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dopmainbHas crierupUKaIns CBOMCTB 0a3 HEYSTKMX 3HAHUH
Mampanu Ha OCHOBE MeTarpada

M.IO. Tepnosoii, E.C. IlITorpuna
Hayuonanvnwvii mexuuueckuti ynugepcumem Yxpaunwi « Kueecxuil norumexnuueckuii
uncmumymy, Yxpauna

B pabote paccmoTpeHo mpexacraBieHHe 0a3bl HEUETKHX 3HaHMA MamaaHu B BHIE
merarpada. IIpoBeneH aHanmm3 cBOMCTB 0a3bl HEUETKHX 3HAHWK JUIS MOBBIIICHUS
JIOCTOBEPHOCTH HEUYETKOro JIOTHYecKoro BbiBoja. COpMyYINpOBaHbI ONpEieIeHUs
CBOMCTB 0a3bl HEYEeTKHX 3HaHWH MampaHu: HEH30BITOYHOCTH, JUHTBHCTHYIECKOM
HETIPOTUBOPEYNBOCTH, OTCYTCTBHS 3alMKIMBAHHS W JIMHIBHCTHYECKOH ITOJNHOTHI,
0a3bl HeueTKuX 3HaHUH Mamaanu. OnpenesneHsl TpeOoBaHUS K CTPYKType MeTarpada,
COOTBETCTBYIOIIETO 0a3e HEUeTKMX 3HAaHMH MampaHu, Uil cirydaeB, Koraa 0Oasa
HEYETKUX 3HAHUH SBIISIETCS HeI/I36]>ITO'~IHOI\/'l, JIMHI'BUCTHYCCKH HerOTHBOpeqHBOﬁ, HC
CONIEpKUT 3alUKIMBAHMUSA ¥ SBISIETCS JMHTBUCTHYECKH TOMHOH. IIpemmoxeHo
MIPOBOJUTH CTATHYECKYIO BepHduKanuio 0a3 HEYETKNX 3HAHMI Ha OCHOBE CTPYKTYPHI
Mmetarpada, a Taxke ero rpadHuecKoro mpeacTaBIeHHUs.

Knwoueevte cnosa: 6Oaza HeuemKkux 3HaAHull MaMt)anu, JAuHZeUCMuUYecKas nepemenHat,
Memazpa(p, M36blm01£HOCmb, npomueopedyueocms, 3ayuKiueanue, nojiHoma.

VY po6oTi po3risHyTO nogaHHs 6a3u HEWITKUX 3HaHb MamiaHi y BHIVIII MeTarpada.
IlpoBemeHo aHami3 BIACTHBOCTEH 0a3W HEUITKUX 3HAHb U MiJIBHIICHHS
JOCTOBIPHOCTI HEUiTKOro JoriyHoro BuBeAeHHSI. ChopMynbOBaHO BH3HAYCHHS
BJIACTUBOCTEH 0a3M HEYITKUX 3HaHL MamjaHi: HEHaUIMIIKOBOCTI, JIHIBICTHYHOL
HECYIEPEWINBOCTI, BiACYTHOCTI 3allMKJIIOBAaHHA Ta JIHTBICTUYHOI MOBHOTU O0a3u
HeuiTkuX 3HaHb MamiaHi. BusHadeHo BuMoOru 10 CTpyKkTypu Merarpada, sKuil momgae
0a3y HeduiTKMX 3HaHb MamaHi, U1 BHINAJAKIB, KOJU 0a3a HEUITKUX 3HAHb €
HEeHaUTHIIKOBOIO, JIHTBICTUYHO HECYMEPeWINBOI, HE MICTHTh 3alMKIIOBAHHI Ta €
JMIHTBICTUYHO TOBHOK. 3amlpolOHOBaHO NPOBOJUTH CTaTHYHY Bepudikaiio 06a3
HEYiTKUX 3HaHb Ha OCHOBI CTPYKTYpH MeTarpada, a TakoX Horo rpagpiyHOro moJaHHs.

Knwouosi cnosa. 6aza Hewimkux 3Hanb Mamoangh, ninesicmuuna 3minna, memazpag,
HAOUWIKOBICMb, NPOMUPIYYSL, 3aYUKIIO8AHHS, NOGHOMA.

The paper describes Mamdani fuzzy knowledge base representation in the form of a
metagraph. The fuzzy knowledge base properties which have an influence on
confidence of fuzzy inference are analyzed. The definitions of non-redundant,
linguistic non-contradicted, without circularity and linguistic complete Mamdani fuzzy
knowledge base are given. The metagraph structure requirements corresponding to
non-redundant, linguistic non-contradicted and linguistic complete Mamdani fuzzy
knowledge base are defined. Mamdani fuzzy knowledge base properties static
verification based on metagraph structure analysis is proposed.

Key words: Mamdani fuzzy knowledge base, linguistic variable, metagraph, redundancy,
contradictoriness, circularity, completeness.

BBenenue

ba3wr 3nanuii (b3) mosyunian mUMpOKOE PACHpOCTpaHEHHE KaK COCTaBHAs 4acTh
BKCHepTHI)IX CUCTEM IJIs1 Hoa):[epm(n HpI/IHHTI/IH pemeHHﬁ B pa?,J'II/I'-IHBIX opraHmauHs{x
U TmpennpuAtusx. llpu ITWHTBHCTHYECKON HEONPENeNeHHOCTH W HEOOXOAMMOCTH
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ONEPHUPOBAaHMS KaK KOJWYECTBEHHOW, TaK M KaueCTBEHHOW HMHQoOpmauuedl Hambojee
4acTO WCHONB3yloTcs Takod Buny b3, kak 0a3er Hederkmx 3Hanuit  (BH?3).
D¢ dexTHBHOCTE pabOTHI SKCHEPTHHIX CHCTEM, OCHOBaHHBIX Ha BH3, 3aBucur ot
criocoba xpanenust (npencrasienus) BH3 u Meronos jgoruueckoro BeiBoga [1 — 5].
[Ipu cozmanuu u HamosHeHun 0a3 3Hanuii (B3) B HUX MOTYT MOSIBIATHCS aHOMAJIHH.
AHOManM# yKa3plBalOT Ha TO, 9TO B b3 cymiecTByrOT mpoOiemMbl, KOTOPhIE MOTYT
OpUBECTH K TMOJNYYECHUIO HENPaBUJIBHBIX BBIBOAOB, JHOO O HEBO3MOXKHOCTH
BEBITIOJTHUTEL JIOTHUECKHHA BBIBOA BooOmie. B paborax [6, 7] ommcaHsl aHOMAJINH,
KOTOpbIE MOTYT NPUCYTCTBOBAaTh B MPOAYKIHOHHBIX b3, a MMEHHO HM30BITOYHOCTS,
MPOTUBOPEYUBOCTh, 3ALMKIMBAHHE M HEMNOJHOTA. [IpH OTCYTCTBUM ONMCAHHBIX
aHoMalMii  ToBopsAT, urto b3  oOmamaer  cBoiicTBaMH  HEHM3OBITOYHOCTH,
HEMPOTUBOPEYHUBOCTH, TOJHOTHI M B HEW OTCYTCTBYeT 3arukiauBanue [8 —27]. B
JIAHHON paboTe paccMaTpPUBAIOTCS 3TH CBOWMCTBA ¢ ydeToM ocoOeHnHocreli BH3
Mamuaauu.

