€JIAET €€ HEJIMHEMHOW. HeNMMHEWHOCTh TakXke BO3HUKAET, €CIH B
MaTEMaTUYeCKOM ONHCAaHWUU TPHCYTCTBYIOT HEIWHEWHbIE (yHKIUH (KBaapar,
KBaIPATHBIN KOPEHb, TPUTOHOMETpUYECKUE QYHKIIUA U T. T1.).
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Heuerkue normueckue perynstopsl (HJIP), HenuHeiiHble o cBO€il CyTH,
MOTYT YIPAaBISATH JMHEHHBIMU 0ObEKTAMH JYUIIle, YeM KJIACCUIECKUE PETYISTOPHI,
a TaKKe YOpPaBIsATh HEIMHEWHBIMH OOBEKTaMH, IS KOTOPBIX JIMHECHHBIC
PETYIATOPH HEMPUMEHUMBI. )

JIJIs TUHEWHBIX CKAJSIPHBIX OOBEKTOB (C OJHUM BXOJOM W OJHUM BBI-
XOJIOM) TIPH OIUCAHHMH IEPEXOJHBIX IMPOIECCOB TPATUIIMOHHO pacCMaTPHBACTCS
peakiusy(t) Ha ckaukooOpa3Hoe BxoiHOE Bo3ercTBre](t), M HCITOIB3YIOTCS TaKKe
napameTpsl, kak (puc. 10.2):

- BpeMs HapacTaHus £,, T. €. BpeMs, 3a KoTopoe nepeMeHHasy(t) Bo3-
pactaer ¢ 0.1 1o 0.9 ycranoBuBmerocs 3HadeHuAYycr(1t);

- nepepezynuposanue 6 - (Ymax(F) - Yye:(t))/100) %;

- ycraHoBuBIascs ommoka e =g(t) - Yyem(t);

- BpeMms MepexoIHOro Tporecca ty, (BpeMs oT Havaya nepexo HOTo
mporiecca 10 MOMeHTa, koraay(t) He mokunaeT uHTEpBanyye, + 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 PETYIUPYEeMOro oObeKTa
MoCJ€ W3MEHEHMS BXOJHOTO CHTHAJla CaMOCTOSITEILHO BepHYThcsi K HOBOMY
yctaHoBuBIIeMycsi coctosiHuio (cMm. puc. 10.2). CamoBbIpaBHUBaHHE O00JIer4aeT
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paboTy perynaropa. YcToWunBoe (PyHKIMOHHUPOBAHUE OOBEKTa YIpaBieHUs 0e3
CaMOBBIpaBHUBAHUS HEBO3MOXKHO 0€3 peryisTopa.

10.2. Moaenu 00beKTOB ylpaBjieHUsl .

Kak mnoka3piBaeT MHOTOJIETHHWA  ONBIT MPOEKTUPOBAHUS  CHUCTEM
ynpaBieHus: [48], OONBIIMHCTBO pEATbHBIX JAMHAMUYECKUX OOBEKTOB JIMOO
OIKCHIBACTCS TEPEAATOYHBIMU (PYHKIHMSIMH TEPBOTO WJIM BTOPOTO TOpPSAKA
(BO3MOYHO - C 3ama3AblBaHUEM), TUO0 UX AMHAMHYECKHE XapaKTEPUCTUKU MOTYT
OBITh ANIPOKCHMHUPOBAHBI ATUMHM (QYyHKIUsAMU. Takum 00pa3oMm, THUIIOBOE
OINKCaHuE OOBbEKTA YIPABJICHUS UMEET BUL:

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

[Ipy Hanuuuu 3BeHa 3amnas3gbiBaHus (exp(-Tp)) MOPSAIOK MepeaaTOUHOU
¢yHkuun Bo3pactaeT Hak pas, raek - mopsmoK pas3noKeHHs SKCIIOHCHIIMATBHOM
bynkuuu B psn [aze.

Jlist OOBEKTOB yYHpPABJIICHHWS C SBHO BBIPAKEHHOW Mpeo0saaroniei
MOCTOSTHHOW BpEMEHU TiepeaaToyHast GyHKIHS YIPOIIASTCS:

kexp(-zp)
W(p) = 7
(Tp+1) (3.2)
raeK, 7,t koahunreHT ycuneHus, moCTOsSTHHAS BPEMEHH U 3ara3/bIBaHue,
KOTOpBIE JODKHBI OBITH ONpEIeNieHbl B OKPECTHOCTH HOMHHAIBHOTO PEKHMA
paboThI OOBEKTA.

