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AHHOTAIUA

BBenenune. PaccMoTpeHo IieH3ypupoBaHue 00ydaloInX BHIOOPOK C yUeTOM CrelU(UKN pean3aluu aJropuTMOB
Mmeroza Ormkaiiiero cocena. [Iporecce 1eH3ypupoBaHus CBsI3aH C HCIOIb30BAHHEM MHOXKECTBA IPAaHUYHBIX 00BEKTOB
KJIACCOB MO 33JaHHOM METPHKE C IIENbI0: MOUCKA U yIAleHHUs IIYMOBBIX OOBEKTOB; aHAN3a KIACTEPHON CTPYKTYpBI
oOyuaromeil BEIOOPKHU 1O OTHONIEHMIO CBsI3aHHOCTH. MccnenyroTes cnennanbHble YCIOBUS yAaleHHs HIyMOBBIX
00beKTOB U (OPMUPOBAHUS 0a3bl MPELEACHTOB IS 00ydYeHHUs anropuTMOB. Pacmo3HaBaHHEe OOBEKTOB IO TAKOH
6a3e 10DKHO obecnednBaTh OoJiee BHICOKYIO TOYHOCTh C MHHUMAIBHBIMHA 3aTPAaTaMU BBEIYUCIHTEIBHBIX PECYPCOB
OTHOCHUTEIILHO HCXOAHOIT BEIOOpKH. MeToa. Pa3spaboransl HEOOXOANMEIE U JOCTATOYHBIE YCIOBHS I 0TOOPA ITyMOBBIX
00BEKTOB M3 MHOXKECTBA IPAaHMYHBIX. HeoOxoanmoe yciioBre NpUHAIISKHOCTH TPAHUIHOTO 00BbEKTa K MHOKECTBY
LIYMOBBIX 33Ja€TCsl B BHJIE OrpaHUUYeHus (Topora) Ha OTHOIIGHHE PACCTOSHUN 710 OJrKaifiero o0beKTa U3 CBOEro
KJacca U ero JomnoiHeHus. [IoMcKk MHHUMAaIbHOTO MOKPBITUS 00ydaroleil BBIOOPKH dTalOHaMH TPOU3BOJUTCS Ha
OCHOBE aHaJIM3a KJIACTEPHOW CTPYKTYpPBI. DTAJOHBI MIPEACTaBICHb 00beKTaMH BEIOOpKH. CTPYyKTypa OTHOIIECHUH
CBSI3aHHOCTU OOBEKTOB TI0 CHCTEME TUIIEPIIAPOB UCIIONB3YeTCs s uX rpynmupoBku. Coctas rpymni GopMupyercs u3
LEHTPOB (0OBEKTOB BEIOOPKH) LTS TUIIEPIIAPOB, B IEPECEUEHUH KOTOPBIX COEPKATCS TPAHUIHBIE 00BEKTHI. 3HAYCHNE
Mepbl KOMIAKTHOCTH BEIUUCIISETCS KaK CpPEeJHEe YNCIO 00BEKTOB 00ydaromeil BHIOOPKH 3a BHIYETOM ITYMOBBIX,
MIPUTSATUBAEMOE OJJHUM 3TaJIOHOM MUHHUMAJIEHOTO MOKPEITHS. BBIMONIHSIETCsT aHam3 CBsi3u 0000MIIalommei ciocoOHOCTH
QITOPUTMOB TIPU MAaIIMHHOM OOYYEHHMH CO 3HAUYE€HHEM Mepbl KOMIAKTHOCTH. Hannume cBs3u 000CHOBBIBAETCS
10 KPUTEPHIO (peryisipu3aTopy) Uit oTOopa 4rucia U COCTaBa MHOXKECTBA LIYMOBBIX 00beKTOB. ONTHMaIbHBIE
KO3(D(HUILMEHTHI peryssipU3aliy ONPEIeIIIOTCs KaK 3HAY€HHsT TOPOTOB IS YAaJICHHs IIyMOBBIX 00beKTOB. OCHOBHBIE
pe3yabTarhl. [lokazaHa cBA3b MEXAy 3HAaUCHHEM MEphbl KOMIIAKTHOCTH 00ydJaromiei BEIOOpKH U oOodmaronieit
COCOOHOCTBIO aATOPUTMOB pacro3HaBaHus. CBsA3b BBIABIEHA IO STAJIOHAM MHHMMAJIBHOTO MOKPBITHS BBIOOPKH,
13 KOTOpBIX cpopmupoBana 0aza mpeneaeHToB. OOHApYKEHO, YTO TOYHOCTH PACIIO3HABAHUS IO 0a3e MpEIeIeHTOB
BBIIIE, YeM Ha MCXOJHON BHIOOpKE. MUHMMANBHEIH cocTaB 0a3bl MPEIeICHTOB BKIIIOYAST ONMCAHUS HTAJOHOB U
TapaMeTphl JIOKAIBHBIX METPHK. [Ipn ncrons3oBaHuy pometyp HOPMUPOBAHUS TaHHBIX TPEOYIOTCS JOTIOIHUTEIIBHBIS
napameTpbl. AHAIN3 3HAYEHUH MEpbl KOMIIAKTHOCTH BOCTpPeOOBaH IJisi OOHAPYKEHHMs NepeoOyueHH s aJrOPUTMOB,
CBSI3aHHOTO C Pa3MEPHOCTHIO NMPHU3HAKOBOTO MPOCTpaHCTBa. Pacro3HaBaHue 1Mo 6ase MnpereeHToB MUHUMU3HUPYET
3aTpaThl BEIYUCIUTEILHBIX PECYPCOB C MOMOIIBIO aITOPUTMOB MeTo/ia Onmmkaiiniero cocena. O6cy:xmenne. [TpuBoasTes
peKOMEHAAINH T10 pa3padoTKe Mozenel u3 001acT HHPOPMAIIMOHHOH 6€30MacHOCTH, AJIst 00paOOTKU U MHTEPIPETALN
JAHHBIX COIIMOJIOTMYECKUX HCCIenoBanuil. [ls ncmons3oBanus B HHGOPMAIMOHHON Oe3omacHoCcTH hopmMupyercst
0aza mpeneneHToB Ui naeHTHGUKau DDOS-arak. HoBble 3HaHUS U3 00IaCTH COIMOIOTHH MTPEAJIAracTcs MoayvaTh
Yyepe3 aHaJIHW3 3HAYCHHUH MOoKa3aTelel IyMOBBIX OOBEKTOB M HHTEPIPETAINIO Pe3yIIbTaTOB PAa30UCHUS PECIIOH/ICHTOB
Ha HellepeceKaroliecs IPYIIbl 10 OTHOIICHHIO K CBSI3aHHOCTH 00bekToB. KoH(HTypaum rpynm mo oTHOMEHUIO
CBSI3aHHOCTH M3HAYaJIbHO HE M3BECTHBI. HeT cMBICIa BEIMUCISTE HX EHTPBI, KOTOPBIE MOTYT pa3MeIIaThes 3a peieaMu
xoHpurypanmit. [{1st 00bICHEHUS COASPIKUMOTO IPYII HPEIOKEHO UCTIONB30BATh STaJOHBl MUHUMAIIBHOTO TIOKPBITHSL.
Kirouesbie ciioBa
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Abstract

