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BBejeHue MOJIHBIX PACCTOSIHUI M MeP HEAOCTOBEPHOCTH AJis opMyJI JIOTHK
JlykaceBu4a Jyisi aBTOMATHYECKOM KJIACTEPU3AlMU MHOKECTB JIOTHYECKUX
BBICKA3LIBAHUN U3 02361 3HAHUI

B crathe paccMOTpEHBI TOTHUECKUE BBICKA3bIBAHUS HKCIIEPTOB, KOTOPbIE MOXKHO NMPEACTABUTH B BHJE JIOTU-
yeckux (opMyll n-3Ha4HOM Joruku JlykaceBuua. Mcmonb3ys TeOpeTHKO-MOAETIbHBIN TOAX0, BBEICHBI MOJ-
HbIE PacCTOSHUS MeXIy GopMyIaMu M Mepbl HEAOCTOBEPHOCTH (hopMy:1. M3ydeHb! cBOICTBA BBEICHHBIX Be-
auquH. TaxoKe IMOKa3aHbl BBIYMCIEHHMS M TNIPUMEHEHUs] BEIMYMH JUI KJIacTepusaluu rpynm  Qopmyi
n-3Ha4HOM JToruku JlykaceBuda u3 6a3bl 3HAaHUN (IKCIIEPTHOM CHCTEMBI).

Kniouesvie cnosa: MHOTO3HAYHAS JIOTUKaA, JIOTHKa .HyKaceBI/I‘Ia, PpacCToOAHUC MEKIAY q)OpMyJ'IaMI/I, MEpa
HEAOCTOBEPHOCTHU, KIIaCTCpU3allns, I/IepapXI/I‘leCKI/Iﬁ AJIrOPUTM, TEOpU MOZ[CJ'ICﬁ.

1 Beeoenue

Ha ceromgnsmauii neHb 3aa4a aHaiu3a MHOTO3HAYHOW JKCIIEPTHON MH(pOpPMAIMH SBIISECTCS aKTyallb-
Holi [1-6]. B nanHoli paboTe paccMaTpUBalOTCS JIOTHYSCKUE BBICKA3BIBAHUS (SKCIICPTOR), IIPEACTABICHHBIC B
BUJIC JIOTHUECKUX (POpMyIT n-3Ha4HOM Joruku JlykaceBuda u3 0asbl 3HaHMA. [IOHATHO, YTO pa3IMYHBIC BBI-
CKa3bIBaHUS HeCyT B ceOe pazHoe KonuuecTBo MH(popmarmu. Tem caMpiM BO3HHKAaeT BOIPOC O CPaBHEHUH
(3KCTIepTHHIX) BBICKA3bIBAHWN 10 MH(POPMATUBHOCTU M, KAaK CJIEICTBUE, UX PAHKUPOBAHUU W BBHIICICHUN
ONMU3KKX BBICKa3bIBaHWU. [l 3TOro HEOOXOAMMO BBECTH PACCTOSIHHSI MEXIY BBICKA3bIBAHUSMH, TOJHO
YYHUTHIBAOIINE BCEBO3MOXKHBIE JIOTHUECKUE BO3MOKHOCTH, a TaKKe Mepy WH(OPMATUBHOCTH, YTO U CIEIa-
HO. [lomyueHHBIE BETMYMHBI MOXKHO WCIIONIB30BaTh B KJIACTEPHU3AIMM MHOXECTB BBICKa3biBaHUU. Pabota
BBITIOJHEHA Tipu nojaepxkke rpantoB PO®U, npoektsr 14-07-00851a, 14-07-00249 a.

2 Teopemuueckue npobiemvl

2.1 llocmanoska 3a0awu. OCHOBHOM 3a/1adeil TaHHOW PabOTHI SBISIIOCH BBEJICHUE TIOTHBIX PACCTOSHUI
¥ Mep HEJIOCTOBEPHOCTH JiIsl (POpMyI #-3HAYHOM JIOTHKY JIykaceBrda, YTOYHSIONIMX U pacmupsitornmx [7—10],
MpUYEeM TaK, 9YTOOBI BHIOIHSIOCHh KaK MOKHO OOJIbIIIE CBOMCTB, XapaKTEPHBIX JJIS JJAHHBIX BEITUYWH B U3-
BECTHBIX Cllydasx. Heo0XoauMo MpOomLTFOCTPUPOBATh MPUMEHEHHE TOMYYSHHBIX BEIMYWH B KJIaCTEpH3a-
LIUH.

