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KoppensiuMoHHbIN aHanu3 — 3To MeToA
MaTeMaTU4eCKON CTaTUCTUKU, KOTOPbIN
NO3BOJISIET ONpPeAennUTb CTeneHb

B3aMMOCBSA3M MeXAY Pa3NNyHbIMM
napaMeTpamMu



PASHOBNAHOCTW
i KOPPEJIALUNOHHOIO AHAJTU3A

NMAPHbIN MHO)XECTBEHHbIW
OueHnBaeTCcs CTeneHb OueHMBaeTCs CTerneHb
B3aMMOCBSI3M OTK/IUNKA B3aMMOCBSA3UN OTKANKA Y

Y u OAHOIro (PakKTopa X N HECKOJIbKNX (PaAKTOPOB
X1, ..., Xj, ... 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
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Y I Iy x, Iy x, v x.,
Xl % ox, 1 My, x. My, x.,
1
Xill Box; Txox, 1 My X,
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CTPYKTYPA
i MATPWLbI KOPPEJTALNWA

KoapduumeHTbl NapHOW KOpPpPeNsaLmMn OTKINKA

KoadppuumneHTsl
Koppensuum
(paKTOpOB

[ NaBHa4
AnaroHasnb




CUMMETPUYHOCTDb
i MATPWLbI KOPPEJTALNWA

MaTtpuua
KOppenaumm
CMMETPNYHa

OTHOCUTENIbHO
rlaBHOW
avaroHanu




KOSOOULIMEHT
i MHOXECTBEHHOW KOPPE/IALIAN
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CBOWCTBA
i KODDOULIMEHTA KOPPENALNK

KO3(pPULMEHT Koppenauum He nMeet
DAa3MepPHOCTN N NO3TOMY COMOCTaBUM /1S
DA3/IMYHbIX CTAaTUCTUYECKUX PSAOB.

= 3HayeHue KoadpduLmneHTa Koppensuumm
NnexuT B nNpeaenax ot -1 ao +1.

= ECnum Koa@@PuuUeHT Koppenaumm paBeH 1,
MeXay napamMeTpamun CyLluecTByeT
(OYHKUMOHaNbHasa 3aBUCUMOCTb.

= KoapduumeHT Koppensaunm AomkeH bbiTb
NPOBEPEH Ha 3HAYMMOCTb.




CTATUCTUHECKASA 3HAHNMOCTDb
KOSOOUUMEHTA KOPPEJIALNW

KoaddpuumeHT
Koppensiuum
BblUMCNISIETCS
Ha OCHOBaHUK
BbIOOPOUHbIX
NAHHbIX

1 MO3TOMY
ABNsieTcs
CNy4YanHoOM
BEIMYMHOM




YCNOBUS 3HAYMMOCTU
KOSOOULIMEHTA
NMAPHOW KOPPENSLINN

TecT t M

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

t — paccuMTaHHoe 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




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 — YMUC/I0 PAKTOPOB;
Fp — paccymnTaHHoe yncno duiiepa;

Flo;m;n-m-2] — TabnnyHoe uncno duwepa npu
NOBEPUTENTbHOM BEPOSITHOCTU p=1-a.
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[TPUMEP
KOPPEJTALUMOHHOIO
AHAJIN3A

B MS EXCEL



B pe3ynbTaTe 25
HabnoaeHU
nosy4yeH MaccuB
[IaHHbIX O
3HaYeHusIX npeaena
TeKy4yecTn MeTasia
(ST), NpokaTaHHOro
Ha LUCITI npw
PA3/TNYHbIX
TeMnepaTtypax
KOHLIA NpOKaTKW
(tkn) u cMOTKM (tcm)

