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OueBunHo, 4YTO MpH (UKCHPOBAHHOM MOpPOre @ =1-¢ MOCTPOEHUE MHOXKECTBA
A-knacrepoB L = {A,}:”:], 2<m< N, NpeACTaBISICT pellieHHe 3a/1ayu aBTOMATHUYECKOH

KIacc(uKalMy MHOXKECTBA 00heKTOB X . XapakTepHCTIHHYECKOe CBOHCTBO A-KJTacTepoB Co-
CTOMT B HAIM4MM O-CBSI3HOI'O MYTH MEXKJLY JHOOLIMU 3/IEMEHTAMU OJHOrO M TOTO K€ KIIac-
Tepa M OTCYTCTBMM TAKOrO MyTH MEKIY IIEMEHTAMHM Pa3iM4HBIX KIACTEPOB.

OnuiueM OMH U3 BO3MOXKHbIX BApUaHTOB airoputma IFC-MeTona HeueTKoil Kiac-

~ J
TEpH3aLMH 1PH GUKCHPOBAHHOI chcTeme noporos. ITycrs Teneps X = {x; }’A:] — MHO-

KECTBO OOBEKTOB M 3alaHO HEYETKOE OTHOLUEHUE T, NpeACTaB/ICHHOE ManHLICﬁ cxon-
N.N

crBat = (T(x;,x; ))':1-1:

1 Haxoaum napy 00BEKTOB C MUHHMAIbHBLIM 3HAYEHUEM CXOJI-

CTBA ¢ iy, >0 ¥ BBIYKMCISAEM 3HAYEHUs MOPOTOB & = {ak}f:l;a, >..>ap>..>ap;
Qp =pyin +k(1=yin )/ p,k=1,2,..., p. [IpefcTaBuM aIrOpUT™ aHATH3a KJIACTEPHOH
CTPYKTYpbl MHOXeCTBA X = {X; };i] 21t GUKCMPOBAHHOIO 3HAYCHUA & = (. W MATPH-
bl CXOJCTBA T.

1. JIns 3HaveHus nopora a;, CTPOMTCA MHOXKECTBO KJIACTEPOB {C,iak)};ZI'

2. Bbuucssercss COBOKYITHOCTh MOIIHOCTEH HOCHTENei Kakaoro Kiacrepa.

3. Onpenensercss KiacTep ¢ MakCMMalbHOM MOLHOCTLIO HOcHTens. Eciu Takux
KJIaCTEPOB HECKOJIbKO, TO Oepercs noboit u3 Hux. Jlanee na ocHose 0ObEMHEHUS HO-
CHTEJIeH CBSI3aHHBIX KJIaCTEPOB CTPOMTCA MHOXECTBO A-KIIACTEPOB.

OtmeTnMm, 4T0 Ha Tanax 2 ¥ 3 MOYKHO BBIMUC/IATH MOLIHOCT Kiiactepos {C )Ea" )}I’\i],
) =

A-KI1acTepoB U UX HocHTeNlel. DTa MHGOPMALMs MOXKET OITH MOJIE3HOI TPH COEpIKaTelIb-
HOM MHTEPIPETALIMM PE3yJIbTaTOB, a TAKKE VTS NPUOIDKCHHOTO pellieHHs 31241 aBTOMa-
THYECKON KiiaccuyKalmy npu 60sbIIOM 06bemMe MCXO/IHBIX JaHHBIX B KOHKPETHBIX MpH-

JIOXKEHUAX. BBIMMCIUTENbHAS CI0KHOCTh @ITOpUTMa He TpeBbiuaer O(N 2).

2. IPUMEPBI IIPAKTUYECKOI'O IIPUMEHEHMSA

Ha puc. | npuBeneHbl Kiacrepbl, NOMyHYeHHbIE B pedyibTare npumeHeHus [FC-me-
Toaa Ans Habopa Touek Ha miockoctd (cM. [4, TaGn. 7.3]) npu BeiGope @ =0,6.
DYHKUMSA MPUHAUIEKHOCTH HEYETKOTO OTHOWICHHA CXOACTBA T JUI TOYEK X, X g
BBIMHCIIETCS HA OCHOBE HOPMMPOBKH CBKIIMIOBOIO PaccTosHus d(x;, x ;) AeneHuem
Ha MaKCHMajbHOE 3HAYEHHE PACCTOSHHS

r(x,»,xj):l—d(x“xj)/ ma_>g_d(x,,x/). CEL)
i,jel, N ?
OT0T HAabOp NAHHBIX ANMPOKCMMUPYETCS KJIaCTepaMH SJUTHIICOBUAHOW (OPMBI, KO-
TOpbIE MOTYT ObITh NOJMYYEHbl Kak M3BECTHbIM MeToJoM Fuzzy C-Means, Tak u Me-
TOJIOM, COJIEPXKALIMM ONEpaLUI0 TPAH3UTUBHOIO 3aMmbliKaHus [4].

