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3ATAJIBHI TTIOJIOKEHHSA

JlaHe BUIaHHS NpPHU3HAUCHE Al BUBYECHHS Ta NMPAKTUYHOIO OCBOEHHS
CTyAEHTaMHU ycix (OpM HaBUaHHS HEYITKOTO MpOrpaMyBaHHs A MOOYI0BU
IHTEJIEKTyaJIbHUX CHCTEM.

BinnoBinHo n0 rpadika CTyAE€HTH Mepell BUKOHAHHSM Ja0OpaTOpHOI
poOOTH TMOBWHHI O3HAHOMHUTHCS 3 KOHCIIEKTOM JIEKI[ii Ta PEKOMEHIOBAaHOO
JiTepaTyporo.

Jns ofepKaHHS 3a]iKy MO KOXHIM poOOTI CTYAEHT 37a€ BHUKJIAAady
koM odopmiieHuit 3Bit, a rakoxx CD-RW (DVD-RW) nuck y hpopmari MS—
DOS / Windows, mnepeBipeHnii Ha BIiACYTHICTH BipyCiB, 3 TeKcTaMu
po3pobieHux mporpam, (haifaaMu nporpam, o BUKOHYIOThCS, (ailiaMu faHux
1 TEKCTOM 3BITY.

3BiT (mpuknan oGopmIIeHHS - AWB. IOAATOK A) Mae MiCTUTH:

- TUTYABHUN apkyil (Ha HbOMY BK3yIOTh Ha3BYy MiHICTepCTBa, Ha3BY
yHiBepCHTETY, Ha3By Kadenpu, HOMEp, BHI | TeMy poOOTH, BHKOHABIS Ta
0co0y, 1110 TpHiiMac 3BIT, PIK);

- MeTy, BapiaHT i 3aBIaHHs pobOTH;

- JTAKOHIYHHH OMUC TEOPETHYHUX Bi JOMOCTEH;

- TEKCT MPOrpaMH, 10 000B'I3KOBO MiCTUTH KOMEHTApI;

- BXiHi Ta BUXIiqHI AaHi Iporpamu;

- 3MiCTOBHHUIA aHaJi3 OTPUMAHHX PE3YNIbTATIB Ta BUCHOBKH.

3BiT BUKOHYIOTH Ha Oinomy mamepi popmaty A4 (210 X 297 mm). Tekct
PO3MILIYIOTh TiIJIBKU 3 oHieT cTopoHu nmcTa. [lons cropinku 3 yeix 60kiB — 20
MM. ApKymli CKpIIUTIOIOTH 3a JONOMOTOH KAaHIENSIPCHKUX CKPiMmok. Jlis
HabOpy TEKCTY 3BiTY BUKOPHCTOBYIOTH penakrop MS Word 97: mpudt Times
New Roman, 12 myHKTiB. MDKpSAKOBHH IHTEpBAN: MOJYTOPHUI — JUIS TEKCTY
3BiTYy, OAMHAPHUH — JUIsl INCTUHTIB IIPOrpaM, TaOJIUIb 1 PO3APYKIBOK JAHUX.

[Tig ygac cmiBOeciiM CTYAEHT TMOBUHHUN BUSBUTH 3HAHHS TPO METY
po60TH, IO TEOPETUIHOMY MaTepially, IPO METOIU BUKOHAHHS KOXHOTO €TaIy
po0oTH, 1O 3MICTYy OCHOBHHMX PO3ILIiB pO3p0oOIEHOro 3BITY 3 JIEMOHCTPALII€I0
pE3yNIbTaTiB Ha KOHKPETHUX MPUKIIAIax.

CTymeHT TOBMHHMM BMITH NpaBWIBHO aHANi3yBaTH OTpUMaHi
pe3yabTatu. s camomnepeBipKM TpU MiArOTOBII 10 BHKOHAHHS 1 37adi
poOOTH CTYAEHT NMOBUHHUI BiNMOBICTM Ha KOHTPOJNbHI MUTAHHS, MPUBEACHI
HaMpHKiHII OMUCY BiIMOBIAHOI pOOOTH.

3aranbHUN 321K CTYACHT OACPXKYE MICIIA BUKOHAHHA 1 3/1a4i OCTaHHBOI
pobortu.
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1 JIabopaTtopna po6ora Nel

HEYITKI MHO’KUHHU TA
OIIEPALII 3 HUMMU Y TAKETI MATLAB

Meta poborn: OCBOITH OCHOBHI IOHSATTS HEYITKOi JIOTiKH Ta HABYUTHCS
MIPAIIOBATH 13 HEUITKUMH MHOKHHAMU.

3aBganHs 10 podoTn

1. O3sHalioMUTHCS 3 KOHCIIEKTOM JICKIIiH, pEKOMEHIOBAHOIO JIITEPaTyp OO
Ta TEOPETHYHUMH BiJIOMOCTSIMH JJAHUX METOJMYHHX BKa3iBOK.

2. 3risHO 3 HOMEPOM CTYJEHTA 3a KypHAJIOM JJIsl BapiaHTy 3 BIAIOBIIHUM
HOMEpPOM BUKOHATH iHAMBIIyaJbHE 3aBIaHHS.

3. OdopmuTtu 3BIT 3 poOOTH.

4. BignoBicTy HAa KOHTPOJIBHI 3aIUTaHHS.

Inousioyanvhi 3a60amms

Hexaii V - HoMep BapiaHTa CTyAeHTa 3a )KypHaioM. BusHaunmo:

14V, axkmoV <5;
V, =1V, mxmo 5£ V £10;
{ round(0,3V), sixuro V > 10,

nie round(X) - GpyHKITisT OKPYTIIEHHS.
CdopMyeMo HEHiTKI MHOXKHUHU:

k
A={<—|k>
{<y1k>h,

1

2k
B ={<— 0,5k >
{<{ 105k >}

1

k=0,1..V.

3asoannsn 1. TloOymyBaty nekinbka pasiB rpadiku QyHKIIH PUHAIEKHOCTI
Yy 3aJeKHOCTI BiJi HOMEpY BapiaHTy i3 pIi3HUMU 3HAUCHHSMH I1apaMeTpiB.
[Mapamerpu GyHKIIH NPUHAIGKHOCTI 3amaTH camocTiiiHo. J[ocmiaut, sk
BIUIMBAIOTH 3HAUEHHS IApaMeTpiB Ha 3MiHY 3HaueHHS (DYHKIIH MPUHAJIEKHOCTI.
3aBnanHs BukoHaTH y makeri MATLAB i3 Buxopucranusm ¢yHKIIH Momyss
Fuzzy Logic Toolbox.
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Vv OyHKIIT Vv OyHKIIT

1 dsigmf gbdImf 2 psigmf gaussmf
3 dsigmf zmf 4 psigmf pimf

5 dsigmf trimf 6 sigmf dsigmf

7 gauss2mf gbdImf 8 sigmf pimf

9 gauss2mf trimf 10 sigmf trimf

11 gauss2mf trapmf 12 smf gauss2mf
13 gaussmf gauss2mf 14 smf gbdImf
15 gaussmf pimf 16 trapmf gaussmf
17 gaussmf trapmf 18 trimf gauss2mf
19 gbdImf pimf 20 trimf gbdImf
21 gbdImf smf 22 zmf smf

23 pimf gaussmf 24 zmf dsigmf
25 pimf sigmf 26 zmf pimf

3asoanns 2. BuzHaunTH 3HAYECHHS €JIEMEHTIB HEWITKMX MHOXHH A Ta B.
3aB/aHHS BUKOHATH BPY4HY.

3asoanns 3. J1ns KOXKHOI 3 HEUITKMX MHOXMH A Ta B BuzHaunTH: BHCOTY,
YM € MHOXXMHA HOPMaJIbHOIO, CYOHOPMAJIbHOIO 200 MOPOXKHBOIO, YM € MHOXXHHA
YHIMOJAJIBHOIO, PO, HOCIH, MEXi, TOUKH Iepexo.y, HAHOMKIY YiTKY MHOXKHHY,
YK € MHOXHHA OMYKIIOK, Mipy HewiTkocTi Erepa (y merpukax: p=1 ta p=2), Mipy
HeuiTkocTi Kocko, 4iTky MHOKUHY ajbda-piBHs. 3aBJaHHS BUKOHATH BPYUYHY.

3asoannss 4. Bu3HauMTH pe3yNbTaTH BUKOHAHHS HAJ HEYITKUMHU
MHOXHHaMu A Ta B omepariiii: 1omOBHEHHs, BKIIOYCHHS, PIBHICTH, 00'€HAHHS,
TIepeTUHAHHSI, Pi3HUI, CUMETPUYHA PI3HUIIA, JAW3'IOHKTUBHA CyMa, anreOpaidHui
no0yTok, anreOpaiuHa cyma, oOMeXeHa CyMma, OOMEXEHa DI3HULA, OOMEXEeHHI
N0OYTOK, JpacTHYHE MepeTHHAHHS, ApacTMuHe 00'enHanHs,| -cyma, 3Benenns B
crymiab, CON, DIL, MHOXEHHS Ha YHCIO0, OMyKJIa KOMOiHAIlis, HOpMai3allis,
HEYiTKe BKJIIOYEHHS. Y SIKOCTI CKaISIPHOTO YMCIIa Jie MOTPiOHO BUKOPUCTOBYBATH
ancyo Vi a60 V1. 3aB1aHHs BUKOHATH BPYUHY.

3aeoannsn 5. Ilpuaymatu mpakiaj JiHTBICTHYHOI 3MIHHOI Ta BapiaHTIB ii
3Ha4eHb. /{1 JTIHTBICTMYHOI 3MIHHOI 3ampoIOHYBAaTH HewiTKi 3MiHHI. HaBectn
MPUKJIAA MOXIIMBHX 3HAU€Hb HEUITKUX 3MIHHHMX. BHU3HAUNTH TepM-MHOXHHY
JIHTBICTUYHOI 3MiHHO.

3asoanns 6. JIns muoxuH A Tta B 3a gomomororo makery MATLAB
BU3HAYMTH PE3yNbTaTH HEUITKUX oOmeparii: 'sum' - cyma, 'sub’ - BupaxyBaHH,
'‘prod’ - nmobytok, 'div' - minenns. PesympTaTé 300pasutu rpadivuHO y makeri
MATLAB. Ilpu BukOHaHHI 3aBJJaHHS BUKOPUCTOBYBAaTH (DYHKIIii IPUHAIEKHOCTI
3 3aBJaHHs 1.
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3micT 3BiTY

Mera poboTH.

KopoTki TeopeTndHi BiIOMOCTi.

Howmep BapiaHTy Ta 3aBJaHHS IO POOOTH.

Ommc mporiecy Ta pe3yJbTaTd BUKOHAHHS 3aBJIaHb.

BucHOBKH, IO MICTATH BIAMOBi/I HA KOHTPOJIBHI 3alMTaHHS, a TaKOXK
BIIOOPaXyIOTh pPE3YJIbTaTH BHUKOHAHHS pPOOOTH Ta iX KPUTUYHUHN
aHaIs.

gkrwihE

KonTpoJibHi 3anuTaHHs

Je i aist AKuX 33734 JOLIJIBHO 3aCTOCOBYBATH HEUITKY JIOTIKY?

IIlo Take HeYiTKa MHOXKHHA?

JlaliTe BU3HaUeHHS Ta HaBEIITh NPHUKJIAAN ITOHATH. YiTKa ITiMHOXHHA

(GYHKIIST  [PUHANEXXHOCTi,  HEWiTKAa  MJMHOXKHHA,  MHOXHHA

MPUHAICKHOCTEH, HEYITKa 3MiHHA, JIHTBICTHYHA 3MiHHA, TEPM-

MHO)KMHA, TEPM, CEMaHTHYHA Npolenypa, HEUiTKEe YHCIO0, HEediTKe

yucno (L-R)-tumy, ¢yHkuis npuHanexHocti Hewitkux uucen (L-R)-

TUITY, HEYITKE N-apHe BiJHOMIECHHS, HEYITKE BiIHOIEHHS HA MHOXKHHI.

4. 'V yoMy BiIMiHHOCTI 3BUUAHHHUX Ta HEUITKUX YHCEI?

5. XapakTepuCTUKH Ta BIIACTUBOCTI HEUITKMX MHOXHH. BHCOTa, YU €
MHO)KHHa HOPMAaJIbHOIO, CyOHOpPMaJIFHOIO a00 IIOpOXKHBOIO; YH €
MHO)KMHA YHIMOJAQJIBHOIO, SIIPO, HOCIH, MEXi, TOYKH Mepexomy,
HaONMWK4Ya 4iTKy MHOXKHHY, YHd € MHOXHHA OMNYKJOI, Mipa
HeuiTkocti Erepa, mipy Hewitkocti Kocko, diTka MHOXHHA anbga-
PiBHSI.

6. Onmepauii Hajg HEYITKUMH MHOXKHHAMH. JIOTIOBHEHHSI, BKIJIFOUEHHS,

PiBHICTh, 00'€HAHHS, TICPCTUHAHHS, Pi3HUIL, CUMETPUYHA Pi3HHMII,

JMU3'IOHKTUBHA CyMma, ajireOpaiunuii mo0yTOK, anredpaidHa cyma,

oOMexeHa cyma, 0OMeXeHa pi3HUI, 0OMEeXeHNH 100yTOK, IpacTH4He

wn P

IepeTHHAHHs, pacTHuHe 00'eqHaHHdA,| -cyma, 3BeJleHHS B CTYMiHB,
CON, DIL, MHOXEHHS Ha YHCIIO, OIyKJIa KOMOiHAIlisl, JCKAapTOBHMA
JIOOYTOK, HOpMaJTi3allisi, HeUiTKEe BKJIFOUCHHS.

7. BnacTuBOCTI HEUTKHMX omepaliii Ta 3aKOHH HEYITKOI JIOTIKH.

8. ODyHKII NPUHATICKHOCTI HEYITKUX MHOXKUH. aHAJTITHYHUN 3aIluC,
¢dopmar Bukiuky y nakeri MATLAB, rpadiku.

9. Heuirki onepaii y nakeri MATLAB.
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2 JlabopaTopna podora Ne 2

MOJEJII HA BA3I TEOPIi HEUITKAX MHOXKHWH

Meta podorn: OcBoiTH OCHOBHI NPHHLMNK MOOYAOBH HEHPO-HEWITKHX
Mepex y maketi MATLAB.

3aBganHs 10 podoTn

1. O3sHailioMuTHCS 3 KOHCIEKTOM JICKI[iH, PEKOMEHIOBAHOIO JIITEPaTyp OO
Ta TEOPETHYHUMH BiIOMOCTSMH JTAHUX METOJUYHHUX BKa3iKOK.

2. 3rijHO 3 HOMEPOM CTYJEHTA 3a KypHAJIOM JJIsl BapiaHTy 3 BIAMIOBIIHUM
HOMEpPOM BUKOHATH iHAMBIIyaJbHE 3aBIAaHHS.

3. OdopmuTtu 3BIT 3 poOOTH.

4. BigmoBicTy HAa KOHTPOJIBHI 3aIUTAHHS.

Tnousioyanvhi 3a60amns

3aeoanns 1. [lpunymatu npukiian HediTkoro BimHomieHHs A R B, a takoxk

Hioro nonosuenns R . Busnauntu pesynbraTn onepariii:
C=RER,D=RCR,E=(CCD)ER.

3aB/aHHS BUKOHATH BPY4HY.

3asoannsn 2. JInsa Heurikux MHOXMH A Ta B, orpuMaHux y mnonepenHii
po0ori BiamoBiHO 10 V - HOMepa BapiaHTa CTyACHTA 3a )KYPHAJIOM, 3HAHUTH UiTKI
sHauenns A Tta B, BukopucroByroum Meromu aedasudixaiii: cepenmiii 3
MaKCUMAaJIbHUX, HAWOINBIIMA 3 MaKCUMaJdbHUX, HAWMEHIIMA 3 MaKCHUMAaJbHHUX,
LEHTP TSOKIHHS, METOJ MeZiaHu, BucoTHa nedasndikaris. [lopiBHsATH pe3yibraTn
METO/IIB /IS KOXKHOT HEUiTKOI MHOXKHHU. 3aB/IaHHS BUKOHATH BPYUHY.

3aeé0annss 3. BUKOpPHCTOBYIOUM TPOMYKIHHY Mojaenh 0a3u 3HAHb
€KCIIEPTHOI CHCTEMH, pO3pOOJIEHOI Yy TMONepeaHbOMY ceMecTpi, MmoOymyBatH il
CHpOLIEHUH BapiaHT y BHIIAAI mpaBwia " Sxmo-To". BukopucroByBatu He Olnblie
YOTHPHOX BXIJHHX 3MIHHMX Ta I SITH 3HAYCHb BUXIJMHOI 3MiHHOi. 3aJaTHd He
Oinbie BicbMu npaBui. Y penakropi FIS makery MATLAB noOyayBatu cucremy
HEYTITKOrO BHBEICHHS Uil CTBOPEHMX 3MIHHMX 1 mnpaBwi. llepermsHyrn
pe3yabTati podotu FIS s mo3UTHBHOrO Ta HEraTUBHOTO CIICHApiiB. 30epertu
crBopeny FISy daiin Ha qucky.
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3micT 3BiTY

Mera poboTH.

KopoTki TeopeTndHi BiIOMOCTi.

Howmep BapiaHTy Ta 3aBJaHHS IO POOOTH.

Omuc mporecy Ta pe3yabTaTd BHUKOHAHHS 3aBJaHb. 300pakKCHHS
eKpaHHUX (OopM, TeKCT cTBopeHoi FIS.

