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1. BBenenue. OCHOBHbBIE MOHSITHS

Tepmun «xnaccuduxanus» uMeeT HECKOJBKO OCHOBHBIX CMbICHa. Bo-
NEPBBIX, JTO CHCTEMa KJIacCOB. BO-BTOPBIX, 3TO [EWCTBHE, CBSA3aHHOE C
cucremoir kimaccoB. CormacHo [1, c¢.6] «repmMuHOM —«KiIaccupuUKaIUsI»
0003HavaloT, MO0 KpaiiHell Mepe, TpU pas3Hble BEIIU: HPOLEAYPY MOCTPOCHUS
Kiaccudukanuu (BbiaeseHne kiaccoB — A.O.), MOCTPOCHHYIO KJIaCCH(DUKAIUIO
(cuctemy BbIIENCHHBIX KiaccoB — A.O.) W mpoueaypy €€ HCHOIb30BaHHS
(HampuMep, TMpaBHiia OTHECCHUS BHOBB IOCTYIAIOMIETO O0BEKTa K OJHOMY U3
paHee BbIJCICHHBIX KiaccoB —A.O.)» Bplmenum ecTecTBEHHYIO TpHAJY:
MOCTPOEHUE KJIaCCU(PHUKAIUI — UX U3YUEHHE — U IPUMEHEHHE, B COOTBETCTBUU C
KOTOPOM yHOPSAOYMM aHATIU3 33]a4 KJIacCU(UKALIUU.

Marematuyeckass Teopusi kiaccuukanuum — oOmMpHas 00JacTh
NPUKIAJHON CTAaTUCTUKA W dKOoHOMeTpuku [2, 3]. Kakue HayuHbIe
UCCIICJIOBaHMsI OTHOCUTH K dToi Teopun? HMcxoms wu3 moTpebHOCTEH
CHEIHMAINCTa, MPUMEHSIIONIET0 MaTeMaTHYeCKHe METONbl KIacCU(UKAIINH,
1[eJIecO00pa3Ho TMPHHITh, YTO CIOAA BXOIAT WCCIEIOBAHUS, BO-TIEPBBIX,
OTHECEHHBIE CAaMHMH aBTOPaMHU K ATOW TEOPHH; BO BTOPBIX, CBSI3aHHBIC C HEH
OOLTHOCTBIO TEMaTHKH, XOTA Obl UX aBTOPbl W HE YINOMUHAIA TEPMUH
«kyaccuukanusg». IOTO NPEINoJiaraeT CJIOKHYI0 BHYTPEHHIOIO CTPYKTYpYy
paccMaTpuBaeMoOl HayqHO# 00J1acTH.
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Cnenyer uMeTh B BHUIY, YTO B JIMUTEpaType HapsAy C TEPMUHOM
«maccupukamus» B ONM3KUX  CMBICTIAX  HMCHOJB3YIOTCS ~ TEPMUHBI
«TPYIIHUPOBKA», «pacrio3HaBaHUE 00pazoB», «TMarHOCTUKAY,
CTUCKPUMHUHAIKSI», «COPTHPOBKA», THUIOJOTHUS», «TaKCOHOMHUS» U JIp.
TepMmuHOMOTUYECKHI Pa3HOOOM CBSI3aH MPEKIE BCErO C TPAAMIIMSAMHU HAYUHBIX
KJIAHOB, K KOTOPBIM OTHOCSITCSI aBTOPHI MyOJHMKAIlUi, a TakKe C BHYTPCHHHM
JIETICHUEM CaMOU TEOPHH KJITaCCH(PUKAIIAH.

B Hay4HBIX HWCCIEIOBaHHMSX IO COBPEMEHHOW TEOpHUH KIIacCH(PHKAIIAN
MO>KHO BBIJICTTUTH JIBA OTHOCHUTEIIBHO CAMOCTOSITEIbHBIX HarpasiaeHus. OIHO U3
HUX ONUPACTCS Ha OMBIT TAaKWX HAyK, Kak OWoyorus, reorpadus, T€OJIOTHs,
TaKUX TPHUKIAIHBIX 00JIacTel, KaKk BEJACHUE KIACCH(PUKATOPOB MPOIYKIIHA M
OoubnuoTeuynoe aeno. TunuyHble OOBEKTHI PACCMOTPEHHS - KIACCH(PUKAIUS
XUMHYECKHX 3JeMeHToB (Tabmmua J[.J. MeHnnaeneesa), Owuosorndyeckas
CUCTEMaTHKa, YyHHBEpCadbHAas JECATHYHAs KiIaccupUKamus IyOIuKaiui
(YAK), xmaccudukaTtop TOBapOB Ha OCHOBE IITPHUX-KOJAOB. OIBIT 3TOro
HaMpaBJICHUS ¢ THOCCOJIOTMYSCKUX MO3UIMIA 000011eH B [1], cooTBeTCTBYIOIIMIA
MaTeMaTHYeCKUH ammapar npusesicH B [4, 5.

Jlpyroe HarpaBie€HUE OMUPACTCS HAa OIBIT TEXHUYECKUX HCCIIECIOBAHUM,
SKOHOMHUKH, MApPKCTHHTOBBIX HCCIEAOBAHWM, COIMOJIOTHH, MCIHUIIMHBI.
TunuyHble 3a7a4Ml - TEXHUYECKas M MEIUIIMHCKAas TUAarHOCTHKA. A Takxke,
HalpuMep, pa30MeHWuEe Ha TPYIIBl  OTpaciied MPOMBIIUICHHOCTH, TECHO
CBSI3aHHBIX MEXTy COOOH, BBIICIICHUE TPYII OTHOPOIHON MPOAYKITHU. OOBIYHO
UCIIOJIB3YIOTCSl TaKWe TEPMHHBI, KaK «KJIACTep-aHAIM3», <«Paclo3HaBaHHE
00pa3oB» WM «IMCKPHMMHHAHTHBIA aHanu3». [6]. KpaTkoe ocMbIciieHHe OmbITa
¥ COBPEMEHHOTO COCTOSIHUSI ATOTO HAIIPABJICHHMSI JaHO B [7].

OT0 HarpaBieHUE OOBIYHO ONMHMPAETCS HA MATEMaTUYECKUE MOJIEIH; IS
MIPOBENICHUS PACYETOB MHTEHCUBHO UCIONb3yeTcss DBM. OgHako OTHOCUTH €ro
K MaTE€MaTUKe CTOJIb K€ HeleIecoo0pa3Ho, KaK aCTPOHOMHIO HJIM KBaHTOBYIO
MexaHuKy. PaccMmarpuBaembie MaTeMaTHYECKHE MOJEIH MOXKHO U HYXKHO
u3ydyaTh Ha (OpPMaJIbHOM YpOBHE, M TaKWe HCCIeaoBaHMs MpoBoasTcs. Ho
HaIpaBJeHUE B IIEJIOM CKOHIICHTPUPOBAHO Ha PEIICHHH KOHKPETHBIX 3ajad
MPUKJIATHBIX 00JJacTeli U BHOCHT BKJIAJ B TEXHUYECKHE WM SKOHOMHUYCCKHE
HAayKd, MEAWIMHY, COIMOJOTHIO, HO, Kak TMpaBWJi0, MAaTEMaTHKU HE
paccMaTpUBAIOT MMOJTYyYEHHBIC HAYYHBIC pe3yIbTaThl KaK BKJIaJl B MATEMATHKY.

B 60-x rogax XX Beka BHYTpH NMPUKJIAJIHON CTATHCTUKH (B TOHUMaHUHU
3TOW HayKH, packpbiToM B [2, 8, 9]) gocTaToyHO YeTko ohopMuUIach 00IACTb,
MOCBAIIEHHAS ~ METoJaM  Kiaccupukanmuu.  Heckodbko  MOAHPHUIIUPYS
dopmymupoBku M. Jx. Kenmamma m A. Creroapra 1966 r. (cM. pycckwii
nepeson [10, ¢.437]), B Teopun KiIacCU(pHUKAIMKM BBIACIAM TPH MOA00JIACTH:
Kiaactepu3zanus (KJIacTep-aHaaW3) W TIPYNIHUPOBKA, CTATUCTHUYCCKUN aHaIN3
Kiaaccu(pUKanui, TUCKpUMUHAIMS (IMCKPUMUHAHTHBIA aHaimu3). OnuIieM 3TH
0/100J1aCTH.
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[Ipu ximacrepuzanii ¥ TPYIIUPOBKE IENBIO SIBISCTCS BBHISBICHUE U
BbIjIesIeHHEe KiaccoB. CHHOHUMBI: TIOCTPOCHHE KilacCu(UKaIU, pacrio3HaBaHHE
o0pa3oB 0e3 yuuTensd, aBTOMaTHYecKas Kiaccudukamuss Oe3 yUHuTes,
THUIIOJIOTHS, TAKCOHOMUS U JIp. 3aja4ya Kiacmep-aHaiu3a COCTOUT B BBISICHEHUHU
0 AMIIMPUYECKUM JIaHHBIM, HACKOJIBKO JJIEMEHTHl «TPYHIUPYIOTCSI» WIH
pacmajgaroTcs Ha H30JIMPOBAHHBIC «CKOTUICHUSI», «KiacTepbr» (0T cluster (anr.)
- IpO3/b, CKOIUIeHHE). IHBIMHU ClIOBaMH, 3aj1ada - BBISIBICHHEC €CTECTBEHHOTO
pa3dueHus Ha KJIacChl, CBOOOIHOTO OT CyObEKTHBU3MA UCCIEA0BATENs, A 1IEb -
BBIICIICHHUE TPYII OJTHOPOTHBIX 00OBEKTOB, CXOHBIX MEXKIY COOOMH, MMPU PE3KOM
OTJIMYUH ATHX TPYIII APYT OT ApyTa.

[Ipu epynnuposke, HAOOOPOT, «KMbI XOTHUM Pa3OUTh JIEMEHTHI HA TPYTIIIBI
HE3aBUCHMO OT TOTO, €CTECTBCHHBI JIM TpaHHIBI pa3OueHuss wiud Her» [10,
c.437]. Llenb mO-PEKHEMY COCTOMT B BBISBICHHU TPYII OJHOPOIHBIX
O00BEKTOB, CXOIHBIX MEXKIY C000H (Kak B KJacTep-aHaIM3e), OJHAKO
«COCETHHME» TPYIITLI MOTYT HE MMETh PE3KUX pasinuuil (B OTIIMYKME OT KacTep-
aHanu3a). ['paHuIlbl MEXKIY TPYIIIIAMH YCIOBHBI, HE SBIISIOTCS €CTECTBEHHBIMH,
3aBUCAT OT CyOBEKTHBU3MA HCCIENOBaTeNsl. AHAJIOTUYHO MPU JIECOYCTPOMCTBE
NpoBe/ieHHe Mpocek (IpaHHIl YYaCTKOB) 3aBHCHUT OT CICIMAIMCTOB JIECHOTO
BEJIOMCTBA, a HE OT CBOMCTB Jjieca.

3amaun KiIacTepu3alii U TPYMIHPOBKH MPUHITUITHAIBHO Pa3IMYHbI, XOTS
JUTSL UX PEIICHUS] MOTYT TIPUMEHSTHCS OJHU W T€ )K€ alTOPUTMBI. BaxkHas s
MIPAKTUYCCKON JESITEIBHOCTH TpoOieMa COCTOMT B TOM, YTOOBI TIOHSTH,
paspemmMma JIM 3ajJada KjiacTep-aHaim3a I KOHKPETHBIX JaHHBIX HWITH
BO3MOXKHA TOJBKO HMX TPYIIUPOBKA, TMOCKOJBKY COBOKYITHOCTh OOBEKTOB
JIOCTaTOYHO OJTHOPOJHA W HE Pa30MBAETCS HA PE3KO Pa3IEISIONIUEC MEXIY
co0ol KI1acTepshl.

Kak mpaBwiio, B MaTreMaTHyecKMX 3ajadax KjacTepusalluu U
TPYIIIUPOBKA OCHOBHOE - BBIOOP METPUKH, PACCTOSHUS MEXIY OOBEKTaMH,
Mepbl OJU30CTH, CXOJICTBA, Pa3IUYUs. XOPOIIO HM3BECTHO, YTO [JIs JHOOOTO
3aJIaHHOTO pPa30ueHus 0OBEKTOB HA TPYNIBI U Jt000ro uncia € > 0 MOXKHO
yKa3aTh METPUKY TAKyI0, YTO PACCTOSHHS MEXKIy OOBEKTaMH W3 OJHOW TPYIIITHI
OyayT MeHbIIEe € a MeXay 0o0beKTaMU W3 pa3HbIX rpymn - oonbmie 1/e. Torna
10001 pa3yMHBIN aJTOPUTM KJIaCTepU3aIluu JaCT HMEHHO 3aJJaHHOE pa30neHue.
[ToaTOMy BecbMma Ba)k€H BBIOOp METPUKH, aJIEKBATHOM pelaeMoi MPUKIIATHOM
3amade. HekoTopble Moaxoasl K BEIOOPY PacCTOSIHUS B 3a7a4ax KiacCU(pUKAINH
paccMoTpeHsl B 003ope [11].

B ouckpumunanmuom ananuze Kiacchbl TPEIIONAraroTcs 3aJaHHBIMH -
IJIOTHOCTSIMU BEPOSITHOCTEH MJIM O00ydYaroIMMK BBIOOpKaMU. 3agada COCTOUT B
TOM, 4TOOBI BHOBB ITOCTYITAIOIINN OOBEKT OTHECTH B OJUH M3 ATHX KJIACCOB. Y
MOHATHUS  <«TUCKPHUMHHAITUSI» HMMEETCS MHOTO CHHOHHMMOB. JHarHOCTHKA,
pacro3HaBaHhe O0Opa30B € Yy4yWTEJIEeM, aBTOMAaTUYecKas KiacCUPUKaius C
y4uTeNeM, CTaTUCTUYeCcKas kinaccuukanus u T.1. JJI1 MOCTpOeHUs CHUCTEMBbI
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JTMArHOCTUYECKUX KJIACCOB MCIIOJIB3YIOT Pa3HOOOpa3HbIE METOJbI KJIACTEPHOTO
aHaJIM3a U TPYNIUPOBKU OOBEKTOB.

