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3ATAJIBHI TOJIOKEHHSA

JlaHe BUIaHHS MIPU3HAYEHE JJIS1 BABUCHHS Ta MPAKTHYHOTO OCBOEHHS
CTyIeHTaMH ycix (opM HaBUYaHHSI TEOPETHYHMX OCHOB Ta MPAKTUYHUX Ha-
BHYOK 1 BMiHb 3 HABYQJIBHOI JIUCIIUIUTIHM IUITXOM BHKOHAHHS PO3PaxyHKO-
BO-rpadiuHUX 3aBJaHb.

Po3paxyHkoBo-rpadiuHe 3aBIaHHS € PI3HOBUIAOM IHJMBIIyaTbHUX
3aBJIaHb, 110 BUKOHYIOTHCS 3 OKPEMHX HaBUAIbHUX AUCHUIUIIH CTYACHTaMH
CaMOCTIHHO TPY KOHCYJIbTYBaHHI BUKJIQIayeM.

CTyIeHT BUKOHYE pO3paxyHKOBO-TpadiuHe 3aBAaHHS MPOTATOM Ce-
MECTpY BIANOBIZHO 10 BapiaHTy 3aBJaHHs, HAAAHOTO BUKJIAJavyeM Ha IO0-
4aTKy ceMecTpy.

[Ipu BUKOHaHHI PO3pPaxyHKOBO-TPapiyHOrO 3aBAaHHS CTYJCHT Mae
BHUKOPUCTOBYBATH KOHCIIEKT JIEKI[if Ta pEKOMEHIOBaHY JIITEpaTypy.

Jlyis oiep>kaHHS OI[IHKM 32 BHKOHaHE PO3pPaxyHKOBO-TpadiyHe 3a-
BIAHHS 3/1a€ BUKJIaJady HUIKOM O(OpMIICHUH 3BiT, a TAKOXX ONTHYHHHA HO-
cii (CD a6o DVD) y ¢opmari MS-DOS / Windows, nepeBipeHuii Ha
BIJICYTHICTh BipYyCiB, 3 TEKCTaMH pPO3pOOJIEHUX Mporpam, QaiiaaMu mpo-
rpam, U0 BUKOHYIOThCA, (aiiilaMu JaHUX 1 TEKCTOM 3BITY.

3BiT Ma€ MiCTUTH:

— TUTYJIBHUHN apKyll (Ha HbOMY BKa3yIOTh Ha3BYy MiHiCTEpCTBa, Ha3BY
YHIBEPCUTETY, Ha3By Kadenpu, BUJ 1 TeMy pOOOTH, BUKOHABISI Ta 0CO0Y,
IO MPUIMAE 3BiT, PiK — MPUKIIa] 0OPMIICHHS HABEJCHO Y I0JaTKy A);

— MEeTy, HOMep BapiaHTy i (OpMyTIOBAaHHS BHPIIIYBaHOTO 3aBAAHHS;

— JIAKOHIYHUH OMKMC BUKPUCTOBYBAHHUX TEOPETHYHHX BiJIOMOCTEH;

— TEKCT MPOrpamu, 110 00OB'I3KOBO MICTUTh KOMEHTapi;

— BXIiJIHI Ta BUXIJIHI JaHi Tporpamu;

— 3MICTOBHHUH aHaJi3 OTPUMAHUX PE3yJbTATIB Ta BUCHOBKH.

3BiT BUKOHYIOTH Ha Oimomy mamnepi ¢opmary A4 (210 x 297 mm).
TekcT po3MIlIYIOTh TUIBKU 3 0fHi€T cropoHu mucta. [lons cTopinkm 3 ycix
00kiB — 20 MM. ApKYIIIi CKPITUTIOIOTH 3a JIOIIOMOTOK KaHIIEISIPChKUX CKpi-
nok. Jlo3BONSIETHCS BUKOHAHHS 3BITY YpY4YHY, Ha JIPYKapChKid MarnHI
a00 IUITXOM KOMIT IOTEPHOr0 HabOpy i3 PO3JPYKIBKOIO Ha MpHHTEPI (pe-
KOMCH/JIOBaHU 1 BHJI BUKOHAHHS) — 32 BUOOPOM CTY/ICHTA.

[Tpu BUKOHaHHI 3BITY i3 3aCTOCYBaHHAM KOMIT IOTEPHOI TEXHIKU IS
Ha0oOpy TEKCTy 3BITY BHKOPHCTOBYIOTH pernaktop MS Word (Bepcii 97 i
Bumie) abo cymicHuilt 3 HEM. [lapamerpu TEKCTY JOKYMEHTY: rapHiTypa



mpudty — Times New Roman, pozimip mpudty: 14 myHKTIB — 1Jis1 TEKCTY
3BiTy, 10 MyHKTIB — U1 PO3APYKIBOK MPOrpaM Ta BEIHKHX TaOIHIlb, MiX-
PSIKOBHM iHTEpBal: MOMYTOPHUH — JIsl TEKCTY 3BiTY, OOMHAPHUNA — JUIS
JUCTUHTIB TpOrpaM, TaOIWIb 1 PO3APYKIBOK AaHWX, ab3alHUM BigcTym
BCTaHOBMIOIOTH 1,5 cM. Tabnuii 1 puCyHKH Ta Tepeik nocuiaHb 0(hopM-
JIFOIOTH BiJITIOBITHO JI0 YMHHUX CTAHIAPTIB.

[Nonganuii 3BIT 3 BUKOHAHHS PO3PaxyHKOBO-TpapiyHOTO 3aBIaHHS Ta
nporpaMHe 3a0e3nedeHHs] Ha BiANOBIIHUX HOCISIX MepeBipsieThCs BUKIA A~
YeM Ta 3aXHUIIAETHCSA CTYJACHTOM IUISXOM YCHOI a00 MMCBMORBOI BilMOBimi
Ha MMHUTaHHS BHUKJIAJa4a 1 IEMOHCTpaIlii poOoTH po3po0JIEHOr0 MPOrpaMHO-
ro 3abe3neuenns Ha EOM.

[lig yac cmiBOecii CTYACHT MOBUHHHUI BUSBUTH 3HAHHS MIPO METY
BHKOHYBaHOT'O 3aBJaHHs, 110 TEOPETUYHOMY MaTepiany, Ipo METOJH BUKO-
HaHHS KOXKHOTO €TaIry poOOTH, TI0 3MICTY OCHOBHHUX PO3JILIIB PO3p0OIICHO-
ro 3BITY 3 JIEMOHCTPAIII€I0 PE3YJIbTATIB Ha KOHKpPETHUX npukiagax. Cty-
JICHT MTOBUHEH BMITH NPAaBUJIHHO aHAJII3yBaTH OTPUMaHI pe3yIbTaTH.

OIiHIOBaHHS PO3PaXyHKOBO-TPaivHOTO 3aBIaHHS 3/IHCHIOETHCS
BHKJIa/Ia4€M 3a TaKOIO MIKaJIOKO:

—"He3aJI0BUILHO" — CTYJICHT HE BHUKOHAB, BUKOHAB HE MOBHICTIO YM
HeMpaBWJILHO BUKOHAB MOCTABIICHE 3aBJaHHs a00 He 37aTeH MOSICHUTH Xil
HOro BUKOHAHHS, a TAaKOX y BUMAJAKY BUSBICHHs rJariaty (crmpoba 3maudi
9yK01 po0OTH);

—"3aJJOBUIBHO" — CTY/IGHT B LIIOMY BHKOHAB i 3aXUCTHB MOCTaBJICHE
3aBJIaHHA, aJie 3 TPyOMMH IOMHIIIKaMU (y TOMY YHCITi B 0 OpMIIEHH] 3BITY);

—"3aJJOBUIBHO" — CTY/IGHT B LIIOMY BHKOHAB i 3aXUCTHB MOCTaBJICHE
3aBJIaHHA, alieé 3 He3HAYHUMH MOMWJIKaMu (y TOMY 4HCIi B oQOpMIIEHHI
3BITY);

— "BiIMIHHO" — — CTYJICHT B IIJIOMY BHKOHAB 1 3aXHUCTHB MOCTaBJICHE
3aBJlaHHA, alie 3 HE3HAYHUMH MOMWIKaMu (y TOMY 4HCIi B oQOpMIIEHHI
3BITY).

[epesnaya po3paxyHKOBO-rpadiyHOrO 3aBAaHHS CTYJISHTOM 3iiic-
HIOETHCS JIMIIE Y BUMAKy OTPUMaHHS HUM OILIIHKY "He3aI0BUIHHO".



1 PO3PAXYHKOBA YACTHUHA 3ABJIAHHSA

Meta po6oTH: BUBUMTH Ta 3aCBOITH HA MPAKTULI MPUHIUMH T00Y-
JIOBU HeWpo-HediTKuX Mepex y nmakeri MATLAB, HaBuuTHCS CTBOpIOBATH
Ta BUKOPHCTOBYBATH IPOrpaMHi 3aco0M, MIO peaji3yloTh MOAENi HeHpo-
HEUITKHUX MEPEK Ta METOJIH 1X HaBUAHHS.

HOpHI[OK BUKOHAaHHHA p03paxymc030'1' YaCTHUHHU 3aBAAaHHHA

1. O3HallOMHUTHCS 3 KOHCIIEKTOM JICKI[il Ta PEKOMEHIOBAHOIO JIiTe-

paTyporo.

2. 3rigHO 3 HOMEPOM iHIMBIAYaJIbHOTO BapiaHTa CTyJEHTa 3a XKyp-
HAJIOM 3reHepyBaTH HaBYalody Ta TECTOBY BUOIpkM nanux. Hexalh V — Ho-
Mep CTyJIEHTa 3a XKypHaJioM. BH3HaUMMO KUIBKICTh €K3EMIUISIPIB Y HaBYa-
TBHINA BUOIpII Sy, KUTBKICTh €K3EMILISIPIB Y TECTOBIH BUOIpII S, , KUIBKICTh
BXIIHUX 3MiHHUX (03HaK) BHOIpok N, 3HA4UeHHS O3HAK BHOIPOK: HABYAIIb-
HOT — X;, Ta TECTOBOI — X, , @ TAKOXK 3HAYCHHS I[UIbOBUX O3HAK JUIs BUOIPOK:
HaBYaJIbHOI — Y, Ta TECTOBOI — Yy, JI€

N V,sakmpo V <15;
| V-14,axmo V > 15,

10V, axmo V < 5;
5V, axkmo 5 <V <10;
"2V, axkmo 10 <V < 20;
V, iHakie,
8V, axmo V < 5;
6V,axkmo 5 <V <10;

B 3V,axkmo 10 <V < 20;

2V, iHaKI1e,

Xa =X}, Yu =AY}, 571,28
Xe =X} Yo=Y )y 571,250,805

S

X; = l.-rand,j =1,2,...,N,
S-]



0,1(X51 + st),XS1 < V;
y' =40,3(x" —x%2),x"1 > V;
0,5X51,X51 =V.

Tyt rand — ¢yHKIIis, IO TeHEepye NICEBIOBUIIAIKOBI YKMca y AUamna-
3oHi [0; 1].

3. Jlnst 3reHepoBaHMX BHOIPOK 3a JOMOMOrol peaakropy anfisedit
nakery Matlab mobynyBatu Helipo-HeuiTKy Moaenb. CipoOyBaTH BUKOPH-
CTaTH pi3HI METOIM KiacTepu3aii, pi3Hi KUTbKOCTI (pyHKIIH HaJIeKHOCTI
JUTS BXOJIIB, Pi3HI KUTBKOCTI IIUKJIIB HABYAHHSI TA Pi3HI METOM HABYAHHSI.

4. IIporectyBaTn MOOYAOBaHY MOJIEIb.

5. Bukonaru myHKTH 3—4 y pexuMi KOMaHAHOTO BikHa 6e3 3acTocy-
BaHHS penakTopy anfisedit, BukopucToBytodi ¢pyHkuii monyis Fuzzy Logic
Toolbox.

3mMicT po3ainy 3BiTY 3 pO3paxXyHKOBOI YaCTHHH

1. Mera poGoru.

2. Kopotki Teopernyni BitoMocTi 10 poOoTH. Y 3BiTi HE CiHiJl HABO-
JUTH JOKJIa/IHEe BUKJIQJICHHS TEOPETUYHOI'0 MaTepiany, HeoOXiTHO BUILIH-
TH JIMILE HAWTONIOBHINI /1€, GopMyIH, 110 HeoOXiTH1 AJIst MOSCHEHHS CyTi
METOJTy, MOJIEITI TOIIO.

3. Tekct po3po0iieHoi mporpaMu.

4. CopmoBaHa HaB4YaIbHA BHOIpKa <X,y>.

5. [NoOynoBani Momei.

6. PesynbraTtu TecTyBaHHS MoJelicli Ha OCHOBI HEHpPO-HEWITKHX
MEpeK.

7. BUCHOBKHM 1IONIO MOPIBHSHHS Pi3HUX Mojeeld Ha OCHOBI HeHpo-
HEYITKHX MEPEXK Ta METOMIB IX CHHTE3Y.

KoHnTposabHi nuTaHHA

1. BuxopucraHHs KJacTep-aHali3y Mpu Mo0YyI0BI CUCTEM PO3ITi3Ha-
BaHHs 00pa3iB.

2. Bumoru 10 HaBuarounx BUOIPOK AaHUX.

3. 3ajmava KJacTep-aHami3y.



JNAHUX.

N

0.

3acrocyBaHHsI HEHPO-HEUITKHX MEpEexX Ajsl BUIOOYyBaHHS 3HAHB 3

JliniliHa po3aLIBHICTS 1 JIIHIMHA HEPO3AUICHICT KJIACIB.
Hapuanns 3 yuntenem. Hapuanus 6e3 yuurens.
Heuitkuit knacrep-anainis.

[MonibHicTh KMacTep-aHamnilzy i METpUYHOI Kiacupikarii.
Penaxrop anfisedit.

10.CtpyKTypa Ta eleMeHTH HeHpO-HeUiTKUX MEPEK.
11.®Dynkuii knacrep-ananizy y nakeri MATLAB.
12.®ynknii makery MATLAB pnst cTBOpeHHS HEHpO-HEUITKHX

MEpex.

13.111o Take reHepanbHa CYKYIHICTh, BUOIpPKa, EK3EMILISIp, O3HAKA?
14.51k BnuBae 3a/1aHa TOYHICTH HABYAHHS HAa TPUBAIICTh HABYAHHS?
15.51k BIUIMBac 3aJaHa KUIBKICTH LIUKIIIB HaBYAHHS HA TOYHICTH Ha-

BUaHHA?

16.5lkuii anropuT™ Kiactep-aHaiizy MPU3BOAUTE 0 OTPUMAaHHS Me-
PEXi MEHBILIOT CKIaTHOCT1?

17.51ki BUMOTH MalOTh IPE SIBIATUCS IO HABUAIBHOI BUOIPKH Ta SIK
1€ BIUIMHE HA MIPOLIEC HAaBYaHHS?



2 TPA®IYHA YACTUHA 3ABJIAHHA

Iopsinok BuKoHaHHsI rpadivyHOl YaCTHHH 3aBAAHHSA

1. O3HaOMHUTHCS 3 KOHCIIEKTOM JIEKI[i Ta PEKOMEHIOBAHOO Ji-
TepaTypolo.

2. 306pa3utu rpadiuHo cxemy HeHpo-HEeuiTKOi Mepexi, mooymo-
BaHOI y pO3paxyHKOBiH 4acTWHi (ypy4yHy Ta 3a JOMOMOTOI0 MaKeTy
Matlab).

3. 300pa3uTu Ha rpadikax 3aJICKHOCTI 3MIHM TOYHOCTI (TTOMIIIKH)
HaBYaHHS HEHPO-HEUITKOI MepexKi Bil HOMepy iTepallii (emoxu) HaBYaHHSI.

4. IIpoanamnizyBaT OTpUMaHi pe3yJibTaTH Ta BIAMOBICTH HA MUTaHHS:
SKHH aJITOPUTM KJlacTep-aHaji3y NMPU3BOJUTH 0 OTPUMAaHHS MEPeXi MeH-
101 CKIAJHOCTI; SIK BIUIMBA€ 3aJaHa KUILKICTH I[MKJIIB HABYAaHHS HA TO4Y-
HICTh HaBYAHHS; K BJIMBA€E 3a/IaHA TOYHICTh HABYAHHS HA TPUBAJICTH Ha-
BYAHHS; SIKIi BUMOTH MalOTh MpeJ BISTHCS A0 HaBYaJbHOI BHOIPKH Ta SIK
1€ BIUTMHE HA MPOLIeC HaBYaHHS?

3mMicT po3ainy 3BiTy 3 rpagiuyHol yacTHHHI

1. 300pakeHHsI CTPYKTYPH OTPUMAHOI MEPEKI.