BucHOBKH, IO MICTATH BIAMOBi/II Ha KOHTPOJIBHI 3alMTaHHS, a TaKOXK
BIIOOPaXyIOTh pPE3YJIbTaTH BHUKOHAHHS pPOOOTH Ta iX KPUTUYHUHN
aHaIs.

AN PE

o1

KonTpoJbHi 3anuTaHHs

[mKeHepist 3HaHb Ta HEYITKICTb.

HeuiTki BimHOImEHHS Ta onepanii 3 HUMU.

HeuiTki MHOXMHH Ta BUBEIECHHS.

Hedy3udikamis: 3aranpHe NpU3HAYCHHS Ta METOJW. CEPEIHIA 3
MakCUMaJIbHUX, HaWOIIBIIMH 3 MaKCHMMalbHUX, HaWMEHIIUH 3
MaKCUMaJIBHUX, IIGHTPp TSDKIHHSA, METOJ MEIiaHW, BHCOTHA
nedasudikarris.

Metoau HEYITKOr0 BUBEICHHS.

[lopiBHSHHA METONIB TOOYJIOBH HEYITKOTO JIOTiYHOTO BHUBEICHHS
Mawmpnasi Ta CyreHo.

7. CrBopeHHs HewiTkuX Mozenel y maketi MATLAB.

AOONE

o
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10

3 JlabopaTopHa po6ora Ne 3

MMOBYJOBA HEMPO-HEYITKHX
MEPEX Y TAKETI MATLAB

Meta podorn: OcBoiTH OCHOBHI NPHHUMNK MOOYAOBH HEHPO-HEWITKHX
Mepex y maketi MATLAB.

3aBganHs 10 podoTn

1. 3rizHO 3 HOMEpOM IHAMBIAYaJBHOTO BapiaHTa CTY/AEHTA 3a XypHAJIOM
3TeHEepyBaTH HABUAIOUY Ta TECTOBY BHOIpkH naHux. Hexait V - Homep cryneHTa 3a
KYpHaJIOM. BH3HAYMMO KUIBKICTh €K3EMIUIAPIB Yy HaBYANBHIA BHOIpHmi S,
KIJIBKICTh €K3eMIULIPIB Y TeCTOBiH BUOIpII S;, KiTbKICTh BXiHUX 3MiHHHUX (0O3HAK)
BuOipok N, 3HAYEHHsI O3HAK BHUOIPOK: HABYAIBHOI - X, Ta TECTOBOI - X, a TAKOXK
3HAYCHHS I[IILOBUX O3HAK JIs BUOIPOK : HABYAIBHOI - Y, Ta TECTOBOI - Y.

_1V,sakmo V <15,

N “AV - 14, 5xmo V > 15;
IlOV,SIKHlOV<5, 18V,51KH10V <5,
S _15V,sxkmo5 £ V <10, S _ 16V, axmo5 £ V <10,
T2V, mamo10£ V <20, 70 13V, axmo10£ V < 20,
1V, inakuue; 12V, inakuue;

XH.:{ st}i yﬂ.:{y5}7 ylyzyysﬂy
XT.:{XJS}7 yT.:{y5}7 91121181-1 y

io,].(Xsl +st),X51 <V,
S \ i s T s s s
X :S—ijrand.J:LZ,....N, y® =710,3(x"1 - x%2),x1 >V,
1I-O,5X51,X51 =V.

Tyr rand - ¢yHKIisA, M0 reHepye MNCEBJOBUMAAKOBI YWCIa Yy JAUANa3oHi
[O; 1].

2. Jlns s3reHepoBaHumX BHOIpOK 3a jgomomororo pemaktopy anfisedit
oOynyBaTH HeHpo-HewiTKy Mozenb. CripoOyBaTH BUKOPHCTATH Pi3HI aIrOpUTMHU
KJjacrepusamnii, pi3HI KiJbKOCTI (YHKIIH TNPHHAIEKHOCTI JUIS BXOJAIB, pi3HI
KIJIBKOCTI IIWKJIIB HABYAaHHSI Ta Pi3HI aJITOPUTMHU HAaBYAHHSI.
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11

3. [IporecTyBatn moOy 0BaHY MOJIENb.

4. TpoaHamnizyBaTy OTpUMaHi pe3yJbTaTH Ta BIJIIOBICTH Ha MHUTAHHS. SIKMHA
ITOPUTM  KJIaCTep-aHaNi3y MpPHU3BOAUTH JIO OTPHUMaHHA MeEpeXi MEHbBIIO]
CKJIQJIHOCTI; SK BIUIMBA€ 3aJlaHa KUIBKICTh LMKJIIB HaBYaHHSI Ha TOYHICTh
HaBYaHHS, SK BJIMBA€ 3aJlaHa TOYHICTh HABUAHHS Ha TPHUBAIICTh HABYAHHS, SIKI
BHMOTI'Y MafOTh TIPEJI SIBJIATHUCS JI0 HABYAIBHOI BUOIPKHM Ta SIK I1€ BILIMHE Ha IPOIIEC
HaBYaHHSI.

5. Bukonatu nyHktH 1-4 y pexuMi KOMaHIHOTO BikHa O€3 3aCTOCYBaHHS
penakropy anfisedit, BuxopucroByroui GpyHkIil Mmoayss Fuzzy Logic Toolbox.

3micT 3BiTY

Mera poboTH.

KopoTki TeopeTndHi BiIOMOCTi.

Howmep BapiaHTy Ta 3aBJaHHS IO POOOTH.

Omuc mporecy Ta pe3yabTaTd BUKOHAHHS 3aBJIaHb. TEKCTH MPOTpaM.
3renepoBaHi BUOipkH. 300paskeHHS CTPYKTYpH OTPUMAaHOI MEpexi.
BucHOBKH, IO MICTATH BIAMOBi/I Ha KOHTPOJIBHI 3alMTaHHs, a TaKOXK
BIIOOPaXXyIOTh pPE3YJIbTaTH BHUKOHAHHS pPOOOTH Ta iX KPUTUYHUHN
aHaIs.

AOONE

o1

KoHnTpoJbHi 3anuTaHHs

1. Crpykrypa Ta elneMeHTH HEHPO-HEYITKHX MEpPExX.

2. 3actocyBaHHS HEWpO-HEUITKMX MEpEeK Uil BHAOOYBaHHS 3HAHb 3
JIaHHX.

8. HeuiTka kiacrepusais SK ITiAXi1 10 NPEACTaBICHHS 3HAHb.

3. JSIkuil anropuTM KilacTep-aHali3y NPU3BOJIHUTH IO OTPUMAaHHS MEpexi
MEHBIIOI CKIIaJJHOCTI?

4. Sk BrIMBac€ 3ajjaHa KiJIbKICTh IMKIIIB HABYaHHS HA TOYHICTh HAaBUYAHHS?

5. Sk BnuBae 3aaHa TOYHICTH HABYAHHS HA TPUBAJICTh HABUYAHHS ?

6. JSIki BUMOrM MaroTh Ipea’ SIBISTHCS 10 HaBYAIBHOI BHOIPKH Ta SIK 1€
BIUIMHE Ha IIPOLIEC HaBYAHHSA?

7. Oyskuii nakery MATLAB st cTBOpeHHs HEHPO-HEUITKUX MEpexK.

8. Pemakrop anfisedit.
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JlonpaTok A
Ipukaagu BUKOHAHHSA €JIeMEHTIB 3aB1aHb

MiHicTepcTBO OCBiTH | HAyKH Y KpaiHu
3anopi3bkuii HalliOHATBHNI TeXHIYHUI yHiBepcUTeT
IncturyT indopmMaTiku Ta pagioeneKTpoHiKH

Kageopa npoepammux 3acobié
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[IpuiiHsB: K.T.H., TOLEHT C.O. Cy60ortiH
3anopixoKs
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Pucynok A.1— TurynbHMiA TUCT 3BiTY
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A.1Tlpuxyiaau 3anucy HeYiTKMX MHOKIH

Ipuxnao 1. Hexaii E = {xy, X, X3, X4, X5}, M=[0, 1]; A - HeuiTKka MHOXHHA,
st Kol Ua(x1) = 0,3; Ha(x2) = 0; Ha(x3) = 1; Ha(x4) = 0,5; pa(xs) = 0,9. Tomi A
moxkna mnpexacraButu y Bunami: A = {0,3/xy; O0/x; Uxs; 0,5/x4 0,9/xs} abo
A={0,3|xy; Olxz; 1[X3; O,5lx4; 0,9xs} a6o A=0.3/x; + O/x, + Ux3 + 0,5/x4 + 0,9x5
a6o A={0,3|xy; Olx; 1|xs; 0,5|x4; 09|xs} abo A={<0,3;x;>, <O0;x>, <1;X3>;
<0,5;x4>, <0,9;x5>} abo

03/ 0] 1]05]09
X1 | X2 | X3 | Xq | Xs

X3
1

X1 | zl | Xa | % |

A= 60 A=

03/ 0[1]05[09]™°
Tyr 3HaK «+» HE € MO3HAYCHHSAM OIMepalii JOJaBaHHSA, a Ma€ CCeHC

00'eqHaHHS.

IHpuxnao 2. Hexait E = {0, 1, 2, .., 10}, M=[0, 1]. HeuiTky MHOXUHY
«JIeKITbKa» MOXKHA BU3HAYHUTH B TaKuii crmoci6: «mekinpka» = 0.5[3 + 0.84 + 1[5 +
1|6 + 0.8]7 + 0.5|8; ii xapakrepuctuku: Bucora = 1, Hociit = {3, 4, 5, 6, 7, 8},
TOYKH niepexony - {3, 8}.

Ipuknao 3. Hexaii E = {0, 1, 2, 3 ..., n, ...}. HeuiTky MHOXHHA «MaJTHii»
MO’KHA BU3HAYNTH:

_ Q 1 9.
mamait = p e (N) = Fgm

Ipuknao 4. Hexait E = {1, 2, 3, ..., 100} i BiNOBiIa€ MOHATTIO «BiK», TOJI
HEYiTKa MHOXXHHA «MOJIOJIHIT», MOXKE OYTH BU3HAYCHE B TaKUH CIOCIO:
i 1,xT [1,25],

Hmonouuﬁ (X) = % 1 ,X > 25

I1+(0.2(x - 25))?

HeuiTka MHOXHHA «MOJIOAWI» Ha yHiBepcanbHii MHOKHHI E' = {IBaHOB,
IlerpoB, Cumopi, ...} 3amaeThcs 3a JONOMOro (GYHKI[IT HPHHAICKHOCTI
omomni(X) HA E = {1, 2, 3, ..., 100} (Bix), Ha3BaHOi cTOoCOBHO E' (yHKIi€HO
CYMICHOCTI, TIPH HBOMY: Hyomommi( CHIOPIB) = Myonommit(X), i€ X - Bik Cumoposa.

Ilpuknao 5. Hexaii E - muokuna minux yuncen: E={-8, -5, -3, 0, 1, 2, 4, 6,
9}. Toai HEWiTKY MiIMHOXHHY 4KCell, 32 aOCOMIOTHOIO BEIUYHHOK ONU3BKHX JIO
HYJISl MOXKHA BU3HAUMTH, Hanpukiafd, Tak: A = {0/-8 + 0.5/-5+ 0.6/-3+ /0 + 0.9/1
+0.8/2 + 0.6/4 + 0.3/6 + 0/9}.
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A.2 Tlpukjaagym BHU3HAYEHHS XapPaKTePUCTHK HEYiTKUX MHOKHH Ta
pe3yJbTaTiB onepauiii HaJ HeYiTKUMHM MHOKUHAMHU

Ipuxnao 6. Hexaii Mu MaeMo HediTki MHOXHHH A Ta B. BusHauumo ixHi
BJIACTUBOCTI. Y SIKOCTI CKAJISIPHOTO 3HAYCHHS OYyIEMO BHKOPHCTOBYBATH YHCIIO
E)
V=3, ab60, 3a motpedn, V,~» 0,3.

HA360 MHOMNCUHU A B
eremenmu {0,1/1; 0,52; 1,03; 0,83,2} {0,6/1; 0,12; 0,13}
MHONCUHU

XAPAKMepucmuKu.

BHUCOTA 1,0 0,6
HOPMAaJIbHICTh HOpMaJibHa cyOHOpMaITbHA
MOPOXKHICTh HETOPOXKHS HETIOPOXKHS
YHIMOJIAJIbHICTh YHIMOJIaJIbHA HEeyHIMOJIaJIbHA
210 3 A
HOCIH {1, 2, 3; 32} {1, 2, 3}
MeXi {0,1]1; 0,5]2; 0,8|3,2} {0,6]1; 0,1]2; 0,1]3}
TOYKH MEPEXOY {0,512} s
HaWOMmK9Ya  JiTKa (2332 {1
MHOKHHA

OIYKJTICTh OMyKJia OMyKJia
Mipa HEYITKOCTI

Erepa B wmerpumi 04 04

p=1

Mipa HEYITKOCTI

Erepa B w™etpumi 0,5 0,337

p=2

Mipa HEYITKOCTI 0,348 0,25
Kocko

YiTKa MHOXKHHA

anbQa-piBHA, {2; 3,32} {1}
a=V,'=0,3

onepauii

JIONIOBHEHHS {0,91; 0,5|2; 0,2|3,2} | {0,4]1; 0,9|2; 0,9|3}
BKJIFOUEHHS All B

piBHICTB Al B

00'e1HaHHA {0,6]1; 0,5|2; 1,0i3; 0,8]3,2}
TIepeTHHAHHS {0,1]3; 0,1)2; 0,1/3}

pi3HUILIS {0,4)2; 0,9|3; 0,8|3,2}

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

17

HA360 MHONCUHU A | B
oo b {0,511; 0412; 0,913; 0,8[3,2}
pizHHIs

T3 TOHKTUBHA CyMa {0,6]1; 0,5|2; 0,9|3}
anredpaiyHuit {0,06[1; 0,05[2; 0,1[3}
JIOOYTOK

anreOpaiyHa cyma

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

oOMexeHa cyma

{0,711, 0,62; 1,03; 0,8]3,2}

oOMexeHa Pi3HUIT

{0.412; 0,93; 0,8[3,2}

00OMeEKEeHUIH

I[O6yTOK { 011|3}

JPaCTUYHE {0,113}

IepETUHAHHS '

B {1.0]1; 1,012 1,013; 83,2}

00'eTHAHHS

I “eYMa, {0,45|1; 0,22]2; 0,37|3; 0,24[3,2}

| =v,'=0,3

3BEICHHS B {0,0011; 0,125|2; 1,0J3; {0,216|1; 0,0012;

CTymiHb, V=3 0,512|3,2} 0,001)3}

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

DIL {0,316[L; 0,707|2; 1,013; {0,775[; 0,316[2;
0,894(3,2} 0,316[3}

MHO)KEHHSI Ha {0,3]1; 0,15)2; 0,3|3; i i

ancno, a=V;'=0,3 0,2413,2} {0,18|1; 0,03|2; 0,03|3}

OITyKJIa KOMOIHAITiS,

| 1=v,'=03, {0,72|1; 0,22|2; 0,37|3; 0,24]3,2}

I 2:1'| 120,7

HOpMaUti3anis {0,1]1; 0,5[2; 1,013, 0,8]3,2} | {1,0]1; 0,167]2; 0,167|3}
HCUYITKE BKIIFOUCHHS {O,llg}

3a JlykaceBuuem

HCUYITKE BKIIFOUCHHS {O,llg}

3a 3ane

Mpuxnad 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) = 12 + 0,4/1 + 0,4/3; K(3) = 1/3 + 0,5/4; K(4) = 1/4. Toni
H(A, K) =u, (DK(1) E py (DK(2) E pa (BK(3) E py (HK(4) =0.8(1/1 +
+0.4/2) E 0.6(1/2 +0.4/1+ 0.4/3) = 0.8/1 + 0.6/2 + 0.24/3.
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A.3 Ipukiaaan BU3HAYEHHS HEYITKUX BiTHOIIEHb

Ipuknao 8. Hexait X = {Xq, X, X3}, Y ={V1, V2, V3, Ya}, M =[O0, 1]. Heuitke
BimHomeHHs R = X R'Y Moxe OyTr 3amaHe TabIHIIero:

R Y1 Y2 Y3 Ya
X1 0 0 0.1 0.3
Xo 0 0.8 1 0.7
X3 1 0.5 0.6 1

Ipuxnao 9. Hexait X =Y = (-00,00), TOOTO MHOXHHA YCiX TIHCHUX YHCEI.
Bignomennss X » y (x 3abarato Oinbliuii HDX Y) MOKHA 3a1aTd (QYHKIN€EO
TIPUHAJIEKHOCTI!

10, sxmo X £,
i 1

Hg ={—————,jJKupo Yy > X.
11+ >
T -y

. - k X- V)2
Ilpuxnao 10. Bignomenns R, a1a koTporo i, (x,y)=e (x-y) npu
JIOCTaTHHO BeNMUKUX K MOXKHA IHTEPIpETYBaTH TakK: «X Ta y OJNU3bKI OAHE [0
OJTHOT'O YHCIIa».

Ilpuxnao 11. Hexait weuwitki BigHomenHs R1 ta R2 3amarothcs Takum
TaOJIUISIMU.