Haunmenee u3BecTeH BTOPOM uwieH Tpuaabl (oTcyTcTByROmuUi y Kennanna
u Creroapta [10]) — u3yueHHE OTHOLICHHI SKBHBAJICHTHOCTH, IOJYYEHHBIX B
pe3yJibTate TOCTPOCHHSI CHUCTEMBbl JIMAaTHOCTUYECKUX KiaccoB. Hampumep,
AKCMEPThI pa30oUBaIOT OOBEKTHI HKCIIEPTU3bl HA TPYMIBI CXOKUX MEXKIY COOOM.
OTBeT Kaxkaoro u3 HHUX — Kiaccudukanms (T.e. pa3OMEHHE HA KIIACCHI
HCXOJHOTO MHOXECTBa OOBEKTOB HSKCIEPTU3bI, B JIPYrodl TEPMUHOJOTHH —
OTHOIIICHHE SKBUBAJCHTHOCTH). Kak MOCTPOUTh MTOrOBOC MHEHHE KOMHCCHHU
akcrepToB? CTAaTUCTUYCCKUN aHAW3 OTHOIICHWUN SKBHUBAJICHTHOCTH - YacTh
CTaTUCTUKUA OWHAPHBIX OTHOIICHHHM M TEM CaMbIM - CTaTUCTUKU OOBEKTOB
HeuncoBoi mpupoasl [2, 12]. ITomuMo o0muX pe3yabTaTOB 3TOM 00JacTh
MPUKIIAIHOM CTAaTUCTUKHU, TMPEJICTABISIIOT MHTEPEC YACTHBIE PE3YIbTaThI,
HOJYYCHHBIC CIICIIMAIBHO U1 OTHOIICHUH 3KBUBaseHTHOCTH [13].

JInarHocTrka B Y3KOM CMbICIIe clloBa (Ipolieaypa HCIIOJb30BaHHS
KJaccu(uKaIuu, T.€. OTHECEHHUs] BHOBB IMOCTYIAIOIIETO 00BEKTa K OJTHOMY W3
BBIJICJICHHBIX paHee KJIacCoB) - TMpeaMeT JAMCKPUMHHAHTHOTO aHaju3a.
OTmMeTuM, 4YTO C TOYKH 3PEHHS] CTATUCTUKH OOBEKTOB HEUHMCIOBON MPUPOIBI
JTUCKPUMUHAHTHBIA aHAIU3 SBJISICTCS YaCTHBIM CiIydyaeM oOOIIell CcXxeMbl
PErpecCMOHHOTO aHalinu3a, COOTBETCTBYIOIIMM CHUTYyallUd, KOTJla 3aBHUCHMAs
NnepeMeHHasl MPUHUMAET KOHEYHOE YHCJIO 3HAYeHUM, a MMEHHO - HoMmepa
KJIaCCOB, a BMECTO KBajpaTa pa3HOCTH CTOUT (YHKUIUS TOTEPb OT
HENpaBWIbHOW Kiaccubukanuu [2, 12]. OmHako ecTh psj CHeHH(PUISCKHX
MOCTAHOBOK, BBIACIISIONIUX 3a7a4dl JUATHOCTUKH CPEAM BCEX PETrpecCHOHHBIX
3aj1ad4.

2. OcHOBHbBIE TOCTAHOBKHM 32/1a4 NOCTPOeHNsI Kjiaaccupuranuii

[Tporieqypsl TOCTPOSHUS JUArHOCTUYECKUX TIPAaBHJ  JIESATCS  Ha
BEPOATHOCTHBIE W JIETEPMHHUpOBaHHbIE. K TEpBBEIM OTHOCATCS 3ala4yu
pacwennenus cmecer [15-17]. B HHMX npenamosiaraercs, 4TO paclpeesicHUe
BHOBB ITOCTYTAIOIIETO CIIYYaifHOTO AJIEMEHTA SIBJISIETCSI CMECHIO BEPOSTHOCTHBIX
3aKOHOB, COOTBETCTBYIOIIMX JUArHOCTHYECKMM Kjaccam. Kak u mpu BbIOOpE
CTCIICHM IMOJIMHOMA B perpeccu [2, 18], npu aHajw3e MaHHBIX O BEIIECTBAX U
MaTeprajgax BCTaeT BOIPOC OIEHKH YHCIA 3JCMCHTOB CMECH, T.€. 4YHCIa
JUArHOCTHYECKHUX KJ1accoB. Hamu M3y4eHBI pe3ynbTaThl MPUMEHCHHS OOBIYHO
PEKOMEHIYyEMOro KpUTepHsl YWJIKCa I OLCHKH YHCJIa JJIEMEHTOB CMECH.
Oxkazanmoch [19], 4TO OICHKa C TOMOIIBIO KPUTEPUsS YHIKCA HE SBJISCTCS
COCTOSITCJIBHOHM,  aCUMITOTHYECKOE  paclpeleicHHEe JTOH  OICHKH  —
reOMETPUYECKOe, KaK M B ClIydae 3ajad BOCCTAHOBJICHHUs 3aBHCHUMOCTH [2, 18].
Wrak, mNpoIeMOHCTPUPOBAHA HECOCTOATEIBHOCTh OOBIYHO HCIOJIB3YEMBIX
OIICHOK. J[JIs1 TIOJy4YeHUsSI COCTOSTEIBHBIX OIEHOK JIOCTATOYHO CBS3aTh YPOBEHB
3HAYUMOCTH B KPUTEPUU YHIIKCA ¢ 00BEMOM BBIOOPKH, KaK 3TO MPEUIOKCHO B
paboTax [20, 21] nns 3aga4 perpeccu.
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B pamkax 3amau pacuieruieHus cMeceil BaXXHO OOpaTUTh BHUMaHUE Ha
OJIHO paclpocTpaHeHHOe 3abmyxxaeHue. lHorma pekoMeHIyloT cHaudajia
IOCTPOUTh CHUCTEMY JMAarHOCTUYECKUX KJIAcCOB, a IOTOM B KaxJI0M
JMAarHOCTUYECKOM KJacCce OTJ/ICIBHO IPOBOJUTH PErPECCUOHHBIA aHamu3 (B
KJIACCUUECKOM CMBICIIC) WJIM TPUMEHSATh HHBIE METOJbI MHOTOMEPHOTO
CTaTHCTUYECKOTO aHanmm3a. OgHaKo HE0OXOIUMO MOMYEPKHYTh, YTO MPU ITOM
HEJB3sl OMUPAThCSl Ha BEPOSITHOCTHYIO MOJETh MHOTOMEPHOTO HOPMAJIbHOTO
pacmpeenenus, Tak KaK pacipeiesieHns] pe3ylbTaToB HAOIIOACHHMA, TTOMABIITNX
B OIpeAeNeHHBI KiacTep, OyAyT OTHIOJb HE HOPMAJIbHBIM, a YCEYCHHBIM
HOpMaJIbHBIM ~ (YCEUEHHE OIpeNeNsseTcsl TpaHHWIaMu KjacTtepa), Kak JTO
o JpoOHee pa3bsCHEHO B cTtaThe [19].

IlepeiimeM k HAeTEpMUHUPOBAHHOMY ciydaro. Kak yxke oTMedanocs,
3aJla4yl TMOCTPOCHUS CHUCTEMbl JIMAarHOCTHYECKHX KJIACCOB IIeJIecO00pa3HO
pa3duTh Ha JBa THIA. C YETKO Pa3eJCHHBIMH KiacTepamu (3a7add KiacTep-
aHaJM3a) U C YCJIOBHBIMU T'PAHHMIIAMH, HEMPEPBIBHO MEPEXOMAIIMMH APYT B
Apyra Kiiaccamu (3aauu rpynmnupoBku). Takoe JeneHue mojie3Ho, XoTs B 000ux
ClIydasix MOTYT MIPUMEHATHCS OJIMHAKOBBIC alTOPUTMBI [22 - 25)].

CkombKo CYLIECTBYET aJITOPUTMOB OCTPOEHUS CUCTEMBI
JTUArHOCTHYECKUX TpaBui? MHOTIA HA3BIBAIOT TO WM MHOE 4mcio. Ha camom
)Ke fene ux 0ECKOHEYHO MHOTO.

JleicTBUTENbHO,  YacTO  MpPUMEHSETCS  T.H.  arjoMepaTHBHBIN
UEepapXUuecKuil anroput™ «JleHaporpamma», B KOTOPOM BHadale BCE
AJIEMEHTHI PAacCMaTPHUBAIOTCS KaK OTIEIbHBIC KJIACTEPhI, a 3aTeM Ha KaXIOM
mary oOBEAUHAIOTCA JiBa HauOosiee Onu3kux kiactepa. Jis  paOoTel
«JlenaporpaMmbl» HEOOXOIUMO 3a/aTh MPABUJIO BBIYMCICHUS PACCTOSHUS
Mexay kinactepamu. OHO Bblumcisgercss depe3 paccrosaue d(X,y) Mexmay
anmeMeHTaMu x U y. [lockomeky 0?(Xy) mpu O < a < 1 Tarxke paccTOsSHHUE, TO
Ka)KZIOMYy 3HAUEHUIO CTENIEHU d COOTBETCTBYET CBOM allTOPUTM.

Paccrosinne Mexay KiacTepamMH pPAacCUMTHIBAETCS KaK CpEeAHssl CBS3b
(oTcroma W emie Ha3BaHWUE — AITOPUTM CPEIOHEH CBS3M), T.€. KaK CpeIHEe
apu(MeTnyecKkoe pacCTOSTHUM MeXIy napamMu OOBEKTOB, OJUH U3 KOTOPBIX
BXOAUT B NEPBBIM KiacTep, a Apyrod - Bo Bropoul. Ilocime pspa maroB Bce
00BEKTHI 00BEIUHSIOTCSI BMECTE, U PE3YJIbTaT PaOOThI AITOPUTMA MPEACTABISIET
co0ol IepeBO MOCIIEA0BATEILHBIX 00beIMHEHNH (B TepMUHAX Teopuu rpadoB),
T.H. «Jleanaporpammy». W3 Hee MOXHO BBIACIUTh KIACTEPhl pPa3HBIMHU
cnocobamu. OUH MOAXOM - UCXOJIA U3 3aJJaHHOTO YUCIa KIacTepoB. Jpyroii -
U3 cooOpakeHuil mnpeaMeTHol obmactu. Tpetuil - UCXOAS U3 YCTOMYMBOCTH
(ecnu pa3OueHUe JA0JITO HE MEHSIIOCH IIPU BO3PACTAHUU TIOPOTa OOBETUHECHUS —
3HAYMT, OHO OTpakaeT peanbHOCTh). U T.1I.

Kakum u3 OeckoHeuHOro (KOHTHHYaJIbHOIO) CEMEHCTBO ajlrOpPUTMOB
CpEIHEeH CBSI3M MOJIb30BAThCS MPU 00pabOTKe JaHHBIX? J[e710 OCI0XKHIETC s TeM,
YTO NPAaKTHUYECKU B JIFOOOM IMPOCTPAHCTBE Mep OJM30CTU Pa3IUYHBIX BHJIOB
cymiectByeT BecbMa MHOro [11]. iMeHHO B cBs3H ¢ 00CYy»)aaeMoi mpoosieMoit
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CIIeZlyeT yKa3aTh [26] Ha MpUHIMIIHATIBHOE Pa3Ininue MEXKIy KIIacTep-aHaTU30M
U 3aJla4aMu TPYIITUPOBKHU.

Ecmu xmaccel peanbHbl (B COOTBETCTBHHM C OIpPEICICHUEM, TaHHBIM B
[19]), ecTecTBEHHBI, CYIICCTBYIOT Ha CaMOM JCJIe, YETKO OTIAECIECHBI IPYr OT
pyra, TO 000N aJrOpUTM KJlacTep-aHaimu3a ux BbIIEAUT. ClieoBaTenbHO, 8
Kauecmee — Kpumepus ecmecmeenHoCcmu Kaaccugukayuu cnedyem
paccmampusams yCmou4ugoCms OMHOCUMENbHO 8b100pa aneopumma Kidcmep-
aHanusa.

[IpoBepuTh YCTOMYMBOCTH MOXKHO, TPHMEHHB K JaHHBIM HECKOJIbKO
MOAXOJI0B, HAIIPUMEP, CTOJIb HEMOX0XKHE AJITOPUTMBI, KaK «OJIMKHETO cocea»
U «laibHero cocena». OHU OTIMYAIOTCA OT alIrOpuUTMa CpeaHed CBS3H
CrocoOOM BBEJICHHSI PACCTOSTHUSI MEX]y KJIacTepaMu. B anroputme «OImKHETo
cocella» pACCTOSIHUEM MEXKIY KIacTepaMH Ha3bIBAETCS MHUHHUMAJIBHOE U3
pPacCTOSTHUN MEXIy IMapaMud OOBEKTOB, OJUH M3 KOTOPBIX BXOJUT B IEPBBIN
KJIacTep, a IPyror - BO BTOPOil. A B aJrOPUTME JTaJIbHETO COCENIa PACCTOSTHUEM
MEXIy KJacTepaMu Ha3bIBa€TCS MAaKCUMAIbHOE M3 PACCTOSHUN MEXIy Mapamu
00BEKTOB, OJIH U3 KOTOPHIX BXOAUT B MEPBHIN KJIACTEP, a JPYTOM - BO BTOPOH.

Ecnu momydyeHHble pe3yabTaThl  COAEp)KATEIbHO OJM3KH, TO OHU
aJICcKBaTHBI JEHCTBUTEIHLHOCTH. B MPOTUBHOM cCily4yae clielyeT MPeIoI0KUTh,
YTO €CTECTBEHHOM Kiaccu(UKalMM HE CYIIECTBYET, 3ajaua KilacTep-aHaanu3a He
UMEET PEIICHHsI, © MOKHO MTPOBOJIUTH TOJIBKO TPYMITHPOBKY.

