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3ATAJIBHI TOJOKEHHA

JlaHe BUAAHHS MPU3HAYCHE Ml BUBYCHHA Ta MPAKTHYHOTO OCBOEHHS
CTyAcHTaMu yCIX (DOPM HABYAHHS HCYITKOTO MPOrPaMyBaHHS IS [OOYIOBH
IHTCICKTY QJIbHUX CHUCTCM.

Bigmosimro g0 rpadika CTyAeHTH TIepea BHKOHAHHAM J1abopaTopHOI
pobOTH MOBHHHI O3HAHOMMTHCS 3 KOHCIICKTOM JICKLIHM Ta PCKOMCHIOBAHOO
JTTEPaTyPOIo.

Jlnst onepskaHHA 3aMiKy MO KOKHIM POOOTI CTYICHT 30a€ BHKIIAIady
uiikom oopmrennii 3it, a Takosk CD-RW (DVD-RW) ouck y opmari MS —
DOS / Windows, mnepeBipeHuii Ha BIACYTHICTH BIPYCIB, 3 TCKCTAMH
po3pobieHux mporpam, (akamMu IIporpam, 1o BUKOHYIOTHCS, (hariaMu JaHUX
1 TEKCTOM 3BITY.

31T (mipuikitay O(OPMIICHHS - AMB. JOJATOK A) Mae MICTHTH:

- TUTYJIBHHM apKkyIl (Ha HBOMY BKa3yIOThb HA3BY MIHICTCPCTBA, HA3BY
VHIBEPCHUTETY, Ha3By Kadeapu, HOMEp, BUA 1 TEMy POOOTH, BHKOHABLLI Ta
0co0y, IO TIPUMMAE 3BIT, PIK);

- MCTY, BaplaHT 1 3aBAaHHs poOOTH;

- JTAKOHIYHHH OIMUC TCOPSTUIHHUX B1TOMOCTCH;

- TEKCT MPOrpaMu, o 000B'sI3KOBO MICTUTH KOMECHTApI;

- BXI1/JJHI Ta BUXI1/JHI JaHi IIPOrPaMH;

- 3MICTOBHHIA aHAJTI3 OTPUMAHKUX PE3Y/IBTATIB TA BUCHOBKH.

3BiT BUKOHYIOTh Ha Outomy marepi opmaty A4 (210 x 297 mm). Texct
PO3MIILYFOTh TUIBKH 3 OAHIET CTOPOHH aucTa. [loas cropinku 3 yeix 6okiB — 20
MM. ApKyIIl CKpIIUTIOIOTH 33 JOMOMOTOK KAHLESIPCBKUX CKpIroK. Jlyst
Ha0OpPy TEKCTY 3BITY BUKOPUCTOBYIOTH pexaktop MS Word 97: mwpudt Times
New Roman, 12 myskriB. MUKPsSAKOBHIA IHTEPBAT: TOIYTOPHHUM — TSI TEKCTY
3BITY, OAMHAPHUM — JUTs TUCTUHTIB MPOTPaM, TabIuULb 1 PO3APYKIBOK JaHHUX.

[Mix wac cmiBOeciaM CTYACHT MOBWHHUN BUWSBHUTH 3HAHHSI IIPO METY
POOOTH, IO TEOPSTUIHOMY MaTepiany, PO METOAM BUKOHAHHS KOYKHOTO STaIty
pobOTH, MO 3MICTY OCHOBHMX PO3/IITIB PO3POOICHOr0 3BITY 3 JEMOHCTPALIED
PE3yABTATIB Ha KOHKPETHUX TIPUKJIAIaX.

CrygeHT TOBMHHMM BMITH [PaBWIBHO AaHATMI3yBaTH OTPHUMaHI
pesyasTat. [l camMOmepeBipKM MPH IACOTOBLI OO0 BMKOHAHHA 1 3134l
poOOTH CTYACHT IMOBMHHME BIAMOBICTM HAa KOHTPOJBHI ITUTAHHA, TPUBEICHI
HATPHUKIHLI OIKCY BIAMOBLIHOI pOOOTH.

3arampHUE 3aI1K CTYACHT OACPKYE MICIIS BUKOHAHHSA 1 34a4l OCTaHHBOL
poboTu.
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1 JIabopaTopna po6ota Nel

HEYITKI MHO’KHHH TA
OIIEPAIIII 3 HUMMU Y TAKETI MATLAB

Mera po0otrn: OCBOITH OCHOBHI IOHATTS HCUITKOI JOTIKH TA HABYHTHCS
MPALFOBATH 13 HCUITKUMH MHOKHHAMH.

3aBaauns 10 podoTn

1. O3HAHOMHTHCS 3 KOHCIICKTOM JICKIIH, PCKOMCHIOBAHOK) JTITEPATYPOIO
Ta TCOPETHYHUMH BiJOMOCTSIMH JAHHX METOAWYHHX BKA3IBOK.

2. 3riaHO 3 HOMEPOM CTYICHTA 3a >KYPHAJIOM JJISI BAPIaHTY 3 BIATIOBITHUM

HOMEPOM BUKOHATH IHIUBITyaIbHE 3aBJAHHI.

O¢opmuru 3BiT 3 poOOTH.

4. BigmoBicTH HA KOHTPOJIbHI 3aIIUTAHHSL.

(98]

Inougioyanvui 3a60aHHA
Hexait V - HoMep BapiaHTa CTYACHTA 3a KypHaIoM. BusHauumo:

4V, gaxmo V < 5;
V, =<V, axmo 5 <V <10;
round(0,3V), ssxmio V > 10,

ne round(X) - (YHKLISI OKPYTIICHHSL.
C(popMyeMO HEHiTKI MHOKHHH:

k
A={<—|k>
ey k>3,

1

2k
B ={<—]0,5k >
<7 3

3asoanns 1. TlobyayBaTn aekinbka pasis rpadiku (PYHKUIH MPHHAICKHOCTI
V B3aJeXKHOCTI BiJ HOMEPY BapiaHTY i3 pI3HUMH 3HAUYCHHAMH MApaMETPiB.
IMapamerpu (YHKOIH TPHHANCKHOCTI 3a4aTH  caMocTiiino. JocmimuTH, sK
BIUTMBAIOTh 3HAYUCHHS MAPAMETPIB HA 3MIHY 3HAYCHHS (DYHKIIN IMPHHATIC)KHOCTI.
3aBnanHsa BukOHATH Vv makeTi MATLAB i3 BuKOpHUCTaHHSAM (DYHKUOIH MOIYJISA
Fuzzy Logic Toolbox.



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

3a60anna 2. BU3HAUUTH 3HAUCHHA CJICMCHTIB HEUITKUX MHOXHH A Ta B.
3aBIaHHA BHKOHATH BPYYHY.

3ae0anna 3. JIng KOXKHOI 3 HEUITKUX MHOKHH A Ta B BH3HAUMTH: BHCOTY,
YU € MHOXXMHA HOPMAIIbHOIO, CYOHOPMAJbHOK a00 MOPOJKHBOIO, YH € MHOKHHA
VHIMOJAJIBHOIO, SIAPO, HOCIH, ME3Ki, TOUKH NEPEXOY, HAHOMIDKYY YiTKY MHOKUHY,
YH € MHOJKMHA ONYKJIOK, Mipy HewitkocTi Erepa (y merpukax: p=1 1a p=2), mipy
HewiTkocTi KOCKo, 4iTKy MHOXKUHY anb(a-piBHA. 3aBJaHHSA BUKOHATH BPYUHY.

3ae0anna 4. BUW3HAYUUTH PpE3YIbTATH BUKOHAHHA HAJ HEYiTKHMH
MHOKHHAMH A Ta B omepauiii: JOMOBHEHHS, BKJTIOUCHHS, PIBHICTb, 00'€IHAHHIL,
NECPETHHAHHA, PI3HUIL, CHMETPHYHA Pi3HULA, JH3'IOHKTHUBHA CyMa, anreOpaiuHuii
J00yTOK, anreOpaiuHa cyma, OOMEKEHAa CyMa, OOME)KCHA PI3HHIL, OOMEKCHHH

J00YTOK, APACTHYHE TEPETHHAHHSA, IPACTHYHE 00'€THAHHA, A -CyMa, 3BCACHHA B
crymiab, CON, DIL, MHOKCHHSI HA YHCJIO, OMyKjda KOMOIHAINS, HOpMAi3aiis,
HEYITKE BKJIFOUYCHHS. Y SIKOCTI CKASIPHOTO YHMCIA ¢ MOTPIOHO BHKOPHUCTOBYBATH
upcao Vi a60 V,'. 3aBIaHHS BUKOHATH BPYUHY.

3asoanns 5. TlpuaymaTu mpakiaj JiHTBICTHYHOI 3MiHHOI Ta BapiaHTIB ii
3Ha4YeHb. J{14 JIHTBICTHYHOI 3MIHHOI 3ampONMOHYBAaTH HEWiTKI 3MiHHI. Hasectm
OPUKIATH MOKIMBHX 3HAYCHb HCYITKHX 3MIHHHX. BH3HAYHTH TEPM-MHOXKHHY
JTHTBICTUYHOI 3MiHHO].

3asoanns 6. Jlna muOoxkmH A Ta B 3a momomororo makery MATLAB
BH3HAYUTH PE3YJIbTAaTH HEUITKHX Omepamiii: 'sum' - cyma, 'sub' - BHpaxyBaHHI,
'‘prod' - mobyrok, 'div' - mimenns. Pesymeratm 300paszut rpaivHO y makKeTi
MATLAB. IIpu BUKOHAHHI 3aBAAHHS BUKOPUCTOBYBATH (DYHKIIii MPHHAICKHOCTI
3 3aBJaHHA 1.
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3micT 3BiTY

Mera poboTu.

Kopotki TeopeTmyHi BiZOMOCTI.

Howmep BapianTy Ta 3aBJaHHA 10 POOOTH.

Omnwc mporecy Ta pe3yabTaTH BUKOHAHHS 3aBAAHb.

BuCHOBKH, IO MICTATH BiANOBiAI HA KOHTPOJIGHI 3aIHTAHHA, 4 TAKOXK
BIJOOPKYIOTh PE3YJIBTATH BHKOHAHHA PpOOOTH Ta IX KPHTHYHHI
aHami3.

KonTpoasHi 3anuTanas

Je 1 ana axux 33329 JOLITBHO 3aCTOCOBYBATH HEUITKY JIOTIKY?

IIo Taxe HEUITKA MHOKHHA?

Jlalite BH3HAYCHHSA Ta HABCIITH MPHKJIATH MOHATH, YITKA ITiIMHOKHHA
(YHKIIST ~ NPUHAJICKHOCTI,  HEYITKA  MIAMHO)KHHA,  MHO)KHHA
MPUHAJICKHOCTCH, HEWITKA 3MiHHA, JIHTBICTHYHA 3MiHHA, TEpM-
MHO)KHHA, TE€PM, CEMAHTHYHA MPOLEIYPa, HEUITKE YHCIO, HEYITKE
ypcno (L-R)-tumy, ¢QyHkuia npuHame:kHocTi HewiTkux ymcen (L-R)-
THUITY, HCYITKE N-apHE BIJHOMICHHS, HEYITKE BiTHOIICHHSA Ha MHOKHUHI.

Y yoMy BiAMIHHOCTI 3BHYAHHHX TA HCUITKHX YHCEI?

XapaKkTepHCTHKU Ta BJIACTUBOCTI HEUITKHX MHOMKHH. BHCOTA, YH €
MHO)KHHA HOPMAJIbHOK), CYOHOPMAJNBHOK) a00 TMOPOXKHBOK, YH €
MHO)KAHA YHIMOJANBHOK), SIAPO, HOCIH, MEXKI, TOYKH MNEPEXOAy,
HaWOMWK4a 4YiTKy MHOJKHMHY, YH € MHOKMHA OIYKJIOK, Mipa
HeuiTkocTi Erepa, mipy mewitkocti Kocko, witka MHOKHMHA anb(a-
piBHIL

Omnepanii Hajg HEYITKMMH MHOXXHHAMM. [JOTIOBHCHHS, BKIFOUCHHS,
PIBHICTb, O0'€THAHHA, NEPETHHAHHA, PI3HUI, CHUMETPHYHA Pi3HHULL,
JU3'IOHKTUBHA CcyMa, anareOpaiunmii moOyTok, amreOpaiuHa cyma,
00MEXEHa CyMa, OOMEKCHA Pi3HHUL, OOMEKCHUH TOOYTOK, IPACTHIHE
NIEPETHHAHHSA, APACTHYHE 00'€THAHHA, A -CyMa, 3BECHHA B CTYIIiHb,
CON, DIL, MHOKCHHS HA YHCIIO, OMyKJIa KOMOIHAIA, ICKAPTOBHA
JOOYTOK, HOPMATI3aMis, HCUITKS BKITFOUCHHS.

BnacTuBOCTI HEUTKHX OMEPAIii Ta 3AKOHU HEUITKOI JIOTiKH.

OyHKIIi TPUHATICKHOCTI HCYITKUX MHOKHH. AHATITHYHHN 3aIHC,
(opmat BukmKy y naketi MATLAB, rpadixu.

HeuiTki onepanii y makeri MATLAB.
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2 JlaGopaTopHa poGoTa Ne 2

MOJIEJII HA BA3I TEOPII HEUITKUX MHOXWH

Merta podorn: OCBOITH OCHOBHI NPHHIMITN HOOYIOBH HEHPO-HEWITKUX
Mepex vy maketi MATLAB.

3aBaauus 10 podoTn

1. O3HAfOMHTHCS 3 KOHCIICKTOM JICKIIH, PCKOMCHIOBAHOK) JTITEPATYPOIO
Ta TCOPETHIHUMH BiIOMOCTSIMH JAHHX MCTOAMYHUX BKA3iKOK.

2. 3riaHO 3 HOMEPOM CTYACHTA 34 ’KYPHAJIOM JJISI BAPIaHTY 3 BIATIOBITHUM

HOMEPOM BHKOHATH IHIUBITyaIbHE 3aBJAHHI.

O¢opmuru 3BiT 3 poOOTH.

4. BigmoBicTH HA KOHTPOJIbHI 3aIIUTAHHSL.

(98]

Inougioyanvui 3a80aHHA

3asoanna 1. Tlpuaymatn npuKIag HEUiTKOro BigHomeHHA A R B, a takoxk

Horo nomoBHeHHs R . BH3HAYMTH pe3ynbTaTH ONEpalii:
C=RUR,D=RNR, E=(CAD)UR.

3aBaHHA BUKOHATH BPYYHY.

3ae0anna 2. JnA HEUTIKMX MHOXHMH A Ta B, oTpmMaHumx y momepenHii
poboTi BiAnmoBiAHO 10 V - HOMEpa BapiaHTa CTYACHTA 3a YKYPHAJIOM, 3HAMTH WiTKi
sHaueHHas A Ta B, BHKOpHCTOByrouMm Metomm aedasmikamii: cepemmiit 3
MAKCHMAJIbHUX, HAHOLTPINMHA 3 MAKCHMAJBHHX, HAWMCHINHH 3 MAKCHMAJIbHHX,
LCHTP TSDKIHHA, METOX MEIiaHu, BUCOTHA aedazuikanis. [TopiBHATH pesyabTaTh
MCTOMIB I KOJKHOI HEUiTKOT MHOKAHH. 3aBJIAHHSA BUKOHATH BPYYHY.

3asoanns 3. BHKOPHCTOBYIOUH NPOAYKLINHHY MOAETs ©Oa3Hm 3HAHB
CKCIICPTHOI CHCTEMH, PO3POOICHOI y MOMCPSIHBOMY CEMECTpi, moOymyBaTd il
CHpOLICHUHA BapiaHT y BHUIIAL npaBui "Skmo-to". Buxkopucrosysatu He Oinboie
YOTHPHOX BXITHHX 3MIHHHX Ta ITATH 3HAYCHb BHXITHOI 3MiHHOI. 3agaTH HE
6impme BicbMmu npaBuwiL. Y pegakropi FIS makery MATLAB moOyaysatu cucremy
HEUTITKOTO BHBCACHHSI JUI1 CTBOPEHHX 3MIHHHX 1 mpasuil [lepersiHyTH
pesyasratd podotd FIS M1 MO3HTHBHOTO Ta HCTATHBHOTO CHCHApiiB. 30epertu
crBopeny FIS y ¢aiir Ha TucKy.
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3micT 3BiTY

Mera poboTu.

Kopotki TeopeTmyHi BiZOMOCTI.

Howmep BapianTy Ta 3aBJaHHA 10 POOOTH.

Onmc mpomecy Ta pe3yJIbTaTH BUKOHAHHS 3aBJaHb. 300Pa’KCHHS
expaHHuX (hopM, TekCcT cTBopeHoi FIS.

BuCHOBKH, IO MICTATH BiANOBiAI HA KOHTPOJIGHI 3aIIHTAHHA, 4 TAKOXK
BIJOOPAXKYIOTh PE3YJIBTATH BHKOHAHHA POOOTH Ta IX KPHTHYHHI
aHami3.

KonTpoashi 3anutanas

IrKeHepis 3HaHb Ta HEYITKICTb.

HeuiTki BiTHOIICHHS Ta Omepanii 3 HUMU.

HediTki MHOKHHH Ta BUBCICHHS.

Hebysudikamisa: 3aranbHe IPU3HAYCHHSA Ta METOAM. CEPEIHIH 3
MAKCHMAJIbHHX, HAWUOIIbIIMH 3 MAKCHMAJIbHHX, HAWMCHIOMHA 3
MAKCHMAJIbHUX, IICHTP TOKIHHA, METOA  MCIIaHW, BHCOTHA
nedazupikamis.

Meroau HEYITKOTO BUBCICHH.