The censoring of training datasets is considered taking into account the specific implementation of the nearest neighbor
method algorithms. The censoring process is associated with the use of a set of boundary objects of classes according
to a given metric for the purpose of: searching and removing noise objects and analyzing the cluster structure of the
training sample in relation to connectivity. Special conditions for removing noise objects and forming a precedent base
for training algorithms are explored. Recognition of objects using such a database should provide higher accuracy with
minimal computational resources relative to the original dataset. Necessary and sufficient conditions for selecting noise
objects from a set of boundary ones have been developed. The necessary condition for a boundary object to belong to the
noise set is specified in the form of a restriction (threshold) on the ratio of the distances to the nearest object from its class
and its complement. The search for the minimum coverage of the training dataset with standards is carried out based on
the analysis of the cluster structure. The standards are represented by sample objects. The structure of the connectivity
relations of objects according to the hypersphere system is used to group them. The composition of the groups is formed
from centers (dataset objects) for hyperspheres the intersection of which contains boundary objects. The value of the
compactness measure is calculated as the average number of objects in the training dataset, excluding noise, pulled in
by one standard of minimum coverage. An analysis is carried out of the connection between the generalizing ability of
algorithms in machine learning and the value of the compactness measure. The presence of a connection is justified by a
criterion (regularizer) for selecting the number and composition of a set of noise objects. Optimal regularization coefficients
are defined as threshold values for removing noise objects. The relationship between the value of the training dataset
compactness measure and the generalizing ability of recognition algorithms is shown. The connection was identified
using the standards of minimum sample coverage from which the precedent base was formed. It was found that the
recognition accuracy using the precedent base is higher than that using the original dataset. The minimum composition
of the precedent base includes descriptions of standards and parameters of local metrics. When using data normalization
procedures, additional parameters are required. Analysis of the values of the compactness measure is in demand to detect
overfitting of algorithms associated with the dimension of the feature space. Recognition based on precedents minimizes
the cost of computing resources using nearest neighbor algorithms. Recommendations are given for the development of
models in the field of information security for processing and interpreting sociological research data. For use in information
security, a precedent base is being formed to identify DDOS attacks. It is proposed to obtain new knowledge from the
field of sociology through the analysis of the values of indicators of noise objects and the interpretation of the results
of dividing respondents into non-overlapping groups in relation to the connectedness of objects. The configurations of
groups in relation to connectivity are not initially known. There is no point in calculating their centers which can be
located outside the configurations. To explain the contents of groups, it is proposed to use standards of minimum coverage.
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BBenenue

Len3ypupoBanue 00ydaromux BEIOOPOK paccMaTprBa-
eTCsI KaK BayKHAs YacTh POIlecca MAIIMHHOTO OOyUICHNSI.
OCHOBHBIMH HETSMHU IIEH3YPHPOBAHUS ABISIOTCS MOBBHI-
meHne 0000IIArIIEN CITOCOOHOCTH W CHIYKEHNE CIT0KHO-
CTU aJrOpUTMOB. Peanuzaius 3TUX Lelel, KaK MpaBuio,
cBsizaHa ¢ (opMupoBaHHEM 00y4YarOIIMX BIOOPOK uepes
MOUCK U YIaJICHUE IITYMOBBIX OOBCKTOB U Mpu3HaKoB [1-3].
Crienuuky 1eH3ypUPOBAHUS ISt MCTPHUCCKUX aJITOPUT-
MOB paclio3HaBaHus B paboTe [2] MPemIokeHO paccMa-

TPHUBAThH Yepe3 Mepy KOMITAaKTHOCTH OOBEKTOB KJIACCOB U
BBIOOPKH B IIEJIOM.

[Ipouenypa nen3ypupoBanus B [4] mpemycmarpuBaia
KOPPEKLHUIO TMarHOCTUPYEMbIX 00bEKTOB Ha PUMEPE BbI-
60pOK TaHHBIX U3 001aCTH MeTUIMHBL. CMBICT KOPPEKLINU
3aKJII0YAJICS B YJIaJIEHUN TaKUX OOBEKTOB WM HUCIpaBIe-
HUM OIIMOKU B JMArHOCTHUPYEMOM (IIeJIEBOM) MPU3HAKE.
Peanm3anust nporiefypbl OCHOBaHA Ha aHAJIN3E N3MECHEHUH
B OIICHKE Pa3/IeIMMOCTH OOBEKTOB KJIACCOB, BEIYMCIIIEMO
IO ¥ TIOCTIC BHECEHUS MCIPABICHUN MIPH MCIIOIE30BAHHA
(hyHKITMH KOHKYPEHTHOTO cxozcTBa. OTKa3 OT (hMIIbTpanuu
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LleH3ypurpoBaHue oby4aroLLmX BbIGOPOK C UCMOJIb30BAHMEM PErYISPU3aLM OTHOLLEHW CBA3AHHOCTM. ..

UCTIOPYEHHBIX 0OBEKTOB MOTHBHPOBAJICS TEM, YTO TaKHE
JISMCTBUSI MOTYT OTPHILIATEIbHO OTPAa3UTHCS HA IpejcTa-
BUTEIBHOCTH 00ydJaromieil BHIOOPKH.

B pabote [5] oTmMeueHO HamuuMe BIMSHUS IIYMOBBIX
OOBEKTOB Ha CTPYKTYPY OTHOIICHUH OOBEKTOB 00yYarOIITHX
BBIOOPOK B METPUUECKHX aJITOPUTMAaX. Y TBEPKIAIOCH, UTO
MHOYKECTBO IIIyMOBBIX OOBEKTOB SIBISIETCS TOIMHOKECTBOM
TPaHUYHBIX 110 33/laHHON MeTpHKe. IHTepec K rpaHnIHBIM
00BEKTaM CBS3aH C UCIOJIb30BAHUEM HX JUISl BBIYUCIICHHS
OTHOILICHUII CBS3aHHOCTU OOBEKTOB KJIACCOB 10 CHUCTE-
Me runepinapoB. OTHOLICHUE CBSI3aHHOCTH IIPHUMEHSIETCSI
JUIsl pa30ueHust 00bEKTOB KIIACCOB Ha HEIEPECEeKAIOINECs
TPYIIIBI U BEIYUCIICHUS 110 HUM MUHUMAJIHOTO TIOKPBITHS
oOyuaromeil BEIOOPKH TajlOHaMHU. DTaJIOHbI IIPECTaBlIe-
HBI 00bEKTaMH BBIOOPKH. [Ipe/iitoxkeHb! 1Be Mepbl KOMITaKT-
HOCTH JIJISl OIICHKH:

1) cTpykTypbl oTHOIIEHM 00bekTOB B mHTEpBase (0; 1];
2) obobmaromieii crroCOOHOCTH aITOPUTMOB PacIiO3HaBa-

HUSL.

MHOXeCTBO IOy CTIMBIX 3HA4eHUH MephI | B WHTEpBa-
e (0; 1] 3aBHCHT OT KOTMYECTBA TPYIIT B KaXKIOM KJIacce U
UX MOIIHOCTH. Mepa 2 omnpejensieTcs: Kak cpeiHee YHCIIo
00BEKTOB BEIOOPKH 32 BBIYETOM LIIYMOBBIX, IIPUTATHBAEMOE
OJTHUM 3TAJIOHOM MHHHMMAJbHOTO IOKPBITUS. DTa Mepa
npeuIaraeTcst Ui OLlEHKH 0000Iaromei cnocoOHoCTH
JITOPUTMOB B KaU€CTBE aJIbTEPHATHBBI H3BECTHOMY METOJLY
Kpocc-Basnaanuy. Yuciao u coctaB IIyMOBBIX 0OBEKTOB
Mociie UX YIAJIEHUS] MEHSECT KOH(PUTYPanio rPaHUIHBIX
1, KaK CJIEJICTBHE, MOIIHOCTh MHO)KECTBA TAJIOHOB TIO-
KpBITHS. YNCIIO 3TAJIOHOB TIOKPBITHS CITy’KaT ITOKa3aTeIeM
MIPEICTaBUTEIEHOCTH O0yYaloIIel BEIOOPKH.