2. 'padiku excriepuMeHTaIbHO OTPUMAHHX 3aJISKHOCTEH.

3. BucHoBku. Y BHCHOBKax Tpeba MpoaHaIi3yBaTH PE3YJIbTATH PO-
00TH, a TaKOX JJAKOHIYHO BIJIMIOBICTH HA KOHTPOJIbHI MUTAaHHS 3 PO3paxyH-
KOBOI Ta rpagivuHOi YaCTHH.

KoHnTpoabHi nuTaHHA

1. 3acobu nBoBuMipHOi rpadiku makery MATLAB.

2. 3acobu TpuBuMipHOi Tpadiku nakery MATLAB.

3. [NopiBHsHHS Tpadiunux 3acobiB makery MATLAB Ta interpo-
BaHUX cepeloBULI po3poOku mporpam Visual Studio.

4. Sk BnMBa€ 3a/1aHa TOYHICTh HABYAHHS HA TPUBAIICTh HABYAHHS?

5. Sk BIUIMBAE 3a7aHa KUIBKICTh IIMK/IIB HAaBYaHHS HA TOYHICTH Ha-
BUAHHS?
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3 PEOEPATUBHA (PAKYJIbTATHUBHA)
YACTHUHA 3ABJIAHHSA

VY Bumajky, sIKIIO CTYJAEHT Oakae OLIbII TTMOOKO 3aCBOITH KypC Je-
KIIi{ Ta MiJBUILUTH OLIHKY 3 KypCy, MPONOHYETHCS BUKOHATH (haKyIbTaTH-
BHY (HEOOOB’SI3KOBY) YaCTHHY PO3PaxyHKOBO-TpadiqHOrO 3aBJaHHS ILIs-
XOM MIIFOTOBKK KOPOTKOro pedepaty 3 Kypcey.

Pedepat 3 Kypcy roTyeThes 3a peKOMEHI0BaHUMH Ta IHIIMMH 3HAH-
JICHUMH CTYJICHTOM JIKEpernaMu 1 oOPMITFOEThCS SIK PO3JILT 3BITY 3 po3pa-
XYHKOBO-Tpa(iqHOr0 3aBJaHHS Ta PO3MIILYEThCS TIepe/] BUCHOBKAMH.

Ob6csr pedepaTHBHOI YaCTHHHM Ma€ CTaHOBUTH 3—5 cTOpiHOK 6e3
ypaxyBaHHsI PUCYHKIB 1 TaOJUIlb, @ TAKOXK TEKCTIB MPOrpam, o 3aiMaroTh
MOBHY CTOPIHKY 3BITY.

Jlo BUKOHAaHHHS pedepaTUBHOI YaCTUHU CTYJEHT 00Upae TeMy 3 Ha-
BEJCHOr0 y nojaTKy B mepeniky (a00 popMystoe BIaCHY TeMY) 1 y3rOIKYyeE
11 3 BUKJIAJJaYEM.

VY mepeniky mocuiiaHb 3BITY 3 pPO3PaXyHKOBO-TpagiuHOrO 3aBIaHHS
MaloTh OyTH 000B’SI3KOBO HaBEACHI yCi BUKOPUCTAHI CTY/IEHTOM MTPH HAIH-
caHHi pedepaTy JKepena, YIOpSIKOBaHi 3a 3raJlyBaHHIM y TEKCTI, a y TeK-
CTi pedpepaTUBHOI YaCTUHU — HABEICHI TTOCHIIAHHS Ha BiJIOBIJIHI JDKepena
(HaBOZIATBCA y KBaJPAaTHHUX JIyXKKax).

Orinka 3a pedepaT MpocTaBiAsSEThCS TUIBKH Y BUITAJIKY HOTO HasIBHO-
CT1 y 3BITI 1 CTAaBUThCA OKPEMO BiJi OCHOBHOI OIIIHKH 3a PO3PaxyHKOBO-
rpadivHe 3aBAaHHS 33 ABOOATBHOIO CHCTEMOIO:

— "He 3apaxoBaHO" — y BHIAJKy HHU3bKOTO PiBHS BUKOHaHHS a0o
miariaty pedepary;

— "3apaxoBaHO" — y BHIIA/IKy IPUHHSATHOTO PiBHS BUKOHAHHSI.

SKmo omiHka 3a OCHOBHY (000B’S3KOBY) YacTHHY 3BITYy € HHIKYOO
BiJ "3aJ0BUIBHO", a OIIHKA 3 pedepaTUBHOI YaCTUHU — "3apaxoBaHO", TOM1
3arajibHa OI[iHKa 332 BUKOHAHHS PO3PaxyHKOBO-IpaivHOro 3aBAaHHs BCTa-
HOBJIFOETHCS SIK BUINA Ha OJIMH PIBEHb BiJl OI[IHKH 32 OCHOBHY YacTUHY. Y
BHUIIQ/IKY, SIKIIO OCHOBHY (00O0B’S3KOBY) YaCTHHY 3BITY BUKOHAHO Ha "Bif-
MiHHO", TO OIliHKa "3apaxoBaHO" BpaxoByeThCs AK 10 6ariB 3a cTo0aIbHOIO
CHCTEMOIO Yy 3arajibHiil CyMmi OajIiB 3 BiJIIIOBITHOIO MOJYJISl KypCY.
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C. A. Cy66otuna. — XapbkoB. : Kommanus CMUT, 2012. — 318 c.
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IlouaTms b
HEYITKI CUCTEMHA TA HEUPO-HEYITKI MEPEXI
Y INTAKETI MATLAB

Onepartii 3 HewiTKoO Jiorikoto y nakeri MATLAB no3Bossie BUKO-
HyBaTu Monyib Fuzzy Logic Toolbox. BiH 103BONsi€ CTBOPIOBATH CHCTEMH
HEYITKOrO JIOTIYHOTO BUBEACHHS 1 HEUITKOI Kiacudikallii B paMKax cepe-
nosuina MatLab, 3 MoxknuBicTiO IXHBOTO iHTErpyBaHHs B Simulink.

Fuzzy Logic Toolbox mMicTuTh HacTymHi KaTeropii mporpaMHHX iH-
CTPYMEHTIB: (YHKIIIi; iIHTepaKTUBHI MOAYJi 3 TpadiyHUM KOPHCTYBaJbHH-
nbkuM iHTepdeiicom (3 GUI); omoku s nakera Simulink; nemoHcTpairii-
HI IPUKJIAJIH.

b.1 Tlo0ynoBa HediTKMX cHCTeM Yy HiaJlorOBOMY PpexXuMi 3a
aonomororo moxayJsi Fuzzy Logic Toolbox

Monyne Fuzzy Logic Toolbox mo3Bonsie Oyaye HEUiTKI CHCTEMHU
neox tumiB: Mamaani ta CyreHo. Y cucremax tuny MawmjaHi 6a3a 3HaHb
CKJIQJIAa€ThCS 3 MPaBWI BUAY ‘“AKwo X;=HU3bKUll Ma X;=cepeoHii, mo
y=e6ucoxuti”. Y cucremax tuiry CyreHo 0a3a 3HaHb CKIQJa€ThCS 3 MPABKII
BULY “Axwo x;=nusvkuii ma x;=cepeduin, mo y=apta;x;tayx;". Takum
YHHOM, OCHOBHA BiIMIHHICTb Mixk cucreMamMu Mamani Ta CyreHo mojysrae
B PI3HHMX CITOCO0Ax 3aBJaHHS 3HAUCHb BUXIJHOI 3MIHHOI B MpaBUJIAX, IO
yTBOpATH 0Oa3zy 3HaHb. Y cuUcTeMax THIy MampaaHi 3HauYeHHS BUXIiTHOI
3MIHHOT 33/J1al0ThCSl HEUITKMMH TepMaMH, y cuctemax tuiy CyreHo - sk
JIHIMHA KOMOIHALIA BXIJHUX 3MIHHUX.

Po3rissHeMo OCHOBHI eranu MPOeKTyBaHHs cucTeM Ty CyreHo Ha
MPUKIIAJI CTBOPEHHS CUCTEMH HEYITKOI'O JIOTTYHOT'O BUBEACHHS, 110 MOJIC-
JIFOE 3aJIEKHICTD y=x21sin(x2-1), x1€[-7; 3], x,€[-4,4; 1,7]. MonentoBaHHs
miel 3aJieKHOCTI OyZaeMo 3AIMCHIOBATH 3a JOMOMOIOK HACTYNMHOI 0asu
3HAHb:

SAxmo x,=Cepenniii, To y=0;

Axio x;=Bucokuii Ta x,=Bucokuit, To y=2x1+2x2+1;
Sxio x,=Bucokuii Ta x,=Huzbkuii, To y=4x1-x2;
SAxmo x,;=Hwusbkuii Ta X,=Cepenniii, To y=8x1+2x2+8;
Axmo x;=Huzbkuit Ta x,=Huszepkwii, To y=50;

SAxmo x;=Huzbkuit Ta x,=Bucokwuii, To y=50.

A e
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[IpoekTyBaHHS CHCTEMH HEYITKOrO JIOTiYHOTrO BUBeneHHsS Ty Cy-
TeHO CKJIaJIA€ThCSl Y BUKOHAHHI HACTYITHOI TIOCITiZIOBHOCTI KPOKiB.

Kpox 1. [Ins 3aBaHTaXeHHSI OCHOBHOrO fis-penakropa HaapyKyeMo
cnoBo fuzzy y komanaHoMy psiiky. Ilicns nporo BiKpueThesi HoBe rpadi-
YHE BiKHO.

Kpox 2. Bubepemo tun cucremu. s uporo B MeHto File Bubupaemo
B migMeHto New fis...komaHy Sugeno.

Kpox 3. lopamo apyry Bxiany 3MinHy. /s uporo B meHto Edit Bu-
oupaemo xomany Add input.

Kpox 4. Tlepeiimenyemo nepiny BXifHy 3MiHHY. {7151 IbOTO 3p00HMO
OJIMH TIMIJIMKA JIIBOK KHOIKOK MHUIII Ha OJioii inputl, yBenemMo HOBE 103-
HavueHHS X1 y moje pemaryBaHHS iMeHI MOTOYHOI 3MiHHOI i HATHCHEMO
[Enter].

Kpox 5. Tlepeiimenyemo npyry BXimHy 3MiHHY. Ji1st boro 3po0uMo
OJIMH TIMIJIMKA JIIBOK KHOIKOK MHUIII Ha OJioii input2, yBeieMo HOBE 1103~
HavyeHHS X2 y MoJje penaryBaHHS iMeHI MOTOYHOI 3MiHHOI i HaTHCHEMO
[Enter].

Kpox 6. Tlepeiimenyemo BUXiHY 3MiHHY. [ IOTO 3pOOMMO OITMH
IIMIIIMKA JTIBOI0 KHOIKOK MUIII Ha OJomi outputl, yBeneMo HOBE MO3Ha-
YeHHs y y MoJie pefaryBaHHsl iMeHi IOTOYHOI 3MiHHOI 1 HaTrcHeMo [Enter].

Kpox 7. 3anamo im'st cucremu. s uporo B meHto File BuOupaemo B
migMenro Export komanmy To disk i BBememo iM'st ¢aiiny, Hampukian,
FirstSugeno.

Kpox 8. Tlepeiinemo B penaktop (yHKUIiH HamexHocTi. s mporo
3pOOMMO TMOJIBIHHOTO IIUTJIMKA JIIBOK KHOIKOI MUIII Ha OJomi x 1.

Kpox 9. 3amamo niana3oH 3miHu 3MiHHOI X 1. JIJ1 IbOTO HAJPYKYEMO
-7 3 y momi Range i natucuemo [Enter].

Kpox 10. 3agamo ¢yHkiii HanexHocTi 3MiHHOT x1. JIjis JHrBiCTHY-
HOI OILIIHKH 1i€1 3MiHHOT OyZIeMO BUKOPHUCTOBYBATH 3 TEPMHU 3 TPUKYTHHUMH
(YHKLISIME HaJEXKHOCTI, 1110 BCTAHOBIICHI 32 3aMOBUYBAaHHSM. 3a/1aMO Ha-
HMeHyBaHHS TepMiB 3MiHHOI X1. s IbOro poOMMO OIMH IIUIJIMK JIBOIO
KHOIIKOIO MUl Ha rpadiky nepiroi GyHKiii HanexHocTi. [TotiM Haapyky-
emo HaiimMmeHyBaHHS TepMy Husbkuii y mone Name. [lotiMm pobumo oanH
HIMIJIMK JIBOKO KHOIMKOIO MHII Ha rpadiky Apyroi ¢yHKIIi HaIEKHOCTI i
BBOJMMO HaiimMeHnyBaHHs Tepmy Cepenniii y moyne Name. Ille pa3 pobumo
OJIMH HIMTIIMK JIIBOIO KHOMKOI MHII Ha Tpadiky TpeThoi QyHKIIT Halex-
HOCTi 1 BBOAMMO HaiiMeHyBaHHS TepMy Bucokuii y mosie Name i HaTHCHe-
Mo [Enter].
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Kpox 11. 3agamo ¢yHKiii HanexHocTi 3MiHHOT X2. JIJis JIHTBICTHY-
HOI OILIIHKH 1i€1 3MiHHOT OYZIeMO BUKOPHUCTOBYBATH 3 TEPMHU 3 TPUKYTHHUMH
(YHKLISIME HaJISKHOCTI, 110 BCTAHOBJIEHI 3a 3aMOBUYBaHHs;IM. Iy 1iporo
AKTUBI3YEMO 3MIiHHY X2 3a JIOIOMOI'OI IIMIJIMKA JIIBOT KHOIKK MHIII Ha
Osonti x2. 3aaMo Jiana3oH 3MiHM 3MiHHOL X2. 11 11bOro HaipyKyemo -4.4
1.7 y moni Range i Hatucuemo [Enter]. 3a anajorieto 3 monepeaHiM KpoKOM
3aJaM0 HACTyIHI HaiiMeHyBaHHS TepMiB 3MiHHOT X2: Huspkuii, Cepeniid,
Bucoxunii.

Kpox 12. 3agamo JiHilHI 3aJIGKHOCTI MK BXOJaMHU 1 BUXOIOM, TIPH-
BeZIcHI B 0a3i 3HaHb. J[JIst 11bOr0 aKTUBI3YyEMO 3MIHHY Y 3a JIOITIOMOT'OIO I~
TJIMKA JIiBOI KHOMKK MU Ha OJ01i y. Y mpaBoMy BEpXHBOMY KYTi 3'SBH-
JIOCs TIO3HAYEHHS TPhOX (DYHKIIH HAJIeKHOCTI, KOXKHA 3 SKUX BiImoBigae
OJIHIN JiHIIHINA 3aIeKHOCTI MIXK BXOJaMH i BUXOAOM. Y 0a3i 3HaHb 3a3Ha-
4eHi 5 pisHuX 3anexHocTed: y=50; y=4x1-x2; y=2x1+2x2+I;
y=8x1+2x2+8; y=0. Tomy moaamo Iie JBi 3aJEKHOCTI IUITXOM BHOOPY
komanau Add Mfs...menro Edit. Y niamoropomy BikHI, 1110 3’SIBUJIOCS, B
none Number of MFs BuOupaemo 2 i Hatuckaemo kHonky OK.

Kpox 13. 3agamo HaliMeHyBaHHS 1 mapaMeTpH JIHIHHMX 3aJieKHOC-
Teit. J{ist 1boro poOMMO OJTMH IUTIIMK JIIBOK KHOIKOK MHIII IO HAWMEHY-
BaHHIO nepinoi 3anexHocTi mfl. [lotiM apykyeMo HaiiMeHyBaHHS 3aJIeikK-
HocTi, Hanpukiaa 50, y monmi Name, i BCTAHOBIIOEMO THIT 3aJISKHOCTI —
KoHcTaHTa nuisixoMm BuOopy onmii Constant y menro Type. [licna uporo
BBOJIMMO 3HaueHHs mapamerpa — 50 y moni Params. Anaioriuno jyis apy-
roi 3ajiexkHocTi mf2 yBenmemMo HaliMEHYBaHHS 3aJIKHOCTI, HANPHKIIA]
8+8x1+2x2. INoTiM ykakeMO JiHIHHAN TUM 3aJIKHOCTI HUISIXOM BHOOpY
omuii Linear y mento Type 1 BBeieMo nmapamerpu 3alie)kHOCTI 8 2 8 y moi
Params. Jlyst miHIHHOT 3a71€KHOCTI MOPSAIOK MapaMeTPiB HACTYITHHIA: Tep-
MK TapaMeTp — KoedillieHT MpH Nepiiil 3MiHHiHM, APYruid — npu Ipyriit i
T.J., 1 OCTaHHINH MapameTp — BUIBHUH YICH 3aJIKHOCTI. AHAJIOTIYHO JUIs
TpeThoi 3anexHocTi mf3 yBenemMo HaliMEeHyBaHHSI 3aJIGKHOCTI, HAPHKIA]
1+2x1+2x2, ykaxeMo JIHIMHUN THI 3aJI&KHOCTI 1 BBEIEMO TTapaMeTpy 3a-
nexHocTi 2 2 1. Jns gerBepToi 3anexHocTi mf4 yBenemo HalilMeHyBaHHS
3aJIOKHOCTI, HanpuKia 4x1-x2, ykaxeMo JIIHIHHANE TUT 3aJIeKHOCTI 1 BBE-
neMo napameTpu 3anexHocTi 4 -1 0. dns m'aroi 3anexxHocti mfS yBenemo
HallMeHYBaHHS 3aJIKHOCTI, Hanpukias 0, ykaKeMo THII 3aJISKHOCTI - KOH-
CTaHTa 1 BBEAEMO mapamerp 3aiexHocTi 0.