TopiBHSHHA METOAiB MOOYIOBH HEYITKOTO JIOTIYHOTO BHBCICHH
Mawmpasi Ta CyreHo.

CTBOpEHHA HeviTKHX Mozene y makeri MATLAB.
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3 JlaGopaTopHa poGora Ne 3

MOBYJAOBA HEMPO-HEUYITKHX
MEPEX Y TAKETI MATLAB

Merta podorn: OCBOITH OCHOBHI NPHHIMITN HOOYIOBH HEHPO-HEWITKUX
Mepex vy maketi MATLAB.

3aBaauns 10 podoTn

1. 3riZHO 3 HOMEPOM IHIWBIAYaTBHOTO BApiaHTA CTYACHTA 3a >KYPHAJIOM
3TEHEPYBATH HABYAIOYy Ta TECTOBY BHOIpku maHux. Hexa#t V - Homep cryaeHTa 3a
JKypHatoM. BH3HAUMMO KIJBKICTh EK3EMIULIPIB V HAaBUAIBHIM BHOIpm S,
KIJIBKICTh €K3EMIULIPIB Y TECTOBIHM BHOIPII S;, KUIBKICTh BXIJHUX 3MIHHHX (O3HAK)
BuOipok N, 3HAYCHHA 03HAK BHOIPOK: HABYANBHOI - X Ta TECTOBOI - X;, a TAKOXK
3HAYCHHA ITbOBHX O3HAK JJI BUOIPOK ;| HABYAIBHOI - V;; T4 TECTOBOI - V.

N = V,axmo V < 15,
Tl V=14, 9xmo V > 15;

10V, sxmmo V < 5, 8V, axmo V < 5,
_ )5V, axmo 5 <V <10, g = 6V, axmoS< V<10,
" 2V, axmol0<V <20, ™ 3V, axmo 10 <V < 20,
V, iHaKIIe, 2V, 1HaKIIe,

Xe={X7'}, yu={y'}. s=1.2.....8,;
XT»:{XjS}> y‘l‘.:{ys}9 Szlaza“‘:s‘r‘; >

0,1(X51 +X52),XS1 <V,
s V 1 s s s s
X :?-rand,1:1,2,...,N, y* =490,3(x% —x%),x"1 >V,
] 0,5x°1,x1 = V.

Tyr rand - (QyHKOifS, MO TCHEPYE TCCBAOBHIAMKOBI YHCIA Y JAHATIA30HI
[0; 1].

2. Jlna 3reHepoBaHWX BHOIPOK 3a JOMOMOrOK pemaktopy anfisedit
moOyIyBaTH HEHPO-HEUITKY Mozemb. CrpoOyBaTH BUKOPHUCTATH Pi3HI aITOPUTMH
KjacTepm3amii, pi3HI KiTBKOCTI (YHKUIH NPHHATICKHOCTI I BXOXIB, Ppi3HI
KIJTBKOCT] IIWKJIiB HABYAHHS TA Pi3HI AITOPUTMH HABUYAHHSL.
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3. IlporectyBaT moOyAOBaHY MOJCTb.

4. [Tpoanami3yBaTH OTPHMAHI PE3yABTATH TA BiANOBICTH HA NMHUTAHHSA. SKHH
aurOpUTM  KJIACTCP-aHATI3Y MPH3BOAWTH [0 OTPHMAHHA MCPEKI MCHBIIOU
CKJIAJHOCTI, SK BIUIMBA€ 33JaHA KiJIbKICTh IUKIIB HABYAHHA HA TOYHICTH
HABYAHHA, 4K BJIHBAE 33/aHA TOYHICTh HABYAHHA HA TPHBAJIICTh HABYAHHA, AKi
BHMOTH MAFOTh NPEA ABJIATHCS 10 HABYAIBHOI BHOIPKH Ta SK IC BIUTHHC HA MPOLIEC

HAaBYaHHA.

5. BuxoHatu myHKTH 1-4 y pexmMi KOMAaHIHOTO BiKHA O€3 3aCTOCYBAHHS
penakropy anfisedit, BukopucroByrodi (yHKIiI Moyt Fuzzy Logic Toolbox.

e

3micT 3BiTY

Mera poboTu.

KopoTki TeopeTnyHi BiJOMOCTI.

Howmep BapiaHTy Ta 3aBIAHHA 10 POOOTH.

Ommuc mponecy Ta pe3yabTaTH BUKOHAHHS 3aBJAaHb. TEKCTH IPOTpaM.
3reHepoBaHi BUOIpKH. 300payKeHHS CTPYKTYPH OTPUMAHOI MEpPEKi.
BuCHOBKY, IO MIiCTATH BIAMOBiAI HA KOHTPOJbHI 3aIIUTAHHA, 4 TAKOXK
BIIOOPAXKYIOTh PE3YJNbTATH BUKOHAHHSA POOOTH Ta IX KPUTHYHHH
aHami3.

KouTpoasHi 3anutansst

CTpykTypa Ta €IeMEHTH HEHPO-HEUITKUX MEPEIK.

3acTOCYBaHHS HEHPO-HEUITKUX MEpeX Il BUIOOYBAHHA 3HAHb 3
JAHUX.

Heuitka xiacrepu3anuis K MIxXia A0 MPeACTaBICHHS 3HAHb.

SIkM# aNTOPHTM KIIACTEP-aHAMIZY NMPU3BOAUTH A0 OTPUMAHHA MEpExi
MEHBIIO] CKJITHOCTI?

Sk BIUTMBAE 33/1aHA KUTBKICTh IMKIIB HABYAHHS HA TOUHICTh HABYAHHA?
Sk BIMBA€ 3aJaHA TOYHICTh HABYAHHS HA TPUBAJICTh HABYAHHA?

SIxi BUMOTH MArOTh NPEA SIBATHCS OO0 HABYAJILHOI BHOIPKH Ta SIK IIE
BILTHHC HA MPOLCC HABYAHHSA?

Oyuxuii makery MATLAB 1151 CTBOPEHHS HEHPO-HEUITKHX MEPEXK.
Pemaxrop anfisedit.
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A.1 IIpukiam 3anicy HEHiTKIX MHOKITH

Ipuxnao 1. Hexait E = {xq, Xo, X3, X4, X5}, M= [0, 1]; A - HCUiTKA MHOKHHA,
A AKoi pa(Xp) = 0,3; pa(x2) = 0; pa(x3) = 1; pa(xy) = 0.5; pa(xs) = 0,9. Tomi A
MoOkHA mpeactasutH v Burimami: A = {0,3/x;; 0/xy; 1/x;3; 0,5/x4; 0,9/x5} abo
A:{0,3|X1; 0|X2; 1|X3; 0,5|X4; 0,9|X5} abo A:0.3/X1 + 0/X2 + 1/X3 + 0,5/X4 + 0,9}{X5
abo A={03]x;; O|xx; 1Jx3; 0.5]x4; 0,9x5} abo A={<03;x> <0;x>, <l;x3>;
<0,5;x4>, <0,9;X5>} abo

03] 0| 1]05]09

X1|X2|X3|X4|X5

X4 | X5 |
abo A =
05]0.9]
TyT 3HaK «+» HE € IO3HAYCHHAM OIepamii J0JaBaHHA, a Ma€ CEHC
00'€THAHHSL.

Ipuxnao 2. Hexait E = {0, 1, 2, .., 10}, M=[0, 1]. Heuitky MHOXHHY
«JEKLIbKa» MOXKHA BU3HAYMTH B TaKui croci0: «aekinmpka» = 0.5)3 + 0.8|4 + 1|5 +
1|6 + 0.8|7 + 0.5|8; ii xapakrepuctuxu; Bucora = 1, Hociit = {3, 4, 5, 6, 7, 8},
TOYKH Iepexony - {3, 8}.

Ipuxnao 3. Hexat E = {0, 1, 2, 3 ..., n, ...}. HeuiTKy MHO)KHHA «MaJHiDy
MO)KHA BH3HAYHTH:

Mama# =p, . (n) = 1 !

01+ (01n )

IIpuxnao 4. Hexait E = {1, 2, 3, ..., 100} i BiamoBia€ MOHATTIO «BiK», TOMI
HEYiTKa MHOJKHHA «MOJIOIMIH», MOke OyTH BH3HAUCHE B TaKuii Criocio:
1,x €[1,25]

L (X> = ! X > 25.

2
1+(0.2(x - 25))

HeuiTka MHOKHHA «MONOAWI» HA YHiBepcambHidi MHOXHHI E' = {IBaHOB,
ITerpo, CumopiB, ...} 3aJa€ThCA 3a JOMOMOTOK (DYHKINI TPHHAICKHOCTI
Moromsi(X) HA E = {1, 2, 3, .., 100} (Bik), Ha3BaHoi ctocoBHO E' (pyHKIi€rO
CYMICHOCTI, TIPH TBOMY: Myonommi( CHIOPIB) = Lyonomni(X), A€ X - Bik CHIOpOBA.

Ipuxnao 5. Hexaii E - maOkmHA mimux uncen: E= {-8, -5, -3, 0, 1, 2, 4, 6,
9%. Toxi HEUITKY MiIMHOXKHHY YHCEN, 32 A0COMIOTHO) BEIMUMHOK OJM3BKUX J0
HYJISl MOJKHA BU3HAYHTH, HANMPHUKIAZA, Tak: A = {0/-8 + 0.5/-5 + 0.6/-3 + 1/0 + 0.9/1
+0.8/2 +0.6/4 +0.3/6 + 0/9}.
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A.2 Ilpuknamm BU3HAYCHHSI XAPAKTEPHCTHK HEYITKUX MHOXKHH Ta
pe3yJIbTATIB omepaniii HaJ HeWi TKHMHA MHOKIHAME

IIpuxnao 6. Hexait MH MaeMO HEWiTKI MHOXHHH A Ta B. BusHaummo ixHi
BIIACTHBOCTI. Y AKOCTi CKAJLIPHOTO 3HAYCHHA OYACMO BHKOPHUCTOBYBATH YHCIIO
V=3, abo, 3a motpeodmn, V,'x0,3.

HA364 MHOMCUNU A B
eremenmu £0.1]1; 0,5]2; 1,0]3; 0,8)3.2} £0,6]1; 0,112, 0,13}
MHOMCUHU

XAPAKMEPUCIUKU:

BHUCOTA 1,0 0,6
HOPMAJIBHICTh HOPMAaJIbHA CyOHOpMAaJTbHA
MIOPOKHICTh HEMOPOXKHA HETIIOPOJKHA
YHIMOJAJIbHICTh YHIMOJAIbHA HEYHIMOJAJIbHA
A0pO {33 %,
HOCIH {1 2:3,3,2} {1, 2;3}
MEKi {0.1]1; 0,5]2; 0,8/3,2} {0,6]1; 0,1]2; 0,1|3}
TOYKH MEPEXOIy {0,5]2} %
HAOmMDK4Ya  YiTKA £2:3:3.2} (1)
MHO)KHHA

OMYKITICTh OINyKJIA OIyKJIA
Mipa HEYiTKOCTI

Erepa B Merpumi 0.4 0.4

p=1

Mipa HEYiTKOCTI

Erepa B Merpumi 0,5 0,337

p=2

Mipa HEYiTKOCTI 0.348 0.25
Kocxko

yiTKa MHO)KHHA

anb(a-piBHs, {2:3;3,2} {1}
a=V,"'=03

onepauii:

JIOTIOBHEHHS {0,9]1; 0,52, 0,2|3,2} | {0.4]1;0.9]2; 0,93}
BKITFOUCHHSA AZ B

piBHICTH A#B

00'e THAHHS {0,6/1; 0,5]2; 1,0|3; 0,8|3,2}
TICPETHHAHHS {0,1]1; 0,1]2; 0,1|3}

PisHHLA {0.4/2; 0.9]3; 0.83.2}
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HA384 MHOMCUHU A | B

CHMCTPHHHA £0,5/1; 0,4]2; 0,93; 0,8[3,2}

pizHHIIs

JTH3'FOHKTHBHA CyMa {0,6/1; 0,5]2; 0,9|3}

aareOpaitHui £0,06/1: 0,05/2; 0,1[3}

J00yTOK

anrebpaiuaa cyma {0,694|1; 0,5952; 1,03; 0,8|3,2}

00MEIKEHA CyMa {0,7|1; 0,6]2; 1,0]3; 0,83,2}

00MEI)KEHA Pi3HHI {0.4]2; 0,9]3; 0,8/3,2}

0OMEIKEHUI

J00yTOK {0,133

JpaCTHIHE 013}

MEPETHHAHHA ’

APACTIIHE {1.0[1; 1,0]2; 1,0[3; 0.8[3,2}

00'eTHAHHSA

A -cyma

’ 0,45|1; 0,22]2; 0,37|3; 0,24/3.2

7\,:\71_1:0,3 {7 |>> |>> |>> |7}

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

crynins, V=3 0,512]3.2} 0,001)3}

CON £0,01[1; 0,252; 1,03; . ,
0.643.21 {0,36|1; 0,01]2; 0,01|3}

DIL {0,316|1; 0,707|2; 1,0]3; {0,775|1; 0,316|2;
0,894/3.2} 0,316[3}

MHOKCHHS Ha {0,3|1; 0,15)2; 0,3|3; ) )

uncno, a=V;'=0,3 0,24/3.2} {0.18]1; 0.03[2; 0,033}

OIyKJIa KOMOiHAIIisI,

Ai=Vi'=0.3, £0.72]1; 0,22]2; 0,37[3; 0,24(3.2}

7\, 2=1- ?\, 1=0,7

HOPMaJTi3amis {0.11; 0,512; 1,03 0.83.2} | {1.0/1;0,1672; 0,167|3}

HCUITKES BKJIFOUCHHS 013}

3a JlykaceBmueM

HCUITKC BKJIFOUCHHS

sa 3ae {0.13}

Hpuxnao 7. Hexait E = {1, 2, 3, 4}; A = 0,8/1 + 0,62 + 0/3 + 0/4;
K(1) = 1/1 + 0,4/2: K(2) = 1/2 + 0,4/1 + 0,4/3; K(3) = 1/3 + 0,5/4; K(4) = 1/4. Toxi
H(A. K) =p, (DKD) wp, (DKE2) wp, KB) wp, (@KE) =0.3(1/1 +
+0.4/2) U 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 lIpukaaam BU3HAYCHHS HETITKUX BiJHOMECHE

IHpuxnao 8. Hexait X = {X1, X, X3}, Y = {¥1. ¥2. ¥3, Y4}, M = [0, 1]. Heuitke
pigHOmICHHS R = X R'Y Moke OyTH 3amaHe TaOIHIICHO!

R Vi V2 Vs Va
X 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 MHOKHHA YCIX MIHCHHX YUCETL.
Bigpomenna X » y (X 3abararo OuMbIIMH HiK y) MOJKHA 3a4aTH (DYHKIIERO
TIPUHAJICKHOCTI:

0,gxmo x <y,
U = + SIKITIO Y > X.

x-y)

i _ o k(x=y)y
Ipuxnao 10. Bigpomennsa R, ama koTporo pg (X,y)=e npH

JOCTaTHbO BEJMKHX K MOJKHA IHTEPHIpPETYyBaTH TaK: «X Ta y ONW3bKI OOHE 10
OZHOTO YHCIIa».

Ilpuxnao 11. Hexaii wediTki BigHomenHs R1 ta R2 3amaroTbes Takum
TaOTULAMH:

R Vi Y2 | Vs

X1 0.1 0.7 0.4

Xo 1 0.5 0

R, Z Z Z3 Z4
V1 0.9 0 1 0.2
Y2 0.3 0.6 0 0.9
V3 0.1 1 0 0.5

Toxi HewiTke BigHOmCHHA R *R; MOXke OyTH 3a1aHe TaOTHIICIO:

Ri*R, |z Zy 73 Z4
X 0.3 0.6 0.1 0.7
Xo 0.9 0.5 1 0.5
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ITpu upomy:

Hror, (X0521) = [Mg, (X1, ¥ ) N g, (V20O TRg, (X0 Y2) N Rg (V552)) ]V

Ul (X5¥3) g, (75,2)]=(0.1n0.9)0(0.710.3)0(0.4n0.1) =

=0.100.300.1=0.3

Hgor, (X1,2,) =(0.1n0)w(0.710.6)0 (0.4n1)=000.600.4=0.6

Y [poMy NPHKIAAI CINOYATKY BHKOPHCTAHHH «aHATITHIHUID CHOCIO
rommo3uuii BigHOcHH R; 1 R, 100TO i-#f pamox R; «30impmyerscs» Ha j-i

cToBIEIb R, 3 BHKOPHCTaHHAM omepamii (M, IOTIM OTPUMAaHHWH peE3yIbTaT
«3TOPTAETHCS» 3 BUKOPHCTAHHAM omepauii U B (X, z;).

A.4 IIpuxaan repazndirkamii

IIpuxnao 12. Hexalt MM Ma€eMO HEUITKy MHOKHHY IJIS TOHATTS "YOJOBIK
cepenuboro pocry": A={0|155, 0,1|/160, 0,3|165, 0,8|]170, 1|175, 1|180, 0,5|185,
0/190}. HeobximHo mposectH nacdasudikamito HEUITKOI MHOXHHH "YJOJIOBIK
CCPEIHBOTO POCTY" 32 METOIOM IICHTPA TSLKIHHA.

3acrocyemo popmyy:
k
Z X;Ha (X))
a= —1:1k >
z o (x;)
i-1

Je k - KiTbKICTh €IEMEHTIB Y MHOXHHI A, Ta OTPUMAEMO:
a=(0-155+0,1-160 +0,3-165+ 0,8:170 + 1-175 + 1180 + 0,5-185 +
+0-190)/(0+0,1+03+08+1+1+0,5+0)=1754.