[Tpouecc moncka MUHUMAIIBHOTO TTOKPHITHSI B paboTe
[5] peanm3oBan xagHbIM anropuTMoM. [1o 3TON TIpUIH-
HE IIYMOBBIC 00BEKTHI MOTYT OBITH BHIOPAHBI B KaueCTBE
9TAJOHOB M IMOBJIHITH Ha 0000MIAIONIYI0 CIIOCOOHOCTD
AJTOPUTMOB PAaCIO3HABAHMS B CTOPOHY €€ yMEHbIIIe-
Husl. [TocKkosbKy 3a7jauu pacrio3HaBaHUS SIBISIOTCS He-
KOPPEKTHBIMH, BCTAET BOIPOC O HAIMYUH ONTHMAJILHOTO
pelIeHUs] — MOTy4eHHsI MAKCUMyMa 3HaUCHUST MEPhI KOM-
MaKTHOCTH. [TONCK ONTUMATEHOTO PEIICHNS OCYIIECTBICH
Yyepe3 COOTHONICHUE MEX/y YHUCIIOM 3TAJIOHOB MHUHHMAJIb-
HOTO TTOKPBITHS ¥ YMCIIOM OTIPEAEIISIEMOTO COCTaBa yajse-
MBIX [ITyMOBBIX 00BEKTOB. J{J1s1 MPOBEPKH MPHHAUICKHOCTH
K MHOXXECTBY IIIyMOBBIX OOBEKTOB MPEI0KEHO UCTIOIb30-
BAaTh JIOIOJHUTEIbHBIN KPUTEPUH — PETYIIsIpU3aTop.

Mepbl KOMIIAaKTHOCTH B OTJIMYMHU OT METO/a KPOCC-Ba-
JIMJALUH HE SIBIISIIOTCS] CPEJICTBOM ISl BBIYUCIICHUS TOYHO-
CTH pacrio3HaBaHus. BeeaeHue peryisipuzaropa mo3Bosisier
YIIOPSIIOUMBATH 3HAUYCHUSI MEPHI B 3aBUCHUMOCTH OT Pa3HbIX
(haKTOpOB, OIPENEIISIOIINX CTPYKTYPY OTHOILICHUH MEMX Ly
oObekTamMu 00y4aromiel BHIOOPKH 1 MCIIONb30BaTh UX JUIS
aHaJ M3a. YMEHBIICHUE 3HAUYCHHUS MEpbl IPH J00aBICHUN
IIPU3HAKOB B HAOOP MOXKET PacCMaTpHUBATHCs KaK MHIMKA-
TOP «IPOKJISITHS Pa3MEPHOCTH». AHAJIN3 MOPSIZIKa CIIEN0-
BaHUS 3HAUYCHUI BOCTPeOOBaH TPH BEIOOPE METPUKH IS
BBIYHMCIICHUS] PACCTOSIHUS MEKAY OOBEKTaMU M CIIOCOOO0B
HOPMHPOBAHUS TAHHBIX, OTOOpPE HHPOPMATHBHBIX HAOOPOB
MIPU3HAKOB.

Hpe}]MET HCCIeJ0BaHUsA

B pabote [6] ommcaHbl 0COOEHHOCTH HCTIONB30BAHUS
9BPUCTHYECKUX METPHUK B METOAAX THMA «OnmKkalmnx
coceneit». [lpu peanuzanuu 1aHHBIX METOAOB paccMa-
TPHUBAIOTCS HEKOTOPBIE COOTHOIICHUS PACCTOSIHUN MEKITY
Pa3IMYHBIMU TapaMu 00BEKTOB. METPHUKH, KOTOPBIE O-
POKIAIOT COBHAJAIOIINE COOTHOLICHUS PACCTOSHUN Ha
MHOYKECTBE OMUCAHUN OOBEKTOB, OKa3bIBAIOTCS IKBUBA-
JICHTHBIMH IIPY BBIYMCIICHUN 3HAYEHNIT MEp KOMITaKTHOCTH.
W3ydenne npuarH HeCOBIaICHHS 3HAYEHUH KOMITAaKTHOCTH
TpeOyeT MHBIX METO/IOB aHAJIN3a C LIEJIBI0 UCIIOIb30BaHUS
UX PEe3yJIbTaTOB JUIS IIEH3YPUPOBAHUSL.

CymecTByeT MoTpeOHOCTh B IPOBEPKE IMITOTE3BI O Ha-
JMYHHN TTOCIIEA0BATENILHOCTH MIPU3HAKOB, YAAJICHUE YacTH
U3 KOTOPBIX, COMIACHO MOPSIIKY MX CIIEAO0BaHuUs, obecrie-
YUBaeT MOHOTOHHOE HEYOBIBAaHHE 3HAUEHUI MEPbI KOM-
MakTHOCTU. JIOCTOBEPHOCTh 3HAUEHUN MEphl BO3pAcCTaET
3a CYET UCTIONB30BAHUS PEryIIpu3aTopoB. CBOWCTBO MOHO-
TOHHOCTH CHIYKaeT KOMOMHATOPHYIO CIOKHOCTB IpoIiecca
oTbopa NHPOPMATHUBHBIX MTPU3HAKOB.

O6o0matomiast crocoOHOCTh aaropuTMa Meroaa Onu-
JKaHIlIero cocefa 3aBUCUT OT CTPYKTYpPbl OTHOIICHUH 110
MHOKECTBY TPaHUYHBIX 0OBEKTOB KiaccoB [5]. Kak mpa-
BWJIO, 3Ta CTPYKTYpa MEHSIETCS NPH YJAJICHUN LIYMOBBIX
00bekToB 13 BeIOOPKH. [To cyTH nena, Ha 0OyJarorieil Bbl-
0opKe paccMaTpPUBAIOTCS MCXOIHOE U MEPEONPEICIICHHOE
MHOXECTBA I'PAHUYIHBIX 00BEKTOB, MOIYUYEHHBIE J0 ¥ TIOCIIE
yAAJIECHUsSI NIyMOBBIX OOBEKTOB.

VYrnanenne 9acTy rpaHUIHBIX 0OBEKTOB (IITyMOBBIX) pac-
CMaTpPUBAETCs KaK CII0CO0 MOMCKA OTCTYIa MEXIy Kiac-
CaMH C LEJIBIO MOBBINICHUs] 00001atoniel criocoOHOCTH
aJITOPUTMOB pacrno3HaBaHMs. OTCTYI SBISIETCSI OTHOCHU-
TEJILHOM BEJIMYMHOM, KOTOpasi BIAMSET Ha BHIYMCICHHUE 3HA-
YEHH apaMeTpOB JIOKaJbHBIX METPHK U COCTAB STAJOHOB
MHHHMAJIBHOTO TTOKPBITHSI BEIOOPKH.

Jlis BKITIOUSHHSI TPAHUYHOTO 00BEKTa B COCTAB IIy-
MOBBIX HCIOJIB3YETCsl OTHOUICHHE PACCTOSHUI 0 ABYX
OmmKalmmx 0OBLEKTOB M3 CBOETO KJIACCa M €T0 JOIOJHE-
HUSL. Y TBEPXKJIACTCA, YTO IJIS MTOTYHIEHHUS] ONTUMAIbHOTO
C TOYKH 3PEHMS TOUHOCTHU PACIIO3HABAHUS PEIICHUS He-
00XOJIMIMO BBOJUTH OTPaHUUYCHUS (ITOPOTH) HA 3HAUYCHUS
OLIEHOK OTHOUIEHHU. BBIOOP OPOTroB (OTCTYIIOB) CBSI3aH C
pelIeHneM 3a/1a4k OMCKa MAaKCUMAJIBHOTO 3HAYEHUS MEPBI
KOMITaKTHOCTH Ha 0o0ydaronieil BBIOOpKE MO0 KPUTEPHIO
peryaspu3anum.

