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NMpakTuyeckasa padota Ne3: N3yyeHue
AUCKPUMUHAHTHOIO aHaIn3a

LLenb paboThl

O3HakKoMUTbLCA C METO4AMWN ANCKPUMUHAHTHOIO aHann3a Ha ocHose R.

OCHOBHbIE TeopeTuieckume noynoXkeHumsa

AVNCKPUMUHAHTHBIA @HaNN3 UCMOMb3YETCA ANA NPUHATUSA PELLUEHUS O TOM, KaKne nepemMeHHble
pa3nnyaloT (ANCKPUMUHUPYIOT) ABe un 6onee BO3HMKaOLLMe COBOKYMHOCTM (rpynnbl). Hanpumep,
HeKun nccneposatens B 061acT 06pa3oBaHNs MOXET 3aX0TeTb UCCIeloBaTh, Kakne NepeMeHHble
OTHOCAT BbIMYCKHUKA CpefHel LWKOJbl K OAHON 13 Tpex KaTeropun: (1) noctynawLwmin B Konenx,
(2) nocTynatoLwmn B NpoeccMoHas bHY0 WKOAY Unn (3) 0TKa3biBaOLWNNCA OT AasibHENLWero
obpa3oBaHMa nan NpoecCMoHaNbHON NOATOTOBKW. 1 3TOW Llesin uccnegoBatenb MOXXeET cobpaTb
[laHHbI€ 0 Pa3/INYHbIX MEPEMEHHbIX, CBA3AHHbIX C Y4aLLUMUCA WKOSbl. [Tocne BbinyCcKka 60bLWNHCTBO
y4aLlMXcs eCTeCTBEHHO A0JKHO NonacTb B O[HY U3 Ha3BaHHbIX KAaTEropuin. 3aTeM MOXXHO
MCNoNb30BaTb AUCKPUMUHAHTHBIN aHanu3 Ans onpenesieHns Toro, Kakme nepemMeHHble faioT
Hauy4llee npeAckasaHue Bbibopa yvalmMncs ganbHenwero nyTu.

