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AHHOTaUuA

B noknazne paccMaTpuBaroTCs BONPOCH! aHAIHM3a U BU3YaIU3aLUN
MHOTOMEPHBIX OOBEMOB IAaHHBIX B 3a/JadaxX BBIYHCIUTEIBLHOU
ra3oBoil JUHAMHUKH. MHOTOMEpHBIC J[aHHBIC MOSBIAIOTICS B
BBIYUCIMTEIBHONM  ra3oBOil  AMHaMMKE  KaK  pe3yJbTaThl
[apaMETPUYECKUX  HMCCIEJOBaHMH M pelleHus  3ajad
ONTHMH3AIMOHHOTO aHamm3a. [Ipemmaraercss MNpPHONIKEHHBIN
HOAXOJ, IPENOIAraloIii 0ToOpaXKeHHe MHOTOMEPHOTo 00beMa
B IIPOCTPAHCTBE INIABHBIX KOMIIOHEHT U alIIPOKCUMAIIMIO JaHHBIX
B o0beMe C TOMOIBIO IUIocKocTel. [lpuBemen mpumep
MPaKTUYECKOTO IIPUMEHEHHUS OXO0/a.

Knirouesvie cnosa: BU3YAIUIAYUAL MHOCOMEPHBLX aaHHle, Memoo
2/IABHBIX KOMNOHEHN, SbIYUCTUMENbHASL 24308451 OUHAMUKA

1. BBEOEHUE

3amaun 00pabOTKM, aHaNMM3a W BHU3YaJIM3AllMM MHOTOMEPHBIX
JIAHHBIX ABJIAIOTCS HA CETOJHAIIHUI eHb BaKHBIM M aKTyaIbHBIM
HanpaBieHueM. [IpoGieMbl H3ydeHHs MHOTOMEPHBIX 00BEMOB
JTAHHBIX, 33/1a4M ONPEIENICHHs B3aHMHOTO PACTIONOXKEHHNS TOUCK B
MHOTOMEPHOM  oOlake  HaHHBIX,  3aJa4d  BbIIBJICHHSA
OIIpeieNIAIOMUX (PAKTOPOB U CKPBITHIX B3aHMOCBSI3EH MEXIY
HUMH BO3HHMKAIOT IPAaKTHYECKH BO BCEX OOJACTSAX 3HAHUSL
Ananu3 MHOromepHbIX naHHbIX (Data Analysis) HWHTEHCHBHO
pa3BuBaeTcsd KaK HaydHas IUCHUIUIMHA, KOTOpas BKIIOYAcT B
ceOs: meTon ruaBHbIX KoMnoHeHT (PCA-Principal Component
Analysis) 1 ero 000011IeHHsI HA HEJMHEHHBIE Cilydau, (pakTOpHbIH
aHalmM3, KIACTEPHBIH aHanW3, JUCKPHMHMHAHTHBIA —aHaju3,
MOCTpoeHUe camoopranuzyomuxcs kapt (SOM — Self-Organized
Maps) u ynpyrux kapt (Elastic Maps) [1,2]. KomOunupoBanuoe
NPUMEHEHHE METOJI0B, aITOPUTMOB U IIOJXO/0B, pa3pabOTaHHBIX
B O9TUX pa3jenax, II03BOJSICT MPOBECTH BCECTOPOHHEE
HCCIIeJOBAaHNE MHOTOMEPHOTO 00heMa JAaHHBIX BHE 3aBHCHMOCTH
OT UX IPOHCXOKICHUSL.