YuciieHHOE pelIeHNe 3a/1aui peryssipu3alu CTpyK-
TYpbl OTHOIIECHUH OOBEKTOB IO MEpE KOMITAKTHOCTH U
(opmupoBanne 0a3 MpereneHToB Yepe3 MUHUMaIbHOE
MOKPBITHE BEIOOPKH 3TAJIOHAMH B HACTOSILEH paboTe mpen-
JIOKEHO BIEPBBIC. BEeposATHBIM 0OBSICHEHHEM OTCYTCTBUS
QHAJIOTMYHBIX HAyYHBIX PA0OT SABISIETCS TO, YTO CIIOKHOCTD
pelIeHus 3a1a4d O MUHUMAaJIbHOM MOKPBITHH OLICHHBA-
ercsa kak NP-nonHas. [IpakTuyecku moiayuuTh pelieHue
MOCTaBJICHHOM 33/1a4M HEBO3MOXKHO, TaK Kak TpeOyeTcs
BBITIOJTHUTH MOJIHBIN nepebop Bcex BapuaHToOB. s nc-
KJIFOYEHUS! TTOJTHOTO Tepedopa BapHaHTOB OCYIIECTBICHA
npeoopadboTka JaHHBIX Yepe3 TPYNIUPOBKY 0OBEKTOB 110
OTHOUIEHUIO UX CBSI3aHHOCTH 10 CUCTEME MEepeCeKaroIUX-
cs runiepmapos. [lonck sTanoHoB mocie npenoOpadboTku
MIPOU3BOJUTCS 110 KKIOH I'PyIIe B OTACIBHOCTH.
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IlocTanoBka 3agaum.
MuHuMabHOe NMOKpbITHE BLIﬁOpKl/I 3TAaJOHAMHU

PaccmoTrpuMm 3a7aqy pacno3HaBaHUsI B CTAHAAPTHOM
MocTaHoBKe. bynem cunTars, 4TO 3aJaHO MHOXKECTBO M3 /M
obwexToB £ = {S, ..., S,,}, pasaenenHoe Ha [ Hemepece-
Karomuxcst kiaccos K, ..., K;. Onucanne oObeKTOB Ipo-
W3BOJIUTCS C TIOMOIIBIO /2 PA3HOTUITHBIX IPU3HAKOB X(7) =
= (xq, ..., X,), & N3 KOTOPBIX U3MEPSIOTCSA B MHTEPBATIBHBIX
mKanax, 7 — § — B HOMAHaJIbHOU. Ha MHOXecTBe 00BhEKTOB
E, 3apana Metpuka p(x, ).

Beenem o0603HaueHUs
= {S € E|p(S;, S) =  min

Si€K;, S€CK;
00bexToB KiaccoB; I’ © B(E, p) — LIyMOBBIX O0BEKTOB,
orpeznenaemMbix Ha £ o metpuke p(x, y); E = Ey\T.

OOBeKTHI S, SJ €K, t=1, ..., [ caurarorcs cBI3aHHbI-
MU MeXIy co00it S; <> S, ecin {S € B(E, p)|p(S, S;) <r;
u p(S, S) <r;} # @, tne rr;) — paccrosue 10 GiKai-
wero ot S(S;) obbexra n3 nononuennst CK(CK, = E\K,)
k K, mo merpuxe p(x, y). Muoxectso G, = {S,,, ..., S, },
c>2,G,, c K, v<|K,| npencrasuser odnacts (Ipymniy) co
CBA3aHHBIMU 00BEKTaMU B Kiacce K, eciu s MoOkIX S,
S, € Gy, CYLIECTBYCT HYTh S, <> S, <> ... <> S, OObeKT
S; €K, t=1, ..., ], IpUHAUIEKUT I'PYIIIIE U3 OZHOIO 3JIe-
MEHTa M CUMTACTCSI HECBSI3aHHBIM, €CJIM HE CYIIECTBYET
myTH S; <> Sj HU JUIA OJTHOTO 0OBEKTA Sj #8;m Sj €K,

Cumnraercs, 9TO Ha MHOXXECTBE £ OTpe/iesieH yKaJHbIH
anropuT™ (HOPMHUPOBAHUS MHOKECTBA ITAJTOHOB MUHH-
MAaJIBHOTO MOKPBITUS £, U BEIYUCICHUS. MEPbl KOMITAKT-
HOCTH

MHOXECTB: B(E, p) =
p(S;, Sd)} — IpaHMYHEIX

W(E, p) = |EVIEgl- (M

banzocts k oTanony S € E,, N K, BBIYUCIUM 110 JIO-
KaJbHOU MeTpuKe P (X, ¥) = a,p(x, ¥), TIE 0, — HapaMmeTp,
OIIpEeAEIAEMBIil 0 TpaHNYHBIM 00bekTaM u3 £ N CK,.

Tpebyercst onpenenuTs MOIHOCTH MHOMKECTBA LIyMO-
BbIX 00beKTOB 7'M €ro cocras, PU KOTOPOM

W(E, p) = maxp(Ey\T, p). (2)
TCE,

[Ipouecc GpopMHUpOBaHNS MUHUMAJIBHOTO MTOKPBITHUS
oOydJaromieil BRIOOPKH TAIOHAMU [5] peanusyercst myTeM
IOCIIEIOBATEILHOTO BHITIOIIHEHNUS CEAYIOIINX 3TAIOB:
— BBIJICJIEHHE MHOXECTBA TPAHUYHBIX OOBEKTOB KIIaCCOB

B(E,, p) 0o 3a1aHHO MeTpHKe p(X, V);

— TIOWCK 1 yAaJeHHE IIyMOBBIX 00beKTOB 7 C B(E), p) U3
MHO)KECTBA TPAaHUYHBIX;

— pa30OueHne 0OBEKTOB KJIACCOB HA HEMEPECeKAIOIIHecs
IPYIIIBL 10 OTHOIIEHHUIO CBSI3aHHOCTHU 110 MHOKECTBY
TpaHWYHBIX Ha E = E\T;

— (opmMHpoBaHHE MHHUMAIIBHOTO MOKPBITHS M3 3TAJIOHOB
10 K0 rpyre.

Brruncienre MUHUMaJIBHOTO MOKPBITHS 3TAJIOHAMH
E, 1 3HaueHUs Mepbl KOMIakTHOCTH (1) ciy»xaT ocHOBOI
Jutst (hOPMUPOBAHMSI MHOTOOOpa3ust 0a3 MpereeHTOB s
peanu3annu auropuTMOB MeToa «OnmKaimii cocem.
VYcnoBust N3MEHEHHs OTHOIICHUH MEX/y 0OBEKTaMH BBI-
OOpKM, 9acTh U3 KOTOPBIX TEPEUNCIIeHa B [5], 0OBACHSIIOT
MIPUYXHY TIOSIBIICHUS] TAKOTO MHOTOOOpa3Hsl.

OnTuMH3aIOHHAs [TOCTAHOBKA 33/1a4¥ 0TOOpa ATajo-
HOB, OCHOBaHHAas HA MUHIUMU3AIMU (PyHKIIHOHAJIA TIOJTHOTO
CKOJIB3SIIIECTO KOHTPOJIS, paccMoTpeHa B padore [7]. [pu
pasaeiIcHIN BHIOOPKU Ha 00YYarOIIYI0 M KOHTPOJIBHYIO
TIPE/IIIOIATaIOCh BXOXKICHIE B HUX O0OBEKTOB U3 MHOXKE-
cTBa 3TajJOHOB. OTKPBHITHIMH OCTABAIHCh MPOOJIEMBI YHC-
JICHHOTO PEIICHUsI ONMTUMHU3AIMOHHON 3aauil MPUMEHH-
TEJBHO K OOJBIINM JaHHBIM.