MeZLVK MOXXeT perucTpupoBaTh pas/iMyHble NepPeMEeHHbIe, OTHOCALLMECS K COCTOAHMIO 60bHOIO,
4TOObI BbISICHUTb, Kakne nepemMeHHble Jlydlle NnpeacKasbliBaloT, YTO NauneHT, BEPOSTHO, Bbi340POBE
NONHOCTBLIO (rpynna 1), YacTWYHO (rpynna 2) nam COBCEM He Bbizgoposen (rpynna 3). buonor moxeTr
3anucaTb pa3/iNyHbIe XapaKTePUCTUKN CXOAHbIX TUMOB (Fpynn) LBETOB, YTOObI 3aTeM NPOBECTM
aHaN3 OUCKPUMUHAHTHOW (PYHKLMN, Hanny4wmm obpasom pasgensowen Tunbl an rpynnebl.
OyHKUMN Knaccnpukaumm. GyHKUNN KnacCcuukaumm npegHasHavyeHbl 415 onpeaesieHnsa Toro, K
Kakon rpynne Hanbonee BeposiTHO MOXeT BbITb OTHECEH KaXXAbi 06bEKT. IMeeTCs CTONbKO Xe
(byHKUMI Knaccudukaumm, CKoNbKo rpynn. Kaxxgas yHKUUs no3soaseT BaM AN Kaxxaoro obpasua
N 015 KaXXO0M COBOKYMNHOCTU BbIYUCANTL Beca Kaaccupukauum no opmyne: $$ S i = c i+ \sum _{j
=1}"mw_{ij}x_j. $$ B 3Ton popmyne nHaekc $i$ obo3HavyaeT COOTBETCTBYIOLLYIO COBOKYMHOCTb, a
nHaekc $j$ obosHavaeT nepemMeHHyo; $C_i$ ABNAIOTCA KOHCTaHTaMmn ans $i$-o COBOKYMHOCTH,
$w_{ij}$ - Beca ona $j$-on nepemMeHHON Npu BbIYUCSIEHUN NOKa3aTens Knaccudukaumm ana $is-on
COBOKYMHOCTY; $x_j$ - Habnogaemoe 3HavYeHUe ans cooTBeTCTBYOLWEro obpasua $j$-on
nepemMeHHon. BennynHa $S_i$ senseTcsa pesynbTaToM nokasaTtesns Knaccugukauun. NMepeMeHHsble ¢
HanboNbLLMMMN perpecCnoHHbIMU KO3 (ULMEHTAMMN BHOCAT HanboNbLINI BKNAA B AUCKPUMMHALMIO.
PaccTosiHme MaxanaHobuca sBSeTCA Mepon pacCTOSHUA MexXAy ABYMSA TOYKaMM B NPOCTPaAHCTBE,
onpegensemMbiM AByMsa nau 6onee KOppeanmpoBaHHbIMK NEPeEMEHHbIMU, Hanpumep, ecnn nMmetoTcs
BCEro 4Be HEKOPPESIMPOBAHHLIX NEPEMEHHbIE, TO MOXXHO HaHEeCTN TOYKM (0Bpa3ubl) Ha CTaHAAPTHYIO
Anarpammy paccesHus. PacctosaHue MaxanaHobuca mexay To4kamm byneT B 3TOM C/lydae paBHO
paccTosHuo EBKANAA, T.e. pacCTOSHMUIO, U3MEPEHHOMY, HanpuMep, pyneTkon. Ecnv nmeoTcs Tpu
HeKoppenpoBaHHbIe NepeMeHHbIe, TO A onpefesieHUs pacCTOAHMUA Bbl MOXXHO MO-MPexHeMy
NCrosb30BaTb pysieTKy (Ha 3M guarpamme). Mpu Hann4um bonee Tpex NEPEMEHHbIX Bbl HE MOXeTe
6onee npeacTaBnTb paccTosiHME Ha Anarpamme. Takxe n B C/lyvae, KOrga nepemMeHHble
KOPPEeNMpoBaHbl, TO OCU Ha rpacdmke MOryT pacCMaTpMBaThCA Kak HEOPTOroHasbHble (OHU yXe He
HanpasieHbl MO NPAMbIMU yraaMu Apyr K Apyry). B 3ToM cnyyae npocToe onpepeneHune
paccTosHns EBknaa He NoAXOAMT, B TO BPeMs Kak paccTosiHme MaxanaHobuca aBnseTcs agekBaTHO
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onpefeneHHbIM B Cay4ae Hanmuns Koppenauun. Ons pacyérta ownbok knaccmpukaumm ygobHee
BCEro NpeacTaBMTb pacCcTosaHne MaxanoHoburca, Kak CUMMETPUYHYI0 MaTpULLY C Hy1eBOW FNaBHOW
AvaroHanbto: $$ R = \begin{pmatrix} 0 & r {12}72 &\ldots & r {IM}~2\\r {21}72 & 0 & \ldots &
r {2M}~2\\ \vdots & \vdots & \ddots &\vdots\\r {M1}"2 & r {M2}"2 & \ldots & 0 \end{pmatrix}, $$
$r {ij} =r_{ji}$, $r_{ij} = 0% npn $i = j$. dneMeHTbl MaTPULbl MOXHO HaWTK Kak: $$ r {ij} "2 =
(\mu_i - \mu_j)~T\Sigma~ {-1}(\mu_i - \mu_j), $$ rae $\mu_i$ n $\mu_j$ - BekTopa MaTeMaTn4eCcKnx
0XWMAaHWA 4N NepPBOro 1 BTOPOro Kjacca COOTBETCTBEHHO, $\Sigma$ - koBapmnaLnoHHaa maTpuua.
BeposaTHOCTb oWnbKM MOXKHO onpeaennTb cienyowmm obpasom: $$ P(i \mid j) = \Phi\left(-
\frac{r_{ij}}2\right) = 1 - \Phi\left(\frac{r_{ij} }2\right), $$ rae $\Phi(\cdot)$ - pyHKuUMSA OLWNOOK.
[MoLwaroBbivi aHain3 ¢ BKIOYEHMEM. B NowaroBomM aHanmnse ANCKPUMUHAHTHBIX PYHKLUA MoaenNb
ANCKPYMUHALMN CTPOUTCSA MO Waram. ToYHee, Ha KaXXA0M Liare npocMaTpUBalOTCS BCe NepeEMEHHbIe
N HAXOAWUTCS Ta M3 HUX, KOTOPas BHOCUT HanbonbLunii BKaA B pa3inyine Mexay COBOKYMHOCTAMMN.
JTa nepeMeHHas fo/MKHa BbiTb BKAOYEHA B MOLE/Nb HA AAHHOM Lare, U MPOUCXOAUT nepexon K
CcnepyoLlemy wary.