Kpox 14. Tlepetinemo B penakrop 6a3u 3nanb RuleEditor. [ns nporo
BuOepemo B Mmenro Edit xomanny Edit rules.... i BBezemo mpaBuna 6a3u
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3HaHb. J[J1s1 BBEJCHHS MpaBuia HEOOXiTHO BHOpATH BIAMOBIIHY KOMOiHA-
IO TepPMiB 1 3aJIeKHOCTeH 1 HaTUCHYTH KHONKY Add rule.

BikHO Bi3yasmizailii HEYITKOr0 JIOTIYHOTO BHBEICHHS aKTHUBI3YETHCS
KoMmaHJ010 View rules... meHto View. Y mone Input yka3zyroTbcsi 3HaUCHHS
BXITHUX 3MIHHUX, JJISI SIKHX BUKOHYETHCS JIOTIYHE BUBEJCHHS. 3HAuCHHS
BUXIJTHOT 3MIHHOT PO3paxOBYETHCS SIK CEPETHE 3Ba)KEHE 3HAUYCHHS PE3YJib-
TaTiB BUBEJCHHS 32 KO)KHUM TpaBWiioM. [ BUBEACHHS IILOTO BIKHA IO-
BEPXHI «BXiJ-BUXij», IO BiJIIOBIJa€ CHHTE30BaHI HEYITKIN cUCTeMI, He-
00XiZIHO BUKOPUCTOBYBAaTH KOMaHAy View surface... MeHIO View.

Posrasinemo iHmmi npukian. Hexait mMu Bupimryemo 3agady BU3Ha-
YCHHS JIIarHO3y NAI[iEHTa 3a 3HAYCHHSIMHU CUMIITOMIB, 1[0 XapaKTePU3YIOTh
foro cran. BxizHuMH mapameTpaMH € CUMITOMH MallieHTa: TemIepaTypa
Tija (HopMajbHa - Onu3bko 36,6 “C, nmigBuiieHa - outbine 37°C), Micie 60-
mo (y ClHHI, y TIONepeKy), BUI 000 (CHIbHMM, c1alOkuit). Buxinnum mna-
paMeTpoM € AiarHo3 MamieHTa (XpPOHIYHMH ameHAWLUT, TOCTPUI aneH -
LUT, XpOHIYHUH Ti€IoHe)PHUT, TOCTpHiA MieTIOHePpUT). MU MaeMO BU3Ha-
YeHi eKkcrepTaMu mpasuia (MU OyJeMo BBaXKaTH, IO SKIIO alleHAUIUT abo
mieToHe(pPUT HE € TOCTPUMH, TO BOHH € XPOHIYHUMHU ):

SKIIO TO

Temrepa- |Micie Ooiro [BUA OO0  |alleHIUINT |mienoHed- |rocTpuid
Typa put

MiJIBUIIIEHA |y CIIMHI CUJIbHUHI HeMac € €
MiJIBUIIICHA |y )KUBOTI CUJIbHUHI € HeMac €
HOpMaJIbHA |y CIIMHI crnabkuii  |Hemae € HeMae
HOpMaJIbHa |y )KHUBOTI  |cnaOKui € HeMae HeMae

Heo0xigHo moOyayBaTH CHCTEMY HEYITKOT'O BUBE/ICHHS.

1. 3aBantaxkumo maker MATLAB Ta 3anmyctumo pemaktop FIS:
fuzzy.

2. CTBOpUMO TpH 3MiHHi (0JJHA BKE € 32 3aMOBYAHHSM, TOMY J10JIaMO
IIe JIBi 3MiHHI): y TOJIOBHOMY MEHIO peiakTopa y niamento Edit oGepemo
omuito Add variables: Input. I{e morpiObHo 3pobutn 2 pasu. [licns yoro
CTBOPUMO TpU BUXigHI 3MiHHI (MOAIOHMM yMHOM, aje oOupatounm Add
variables: Output).

3. Ilepemimyroun Kypcop MUl MO 00iacTsIX 3MIHHUX MOKHa 00pa-
TH TIOTPiOHY 3MiHHY Ta 3a4aTH ii Ha3By B obnacti Current Variable: Name.
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Haspemo nHamii 3MiHHI: temperature - TemrmepaTypa, painlocation - wmicie
Oomo, paintype - Buja Oomo. Takoxk 3aJaMO Ha3BH BUXITHUX 3MIHHUX:
apendicite - anenaunut, piclonefrit - meaonedpur, acute - rocTpuii.

4. TloaBiHUM IIUTIUKOM Ha 00JIACTi AKOi-HEOy/ab 3MiHHOI MOXKHA
aKTHBI3yBaTH peAakTop (QYHKIIH HaJeXHOCTI. 3a HOro JOMOMOro BH3HA-
YMMO JIiara30H KOXKHOI 3MiHHOT Ta He0OXiTHI (PYHKIIIT HaJISKHOCTI.

5. ¥V ronoBHoMy MeHIo pemaktopa FIS obGepemo B mimmento Edit
nyHKT Rules. Tenep Mu MaeMO MOKJIMBICTh 3aJ]aBaTH Hallll IPaBHJIA.

6. Y ronmoBHOMY MeHIO penakropa FIS obepemo B mimMeHto View
nyHKT Rules. Tlepeminytoun KypcopoMm MHIII JiHii, II0 PEryNIOIOTh 3Ha-
YeHHSl 3MIHHHMX, OyZeMO OTpUMYBaTH 3HAUYEHHsS BUXIAHWUX 3MIHHHX IPH
BiIMIOBiIHOMY HAa0Opi 3HAYEHb BXiIHUX 3MiHHHX.

3apantaxxuBim ¢aiin Sample.fis i3 HaBeneHUM HIKYE TEKCTOM JI0 Pe-
naxropa FIS MoxxHa mepenissHy T onvcane y MpUKIIai BUPIIEHHs 3a/1a4i.

Bwict ¢daiiny 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
MEl="normal':'trimf', [35.9 36.6 37]
MF2="high':'smf', [36.8 37.1944444444444]
[Input?2]
Name='painlocation'
Range=[0 1]
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NumMEs=2
MEFl="'stiomach':'trimf', [0 O 0.5]
MEF2="'spine':'"trimf', [0.5 1 1]
[Input3]

Name='"'paintype'

Range=[0 1]

NumMEs=2
MEFl='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]
[Output?2]

Name='pielonefrit'

Range=[0 1]

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]
[Outputid]

Name="'chronic'

Range=[0 1]

NumMFs=1
MFl='is':'trimf', [0.5 1 1.4]
[Rules]

R P oo
—~—— —~
B e
e e

)
)
)
)

O O
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b.2 Kinacrep-anadni3 y cepenosumii Matlab

Mognyne Fuzzy Logic Toolbox nmakery MATLAB wmictute dyHKmii
JUTSl BUALIEHHS KJIACTEPiB.

Oyukiis subclust BU3HAYae KOOPAWHATH IISHTPIB KJIACTEPIB NUIIXOM
YiTKOT KJIACTepH3allii 31 3SMEHIIIEHHM KiIbKOCTI KJIacTepiB.

Oynkiis subclust 3HaXOUTh ONTHMANILHY TOYKY JTAHUX JUISI BU3HA-
YEeHHS IIEHTPA KJIacTepa IPYHTYIOUUCh Ha HIUTLHOCTI OTOYCHHS TOYOK Jia-
HUX. YCi TOUkH aHuX y Mexax Bincrani RADII fo 1iel TOUKY BUAAISAIOTh-
cs, 00 BU3HAYMTH HACTYITHUN KilacTep JaHMX Ta oro neHtp. Lleit mpoiec
MTOBTOPIOETHCS MOKHU YCi JIaHI HE 3HAXOAAThCS ¥ Mexkax Bincrani RADII no
LEHTpa Kiacrepa.

[C] = SUBCLUST (X, RADII) knacrepusye Touku ganux S'N mar-
puiti X, e S - KUIbKICTh TOUOK JAaHMX, N - KUIBKICTh KOOPJIUHAT TOYOK JIa-
Hux, RADII - 3Hauenns mix 0 Ta 1, 010 BU3HAYa€e po3Mip KiacTepa B KOXK-
HOMY 3 BUMIPIOBaHb JaHMX, IPUIMAIOYH, IO JaHl 3HAXOIATHCS Y MEXax
niamasony [0, 1] (BcTaHoBIGHHS MEHIIOrO pajiyca Kiacrepa OyJie 3Buyaii-
HO CTBOPIOBATH Ounblle MEHIIMX 3a po3Mmipom kiactepiB. Komu RADII €
CKaJIIpOM, BiH 3aCTOCOBYETHCS 110 ycix BuMipiB ganux. Komu RADII € Bek-
TOPOM, BiH Ma€ OKpeMe 3HAYCHHS JIJIsi KOXKHOT'0 BUMIPY JTaHUX), Ta IOBEP-
Ta€ HEHTPHU KiactepiB K psaku marpuni C, mo mae posmip V'N, e V -
KUIBKICTh KJIaCTEpIB.

[C] = SUBCLUST (..., XBOUNDS) Takox BH3Ha4a€ MAaTPHIIO
XBOUNDS, po3mipom 2*N, 110 BUKOPUCTOBYETHCS Ui HOpMaTi3allii jga-
Hux X y miamaszon [0, 1]. Koxnuuit cropnenrs XBOUNDS MicTuth MiHiMa-
JIbHI Ta MaKCHUMaJIbHI 3HAYCHHS JUIS BIAMOBIIHOT PO3MIPHOCTI AaHuX. SIk-
mo XBOUNDS - nopoxHsi MaTpuilsi a00 HE BUKOPUCTOBYETHCS, TOAI 3a
3aMOBUYYBaHHSM BHKOPUCTOBYIOTHCSI MiHIMalIbHI Ta MaKCUMaIIbH1 3HAYCHHS
naux X.

[C] = SUBCLUSTY(...,OPTIONS) Bu3Hauae BEKTOp JJIsi 3MIHH 3Ha-
YeHb 3a 3aMOBUyBaHHAM napamerpiB anroputmy: OPTIONS(1) - koedimi-
€HT, 1110 BUKOPHUCTOBYETHCS i MHOXeHHsI Ha 3HaueHHS RADII nns Bu-
3HAUEHHS OCEPENKY IEHTPY KIacTepa, Y MEeXax SKOro iCHYBaHHS IHIIHMX
neHTpiB kiacrepiB 3abopoHeHo; OPTIONS(2) - koedinieHT npuiHATTS,
[0 BCTAHOBJIIOE MOTEHITIAN K YaCTKy MOTEHIialy IIeHTpa MepIIoro Kiac-
Tepa, BUIIE SKOI iHIA TOYKA JAHUX OyJe MPHUIHITA SK IICHTP KIacTepa;
OPTIONS(3) - koedillieHT BiIXHJICHHS, 10 BCTAHOBJIIOE IOTEHIAN SIK
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YaCTKy IMOTEHIialy IIeHTpa MEepIIoro Kiacrepa, HIKYE SKOI iHIIA TOYKa
naHux Oyne BimxwieHa sk mneHTp kinactepa; OPTIONS(4) - o3naka Bijo-
OpaskeHHs MOTOYHOT iH(opMallii, SIKIIo He BcTaHoBJeHa sk 0.
3uauenasimu Bektopa OPTIONS 3a 3amoBuyBanusm € [1.25 0.5 0.15 0].
[Mpuknan Bukopucranus subclust.

X1 10*rand (50,1) ;
X2 = 5*rand(50,1);

X3 = 20*rand (50,1)-10;
X = [X1 X2 X3]; % reHepyeMO BUOipky IaHUX
[C] = subclust(X,0.5); % 3HaxoOMMO LEHTPMU KJACTepiB

OyHKIlisA fem 3MIACHIOE HEYITKY KJIACTEPU3AIlI0 HA OCHOBI METONY
HEUITKUX C-CEpEeIHIX Ta Ma€e popMaT BUKITHKY:

[CENTER, U, OBJ_FCN] = fcm(DATA, N_CLUSTER,OPTIONS)
ne N_CLUSTER - xinbkicts knactepiB B HaOopi ganux MacuBy DATA,
skuit Mae po3mipu SN, S - KUTBKICTh TOUOK AaHHX, N - KUTbKICTh KOOP/IH-
Hat Toyok, CENTER - matpuiis 3 koopiuHaTaMu IEHTPIB KJIacTepiB (Kia-
CTEpPH MICTITBCS Y psAAKaX, O3HaKH - y cToBHIsiX), U - MaTpuns GyHKuil
HAJIEKHOCTI, II0 MICTUTH PiBHI HAJIGKHOCTI KOXXHOT Toukn MacuBy DATA
no koxHoro kmacrepa, OBJ FCN - 3HaueHHs 1U1b0BOi (QYHKIT yIs
nentpiB kiactepis, OPTIONS - HeoOoB'ss3k0BHIT TapameTp, IO 3a/1a€ BeK-
Top omnuik s mpouecy knactepusanii: OPTIONS(1) - ekcrioneHTa st
Mmatpuni U (3a 3amoBuyBanHsM: 2.0), OPTIONS(2) - mMakcuManbHa Kijb-
KicTb iTepauiit (3a 3amoBuyBanHsM: 100), OPTIONS(3) - miHiMansHO mpH-
fiHATHe mOKpameHHs LiTboBOI (yHKUiT (33 3amoBuyBaHHAM: 107),
OPTIONS(4): o3Haka BimoOpakeHHS MPOMDKHUX pe3yibTaTiB (3a 3aMOB-
qyBaHHIM: 1).

Ha xoxwnili irepanii minboBa (yHKIiS MIiHIMI3YETbCA Uil 3HAXO-
JOKEHHS Kpallloro po3ralryBaHHs kiactepis. [Ipoiec kimacrepusaitii 3ymnu-
HSIEThCS, KOJIM MaKCHUMAJIbHO MPUWHATHA KUIBKICTh ITEpaIliil € TOCATHYTOO,
a00 KoM TOKpalleHHs HiTboBOI (QYHKII MiX ABOMa MOCIiZOBHUMH iTepa-
LisSIMH 3MiHA € MEHIIOK0 HIXK MiHIMaJIbHO IPUHHATHUHA MPHUPICT.

[Mpuknan Bukopucranus fem.

data = rand(100,2); % reHepyeMO BUOipKYy
[center,U,obj fcn] = fcm(data,2); % BUKOHYEMO KJa-

cTep-aHanis
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plot (data(:,1), data(:,2),'o"); % 3BobOpaxyemMo naHi
Ha Tpadiky
hold on;

maxU = max (U) ;

% 3HaxOoIMMO TOUKM 3 HaVBUIIMM PiBHEM HAJIEXHOCT1 IO
Iepmoro kjacrepa

indexl = find (U (1, :) == maxU);

% 3HaxOoIMMO TOUKM 3 HaVBUIMM PiBHEM HAJIEXHOCT1 IO
OIpyToro KjacTepa

index2 = find(U(2,:) == maxU);
line (data(indexl,1),data(indexl1l,2), '"'marker','*','c
olor','qg'"):;

line (data(index2,1),data (index2,2), 'marker','*','c
olor','r'");

% Bo00paxyeMoO LIeHTPpM KJacTepis Ha rpadiky

plot ([center([1 21,1)1, [center([1
21,2)1,'*","'color', 'k");

b.3 Bukopuctanus Helipo-He4iTKHX Mepesk

Posrisinemo mpukia] BUKOPUCTAHHS HaBYEHOI HEHpO-HEUiTKOI Me-
pexi. Hexall MU Ma€EMO €MHICTb, y SIKy HAJIMBAETHCS BOJIA BU3SHAYCHOI TEM-
nepaTypu. [1oTpiOHO BU3HAUNTH TeMIIEpaTypy BOIH Yepe3 MPOMDKOK Jacy.
Bxoam mepexi: X; — Temreparypa BOAW; X; — Yac OCTUTaHHS Bonu. Buxin
Mepexi: y — TeMIeparypa Boau micis ocTuranHa. Hexall y Hac € HacTymHa
0a3a mpaBui BUAY: SIKIIO BOAA — X; Ta OCTUTAE — Xp, TO TEMIIEpaTypa BOIH
oyzae y. [lomamo i1 y Burmsiai Tabuiii:

Howmep AKHOIO (Bxoan) TO (Buxing) | Bara npasuia
paBuia X1 X2
11 XOJ0Ha HEZOBro | mpuitHsaTHa | 1
12 XO0JIOAHA JIOBT'O 1
13 Temna JIOBI'O 0,8
14 rapsya JIOBI'O 0,6
21 Terja HefoBro | HopmanbHa | 0,5
22 raps4a JIOBT'O 0,8
31 rapsaa HEIOBIo | BHCOKa 0,9
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Tyt xonoana, Tenia, rapsiva, JOBro, HETOBTO — HEYITKI TepMu (Hedi-
TKi MHOXKHHH):

1, x<15°C,
M, (X) = —%+2, 15<x<30°C,

0, x>30°C,
%—1.25, x <35 °C,
MTerm(X): X 10
-—+—, x>35°C,
15

x 8 .
M, (=115 37 =46
I, x>40 °C,

I, x<10 xB.,
Myes (%) = ——+2 x >10xB.,

1—1 x <20 xB.,
M., (X) =110

1, x>20 xB.,

Po306uTTs Ha Ki1acu IJIA Y BUTJISI1A€ TAKUM YHHOM!

