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NMpakTuyeckasa padota Ne3: N3yyeHue
AUCKPUMUHAHTHOIO aHaIn3a

LLenb paboThl

O3HakKoMUTbLCA C METO4AMWN ANCKPUMUHAHTHOIO aHasn3a Ha OCHOBe A3blKa R.

OCHOBHbIE TeopeTuieckume noynoXkeHumsa

JNCKPUMUHAHTHBIN aHanU3 UCNoNb3yeTCs ANA MPUHATUA peLleHns 0 TOM, Kakne nepeMeHHble
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 AN NPOGEeCcCUoHabHON NOArOTOBKI. 114 3TON Lenn nccaenosaTesib MoXeT 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.

MeZanK MOXXeT permcTpupoBaTh Pa3/iMyHble MepPeMEeHHbIe, OTHOCALLMECS K COCTOSAHUIO 60bHOIO,
4TOObI BbISCHUTb, KaKne NepemMeHHble Jlyylle NpeacKa3biBaloT, YTO NaLWEHT, BEPOSTHO, Bbi340POBE
NOSIHOCTLIO (rpynna 1), YaCcTUYHO (rpynna 2) nam coBCceM He Bbi3goposen (rpynna 3). buonor moxeTt
3anncaTb Pa3/INYHbIe XapaKTePUCTUKN CXOAHbIX TUMOB (Fpynn) LBETOB, YTOObI 3aTeM NPOBECTM
aHaNn3 QUCKPUMUHAHTHOWN PYHKLMN, Hanny4wmm obpa3om pasgensaowen Tunbl Uan rpynnebl.

@yHKUMN Knaccngmkaumm. PYHKLUUN Knaccnpukaumm npeaHasHayYeHbl 4Na onpeneneHns Toro, K
Kakon rpynne Hanbonee BeposiTHO MOXeT ObITb OTHECEH KaXXAbll 00 bEKT. IMeeTCs CTONbKO Xe
(PYHKUMIN Kaccudukaumm, CKoNbKo rpynn. Kaxxgas yHKUUs no3sosaseT BaMm AN Kaxxaoro obpasua
N ONS KaXXO0W COBOKYMNHOCTU BbIYUCIUTL BeCa Kaaccuukauum no popmyne: $$ S i = c_ i + \sum_{j
= 1}"mw_{ij}x j. $$ B 3TOoN hopmyne nHaekc $i$ obo3HavyaeT COOTBETCTBYIOLLYIO COBOKYMHOCTb, @
nHaekc $j$ obo3HavaeT nepeMeHHyto; $C_i$ ABNAIDTCA KOHCTaHTaMn ons $i$-on COBOKYMNHOCTH,
$w_{ij}$ - Beca ona $j$-on nepemMeHHON NpY BbIYUCSIEHUN NOKa3aTens Knaccudukaumm ana $is-on
COBOKYMHOCTY; $x_j$ - Habntogaemoe 3HavyeHUe ans CoOoTBeTCTBYOLWero obpasua $j$-on
nepemMeHHon. BennynHa $S_i$ ssnseTcsa pesynbTaToM nokasartesns Knaccupukauun. NMepeMeHHsble ¢
HanbOIbLLUMMUN perpecCnoHHbIMK KO3 PULMEHTAMIN BHOCAT HanbonbLInin BKNa4 B AUCKPUMMHALMIO.