A.S TIpuKJIa)) CHA/THOTO HEYITKOr0 BHBEIEHHSI

Ilpuxnao 13. CnagHe HewiTke JoriuHe BUBEACHHA. Hexail 3amana monensb
JIaTHOCTUKH CHCTEMH, MO0 CKIAJAETHCA 3 JBOX IEPEAYMOB i TPHOX BHCHOBKIB:
X={x1, X2}, Y = {¥1, V2, ¥3}, @, MATPHULI HCUITKHX BiTHOCHH Ma€ BUTIL;

08 02 03
R =
07 04 05/,
JlomycTiMO B Pe3yabTaTi AIAaTHOCTHKHA CHCTECMH OYJIM OTPHMAaHiI HACTYITHI
BuCHOBKH: Y = 0.8/y; + 0.2/y, + 0.3/y;.

Heo0xixHO 3HAWTH NIEPEIYMOBH, IO O IIHOTO MPU3BEIH: A = a1/X)-25/X;.
3 ypaxyBaHHAM KOHKPETHHX [JAHHX BIZHOCHHH MiK IEpeIyMOBaMH i
BHCHOBKAMH OyAyTh IPEICTABICHI B TaKUii CIOCIO:
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08 02 03

[0.8 02 03]=[a, a,]e 07 04 05

ab0 B TPAHCIIOHOBAHOMY BHTIISL:

08] [08 07
a
02(=102 04|e| '
a
03| (03 05 :

IIpu BUKOPHCTAHHI mMAX-MiN-KOMITO3MLIi OCTAaHHE CIBBIIHOIICHHS
MIEPETBOPHUTHCS IO BHIILAY:

0.8=(0.8m a;) U (0.7M ay),

02=02M a) V(0.4 ay),

03=0.3m a;)) V05N ay).

ITpu BUpiIIEHH] JAHOI CHCTEMH IIOMITHMO, IO B MIEPIIOMY PiBHAHHI IPYTHH
YWICH MPaBoi YACTHHH HE BILIMBAE HA JiBY yacTuHy: 0.8 =0.8 Ma;, a; > 0.8.

3 apyroro piBHAHHA oAepskuMo: 0.2 =0.4 M ay, a2, <0.2.

OtpuMaHe pIiIICHHSA 3aJ0BOJIBHAE TPETbOMY PIBHAHHIO. Y TaKWH CIociO:
0.8<al<l, 0<a2<0.2.

ITpu pimeHHI MPAKTHYHHX 33024 MOXKYTh OJHOYACHO BHKOPHCTOBYBAaTHCSA
Pi3Hi MpaBHJIa KOMIO3HIII HEYiTKHX BHBEACHb. CaMa cxeMa BHUBEACHb MOXKE OyTH
OaraTokackamHOw. B maHmii yac 3araqbHHX METOJIB pIilICHHA MOAIOHMX 3a7ad,
OYCBHIHO, HE ICHYE.

A.6 IIpuxsaagu podoru i3 pyukuisivu nakera MATLAB

Ilpuxnao 14. Creopuru Ha MoBi makery MATLAB m-(yHKIi0, mmo
peaizye KOJIOK0JIO00pasHy (DYHKIHFO MPUHATICKHOCTL

no=1/(1+(x-b)a)?).

function mu=bellmf (x, params)

%bellmf - xoJsokoJooOpasHa GYHKILS DpMHAJIEXHOCTI
%X — BXiIOHWII BeKTOpP;

%params (1) — kxoediuieHT KoHUeHTpauii (>0);
$params (2) — KoopOMHATa MaKCUMYMY .

a=params (1) ;
b=params (2) ;
mu=1./(1 + ((x - b)/a).”2);
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IIpuxnao 15. Bukopucranusa QyHkiii fuzarith.

% BMBHAUEHHS posnoniyswuol 3O0aTHOCTL bYHKII1T
[IpUHAJIEXHOCTL

point n = 101;

min x = -20; max x = 20;% yHiBepcajbHa MHOKMHa € [min X, max x]

x = linspace (min x, max_x, point n)';

A = trapmf (x, [-10 -2 1 3]);% TpanelienayrHa HedlTKa MHOX/HA A

B = gaussmf (x, [2 5]);% rayciBcbKa HeuiTka MHOXMHa B
Cl = fuzarith(x, A, B, 'sum');
subplot(2,2,1);

plOt(X, A, 'Y“', X, B, 'm:', x, Cl, 'c');
title ('HeuiTke momaBaHHa A+B');

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

plOt(X, A, 'Y“', X, B, 'm:', x, C2, 'c');
title('HeuiTKe BUpaxyBaHHI A-B');

C3 = fuzarith(x, A, B, 'prod'):;
subplot(2,2,3);

plOt(X, A, 'Y“', X, B, 'm:', x, C3, 'c¢');
title ('HeuiTke MHOXeHHS A*B');

C4 = fuzarith(x, A, B, 'div'):;
subplot(2,2,4);

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

3ayeaxcenns. Y  mporpamax Ha MoBi MATLAB  mHebOakaHo
BHUKOPHCTOBYBATH KHPHJIMYHI JITEPH. Y HABCACHHX HPHKIAJAX YKpaiHOMOBHI

(bpa3u HABEICHO JHIIE TS MOSICHEHHS TSKCTY MPOrPaM.

Ilpuxnao 16. BukopuctanHa ()YHKUiH CTBOPEHHSI HEHPO-HEUITKHX MEPEK.

ATIPOKCHMYBATH 3aJIEKHICTb!
y = S2X xe[0, 10], Ax=0,1.

exx’S
X = (0:0.1:10)"'; % BamaeMoO MacHUB X
y = sin(2*x) ./exp(x/5); % BUSHAYAEMO BHAUEHHS €JIEMEHTIB MACKBY Y
trnData = [x y]; % CTBOPKEMO MAaCHB HaBdaodol BUO1ipkM
numMFs = 5; % KiJbKicThb GYHKII1M OpMHAJIEXHOCTL
mfType = 'gbellmf'; % Tun OyHKUI1V OpMHAJIEXHOCTL

o

epoch n = 20;% xigpkicTe iTepauin
% cTBOpKEMO FIS-CTPYyKTYypy THUILy CyTeHO
in fismat = genfisl(trnData, numMFs,mfType);

% HaBuaeMo FIS-CTpyKTypy
out fismat = anfis(trnData,in fismat, 20);
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BynyeMo Tpabikwu:

LUiJIBbOBOI BaJIeXHOCT1 — CMHiM KoOJip, cCyuijsbHa JiHig
AIIPOKCUMYIUYOI BaJIeXHOCT1 — SeJIeHMM KOoJip, IYyHKTUP
lot(x,y,x,evalfis (x,out fismat));

nimnucyemo JiereHny no rpadikim

Training Data - HapBuajibHa BMOipkKa — LiJgboB1 ImaHi
ANFIS Output - Buxinm ANFIS - pospaxyHKOB1 nmanHi
egend ('Training Data', 'ANFIS Output');

do do de

= de oo de g

. —— Training Data
o=t Y ---- ANMFIS Output

Pucynok A.2 - I'padiku 1iab0B0i Ta aPOKCHMYIOUO] 3a1CKHOCTEH

A.7. Ilo0y10Ba HEYITKUX CHCTEM Y JIAJT0TOBOMY PEKHMI 32 J0TOMOT 010
moay.st Fuzzy Logic Toolbox

Moayns Fuzzy Logic Toolbox mo3Boiste Oyaye HEHITKI CHCTCMH JBOX
tumis - Mamzasi Ta CyreHo. Y cucremax tuiy Mamaani 6a3a 3HaHb CKIIAJA€THCS 3
TIPABWII BUAY AKujo X;=Hu3eKuili ma x,=cepeoHiii, mo y=eucoxuti”. Y cuCTeMax
tumy CyreHo 0a3a 3HAHb CKIAZAETHCS 3 MPABHI BHAY KUO X;=HU3bKUL ma
Xp=cepeOHili, mo y=ap+a;x;+ax,". TakuM YHHOM, OCHOBHA BiIMIHHICTH MiX
cucremamMu Mamzaani Ta CyreHO moypirae B pi3HHX CHOCOOAX 3aBOAHHS 3HAYCHB
BHXIJHOI 3MIHHOi B TpaBWIAX, IO YTBOPATh 0a3y 3HAHb. Y CHCTEMaxX THILY
Mamaasi 3HAYCHHS BHXiTHOI 3MiHHOT 3a4aF0THCA HCUITKUMH TEPMAMH, ¥ CHCTCMAX
tumy CyreHo - SIK JIiHiiHA KOMOIHALIS BXiTHHX 3MiHHHX.
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IIpuxnao 17. IlpoexryBaHHs cucteM TUIy CyreHo.

Po3rastHEMO OCHOBHI eramm NpPOEKTyBaHHA cucreM Tumy CyreHo Ha
MPUKJIAAl CTBOPEHHS CHCTEMH HEYITKOTO JIOTIMHOTO BWBEACHHA, IO MOJCIIOE
BaNEKHICTE y=Xsin(x-1), X;€[-7; 3], x.€[-4.4; 1,7]. MonemoBanus i€l
3aIeKHOCT] OyAEMO 3IHCHIOBATH 3a AOIIOMOT O HACTYIHOI Oa3H 3HAHB:

1. Sxmo x;=Cepemniii, T0 y=0;

Sxkmo x;=Bucokwuii Ta X,=Bucokuii, To y=2x1+2x2+1;
Sxkmo x;=Bucokwuii Ta X,=Huszpkuit, T0 y=4x1-x2;
Sxmo x;=Hm3pkwmit Ta X,=Cepennil, T0 y=8x1+2x2+8;
Sxkmo x;=Huspkuit Ta X,=Huspkuii, 10 y=50;

Sxmo x;=Hwuspkuit Ta X,=Bucokuit, T0 y=50.

HpoeKTYBaHHﬂ CHCTEMH HEYITKOIO JIOTiYHOrO BHBEACHHA THIy CyreHo
CKJIAZA€THCS Y BUKOHAHHI HACTYIHOI MOCTIJOBHOCTI KPOKIB.

Kpox 1. Ina 3aBaHTaOXKCHHA OCHOBHOTO fis-pemakTopa HAIPYKYEMO CJIOBO
fuzzy y xomangaoMy psaky. [Ticad 1p0ro BIAKpHEThCA HOBE rpa()iuHe BIKHO.

Kpox 2. Bubepemo tun cucremu. s mporo B MeHi0 File BuOmpaemo B
miamerto New fis...xomargy Sugeno.

Kpox 3. lomamo apyry BxigHy 3MmiHHY. [t uporo B MeHio Edit BuObupaemo
koMaHay Add input.

Kpox 4. IlepelimeHyeMO NepIIy BXiTHY 3MiHHY. [l 1boro 3poOHMoO OIUH
LIWTJTHKA JIIBOK KHOIKOI MuMI HA Oyomi inputl, yBenemMo HOBE mO3HA4YeHHA X1 y
MOJIC pearyBaHHs IMEHI MOTOYHOI 3MiHHOI 1 HaTuCHeMO [Enter].

Kpox 5. IlepeliMeHyeMO ApYTY BXimHY 3MiHHY. /I bOTo 3poOHMO OJHH
LIUTJTHKA JIIBOK KHOIIKOI MHII HA Oyomi input2, yBeneMo HOBE MO3HAYEHHA X2 Y
TMOJIC pearyBaHHs IMEHI MMOTOYHOI 3MiHHOI i HaTuCHeMO [Enter].

Kpox 6. IlepeliMeHyeM0 BHXiOHY 3MiHHY. Ja1 1poro 3poOHUMO OXHH
LIUIJTHKA JIIBOK KHOIIKOIO MHIIL HA Oyowi outputl, yBeaeMo HOBE MO3HAYCHHS Y ¥
TOJIC pearyBaHH IMEHI MOTOYHOI 3MiHHOI 1 HaTucHeMO [Enter].

Kpox 7. 3apamo im's cuctemu. Jnsa mporo B MeHro File BuOmpaemo B
migmerro Export komanay To disk i BBenemo iM's ¢aiity, Hampuxiazn, FirstSugeno.

Kpox 8. Tlepetinemo B pegakrop (DYHKIiH NpHHANCKHOCTI. {11 1bOTO
3pOOHMO MOABIHHOTO LIMTTAKA JTiBOK KHOITKOK MHMI HA Omomi X1.

Kpox 9. 3agamo aiama3oH 3minu 3MiHHOL X1. [l 1boro Hampykyemo -7 3y
moji Range i HatucHeMo [Enter].

Kpox 10. 3amamo (yHknii mpuHamzexuocTi 3MiHHOT X1. [ MiHTBICTHYHOL
OLIHKY i€l 3MiHHOI OyAEMO BUKOPHUCTOBYBATH 3 TCPMH 3 TPHKYTHHMH (DYHKITiSIMH
MPHHAJICKHOCTI, M0 BCTAHOBICHI 34 3aMOBUYBAHHAM. 33JaMO HAWMCHYBAaHHSI
TepMiB 3MiHHOI X1. [T mpOr0 poOMMO OJWH INUIIHK JIiBOIO KHOIKOK) MHIII HA
rpadixy mepmoi (GyHKOii MpHUHANCKHOCTI. [IOTiM HAZPYKYEMO HAWMCHYBAaHHSI
tepmy Hmspkuit y mone Name. IloTiM poOMMO OIWH IIUIJIMK JIBOK KHOIKOIO

QU W
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mumi Ha rpadiky apyroi (yHKOii MPHHANECKHOCTI I BBOAMMO HAWMCHYBAHHS
tepmy Cepenniit y mone Name. Ille pa3 poOMMO OAWH IIWITHMK JTiBOK KHOIKOIO
mumi Ha rpadiky Tperhoi (DYHKIII MPHHANCKHOCTI i BBOJMMO HAWMCHYBAHHS
TepMy Bucoxkwmit y mone Name i Harucuemo [Enter].

Kpox 11. 3amamo QyHKIii mpuHazexHocTi 3MiHHOI X2. [ MiHTBICTHYHOL
OILIIHKY i€l 3MiHHOI OyIEMO BHKOPUCTOBYBATH 3 TEPMH 3 TPUKYTHHUMHU (DYHKIISIMHA
MPHHAJICKHOCTI, M0 BCTAHOBICHI 34 3aMOBUYBAHHAM. /I IIbOTO AKTHBI3YEMO
3MIHHY X2 3a JONOMOTON0 INWIVIMKA JiBOI KHOIKH MMON Ha Oyomi x2. 3amamo
mianma3zoH 3MiHE 3MiHHOI X2. Jlma mporo Haapykyemo -4.4 1.7 v mom Range i
HatucHeMo [Enter]. 3a aHanoriero 3 mOMEpEemHiM KpPOKOM 334aMO HACTYIHI
HaliMeHyBaHH: TepMiB 3MiHHOI X2: Huspkuii, Cepenniit, Bucoxmit.

Kpox 12. 3amamo miHIHHI 3aJICKHOCTI MK BXOAAMH 1 BHXOJOM, IPUBCICHI B
6a3i 3HaHb. /I BOTO AKTHBI3YEMO 3MIHHY V 3a JONOMOTOI0 HIMIJIMKA JiBOI
KHOIIKM MHIIN HA ONOIi y. Y mpaBoMy BEPXHbOMY KYTi 3'SBHIOCA NO3HAYCHHSA
TPhOX (DYHKLIH NPHUHAICKHOCTI, KOKHA 3 SKHX BIANOBIOAE OJHIM TiHIHHIN
3aNCKHOCTI MK BXOJAaMH 1 BUXOAOM. Y 0a3i 3HaHb 3a3HAYCHI 5 pI3HUX
3anexHoCcTed: y=50; y=4x1-x2; y=2x1+2x2+1; y=8x1+2x2+8; y=0. Tomy momamo
me [BI 3aICKHOCTI mupixoM BuOopy komaHmun Add Mfs...memro Edit. V
JiamorooMy BikHI, mo 3’sBuwiocs, B mosne Number of MFs BuOupaemo 2 i
HaTHCKaeMO kHomKy OK.

Kpox 13. 3apamo HaiMEHYBaHHA 1 MapaMeTpH TiHIHHUX 3a1eKHOCTeH. [l
[bOTO POOMMO OJ¥H INUIIIMK JIIBOK KHOIKOK) MHII IT0 HAHMEHYBAHHIO IEPIIOL
3anexHocTi mfl. IToTiM ApykyeMO HaHMEHYBaHHA 3aJ€KHOCTI, Hampukiax 50, y
noyi Name, i BCTAHOBIIFOEMO THIT 3aJI€KHOCTI — KOHCTAaHTA IUIIXOM BHOOPY OIMIIii
Constant y menro Type. ITicag mporo BBOAMMO 3HA4€HHS mapamerpa — 50 y momi
Params. Amanoriuno s apyroi 3amexsocti mf2 yBememMo HaHMEHYBaHHS
3a7ekHOCTI, Hanmpukiaan 8+8x1+2x2. IToTiM ykakeMO JHIHHUHA THI 3a1€KHOCTI
npixoM BuOopy omuii Linear y menro Type i BBeAeMO mapaMeTpH 3ajeKHOCTI
8 2 8 y momi Params. /Iy miHIHHOI 3a1€KHOCTI MOPSIOK MapaMeTpiB HACTYIHHH:
nepmui mapaMeTp — Koe(illieHT Mpy Mepuni 3MiHHIH, IPYrui — npu ApyTii i T.1.,
1 OCTaHHIM mapameTp — BUIBHHH WICH 3aICKHOCTI. AHAIOTIYHO UI1 TPEThOL
3anexHOCTI M3 yBeAEMO HAWMEHYBAHHS 3aJCKHOCTI, Hampukmax 1+2x1+2x2,
VKa)KEMO JIHIHHHK THIT 3aJICKHOCTI 1 BBEAEMO MapaMeTpH 3ajexHocTti 2 2 1. s
YEeTBEPTOi 3aNCKHOCTI Mf4 yBeneMO HaAHMECHYBAHHS 3aJICKHOCTI, HAMpHUKIag 4x1-
X2, VKOKEMO JIHIHHHN THIT 3aJICKHOCTI 1 BBSACMO MAPAMCTPH 3aIeKHOCTI 4 -1 0.
Jt m'aroi 3anexkHOCTI MfS yBeACMO HAWMCHYBAHHA 3aICKHOCTI, Hampukiag 0,
YKKEMO THIT 3aJICKHOCT] - KOHCTAHTA 1 BBSACMO MapaMeTp 3aICKHOCTI 0.