Ry Y1 Y2 Y3

X1 01 |07 |04

X2 1 05 |0

R, Z1 2 Z3 Z4
V1 09 |0 1 0.2
Vo 03 |06 |0 0.9
V3 01 |1 0 0.5

Toni HeuiTke BimHOMIeHHS R1*R; Moke OyTH 3a/1aHe TaOIHUIICHO:

Ri*R; |71 Z Z3 Za
X1 03 |06 (01 |07
X 09 |05 |1 0.5
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IIpu npomy:

HRr, R, (X1,2,) = [MR1 (*X1,Y1) G Hg, (Y1, 2))] E [MR1 (X,Y2) G Hg, (¥2:2,)] E

E [1p, (%3, Y2) G e, (2,2,)] = (0.1G 09 E (0.7C 0.I)E (0.4C 0.1)=
=0.1E0.3E0.1=0.3

Be.r, (%,2,) =(0.1C0)E (0.7C 0.6)E (0.4C1) =0E 0.6E 0.4=0.6
Y 1pOMy NpUKIAIl CIIOYaTKy BUKOPHCTAHUH «aHAJTITHYHUIA» CIrIocio

kommo3uilii BimHocuH Ry i Ry, T0OTO i-if psigok Ry <«30imblIyeThCsa» Ha |j-id

crosrens R, 3 BuKopucTaHHaM omepamii , MoTiM oTpumaHuii pe3ysnbTaT
«3TOPTAETHCSA» 3 BUKOPUCTaHHAM onepaiii E B H(X;, Z).

A 4 Mpuxnan gedazudicamii

Ipukaao 12. Hexalfi MM MaeMO HEYITKy MHOXXHHY IJISl TIOHSITTS "'YOJIOBIiK
cepennboro pocry”: A={0|155, 0,1]160, 0,3|165, 0,8|170, 1|175, 1]180, 0,5[185,
0/190}. HeobximHo mnpoBectd pAedasudikaiito HEUITKOI MHOXKHHHU "YOJIOBIK
CEPETHBOT0 POCTY" 3a METOJIOM IICHTpPA TSKiHHS.

3acrocyemo Gopmyiy:

K
o
a Xila (x;)
a= —"i( ,
a Ha(x;)
i=
ne K - KiTbKICTh €EeMEHTIB Y MHOXKHHI A, Ta OTpUMAEMO: *
a=(0-155+0,1-160 + 0,3-165 + 0,8:170 + 1-175 + 1.180 + 0,5:185 +
+0190)/(0+01+03+08+1+1+05+0)=1754.

A.5 [IpukJiajg ciagHOT0 HEYiTKOT0 BUBEICHHS

Ipukaao 13. CrniagHe HewiTke JoriuHe BuBeneHHs. Hexali 3amaHa Mojeib
JIIarHOCTUKU CHUCTEMH, IO CKJIAJAETHCS 3 JBOX IEPEIyMOB i TPHOX BHCHOBKIB!
X={Xyq, x2}, Y ={y1, Y2, Y3}, @, MATPHUISI HEUITKUX BiTHOCUH MA€ BUIJISII:

_ €058 02 030
"7 04 o5l

JlonmycTumo B pe3ynbTari JIarHOCTUKW CHCTEMH OYJIM OTpHMaHi HacTYITHI
BucHoBkH: Y = 0.8/y; + 0.2y, + 0.3/ys.

Heo06xinHO 3HaiiTH mepeayMoBH, LIO 70 [[OTO MPU3BEIH: A = a1/X;-a,/Xs.
3 ypaxyBaHHSIM KOHKPETHHX [aHWUX BiJHOCHMHH MDK IeperyMOBaMH i
BHCHOBKaMH OyIyTh NpeACTaBIIeHI B TaKWi crocio:
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) 0.8 02 030
[0.8 02 03=[a az]'ggj 0.4 0.5

a00 B TPaHCIIOHOBAHOMY BHTJISII:
.81 .8 0.7u

&y U_ & G €
go.zq_go.z 045 &
80.31 .3 05§

IMpu BHUKOpUCTAHHI MAX-MIiN-KOMIO3MIII OCTAHHE  CIiBBiHONIICHHS
TIEPETBOPHUTHCS JI0 BUTIISALY:

0.8=(0.8C a;) E (0.7C ay),

0.2=(02C a;) E (04C ay),

0.3=(0.3C a;) E (0.5C ay).

[Tpu BupimeHH] JaHOT CHCTEMU TIOMITUMO, IO B IEPILIOMY PiBHSIHHI APYTUi
4jleH NpaBoi YaCTUHU He BIUIUBA€ Ha NiBy yactury: 0.8=0.8 C aj, a; > 0.8.

3 npyroro piBusHHA ofepxumo: 0.2 =04 C aya,<0.2

OTpuMaHe pillleHHS! 3aJI0BOJIGHSIE TPETbOMY PIBHSHHIO. Y Takuid crocio:
0.8<a;<1, 0<&<0.2.

[pu pinieHHi NPaKTUYHUX 3a7a4 MOXXYTh OJJHOYACHO BHKOPHCTOBYBATHCS
pi3HI IpaBWiIa KOMIO3UIIi HEUITKUX BHBeneHb. CaMa cXxeMa BHBE/IEHb MOXKe OyTH
OaraTokacka/JIHOK. B maHuWii Yac 3araJbHHUX METOMIB DIllICHHS IMOMIOHUX 3ajad,
OYEBUIHO, HE ICHYE.

A.6 Ilpuxsiaau po6otu i3 pynkuismu nakera MATLAB

Ipukaao 14. CrtBoputn Ha MoBi makery MATLAB m-¢dynkuito, 1mo
peatizye KOJIIOKOI000pa3Hy (YHKITIIO TPHUHAIEKHOCTI

n09=f+{(x- braf?)

function nmu=bel I nf (x, parans)

%bel | nf - xosoxomooBpasHa QyHKL 9 NPUHAIEKHOCTI |
%X — BXi OHMII BEKTOP;

Y%ar ans(1l) — xoediuienr xouuenrpaui 1 (>0);

Ypar ans(2) — xoopIMHATa MAaKCUMYyMY.

a=parans(1);

b=parans(2);

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

% BMB3HAUEHHSA posnonijysanuoi 30ATHOCTL byHKL1TT
IPMHAJIEXHOCT 1

point_n = 101,

mn_x = -20; max_x = 20; % yui BepcanbHa MHoxvHa € [MN_X, NMax_X]

X = linspace(m n_x, max_X, point_n)';
A=trapni(x, [-10 -2 1 3]); % Tpaneui enanbHa Heul TKa MHOXMHA A
B = gaussnf(x, [2 5]); % rayci Bcbka Heul Tka MHOXMHa B

Cl = fuzarith(x, A B, 'suni);
subplot(2,2,1);

plot(x, A 'y--', X, B, 'm"', x, Cl, 'c');
title(' meui rke monmamauus A+B');

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

subplot (2, 2,2);

plot(x, A 'y--', X, B, 'm"', x, C, 'c');
title(' neui rxe BMpaxysauua A-B');

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

subplot (2, 2,3);

plot(x, A 'y--', X, B, 'm"', x, C3, 'c');
title(' neui rxe MHOXenus A*B');

CA4 = fuzarith(x, A B, 'div');
subplot(2,2,4);

plot(x, A 'y--', X, B, 'm"', x, C4, 'c');
title(' ueui rxe mi menna A/IB');

3ayeasicenns. Y  mporpamax Ha MoBi MATLAB  HeGaxano
BHKOPUCTOBYBATH KHUPWIMYHI JiTepH. Y HaBENCHUX MPHUKIAJIaX YKpaiHOMOBHI
(hpa3u HABEACHO JIMIIIE IS OSCHEHHS TEKCTY MPOrpaMm.

Ipukaao 16. Buxopucranus (yHKIiH CTBOPEHHS! HEHPO-HEUITKHX MEpEx.
ATNpOKCUMYBaTH 3aJI€XKHICTB!

y = 3N2X 4 [0, 10], Dx=0,1.

ex/s
X = (0:0.1:10)'; % sanaemo mMacue x
y =sin(2*x)./exp(x/5); % ensHauaeMO 3HAUEHHS EJIEMEHTIB MACKBY Y
trnData = [X y]; % crTBopioeMO Macup HaBYawUOl BUO1PKM
numvFs = 5; % xinpkicTbe OYHKI1M NPUHAIEXHOCTI1
nf Type = 'gbelInf'; % tun oyHkuii nprHamexHOCTi

epoch_n = 20; % xinekicTe iTepauii

% creopowemo Fl S crpykrypy Tuny Cyreno
in_fismat = genfisl(trnData, nunvFs, nf Type);
% naBuaemo Fl S-crpyxkrypy

out _fismat = anfis(trnbData,in_fismat, 20);
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% Bynyemo rpabiku:

% uinboBOI BajyilexHOCTi - CUMHiM KoJiip, cyuinbHa JaiHis
% anpoKCUMyHOUOl BaJIeXHOCT1 - B3eJIeHUMi KOJIip, NYHKTUP
pl ot (x,y, x,eval fis(x,out_fismat));

% ninnucyemo JsiereHmy no rpabikis

% Trai ning Data - nHaBuasbHa BUOipka - uisbori mani
% ANFI S Qut put - Buxim ANFIS - pospaxyHkoBi mani

| egend(' Training Data',' ANFIS Qutput');

1 T T T T T T T T T
—— Training Data
---- ANMFIS Output

0.5

ns 1 1 1

Pucynok A.2 - T'padixu HiIbOBOI Ta aIPOKCHMYIOUOI 3aJI€KHOCTEH

A.7. IlodynoBa HeHiTKHX CHCTEM Y AiaJI0rOBOMY PeKHMIi 32 I0MOMOroi0
moayas Fuzzy L ogic Toolbox

Monyne Fuzzy Logic Toolbox no3Bonsie Oyaye HeuiTKi CHCTEMH JIBOX
tumiB - Mampaani Ta CyreHo. ¥ cucremax tTuny MampaHi 6a3a 3HaHb CKIIaIA€THCS 3
MIPaBWI BUY “ AKwo Xi=Hu3bKuii ma Xp=cepeoHiti, mo y=eucoxkuti" . Y cucTeMax
turry Cyreno 0a3a 3HaHb CKJIANa€ThCs 3 NMPAaBWI BUAY “ Ko Xq=HuU3bKuil ma
Xo=cepeonitl, mo Y=agtaX;+apX,". TakuM YWHOM, OCHOBHA BiIMIHHICTH MIiXK
cucremamMu Mampaani ta CyreHO TOJArae B Pi3HUX CHOCO0ax 3aBJaHHs 3HAYECHb
BUXiTHOI 3MIiHHOI B MpaBWiaxX, 10 YTBOPATh 0a3y 3HaHb. Y CHCTEMax TUIY
Mam/iaHi 3HaUEHHS BUXiTHOT 3MIHHOI 3aJ]al0ThCSI HEYITKUMU TEPMaMH, Y CHCTEMAax
Tty CyreHo - sK JiHiiiHa KOMOIHAIiSI BXiTHAX 3MiHHHUX.
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Ipukiaao 17. IlpoextyBanHs cucteM Tuy CyreHo.

Po3rissHeMO OCHOBHI eramu IIpoeKkTyBaHHS cucreM Tuny CyreHo Ha
MIPUKJIAJl CTBOPEHHS CHUCTEMH HEUITKOrO JIOTIYHOIO BUBEJCHHS, IO MOJEIIOE
3aJIEKHICTE y:lesi n(xx-1), Xal [-7; 3], Xl [-4,4; 1,7]. MonemnroBanus 1€l
3aJIeXKHOCTI OyaeMo 3/iiCHIOBATH 3a JOMOMOT'OI0 HACTYITHOI 0a3u 3HaHb!

SAxmio X;=Cepemniid, To y=0;

Sxmio X;=Bucokwuii Ta X,=Bucokuit, To y=2X1+2x2+1,;
Sxmio X;=Bucokwuii tTa X,=Husbkuii, To y=4x1-X2;
Sxmio X;=Hwuzbkwmii Ta X,=Cepenniit, To y=8x1+2x2+8;
Sxmio X;=Hwuzbkwuii Ta Xo=Husbkwid, T0 Y=50;

Sxmio X;=Hwuzbkwii Ta X,;=Bucokutii, To y=50.

HpoeKTyBaHHH CHCTEMH HEYITKOro JioriyHoro BuBeaeHHs tuny CyreHo
CKJIaJIA€ThCSl Y BUKOHAHHI HACTYITHOI ITOCIiIOBHOCTI KPOKIB.

Kpox 1. [Ins 3aBaHTaXeHHs] OCHOBHOrO fiS-pemakropa HaJpyKkyeMoO CIOBO
fuzzy y xomanmHOMY psiKy. [Ticis 1bOro BiKpHETHCS HOBE TpadivHe BiKHO.

Kpox 2. Bubepemo tun cucremu. s mporo B MeHto File Bubupaemo B
miamento New fis...xomanmy Sugeno.

Kpox 3. lonamo apyry Bxiany 3minny. s uporo B Mento Edit Bubupaemo
komany Add input.

Kpox 4. Tlepetimenyemo nepury BXigHy 3MiHHY. /s 1IbOr0 3p00MMO OITMH
IIUTJIMKA JIIBOIO KHOIKOIO MHMIN Ha Gorti inputl, yBeaemo HoBe mo3HadyeHHs X1 y
ToJie peflaryBaHHs iMEHi MOTOYHOI 3MiHHOI 1 HaTucHeMo [Enter].

Kpok 5. TlepeiiMenyemo npyry BXifHY 3MiHHY. J[Js 1[bOrO 3p0OMMO OJMH
IIUTJIMKA JIIBOIO KHOITKOI MHMIIN Ha Gori iNput2, yBeaeMo HOBe MMO3HAYEHHS X2 y
ToJie peflaryBaHHs iMEHi MOTOYHOI 3MiHHOI 1 HaTucHeMo [Enter].

Kpok 6. TlepeiiMenyeMo BUXifHY 3MiHHY. i1 IOrO 3pOOMMO OJWH
IWIIIMKA JIIBOK KHOITKOK MUIII Ha OJori Outputl, yBemeMo HOBE MO3HAYCHHS Y Y
ToJie peflaryBaHHs iMEHi MOTOYHOI 3MiHHOI 1 HaTucHeMo [Enter].

Kpox 7. 3anamo iM's cucremu. Jlns mporo B meHio File Bubupaemo B
migmento Export komanay To disk i BBenemo im'st daitny, Hanpuknan, FirsSugeno.

Kpox 8. Ilepetinemo B pemakrop GyHKIIH mnpuHanexHocTi. [ns 1poro
3p00UMO MOABIHOTO NUIIIMKA JTiBOKO KHOITKOK MHUII Ha 0o X1.

Kpoxk 9. 3agamo nmiana3on 3miau 3MiHHOI X1. )i koro HaaApykyemo -7 3y
noni Rangei natucuemo [Enter].

Kpoxk 10. 3amamo ¢yHKIiT npuHanexxHocTi 3MiHHOT X1. JIs JMIHTBiCTUYHOL
OLIIHKH M€ 3MiHHOI Oy1eMO BUKOPUCTOBYBATH 3 TEPMHU 3 TPUKYTHUMH (QYHKI[ISIMA
MIPUHAJIEKHOCT], [0 BCTAaHOBJIEHI 332 3aMOBYYBaHHAM. 3a/JaMO HalMEHYBaHHS
TepMiB 3MiHHOT X1. [y 1iboro poOMMO OJMH HIMIJIMK JIiIBOIO KHOIIKOIO MHIII Ha
rpadiky meprioi (QyHKIi mpuHameKHOCTI. [loTiM HampykyeMo HalMeHYBaHHS
tepmy Huspkuii y mome Name. IMoriM poOMMO OIWH HIMINIMK JTIBOIO KHOMKOIO

oUAWN R
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Mumi Ha rpadiky apyroi (yHKuii NpHHaNEKHOCTI i BBOAMMO HallMEHYBaHHS
tepmy Cepenniit y mone Name. Ille pa3 poOMMO OIUH IMUTIIHK JiBOIO KHOITKOIO
Mmumi Ha rpadiky TpeTboi (QyHKIIT NpUHAIEKHOCTI 1 BBOJMMO HailMEHYBaHHS
Tepmy Bucokuii y mone Name i natucuemo [Enter].

Kpoxk 11. 3amamo (yHKIT TpUHATICKHOCTI 3MiHHOT X2. IS JMIHTBICTUYHOL
OLIIHKH Mi€T 3MiHHOI Oy1eMO BUKOPUCTOBYBATH 3 TEPMHU 3 TPUKYTHUMH (QYHKI[ISIMA
MIPUHAJIEKHOCTI, 110 BCTAHOBJIEHI 3a 3aMOBYYBaHHsAM. [y 1bOTO aKTHUBI3yEMO
3MiHHY X2 3a JIOITOMOI'OI0 IIMIJIMKA JIiBOi KHOIKM MHII Ha Omomi X2. 3amamo
niama3oH 3MiHM 3MiHHOI X2. [lns mporo Haapykyemo -4.4 1.7 y momi Range i
HatucHemo [Enter]. 3a anamoriero 3 momepeaHiM KpPOKOM 3aqaMO HACTYIHI
HaliMeHyBaHH: TepMiB 3MiHHOI X2: Huzbkuit, CepenHiit, Bucokuii.

Kpoxk 12. 3amamo niHiliHI 3aJIe)KHOCTI Mi’K BXOJIaMH 1 BUXOJIOM, IPUBE/ICHI B
6a3i 3HaHb. /lyI1 LBOrO aKTUBI3yeEMO 3MiHHY Y 3a JONOMOIOI0 HIMIJIMKA JIiBOI
KHOIIKM MHIII Ha Oyomi Y. Y mpaBoMy BEpXHbOMY KYTi 3'SBHIJIOCSI TIO3HAYEHHS
TphOX (YHKINH TPUHAICKHOCTI, KOXHA 3 SKHUX BIJNIOBINA€E ONHIN JiHIHHIN
3aJIeKHOCTI MK BXOJaMHM 1 BUXOJAOM. Y 0a3i 3HaHb 3a3HaueHi S pi3HUX
sanexkHocted: Yy=50; y=4x1-x2; y=2x1+2x2+1; y=8x1+2x2+8; y=0. Tomy momamo
mie JBi 3anmexHocTi nuisixoM Bubopy komanmu Add Mfs...menro Edit. YV
JianoroBoMy BikHi, 1o 3'sBuiocs, B mone Number of MFS Bubupaemo 2 i
HaTrckaeMo kHonKy OK.

