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3ap,aqa nccnenoBaHnA B3aMMOCBA3N MeEXAY NPU3HaKaMun

[ano: 3HaveHus npusHakoe X1, Xo uaMepeHbl Ha obbekTax 1,...,n.
DKBMBaNEHTHast POPMY/IMPOBKA: UMEIOTCSI CBsi3aHHble BbIBOPKM
Xiﬂ = (Xn, e ,X1n) n Xéﬂ = (X21, . ,in).

Hackonbko cunsHo npusnakn X7, Xo cBsA3aHbl Mexnay coboii?

CTaTVICTVI‘-ieCKaFI B3aMMOCBA3b Mexay CﬂyHaVIHbIMM BEANYHNHAMUN —
Koppensauus.

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.



Koppensuns n npuynHHOCTb

T USED T THINK
CORRELATION IMPUED|

R

THEN I TOK A
STATISTICS CLASS.
Now I DON'T:

f i

SOUNDS LIKE THE
CLASS HELPED.

\ WELL, MAYEE.

P g

Koppensauma — cratnctnyeckasi B3aUMOCBsi3b MeXAy CyYaiHbiMu
BE/IMYMHAMU; HE SIBASIETCS LOCTAaTOYHbIM YC/IOBUEM MPUYNHHO-CNENCTBEHHON:

Internet Explorer vs Murder Rate
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Opyrue npnmepsi: http://www.tylervigen.com/
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HenpepsbisHble npusHaku
[ Jele}

Koppensiuus lMupcoHa

Koadduuuent koppensiuum Mupcona rx, x, cnydaiiHbix Beandnd X1 n Xo —
Mepa CuJibl IMHEAHOWN KOPPEensauun Mexxay HUMM:

E (X1 —EXy) (X2 — EX>))

TX1Xy =

vDX1DXo
TX,Xs € [—1,1].
MycTb nmeetcs npocTas Bbibopka nap (X1, Xo2:),i=1,...,n

BoibopouHbili koadbcpuuneHT koppensiumm MNupcona:

n

2 (X = Xa) (X2 — X)

=1

\/i (- %) £ (- X"

=1 =1

PX1Xs =
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HenpepsbisHble npusHaku
[ Jele}

Koppensiuus lMupcoHa
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http://guessthecorrelation.com/
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HenpepsbisHble npusHaku
[ Jele}

Koppensiuus lMupcoHa

HepoctaTtku BbibopouHoro koadduunerta MNMupcona:

@ AN pacnpefeneHunii, oTAUYHbIX OT HOPMaJbHOro, NepecTaér bbITh
apdbekTUBHO OLEHKON NOMNYAALUNOHHOro Ko3dhULEHTa KOPPENsALNN;

@ C/Y>XUT Mepoii TOJNIbKO JINHEHO B3anMOCBS3U;

@ HeycToii4nB K Bblbpocam.

6.0

5.5

5.04

4.54

4.04

3.6 3.8 4.0 42 4.4 46
X

Koppensiuns mexagy norapndpmamu 3¢pekTnBHON TemnepaTypbl Ha
nosepxHocTu 3Be3gbl (X ) n nHTeHcuBHOCcTM eé ceeTa (Y') nonydaercs
otpuuatensHont (Fxy = —0.21) ns-3a Hann4us B BoIGOPKE KPACHbLIX FMIaHTOB.
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HenpepsbisHble npusHaku
oeo

Kputepuii CtbtogeHTa

BbIBOPKU:

HyneBasa rmnoTtesa:
aNbTepPHaATUBA:

CTAaTUCTUKA:

HyJIeBOE pacrnpeaesieHne:

X =(X11,...,Xin)
X3 = (Xo1,...,Xon)
BbIDOPKM CBA3aHHbIE
(X17X2) ~ N(H7Z)
Ho:rx,x, =0
Hi:rx,x, <#>0

7 vVn—2
T Xn’Xn — X1X2
XX = e
St(n — 2)
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HenpepsbisHble npusHaku
oeo

Kputepuii CtbtogeHTa

JoseputensHoiii nHTepsan anst koadpduumenta koppensiuuu Mupcona:

ln_2a/2 (1 - 7A‘§(1X2) N ln_2a/2 (1 - 7A‘§(1X2)

XXy + T ,PX Xy — T

C ncnonb3oBaHnem npeobpasosaHus Puiiepa:

Za/2

N ~ Za /2
{tanh (arctanh rX X, + 7m) ,tanh (arctanh TX1Xy — /n /— 3)} .
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HenpepsbisHble npusHaku
oeo

Kputepuii CtbtogeHTa

Mpumep (Kanji, kputepuii 12): ans gByx mapok 3ybHol nacTbl, ogHa U3
KOTOPbIX PEKJAMUPYETCS MO TENEBM3OPY, a APYyrasi HET, yHaCTHUKU Onpoca
(30 wenosek) BbicTaBAAOT oueHkM B Bannax oT 1 go 20 B COOTBETCTBUM
co ceonMu npegnodTeHusimu. Koadbduunent koppensiuum MupcoHa mexay
oueHKamMun AByX Mapok cocTaBaseT 0.32, 3Ha4MMo nn 3Ta BeMYMHa
OT/NHAETCS OT Hyns?

