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AHanaus MHOTOMEPHBIX JAHHBIX B 3ajJavax MHOFOHapaMETpI/I‘IECKOﬁ
OIITUMHU3aAIlMHN

AHHOTaALUA

PaccmarpuBarorcs mpo6iemMbl 00pabOTKY 1 aHalI3a MHOTOMEPHBIX 00bEMOB
‘lHCHOBOfI I/IHCI)OpMaI_[I/II/I, 3a1aHHBIX B BUJIC MHOFOMepHBIX MAaCCHBOB. MHOFOMepHBIe
JAHHBIC B ,Z[aHHOP'I pa60Te PaCCMAaTpUBAIOTCA KaK YHMCJICHHBIC PCIICHUA 3a1a4
OIITUMHU3AIIMOHHOI'O aHAJIN3a U O6paTHBIX 3a1a4 BBIUMCIIUTEIILHOU MEXAHUKA
XKUIKOCTH U rasa. [IpyuBoaurcs npuMep NpuMEHEHUS CXEMBI aHAJIM3a K KOHKPETHON
3a1a4C O JIOKaJIN3alluu IIPOCTPAHCTBCHHO-BPCMCHHBIX CTPYKTYP IIPpHU

B3aHMOH€ﬁCTBHH HCCTAIMOHAPHLBIX ITOTOKOB.

A.E. Bondarev, V.A. Galaktionov, T.N. Mikhailova, I.G. Ryzhova

Multidimensional Data Analysis for Multiparametric Optimization
Problems

Abstract

The paper considers the problems of multidimensional numerical data processing and
analysis. The volumes of numerical data are written in a form of multidimensional
arrays. The data are considered as numerical solutions of CFD inverse problems and
optimization problems. Data analysis scheme is applied to the practical problem of

the space-time structures localization for interacting time-dependent flows.

Bepcuss cratbm ¢ [BETHBIMH  HWUTFOCTPAllMSAMU  pa3MeEIleHa TI0  aJpecy
http://www .keldysh.ru/pages/cgraph/publications/cgd publ.htm.
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1. BBEAEHUE

CoBpeMEHHOE pa3BUTHE BBIYMCIUTEIBHON TEXHUKHU U BO3MOXKHOCTb peaU3allMi BbIYMCICHUIN
B TapajieIbHOM peXUME IMO3BOJISIIOT peliaTh Bce Oojiee MacHITa0HbIe 3aJauyd YHCICHHOTO
MOJICIIMPOBAaHUSI B MEXaHUKE XHUJIKOCTU U Trasza. Tak, Bce Ooiee BOCTpEOOBAaHHBIMH CTAHOBSTCS
pacueTsl HE TOJBKO MPSIMBIX 3aJay, TAe TpeOyeTcs MOJENIUPOBATh SIBIIEHWE NPHU H3BECTHBIX
MCXOJHBIX JAHHBIX, HO M pacyeTbl OOpaTHBIX 3ajad, Ijie HEOOXOIUMO ONpPEACTUTh NPU KaKUX
OTIpEeACTSAIONMX TapaMeTpax BO3HHMKAeT TO WIM HHOE siBIeHHe. Takas MOCTaHOBKa TpeOyer
MHOTOKPaTHOI'O pEIIeHUs MpSAMBIX 3aJad M PpEeUIeHHs 3aJaud ONTHUMM3ALMOHHOIO aHajlu3a.
HToroBeiM perieHreM MOAOOHBIX 3ajad CIy>KaT MHOTOMEpPHBIE MACCHUBBI JMCKPETHBIX BEIUYHH,
BBIPA)KAIOINE 3aBUCUMOCTh MCKOMOW (h)YHKIMH (YHPaBISIOIIEro IMapamMerpa) OT ONpPEaelITIOLIIX
napaMeTpoB paccMmarpuBaeMoil 3aaauu. [lonydeHHble TakuM 0Opa3oM MHOTOMEpHBIE YHCIIEHHBIE
pe3yabTaThl HYKAAIOTCSA B 00pabOTKE U aHAIIN3E.

M3HayanbHO METOJIbI aHANTM3a TAHHBIX OBLIIM OPUEHTHPOBAHBI B X0/I€ HCTOPUUYECKOTO Pa3BUTHS
Ha 00paboOTKy pe3yabTaTOB (U3MUECKUX U WHKCHEPHBIX IKCIIEPUMEHTOB, a Tak)Ke Ha 00paboTKy
PE3yNbTAaTOB CTATUCTUYECKUX HaOmoAeHni. PeanbHble puznyeckue 3KCIEpUMEHThI POBOIUINCH B
TPEXMEpPHOM MpocTpaHcTBe. [103TOMY MeTonbl, MpeaHa3HaYeHHbIE A7 PabOThl C OJTHOMEPHBIMH,
JIBYMEPHBIMH M TPEXMEPHBIMHU pe3yibTaTaMu, oTpaboTaHbl U oOmen3BecTHHl. [lo Mepe pa3Butus
BBIYUCIIUTENILHBIX MOITHOCTEH M QJITOPHUTMOB CTaI0 BO3MOXHO 00pabaThiBaTh OTPOMHBIC MACCHBBI
JaHHBIX HAOMIOJEHUI M SKCHEPUMEHTOB B pa3NUYHbIX oOsacTsax. CTald BO3MOXHBI pEIICHUS
OOpaTHBIX ¥ ONTUMH3AIMOHHBIX 33/1a4, KOTOPHIMU CTAJIM MHOTOMEPHBIE MAacCHBBI, BBIPAXKAIOIINE
3aBUCMMOCTH YOPABJISIIOIIMX [apaMETPOB B MHOTOMEPHOM IPOCTPAHCTBE ONPEIACISIOIIUX
napamerpoB.  [loTpeboBasiuch  MHCTPYMEHTBI, IO3BOJIAIOIIME  AHAIW3UPOBATh  JIAHHBIE,
peann30BaHHbIE HE B TPEXMEPHOM, @ B MHOTOMEPHOM MPOCTPAHCTBE.

3a mocienHee MAECATUIETHE AHAJIU3 MHOTOMEPHBIX J@HHBIX CTajl OJHHUM H3 OCHOBHBIX
HalpaBJIC€HUW MPUKIATHON MaTeMaTUKH, AaKTUBHO pPAa3BUBAIOUIMMCA W IPUMEHSIOIIHUMCS
MIPAKTUYECKH BO BCEX O0JIACTAX MCCIEAOBaHUN. AHAIIN3 MHOTOMEPHBIX NaHHBIX (AM/] mmu MDA —
Miltivariate Data Analysis) siBaseTcss ogHOM W3 HauOoyiee TOMYJISPHBIX M BOCTPEOOBAHHBIX
MEXIUCHUIIMHAPHBIX 00JlacTeld 3HAHWA M AaKTUBHBIM MHCTPYMEHTOM CHHTE3a pPa3IU4HBIX
Jucuuruing [1].

Ha mnepBbIX mopax HMHTEHCHBHEE Bcero MHCTpyMeHThl AMJ[ pa3BuUBamuCh B NPUKIATHON
AHATMTUYIECKON XUMUHU. IMEHHO T03TOMY TOSIBUJIOCH JAPYroe ollee Ha3BaHue i MeTo10B AM /]
— xemoMeTpuka (chemometrics).

CeroaHs mcciae0BaHUE MHOTOMEPHBIX JTAHHBIX SIBISETCS KIIFOYEBBIM PA3IEIIOM COBPEMEHHOMH
MaTCTaTUCTUKH, AHAIUTHYECKOM XHMMHUH, HKOJOTHMUECKHUX M Teorpa(uyeckux HCCIeI0BaHU.
Metoast AMJI ucronbs3yloTcs B SKOHOMETPUKE NpU aHamu3e (UHAHCOBBIX U HKOHOMHUYECKHX
MoKasaresei, B ICUXOMETPUU TpU aHalIM3€ Pe3yJbTaTOB MCUXOJIOTHUYECKUX OMPOCOB, B OMOJIOTHH
U MeJHIMHE pu 00paboTke pe3ynbraToB HaOmoneHui. Ilpu cozgannu 6a3 naHHBIX U pa3padoTKe
CYBJ wmeroast m amroput™Mbl AMJ] HCHONB3YIOTCS [J9 CO3[aHHMS MaTPUYHBIX OMNEPATOPOB,
MpeHAa3HAYEHHBIX Ui O0paOOTKH JaHHBIX, Pa3MEIICHHBIX B MHOTOMEpPHOM Bujae. OgHUM U3
HaumOoJee W3BECTHBIX METOJIOB aHalu3a MHOTOMEpHBIX JAHHBIX SIBISETCSI METOJ TJIaBHBIX
KOMITOHEHT M €ro o0OOIIeHHs AJisi HeMWHEHHBIX ciaydaeB [2]. Meroabl aHanm3a MHOTOMEPHBIX
JAHHBIX PEaJU3yIOTCSI B TECHOW B3aMMOCBS3M M B3aUMOACMCTBMM C METOAAMU (PaKTOPHOTO H
KJIacTepHOTO aHanu3a [3].