Ha puic. 2 npusejien Habop J1aHHbIX, COCTOAIMIT 13 40 TOUEK, pa3MellleHHbIX Ha JBYX
KOHLICHTPUYECKHX OKPYKHOCTAX [4, Tabn. 7.12). Meron Fuzzy C-Means e nocturaer pe-
3yJbTaTa /Ul TAKoro Habopa JIaHHBLIX, N03TOMY B [4] JUls 1osyyeHus pa3bueHus, cocTos-
LIETO U3 TOYEK, JIEKALMX Ha OJIHOM M TOM Xe OKPYKHOCTH, PHMEHSIETCS ONepaLis TpaH-
3UTMBHOTO 3aMblkaHus. McrosnbssyeM (QyHKIMIO TIPUHAUTEKHOCTH HEYETKOTO OTHOINEHHMS
cxozicrsa (11) Ha Gase [FC-merozia 1 nosydaem Takoe pazouenue A 3navenus a = 0,8.
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ITpeacraBuM Pe3yNbTaThl MCTONB30BAHMA [FC-MeTozia B 3aj1aye pacrio3HaBaHUA
NOPTPETOB, NPMHAMIOKAIUMX OJHOH 1 TO ke ceMbe. OTMETHM, YTO 3Ta 3ajaya Cy-
LLleCTBEHHBIM 06Pa30M OTIMUAETCsS OT CHOPMYIMPOBAHHON BbILLE HedopManbHOH 10~
CTAHOBKYM 3a7auM Kiactepuzaiuu. COracHo HehOPMANBHOMY OTNpPEIE/ICHHIO KiacTe-
pbi JIOJKHBI COZEPXKATh TONBKO CXOJHBIC JJIEMCHTBI, B TO BpeMi KaK KJIacChl JKBH-
BAICHTHOCTH B 3a71a4e Pacrio3HABaHNs [IOPTPETOB KPOME CXOJHBIX COAEPIAT M HECXO-
Hble IeMEHTbI (OPTPEThI), MOCKONbKY WICHBI CEMBI MOTYT HE HMETh CXONCTBA MEK=
1y coboit. JlaHHbIe 110 CXOACTBY 16 MOPTPETOB, NPUBEACHHRIC B Tabn. |, B3ATHI U3 pa-
6othl [2]. CeMbsi A COCTOUT M3 IBYX ponuteneii (Parent) 1 Tpex nereii (Child): P1_A,
P2 A, Chl_A, Ch2_A, Ch3_A; cembs B umeer cieayioumx npeacrasuteneii: P1_B,
P2 B, Chl_B, Ch2 B, Ch3_B; B cembio C sxoaut ewe u 6abyurka (Grandmother):
Pl G, P2.C, Chl .C, Ch2 C, Ch3 C, Gm_C.

B Ta61. 2 MpHBEAEHbI Pe3yTbTaThl 06paboTK! AAHHBIX A & = 0,6. ITpamoyrob-
HHKOM BbLIG/CHDBI MOTyUEHHbIC JAHHbIE JUIS KOKIOH OTACTbHON CEMbH. CornacHo
Tabn. 2 cemb A U B pacnosnaiotcs 6e301MO04HO, 0HAKO B ceMbio C He BKIIOUYEH
oan pebenok (Chl_C), nockonbKy JUisi JAHHOTO Mopora 3ToT 9JIEMEHT MaTpMLIbI OKa-
3bIBACTCS M30IMPOBAHHDBIM, T.€. HE CXO/IHBIM C APYTHMHU JIEMEHTAMH MATPHLLbL. Taxkoii
pe3y ibTar KnaccH(puKaluy NoJHOCTBIO COBMANIACT C pe3ynbTaramu B [2], o/HaKO npy
3TOM He MCMONb3YETCs Ofepalus TPaH3UTHBHOTO 3aMbIKaHUA.

TMockonbky IFC-METON CBA3M MexLy HEMEHTaMH HE H3MEHSET, TO MOXKHO Mpo-
BOIWTH MANbHEHlINE UCCIeN0Banus. B 4acTHOCTH, MPH CHIKCHHH TOpora HEe4YeTKHH

40 ISSN 0023-1274. KubepHeTka 1 CUCTEMHBIN aHA/IN3. 2016, Tom 52, Ne |





image9.jpeg
Tabauua 2

PI_A | P2 A [Ch_IA[Ch2_A|Ch3_A

o
]
-
@
[#)
-

i
w
o)
s
)
)
2
)

Gm _C| P

[e]
]
(o]

Chl_C|Ch2_c|ch3 C

o
%
o

PLA| 1 0
P2A 038
ChL_A 1
Ch2_A 0
Ch3_A
PIB
P2B
Chi_B
ch2 B
Ch3 B

3
S eo
I3
)
o
©

o
%
o
ES

o
© —-olo o oo of

S o ~loooceof

o
oo ocoo0oooo

©coooocoooo

0

~ogleecccoccocofl

Gm_C
PIC
P2.C
Chi C
ch2_C
Ch3 C

0(0.4)
0
0(0,4)
0@H| 1

0 [
0 0

o
°
®
)
S
o ~jlcocococooooo
4
w

0(0,4)
08
08

©oo-—-ocloocoocooooo o

o oldro o B EETH
cccccosccsocsleas -0
©C ococ oo ObOoo o0 oo
coopoosossslo_aas
Shoiaals B ondiEe | o
Saanis a8 3

"2 o S plase & 8 5 S

1
0
0
0 0.8
0
0
0

© oo o oo
© —o oo

KJjactep Cé?l‘f)c OKa3bIBACTCA CBA3AHHBIM C ceMbeii C (kypcuBHble LU(pbI B Tadn. 2).

3HAUMT, COCTAB BCEX CeMeii OnpeeNseTcs MpasmibHo. Takyio JONONHUTEITBHYIO [IPO-
Leaypy nowcka «Gimkaiiieroy knacca SKBUBATEHTHOCTH MOXHO WCTIONB30BATH [UIS
KIaCCH(UKALMKM M30JMPOBAHHBIX 2]1EMEHTOB. Pesynbrar KIacCu(HKaLMH OKa3biBaeT-
¢sl bolee afeKBATHBIM, HeM NIPH HCTIO/b30BAHMM ONEPALIMH Max — min TPaH3UTUBHOTO
3amblkanus [2], a nomyueHHas knaccuduKaLms Jierko MHTEPIIPETHPYETCSl.

