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3AT'AJIBHI TIOJIOKEHHSA

Jlane BuIaHHS NpHU3HA4YeHE ]IS BUBYEHHS Ta NPAKTHYHOTO OCBOEHHS
CTyJCHTaMH yCiX (OopM HaBYaHHS HEUYITKOTO MPOTrpamMyBaHHS UIsl TOOYIOBH
IHTEJEKTyaIbHUX CHCTEM.

BigmosigHo mo rpadika CTyJeHTH IepeA BHKOHAHHAM J1abopaTOpHOI
pOOOTH MOBHMHHI O3HAHOMMTHCS 3 KOHCIIEKTOM JIEKLIH Ta PEKOMEHIOBAaHOI
JTepaTyporo.

Jnis omepxaHHS 3aTiKy MO KOXHiM poOOTI CTYHEHT 3/1a€ BHUKJIAAady
koM odopmitenuii 3Bit, a Takoxx CD-RW (DVD-RW) muck y dpopmari MS —
DOS / Windows, mnepeBipeHHH Ha BIJICYTHICTb BIpYyCiB, 3 TEKCTaMHU
PO3pOOICHHX MporpaM, (aiaMu Mporpam, Mo BUKOHYIOTECSA, (aiiaMu TaHHX
1 TEKCTOM 3BITY.

3BiT (pHKIIax OPOPMIICHHS - TUB. JIOJATOK A) Ma€ MICTHTH:

- TUTYJABHHN apKym (Ha HOMY BKa3ylOTh Ha3By MiHICTEpCTBa, Ha3BY
YHIBEPCUTETY, Ha3By Kadeapu, HOMep, BHA i TeMy poOOTH, BUKOHABII Ta
0co0Yy, o MpHHMAE 3BIT, PiK);

- METY, BapiaHT 1 3aBIaHHS pOOOTH;

- TaKOHIYHUH OITUC TEOPETHYHMUX BiZJOMOCTEH;

- TEKCT MPOTPaMH, 110 0O0B'I3KOBO MICTUTh KOMEHTAPI;

- BXIJIHI Ta BUXIJHI JJaHI MPOrpamu;

- 3MICTOBHHH aHAJTi3 OTPUMAaHHUX PE3yIbTaTiB Ta BUCHOBKH.

3BiT BUKOHYIOTbH Ha Oinomy namepi popmaty A4 (210 x 297 mMm). Tekcr
PO3MIIIYIOTh TUTBKH 3 OJIHiET cTopoHH JucTa. [1osst cropinku 3 ycix 6okiB — 20
MM. ApKYIIi CKPIIUTIOIOTh 3a JIONOMOTOK KaHIEISIPCHKUX CKpimok. Jlis
HabOPy TEKCTY 3BITYy BUKOPUCTOBYIOTH pefaktop MS Word 97: mpudt Times
New Roman, 12 myHKTiB. MiXKpPSIKOBHH IHTEPBA: MOXYTOPHUHN — JUISI TEKCTY
3BITY, OJJUHAPHUHN — JUIS JIMCTUHTIB POrpaM, TaOJIHIb i PO3APYKIBOK TAHUX.

ITlin wac cmiBOecii CTYACHT TOBHHHUU BUSBUTH 3HAHHSA MPO METY
poboTH, N0 TEOPETHYHOMY MaTepialty, PO METOM BUKOHAHHS KOXKHOTO eTaIry
poOOTH, MO 3MICTY OCHOBHHX PO3JIJIiB PO3POOJIECHOTO 3BITY 3 JEMOHCTPAITIED
pe3yIpTaTiB Ha KOHKPETHHUX MPHUKIIaLaX.

CTyIeHT TOBMHHMMA BMITH NPaBWIBHO aHANi3yBaTH OTpHUMaHi
pesynbratd. s camomnepeBipkd TpH IMIATOTOBHI IO BUKOHAHHA 1 37adi
poOOTH CTYICHT MOBMHHMI BiAMOBICTH HAa KOHTPOJBHI NMUTAHHS, NPHUBEICHI
HaIPUKIHIII OMHUCY BiNOBIIHOT pOOOTH.

3aranbHHUi 3aiK CTYAEHT OAEPIXKYE IicJI BUKOHAHHS 1 3714l OCTaHHbBO]
pobotwu.



1 JIaGopaTtopHa podorta Nel

HEYITKI MHO’KHHHU TA
OIIEPALII 3 HUMMU Y TAKETI MATLAB

Meta podotru: OCBOITH OCHOBHI MOHSTTSA HEUITKOI JIOTIKH Ta HABUYUTHCS
MPAIIOBATH i3 HCYITKUMU MHOXHHAMH.

3aBaanHsA 10 podoTH

1. OsHafloMHTHCS 3 KOHCIIEKTOM JIEKLil, pEKOMEHIOBAHOIO JIITEPATypOIO
Ta TEOPETUYHUMH BiJOMOCTSIMH TAHUX METOJHYHUX BKa3iBOK.

2. 3rimHO 3 HOMEPOM CTYICHTA 32 )KYPHAJIOM UIS BapiaHTy 3 BIIIIOBITHUM

HOMEpPOM BHKOHATH iHAWBIyalbHE 3aBJIaHHS.

Odopmurtu 3BIT 3 poOOTH.

4. BiamnoBicTH Ha KOHTPOJIbHI 3aMUTAHHS.

w

Inousioyanvhi 3a60anhs
Hexaii V - HOMep BapiaHTa CTyJICHTa 3a )XypHaJoM. Bu3HaunMo:

4V, axmoV < 5;
V, =<V, sxkmo5 <V <10;
round(0,3V), sxmoV > 10,

ae round(X) - GbyHKILisT OKpYTIICHHS.
CdhopMyemMo HEUiTKI MHOKHHU:

k

A=
< v,

|k >}

2k
B={<==10,5k
< v | >}

3asoanna 1. TloOymyBatn Aexinbka pa3iB rpadiku GyHKIIH TpUHAIEKHOCTI
y 3aJeXHOCTI Bi HOMepYy BapiaHTy i3 pI3HHMH 3HA4YCHHSAMH IapaMeTpiB.
[Mapamerpn QyHKUIH TNPHHAISKHOCTI 3agaTd camoctiiHo. [locmianTth, sK
BIUIMBAIOTh 3HAYEHHs IapaMeTpiB Ha 3MiHY 3Ha4YeHHS (DYHKLIH NMPUHAJIECHKHOCTI.
3aBnanHs BukoHatH y naketi MATLAB i3 BukopucranHsM (QyHKUIH Momyist
Fuzzy Logic Toolbox.



Vv OyHKIT Vv DyHKii
1 dsigmf ghellmf 2 psigmf gaussmf
3 dsigmf zmf 4 psigmf pimf
5 dsigmf trimf 6 sigmf dsigmf
7 gauss2mf ghellmf 8 sigmf pimf
9 gauss2mf trimf 10 sigmf trimf
11 gauss2mf trapmf 12 smf gauss2mf
13 gaussmf gauss2mf 14 smf gbellmf
15 gaussmf pimf 16 trapmf gaussmf
17 gaussmf trapmf 18 trimf gauss2mf
19 gbellmf pimf 20 trimf gbellmf
21 gbellmf smf 22 zmf smf
23 pimf gaussmf 24 zmf dsigmf
25 pimf sigmf 26 zmf pimf

3as0anna 2. Bu3HaunTH 3HAUCHHS €JIEMEHTIB HEUITKHX MHOXHH A Ta B.
3aBIaHHs BUKOHATH BPYYHY.

3aeoanns 3. Il KOKHOI 3 HEUITKUX MHOXHH A Ta B BH3HaYUTH: BUCOTY,
YM € MHOXXHMHA HOPMaJIbHOI0, CYOHOPMAJIbHOK a00 MOPOXKHBOI; YM € MHOMKHHA
YHIMOJIAJILHOIO, SIAPO, HOCIH, MEXIi, TOUKH Nepexo/ly, HalHOIMKYy 4iTKy MHOXKHHY,
YU € MHOXKHHA OIMYKIIOI0, Mipy HewiTkocTi Erepa (y merpukax: p=1 Ta p=2), Mipy
HediTkocTi Kocko, 4iTky MHOXHUHY anb(a-piBHs. 3aBIaHHSI BUKOHATH BPYIHY.

3as0anusi 4. BuszHaumTH pe3ynbTaTH BUKOHAHHSA HaJ HEUYITKUMHU
MHOXHWHaMH A Ta B omeparriii: JomoBHEHHS, BKIIOYEHHS, PIBHICTH, 00'€THAHHS,
MEepEeTUHAHHSI, PI3HUIIL, CHMETPUYHA PI3HHILS, JU3'TOHKTUBHA CyMa, anreOpaiuHui
Jno0yTOK, anredpaiuyHa cyma, oOMexeHa cyma, oOMexeHa pi3HMI, O0OMeXeHHH
JOOYTOK, OpacTUYHE MEepPEeTUHAHHS, JPACTUIHE 06'eL[HaHH;1,7\,-cyMa, 3BEJIEHHS B
cryminab, CON, DIL, MHOXEHHS Ha YHCIIO, OMyKJa KOMOIHAIlis, HOpMalTi3ais,
HEUiTKe BKJIIOUYEHHS. Y SKOCTI CKaIAPHOTO YHCIA A€ MOTPIOHO BUKOPHCTOBYBATH
ancno Vi a60 V™. 3aBjanHHs BUKOHATH BPY4HY.

3asoanus 5. IlpupaymaT mpakiaj JiHTBICTUYHOI 3MIHHOI Ta BapiaHTIiB ii
3HaueHb. [y JHrBiCTHYHOI 3MIiHHOI 3ampoNOHYBaTH HeWiTKi 3MiHHI. HaBectn
NPUKJIAAA MOXIIMBHX 3HAYCHb HEUITKMX 3MIHHUX. BU3HAYMTH TepM-MHOXUHY
JIHTBICTUYHOT 3MIHHOI.

3asoanna 6. JIns mHOxkmMH A Ta B 3a momomororo makery MATLAB
BHU3HAYNUTH PE3yNbTaTH HEUITKHX oIlepamii: 'sum' - cyma, 'sub' - BHpaxyBaHHS,
‘prod' - noOyrok, 'div' - gineHHs. PesympTaTd 300pasuTH rpadiuyHO y IMaKeTi
MATLAB. Ilpu BUKOHaHHI 3aBIaHHS BUKOPHUCTOBYBATH (YHKIIiii IPUHAIEKHOCTI
3 3aBJaHHA 1.
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3micr 3BiTY

Merta poboTH.

KopoTki TeopeTndHi BiTOMOCTI.

Howmep BapiaHTy Ta 3aBIaHHs 10 POOOTH.

Omnuc nporiecy Ta pe3ybTaTh BUKOHAHHS 3aB/IaHb.

BuCHOBKH, 1[0 MICTSTh BINIMOBII HA KOHTPOJBHI 3alIUTaHHS, & TAKOXK
BiIOOPaXyIOTh PE3YJIbTaTH BHUKOHAHHSI pOOOTH Ta iX KPUTUYHUHI
aHais.

KoHTpoabHi 3anuTaHHsA

e i ams sIKuX 3aa4 TOUITFHO 3aCTOCOBYBATH HEUITKY JIOTiKY?

o Take HewyiTKa MHOKUHA?

JaiiTe BU3HAUCHHS Ta HABEAITh MPHUKJIAIU MMOHATh: YiTKA MiAMHOKHUHA
(yHKIIS ~ MPUHANEKHOCTi,  HEYiTKAa  MiJMHOXXHHA,  MHOXXHHA
MPUHAJIC)KHOCTEH, HEWITKa 3MiHHA, JIHTBICTHYHA 3MiHHA, TEPM-
MHOXXMHA, TEPM, CEMaHTHYHA IMPOLEAYpa, HEYITKE YHCJIO, HEediTKe
yucino (L-R)-tuny, ¢yHkiis npuHanexHocTi Hewitkux yucen (L-R)-
TUIY, HEYITKE N-apHEe BiJHOIICHHS, HEUiTKE BiTHOIICHHS HA MHOXKHHI.

Y doMy BiAMIHHOCTI 3BUYAHHIX Ta HEUITKUX YHCEN?

XapakTepuCTUKH Ta BJIACTUBOCTI HEWITKMX MHOXHH: BHCOTa, YU €
MHOXKMHa HOPMAJIBHOIO, CyOHOpPMaJbHOIO a00 IIOPOXKHBOIO; UH €
MHOXHHA YHIMOJAJIBHOK, SAPO, HOCIH, MEXi, TOYKH TEPEeXOiy,
HaWOmK4a 4YiTKy MHOXKHHY, Y € MHOXHHA OIIyKJIOW, Mipa
HeuiTkocTi Erepa, mipy HewitTkocTi Kocko, wiTka MHOXHHa anbga-
piBHSL

Omepanii Haag HEUYITKIMH MHOXXHHAMHM: JOIIOBHEHHS, BKJIIOYECHHS,
piBHICTB, 00'e/IHAHHS, NMEPETHHAHHS, PI3HUI, CUMETPHYHA Pi3HUILS,
JIU3'TOHKTHUBHA CyMa, anreOpaiuyHmii noOyTok, anreOpaiyHa cyma,
oOMexeHa cyma, oOMexeHa Pi3HUIsL, 0OMeKeHni 100y TOK, JpacTHYHE
NEPETUHAHHS, NPAcTUYHE 00'€JHAHHSA, A -CyMa, 3BEJEHHS B CTYIIiHb,
CON, DIL, MHOXEHHS Ha YHUCIIO, OIyKJIa KOMOIHAIlis, JeKapTOBHA
I0OyTOK, HOpMaJTi3allisi, HeUiTKe BKJIIOUEHHSI.

BracTrBOCTI HEUTKHX Omepamiii Ta 3aKOHHU HEJiTKOI JIOTIKH.

OyHKIIT MPUHAIEKHOCTI HEYITKMX MHOXWH: AHAIITHYHUHN 3ammc,
topmat BukimKy y nmaketi MATLAB, rpadixu.

HeuiTki onepauii y nakeri MATLAB.



2 JlabopaTopHa po6ora Ne 2

MO/JIEJII HA BA3I TEOPIi HEUITKHUX MHOXXHAH

Mera podoru: OCBOITH OCHOBHI MPHHIIUIH ITOOYIOBH HEWPO-HEUITKUX
Mepex y naketi MATLAB.

3aBaanHs 10 podoTn

1. OsHalloMHTHCS 3 KOHCIIEKTOM JIEKIil, peKOMEHIOBAHOIO JIITEPaTypOIO
Ta TEOPETUYHUMH BiJOMOCTSIMU JaHUX METOJMYHHUX BKA3iKOK.

2. 3rimHO 3 HOMEPOM CTYICHTA 32 )KYPHAJIOM UIA BapiaHTy 3 BiIIIOBITHUM
HOMEPOM BHKOHATH 1HAWBITyallbHE 3aBIaHHS.

3.  OdopmuTtu 3BIT 3 pOOOTH.

4. BiamnoBicTH Ha KOHTPOJIbHI 3aMUTAHHS.

Inousioyanvhi 3a60anns

3asoanns 1. llpuaymatu npuKiIag HediTKOro BigHomeHHS A R B, a takox

HOro JONOBHEHHS E . BuzHauntu pesynpTaT onepartiii:
C=RUR, D=RA~R, E=(CAD)UR.

3aBIaHHs BUKOHATH BPYUHY.

3as0anus 2. JIng HeuTiKMX MHOXHMH A Ta B, oTpumaHuX y monepeaHii
po6oTi BixnoBigHO 10 V - HOMepa BapiaHTa CTyJIeHTa 3a JKyPHAJIOM, 3HANTH YiTKi
smauenns A° ta B, BukopucTOByloum Meromu pedasudikamii: cepemmiii 3
MaKCUMAaJbHUX, HAaWOLIBIINNA 3 MaKCHUMaJlbHMX, HaWMCHIIUN 3 MaKCHMaJlbHHX,
HEHTP TOKIHHA, METOJ MeliaHW, BUCOTHA fAedasudikaris. [lopiBHATH pe3ynbTaTi
METOJIiB JUISl KOXXHOT HEYiTKOT MHOKWHHM. 3aBJIaHHS BUKOHATH BPYYHY.

3a6é0annsa 3. BUKOPUCTOBYIOYM MPOAYKIIWHY MOJENb 0a3d 3HAHb
eKCIIEPTHOI CHCTEMH, PO3poOJieHOi y TONEpeIHhOMY CeMecTpi, modymyBatu i
CIpOIIEHNH BapiaHT y BUTILsiAi npasmi "Skmo-To". BukopucroByBatu He Oinbine
YOTHPHOX BXIJIHUX 3MIHHMX Ta II'SITH 3HAa4e€Hb BUXIAHOI 3MiHHOI. 3amaTh He
6inbme BicbMu npaBui. Y penakropi FIS makery MATLAB noGynyBaru cucremy
HEYTITKOTO BHMBEJCHHS JJIsi CTBOPEHMX 3MIHHMX 1 mpaBwil. [lepernsHyrn
pesynbratd pobotn FIS i mo3uTHBHOrO Ta HEraTHMBHOrO cueHapiiB. 30epertn
crBopeny FIS y daiin na nucky.
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3micr 3BiTY

Merta poboTH.

KopoTki TeopeTndHi BiTOMOCTI.

Howmep BapiaHTy Ta 3aBIaHHs 10 poOOTH.

Omuc mnpouecy Ta pe3yibTaTd BUKOHAHHS 3aBIaHb. 300paKeHHS
eKpaHHuX (opM, TekcT cTBopeHoi FIS.

BuHCHOBKH, 1110 MICTSTH BIANOBIJII Ha KOHTPOJIbHI 3aITUTaHHS, a TAaKOX
BiTOOPaXyIOTh pPE3YyIbTAaTH BHUKOHAHHSI po0OTH Ta iX KPUTHIHUH
aHaJIi3.

KoHTpoabHi 3anuTanHs

[mxeHepist 3HaHb Ta HEYITKICTb.

HeuiTki BiHOIICHHS Ta Omepallii 3 HUMH.

HeuiTKi MHOKHHU Ta BUBEICHHS.

Hedy3udikamis: 3araabHe MPU3HAYCHHS Ta METOAM: CEPEIOHIA 3
MaKCHUMaJabHUX, HaWOLIbIINKE 3 MaKCHMAlbHUX, HaiMeEHIIUHd 3
MaKCUMalbHUX, [EHTP TsDKIHHSA, METOA  MeIiaHdh, BHCOTHA
nedazudikaris.