B 3amayax MexXaHMKHM CIUIOIIHBIX CpPeJ M BBIYMCIUTENbHON (U3UKH, MPEAnoyararonmx
ONTUMU3ALMOHHBIA aHadu3 SBJICHUM, aHaJIW3 MHOTOMEPHBIX JAHHBIX MO3BOJSET HAXOAUTH
ONTUMAJIbHbIE YCIIOBUSI BO3HUKHOBEHHSI (PU3UYECKOTO SIBICHHS B MHOTOMEPHOM MPOCTPAHCTBE
OMpeEAIONIMX TapaMeTpoB 3a1auu [4].

Cy1miecTByeT MHOXKECTBO pas3HbIX ompeneneHuii AMJI, TUKTyeMbIX KOHKPETHOW 001acThio U
LEeIsIMA Hay4YHOTO MCCIIEIOBAaHUS, MCIOJIb3YEeMbIMH alIropuTMamMu U T.n. B Hamem ciyuae, rae
MCTOYHMKOM MHOIOMEPHBIX JIAHHBIX CIIYXKaT pEHIeHUs 3a1ad ONTUMHU3AILMOHHOIO aHaJIn3a
HECTAIlMOHAPHBIX IPOLIECCOB MEXAHUKH KUAKOCTHU U T'a3a, UCIOJIb3YEM CIEAYIOLIEE ONPEAEICHUE:
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«AHaTM3 MHOTOMEPHBIX JaHHBIX — 3TO COBOKYITHOCTh METOJOB U QJITOPUTMOB, TTO3BOJISFOIINX
MOJyYUTh MaKCHMaJbHO BO3MOXXHYIO HMH(OpPMAIMl0O O MAacCHBE YHUCIIOBBIX JIaHHBIX,
PaCTONIOKEHHBIX B HEKOTOPOH 00J1aCTH MHOTOMEPHOTO IMPOCTPAHCTBA. >

Takoe ompenencHue Mo3BoJIsIET (HOPMYIMPOBATH 3a1ady B Ooyiee oOmieM BuIe W H30€XKaTh
OTpaHWYCHUN, HAKJIAJ(LIBACMBIX HCIIOJIH30BAHUEM KOHKPETHBIX METOJOB, pellaeMoil 3amadeil u
MPOYUMH TTOIOOHBIMU (DAaKTOpaMH.

2. OBIIAA TOCTAHOBKA 3AJJAYU AHAJIM3A MHOI'OMEPHBIX TAHHBIX

Paccmorpum  ¢ymkmmio  F(€Q), 3amanmyro auckperHeiM  oOpasom B obmactm ),

PacIoNoKeHHoW B n-mepHoM mpoctpanctee X . Ilpoctpancteo X" 3amaHo ¢ MOMOLIBIO
KOHEYHOTO MHOXECTBA OPTOrOHANBHBIX BEKTOPOB X = (X|s X5 seees X,,) . MHOTOMEPHBIE JAHHBIE

— 910 uucnoBble 3HadeHus ¢Qynkuun F(Q)), 3amanHHbBIe B TOYKax N-MEPHOTO MPOCTPAHCTBA

(X1 X) 9000y X,,) . Jl1s OTIPENIETIERMS PACCTOSHUS B TIPOCTpaHcTBe X ' BBIOUpaeTcs MeTpuka. Jlanee

Oy1eM MpeIosararh B KA4€CTBE METPUKH OOBIYHOE €BKIIMIOBO PACCTOSHUE.
TakuM 00pa3oM, MHOTOMEPHBIE JaHHBIC MPEICTABISIOT CO00M HAOOp YUCIIOBBIX 3HAYCHUU,
3agannbii B Toukax obmactd 2:  F(Q) = F(X[yXy50ee5X,) . KonnuectBo TOYEK OlLIEHUBAETCS

CIIEIYIOIMM 00pa3oM: €CIH TPHUHSATH, YTO MO KAXKIOMY KOOPAMHATHOMY HANpaBICHHIO — X;

3a1aHO, HalIpuMmep, pa361/IeHI/Ie Ha M TOYCK, TO BCECTO KOJIMYCCTBO TOUYCK, B KOTOPOM OIIPECACIICHA

dyuxuus F(Q) onenusaercs kax m™ .
3ajaua aHAJIM3a MHOTOMEPHBIX AAHHBLIX B JTOH MOCTAHOBKEe (OPMYJHPYETCs KAK
noJiyueHre MAKCHMAJILHO BO3MOXKHONH uHdopmauuu o cBoiictBax Gynkuuu F(Q) u ee

noseaenuu B oostacru 2.
Takum 0o0pasom, MBI II0Jy4aeM BO3MOXKHOCTb IIPEJICTaBJICHHUs [JAHHBIX B BHJE

r€OMETPUYECKMX 00Pa30B B MHOIOMEPHOM IIPOCTpaHCTBE X .

Boobmie npobiiemMa aHanm3a JTIOOBIX YMCIOBBIX JIAaHHBIX (B TOM YWCIIE W JJS CTaHAApTHOTO
qyclia U3BMEPEHUI — OJHOMEPHBIX, IBYMEPHBIX U TPEXMEPHBIX) B OOIIEM cliyyae peaqusyeTcs Mo
cxeMe, peaCcTaBIeHHON Ha pucyHke 1. CHauanma mpoBoauTcs oOmias («TrexHu4deckas») oopaboTka
JaHHBIX — JUIS TOrO, YTOOBI UMETH OOILYH0 MH(POPMAIHIO O JaHHBIX B 001acTh () BBHIUMCISIOTCS
rJ100aTbHBIE MUHUMYMBI 1 MAKCUMYMBI MCKOMOW ()YHKIIMH, JTOKAIbHBIE MUHIMYMBI 1 MAKCUMYMBI
10 KOOPJIMHATHBIM HAIPaBJIECHUSAM, CpEAHIE 3HaUeHUs QYHKIIUU U TUCIIEPCUS M0 HAMIPABICHUSIM.

ABHHBIX

OBwan obpaboria
AaHHEIX

b

Mpaduyeckan dopma
NPEOCTABAEHWA AAHHBIX

!

AHANUTHYECKER HopMa
NpPeACTABNEHHA OaHHBIX

Puc.1. Obwas cxema ananuza yucio8vlx OaGHHbIX



Dra uH(OPMALKS TO3BOJISET HAM MOIYYHTh EPBUYHOE TIPEACTABIECHUE O MOBEACHUH (YHKIIUH
F(Q) B ob6nactu onpejenenus u, B Clydae HeEOOXOIMMOCTH, TIPOBECTH HOPMUPOBKY (YHKIIUH,
HYKHYIO ISl JAIbHEHIINX JEHCTBUMN.

JlanbHelmas CTaaus — 5TO MPEICTABIECHUE UCCIENYEMBIX JAHHBIX B rpaduueckoi popme ¢
[PUMEHEHHEM BCEX JOCTYIHBIX HCCIIENOBATENIO CPEACTB BU3yalu3alluk. B TOM ciiydae, eciim 3To
BO3MOKHO M IpadUuecKkoe MpEICTABICHUE MOJNYYEHO, TO MPOBOAUTCS MOIMBITKA TPEACTABIEHHUS
MOJYYEHHBIX HA TPEABIAYIIEM JTale TEeOMETPUUECKHX (OPM B aHAIUTHYECKOM BHUJE, T.€.
3aMaHHbIME B BHae (Gopmyn. [To cyTH, MOJydeHHE AHATUTHYECKOM 3aBUCHMMOCTH IS JIFOOOM
paccmatpuBaeMoii B jaHHOM mocranoBke Qynkuuu F(€Q) sBisercs KOHEYHOM LENbIO aHaIu3a

TaHHBIX. 71 peanu3anuu 3TOH e MOXXHO MPHUMEHUTH allPOKCHUMALIMIO0 TEOMETPUIECKUX (hopm
C TIOMOIIIBIO MPOCTHIX TEOMETPUUECKUX DIIEMEHTOB — IMHUMH, MIIOCKOCTEH, y4acTKoB chep u T.1.