Al B C D |E F G H |
1 |' MCXOOHBIE NAHHLIE Peaynbrar "KOPPERALUUA"
2 |]St,MNa tkn,C tcm,C Sm, Mfla  tkn,C | tcm,C
3] 3640 | 788 | 560 | |St, MMa 1
4 |1 3412 | 788 @ 584 | |tkn,C -0,4736 1
51 3384 | 788 | 611 | tem,C -0,8089 0 1
61, 2841 | 788 | 639 | |
7 330,9 788 657 | MaTtpuua koppensiuum r{Y,Xj)
8 2819 | 788 | 715 | 'St,MMa| kn,C | tcm,C
9 2659 @ 788 @ 728 | ST, MMa @ 1 -0,474 | -0,809
10|, 3364 | 834 560 | tkn,C | 0,474 1 0,000
11], 3205 @ 834 @ 584 | |tecm,C ~ -0,809 | 0,000 1
12 336,8 | 834 | 611 | i |
13 299.,4 834 639 | OueHnBaHue 3IHAYUMOCTH
14 2693 834 657 | KO3a(hPUUUEHTORB KOppenauumu
15 2403 | 834 | 715 I In - 28
16 2083 | 834 | 728 I m 2
171 3342 | 875 & 560 ! D 0,85
18 |1 2903 = 875 584 | |tlo;n-2] 2,056
191 3185 | 875 . 611 |, |t(St.tkn) 2,742 AA
201 2832 | 875 | 639 . t(Sttcm) 7,015 DA
2111 2810 | 875 | 657 | it(tcm,tkn) 0,000 | HET
22| 1 2331 | 875 | 715 L
231 2000 | 875 @ 728 MHOXECTBEHHASR KOPPENALINA
24 3044 | 917 @ 560 R @ 0,937 DA
25 3075 | 917 | 584 Fp 86,80195
26 2688 | 917 | 611 p L 0,95
27 2254 917 639 | Flo ;m;n-m-2] 3,4028
28], 2703 | 917 | 857 | D 878 |%
29|, 1813 | 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




NPUMEHEHHME == s s
CXO[OHbIE AAHHBIE PesynbTat "KOPPERAUMA"
3 [, ' tcm,C Sm, MMa tnC | tom,C
CTATUCTUMEGRAK = =
4 3412 | 788 | 584 ! [tkn,C -0,4736 1
5 3384 | 788 | 611 | [tcm,C -0,8089 0 1
(DyH KLI.M M 6 2841 | 788 | 639 |k m — o ot = = — e — —
7 3309 | 788 | 657 | MaTpuua koppensauuu r{Y,Xj)
8 2819 | 788 | 715 ' 'St,MMa| tkn,C | tem,C
726——SMda = 1 -0,474 |,0,809
560 | [tkn,C 0,474 /? 'o,qoo
~ 584 .I.:y -0,809 , g.000 /| /1
6l — = === =7 F =]

639

Ouennafine 3laqumﬁcnl

KO3

MeHTOo xoppﬁnﬂ

7
/

7

aA

AA

HET

)KECTBEHHAH KOPPENALINSA

770,937

DA

/86,80195

0,95

3,4028

e = |

MaTpuua Koppenaumm p,eMCTBMTeano CMMMETDUYHa
OTHOCUTENBHO rMaBHOW ANAroHam




OLIEHMBA e
PesynbTar "KOPPERALIUA"
Koa q)q) M Sm, Mfla, tkn.C | tcm,C
Y iy T ST, Mila 1
_ . 8 Ky, -0,4736 1
NAPHOW KGPEESISE L
o I'| 284% 7 oA | .
7 330.8 788 657 Marpuua xoppensuum r(Y,Xj)
8 281.9 788 ¢ 715 . Sr,MMa| tkn,C tcm,C
9 2659 @ 788 1 ~728 | [ST,MMNa = 1 -0,474 | -0,809
10 336,4 834 | 560 tkn,C I -0,474 1 0,000
11 320,5 834 584 C  -D,809 0,000 1
12| | 3368 | 834 S — — — C - - — = = 1
13| | 2994 | 834 | 639 Oueimnaanue 3HAYUMOCTH '
14 2693 | 834 | 657 \cbq)\uuéﬁ:QB Koppenauum I
15| | 2403 | 834 | 7 N 28 :
16 2083 | 834 | 728 | |m >~ 2 I
75560 . p 0,95 |
75 584 | o :n-2] — 2,056 :
: 75 |, 611 , 4(ST tkn) /2,742 | DA :
|