Jlist oObekTa ynpasieHust 6€3 caMOBBIPABHUBAHUS TIepeaaTodHas (QyHKIIHS
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 KPHUBYIO OTKJIMKA. KpuBas OTK/IMKa CHUMAaeTcs I OOBEKTOB,
HE JOMMyCKAIOIIMX MO0Iavy Ha BXOJ 00BEKTa CTYNIEHYATHIX 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
nepenaroyHo GyHknuu. B 4WacTHOCTH, ¢ 3TOW IEIBI0O MOXXHO HCIIOJIB30BATh
METOJ] KacaTeJIbHOM K TOUKE Mepernda KpuBou pa3roHa.
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 3amas3ibplBaHue | Takke ompenensiercs mo rpaduky, u
CKJIQJIbIBAETCS U3 IBYX KOMIIOHEHTOB:

T=1,+1,

I7I€ T3 - YUCTOE (EMKOCTHOE) 3ama3iblBaHUE, Xy - TPAHCHOPTHOE 3ama3-
JIbIBAaHUE.

Jlist oObekTa ¢ CcaMOBBIpAaBHUBAaHUEM JUHAMUYECKUN KOADPUIIMEHT
ycwiieHHs K TOKa3bIBa€T, BO CKOJIBKO pa3 JAaHHOE 3BEHO YCHJIMBAET BXOIHOU
curHai (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 )

Jliis ompenenicHusT TUHAMUYCCKUX XapakTepucTuk oObekTa Buaa (10.1)
MOYHO MCIOJIb30BaTh MeTOA OpMaHca.

DTOT METOJ IMO3BOJISIET 10 HOPMHUPOBAHHOW KPHUBOW pas3roHa OMNPENEIIUTh
JIBE€ TOMUHHUPYIOIIME MOCTOSHHbIE 00BEKTa yIIpaBICHUS.

Ilepen HavyasioM 0OpabOTKH TMEPEXOJHYIO XapaKTEPUCTHKY TpeOyeTcs
MPOHOPMHPOBATh (IMAMa30H W3MEHEHUs] HOPMHUpPOBaHHOW KpuBod O0-1) u
BBIJICJIUTh U3 €€ HayaJbHOIO Yy4YacTKa BEJIMYMHY YHUCTOIO BPEMEHHOTO
3ana3/IbIBaHMUsl.

HopMmupoBaHHass kpuBasi MepexoJHasi XapaKTEPUCTHKA OIMPEAEISIeTCS
dbopmyroit

h(t) _ y(t) ~ Ymin '

Ymax = Ymin

3arem ormpezaensercss BpeMs, COOTBETCTByolee 3HaueHuro YH= 0.7 u
o0o3Havaetcs t7 . IlomydyeHHbI MHTEpBaN OeNUTCS Ha Tpu yacTu. [lomHumaercs
NEPHEHAMKYJIAp 10 KpHBOM pasroHa M ompexaensercs BenuuuHa YH4
AHanmuTUYECKH JOKa3aHa C  CBSA3b MEXJIYy TOYKaMH KpHUBOW pa3roHa H
napameTpamMM  MOJIENH, 4 UYMEHHO

t
_ 4o T
t, =12(T,+T,);t, =—=.
3
[TocTostnabie BpeMeHu oObekTa ympasienusTx m T2 omnpenensitorcs ¢
MOMOIIII0  BCIIOMOTAaTEIbHOW  BEIWMYMHBIZ2, Ui  HAXOXACHUS  KOTOPOU
UCrob3yeTcst Homorpamma (puc. 10.4).
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0.15

0.2 04 0.6 08 1.0 2
2
Puc. 10.4. Homoepamma ons onpedenenus eerudutvt Z

[TocTostHHbIe BpemeHn oObekTa ynpasienus T1 u T2 ompenenstorcsa mo
ClIeyoIuM (hopMyIam:

t t
T =—@A+2):T, =——(@1-2).
: 2.4( )T, 2_4( )

Eciun hH4< 0.19, To ana ompeneneHus TUHAMUKUA OOBEKTa MCIOJb3YIOT
MeTto miomaaeit. Eciu T1>>T2 To MOXKHO NTEpEeUTH K MOJICJIM IEPBOTO MOPSIKa.