ByneM HasbiBaTh CTaHAAPTHBIMK T€ Clydad, TI€ KOJIMYECTBO H3MepeHuit <3, Te.
OJTHOMEpHBIE, JIBYMEpHbIE U TpexmepHble. [l cTaHOapTHBIX CIydyaeB CIOCOOBI peaau3aluu
CXEMBI, IPUBEJICHHOIN Ha pHC.l, oOmen3BecTHbI. Pa3nnynble TUIBI rpad)UuecKoro MpeACTaBICHUS
JAHHBIX JUJIS CTAHJAPTHOTO YKCia U3MEPEeHU MoIpOOHO OMHCAHHI B [5].

Jlanexo He Bcernma oOLIyl0 CXeMy aHajlu3a JAaHHBIX MOXHO pPEain30BaTh MOJHOCTHIO — O
MOJIyYEHUs] AHAJIMTHUYECKOTO BBIPAXKEHUS, KaK HalNpuMep, IJs Cilydas, MpPEICTaBICHHOTO Ha
pUCYHKEe 2, TAe H300pa’keHbl JNaHHBIC, COOTBETCTBYIOLIME CHIIBHBIM KoJieOaHusM. s Takux
CIIy4aeB CYIIECTBYIOT OTpabOTaHHBIE METO/bI CTATUCTHUECKOTO aHalln3a, MO3BOJIAIOIINE paboTaTh
C YCPEIHEHHBIMU XAPAKTEPUCTUKAMU.

Puc.2. ﬂaHHble, coomeemcmeyrowue CUIbHbIM KONeOaHUAIM

Pazymeercs, obmiasi cxema aHanm3a JaHHBIX, MPUBEJACHHAS Ha pHC.]l, OMUCHIBAET WJCATbHBIN
BapuaHT. Jlaneko He Bcerna rpadudeckas hopmMa mpeCTaBICHUs TaHHBIX MOXKET ObITh BhIpa)KeHa B
AHAIMTHYECKOM BHIE. Boiee Toro, maxe ajis ciydas CTaHAApPTHOrO 4mciaa m3Mepenuidi n<3,
MIpe/ICTaBJICHUE JTaHHBIX B rpa@MueckoM BHJIE MOXKET OBITh M3PSIHO 3aTpyAHEHO. Tem He MeHee,
BBIIIENIPUBEACHHASI CXE€Ma SIBJISIETCS OCHOBHBIM NYTEM aHAIM3a JAHHBIX, K peaiu3aluud KOTOPOTO
HCCIIEA0BATEIO HA/I0 CTPEMUTHCSL.

Jlist cTaHgapTHOTO YKClia U3MEPEHHI peanu3aius oOIIei cXeMbl aHauu3a JaHHBIX BO3MOKHA
JUIIb TOTOMY, YTO YeJOBEK, CYIIECTBYS B TPEXMEPHOM IPOCTPAaHCTBE, 0OJIagaer
YKJIABIBAIONIMMUCS B CO3HAHME T'€OMETPHYECKMMU 00pa3aMd U TPEACTABICHUSMU JUIS
IPOCTPAHCTB ¢ 9ucIoM usMepenuii # < 3. JIjs MHOTOMEPHBIX MPOCTPAHCTB C YHUCIOM U3MEPEHHII
n>3 nomoOHBIX I'eOMETPUYECKHX 00pa3oB y uenoBeka HeT. ClenoBaTenbHO, HE HMMEETCS H
HAJEKHBIX METO/I0B IpapuecKoro mpeacTaBieHus JAaHHBIX B MHOTOMEPHOM MPOCTPAHCTBE, KPOMeE
MPOCLIMPOBAHMS BO BIIOKEHHBIE IPOCTPAHCTBA CO CTAHAAPTHBIM YHUCJIOM H3MepeHuil. Takum
o0pa3oM, MpH OTCYTCTBUM BO3MOXHOCTH pEaJM30BaTh OOIIYI0 CXEMY aHaiu3a JaHHBIX, IS
CIy4ya€B MHOTOMEPHBIX IPOCTPAHCTB OCTAIOTCS JBAa OCHOBHBIX HANPABICHUS MCCIIECIOBAHUS
JAHHBIX:
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- METO/BI U MOJXO0/IbI, TO3BOJISIONINE TOHU3UTh PAa3MEPHOCTh UCCIEAYEMOro MPOCTPAHCTBA 0
CTaHJIapTHOM;

- TIONBITKU MOCTPOCHUS BU3YAIIbHOM KOHIICTIIIMY ISl IPEJCTaBICHUSI MHOTOMEPHBIX JTaHHBIX B
rpaduyecKoM BHIE.

3. OITUMUN3AIINOHHBIE 3AJAYUN KAK UICTOYHUK MHOI'OMEPHBIX JTAHHbBIX

B nanHOoM pazgene paccMOTpuUM OOy MOCTAaHOBKY 3a/add ONTHMHU3ALMOHHOTO aHaJN3a
HECTAIMOHAPHOTO T'a30JHHAMUYECKOTO MpOoIlecca U aJrOPUTM €€ pelieHus, (OpMUpYIoIre B BUIE
YHUCJIEHHOTO pe3ysbTaTa MaCCUB MHOI'OMEPHBIX JaHHBIX. Takke paccMOTpUM Haubosee MpoCcTol U
3¢ (HeKTHBHBINA BapHAHT paclapaljIeIMBaHUs JAHHOTO aJTOPUTMA.

[IpenmonokuM, 4YTO LENbK0 YHMCIEHHOTO MCCIENOBAaHUS SBIAETCS W3Y4YCHHE YCIOBUHI
BO3HUKHOBEHHUSI HEKOTO COOBITHS, PEAIN3YIOIIErocs B HECTAllMOHAPHOM Ta30MHAMHYECKOM
nporecce. CoObITHEM CUHMTaeM TO, YTO MHTEpECyeT HCCIeloBaTessi, HallpuMep, BOSHUKHOBEHHE
HOBOM INPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpbl (OTPBIBHOM 30HBI, BHUXPS), JOCTUKEHHE
U3y4aeMOH BEJIMYMHOW OIPENETICHHOIO 3HAYCHMS, TOCTHKEHNE YaCTULEH ONpPENEICHHON TOYKH B
CUETHOM 00JIACTH U T.II.

Ha npaxTuke, uccienyst ¢ IOMOIIBIO YMCIEHHOTO WJIHA KCIIEPUMEHTAIBHOTO MOJEIMPOBAHUS
TO WIM HWHOE SBJICHUE, Mbl, KaK IpPaBWIO, 3HAEM INPUYUHY BO3HUKHOBEHMS SBIICHUS W
YIPABISIOUIMI 3TOW NPUYMHONW KOJIMYECTBEHHBIM MapameTp (YHpaBisAIOUN [apamMeTp) X.
HccenenoBanue CTpeMUTCS K YUCIEHHOMY WIIM 3KCIIEPUMEHTAIbHOMY YCTAHOBJICHUIO 3aBUCUMOCTEN
YIPABIAIOLIET0 IapaMeTrpa OT ONPEACIAIOIUX MapaMeTPoB  (Xqp,...,X,) 3anadu. I[loctpoecHue

MO00OHBIX 3aBUCHUMOCTEH B KBa3HMAHATUTHUYECKOM WM TaOJIUYHOM BHUJE SBISETCS MPaKTUYECKOU
LIETIBI0 UCCIIEIOBAHUSI.

dopmannu30BaHHAsg MOCTAaHOBKAa OOPAaTHOM 3aJaydl BBITVIAIUT B OOILIEM ciyyae CIeAyIOUIUM
obpa3zom:

[Ipeanonoxum, 4YTO HMeEeTcs MaTeMaTH4ecKas MOJEelb HECTAllMOHApHOro Ipouecca u
HAJIC)KHBI YHMCJIEHHBIA METOJ I PELICHUS 3TOM MoJelu. B 3TOM cilydyae Mbl MOKEM pelaTh
NpSMYIO 3a/ladyy YHUCJIEHHOTO MOJIEJIMPOBAHMS HECTALIMOHAPHOTO mpouecca. Jlomyctum, 4To B
MOJICIIUPYEMOM IIPOIECCE MPOUCXOAUT HEKoe coObITHE (sBieHHe, 3 dekT). YucneHHoe peuieHue
F = F(x,x{,...,X,,) BblOpaHHOIl 3amaun ¢QopmHupyeTcs B IpoIEcCe MaTeMaTHYECKOro

MOJIETTUPOBAHUSL M OINpEeNseTcs YIpaBISIOIMIUM TapaMeTpoM X U KOHEYHBIM HabopoM
ONpENeNIAIONUX TapaMeTpoB 3afaudl  (Xjp,e., X, ). OO003HauuM X =(x,Xp,..,X,) U BBEIEM
@ynxyuonan coovimus @ (F (X)), KOTOPHIN HA PEIICHUN 3aa91 MPUHUMAET, TOA00HO JIOTHYECKOM

MEpeMEHHOM, J1Ba 3HaueHUs: 1 — eciau coObITHE, HMHTEpecylollee HCCIeI0BaTeNsd, HACTYIMUIO
(He3aBucUMO OT pona coObiThsi) U 0 — eci COOBITUE HE HACTYIUJIO.

