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BCTVII

Haii6inpin Bpakaroyoro BJIACTUBICTIO JIFOJACHKOTO THTENIEKTY € 3AaTHICTh NMpUHAMATH
NpaBWIbHI PIIIEHHS B YMOBAaX HEMOBHOI 1 HewiTKOi iH(opmalii. [TobynoBa moxaenei, ski
BIITBOPIOIOTH MUCJIEHHS JIIOJIMHA 1 BUKOPUCTAHHA iX y KOMIT'HOTEPHHUX CHCTEMax Ha
CHOT'OJIH1 € OHIEI0 3 HAWBAXKJIMBIIIKUX MPOOJIEM HAYKH.

1. HeuiTkicTh 3HAaHBb

[Ipu po3poOi11i IHTENEKTYaJIbHUX CUCTEM 3HAHHS PO KOHKPETHY MPEAMETHY 00JIaCTh,
JUTSL IKO1 CTBOPIOETHCSI CUCTEMA, PIAKO OyBalOTh MOBHUMH U aOCOJIIOTHO JOCTOBIPHUMHU.
HapiTe KUTBKICHI JaHi, OTpPUMaHi MIJISAXOM JOCHUTh TOYHHUX EKCIEPUMEHTIB, MarTh
CTATUCTUYHI OIlIHKW BIPOTIAHOCTI, HAIIAHOCTI, 3HAYUMOCTI 1 T. 1. IHDopmarlis, sKoro
3alIOBHIOIOTHCS €KCIIEPTHI CHCTEMH, OTPHUMYETHCS Y Pe3yJIbTaTi OMUTYBAaHHS EKCIIEPTIB,
IYMKHA SIKUX € CYO'€KTUBHUMH 1 MOXYTh po3xoauTucs. llopsn i3 KiIbKICHUMH
XapaKTepUCTUKaMHU B 0a3ax 3HaHb IHTEJICKTYyaJIbHUX CHCTEM TOBHHHI 30epiraTucs sSKiCHI
MOKa3HUKH, €BPUCTHYHI IIpaBWJIa, TEKCTOBI 3HaHHA 1 T. A. Ilpm oOpoOmi 3HaHB 13
3aCTOCYBAHHSM TBEPJUX MeEXaHI3MIB (OpPMaNbHOI JIOTIKM BHHHUKAE MPOTHUPIYUS MiXK
HEUYITKUMHA 3HAHHAMHM 1 YITKUMHA METOJaMM JIOTIYHOTO BHBEAEHHsS. Po3B'sa3atu 1€
OPOTUPIYYA MOXKHA MIJISXOM IMOJOJaHHS HEYITKOCTI 3HaHb (KOJNM 1€ MOXKIMBO) abo
BUKOPHUCTAHHSM CIICI1aJIbHUX METO/IIB MOJaHHs i 00pOOKM HEHITKMX 3HAHb.

3MicT TepMmiHa Heuimkicmes 0araTO3HAYHHMI Ta BKJIIOYAE TaKi OCHOBHI KOMITOHEHTH:
HEJIETePMIHOBAHICTh BUBEJICHb, 0araTo3HauYHICTh, HEHAIHHICTh, HEITOBHOTA, HETOYHICTb.

Heoemepminoganicms 6usedens - 11e XapakTepHa puca OUIBIIOCTI CUCTEM IITYYHOTO
iHTenekTy. HemerepmiHoOBaHICTh O3HAYAE, IO 3a3JJICTiAb MIISX BUPIMICHHS KOHKPETHOI
3a/1a491 B IPOCTOPI ii CTaHIB BU3HAYUTH HEMOXKIUBO. TOMY B OLIBIIOCTI BUITAJAKIB METO0OM
po0 1 TOMHIJIOK BUOMPAETHCS JESKHIA JTAHITIOKOK JIOTTYHUX BUCHOBKIB, 1110 Y3TOKYIOTHCS
3 HasSIBHUMH 3HAHHSMH, a Y BHUMAJAKY SKIIO BIH HE MPUBOIUTH JO YCIiXy, OPTaHI3YETHCS
nepedip 3 NOBEPHEHHSIM JIJIsl TIOIIYKY 1HILIOrO JIAHILIOKKA 1 T. 1. Takuil miaxig npuiyckae
BU3HAYEHHSI JIESIKOrO  TMepBICHOro muisixy. Jlns  BupimieHHs TNOAIOHMX — 3a7ad
3alpoONOHOBAHO 0araTo €BPUCTUYHUX MeToAlB. HemerepMiHOBaHICTh BUBEIEHb BapTO
BpaxoBYBaTH IpH po3poOiii e(heKTUBHUX CIIOCOOIB MOAAHHS 1 30€peKeHHS 3HaHb, a TAKOXK
pu NoOyAOBI METOMIB MOIIYKY W 0OpOOKM 3HAHB, 110 JO3BOJISIIOTH OACPKATH PIIICHHS



3a7ayl 3a HaliMeHIIe 4Yuciao KpokiB. Jlig moOynoBM TakMxX METOMIB 3BHYAMHO
3aCTOCOBYIOTHCS €BPUCTUYHI MemasnanHs (3HAHHS PO 3HAHHSA).

bazamosznaunicmo inmepnpemayii - 3BU4aiiHe sSIBULIE B 3a7a4ax po3nizHaBaHHs. [Ipu
PO3YMIHHI TPHUPOJHOI MOBH CEPHUO3ZHUMHU MNpOOJIEMaMH CTalOTh 0araTO3HAYHICTH 3MICTY
CNIB, iXHS MIANOPSAKOBAHICTh, MOPSAOK CIIB y peueHHl 1 T. m. IIpobiemu po3yMiHHS
3MICTY BUHUKAIOTh y OyAb-fKIH CHUCTEMI, 110 B3a€EMOJIE 3 KOPUCTYBAaue€M MPUPOTHOIO
MOBO10. Po3mizHaBaHHs rpadiyHUX OO0pa3iB TAKOXK MOB'A3aHO 3 BHUPILIEHHSM MpoOJIeMuU
Oarato3HayHoi iHTepmnpetarii. [Ipu xomm'roTepHit 00poOIll 3HAHL OaraTO3HAYHICTH
HEOOXIHO YCYBaTH HUIAIXOM BHOOpPY NPaBWIIBHOI IHTEpIIpeTallii, AJii 4Oro po3poOJIeHO
crneriajbHl METOIH.

Henaoitinicmo 3naus i 6usedensy 03Hadae, MO AJs OLIHKH BIPOT1AHOCTI 3HAHb
HE MOJKHA 3aCTOCyBaTH ABOOanpHy mkany (1 - abcomoTHO AOCTOBiIpHI 3HaHHS, 0 -
HEAOCTOBIpHI 3HaHHA). [Jlms Ok  TOHKOT OIIHKM  BIPOTIJHOCTI 3HaHb
3aCTOCOBYETHCS IMOBIPHICHUM MiAXiJ, 3acHOBaHWW Ha TeopeMmi baileca, 1 iHmil
MeTOnu (Hampukiaaja, METOJ BHUBEJICHHA 3 BHUKOPHUCTAaHHSIM KOE(IIIEHTIB
yneBHeHOoCTi). [llupoke 3acTocyBaHHS Ha MPaKTHUIlI OJep)kKaJlk HEYITKI BUBEJCHHS,
Skl OynyroThcs Ha 0a3i HEYITKOI JIOTiKH, IO BEJI€ CBOE€ MOXOJ/KCHHS BiJ Teopii
HCYITKUX MHOXHUH.