MeToI1 HEUITKOTO BHBEICHHS.

[opiBHAHHS METOMIB TOOYIOBH HEYITKOTO JIOTiYHOTO BHBEICHHS
MawmpaHni tTa CyreHo.

CrBopeHHS HewiTkuX Monenell y maketi MATLAB.
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3 JlabopaTopHa po6ora Ne 3

MOBYJIOBA HEHPO-HEUITKHUX
MEPEXK Y IAKETI MATLAB

Mera po6oru: OCBOITH OCHOBHI MPHHIIUIK MOOYIOBH HEHPO-HEUITKUX
Mepex y naketi MATLAB.

3aBaanHsA 10 podoTH

1. 3rigHO 3 HOMEPOM IHAWBIAYaJbHOTO BapiaHTa CTYICHTA 3a KypHAJIOM
3reHepyBaTH HaBYaKOUy Ta TECTOBY BUOIpkH naHux. Hexail V - HoMep cTyaeHTa 3a
JKypHaJIOM. BH3HAYMMO KUNBKICTh €K3eMIUDIpPIB y HaBYalNbHIH BUOIpmi S,
KIJIbKICTh €K3EMIUIIPIB y TECTOBIH BUOIpwi S, , KUIBKICTh BXITHUX 3MIHHHX (03HAK)
BuOiIpok N, 3HaUCHHs 03HAK BHOIPOK: HABYAJBHOI - X, Ta TECTOBOI - X, & TAKOXK
3HA4YEHHS IJIbOBUX O3HAK ISl BUOIPOK : HABYAJIBHOT - Y, Ta TECTOBOI - Y, .

N- V,akmoV <15,
T V=14, axmoV >15;

10V, axmoV < 5, 8V, axmoV <5,
S 5V, axkmo5 <V <10, g 6V, axmo5 <V <10,
52V, akmol0< V <20, ™ |13V, axkmol0<V < 20,
V, iHaKIIe; 2V, iHakIe;

XH.={XjS}’ yH.={yS}l S=1,2,...,SH';
X ={x}, v.={y’}, s=1,2,...S,; ,

v 0,1(x*1 +x%),x" 1 <V,
X] :?.rand,j:I,Z,...,N, vy =40,3(x%1 —x%2),x%1 >V,
] 0,5x°%1,x% = V.

Tyt rand - QyHKUis, M0 TreHepye ICEBIOBUIAIKOBI YWCIA y JWANa3oHi
[0; 1].

2. Jns 3reHepoBaHMX BHOIpOK 3a Jomomororo pexpaktopy anfisedit
noOyayBaTH HeHpo-HediTKy Mozenb. CnpoOyBaTH BUKOPHCTATH Pi3HI aJITOPUTMHU
KJIacTepu3aiii, pi3Hi KUIBKOCTI (QYHKIIH TPHHANEKHOCTI Ui BXOJIB, pi3HI
KUTBKOCTI IIMKJTIB HABYAHHS Ta Pi3Hi alTOPUTMH HaBYaHHS.
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3. IIpotectyBaTi MoOyIOBaHY MOJAETD.

4. TlpoananizyBaTi OTpPUMaHi Pe3yIbTaTH Ta BiANOBICTH HA MHUTAaHHA: SAKAN
QITOPUTM  KJIAaCTep-aHalli3y NPH3BOJUTH 1O OTPHMaHHS MEpPEeXi MEHBIIOL
CKJIAQHOCTI; SK BIUIMBAa€ 3aJaHa KIUIBKICTh IMKIIB HaBYaHHSI Ha TOYHICTH
HaBYaHHS; SK BJIMBAa€ 3aJaHa TOYHICTh HABYaHHS Ha TPUBAIICTh HABYAHHS; SIKI
BUMOTH MalOTh Mpe IBISITHCS 10 HaBYaJIbHOT BUOIPKH Ta SIK 1€ BIUIMHE Ha MPOLEC
HaBYaHHSI.

5. BukoHatu myHKTH 1-4 y pexuMi KOMaHIHOTO BiKHa 0€3 3aCTOCYBaHHS
penakropy anfisedit, BukopucroBytodi pynkuii Mmoxyist Fuzzy Logic Toolbox.

3micr 3BiTY

Merta po6oTH.

Koportki TeopeTuuHi BiJOMOCTI.

Howmep BapiaHTy Ta 3aBIaHHs 10 poOOTH.

Omuc mpouecy Ta pe3yibTaTd BUKOHAaHHS 3aBJaHb. TEKCTH MpOrpam.
3reHepoBaHi BUOiIpKu. 300pakeHHS CTPYKTYpPH OTPUMAHOT MEPEXKi.

5. BUCHOBKH, IO MICTATHh BiATIOBiAI Ha KOHTPOJBHI 3aIlUTaHHS, & TAKOXK
BiIOOPaXYIOTh pE3yJIbTaTH BUKOHAaHHA pOOOTH Ta IX KPUTHYHHUIA
aHai3.

el NS

KoHTpobHi 3anuTaHHA

1. Crpykrypa Ta elleMeHTH HEeWPO-HEUITKUX MEPEeXK.

2. 3acTocyBaHHS HEHpPO-HEUITKHX MEpEeX I BHIOOYBaHHS 3HAaHL 3

JTaHUX.

HeuiTka knacrepu3aris K MiAXiT IO TPEICTABICHHS 3HAHB.

3. Sxuit anroput™m KiacTep-aHali3y MPHU3BOAMTEH IO OTPHMAaHHS MEpexki
MEHBIIIOI CKJIAHOCTI?

®

4. Sk BrmBae 3amaHa KiIbKICTh [IMKIIIB HABYaHHS HA TOYHICTH HABYaHHS?

5. Sk BnmBae 3a/jaHa TOYHICTh HABYAHHS HA TPUBANICTh HAaBYAHHS?

6. SIki BUMOTM MarOTh Hpeja sIBISTHCS 10 HaBYAJIBLHOT BUOIPKH Ta SIK 1€
BILUIMHE Ha IPOLIeC HABYAHHS?

7. ®ynkunii makety MATLAB 1t cTBOpeHHS HEHPO-HEUITKUX MEPEXK.

8. Pemakrop anfisedit.
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A.1 Ipukaaau 3anucy HeYiTKUX MHOKHH

Ipuxnao 1. Hexaii E = {x1, X,, X3, X4, X5}, M= [0, 1]; A - HediTKka MHOXXHHA,
Ut SIKOT a(X1) = 0,35 pa(X2) = 0; pa(x3) = 1; pa(xg) = 0,5; pa(xs) = 0,9. Tomi A
MOKHa TipenctaButd y Burismi: A = {0,3/xy; 0/xp; 1/Xz; 0,5/x4; 0,9/x5} abo
A:{0,3|X1; 0|X2; 1|X3; 0,5|X4; 0,9|X5} abo A=0.3/x; + 0/x, + 1/x3 + 0,5/x4 + 0,9/x5
a6o A={0,3|Xy; Olxz; 1|Xs; 0,5]x4; 0,9]x5} abo A={<0,3;x;>, <0;x,>, <l;X3>;
<0,5;x4>, <0,9;x5>} abo

03/ 0] 10509

A=
X; | Xo | X3 | X4 | Xs

X1 | X2 [ Xa | Xa | Xs | _
03]0]1]05]09]|%0A

Tyr 3HaK «t+» He € MO3HAYEHHSM Omepalii I0JaBaHHs, a Mae€ CeHC
00'eTHAHHA.

Ipuxnao 2. Hexait E = {0, 1, 2, .., 10}, M=[0, 1]. HediTky MHOXUHY
«IEeKUTbKa» MOKHA BU3HAUUTH B TaKMi crocio: «mekimpka» = 0.5|3 + 0.8]4 + 1|5 +
1|6 + 0.8]7 + 0.5]8; 1i xapakTepuctuku: BUcoTa = 1, Hociit = {3, 4, 5, 6, 7, 8},
Touku nepexofy - {3, 8}.

IHpuxnao 3. Hexat E = {0, 1, 2, 3 ..., n, ...}. HediTky MHOXHHA «MaJTHiD»
MO’KHA BU3HAYUTH:

. 1 1

MaJlnu= l’lmam/lﬁ(n) = H 7\%

1+ @,In D
Ipuxnao 4. Hexait E = {1, 2, 3, ..., 100} i BianoBigae MOHATTIO «BiK», TOII

HediTKa MHOXKHHA «MOJIOHI», MOKe OyTH BU3HAUEHE B TaKUH CIIOCiO:
Lx e [.25,]
1

l"lmononuﬁ(x) = ﬂ , X > 25.

~3

1+ Q,2(<—25//

HeuiTka MHOXHMHA «MoJIoqUi» Ha yHiBepcanbHIM MHOXMHI E' = {IBaHOB,

IlerpoB, CumopiB, ..} 3amaeThCs 3a IOMOMOTOK0 (YHKIii NPHHAIEKHOCTI

Mwonomi(X) HA E = {1, 2, 3, ..., 100} (Bix), Ha3BaHOi cTocoBHO E' dyHKmIi€e0
CYMICHOCTI, TPHU IBOMY: yonommii( CHAOPIB) = Wyonomii(X), € X - Bik Crmoposa.

Ipuxnao 5. Hexait E - muOxuHa minux uncen: E= {-8, -5, -3, 0, 1, 2, 4, 6,
9}. Toni HEdiTKY MiIMHOXHHY YUCEN, 32 a0COTIOTHOI BEIMYHHOK OJHM3BKUX 0
HyJISl MOXKHA BU3HAYMTH, HANIpUKiIaa, Tak: A = {0/-8 + 0.5/-5 + 0.6/-3 + 1/0 + 0.9/1
+0.8/2 +0.6/4 + 0.3/6 + 0/9}.
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A.2 Tlpuxjgaam BHU3HAYEHHS XaPAKTEPHUCTHK HEYITKMX MHOXKHH Ta
pe3yabTaTiB onepamniii Hag HeYWiTKMMH MHOKUHAMM

Ipuxnao 6. Hexait Mmu Maemo HediTKi MHOXHHA A Ta B. Bum3naunmmo ixHi
BJIACTUBOCTI. Y SKOCTiI CKQJSIPHOTO 3HAYEHHS OyJeMO BHKOPHCTOBYBATH YHCIIO
V=3, abo, 3a moTpedu, Vl'l ~0,3.

HA36a MHOMNCUHU A B
erementmu {0,1/1; 0,5]2; 1,013; 0,83,2} {0,6/1; 0,1)2; 0,1)3}
MHONCUHU

XaApaKmepucmuKu:

BUCOTA 1,0 0,6
HOPMAJTbHICTh HOpMaJIbHA cyOHOpMasIbHA
MTOPOXKHICTh HETIOPOXKHS HETIOPOXKHS
YHIMOJAJIBHICTB YHIMOJIaJIbHA HEYHIMOJIaJIbHa
AApo {3} (%]

HOCIH {1; 2; 3; 3,2} {1, 2; 3}
MeXI1 {0,1/1; 0,5]2; 0,8|3,2} {0,6|1; 0,1]2; 0,1]3}
TOYKHU IIEPEXOLY {0,5|2} (%)
HallOmmKYa  4iTKa

MHOKHHA {2:3;32} {1}
OMYKJIiCTh OTyKJIa OMyKJIa
Mipa HEUiTKOCTI

Erepa B wMmerpumi 0,4 0,4

p=1

Mipa HEUiTKOCTI

Erepa B wmetpumi 0,5 0,337

p=2

Mipa HEYITKOCTI 0,348 0,25
Kocko

YiTKa MHOXHHA

anb(ha-piBH, {2; 3; 3,2} {1}
a=V,'=0,3

onepauii:

JIOTIOBHEHHS {0,9/11; 0,52; 0,2|3,2} | {0,4/1; 0,9]2; 0,9]3}
BKITFOUCHHS AgZ B

PIBHICTB A#B

00'eqHaHHsA {0,6/1; 0,52; 1,03; 0,8|3,2}
NepeTHHAHHS {0,1/1; 0,1]2; 0,1|3}

pi3HHLS {0,4/2; 0,9]3; 0,8]3,2}
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HA364 MHO}CUHU

A | B

CHMCTPHHHA {0,5/1; 0,4[2; 0,9]3; 0,8|3,2}
pizHULs

JIM3'TOHKTHBHA CyMa {0,6/1; 0,5|2; 0,93}
anreOpaiqHmiA £0,06[1; 0,05/2; 0,13}
JI00YTOK

anreOpaigHa cyma

{0,694]1; 0,595[2; 1,0[3; 0,8]3,2}

oOMekeHa cyma

{0,711, 0,62; 1,013; 0,83,2}

oOMe)KkeHa pi3HHUIIL

{0,4]2; 0,913; 0,83,2}

0o0OMeKeHUI

JOOYTOK {0,113}

JpacTUYHE {0,113}

TIepEeTUHAHHS !

JpacTUYHE . . .

e — {1,0/1; 1,0]2; 1,03; 0,8|3,2}

A-cyma

’ 0,45|1; 0,22|2; 0,37|3; 0,24/3,2

v {0.45[1; 0,2212; 0,373; 0,243.2}

3BEIECHHS B {0,001]1; 0,125|2; 1,03; {0,216|1; 0,001]2;

CTyIiHb, V=3 0,512|3,2} 0,001/3}

CON {0,01]1; 0,25|2; 1,013; . .
0.643.2} {0,36|1; 0,01|2; 0,01]3}

DIL {0,316|1; 0,707|2; 1,0[3; {0,775|1; 0,3162;
0,894]3,2} 0,316|3}

MHOKEHHS Ha {0,3|1; 0,15]2; 0,3|3; . .

ancno, a=V; =03 0,243,2} {0,18|1; 0,03|2; 0,03|3}

OIyKJIa KOMOIHAITis,

A1=V:'=03, {0,72|1; 0,22|2; 0,37|3; 0,24|3,2}

7\, 2:1' }\, 1:0,7

HOpMaJti3arist {0,1]1; 0,5]2; 1,0)3; 0,8]3,2} I {1,0]1; 0,167|2; 0,167|3}
HEYiTKE BKIIOYECHHS

3a JlykaceBuuem {0.1[3}

HEUITKE BKIIOUEHHS 0,13}

3a 3aze

Ilpuxnao 7. Hexait E = {1, 2, 3, 4}; A = 0,8/1 + 0,6/2 + 0/3 + 0/4;
K(1)=1/1 +0,4/2; K(2) = 1/2 + 0,4/1 + 0,4/3; K(3) = 1/3 + 0,5/4; K(4) = 1/4. Toxi
H(AK) =p, (DK(Dop, (2)K(2yon, B)KEB)op, (4)K(4)=0.8(1/1+
+0.4/2)U0.6(1/2+0.4/1+0.4/3)=0.8/1+0.6/2+0.24/3.
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A.3 lIpukjaaau BU3HAYEHHS HEYiTKHX BiTHOIIEHb

Tpuxnao 8. Hexait X = {X1, X, X3}, Y ={Y1, Y2, V3, Y4}, M = [0, 1]. Heuitke
BigHomeHHS R = X R'Y moxe Oytu 3amane Tabnurero:

R Y1 Y2 Y3 Ys
X1 0 0 0.1 0.3
Xz 0 0.8 1 0.7
X3 1 0.5 0.6 1

Ipuxnao 9. Hexait X =Y = (-00,00), TOOTO MHOXHHA yCiX MIHCHUX YHCE.
BigHomiennss x » y (X 3abaraTo OUTBIIMI HIK y) MOXKHA 3amaTH (YHKIIE
MPUHAJIEKHOCTI:

0, sxmox <y,
!"LR = 71, ﬂKHlOy > X.
I+—>
(x-y)
Ilpuxnao 10. Bignomenns R, ams xoTporo [l (X, y) — e—k(X—y)Z npu

JOCTaTHBO BCIMKHUX k MoxxHa iHTepHpeTyBaTI/I TaK: «X Ta y OnM3BKi OAgHE 10
OJTHOI'O YHCJia».

Ipuxnao 11. Hexait weuwitki BimHomienHs R1 Ta R2 3amaroreest Takum

TaOIULISIMU:

Ry Vi Y2 Y3

X1 01 |07 |04

Xo 1 05 |0

R, 7, Z, Z3 24
V1 09 |0 1 0.2
V2 03 |06 |0 0.9
Y3 01 |1 0 0.5

Toni HewiTke BimHOMIEHHS R1°R, Moke OyTH 3a7aHe TaOJIHIIEIO:

RiR; |73 4 Z3 Zs
X1 03 (06 |01 |07
Xo 09 (05 |1 0.5
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IIpu ubomy:

MR, or, (x1,2)) = (Mg, XLy N Ug, (v1,21)] UKy, (X, ¥2)N Hg, (¥2,2)]u

Ulkg, (X1, ¥3) Mg, (¥3,2)]=(0.1n0.9)0(0.710.3)0(0.4n0.1) =

=0.100.3L0.1=0.3

R oR, (%,,2,) =(0.1n0)U(0.710.6)U(0.4n1)=0U0.6L0.4=0.6

Y npoMy mNpHKIAii CHOYaTKy BHUKOPHCTAaHUH «AHATITHYHHUI» crocid
KoMmmo3umii BimHOCHH R; 1 R, TOOTO i-#f psimoxk R; «30impmryerscs» Ha -

cToBIlellb R, 3 BHKOpHUCTaHHAM omeparii (7, MOTIM OTPUMaHUH pe3ynbTaT
«BTOPTAETHCSI» 3 BUKOPUCTAHHAM omepariii \U B 1(X;, Zj).

A4 Tlpukaan nedazudpikaunii

Ipuknao 12. Hexaii MM MaeMo HEYITKy MHOXUHY JUISl TTOHSTTS "YOJIOBIK
cepennsoro pocry": A={0/155, 0,1/160, 0,3|165, 0,8/170, 1|175, 1|180, 0,5/185,
0]190}. HeoOximHo mpoBecTH Aeda3udikamiro HEJITKOI MHOXHHH '"JOJOBIK
CEPEIHBOTO POCTY" 38 METOAOM LICHTPA TSDKIHHSL.