Kpox 14. Tlepetinemo B pemakrop ©Oa3u 3HaHb RuleEditor. it mporo
puOepemo B MeHIO Edit komanay Edit rules.... i BBeaemo npaBuia 0a3u 3HaHb. J{a
BBCACHHS NPaBWJIA HEOOXiTHO BHOpPATH BIAMOBIZHY KOMOIHAINIO TEpMiB 1
3aneKHOCTEH 1 HaTHCHYTH KHONKY Add rule.
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BikHo Bi3yamizamii HCYITKOTO JIOTIYHOTO BHBCACHHS AKTHBI3YETHCA
KoMaHIor View rules... meHro View. Y mone Input yKa3yrOTECS 3HAYCHHA BXITHHX
3MIHHHX, /U1 IKHX BHKOHYETHCS JIOTIYHC BHBCACHHSA. 3HAUCHHA BHXITHOI 3MIiHHOI
PO3PaxOBYEThCA SK CCPSAHE 3BAKCHEC 3HAYUCHHA PC3YIBTATIB BHBCACHHA 32
KOKHEM TpaBHIOM. [l BHBEICHHSA IHOTO BiKHA IIOBEPXHI «BXIJ-BHXI», IO
BIAMOBIZA€ CHHTC30BAHIM HCYITKIH CHCTEMi, HCOOXITHO BHKOPHCTOBYBATH
roMaHay View surface... MeHro View.

IIpuxnao 18. Hexalt My BUPIIIYEMO 33134y BU3HAYUCHHS JIaTrHO3Y NAII€HTA
32 3HAYCHHAMH CHMIITOMIB, MI0 XapakTepH3ylOTh HOro craH. BxigHumMu
IapaMeTpaMH € CHMITOMH IALi€HTAa: TEMIIEpaTypa Tila (HOpMajibHA - OIU3BKO
36,6 °C, migsumena - 6utpmie 37°C), micue 000 (V CIHHI, ¥ TOTEPEKY), BHI OO0
(cunpHuM, craOkuif). BuXigHUM IapaMeTpoM € [JiarHO3 MAaIli€HTa (XPOHIYHMI
ANCHAMINT, TOCTPUH  ANCHAWLMT, XPOHIYHMH  Mi€JOHEPPHUT, TOCTPHH
mienoHe(ppuT). Mu MaEMO BHU3HAYCHI EKCNIEPTAMHU MpaBuia (MU OyIEeMO BBAYKATH,
100 SIKIIO ATICHIUIUT a00 Mi€IOHS(PUT HE € TOCTPHMH, TO BOHH € XPOHIYHUMHU):

SIKIIO TO

TeMneparypa  |micre 600 Bu1 60JIFO ANCH/TUITAT nieJoHeppUT rOCTpHHA
iJBHIICHA y CHHHI CHJIBHHUH HeMae € €
IMiIBUIIICHA Y JKHBOTI CHJILHHH [ HeMae [
HOpMaJlbHa y CHHHI crrabKkuit HeMae € HeMae
HOpMaJIbHA Y JKHBOTI craOkuit € HeMae HeMae

Heo0xiaHo moOyayBaTH CHCTEMY HEUiTKOTO BUBCICHH!.

1. 3aBantaxumo maker MATLAB Ta 3anycrumo peaakrop FIS: fuzzy.

2. CtBOopHMO TpH 3MiHHI (OZHA BJKE € 32 3aMOBYAHHAM, TOMY JOJAMO IIE
JBl 3MiHHI): y TOJIOBHOMY MCHIO peaakTopa y miamento Edit obepemo omnmiro Add
variables: Input. Lle moTpiOHO 3poburu 2 pasu. ITicat 4oro CTBOPUMO TPH BHXITHI
3MiHHI (OXiOHUM yrHOM, ajie oduparoun Add variables: Output).

3. Ilepemimyroun Kypcop MHIII IO 00NACTAX 3MIHHHX MOMKHAa oOparu
moTpiOHY 3MiHHY Ta 3azaTH ii Ha3By B obmacti Current Variable: Name. Ha3semo
HAIi 3MiHHI: temperature - Temmeparypa, painlocation - micue 6omro, paintype -
Bua Oomro. Takok 3a7aMO HA3BM BUXIAHUX 3MiHHHX: apendicite - aNCHIMIMWT,
piclonefrit - miemoHeppHUT, acute - TOCTPHIA.

4. TlomBiHHMM IOWTTHKOM HA O00MACTi sAKOi-HCOYap 3MIHHOI MOJKHA
AKTHBI3YBATH PEIAKTOP (DYHKIIH MPHHAIC)KHOCTI. 32 HOr0 JOMOMOTOK0 BH3HAYHMO
Jiama3oH KOYKHOI 3MiHHOI Ta HEOOXiTHI (PYyHKIIT MPHHAICKHOCTI.

5. ¥V ronosHoMy McHEO pemaktopa FIS obepemo B migmenro Edit myHKT
Rules. Temep Mu MaeEMO MOMITMBICTB 331aBATH HAILI MPABHJIA.

6. Y ronoBHOMY MCHIO pemaktopa FIS obepemo B miaMeHrO View MyHKT
Rules. TlepeMimyroun KypcopoM MHUIII JiHii, MO PETYFOOTh 3HAYCHHSA 3MiHHHX,
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OyzeMO OTPHMYBATH 3HAUCHHA BHXITHHX 3MIHHHX IIPH BiANOBITHOMY HaOOpi
3HAYCHD BXiTHUX 3MiHHHUX.

3asantaxupmu (ain Samplefis i3 HABEACHHM HIDKYC TEKCTOM [0
penakropa FIS MoKHA TICPETTITHYTH ONHACAHE Y MPHKJIAAI BHPIMICHHA 33124,

Buicr ¢atiny Sample.fis:

[System]

Name='Sample'

Type='"mamdani'

Version=2.0

NumInputs=3

NumOutputs=4

NumRules=4

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

Name='temperature'

Range=[35 42]

NumMFs=2
MFl='normal':'trimf', [35.9 36.6 37]
MF2='high':'smf', [36.8 37.1944444444444]
[Input2]

Name='painlocation'

Range=[0 1]

NumMFs=2
MFl='stiomach':'trimf', [0 O 0.5]
MF2='spine':'trimf', [0.5 1 1]
[Input3]

Name='paintype'

Range=[0 1]

NumMFEs=2
MFl='acute':'trimf', [0.5 1 1]
ME2="'weak':'trimf', [0 O 0.5]
[Outputl]

Name='appendicite'

Range=[0 1]

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

Name='pielonefrit'

Range=[0 1]
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NumMFs=1

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

[Output3]

Name='acute'

Range=[0 1]

NumMFs=1

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

[Outputd]

Name='chronic'

Range=[0 1]

NumMFs=1

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

[Rules]

112, 1

, 0
1
0

7
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A.8 BuxopucraHHsi Helipo-HEIiTKHX Mepex

IIpuxnao 19. BUKOpUCTaHHA HABUCHOI HEHPO-HEUITKOI MEPEIKI.
Hexa#fi Mum MaeMO €MHICTb, Yy SKY HAQJIUBAETBCA BOAA BU3HAYCHOI

TemrepaTypu. [IoTpiOHO BU3HAYUTH TEMIIEPATYPy BOIH YEPE3 MPOMIXKOK Hacy.

Bxomu Mepexi: X; — TEMIIEpaTypa BOIM, Xp — YaC OCTHTAHHS BOIHL.
Buxix Mepesxi: y — TeMIepaTypa BOAH ICIS OCTHTAHHA.

Hexait y Hac MaeThcst HACTYIHA 0a3a MPaBUI BUIY:

SIkImo BoAA X; Ta OCTHUTAE Xp, TO TEMIIEPATypa BOAU Oyae .
IpencraBumo ii y Burmsai rabnumi:

HOMEP SIKIIIO (Bxoam) TO (Buxin) BATA
TTPABUJIA TTPABUJIA
X1 X2

11 XOJIOJHA HEIOBIO | MPHHHATHA 1

12 XOJIOTHA JIOBTO 1

13 TemIa JOBTO 0,8
14 raps4ia JOBTO 0,6
21 TemIa HEJIOBIO HOPMAaJbHA 0,5
22 raps4a JOBTO 0,8
31 raps4ia HEJIOBIO BHCOKA 0,9

TyT X0n0mHA, TEIIa, TapsA4a, JOBTO, HEJOBTO — HCUITKI TEpMH (HCUITKI

MHOYKHHH):



1, x<15°C, x
X —-—1.25, x<35°C,
By =9——+2, 15<x<30°C, B (X)= 15
> XL s
0, x>30°C, 15 3° ’
X 3 (<w-c
ey X =915 3
1, x>40 °C,
- I, x<10 xs, b (X)= %—1,XS20 XB.,
Wpen\X) = X A0B -
A —54-2, x>10xB., 1. x>20 xB.,
_JJ“O“[X] J__l"'er‘" [X] JJrnD[X]
15 20 25 30 35 40 45 50 55

Pucynok A.1 - ®yHkuii nmpuHANEKHOCTI: 1 (X), n""(x), W (X)

J-luep. [X] J_,[AOB [ K]

10 15 20 M. HE.

Pucynok. A.2 - OyHkiii mprHATEKHOCTI W (X) Ta P ™(X)
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Po30uTTs Ha K1acH AJIA Y BUTTIAOA€ TAKAM YHHOM

MPUHHATHA: [10; 23]
HOPMAJbHA: [25; 45]
BHCOKA! [45; 60]

TaKHAM YHHOM: v=10,y1 =25,y, =45, y =60.

1 2 3 4
()
X0
/ _—— -
a 1 HPHUIH.
X ———»é 13 <
14 0,6
\ rap
y
71 ) 0.5 s
HOpM. [
HCT 22 0
X \ 31 0,9 BHCOK.
A~ J0B|
(hazudikamis HCUITKE BUBCICHHS nedasudikaris

Pucynoxk A.3 - HeuiTka HEHpOHHA MEpeka

[MTap 1. Bu3rauaroTscst (PyHKIT TPHUHATEIKHOCTI BXiJHHX 3MIHHHX TCPMAaM.
Ha Buxomi p'(x).i=1, 2.

[Ilap 2. BubOmpaerbcs MiHIMATBHHE i3 BXOAiB HeiipoHa. Ha Buxomi
min(p'(x;)). j = 1. 2. 3 — HOMep Kmacy y.
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[Tap 3. BubupaeTscss MaKCHMANIBHUH 13 BXOAIB HEHpPOHA (BXIJ € JOOYTKOM
BHXOJy HCHpOHA TIONMEPEIHBOTO ImMapy 1 Barm mpasmwia). Ha suxomi
max(w;, min(p'(x;))), p= L, .., 7 — HOMep mpaBma.

[MTap 4. Bu3rayaeMo BHXIJ:

R R TR R PR 0N

LM +uE@ +u®y)
Hexaii x; =221 x, =12, Tomi:

BU3HAYECHHA l’lp@!HCUl@JlCHOCWl@lZ mepmam (qbasuqbikaui}z):
uxon(Xl) = 0,537 ufrerm(xl) = 0;22> urap(Xl) = 0> uHeJ:[(X2) = 0;8> uJZ[OB(XZ) = 092

pesyivmamu 6UKOHAHHA HeYimKux npasuji:

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.

pesybmamu 00'€OHaHHs NPABUN Y KIACU:

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

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

OpnepxyemMo Biamosiae: Boxa 22°C miciist OCTUTAHHS MPOTIToM 12 XBHIHH
Oyne maru Temmepatypy 12,6°C.

IIpuxnao 20. Hexait Mu MaeMO CIIOCTEPE;KCHHS 32 MOTOOI0, MPEACTABIICHI
Ha0OpaMHU 3HAYCHb 3MIHHHX X; - TeMmrepaTypa mositps, °C; X, - BMICT BOJOTH Y
TOBITpi, %, y - KilbKICTh OMAiB, MM/CM>. MH 3HAEMO, IO TAPAMETP ¥ 3JICHKHTH
BiJ APAMETPIB X; Ta X,, AJIc¢ MU HE 3HAEMO fK. Tpeda moOyayBaTH HEHPO-HEUITKY
ANMPOKCUMAIIIO 3aICKHOCTI Y(X,X;) 32 JAHUMH CIIOCTEPEKCHD, MPCACTABICHUMH Y
Burisiai TaOmumni (waB4anpHA BHOIpKA). JIg TEpeBipKH  amMpOKCHMALiHHUX
BIIACTHBOCTCH HCHpPO-HEWITKOI MoOAemi OyaeMO BHKOPHCTOBYBATH TECTOBY
BHOIPKY, IPEACTABIICHY Y TAOJIHIII.
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HABYAK04a BHOIpKa TECTOBA BUOIPKA
X1 Xo Y X1 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 14 16.5 0.93 1.6
20 96 2.0 19.5 0.67 1.9
23 89 2.0 22 0.58 2.1
26.5 57 2.6 25 0.82 2.0
29 59 2.7 28 0.86 2.8

VY cepenosumi MATLAB crBopuMO 3MiHHY HaBuarouoi BHOIDKH P Ta
3MIHHY TECTOBOI BHOIpKH t:

p=I[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
2.71;
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 2.8];

3amycrumo penakrop ANFIS, mis yoro BBeaeMo: anfisedit

B obnacri Load data 3amamo 3miHHI TecToBoi BHOIpKH (00€peMO B CIHUCKY
Type: Training ta B cucky from: Worksp., micis woro HarucHeMo KHomKy Load
data .. Ta BBeaeMo y mosie input variable name: p) Ta HaBuarouoi BuOipKku (00epeMo
B ciiucky Type:Testing Ta B crucky from: Worksp., micias 40oro HaTHCHEMO KHOTIKY
Load data .. Ta BBegemo y mosie input variable name: t).

B obmnacti Generate Fis obepemo: Sub. clustering Ta HATHCHEMO KHOIKY
Generate Fis. B obmacri Train FIS obepemo merox onrumizanii Optim. method:
hybrid. 3amamo npmitraTHuit piBeHs nomuiku Error tolerance: 0.000001. 3amamo
kinbkicTh itepaniit Epochs: 300. Harucremo kuomky Train now. Y rpadiuniit
obnacrti Training Error 6ymemo cmocrtepiraTi, sSIK 3MiHIOETHCS TOMHJIKA HEHpO-
HEYITKOI MEpeXKi MPOTAroM Hap4yaHHA. HaTucHyBIIM KHONKY Structure 0TpUMaeMo
300pa’kKCHHS CTPYKTYPH 3TCHEPOBAHOI HCHPO-HEUITKOI MEPEKi.

IMicnts mporo orpuMaHy FIS cTpykTypy MOKHA 30CperTH Ha AHCKY abo
BHKOPHCTOBYBATH Ul MPOTHO3YBAHHS Y, HANPHKIAA i3 BHKOPUCTAHHAM TECTOBOI
BHOIpKH t. 751 TecTyBaHHS 00EpeMo, U SIKOI BUOIPKH 3iHCHIOETHCS TECTYBAHHS
(Training - HaB4anpHa, Testing - TSCTOBA), Ta HATHCHEMO KHOMKY Test now. BHm3y
(opmu Oye BKA3aHO CCPCIHIO MOMIIKY TecTyBaHHA (Average Error), a Ha rpadiky
Oyae 300paKeHO CHHIMH TOYKAMH - IIJIbOBI 3HAYCHHS BHXOAY, a UCPBOHHMH
3ipKaMH - PO3PAXYHKOBI 3HAUCHHS BHXOY HEHPO-HEUITKOI MEPEIKI.
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Honatok b
HEUYITKA JIOT'IKA TA HEUPO-HEUITKI MEPEXI
Y HAKETI MATLAB

Omneparrii 3 HeuiTKOKO JTOTiKOF0 ¥ maketi MATLAB 103BOJIs€ BUKOHYBATH
Moxyms Fuzzy Logic Toolbox. BiH mO3BOMSE CTBOPIOBATH CHCTCMH HCYITKOTO
JIOTiYHOTO BHBEACHHS 1 HewiTKOi Kiaacu(ikamii B pamMkax cepemosmma MatLab, 3
MOXUIMBICTIO IXHBOTO iHTErpyBaHHA B Simulink.

Fuzzy Logic Toolbox MicTuTh HACTYNHI KaTeropii IporpaMHHX
IHCTPYMEHTIB: (DYHKII{;, IHTEPAKTHUBHI MOAYJ 3 rpa)iuHIM KOPHUCTYBAIbHUIBKAM
iaTepgeiicom (3 GUI); 6moku Ayt makera Simulink; remMOHCTpamiiHI TPHKIATH.

B.1 FIS - cTpykTypa

bazosum momsarrsam Fuzzy Logic Toolbox € FIS-cmpykmypa - cuctema
Heuitkoro BuseacHHA (Fuzzy Inference System). FIS-crpykrypa MicTuth yCi
HEOoOXiTHI AaHi Ui peanmizanii (YHKIIOHATBHOTO BiTOOpPasKCHHSA “BXOIM-BHXOIH
HA OCHOBI HCYITKOTO JIOTIYHOTO BUBCACHHA BIAMOBIAHO IO CXEMH, IPUBECICHOI HA
puc. b.1.

