CTATHCTHYECKHE METOXBI
H AHAAH3 TAHHbBIX

3aMeTKH IO TEOPpHH
Kaaccupuranuu

A.1.Opaos

{Mocksa)

Hpoananustiposanks pAsAHYHbIe EANpaRieHHs B TeOPHH KJnc-
cuduraunn. Ena stoft obnacry Jana KiaaccHPHKALNA MATEMATHYECKHX
MeToRoB. PaccMorpena mpofizieMa ecTecTBeHHON KiaccHpUKaANEM, 06oc-
HOBAH Te3HC: KPHTEPHHE 6CTECTBEHHOCTH ~ YCTOHYHMBOCTR. B BeposATHOCT-
Hoii TeOpHH KRACTEDP-AHANKSA IPEAIOMEH MeTOH CTATHCTHUYSCKOH mpo-
BEPKHK OGOCHGRAHHGCTH obLefWHEHHS KaacTepos. Haitneno ascumnrorn-
YeCcHOe DACHpenelleHHEe +«NPOTHOCTHYECKOH CHUALI» AJIPODHTMA KJIACCH(pH-
UMpopan%s, paspaboTan MeTOA NMPOBEPHN BDOIMOMHOCTM NepecyeTa Ha
Mofens ARHeHHOTo AHCK PYMUHARTHOTO AHANU3A.

KroueBhle CIOB&! MeTORb! KAACCHPUKALKH, ofbeKTh ReTHCIOBON IpH-
POAE, KJACTED, eCTecTEeHHOCTE wiaacenduxary,
TMPOrHOCTHYECKAS CUMA, YCTOMYMBOCTE, MPOBEPKA TH-
noves, aCHMIOTOTHYRCKUE pacTipefee s,

IIpu pHeApEeHMU COBPEMEHHEBIX CTATHCTHUYECKMX MeTOAONR
B NDAKTHKY COUMOMOCHMYECKMX HccAeRoBaHWH, NMpH paspaboTie
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3aMeTKW No TeopHy KnaccubuKaLm

COCTBETCTEYIOIMX NPOTPAMMHEIX HPOAVKTOB HEBOIMOMKEHO oboii-
Tick Oe3 KAaccHPHMKAIMK 3THX MeTozoB. EcrecTBeHEO HavaTh ¢
prja obpabaTriBaeMelx naHHbIX. B [1] cpemnoxenc geaurs npan-
KJAALHYIC CTATHCTHKY HA 4YeTeipe o0ancTH:

— CTATHCTHEA CAYURHHEBIX BeMHYHH (OZHOMEpPHAHd CTATHCTHKA);

—~ MHOIOMEDHBIH CTATHCTHYECKHI1 aHANINS;

— CTaTHCTHKA BPEMEHHLIX PAACE M CAYYAHHBIX BeJMYHH;

— eTarHCcTEHRA oOBeKTOR HeYHC/HOROH HPHPOABL.

B nepgoit o6nacTr asemeHT BRIGOPKH — MUCHO, BO BTOPOH
BEKTOp, B TpeTsel - (pyHKUMA, B 4YEeTBEPTOH - OOBEKT HEeUHcj0-
Boil nmpuponel. TepMHH «00BeKT HeYHCHOBCI NMPHUDPOABI® GTHOCHT-
A K 3JIeMEHTAM HeBeKTODHOrO NpocTpaHeTBa. MX Heaksda cxia-
ALIEATH, YMHOJKATL HO YHCAA, B OTAHYNE OT UNMCeJ], BEXTOPOE K
thyurumit. [IpuMepaMy ArnATCA GMHAPHBE OTHOWEHNA {(ynop4A-
JoueHHUsA, paAsbMeHHA Ha KJIacchl, TOJEPAHTHOCTH); MHOMECTRA,
HEeYeTKHe MHOMKEeCTEA, Pe3VAbTaThl H3MepPeRHMIl B HOMUHAIBHON 1
HOPAJAKOBOH Kakax (T.e. [0 Ka4YeCTBeHHBIM IIPH3HAKaM), B UaC.
THOCTH OY/IELI BOKTOPN; TEKCTHI M T.A.

MartemoaTuecknii annapaT ¢TaTHCTHRKH OOLEKTOB Heune-
BoBoil mMpHpoarl GAaBMDyeTed HA HCHIOAL3OBAHHM PACCTOAHMIT (Mep
PpauzocTH, moKasaTeNeil pasAMuMA)} B HPOCTPRHCTBAX TaKux ob%b-
@KTOB. OTC BBHIZEAHO OTCYTCTEMEM 3Jech ONepaluil cyMMHpPOEBa-
HHA, HA KOTOPBIX OCHOBAHO DOJALILNMHCTEO METOZOB ApPYrux obia-
cTell CTRTHCTUKH.

Jwo6rle MeTOALI, MCNOALIYIOIINE TONEKO PACCTOAHMA (Me-
PLI GIM30CTH, MOKAOBATENM POIJIHUYHN) MEXKAY OOLEeKTAMM, TAK;te
ceAyeT OTHOCHTH K JaHHOH of0A8cTH CTATHCTHKH, TOCKORBKY
OHH MOTYT paBoTaTh ¢ 06BEKTAMU OPOU3BOJILHOrC IMPOCTPaHCTEA,
eclIH B HeM 38J0HA METPHKA WM €€ 8HWJIOTH.

TakuM oOpasom, BechbMa MHOCHE MATEMATHUECKHE MeTo-
Bbl KJIACCHMHKAIIMH MOMKHO CEASATH CO CTATHCTHKOH 006BeKTOB
HEYHCAOBO NPHPOALI.

PaGoTst B 3T0H po3dsnToil obIacTH NMPHUKAIASHOR MaTeMa-
THKH {eff TIOCBAIIEHO0 HEeCKOMBKC THICHY CTATEH M KHHAT) KOOpAH-
HHpyeT MoaroMuccus «CTaTMeTHKA OOReXKTOR HeyMCeMoBON TpH-
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poxer» Hayunoro Cosera AH CCCP no komnnercroii npobaeme
«KuGepueturar. B 1985 r. ona coemectHo ¢ HHeTHTYTOM con-
uoagornu AH CCCP nogroropman n onybamkosana c6opHHK cTa-
teif {2], Eraovarmuil 0G30pE OCHOBHBIX HANMPOBIEHMI JAaHHOH
obxacti craructurky. Ormerum cTaTthio [3], paccxkaseizanmnyio o
eraTHCTUKE 00BEKTOE HEUUCIOBOH NPUPOLK 4B Denoms, u [4], o6-
CYXKIAIINYIC BO3MOKHOCTE BBeJeHMA B Helt pasauyHBIX mMep OaH-
socTy. OnyGaHKORaK enfe menslil pag ob30poB  XKak obuiero xa-
paxTepa [5,6)], Tak B Mo OTHENBHBIM HANPA&BJASHHAM — CT&THCPH-
ke pasGuenwuit [7], Gepuynnmesckux mexkTopos! [8] M Apyrum.
Cnenudnyecke MeTolbsl KHANHZA JeTonuceil omucansl B [9]; pe-
SYABTATH OPEACTABJAICT HECOMHEHHLIH HMHTepec NS HCTOPHKOE,
OOCKOJBKY JeMOHCTPHPYIOT HeoOXOOHWMOCTE NEpPEeCcMOTpa TPaju-
DHOHHON XPOHOJOTVNA.

B HacToAMel cTaThe paccCMATPHBAETCA BAJKHOE HaIpagie-
HHE CTATHCTHKH 06BeKTOB HEYMCJOBOH [IPHUPOABL — METOhl KJAc-
CHPUKALMH, OCHOBAHHBIE HA PACCTOAHHAX MEXAY 06-eKTaMM.