B Gonee obmiem moaxoje arjioMepaTUBHBIE HEPAPXUUECKUE AITOPUTMBI
Tumna «J{eHmporpamMma» Mmpu pa3aUYHBIX 3HAYCHUSAX mapamerpa «, 0 < a < 1,
MPUMEHSIIOTCS [ 0OpabOTKU OJHUX U TeX K€ pealbHBIX AaHHBIX. Eciau mpu
BCEX a TIONydaeTcs MPaKTUYECKU OJIMHAKOBOE pa30MEHUE SJIEMEHTOB Ha
KJIACTephl, T.€. Pe3yibTaT pabOThl AIrOpUTMa YCTOWYMB IO OTHOIIECHUIO K
U3MEHCHHIO a (B CMBICIIE OOIIel CXeMbl YCTOHYUBOCTH, NIPEIOKEHHON B [27]),
TO UMEEM «ECTECTBEHHYIO» KJIacCU(PUKalUio. B MpOTUBHOM ciydae pe3yibTaT
3aBUCUT OT CYOBEKTHMBHO BBIOPAHHOTO HCCIIEOBATEIEM IapameTpa da, T.e.
3aja4a KiacTep-aHaiM3a Hepaspemuma ([peanojaracM, 4To BBIOOP @ HENb3s
CrenuaIbHO 000CHOBATH). 3aaUa rPYMIUPOBKH B 3TOH CUTyallMd KMEET MHOTO
pemeHuii. I3 HUX MOXXHO BBIOpATh OJTHO TIO JOTIOJHUTEIHHBIM KPUTECPHSIM.

CrnenoBartesibHO, MOJIyYaeM DJBPUCTUUYECKUN KPUTEPUN: €CJIM PEIICHUE
3a/1aud KJlacTep-aHaju3a CYIIECTBYET, TO OHO HAaXOJMUTCS C MOMOIIBIO JIFOOOTO
anroput™Ma. llenecooOpa3Ho wHCHOJb30BaTh HauoOosiee mnpocTtod. Tak, s
KJIacCU(UKAIIMUA COLUATIBHO-TICUXOJIOTHYECKUX XapaKTEPUCTUK CIIOCOOHBIX K
MaTeMaTHKE IIKOJbHUKOB [28] MBI wmcmonb3oBaym anroput™m [29]. Ha
nporpaMMupoBaHue U cuetT Ha 9BM ynuio okoJio noiyroja. Yepe3 HECKOJIbKO
JIET C TIOMOIIBIO AITOPUTMOB «OJIMKAUIIIETO cOocCela» U «IaIbHETro coceaa»
KJIacTep-aHain3 ObUT MpoBeJieH BpyuHyto 3a 1,5 yaca. C comepikarenbHOl TOUKH
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3peHus, MOJTyYeHHbIE Pa30UeHHs OTINYAIMCh Manol. T1o3ToMy ecTh OCHOBaHHUS
CUMTaTh, 4YTO C I[OMOIIBID ATUX AJITOPUTMOB JICHUCTBUTEIHHO BBISBICHA
«peaybHas» CTPYKTypa IaHHBIX.

3. [Ipob.iema nmoucka ecTecTBEHHOI KJIacCu(PUKANH

[Iupoko obcyxmaeTcst mpobiieMa MOUCKa €CTECTBEHHOM KilacCU(UKAIIUU
(B omimmume ot mckyccrBeHHoit). [lpuBenennsie B [1, 7, 30] BbicKa3bIBaHUS
JAIOT MPEACTaBICHUE O OOJIBIINX PACXOXKICHHUIX B TIOHUMAHUM «ECTECTBEHHOMN
kiaccupukanuu». KoHcTatupyem, 4TO STOT TEPMHUH SBISETCS HEYeTKUM (B
CMBICIIC MaTeMaThdeckod Teopuu Heuetkoctu [31, 32]), kak, Bmpoyem, u
MHOTHE JpyTrue TePMHUHBI, KaK HAyYHO-TEXHHUYECKHE, TaK U HCIOJIb3yeMbIe B
oObimeHHOM si3bike. B kuure [33] um cratbe [32] moapoOGHO oOocHOBaHA
HEYETKOCTh €CTECTBEHHOIO SI3bIKa UM TOT (DAKT, YTO «MBI MBICITUM HEUETKO».
OnHaKO 3TO HE CIMIIKOM MEIIAaeT pelaTh MPOU3BOACTBEHHbBIE M JKU3HEHHBIE
npoOnembl. Kaxyiieecss pamyoHalbHBIM TpeOOBaHHE BbIPabOTaTh CHauaja
CTpOTHE OTpeJeJeHHs, a TIOTOM pa3BUBATh HAYKYy - HEBBIMOJIHUMO. Ciea0BaTh
eMy - 3HAYUT OTBJICKATh CHJIBI OT pealbHbIX 331a4. [Ipu cuctemHoM moaxose (B
uHTepnpeTanuu MoHorpaduu [4]) x Teopun KinaccupuKauy CTAHOBUTCS SICHO,
YTO CTPOTHE OMpPEAETCHUS MOKHO HAAEAThCA TMOJIYYUTh Ha TOCIEAHUX dTamax
IIOCTPOEHUS Teopuu. MBI Ke celdac HaxoauMmcs B Hadaie IyTd. lloatomy, He
JaBasi 37IeCh OMpEACNICHUS TOHATHIO «ECTECTBEHHAs KiaccuuKarms»,
o0CyIMM, Kak TpPOBEPUTh HA «ECTECTBEHHOCTH» Kiaccudpukaiuio (Habop
JMAarHOCTHYECKUX KIIACCOB), MOJyYECHHYIO PACYCTHBIM ITyTEM.

MO>KHO BBIJICTHTH JIBa KPUTEPHUS «ECTECTBEHHOCTH, TI0 TIOBOY KOTOPBIX
UMEETCs] OTHOCUTEIBHOE COTJIacHe:

A. EcrectBenHas  kiaccudukanus ~— JOJDKHA — OBITh  peajbHOM,
COOTBETCTBYIOIIEH  JIEMCTBUTEIBHOMY  MHUpPY, JIMIIEHHOW  BHECEHHOIO
HccleoBaTeyieM CyObeKTHBU3MA,

b. EcrecTtBennas knaccudukaius 10JDKHA OBITh BaXKHOW WIIM C HAYYHOU
TOYKHU 3peHus (IaBaTh BO3MOXKHOCTH IPOTHO3a, MPEACKa3aHUs HOBBIX CBOMCTB,
CKaTust HH(GOPMAIIUH | T.J.), WK C PAKTHUECKOM.

[lyctes knaccudukanuss NPOBOAMUTCS Ha OCHOBE HH(opManuu o0
o0BeKTax, MPeICTAaBICHHON B BHI€ MATPUIIBI «OOBEKT-TIPU3HAKY» WA MaTPHIIBI
NONApHBIX paccTossHui (Mep Onm3ocT wWiw pasnuuus). [lycte anroputm
KJaccuduKauy aaj pa3oueHre Ha kiactepbl. Kak MOXHO MOJYYUTb JIOBOJIBI B
MI0JIb3Y €CTECTBEHHOCTH ATOMN Kiaccudukanuu? Hampumep, yBepeHHOCTh B TOM,
YTO OHA - 3aKOH MPUPOJIBI, MOXKET MOSIBUTHCS TOIBKO B PE3yJIbTaTe AIUTEIHHOTO
ee U3Y4YCHHs U MPAKTUUYECKOr0 MPUMEHEHHUs. JTO COOOpaKeHNE OTHOCUTCS U K
JPYTUM MEepeYrciicHHbIM B [1] kpuTepues, a Takke k kputepuio b (BaxHoCTH).
CocpenoTounmMcst Ha Kputepuu A (peajabHOCTH).

! ®akTruecku aHaTM3MPOBANKCH HEpAPXUUECKHE AEPEBbs PA3OUEHHIA, TOCKOIbKY BCE TPH
aIropuTMa BKIIIOYAIU OJHOMEPHBIEC IapaMeTpPbl, CMBICI KOTOPBIX — PAaCCTOSHUE MEXKIY
00BbeAMHIEMBIMU Ha OYEPEAHOM IIary KJIacTEPaMH.
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[TonsiTne «peampbHOCTH» KJacTepa TpeOyeT CHEelUaIbHOTrO OOCYKICHUS
(oHo mavato Hamu B pabore [19]). PaccMOTpuM CyIIECTBO pasiuyuii MEXIy
MOHATUSIMU ~ «KJaccuukanus» u  «rpynmnupoBka». Ilycts, k mnpumepy,
HEOOXOJMMO JEPEeBbs, PACTYIIUE B OMPECICHHOM MECTHOCTH, Pa30oUTh Ha
TPYIIBl HAXOJAMIUXCS PSAAOM JPYr ¢ JAPyroM. SIcHa WHTYUTHBHAs pa3HUIlA
MEXJIy HECKOJbKHMU OTJEIBbHBIMU POIIAMH, HAJIEKO OTCTOSIIUMHU IPYr OT
Jpyra v pa3ae’eHHbIMU MOJSMH, U CIUJIOIIHBIM JIECOM, Pa30UTHIM ITPOCEKaMH Ha
KBaJIpaThl C IeJbl0 JiecoycTpoicTBa. OnHako (OpMaIbHO OIPEACNIUTh 3Ty
Pa3HUILy CTOJIb K€ CJIOXKHO, KaK ONPEIEIUTh IMOHATHE «Kyda 3€peH», YeM
3aHuMauch emie B [pesneit ['pernu [32].

[lepedopmynupyeM cKazaHHOE B TEPMHUHAX «KJIAcTep-aHAIM3a» U
«METOJIOB TPYNIUPOBKU». BbIJeNeHHbIE C MOMONIBIO TMEPBOTO IMOJIX0a
KJIAaCTephl peajbHbl, a TOTOMY MOTYT pacCMaTpPHBAThCA KaK KaHIUAAThl B
«ECTECTBEHHBIE». ['pynmupoBKa JAeT <«UCKYCCTBEHHBIE» KIIACCHI, KOTOPHIE HE
MOT'YT OBITh «ECTECTBCHHBIMU.,

BriOopky W3 YHUMOJAIBHOTO pACHpEACNICHUs MOXHO, BHUIMMO,
paccMaTpuUBaTh KaK «ECTECTBEHHBIN», «pealbHbIN» Kiactep. [Ipumenum k Hen
KaKoi-mru00 anroput™ kinaccuduramu («Popenb», «OIMKHEro coceaa» M T.II.
[34 — 37]). On nmacT pa3OHeHHe Ha KIacChl, KOTOPBIC, pa3yMeeTCsl, HEe SBIISIOTCS
«peaTbHBIMU», TTIOCKOJIbKY OTpa)kaloT MPEXK/e BCEr0 CBONCTBA aJIfOPUTMA, a HE
UCXOJHBIX JaHHBIX. Kak OTIMYUTH Takyr0 CHUTYalMI0 OT MPOTUBOMOJIOMKHOM,
KOTJla UMEIOTCSl peajbHbIe KJIACTEphl U aJITOPUTM Kiiaccudukanuu 0ojiee WK
MEHee TOYHO WX BhIIeseT? Kak n3BeCTHO, KKpUTEPH UCTUHBI — IIPAKTHUKA», HO
CJIMIITKOM MHOTO BPEMEHHU HEOOXOJAUMO JJIsi TPUMEHEHHUS MOJJOOHOTO KPUTEPHUS.
[ToaTOMY TMpenCTaBIsAET HUHTEPEC KPUTEPUN, OLECHUBAIOIIUN «PEalbHOCTH»
BBIJICJIIEMBIX ~ C  TIOMOIIBIO  ajiropuTMa  KJIacCH(PUKAIMM  KIACTEPOB
OJIHOBPEMEHHO C €r0 MPUMEHEHUEM.

Takolt mokasarenb CyHIECTBYET - 3TO KpUTepuil ycToitunmBoctu. OOrias
cxema (GopMyIHpOBaHUS W H3YyYCHUs] TMPOOJEM YCTONYMBOCTH BBIBOJOB B
MaTeMaTHYECKUX MOJIE/ISX PealbHbIX ABJICHUMN M MPOIECCOB MpeiokeHa B [27].
B 4acTHOCTH, TMOCKOJIbKY 3HA4Y€HUs NPU3HAKOB BCErJa HU3MEPSAIOTCA C
MOTPEITHOCTSIMH, TO «pealbHOE» pa3OHeHHUE JOJDKHO OBITh YCTOHUMBO (T.e. HE
MEHSATBHCS WM MCHSTBCS CJIa00) MPH MAaJIbIX OTKJIOHCHUSX HUCXOIHBIX JaHHBIX.
ANTOpUTMOB KJIacCU(PUKAIIUU CYIIECTBYET OECKOHEYHO MHOI0, M «peaIbHOe»
pa3dueHue JOJDKHO OBITh YCTOMYMBO MO OTHOIICHHUIO K MEPEXOoy K JIPyroMy
anroput™my. Jlpyrumu  cioBamH, €ClIM  «peajbHOe» pa30ueHue  Ha
JIMAarHOCTUYECKHE KJIACCHI BO3MOXKHO, TO OHO HAaXOAMUTCS C MOMOILbIO 1706020
aropuT™Ma aBTOMAaTHYEeCKOW Kiaccudukarusa. CrenoBaTreabHO, KPUTEPHEM
€CTECTBEHHOCTH KJIaCCU(UKAIIMU MOXKET CIYKUTh COBIIQJICHUE PE3YJIbTaTOB
paboThI IBYX JOCTATOYHO PA3IMYAIOIINXCSA AITOPUTMOB, HAIPUMED «OJIUKHETO
COCea» U «JIaJbHEro cocena.
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Hamp  paccMOTpeHBI®  ABa  THIA  IIOOAIBHBIX»  KPUTEPUEB

«EeCTECTBEHHOCTH KJacCU(UKAIUU», KaCaOIMXCA pa30UeHUsT B  IEJIOM.
«JIoKanpHBIE» KPUTEPUH OTHOCATCA K OTAENbHBIM KiactepaMm. [Ipocrenmas
IOCTAaHOBKA TaKOBa. JOCTAaTOYHO JIM OJHOPOJHBI JBa Kiactepa (aBe
COBOKYITHOCTH) I HUX O0O0beauHeHHs? Eciu o0beIuHEHHE BO3MOXKHO, TO
KJIACTEPHI HE SBIISIFOTCS «€CTECTBEHHBIMU». [IpenMyIiecTBO 3TOM MOCTAHOBKH B
TOM, 9YTO OHAa JIOMyCKaeT TNPUMCHCHHUE CTAaTUCTUYECKUX KPUTEPHUCB
OJIHOPOJHOCTH JBYX BBIOOPOK.