B 3agadax BBIUMCIUTENBHONM Ia30BOM JUHAMUKH IIPOOJICMBI
aHa/lu3a MHOIOMEPHBIX JaHHBIX paHee IPaKTUYeCKU He
BCTpedanuch. J{ims 0OpabOTKH M BU3YalTbHOTO MPEICTABICHHS
PE3yJIbTATOB Jake CaMbIX CIOXKHBIX PacdeTOB BIIOJIHE XBaTaJo
HapaOOTAaHHBIX METOJOB U NPUEMOB HayYHOH BU3yamusanuu [3].
OnxHako B HacTosllee BpeMs  HHTCHCUBHOE  pa3BUTHE
BBICOKOIIPOM3BOJMTEIBHBIX U HapajyielbHbIX  BBIYMCICHUH
MO3BOJISIET pelIaTh 3aJadd MapaMEeTPUUECKOTO HCCIICIOBAHUS H
3a/1a4M ONTUMHU3AIMOHHOTO aHanu3a [4, 5].

HapaMeTpnquKne YHCJIICHHBIC HUCCIICO0OBAHUA IIO3BOJIAKOT
IoJy4daTb peHieHue HE I OHHOﬁ KOHerTHOI)’I 3aa1a4u
MaTeéMaTH4CCKOro MOJACIMUpPOBaHHA, a I KJacca 3ajJadv,

33JaHHOTO B MHOTOMEPHOM IPOCTPAHCTBE  ONpPEIEIISIOIUX
napameTpoB. Taxke NpUMeHEeHHe NapajlulelbHbIX aIrOPUTMOB Ha
BBICOKOIIPOM3BOJANTEIBHON BBIYUCIUTEIBHON TEXHUKE T03BOJISET
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YHUCIIEHHOE HCCIEOBAaHUE 3a1ad ONTUMHU3AIMOHHOTO aHan3a,
Korjga oOpaTHas 3ajada pemaeTcs B KaXKIOH TOUKE CETOYHOTO
pa3bueHHs  MHOTOMEPHOTO  IPOCTPAHCTBA  ONPEAENIAIONINX
napaMeTpoB. OCHOBHas OCOOCHHOCTb, C TOUKH 3pEHUS 3a1ad
aHalM3a U BU3YaJIN3alMU PELICHHI, B IOJOOHBIX BBIYMCICHUIX
3aKJII0YaeTCsl B TOM, YTO MX PE3yTbTaThl MPEICTABISAIOT COOO0M
MHOTOMEPHBIE MacCHBBI, Pa3MEPHOCTh KOTOPBIX COOTBETCTBYET
KOIMYECTBY  ONPEACIAIIINX [apaMeTpoB. OTH  MAacCHBBI
HY’AI0TCsl B 00pabOTKe U BU3YalIbHOM IPEICTABICHUHN C LEIIBIO
X aHAM3a W BBIABICHUS BHYTPEHHHX B3aUMOCBS3EH MEXKIY
onpefeNAomIME napamMeTpaMu. [logoOHbIE 3a7aull HAUYMHAIOT
BCTpEUaThCsl Ha IPAKTUKE BCE Yallle, XOTA CIeIyeT OTMETHTh, YTO
pa3MepHOCTh IOJOOHBIX MAacCHBOB CErOJHS OrPaHUYMBACTCS
BBIYHCITUTEIIEHBIMI MOIITHOCTSIMH M OOBIYHO COCTaBJIsAeT 4 — 5, B
HCKITIOUUTEIIBHBIX CIydasx — 6.

B 3TO# cHTyalMu €CTECTBEHHO XOTEJIOCh OBl MPUMEHHTH YXKE
HapabOTaHHbIHM annapat MeTosoB U anropurMoB Data Analysis k
nogoOHbIM 3amadaM. OIHAKO 31eCh BO3HHKAIOT HEKOTOpPHIC
po0JIeMbl, 00YCIIOBJICHHbIEC CTICIM(DUKON 1Ieel UCCIIeI0BaH s 1
MPOMCXOXKJCHUSI caMuX JaHHbIX. B 3amauax Data Analysis
MHOTOMEPHBIC [aHHbIC PACCMATPHBAIOTCS Kak HAbOp TOYeK
A (x)ye0sX,),i=1...,m, n  OCHOBHOII