PaccTosHne MaxanaHobuca ABNsSeTCs Mepo pacCTOAHNA MeXAy ABYMS TOYKaMMn B MPOCTPaAHCTBE,
onpenensieMbiM AByMs Uan 60siee KOPPEINPOBAHHBIMY NMEPEMEHHbIMU. Hanpumep, eciin uMenTCs
BCEro ABe HeKOPPEINPOBaAHHbLIX MEPEMEHHbIE, TO MOXHO HAHECTW TOYKM (06pa3Libl) Ha CTaHAAPTHYIO
AvarpamMmy paccesiHus. PacctosiHme MaxanaHobuca mexay Toukamu 6yaeT B 3TOM CJlyYae paBHO
paccTosHUo EBKNMAA, T.€. PaCCTOSHNIO, U3MEPEHHOMY, HAaNpuUMep, PyneTkon. Eciv umeroTcs Tpu
HEKOPPENNPOBAHHbIE MEPEMEHHbIE, TO A1 ONpeneNeHns PAacCTOSAHNSA Bbl MOXKHO MO-MPEXHEMY
NCnosnb30BaTb pyNeTKy (Ha 3M guarpamme). Mpu Hann4um bonee Tpex NEPEMEHHLIX Bbl HE MOXETE
6onee NpeACTaBUTL PACcCTOSIHME Ha Anarpamme. TakXKe 1 B C/yvae, KOrfa nepemMeHHble
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KOPPENNPOBaHbI, TO OCU Ha rpadmke MOryT pacCMaTPMBaATbLCS Kak HEOPTOrOHaJIbHbIE (OHU yXKe He
HanpaBJ/ieHbl NOA NPAMbIMUK YraaMu ApYr K Apyry). B 3Tom cnyvyae npocToe onpeneneHme
paccTosHWS EBKNmMaa He NoAXo4uT, B TO BPEMSA KaK paccTosHne MaxanaHobuca sBnseTcs agekBaTHO
onpegeneHHbIM B C/lydae Hann4ms Koppenauuin. 4na pacyérta owmbok Knaccudukaunm ynobHee
BCEro npeacTaBuTb paccTosHne MaxanoHoburca, kak CUMMETPUYHYI0 MaTpULLy C Hy/1€BOW rNaBHOWM
AnaroHanbto: $$ R = \begin{pmatrix} 0 & r_{12}72 &\ldots & r_ {IM}"~2\\r {21}"2 & 0 & \Idots &
r_ {2M}~2\\ \vdots & \vdots & \ddots &\vdots\\ r {M1}72 & r_{M2}"2 & \ldots & 0 \end{pmatrix}, $$
$r {ij} =r_{ji}$, $r {ij} = 0% npn $i = j$. DnemMeHTbl MAaTPULLbl MOXKHO HanTu Kak: $$ r {ij} "2 =
(\mu_i -\mu_j)*T\Sigma~{-1}(\mu_i - \mu_j), $$ roe $\mu_i$ n $\mu_j$ - BekTOpa MaTeMaTn4yeCcKnx
OXWAAaHWA ONs NepBOro U BTOPOro Kjlacca COOTBETCTBEHHO, $\Sigma$ - KoBapmauunoHHasa MaTpuLa.
BeposATHOCTb OWMOKM MOXHO onpefenuTb cnegyowmm obpasom: $$ P(i \mid j) = \Phi\left(-
\frac{r_{ij}}2\right) = 1 - \Phi\left(\frac{r_{ij} }2\right), $$ raoe $\Phi(\cdot)$ - dyHKuuns ownboK.

[MowwaroBeivi aHann3 € BK/IlOYEHMEM. B NOLLIAroBOM aHann3e AUCKPUMUHAHTHBIX (DYHKLKIA MoLenb
AUCKPUMUHaLMM CTPOUTCS MO Wwaram. To4Hee, Ha KaXXAoM Liare NpoCcMaTpUBaloTCs BCE NEPEMEHHbIE
M HAXOLWTCS Ta U3 HNX, KOTOPAs BHOCUT HaUbONbLUNIA BKNA B Pa3nnyne Mexay COBOKYMHOCTAMM.
ITa nepeMeHHas foJKHa ObITb BKOYEHA B MOAE/Ib Ha JaHHOM LUare, v NPOUCXOAMT Nepexon K
cnepyiollemMy Liary.

