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Paboma noceawera 60npocam MOCMPOEHUA AA20PUTMOE OAA SUSYANLHO20 GHAAUSA KAACTMEPHHLT CMPYKMYD 6
MHO2OMEPHBIT 005eMaT OaHHLT. [[eavo pabombl ABAAEMCA NOCMPOEHUE KOMNAEKCE AA20PUMMOE BUSYAAUAUUL U
6U3YANDHOT, AHANUMUKY, NO3E0AAIOUEL0 USYIEHUE KAACTNEPHBLT CIPYKMYDP 6 MHOZOMEPHHLT 006eMmax danHbr 6e3
NPUMEHEHUSA AN20PUMMOE KAGCMEPUSAUUL, SHOCAULUT USMEHEHUSA 6 UCTOOHbIE danHbie. Jas anasuda Kaacmep-
HOT CMPYKMYD 6 MHOZOMEPHOM 06BEME OAHHHLLT MPEOAAZAEMCSA UCTLOADI0BAMb MEMOdbl OMOBPANHCERUA TMOYEK
UCTOOH020 MHOZ2OMEPHO20 TPOCTPAHCINGEA HA GAOIHCEHHBLE 6 IMO NPOCTPAHCTNEO MH02000pPA3UA MEHDWET PA3MED-
nocmu. Jlarnuiti nodrod 6a3upyemcs ma noCmpoeHuy, camoopaarudyrouurcs xapm SOM, npumeneruy memoda
zaashoir Komnowenm PCA u nocmpoenuu ynpyeux xwapm Elastic Maps ¢ nocaedyroweti peasusavueti npouedypos
omotcuza Oas amux xKapm. Jas peasudauun noarot u nocaedosamesvhoti 06pabomku MHOZOMEPHO20 MACCUBA OaH-
HOLT EVIULEYNOMAHYMBLE MEMOIVL U NOOTOJbL BHICMPAUBAIOMCA 8 NOCAEIOSAMEALHOCTID NPUMEHAEMBIT MEMOJ0E U
an20pummos, 06pasys eduHyI0 METHOAORUNECKYI Uenouwky obpabomxu dannur. ITpumenernue nodobrot yenouwku
NO3BOAAETN, NOAYHUMY UHPOPMAUUIO 0 KAACMEPHOT CIMPYKMYPE UCCAEIYEMO20 00BEMA MHOLOMEPHHLL OGHHBIL HA
DASHBIT YPOSHAT 2AYOUHDL AHANU3A U 0EMAAUSAUUL UHBOPMAUUL.
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Visual Analysis of Cluster Structures for Multidimensional Data-
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The paper considers design of algorithms intended for visual analysis of clusters in multidimensional data vol-
umes. The paper is aimed to design of a set of visualization and visual analytics methods for cluster structure
studies without applying of clusterization methods influencing at original data. To analyze clusters in original
data volume we propose to use the methods of original data points mapping to enclosed manifolds having less di-
mensionality. This approach is based on self-organized maps (SOM) design, principal components analysis (PCA)
and application of elastic maps with further varying of elasticity parameters for the last ones. To provide complete
processing of original data volume all mentioned above methods should be organized as a pipeline. The applying

of such pipeline allows one to get insight of cluster structures at the different levels of details.
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BeepeHnue

O/HOI U3 OCHOBHBIX COBPEMEHHBIX 3aJiad IIPaKTHYIe-
CKH BO BCEX ODOJIACTAX TEJOBEUECKON IesATeTbHOCTH
HA CErOJHSIIHAN JIeHb SIBJSETCS AHAJU3 MHOIOMEp-
HBbIX JIaHHBIX. MHOrOMEpHBIE JIaHHBIE SIBJISIOTCS Pe-
3yJIbTATAMU YUCJIEHHBIX HUCCJIEIOBAHUN, TEXHIIECKIX
rokasareJjieit, 0000IeHneM IKOHOMIIECKON U (hUHAH-
coBoit mHdopMarmu u T.;1. Heobxomumocts 06paboT-
KU, aHa/In3a U aJeKBATHONU TPAKTOBKU TUX JAHHBIX
TIOPOIUIA TAKYIO MHTEHCUBHO PA3BUBAIONIYIOCS HAY -
HYIO JIUCIUIUINHY, KAK aHAJN3 MHOIOMEPHBIX JAHHBIX
(Data Analysis). Ommoit n3 BaKHeHIIUX COCTABJIsI-
IOIUX 9TO HAIPABJIEHUE JUCIWAIIINH sIBJSETCH KJla-
crepHblii anaimm3 |1, 2|, paccMaTpUBAOIIMH pa3/IIy-
HBIE CITOCOOBI TPYIIIIUPOBKE O0HEKTOB BHYTPH 00JIaKa
MHOI'OMEPHBIX JIAHHBIX. MeTo0B U ajaropurmMoB KJjia-
CTEPHOTO aHAJN3a Ha COBPEMEHHOM JTAIle CyIEeCTBYET
OYEHb MHOI'O, OHU ITOCTOSIHHO Pa3BUBAIOTCS M OTJIM-

Pabora Beimosinena nipu punancoBoit nojepxkke PODU, rpan-
7ol 13-01-00367a, 14-0100769a u onybsmkoBana 1npu (pUHAHCO-
Boit mogepkke PODU, rpant 15-07-20347.

4aTcs HGOJIBIUM pa3sHOOOpa3ueM. DTO MOTYT ObITh,
HAIIPUMeEp, aJTOPUTMBI, PEATU3YIOIINE TOTHBIN TTepe-
60p coueTaHMit 00BEKTOB UJIM OCYIIECTBJISIIONINE CJLy-
Jaifabple pasdbmennst MHOKECTBA O0OBEKTOB. MHOT000-
pasue aJropuTMOB KJACTEPHOTO aHAJIN3a 00yCJIOBIIE-
HO TaKXK€ MHOXKECTBOM PA3JIMIHBIX KPUTEPUEB, BbI-
pPaskaloIuX T€ WJIM WHBIE ACIHEKTHI Ka4eCTBa aBTOMa-
TUYECKOro IpynnupoBanus. Hamo 3amerurs, 9To psif
UCTOYHUKOB |2, 3] yKa3BIBAET HA PsiJI CIIENM(DUIECKIX
0CODEHHOCTEIl METOJIOB, AJrOPUTMOB U IIO/IXO/IOB KJla~
CTEPHOIO aHAJIM3a, KOTOPbIE HCCJIEI0BATEDb TOJIKEH
YUIUTBIBATH B 00S3aTEIIBHOM MTOPSIJIKE:

A) MHorue MeTO/bl KJIACTEPHOIO AHAIN3a — JIOBOJIb-
HO IPOCTBbIC IIPOLEAYPbI, KOTOPBIE, KaK IIPABUJIO,
He UMEIOT JOCTATOYHOIO CTATUCTUIECKOr0 0OOCHO-
Banusi. OHK — He GoJiee YeM IpaBIONoI00HbBIE AJI-
TOPUTMBI, UCIIOJIB3YEMBIE JIJTs CO3/TAHMS KJIACTEPOB
00'bEKTOB.