2.2 Paccmosnus meancdy gopmynamu L, TeopeTHKO-MOAETbHbIC MOHSATHS, UCIIONb3yeMbIe B IAHHOM
pabote, onpezeineHsl B [3, 8, 10].

k .
O6o03HaunM uepes M (—1) = KOJIMYECTBO MOJIeNIeH, Ha KOTOPBIX (hopMmyia ¢ mpu-

n—

Modg sy (@) x_
n-1

Mods sy ((#) & &) 1)

n-1 n-1

0003HaYNM KOJMYECTBO MOJIE-

k ko1
HHUMAaeT 3Ha4eHue ——, a yepes M (—,— | =
n—1 n—-1"n-1

o k l
JieH, Ha KOTOPBIX (hopMyJia (0 IPUHUMAET 3HAYCHUE —a thopmyna — P — —
st oripenienieHns pacCTOSIHUSL MBI YYUTHIBAEM Pa3HUILY MEXKIY 3HAUCHUSAMH ABYX (DOPMYIT Ha KaXI0H
Mozenu. OObeTMHIM MOJCTH C OJIMHAKOBBIMU MOJYJISIMH Pa3HOCTH MEXIy 3HaueHUsIMHU GopMyn ¢ u P u
BO3bMEM UX C HEKOTOPHIM BECOM, YUUTHIBAIOIIUM OJIN30CTh JIOTHYECKUX 3HAUCHHH.
1 1 n—2n-—2 1
p(p, = M(0,0 M|——,—— e+ M , M(1,1 M|0,——
plo. ) a0< (0,0) + (n—l n—1>+ + (n—l n—1)+ ( )>+a1( ( n—1)+
+M( ! 0)+M( 1 2 )+M( 2 1 )+ +M<n_2 1)+M(1n_2)+
n—1" n—-1n-1 n—-1n-1 n—1’ 'n—l)
n-2 n-2 1 1
et an, (M (O'E) +M (E'O) +M (1,;) +M (E' 1)) + a,_,(M(0,1) + M(1,0)).

OueBHIHO, YTO MOJIENN, HA KOTOPBIX 3Ha4eHHs (JOPMYJI COBIIAAAIOT, PACCMATPUBATh HE HYKHO, TI03TO-
My monaraeM a, = 0. Mopenu, Ha KoTophIx (hopMmyna ¢ npuHuMaet 3HadeHue 0, a popMyna Y npuHIMAET
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3Havyenue 1 (1 Hao6opoT), OepeM ¢ BecoM a,_; = 1. [lomaraem, yTo 4Yem MEHbILIE MOIYIb PA3HOCTH MEXKIY
3HaUCHUAMH (OPMYIT @ U P Ha MOJIENH, TeM OHH OJMKe Ha JJAaHHOW MOJIEIH, U MOTOMY MX HY>KHO OpaTh C
MEHBIIIUM BECOM, IOATOMY @; < ;1 mwsi i = 0,...,n — 1. Ocraercst HopMupoBath Benuauny P(@, ).

2.2.1 Onpeodenenue. PacctosHrueM (NOJIHBIM) MEXIy (GopMyiaaMu ¢ U Y n-3Ha4HOU Joruku L, mpu
S(p) U SY) € S(2) na muoxectse P(S(2 )) Ha30BEM BeJ‘II/I‘lI/IHy

k l
p(p,P) = |5():)| k= 1 1o a|k M (E'E)n (1
TJIC Q; YIOBJICTBOPSET YCIOBHIM
O=ay= ;< a1 =1;
a; < a;41,1=0,...,n—1;
n—1

a; + Apn_1-i = 1,Vl = 0, ,T

2.2.2 Teopema. Paccrosiane mexnay dopmynamu L,, ompenenenHoe paBeHcTBOM (1), it 100X
@,Y,T € X yIOBIETBOPAET CAEAYIOIIMM CBOMCTBAM:

D 0<plpd) =1

2) plph)=0 = 9=y

3) ple,y) =p{,0);

4) plo, ) < plp, 1) +p(T,9);

5 9= =P = p(@, ) = plen, 1)

6) p(p,¥) = p(=e, —h);

7 p((@AY), (e V) = ple, ).