1. HanpapiaeHus B TeOPHH KJacCcH(PHKAUNY

Kakue Hayushie HeCNelOBAHUA OTHOCUTBL K aToit Teopuu?
Ha pparmatuveckux coobpaxednil NenecoofpasHo NpUHATE, HMTO
CIOfla BXORAT UCCHeAOBaHUSA, BO-MEPERIX, OTHECEHHBIE CAMHMH aB-
TOPaMH K 5Tol TeOpHH; BO-ETOPBIXN, CBA3AHHEIE ¢ Heil o6IHOCTLIO
TEeMATHKH, XOTA OBl MX ABTOPH ¥ He YOOMHHATH TePMHH «KJAac-
cuUKAONAY. JITO NPEANONATACT €& CJAOKHYI0 BHYTPEHHIOW
CTPYKTYPY.

B cospemensoil rteopmy KAACCHPHKAIMH MOYKHO BBIJE-
JHUTE AZBO OTHOCHTEJLHO CAMOCTOSATENbHBIX Hanpasienus. Oaeo
M3 HMX OOHMDAeTCs HO ONBIT TaKUX HAYK, KoK GHoNoruda, reorpa-

1 Beprynmiescknii BeKTOp — 3TO BEPOATHOCTHAA MOJesb GyaeEa
BEKTOPa ¢ HE3ABUCHMALIMK KOODXHHATAMY; IDMYeM BePOATROCTH TOTO,
WTO Ha oUpegejeHHOM MecTe cTouT 1, Boobime ropopa, pasau4HLL.
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dnA, reosorwa; GHGAMOTEUHOE HEJIO TAKME AHANMIHPOBAIOCH B
aTOM HanpapineHWN. TunouuHile ofBEEKTH pPaccMOTDPEHHMA — KJAac-
cHOHMKALHA XHUMHYeCKHX a/eMeHToB (Tabanua Merjeneesa), Ouo-
JOrMYeCKAA CHUCTCMATHKA, VHHBEpCAALHAR ReCATHYHAA KJaaccH-
duramua (YAK). OnsiT 5Toro HANpaBiAeHHNSA ¢ FHOCEONOTHUECKHX
nosunmit ofobmen s [10], cooTBeTcTBYIOMME MaTeMATHYECKHIH
anmapaT B [11,12].

HNpyroe Hanpasidenne OMUPASTCA HA ONBIT TeXHUYECKHX
MCCASNOBAHMH, MEeZUUMHL, COIMONOrMH, SKOHoMHKHA., THRUUYHbIE
3o AU — TeXHHYeCKas M MeZHUMHCKaA AMAIHOCTHKA, pazdHeHNe
HA I'PYOOE] OTpaciAell HPOMBIUUIEHHOCTH, TECHO CBASBHHBIX MEXK-
oy coboli, BRAeNeHHe IPYNI OAHOpoAHOA npoaykpnu. Hambonee
pasBuUTaA O0AACTE — pacnosHaBaHHWe o0pPa30B, WM AKCKPHMHHAH-
THBIA aEanus [18). Kparkoe ocMEBICIEHHe CIBITA M COEPEMeHHOTO
COCTOAHMA STOr0 HANpPABJIeHHA AaHo B [14], ceoaxa anroputmos
rAaccuduranuy umeercs B [15]. Oxo onupaeTcAa Ha MaTeMaTHUe-
CKHe MOJe/M; AJH NpOBeJeHNA PACYETCE HHTEHCHBHO MUCHOJB3Y-
ercAa OBM. OgHaKe OTHOCUTE €0 K MATEMATHKE CTONDL JKe Hele-
JecooGpasHo, KAK ACTPOHOMHIO MM KBAaHTOBYIO MexaHHKY. Pac.
CMATPHBAEMBIE MATEeMATHHECKHE MOAENH MOMHO H HYXKHO H3Y-
yaTh Ba GopMalILHOM YPOBHE, M TAKHWe HCCAeROBAHUA NPOBOJAAT-
cA. Ho HanpaBaeHHMe B HeJloM CKOHUESHTDHPOBAHO HO pelleHHH
KOHKPETHBRIX 34764 NRUKIASAHBIX obMacTeil M BHOCHT BKAAA B
TeXHUYecKHe HIH 3KOHOMHYECKHe HAYKH, MeJUNUHY, COIHOJO-
i, HO, KAK NPAaRUio, He B MateMaTHKy. McmonrsoBaHue mare-
MATHUYECKHMX MeTCAOB KaK HHCTPYMeHTa HCCNelOBAHHA HeAb3s
OTHOCHTE K UHCTOH MaTeMaTHKe.

2. MaTemMaTHYeCKHe METOAB KJAAacCCHPHKAUHK
B 60-x ropax XX BeKa BHYTPH NPURIATHOH CTATHCTHKY
JOCTATOYHO YeTKO odopMUIAch 0DANCTh, MOCBAIMEHHAA MeTOXOM

KnaccHQUKANUK (cM., BalpHMep, [13—15]). Heckonsko mopud-
nupya gopmyanposku M.Ix.Kesganna u A.Croioapra 1966 r.
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(cM. pyccknil nepepon [16, ¢.437]), smgemum Tpu nogobnacrm:
BUCKPMMUHAIUA, XNacTepUsalHAa, Cpynnuporxka. B AMCKpuMn-
HAHTHOM AHAJKM36 KJAcCH HpefnolaraloTcA BaJaHHBIMM — MJIOT-
HOCTHMY BepoATHOCTeH Mam ofyvanmump BuiGopkammu. Bagaua
COCTOHT B TOM, YTOGEl BHOBE NOCTYIAIOIIMI 06BeKT oTHecTH B
OflHH H3 3THX KNACCOB. ¥ MDOHATHA «JUCKPHMUHALMAS HMEEeTCH
MHOTO CHHOHMMOB: PAcIlO3HaBaHMue 0O6pA30B, AUATHOCTHKA, ABTO-
MATHYeCKAR KAsccudUKallMA ¢ YYHTeaeM, CTATHCTHUeCKAA KJac-
cudHRallA 1 1.0,

Ilpn KinacTepH3aOMM W rPYNHHPOBKe LENBK SBIAETCH
BHIABNEHH® U BhIJEJIOHHE KJACCOB. 34flaua KAaCTep-aHANH3E $CO-
CTOHT B BHIACHERHUK [0 aMOUPHYECKHUM AAHHBIM, HacKOJABKO 3Je-
MEHTH “TPYNNUPYIOTCA” HIK PacHASAIOTCA HA HIOANPOBAHHLIE
“oxopnenua’, “waacreprr’’»[16, ¢,467). Hunimu caosamu, sapa-
Ya — REIABJI@HKHe ¢ecTecTBeHHOTOspadbueHusa Ha Kiyacchl, cBoBog.
HOTO OT CcYODOKTHBMIMA HCCNeIOBATENH, & WLedb — BhIASACHHe
rPYON OZEOPOIHBIX OGTLOKTOB, CXOXHEIX MeXAy coboit, mpH p3- .
KOM OTJIMYHU 9THX IPYIN ADYPr OT Apyra.

IIpr rpynouposke, HaoGopoT, +ME XOTHM Pa3buTh asre-
MEHTbHl Ha I'PYINE EE3IABUCHMO OT TOICG, eCTECTREHHH JH TPaRH-
sl pasbHeruns wiu Her» [16, ¢.437]. Ilens cocToHT B BHABASHURA
rPYND OJHODOAHBIX OOBEKTOB, CXONHEIX MeXAY coboll (xax B
KJacTep-aBaJdH3e), OZHAKO ¢COCOJHMes TI'PYIILI MOTYT He HMETh
PesKHX pasnHudil (B oTIHuMe 0T KJIAACTeD-aHANM3a). I'paHMILI
MeXEY TPYINAME YCAOBHEI, 3ABHCAT OT ¢YOReKTHBHAIMA HCCHIeAO-
patefd, Kak NPH JecoycTpoiicTBe NpoBeleHMe Npocek (rpaHur,
YYACTKOB) 3ABHCHT OT CHEUMANTHCTOE JeCHOrO EeJAOMCTBA, a He OT
cvolicTs Jeca.

