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' 

B CJIOlXHUX CHCTeMaX O'lem,. Bal!rnO YMSTI, rrpaBHJlbHO OUSIIHBaTb 

CT8Il8Hb KOppeJIStUHH MelK,.Qy rrpit3HaKaMH. B rrepey10 O'lepe.llb 3TO: OTHO

CHTCH K HaH6oJiee rrpocTUM,T.e; rrapHUM.KoppeJIHUHRM;C'lHTaeTCR ca-
.. ' I , , 

MOO'le-H)lHUM, '{TO KOppeJIRUHH RBJIH8TCH KOJIH'l8CTB8HHUM OTpalKeHHeM 

06lllero : .llJIH . .llBYX rrpH3HaKOB CTaTHCTH'leCKOro CB08CTBa:. HaCKOJlbK_o 

rrpH3HaKx 3aBHCHT OT rrpH3HaKa y,HaCTOJI~KO JKe rrpH3HaK y 3aBHCHT 

·· OT rrpH3HaKa x: · CKa3aHHoe HeRBHO npe.11nonaraeTcsi:, Kor.11a .llJIR oueu

Klf rrapHUX KOppeJIHUHA HCITOJI_b~yeTCH KpHTepHA K = <xy> - <x><y>. 

ECJIH 'K = 0, TOK )leJiy rrpHBJieKalOTC~ 6onee CJIOlKHUe KOHCTPYKUHH 

Kexf3_= <xexyf3> - <Xex><yf3>, B . KOTOpUX ex H f3 ~ uemm IlOJIOlKHTeJibHUe 

'{HCJia. _Ho H'B 3TOM CJIJ'la~ Tpe6oaaHHe KdppeJIHUHOHH08 CHMMeTpHH 

ITpHBO.llHT K BUC5opy. ex = {3. ITpaB)la, B~IlpOC ·o TOM, 'leMy .. .llOJllKHO 6UTb 

paa.Ho ex, ocTaeTcR_ .11enirnaTHUM H · ero _cTapaJOTCH He 3aMe'l~Tb [ 1 ]. - ' 

B TO JKe BpeMH _HCHO, '{TO .llJIR 60JiblllHHCTBa 'CHCTeM (~ '-!aCTIIO-. 

CTH,reonorH'le~KHX;6~oJiorH'leCKHX,3KOHOMH'leCKHX H 3KOJIOrH'leCKHX) 
'! ; . . . __. ., ' 

YKa3aH11ai Bh!me 1rnppenm-1HoHHaH CHMMeTpHH c1tnbllo napyrnena: B CH-

. CTeM~ eCTb JIHJ].H.PYIOUlHe IlPlf3Hal<H H eCTb IlPlf3llaKH ,IlO.D;'-IHHeHHb!e HM. 
, . . ' ' 

IToMCH~M CKa3aHHOe 'Ha ~POCTOM, HO a5CTP3KTIIOM ITPH~epe, B KOTOPOM 

•3Jie~e~iu c~cTeMu (Knei~~) pacripe.11eneHu ~o npH3HaKy x (TO'lKaM) 

H rrpH;HaKy y (KpecTaM), KaK 3TO rroKa3aHo B cne.11y~me8 ia6n1tue • 

• . . . . . . . . 
♦♦ ♦ + ♦♦♦ ♦ + ♦-♦ .... . .. . .... . 
♦♦ + ♦ + ♦ ++ + + ++ . . ... . ... .. 
♦♦ ♦ + ♦ + + + + + + ♦♦ . . . . ... ... . 

~--, I ♦♦ ♦ ♦ ♦ ♦♦ ♦ + + + ♦♦ 

B KJieTKax C 3a)l~HHUM KOJIH'leCT~OM TO'leK BCTpe'laeTC~ flHlllb 

9npe.neJieHH08 KOJIH'l8CTBO Kp8CTOB, B T
0

0 Bpe~!SI K~U< B KJieTKH C 3a:-
. . . 

)laHkUM KO~H'{8CTBOM KpeCTOB rro~aJIO pa3Hoe '{HCJIO TO~eK. ITOIIRTHO, 

.2 

-~·1 :i 

F , H 
,,fliik 

'{TO TO'{KH CBR3aHU C KpecTaMH MaKCHMaJihHUM o6pa30M,a CBR3b Kpe

CTOB C TO'lKaMH ropa3.ll0 cna6ee . 