[l OBBINIICHUST TOCTOBEPHOCTH BBIBOZA IpH McHojb3oBaHuu bBH3, HeoOxomamumo
gTO0OBI OHa 00JIafajia COOTBETCTBYIONIUM HAOOPOM CBOWCTB W3 OMFCAHHBIX BEIIIIE.
Cyl1iecTByeT MHOXKECTBO METOJIOB Juis Bepudukaimu b3. J[1s BBIABICHUS aHOMAJHIA
U ompeneleHHs o0NamaeT M TMPOAYKIMOHHas b3 ompenereHHBIM CBOMCTBOM
paccMmaTpuBaercs cBemeHne b3 k rpadoBeM cTpykTypam [19 — 21], OuHapHBIM
auarpamMmaM perreHui [22, 23], tabiauuaMm NOpuHATHS peuieHui [24], MaTpU4HBIM
npeacraBieHus M [25, 26]. JlaHHbIe pencTaBiIeHNs HE BCET/la B3aUMHO-0JHO3HAYHO
cooTBeTCcTBYIOT b3 1 B O0onbIIMHCTBE CllyyaeB He yUUTHIBaOT ocobeHnoct bH3.

B pabGorax [3 — 5] mpemiaraeTcs W MOAPOOHO OIMCHIBACTCS IMPEACTABICHUE M
ucnonszoBanne bH3 B Bune merarpada. Takoe nmpeacTaBiieHHe MO3BOMSET B3aMMHO-
OIHO3HAYHO ONWCHIBaTh NpaBuia, a rpaduyueckoe mpeacTaBieHHe wMeTarpada
MO3BOJISET IKCIEPTY B BU3YyalbHOU (popMme padorath ¢ BH3 kak Ha 3Tare HanoJIHEeHUs
u Bepudukanuu b3, Tak 1 Ha 3Tare ee NCMOIB30BAHMS.

B nannoit paGore mpoBOAMTCS TMpOBEpPKA OMHMCAHHBIX Bhlme cBoiictB BH3 na
ocHOBe Mertarpada, KOTOpBIH ee mpexacraBiser. Vcmonp3oBanue wmetarpada
MO3BOJIAET TOBBICUTH 3(deKkTuBHOCTH craThueckoi Bepu¢ukanmu BH3 3a cuer
CTPYKTypHU3AIlMK HEUECTKUX 3HAHWMH, a TaK)Ke BU3yaIn3alluu Metarpagda.

OcHoBHAasI YacTb

Jns Toro aroOb1 paccMoTpeTh cBoiicTBa BH3, a Taxke mpeioxkuTh TanbHEUITY 0
UX MPOBEPKY ¢ MOMoIIb0 Merarpada, BeimumemM onpenenenue BH3 u merarpada.
OTmeTnM, 4YTO B JajbHEWIIEM W3JIOKeHWH B JaHHOH pabore mox bH3
noapazymeBatorcs bH3 Mamnanu.

Onpeoenenue 1. BH3 Mamaaan mpencraBiser coboil 0O0beIWHEHHE MHOXECTB
PUX:

1) X = {Xi|i =1,Ny } — MHOXKECTBO JIMHIBHCTHYecKuX nepeMeHHbIX (JIII), roe X
- mma JIII, Ny - xommuectBo JIII, m kaxnas JIII comepkuT TepM-MHOXKECTBO
T = {tik k=1L N; }, rae tik - TepM, KOTOpbIi uMeeT (yHkuuio npuHamiexuoctu (PII)

Mok, TIC k - Homep Tepma, Nj - kommyectBo TepmoB JIIT X;;
1
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2) P= {Pg |g=1 Np} — MHOKecTBO npaBui «Ecmu - To», rae Np - KOIH4eCTBO

npasun BH3. Py - o1o o0o3HaueHue i nmpasui Buaa (1):

Kn:
(Hz)j:EC/ZH(leztlj(ll)H(ij=t|j(22)H...H Xjy, =tjnj‘ TO(X|:tIZ), 1)

rae (P|Z ) i j - mpaBwmio s onpeaeneHus Z -ro trepma JIII ¢ uneaTndukaropom
|, B koTopom X i JII1, xoTOpast NpUHUMAET 3HAYECHUE '[lj(S ; s=1nj - nomep JIII B
S S

JICBOH YaCTH j -ro mpaBuna, N; - koandectso JIIT, koTopele HaXOAATCS B JICBOH YacTH

J -TO MpaBujia.

Jns cokparenns 3anmucy BBeAeM O0O03HAYCHHUS JICBOM W IPABOW YacTH IpaBHIIa

Py:

_|IpA pC
Pg _(Pg ! Pg )’
rae PgA = {ti;ss |s=1n j} - MHOXECTBO TEPMOB, KOTOpPBIE BXOIAT B JIEBYIO YacTh

IpaBuJia;

PgC =t} - TepM, KOTOPBIii ABJAETCS PE3yIHTATOM TIPABHIA.

Otmernm, uto paccmarpuBaercst BH3, koTopast chopmupoBana aiisi onpeaercHus
oxnoii JIII, koTopyto OyneM Has3bIBaTh pe3yNbTHPYIOIIEH U 0003Ha4aTh Xq,. JIII,
3HA4YEHUs] KOTOPBIX ONpeNesieTcs ¢ IMOMOLIBI0 (Ga33uduKanuy Wik cpaszy 3afatoTcs B
Ka4e€CTBEHHOM BHJIE, Oynem Ha3bIBAThH BXOAHBIMU U 0003Ha4YaTh

x Input_ {X _mpu‘i =1,Nxmput . J171s1 BXOAHBIX ITepeMeHHBIX He CYIIEeCTBYET MPaBHI UX
I

OTIPENETISIIOIIHX.
Onpeoenenue 2. Yactnunas BH3 — sro BH3 nna onpenenenust omnoit JIII,
BKJIFOYAIOIIasi B ce0sl TOJNBKO TaKWe IpaBWiIa, PE3yJbTaTaMH KOTOPBIX SIBISFOTCS
tepmbl ganHoi JIII. TIpu stom Takyto JII1 O6ynem naseiBath JIII BepxHero ypoBHS, a
JII1, BXonsmme B JI€BbIE YacTH MpaBwil, OyemM Ha3biBaTh JII1 HIDKHErO ypoBHSL.
Onpedenenue 3. Merarpad — 3TO CTPyKTypa IaHHBIX, KOTOpas OMNpEAesieTcs

TPONKOW MHOECTB S = <V,M,E> , e V = {Vr|r =1,Ny | — moposkzaaromiee MHOKECTBO
(MHOXecTBO BepiiMH Metarpada), M = {mq|q =1,Nyp }— MHOKECTBO METaBEPIINH,

E= {eh|h ZLTE} — MHOXecTBO pebep, rae Ny — KonmuecTBO BepIIMH Metarpada,

Ny — komuuecTBO MeTaBepmnH, Ng — ofliee koandecTBo pebep B Merarpade.
MeraBepmmHa  Merarpadga —  ompeAensercs Kak  MHOXKECTBO  BEpIIUH

Mg = {\/rlvr eVv,r :1,I\I—mq }, rIe qu — KOJHMYECTBO BEPIIMH, BXOMISIIIUX B

MeTaBepinHy Mg . Ecmu gBe win Golblie METaBEPIIMHBI COOTBETCTBYIOT OXHOMY U

TOMY K€ MHOXECTBY BEPILHH, TO TaKHE METaBEPINUHBI CUUTAIOTCSA OJMHAKOBBIMH H
paccMaTpuBaeTcs TOJIbKO OJHA U3 TAKUX METaBEPIIHH.