Hoxazamenvcmeo. J1nst yno0cTBa JOKa3aTeNIbCTBA MepenuiieM (GopMyiny Ui HAXOXKICHUST PACCTOSHUS
B CIICITYIOIIEM BHUJIC:
plp, ) = ﬁ(o Aty A tayr Ayt et agptAp 1A ).

1) B ¢dopmyne as BEIYHCICHHS PaCCTOSHHS YYaCTBYIOT Bce Moienu ¢ Koddduimentamu ot 0 o 1.
p(@, ) = 0, eciiu Bce MoieiH JiexkaT B A, To ecTh, koraa @ = P; p(@,P) = 1, ecnu Bce Moesn
conepkarcsi B A,,_1, TO €CTh, KOTJIa @ = —1 ¥ @ U Y, IPUHUMAIOT Ha MOIEJISIX TOJIBKO 3HaueHuUs ()
u 1. 3naunt, 0 < p(@, ) < 1.

2) Heobxomumocts. CrnemyeT U3 JoKa3aTesbcTBa cBoiicTra (1).

HocraTouHocts. CnemyeT U3 onpeesneHus 3KBUBAICHTHOCTH [3, §].

ko1 Ik
3) Cuenyer u3 TOrO0, 4TO Maphl M ( T 1) =M (m — 1) YMHOJXKaIOTCS Ha OJIMH M TOT K€ KOd(-

¢bunmeHT.

) p(@, ) = (o (MO,0) + M (-, =) 4+ M (A2, 22) + MALD) + (M (0,—=) +

n-1"n-1

+M( ! 0)+M( ! 2 )+M< 2 1 )+ +M<n_2 1)+M(1n_2) +
n—1’ n—-1n-1 —-1'n—-1 n—1’ 'n—l)

ot g (M(0,222) + M (222,0) 4 M (1,25) + M (215,1)) + s (MQO,1) + M(1,0))) = (0 +

+a1((%Awﬁ)+(¢;A¢%)+-~-+(¢Z_1A¢1))+-~+an_z((<poA¢Zj) CHVERE(CHVH)

n—-1
Kaxoe ciaraemoe sBJsieTCss HOpPMUPOBAHHON CHMMETPUYECKON Pa3HOCThIO, B3SITOW C HEKOTOPBIM Be-

com. B pabote [8] noka3aHo, 4TO HOPMHPOBAHHASI CHMMETPUYECKAsT PA3HOCTh, B3ATasi C HEKOTOPBIM BECOM,
SIBJIICTCSI paccTosiHueM. Tak Kak CymMMa pacCTOSIHHIA TOXE SIBISIETCS PACCTOSHHUEM, TO HEPaBEHCTBO Tpe-
YTOJIbHUKA BBITOTHSTCSL.

5) Crnenyet u3 onpenenaeH s SKBUBAJICHTHOCTH JBYX (HOPMYIL.

6) CrnenmyeT U3 COOTHOIIEHUS:

Modscs) (=) & &)1 ) = Mods(s) (@) (Bat), ol =0,...1 [9)

n-1 n-1

7) Cnenyet u3 COOTHOI_LIGHI/II/I pabotsr [9]
MOdS(z)(¢&¢) k = U5 ((MOds(z)(<P) L nMOds(z)(ll’) k )U (MOdS():)(‘P) k nMOdS(z)(IP) L ))

Modg sy (¢ Vll’) k = UiZ kl((MOds(z)(QD) U MOds(z)(lp) k ) U (MOdS(z)(‘P) k U MOdS(z)(ll’) ))

Teopema gokazaHa.
2.2.3. 3ameuanue. CBoiicTBa 2)—4) — 9TO aHAJIOTH CBOMCTBA METPHUKH. TaKuM 00pa3oM, Mbl TTOTYIHIIH
METPUYECKOE POCTPAHCTBO Ha KJIaccax KBUBAJICHTHOCTH BBICKA3bIBAaHUH.
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BBegeHne NonHbIX pacCTOSHUA. ..