B onmHomMepHOM cnydae (knmaccuduKamms IO OJHOMY IPHU3HAKY)
pa3paboTaHo OOJBIIOE YMCIO MOJ0OHBIX KputepueB — CMHpPHOBA, OMera-
kBajpart (Jlemana-Po3zen6narra), Buikokcona, Ban-aep-Bapaena, CterofieHTa u
ap. [39 - 42]. ImetoTcss KpUTEPUH U U1 MHOTOMEPHBIX JaHHBIX [26, 43]. s
OJTHOTO W3 BHJOB OOBEKTOB HEUYHCIOBOM mpupoasl [12] - mrOCHaHOB -
CTaTUCTHYCCKUE METObI BBIICICHUS «PEabHBIX» KJIACTECPOB Pa3BUTHI B [12,
44].

Kak w 114 uWHBIX METONOB IPUKIIAIHOM CTAaTUCTUKH, CBOMCTBA
QITOPUTMOB ~ KJIaCTEp-aHAJIU3a HEOOXOJUMO H3ydaTh Ha BEPOSITHOCTHBIX
mojaensax [17]. DTo TpeOOBaHHWE OTHOCHUTCS M K YCJIOBHUSM €CTECTBEHHOIO
o0beuHEHNs NBYX KiacTepoB. JIJIsi MHOTOMEpHBIX KIacTepoB poOacTHas
nporeaAypa MPOBEPKH JOMYCTHMOCTH OOBEAMHEHUS TMpeyiokeHa B [45],
HemapaMmeTpuueckas - B [26].

BeposATHOCTHBIC TMOCTAaHOBKH HY)XHO IPHMEHSATh, B YAaCTHOCTH, IpHU
MIEPCHECEHUN PEe3yJIbTaTOB, IIOJIYYEHHBIX II0 BBIOOPKE, Ha TEHEPATbHYIO
COBOKYIHOCTh [46]. BeposTHOCTHas TeopHsl KiacTep-aHalli3a W METOJIOB
TPYIIIUPOBKUA pa3fiiyHa JJI MCXOJHBIX JAHHBIX B BHUJE TaOIHUI] «OOBEKT
MPU3HAK» U B BUJIE MATPHUIl CXOCTBA. /{7151 mepBhIX mapameTpuyeckas TeoOpus —
9TO «paciiervienue cmecei» [15-17]. Hemapamerpuueckas Teopusi OCHOBaHa Ha
HEIapaMeTPHUECKHUX OICHKAX IUIOTHOCTEH BeposTHOCTeH u ux Mo [14, 15, 30,
48]. OcHOBHBIC pPe3yJIbTaThl, CBS3aHHBIC C HEMApaMETPUUYCCKUMH OIICHKAMHU
IJIOTHOCTEH B IPOU3BOJIBHBIX MPOCTPAHCTBAX, 0OCYKIAIOTCS HUKE.

Ecnu ucxonnble naHHble - MaTpuiia cxozictsa [|d(X,y)||, To HeoOXxomaumo
MPU3HATH, YTO 3aKOHYCHHOW BEPOSTHOCTHO-CTATHCTUYECKOW TEOPHH TOKa HET.
[Moxxompl K ee mocTpoeHHIO oOcyxnanuch B [19]. Paccmorpum Mopens,
MO3BOJIAIONIYI0  pa3paboTaTh pacyeTHbIE MeETOABl. [IpemrmonoxuMm, dro
pe3ynbTaThl HAOIIOEHU MOKHO pacCMaTpUBaTh KaK BBIOOPKY M3 HEKOTOPOTO
pacmpeneneHdss ¢ MOHOTOHHO YOBIBAIOIICH IUIOTHOCTBIO TIPH YBEITUUCHUHU
paccTosTHUSL OT HEKOTOpOro MmeHTpa. [IpuMeHEeHHBI K TOM00HBIM JTaHHBIM
KaKoW-TnOO alropuT™M KJacTep-aHaliu3a TMOPOXKIAeT HEKOTOpOe pa30oueHUE.
ScHO, 4TO OHO - 4YHCTO (PopManbHOE, TMOCKOJBKY BBIJICJICHHBIM TaKCOHAM
(kmacTepaM) HE COOTBETCTBYIOT HHUKAaKWE <«peajbHbIe» Kiacchl. JIpyrumu
CJIOBaMH, 3aja4ya KJIacTep-aHaIM3a HE UMEET PEIICHHUs, a aJITOPUTM JaeT JUIIIb

2 TlporpaMmHas peamu3alds OCYIIECTBIEHA B pa3pabOTaHHBIX MOJ HAYYHBIM

pykoBozcTBoM aBTopa nakerax [IITAH/l u JJUCAH [38].
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rpynmnupoBky. [Ipu 06paboTke peasbHBIX JaHHBIX BHUJI IJIOTHOCTA HEU3BECTEH.
[TpoGiiemMa coCTOUT B TOM, YTOOBI ONpPEAETUTh Pe3yibTaT paboThl alropuTMma
(peanbHbIe KIacTepsl WK (GOpMalbHbIE TPYIIL)>,

YacTtHplld ciydaii 3TOHM mpoOjieMbl - TpoBepka OOOCHOBAHHOCTH
o0beIMHEHNs JBYX KIJIAaCTEPOB, KOTOpPbIE MBI paccMaTpvBaeM Kak JiBa
MHO)KECTBA OOBEKTOB, a MMCHHO, {a1, az,..., &} u {b1, Dy,..., by}. IlycTs,
HanpuMep, MCTOJb3yeTCs alIropuT™M Tumna «Jlenaporpammer». Psg aBTOpoB
BBICKA3bIBAIM CIEAYIOMYI0 wuae. IlycThb ecTh JBE COBOKYIMHOCTH MeEp
Oonmm3ocTH: BHYTpH KimactepoB d(&;,d), 1<i<j<k, d(ba,bp), 1<a<b<m u mexmy
kiaacrepamu  d(a;,ba), 1<i<k, 1<a<m. DTH COBOKYIHOCTH Ipeajaractcs
paccMaTpuBaTh KaKk HE3aBHUCHMBIE BBIOOPDKM U TPOBEPATH THUIOTE3Y O
coBmazeHnn ux (QyHKOWA pacnpeneneHus. Ecim rumoTre3a He oTBepraercs,
o0beIMHEHNE KIACTEPOB CUMUTAETCS OOOCHOBAaHHBIM; B NMPOTHBHOM Clydae -
O0OBEIMHATh HEINb3s, aJrOpUTM NpekpamaeT padory. B [49] mis mpoBepku
OJTHOPOJTHOCTH HCIOJIb30BalIcs Kputepuii Buikokcona U, a B [50] — xpurepwii
tna W (Jlemana-PosenOnarra).

B paccmarpuBaeMoM Mmoaxone €CTh JIB€ HEKOPPEKTHOCTH. Bo-mepBhIX,
Mepbl OJM30CTH HE SABISAIOTCS HE3aBUCUMBIMH CIy4ailHBIMU BennuuHamu. Bo-
BTOpPBIX, HE YYUTBIBACTCSA, UYTO OOBEAMHSIIOTCS HE TMPOM3BOJIBHBIC 3apaHee
(buKCHpOBaHHBIE KJIACTEPHI, a MOJYYCHHBIE B PE3yNbTaTe padOThl HEKOTOPOTO
AITOPUTMA, U MX COCTAaB OKa3biBaeTcs ciydaitHbM [19, pa3a. 4]. Ot nepBoii u3
ATHX HEKOPPEKTHOCTEH MOXHO YacTHYHO M30aBUTHCS. A MMEHHO, B [51] B
IPEOJIOKEHNN HE3aBUCUMOCTH M OJIMHAKOBOM pacHpe/Ie]ICHHOCTH 3JIEMEHTOB
IPOM3BOJILHOTO MPOCTPAHCTBA 81, 82,..., 8, D1, D2,..., bm ycTanoBiIeHO, YTO MIpH
JIOCTaTOYHO OOJIBILIOM YHKCJIE 3JIEMEHTOB KJIACTEPOB 3aBUCUMOCTb MEp OJIN30CTH
HC BIMSACT Ha pachlpeieiicHHe CTaTUCTUKU Buikokcona U (cymma paHros
3JIEMEHTOB TEPBOM COBOKYNHOCTH Mep OJU30CTH B OOBEIMHEHUH JBYX
OINMCAHHBIX BBINIE COBOKYIHOCTEH Mep Oym3ocTtr). Ha ocHOBe 3TOH TeopeMbl
pa3paboTaH aJIrOPUTM IMPOBEPKU CTATUCTHUUECKON TMIIOTE3bI, COIVIACHO KOTOPOU
o0BeIMHEHNE NIBYX KIACTepOB 00pa3yeT OJHOPOIHYIO COBOKYIHOCTh. Ecmu
BenmunHa U CIWIIKOM Majia, CTaTHCTUYeCKas THIIOTe3a OJHOPOIHOCTH (T.e.
00O0CHOBAaHHOCTH OOBEIUHCHHUS JIBYX KJIACTEPOB) OTKJIOHsETCS (Ha 3aJaHHOM
YPOBHE 3HAYMMOCTH), ¥ BO3MOXHOCTh OOBCIUHEHHS OTOpPACHIBACTCS
(moxpoduee cm. B [30]).

Yro kacaercs TI00aIbHBIX KPUTEPHUEB, TO IS W3YYCHUS yCTONYMBOCTH
[0 OTHONIICHWIO K MaJIbIM OTKJIOHEHUSM WCXOJHBIX JaHHBIX ECTECTBEHHO
UCIIOJIb30BAaTh METOJI CTATHCTHUYECKUX HWCIBITAHUN U MPOBOJIUTH PACUETHI IO
«BO3MYIICHHBIM»  JIaHHbIM. HekoTopble TeopeTHYecKHe YTBEpKIEHUS,
Kacarolrecss BIMSHUS «BO3MYIICHUII» Ha KJIACTepbl pa3IWYHBIX THIIOB,
HoJIy4deHbl B ctathe [19].

Wtak, ogHa W3 OCHOBHBIX MPOOJIEM TMPHU MOCTPOCHUM KIACCH(PUKAINH -
IpOBEpPKa «PeabHOCTU» KIJACTepa, €ro OOBEKTUBHOTO CYIIECTBOBAHUS

3 Tlompo6ree cm. [19].
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HE3aBUCHMO OT pacueTOB HCCIeAOBaTelNsl. JTa MpobiemMa AaBHO 0OCyKaaeTcs
CHCLHAINCTaMH PA3IMYHbIX oOyacTel (cM., Hampumep, [52]). OtmeTnM, YTO
ujies YCTOMYMBOCTH KaK KpPUTEPUS «PEATbHOCTU» WHOTAA peallu3yercs
HeanekBatHO. Tak, B cratbe [53] mist anroputmMoB Tuma «JleHaporpamMma»
npeJUiaraeTcsi BBIACTATh pa30MEHUsi, KOTOPBIM COOTBETCTBYIOT HaMOOJIbIIHE
NPUPANICHUSI  PACCTOSIHUS ~ MEXKAY  KJIacTepaMd  MEXKAYy  OYepPEeIHBIMU
oObeMHEHUAMH KjacTepoB. s nmaHHbIX [28] 3TO mpemokeHue HE Jalio
MOJIC3HBIX PE3YJIbTATOB - OBUIM TOJYYCHBI pas3IHuHbIe pa30HEHUs: TpH
aITOpUTMA - TpH pa3dueHus. 1 ¢ TeopeTHuecKol TOYKU 3pEHHS MPEIIIOKCHUE
[53] HecocTosITeBHO, YTO HETPYTHO TIOKA3ATh.

JIeiCTBUTENBHO,  PACCMOTPUM  QITOPUTM  «OJIMJKHETO  cOocena»,
UCTIONB3YIONM Mepy Omuzoctu d(X,y), U oJHOImapaMeTPUUECKOe CEMEHCTBO
aITOPUTMOB ¢ Mepoit osm3octu d¥(X,y), a>0, Takke SIBISIONIMXCS AIrOPUTMAMHU
«OnxHEero cocema». Torma AEHAPOTPaMMBI, TOJIYYEHHBIE C MOMOIIBIO ITHX
JITOPUTMOB, COBIAJAIOT TPH BCEX 4@, IOCKOJBKY TMPH HX peaTH3aIiu
IPOMCXOIUT JIUIIb CpaBHEHHE Mep ONM30CTH MEXAy oObekramu. Jpyrumu
CIIOBaMH, ACHAPOTpaMMa, TOJYYEHHAs C IOMOIIbIO alTOpUTMa <«OIIMKHETO
cocena», SBISICTCS aJeKBAaTHOM B TMOPSAAKOBOW mmiKaye (M3MEpPEeHUs Mepbl
omuzoct  d(X,y)), T.e. COXpaHsSeTCs IIpPH JIIOOOM CTPOro BO3PACTAIOIICM
npeoOpa3oBanuu 3Tod Mepbl [27]. OmgHako BbIACNIEHHBIE MO Metoay [53]
«yCTOMYMBBIC pa30UCHUS» MEHSIOTCS. B 4acTHOCTH, IPH JTOCTATOYHO OOJIBIIIOM
a «Hamboyee OOBEKTUBHBIM» TO [53] Oymer, Kak HETPYAHO IOKa3aTh,
pa3zbuecHue Ha aBa kiactepa! Takum oOpa3om, pasOueHue, BeIIBHHYTOE B [53]
KaK «yCTOWYHMBOE», HA CAMOM JIeJIe OKa3bIBACTCS BEChMa HEYCTOMUNBBIM.