@(F(X)) =0 - cobbITHE HE HACTYIHIIO (1)
@(F(X)) =1 - cobbITHE HACTYITHIIO.
ITyctb x' - 3Ha4YeHWE YNPABISIOIIETO MapamMeTpa, MPH KOTOPOM HACTYIAET H3y4acMoe
SIBJICHHC.
Toraa o01yI0 MOCTAHOBKY 33/1a4l MOXHO 3ammucath (HOpMaabHO CISIYIOIIHM 00pazoM:
- HaWTH min/(Ax) npu (GUKCUPOBAHHBIX 3HAUEHUSAX OMNPEIENSIOIIUX IapaMeTpoB

(xl*,..., xn*) ,rne I(Ax) - GyHKIIMOHAI CIEAYIOMIEro BUAA
I(Ax)=1-®D(F(X)), Ax=x-Xx' (2)
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TakuMm oOpa3omM, Hamia 3aga4ya GopMaIbHO COCTOUT B MUHUMU3aMu ¢yHkiuonana I(Ax) npu

MIOMOIIM BapuallK YNpaBJIAIOLIEro napaMerpa. A B peajlbHOCTH, BapbUpys AX, Mbl JIOJKHBI C
HNPUEMIIEMOI TOYHOCTBIO OTHICKATh 3HAUCHUE X', TO €CTh TO 3HAYCHHE YIPABIISIOIIETO MapaMeTpa,
IIPpU KOTOPOM COOBITHE HACTYyIMAET.

Mbl  monydaeM OAHO 3HA4YECHUE x'(xl*,..., x,,*))lnsl YIPaBISIOIIEr0 TapaMerpa IpH
(UKCUpPOBaHHBIX OMpENENAIOMUX MapameTpax. Ho 3amaua umccienoBaHus COCTOUT B TOM, YTOOBI
HOCTPOUTh  3aBUCUMOCTh  X'(XpseeyX,,) JJISI BCEX BO3MOXHBIX 3HAUCHUH ONPEICIISIONINX
napameTpoB. TakuM 00pa3om, €Clii MBI UMEeM B JMaNa3oHe pa30MEeHUs KaKIO0T0 OMpPEeeNsIOIIero
napamerpa M TOYEK, TO JUIsS TOTO YTOOBI HAWTH 3HAYEHHs X' yIIPABISIONIETO apaMeTpa i BCeX
HaOOpOB (xl*,...,x,,*), HeoOxomumo pemmTh M" omHoTumHBIX 3amad Buaa (2). B pesymbrare

pemieHud 93TOro Ha6opa 3agad HaxogATCA BCC TOYKU B HCCICAYCMOM IIPOCTPAHCTBE
ONIpCACIIAIOIHNX IMMapaMCTPOB, I'’AIC IPOUCXOOUT COOBITHE.

PaccmatpuBas (Xy,...,X,) Kak Ha0Op 0a3HCHBIX BEKTOPOB, MOXKHO MPEACTaBUThH IPOCTPAHCTBO
ONIpEACIAIOIUX MapaMeTpOB L(Xy,..., X,;) , HMEIOILIEE PA3MEPHOCTD M.

Torma B o0mieM ciydae 3agady ONTHMM3ALMOHHOTO aHAIM3a MOXXHO CPOPMYIHPOBATH Kak

o *
HaxoXJeHue B mpocTpaHcTBe L Bcex mopobnacreit L , rae HaOmromaeTcs u3ydaemMoe COObITHE,
*
T.c. O(L )=1.

[TomyTHO pemaercst 3agada (QUIBTPALUMM TE€X TOYEK IMPOCTPAHCTBA  OMPEIEIIAIOLINX
apaMeTpoB, Il OXHJIaeMoe coObITHE He HacTymaeT. Henb3s oxunaTh npu BbIOOpE AMAIa30HA
M3MEHEHHUS ONPEIEISIIOINX TapaMeTPOB, YTO HCKOMOE COOBITUE HACTYIUT B KaXKIAOW TOUKE BHYTPU
BbIOpaHHOro auamnaszoHa. IloaTomy, eciaM A KOHKPETHOM TOUYKU (Xj,e..,X,) IPOCTPAHCTBA
OTIPENICNIAIONINX MapaMeTPOB JAJs JIIOOBIX 3HAUYEHUH YNpPaBIAIOIIErO MmapameTrpa X, COOBITHE He
HACTYIIAeT, JaHHAsl KOHKPETHAs TOUKA U3bIMAETCSl U3 PACCMOTPEHUSI.

OO01muii anropuT™ peuieHus 3aauu ONTUMU3AIIMOHHOTO aHaJIN3a B TIOCIIEI0BATEILHOM PEKUME
BBIYMCIICHHUI MPEICTABIIEH HA PUCYHKE 3.

JapaHne PESEH?HI-"IH no H:jlnpraaneﬂnﬂm on
AP arern Ky

1 Lpmrn ne naSopam ON I
(x1‘1-+-1x§'}
PoOpMUDOBaHWE
MaccHesa
pesynbTaros
XXy geres X ) PeweHwe O3 AnA dmkcuposadtoro HaBopa ON | | — ||
L= c eapuauwen A X

l

FeleHue NpAMOR 3aaaqyin ANA GukcMpoBaHHOM |
aHaueHua X

Puc.3. Cxema nocredosamenvro2o ajeopumma peuteHus 3a0avu onmumu3ayuOHHO20 anaiusa

Ha npeaBaputenbHOM 3Tame 3aJaeTcsi CETOYHOE pa3OueHHe MPOCTPAHCTBA ONPEACISAIOIINX

napametpos (OIT), hopmupys BceBo3MOKHEIE (rKcupoBaHHbie HaGopbl OIT (X ey X, ) . Jlasice

* *
B LUKJIC [0 BCEM 3a/IaHHBIM HAab0paM (X seeey X, ) JUIA K&KIOTO HAOOpPa MPOBOAUTCS PEIICHHE
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obparnoit 3amaun (O3). OOparHas 3agada Ui KaXAOro Habopa pemiaeTcs IyTeM BapHaluu
YIIPABIIAIONIETO TIapaMeTpa X , BIUIOTh O HAXOXKIEHUS C 3aJaHHOH TOYHOCTBIO 3HAUEHUS X , T.e.
HACTYIUICHHS] HCKOMOTO COOBITHS. B mporiecce Bapuanuy ynpasisioIero napamerpa X Ha KakJoM
mare pemaeTcs mpsMas 3aJja4a MOICTUPOBaHUs IIPH 33/IaHHOM 3HA4YeHUU X . B pe3ynbTare paboTsl
anroputMa  (HOpMHpPYeTCS MHOTOMEPHBIH MAacCHB pPE3yJIbTaTOB, MPEACTABISIONUN  CcOOOM
JIACKPETHYIO 3aBUCUMOCTh X' (X[yeees X, ). JlaJiee K MaccuBy pe3y/bTaTOB MOTYT MPUMEHATHCS

METO]Ibl 00padOTKH MHOTOMEPHBIX JaHHBIX, pACCMAaTPUBAEMBbIE B CIIEIYIOIIEM pa3/elie.
JlaHHBIN anrOpuUTM B IIEJIOM MPEAINOJIaracT PEIeHHe OYeHb OOJIBIIOTO KOJUYECTBA 0OpATHBIX

3a/a4 YMCIEHHOro MozaenupoBanus (M"), Kaxnas M3 KOTOPBIX MPEIINONAraeT, B CBOK OYepe/b
pelieHre OOJNBIIOro KOJMYECTBAa MPSIMBIX 3afady. IJTO OOCTOATEILCTBO [IENAeT peallu3alluio
BBIIIIEH3JI0)KEHHOTO AJITOpPUTMa BEChbMa 3aTPYAHUTENBHON C TOYKM 3pEHMs] BPEMEHHBIX 3aTpart.
EcTtecTBeHHO B JaHHOU CUTYyaIlMU IPUMEHUTH MMapaICIbHbIE BBIYUCIICHUS.