2.2.4 3ameuanue. Paccroanue, 3agannoe ¢opmysoii (1), — 310 paccrosHue i ciydasi, KOrja Bce 3Ha-
YeHMs TIEPEMEHHBIX 3apaHee He M3BECTHHI. [lomycTuM, 4TO Tereph HaM M3BECTHbI MCTUHHOCTHBIE 3HAUCHUS
HEKOTOPBIX TepeMeHHBIX. [1ycTh MepeMeHHbIE X1, ..., Xy, X; E S(@)US@), i =1,..,7, r =|S(p) US|
COOTBETCTBEHHO NMPUHUMAIOT d1, ..., d,, d; < M UCTUHHOCTHBIC 3HaueHHsA. Toraa dopmyna mis HaXOXKACHUS

paccrosiHus MeXy GopMysIaMu ¢ U ) UMEeT BUJ

R 1 e ko1
Pl = TR TN M (5075) @

rac€ a; yaoBJICTBOPSCT YCIIOBUAM

O=ay= ;< a1 =1;
a; < a;41,1=0,...,n—1;
n—1
a; + Apn_1-i = 1,Vl = 0, ,T
Teopema 2.2.2 BepHa st p(¢, ).

2.2.5 Ilpumep. Paccmotpum dopmyiel @ = (x — y) V z, P = (x Ay) — z. [l Havasna paccCMOTpUM
ciydaii n = 3. BosemeMm ay = 0,y = %,az = 1. Torma p(¢p, ) = 0,16.
[TycThb Teneps nepeMeHHbIe, BXOSIIHE B 9TH (POPMYJIbI, IPHHUMAIOT CIICAYIONIHE 3HAYCHUSL:

1 1 A
X € {E' 1}; yef{l} ze {0,5, 1}. Torma p(e, %) = 0,28.
. 1 1 1 4
Teneps paccmMoTpuMm ciaydaii, korna # = 7. Bozemem g = 0,1 = 0y =C,03 =2,0, =5

as = g,a() = 1. Torma p(¢p, ) = 0,163.

HyCTL TCIICPb IICPEMCHHBIC, BXOAIINC B 3T (bOpMYJIBI, NPUHUMAKOT CJICAYIOIHNC 3HAYCHUA!
123 45

3 1 2 PN
X € {g},y € {g,g},Z € {O,E,g,g,g,g, 1} Torna p((p,l/)) =0,129.

2.3 Mepa neoocmogeprocmu. B xiaccudeckoil JIoruke noj, MH(QOpMaTHBHOCTBIO BBICKA3bIBAHUS [TOHU-
MaroT OTHOCHUTEIBHOE YUCIIO MOJIEJICH, Ha KOTOPBIX BBICKA3bIBAaHHE SKCIIEPTA JIOXKHO. JpyruMu cioBaMu, 3T0
paccTosiHME OT BBICKA3bIBAHMS JI0 TOXKIECTBEHHO MCTHMHHOH (opMysbl. YeM MeHble MoJene, Ha KOTOPhIX
BBICKa3bIBaHHE UCTUHHO, TEM OHO MH(OPMaTHUBHEH, TO €CTh MeHee 10cToBepHO. [loaToMy BMecTO TepMuHa
«mepa nHGOPMATUBHOCTI» OyJeM HCHOIB30BaTh TEPMHUH «MEPa HEJJOCTOBEPHOCTH.

B pabore [11] BBeaeHa dopmyna st Mepbl HEIOCTOBEPHOCTH B ciydae # = 6. O600mumM 31y hopmymy

JUIsL CITy4asi KOHEUHO3HaYHOH Joruku L.,. Tak xak B L., HCTHHHOCTHBIX 3HAYEHUH, OTIIMYHBIX OT 1, (n—2), TO
k

HYXXHO YYWTBIBaThb MOJIENH, HA KOTOPBIX (hOpMysa NPUHUMACT 3HAUYCHHUE — k=0,..,n—2. Taxxe

HYXHO Y4eCTb, HACKOJBKO Oyin3ko 3HaueHue ¢opmyinsl K 1. [loHsTHO, uTOo KOA(PULIMEHT pK MOAETH, Ha

o K
KOTOpO# (GopMylia IpUHUMAET 3HAUCHHE ——> JOJIKCH ObITH OonbIie, YeM KO3(D(UIMEHT Tpu MOJIeNH, Ha

. ! l
KOTOpO#i (hopMyJia mpUHUMAET 3HaYeHne — npu [ > k, Tak kak — Ommke K 1.
n—-1 n—-1

