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SOOEKTHBHOCTb YPABHHBAHH'
KOPPEJI I{ POBA H HbIX T,I3MEPE H H H

CorpeueHu as. reopvtfl MareMaTl{qecxoft o6pa6orxu reoAesgqecKgx
Izsuepeinft yqHTbIBaeT OUru6xn HCxOAHbIx AaHHbIx' clacreMarnllecKl{e
orxH6KI,I Lt KOppeJIftIHOHHbIe CBaSH MeXAy I'l3MepeHH-bIMIl BeJIHTIHHaMII.

K;raccuqeiri'ft MeroA Ha'Mclrr,ugx KBaAparoB laycca-JlexauA-
pa, KaK HSBeCTHO, OCHOBbIBaJICfl lla npeAnonoxenun o ToM, tlro6bl

H3MepeHI,Ifl 6u"ng CrarnCTI,lqeCKH HS3aBLICHMbI, He fiMeJIH CHcreMaTH-
qecKix OulI6oK, a Hx CJlyqafiuUe Ouu6KH IIOAqI{HsJIIlcb HopMaJIbHOMy

3aKoHy pacnpeAeJreHLIfi .

Mnoine lvenue Il-14] o6o6qanu MeroA HaLIMeHbIxHx KBaApa-

ToB [pgMeHureJrbHo x ypannnnaHll]O reoAeSUqeCKI.Ix l'tsuepeuufi xop-
peJraTHbrM H IIapaMeTpHqecruM MeroaaMr{. flo cyrl.r, ux pa6orbl pac-
npocTpaHHJrH orMeqeHHble MeroAbI ypaBHI'IBaHI'tfl Ha o6pa6orxy cra-
THCTI]IICCKH 3ABHCHMbIX H3MCPCHHft B TEOAE3}IqECKI{X CCTqX.

B Aansori pa6ore AeJraercs yrop Ha o6o6ulesne caMoro MeroAa

HanMeHblIHX KBaApaTOB, KaK TaKOBOIO. 3ateiyl_ np_HMeHfleTcs o6O6-
qennufi MeroA sanueutrunx KBaApaToB K o6pa6oTKe oTAeJIbHbIx

ueuepeunfi u K ypaBHr4BaHHro reoAesHqecKr.rx cereli, a raKxe Ha npu-
Mepax onpeAeJrfleTcx eQQexruBHOCrb ypaBHI{BaHLIfl KOppeJII{pOBaHHbIX

usuepenuti.
Kar ussecrHo, KJraccsqecKaf rpopuy.rillpoBKa MeTOAa HaLIMeHb[Iflx

KBaAparoB cocroHr B npeArII.ICaHI'IlI

VrV:min, (1)

r$e v _ MaTpr{qa-cro.u6eu no[paB_oK B r{3MepeHHble BeIHqItHbI; T -
3HaK TpaHcnoHIIpoBaHHff MarpHII. B clyuae HepaBHoro'qHbIX 1l3Mepe-

Hnfi npe4nucaHlle MeroAa HaHMeHbIIT[x KBaAparoB liMeer BI'IA
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VrPV:min, (2)



rAe P - Ar.raroHaJrbHas Marpr{ua BecoB r{sMepeHHbrx BeJrr.rrrHH. flepe-
nHrueM (2) ranaue:

V pttz prt2 V : (prtz V), pttz V : mtn. (3)

Ecnu renepb cAeJIarb 3aMeHy
pttz V: Vp (4)

ro c.nyuafi HepaBHoroqHblx HsMepenuft (3) cBoAurcfl K paBnororluoMy'
ltpH yMHo)KeHLtLI MarpI4IlbI nonpaBox V cnesa Ha HeKoropylo Heoco-
6euuyro MarpHuy Pu2. Toquo raK Xe MO)KHO BeKrOp KOppeJrHpoBaHHbrX
Hsraepeuuft npeo6pasonarb B HeKoppeJIHposaHHbIIl BeKrop c BecaMH
ne*repeHuft, paBHbrMl.r eAIlHLIue.

CrarucrnqecKH saBHcIrMble LI3MepeHI'Is xapaKrepl{3ylorcfl Koppe-
rquuogHoft iuarpHqefi

Q,, Qr, "' Q,o

3.': .3::.. .. . .?:: : o2 Q, (5)

Qto Qrn"' Qno

rAe Qrr, Qn, . . . , Qnn - BecoBble xosQQuuueHTH, IIJIH o6parnue neca
usuepeuuft;

o,': -LQ,,, k,,,: M {(lt-/v[l') (lt-Ml)). 
(6)xtt - yVVrYit' '-tt' a,at

3Aecr kit - rosQsuuueHr KoppeJIflIIHH Me)I(Ay HsMepeHHsMu Ii u lt;
PiPt - neca usl"repeuuft; ot, 

- ot - cpeAHeKBaAparHrIecKIre orun6xu
nsuepeunfi; M - oneparop MareMarnqecKoro o>xnAarwfl'- B quc.rlu-

reJre Broport Qopuy.nri ns (6) HaxoAHrcR Kopperqllnonnblfi uoMeHt,
HJIH MoMeHr crarucrnqecxoft' cBfl3lt MexAy H3MepeHI'IflMn h s lt;
i+t.