Jnsa  ymnpouieHuss JanpHEMIIEd IoAaduM Marepualla BBENEM [OHATHE y37a
merarpada. Jas 3TOro MHOKECTBO BEpLIMH NPEACTaBMM B BHUAE pa30OMeHHs Ha
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OJIHO3JIEMEHTHBIE MOAMHOYKECTBA, KaKJI0€ MX KOTOPBIX COJAEPKUT OJHY BEPLIUHY.
Torna y3en merarpada MOXXHO MPEICTaBUTh KaK MVe U{vr}u M . Takum oOpazom,
r

y3era Merarpada — 3TO METaBepIINHA WK OJHOAIEMEHTHOE MHOXKECTBO COJIEpIKaIlee

BepuMHy. Pebpo merarpada B oOmem ciydae onpeaensercs Kak € = {mvﬁ“t,mvf}” .
Ecmu pebpo opueHTHpoBaHHOE, TO OyJeT UCMIOJNB30BATECS TEPMUH Jyra M

3aIlUChIBATBCS €p = mVﬁUt, m\/ﬁ]n , TIe mvﬁJUt — y3ell, U3 KOTOPOro MCXOAUT Ayra €y,
mvﬁ]n — y3eJ1, B KOTOPBIM 3aX00uT nyra €y, . [lpn ganpHelmed nogaue Marepuana eciiu

yKa3aHO, YTO Iyra HCXOAWT/3aXOAUT W3/B BEPIIMHY V,, 3TO O3HAYaeT, 4TO Iyra
HCXOJWT/3aX0IUT W3/B y3€l, COOTBETCTBYIOUIMN OIHORJIEMEHTHOMY MHOXECTBY,

coleprKalemMy JaHHYIO BEPLINHY, T.€. mvﬁUt ={v, }mv" ={v, }.

Onpeoenenue 4. Ilytb B OPUCHTHPOBAaHHOM Merarpade S u3 ysma MV, B ysen
my, - oTo mocrenopatenbhocts ayr  Path(mvy,myy)=(eg.ep,...8,), Taxas uro
viimi"am@Y =g

Onpeodenenue 5. Tlyte Path (mvp,qu ), B KOTOPOM MVp NMVy #(J HaspIBaeTCS

IIUKJIOM.
Onpeoenenue 6. bynem HazpiBaTh MeTarpadom, npeacrapistonmM bH3 Mamnanm,

Takoi merarpad s/ = <V, M,E> , KOTOpBIN yIOBJIETBOPAET CIEAYIOIIUM YCIOBHAM:

1. Kaxpnas BepimmHa V, =V(tik) MeTarpaga s/ cootBercTBYET TepMy JIII tik .

2. Kaxnas MmeraepuiHa Mg ={Vr|r=]E } MeTarpaga s/ COOTBETCTBYET
PgA - JIeBO 4acTh mpaBuima Py . MeraBepimmHa Mg COEPKUT B ceOC BEPLIMHBI,
KOTOpbIE B3aMMHO-0IHO3HAYHO COOTBETCTBYIOT TE€PMaM, BXOJISIINM B PgA .

3. Kaxpnas nyra ey wmerarpada s/, coorsercTByer mpasuiny Py BH3. Jlyra
eg =(mg, {vr}) MCXOIWUT U3 MCTaBEPILIMHbI Mgy U 3aXOIUT B BEPIIMHY Vi :V(t|z),

KOTOpast COOTBETCTBYET TepMy tf = PgC .

I'paduueckoe npexncraBneHre Merarpada IO3BOJISET HAVISAHO OCYLIECTBIIATH
aHanm3 cBodictB BH3, Tem campiM moBbImas 3()()EKTUBHOCTH CTATHYECKOH
Bepudukarmu bH3 skcnieprom, a Taxke koppekunu bH3 mis ycrpaneHus aHoMawid.
[locne ommcaHust KaXkIOro CBOHCTBAa IpHBEAEM TrpadUuecKoe IpelCTaBIeHNE
Metarpada, npeacrassironiero bH3 Mammanu, ¢ mpuMepaMy HEBBITIOJIHEHUS TaHHBIX
CBOICTB.

I'paduueckoe nmpeacraBiieHne YacTu Merarpada, KoTopas COOTBETCTBYET IPaBHILY

P|Z j» OTIPE/IETIEHHOTO ¢dopmyoii (1), mpeacrasieno Ha puc. 10mmoka! Uctounuk

CCBLIIKH He HalijeH..
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Pucynoxk 1. I'pauueckoe npezncraBieHne yactu Merarpagda, COOTBETCTBYIOIICH

npasuiy (R’ ) i

Ha MHOXECTBE BEpPLINH \Y 3a71a1uM OTHOLLICHUE

_ _yltk _ylta k ;a k sa T+
Q_{(vp,vq)|(vp,vq eV,vy _v(ti )vq _v(ti Al T, rae ti " eT;
03HAYaeT, 4TO tik , tia ABJLIIOTCS TepMaMu  X. JIerko BueTh, 4TO JaHHOE OTHOLICHUE
Q sBIAETCA OTHOIIEHWEM SKBMBAJICHTHOCTH, T.K. OHO SBIISETCS PE(IEKCHBHBIM,
CUMMETPUYHBIM U TPaH3UTUBHBIM. Toraa, KJ1accoM PKBUBAJIIEHTHOCTH, IOPOKICHHBIM

Vp =v(tik ), OyIeT MHOKECTBO BEpIIUH MeTarpada, KOTOPBIE COOTBETCTBYIOT TEPMaM
omnoit JIII Xj, [VpJQ = {Vq eV |vavq}. [ns ynpolueHus 3amucu TakoW Kiace
SKBUBAJICHTHOCTH B JanbHeifmeM Oymem obOo3nawath kak Vi (Vi :lvaQ), rae i -

Homep JIIT X;. ®akrop-MHOXKECTBOM MHOXKECTBA BCceX BeplIMH Merarpada V 1o

OTHOLIEGHHIO JKBHBAJCHTHOCTH Q Oyzmer mHoxectBo V/ QZM [i=1LN X} BCEX

KJIACCOB  HKBUBAJIEHTHOCTH. OJeMEHTaMu (PakTop-MHOXKeCTBa OyAyT Kiacchl

9KBHUBAJIECHTHOCTH, K&XKIBIH M3  KOTOpbIX  OyJeT  colepXaTh  BEPIIHMHBL,

COOTBETCTBYIOIIME TepMaM Tojbko oaHoW JIII. ®dakTop-MHOXKECTBO SBIsETCA

pasOueHneM MHOXecTBa BepmmH Merarpada V =JV; u Vi ]V, NV; =0.
I

Moutsocts dakTop-MHOXecTBa paBHa koiuuectBy JIII Ny B BH3.