Henosnoma snams i nemonomonna noeika. AGCONIOTHO MOBHUX 3HaHb HE OyBae,
OCKUJIBKM TMpOIeC Mi3HAHHS HECKIHYCHHUH. Y 3B'A3Ky 3 UM CTaH 0a3u 3HAHb
MOBUHHUM 3MIHIOBAaTHCS 3 4acoM. Ha BinMiHy BiJ mpocTOro gonaBaHHs iHpopmaiii,
aK y 0azax JNaHWX, MPU JOJaBaHHI HOBUX 3HAHb BUHHUKAE HeOe3meKka oJep KaHHs
CyIlepeusMBUX BUCHOBKIB: TOOTO BUCHOBKH, OTPHMMaH1 3 BUKOPUCTAHHAM HOBUX
3HaHb, MOXYTh CHPOCTOBYBAaTH Ti, O Oyiau oTpuMaHi panime. Ille ripme, sSKiio
HOBI 3HaHHA OyAyTh 3HAXOAUTHUCA B MPOTHUPIYYL 3 CTApUMH, TOJ1 MEXaHI3M
BUBEJCHHS MOXXE CTaTH HEMpale3JaTHUM.

BinbmiicTe €KCHMEpPTHUX CHUCTEM IEPHIOTO IOKOJIHHS OyJiIuM 3acHOBaHI Ha
MOJIeJIi 3aKpUTOTO CBITYy, OOYMOBJEHIH 3acTOCYyBaHHAM amapaty ¢opmaiabHOI
JIOT1KHU JJ11 00poOKY 3HAHB.

Mooenv 3axkpumoeco cgimy MpUMycKae TBepAU 1001p 3HAHB, IO BKIHOYAIOTHCS
B 0a3y, a caMe: 0a3a 3HaHb 3aIOBHIOETHCS BUHSITKOBO BIpHUMHU NMOHATTSAMH, a ycCe,
[0 HEHaJiiHO a00 HEBUPA3HO, CBIIOMO BBAXXAETHCS IMMOMMIKOBUM. Taka MoOmAeINhb
Mae OOMEXeHI MOXKIHUBOCTI MOJAHHS 3HaHb 1 TaiTh y c0o01 HeOe3MeKy oJepKaHHS
NpOTUPIY TpHU JnoaaBaHHI HOBOi iH(opmamii. Hemomiku momeni 3aKkpUTOro CBITY
MOB'sI3aH1 3 TUM, MO (GopMaibHa JIOTiIKAa BUXOIUTH 3 MEPEAYMOBH, BIAMOBIIHO 10
akoi HaOlp BU3HAYEHUX y CHCTEMi akcioM (3HaHb) € nosHum (TEOpis € TMOBHOIO,
SKINO KOXHHUM i1 ¢akT MOKXHaA JOBECTH, BHUXOAAYM 3 akciom Iiei Teopii). Jlus
MOBHOTO Ha0Opy 3HaHb CIHPABEJJIMBICTh paHillle OTPUMAaHUX BHUBEICHb HE
MOPYIIYEThCA 3 JOJAAaBaHHAM HOBUX (akTiB. Ll BmacTUBICTH JTOTIYHUX BUBEIACHB
Ha3WBAETHCSH MoHomouHicmio. Ha xanmb, peanbHi 3HAHHS, IO 3aKJIaJalOThCS B
€KCIEPTHI CUCTEMH, YKpai piIko OyBarOTh MOBHUMHU.

Hemounicmv 3nams. Bimomo, 1o KidbKICHI JaHi (3HaHHA) MOXYTh OyTH
HETOYHUMHU, MPU LUHOMY ICHYIOTh KUIBKICHI OIL[IHKM TaKOi HETOYHOCTI (JOBipuUit
1HTEepBaJj, pIBE€Hb 3HAYUMOCTI, CTYMIHb aJI€KBATHOCT1 1 T. 1I.). JIIHIBICTUYH1 3HAHHS
TaKOXX MOXYThb OyTH HETOYHUMH. I BpaXyBaHHS HETOYHOCTI JIHTBICTUUYHHUX
3HaHb BUKOPUCTOBYETHCS TEOPISl HEUITKUX MHOXHUH. DAKTUUHO HEUITKICTH MOXKE
OyTH KJIIOYEM J0 PO3YMIHHS 3JaTHOCTI JIOJMUHU CHPaBISITUCS 3 3ajJladyaMu, LI0



3aHAATO CKJafgHi jis BupimeHHs Ha EOM. Po3BuTok npocnigkeHbr B 00JacTi
HEYITKOI MaTeMaTUKU MPU3BIB A0 MOABU HEUITKOI JIOT1KM 1 HEUITKUX BUBEJIEHb, 110
BUKOHYIOTHCSI 3 BUKOPHUCTAHHSIM 3HaHb, MPEACTABICHUX HEUITKUMU MHOXHUHAMH,
HEYITKUMU BIJHOIIEHHAMH, HEYITKUMH BIANOBIJHOCTIMH 1 T. II.

2. Teopisi HeUITKNX MHOKHH

Teopis neuimxux mroxcun (fuzzy sets theory) 6epe cBiit mouatok 3 1965 poky,
konu mpodecop Jlordi 3ame (Lotfi Zadeh) 3 yniBepcurery Bepkiai omyOiikyBaB
oCcHOBHY poboty «Fuzzy Sets» y xxypuani «Information and Control». IIpukMeTHHK
«fuzzy» (HewiTKHMi, pO3MHUTHII), BBEJCHO B Ha3By HOBOi Teopii 3 METOM
BIJOKpEMJICHHSI BiJl TpaauI[iiHOI YITKOT MAaTeMaTUKHU W apUCTOTEJIEBOI JIOT1KH, IO
ONEepyITh 3 YITKUMHU TOHATTSAMHU: «HAJIECKUTh - HE HAJCKHUTh», «ICTHHA -
xubOHicTh». KoHmeniis HeYITKOI MHOXHUHU  3apoawiacs |y 3ane  «iK
HE3aJ0BOJICHICTh MAaTEeMAaTHYHHUMHU METOJaMH KJIACHYHOI Teopii CHUCTEM, IO
3MyIIyBajia JOMaraTucs IITYYHOI TOYHOCTI, HEJOpPe4YHOi B 0OaraThoX CHUCTEMax
peadbHOTO CBITY, OCOOJMBO B TaK 3BaHMUX TYMaHICTHYHHUX CHCTEMaX, IO
BKJIIOUAIOTH JTIOJACH».

[TouaTkOM TPAKTUYHOTO 3aCTOCYBAaHHS TEOPil HEUYITKMX MHOXHH MOXHa
BBaxkatu 1975 pik, konu E. Mamaani (E. Mamdani) noOyayBaB nepumiuii He4iTKHH
KOHTpoJiep. YCHiX Mepuioro NpoMUCIOBOTO KOHTPOJEpa, 3aCHOBAHOTO Ha HEUITKHX
JIHTBICTUYHUX TpaBuUiax «SIKmo - TO» MPUBIB J0 CIUIECKY IHTEpecy A0 Teopii
HEYITKUX MHOXHH CepeJl MaTeMaTHUKIB Ta 1HXKEHEPIB.

Mooicnusicms uxopucmarnts Heyimkoi n1o2iku 0a3yeThCs Ha TaKUX pe3yJibTaTax.

Y 1992 p. Kocko (B. Kosko) Oyna goBemeHa meopema npo Heuimky
anpokcumayito (Fuzzy Approximation Theorem), BigmoBigHO 10 sKOi Oyab-sKa
MaTeMaTH4YHa CHCTeMa MOX€ OyTH ampoKCMMOBaHa CHUCTEMOIO, 3aCHOBAHOIO Ha
HEYITKIN jorimi. [HmuMu ciioBaMu, 3a TOTIOMOTOK MPUPOJTHO-MOBHHUX BHUCIIOBJICHB-
npaBui «SKII0 - TO», 3 MOMAJBIION 1X ¢opmaiizaiiero 3acodaMu Teopii HEUITKHX
MHOKHH, MOXHa CKUJIBKH 3aBTrOJHO TOYHO BIIOUTH JOBUIBHUI B3a€EMO3B'SI30K «BXIJ
- BUXig» 0€3 BHUKOPHUCTAaHHS CKJIAJHOro amapatra AudepeHIianbHOro u
IHTErpaJIbHOTO  YHCII€Hb, TPAAHUIIHHO 3aCTOCOBYBAaHOTO B KepyBaHHI ¢
imeHTudikarii.