PaccmoTpuM Hambosee MHTEpECHBIC Y3Jbl JUISI pacmapauieIiBaHUs JaHHOTO alrOpUTMA,
BbIJIETICHHBIE HAa pUCYHKE 3 puMcKkuMH Iubpamu. bynem orieHHUBaTh TPUTOIHOCTh JAHHBIX Y3JIOB K
pacnapayieIMBaHUIO IPEXAE BCEr0 C TOYKHM 3PEHUS WHBAPUAHTHOCTH WM HE3aBUCUMOCTHU OT
KOHKPETHOTO ajJropuTMa, pealiu3yeMoro B JaHHOM Yy3ie. B mepByio odepeab — 3TO aaroOpUTM
pelieHrs MpsMOM 3aJadyu MaTeMarudeckoro monenupoBanus (I) mpu 3agaHHOM 3HAYEHHH X .
JlaHHBIN y3e1 MOJHOCTHIO 3aBUCUT OT KOHKPETHOTO alropuTMa pElleHUs MPsSMOIl 3ajadu, a 3TOT
ITOPUTM MOXKET OBITh HEMPUTOJAEH JJIs pacrapauienuBanus. IMEHHO TakoW BapuaHT arOPUTMA
(HesiBHas KOHEUHO-PA3HOCTHASI CX€Ma) HCIIOJIb30BaJics B pabote [4] misi KOHKPETHBIX PacyeToB.
Bropoii y3en — 310 opranusanus pemnieHus oopaTHou 3agaun st pukcupoBanHoro vadopa OIT (II).
OH CBOAMTCA K MOMCKY 3HAUEeHHA X C 3aJaHHON TOYHOCTBIO. 371eCh TAaKXKe HMEeTCs 3aBHCHMOCTb
OT BBIOOpAa KOHKPETHOTO aJrOPUTMA TOMCKA X' . 3aTO TPeTHil y3es NMOTHOCTHI0 MHBAPUAHTEH H
3/1eCh BHE 3aBHCHUMOCTH OT aJTOPUTMOB BO3MOKHA OpraHu3alys MapaieldbHbIX BBIYUCICHHM
onHotunHbIX O3 ¢ pazHeiMu (pukcupoBaHHbIMU Habopamu OIl mo npuHMny «onuH Bapuant OIT —
onuH nporieccopy (Puc.4.).

ZajaHuwe paztueHns No HanpaenaHwRMm O,
SahadHue usmcna npolsccopos K

e
S
e

R

-

o3 | o

Puc 4. Hapaﬂﬂeﬂbl-lblﬁ eapuanm peuleHusl 3a0ayqu onmumMu3ayuUoOHHO20 anaiusza

B cuny Toro, uro mpomeccel pemeHuss O3 mpoucxomsaT ¢akThuuecku 0e3 0OMEHOB
uHbopMalMell MEXIy MpoleccopaMy, paclapajUleIMBaHUE 3/1eCh CBOJUTCA K OpraHu3aluu
uHTepQeiica, ynpaBisIOIEro pacnpeleJIeHueM BapuaHTOB IO MPOoLEeccopaM U cOOpOM JIaHHBIX B
€IMHBII MacCUB PE3YJIbTATOB.

JlaHHBIN BapuaHT SABJsSIETCS HauOoJee JETKUM B PeAIU3aliy U MO3BOJISIET YCKOPUTh PAcyeT BO
CTOJIBKO Pa3, CKOJBKO IPOIIECCOPOB MOXKET OBITh BBLIEICHO OJHOBpeMEHHO. Takum obOpazom,
UJEOJIOTUs MapaJUIeIbHbIX BBIUMCIEHUIN B JAHHOM Cilydae NpUHMMaeT (GopMy «MHOI03aJadyHOro
napamienu3May. TakuMm o0pa3oM, OpraHu3alus peleHHs paccMaTpUBaeMOil ONTHMHU3AIMOHHON
3aJaud B MapajUIeIbHOM pEXHUME I03BOJISIET ObICTPO U 3(P(YEKTUBHO MOIYUUTH JUCKPETHYIO



10

’
3aBUCHMOCTD YIPABISIIOIIErO MapameTpa OT ONPEE/SIONMX apaMeTPOB 312Ul X (Xgeees X,,) B
BUJIE MHOTOMEPHOT'O MacCHBa.

4. OBPABOTKA MHOT'OMEPHOH HH®OPMAIIUU

[Tony4eHHBI MHOTOMEPHBI MacCUB JaHHBIX B UCXOHOM BHJIE HE MOXKET OBITh UCIOJIb30BaH
JUTSL aHaJu3a CoJiepiKalieiics B HeM HaydHoW wHpopMmanuu. OH HYXJTaeTcsl B MpeIBapPUTEIHHON
o6paboTke. [l unciaa u3MEpEHui, MpeBbIAIero cranaaptaoe (1> 3), obmas cxema aHanusa
YHCIIOBBIX JJAHHBIX TPHOOPETAET BUJI, IPEICTABICHHBIN Ha PUCYHKE 5.

Maccue YWCnoBbix
A8HHBIX

¢

OBwana obpaboTra

RARHLI w— | KnacTEPUIAUMA,

NouWxeHne
| pazMepHOCTH

pathuueckan popma f

npeacTaeneHMA QaHHbLIX

AHanuTHYecKan popma
npegcrTaeneHMA QaHHbIX

Puc.5. Obwasa cxema ananuza oanHvlx 6016UO0U pA3MEPHOCIU

OCHOBHBIM OTJIMYHEM OT OOIIEH CXeMbl aHaM3a JAHHBIX, MPEICTABICHHOW Ha PHUCYHKe 1,
ABIISIETCA TO, YTO JUISA TEpexojia OT CTaauu oOuieil oOpabOTKM JAaHHBIX K CTaJWU BU3YaJbHOTO
IIPEJCTABICHUS, B CIIy4ya€ MHOTOMEPHOCTH HEOOXOAUMO MPEAIPUHUMATE OIpEeJIEHHbIE Iaru Mo
JOTIOJTHUTENBHON 00paboTKe TaHHBIX.

B obmem cnydae cHagama HEOOXOAMMO MHPOBOJIUTH MPOLEAYpPY KIACTEPU3ALUU C LEIbI0
YMEHBIICHUSI WIM pa30HeHusi paccMaTpuBaeMoil 0O0JAacTH MHOTOMEpPHOTO IPOCTPAaHCTBAa. JTa
Ipolielypa Mo3BoJIseT BbIICIUTh Haubojee 3HaYMMble TOJ00IACTH U SBJISAETCS HEOOXOAUMOM Ipu
aHanmu3e cIadOCTPYKTYpHUPOBAHHBIX NAHHBIX (PE3yabTaTOB SKCIEPUMEHTOB WM HabmoneHui). B
cllyyasix, MOJOOHBIX PAacCMAaTPUBAEMOMY, KOIJa TOYKM MHOIOMEPHOTO IPOCTPAaHCTBA 3aJaI0TCA
3apaHee C TIOMOIIbI0 CETOYHOTO pa30MeHus, IMpPOBEACHHE KIACTEpU3alMM He SBISEeTCS
HEOOXOINMBIM.

B pabote [4] paccmaTpuBaUCh COBPEMEHHBIE MOIBITKH IMOCTPOCHUS BU3YaJbHON KOHLIETIIIUH
IUI TPEJCTaBICHUS MHOTOMEPHBIX IAHHBIX, a TaKXKe OTMEYAJIOCh OTCYTCTBHUE HA CErOAHALIHMUN
JIeHb  aJeKBaTHOTO M  HAJEKHOro crmocoba MOJOOHOTO  BU3YaJbHOIO  IMPEICTABICHHUS.
CrnenoBarenbHO, U aHAIU3a MHMOPMaIUK, coJiepxkKalleiics B IOJTy4eHHOM MHOTOMEPHOM MaCCUBE
HEOOXOAMMO TIOHU3UTH PAa3MEPHOCTh MaccuBa. PaccMoTpum Hambojee pacnpoCTpaHEHHBIE
IIPAKTUYECKHE CIIOCOOBI TOHUKEHUS PAa3MEPHOCTH.