MHOX€ECTBO BEPILIUH, KOTOPBIE COOTBETCTBYIOT TepMaMm pesyibrupyromen JIII,
OyzeM Ha3bIBaTh pe3yJbTUPYIOIIMMH BeplinHaMu. Mcxons M3 BBEAEHHOTO B Haudaye
cratbu ycimoBus, B bBH3 Oymer Bcero omHa pesynasrupyromas JIII. Bce
PE3yNbTUPYIONIME BEPIIMHBI OYAYT CONEPKAThCS B OAHOM KJIacCe SKBHBAIEHTHOCTH,
KOTOpBIii OyJeM Ha3bIBaTh KIACCOM JKBUBAJCHTHOCTH PE3yJIbTHPYIOMIMX BEPIIMH
Vie;. Bepmmunbl, coorBercrByromue TtepMam Bxoassix JIII, Oymem Ha3bBaTh

BXOJIHBIMU BEpIIMHAMH. B OTJIMYHME OT pe3ysbTUPYIOUIUX BEPIIMH, B MeTarpade s/
OyJIeT CymiecTBOBaTh HECKOJIBKO KJIACCOB HKBUBAJICHTHOCTU BXOJHBIX BEPIIHUH,

KOoTOpbIe OyeM 0003Ha4aTh Vilnput_

Hcxons u3 omMcaHHOTO BBIIIE, A MeTarpada s/, KOoTOphId npenctasisier bH3
Mawmpaanu, OyayT ClipaBeJIMBBI CIICAYIOIINE CBOMCTBA!
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1. He moxeT cogepxars:
1.1.  Jlyr, KOoTOpble HCXOISAT W3 BEPIIMHBI, T.€. MOJIYCTENeHb HCXOZa
BEpLIMHBI BCETa PaBHA HYIIO
vmy, =1{v, }:deg”(mw,)=0.
1.2.  Jlyr, xoTopble 3aXOJSIT B METaBEpIINHY, T.e. MOJYCTENeHb 3aXoja
METaBEPLIMHBI PaBHA HYJIIO

vmy, =mg :deg*(mv,)=0.
1.3, MeraBepmmiH C HyJEBOW TMOJyCTENEHbIO HMCXoma , T.C.
Vmy, =mg : deg_(mvh ) >0. DOro O03Hauyaer, 4TO MIA JOOOH MeETaBEpIIUHEI
CYILECTBYET XOTsI ObI OJ{HA yTa, KOTOPAask COCUHSET €€ C KaKOW-TO BEPIINHOM
vmg €M :3ep, =(mg, fv, }).
2. OO0s3aTeNbHO CONEPXKUT BEPIUMHBI, KOTOpPHIE HE BKIIOYCHBI HU B OJHY
METaBepUIMHY (3TO BCE Pe3yIbTUPYIOIIUE BEPIIUHbI) Ve, = {Vr|Vg Vp €My }

Ha puc.2 mnpomemoHcTpupoBaHO rpaduueckoe mpescraBieHue Mmerarpada,
KoTOpbIi He cooTBeTcTBYeT BH3 Mamuanu.

A 0

Pucynox 2. [Ipumep merarpada s/ , KoTophlil He cooTBeTcTBYeT BH3 Mamuaanu

[Mockonbky mpu npencrasienun BH3 B Bune merarpada B HeM 0TOOpa)KeHBI BCe

tepmsl JIIT u Bce mpaBuia, npucytcrBytomme B bH3, To merarpad s’ umeer raxue
CBOMCTBA:
1. KomnnyecTBO KJacCOB SKBUBAJICHTHOCTEH BepIIMH paBHO KosmuecTBy JIIT
BH3 Ny, =Ny .
2. KonnuectBo BepiiuH B Metarpade paBHO CyMMe KomdecTB TepMoB Beex JII,
Nx
xotopsie BxoaaT B BH3 Ny = D Nj .
i=1
3.  KomunuectBo ayr B Merarpage paBHO konudecTBy mpaBuil Ng = Np.
4. KomudecTBO MeTaBepIInH B MeTarpade He OOJbIe, YeM KOJIMIECTBO MPaBUII
Nm <Np.
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HN36b1TOuHOCT BH3

ITon w30miTouHo#t BH3 B paborax [6 — 8, 11] moHMMarOT Takyio, B KOTOPOH
coJiep KaTcs paBuiIa, TyOIMpYIOIIUe JPyT ApyTa.

B pabore [8] yka3pIBaeTcs, YTO HaIW4YHWEe OJUHAKOBBIX TMPaBWI MPH
aBTOMaTU3UpOoBaHHOM mocTpoeHun BH3 MoxeT cBuaerenscTBOBaTh HE O
M30BITOYHOCTH, & 0 HEOOXOIMMOCTH YCHIJICHHS TMOBTOPSIOMIETOCsS MpaBmia, TH00 O
MOU(UKAIMN JaHHBIX TpaBuil. Takxke clieayeT OTMETUTh, 4To B padorax [9, 10, 15]
paccMaTpuBaeTcsl TOHATHE CXOXECTH TMpPaBWiI, NPH KOTOPOM OJUHAKOBBIMHU
CUMTAIOTCSl MpaBWJIa, €CIU HUX Mepa CXOXKECTH HE HIDKE 3aJaHHOTO mopora. Takue
MpaBwiia TaKKe AOJDKHBI yaansaTeess n3 BH3 mpum mpoBepke Ha HM30BITOYHOCTH 3a
UCKJTIOUYCHUEM BBIIIE€ OMHCAHHOTO CITyYasl.

B pabotax [6, 7, 11], kak BHOCsIIME H30BITOYHOCTh, TAKKE OTHOCAT MpaBHiia, B
KOTOPBIX TPY OJIMHAKOBBIX 3aKIFOUEHHSIX MPHUCYTCTBYET BKIOUeHHe ycnoBuid. Crona
’K€ OTHOCST CJIy9awW C MPHUCYTCTBHEM HEBBHITIOJHUMOTO TMPaBUjia W HEUCIIOIb3yEeMBIM
KOHCEKBEHTOM.

Hwxke BBemem  ompenencHue  HeusObiTounodt  BH3, kotoporo  Oymem
MIPUIEPKUBATHCS B TAIbHEHTIIEM U3JI0KCHHH.

Onpedenenue 7. BH3 Oynmem Ha3piBaTh HEW3OBITOYHOHM, €CITU BEHITIOJHSIOTCS
CJICIYIOIUE YCIOBUS:

1. OrcyrcrByror nyOnukatsl mpaBwi, T.e. B BH3 He cymiectByer mpaBui c
OJIMHAKOBBIMH YCIIOBUSIMHU M OJAMHAKOBBIMH 3aKTFOYEHUSMH

—3R P, Z(HA:PJ‘A)/\(P.C ZPjC)/\(ii j).

2. OrcyTrcTByeT BKIIOYEHHE yclnoBuH, T.e. B BH3 He cymectByer mpaBui c
OJIMHAKOBBIMHU PE3yJIbTaTaMH, TaKMX, 9TO JIEBas YaCTh HEKOTOPOTO MPaBUJIA SBISETCS
MOJIMHOKECTBOM JIEBOM YaCTH JPYTroro npaBuia

—3R P, :(P,C =ch)/\(P|ACPjA).