NPUAHATHA: [10; 25]
HOpMaJlbHA: [25; 45]
BHCOKa: [45; 60]

Takum unnom: y=10,y,=25,y,=45, y = 60.

Heiipo-neuiTka Mepexa 300paxkeHa Ha puc. b.1.

ap 1. BuznavaroTbcsi QyHKIIT HAJIEKHOCTI BXITHUX 3MIHHHX Tep-
mam. Ha Buxoni p'(x), i =1, 2.
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1 2 3 4
()
xonm—
/ [~ <
@ 1 TIPUIH.
x| —p. TeI. 13 0.8
14 0,6
\ rap
T 0.5 Y
HOpM. [ —
Hez 2 Y
% \ 31 0,9 BHCOK.
A~ 10B
(haz3idikars HEYiTKE BUBEJCHHS nedaszzidikartist

Pucynok b.1 — HeuiTka HelipoHHa Mepexa

ap 2. Bubupaerscs miHiManbHUE 13 BXONiB HeiipoHa. Ha Buxomi
min(p'(x;)), j = 1, 2, 3 — HOMep KJacy y.

[Tap 3. BubupaeThcsi MakCUMaJIbHUH 13 BXOIB HelipoHa (BXiX € Ji0-
OyTKOM BHXOIly HEHpOHa MONepeIHhOro mapy i Baru npasuia). Ha Buxomi
max(wj,ymin(u’ (x;))), p = 1, .., 7 — HoMep MpaBuIa.

[Tap 4. BuznayaeMo BUXiJ:

y-M ) +y, M @) +y, M (y)
M (y) M) +ME(y)

y:
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Hexaii x; = 221X, = 12, Toxi:
BU3HAYEHHS HATIeJCHOCIel mepmam (Pazzigixayis):

uxon(xl) = 03537 lJ/rerm(Xl) = 03227 lvlrap(xl) = 0’
HHez{(Xz) = 038’ uﬂOB(XZ) = 052

pesyibmamu 6UKOHARHA HeYyimKux npaeuiu:

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.

pesynvmamu 00'€OHAHHA NPABUL Y KAACU:

d;: max(1-0,53, 1-0,2, 0,8:0,2, 0,6:0) = 0,53
d,: max(0,5-0,22, 0,8-0) =0,11; d3: max(0,9-0) = 0.

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

Opnepxyemo BinmnoBias: Boxa 22°C micis OCTUTaHHS MPOTAroM 12
XBWIMH Oyzie MaTH Temnepatypy 12,6°C.

PosrisiHemMo iHIIME TpUKITa] BUKOPUCTaHHS HEHPO-HEUITKOT Mepexi.
Hexait Mu MaemMo crocTepexxeHHs1 3a MOro/I0r, NoAaHi HabopaMu 3Ha4YeHb
3MIHHUX: X; - TeMIepaTypa noBitps, °C; X, - BMICT BOJOTH y MOBITpi, %o;
Y - KilIbKicTh omafiB, MM/cM”. M 3HAa€MO, IO MapaMeTp y 3aleXHTh Bil
MmapaMmeTpiB X; Ta X,, ajie MM HE 3HaeMO sK. Tpeba moOynayBatu HeEHpo-
HEUITKy ampoKCHMAIIil0 3aJeKHOCTI Y(Xi,X;) 32 JAHUMH CIOCTEPEKEHb,
MPEACTaBICHUMH y BUIIIAA Tabiuii (HaB4aipHa BUOipKa). s mepeBipku
anpOKCUMAIIMHUX BIaCTHBOCTEH Helpo-HediTkoi Mojeni OyaeMo BUKOPH-
CTOBYBaTH TECTOBY BUOIPKY, MOIaHy y TaOMNHIIi.
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HaBYaJibHA BHOIpKa TecToBa BHOIpKa
X1 X2 y Xi X2 y
25 76 2.3 15 0.86 0.9
27 79 2.2 25 0.47 2.5
23.5 91 1.8 26 0.57 2.6
15 89 1.2 15 0.98 0.9
14.5 79 1.0 13.5 0.68 0.9
17 61 1.4 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 cepenoBunii MATLAB cTBOpHMO 3MiHHY HaBUYaJIbHOI BUOIPKHU D
Ta 3MiHHY TECTOBOI BUOIPKH 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 96 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;
16.50.93 1.6; 19.5 0.67 1.9; 22 0.58 2.1; 25 0.82 2.0; 28 0.86 2.8];

3amyctumo penakrop ANFIS, ms woro BBegemo: anfisedit

B o6macti Load data 3amamo 3MiHHI TecToBOi BHOIpKU (00epeMo B
cnucky Type: Training Ta B ciiucky from: Worksp., micist 4oro HaTHCHEMO
kHonky Load data .. Ta BBenemo y mnosie input variable name: p) Ta HaB4a-
to4oi BuOipku (obepemo B cmmcky Type:Testing ta B chucky from:
Worksp., micns yoro HatucHemo kHonky Load data .. Ta BBememo y mose
input variable name: t).

B ob6nacti Generate Fis oGepemo: Sub. clustering ta HaTHCHEMO
kHonky Generate Fis. B o6macti Train FIS oGepemo meron onTtumizanii
Optim. method: hybrid. 3amamo mnpuiiHATHHN piBeHb momMuiKd Error
tolerance: 0.000001. 3agamo kinbkicTs iTepauiii Epochs: 300. Hatucuemo
kHoOmKy Train now. V¥ rpadiuniii oomacti Training Error 6yaemo crocrepi-
raTy, siK 3MIHIOETbCS TIOMHJIKa HEHPO-HEUIiTKOT Mepexki MpoTAroM HaBYaH-
Hs. HatucHyBIIM KHOIKY Structure OTpUMaeMoO 300pa)Ke€HHsI CTPYKTYpH
3TreHepOoBaHOl HeHpO-HediTKOT Mepexi.

[Ticns uporo orpumany FIS cTpykTypy MokHa 30epert Ha JUCKy abo
BUKOPUCTOBYBATH JUIsl POTHO3YBaHHS Y, HAMIPUKIIA] 13 BAKOPUCTAHHSIM Tec-
ToBOi BUOIpKH t. [ TecTyBaHHSA 00epeMo, 1St SIKOi BUOIPKH 3A1HCHIOETHCS
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tecryBaHHs (Training - HaB4YanbHa, Testing - TecTOBa), Ta HATHCHEMO KHOII-
Ky Test now. Buuzy ¢opmu Oyne BKazaHO cepenHIO MOMUIIKY TECTyBaHH:I
(Average Error), a Ha rpadiky Oyjae 300paKeHO CHHIMH TOYKAaMH - IUTbOBI
3HAYCHHS BHXOIY, @ YSPBOHMMH 3ipKaMU - PO3PaXyHKOBI 3HAYCHHS BUXOJLY
HEeHPO-HEeUiTKOT Mepexi.

b.4 FIS - cTpykTypa

Bbazoeum moustTsiM Fuzzy Logic Toolbox € FIS-cmpykmypa - cuc-
Tema HeuiTkoro BuBeneHHs (Fuzzy Inference System). FIS-ctpykTypa Mic-
TUTh yC1 HEOOXiJHI JaHi Jyuis peamizanii (yHKI[IOHATHHOTO BiJ0OpaKeHHs
“BXOAM-BUXOAM” HA OCHOBI HEUITKOrO JIOTIYHOIO BHUBEIEHHS BIAMNOBIAHO
JI0 CXeMHU, IpuBeieHoi Ha puc. b.2.

OyHKIIIT HAJIEKHOCTI

®aszidpixarop |y | Mammna HEYITKOTO A% Hedaszzidi-
p| TOTiUHOrO BUBEMCHHSI > KaTop L 5

)

HeuiTka 6a3a 3HaHb

Pucynok b.2 - HeuiTke jioriune BUBEICHHS

[Mo3navyenns:: X - BXiTHMM YITKUH BEKTOp; X - BEKTOP HEUITKHX

MHOXXHH, 11O BiJNOBiTae BXiqHOMY BeKTOpy X; Y - pe3ysbTar JIOTIYHOTO
BHBE/ICHHS Y BHJII BEKTOpa HEUITKMX MHOXHWH; Y - BUXIIHUH YiTKUI BEK-
TOP.

CucremMa HEYiTKOTO JIOTIYHOTO BUBEIICHHS MOIAEThC Y PoOOUiit 00-
nacti MatLab y BUMIsiIi cTpyKTYypH AaHUX, 300paxeHoi Ha puc. b.3.



FIS-ctpykTypa

name

type

andhethod

artdethod

defuzziethod

imphethod

agghethod
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input

narme

rarge

hame

mf

type

output

namme

pararms

rarge

hame

mf

type

rule

antecedent

pararms

Pucynok b.3 — FIS-ctpyktypa

consequent

weight

connection
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Icuye aBa cnocobu szasammadsicenus FIS y pobouy 001acTh: 34HTY-
BaHHS 3 JIMCKa 3a jornomoror (ynkiii readfis; mepenaya 3 ocHoBHOrO fis-
penakropa unisixom Bubopy B MeHroo File mimminto Export i komanau To
workspace.

[Monst cTpykTypu HaHi CHUCTEMH HEYITKOTO JIOTTYHOTO BUBEICHHS
MpU3HAYCH1 JIJIs 30ePEKEHHS HACTYITHOI iH(popMaIii:

— name - HaliMEHyBaHHs CHCTEMH HEUITKOr'0 JIOTIYHOT'O BUBE/ICHHS;

—type - Tun cucteMu (mpumyctuMmi 3HaudeHHs 'Mamdani' Ta
'Sugeno');

— andMethod - peanizauis noriunoi onepamii "TA" (3amporpamoBaHi
peamizamii: 'min' — miHiMyM i 'prod' — MHOXEHHS);

— orMethod - peanizaist noriunoi onepauii "ABO" (3amporpamoBa#i
peamizamii: 'max' — MakcumyM 1 'probor' — imoBipHicae "ABO");

— defuzzMethod - meron nedasudikamii (3amporpamMoBani MeTOAM
Ui cucteM Ty Mampjani: 'centroid' — nenTp Barwm; 'bisector' — meniaHa;
'lom' — HaHOLIBIIMIA 3 MaKCUMyMiB; 'som' — HalMEHIINH 3 MaKCHMYMIiB;
'mom’' — cepenHe 3 MAKCUMYMIB; 3alTpOrpaMoOBaHi METOAU AJISI CUCTEM THITY
Cyreno: 'wtaver' — 3BakKeHe Cepe/iHE 1 'wtsum' — 3BakeHa cyma);

— impMethod - peanizaris oneparrii iMIutikaiii (3anporpamMoBaHi pe-
amizanii: 'min' — MiHiMyM 1 'prod' — MHOKEHHS);

— aggMethod - peamizarist onepaiii 00'eqHaHHS QYHKITIH HAJIEKHOC-
Ti BUX1IHOT 3MiHHOI (3amporpamoBaHi peamizaiii: 'max' — MakcumyM; 'sum'’
— cyma i 'probor' — imoBipaicHe "ABO");

— input - MacuB BXiJJHUX 3MIHHUX;
input.name - HaliMeHyBaHHS BXiIHOI 3MiHHOT;
input.range - n1iana3oH 3MiHH BXiTHOI 3MiHHOT,
input.mf - MacuB QyHKIIiIl HaNEKHOCTI BXiAHOT 3MiHHOT;
input.mf.name - HaiiMeHyBaHHS (YHKIii HaJEKHOCTI BXiAHOT

3MIHHOT,

— input.mf.type - Mozgenb QyHKIIT HaNeKHOCTI BXigHOI 3MiHHOT (3a-
nporpaMoBani Mozeni: dsigmf - GyHKIiS HaNEKHOCTI Y BUAI PI3HHLI MiX
JIBOMa CUTMOITHUMH QYHKIisME; gauss2mf - TBOCTOpOHHS TrayciBcbka (y-
HKIiS HaJeKHOCTI; gaussmf - rayciBcbka ¢QyHKIS HanexxHocTi; gbellmf -
y3arajibHeHa KOJIOK0iooOpa3Ha (YHKI[S HaJlekHOCTi; pimf - mi-nojiOHa
¢dyHKLisS HagexHOCTI; psigmf - 100yTOK IBOX cUTMOITHUX (YHKILIH Haje-
XKHOCTI; sigmf - curmoinHa ¢yHKIis HanexHocTi; smf - s-moaioHa (GyHKIis
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HaJNeXKHOCTI; trapmf - TpamenienonioHa GyHKIiS HalIexKHOCTI; trimf - Tpu-
KyTHa QYHKIIS HaJdexHOCTi; zmf - zZ-nofiObHa (yHKIiS HATEKHOCTI);

— input.mf.params - MacuB napaMerpiB (yHKIii HAJTEKHOCTI BXiIHOT
3MIHHOT,

— output - MacHB BUXITHUX 3MIiHHUX;
output.name - HaMEHyBaHHS BUXiJHOI 3MiHHOT;
output.range - Jiana3oH 3MiHM BUX1IHOT 3MIHHOT;
output.mf - MacuB (yHKIIi¥ HAJIEKHOCTI BUXITHOT 3MIHHOT,
output.mf.name - HaiiMeHyBaHHs (GYHKIIl HaJIEKHOCTI BHXiJHOI

3MIHHOT,

— output.mfitype - mozgenb QyHKII HAIEKHOCTI BUXITHOI 3MiHHOL
(3amporpamoBaHi Mozeni g cucteMu Tuny Mawmaani: dsigmf - QyHKIis
HaJ@KHOCTI y BHUJI PI3HMII MDK JIBOMA CHTMOIIHUMHU (YHKIIISIMHU;
gauss2mf - ABOCTOpOHHS TayciBCchbKa (PYHKIIsI HAIGKHOCTI; gaussmf - ray-
ciBcbka (yHKIiS HamexHocTi; gbellmf - y3aranbHeHa KomokoiooOpasHa
¢dyHKLUisS HanexHOCTI; pimf - mi-moxiOHa (QyHKIIS HalexHOCTi; psigmf -
JOOYTOK JIBOX CUTMOITHHUX (DYHKIIIM HAJEKHOCTI; 3aIporpaMoBaHi MOl
st cuctemu trity CyreHo: constatnt — koHcTaHTa (QYHKIIS HAJIEKHOCTI Y
BHJIi CIHIJITOHA); linear — JTiHiiiHA KOMOIHAIiSA BXIIHUX 3MIHHHUX );

— output.mf.params - MacuB mapamerpiB QyHKIii HAJIEKHOCTI BHXi-
JTHOT 3MIHHOT,

— rule - MacHB MpaBHJI HEYITKOI Oa3M 3HAHB;

— rule.antecedent - mocuiIKK npaBuia (BKa3ylOThCS MOPSAKOBI HOMEPH
TEpMIB y MOPAAKY 3anucy BXimHux 3miHHUX. Yucno 0 ykasye Ha Te, 1110 3Ha-
YCHHS BIMOBIIHOI BXiJHUI 3MIHHOT HE BILUTUBAE HA ICTUHHICTD MPaBHJIA);

— rule.consequent - BUCHOBOK IMpaBwiia (BKa3yOTbCSl HOPSIIKOBI HO-
MepH TepPMiB y MOPSAKY 3aMUCy BUXiAHUX 3MiHHUX. Yncno 0 yka3ye Ha Te,
10 MPaBUJIO HE MOUIMPIOETHCS Ha BiAMIOBIAHY BUXIHY 3MIHHY);

— rule.weight - Bara npasuia. 3aaeThcs YUCIIOM 3 Jianasony [0, 1];

— rule.connection - joriyHe 3B'I3yBaHHSA 3MIHHHX yCEpEIHHI TPaBH-
na: 1 — noriune "TA"; 2 — noriune "ABO".