Y 1992 p. Banr (L. Wang) noka3aB, mjo HediTKa CHCTEMa € YHIBEpPCAIbHUM
aIIPOKCHUMATOPOM, TOOTO MOXKE alPOKCHUMYBATH OyAb-SKYy HENEpepBHY (PYHKIIIO 3
JOBITBHOI TOYHICTIO, SIKIIO BUKOPHCTOBYE Halbip 3 n (m —» X) TpaBuil BUIY
«Sxmo - Toy», raycoBi (yHKIIi TPUHAIEKHOCTI, KOMIO3HUIIl y BHUTJIAAI TO0OYTKY,
iMmikanii y ¢opmi JlapceHa Ta HEHTpOIMHUN METO IPUBEACHHS 0 YiTKOCTI.

VY 1995 p. Kactpo (J. Castro) mokaszaB, mo JoTiyHHNA KOHTpojep MampaaHi
TaKOX € YHIBEpCaJbHUM alPOKCUMATOPOM MPU CUMETPUIHUX TPUKYTHUX (YHKI[ISX
MPUHAJIEKHOCTI, KOMIO3HUIIII 3 BUKOPHCTAHHSAM oOImepalii MiHIMyM, IMIUTiKamii y
dbopmi MamaaHu 1 HEHTPOIAHOTO METOAY MPUBEACHHS A0 YITKOCTI.

CucteMn 3 HEUYITKOIO JIOTIKOK OOoyiibHO 3acmocosysamu sl CKIATHUX
MpOIECiB, KOJH HEMAa€E MPOCTOI MAaTEeMaTUYHOI MOJENl, a TaKOX SKIIO E€KCHepTHI
3HaHHS Npo 00'eKT ab0 Mpo mpoIec MOxHA CHOPMYIIOBATH TUIBKHU B JTIHIBICTUUHIN

dbopwmi.



Cuctemu, 1mo 0a3yrThCS Ha HEUITKIN JIOT1I1, 3acmoco8y8amu HedOoYiibHO SKIILO
HEOOXITHUM pe3ysbTaT MOXe OyTH OTPUMAHUN IKUM-HEOyb IHIIUM
(cTangapTHUM) HUISIXOM, a00 AKIINO JJis 00'ekTa abo Mpollecy BKe 3HaigeHa
aJleKBaTHA 1 JIETKO AOCJIIJ)KyBaHa MaTeMaTUYHA MOJEJIb.

OCHOBHI Heooniku cucmem 3 HeuimKol J102iKol0: BUXITHUN HaOI1p HEUITKUX
NpaBuUi, IO MOCTYJIIOTHCI, QOPMYIIOETHCA EKCIEPTOM-JIIOAUHOI0 1 MOXe
BUSIBUTHUCS HEMOBHUM abo cymepewiMBUM; BHUJ 1 mnapamerpu (QyHKUIH
NPUHAJIEKHOCT], U0 OMUCYIOTh BXIJHI 1 BUXIAHI 3MIHHI CUCTE€MH, BUOUPAIOTHCS
Cy0'€KTUBHO 1 MOXYTh BUSBUTHCS TaKMMH, IIO I[ITKOM HE BiJOMBAIOTh peajibHY
IIHACHICTE.

HeviTki MHOXKMHH TA 3MiHHI

Hexait E - yHiBepcanbHa MHOXkHHA, X - eiqemMeHT E, a R - meBHa BIacTUBICTS.
3BuyaitHa (uimka) niomHodMcuna A yHIBepcallbHOI MHOXHHU E, enemeHTH sKoi
32JI0BOJILHSIOTh BJIACTUBOCTI R, BH3HauaeThbcsl K MHOXKHMHA BIOPSJIKOBAHOI mapu A =
{mA (x)/x}, ne mA(X) - xapakTepucTuuHa (yHKIIA, M0 TpUiiMae 3HaYeHHs 1, KOO X
3aJ10BOJIbHSIE BIACTUBOCTI R, 1 0 - B 1HIIOMY BUIIAJKY.

HeuiTka miaMHOXUHA BIPI3HAETHCSA B 3BUYAWHOI TUM, 110 JIJIsE €JIE€MEHTIB X 3 E
HEMa€ OJHO3HAYHOI BiAMOBiAl "HI" BITHOCHO BiIacTUBOCTI R. VY 3B'SI3Ky 3 1M, HeuiTKa
IiIMHOKMHA A yHIBepCalbHOT MHOXKUHU E BH3HAYa€ThCs SIK MHOXMHA BIOPSAKOBAHO1
napu A = {mA(x)/x}, ne mA(X) - xapakmepucmuuna @QyHKYia npuHaiedcHocmi (abo
npocmo @QYHKYia NpuHaniedxicHocmi), MO TpUKUMAE 3HAYCHHS B JICAKIA BIOPSIKOBAHIN
MHOkUHI M (Hanpukian, M = [0,1]).

OyHKIIISI IPUHAIEKHOCT1 BKa3ye CTYyMiHb (200 piBeHb) MPUHATIEKHOCTI €JIEMEHTa X
710 MAMHOXHHU A. MHOXUHY M Ha3uBalOTh MHONCUHOWO npuHanexcHocmetl. SIkmo M =
{0,1}, Toni HEUITKa MIIMHOKHWHA A MOKE PO3TIJISaTUCS SIK 3BUYaiiHa a00 YiTKa MHOXKHMHA.

Heuimka 3minna Bu3HA4aeTbhes sk <d, E, A> , 1€ a - HaMEeHYBaHHS 3MI1HHOI,

— fy . . . ‘X, .‘__1: J".:::j: I'. ;;' .:\”..:\‘ = !
E= 1} . o6macTh BU3HAYEHHS 3MiHHOI, Ha0lp MOXTHBHUX 3HAYEHD ()X

— HEYiTKa MHOXMWHA, IO ONHUCYE OOMEXCHHS Ha MOJXJIMWBI 3HAYEeHHS 3MIHHOI a
(cemanTuky). HeuiTka 3MiHHA - e TE€X caMme, IO 1 HEYITKE YHUCIO, TUIBKH 3
J0aBaHHIM IMEHI1, IKUM (POpMani3yeTbCsl MOHATTS, IO OMUCYETHCS UM YHUCIIOM.

Jlinegicmuuna 3miHHaQ BHU3HAYAETHCSI  SK <B, T, X, G, Mr}, ne B -
HaliMeHyBaHHs 3MiHHOI, 7 — MHOXWHa ii 3Ha4YeHb (0a30Ba TEpM-MHOXHWHA), IO
CKJaJa€ThCsd 3 HallMEHyBaHb HEUYITKHX 3MIHHUX, 00JIaCTIO BH3HAYCHHS KOXXHOI 3
askux € MHoXkuHa X; G - CHHTakcMuHa mpolenypa (rpamMaTdka), MO TO3BOJE
omepyBaTH €JIEMEHTAMHU TEPM-MHOXHUHU T , 30KpeMa - TEeHEPYBAaTH HOB1 OCMUCJIEHI
TEPMU; I'=r'v (1) 3apnae po3ImupeHy TepM-MHOXUHY (U — 3HaK o0'eqHaHHs); M -
CeMaHTHUYHa MpouUeaypa, IO AO03BOJISIE MPUIKUCATH KOXHOMY HOBOMY 3HAUYEHHIO
JTIHTBICTUYHOT 3MIHHOI HEUITKY CEMaHTHKY, HNUIAXOM (HOpMYBaHHS HOBOi HEUYITKOI
MHO>KHUHH.