3. OtcyTcTBYIOT HeHcIoNb3yeMble TepMbl He pe3ynbrupyromeit JII1. B BH3 s
mo60ro TepMa Kaxoit He pesynbTupyromei JIII cymecTByeT XoTs ObI 0HO TIPaBHUIIO,
B JIEBYIO 4aCTh KOTOPOTO OH BXOAUT

k . .[+k A
vt e T (X ¢xrez):(apq .(ti ePy ))
4, OTCYTCTBYI-OT HCBBITIOJIHUMBIC IIpaBHJIa.

a. Ecmu JIII gBnsieTcs BXOJHOM, TO HU JJIsl OJTHOTO €€ TepMa He CYIIECTBYET
npaBuia, B KOTopoM TepM aannoi JII1 Oynmer pesynsratom

vt €Ty (X; e XPY = (3P, :tf = PY).

b. Ecnu JIIT He sBhsieTcs BXOMHON, TO I KaXIOTO €€ TepMa JOJDKHO
CYIIECTBOBAaTh XOTs Obl OJHO NPaBUIO, B KOTOPOM [aHHBIH TepM SIBJISETCS
pe3yJIbTaToOM

Vi €Ty (X e XY = 3P, :tf = PY).
IIpu momomm aHanmm3a CTPYKTYypbl MeTarpada MOXKHO IMPOBECTH CTaTHYECKYIO
Bepudukanmio bH3 u onpenenuts sBisiercst in BH3 HEM30bITOYHOM B OTIpEICIICHHOM

Belle  cMbIciie. OCOOEHHOCTH  CTPYKTYpbl — MeTarpada, COOTBETCTBYIOIIEIO
Hen3O0bITouHOM BH3 chopMynrpoBanbl HIXKE B BU/IE YTBEPKICHHS.
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Ymeeporcoenue 1.

BH3 wnewsOwiTOuyHa, T.T.T.K. MeTarpad s/ , KOTOpbIM OHa NpeACTaBleHa, WMEET
CIEIyIOLIUE CBOMCTBA:
1.  OTCyTCTBYIOT KpaTHBIC AyTH

—e,.ep:(ea =(mg. v A lep =(mg. {vp A (@a=b).

2. OTcyTCTBy}OT MCTABCPIUIMHBI, COACPIKAIINEC TOAMHOKECTBO BEPIUINH, KOTOPOC
B CBOIO OYe€peab COOTBETCTBYET APYroil MeTaBepIlUHE, U STH JIBE METaBEPIIUHbI
COEAMHEHBI IyraMy C OJHOM M TOM K€ BEPLUINHON

—3mg,mq :ea =(mg, e }))A (ep = (Mg tve A (mg = mg ).

3. Ecnmu BepumimHa HE  OPHUHAAJIEKHT K  KIACCy  OKBHUBAJICHTHOCTH

pGSYJ'IBTI/Ip}IIOH_Ieﬁ BCPIIHMHLBI, TO OHA JOJKHA MPUHAAJICI)KATh METABCPIINHE
YWy :(vp eVrez): amg :(vp €emg )

4, B knacce 35XKBUBaJIEHTHOCTH BEPIIHWH WJIX BCEC BEPUIMHBI HE UMCIOT 3aXO0AAIIUX
IIyT, WM BCE UMEIOT XOTS OBl OJTHY 3aXOJIAIIYIO AYyTY

+ _ _ . +
_ deg (mvp)_0:>ﬁ3qu _{vq } Vg €V :deg (qu)>0
vap =VppVpeVi: . . .
deg (mvp)> 0=—3dmy, = {vq } Vg €V 1deg (qu)z 0

Ha puc.3 mnpomemoHcTpupoBaHO rpaduueckoe IMpeAcTaBieHue Merarpada,
cootBercTBytomero bH3 Mammanu, B KOTOpPO# MPUCYTCTBYET U30BITOYHOCTb.

Pucynoxk 3. [Ipumep merarpada s/ , cooTBeTCcTBYIOMero bH3 Mammanu, B koTopoit
NPUCYTCTBYET U30OBITOYHOCTh

HenporusopeunBocts BH3

B HeueTkoli oruke He paboTaeT 3aKOH MPOTUBOPEUUS] APHUCTOTENICBON JIOTUKH —
HCKIIOYAOIIUN ONHOBPEMEHHYIO HCTHHHOCTb YTBEPXKACHHUS M €ro OTPHULIAHUS.
[IpotuBopeune Oyner HMETb MECTO MpPH OJHOBPEMEHHO BBICOKHX 3HAYCHUSIX
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CTeleHel yBEpEeHHOCTH ISl Pa3iIMYHbIX 10 cMbliciay TepMmoB JIII (Hanpumep, BEICOKUI
1 HU3KHUHA ¢ OJMHAKOBO OOJBIION CTETIeHBI0 YBepeHHoCTH) [13].

B pabore [11] moxm mnpOTMBOPEYMBOCTHIO NPOAYKIMOHHBIX b3 moHMMaercs
MOJTyYeHHE Pa3HBIX PE3yIbTAaTOB IMPH OJUHAKOBBIX BXOTHBIX JaHHBIX. B pabote [§]
BH3 Ha3biBaeTcs HENPOTUBOPEUMBOM, €CIM B HEH OTCYTCTBYIOT HECOBMECTHBIE
npaBuja, T. €. MpaBUia, UMEIOIINE OJUHAKOBBIE YCIIOBHS, HO pa3HbIe 3aKIIOYSHHUS.
Taxxe B TaHHOM cily4yae MPUMEHHMO IOHATHE CXOKECTH U mpaswi. T.e. mpaBuia
CO CXOXXHMH JIEBBIMHU YACTSIMH M Pa3HBIMHU MPABBIMHU CUUTAIOTCSA MPOTHBOPEUYHUBHIMH.
JUii HaXOXXIEHUS TaKUX NPOTHUBOPEUYMBBIX NPaBMJI HEOOXOAWMO paccMaTpUBaTh
(YHKIMY TPUHAIJICKHOCTEH TEPMOB, a TaKXKe MPOBOAUTH HEUETKUH JIOTUYECKHUI
BBIBO/I.

BBeneM moHsTHE JMHITBUCTHYECKON HENPOTHBOPEYUBOCTH, T.€. TAKOM, KOTOPYIO
MOJKHO OIPENENNTh, OCHOBBIBASICH TOJIBKO Ha MHGOPMALUK O CTPYKTYpE NMPaBUII U HE
npuberas K NpOBECHUIO HEYETKOTO JIOTHUECKOTO BBIBOJIA.

Onpedenenue 8. BH3 Ha3piBaeTCs JTUHTBHUCTHUYECCKH HENPOTHBOPEUHUBOU, €CITH
BBITNOJIHAIOTCA CIEAYIONNE YCIOBUS:

1. B BH3 He cymecTtByeT npaBui C OJAWHAKOBBIMH YCJIOBHSIMH, B KOTOPHIX B
IIPaBOM YaCTU CTOAT Pa3HbIE TEPMbI OJHOU U TOM ke JIII

—3R P (A" = PjA)/\(PlC - PjC)/\(p=C{), re RC =t3, P =tg.

2. B BH3 He cymecTByeT npaBuil, B KOTOPBIX B JIEBOW YacTH MPUCYTCTBYET J1Ba U

Oonee Tepma omHoM JIIT

k A k A : .
. P q —
-3 Py '(tjp e Py j/\(tjq e Py )/\(Jp = Jq).
Oco0eHHOCTH CTPYKTYpHl MeTarpada, COOTBETCTBYIOIIETO JIMHTBUCTHYECKH

HerpoTuBopeurBoii BH3 copmynupoBaHbl HIXKE B BUZIE YTBEPKICHHS.
Ymeeporcoenue 2.