Metobl KJIacTEpPHOrO aHaJM3a pa3padaThbiBAIUCh
JIJIT MHOTHMX HAYYIHBIX JUCIUTILINH, 8 TTOTOMY HECYT
Ha cebe OTIeYaTKN CHeruMUKN 3TUX JIUCITUILINH.
DTO BayKHO OTMETUTH, MMOTOMY UTO KarKjasl JIHC-

B)

FO6uueiinas 25-a Mexxaynapoanas kougepennus (GraphiCon2015), Poccust, Ilporsuno (Ilapk JIpakuno), 22-25 cenrsi6psi 2015 1.
25th Anniversary International Conference (GraphiCon2015), Russia, Protvino (Park Drakino), September 22-25, 2015
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MUTLINHA TTPETHABIAET CBOM TpeboBamms K 0TOO-
Py JaHHBIX, K (pOpMe UX IPEJICTABJICHUs, K IPEJI-
moJlaraeMoit CTpyKType kiaaccuduranun. Tak Kak
KJIACTEPHBIE MeTO/bI IIOPoil He OoJjiee UeM IpaBU-
JIa, JJIsT CO3/IaHUS TPYIII, TO IMOJTB30BATEIb JOIKCH
3HATh OCODEHHOCTH OOJIACTU IPOUCXOXKIEHUS 00-
JlaKa JaHHBIX [2].

B) PasHble KJ1acT€pHbIE METOJIBI MOTYT TIOPOXK/IATH 1
[IOPOZKTAIOT PA3JINIHbIE PEIICHU JJIsI OJTHUX U TeX
Ke JIAHHBIX. DTO OOBLIYHOE $BJICHHE B OOJILIINH-
CTBe NPHUKJIAJHBIX nccsegoannit. OmHoit n3 npu-
UH HEOJAMHAKOBBIX DENICHU ABJISIETCI MCIIOTB30-
BaHMe Pa3IHIHBIX TPABUIT (POPMUPOBAHUS TPYTII.

I') Ilenp KIaCTEPHOrO aHAJIN3a 3aKJIIOYAETCS B IIO-
HCKE CYIIECTBYIOINX CTPYKTYp. B TO 2Ke Bpems#
€ro JieficTBue COCTOUT B IPUBHECEHUU CTPYKTYPLI
B aHA/JM3UPYEMbIe JIAHHBIE. XOTS Te/Ih KJIACTEPU-
3aIlM 1 3aKJII0YaeTCs B HAXOXK/IEHUU CTPYKTYPBHI,
Ha Jiejie KJIACTEPHBI METOJT IIPUBHOCUT CTPYKTY-
Py B JIAHHBIE U dTa CTPYKTypa MOXKET He COBIIa-
JaTh ¢ UCKOMOI1, «peaJibHOil». KiacTepublit MeTosn
BCeria pa3MeniaeT 00bEeKTRI IO TPYIIaM, KOTOPhIe
MOTYT PaJUKAJIBLHO PA3JUYIAThCI II0 COCTaBY, €C-
JIM TIPUMEHSIOTCS Pa3JIMYHble METOJIbl KJIACTEPH-
sarun. KirodoM K HCIIOIB30BAHUIO KJIACTEPHOTO
aHaIN3a SIBJSIETCI YMEHUE OTJINYIATH «PEAJLHBIE
TPYIIIIPOBKU OT HABA3ZAHHBIX METOJIOM KJIACTEPH-
3aIy JIAHHDBIX.

9T 00CTOATENHCTBA BBI3BIBAIOT BIIOJIHE €CTECTBEHHOE
JKeJlaHue OGOMTHCH IO BO3MOXKHOCTHU 0€3 BhIIIeIrepe-
YHCJIEHHBIX CJIOKHOCTeH. Bo3uukaeT Borpoc — Heb3s
JI TIOJIyYNTh IPEACTABJICHAE O KJIACTEPHON CTPYKTY-
pe pPaccMaTpUBAEMOTO MHOTOMEPHOTO 00HEMa, JTAHHBIX
boJiee npocTbiMu criocobamu? IIpu 3TOM ecrecTBEHHO
XOTeJIOCh OBl OCTABUTH PACCMATPUBAEMYIO HCXOIHYIO
KJIACTEPHYIO CTPYKTYPY B MHOTOMEDHOM OOJIAKE JIaH-
HBIX 03 M3MEHEHMIl, II0OPO2K IaeMbIX IIPUMEHEHHEM aJl-
rOPUTMOB Kjacrepusanun. [lonoxxurenbHbIil oTBET HA
STOT BOIIPOC HAIOT AJTOPUTMBI MOHUYKCHUS pa3Mep-
HOCTU ¥ BHU3YyaJIbHOT'O IpeacTaB/JIeHUd MHOI'OMEPHbIX
JAHHBIX BO BJIOJKEHHBIX B MCXOIHBIN 0OBEM MHOr000-
pasuax MeHbIIeil pasmepHocTH. K dmeiry Takmx ce-
MENCTB AJITOPUTMOB MOXKHO OTHECTU METO/I I'NIaBHBIX
KOMIIOHEHT M OTOOParKeHHe MCXOJHOIO MHOTOMEPHO-
ro obbema B rmaBHbIXx Kommomentax (PCA) [2, 5],
nocrpoenue camoopranusyomuxca kapr (SOM)  [4],
nocrpoenne ynpyrux kapr (Elastic Maps) [5, 6] ¢
PA3HBIME CBOICTBAMN YIPYTOCTH WM 3JACTHIHOCTH
U 0TOOpasKeHHe HCXOJHOTO MHOIOMEPHOIO 00beMa B
9TUX KapTax.