2.3.1 Onpeoenenue. Mepa nenocroBeproctu [(¢@) mist hopmyn n-3HauHOM Joruku JlykaceBuya mpu
S(¢p) € S(2) na maoxectBe P(S(X)) 3amaercs cienyromuM o0pa3om:
1 _ k
1(9) = =57 Lk=0 | (n-1)-k| M (E)’ )
TAC &; YAOBJIETBOPSET YCIOBUAM:
O=ay= ;< a1 =1;
a; < a;41,1=0,...,n—1;
n—1
2
2.3.2 Teopema. Mepa HEIOCTOBEPHOCTH, OIpejclieHHass paBeHCTBOM (3), s JoOBIX (opMyI
@,Y, T € X ynOBIETBOPSET CICAYIONMM CBOMCTBAM:
1) 0<I(p)<1;
2) I(p)+1(=p)=1;
3) (e AYp) = max{l(p), I(¥)};
4) (¢ vy) < min{l(p), I}
5) @A) +1(eVvy) =1(p) +1).
Hoxaszamenvcmeo:
1) OueBunHo, Tak kak I(¢) = p(¢@,1).

a; + Apn_1-i = 1, Vi = 0, .

1 1 2 -3 -2
2) 1) + (=) = 5t (@1 M0) + @ygM () ctysM () 4+ oM (=) + oM (22) +
n—2 n—3 2 1
+C¥0M(1) + (Xn_lM(].) + (Xn_ZM (m) + an_3M (m) + -+ azM (m) + alM (m) +
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1 1 2 -2 1
+a,M(0)) = m(M(O) +M (n — 1) +M (n — 1) ++M (nT) + M(1)> = 5@ nS®l =1,

n—1
JlokazarenscTBa CBOMCTB 3)—5) aHAaOrHMYHBI JOKA3aTEILCTBAM CBOWCTB 3)—5) Mephl HEJIOCTOBEPHOCTH
pabor [9, 13].
2.3.3 Ilpumep. Paccmorpum opmyibl @ = (x = y)V z, P = (x Ay) — z. Paccmotpum ciyuqaii
n=23.Bo3MeM ap =0,a; = %,az = 1. Torma I(¢) = 0,099,1(x)) = 0,086.

N 1 1
Paccmotpum ciywait, xorga n=7. Bossmem oy = 0,01 = 0y =,03 =, =

5’ 2’
Torma I(p) = 0,117, 1(y)) = 0,087.

2.4 Knacmepuszayus muodxcecms evickasvleanuil. Knacrepuszarysi — 3T0 pa3OueHne UCXOAHOTO MHOXKe-
CTBa OOBEKTOB Ha MOJIMHOXKECTBA (KJIACTEPHI), TPU KOTOPOM KaXK/bIi 00BEKT MOKET ObITh OTHECEH K OJTHO-
My WJIH HECKOJIbKUM 3apaHee HEM3BECTHBIM Kilaccam. BHYTpH KaxIoro kiactepa JOJDKHBI 0Ka3aThCsl CXO-
JKHE€ OOBEKTHI, 2 00BEKTHI Pa3HBIX KIIACTEPOB JIOJIKHBI KaK MOXKHO OOJIBIIIE OTIUYaThes [12].

J11 MHOXKECTB BBICKA3bIBAHUI M3BECTHBI TOJIBKO PACCTOSIHUS MEXIY (HOPMYyJIaMU U MEPbl HEAOCTOBEP-
HocTH. B faHHOl paboTe UCrosb3yeTcsl HepapXxudecKuil anropuT™ KilacTepu3allii, JUIsl pealn3alud KOTo-
POrO IOCTATOYHO 3HATH MOMAPHBIE PACCTOSHUA MEXKIY OObEKTaMH.

2.4.1. Uepapxuueckuii aneopumm kiacmepusayuu 0as popmyn L,. Jlng Hagana 3ajaeM KOHEUHOE MHO-
xecTBo hopmyin L,,.

1) Crpoum MaTpuIly paccTosiHui s Habopa popmy.

2) WMmem HanMeHbllIee pacCcTOsSTHIE U 00beAnHsIeM 3TH 2 (OPMYIIbI B OJTUH KIIacTep.

3) OObeauHsieM KiacTepsl M0 METOAy Oyvpkaiiuero cocena. MaTtpuia paccTOSHUE HepecUUThIBACTCS

no npasuiy: p(@, ¢i;) = min {p(x, @1, p(P1, @5)}-

4) IloBTOpsieM MyHKTHI 2 1 3, IOKa HE BBIMOIHUTCS KPUTEPUI OCTAHOBKH.