PaccmarpuBaemble CcmocoObl OCHOBaHbl Ha aHajdM3€ AMCIEPCUH JaHHBIX MaccHBa IO
KOOp/JMHATHBIM HAIpaBICHUSAM MM HAXOXKAEHUM B HM3y4aeMOM MHOTOMEPHOM IIPOCTPAHCTBE
BEKTOpA, [10 HAIIPABJICHUIO KOTOPOI'O AUCHEPCUS MAKCUMalIbHA (METO/] TJIaBHBIX KOMIIOHEHT).

[TepBbIii cmoco6 mpencraBiseT coOONW MOMCK KOOPIWHATHOTO HAINpaBIEHUS C HaUMEHBIIEH
mucriepcueit. CormacHo oOuiel cxeMme aHalu3a JaHHBIX B Ipolecce oOmeld o0paboTKH JaHHBIX
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BBIYUCIAIOTCA  cpeiHue 3HaueHuss ¢yukuun S;u  jgucnepcun  D; 10  KoopauHATHBIM

l

HanpasieHusm. C  momomipio monydenHoro Habopa Dy, D,,...D

n HAXOIUM KOOPAHWHATHOC

HalpaBICHHE j C HaWMEHbIIeW aucrepcueid maHHbix D, =I_n1in{Di}- Jlaniee mpoBepsieM
i=1,n
BBINOJIHEHUE CIIEIYIOLIETO YCIOBHSL:
D; =Dy, << D,Vi# j
uiH )
D; =D, <&*D,Vi#j,
rie € - Manas BeIM4MHA, 33/1aBacMas 0JIb30BaTEIEM.
Ecin ycnoBue (3) BBINONHSETCS, TO MO KOOPJUHATHOMY HAINPABICHUIO  j 3HAYCHUS

uccieayeMoi (YHKIIMHM 3aMEHSIOTCS Ha KOHCTaHTY, PAaBHYIO CpelHEMY 3HAueHHIO (YHKIHU MO
3TOMY KOOPJMHATHOMY HAIPABJIECHUIO S i

WMuaue ToBOpPsI, MBI BRIYUCIISIEM JAUCIEPCUH TI0 BCEM KOOPIMHATHBIM HAIlPaBJICHUSM, BEIOUpaEM
HAaUMEHBIIYI0O W3 HHUX, U B TOM Cly4ae, KOIrJla MUHUMajibHas JUCIEpPCHsl CYIIECTBEHHO (Ha
MOPSAKM) MEHBIIE OCTAJbHBIX, 3HAUYEHUS HCCIeqyeMoid (YHKIMM TIO KOOPAWHATHOMY
HalpaBJE€HUIO C HauMEHbIIEH [HUCIEPCUENd 3aMEHSIIOTCA Ha KOHCTaHTY, PaBHYI CpEIHEMY
3HAUEHUIO [0 3TOMY HallpaBlIeHHI0. TakuM 00pa3oM, pa3MEPHOCTb HMCXOJHOTO MHOTOMEPHOTO
MIPOCTPAHCTBA IOHUKAETCSA HA EUHULLY.

bonee paaukanbHBI BapuaHT JAHHOTO CIIOCO0A BBHIMJISIIUT CIEAyIOIUM oOpaszom. [lucnepcun
no wHanpasienusm Dy, D,,...D,  pawkupyiorcs B nopsake — yObiBaHus, — obpasys

nocnenosarensiocts Dy, Dy,...D, , tne D{= D,,, =max{D,}, a ocTanbHble 3TeMEHTHI
i=1,n

] ’ ]
[OCIIEIOBATENLHOCTH  pacionokensl 1o npunuuny Dy > D, >..>D,. Beibupatorcs Ttpu

! !/ !/
HAIPABJICHHs, COOTBETCTBYIOIIMX MakcuMaibhbiM qucnepcusim Dy, D, D;. Jlanee nposepsiercs
yCIIoBHE

D; >>¢*D;,i#1,2,3 4)
j=1,2,3

riae € - Majas BeIWYMHA, 3a/laBaeMas ToJb30BaTesneM. Eciu 3TO yCloBHE BBIMIOIHEHO, TO
mojlaracM 3Ha4eHUS MCKOMOU (I)YHKL[I/II/I IO BCCM HaAIIpaBJICHUAM, KPpOMC TPCX, COOTBCTCTBYIOIIUX
MaKCHMaJIbHBIM JHUCIIEPCHUSIM, KOHCTAHTAMHU, PAaBHBIMU COOTBETCTBYIOIIUM CPEAHUM 3HAYEHUSIM IO
HampaBlieHUssM. Takum oOpa3oM, Mbl paguKalbHO IOHMXKAEM PAa3MEPHOCTb HCXOIHOIO
MPOCTPAHCTBA M OKa3blBaeMCsi B paMKaX CTaHJApTHOTO TPEXMEPHOro (WiM JBYMEPHOTO)
MIPOCTPAHCTBA.

N3noxenHbIil moaxom 00aagaeT psioM HEAOCTATKOB:

- B OCHOBE 3TOT'O MOJIX0/Ia JISKHUT JOMYIIEHUE O TOM, YTO OOJIBIIIEe BCEr0 HHPOPMAITUH HECYT TE
HampaBlIEHUs, B KOTOPBIX JHUCIEpPCHs] BXOAHBIX JAHHBIX MaKCHMallbHa, T.e. 3aJI0)KEHa
HETOCPECTBEHHAS CBSI3b MEXAY BETMUUHON JUCTIEPCUU M UH(OPMAIIMOHHOM [IEHHOCTHIO;

- ycnoBust (3) wnu (4) BBITIOJHSAIOTCS TalieKO HE BCETJa, HAIPHUMEP, €CIIM JaHHbIE 00pa3yloT B
MHOTOMEPHOM IPOCTPAHCTBE THIIEpCchepy, TO 3TU YCIOBUS 3aBEIOMO HE BHITOIHIIOTCS;

- B BblOOpe Majoil BeIMYMHBI & 3QJ0KEH MPOU3BOJ, YTO MpPEAroiaraeT HaJuuue
OTpe/IeNIEHHOTO ONbITa PA0OTHI C JAHHBIMHU Y MOJIH30BATEIIS.

OHAKO, HECMOTPS HA 3TH HEIOCTAaTKM, JJI1 HeOOIbIION pa3MepHOCTH IpocTpancTea B =4,5

BO MHOTHUX CJIy4asiX B IPAKTHMUYECKHUX 3ajjadyax JAHHBIX MOAXO0] pabOTaeT yCIeIIHO.

Btopoii pacmpocTpaHeHHBIH CIOCOO0 TOHIKEHHSI PAa3MEPHOCTH 3aKJIIOYACTCS B MOCTPOCHUU
rpadMUecKuX NPOCKIMHA Ha CTaHIApTHOE YMCIO H3MEpPEeHHH ¢ (uKcaluedl NepeMeHHBIX, He
YYacTBYIOIIMX B IIOCTPOCHHMH NMPOEKUMH. Jlasee MpOBOAUTCS aHAIN3 BUJA IPOEKLIUN, KOTOPBIA BO
MHOI'MX CIIy4asiX II03BOJIAECT ONPEAEIUTh BU3YAJIbHO KOOPIMHATHOE HANPABICHUE C HAMMEHBUICH
JUIepcuen, U, UCKIIIOYUB €ro, TOHU3UTh Pa3MEPHOCTh paccMaTpuBaeMoil obmnactu. Takke qaHHBINA
IOJIXOJ O4YEHb I[I0JIE3eH B TeX ClydyasX, Korja u3 Habopa Auclepcuil O HaIpaBICHUAM
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HCJIb34d BBIACIUTL CYIICCTBECHHO HAMMCHBUIYIO. B »stmx clydyadx B 3aJadax

D,,D,,...D

n
HeOONBIION pasmepHocTH M =435 118 NOCTPOEHMs aHAIUTUYECKOM 3aBUCHMOCTH YacToO

HCIIOJIB3YCTCA MCTOA pa3aCiCHUSA IICPEMCHHBIX.
Ecau u3 Buaa HpOGKHI/Iﬁ B CTAHAAPTHBIX U3MCPCHUAX YAACTCA CACIAThb BBIBOJA O TOM, YTO JIA

* * *
TNEPEMEHHBIX X, X, TPH (HKCHPOBAHHBIX OCTANBHBIX MEPEMCHHBIX X3,X4seees X, (3BE3/04KA

o0o3HavaeT (hUKCAUIO MMEPEMEHHOMN) HcceayemMast QyHKIUS MOXET ObITh BBIPa)KEHA C MTOMOIIBIO
aHaMTHUEeCKOM 3aBucumoctu @y

