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BBEAEHUE

MpakTUKyM No aucumnivHe «HeyeTkue mMoaenu U MeTosbl B Me-
HE[KMEHTE KauyecTBa» MpeAHa3HayeH ANis CaMOCTOSITENbHOM paboThl
MarucTpaHTa, BbINOJIHAEMOW MOA PyKOBOACTBOM MpenofaBaTerisi.

Llesib npakTukyma — 3aKpernyieHne TEOPETUYECKUX 3HaHWIN U
npuobpeTeHne NPaKTUYECKUX HaBbIKOB MPEeACTaBNeHNS HEYETKMX
3HaHWUI ana GopMMpoBaHUS 6a3 3HaHWA UHTENNEKTyanbHbIX UHMOP-
MaLMOHHbIX CUCTEMBI.

MpakTnyeckne paboTbl BLINOMHATCA B COOTBETCTBUM C y4yeb-
HbIM MIAHOM HanpaBfeHUs] MOAFOTOBKW U WUHAMBMAYaNbHbIM 3afaHu-
€M, HasHa4yaeMbiM npenogasaTtenieM. PesynbTaTtbl paboTbl odopmns-
I0TCA B BMAE MOsSICHATESIbHOM 3anucku (M3), coaepXxaHne KOTOpoM
[O/HKHO COOTBETCTBOBaTb TPeHOBaHMAM, M3NOXEHHbIM B "MeToanye-
CKMX YKa3aHusX MO OOPMIEHMIO TEKCTOBbIX M rpadmyecknx npoek-
ToB" [1].

CoBpeMeHHbIV 3Tan pa3BUTUS MHHDOPMALMOHHbBIX TEXHOMOIMI
XapaKTepu3yeTcsl MOHMMaHUEM Ba)XHOCTU MPUMEHEHMSI HOBbIX METO-
[OB M TEXHOMOMMYECKNX CpeacTB, MOBbILIAOWMX YpoBeHb 3dheKkTns-
HOCTM pelueHns pa3HoobpasHbix 3ada4y. B nepeyto ovepeab 370 OTHO-
CUTCS K CO3[aHUI0 WHTENNEKTYaNbHbIX WHEOPMALMOHHbIX CUCTEM,
npeaHasHa4YeHHbIX ANs pelleHns NpakTUUEeCcKMX 3aad Ha YpOBHE Bbl-
COKOKBaNM(MUUMPOBAHHIO CneumanncTa, 4Yto OCOBeHHO BaXHO Ans
CNaboCTpyKTYpPMPOBaHHbIX U MnoxodopMannM30BaHHbIX 3aaay. Paspa-
60TKa M BHeEApPEHME TaKMUX CUCTEM MPUBENO K MEPEOCMbICIIMBAHUIO
MHOMMX BaXXHbIX ACMEKTOB, CBA3AHHbIX C MpoUeccaMn MPUHSATUS pe-
LeHWl, yaobcTBOM paboTbl YenoBeKa C KOMMbIOTEPOM, TEXHOMOIMUI
06paboTkn nHbopmaumu.

COAEP>XAHUE MPAKTUKYMA

MosicHUTeNbHas 3anucka Ao/MKHA BKIOYATb pasaenbl:
TUTYMbHBINA NIUCT.
BBEAEHME.
1 MeTtoamnka pedazsndukaumm.
2 Bblbop B yCnoBUSX HEONpPeAeneHHOCTH.



3 PacyéT nokasaTtenei cornacoBaHHOCTM 3KCMEPTHbLIX OLIEHOK.
4 ABTOMaTMU3UPOBaHHbIN PAcUYET MOKa3aTeNen HEYETKOCTH,

5 MoaenupoBaHune HeYeTKUX 3HaHui B cpeae MATLAB.
Cnucok nutepaTtypsbl.

1. METOOVKA AEPA33ZNOUKALINKN

Llenb paboTbl — 03HAaKOMJIEHNE CTYAEHTOB C METOAMKOMN Mony-
YEHWUSI YNCSIEHHBIX 3HAYEHWUI BLIXOAHbLIX MapaMETPOB MPU MCMOJb30-
BaHWM HEYETKMX MOAENEN YrpaBeHusl.

Ansa peweHns 3agayum Heob6xoAnMMO BbIMOMHUTL PSA 3Tanos.

Stan 1. HaxoxaeHune 3HauyeHWn YHKUWUNA NPUHAANEXHOCTEN
(®I) BxoaHbIX NapaMeTpoB. Ha aaHHOM 3Tane HeobxoauMMO onpeje-
mMTb 3HadveHus OI ana Bcex BXOAHbIX MapaMeTpoB B TOYKaX, COOT-
BETCTBYIOLLMX KOHKPETHbIM 3HaYeHUsM [aHHbIX NapaMeTpoB. 3Haye-
Hust Ol BXOAHLIX NApamMeTpoB ONpeaensoTcs M3 ypaBHEHUIA, ONUCHI-
BaloLWMX (PYHKLMW NPUHAAIEXKHOCTH.

Stan 2. Mepebop Bcex kOMOBMHaUMIA BXOAHbLIX MApaMeTPOB WU
HaxoXaeHne Mno npaBuiaM 3HadeHUs BbIXOAHOMO napameTpa. 3Hade-
HWUS BbIXOAHbIX MapaMeTpoB OMpeaensoTcsa no npasunaM 6asbl 3Ha-
HWM, BbICTYNAlOLWLEN B pOSIM OCHOBbLI ANS1 JIOTMYECKOro BbiBOAA. 3aTeM
ANS KaKAOW KOMOMHauMKM OonpeaensieTcs MUHMManbHOEe 3HauyeHue
(YHKUMI NPUHAANEXHOCTY BXOAHbLIX NEPEMEHHbIX.

31an 3. CopTMpoBKa BCEX KOMOWHALMIA BXOAHbIX — BbIXOAHbIX
napaMeTpoB. [Ns KaXAoro M3 3HauyeHWl BbIXOAHOMO napameTpa M3
BCEX MWHMMYMOB 3HayeHuii O BXOAHLIX MapaMeTpoB BblbUpaeTcs
MakcMManbHoe. MonydyeHHble MakcuMalsibHble 3Ha4YeHUs HAHOCATCA Ha
rpaduk QyHKUMM NPUHAANEXHOCTN BbIXOAHOW NEPEMEHHON.

Stan 4. BbluMcrieHMe TOYHOTO 3HAYeHUsl BbIXOLHOW MepeMeH-
HOW. [lns 3TOrO MCNoNb30BaTb METOA «LEHTPa TSHXKeCTU», peanusye-
Mbil B cpepe Matlab, c nomowblo nakeTa MpYMKNAZHbIX NPOrpamMm
Fuzzy Logic Toolbox. N5 BbIMUCIEHUS YNCIEHHOIO 3HAYEHUS «BpYyY-
HYI0» BO3MOXHO WCMOSb30BaHME METOAA BbIYMCIEHUS CpeaHeB3Be-
LUIEHHOrO 3HaYeHUs NO UTOrOBOMY PUCYHKY NO (opmyne:



Ve Z_Zn:UiXIUA(Ui)/ZluA(Ui) (1.1)

roe w4001 — MakcMMarnbHOe 3HauveHue GYHKUMIA NPUHAANEXHOCTH,
COOTBETCTBYIOLLEE N3MEHEHMIO BbIXOAHOMO napameTtpa ;.

1.1 MOZENbHbIA NMPUMEP

PaccMoTpyM cucTeMy MHBEPTMPOBAHHOIO MasiTHWKA, yrnpasnsie-
MOro HEYETKMM KOHTPOIEepPOM. 3afava COCTOUT B TOM, 4Tobbl cba-
NaHCUpOBaTb LIECT Ha MOABWXXHOM NnaTdopMe, KOTopasi MOXET ne-
peMeLlaTbCs TONbKO BNEBO MM BNpaBo. banaHcMpoBka ocyllecTBns-
€TCa 3a CYET nepemelleHns nnaTopMbl B CTOPOHY OTKIIOHEHMS Lie-
cta. CkopocTb nepemMelleHns nnatdopmbl Heobxoammo BbibpaTb Ta-
KOM, 4TOBbl MPMBECTU MASATHUK B COCTOSIHME nokost (yron mexay
nnatcopMon 1 LwectoM paseH 90 rpaaycos).

Ha Bblbop HanpaBneHust M CKOPOCTU ABWXEHUS MiaTgopMbl
CyLLeCTBEHHO BAMAIOT ABa (hakTopa: Yron OTK/OHEHMS MasiTHUKa oOT
BEPTUKANN N YrnoBas CKOPOCTb MasTHMKA. NS ABMXXEHWUS MasiTHUKA
1 NnaThopMbl BNPaBo NMPUMEM 3HAYEHWUS CKOPOCTEW M Yyrna nosoxu-
TeNbHbIMW, BNEBO — OTpULATENbHbBIMU.

[ns ynpaeneHusi AaHHOW cucTeMol pa3paboTaHa 6a3a 3HaHWI,
Ha KOTOpPOM OCHOBaH NOrMYecKkWin BbIBOA pelleHusi. dparMeHT 6asbl
3HaHWI NPEeACTaBNEH HUXKE:

1. if (Yron is Honb) and (Yrnosas ckopoctb is Honb) then (CkopocTtb is
Honb)
2. if (Yron is Honb) and (Yrnosasi ckopocTb is MonoxuTenbHas Hu3kas)
then (CkopocTtb is MNonoxuTenbHas H1u3Kas)
3. if (Yron is Honb) and (Yrnosas ckopocTb is MNonoxutenbHas BbiCoKas)
then (CkopocTb is MonoxutensHas Hu3Kas)
4. if (Yron is MonoxuTenbHbld Masnbiid) and (YrnoBasi ckopocTb is Monoxu-
TenbHast Hm13kas) then (CkopocTb is MonoxuTenbHas H13Kas)
5. if (Yron is MonoxutenbHbii Manbii) and (YrnoBasi CKOpocTb is Monoxu-
TenbHasi Bbicokas) then (CkopocTb is MonoxuTenbHas BbiCoKas)

B pesynbtate dasz3udukaumm uccnegyembix nNpusHakos Mo-
CTpOeHbl (YHKUMN NPUHAANEXHOCTU AN BXOAHbLIX M BbIXOAHOMO na-



pameTpoB (puc. 1.1 — 1.3). MNpwu 3TOM ANs onNMcaHMs TEPMOB UCMOJb-
3YOTCS BblpaXxeHus m3 [1].

Yrnoeas ckopocTb, pas/c
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Puc. 1.1. ®I ang napameTpa «Yrnosasi CKOPOCTb MasiTHMUKa»

Yron oTkNoHeHWa MaaTHUKA, °C
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Puc. 1.2. ©I1 ana napaMeTpa «Yron oTKIIOHEHNS MasTHMKa
OT BepTuKanu»



CropocTe nnaTtdopmMel, M/c
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Puc. 1.3. ®I ansa BbIXOAHOrO NapaMeTpa «CKOPOCTb NNaT@opMbl»

Kaxkgass 13 npeactaBfeHHbIX JIMHIBUCTUYECKUX MNEPEMEHHbIX
COCTOMT U3 NATU TEPMOB.

KopTex NMMHrBUCTMYECKON NEPEMEHHON «YToBasi CKOPOCTb Ma-
ATHUKa» UMEET BUA:

<YI'JTIOBAS CKOPOCTb, pag/c. {OTpuuaTenpHas Bbicokas, OT-
puuatenbHas Huskas, Honb, MonoxutenbHas Hu3kas, Monoxurenb-
Has Bblcokasi}, [-3 - +3],> YC ={0B, OH, H, NH, MNB}.

KopTex NMHMBUCTUYECKON NEPEMEHHON «YTo/ OTKNOHEHNUS Ma-
ATHUKA OT BEPTMKaNU» UMeeT Bua:

<Yron OTKNOHEHUSA MAATHUKA OT BEPTUKANN, “C. {OTpu-
LaTeNbHbIM 6onblwoi, OTpuuaTenbHbli Manblit, Honb, MonoxuTtens-
HbIi Manbid, MonoxwuTtenbHbld 6onbwoi}, [-30 - +30],> YM ={O0Bb,
OM, H, MM, MNB}.