Kpurepuii octaHOBKH: paboTa aNropuTMa OCTaHABIUBAETCS, KOT/Ia MAKCHMATbHAs pa3HUIIA MEX]y Me-
paMH HEIOCTOBEPHOCTH 3JIEMEHTOB OJHOTO KiacTepa (o0o3HawaeTcsi d) JOCTHraeT 3HAuCHHS, 3aJaHHOTO
nepes HayaiuoM padoThl AITOpUTMA.

2.4.2. Ilpumep. PaccMOTpUM MHOXKeECTBO (hopMyI:

) g =x—>y;

2) g2(x = y)V(ZAW);

3) @3 ==(x =)

4) @ =xV(yVz);

5) o5 =((xAY) AzZ) > w;

6) 96 =(-xAy)Vz

7 9;=xVYy)Az;

8) ¢g=-(xA(yA2).

vl

6
A5 =2, 06 = 1.

1 2
B nepBom cimyuae BozeMeM n =4, ay = 0, a1 = 302 =3,03 = 1 (tabmn. 1, 2).

Tabnuma 1

MaTtpuua paccTosiHMii JJIsl HePBOro cJy4dasi

1 2 3 4 5 6 7 8
1 0,035 0,792 0,302 0,240 0,344 0,521 0,302
2 0 0,770 0,267 0,204 0,309 0,493 0,275
3 0 0,604 0,732 0,542 0,344 0,604
4 0 0,224 0,208 0,417 0,292
5 0 0,398 0,594 0,128
6 0 0,208 0,396
7 0 0,563
8 0
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BBegeHne NonHbIX pacCTOSHUA. ..

MaTtpuua Mep HeA0CTOBEPHOCTH /ISl HEPBOrO cay4dasi

Tabnuma 2

i 1 2 3 4 5 6 7 8
1(p;) 0,208 0,173 0,792 0,188 0,060 0,396 0,604 0,188
1 44
Bo Bropom cinyuyae BozeMeM n =4, g = 0,1 = 5% = a3 = 1 (Tabm. 3, 4).
Taonuma 3
Marpuua paccTosiHMii JJIsi BTOPOro ciry4ast
1 2 3 4 5 6 7 8
1 0 0,024 0,694 0,239 0,206 0,285 0,501 0,239
2 0 0,689 0,200 0,159 0,250 0,478 0,212
3 0 0,624 0,752 0,547 0,300 0,624
4 0 0,157 0,174 0,378 0,224
5 0 0,369 0,597 0,067
6 0 0,160 0,333
7 0 0,504
8 0
Tabnuma 4
Marpuua Mep HeJOCTOBEPHOCTH JJIsi BTOPOTro cIyyast
i 1 2 3 4 5 6 7 8
I1(p;) 0,189 0,143 0,811 0,129 0,037 0,376 0,624 0,129
1 2 3 4 5
B tpetsem cityuae BospMeM n =7, ay = 0, a1 = S0y = 2,03 = 0,0, = 0,05 =, Qg = 1 (Tabmx. 5, 6).

Matpuua paccTosiHMIl JJIsl TPeThero cay4vas

Tabnuma 5

1 2 3 4 5 6 7 8
1 0 0,026 0,755 0,284 0,216 0,337 0,498 0,284
2 0 0,743 0,258 0,190 0,310 0,478 0,265
3 0 0,595 0,753 0,516 0,337 0,595
4 0 0,234 0,190 0,381 0,280
5 0 0,394 0,573 0,158
6 0 0,190 0,356
7 0 0,501
8 0
Taodonuma 6
Matpunua Mep HeTOCTOBEPHOCTH JIJIsl TPETHET0 CIaydast
i 1 2 3 4 5 6 7 8
1(g;) 0,190 0,164 0,810 0,214 0,056 0,405 0,595 0,214
B 7 a=0a =t e =t =g =t g =3 g g
YETBEPTOM Ciydae BO3bMeM n=7, a9 =0,a; = 32,0:2 = 5,0:3 = 6,0:4 = 5,0:5 = 32,0:6 =

(Tabm. 7, 8).
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MaTpuna paccTOSHHIA AJ15 YeTBepTOro cirydasi