JIIHrBicTMYHA 3MIHHA - 1€ MHOXHHA HEYITKHX 3MIHHHX, BOHAa
BUKOPHUCTOBYETHCS JJsI TOrO, II00 JaTHU CIOBECHUM OMNUC JAESIKOMY HEYITKOMY
YUCy, OTPUMAaHOMY B Pe3yJIbTaTl AESIKUX OMNepalii.



Tepm-mHooicuna - 1€ MHOXHMHA BCIX MOXJIMBUX 3HA4€Hb JIHTBICTUYHOIL
3MIHHOI.

Tepm - Oynb-sKUH €JIEMEHT TEPM-MHOXHUHU. Y Teopii HEUITKMX MHOXXHH
TepM  (GopMani3yeThCs  HEUITKOIO  MHOXHHOIO 3a  JONOMOTrow  (pyHKIi
NPUHAJIEKHOCTI.

Heuimxuui mepm - 11 HeYITKAa MHOXHHA, SKa Ma€ BIACTUBICTh, SKIH
BIIOBIJAa€ MEBHE NOHITTS.

HaouynuM npukiiaioM HEUITKO1 JIOT1KM MO>XHA HABECTH BIJIOBI/II JIFO/ICH HA TUTAHHS:
«Yu xomoaHo BaM 3apa3?». B OUIBIIOCTI BUIMAIKIB JIIOJIU PO3YMIIOTh, IO MOBA HE He po
abCoOMIOTHY TeMrepatypi 3a mkanor Llenbcis, a mpo ocoducTe CIpURHATTS TEMIEPATYPH.
Jlns 6aratrox mroaeit +15°C Oyae muTKoM TeTUIoro, JIJIs IHITUX Taka TeMrepaTtypa Oyje
TPAKTYBATHUCS K MPOXOJIOIHA.

Ha Biaminy Bija ro/ieid, MalliMHU HE 3/1aTHI MPOBOJAUTH TaKy TOHKY rpajaalito. Ko
CTaHJapTOM BU3HAYECHHS X0JIOAy Oyze «remrieparypa Hrkue +15° Cy, o +14,99° C Gyne
po3IiHIOBaTHCS K X0j01, a +15° C - e Oyxe.

ba3oBi koHIIEMIIIT HEYITKOI JIOTIKH € J0BOJI mpocTuMu. Ha puc. 1. mpeacrasieHo
rpadik, 1110 JormoMarae 3po3yMiTH Te, K JIFOJIMHA CIIpUiMae TeMIiepaTypy. TemmepaTtypy B
+10° C nmroauHa cripuiiMae sk xojoj1, a remnepatypy B +30° C - sk cneky. Temneparypa B
+15° C oiHMM 37a€ThCSI HU3bKOIO, 1HIIIUM - JOCTaTHBO KoMpopTHOI. Ha3zseMo 1110 rpymy
BHU3HAYCHb (DYHKITIE€IO TPUHAIECKHOCT1 10 MHOXHH, K1 OITUCYIOTh CY0'€KTHBHE
CHPUMHSTTS TEMIEPATypPH JIFOJIUHOIO.

AHANOr1YHO MOXHA CTBOPUTH J0JIATKOBI MHOXKHHHU, 110 OMUCYIOTh CIIPUUHSTTS
TEMIIEpaTypH JIIOANHOW. Hanpukiian, MoKHA T0AaTH TaKi MHOXHUHHU, SIK «IY’Ke XOJIOTHO
1 «J1yxe xKapko». MokHa onucaT moAi0H1 GyHKIIIT I IHIIUX KOHIIETIIIH, HAPUKIa,
JUISL CTAHIB «BIIKPUTO» 1 «3aKPUTO», TEMIIEPATYPH B OXOJIOJKYBaui ab0 TeMIepaTypH B

TEIUTULII.

i Xon0/1HO Komdoprao Kapko
0,5 K / \/
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Puc.1. HeuiTke BU3HaUCHHS TeMIIepaTypu

ToOTO, HEUITKI CUCTEMU MOKHA BUKOPUCTOBYBATHU SIK YHIBEPCAJIbHUM allpOKCUMATOP
(ycepenHioBau) IyXe IIMUPOKOTO Kiacy JIHIMHUX 1 HEMHIAHUX cucteMm. lle He mnuiie
poOUTH OLIBIIT HAMIMHUMU CTpPATErii KOHTPOJIO B HEIIHIMHUX BHUITQJKAX, aje 1 JO3BOJISIE
BUKOPHUCTOBYBATHU OIIHKH (haxiBI[IB-€KCIIEPTIB IJi MOOYA0BH CXEM KOMIT'FOTEPHOT JIOT1KH.



Posrnsinemo muOxkuHy X Bcix yucen Big 0 go 10. BuzHauummo migMHOXKUHY A
MHOXXHMHH X BCIX JIHCHUX YHCel Bia 5 110 8.

A=158]

[lokaxxeMo (QYHKIII0O NPUHAIECKHOCTI MHOXHUHUA A, 1 (QYHKIIS CTaBUTh Y
BIIMOBIAHICTD YKC)IO 1 yn 0 KO)KHOMY €JIeMEeHTY B X, y 3aJIeKHOCTI BiJf TOTO, HAJIEKUTh
JaHUN eJIEeMEeHT NIAMHOXMHI A u4M Hi. Pe3ynapTaT mnpeicTaBieHUNd Ha HACTYIHOMY
MAaJIIOHKY:

I, &

11 ——=»
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Ed 53
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MoskHa 1HTEpIpETyBaTH EJIEMEHTH, SIKAM TIOCTaBlieHAa Y BIiAMOBimHICTh 1, sK
CJIEMCHTH, 1110 3HAXOJATHCS B MHOXKHHI A, a €JICMEHTH, SIKUM MTOCTABJICHO y BIATIOBITHICTh
0, K eJIeMEHTH, 1110 HE 3HAXOAATHLCSI B MHOKHHI A.

Ils KoHIeMIIisi BUKOPUCTOBYETHCS B 0aratbox OOJACTSAX 3aCTOCYBaHb. Alle MOXHa
JIETKO 3HAWTH CUTYallii, B SIKUX JIaH1i KOHIIeNIii Oyae OpakyBaTh rHyYKOCTI.

Hampukiaa, onuimemMo MHOXUHY MOJIOJINX JTFoAei. DopMallbHO MOYKHA 3alTUCaTH TaK

B = {mMHOXMHa MoOJIOIUX JIFOACH }

OckunbkH, BiK mounHaeThes 3 0, TO HIDKHS MeXa IIi€l MHOXKHMHM TIOBUHHA OyTH
HyJeM. BepxHio Mexxy BU3HAUMTH HeOararo ckianHime. Crnoyarky BCTAHOBUMO BEPXHIO
Mmexy, Hanpukiang 20 pokiB. TakuMm 4yuHOM, MaeMo B sk 4iTko oOMeXeHHil 1HTepBal,
oykBanbHO: B=[0,20] . Bunukae nutaHHsA: 4OoMy JIIOJWHA B JABAIIATUPIYHUN IOBUICH -
MOJIO/Ia, @ HACTYITHOTO JHs Bxke He Mosoga? O4eBHUIHO, 1€ CTPYKTYpHA MpoOemMa, 1 SKIIo
NEPECYHYTH BEPXHIO MEXKY B IHIITY TOUKY, TO MOKHA 33/1aTH TaKe K MUTAHHS.

binbm npupoaHuit UISIX OTpUMaHHS MHOKUHU B cKIagaeTses B mociabaeHHi
CTPOTOTO TOALTY Ha MOJIOJAUX 1 HE MOJIOTAHUX.

3po6uMO 11e, BUHOCSYH HE JIUIIE YiTKI CYJIKCHHS:

Tak, BIH HaJIC)KUTH 10 MHOKHHU MOJIOIMX JTIOAEH

Hi, BiH He HaJEXUTH 1O MHOKHUHHU MOJIOAUX JIFOJEH,

ayie 1 OUTBII THYYK (OPMYITFOBAHHS

Tax, BiH HAJIEKHUTH 10 JOCUTH MOJIOAUX JIIOIEH

Hi, BiH He qy’ke MOIOIUH.

