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KoppensaumoHHbIM aHanm3 — 3TO MeTOA
MaTEMaTUYECKOU CTAaTUCTUKU, KOTOPbIV
NO3BOJISIET ONpeaesnTb CTEMNeHb
B3aMMOCBSI3U MeXAy pa3nNyHbIMU
NnapamMeTpamu



PASHOBNAHOCTW
i KOPPEJIALUNOHHOIO AHAJTU3A

NMAPHbIN MHOXXECTBEHHbIWN

OueHuBaeTcs cteneHb  OueHMBAETCH CTeneHb

B3aMMOCBSA3U OTK/IMKA B3aMMOCBSA3U OTK/MKA Y

Y U OOHOro paktopa X U HECKOJIbKUX (PaKTOpPOB
X1, ..,X], .. Xm




XAPAKTEPUCTUKA CTEMEHWU
i B3AVMOCBSA3M NMAPAMETPOB

XapaKTepUCTUKOWN CTENMEHN B3aUMOCBSA3N
NapaMeTpoB ABNSAETCA CTaTUCTUYECKAS

BEIMYMHA, Ha3biBaeMast KO3IMDPULMEHTOM
Koppensuum



KOSOOULIMEHT
i [MTAPHOW KOPPENSALUNN

M{[X_M(X)][y_M(Y)]} KXY

. IMx=M(X)F M[y-M(Y) ~ /o(x)D(Y)

s Ky~ KoppensaumoHHbI MoMeHT. OH npeactasnsieT cobom
MaTeEMaTUYeCcKoe OXXUaaHWUE NPON3BEAEHUS OTKIIOHEHUM
3HAYEHUN X N Y CTyYaWHbIX BeMYNH X 1 Y OT UX
MaTeMaTnyecknx oxnaganmm M(X) n M(Y);

= D(X)- aucnepcusa cny4yanHon BeUYUHbI X;
= D(Y)- ancnepcms cny4yamHom BeNUYMHGI Y.




BbIBOPOYHAS! OLIEHKA
KOSOOULIMEHTA
NMAPHOW KOPPENSLINN

+

n

> (% =x)(y; =)

r — |:1
(n o 1) Sy Sy
X 1 Y - cpenHue BbIGOPOYHbIE 3HaUeHMS DaKTOpa
N OTK/INKA;
« NSy - BblI6OpOYHbIEe CTaHAAPTHbIE OTK/TOHEHUS
(aKkTopa N OTK/INKA;
N - yncno HabnoaeHun.



Tabnunua K03 PULMEHTOB

MATPM U,A NapHOW KOppensuuu,
KOTOpble 0TObpa)katoT

i KOPPE”;I L“/l Vl B3aMMOAENCTBUSA OTKIIMKA C
KaXkabIM U3 PaKTOpOB

a TaKxe (aKTopoB Mexay

|y X, .. X, . X, |
Y I Iy x, Iy x, v x.,
Xl % ox, 1 My, x. My, x.,
1
Xill Box; Txox, 1 My X,
1




CTPYKTYPA
i MATPWLbI KOPPEJTALNWA

KoapduumeHTbl NapHOW KOpPpPeNsaLmMn OTKINKA

KoadppuumneHTsl
Koppensuum
(paKTOpOB

[ NaBHa4
AnaroHasnb




CUMMETPUYHOCTDb
i MATPWLbI KOPPEJTALNWA

MaTpuua
KOppenaumm
CUMMETPUYHA

OTHOCUTENIbHO
rlaBHOW
avaroHanu




KOSOOULIMEHT
i MHOXECTBEHHOW KOPPE/IALIAN

o | %OI‘IPEAEJ‘IMTEJ‘II: BCE/ MATPYLIb! KOPPE/IALINY
\ A Y X, .| x. . X

U R E TP (&

OMPESEMMTENL | X, [l 1 1 e x. x

MATPULIb | ! i | 1

KO3GOUUMEHTOB (i % :

KOPPEJIALUNU Xj :FY,XJ_ : . X, | rxj x I

MEXZY ®AKTOPAMY | . | !

I | T

! ' 1

X :_rY_ Xm_ l_[)il_ﬁi m_________[>_<4_§Ln_____________1___'_!




CBOWCTBA
i KODDOULIMEHTA KOPPENALNK

= KoapduuneHT Koppensum He uMeeT pa3sMepHOCTU U
NO3TOMY COMOCTaBUM AN Pa3/IMYHbIX CTAaTUCTUYECKUX
DSI0B.