PACHET W

G H

Pesynbrar “I(OPPERFILWI

ﬂll

S Sm, Mila_ ikm,C tem,C
KO30OULUEL o
6
MHOXECTBEHHOMW KOPREISENAIA
0 1 | |
7 330,8 788 657 Ma'rpuua koppensuuum r(Y,Xj)
8 2819 788 715 . St1,MMNa| tn,C tem,C
) 2659 | 788 | 728 | ST, Mha 1 -0,474 | -0,809
10 3364 | 834 560 | tkn,C | -0,474 1 0,000
11 3205 | 834 584 | tcm,C ~ -0,809 | 0,000 1
3Ha4umocTu
B KOPpensauum
28
S U
\ 08
18] | 2903 | 875 584 | |tlon-2] \ | 2086
19 3185 875 6tt— THST.XKM) \ 2,74p DA
20 2832 | 875 | 639  [t(Sttcm) \ 7015 | DA
57 | lt(tcm,tkn) \ [\0,000 | HET
o e NG I W VR
28 |1 MHO)KEC\TBEHHX\H KpPPEﬂﬂLW!FI
60 |I R I\U 0237 [ OA
25 3075 | 917 | 584 || Fp N\ \86,80195| /
26 2688 917 | 61t—L P | \ ' 0,95
27| | 2254 917 639 | Flo;mmm2l | 3,4028
28 270,3 | 917 657 |1 D - 879/ [%
715 U0 o e e = - -
728 /




CBsA3b MeXAay KaknMu
BeJIMYMHAMMN aHANU3MpOoBasiach?

AHannsnpoBanacb CBA3b MeXay

npeaenom TeKyyecTu MeTasia o,
TEMNepaTypon KOHLIA NMpoKaTku tkn u
CMOTKM tcM npu npokatke Ha LLUCITI.



Kakune KoadduLUNeHTI
NapHOWU Koppenaunumn aBnsatoTCs
i CTaTUCTUYECKN 3HAYNMbIMA?

C NOBEPUTENbHOM BEPOSATHOCTbIO 95%
CTAaTUCTNYECKN 3HAYMMbIMU ABASIIOTCH KOIMPPULIMEHTDI
Koppensumm  Mexay  npeaenoM  TeKyyectm WU
TemnepaTypou KoHua npokaTku r(or ; tkn)=-0,474 a
TaKke Mexay npeaenoMm Tekydyectu U TemMnepaTypou
cMoTKkM r(oT ; tem)=-0,809.

3HA4YMMOCTb KO3(PPUUMEHTOB  MOATBEPXKAAETCSH
TeM, YTO COOTBETCTBYIOLUME pacyeTHble 4ucna
CtbtogeHTa t(or ; tkn)=2,742 wn t(or ; tcm)=7,015
6onbLe TabnnyHoro t[0,05;26]=2,056.




O yeM 3TO CcBMAETENbCTBYET?

CnepoBaTtenbHO, Npeaen TeKydyectn MeTasna,
MPOKATAHHOrO Ha LLICFI'I CBA3aH C
TeMnepaTypon KOHLA I'IpOKaTKVI N CMOTKMW,

Tak Kak KO3 dDULMEHTbI KOppPENSaLNn
OTPULATENDBHbIE, YBENMNYEHMNE KAK TEMNEPATYPbI
NPOKaTKK, TaK U TeMnepaTypbl CMOTKM
YMEHbLLAET Npeaen TEKYYECTU NPOKAaTaHHOMo
MeTaNna.

Tak kaK |r(or ; tcm)|>]| r(or ; tkn) |, cTeneHb
B/IUAHNS TeMnepaTypbl CMOTKU 60sibLle YeM
TeMnepaTypbl KOHLA NPOKaTKMW.




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

C NOBEPUTENTbHOM BEPOSATHOCTbIO 95%
KO3 PULIMEHT MHOXXECTBEHHOU Koppensauuu
R(oT;tkn;tcm)=0,937 ABNAETCH CTAaTUCTUYECKU
3Ha4YMMbIM, T. K. pac4yeTHoe 4ucno duuepa
Fp=86,802 6onblue TabnnmyHoro
F[0,05;2;24]=3,4028.

JTO O3Ha4aeT, YTo npeaen TeKyyeCcTun MeTasa,
npokataHHoro Ha LICITI, obycnoBneH COBMECTHbIM
NENCTBMEM TEMMEpPATYpPbl KOHLIA MPOKATKM U CMOTKM.




O yeM CBUAETENLCTBYET

3Ha4YeHNE KO3 PULIMEHTA
i MHOX>XECTBEHHOW AeTepMUHALNN?

KoathdUUNMEHT MHOXKECTBEHHOM
netepmuHaummn D=0,879
CBUAETENbCTBYET, YTO MNPpU NPoKaTKe Ha
LLICITT npegen Tekyyectn MeTanna

Ha 87,9% obycnoBneH coyeTaHneM

TeMnepaTypbl KOHLI@ MPOKATKU U CMOTKMW.