3actocyeMo GopmyIry:

ZXiHA(Xi)
a :—1=1k )
ZHA(Xi)

1e k - KiJIbKICTh €JIEMEHTIB Y MHOXKHHI A, Ta OTPUMAEMO: *
a=(0-155+0,1-160 + 0,3-165 + 0,8-170 + 1-175 + 1-180 + 0,5-185 +
+0-190)/(0+0,1+0,3+08+1+1+0,5+0)=1754.

A.5 Tlpukjaaja cnagHoro HeYiTKOro BUBeIEHHsI

Ipuxnao 13. CnagHe HewiTKe JIOTiYHE BUBeIeHHs. Hexail 3amana mojenb
JIAarHOCTUKH CHCTEMH, MO CKIANAETHCA 3 JBOX IMEPEIYMOB 1 TPHOX BHUCHOBKIB:
X={X1, X2}, Y = {y1, Y2, 3}, 8, MATPHL HEUITKUX BiJTHOCHH MAE BUIIISJI:

0.8 0.2 0.3
R=
0.7 0.4 0.5]
JlommycTuMO B pe3ynbTaTi A1arHOCTHKH CHCTEMH Oyl OTpHMMaHi HACTYITHI
BucHOBKH: Y = 0.8/y; + 0.2/y, + 0.3/ys.
Heo0xigHo 3HAWTH TIEpEyMOBH, IO IO IIBOTO PHU3BENH: A = a1/X1-2/Xj.

3 ypaxyBaHHSAM KOHKPETHHX JaHWUX BITHOCHHH MK TEpeIyMOBaMH i
BHCHOBKaMH OYIyTh MIPEJICTABJICHI B TAKHHA CITOCIO:
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0.8 0.2 0.3
B8 02 03F |k a3 L o 0%

a00 B TPAaHCIIOHOBAHOMY BUTJISIII:

0.8] [0.8 0.7
021=102 0.4le™

a
03] 0.3 0.5 2

Ilpn BHUKOpUCTAHHI Max-MiN-KOMITO3UI[T OCTAHHE  CIiBBIAHOLIEHHS
MePETBOPUTHCS JIO BUIIISAY:

0.8= (08ﬁ al) |\ (O?m az),

0.2=(0.2M a;)) U (0.4 ay),

0.3=(0.3M a)) U(0.5M ay).

[Ipu BupimeHHI JaHOT CHCTEMH TIOMITHUMO, IO B TIEPIIOMY PiBHSHHI IpyTuid
YJIeH MPaBOi YaCTHHH HE BIUTHBAE Ha JiBy yacTuHy: 0.8 = 0.8 May, a; > 0.8.

3 npyroro piBHAHHA ofepxuMo: 0.2 =0.4 M ap, a, <0.2.

OtpumaHe pileHHS 33J0BOJBHSIE TPETHOMY PIBHAHHIO. Y TaKWid CIocio:
0.8<a;<1, 0<ap<0.2.

[Tpu pinreHHi NPakTUYHKUX 337184 MOXXYTh OJHOYACHO BHUKOPHUCTOBYBATHCS
pi3Hi MpaBmiIa KOMITO3MILIIi HEUiTKUX BuBelIeHb. Cama cxeMa BHBEJIeHb MOXe OyTH
OaraTokackajHO0. B maHuii yac 3arajJbHHX METOIB PIllICHHS MOMIOHUX 3ajad,
OYEBHUJIHO, HE ICHYE.

A.6 Ilpukaaau podortu i3 pynkuismu nakera MATLAB

Ipuxnao 14. CrBoputn Ha MoBi makery MATLAB m-¢yHKOiro, o
pealtizye KoJIoKoia000pa3Hy (QyHKIIIIO IPHHAICKHOCTI

He)=1/ €+ €-bJa> -

function mu=bellmf (x, params)
%bellmf - xoJjokxojioobpazHa OQyHKL 1A HOpMHAJIEXHOCTI;

$xX — BXlmgHuy BeKTOpP;
%params (1) - xoediunienT xoHueHTpauil (>0);
$params (2) - xoopAMHATa MAaKCUMYMY .

a=params (1) ;
b=params (2) ;
mu=1./(1 + ((x - b)/a)."2);
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Ipuxnao 15. Bukopucranss ¢yskuii fuzarith.

o)

% BU3HAUEHHS poznoniysouoi 30aTHOCTL byHKIiM
pMHAaJIeXHOCT1

point n = 101;

min x = -20; max x = 20;% yHiBepcasbHa MHOXMHA € [min x, max x]

x = linspace(min_x, max_ x, point n)';

A = trapmf(x, [-10 -2 1 3]);% TpaneuiemajibHa HeuiTka MHOXMHA A

B = gaussmf (x, [2 5]);% rayciecbka HeuliTka MHOXMHa B

Cl = fuzarith(x, A, B, 'sum');

subplot (2,2,1);

plot(x, A&, 'y--', x, B, 'm:', x, Cl, 'c");
title ('HeulTke pJomaBaHHA A+B');

C2 = fuzarith(x, A, B, 'sub');
subplot(2,2,2);

plot(x, A&, 'y--', x, B, 'm:', x, C2, 'c");
title ('HeuiTke BupaxyBaHHa A-B');

C3 = fuzarith(x, A, B, 'prod');

subplot (2,2,3);

plot(x, A, 'y--', %, B, 'm:', x, C3, 'c'");
title ("HeuiTke MHOXeHHS A*B');

C4 = fuzarith(x, A, B, 'div'):;

subplot (2,2,4);

plot(x, A, 'y—-', x, B, 'm:', x, C4, 'c');
title ('HeuiTke pisieHusa A/B');

3aysascenns. Y  mporpamax Ha MoBi MATLAB  nHebaxkaHO
BUKOPHCTOBYBAaTH KHPWJIMYHI JiTepH. Y HaBEICHHX NPHKIALaX YKpaiHOMOBHI
(hpasu HaBeICHO JIMIIIE AJISI TOSICHEHHSI TEKCTY MPOrpaM.

Ilpuxnao 16. BuxopuctanHs (yHKIIA CTBOPEHHS HEHPO-HEUITKUX MEPEK.
ATIpOKCUMYBAaTH 3aJIe)KHICTb:

y= 32X yc[o, 10], Ax=0,1.

ex/5
x = (0:0.1:10)'; % BamaemMo Macmp X
y = sin(2*x) ./exp(x/5); % BU3HAUAEMO BHAUEHHS EJIEMEHTiB MACHBY Y
trnData = [x y]; % CTBOPKEMO MaCHUB HaBuanudol BUOIipKM
numMFs = 5; % xinpxicTb GyHKLI1M npuHalexHOCTI
mfType = 'gbellmf'; % Twmn OyHKUL1M OprHaJIeXHOCTIL
epoch n = 20;% xinexicTe iTepauin
% crBOopweMO FIS-cTpykTypy THNy CyI'eHO
in fismat = genfisl (trnData,numMFs,mfType);

% HaBuaeMo FIS-CTpyKTYypy
out fismat = anfis(trnData,in fismat, 20);
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Bynyemo rpadbikm:

uinboBO1 BayexHocTi - cuHiM komip, cyuimsmbHa JiHis
AIpPOKCHMYIOUOIl 3aJIeXHOCT1 - 3eJIeHMM KOJip, NYyHKTUP
lot (x,y,x,evalfis(x,out fismat));

ninnucyeMmo snereHny no rpabixkis

Training Data - HaBuUasbHa BuUOipka - UijgboBi maHi
ANFIS Output - Buxipm ANFIS - pospaxyHkoB1 mani
legend('Training Data', 'ANFIS Output');

o0 oo oe

de oo de 'O

1 T T T T T T T T T
. —— Training Data
nst \ ---- ANFIS Output

o
]

Pucynox A.2 - I'padiku 1isIb0BOI Ta alpOKCUMYIOUOT 3aJIS)KHOCTEN

A.7. TloO0yaoBa HEYITKMX CHCTEM Y JiajJlorOBOMY pe:KMMi 3a I0MOMOT 010
monyJas Fuzzy Logic Toolbox

Monyne Fuzzy Logic Toolbox no3Bossie Oymaye HEUITKI CHCTEMH JBOX
TumiB - Mamaani Ta CyreHo. Y cucremax tuiry MamMaHi 6a3a 3HaHb CKJIATAEThCS 3
NpaBWI BUAY “AKuyo x1=Hu3bKuii ma x;=cepeoHiti, mo y=eucoxuii”’. Y cucremax
turry CyreHo 0a3a 3HaHb CKJIQIAETHCS 3 NMPABWI BUAY “AKwo Xj=Hu3bKuii ma
Xp=cepeonii, mo y=apta;X;+aX,". TakuM 4YWHOM, OCHOBHA BiIMIHHICTH MIiXK
cucremamu Mampani ta CyreHo mossra€ B pi3HHX croco0ax 3aBIaHHS 3HAYCHBb
BUXIJTHOI 3MIHHOI B MpaBWIaX, IO YTBOPATh 0a3y 3HaHb. Y CHCTEMaxX THITY
MamMmpaHi 3HaYeHHS BUXITHOI 3MiHHOT 32/1al0ThCSl HEUITKUMHU TEPMaMH, y CHCTEMax
trry CyreHo - SIK JTiHiifHa KOMOiIHAITis BX1THUX 3MiHHUX.
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Ipuxnao 17. TlpoextyBanHs cucteM Ty CyreHo.

PosrasiHeMO OCHOBHI eTamu TpOeKTyBaHHS cucteM Thmy CyreHo Ha
MPUKIIaNi CTBOPEHHS CHCTEMH HEJITKOTO JIOTIYHOTO BHBEACHHS, IO MOJEIIOE
3aJIEXKHICTD y=x213in(X2-l), xi€[-7; 3], X€[-4,4; 1,7]. MogentoBanus Iri€i
3aJIeKHOCTI OymeMo 3IiHICHIOBATH 3a TOTIOMOTOI0 HACTYITHOI Oa3u 3HAHB:

SAxmo x,=Cepenniii, To y=0;

SAxmo x;=Bucoknii Ta x,=Bucoxwuit, To y=2x1+2x2+1;
Skmo x;=Bucokuii Ta x,=Husbekuii, To y=4x1-X2;
Skmio x;=Hwu3bkwuii Ta X,=CepeHiii, To y=8x1+2x2+8;
Slxmo x;=Hwusbkwii Ta X,=Huzbkuit, To y=50;

Sxmo x;=Huspkwii Ta X,=Bucokuii, To y=50.

HpOGKTyBaHHH CHUCTEMH HEYITKOTO JIOTIYHOrO BUBEIAeHHS THUny CyreHo
CKJIQIA€THCS Y BUKOHAHHI HACTYITHOI IOCITIJOBHOCTI KPOKIB.

Kpox 1. ]Ina 3aBaHTa)kKCHHS OCHOBHOTO fis-pefakTopa HaIpyKyeEMO CIOBO
fuzzy y xkomaagHOMY psinky. [Ticis iporo BiAKpUETHCS HOBE TpadidHe BIKHO.

Kpox 2. Bubepemo tun cucremu. Jns mporo B MeHto File BuOmpaemo B
migmento New fis...xomanmy Sugeno.

Kpok 3. lonamo apyry BXiaHy 3MiHHy. s nporo B MeHto Edit Bubupaemo
komanmy Add input.

Kpox 4. Tlepelimenyemo nepity BXifHy 3MiHHY. JlJisi IbOTO 3pO0OMMO OJMH
MIMTJIMKA JIBOIO KHOIIKOK MHII Ha 6Joni inputl, yBeaeMo HOBe rmo3HaueHHs X1 y
T0JIe pe/laryBaHHs IMEeHI TIOTO4HOI 3MiHHOI 1 HaTucHeMo [Enter].

Kpok 5. TlepeiiMmenyemo apyry BximHy 3MiHHY. i [IbOr0 3p0OHMMO OIMH
[IMIJIMKA JTIBOI0 KHOIKOIO MUIII Ha OJIOI input2, yBeaeMo HOBE MO3HAYCHHS X2 Y
MoJie pelaryBaHHs iMeHi MOTOYHOT 3MiHHOI 1 HaTucHeMo [Enter].

Kpok 6. Tlepeiimenyemo BUXigHY 3MiHHY. [l [BOro 3poOMMO OAWH
IIMTIIMKA JBOIO KHOITKOIO MHII Ha OJo1i outputl, yBeeMo HOBE IMO3HAYEHHS Y Y
ToJIe pe/laryBaHHsI IMEHI TIOTOYHOI 3MiHHOT 1 HaTrcHeMO [Enter].

Kpox 7. 3amamo im's cucremu. s mporo B MmeHro File BuOmpaemo B
ninxmerto Export komanny To disk i BBenemo iM'st paiiny, Hanpukiaz, FirstSugeno.

Kpok 8. Tlepeiinemo B pemaktop QyHKUid npuHanexHocti. [us uporo
3p0oOUMO TIOJIBIHHOTO MIUTIIMKA JIBOO KHOMKOIO MHII Ha Oormi x1.

Kpox 9. 3amamo miama3oH 3minu 3MiHHOT X 1. J[71st boro Hampykyemo -7 3 y
noiii Range 1 Hatucuemo [Enter].

Kpox 10. 3agamo ¢yHKIlii mpuHaiIeKHOCTI 3MiHHOT X1. J[JIst JIIHrBiCTHYIHOT
OLIIHKH i€l 3MiHHOT OyZIeMO BUKOPHCTOBYBATH 3 TEpPMH 3 TPUKYTHUMHU (QYHKIISIMHU
NPUHAJIEKHOCTI, IO BCTAaHOBJEHI 32 3aMOBUYYBAaHHSAM. 3aJaMO HalMeHyBaHHS
TepMmiB 3MiHHOT X1. J[7s 1IbOrO POOMMO OJUH IIUTJIHK JIIBOIO KHOIIKOK MHIII Ha
rpadiky mnepmoi ¢yHKUil npuHanexHocti. IloTiM HaapyKyeMo HaiMeHyBaHHs
tepMmy Husbkuii y mosne Name. IToTiM poOMMO OJIWH IIMITIMK JIiBOIO KHOIIKOIO

ourwhE
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Mmumi Ha rpadiky apyroi (YHKHii IPUHATIEKHOCTI i BBOOUMO HAalMEHYBaHHS
tepmy Cepenniit y mosre Name. [lle pa3 poOMMO OIWH IIUTIHMK JiBOIO KHOITKOIO
Mumi Ha rpadiky TpeThoi (YHKIIi MPHHAIEKHOCTI i BBOAMMO HAaWMEHYBaHHSA
Tepmy Bucokuii y onre Name i Hatrcuemo [Enter].

Kpox 11. 3agamo ¢yHKIii npuHAIEKHOCTI 3MiHHOT X2. 7S JTiHTBICTHYHOT
OIIiHKH I1i€1 3MiHHOI O0y/1IeMO BUKOPHUCTOBYBATH 3 TEPMH 3 TPUKYTHUMH (DYHKITISIMH
MPUHAJIEKHOCTI, 10 BCTAHOBJICHI 3a 3aMOBYYBaHHAM. [ IbOTO aKTHBIZyEMO
3MiHHY X2 3a JONOMOTOI0 IIMIJIMKA JIBOi KHONKM MUIN Ha Ojomi x2. 3amamo
niarma3oH 3MiHM 3MiHHOI X2. ns mporo Haapykyemo -4.4 1.7 y momi Range i
HatucHemo [Enter]. 3a anajoriero 3 momepeaHiM KPOKOM 3a1aMO HAacCTYIHI
HaliMeHyBaHHs TepMiB 3MiHHOT X2: Husbkuii, Cepenniii, Bucokuii.

Kpox 12. 3agamo niHilHI 3a7€KHOCTI MiXK BXOJIaMH 1 BUXO/IOM, [IPUBE/ICHI B
0a3i 3HaHb. /s MBPOTO AKTHBI3yEMO 3MiHHY y 3a JOIIOMOTOIO IMUTJIHMKA JIiBOL
KHOIIKM MHMIII Ha O7nomi y. Y mpaBoMy BEpPXHBOMY KyTi 3'SIBHJIOCS ITO3HAYCHHS
TppoX (GYHKIOIH TPHUHANECKHOCTI, KOXHA 3 SKHAX BIANOBITa€ OIHIW JTiHIAHIN
3aNIC)KHOCTI MK BXOZaMH 1 BuUXomoMm. Y 0a3i 3HaHb 3a3Ha4yeHI 5 pi3HHUX
sanexHocTel: y=50; y=4x1-x2; y=2x1+2x2+1; y=8x1+2x2+8; y=0. Tomy nonamo
me 1B 3ajlekHOCTI IUIIxoMmM BuOopy komaHman Add Mfs...mento Edit. VYV
JiajgoroBomy BikHI, 10 3’sBuitocs, B moine Number of MFs BuGupaemo 2 i
HaTuckaemo kHonky OK.

Kpox 13. 3agamo HaliMeHyBaHHs 1 TapaMeTpH JIiHIHHUX 3aiexHocTei. s
[bOr0 POOMMO OJIMH LIMIJIMK JIIBOKO KHONKOK MHUIII [0 HalMEHYBaHHIO IMepuIol
3anexnocti mfl. TToTiM JapykyeMo HaiiMeHyBaHHS 3aJeXHOCTI, Hanpukiaan 50, y
moyi Name, i BCTAHOBITFOEMO THIT 3aJIe)KHOCTI — KOHCTAHTA MUIIXOM BHOOPY OMIIi1
Constant y menro Type. [licis mporo BBoauMo 3Ha4eHHs mapamerpa — 50 y modi
Params. AmnanoriyHo must npyroi 3ajexsHocti mf2 yBenemMo HaiiMeHyBaHHS
3aJeXHOCTI, Hanpukiay 8+8x1+2x2. [oTiM ykaxeMo NHIHHHN THI 3a]€KHOCTI
nuisxoM BuOopy ommii Linear y menro Type 1 BBemeMO mapaMeTpH 3aJIe)KHOCTI
8 2 8 y momi Params. JInst JiHIHHOT 3aJIS)KHOCTI MOPSIJIOK ITapaMeTpPiB HACTYIHHH:
MepIIMi mapameTp — KoedillieHT Ipu NepIii 3MiHHIN, IpyTHi — P IpYTii i T.1.,
1 OCTaHHIM TapameTp — BITBHUN YJEeH 3aJeKHOCTi. AHAIOTIYHO ISl TPEThOi
3asiexxHocTi mf3 yBezeMo HaliMeHyBaHHsI 3aJIe)KHOCTi, Hampukiam 1+2x1+2x2,
YKa)KeMO JIIHIHHHUH THIT 3aJIe)KHOCTI 1 BBeleMO mapamerpu 3aiexHocti 2 2 1. J{ns
4eTBepTOl 3ayIe)kHOCTI mf4 yBemeMo HaliMeHyBaHHS 3aJIe)KHOCTI, Hanmpukiag 4x1-
X2, yKa)keMo JIHIHHUH THI 3aJIeKHOCTI 1 BBeZeMO HapaMeTpH 3anexHocti 4 -1 0.
Jns m'stol 3anexnocti mfS yBenemMo HalitMeHyBaHHS 3aJIeKHOCTI, Hanpukiazg 0,
YKa)KeMO THII 3JIS)KHOCTI - KOHCTAHTa 1 BBEIEMO TapameTp 3aiexHocTi 0.