= 3HayeHne Koa(pdUUMEHTA Koppensumn nexmt B
npegenax ot -1 ao +1.

= NMonoxurtenbHoe 3HayeHune KO3 PuLUmneHTa
Koppensauunm YyKasblBaeT Ha BO3paCTaHME OTKIMKA C
yBenmyeHneMm @aktopa. OTpuuaTenbHoe 3HadeHue r
cBuaeTenbcTByeT 06 yobiBaHUKM Y npu Bo3pacTaHuu X.



CBOWCTBA
i KODDOULIMEHTA KOPPENALNK

Ecnn koadpduumeHT Koppensumn paBeH 1, mMexay
napamMeTpaMu CylLLlecTByeT (PYHKLUMOHAbHas
3aBMCUMOCTb.

KoapduumeHT Koppensiumn Ao/mKeH ObiTb nNpoBepeH Ha
3Ha4YMMOCTb.

PaBeHCTBO KO3 dULMEHTA NAPHOWN KOPPENSaUnn HYNO He
O3Ha4aeT OTCYTCTBMA CBSA3M MeXAy OTK/IMKOM W
(pakTopoM. B nutepaTtype OTMe4yaeTcsl, 4YTO 3HayeHue
r = 0 yKkasblBaeT /iMlb 4YTO 3Ta B3aNMOCBA3b HE
ABNAETCA JIMHEMHOW, HO HE OMpOBEpPraeT BO3MOXXHOCTb
CyLLeCTBOBaHUS Me>|<ny HAMW  WMHOW,  HanpuMep
3KCMNOHEHLManbHOW, 3aBUCUMOCTMW.



CTATUCTUHECKASA 3HAHNMOCTDb
KOSOOUUMEHTA KOPPEJIALNW

KoaddpuumeHT
Koppensiuum
BblUMCNISIETCS
Ha OCHOBaHUK
BbIOOPOYHbIX
NAHHbIX

1 MO3TOMY
ABNsieTcs
CNy4YanHoOM
BEIMYMHOM




YCNOBUS 3HAYMMOCTU
KOSOOULIMEHTA
NMAPHOW KOPPENSLINN

TecT t M

CTbioneHTa |l -1 vn-2>tlain-2]

t — paccuMTaHHoOe YMcro @
CTbloAEeHTa 1
tfo;n-2] — TabnnyHoe I Tnin = | n—2
_|_
yncno CTbloAeHTa \ (tfazn—2])

[in — MMHUMAlibHOE CTaTUCTUYECKU 3HAYMMOE
3HaUYeHME KO3MOULMEHTA KOPPENALMKN NMpU
OOBepuUTeNnbHOW BEPOATHOCTU p=1-a




KOSOOULIMEHT
i MHOXECTBEHHOW KOPPE/IALIAN

o | %OI‘IPEAEJ‘IMTEJ‘II: BCE/ MATPYLIb! KOPPE/IALINY
\ A Y X, .| x. . X

U R E TP (&

OMPESEMMTENL | X, [l 1 1 e x. x

MATPULIb | ! i | 1

KO3GOUUMEHTOB (i % :

KOPPEJIALUNU Xj :FY,XJ_ : . X, | rxj x I

MEXZY ®AKTOPAMY | . | !

I | T

! ' 1

X :_rY_ Xm_ l_[)il_ﬁi m_________[>_<4_§Ln_____________1___'_!




KOOOULUIMEHT MHOXECTBEHHOW
i NETEPMUHALINM

[lp aHanu3e cTeneHn COBMECTHOro
BIMSIHUS  KOMIMJIeKCa (PaKTOPOB  Ha
OTKJ/TNK 4yacTo NCrOSb3YIOT
KO3 MPULMNEHT MHOXXECTBEHHOM

D — R2 peTepMmnHaumm D.

Ero 3HayeHme nokasblBaeT, Ha CKOJIbKO
NPOLEHTOB  M3MEHUYMBOCTb  OTKJ/IMKA
obycnoBneHa COBMECTHbIM [AEUCTBUEM
paccMaTpmBaeMbIX PaKTOPOB.