H()Z TX1Xe = 0
H1 . T’Xlx2 7& 0
Kputepuii CtbtogenTa: p = 0.0847.

[Hoseputenshbiii untepsan: [—0.0157,0.6557] .
C ncnonbsosaHnem npeobpasosarnst Puiwepa: [—0.0455,0.6100] .

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.



HenpepsbisHble npusHaku
[e]e] J

[NepecTaHOBOUYHbI KpUTepuii

BbIOOPKU:

HyneBas rmnoresa:
aJibTeéPHATUBA:
CTaTUCTUKA:

HyneBoe pacnpeaeneHune:

X1 = Xi1,.- 0, X1n)

X3 = (Xo1,...,Xon)

BbIDOPKM CBA3aHHbIE

H()Z TX1Xy = 0

Hi:rx,x, <#>0

T (X7, X3) = 7x, x,

nopoxpaaetcs nepebopom n! nepectaHoBok
NHAEKCOB OfHON 13 BbIGOPOK

JocTuraemeiii ypoBeHb 3HAa4YMMOCTU — A0S NEPECTAHOBOK, HA KOTOPbIX
NOJYHNJIOCh TaKoe Xe uan eweé bonee 3KCTpeMasibHOe 3HaYeHne CTaTUCTUKN.
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HenpepsbisHble npusHaku
[e]e] J

[NepecTaHOBOUYHbI KpUTepuii

Mpumep: B npegbigyem npumMepe

x,x, = 0.32

H()Z TX1Xo — 0

Hi:rx,x, #0

Kputepuii CtbtogenTa: p = 0.0847.
MNepecTtaHoBouHbIi kKpuTepuii: p = 0.0564.
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HenpepsbisHble npusHaku
o0

Koppensauus CnvpmeHa

Koadhduunent koppensunm Cnupmena px, x, ciaydaiiHbix BenndmH X
n X2 — Mepa cuibl MOHOTOHHOW KOPPEsiLMN MEXAY HUMU; paBeH
koappunumenTy koppensuun MNMupcona mexagy paHramu HabarogeHwii.

BoeibopouHbili koadbcpuumeHT koppensiunm Cnupmena:

R ZX:I (rank (Xh) — WTH) (rank (XQZ) — %H)
PX1X2 = T (n3 — n) —

n

12

=1 ngin;(rank(Xh) rank (X2;))”,

rank (X1;) , rank (X2;) — paHru i-x HabntoaeHunli B COOTBETCTBYIOLLMX
BblbOpKax.

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.



HenpepsbisHble npusHaku
o0

Koppensuusa CnnpmeHa

1 0.76 05 0.021

-0.0022

0.0065 -0.016 0.002 0.0069 0.0024 0.01

-0.92 -0.92 -0.92 -0.92

Ananus 3asucumocreii
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HenpepsbisHble npusHaku
(] J

Kputepuii CtbtogeHTa

BbIOOPKU:

HyneBas rmnoresa:
aJlbTEpPHATUBA:

CTaTUCTUKA:

HyneBoe pacnpeneneHune:

X =Xi1,--, Xin)
X7 = (Xo1,..., Xon)
BbIOOPKY CBSA3aHHbIE
Ho: px;x, =0

Hi: PX1Xo <#> 0

T (Xp, X§) = X2
) =
St(n — 2)
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HenpepsbisHble npusHaku
(] J

Kputepuii CtbtogeHTa

Npumep (Kanji, kputepnii 58): Boibopka 13 11 noTpebuteneli BereTapnaHTCKmnx
COCUCOK OLeHMBAET KayecTBo AByx bpeHaos. Ecnu uenesas ayantopus asyx
6peHaoB COBNAAAET, TO UX PeKkNaMy MOXHO AaBaTb COBMeCTHO. Koppensuus
CnunpmeHa oueHok notpebuteneii pasHa —0.854

Ho: px;x, =0
Hi:px;x, #0
Kputepuii CtbtogenTa: p = 0.0024.
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HenpepsbisHble npusHaku
000

Koppensiuna Kenganna

Koadhduunent koppensunn Kenpganna 7x, x, CaydaiiHbix Beanydmt X,
n Xo — Mepa nx B3aVMHO HEynopsifo4EHHOCTMN; TaKXKE OLEHUBAET CUTY
MOHOTOHHOW KOPPENALNN MeXAy BEINHNHAMU.