Kpox 14. Ilepeiinemo B pepaktop ©6asm 3Hanb RuleEditor. Jlns uporo
BuOepemo B MeHio Edit komanny Edit rules.... 1 BBenemo npasuia 0a3u 3HaHb. J{7st
BBE/ICHHA NpaBWjia HEoOXiZHO BUOpaTH BiANOBiIHY KOMOIHaIil0 TepMiB 1
3aJIeKHOCTEH 1 HATHCHYTH KHOIKY Add rule.
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BikHo Bi3yamizamii HEYITKOrO JIOTIYHOTO BHBEICHHS aKTHUBI3YETHCS
KoMmaHot0 View rules... meHto View. Y mone Input yka3yloTscs 3HAUYCHHS BXiTHAX
3MIHHUX, U IKAX BUKOHYETHCS JIOTIYHE BUBEJCHHA. 3HAYCHHS BUXITHOI 3MiHHOI
PO3paxOBYEThCS SIK CEpPEeOHE 3Ba)KEHE 3HAYCHHsS pe3yJbTaTiB BUBEICHHS 3a
KO)KHUM TpaBwiioM. Jlyii BUBEAEHHS IIHOTO BiKHA TOBEPXHI «BXiI-BUXIT», IIO
BIINOBiZla€ CHHTE30BaHIM HEUITKIH cuCTeMi, HEOOXiTHO BHKOPHCTOBYBATH
komaHy View surface... MeHIO View.

Ipuxnao 18. Hexaii My BHUpIIIyeMO 3a1a4y BH3HAYCHHS JIIarHO3y Malli€HTa
3a 3HAUCHHSIMU CHUMITOMIB, IO XapaKTepH3ylOTh HOro craH. BXxigHuMu
napaMeTpamMH € CHMIITOMH MAal[iEHTa: TeMIeparypa Tila (HOpManbHa - OJIHU3BKO
36,6 °C, miaBuiiena - 6ubiie 37°C), miciie 6o:to (y CuHI, Y TIONEPEeKy), BUI 000
(cunpHUM, crmabkuil). BuxigHuMm mapaMeTpoM € AiarHO3 NamieHTa (XpOHIYHHMA
amneHAUIMT, TOCTPUH  aNeHAUIMT, XpOHIuHMN  mienoHedpur, rocTpuit
nienoHedput). Mu MaeMo BH3HAYCHI eKCIEPTaMU TpaBuia (Mu OyaeMo BBaXKaTw,
IO SKIIO alleHAUIUT a00 MieTOHEPPUT HE € TOCTPUMH, TO BOHU € XPOHITHUMH):

SKIIO TO

TemnepaTtypa  |Micue 60110 BHJ O0JIIO ANCHAULUT niesonedpur rocTpuid
MigBUIIIEHA y cnuHi CHJIbHUI HEMae € €

i IBHIIIEHA Y KUBOTI CHJIbHUN € HeEMae €
HOpMaJIbHa y cnuHi caabkui HEMa€e € HEMa€e
HOpMaJbHa Y JKHBOTI crabKuii € HEMae HeMae

Heo0xigHO TOOYAyBaTH CHCTEMY HEYIiTKOTO BHBECHHSI.

1. 3aBanTaxkumo naker MATLAB Ta 3amyctumo penakrop FIS: fuzzy.

2. CtBopuMO TpH 3MiHHI (O[HA BXKE € 32 3aMOBUYAHHSM, TOMY JIOJaMO IIe
JIBI 3MiHHI): Y TOJJOBHOMY MEHIO penaktopa y miamento Edit odepemo ommito Add
variables: Input. Ile moTpi6HO 3pobuTH 2 pasu. [licis goro cTBOPUMO TPH BUXIIHI
3MiHHI (oiOHMM YnHOM, ase obupatoun Add variables: Output).

3. Tlepemimyroun Kypcop Mull 1o o00JacTIX 3MiHHHUX MOXKHA 0O0paTh
noTpiOHy 3MiHHY Ta 3aaaTH ii Ha3By B obnacti Current Variable: Name. Ha3semo
Hamr 3MiHHI: temperature - TeMmmneparypa, painlocation - micie Goiro, paintype -
B Oomo. Takok 3aaM0 Ha3BU BHUXITHUX 3MiHHHX: apendicite - anmeHIUINUT,
pielonefrit - memonedput, acute - roctpuii.

4. TlomBiiHWM NIUTIMKOM Ha o0macTi AKOoi-HeOyIb 3MIHHOI MOXKHA
aKTHBI3yBaTH pelakTop (YHKIIH NpHHAIEKHOCTI. 3a H10ro JONOMOr o0 BU3HAYUMO
Jliarma3oH KOXKHOI 3MiHHOT Ta HeOOXiaHI ()YHKIIIT MTPHHAICHKHOCTI.

5.V ronosHomy MeHio penaktopa FIS obGepemo B migmenio Edit myHkT
Rules. Tenep Myu MaeMo MO>KIJIMBICTB 3a]aBaTH Hallll IPaBUIIA.

6. Y ronoBHomy MeHI0 penakropa FIS obepemo B mimMeHto View MyHKT
Rules. Tlepeminryroun KypcopoM MHUIIII JIiHIi, IO PEryJIOIOTh 3HAYCHHS 3MIHHHX,
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OyzmeMo OTpPHMYyBaTH 3HAUYeHHS BHXIIHUX 3MIHHHX TpH BiATOBiZHOMY Habopi
3Ha4YEHb BX1JIHUX 3MIHHHUX.

3apanTaxkuBmm ¢aitn Sample.fis i3  HaBeAeHWM HMXKYE TEKCTOM JIO
penakropa FIS MoxHa neperissHyTH onrcaHe y IPUKIALi BUPIICHHS 3a/1a4i.

Bwicr ¢aitmy Sample.fis:

[System]

Name="'Sample'

Type="'mamdani'

Version=2.0

NumInputs=3

NumOutputs=4

NumRules=4

AndMethod="'min'
OrMethod="max'
ImpMethod="min'"
AggMethod="'max"'
DefuzzMethod="'centroid'
[Inputl]

Name="'temperature'

Range=[35 42]

NumMFs=2
MFl='normal':'trimf', [35.9 36.6 37]
ME2="high':'smf', [36.8 37.1944444444444)]
[Input?2]

Name='painlocation'

Range=[0 1]

NumMFs=2
MFl='stiomach':'trimf', [0 0O 0.5]
MEF2="'spine':'trimf', [0.5 1 1]
[Input3]

Name='paintype'

Range=[0 1]

NumMFs=2
MFl='acute':'trimf', [0.5 1 1]
MF2='weak':'trimf', [0 O 0.5]
[Outputl]

Name="'appendicite'

Range=[0 1]

NumMFs=1
MFl="'is':'trimf', [0.5 1 1]
[Output2]

Name='pielonefrit'

Range=[0 1]
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NumMFs=1
MFl='is':'trimf', [0.5 1 1.4]
[Output3]

Name="'acute'

Range=[0 1]

NumMFs=1
MFl='is':'trimf', [0 O 0.5]
[Outputd]

Name="'chronic'

Range=[0 1]

NumMFs=1
MFl='is':'trimf', [0.5 1 1.4]
[Rules]
112,
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A.8 BukopucranHs Heiipo-HeYiTKUX Mepeik

Ipuknao 19. BuxopucTanHs HaBuUeHOT HEHPO-HEUITKOT MepexKi.
Hexali MH MaeMO €MHiCTh, y SKy HAJIMBAETBCS BOJA BH3HAYCHOI

temrniepaTypu. [1oTpiOHO BU3HAUNTH TEMIIEpaTypy BOJIH Yepe3 IIPOMIXKOK Jacy.

Bxomu Mepexi: X; — TeMIieparypa BOAH; X, — 4aC OCTHUTaHHS BOJU.
Buxix Mepexi: y — TeMiepaTypa BOJH IiCJIsl OCTHUTaHHS.

Hexaii y Hac MaeThcsl HACTYIHa 0a3a IPaBUIl BUAY:

SIKIio BoJa X; Ta OCTHTAE Xy, TO TEMIIEpaTypa BOIH OyIe y.
[pexncraBumo 11y BUTIIs Al TaOaMLI:

HOMEP SKIIO (Bxoan) TO (Buxin) BATA
TIPABUIJIA [TPABUJIA
X1 X2

11 XOJIOLHA HEOBrO MPUHATHA 1

12 XOJIOIHA JIOBI'O 1

13 Tera JTIOBTO 0,8
14 rapsiaa JIOBrO 0,6
21 Tera HEIOBIO | HOpMaJibHA 0,5
22 rapsiaa JIOBrO 0,8
31 rapsiaa HEIOBIO | BHCOKA 0,9

Tyt xoyoana, Temia, rapsda, JOBro, HEIOBroO — HEUITKI TepMH (HEUiTKi

MHOXHHH):



1, x<15°C, X
N —-1.25, x<35°C,
R =4——+2, 15<x<30°C, . (x)={15
X0 15 Ternn _1-}_& X>35 °C
0, x>30"°C, 15 3° ’
x 8 s <a0-c,
Hep(®) =115 3
1, x>40°C,
1, x<10 xs., X1, x<20 x.,
l"l'HC,El(X) = X 2 10 l'l';‘IOB(X) = 10
_E+ , X>1UXB., 1, x>20 xB.,

i) D R

15 20 25 20 35 40 45 50 s

Pucynok A.1 - ®yukuii npusanexusocti: p**(x), n(x), W *(x)

) Bt

10 15 20 . HE.

Pucynok.A.2 - ®ynxuii npunanexnocti p'*(x) ta p'“(x)
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Po36uTTs Ha KiIacu JUIL Yy BUTJISIAa€ TAKUM YHHOM:

TPUAHSTHA: [10; 25]
HOpMaJIbHa: [25; 45]
BHCOKA: [45; 60]

Taxum 4nMHOM: y=10,y;=25,y,=45, y =60.

1 2 3 4
1
X0
T~ 1 =
MpUiiH.
X1 ’/_—y TerUT 13 08
\ 14 0,6
\4 rap
y
0,5
21 B —»
HOPM.
Hex 22 \2
XA \ 31 0,9 BHUCOK.
JI0B /
(hazudikaris HEYITKE BUBEIEHHS nedasudikaris

Pucynox A.3 - HeuiTka HelipoHHa Mepexa

lap 1. Buznauarotscsi GyHKIIT TPHHAIEKHOCTI BXIHUX 3MIHHUX T€pMaM.
Ha Buxomi p' (X)), i = 1, 2.

[[Tap 2. BubOupaerbcss MiHIMAIBLHUH 13 BXOXiB HeWpoHa. Ha Buxomi
min(u'(x;)), j = 1, 2, 3 — HOMep Kiacy y.
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[ap 3. BubupaeTbcss MakCHMANBHUI 13 BXO/IB HEWpoHa (BXiJ € JOOYTKOM
BUXOAYy HEWpoHa TMONEepeNHBOro IMmapy 1 Barm mpaBmia). Ha Buxomi
max(ij-min(uT(xi))), p=1,.,7— HoMep mpaBuia.

[Map 4. BuzHagaemo BUXiZ:

YR RO+ rE )

1 @)+ p2 @)+ rE ()
Hexaii x; =22 1x, =12, Toxi:

BUSHAYEHHS NPUHALENHCHOCIel mepmam (pazugikayis):
uxon(xl) = 0’53’ l-'l'Term(Xl) = 0,22, urap(xl) = 07 ”-Hez[(XZ) = 0,8, ”’}Z[OB(XZ) = 012

pesyrbmamu 6UKOHAHHA HeyimKux npaeui:

11: min(0,53, 0,8) = 0,53;
12: min(0,53, 0,2) = 0,2;
13: min(0,22, 0,2) = 0,2;
14: min(0, 0,2) = 0;

21: min(0,22, 0,8) = 0,22;
22: min(0, 0,22) = 0;

31: min(0, 0,8) = 0.

pe3ynomamu 00'€OnanHs npasun y Kiacu:

dy: max(1-0,53, 10,2, 0,80,2, 0,6:0) = 0,53
dp: max(0,5:0,22, 0,8:0) = 0,11; ds: max(0,9-0) = 0.

Jegasugpixayisn:
y=(10-0,53 +25-0,11)/(0,53 + 0,11) = 12,6.

OpnepxyeMo BinmoBine: Boma 22°C micis OCTUTaHHS MPOTATOM 12 XBUIUH
Oyne matu Temneparypy 12,6°C.

Ipuxnao 20. Hexait My MaEMO CIIOCTEPEKEHHS 3a MOTO00, TIPECTABICHI
HabopamM 3HaueHb 3MIHHHX X; - TeMIepaTrypa moBiTps, °C; X, - BMICT BOJOTH y
MOBITpi, %; y - KIJIBKICTh OMAIiB, Mm/em?. Mu 3HAEMO, 110 MapaMeTp y 3aJeKUTh
BiJ] TapaMeTpiB X; Ta X,, ajie MU He 3HaeMO sK. Tpeba moOyayBaTH HEHpPO-HEUIiTKY
anpOKCUMAIIIF0 3aJIEKHOCTI Y(X1,X5) 32 TaHUMU CIIOCTEPEKEHb, MPEACTABICHUMH Y
BUrIAAl Tabmuii (HaBuanbHa BUOIpka). s mepeBipkM  armpoKcHMaliHHUX
BJIACTMBOCTEH HEWpO-HEeuiTKoi Mopeni OylneMo BHKOPHCTOBYBATH TECTOBY
BUOIPKY, IIpEACTaBIICHY y TaOIuIIi.
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HaBYaK4a BUOIpKa TECTOBa BHOIpKa
X1 X2 y X1 X2 y
25 76 2.3 15 0.86 0.9
27 79 2.2 25 0.47 2.5
235 91 1.8 26 0.57 2.6
15 89 1.2 15 0.98 0.9
145 79 1.0 135 0.68 0.9
17 61 14 16.5 0.93 1.6
20 96 2.0 19.5 0.67 1.9
23 89 2.0 22 0.58 2.1
26.5 57 2.6 25 0.82 2.0
29 59 2.7 28 0.86 2.8

VY cepemounii MATLAB crBOpuMO 3MiHHY HaBYaO4oi BHOIPKH p Ta

3MiHHY TECTOBOI BHOIpPKH t:

p=[25 76 2.3; 27 79 2.2; 23.5 91 1.8; 15 89 1.2; 14.5 79
1.0; 17 61 1.4; 20 %6 2.0; 23 89 2.0; 26.5 57 2.6; 29 59
2.7];
t=[15 0.86 0.9; 25 0.47 2.5; 26 0.57 2.6; 15 0.98 0.9;
13.5 0.68 0.9; 16.5 0.93 1.6; 19.5 0.67 1.9; 22 0.58 2.1; 25
0.82 2.0; 28 0.86 2.81;

3anyctumo penakrop ANFIS, miis yoro BBeeMo: anfisedit

B o6mnacri Load data 3agamo 3MiHHI TecToBOi BHOiIpKH (00epeMo B CIHCKY
Type: Training Ta B crucky from: Worksp., micis 9oro HatucHeMo kHomky Load
data .. Ta BBereMo y moite input variable name: p) Ta HaB4aro4oi BuOipkH (00epeMo
B criucky Type:Testing Ta B crincky from: Worksp., micist 4oro HaTHCHEMO KHOTIKY
Load data .. ta BBememo y nosie input variable name: t).

B o6mnacti Generate Fis obepemo: Sub. clustering ta HaTHCHEMO KHOIKY
Generate Fis. B obmacti Train FIS obepemo meton omrmmizarii Optim. method:
hybrid. 3agamo npuitHsaTHHI piBeHs noMIIIKH Error tolerance: 0.000001. 3amamo
KinbKicTh iTepariii Epochs: 300. Hatucuemo knomky Train now. Y rpadiuniii
obmacti Training Error Oymemo crocrepiratd, SK 3MIHIOETHCS TOMHJIKA HEHpPO-
HEYiTKOT MepesKi NpoTsAroM HaB4aHHA. HaTncHyBIIM KHONKY Structure OTpHMaeMo
300pa)keHHsI CTPYKTYPH 3r€HepOBaHOT HEHPO-HEUYITKOT Mepexi.

[Micnst mporo orpumany FIS cTpykTypy MokHa 30epertd Ha JAUCKY abo
BHUKOPUCTOBYBATH JUISl NPOTHO3YBAHHS Yy, HANPHKIAZ i3 BUKOPHCTAHHSAM TECTOBOI
BUOipkH t. [y TectyBaHHS 00epeMo, JuIs sIKOT BUOIPKU 3/1iHCHIOETHCSI TECTYBaHHS
(Training - HaBuanbHa, Testing - TecToBa), Ta HaATUCHEMO KHOMKY Test now. BHuzy
(dhopmu Oyze BKkazaHO cepelHIO MOMIIIKY TecTyBaHHs (Average Error), a Ha rpadiky
Oyne 300pakeHO CHHIMHM TOYKaMHU - IUIbOBI 3HAYEHHS BUXOIY, a YEPBOHUMHU
3ipKaMU - pO3paxyHKOBI 3HAUYCHHS BUXOAY HEHPO-HEUITKOT MEpExi.
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Honatok b
HeuiTka Jiorika Ta Helpo-HeviTKi Mepeski
y nakeri MATLAB

Onepaii 3 HeuiTKoO Jsorikoro y nakeri MATLAB 103BoJjisie BUKOHYBaTH
moayns Fuzzy Logic Toolbox. Bin m03Bois€ CTBOPIOBATH CHUCTEMH HEUYITKOTO
JIOTIYHOTO BMBEJEHHS 1 HEdiTKOi Kiacudikauii B pamkax cepenosuuia MatLab, 3
MOXIIMBICTIO IXHBOTO iHTErpyBanHs B Simulink.