3AK/TIOYEHHUE

Pelierye 1 uHTepNpeTalyis pesysbTaTOB MPEUTOKEHHOrO MOAXOAA K ABTOMATHUECKON
Kkiaccupukauny Ha ocHose IFC-meronia GasupyeTcs Ha BBEEHMH HEUeTKHX JOrHuec-
KHX ONEpaTopoB — MOPOrOBBIX TPEYTrONBHBIX HOPM M KOHOPM. JIaHHBIA METO[ OTIIH-
HaeTCs OT METOZOB, OCHOBAHHBIX HA HEYETKOM OTHOIICHWH SKBMBAJEHTHOCTH, [1O-
CKOTIBKY M03BOJIACT paspabarbiBath Gosiee GbICTPbe AIrOPHTMBI NIOCTPOCHHS KJIACCOB,
Tak Kak HE HCMO/b3YETCs ONepalsi TPAH3UTUBHOIO 3aMbikaHus. KpoMe Toro, He Hcka-
KAIOTCA IAHHBIE O CBA3AX MEKIY IJEMEHTAMM HCXOAHOIO MHOXKECTBA, YTO obecreydu-
BAeT MpO3PavHOCTh WHTEPIPETALIMM [OJIyHaEMbIX PE3yJIBTATOB M MO3BOJSET YTOUHSATH

«

MX TpH JIUTBHEHILNX MCCIEOBAHUAX CTPYKTYpbI KJIACCOB. '
Bo3moxHoe HanpaBieHne AanbHEMIINX HCCNENOBAHMIL: BONPOCH! ANeKBATHOCTH
pe3yIbTaToOB aBTOMATHUYECKOH KIACCH(UKALMK B TEX CIIy4YasX, KOI/a HEUETKOE OTHO-
LUICHUE CXO/ICTBA 33/1a€TCA HA OCHOBE XApAKTEPHCTUK KIIACCH(QHULMPYEMbIX 00BEKTOB,
U3MEPEHHbIX B Pa3/IM4HbIX KOJIMYECTBEHHBIX U KAYECTBEHHBIX LIKANAX.
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uDC 519.8
Method of automatic classification on the basis of fuzzy similarity relation / Hulianytskyi L.F., Riasna KX
J/ Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 1. — P. 3441,

The IFC-method of fuzzy clustering is proposed to solve the problem of automatic classification. The
method is based on new fuzzy logical operators: threshold triangular norms and conorms. This method differs
from clustering methods based on fuzzy equivalence relation since it allows developing faster algorithms to
generate clusters without distorting data on connections between clements of the studied set. This provides
transparent interpretation of the results of research. The results of application of the method to some
well-known problems are given. Figs: 2. Tabl. 2. Refs: 7 titles.

VJIK 004.8
Heuirki 06’ €KTHO-0picHTOBARI Aunamiuni mepesxi. 11/ Tepaenwkuii /1.0., [posorap 0.1. // KnbepHeTnka
N CHCTEMHbIA aHanus. — 2016, — Tom 52, e 1. — C 42-49.

HaseaeHo y3aranbHeHHs 00’ €KTHO-OPIEHTOBAHHX JMHAMIMHUX MEpEXK Ha HEUITKHA BUNAIOK, AKC JI03BOJISAE
NPEACTAB/ATH 3HAHHA 11PO 06’€ekTy i Knack 06’ €KTiB HEHITKOI NPMPO/M, 2 TaKOK MOJICIIOBATH iXHi 3MIHH B 4aCi.
Y pamKax ONMCAHOrO MiAXOY 3ANpONOHOBAHO MEXaHIIM OTPHMAHHS HOBUX 3HaHb Ha ocHOBI Ga30BMX, AKMA 3HAY-
HOIO MipOIO BIIPI3HAETHCA Bi/L BIIOMUX METOZIB B ICHYIOYHX MOAC/IAX NPEACTABNCHHA 3HAHb. Hapeneno npHKial
1106y 1081 KOHKPETHOI HEUITKOT 00’ EKTHO-OPICHTOBAHOT JMHAMIMHOT mepexi. In.: 2. Tabn.: 5. Bibaiorp.: 16 HasB.

UDC 004.8
Fuzzy object-oriented dynamic networks. 11 / Terletskyi D.A., Provotar A.L // Kibernetika i sistemny
analiz. — 2016, — Vol. 52, N 1. — P. 42-49.

This article contains generalization of object-oriented dynamic networks on fuzzy case, which allows
representing of Knowledge about objects and classes of objects of fuzzy nature, and modelling their changes in
time. In addition, the mechanism of reasoning about knowledge, which is based on basic knowledge and differs
greatly from known methods of reasoning in existing models of knowledge representation, is described within
the proposed approach. The example of particular fuzzy object-oriented dynamic network building is
considered for demonstration of proposed approach. Figs: 2. Tabl.: 5. Refs: 16 titles.

CHUCTEMHHI AHAJII3 SYSTEMS ANALYSIS

VK 517.946
MojeioBanHs eBOONIT PO3NOBCIONAKYBAHOTO CHrHAIy Bil BXOAY 10 BUXOAY 3 MOBHUM NOrJIMHAHHAM /
Kpusonoc 10.I',, Ceaesos LT., Xiviu O.M., bapanos AJO. // KnbepHeTHKa i CUCTEMHBIH aHanus. — 2016.
— Tom 52, Ne 1. — C. 50-56.

Hape1eHO NOCTaHOBKY OUYATKOBO-KPAOBOI 3a/1ati PO3NOBCIO/LKEHHA CTYNIHYACTOrO iMAY/IbCY Bijl BXO-
Jy A0 BUXOLy Ha OCHOBI FinepGOMIMHOro PIBHAHHA 3 JUCHTIALIEI0, 1O OMHCYE PO3MOBCIODKCHHA XBHIL
31 CKIHUEHHOW WBHAKICTIO. TouHui ananiTUuHKil po3B’A30K OTPHUMAHO B npocTopi BiAOOPaKEHb Jlannaca.
OBuncneo obepHeHe nepeTBopents Jlannaca METOOM Ejifiepa Ta HABE/ICHO aHaili3 OTpUManiX pe3ynbTatis.
In.: 2. Bi6aiorp.: 24 Ha3BH.

UDC 517.946

Modeling the evolution of propagating signal from input to output with total absorption /
Kryvonos Iu.G., Selezov L.T., Khimich A.N., Baranov A.Yu. // Kibernetika i sistemny analiz. — 2016. —
Vol. 52, N 1. — P. 50-56.

The authors formulate the initial-boundary value (IBV) problem of step pulse propagation from input to
output on the basis of a hyperbolic equation with dissipation, which describes the propagation of waves with
a finite speed. Exact analytical solution is obtained in the Laplace transform space. Numerical inversion of the
Laplace transform by using Euler’s method is carried out and the results are analyzed. Figs: 2. Refs: 24 titles.