PosristHemo sik 32 TONMOMOT0X0 HEUiTKOT MHOYKWHYU BU3HAYUTH TAKHil BUPA3, SIK BIH
1€ MOJIOJUH.

B nepmomy npukiani Mu KOyBaiIu BCi €I€MEHTH MHOKHHU 3a toromororo 0 um 1.
ITpocTuM crmocoOoM y3araJbHUTH JaHy KOHIICIIIIIO € BBEACHHS 3HAYeHHS MK 0 1 1.
PeanbHO MOXHA HaBITh MOMYCTUTH HECKIHUCHHE YMCII0 3Ha4YeHb MiX 0 1 1, B ofMHIYHOMY
iarepsani [ = [0, 1].

[HTepnperailisi yucen Npu CHiBBIAHOIICHHI BCIX €IEMEHTIB MHOXHUHU CTa€ TEIep
OUIBII CKIaAHOI0. 3BUYANHO, 3HOBY YMCJO | CTaBUTHCS y BIAMOBIIHICTh A0 TOTO
eJIeMEHTa, M0 HAJICKUTh MHOKUHI B, a 0 03HaYae, 10 eIeMEeHT TOYHO HE HAJICKUTh
MHOXUHI1 B. Bci 1HIII1 3HaUeHHS BU3HAYAIOTh CTYIMIHb MIPUHAJIEKHOCTI JO MHOXKHHU B.




JIJ1st HAOYHOCT1 IPUBEAEMO XapaKTEPUCTUUHY (DYHKIIIFO MHOKMHH MOJIOJUX JIFOJIEH,
SK 1 B IEPIIOMY MPUKIAI].

L4
1]

0.5

| >

0 20 25 30 50 Bix

Hexait E = {x1, x2, x3, x4, x5 }, M = [0,1]; A - HediTKa MHOXHUHA, JJIS SKOI
mA(x1)=0,3; mA(x2)=0; mA(x3)=1; mA(x4)=0,5; mA(x5)=0,9

Toni A MoXXHa IPEICTaBUTH Y BUII:

A =1{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,

(3Hak "+" € omepalli€ro He J0/aBaHHsA, a 00'eTHaHHS) a00
x1 X2 X3 x4 X5

A= 0,3 0 1 0,5 0,9

3. OyHKIii NPUHAJEKHOCTI Ta MeTOAH iX MOOYI10BH

@yuxyii npunanedcHocmi HEPO3PUBHO MOB'A3aHI 13 HEYITKUMHU MHOXXHWHAMU.
Tun QyHkIii TpUHAIEKHOCTI B 3HAYHOMY CTYI€H1 BU3HAYa€ BIIACTUBOCTI HEUITKOT
CHUCTEMHU.

3adasannsa @yHKYil npuHaiedcHocmi MOXHa 31MCHIOBATH Y BUTJIAAL CIIUCKY 3
SBHUM TIepepaxyBaHHSIM YCiX €JIEMEHTIB Ta BIAMOBIIHUX HUM 3Ha4YeHb (QYHKIIT
NpUHANE)KHOCTI (HAIMPUKJIAJA, BUKOPUCTOBYIOYM BIJHOCHI YacTOTH 3a JaHUMH
€KCIepUMEHTY SIK 3HA4YCHHs MPHUHAJEXKHOCT1), a00 aHAJTITHYHO Yy BUTIAA1 GopMy
(HampuKiIaa, BUKOPHCTOBYIOYM THUIOBI (GOpMH KpUBHX I 3aBAaHHA (QYHKIIH
MPUHAJICKHOCTI 3 YTOYHEHHSIM IXHIX TIlapaMeTpiB BIANOBIAHO 10 JaHUX
EKCIIEPUMEHTY).

[cHYIO0TBH TIpsAIMi Ta HETIPAMI Memoou noby008uU PYHKYI NPUHATIEHCHOCT.

I[Ipy BUKOPHCTAHHI npsmux Memoodig eKCIEePT MPOCTO 3a1ae 1is KoxHoro Y€ £

snavenns M), Sk npaBUJIO, MpsiMi MeTOAW MoOymoBH (yHKIIT TpUHAIEKHOCTI
BUKOPUCTOBYIOTBCS JIJISI BUMIPDHUX MOHSATH, TAKUX SIK MIBHAKICTh, Yac, BiJCTaHb,
THUCK, TEeMIMepaTypa i T. 1., a00 TOMi, KOJHU BUAUISIOTHCS MOJSPHI 3HAUYCHHS.

VY Garathox 3ajadax MpU XapaKTEPUCTHUIl 00'€éKTa MOXKHA BUIITUTH HAOIp
O3HAaK 1 JUIS KOXHOI 3 HHMX BU3HAYHMTH NOJAPHI 3HAYEHHS, IO BIANMOBIAAIOTH
3HadeHHsIM GYHKIIT npuHanexkHocTi 0 abo 1. /i koHKpeTHOTO 00'€KTa eKCHepT,

BUXOJISIYM 3 IPUBEJCHOT IIKAJIH, 3a/1a€ a0 € [0, 1], dbopMy0UH BEKTOPHY (PYHKII1IO
(o0 o > -
HpI/IHaHe>KHOCTi }pu’t("‘j"l)" 11’1’1{"“2)" ey ILI'I{""'H‘)}

Pi3HOBUIOM mpsIMUX METOIB mMOOYyIO0BU (YHKIUIM MPUHAIEKHOCTI € npsami
2pYnosi mMemoou, KOJIU, HampUKIaJ, TPyll €KCHepTiB Hpea'sBISIOTh KOHKPETHUU



00'eKT, 1 KOXX€H NOBUHHUH JAaTH OJHY 3 JABOX BIAMNOBiAEH: HaJEKUThb YU HE
HAJIC)KUTH IIeM 00'€KT 10 3aJaHOl MHOXHMHH. ToJI1 YHCJIO MO3UTHBHHUX BIIITOBIJICH,
MOJIJIEHE Ha 3arajibHe YHUCJIO E€KCIEPTIB, Ja€ 3Ha4eHHA (QYHKIIT NPHUHAJIEKHOCTI
00'ekTa 10 JAHOT HEYITKOi MHOXUHHU.

Henpsmi  memoou  BU3HA4Y€HHA  3Ha4eHb  QYHKIII  NOPUHAIEKHOCTI
BUKOPUCTOBYIOTbCS Yy BHUIAJAKaxX, KOJM HEMae€ BHUMIPHUX €JEMEHTapHUX
BJIACTUBOCTEM, uepe3 Kl BU3HAUAETHCS HEUITKAa MHOXKHUHA. SIK mpaBuio, 1e memoou
nonapHux nopieHaus. SIK10 3HaYeHHS QYHKIIA NPUHATEKHOCTI BiOMI1, HAIPUKIIA,

Wa(c)=w;  j=1.2. ... n : :
, » <« N 70 momapHi MOPIBHAHHS MOKHA IOJATH MAaTPHUICIO

. = { ] - = WA W . .
B1JTHOIIIEHb A= a;y, ae az;=wiw; (omepartiist po3MOIITY).