JI1st CHIDKEHUS BRIYMCIUTEIBHON CIOKHOCTH 33aa4u
0TOOpa STATOHOB B HACTOSIIIIEH paboTe UCTIONB30BaHAa Mpe-
noOpaboTka gaHHBIX. [Iporiecc nmpenodpaboTku 3aKIroyaeT-
Cs1 B pa30MCHNN OOBEKTOB BBIOOPKHU Ha HETICPECCKAOIIMECS
TPYIIIBI IO KAXKAOMY Kiiaccy. CYUTACTCS, YTO C POCTOM
00beMa BBIOOPKH U YIAJIICHHS 13 HEe BBIOPOCOB CHIDKACTCS
BapHaOEIbHOCTh KOH(PUTYpAIHH BEIOOPKH 110 MHOKECTBY
TpaHUYHBIX 00BEKTOB KiaccoB. Ha cHIKeHre Bapruadeb-
HOCTH JIOJDKHBI YKa3bIBaTh YMEHBIIICHHE pa3dpoca 3Hade-
HUH: 9HCIIa HeMePEeCeKAFOIIIXCS TPYIIT 00BEKTOB KIIACCOB,
OTIpENIeNIEMBIX TI0 OTHOIIICHHIO CBSI3aHHOCTH TI0 CHCTEME
TUMEPIIAPOB; YMCIIAa ITAJIOHOB MUHUMAIIFHOTO ITOKPBITHSA,
BBIYUCIISIEMOTO IO TPYIIIaM 0OBEKTOB KJIACCOB; BETMYMHBI
3a30pa (OTCTyIa) MEXKTy 0ObEKTaMHU KIacCOB.

[TpoBepka cOCTOATENLHOCTH JTAHHBIX 3HAYEHUH HEe0O-
XOJIMMa TSl OLICHKK 0000IIArOMICH CIIOCOOHOCTH ajiTOPHT-
MOB. cronp30BaHNe aCUMITOTUYCCKUX CITOCOOOB OIICHKH
JUTSL 3TUX TIeTICH, KaK MPaBUJI0, IPEACTABIISCT JIUIIb TeOpe-
TUYCCKUI nHTEepec. PekoMeHmyeMas aCHMIITOTHYCCKUMU
crioco0amH 3aBBINICHHAS JITTHHA 00YYarOIIX BEIOOPOK IS
MIPAaKTUICCKON peas3auy HeIPIMEHUMA.

Br100p MaTEeHTHBIX MPU3HAKOB B TPOCTPAHCTBE OOJIB-
IO pa3MEpPHOCTH MOXHO pacCMaTpUBaTh KakK CIIOCOO
pemuTs npodiemMy MpPOKISATHS Pa3MEPHOCTH IS Me-
TPUYECKUX alNropuTMOB. Kaplil 1aTeHTHBIN NMpU3HAK,
CHUHTE3UPOBAHHBIN 10 METOLy 00OOIIEHHBIX OIEHOK [8],
MIPE/ICTABIISIETCS KaK aHCaMOJIb U3 2JIEMEHTApHBIX KIIACCHU-
(hUKaTOPOB 10 TEXHOJIOTHHU CTEKUHTa. JJoKa3aHo, 4TO METO
KPOCC-BaIMIAINH JIISI IPOBEPKU TOYHOCTHU PACTIO3HABAHUSI
aHcamOJieM Ha KOHTPOJIBHBIX BEIOOpKAX HempuMeHnM. [1o
9TON MPUYHHE 3HAYCHUS MEPhI KOMITAKTHOCTHU (2) MOXKHO
3a/IeHCTBOBATh [Tt (hOPMUPOBAHUS 0a3 MPEIECHTOB Ha
pa3HBIX HAO0OpaxX JATSHTHBIX MPU3HAKOB.

ITonck mymMoBBIX 00bEKTOB H3 MHOKECTBA
rPAaHUYHBIX

OrmpesienneHne TUMTUYHOCTH 00bEKTa U3 £ (01H30K K
CBOEMY KJIaccy, SIBJISICTCSI TPAaHUYHBIM, OJIM30K K JIOTOJI-
HEHMIO KJlacca) M0 3HaYeHUI0 (yHKIIMH KOHKYpPEHTHOTO
cxozctsa B anropurMe FRIS-STOLP [4] npumensieTcs npu
(hopMUpPOBaHNM MHOXKECTBA M3 LIYMOBBIX M 3TAJOHHBIX
00BEKTOB. BBIMTOTHUM OIEHKY TUITHYHOCTH TPAHUIHOTO
00BEKTa M0 OTHOIICHHIO JABYX OMIDKAHIINX OT HETO pac-
CTOSIHMH O OOBEKTOB U3 CBOETO KJIacca M €ro JOIOJIHe-
Hus. Pernrenne o BKIIto4eHUH (HE BKIIIOYCHUH) TPAHUYHOTO
00BEKTa B MHOXKECTBO IIIYMOBBIX IPUHUMAETCS Ha OCHO-
BE€ aHaJIM3a 3TOro oTHomeHus. s aHanusa Tpedyercs
OIIpe/IeNIUTh IOPOrOBOE 3HAUYCHUE A U YCIIOBHS, HA OCHOBE
KOTOPBIX IPUHUMAETCS PEIICHUE.

Ha mHOXecTBe TpaHUUYHBIX 00beKTOB B = B(E, p)
chopmupyem MHOKecTBO 1ap BG ={(S;, S))}, S; € K, N B,
122,85 € CK, N B, p(S;,S) = min p(S;,S,). s

S,€BNCK,
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LleH3ypurpoBaHue oby4aroLLmX BbIGOPOK C UCMOJIb30BAHMEM PErYISPU3aLM OTHOLLEHW CBA3AHHOCTM. ..

(S, §;) € BG BBenem obGosnauenus r(S;) = p(S;, S)),
d(S;) = p(S;, S,), tne S, = arg min  p(S;, S,)-
S.EEQNKA{S;}
Ananornuno s S; € CK, N B onpenennm 1(S)) = p(Sy, S;) =
min p(S,, S;), d(S;) = p(S;, S,), rae S,

S,EBNK,
. r(Sy)
arg  min p(S;, S,). OTHOImIEHNE ——
S.EEGNCKNS;} i

<ALO0<A<l1

paccMaTpuBaeTcs Kak HeOOXOAUMOE YCIIOBUE OTHECCHHE
obbekra S; € K, N B K MHOXXECTBY LIyMOBBIX. JlocTaTou-
HBIM yCJIOBUEM SIBIISICTCS

&) <Awm
d(Sy)

GO

a(s)~ )

Wimoctparyst onpeieNieHust IPUHAIIKHOCTH TPaHNy-
HOro oobexra S; € K K MHOKECTBY IIIyMOBBIX Ha BEIOOPKE
Ey =K, U K, no orxowenusm paccrosuuii r(S,), d(S)),
d(S,) moxa3aHa Ha PUCYHKE.

3HaueHue A, onpesensemoe 1o (3) B kadecTBe napame-
Tpa (ko3¢ dunneHTa) peryaspu3aropa, IPUMEHIETCS I
TIOKMCKA SKCTPEMAIILHOTO 3HAYCHHSI MEPhI KOMIIAKTHOCTH (2)
pu (GUKCHPOBAaHHBIX (akTopax. Pemenne 06 rpdexTns-
HOCTH BBIOOpa (haKTOPOB (MEpa pacCTOSHHS MEXKTy 00bEK-
TaMH, CII0COO HOPMHUPOBAHHS, COCTaB HAOOPA MIPU3HAKOB U
T. /1.), I3MEHSAIOMINX CTPYKTYPY OTHOIICHUH OOBEKTOB, KaK
MIPaBHJIO, IIPUHUMAECTCS 110 PE3YJIbTaTaM BbIYHCIUTEIHHOTO
IKCIIEPUMEHTA.