BH3 sBnsercs NWHTBHCTUYECKH HEMPOTHBOPEYHMBOM, T.T.T.K. Merarpad s/ ,
KOTOPBIM OHA MPEACTABIEHA, UMEET CIEAYIOLINE CBONCTBA:

1. Kaxpmas MeraBepmiMHa MOXET OBITH COEJMHEHAa He Ooyiee 4YeM C OJHOM
BEPIIMHON U3 OJTHOTO KJIACCA SKBUBAJIEHTHOCTH BEPILNH

vmg :(ea =(Mg. Vp ) A (en =(mg. Vg A vp Vi )alvg €V )= (= ).
2. MeraBepiHa He MOKET BKITFOUATh JIBE U 00Jiee SKBUBAICHTHBIE BEPIITHHEI
—3Imgy :(VIO emy )/\ (Vq emy )/\(Vp eV )/\ (Vq eV;j )/\(i = j).

Ha puc. 4 mnpomemMoHCTpHpoBaHO rpaduueckoe MNpencTaBIeHue wmerarpada,
cootBercTtBytomero BH3  Mawmaanu, KkoTopass  SBISETCA  JMHTBHCTHYECKU
MIPOTHUBOPEYNBOI.
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Pucynok 4. [Ipumep merarpada s/ , cooTBeTcTByIo1ero bH3 Mamaanu, kotopas
SBIIAIETCS TMHTBUCTUYECKH ITPOTUBOPEUUBON

3anukanBaHue B 0a3e HeUeTKUX 3HAHU

B paborax [6, 7] oTmeuaercs, 4TO B MNPOAYKIMOHHOW Oa3e 3Hanuii (B3)
MIPHUCYTCTBYET 3alMKIMBAHIE, KOT/Ia CYIIECTBYIOT TIOCBIJIKH, KOTOPHIE 3aBUCAT OT CeOs
yepe3 TOCIeI0BaTeIbHOCTh MpaBwil. B pabGotax [25, 27] BBIACHSAIOTCS JBa THIA
LUKIOB MpsiMOM W HenpsMoH. IlpsiMoil LMK moapa3yMeBaeT HajdudMe MpaBuil, B
KOTOPBIX 3aKJIIOYEHHE MPHUCYTCTBYET B YCIOBUHM TOTO ke Mpasuia. Hempsmoil muxi
MIPUCYTCTBYET B CIydae, eciiv (haKThl 3aBUCAT OT ceOs e depe3 HeCKOIbKO MPaBHIL.

Onpeodenenue 9. B 6aze Heuetkux 3Hanuii (bH3) orcyTcTByer 3anuknuBanue, eciu
BBITIOJTHAIOTCS CIIEAYIONINE YCIOBUS:

1. OrcyrcrByer npsimoli 1wk, T.e. B BH3 He cymecTByeT npaBui, B KOTOPBIX B
JIEBOM Y B MPABOM 4ACTH NPUCYTCTBYIOT TE€PMbI OJJHOM JIMHTBUCTUYECKOM MMEpEMEHHOMN

(JIIT)
—3Py (tlj(s € PgAj/\(qZ = ch)/\(jp :I).

2. OrcyrctByer HempsiModl wukim, T.e. B BH3 He cymectByer mpaBwi, npu
kotopbix JIIT onpenenstor JII1, OT KOTOPHIX OHU 3aBUCST.

Ymeeporcoenue 3.

B BH3 otcyrcTByer 3amukiauBaHue, T.T.T.K. Merarpad S/ , KOTOpBIM OHa
MPEICTaBIICHA, UMEET CIEAYIOIINE CBOMUCTBA!

1. MeraBepiinHa, U3 KOTOPOW HMCXOIUT Jyra, HE MOXET COACPKaTh BEPIIUH
SKBUBAJICHTHBIX BEPIIMHE, B KOTOPYIO AaHHAS TyTa 3aXOAUT

—Elmg :(eh =(mg,{vp}))/\(vp eVi)/\ (Vq €My )/\(vq er )/\(i = j)
2. Merarpad S’ we umeer LIUKJIOB.

Ha puc.5 mnpomemoncTpupoBaHo rpaduueckoe IpeicTaBieHue Merarpada,
cootBercTBytomero bH3 Mamanu, B KOTOpO# NPUCYTCTBYET 3allMKIMBaHHUE.
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Pucynox 5. [Ipumep merarpaga S/ , cooTBeTcTByMOIero bH3 Mamaanu, B
KOTOpPOM NMPUCYTCTBYET 3aLIUKJIMBAaHUE

ITosinora BH3

Ilon HemonHOW mOHWMAOT Takylo bH3, wucmonp3ys KOTOPyHO HEBO3MOXKHO
OCYLIECTBUTH BBIBOJ JUISI Psiia ONPEACICHHBIX UCXOIHBIX cuTyauui [6, 7, 11].

B pabore [8] mokazaHO, 4TO, MCXOAS W3 Habopa MPaBWJ, MOXHO OIPENEIUTH
TOJIBKO JIMHIBUCTHYECKYIO MOJTHOTY. [l ompeneneHust ocTalbHBIX BUAOB IIOJHOTHI,
TaKUX Kak IOJIHOTA HEUETKON MOJIeNH, TOJHOTa HEYETKOro pa3OMeHHs W YHCIeHHAs
noinota BH3, HeoOxonumo paccmarpuBaTh GpyHKIMK NpuHagIexHocTed TepmoB JII,
a TaKXKe TMPOBOJUTh HEUETKUH JIOrMUeCKHUi BbIBOA. OTMeTHM, 4TO B pabore [§]
paccMaTpuBaroTCsl ToJbKO Takue BuAbl BH3, xoToprie B nanHO# paboTe onpeneieHsl
Kak vacThyHble. Hmke mnpuBeAeHO OmpeneneHne JHUHIBHCTUYECKOW TOJTHOTHI
yactTnaHoM BH3, koTopoe pacmmpeHo MpeanoaoKeHeM O TOM, YTO KaXAOMY TEpMY
JIIT BepxHETro YpOBHS COOTBETCTBYET XOTS OBl OZHO MPaBUJI0. Takke CTOUT OTMETHTH,
yTto Bce JII1 HKHEro YpOBHSI pa3HbIE.

Onpeodenenue 10. Yactuunas BH3 sBnsieTcss NTUHTBUCTUYECKU IOIHOM, €CIU €€
IpaBUiIa 3a7aHbl HA BCEM JEKAPTOBOM IIPOM3BEINCHHH TepM-MHOXkecTB JIII HIpKHETO
ypoBHA u ans kKaxnporo tepma JIII BepxHero ypoBHs cymiecTBYyeT XOTs Obl OJHO
MIPaBUIIO.

W3 nanHOrO oOmpeneneHus cieayer, 4YTro ecnu npeacraBute BH3, kak
0TOOpaXkeHne, KOTOPOEe MEPEBOIUT 3JIEMEHTHl U3 JIeKapTOBOI'O IIPOM3BEIEHUS TEPM-
MHOkecTB JIII HmxHero ypoBHs B TepMbel JIII BepxHEro ypoBHS, TO Takoe
oToOpakeHue OyneT CIOPBheKTUBHBIM. OTMETHM, YTO TaKoe OTOOpaXkeHHe He OyneT
HHBEKTUBHBIM U HE OyAeT QYHKIHMOHAIbHBIM.

Hmwxe npuBemeHo ompeneneHne IUHTBUCTUYECKONW MOMHOTHI ans Takux bH3
Mamaanu, KoTopble cocToAT U3 yacTuuHbiX bH3 11 onpenenenus pe3yapTupyromen
JIIL.