Bce ati MeTOmBI MO3BOMAIOT TEM WM WHBIM 0Opa-
30M BBIJIEJUTH U3 HUCXOJHOIO MHOTOMEPHOI'O 0ObeMa
JIAHHBIX COJEPIKAIIYIOCs B HEM KJIACTEPHYIO CTPYK-
TYypy, HE BHOCS TPAKTHUIECKU U3MEHEHWII B UCXOIHBIE
janable. OOIMM CBOMCTBOM BCEX TPEX BBIIIEIePeTC-
JIEHHDBIX TOJIXO/I0B SIBJISIETCS PEATN3aIlis BU3YAJTbHO-

o TIPEJCTABIEHNsT MHOIOMEPHOIO O0beMa JIAHHBIX B
BUJIE TIPOEKIMHU JIAHHBIX HA BJIOXKEHHOE MHOI00Opa-
31e MeHbIIeil pa3MepHOCTH, 00JIa/Iar0INee CJIe Iy OIIN-
MU CBOIICTBaMU:

— Pa3MepHOCTH JAHHOTO MHOrO00pa3usi MEHbIIE JIN-
60 paBHA TPEM, UTO JAET BOZMOXKHOCTH BU3YAJIHHO-
IO [PeJICTABJIEHUSI HA YPOBHE YeJIOBEUYECKOr0 BOC-
[IPUSATHSA;

— HaJM4Yue YCTOWYMBBIX CBsI3€il OCHOBHBIX KOOD/IU-
HATHBIX HAIIPABICHUN MHOTOOOPA3Ms CO BCEMU KO-
OP/JIMHATHBIMY HAIIPABJICHUSIME B U3YIa€MOM MHO-
TOMEpPHOM 0ObeMme;

— BO3MOXKHOCTH BbIJIeJIeHns Hanbosee nHpOpMaTHB-
HBIX OIPEJIETSIONNX (haKTOPOB B U3y IAEMOM 00b-
eMe 1 OTOPACHIBAHUN MAJOIEHHOM MH(MOPMAIIAN.

OrmeruM, 9TO OOIIEH Ujeeil BCeX BbIIIENEPEUnCIeH-
HBIX HOXOOB SBJISETCH 0TOOPayKeHNe MHOTOMEDPHBIX
JIAHHBIX B IIPEJCTABUMYIO UYEJIOBEKOM DPa3MEPHOCTb,
HampuMep, Ha TIOCKOCTh TaK, 9TOOBI TOUKHU JAHHDIX,
6JI3KKe Ha IJIOCKOCTH (Ha KapTe), ObLIM GJIN3KH U B
ucxomHoM mpoctpancTse. C MOMOIIBIO BU3YAJIM3AIIAN
MBI MOXKEM IIOJIy4YaTh OOJIBIIOE KOJINYIECTBO HHOOD-
MaIlii O JIAHHBIX cpa3y, 6e3 Kakou-1ubo o0pabOTKM.
CTaHoBATCA BUINMBIMU OOJTACTH TPYNITUPOBKU JTAH-
HBIX U pa3peKeHHble 00J1acTU. YIIPOILIAETCs PelleHne
3a/ad Kaccndukanu. BUuaHo KOJUTIeCTBO KracTe-
poB, ux dopma, B3auMHOe pacrosiozkenue u T.7. O6-
paTuM BHEMAHNE, UTO 3TO €CTEeCTBEHHAs KJIacCHbU-
Kalus JJAHHBIX, He TPeOyromnas KaKnx-an0o Crernasb-
HBIX JIefiCTBUIT HaJl UCXOAHbIMY JIaHHbIME. O0beuHsist
9TH TTOJIXOBI B €INHYIO TTOCTIET0OBATETLHOCTE, MOYKIHO
obecrieunTh HEOOXOIMMbIN yPOBEHB I[IPEJICTABJIEHUS O
KJTACTEPHON CTPYKTYpE JAHHBIX C TEJbI0 BBIIETCHUS
OTJIEJIbHBIX KJIACTEPOB U MOCJIELYIOIIETrO BbISBICHUS B
HUX CKPBITBIX 3aBUCUMOCTEN MeXK Iy KJIIOYEBBIMU I1a-
pamerpamu. [locsenuss 3ama9a B 9T0OM cirydae peria-
ercsl B IOPa3/i0 MEHbIIIEM MHOIOMEPHOM OObeMe, a He
B obsake B 1nemoM. C TOUKH 3pEeHUsT MPAKTHIECKOTO
[IPUMEHEHUs IOCTPOEHME II0/I00HOIT [T0CIeI0BATEIbHO-
CTH TIPEJIIOJIATACTCS K TPUMEHEHUIO B 331a9aX TTONC-
Ka [IPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYP IIPH 0Opa-
OOTKE MHOTOMEDHBIX DPEIIeHU 3a7aY BBITHCIATE b
HOIi rasoBoil Aunamuku |7, 8, 9], B 3asauax aHagu3a
MHOIOMEDHBIX OAJUINCTUIECKUX JAHHBIX U IPU 0Opa-
6oTKe 1 aHAIN3€e OOJIBIINX 00BEMOB TEKCTOBO M JIHC-
JIoBOil nHGpOpMaIUU.