MoLaroBbivi aHan3 ¢ NCKYeHneM. MOXKHO TakXXe ABUraTbCs B 06paTHOM HanpaB/ieHWMW, B 3TOM
C/lyvae BCe nepemeHHble ByayT CHavana BKJIOYEHbI B MOLESb, @ 3aTEM Ha KaXXAoM Lare byayT
YCTPaHATLCSA NepeMeHHble, BHOCALLME Masiblil BKAa4 B NpefcKa3aHus. Torga B kavyecTse pesynbTaTa
YCMELHOro aHaan3a MOXXHO COXPaHUTb TOJIbKO “Ba)Hble” nepemMeHHble B MO4EesIN, TO eCTb Te
nepeMeHHble, Yel BKNaL B AMCKpUMMHaUMIO Bonblle ocTasbHbIX. DTa nowarosas npowueaypa
“pPyKOBOACTBYeTCA” COOTBETCTBYIOLWMM 3Ha4YeHneM $F$ ons BKIOYEHUSA 1 COOTBETCTBYIOLNM
3Ha4veHmem $F$ ans ncknoyveHms. 3HaveHne $F$ CTaTUCTMKKM 4N NePEMEHHON YKa3biBaeT Ha ee
CTAaTUCTUYECKYIO 3HAYMMOCTb NPU OUCKPUMUHALUMN MeX Yy COBOKYMHOCTAMMU, TO €CTb, OHa ABJISETCS
MepoWn BKJlafa NepemMeHHon B NnpeAckasaHne YeHCTBa B COBOKYMHOCTMN.

NMocTaHOBKa 3ap4auu

nOpﬂﬂ,OK BbINOJIHEHUA pBGOTbI
3apaHue Ha pa3paboTKy CTaTUCTUYECKUX OaHHbIX

MogLenb npeactasnset cobon Habop MHOroMepHbIX BeKTopoB $\vec x = (x_1, \dots, x m)$ , $m = 2,
3%, MeroLLmMX 3aflaHHble BEKTOpPa MaTeMaTu4ecknx oxunganum $\mu_is$, $i = 1..M$ n 3afaHHbIe
KOBapuaLMOHHble MaTpuLbl (04MHAKOBbIE MO KfaccaM), KoTopble nMeoT Bua $\Sigma =
\mathop{\mathrm{diag} }\nolimits\{\sigma_1, \dots, \sigma_m\}$. KOMNOHEHTLI BEKTOPOB NMEIOT
HOopMasibHOEe pacnpegeneHme. KonnmyecTso KaccoB paBHo $M = 2, 3$.

06BéM
KonuuectBo
Ne Pa3mepHOCTb | BbIDOpPKHM BekTopa $\mu i$ 3HauyeHus KNACCOB
BapuaHTa $m$ $N$ no P - $\sigma_i$ $M$
Knaccy
$\mu_1 = (1\,2)"T\\\mu_2| $\sigma_1 =1\
1 2 100 = (1\,-2)"T$ \sigma_2 = 1 2
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- A~ | $\sigma 1 = 0.3\
8 3 150 \mu 2 = (5.2,\,4.9_,\,4.1) T \sigma 2 = 0.5 \\ 3
\\mu_3 = \sigma_3 = 0.6$
(2.2\,3.9\,3.8)"T$ - '
$\mu_1 = (L5\1)"T\ | $\sigma_1=1\\
? 2 250 \mu 2 = BA2.7)~T$ | \sigma 2 = 1.2% 2
$\mu_1 = (-0.9\,2.7)"T\\ . _
10 2 180 [\mu_2'= (0)\,-5)"T\\mu_3 $®s\|sgimr$]512—=0.22$5 3
= (-1\-1)"T$ gma_
— (. A $\sigma_1 = 0.75
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- T \\ \sigma_3 = 1.6$
$\mu_1 = (-1\,-L\,-1)"T\\ | $\sigma_1=1\\
12 3 200 \mu_2 = (0,\,0,\,0)"T\\ | \sigma_2 =0.5\\ 3
\mu_3 = (2\,2\,2)"T$ \sigma_3 = 1%
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