3ajaun KIacTepHIANUH H TPYINUPOBKH HPHHOUMIHAIEHO
PA3JHYHEI, XOTH AAA HX PemeHUS MOTI'YT HPMMEHATLCA OXHH M
Te e anropwrMbi. lipobnema cocTour B ToM, UTOOBI TOHATSH,
paspemMMa JM sajada KJACTEP-QHAMM3A ANA KOHKPETHBIX JaH-.
HBEIX KM BOSMOXKHA TOABKO HX I'PYIINDOBKA, TOCKOJLKY OHH
AOCTATOYMHO OXHOPOAHBI H HEe PﬁSﬁHBaIOTCH Ea Pe3ro pa:menmo-
iHecAd MexKAy coboil KiaacTepsl.
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B safauax KaacTepH3anME H rPYNNHUPOBKH OCHOBHOE —
MeTPUKa, PACCTOAHMA MeMKY o6LexTaMu, Mepsl (JIM30CTH, CXOX-
cTBa, paasyunsa. XopolIo MsBecTHo, YTe Jif Adoro sajaHHOTO
pasbueHnsa oOLEKTOR Ha rpynnsl B JAwbore £>0 MOKHO YKA3ATH
MeTPHUKY TAKYi0, UT0 PACCTOAHHA MexAy odbeKTaMH H3 OAHOH
rpynosl 6yAYT MeHbe €, & MeXAY OOBeKTAMH H3 pasHBIX
rpynn — Goasuie 1l/e. Torga niobeil pasyMHBIH ANPOPUTM KHJASCTE-
PH3ALUMH [ACT MMEHHC S3aJaHHOe pacmpefeienue, HexroTopsie
OOAXGARL K BHIGOPY PACCTOAHMA B 30JaYAX KIACCHGMEAIMM pac-
cMorpeHsl B [4].

«TepmiiHoM ,KnaccHPUKaIHA® 0003HAYRIOT, Mo KpafiHeit
Mepe, TPM DASHEIE Beli: MpOLeAYPY MOCTPoeHHA Kiaccuduka-
I, NOCTPOSHHYI KAACCHOHKAIHIO M IPOHeAVPY €€ MCNOoJB30-
BapuAr [10, c.6]. CrarvcTudecKuil aHATUR ODOJAYYEHHBIX, B YACT-
HOCTH SKCNEPTAMH, KJACCHMHKALHIA — YaCTh CTATHCTARM GHHAP-
HbIX OTHOIIEHHH M TeM CAMEBIM -~ CTATHCTHKU OOBEKTOB HeyHCJIO-
Boii npupoast. IIpouenypa MenoNs30BaHAA KiaaccHOMKALME, T.e.
OTHECEHHS BHOBR NOCTYHAWINErc obhexTa K OOHOMY M3 Kiaac-
coB — MNpeaMeT NUCKPHMHHAETHOro aHainsa. Kax oTmeuanocs
[17], or aBAseTcH YacTHHIM cAyuaeM obmleil cxeMbl perpeccuoH-
Horo aMafnsa, OQHAKO ecTh PAA crelindUHecK UK MOCTAKOBOK.

Yacro peKOMeHIYIOT CHadala NPOBOANTE KJIaccHbMKa-
LHIC, 0 [OTOM DPerpecCHOHHBIN aHANHSZ (B KINCCHYECKOM CMBIC-
Jae). OFHAKO IpH 2TOM HeNb3A ONHPATHCA HA HAPMAJAbLHYK) MO-
Jelb, TAK KOK He OyXeT HOPMANBHOCTH B KXacrepax [18].

B npuxiagHRIX HCCNEAOBAHMAX [PUMEHAOT DPA3JMuHbIe
MeTOAR AUCKPUMHHAHTHOTO aHAJIN30, OCHOBAHHBIE HO BePCATHO-
CTHBIX MOZenAX (c¢M., Hampumep, [19]),a Takxe ¢ HUMM He ¢BA-
_3aHHBIE, T.©. SBPMCTHNECKHe, B WACTHOCTH anroput™ +«Ko-
pa»[20]. HesapucuMo OT «NPOHCXOMKACHHS», KarAblil TOoAoGHBIA
AITOPUTM JONKeH GBITH HCCNeJOBAH KAK 178 BENOATHOCTHHIX MO-
JeNfAX, TAK M HAa MACCHBRAX pealbublX AapumX., Ilens mcciaeioba-
HuA — Be!GOP HAMJIYYIIEro B olpefefieHHOH o6aacTH MPHMEHHMO-
CTH, BKAOYeHHe el'¢ B CTOHIADTHRIN OAKET NporpamMm, yuebHBIE
nocobnA. Ho ans storo Hago yMeTs CPABHMBATL OJATOPHMTMEl IO

103y
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XauecTBY, YacTo MCIIOABIYIOT IIOKA3ATENb &BePOATHOCTH nIpa-
BHILHOM Kiaaccuduxanum» (Opr o6GpaboTHe KOHKpPeTHHX XAR-
HBIX — 44ACTOTa NPABUALEON KaaccHbuKanums). B [21] nokasa-
HO, YTC OH HexOppeKTeH. 3Aech e Npeljiosken APYroil — oueHka
epaccToanpA MaxananoGHcas MeX Iy KhaccaMe M HallZeHO ero
acHMIITOTHUYECKOE pachpegeieHue (CM. Hue). .

[Iponeayps! mocTpoeHHA KAACCHGHKAUMHE AeRATCA Ha Be-
POATHOCTHLIE M AeTePMHHHUpoBaHHBIe, K INepBRIM OTHOCATCA 3a-
aoum pacugenigenns cMeceil [15]. Kax upe eriGope creneru mosu-
HOMD B perpeccui [22,23], scTaeT BONpoC OLEHKH YMCIIA 3JAEMEH-
Toe cmecu. IIpumMenenue KpuTepusa ¥ UIKca AaeT PesyNbLTATLI TH-
na [22,283], neMoHCTPHpPYIOIIIME HECOCTOATEALHOCTh ODBIUHO He-
nmone3yeMEIX oneRok [18].

Sajgaun nocTpoeHHMA KaaccHpHraumny nesecoobpasHo pas-
6uTh Ha OBA THUOA: ¢ YETKO PA3ASJeHHBIME KJIACTepaMH (3aZadn
KAOCTeP-aHAIMEE) M ¢ YCJOBHBIMH IDAHHMIAMM, HelpepblBHO Oe-
PeXOfALIMMK ApYyr B Apyra KiaaccaMm (3aJay¥ IPYIOHDQBKH).
Taroe AeneHWe HOJAE3HO, XOTHA B OGOMX CAYYAAX MOTYT HpHME-
HAThCA OMHAKOBBIE ANTOPHTMEL. ¥IX GeckoHewHo MHOro, 4YTO He-
TPYAHO AOKAZATE.

HeitcTuTeasHo, DAcCMOTPHM AJTOPHTM cpefgHeidl CBA3M
[15, ¢.102]. On ocHoBaH Ho Mepe BanscerH dfx, ¥) Memay o6s-
exTaM¥ x ¥ y. Jlerko nposepHTh, YTO Benndufa d% x, y) Takme
ABAAETCA Mepoil GAH30CTH MEeKAY X W ¥ H DOPOKAAET HOBBIH an-
ropiTM. Ecnru o mpoberaet OTpe3OK, TO HNoaydaeTca HeCKOHEHHO
MHOPO AJIFOPHTMOR,

Karum M3 HUX DoAb3oBaTheA NP o6paboTke JAHEBIXT
Hemno ocnoxsudercy Tem, 4To Mep OAN30CTH PRdNHYHBIX BHIOB CV-
mecTsyetr BechbMa MHoro [4]. MmeHHo B cEasu ¢ obeyixaeMoil
npotnemoii 8 [24] paccMuTpUBAeTCA pasfeleHMe Mex Ay KJjacTep-
aHATH3OM ¥ 3040YQMH TPYIIMDOEKH,

Ecan kaaccni peaasust [18], ectecrsennn, To nwoboit an-
IOpHTM KiacTep-nHANM3A uX Bgedur. B [10, ¢.206-209] opuse-
ReR pAA KPUTEepHeB eCTeCTBEHHOCTH KIACCH(MUKALMM, OMHAKO UX
HEBOSMOMKHO NPUMEHUTE NDH 0BPaGOTHE KOHKPETHBIX AAHHBIX.
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Huxe npepiarneTca B KaueCcTBe TAKONo HKPUTEPHA paccMaTpH-
paTh YCTOIMHBOCTE OTHOCHTEARHO EBIGOpa AJrFOPHTMA KJACTEp-
AHAHA3A.