UHTEpec JUISE

HCCJICAOBATENIA MPEACTABISIET NX B3aUMOPACIIOIOKEHUE C LECJIBIO
BBIACJICHUS KJIIACTEPOB, PCIICHUA 3aJa4n KJlaCCI/I(l)PIKaLIPII/I HOBBIX
00BEKTOB. Korna MbI paccMaTpuBacM MHOTOMEPHBIC JaHHBIC B

3aja4ax ~ BBIUMCIUTENBHOW — TrazoBoi  muHamuku  (CFD),
MOTy4Y€HHbIE Kak pe3yIabTaThl peleHus 3a1au
OITUMU3AIOHHOTO aHanu3a U apaMeTPUIECKUX

HCCIIEJOBAHMI, HAC B TOPA3/0 MEHBIIEH CTENEHH HWHTEPECyeT
B3aMMOpACIIONIOKEHAE ~ TOYECK, TaK Kak  pasOHeHus 1o
ONpElEeISIONMM  HapaMeTpaM  Xj,...,X,_ | 3aJaloTcs HaMH.
OcHOBHas

Xn = F(xb""xn—l) >

1eib 31€Ch -

MIpeJICTaBICHHON

U3Yy4YCHUEC 3aBUCHMOCTH

1o pe3ysibTaTtaM

BBIUMCICHMH B  BHAE MHOIOMEPHOTO 00beMa  JIaHHBIX,
BU3yQJIM3alMsl OTOM 3aBUCHUMOCTH ¥, IO BO3MOKHOCTH,
IpEJCTaBICHUE €€ B KBa3HAHAJIUTHYECKOM BHIE C IOMOIIBIO
NPUOTHIKESHUH.

Takum oOpasom, 3amava amantauyd MetomoB Data Analysis mis
LeJed  MCCIICIOBAHUSI MHOTOMEPHBIX PE3yJIbTaTOB PacdyeToB
ra30JMHAMUYECKUX 33124 SIBJISICTCS aKTYaJIbHOM.

2. AHAIMIN3 N BU3YAITU3ALUA MHOIOMEPHbIX
OAHHbBbIX

HawuGonee 3 hexTHBHBIM IyTeM aHaAIIM3a MHOTOMEPHBIX JaHHBIX,
MOJy4YaeMbIX B pe3yJbTaTe PEUICHHS 3a7ad BBIYUCIUTEIBHON
ra3oBOil JMHAMUKH, SIBISIETCS BU3yaJbHOE IPEJCTABICHHE

3aBUCHMOCTH X,, = [(X,...,X,_|) ¥ nonydeHue nadopmarum o

XapakTepe 9TOH 3aBHCHMOCTH. I[anee CJIIEAYET arIpoKcuMalus



3aBUCUMOCTHU C IMOMOLIBIO HOBCpXHOCTeﬁ JAOCTATOYHO IIPOCTOrO

BUZA u MOJTyYeHHE, KaK CIIEZICTBHE, HCKOMOTO
KBa3MaHAJIUTHYECKOTO BBHIPAKCHUSL.

B pabore [4] paccmarpuBaluCh COBPEMEHHBIE IOIBITKH
MOCTPOCHHST  BU3YyalbHOH KOHIENIUM UL  TIPEACTaBICHUS
MHOTOMEPHBIX JaHHBIX, a TaKXKe OTMEYaloch OTCYTCTBHE B
HacToslIee BpeMs aJeKBATHOIO M  HAAEXKHOIO  Crocoba
HOJO0OHOTO  BU3YallbHOTO — INIPEJACTAaBICHUS 111 OOBEMOB,

MMEIOIIHNX Pa3MEpHOCT, MpeBbIaronyo 3. CieaoBaTeabHo, Il
aHanmm3a  MHQOpMALMH,  COACPXKAIIEHCS B IOJYYEHHOM
MHOTOMEPHOM MacCUBE, HEOOXOIUMO MOHU3UTH Pa3MEpPHOCTh
MaccHBa. PaccmoTpum Haubouee pacnpocTpaHeHHbIC
MPaKTUYECKUE CIIOCOOBI MOHIKEHHS Pa3MEPHOCTH.