Fuzzy Logic Toolbox MictuTh HacTymHi KaTeropii mHporpamMHHX
IHCTpYMEHTIB: (DYHKIIi1; iHTepaKTUBHI MOy 3 TpaiYHAM KOPHCTYBATbHUIIEKIM
inTepdeiicom (3 GUI); 6moku ams makera Simulink; neMoHcTpamiiHi TPUKITAIH.

B.1 FIS - crpykrypa

Bazoeum momsarTsm Fuzzy Logic Toolbox e FIS-cmpykmypa - cucrema
HeuiTkoro BuBeneHHs (Fuzzy Inference System). FIS-ctpykrypa wmictuth yci
HEOOXIHI JaHi s pearizaliii pyHKI[IOHATBHOTO BiMOOPaKCHHS “BXOAU-BUXOAU”
Ha OCHOBI HEYITKOTO JIOTIYHOTO BHUBEACHHS BIAMOBIIHO J0 CXEMH, MPUBEACHOI HA
puc. b.1.

OyHKIi
MIPUHAJICKHOCTI

Hedazudi-
KaTop L »

Maiumsa He4iTKOro
»|TOTIYHOTO BUBECHHS

dazudikarop

I
>
y
=

A 4

HeuiTka 6a3a 3HaHb

Pucynok B.1 - HediTke soriyHe BUBSICHHS

~

TMo3navenus: X - BXigHUl YiTKHA BEKTOp; X - BEKTOP HEUYITKHX MHOXKHH,

110 BiANOBinae BXigHOMY BekTopy X; Y - pe3y/bTaT JIOTiYHOTO BHBEACHHS Y BHI
BEKTOpPa HEUITKUX MHOKHH; Y - BUXiJTHHH YITKHH BEKTOP.

CucrtemMa HEYITKOrO JIOTIYHOTO BHUBEJICHHS IIPEACTABISETHCS B PoOOUiit
obnacti MatLab y Burisi cTpykTypH AaHux, 300paxenoi Ha puc. b.2.



FIS-ctpykTypa

name

type

andhethod

orhet hod

defuzzMethod

imphlethod

agghlethod

name

input

range

name

mf

type

name

params

output

range

name

mf

type

antecedent

params

rule

consequent

Pucynok B.2 - FIS-ctpykTypa

weig ht

connection
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Icaye nBa cnocobu zasanmasicenna FIS y pobody o0macTs: 3UNTYBaHHS 3
JucKa 3a jgomomororo ¢yHkii readfis; mepemaua 3 ocmoBmoro fis-pemakropa
nurssxoM BuOopy B MeHto File migminro Export i komarmu To workspace.

IMons cTpyKTypwm [daHi CHCTEMH HEYITKOTO JIOTIYHOTO BHBEACHHS
TIpU3HAYCHI 11 30epeKeHH HACTYIHOT iH(opMaIii:

— Name - HaiMEHYBaHHS CUCTEMH HEYITKOTO JIOTIYHOTO BUBECHHS,

— type - tun cucremu (npumyctumi 3HaueHHs 'Mamdani' Ta 'Sugeno');

— andMethod - peamizamis moriunoi omepaunii "TA" (3amporpamoBaHi
peanizanii: 'min' — MiHiMyM 1 'prod’ — MHOKEHHS1);

— orMethod - peanizamist joriunoi omepamii "ABO" (3amporpamoBai
peanizauii: 'max' — MmakcumyM i 'probor’ — imoBipaicHe "ABO");

— defuzzMethod - meton nedasudikarii (3amporpamoBani MeToaH IS
cucreM turmy Mawmpmani: 'centroid' — menTtp Barm; 'bisector' — memiana; 'lom' —
HaMOLTBIINIA 3 MAKCUMYMIB; 'som' — HaliMEeHIINI 3 MAKCUMYMIB; 'mom' — cepeiHe 3
MaKCHMYMIB; 3amporpaMoBaHi Meromnm anst cucreM tumy CyreHo: 'wtaver' —
3BaKCHE CEpe/iHE 1 'Wtsum' — 3BakeHa CyMa);

— impMethod - peanizamis omepanii immiikamii  (3amporpaMmoBaHi
peanizauii: 'min' — MiHiMyM 1 'prod' — MHOXXEHHS1);

— aggMethod - peanizariis onepariii 06'eqHaHHs GYHKIIH TPUHATIEKHOCTI
BUXiZIHOT 3MiHHOT (3amporpaMoBaHi peamizauii: 'max' — MakcUMyM; 'sum' — cyma i
‘probor' — imoBipuicue "ABO");

— input - MacuB BXiJHHX 3MiHHHX;

— input.name - HaliMeHyBaHHs BXiJIHOI 3MiHHO;

— input.range - miama3oH 3MiHH BXiJHOI 3MIHHOI;

— input.mf - MmacuB ¢yHKIII# TPUHATIEKHOCTI BXiHOT 3MiHHOT,

— inputmf.name - waiimenyBaHHS (YHKIII HPUHATIEKHOCTI BXiTHOT
3MIHHOI;

— input.mf.type - mogens GyHKUIT NPHHATIEKHOCTI BXiZHOI 3MIHHOI
(3anporpamoBani Mozeni: dsigmf - QyHKIIS IpUHATE)KHOCTI Y BUAI PI3HUII MiX
JIBOMa CHUTMOiTHHUMH (QYyHKHisMH; gauss2mf - TBOCTOPOHHS rayciBChbKa (pyHKILis
nprHAIeXKHOCTI; gaussmf - rayciBcpka ¢yHKIiST npuHanexHocti; gbellmf -
y3araJlbHeHa KOJIOKoiooOpa3Ha (QYyHKIS TpHHAIEKHOCTI; pimf - mi-mogiOHa
¢yHKIis  mpuHANexHOCcTi; psigmf - 1o0yTok ABOX cHTMOImHMX —(yHKIIiH
npuHanexHocti; sigmf - curmoigna ¢yHKuis npuHanexHocti; smf - S-moxioHa
¢yHkiis npuHanexxHocTi; trapmf - TpanemienoniOHa (QyHKOisS NPUHAIEKHOCTI;
trimf - TpukytHa ¢yHKuis nOpuHanexHocTi; zmf - Z-mogibHa QyHKLIA
MPUHAJIEKHOCTI);

— input.mf.params - macuB mapametpiB (QyHKIi MPUHANIEKHOCTI BXiAHOI
3MIHHOT;

— output - MacWB BUXiTHUX 3MIHHHX;



35

— output.name - HaliMeHyBaHHs BUXiIHOI 3MiHHOT;

— output.range - giama3zoH 3MiHH BUXiTHOI 3MiHHOT;

— output.mf - macuB QyHKIIH MPUHATIEKHOCTI BUXIAHOI 3MiHHOT,

— output.mf.name - nHailiMmenyBaHHs (YHKII TNPUHAIEKHOCTI BUXITHOT
3MIHHOT;

— output.mf.type - mozenp ¢yHKIIi NPUHANEKHOCTI BHXITHOI 3MIHHOT
(3amporpamoBaHi Mozemi Juii cuctemu Turmy Mawmpani: dsigmf - QyHkmis
MPUHAJIEKHOCTI Y BUJI Pi3HUILI MK JBOMa CUIMOITHUMHU (yHKUisMu; gauss2mf -
JIBOCTOPOHHSI TayciBchka (pyHKIisl MpuHanIexHocTi; gaussmf - rayciBcbka QyHKis
npuHaniexHocti;  gbellmf - y3arampHeHa — KOJOKOJIOOOpasHa  (YHKIIiS
npuHaiexHocti; pimf - mi-nmonidHa ¢(yHKUisS MpuHaNeKHOCTI; psigmf - n0OyTOK
JIBOX CUTMOITHIX (DYHKIIIH MPHHAICKHOCTI; 3aIpOTrpaMOBaHi MOJIEINI U CUCTEMHU
tuny CyreHo: constatnt — KoHCTaHTa ((YHKIIS MPUHAIEKHOCTI Y BUII CIHTIITOHA);
linear — miniiiHa KOMOIHALIS BXiIHUX 3MIHHHX);

— output.mf.params - wmacuB mnapamerpiB (QYHKIII HPUHATIEIKHOCTI
BHUX1IHOI 3MIHHOT;

— rule - MacuB npaBUI HewiTKOi 0a3¥ 3HAHB;

— rule.antecedent - mocunku mpaBmiaa (BKa3yrOTHCS MOPSAKOBI HOMEpH
TEPMIB y MOPSAIKY 3aMKCy BXigHuX 3MiHHHX. HYucio 0 ykasye Ha Te, M0 3HAYCHHS
BIJITIOBIZTHOT BXiHHI 3MIHHOI HE BIUIMBAE HA ICTHHHICTH MIPABHJIA);

— rule.consequent - BHCHOBOK TpaBuiia (BKa3ylHOThCS MOPSIKOBI HOMEpH
TEpMIB y MOPSIIKY 3aMucy BUXiAHUX 3MiHHUX. Yncio 0 ykasye Ha Te, 110 TpaBUIIO
HE MOIIUPIOETHCS HA BIAMIOBIIHY BUXITHY 3MiHHY);

— rule.weight - Bara npasuia. 3amaerscst unciioM 3 aianaszony [0, 1];

— rule.connection - soriute 3B'13yBaHHs 3MIHHUX ycepeluHi npaswia: 1 —
soriybe "TA"; 2 — noriune "ABO".

Just moctyry 10 BIACTHBOCTEH CHCTEMH HEYITKOTO JIOTIYHOTO BHBEICHHS
JOCUTh  BKa3aTh iM's  BignoBimHoro  mousisi.  Hanpukmax, — komaHza
FIS NAME.rule(1).weight=0.5 BcranoBmioe Bary mepmoro mpasmia B 0.5,
komaHga length(FIS NAME.rule) Bu3Ha4yae KigbKIiCTh mpaBwi y 0a3i 3HaHB, a
komadga FIS NAME.input(1).mf(1).name="om3pkuii' nEepeiiMEHOBYE MEPIIHIA
TEpM HepIIoi BXiTHOT 3MiHHOT B “HU3BKHIN .

B.2 FIS-penakrop

FIS-peoaxmop (puc. B.3) npusHaueHmii Uit CTBOpEHHs, 30epeXeHHS,
3aBaHTaXKCHHS 1 BUBCICHHS Yy APYK CHCTEM HEYITKOI'O JIOTIYHOI'O BHBCACHHS, a
TAKOX IS pelaryBaHHs HACTYIHHX BJIACTHBOCTCH: THII CUCTEMH; HAWMEHYBaHHS
CHUCTEMU; KUIBKICTh BXIHUX 1 BUXIJHHX 3MIHHHUX, HaliMCHYBaHHsS BXIJTHUX 1
BHUXIJHHUX 3MIHHUX; ITApaMETPH HEUITKOTO JIOTTYHOTO BUBEICHHSI.
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=} FIS Editor: Untitled
File Edit View

Untitled
[matndani)
inpLi1 outputl
FIS Mame: Untitled FIS Tupe: mamdari
And method min - Current Wariable
Mame
Or method maw -
. T
Implication min - ¥pe
Range
Agaregation max -
Defuzzification centraid hd Help Cloze

Spstem "Untitled™ 1 input, 1 output, and 0 rules

Pucynoxk B.3 - FIS-pemakrop

3aBantaxxenHs FIS-pegaktopa BigOyBaeThcsi 3a JOMOMOTOI KOMAaHIU
fuzzy. V pe3ynbrarti 3'1BIs€THCS iHTEpaKTHBHE TpadiuHe BIKHO. Y HMKHIA 9aCTHHI
rpadigaoro BikHa FIS-pemakropm posramosani kHonku Help i Close, mo
JIO3BOJISIFOTH BUKJIMKATH BIKHO JTOBIJIKM 1 3aKPHUTH PEIAKTOP, BiIMOBITHO.

FIS-penaxrop mictuth 8 Mento. Lle Tpu 3aranbHOCHCTEMHUX MeHro - File,
Edit, View, i n'aTe MeHIO U1 BUOOPY TTapaMeTpiB HEYITKOTO JIOTIYHOTO BHBEACHHS
— And Method, Or Method, Implication, Aggregation i Defuzzification.

Menro File - ue 3aranpne MeHro 1 Beix GUI-MoyimiB BUKOPUCTOBYBaHUX
i3 CHCTEMaMHM HEYiTKOTO JIOTIYHOT'O BUBEAEHHS.

3a ponomororo komanau New FIS... kopucryBau Mae MOXIMBICTD
CTBOPUTH HOBY CHCTEMY HEYITKOro JIOTi4HOro BuUBeneHHs. [lpu BuOOpi wmiel
KOMaH/1 3'SIBIISITBCS /1Bl anbTepHaTHBU: Mamdani i Sugeno, 1110 BU3HAYaIOTh THUI
cTBOpIOBaHOi cucteMu. CTBOpUTH cHUCTeMy Tuly Mamdani MOXKHa TaKOX
HatuckaHHsIM Ctrl+N.
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3a 1OmoOMOT0r0 KOMaHAu Import KopucTyBad Ma€ MOXKIIMBICTD 3aBaHTAXKUTH
paHile CTBOPEHY CHCTEMY HEUITKOTO JIOTidHOro BUBeneHHS. [Ipm BuOOpi miel
KOMaHON 3'SBIAThCS IBi ambrepHatuBH From Workspace... i From disk, mo
JTO3BOJISIIOTh 3aBAHTAXUTH CHUCTEMY HEYITKOTO JIOTIYHOTO BHWBEINCHHSA 3 Po0O0dO0l
obmacti MatLab i 3 gucka, BigmoBigno. [Tpn Bubopi komanaun From Workspace...
3'SIBUTHCS A1aJIOTOBE BIKHO, Y SIKOMY HEOOXIJTHO BKa3aTH iIeHTH(IKATOp CHCTEMHU
HEYITKOTO JIOTIYHOTO BHUBEICHHS, IO 3HAXOJHUTHCA B poOouiii obmacti MatLab.
Ipu BuGOpPi komanau From disk 3'aBUTbCs AianoroBe BIKHO, Y SIKOMY HEOOXiTHO
BKazaTH iM'st (ailily cMCTEMHM HEYIiTKOrO JIOTiYHOTO BHUBeAeHHs. Daiimm cuctem
HEYITKOT'O JIOTIYHOTO BUBEJIEHHSI MAlOTh po3UIMpeHHs .fis . 3aBaHTaXXUTH cHCTEMY
HEYITKOT'O JIOT1YHOTO BUBEJIEHHS 3 JAMCKAa MOXKHA Takoxk HaTucKaHHAM Ctrl+N um
komannoto fuzzy FIS name, ne FIS name — im's dainy cuctemMu HediTKOro
JIOTIYHOTO BUBECHHSI.

IIpu Bubopi komauau Export 3'aBnsatees aBi anmpTepHatnBu To Workspace...
i To disk, mo H03BOIISAIOTE CKOIIOBATH CUCTEMY HEUITKOTO JIOTIYHOTO BHBEICHHS
B pobouy obmacte MatLab i Ha muck, BiamoimHo. Ilpu BuOOpi komanmm To
Workspace... 3'iBUTbCS [miasioroBe BIKHO, y SKOMY HEOOXiTHO BKa3aTh
IICHTU(IKATOP CHCTEMH HEYITKOTO JIOTIYHOTO BUBEICHHS, IIiJ SKAM BOHa Oyze
30epexxeHa B pobouiii obsacti MatLab. IIpu Bubopi komanau To disk 3'sButbes
JiaJioroBe BIKHO, y SIKOMY HEOOXIZIHO BKa3aTH iM's (aiiily CHCTEeMH HEYiTKOTrOo
JoriyHoro BuBeJeHHs. CKOMiIOBaTH CHCTEMY HEYITKOTO JIOTIYHOTO BHBEICHHS B
pobouy obnacte i Ha AMCK MOXHa Takok HatuckaHHaMm Ctrl+T i Ctrl+S,
BIATIOBITHO.

Komanma Print mo3Boisie BHMBeCTH Ha NMPHHTEP KOMi0 TpadivyHOro BiKHA.
[Tewatka MoXxIIBa TaKoX 1Mo HaTuckaHHIO Ctrl+P.

Komanma Close 3akpuBae Tpadiune BiKHO. 3aKpUTTA TrpadiqHOTO BiKHA
BinOyBaeThcst Mo HatuckaHHIO Ctrl+W 49M OZHOKpaTHOTO IIMTIMKA JiBOT KHOIKH
mutri o kuori Close.

Menro Edit:

Komanna Undo ckacoBye panimre 3po0ieHy [ito. BUKOHYETbCS TakoX IO
HatuckanHio Ctrl+Z.

Komannma Add Variable... 103Bosisie 1o1aTH B CHCTEMY HEYITKOTO JOT19HOTO
BUBEACHHSA 1€ OnxHy 3MiHHy. [Ipm BuOoOpi miei KOMaHOW 3'SBIATHCS JIBi
anpTepHaTHBH Input i Output, 10 JO3BOJSIOTH JOJATH BXIJHY 1 BUXiIAHY 3MiHHY,
BIJIIOBITHO.

Komanna Remove Selected Variable Buganse moTouny 3MiHHY i3 CUCTEMH.
O3HaKo10 MOTOYHOT 3MIHHOI € YepBOHA OKAHTOBKA 11 MpsMOKyTHUKA. [Ipu3HadeHHs
MOTOYHOI 3MIHHOI BiIOYBa€TbCs 3a JIOMOMOIOI0 OJHOKPATHOTO HIMIJIMKA JiBOT
KHOIIKM MUl 110 ii NpsSIMOKYTHHKY. Buianuti noTtoyHy 3MiHHY MOXKHa TaKOX 3a
Jonomoroto Haruckanus Ctrl+X.
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Komanma Membership Function... BigkpuBae pemakTop GYHKIIN
npruHanexHocTel. L komanaa Moke OyTH TakoX BUKOHaHA HaTucKaHHsIM Ctrl+2.

Komanna Rules...BinkpuBae penakrop 6a3u 3HaHb. L1 komaHna Moxe Oytn
TaKOX BUKOHaHA HaTHUcKaHHIM Ctrl+3.