Ncnon b3yeMble MeTO/ bl

Janubplii pasgen paccMarpuBaerT o0IIMe OCHOBHBIE
MOJIXOJIbI, TIPUMEHsIEMbIE JIJIsi BU3yaJIbHOTO BbIjese-
HUsT KJIACTEPOB B MHOTOMEDHOM OOBbeMe JaHHBIX. K
9TUM OCHOBHBIM HOJIXOJIAM OTHOCSITCS: TIOCTPOCHHE Ca-
Moopraausyonmxcs kapr (SOM), nocrpoerne Bu3y-
AJBHOTO TIPEJICTABIEHUST MHOTOMEPHOTO 00JIaKa JTaH-
HBIX B IPOCTPAHCTBE IyIaBHBIX KoMronenT (PCA), mo-
crpoerne ynpyrux kapt (Elastic Maps).Bee tpu BbI-
IIENEPeINCIIEHHBIX MTOX0/a 00IaIaI0T PSAIOM OBIIHUX
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cBoiicTB. VX mpuMeHnenne He BHOCUT U3MEHEHUI B MC-
XOJIHYIO CTPYKTYPY JaHHBIX, a 3HAYUT, HE CO3/IaeT UC-
KYCCTBEHHBIX KJIACTEPHBIX CTPYKTYD U apTedaKToB,
oo0HO MHOT'MIM MeToJlaM KJjacTepusaruu. Bce Tpu
OCHOBHBIX TIOJIXOJIa OTHOCSATCA K METO/IAM BU3YaJIb-
HOTO TIPEJICTABJIEHUS, UTO MTO3BOJISET ITPOBECTH OIEH-
Ky KJIACTEPHOW CTPYKTYPBHI ObOJIaKa JAHHBIX MAKCH-
MaJIbHO ObIcTpo U ddderTuBHo. Bee momxoant yHu-
BEPCAJILHBI U MO3BOJILIOT ITapaJuleIbHOe TPUMEHEHHEe
K PACCMATPUBACMOMY 00JIaKY JAHHBIX WM TOCTIEI0BA~
TeJIbHOE B JIIOOBIX KoMOUHaInaX. TakKe XapaKTepHoil
IepPTOil BCEX TPEX IOJIXOJOB SIBJIAETCS BO3MOXKHOCTD
JIJIST UCCTIeToBATE I paboTaTh ¢ JAHHBIMUA B IPOCTPAH-
CTBaxX €CTECTBEHHO JJIsI Y€JI0OBEYECKOrO0 BOCIIPUSITHS
Pa3MEpHOCTH — JIBYMEPHBIX M TPEXMEPHBIX, & HE C
00JIaKOM JTAaHHBIX abcTpakTHOl pa3mepnocTu. IIpuse-
JIeM KPaTKO OCHOBHbBIE YEPTHI U CBOICTBA aJIrOPUTMOB
¥ METOJIOB, COCTABJISIIONIIX TP BBINIEIEPETNCIEHHBIX
TIO/IXO/IA.

O/HuM U3 1EepBBIX U HanbOJIee M3BECTHBIX IT0JIXO0/IOB
0JIOOHOTO  POJIa CTAJI AJTOPUTM MOCTPOEHUS CAMO-
opranmsytomuxcs kapr SOM (Self-Organised Maps),
upeiiokennblii Koxonmenom  [4]. B coBpemennom
npeacraBiaennn kKapTel SOM TpakTyoTcs Kak IBY-
MEpPHBIE CETKH Y3JI0B, Pa3MeEIIEHHBbIE B HN3y9aeMOM
MHOI'OMEPHOM [TPOCTPAHCTBE.

B ymporennoM Buge aaropuTM MOCTPOEHUS KapT
SOM MOXKHO IpeJCTaBUTh CjemytomuM obpasom. B
MPOCTPAHCTBO JAHHBIX PA3MEIIaeTCs JIByMepHas pe-
[eTKa 13 JIEMEHTOB, KOTOPBIE CIIOCOOHBI COTMAKATHCS
WA OTJAJIATHCS JPYT OT JIpyra. 3amyCcKaeTcs uTepa-
[MOHHBI AJTOPUTM COJIMZKAIONIHI 3JIEMEHTHI PEIeT-
KW, COOTBETCTBYIOIIME OJIM3KUM TOUYKAM B UCXOHOM
MHOTOMEPHOM TIPOCTPAHCTBE JAHHDBIX, U OTIAJISTIOTIN
3JIEMEHTBI PEIIETKH, COOTBETCTBYIOIIHE JAJICKAM B HC-
XOJTHOM TIPOCTPAHCTBE TOUKAM. B pe3ybrare mosryda-
eTcst KApTUHA, OTPAKAIOIasi OCHOBHBIE CBOICTBA U3y-
“1aeMOT0 00JIaKa JTAHHBIX, B TOM THCJIE U HAJTUIHE KJla-
cTepHoit cTpyKTyphl. [logaepkuemM, mpuMeHeHne KapT
SOM 1o3BoJIsIeT HAM [IOJIYYUTh [IEPBUYHOE IIPEJICTAB-
JIEHHE O HAJIMYUHU KJIACTEPOB B HM3ydaeMOM oObemMe
nanabix. s mosydenust 6oJiee 1oJipobHON mHMOP-
MaInu O KJIACTEPHON CTPYKTYpe M3ydaeMoro obsaka
JIAHHBIX CJIe/LyeT IPUMEHsTh 60jiee COBEpIIeHHbIE O
XOJIbI, TAKUE, HAIPUMED, KAK METOJ, TJIABHBIX KOMIIO-
ment (PCA) m nocrpoenne ynpyrux Kapr.

Meron rnasabix KomnonenT (PCA) [2, 5] O3BOJIAET
YMEHBIIUTH PA3MEPHOCTD UCCJICLYEeMOI'0 MHOIOMEPHO-
ro ob’beMa JIAHHBIX ¢ HAUMEHbIIe orepeit nudopma-
muu. [JIaBHbIE KOMITOHEHTBI ITPEJICTABJISIOT OO0l op-
TOIOHAJIBHYIO CUCTEMY KOOPJMUHAT, B KOTOPOU JUCIIep-
CUM KOMIIOHEHT XapaKTepU3yrT UX CTaTUCTUYICCKUe
CBOICTBA.

CyTb MeTOj[a COCTOUT B II€PeXojie K HOBOMY OPTOIO-
HaJLHOMY 0a3WCy B PACCMaTPUBACMOM MHOTOMEPHOM
IIPOCTPAHCTBE, OCH KOTOPOIO OPHUEHTHPOBAHBI 110 Ha-

MTPABJICHUSM MAaKCHMAJIHHON JTUCITEPCUU HAOOPA BXOJI-
HBIX JIAHHBIX, U PAHKUPOBAHUIO 9TOTO 6a3mca B IO-
psijike yOBbIBaHUWS 110 MPU3HAKY MAKCUMAJIbHOI JIHC-
nepcun BAOJIL oceil 6aszuca. IlpakTudeckas peasm3a-
nust meroga PCA cBoauTCS K BBIJIEIEHUIO OCHOBHBIX
HAIpaB/IeHNH (Ha TPAKTUKE JIBYX WA TPEX ), TIOHUZKE-
HUIO Pa3MEPHOCTH MHOTOMEPHOI'O 00JIaKa JTAHHBIX JI0
YMCIa HOBBIX HAIPABJICHUI, W MPOCIUPOBAHUIO BCEX
JIAHHBIX HAa TTOJTY IMBIEECs U3 HOBLIX HAIIPABJICHI JTH-
HeiiHoe MHOrooOpasme. DTO MO3BOJISIET IPEICTABUTD
MHOTOMEPHBIH 00beM JAHHBIX B MPOEKIINN Ha TLIOC-
KOCTb WJIN TPEXMePHY0 00/1acTh BU3yaJsbHO. BusyaJib-
HOE TIPEJICTABICHUE, B CBOIO OYUEPEIh JTaeT NCCIeT0Ba~
TEJII0 BO3MOXKHOCTD TIOHSITH CTPYKTYPY U CYTh MHOTO-
MEPHBIX JIAHHBIX, B TOM YHUCJIE U KJIACTEPHYIO CTPYK-
TYPY-