Heckonbko CIIOB O BBIYMCIUTEIHHONH CXOAMMOCTH aJTOPUTMOB KIIacTep-
aHanmM3a, APYTUMH CJIOBaMH, OO0 YCTOHYMBOCTH KJIACTEPOB B TpoIlecce
BBIUMCIICHUIA. AJITOPUTMBI ~ KJIacTep-aHAM3a W TPYIIUPOBKH  3a9acTyIO
SIBIISIIOTCS UTEpAIlMOHHBIME. Hampumep, GpopMyIupyeTcss MpaBuiIo YIIyqIIeHUS
IIar 3a IaroM penieHWs 3aJadd KjacTep-aHaln3a, HO MOMEHT OCTaHOBKH
BBIYHCIICHUN HEe oOcyxknaerca. [IpumepoM sBIsieTCS W3BECTHBIA aJITOPUTM
«Dopenp» [22], B KOTOPOM YIIydIIaeTcs MOJOKEHUE LIEHTpa Kiactepa. B aTom
AITOPUTME Ha KaXJIOM IIare CTPOUTCS IIap OMPEICIICHHOTO 3apaHee pajanyca,
BBIJICIISIFOTCS 3JIEMEHTHI KJIACTEPU3yeMOU COBOKYITHOCTH, TOMAJAIONINE B 3TOT
IIap, U HOBBIA IEHTP KJIACTepa CTPOUTCS KaK IICHTP TSKECTH BBIICICHHBIX
ateMeHToB. Ilpu ananmse anroputma «@Dopens» BO3HUKAaeT Mpodiema:
3aBEPIIUTCS JIM MPOIECC YIIYUIICHHS [EHTpa KiacTepa depe3 KOHEYHOE YHCIIO0
IIarOB WJM JK€ OH MOXET ObITh OeckoHeuHbIM. OHa TOJydYnsIa Ha3BaHHE
«rpobiemMa OCTaHOBKU». JIJIT MIUPOKOTO Kjlacca TaK HAa3bIBACMBIX <ATATIOHHBIX
AITOPUTMOB» TPOOJIEMa OCTAHOBKH PEIIeHa: MPOIECC YIIYUIICHNUsI OCTAHOBUTCS
gyepe3 KOHeUHOe Yuciio maros [19].

OTMeTrM,  9TO  aIrOpUTMBI  KJacTep-aHalM3a  MOTYT  OBITh
MOAUGUIIUPOBAHBl  Pa3HOOOpa3HbIMU  criocobamu. Hampumep, omnuchiBas
anroput™M «®Dopenp» B CTHJIE CTATHCTUKA OOBEKTOB HEYMCIOBOW MPUPOIBI
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[12], 3ameTuM, dYTO BBIYMCICHHME IIEHTPAa TSKECTH I COBOKYIHOCTH
MHOTOMEPHBIX TOYEK — ATO HAXOXKAEHUE SMIIUPUUYECKOTO CPEIHETO JJIsi MEpPBI
OnM30CcTH, PaBHOW KBajpaTy eBKJIMIOBAa paccTosHus. Ecnu B3saTh Oonee
€CTECTBEHHYIO Mepy OJM30CTH — camMO €BKJIUAOBO PACCTOSHUE, TO IMOIYYHM
ATAJIOHHBIA AJITOPUTM KjacTep-aHam3a «MennaHa», OTIIMYAKOWIMUNCA OT
«Dopenu» TeM, YTO HOBBIM IIEHTP CTPOUTCS HE C TOMOILIBIO CPEIHUX
apru(PpMETUYECKUX KOOPJMHAT 3JIEMEHTOB, MOMAaBIIMX B KJIACTEP, a C MOMOILBIO
MeJIiaH.

[IpoOneMa OCTAaHOBKM BO3HHMKAET HE TOJBKO MPHU MOCTPOCHUH CHUCTEMBbI
kiaccoB. OHAa NPUHIMIMAIBHO BaKHA W MNpPU OLIEHMBAaHUU IapaMETPOB
BEPOSITHOCTHBIX PAacHpeieIeHu METOJIOM MAaKCHUMAaJIbHOTO MPaBI0NO0100us.
OOBIYHO HE MPEACTABISIET OOJBIIOTO TPYJA BBIIHUCATH CUCTEMY YPaBHECHHIA
MaKCUMaJIbHOTO TIPABAONOAO0US U TMPEUIOKUTh pEliaTh €€ KaKuM-JIU00
YUCIEHHBIM MeToAoM. OJHaKo Korjga OCTaHOBHUTBCS, CKOJIBKO HTEpaIuil
clenarh, Kakas TOYHOCTh OLIGHUBAHHUS OYJET MpPH 3TOM JOCTHUTHyTa? OOIimii
OTBET, BUJIMMO, HEBO3MOKHO HAWTH, HO OOBIYHO HET OTBETA U JIJISl KOHKPETHBIX
ceMeucTB. VIMEHHO MO3TOMY HE PEKOMEHIYEM pelIaTh CUCTEMBI YPABHEHUMU
MaKCHUMAaJIbHOTO MPaBIONOI00Ms, TIpe/iiarasi BMECTO HUX OJHOIIATOBBIEC OIEHKH
[54]. DTu oueHKH 3amaroTCsl KOHEYHBIMH (HOpMYJIaMH, HO aCHMITOTHYECKH
CTOJIb € XOPOIIH, KaK U OLIEHKH MaKCHUMAaJIbHOTO MTPaBAONoa00us.

NcxoaupIiMu TaHHBIMU JIJIS1 pEILICHUsI 3aa4 KJIacTep-aHalli3a MOTYT OBITh
HE TOJIBKO MATPHIIBI TIOMAPHBIX Mep Ou30cTH (Mep pa3yindus, pacCTOSHHIA), HO
M MaTpuibl TUMa  «OOBEKT ~ mpu3Hak».  EcTh  JBOMCTBEHHOCTH:
KJIacCCU(UIIMPOBATHCS MOT'YT KakK OOBEKTHI, TaK M MpHU3HAKU. Mephl OIU30CTH
MEXIy TNpU3HAKAMU MOTYT OBITh pacCYUTaHbl Ha OCHOBE KO3 UIMEHTOB

koppensaiuu [55]. OauH W3 MEepBBIX METOJOB  KJIACTep-aHaIM3a - METOJ
KOPPEIAIUOHHBIX T [56] — mpemHasHaueH MMEHHO I KJIaCCH(HUKAIMU
MPU3HAKOB.

CBojzike, aHaMM3y W COIOCTABJICHUIO PA3JIMYHBIX METOJIOB KJacTep-
aHanM3a TOCBAIIeHb MoHorpaduu [57-60]. Beimenum paspabaTbiBacMyro B
UITY PAH ray6okyio TeopHio «KiacCH(UKAIMOHHOTO aHaIn3a JaHHBIX» [61 -
64], nmerornyro pazHooOpa3Hbie puMeHeHus [65, 66]. aTepecHbie MOaX0abI K
TUTIONIOTUM W Kiaccuukamuu  pa3paboTaHbl B COIMOJOTHYECKHX
uccrnenoBanusix [67 - 69]. OpuruHagbHBIE METOABl  KJIACCH(HKAIIMU
paspaboTansl u ¢ ycnexoMm mnpuMeHeHbl A.T. ®OMEHKO UIsi CTaTUCTHYECKOTO
aHalmM3a ucTopudeckux TekcToB [70]. MuKpoarperupoBaHue O0Kas3ajloch
MOJIC3HBIM  JUIS  3alUThl KOH(HMIEHIMAIBHBIX JaHHbIX [71]. OtMeTum
AITOPUTMBI  CHIDKEHHS ~ pa3MepHOCTH  (MHOTOMEPHOTO  IIKaJMPOBAHMS,
BU3YyaJIU3al[iH), TTO3BOJISIONINE IPUIATh HATJIAAHOCTh MPOLEAYPaM BbIICICHHUS
KacTepos [72 - 76].

Psn BaxkHBIX pe3yabTaTOB B TEOPUM M TMPAKTHKE Kiaccuukanuu
JOCTUTHYT 0€3 MHTEHCHUBHOTO MPUMEHEHHUS MaTeMaTHUYEeCKUX MEeTOo0B [77, 78].
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OgHako B HACTOAILEW CTaTh€ OrPAHMYMBAEMCS PACCMOTPEHUEM TOJBKO
MaTEeMaTUYECKUX METOJIOB KJIacCU(PHUKAIIUU.

4. OcHOBHbIE MOCTAHOBKMY 32/1a4 JMCKPUMUHAHTHOI0 aHAJIM3A

[lepeiinem K oTary TPUMEHEHUS JTUATHOCTMYECKHX TMPaBWJI, KOT/a
KJIACChI, K OJHOMY M3 KOTOPBIX HY)KHO OTHECTH BHOBB IOCTYMHAIONTUH OOBEKT,
y)Ke BbICNICHBl. Pa3paboTaHo OoJbIIOE KOJUYECTBO METOJOB TPHHSATHS
auarHoctudeckux pemeHuit [79 - 83]. OmHM W3 HHUX M3JIararoTCs COTJIACHO
TPAIUIHMSIM MaTeMaTH4eckoi cratuctuku [43, 84 - 87]. Cpeau HUX BBIACITUM
padoTtsI [88 - 92], pa3BuBaroIye TUCKPUMUHAHTHBIN aHAIN3 B CUTYyaIlMH, KOT/Ia
YHUCJIO HEU3BECTHBIX MapaMEeTPOB PACTET MPOMOPIMOHAIBHO 00BEMY BBIOOPKH
(acumnroTHKa pacrtyineii pasmepaocta A.H. KonMoropoga).

Jlpyrue aBTOpHI MPEANOYUTAIOT MCIOJIb30BaTh TEPMHUH «PAaCO3HABAHUE
obpazoB» [93 - 98]. C TOYKH 3peHHUS CTATHCTHKH OOBEKTOB HEUMCIOBOM
OpUPOABl pPE€Yb HAET O BOCCTAHOBJICHHHM 3aBUCUMOCTH, KOrjaa (GyHKIHS
NpUHUMAaeT HOMHUHAJIbHBbIC 3HAUYEHUs — HoMepa kiaccoB [12, 99]. Cneunduka
NPUKIIAJIHBIX 00JIacTel oTpaskaeTcs Ha nporeaypax auardoctuku [100 - 102].

st pemieHusi 3a1ad  JUArHOCTUKH B BEPOATHOCTHO-CTATUCTUYECKOU
MIOCTAaHOBKE  HWCIOJB3YIOT  JIBA  TOAXOJa —  TapaMETPUUYCCKUHA |
HemapameTpudeckuii. [IepBriii 13 HUX 0OBIYHO OCHOBAH Ha MCITOJIb30BAaHUHU TOTO
WM UHOTO WHJEKca (peWTHHIa) U CPaBHEHHS ero ¢ moporomM. MHIEKC MOXKET
OBITH MTOCTPOCH IO CTaTHUCTUYECKUM JAHHBIM, HAIpUMeEp, KaK B KIACCHUYCCKOM
JUHCHHOM JHCKpUMUHAHTHOM aHamm3e Pumepa [103]. Yacro wuHaeKkc
NPEACTaBIAET COOOM JIMHEWHYI0 (PYHKIUIO OT XapaKTEPUCTHK, BBIOPAHHBIX
CIeIUaIUCTaMU TPEAMETHOU 00J1acTd, KOA(DPUIIMEHTH KOTOPOU MOJOMPAIOT
sMnupuyecku. Hemapamerpuuecknii moaxoj cBs3aH ¢ JjemMmon Heimana-
[lupcoHa B MaTeMaTUYECKOM CTATUCTUKE U C TEOPUEH CTaTUCTUYECKUX
pemenuii. OH omnupaeTcs Ha UCIOJB30BAaHUE HEMapaMETPUUECKHX OIEHOK
IUIOTHOCTEW PACHPEICIICHUN BEPOATHOCTEM, ONMMUCHIBAIOIINUX JUATHOCTUYECKUE
KJIACCHI.

OG6cynuMm  cuTyarmuio mojapoOHee. MeToabl JMAarHOCTUKH, KakK M
CTAaTHCTUYCCKUE METOJIbI B IIEJIOM, JeATcs Ha nmapaMmerpuueckue [104, 105] u
Henapamerpuueckue [106, 107]. IlepBbic OCHOBaHBI Ha IPEINOJIOKEHUHU, YTO
KJIACChI ONMHUCHIBAIOTCS PAaCHpENeCHUIMA W3 HEKOTOPHIX IMapaMeTPUICCKUX
CEMECTB. OObIYHO paccMaTpuBarOT MHOTOMEPHBIE HOPMAaJIbHbIE
pacrpeieneHust, Ipyu TOM 3a4acTyto 6e3 000CHOBaHUS MPUHUMAIOT TUIIOTE3Y O
TOM, YTO KOBApHWAIIMOHHBIE MATPHWIIBI IS PA3IMYHBIX KJIACCOB COBIIAIAIOT.
NMeHHO B TakuxX TMPEANOJOXKEHUSIX CHOPMYIUPOBAH  KIIACCUYECKHIA
JTUCKPUMUHAHTHBIN aHanu3 @umiepa. Kak u3BeCTHO, OOBIYHO HE TOJBKO HET
TEOPETUYECKNX OCHOBAHMM CYMTaTh, YTO HAOJIOJCHUS W3BJICUYCHBI W3
HOPMAJILHOTO pacIlpesiesieHusi, HO W TMPOBEpPKa CTATHCTHYECKUX THIIOTE3
COIIacHsi C HOPMaJbHBIM 3aKOHOM JIaeT OTPHIATENIbHBIA pe3ynbraT [2, 3].
M3BecTHO Takxke, 4TO MO BBIOOpKAM, 00BEM KOTOPBIX HE mpeBocxoaut S0,
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HeNb3sl clelaTh OOOCHOBAaHHBIA BBIBOJ O MPUHAMJICKHOCTH K HOPMaJIbHOMY
3akony [108].

[TosTomy Oosee KOPPEKTHBIMM, YEM MapaMEeTPUUYECKHE, SBISIOTCS
HenapaMeTpUuecKue METOJbl AMArHOCTUKH. VcxonHas ujes Takux METOJI0B
ocHOBaHa Ha JiemMe Helimana-Ilupcona, BXopasiien B CTaHAAPTHBIA KypcC
MaTeMaTH4ecKoil cTatucTuku. COTJIaCHO STOW JIEMME OnmuMaibHoe peuleHue
00 OTHECEHHWH BHOBH MOCTYMAIOIIEro 00beKTa (CUTHANA, HAOMIOACHUS U JIp.) K
OJIHOMY M3 JIBYX KJIaCCOB TMPUHHUMAETCS Ha OCHOBE OTHOIICHHUS IUIOTHOCTEH
f(X)/g(X), rne f(X) - mIOTHOCTH pacmpeneiicHUs, COOTBETCTBYIOMIAS IMEPBOMY
kiaaccy, a Qg(X) - IUIOTHOCTh pacCHpECIICHHs, COOTBETCTBYIOIIAS BTOPOMY
KJ1accy.