Menwo  View - mne 3arampHe MeHo g Bcix  GUI-moxymis,
BUKOPUCTOBYBAHUX i3 CHCTEMaMH HEYITKOTO JIOTIYHOTO BHBEACHHS. [laHe MeHIo
JTO3BOJISIE BIKPUTH BIKHO Bi3yaii3allil HEYiTKOTO JIOTIYHOTO BHUBEACHHS (KOMaHIa
Rules abo natuckanns knagim Ctrl+5) 1 BikHO BUBEICHHS MOBEPXHI “BXim-BHUXin”,
IO BI/MOBIJa€ CHCTEMi HEUYITKOTO JIOTIYHOrO BUBEACHHS (komaHma Surface abo
HaTHCKaHHs Kiasinn Ctrl+6).

Menio And Method - ne MeHIO 103BOJISIE YCTAaHOBUTH HACTYITHI peajizamii
noriynoi onepaii "TA": min — MiHiMyM; prod — MHO>XEHHSI.

KopuctyBad Takok Mae MOXIIMBICTh YCTAaHOBHTH BIIACHY peai3aliio
omepanii "TA". Ins mporo HeoOXimHO BuOpaT koManxy Custom...i B rpadigHOMy
BiKHI, 110 3'SBIJIOCS, HAIPYKYBATH iM'a (YHKIIIT, IO peatizye Io Omepartiio.

Menro Or Method - ne MEHIO O3BOJSE YCTAHOBUTH HACTYIHI peaii3amii
noriunoi omepanii "ABO": max — MHOXeHHS; probor - iMmoBipHicHe "ABO".

KopuctyBad Takok Mae MOXIMBICTH YCTaHOBHUTH BIIACHY peaizaliiio
onepanii "ABO". Jlns uporo HeoOximHO BUOpatn komanay Custom... i B
rpadiyHOMY BiKHI, IO 3'IBHJIOCS, HAJAPYKyBaTH iM's (yHKUI, IO peayizye L0
oreparito.

Menio Implication - e MEHIO J03BOJISIE YCTAaHOBUTH HACTYIHI peajizaiii
iMIUTiKanii: min — MiHiMyM; prod — MHOXXEHHSI.

KopuctyBau Takok Mae MOXIMBICTH YCTaHOBHUTH BIIACHY peaizallito
imrutikanii. s mporo HeoOXimHO BuOpatH koMaHay Custom... i B rpadigHOMY
BiKHI, 110 3'SIBIJIOCS, HAPYKYBATH iM'a (DYHKIIIT, IO peatizye Io Omepartiio.

Menio Aggregation - 1ie MEHIO JIO3BOJIIE YCTAaHOBUTH HACTYIHI peaizamii
omepanii 00'€qHaHHA (QYHKIIH MPHHATSKHOCTI BHXITHOI 3MIHHOI: max —
MaKCHMYM; sum — cyma; probor - imoBipaicHe "ABO".

KopucryBad Takox Mae MOXKIUBICTh YCTAHOBHTH BJIACHY pealizaliifo miel
omepamii. Jnsg 1mporo HeoOXximHO BuOpatm KoMmaHxmy Custom...i B rpadigHOMy
BiKHi, 110 3'SIBUJIOCS, HAJIPYKYBATH iM'st QYHKIIi1, 110 peati3ye 110 omepartio

Mento Defuzzification - e MeHIO T03BOJISIE BUOpaTH MeToA Aedasndikarrii.
g cuctem Trmy MamzaHi 3amporpamMoBaHi HACTYNHI MeToau: centroid — meHTp
Bary; bisector —meziana; lom — HaOIIBIINN 3 MAKCUMYMIiB; SOM — HAWMEHITHH 3
MakCHMyMiB; mom — cepeaHe 3 MakcumyMiB. s cucrem THnmy CyreHo
3anporpamMoBaHi HACTYITHI METOAM: wtaver — 3BaKeHe CepellHe; wtsum — 3BayKeHa
cyma.

KopucryBau Tako)k Ma€ MOJMIJIMBICTh YCTAHOBHTH BJIACHUH METO[
nedasndikaunii. s nporo HeoOxinHO BuOpaTn koMmany Custom...i B rpadiuHomy
BiKHI, 1110 3'ABUJIOCS, HAAPYKYBATH iM'sl QYHKIIT, 110 peai3ye Lo omeparliro.
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B.3 Penakrop ¢yHkuiii npuHase:kHOCTI

Peoaxmop  @ynxyiti  npunanexcnocmi  (Membership Function Editor)
MPU3HAYCHUH IS 3aBIAHHS HACTYIHOI iHpOpMaii Mpo TepMHU-MHOKIHHA BXiTHUX
1 BUXiIHUX 3MIiHHUX: KiJIBKICTh TEpMiB; HAlIMEHYBaHHS TEPMIB; THII i IapaMeTpH
(yHKIOIA TPUHANEKHOCTI, IO HEOOXimHI [UIA TPEACTABICHHS JIHTBICTHYHUX
TEpMIB Y BUTJISIII HEUITKUX MHOKHH.

Penakrop ¢yHKLIN MpHHANEKHOCTI MOXKe OyTH BHKIMKAHUH 3 OyAb-SKOTO
GUI-Monys1st, BAKOPHCTOBYBAHOT'O 13 CHCTEMaMH1 HEYITKOTO JIOTiYHOTO BUBE/ICHHS,
koMman0t0 Membership Functions... mento Edit abo HaTrckanusam knasinn Ctrl+2.

VY FIS-penakropi Binmkputd penakrop (yHKLIH NPHHAIEKHOCTI MOXKHA
TAKOXX MOABIMHWM INUIJIHMKOM JIIBOKO KHOIKOIO MHINI IO MO0 BXigHOI abo
BUXIMHOI 3MIiHHUX. 3aradbHU BHI peaakropa (QYHKIOIH TPUHAIC)KHOCTI 3
YKa3iBKOIO (YHKIIOHAIHHOTO INPH3HAYCHHS OCHOBHHX IIOJIB TpadigHOrO BiKHA
npuBeneHui Ha puc. b.4.

HaimeHnyBanHs cuctemm KinbkicTe TOHOK guckpeTusauii gna
[ N HEYITKOro NoriYyHoro BUBEAEHHA noByaosu yHKLjii NpuHanexHocTi
MoTo4Ha
3MiHHa

<} Membership Function Editor: tipper
File Edit “iew

FIS “ariables Membership function plots plot points:
poor oo exceallent
—

MoTo4Ha ZXK\—\‘

quHinH service tip
npuHa-
NEMHOCTI

—

—
MozHadka
pexumy

Drug and
drop Current Yariable Current Membership Function [click on MF to select)

Mame service Name I poor
—

M's T Tope input Type gau’ssml ot
NOTO4HOI Fotadlid [ 5o

e Range a10
3MIHHOI [ J > r/ //
~—— /|| Diy ange A [010] | Help N Clase |

ra
s ya v 7
TMF\ . Heady

3MIHHOI

[HianasoH 3miHK BinoGpaxysa- MoTouHMA Tun dpyHkuii Mapametpu

NOTOYHOI HWIA iHTepean TEpM NPUHANEXHOCTI NOTOYHOT (yHKLT
3MiHHOI no eici abcyunc NOTOYHOrO TEPMY NPUHANEXHOCTI

input variable "service"

|

Pucynok b.4 - Pegaxtop ¢yHKIil IprHAIEKHOCTI
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Y HwkHIA yacThHI TpadiuHoro BikHa posramoBani kHomku Help i Close,
II0 TO3BOJISIOTh BUKIUKATH BiKHO TOBIJKH 1 3aKPUTH PEAKTOP, BiAIOBIIHO.

Pemakrop GyHKIiH TpHUHAICKHOCTI MicTUTh 4oTHpH MeHio - File, Edit,
View, Type i 9otupu BikHa BBeneHHs iHdopMmartiii — Range, Display Range, Name i
Params. Ii woTmpu BikHa HpW3HAYEHI [T 3aBOAHHS Mialla30HY 3MiHMA ITOTOYHOI
3MIHHOi, /iama3oHy BHBEICHHA (YHKIIA TNPUHAJICKHOCTI, HaNMEHyBaHHS
MOTOYHOTO JIIHIBICTUYHOTO TEPMy 1 mapamerpiB Horo (yHKLI NPUHAIEKHOCTI,
BIAMOBITHO.

[Mapamerpu ¢yHKLIT MprUHaJIEKHOCTI MOXKHA MinOupaTH W y rpadiyHomy
pexuMi, HULIXOM 3MiHM (opMu  (QYHKIIT TPHHANEKHOCTI 32 JIOMOMOTOI0
texHouorii “Drug and drop”. /Iyt 1poro HEOOXiTHO MO3HULIIOHYBATH KypCcOp MUILI
Ha 3Haky pexumy “Drug and drop”, HaTMCHyTHM Ha JiBy KHOIKY MHII i He
BiIIycKarouH ii 3MiHIOBaTH (opMy (GYyHKIII mpuHaNekHOCTi. [lapamerpu GpyHKii
MPUHAIEKHOCTI OyIyTh epepaxoByBaTUCS aBTOMATHIHO.

Menro Edit:

Komanma Undo ckacoBye panime 3po0ieHy miro. BUKOHYETbCS TakoX IO
HatuckanHio Ctrl+Z.

Komanma Add MFs...mo3Bonsie momaTm TepMH B TEPMH-MHOXKHHY,
BUKOPHCTOBYBaHa JUIsl JITHIBICTUYHOI OLIHKU MOTOYHOT 3MiHHOI. [Ipu BuOOpI wiel
KOMaH/IU 3'ABUTHCS J[IAJIOTOBE BIKHO, Y SIKOMY HEOOXiIHO BHOpaTH TN (GYHKIT
NPUHAJIEKHOCTI 1  KUIBKICTh  TepMiB. 3HauyeHHs mapamerpiB  (yHKLiH
NPUHAJIEKHOCTI OyAyTh BCTaHOBIICHI aBTOMATHYHO TaKUM YHHOM, 1100
PIBHOMIPHO TOKpUTH 00NacTh BU3HAYEHHs 3MiHHOI, 3amaHoi y BikHI Range. [Ipu
3MiHI 00JacTi BH3HAYCHHA Yy BikHI Range mapamerpw (YHKIIH MPHHAIEKHOCTI
OyayTh mpoMainTaboBaHi.

Komanma Add Custom MF...1o3BoMsi€ 1oaTH OJHUX JTiHTBICTHIHHN TEPM,
(hYHKIIIS TPHHATIEKHOCTI SIKOTO Bipi3HAETHCS Bi yOymoanux. [liciss BuOopy miei
KOMaHOM 3'SIBUTBCA TpadiuHe BIKHO, y SKOMY HEOOXiTHO HaIpyKyBaTH
JiHrBicTHYHME TepM (mone MF name), iM's dyHkuii npuHanexHocTi (mone M-File
function name) i mapamerpu GpyHKii npuHAaNEKHOCTI (T0s1e Parameter list).

Komanma Remove Selected MF Bumansie moTo4Huii TepM i3 TepM-MHOXKHHA
motoyHoi 3MiHHOI. O3HAaKOIO TOTOYHOI 3MIHHOI € 4YepBOHA OKAaHTOBKA il
NpAMOKyTHHKA. O3HAKOI0 IMOTOYHOTO TEPMYy € YEpBOHMH Kouip #oro ¢yHKmii
NpUHANEKHOCTI. Jlms BUOOpPY TMOTOYHOTO TEepMy HEOOXiTHO MPOBECTH
MO3HIIOHYBaHHA Kypcopy MU Ha rpadiky (QyHKII] NpHHAIEKHOCTI 1 3poOUTH
IIMTIIMK JTIBOIO KHOTIKOIO MUIIII.

Komanma Remove All MFs Bunanise Bci TepMu 3 T€pPM-MHOXXHUHH TOTOYHOT
3MIHHO.

Komanpna FIS Properties...BinkpuBae FIS-pemakrop. Lls xomanma moxe
OyTH TakoX BUKOHaHa HatuckanHsaM Ctrl+1.
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Komanna Rules...BinkpuBae penakrop 6a3u 3HaHb. L1 komaHna Moxe Oytn
TaKOX BUKOHaHA HaTHUcKaHHIM Ctrl+3.

Menrwo Type no3Boisie YCTAaHOBHUTH THII (DYHKIIH NMPHHAICKHOCTI TEPMIiB,
BUKOPUCTOBYBAHUX IS JTIHTBICTHIHOI OI[iHKH IIOTOYHOI 3MIiHHO].

b.4 Penakrop 6a3u 3HaHb

Peoaxmop 6asu 3mnanv (Rule Editor) mpusHauenuit mns QopmyBaHHS i
Moaudikanii HewiTkux npaBuwi. Penaktop 6asu 3HaHB MOXe OyTH BHKIMKAaHUH 3
oynp-sskoro GUI-momysisi, BAKOPUCTOBYBAHOTO 13 CHCTEMaMHU HEUITKOTO JIOTIYHOTO
BUBeneHHs, KomaHaoo Rules...menio Edit abo mHatuckanusm kiasim Ctrl+3. YV
FIS-penakTopi BiZKpUTH penaktop ©0a3u 3HAHP MOXKHA TaKOX MOJBIHHUM
IIUTJIMKOM JiBOKO KHOIIKOFO MU MO MPSAMOKYTHHKY 3 Ha3BOIO CHCTEMHU HEYiTKOTO
JIOTIYHOTO BUBEACHHS, PO3TAIIOBAHOTO B IIEHTPI TpadigHOrO BiKHA.

3aranpHUIA BHI pedakTopa 0a3u 3HAHP i3 YKa3iBKOK (QYHKIIOHATHHOTO
MPU3HAYCHHS OCHOBHUX MOJIB rpadigHOTO BiKHA IpUBeACHUI Ha puc. b.5.

3MIHHNX

ey, AN .
<) Rule Editor: tipper i =10] x|
OsHaka File Edit “iew Options

BiACYTHOCTI
3MIHHOI ¥ f [z oor] or [food i r
npaswni 3 good] then (B is average) 1

MeHto BuBOpY 3Ha4eHb BXiAHWX Ta BUXiAHWX ] [ Baroewii koedpilieHT npaBuna ]

BkntoveHHs
nori4Hof
onepaujii

HE y
npasuno

aesnerous

none
\

1

. ¥~ not not —" not
NorivHa
3B'A3Ka MK Connection weight:
BXOAaMK B  ar
OonHOMY & and 1 Delete rule Add e Chan |
i ge rule
npaswuni £ | r | = l "'_I’_I

| FIS Mame: lipper/ \ /' / I | Help |'/‘f’/ﬁose ||
= y — y"”

A0faBaTi Ta pegarysatii NOTOMHE
NOTOYHOro Npasuna npaswna BENWKUX NpaBun

L=
Barosuin koedilieHT ] [KHO“K"‘ LU0 AC3BONAIOTL BUI,EIEII'IFITM,] [ KHonkw nepernsgy ]

\.

Pucynox B.5 - Penakrop 6a3u 3HaHb
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Y HwkHIA yacThHI TpadiuHoro BikHa posramoBani kHomku Help i Close,
II0 TO3BOJISIOTH BUKIUKATH BIKHO JTOBIKH 1 3aKPUTH PEAAKTOP, BiAIOBIIHO.

PenmaxTop QyHKIi# MpHUHATIEKHOCTI MICTHTh YOTHPH cucTeMHHUX MeHIo File,
Edit, View, Options, MeHI0O BHOOpPY TE€pMIB BXiTHHX i BHXIIHUX 3MiHHUX, ITOJISA
ycraHoBkH Jsoriuanx omepanid TA, ABO, HE i Bar mpaBmi, a TakoX KHOIIKH
penaryBaHHS i EpeTIsay IPaBhIL.

Jlns BBeEHHS HOBOTO INpaBwia B 0a3y 3HaHb HEOOXiJHO 3a JONOMOTOIO
MHUII BUOPATH BIOBITHY KOMOIHAIIFO JTIHTBICTHYHUX TEPMIB BXITHHUX 1 BUXITHUX
3MIHHHX, YCTAHOBHUTH THUI JIoriyHOTro 3B's3yBaHHs (TA a6o ABO) Mix 3MiHHUMHU
ycepenuHi MmpaBuia, YCTAHOBUTH YU HASBHICTH BIACYTHICTH JoriuHOi onepariii HE
JUI KOXKHOI JIIHIBICTUYHOT 3MIHHHUI, YBECTH 3HAYCHHS BaroBoro koegilieHTta
npaBuia 1 HaTucHyTH KHOmMKY Add Rule. 3a 3aMoBuUyBaHHSM yCTaHOBJICHI
HACTYIHI TTapaMeTpH: JIOTIYHE 3B'A3yBaHHS 3MIHHUX ycepeauHi mpasmma — TA;
noriuna onepatis HE — BincyTHs; 3HaueHHS BaroBoro koedimienTa mpasuna — 1.

MoITHBI BUITQAKH, KOJU ICTHHHICTH MPaBWIIA HE 3MIHIOETHCS TIPH JOBLIEHOT
3HAYCHHI [EsKOi BXigHOI 3MiHHOi, TOOTO I 3MiHHA HE BIDIMBAE HA PE3yJbTAT
HEYITKOTO JIOTIYHOTO BHBEICHHS B JaHiil oOmacti (akTopHOro mpocropy. Tomi sk
JIHTBICTUYHE 3HAYCHHS IIi€1 3MiHHOT HEOOXI/THO YCTAHOBUTH None.

Jis BunmaneHHs mpaBwia 3 0a3W 3HAHb HEOOXITHO 3POOWUTH OJHOKpPATHUI
IIMIJIMK JIIBOIO KHOIIKOIO MHIII Ha IbOMY TIPaBHJIi Ta HaTUCHYTH KHOTIKY Delete Rule.

Hns mopmdikanii npaBuiia HEOOXiAHO 3pOOMTH OJHOKPATHUH ILIMIIIUK
JIBOIO KHONKOK MHUIII Ha IbOMY IpaBWi, IOTIM YCTaHOBUTH HEOOXiHi
napaMeTpH npaBuiia i HaTucHyTH kHorky Edit Rule.

Menro Edit:

Komanma Undo ckacoBye panime 3po0ieHy mifo. BUKOHYETBCS TakoX IO
HatuckanHio Ctrl+Z.