PaccmarpuBaeMbie CrTocoOBI OCHOBaHBI Ha aHANM3€ JHCTICPCHIA
JaHHBIX MAacCHBa II0 KOOPAMHATHBIM HANPABICHUSAM HIIH
HaXO0X/CHUH B U3y4aeMOM MHOIOMEPHOM IIPOCTPAHCTBE BEKTOPA,
0 HAIIPABJICHUIO KOTOPOTO JUCIICPCUSI MaKCUMAITbHA.

ITepBbIif crioco® mpexncTaBisieT CoOOH IMOMCK KOOPAHHATHOTO
HanpaBlIEeHUs C HaWMEHbIIEH aucnepcuelt. Borumcistores

D,

BBIOMpPAECTCsl HauUMEHblIAs U3 HHUX, M B TOM Clydae, Koria
MHHHUMaJIbHAsl JUCIEPCHUS CYIIECTBEHHO (Ha IMOPAAKM) MEHbLIE
OCTaJIbHBIX, 3HAYEHUS uccieryeMon GbyHKIIN 1o
KOOPAMHATHOMY HAaIpPaBIE€HUIO C HauMEHbIIEH [ucnepcueit
3aMCHAIOTCS. Ha KOHCTAaHTY, PaBHYIO CpEIHEMY 3HAUYCHHUIO II0
HampapiieHnio. TakuMm 00pa3oM, pa3MepHOCTb HCXOIHOTO
MHOTOMEPHOI'0 MPOCTPAHCTBA IIOHUKAETCSI HA €AMHHUILY.

JAUCIICPCHUU o BCEM KOOpAWHATHBIM  HaIlpaBJICHUSM,

i

Bonee panuKanbHBI BapHaHT JaHHOTO CHOCO0A  BBITJISAUT
CleylomyuM  00pa3oM. BBIYACIAIOTCA TUCIIEPCHH TI0  BCEM
KOOD/IMHATHBIM HATIPABICHHSIM U DAHKUPYIOTCS B MOpSIKE
yObiBaHus. BBIGUPAIOTCA TPU HANpPABIEHHS, COOTBETCTBYIOIIMX
MakcuManbHbiM aucnepeusm Dy, D}, Dj. Jlanee mposepsietcs
D'

J
=123
3a/1aBaeMasi MoJib3oBateneM. Ecii 5T0 yClOBHE BBINONHEHO, TO
T0JIaraeM 3HAYEHHs MCKOMOH (YHKIMH MO BCEM HATPABIEHUAM,
KPOME TpPEX, COOTBETCTBYIOIIMX MAKCHMAIBHBIM JHCTIEPCHSIM,
KOHCTaHTaMU, PABHBIMH COOTBETCTBYIONUIMM CPEHUM 3HAUEHUSM
no HanpapieHusM. Takum 06Pas’oM, Mbl PaJUKATLHO TIOHHKAEM
Pa3sMepHOCTh UCXOIHOTO MPOCTPAHCTBA M OKA3BIBAEMCS B PAMKAX
CTaHAPTHOTO TPEXMEPHOTO MIPOCTPAHCTBA.

yCIoBHE >>e*DLi#1,23, rne € — manas BenuunHa,

H3110xeHHBII MOAX0R 00Ia1aeT PAAOM HELOCTATKOB:

- OH JaJIeKO He BCerja OCYIECTBHM, HAaIlpUMEp, €CIIU JaHHbIEC B
MHOTOMEPHOM HPOCTPAHCTBE OJIM3KH K TUnepcdepe;

-B BBIGOpC MaJIOil BeJIMUYUHBI £ 3aJI0)KEH IIpOU3BOJI.