KopTex NMHrBMCTMYECKoW nepeMeHHoW «CkopocTb nnatdop-

MbI» UMEET BUA:

<CKOPOCTb NMNAT®OPMbI, m/c. {OTpuuaTenbHas BbICOKas,
OTtpuuaTtenbHas Huskas, Honb, MonoxuTtenbHas Huskas, [onoxu-
TenbHas Bbicokas}, [-3 - +3],> CM ={0B, OH, H, INH, NB}.

PaccMOTpMM  cuTyaumio, Korga yrnosasl CKOpPOCTb MasiTHWMKA



-

paBHa 1,8 paa/c, a yron OTK/IOHEHUSI MasTHMKA OT BepTuKanu — 9 °C,

Haiigém 3HauyeHus O ans BxoAHbIX napameTpoB (puc. 1.4).
YrnoBasi CKOpOCTb MasiTHMKA CO CTeneHblo yBepeHHocTn 0,2 sBnseTcs
MOSMIOXMTENbHOM HU3KOW U 0,8 - MOMOXMTENbHONM BLICOKOM. Yron oT-
K/IOHEHUS] MasiTHMKA SIBNSIETCS HYNEBbIM CO CTEMEHbIO YBEPEHHOCTU
0,1 ¥ NONOXUTENbHBIM MasbIM CO CTeneHbto yBepeHHocTH 0,9.

. Yrnoeas ckopocTe, pag/c 1 Yron oTkNOHEHUS MaATHUKA

0,9

0,75

0 1 1,82 0 910 20

Puc. 1.4. O BxoAHbIX NapaMeTpoB

B pesynbtate nepebopa Bcex KOMOGWHaUMIN napaMeTpoB, MO
npaBuiam 6asbl 3HaHU (npaBuna N2 2 — 5) 6bin nonyyeHbl cneay-
foLMe 3HauYeHus BbIXOAHOMO nNapaMeTpa (Tabnuua).

Tabnuua — PacyeTHble 3HaYeHUs AN pelleHns 3a4a4m

NO rpa- 3HaueHust Ol ans BXOAHLIX MapaMeTpPOB M 3HAYEHUS
Bvna TEPMOB BbIXOAHOrO NapameTpa
yC YM cn min
2 0,2 0,1 MNH 0,1
3 0,2 0,9 MNH 0,2
4 0,8 0,1 MNH 0,1
5 0,8 0,9 nB 0,8

NS KaXKaoro u3 3HauyeHui CKopocTei nnaTtdopMbl U3 BCEX MU-
HMMYMOB 3HAuYeHWN GYHKUMA NPUHAANIEXXHOCTM BbIGMpPaeM Makcu-




MasnbHoe. NonyyYyeHHble MakCUMasbHble 3HaYeHUS HaHOCKMM Ha rpadmk
(DYHKUMM NPUHAANEXHOCTM BbIXOAHON MEPEMEHHON — CKOPOCTb MaT-
dopmbl (puc. 1.5).

Cropocte nnatdopibl, M/c

—dr—[lon, HM3KaA  —d—Ton. BeiCOKaA

Puc. 1.5. MakcManbHble 3HaYeHns yHKUMM NPUHAANEXHOCTU
BbIXOAHOIO NnapaMeTpa

Ha nocnegHeM 3Tane HeobXoAMMO BbIYMCIUTbL KOHKpPETHOE
YUCNIeHHOe 3HaYeHne BbIXOAHOro napameTpa.
Mo cdopmyne (1.1) BbluMCnsiem VITOFOBDY}O CKOPOCTb NaT¢hopMbl:
) 0.2x2+08x2

- 0,2+ 0.8

2 BbIBOP B YCNOBUAX HEONPEAENEHHOCTU

Mpn pelueHnmn 3agay Bbibopa (OLUEHKN) B YCNOBUSIX Heomnpe-
[eNeHHOCTUN LenecoobpasHo UCMob30BaTh JIMHIBUCTUYECKUI Noaxoa,
OCHOBaHHbIN Ha TEOPUU HEYETKUX MHOXKECTB.

B gaHHOM cnyyae, gons noucka pelleHust HeobxoaMMo MMETb
Habop MpaBWi, afEKBAaTHO OTPAXXAMLWWUA CyTb NPEAMETHOWN obnacTu.
B kauecTBe np1MMepa MOXHO MCMOb30BaTb NPOAYKLUMOHHbIE NpaBuna,
OCHOBaHHble Ha dopmMaTe «Ecnu-To». 3TK NpaBuna SBASKOTCA OCHO-



BOV 6a3bl 3HAHMI IKCMEPTHOM CUCTEMbI U CNYXAT AN MOCTPOEHMS!
MexaHu3Ma BblBOAa pelleHui. MocTpoeHne 6a3bl 3HaHWIA OCYLLECTB-
NSIETCS COBMECTHO 3KCMEPTOM MpeAMETHOM 0611acT U MHXXEHEPOM MO
3HaHWAM.
MpaBuna 6a3bl 3HaHWi [12]:
MpaBwno 1. Ecnu: LleHa nocTaBok A0/mMKHa 6bITb HU3KaS.
To: MNocTaBwuK 1 NOAXOAMT MIOXO.
MocTaBLmK 2 NoAXOAMT XOpOLUO.
MocTaBlmK 3 NoAXOAMT MNOXO.
MocTaBLmMK 4 NOAXOANT YAOBNETBOPUTESBHO.
MpaBuno 2. Ecnu: YpoBeHb LieHbl MOCTAaBOK MOXET 6bITb CPEAHUIA.
To: locTaBwuK 1 NOAXOAUT YAOBNETBOPUTENBHO.
MocTaBLmMK 2 NoAXOAMT XOpOLUO.
MocTaBLmMK 3 NOAXOANT YAOBNETBOPUTESNBHO.
MocTaBLmMK 4 NOAXOANT XOPOLUO.
MpaBuno 3. Ecnu: LieHa NocTaBok MOXET 6bITb BbICOKOMN.
To: lMNMoctaBwumK 1 NOAXOAUT XOPOLLO.
MocTaBLmMK 2 NOAXOANT XOpOLUO.
MocTaBLmMK 3 MOAXOAUT XOPOLUO.
MocTaBLuK 4 NoAXoaUT XOpPOLUO.
Mpasuno 4. Ecnu: Ycnosusa onnaTbl HE UMEIOT 3HAYeHUS.
To: lMNMoctaBwumK 1 NOAXOAUT XOPOLLO.
MocTaBLmMK 2 NOAXOAMT XOpOLUO.
MocTaBLmK 3 NOAXOAMT XOpOLUO.
MocTaBLwuK 4 NoAXoanT XOpOoLUO.
Mpaeuno 5. Ecnu: TpeboBaHus K yCroBUSIM onnaThbl He KeCTKUe.
To: MMocTtaBwuk 1 NoAXOAUT XOPOLLO.
MNMocTaBLmMK 2 NOAXOAUT YAOBIETBOPUTENIBHO
MocTaBLlmMK 3 NOAXOANT YAOBNETBOPUTESNBHO.
MNocTaBLmMK 4 NOAXOAUT XOPOLUO.
Mpaeuno 6. Ecnu: TpeboBaHus K ycnoBusiM onnaTbl — KpeauToBaHMeE.
To: MNocTaBwuk 1 NoaxoaMT XopoLuo.
MNMocTaBLymK 2 NoAXOAUT MI0XO.
MocTaBlwmK 3 NOAXOAMT MIOXO.



MocTaBwuK 4 NoAXoanT XOpOoLlo.

MpaBuno 7. Ecnu: TpeboBaHUs K KaUeCTBy NPOAYKUMM HE BbICOKME.
To: MNocTaBwuK 1 NnoaxoaMT XopoLlo.

MocTaBLumMK 2 NOAXOANT XOPOLUO.

MocTaBLmMK 3 NOAXOANT XOPOLUO.

MocTaBwuK 4 NoaAxoanT XOpoLlo.

Mpaeuno 8. Ecnu: TpeboBaHUs K KaUeCTBy NPOAYKLMW CPeaHME.
To: MNocTaBwuk 1 NoAxoAMT XopoLlo.

MocTaBLmMK 2 NOAXOANT YAOBNETBOPUTESNBHO.

MocTaBLmMK 3 NOAXOANT YAOBNETBOPUTESNBHO.

MNocTasLumK 4 NOAXOAUT XOPOLUO.

Mpaeuno 9. Ecnu: TpeboBaHMs K KauecTBy NPOAYKLIMK BbICOKME.
To: MoctaBwyk 1 NoaxoanT yAOBNETBOPUTENBHO.

MocTaBLmMK 2 MoAXOAMT MI0XO.

MocTaBlmK 3 NoAXOAMT MNOXO.

MocTaBLmMK 4 NOAXOANT XOPOLLO.

Mpaswno 10. Ecnun: KoHTpakT 3akaoyaeTcs Ha 1 nocTaBky.

To: MNocTaBwuk 1 NoAxXoaAMT XopoLlo.

MocTaBLLmMK 2 NOAXOAUT MI0XO.

MocTaBlmK 3 NOAXOAMT MNOXO.

MocTaBLmMK 4 noaxoanT yOoOBNETBOPUTESNLHO.

MpaBuno 11. Ecnun: KOHTpaKT 3aKnoyaeTcs Ha HeBOsbLLIOW Nepuoa.
To: MNocTaBlmK 1 noaxoaAnT NNOXO.

MocTaBLmK 2 NOAXOAMT XOpOLUO.

MocTaBlmK 3 NOAXOAMT MNOXO.

MNocTaBLmMK 4 NoAXOANT YAOBNETBOPUTESNBHO.

MpaBuno 12. Ecnn: KoHTpaKT 3akntoyaeTcsl Ha cpeaHeCcpOYHON OCHO-
BE.

To: MNocTaBwmnkl noaxoauT nioxo.

MocTaBLmMK 2 NOAXOAMT YAOBNETBOPUTENBHO.

MocTaBwmK 3 NOAXOAMT XOpPOLUO.

MNocTasLmMK 4 NOAXOAUT XOPOLUO.

MpaBuno 13.Ecnun: KOHTPaKT 3aK/i04aeTcs Ha A0NArOCPOYHON OCHOBE.
To: MNMoctaBwumK 1 nogxoauT nsoxo.
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MocTaBLmK 2 NoAXoAMT NI0XO.
MocTaBwmK 3 NOAXOAMT MIOXO.
MocTaBLmMK 4 NOAXOANT XOPOLLO.