IIpoBepuTe: yeTOMMHBOCTE MOMHOG, TMPHMEHHME K JAHHLEIM
HeCKOJbKO TMOAXOAOE, HATIPDHMEP CTCJb He MOXOMKHMe alrOPUTMBL,
KoK <GmusKHero cocefiar M ¢AanbLHero cocegas [15]. Ecnu mony-
YyeHHBIE PeayJLTATLHL  COOep’RATeNILHO GIusKH, TO OHHU
aIeKBATHEl aeifcTBuTeNpHocTH. B DpoTueHoM ciyuase caeayer
OPeANoN0KHTE, YTC ecTeCTBeHHOR KNACCHGWKAINH He CYNleCcTRY-
er, 3a%a4a KjpacTep-aHANU3a He HMeeT pelllenud, U MOMNKHO IIPO-
BOAUTHL TOJNBKO I'DYIIHDOBKY.

HacTo npuMeHAeTcA ArjAoMEDATHBEEHIR HepapxHuecKHH
anropurM «lenaporpammos [15, ¢.100-103], s xoTopoM BHauane
BCe BJIeMeHTH paccMaTPHBAIOTCA KaK OTAebHBIS K/ACTEPLI, a 3a-
TEM Ha HKAKAOM HIary o8 BefMHAIOTCA ABa nHauboJee OAMIKHX
KJacTepa.

Jna pabovel ¢«J{emaporpaMMels HeOGXORHMO 38JATEH Mpa-
BIJIC BHIYUCHEHMA PACCTOAHHA Mex Ay Kjaacrepamu. OHO EBBIUHC-
JAeTcHa depes paccroaHMe dfx, ¥) mexny anemeHramu x i y. Ilo-
ckoabky dXx, y) mpu O<a<l TaxXe paccToAHME, TO, KAK Mpa-
BUJIO, CYIMECTRYET GecKOHeMHO MHOTO PasANYHBIX BADHMAHTOE 3TO-
ro aaroputMa. IlpemcTaBum cebe, UTO OHH MPHMEHAKWTCA 0AA 06-
paboTHM OBHHMX H TeX e pealbHBIX JaHHBIXK, Ecin npn mcex o
nogyuasercia olJHHEKOBOE paaﬁneﬂue 3JieMEHTOB Ha KJlacTepsl, T.e,
pe3yaeTaT paGoTh! ANTCPUTMA YCTOHYHME MO OTHOINEHHIO K HiMe-
meHnio o [25], To mMeeM <ecrecTBeHHYIO» KiaaccHduranuio. B
OPOTHEHOM cCJydae pel3yabTaT 34BHCHT OT cyG’LERTHBHO BhI-
GpAHHOTO HCC/efOBaTeNeM IapaMeTpa o, T.e, 3aKava KJACTEp-
AHAMM3A HeDaapemuma ([IpeqiroaarneM, YTo BHIOOD (¢ HeXbLadA CHe-
UMLKo ofCCHOBATE). 3aja4a TI'DYNMOHPOBKK B JTOH CUTYAUMH
uMeeT MECro pemenuit. Ha Hux moxuo sBubpaTh ogHO To JOmoJ-
HHUTENBEHBIM KPDHTCDHAM.

CrnegopaTensH0, OONYYAeM IEPHCTHYECKHH KPHUTSPHIL ec-
JIB pemleHHe 3a0aYn KaacTep-aHAAH3A CYINECTBYET, TO DHO HDXO-
AUTCA ¢ MOMoIBI0 Aboro anroputMa. llenecoofpasHo Hcnonbac-
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BaTh Hanbojdee mpocroit. Taxr, anA kKaaccubpuKaums couuanbHo-
NCHXOJOTHYEeCKUX XAPAKTePUCTHE CHOCODHBIX K MATEeMATHKS
WKOoALHHKOB [26] mMe1 ucmonesopanm anroputm {27]. Ha mpo.
rpaMMupoBaiue 1 cyeT Ha IBM ymnoc oxono noayroza. Heaasno
¢ IOMOIUGIO OJHOIO H3 BADHAHTOR ¢JeHAPOrPAMMEI* — QJITOPHTMA
«Omsxaimero cocenas [15, ¢. 101] — xnacrep-ananua 6e1n npo.
BefieH BPYUHEYI 3a 1,5 uaca. PeayneTaTe NpaKTIiecKy copnanul

3. IpoGnema ecTeCTBeHHOH KIACCHPUKAUKN

Cy¥IIecTEYIOT pa3IHYHEIR TOYKH 3PEeHHA Ho 3Ty npobremy
[10, c. 202-213]. Ha Bceecolosroll mrone-cemunape «Hcmonsso-
BOMHE MAOTEMATHYECKHX MeTOJOR B 34Ja4YAX KAACCHPHKAIIHMES
{(Ilymunao, 13-20 arpeasa 1986 r.), B wacTHocTH, OLINM BRICKA3A-
HBI MHEHUA, UTO @CTecTReHHAA KAaCCHGBUMKANIMA!
— saxkoH upupoast (I'.B.Boruit);
— OCHOBAHA HA MIYOOKNX 38KOHOMEPHOCTAX, TOIMA KAK HCKYC.
cTEeHHAA Kiaccudurannz — Ha BerayOoxrux (B.I' Muprus);
— [LAA KOHKPeTHOTO HHIHWBHAA Ta, KOTOpaA Haubosee OhICT-
PC BRITeKaeT s ero Tesaypyca (IO.I1.dpoSrimes);
¢ — arto KaaccuduKauua GoTuHoK no pasmepy (JI.I.Manunos-
CKHi1);
— YROBJISTEOPAET MHOCHUM UENSM; Uedb KNCKYCCTBEHHOR
kaaccubuxannn sagaer yenoser (H.I.Maugens);
— KaaccHHKALHA ¢ TOYKH 3PpeHHA NOTPeOHTeNA NPOAYK-
uue (M. X . Knun);
- HKJIaCCHGHURADNA, NOSEOJNAIIIAA  LZeNaTe  [POTHOSH
(C.H.Cyxonoe);
- HmMeeT kpurepmem yeToliunsocrs (A.H.Opaos).
TpnBesesnste BbicKasbiBaBuAl 1 coorBercTeyommil Ma-
Tepuan B [10] yxxe gaxT npeacrasiaende o GONBINHX PacXoMje-
HUAX B NOHMMAHNMAHN ¢@CTECTEEHHON KARcCHMPHKALHUs, DTOT Tep-

1 JauHcark ABTGPOM €O CJIOB BBICTYNABILINX.
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MHH ABAAeTCA HEYeTKHM, KAK, BOPOYEM, ¥ MHOTHe ApyrHe. B
[28] moppobuo ofocHOBAHZ HEYETHOCTh €CTECTBEHHOTC HA3BIKA H
yor DAKT, UTO «MbHI MLICIMM HEUETKOs, UTO OJHAKO He CAHIIKOM
melnaeT HaMm ¢(yBRuUpoHMpoBath. Kakyllleecsd palMoHANBHBIM
rpeGoBafe BRIpabOTATE CTPOTHe ONpeAeaeHHA, a IIOTOM PAIBH-
BaTh HAYKY — Hepeimonummo. CilefoBaTs eMy — 3HAYUT OTEBJE-
KaTh CHAB OT peanbHbIX 3afa4. IIpu cucremHoMm moaxofne (B uH-
Tepnperanuu [11])k TeopuM KaaccHMPHUKALMM CTAHOBHTCA ACHO,
YTG CTPeTHE ONpelelleHUA MOMKHO HAAEATHCA NOAYUHUTL HA IIO-
CcAeIHMX I9TaIax NocTpoeHus Teopun. Mol e celiuac maxosumen
Ha mepsoix. IlosToMy, He Hamasa oNMpejeNeHHs TOHATHK <ecTeCT-
BeHHAA KJaaccupuKanuA», oboyauM, KAK OPOREPHTh Ha <ecTecT-
BEHHOCTE* KAaccH(pUKAUMIO, NOAYUYEHHYK PAcYeTHBEIM NyTeM.