% % % *
F(xl,xz,x3,..., X,)= (Dl(xl,xz,x3,..., X,),
% *
a IJIsd OCTAJIBHBIX HepeMeHHBIX HpI/I (bHKCHpOBaHHBIX xl 9 xz - C TIOMOIIIBIO 3aBUCUMOCTHU d)Z

% 3 3 %
F(X[,X35X5 50000 X,,) =D5(X X35 X5 3000y X, ), TO BBIIBUracICs THIOTE3a O TOM, 9YTO

UTOrOBas aHAIMTUYECKAs 3aBHCUMOCTH Uil MCKOMOM (ynkiuu F Moxer ObITh NpeicTaBieHa B
BUJIE

F(xls X29X3 9000y Xy )= F(x:,x;, x; 9eees x;)[l +(D, (x19x29'"xn ) - q)l(xpxz’ x;’m’ x:; NI*

*[1+ ((DZ (xla X geee Xy ) - ‘Dz (x:a x;a X3 90009 Xy )] (5)

JIBe 3aBUCHMOCTH, TIOJIyYEHHBIE B MPOEKIHAX, 00bEIUHIIOTCS B KOMOMHAIIMIO CO CITMBKOM MpHU
¢bukcupoBaHHbIX 3HaueHUsAX. [lomyueHHas 3aBUCUMOCTD (5) SBISETCS TUIOTE30i W HYXKIaeTcs B
npoBepke. [IpoBoauTes mpoBepka ycnoBUs JIJIs1 ICXOJHOTO MAaCCHBA JJAHHBIX

F(xl,xz,x3 yores Xy ) = F(X) 3 X5, X5 9000y X, ) < €, (6)

e € - Majlasg BeIMYMHA, 3a/aBaeMas IoJb3oBareneM. Ecinu ycnoBue (6) BBIIOJHEHO, TO
THIIOTE3a IPUHUMACTCS.

O0a BBIIEU3JIOKEHHBIX IIOJX0Ja HE SBISIOTCA CTporo oo6ocHoBaHHBIMU. CKopee, 3TO
QJITOPUTMBI BBIIBUKEHUS TMIIOTE3, HYXKAAOLMXCSA B IpoBepkax. OQHAKO 3TH METOAbI O3BOJISIOT
MOJTy4yaTh peaJbHbIe MPAaKTHYECKUEe pe3yabTaThl. MHOTHE W3 M3BECTHBIX HaM 3aKOHOB (DU3HKH,
MEXaHUKU, XMMUHU, SKOHOMHMKH M T.JI. MOJYYEHbl UMEHHO C NMPUMEHEHHMEM O3THUX MPaKTHUECKUX
MIOJIXOJIOB.

bonee coBpeMeHHbIM COCOOOM MOHMXKEHUS Pa3MEPHOCTH MAacCHBA JIAHHBIX SBISETCS METOJ
rIaBHBIX KoMmoHeHT (aHri. Principal Components Analysis, PCA). Cyrb MeToga COCTOMT B
Iepexofe OT HCXOAHOM CHCTeMBl KOOpPIMHAT K HOBOMY OPTOrOHaJbHOMY 0a3ucy B
paccMaTpuBaéMOM MHOI'OMEPHOM IPOCTPAHCTBE, OCU KOTOPOTO OPUEHTUPOBAHBI 110 HANIPABICHUSIM
MaKCUMaJbHOW JIUCIEPCHMM MacCuBa JaHHbIX. Peanmn3anum MeToja TIJaBHBIX KOMIIOHEHT H
QITOPUTMaM €ro MPUMEHEHUS B PA3JIMYHBIX OOJACTAX TMOCBSIIEHO OOJBIIOE KOJHMYECTBO
auTeparypsl. Pa3nnyHble BapuaHTBl peaqu3alii METO/a IVIaBHBIX KOMIIOHEHT U €ro 0000IeHHi
JUIsL HeIMHEHHBIX CIy4aeB MoApOOHO Mpe/cTaBiIeHbl B paborax [2,6]. ['eomerpuueckas moCTaHOBKA
3a/1a4d HAXOKJEHUS TJIABHBIX KOMIIOHEHT (OPMYJIUpPYETCs COoTsiacHO [6] cnenyromuM obpazom. B
MHOTOMEPHOM IIPOCTPAHCTBE MILETCS BEKTOP HANpaBJICHMS, 3aJal0lIUi NPSAMYIO, BIOJIb KOTOpPOH
JMCIepcus MakCHMalbHa (WM CyMMa KBaJpaTOB PACCTOSHUI OT TOYEK AAHHBIX 1O NPsAMOH
MUHUMaJbHa). Takum oOpa3oMm ompexaesnsieTcs TIepBas TIJaBHas KomroHeHrta. /Jlaiee
paccUMTHIBAETCS MHOXKECTBO BEKTOPOB IMEPBBIX OCTaTKOB, KOTOPOE JIEXKHUT B IPOCTPAHCTBE,
OPTOrOHAJILHOM IE€PBOH TJIaBHOM KOMIIOHEHTE U HMMEIOLIEM Pa3MEpPHOCTh HA €IMHHIY MEHbILE
UCXOJHOM pa3MepHOCTH. JlI1 HOBOTO MPOCTPAHCTBA, 0OPa30BAHHOTO 3TUM MHOXECTBOM BEKTOPOB,
CHOBAa HWINETCS HaIpaBJIeHHWE C MaKCUMaJabHOU nucrepcueid. Takum o0pa3oM pacCUUTHIBACTCSA
BTOpas IyiaBHas KoMHoHeHTa. CHOBa pacCUMTHIBACTCS MHOXECTBO BEKTOPOB BTOPBIX OCTATKOB M
T.JI.

Metox THaBHBIX KOMIIOHEHT M €ro HeJUHeWHble OO0O0OIIEeHUs SBJISETCS MOIIHBIM
Pa3BUBAIOIIMMCS HHCTPYMEHTOM aHAJIM3a JaHHBIX M IIO9TOMY HaXOJUT CBOE IPUMEHEHHE B CaMbIX
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pa3Ho00pa3HbIX 00JacTAX uccieaoBanus. OQHAKO B 3ajla4ax aHaIM3a JAAHHBIX BBIYHCIMTEIBHOM
MEXaHUKH JKHUJKOCTH M Ta3a OH MPUMEHSJICS PeaKo. B HacTosinee Bpems, KOrjga OJHUM U3
OCHOBHBIX HaHpaBJ’IeHHﬁ napaujaiCIbHbIX BEIYHCIICHUA B MEXaHHUKE KUAKOCTHU U ra3da CTaHOBUTCA
pellicHre ONTUMH3AIMOHHBIX 3afad [7], GOpMUPYIOMIMX pe3yabTaThl B BHAE MHOTOMEPHBIX
MAaCCHBOB JOaHHBIX, IMPUMCHCHUC MCTOJAa TJIaBHBIX KOMIIOHCHT 3aK/JI04YacT B Ce6e 60J’II)IHOI>'I
MOTEHIHAI.

AJIFOpI/ITM MOCTPOCHUSA TJIABHBIX KOMIIOHCHT W BHU3YaJIbHOC MNPCACTABJIICHUC PC3YJIbLTATOB B
IIIaBHBIX KOMIIOHEHTaX pealn30BaHbl BO MHOTHX MPOIPAaMMHBIX KOMITIEKcax. IIpumMepaMu Takux
KOMIUIEKCOB MOTYT ciy’kuth ViDaExpert [8] u Unscrambler [9].

HeoOxonnMo 3aMeTuTh, YTO BCE BBIIEHEPEUUCIEHHBIE METOJbl MOHMKEHUS pPa3MEpPHOCTU
paccMaTpuBaeMOro MacCHBa JAaHHBIX MOTYT IPUMEHATHCS KOMIUIEKCHO, NOMOJHASL APYr Ipyra u
obecrieunBast BEpHUPHUKAIMIO TPOBOUMBIX PACUETOB.