OJHAKO, HECMOTpsi Ha OTH HENOCTaTKH, JUISl HPOCTPAHCTB
He0oMbIoN pasMepHocTd 71 =4,5 BO MHOIMX MNPAKTHYECKUX

CllydasXx JaHHBIX IIOAXO0JQ pa60TaeT YCHEenHo.

Bropoi#t pacnpocTpaHeHHBIH CHOCOO MOHMKEHHS Pa3MEpHOCTH
3aKJII0YAETCS B [OCTPOCHUM Tpaduueckux NpoeKuuid Ha
CTAaHJapTHOE 4ucio  u3Mepenuit n<3 ¢  (Qukcauuein
TICPEMCHHBIX, HEC YYaCTBYIOIIUX B ITOCTPOCHUHU ITPOCKINU. B tex
ciydasix, Korja u3 Habopa JUCIEPCHi M0 HANPABICHUSIM HEIb3s
BBIACIIUTh CYHIECTBEHHO HAWUMEHbUIYI0, YaCTO HUCHOJIb3YETCA
METO/1 Pa3/IeIeHuUs IEPEMEHHBIX.

Ecmu u3 Buza npoekuuili B CTaHAAPTHBIX M3MEPEHUSIX ylaeTcs
cAeiiaTb BBIBOA O TOM, 4YTO [Jid [JABYX TIIEPEMEHHBIX IIPU
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CI)PIKCHpOBaHHBIX OCTAJIBHBIX IMECPEMEHHBIX UCCIIEAyEMast (byHKLII/Iﬂ
MOXKET OBITH BBIpAXKCHA C IIOMOIIBIO AHATTUTUIECKOM

@1,

(UKCHPOBAHHBIX MEPBBIX IBYX — C IIOMOLIBIO 3aBucHMOCTH D, ,

3aBUCUMOCTH a s OCTAaJIbHBIX TNEPEMEHHBIX IIPU

TO BBIBUTACTCS T'HIIOTE3a O TOM, YTO MTOTOBAs aHAJIMTHYECKas
3aBHCUMOCTD JUIS KICKOMOI ()YHKIIMH MOXKET OBITh Mpe/ICTaBICHA
B BUJAE KOMOMHAUMU OTHX (YHKIMH CO CHIMBKOH Ipu
(DUKCUPOBAHHBIX 3HAYCHHUSX.

O6a  BBIMICH3IOKEHHBIX IOJXOAa HE SBISIOTCS  CTPOTO
o0ocHOBaHHBIMH. CKOpee, 3TO aITOPUTMBI BBIIBIDKCHHUS THIIOTES,
HYXJAIOIUXCS B NpoBepkax. ORHAKO 3TH METOABI MO3BOJISIIOT
[0JIy4aTh peajbHble IPAKTUYECKUE PE3YIIbTAThI.