TaKHM o6pa30M,rrapHue KoppeJIHUHH IlO caMOH CBOeH cyTH OTHO

CHTeJihHU u IlOTOMY ,llJIR HX OilHCaHHH Tpe6yeTCH He O)lHH,a .naa KpH

TepHR: KpHTepHH Lxy, cnyJKalllHH MepoH KOppeJIRUHH rrpH3HaKa X C 

rrpH3HaKOM y,H KpHTepHH Lyx,cJiyJKalllHH MepoH KoppeJIHUHH npH3HaKa 

y C rrpH3HaKOM x. ITOJIY'lHTh .naa KpHTepHH MOlKHO,HarrpHMep, HapyrnHB 

CHMMeTpHIO nupalKeHHR <xy> - <x><y>, pa3,lleJIHB O.llHH pa3 ero Ha 

<x>, a .npyroH pa3 Ha< y >. MOlKHO 6uno 6u HCil0Jlb30BaTh TaKJKe 

KpHTepHH Kex{3 C ex*f3- 0,llHaKO 3TH B03MOlKHOCTH B )lOCTaTO'lHOH Me

pe rrpOH3B0JlbHU H IlOTOMY He MOryT OTpalKaTh cyTH .11ena. 

CoaeprneHHO HHaH TO'lKa 3peHHH Ha 06cyJK.11aeMy10 rrpo6JieMy 6una 

BUCKa3aHa B pa6oTe [2].KoppeJIRUHR TaM TpaKTYBTCH KaK O)lHH H3 

HTO,OB, K KOTOpUM IlpHBO.llRT npoueccu CMBlllHBaHHR H pa3)leJieHHR 

rrpH3HaKOB B CHCTeMe,T.e. rrpoueccU,KOTOpUe,co6cTBeHHO,Il0pOlK.llalOT 

CTaTHCTHKY CHCTBMU. TaKaH TO'{Ka 3peHHR npHBO)lHT K CJIB.llYIOlllHM 

.llBYM KpHTBpHRM [2]: 

I 

( 1 -~ ) ;(x ,Y ) Lxy = LL <x> P q 

(1a) 

q p 

I 

(1-~) Lyx = LL ;( X 'y ) • 
p q 

<y> 

(1b) 

p q 

3)leCh ;( X , y )- 3TO CflYHKUHR pacrrpe.neJieHHR nepOHTHOCTeH no 
p q 

npH3HaKaM x Hy, a cyMMHpoaauHe ne.11eTcR no cne.11y10meMy npaaHny. 

B cyMMB no p B (1a) Y'lHTUBaJOTCR ace 3Ha'leHHR npH3HaKa x, a B 

cyMMe IlO q Y'lHTUBaJOTCR JIHlllh Te 3Ha'leHHR npH3HaKa Y,.llJIR KOTOpux 

nepaaR cyMMa IlOJIOlKHT8JlbHa.AHaJiorH'lH08 npaBHJIO pa6oTaeT B OTHO

rneHHH cpopMyJiu (1b). 
UeJih uacTORlll8H cTaThlf - ycTaHOBHTh CBR3b KPHTepHeB (1a) H 

(1b) C KOppeJIRUHOHHOH MaTpHU8H Kexf3, O KOTOpOH roaopHJIOCb aurne. 

TaKaH CBR3h rrpoJIHJia 6u caeT na .11na HHTepecuux aonpoca. Bo-rrep

aux, cTaHeT RCHO,B KaKOM COOTBBTCTBHH HaXO)lHTCR IlO.llXO.ll pa60TU 

[2] c MeTO,llaMH MaTeMaTH'leCKOH CTaTHCTHKH [3]. BO-BTOpUX,BOilpOC 
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) 

0 TOM, CKOJ!hKO KOppemuurnHHllX MOMeHTOB HYl!(HO Y'-111TblBaTh rrp11 

oueHKe rrapHHX KoppeJIRU11H:rrepecTaHeT B11ceTh B B03nyxe~ 

Ha'-!HeM C TOrO,'-ITO lIO orrpeneJieHl1D 

< xexyp >=I 7(x1,YJ) 
I j 

x~ yP 
j 

(2) 

rne i,ex = 0,1, ... n, a j,p = 0,1, ... m. BBeneM MaTp11uH Qex(z), 
p 

TaK11e, '-!TO 

I 
ex 

zex Qex(z) = 
I p Olp (3) 

ECJll1 TaKl1e MaTpl1Ull cymecTBYDT, TO YMHOml1B (2) Ha Qex(x) aP(y), 
p q 

B3RB CYMMY lIOJiy'-!eHHoro BblpameHl1R lIO ex 11 p 11 Y'-ITR ycJIOBl1e (3), 

rrp11xon11M K cJienyDmeMy pe3yJihTaTy: 