MosxHO BHIIENHTE JBO KPHUTEpHA <4ECTeCTBEHHOCTHY, IIO
OCBOLY KOTOPHIX MMEEeTCH OTHOCUTENLHOE COrnacie:

A. EcrecrBensiaa xiaaccudHrauma AoHa OBITH pealbHOM,
COOTBeTCTBYXIIei mellcTBUTENBHOMY MHUDY, JAHIIEHHOH
BHeCeHHOro Hcc/efoRaTelieM cyOrnekTHEUIMA;

B. Ecrecrrennaa xnaccudyranyms JoaKHa 6BITH BadkHOM
URHM ¢ HayuHoil TouKM 3peHUA (AaEaTh BOSMOMHOCTE TDO-
rHOZa, NpeACKA3AHUA HOERIX cpolicTB, cxxarua uHoOpMa-
oU# M T.4.), HIM ¢ DpaKTH4ecKoll.

IIyere KiaccHUKALKA IPOBORUTCA Ho OCHOBe HMH@OPMA-
uun o6 obpexTax, mpeACTABJAeHHOR B BHAe MATDHUIBI «00DBeKT-
MPH3IHAK® HAY MATPUILGE MONAPHEIX paccToaHu (Mep 61usccTH).
Iyers anroputM kmacempuranuy jan pasGHeHHde Ha KJIaCTepLl.
Kax mMoMHO NoJiyuuTh A0BOAEL B TONL3Y €CTECTBOHHOCTH 3HTOM
kaaccapuxanun? Hanpumep, yBepPeHHOCTs B TOM, YTO OHA — 3a-
KOH NPHPOABI, MOKET NOABHTLCA TONBKC B Pe3yAbTATE AJNHTENE-
HOTO ee HAYUCHMA H NPOKTHYECKOro IpHMEHeHHA. IT0 coobpaxe-
HMe OTHOCHTCA M K JADYrMM N3 nepeudcene’HHmX B [10] u Beime
KpHTepHeB, B YacTHocTH K B (BaskHoctu). Coepegorounmes EHa
KpuTepun A (peaibHOCTH).

Ilonatrue ¢pennrHOCTH KiaacTepa TpeQyeT cneuMaNbHC
ofcyapenna (oHo Hadato B paGore [18]). Paccmorpum cyiuecTso
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PABHHYHA MeXAY NOHATHAMH <KIsccHbHKADHAS H «TPYIIHPOL-
Kas. Ilyers, K npuMepy, HeoOXooUMO AeDeBbA, PACTYILHEe B OI-
pedeseHHOl MeCcTHOCTH, pazbHTh Ha I'PYNULI HAXOZALIMXCH DH-
noM ApYT ¢ ApyroM. ficHa MHTYMTHMBHAA DA3HHLA MEXMIY He-
CKOJBKUMH OTASALHEIMY POLIAMM, AAJEKO OTCTOAINHMH APYT OT
Apyra ¥ pasfeleHHBIMH HOOJSMH, M CIJIOIUIHBIM JecoM, DPa3bHThIM
OpoceKaMu HA KBAaZPATEHI ¢ Uedblo JecoycTpoiticTea. OgEaro dop-
MaaBHO CTpefAe/IUTh 3TY PASHHLY CTOMb e CJIOMHO, KaK ompeje-
JHTh> HOHATHE ¢KYydYa 3epeH», 4eM 3aHHUManuce emle B pepHei
Tpenun [28].

HepedopmynupyeM ckasaHHCOe B TEPMUHAX «KARCTEP-BHA-
Au3ar M ¢MeTCHCE CPYNIHPOBKH». BhijeleHHBle ¢ NOMOIIEIO
TlepBOrO HOAXCAa KIacTephl PeajbHBI, 4 NOTOMY MOTYT paccMaT-
PHEATECHA KOK KAaHINIATHL B 4eCTEeCTESHHEIES. I‘pynuuponfcn aaer
¢HCKYCCTBeHEERIE» KJACChl, KOTODhIe HE MOCYT GLITE ¢ecTeCTBeH-
HBIMH?».

BatGopry M3 yHUMoJalsHOTO DACHpPefGNEHHA MOMHO, BH-
OMMO, PRCCMOTPMEATE KAK «ECTECTBEHESIN», <peanbubiiis wia-
crep. [Tpumenum ® Hell xaxoi-inGo oAropmTM KiAaccupnKanum
{«Popenss, eBmitsrHero cocegas u 1.11. [15]). On gacT pasbuenue
Ha KJiaccel, KOTOpble, pasyMeeTcH, He ABJAAKTCA «DeaNbHBIMHS,
TMOCKOJNBLKY OTPaKAIT Npexikse Beero cioifcTea anroputma. Kak
OTIHYHUTEL TAKYK CATYALHIO OT ﬂpOTHBOHOHOJ‘KHOﬁ, KOorga MMeKT-
cA peasibHBIe KIACTEPH M &AropHTM KilaccHBKALHH Gojlee HIH
MeHee TOUYHO WX Bhifjensner? Kpuwrepnit MCTHHM ~ OPaKTMKRa, HO
3Te AAUTenbHBIH npoliece. HoaTomy nmpencTaBageT WHTEpeC KPH-
TepHuif, olUeRHUBAOWIAE ¢peaqbHOCTE» BLIJEAAEMBIX ¢ NOMOIILIO
alropUTMa KAnCCH(HKALMN KJACTEPOE OJHOEPEMEHHO C ero
HpHMeHeHHeM,

Taxofi MoKasaTeNb cYLIeCTBYeT ~ 9TO KDPHUTEDPUH ycToiuu-
BOCTH. YCTOHYHBOCTE ~ NoHATHe wHpokoe [25]. Ilockoarky 3Ha-
YeHHA MOPUIHAKOS BCceras HIMepsioTed ¢ OOUpPelllHOCTAMH, TO
«peasibHOe» DanbueHvie AOJKHO OBITH YoToldKBO (T.€. HE MeHsATH-
CA HNAH MEeHATLCA CJIB.ﬁO) OpPH MAaJblX OTHROHEHHAX HCXONHEBIX
JaHHBIX. AJNTOPUTMOB KAacCHDHKAUMH CYIIeCTBEYeT GECKOHEeWHO
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MHOTC, M speanbHoey pasOHenHe ZoasxHo GmTE yerolyiso no oT-
HOIIGHHK) K Iepexofy K APYTOMYy aaroputmy. JpyruMu choBa-
MIi, €CJH peafibHOer pasbueHHe BO3MOXKEQ, TO OHO HAXOAHTCHA C
FOMOILLEX JII0GOTO ANrOPUTMa ABTOMATHYECKOH KIACCHQHMKALMH.
CnelloBaTensHO, KPUTEPHEM eCTeCTBeHHOCTY KIaccHURALIM MO-
sKeT CAYMHUTh COBIOALeHHE De3yABTATOR paboTBl ABYX JIGCTATOYHO
PRSANYAIMIMXCA AJTOPUTMOR, HampuMep «GiaiuKHera cocefas H
sJagabHero cocenar [15].