Ha nmpakrtuii ekcuept cam ¢popmMye MaTpuliro A, npu 1boMy nepeadadaeTbes,
[0 JlaroHaJbHI €JIEeMEHTHU JOPIBHIOWTH 1, a JJIs €J1eMEHTIB, CHMETPUYHUX 100

ronoBHOi miaromami, %i~ Vajiro610 AKIIO OJIMH €JIEMEHT OLIHIOEThCS AK B a pa3iB
O1IbII 3HAYYHIMHM HIXK 1HIIMN, TO el ocTaHHIN MOBUHHUU OyTH B 1/ pa3iB OuibId
3HAYYIIUM, HDK NEepHiuid. Y 3araJbHOMY BHUMAJKy 3ajada 3BOJUTHCS 0 MOIIYKY

BEKTOpa W, IO 3aJ0BOJIbHSE PIBHAHHIO BUIY: AW = hnaxW, 1€ Amax - yaiiGinpime

BJIaCHe 3Ha4yeHHs MaTpulli 4. OCKiIbKM MaTpuls A TO3UTHUBHA 3a MOOYJA0BOIO,
PO3B'sI30K JTaHOT 327124l ICHYE 1 € TO3UTUBHUM.

OOMEXEHHSIM  METOJIIB  IOMApHOTO  TMOPIBHSHHA €  BUKOPHUCTaHHS
cy0'ekTuBHOI 1HpOpMaIlii 1 AEeSIKUX JOMYyIIeHb NPH TEPEeTBOPEHHi ii B CTYyIEHI
NPUHANIEKHOCTI HEUITKUX MHOKHH.

Onmumizayitini memoou nob6yoosu @yHKyitl npuHaiedcHocmi 3acHOBaHI Ha
nmapaMmMeTpuuHid imeHTHdIKaIii HEYITKUX Mojelied 3a eKCIepHUMEHTAIbHUMU

JTaHUMH «BXOJU - BHUXII», TPH AKIH ONTUMI3ZYIOTH TapamMeTpu (QYHKIIH
NPUHAIEKHOCTI 3 METOI MiHIMI3alii BIAXWJICHHS MDK €KCIEepUMEHTaIbHUMHU
TaHUMH i pe3yibTaTamMu HEUYITKOTO MOJICITFOBaHHS. BukopucranHs

ONTUMI3ALIHHOTO miaxoay 3HIMae Cy0'eKTHBI3ZM no0y 0BU byHKIH
NpUHAIEKHOCTI, OJHAK 3aMiCTh IIbOTO BHMara€ HaB4Yarw4oi BHOIPKHM Ta HEUYITKOI
MOJIeNll «BXOOHM - BHXA». HemomikoM paHux MeToniB € Te, 10 QYHKIT
MPUHAJICKHOCTI OJHAKOBUX 3a 3MICTOM HEYITKMX MHOXHWH BHUXOISITH PI3HHMH B
pe3ynbTaTi imeHTH(IKamil pi3HUX 3aJeKHOCTEH «BXOAW -BUXiA». Takum UYHHOM,
GyHKIIS TPUHAIEKHOCTI CTAa€ CUIBHO YYTTEBOIO [0 HaBYaw4oi BUOIpKH Ta
CTPYKTYpPH HEUITKOI MOJEII.

Icuye i 6invw cxnaonuii - Memoo no6yoosu GyHKyiil NPUHANEHCHOCE ULTISAXOM
Kaacmepuzayii excnepumenmanvuux oanux. (Y nexyii mu iioeo poszensioamu we 6yo0emo)

Bizyanizysamu ¢yukyii npunanexcnocmi HEYITKUX MHOXHWH MOYXHA ILISIXOM
noOynoBu rpadiky 3ameKHOCTI 3HAYCHHS (PyHKIIT TPUHAIEKHOCTI |L BiJl 3HAUYCHHS
€JIeMeHTa HeUITKOT MHOXKHHH X.

BuninsoTs Taki OCHOBH1 munu @OyHKyiu npunaiedcHocmi: KyCOYHO-JTIHINHI
byukuii, Z-nmoxidHi Ta S-moxioH1 ¢yHkKIii, IT--moxi6HI QyHKIII.

[Tpuknanu:
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BapiaHm 6
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Bapianm 7
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4. Onepauii Hal HEYITKUMHM MHOKUHAMH

[I1o6 3acTocyBath anredOpy 11 poOOOTH 3 HEUITKUMH 3HAYEHHSIMH, TOTPIOHO
BU3HAYUTH ONIEPATOPH, 110 OYAyTh BUKOPUCTOBYBATUCA. 3a3BUUaid, B OyJeBiif Jorimi
BUKOPHUCTOBYETHCS JIUIIIE OOMEKEHUI HAO1p onepaTopis, 3a TOMOMOTO0 SKUX 1
MPOBOJUTKLCS BUKOHAHHS iHIIMX onepaiiii: AND (omepartop «I»), OR (omeparop «ABO»),
NOT (onepatop «HE»).

AND |0 1 OR 0 1 A 0 1
0 0 1 0 0 0 NOT |1 0
1 1 1 1 0 1 A

MoskHa matu 6arato BU3HaYEHb JJI ONEPaTopiB, TpH 0A30BHUX 3 SKUX HABEICHO B
TaOJIHIII.

VY 6ynesiii jorini 3HaueHHs FALSE («XWUBHICTby) exkBiBanenTHO 3HaYeHHIO «0», a
3HaueHHs1 TRUE («(ICTUHA») ekBiBasieHTHO 3Ha4€HHIO «1». AHATOT1YHUM YHHOM B
HEUITKIM JIOTII CTyIIHb ICTUHHOCTI MOYK€ 3MIHIOBATHCS B AianazoHi Big 0 1o 1, Tomy
3HaueHHs «Xouoa» BipHO B cTyneHi 0,1, a onepanis NOT («Xonon») aacts 3HaueHHs 0,9.

Omneparrii Hax HEYITKUMH MHOXHWHAMU



OO0’ emHaHHA

[lepetun M(x
o
X
JlonoBHEHHS M ( X ) ‘
x’*
KonueHnTpariis M(x) A
x"’
Po3MuBanHs M(XA

5. HewiTki MHOKMHHU B cCTeMaX KePyBaHHS
Bnanum 3acTocyBaHHSIM TEOpil HEUITKUX MHOKUH € KOHTPOJIEPU HEUITKO1 JIOTIKHU. [X

(YHKIIIOHYBaHHS JIEI0 BIIPI3HAETHCS BiJ POOOTH 3BMYAWHUX KOHTPOJEPIB; NI OMHUCY
CUCTEMH 3aMICTh AU(DEPEHILINHUX pPIBHSHb BUKOPHUCTOBYIOTHCS 3HAHHS ekcrepTiB. Lli



3HaHHS MOXYTh OyTH BUpa)XEH1 3a JOMOMOTOI0 JIIHITBICTUYHUX 3MIHHUX, SIKI OMHCaH1
HEYITKUMH MHOXUHAMHU.

da3udikanis - 31ICTaBICHHS MHOKMHH 3HAYEHb X 3 11 PYHKII€I0 MPUHATIEKHOCTI M
(x), TOOTO MepeBeIeHHS 3HaUEHb X B HEUITKUI (hopmaT (MpUKIIa] 3 TEPMIHOM MOJIOJUN).

Hedazudikauis - npouec, 3B0poTHHI 10 pazudikarii.

Bci cuctemu 3 HEUITKOIO JIOT1KOIO (DYHKIIIOHYIOTH 32 OJTHUM MPUHIUIIOM: TTOKa3aHHS
BUMIPIOBANIBHUX MPUIaaiB pa3zu@ikyroTbes (MepeBOASATHCS B HEUITKUN popmar),
00poOstoThCA, Nea3uiKyrOThCS 1y BUTIISAA1 3BUMHUX CUTHAJIIB MOJAI0THCS HA
BHUKOHABY1 MPUCTPOI.