YCNOBWE 3HAHNMOCTI
KOSOONLUMNEHTA
i MHO>XXECTBEHHOW KOPPEJIALUN

TecT Puwiepa
2

Fo=- R 2~(n_rr_2)>F[oc;m;n—m—2]
1-R*)

M — YMUCJT0 (DAKTOPOB;
Fp — paccunuTtaHHoe yncno duuiepa;

Flo;m;n-m-2] — TabnnyHoe uncno duwepa npu
NOBEPUTENBHON BEPOATHOCTU p=1-c.
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[TPUMEP
KOPPEJTALUMOHHOIO
AHAJIN3A

B MS EXCEL



B pe3ynbTtate 28

HabnoaeHnn nonyyex

MACCMB AaHHbIX O
3HaYeHUsX npeaena
TEKYYECTN METaNNa

(OT), NpoKkaTaHHOro
Ha LLUCITI npw
PA3/INYHbIX
TeMnepaTypax KoHLa
npokaTkn (tkn) u
CMOTKK (tCM)

A B C D F G H |
1 MCXOOHbIE QAHHbLIE PeaynbTaTt "KOPPERALMA"
2 St,MNa | tkn,C tcm,C Sm, MMNa, tknC tem, C
3|, 3640 788 560 ST, Mla 1
4 |1 3412 | 788 @ 584 ! [tkn,C -0,4736 1
5 : 338,4 788 611 tem,C -0,8089 0 1
61, 2841 | 788 | 639 |
7 330,9 788 657 MaTtpuua koppensiuum r{Y,Xj)
8 281,9 788 715 S, MMNa| tkn,C | tem,C
g 265,9 788 728 St,MMNa ¢ 1 -0,474 | -0,809
10{, 3364 834 560 tkn,C | 0,474 1 0.000
1], 3205 834 584 tcm,C . -0,809 0,000 1
12 335,8 834 611 | i
13 299,4 834 639 OueHMBaHME IHAUYUMOCTH
14 2693 834 657 ko3 prUUeHTOB KOppenauuu
15 240,3 834 715 n . 28
16 208,3 834 728 m i 2
1711 334,2 875 560 p 0,85
18 I\ 290,3 875 584 | |tfo;n-2] 2,056
191 3185 | 875 . 611 | [t(St,tkn) 2,742 AA
201 2832 875 639 | t(St,tcm) 7,015 OA
2111 2810 875 657 | t(tcm,tkn) 0,000 HET
2211 2331 875 715 | L
2311 2000 875 728 | | MHOXECTBEHHAA KOPPENALIUA
24 3044 917 560 | R ! 0,937 A
25 307,5 917 584 | Fp 86,80195
26{" 2688 | 917 | 611 | p ! 0,95
27 2254 917 638 Flow ;m;n-m-2] 3,4028
28|, 2703 917 657 D 878 |%
29 l 181,3 917 715
30, 1753 917 728

(8]
-




[TPUMEHEHUE MHCTPYMEHTA
«KOPPEJIALUNA»

AHanM3 JaAHHbIX E| E|

FIHCTpYMEHTEI GHANKSA

8

O AHOEKTOPHEIA AHCNEPCHOHHE! G
ﬂ,B':.".':'CililEIKTI:IIZIHbIﬁ AHCNEpCHOHHE! anpe A I.I,I-'IH
N ey bk TOPHEIH AMCNEPCHOHHE
F.oppenAau KA

ExoAHEIE A3HHEIE
F.oBapHaumHA Ok
JMMCATENEHAA CTATHCTHES BxoAHOM HHTEpEAN: |$E$2:$D$3EI =|i:
SKCAOHEHLHANEHOE CHNa¥HEaHHE -
AEyxERIDOpOYHEIA F-TECT AnA 4 . = 2TMEHS
AHaNKE DypRe rﬂ?HHHﬂDBEHHE. HDETDHEHEM
MHCTOrpaMMa g CTpoK AN Crpaeka

v MeTEH B NepEoi CTROKS

MapaMeTpel BRIEDAA

(¢ BeixoAHOH MHHTEPEAN: tFf2 B

(" HoBkIF pafioqKH oHCT:

(" Hoeaa pabodan KHHra



Al B C D |E F G H 1
1 MCXOOHBLIE OAHHBIE | | Pesynbrat "KOPPERALUMA"
2| [ST,MNa| &n,C | tcm,C | Sm, MMa t«knC | tcm,C
3 364,0 | 788 | 560 |, ST, MMa 1
4 3412 | 788 | 584 | [ten,C = _~<04736 1
5 3384 | 788 | 611  tem,C -0,8089 1
6 2841 | 788 | 639 | > — .'/'" T —f ===
7 3308 | 788 = 657 nsfdum r{Y,Xj)
8| [ 2819 788 IMS/ 7H,C_ | lmC
9 2659 | 788 = 728 /' -0,474 | -0,809
10 336,4 | 834 | 560 | 1 0,000
11 3205 | 834 | 584 0,000 1
12 3368 | 834 | 611 1 |
13 2994 | 834 | 639 OueHVBAHNe 3HAYUMOCTH
14 2693 | 834 657/ ko3 ylimenror koppenaumu
15 2403 | 834 | 745 |n . 28
16| | 2083 | 834 | /728  |m / S22
rr——ss2—875~ 560 o/ 0,85
18| | 2003 875 | 584 | o pf2] 2,056
19 3185 | 875 @ 611 t(Sy/tkn) 2,742 OA
20 2832 | 875 @ 639 | |t(BTtcwm) 7,015 OA
21 281,0 | 875 | 657 tom, tk) 0,000 | HET
22| | 2331 | 875 | 715
23| | 2000 | 875 | 728 MHOXECTBEHHAA KOPPENALISA
24 3044 | 917 | 56) R | 0,837 | DA
25 307 5——91+7—56€4 Fp 86,80195
26 2688 | 917 | 611 p | 0,95
27 2254 | 917 | 639 | Flo;m;n-m-2] 3,4028
28 270,3 | 917 | 657 D 878 |%
29 1813 | 917 @ 715 |
30 1753 | 917 | 728
31 1’ I




NPUMEHEHUE D T B
1 MCXOOHbIE JAHHLIE PesynbTaTt "KOPPENALUA"
CTATUCTNYECKINX 5 [ ST, MNa| %n,C | tcm,C Sm M &n.C | fomC
Y 3 364,0 788 560 S1, MlMa 1
4 3412 788 584 tkn,C -0,4736 1
q)yH KLI' M M 5 3384 788 611 tem,C -0,8089 0 1
6 284 1 788 3 1 L S I
7 330,9 788 657 MaTpuua koppensiuuum r{Y,Xj)
8 281.9 788 715 lS‘r MIMa tkn,C

—

9]

=

O
e = |

720——8rM0a 1 -0,474 | 0,809
560 |1 jtkn,C 0,474 N 0,000

= 584 [l ltcm,C -0,809 , g.000 /| /1
611 ] = —Z -1 -1

639

Ouennafine 3laqumﬁcnl

KO3

MeHTOo xoppﬁnﬂ

7
/

7

aA

AA

HET

)KECTBEHHAH KOPPENALINSA

770,937

DA

/86,80195

0,95

3,4028

MaTpuua Koppenaumm p,eMCTBMTeano CMMMETDUYHa
OTHOCUTENBHO rMaBHOW ANAroHam




OLEHUBAHUE

B C | D |E F G H |
Koaq)q) VI Ll VI E HTO B 1 | | NICXOOHLIE JAHHBIE Pesynbrar "KOPPENALVA"
1 2 81, MNa | t«kn,C  tcm,C Sm, Mla  tkn C tem, C
I‘I AP H O I/I 3 3640 @ 788 | 560 | ST, Mla 1
4 3412 | 788 | 584 | |tn,C -0,4736 1
KOPPE”H VI VI 5 3384 | 788 | 611 | tem,C -0,8089 0 1
Ll, 6 2841 788 @ 639 |
7 330.9 788 657 Marpuua xoppensuuum r(Y,Xj)
8 2819 788 | 715 "St, MMa]  tkn,C | tem,C
9 2659 @ 788 1 ~728 | [ST,MMNa = 1 -0,474 | -0,809
10| | 3364 834 560 |tkn,C | 0,474 1 0,000
11 3205 | 834 584 C 0,809 | 0,000 1
121 | 336,8 | 834 o S — — — - — — — — —
13| | 2994 | 834 | 639 OueHnganue 3HAYUMOCTH '
14 2693 | 834 | 657 kOIthMLMEHTOR KOPpensaLum I
15| | 2403 | 834 | 7 n__ ~ 28 :
16 206,3 | 834 | 728 | [m T~ 2 l
75 . 560 . p 0,95 |
75 | 584 | t[o:n-2] — 2,056 !
: 75 |, 611 , 4(ST tkn) /2,742 | DA :
I