[N OUEeHKM NOCTaBLUMKOB PacCMOTPUM IMHIBUCTUYECKYIO Me-
pemeHHyto (JI1) X = npuBnekaTenbHOCTb MOCTaBLUMKA, OrpeaesieH-
HYIO0 Ha yYHMBepcanbHOM MHoxecTse U.

ba3zoBoe TepM-MHOXeCTBO X MMEET BUA:

T(X) = {nnoxas, yaosneTsoputesibHas, XopoLuas}.
3HaueHns dyHKUMIA NpuHaanexHocTn TepMos J1M npeactasne-
Hbl B Tabn. 2.1 u Ha puc. 2.1.
Tabnuua 2.1 — CtpykTypa JIIN «npuBnekaTenbHOCTb NOCTaBLUMKa»

3HayeHus 6a30BOM NepeMeHHOM

Tepmwi M1 |0,0 0,1 [0,2 [0,3 [0,4 [0,5 [0,6 [0,7 [0,8 [0,9 [1.0

3HayeHna MYHKUMU NPUHAANEXHOCTU

Mnoxas 1,00(1,00(0,85|0,30|0,10|0,00(0,00|0,00(0,00|0,00(0,00

Yposnetso- |0,00(0,00(0,00|0,25|0,70|1,00{0,70|0,25|0,00|0,00|0,00
puTebHas

Xopowas |0,00(0,00(0,00|0,00|0,00|0,00(0,10|0,30|0,85|1,00|1,00

JIN "npvBnekaTenbHOCTb NOCTaBLmKa"
1,0 A
o ~ AN X
\ I A— /
\ /
o N/ N/
o \_/ N/
V. BV,
0/2 A
’ \/‘ \-
0,0 =——a—« 4 e "
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
bazoBas nepemeHHas X
—o— [1n0xas —#— YA0BNeTBOpuUTENbHas —a— Xopolas

on

Puc. 2.1. ®yHKkuma npuHaanexHoctu JM
«MNpUBMeKaTeNbHOCTb NOCTaBLUMKA»
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MoZienbHbIN NPUMEpP PELLEHNUS 3aaaun

[nsa peweHns 3agayn Bblbopa NOCTaBLUMKA B HEYETKMX YCNO-
BUSIX WCMOJSIb3YEM JIOTMYECKUIA BbIBOZ, KOTOPbIM peanusyeTcs 3a 4
aTana.
1. BbibpaTb MpOAYKUMOHHbIE MpaBwiia, COOTBETCTBYHOLIME WMCXOAHBIM
TpeboBaHUsIM.
2. Ona Kaxporo nocTaBlMKa MO KaXAoMy BblOpaHHOMY npaBuny
onpeaennTb NIMHIBUCTUYECKYIO MEpPEMEHHYI0, OTpaXkaloLlylo mnpuse-
KaTe/IbHOCTb MOCTaBLUMKa C TOYKM 3peHMs AaHHOMo npasua.
3. Ans kaxgoro nocTaBliMKa onpeaennTb (PyHKUMIO COBMECTUMOCTM
€ro NpWBEKATENbHOCTM C YYETOM BCEX MpaBW/I KaK BbIMYKIYHO KOM-
6uHauMo (PyHKUMIN COBMECTUMOCTW, OMpeAeneHHbIX Ha wWware 2 ans
OTAesbHbIX Npasui.
4. Mo nony4eHHbIM (YHKUUSIM COBMECTMMOCTM BblbpaTb Hambonee
npvBneKaTeNlbHOro NocTasLLMKa.

WcxopHble TpeboBaHUs K MOCTaBLMKaM MOryT ObiTb crneayto-

wye:
¢ LIeHa NOCTaBOK A0MMKHA bbITb HU3Kas,;
¢ YCNOBUWS ONJIATbl HE UMEIOT 3HAYEHUS;
¢ TpeboBaHMs K Ka4yecTBy NPOAYyKLUUM BbICOKME:
¢ KOHTpPAaKT 3aK/1l04YaeTca Ha CPeIHECPOYHOM OCHOBE.

B cooTBeTCTBUM C 3TUMU UCXOAHLIMU TpeboBaHMSAMKU Ha Liare
1 BbIGMpalOTCA NpoAYKUMOHHbIE Npasuna 1, 4, 9, 12.
Mo 3TMM npaBunaM Ha ware 2 ans lNoctaswmka 1 onpenens-
eMm:
no LueHe NoaxXoauT Mnaoxo:
no yCnoBuaM onnaatbl NOAXOAUT XOPOLUO;
Nno Ka4yecTBY NOAXOAUT YAOBNETBOPUTENBHO;
Mo MPOAOCIKUTENLHOCTN KOHTPaKTa noaxo4uT Mioxo.
[na MocTaBlwmka 2 onpenensem:
no LeHe NoaxXoauT XOpoLlo;
no yCnoBuaM onnatbl NOAXOAUT XOPOLUO;
Mo KayecTBy NOAXOAMUT MNIIOXO;
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no MpOAOHKUTENBHOCTU KOHTPaKTa NoAXOANUT yAOBNETBOPUTESNLHO.

[ns MNocTtaswumka 3 onpeaensem:

no ueHe noaxoauT Mnsoxo;

Mo yC/IOBUAM OM/iaThl NOAXOAUT XOPOLLO;

Mo KayecTBYy NOAXOAMUT MJIIOXO;

No MPOAO/IHKUTENILHOCTU KOHTPaKTa XOpOoLLO.

[na MocTaBwmka 4 onpepensiem:
no LUeHe NoaXoauT YAOBNETBOPUTESNBHO;

Mo yC/MOBUAM OMaThl NOAXOAUT XOPOLLO;
Mo KayecTBy NOAXOAUT XOPOLLO;
Nno MPOAO/IKUTENbHOCTU KOHTPaKTa NoaxoaAuT XOpPOLLO.

Ha ware 3 onpegenum ¢yHKUMIO COBMECTUMOCTM MpUBIEKa-
TEbHOCTU KaXA0ro NocTaBLUMKa C yHETOM BCEX NMPaBu Kak BblNyK-
Nyto KOMBUHaLMIO DYHKLMIA COBMECTUMOCTM NSt OTAENbHBIX NMPaBuIl.

[nsa Hawero npMmepa npuMeM, 4YTo BCe napaMeTpbl (LeHa,
YCNOBWS OM/aThl, KAYECTBO MNOCTaBOK, AMUTENIbHOCTb KOHTPaKTa) pas-
HO3HaYHbI C TOUKM 3peHMs 06LLei NPUBEKATENBHOCTH, T.€. BECOBbIE
K03hpULUMEHTBI BbINYKION KOMBMHALMWN paBHbI:

wi=w2 = w3 = w4 = 0,25,
4
z o, =1
1 .
[na nocraBwmka 1 onpeaensem:
M: (npuBnekaTenbHoCTb [locTaBuwumka 1) =
= 0,25 x M(nnoxas) + 0.25 x M(xopowas) + 0,25 x
M(ynosnetBoputenbHas) + 0,25 x M(nnoxas) =

0,5 0.5 0,425 0,2125 0,225 0,25 0,2 01375 0,2125 0,25 0,25
0’0102 03 '04 0506 07 08 '09 1

[ns nocrasLmka 2 onpegensiem:
M2 (npuBnekaTenbHOCTb MocTaBwuka 2) =
= 0,25 x M(xopowas) + 0,25 x M{xopowas) + 0,25 x M(nnoxas) +
+ 0,25 x M(ynoBneTBopuTenbHas) =
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0,25 0.25 0,2125 01375 0,2 0,25 0,225 0,2125 0,425 05 05
o 'o1" 02 03 '04°05 06 07 08 09 1

[nsa noctaswuka 3 onpegensiem:
Ms (npuBnekaTenbHOCTb MNocTaBwymka 3) =
= 0,25 x M{nnoxas) + 0,25 x M{xopowas) + 0,25 x M(nnoxas) +
0,25 x M(xopowas) =
{0,5 0.5 0,425 015 0,05 0,0 0,05 015 0,425 0,5 0,5}
001 02 '03°04'05 06 07 08 09 1

[nsa noctaswuka 4 onpenensem:
M4 (npuBnekaTenbHOCTb MNocTaswumka 4) =

= 0,25 x M(ynoBnetBoputensHas) + 0,25 x M(xopowas) +
0,25 x M{xopotwuas) + 0,25 x M(xopoluas) =
{o,o 0.0 0,0 0,0625 0,175 0,25 0,25 0,2875 0,6375 0,75 0,75}

0'01'02" 03 "04 '05'06 07 08 '09 1

MpuMep BblUMCNEHNS YHKUMU MPUHAANEXHOCTU ANS NOCTaB-
WuKa 1 npuBeaeH B MPUNOXEHUN.

Ha 4 stane ocywecrensiem Bbibop Hanbonee npmenekaTesibHOro
NOCTaBLUMKa MO MOJTyYeHHbIM PYHKLUUSM COBMECTUMOCTH.

[ng 3TOro MoXHO MCMNoNb30BaTb BbIGOp N0 0606LEHHOMY pac-
CTOSIHMIO XeMMUHra. B 3ToM criyyae uenecoobpasHo CTPEMUTLCS K TO-
My, 4TObbl OLEHKa MpuBneKaTenbHOCTM Hblia Kak MOXHO 6nvxke K 1.
STy Uenb MOXHO M306pasvTb C MOMOLLBI0 HEUETKOro MHOXeCTBa S
«4yuncno, 6nmskoe K 1».

DOyHKUMSA NPUHAANEXHOCTN HEYETKOMO MHOXECTBa S MMeeT Buja
(puc. 2.2):

S_{o O 0 0 0 01020306009 1}

0'01'02'03'04'05'06'07'08'09'1
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HM "uncno, 6nuzkoe k 1"

1,0
0,8

0,6 /
/
0,2 //

0,0 A—& * /

0 61 02 03 04 05 06 07 08 09 1
basoBasi nepemMeHHas x

on

Puc. 2.2. ©OyHKUMS NPUHAANEXHOCTM HEYETKOrO MHOXECTBa S.

EctectBeHHO, 4TO cneayeT BblbpaTh TOro MNOCTaBLiMKa, ANs
KOTOPOro SIMHIBUCTUYECKAs NEpPEMEHHas «MpuUBeKaTeNbHOCTb», Mo-
Ny4eHHas Ha 3Tane 3, oTobpaXkaeTcs B HEYETKOE MHOXECTBO C MUHU-
MafibHbIM PACcCTOSIHUEM XEeMMWHra OT HEeYEeTKOro MHOXeCTBa «4ucio,
6nm3Koe K 1».

PacctosiHMe XeMMUWHra naeT OLUEHKY pacCTOSHWUA Mexay He-
YETKMM MHOXECTBOM «4Mncro, 6nmskoe Kk 1» U HEYETKUMM MHOXKe-
cTBamMu M: (npuBnekaTenbHOCTb noctaswmka 1), M2 (npuBnekaTenb-
HOCTb MocTaBwymka 2), Ms {npuBnekaTtesbHOCTb MocTaBwmka 3), M4
{npuBneKaTenbHOCTb NOCTaBLUMKa 4).

Ha pwc. 2.3 npeacraeneHa rpaduyeckas unniocTpaums Bbille
npvBeAeHHbIX pacyeToB.

M3 pucyHka BMAHO, YTO KpuBas YHKLUUN COBMECTUMOCTMU ANt
4-ro MocTaBLUMKA HaxoaMTcs Hambonee 6/IM3KO K KPMBOWA (DYHKUMM
NPUHAANEXHOCTU «4ncno, 6nmuskoe k 1». Takum ob6pasom, gaxe
npeasapuTenbHblil (BU3yanbHbIM) aHanM3 AaHHbIX MO3BOASIET yTBEP-
XAaTb, YTO Hanbonee npuenekaTeneH 4-i NOCTaBLUWK.
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1,0

o o1 02 03 04 05 06 07 08 09 1

ba3oBasi nepemMeHHast x

—a— Yucno, 6nmskoe K eanHnue —l— 1-1i NOCTaBIUMK — 44— 2-I1 MOCTaBLLMK

a)

1,0

08 /.o---@

0,6 ’
cC
e

0,4 !\\\ 1}}",
0,2 -8

.