He meHee 50 QeKTHBHBIM SBISIETCS IPHMEHEHHE METO/IA TJIABHBIX
komroneHT (PCA). CyTb MeToJa COCTOMT B TMEpexoje OT
HCXOIHOM CHCTEMBl KOOPAMHAT K HOBOMY OPTOTOHAJIBHOMY
6azucy B paccMaTpUBAEMOM MHOTOMEPHOM HPOCTPAHCTBE, OCU
KOTOPOIO0 OPHUEHTHPOBAHBI 110 HANpPaBJICHUSAM MaKCHUMaJlbHON
JMCIEPCUM MaccuBa JaHHBIX. Peanmsanmu Meroja INIaBHBIX
KOMIIOHEHT M QJITOPUTMaM €ro IPHMECHCHUS B Pa3IMYHBIX
00JacTsIX MOCBSIICHO OONBIIOE  KOJUYECTBO  JIMTEPATYPBL.
Pa3znuunble BapuaHThl peann3alul METOa [NIaBHbIX KOMIIOHEHT U
ero 0000ImeHHH Ui  HEJIMHEHHBIX  ClIydaeB  MOJPOOHO
npeAcTaBieHbl B padorax [1, 2]. ['eomerpnueckas MmOCTaHOBKa
3a7a4d  HAXOXKACHUS IJIaBHBIX KOMIIOHEHT (HOpPMYJIHUpyeTcs
cormacio [1, 2] cnemyromum obOpasom. B MHOromepHom
IIPOCTPAHCTBE MIIETCS BEKTOP HAINPaBJICHUS, 3a1a0IUI IPsAMYIO0,
BJIOJIb KOTOPOH JHcIepchsl MaKCUMalIbHA (MJIM CyMMa KBaJpaToB
paccTosHU OT TOYEK AAHHBIX J0 MPIMOW MHHUMaibHA). Tak
ompejensercs — mepBas  IVlaBHas ~ KoMmHoHeHTa.  Jlanee
pacCUMTBIBACTCS MHOXKECTBO ~BEKTOPOB  IIEPBBIX  OCTaTKOB,
KOTOpOE JIGKMT B IPOCTPAHCTBE, OPTOrOHAJIBLHOM HEPBOH
IJIaBHOH KOMIIOHEHTE M HMEIOLIIEM pa3MEpHOCTb Ha EJUHHILY
MEHbIIE MCXOMHOH pa3MepHOCTH. [l HOBOrO IMPOCTPAHCTBA,
00pa30BaHHOIO STHM MHOXKECTBOM BEKTOPOB, CHOBAa MIIETCS
HalpaBJIeHUE ¢ MaKcuMasbHOH aucnepcueil. Tak paccunthiBaeTcs
BTOpas INIaBHAsi KOMIOHEHTa. CHOBA PaCCUUTHIBACTCS MHOXKECTBO
BEKTOPOB BTOPBIX OCTaTKOB U T.[.

[lpuMeHeHHe TJIABHBIX KOMIIOHEHT [aeT HaM BO3MOXKHOCTb
0TOOPA3KUTh HCCIIELYeMblii MHOTOMEPHBI MacCHB Ha IUIOCKOCTb
WJIKn B TPEXMEPHOC MTPOCTPAHCTBO, 06pa30BaHH06 TICPBBIMU TPEMS
ITIABHBIMHM KOMIIOHEHTaMu. B 3Tom ciyuae cxema oOpaboTky,
aHallyza W BU3yaJau3allMd HUCXOAHOTO MHOI'OMEPHOTO o0beMa
JIaHHBIX OY/IET BBIMVISACTh CICAYIOMINM 00pa3oM.

- Jlus MCXOQHOrO OObeMa BBIYMCISIOTCS TPU IIEPBBIE TJIABHBIE
kommonenTsl  Y},Y,,Y;, The kaxnas riaBHas KOMIIOHEHTa

SIBIISIETCSL  JIMHEWHOW KOMOMHAIMEHl MCXOIHBIX IEPEMEHHbIX
Y(x,..x,) = E B.x;.

- [[anee KOOpANWHATBhl HMCXOAHBIX TOYEK HCCIEAYEMOTO oObema
BBIPAXKAIOTCA B KOOpAUHATAX I'NIABHBIX KOMIIOHEHT:

A (xyx,) = A (N (35x,), Y (0500, ), Y3 (X 50X,) -
Peanusyercs BU3yanbHOE IPEACTABICHAE MACCHBA B IBYMEPHOM
suge A;(Y,Y,) wm B tpexmeprom 4,(1,Y,,Y3).

