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AHHOTauusA

Pa3BuTre MHOTOIMPOIECCOPHON BBIYMCIUTEILHOW TEXHUKH W MAPAJICIbHBIX BBIYMCICHHUHA JeacT
aKTyaJbHBIM PEIICHUE 3aJa4 ONTUMHU3AIMOHHOTO aHanu3a. ONTHMH3AIllMOHHBIA aHAJIW3 OCHOBAaH Ha
MacCcOBOM pCIIEHHMH OOpaTHBIX 3aJady TMPU HW3MEHSAIOIMUXCS B ONPEICICHHBIX JIUara3oHax
OTPECISAIONIMX IMapaMeTpax pacCMaTPUBACMOro Kiacca 3ajaad. Pe3ylbTaThl MOJAOOHBIX BBIYUCICHUI
MIPEJICTABISIOT COO0N MHOTOMEpPHBIE MACCHBBI, Pa3MEPHOCTh KOTOPBIX COOTBETCTBYET KOJIHYECTBY
OTIPE/ICISAIONINX TapaMeTPOB. DTU MACCHUBBI HYXJAIOTCS B 00pabOTKE M BU3YaJbHOM NPEICTABICHUU
JUTSl aHalM3a MaHHbIX. s aToro HeoOxoauMa ob1ast cxema paboThl ¢ TOAO0OHBIMY TaHHBIMHU.

B pabote paccmarpuBaroTcsi mpoOiaemMbl 00pabOTKH M aHajdn3a MHOTOMEPHBIX 00BEMOB YHCIIOBOM
nH(pOpMaIUK, 3aJJaHHBIX B BHJ€ MHOTOMEPHBIX MAacCHBOB. MHOTOMEpHBIC JaHHBIE B JIaHHOW padboTe
paccMaTpuBalOTCs KaK YMCIICHHBIE PEIICHHS 3aJad ONTHMH3AIMOHHOTO aHaln3a W OOpaTHBIX 3a/1ad
BBIUMCIIUTEILHON MEXaHHUKH JKUJKOCTH U Ta3a, MOJTyYeHHBIC B MPOLECCE MapaIeIbHBIX BBIUYMCICHUN.
Omnmcana cxema 00pabOTKH M aHaIHM3a JAHHBIX C MPUMEHEHHEM METOJIOB BH3yalu3anuu. [IpuBogurcs
npUMep TNPHUMEHEHHsS CXEMbl aHajdu3a K KOHKPETHOM 3ajade O JIOKaJH3alud MPOCTPAHCTBEHHO-
BPEMEHHBIX CTPYKTYp MPH B3aUMOJICHCTBUH HECTAIIMOHAPHBIX TOTOKOB.

Knroueewle cnosa: ananuz MHO2OMEPHbIX OAHHBIX, 3A0a4U ONMUMU3AYUY, 0OpamHble 3a0a4l, Memoobl
gu3yanu3aAyUU

1. BBEAEHUE

CoBpeMEHHOE pPa3BUTHE BBIYHUCIUTEIHHOW TEXHHKH W BO3MOXKHOCTH pEAIM3allMU BBHIYHUCIICHHUNA B
napajjielbHOM pEeKUME TO03BOJIIIOT — pemarb Bce Oonee MacmTaOHbIe 3aaud  YHCICHHOTO
MOJICIIUPOBAHUS B MEXaHUKE )KUIKOCTHU U raza. Tak, Bce Oosiee BOCTPEOOBAaHHBIMU CTAHOBSITCS PAcUEThI
HE TOJBKO MPSMBIX 33/a4, A€ TpeOyeTcs: MOACTUPOBATh SIBJICHUE MPU U3BECTHBIX MCXOJHBIX JaHHBIX,
HO W pacyeThl 00paTHBIX 3334, TJe HEOOXOIUMO ONPEACTHTh MPH KaKUX ONPEACISIONINX TapaMeTpax
BO3HUKAET TO WJIM WHOE SIBJICHUE. Takas MOCTaHOBKA TPeOYeT MHOTOKPATHOTO PELICHUS MPSMBIX 33134
U pEUIeHUs 3aJaud ONTHUMH3AIMOHHOTO aHaiu3a. VTOroBHIM pemieHHeM MOJOOHBIX 3a/ad CIIy)Katr
MHOTOMEPHBIE MACCUBBI JUCKPETHBIX BEJIHYWH, BBIPAXKAMOIINE 3aBUCHUMOCTh HCKOMOW (DYHKIIUH
(ympaBiisiroIiero mapamerpa) oT ONpeAeSIONX MapaMeTpoB paccMaTrpuBaeMoil 3agauu. [lomydeHHbIe
TaKUM 00pa3oM MHOTOMEpHBIE YHUCICHHBIC PE3YIbTAaThl HY)KIAI0TCS B 00pa0OTKe U aHAIIU3E.

M3HayampHO METOJIbI aHAIM3a JAHHBIX OBLIM OPUEHTHUPOBAHBI B XOJ€ UCTOPHUECKOTO PA3BUTHUS HA
00paboTKy pe3ynbTaToB (PU3WYECKUX M WHXCHEPHBIX JKCIIEPUMEHTOB, a Takke Ha 00paboTKy



pE3yabTATOB CTATUCTUYECKUX HaOMroAeHu. PeanbHbie (hU3HUECKHE KCIIEPUMEHTHI MPOBOMINCH B
TpexMepHOM mpocTpaHcTBe. [loaToMy MeTOobl, NpeaHa3HA4YeHHbIE JUIsI pabOThl C OJHOMEPHBIMU,
JBYyMEPHBIMH W TPEXMEPHBIMU pe3yiabTaTaMu, OTpaboTaHbl U oOmen3BecTHbL. [lo Mepe pa3BuUTHS
BBIYMCIIUTEIBHBIX MOIIHOCTEH M aJrOPUTMOB CTajl0 BO3MOXKHO 00padaThiBaTh OTPOMHBIE MAaCCHUBBI
JTAHHBIX HAOIOIEHUH U SKCIIEPUMEHTOB B Pa3IMUHBIX o0nacTsaX. CTaay BO3MOXKHBI PELICHHS 0OpaTHBIX
Y ONTHMHU3AIMOHHBIX 33J]a4, KOTOPHIMU CTaJIdi MHOTOMEPHBIE MAaCCHBBI, BBIPKAIOUINE 3aBUCHMOCTH
VIOPaBISIOMKUX  [apaMeTpoB B MHOTOMEPHOM  IPOCTPAHCTBE  ONPEICNSIONUX  [1apaMeTpOB.
[TorpeGoBanuch HMHCTPYMEHTHI, MO3BOJIAIONIME AHAIU3UPOBATh JAHHBIE, pEAM30BaHHBIC HE B
TPEXMEPHOM, & B MHOTOMEPHOM IPOCTPAHCTBE.

3a mocneaHee NecATHIIETHE aHAJTU3 MHOTOMEPHBIX JaHHBIX CTal OJHUM M3 OCHOBHBIX HaIpaBICHUM
MPUKJIATHOW MaTeMaTUKH, AKTHBHO pA3BUBAMOIIMMCS W TPUMEHSIONIMMCS TPAKTUYECKH BO BCEX
obnacTsx wuccneoBaHuil. AHaiM3 MHOTOMEpHBIX MaHHBIX (AMJ] mmum MDA — Miltivariate Data
Analysis) sBnseTcss onHOW W3 HamOoJjee MOMYISIPHBIX M BOCTPEOOBAHHBIX MEXIUCUIUTLTHHAPHBIX
obrnacTeil 3HaHWS ¥ aKTUBHBIM HHCTPYMEHTOM CHHTE3a PAa3IMYHbBIX TUCIUTLIINH [1].

Ha mnepBbiXx mopax WHTEHCHMBHEE BCEro HWHCTpyMeHTHI AMJl pa3BuBajinch B MPHUKIATHON
AHATMUTHYECKOW XUMHH. FIMEHHO MOATOMY MOSBUJIOCH Apyroe odimiee Ha3BaHue 1 MetogoB AMJI —
xemomeTpuka (chemometrics).