VK 519.21
Tpuckopene MOAGJTIOBAHHSA  METOAOM Monre-Kapio  KilbKOCTi  «XOPOmMX» NepecTAaHOBOK  HA
6araTonpouecopHoOMy kommiexci CKIT-4 / Kysneuos MLIO. // KubepHeTHka ¥ CHCTEMHBIH aHaIn3. —
2016, — Tom 52, Ne 1. — C. 57-63.

IepecraHoBka (s, sosSy _1) CHMBOTIB 0,1,...,N =1 Ha3sMBAaETbCA «XOpoLuero», AKIIO Habip
(to,z,,..A,tN_l), WO YTBOPIOETHCS 3a MNpaBWIOM [ =i+ 5;(mod N),i=0,1,..,N -1, Takox € nepe-
CTAHOBKOIO. 3aNpONOHOBAHO METOL NPUCKOPEHOTO MOZICIOBAHHS, PEANi3aLlia AKOrO Ha GararonpouecopHoMy
comnnekei CKIT-4 103BOAE OLIHIOBATH KibKICTh «XOPOIMX» fiepecTaoBok Juts N <305 3 BIIHOCHOIO 10~
xubkolo, wo He nepesuiye 1%. HapesieHo  OLUHKH KibKOCTI  «XOpOWIMX»  IIEPEeCTAHOBOK  JUIA
N= 25:35,., 305 Tabn.: 3. Bi6niorp.: 18 Ha3s.

uDC 51921
Fast simulation by the Monte Carlo method of the number of “good” permutations on multiprocessor
computer SCIT-4/ Kuznetsov N.Yu. / Kibernetika i sistemny analiz. — 2016. — Vol. 52, N 1. — P.57-63.
A permutation (sp.8,.-,5y _p) of symbols 0.1, ... N —1is called “good” if the set (fo.f .. sIn 1)
formed according to the rule 1, =i+ 5;(mod N), i=0.1,. _ N -1, is also a permutation. A fast simulation
method is proposed. Its implementation on multiprocessor computer SCIT-4 makes it possible to evaluate the
number of “good” permutations for N < 305 with relative error of only 1%. Estimates for the number of “good”
permutations for N =25,35,...,305 are given. Tabl.: 3. Refs: 18 titles.
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HOCTH OJIHOM 3aJauM ONTHUMM3AIMK YMAKOBOK . . . . . . ...
Jlantun FO.IL. Tounsie wrpadueie GyHKUMU ¥ BRITYKIIbIE [1PO-
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10

23

34

42

50

57

64

78

83

93





image2.jpeg
VJIK 519.8

JL®. TYJIAHALIKHAN, WU, PSICHAS

METO/Jl ABTOMATUYECKON KJIACCH®UKALIUNA
HA BA3E HEYETKOI'O OTHOWIEHMS CXOJCTBA

Annorauusi. JUis peenus 3a1auM aBTOMaTHYecKoil kiaaccHpukaimu npeanaraercs [FC-meron
HEYETKOI KJIACTEepU3alMK, B KOTOPOM MCHONL3YIOTCS HOBbIE HEYETKHE [OTMYECKME OMNepaTo-
pbl — TOPOrOBBIC TPEYrOJIbHBIE HOPMbI M KOHOPMbI. JlaHHBIH METOI OTAMYAETCH OT METOAOB
KNaCTEPU3AIMK HA OCHOBE HEYETKOIO OTHOIICHWS YKBMBAIEHTHOCTH TEM, YTO [O3BOJAET paspa-
GarbiBaTh Go1ee OBLICTPbIC ATFOPUTMBI NOCTPOCHHS KiacTepos. IIpu 3TOM HE MCKaKalOTCs JaH-
HBIC O CBA3AX MEKIY IEMEHTaMH MCCJIEIyeMOro MHOXECTBA, YTO 00ecneynBaeT npo3paqHoCcTh
MHTEPIPETalMH Pe3y/IbTaTOB MCCIe0BaHui, T1pHBE/ICHbI NIPUMEPHI NIPUMEHCHHS METOJa K He-
KOTOPBIM M3BCCTHBIM 3a/[auaMm.

Kuarderbie coBa: HeueTKui Kjacrep, K.’IaCCH(bMK‘duVIH, K.’IaCTCprlﬁ aHalms.

BBE/IEHUE

[Tocne my6mukaimn dyHnaventanbibix pabor JI. 3ane [1], C. Tamypsl u ap. [2] npu
pelueHnH 3aa4 aBTOMATHYeCKOl KIacCH(MKALMK YacTO MCTONBL3YIOTCA METO/Ibl HeueT-
KO KJTaCTepH3aliyi, COCTABHON YaCTbIO KOTOPBIX SABMIAETCS ONepalvsi TPAH3UTHBHOIO 3a-
MBIKaHWs MATPULIBI CXOACTBA PACCMATPUBAEMOr0 MHOMKECTBA OOBEKTOB. Pesynbrar 3moi
orepay — HEeYeTKOe OTHOLICHWE YKBMBAIEHTHOCTH. JIOCTOMHCTBO TakoOro Mojxosia co-
CTOHMT B TOM, 4TO JII00OE 3a/1aBAEMOE TOPOrOM MHOMKECTBO ITOrO OTHOLIECHMS TPEICTaB-
nseT coboil  COBOKYMHOCTH HEIEPECeKarOUXCcsi MOMHOKECTB MJIM  KJTACCOB IKBHBA-
JIGHTHOCTH. YTIOPSZIOYEHHOE MHOXKECTBO TOPOrOB T03BOJISICT ONIPEEIISITh, KAK BIIMAET Be-
JIMYMHA TIOpOra Ha KOJIMHYECTBO M COCTaB 0OpasyeMbIX KJIACCOB SKBMBAJICHTHOCTH. Takoi
TOJIXOA WM €ro MOAU(MKAIMN UCTIONB3YIOTCA KaK B CITyuasiX MpsIMOI 3KCMEpPTHOMN OLeH-
KM CXOJCTBA, KOIJIA JBOMCTBEHHOE OTHOLUCHME HECXOJACTBA HE SBIACTCS METPUKON (Ha-
MpHUMep, B 3ajade pacro3HaBaHWs MopTperoB [2, 3]), Tak U B TeX ciyyasix, Korja Mc-
XOJIHbIE jIaHHbIE MPEICTABICHbI B BHAE MATPHLIbI PacCTOAHMI Mexay oObexramu [4].