HanbGonee yHUBEpCAIbHBIM QJITOPUTMOM  ONPEACIICHUS IapaMeTpOB
MOJIEIN CIeayeT Mpu3HaTh MeToa HauMenblnx kBaapatoB (MHK). C ero
MOMOII[BI0 MOXXHO MOCTPOUTH MOJIEIh HE TOJIBKO BTOPOTO, HO U 00Jiee BBHICOKHUX
TTOPSIKOB.

Ins ucnons3oBannss MHK HeoOXoauMbl MacCUBBI 3HAYCHHH BXOJHBIX H
BBIXOJ/IHBIX CHUTHAJIOB OOBEKTA, CHATBHIX Yepe3 HEKOTOPHI MHTEpBad BpeMeHUTK -
nepuoj KBaHTOBaHUs. Bo BXOJHOM cuTrHaje 00beKTa JI0KHA MIPUCYTCTBOBAThH KaK
MOCTOSIHHAsl, Tak MW TpoOHas coctaBistomue. I[locTosHHAs CcOCTaBIsIONMIAs
OmpeNeNiaeT MOJOoXKeHUue paboueld TOYKM TMpoIlecca, B OKPECTHOCTH KOTOPOM
MPOU3BOJIUTCS ONPEACIICHUE MapaMETPOB JUHAMUUECKON Moiesid 00bekTa. Takum
o0pazom paboTa MPOUCXOIUT ¢ HUPPOBOM (IUCKPETHOI) MOIENIbIO OOBEKTA.

[TycTh nudpoBas MoeIb IEPBOTO MOPSIKA 3a]]aHa B BUIC

yu (K) =ay(k —1) + bu(k —1).

y(k)

>| O6BexT

u(k) & 1 e(k)

7

Mogens

10

Puc. 10.5. Cmpyxmypuas cxema sxcnepumenma

Cxema skcriepuMeHTa MokazaHa Ha puc. 10.5, tne M - moxenbs 00b-
exta,u(k), y(k), YM(x); 9 - BXOaHON M BBIXOJHOM CHUTHAJIbI OOBEKTa, BBIXOJIHOMU
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CUTHaJ MOJCIM W BEKTOp OICHKH mapameTpoB;e(K) - Tekymas omuoka
UJIeHTHPUKAITIY.

[Mycte HakomieHON -f- 1 Todyek u3MepeHUS BXOIAHOTO M BBIXOJHOTO
CUTHAJIOB 00bekTa. B MeToje HaMMeHbIIUX KBaJpaToB 000OImIeHHAg ommoka

UACHTU(UKAINY TOJDKHA OBITh MUHIMAJTBHA:
N-+1

E=)ek)’ > min.

k=1
BBexeMm 0003HaueHUS
A=y(k)—ay(k —1);B =bu(k -1),

Torna

N+1

E=)[A-BF.

[Tocne packpbITHs CKOOOK M MPUBEIEHUS TOAOOHBIX MOIYYUM
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 pysakuuu E mpeanonaraet paBeHCTBO HYIIO YaCTHBIX
MIPOU3BOIHBIX MO MapameTpam a u b:

oa aob
oE
5:-82 +aS, +bS, =0_) S, =aS, +bS,
OE S,=aS, +bS;

E:—S4+a85+b86:0

Takxum 00pa3oM, MOXKHO 3amucaTh
A6 =B.



CrnenoBaTenbHO, I BBIYMCIEHHUS OLICHOK BEKTOpa MapaMeTpoB OOBEKTa

YIPABJICHUS 10 METOY HAUMEHBIIIUX KBAJIpaTOB Mojy4yeHa Gopmyia
6=A"B.
4

OOparnas matpuiia A-1 Bceraa CymecTByeT, TaK KaK UCXOIHAs MaTpuma A
CUMMETPHUYHAS U MOJIOKUTEIBHO ONPEICIICHHAS.

3Has mapaMeTpbl JAMCKPETHOW MOJEIN MOKHO ONpPENEIUTh MapaMeTpbl
nepenaTouyHo GyHKIUU 00BEKTa
w(p)=_~_ - YP).

p - - )

Tp+1 u(p)

CBa3p Mexay napaMeTpaMHu JIUCKPETHOM MOJIEIM W NEPEAaTOYHOU
byHKUMK onpenensercs popmyaMu:
Tk

a=eT ;:b=K(@1-a).