JlpyruM BasKHBIM IIOJIXOJI0OM K HEJTMHEAHOMY COKpa-
EHUIO PA3MEPHOCTH JAHHBIX SIBJIAETCS MOCTPOCHUE
ynpyrux kapr (Elastic Map). Wneonorust u anropur-
MBI peau3allii 3TOr0 MOIX0/a TOAPOOHO MPEICTaB-
senbl B paborax [5, 6]. [To mocrpoenunto, oHa npej-
cTaBjsIeT coOOM CHCTEMY YNPYTHUX TPYKWUH, BIIOYKEH-
HYI0O B MHOTOMEPHOE IIPOCTPAHCTBO JaHHBLIX. /Jlan-
HBI TIOIX0/T OCHOBBIBAETCS Ha, AHAJIOTUN C MEXAHUKOM:
IJIABHOE MHOTOOOpAasue, MPOXOSINEe Yepe3 «Cepeiu-
Hy» JI@HHBIX, MOXKET OBbITb IIPEJICTABJIEHO KaK YIPY-
ras MeMOpaHa WM IJIACTUHKA. B OTandme oT Kapr
SOM, meros yupyrux KapT H3HATATBLHO (HDOPMYIIH-
pyeTcst KaK ONMTUMHU3AIHOHHA 331898, TPE/IToIaraio-
masi ONTUMU3AINIO 3aJaHHOr0 (BYHKIIMOHAIA OT B3a-
UMHOI'O PACIOJIOXKEHUsT KapThl W JIaHHBIX. [lpu co-
3JQHUNA KPUTEPHUS ONTUMAIBLHOCTH ABTOPHI BKJIIOUH-
JII B HErO CpeJHee PACCTOSHUE OT TOUYKU JTAHHBIX
J10 GamrKaiinmero ysjia KapThl. BapbupoBaHue mapa-
METpOB ynpyroctu (Iporeaypa OTKHUra) 3aK/IH0vaer-
€ B TMOCTPOEHUH YIPYTUX KAPT C TMOCTEI0BATETHHBIM
yMEHbIIeHneM Ko3(pDUITUEHTOB YIIPYTOCTH, B CUJLY Ye-
o KapTa CTAHOBUTCS Oojiee MATKON M TUOKOM, Ham-
6oJiee ONTUMAaIBLHBIM 00pa30oM TOACTPanBasiCh K TOY-
KaM MCXOJIHOTO MHOTOMEPHOTO OObema JaHubix. [lo-
cJie TIOCTPOEHUST YIPYTYIO KApTy MOKHO Pa3BEPHYTH B
IJIOCKOCTD 15T HAOJIIOJICHIS KJIACTEPHON CTPYKTYPBI
B m3ydaeMoM obbeme JaHubiX. l[locTpoenne ympyrux
KapT Ha CErOJHSIIHUN JIeHb SABJISIETCA MIUPOKO pac-
[IPOCTPAHEHHBIM METOJIOM aHajM3a JaHHBIX. [Ipume-
HEHHUE YIPYTUX KapT MO3BOJIAET H0OJIee TOYHO U YETKO
OTIPE/IETATH KJIACTEPHYIO CTPYKTYPY N3YTaeMbIX MHO-
TOMEPHBIX 00bEMOB JIAHHDIX.

MocTpoeHne TeExXHONOrNMYeckom uenoYku
anroputMos 00paboOTKNM MHOromMepHoro
obbema gaHHbIX

IIpescraBienmbie B IpeAbLIyINEM pa3iesie OCHOBHBIE
TTO/IXO/BI BU3YAJIHHOTO OTOOPAYKEHMST MHOTOMEPHOTO
[IPOCTPAHCTBA Ha BJIOXKEHHYIO JIBYMEPHYIO KapTy 00-
JIAJIAIOT PA3HBIM YPOBHEM CJIOKHOCTH IIPU peajiu3a-
M7, JTAI0T Pa3HBIl yPOBEHb IVIyOMHBI M JleTaIn3a-
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[UU IIPUA aHaJIn3e KJIaCTEePHOU CTPYKTYPbl MHOIOMEP-
HOTO 00JIaKa JAHHBIX, UMEIOT PA3JTUIHbIE BO3MOXKHO-
CTH <IOJICTPOHKN» K paccMaTpuBaeMoMy obOaky. B
CBOIO OY€pe/ib IIPU aHaJM3€e KJIACTEPHON CTPYKTYPbI
MHOI'OMEPHOI'O 061)eMa JIAHHBIX Yy UCCJIeJJoBaTeJId UMe-
TOTCsT PA3JIMIHBIE TI0 TIyOUHe W JTeTATU3AINN 3TN,
C 3100t TOUKM 3peHust ObII0 6bI BECbMa, Pa3yMHbBIM Bbl-
paboTaTh HEKOTOPBIN YHUBEPCATHHBIH TOIXO, TIO3BO-
JISTFOIIUI TTPOBEJICHNE aHaJIN3a KJIACTEPHON CTPYKTY-
PbBI B MHOTOMEPHOM 06"1361\16 JaHHBIX Ha Pa3/IMYHOM
ypoBHe uHGOpPMAIMOHHON jeTanu3amnuu. [lomodubrit
ITOJIXO0JT, JIOJIZKEH OBITh BBICTPOEH B BHJIE HEKOTOPOIt
IIOCJIETIOBATEJIBHOCTU IIPUMEHACMBIX METOJ/I0B U aJIr'o-
PUTMOB, OOECIIEYUBAIONINX II0 Mepe NPUMEHEHUs BCe
Oosiee TeTAM3NPOBAHHDIN U TVIyOOKHUit YypOBEHDL aHa-
sm3a. Takast TeXHOJIOrTYIeCKast TIENOYKa, ITPEICTABIISIET
coboit KoHBeitep 06pabOTKN TAHHBIX, T/I€ YPOBEHD TTy-
OMHBI aHAJIN3a U UHDOPMAITMOHHOMN JIeTaIN3aIIN yBe-
JIMIUBaETCd 110 Mepe IIPOJABUZKEHN A 110 IeII0OYKe. HpI/I-
Mep TIETIOYKN TAaKOTO pojia, PeaJu3yeMblii Ha OCHOBE
IIPUMEHEHUsI BCEX TPEX IOJIXOJO0B, MePEeIUCICHHBIX B
TPEJIBIAYINEM pa3fesie, MPEICTABICH Ha pUCyHKe 1.