MoLwaroBbivi aHan3 ¢ NCKYeHneM. MOXKHO TakXXe ABMraTbCs B 06paTHOM Hanpas/ieHWMW, B 3TOM
c/lyqae BCe nepemeHHble ByayT CHavana BKJIOYEHbI B MOLESb, @ 3aTEM Ha KaXXAoM Lare byayT
YCTPaHATLCSA NepeMeHHble, BHOCALLME Masiblil BKAa4 B NpefcKa3aHus. Torga B kKavyecTse pesynbTaTa
YCMELHOro aHasansa MOXXHO COXPaHUTb TOIbKO “Ba)Hble” nepemMeHHble B MO4esIN, TO eCTb Te
nepeMeHHble, Yel BKAaL B AMCKPUMMHaUMIO BonbLle ocTasbHbIX. DTa nowarosas npowuenypa
“PYKOBOACTBYETCA” COOTBETCTBYIOWMM 3Ha4YeHneM $F$ 0N BKIOYEHUSA 1 COOTBETCTBYIOLLNM
3Ha4veHunem $F$ ang ncknoyveHms. 3HaveHne $F$ cTaTUCTMKKM 419 NepeMEHHON YKa3blBaeT Ha ee
CTaTUCTUYECKYIO 3HAYMMOCTb NMPU ANCKPUMUHALUN MeX Y COBOKYMHOCTSMMW, TO €CTb, OHA SBASETCH
MepoW BKJlaja NepemMeHHON B NpeAcka3aHne Y1eHCTBa B COBOKYMHOCTMW.

Obwan popMmynupoBKa 3apaum

b HDOBeCTI/I nccnenoBaHme no noCcTpoeHntio ANCKPUMNHAHTHBIX (pyHKLI,I/IVI Ona nMerLWwnxcs
3KCNepnMeHTa/IbHbIX AaHHbIX.

e [1oArOTOBUTL CAMOCTOATESIbHO MOLENbHbIE npumMmepbl N3 MHOFOMEPHbLIX HOPMaJibHbIX BEKTOPOB
C 3aJaHHbIM BEKTOPaAMN MaTeMaTUYE€CKOIro OXXngaHma n KOBapVIaLI,VIOHHOI7I ManI/ILI,eI7I.

b npOBeCTI/I 3KCNEPUMEHTbLI NO KJ'IaCCI/ICpVIKaLI,VII/I Ha MOJeNbHbLIX NpUuMepax aHalo0rn4Ho
OMNMCaHHbIM BblLLE. npOBECTI/I TeOpeTVILIeCKI/IVI pacyeT owmnbok KJ'IaCCVICIZ)VIKaLI,I/II/I Ona MmoaesbHbIX
npnumMmepoB N CPaBHUTb UX C pe3yibTaTaMK, NOJTY4EHHbIMU B R.

MopanoK BbiNOSIHEHUA paboThI

1. O3HakoMuMTbLCA € NakeToM MASS, yCTaHOBUTbL ero B R, eC/in OH y BaC He YCTaHOBJIEH.
2. MNpoBecTn NNHENHbIN AUCKPUMMUHATHLIN aHaAN3 C MOMOLLbIO AaHHOro naketa. O6bACHUTL
noJly4eHHble pe3ybTaThl.

3apaHue Ha pa3paboTKy CTaTUCTUYECKUX OAHHbIX

Mogenb npeacTasnseT cobon Habop MHOroMepHbIx BeKTopoB $\vec x = (x_1,\, \dots, \, x m)$ , $m =
2,\,3%, nmeroLMx 3aaHHbIE BEKTOPa MaTeMaTUYeCKuX oxxngaHun $\mu_is, $i = 1..M$ v 3apaHHble
KOBapuaLMOHHbIe MaTpuLbl (04MHAKOBbIE MO KaaccaMm), KoTopble nMeoT Bua $\Sigma =
\mathop{\mathrm{diag} }\nolimits\{\sigma_1, \, \dots, \, \sigma_m\}$. KOMNOHeHTbI BEKTOPOB NMEIOT
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HOpMasbHOe pacnpegeneHune. Konn4yecTso KNaccoB paBHo $M = 2,\,3$.
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