Jlis TocTyny 110 BIaCTUBOCTEH CHCTEMH HEYITKOI'O JIOTTYHOT'O BHBE-
JICHHsI JIOCUTh BKa3aTH iM's BimmoBimHOro mnojis. Hampukian, xomania
FIS_NAME.rule(1).weight=0.5 BcTanoBmoe Bary nepuioro npasuia B 0.5,
komanga length(FIS NAME.rule) Bu3Hawae KiuTbKicTh mpaBui y 0Oasi
3HaHb, a komaHaa FIS NAME.input(1).mf(1).name="Hu3bkuii' nepeiimeno-
BY€ MEpIIUii TepM Tepioi BXiTHOT 3MiHHOT B “HU3BKUI.



B.5 FIS-penakrop

FIS-pedaxmop (puc. b.4) npusHaueHuii s CTBOPSHHS, 30€pEKEH-
Hsl, 3aBaHTAXXCHHS 1 BUBEACHHS y JIPYK CUCTEM HEYiTKOTO JIOTiYHOT'O BHBE-
JICHHS1, @ TAKOX ISl pefjaryBaHHsI HACTYITHUX BJIACTUBOCTEH: THII CUCTEMHU;
HallMEHYBaHHSI CHCTEMH; KUIBKICTh BXIJHMX 1 BHXIJHMX 3MIHHUX, Ha-
HMEHYBaHHS BXiIHUX 1 BUXITHUX 3MiHHUX; MapaMeTPU HEYiTKOTO JIOTT4HO-

T'O BUBCACHHAI.

=} FIS Editor: Untitled

File Edit View

Lirtithed

{mamdani)

inputi output]
FIS Mame: Unitled FIS Type: mamdani
And method Tmif - Current % ariable
Or method ma - Name

o T
Implication min - spe
Range

Aggregation Than -
Defuzziication centroid - Help Cloze
Syztem "Untitled™ 1 input, 1 autput, and O rules

Pucynok b.4 — FIS-pemakrop

3aBanTaxkeHHs FIS-pemakropa BinOyBa€eThCs 3a JOMOMOrOK KOMaH-
m fuzzy. V pe3ynbrarti 3'BISIETHCS IHTEpaKTUBHE IpadiuHe BIKHO. Y HUXK-
Hill yacTuHi rpadiunoro BikHa FIS-penakropu posramosani kHomku Help i
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Close, 110 103BOJISIFOTh BUKIMKATH BIKHO JAOBIJKH 1 3aKPUTH PEAAKTOp, Bi-
JIITOBIIHO.

FIS-penaxrop mictuth 8 Menro. Lle Tpu 3aranbHOCHCTEMHUX MEHIO -
File, Edit, View, i n'aTh MeHI0 aj1s1 BUOOPY NapaMeTpiB HEYITKOTO JIOTT4HO-
ro BuBeneHHs — And Method, Or Method, Implication, Aggregation i
Defuzzification.

Mento File - ne 3aranpiae MeHto s Bcix GUI-MonynniB BUKOPUCTO-
BYBAaHHX 13 CHCTEMaMH{ HEYITKOT'O JIOTTYHOT'O BUBEICHHS.

3a ngonomororo komanau New FIS... xopucTyBau Mae MOXIHUBICTB
CTBOPUTH HOBY CHCTEMY HEUITKOI'O JIOTiYHOT0 BUBeACHHs. [Ipu BuOOpi i€l
KOMaH/1 3'SIBJISATBCS JBi anbrepHatuBu: Mamdani i Sugeno, 10 BU3Haua-
10T THII CTBOPIOBaHOI cucTeMu. CTBOpHUTH cucTeMy THITY Mamdani MoxxHa
TakoX HatuckaHHaM Ctrl+N.

3a gomomoror KoMaHAu Import KoprucTyBad Mae MOXKIIMBICTh 3aBa-
HTQ)XKUTH PaHille CTBOPEHY CHCTEMY HEYiTKOro JIOTTYHOro BuBeneHus. [Ipu
BHOOpI 11i€1 KoMaHaM 3'ABNATHCS ABI anbrepHatuBu From Workspace... i
From disk, 1mo q03BONSIOTE 3aBaHTaXUTH CHUCTEMY HEYITKOI'O JIOTTYHOTrO
BHBEJICHHS 3 poOovoi obOnacti MatlLab i 3 aucka, BignosigHo. [Ipu BuGOpi
komaHu From Workspace... 3'sIBUThCSI J1iajIOrOBE BIKHO, y SKOMY HE0O0XiI-
HO BKa3aTH 1JICHTU(IKATOP CUCTEMH HEYITKOTO JIOTTYHOTO BHBEICHHS, IO
3HaXOAUThCS B poOouii obmacti MatLab. Ilpu Bu6opi komanau From disk
3'ABUTHCS JiaJIOTOBE BiKHO, Y SIKOMY HEOOXiHO BKa3aTH iM's (ailny cucte-
MH HEYITKOI'O JIOTTYHOrO BUBeneHHs. Pailyin CUCTEM HEYITKOr'o JIOTTYHOrO
BHBEICHHS MaloTh po3mmpeHHs .fis . 3aBaHTaXUTH CUCTEMY HEYITKOTO
JIOTIYHOTO BHBEIECHHS 3 TUCKa MOXHa TakoX HaTuckaHHSAM Ctrl+N um ko-
Magaow fuzzy FIS name, ne FIS name — im's aiiny cucremu HewiTKOTO
JIOTTYHOTO BUBEIICHHS.

IMpu BubGopi komangu Export 3'sBisaTbes ABI anmbTepHATHBH 1O
Workspace... i To disk, mo 103BOJISIFOTE CKOMIIOBAaTH CUCTEMY HEUYITKOTO
JIOTIYHOTO BHBEJICHHsS B poOouy obiacte Matlab i Ha auCK, BiAMOBIIAHO.
[Tpu BubGopi komanau To Workspace... 3'SIBUTbCS [1iaJIOTOBE BIKHO, Y SIKOMY
HEOOXiIHO BKa3aTH iIeHTU(IKATOP CHCTEMH HEYITKOTO JIOTTYHOTO BUBE-
JICHHSI, IMiJ] SKMM BOHa OyJne 30epexeHa B pobouiii obnacti MatLab. TIpu
BuOOpi komauau To disk 3'sBUTBCS JianoroBe BIKHO, y SKOMY HEOOXiTHO
BKa3zatu iM's (ailily cHCTeMH HEYIiTKOro JIoriyHoro BuBeaeHHs. CkomiroBa-
TH CUCTEMY HEYITKOI'O JIO'TYHOTO BHUBEJCHHS B PO0OYy 001acTh 1 Ha JUCK
MoxxHa TakoK HaTucKaHHaM Ctrl+T 1 Ctrl+S, BigmoBigHO.
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Komanpga Print 1o3Bosnsie BUBECTH Ha MPUHTEP KO0 rpadivyHOro Bi-
kHa. [TedaTka MOXKITMBa TakoX 1Mo HaTHCKaHHIO Ctrl+P.

Komanga Close 3akpuBae rpadiune BikHO. 3aKpUTTs rpad)iqHOro Bi-
KHa BiIOyBaeThcs 1o HaTHCKaHHIO Ctrl+W 4uu OHOKpaTHOrO MIUTIINKA JIi-
BoI kHomnku Myt no kuormi Close.

Menio Edit:

Komanaa Undo ckacoBye panimie 3poOsieHy Jaito. BukoHyeTrbes Ta-
KO 10 HatuckanHio Ctrl+Z.

Komanpna Add Variable... 103Bosisie 101aTH B CUCTEMY HEUITKOTO JI0-
TYHOTrO BUBENIEHHA 1ie oAHY 3MiHHY. [Ipu BuOOpi i€l KoMaHAW 3'ABISTHCS
nBi anpTepHaTHBH Input 1 Output, 1110 JO3BOJSIOThH JOJATH BXIJIHY 1 BUXIJI-
HY 3MiHHY, BiIOBIAHO.

Komanga Remove Selected Variable Bunansie noto4ny 3MiHHY i3 CH-
cremu. O3HaKOIO MMOTOYHOI 3MIHHOI € YepBOHA OKAHTOBKA ii MPSIMOKYTHU-
ka. [Ipr3HavueHHs TMOTOYHOI 3MIHHOT BiZOYBAa€THCS 3a JAOMOMOTOI0 OJIHOK-
PaTHOTO LIMIJIMKA JiBOI KHOMKK MUIII 1O 11 MPsAMOKYTHHKY. BunanuTu mo-
TOYHY 3MIHHY MOKHA TAKOX 3a J0moMoroto HaTuckanHs Ctrl+X.

Komanma Membership Function... BigkpuBae penakrop QyHKIlid Ha-
nexHocted. Llg komaHzga Moxke OYTHM TakOK BHUKOHAHA HATHCKAHHSIM
Ctrl+2.

Komanpaa Rules...BigkpuBae penakrop 6a3u 3HaHb. Llst komaHga Mo-
e OyTH TakoXX BUKOHaHa HatuckaHHaM Ctrl+3.

Mento View - ne 3arasbae Merro Juist Bcix GUI-monyiiB, BUKopucTo-
BYBaHHUX 13 CHCTEMaMH HEYITKOT'O JIOTIYHOTO BUBEACHHS. JlaHe MeHIo J1o-
3BOJISIE€ BiIKPUTH BIKHO Bi3yaJii3aiii HE4iTKOTO JOTTYHOrO BUBEIEHHS (KO-
Manza Rules abo Hatuckanns knasim Ctrl+5) i BikHO BUBEIEHHSI TOBEPXHi
“BXIO-BUX1A”’, IIO BIANOBIZA€ CHCTEMI HEUYITKOrO JIOTIYHOI'O BUBEIEHHS
(xomanna Surface abo HatrckanHs Kiaim Ctrl+6).

Mento And Method - 11e MEHIO JTO3BOJISIE YCTAHOBUTH HACTYITHI pea-
mizanii goriynoi onepauii "TA": min — MiHiIMyM; prod — MHO>KEHHS.

KopucryBau Takok Ma€ MOXJIMBICTh YCTAHOBUTH BIIACHY pealtizallito
onepamii "TA". [lns nporo HeoOXimHO BuOpaTH komanxy Custom...i B
rpadidHOMY BiKHi, IO 3'IBUJIOCS, HAAPYKYBaTH iM'st QYHKIIL, 10 peartizye
IO OIEPALLiFO.

Memnio Or Method - 1ie MEHIO JO3BOIISIE YCTAHOBUTH HACTYIIHI pealti-
3aii JioriuHoi omnepaiii "ABO": max — MHOXeHHS; probor - IMOBipHICHE
"ABO".
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KopucTyBau Tako Ma€ MOXKJIMBICTh YCTAHOBUTH BJIACHY peasli3alliro
oneparii "ABO". ns nporo HeoOXximHO BuOpatu komauay Custom... i B
rpadiqHOMY BiKHi, IO 3'IBUJIOCS, HAAPYKYBaTH iM'st QYHKIIL, 0 peartizye
IO OIEPAILiFO.

Memnio Implication - 11e MEHIO 103BOJISIE YCTAHOBHTH HACTYITHI pealti-
3aii iMITiKamii: min — MiHIMyM; prod — MHO>KEHHS.

KopucTyBau Tako Ma€ MOXKJIMBICTh YCTAHOBUTH BJIACHY peasli3alliro
iMrutikaiii. /ljis nporo HeoOXigHO BHOpaTH koMaHy Custom... i B rpadiu-
HOMY BiKHI, IO 3'SBHJIOCS, HAApPYKyBaTH iM's QYHKIII, 110 peamni3ye 10
OIepalrlifo.

Menio Aggregation - e MEHIO JTO3BOJISIE YCTAHOBUTH HACTYITHI pea-
mizanii omepanii o0'eqHaHHA (QYHKIIH HaJEKHOCTI BUXIJHOT 3MIHHOI: max
— MakcHMyM; sum — cyma; probor - imoBipHicHe "ABO".

KopucryBau Tako Ma€ MOXKJIMBICTh YCTAHOBUTH BJIACHY peasli3allito
i€l oneparii. Jlns 1poro HeoOximHO BuOpaTn komanay Custom...i B Tpa-
¢iuHOMY BiKHI, 110 3'ABHJIOCS, HAIPYKYBaTH iM'st QYHKIIT, IO peanizye 1o
oriepariiro

Mento Defuzzification - 1ie MEHIO J103BOJISIE BUOpATH METOJ neda3u-
¢ikanii. dns cucrem tuny MawmuaaHi 3amporpaMoBaHi HACTYIHI METOJH:
centroid — meHTp Bary; bisector —MeaiaHa; lom — HaHOLTBIIMIA 3 MaKCUMY-
MiB; som — HaWMEHIIMH 3 MaKCUMYMiB; mOm — CepeaHE 3 MaKCHMYMIB.
Hnst cucrem Tumy CyreHo 3amporpaMoBaHi HACTYIHI METOIHM: wtaver —
3BayKEHE cepelHe; wWisum — 3BakKeHa cyMa.

KopucryBau Takok Ma€e MOXJIMBICTh YCTAHOBHTH BJIACHHUI METOJ
nedasugikamii. s mporo HeoOximHo BUOpatw komanay Custom...i B
rpa¢idHOMY BiKHi, IO 3'IBUJIOCS, HAAPYKYBaTH iM'st QYHKIIL, 0 peartizye
110 OIEPAILiFO.

B.5 Penaxtop ¢ynkuiii HameskHoCTI

Peoaxmop ¢ynxyiti nanescnocmi (Membership Function Editor)
MpHU3HAYCHUH IS 3a/1aBaHHS HACTYMHOI iH(opMalii Tpo TepMHU-MHOXHHH
BXITHMX 1 BUXIJHMX 3MiHHHX: KUTBKICTb TEpPMIB; HaMEHYBAaHHS TEPMIiB;
THT 1 mapaMeTp (QYHKIIH HATEKHOCTI, 110 HEOOXiIHI IS MpeNCTaBIeHHS
JIHTBICTHYHHUX TEPMIB y BUTJISII HEUITKUX MHOMKHH.

Penakrop QyHKIIH HANEKHOCTI MOXKE OYTH BUKIMKAHHHA 3 OYIb-
skoro GUI-Momysisi, BAKOPUCTOBYBAHOTO 13 CHCTEMaMH HEYITKOIO JIOTiY-
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HOT0 BUBENECHHS, KoMaH10t0 Membership Functions... menro Edit abo Ha-
TUCKaHHIM KiaBim Ctrl+2.

VY FIS-penakrtopi BigkpuTu penaktop (yHKIIH HaJIeKHOCTI MOXKHA
TaKOXK MOABIMHHUM IMMTJIMKOM JIIBOIO KHOIIKOK MHIII 10 MO0 BXIIHOI a00
BUXITHOI 3MIHHUX. 3aranbHUil BUJ penakTtopa QyHKIIH HaJIeKHOCTI 3 yKa-
3iBKOIO (PyHKIIIOHAJBHOTO MPHU3HAYEHHS! OCHOBHUX MOMIB IpaiqHOro BiK-
Ha [IpUBeACHUH Ha puc. b.5.

HalimeHyBaHHs cuctemu KinbkicTb TOUOK AuCKpeTU3aLii ans
HEITKOro NOriYHOro BUBEAEHHA no6yAaoBI yHKLi NPMHANEXHOCTI

MMoTouHa
3MiHHa

g [m] B

<} Membership Function Editor: tipper
File Edit ‘iew

FIS “ariahles Membership function plots plot points: 181

Poor good excellent
—ee,

MoTouHa
(byHKLtiﬂ Service
npuHa-
nexHocTi

tip

—
 —
[Mo3Hauka

PEXUMY
Drugand
drop Current ' ariable Current Membership Function [click on MF ta zelect]
Marne service Marne poar
-_—___,_.———'-‘___' -
Im's [ Tvpe input #RE gau;smf -
MIOTOUHOT | Pararms | s / /
e Range I
3MIHHOI [ > ¥id Fi

/|| Dig ange /1 [010] Help /\[ Cloze
— ye
|4 Z 7 z rd
TMH . Feady / / / / \
3MIHHOI
— /|
/ / ~

input varisble "service"

e ———

ﬂ,iana30H 3MiHN Bi,ﬂ,06pa)|(yBa' NoTouHMN Tun dyHKujii MNapametpu
MNOTOYHOI HWI iHTepBan TepM MPUHANEXKHOCTi MOTOUHOT hyHKLT
3MIHHOT no BICI aﬁcumc NOTOYHOrO TEPMY NPUHANEXHOCTi

Pucynok B.5 — Pegaktop dyHKkiiil HanexxHOCTI
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VY HwkHIH yacTuHI TpadiuyHOro BikHa po3ramoBaHi kHomku Help i
Close, 1110 103BOJISIIOTh BUKIIMKATH BIKHO JIOBIJKHU 1 3aKPUTH PENAKTOp, Bi-
JIITOBIIHO.