. &

0,0 -
o o1 02 03 04 05 06 07 08 09 1
Ba3oBas nepeMeHHasa X

|—A—‘4M010, 6/11M3K0e K eAnHNLE —8— 3-i NOCTaBLUMK - @ - 4-I4 MOCTaBLUNK

6)
Puc. 2.3. OyHKUMM COBMECTUMOCTM NOCTABLUUKOB:
a) ans 1-ro n 2 —ro NoCTaBLLUMKOB,
6) anst 3-ro 1 4 —ro NOCTaBLIMKOB

PacctosiHns XeMMunHra o603Ha4ymM dl,dz,d3,d4 W onpeaenum

cneayowmm obpasom:
¢ Ang npuenekaTenbHoCcTH MNocTaswmka 1:
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dl =1]0,5-0| +]0,5-0] +]0,425 - 0| +|,2125 - 0] +]0,225- 0] +
|0,25-0,1] + |0.2-0,2] + |0,1375-0,3| +|0,2125-0,6| + + |0,25-0,9] +
[0,25-1] = 3,9625;
. ANs npuBnekaTenbHoCcTK MNocTaBlumKa 2:
d>= |0,25-0| + |0,25-0| + |0,2125-0|+ |0,1375-0| + |0,2-0| + |0,25-
0,1]+10,225-0,2] + |0,2125-0,3| + |0,425-0,6| + |0,5-0,9| + |0,5-1|
= 2,3875;
. Ans npyenekaTenbHocTu MocTasLwuka 3:
da =1]0,5-0| +/0,5-0] +]0,425 - 0] +|0,15 - 0| +|0,05-0| + |O -
0,1] +|0,05-0,2| +]0,15-0,3| +|0,425 - 0,6] + |0,5-0,9] + |0,5-1]
=3,1;
. Anga npuenekaTtenbHoCcTy NocTaswwmka 4:
d+=10-0] +|0-0] +]|0 - 0| + |0, 0625 - O| +|0,175 - 0] + |0,25-
0,1] +|0,25-0,2| + |0,2875-0,3| + |0,6375-0,6|] + + |0,75-0,9| +
[0,75-1] = 1,45.

Mo KpUTEPUIO MUHUMANBHOMO PAcCTOsSIHUA XeMMUHIa Bblbupa-
€TCS NOoCTaBWMK 4, Tak Kak di>d3>d2>d4.

MpunoxeHune A
Mpumep pacyeTa hyHKUUM NPUHAANEXHOCTV ANs NOCTaBLymKa 1.
B pacueTe ncnonb3yloTcs AaHHble Tabn. 2.
[nsa noctaswuka 1 onpenensem:
M: (npuBnekaTenbHoCTb [locTaBuwumka 1) =
= 0,25 x M(nnoxas) + 0.25 x M(xopowas) + 0,25 x
M(ynosnetBoputenbHas) + 0,25 x M(nnoxas) = =0,25x1

NO M 0,0/0,1/0,2 |0,3 |0,4/0,5/0,6/0,7 [0,8 |0,9(1.0

1 |Mnoxas 1,0/1,0/0,85(0,3 |0,1]|0,0({0,0|0,0 |0,0 |0,0{0,0

2 |Xopouwas 0,0(0,0/0,0 |0,0 |0,0/0,0/|0,1|0,3 |0,85|1,0(1,0

3 |YposnetBo- 0,0(0,0/0,0 |0,25]0,7|1,0|0,7|0,25|0,0 |0,0({0,0
puTenbHas

4 |Mnoxas 1,0/1,0/0,85(0,3 |0,1]|0,0(0,0/0,0 |0,0 |0,0{0,0
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Ona 1 ctpoku
0,25x1; 0,25x1; 0,25x0,85; 0,25x0,3; 0,25x0,1; 0,25x0;
0,25x0; 0,25x0; 0,25x0; 0,25x0; 0,25x0;

[na 2 ctpoku
0,25x0; 0,25x0; 0,25x0; 0,25x0; 0,25x0; 0,25x0;
0,25x0,1; 0,25x0,3; 0,25x0,85; 0,25x1; 0,25x1;

[nsa 3 cTpoku
0,25x0; 0,25x0; 0,25x0; 0,25x0,25; 0,25x0,7; 0,25x 1;
0,25x0,7; 0,25x0,25; 0,25x0; 0,25x0; 0,25x0;

[ns 4 ctpoku
0,25x1; 0,25x1; 0,25x0,85; 0,25x0,3; 0,25x0,1; 0,25x0;
0,25x0; 0,25x0; 0,25x0; 0,25x0; 0,25x0;

[anee npoBoAMM NO3/1EMEHTHOE CyMMUPOBaHMe Ans 4 CTpok.

0,25+ 0+0+0,25;0,25+ 0+ 0+ 0,25; 0,2125 + 0 +0 0,2125;
0,075 + 0 + 0,0625 + 0,075; 0,025 + 0 + 0,175 + 0,025;
0+0+025+0; 0+ 0,025+ 0,175+ 0; 0 + 0,075 + 0,0625 +0;
0+02125+0+0; 0+0,25+0+0; 0+ 0,25+ 0 + 0.
N okoHuaTensHo
0,5; 0,5; 0,425; 0,2125; 0,225; 0,25; 0,2; 0,1375; 0,2125;
0,25; 0,25.

3 PACYET MOKA3ATENIEW COr/TACOBAHHOCTU
SKCMNEPTHbIX OLIEHOK

Llenb paboTbl — 03HaKoMMeHVWe C METOAMKOM pacyéTa rokasa-
Tenei cornacoBaHHOCTU 3KCNEPTHbIX MOAENel OLEHMBAHUS HEUETKUX
NnepeMeHHbIX.

3.1 3Tanbl pewweHns 3aaa4m
[ns peweHns 3agayum HeobxoAMMO BbINOMHUTL PSA 3TaMoBs.

3tan 1. Ha ocHoBaHMM MHOpMaLMK, NoMyYeHHoOM OT k akcnep-
TOB, cTpouTcs k Modenei oueHMBaHWUsS HEYETKOM nepemMeHHoM. Kax-
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aast us atux k Moaenei gomkHa BkIOYaTb m TepMoB. HoMep akcnep-
Ta obo3HauyaeTca nHgekcom i = 1, 2, ..., k, Homep TepMa — MHAEKCOM
| =1, 2, ..., m. ®yHKUMS NPUHAANEXHOCTM, KOTOPYIO 3adan i-blil 3KC-
nept ans |-ro Tepma, obo3HavaeTcs u;;(x .

3Tan 2. HopManusauust LWKasnbl 3HAaYEHUA apryMeHTa NyTéM fe-
NEHNS BCEX 3HAYEHWIA LLKAsbl HA €€ MaKCUMallbHOE 3HaYeHue.

3Tan 3. BbluMcneHne nokasaTeneln pasnnuma Mexay MoaensiMu
OLEHMBaHUS HEUETKON NEepPeMEeHHON Bcex 3KcrepToB. [lokasaTesnb
pasnuuust MeXay MoAensiMu i-ro u j-ro aKCnepToB B paMkax |-ro tep-
Ma onpeaensieTcs no ¢gopmMyne:

d (e, p5) = ”,uii (X) = (X)‘dX (3.1)

MokasaTeslb CXOACTBA MEXAy 3TMMM XXe MOAENAMM B paMKax
TOro e camoro |-ro TepMa onpeaenseTca BenUUMHo

=i
Kij =1—d (e, 1) (3.2)
MNokasaTenb pasnuuuns Mexay moaensmMu X; u X; 3KkcnepTHOro

OLIEHMBAHUA HEYETKON NEepeMEHHOM, KOTopble NPeACTaBneHbl i-bIM U
j-bIM 3KCMEepTaMu COOTBETCTBEHHO MO BCEM TepMaM, OMpeensieTcs
KaK:

A0 X) =5 2 ] [ (=, o 33)

i=0 o
MokasaTeslb CXOACTBa ABYX MoAenen ; u X; ecTb:
kij =1-d(X;, X;) (3.4)

Jtan 4. BblunMcneHne nokasaTens cornacoBaHHOCTU. [loka3a-
Tesb COrNacoBaHHOCTU Moaenen X; u X B paMmkax |-ro Tepma onpege-
NSIeTCa Kak:

[ min[ee; (), 22 (0 Jix
ki =2 (3.5)
[ max; (), 22, () Jax
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MokasaTenb cornacoBaHHOCTW Mozenen X; n X; no BceM TepMam
onpefenseTca Kak:

mingz; (x), 22, () Jix

i (3.6)

i=1

BIH

max [z, (x). 425 () Jdx

Ot - o —

W, TaknM obpasom,

1 & i
k. ==Y Kii 3.7
J mg' (3.7)

Mocne BbIYMCNEHMS MOKasaTenen COornacoBaHHOCTU MoAenen
BCEX 3KCMEPTOB CTPOMTCS MaTpuua MapHOM COrnacoBaHHOCTUM Moje-
Nel BCeX 3KCrepToB.

AnaVTVBHBIN NOKa3aTenb 06Ler CornacoBaHHOCTU K U MynbTu-
MIYKaTUBHBINA NoKasaTesnb 06Lei cornacoBaHHOCT & MHOXecTBa Mo-
[eneil 3KCNepTHOro OLEHWMBAHUS HEYETKOW MEepeMEHHON onpeaens-
I0TCS1 BbIPaXXEHUAMM:

j.min a5 (x)dx

_1goVist2k (3.8)
k= m,zjmax,u (x)dx
) Vi=12,..,k
¢ min g5 (x)dx

Jviz=12..k (3.9)

Vi=12,..,k

Mokasater k u k  u3MeHsloTcAs B npedenax
0=k=1 0=k=1 EcWM HeT nepeceyenunii y dyHKUMIi NpuHaa-
nexxHocTn Bcex TepmoB, To k=0. Ecnm HeT nepeceyennii y ¢yHKUMI
MPUHAANEXHOCTM XOTs 6bl 0AHOIO TepMa, To k=0

Takoke nokasaTenu CXOACTBa M COrnacoBaHHOCTU MoJenen AByX
3KCNepToB B paMkaX |-ro TepMa MOXHO BblYMCIUTb Ha OCHOBaHMM
PacyéToB A1 TUMMWYHBIX C/TyYaeB nokasaTenei pasnuyusi, npueeaéH-
HbIX HUXE.
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[na noctpoeHuns O Ucnosb30BaHbl TUMNOBbIE DYHKLIMK:

/,I(X, a, b) =

u(x,a,b) =

wu(x,a,b,c) =

lecmuu x<a

b—x

,eciu a<X<b
b—a
O,eciu X=b

(3.10)
O,eciu X< a

e a<x<Db

b—a
lecmu Xx=b
(3.11)
O,eciu x<a
X—a
,eacau A< X< C
c—a
b—x
——,ecmu C<X<Db
b—c
O,eciu x=b

(3.12)

KpaitHuii neBolit TepM (ypaBHeHue 3.10).

Tabnuua 3.1 — TunnyH
NeBoro Tepma.

bl€ C/lydam rokasaTeneit pasnunyuna ans

MokasaTenn pasnnuns dlu . u

Bupg o
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(hy— )"+ (g —bg)"

(@:+ag) —

2 l:.-\!.:' 7

—a;+ag— by

(g —bz)"
by—a;+ag—bg

lu" — &

{ - —_—
i, + 0 |+|__JI — +.:*-—._:-.|

F .+

0
o=bh; oy By by oy
oy=by,

KpaiiHuii npaBbiii TepM (ypaBHeHue 3.11).
Tabnuua 3.2 — TUNUYHbIE CMlyYan nokasaTenein pasnuuuns ans

npasoro Tepma.

MokasaTenu pasnnums dl u

Bua o

Y COrNacoBaHHOCTM & ;

1
Lo by e+ by —ag)
L= 5 i
. 2—(b+ \!.:'I:‘.l /
= +.

2 — oy + agd a

by —ay )" +ia, —b°

L= -

by —ey +a;,— by

2 _ b 4 B fo; — by
R T T
' 1}
- r 1 1 "‘":' — G4 I- bL
2o (b 4b )
\ L ey

0 by

CpegHuin Tepm (ypaBHeHwue 3.12).

Tabnuua 3.3 — TUNMYHbIE CNyYaun MoKasaTenei pasnuuuns Ans
CpeaHuX TEPMOB.