Kpox 13. 3anamo HaliMeHyBaHHS 1 TapaMeTpH JiHIHHNX 3aekHOCTel. J{is
Oro pOOMMO OJMH LIMIJIMK JIIBOIO KHOIKOIO MHII 10 HalilMEHYBaHHIO IIepIO]
3anexHocti Mfl. [otiM ApykyeMo HaliMeHYBaHHs 3ajeXHOCTI, Hanpukiaan 50, y
nomi Name, i BCTaHOBITIOEMO THIT 3aJIEKHOCTI — KOHCTaHTa IIUIIXOM BHOOpPY omii
Constant y mento Type. Ilicnst nporo BBoauMo 3HaueHHs nmapamerpa — 50 y moi
Params. AwnanoriyHo a1 Jpyroi 3ajexHocti M2 yBegemMo HaliMeHyBaHHS
3asekHOCT, Hanmpukiaan 8+8x1+2x2. TlotiM ykakeMo JiHIHHHUNA THIT 3aJ€KHOCTI
uuUIsxoM Bubopy omuii Linear y mexro Type i BBeJeMO mapaMeTpH 3ajeKHOCTI
828 y nomi Params. [Inst niHIMHOT 3a1€KHOCTI MOPSIIOK ITapaMeTpiB HACTYITHHH:
TIepIIUiA mapameTp — KoedilieHT NpH MepIIii 3MiHHIH, APYTUil — IpH ApYTid i T.1.,
i OCTaHHIW mMapaMmeTp — BUIBHUHA WIEH 3aJeKHOCTI. AHAJOTIYHO ISl TPETHOI
3ajexHocti Mf3 yBememMo HaliMeHyBaHHs 3ajeKHOCTI, Hampukmaa 1+2x1+2x2,
YKa)KeMO JTIHIHHUN THI 3aJIeKHOCTI 1 BBeAeMo mapamerpu 3anexHocti 2 2 1. [lns
YeTBepTOi 3alexHOoCcTI Mf4 yBenemo HaiiMeHyBaHHS 3aJIeXKHOCTI, Hanpuknaa 4x1-
X2, yKaxeMo JIHIHHUN THIT 3aJIeKHOCTI 1 BBeJeMO mapamerpu 3anexkHocTti 4 -1 0.
s m'sroi 3anexxHocti M5 yBenemo HaliMeHyBaHHs 3ajiexHOCTI, Hanpukian O,
YKa)KEMO THII 3aJI)KHOCTI - KOHCTaHTa 1 BBeJIeMO mapametp 3aiexxHocTi 0.

Kpox 14. Tlepeiinemo B penaktop 0asu 3HaHb RuleEditor. [ns uporo
Bubepemo B mento Edit komanmy Edit rules.... i BBeaemo npasuna 6a3u 3uHanb. J{is
BBEJICHHS NpaBWjia HEOOXiZHO BHOpAaTH BIANOBiAHY KOMOIHALIIO TEpPMiB 1
3aJIeKHOCTEH 1 HaTUCHYTH KHOMKY Add rule,
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Bikno Bi3yamizamii HEWITKOrO JIOTIYHOTO BHWBEJECHHS aKTHUBI3yETHCS
koMmanior0 View rules... merro View. Y mose INput yka3yroThCst 3HAYSHHS BXiTHUX
3MIHHHX, JUIS SIKHX BUKOHYETHCS JIOTIYHE BUBE/ICHHS. 3HAUEHHS BHUXIiIHOI 3MIHHOI
PO3paxoBYETBCSl SIK CEepeHE 3BAXKEHE 3HAYCHHS pe3yNbTaTiB BHUBEACHHS 32
KOXKHMM TpaBuioM. /Iyl BUBEIEHHS IbOrO BiKHA MOBEPXHI <«BXIiI-BHXiZ», IO
BI/IMIOBIJTa€ CUHTE30BaHIM HEUITKIA CHCTEMi, HEOOXiTHO BHKOPHCTOBYBATH
komanay View surface... menro View.

Ipukaao 18. Hexaif My BHpillyeMoO 3a/aqy BU3HAUYEHHS JiarHO3y IaIlieHTa
3a 3HAYEHHSMH CHUMIITOMIB, IO XapaKTepu3yloTb Horo craH. BximHumu
napaMerpamMy € CHMITOMH MAallieHTa: TeMmIreparypa Tiia (HopMmajbHa - OIU3BKO
36,6 °C, miaBuiieHa - 6inpire 37°C), micue 60ir0 (y crimHi, y ONEpeKy), Bui 000
(cunpHu#, ciabkuil). BuximHuM mapaMeTpoM € JiarHo3 maiieHTta (XpOHiYHUH
aneHAWINT, TOCTPUH  aNeHAWIWT, XPOHIUYHMHA  mienoHedpuT, rocTpHid
miesonedput). Mu MaeMo BH3HAuYCHI eKcriepTaMu mpaBuia (MU OyJeMo BBa)KaTH,
IO SAKIO aNeHAUIIUT a00 MieNTOHE)PUT HE € TOCTPUMH, TO BOHH € XPOHIYHHUMH):

SIKIIO TO

Temieparypa |micue 6oio BUJ 6OIII0 ANEHAUINT mienoHeput rocTpuii
i IBHIIEHA y cruHi CHJILHHI HeMae € €

i IBHIIEHA Y XKHBOTI CHJILHHI € HeMae €
HOpMaJlbHa y ChuHi crabkuit HeMae € HeMae
HOpMaJIbHa Y )KUBOTI crabkuit € HeMae HeMae

Heo0xigHO MOOyMyBaTH CHCTEMY HEUITKOTO BUBEJICHHS.

1. 3aBanraxxumo naker MATLAB ta 3amyctumo peaakrop FIS: fuzzy.

2. CtBopuMO TpH 3MiHHI (0/lHA BXKe € 32 3aMOBYAHHSIM, TOMY JOJaMO MIe
JIBi 3MiHHI): y TOJIOBHOMY MEHIO pefaktopa y miaMento Edit obepemo omuiro Add
variables: Input. Llie notpi6Ho 3poduTn 2 pasu. Ilicis 4oro CTBOPUMO TpU BUXijHI
3MinHi (moxiOHUM urHOM, ajie obupatoun Add variables: Output).

3. Tepeminryroun Kypcop MHII MO 00NacTIX 3MIHHMX MOXHa 0OpaTH
noTpibHyY 3MiHHY Ta 3ajaTH ii Ha3By B obnacti Current Variable: Name. Hazsemo
Hai 3MiHHI: temperature - Temmneparypa, painlocation - micie 6omro, paintype -
Bua Oomro. Takok 3amamMo Ha3BU BuxigHux 3MmiHHUX: apendicite - amenmuiut,
pielonefrit - mienonepput, acute - rocrpuii.

4. TlomBiHWUM IIUIIMKOM Ha 001acTi SKOi-HEOyAb 3MIHHOI MOXKHA
aKTHBI3yBaTH pelakTop (YHKIIH TPUHAIEKHOCTI. 3a HOro J0MOMOT 00 BU3HAYUMO
Jiarma30H KOXKHOI 3MIHHOI Ta HEOOXiHI (PYHKIIIT MPHUHATICKHOCTI.

5. V ronoBHomy MeHio pemaktopa FIS obepemo B miamento Edit myHkT
Rules. Tenep M1 MaeMO MOXJTHBICTb 3a/IaBaTH Hallli MPABHJIA.

6. Y ronosHomy MeHIo perakropa FIS obepemo B migmenio View myHKT
Rules. Tepemimnyroun KypcopoM MHUIII JIiHiT, IO PErYJIOOTh 3HAYCHHS 3MiHHHX,
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OynemMo OTpUMYBaTH 3HA4YEeHHsS BUXIJAHUX 3MIHHHX MpPH BiQIOBIIHOMY Habopi
3HAYEHD BXIJHUX 3MIHHHX.

3apantaxuBim (Qaiin Samplefis i3  HaBemeHMM HUKYE TEKCTOM JI0
penakropa FIS MoxxHa meperyisHyTH onrcaHe y MPUKIIAJi BUPIIIICHHS 3a1a4i.

Bwmicr ¢daitny Samplefis:

[ Systen]

Nare="' Sanpl e’

Type=' mandani '

Version=2.0

Num nput s=3

NunQut put s=4

NurmRul es=4

AndMet hod=" m n'

O Met hod=" max'

| npMet hod=" mi n'

AggMet hod=" max'

Def uzzMet hod=' centroi d'

[ I nput 1]

Name='t enper at ur e’

Range=[ 35 42]

NumvFs=2

MF1="normal " :'trinf',[35.9 36.6 37]
MF2=" high':'snf', [36.8 37.1944444444444]
[ I nput 2]

Nare=' pai nl ocat i on'

Range=[ 0 1]

NumvFs=2
MF1="stiomach':"trinf',[0 O 0.5]
MF2="spine' :"trinf',[0.5 1 1]
[ nput 3]

Nare=' pai nt ype'

Range=[ 0 1]

NumvFs=2

MF1="acute' :"trinf',[0.5 1 1]
MF2="weak':"trinf',[0 O 0.5]
[ Qut put 1]

Name=" appendici te'

Range=[ 0 1]

NumvFs=1
MF1="is':"trinf',[0.5 1 1]

[ Qut put 2]

Nare=' pi el onefrit’

Range=[ 0 1]
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NumvFs=1
MF1="is':"trinf',[0.5 1 1.4]
[ Qut put 3]

Name=' acut e’

Range=[ 0 1]

NumvFs=1
MF1="is':"trinf',[0 O 0.5]

[ Qut put 4]

Nare=' chroni c¢'

Range=[ 0 1]

NumvFs=1
MF1="is':"trinf',[0.5 1 1.4]
[ Rul es]

112,
2,
1
1

NN
N RN

ORr OR
RORrO
PR OO
OCOR R
NN NN
e
PR R

A.8 BukopucTaHHS Helipo-HEYiTKHX Mepex

Ipukiaao 19. BuxopucranHs HaBUEHOI HEHPO-HEUITKOI MEpexi.
Hexaii MM MaeMO €MHICTb, y SKy HAQJIMBA€ThCI BOAA BHU3HAYEHOI

TemriepaTypu. [1oTpiOHO BU3HAUNTH TEMIIEpATypy BOAM Yepe3 IPOMIKOK Hacy.

Bxoan mepexi: x; — TeMreparypa BOAH; X — Yac OCTUTAHHS BOJIH.
Buxin mepexi: y — Temneparypa BOJM IiCisl OCTUTaHHS.

Hexaii y Hac MaeTbcst HacTynHa 6a3a IpaBuII BUILY:

SIKmio Boaa X; Ta OCTUTAE Xp, TO TEMIIEpATypa BOIH Oyze .
IIpencraBumo ii y BUTIISI TaOTHUII

HOMEP SKIIO (Bxomu) TO (Buxin) BATA
IIPABUJIA IIPABUJIA
X1 X2

11 XOJIOJTHA HEJIOBIO | NMpUHHSATHA 1

12 XOJIOJTHA JIOBT'O 1

13 Teria JIOBT'O 0,8
14 rapsJa JIOBTO 0,6
21 Teria HEJIOBrO | HOpMaJibHA 0,5
22 rapsJa JIOBTO 0,8
31 rapsJa HEIOBIO | BHCOKa 0,9

Tyt XonoaHa, Temna, rapsda, JOBro, HEMIOBIO — HEYIiTKi TepMH (HEUiTKi

MHOXHHH)'
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Pucynok A.1l - @yukiii npuranexuocti: " (x), p " (x), B (x)

) R

1o 15 20 H. HE.

Pucynok.A.2 - @yukiii npuHanexuocti p°(x) ta p(x)
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Po36uTTs Ha Kiacu JJIs1 y BUTTISIIA€ TAKUM YAHOM:

NPUAHATHA! [10; 25]
HOpMaJIbHa! [25; 45]
BHCOKa! [45; 60]

Taxum yuHOM: y=10,y:=25,y,=45, y =60.

1 2 3 4
1
X0
\ 1 -
TIPHIAH.
x4 />€ le <
14 YVoe
M rap
y
0,5
21 5 i
HOPM.
HeA 22 9
Xn\ 31 0,9 BHUCOK.
JI0B
(hasudikais HEYiTKe BUBEJCHHS nedazudikaris

Pucynok A.3 - HeuiTka HelipoHHA Mepexa

[ap 1. Buznavatotbest pyHKIIT NPUHATIEKHOCTI BX1THUX 3MIHHUX TE€pMaM.
Ha Buxomi p'(x), i =1, 2.

Ilap 2. BuOupaerscs MiHiManbHHH 13 BXOXiB HeWpoHa. Ha Buxoxi
min(u'(x)), j = 1, 2, 3 —HoMep K1acy y.
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[ap 3. Bubupaerhcss MakCUMaJIbHUM 13 BXOiB HelipoHa (BXia € 100yTKOM
BUXOIy HEHpOHA TMOMEPEAHLOr0 Iapy 1 Bard npaBwia). Ha  Buxomi
max(wjp-min(pT(xi))), p=1, .., 7—HoMep npaBuia.

[ap 4. BusHayaeMo BUXII:

YW Yy Y, 0w c(y)

T uT W) ) + )
Hexaii x; =221 x, = 12, Toxi:

6U3HAYEHHA I’lpuHClJZeDlCHOcmeuv mepmam (qba3uqbi1<al4i}z)i
onn(xl) = 01531 Hfrerm(xl) = 01221 Hrap(xl) = 01 HHeL{(XZ) = 0181 HJIOB(XZ) = 012

pesyibmanmu 6UKOHAHHA HeUimKux npasun.

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.

pe3yabmamu 00'€OHAHHSL RPABUN Y KIACU.

d;: max(1-0,53, 1.0,2, 0,8-0,2, 0,6-0) = 0,53
dx: max(0,5:0,22, 0,8-:0) = 0,11; ds: max(0,9-0) = 0.

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

OnepxyeMo BiamoBiab: Boma 22°C micis OCTUTaHHS MpOoTAToM 12 XBuiwH
Oyne matu Temmeparypy 12,6°C.

Tpuxnao 20. Hexait MU MaEMO CIIOCTEPEIKEHHSI 32 TIOT'O/IOK0, MIPECTaBIICHI
HaOopaMy 3HaYeHb 3MIHHMX X; - TeMIeparypa moBitps, °C; X, - BMICT BOJOTH y
noBiTpi, %; Y - KinbKicTs omagis, Mm/cM’. Mu 3Ha€MO, 10 TAPAMETP Y 3aEHKUTH
BiJl MapaMeTpiB X; Ta X, ajie MU He 3HaeMo sIK. Tpeba modyayBaTH HeHpo-HEUiTKy
AMpPOKCUMAIIIIO0 3aI€XKHOCTI Y(X1,X2) 38 TAaHUMH CIIOCTEPEKEHD, MPEICTABICHUMH Y
BUNsAAI Tabmuui (HaBYanbHa BHOIpKa). [l mepeBipkd amnpoKCUMAI[iHHUX
BJIACTHBOCTEH HEWpO-HEUiTKOi Mojeni OyneMO BHKOPHUCTOBYBATH TECTOBY
BHOIpKY, IPECTaBIIeHY y TaOJIuIIi.
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HaByaroya BHOIpKa TecToBa BUOIpKa
X1 Xz y X1 Xz y
25 76 2.3 15 0.86 0.9
27 79 2.2 25 0.47 25
235 91 1.8 26 0.57 2.6
15 89 12 15 0.98 0.9
14.5 79 1.0 135 0.68 0.9
17 61 14 16.5 0.93 16
20 96 2.0 19.5 0.67 1.9
23 89 2.0 22 0.58 21
26.5 57 2.6 25 0.82 2.0
29 59 2.7 28 0.86 2.8

VY cepenosuimii MATLAB crBopuMo 3MiHHY HaB4aro4oi BHOIpKH P Ta

3MiHHY T€CTOBOI BHOIpKH L
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; 16.5 0.93 1.6; 19.5 0.67 1.9; 22 0.58 2.1; 25
0.82 2.0; 28 0.86 2.38];

3amyctumo penakrop ANFIS, s goro Beenemo: anfi sedi t

B obnacri Load data 3amamo 3miHHI TecToBoi BuOipkH (00epeMo B CHHCKY
Type: Training ta B cucky from: Worksp., micist 4oro HaTucHeMo kHonky Load
data .. Ta BBenemo y mose input variable name: p) ta Hapyarouoi Bubdipku (06epemo
B criucky TypeTesting ta B ciucky from: Worksp., micsist 40ro HaTHCHEMO KHOTIKY
Load data .. Ta BBeremo y moste input variable name: t).

B obnacti Generate Fis obepemo: Sub. clustering ta HatHcHEMO KHOMKY
Generate Fis. B obnacri Train FIS obepemo meton ontumizauii Optim. method:
hybrid. 3agamo npuitHsaTauii piBens momunku Error tolerance: 0.000001. 3amamo
KizpkicTh itepaniii Epochs: 300. Hatuchemo knomky Train now. VY rpadiuniit
obnacti Training Error 6ymemo crocrepiratu, sk 3MIiHIOETbCS MOMHIIKA HEHpo-
HEYiTKOI Mepexi NMpoTsaroM HapyaHHA. HaTucHyBIIM KHONKY Structure orpumaemo
300pakeHHsI CTPYKTYPH 3r€HepOBaHOI HEeUPO-HEYiTKOT MEPExKi.