Onpedenenue 11. BH3 Ha3piBaeTcs JMHIBUCTUYECKH IIONHOW, €CIM BCE €€
yacTuyHble bBH3 ABNSI0TCS MTMHTBUCTUYECKH MOJHBIMU, 1 BCE OHH 33/1€HCTBOBAHBI JIS
omnpeneNneHus 3HaueHus pesynbrupytonieit JIII.
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Hcnonb3ys naHHbIe O CTPYyKType MeTarpada, kotopslii npeacrasiser bH3, MoxHO
mpoBeputh sBisieTcss v bH3 nuarBucTHYecKH TOMHON. OCOOEHHOCTH CTPYKTYPHI
Merarpada, COOTBETCTBYIOUICTO IMHTBHCTHYEeCKH ToiHOW BH3 cdopmynuporanb
HIKE B BUJIC YTBEPIKICHHUS.

Ymeeporcoenue 4.

BH3 sBmsieTrcs NUHTBUCTHYECKH TIONHOHM, T.T.T.K. MeTarpad, KOTOpbBIH et
COOTBETCTBYET, UIMEET CICAYIOLINE CBOMCTBA!

1. Ecam B wMeTaBepmimHY, COCIWHEHHYIO Iyrod C BEpIIMHON U3 Kiacca
SKBHBAICHTHOCTH Vj, BXOJHUT BEPIIMHA U3 KIlACCa YKBUBAJICHTHOCTH Vj, TO U BO BCE

OCTAJIbHBIC MCTAaBCPIIMHBI, COCAWHCHHBIC JAyramMmu C BCpHIMHAMM M3 KJIaCCa
OKBHUBAJICHTHOCTHU Vi , A0JIKHA BXOUTh BEPUIMHA U3 KJIaCCa SKBUBAJICHTHOCTHU Vj

vy, my,a# b:(eh =(ma,{vp}))/\ (vp eVi)/\ (er =(mb,{vq }))/\ (vq evi)/\
/\(vsema)/\(vs evj):>3vd (vg emb)/\(vd evj) '

2. Ecnm cymectByeT MeraBepllnMHA, KOTOPask CONCPKUT BEPIIMHBI, KaKIas H3
KOTOPBIX NPHHAICHKAT KIaccaM KBUBAICHTHOCTH Vjg,Vijp,...V jn} COOTBETCTBEHHO,
W JTaHHasi METaBEepIINHA COeIMHEHA JAYrol C BEPIIMHOW M3 Kilacca SKBUBAJICHTHOCTH
Vi, To B Merarpa)e MOJDKHBI CyIIECTBOBATh METaBEPIIMHBI, KOTOPHIE BKJIIOYAIOT B
cedst BCe BO3MOJXKHBIE HAOOpBHI BEpUIMH W3  KIACCOB  JKBUBAJICHTHOCTH
{\/ jlvV j2,...,V jn}» W JTaHHbIE METaBEepPUIMHBI JOJDKHBI OBITH COCIUHEHBI ITyTaMH C
BEpIIMHAMH U3 KJlacca SKBUBAJIEHTHOCTH V; .

3. MeraBepuirHa He MOXKET BKJIIOYATh JBE M 00JIee IKBUBAICHTHBIC BEPIIMHBI

—dmg :(Vp €My )/\ (Vq €My )/\ (vp eV )/\(Vq eVj )/\(I =j)r(p=q).

4. Ecmum BepmmMHa HE  NPUHAUISOKUT K  KJIAcCy  SKBHUBAJICHTHOCTH

Pe3yJIBTHPYIOIEH BEPIIUHBI, TO OHA TOJDKHA PUHAIJICKATH METABEPIINHE
YW ! (vp eVrez):> mg : (vp €emg )

5. Ecnm BepmmHa He SBISETCS BXOIHOW, TO OHAa HMEET XOTS OBl OJHY

3aXO0/IIYI0 AYTY, T.€. €€ OJIYCTENeHb 3aX0/a 0oblIe HyJIs
Vi, p: (vp e_:Vi'”p“t): deg*(mvp)> 0, 20emvy, = {vp }

Ha puc.6 npomaeMOHCTpUpOBAHO Tpaduueckoe NpeicTaBieHHe MeTarpada,
cootBercTBytomero bH3 Mamaanu, kotopas He SIBISIE€TCA TUHTBUCTUUECKH MTOJTHOM.
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Pucynok 6. IIpumep merarpada s/ , cooTBercTBytoniero bH3 Mampaanu, kotopas He
SIBJIIETCS IMHTBUCTUYECKH ITOJTHON

BriBoabI

CdopmynupoBaHHble B JaHHOW paOoTe yTBEpP)KIACHUS IMO3BOJAT B JajJbHEHIIEM
MPUMEHATh WX AN cratuueckod Bepuduraumu BbH3, mpencraBienHol B Buze
merarpada. [lanHoe mpencTaBieHne TO03BOJIIET MTOBBICUTH d(DPEKTUBHOCTL TPOBEPKH
OIIMCAHHBIX CBOWCTB W BBIABICHUS aHOMalud. B panbHelinieMm IiaHuUpyercs
COBMECTUTh AaBTOMAaTHUYECKYIO IIPOBEPKY IIPUBEACHHBIX B PabOTEe YTBEP)KICHUH, a
TaK)kKe aBTOMATHYECKYIO BU3yaJHM3aluio Merarpada I MpeJoCTaBIeHHs SKCIepTaM
BO3MOXXHOCTH HWACHTU(UIIUPOBATh, OTCIEKUBATh, AHAIM3UPOBATH M HCIPABIATH
BBIBJICHHBIC aHOMAJIH B IPpa)UuecKoM BUAE. DTO MO3BOJIUT YBEIUYHUTh HATTISHOCTD
1 5P PeKTUBHOCTH pabOTHI FKCIIEpTa B TIpoIiecce MocTpoeHus 1 ananu3a bH3.

JINTEPATYPA

1. Pormreiin A. I1. MHTe/miekTyalbHbIC TEXHOJOIMU WACHTU(PHUKAIMH: HEYCTKHUC
MHOXECTBA, TEHETHYECKHWE aIrOPUTMBI, HeWpoHHble cetn / Bunzuna:
YHUBEPCVYM, 1999. — 320 c.

2. T'mo6a JI.C., Tepronoii M.I1O., ltorpina O. C. TexHoxnoris 06poOku iHPpopmarrii
B TETEpOreHHOMY iH(poOpMaUiiHO-TeIeKOMYHIKalifHOMy  cepegoBumii  //
OnekTpoHHKa M CBs3b. TemaTndeckuil Beiyck «lIpoOiemsl a51eKTpOHUKY, 4. 1,
2008. — C. 204 — 207.

3. Tepuopoii M.IO., Ilrtorpina O.C. IlpeacraBieHHs 0a3 HEUYITKUX 3HAHb 34
JOMIOMOT0r0 MeTarpada Ta MpoBeACHHsI HEUiTKOTO JIOTIYHOTrO0 BUBEACHHS HA HOTO
ocHoBi // Bicmmk Xapk. Ham. yH-Ty., Cep. «MaremMaTHdHE MOICITIOBAHHS.
Indopmariiiini TexHosorii. ABTOMAaTH30BaHI CHCTEMH YmpaBliHHM), 2014, Ne
1105. —C. 156 — 165.



BicHuk XapkiBcbkoro HauioHanbHoro yHisepcutety NeXXX, 20XX 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

Amit Basu, Robert W. Blanning. Metagraphs and their applications. Springer.
2007. 172 p.