[Tpu pazpaboTke nporpaMMHOTo oOecriedeH s JUIs pac-
103HABaHMS TIPOU3BOJILHOTO JIOMYCTUMOTO 00bEKTa B IPH-
JIO)KEHHH K 0a3e MpereaeHToB Kak MUHUMYM HeoOX0IuMOo
XPaHUTbH CBEACHHS 00 MCIIONb3yeMOI METPHUKE U 3HAYCHUS
BECOB JIOKAJIBHBIX METPHK TAJIOHOB.

O peryasipu3anuy OTHOLIEHMIT CBA3aAHHOCTH
00bEeKTOB KJIACCOB IPH MOJAJTHPOBAHMHI

Pe3ynbrarhl, MOJTyYEHHBIE NPU PETYNISIPU3AIUN OT-
HOIICHUH CBS3aHHOCTH OOBEKTOB KJIACCOB, BOCTpeOOBa-
HBI IPU IIOCTPOCHHUH MOjelIel, OCHOBAHHbBIX Ha 3HAHU-
SIX B CJIA0OCTPYKTYPHUPOBAHHBIX NMPEIMETHBIX 00JIACTSIX.
PexoMeH Ty I0TCsI ClleTyOIie BAPHAHThI IPUMEHCHHUS:

1) pacmo3HaBaHHE OOBEKTOB C MUHUMAJILHBIMHU 3aTPATaMH

BBIUHMCIIUTEIBHBIX PECYPCOB;

2) aHamm3 KIACTePHOH CTPYKTYyphl OOBEKTOB M CBOHCTB
9TAJIOHOB MUHUMAJIBHOTO MOKPBITHS;
3) wuccnenoBaHNE MPUYNH MOSBICHUS TYMOBBIX OOBEKTOB.

Peanuzanus BapuanTa 1 cBsizaHa ¢ pOpMHpPOBaHUEM
63,3])1 MpEenCcaACHTOB U3 3TAJIOHOB MUHHUMAJIbHOTO ITOKPBLITHA.
OnrtuManbHOE 3HaYeHHE MEpbl KOMITAKTHOCTH (2) TI03BOJIS-
10T OTCJIC)KUBATH IIepeoOydeHHe aJrOpuTMOB, CBS3aHHOE C
IpOOJIEMOH MTPOKIISATHS PA3MEPHOCTH MIPU MALTMHHOM 00Y-
yeHnu. MIHanKkaTtopoM nepeoOydeHust CIy>KUT yMEHBIICHE
3HAYEHHST MEPbI KOMIAKTHOCTH 1 CHIDKEHHE 00001Iaromeit
CIOCOOHOCTH AJITOPUTMOB TPH POCTE YHCIIA TPU3HAKOB.
Pa3mMepHOCTb MPOCTPaHCTBA, BBIIIE KOTOPOTO (puKCcHpyeTcst
HaJIM4ne NepeoOydeHns], ONPEAEISIETCs] IPU MIPOBEJCHUHT
BBIUMCIUTEILHOTO SKCIEPHUMEHTA.

DdheKTUBHOCTD paco3HABAHUS 110 0a3€ MPEIEACHTOB
JOCTUTACTCA 3a CYHET CHMIXKCHUA 3aTPaT BbIYUCIUTEIbHBIX
pPEeCypcoB ¥ BOBMOXKHOCTHU pacliapaijieIMBaHusl alllOpUT-

@ Kiacc K,
A Knace K,

Pucynox. OTHecenue rpaHnIHOTO 00BeKTa S; € K|
K MHOYKECTBY IIYMOBBIX II0 OTHOLICHHSIM PAacCTOSHUH 7(S;),
d(S)), d(S;)
Figure. Assignment of the boundary object S; € K| to the noise
set according to the distance relationship #(S;), d(S)), d(S;)

Ma NP BBIYMCICHUH MEPbl PACCTOSHUS OT MPOU3BOJIb-
HOT'O JIONyCTHUMOT'0 00BEKTa JI0 MPEIEICHTOB U3 0asbl.
MUHUMHA3AIKS PECYPCOB aKTyallbHa IPH pa3/esIeHUH po-
TOKOJIOB ¢ HOpMaJIbHBIM TpadukoM u ¢ DDOS-arakamu
(oTkazamu B 00CITy>KMBAaHHM ) T OOPHOBI C HECAHKIIMOHU-
POBAaHHBIM JIOCTYIIOM B KOMITBIOTEPHBIX CETSIX.

AHanm3 KIacTepHON CTPYKTYPbI OTHOIICHNIH 00BEKTOB
(BapmaHT 2) BocTpeOOBaH MPH MOUCKE CKPBITHIX 3aKO-
HOMEPHOCTEH B JAHHBIX IYTEM IPOBEPKH UCTUHHOCTH
TUIIOTE3, BBIABUTAaeMBIX dKcriepToM. CuuTaeTcs, 4To 3Kc-
MEePT 3a]aeT KIacCu(UKaIio 00bEKTOB U UCIOIB3YET ee
JUIsl YaCTUYHOTO 00y4eHUs pu rpynmnuposke. Hampumep,
B COLIMOJIOTMH TakKas KjlacCu(UKaLUs MPUMEHUMA MPH
UACHTH(QUKAIUN PECIOHACHTOB C HU3KUM, CPEIHUM H
BBICOKUM YPOBHSIMH J0X0/I0B. YacTiyHOE 00yUeHne Heoo-
XOJMIMO B KQUeCTBE YCIIOBHSI, YTO COCTAB KaXKIAOH I'PYIIIIBI
MIPE/ICTaBJICH PECIIOHICHTaMH OAHOTO Kiacca. C yueTom
9TOTO YCJIOBHS aJTOPUTM METO/Ia TapaHTHPYET €ANHCTBEH-
HOCTb YHCIIa TPYIH ¥ UX COCTaBa, KOTOPOE MCHONIB3YeTCs
MIPY TIOMCKE MHHUMAJIBHOTO TIOKPBITHS BEIOOPKH 3Tao-
HaMH.

[To OTHOLIECHHUIO CBA3aHHOCTH OOBEKTOB KJIACCOB
koHGurypanus (Gpopma) rpymn MOXET ObITh Pa3THYHOM.
Kaxnyro rpyniy uaeHTUGUIHPYET KaK MUHUMYM OJMH
stasnon. Her HeoOXoaumocTu (B ciiydae pasHOTUITHOCTH
MPU3HAKOB U BO3MOXXHOCTH) B BBIUYMCICHHUH IIEHTPOB
TPYII, BO BBEJICHUU OIPaHUYEHHUH Ha IIKAJIbl N3MEPEHNI
NPU3HAKOB. B KauecTBe ambTepHATHBBI LIEHTPAM I'PYIII
MIPY aHAJIM3E MpeJylaracTcs MUCIONb30BaTh ITAIOHBI T10-
KPBITHS.