Hamu paccmoTperbt! gBa THIA ¢PA0GANBHBIX® KPUTEpHER
+€CTECTBOHHOCTH KASCCHPHKALHMY, Kacalolluxcsa pasiHeHHA B
menoM. «JlokaXpHbie» KPUTEPHU# OTHOCATCA K OTOCJBHEIM KAn-
crepam. Ilpocreiimian nocTaHoBKa TakoBa: JOCTATOYHC JH OAHO-
PORHEL ABa XKiaacTepa (APe COBOKYNHOCTH) AJNs Ux obseauHenua?
Ecau oHO BOSMOMKHO, TO KAACTEPH He ABJAKTCA <ECTECTBEHHBI-
Mu». IIperMymmecTso 0Toll OCTAHOBKY B TOM, YTO OHG JONYCKAST
npUMeHEHHE CTATHOTHYECKHE KPUTEPHEE OAHOPOIHGCTH JABYX BBI-
Gopor. B onnomepHoM caydae (KJaccHOMKALKA O OZHOMY NIPH-
anakry) paspaboraHo GoAgbudce YHeHo TOXOBHBIX KPHTEPHER —
CmupHoBa, omera-gpaapar (Jdemana-PoaenGaarTa), Bunkokcona,
Bau-aep-Bapaena, Creiogenta 1 ap. [29]. Hmetorea xpurepun u
Az MHoroMepHbix paHHbiX [24]. [laa ogxoro ua Brpos obberTon
HeuMCA0BOM npupodsl [14] - AlcHAaHOB — CTATHCTHYECKHE MeETO-
Il BHIE/ioHHA «PenJibHBIX» KiactepoB passuTe B [30]).

Yro xacaercs raoGaibHLIX KPHTEDPHEB, TO OJIHA HUIYIEHHA
YCTONUNBOCTH IO OTHOLIEHHMIC K MAJLIM OTKJIOHEHNAM MCXOZHBIX
JOHHBIX €cTeCTBEHHO HCNIONBIOBATL METON CTATHCTHUECKHMX HC-
OHETAaHHH M TPOHONHTS PACHETEI IO «RBOSMYILNEHHBIM»Y JAHHBLIM.
Hexoroprie TeopeTHyeckHe yTReNRASHHA, KacalomMMecd BIHAHKMA
¢BOIMYMEHWs HA KAACTEPH DARINYHLIX THIOE, NPUEEJeHH B
[18].

Hecronpko ajroputmos wiaccuduranui OLINA npaMede-
HBl Hamu K AagHsiM [26]: amropurmer «Bmoxaiimiero cocegas,

! MMporpaMmuas peannsalus oCYUIECTRISHA B PA3PAGOTAHHLIX
o HAYIHRIM pYKoBOAcTBOM aBTopa naxerax IIITAHN n THCAH.
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sJadbEero cocegas U Kynepwrroxa-Mupkuma-Tpodumona [27], C
cofepxRaTelbHoll TOUKM 3PeHHA, NOJYYUeHHble paisbHeHHA OTJIH-
yanuer Manol . ITosaToMy ecTh OCHOBAHMA CHMHTATB, YTQ € TO-
MOINBIO STHX AJIPODMTMOB ZeliCTEMTEALHO BHLIABNEHA <«PeajbHaA»
CTPYKTYPS& AAHEBIX.

Hpes ycTolMMBOCTH KaK KPMTePHA «peaabHOCTH» HHOrAA
peannayercA HealeKBarao. Tak, A4A oAHONApAMETPHYECKHX aJ-
roputmoB B [31] npennaraercAa BolAenATs pa3abHeHHsA, KOTOPHIM
COOTBeTCTBYHT HAMGONBIINEe HHTEPBAJL! YCTOIYHBOCTH IO Iapa-
Merpy, T.e. Hanbossllipe NPHDALLEHUA NOapaMeTpa MeXKAY Ooue-
peaHEIMH OOLeAHHeHMAMK KJaacTepoB. Hnda panunix [26] sto
DpeANCHKeHHEe He AaJO NOJNE3HLIX PeayNbTaTos — GLLAN HNOAYUeHb!
pasnuuEble pasOUeEHA: TPU aldropUTMa — Tpu pastuenma. H c
TeopeTHdecKoH TOUKU IPEHUSN npennomel-me [81] mecocrosTens-
HC, YTO HeTPyAHC HoKasaTh.

PaccMOTPHM ANTOPHTM «Gnumai&mero cocellay, HCTIONb-
sylompil Mepy 6ansoctH d(x, ¥), H OfHONApaMeTPHYeCKoe ceMeii-
CTBO AJIropUTMOB ¢ Mepoit 6nusoct d%(x, ¥), o>0, TaKiKe ABIA-
OIUXCHA AATOPUTMAME <«ONHXaimero cocefas. Torga AeHppor-
PAMMEL, NONYyYeHHBIE ¢ MOMOINLIO STHX AATOPHUTMOB, COBMAJAIOT
OpH BCeX (X, MOCKONBKY MNP HX PEANHSANNH OPOMCXOAHT JUIIL
cpaBHeHUe Mep GAH30CTH MeXAY obbertami, [pyruMi cloBamH,
HeHADPOTPAMMA, DONYUYEHHAA C NIOMOINbIC ANTOPHTMA «GAHMKAM-
mero cocelas, ABAAETCA AJeKBATHOH B mopaAKopoll mKane (u3-
MepeHHUA mMepni GnHzoern d(x, ¥)), T.e. coxpaHmercA NpH JAK60M
eTporo BoapacralomieM npeofpasopaHuy atolt mepst [25]. Ognaxo
BhiZesicHHBIe no Metody [31] «ycrofiunseie pasb®eHHA» MEHAKT-
c¢s. B yacTHOCTH, OpH JocTaTodHo GoxbiuoM o +«HauBonaee obbek-
THBHBIM» mo [31] Gyher pasGnenue Ha aABa wkJaactepa! TakuM o06-

1 Gaxruveckr aHANHIUPOBANIHCE HepapXiYecKHe AepeBhA Daa-
f1erull, MOCKONBLKY BCE TPH LITOPHTMA BKIICUAJIM OfHOMEDHLIe Tiapas
MeTpRl, CMEICH KOTOPBIX — DACCTOAHHNE MeYKLy o6befHHReMBIMH HA 0uYg-
peAHOM LI&TY KJIACTepPAMU.
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pasoM, pasSueHne, BuABHHYTOe B [31] Kax eycrofiunsoes, ma ca-
MOM Jiefie OKAshIBAETCA BeChMA HeyCTOHYHWEBIM.

4. BepoATHOCTHAA TeOpPHA KJIACTEP-aHaAAK3A

Kak M Ana npouyMx MeTORACB NPHKAAZHGH cTATHCTHKH,
cBOMICTEA ANTOPHTMOB KJAACTEp-aHATU3A HeoGXORMMO H3YYATHL Ha
BepOATHOCTHHX MoZenax [18]. DTo racaerca, Hanpumep, yeio-
BHit ecTecTBeHHOrc of0beflMHeHMA REYX KiIacTepoB. PobacThHas
OpPOUeAYpPa OPOBEPKH AONYCTUMOCTH 00BeIUHewUA NpeJIoKeHn B
[32]), HenapameTpuueckas — B [24]}.