PACHET U
OLIEEHUBAHWE

KO3OOULIMEHTA
OXXECTBEHHOW

)PPENALIAN

B C F G H l
1 MCXOOHbIE AAHHLIE Pesynbrat "KOPPENALILA"
2 S1, MNa | tkn,C Sm, Mla, knC tem, C
3 364,0 788 ST, MlMa 1
4 3412 788 tkn,C -0,4736 1
5 338,4 788 tem,C -0,8089 0 1
6 2841 788 |
7 330,98 788 MaTpuua koppensuuu r{Y,Xj)
8 281,9 788 St,MMa’ tkn,C | tom,C
9 2659 | 788 ST, MMa = 1 -0,474 | -0,809
10 336,4 834 tkn,C . -0,474 1 0,000
11 320,5 834 tem,C . -0,809 0,000 1
3Ha4umocTu
B KOPpensauum
28
T\, 4
\ 08
tiot :n-2] \ | 2086
81t (ST, IxM) \ 2,74p OA
t(ST,tcMm) \ 7015 | DA
t(tcm, tkn) \ [\0,000 | HET
g U S W N N S
MHO)KEC\TBEHHX\H KpPPEﬂHLW!FI
R '\ 0\@37' ! OA
Fp . \86,80195| /
p | \ \ 0,85
Flou ;mimm-21 | 3,4028
2?0 3 917 D - 879/ |%
-
/




CBsA3b MeXAay KaknMu
BeJIMYMHAMMN aHANU3MpOoBasiach?

AHanmnsnpoBasnachb CBA3b Mexay

NnpeagesioM  TEKYy4HECTU METaJlJla O T/

TEMNEpPATYpon KOHLA NpOKaTKU tkn wu
CMOTKM tcM npu npokaTtke Ha LUCITT.



Kakune KoadduLUNeHTI
NapHOWU Koppenaunumn aBnsatoTCs
i CTaTUCTUYECKN 3HAYNMbIMA?

C NOBEPUTENTbHOM BEPOSATHOCTbIO 95%
CTaTUCTUYECKU 3HAUYNMbIMU SABASIOTCA KO3IMPULIMEHTD
Koppendaumm  Mexay - npeaenioM  Tekyyectm WU
TemnepaTypou kKoHua npokatkun r(or ; tkn)=-0,474
a TaKXKe Mexay nNpeaenoM TeKydecTu U TemrnepaTypou
cMoTkM r(or ; tcm)=-0,8009.

3HAYMMOCTb KOI(MOULIMEHTOB  MNOATBEPXKAAETCH
TeM, 4TO COOTBETCTBYIOLUME paACYETHble 4KUCNa
CtbtogeHTa t(or ; tkn)=2,742 v t(or ; tcm)=7,015
6onbwe TabnuyHoro t[0,05;26]=2,056.




O yeM 3TO CcBMAETENbCTBYET?

CnepoBaTtenbHO, Npeaen Tekyyectn MeTasng,
NPOKaTaHHOro Ha LLICITT, CB4A3aH C
TeMnepaTypou KOHLA MPOKaTKU N CMOTKMW.

Tak Kak  KOI(PUUMEHTbI  KOppensuum
oTpuuUaTeNnbHble, YBeNn4YeHne Kak TemnepaTypbl
NpoKaTKKW, TaK W TeMnepaTtypbl CMOTKMU
YMeHbLlaeT npeaen TeKyyeCTu MNpPOKaTaHHOro
MeTasna.

Tak kak |r(or ; tcm)|>|r(or ; tkn)|,
cTeneHb BAUSHUSA TeMrnepaTypbl CMOTKU 6onblue
4yeM TeMrepaTypbl KOHLIA NPOKaTKW.



ABnaeTca N 3HauynMbIM
KO3 DULIMEHT MHOXECTBEHHOM
i Koppenaumm? YTo 3To o3Ha4vaeT?

C NOBEPUTENTbHOM BEPOSATHOCTbBIO 95%
KO3 PULMEHT MHOXXECTBEHHOU Koppensauuu
R(or;tkn;tcM)=0,937 4dBnseTcd CTaTUCTUYECKM
3Ha4YMMbIM, T. K. pac4yeTHoe 4ucno duuepa
Fp=86,802 6onblue TabnnmyHoro
F[0,05;2;24]1=3,4028.

JTO O3Ha4aeT, YTo npeaen TeKyyeCcTu MeTasa,
npokataHHoro Ha LICITI, obycnoBneH COBMECTHbIM
NENCTBUEM TEMMEpPATYPbl KOHLIA MPOKATKM U CMOTKM.




O yeM CBUAETENLCTBYET
3Ha4YeHNE KO3 PULIMEHTA
i MHOX>XECTBEHHOW AeTepMUHALNN?

KoathdpuumneHT MHOXXECTBEHHOM
neTepMUHaLmn D=0,879
CBUAETENbCTBYET, YTO MPU MNPOKATKE Ha
LLICITT  npegpen  TekyyectTh  MeTalna
Ha 87,9% o06ycnoBfieH Cco4YeTaHUEM
TeMnepaTypbl KOHLA NPOKaTKN N CMOTKMW.
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