Eciu myoTHOCTH pacnpesiesieHuss HEU3BECTHBI, TO MPUMEHSIOT HUX
HenapaMeTpUUeCcKUe OLICHKH, MOCTPOEHHbIE TI0 00y4JaromuM Bbibopkam. I1ycTsb
oOyyarorasi BBIOOpKa 0OBEKTOB M3 MEPBOTO KJacca COCTOUT U3 N 3JIEMEHTOB, a
oOyuaromiass BBIOOpKa JUIsi BTOpPOro Kkijacca - M3 M o00bekToB. Torma
PacCCUMTHIBAIOT 3HAUYCHUS HEMApaMETPHUCCKUX OICHOK MIOTHOCTEH fn(X) U gm(X)
JUIS TIEPBOTO U BTOPOI'O KJIACCOB COOTBETCTBEHHO, @ TMarHOCTUUECKOE PEIlIeHUe
OPUHUMAIOT 1O UX OTHOWeHHto. Takum oOpa3om, [Uisl peuieHus 3aaadu
JUArHOCTHKU JOCTATOYHO HAYYHUTHCS CTPOUTH HEMapaMeTpUUYeCKHue OICHKHU
MJIOTHOCTH AJI1 BBIOOPOK 0OBEKTOB MPOU3BOJIBLHON IPUPOIBI.

Psan BumOB HemapaMeTpHUECKHUX OIICHOK IIOTHOCTH pacIpeneieHHs B
NPOCTPAHCTBAX MPOM3BOJIBHON MPUPOJBI TIpeuIockeH u u3ydeH B [109, 48, 30,
110, 111]. Meroapl TOCTPOCHUS TaKUX OIICHOK IUIOTHOCTH MOJPOOHO
paccMOTpEHBI B IUTEPATypPE MO MPUKIIAJHON CTATUCTUKE M SKOHOMETpUKe [1, 2,
12]. Ha ux OCHOBE 3THX OILIEHOK MOTYT OBITh IMOCTPOCHBI HEMapaMeTPHUSCKHE
mpaBuia JUArHOCTUKU. WX JOCTOMHCTBOM SIBIISIETCS YHUBEPCAIBHOCTD,
BO3MOXKHOCTh TpPHUMEHEHUs: 0e3 HEOOXOJUMOCTH OOOCHOBAHUS TPYJIHO
NpOBEepSEMbIX  yCJIOBHM  (Hampumep,  HOPMAIBHOCTH  PacHpeiesICHUs
XapaKTePUCTUK 00BEKTOB OICHKU). HemocTaTkoM sIBISIETCS OTCYTCTBUE SIBHBIX
dopmyn. Kpome Toro, niasi mocTpoeHHs HEMApaMETPUUYECKOrO pEIIaIOLIero
paBuiia HY»KHbI 00y4aroliue BHIOOPKH.

C TeopeTHUeCKON TOYKM 3PEHHUS HCIOJIB30BaHUE HEMapaMETPUIECKUX
OIICHOK IJIOTHOCTH JIaeT BO3MOXXHOCTh TOCTPOUTH  ACHMITOTUYECKU
ONTUMAJIbHOE perraromiee npaBmio. Kak nokazano B padore [112], npu BeIOOpE
aTOpUTMa ISl TIPAKTUYECKOTO HWCIOIB30BaHUS HEOOXOAMMO YYHUTHIBATH €T0
OBICTPOJIEHCTBHE, JOMYCTUMbIE OOBEMBI OOY4YaIOMIMX BBIOOPOK U ApYyrHe
XapaKTepUCTHKH, B pe3ylbTaTe BMECTO alrOpUTMa Ha OCHOBE OTHOIICHUS
HeNapaMeTPUUECKUX OLIEHOK IUIOTHOCTEH Haumbosee MNPUEMIIEMBIM MOXKET
0Ka3aTbhCs NHOM aJTOPUTM.

[TapameTpuueckast Teopusi OOBIYHO OINUpPAETCS Ha MCIOJIb30BAHHUE JIJIS
OIMCAaHUs KJIACCOB MHOIOMEPHBIX HOPMAaJIbHBIX paclpenelicHui. B mHernHOM
JTUCKpUMUHAHTHOM aHayn3e P. @urmiepa [103] momoaHUTENBHO MPeanoaracTcs,
YTO KOBapUAIlMOHHbIE MaTPULIbI ABYX KJIACCOB COBMAJAIOT. Toraa onTuMaibHOE
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MPaBWIO IUATHOCTUKU UCIIOIb3YET HEKOTOPHI nopor K. BHOBE mocTynaromuii

00BEKT OTHOCAT K MepBoMy Kiaccy, eciu f(Xi, Xz, ..., Xm) < K, 1 K0 BTOpOMY,

eciu f(X1, Xz, ..., Xm) > K, r1e 0000marouii mokasareis (peATHHT)
f(Xl,Xz,...,Xr,Q:alX1+32X2+...+ame (1)

€CTh JIMHEHHAs (PYHKIMS OT €IMHUYHBIX IOKa3aTeneh (pakTopoB) Xi, X2, ..., Xm.

Taxum oOpa3om, Teopus KIacCHPHUKAIIUN TECHO CBsI3aHa C TEOPHUEH PEUTUHTOB.

O mamemamuueckux meopusax peimunzoe. Ilpu paspaboTke
YIPaBICHYECKUX PEIICHUH C IEeNbI0 COBMECTHOTO ydYeTa W COM3MEpPEHUH
pasnuYHbIX (AKTOPOB, YACTHYHOTO CHSATHS HEOMPEACIECHHOCTH IIHPOKO
UCTIONB3YIOTCSl PEUTHUHTU. B yacTHOCTH, /Ui CBEACHHS K OJHOKPUTEPUATBHON
MIOCTAaHOBKE MOTYT OBITh MPHUMEHEHBI METOJbl TOCTPOCHHUS EIUHOTO
(uuTerpanbHOro) Kputepus (peiitunra). TepMuH «pelimumne» TMPOUCXOAUT OT
aHTJIHICKOro «tO rate» (omennBath) u «raling» (omenka, onennBanue). OeHKa
— 3TO YUCIO, Tpajalis Ka4eCTBEHHOTO MpHU3HaKa (yIOBI., XOp., OTI.), PEKEe —
ynopsiioueHue (paHKUPOBKA) MM MATEMATHUSCKH OOBEKT HHOW TPUPOIBL.
Cormacio  [113, c¢.8]: «B coBpeMEHHOM IOHUMAHUM peumuHe — 3TO
KOMIUIEKCHAsI OLIEHKA COCTOSIHUS CyObEKTa, KOTOpasi MO3BOJIIET OTHECTU €ro K
HEKOTOPBIM KJIacCy WM KaTteropum». MiMeercss JocTaTOyHOE corjlache B cpejie
CHEIMAIMCTOB JIJIsl TOTO, YTOOBI MCIOJB30BATh TEPMUH «PEUTHHT» KaK CHHOHUM
TEPMUHA «HHTETPAIbHBIA (CAMHBIH, OOOOIICHHBIA, CUCTEMHBIN) KpPUTCPUIl
(omieHKa, TOKa3aTesb), MO3BOJSIONIMN CpaBHUBATh OOBEKTHI (CYOBEKTHI) C
MHTEPECYIOIICH MOJIb30BaTelis (3TUM TEPMHHOM) TOYKH 3peHus. B dacTHOCTH,
peUTHHTH  1eNecoO0pa3HO  MCIONB30BaTh  MpH  Hejiernoyiaranud (i
COM3MEPCHHUS TIEIICH ).

Jlnst omucanus MHOTOOOpasusi pa3jiMyHBIX BUIOB PEUTHHTOB BBLICIHM
TPH BapHaHTa IOCTAHOBOK 33]1a4:

1. HenocpencTBeHHast OLIEHKA.

2. O1eHKa ¢ UCTOIb30BaHUEM 00YUaIOIIUX BEIOOPOK.

3. OuneHka Ha OCHOBE CHCTEMbl IIOKa3aTelled C  BECOBBIMU
kodhpureHTamu.

[Ton HemocpeaCTBEHHOW OIEHKOW ITOHMMAEM IOCTAHOBKY 3aJ1a4d, B
KOTOPOM WUTOTOBBIMA pe3yibTaT MOJYyYaeTcsl MPU HEMOCPEACTBEHHOM 00paboTKe
HEKOTOPOTO  MHOXECTBa OILIGHOK, ©0€3 TMPHUBJICYCHHUS JOMOJHUTEIHHON
UHPOpPMAIIMM O JIOMOJHHUTEIBHBIX OOBEKTaX MM 00 oIeHkax (Becax)
JOTIOJTHUTENBHBIX (akTopoB (mpu3HakoB). I[lpumep - ycpemHenue uucen. B
3TOM, Ka3aJoCh ObI, MPOCTEUIIEM MpUMEpe BO3HHUKAET psAa BompocoB. Kakum
CPETHUM TIOJIb30BAThCS — CPEOHUM apuPMEeTHUeCKUM Wi MeauaHou? Mmu
UHBIMU — CPEIHUM TeoMeTpuyeckuM U T.n. HekoTopble OTBETHI laeT Teopus
uamepenuii [2, 3]. [Ipu ycpenHeHUU Ipyrux BUIOB OTBETOB SKCIEPTOB TEOPUS
ycnoxkHserca. Hampumep, ycpenHeHue OMHApHBIX OTHOLIEHUH  MOXET
NPOBOJUTHCS MyTeM pacueta meauaHbl Kemenu [12, 114]. Tlpu 3TOM MOXKeT
BapbUPOBATHCS KAk BHJ Mepbl Onm3zoctu (paccrosHue Kemenu, wiam ero
KBaJpaT, WM aHAJIOT HAa OCHOBE KOX(PQUIMEHTA PAHTOBOW KOPPEISAIHU
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Crnupmena, win D-MeTprka ¥ T.1M.), TAK ¥ MHOKECTBO OMHApPHBIX OTHOIICHHH,
10 KOTOPOMY ITPOBOIUTCSI MUHUMHU3AIHS [2].

JIJIst OLIGHKHM C WCIOJIB30BAHUEM OOYYArONIMX BBIOOPOK MPUMEHSIOT
JVMHEUHBIA JUCKPUMUHAHTHbIA aHaim3 P. @umepa, HenapaMeTpU4eCKuu
JUCKPUMUHAHTHBIA aHAJIU3 HAa OCHOBE HCMOJIb30BAHUSI HEMApaMETPUUECKUX
OIIEHOK IUIOTHOCTEN B MPOCTPAHCTBAX MPOU3BOJILHON MPHUPOJIBI, a TAKXKE HMHBIC
METOJIbl paclio3HaBaHMs OOpa3oB C Y4YMUTENIIEM, B TOM YHCJIE HEUpPOCETEBBIC
[115]. TpaguumonHas poreaypa TakoBa. [IepBbIii 3Tal - HOCTPOCHUE CUCTEMBI
nokasareiieii. CHayajla COCTaB/IAIOT BO3MOXKHO OoJiee IOJHBIA HCXOIHBIN
MepeUeHb. 3aTeM CIHCOK TOoKa3areynel cokpamarT. Hanpumep, npoBoasT
KJIACTEp-aHAJIN3 TOKA3aTeNIei, OCTaBJIsAd M3 KaXJIOro KiacTtepa Mo OJHOMY
npeacraputento. OTO0p HMHPOPMATUBHOTO TMOJMHOXKECTBA TMPU3HAKOB B
JUCKPUMUHAHTHOM aHAJIM3€ — CaMOCTOATENIbHBIM pa3liel  MPUKIATHON
cratucThku. Creayroumui 3Tal — HEMOCPEACTBEHHOE MOCTPOCHUE JIMHEWMHOTO
pedTHHTa Ha OCHOBE OTOOpaHHBIX IOKa3aTelied C TOMOIILI0 aJTOPUTMOB
JUCKPUMUHAHTHOTO aHanu3a duiepa.

IIpy omeHke Ha OCHOBE CHCTEMBI IIOKa3aTeJed C  BECOBBIMHU

Kod(huIIMEHTaM  OCHOBHBIE  COCTABJIAIONIME MPOIEAYpP - IOKa3aTelu
(baxTopsl), MHAEKCHI W TpaHUIBL. [l MOCTPOSHUS CHCTEMBI ITOKa3aTeleH,
OOBIYHO  HMepapXuyeckol (AMHMYHBIC IIOKa3aTeldM — TPYIIOBBIC —

00O0OIIIEHHBIN ) MPUMEHSAIOT  OKCICPTHBIE METOABl M CTATHCTUYECKHE
(bopManbHbIE) MeTOABI  BbIAEIECHHSA  HMH(DOPMATHBHOIO  ITOAMHOKECTBA
npusHakoB. CrmocoObl ycpenueHust (pacdera HMHICKCOB) IMPH IEPEXOAE OT
CIMHUYHBIX ITOKA3aTelell K TPYIIIOBBIM M OT TPYIIOBBIX K OOOOMICHHOMY
BBIOMPAIOT HA OCHOBE TEX K€ NPHUHIMIIOB, YTO M IPH HEMOCPEICTBEHHOU
OILlICHKE, HO C HCIIOJIb30BAaHUEM B3BCIICHHBIX CpeaHux. Beca 3amaror JmbO
HETOCPEJCTBEHHO, MO0 KOCBEHHO — C IMOMOIIbIO KCIIEPTHBIX YIIOPSIOUCHHIH,
MapHBIX CPaBHEHUH WM OOYyYaroIuX BBIOOPOK (IKCIEPTHO-CTATHCTUYCCKHIA
METO/).