OyHKmii
TIPUHAJICIKHOCTI

Qasudixarop |y | Mammsa HediTKOrO | Y7 Hedazudi-
_’ _’ JIOTTYHOI'O BUBCACHHSI _» KaTop _’

T

Heuitka 6a3a 3HaHb

Pucynok b.1 - HediTke n0TivHE BUBSACHHS

Tosuavuenss: X - BXIAHUN YiTKHE BEKTOP;, X - BEKTOP HEYITKHX MHOYKHH,

mo BiamoBizae BximHOMy BekTOpy X; Y - PE3YJBTAT JIOTIYHOTO BUBEICHHA Y BHII
BEKTOPA HEWITKUX MHOKHH; Y - BUXiTHHH YiTKHHA BEKTOP.

CucremMa HEYITKOTO JIOTIYHOTO BHBEACHHS HPEACTABISIETHCA B POOOUI
o0macti MatLab y Burmsaai CTpykTypH JaHuX, 300paxeHoi Ha puc. b.2.
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name

type

params

name

type

params

narne
type
andhethod
arfdethod
defuzzMethod
imphethod
agghethod name
input range
mf
name
output range
mf
antecedent
rule conseguent
weight
connection

Pucynox B.2 - FIS-cTpykTypa
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IcHye aBa cnocobu 3asanmancennsa FIS y pobody o0IacTb: 3UHUTYBAHHA 3
mucka 3a gomomororo (yekmii readfis; mepemada 3 ocHoBHOTO fis-pemaxropa
nustxoM BuOopy B Merro File miminro Export i komarnn To workspace.

IMoms cTpykTYypHm [daHI CHCTEMH HCYITKOTO JIOTIYHOTO BHBCIACHHS
MPHU3HAYCHI I 30CPSKCHHA HACTYIHOI iH(popMAaii:

— name - Hal\/’l]VIeHyBaHH}I CHCTCMH HCUITKOT'O JOTIYHOTO BHBCICHH,

— type - Tun cucTeMu (mpumycTuMi 3HadeHHA 'Mamdani' Ta 'Sugeno');

— andMethod - peamizamis moriusoi omepamii "TA" (3amporpamoBaHi
peamizamii: 'min' — MiHiMyM 1 "prod' — MHOKCHHST);

— orMethod - peami3zamis moriuxoi omepamii "ABQO" (3amporpamoBaHi
peamizamii: 'max' — MakcuMyM 1 'probor' — imoBipHicHe "ABO");

— defuzzMethod - merox medasmuikamii (3amporpaMOBaHI METOAH A
cucreM tumy Mamzani: 'centroid' — meHtp Barum; 'bisector' — memiana; 'lom' —
HANOLIBIIKH 3 MAKCHMYMIB; 'SOm' — HAIMEHIIHI 3 MAKCHMYMIB; 'MOm' — CEpEIHE 3
MAaKCHMYMiB; 3amporpaMoBaHi Meromu i cucreM Tumy CyreHo: 'wtaver'
3BAKCHE CEPEAHE 1 'Wtsum' — 3BaKCHA CyMa);,

— impMethod - peam3amia omepamii IMIUTIKAWii  (3amporpamMoBaHi
peamizauii: 'min' — MiHiMyM 1 "prod' — MHOKCHHS);

— aggMethod - peamizauia onepanii 00'exHaHHA (QYHKUIH MPUHAICKHOCTI
BHXIJHOI 3MIHHOi (3amporpaMoBaHi peamizamii: 'max' — MakcumyM; 'sum' — cyma i
‘probor' — imoBipHicHe "ABO");

— input - MacuB BXiTHUX 3MiHHHX;

— input.name - HaMEHYBAaHHA BXiTHOI 3MiHHO;

— input.range - Aiana3oH 3MiHH BXiAHOI 3MiHHO],

— input.mf - macuB (QyHKUiH IPHHAICKHOCTI BXiTHOI 3MiHHOI,

— inputmfname - HaliMeHyBaHHA (DYHKLII NPHHAJEKHOCTI BXIiTHOI
3MIiHHOT,

— inputmfitype - Mozmenb (YHKIIi NPUHATNEKHOCTI BXiTHOI 3MiHHOI
(3amporpamoBani Mozemi: dsigmf - ()yHKIiS NMPHHATIEKHOCTI Y BHAL PI3HUII MDK
JBOMA CHTMOiZHUMH (YHKIisMH, gauss2mf - TBOCTOPOHHS TayCiBChKA (DYHKIIS
mpUHANCKHOCTI;, gaussmf - rayciBCchbka (DyHKUiS mpuHame:kHOCTi; gbellmf -
y3araJbHCHA KOJOKOJIOOOpasHa (YHKIIA NPHHAICKHOCTI, pimf - mi-moxiOHa
(¢yHKIis mpuHanexHocTi; psigmf - m0OYTOK [ABOX CHTMOITHHX —(DYHKIiH
mpuHanexHoCTi; sigmf - curmoigHa (yHkuis npuHanexHOCTI, smf - s-moxiOHa
(yHKIis mpuHANEKHOCTI; trapmf - TpameniemomiOHa (PYHKIIS NMPHHAICKHOCTI,
trimf - TpukytHa (QyHKOA DpuHAanexkHOCTI, zZmMf - Z-momidHAa (yHKIiA
TIPHHAJICYKHOCTI);

— input.mf.params - MacuB mapaMeTpiB (PYHKUii MPUHATICKHOCTI BXiTHOI
3MIHHOI

— output - MACHB BUXiTHHUX 3MiHHHX;
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— output.name - HalMEHYBAaHH BUXIIHOI 3MIHHOV,

— output.range - Jiama30H 3MiHH BHXIiTHOI 3MiHHOI;

— output.mf - MmacuB QyHKIIH NPHUHATICKHOCTI BUXITHOI 3MIHHOT,

— output.mfname - HaliMeHyBaHHSA (YHKIII IPHHAICKHOCTI BHXITHOI
3MIiHHOI

— output.mf.type - moaens (PYyHKUII TPHHAICKHOCTI BUXITHOI 3MIiHHOI
(zamporpamoBaHi Mozem And cucteMu THimy Mawmzani: dsigmf - QysKOisf
MIPUHAJICKHOCT] ¥ BUAI PI3HULI MK JBOMA CHIMOigHUMH (DyHKIisMu, gauss2mf -
JBOCTOPOHHS TayCiBChKA (DYHKIISA MPHHAJICKHOCTI, gaussmf - rayCiBChka (DYHKITiSA
npuHanexsocti;  gbellmf -  y3arampHeHa — KOJOKONOOOpasHa  (yHKIiA
npuHajIexHoCcTl; pimf - mi-moxibHa (yHKUiA mpuHANCKHOCTI; psigmf - 1oOyTOK
JTBOX CHTMOITHHX (DYHKIIH MPHHAJICKHOCTI; 3aIPOrpaMOBaHi MOJCII IS CHCTEMH
tumy CyreHo: constatnt — koHCTaHTa ((PYHKIIS MPUHAICKHOCTI Y BUI CIHIJITOHA);
linear — niHifHA KOMOIHALIA BXiTHHX 3MiHHHX);

— output.mfiparams - MacuB mapaMmeTpiB (YHKLII IPHHAJICKHOCTI
BHX1THOI 3MiHHOI;

— rule - MaCHB IPABUII HEUITKOI Oa3U 3HAHB,

— rule.antecedent - mOCHIKM TpaBHiIa (BKA3yIOThCA MOPSIKOBI HOMEPH
TEPMiB y MOPSIAKY 3aIMCY BXiTHMX 3MIiHHEX. Uncno 0 ykasye Ha Te, IO 3HAYCHHSA
BIIMOBITHOI BXiXHHMH 3MIHHOI HE BILIMBAE HA ICTHHHICTH MPABHJIA);

— rule.consequent - BHCHOBOK IPaBHIA (BKA3YIOTHCA MOPAAKOBI HOMEPH
TEPMiB Y MOPAAKY 3AIHCY BUXITHUX 3MiHHHX. Uncio 0 ykasye Ha Te, IO MPaBHIO
HE IOMIHPIOETHCA HA BiANIOBIIHY BUXIITHY 3MiHHY);

— rule.weight - Bara mpasmia. 3a1a€ThCS YUCIIOM 3 aianas3ony [0, 1];

— rule.connection - JIOTiYHE 3B'SI3yBaHHA 3MIHHUX YCEPEAMHi mpaBuia: 1 —
norivyne "TA"; 2 — noriune "ABO".

Jnst OCTyIMy [0 BIACTHBOCTEH CHCTEMH HCHYITKOTO JIOTiYHOTO BHBEACHHS
JOCHTh  BKazatd iM's  Bigmosigworo  moii.  Hampukman, — koMmaHzma
FIS NAME rule(1).weight=0.5 BcramoBmoe Bary mnepmoro mnpaswia B 0.5,
romanaa length(FIS NAME.rule) Bu3HAuae KinbKiCTh MpaBWI y 0a3i 3HaHB, a
komanna FIS NAME.input(1l).mf(1).name="Hu3pkuii' HEPEHMECHOBYE MEPIIHA
TEPM MEPIIOT BXiTHOI 3MiHHOI B “HU3BKUH .

B.2 FIS-penakTop

FIS-peoaxmop (puc. B.3) mnpusHaueHWH [UII CTBOPCHHS, 30CPEIKCHHS,
3aBAHTAXXCHHSA 1 BUBCACHHS Y JPYK CHCTEM HEYITKOTO JIOTIYHOTO BHBCICHHS, a
TaKOX UL PelaTyBaHHS HACTYIHHX BIACTHBOCTCH. THII CHCTCMH, HAWMCHYBAHHS
CHCTCMH, KiTBKICTh BXiZHHX 1 BHXITHHUX 3MIHHHX, HAHMCHYBAHHA BXIiTHHX 1
BHXIJHHUX 3MIHHHX; TAPAMETPH HEUITKOTO JOTIYHOTO BHBCACHHSL.
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=} FIS Editor: Untitled
File Edit View

Untitled
[mamdani)
inpuLt1 outputl
FIS Mame: Untitled FIS Tupe: marmdani
And method min - Current Y ariable
Or method T <] || Name
- T
Implication min - P
Range
Aggregation mas -
Defuzaification centroid - Help Close

System "Untitled™ 1 input, 1 output, and O rules

Pucynox b.3 - FIS-penaxrop

3aBanTaxeHHs FIS-pemakropa BigOyBaeThCs 3a JOMOMOTOK) KOMAaHIH
fuzzy. V pesymbrarti 3'BIA€THCA IHTEPAKTHBHE Ipa(hiuHe BIKHO. Y HIDKHIN YacTHHI
rpadiynoro BikHa FIS-pemaxkropu posramosani kuomku Help i Close, mio
JIO3BOJIIIOTH BHKJIMKATH BIKHO JOBLAKH 1 3aKPUTH PEAAKTOP, BIANOBIHO.

FIS-penaxrop mictute 8 menro. Lle Tpu 3araapHOCHCTEMHHX MEHIO - File,
Edit, View, i 'aTh MCHIO 151 BHOOPY MapaMETPiB HEUITKOTO JIOTIYHOTO BHBCICHHS
— And Method, Or Method, Implication, Aggregation i Defuzzification.

Menro File - ne 3arampae MeHro st BCix GUI-MoxyiB BHKOPHCTOBYBAHHX
13 CHCTEMAMH HEYITKOTO JOTIYHOIO BUBEICHHSL.

3a pgomomororo koMmaHmau New FIS.. kopuctyBau Mae MOXIHBICTH
CTBOPHUTH HOBY CHCTEMY HCYITKOTO JIOTiYHOTO BHBCACHHA. [Ipm BHOOpPI wmi€i
KOMaH[H 3'BJIATHCS ABI ambrepHaTHBU: Mamdani i Sugeno, mo BH3HAYAOTH THIT
crBoproBaHoi cucremu. CrTBopmTH cuHcTteMy Turmy Mamdani MOXXKHA TaKOX
HatuckaHHsM Ctrl+N.
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3a IOmMOMOTOF0 KOMAHIH Import KOPHCTYBAY MA€ MOITHBICTD 3aBAHTAYKUTH
paHime CTBOPCHY CHCTEMY HCUITKOTO JIOTIYHOTO BHBCACHHA. [Ipm BHOOpI mi€i
KOMaHIW 3'SBiAThCA 1Bi anprepHatmeu From Workspace... i From disk, mo
JIO3BOIIIFOTh 3aBAHTAXKHTH CHCTEMY HEYITKOTO JIOTIYHOTO BHBEIACHHS 3 pOOOUOi
obmacti MatLab i 3 mucka, siamosimro. [Tpu Bubopi komarmn From Workspace...
3'SIBUTHCA J1aJIOTOBE BIKHO, V SIKOMY HEOOXIJHO BKA3aTH IACHTH()IKATOp CHCTEMHU
HCYITKOTO JIOTIYHOTO BHBCACHHA, INO 3HAXOAHMTHCSA B poOouii odOmacti MatLab.
ITpu Bubopi komanau From disk 3'sBHTBCA Aiamorose BIKHO, Y SKOMY HEOOXiTHO
BKa3aTH iM's (aily CHCTEMH HEYITKOTO JOTIYHOTO BHBEACHHA. Paiimm cucrem
HCYITKOTO JIOTIYHOTO BHBCACHHSA MAFOTh PO3MHpPCHHA .fis . 3aBaHTAKATH CHCTEMY
HEYITKOTO JIOTIYHOIO BHUBEICHHSI 3 AMCKA MOKHA TAKOK HATHCKAHHAM Ctrl+N unm
xomaHnowo fuzzy FIS name, ne FIS name — im's aiiny cucremMu HEYiTKOrO
JIOTIYHOTO BHBCACHHS.

ITpu Bubopi komanau Export 3'amiarecs a8l ansrepHatuBu To Workspace...
i To disk, mo 703BOILTFOTE CKOMIFOBATH CHCTEMY HEUITKOTO JIOTIYHOTO BHUBCICHHS
B pobouy obmacts MatLab i Ha muck, Bimmosiguo. [Ipm BuOOpi komawmum To
Workspace... 3'IBUTBCS [TIalOTOBE BIKHO, Yy fKOMY HEOOXITHO BKa3aTH
IICHTH(IKATOP CHCTEMM HEYITKOTO JIOTIYHOTO BHBEACHHA, I AKUM BOHa Oynae
30epeskeHa B pobouiit obmacti MatLab. Ilpu Bubopi xomanau To disk 3'sBurbes
Jianorose BIKHO, Y SKOMY HEOOXiTHO BKa3aTH iM's (aiimy CHCTEMH HEYITKOTO
JOTIYHOTO BHBEACHHA. CKOMIOBATH CHCTEMY HEUITKOTO JIOTIMHOTO BHMBCICHHA B
poGouy obOmacTh i Ha MUCK MOXHA TakoK HatuckaHwsM Ctrl+T 1 Ctrl+S,
BIZIIOBITHO.

Komanpa Print 703BOJIsIE BUBECTH HA TPHHTCP KOMIKO rpad)iyHOTO BiKHA.
INeyaTka MOKITMBA TAKOK IO HATHCKAaHHIO Ctrl+P.

Komanna Close 3axpuBae rpadiuse BikHO. 3akpHTTA IpadiuHOro BikHA
BiAOyBaeTbca Mo HaTUCKaHHIO Ctrl+W um OZHOKPATHOTrO INUINIMKA JIBOI KHOIIKH
mumi no xkaormi Close.

Menro Edit:

Komanna Undo ckacoBye paHime 3poOjcHY Air0. BUKOHYETBCS TakoXK IO
Haruckanuio Ctrl+Z.

Komanma Add Variable... 703BoIs€ T0JATH B CHCTEMY HCYITKOTO JIOTIYHOTO
BHBCACHHSA mICc OOHY 3MiHHY. [Ipm BHOOpI 1€l KOMAHTU 3'ABIATBCA OBI
anprepHatuBu Input i Output, WO TO3BOLIOTH JOJATH BXiJHY 1 BHXITHY 3MiHHY,
Bi/JIIOB1THO.

Komannma Remove Selected Variable Buamsie moTouHy 3MiHHY i3 CHCTEMH.
O3HAKOI MOTOYHOI 3MIHHOI € YEPBOHA OKAHTOBKA 11 MPsAMOKYTHHKA. [IpH3HAUYCHHS
MOTOYHOI 3MIiHHOI BiOYBA€THCS 3a JONMOMOTOK) OJHOKPATHOTO INWIJIHKA JiBOI
KHOTIKH MHIII 1O ii MPSAMOKYTHHKY. BHIATHTH MOTOYHY 3MiHHY MOYKHA TAKOX 32
Jonomororo HatuckaHus Ctrl+X.
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Komarma Membership Function... Bigkpuae peaakrop  (QyHKIiA
MPUHAJICKHOCTEH. L1 koMaHma Moske OYTH TaKkoK BUKOHAHA HATHCKaHHAM Ctrl+2.

Komanma Rules. .. Binkpusae pemaktop 0asu 3HaHb. L1 komanma Moxke OyTH
TaKO’K BUKOHAHA HAaTHCKAHHAM Ctrl+3.

Meno  View - me sarampre MeHO aua Beix  GUI-momymis,
BHKOPHCTOBYBAHHX 13 CHCTEMaMH HEUITKOIO JIOTIYHOTO BHBEACHHA. JlaHEe MEHIO
JTO3BOJISIE€ BIOKPHTH BIKHO Bi3yai3amii HEUITKOTO JOTIYHOTO BHBCICHHA (KOMAaHIA
Rules ab6o matuckanns knasim Ctrl+5) i BIKHO BHBEACHHS MOBEPXHI “BXIA-BHXIT
IO BiAMOBiAA€ CHCTEMi HEYITKOTO JIOTIYHOTO BHBEACHHS (KoMaHma Surface abo
HaTtuckaHHS Kiaasim Ctrl+6).