CerogHsi WCClEIOBaHUE MHOTOMEPHBIX aHHBIX SIBIISIETCS KIIFOUEBBIM Pa3JelioM COBPEMEHHOM
MaTCTATUCTUKHU, AHAJTUTUYECKOW XMMHH, SKOJOTHUYECKHX M Treorpapuueckux HcciaenoBaHuil. MeTomabl
AM/I ucnonb3yrTCcs B DKOHOMETPUKE NMpH aHaIM3e (UHAHCOBBIX M DKOHOMHYECKUX IOKa3aTesei, B
MICUXOMETPUU TPH aHAIMU3€ PE3YyIbTATOB ICHUXOJIOTHUYECKUX ONPOCOB, B OMOJOTHU U MEIULUHE MPHU
o0paboTke pesynbraroB HaOmoneHwit. [Ipu co3manum 6a3 maHHbIX u pazpabotke CYBJ] meronbr u
anroput™Mbl  AMJ] UCHONB3YIOTCS Ui CO3JaHHMS MATPUYHBIX OINEPATOPOB, MPEAHAZHAYCHHBIX IS
00pabOTKHN JaHHBIX, Pa3MEUICHHBIX B MHOroMepHOM Buje. OnHUM U3 Hanbojee M3BECTHBIX METOJI0B
aHallM3a MHOTOMEPHBIX JAaHHBIX SIBIISICTCSI METOJ TJIABHBIX KOMIIOHEHT M €ro 000OmeHus st
HENMHEWHBIX ciay4daeB [2]. MeToasl aHanM3a MHOTOMEPHBIX JAHHBIX PEAIU3YIOTCS B TECHOM
B3aMIMOCBSI3H U B3aUMOJICHCTBUU C METOIaMH (PaKTOPHOTO U KJIIaCTEPHOTO aHanmu3a [3].

B 3amauax ~ MeXaHUKM CIUIOIIHBIX Cpel W BBIUYMCIUTENBHONM (U3HUKH, TPEANoararoiux
ONTHMHU3ALMOHHBIA aHAaNN3 SBJICHUW, aHadU3 MHOTOMEPHBIX JAaHHBIX TO3BOJSIET HAXOIUTh
ONTHUMAJIbHBIE YCIIOBUS BO3HUKHOBEHHUS (DU3MUYECKOTO SIBICHUS B MHOTOMEPHOM MPOCTPAHCTBE
OTIpeIeNIAIONIMX TapaMeTpoB 3aj1auu [4].

CymiecTByeT MHOXECTBO pa3HbIX ompeneneHnii AMJl, NUKTyeMbIX KOHKPETHOW OO0JIaCThIO H
LEeIsIMU HAy4YHOTO HCCIIEJIOBAHHUS, MHCIOJIb3YeMbIMH alIropuTMamMu U T.I. B Hamem ciyuae, rae
UCTOYHMUKOM MHOTOMEPHBIX JaHHBIX CIIy)KaT peIIeHus 3a7ad ONTUMH3AIMOHHOTO aHaju3a
HECTAllMOHAPHBIX MPOIECCOB MEXAHUKHU KHUJIKOCTH U ra3a, UCIOJIb3YeM CJeIyIolee OnpeesieHue:

«AHaIM3 MHOTOMEPHBIX IaHHBIX — 3TO COBOKYIIHOCTh METOJIOB W QJITOPUTMOB, MO3BOJISIOIINX
MOJyYUTh MaKCHMAaJIbHO BO3MOXKHYIO HH(OPMAIIMIO O MAacCHBE YHMCIIOBBIX JaHHBIX, PACIIOJIOKEHHBIX B
HEKOTOpOH 001aCTH MHOTOMEPHOI'O IIPOCTPAHCTBAY.

Takoe ompeneneHue MO3BOISAET (HOpPMyTUpOBaTH 3amady B Oosiee oOmemM Buiae U H30€kKaTh
OTpaHWYEHMM, HaAKJIA/JbIBAEMbIX MCIIOJIb30BAHUEM KOHKPETHBIX METOJIOB, pellaeMod 3ajgadedl u
MPOYHMH MOTOOHBIME (aKTOpaMH.



2. OBIIASA ITOCTAHOBKA 3AJAYN AHAJIM3A MHOT'OMEPHbBIX TAHHBIX

Paccmorpum dyukiuio F(Q), 3anannyro auckperHeiM 00pasoM B o6macti (Q | pacmosiokeHHoOMH B

n-mepaom mnpocrtpanctee X". Ilpocrpanctso X" 3amaHo ¢ MOMONIBI0 KOHEYHOIO MHOYXKECTBA
oproroHanbHbIX BEKTOPOB X = (X5 X;seeey X, ). MHOrOMEpHBIE JAHHBIE — 3TO YUCIOBBIC 3HAUCHHUSI

ynkuun F (L)), 3anannbie B TOYKaX N-MEPHOTO MPOCTPAHCTBA (XyyXpgeees X, ). [Tt OmpemeseHust

paccrosuus B mpoctpanctee X" BoiOMpaercs Merpuka. Jlanmee OyjaeM mOpeamonaraTb B KauyeCTBE
METPHKH OOBIYHOE EBKJIMIOBO PACCTOSHHUE.

Takum 06pa3oM, MHOTOMEPHBIE [aHHBIE IPEICTABIAKT CO0OM HAaOOp YHMCIOBBIX 3HAYEHUH,
saganubiil B Toukax oonact Q:  F(Q) = F (X, X59ee05X,,) -

3amaya aHaju3a MHOTOMEPHBIX JaHHBIX B 3TOii MocTaHOBKe GOpMYJIHpYeTCs KaK MOJy4eHHne
MAaKCHMAJILHO BO3MOXKHOH HH(popMaunuu o cBoiictBax ¢ynxkuun F(Q) u ee mosexenuu B

oGaacru Q.

Boo06mie mpobiema aHanu3a JHOO0BIX YUCIOBBIX JAHHBIX (B TOM YHCIIC U IS CTAaHAAPTHOTO YHCIIa
U3MEPEHUI — OIHOMEPHBIX, JBYMEPHBIX M TPEXMEPHBIX) B OOIIEM CiIydae pealn3yeTcs MO CXeMe,
npejacTaBiieHHON Ha puc. 1. CHavana nmpoBoauTces obmias 00padoTKa JaHHBIX — 71l TOTO, YTOOBI UMETh
0011yr0 HHGOPMALMIO O JAaHHBIX B 06nacT {) BBHIYKMCISAIOTCS TII00ANLHBIE MAHUMYMbI U MAKCHMYMBI
MCKOMOW (PYHKIIMH, JOKAJIbHBIE MUHUMYMbI 1 MAaKCUMYMBI 110 KOOPJAMHATHBIM HAMPABICHUSM, CPEITHUE
3Ha4YeHUs! PYHKIMH U TUCTIEPCHS 110 HAIIPABICHHUSM:

Ora wHpOpMAIHS MMO3BOJISIET HaM MOJXYYUTh MEPBHYHOE MpPEACTaBICHHE O TMOBEACHUH (QYHKIHH
F(Q) B obnactu onpenenenuss u, B ciydyae HEOOXOAMMOCTH, MPOBECTH HOPMHUPOBKY (GYHKIMH,

HYKHYIO JUI JAIbHEHIINX JCHCTBUN.
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MpeaCTEENEHHA JaHHbIX

Auanumi-eckan dopeka
NpeACTIRARHHA EHHLIY

Puc.1. O0mas cxema aHaIM3a YHUCIOBBIX JaHHBIX

Crnenyromasi cragusi — 3TO NPEICTAaBICHUE HCCIEAYeMbIX JaHHBIX B rpaduueckoit ¢opme c
IIPUMEHEHUEM BCEX [OCTYIHBIX MCCIEAOBATENI0 CPEACTB BHU3yalu3alMHd. B ToMm ciydae, eciu 3TO



BO3MOJXKHO, TO TIIPOBOIMTCS TIONBITKA TNPEACTABICHHS IMONYYEHHBIX TI'€OMETPHYECKHX (OpM B
AHAIUTUYECKOM BHJE, T.€. 3aJaHHBIMM B BuAe (GopMyin. I[lo cyTH, mONydeHME aAHATUTUYECKON
3aBUCUMOCTH I JI00OK paccmMaTpuBaeMod B maHHOM mocranoBke ¢ynkuum F(€) ssasercs

KOHEYHOH IIeNIbI0 aHaau3a AaHHbIX. i1 peanu3anuu 3TOW Ledr MOXXHO MPUMEHHUTH anlpOKCUMAIUIO
TEOMETPUYECKIX (OPM C TIOMOIIBIO TPOCTBIX TEOMETPHUYECKUX DIIEMEHTOB — JIMHUMN, TUIOCKOCTEH,
y4acTKoB cep u T.1.