[Micns mporo orpumany FIS ctpyktypy Moxkna 30eperté Ha IucKy abo
BHUKOPHCTOBYBATH JIIs MIPOTHO3YBAHHS Y, HANPHKIAJ i3 BUKOPUCTAHHSM TECTOBOI
BuGipku t. J{is TecryBaHHs 00epeMo, ISl SIKOi BHOIPKH 3IHCHIOETBCS TECTYBaHHS
(Training - HaByanmpHa, Teing - TecToBa), Ta HATHCHEMO KHOMKY Test Now. Buuzy
bopmu Oyzie BKa3aHO Cepe/IHIO MOMIIIKY TecTyBaHHs (Average Error), a Ha rpagiky
Oyne 300pa’keHO CHHIMH TOYKaMM - IUIbOBI 3HAYEHHS BHXOMY, a YEPBOHHUMH
3ipKaMH - pPO3PaXyHKOBI 3HAYECHHSI BUXOJTY HEHPO-HEUITKOT MEpPEKi.
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JlonaTtoxk b
HeuiTka siorika Ta Helipo-He4iTKi Mepexi
y nakeri MATLAB

Onepauii 3 HediTKoto sorikoro y nakeri MATLAB no3Bonsie BUKOHYBaTH
moayns Fuzzy Logic Toolbox. Bin m03Bojsi€ CTBOPIOBATH CHUCTEMH HEUYITKOTrO
JIOTIYHOTO BUBEJEHHS 1 HEUiTKOI Kiaacudikaimii B pamkax cepemosuia MatlLab, 3
MOXJIMBICTIO TXHBOTO iHTerpyBanHsa B Simulink.

Fuzzy Logic Toolbox wmictute HacTymHi KaTeropii mporpaMHHX
IHCTpYMEHTIB: (pyHKIIT, IHTEpaKTUBHI MOAYJI 3 rpadiuHIM KOPUCTYBaJIbHUIIBKAM
intepdeiicom (3 GUI); 6moku mis makera Simulink; gemoHcTpariiini npukau.

B.1FIS - cTpykTypa

baszoBum monsatTsiM Fuzzy Logic Toolbox € FIScmpyxkmypa - cucrema
HeuiTkoro BuBeneHHs (Fuzzy Inference System). FIS-crpykrypa wmictuth yci
HeoOXiHI JaHi i peanizamii (yHKIIOHAJIBHOTO BiOOpa)keHHS “BXOAM-BUXOAN"
Ha OCHOBI HEYIiTKOTO JIOTIYHOT'O BHBE/EHHS BIANOBIAHO J0 CXEMH, IIPUBEAEHOI Ha

puc. b.1.
OyHKIIIT
MIPUHAICKHOCTI
X dazudikatop )'Z MarHa HeqiTKOro ? Hedazudi- v
RN p|TOriYHOrO BUBEICHHS > KaTop S

y

HeuiTka 6a3a 3HaHb

Pucynok B.1 - HeuiTke oriuyHe BUBEICHHS

TMosnauenns: X - BXiguUil 4iTKU# BekTOp; X - BEKTOP HEYITKUX MHOXKHH,

110 BiANOBifae BXigHOMY BekTopy X; Y - pe3y/bTaT JOriYHOrO BUBEIECHHS Y BHI
BEKTOpa HEYITKUX MHOXUH; Y - BUXIJHUAHN YiTKUN BEKTOP.

CucremMa HEYITKOTO JIOTIYHOTO BUBEICHHS IIPEJCTAaBISETHCS B POOOUiit
obnacti MatLab y Burisi cTpykTypu 1aHux, 300paxkeHoi Ha puc. b.2.
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FIS-cTpykTypa
narmne
type
andhethod
orfdethod
defuzzhlethod
imphklethod
agghlethod name
input range narne
mf type
params
narme
output range name
mf type
params
antecedent
rule conseguent
weight
connection

Pucynok b.2 - FIS-ctpykTypa
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Icaye nBa cnocobu szaéanmadxcennsi FIS'y pobouy o0macTs: 3UMTYBaHHS 3
qUcka 3a jgomomororo QyHkiii readfis, mepemaua 3 ocuoBHoro fis-pemakropa
uuIsxoM Bubopy B Merto File miaminro Export i komanau To workspace.

IMonst CTpyKTYypH [aHi CHCTEMH HEYITKOrO JIOTIYHOTO BUBEACHHS
TIpU3HaueHi 17151 30epeKeHHs] HaCTYITHOI iH(pOpMaIlii:

- name - HaiiMEeHYBaHHSI CHCTEMHU HEUYITKOrO JIOTYHOI'O BUBE/ICHHS;

- type- tum cucremu (mpumyctuMi 3HayeHHs 'Mamdani' Ta 'Sugeno');

- andMethod - peamizamist joriunoi omepamii "TA" (3amporpamoBai
peanizarii: 'min' —miniMmym i 'prod’ — MHOXXEHHS1);

- orMethod - peanmizamis soriunoi omeparii "ABO" (3amporpamoBani
peanizarii: 'max’ —makcumym i 'probor’ —imoBipHicue "ABO");

- defuzzMethod - meron medasudikauii (3anporpamMoBaHi MeTOAW IS
cucreM Tuny Mampaani: ‘centroid’ — mentp Baru; 'bisector' — meniana; ‘lom' —
HANOLIBIINI 3 MAKCUMYMIB; 'SOM' — HAUMEHIIIHI 3 MAKCUMYMIB; 'MOM’ — cepeiHe 3
MaKCHMyMiB; 3amporpamoBaHi Meroiau mis cucrem tumy CyreHo: ‘wtaver' —
3BaXKEHE cepesiHe 1 'WISUM' —3BaXkeHa cyma);

- impMethod - peamizamist omepamii iMrutikauii  (3amporpamoBaHi
peanizarii: 'min' —miniMmym i 'prod’ — MHOXXEHHS1);

- aggMethod - peaizaris onepaii 00'eqHaHHSA QYHKIIHA TPHHAIEKHOCTI
BHUXiIHOT 3MiHHOI (3amporpaMoBaHi peamisaiii: 'max’ — MakcuMyM; 'SUM’ — cyma i
'probor’ — imoBipuicue "ABO");

- input - MacuB BXiJHUX 3MiHHHX;

- input.name - HaliMeHyBaHHS BXiJHOI 3MiHHOI;

- input.range - giana3oH 3MiHU BXiAHOI 3MiHHOI;

- input.mf - MmacuB yHKIIIH TPHHATIEKHOCTI BXiTHOI 3MIHHOT;

- inputmf.name - HaliMeHyBaHHS (YHKIIT NPUHATEKHOCTI BXiAHOT
3MIHHOI;

- inputmf.type - Momens QYHKIIT NPHHAJIEKHOCTI BXiJHOI 3MIiHHOI
(3amporpamoBani Mozeni: dSigmf - GyHKIisS OPHHAICKHOCTI Y BHAI Pi3HULI MiX
JIBOMA CHUTMOITHUMH (QYHKIiSMH; gausS2mf - ABOCTOPOHHS rayciBCbka (YHKIIis
NpUHANEKHOCTI; gaussmf - rayciBcbka ¢yHKuis npuHanexsocti; gbelmf -
y3arajiibHeHa KOJIOKOJI00OpasHa (yHKIisS NpHHANEKHOCTI; pPimf - mi-mosai6Ha
byHKIis npuHANEKHOCTi; PSigMf - 100yTOK MABOX CUTrMOIMHUX —(yHKIIii
NpUHANSKHOCTI; SIgMf - curmoigHa QyHKIisE mpuHaiexHocTi; SMf - SmomiOHa
GbyHKLisA mpUHANEKHOCTI; trapmf - TpanerienoniOHa (yHKIS TPUHATICKHOCTI;
trimf - TpukyrHa ¢yHkUis npuHanexHocti; zZMf - Z-nomiOHa  QyHKIs
MPUHAIKHOCTI);

- input.mf.params - macuB mapamerpiB (GyHKIii MPUHAIEKHOCTI BXiAHOT
3MIHHOI;

- Ooutput - MacUB BUXIJIHUX 3MiHHHUX;
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- output.name - HaliMeHyBaHHS BUX1IHOI 3MiHHO;

- output.range - miama3oH 3MiHH BUXiTHOI 3MiHHOT;

- output.mf - MmacuB (yHKIIiiT MPHUHATEKHOCTI BUXIHOI 3MiHHOI;

- output.mf.name - nHaiiMmeHyBaHHS (YHKI[I{ MPUHAIEKHOCTI BUXITHOT
3MIHHOI;

- output.mf.type - momens (yHKINT MPUHATIEKHOCTI BHXiJHOI 3MiHHOT
(3amporpamoBani Moxeni s cucremu THny Mawmpani: dsigmf - dyHkuis
NPUHANISKHOCTI y BUJI Pi3HUII MiX JBOMA CUTMOITHUMHU (QyHKIsME; gauss2mf -
JIBOCTOPOHHSI rayCiBChbka (DYHKIiS MPUHAIEKHOCTI; gausSSMf - rayciBcbka (QyHKILis
npuHanexxHocti;  gbellmf - y3arajipHeHa — KonokonooOpasHa  (YHKIIiS
npUHANSKHOCTI; PiMf - mi-noxiOHa GyHKIisA npuHANEKHOCTI; pSigmf - 100yTOK
JIBOX CUTMOIMHUX (DYHKI[IH IPUHATICKHOCTI; 3alporpaMoBaHi MOJIENI IS CUCTEMU
tuny CyreHo: constatnt — koncranTa ((yHKIISI IPUHATEKHOCTI y BUJII CIHTJITOHA);
linear — niniiiHa KOMOIHALIS BXiAHUX 3MiHHHX);

- output.mf.params - MacuB mnapamerpiB (QYHKIIT NPHHAICKHOCTI
BUXIIHOI 3MIHHOI,

- rule- MacuB MpaBWJI HEYITKOI 0a3u 3HAHB,

- ruleantecedent - mocunku mpaBuia (BKa3yrOThCS MOPSAKOBI HOMEpPH
TEPMIB y MOPSIKY 3aMUCy BXigHUX 3MiHHUX. Yncno O yka3ye Ha Te, 110 3HAYCHHS
BIi/IMOBiTHOT BX1HM# 3MIHHOI HE BIIMBAE HA ICTUHHICTh MPABUIIA);

- ruleconseguent - BUCHOBOK mpaBuia (BKa3yKOThCsS MOPSAKOBI HOMEpPH
TEpMIB y MTOPSIIIKY 3amncy BUXiqHUX 3MiHHUX. Yncio O ykasye Ha Te, 110 IPaBHUIIO
HE TIOLIUPIOETHCS HA Bi/MOBIIHY BUXiHY 3MiHHY);

- ruleweight - Bara npaBuina. 3agaeTbcst ynucaom 3 aianasony [0, 1];

- rule.connection - moriyne 3B'13yBaHHS 3MIHHHX ycepeAuHi nmpaBuna: 1 —
soriune "TA"; 2 — noriune "ABO".

Jlnst mocTymy 0 BIACTUBOCTEH CUCTEMH HEYITKOTO JIOTIYHOT'O BUBEICHHS
IOCUTH BKa3aTH iM's BIAMIOBIHOIO  IIOJIA. Hanpuknan, KOMaHIa
FIS NAME.rule(1).weight=0.5 BcraHoBmtoe Bary mnepuioro mnpasuia B 0.5
komanga length(FIS_ NAME.rule) Bu3Havae KinbKicTh mpaBui y 6a3i 3HaHb, a
komanga FIS NAME.input(1l).mf(1l).name="uu3pkuii' nepeiiMeHOBYE TMeEpIIHii
TEpM INepIIoi BXiAHOI 3MiHHOI B “HU3BKUIA" .

b.2 FIS-penakTop

FISpeoaxmop (puc. B.3) npusHayeHwii i CTBOPEHHS, 30epeiKeHHs,
3aBaHTAXXCHHS 1 BUBENCHHS Yy JPYK CHCTEM HEYITKOr'O JIOTIYHOTO BHBEICHHS, a
TaKOX JIJIS pelaryBaHHs HACTYITHUX BJIACTUBOCTCH: TUI CHCTEMH; HAHMEHYBaHHS
CHUCTEMH; KIIBKICTh BXIJIHUX 1 BUXiJHUX 3MIHHUX, HaWMEHYBaHHS BXITHHX 1
BHXI1IHUX 3MiHHUX; TApAMETPH HEUiTKOTO JIOT1YHOTO BUBCICHHS.
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=} FIS Editor: Untitled
File Edit View

Untitled
{mamdani)
inputi output]

FIS Mame: Unitled FIS Type: mamdani
And method Tmif - Current % ariable
Or method ma - Name
Implication min - Type

) Range
Aggregation Than -
Defuzziication centroid - Help Cloze

Syztem "Untitled™ 1 input, 1 autput, and O rules

Pucynok b.3 - FIS-penakrop

3aBantaxeHHns FlS-pemakropa BijmOyBaeThcs 3a JIOMOMOTOK KOMAaHIA
fuzzy. VY pesynbraTi 3'IBISETHCS IHTEpAKTUBHE IpadivHe BiKHO. Y HIKHIN yacTHHI
rpadivnoro BikHa FIS-penakropu posramoBani kaonku Help i Close, mio
JI03BOJISIFOTH BUKJIMKATH BIKHO JIOBIZKH 1 3aKPUTH PEAAKTOP, BiAMOBIIHO.

FIS-penaktop mictute 8 mento. lle Tpu 3aranbHOcHcTeMHHX MeHIO - File,
Edit, View, i n'ath MeHI0 U1 BHOOPY MapaMeTpiB HEYITKOTO JIOTYHOTO BUBEACHHS
— And Method, Or Method, Implication, Aggregation i Defuzzification.

Menro File - ue 3aranpne MeHio st Beix GUI-MomystiB BUKOPUCTOBYBaHHX
13 cCTEMaMH HEYITKOrO JIOTiYHOTO0 BUBEJICHHSI.

3a ponomororo komanan New FIS.. kopucryBau Mae MOXIIMBICTH
CTBOPUTH HOBY CHCTEMY HEYITKOIO JIOTIYHOrO BHUBeIeHHs. [Ipu BuOOpi i€l
KOMaH/IM 3'BISATHCS JBI anbTepHaTHBH: Mamdani i SUgeno, mo Bu3HAYAIOTh TUI
ctBoproBaHoi cuctemu. CrBoputh cuctemy tumy Mamdani moxHa Takox
HatuckanusM Ctrl+N.
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3a nonoMororo KoMaHau |mport kopuctyBay Mae MOXJIMBICTh 3aBaHTAXKUTH
paHille CTBOPEHY CHCTEMY HEUiTKOro JIOriYHOro BUBeAeHHs. [Ipn BuOOpi i€l
KOMaH/au 3'SIBIAThCS ABiI anbTepHatuBu From Workspace.. i From disk, mio
JIO3BOJISIIOTH 3aBAHTAXKUTH CHUCTEMY HEUITKOTO JIOTIYHOrO BUBEIEHHS 3 poOOUOi
obnacti MatLab i 3 mucka, BianosimHo. [Ipu BuGopi komanmu From Workspace...
3'SIBUThCS /1aJOroBe BIKHO, Y SIKOMY HEOOXiJHO BKa3aTH iZEHTH(IKATOp CHCTEMHU
HEYITKOI'O JIOTiYHOrO BUBEAEHHS, IO 3HAXOAUTHhCA B pobouiii obmacti MatLab.
IMpu BubOpi Komanau From disk 3'aBUTHCS AianoroBe BiKHO, y SIKOMY HEOOXiTHO
BKazaTH iM's (haily cHCTeMH HEYITKOro JIOTIYHOro BUBeneHHs. Daimm cucrem
HEYiTKOrO JIOTTYHOTO BUBEJICHHS MalOTh po3inupeHHs .fis . 3aBaHTaxuTu cucremy
HEYiTKOrO JIOTIYHOrO BUBEJCHHS 3 JAUCKA MOXKHA Takoxk HaTucKaHHsAM Ctrl+N um
komangow fuzzy FIS name, ne FIS name — im'st daiimy cucTeMu HEYiTKOrO
JIOT1YHOTO BUBEJICHHSI.

IMpu BubOpi komanau Export 3'sensatees aABi anbrepHaTrBu T0o Workspace...
i To disk, 1o 103BOJISIOTH CKOMIIOBATH CUCTEMY HEYiTKOTO JIOTiYHOI'O BUBEICHHSI
B pobouy obmacte MatLab i Ha awmck, BimnorimHo. Ilpu BHGOpi komaHmu TO
Workspace... 3'sBuTbcs  [iasloroBe BIKHO, Y SKOMY HEOOXiJHO BKa3aTH
IICHTU(IKATOP CHCTEMH HEYITKOT'O JIOTIYHOTO BUBEJICHHS, MiJl SKAM BOHa Oyne
36epexkeHa B pobouiit obxacti MatLab. Tlpu Bubopi komanmu TO disk 3'siBUTHCs
JIiaJloroBe BIKHO, Y SIKOMY HEOOXiZHO BKa3aTH iM's (pailily cCHCTEMH HEYiTKOro
JIoriYHOro BUBeEJeHHsS. CKOMilOBaTH CHCTEMY HEYITKOTO JIOTIYHOTO BHBEJCHHS B
pobouy obnmacTh i Ha JUCK MOXKHa TakoXk Hatuckandsm Ctrl+T i Cirl+S
BIJIIOBiAHO.