Komanma FIS Properties...BinkpuBae FIS-pemaktop. Lls xomanma Moxe
OyTH TakoX BUKOHaHa HaTuckaHHsaM Ctrl+1.

Komanma  Membership  Function...BinkpuBae  pemakrop  QyHKumii
npruHanexHocTel. L komanga Moke OyTH TakoX BUKOHaHA HaTHCKaHHIM Ctrl+2.

Mento Options 103BOISE YCTAaHOBUTH MOBY i (hopMaT mpaBmil 6a3u 3HAHB.
IIpu BubGopi xomangum Language 3'sButhca cmmcok MoB English (Anrmificeka),
Deutsch (Himenpka), Francais (®paniry3pka), 3 SKOro HeoO0XiIHO BUOpaTH OAHY.

ITpu BubOpi komManau Format 3'SBUTHCS CIIMCOK MOKIIMBHX (DOpMATIB MpaBUIT
0a3u 3HaHb: Verbose - miHrBicTHUHMIA; Symbolic — oriunwmii; Indexed — ingexcoBaHMA.

B.5 BizyaJjizauisi He4iTKOr0 JIOTiYHOT0 BUBeIeHHS
Bisyamizaliss HEYiTKOTO JIOTIYHOI'O BHUBEACHHS  3MIACHIOETHCA 32

nonomororo GUI-moxynst Rule Viewer. Ileit Moaysp [03BOJIsIE MPOIMIOCTPYBATH
XiJl JIOTIYHOIO BUBEICHHS 32 KOXXHHUM IIPaBHJIOM, OJIEPXaHHS pe3yJbTYI04ol
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HEUiTKOI MHOKMHM 1 BUKOHAHHS Tponexypu nedasmudikarii. Rule Viewer moxe
Oyt BUKIHKaHUH 3 Oymb-axoro GUI-mMomysms, BUKOPHUCTOBYBAHOTO i3 CHCTEMaMH
HEYITKOI'O0 JIOTIYHOrO BMBEIEHHS, KOoMmMaHmoro View rules ... meHro View 4m
HatuckanasaM xinasimm  Ctrl+4. Bun Rule Viewer mis cucteMu  JOTIYHOTO
BUBEACHHS tipper i3 yKa3iBKOIO (YHKIIOHATHHOTO IPU3HAYEHHS OCHOBHHUX IIOJIIB
rpa¢igHOTO BiKHA NpHBeAcHNH Ha puc. b.6.

Mopsakosuii HailimeHyBaHHA BXiAHWX 3MIHHWX Ta TXHi HalimeHyBaHHA BUXIHOT 3MiHHOT Ta
HOMep npasuna 3HAYEHHS pesynbTaT BUBEAEHHA

- O] x|

service = 4 food =8

Mokax4rkn
3HaYeHb
BXiAHUX
3MIHHWX.
MoxyTe Byt
3MiHeHi 3a
[,OMoMOroto
MULLI

tip = 18.9

L L]
- L L[]

|
]
A
e

DyHKYT
npuHanex-
HOCTI BXIAHWX
3MIHHKX

|\r||:\ut: ll,[ﬁ 8] l/’{jlaﬂfﬁlinls: 'W/HMDVE: #Lgh\lgij{ﬂ—;i”
el £ | N Nded ]

-
MoTOYHI 3HaYeHH:A DyHKUT PeaynuTat noriuHoro PesynbTaT BUKOHAHHS KHonku
BXIAHWX 3MIHHWX NPUHANEXHOCTI BUBEAEHHA Y BUNAAI npoueaypn NPOKPYYyBaHHS
BUXIAHOT 3MIHHOI HEUITKOT MHOMMHIA nedasudikayii

Pucynok b.6 — Bisyaurizanist JIOTi94HOTO BHBEICHHS
JUIsL cucteMH tipper 3a nonomororo Rule Viewer

Rule Viewer mictute wotupu Mento - File, Edit, View, Options, aBa mois
yBeneHHs iH(opMmariii — Input i Plot points Ta KHOIIKH TPOKPYIyBaHHS 300pasKEeHHS
BIiBO - Brpaso (left-right), yaus (up-down). Y HIkHI# 9acTHHI TpadidHOrO BiKHA
posramoBani Takok kHomku Help i Close, mo 103BONAIOTE BUKJIMKATH BiKHO
JIOBIIKK 1 3aKpUTH peaakTop, BiamoBigHo. KokHe mpaBwio 06a3u 3HaHb
NPE/CTABISIETCA Yy  BUJAI  TIOCIHINOBHOCTI TOPM30HTAJIBHO  PO3TAIIOBAHMX
npsMOKYTHHKIB. [Ipy npoMy mepiuni 1Ba NpsIMOKYTHHKH BiloOpakaroTh (YyHKIT
NPUHAJIEKHOCTEH TepMiB NOCHIIKH MpaBmia (SIKio-4acTiHa npaBuia), a OCTaHHIN
TpeTii NPSMOKYTHHK BigNOBifae (QyHKUII NPUHAIEKHOCTI TEpMy-HACITIIKY
BuxinHO1 3MiHHOI (To-4acTuHa npaBua).



44

IopoxHiii MPSIMOKYTHUK y Bi3yallizalii APYroro mpaBWiia O3HAYae, IO B
IpOMY TpaBmWiIi mocwika 3a 3MiHHOIW food BimcytHs (food is none). JKomte
3amuBaHHA TrpadikiB  (QYHKIi NpUHATIEKHOCTEH BXITZHHX 3MIHHHX YKa3ye
HACKITBKM 3HAYeHHS BXOJIB, BIONOBITAIOTH TepMaM MJaHOTO TNpaBwma. Jlns
BUBeAeHHS mpasmwia y ¢opmari Rule Editor HeoOXimHO 3poOHTH OFHOKpATHHIMA
IIATJIAK JIiBO{ KHOIIKYA MUIII 110 HOMEpi BiAMIOBIAHOTO TpaBmia. Y IOMY BHIIAIKY
3a3HaueHe NpaBuiIo Oy/ie BUBEICHO B HIDKHIM YacTHHI rpadiyHOTO BiKHA.

bnakurHe 3anuBaHHs rpadika (YHKIII MPUHANEKHOCTI BUXIJAHOI 3MiHHOT
ABJIsie cOOOI0 pe3yJbTaT JIOTIYHOTO BHBEACHHS y BHUIVIAAI HEYITKOT MHOKHMHH 32
JIAHUM TIpaBWJIOM. Pe3ynbTylouy HEWiTKy MHOXXHHY, IO BiJIOBiIA€ JIOTIYHOMY
BUBEJICHHIO 3a BCIMa IpaBWIaMM, [OKa3aHO B HIDKHbOMY IHPSIMOKYTHHKY
OCTaHHBOT'O CTOBMI TpadidHOro BikHA. Y IBOMY X MNPSIMOKYTHHUKY YepBOHA
BEepTUKalbHA JHIA BIgNOBIiJa€ YITKOMY 3HAYCHHIO JIOTIYHOTO BHUBEICHHS,
OTPHMAHOTO B Pe3yINbTaTi Acdasudikarrii.

VYBeneHHsS 3HAa4YeHb BXIMHUX 3MIHHHX MOXE 3AIHCHIOBAaTHCSA J(BOMaA
Croco0amu: IIUIIXOM YBEJCHHS YHCENBHHUX 3HaueHb y mose Input; 3a momomororo
MHUII, MUITXOM TepeMileHHS TiHIH-TTOKaXIUKiB YEPBOHOTO KOIBOPY.

B ocranHpOMY BHIaIKy HEOOXiTHO MO3UIIOHYBATH KYPCOP MUIII Ha YePBOHIH
BEPTUKANIBHII JIiHI[, HATUCHYTH Ha JiBY KHOIIKY MHIII 1 He BiAlycKarouu Hei
MEePEMICTHTH MOKKIHMK Ha MOTPIOHY mo3uiliro. HoBe uncenbHe 3HAYCHHS BiAMOBIIHOT
BXi/IHOT 3MiHHOI Oyie TIepesiueH0 aBTOMAaTHYHO 1 BUBeJIeHe Y BikHO Input.

Y mnone Plot points 3amaeTbCsi KUIbKICTh KpaloK JAWUCKpeTH3alii uist
o0y 10BU TpadikiB GyHKIIN TPUHATICIKHOCTI. 3HAUCHHS 32 3aMoBuyBaHHsIM — 101.

Menro Edit:

Komanma FIS Properties...BinkpuBae FIS-pemaktop. Lls xomanma Mosxe
OyTH TakoX BUKOHaHa HaTuckaHHsaM Ctrl+1.

Komanma Membership  Functions...BigkpuBae pemaktop  (GYHKIIN
npuHanexHoctel. Ll komana Moke OyTH TakoX BUKOHaHa HaTucKaHHAM Ctrl+2.

Komanna Rules...BinkpuBae penakrop 6a3u 3HaHb. L[ koMaHna Moxxe OyTH
TaKOX BUKOHaHAa HaTUCKaHHAM Ctrl+3.

Mento Options MICTUTB TiIbKM OnHY KomaHmy Format, mo mo3Bomsie
YCTaHOBWTH OJMH 3 HACTYIHHX (OPMATiB BUBEACHHS 00OpaHOTO MIPABUIO B HIDKHII
yacTuHI TpadiuHoro BikHa: Verbose - miHrBictuuHmMi; Symbolic — moriuamii;
Indexed — inmexcoBaHwMii.

B.6 ANFIS-pegakrop

ANFIS € abpesiatyporo Adaptive Neuro-Fuzzy Inference System -—
ajanTuBHa Helpo-Heuitka cuctema. ANFIS-penakTop n03Bossie aBTOMAaTHYHO
CHHTE3YBaTH 3 EKCIIEPUMEHTAIBHHUX JJaHUX HEHpo-HewiTKi Mepexi. Helipo-HeuiTky
MEpEeXy MOKHA PO3IVISAATH SK OJUH 3 PI3SHOBHIIB CHCTEM HEYITKOTO JIOT1YHOTO



45

BuBeaeHHs Tury CyreHo. Ilpm mpoMy ¢yHKOii NPHHAISKHOCTI CHHTE30BAHHUX
CHCTEM HaJlaro[DKCHO (HABYEHO) TaK, O[O0 MiHIMI3yBaTH BIIXWJICHHA MiX
pe3yJbTaTaMy HeYiTKOTO MOJICIIFOBaHHS W eKCIePUMEHTAIbHHUX JAHUX.

3aBantaxkeHHs ANFIS-penakTopa 3milicHIOeThCS 32 KoMaHzok0 anfisedit. ¥V
pe3ynbTaTi BUKOHAHHA Ii€l KOMaHIN 3'ABUTHCS TpadidHe BiKHO, 300pakeHEe Ha
puc. B.7. Ha mpomy x pHCyHKy 3a3HaueHO (¢yHKIioHampHI obmacti ANFIS-
penaKkTopa, OIUC SIKUX MPUBEACHO HIKYE.

[ O6nacTtb Bisyanisauyji ] [ O6nactb Bnactusoctein ANFIS
<) Anfis Editor: Untitled o [=] |
File Edit View
AMFIS Info.  —
1
# of inputs: 1
08 # of outputs: 1
# of input mfs:
0.6 3
0.4
O6nacTb 02
3apaHTa- Structure
HKEHHA 0 ; : 3 : ! Clear Plot
naHux o 0.2 0.4 0.6 08 1
™ Load data Generate FIS  — Train FIS — TestFIS
Tupe: Fitm ; Optim. Method:
& Training " Load from disk hybrid A I Plot against:
- £+ disk. " Load from worksp, Error Tolerance: % Training data
& Grid partii m || Tes
P Checking [ woihen r: Grid partltu:-rju - 2 Testlng data
 Demo Sub. clustering E Checking data
Load Data.. | Clear Data | Generate FIS ... | Train Mow | fTesl Now |
! i i
7 ] / | [ Help If Close | |
e I ] ¥
O6nacTe BMBEAEHHS O6nactb ObnacTb Obnactb
NOTO4HOT iHchopMaLii reHepauyi HaB4aHHA TECTyBaHHA
BuxigHoi FIS

v

Pucynok B.7 - OcHoBhe BikHO ANFIS-penakropa

ANFIS-penakTop mictute 3 BepxHix mento - File, Edit i View, oGnactb
Bizyamizanii, ob6macte BnactmBocTeid ANFIS, o06macTh 3aBaHTaXeHHsI JTAaHHUX,
00acTeh TEHEepyBaHHS BHUXITHOI CHCTEMH HEYITKOTO JIOTIYHOTO BHBEICHHS,
obnacTh HaB4YaHHS, OOJAcCTh TECTyBaHHs, OO0JAacTh BHBEIEHHS IOTOYHOL
indopmarii, a Takoxx kHomku Help i Close, 1m0 103BOJISIIOTh BUKIWKATH BiKHO
noBiaku i 3akputu ANFIS-pemaktop, BimoBigHo.
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Menio Edit:

Komanma Undo ckacoBye panime 3po0ieHy airo. BUKOHYETbCS TakoX IO
HatuckasHio Ctrl+Z.

Komanma FIS Properties...BigkpuBae FIS-pemakrop. s xomanma Moxe
OyTH TakoX BUKOHaHa HaTUCKaHHAM Ctrl+1.

Komanma Membership  Functions...BigkpuBae pemaktop  (GYyHKIIN
npuHaiexHocTi. L{sg komanaa Moxke OyTH Tako BUKOHaHa HaTUCKaHHIM Ctrl+2.

Komanna Rules...BinkpuBae penaktop 0a3u 3HaHb. 11 komaHna Moxe OyTu
TaKOX BUKOHaHA HaTUcKaHHIM Ctrl+3.

Komannma Anfis...BinkpuBae ANFIS-penakrop. s komanna moxe OyTH
TaKOX BUKOHaHa HaTuckaHHsAM Ctrl+3. TTomiTumo, 0 TaHa KOMaHa, 3aMyIicHa 3
ANFIS-penakropa He NPUBOIUTH O BHKOHAHHS SKHUX-HEOyab [ili, Tak 1ei
pemakrop yxe Bigkpurtud. OpnHak, y wMenro Edit iammx GUI-mMonymis,
BUKOPHCTOBYBAaHHMX 13 CHCTEMaMH HEYITKOTO JIOTIYHOTO BHUBEJCHHS, IOAAETHCS
komaHga Anfis...,mo mo3Boisie Bimkputu ANFIS-penakTop 3 mux MoIydiB.

Obnacme  6izyanizayii MICTUTH JIBA THNH iH(GOpMAINi: TPH HaBUYAHHI
CHUCTEMHU — KpHBa HAaBUaHHS y BUI rpadika 3a1e:KHOCTI MOMHJIKH HaBYAHHS Bif
MOPSIIKOBOTO HOMEpa iTeparii; mpy 3aBaHTAXKCHHI JaHUX 1 TeCTyBaHHI CHCTEMH —
eKCIIepUMEHTAIIbHI JaHI 1 pe3yJIbTaTH MOJICTFOBAHHSL.

ExcriepumeHTanbHi AaHi 1 pe3yiabTaTH MOJCIIOBAHHS BHBOJSATHCS y BHI
MHOKMHHM KpaloK y JBOBHMipHOMY mnpoctopi. Ilpu npomy mno Bici aOuuc
BIJIKJTAJIA€THCS MTOPSAIKOBUN HOMED PsKa MaHWX y BHOIpI (HAaBYAIbHOI, TECTOBOL
ab0 KOHTPOJIbHOIT), @ TI0 OCI OPIMHAT - 3HAYCHHS BUXIAHOI 3MIHHOI JUIsl JAHOTO
psinka BUOIpKH. BHKOPHUCTOBYIOTHCSI HACTYIHI MapKepH: OnakutHa kpanka (.) —
TECTOBa BHOIpKa; OJNAKUTHA OKPYXKHICTH (0) — HaByUaJbHA BHOIpKa; ONAKUTHHI
mmnoc (+) — KOHTpOJbHAa BHOIpKa; dYepBOoHa 3ipouka (*) — pe3ynbpTaTé
MO/ICTIFOBAHHSL.

B obnacmi enacmusocmeii ANFIS (ANFIS info) BuBomuThes iH(pOpMAaIis
IpO KIIBKICTh BXIHUX 1 BHXIJHMX 3MIHHHX, NP0 KUIBKICTh (yHKIIH
MIPUHAJICKHOCTI 711 KOXKHOI BXiTHHHA 3MiHHHMH, a TaKOX NMPO KUTBKICTh PSNKIB y
BuOipkax. Y miif obmacti po3ramosani aBi kHomku Structure i Clear Plot.

Haruckanas xHomku Structure BimT4uWHsIE HOBE TpadidHe BiKHO, y SKOMY
CHCT€Ma HEYITKOTO JIOTIYHOTO BWBEICHHS NPEACTaBIA€ y BHAI HEHpPO-HEWIiTKOT
Mmepexi. Hatuckanns kaonku Clear Plot 1o3Bonse ounctuTr 001aCTh Bisyamizamii.

B obracmi 3asanmascenns oanux (Load data) po3ramoBaHi: MeHIO BUOOPY
tunty nanux (Type), mo mictuts anbrepHatuBu (Traning - HaBuaibHa BHOIpKa;
Testing - TtecroBa BuOipka; Checking - koHTponeHa BuOipka; Demo -
JIEMOHCTpalilHu{ NPHUKIIaN); MEHIO BHOOpY /kepena paHux (From), mo mictuth
anprepHatuBu (disk — muck; worksp. - poboua oGmacte MatlLab); kHomka
3aBaHTaXeHHs1 naHmx Load Data..., Mo HaTHCKaHHIO SIKOi 3'IBISIETHCS JliaJIOTOBE
BikHO BHOOpY (aiiiny, SIKIO 3aBaHTa)XEHHS IaHUX BiJOYBAETHCS 3 JHUCKa, a00 BIKHO
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BBEIICHHS ifeHTH(iKaTopa BUOIPKH, SKIIO 3aBaHTAXCHHA NaHWX IOXOAWUTH 3
pobouoi obmacTi; kHonka ountieHHs naHux Clear Data.