Otkyna cinenyer, uTo
In(a) l1-a

B mnakereMatLab mnomoGHble TpeoOpa3oBaHUS BBIMOIHSIIOTCS CAMHO-
oOpasHo JJis MoJiesiel 1r000ro nopsaka.

[Ipn ucnonp3zoBannn MHK mnonydaemble OLIEHKM BBIYMCISIOTCS C HeE-
KOTOPBIMH ~ OIUMOKaMH, KOTOpbIE Ha3bIBAIOTCA CMEIIEHHWEM OLEHOK. Jlis
MOJIYYEHHUS] XOPOIIMX pPe3yJbTaTOB HEOOXOJUMO BBIIIOJHHUTH Psii  YCIOBHIA,
IJIaBHbIE M3 KOTOPBIX 3aKJIIOYAIOTCSI B TOM, YTOObI TECTHUPYIOIIMA CUTHAlI ObLI
JIOCTATOYHO Pa3HOOOPa3HBIM, 2 00BEM BEIOOPKH OBLIT JJOCTATOYHO OOJIBIIIHIM.
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I[MPAKTUYECKOE 3AHATUE Ne 11

11. M A-PETI'YJIAATOPBI

B npowmsbinuieHHOCTH Hanbosiee 4acToO MCIOJB3YEeTCs MPONOPILHOHAIBHO-
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 ¢ moMmolbio HUGPOBLIX Wiu aHanoroBbix [T1]]-
perynsaropoB (puc.11.1), a Takxke ux ynpomieHHbix moaudukanuii: 11, TI1, TN u
N-perynsatopoB, KOTOpbIE MOJIYYAOTCS MPU Pa3HbIX KOMOMHAIMUSAX CJIaraeMblX,
Bxoasmux B (opmyny (11.1). Ympasnstomas nosepxHocts I[IM][-perynsitopa
ABJsETCS rurep miockoctoro, [1J1 u [IN-perynsatopos - miockocTero, nopeaexue 11
u U-perynsaropoB ONMCHIBAETCS MPSMOM, T. €. BCE 3TH PErYJSATOPHI SBIIOTCS
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-|Ycranosusasic |[lepeperynuposa-
TaHUs s OIMoOKa HUE
[[ponoplIMOHANIbHBI| YMEHBIIIAET | yMEHBIIAET YBEJINYUBACT
i
Juddepenimanba | He BIUICT HE BJIUSIET YMEHbBIIAET
19171
WNuTerpanbHblii | 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 IBYyX BapuaHTax - s
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 wk; ycTaHaBIMBAIOTCS paBHBIMH HYJIIO, a KO-
>¢p¢unmentk, yBemmuuBaeTcst M0 TeX IOp, MOKA B CHUCTEME HE BO3HHKHYT
aBTOKOJICOaHHUS.

2)  o0o3Haumm mpenenbHOe 3HaueHHe K, kak P, a mepuox aBTokoneOaHwmit
kak T.

3)  3HaueHHs KOI(PPHUIMEHTOB PEryjIsaTopa PaCCUUTHIBAIOTCS B COOT-
BeTCTBHHM ¢ Tabn. 11.2.

Taoauna 11.2
Pacuer ko3¢ puumenToB peryasitopa (Bapuanr 1)

T Tq
I 05P
nn 0.45 P T/1.2
I 0.6 P T/2 T/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 Scope3
Gain3
= git) L Pt uft) :
| 17 +
_l __:. s3+1554+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.
ABTOKO€0aHus B cucteMme Bo3HUKarOT ripu Kp=28 (puc. 11.3). Takum o6pazom, P
=28, T ~5.

B cootBercTBHU ¢ Tab1. 11.2 nonyyaem:

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,
ABJISIETCA CHUCTEMA YCTOMYMBOM WJIM HEYCTOMYMBOW, CTPOUTCSA KacaTellbHas K
TOUKE nepernda KpuBOM MepexoaHOro Ipolecca, U ONPEAeIIIoTCs ABa mapameTpa:
R u L (puc. 11.5). Hanee xordduimieHTs! BBIOPAHHOTO THUIIA PETYJIsATOpA
PaCCUUTHIBAIOTCS B COOTBETCTBUU ¢ Taba. 11.3.