Komanga Print mo3Bossie BHBeCTH Ha TPHHTEP KOIMit0 rpadidHOro BikHA.
[MeyaTka MOXJIMBA TAKOXK M0 HaTHCKaHHIO Ctrl+P.

Komanga Close 3akpuBae rpadiude BikHO. 3akpurTs rpadivHOro BiKHA
BiZIOyBa€eThcs mo HatuckaHHIO Ctrl+W 4m 0fHOKPATHOrO IIUIIHKA JTiBOi KHOMKH
M no kaori Close.

Menio Edit:

Komanma Undo ckacoBye paniie 3pobieny it0. BUKOHYETBhCS TakoX MO
Hatuckanuio Ctrl+Z.

Komanga Add Variable... no3Bonsie 101aTH B CHCTEMY HEUYITKOrO JIOMYHOTO
BUBENEHHsI Ie OjaHy 3MiHHY. Ilpum BuOOpi mi€i koMaHmM 3'SBISATBCS [BI
anprepHatuBH |Nput i Output, mo 103BONSIOTH AOAATH BXiMHY 1 BHXIJHY 3MiHHY,
BIJIIOBiAHO.

Komanna Remove Selected Variable Bunanse notouHy 3MiHHY i3 CHCTEMH.
O3HaKOI0 IIOTOYHOI 3MIHHOI € YepBOHA OKAHTOBKA 11 MPAMOKYTHHKA. [Ipr3HaueHHs
MOTOYHOI 3MIHHOI BiZOYBa€ThCS 3a JOIMOMOrOI0 OJHOKPAaTHOTO IMIJIMKA JIBOI
KHOITKM MHIIi 10 i1 IpsSIMOKYTHHUKY. BraaiauTi moToyHy 3MiHHY MOJKHA TakoX 3a
nornoMororo Hatuckauas Ctrl+X.
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Komanga Membership Function... Bigkpuae pemaktop (yHKILiH
npuHanexxHoctei. Lisi komaHaa Moxke OyTH TakoXK BUKOHaHa HaTHCKaHHsIM Ctrl+2.

Komanma Rules...BinkpuBae penaktop 6a3u 3HaHb. [l koManma Moxe 0yTu
TaKOXX BHUKOHaHA HaTHucKaHHsAM Ctrl+3.

Menio  View - ne 3arambHe MeHw aias Beix  GUI-momymis,
BHUKOPHCTOBYBAHMX 13 CHCTEMaMH HEYIiTKOIO JIOTIYHOrO BHBeNIeHHs. JlaHe MeHIo
JIO3BOJISIE BiJIKPUTH BiKHO Bi3yasi3allii HEUiTKOro JOTiYHOrO BUBEACHHS (KOMaHa
Rules a6o natuckanus knagimr Cirl+5) i BikHO BUBEIEHHS MOBEPXHI “BXia-BuXia”,
10 BiJMOBiJa€ CHCTEMI HEYITKOro JIOriyHOro BHBeseHHs (komanma Surface a6o
Hatuckauus kinasim Ctrl+6).

Mento And Method - e MeHIO J03BOJISIE YCTAHOBUTH HACTYIHI peajizamil
noriuHoi onepaii "TA": min — MiHiMym; prod — MHOXKEHHSI.

KopucryBau Takok Mae MOXIJIMBICTH YCTaHOBUTH BIJIACHY pealli3alilo
orepanii "TA". JIng nporo HeoOxixHO BHOpaTn koMaHy Custom...i B rpadiunomy
BiKHI, 110 3'SIBUJIOCS, HAAPYKYBATH iM's (GYHKIIIT, [0 peasti3ye 110 oneparito.

Menio Or Method - 11e MeHIO J03BOJNISIE YCTAHOBHTH HACTYITHI peajisaii
noriuHoi onepaiii "ABO": max — MHOXeHHs1; Probor - imoBipHicae "ABO".

KopucryBau Takok Mae MOXIJIMBICTH YCTaHOBUTH BIJIACHY pealli3alito
omepanii "ABO". Jlng nporo HeoOximHo BuOpatm komangy Custom... i B
rpagiuHOMY BiKHI, IO 3'ABMIIOCS, HAJAPYKyBaTH iM'st QYHKLIi, IO peatizye IO
orepario.

Mento Implication - 1e MeHIO J03BONISIE YCTAHOBHTH HACTYITHI peajisaii
IMIUTIKAIT: MiN — MiHIMyM; Prod — MHOXEHHSI.

KopucryBau Takok Mae MOXIJIMBICTH YCTaHOBUTH BIJIACHY pealli3alilo
imrmrikamii. J{nsg mporo HeoOXimHO BUOpatw koManmay Custom... i B rpadidHOMY
BiKHI, 110 3'SIBUJIOCS, HAJAPYKYBATH iM's (DYHKIIIT, 110 peasti3ye 110 oneparito.

Mento Aggregation - 1ie MeHIO J103BOJISIE YCTAHOBHUTH HACTYIHI peajizamil
omepatii 00'emHaHHS (YHKIIH NPUHAJICKHOCTI BHUXIJHOI 3MIHHOI: MaxX —
MaKCUMyM; SUM — cyma; probor - imoBipHichHe "ABO".

KopucryBau Tako)k Ma€ MOMKIJIMBICTb YCTAHOBHTH BIIACHY peallizallito Iiei
ormepanii. [lns mporo HeoOXximHO BuOpatn komanay Custom...i B rpadiunomy
BiKHI, IO 3'IBHJIOCS, HAIPYKYBATH iM'st (DYHKIIIT, IO PEaTi3ye IO OIMeparlito

Mento Defuzzfication - ne mMeHro 103Bousie BUOpaTH MeTon nedhasudikarii.
Hns cucteM Tumy MamzaHi 3anporpaMoBaHi HACTYIHI MeTomu: centroid — neHTp
Bary; bisector —meniana; lom — HaiibiapmMil 3 MAaKCUMyMIB; SOM — HallMEHIINH 3

MakCHUMyMiB, MOM — cepeaHe 3 MakcuMmyMiB. st cucrem Ttumy CyreHo
3arporpaMoBaHi HACTYIHI MeToAu: Wtaver — 3BakeHe cepelHe, WESUM — 3BakeHa
cyma.

KopucryBau Tako Ma€ MOXIMBICTh YCTAHOBUTH BIIACHHH METO[
nedasudikanii. st nporo HeobxiaHO BUOpaTn kKomanay Custom...i B rpadiaaomy
BiKHI, 110 3'SIBUJIOCS, HAPYKYBATH iM's (QYHKIIIT, 110 peasti3ye 110 oneparito.
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b.3 Pepakrop ¢pynkuiii npunane:xknocti

Peoaxmop  gyuxyiti  npunanexcnocmi (Membership Function Editor)
TIpU3HAYSHUH /I 3aBAAaHHS HACTYIHOI iH(OpMAaIii PO TEPMU-MHOXUHH BX1IHUX
1 BUXIJTHUX 3MiHHHMX: KUIBKICTh TEpMIB; HaHMEHYBaHHSI TEPMIB; THI 1 MapameTpu
GYHKIIA TPUHAISKHOCTI, IO HEOOXIiJHI JUIA TPEACTaBJICHHS JIIHTBICTUYHUX
TEPMiB y BUIJIS/II HEYITKUX MHOXKHH.

Penakrop (yHKIIH MPUHAIEKHOCTI MOXKE OYTH BUKIHKAHHUNA 3 OYyIb-SKOTO
GUI-Momysnsi, BAKOPUCTOBYBAHOTO 13 CHCTEMaMH HEYiTKOTO JIOTIYHOI'O BUBEICHHS,
koMan 1010 Membership Functions... mento Edit a6o natuckanusam knagim Ctrl+2.

Y FlSpenakropi Bimkputu pemakTtop (YHKIIH MPUHAIEKHOCTI MOXKHA
TAaKO)X MOABIMHUM INMITIMKOM JIIBOIO KHOIIKOK MHIII I1I0 MOJIIO BXIiZHOI abo
BUXigHOI 3MIHHHMX. 3arajJbHUN BUA pemakropa (QYHKIIH IPUHAJIEKHOCTI 3
YKa3iBKOIO (DYHKIIOHAIBHOI'O TPHU3HAYEHHS OCHOBHUX IOJNIB IpadiuyHOro BiKHA
npuBeneHni Ha puc. b.4.
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Pucynok b.4 - Penaxkrop QyHKuiii mpuHanexHOCTI
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VY HmwKHIH yacTuHi rpadivHoro BikHa postamosani kHorku Help i Close,
110 JO3BOJISIFOTH BUKJIMKATH BIKHO JIOBIJIKM 1 3aKPUTH PEAAKTOP, BiAMOBITHO.

Penakrop ¢yHkuiii npuHanexHocTi Mictuth 4otupu MeHio - File, Edit,
View, Typei yotupu BikHa BBeJeHHs iHpopMmaiii — Range, Display Range, Name i
Params. 1{i yotupu BikHa TpU3HAYCHI JJIS 3aBJaHHS Jiama3oHy 3MiHU MOTOYHOI
3MIHHOI, Jiana3oHy BHBENECHHS (YHKIIH NPUHAIEKHOCTI, HaWMEHYBaHHS
MOTOYHOI'O JIIHTBICTUYHOTO TEPMY 1 IapaMeTpiB Horo QyHKmii MpHHaIeXHOCTI,
BIJIIOBiAHO.

[Mapamerpu QyHKHii NpuHAIEKHOCTI MOXKHA MiAOUpaTH H y rpadiyHOMY
peKHMi, NUIIXOM 3MiHM QopMH (GYHKIII NPUHAIEKHOCTI 3a JONOMOTOI0
texHonorii “Drug and drop”. {1 nporo HeoOXiHO MO3UI[IOHYBATH KYPCOP MHIII
Ha 3Haky pexumy “Drug and drop”, HaTHCHYTH Ha JiBy KHOINKY MHII i He
Bifmmyckatouu ii 3MiHIoBaTH QopMmy (yHkuii npunanexnocti. [Tapamerpu ¢pyHKIil
TIPUHAJIEXHOCTI OyIyTh epepaxoByBaTUCS aBTOMATHYHO.

Menio Edit:

Komanma Undo ckacoBye paniie 3pobieny it0. BUKOHYETBhCS TakoX MO
Hatuckanuio Ctrl+Z.

Komanga Add MFs...n03Bonsie  mojaTd TepMH B TEPMH-MHOXHHY,
BHUKOPHCTOBYBaHa JUIs JIIHTBICTUYHOI OLIHKHM MOTOYHOI 3MiHHOI. [Ipn BuOOpI miel
KOMaH/Ii 3'SIBUTBCS J1iajloroBe BIKHO, y SKOMY HeoOXimHO BHOpaTH T (QyHKIIi
MPUHAJIEXKHOCTI 1  KUIBKICTH  TepMiB. 3HauyeHHA HapaMmeTpiB  (QYHKIIN
MPUHAJIOKHOCTI OyAyTh BCTaHOBJIEHI aBTOMaTHYHO TaKMM YHHOM, MI00
PIBHOMIpHO TOKpUTH 00JNacTb BU3HAYEHHsS 3MiHHOI, 3a1aHoi y BikHi Range. Ilpu
3MiHI oOyacTi BuW3HaueHHs y BikHI Range mapamerpu (QyHKUil NpUHATIEKHOCTI
OynyTh mpoMaITaboBaHi.

Komanga Add Custom MF...103Bossie 10maTH OJHUX JIIHTBICTHYHUEA TEpM,
(YHKIIIS TPUHATIEXKHOCTI KO0 BiApi3HseThes Bia yOynoBanux. [Ticis Bubopy miel
KOMaH/au 3'sBUThCA rpadidHe BIKHO, Yy SKOMY HEOOXiJHO HaJpyKyBaTH
ninreictrunui TepMm (mone MF name), im'st gpynkuii npunanexxsocti (none M-File
function name) i mapamerpu GyHKIIT npuHanexHocTi (none Parameter list).

Komanga Remove Selected MF Bunasnsie HOTOYHUI TepM i3 TepM-MHOKHHH
noTouyHoi 3MiHHOI. (O3HaKOI TIOTOYHOI 3MIHHOI € 4YepBOHAa OKAaHTOBKa il
NpsMOKYTHHKa. O3HAKOI ITOTOYHOIO TEPMY € UYEpBOHMI Komip #Horo ¢yHKIii
MpPUHAIEXKHOCTI. Jli1  BUOOPY TOTOYHOrO TEpMYy HEOOXIJHO IPOBECTH
TIO3UI[IOHYBaHHSI Kypcopy MHIII Ha rpadiky (yHKHii NPHHAIEKHOCTI i 3po0UTH
IIWTIIMK JIBOIO KHOMKOKO MUIIII.

Komanga Remove All MFs Bunansie Bci TepMu 3 TepM-MHOKHHH MTOTOYHOI
3MiHHOI.

Komanga FIS Properties...sinkpuBae FlS-penaktop. Ils komanma moxe
OyTU TaKOXX BUKOHaHA HaTuckauusm Ctrl+1.
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Komanma Rules...BinkpuBae penaktop 6a3u 3HaHb. [l koManma Moxe 0yTu
TaKOXX BHKOHaHA HaThuckaHHsaM Ctrl+3.

Menio Type no3Boisie YCTAaHOBUTH THN (DYHKIIH NPHHAIIEKHOCTI TEPMIB,
BHUKOPHCTOBYBAHHX JUISl JIIHTBICTUYHOI OLIHKH MOTOYHOI 3MiHHO.

b.4 PexaxTop 6a3u 3HaHb

Peoaxmop 6asu 3nanv (Rule Editor) npusHauenuii miast GopMmyBaHHS i
Moaudikamii HewiTkux npaBmi. PemakTop 6a3u 3HaHb MOXKe OYTH BHKIMKAaHHUH 3
Oynb-sikoro GUI-mMomyisi, BAKOPUCTOBYBAHOI'O 13 CHCTEMAaMH HEUITKOTO JIOTYHOTO
BUBeIcHHA, koMauaow Rules...meno Edit a6o Hatuckanusam xuasim Ctrl+3. YV
FISpenakTopi Bigkputu penmakTop 0a3u 3HaHb MOXKHA TaKOX IOABIHHUM
LIATITMKOM JIIBOIO KHOIIKOIO MHMIIII IO MPSIMOKYTHHKY 3 Ha3BOIO CUCTEMH HEYITKOT O
JIOTIYHOT'0 BUBEJICHHS, PO3TAIIOBAHOTO B IIEHTPi rpagiqHOro BiKHA.

3aranpHUH BUJ penakTopa 0a3u 3HAHb 13 yKa3iBKOI (DYHKIIOHAIBHOTO
MIpU3HAYEHHS] OCHOBHUX TOJIIB TpadivyHoro BikHa IpuBeneHni Ha puc. b.5.
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Pucynok b.5 - Pegaxrop 6a3u 3HaHb
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VY HmwKHIH yacTuHi rpadivHoro BikHa postamosani kHorku Help i Close,
110 JO3BOJISIFOTH BUKJIMKATH BIKHO JIOBIJIKM 1 3aKPUTH PEAAKTOP, BiAMOBITHO.

Penaxrop QyHKIIH NPUHAIEKHOCTI MiCTUTh YOTHPH CUCTEMHUX MeHio File,
Edit, View, Options, MeHo BUOOPY TEPMiB BXiJHHMX 1 BUXIJAHUX 3MIHHHUX, MOJISI
ycraHoBkH Jyiorivaux onepariii TA, ABO, HE i Bar mpaBwi, a TakoX KHOIKA
penaryBaHHs 1 Ieperysiy IpaBHil.

Jlst BBeNEHHS HOBOTO TpaBwia B 0a3y 3HAHH HEOOXIJTHO 3a JOIIOMOTOI0
MHUIII BUOPATH BiMOBITHY KOMOIHAIO JIIHTBICTHYHUX TEPMIB BXIJHUX 1 BHX1THUX
3MIHHHUX, YCTAaHOBHUTH THI JioriyHoro 3B's3yBaHHs (TA a6o ABO) Mik 3MiHHUMH
yCcepenuHi MpaBiiia, YCTAHOBUTH YU HASBHICTH BIJICYTHICTh JioriuHoi oneparii HE
JUTST KOXKHOI JIIHTBICTUYHOI 3MIHHUH, YBECTH 3HA4YCHHS BaroBOro KoedillieHTa
npaBwia i HatucHytn kHomky Add Rule. 3a 3amoBuyBaHHSM ycTaHOBIEHI
HACTYITHI ITapaMeTpH. JIOTiYHe 3B'sI3yBaHHS 3MIHHHMX ycepeauHi mpaBwmia — TA;
noriyna onepaniss HE — BifcyTHs; 3HaueHHs BaroBoro koedimieHra npasmna — 1.

MO>XJIMBI BUITAJIKH, KOJIM iICTHHHICTH TIPaBMIIa HE 3MIHIOETHCS ITPU AOBIJIBHOT
3HAYCHHI JESIKOI BXiTHOI 3MiHHOi, TOOTO I 3MiHHA HE BIUIMBAE HA PE3YJIbTAT
HEYITKOro JIOTIYHOTO BHMBENEHHS B JaHild oOnacTi ¢akropHoro mpocropy. Tomi sk
JIHTBICTHYHE 3HAYECHHS 11i€] 3MIHHOT HEOOXIZTHO YCTAHOBHUTH NONE.

Jlnst BunaneHHs npaBuiaa 3 0a3sw 3HaHb HEOOXIMHO 3pOOHMTH OIHOKPATHHUIM
LIUIJIMK JTIBOKO KHOIMKOKO MUIIII Ha IIbOMY MPABHIIi Ta HATHCHYTH KHONKY Délete Rule.