Penakrop ¢yHkuiii HanexHOCTI MicTUTh YoTHpH MeHIO - File, Edit,
View, Type i voTupu BikHa BBeAeHHs iHpopMmanii — Range, Display Range,
Name i1 Params. Lli yotupu BikHa mpu3HAYEHI IS 3aBIAaHHS Jlialla30HY
3MIHH MTOTOYHOI 3MIHHOI, Jiana3oHy BUBEICHHS (DYHKIIIN HaJIeKHOCTI, Ha-
HMeHyBaHHS TOTOYHOTO JIIHTBICTHYHOTO TEPMY 1 MapaMeTpiB Horo QyHkiii
HAaJIEKHOCTI, BIIITOBIIHO.

[Mapamerpu QyHKIIT HaNEKHOCTI MOXKHA MiAOHpaTH i y rpadidHOMY
PEXUMI, NUITXOM 3MiHH GopMHU (PYHKIIi HAJIEKHOCTI 3a JOMOMOTOK0 TeX-
Hosiorii “Drug and drop”. [yis 1iboro HE0OXiTHO MO3UI[IOHYBATH KYpCOp
MUl Ha 3HaKy pexumy “Drug and drop”, HATUCHYTH Ha JIiBy KHOIIKY MH-
1 1 He Bigmyckatouu ii 3MmiHIoBaTH GopMy pyHKIiT HanexHocTi. [Tapamer-
pH QyHKIIT HAJIEKHOCTI OyyTh IepepaxoByBaTHCS aBTOMAaTHYHO.

Memnio Edit:

Komanaa Undo ckacoBye pawimie 3poOsieHy Jait0. BukoHyeTbes Ta-
KO 10 HatuckanHio Ctrl+Z.

Komanga Add MFs...1o3Bonse pomaT TepMyd B TEPMHU-MHOXKHHY,
BHUKOPUCTOBYBaHa JJISl JTIHTBICTUYHOI OL[IHKK MOTOYHOI 3MiHHOI. [Ipu BU-
Oopi 1iei KOMaHIU 3'SIBUTHCS iaJloTOBE BIKHO, Y SKOMY HEoOXinHO BHOpa-
TH TUI QYHKII] HAJEKHOCTI 1 KUTBKICTh TepMiB. 3HaueHHs mapameTpiB Qy-
HKIIH HaJeXHOCT1 OyJyTh BCTaHOBJICHI aBTOMaTHYHO TaKHUM YMHOM, 1100
PIBHOMIpHO MOKPUTH 00JIaCTh BU3HAYECHHS 3MiHHOI, 3aJ1aHO1 Y BikHi Range.
[pu 3miHi o6nacTi BU3HaueHHs y BikHI Range napamerpu QyHKIii Hamex-
HOCTIi OyyTh mpoMaiTaboBaHi.

Komanga Add Custom MF...no3Bomnsie mogatu oJHUX JIHTBICTUYHHAN
TepM, (DYHKIIS HaJIEKHOCTI SKOTO BiApi3HAEThCA Bif yOynoBaHux. [licms
BHOOpY 1i€i KOMaHIM 3'SIBUTHCS TpadiduHe BIKHO, y SIKOMY HEOOXiHO Ha-
JOpyKyBaTH JiHrBicTHUHMMA TepM (mone MF name), im's dyHK1IT HanexHOC-
Ti (mosie M-File function name) i nmapamerpu (GyHKII HaIeXKHOCTI (Toe
Parameter list).

Komanga Remove Selected MF Bupanse moroynuil TepM i3 TepM-
MHOXKWHH MOTOYHOT 3MiHHOI. O3HAKOIO MOTOYHOI 3MIHHOI € YePBOHA OKaH-
TOBKa 11 MpsAMOKyTHUKA. O3HAKOI MOTOYHOTO TEPMY € UEPBOHHUU KOJIp
fioro ¢yHkuii HanexHocTi. [y BHOOPY MOTOYHOTO TepMy HEOOXiAHO Mpo-
BECTU IMO3MIIOHYBaHHs Kypcopy MHuII Ha rpadiky QyHKIII HaIeKHOCTI i
3pOOUTH IIUTIIUK JIIBOK KHOITKOK MHUIII.
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Komanga Remove All MFs Buaasisie Bci TepMu 3 TepM-MHOKHUHH T10-
TOYHOI 3MIiHHOI.

Komanga FIS Properties...BiakpuBae FIS-pemakrop. Lls komanzaa
MoOXe OyTH TaKOXK BUKOHaHa HaTucKaHHAM Ctrl+1.

Komanpaa Rules...BinkpuBae penakrop 6a3u 3HaHb. Llst komaHga Mo-
e OyTH TakoXX BUKOHaHa HatuckaHHaM Ctrl+3.

Memnio Type n03BOIIsIE YCTAHOBUTH TUI (DYHKI[IM HAJIEKHOCTI TEPMIB,
BUKOPUCTOBYBaHUX JJIS JITHTBICTUYHOI OLIIHKH MOTOYHOT 3MIHHOT.

b.6 Penaktop 6a3u 3Hanb

Peoaxmop 6asu snans (Rule Editor) npusnauennii s GpopmyBaHHS
1 Mogudikalii HeuiTKuxX mpasuil. PenakTop 6a3u 3HaHb MOKE OYTH BUKIIH-
KaHuit 3 Oynp-skoro GUI-mMomynsi, BUKOPHCTOBYBAHOTO i3 CHCTEMaMU He-
YITKOI'O JIOTIYHOTO BHBeAeHHs, KoMaHmoo Rules...menio Edit abo HaTwHC-
kannsM knapim Ctrl+3. ¥V FIS-penakropi Bigkputu penakrop 6a3u 3HaHb
MOXHA TaKOXX MOJBIHHUM HIMTIUKOM JTIBOIO KHOITKOIO MHIIII 110 TIPSIMOKYT-
HUKY 3 HAa3BOIO CHCTEMH HEUYITKOTO JIOT1YHOI'0 BHBEICHHS, PO3TAIIOBAHOTO
B LIEHTPIi rpadiuHOro BiKHA.

3aranpHU BUJ penakropa 0a3u 3HaHB i3 YKa3iBKOKW (DYHKI[IOHAJIb-
HOT'O IPU3HAYEHHSI OCHOBHHUX MMOJIB rpadiyHOro BikHA MPUBEIEHHUH Ha PUC.
B.6.

VY HmwkHIH yacTuHI TpadiuyHOro BikHa po3ramoBaHi kHomku Help i
Close, 1110 103BOJISIIOTh BUKIIMKATH BIKHO JIOBIJKHU 1 3aKPUTH PENAKTOp, Bi-
JIITOBIIHO.

Penakrop ¢yHKIi HaleKHOCTI MICTHTh YOTUPU CHCTEMHUX MEHIO
File, Edit, View, Options, MeHI0O BUOOpY TEPMiB BXiTHUX 1 BUXIAHUX 3MiH-
HUX, TOJs ycTaHOBKM JioriyHux onepaiiii TA, ABO, HE i Bar mpasui, a
TaKOX KHOIIKM pelaryBaHHsI i Ieperisiay mpaBuil.

JlJis BBeIGHHSI HOBOT'O ITpaBuia B 0a3y 3HaHb HEOOXITHO 32 JIOIIOMO-
TOI0 MUINI BHOpaTH BiAMOBIIHY KOMOIHAIIFO JIIHTBICTUYHUX TEPMIB BXij-
HUX 1 BUXITHUX 3MIHHUX, YCTAHOBHUTH THUII JOriuHOro 3B's3yBanHs (TA abo
ABO) Mix 3MIHHUMH ycepeArHi MpaBuiia, YCTAHOBUTH UM HASBHICTH Bil-
cyTHicTh joriunoi onepauii HE mist koxxHOT miHTBiCTHYHOT 3MiHHHH, yBec-
TH 3HA4YCHHS BaroBOro KoedimieHTa MpaBuia i HaTUCHYTH KHOmKy Add
Rule. 3a 3amMoBUyBaHHSIM yCcTaHOBJIEHI HACTYITHI TapaMeTpH: JIOT1UHE 3B'S-
3yBaHHs 3MIHHUX ycepenuHi npaswia — TA; noriuHa onepariss HE — Bin-
CYTHSL;, 3HaYEHHS BaroBoro koedinieHTa nmpasuna — 1.
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MeHto BUGOpY 3HaueHb BXiGHWX Ta BUXIAHMX Barosui koedhiLjieHT npasuna
3MIHHWX
\ /
i =lolx]
OsHaka
BIACYTHOCTI
3MIHHOI y . _
npaswni werage] (1]
grous) [1]
| W—
BknroueHHs
noriyHoi
onepauji
HEy
npaswuno
generous
none
\. P
—N ’\—:___1_ =
. M~ nat riot — ot
JorivHa
3B'A3Ka MiX Connection Weight
BXojamu B o
OAHOMY & and 1 Delete rule | Add rule | Change rule |
npaswni 2 = ¥ = E
FIS Marne: tipper/ \ / / ‘ ‘ Help //ﬁgse ”
\ J yd SN i
BaroBui koedpiLjieHT KHonku, o 403BONSHOTL BUAGNATH, KHonkv nepernsgy
Ao4aBaTu Ta pefarysaru noTouHe
NOTOYHOrO NpaBuna NDaBAno BENMKIX NpaBun

Pucynok b.6 — Penaktop 6a3u 3HaHb

MoMBi BUIAJIKU, KOJIM ICTUHHICTh MPaBHUJia HE 3MIHIOETBCS TIPHU JI0-
BUILHOI 3HAYEHHI MEAKOl BXIIHOI 3MIHHOI, TOOTO IS 3MiHHA HE BIUJIMBAE Ha
pe3yJIbTaT HEUITKOTO JIOTIYHOTO BHBEACHHS B JlaHiid obnacti (hakTopHOro
npocropy. Tozi sk JTIHrBICTUYHE 3HAUCHHS 1i€1 3MIHHOI HEOOXIIHO yCTaHO-
BUTH NoNe.

Jlns BupaneHHs npaBwia 3 0a3u 3HaHb HEOOXITHO 3pOOMTH OHOKPAT-
HUH NIUTJIMK JTIBOKO KHOMKOK MUIII Ha [[bOMY MPaBUIIi T2 HATUCHYTH KHOIKY
Delete Rule.

Juis monudikarii nmpaBuia HEOOXITHO 3POOUTH OJHOKPATHHMA IIUT-
JIUK JIBOIO KHOMKOIO MHIII Ha IIbOMY HpPaBWIi, MOTIM YCTAaHOBUTH HEO0-
XiH1 mapaMmeTpu npasuia i HaTucHyTH KHonKy Edit Rule.
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Memnio Edit:

Komanaa Undo ckacoBye panimie 3poOsieHy Jito. BukoHyeTrbes Ta-
KOX 110 HatuckanHto Ctrl+Z.

Komanga FIS Properties...BiakpuBae FIS-pemakrop. Ll komanzga
MoOXe OyTH TaKOXK BUKOHaHa HaTucKaHHAM Ctrl+1.

Komanma Membership Function...BigkpuBae peaakTop QyHKIiNA Ha-
nexHocted. Llg komaHga Moxke OYTHM TakOoK BUKOHAHA HATHCKAHHSIM
Ctrl+2.

Mento Options O3BOJISE YCTAHOBUTH MOBY 1 (popMaT IpaBmii 0asu
3HaHb. [Ipu BUOOpi komanmm Language 3'sButbesi crmcok MoB English
(Anrmiiiceka), Deutsch (Himenpka), Francais (Ppaniry3pka), 3 sKoro HeoO-
XiIHO BUOpaTH OIHY.

Ipu BuGopi komanmy Format 3'IBUTBCS CMCOK MOXIMBUX (hOpMATIB
rpaBwI 0a3u 3HaHb: Verbose - miHrBicTHYHME; Symbolic — sioriunuii; Indexed
— IHJEKCOBAHUMN.

B.7 Bizyaai3zaiisi He4iTKOr0 JIOTiYHOT0 BUBEIEHHS

Bizyasizaliiss HE4iTKOTO JIO'YHOTO BHBEIEHHS 3JIHCHIOETHCS 3a JI0-
nomororo GUI-monynst Rule Viewer. 1leit Moaynb N03BOJISIE MPOUTIOCTPY-
BaTH XiJ| JIOTIYHOT'0 BUBEICHHS 32 KOXXHHUM IIPAaBUIIOM, OJIEPIKAHHSI Pe3yb-
TYI04YOi HEYiTKOT MHOKMHH 1 BUKOHAaHHS mpouenypu aedasudikamii. Rule
Viewer Mmoxxe OyTH BUKJIMKaHUi 3 Oyab-sskoro GUI-Motys1st, BAKOPHUCTOBY-
BAHOI'O 13 CHCTEMaMH HEYITKOrO JIOTIYHOTO BHUBEACHHS, KOMAaHAOI View
rules ... MeHro View um HatuckandaMm kiasimn Ctrl+4. Bung Rule Viewer
JUISl CHCTEMH JIOTTYHOTO BHBEJICHHS tipper i3 yKa3iBKOI (YHKI[IOHATBHOTO
MpHU3HAYCHHS! OCHOBHHUX IOJIiB TpadiyHOro BiKHA MpUBEIeHHH Ha puc. b.7.

Rule Viewer mictuth yotupu mento - File, Edit, View, Options, nBa
noJist yBenenHs inpopmarii — Input i Plot points Ta KHONKHM MPOKPyYyBaHHS
300pakeHHs BIiBO - BipaBo (left-right), yaus (up-down). Y HmxHIH YacTH-
Hi rpa¢iuHoro BikHa po3ramoBani Takox kHonku Help i Close, mo no3Bo-
JISIIOTh BUKJIMKATH BIKHO JTOBIIKH 1 3aKPUTH PEIaKkTop, BianoBigHo. Koxne
MpaBwIo 0a3u 3HaHb MPEICTABISETHCS y BUJI MOCIIJOBHOCTI TOPH30HTA-
JBHO PO3TAIIOBaHUX MPSIMOKYTHHKIB. [IpH nboMy mepiii ABa MpsIMOKYTHH-
KU BiloOpakaloTh QYHKII HAeKHOCTEH TepMiB MOCHIIKK IpaBuia (Skimo-
YacTUHA TpaBWIIa), a OCTaHHIM TpeTiii MPsAMOKYTHHUK Binnosigae (yHKIii
HAJIEKHOCTI TepMY-HaCiAKy BUXigHo1 3MiHHOI (To-4acTHa mpaBuia).
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TMopsiakoBuiA HaliMeHyBaHHS BXifHWUX 3MIHHWX Ta iXHi HaiiMeHyBaHHs BUXiBHOi 3MiHHOT Ta
HoMep npaswna 3HaYEeHHS peaynbTaT BUBEAEHHS!
<} Rule Yiewer: tipper

i \ ..—.JEJ _>_(_J
1 N service = 4 food =5

File Edit iew
[Mokax4mkm tip=189
3HaueHb
BXiIHUX 1
3MIHHWX.

MoxyTb ByTn -~
3MiHeHi 3a 2 ‘
ZLOMOMOro

MU

DyHKuji

npvHanex- —Z 7
HocTi BxigHux | [ |Input: |[}8] /’ ]Be/poiﬂtsi 10 /( Move: gftd right | down| up l
3MIHHNX v s ——F

T 7 s N N\ded ]
/

-
MOTOYHI 3HAYEHHS DyHKUT PesynbTar noriyHoro PesynbTar BUKOHaHHS KHonku
BXIIHUX 3MIHHUX NpYHaNEXHoCTi BUBEAEHHS y BUTMSAI npoueaypu TIPOKPYUyBaHHS
BUXIZHOT 3MIHHOT HEYITKOI MHOMXWHU Aedasndikauii

\

Pucynok b.7 — Bi3yauizaiiist JOriuHOro BUBEICHHS
IUIsl cucTeMu tipper 3a gonomororo Rule Viewer

[NopoxHili MPSIMOKYTHHUK y Bizyali3amii Apyroro mpaBuja O3HA4aE,
0 B [IbOMY IpaBWIi Mmocuika 3a 3miHHow food BimcytHs (food is none).
Koete 3anuBanns rpadikiB QyHKIIH HaJeKHOCTEH BXiIHUX 3MIHHHX yKa-
3y€ HACKLIBKM 3HAYCHHsI BXOJIB, BiJIIOBIAIOTh T€PMaM JaHOTO MpPaBHIIA.
s BuBenenns npaswia y ¢popmati Rule Editor HeobxinHo 3podutn omHO-
KpaTHUH MIWTIIHK JIIBOI KHOIKM MHIII 0 HOMEpPi BiANOBIAHOTO MpaBuia. Y
IIbOMY BHWITQJIKy 3a3HauY€HE MpaBuiIO OyJe BUBEICHO B HWXXHIA YacTHHI
rpa¢iqHOro BiKHA.