- Jlanee wu3yuaercss MOIY4YEHHOE BM3yallbHOE IIPEACTaBIIEHUE
MHOTOMEpPHOI'O ~ MAacCHBa B  IJIaBHBIX ~ KOMIIOHEHTaX H
MPEIPUHUMAETCS MOIBITKA AINPOKCUMAIMK JaHHBIX MacCuBa
TTOMOIIBIO NTPUMUTHBHBIX (DYHKIHH, UMCIONIMX AHAIUTHYCCKOE
BBIp@KeHHE. B mpocrteiiiem ciaydae TpUMeEHsieTcsi rpyoas



JIMHEHHAS annpokcumanusa € IIOMOIIBIO  INIOCKOCTH  BHJA

E\Y) + EyY, + EsY; = C, . Tak Kak IIIOCKOCTb NPH NEPEX0/Ie OT

TJIaBHBIX KOMIIOHEHT K UCXOJHBIM MEPEMEHHBIM COXPAHAECT CBOU
CBOﬁCTBa, C IIOMOIIBIO 06paTH01"0 npeo6pa3OBaHI/1$1 rnoJryyaem

Ex +Ex,+.+Ex,=C

s KOTOpOE

yxe MOKHO

paccMaTpuBaTh KakK HCKOMYIO KBa3UaHAIIUTUICCKY IO

saBucumocts X, = F'(x,...,X,_;). B TOoM cmydae, xorma

A;(Y},Y,,Y;) Henb3st  anmpoKCHMHUpPOBATh OHOW IUIOCKOCTBIO,

MO’KHO HCIIOJIb30BaTh KyCOYHO-TMHEHHBIA IMOIXOM, NMPUMCHHB
HECKONBKO MiockocTed. (Cremyer Takke 3aMETHTh, YTO
NMPUMEHEHHE KBAJPATUYHBIX [OBEPXHOCTEH MOXKET TaKKe
0Ka3aTbCsl BEChbMa IMOJIE3HBIM, OJHAKO TOT BOMPOC 3aCIy)KHBACT
OTJICJILHOTO PACCMOTPEHUSI.

3. MPAKTUYECKUE PE3YJIbTATbDI

JlaHHpId ~ TPUOJIMOKEHHBIM — TOAXOA  ObUI  TPHUMEHEH K
MHOTOMEPHOMY 00BbEMY IaHHBIX, MOJYYCHHOMY KaK pPe3yJbTar
pelIeHus 331a41 ONTHUMHU3AIMOHHOTO aHaJIM3a HECTAI[HOHAPHOTO
B3aUMOJICHCTBUSI CBEPX3BYKOBOI'O IOTOKA BSI3KOI'O CHKUMAEMOIO
TEIUIONPOBOJIHOTO Ta3za co CTpyiHO# mperpanoit [5]. Ilperpama
BO3HHMKAET Oyarojgapsi HEJIOPACIIMPEHHOW CIYTHOH CTpye,
HCTCKAIOLIEH W3  COIUla, IMOMEIICHHOIO  BO  BHCIIHHM
CBEPX3BYKOBOH MOTOK. IIpu MOBBIIEHUH CKOPOCTH H3MEHEHHUS
CTENCHH HEPAaCUYCTHOCTH CTPYH BO3HHUKACT CIICIH(MHYCCKUI
PEKUM TEUSHHMSI, KOTJIa BELIECTBO CTPYH PACcIpOCTPAHSIETCS BBEPX
M0 TOTOKY, MO BHEHIHEH cTeHke comia. CKOPOCTh M3MEHEHHUs
CTENIEHH  HEpPAaCYeTHOCTH  CTPYM  paccMaTpuBaeTcsi  Kak
YHpaBJISIOMINI TapamMeTp 3a/laud ONTUMM3ALUOHHOrO aHanu3a. B
Ka4eCcTBE OMPEACISIONIMX TapaMeTPOB 3aaull pacCMaTPHUBAJIHChH
xapakTepHble yncia Maxa, Peitnonbaca, [Ipanaris u Crpyxains.
OTH 4eThIpe mapamMerpa BapbUPOBAIUCH B  ONPEICICHHBIX
nuanazoHax. Llenplo  pemeHust 3amauu  ObIO  HaXOXKAEHHE
CKOPOCTH W3MEHEHMsl CTEIEeHH HEepacueTHOCTH CTpyH, Ipu
KOTOpOM peanu3yeTcs Crelu()UIecKuil pexkuM TEUSHHsI BO BCEX
JIMana3oHax U3MEHEHMs] XapaKTepHbIX YHCeN 3a1auu.