BepoATHOCTHEIE NOCTAHOBKH HYMHO NHpUMEHATE, B HACT-
HOCTH, NPH MepeHeceHWH PedyALTATCB, NMOJYYEHHBIX TIC BHIGOD-
Ke, HA TeHepadsHYI0 coporynsocts [1]. BeposarHocTHaas Teopus
KJACTOp-2HAMM3A M METOMACB IPYHIIMPOBKH DA3JHYHA EAA MCXOXR-
HLIX NAHHLIX TUIA TAGAMI] «06HERT X NPHIHAK® M MATPHI[ CXOJ-
crBa. J[AA mepBHIX IApaMeTPUYecKAad TeopHS HABHIBAETCA «pac-
mennerueM cmeceit» {15, ri.2]. HenapaMerpuueckasa Teopusa oc.
HORAHA HA HENAPAMETPHUYSCKHX OLeHKaX IIOTHOCTe# BepoATHO-
eveit 1 ux Mox [15, 17, 331

Ecan MCXORHbIE AoHHME ~ MATPHIA cXoZcTBa ||d(x, y)”,

TO HEOOXOAHMO NPH3HATE, YTO PA3BUTOH BePOATHOCTHO-CTATHCTH-
yeckoil Teopun moxa HeT. Iloaxoasl K ee mocTpoeHuIo obcysrpa-
auch B [18]. OfHA H3 OCHOBHEIX Npo6JeM — mposepka <«peaibHO-
ctus Kaactepa (cp.[34]). IlpeanonosncuM, yTo peayarTaTsl Habnrio-
JAeHHil MOMKHO PACCMATPHEATh K&K EBRIGODKY M3 HeKOTOPOrc pac-
IpefiefieHHA ¢ MOHOTONHO YORBaNIefl NAOTHOCTHIO NPH YBENK-
YeHHH PACCTOAHHUA OT HexoToporo Uedrpa. Ilpumemennsiii K mo-
AOGHBEIM AAHHBIM KaKoi.Niubo ajJTOPHTM KJacTep-aHainia IIo-
posAaeT HeKOTOpOoe pasbueHue. FcHo, UTO OHO — YMCTO dopMasb-
HOe: BHACIEeHHBIM TAKCOHAM He COOTBETCTBYIOT EHKAKHE «Deasb-
HEle* KJAacchl, Jpyrumu cioeaMu, 2ajava KJMAcTep-aHAAU3A He
MMEeT PellleHHM, 2 aArOpUTM JaeT JHUIE CPYNIHpPoBKY. [Ipu 06-
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pabGoTHe peanbHEIX RAHHBIX MB! He 3HaeM BRAa IJoTHocTH. Ilpo-
61eMa COCTOUT B TOM, YUTOGLI OXpeAe/IMTH PesynLTAT paGoTil al-
ropHTMa (pensbHEle KJSCTEPhl HIH GopManbanle rpynnsi)l.

YacTHwil cayuall artoif npobieMs! ~ npoBepKa 0G0CHOBAH-
HocTH  o0BenuHeNMA JBYX KAAcTepoB {4, Gy, «., Gy} H
{5, by, ..., by}, Banpumep npu ncmoxszosaHuM <lempporpam-
mele. PAd aBTOpOB BHICKASHIBANN CAEAYIOIWIYIO HAew. IycTs ecTs
ABe COBOKYIHOCTH Mep GimsocTd: BHYTPHM KiacTepok d(ay, a}-),
lsi<j<k, d{b, by), 1<o<Psm, u Mexay KiacTepamu
d(a;, b)), 1<igk, fSaSm. OTH COBOKYINHOCTH Npeflaraerca
paccMATPHBATE KAK HE3ABHCHMEIE BRIGOPKH H NpPOBEPATH THIIOTE-
ay o coenafeHun ux $yurouil pacnpepenenusa. Eenn runotesa
He OTBepraeTca, oObeIHHeHHe KIACTEPOB CUHTASTCA OGOCHOBAH-
HEIM; B HPOTHEHOM cAyuae — o0beqUHATh HeJIb3A, AJNFOPHTM Ipe-
kpamaet padory. B [35] pna npoeepkn OZHOPOZHOCTH HCIICJIL30-
Bajca kpurepuft Buakoxcorsa U, a B [36] - Jlemana-PozenGaarra
THia o,

B paccmaTpHBaeMoM NOgXOfe €cTh ABE HEKOPPEKTHOCTH.
Bo-neperix, Mepsl GJH30CTH He ABIAKTCA HEIABMCHMBIMH CJIY-
YafiHEIMH BeMYMHAMHU. Bo-BTODEIX, He yuuThIBaeTes, 4Te ofwe-
DUHAOTCH KAACTEPEl He MPOU3BONbHEe DHKCHDOBAHHEBIE, A NOJY-
YeHH:Ie B pesysapTaTe pafoTsl ANTOPHTMA, M MX COCTAE OKAZHIBA-
erca cnyuaiiusim {18, paan. 4]. Ot nepeoil N3 B5THX HEKOPPEKTHO-
creii MOXKHO YaCTHYHO H3OABHTHCA.

Teopema 1 [24). [lycms a4, ap, ., @y, by, by, . b, — He
sasucumble odunaxoso pacnpederennbvle eayuaiiibie eeRUMUHbL
(CO FHAYEHUAMU 68 RPOUISOAbHOM npocmpancmaee). ITyemv cny-
yafinas eenuxuna dia; ay) umeem sce momenmst. Toz2da npu
k, m — © pacnpedenenue cmamucmuxuy

83U - 8(k+m)(k+m-1) (k{k-1)+m(m-1))

2(k + m)Jkm(k? +m?) ’

1 Nogpo6uee cM. [18].
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20e U — cymma panzoa aneMenmos nepaoil swibopru & ofsedunen-
Holi; nepsax auvlfopra cocmasiera U3 SHYMPUKRACMEPHBLIX pac-
emosnutll (mep dGausoemu)} d{a, a}), 1<i<j<k u d(b, bg).
Isa<f<m, a emopas - u3 HMexxaacmepuwx dfa,b,),
I<i<k, 1<a<m;

cxofumes K HOPMAAbHOMY pacnpedelenUl0 ¢ MameMamMUNeCKUM
oxcudaruen 0 u ducnepcuell 1.

5. O cpaBHeHHN AATOPHTMOB KJacCH(PHIUPO-
BaHHA IO pe3yAbTaTam 06padoTKH pPeaJbHBIX
OAHHBIX

Hznoxenue BefeTcs HA HpHMepe COLMOJCIHYECKOro Npo-
reosa {cp.f21]).

Ilpn mocTpoeHnu coUUONMOrAYeCKON HAGOPMAIIHOHHO-HCC-
gegopateapcikoil eucremsl (CHHC) upornesa ucxofos roJocoBa-
HHIl BOSHHKAET 3488 CPABHEHUA IPOTHCCTHYECKHX HPABHA 410
cunes. IlporHocTHUecKoe DPaBWIO — BHTC AJNCOPHUTM, HOIBOJAIO-
muil 710 XapaKTepHCTUKAM AeNIyTaTa MAM U3bHpaTeNa NPOrHO3H-
POBATE Ppe3yJjbTaT TONOCOBAHUA. EcJHM IpOrHos IHXOTOMHUYEH
(«30» AIM «NPOTHBS), TO NMDAEMAO ARJASTCA WITOPHTMOM Khac-
cudukanuu (B ARPYroil TePMHHOZOTHH — KJIacCHUIHPOBAHHA),
npH KOTOPOM H3Guparelh OTHOCHTCA K OJHOMY H3 JBYX KJac-
COB — COINIACHO OPOIHO3Y TONOCYHOI(HX «3a» JAHGO <OpoTHBs.
ITpornocrudeckue npasuia MOryt GRITh H3IBIEYEHBI H3 COLIHOJO-
raveckoil suteparyprl ¥ npakTHkH. Kampoe u3 #Hux ofsivno
hopMynHNpyeTcA B TEPMUHAX HeGOMBINOTO YHC/AN MPUSHOKOBR, HO
HABGOPLI TMPHIHAKOB CHUARHO MEHAIOTCH OT NpPABHJa K IpPaBUTY.
Tlockonsky B CHUC momxsHO GUKCHPOBATLCA JHIUbL OrPaHUYueH-
HOe 4HCJI0 MPU3IHAKOB, TO BO3BUKaeT npodneMa ux orbopa. Ecre-
CTBEHHO OTOMPATH JNHINGL T€ HX HUX, KOTODble BXOAAT B HABOPSI,
Aaloique Hanbollee «HaJe)KHEIE» NporHoasl. A8 OpHIaHWs TOY-
HOT0 CMEICN& TePMUHY «HOJe:KHBIH» HeobxogMMO HMeTE crocol

43



AMWN.Opnos

CPABHEHHUA MUIMOPHTMOE KaaccHGUKALMH OO TPOTrHOCTHYECKOH
sCHIIES,

Peaynwrarsl 00pabOTKM pealbHLIX ASHHBIX ¢ NOMOIYLIO
AnIropuTMa KiaccmpHKanME B pacCMATPMBAEMOM cAyvae JBYX
KJACCOB ONMCHLIBAIOTCH JOJMAMM: NMPABHNBHON Knaccuguiauuu B
nepBoM KJacce &; NPABNILHCH KiaccudHKanHH B0 BTOPOM Kiac-
ce A; mnaccoB B oObeAMHeHHoit coBOKynmHOcTH Wy, [ =1,2;
m tAg=1.