2 e 1.8
1.8 ) 1.6 LA
oy A AN A \ Y T
o I N O O O L L 1.2 L]
1.2 JEHEREY | \ sl 1 T -
(03 1 O L O [ y(1o.8 ] Lol
I N SR 0.6 1 IV
ot L1 AN 1JTY] 0.4 [
o 0.2
ool A A4 VI A1 ) 0
0 Vi V[ VIV 0.2

0 5 10 ; 15 20 25 ;

Puc. 11.3. Hezaryxarommue xonebanus Puc. 11.4. Tlepexoansiii mporiecc B B
cucreMme ynpasienus  cucreme ¢ [IU/I-peryisitopom

=]
(9]
[y
(=]
foy
(92}

20 25
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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

132



K, = 12; Ty = 0.5; T; = 2.

IpoLecC sl 3aMKHYTON CUCTEMBI TIOKa3aH Ha puc. 11.7.
Kak nmokaseiBator puc. 7.4 u 7.7, Ina [IN/-perynasitopoB, pacCHUTAaHHBIX

no meroauke 3uriepa - Hukonca>> xapakTepHo OOJBIIOE MEpPEPETyIUPOBAHHE
(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 obecneunuTh MEPEXOAHBIM MPOIECC C MaJIbIM BPEMEHEM Ha-
pacrtaHusi, ycraHoBHBIIeics ommokoi A < 3% u nepeperyiaupoBanreM 0<10%.

bynem wucCnonp30BaTh ONMMCAHHBIM BBIIIE 3-IIaroBbI aJITOPUTM MPO-
EKTUPOBAHUS.

1. Paccmotpum HJIP II ¢ Tpems mpaBuiiamu, KOTOPBIA UMEET €IUHUYHBIHI
kodhumuent ycunenus (puc. 12.1 m 12.2). Takoi perynasiTop HE OKa3bIBaeT
BIUSIHUS Ha TIpoliecc yrmpaiieHus. BribepeM 0a30BbIii KOIPDUIIMEHT YCUICHUS
ko= 6.5, mpu 3TOM 00OecTieunBaeTCs 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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G 65 : =

0.02524+0.45+1

Step
Gain Transter Fen S ad 4

Puc. 12.2. bazoeuvuii [1-pecynamop

1

ool /[

08L_/

0.7 {

0.6 /
|

v 0.5
0.4
0.3
0.2
0.1

O/ oms e
0 0.10203040506070809 1
t

Puc. 12.3. Ilepexoousiii npoyecc npu 6a3060m Kod3ghguyuenme ycunenus

2. Paccmorpum HIJIP I ¢ Tpems mpaBunamu (puc. 12.4). buok
Saturationcmy>kuT A OPUBEACHHS BXOJHOW TEPEMEHHOW K  3aJaHHOMY
auana3oHy. TepMbl BBIXOJHOW MEPEMEHHOM PETYJATOpPA PaCIOJIararorcs II0
0a30BOIl 1IKaje B COOTBETCTBUHU C puc. 12.4, TepMbl BXOJHOW MEPEMEHHOHN - B
COOTBETCTBUH ¢ puc. 12.5, Merogom mpo0 u ommbOOK BeIOMpaeTcs 3HaueHue x1 =
0.5 (puc. 12.5), mpu sToM obecnieunBaeTcs MUHUMAIBFHOE BPEMs HapacTaHUS MIPH

3aJaHHOM TIepeperyIHPOBaHHH.

=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 ({.50.60.70.3—5.5—1

Puc. 12.6. Ilepexoonuiii npoyecc na emopom waze npoekmuposarust HJIP I1

1.4

1.2
1 N\

O I E

0.6

oal L

0.2

0 S N
0 0.10.20.30.4(%.50.60.70.80.9 1

Puc. 12.7. I[lepexoouwiii npoyecc na mpemvem waze npoekmuposanus H/IP _I1
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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 I1C I1b
e -1 [-0.66* x5| -0.33* x4 0 0.33*x, 0.66*x5 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 0102030405060708091
t

Puc. 12.10. Ilepexoonwiii npoyecc onss HJ/IP 11 ¢ cemvio npasunamu

OKOHUATENIbHOE PACIOJIOKEHUE TEPMOB BXOJHOM MEPEMEHHOI IMOKa3aHO
Ha puc. 12.7. Ha puc. 129 nokazaHo rpaduyeckoe TNpeCTaBICHUE
MOJIYYMBILIETOCS 3aKOHA YIIPABJICHUS.