ByneM Ha3bIBaTh CTAaHIAPTHBIMU TE CIIy4aH, IIe KOIMYECTBO u3Mepenuil B <3, T.e. 0fHOMEPHEIE,
JIByMEpHBIE U TpeXMepHbIe. I cTaHAapTHBIX CIy4aeB CIIOCOOBI pealln3allii CXeMBbl, IPUBEICHHON Ha
puc.l, oOmien3BecTHbl. Pa3nuuHble TUIBI rpagUUECKOr0 MPEACTABICHUS JTaHHBIX IS CTAaHIaPTHOTO
qrciia u3MEPEeHUH MoApoOHO OnucaHbl B [5].

Jamexko He Bcerga OONIIYI0 CXeMy aHaiW3a JaHHBIX MOXKHO pEajn30BaTh MOJHOCTBIO — JIO
MOJIYYCHHs] AHAJIMTUYECKOTO BBIPAKCHHS, KaK HalNpuUMep, IaHHBIC, COOTBETCTBYIOIIUE CHIIBHBIM
kosneOaHusiM. Il TakWx ciydaeB CYIIECTBYIOT OTpaOOTaHHBIE METOJbI CTATUCTHUYECKOTO aHan3a,
MO3BOJIAIONINE pa0dOTaTh C YCPEIHEHHBIMU XapaKTEPUCTUKAMHU.

Pasymeercsi, oOmias cxema aHanu3a JaHHBIX, NPUBEICHHAS HAa pHUC.l, OMHCHIBAECT HICATbHBIN
BapuaHT. Jlaneko He Bcerga rpaduyeckas ¢opma MpenCTaBICHUs TAHHBIX MOXKET ObITh BBIpAXKCHA B
AHAJIMTHYECKOM BHJE. bBoiee Toro, naxe Juis Clydas CTaHAApTHOrO 4Ymciaa usMepenui Hm<3,
MPEJICTABJIICHUE JAaHHBIX B IpadUuecKOM BHJIE MOXET OBbITh HM3PAIHO 3aTpyqHEHO. Tem He MeHee,
BBILIETIPUBEICHHASI CXeMa SIBJISIETCS OCHOBHBIM MYTEM aHau3a JAaHHBIX, K Pealu3allid KOTOPOro Hajio
CTPEMMThCH.

JIst cTaHAapTHOTO YMCiIa M3MEPEHHUH peanu3aius o01ei cXeMbl aHalln3a TaHHBIX BO3MOYKHA JIUIIb
MOTOMY, YTO YEJIOBEK, CYIIECTBYS B TPEXMEPHOM IPOCTPAHCTBE, OOJANaeT YKIIAIbIBAIONTUMUCS B
CO3HAHHME TEOMETPUYECKHUMH 00pa3aMu W MPEACTABICHHUSIMH JUIsI IPOCTPAHCTB C YUCIOM H3MEpPEHUI
n<3. Jlnd MHOrOMEPHBIX MPOCTPAHCTB C YHCIOM HU3MEPEHHMHA M >3 MOHOOHBIX I'€OMETPUUYECKHX
oOpa3zoB y uenoBeka HeT. CrefoBaTeNbHO, HE HMMEETCS W HAJIEKHBIX METOJIOB TIpapuIecKoro
MPEACTABICHNUS JAaHHBIX B MHOTOMEPHOM IPOCTPAHCTBE, KPOME MPOEHUPOBAHMS BO BIIOKEHHBIE
MPOCTPAHCTBA CO CTAHJAPTHBIM YMCIIOM H3MepeHui. Takum oOpa3oMm, MPH OTCYTCTBHUU BO3MOKHOCTH
peanu3oBaTh OOIIYI0 CXEMYy aHaliM3a JaHHBIX, JUIS CIydaeB MHOTOMEPHBIX MPOCTPAHCTB OCTAIOTCS JBa
OCHOBHBIX HANpaBJICHUS UCCIIEIOBAHUS JAHHBIX:

- METOJIbl W TMOJXOJbl, MO3BOJAIONINE MOHU3UTH PA3MEPHOCTH HMCCIEAYEMOIO MPOCTPAHCTBA 10
CTaHJApPTHOM;

- MOMBITKH TOCTPOCHUS] BU3YaJIbHOW KOHUEIMIMH JJi MPEICTaBICHUS] MHOTOMEPHBIX JaHHBIX B
rpau4ecKkoM BUJIE.

3. OITUMU3AIIMOHHBIE 3AJTAYN KAK UICTOYHUK MHOI'OMEPHBIX TAHHbIX

B nmanHOM pazgene paccMOTpuUM OOIIYI0O IOCTAHOBKY 3a7aud ONTHUMH3AIMOHHOTO aHaJIM3a
HECTAIIMOHAPHOTO Ta30JMHAMHUYECKOT0 IMPOIEcca U AITOPUTM €€ pelIeHHUs, (POPMHUPYIOIIUE B BUIE
YHCIEHHOIO pPEe3y/lbTaTa MACCUB MHOTOMEPHBIX NaHHBIX. Takke paccMOTpuUM HamOojee MpOoCTod u
53¢ (eKTUBHBII BapuaHT pacrnapajieIMBaHus JaHHOTO aJrOpUTMa.



[IpennonoxxuM, YTO LENbIO YHUCIEHHOTO UCCJIENOBAaHUSA  SIBISETCS M3YyYE€HUE  YCIOBUH
BO3HHKHOBEHUS] HEKOTO COOBITHS, pEaU3yIOIIerocs B HECTAIMOHAPHOM Ta30MHAMUYECKOM IIpoIiecce.
CoObITHEM cuMTaeM TO, 4YTO MHTEpPECYeT WCCIENOBATeNs], HaImpUMep, BO3HUKHOBEHHE HOBOM
MPOCTPAHCTBEHHO-BPEMEHHOM  CTPYKTYpbl (OTPBIBHOW 30HBI, BHXpS), JOCTHXKEHHE H3y4yaeMoil
BEITMYMHON OTPEIeTICHHOTO 3HAYEHUS, JOCTHIKEHUE YaCTUIICH ONIPEIeTICHHOM TOYKH B CYETHON 00JIacTH
U T.II.

Ha npakrtuke, ucciemysi ¢ MOMOIIbIO YMCIEHHOTO WJIM 3KCIEPUMEHTAIBHOTO MOJEIMPOBAHUS TO
WM MUHOE SIBJICHHE, MBI, KaK MPaBUJIO, 3Ha€M MPUYMHY BOZHUKHOBEHUS SIBJICHUS U YIPaBISIOUIUN 3TOM
MPUYMHON KOJIMYECTBEHHBIN MapameTp (ynpaBisiommuii mapamerp) x. MccnemoBanue CTpeMUTCS K
YUCJIICHHOMY WJIM 3KCHEPUMEHTAIIbHOMY YCTAaHOBJICHHUIO 3aBUCHUMOCTEH YIPaBIISIIOUIETO Mmapamerpa OT
ONPEJEIAIONIUX [AapaMEeTPOB  (Xq,...,X,) 3amaud. IlocTpoeHne TOAOOHBIX 3aBHCUMOCTEH B
KBa3MaHAJIMTUYECKOM HJIM TaOJIMYHOM BUJIE SIBIISIETCS IPAKTUYECKON LENIbI0 UCCIIeI0OBAHMSL.

dopmanu3zoBaHHas TOCTAHOBKAa OOPAaTHOW 3a7auyd BBHIMJSIUT B OOIIEM Ciydae CIEAYIOIIHM
obOpazom:

[IpeanonaoxkumM, 4TO UMEETCS MAaTeMaTUYeCKas MOJIETb HECTAlMOHAPHOIO MPOLEcca U HaJeHKHBIN
YUCIEHHBIA METOA JUIsl pelIeHus 3Toi Moaenu. B 3ToM ciyuyae MBI MOXKEM pemiath MpsIMyIO 331ady
YHCIEHHOTO MOJEIMPOBAHUS HECTALlMOHAPHOTO Iporecca. JJomycTum, 4To B MOJEIUPYEMOM Ipoliecce
IPOUCXOIUT HEKOe coObITHE (sBIeHUE, 3P dekT). Unucnennoe pemenue F = F(x, X;,..., X, ) BbIOpaHHOMH

3amaun (OPMUPYETCST B MPOIECCE MATEMAaTHYECKOTO MOJCIHPOBAHMS U OMPEACISETCS YIPABISIONIIM
[IapaMeTpoM X U KOHEYHbIM HaOOpOM ONPENEISIOIIUX MapaMETPOB 334U (Xq,...,X,) . O003HaAUMM
X =(x,X{5eeeyX,) U BBeHeM @yukyuonan coovimus @(F(X)), KOTOppli Ha pELIEHUU 3aha4u

MPUHUMAET, MOAOOHO JIOTUYECKON IMepeMEeHHOM, ABa 3HadyeHMs: | — eciam coObITHE, WHTepecylolee
WCCIIeJIOBATEISI, HACTYIIIIO (HE3aBUCUMO OT poJia coObITHs) U () — eciu cOOBITHE HE HACTYIIUJIO.