BnaxutHe 3anuBanHs rpadika QyHKIIT HATEKHOCTI BUXiAHOT 3MiHHOT
SIBJISIE COOOI0 PE3yJIbTAT JIOTTYHOIO BUBEIICHHS y BUTIISAI HEUITKOI MHOXKH-
HU 32 JIAaHUM MpaBuUjoM. Pe3ynbTyrody HEYiTKy MHOXKHHY, IIO BilIOBigae
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JIOTIYHOMY BWBEICHHIO 32 BCiMa MpaBWIIAMH, MTOKAa3aHO B HWKHBOMY IIpsi-
MOKYTHHKY OCTaHHBOTO CTOBMIISI TPa(iyHOro BikHA. Y I[BOMY K MPSIMOKY-
THUKY YepBOHA BEPTHKaJIbHA JIiHIsI BiAMOBiJA€ YiTKOMY 3HAYEHHIO JIOTiY-
HOT'O BUBEJICHHS, OTPUMAHOTO B Pe3yJIbTaTi aedazudikarrii.

VBeneHHs 3HAYE€Hb BXIOHUX 3MIHHHX MOXKE 3IIMCHIOBATHUCS IBOMa
crmocobaMu: NUISIXOM YBEICHHs YMCEeNbHUX 3Ha4eHb y moine Input; 3a mo-
MOMOT'0I0 MHUIII, MUITXOM MepeMillleHHs JTiHIH-TOKaKYMKiB YePBOHOTO KO-
JBOPY.

B ocranHpoMy BHMaAKy HEOOXiIHO IMO3WIIOHYBATH KypCOp MHUIII Ha
YepBOHIM BepTUKAJIBHIN JIiHil, HATUCHYTH Ha JIIBY KHOIKY MUIII 1 HE BiITyc-
KalouM Hel TepeMICTUTH MOKaXYMK Ha MOTPiOHY mosuiio. HoBe dncenbHe
3HAYEHHS BIMOBIIHOI BXIHOI 3MIHHOI Oy/ie MepeTiuyeH0 aBTOMATHYHO 1 BH-
BeJieHe y BikHO Input.

VY none Plot points 3a1aeTbest KiMBKICTh KPaNoK AWCKpETH3alil [is Mo-
OynoBu rpadikis GYHKITIHA HAIKHOCTIL. 3HAUCHHs 32 3aMoBUyBaHHIM — 101,

Memnio Edit:

Komanna FIS Properties...BinkpuBae FIS-pemakrop. Lls komanpma
MOJKE OyTH TakOX BHKOHaHA HaThCKaHHsAM Ctrl+1.

Komanga Membership Functions...BigkpuBae penaktop (yHKIIH
HajexHocTel. Llg komanma Moxe OyTM TakOK BUKOHaHA HATHUCKAHHSIM
Ctrl+2.

Komanpaa Rules...BinkpuBae penakrop 6a3u 3HaHb. Llst komaHga Mo-
e OyTH TakoXX BUKOHaHa HatuckaHHaM Ctrl+3.

Memnto Options MiCTUTB TUTbKH OAHY KoMaHAy Format, mo no3Bossie
YCTAaHOBUTH OJWH 3 HACTYNHUX (OPMaTiB BUBEIECHHS OOPaHOro MpaBUiIoO B
HWXKHIN yacTuHi rpadiuHoro BikHa: Verbose - JiHrBicTHUHMIA; Symbolic —
noriunwmii; Indexed — iHmEKCOBaHUIA.

b.8 ANFIS-penakTop

ANFIS € abperiatyporo Adaptive Neuro-Fuzzy Inference System —
ajanTuBHa Heiipo-HeuiTka cuctema. ANFIS-pemakTop no3Bossie aBTOMA-
TUYHO CHHTE3YBaTH 3 €KCIEPHUMEHTAILHUX JaHWUX HEHPO-HEUiTKi Mepexi.
Heiipo-HeuiTky Mepexy MOXKHa pO3TJISIaTH K OAMH 3 PI3HOBUIIB CUCTEM
HEYITKOro JioriyHoro BuBeneHHs tumy Cyreno. [lpu oMy dyHkiii Hae-
YKHOCTI CHHTE30BaHUX CHCTEM HaJIaro/PKEHO (HaBYCHO) TaK, 11100 MiHIMI3Yy-
BaTH BIIXWJICHHS MK pe3yJbTaTaMi HEUITKOI'0 MOJETIOBaHHA i eKcrepH-
MEHTAIbHUX JaHUX.
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3aBantaxkenHs ANFIS-penakTopa 3miiCHIOETBCS 32 KOMAaHIOIO
anfisedit. ¥ pe3ynbpTaTi BUKOHAHHS i€l KOMaHIM 3'SIBUTHCS rpadidHe Bik-
HO, 300paxkeHe Ha puc. b.8. Ha npomy x pucyHKy 3a3HaueHO (DyHKIiOHa-
npHi obmacti ANFIS-penakTopa, onuc sKux MpUBEAEHO HIDKYE.

[ O6nacTb Bigyaniaavii ] [ O6nactb Bnactusoctent ANFIS
<} Anfis Editor: Untitled -10] x|
File Edit “iew
AMFIS Info.  —
1 =
# of inputs: 1
08r # of outputs: 1
# of input mfs:
06
0.4r
Obnactb 02k
3aBaHTa- Structure
KEHHS ] : : : ? - Clear Plat
AaHNX a 0.2 0.4 0.6 08 1
“ Load data Generate FIS Train FIS L - i o
Tupe: Erom: . Optirm. Method:
& Training : " Load from disk Fwkbrid - Flat agtair_'nst:
. # disk : Lo.ad froT worksp. w i Tralr.nng data
 hecking Cluirken *+  Grid partition o Testing data
" i = ' i
~ Dema Sub. clustering = Checking data
Load Data.. | Clear Data | Generate FIS .. | Train Mow | [Test [ o |
J f ]
~ I / | | Help | f Close | |
I J {
O6nacto BuBeAeHHs O6nactb O6nactb O6nactb
noTo4HOT iHehopmaLyi reHepaui HaB4aHHs TECTYBaHHS
BuxigHoi FIS

r

Pucynok b.8 — OcuoBne BikHo ANFIS-penakTopa

ANFIS-penakrop mictuth 3 Bepxnix meHto - File, Edit i View, 00-
JIaCTh Bizyauizailii, oosacth BiactuBocTedt ANFIS, 0061acTh 3aBaHTaKEHHS
JaHUX, 00JIACTh F'EHEPYBAaHHS BUXIJHOI CHCTEMH HEYITKOTO JIOTIYHOIO BH-
BEJCHHS, 00JacTh HaBYaHHS, O0JIACTh TECTYBaHHS, OOJIACTh BUBEICHHS
nmotouHoi iHdopmairii, a Takok kHonku Help 1 Close, 1110 103BOJSIOTH BU-
KJIMKaTH BikHO A0BiaKH i 3akputn ANFIS-penaxTop, BiAmoBigHo.
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Memnio Edit:

Komanaa Undo ckacoBye pawimie 3poOsieHy ait0. BukoHyeTbes Ta-
KO 10 HatuckanHio Ctrl+Z.

Komanna FIS Properties...BinkpuBae FIS-pemaktop. Lls komanpma
MOJKE€ OyTH TakOX BHKOHaHA HaThcKaHHsM Ctrl+1.

Komanga Membership Functions...BigkpuBae penakTop (yHKIIH
HanexHocTi. s komaHma moxke OyTH TakoX BHKOHaHAa HATHCKaHHIM
Ctrl+2.

Komanpaa Rules...BinkpuBae penakrop 6a3u 3HaHb. Lls komaHga Mo-
e OyTH TakoX BHKOHaHa HatuckaHHaM Ctrl+3.

Komanpna Anfis...BinkpuBae ANFIS-penakrop. Lls komanma moxe
OyTH TakoX BUKOHaHa HaTHckaHHsIM Ctrl+3. [TomiTrMO, 1110 1aHa KOMaH A,
3amymieHa 3 ANFIS-penakTopa He MPUBOIUTH IO BUKOHAHHS SKUX-HEOYIb
Iiid, Tak neil penakTop yxke Bigkputuii. Ognak, y mexto Edit inmmx GUI-
MOJIYJTiB, BAKOPUCTOBYBAaHHUX 13 CHCTEMaMHU HEYITKOI'O JIOTIYHOTO BHBEICH-
Hsl, J0oAaeThecs koMaHma Anfis...,mo no3soinse Bigkputu ANFIS-penakTop
3 IIUX MOJYJIIB.

Obnacmu 6i3yanizayii MiCTUTh 1Ba TUTIHM iH(OpMaIii: IpU HaBYaHHI
CHCTEMH — KpHBa HaBYaHHS y BUJI Ipadika 3aIeKHOCTI TOMHIIKM HaBYaHHS
BiJl MOPSIKOBOTO HOMEpa iTepallii; Mpy 3aBaHTaKEHHI TaHUX 1 TeCTyBaHHI
CHCTEMH — eKCTIEpUMEHTANIbHI 1aH] 1 pe3yJbTaTH MOJICTIOBAHHSI.

ExcniepuMenTanbHi 1aHi 1 pe3yabTaTd MOJECITIOBAHHS BHBOASATHCS Y
BUJIi MHOJXKWHH KPaIoK y TBOBUMipHOMY ipoctopi. Ilpu npomy 1o Bici a6-
IUC BIIKITAJa€ThCs MOPSAKOBUI HOMEp psliKa JaHWUX y BUOIpIi (HaBYAIb-
HOI, TeCTOBOI 200 KOHTPOJIBHOI), a 10 OCi OpJMHAT - 3HAUSHHS BUXIIHOT
3MIHHOI JUTS JaHOTO psiika BUOIpKK. BUKOPUCTOBYIOTHCS HACTYIHI Mapke-
pu: OiakuTHa Kpamka (.) — TecToBa BUOIpKa; OJAaKUTHA OKPYXHIcTh (0) —
HaBYaJbHA BUOipKa; OJAKUTHUIH IUTIOC (+) — KOHTpOJbHa BHOIpKa; YepBOHA
3ipouka (*) — pe3ynbTaTH MOJICITIOBAHHSI.

B o6racmi enacmusocmeri ANFIS (ANFIS info) BuBoauThCs iH(O-
pMatlis Ipo KUTbKICTh BXiIHUX 1 BUXIAHUX 3MiHHUX, PO KUIBKICTh (yHK-
il HAJIOKHOCTI JUIsl KOXKHOT BXIJTHUI 3MIHHUH, @ TAKOXK PO KUIBKICTh Psi-
IKiB y BUOipkax. ¥ 1iif obnacTi po3ramoBasi 1Bi kHonku Structure i Clear
Plot.

Hartuckanus kHomku Structure BiguuHs€ HOBe rpadiuHe BIKHO, Y
SIKOMY CHUCTEMa HEUITKOTO JIOI'iYHOTO BUBEICHHS NIPEJCTABIISE Y BUJII HEH-
po-Heuitkoi Mepexi. Hatuckanus kHomnku Clear Plot po3Bonse ounctuTu
o0JIacTh Bizyastizaitii.
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B ob6racmi zasanmasicenns oanux (Load data) posramioBaHi: MEHIO
Bubopy tuny nanux (Type), mo mictuth anprepHaTuBu (Traning - HaBya-
npHa BuOipka; Testing - TecroBa Bubipka; Checking - koHTponsHa BHOipKa;
Demo - nemoHCTpamiiHUI NpHKIAN); MEHIO BUOOpY JDKepena JaHuX
(From), mo mictuts ansrepratusy (disk — auck; worksp. - poboua obnacth
MatLab); kHomnka 3aBaHTaXkeHHs qanux Load Data..., 10 HaTUCKaHHIO SKOT
3'ABIISIETHCS JIaJIOTOBE BIKHO BHOOpPY (haiiiny, SIKIIO 3aBaHTa)KEHHS JAHUX
BiOyBa€eThCs 3 IMCKa, a00 BIKHO BBEICHHSI iIeHTU(IKaTOpa BUOIPKH, SIKILIO
3aBaHTAXKCHHSI JJAHUX MOXOJUTh 3 poO0UO0T 001aCTi; KHOMKA OYHUIIICHHS Ja-
Hux Clear Data.

B obaacmi cenepysanus (Generate FIS) po3ramioBani MeHi0 BUOOPY
croco0y CTBOPEHHS BHXIJHOI CHCTEMH HEUITKOrO JIOTIYHOT'O BHBEIICHHSI.
MeHto MicTUTh HacTynHi anprepHaThBr: Load from disk — 3aBaHTa)keHHs
cucremH 3 aucka; Load from worksp. — 3aBanTakeHHs cucTeMu 3 podbodoi
obnacti MatLab; Grid partition - reHepyBaHHSI CUCTEMH 1O METOAY IpaT
(0e3 kmacrepu3airii); Sub. clustering — reHepyBaHHS CUCTEMHU 32 METOJIOM
cyOkacTepusariii.

B oGnacti Takoxk posramoBaHa kHomka Generate, M0 HaTHCKAaHHEIO
SIKOT TEHEPYEThCS BUXiZIHA CHCTEMa HEYiTKOTO JIOTIYHOTO BUBEACHHS.

ITpu Bubopi Load from disk 3'saBiisieThcs cTaHAapTHE J1aJIOTOBE BiK-
HO BIIKpUTTSI paiiiy.

ITpu Bubopi Load from worksp. 3'sBisieThcsl cTaHIapTHE ialioroBe
BIiKHO BBEJICHHS 1IeHTH(}IKaTOpa CUCTEMH HEHITKOTO JIOTTYHOTO BUBEACHHI.

ITpu BuGopi Grid partition 3'ABNSETHCS BIKHO BBEICHHS NapaMeTpiB
METOJTy IpaT, y IKOMY IOTPIOHO BKA3aTH KUIBKICTh TEPMIB JUIsSl KOXKEH BXi-
JTHUH 3MIHHOT 1 TUTT (DYHKI[IM HAJTEXKHOCTI JIJIS BXITHUX 1 BUX1THOI 3MIHHHX.

[Tpu BuOOpPi Sub. clustering 3'sBIsIETHCS BIKHO BBEACHHS HACTYITHHX
napamerpiB MeToay cyOknacrepusaitii: Range of influence — piBHi BIuMBYy
BXimHUX 3MiHHEX; Squash factor — koeginieHT npurHiYeHHs; Accept ratio —
KOE(II[IEHT, 0 BCTAHOBJIIOE y CKUIBKU pa3iB MOTEHIlia] JAHOI TOYKH I10-
BHHHUI OyTH BHIIE TIOTEHI[IaTy I[EHTPa MEPIIOro KiacTepa s TOro, 1Moo
LIEHTPOM OJIHOTO 3 KjacTepiB Oysia mpH3HAauUeHa pO3rJIsSHyTa TOdka; Reject
ratio - Koe(ilieHT, 1110 BCTAHOBJIIOE Y CKIIBKOX pa3iB MOTEHITIAN JaHOI TOY-
KM TIOBMHHMU OyTH HW)XKYE MOTEHIIady I[eHTpa MepIIoro Kiacrepa, oo
pO3riIsiHyTa TOYKa OyJia BUKITIOUEHA 3 MOXKJIMBHX IICHTPIB KJIACTEPIB.

B obaacmi nasuanns (Train FIS) posramoBani MeHIO BUOOpY METO-
ny onrtumizaiii (Optim. method), mose 3aBaanHss HEOOXIHOT TOYHOCTI Ha-
BuanHs (Error tolerance), mosie 3aBAaHHsS KUIBKOCTI iTepailiii HaBUaHHS
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(Epochs) i xHonka Train Now, HaTHCKaHHS SIKOTO 3aMyCKa€E PEKUM Ha-
BUaHHs. [IpoMiKHI pe3ynbTaTi HaBYaHHS BUBOJSTHCS B 00IacTh Bi3yaiza-
1ii # y podouy obnacte MatLab. ¥ ANFIS-penakropi peasnizoBaHi jBa Me-
TOOM HaBYaHHS: backpropa — MeTol 3BOPOTHOTO MOIIMPEHHS MOMMUIIKH,
3aCHOBaHHWH Ha ilesx MeToNy HalmBuAmoro cnycka; hybrid — riopugamii
METO/I, 0 TOEAHYE METO/ 3BOPOTHOTO TMOMIMPEHHS MOMHIJIKH 3 METOJOM
HalMEHIIIUX KBaJIPaTiB.