Zheng-Hua Tan. Fuzzy Metagraph and Its Combination with the Indexing
Approach in Rule-Based Systems // IEEE Transactions on Knowledge and Data
Engineering. 2006. Vol. 18, No. 6. pp.829-841.

Preece A.D., Shinghal R. Foundation and Application of Knowledge Base
Verification // International Journal of Intelligent Systems. 1994. Vol. 9. pp. 683-
701.

Nguyen T. A., Perkins W. A., Laffey T. J., Pecora D. Knowledge base verification
/I Al Magazine. 1987. Vol. 8, No. 2. pp. 69-75.

ITerar A. Heuerkoe monenmupoBanue u yrpasieHnue / A. Ilerat; mep. ¢ aHri. 2-e
u3n. M. : BUHOM. Jla6oparopus 3Hanwmii, 2013. 798 c.: ui.

Ceprueako M.A. MeTonpl aHanmM3a W CTPYKTYPU3ANUKA 0a3bl HEYCTKUX IPABHIL.
ABTopedepar aAmccepTalMM Ha COMCKaHWE YYEHOW CTEleHW KaHAuaara
TeXHUYECKMX Hayk mno cneruaibHocTh 05.13.17 — Teoperudeckue OCHOBBI
undopmatrku. Boponex, 2010.

Ceprueako M.A. MeTonbl TMPOEKTHUPOBAHUS HEYETKOW Oa3bl 3HaHWA. BecTHHK
BTV, cepus: CucremHsbli ananu3 1 uHGOpMaIMoHHbIe TexHooruu, 2008, Ne 2. —
C. 67-71.

[ocnenosa JI.4., Yykanosa O.B. [Touck mpoTuBopeunii B NpoIyKIIMOHHBIX 6a3zax
3HAHUU [D71eKTpOHHBIH pecypc]. - Pexum JocTyna:
http://library.mephi.ru/data/scientific-sessions/2009/t5/0-5-1.doc  — DnekTpoH.
TEKCTOBEIE TaHHEIE. (maTa oopamenus 7.04.2014)

[ocnenosa JI.S. Metong mnoucka MpoOTHBOpeUYMid B HEYETKOW Oaze 3HAHUH.
[DmexTponnsiii pecypc]. — Pexxum mocryma: http://ekhneu.org.ua/content/metod-
poiska-protivorechiy-v-nechetkoy-baze-znaniy — DiekTpoH. TEKCTOBBIC JaHHBIC.
(mata obparenus 19.01.2015)

[TocnenoBa JI.SI. Onenka cTemneHd HENPOTHBOPEYMBOCTU CHUCTEMBI HEUETKUX
npasuil. bizneclndopm Nel2, 2013. — C. 124-129.

Kpusyns I'.®. Bmacor M.B., IlaBmoB O.A. Onrtumuszanus NpOIyKIIMOHHBIX
OpaBWJl B JWArHOCTHYECKOW OSKCIEPTHOH cucTeMme. Te3nchl TPUHAAIATON
MEXAYHapOJHON HaydyHO-TexHH4YecKoi koHpepeHumn «IIpobiembl nHpOpMaTHKH
u mojenupoBanus»y, HTY "XIIN", XapsroB-Anra, 2013. — C. 5-7.

Carmona P., Castro J.L., Zurita J.M. Contradiction Sensitive Fuzzy Model-Based
Adaptive  Control — [Dnektponnsiit  pecypc]. — Pexum  jgocryma:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.101.9361&rep=repl &ty
pe=pdf — DnekTpoH. TeKCTOBbIC AaHHbIC. (naTta obparienus 19.01.2015)
ITomoposa O.B., I'naruyk €.I'. BusBieHHs CynepewINBOCTI MPaBUI B HEYITKUX
0a3ax 3HaHb IHTENEKTYyaJbHHX CHUCTEM TEXHIYHOTO JIiarHOCTYyBaHHS. —
PagnioenexTponHi i koM toTepHi cucremu, 2009, Ne 7 (41). — C. 171-176.
ITomoposa O.B., Kpumyk A.®. Merton BUSBIEHHS CylepedHocTel y 6a3ax 3HaHb
CHCTEM TEXHIYHOIO [iarHOCTyBaHHA. BicHHK XMENbHUIBKOIO HAI[iOHAIBHOI'O
yHiBepcuTeTy. —XMenbHuIpkui: XHY, 2010, Ne.3. — C. 257 — 260.

[uekun B. 4., bakynun E. II., KopenskoB JI. M. HeueTkne MHOXXecTBa B
CUCTEMaxX yIOpaBleHUs — [DJEKTpoHHBIA pecypc]. — Pexum pgocryna:



BicHuk XapkiBcbkoro HauioHanbHoro yHisepcutety NeXXX, 20XX 15

19.

20.

21.

22.

23.

24,

25.

26.

27.

http://ref.rushkolnik.ru/v46863/?page=7 — DieKTpOH. TEKCTOBBIC NaHHbBIC. (1aTa
obparenust 19.01.2015)

El-Korany A., Shaalan K., Baraka H., Rafea A. An Approach for Automating the
verification of KADS-based Expert Systems // New review of applied expert
systems. 1998. Vol. 4. pp. 107-124.

Arman N. Fault Detection in Dynamic Rule Bases Using Spanning Trees and
Disjoint Sets // The International Arab Journal of Information Technology. 2007.
Vol.4, No.1 pp.67-72.

G. Valiente Feruglio Knowledge Base Verification using Algebraic Graph
Transformations [DmekTpoHHBI pecypc]. - Pexnm JOCTyTIA:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.55.2760&rep=repl&typ
e=pdf — DnexTpoH. TekcTOBBIE AaHHBIE. (aTta obparenus 27.02.2015)

Mues C., Vanthienen J. Efficient Rule Base Verification using Binary Decision
Diagrams // Database and Expert Systems Applications Lecture Notes in
Computer Science. 2004. V. 3180. pp. 445-454.

Strehl K., Moraga C., Karl-Heinz Temme, Stancovi R. Fuzzy Decision Diagrams
for the Representation, Analysis, and Optimization of Rule Bases // Research
Report No. 725 Department of Computer Science, University of Dortmund. 1999.
Vanthienen J., Mues C., Goedertier S. Experiences with Modeling and
Verification of Regulations // In Proceedings of the CAISE'06 Workshop on
Regulations Modeling and their Validation & Verification (REMO2V’06).2006.
pp. 793-799.

Saud M.A. Maghrabi Matrix Verification of Knowledge-Based System // JKAU:
Sci. 2001. Vol. 13. pp. 63-82.

O6iain JI.M. Merton Bepudikanii 6a3 3HaHb CUCTEMH aBTOMAaTHYHOI'O YIIPaBIIiHHA
3a JOTIOMOTror0 MaTpudyHuX omepamniii / Cucremn oOpoOku iHpopmamii, 2012,
sunyck 3 (101), . 2. — C. 85-809.

Siminski R., Wakulicz-Deja A. Circularity in Rule Knowledge Bases Detection
using Decision Unit Approach // Monitoring, Security, and Rescue Techniques in
Multiagent Systems Advances in Soft Computing. 2005. Vol. 28. pp 273-279.

Haginwna y nepwin pegakuii 01.05.2010, B octanHii - 01.06.2010.


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.55.2760&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.55.2760&rep=rep1&type=pdf