DTaloHHbIE OOBEKTHI SABIAIOTCS MIPEAMETOM OTAEIb-
HOTO MICCJIEIOBAHNS KAK THUITMYHBIE IPEACTAaBUTEIH TPYTIIL.
[ITymoBbIe (HETUITHYHBIE) OOBEKTHI (BapHaHT 3) paccMa-
TPUBAIOTCS KaK BHIOPOCH WIIM OTKJIIOHEHHUS OT dMITUpHYE-
CKHMX 3aKOHOMepHocCTel. Hampumep, 1o coluoaoruyeckum
JIAHHBIM YPOBEHb MTOTPEOJICHUsI PECIIOH/ICHTA CYIIIECTBEHHO
pasiiMyuaeTcsi OT yPOBHs 3asIBICHHBIX MM JIOXO/O0B.
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H.A. Wrhatees, [.X. TypcyHMypOTOB

BuruucauTeIbHbIH 3KCIIEPUMEHT

Jist meMOHCTpaIuu BIUSHUS K03(D(QUITUCHTOB peryJis-
pU3anuy Ha 3HAYEHHE Mepbl KOMIakTHOCTH (1), CBSI3U KO-
AP PUITHIEHTOB ¢ 0000IIAIOIIEH CITOCOOHOCTHIO AITOPHTMOB
MeToj1a OIKalIero cocena ObUIN UCTIONb30BAHBI JAHHbBIC
German! u Spambase?. CBs3b K09(hPHUIMEHTOB PETYIIsA-
pH3aLUK C pe3ylbTaTaMy 0TOOpa IIYMOBBIX U ATAJOHHBIX
00beKxTOB Ha naHHBIX German mo Metrpuke Kypasiésa
nokasana B Ta0i. 1. Onucanue kaxaoro u3 1000 00bekTOB
BBIOOPKH IIPH COOTHOLIEHHHU KiaccoB |K|:|K,| = 700:300
TIPOU3BOJIIIOCH 7-10 KOTMUECTBEHHBIMU U 13-10 HOMUHAITb-
HBIMU MPU3HAKAMHE. 3HAUYCHHUS KOJIMICCTBCHHBIX PH3HAKOB
B JIaHHBIX JPOOHO-IIMHCHHBIM IPeoOpa3oBaHUEM 0TOOpa-
»kanuck B quanasone [0; 1].

B kauecTBe ONTHMAaIbHOTO PEIICHUS IS JaHHBIX
German (ta6mn. 1) pekomeHayeTcs yaaneHne 42 IryMOBBIX
00BeKTOB 1 0TOOP 260 ATaNOHOB MpH KOAPPHUIIIEHTE pe-
rymspusanuu 0,8.

IIpu skciepuMeHTe Ha BBIOOpPKE JaHHBIX Spambase
KOJIMYECTBO 00BEKTOB ¢ UCXOAHBIX 4601 ObLTO yMEHbIIIe-
HO 10 4204, u3 Hux 2528 npencraButenel 1-ro kimacca u
1676 — 2-ro. YnaneHsl nepecekaronmecs 00beKThI U3 BYX
KJIACCOB ¥ M3 CXOJHBIX IO OMMMCAHUIO OOBEKTOB B KAXKIOM
KJIACCE OCTABJICHO IO OJHOMY TpejcTaButeato. OnHa u3
meJei SKCIepuMeHTa — JCMOHCTPAIHS BO3MOXKHOCTEH
aHaJTM3a MHOT0OOpa3uil OTHOIICHUH 00BEKTOB KaK MPH

1 [DrexTporHsbIit pecypc]. Pesxxum noctyma: https:/archive.ics.
uci.edu/dataset/144/statlog+german-+credit+data, ceobonubIit. S13.
aHr. (mara oopamenus: 19.01.2024).

2 [DnekTponubIil pecypc]. Pexxum poctyna: https://archive.
ics.uci.edu/dataset/94/spambase, cBoGoaHbIH. S3. anrI. (nara
obpamenus: 19.01.2024).

HOpMHUpPOBaHUM JaHHBIX B [0; 1] Tak U npu ucnoib30Ba-
P1 (x >V )
1+ pa(x, y)
merpukaM EBkiiiaa u YeObimesa. OnTuManbHbIe 3HAYCHHS
KO3(PUIIMEHTOB peryisipu3aly Ha pasHbIX METPUKAX 110
HOPMHUPOBAHHBIM B auamnasoHe [0; 1] manHbIM Spambase

TIPE/ICTaBJICHBI B TA0M. 2.

CuutbHast KOppEISIMOHHAS 3aBUCUMOCTB 10 (2) ¢ 6a3o-
BBIMHU MeTpukamu EBkimaa n Yeobimea (Tadi. 2) momyde-
Ha 1o komOuHauu EBkimra/(1 + YeObimena).

J1s mpoBepku 3(pPeKTUBHOCTH 0TOOpa ITATOHHBIX
00BEKTOB B KaueCTBE MPELEACHTOB sl 00ydeHHus: ObLIO
npousBesieHo pazouenue 4204 o6bekToB Spambase Ha
JIB€ PaBHBIE 110 MOIIHOCTH BbIOOpKH. [Ipu aTOM MCIONB-
30BaH MOPAAOK CJICJOBAHUA YETHBIX U HEYETHBIX HOMEPOB
HHJICKCOB 00BEKTOB B KoM Kiacce. Kaxmas BrIOOpKa
(Chet u Nechet) npumensiiach /it 0Oy4eHUS B KOHTPOJISL.
Pesysnbrarsr 0TO0pa MpereseHToB Mo ABYM BEIOOpKAM IIpeji-
crasieHs! B Ta0n. 3. [IperenenTaMn CUNTAIOTCS 3TAIOHBI
MUHUMAJIBHOTO MMOKPBITHS, TIPU (POPMUPOBAHIH KOTOPOTO
MCIIONTF30BAJIUCh JIOKAIbHBIC METPUKH IS BEIYACICHUS
paccTosHUS 10 OMICAHUAM MaHHBIX B [0; 1].

MuHIMaIbHBIE TOKPBITHS PABHBIX IO MOIITHOCTH BBI-
60pok (Tabi. 3), momy4YeHHBIE MIPH Pa3HBIX 3HAUYCHUIX KO-
s duItneHTa perysipu3anui, OTIHYAI0TC Pa3HO00pasueM
KaK 10 YHCIIy DTAJIOHOB, TaK U UX PACIPEACIICHUIO IO
kyaccaM. OOBSICHSIETCSI 3TO CIIOCOOHOCTBIO AITrOpUTMa
o0y4eHMsl alalTHPOBAThCSI K KOH(QUTYpaMK TPaHUIHBIX
00BEKTOB TI0CIIE Y/IAJICHHsI IIyMOBBIX 3a CueT BbIOOpa Ia-
paMeTpOB JIOKAJILHBIX METPUK TaJIOHOB.

Jist ipoBepkH 0000IIAOIIeH CTIOCOOHOCTH aJTOPHT-
MOB pacIlO3HABaHUS B KA4ECTBE MPELEACHTOB UCIIOIB30-
BaHBI 3TaJJIOHBI MUHIMAJIHHOTO MOKPHEITHSA BEIOOpOK Chet

HUM KOMOMHAIMU Buaa p(x, y) = 1o 6a30BbIM

Tabnuya 1. OTOOP MIYMOBBIX U 3TAJIOHHBIX 00BEKTOB Ha JaHHBIX (German B 3aBUCHMOCTH OT 3HAYeHUH K03 (PUINEHTOB
perynsipuzanuu o metpuke JKypaniéna

Table 1. Selection of noise and reference objects on German data depending on the values of regularization coefficients using
the Zhuravlev metric

Yucno 00beKkToB
Koaddunuent perynspuzarmn KommaktHOCTb 110 (2)
IIYMOBBIX ITAIOHOB
0,5 42 267 (126, 141) 3,4373
0,6 60 259 (120, 139) 3,4116
0,7 54 259 (112, 147) 3,4553
0,8 42 260 (114, 146) 3,5299
0,9 27 277 (127, 150) 3,4178

Ipumeuanue. B ckobkax (tadn. 1-3) ykazaHO YHCIIO 3TAJIOHOB K3 1-T0 U 2-TO KJIACCOB.