OHAaKO [OTOJIHEHUE HEYETKOTO OTHOLICHUS IKBUBATICHTHOCTH ABJIAETCS YIbTpa-
METPUKOMH, CBOMCTBA KOTOPOH HEBO3MOKHO WMHTEPIPETHPOBATh B HEKOTOPBIX TpH-
KilaaHbIx 3anavax [5]. JIpyras npobrema, BO3HUKAIOLIAs MPU UCTIONB30BAHUM B HEUeT-
KOM KJIACTEPHOM aHa/lM3e OMepalud TPAH3UTHBHOIO 3aMbIKaHMs MATPHLbl CXOJCTBA
JUIst 3a71aHHbIX N 00BEKTOB, CBsi3aHa ¢ OONbIIMMU BBIYUCIIMTENIbHBIMH 3aTpaTtamu (1o-
panka O(N 4)) JUls BBIYMCJICHHUS HEYETKOTO OTHOLICHHWs 3KBUBAJICHTHOCTH.

B Hacrosiieii craThe JUIS pelleHMs 3aia4yd aBTOMAaTUYECKOH Kiaccudukauum mc-
nonb3yercs IFC-meron (Interpretable Fuzzy Clusterization) HE4eTKOro KIacTEpHOro
aHaIM3a, B KOTOPOM HE MCIIONB3YETCs Ofepalisi TPAaH3MTHBHOTO 3aMblkaHus. [1pyn aToM
pe3ysibTaThl aHAIN3a UMEIOT HANISAHYI0 MHTEPIIPETaluio, a B AIFOPUTME aHalu3a Mc-
110J1b3Y€TCA CYLIECTBEHHO MEHbLUEE KOJIMYECTBO onepaunit. B pasa. | npusoantes oboc-
HoBaHue npetaraemoro IFC-merona. B paszt. 2 Ha ocHoBe MaHHBIX U3 [2, 4] npuBeaeHb!
pe3ynbTarhl npakTHdeckoro npuMeneHus 1FC-metona. [ljist HEYETKMX MHOXECTB CHMMBO-
Jibl U u ﬂ NPUMEHSFOTCS JUTs HEYETKHX orepaivii o0belHeHns (max) 1 nepeceyeHus
(min) 31X MHOXkecTB. CHMBOJT M 03HAYACT KOHELL 10KA3aTe/IbCTBA JIEMMBbI WM TEOPEMBI.

1. IFC-METO/J HEYETKOI'O KJIACTEPHOI'O AHAJIM3A

3ajiaya pa3dMeHnss MHOKECTBA HA KJIACCHI, WM 33/la4a aBTOMATH4eCcKOM Kiaccudu-
Kaunn, HedopmaabHO GOPMYIHMpPYETCs Kak 3ajiadya KilacTepH3aldy CIEIyiomuM 00-
pazom [6]: crpynnupoBaTh TOYKH 3al@HHOTO MHOXECTBA B MOJAMHOXKECTBA (Ha3biBa-

© JL®. I'ynsunukuit, LW, Pacuas, 2016

34 ISSN 0023-1274. KuGepuetnka 1 cucremublii ananus, 2016, tom 52, Ne 1





image3.jpeg
eMble KJIACTEpaMH) TaK, YTOObI T000HbIE (CXO/HbIE) TOUKH OTHOCHIMCH K OJHOMY
1 TOMY K€ TOAMHOXKECTBY, @ HE MOAOOHBIC — K Pas/IM4HbIM MMOJIMHOKECTBAM. Io-
1061e (CXONCTBO) ONpesenseTcs kKak pedekCMBHOE M CHMMETPHYHOE OuHapHOE OT-
Howenue Ha X. B panpHeiimem s OJHO3HAYHOCTH Takoe OWHApHOE OTHOLICHUE
GyleM HasblBaTh OTHOIIGHMEM CXOACTBa. J. PycruHu nokasai, 4TO NpU TakoM
[0IXOJIe J€NAeTCsl MONBITKA yCTAHOBEHHsS W30MOP(U3MA HEH3OMOPQHBIX CTPYKTYP,
1 TIPE/UIOKII HOBBIM MMOJIXO/l K PELICHUIO 3a]auu KJaCTepH3aliu [6], cymHoCTh KO-
TOPOTO COCTOMT B AKCHOMATHYECKOM OMNpPE/E/ICHHH WCXOLHOTO MOHATHSA «HEYeTKUI
KJIAcTEp» Ha OCHOBE HEUETKOTO OTHOLIEHHs CXOJCTBA, A TAKKe Pa3ie/eHHH TpoLe-
Jyp KIacTepusauuMu W Tpoueayp (pOpMHpOBAHMA MCXOIHBIX HEUYCTKHMX KIACTEPOB.
Kpome Toro, B [6] Ha OTHOIIEHME HEYETKOrO CXOJICTBA HANAraloTCs OrpaHUYCHHS,
JKBMBAJICHTHBIE CITy4alo, KOr/id JBOMCTBEHHOE OTHOLICHWE HECXONCTBA SBIIACTCA MCT-
pUKOH NMGO MCEBAOMETPUKOM. 3anada KIaCTepU3alMy PEMIAcTCs Ha OCHOBE TAKOTO
onpejie/ieHHs HEeYeTKOTO KJIacTepa, a TAKKe PUMEHEHUs JONOJIHMTEIbHBIX KPUTCPH-
@B K pe3syJbTHPYIOLICH CHCTEME HEYETKUX MOAMHOKECTB, MPEACTABIAIONINX coboit
pesynsTaT Kiactepusaumi. B nanHoi paGore B KauecTse JOMOIHMTEIBHONO KpHTE-
PHA MCTIONB3YETCs CBS3HOCTb MCXOAHBIX HEYETKMX KIACTEPOB.