OroBpaxenve MocTpoenue
obBnaka AaHHbIX YNpYyroi kapTel
Moctpoenme ||  na nnockocTs
NAOCKOCTA ABYX \

NEepBbIX MaBHbIX \

KOMMOHEHT Bapuauun

Ananua napameTpos
KnacTepHoit — | ynpyrocti
Hp

MocTpoeHWe kapT Monyyexue nepsvyHoro
SOM [ NpeACTaBNeHUA 0
KNacTepHoW CTPYKType

Puc. 1: Cxema Texmoa0rn4eckoil MenouKky UCCIeI0Ba-
HUsT KJTACTEPHON CTPYKTYPHI.

Jlannasi TEXHOJIOTHIECKas IEMOYKa O0bEINHICT TPU
O/IXO/IA, OO atoNue OOIMIM T BaYKHEHTITIM  JIJ1sT
nccIe/IoBaTe sl CBOMCTBOM — 3TU IIOJXOJbI HE Tpe-
OyIOT TPUMEHEHUST AJTOPUTMOB KJIACTEPUBAIINN JIJIsT
aHaIn3a KJIAaCTePHON CTPYKTYPLI B MHOTOMEPHOM 00-
JaKe JIAaHHBIX U I€JINKOM OCHOBAHBI Ha BHU3yaJIbHOM
npejicTaBienny u ananuse. Ha mepsoMm npenBapnTesis-
HOM 3Talle UCIOJIb3YEeTCs CAMBIN TPYOBIl pa3Beot-
HBIA I10/1X0/I, COCTOAIINNA B IIOCTPOCHUN CAMOOPraHu-
gyroruxcst kapt SOM. OH 1o3BoJisieT IPOBeCTH Iep-
BUYHBIN, CAMBIN TPYOBIiT aHAIN3 HAJTUYINS KJIACTEPHOMN
CTPYKTYPHI B OOJIaKe JTaHHBIX.

Jutst nasipHeiero aHaan3a 9acTo ObIBAeT J0CTATOY-
HO 0TOOPA3UTH MHOIOMEPHOE 00JIaKO JTAHHBIX Ha ILJIOC-
KOCTb JIBYX II€PBBIX INIaBHBIX KOMIIOHEHT WJIM B IIPO-
CTPAHCTBO MEPBLIX TPEX TVIABHBIX KOMIOHEHT. [10106-
HOE BHU3yaJIbHOE MPEJICTABICHNE 0DECIIeINBACT CJIELy-
IOMMUil yPOBEHDb AHAJIN3a, HAJIUYIUS W B3AUMOPACIIOJNIO-
JKEHUsT KJIACTEPOB.

Jlamee pn HEOOXOIUMOCTH 0OECTIETNTL OoJstee TIy0o-
KUl yPOBEHb JIETAIM3AINNA U aHAJIN3A, IOCTPOCHHYIO
IIJIOCKOCTBh JBYX II€PBBIX TIJIAaBHBIX KOMIIOHEHT Ha/JI0
cJies1aTh TUOKOf, 4TOOBI OHA MOTVIA HAWJIYYIIHM 00-
Pa3oM MOJICTPAUBATHCI K HUCXOTHOMY MHOT'OMEPHOMY
00J1aKy JAHHBIX. J[J1sT 9TOTO MIOCKOCTD HaI0 TTpeodbpa-
30BaTh B yupyrytwo kapry. [locse mocrpoenust yupyroit
KapThl TTPOBOUTCS €€ Pa3BepPTKa. ITO 0OECTIETMBAET
Gostee yeTkoe (MeHee Pa3sMbITOE) BU3YaJIbHOE Dasjie-
Jlenne Kiactepos. [lajee ciemryer BCIOMHUTBH O TOM,
9TO B OTJIMYHE OT IIPEBIIYIINX HOAX00B, IIOCTPOEHNE
YIPYroil KapThl ABJIAeTCs OLTUMUA3ALUONHON 3a1a4eil,
UMeEIONTei IBa BHEITHUX apaMeTpa — KOIPMUIIMEHTRI
YIPYTOCTU KapThl A U f. JI71st TOro 9Tobhl yBEIUIUTD
«PE3KOCTb» M300parKeHust U OOECIEINTh TEM CAMDBIM
erie bGosiee YeTKOE pasfiesieHue KJIacTepoB, HeOoOXOJIu-
MO YMEHBITIATH KOIDMUIMEHTH YIPYTOCTH KAPTHI \ 1
. Ilpu aToM KapTa cranoBuTcs: Oojiee THOKOI, Jrydrie
IOJ/ICTPpanBaeTCd K UCXOAHBIM MHOT'OMEPHBIM JTaHHBIM,
u IIPpU pa3BepTKe O6eCH€LII/IBa€T MaKCHUMaJIBbHO YETKOE
pas/iejieHne KJIACTEPOB B PACCMATPUBAEMON KjacTep-
HOI CTPYKTYype.

TloapIToKMBast BBIIECKA3AHHOE, MOXKHO yTBEPXKIATh,
9TO peajiu3als MOJ0OHON TEeXHOJOTUIECKON Iernod-
KU B IPUMEHEHUH K [IPAKTUYECKON 3a/1a9e B IIOJABJI-
foIeM GOJIBIIUHCTBE CJIyYaeB MO3BOJIUT UCC/IEI0BATE-
JIIO TIOJIYyYUTh UHMOPMAIUIO O KJACTEPHON CTPYKTY-
pe MHOTrOMEepHOro obJaKka JaHHBIX Ha TPEOYIOImeMCs
yposHe. [Ipudem, 3aMeTumM, 9TO BCE 3TO IIPOUCXOIUT
abCoJIIOTHO 6€3 IPUMEHEHH KAKUX-T100 IIPOCTHIX UJIH
CJIO?KHBIX aJIrOPUTMOB KJIACTEPHU3AIuU U 6€3 BCAKOrO
HNCKaXKeHHUs CTPYKTYPbl HCXOAHBIX JaHHbIX. K mpume-
HEHUIO BCEr0 OIPOMHOIO allllapara aJrOpUTMOB KJla-
CTEPU3AINU MOYKHO BCETJIA [IEPERTH B TOM CJIy4ae, ec-
JIX C TIOMOIIBIO OIUCAHHON TEXHOJIOIMIECKON EMOUKH
00pabOTKM, aHAIN3a W BU3YAJU3AIINNA MHOTOMEPHBIX
JIAHHBIX HE YJAJI0Ch HOJYyUYUTh Hy>KHYIO0 HH(MOPMAIIIO
WA JOCTHYL TPeOyeMOro ypOBHS INIyOMHBI aHaIA3a.