,(x ,y) 
p q =I 

exp 

nerKo lIOKa3aTh 113 (3), '-!TO 

Qex(z) = 
p 

< xexyp > Qcx(x) QP(y) 
p q 

(-1)ex+p AP&z) 

W(z) 

rne W(z) - 113BecTHllH orrpeneJ111TeJih BaHnepMoHna [4] 

1 n-1 z z 
0 0 

1 n-1 
zl • z 

1 
W(z) = I 

1 z z n-1 
n-1 n-1 

( 4) 

(5) 

a A (z) eCTh Ml1HOp 3TOro orrpeneJ111TeJIR, COOTBeTCTByDm11n 3Jie-
pCX ex ex P 

MeHTY Z. TaKl1M o6pa30M, MaTp11uu Q (x) 11 Q (y) He 3aBl1CRT OT 
p p q 

cpenHl1X BeJil1'-111H, 11 lIOTOMY ¢opMyJia (4) - 3TO pa3JIOmeH11e ¢YHKU1111 

pacrrpeneJieHl1R a(X ,y) lIO MaTp11ue MOMeHTOB <xexyP>. 
p q 

4 

I' 

·'] 
I' 

tt3 (5) CJienyeT,'-ITO MaTp11ua Qex(z) YBOBJieTBOpReT ycJIOBl1D 
p 

I zex Qex(z) = 
p p . 

0 exex' (6) 

p 

00Jih3YRCh ycJIOBl1eM (6),ierKo lIOKa3aTh,'-ITO 

, < X yP > - < X >< yP > 
Lxy = 

II 
Qp(y) 

< X > 
q p 

q 
(7a) 

, ex 
Lyx = 

II. 

< y X > - < y >< Xex > 

< y > 
Qex(x) 

p ex 
p (7b) 

Mll B11Bl1M, '-!TO 11H¢opMaQl1R O cpenH11X BeJil1'-111Hax ¢aKTOp113yeT

CR B KamnoM cJiaraeMoM B (7a) 11 (7b) oT 11H¢opMau1111 o crreKTpax 

cJiy'-!aHHllX BeJil1'-!11H X 11 y. HaJil1'-!11e TaKOH ¢aKTOp113au1111 lI03BOJIReT 

TpaKTOBaTh ¢0PMYJ!ll (7a) 11 (7b) KaK pa3JiomeHl1R Kpl1Tep11eB OTHO

Cl1TeJihHllX KOppeJIRU11H lIO 3JleMeHTaM KoppeJIRU110HHOH MaTp11Ull, T.e. 

KaK COOTHOWeHl1R, CBR3blBaDm11e ¢YHnaMeHTaJihHble lIOHRTl1R rronxona 

[2] C ¢yHnaMeHTaJihHllM lIOHRTl1eM MaTeMaTl1'-!eCKOH CTaTl1CT11Kl1. 

B KPl1Tep1111 Lxy ¢11ryp11pyDT Jll1Wh cpenH11e 3Ha'-!eHl1R Bllpame

Hl1H,3aB11CRm11x OT X Jll1HeHHO. B TO me BpeMR 3Tl1 BllpameHl1R conep

maT Bee norryCTl1Mlle CTerreH11 rrp113HaKa y. ttHllM11 CJIOBaMl1,B opraH11-

3aq1111 OTHOCl1TeJihHOH KoppeJIRU1111 rrp113HaKa X C lip113HaKOM y 3Tl1 

rrpl13HaKl1 11rpaDT pa3Hble pOJil1.ttMeHHO,lipl13HaK X lip11Hl1MaeT rracc11B

HOe ytJaCTl1e, a rrp113HaK y 3a C'-!eT HymHoro '-!11CJia CBOl1X CTerreHeH 

¢OpM11pyeT CTPYKTYPY COOTBeTCTBYDmeft OTHOCl1TeJihHOH KoppeJIRU1111. 

B cJiy'-!ae Kpl1Tep11R Lxy pOJil1 lipl13HaKOB X 11 y MeHRDTCR MecTaM11. 

3aMe'-!aTeJihHO TaKme, '-!TO Kp11Tep1111 Lxy 11 Lyx caM11 OT611paDT Te 

3JleMeHTll KoppeJIRUl10HHOH MaTpHUll, KOTOpue rrp11'-!aCTHll K neJiy. TeM 

caMblM aBTOMaT11'-!eCKl1 pemaeTCR OTMe'-!eHHllH Bllllie Borrpoc 06 ytJac

Tl111 KOppeJIRU110HHOH MaTp11Ull B ¢opM11pOBaHl111 OTHOCl1TeJihHllX KOppe

JIRU11H. 
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