Ilycts 7 = 7(x, y) — HEUETKOE OTHOLIEHHC CXO/ICTBA HA KOHEUHOM MHOKECTBE X5
T.. pehlIeKCUBHOE W CHMMETPHUHOE HEYeTKoe GUHAPHOE OTHOLIEHHE. TlycThb TaKke T —
MaTpHlia, 3aAl0l@s HeveTKoe OTHouieHue 7. JIOMoNHeHHE HEUETKOTO OTHOUICHHA
cxonctea p(x, ¥) =1-7(x, ); X, y € X, Ha3bIBACTCA HECUETKUM OTHOLICHHEM HECXOA-
cTBAa. DTO OTHOMICHUE CHMMETPHYHO M aHTHPE(IEKCHBHO.

Onpenenenne 1. C -KJIacTepoM Ha30BEM HEUETKOE MOJMHOKECTBO C, MHOXKe-
ctBa X, x € X, GyHKUMSA NIPUHAIEKHOCTH KOTOPOTO OMpEeNAeTCs CCAYONM 00-

pasom: ¢, (y)=7(x, y), yeX.
B MaTpuyHOM IPe/ICTABNIEHNH OTHOLUCHMSA CXO/ICTBA 3HAYCHUS ¢y (y) — cTpoka mar-
PHILBI CXOJICTBA, OTPAKAIOLIAS CXOACTBO IEMEHTA X € X' CO BCEMH SIIEMEHTaMU € b &
Onpeneaenne 2. HedeTkuM OTHOLICHHEM CXOJICTBA yPOBHSA &, & €(0,1], naso-

BEM HEYETKOE OTHOMIGHME CXOJCTBA 7% pyHKIMA NPUHALIERHOCTH KOTOPOTO
Vx, y€ X YJIOBIETBOPSIET CJCAYIOUIMM YCIOBHUAM:
r(“)(x, A T(x, y), ecmu T(x,y)=aq, M
0, ecnu 7(x, y)< a.

HerpyaHo BWAETH, 4TO I(a)(x, y) £1(x, y), T.e. @ a1

Onpenenenue 3. C§a)-KﬂaCTep0M HA30BEM HEUYETKOE IMOJMHOKECTBO C,((a) MHO-
xecrBa X, x € X, a €(0,1], GyHKIMA NPUHALICKHOCTH KOTOPOTO ONPEACALTCA Cle-
JyIOLMM 00pa3om: c)((a) ()= @ x,5), yeX.

Onpeaenenne 4. HeueTkum OTHOIICHHEM HECXONCTBA ypPOBHA d, 6 €[0,1), Hazo-

BEM HEYETKOE OTHOLIEHHE HECXOJCTBA pm, GyHKUMS NPUHALIEKHOCTH KOTOPOTO
Vx, y€X yIOBIETBOPACT YCIOBUAM
_{p(x, y), ecn p(x, y) <0,

1

2
L ecnu p(x, y)>0. @

PO (x, y)

OueBNIHO, YTO p(é)(x, Y& plx, ¥) 1. p(‘s) op. Ecnm 6 =1-a, To cornacto

(1), (2) cnenyer, uTo 7@ (x, ) +p @ (x, y) =1.

TpeyronbHoii HopMoii HasbiBaetcs GyHkims T : [0, 1]1x[0,1] — [0, 1], ynosaerso-
pAtoLIas YCIOBUSIM MOHOTOHHOCTH, aCCOLMATUBHOCTH W KOMMYTaTHBHOCTH, @ TAKXKe
pasenctam 7'(0,0) =0, T(1, u) = u [7]. TpeyrosnbHoit KOHOPMO#A Ha3bIBAETCH (QyHK-
uns S :{0,1]x[0,1]— [0, 1], yaoBneTBOpstolIas yCIOBUIM MOHOTOHHOCTH, accolua-
THBHOCTH M KOMMYyTaTHBHOCTH, a Takxe paBerctBam S(L1)=1, S0, u)=u 7
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JUnst IBOMCTBEHHBIX TPEYTOIBHBIX HOPM W KOHOPM MMEET MECTO paBeHCTRO [7]
T(uv)+S(1-ul-v)=1. 3)

Onpeneaenne 5. [Toporosoit TpeyroibHON HOPMOH WM TPEYroabHON HOPMO#
¢ noporom a, a €(0,1], HazoBeM (yHKLMIO

T(a)(u, Sy {T(u, v), eenu T(u,v)2a, @

0, ectu T(uv)<a,
rae~T(u, v) — TpeyrojbHas Hopma.
Oy T ) yoRTeTBOpseT yCIOBHM MOHOTOHHOCTH, ACCOIMATHBHOCTH 1 KOMMYTa-
THBHOCTH, a Tawke pasercrsy T (@) (0,0)=0; ecm u>e, 10 T (1, u)=u, mHave
79 (1, u) = 0. Kpome Toro, 7% (u, v) < T(u, v); e &y > g, 70 TV (u,0) <T@ (u, v).

Onpenenenne 6. [Toporosoit TpeyrojibHON KOHOPMO# WK TPEYTOJbHONH KOHOP-
Moii ¢ noporom O, 0 €[0,1), HasoBeM (yHKLHMIO

S(é)(uyu):{S(u, v), ecmn S(u,v)<0, )

1, ecmn S(u,v)>0,
rae S(u, v) — TpeyronpHas KOHOpMA.
Dynkumsa S ©) YOBJIETBOPSICT YC/IOBUSIM MOHOTOHHOCTH, ACCOLMATUBHOCTH U KOMMY-
TATUBHOCTH, MPUYEM S (‘”(l, D=1l;ecmu<d, 10 S(‘”(o, u) = u, MHave s® (0, #) =1. Ovue-
BHIHO, 4TO S(u, v) < S(é)(u, v). Ecm 0y > 0,5, 10 S(él)(u, v) < S(éz)(u, v).

HerpynHo nokasats, 4to ecnu 7' u S — NBOWCTBEHHbBIE TPEYroJibHbIe HOpMA U
KOHOpMa COOTBETCTBEHHO 1 O = | —, TO OPOroOBbIE TPEYTOJIbHbIE HOPMA (4) U KOHOP-

Ma (5) Takke NBOHCTBEHHbIE: T(a)(u, v)+S(é)(]—u,lfv) g

B nanbHeiieM nosaraem, 4to 0=1-a.