Iycrr H3MepeHLIfl I xapaxrepu3ylorcfl
rlefi d2Q. Vltnoxuu cneBa Marplluy-cro;l6eq
6euuyto MarpHqy 86 (no aHaJIorHI'I c (a) ):

KoppeJrrllnonuoft uarPn-
L ua sexoropyro Heoco-

BoL:Lb 0)
Jlerxo noKa3arb, rITo KopperflIrl'loHHas MarpHIIa BeKropa usuepenuft
L, 6y4er Bblpaxega uepe-e xoppendqnoHuyto MarpHIIy nsuepenuft L
cJleAyroIIIHM o6pasou:

Qr, :Bo Q 86. (8)

Tax xax KoppeJlflIrlioHHafl Marpnua BcerAa KBaAparHas H cI'IMMer-
pil.r.Hafl, a rlo6yro cI{MMerpI{qHyIo Marpl,I_qy Moxno [peAcraBl'Irb npo-
r{3BeAeHHeM AByx rpeyroJlbHblx MarpI'Iq Qr, a I'IMeHHO:

Q:Q'QI'
ro (8) rpr.rMer BHA

Qr, :80 Q' QIB6: Bo Q, (Bo Q')'' (9)
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llorpe6yeu rerrepb, .{ro6H (9) npeeparuJracb B eAHHHqHyro Marpurly.
[ipupaaHasaa (9) K eAHHr{qHoft uarpnqe, nafiAeru uarpaqy Be.'

Bo : Qlr; Q;t L: L, Qrt V '- V' ( l0)

lIoAcTasaM raJree rperbe Bbrpa)KeHue rs (10) B rrpeAflxcaHr.re Mero.[a
Har4Meubrrrux KBaAparoe (l) u npeo6pasyeM ero:

ViVr: (Q, t V)'Qrt V : V' (Q, t)'Qit 7: 7'(Q, Qi)-t y;

V'Q-tV:mln. (ll)
Bupa>xeHue (ll) u npeAcraBJrfler co6oft o6o6ureHrae MeroAa HaHMeHb-
IIJHX KBaApaTOB Ha CTaTItCTHT{eCKr,r 3aBHCI{MbIe, riJrr{ KOppeJIHpOBaH-
Hbre H3MepeHHr.

IlpuueHnirr (ll) x o6pa6orxe orAedtbHbrx H3MepeHr.rfi n x ypae-
Hr,rBaHHIo reoAe3r.rqecrtux cercfi, npeAnoJIaralt, qro I,I3MepeHHfl He co-
Aepxar 6onlmHx cncreMarutrecKux ourn6ox, noAquHrrorcrr HopMaJrr,-
HoMy saKoHy pacnpeAeJrcr{r.rfl, KopperupoBaHbr c xoppelRulrouuori
uarpuqefi o2Q.

l. O6pa6orKa r{3MepeHufi ognofi n roft xe BerurrfiHbt. flycrl r.rMeeM
prA r-rsMepeuv.h 11, 12,...,1". HaAo Hafiru HaHryqttree 3Har{eHne. O6os-
HaqHM ero qepe3 Lo. IIpumcHncM rrpeAnHcanue (ll):

(Ln- Ir, Lo- 1r,... Lo- l,) Q't

Lo- l,

l::':
Lo -- l^

IriQSepeHqupyn
d'tn, noryqaeM

HaII HCa HHbre Bbrp ax{eH r.rrr no ls H npr.rpaBHltBafl Hy-

: min.

(11I . . . I

FneAeu o6osHaqeHHn

Lh (12) uafiJeu

) Q-'(to ) :0'

:.s; _t

Lo: s'Q-t L

s'Q-t s

1

I

:

1

1

ll
l2

:

I,
t,

In

(12)

( 13)

Kerrt-

I
I

I lo

4topruy.au (13) n
nrru [5].
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2. Kopperarnuft MeroA ypaBHnBanr{c. HannrxeM ycJroBHbre ypaB-
HeHr{fl iz Qynxrlnro .Ilarpauxa:

AV + V:0, F : V'Q-'V-2K'(AV +V).
I'lccae4yn SyHxqun .F Ha axcrpeMyM, roryqaeM

2V'q-t dV -2K'AdV:0,V'Q-r - K' A :0, V : QA'K, AQA' Kq tV : O,

K : - (AQA',1-r 1yr, V - - QA', (AQA',)-' W. (14)

$xl, l:l:...:6e45o

S:l 2
Cet, rpnanry.naqnn.