Jns moandikamii mpaBmia HeoOXigHO 3pOOMTH OJHOKPATHHH IIHUTIIMK
JIBOIO KHOMNKOK MHIII Ha IBHOMY IIpaBWIi, IIOTIM YCTAHOBUTH HEOOXiHi
napameTpu npaBuia i HaTucHyTH kHonky Edit Rule.

Menio Edit:

Komanma Undo ckacoBye paniie 3pobieny it0. BUKOHYETBhCS Takox MO
Hatuckanuio Ctrl+Z.

Komanma FIS Properties...BigkpuBae FlIS-pemakrop. 1ls xomanma Moxe
OyTU TaKOXX BUKOHaHA HaTuckauusM Ctrl+1.

Komanga  Membership  Function...Bimkpuae  pemakrop — QyHKIL#
npuHanexxHoctei. Lisi komaH a Moxke OyTH TakoXK BUKOHaHa HaTHCKaHHsIM Ctrl+2.

Mento Options 103BoIIsiE YCTAHOBUTH MOBY i (hopMat mpaBuil 0a3u 3HAHb.
ITpu BubOpi komaHmu Language 3'sButhes cmucok MoB English (Anrmilicbka),
Deutsch (Himerpka), Francais (®paniry3pka), 3 sKoro HeoOXiqHO BUOpaTH OHY.

Ipu BuGOpi Komana FOrmat 3'sIBUTHCS CITUCOK MOXKIIMBHX (hOPMATIB MpaBUIl
6a3u 3Hanb: Verbose - minrsictuynuii; Symbolic — noriunmii; Indexed — ingexcoBaHuii.

B.5 Bisyaxizanist HewiTKOr0 JIOTiYHOr0 BUBEIeHHS
Bisyamizaliss HEYITKOrO JIOTIYHOTO  BHWBEJCHHS  3[IHCHIOETHCS 32

nornomororo GUI-monynst Rule Viewer. Ileii Momyns I03BOJIsIE MPOLTIOCTPYBATH
XiJ{ JIOTIYHOrO BHBEICHHS 3a KOXHUM MPAaBHJIOM, OJCPKAHHSI Pe3yIbTYHOUOl
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HEYiTKOI MHOKMHH 1 BHKOHAHHs TpoueaypH aedasudikanii. Rule Viewer moxe
OyTu BUKIHMKaHUH 3 Oynb-sxoro GUI-momyssi, BUKOPHCTOBYBAHOI'O i3 CUCTEMaMHU
HEYiTKOro JIOTIYHOrO BHBEIEHHs, Komaumoro View rules ... menio View um
HatuckanusiM  knasim  Ctrl+4. Bua Rule Viewer anst cucremu nOrivHOro
BUBEJICHHS tipper i3 yKa3iBKOW (YHKIIOHATBHOI'O MPU3HAYCHHS OCHOBHHUX TOJIB
rpagivHOro BikHa IpuBeAeHH# Ha puc. b.6.
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Pucynok b.6 — Bizyaunizaitist J0riqyHOro BUBEICHHS
Juts cuctemu tipper 3a monomororo Rule Viewer

Rule Viewer mictuts wotupu mento - File, Edit, View, Options, nsa moss
yBeeHHs iHpopMarii — Input i Plot points Ta KHOMKK MPOKPY4yBaHHS 300paXKEHHS
B1iBO - BripaBo (left-right), yaus (up-down). ¥V HmkHiil yactuHi rpadivHOro BikHA
posramoBani Takox kuHormkd Help i Close, mio 103BONSAIOTE BUKIMKATA BIKHO
JOBIIKA 1 3aKpUTH pemaktop, BimnoBigHo. KoxHe mnpaBwio 06a3u 3HaHb
NIPE/ICTABISETECS Yy  BUAI  TOCIHIJOBHOCTI TOPH30HTAJBHO  PO3TALIOBAHUX
NpsSMOKYTHHKIB. [Ipu 1jpoMy mepini aBa NPSMOKYTHHKH BifoOpakatoTh (DyHKINT
MPUHAISKHOCTEH TePMiB MOCHIKH mpaBuia (SIKimo-yacTuHa mpaBuia), a OCTaHHi#
TpeTiii NPSMOKYTHHK BiANOBiAae (QYHKIIi TPHUHAJIEKHOCTI TEPMY-HACTIIKY
BuXigHOl 3MiHHOI (To-uacTHHA TpaBuIa).
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[MopoxxHi#l NpsSMOKYTHHK Yy Bi3yaji3alii Jpyroro mpaBuja O3HAdae€, IO B
oMy mpaBuii mocwika 3a 3miHHoo food Bimcytast (food is none). JKoste
3anuBaHHA TpadikiB (QyHKIIH npuHaNEKHOCTEH BXIiIHUX 3MIHHHX YyKazye
HACKUJIbKM 3HAYeHHS BXOJiB, BIJNIOBIIAIOTH TepMaM JaHoro npasuia. Jlis
BUBeNeHHs mpaBwia y ¢opmati Rule Editor HeoOximHo 3po0HTH OXHOKpATHHIA
IIMTJIMK JIIBOI KHOTIKM MUII 1O HOMEPI BiJIIOBITHOTO NpaBuiia. ¥ 1bOMY BUITAIKY
3a3HaveHe NpaBWiIo Oy/ie BUBEJICHO B HIDKHIHM YacTHHI rpadiyHOro BikHa.

bnakutHe 3anmBaHHA Trpadika (YHKIII NMPUHAJIEKHOCTI BUXITHOI 3MiHHOI
SIBIIsiE COOOI0 pe3ysbTaT JIOTIYHOI'O BHBEACHHS y BUIVISAAI HEUITKOI MHOXXHHH 32
JIAHAM TIPaBWIIOM. Pe3ynbpTylody HEWiTKy MHOKHHY, IO BIANOBiZa€ JOTiYHOMY
BUBEICHHIO 3a BCiMa IpaBWIaMH, II0OKa3aHO B HWKHBOMY IPSIMOKYTHHKY
OCTaHHBOTO CTOBMIS TpadigyHOro BikHA. Y IBOMY X TNPSMOKYTHHKY YepBOHA
BEpTUKaJbHA JIIHIS BIJNOBiNAa€ YITKOMY 3HAUEHHIO JIOTIYHOTO BHBE/ICHHS,
OTPUMAHOrO B pe3ynbTati Aedasudikarii.

VBeneHHS 3Ha4YeHb BXIJHUX 3MIHHMX MOXE 3IHCHIOBATHCS JBOMa
crocobamMu: NIISIXOM YBEJESHHS YHCENbHUX 3Ha4YeHb y moje |Nnput; 3a mormomMororo
MHUIII, OIUISIXOM TepeMilIeHHs JIiHI-TIOKa)KYMKiB YePBOHOI'O KOJIbOPY.

B ocranHpOMYy BHIIaJKy HEOOXiHO ITO3UIIIOHYBATH KYPCOP MHII Ha YEPBOHIN
BEPTUKAIBHIM JiHI{, HATUCHYTM Ha JIBY KHOIIKY MHIII 1 HE BITyCKalO4M Hel
MIEPEMICTUTH MMOKKIHMK Ha TMOTPiOHY mo3wmilito. HoBe uncensHe 3HAYeHHS BiIIOBITHOT
BXiIHOT 3MiHHOI Oyie TepestideHo aBTOMAaTHYHO 1 BUBEZIEHE Y BikKHO Input.

Y monme Plot points 3amaeTbes KiNBKICTh KPAmoK THUCKPETH3AI[l st
moOyoBY rpadikiB GyHKIINH TPUHATISKHOCTI. 3HAYEHHS 3a 3aMOBUyBaHHIM — 101.

Menio Edit:

Komanma FIS Properties...BigkpuBae FlS-pemakrop. 1ls xomanma Moxe
OyTH TaKOXX BUKOHaHA HaTuckauusM Ctrl+1.

Komanga Membership  Functions...Binkpuae pemakrop — yHKILH
npuHanexxHocTel. Lisi komaH a Moxke OyTH TakoXK BUKOHaHa HaTHCKaHHsIM Cirl+2.

Komanma Rules...BinkpuBae penaktop 6a3u 3HaHb. [l koManma Moxe 0yTH
TaKOXX BHKOHaHAa HaTucKaHHsAM Ctrl+3.

Menio Options mictuth TiIBKKM OAHY KoManay Format, mo no3Bsossie
YCTQHOBHUTH OJMH 3 HACTYIHUX (hOPMaTiB BHUBEIECHHS 0OPAaHOT0 MPABUIIO B HIKHIN
yactuHi rpadiunoro BikHa: Verbose - mimrsictuunumit; Symbolic — moriunmii;
Indexed — inaexcoBanuii.

b.6 ANFI S-penaxrop
ANFIS € abGpeBiatyporo Adaptive Neuro-Fuzzy Inference System —
ajanTuBHa Heipo-HeuiTka cuctema. ANFIS-penakTop m03BOJIsIE aBTOMaTHYHO

CHHTE3yBaTH 3 €KCIEPHUMEHTAIBHUX JIaHUX HeHpo-HewiTKi Mepexi. Helipo-HewiTky
MEpeXy MOXKHA PO3IIISAATH SIK OJMH 3 PI3HOBUIIB CHCTEM HEYITKOTO JIOTIYHOTO
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BuBeieHHss Tuny Cyreno. [lpu 1poMy (GyHKIIT TPUHANEKHOCTI CHHTE30BaHHX
CHCTEM Hanaro[keHo (HaBUEHO) Tak, W00 MiHIMI3yBaTH BIiIXWIICHHS MiX
pe3yabTaTaMy HE4iTKOTO MOJISIFOBAHHS i eKCIIEPUMEHTANBHUX JaHHX.

3apanTtaxends ANFIS-penakropa 3ailicHioeThes 3a komanoro anfisedit. ¥
pe3ynbTaTi BUKOHAHHS 1€l KOMaHIM 3'SIBUThCs TrpadiuHe BiKHO, 300pa)keHe Ha
puc. b.7. Ha mpomy > pucyHKy 3a3HaueHO QyHKIioHanmbHi obiacti ANFIS
peaakTopa, OIMKC SIKUX MPHUBEICHO HIDKYE.
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i v._ X u = l§n- anrhoe n | =zl =~
" Coechitg wal bep EARN e Ernrhe e &
Pt SuUz Clo T e |3 Zrozling dola
JIFTTT I I PP I | / livn: il k& | LM | ]r|.=:|N..- |
’ |
| / / / | llep |/ Chi=
T0HEG b BB EHA ZiEnacTe OEnecTe OEnecre
NSTEHHE iHIDpeR, rarepeyil HBEYUSHHA TECTYES-HA
EWzia40 = 5

Pucynok B.7 - OcHoBHe BikHO ANFIS-pemnakropa

ANFIS-penakrop mictute 3 BepxHix menio - File, Edit i View, obnacts
Bi3yaumizamii, o0Omacte BiactuBocTeld ANFIS, oOnacte 3aBaHTaXEHHS NaHUX,
00JTacTh TEHEpYBaHHSA BUXITHOI CHCTEMH HEYITKOr'O JIOTIYHOTO BHUBEICHHS,
o0nacTh HaBYaHHSA, OOJIACTH TECTYBaHHSA, OONACTh BHUBCICHHS ITOTOYHOI
inpopmarii, a Takoxk kHonku Help i Close, mo M03BOSIIOTh BHKIMKATH BiKHO
noBinku i 3akputu ANFIS-penakrop, BifmosiaHo.
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Menio Edit:

Komanma Undo ckacoBye paniie 3pobieny it0. BUKOHYETBCS Takox MO
Hatuckanuio Ctrl+Z.

Komanma FIS Properties...Bigkpusae FlS-pemakrop. 1ls xomanma Moxe
OyTU TaKOXX BUKOHaHA HaTuckauusm Ctrl+1.

Komanga Membership  Functions...Binkpuae pemakrop — yHKILH
npuHanexHocTi. Lis komaHaa Moxe OyTH Tako)X BUKOHaHa HaTHCKaHHsIM Ctrl+2.

Komanma Rules...BinkpuBae penaktop 6a3u 3HaHb. [l koManma Moxe 0yTu
TaKOXX BHKOHaHA HaTucKaHHsAM Ctrl+3.

Komanga Anfis...pinkpuBae ANFIS-penakrop. s xomanma Moxe OyTu
TaKoX BHKOHaHa HatuckaHHsM Ctrl+3. [TomiTuMo, 1110 [aHa KOMaH/a, 3amyiieHa 3
ANFIS-penakTopa He NpPUBOAWTH A0 BHUKOHAHHS SKHX-HEOyIb MiH, Tak el
pemaktop yxe Biakputmit. Opnax, y wento Edit inmux GUI-monysis,
BHKOPHCTOBYBAaHHMX 13 CHCTEMaMM HEYITKOTO JIOTIYHOTO BUBENIEHHS, IOAAETHCS
komanga Anfis...,mo go3sossie Binkputu ANFIS-penakrop 3 nux Momymis.

Obnacmy  i3yanizayii MicTUTh JBa TUNW 1H(opMamii: Npu HaBYAHHI
CHCTEMU — KpHMBa HaBYaHHS Yy BHUJI rpadika 3aJIe)KHOCTI MOMWJIKA HaBYaHHS BiX
MOPSIIKOBOTO HOMEpA iTepallii; Ipy 3aBaHTaXCHHI TAHWX 1 TECTYBaHHI CUCTEMH —
eKCTIEpUMEHTAJIbHI JAaHi 1 pe3yJIbTaTH MOJETIOBAHHS.

ExcriepumenTanbHi JaHi 1 pe3yabTaTH MOJEIIOBAHHS BUBOASATHCS Y BHII
MHO)KUHHM KparoK y JBoBHMipHOMY mnpocropi. [Ipm mpomy mo Bici aOuuc
BiJIKIIaIa€ThCsI TIOPSIIKOBUI HOMeEp PSJIKA JaHUX y BUOIpI (HaBUaIbHOI, TECTOBOT
a00 KOHTPOJIBHOI), @ MO OCi OPJUHAT - 3HAYEHHS BUXIJAHOI 3MIHHOI JJISI JAHOTO
psinka BUOIpKH. BHUKOPUCTOBYIOTHCSI HACTYNHI Mapkepu: OnakuTHa kpamka (.) —
TecToBa BHOipKa; ONAKUTHA OKPYXHiCTh (0) — HaBuaibHa BUOIpKa; OJAKUTHHI
mioc  (+) — KoHTponmbHAa BHOIpKa; uepBoHa 3ipouka (*) — pe3ynpTaTH
MOJICITFOBAHHS.

B obnacmi enacmusocmeri ANFIS (ANFIS info) BuBoautbest iHopMaris
PO KIJIBKICTh BXIAHUX 1 BHXIIHMX 3MIHHHX, IIpO KUIBKICTh (QYHKIN
MIPUHAJIEXHOCT] ISl KOXKHOI BXiIHMH 3MIHHHMH, a TaKOX NP0 KUIBKICTH PSJKIB y
BUOipkax. Y wmiit 061acti po3ramoBaHi i knonku Structurei Clear Plot.

Haruckanns xHonku Structure BimuuHsie HOBe TrpadiuyHe BIKHO, y SKOMY
cHcTeMa HEYITKOr'o JIOTIYHOTO BUBENEHHS IIPEICTABISAE Yy BUAI HEHpO-HEUITKOI
Mmepexi. Hatnckanns kaornku Clear Plot no3Bosnsie ounctut 06aacTh Bizyanizaiiii.

B obnacmi 3aeanmasicennsi oanux (Load data) posramiosani: MeHI0 BUOOPY
tuny aanHux (Type), mo MicTuth anbrepHaTuBd (Traning - HaBYambHA BHUOIpKa;
Testing - TecroBa BuOipka;, Checking - xkonTpompHa BubOipka;, Demo -
JEMOHCTpAliHHUHA NPUKIA[T); MEHIO BUOOpY /ukepena fdanux (From), mo MicTuth
anprepHatuBu (disk — muck; worksp. - poboua obmacts MatLab); xHomka
3aBanTaxkenus nanux Load Data..., mo HaTHCKaHHIO KOl 3'ABISAETHCA JiaIOroBe
BiKHO BHOOpY (aiiiry, SKII0 3aBaHTaXEHHS JaHUX BiIOYBa€THCS 3 JUCKa, 200 BIKHO
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BBENICHHS iJleHTU(IKaTOpa BUOIPKH, SKIIO 3aBAHTAXKCHHS JAHWX IOXOIWUThH 3
pobouoi obacti; kHomka ounienHs qanux Clear Data.

B ob6racmi cenepysanns (Generate FIS) posramoBani MeHIO BHOODPY
Cmoco0y CTBOPEHHSI BUXiJHOI CHCTEMH HEYIiTKOrO JIOTiYHOTO BUBEACHHSA. MeH:o
MicTUTh HacTymHi anbrepHatuBu: Load from disk — 3aBaHTakeHHs cuctemu 3
mucka; Load from worksp. — 3aBanrtakenns cucremu 3 pobouoi obnacti MatLab;
Grid partition - rerepyBanHst cucremMu 1o metoay rpat (6e3 kmacrepusartii); Sub.
clustering — renepyBaHHs CHCTEMH 32 METOZIOM CyOKIIacTepH3aril.

B obOmacti Takoxk posTamoBaHa kHomka Generate, mo HATHUCKaHHIO SKOT
TeHEePYEThCS BUXIJIHA CHCTEMa HEYiTKOTO JIOTIYHOTO BUBE/ICHHS.