Memnro And Method - 1ie MEHIO A03BOJIIE YCTAHOBUTH HACTYITHI peajizamii
noriyaoi onepaii "TA": min — MiHiMyM; prod — MHOYKCHHSL.

KopucryBau Takok Mae MOKIUBICTH YCTAHOBHTH BJIACHY pPEajIizariro
omeparii "TA". i uporo HeoOXimHo BuOpaTu koMaHay Custom...i B rpadidaOoMy
BiKHI, IO 3'IBUJIOCA, HAAPYKYBATH iM'sl (PYHKUI, O peatizye 10 ONCpaliso.

Memnio Or Method - e MEHIO JO3BOJISIE YCTAHOBUTH HACTYIHI peamizamii
norivHoi onmepauii "ABO": max — MHOXEHHS, probor - iMoBipHicHe "ABO".

KopucryBau Takok Mae MOXKIUBICTH YCTAHOBHTH BJIACHY pPeajIizaliio
omepamii "ABO". Jlna mporo HeoOximHo BuOpatH koMmanay Custom... i B
rpagiuHOMY BiKHi, INO 3'IBHJIOCS, HAAPYKYBATH iM's (DYHKIIi, IO peami3ye L0
OIIEpALIifo.

Menro Implication - e MEHIO JO3BOJAE YCTAHOBHTH HACTYIHI peasrizamii
IMIUTIKALGT: min — MiHIMyM; prod — MHOKCHHSL.

KopucTyBau Tako)k Ma€e MOXKIHBICT YCTAHOBHTH BIIACHY peati3aliro
iMmmikarii. [ uporo HeoOximHO BuOpatu xomanay Custom... i B rpadiuaOoMy
BiKHI, IO 3'SIBIJIOCS, HAAPYKYBATH iM'sl (DYHKII{, IO peastizye IO OMEPaLito.

Menro Aggregation - e MCHIO 03BOJIIE YCTAHOBUTH HACTYIHI peasrizamii
omepanii 00'eqHaHHA (PYHKIIH TPHUHATEKHOCTI BUXIAHOI 3MIHHOI: max -—
MaKCHMYyM; sum — cyma; probor - imoBipHicHe "ABO".

KopucryBau TakoX Mae MOXKIIHBICTh YCTAHOBUTH BIIACHY PEai3auiio 1€l
omepauii. /i mporo HeoOxigHo BuOpatH komanay Custom...i B rpadigHoMy
BiKHI, IO 3'SIBIJIOCS, HAAPYKYBATH iM'sl (DYHKI{, IO peastizye IO OMEPaLito

Memnro Defuzzification - Ic MCHIO TO3BOJIAE BHOpATH METO acdasu(ikarii.
Ju cucteM tUmy MaMIaaHi 3amporpaMoBaHi HACTYIHI METOAM: centroid — HEHTP
Bary, bisector —memiana; lom — HAHOIIBIIMIA 3 MAKCHMYMIB, SOIM — HAWMCHIIHHA 3

MaKCHMyMiB, mom — cepemHe 3 MakcmMyMiB. [ma cucrem tumy CyreHo
3amporpaMoBaHi HACTYIIHI METOAU: Wtaver — 3BayKEHE CEpeIHE;, Wisum — 3BayKCHA
cyma.

KopucryBau Tako)k Mae€ MOKIMBICTh YCTAHOBHTH BJIACHHH METOJ
nedasupikamii. st mporo HeoOXiaHo BuOpaTtu koMaHay Custom...i B rpadidaOMy
BiKHI, IO 3'IBAIOCA, HAAPYKYBATH iM's (PYHKLIT, IO Peatizye IO ONCPaIiiro.
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1.3 Pepakrop QyHKIiii MPIHATICKHOCTI

Peoaxmop  ¢hynryiii  npunanesxcnocmi  (Membership Function Editor)
MIPU3HAYCHUH /U1 3aBAAHHA HACTYMHOI iH(opMamii mpo TepMH-MHOKHHA BX1THHX
1 BEXITHUX 3MIHHHX: KiJIBKICTh TEPMIB, HAHMCHYBAHHA TEPMiB, THII I MapaMeTpu
(YHKOIH TPHHANCKHOCTI, IO HEOOXiAHI i1 MPEACTABIACHHS JIIHTBICTHYHHX
TEPMIB Y BHIJIII HEUITKUX MHOKHH.

Pemaxrop (QyHKIiH MPHHATICKHOCTI MOKE OYTH BHKIHKAHHH 3 OyIb-IKOTO
GUI-Moxy i, BUKOPHCTOBYBAHOTO 13 CHCTCMAMH HCUYITKOTO JIOTITHOTO BHBCICHHS,
xomaHaor0 Membership Functions... merro Edit abo matuckasraM kiasim Ctrl+2.

VY FIS-penakropi BigkpuTH pemakTop (YHKIIH IPHHANCKHOCTI MOXKHA
TAKOK TOABIMHHMM IOWTJIMKOM JIBOK KHOIMKOK MHIN IO IOMO BXigHOI a00
BHXITHOI 3MIiHHHX. 3araqpHUA BHI peAakropa (YHKUIH NPHHAICKHOCTI 3
VKa3iBKOK (DYHKIIIOHATPHOTO NMPH3HAYCHHA OCHOBHHX MMOJTIB TPa(ivdHOTO BiKHA
MpHUBEACHUH Ha pHC. b.4.

HanmeHnyBaHHs cuctemm KinbkicTe TOMOK AnckpeTnsayii ons
4 N HEYITKOro NoriYHoro BUBEAEHHA no6yp08M PyHKLiT NPUHANEeXHOCTI
MotoyHa
3aMiHHa

MoTtouHa
hyHKLs
npuHa-
NEXHOCTI

RS —

RSty
MNosHavka
pexnmy
Drug and
drop

VUUISSSNNNMUS B

S
IM'a
MOTOYHOI -
3MiHHOT

— —

lianasoH smitm ¥ § BinoGpaxysa- Motourmii &

E Twn dyHKuiT MapameTpu
MOTOYHOI HWW iHTepBan Tepm i NPUHaNEeXHOCTI NOTOYHOT ChYHKLii
3MIHHOT no Bici aGcuuc E NOTOUYHOTO TEPMY NPYHaNEXHOCTI
:
t

>

PucyHok B.4 - Pemakrop (pyHKUiH MpHHAICKHOCTI
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VY HwkHIA yacTuHI rpadivHoro BikHa posramosaHi kHomku Help i Close,
10 JO3BOJLIFOTH BUKJIMKATH BIKHO JOBIAKY 1 3AKPUTH PEIAKTOP, BIATIOBIIHO.

Pemakrop (yHKIi# mpuHATEKHOCTI MicTHTh woTMpu MeHIO - File, Edit,
View, Type 1 qorupu BikHa BBeACHHS iH(popMarii — Range, Display Range, Name i
Params. Lli yoTnpym BikHA TPH3HAYCHI I 3aBJAHHA MIaNA30HY 3MiHH MOTOYHOL
3MIHHOI, [iama3oHy BHUBEACHHSI (YHKIIA TNPHHAJICKHOCTI, HAWMCHYBAHHSI
MOTOYHOTO JIHIBICTHYHOTO TEPMY 1 IMapaMerpiB Horo (pyHKUii IMpHHAICKHOCTI,
BI/ITIOBI/THO.

IMapamerpu (yHKIIi NMPUHAICKHOCTI MOYKHA MAOMpaTtd H y rpadidHOMy
pekuMi, IUIIXOM 3MiHM (Qopmu (yHKIIi HPUHATCKHOCTI 3a JOIOMOTOIO
texHozorii “Drug and drop”. [ nporo HEOOXiTHO MO3HMIIOHYBATH KYPCOP MHIII
Ha 3HaKy pexuMmy “Drug and drop”, HATHCHYTH HA JiBY KHOIKY MHIN 1 HE
BiJIycKarouH ii 3MiHIOBaTH (opmy (pyHKUii mpunanexuocTi. [Tapamerpu QyHKIii
MIPUHAJIKHOCTI OyAyTh MEpepaxoByBaTUC ABTOMATHYHO.

Mewnro Edit:

Komanma Undo ckacoBye panime 3poOscHy Hif0. BUKOHYETBCSA TaKOXK IO
HatuckanHio Ctrl+Z.

Komanma Add MFs...n03B00€ [0JaTH TEPMH B TCPMH-MHOXKHHY,
BHKOPHCTOBYBAHA JUIA JIHTBICTUYHOI OIIHKM MOTOYHOI 3MiHHOI. [Ipu BHOOpI mi€l
KOMAaHIHU 3'SIBUTHCA IIATOTOBE BIKHO, y AKOMY HECOOXIOHO BHOpaTH TUI (DYHKINI
NMPUHANICKHOCTI 1  KIIBKICTH  TepMiB. 3HA4YCHHA  HapaMeTpiB  (yHKUIH
NPUHAJNCKHOCTI OyAyTh BCTAHOBICHI ABTOMATHMYHO TAKHM YHHOM, IIOO
PIBHOMIpHO MOKPHTH 00JAaCTh BU3HAYCHHS 3MiHHOI, 3amanoi y BikHi Range. Ilpu
3MiHI oOnacti BU3HAYCHHS y BikHi Range mapamerpu (DYHKIIH IPHUHAICKHOCTI
OyZayTh MPOMAINTaOOBAHI.

Komanna Add Custom MF...103BossI€ J0JaTH OMHUX JIHIBICTHYHHI TEPM,
(DYHKLIS IPUHAICIKHOCTI SIKOTO BiAPI3HAETHCA Bix yOymosanux. ITiciaa Bubopy miei
KOMaHIM 3'SBHTBCSI TIpa(iuHe BIKHO, y fAKOMY HEOOXITHO HAAPYKYyBaTH
JiHrBicTHYHME TepM (mone MF name), iM'a (yHKuii npuHanexHocti (mone M-File
function name) i mapamerpu (yHKuUii npuHaIeKHOCTI (mosie Parameter list).

Komanna Remove Selected MF Buaaie MOTOMHHH TEPM 13 TEpM-MHOKHHH
moTo4HOi 3MiHHOI. O3HAKOK TOTOYHOI 3MIHHOI € YEepPBOHA OKAHTOBKA ii
mPAMOKYTHHKA. O3HAKOK MOTOYHOTO TEPMY € UCPBOHHI KOJIP HOro (DYHKINI
MPHHANCKHOCTI. [t BHOOPY TMOTOYHOTO TEPMY HCOOXITHO  IPOBECTH
TO3HITIOHYBAHHS KYpcOpy Mumn Ha rpadiky (PyHKOii MPHHATIEKHOCTI i 3poOuTH
IUTTAK JTiBOK KHOMTKOK) MHIIII.

Komanna Remove All MFs Bumaise BCi TepMH 3 TePM-MHOKHHH ITOTOYHOT
3MIHHOI.

Komanma FIS Properties...BinkpuBae FIS-pemakrop. Lls xomanHma Moske
OyTH TakoK BUKOHAHA HATHCKAHHSIM Ctrl+1.
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Komanma Rules. .. Binkpusae pemaktop 0asu 3HaHb. L1 komaHma Moxe OyTH
TaKOXX BUKOHAHA HaTUCKaHHM Ctrl+3.

Memnio Type mO3BOISIE YCTAHOBHTH THUI (PYHKIIH IPHHAICKHOCTI TEPMIB,
BHKOPHUCTOBYBAHHX UL JTIHTBICTHIHOI OIIHKH MOTOYHOI 3MIHHOI.

1.4 PegakTop 0a3u 3HAHB

Peoaxmop 6a3zu suane (Rule Editor) mpu3HadeHuit mis (popMyBaHHA i
momu(ikanii HeuiTkux mpaswi. Pemakrop 0a3u 3HaHb MOXE OYTH BHKIMKAHHH 3
Oyap-sxoro GUI-mMomy i1, BHKOPHCTOBYBAHOTO 13 CHCTEMAMH HEUITKOTO JIOTIIHOTO
BuBeAcHHA, koMaHmorw Rules...merHro Edit abo HaTuckamusM kmasim Ctrl+3. Y
FIS-penakropi BiZKpuTH pemakTop ©Oa3W 3HAHP MOMKHA TAKOXK MOABIHHHM
IIMTJIHKOM JIIBOK KHOIIKOKO MM IO MPSAMOKYTHHKY 3 HA3BOIO CHCTEMH HEYITKOTO
JIOTIYHOTO BUBCICHHSA, PO3TAIIOBAHOTO B LICHTPI Tpa(itHOTrO BiKHA.

3aragpHHN BUA pemakTopa Oa3m 3HAHP i3 VKA3iBKOK (DPYHKIIOHAIBHOTO
MIPU3HAYCHHS OCHOBHUX IOJIIB rpadiyHOro BikHA MpuBeAcHUI Ha puc. b.5.

MeHto BUGOPY 3HaYeHb BXILHWUX Ta BUXIAHNX ] [ Baroewi1 koedilieHT npasvna
3MIHHUX

s,

153
.O3HaKa . File: - Edit Wi Uptio
BIACYTHOCTI
3MiHHOT y
npaeuni 12 1f (service is good) then (1 is avgrage] (1]
P 13. IF [zervice is excellent] of (food ispelicious) then [tip is gehg

.

N m—
BkntoyeHHs
noriYHoi
onepauii
HE y
nNpaenno delicious
1 none generous
none
. ' ot it poconoisen B3
NorivHa
3B'A3Ka MiX - Connection Weight:
BXo4amu B oo
oBHOMY e e 8 55
i 1 Dyalets rule Bidd e Charige il B
onony [T Ddmue | sddose | Changene | o

FIS Hame: tipper Help i / /6038 i

LOAABATW Ta PEAArYBATH NOTOUHE
NOTOYHOTO NpaBsuna NPaBUNO BESMKMX NMPaBumi

Barosuii koediuieHT ] [KHOHKM’ Lo AosBONAIOTL Bmp,anﬂm,] [ KHonkw nepernsay ]

.,

Pucynok B.5 - Pemakrop 0asu 3HaHB
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VY HwkHIA yacTuHI rpadivHoro BikHa posramosaHi kHomku Help i Close,
10 JO3BOJLIFOTH BUKJIMKATH BIKHO JOBIAKY 1 3AKPUTH PEIAKTOP, BIATIOBIIHO.

Pemaxrop QyHKIiH MPHHAICKHOCTI MICTHTS YOTHPH CHCTCMHHAX MEHIO File,
Edit, View, Options, MCHIO BHOOPY TEpMiB BXITHHX 1 BHXIJTHHX 3MIHHHX, NOJII
ycranoBku jorivaux omepauii TA, ABO, HE i Bar mpaBmi, a TakoK KHOIIKH
peJaryBaHHIA 1 EPETILITY MPABHIL

JUi1 BBEICHHA HOBOTO NMPAaBHiIA B 0a3y 3HAHP HEOOXITHO 3a JOMOMOTOKO
MHII BHOPATH BIANOBIIHY KOMOIHALIFO TiHTBICTHIHHX TCPMIiB BXITHHX 1 BUXITHHX
3MiHHHX, YCTAHOBUTH THUN JIOTIYHOTO 3B's3yBaHHA (TA ado ABQO) mixk 3MiHHEMH
YCepeANHI MPABUIIA, YCTAHOBHTH UM HASBHICTH BIACYTHICTH JIOTiuHOI omepanii HE
JUI1 KOJKHOI JIHTBICTHYHOI 3MIHHMH, YBECTH 3HA4YCHHA BaroBoro KoeimieHTa
mpaBmiaa i HatucHyTH KHOMKY Add Rule. 3a 3amMOBUyBaHHAM YCTAHOBIICHI
HACTYITHI NMApaMETPH: JIOTIYHE 3B'I3YBAHHA 3MIHHHX yCepeauHi mpasmina — TA;
noriyaa onepauis HE — BiACYTHS;, 3HaUCHHA BaroBoro koe(inienra mpasuia — 1.

Mo>k/THBI BUNIAIKH, KOJH ICTHHHICT IIPABUIIA HE 3MIHIOETHCS TPH JOBIIHHOI
3HAYCHHI JCAKOI BXiAHOI 3MIHHOI, TOOTO I 3MiHHA HC BIUIMBAE HA PE3yIbTAT
HEYITKOTO JIOTIYHOTO BUBEICHHA B JaHiH obOmacti (axTopHOro mpocropy. Tomi sk
JIHTBICTUYHE 3HAYCHHS Li€i 3MIHHOI HEOOX1THO YCTAHOBUTH NONE.

Jna BumancHHA mpaBmwia 3 0a3d 3HAHD HEOOXITHO 3pOOHTH OTHOKPATHHH
IIUTIIHK JIIBOKO KHOITKOKO MMII Ha IbOMY IpaBHII Ta HATUCHYTH KHOMKY Delete Rule.

Jnst momudikanii mpaBuiaa HEOOXiTHO 3pOOHTH OJHOKPATHHH IIMITIHK
TBOK0 KHONKOK MUIN HAa IbOMY MPABII, IOTIM YCTAHOBHTH HEOOXimHi
mapamerpu mpasuia i HatucHytd kHonky Edit Rule.

Memnro Edit:

Komanma Undo ckacoBye panime 3poOjcHy Air0. BUKOHYETBCS TakoX IO
Haruckauuio Ctrl+Z.

Komanna FIS Properties...Biakpusae FIS-pemakrop. Ll xomanma moske
OyTH Tako)k BUKOHAHA HaTUCKaHHAM Ctrl+1.

Komanmaa  Membership  Function...BigxkpuBae  pemakrop  (QyHKIH
NpUHANSKHOCTEH. LI koMaHaa Moxke OyTH TakOK BUKOHAHA HaTHCKaHHAM Ctrl+2.