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

JIMArBHCTHIeCKHe npasuaa HJAP ITH

Tabauma e*(k)

NIPaBHUII 0 II

O |0 | TTH | Kukp)
Ae*(R T :
ST T :
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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, YTO JOCTUTHYTa HyJeBas YCTAaHOBHBIIASCS OIIHOKa,
OJIHAKO BPEMsI YCTAHOBJICHUS MOJYy4YaeTcs CAUIIKOM OosbiiuM. ClieqoBaTenbHO,
3aKOH yTpaBJIeHHUsI, 3aJlaHHbIi Tab. 13.1, He BMOJIHE yAOBIECTBOPUTEIICH.
Paccmotpum anroputm nomaroBoil Hactpoviku HIJIP ', koTopeiii (kak U B
cinyuae ¢ HJIP I1Jl) naunnaercst ¢ kouctpyupoanust 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. Tepmsr JIIT «uHTETpan omMUOKKA yIpaBIeHUS™>> PAaBHOMEPHO PacMoJaratoTcs 1o
0a30BoOI HIKAJIE.
14

1.2 - 4

Vit 0.8
0.6

/

/
ol ]
o2}

0 /_

0 02 04 ., 06 08 1

Puc. 13.5. Ilepexoousiii npoyecc nocie nowazosou nacmpotuixku HJ/IP TTH
3. PaccmatpuBaercs 6a3a npaBun (tabn. 13.1, B koTopoii BMecTo Jle*

UCTIONIB3YeTCs Je*).
Ha puc. 13.5 nokazan pe3ynbratr MojaenupoBanusi. O4eBUIHO, BpeMs HapacTaHUs
YMEHBIIWJIOCh MOYTA Ha TMOPSAOK MPU JTONYCTUMOM MEPEPETYIUPOBAHUU H
HYJICBOW YCTaHOBUBIIIEHCS OIIHUOKE.
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[TpakTnueckoe 3ansitue Ne 14

Cunre3 HeveTkoro peryasaropa IIA/I-tuna

4
PaccmoTpum peanuzanuto ctpyktypsl HJIP _TTU/J] puc. 14.1 ¢ ucnosib3oBaHuem

cuatesupoBanHbix Beitie HJIP_TTJ] u HJIP_TIU (puc. 14.2).

5 HJIIP
e(® 4 B - uft)
b
] mrp.m | 4
Puc.14.1.

Ha puc. 14.3 noka3aH nepexo/iHbIi NpoIEecc B CUCTEME.
Cy1iecTByIOT Take albTepHATUBHbIE BapuaHThl cuHTe3a HIIP  TIM/,
PacCMOTPUM HEKOTOPBIE U3 HUX.

Saturation2 I”I—’ -m- b
I i S FUZzy LOgic ~ Lans

3 3 Controller2
Integrator Saturationl

Step! 1
5 *00252404s41] |
Saturation4 2 !
_Zm_ Transfer Fenl
Lp{du/t—! O.1 uzzy Logic Gain'
el Controlier1
DerivativelZ . e
Gain2

Puc. 14.2. Cxema mooenuposanus HJ/IP T1H]] ¢ SimulinkMatLab

PaccmoTpuM panee peanu3anuio CTpyKTYphbl, TOKa3aHHOH Ha puc. 14.2, T. e.
Henocpeactsenno HJIP TTM/I, momyuaromiero Ha Bxoje OmMOKy, e
IIPOU3BOIHYIO U UHTETPaJL.

1.4
1.2

[
,0.8
yl ]

0.6

0.4

o
0.2[




Puc. 14.3. [lepexoonuiii npoyecc noo ynpasnenuem HJIP TIH]]

C ICJIBIO MUHHUMHU3AlUN KOJINYCCTBA IIPaBUJI 6y,Z[CM AL BXOAHBIX IIEPEMCHHBIX

MCIIOJIB30BaTh M0 3 TepMa (YTo JaeT 27 yNpaBIsIIOIIUX TPaBU).

[Tpu 5TOM KaXK10 IepeMEeHON COOTBETCTBYET COOCTBEHHBIN MacIiTad 6a30BoOi

mKaiel X (puc. 14.4).

Jlyig onuicaHus CUTHAJA YIIpaBiIeHus OyJ1eM HCIOIb30BaTh 5 TEPMOB

u4e) 1\ nae) a
0 £ o OB oM H [OM 1B
e,de,"dtﬁdt ;1 0 T
Puc. 14.4. Jluneeucmuueckoe onucanue Puc 14.5.
Jluneeucmuueckoe onucanue
6x00HbIX nepemennviii HJIP TIH]] BbIXOOHOL

Tabnuya 14.1

nepemennou HJIP ITH]]

ilpasuna HJAP_ UL npu nysresom
HHTerpaJe OrHOKH

.......