5. MIPUMEP PEIIEHUS KOHKPETHOM 3AJIAUM

JlaHHbI OAXO0/ K OpraHu3aliy napajijieIbHOrO pacuera Obll MPUMEHEH K KOHKPETHOM 3aj1aue
O  HECTallMOHApPHOM B3aUMOJICCTBHUU CBEPX3BYKOBBIX cTpyh [4]. B kauectBe coOBITHSA
paccMaTpuBaIOCh BO3HMKHOBEHHE HOBOW MPOCTPAHCTBEHHO-BPEMEHHOW CTPYKTYpPHI TEUYCHUS
(IIBC), B KadecTBe YHpPABIAIOIIETO I[apaMeTpa HMCIONb30BAIACh CKOPOCTh IOBBIIICHUS

HEpPACUETHOCTH CTPYHU V*, a B KaueCcTBE OMNPEACISIIONIUMX IMapaMeTpOB OBLIM BBIOpaHBI
xapakTepHele uucna Maxa, Peiinonbaca, Ilpanamis u Crpyxans  (Mg,Rey,Pr,,Sh,) s
JIaHHOM 3ajauu. s npsAMOi 3a1a4u B KA4E€CTBE MaTEMaTUYECKON MOJENH UCIIOIb30Balach MOJHas
CHCTeMa HECTallMOHApHBIX JBYMEpHbIX ypaBHeHU HaBbe-CTokca 111 BSI3KOTO CKHMAaeMOTO
TEIUIONPOBOJHOIO Tas3a. /[l YHCIEHHOrO peleHus NpsMOM 3aJayd IPUMEHSJIACh HEsSBHAs
rudpuiHas KoHeuHO-pazHocTHass WW-cxema, obagaromias BTOPBIM MOPSIKOM alllpOKCHMAIUH 110
BPEMEHU U MPOCTPAHCTBY.

PaccmarpuBanuch pazOueHust ompenensomux mapaMeTpoB mo 5 u 10 Todek Ha Kakabld
rmapamMeTp B JMama30He ero M3MEHEHHUs, 4YTO Belo K HeoOxomumocTdh pacuera 625 m 10000
o0paTHBIX 3a/a4 COOTBETCTBeHHO. OOmas 3ajaya pemianack B THapasieibHOM pexume. s
MPOBEACHUS  PAacyeTOB  HMCIIONB30BAJICSA  BBIUMCIUTENBbHBIA  KoMmruieke K100  (MIIM
uMm.M.B.Kenneima PAH). Ilpu opranmsammm wunTepdeiica [uis ynpaBlieHHs HapalieIbHbIM
pacdyeToM ucnosib3oBanack TexHosoruss MPI [10]. B pe3ynbrare pacyeToB ObLT MoMydeH 4-MepHBIN

MacCHB pe3yJbTaTOB V*(Mw, Re,Pr,,Sh,).

K monmydyenHomy wmaccuBy OBIJIO TpUMEHEHO Jorapudmudeckoe mpeoOpa3oBaHHE 10
KOOpJMHATHOMY HamnpasiieHHI0O Re, W IpOBENCHO CpaBHEHWE IUCHEPCHH IO KOOPAWHATHBIM
HanpasyieHusAM. OLIEHKa IUCIIEPCUI 110 HAINIPaBJICHUAM I10Ka3aJla, YTO JUCIEPCUS 110 HAIIPABICHUIO
IgRe,, CylecTBEHHO MEHbIIE IUCIEPCUM 110 OCTaIbHBIM HampasieHusaM. Iloctpoenue u ananus
TPEXMEPHBIX MPOEKLUH UCXOAHOT0 4-MEpHOr0 MaccuBa JaHHBIX MOATBEPAMIIO ITOT pe3ynbTar. Ha

*
puc.6 mpexncrasieHa 3asucumocts V(M ,Re,Pr, ) B Buae U30M0BEPXHOCTEN.
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Puc. 6. 3asucumocms kpumuueckoii ckopocmu nogvluienus Hepacuemuocmu om qucen Maxa,
Petinonvoca u [lpanomas

Taxum 00pa3oM ynanoch MOHU3UTH PA3MEPHOCTh U PACCMATPHUBATH YK€ TPEXMEPHBIH MacCUB

pEe3yNbTaToB V*(Mw,Proo,Shm). Ha pucynke 7 npexncrasieHa 3aBUCHMOCTb V*(Mm,Prm,Shw)B
BUJI€ M30MMOBEPXHOCTEM.

=

s P T

Puc. 7. 3asucumocmn V*(Mw,Prw,Shw)
[Tomy4yenusie qanHbIe ObUTH 00paOOTaHBI C TOMOIIBIO TIpOorpaMMHoro komruiekca ViDaExpert,
YTO TO3BOJIMJIO OIPENENUTh TIaBHbIE KOMIOHEHTHl B MCXOJHOM MHOT'OMEPHOM IPOCTPAHCTBE U
MpeACTaBUTh WX BU3yanbHO (Puc.8).

[ B

Puc.8. Hpe()cmaeﬂeﬂue OAHHBIX 8 cucmeme 2iaéHblX KOMNOHEHM
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[To pe3ynbraTaM BHU3YaJbHOIO TPEACTABICHUS MacCMBa JIAaHHBIX I[OCJE€ MOHMKEHHUS
pa3sMepHOCTH ObLI C/IeNaH BBIBOJ O TOM, YTO JUIS LieNel Irpy0oil yCpeIHEHHOM OIIEHKU MOTy4eHHOEe
peleHre ONTUMHU3ALMOHHON 33Jayll MOXKHO aNIpPOKCUMHMPOBATH C IOMOINBIO 3aBHCHUMOCTH,
IPEJCTABICHHON B BHJIE IUIOCKOCTU. DTO MO3BOJIMJIO IOJYYUTh UTOrOBOE KBa3UAHAIUTHUECKOE
BBIDQ)KEHUE JJISI YCPEJAHEHHON OLIEHKM 3aBHUCHUMOCTH KPUTHUYECKOW CKOPOCTH IOBBILICHUS
HEPac4YEeTHOCTH OT ONpPEAECIAIOIINX 1apaMETPOB 3a/1a41 B BUJIE:

Vi =v'(M,,Pr,,Sh,)=-0.1M_ +0.115Pr,_+0.24Sh,,

Takum oOpa3oM ObUIO MPOBEACHO HCCIEAOBAaHHME MHOTOMEPHOI'O pEIleHUs 3aJauu
ONTUMU3ALMOHHOIO AHAJIN3a BO3HUKHOBEHUs HOBOW IPOCTPAHCTBEHHO-BPEMEHHOW CTPYKTYpHI B
IIOTOKE B IIOJIHOM COOTBETCTBUM CO CXEMOH aHalIW3a, INPEICTABICHHOM Ha pPHUCYHKE 5 ¢
HCIIOIb30BAHUEM  BBILICONMCAHHBIX IMPHUEMOB IOHWXKEHUS PasMEPHOCTH U BU3YAJIbHOIO
[IPEACTABIICHHUS.

6. SAKJIIOYEHUE

Pa3BuTHe napajuienbHBIX BBIYMCICHUN BBIJBUTA€T Ha MEPBBIA IUIAH B BBIYMCIUTEIBHON
MEXaHHKE KHUJIKOCTH U Ta3a PelIeHHe ONTUMHU3AMOHHBIX M 00paTHBIX 3a1a4. [logo0HbIe pereHus,
KaK IpaBWJIO, MPEJICTaBICHbl TUCKPETHO B BUJE MHOTOMEpPHBIX MAacCHBOB JaHHBIX. BripaboTka
METOJIMKH aHallu3a JAHHBIX MOJOOHON CTPYKTYpBI, HX BH3yaJbHOE IMpEACTaBICHUE, 0000IICHHE
3TUX JaHHBIX B BHUJE KBa3MAHAIUTUYECKUX 3aBUCHMOCTEH SBISETCS BaXHOW M aKTyaJbHOM
3anadeid. JlanHas paboTa mpencTaBisier mpobIeMy aHaIM3a MHOTOMEPHBIX JAHHBIX KaK PEHICHHIA
ONTUMU3AIMOHHBIX 3a/1a4, (OpMyIHpPOBKY OOIIEH TMOCTAaHOBKH 3ajadd, CXeMmMy OOpabOTKH H
aHaJM3a JaHHBIX U €€ COCOOBI peaTn3alty.

OO6muii moAXoa U CcrocoObl peanu3ali IpeJCTaBICHHON CXeMbl aHallu3a JTAaHHBIX MMOKa3aHbI
Ha TpUMEpEe pPEUICHUS B PEKUME MapallIeNIbHBIX BBIYMCICHUN KOHKPETHOW ONMTHMM3AIIOHHON
3a/layy OIpeeNICHUs] YCIOBUN BO3HHUKHOBEHHS HOBOM MPOCTPAHCTBEHHO-BPEMEHHOUN CTPYKTYpPHI
[IPY B3aUMOJICICTBUH CTPYH.
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