@(F (X)) =0 - coObITHE HE HACTYIMIIO (1)

@(F(X)) =1 - coObITHE HACTYIHIIO.

[Tycte x' - 3HaYeHWE yMPaBISAIOIIETO MapaMeTpa, MPU KOTOPOM HACTYIACT U3y4aeMoe SIBJIICHUE.
Torna o011yt0 MOCTaHOBKY 3a/1a4i MOXKHO 3aucaTh (JOpPMaIBLHO CIEAYIOIUM 00pa3oM:

* *
- HaiiTh  min/(Ax) npu (QUKCUPOBAHHBIX 3HAUCHUSAX OMPEACIAIOIINX HAPAMETPOB (X yeees X, ) s

rae I(Ax) - GyHKIIMOHAM CIeIyroIero Buaa
I(Ax)=1-®(F(X)), Ax=x-Xx )

Takum obOpa3zom, Hamia 3agada (GopMallbHO COCTOMT B MUHMMM3aluHu ¢(yHkiuoHana I(Ax)npu

MOMOIIIM BapHallMM YIPaBIAIONIEr0 MapameTrpa. A B pPeaJbHOCTH, BapbUpys Ax, Mbl JOJKHBI C
PUEMJIEMON TOYHOCTHIO OTHICKATh 3HAYCHUE X', TO €CTh TO 3HAUYCHHE YIPABISIOIIETO MapamMeTpa, mpu
KOTOPOM COOBITHE HACTYyTAET.

* *
MBI HoJTy4aeM OJTHO 3HAYCHHE X'(X| ,e.., X,, ) VIS YIPABISIONIErO NapaMerpa npu GUKCHPOBAHHBIX

onpeaensomux napamerpax. Ho 3amava ucciaenoBanusi COCTOUT B TOM, YTOOBI IOCTPOUTDH 3aBUCUMOCTb
X'(X{yeesy X,,;) JUISL BCEX BO3MOXKHBIX 3HAUCHUI ONpENEISIOMUX napamMerpoB. TakuM o0pa3oM, eClii Ml

uMeeM B JMara3oHe pa3OueHHs KaIOro OMmpeAessroliero mapamerpa M TOYeK, TO IJIi TOTO YTOOBI

* *
HaWTH 3Ha4YeHHsA X' yNpaBISIOLIETO MapamerTpa Ul BCeX HAOOPOB (Xp sy X, ), HEOOXOIUMO PEIIUTH



M" opmoTunHbIX 3am1a4 Buja (2). B pesynbrare permenus 5Toro Habopa 3a1a4 HaXOAATCS BCE TOUKU B
HCCIIElyeMOM IIPOCTPAHCTBE OMPEEINAIONINX TapaMeTPOB, TI€ IPOUCXOIUT COOBITHE.
PaccmarpuBast (Xq,...,X,) Kak HaOOp Oa3MCHBIX BEKTOPOB, MOKHO IPEICTaBUTh NPOCTPAHCTBO

ONIPENEIAIOMHNX MapaMeTpoB L(xy,..., X, ) , AMEIOIIEE Pa3MEPHOCTD A .

Torma B oOmem ciydae 3ajaqyy ONTHMHU3AIMOHHOTO aHadn3a MOXXHO C(HOpMYyIUpOBaTH Kak
HaxOoXXJeHHWEe B TpocTpaHcTBe L Bcex momobiacteit L*, rjie HaOro1aeTcss U3ydyaeMoe COOBITHE, T.C.
(L )=1.

[TormyTHO pemraercs 3a1a4a GUIBTPAIUU TEX TOUYEK MPOCTPAHCTBA ONPEACISIONINX TapaMETPOB, Te
oxumaeMoe coObITHE HE Hactymaer. Henb3ss oxuaarb Tpw  BbIOOpE AHWama3oHa W3MEHEHHS

OTIPE/ICTSAIONINX MMapaMETPOB, YTO UCKOMOE COOBITHE HACTYNHUT B KaKIOW TOYKE BHYTPH BHIOPAHHOTO
nuanasoHa. IlosToMy, ecnM A KOHKPETHOH TOUKH  (Xj,e..,X,) IPOCTPAHCTBA ONIPEIEIISIOIUX
napamMeTpoB JUIsl JTFOOBIX 3HAYCHHWH YIPABIIONIETO IapaMeTpa X, COObITHE HE HACTYIIaeT, JaHHas
KOHKPETHAs TOUKA U3BIMACTCS U3 PACCMOTPEHUS.

OOmwmii anropuT™M pelieHHs 3a/Ja4d ONTHMHU3AIMOHHOTO aHallM3a B ITOCIEIOBATEIIEHOM PEKUME
BBIYUCICHUN TpencTaBleH Ha puc. 2. Ha mpeaBapuTenbHOM 3Tame 3aJaeTcsi CETOYHOE pa3dueHue
npocTpaHcTBa onpeaensomux napamerpos (OI1), popmupyst BceBo3MOkHBIE (UKCHPOBAHHBIE HAOOPHI

* * 3 *
OIT (X geees X, ). Janee B uuKie 1m0 BCeM 3a7aHHBIM HAOOPAM (X geees X, ) I K&KIOTO HAOOpA
MPOBOJIUTCS pereHne oopatHoit 3agaun (O3).

SagaHne PEBEM?HHH no Ha)anpaaneHHHM on
K g K

1 Likn ne saGopam O m
() yeeea ey )
DopMUpoBaHME
MAaCCHBa
pe3ynLTaTos
FeleHwe O3 4nA dukcHpoBadbore Habopa ON | __— ||
X %) yorey Xy } -
C papwauwerd 0 X

l

FPelkeHwe NpAMoR 3agadin Ana QUECHpoBaHHoro |
aHadeHWs X

Puc.2. Cxema IMOCJICAOBATCIIBLHOI'O aJIrOPUTMaA PCIICHUS 3a/la4 OIITUMHU3AIIMOHHOI'O aHalin3a

OOpaTHast 3a1a4a Ui KaX/10ro Habopa peliaeTcs MyTeM Bapualluy YIpaBJsSIoLIero napaMerpa X,
BIUIOTH [0 HAXOKJIEHUS C 3aJaHHOH TOUHOCTBIO 3HAYEHHs X' , T.e. HACTYIUICHHS MCKOMOTO COOBITHA. B
MpOLIECCe BapUallMy YIPABIAIOIIETO IMapaMeTrpa X Ha KaXJAOM IIare pemiaercs mnpsmas 3ajada
MOJICJIMPOBAHMS TPHU 33JaHHOM 3HAa4eHWH X. B pesymbrate paboTel anroputma QGopmupyercs
MHOTOMEPHBIA ~ MAacCHB  pPE3YJIbTAaTOB, MPEICTABIAIOIMINANA  COOOW  JUCKPETHYIO  3aBUCHUMOCTH



’
X'(X)seees X,,) . Jlasice kK MaccuBy pe3yabTaTOB MOTYT MPUMEHSTHCS METOBI 00PabOTKH MHOTOMEPHBIX

JaHHBIX, PACCMAaTPHUBAEMBIE B CIIEAYIOLIEM pa3fce.
JlaHHBIN aNTOPUTM B LIEJIOM IIPEIOaraeT peleHrue O4eHb OO0IBIIOro KOJINYecTBa 0OpaTHBIX 3a/1a4

yucieHHoro moaenauposanus (M"), xaxkaas ¥3 KOTOPBIX ITPEAINONAraeT, B CBOIO OYEPEb PELICHUE
O0JIBIIOr0 KOJMYECTBA MPSIMBIX 33/1a4. DTO OOCTOSTENBCTBO JIENAET PEATU3aLHUI0 BBIIIEH3TI0KEHHOTO
alTOpUTMa BEChbMa 3aTPyJHHUTENBHOW C TOYKM 3PEHHUS BPEMEHHBIX 3arpar. ECTecTBEHHO B JaHHOU
CUTYaIlH IPUMEHUTD NapajlIeIbHBIC BBIYHCICHHUS.