B obnacmi mecmysanns (Test FIS) po3rarioBani MeHIO BUOOpPY BH-
Oipku 1 kHonKa Test Now, 1Mo HaTHCKaHHIO TIO SIKUH BiIOYBA€TbCS TECTY-
BaHHS HEYITKOI CUCTEMH 3 BUBEICHHS pe3y/IbTaTiB B 00J1acTh Bizyalizailii.

Obnacmb susedenHsi nomouHol ingopmayii: y 1ii 001acTi BUBOIUTH-
sl HAMOUIBI iICTOTHA MTOTOYHA iH(pOPMAIIisl, HAPUKIIA]], TIOBIIOMJIEHHS TIPO
3aKiHYEeHHs] BUKOHaHHI Omepaliif, 3Ha4eHHs MOMUJIKH YU HaBYaHHS TECTY-
BaHHS 1 T.II.

B.9 ®ynkuii Fuzzy Logic Toolbox

Oynkuii, mo BXoiaTh A0 Moayns Fuzzy Logic Toolbox MoxyTh Oy-
TH BHKJIMKaHI 3 KOMaHJHOro psjka. [ljis oTpuMaHHs mepeniky (yHKIH
crig BBectd komanay: help fuzzy. HaBememo koporkwii orisin (yHKii
monyis Fuzzy Logic.

Peoaxmopu 3 epagiunum inmepgheiicom xopucmyeaua: anfisedit -
iHCTpyMeHT aj1s HaBuaHHA Ta TectyBaHHs ANFIS; findcluster - iHcTpymeHT
JUTs KilacTepu3aiii; fuzzy - 6a3osuii penakrop FIS; mfedit - penakrop dyn-
Kiii HanexHocTi; ruleedit - pemakrop Ta aHajizaTop npaBwi; ruleview -
JEMOHCTPATOp MpaBWJI Ta JiarpaM HEUiTKOro BUBENEHHS; surfview - ge-
MOHCTPaTOp BUXIJHOT MMOBEPXHi.

Qynxyii nanexcnocmi: dsigmf, gauss2mf, gaussmf, gbellmf, pimf,
psigmf, smf, sigmf, trapmf, trimf, zmf.

Mopnyne Fuzzy Logic Toolbox makery MATLAB Bxmrouae 11 y0y-
JoBaHUX (YHKIIH HaJIEKHOCTI, 0 BUKOPUCTOBYIOTh TakKi OCHOBHI (yHK-
il KyCO4YHO-TiHIHHY; rayCiBChbKiil pO3MOALI; CUTMOIIHY KPHBY; KBaJIpaTH-
YHY Ta KyOiuHY KpHBI.

st 3py4HOCTi iMeHa BCix yOymoBaHHMX (DYHKIIH HaJeKHOCTI 3aKiH-
qytoTbes Ha mf. Bukiuk QyHKmii Hane)XHOCTI 3A1MCHIOETBCS B TAKHMA CIIO-
ci0: namemf{(x, params), ne namemf — HaiimeHyBaHHS (QyHKIIi HaIeKHOC-
Ti; X — BEKTOp, JUIA KOOPJAWHAT SIKOTO HEOOXiJHO po3paxyBaTy 3HAYCHHS
(GYHKIIT HAJIOKHOCTI; params — BEKTOP MapaMeTpiB QyHKIIIT HaJIEXHOCTI.
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Hatinpocrimi ¢yHkiii Hanexuocti mpuxymua (trimf) 1 mpaneyieno-
oiona (trapmf) HopMyrOTHCSI 3 BUKOPHCTAHHSM KYCOYHO-TIHIIHOI ampok-
cumaii. Tpanenienoniona QyHKIis HATEKHOCTI € y3aralbHEHHSIM TPUKYT-
HOT, BOHA JI03BOJISIE 3a]IaBATH SJIPO HEUITKOI MHOKUHU Y BUJI iHTEpBALY. Y
BUIQ/IKy Tpanenienoaionoi GyHKIii HaleXHOCTI MOXKIJIMBA HACTYITHA 3py4-
Ha IHTEepIpeTalis: spo HEYiTKOI MHOKWHU — ONITUMICTHYHA OLlIHKA; HOCIH
HEYITKOT MHOYKMHU — [IECUMICTUYHA OLIHKA.

JBi QyHKIil HanexHOCTI — cumempuuna eayciscoka (gaussmf) i
0socmoponns 2ayciecoka (gaussmf) GopMyrOThCS 3 BUKOPUCTaHHSIM ray-
ciBchkoro posnoainy. @yHkiiis gaussmf jg03Bossie 3aaBaTh aCUMETPUYHI
(GyHKIIT HaJIeKHOCTI. Y3arajabHeHa KOJOKOI000pa3Ha (yHKIlis HaJIeKHOC-
Ti (gbellmf) 3a cBoeto popmoro cxoka Ha rayciBebki. Lli pyHKIil HanexHO-
CTi YaCTO BHKOPUCTOBYIOTHCSI B HEUITKMX CHCTEMax, TOMY IO Ha BCii 00-
JacTi BU3HAYCHHS BOHU € TTIAJIKUMH 1 TPUHMAaIOTh HEHYJIbOB1 3HAUCHHS.

Oynkunii HanexHocti sigmf, dsigmf, psigmf 3acHOBaHi Ha BUKOpHC-
TaHHI cuemoionoi kpueoi. i pyHkuil no3BONSAIOTE (hopMyBaTH (YHKIIIT
HAJIEKHOCTI, 3HAaUCHHSI SIKUX MMOYMHAIOUH 3 JCSIKOr0 3HAYCHHS apTyMEHTY i
1o +(-) o pieHi 1. Taki QyHKIOIT 3py4Hi A7 3aBIAHHS JTIHTBICTUYHUX Tep-
MiB THITy «BHCOKHI» a00 «HU3BKUII».

THoninomianvna anpokcumayis 3acTOCOBYEThCS TpH  (HOpMyBaHHI
¢ynkuiit zmf, pimf i smf, rpadiuni 300paxkeHHs SKUX CXOXi Ha QyHKIIT
sigmf, dsigmf, psigmf, BianosigHo.

VY Fuzzy Logic Toolbox nepenbaveHa MOKIUBICTD JIJIsi KOPUCTyBayda
CTBOPEHHSI BJIACHOI (DYHKIIIT HaJIOKHOCTI. J[J1s1 1IbOr0 HEOOXIiHO CTBOPUTH
m-QYyHKII0, II0 MICTUTH JIBA BXiTHHX apryMEHTH — BEKTOp, AJISI KOOpAH-
HAT SIKOTO HEOOXiJJHO po3paxyBaTy 3HaUeHHs (DYHKIIii HAIEKHOCTI 1 BEKTOp
napamerpiB (QyHKIIi HaJleKHOCTI. BuximHuM aprymeHToM (QYHKIT MTOBHH-
HUI OyTH BEKTOpP CTYIEHIB HAaJIEKHOCTI.

@yuryii FIS: addmf - nonae ¢ynkito Hanexxnocri no FIS; addrule -
noxae npasuio a0 FIS; addvar - nonae 3minny no FIS; defuzz - nedy3udi-
Kye (YHKII0 HalleKHOCTI; evalfis - 311iiCHIOE 00YMCIIEHHS HEYITKOTrO BH-
BezieHHS;, evalmf - o0uucitoe QpyHKIIi0 HaISKHOCTI; gensurf - reHepye mo-
BepxHio Buxoay FIS; getfis - moBeprae BIacTUBOCTI HEUITKOI CHUCTEMH;
mf2mf - TpaHCIIOE MapaMeTpu MK QYHKIISIMA PUUHAICKHOCTI; newfis -
crBoproe HOBY FIS; parsrule - ananizye HediTki npaBuina; plotfis - mokasye
miarpamy "Bxig-Buxin" mus FIS; plotmf - moka3ye yci GpyHKIIii HaeKHOCTI
i onHiel 3minHOL; readfis - 3aBanTaxkye FIS 3 mucky; rmmf - Bupanse
¢ynkuito HanexxHocti 3 FIS; rmvar - Bunganse 3minny 3 FIS; setfis - Bcra-
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HOBJIIOE BJIACTHBOCTI HeuiTKol cucteMu; showfis - mokasye anoroBany FIS;
showrule - BinoOpaxxye npasuna FIS; writefis - 30epirae FIS Ha aucky.

Oynkuig output=evalfis(input, fis, numofpoints). BuUKOHYe 004HC-
JICHHSI JUTSl BUOIPKM €K3EMIUISIPIB 3a JIOMTOMOI'OI0 BKa3aHOI HEHPO-HEUiTKOT
Mepexi. PesynpratoM € obuncieHi Buxonu QyHKIii, IKy apOKCUMYe€ Hei-
po-HediTKa Mepeka. ApryMeHTH Ta pe3ynbTar (yHKUii: input - BXxoau 00-
yrciaroBanoi BuOipku; fis - Helipo-HediTka Mepexa; numofpoints - Kijib-
KICTh TOYOK JJIs TIPOBeACHHS jaeda3udikalii (peKOMEHyeThCs OpaTh 3Ha-
yeHHs He MeHIne 100, 3MEHIIIEHHS I[LOTO TapaMeTpy MPUCKOPIOE MPOIIEC
o0uuCIeHb, aje 3MEeHIIYE TOYHICTB); output - 00UMCIIeH] BUXOAN;

Bubipku naHux Ta HEHpPO-HEUITKI MEpexKi, 3 IKUMH MPAIIOIOTh OMH-
cani (yHKUii moBHHHI 30epiraTucs B podouiit odmacti MATLAB (B omepa-
TUBHIN mam’sTi). B cTOBOISIX MaTpullh, IO MPEACTaBISAIOTE cO00K0 BUOIp-
KM, 30epiratoThcs 3HaYeHHS BXOJIB (03HAK) Ta BUXOJIB, B PSJIKAX - €K3EM-
VISP BUOIpKH.

Jnst 3aBaHTa)KeHHs1 BUOIPOK 3 AMCKY a0o 3amucy Ha JUCK HEOOXiTHO
BuKopuctoByBaTi komanay MATLAB: s=load(filename), sika. 3aBanTaxxye
BMicT ¢aiiny B 3MiHHy s. DyHkiis save(filename, s). 30epirae 3mMiHHY S y
(arin.

Jnst MOXKITUBOCTI BUKOPHCTaHHSI CTBOPEHOI HEHPO-HEWITKOT MepexKi
B HACTYIHHX ceaHcax poOoTH ab0 BHKOPHUCTaHHS MEPEXi 3 IMOMepenHix
crig BUKOpHCTOBYBaTH Taki (yHkuii momynst Fuzzy Logic Toolbox:
writefis(fis,filename) - 30epirae Heipo-HeuiTKy Mepexy fis B daiin;
fis=readfis(filename) - 3aBaHTaxxye 3 (ailly HEHpPO-HEUITKY MEpexy B
3MiHHY fis.

Ilepeoosi mexnonoeii: anfis - ¢pyHkiis HaByaHHs Juist cuctemu Cyre-
Ho; (yHKLIi KmacTep-ananizy: fcm, genfisl, genfis2; subclust.

Pizni ¢hynxyii: convertfis - mepeTBoproe HEYITKY MaTPHIIO CTPYKTY-
pu Bepcii 1.0 y matpuito ctpykrypu Bepcii 2.0; discfis - quckperusye FIS;
evalmmf - BUKOPHCTOBYETHCS A1 OOUMCIIEHHS MHOKMHHHUX (YHKIIH Ha-
nexHocTi; fstrvcat- moeqHye Matpuii pisHOro po3mipy; fuzarith - dyHkmis
HeuiTKol apudmeTnky; findrow - mrykae psIku MaTpHIli, O BiAMOBiAAI0Th
BXITHOMY PSIKy; genparam - TeHepye MOYaTKOBI MapaMerpH IMepeayMoB
nist HaBuaHHs ANFIS; probor - imoBipHicae ABO; sugmax - MakcuMaib-
HUW BUXITHUH Tiana3oH i cuctemu CyreHo.

Oynkiis C = fuzarith(X, A, B, OPERATOR) peanizye 6a3oBi ore-
pauii HeuiTKoi JIOTiKM Ta MoBepTae HewiTKy MHOXHHY C SK pe3ynbTaT 3a-
crocyBanHs oneparopa OPERATOR no Hewitknx MHOXUH A Ta B 3 yHi-
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BepcanbHoI MHOKMHH X. 3MiHHI A, B Ta X MaioTh OyTH BEeKTOpaMu OJHa-
koBoi po3mipHocTi. OPERATOR mae Oyt ogauM 3 psakiB: 'sum' - cyma,
'sub' - BupaxysanHs, 'prod' - 100yTOK, 'div' - ginenHs. Hewitka mHoxuHa C,
sIKa TIOBEPTAETHCS, € BEKTOP-CTOBIIIIEM Ti€l € JOBXKWHY, 1m0 U A Ta B. 3a-
YBa)KUMO, IO 1151 GYHKIIiS BUKOPUCTOBYE iHTEpPBAIbHY apu(pMETHKy Ta Tie-
pendayae, mo: A Ta B € onykimMu HEYITKUMU MHOXXKMHaM#; (QyHKIii Ha-
JexHOCTI it A Ta B mo3a X € Hynem.

Jlonomiocni (hynxyii epagiuno2o KopucmysaibHuybkoeo inmepget-
cy: cmfdlg - nogae mianor BuOOpy GyHKIiH HanexHocti; cmthdlg - momae
nianor BUOOpY MeToay BHBENEHHS; fisgui - IMCKpUNTOpPHE TOCHIIAHHS Ha
inTepdeticHi 3acobu monyns Fuzzy Logic Toolbox; gfmfdlg - renepye FIS
3 BUKOpPHCTaHHAM Jianory merony rpat; mfdlg- nonae mianor ¢ynkuii Ha-
nexHocTi; mfdrag - mepersryBaHHS (QYHKIIII HaJIEKHOCTI 32 JOMOMOTOIO
Mmuli; popundo - BiIHOBIIOE 31 CTEKy OCTaHHI 3MiHHM (BiMIiHS€ OCTaHHI
nii); pushundo- mepenae moTo4Hi gaHi y crek BigHOBIICHHS; savedlg - mia-
JIOT 3aIKCy Tepesl 3aKPUTTSIM; statmsg - 300pakye MOBIIOMIICHHS y TIOJ1
crarycy; updtfis - oHoBmoe 3acobu rpadiunoro iHTepdeiicy Fuzzy Logic
Toolbox; wsdlg- gianor "BiakpuTTs 3" / "30€pexenHs g0" podo4oi 06IacTi.
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JlonaTox B

MEPEJIIK TEM JIJIsI BAKOHAHHS PEOEPATUBHOI
YACTUHU PO3PAXYHKOBO-IT'PA®IYHOT'O 3ABJJAHHA

1. TexHoJorii IHTENEKTYaIbHOTO aHAI3Y JIaHUX.

2. Meroau BUTATY 3HaHb 3 IaHUX.

3. BupileHHs 3aBlaHb TEXHIYHOT'O 1 010MEMYHOTO JIIarHOCTYBaHHS
Ha OCHOBi HEHPO-HEUITKUX MEPEK.

4. TlporpamHi 3aco0u 3 eeMEHTaMH IITyYHOTO IHTEIEKTY Ha OCHOBI
HEHPO-HEUITKUX MEPEK.

5. Heiipo-HeuiTki Mojieni 00’ €KTiB yIpaBIiHHS 1 TPOEKTYBaHHS.

6. Meroau 00poOKH Pe3yNIbTaTiB MOJICITIOBAHHS.

7. Kpurepii olliHIOBaHHS TOYHOCTI MaTeMaTHYHUX MOJIETCH.

8. Meroau HEYITKOrO BUBEIEHHS.

9. Twumu Ta 3acTocyBaHHS HEWPO-HEUITKUX MEPEXK.

10.Metoau HaBYaHHS HEHPO-HEUITKHX MEPEK.

11.BiaMiHHOCTI MiXK HEHPOHHUMH Ta HEUPO-HEYITKUMH MEPEKaMH.

12.ITpuHtmnm no0y10BH HEHPO-HEWITKUX MOJIENEH.

13.0OcHOBHI BU3HAUEHHS Ta METOM TEOPil po3Mi3HaBaHHS 00pa3iB.

14.TlpuHIMIN CTBOPEHHS TIOPUAHUX IHTENEKTYaJIbHUX CUCTEM.

15.Kpurepii anamizy MeTo/iB TOOYOBH HEHPO-HEUITKUX MEPEIK.