Tabnuma 7

1 2 3 4 5 6 7 8
1 0 0,019 0,755 0,238 0,190 0,293 0,492 0,238
2 0 0,740 0,208 0,156 0,268 0,473 0,214
3 0 0,612 0,771 0,517 0,301 0,612
4 0 0,181 0,168 0,348 0,223
5 0 0,373 0,583 0,104
6 0 0,153 0,324
7 0 0,490

8 0
Tabnumoa

Matpuna Mep HeAOCTOBEPHOCTH JIJISI YeTBEPTOTO CJIyqast

i 1 2 3 4 5 6 7 8

1(p;) 0,174 0,141 0,826 0,165 0,039 0,388 0,612 0,165

Pe3ynbrathl KiacTepu3aliuyl HEPAPXUUECKUM ITOPUTMOM 3anuiieM B Tadmumst 9 u 10.

Tabnuma 9

Pe3y.]'lI>TaTI>l KJIaCTepU3alluil UEePAPXUYECKUM AJITOPUTMOM

Howmep nrepanun Knacreps! (ciayqait 1) d Knacreps! (ciayqait 2) d
1 (@1, 02), P3, Ps, Ps5, P, P7, P 0.035 (@1, 92), P3, Ps, Ps5, P, P7, P 0.046
2 (91, 92), (@5, P5), V3, Par Ps, P7 0.128 (91, 92), (@5, P3), P3, P4, P, @7 | 0.092
3 (@1, 02 @5, Ps), P3, Par Pey P7 0.1438 (91, 92), (@5, P, P4), @3, P, 97 | 0.092
4 (91, P2, 95, P8), (Y6, P7), P3, P 0.208 (@91, P2, V5, P, Pa), P3, P, P7 0.152
5 (91, P2, @5, P8), (Y6, P7, P4), P3 0.416 (91, 2, 05, 95, P4), (P6, P7), 3 | 0.248
6 (91, P2, Ps, Pg, P P7, Pa), P3 0.544 (91, P2, Ps, Pg, Par Pe) P7), P3 0.587
7 (91, P2, Ps, Pg, P P7, Par P3) 0.732 (91, P2, Ps, Pg, Par Pe) P7, P3) 0.774

Ta6numa 10

Pe3y.]'lI>TaTI>l KJIaCcTepU3allui HePAPXUICCKUM AJITOPUTMOM

Howmep nrepanun Knacteps! (caydaii 3) d Knacreps! (ciayqait 4) d
1 (@1, 92), P3, Ps, Vs, P, P7, P 0.026 (@1, 92), P3, Ps, Ps5, P, P7, P 0.033
2 (@1, 92), (@5, P5), P3, Pa, Ps, P7 0.158 (01, 92), (@5, P5), @3, Ps, Pe, P7 0.126
3 (@1, P2, s, Pg), P3, Par Per Py 0.158 (@1, 92), (@5, P8), (P6, P7), P3, Pa 0.224
4 (@1, P2, P5, P8), (P4, P6), P3, P7 0.191 (91, P2, 95, P8), (Y6, P7), P3, Pa 0.224
5 (@1, P2, 95, P8), (P4, Y6, P7), 3 0.381 (91, P2, @5, P8), (Y6, P7, P4), P3 0.447
6 (@1, P2, @5, P, Pa, Py P7), P3 0.539 (@91, P2, V5, P, P6, P7, Pa), P3 0.573
7 (@1, P2, P5, Vg, Ps, Py P7, P3) 0.754 (@1, P2, V5, P, P6, P7, Par P3) 0.787

Bozemem d = 0.15. Toraa noixydum cienyronye KiaacTepbl:
Cotyuaii 1: (@1, 92, @5, Ps), 93, Par P6r P7-
Cutyuaii 2:(¢1, 92), (@5, P8), 93, P4, P P7-
Cayuait 3: (91, 92), 93, P4, Y5, P, P7, Pg-
Cayuaii 4: (91, 92), (@5, 08), 93, P4, P, Y7
Kaxk BumHO U3 npuMepa, Ui pa3HBIX 72 U Pa3HBIX BECOB MBI IIOJIy4aeM pa3inyHble kiactepsl. Crenosa-
TEJILHO, MBI MOKEM BBIOPATh HAMIIYUIIYIO KJIaCTEPH3ALHIO.
[on nammyumieit Kiactepuzanueii OyaeM MOHUMATD CIEAYIOLIee: SIEMEHThI OJJHOTO KilacTepa J0JIKHbI
OBITh KaK MOKHO OJIMDKE JIPYT K APYTY, @ PACCTOSHUE MEXIy KJIacTepaMH JIO0JDKHO ObITh HanbOombimuM [13].
ITyctb 5 — 3TO cyMMa JHaMETPOB KJIACTEPOB, a S, — CyMMa pacCTOSIHUI Mex Iy knacrepamu. O003HauUM