B o6racmi eenmepysanns (Generate FIS) posrtamoBani MeHo BHOOPY
croco0y CTBOPEHHS BUXiTHOI CHCTEMH HEYITKOTO JIOTIYHOTO BHBEICHHA. MEHIO
MIiCTHTh HacTymHI amprepHatuBu: Load from disk — 3aBaHTakeHHS cucteMu 3
mucka; Load from worksp. — 3aBaHTa)keHHs cuctemMu 3 pobodoi obmacti MatLab;
Grid partition - resepyBanust cucremu 1o Metony rpat (6e3 kimacrepusaiii); Sub.
clustering — reHepyBaHHs CHCTEMH 3a METOZOM CYOKJIaCTEpHU3allii.

B obnacti Takox posramoBaHa kHomka Generate, 0 HaTUCKaHHIO SIKOT
TCHEPYETHCS BUXIJHA CHCTEMA HEYITKOT'O JIOTIYHOTO BUBE/ICHHS.

ITpu Bubopi Load from disk 3'sBnsieTbest cTaHmapTHe JiajloroBe BIKHO
BIAKpUTTS (aiiny.

IIpu Bubopi Load from worksp. 3'aBnsieTbcsl cTaHmApTHE AiaJOTOBE BiKHO
BBEIICHHS 1ICHTU(]IKaTOpa CHCTEMH HEUiTKOTO JIOT1YHOTO BUBEACHHS.

Ipu Bubopi Grid partition 3'IBISAE€THCSA BIKHO BBEACHHS IapaMETPiB METOAY
Ipat, y SKOMY HOTpPiOHO BKa3aTH KUIBKICTH TEPMIB IJIs KOXKCH BXITHUH 3MIiHHOI 1
U (QYHKIH TPUHANIEKHOCTI T BXiTHUX 1 BUXITHOI 3MiHHUX.

IIpu BuGopi Sub. clustering 3'SBIAETbCS BIKHO BBEICHHS HACTYITHHX
napameTpiB Metony cyokimacrepusaiii: Range of influence — piBHi BIUIMBY BXiJHHX
3MinHKX; Squash factor — koeditieHT npurniueHHs; Accept ratio — koeQili€eHT, 10
BCTAHOBJIIOE Y CKUIBKM pasiB TOTEHIaNn JaHOI TOYKH IMOBHHHUI OyTH BHIIE
MOTEHIiaJly LEeHTpa MepuIoro KiacTepa Uil TOro, Hio0 LEHTPOM OJHOro 3
KJacTepiB Oyia mpH3HAueHa PO3MIAHYTa TOYKa; Reject ratio - koedillieHT, 110
BCTAQHOBJIFOE y CKUIBKOX pa3iB MOTEHILIaJ AaHOI TOYKM MOBHHHHHA OyTH HIXKYE
NOTEHLIay IIEHTpa MEePIIOro KiacTepa, o0 po3risiHyTa TOYKa Oyiia BUKIIOYEHA 3
MOJKJIMBUX LEHTPIB KIIaCTEPiB.

B obnacmi uasuanna (Train FIS) posramoBani MeHIO BHOOPY METOIY
orntumizamii (Optim. method), mone 3aBmaHHS HEOOXITHOI TOYHOCTI HABYAHHS
(Error tolerance), nose 3aBnaHHs KinbKocTi itepaniii HaByanHs (Epochs) i kHomka
Train Now, HaTHCKaHHS SKOTO 3allyCKae peKUM HaBuaHHS. [IpoMiXHI pe3ynpTaTn
HaBYaHHS BUBOMATHCS B 00JIacTh Bi3yamizamii i y pobody obmacte MatlLab. ¥V
ANFIS-penakTopi pearnizoBani JBa Meroau HaB4aHHs: backpropa — meron
3BOPOTHOTO IMOUIMPEHHs MOMHJIKH, 3aCHOBAaHMH Ha ifessX METOJy HaMIIBHIIIOrO
cmycka; hybrid — riGpugHuit METOM, MO MOETHYE METOJI 3BOPOTHOTO MOIIUPEHHS
MOMHJIKH 3 METOJIOM HaWMEHIIINX KBaJIpaTiB.

B obaacmi mecmysanna (Test FIS) po3ramosani MeHio BuOOpy BHOIpKH i
kHomka Test Now, 10 HaTHUCKaHHIO MO SIKMH BiOYBAa€ThCs TECTyBaHHS HEYITKOI
CHCTEMH 3 BUBEICHHS PE3yJIbTaTIB B 00JIaCTh Bi3yasizallii.

Obnacmo  eusedenHss nomoyHoi iHgopmayii: y Ui 00IacTi BUBOIUTHCS
HaWOLIBII icTOTHA MOTOYHA iH(OpMALlis, HATPUKIIA/, OBIIOMIICHHS PO 3aKIHYEHHS
BUKOHAHHI ONepariid, 3Ha4eHHs IIOMWJIKK Y1 HAaBYaHHS TECTYBAaHHS 1 T.II.
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B.7 ®ynkuii Fuzzy Logic Toolbox

Oynkii, mo BxomaTh mo Moxayns Fuzzy Logic Toolbox Moxyrs OyTu
BUKJIMKaHI 3 KOMaHIHOTO pagka. s orpuMaHHs meperiky (QyHKIIH ciaix BBeCTH
komaHny: help fuzzy. HaBenemo kopotkwmit orisin pyHkmiit momyns Fuzzy Logic.

Pedaxmopu 3 epagiunum  inmepgheticom kopucmysaua: anfisedit -
iHCTpyMeHT aist HaByaHHS Ta TectyBaHHs ANFIS; findcluster - iHcTpymMeHT s
knacrepusanii; fuzzy - 0aszoBumit pemaktop FIS; mfedit - pemaktop ¢yHKIii
npuHanexHocti; ruleedit - pemakTop Ta aHamizaTop mpaBwi; ruleview -
JEMOHCTpATop TMpaBWi Ta JiarpaM Hewitkoro BuBeaeHHs; surfview -
JIEMOHCTPATOP BUXITHOT TIOBEPXHI.

@yuryii npunanexcnocmi: dsigmf, gauss2mf, gaussmf, gbellmf, pimf,
psigmf, smf, sigmf, trapmf, trimf, zmf.

Monynes Fuzzy Logic Toolbox nakery MATLAB Bkirouae 11 yOoymoBaHux
(hyHKIIH TPUHATICKHOCTI, 0 BUKOPUCTOBYIOTH TaKi OCHOBHI (PYHKIIii: KyCOYHO-
JiHIHHY; TayCIBCBKIN pO3MOILN; CHTMOITHY KPHUBY; KBaIpaTUIHY Ta KyOi4HY KPHUBI.

Jus  3pydHOCTI iMeHa BCiX YOyZOBaHMX (YHKIIH NPHUHAICKHOCTI
3aKkiHgyroThcsd Ha mf. Bukimk (yHKI{ mpuHAIEKHOCTI 3MIMCHIOETBCS B TaKWi
cnoci6:  namemf(x, params), 1ae namemf-— HaliMeHyBaHHS  (YHKIIT
MPHUHAJIEKHOCTI; X — BEKTOp, Ul KOOPAMHAT SIKOTO HEOOXiIHO po3paxyBaTH
3HauYeHHs (yYHKUIi NPHHANEKHOCTI; params— BEKTOp mapamerpiB QyHkuii
MPHUHAJIEKHOCTI.

Haiinpocrimi  ¢yskuii  npunanexHocti  mpuxymua  (trimf) i
mpaneyienodiona (trapmf) (GopMyrOTECS 3 BHUKOPHCTAHHSIM KyCOYHO-IiHIHHOT
anpokcuMarii. TparenienoniOna (GYHKIiS TPUHAICKHOCTI € y3aralbHECHHIM
TPUKYTHOI, BOHA JIO3BOJISIE 3a/IaBaTH SIPO HEWITKOT MHOXWHH Yy BUJI iHTEepBaly. ¥
BUTIAJIKY TparenienoaioHoi (yHKIii MpUHAIC)KHOCTI MOXIIMBA HACTYIHA 3pydYHA
IHTEepIpeTalis: SIp0 HEYITKOI MHOXHHH — ONTHMICTHYHA OIiHKA; HOCIH HEUiTKOI
MHO>XMHH — TIECUMICTHYHA OIiHKA.

JBi ¢yHKIIT TpUHANEKHOCTI — cumempuuna eayciscoka (gaussmf) i
0socmoponus eayciecoka (gaussmf) GopMyrOTbCs 3 BUKOPUCTAHHSIM T'ayCiBCHKOTO
posnomimy. @DyHkIis gaussmf 103BOJIIE 3a7aBaTH  ACHMETPHYHI  (QYHKIIIT
MPUHANISKHOCTI.  Y3araJibHeHa KOJOKOJooOpa3Ha (yHKINSI TPHUHAIEKHOCTI
(gbellmf) 3a cBoero opmoro cxoka Ha TayciBebki. Ili QyHKIIT mpHUHATEKHOCTI
4acTO BHKOPHUCTOBYIOTHCS B HEUITKMX CHCTEMax, TOMY IO Ha BCiid 00JacTi
BU3HAYECHHS BOHH € TJIaJKUMU 1 IPUIMaIOTh HEHYJIbOBI 3HAYECHHS.

Oynkuii npunanexnocti sigmf, dsigmf, psigmf 3acHoBaHi Ha BUKOpUCTaHHI
cuemoionoi kpusoi. 11i ¢pynkuii 1o3Bossiots hopMyBaTn QyHKLIT NPUHAIEKHOCTI,
3HAUCHHS SIKUX IOYMHAIOYH 3 JISSIKOTO 3HAYCHHS apryMeHTy 1 1o +(-) oo piBHi 1.
Taxi ¢yHKUI{ 3pyyHi Al 3aBAaHHS JIHTBICTHYHUX TEPMIB THITy «BHUCOKHil» abo
«HU3BKHI».
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Honinomianvua anpoxcumayis 3aCTOCOBYEThCS TpH (OPMYBaHHI (YHKIIIH
zmf, pimf i smf, rpadiuni 300paxeHHs skux cxoxi Ha QyHkuii sigmf, dsigmf,
psigmf, BigmoBigHO.

VYV Fuzzy Logic Toolbox mepenbaueHa MOXKIHBICTH IJII KOPHCTyBada
CTBOPCHHS BJIACHOI (YHKIIi MpHUHAIEKHOCTI. J{J1s hOTO HEOOXITHO CTBOPUTH M-
(hyHKIIifO, MO0 MICTHTH JBa BXIIHWUX apryMEHTH — BEKTOp, JJIS KOOPAWHAT SKOTO
HEoOXiJTHO po3paxyBaTH 3Ha4eHHs (yHKIIi MPUHAJIEKHOCTI 1 BEKTOp HapaMeTpiB
¢yHKIIT nprHANEXKHOCTI. BUXiTHUM apryMeHToM (QYHKII{ MOBUHHHUN OYTH BEKTOD
CTYIEHIB MPUHAJISKHOCTI.

Oyuxyii FIS: addmf - nomae dynukuito mpunanexsocti go FIS; addrule -
nonae npaswio g0 FIS; addvar - momae 3minny g0 FIS; defuzz - medysudikye
(hYHKIIIO MpUHATESKHOCTI; evalfis - 3miiicHI0e OOYUCIICHHS HEYiTKOTO BHBEICHHS,
evalmf - oOumcnioe (yHKIiIO NpUHANEKHOCTI; gensurf - TeHepye MOBEPXHIO
Buxoxay FIS; getfis - moBeprae BmacTuBocCTi HewiTKOI cuctemu; mf2mf - TpaHCTIOE
mapamMeTpu MiK (QYHKIISIME TpHUHHAJICKHOCTI; newfis - crBopioe HOBY FIS;
parsrule - anamisye HeuiTki npasuina; plotfis - mokasye miarpamy "BXif-Buxin" s
FIS; plotmf - moka3ye yci ¢yHkuii npuHanexHocti aist oxuHiei 3minHo1; readfis -
3aBaHTaxye FIS 3 gucky; rmmf - Bunanse ¢pyHkuiro npuraaizexHocTi 3 FIS; rmvar -
Bupansie 3MinHy 3 FIS; setfis - BCTaHOBJIIOE BIACTHBOCTI HEYITKOI CHCTEMH;
showfis - mokasye anotosany FIS; showrule - BimoOpaxye npasuna FIS; writefis -
30epirae FIS Ha nucky.

Oynkuis output=evalfis(input, fis, numofpoints). BUKoHye 0OUUCICHHS IS
BUOIDKM €K3eMIULIpIB 32 JOINOMOTOI BKa3aHOi HEHpO-HEeWITKOT Mepexi.
PesynbratoMm € oOumcieHi BUXOMW (YHKINI, SKy ampoKCUMYye HeHpo-HediTka
Mepexa. ApryMEHTH Ta pe3yabTaT (PYHKIII: input - BXOAW 00YHCITIOBAHOT BHOIPKH;
fis - Heilipo-HeuiTka Mepexa; numofpoints - KiJIbKiCTh TOYOK JUIsi MPOBEICHHS
nedasudikarmii (pekoMeHIyeThcsi Opatn 3HaueHHs He MeHme 100, 3MeHmIeHHS
IIbOTO TApaMeTPy MPUCKOPIOE MPOIleC 00UNCIIeHB, alle 3MEHIIY€E TOUHICTh); output
- 00YHCJIEHI BUXOM;

Bubipku maHux Ta HEHPO-HEUITKI Mepexi, 3 SAKUMH TPAIIOI0Th OMHCAaHi
¢ysakuii moBuHHI 30epiratucs B pobouiii obmacti MATLAB (B onepaTuBHii
mam’saTi). B cToBmIMIX Marpuipb, OO0 MPEACTaBIsAOTh €000 BHOIPKH,
30epiraroTbcs 3HaUCHHS BXOMIB (O3HAK) Ta BHUXOMIB, B PSAAKAX - EK3EMIUILIPU
BUOIpKH.

s 3aBaHTaxeHHSA BHOIPOK 3 AWCKY abo 3ammcy Ha JUCK HEOOXiTHO
BukopuctoByBaTH komanny MATLAB: s=load(filename), sika. 3aBaHTa)Kye BMicCT
¢aiiny B 3miHHy s. @ynkuis save(filename, s). 30epirae 3mMiHHy s y daii.

Jns MOXIJIMBOCTI BHKOPUCTAHHS CTBOPEHOI HEWpO-HEWiTKOI Mepexi B
HACTYITHHX ceaHcax poOoTHM abo BUKOPUCTAHHS MeEpexXi 3 MONepeaHiX Ciijx
BUKOpHCTOBYBaTH  Taki  ¢QyHkuii  moxyms  Fuzzy  Logic  Toolbox:
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writefis(fis,filename) - 36epirae wHelipo-HeuiTky Mepexy fis B daiin;
fis=readfis(filename) - 3aBanTaxye 3 (aiiny Helipo-HETITKY MEpEKy B 3MiHHY fis.

Ilepedosi mexnonocii: anfis - ¢ynkiis HaBuanus s cuctemu CyreHo;
¢dyskmii kmacrep-aHanmizy: fcem, genfisl, genfis2; subclust.

Pisni ¢hynxyii: convertfis - meperBopro€ HEUITKYy MATPHILIO CTPYKTYpH
Bepcii 1.0 y marpuito crpykrypu Bepcii 2.0; discfis - nuckperusye FIS; evalmmf -
BUKOPHCTOBYETBCSL JJIsI OOYHMCIEHHS MHOXMHHHUX (YHKLIH NpPHHAIEKHOCTI;
fstrvcat- moemnye wmatpumi pisHOro posmipy; fuzarith - QyHkmis HewiTkol
apupmernky; findrow - mnrykae psAKM MaTpuii, IO BiJINOBIAIOTH BXiJHOMY
psIKy; genparam - IeHEpye IOYATKOBI MapaMeTpy MNEepeIyMOB JUIsl HaBYaHHS
ANFIS; probor - imoBipaicae ABO; sugmax - MakCUMalIbHUI BUXiJHU Aiana3oH
Jutst cuctemu CyreHo.

Oyuknis C = fuzarith(X, A, B, OPERATOR) peanizye 6a30Bi omepariii
HEYITKOI JIOTIKM Ta HOBEpTae HEUITKy MHOXHHY C SK pe3ynbTaT 3aCTOCYBaHHS
omeparopa OPERATOR 1o HewiTknx MHOXKHUH A Ta B 3 yHiBepcaabHOT MHOXIHH
X. 3minai A, B T1a X MaioTeh OyTH BEKTOpaMH OIHAKOBOI PO3MIipHOCTI.
OPERATOR wmae Oyt ogHAM 3 psAKiB: 'sum' - cyMma, 'sub' - BupaxyBanss, 'prod' -
nobyrtok, 'div' - mimeHHs. Hewitka MHOXuHa C, sKa TOBEPTAETHCS, € BEKTOP-
croBnueM Tiei € JoBkuHM, mo # A Tta B. 3ayBaxkumo, mo us (yHKIis
BUKOPHCTOBYE IHTEpBaIbHY apu(MeTHKy Ta nependavae, mo: A ta B € onykiaumu
HEYITKMMHU MHOXHMHaMU; GyHKii npuHanexHocTi 1yt A Ta B mo3a X € Hynem.

Jlonomidsicni  pynxyii  epagiuno2o  KOpUCMY8ANbHUYLKO20 iHmepgelicy:
cmfdlg - momae mianor BuGopy dyHkmii nmpuHanexxHocti; cmthdlg - momae miamor
BHOOPY METOIy BHBEINCHHS; fisgui - NUCKpHUIITOPHE MOCHJIAHHSA Ha iHTepdeicHi
3acobu moxyns Fuzzy Logic Toolbox; gfmfdlg - renepye FIS 3 BukopucranusIM
nmiamory merony TIpat; mfdlg- momae miamor ¢yHkmii mpuHamexHocTi; mfdrag -
nepeTsaryBaHHs (YHKIIT TPHHAIEKHOCTI 3a JONOMOror Muir; popundo -
BITHOBJIFOE 31 CTEKy OCTaHHI 3MiHM (BiAMiHs€ ocTaHHI fii); pushundo- mepenae
NOTOYHI AaHi y CTeK BimHOBIeHHs; savedlg - miajor 3amucy mepen 3aKpHUTTAM;
statmsg - 300pakye MOBiIOMIJIGHHSI Yy TOJIi cTarycy; updtfis - oHOBIOE 3acobu
rpadigroro intepoeiicy Fuzzy Logic Toolbox; wsdlg- miamor "Bimkpurrs 3" /
"30epexeHHs 10" pobovoi 061acTi.