PaccMoTpum Hambosiee WHTEpECHBIC Y3JIBI IS paclapaIeNMBaHUsS JaHHOTO alTrOpUTMa,
BBIJICJICHHBIE HAa pHC. 2 PUMCKUMHU IHdpamu. Byaem oOleHHMBAaTH NPUTOJHOCTH JAHHBIX Y3JIOB K
pacmapajijieIMBaHUIO0 TPEXKJIE BCEr0 C TOYKH 3PEHHS WHBAPHAHTHOCTH WM HE3aBUCHUMOCTH OT
KOHKPETHOTO aJrOPUTMa, PEaH3yeMoro B IaHHOM y3iie. B mepByto ouepenp — 3TO alNropuT™M perieHus
NpsIMOM 3a7auu MateMaTudeckoro mozenupoBanusi (I) mpu 3amanHOM 3HaYeHun X . JlaHHBIA y3en
MOJIHOCTBIO 3aBHCHT OT KOHKPETHOTO AJTOPUTMA PEIICHHs MPSIMOW 3aJa4yd, a 3TOT AJITOPUTM MOXKET
OBITh HEMPUTOJIEH U pacnapajyienuBaHus. VIMEHHO Takod BapHaHT anroputMa (HesBHAsh KOHEYHO-
pa3sHOCTHAs CXeMa) HCIOJIb30Baics B paboTe [4] Aisl KOHKPETHBIX pacueToB. Bropoil y3en — 310
opraHuzanus pemieHus: oopatHoit 3anaun 1y puxcupoannoro Hadopa OII (II). On cBoaAHMTCS K TOUCKY
3HaueHHs X' C 3aJaHHOM TOYHOCTBIO. 37leCh TAaKKe MMEETCS 3aBHCHMOCTH OT BBIOOpAa KOHKPETHOTO

’ o
alrOpUTMa MOWCKa X . 3aTO TPETHH y3ell IOJTHOCTHI0O WHBAapUAHTEH M 3/IeCh BHE 3aBUCHMOCTU OT
QITOPUTMOB BO3MOXKHA OpTraHM3alMsl IMapaJICIbHBIX BBIYUCIEHUH OJHOTUNHBIX O3 ¢ pasHBIMHU
¢ukcupoBanabpiMu Habopamu Ol mo npuniMny «oauH Bapuadt OIl — onun poueccopy» (Puc.3.).

Sapgarwe pazbuerns No Hanpaeneswsm O,
SafadHus uucna npedsceopos K

-

o oh

Puc.3. [TapanienbHbiil BapuaHT pPelieHus 3a/1a4ud ONTUMHU3aIIMOHHOTO aHau3a

B cuny toro, uro mporeccsl pemenus O3 mpoucxoast paxtudecku 6e3 oOMeHOB HH(OpMaIuen
MEXKJIy TMpOILECCOpaMH, pacHapayieIMBaHue 3]IeCh CBOAUTCS K OpraHM3aluu HHTepdeiica,
YIPABIISIOIIETO paclpeieieHHeM BapUaHTOB IO MpOIleccopaM M COOpOM JaHHBIX B €MHBIA MacCHB
PE3yNbTaTOB.

JlaHHBIN BapWaHT SIBJISIETCS HauOOJee JIETKUM B peali3allid M TO3BOJSET YCKOPUTH pPacdeT BO
CTOJNILKO Pa3, CKOJIbKO IIPOLIECCOPOB MOXET OBITh BBIAEICHO OIHOBPEMEHHO. TakuM o00pa3om,
UJCOJOTHs TAapaUIeIbHBIX BBIUYUCIEHUH B JaHHOM Ciydyae NPUHUMAaET (HOpMy «MHOT033Ja4HOTO
napaenu3mMay. TakuM o0pa3oM, opraHu3alus PEeHIeHUs] pacCMaTPUBAEMON ONITUMH3AIMOHHON 3a1a4n
B MMapajUIeIbHOM PEXHME IMO3BOJIET OBICTPO U APPEKTUBHO MOIYYUTH TUCKPETHYIO 3aBUCHUMOCTH



’
YIPABISIONIEr0 MapaMeTpa OT ONpPENENAIONNX [apaMeTpoB 3a1audl X (XjgesssX,) B BHIE
MHOT'OMEPHOT'O0 MAaCCHBA.

4. OGPABOTKA MHOI'OMEPHOH UH®OPMAIIUH

[Tosry4eHHBIIT MHOTOMEPHBI MAaCCHB JIaHHBIX B MCXOJIHOM BHJIE HE MOXKET OBITh MUCTOJIB30BaH IS
aHaM3a coJeprKaiieiics B HeM HaydyHoW nH(opmaruu. OH HY)KIaeTcsl B IpeIBapUTEILHON 00paboTKe.
Jiist 4ucna u3MepeHui, mpeBbILArNero crangaprtaoe (1>3), oblas cxema aHaIM3a YUCIOBBIX
JAHHBIX PUOOPETAET BHI, IPEACTABICHHBIN HA pUC. 4.

Macouwe yncnossly
BaHHBIX

i

Dbwan obpaboTka

KnacrepraRiWa,

AAHHBIX Mk ke
PAIMERHOCTHA
Mpachpmueckan dropma

ApeacTARNEHMA AAHHLIX

AHanwTHuyeckan gropma
NpefcTaBNeHnA SaHHLIX

Puc.4. OGmias cxema aHann3a JaHHBIX OOJIBIIION Pa3MEPHOCTH.

OCHOBHBIM OTJIHYHEM OT OOIIEH CXeMbl aHAIM3a JaHHBIX, IPEICTABICHHOM Ha puUC. 1, ABISETCA TO,
9TO JJISL TIepexojia OT CTaauM O0mei 0OpabOTKHM MAHHBIX K CTAJAWH BHU3YyaJIbHOTO MPEICTABICHUS B
cllydae MHOTOMEPHOCTH HEOOXOAMMO MPEANPUHUMATH OIPEICIICHHBIC [Iard 0 JJIOMOJTHUTEILHON
00paboOTKe JTaHHBIX.

B o6mem ciaydae cHadanma HEOOXOJMMO TPOBOAUTH TMPOLEAYPY KIACTEPH3AMUA C IENbIO
YMEHBIICHUS WIH pa30ueHHsl paccMaTpUBAcMO 00JacTH MHOTOMEPHOTO MPOCTpaHCTBA. Ta
poIieypa MO3BOJISIET BBIACIMTH HauOoOJee 3HAYMMbIE MOA00JACTH M SIBISCTCS HEOOXOIMMOM IpH
aHaJM3e CIIA0OCTPYKTYPUPOBAHHBIX JAHHBIX (PE3yJIbTATOB ASKCICPUMEHTOB WM HaOmroneHwi). B
ClTyJasix, MOJA00OHBIX PAaCCMAaTPUBAEMOMY, KOT/Ia TOYKH MHOTOMEPHOTO IPOCTPAHCTRA 3aIAI0TCS 3apaHee
C MMOMOIIIBIO CETOYHOTO pa30MEeHNUs, MPOBEACHUE KIIACTEPHU3AIINN HE SBIISIETCS HEOOXOUMBIM.

B pabore [4] paccMaTprBaIMCh COBPEMEHHBIE TIOMBITKA MOCTPOCHUST BU3YAIbHOW KOHIICTIIIUU IS
[PEJCTABICHUSI MHOTOMEPHBIX JaHHBIX, & TaKXKEe OTMEYAIOCh OTCYTCTBHE HAa CETOMHSIIHUN JCHb
aJICKBaTHOTO M HAJCIKHOTO crocoba MmoJo0HOr0 BH3YyalbHOTO mpejcraBieHus. ClenoBaTenbHO, s
aHajM3a HHQOPMAIIMH, COAEPIKAIIEHCS B MOJYIEeHHOM MHOTOMEPHOM MacCHBE HEOOXOAWMO MOHU3HUTH



pa3MepHOCTh MaccuBa. PaccMoTpuM Hanbosee pacpoCTpaHEHHBIE TPAKTUYECKUE CTIOCOOBI MTOHKEHUS
Pa3MEpPHOCTH.