Menro Options 103BOJISIE YCTAHOBUTH MOBY 1 (popMaT mpasmi 0a3u 3HaHb.
ITpu Bubopi xomaumu Language 3'sButbcs cmucok MoB English (Anrmiiceka),
Deutsch (Himempka), Francais (@paHIy3pka), 3 IKOT0 HCOOXiTHO BHOPATH O/THY.

ITpu BuOOpPi KoMaHmH Format 3'SBUTHCA CIHCOK MOMUTHBHX (DOPMATIB TPABHIT
0a3u 3HaHb. Verbose - mHrBicTHyHuIt, Symbolic — moriunmit, Indexed — iHACKCOBAHIIH.

1.5 Bisyasizamist HEHiTKOr0 JIOTiTHOT0 BUBEXCHHS
Bisyamizamist HEYITKOTO  JOTIYHOTO  BHBCACHHS  3IHCHIOETBCA  3a

nponomororo GUI-moxmynst Rule Viewer. et Moayab TO3BOJSIE MPOLTIOCTPYBATH
Xi JOTIYHOTO BHBCACHHI 32 KOKHHUM IPABHJIOM, OJCPKAHHS PE3YIbTYIOUO1
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HEYITKOI MHOKMHH 1 BHKOHAHHA mpouecaypu nedasupikamii. Rule Viewer moxe
OyTu BUKIHKaHHH 3 Oyap-akoro GUI-Momyms, BHKOPHCTOBYBAHOTO 13 CHCTEMaMHU
HCYITKOTO JIOTIYHOTO BHBCIACHHS, KOMAHIOK View rules ... MecHO View um
HaruckaeHsM  kiapim  Ctrl+4. Bmx Rule Viewer mit cucreMum JOTIYHOTO
BHBCJCHHS tipper i3 yka3iBKOI ()YHKIIOHANPHOTO HMPU3HAYCHHS OCHOBHHX IIOJIB
rpa¢ivHOTO BiKHA MPHUBEICHUH HA puc. b.6.

Mopsakosuin HaiimeHyBaHHA BXiAHWX 3MIHHUX Ta TXHi HaiimeHyBaHHA BUXiAHOT 3MiHHOI Ta
HoMep npasuna 3HAYEHHS pe3ynbTaT BUBEASHHS

<3 Rule Wiewei: =10 =t
File: - Edit - Wiew
service = 4 food =8
Mokaxx4rkn tip =183
3HaYeHb = -
: . 5 i
BXIiAHNX 1 " j \\
3MIHHMX. b R L
MoxkyTb ByTU —
3MiHeHi 3a 2 / AN :| és\%
[I0NOMOT0K0 e RN
MWL ——‘ , oy
// Ve

PyHKLi
npuHanex-
HOCTI BXiAHWNX

|lnpur 51553] / E'Ja(&.inxs: WMQ\IE: _@@Mﬁ'
foia o o L e N Nded ]

BXIAHMX 3MiHHUX MPUHANEXHOCTI BMBEACHHS Y BUMAAI npoueaypn
BUXiZHOT 3MiHHOT HEMITKOT MHOXUHM nedasudikauii

NPOKPYHYBaAHHS

\,

-
MoToYHI 3Ha4YeHHA [ DyHKUT ] [ PeayneTat noriuHoro [ PeaynbTat BUKOHaHHA

Pucynok b.6 — Bizyasizanis JOTiYHOTO BUBSICHHS
JUII CHCTEMH tipper 3a momomororo Rule Viewer

Rule Viewer mictuts yotupu meHro - File, Edit, View, Options, apa mosst
yBeneHHs iH(opmauii — Input i Plot points Ta KHOTTKM POKPYIYBAHHS 300PaKCHHS
BIIiBO - BpaBo (left-right), yau3 (up-down). ¥ HmpKHIH 4acTHHI TpadivHOTO BiKHA
postramoBaHi Takok kHomkm Help i Close, mo A03BOAIOTH BHKIHKATH BiKHO
JOBITKH 1 3aKpUTH pemakTop, Biamoeimao. KokHe mpaBmio ©Oa3u  3HAHB
MPEACTABIBIETBCS Y  BUAI  IOCTITOBHOCTI TOPH30HTAJIBHO  PO3TALIOBAHUX
mpAMOKYTHHKIB. [Ipu mpoMy mepmi 1Ba MPSMOKYTHHKH BiZOOPA)karoTh (DYHKINT
MPHHAJICKHOCTCH TCPMIB MOCHJIKH MPaBUIA (SIKIMO-4aCTHHA MPABHIIA), 4 OCTAHHIH
TPETiii TPAMOKYTHHK BiANOBiZae (YHKOII NPUHATCKHOCTI TEPMY-HACTIIKY
BuXigHOT 3MiHHOI (TO-4acTHHA MpaBwUIIa).



44

[NopokHil MPSAMOKYTHHK y Bi3yami3auii JApyroro mpaBWia O3HAYAE, IIO B
OpOMy mpaBmim nocminka 3a 3MieHOK food Bincyrasa (food is none). JKosre
3anmBaHHA TpadikiB  (QYHKIH NPUHATICKHOCTEH BXITHUX 3MIHHHX YKa3ye
HACKITBKM 3HAYCHHSA BXOMiB, BIANOBIOAIOTH TCPMAM JAHOTO mpasmwma. s
BuBeAcHHS mpaBmwia y ¢opmari Rule Editor HeoOXimHO 3poOHTH OJHOKpATHHI
IIMTJIHK JTIBOi KHOTKK MUINI IO HOMEP1 BIATIOBITHOTO MPABHA. Y IOMY BHIAAKY
3a3HaYCHE MPaBIIO Oy/e BUBEACHO B HIDKHIA YAaCTHHI rpadivyHOTO BiKHA.

BraxutHe 3ammBaHHA rpadika (yHKIIi MPHHAICKHOCTI BHXITHOI 3MiHHOI
SABJIIE COOOK0 PE3YJIbTAT JOTIYHOTO BHBCACHHA Y BHTILIAI HEWITKOI MHOKHHH 3a
JAHUM TPABHIOM. PE3yIbTYIOUy HEUITKY MHOKHHY, INO BiAIIOBiAA€ JIOTIYHOMY
BHBCIACHHIO 32 BCIMAa NPABHIAMH, IIOKA3aHO B HIJKHBOMY NPSAMOKYTHHKY
OCTaHHBOTO CTOBNIYI TpaiyHOrO BiKHA. Y LBOMY X HPAMOKYTHHKY YCPBOHA
BCPTHKAJIbHA JIiHIA BIANOBIAA€ WUITKOMY 3HAYCHHIO JIOTIYHOTO BHBCICHHA,
OTPHUMAHOTO B pe3ynbTati Acazudikamii.

VBeaeHHI 3HAYECHb BXIOHHX 3MIHHHX MOXKE 3IIHCHIOBATHCI JIBOMA
croco0amMu: NIIIXOM YBEACHHS YHCENBHHUX 3HAYCHb y Moje Input; 3a omomMororo
MU, TIIIXOM MICPEMITICHHS JiHIH-MOKAKIHKIB YSPBOHOTO KOJIBOPY.

B ocraHHbOMY BHITAAKY HEOOXITHO MO3ZHLIOHYBATH KYPCOP MMIII HA YCPBOHIH
BCPTUKANBHIM JTiHIi, HATHCHYTH HA JIBY KHONKY MMIIN 1 HE BIINyCKAFOYH HEl
MEPEMICTUTH NOKAKIMK HA MOTPIOHY mo3uliiro. HoBe uncenpHe 3HAUCHHA BiAMOBITHOL
BXITHOI 3MiHHOI Oy/Ie IepeTiyeHO aBTOMATHYHO 1 BUBSJCHE ¥ BikHO Input.

Y mone Plot points 3ama€ThCs KiABKICTh KPAMOK AMCKPETH3ALiT A
o0y moBu TpadikiB (PYHKIIH TPUHATICIKHOCTI. 3HAYCHHS 3a 3aMOBUYBaHHIM — 101,

Memnro Edit:

Komanna FIS Properties...Biakpusae FIS-pemaxrop. Llg xomaHma Moxke
OyTH Tako)k BUKOHAHA HaTUCKaHHAM Ctrl+1.

Komanmga Membership Functions...BiaxkpuBae pemakrop  (QyHKIH
NpUHANCKHOCTEH. LI komanaa Moxke OyTH TakOK BUKOHAHA HATHCKaHHAM Ctrl+2.

Komanna Rules. .. BinkpuBae pemakrop 6a3u 3HaHb. L1 koMaHma Moxke OyTH
TaKO’K BUKOHAHA HaTUCKaHHAM Ctrl+3.

Memnro Options MICTHTh TINBKH OAHY KOMaHAy Format, mo mo3BOIIE
VCTAHOBUTH OJIMH 3 HACTYIHHX (D)OPMATiB BUBCACHHS OOPAHOTO MPABUIIO B HIDKHIH
yactuHi rpagiuHoro BikHAa: Verbose - miHrBicTHuHHI, Symbolic — noriuHWMIA;
Indexed — inmEeKCOBAHHIA.

B.6 ANFIS-pexakTop

ANFIS € aOpesiatyporo Adaptive Neuro-Fuzzy Inference System -
aJanTHBHA HEHpo-HeuiTka cucteMa. ANFIS-pemakTop [03BOMISE ABTOMATHIHO
CHHTE3YBaTH 3 CKCICPUMCHTAIBHUX JTAHUX HEHpPO-HEUiTKI Mepexi. Helpo-HediTKy
MCPEKY MOKHA PO3TIIIATH SIK OJHWH 3 PISHOBHIIB CHCTEM HCUITKOTO JIOTIYHOTO
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puseneHH THIy Cyrewo. Ilpm mpoMy (YHKIII NPHHAICKHOCTI CHHTE30BAHHX
CHCTCM HAJIATO[DKCHO (HABUCHO) Tak, MO0 MIiHIMI3YBATH BiAXHICHHA MIXK
Pe3yIbTaTaM¥ HEYITKOTO MOJICTFOBAHHS H €KCIICPHMEHTATbHIX JAHUX.

3aparTaxkeHHa ANFIS-penakropa 3miACHIOETBCS 32 koMaHoro anfisedit. ¥
pe3yIbTaTi BUKOHAHHS IIi€i KOMaHIW 3'IBUTHCS TpadiuHe BIKHO, 300pakeHE HA
puc. B.7. Ha mpoMy »x pHCYHKY 3a3HaucHO (pyHkmioHambHI obmacti ANFIS-
PeJaKTOpa, OIHC SKUX MPHUBEICHO HIDKUC.

[ O6nacTb Bisyanisauii ] [ O6nactb BnactveocTen ANFIS

<3 Anfis Edit
File Edit View

4 ot outls

Obnacts
3aBaHTa-
WEHHS
AaHnX

O6nactb BMBeAeHHH OGnaCTb O6nactb O6nactb
noTo4HoT iHdopmauil reHepavii HaBYaHHA TECTYBaHHA
BuxigHoi FIS

Pucynoxk b.7 - OcHoBHe BikHO ANFIS-pemaxropa

ANFIS-penakrop micture 3 BepxHix meHio - File, Edit i View, obmacts
Bisyamizamii, o0macte BmactmBocTeli ANFIS, 00macTs 3aBaHTAKCHHA JAHHX,
001aCTh TCHECPYBAHHSA BHXITHOI CHCTCMH HCYITKOTO JIOTIYHOTO BHBCICHH,
001acTh HABYAHHA, O0JACTH TCCTYBAHHA, OONACTh BHBCACHHA IOTOYHOL
iH(opMmarii, a Takok kHomku Help i Close, mo m03BOJLTIOTH BHKIMKATH BiKHO
nmoBiakd i 3akputa ANFIS-penakrop, BiAmOBiTHO.
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Mewnro Edit:

Komanma Undo ckacoBye panime 3po0JicHY HiF0. BHKOHYETBCS TaKOXK IO
HartuckaeHiO Ctrl+Z.

Komanma FIS Properties...Binkpusae FIS-pemakrop. Ll xomamma moske
OyTH TakO’K BUKOHAHA HATHCKaHHIM Ctrl+1.

Komanma Membership Functions...BiakpuBae pemakrop  QyHKIiH
npuHanexHocTi. L1 komanga Moxe OyTH TakOK BUKOHAHA HAaTUCKAHHIM Ctrl+2.

Komanzma Rules. .. Binkpusae pegaktop 0asu 3HaHb. L1 komanma Moxe OyTH
TaKOXX BUKOHaHA HaTUCKaHHAM Ctrl+3.

Komanma Anfis...Binkpusae ANFIS-pemakrop. L1 xomanma moske OyTH
TaKkoK BUKOHAHA HATHCKAHHAM Ctrl+3. [TomiTiMo, mo faHa KOMAaHIA, 3aMyOICHA 3
ANFIS-penakropa HEe NPHUBOAWTH MO BHKOHAHHSA SKHUX-HEOyAb i, Tak ULeH
pemakrop yxke Bigkpurud. Opmak, y wMeHro Edit immmx GUI-moxymis,
BHKOPHCTOBYBAHHX 13 CHCTEMAMM HEYITKOTO JIOTIYHOTO BHBCICHHSA, JOJA€THCA
komaHza Anfis...,mo go3Bosie Biakpuru ANFIS-pegakrop 3 mux MOAYIiB.

Obnacmv  gisyanisayii MICTUTh 1OBa THNH iH(OpMAauii: HpH HABYAHHI
CHCTEMH — KPHMBA HABYAHHA Yy BuAl rpagika 3aJeKHOCTI MOMHJIKH HABYAHHA BLJ
MOPSAIKOBOTO HOMEpA iTepallii; Mpu 3aBaHTAKCHHI JAHUX 1 TECTYBAHHI CHCTCMH —
EKCIICPUMCEHTAIbHI JaHI 1 pe3yIbTaTH MOACTIOBAHHS.

ExcnepuMmeHTanbHI JaHI 1 Pe3yabTaTH MOJCTIOBAHHS BHBOIATHCA V BHIL
MHO’KHHHM KpamoK y JABOBHUMipHOMY mnpocropi. [Ipm mpomy mno Bici aOmuc
BIIKJIAIA€THCA MOPAIKOBUN HOMEP pAAKA JAHUX V BHOIpLI (HABYAIBHOI, TECTOBOL
ab0 KOHTPOJBHOI), a MO OCi OPAWHAT - 3HAYCHHS BUXIAHOI 3MIHHOI U1 TAHOTO
psnka BHOIpKH. BHKOPHCTOBYIOThCA HACTYIIHI Mapkepw: OJakuTHa Kpamka () —
TECTOBA BHOIpKa, OMAKWTHA OKPYXKHICTH (0) — HABYAJIbHA BHOIpKA, OJAKUTHHHA
mwnoc (+) — KOHTPOoIbHA BHOIpPKA; uepBOHA 3ipouka (¥*) — pe3yibTaTH
MOJCTIOBAHHSL.

B obnacmi enacmusocmeii ANFIS (ANFIS info) BuBoautbcs iH(popMaris
OpO KINBKICTh BXIAHHX 1 BHXIAHHUX 3MIHHHX, DOpPO KUIBKICTH  (DYHKIIH
NPUHAJICKHOCTI UL KOXKHOI BXiJHHH 3MIHHHUH, a TAKO)K IPO KiTBKICTh PAAKIB Y
BuOipKkax. ¥ mi# obnacri po3ramosani asi kHonku Structure i Clear Plot.

HaTtuckanHa KHOMKHM Structure BiTYHHAE HOBE TpadivuHe BIKHO, Y SKOMY
CHCTEMa HEYITKOTO JIOTIYHOTO BHBCACHHS MPEACTABIIE V BHAI HEHPO-HEUITKOI
Mmepeski. Haruckanns kaonku Clear Plot 1o3Bosrsie ouncTuTH 001aCTh Bidyami3aii.

B obracmi z3aeanmancenns oanux (Load data) posramoBaHi: MEHIO BHOOPY
tuny gasux (Type), mo mictuth anbrepHaTtuBH (Traning - HaByaabHA BHOIPKA;
Testing - TecroBa BuOipka, Checking - xourpombHa BHOipka; Demo -
JECMOHCTPAIHAH MPHUKIAT); MCHIO BHOOpPY mkepena Jauux (From), mo micTHT
amprepHatuBu (disk — mmck; worksp. - pobGoua obOmacte MatlLab), xHOmka
3aBaHTaKCHHA maHuX Load Data..., Mo HATHCKAHHIO SKOi 3'BISETHCA MiaJIOTOBE
BiKHO BHOOPY (paiiiry, SIKINO 3aBaHTAXKCHHA JAHHUX BiAOYBA€THCA 3 TUCKA, A00 BIKHO
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BBEACHHA IfCHTH(]IKaTOpa BHOIPKH, SKIIO 3aBAHTAKCHHS JAHWX IIOXOJHTH 3
pobouoi obmacti; kHomnka ounmicHHS Aarux Clear Data.

B ob6nacmi eenepysanns (Generate FIS) posraimoBaHi MCHIO BHOOPY
cnoco0y CTBOPEHHS BHXIJHOI CHCTEMH HEYITKOTO JIOTIYHOTO BUBCACHHI. MEHIO
MICTHTh HacTymHi ansrepHatuBd: Load from disk — 3aBaHTa’keHHS CHCTEMH 3
mucka; Load from worksp. — 3aBaHTa)XeHHS CHCTEMH 3 pobouoi odmacti MatLab;
Grid partition - reHepyBaHHSI CHCTEMH IO METOAy Ipar (0e3 kmacrepm3amii), Sub.
clustering — reHEpYBaHHS CHCTEMH 3a METOAOM CYOKIACTEPH3AILii.