B kauecTBe pe3yibTaTa peleHus 3a1a4i ObLT HOIY4eH S-MepHbIH
00BEM JNAHHBIX, TIJe B KadeCTBE IIEPEeMCHHBIX ObUH 4

xapakTepHbix uncna samaun M, lgRe ,Pr,Sh, un uckomas

CKOPOCTh Ve JInst TI0Ty4eHHOTO MHOTOMEPHOTo o0beMa OBbLIH
olIpeieNIeHbl TPU IepBbI€ INIaBHbIE KOMIIOHEHTHI. Iloce nepexona
K IJIaBHBIM KOMIIOHEHTaM CTPOMJIOCH BU3YyallbHOE IPEICTaBICHUE
TOYEK MaccuBa B TJIABHBIX KOMIIOHEHTaX (CM. PHCYHOK).
IlomyyeHHOe  BH3yallbHOE  NPEACTABIEHUE  MHOIOMEPHOIO
MacCuBa B IJIaBHBIX KOMIIOHEHTAaX I03BOJIMJIO IPEAINONIOKHTb,
YTO TOYKM MacCcHMBa MOTYT OBITH Tpy0O amnmpoKCHMHPOBAHBI
napaMeTpUYECKH 3aJaHHOM IIIOCKOCTBIO.

IIpeacraBiaeHne MHOrOMEpPHOT0 00beMa B IPOCTPAHCTBE
TpeX NepBBIX IIABHBIX KOMIIOHEHT
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Tlocne ompeneneHns KOHKPETHOrO BHAQ IUIOCKOCTH U €€
k03((pUIMEeHTOB OBLIO MPOBEAECHO O0paTHOE Mpeodpa3oBaHHUE K
HUCXOJAHBIM TIEPEMEHHBIM U OIPEACIICHUE KOHKPETHOI'O BHAA
aNMpPOKCUMHUPYIOLIEH TIOCKOCTH B UCXOJHBIX KOOPAHHATAX. JTO
Jal0  BO3MOXHOCTH  TOJYYHTh ~ HCKOMYIO  3aBHCHMOCTD

V' =F(M,,IgRe,,Pr,Sh,) B

IlomyuenHsle pe3ysbTaTbl NPEACTABIAIOT COOOH pelIeHHe s

AHAJIUTUYCCKOM BHJIC.

KjJacca  3ajad, 3aJaHHOr0O B~ MHOTOMEPHOM  oObeme
OMPEICIISAIONINX TAPAMETPOB.

4. 3AKITIOYEHUE

TIpeyioKeHHBIH  TPUOTMKEHHBI  TTOAXOM, PEANOJIararolHii

oToOpakeHHe MHOTOMEPHOTO 00BeMa B IMPOCTPAHCTBE IJIABHBIX
KOMIOHEHT U aIllpPOKCUMALMIO JAHHBIX B 00beMe C IOMOIIBIO
IUIOCKOCTEH,  IO3BOJIIET  NIPOBOAUTH  OLEHKY  CKPBITBIX
B3alMO3aBHCUMOCTEd B  MHOTOMEpHBIX 00beMax JaHHBIX,
MOJTy4aeMbIX B 3a/auaX BBIYUCIUTEIbHONW Ta30BOH JUHAMMKH,
KaK pe3yNbTaThl PELICHHUs 3aJady [apaMeTpUyYecKOro MOucKa u
ONTUMU3aLMOHHOTO aHAJIN3a.
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Abstract

This article is devoted to the questions of multidimensional data
analysis and visualization for CFD problems. Multidimensional
data are considered as results of parametrical search and
optimizing analysis. Rough approximate approach is proposed for
data processing. The approach includes data visualization in
principal components and data approximation by planes. An
example of approach application to practical problem is
considered.

Keywords: multidimensional data visualization, PCA, CFD
problems
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