BaxHpiii wacTHBId ciay4aid - Ounapuele peumuneu [116], xorma
peHTHHTOBas OIlCHKA MPUHUMAET JBa 3Ha4YeHHS. OOBEKT OICHKH C IOMOIIBIO
OMHAPHOTO PEHTHHra OTHOCHUTCS K OJHOMY M3 IBYX KiaccoB. ClieIoBaTeIbHO,
TCOpHs OMHAPHBIX PEHTUHTOB — YaCTh AMCKPUMHUHAHTHOTO aHAIM3a, HMEIOIIETO
ICIbI0 OTHECEHHE O00BEKTa K OJHOMY M3 JBYX KIAcCOB, 3aJaHHBIMU
IUTOTHOCTSIMH BEPOSATHOCTEH MM 00yUYaIOIIMMK BEIOOPKAMHU.

Yacto ctposT pedtuHr B Bune GyHkiuu f(Xi, Xo, ..., Xm) OT SIUHUYHBIX
nokazarenei (GpakTopoB) Xi, X2, ..., Xm. , & JUIS IPUHATHS PEUICHUS UCIOIB3YIOT
nopor K. Ilpunumaror ompezaeneHHoe pemenue, ecan f(Xg, Xo, ..., Xm) < K, u
anprepHaTuBHOE, eciau f(X;, Xz, ..., Xm) > K. B 3TOM ciayyae UIsi IPHHSITHS
peleHusl ucnoib3yercs OuHapHblii pedtunr Buga g(f(xi, X2, ..., Xm)), TOC
GyHKIHS g IPUHUMAET JBa 3HA4YeHUs, a UMeHHO, §(2) =Ompu z< Ku g(2) =1
npu 2> K.
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Ha ocHOBe OMHApHBIX PEUTHHTOB MOXHO CKOHCTPYHPOBATh PEUTHHT C
OOJIBIIMM YUCIIOM Ipafanuii. [lycTh peTHHIOBas OlleHKa N MPUHUMAET OHO U3
Tpex 3HaueHuit A < B < C. C Heli MOKHO CBsI3aTh JiBa OMHAPHBIX PEHTUHTA P U
g, TakuX, 4yTo Juisg nepBoro u3 HUX P =0 npu h < Cu p =1 npu h = C, aua
BToporo = O mpu h < B u g =1 npu h > B. SIcHo, uro h = A Toraa U TOJIBKO
toraa, korga P = =0, u h = C Toraa u ToJBKO TOrMAA, Koraa P = =1, B TO
Bpems kak h = B torma u tompko torma, korma P =0, q = 1. Takum oOpa3om,
UCIIOJIb30BaHUe pedTHHTa N ¢ TpeMs BO3MOKHBIMU 3HAYCHHSIMH SKBHUBAJICHTHO
MCIIOJIB30BaHUIO JIByX OMHAPHBIX PEUTUHTOB P U (.

[TonmyssipHBI ~ JMHEWHBIC  pEWTHMHTH, 3adaHHble  (opmynon  (1).
Koapbuumenter a3, 82, ..., am Ha3bBalOT KO3PQPUIIMEHTAMU BaXKHOCTH
(BecomocTH, 3HAUMMOCTH). X ompeaenstor Ju00 SKCIEPTHBIM IMyTeM, JINOO T10
CTaTUCTHYCCKUM JIaHHBIM, HCIOJB3ysd oOydaromue BbiOOpku [117-119].
['myOokasi Teopusi KaueCTBEHHOM U KOJWYECTBEHHON BAXKHOCTHU KPHUTEPUEB
passuta B.B. [ToguHoBckum [120-122].

[Io ogHMM W TEeM 3>K€ MaHHBIM MOTYT OBITH TOCTPOCHBI pa3TUYHBIC
peditunru. Hampumep, ¢ mOMOIIpI0 00ydYaromux BHIOOPOK MOMXKHO MOCTPOUTH
HeMapaMeTPUUCCKUN OWHApHBIN peHTHHr (3aJaHHBIA  aJrOPUTMHUYCCKH) M
nuHeHHbI pedTuHr (o P.®umepy). B Toil ke mpuUKIaIHON 3amadye MOXKET
0Ka3aTbCsl TOJIE3HBIM TAKXKE W JIMHEHHBIA PEUTHHT HAa OCHOBE SKCIEPTHBIX
oleHOK K03 duimeHToB. ECTh U MHBIE METO/bI, B YaCTHOCTH, OCHOBAaHHbIC Ha
UCTIOJIb30BAHUU HEUPOCETEH IS IMATHOCTHKY U perdTuHroBanus [115].

O cpaenenuu ancopummos OUAZHOCMUKU NO Pe3)ibmamam oopadomKu
peanvHbvlx OanHHblx. B TPUKIATHBIX HMCCIENOBAHUSAX MPUMEHSIOT Pa3IMYHbIC
METOAbl JUCKPUMUHAHTHOTO aHAJIN3a, OCHOBAaHHBIE HAa BEPOSTHOCTHO-
CTaTUCTHYECKUX MOJIEIISX, 4 TAKKE€ C HUMU HE CBSI3aHHBIE, T.€. 3BPUCTUUYECKHUE,
UCIIOJB3YIOIINE JIETEPMUHUPOBAHHBIE METOJIbI aHaliv3a JaHHbIX. HezaBrcumo
OT «IIPOMCXOKICHUSI», KXKIbII TT0I00HBIN aITOPUTM JOJKEH OBITh HCCIEA0BaH
KaK Ha  [apaMeTPUYeCKUX M  HEeNapaMeTPUYECKHX  BEPOSTHOCTHO-
CTATUCTUYECKUX MOJICTISIX TTOPOKICHUS JaHHBIX, TaK U HA Pa3JIMYHBIX MacCCHBaX
peanbHBIX JaHHBIX. llenb Takoro wucciueoBaHUS - BBHIOOP HAWITYUIIETO
aIropuT™Ma B OIpPEJCICHHON 00JacTH MPUMEHEHHUs, BKIIOYCHHUE €ro B
CTaHJIapTHBIE MPOrPAaMMHBIE MPOIYKTHI, METOJAMYECKHE MaTepualibl, YUCOHBIC
nporpaMmbl U mocobus. Ho 1y 3Toro Hajgo yMeTh CpaBHUBAThH AJITOPUTMBI
JTMAarHOCTHKH 10 KadecTBy. Kak 310 nemars?

I[Ipy  moctpoeHun  HUHGPOPMAIMOHHO-UCCIEAOBATEIBCKOM  CHUCTEMBI
nuarHoctuku marepuanoB (MUCJM) (mpooOpas - nuanorosasi cucrema «APM
MatepuaioBena», paspaborannas Hamu g BHUWM  smactomepnbIx
MaTepHaiOB) BO3HHMKAET 3ajadya CPaBHEHHS IPOTHOCTHYSCKUX MPaBHII IO
cune». IIporHoctuyeckoe MpaBWIO - 3TO AITOPUTM, MO3BOJAIOIIUN IO
XapakTepUCTHUKaM MaTepuaja IMPOTHO3UPOBaTh €ro cBoWcTBa. Eciam mporHos
TUXOTOMHYEH («eCTh» WM «HET»), TO MPAaBHJO SBJIACTCS aAJITOPHUTMOM
JMAarHOCTUKH, IPU KOTOPOM MaTE€pUall OTHOCUTCS K OJTHOMY U3 JIByX KJIACCOB.
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[IporHocTHyeckue mpaBmwia MOTYT OBITh M3BICUEHBI W3 HAay4YHO-
TEXHUYECKOM  JUTEepaTyphl U TPAKTUKU. OOBIYHO KaXJ0€ U3 HUX
dbopMmyIupyeTcs B TEPMHUHAX HEOOJBIIIOTO 4YHCIA IIPU3HAKOB, HO HAOOPHI
MPU3HAKOB CUJIBHO MEHSAIOTCA OT mnpaBwia K npaBuiy. [lockonsky B UMACIM
JOJDKHO (PMKCUPOBATHCS JIUIIh OIPAaHUYEHHOE YMCIIO MPU3HAKOB, TO BO3HUKAET
npobisiema ux oroopa. EcTeCTBeHHO OTOMpaTh JUIIL T€ UX HUX, KOTOPBIE BXOSIT
B Ha0OpBHI, Jarolye Haubojee «HaJleKHbIE» MPOTHO3bI. J{Js mpuaaHus TOYHOTO
CMBICJIa TEPMUHY «HAJICKHBIN» HEOOXOJAMMO UMETh CHOCO0 CpaBHEHUS
aJITOPUTMOB JIMaTHOCTUKH IO MPOTHOCTUYECKOU «CHIIE.

PesynbTaThl 00pabOTKM peaibHBbIX JAaHHBIX C TMOMOIIBI HEKOTOPOTO
aIropuT™Ma JUArHOCTMKA B pacCMaTpMBacMOM  Cllydae JIByX KJIAcCOB
OTIMCHIBAIOTCS JIOJIIMH MPABUJIBHON JTUATHOCTUKH K - B MIEPBOM Kitacce v | - BO
BTOPOM, C YyYE€TOM JOJIeH KJIaccoB B OOBEIMHECHHON COBOKYITHOCTH
P, =12 p,+p,=1.

Hepenko [6] kak moka3aTenb KadecTBa aJirOpuTMa JTUATHOCTHKHU
(MTPOTrHOCTUYECKOM «CHIIBI») HCIOJB3YIOT JOJIO IPaBUIBHON JIHArHOCTHUKH
m=pk +p,l . OgHako TmoOKa3aTeab N OMNpeAesieTcs, B YacTHOCTH, uepes
XapaKTEePUCTUKU P,,p,, YaCTHYHO 3aJaHHBIC HCcaemoBareiaeMm (Hampumep, Ha
HUX BIHSCT TaKTHKa OTOOpa 0O0pasloB Juisl HW3ydeHHus). B aHamoruvyHoi
MEIUIIMHCKOM 3ajlaue BEJWYMHA N OKaszajgach OOJbIIe JII TPUBUAIBHOTO
MPOTHO3a, COTJIACHO KOTOPOMY Y BCeX OOJBHBIX TedeHUEe 3abojieBaHUsI OyAeT
OylaronpusiTHO. TpUBHAIBHBIN MPOTHO3 CPABHUBAJICS C AJITOPUTMOM BbIJICTICHUS
OONBHBIX C TPOTHO3UPYEMBIM TsDKEIBIM TeueHueMm 3aboseBanus. OH ObLI
pa3paboran Tpymmel ToA pykoBojcTtBoM akagemuka AH CCCP  U.M.
lenbdanma. [IpumeHeHne 3TOro ajaropuTMa ¢ METUIIMHCKOW TOUYKH 3PECHHUS
BrojiHe ompasaano [123]. Urak, mo moje MpaBHIBHOW KIaCCU(BHUKAIMH T
anroputm rpynnsl U.M. I'enbdanna okazaica Xyxe TPUBHAIBHOTO - OOBSBUTH
BCeX OOJBHBIX JIETKUMH, HE TPEOYIOIIMMHU CHEIUAILHOIO HAOMIOACHUS. DTOT
BBIBOJI OUEBUAHO Hesen. M mpuymHa MOSBJICHUS HEJICTIOCTH BIIOJIHE MOHSTHA.
XoTsd 70y TSDKENbIX OOJBHBIX HEBEIWKAa, HO CMEPTEIbHBIE HCXOJIbI
COCPEIOTOYEHb MMEHHO B 3TOM rpynmne OosibHBIX. [loaTomy 1ienecooOpaszHa
TUTIEPUArHOCTUKA - pallMOHAJIbHEE YacTh JIETKUX OOJIbHBIX OOBSBUTH
TSDKEJIBIMH, YEM C/INIaTh OMIMOKY B MPOTHUBOTIOIOKHYIO CTOPOHY.

[TpuMeHeHHEe TEOpUU CTATHCTUYECKUX pemnenuid [124, 125] tpeOyer
3HaHUS TOTEPh OT OMIMOOYHOM JMArHOCTUKH, a B OOJIBIIMHCTBE HAY4YHO-
TEXHUYECKUX W OSKOHOMHUYECKHMX 3a7ad OINpeAeIUTh MOTepU CIIOXHO. B
YaCTHOCTH, U3-32 HEOOXOJMMOCTH OIICHMBATh YEJIOBEYECKYI0 KH3Hb B
JIEHEKHBIX enuHuIax. [lo 3THYecKuM cooOpa)keHUsIM 3TO, Ha Hall B3IJIS,
HEJIOMYCTUMO.

Jlns BeIsiBIeHUsT WHGOPMATUBHOTO HaboOpa MPHU3HAKOB 11€71€CO00pa3HO
UCIIOJIB30BaTh Memoo0 nepecyema Ha MoOelb JUHEUHO020 OUCKPUMUHAHMHOZ0
ananuza [30, 51], corimacHO KOTOPOMY  CTATUCTHYECKOHM  OLIEHKOMH
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«IPOTHOCTUYCCKOH CHIIBI» d SBISCTCS <OMIIMPHYECKAs IPOTHOCTHYCCKAS
cuma» d*=F(d*/2), d*=F *(kk)+F (1), rme F(X) - GQyHKIUSA CTaHIAPTHOTO

HOPMAJILHOTO pachpe/eeHUs] ¢ MaTeMaTHIeckuM okunanueM O u gucnepcueit
1,a F*(y) - oOpaTHas eli GyHKIIHS.

Ecnu xmacchl onmuchIBarOTCS BRIOOPKAMU U3 MHOTOMEPHBIX HOPMaJbHBIX
COBOKYITHOCTEM C  OJWHAKOBBIMM  MaTpUllaMHd  KOBapwauwi, a s
KJaccu(UKAIMM TPUMEHSETCS KJIACCUYECKUM JIMHEWHBIN JIUCKPUMUHAHTHBIM
aHanu3 P.Owumepa, To BenuunmHa OF npeacTaBiasieT COOOH COCTOSTEIBHYIO
CTaTUCTHUYECKYIO  OIICHKY paccTosHUs MaxamaHoOuca MexXIy JIByMS
paccMaTpuBa€MbIMU COBOKYIHOCTSMH HE3aBUCHMO OT MOPOTOBOTO 3HAYCHUS,
ONPENENSAIONIEr0 KOHKPETHOE pemlatoniee mpaBuigo. B oOmem ciydae
rokasaTtenb d* BBOJWTCS KaK 3BpUCTHYECKUU. Pacnpenenenue d* sBusercs
ACUMIITOTUYECKA HOPMAJIbHBIM, YTO TIO3BOJISIET CTPOUTH JTOBEPUTEIbHBIC
uHTepBaNbl i d [2, 3].