CTyniHb NPUHAJIEKHOCTI - 11€ He UMOBIPHICTh, TaK K HEBIOMAa (PYHKIIS
PO3MO/ILTY, HEMA€ MOBTOPIOBAHOCTI €KCIIEPUMEHTIB. Tak, SIKIIO B3STH 3 MPUKIIATY
IPOrHO3Y MOTO/M JB1 B3aEMOBHUKIIOYHI OAIT: Oyze aoul 1 He Oyie 1 MPUCBOITH 1M JesiKi
paHru, TO CyMa LIMX PaHTiB HEOOOB'I3KOBO Oyzie NOpiBHIOBATH 1, aje sSKIO pIBHICTh BCE-
TaKd €, TO HEYITKa MHOKMHA BBAYKAETHCS HOPMOBAHOO. 3HaYeHHs (PyHKIIIT
OpUHANIEKHOCTI M (X) MOXKYTb OyTH B34T1 TUIbKH 3 alplOPHUX 3HAHB, IHTYIIIT (IOCBIY),
ONUTYBAaHHS EKCIIEPTIB.

3arajbHa CTPYKTYpa HEYiTKOIr0 MiKpOKOHTpoOJIepa

3arajgpHa CTPYKTypa MIKPOKOHTpOJIEpA, III0 BUKOPUCTOBYE HEUITKY JIOTIKY, TTOKa3aHa
Ha puc. BoHa MICTUTB y CBOEMY CKJIaJi HACTYITHI CKJIaJIOBI:

brok dazidikarrii.

ba3za 3HaHb.

brnok pimeHsb.

brok nedasidikarrii.

brok ¢azidikarlrii mepeTBOpro€ UiTKi BEIUUWHY, K1 BUMIPSHI Ha BUXO/1 00'€KTa
KEpYBaHHs y HEUITKI BEJIMUUHH, 1110 ONMCAHI JIHTBICTAYHUMH 3MIHHUMH B 0a31 3HaHb.

brok pinenp BUKOprucTOBYE HewiTki yMOBHI ( if - then ) mpaBuna, 1m0 3akianeHo B
0a3y 3HaHb, I IEPETBOPESHHS HEYITKMX BXIIHUX JaHUX B KEPYIOUl BIUIMBH, K1 MAIOTh
TaKOXK HEUITKUHN XapakTep.

brok nedasidikarrii mepeTBoproe HEUITKI JaHi 3 BUXOY OJIOKY pillleHb B YiTKi
BEJTUYHMHH, sIKI BUKOPUCTOBYIOTHCS JUIsl KEPYBAHHS 00'€KTOM.

Baza sHaus
TiMTELCT MO 3R]
HeUTEL Ipakima

I

Emox Emox Emox
dazipirarmi " jaghig o) ™ gedasidiranii
F
Bronapae Brxig
ZaHi © et anda, EOHTROIERY
AEOH KERpVHITE |

Puc. 1. 3arambHa cTpyKTypa HEHITKOTO MIKPOKOHTpOJIEpa

PosristHemo BUMaIOK KEpyBaHHS MOOUTEHUM POOOTOM, 3a1a9€H0 SIKOTO € 001371
nepemkona. Beeaemo nBi minreictuuni 3midH1: JJMUCTAHIIIA (BiacTans Bix poboTa 10
nepeuikoan) 1 HATIPAMOK (kyT Mik OAOBXHBOIO BICCIO p0OOTa Ta HAMPSIMKOM J10
MEPEUIKO/IN ).

Posrasinemo ninreictuuny 3MminHy JJMUCTAHIIA. 3nauenusmu i MokHA BUSHAYUTH
tepmu JJTAJIEKO, CEPEJIHbO, BJIM3bKO i IYXE BJIN3bKO. [lns dhizuunoi peamizartii



JIHTBICTUYHOI 3MIHHOT HEOOX1THO BU3HAYMTH TOYH1 (P13MUHI 3HAYEHHSI TEPMIB 1Ii€1
3minHoi. Hexait 3minna JJUCTAHIIA mMoxe npuiimat Oynb-sKi 3HAUEHHS 3 Jlana3oHy
BiJl HyJISl O HECKIHUEHHOCTI1. BiMOBIIHO 10 TE€Opii HEUITKUX MHOXKHH, B TAKOMY BUMNAJKY
KO>KHOMY 3HAU€HHIO BIICTaHI1 13 3a3HAYEHOTO J1alla30Hy MOXe OyTH MOCTaBIEHE Y
BIIMOBIIHICTD JIEAKE YUCIIO Bl HYJISL IO OJIMHMIIL, 1110 BU3HAYAE CTYMIHb MPUHAJIC)KHOCTI
nanoi ¢p13udHO1 BifcTaHi (nmpumyctumo 40 cM) 10 TOTO UM IHIIOTO TEPMY JITHTBICTUYHO1
3minHoi JJUCTAHIILA.

Cryninp NpUHAJIEKHOCTI BU3BHAYAEMO (PyHKUIEI0 puHaiexnocti M(d), ae d-
BiJICTaHb JI0 nepenkoau. B Hamomy Bunaaky Biacranb 40 cM. MoskHa 3a7jaTH CTYMiHb
npuHaniexxHocTi 10 tepmy A YXKE BJIIM3bKO, mo nopisutoe 0,7 , a no tepmy BJIN3bKO -
0,3 (puc. 2.). KonkpeTHe BU3HaUY€HHS CTYIEHS IPUHAIECKHOCTI BU3HAYAETHCSA
eKCcIepTaMu.

Hrcranmia Big poboTa go DepelIk oy

e
[ nzich Bida]

BnmzEEO CEpEeTHE AAIEKD

03

40 50 100 d, oM

Hecranma = (gyeee npseko, MIMIEEO, Cep efHE, Jallero)

L JIiHr BiCcTHUYHA SMIHHA L JIiHT BiCTHYHI Tepnm

Puc. 2. JlinrBicTruHa 3MiHHA 1 QYHKITIS TPUHATIEAKHOCTI

3wminniid HAIIPAMOK, sxa Moxe nmpuiiMatu 3Ha4eHHs B Jaiama3oHi Big 0 1o 360
rpaaycis, 3agamo tepmu BJIIBO, ITPSAAMO 1 BITPABO.

Tenep He0oOXiHO 3a1aTH BUX1AHI 3MIHHI. Y TaHOMY IIPUKJIAi JOCTATHBO OIHIET, Ky
HazBeMo KYT ITOBOPOTY. Bona moxe mictutu Tepmu: PI3KO BJIIBO, BJIIBO,
ITPAMO, BITPABO, PI3KO BITPABO. 3B's130k M3k BXOI0M Ta BUXOJIOM
3amam'siTOBY€ThCS B TaOIHII HEUITKUX MTPABUJL.

Tabnuisg HeYITKUX MPaBUIT

MICTAHINA
g
ﬁbm AITEERRD | CEpeTTHE TATIEED
' iR | pisEo .
i I;ﬁm LaTiBo BINED TP AMD
)
S =
jalicizx] . .
g. E BTG EJLED EJLED I AMD
5 _E
=4 = pisrn pisxn
E Brpaso | EMpamn EIAED TIpAMD

Kosxnuii 3anuc B gaHiil Ta0auIll BIAMOBIAA€ CBOEMY HEYITKOMY IIPABHITY, HAITPUKIIA:
SKIIO AUCTAHIIIA 0 TMIEPEIIKOAH - «OJIU3bKO0» 1 HAPSIMOK «IIPABUU», TOJ1 KyT MTOBOPOTY
«p13KO BIIBOY.



Takum 4MHOM, MOOUTBHUI pOOOT 3 HEUITKOIO JIOTIKOIO OyJi€ MpaIfoBaTH 3a
HACTYNHHUM MPUHLMIIOM: JJaH1 3 CEHCOPIB PO BIJICTaHb A0 MEPEIIKOAN Ta HAMIPSIMOK 10
Hel OyayTh azudikoBaHi, 00poOsIEHI 3T1IHO TAOTUYHUX MpaBui, AedazudikoBani i
OTpUMaHI JjaH1 y BUIJIS/1 KEPYIOUMX CUTHAIIB HAAXOASATh Ha MPUBOJU poOoTa.