MokasaTenu pasnnumns

M COrnacoBaHHOCTU #;

b+ (e, +ag) —(a, +a;0— (b, + by

L=

by + bzl — (by+ by

T,
m =

(Ga+az)— (G +a;)

a by

by oy by oy
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K

L,

- ﬂl'_?l + ':_.F: - I.:?I - '

ho—1

r

(419

L

[

"

1) +i{ng — 0

L.

by o3

3 by by oA, by oap
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o=
(ay +a;) — (by + b)) + (as + 8g) — (24 + bg)

bpl — (@ +a; + a2, +ag)

(oo+ag)— (b + b

(bo—bzy—{a, +a,)

a by oapbyah,  ap by

3.2 MNpuMep pacyeTa nokasartenen

PaccMOTpM 3apady NpeACTaBNEHUs JIMHIBUCTUYECKOW Mepe-
MEHHOW «BMIAXXHOCTb XnebocTosi». Tpu 3KCMepTa Aanu OUEHKU YHK-
UM NPUHAANEXHOCTM ANst 3 TEPMOB [JaHHOM JIMHIBUCTUYECKON nepe-
MEHHOW («CyXOMn», «HOPMasbHbIN», «BNAXHbIN»).

MpadmknM DYHKUMI NPUHAANEXHOCTM M 3HAYEHUs MapaMeTpoB
paccMaTpuBaeMbIX Mofenei npeacTasneHsbl Ha puc. 3.1.

OnpenenuM nokasaTenu pasnnumst U CoracoBaHHOCTU Mexay
MOZENSIMU 3KCMEPTHOMO OLIEHMBAHUSI HEYETKOW NEpPEMEHHON «BlaX-
HOCTb x1ebocTos» 1-ro u 2-ro aKCNepToB.

HopmManusyeM Likany 3HayeHwuin aprymeHTa. [ns 3Toro pasae-
/MM BCE 3HAYeHMs X Ha MaKCMMasibHoe 3HadeHue WKasbl (B AaHHOM
cy4ae Ha 22).

Ha puc. 3.2 — 3.4 npeacraeneHbl rpadvky TEPMOB MOAENMN IKC-
MepTHOrO OLIEHMBaHWUS MEPBOrO M BTOPOro 3KCMepToB. JIEBbI TepM
COOTBETCTBYET 1 TMMMYHOMY Cryyato, NpeacTaBneHHoMy B Tabn. 3.1.
CnepoBaTeNibHO, NOKA3aTeNb Pa3/inumsl Moaenen AByX SKCMEPTOB B paM-
Kax /1leBoro TepMa 6yaeT onpeaensitbCsl BbIpaXXEHNEM:

(bz +bR);(a2 +aR) 20’05'

d (/41,2 ) /12,2) =

24



oI1

" \/
0,0 D_/ T T w* T T \i\:.\—@_ﬁ
9 10 11 12 13 14 15 16 17 18 19 20 21 22

Braaxaocts xi1e60ctost,%

—&— Cyxoii —=0— HopmaiibHblil —&— BraxxHbli

o o M N N N N

L 3
4
|
|
|

1,0

9 10 11 12 13 14 15 16 17 18 19 20 21 22

Bnaxxnocts xne6ocros,%

—o— Cyxoii —0— HopmanbHbIii —&— BraxHbli

»

1,0 \ X & * &

9 10 11 12 13 14 15 16 17 18 19 20 21 22

Brnaxnocts xneboctos, %

| —&— Cyxoii = HopmainbHblii == BraxHsiii |

PucyHok 3.1 — ®yHKUMM NPUHAANEXHOCTU TPEX TEPMOB
JIMHIBUCTUYECKON NepeMeHHO «BnaxxHoCTb xnebocTos»
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0,41 0,45 0.5 0,54 0,59 0,63 0,68 0,72
BnamHOCTL xNeGocToR

=—&—13kcnept =2 IkcnepT

PucyHok 3.2 — 'padumk @I nesoro TepMa 1 n 2 skcnepToB.

1 . -

on
o
n

o

0,41 0,45 0,5 0,54 0,59 0,63 0,68 0,72 0,77 0,81 0,86 0,91 0,95 1
BnawHocTe xneGocron

—&—1Jkcnepr —®— 2 Jkcnept

PucyHok 3.3 — N'padmk ®I1 cpegHero TepMa 1 n 2 s3KCnepToB.

0,41 045 05 054 0,59 0,63 0,68 0,72 0,77 0,81 0,86 0,91 0,95 1
BAaMHOCTL xNeB6oCcToR

—&—1 Juxcnepr —— 2 Jxcnepr

PucyHok 3.4 — I'pacmk O npaBoro TepMa 1 1 2 3KCNepToB

MNoka3aTenb CXOACTBA paBeH:
=1
ki =1-0,05=0,95.
MNoka3aTenb CcornacoBaHHOCTM ONpeaenseTcs Kak:
a,+a 0,45+0,68
L, =2—FR= =0,92
? b,+b, 054+0,68
[ns cpegHero TepMma Mogene 1 M 2 3KCNepToB MNoKasaTenb
pa3nuuus onpeaenseTcs BolpaXkeHneM gns ciyyas 2 B Tabn. 3.3:
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(aR _aL)+(a2 _al)_(bR _bL)

d(#l,znﬂz,z) = > =0,2
Ki» =1-0,2=08
K, =20 _gg
’ aR _aL

MpaBblil TEPM COOTBETCTBYET BapuaHTy 1 B Tabn. 2:
(al _bl +a, _bL) =0,05
2

=3

k1> =1-0,05=0,95

3 _ 2-— (al + aL)

Y2 2-(b,+b)
MNokasaTenb pasnuuua Mexay Moaensamu X; n X; 3KCnepTHOro

OLIEHMBAHUA HEUYETKON MEepeMEHHON Mo BCEM TepMaM, onpefensieTcs
KaK:

d (ﬂ1,3 ) ;Uz,3) =

=08

A0, X2) =5 3] |1 (00 - st (0fix = 015

i=0 o
MokasaTeNlb CXOACTBa ABYX Modenen X M XK. 3KCNepTHOro oue-
HUBaHWUS HEYETKOW NEepeMEHHOM Mo BCEM TEPMaM ECTb:

=2
ki» =1-d(X,,X,)=1-015=0,85
MokaszaTenb CornacoBaHHOCTM Mogenen X, u K- No BCEM Tep-
MaM orpeaensieTcs Kak:

min[ s (X), 25 (x) Jdx

3

kij :*Z
3

i=1

[

=0,77

max [, (X), 22,; (x) Jdx

Oty P (O ey

AHanornyHble pacyéTbl NPOVU3BOAATCS AJls MOAENel 3KCNepTHO-
ro OLEHUBaHMSI HEYETKON NEepeEMEHHON «BNaXXHOCTb XiebocTos» 1-3 un
2-3 3KCnepToB. Pe3ynbTaTbl pacyETOB 3aHOCATCA B MaTpuvLbl NapHOro
CXOACTBA W COrnacoBaHHOCTM Mofenei akcnepTos (Tabn. 3.4 n 3.5).
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Tabnuua 3.4 — MaTpuua NapHOro CXoACTBa Mojenent aKkcnepT-
HOrO OLIEHVBAHWS! HEYETKON NEepeMeHHOMN.

1 1r 1
Ay Ay g

X, 1 0,85 | 0,905
- | 0,85 1 0,895
> | 0,905 | 0,895 1
Tabnuua 3.5 — MaTpuua MapHOM COrNacoBaHHOCTU MoJenen
3KCNEePTHOMO OLIEHNBAHUSI HEYETKON NepeMeHHOMN.

et |

1 1r 1
Ay Aoy g

L | 1 [077] 078

A1 0,77 1 0,79
% 1078 | 0,79 1

AZNAUTUBHBIA U MYNbTUNIMKATUBHBIW MOKa3aTenu obllel corna-
COBAHHOCTM 3 Mojeneil 3KCNEpPTHOro OLIEHMBaHWA HEYETKOW nepe-
MEHHOW onpeaensTcs Kak:

j.minyji(x)dx jmin,uji (x)dx
k—ii =12k _ e o [0 V1=h2K gy
T m&imax g ()dx ] j max u; (x)dx
I Vi=12,..k Vi=12,.,k

PaccunTaHHble MokasaTenM CXOACTBa U COrMacoBaHHOCTU MO-
[enei 3KCNepTHOrO OLEHUBaHWSI HEYETKON MEPEMEHHON «BNAXXHOCTb
xnebocTos» CBUAETENLCTBYIOT O AOCTAaTOYHO BbLICOKOW CTErneHu Co-
rN1acoBaHHOCTU OLIEHOK TPEX 3KCMEepTOB.

4 ABTOMATW3MPOBAHHbI PACHET MOKA3ATE/IEA HEYETKOCTY

Llenb paboTbl — 03HAaKOMMIEHUE CTY[IEHTOB C METOAMKOM pacyé-
Ta MnokasaTeneil HeYeTKOCTM W COrnacoBaHHOCTM 3KCMEPTHLIX Moae-
neii OLEHMBAHMS HEYETKMX NEPEMEHHBIX NPU MOMOLUM Creumanmnsnpo-
BaHHOr0 NMpOrpaMMHOro NpoayKTa.
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4.1 NMocneaoBaTenbHOCTb PaboTkl C NPOrpaMmoin

1. OTKpbITb OKHO MPOrpaMMbl IBOVMHbIM LLIENYKOM MbILLIX MO CO-
OTBETCTBYIOLLUEMY APIIbIKY.

2. B nosiBmBlWIEMCS OKHe (puc. 4.1) BBECTM HaMMEHOBaHWE U
rpaHvUbl 6a30BOM LLKasbl JIMHIBUCTUYECKON MepeMeHHOW. paHuLpbl
JMHIBUCTUYECKON LKA/l MOXHO BBOAMTb KaK B HOPMUPOBAHHbIX Be-
NNYMHAX, TaK U B EAVHNLAX U3MEPEHUSI NEPEMEHHOMN.

| £ Moctpoenne dynkupn npuragnexnocr (N Bnaknocts) o | s
Onepaumn CnpaBka Bbixog

BbiGepuie NHHIBUCTHYECKYIO NepemMeHHy0

HaumeHosaHue | HWkHAA rpaHuua | BepxHAaa rpanmual MNok-nb com. (MynbT) | |Mok-nk cormn. (apn)
|BnakHOCTL 19. 122.0 10,571 0,
BnaxHOCTe 3epHa (4 Tepma) 9.0 122.0 |
BnaxHocTe xnebocTod 9.0 1220 10,642 | 0,651
BraxHocTe xneBoctoA (3 Tepma) (9.0 22.0 0,607 0617
BnaxkHocTe xnefocTon (4 Tepma) (9.0 220 10,554 10,579
3acOPeHHOCTL (3 -1TepmMa) 0.0 1.0 10,562 0,572
3acopeHHOCTL (3 TRpMa) 0.0 1.0 0,821 | 0,825
3acopeHHOCTL (4 Tepma) 0.0 1.0 10,859 | 0,861
JacopeHHoCTb (4-1 Tepma) 0.0 11.0 0,466 0,479
3aC0PEHHOCT (5 TEPMOE) 0.0 1.0 0,821 0,822
|3acopenHocTs (5-1 Tepmos) 0.0 1.0 0,436 0,469

P § Yaanuis

Nanee

Puc. 4.1 — OkHO BBOAA@ HAaWMEHOBaHUS M rpaHuL 6a30BoM Lwkanbl JIM

3. Mocne BBOAA AaHHbIX HaxaTb KHOMKy «[anee». B nosiBus-
LIEMCSI OKHe, MpW MOMOLLM KHOMoK «[obaBuTb», «PepgakTvpoBaTtb»,
«YnanuTb», BBECTU MMEHA HYXXHOI0 KO/IMYeCcTBa akcrnepToB (puc. 4.2)
M HaxkaTb «/[anee».
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) MocTpoenne pyHrupm npunagnexnoctn (N BnaxkHocre)
Onepauum CnpaBka Bbixon