Kakx mnpoBeputh 000CHOBAaHHOCTH TE€pecUyeTa Ha MOJENIb JHUHEHHOTO
JTUCKPUMUHAHTHOTO aHanm3a? JlomycTtuM, 4To KiacCUUKAIMS COCTOUT B
BBIUHUCIICHUA HEKOTOPOI'O MPOTHOCTHUYECKOTO HMHJEKCA ) U CPAaBHEHHUM €ro C
3alaHHbIM TIOpOoToM c¢. OOBEKT OTHOCIAT K MEPBOMY Kiaccy, eciiu y<c, KO
BTOpOMY, eciau y>c. IIporHocTHYeCKHid HHJIEKC — A3TO OOBIYHO JIMHEHHAS
¢yuknus (1) oT XapakTepUCTHK paccMaTpHUBaeMbIX 0OBEKTOB. Bo3bMeMm Ba
3HaueHUsT 1nopora c¢i1 M Cp. Ecmm mepecuer Ha MoAenb JIMHEWHOTO
JUCKPUMUHAHTHOTO  aHajlM3a OOOCHOBaH, TO, KakK MOXXHO IIOKa3aTh,
«TPOTHOCTUYECKHUE CHJIBD» [JIs1 00OMX TpaBwil coBmagaror: d(c)=d(c,).
BrinosHeHne 53TOro paBEHCTBA MOXKHO TPOBEPUTH KAK CTATUCTUYECKYIO
runoTe3y. PacueTHbie aaroputmsl npeanoxens! B [30, 51] u BxiarodeHs B [2, 3].

Ikcnepmuo-cmamucmuyeckuii.  memood. OUEHHBAHUE DHKCIEPTAMU
KOA((PUIIMEHTOB JIMHEWHOTO pEeUTHHra He Bcerma HaaekHo. OcoOEHHO B
CUTYaIlMH, KOTJa dKCIEPTOB MaJjo, a pa3dpoc MHEHHM SKCIEpTOB Benuk. Toraa
MIPEICTABIISCTCS 1IeTIecCO00pa3HbIM HE OIEHUBATHh KOA((UIIMEHTHI, a MPUBJICYb
BBICOKOKBAJIM(DUITMPOBAHHBIX 3KCIEPTOB JJIsl TJI00ATBHOM OIEHKH, T.€. OIEHKH

HETOCPEJCTBEHHO 00oOIatomiero nokasarens (peitunra) Y = (X1, X2, ..., Xm) =
Xy + axXo + ... ¥ amXm..
[Ipenmnonoxum cHayaja, qTOo PEUTUHTOBBIC OLICHKH

BBICOKOKBaJIM(PDUITUPOBAHHBIX JKCIEPTOB SBJISIIOTCS YUCIOBBIMHU. Torma B
KaueCTBE JAHHBIX, UCXOJHBIX JIJIi CTATUCTUYECKOTO aHan3a, UMEEM BBIOOPKY
(Yi; Xai, X2, .eey Xmi), I =1, 2, ..., N, TAe N — 4YKHCIO OTBETOB
BBICOKOKBaJIM(DUITUPOBAHHBIX HSKCIEPTOB, COJEPKAIIUX TIJ100aJbHbIE OIICHKH
pedtuHra aiasa N cutyanuid. C TOYKU 3pEHHS] MPUKIATHON CTATUCTHKA HUMEEM
3aa4yy  JIMHEMHOTO  PErPECCMOHHOrO  aHajuu3a, KOoTopas  pelaercs
CTaHIAPTHBIMH MeToAaMH (C  TIOMOIIBIO  HEmapaMeTPUYeCKOro MeEToja
HaMMEHBIIMX KBajpaToB [2, 3, 126]).
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Her HeoOxomumoctn  o0s3aTeabHO  TpeOOBaTh, YTOOBI  OIEHKH
BBICOKOKBJIM()ULIMPOBAHHBIX ~ 3KCIEPTOB  SBSUIUCH — YUCIaMU.  MOXKHO
OTPAaHUYHUTHCS PE3yJbTaTaMHU TMapHBIX CPABHCHUN WJIM PaHKUPOBKaMH. SICHO,
YTO TaKOro poja riao0anbHbIE OLEHKU ropas3fo Jierdye Moiay4uThb, U OHU OyayT
Oosiee HaIEKHBIMH (MCXOMs M3 paHee 0O0OCHOBAHHOI'O OOIErO YTBEP)KICHHS,
YTO HEYMCIIOBBIC OTBETHI 0OJIEe €CTECTBEHHBI JUISl KCIIEPTOB, YeM YHUCIIOBBIC).
3areM 1O TJIOOANBHBIM OKCIIEPTHBIM OILEHKaM IS N CUTyallMid MOKHO
COCTOSITEIPHO OIEHUTh KO3 PHUIIMEHTHI JIMHEHHOTO peiTrara [118].

B nacrosimee Bpemst TeOpUsi pEUTHHTOB TIPOAOHKAET OypHO Pa3BUBATHCH.
Tak, mnpobiemam 0OOCHOBaHHOrO BbIOOpa KOIPPUIMEHTOB BaKHOCTH
nocesieHsl padoTsl B.B. [TogunoBckoro [120 - 122]. CpaBHHUTENBHBIN aHAIN3
ISTH TPAAULMOHHBIX M YETHIPEX OTHOCUTENIPHO HOBBIX METOJIOB HAaXOKJICHUS
K03 PHUIIMEHTOB BAXHOCTH OWHAPHBIX (T.c. MPUHUMAIOUIMX JBA 3HAYCHUS)
dakTopoB ocymiectBieH W.®. IllaxwoBeiM [119]. Ilpu s3TOoM wHCXOIHOM
uHpopMallMel CIy’)KaT JKCHEPTHbIE OIEHKH, MMEIOIIUE KayeCTBEHHbIN
XapaKTep.

OueBnpHa CBA3b TEOPUM PEUTUHIOB C COBPEMEHHOM  BecbMa
MaTeMaTU3UPOBAaHHON Teopued mose3HocTH [117], MOoCKoIbKY peHTHHrOBas
OllCHKa — WYacTHbIM ciay4yall (yHKUMA TOJE3HOCTH, HCHOJIb3YyEeMOM IS
YIOPSA0YCHHSI 0OBEKTOB IKCIIEPTH3HI.

5. 3akiounTeIbHbIE 3aMeYaAHUSA

MaremaTudeckie METOJbl TEOPUH  KJIACCU(UKALUKM  HUCIIOIb3YIOT
pa3IMYHBIA MaTeMaTUYECKUM ammapar U UMEIOT pasHOOOpa3HbIe MPUMEHEHUS.
OTa cTaThsd — 0030p OCHOBHBIX HCTOYHHMKOB. Beero myOnukanuii (MoHOTpadwmit,
cTaTei, Te3UCOB M TPYAOB KOH(MEPEHIIUH U JIp.) — aecatku Thicsiy. B 1980-x rr.
BOMPOCAMHU TEOpUH KiaccupuKaiuu (KJIaCCHOJIOTHH) aKTHBHO 3aHMMAajach
Komuccus BCHTO o knaccupukanuu (npeacenaresb — 4IeH-KOPPECITOHICHT
AH CCCP TI'.b. bokwuii), BOBICKIIass B CBOIO JCATCIHHOCTH OKOJIO TBHICSYU
OTCUECTBEHHBIX CIEIUATUCTOB. TemM He MeHee Teopus KiacCUpUKAINK
OCTaeTCsl YyTh JIM HE CaMOMl XaOTHYHOW OOJIACTHI0O MATEeMATHUYECKHUX METOOB
UCCIICIOBAHMUS.

OnucaHHbIe B HACTOSIIEH CTaThe MOAXOAbl U PE3YJbTaThl MPUMEHSINCH
HaMU TIPU PEUISHUHU psijia IPUKIIAIHBIX 3a/1a4, B YACTHOCTH, IIPU CePTUDUKALIUU
NpOAYKIIMK, B  3ajJadyax XHUMHYECKOM  Oe3omacHocTh  Ouochepbl U
AKOJIOTMYECKOTO  CTpaxoBaHWsl, B MeaulnmHe Tpyaa. CoOTBETCTBYIOIIUE
JITOPUTMBI BKJIIOYEHBI B COCTaB aBTOMAaTHU3UPOBAHHBIX pabounx mecT «APM
maTepuaioBena» u «APM  Martemaruka» (paspabortansl g BHUU
9JIACTOMEPHBIX MaTepuanoB W u3naeimii), APM «MaremaTtuka B 3KCIEPTH3E»
(APM «MATDK»), nuamoroBeIX CHCTEM aHajM3a CTATHUCTHYECKHX JaHHBIX
JANCAH u IHIAH/. PaccMoTpeHHblEe B CTaThb€ MOJAXOAbl U PE3YIbTAThl B
00J1aCTH MaTEMaTUYECKUX METOJIOB KJIacCU(UKAIIMN MOCTOSHHO UCTIOIB3YIOTCS
B y4eOHOM IMpollecce, MHOTHE M3 HHMX BKIIOYCHBI B y4deOHuku [2, 3, 12].

http://ej .kubagro.ru/2014/01/pdf/23.pdf



http://ej.kubagro.ru/2014/01/pdf/23.pdf

Hayunsiii s)xypran Kyol'AY, Ne95(01), 2014 rona 21

OtMeTuM pa3pabOTKy TEOPETHUECKUX OCHOB M TEXHOJIOTUU aJIallTUBHOTO
CEMaHTHYECKOTO aHAJM3a B TOJICPKKE NMPUHATHS PEIICHUH MPU YIPaBICHUU
CJIO)KHBIMH CHCTEMaMH Ha OCHOBE TCOPHH paciio3HaBaHus oOpa3os [127, 128].

B mnacrosimee Bpemsi Teopus kiaccuukanuu OBICTPO PpPa3BUBACTCH.
[lpemiaratorcss HOBbIE HEMapaMETPUUECKUE CTATHCTUYECKHE OLEHKH U
kputepun [129], B 4YacTHOCTH, OIEHKH IUIOTHOCTH B MPOCTPAHCTBAX
npou3BosibHOW Tpupoabl [130] u mporHocTHYeckas cuila Kak IOKa3aTellb
KadecTBa aaroputma auarHoctuku [131]. PaspabareiBaroTcs TUarHOCTUYCCKHE
npaBuia Ha OCHOBE MH(POPMALIMOHHOTO paccoriacoBaHusi KynwOaka-Jleitbnepa
[132, 133], mno3BoisAOIMKE TOBBICUTh HAJACKHOCTH PCIICHHS  3ajad
pacnio3HaBanus oOpa3zoB [134]. IlpemtoskeHbI METOIbI  KjacTepU3aIUs
CIOHTAHHBIX TocienoBareabHocTel [135, 136], nmpuMeHsIeMbIX IJIs ONMUCAHHS
TIOBEICHHUSI noTpeouTeneit B MapKETUHTOBBIX UCCJICIOBAHMSIX.
Pa3zpabaTpiBaloTCsi MaTeMaTHYeCKHe METOAbl KJIACCU(PUKAIMH TEKCTOBBIX
nokymentroB [137, 138]. [lambHeifinee pa3BUTHE TMOJyYWIa KOHIICIIIIHS
YCTOMYMBOCTH KJIacTepa Kak KpuUTepus ero ectectBenHoctd [139, 140].
[Tomy4deHbl HOBBIE pe3yNbTaThl B 00JACTH CHUCTEMHO-KOTHUTHUBHOTO aHAJIM3a
nzo0pakenuit  [141]. CymectBenno mnpoaBunyto [142] pacrno3HaBaHue
O0BEKTOB TIO TYNMUKOBBIM TecTopam (cMm. [97]). M3 pabor mnpukiamHOM
HANpaBJICHHOCTH OOpaTUM BHHMAaHHWE Ha MPOrpaMMHOE oOecTeucHHe
WHTEJUICKTYaJIbHOTO aHaIn3a CIEKTPaIbHBIX JaHHbIX [143], mpuMeHeHHH
METOZIOB KJIACCH(PMKAIIMKA TPH TOCTpoeHUH XpoHonoruu [144] wu mpu
BBISIBJICHUH 3aKOHOMEPHOCTEH pacrio3HaBaHMs COIMAIbHBIX KaTteropui [145].

CocTosiHHE W  TEPCIEKTUBBI MAaTEMAaTHYECKHMX METOJOB  TEOPHH
kiaaccupukanuu oocyxaarorcs B [146, 147]. BoJBIIMHCTBO 3THX METOOB
OCHOBAaHO HAa WCIOJB30BAaHHU pACCTOSHHUU (TOKa3aTenel pasiuyusi) MEKIy
00BEKTaMH, a MOTOMY BXOZST B CTATUCTHKY OOBEKTOB HEYHCIOBOW MPHUPOJIBI
[148]. IlyTh K MOCTPOCHHMIO OOIIMPHOTO Kjacca HOBBIX MAaTEMaTHYECKHX
METOZOB  TEOPHH  KJIACCU(PHUKAIMM  OTKPHIBACT  CHUCTEMHAas  HEYeTKas
UHTepBaibHas MareMaTrka [149]. 3aciyKuBaeT JalbHEHIIIEro pa3BUTHSA METOJ
KOTHUTHBHOM KJacTepu3alud, OOOCHOBAaHHBII B CHCTEMHO-KOTHHUTHBHOM
aHaM3¢ ¥ PCAM30BaHHBIA B €ro MPOTPaMMHOM HWHCTPYMEHTapUU —
UHTCIUICKTyallbHOM crucTteMe «Dimoc» [150]. B srom MeTone, B 4acTHOCTH,
KPUTEPHiA CXOJICTBA OOBEKTOB KIACTEPHU3AIMH - HE €BKIIMIOBO PACCTOSHUC WIIH
ero BapUaHTBl, & WHTETPAIBHBIA KPUTCPUH HEMETPHUECKOW TMPHUPOIBI -
«CYMMapHOE KOJUYECTBO WH(POPMAIIHH.
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