PaccmarpuBaemble criocoObl OCHOBAHBI Ha aHAIM3E TUCTIEPCUI JTAHHBIX MAaCCUBA M0 KOOPAMHATHBIM
HaMpPaBJICHUSIM WM HAXO0XKJIECHUH B H3y4aeMOM MHOTOMEPHOM MPOCTPAHCTBE BEKTOPA, MO HAMIPABICHUIO
KOTOPOTO JUCIIEPCUS] MAKCHMMalbHa (METO/] TJIaBHBIX KOMITOHCHT).

[epBorit croco® mpenacraBisier co00M TOWUCK KOOPIWHATHOTO HANpPAaBICHHS C HAUMEHBIICH
mucnepcueit. CorjacHo oOIIe cxeme aHalu3a JaHHBIX B Mpollecce oOmieil oOpaboTKH JTaHHBIX
BBIYUCISIOTCS cpeiHue 3HadeHus Gpyukuuu S; u qucnepeun D; no xoopausatHbiv HanpasiaeHusm. C

MOMOINBIO MOJYYECHHOTI'O Ha60pa D19D2""Dn HaxoJuM KOOpAWMHATHOE HaIlpaBJICHUE _] C

HauMeHblIel aucniepcueil nanubix Dy, = min{D;}. lanee nposepseM BbBIIOIHEHHE CIEAYIOLIETO

YCIIOBHS:
D; =D, << D;,Vi# j
WIIN 3)
D;=D;, <e*D;,Vi#j,

rae & - Majas BEJIMYMHA, 33aBaeMasl [10JIb30BATEIIEM.
Ecnu ycnosue (3) BBINONHAETCS, TO IO KOOPIAUHATHOMY HAIIPABJICHUIO j 3HAYEHHUS MCCIETyeMOM

(QyHKIMM 3aMEHSIOTCS HAa KOHCTAHTY, PABHYIO CPEIHEMY 3HAYEHUIO (DYHKIUH 110 3TOMY KOOPAMHATHOMY
HATPaBIeHUIO S .

Wuadye roBOps, Mbl BBIUMCISAEM JUCIEPCHU 110 BCEM KOODAMHATHBIM HAIpaBJIEHUSIM, BLIOUpAEM
HAaMMEHBIIYIO U3 HUX, M B TOM CJIy4ae, KOTJla MHUHMMaJbHAs JUCIEPCHS CYIIECTBEHHO (Ha MOPSIKH)
MEHBIIE OCTaIbHBIX, 3HAYEHHS HUCCIEAYeMOW (QYHKIMH II0 KOODAMHATHOMY HAIPaBIECHHIO C
HavMEHbIIEH TUCTIEPCHEN 3aMEHSIOTCS HAa KOHCTAHTY, PABHYIO CPEIHEMY 3HAYEHUIO M0 HAIIPABJIECHHUIO.
Takum 06pa3oM, pa3MEPHOCTH UCXOAHOIO MHOIOMEPHOI'O IIPOCTPAHCTBA TIOHMKAETCS Ha €AUHUILY.

Bosiee pajuKaibHBIA BapHAHT JAHHOTO CIOCO0a BHIMISAMT CIEMYIONMM 06pasoM. Jlucrepcuu 1o
nanpasnerusiMm Dy, D,,...D, pamwxupyrorcs B mopsiake yObBaHUs, 00pasysl MOCIENOBATEILHOCTh

D,,D;,..D, , tne D =DmaX=I_IIIaX{Di}, a OCTalbHBIC O3JIEMEHTBHI IOCIEAOBATENBHOCTH
i=1l,n

pacnionoxensl no npunuuny Dy > Dj > ...> D, . BuiOuparotcs Tpu HaNpasieHUs, COOTBETCTBYIONIMX

’ ’ ’
MakcumanbHbIM guctiepeusim Dy, Dy, Dy Jlanee nposepsiercst ycnosue

D]'. >>g* D,,i #1,2,3 4)
j=1,2,3

rae & - Majad BEJIIMYMHA, 3aJaBacMasl I0JIb30BATCIICM. Ecnu 310 YCJIOBHE BBIIIOJIHEHO, TO IMOJIAracMm
3Ha4YEeHUS UCKOMOM (DYHKIIMM TIO BCEM HANpaBIEHUSM, KPOME TPEX, COOTBETCTBYIONINX MaKCUMAaJIbHBIM
AUCTICPCUSAM, KOHCTAHTAMU, PABHBIMU COOTBCTCTBYIOIIMM CpPCAHUM 3HAUYCHHUAM 110 HAIIPABJICHUSAM.
Takum 06pa30M, MbI paJUKaJIbHO ITOHMWKACM PA3SMCPHOCTb UCXOAHOI'0 MPOCTPAHCTBA U OKAa3bIBACMCS B
paMKax CTaHJIapTHOTO TPEXMEPHOTO MPOCTPAHCTBA.

N3noxxenHbIit moaxon 06J'Ia£[a€T PAA0OM HCAOCTATKOB!

- B OCHOBE ATOTO IMOAXOMA JISKHUT JOIMYIIEHHE O TOM, YTO OOJjbIle Bcero MH(MOpPMAIMK HECYT Te
HalpaBJICHUA, B KOTOPBIX AUucriepcua BXOJHBIX JaHHBIX MaKCHMaJIbHa, T.C. 3aJ10KCHa
HETIOCPE/ICTBEHHAS CBSI3b MEXIY BEJIMUNHON AUCTIEPCUU U MH(DOPMAIIMOHHON IIEHHOCTHIO;

- ycnoBust (3) unu (4) BBIMOJHSIIOTCS JAJIEKO HE BCET/a, HANpUMEp, €clU JaHHbIe 00pa3yloT B
MHOI'OMCPHOM IIPOCTPaHCTBE rI/InepC(bepy, TO OTH YCJIOBHs 3aB€JOMO HEC BBIIIOJIHAIOTCA,



- B BbIOOpE MaJiol BEIMYMHBI & 3all0KEeH MPOU3BOJ, YTO MPEATNOoaraeT HaJuyue OMpeielIeHHOro
OMbITa pabOTHI C JaHHBIMU Y MOJIb30BATEIS.

O/HaKo, HECMOTPSI Ha 9TH HEJOCTATKHU, JJis HEOONBUIONW pa3sMepHOCTH mpoctpanctBa B =4,5 Bo
MHOTHUX CIy4asx B MPAaKTUYECKUX 3aJ1a4ax JaHHBIX MOJX0J paboTaeT yCHelHo.

Bropoii pacmpocTpaHeHHBIH COcO0 TOHWKCHHS Pa3MEPHOCTH 3aKII0YaeTcs B IOCTPOSHUU
rpagMuecKuX MPOEKIUl Ha CTaHAApTHOE 4YHCIO H3MEpeHuH ¢ ¢uKkcanueld MEpeMEeHHBIX, He
YYacCTBYIOLIMX B IMOCTPOCHUHM MpoeKiuu. Jlanee mpoBoauTCs aHaiM3 BUAA MPOEKLUUH, KOTOPBIH BO
MHOTUX CIIy4asX IO3BOJIIET OINpPENEIUTh BHU3YyalbHO KOOPAMHATHOE HAIpaBICHHE C HauMEHbIIEH
TUTIEPCUEH, W, WCKIIOYMB €r0, MOHU3WTh Pa3MEpPHOCTh paccMaTpuBaeMon oOjacT. Takke MaHHBIN
[OJXO/1 OYEHb TI0JIE3eH B TeX CIydasx, Korjaa u3 Habopa aucrepcuii mo Hampasienusm Dy, D,,...D,
HEJIb3sl BBIJCTUTH CYIIECTBEHHO HaMMEHbBINYI0. B 3THX ciiyyasx B 3afadax HEOONBLIONH pa3sMEpHOCTH
n=4;5 111 mOCTPOEHHs AHAIMTHYECKOM 3aBUCHMMOCTH YacTO HCIHOJb3yeTCs METOJ pPasJesieHus

MNEPEMCHHBIX.
Ecnu wu3 BHUaa HpOCKIII/Iﬁ B CTaHAAPTHBIX HU3MCPCHUAX YHACTCA CACIIAaTb BbIBOJ O TOM, YTO JIA

* * *
NEPEMEHHBIX X, X, TIpU (MKCUPOBAHHBIX OCTAJBHBIX HEPEMEHHBIX X34X49ee09 X, (3BE3/10YKA

0003HAYaeT (PUKCALMIO TEPEMEHHOM) HccienyeMas (QYHKIHS MOXET OBbITh BBIPQKEHA C MOMOIIBIO
aHanuTH4yeckoi 3apucumoctu @y

