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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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onpeneneHHbIM B CJlydae Hannyms Koppenauuin. Ana pacyérta owmbok knaccudukaunm ynobHee
BCEro NpencTaBuTb paccTosiHne MaxanoHobunca, Kak CMMMETPUYHYI0 MaTPULy C HYJIEBOW FTaBHOM
AvaroHanbto: $$ R = \begin{pmatrix} 0 & r {12}72 & r {13}72 &\ldots & r {IM}~2\\r {21}"2 &0
&r {23}72 &\ldots & r_{2M}~2\\ \vdots & \vdots & \vdots & \ddots &\vdots\\r {M1}72 & r {M2}"2
&r_{M3}72 &\ldots & 0 \end{pmatrix}, $$ $r {ij} =r _{ji}$, $r_{ij} = 0% npm $i = j$. dnemeHTHI
MaTPULl MOXXHO HalTK Kak: $$ r {ij}~2 = (\mu_i - \mu_j)~T\Sigma~{-1}(\mu_i - \mu_j), $$ rae
$\mu_i$ 1 $\mu_j$ - BeKTOpa MaTeMaTMHYECKUX OXXULAAHUA ANS MEPBOro U BTOPOro Kjacca
COOTBETCTBEHHO, $\Sigma$ - KoBapnaLMOHHas MaTpuLa. BepoAaTHOCTb OLWMOKN MOXXHO ONpeaennTb
cnegyowmnm obpasom: $$ P(i \mid j) = \Philleft(-\frac{r_{ij}}2\right) =1 -

\Phi\left(\frac{r_{ij} }2\right), $$ raoe $\Phi(\cdot)$ - pyHKuUMS OLINOOK.

[MowaroBbivi aHan3 ¢ BKJIOYEHNEM. B NowaroBoM aHannse ANCKPUMUHAHTHBIX (PYHKLUA MoLesb
ANCKPUMUHALMWK CTPOUTCA MO WaraM. ToYHee, Ha Ka)k40M Luare npocMaTpPUBaOTCA BCE NEPEMEHHbIE
N HAaXO0AMTCS Ta U3 HUX, KOTOPas BHOCUT HanbonbLLMI BKNA4 B Pa3inyme mexay COBOKYMHOCTSMMU.
OTa nepeMeHHas Ao/KHa bbITb BKIOYEHA B MOLESb HA JAHHOM Luare, 1 NPOUCX0OAMT Nepexon K
cnepytoulemy wary.

lMoLwaroBbivi aHain3 ¢ UCKYeHneM. MOXKHO TakXXe ABUraTbCs B 06paTHOM Harnpas/ieHUMW, B 3TOM
Cnyyae BCe nepemMeHHble 6yayT CHavyana BKJIIOYEHbI B MOAE/b, @ 3aTEM Ha KaXXAoMm ware byayT
YCTPaHATLCSA NepeMEHHbIe, BHOCALLME Manbll BKa4 B NpeAcka3saHus. Torga B KayecTse pesysibTaTa
YCMEeLWHOro aHaJm3a MOXHO COXPaHUTb TOMIbKO “Ba)Hble” NepeMeHHble B MOLeNN, TO eCTb Te
NepeMeHHble, Yel BKag B ANCKpUMUHaLMIO B6oblue oCTanbHbIX. DTa NoLlarosas npoueaypa
“PYKOBOACTBYETCA” COOTBETCTBYOLUM 3Ha4eHneM $F$ 015 BKNOYEHUS U COOTBETCTBYIOLLNM
3Ha4veHnem $F$ ons ncknoyveHus. 3HaveHne $F$ cTaTUCTMKKM 419 NepeMeHHON YKa3blBaeT Ha ee
CTAaTUCTUYECKYIO 3HAYMMOCTb NPX OAUCKPUMUHALMN MeX Oy COBOKYMHOCTAMU, TO €CTb, OHa ABASETCSH
MepoWn BKJ1aZa NepeMeHHON B NpefCcKa3aHne Y1eHCTBa B COBOKYMHOCTN.

Obwan bopmynupoBka 3apaim

e [poBeCTUN NCCnefoBaHUe Mo NOCTPOEHMIO ANCKPUMUHAHTHBIX DYHKLUN LS UMEIOLLNXCA
3KCNEePUMEHTaNbHbIX AaHHBbIX.

 MoAroTOBNTL CAMOCTOATESILHO MOJESbHbIE MPUMEPLI 13 MHOrOMEPHbIX HOPMaJslbHbIX BEKTOPOB
C 3aflaHHbIMY BEKTOPAMN MaTEMaTUYECKOr0 OXKMAAHWUS N KOBAapWALMOHHOW MaTpULLEN.

e [pOBECTU 3KCMEPUMEHTbI MO KNacCUrKaLumM Ha MoLesbHbIX NpUMepax aHalorMyHo
OMMWCaHHbIM Bbile. MPOBECTU TEOPETUYECKMI pacyeT ownboK KnaccuduKkaLmm ons MoaenbHbIX
NPUMEPOB U CPAaBHUTb UX C pe3ysibTaTaMu, NOJyYeHHbIMU B R.

Mopsapnok BbiNONIHEHUA paboThI
B pa3paboTke
3apaHue Ha pa3paboTKy CTaTUCTUYECKUX OAHHbIX

MogLenb npeactasnseT cobon Habop MHOoroMepHbIX BeKTopoB $\vec x = (x_1,\, \dots, \, x m)$ , $m =
2,\,3%, uMeroLwmnX 3aaHHble BEKTOPaA MaTeMaTuYeckmx oxumaanmm $\mu_i$, $i = 1..M$ n 3apaHHble
KOBapuaLMOHHble MaTpuLbl (04MHAKOBbIE MO KjaccaM), KoTopble nMeoT Bua $\Sigma =
\mathop{\mathrm{diag} }\nolimits\{\sigma_1, \, \dots, \, \sigma_m\}$. KOMNOHEeHTbl BEKTOPOB NMeIOT
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HOpMasbHOe pacnpegeneHune. Konn4yecTso KNaccoB paBHo $M = 2,\,3$.
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