Mpumep peanunzayun

TTokazkem, Kak pabOTAET TEXHOJOTUIECKAS IEMOTKA
Ha TIpUMepe KOHKPeTHO# 3ajiaun. B kadecTBe TecTo-
BOI 3a/1a4u BO3bMEM IIUPOKO M3BECTHBINA TECTOBBIMI
o6bem MuoroMepHsix ganubix IRIS [5]. Jaunbiit 06b-
eM TIpeJicTaBiisier coboit HabOp JIAaHHBIX, OCHOBAHHBIX
Ha M3MEPEHUIX XapPaKTEPUCTUK PACTEHUN — IIBETKOB
upuca. Habop JaHHBIX ONUCHIBAET TPU COPTA UPUCOB
u coctouT u3 150 ToUYeK B YETHIPEXMEPHOM ITPOCTPAH-
CTBe MPU3HAKOB.

CoriacHo OIMCAHUIO TEXHOJOINIECKO IeITOIKH, IIPH-
BEJIEHHOMY B IIPEIbIIAYINEM pasiele, Ha IIpeIBapu-
TeJIbHOM Talle CTPOUTCS CAMOOPraHU3yIoascs KapTa
SOM 151 paccMaTpuBaeMoro UCXOIHOTO Habopa J1aH-
HBIX. DTO JIOJIZKHO TO3BOJIMTE MOJIYYUTH CJIELYIONLYIO
nHGOPMAIIIO — €CTh JIN KJIACTEPHAsT CTPYKTYPa, Kak
TaKoBasl, I CKOJIbKO KJIACCOB OHa B cebe copepxkut. Ha
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PUCYHKE 2 MPEICTABICHBI PE3YILTATHI IIOCTPOEHHUS Ca-
Moopranusyromeiics kaprsl SOM 1 paceMaTpuBae-
Moro Habopa JarHbX. KmacrepHas CTpYKTypa B 00b-
eMe JIAHHBIX €CTh, U OHA COMEPIKUT TPU KJIACCA.

Knacrepw

Puc. 2: Pesynbrar nocrpoenns: kapr SOM.

Cremysi TEXHOJOTHYIECKON IEMovYKe aJrOpuTMOB, J1a-
Jee HeO6XO,ZLI/IMO IPUMEHUTHb METO/] I'VIAaBHBIX KOMIIO-
mentT. Ha pucynke 3 mpuBesieHo mpejcTaBIeHue pac-
CMaTpUBAaeMOro obbeMa JaHHBIX B 0ObemMe, 0O6pa3o-
BaHHOM TPEMsl [E€PBBIMHU [JIABHBIMUA KOMIIOHEHTAMU.
Paszyimunble KJjiacchbl BBIJAEICHBI IIBETAMH — KPACHBIM,
CUHUM U 3€JIEHBbIM. ]_D)I/I,ZLHO7 9TO KpaCHbI€e TOYKHU OT-
JIeJIEHBl OT OCTAJIBHBIX JIOCTATOYHO YEeTKO, & CUHUEe
" 3€eJIEHbIe CMEIINBAIOTCAI. HpI/IMeHeHI/Ie MeTO/Ja IJIaB-
HBIX KOMIIOHEHT IO3BOJIIET [TOJIYIUTh IIPEJICTABICHNIE
0 B3aUMOPACIIOJIOKEHNN KJIACTEPOB B MHOTOMEPHOM
IPOCTPAHCTBE.

Puc. 3: Tpexmepnoe mpegcTaBieHne MCCIEILYEMOTO
obbeMa JJAHHBIX B IPOCTPAHCTBE IVIABHBIX KOMIIOHEHT.

JlBurascp 1o Ienovke Jajblie, Mbl CTABUM IEJILIO 0~
JIYIUTH 0OJiee TeTKOe BU3YAJIBHOE IIPE/ICTABICHUE O
pa3/iesleHuN JAHHBIX BHYTPU HCCIEAYEMOro 00beMa
Ha kjacrepbl. C 310l 1e/Ib0 IPOBOIUTCS TIOCTPOEHUE
VIPYIUX KapT U IPOECNUPOBAHUE TOYEK MCCJIE/LyeMO-
ro obbeMa Ha HOBepxHOCTH 3TUX KapT. Ha pucynke 4
IIpeJICTaBjIeHa yIpyras KapTa B IIPOCTPAHCTBE TJIaB-
HBIX KOMIIOHEHT C PACKpAacKOil 110 3HAYEHNIO IJIOTHO-

CTH JIAHHBIX. DTO TaK HA3bIBAEMAsl «XKECTKas» YIpy-
rasi Kapra, IIOCTPOCHHAs IIPU 3HAYCHUAX KOdDburm-
€HTOB yIPyrocTu A =5, = b.

BuHo, Kak IJIOCKOCTH IJIABHBIX KOMIIOHEHT H3rnOa-
€TCsl, CTapasCh HAMIYYIIUM 06Pa30M MOJICTPOUTHLCS K
MHOroMepHOMY 00beMy JdaHHbIX. Ha pucyske 5 mpeji-
CTaBJIeHa pa3BepTKa YIPYToil KapThl 6€3 pacKpacKm.
Pazjenenne cuHUX U 3€/€HBIX TOYEK YJIyUIIUIOCH,
BIIPOUEM, KaK U pa3/e/ieHne Ha KIacChl B TieoM. Kap-
THHA PA3JICJICHUA KaK Obl «IIPOSBIISIETCA», CTAHOBACDH
Bce OoJiee IETKOIA.