BbibGepure uMa akcnepra

|3kcnepT 1
3kcnepTt 2
|Bkcnept 3

HobaBuib PepakimpoBarb Yoanuib

Hazan Nanee

PucyHok 4.2 — OKHO BBOA@ YMC/ia U HAMMEHOBaHUS SKCNEPTOB

4. B nosismBuemMcs okHe (puc. 4.3), npy NOMOLM KHOMOK «[lo-
6aBuTb», «PepakTupoBaTbh», «YAanuTb», HeobXoAMMO BBECTU KOMK-
YECTBO W FpaHuLbl TEPMOB JIMHIBUCTUYECKOW MEPEMEHHOW M HaXaTb
«[anee». CnepyeT yCTaHaB/IMBaTb CaMble LUMPOKWE, U3 BCEX YCTa-
HOBJIEHHbIX 3KCNepTamu, rpaHuLbl TEpMOB. BHeCéHHas B JaHHOM OKHe
WHdopMaLms aBToMaTU4ecku byaeT ycTaHoBneHa ANs BCex 3Kcnep-

TOB.
| Moctpoerne dpyHrwm npunagnexnoctn (/N Bnaknocts) o6 ﬁ
Onepausn CnpaBka Bbixog

Onpeaenenue repmos Sl "BnaxHocis™
HaumeHoeanue Tepmafleeas rpanuua | Mpaeas rpanuua | 3Hadexue O Ha Neeoi rpaHuue | 3Havenue O Ha NPpaBoi rpaHuue

Cyxon 10 1511 0
CpeaHuit 10 2000 0

BnaxHbIA 14 20/0 1

JlobaBuib Yaanuis

Hazan Janee

Puc. 4.3 — OkHO BBOAA@ HaMMeHOBaHWUI M rpaHuL Tepmos J1I1

5. B cnegytowem okHe (puc. 4.4) aBTtomatuyeckn byaet cospa-
HO rpaduyeckoe npeacTaBfieHVWe onepauum No onpeaeneH’o TepMoB
JIN. B cnyyae cOOTBETCTBUS MOMYyYEHHbIX rpaHUL, TEPMOB NMpeacTaB-
NEHMAM 3KcnepTa, HeobxoamMMo HaxaTb «[anee», B MPOTUBHOM Cy-
Yae HaxaTb «Has3ag» M BHECTU HeObXOaMMble KOPPEKTUPOBKN B UC-
XO[AHblEe AaHHbIE.
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B NocTpoenve dynkyn npunaanextiocty (NN BaaxocTs kneboctos, %) o [=] 5]

CnpaBika Bbixos

Tepmbl M "BnaxHocTs xneboctos, %"

HopmanbHii: (11, 17)

Cyxoi

90 95 100 105 11,0 11,5 12,0 125 130 135 14,0 145 150 155 160 165 17,0 17,5 18,0

Puc. 4.4. OkHo rpacduyeckoro npeacraBneHus
onepauuu rno onpegeneHuto Tepmos JIM

6. B cnegytowem okHe (puc. 4.5) cneayet BbibpaTb cnocob no-
CTpOeHUst PYHKUMM NpUHAANEXHOCTW. MNporpaMMa no3BonsieT CTpouTb
(QYHKUMM NPUHAANEXHOCTM IKCNEPTHbIM METOAOM, METOAOM AereHus
®M nononaM v Npy MOMOLLUM TUMOBbIX (YHKLUMI. B gaHHOM nocobum
paccMaTpuBaeTcs NocTpoeHue O npy NOMOLLM TUMOBbLIX YHKLNNA.

.@ MocTpoerue dpyHrupm npuHagnekroctn (N BnhakHnocts) l =
CnpaBka Bbixog,

Bbibop meroga nocrpoeHuna Gl A "Bnaxkxocis”

Jlenenue 3HaveHit OYHKUMN NPHHANNEXHOCTH NOoNosaMm
AKCNepTHbIe OLEeHKH
WNoBbIe (hyHKLMI

Puc. 4.5. OkHo Bbibopa MeToga nocTpoeHns Ol
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7. B cnegytowem okHe (puc. 4.6) HeobxoamMmo BblbpaTb U3 Bbl-
nagarowero cnucka sua dyHKUMKM 1 3aaaTb e€ napaMmeTpbl (TOYKM, B
KOTOPbIX dJyHKu,Mﬂ MMEET 3HayeHus 1 " 0) 3atem HaxaTb «[anee»

u (1N B
Crpaka  Buixon,

Huakan (8. 13) Mpaman

Cpeguan (10 . 18)

Tepwwni [ Tanosan Dyt

[Fpanewwanuian
1peyrontuan
T

Buicokan (15 23)

L ONET
b4 a<x<c
Le=sx=d
IV X

12007 | MX,ab,0,d) =
f 15,333 d<x<h

U xX=b o f"’

—rrrm—

[

Puc. 4.6. OnpeaeneHve 3HaueHnit MapaMeTPoB TUMOBLIX YHKLWM

8. MNocne HaxaTus KHOMKKN «[anee» MOSIBUTCS OKHO O6LLErO

Buaa dyHKUnM npuHaanexxHoctu J1 (puc. 4.7).

Cnpaprka Beixon  Kuavamy

=lolx|

‘Oﬁnmﬁ

"l

paduK hyHKUNKM NPUHAANEXHOCTH NTMHIBUCTUYECKOI NepeMeHHOoN

"BnaxHocTb 3epHa, %"

DYHKLAA NPUHAONEKHOCTIA
- -
W

10 11 12 13 14 15 16 17 18
3HaueHVie NapamMeTpa

— Cyxoe — CpegHeBNaKHoe BraxHoe

19

2

Puc. 4.7. I'padmk dyHKUMKM NpuHaanexxHocTu J1M
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Mpy nomoLM BbiMAJAOWEro CrMCKa B BEpPXHEN 4YacTh OKHa
NporpamMmMbl MOXHO M3MEHUTb NepeyeHb 0TobpaXkaeMbIx TEPMOB.

Mocne 3aBeplieHMs NOCTPoeHusl obwero Buaa yHKUMKM npu-
HaA/IeXXHOCTN HeOBXOANMMO BEPHYTbCS K HayanbHOMY OKHY Mporpam-
Mbl, HaXXaB KHOMKY «K Hayany» OCHOBHOMO MEHIO.

8. Mocne noBTOpeHus onepauuii, ykasaHHblX B n.n. 4 — 7, ans
BCEX 3KCMEPTOB, MYNbTUM/MKATMBHLIN WM aAAUTUBHBLIA MOKa3aTeNu
obLeit cornacoBaHHOCTU 6yayT aBTOMATMUECKM BblYMCIIEHbI M MOKa-
3aHbl B Ha4anbHOM OKHE MPOrpaMMbl.

9. Ona nonyyeHus noppobHbIX pacyETOB MHAEKCOB HEYETKO-
CTEN, NoKasaTeseil CornacoBaHHOCTM MO OTAENbHbIM TEPMaM HeobXo-
AMMO B HayanbHOM OKHe MporpaMmbl BbibpaTb paccMaTpuBaeMyto
JIMHIFBMCTMYECKYIO NEPEMEHHYI0, U Ha Bknaake «Onepauun», B N€BOM
BEPXHEM YNy OKHa nporpammbl, BblbpaTb «PaccumtaTb nokasaTenb
COrflacoBaHHOCTU». OCne HaXaTusi AaHHOM KHOMKMW MOSIBUTCS OKHO,
coaep<allee pesynbTaTbl pacy4éTOB MaTpUL, MNapHOM COrfacoBaHHOCTY
(puc. 4.8).

| &) Noctpoenne dyHrwm npuHagnexnocth (N Baaknocrs) o | & ﬁ

Tepubt N | fina ecex repmos | lMokazatenu CornacoBaHHOCTH AT BCEX IKCEPTOB
Cyxoit
CpeaHuit

BnaxHbii Skenept 1 3kcnept 2 3kenepr 3 ]
0,737 08 l

Martpuia napHoi CorNacoBaHHOCTH

737 1 0,667
8 0,667 1

Slo[—=

Maipmua WHIEKCOB HeYeTKOCTH

Sxcnept 1 Jkcneprt 2 3kcnepr 3 ]
0 0,167 0.1
0,167 0 02
0,1 0,2 0

Hasapn,

Puc. 4.8. Pe3ynbTaT pacyeTa MaTpuL NapHOW COrnacoBaHHOCTU
N VHJEKCOB HEYETKOCTU MO KaXKAOMY TepMy ANt BCEX SKCMEpPTOB

Mepemellascb Mo BKMIaAKaM AAHHOMO OKHa, MOXHO MpocMaTpu-
BaTb Kak pe3ynbTaTbl PacY4ETOB MapHOW COrTacoBaHHOCTU U MHAEKCOB
HEUYETKOCTU Mo OoTAeNbHbIM TEepMaM, TaK U ANnga BCEX TEPMOB U BCEX
akcnepTtoB (puc. 4.9, 4.10).
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| £ Moctpoenne dynrwm npuragnexsoctn (/N Braknocts) o @ ﬁ

Tepubl N | JinAscex 1epmo | Mokasarenu cornacoBaHHOCTH ANA BCEX IKCNEPTOB

Marpiua napHoil cornacoBaHHoCTH

3kenepr 1 3kenepr 2 3kenept 3 |
1 0,634 0,675
0,634 1 10,707
0,675 0,707 1
Marpiua HHAEKCOB HEYETKOCTH
Sxcnepr 1 3xcnepr 2 Sxenept 3 ]
0 0,233 0,206
0,233 10 0,156
0,206 0,156 0

Hazan

Puc. 4.9. Pe3ynbTaT pacyeTa MaTpuL, NApHON COrfacoBaHHOCTM
W MHOEKCOB HEYETKOCTU NS BCEX TEPMOB

&) Moctpaenne dyHrwm npuHagnexroctn (N Brnaxknocrs)

Tepubl N | Ansaecex tepMoB | MMoKasarenu cOrNacoBaHHOCTH 1A BCEX IKCNEpToB

AnAWTHBHLIN NOKa3aTenb: 0,547

MynbTHNNHKATHBHBIA NoKa3aTens: 0,534

Hasan, Nlanee

Puc. 4.10. OkHoO BbIBOAa 06LWMX pe3ynbTaToB pacvETOB

5 MOJEMMPOBAHUE HEYETKNX 3HAHWIA B CPEAE MATLAB
Llenbro npakTnyeckoil paboTbl SBMSIETCS OCBOEHME HAaBbIKOB

NMOCTPOEHNA CbYHKLlVIﬁ NPUHAANEXHOCTU U aHan3a pe3ynbTaToOB MO-
OENNPOBAHNA HEYETKUX 3KCNEPTHbIX 3HaHWI C noMoLlblo 0AHOro M3

34



LUIMPOKO WM3BECTHbIX MPOrpaMMHbIX npoayktoB — MATLAB (dbuvpMmbl
MathWorks, Inc).

Cucrema Fuzzy Inference System coaepxuT crnegylowme OKHa
(puc. 5.1): Fuzzy Inference System Editor (FIS Editor) — pepaktop
HeuyeTkoW cuctembl; Membership Function Editor — pegaktop ¢yHk-
UM npuHaanexHoctu; Rule Editor — pepakTop npasun; Rule Viewer
— MPOCMOTPLWMK npasui; Surface Viewer — NpoCMOTPLUMK MOBEPXHO-
ctn oTkimka. Pepaktop FIS Editor obecneunBaeT gocTyn K OKHaMm pe-
AakTopa yHKUMI NPUHAANEXHOCTY.

FIS Editor

Membership
Function Editor

Rule Editor

[

Inference

A Read-only
([ | LAl tools
-’ | L | _"
! 2]
=T =Ll =]
= = =1
Rule Viewer Surface Viewer

Puc. 5.1. CTpyKTypHasi cxema CUCTEMbI HEYETKOIro
JIOrMyecKoro BbiBoAa
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PaccMoTpuM 3apady onpeaeneHns 3HayeHui OAHOro U3 pery-
NVPYEMbIX MapaMeTPoB KOMbGaiiHa OT BHELWHWX (AKTOPOB Cpeabl:
YPOXXalNHOCTW 3epHa, 3aCOPEHHOCTM, BMAXHOCTWU, COMOMUCTOCTU XJie-
6ocTos.