* * % %
F(x[5X55 X300 X,) = Dy (X5 X35 X350005 X, ) 5
* *
a JUSL OCTAJIBHBIX TIEPEMEHHBIX [PH GUKCHPOBAHHBIX Xj,X, - C HOMOILIbIO 3aBucumoct @D,

* * * *
F(Xx1,X5,X5 3000y X, ) = Dy (X1 X35 X3 yeeey X, ) , TO BBIABUTACTCS THIOTE3ad O TOM, YTO HTOTrOBas

AHAJIMTHYECKas 3aBUCHMOCTH [Tl KICKOMOM QyHKIMKH I MOKeT ObITh pecTaBlIcHa B BULIE

F(xla x29 x3 9eeey xn ) = F(xra x;3 x;r"a x:)ll + ((DI (xla x29°"xn ) - (Dl (x19 x29 x;r"a x;: ))] *

L+ (Dy(x)5 X30eX, ) = Py (X1, X35 X5 50005 X, )] (5)

JIBe 3aBUCUMOCTH, TMOJYYECHHBIC B MPOCKIUAX, OOBETUHSIIOTCS B KOMOWHAIUIO CO CIIMBKOW MPHU
¢ukcupoBaHHBIX 3HayeHMsX. [lodydyeHHas 3aBUCHMOCTH (5) sBIsSIeTCSs TUIOTE30M W HYXKJIaeTcs B
nposepke. [IpoBoauTcs poBepKa yCIOBHS 111 HCXOJHOTO MacCHBa TaHHbBIX

F (x5 X35 X3 5000y X, ) = F (X1 5 X5, X350, X, ) < €, (6)

Tae € - Majlas BeJIM4YMHa, 3aJaBacMasd MOJIb30BATCIIEM. Ecau yCJIOBHE (6) BBIIIOJIHCHO, TO I'MIIOTE3a
IpUHUMACTCA.

O0a BBIIEH3IIOKEHHBIX MMOAX0/1a HE SBISIOTCS CTPOro 000CHOBaHHBIMU. CKOpee, 3TO aIrOpUTMBI
BBIIBIDKEHUSI THUIIOTE3, HYXAAIOMMXCS B MpoBepkax. OJHAKO 3TH METOMABI IMO3BOJSIOT IOJyYaTh
peallbHbIe MPAKTUYECKHUE PE3yabTaThl. MHOTHE U3 U3BECTHBIX HAM 3aKOHOB (DM3HKHU, MEXaHUKHU, XUMHUH,
HSKOHOMUKH U T.JI. TIOJYYEHbI IMEHHO C TIPUMEHEHUEM STUX MPAKTHYECKUX TOIXOI0B.

bonee coBpeMEHHBIM CHOCOOOM TOHW)KEHUS PAa3MEPHOCTH MAaCCHBA IAaHHBIX SIBISETCS METOX
rIIaBHbIX KOMIOHEHT (aHri. Principal Components Analysis, PCA). CyTb MeTO#a COCTOUT B MEPEXoe
OT HCXOJHOW CHCTeMBbl KOOPJMHAT K HOBOMY OpPTOTOHAIBHOMY 0a3ucy B paccMaTpuBaeMOM
MHOTOMEPHOM TPOCTPAHCTBE, OCH KOTOPOTO OPHUEHTHUPOBAHBI IO HAMPABICHUSM MaKCUMAIbHON
JHCIIEPCUU MAacCHBa JaHHBIX. Peanu3ary MeTo/1a TIaBHbIX KOMIIOHEHT U QJITOPUTMaM €ro MPHUMEHEHHS
B Pa3IUYHBIX O0JACTAX TMOCBSIICHO OOJBIIOE KOJIHYECTBO JIMTEPATyphl. Pa3nuuHble BapHaHTHI



pealm3anuu METOoAa TJIABHBIX KOMIIOHEHT M €ro OOOOIICHMI il HEeNWHEHHBIX CIy4aeB MOIPOOHO
MpeICTaBIICHHI B paboTax [2,6]. ['eomeTpruyeckas mocTaHOBKA 3a/1a4l HAXOKICHUS TTIaBHBIX KOMITOHEHT
dbopmynupyercs corjacHo [6] ciemyrommM o6pa3zoM. B MHOTOMEpHOM MPOCTPAHCTBE HINETCS BEKTOP
HarpaBJeHMs, 330NNl MPSAMYIO, BAOJIb KOTOPOW JUCHEpCHUs] MaKCHUMallbHa (WJIM CyMMa KBaJpaToB
pacCTOSIHMM OT TOYEK JaHHBIX JIO MPSIMONW MUHWUMAaibHA). TakuMm oOpa3oM ompezensercs mepBas
rJIaBHasi KOMIIOHEHTA. /lanee paccuuThIBaeTCsl MHOKECTBO BEKTOPOB IMEPBBIX OCTATKOB, KOTOPOE JICHKUT
B IIPOCTPAHCTBE, OPTOTOHAILHOM IEPBOI TIABHOW KOMITOHEHTE W MMEIOIEM Pa3MEPHOCTh HA CIMHHILY
MEHBIIIE HCXOIHOH pa3MepHOCTH. J[si HOBOTO MPOCTPAHCTBA, OOPAa30BAHHOTO STUM MHOXKECTBOM
BEKTOpPOB, CHOBA HWIIETCS HAMpaBJIeHHWE C MAKCHMaJbHOUW mucnepcueil. Tak paccuuMThIBAeTCS BTOpas
rJIaBHas KOMIOoHEeHTa. CHOBA PaCCUUTHIBAETCS MHOKECTBO BEKTOPOB BTOPBIX OCTATKOB H T.JI.

MeToi TIaBHBIX KOMIIOHEHT M €r0  HEJIMHCHWHBIE OOOOIICHHWS  SBJISICTCS  MOIIHBIMHU
Pa3BUBAIOIIMMHUCS WHCTPYMEHTAMH aHajn3a JaHHBIX W MOATOMY HaxXOMIST CBOE MPUMEHEHHE B CaMBbIX
pa3HooOpa3HbIX oOyacTsax wucciaenoBaHus. OmHAKO B 3a/Jayax aHalIM3a JAaHHBIX BBIYMCIHTEIHHON
MEXaHUKH JKUJIKOCTH W ra3a OH MPUMEHSUICS pelnko. B Hacrosiee Bpems, KOT/la OJTHUM M3 OCHOBHBIX
HalpaBiI€HU  MapajiebHbIX BBIYMCICHUNA B MEXaHUKE XUIAKOCTH M ra3a CTAaHOBHUTCS peLICHUE
ONTHUMU3AUOHHBIX 3a7a4 [7], GOpMHUPYIOMNUX pe3yIbTaThl B BHJIE MHOTOMEPHBIX MacCHBOB JaHHBIX,
MPUMEHEHNE METO/Ia TJIABHBIX KOMIIOHEHT COJICPKHUT B ce0e OOJBIION MOTSHITHAT.

AJNTOPUTM MOCTPOEHUS TJIABHBIX KOMIIOHEHT U BU3YaJIbHOE MPEACTABICHUE PE3YIbTATOB B TJIaBHBIX
KOMITOHEHTaX peajn30BaHbl BO MHOTHX MPOTPaMMHBIX KOMILIeKcax. [IpuMepamMu Takux KOMIIJIEKCOB
Mmoryt ciykuth ViDaExpert [8] u Unscrambler [9].

HeoOxoammo 3aMeTuTh, YTO BCE BBINICTICPEUYUCICHHBIE METOABl TOHIMKEHUS Pa3MEPHOCTH
paccMaTpuBaeMOTr0 MHOTOMEPHOTO MAacCHBA JaHHBIX MOTYT MPUMEHSITHCS KOMIUIEKCHO, JOMOHSS IPYT
npyra u obecrieunBas Bepu(UKAIUIO MPOBOIMMBIX PACUETOB.