Tabauna e*

I paBWJI O H I
O [{0B |OM | H

ret| H |loM | B | 1M
I |iH |OM| OB

---------------------------

Tabruya 14.2

Ilpasnaa HJP_YIH]I npu nonomy.

TEJHHOM HHTErpajge oliuoRu

Tabnanna tex
mpaswia [ QO H IT
o|lH [mM|OB [

I

Aex| H |\TIM | OB | TB

PaccmoTrpum npoexkuuu nnosepxHoctu ynpasiienus HJIP T/ na

miockocTsexde/dtnpy pasIMUHBIX IMHIBHCTHYECKHX 3Ha4YeHMsX Jedt.
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Bapuanr 1: «urmeepan owubku>> = «H>>. B 310 cutyarnuu KojaeOanus
MIPOUCXOIST B 00JIACTH HYJIEBOM OLIMOKHU, U MOKET OBITh UCTIOIb30BaHA
cummetpuadas TJIIT (ta6u. 14.1).

Bapuant 2: «unmezpan owubku>> = «77>>. B aT0il cutyauuu ynpasjisieMas
MepEeMEHHAass MOXKET HaXOAUTHCS B 00JIACTH MOJIOKUTEIBHON OMMOKH, TOTAa
TpedyeTcsl CUTHAI KOPPEKLIUH, BETMYMHA KOTOPOT0 MPOMOPLIHOHATIBHA POCTY
omnOKu. Ecnu sxe uHTerpan ommoKy MOJ0KUTEIBHBIN, a caMa OInOKa OTpH-
naTeabHast 1 YMEHBIIIAETCs, TO KOppeKIus HyneBas (Tadm. 14.3).
Tabnuya 14.3

Hpasuna HJAP W npu orpuna-
TEJABHOM HHTErpaje olnuoKH

Tabanma e¥
IpaBua | O H | II
o [oB|oB|OoB| !
Ac+| H [ OB | OB | OM |
BapwuanT 3: I1 1O |OM | H u’ | «unmezpan ouuo-
Ku>> = «O>>, R DTOT BapUaHT

OKa3bIBACTCSl CHMMETPUYHBIM MPEIbITYIIeMy BapuaHTy (Tadi. 14.3).

e PEEED

1
—ie [ ‘
Integrator

(? >

Saturation1

e idu/ 7|£

Derivative Saturation2

Scope3

‘ > ]
-M— 01524001541

F&zﬁrgl?gric Gain3 Transfer Fen2

simout
I To Workspace yt)

Puc. 14.6. Cxema HJIP 11H]] ¢ SimuiinkMatLab

Tabnuya 14.4
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ITpasuna ynpasaenus HIAP ITAJ

N | |t e de/dt u Ne fedt e de/dt u
1| H 0 0 OB 15 I H I 1B
o | B 0 H OM 16 II 11 0 1B
3| H 0 1 H | 171 11 I H | 1B
W 0 oM | 18 I II 11 1B
5| H H H H | 19 0 0 O 0B
6| H H o oM | 20 0 0 I OB
’j H I 0 H 21 0 0 II OB
8| H I H oM | 22 0 31 0 OB
9| H I 3 1B 23 0 H H OB
(10| . 0 0 H 24 0 H I oM
11 10 0 H oM | 25 0 I 0 OB
12| @ 0 31 B 26 0 I H oM
13| I H 0 oM || 27 0 I I H
14| I H H 1B

OO6mrast TabuIa IpaBmII MpruodpeTaeT ciemyrontuii Bus (tTadmn. 14.4), ona
COJEPXUT 27 MPaBUIL, ¥ KKI0E MPABUIIO UMEET TPH MOCHUIKH.
Ha puc. 14.6 nokazana crpykrypaas cxema HJIP_TIMJI B SimulinkMatLab, a na
puc. 14.7 - mepexoaHbIi Mpolecc B cUCTEME. B cxeme HCIoiib30BaH HHTETPATOP C
HaceieHuem, naaue HJIP TIU/I Beipoxxknaerca B HJIP T1/1.

1.4
1.2
5| T AN
08|
osl]
04|
0.2 /
0

¥h

Puc. 14.7. Ilepexonusiii mpouecc nox ynpasiaenuem HJIP TN ]]
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