Jlns koHopmbl Jlykacesuua [7] S, (u, v)=min (I, #+v) noporosas TpeyrojbHas
KOHOpMa (S5) BBIYMCISCTCS CICAYIOUMM 00pa3oM:

+v ecam u+v <0
SO vy=1" , 6)
L S 5 ecnu u+v>0. (

Onpepeaenne 7. OyHKUMIO MPHHALIEKHOCTH

plx, y)=minS; (p(x, 2), p(2, ¥), X,y z€ X,

HEYETKOr0 OTHOIUCHUS HECXOJCTBAa OyleM HasbiBaTh S, -METpUKOH Ha X.
Huaue rosops,

Sp(p(x, 2), p(z, ) 2 S (P(x, ), (3, 1)) = P(X, ¥)- M

CHMMETPHYHOCTb W aHTUPE(IEKCMBHOCTb (BYHKLMM MPUHAUIEKHOCTH CIEAYET

U3 Ompe/esieHust OTHOILIEHHs HecXoicTBa P (x, y). Obo3Haunm GyHKUMIO S; (4, V) Kak
u® v, Torna u3 (7) MOJAyYMM aHAIOr HEPaBEHCTBA TPEYrobHUKA

P(x, 2)® p(z,3) 2 p(x, y). (8)
Teopema 1. [Tycts p(x, y) — S -MeTpuka, Toraa p(é) (x, y) — MeTpuka 1o rno-
POroBOil TPeyrosibHOH KOHOpME Szé).

Joxazareabcrso. Ciiealyer 10Ka3arh, 4TO €Cliv BbINOIHAETCA ycnosue (8), To
')
SO @ (x,2), 092 25D 0D, 1). 0P M=pP . O
PaccmMoTpuM BO3MOXHBIE CITyHau.
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1. Ecin p(x, z)+p(z, y)> 9, To mockonbky p(x, y) < p(é)(x, y), cornacHo (6)
SP (@ (x,2). p@ (2, ) =1. Eenn p(x, 1) <8, 10 pP(x,)=p(x,») n yero-
sute (9) sbimonsierest. Eco p(x, y) >3, 10 p ©) (x, y) =1 n ycnoue (9) TakoKe BbINOIHAETCH.

2. Ecnu p(x, z)+p(z, y) < 6, 10 p(x, 2) <O u p(z, y) < d; cornacHo (8) nmeem
p(x,y)<6. U3 (2) cnenyer, 4TO p(‘”(x, z) =0 (x;2); p(‘s)(z, »=p(z),
pO, ) =p(x.), torna SO (P x2),0 (2 =5, (p(x 2),p(z y) 2
2p(%,9)=p9x y). s

Metpuky, ONpese/isieMylo M0 [10pOroBOi TPEYroJbHOH KOHOpME Szd), Ha30BEM
Slsd)-Meranoﬁ.

Jlanee nonaraem, uto p(x, y) — S, -merpuka. Torzna cornacHo Teopeme 1 cieny-
€T, 4To pm(x, ) ABIAETCH S{a)—MeTpMKOﬁ.

Onpenenenne 8. PaccTosHMEM HAa MHOXECTBE HEYETKMX KJIacTepoB
C={C,|x € X} nasosem ¢ysxumio d:CxC —[0,1] Takyio, 4ro

d(Cy,C ) =minS (1-¢,(2), 1-¢)(2)), x, yz€ X, (10)
rae S;(u,v) — konopma Jlykacesuua.
OueBnaHO, 4TO BYHKUMA d — cUMMeTpuuHa 1 auTupeduekcusua. U3 (10) mo-

aydaem
Sp(l-ce(2),1-¢c)(2)) 2 Sp(=c (¥ 1-c, (M =1-c,(y)=p(x, ),

T.e. aHAJIOT HEpaBEHCTBA TpeyroibHuka. Takum 00pa3oM, paccTosiHiue Mexy Kiac-
TepaMM  ONPEACCHO KaK  pACCTOSHME MEXKAY SAPaMH  3THX  KJIaCTEpOB:
d(C,,C,)=p(x, ).

Iycts E(x)=C,, :S_l (Cy)=x,xeX, C, €C. OueBunno, 4to Guexuns & mexay
METPUHECKHMM MPOCTpaHCTBOM (X', p) 1 MeTpuueckuM npoctpancTsom (C, d) siBisiercst
nzomerpreit. O603HAYNM c@ = e }a)lx € X }. Onpenennm GuekTuBHOE OTOOpaXe-

e €, X — c@ cneyromum obpasom: &, (x) = C_,(,a) Vx € X u obparHoe oTobpa-
KeHHe E;'(C,(ra)):x ve eCc@,
Tonoxum d(C ¥, Cﬁ,"‘) )=, ), CP, Cﬁ,”) eCP, e pO(x,y) —

Sia)-MCTpPlKa. Torna Ouekuus £, Mexay METPUYECKHM MPOCTPAHCTBOM (X,p(a))

1 METPUYECKUM TIPOCTPAHCTBOM (C(a), d) ssnsietcs usomerpueil. Takum obpasom, Ha
OCHOBE BBEJICHHMs HOBBIX HEYETKUX JIOTMYECKHMX OMNEPATOPOB — MOPOTOBbIX TPEYTOJib-
HbIX HOPM M KOHOPM — Ha MHOXECTBE C%) onpenenena MeTpHKa, T.e. PacCTOAHUE
MeKy IBYMsl TPOM3BOJLHBIMM KJIacTepamu C;a),Cg,a) eC@ pasno paccrosmuio

p(‘))(x, V) MeX/ly SAPaMH 3TUX KJIAcTepoB. 3a/laHNe METPUKHM HAa MHOKECTBE KilacTe- \

pos C“) naer HOBBIE BO3MOKHOCTH [T NCCIICIOBAHMSA CTPYKTY bl MHOXKeCTBA X .
Onpeaenenne 9. Knacrepsr C,Ea),Cff) eC(a), X, y€ X, Ha30BEM COCEJHUMH,

ecnn yesuppCL¥), x esupp Cﬁ,a)‘

Jlis cocennux kaacrepos cornacHo (1), (2) @ (x.»)=1(x,y)2aun p(d)(x, )=
=p(x, y) < 8. CrenosareibHo, d(C)f.a),C(ya) )=p@(x. y) < 6. Ecu wnactepbi ¢,
Cfva) He smsores cocemmmi, 10 7@ (x, ») =0, p©@ (x, y) =1, d(C,Ea),Cg,a)):l.