N o
s= 5—1 Yewm MeHbIIIE S, TEM KJIacTepU3aLus ABIIeTCS Hanbosee HauIydIeH.
2
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BBegeHne NonHbIX pacCTOSHUA. ..

ITocunTtaem s g Hamero npumepa. B nepsom cioyuae s = 0,076, Bo BropoMm s = 0,016, B TpeTbeM
s=0,003, B uwerBeprom s =0,022. CnenoBarenpbno, mnpu d = 0,15  knacrepuzamus
(01, 92), 03, 1, Ps, P, P7, Pg, TOITYUCHHAS B TPETHEM CIIydae, SBIISCTCS HAMITYYIICH.

3 3axnrouenue

BBenensl HOBbIE TIOJIHBIE PACCTOSHUS U MEPHI HEAOCTOBEPHOCTH 11s1 OPMYIT n-3HAYHOM Joruku Jlyka-
CeBMYA, TAKXKe JJOKa3aHbl CBOMCTBA MOJYyYEHHBIX BEIUUUH. CII0KHOCTh alrOpUTMa BBIYUCIIEHUS PACCTOSHUI
MexX1y (GopMyIaMu — SKCHOHEHIUAIbHAs. ATaNTHPOBAH HEPAPXUUECKUHN aJTOPUTM KIIaCTEPU3aALNH, TAKKE
MOKa3aH BIOOP HAMITyYIllel KilacTepu3aLuy.

[TomyuyeHHBIE BETMYMHBI MOKHO HCIIONB30BATh MPU aHaIn3e 0a3 3HAHUM, UX KIIacTepU3aluu, CO3IaHuU
IKCTIEPTHBIX CUCTEM, a TAKKE IPU IIOCTPOCHUHU JIOTHYECKUX PEIIAONINX (DYHKIMHA B paCO3HABAHUH.
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A.A.Buxentoes, B.B.®edenona

BijliM KOpBIHAH aBTOMATTHI KJIACTEPU3ANUSITIAHFAH JJOTHKAJIBIK MdJIiMaeMe
JKHUBIHAAPBI YIIiH JIyKaceBHUTIH JOTMKAJIBIK (popMyajapbl YIIIH TOJBIK
apaKkallbIKTBIKTHI )KOHEe CeHiMCi3 eJieMIi eHrisy

Maxkanaza JlykaceBHUTIH #-MOHJI JIOTMKACBIHBIH JIOTUKAIBIK (DOpMyJacsl apKbUIbl KeiTipyre OOJaThH
caparnbUIap/ibIH JOTHKAJIbIK MAJiMIEMeci KapacThIpbULIbl. TeOpUsIIbIK-MOENbAI 9iCTi KONAaHa OThIPHIIL,
ceHimci3 (opMmynamapaplH eneMi MeH (opMynanapbl apacklHIa TOJBIK apaKaUIBIKTBIKTAp CSHIi31I.
Oun emmemaepain kacuerrepi 3eprrenai. CoHbIMEeH Karap OiniM KopbiHaH JIykaceBHYTIH #-MOH[I JIOTHKA
(bopMynanapbHbIH IPYIIIACHIH KJIAaCTEpH3alMsIIay YIIiH eJIIeMAep i eCenTey MEeH KOIAaHy KepceTii.
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A.A.BukeHTbeB, B.B.®ecenosa

A.A . Vikent’ev, V.V.Fefelova

The introduction of the full distance and measures of uncertainty for formulas
Lukasiewicz logics for automatic clustering of sets of logical statements
from the knowledge base

This article discusses logical statements of experts who can be represented by logical formulas of n-valued
logic of Lukasiewicz. Using a theoretical model approach, enter the full distance between the formulas and
measures of uncertainty formulas. We study the properties of these variables. Also showing calculation and
application variables for clustering groups of formulas of n-valued logic of Lukasiewicz Knowledge Base
(expert systems).
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