Tabnuya 2. OntiManbHbIC 3HAYCHUS KOG GUIIMEHTOB PEryIspU3aliy Ha JaHHbIX Spambase

Table 2. Optimal values of regularization coefficients based on Spambase data

Mertpuxka Koouumerr Hneno obkexron KomnakrHoCTb 110 (2)
peryiipu3anuu ITYMOBBIX STaJIOHOB
EBxnnna 0,7 70 395 (196, 199) 10,2915
YeObimeBa 0,7 115 370 (233, 137) 10,7490
Yeonimena/(1 + Epxiinia) 0,6 82 498 (239, 259) 8,1157
EBxmupna/(1 + YeOrlimiena) 0,8 83 400 (201, 199) 10,0991
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LleH3ypurpoBaHue oby4aroLLmX BbIGOPOK C UCMOJIb30BAHMEM PErYISPU3aLM OTHOLLEHW CBA3AHHOCTM. ..

Tabnuya 3. Pesynsrarsel 0TOOpa npeneneHToB mo Beioopkam Chet u Nechet

Table 3. Results of selection of precedents from the Chet and Nechet samples

Merpuku EBknnna YeoOblmea (;{E%;I:;;;/a) p +EI]?II:6HI:I$£; )
Bribopku Chet Nechet Chet Nechet Chet Nechet Chet Nechet
Koaddunuent perynsipusaryu 0,7 0,5 0,9 0,8 0,6 0,5 0,8 0,9
Umcio 00bEKTOB | ITYMOBBIX 41 15 55 65 41 17 45 43
ITaIOHOB 223 246 176 210 299 320 225 239
(113, 110) | (122, 124) | (159,17) | (137,73) | (154, 145) | (148, 172) | (119, 106) | (125, 114)
KommaxtHoCTb 110 (2) 9,0619 8,4232 11,3264 9,4000 6,7585 6,4629 8,9465 8,4388
Tabnuya 4. TouHocTh pacro3HaBaHHUs MO MeTpuke EBkanaa
Table 4. Recognition accuracy using the Euclidean metric
KonrponbHast BbIOOpKa
l'[peuez(eHTLI 110 BI:I60pKe
Chet Nechet
Chet — 88,20 (87,01)
Nechet 88,73 (88,63) —
Tabnuya 5. TouHOCTH pacno3HaBaHus 10 MeTpukam EBkinza, UeOblieBa U X KOMOMHAIIMN
Table 5. Recognition accuracy using Euclidean, Chebyshev metrics and their combinations
Merpka OO0yuenue Konrpons OOyuenue Konrponb

Chet Nechet Nechet Chet

EBxmuaa He onmpenensnocs 78,35 He onpenensnocs 77,55

YeOnbImea He onpenensinocs 71,27 He omnpenensnocn 74,02

Erxmuaa/(1 + YeObimiena) He onpenensiiocs 83,30 He omnpenensinoch 84,11

u Nechet, 9nciio kKoTopsIX puBeaeHO B Ta0. 3. TouHOCTH
pacmo3HaBaHUsA MPHU BBEIOOpE ONMMIKaiiero cocena Ha
OCHOBE Mephl paccTtosHus EBKinaa moka3zana B Ta0i. 4.
B croOkax yka3aHbI pe3yabTaThl 0 00y9aroIM BEIOOpKaM
0e3 ymaneHus IIyMOBBIX 00OBEKTOB U OTOOpA 3TAJOHOB.
HopmupoBaHue JaHHBIX HA KOHTPOJIE TPOBOAMIOCH 1O
rapamerpam o0y4arorieil BeIOOPKH.

B niepBoii crpoxke Tabi. 4 6a3a nperneneHToB u3 246 sra-
noHOB (Tabma. 3) mist BeIoopku Chet ncronb3yercs aus
tectupoBanus 2102 oO6bekToB u3 Nechet. AHaOrHIHO
BO BTOPO# cTpoke 0a3a mpereneHToB u3 223 3TaloHOB
(tabn. 3) mis BeIOOpKH Nechet mprMeHeHa [T TeCTHPOBa-
Hust 2102 o6bextoB m3 Chet. Tounoctn 88,63 u 87,01, yka-
3aHHbBIE B CKOOKax, HMKE PE3yIbTaTOB PACIIO3HABAHUS T10
0a3aM TpEeLeIeHTOB ¢ MPUMEHEHNEM JIOKAIbHBIX METPHK.
B pa3bl cHMKeHa CII0KHOCTh BBIYMCIICHUH allTOPUTMOM 110
9TaJloOHAaM MUHHUMAJIbHOTO IMMOKPBITHUS.

YMEHbBIINTH OIIMOKN Paclio3HABaHUs Yepe3 U3MEHEHHUE
CTPYKTYPbI OTHOLIECHUH 00BEKTOB TAK)K€ MOXKHO 110 MEpe
PAcCTOSIHMS, BBIYMCIIIEMON 110 KOMOMHAIUSIM METPHK.
B Tabn. 5 TouHOCTH pacro3HaBaHMS B MPOCTPAHCTBE M3
57 NCXOIHBIX TPU3HAKOB AEMOHCTPHPYETCS 10 METPUKaM
EBknupga, UeOblieBa u UX KOMOWHALIMH.

Pesynbrarsl nprMeHEHUsI KOMOMHAINN U3 METPHK B
Ta0I1. 5 OKa3bIBAIOT IIEPCHIEKTHBHOCTD MOUCKA PA3JIMIHBIX

MyTeH 715 TOBBIMICHUS Y(PPEKTUBHOCTH CUCTEM pacIio3Ha-
BaHUA. DPPEKTUBHOCTH MOXKET BBIPAXKATHCS B OTCYTCTBUHU
HEOOXOIMMOCTH XPAaHEHUs CIIELHAIbHBIX IIapaMeTPOB H
AJITOPUTMOB ISl TPEAOOPAOOTKH AaHHBIX ITPU POPMHUPO-
BaHUM U MCTIONB30BaHUU 0a3 MPELeCHTOB, HAIPUMED, IS
Pa3IUYHBIX CIIOCOOOB HOPMUPOBAHMUSL.

3akaouenne

Paspaborana HOBast MmeToaMKa GOPMUPOBAHUS Oa3 mpe-
[eICHTOB /IS allTOPUTMOB PACIO3HABAHUS 10 METOIY
ommkaiimero cocena. C Henpro MoBRIIIEHNs 0000Iaromeii
CIIOCOOHOCTH aJITOPUTMOB TIPEIUIOKEH JIOTIOTHUTEIbHBIH
KPUTEPHU-PETYISIPU3aToOp JUIsi 0TOOpa NIYMOBBIX 0OBEKTOB
0 3aJIaHHOMY OTCTYIly Mexay kiaccamu. OTCTyI onpe-
JIeNISieT OrpaHUYEeHNE Ha OTHOLICHUE PACCTOSTHUI MEXIY
TPaHUYHBIMU O0BEKTAMH U WX OJFDKAMIINMK COCEISIMHU.
Peryssipuzarop MCIoab30BaNICs MIPH BHIYUCICHUN MaKCH-
MyMa Mepbl KOMITAKTHOCTH TI0 MUHUMAaJIbHOMY TTOKPBITHIO
o0yyarolei BRIOOPKH STaJOHAMH MOCIIE YIAICHUS IIyMO-
BBIX 006eKTOB. D(h(HheKTHBHOCTH IPUMEHEHHS ITAJIOHOB B
KayecTBe 0a3bl MPELEICHTOB BBIPA3HIach B IMOBBILICHUH
TOYHOCTH PAaCHO3HABAHMS MPU CHIDKCHUH 3aTpaT BBIYKC-
JIMTETIBHBIX PECYPCOB.
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