5. MPUMEP PEIIEHWUA KOHKPETHOM 3AJJAUN

JlaHHBIA TIOXO0MT K OpraHW3alliy MapajluieIbHOTO pacueTa ObLI MPUMEHEH K KOHKPETHOHW 3ajadye o
HECTAIlMOHAPHOM  B3aMMOJICMCTBUM CBEPX3BYKOBBIX cTpyi [4]. Hacrosimass paborta sBisieTcs
MPOJIOJDKEHNEM U pa3BUTHEM paboThl [4]. B kadecTBe cOOBITHSA paccMaTpUBAOCh BO3HUKHOBEHHE
HOBOW MPOCTPAaHCTBEHHO-BpeMeHHOW CTpykTypbl Tedenus (IIBC), B kauecTBe YIpaBIsIONIETO

*
rapameTpa MCIOJIb30BAACh CKOPOCTh IOBBILIEHUS HEPAcYETHOCTH cTpyn F , a B KaydecTBe
OTIPENICTSIONINX TapaMeTpoB OBLIM BhIOpaHBI XapakTepHble uyucia Maxa, PeitHonbaca, [lpanntins u
Crpyxans (M,,Re,Pr,,Sh,) 1uda npanHoM 3ajmaud. Jlnsd npsAMONM 3ajauM B KauyecTBE

MaTeMaTUYeCKON MOJENN HCHOJb30BAJACh MOJIHAs CUCTEMA HECTAlMOHAPHBIX ABYMEPHBIX YPaBHEHHI
Hagbe-CTokca uisi BA3KOrO CKMMAEMOIO TEIUIONPOBOAHOTO Tas3a. sl YMCIIEHHOTO pelieHus npsaMoit
3a/laud NPUMEHsUIach HesiBHAs TrHMOpHiHAas KOHeuHo-pazHocTHass WW-cxema, oGnajaromias BTOPHIM
MOPSIIKOM aMMPOKCUMALUU 110 BPEMEHH U POCTPAHCTBY.

PaccmaTpuBanuce pazoueHus OnpeaeNsomux napamerpoB o S u 10 Touek Ha Kax bl mapameTp B
JMana3oHe ero M3MEHEHHs, 4To Belo K HeoOxomaumoctu pacydera 625 m 10000 oOparHbIX 3amay
cooTBeTcTBeHHO. OOmas 3amaya pemanach B NapauiedbHOM pekume. s mpoBeneHus pacdyeToB
ucnonp3oBaics Beraucautenbublil komruieke K100 (MIIM um.M.B.Kenasimma PAH). IIpu opranuzamumn



uHTepdeiica A7 ynpaBleHHs NapaliedbHbIM pacyeToM Hcmojib3oBanack TexHomorus MPI [10]. B

pe3yabTaTe pacyeToB ObLT MMOJTyYeH 4-MEpHBI MacCUB Pe3yIbTaTOB v (M ,Re,Pr,,Sh,).

K mnomydenHomy MaccuBy OBLIO TNpPUMEHEHO JorapudMuyeckoe MpeoOpa3oBaHUE IO
KOOpAMHATHOMY HampaBieHHI0 Re, M MpoBENEHO CpaBHEHUE MAMCIEPCHA IO KOOPAUHATHBIM
HarpaBieHussM. OlleHKa JIUCIepCUil MO0 HampaBleHUAM MOKa3zaja, YyTo AUCHEPCUs MO HAIMpaBICHHIO
IgRe,, CymecTBEeHHO MeEHbIIE AMCHEPCHN IO OCTAJbHBIM HamnpasieHusAM. lloctpoenne m anHanmus

TPEXMEPHBIX IMPOEKUUNA HCXOJHOTO 4-MEpPHOr0 MAacCHBa JAHHBIX MOATBEPAWIIO 3TOT pe3yibTar. Ha

* 3
puc.5 mpexcrasiieHa 3asucumocts V(M ,Re,Pr, ) B BUIC U30IIOBEPXHOCTEH.

Puc. 5. 3aBUCHMOCTH KPUTHYECKOM CKOPOCTH IMOBHIIIICHHS HEPACYETHOCTH OT uncen Maxa,
Pelinonsaca u Ilpanarins

OTO MO3BOJIMIIO NOHU3UTH Pa3MEPHOCTh M PACCMATPUBATh YK€ TPEXMEPHBIM MAaCCHB PE3yJbTaTOB
* *
V (My,Pr,,Sh,). Ha puc. 6 mpencrasiena 3aBucumocts V (My,Pr,,Sh,) B BuIe
HU30TIOBEPXHOCTEM.

T e T

15 oA

Puc. 6. 3aBucnmocts V- (M, Pr,Shy)



[Tonmy4yennple naHHBIE OBLTH 00PaOOTaHBI C MOMOIIBIO MPOTrpaMMHOTO KoMIuiekca ViDaExpert, uto
MO3BOJIMJIO  OTIPENENIUTh TJIABHBIE KOMIIOHCHTBI B HCXOJHOM MHOTOMEPHOM IIPOCTPAHCTBE H
MIPEICTaBUTh X BU3yaiabHO (Puc.7).

T B P

Puc.7. IlpencraBieHne TaHHBIX B CHCTEME TJIABHBIX KOMIIOHEHT

[lo pe3ynbraraM BHU3YyalbHOTO MPEACTABICHHUS MACCHUBA JAHHBIX MOCJE MOHUKEHUS Pa3MEPHOCTH
ObUT cenaH BBIBOJ O TOM, YTO JUIs Leleld TpyOoOd YCpeAHEHHOH OLIEHKH IOJy4YeHHOE pelleHue
ONTUMHU3ALUOHHON 3a/layl MOXHO alnIpOKCUMHPOBATh C MOMOIIbBIO 3aBUCUMOCTH, MPEACTABICHHON B
BHJI€ IUIOCKOCTH. OTO IO3BOJWIO IOJYYUTh MTOrOBOE KBA3HAHAIMTHYECKOE BBIPAKEHUE IS
YCPEAHEHHOW OIIEHKH 3aBHCHUMOCTU KPUTHYECKOM CKOPOCTH TOBBIIIEHUS HEPACYETHOCTH  OT
ONPENENSIOUINX [TapaMETPOB 3a/1a4M B BUJIE:

vV =v"(M,,Pr,,Sh,)=-0.1M_ +0.115 Pr,+0.24Sh,,

Takum  oOpa3oM, OBUIO TPOBEACHO HCCIEAOBAHUE MHOTOMEPHOTO  PEHICHHS  3a/1a4d
ONTHUMH3AaLMOHHOTO AaHAM3a BO3HMKHOBEHUS HOBOW IIPOCTPAHCTBEHHO-BPEMEHHON CTPYKTYpPHI B
MOTOKE B IMOJIHOM COOTBETCTBMU CO CXEMOM aHallM3a, MPEICTaBIEHHON Ha pUC. 5 ¢ UCIOJIb30BaHUEM
BBIIICONIMCAHHBIX IPUEMOB IIOHUKEHUS PA3MEPHOCTH U BU3YAJIbHOTO IIPEICTABICHUS.

6. SAKJIIOYEHUE

Pa3Butre mapamienbHbIX BBIYMCICHUN BBIJBUTAET HA MEPBbIM IUIaH B BBIUMCIUTEIBHON MEXaHUKE
KHUJIKOCTHU U Ta3a pelieHne ONTUMHU3AIMOHHBIX U 00paTHbIX 3a7a4. [1o100HbIe peleHus, Kak IpaBuIo,
MIPEJICTABJICHBl TUCKPETHO B BH/I€ MHOTOMEPHBIX MAacCHBOB JaHHBIX. BhIpaOoTKa METOAMKHU aHaIH3a
JAHHBIX TOJOOHON CTPYKTYpPbI, UX BU3yaJlbHOE IpE/CTaBleHUE, O00OOIIEHHE ATHX JAHHBIX B BUJE
KBa3MAHAJIMTUYECKUX 3aBHCUMOCTEH SBISETCS BAXKHOM M axkTyanbHOW 3amgaueil. JlanHas pabora
MpeJCTaBIsIeT MpoOJieMy aHalIM3a MHOTOMEPHBIX JAHHBIX KaK PEUICHUH ONTHUMM3ALMOHHBIX 3a1ad,
(hopMyIMpPOBKY OOIIEH MOCTAaHOBKM 3aJaud, CXeMy OOpa0OTKM M aHajdu3a JAHHBIX U €€ CHOCOOBI
peanu3auuu.

OO0wmuit moaXxoa M CrocoObl peanu3aliy MpeICTaBICHHON CXEeMbl aHalIK3a JaHHBIX MOKa3aHbl Ha
MpUMEPE PEUICHUS B PEXKHUME MapalICIbHBIX BBIYMCICHUA KOHKPETHOW ONTUMHU3ALMOHHOM 3a/a4yu



OTpENENCHNUs] YCIOBUI BO3HMKHOBEHHUSI HOBOM MPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpbl TpH
B3aUMOJICUCTBUU CTPYH.
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