Ipu BubGopi Load from disk 3'sBnseThcsi cTaHAapTHE MialoroBe BiKHO
BIIKPUTTS (aiiiy.

IMpu BubGopi Load from worksp. 3'sBrsieThest cTaHAApTHE AiajOroBe BiKHO
BBEJICHHS 1JICHTU(IKATOpa CUCTEMHU HEYITKOTO JIOTIYHOTO BUBEJICHHS.

IMpu BubGopi Grid partition 3'sBiseThCS BIKHO BBEACHHS MapaMeTPiB METOTY
rpat, y SIKOMY IMOTPiOHO BKa3aTH KiJBKICTh TEPMIB JUIs KOXKEH BXIiJHHN 3MIHHOI 1
TUT (QYHKIIH MPUHATICKHOCTI JUTSl BXiJTHUX 1 BUX1THOI 3MiHHUX.

IMpu BuGopi Sub. clustering 3'aBiseThCS BIKHO BBEIACHHS HACTYIMHUX
napameTpiB MeToy cybkmactepusaiii: Range of influence — pisHi BrutuBy BXigHHUX
3MiHHUX; Sguash factor — koediuieHT mpurHiuenHs; Accept ratio — koediuieHT, Mo
BCTaHOBJIFOE y CKUIBKH pa3iB IMOTEHINAN TaHOI TOYKHA TOBUHHHMN OyTH BWHIIE
MOTEHIiaJly [EHTpa IepUIoro KiacTepa Juis TOro, o0 NEHTPOM OJHOro 3
KiactepiB Oyna mpu3HaueHa po3riisiHyra Touka; Reject ratio - koedirient, mo
BCTAHOBIIIOE y CKIBKOX pa3iB MOTEHIak JaHOI TOYKH MOBUHHHUHA OYTH HIDKYE
MIOTEHIiaTy [IEHTpa MepuIoro Kiacrepa, o0 po3IisiHyTa TOuka Oyia BUKIIOYEHa 3
MOXIIUBHX LIEHTPIB KIIaCTEPiB.

B ob6racmi nasuanns (Tran FIS) posramoBani MeHO BHOOpY MeETOLY
ornrumizamii (Optim. method), mone 3aBmaHHs HEOOXiAHOT TOYHOCTI HABUAHHS
(Error tolerance), mone 3aBmaHHs KibKOCTi iTepaniit HaBuanHs (Epochs) i kHomka
Train NOw, HaTHCKaHHS SKOTO 3aMyCKa€e PEKUM HaBuaHHs. [IpOMiXHI pe3yibTaT
HABYAHHS BUBOJATHCS B 00jacTh Bisyamizamii i y pobouy obmacte MatLab. ¥V
ANFIS-penakTopi peanmizoBani jBa MeTomud HaBuaHHsA: backpropa — werton
3BOPOTHOT'O MOLIMPEHHS MOMUJIKH, 3aCHOBAHMH Ha iJeAX METOJy HaHIIBHIIIOrO
cmycka; hybrid — ribpuanuii MeTos, 110 MOETHYE METO 3BOPOTHOTO MOIIHPEHHSI
MOMMJIKH 3 METOJIOM HaWMEHIINX KBaIpaTiB.

B o6nacmi mecmysannsa (Test FIS) posramoBani MeHO BUOGOpY BUOIPKH i
kHomka Test NOW, mo HaTUCKaHHIO IO SIKMH BiOYBAa€ThCS TECTYBaHHS HEUITKOI
CHCTEMH 3 BUBEJCHHSI PE3YJIbTATIB B 00JIACTb Bizyaisarlii.

Obnacmey  6u6edenHss nomouHoi iHgopmayii. y i 00IacTi BUBOIUTHCS
HaKOLIBII iICTOTHA TTOTOYHA iHOpMALlisl, HAIPHUKIIAJ, ITOBIIOMIICHHS ITPO 3aKiHYESHHS
BUKOHAHHI oriepalliif, 3HaYeHHs MOMHUIIKH Ui HaBYaHHS TECTYBaHHSI i T.IL.
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B.7 ®yunkuii Fuzzy L ogic Toolbox

®yukIii, mwo BXoaaTh a0 Mmomyns Fuzzy Logic Toolbox moxyts Oyru
BHKJTUKaHI 3 KOMaHIHOTO psaka. J[Js OTpUMaHHS Mmeperntiky (YHKIH CITif] BBECTH
komany: help fuzzy. HaBenemo kopotkuii orsin GpyHkuii monyns Fuzzy Logic.

Peoaxmopu 3 epagiunum  inmepgeticom  xopucmysaua: anfisedit -
iHCTpyMeHT Juisi HaBuaHHs Ta TecTyBanHs ANFIS; findcluster - inctpyment ams
knacrepusaiii; fuzzy - 6asoBmii pemakrop FIS, mfedit - pemakrop ¢ynxmii
npuHanexuocti; ruleedit - pemakrop Ta anamizatop mnpaswi; ruleview -
JEMOHCTpAToOp TMpaBWiI Ta JiarpaM HEYiTKOro BuBenmeHHs; Surfview -
JIEMOHCTPATOP BUXI1THOI TOBEPXHI.

@ynxyii npunanexcnocmi: dsigmf, gauss2mf, gaussmf, gbelmf, pimf,
psigmf, smf, sigmf, trapmf, trimf, zmf.

Monyne Fuzzy Logic Toolbox nakery MATLAB Brirouae 11 yoymoBaHux
(YHKIH TPUHANIEKHOCTI, 10 BUKOPUCTOBYIOTH TaKi OCHOBHI (pyHKIIi: KycOdHO-
JIHIMHY; TayCIBChKIH PO3MOJILI; CUTMOI/IHY KPUBY; KBaAPaTUUHY Ta KyOiuHY KpHBI.

Jus  3pydHocTi iMeHa Bcix yOynoBaHMX (YHKLIH ITPUHAJIEKHOCTI
3aKiHuyroThCs Ha Mf. BUKIHK (QYHKIIT NPUHAICKHOCTI 3AIHCHIOETHCS B TaKWUil
cnoci6:  namemf(x, params), ae namemf—  HailimenyBaHnHs  (yHKIT
MIPUHAJIEKHOCTI; X — BEKTOp, Ul KOOPAMHAT SKOrO HEOOXIJHO pO3paxyBaTH
3Ha4YeHHs (QYHKLIi NPUHAIEKHOCTI, ParamsS— BEKTOp mapaMmeTpiB (QyHKIil
TIPUHAJIEKHOCTI.

Haiinpocrimi  ¢yHknii  npuHanexHocti  mpuxymua  (trimf) i
mpaneyienooiona (trapmf) GopMyIOTbCs 3 BHUKOPHCTAHHSAM KYCOYHO-JTiHIHHOT
anpokcumanii. TpaneniernoniOHa QYHKIIS NPUHAIEKHOCTI € y3araJbHEHHSIM
TPUKYTHOI, BOHA JIO3BOJISIE 33][aBATH SIIPO HEUITKOI MHOXKHHH Y BUJII iHTepBany. Y
BUIIAJIKy Tparenienofionoi QyHKIii MpUHAIEKHOCTI MOXJIMBA HACTYITHA 3py4HA
IHTEpIpeTaIlis: SIpPO HEYITKOI MHOXHHU — ONTUMICTHYHA OIiHKA; HOCIH HEYiTKOI
MHO)KUHH — ECUMICTHYHA OIIHKA.

JIBi (yHKINT OpUHANEKHOCTI — cumempuuna 2ayciecvrka (gaussmf) i
06ocmoponns eayciscoka (gaussmMf) GopMyrOTbCsl 3 BUKOPUCTAHHSAM TayCiBCBKOTO
posmoainy. Dymkiis gaussmf mo3Bonse 3amaBaTH  acUMeTpuuHi  QyHKINT
MPUHAICKHOCTI.  Y3arajJbHCHa KOJIOKOJIOOOpa3Ha (YHKINSI —MPHHAJICKHOCTI
(gbellmf) 3a cBoeto dopmoro cxoxa Ha rayciBebki. 1li (yHKIIT mpuHANIEKHOCTI
YacTO BHKOPUCTOBYIOTHCS B HEUITKHMX CHCTEMax, TOMY IO Ha BCii obiacti
BU3HAYCHHS BOHU € INIAJKUMH i IPUAMAIOTh HEHYJIbOBI 3HAUCHHSI.

®yukuii npuHanexnocti Sigmf, dsigmf, psigmf 3acHoBaHi Ha BUKOpUCTaHHI
cuemoionoi kpueoi. i pyHKIIT 103BONAIOTE hopMyBaTH (PYHKIIT MPUHATIEKHOCTI,
3HAUCHHS SKUX MOYMHAIOYH 3 JISSKOrO 3HAYCHHS apryMeHTy i no +(-) oo pieni 1.
Taxi ¢yHKIIT 3py4uHi A7l 3aBJAaHHS JIIHTBICTHYHUX TEPMIB THITY «BHCOKHI» abo
CHU3BKUAN».
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THoninomianrvna anpoxcumayis 3aCTOCOBYETHCS TIPH (POPMYBaHHI (YHKITIH
zmf, pimf i smf, rpadiuni 300paxenHs sxkux cxoxi Ha ¢yHkuii Sigmf, dsigmf,
psigmf, BiamnosiaHo.

Y Fuzzy Logic Toolbox mnependavueHa MOXIUBICTH [JIi KOPHCTyBaua
CTBOPCHHS BJIACHOI ()YHKIII MPHHAIEKHOCTI. J[JI1 1IbOro HEOOXiTHO CTBOPUTH M-
GYHKIII0, 10 MICTHTh JBa BXIJHUX apryMEHTH — BEKTOp, U1 KOOPIHHAT SIKOTO
HEeoOXiTHO po3paxyBaTH 3Ha4YeHHsS (PYHKIT MPUHAJIEKHOCTI 1 BEKTOp MapameTpiB
(GyHKIIT nprHANEXHOCTI. BUXiTHUM apryMeHTOM (QYHKIIT MOBUHHUNA OYTH BEKTOP
CTYNEHIB IPUHAJIEKHOCTI.

@ynxyii FIS addmf - nomae ¢yukiiro npunanexuocti go FIS; addrule -
nomae npaewio a0 FIS; addvar - nomae 3minny 1o FIS; defuzz - medysudikye
¢yukiio npuHanexxHocti; evalfis - 3aificHIoE 00UNCIIEHHSI HEYITKOTO BUBEICHHS,
evalmf - oOuucnioe GYHKIIIO NPUHATEKHOCTI; gensurf - reHepye MOBEpXHIO
Buxony FIS; getfis - moBeprae BnactuBocTi HeuiTkoi cucremu; Mf2mf - Tpanciroe
napaMeTpu MiK (yHKIiSMH OpUHHATIeKHOCTI; NEwfis - crtBoproe HOBY FIS;
parsrule - ananizye HewiTki mpaBuia; Plotfis - mokasye miarpamy "BXia-Buxing" Asst
FIS; plotmf - noka3ye yci ¢yHkuii npuHane:KHOCTI it oaHiel 3minnHoi; readfis -
3aBantaxye FIS 3 qucky; rmmf - Bunanse ¢pynkuiro npunanexsocti 3 FIS; rmvar -
Bupaisie 3minHy 3 FIS; setfis - BcTaHOBIIOE BIACTHBOCTI HEWITKOI CHCTEMU,
showfis - moka3sye anoroany FIS; showrule - Bino6paxye mpasuna FIS; writefis -
30epirae FIS Ha nucky.

dyukmis output=evalfis(input, fis, numofpoints). Bukonye oGuucIeHHs aIst
BHUOIpKM €K3EeMIUISIpIB  3a JIONOMOrOI0 BKa3aHOi HEHpO-HEWIiTKOI Mepexi.
PesynpraTtom € obOumcneHi Buxoau OYHKII, SKy anpoKCUMYye HeHpo-HediTKa
Mepexa. ApryMeHTH Ta Pe3yabTaT QyHKIIi: INPUL - BXOIU 00YHCITIOBAHOT BUOIPKH;
fis - Heiipo-HeuiTka Mepexxa; NUMOFPOINES - KiMTBKICTH TOYOK ISl MPOBEICHHS
nedasudikarii (pexomeHayeThess Opatu 3HaueHHs He Mmenmie 100, 3MeHIIEHHS
[[OTO MAapaMeTpy MPUCKOPIOE MPOLIEC OOUHCIICHD, ajle 3MEHIIYE TOUHICTB); OUtput
- 004KCIIEH] BUXOH,

BuOipku nmaHux Ta HEHpO-HEWIiTKI MEpexi, 3 SIKUMH MpaIfolOTh ONHCaHi
¢byHkuii moBuHHI 30epiratucs B pobouiit obmacti MATLAB (B onepatuBHiit
maM’siti). B CTOBMISIX  MaTpuilh, MO TNPEACTABISAIOTE COOOK  BHOIPKH,
30epiratoThCsi 3HAYCHHS BXOJIB (0O3HAK) Ta BUXOIB, B PSOKaX - EK3EMIUPH
BUOIPKH.

Jlns 3aBaHTaXKeHHS BHOIPOK 3 JHUCKY abo 3amicy Ha JHUCK HEOoOXiJHO
BukopucroByBatu komanny MATLAB: s=load(filename), sika. 3aBanTaxxye BMicT
daiiny B 3minny S. @ynkiis save(filename, s). 36epirae 3miHHy Sy daiin.

Jyii MOXIMBOCTI BUKOPUCTaHHS CTBOPEHOI HEHpO-HEUiTKOI Mepexi B
HACTYITHUX ceaHcax poO0oTH abo BHKOPUCTAHHS MEpEeXi 3 IONepenHiX Ciix
BUKOpHCTOBYBaTH  Taki  ¢yHkuii  momyns  Fuzzy  Logic  Toolbox:

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

50

writefis(fis,filename) - 306epirae Helipo-neuitky Mepexy fis B daiin;
fissreadfis(filename) - 3aBanTaxye 3 daiiny Helipo-HediTKY MepexKy B 3MiHHY fiS.

Ilepeoosi mexnonoeii: anfis - ¢ynkiis HaBuanus mis cucremu CyreHo;
byHkuii kmacrep-ananizy: fcm, genfisl, genfis2; subclust.

Pizni ¢ynxyii: convertfis - mepeTBOpIO€ HEUITKYy MATPHIIO CTPYKTYpH
Bepcii 1.0 y matpuito crpykrypu Bepceii 2.0; discfis - auckperusye FIS; evalmmf -
BUKOPHCTOBYETBCS ISl OOYMCIEHHS MHOXHHHHMX (YHKIIH NpUHAIEKHOCTI,
fstrvcat- moeanye wmartpumi pisHoro posmipy; fuzarith - ¢ynkiis HewiTkol
apudmernku; findrow - wmykae psakd marpuii, IO BiAMOBIAAaOTH BXIAHOMY
pAIKy; genparam - reHepye INOYaTKOBI MapaMeTpH IEpeJyMOB JUIsl HaBYAHHS
ANFIS; probor - imoBipaicae ABO; Sugmax - MaKCUMAaNbHHI BUXITHHI Aiana3oH
st cuctemu CyreHo.

@yukiis C = fuzarith(X, A, B, OPERATOR) peanisye 6a30Bi onepariii
HEYITKOl JIOTIKM Ta MOBEpTae HediTKy MHOXHUHY C SK pe3ynbTaT 3aCTOCYBaHHS
orrepatopa OPERATOR no HewiTkux MHOXUH A Ta B 3 yHiBepcasbHOI MHOKUHA
X. 3minni A, B T1a X MaroTeh OyTM BeKTOpaMH OJHAaKOBOi PO3MIpHOCTI.
OPERATOR mae 0yTH OJHUM 3 psIKiB: 'SUM' - cyma, 'sub’ - Bupaxysanss, 'prod’ -
nooyrtok, 'div' - minenns. Hewitka MHOxuHa C, sika MOBEPTA€THCS, € BEKTOP-
croBnueM Tiei € noBxkuHHM, o ¥ A Ta B. 3ayBaxumo, mo ns QyHKmis
BHUKOPHCTOBYE IHTEpBaJIbHY aprdMeTHKy Ta nependadae, mo: A ta B € omyxmimu
HEYITKMMHU MHOXHHaMH; (YyHKIIT mprHanexHocTi 1yt A ta B noza X € Hyzewm.

Jlonomiosichi  yukyii  epagiunozo KOpUCmy8arbHUYLK020 iHmepgercy:.
cmfdlg - momae mianor BuGopy ¢yHkuii npuxaneskHocti; cmthdlg - monae miamor
BUOOpY MeTody BuBeneHHs; fiSgui - AUCKpunTOpHEe MOCHIAaHHA Ha iHTepdeiicHi
3acobu moayns Fuzzy Logic Toolbox; gfmfdlg - renepye FIS 3 BuKOpHCcTaHHM
mianory meroay rpat; mfdlg- nomae miamor ¢yHkuii npunanexsocti; mfdrag -
MepeTaryBaHHs (QYHKIIT MPUHAICKHOCTI 3a JOMOMOrOK Muii; popundo -
BiJTHOBJIIOE 31 CcTeky ocTaHHi 3MmiHu (BimMmiHse octanui fii); pushundo- nepenae
MOTOYHI JlaHi y cTek BimHoBieHHs; Savedlg - mianor 3amucy mepes 3aKpUTTAM;
statmsg - 300pakye moBimoMieHHs y moni crarycy; Updtfis - oHommoe 3acobu
rpadiunoro intepdeiicy Fuzzy Logic Toolbox; wsdlg- miamor "Biakpurrs 3" /
"30epexeHHs 10" pobodoi 00IacTi.
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