OYHKUMM  MPUHAANEXHOCTU  CONOMUCTOCTM,  YPOXaMHOCTMH,
B/IAXXHOCTM OblIM MOCTpOEHbl C y4eTOM AaHHbiX [1]. Bce dyHKuun
NPVHAAIEXHOCTN, UCMOSIb3yeMble B cMcTeMe — TpeyrosibHble (trimf),
a ux ymncno nogobpaHo mcxoast U3 TpebyemMolr TOYHOCTM BbIYMCIEHW.

KpoMe ¢yHKUMIN NPUHAANEXHOCT HEYeTKasi annpoKCUMUPYIO-
Wwas cucrtema Tpebyet popMynMpoBaHns M BBOAA B HEE TaK Ha3blBae-
MbIX npaBun, T.€. CY)K,quMVI TNa «ecdan ..., T0», Ha3biBa€MbIX €Lle
uMnavkaumamun, Mpaeuna onpeaensioT B3aMMOCBSA3b MeXAy BXOA4amu
M BbIXOAAMW CUCTEMbI, MO3BOMAS €M reHepupoBaTb YETKOM BbIBOA,
yuuTbiBas HeyeTkue cyxpaeHus. GopMynnpoBaHME NpaBui OCYLLECTB-
NS0T 3KCNepTbl, MMeloWme OnbIT OUeHKM nopobHbix obbekTos. OT
KOMMETEHTHOCTW 3KCNepTOB 3aBUCUT KOPPEKTHOCTb paboTbl CUCTEMBI.

CcdopmynmpoBaHHble NpaBuna BBOAAT B CUCTEMY MPWU MOMOLLM
pepaktopa npasun Rule Editor.

5.1 MNocnepoBaTtenbHOCTb paboTbl ¢ 6510koM Fuzzy Logic Toolbox.

1.HaxaTb Ha spnbik nakeTa Matlab ‘;\
2. B nosBMBLUEMCA KOMaHAHOM OKHe HabpaTb KO- [
MaHay fuzzy (BbI30B NMPUKNAAHOrO MakeTa) W HaxaTb  MATLAB
knasuwy Enter. B pe3ynbTate BbINOAHEHUS KOMaHAbl Z0nsa
nosiBuTcs okHO (puc. 5.2).
3. OcHoBbI paboTbl C OKHOM W Ha3HayeHue KMaBuL MakeTa
Fuzzy Logic Toolbox noka3aHbl Ha puc. 5.2 n 5.3.
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The FIS Editor OBOWHON KNUK "MbIWKOW" ANA OTKPbLITUA
KomaHgHasa cTpoka ons OKHa pefakTopa (yHKUNMH

OTKPBITUS, COXpaHEHMS, MPUHaANEXKHOCTU BXOAHOIO
M3MeHeHUA NapameTpoB Mogeny apameTpa Membership Function Editor

) FIS Editor: tipper e =10l x|

A e Ve
XX T~
service

FIS Marme: tipper FIS Type: —%L_

OeolHON KNKK "Mblwkon” [OBOAHOW KNUK "MbILWKOW™
BN 0TKPbITUA OKHA 01 OTKPbITUA OKHA
co3faHuA, USMeHEHUA 1 PeaakTopa
MPOCMOTPIUMKA NpaBun  (hYHKLUMA NPUHAANEXKHOCTH
Rule Editor BbIXOAHOro NnapameTpa
Membership Function Editor

Puc. 5.2. Pe3ynbTaT BbINOMHEHMS KOMaHab! fuzzy

tip

ima cospasaeMol MO ENKW, KOTOPOE 334aeTCA C MOMOLBK
KoMmaHgbl Save as... Ha Bknagke File rnaBHoro meHw Fis Editor

ood

T FIS Mame: tipper FIS Type: miamdani ‘
Al methacl min = I Current Variable
or method e =] Name tip
Implication ]—_|,,,.n = [|™ =
Range [030]
Agaregation max ﬁ_
Defuzzification centrod = I | Help e | ‘
System "tipper": 2 inputs, 1 output, and 3 rules "-I ‘
|
MapameTpbl Mma, cTpykTYpa Mma sanasaemov
AKKyMynaunu 1 KOonn4ecTBO NpaBun BXOAHOW UMK
arperMpoBaHus 3aflaBaeMoi Mogenu Ha BbIXOAHOMW
CTagKln NpoekKTUpoBaHUA nepemeHHoﬁ

Puc. 5.3. Bbibop v HazHauyeHWe onuuii
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4. CoxpaHuTb CO34aBaeMyl0 Mofesflb Nof OpUrMHanbHbIM UMe-
HemM Student, (File/Export.../From File.../Student1.fis).

5. B kauectBe nepBoii BXOJHOW nepeMeHHol inputl ucrnonb3y-
€M MapaMeTp «ypoXXalWHOCTb». BBEAEM MM MEPEMEHHON U HaXXMeM
Enter (puc. 5.4).

6. [lobaBnTb BTOpYIO NepeMeHHyto B mogenb (puc. 5.5). B ka-
YyecTBe BTOpOM NepeMeHHoM input2 ucnonbayem napametp «Conomu-
CTOCTb>.

7. AHanormyHbiM o06pasomM p[obaBuTb BXOAHbIE MApaMeTpbl
input3 - «3aCopeHHOCTb» N input4 - «BAAXXHOCTb>.

8. MNpowussectn (npn HeobxoAMMOCTU) peaakTupoBaHue YHK-
UM NpuHaanexHoctn (puc. 5.6). ABaxabl LWENKas «MbILIKOW» Mo OK-
HaM BXOAHbIX M BbIXOAHbIX NapaMeTpoB, OTKPbIBAEM OKHO peAakTopa
(byHKUMIA NPUHAANEXHOCTH.

9. B KayecTBe BbIXOAHOW NepeMeHHol outputl ncnonb3yem na-
paMeTp «CKopocTb» (puc. 5.7).

<) ditor: Studen eufifro
File Edit Wiew
Stucent
[mamcani)
YpO#EHHOCTE output
FIS Name: Stuclent FIS Type: mamdani
And method min w Current Yariakle
Or method max a Name ¥POmEIHOCTE
Type
Implication min a P
Range
Aggregation max P
Defuzzification certroid v| Help Cloze | ‘

Updating Memberzhip Function Editar ‘

Puc. 5.4. OKHO pelleHus 3aaa4n
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Rules...

Membership Functions. ..

Chrl+2

Remove Selected Yariable  Crrlbx

Chrl+-2
Chrl+3

Cutput
Student

(mamciani)

L |

Y¥po#aiHoCTe outpLtl
FIS Mame: Studerit FIS Type: harmdani
And method min [v] Current Yariakle
Or method [GiEEe [v] fang YpowaRHOCTE
Type input
Implication e, [v] t? g
Range [32 48]
Aggregation max [v]
Defuzzification centraid [v] | Help | Close ‘ |

Puc. 5.5. lobaBneHne nepeMeHHbIX 3a4a4m

# Membership’ Function' Editor: Student Em
File Edit View
FIZ variables Membership function plots  Plot points: 181
Il'lenee--'m Mpwana-40 Bonee-40
) [
[XAN
POHEAHHOC TEKOROCTE
03k B
a ; n n i n n n
32 34 36 38 40 42 44 46 45
o inpLt variskle "YpowaiHoc TE"
Current Yariable Current Membership Function (click on MF to select)
Name ¥poxaiHoCTE Mame Metes-40
Type input Type trapmf [v]
Patarms
[26.41 2992 3392 39.92]
R 32 48]
Dizsplay Range [32 48] ‘ Help Close ‘
Ready ‘

Puc. 5.6. OKHO (hOpMMPOBaHUSI BXOAHOW NEPEMEHHOM
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10. Mpownzsectn da33ndukaumnio NepemMeHHbIX.

B kauyecTBe TEPM-MHOXECTB BXOAHOWN MepeMeHHoMn «Ypoxkal-
HOCTb>» UCMOMb30BaTb MHOXeCTBO T1={«MeHee 40», «[pumepHo 40>,
«bonee 40»} ¢ MYHKUMAMU NPUHAANEXHOCTU TEPMOB, M306paXeHHbI-
MW Ha puc. 5.6.

B kauecTBe TEPM-MHOXECTB BXO[IHOM nepemMeHHol «ConioMu-
CTOCTb» 6yAeM MCronb30BaTb MHOXECTBO T2={«HW3Kas», <«BbICO-
Kas»} ¢ MYHKUMSAMM NPUHAANEXHOCTM TEPMOB. 3aJaeM LUKany usme-
HeHusl napameTpa «ConommnctocTb» Range [40 60].

YTobbl 3aaaTb MMS TEPMA, C NOMOLLBIO «MbILLIKW» €ro Heobxo-
[VMMO BbIAENUTb, yKa3aTb ero uMms, No HeobxoaAMMoCT NepeMecTuTb B
HY>XHOE 4MCoBOe 3HauveHwue. MNpoaenas 3Ty onepaunio Heobxoammo
3aAaTh LWKany U3MEHEHNS NMapaMeTpa «YpoxanHocTb» Range [32 48].

B kauecTBe TEPM-MHOXECTB BXOAHONM MepeMeHHOWN «3acopeH-
HOCTb» MCMONb30BaTb MHOXECTBO T3={«HU3Kas», «BblCOKas»}. 3aaa-
€M LUKasy U3MEeHEHMs napaMeTpa «3acopeHHocTb» Range [0 40].

B kauecTBe TEpPM-MHOXECTB BXOAHOM MepeMeHHON «Bnax-
HOCTb» ByaeM MCNonb30BaTb MHOXECTBO T4={«HW3Kas», HOMWHasb-
Has», «BblCOKas»} C (YHKUMSAMW MPUHAANEXHOCTN TEPMOB. 3adaeMm
LUKany M3MeHeHus napaMeTpa «BnaxHocTb» Range [10 18].

[ns BbIXoAHOW nepeMeHHoN «CKOpOCTb» MCMONb30BaTb MHO-
xectBo T5 = {«04YeHb HU3KaN», «HU3KasS», <HWXKE HOMWHaNbHOM»,
«HOMMWHAJIbHas», <«BbllE HOMWMHANbHOW» «BbICOKas», «O4Y€Hb BbICO-
Kas»} € GYHKUMAMM NpUHAANEXHOCTU TepMoB. Llkana uamMeHeHus
napameTtpa «CkopocTb» Range [2.5 6.5] nokasaHa Ha puc. 5.7.

11. C nomowbto pegakTopa npasun (Edit/Rules) 3agate npaBu-
nla Nnorn4eckoro BbiBoaa. YTobbl 406aBUTL MPaBWIO HAXMUTE KiaBu-
wy Add Rule, ynanutb - Delete Rule, namenntb — Change Rule. Pe-
3ynbTaT BBOAA NpaBws NokasaH Ha puc. 5.8.

12. ins BbiBOA@ pe3ynbTaToB MOAennpoBaHus B okHe Rule Edi-
tor wenkaem Ha Bknagky View (Bua) wn Bbibupaem oTobpaxeHue
Bknaaky Rules...nnm Haxumaem Ctrl+5.

PesynbTaT MopenupoBaHus GyaeT npeactaBneH B BMAE COBO-
KYNHOCTV TEPMOB Ha OCHOBE 3aflaHHbIX NpaBwi B OkHe Rules Viewer.
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plot points:
Memisership function plots

FIS Variables
T T T T T T T
Ouemblwkan  Hpran  Hie, ‘ Bl i Ouerto picoka
0N
FAVAN
JpowairocTs  CropocTo
sl 1
iacopenHocTs
g L 1 T T i Y T
25 3 35 4 45 B 55 5 6
output veriskle "CropocTe"
Enacicote
urent Variable Gurrent hembership Function (click on F o select)
ame CronocTe Name P
Tyee i
ype autput i imt
Params
ange 1809 2.479 3.003]
isplay Range 268 ‘ Helo Close

Puc. 5.7. OkHO hOpMUPOBaHNS BbIXOAHOWN NEPEMEHHON

ule
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aio uden

File:

Wiew  Options

If (¥poxaHHocTE is Menee-40) and (ConomMcTOCTE i Huakaa) and (3acopeHHocTE is Huskad) and (BnamHocTe is HopmansHeit
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Puc. 5.8. OkHO pegakTnpoBaHus nNpasun
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MepemellaTbCs MO OKHY MOXHO C nomoulbio knasuw Up (Bbl-
we), Down (Huxe), Right (BrnpaBo), Left (Bneso).