[lepeBaru HEUITKUX CUCTEM

MoXJIMBICTh ONIEPYBATH BXITHUMHU JAHUMU, 3aJaHUMH HEUITKO: HAIpUKJIad, aHi,
AK1 HEMIEPEPBHO 3MIHIOIOTHCS B Yacl (IMHAMIYHI 3a/1a41), 3HAUECHHSI, 1110 HEMOKIIUBO
3a/1aTH OJTHO3HAYHO (Pe3yIbTaTH CTATUCTUYHHUX OMUTYBaHb, pEKIaMHI KOMIaHii);

MoxuBICTh HEUITKOT (popManizanii KpUTepiiB OLIHKH 1 HOPIBHSHHS: ONIEpYyBaHHS
KpuTepisiMu "OUTBIIICTE", "MOXIIMBE", IEpEeBaXKHO" TOWIO.;

MoxHUBICTh MPOBEICHHS SKICHUX OI[IHOK SIK BXITHUX JJAHUX, TaK 1 BUBEJICHUX
pE3yNIbTATIB: 3HAYEHHS JJAHUX, 1X CTYNEHb JTOCTOBIPHOCTI (HE TUIyTaTH 3 IMOBIpHICTIO!) Ta
il po3moaiIoMm;

MOXIUBICTh IPOBEJEHHS MIBUAKOTO MOJICIIOBAHHS CKJIAIHUX JUHAMIYHUX CUCTEM
Ta X MOPIBHSJIBHUIN aHaMI3 13 3aJJaHUM CTYNEHEM TOYHOCTI: ONEPYIOUU MPUHIUIIAMU
MOBEIIHKM CUCTEMHU, onMcaHuMu fuzzy-metonamu:

MO>KHA IIBUJKO 3'ICYBaTH TOYHI 3HAYEHHS 3MIHHHUX 1 CKJIACTH MpaBuia, 1o iX
OIHCYIOTb,

MO>KHA OI[IHUTH Pi3H1 BapilaHTH BUXITHUX 3HAUYCHbD.

6.IlpakTH4YHe 3aCTOCYBAHHS HEYiTKOI JIOTiKH

Komu Tinpku 3'aBUIacs Teopis HEUITKOI JIOT1KH, B HAYKOBHX KypHAJIaX MOXHa OyJI0
3HAUTH CTATTI, IPUCBSIYEHI 1i MOKIMBUM 00JIACTAM 3aCTOCYBAaHHS. Y Mipy MPOCYBaHHS
po3po0OK B AaHIi 00JIaCTI YUCIIO TPAKTUYHKMX 3aCTOCYBaHb ISl HEUITKOI JIOT1KU 10YaIo
MIBUKO 3pocTaTu. B nanuit yac neit nepenik 6yB OM HaATO JOBTUM, ajie OCh KUIbKa
MPUKJIAIIB, K1 JOTOMOXYTh 3pO3yMITH, HACKUTBKH IIUPOKO HEUITKA JIOT1KA
BUKOPUCTOBYETHCSA B CHCTEMAaX yMPABIIHHS 1 B €KCIIEPTHUX CUCTEMAX.

CphOroiH1 €J1€MEHTH HEUITKOT JIOT'1KM MOKHA 3HAWTH B 0araTh0X MPOMHUCIOBUX
BHUPOOAX - Bl CHCTEM KEpYyBaHHS €JIEKTPONoi3aMu 1 00HOBUMU BEPTOJIHOTAMH 0
noOyTOBOi TeXHIKH. be3 3acTocyBaHHS HEUITKOI JIOT1KM HEMHUCIMMI CyJacHI CUTYyaIliiH1
[EHTPH KEPIBHUKIB 3aXITHUX KPATH, B IKUX MPUHUMAIOTHCS KIIFOUOBI MOJITHYHI PIIIICHHS 1
MOJICITIOIOTHCS BCUISKI KPU30B1 CUTYAIli.

AKTHUBHUMU CIIO’KMBA4YaMM HEUITKOI JIOTIKH € OaHKIpH 1 (HIHAHCUCTH, a TAKOXK
¢axiBii B 00J1aCTi MOJTITUYHOTO i €eKOHOMIYHOTO aHaTi3y, 3a/1a49l SKUX BUMArarTh
IIOJICHHOTO PUUHSTTS MPAaBIJIBHUX PIICHb Y CKIAJHUX YMOBAaX HETepe0aueHoro
puHKY. BOHM BUKOPUCTOBYIOTH HEUITKI CUCTEMU ISl CTBOPEHHS MOJICNICH PI3HUX
€KOHOMIYHHX, TTOJIITUYHUX, OIP)KOBUX CUTYAITi}.

Crmigom 3a ¢iHaHCHCTaMH, KOTHITHBHUMH HEYITKUMH CXEMaMH 3aIliKaBUIUCS
npomuciioBi rirantu CIIIA. Motorola, General Electric, Otis Elevator, Pacific Gas &
Electric, Ford i iami Ha moyaTky 90-X 1movanu iHBeCTYBaTH B po3poOKy BUPOOIB, 110
BUKOPHUCTOBYIOTh HEUITKY JIOT1KY. Marouu coiiny ¢piHaHCOBY "miaATpuMKy", Gpipmu, 1o
CIELIaNI3yIOThCS HAa HEUITKIH JIOT1l1, OTPUMAIU MOXJIMBICTD aJIallTyBaTH CBOT PO3POOKHU
JUTSI TIIAPOKOTO KOJIa 3aCTOCYBaHb.

[Ipuctpoi asg aBTOMaTUYHOT NIATPUMKH MIBUAKOCTI PyXy aBTOMOOLIS 1 30UIbILIEHHS
e(heKTUBHOCTI / CTaOUIBHOCTI pOOOTH aBTOMOOUTLHUX ABUTYHIB (KoMmaH1i Nissan,

Subaru).



Cucremu po3nizHaBaHHS pPyKoNnHCHOTro TeKcTy B PDA (kommanis Sony).

[lonminmenHsa cucreM Oe3nexu A aTOMHUX peakTopiB (komnanii Hitachi, Bernard,
Nuclear Fuel Div.).

VYnpasninas podoramu (kommnanii Toshiba, Fuji Electric, Omron).

[IpoMuciioBi cucteMu ynpasiiHHs (KoMmnadii Aptronix, Omron, Meiden, Sha,
Micom, Nisshin-Denki, Mitsubishi, Oku-Electronics Ta iH.).

Howupeni nomunkosi ysagieHus npo He4imkoi 102iKu

HeuiTka orika € HETOYHOIO: 110 CBOIl OCHOBI HEYITKa JIOT1Ka He OLIbIlIe HETOYHA,
HIK cTaHnapTHa apudmeTrka. PakTHYHO BOHA HabaraTo OUIbI TOYHA MPU POOOTI 3
HETOYHOI 1H(OpMaIIi€To.

B ocHOBI HEYITKO1 JIOT'IKHU JIeXKaTh IMOBIPHICHI MipKyBaHHs. IMOBIpHICTH Ma€e cripaBy
3 IIAaHCAMU BUHMKHEHHS TUX UM 1HIIMX MOJ1M, a HeYITKa JIOTIKa - 3 CAMUMHU LUMU
noJisiMH. 3a3BUYail HEUITKA JIOT1Ka MA€ CIpPaBy 3 JIBOZHAUHICTIO, a HE 3 HEBU3HAYEHICTIO.

HeuiTka norika moGy1oBaHa Ha OCHOBI PSly €BPUCTHUHUX PUITYLIEHb.

Xoua yepe3 IHTYITUBHICTb MPUPOIU HEUITKOT JIOT1KHU 3 MEPIIOTo MOIJISIAY 1 MOXKe
3/IaTHCS, 10 JIeXKaTh B 11 OCHOBI MpaBuiia BUOpaHi JOBUIbHO a00 3aCHOBaH1 TUTLKH HA
3I0pOBOMY TJTy371, ajie HacIpaBi OyJo CTPOro IOBEJEHO, IO IIi MPaBUJIa € BIDHUMHU.