Benuunnsr e, A, n,, n, OIpeaeIAKTCH PEeTPOCNEKTHBHO.

Hepearo ®ax moxasateNb KayecTBA AATOPHUTMA KJIACCH-
duiianuu (IPOCHOCTHYSCKON 4CUMAKI») HCMOALIYIOT ,a,omo npa-
BHABHOH KaaccnhHKALMA

p=m, 8+ myA.

Oxnaxo | ompefesnfeTcA deped XAPAKTEPHCTHRU Ty, T,
YaCTHYHO 387aHHEle HCCAeAcBaTeseM (HalpHMep, HA HAX BAMSET
TakTRKa orfopa BuGOPKM pecloHXeHToB). B anamorwvunoil menu-
OXHCKOH 3ajaYe BeTHUMHAO | OKazadach Gosblie ANA TPUBHAIIE-
Horo npormosa (y BRcex GoALHLIX TeueHHe saboxepaHna 6yper
6naronpHATHO), 4eM ANA HCIOAb3oBaHHOro B [20] anropurma,
HPHMeHEHHEe KOTOPOro ¢ MEIMIMHCKOH TOYKH 3DeHHA BIROJHE On-
popgano. IToatoMmy | HeltellecooDpasHO MCMONAB30BATE KAK IOKA-
3aTeNb KOYeCTBa UITOPHTMA KaaccHbHUHPOBAHNA.

IIpumMeneHUe TEOPHH CTATUCTHYSCKHX peleHHit Tpebyer
3HAHMA NOTeph OT omubouMcil KAaccHHUKADUN, A B BONBIUBHCT-
Be COHMMOJOIMIECKHX 3ajaYd oupefefurs NOTeDH NPHHUMNUEANLHO
HEBO3MOMKHO.

Ina Bmasaenus undopMaTHEHOrO HaGopa NPHUIHAKOR Ue-
JlecoofpPatHO HCHONL3CEATE METOJ IMepec¥eTa Hn Mofexb NitHeli-
HOTO ANCKPHMMHAHTHOrC aHann3da [21], cornacHo KoTopomy cTa-
THCTHYECKOH ONEHKOH NMPOrHOCTHYECKOH ¢CHABIe ABAAETCA

¥ =@ (d/2), d¥ = O V@) + O,



3aMeTKM NO TOOPUN KRACCUGNKaLLAN

rage © ~ $yHKIHMA HOPMaJbHOTO paclOpefel]leHHS BepoATHOCTeH ¢
MaTeMaTHHecKUM oxupanueM 0 u gucnepcueit 1, a ®! - obpar-
Had et QyHKIHA.

Ecan xiacesl onMcHIBalOTCH BHIGOPKAMM Ha MEOTOMEp-
HEIX HOPMANBHBIX COBOKYNHOCTEH ¢ OLMHAKOBBRIMH MATDPHIAMH
Kopapuannii, a AnA kasccuduKanKK OpPUMeHseTes AwHeNNLIN
ONCKPMMUHAHTHEIH ananus P.dPumepa, senwunza d* npegeTaB-
AaeT coboi cTATHCTHYECKYIO OUeHKY paccToAnHAa MaxananoGuca
MeXAY COBOKYMOHOCTAMN, HEIOBHCHMC OT HOPOrOBOTO 3HAYCHHS,
onpellendiOmerc KOHKpeTHoe peltawoiiee npasmio [37]. B obmjem
caydae MoKasaTelb 5" BEOAMTCA KaK BBPUCTHYECKHIT,

IIyere aaropuTM KaaccudnrauwMy HPHMEHSAeTCA K COBO-
KYNHOCTH, cocToAlNeH M3 /M 00BeKTON MePROro KJaAccs M n 006%.
€KTOB BTODOTO Kaacca.

Teopema 2. ITyemb m, n —» o. Tozde dan scex x

5% -8
Pi—— <xb > Q(x),
Afe i)

2de 8§ — npozHOCMUNECKAR «CUNGY GAZ0PUMME KAGCCUPUKAYUY;

v

3

x 2 2
Az(m,;\)-_-l b(d*/2) 2(1-2) b(a*/2) lfl"l)}
4 (Lo(P(ae)) m S(D-1(1}) n |

d(x) = D' (x) — naomrocmev cmandapmnozo HOPMGALHOZO pacnpe-
denenus gepoamuocmell,

C nomomibie TeopeMsl 2 Mo & M A oBbIYHEIM oBpasoM ofl-
pelenaoT [ROBepUTENbHBIe TPAHKOB] AAA HPOTHOCTHHMECKOH ¢CH-
asle 8.

Kaxk nposepuT: 0GOCHOBAEHOCTE IepecueTa Ha MONEIE
JMHENHOr0 TUCKpHMUHAHTHOTO aHanusa? Honyerum, 4ro KJaac-
cHPUKANHA COCTOMT B BRUMCIEHHME TPOrHOCTHUECKOTO MHIeKCA Y
M CPABHEHHM €rc ¢ HEKOTODHIM NOPOToM ¢; O6BEeKT OTHOCAT K
NepBOMY KJIaccy, ecnd y< ¢, Ko BTOpoMy, echau y>c. BosbMeMm fBa
3HavYeHHnA mopora ¢; M ¢,. Ecau mepecuer Ha Moaedas ofocHopan,
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A W.Opnos

TO NIPOrHOCTHYECKHE <CHJLIs [OJMA O0OMX NPABHI COBOAARIOT:
&¢ )= 8(c,). BTy cTATHCTHYECKYIO PMIOTE3Y MOXKHO OPOBEPHTE, '

Ilyers &) — ponsa ofLeKTOR IepBOro KJIacea, AMS KOTO-
PHX yscj, & &, — AoAA 06LEKTOR BTOPOTO KJIACCA, AAA KOTOPRIX
€1 <Y<Cy- AHANOTHMHO NMYCTh Ay, — NOJA 0OBEXTOR BTOPOTO KiAac-
ca, ANA KOTOPHIX €,<Y<C,y, & Ay — AAA KOTOPEIX y>¢,. Toraa
OIEeHKH paccTosHHI Maxananobuca nmeloT By

d*(ey) = ®7Yze)) + D70y +Ag),
d*(cg) = B Napy + &) + P1Ay).
Teopema 3. Ecau m,n,— ©, §(cy) = 8(c; ), mo npu écex x

p d*(c;)-d’ (c3)
B

<xp— DPx),

2
2de B” = L T(ae) 29 + LT (45 4,);

x(1-x) (x+y)(l-2-y) 2x(l-x-y)
2. 1 T - O -1 '
$ @ (x)) 7@ T(x+y)) AP (%) P (x+Y)

Hs reopemyr 3 BriTekaer Merol[ NpOBePKM PAcCMaTPHEBAE-
Mo#l rHIOTE3Hl: DM BLINOJNHEHNN HepaBEHCTBA

d‘(c)—d'(c) - «
SER

T(xy) =

OHA IPMHUMASTCA HA YDPOBHE IHAYMMOCTH, NPHOIMBHTENEHO PaB-
Hoit ¢, B NPOTUBHOM CAYUYAe — OTEEPraeTcH.

Teopemrr 1-8 nonyvens! asropom B 1985 r. [21, 24]. ITo-
aXe CTATHCTHYECKHMMH METOZAMH IPOBEPKH KadecTBa KJaccHDH-
rauny sapnmaincs E.B.Kynunckan n I'.A.Carapos [38-40].

PAn wELIX aaay xiaaccHQHKAHY PACCMOTPEH ABTODOM B
[18, 33]).
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