B obmacti takok posramoBaHa KHOmKa (enerate, MO0 HATHCKAHHIO SAKOI
TEHEPYETHCS BHXITHA CHCTEMA HEYITKOTO JIOTIYHOTO BUBCICHHS.

ITpu Bubopi Load from disk 3'sBmseThcs CTaHmAapTHE OiajoOroBE BIKHO
BIJKPHUTTS (ariy.

ITpu Bubopi Load from worksp. 3'aBisteTbcsa cTaHAApPTHE MiaJOTOBE BIKHO
BBCICHHSA 1ACHTU(IKATOPA CHCTEMH HEUITKOTO JIOTIYHOTO BHBCICHHS.

ITpu Bubopi Grid partition 3'IBIAETHCS BIKHO BBEACHHS NMAPAMETPIB METOLY
Ipar, y SKOMY MOTPiOHO BKA3aTH KUTBKICTh TCPMIB I KOYKCH BXITHHH 3MIHHOI 1
TUI (PYHKIIH MPUHATIECKHOCTI [T BXITHUX 1 BUX1THOI 3MiHHUX.

ITpu BuOOpi Sub. clustering 3'ABISIETbCA BIKHO BBEACHHSA HACTYIHHUX
mapameTpiB Meroxy cyokmacrepusanii: Range of influence — piBHI BIUTHBY BXiTHHX
3MiHHEX; Squash factor — xoeinieHT mpurHiyeHH;, Accept ratio — koedimieHT, mo
BCTAHOBJIOE Y CKUIBKH pa3iB MOTCHIIANT JAHOI TOYKH TOBHHHUN OyTH BHINE
MOTCHI[lAy LEHTPAa IEPHmIOro Kiacrepa Il TOro, IMmo0 HEHTPOM OJHOTO 3
KJacTepiB Oyna NMpU3HAYCHA PO3TJHYTA TOuka, Reject ratio - koeiuieHTt, mo
BCTAHOBJIIOE V CKUIBKOX pa3iB MOTCHLIAN JAHOI TOYKM MOBHHHHH OyTH HIDKYC
MOTEHIATy IICHTPA MEPIIOTO KJIAcTepa, o0 PO3rIBIHYTA TOUYKA Oy/ia BUKIIOUYCHA 3
MO)KJIHBUX LICHTPIB KIIACTEPIB.

B obnacmi naguanns (Train FIS) po3ramoBaHi MCHIO BHOOPY METOXY
omrumizauii (Optim. method), mone 3aBaaHHS HEOOXiTHOI TOUHOCTI HABYAHHS
(Error tolerance), mose 3aBIaHHs KiTbKOCTI iTepariit HapuanHs (Epochs) i kHOmKa
Train Now, HATHCKAHHS SIKOTO 3aIMyCKA€ PS:KUM HAaBYAaHHS. [IpoMiKHI pesyabTaTa
HABYAHHSI BHBOIATHCA B 00ACTh Bisyamizawii # y poOouy obOmacte MatLab. ¥V
ANFIS-penakropi peamizoBaHi JBa METOAM HaB4yaHHA: backpropa — Merox
3BOPOTHOTO TOLIMPCHHS MOMHUJIKH, 3aCHOBAHUI HA 14X MCETOAY HAWIIBHIIOTO
cmycka; hybrid — riOpuaauii MeTOx, IO MOETHYE METOA 3BOPOTHOTO MOIIHPCHHS
MOMHJIKH 3 METOJOM HAWMCHIIMX KBAIPATIB.

B obnacmi mecmysannsa (Test FIS) po3ramoBani MEHIO BHOOPY BHOIPKH i
kHOTKA Test NOow, MO HATHCKAHHIO IO SIKMH BiZOYBA€THCSA TECTYBAHHS HEUITKOL
CHCTEMH 3 BUBCIACHHS PE3YJIBTATIB B 001aCTh Bidyamizamii.

Obnacme  gueedeHHs NOmMouHoi iHghopmayil: y TiH 00NACTI BHBOAUTHCA
HAMOLIBII iCTOTHA MOTOYHA iH(OPMALIS, HATPUKIIAJ, MOBIIOMIICHHS MPO 3aKiHICHHS
BHKOHAHHI ONCPALii, 3HAUCHHS IOMHAJIKH UM HABYAHHS TCCTYBAHHA 1 T.II.
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Bb.7 ®ynkuii Fuzzy Logic Toolbox

Oyrkmii, mo Bxomare a0 Moxyias Fuzzy Logic Toolbox moxyTh OyTH
BHUKITMKAHI 3 KOMAHIHOTO PAaka. I OTpUMAHHA MEPEiKy (PYHKIIH CIix BBECTH
komaHzay: help fuzzy. Hasememo xopotkuit ormmia Ppyukmii moxynsa Fuzzy Logic.

Peoaxmopu 3 epaghiunum  inmepgpeticom  xopucmysaua: anfisedit -
IHCTpYMEHT A1 HaBuaHHA Ta TectyBaHHA ANFIS; findcluster - imcTpymenT ams
kmacrepmsauii; fuzzy - 6asoBmit pemakrop FIS; mfedit - pemakrop (¢yHKIii
mpuHANCKHOCTI; ruleedit - pemakTtop Ta aHamizatop mnpaBmwi, ruleview -
JEMOHCTPATOp TpPaBHJ Ta JiarpaM HEYITKOTO BHBEACHHA, surfview -
JIEMOHCTPATOP BHXIiTHOI OBEPXHi.

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

Monyne Fuzzy Logic Toolbox makery MATLAB pxmouae 11 yOynosanux
()YHKIIH TPHHAICKHOCTI, 0 BUKOPUCTOBYIOTh TaKi OCHOBHI (DYHKIII: KyCOYHO-
JiHIHHY; TayCiBChKIH PO3NOIT, CHTMOITHY KPHBY; KBaJPATHIHY Ta KyOIYHY KPHBI.

Jnst 3pydHOCTI iMEHA BCIX YOyZOBaHUX (YHKUIH IPHHAICKHOCTI
3aKkiHYyrOThCs Ha mf. BHKIMK (QyHKIII NMPUHANCKHOCTI 3IHCHIOETHCA B TAKHH
cnoci6:  namemf(x, params), ne namemf-—  HaWMCHYBaHHA  (PYHKIII
MPUHAJICKHOCTI; X — BEKTOP, JUI1 KOOPAMHAT SKOrO HEOOXiTHO PO3paxyBaTH
3HAUCHHA (DYHKIIi NPHHATICKHOCTI, params — BEKTOp NapaMmeTpiB (YyHKIi
TPUHAJICIKHOCTI.

Haiinpoctinii  yskuii  mpusanekwocti  mpuxymua  (trimf) i
mpaneyienooibna (trapmf) (GOPMYIOTBCS 3 BHKOPHCTAHHAM KyCOYHO-JIiHIHHOI
anpokcuManii. TpamemienomiOHa (YHKUISI NPHHANCKHOCTI € y3araJbHCHHSIM
TPUKYTHOI, BOHA JO3BOJIIE 331ABATH AP0 HEUITKOI MHOKHHH Y BHIL iHTEpBady. Y
BUNAJAKY TpanenienoaiOHoi (yHKuii MPHHAIEKHOCTI MOJMUIMBA HACTYIIHA 3py4HA
IHTEpIpeTaLis: SAPO HEUITKOI MHOMKHMHM — ONTHUMICTHYHA OLIHKA, HOCIH HEUiTKOL
MHOKHHH — IIECHMICTHYIHA OLIHKA.

JBi (yHKUii TpPHHATNCKHOCTI — cumempuyna eayciecvka (gaussmf) i
0socmoponnsa eaycigceka (gaussmf) (OPMYIOTHCS 3 BHKOPHCTAHHIM IayCiBCHKOTO
posmomimy. @yHkuis gaussmf g03BOJSIE 3amaBaTH  ACHMETPUYHI  (DyHKIIT
MPHHAJICKHOCTI.  Y3araJbHCHA KOJOKOIOOOpasHa (DYHKIISA MPHHAICKHOCTI
(gbellmf) 3a cBoero (opmoro cxoka Ha rayciBchki. Lli (yHKOil mpuHANEKHOCTI
YacTO BUKOPHCTOBYIOTBCS B HEUITKHX CHCTEMAaX, TOMY INO HA BCii o0macTi
BH3HAYCHHS BOHH € [NIAJKHMH 1 MPUAMAIOTh HCHYIbOBI 3SHAYCHHSL.

Oyuxuii mpuHanexsocti sigmf, dsigmf, psigmf 3acHOBaHI HA BUKOPHCTAHHI
cuemoionoi kpusoi. Li (pyHkuii 703B0LmOTH (hopMyBaTH (PYHKIII MPHHAICKHOCTI,
3HAYCHHS SIKUX MOYHHAIOYM 3 JICSKOTO 3HAYCHHA apryMeHTy 1 A0 +(-) oo piBHi 1.
Taxki (yHKUii 3py4uHi A7 3aBJAHHS JTIHTBICTHUHHX TCPMIB THIY «BHCOKHID» a00
CHU3BKHUID.
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Ioninomiansna anpoxcumayis 3aCTOCOBYETBCS TIPH (OpMyBaHHI (DYHKINIH
zmf, pimf i smf, rpadiuni 300pakeHHs sSKHX cxoki Ha (QyHkiii sigmf, dsigmf,
psigmf, BixmoBigHO.

Y Fuzzy Logic Toolbox mepeadaucHa MOXKIHBICTD I KOPHCTYBa4a
CTBOPCHHS BJIACHOI (D)YHKILIi MPHHAICKHOCTI. 711 BOTO HECOOXITHO CTBOPHUTH M-
()YHKITIFO, IO MICTHTPH [BA BXITHHX aPTYMEHTH — BEKTOp, U1 KOOPAMHAT SIKOTO
HEOOXiTHO PO3paxyBaTH 3HAYCHHA (PYHKIII MPUHATICKHOCTI 1 BEKTOP IApaMeTpiB
(PyHKITI TpHHATEKHOCTI. BUXiqHHM apryMeHTOM (YHKIIi MOBHHHHN OYTH BEKTOP
CTYIICHIB IIPHHAJICKHOCTI.

@ynxyii FIS: addmf - nomae ¢yHkuiro mpunanexsHocTi a0 FIS; addrule -
nJomae mpasmwio o FIS; addvar - momae sminny a0 FIS; defuzz - nedysudikye
(D)YHKLIFO MPHHATICKHOCTI; evalfis - 3aiHCHIOE 00UYHCICHHSA HEUITKOTO BHUBCICHHS,
evalmf - oOumcmroe (yHKIiO IpuUHANCKHOCTI; gensurf - TreHepye HOBEPXHIO
puxonay FIS; getfis - moBeprae BracTuBoCTi HewiTkoi cuctemu;, mf2mf - Tpancmoe
mapaMeTpu MK (YHKUIIMH TpHHHAJICKHOCTI; newfis - crBoproe HOBY FIS;
parsrule - anami3ye HeuiTki mpaBuia; plotfis - mokasye miarpamy "BXig-Buxix" Aia
FIS; plotmf - moxasye yci (yHKIi MpHHANEKHOCTI M OAHi€l 3MiHHOI; readfis -
3aBanTaxye FIS 3 mucky; rmmf - Bumange Qpyuxuiro mpunane;xHocti 3 FIS; rmvar -
pugasie 3miHHy 3 FIS; setfis - BCTAaHOBIIOE BIACTHUBOCTI HEWITKOI CHCTEMH,
showfis - moka3sye anoroBaHy FIS; showrule - BizoOpaxye npasuna FIS; writefis -
36epirae FIS Ha qucky.

@yukuis output=evalfis(input, fis, numofpoints). BUKOHye OOUHCICHHA 1A
BUOIPKH €K3eMIULIPIB 32 [JOMOMOTIOK BKa3aHOI HEHPO-HEYiTKOI Mepeski.
PesynpratoM € oOumcieHi BUXOAW (YHKUIi, fAKY ampOKCHMy€ HEHPO-HEUiTKa
Mepeka. APryMEHTH Ta Pe3yabTaT (PYHKIII: input - BXOau 00UHCITIOBAHOI BHOIPKH;
fis - Helipo-HewiTka Mepexa;, numofpoints - KiTBKICTh TOYOK ISl MPOBESACHHS
medasupikamii (pekoMeHAYEThCS OpaTd 3HAUYCHHS HE MeHme 100, 3MCHIICHHS
IbOT'O APAMETPY MPUCKOPIOE MPOIIEC OOUKCIICHD, aJie 3MEHILY€E TOYHICTH); output
- OOYHCJICHI BHXOIH,

BuOipku maHMX Ta HEHpO-HEUITKI MEpexi, 3 SKUMH IpPAIFOIOTh ONUCAaHI
¢yHkuii moBuHHI 30epiratuca B poOouiit obmacti MATLAB (B omneparuBHii
mam’sTi). B cTOBmISIX MaTtpumb, INO MPEACTABISIFOTE  COOOK0  BHOIPKH,
30epiraroThCsl 3HAYCHHS BXOAIB (O3HAK) Ta BHXOMIB, B PAAKAX - CK3EMIULIPH
BHOIPKH.

JUi1 3aBaHTa)KCHHS BHOIPOK 3 MUCKY a00 3amuCcy HA OHCK HCEOOXiTHO
BukopuctoByBaTn koManny MATLAB: s=load(filename), sika. 3aBaHTa)Xy€ BMICT
(hatiny B 3miHHY S. ®yHKIig save(filename, s). 30epirae 3MiHHY S vV (a1

Jnst MOXKITHBOCTI BHKOPHCTAHHS CTBOPEHOI HCHPO-HEWITKOI Mepexi B
HACTYITHHUX CEaHCaX po0OTH a00 BHKOPHCTAHHSI MEpeKi 3 MOMEPEOHIX CIif
BHKOpPHCTOBYBaTH  Taki  (Qymkmii  moaymt  Fuzzy  Logic  Toolbox:



50

writefis(fis,filename) - 30epirae wHelpo-meuiTKy Mepexy fis B (aim
fis=readfis(filename) - 3aBaHTaXy€ 3 (haiiry HEHPO-HEUITKY MEPEXKY B 3MiHHY fis.

Ilepeoosi mexnonoeii: anfis - QyHKmis HapuawHA [t cucreMu CyreHo;
¢yukOii kmacrep-anamsy: fom, genfisl, genfis2; subclust.

Pisni ghynxyii: convertfis - mEpeTBOPIOE HEYITKY MATPHUIO CTPYKTYPH
Bepeii 1.0 y marpumro crpykrypu Bepeii 2.0; discfis - muckpermsye FIS; evalmmf -
BHKOPHCTOBYETBCS A OOYHCIACHHA MHOXKHHHHX (DYHKIIH TPHHAIC)KHOCTI,
fstrvcat- moemHye wmarpuii pisHoro posmipy; fuzarith - ¢yskmis mHeuiTkoi
apupmerukm; findrow - mIykae psakd MaTpumi, INO BiATOBIZAIOTH BXITHOMY
pAOKy, genparam - TE€HEpY€ IOYATKOBI MAPAMETPH HEPEeayMOB A1 HABYAHHSA
ANFIS; probor - imoBipricHe ABO; sugmax - MaKCHMAaJIbHUI BUXITHUH iana3zoH
s cucremu CyreHo.

Oyukuigs C = fuzarith(X, A, B, OPERATOR) peani3ye 6a3oBi omeparrii
HEYITKOI JOTiKM Ta MOBEPTA€ HEYITKY MHOKHHY C K pe3yibTaT 3aCTOCYBAHHSA
onepatopa OPERATOR 10 HewiTKuX MHOKUH A Ta B 3 yHIBepcaIbHOI MHOKUHH
X. 3miaHi A, B 1a X Maiorh OyTH BEKTOpaAaMH OFHAKOBOi PO3MIiPHOCTI.
OPERATOR wmae 6yTtu ogHHM 3 PAIKIB: 'sum' - cyma, 'sub' - Bupaxysauui, 'prod' -
J00yToK, 'div' - minenHs. Hewitka mHOkuHA C, sSIKa IOBEPTAETHCS, € BEKTOP-
croBnueM Tiei € OomkuHM, WO H A Ta B. 3ayBakumo, mo ng (QyHKIIA
BHKOPHCTOBY€ 1HTEpBaJIbHY apu(MeTuKy Ta nepeadadae, mo: A ta B € omyxmmvu
HEYITKMMHU MHOKMHAMH; (DYHKIIT MpUHAIEKHOCTI A1 A Ta B mo3a X € Hynem.

Honomiocni - hynxyii - epaghiunozo  KopucmysanvHuyvkoeo inmepgheticy:
cmfdlg - nomae miamor BuOopy (yHKIiH nmpuHandexHOCTi; cmthdlg - nomae miamor
BHOOPY MeTOAy BUBEACHHSA, fisgui - TUCKPUNTOPHE HMOCHIAHHA HA iHTepdeicHi
3aco0u moaymst Fuzzy Logic Toolbox; gfmfdlg - renepye FIS 3 BHKOpHCTAaHHAM
mianory meroxy rpar, mfdlg- mogae miamor ¢yHKiii mpuHajexHocti, mfdrag -
NEPETATYBAHHA (DYHKIi IPHHAIESKHOCTI 3a AONOMOroX0 Muimi; popundo -
BiTHOBJIIOE 3i CTEKy OCTaHHI 3MiHH (BiaMiHs€ ocraHHi Aii); pushundo- mepemae
NOTOYHI JaHI y CTEK BITHOBICHHS, savedlg - miasor 3ammcy mepes 3aKpHTTAM,
statmsg - 300pakye MOBIZOMICHHS y momi crarycy, updtfis - oHOBOE 3aco0u
rpadiunoro inrepgeiicy Fuzzy Logic Toolbox; wsdlg- miamor "simkpurrs 3" /
"30epeskeHHA 10" Podouoi 00IacTi.