Onpegesnenne 10. 3-0KPeCTHOCTBIO KilacTepa C;H) Ha30BeM MHOXECTBO KJlacre-
poB O, = {Cg,“)] yesuppC{®, y#x}.
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Ecm O, #J, T0 VC'(V‘I) €0, nmeeM p(‘s)(x, y) < 6. CrezoBarenbHo, o060t 13
JTHX KJIACTEPOB ABJAETCS COCEAHMM C Kiactepom C (@)

Onpenenenue 11. Knacrepsr C %), Cg,a) eC%) | x, ye X, Ha30BeM CMEKHBIMH,
ecan () (C}a),Cg,a))¢®, a p@x, =1

JUIA CMEKHDBIX KJIACTEPOB CYLLECTBYET XOTA Obl O1MH 00N cocejiHuil KiTacTep
C taxoit, uto z €[ (suppC,fa),suppC's,”))‘ Ecnu ) (C}“),Cgf’)):t@, TO 3TH
kiacTepsl 1MG0 cocenHue, JTHO0 CMEKHbIC.

Onpenenenne 12. Kiacrepsi C )E“), € Fv“) €C?) HazoeM CBA3AHHBIMH, €CilH CYILIECT-

ByeT Takasi COBOKYTIHOCTb KJIaCTEpOB c@H=c, ¢@ 0@ n. T e =C§,“),
-_ ] “2 “n~1 -n

5 (@) (@) (@) (@) c@ (@) . @) (@)

aro ((C,C)#2, new.c? Y= d,..., [ (€1 ;€ FInBuCREC ™,

i€{0,...,n}.

Qy4eBUIHO, YTO COCEIHHE U CMEKHBIC KJ1aCTEPhI ABJIAIOTCSH cBA3aHHBIMU. OJIHAKO
CBSi3aHHbIE KJIACTEPbl HE ABJIAIOTCS B obem cliy4yae COCeIHUMH WK CMEXKHBIMH.

Teopema 2. Mexay CBsS3aHHBIMK KilacTepamu cvﬁ‘”,cgw eC@® CYLIECTBYET
[y Th, MPOXOMSIMI HEPE3 COCEIHHE KIACTEpbI.

[TockoIbKY Alst JIIOOBIX COCEHHX KJACTEpoB C}a), Cgf’) eC  umeer mecto
d(C,Sa), Cg,a)) =p(6) (x, ) £0, TO Ha30BeM TaKO# MyTh O-CBA3HBIM.

JlokaszaTeaberBo. [Tycts n =1 (cM. onpenenenne 12), Toraa ﬂ (€ )Ea), C _&,a)) +J.
Knacrepst C}a), C_(va) MOTYT ObITh COCEAHWMH WM CMEKHBIMH. B nepBom ciy4ae
p(é) (x, y) < 0. Bo BTOpOM cltyuae CymecTByer 061wt cocennuit knacrep C E“) TaKOM,
uto C@e0, n CPe0,, :z esuppCLY, :z esuppCﬁ,a). WHaue rosops,
p(‘” (0. 2.0, p(é)(z, ¥) £ 0 M nyTh MEX/Ly Kactepamu C}a), Cﬁ,a) — O-CBSI3HBIN.

Mycrs knactepst C{%) = C@ uc® cpszanm, €@ =c®, k< n, torna anarno-
=0 k-1 b e

I'MYHO AO0Ka3bIBAETCs CYIIECTBOBAHUC O-CBSI3HOTO MyTH MEXAy KjacTtepamu CE(I} "

k-1
C@, 1e. xnacrepbl C(“),C(f’) cBsi3anbl. [10 MHAYKLMN CIEIyeT CyleCTBOBaHHEe
o P x y Y Y b/

J-CBSIZHOTO NyTH A1 k =n. ]

Ecii MeXJLy BYMsi KIacTepaMu He CyLIECTBYET O-CBS3HOIO MYyTH, TO 3TH KJlacTe-
pbl HA30BEM HECBS3aHHBIMH.

Onpenesenne 13. CBA3HbIM NPEIKIACCOM HA30BEM MHOKECTBO KJIACTEPOB {C §a)},
B KOTOpOM Jo0ble JiBa KjlacTepa CBA3aHbl.

JIpyrumMH ClIOBaMH, MEXLY JTOObIMA ABYMs 3JIEMEHTaMM CBA3HOTO npezksacca
CylIecTBYeT O-CBA3HBbIH MyTh. OUEBHIHO, YTO MHOXKECTBO KIIACTCPOB O, npeacTassi-
eT CBA3HBIN Npejkiace.

Onpenenenne 14. CBA3HBIM KIaccoM WK A-KIacTEPOM HA30BEM MaKCHMaJlbHbIA .
npeaKiacc.

OG603HaYuM MOLIHOCTB | X |[= N.

Teopema 3. MHOKECTBO A-KJIacTEpoB = {Aj }T:P 2<m< N, npeacrasiseT

coboil pa3buenue MHOXKeCTBa c®,
JlokaszaTenbeTBo. [Ipeanonoxum, 4To A-KJacTepbl mnepecekalorces, T.C.

N@a,a)=D i), hjefl..., m}. Toraa cywiecTByer xnacrep C %) eN@i,4))
W Knactepbl A, A ; OKa3bIBAIOTCA CBS3AHHBIMH, T.C. HE ABIAIOTCA MaKCHMaJTbHbIMHU
Mpe/K/IaccaMy, YTO NPOTUBOPEHHT OTIPE/IEICHHIO 14. O6oznauum [A |, |=k;, j= 1, m.
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