<Dopuy.na (i4) ecrb pe3yJrbrar ypaBHLtBaHLrfl: no Hefi BbrrnrcJrffror
I,OrpaBKH B pe3yJrbTaTbr rrSMepeHHbrx BeJrHuun. IIpa gToM rrpHMeHs-
nacr o6osHaqeHr,rfl: A 

= 
npflMoyroJlbHafl Marpr{qa xoeQQuineHroe

y_cdrloBHbrx ypaeHeHuri; V/ - Marpr{qa-cron6eu- ceo6oaHbri rrJreHoB;

^K - rvrarpnqa-cro.n6eu KoppeJrar.
3. Ilapauerpnuecrufi MeroA ypaBHr{BaHns. HanurueM ypaBHeHHfl

rlonpaBoK ra SyHxql.llo
BX+L:V, F:l/rQ-rY.

lraQQepenuupyn QyHx{Hro F, Harl4enr

d,F: d.v'Q-r v + vr Q-t dv :
: d (BX + L)' Q-t V + V' Q-' d (BX* Z) :0,

dX'B'Q-t @X * t) :0,
(BX + Lf q-t Bdx :o.

Hs (15) unw (16) no.nyvaeM HopMa,rbHbre ypaBHeHHfl

B'Q-[BX*BrQ-tL:0,
perxafl Koropbre, Har?4eu [onpaBKH B KoopAaHarbr rr B r.r3MepeHHble
BC"IIHqHHbI

X : - (8" Q-t B)-r Y q-t 7.
V - - B (B'q-r B)-r 3' Q-r L + L, (18)

rAe ^B - Marpnqa roeQQuqzeHroB ypaBHeHrlr? nonpanox; I - Mar-
puqa-cro.n6eq cso6oAHbrx trJreHoB.

Tenepl rroKax(eM Ha npr.rMepe ypaBHHBaHr.rfl cerH, r.rso6paxennofi
Ha pncyHKe, KaKas eQQexuaeHocrb yqera KoppeJrflquoH;rrx consefi.

(t5)
(16)

(17 \



Ilycrr B ceru c oAHHaKoBoft roqHocrbro rl3Mepsrorcq HanpaBilenus..
6yaer'r ypaBHHBarb cerb no yrJraM. Cuexsue yrJrbr rra nyuxrax l, 2
u 3 6yayr KoppeJrnpoBaHbr, TaK KaK oHr.r r.rMeror o6rque HalpaBnenr..rfl.
HerpygHo rroKasarb reoperr{qecKr.r, qro xos$QnqHenr KoppeJrflrrnr.r
rlplr groM paBHqercr - 0,5, a KoppeJrtrudoHHble Marpriubr (nparvrar
u oiparuar,) urrreror nug

1 -0,5 0

-0,5 I 0

001
0 0 -0,5
000
000

00c)
000

-0,5 0 0

100
0 1 -0,5
0 -0,5 1

=Q;

2

3

210000
r20000
002r00
0 0 | 2 0 0

000021
000012

: Q-r.

Flr.rxe npHBeAeHH pegyflbrarbr gH,{ncneHlrfi 6es yuera H c yqeroM
KoppeJlrrlHoHHbrx csgseft KoppeJIarHbIM H napaMerplrqecKHM Mero-

'['aMH' 
Koppenatnorrt ueroo

o:(? ; I -l ; -?), 
*:(Yo"),

0l
l0
tl
I -l
l0
0 --1

. r13 215

213 -t15
I 13 3/5

tl3 - 315

213 tl'
- 113 - 215

V:-At(AAt)-rV:---L
4

v--QA',(AQA")-tV--!
2

W;
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v,v :v.r (AA.r)-t vl :l-gp,gtr,,

v' Q-l V : V(', (AQA',)-1lil : 
'', ('': f,r)'

II apanerpuqecrcuil nerod

t
9

-1 I 0 -2I -l 0 0

0011
0 2 -l -l

-l -l 0 0

-l -l 2 0

5 0 -1
011

-l +l 3

1 I -10ll
-1 0 -l

-- B: l':

0 -1l0
I -1ll
l0
0l

0

0

0

0

l5

ls

X

V - - B (n'q-r B)-'B' Q-t t * L: -; "

-1 0 I -l 0 I

0 3 -1 -1 -l 0

I -l 1 1 -l 1

-r -l I 1 -l -l0 -l -l -l 3 0

I 0 1 -1 0 3

L* L;

2415 r -- rl5 nl' l 6/5

3i5 4 -- 715 -- r3/5 -2 - 315

sl, - 1 16/5 415 - i e/5

sl' -l 415 1615 -l sl1
315 -2 - 1315 715 4 315

6/5 1 l1/5 t!5 t 2415

l/:-B(B'AyrB'L+t:- j*

v, v :L'{l - B (B'r1-r B"} r : It" *

L* L;

I

I

-1
3

I

I

L;
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v, Q-1V : L' {Q-t - Q-t g (8" Q-t B)-r 6' Q-t} L: I '' 
*

1 0 I -- I 0 -l0 5/3 513 513 5t3 0

t 513 8/3 213 513 - r
X L.

-r 5/3
0 513

213 8i3 513 l
513 513 5/3 0

-l 0 I I 0 I

Kax norasblBalor pacqerbr, eSQexruaHocrb ypaBHr4BaHvfr. Koppe-
JrHpoBaHHbrx BeJTHqHH B paccMorpeHHoM npr.rMepe cocraBJrrer 4-7alo.
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