Ytobbl NpOCMOTpETb NpaBuia He OToBpaxatoLluMecs Ha dKpaHe
HakmMuTe knasuwy Up. Pe3ynbtaT MogenupoBaHMsi CKOPOCTM cpasy
6yneT npeacTaBneH BHU3Y OkHa Rules Viewer B BuAe KpacHOW OTMET-
KM, @ TOYHOE 3Ha4YeHne CKOPOCTn BBepXy okHa Rules Viewer, puc. 5.9.

M3MeHUTb napaMeTpbl MOAENM BO3MOXHO B OkHe Input, wnnam
nepemeLlas Kypcop C noMoLlbio MbiwK B rpadmyecknx okHax Rules
Viewer.

13. MNocTpouTb NOBEPXHOCTM OTK/IMKA 3aBMCMMOCTU BbIXOAHOMO
napameTtpa ot BxoaHbIX (HaxaTb Ctrl+6 unn B okHe Rules Viewer Bbl-
6patb View/ Surfase...). B gaHHOM OKHE MOXHO WM3MEHSITb BXOAHbIE
rMapaMeTpbl, BblbUpaTb NapamMeTpbl OCEl, BpallaTb MOCTPOEHHYHO Mo-
BepxHOCTb (puc. 5.10).

Fie Edt View Options

YpowafiHoeTs = 40 ConomnctocTe = 60 JacopenHocte = 20 BrnaxHoete = 14

Cropocre =3.27

W

32 48 40 B0 o0 40 10 13 P ==

Input: Piot poirts: Move:

[40502014] 101

[ — B - il 1
Puc. 5.9. CxeMa nonyyeHns YUCNEHHOMO peLleHns
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CKopocTb

YposkalHocTb ConoMncTocTb
BR i FPOREAHOE, . |+ T OnALEE: Conateta.. |+ £ (output): CKOPOCTE v
X grids: 15 N gricls: 15
(R (MRS [Nah Nal 20 14] ‘ ‘ Help | Close | ‘

Puc. 5.10. BapraHT NOCTpOEHUs MOBEPXHOCTUN OTK/INKA

[TPUJIOXKEHUE A — 3ananus k pabore «BbIBOP NMOCTABLLUNKA
B YCNOBUAX HEONPEAENEHHOCTU»

[0oCTaTOUYHO CNOXHO KOMMYECTBEHHO OLIEHWUTbL M PaHXXMPOBAaTb
NOCTaBLWKMKOB PECYpPCOB MO TakKMM KpPpUTEPUAM, KaK Ka4yeCTBO, LIEHaQ,
YyCNoBMS  onnaTthbl, KpeaMTOCNOCOBHOCTb, AOMOMHUTENLHLIE YCYTH,
CPOKM 1 cnocob NoCTaBOK, KOMMEKTHOCTb NMOCTABOK, HAAEXHOCTb MO-
CTa@BOK, CTOMMOCTb TPaHCMOPTMPOBKM, KaHasbl CBSA3EMN, B3aMMOOBMEH
nHcdopMaumein n T.4. B 3ToM cyyae nuuy, NPUHUMAIOLWEMY peLleHue,
ropa3go yaobHee onepupoBaTb HE C KOJIMYECTBEHHBLIMU, a C Kaue-
CTBEHHBLIMW OLIEHKaMM.

PaccMoTpuM 3agady BblibOpa MOCTaBLLMKA HAa OCHOBE YeTbIPeX
KpUTEPUEB: LEHA, YCNnoBUA oOniaTbl, Ka4€CTBO MNOCTaBOK, AINTENb-
HOCTb KOHTpaKTa. icxoaHble AaHHbIE O MOCTaBLUMKaX NPEACTaB/EHbI B
Tabn. 1.
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Tabnuua 1 — UcxogHas nH@opMaums 0 NoCTaBLUMKaXx
LleHa Ycnosus KauecTtso | [MpoaomknutenbHOCTb
MNocTasLymk
NoCTaBoK onnatol NoCTaBoK KOHTpaKTa
MocTaBwumk|Boicokas |KpeautoBaHue |CpegHee |OgHOpasoBble
1 B TeYeHune NOCTaBKK
30 gHein
MocraBwmk|Hm3kas |100% Huskoe |B TeueHune
2 npeagonnara HeboMbLNX
nepuoaos
MocTaBwmk|Bbicokas |100% Huskoe |lNocTaBku Ha
3 npegonnara CpefHeCpoYHo
OCHOoBe
MocraBwmk|CpeaHss |KpeantoBaHue |Boicokoe |lMocTaBku Ha
4 B TEUYEHNE CpeHECPOYHOM
30 aHen OCHOBE

BapuaHTbl 3aaaHuit ANg CaMOCTOATENbHOW PaboTbl

Mo KpUTEPUIO MUHUMASIBHOTO PacCTOSIHUS XeMMUHra BbIOpaTb
MocTaBLUMKA B COOTBETCTBMM C 3aZlaHHbIMU YCNOBUSIMM.

1. UcxoaHble TpeboBaHWS K MOCTaBLUMKAM:

* o

¢

LileHa NoCTaBoK A0/MKHa 6bITb HU3KaA,
ycnoBsusa onsiatbl HE UMEKT 3HAYEHUH,
Tpe6OBaHVI$I K Ka4yeCcTBy NpoayKunmn HU3KUE:

KOHTPAKT 3aKJTI04aeTCA Ha YyCJ1I0BMUAX OAHOPA30BbIX MOCTaBOK.

BecoBble k03 duruUmeHTbl paBHbl: W 1= w2 = 0,25; w3 = w4 = 0,25.

2. UcxogHble TpeboBaHMs K NOCTaBLUMKaM:

* o o

¢

LieHa NOCTaBOK [10/MKHA 6bITb HU3Kas;
YC/IOBUS ONaThl HE MMEIOT 3HAYEHMS;
TpeboBaHMs K KaYecTBy NPOAYKLUMN HUKME:

KOHTPaKT 3aK/0uaeTcs Ha CpeHeCpOYHON OCHOBE.

BecoBble k03 durumeHTbl paBHbl: w 1= w2 = 0,25; w3 = w4 = 0,25.
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* & o

¢

3. UcxoaHble TpeGOBaHMH K NOCTaBLUMUKaM:

LileHa NOCTaBOK AO0/MKHa 6bITb HU3KaSs;

ycnosua onnatbl HE UMEIKOT 3HAYEHUA,
TpeGOBaHMﬂ K Ka4yeCTBY NpoayKUnn HU3KKUE:
KOHTPAKT 3aKJTI04aeTCAa Ha HebonbLlune nepuoabl.

BecoBble k03 durumeHTbl paBHbl: w 1= w2 = 0,25; w3 = w4 = 0,25.

* & o

¢

4. UcxopHble TpeboBaHUS K NOCTaBLLMKAM:

LieHa nocTaBoOK AO/MKHA 6bITb HU3Kas;

ycnosua onnatbl HE UMEIKOT 3HAYEHUS,

TpeboBaHUs K KauecTBy NpoayKUMK CpeaHue:

KOHTPAKT 3aK/1It04aeTCsl Ha YCNOBMSIX OAHOPa30BbIX NOCTaBOK.

BecoBble k03 duumeHTbl paBHbl: w 1= w2 = 0,2; w3 = w4+ = 0,3.

* & o

¢

5. UcxoaHble TpeboBaHMs K MOCTaBLUMKaM:

LieHa nocTaBoOK AO/MKHA 6bITb HU3Kas;

ycnosua onnatbl HE UMEIKOT 3HAYEHUS,

TpeboBaHUS K Ka4yecTBY NpoAyKUMU CpeaHue:
KOHTPaKT 3aKJ1l04aeTcsl Ha CpeaHECPOYHOM OCHOBE.

Becosble k03 duUMeHTbI paBHbl: W 1= w2 = 0,2; w3 = w4+ = 0,3.

> & o

¢

6. NcxoaHble TpeboBaHMs K MOCTaBLUMKAM:

LieHa NOCTaBOK A0/MKHA 6bITb HU3Kas;

YCNOBUS OM/aThl HE UMEIOT 3HAYeHUs;
TpeboBaHWs K KayecTBy NPOAYKUMMN CPeaHME:
KOHTPAKT 3aK/Tlo4YaeTcs Ha Hebosnblune Nepuoabl.

BecoBble k03 durUmMeHTbI paBHbl W 1= w2 = 0,2; w3 = w4 = 0,3.

* o

¢

7. UcxoaHble TDE6OBaHVIﬂ K NOCTaBLUMUKaM:

LieHa NnocTaBoOK JO/MKHA 6bITb HU3Kas;

ycnoBusa onsiaTtbl HE MMEKOT 3HAYEHUA,

TpeGOBaHVIFI K Ka4yeCTBY nNpoayKuunun BbICOKUE;

KOHTPAKT 3aKJTI04aEeTCA Ha YCJI0BUAX OAHOPA30BbIX MOCTAaBOK.

Becosble k03 duuUmeHTbl paBHbl: W 1= w2 = 0,3; w3 = w4+ = 0,2.

¢
¢

8. NcxoaHble TpeboBaHMs K NOCTaBLUMKaM:
LieHa NnocTaBoOK JO/MKHA 6bITb HU3Kas;
YC/I0B1S onsiaThl HE UMEIOT 3HaYeHUs;
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¢ TpeboBaHMs K Ka4ecTBy NPOAYKLNM BbICOKME;
¢ KOHTPAaKT 3aK/Il0YAETCS Ha CPeAHECPOYHON OCHOBE.
BecoBble k03 duumeHTbl paBHbl: W 1= w2 = 0,3; w3 = w4 = 0,2.

9. UcxopHble TpeboBaHUS K NOCTaBLLMKAM:
LieHa NOoCTaBOK AO/MKHA 6bITb HU3Kas;
YCnoBus onnaTbl HE UMEIOT 3HAYEHUS;
TpeboBaHMS K Ka4yeCTBY NPOAyKLMU BbICOKME;
¢ KOHTPaKT 3aK/Ilo4aeTcs Ha HebonbLune nepuoabi.
BecoBble k03 duUMeHTbl paBHbl: W 1= w2 = 0,3; w3 = w4+ = 0,2.

* & o

10. UcxoaHble TpeboBaHMS K MOCTaBLUMKaM:
LieHa rnocTaBoOK AO/MKHA 6bITb HU3Kas;
yCnoBus onnaTbl — KpeauToBaHue B TeueHne 30 aHel;
TpeboBaHUs K Ka4yecTBY NpOAYKUMN HUSKKE:

¢ KOHTPaKT 3aK/t04aeTCs Ha YCI0BMSIX OAHOPAa30BbIX NOCTaBOK.
BecoBble k03 dUUMEHTbI paBHbl: ® 1= w2 = 0,35; ws = w4 = 0,15.

* & o

MNMPUNOXEHWUE b — 3apaHusa anst caMoCToSTENbHOM paboThbl
noTtemam 1, 3, 4

3agaHue 1. MoCcTpouTb HEUETKYIO MOAENb 3aBMCMMOCTU BbIHOCA
MOTOBW/A XXaTBEHHOM YacTu KoMbalHa No ropu3oHTanu OT ABYX Na-
paMeTpOB: «MONErnocTb XNebocTos» n «BbicoTa xnebocTos».

3agaHue 2. MNMocTponTb HEYETKYIO MoAeNb 3aBUCUMOCTU BbICOThI
YCTaHOBKW MOTOBW/IA XXAQTBEHHOM 4acTu KoMbalHa OT AByX NnapaMeT-
pOB: «MonernocTb xnebocros» n «BbicoTa xnebocron».
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