A

Puc. 4: Tloctpoenne yupyroit KapTsl Ipu A =5, 4t = 5
B IPOCTPAHCTBE IVIABHBIX KOMITOHEHT.

Puc. 5: PasBeprka «KecTKoit» yIpyroil KapThl IIpu
A=5, u=>5.

Jtst manbHeiero yiydiieHus 9eTKOCTH Pas3/ieJIeHns
H& KJIACTEDPBHI B HCCJIE[yeMOM MHOTOMEDHOM OObeMe
JAHHBIX IIPUMEHUM TaK Ha3bIBACMYIO IIPOLEAYpPY OT-
xura. st aToit mesm OyJieM yMeHbInaTh Kodghhu-
IIUEHTHI YIPYTOCTH A\ U (i, Jiejias KapTy 0oJiee «Msir-
KOit». DTO obecreunBaeT HAM YIYUIIECHHYIO aJarTa-
[UI0 yIPYroil KapTbl K JaHHBIM DacCMATPUBAEMOIO
MHOIMOMEPHOTO OObeMa. 3aajuM JJIs JaJIbHERIero
nocTpoenus ux 3Hadenusd pasubiMu A = 0.01, p =
= 0.01. BusyaspHble mpe/icTaBiaeHNsT YIPYTOH KapThl
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JUIST 9TUX TIAPAMETPOB MPEJICTABIEHBI Ha PUCYHKax 6
u 7, IPeJICTABIIAIONINX IOBEPXHOCTh YIPYToOil KapThl,
PACKPAIIeHHY0 B COOTBETCTBHU C IJIOTHOCTHIO JIAH-
HBIX, U Pa3BEPTKY YIPYIOH KapThl B IIOCKOCTb. Pas-
JleJIeHne Ha KJIacChl CTaJIo etre 6ojiee 4eTKUM U 3aMeT-
HBIM (3€JIeHBIE M CHHWE TOYKN HA PUCYHKE 7).

[, e

[om | sl il | wgins | it umit (ot
| r

Puc. 6: Tloctpoenne ympyroit kapter mpu A = 0.01,
1 = 0.01 B mpocTpaHCcTBe ITTaBHBIX KOMIIOHEHT.

Puc. 7: Pazseprka ympyroit kapter mpu A = 0.01, u =
= 0.01.

Takum obpazom, Ha TpPUMEPE U3BECTHOTO TECTOBO-
ro 06beMa MHOTOMEPHBIX JTAHHBIX IPOMJIIIOCTPUPOBa-
Ha BCS TEXHOJIOTMYECKasl MEIOYKa, IPEJICTABICHHAS B
mpeabIayeM paszene. [Ipumenenne mocTpoenns ca-
Mooprauusytorieiicss kaptbl SOM 1mo3BosIIIO yCTaHO-
BUTDH HaJIMYNE KJIACTEPHOI CTPYKTYPBL B UCCJIEyEMOM
MHOI'OMEPHOM 00beMe JAHHBIX U OIPEJIEIUTh IUCIIO
KJIacCOB B cTpyKType. OToOpazkeHue B MpOCTPAHCTBO
[IEPBBIX TVIABHBIX KOMIIOHEHT II03BOJIMJIO MOJIYYNUTH
npejictaByienne o hpopMe 1 B3aNMOPACIIOIOXKEHUHT KJla-
cTepoB B cTpyKType. IIpumenenune nocrpoenns yrpy-
IUX KapT U peajii3alius MOoCIeIyOIIeil IIpoIe Iy phbl OT-
JKWTa MyTeM Bapuarui KO3 MOUINEHTOB yIIPYTOCTH B
CTOPOHY YMEHBIIEHUs TO3BOJIUIN JTIOOUTHCA IETKOIO
pas3JiesieHus TAHHBIX Ha, KJIACTEPHI.

BbiBoabl

Jtst aHa/mmM3a KJIacTEPHBIX CTPYKTYP B MHOTOMEPHOM
o0beMe JAHHBIX MPEJIJIAraeTCs UCI0IH30BaTh METOIbI

0TOOpaYKEHN TOYEK MCXOTHOTO MHOTOMEPHOTO IIPO-
CTPAHCTBA HA BJIOXKEHHBIE B 9TO IPOCTPAHCTBO MHOIO-
obpasust MeHbIelt pazmeprocTn. Jamubii moaxosm 6a-
3UPyeTCsi Ha MOCTPOEHUH CAMOOPIaHU3YIOIINXC KapT
SOM, npumeHeHnn MeTo/Ia riaBHbIX KoMioneHT PCA
n nocrpoernn ynpyrux kaprt Elastic Maps ¢ mocse-
JIyIOIIeil peasim3anueil 1moc/ie[0BaTeIbHOIO yMeHbIIe-
Hust KO3MDOUIMEHTOB YIPYTOCTH, B CUIYy UEro KapTa
cTaHOBUTCA OoJiee MSIKO 1 rubKoii, HamboJiee OITH-
MaJIbHBIM 00Pa30M TOACTPANBASICH K TOTKAM HCXOTHO-
0 MHOTOMEpPHOrO o0beMa JaHHbIX. g peasmsanun
TIOJTHOM U ITOCJIE/IOBATEILHON 00PaAbOTKN MHOTOMEPHO-
0 MACCHBa JAHHBIX 9TH METOMBI U MOIXO/BI BBICTPa-
UBAIOTCsl B MOCJIEI0BATEILHOCTD, 00pa3ysi TaKuM 00-
PA30M eIUHYIO TEXHOJOIMIECKYIO IEI0YKY 00paboTKN
naHHbIX. [IpuMeneHue 1Mo100HOI EIOYKU [T03BOJIAET
MTOJTYIUTH TH(MOPMAIIHIIO O KJIACTEPHON CTPYKTYPE UC-
CJIeyeMOoro 00beMa MHOTOMEPHBIX JTAHHBIX Ha PA3HBIX
YPOBHSIX IVIyOMHBI QHAJIN3A U JeTajIu3allud HH(POpMa-
rnun. [Ipu 5TOM He BHOCATCS MCKAYKEHUsT B MCXOJIHBIE
JIAHHBIE.

JanHast paboTa COJIEPYKUT ONKMCAHUE ITOCTPOEHUSI T10-
JIOOHOI TEXHOJIOTMIECKO IIETIOYKN U CIIOCOOO0B ee IPH-
MEHEHUS JIJIsl aHAJIN3a MHOTOMEPHBIX 00beMOB HHGOP-
MaITiH.
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