BoibopouHbili koadbcpuuueHT koppensiunn Kenganna:

n—1 n
. C—-D
XX = 1= ——— n—l > DX < Xuy) # [Xai < X)) = 1D

=1 j=1

roe C' — 4ncno cornacoBaHHbIX nap, D — 4ncno HecornacoBaHHbIX nap.
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HenpepsbisHble npusHaku
000

Koppensiuna Kenganna

Muxann Xansman AHnanus 3asucumocTeii




HenpepsbisHble npusHaku
o] lo}

KpuTepuii 6e3 HasBaHus

BbIOOPKU:

HyneBasa rmnoTtesa:
aNbTE€PHATUBA:
CTaTUCTUKA:

HyneBoe pacnpenesieHne:

Mpwn cnpasegnueoctu Ho

ETX1X2:O7 DTX1X2=

X7 = (X11, ..., X1n)
X3 = (Xo1,...,Xon)
BbIBOPKM CBA3aHHbIE
Ho: 7x,x, =0
Hi:7mx,x, <#>0
TX1Xs

TabaunyHoe

2 (2n + 5)
In(n—1)

Ona n > 10 cnpaBeasviBa annpokCcMMauusi HOPMabHbIM PacnpeaesieHneMm.

Muxann Xansman NCAA-5. Ananus 3asucumocrein



HenpepsbisHble npusHaku
o] lo}

KpuTepuii 6e3 HasBaHus

Npumep (Kanji, kputepuii 59): HanoroBbIii MHCNEKTOP XOYET NPOBEPUTH
HaAuYMe B3aWMOCBSI3M MEXAY BeAUYMHaMM obLLEero foxoha OT NHBECTULUT
n obwero obbéma gononHuTenbHbix goxonos. Ha eoibopke n3 10 Hanoroebix
fdeknapauuii oH nonyunn D =5, C' =38, 7x,x, = 0.7821.

Hot TX1X2 =0.
Hi: tx,x, 0= p=0.0027.

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.



HenpepsbisHble npusHaku
ooe

Ceszb Mexay KoabuLMeHTaMm KoppensiLmu

Mpu cnpasegnnsoctn Hy (OTCYyTCTBMN MOHOTOHHON 3aBUCUMOCTHN):

1

0.995

°
©
38

_ 2n+2

Texixa™x1X2 = iz 1om

Tpxyrxy
o
8
&

0.975 L L L L L L
0

http://youtu.be/D56dvoVrBBE: no cpaBHeHuto ¢ koppensuvein Cnupmera,
Koppensuus Kenganna

@ MeHee YyBCTBUTESIbHA K BOMBLIMM Pa3nnymsiM Mexay paHramm
HabatoaeHuiA;

@ TO4YHEee OueHMBAETCA No BbISOpKe HebonbLnX O6'béMOB;
@ 0bbI4YHO MeHbLUe No MoAynto.

2
(X1,X2) ~N(,2) = lim Erx,x, = lim Epx,x, = — arcsinrx, x,.
n—oo n—oo e
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HenpepsbisHble npusHaku
L Je]

YacTHas koppensiuuns

Ecnmn mbl nogospesaeM, 4To HabslogaeMasi nMHeliHas B3aUMOCBSI3b MeXay
npusHakamu X1 n Xo BbI3BaHA BAUSIHWEM TPeTbero npusHaka Xs, MOXHO
NnonbITaTbCA €ro CHATb.
YactHas koppensuus:

TX1Xe — TX;1X3TX2X3

TX1X5|X3 = .
T 0k (-

Ecnm Hy)KHO CHSITb BIMSIHWE HECKOJIBKMX MPU3HAKOB, MOXHO MOJIb30BaThCS
PEeKYppPEeHTHOV hopMyNOii:

TX1X91Xy — TX1X3|X4T X2 X3|Xy

\/(1 - T§(1X3IX4) (1 n T§(2X3\X4)

[Opyroii BapuaHT: ecnin M — MHOXeCTBO npu3Hakos, {2 — obpaTumas maTpuua
nx BbIBOPOUHBIX Koppensiuuii, R = Q71 o

TX1Xp|X3Xy =

Tij

TX X5 I M\{X;,X;} = —

Muxann Xansman NCAA-5. Ananus 3asucumocrein



HenpepsbisHble npusHaku
o] ]

Kputepuii CtbtogeHTa

BbibOpKM:

HyneBas rmnoresa:
aNlbTEpPHATUBA:

CTaTUCTUKA:

HyneBoe pacnpeneneHune:

X =(X11,-..,Xin)
X3 = (Xo1,...,Xon)
X3 = (Xs1,... )

(X1, X2, X3) ~ N (u,

Ho: TX1X2|X3 =0

Hi: X1 X5|Xs5 <#>0

T (X7, X3, X5) = "Xy Xp|Xg V- M—2

/1—72
X1 X2|X3

St(n — M —2)

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.



HenpepsbisHble npusHaku
@00

MHo)ecTBeHHas KOppenAaunsa

Jns Toro, 4Tobbl OLEHNTL CUNY NUHENHO B3aWMOCBSI3M OQHOW NEPEMEHHOI
(X1) ¢ Heckonbkumm apyrumm (X2, X3), NCNONBb3YETC MHOXECTBEHHAS
KoppensiLus:

2 2
X, Xy T TX X5 — 2TX1 X2 TX1 X3 T X0 X3

1

T'X1,X2,X3 = 2
X2X3

[ns 6onblero Yucna npusHakos: nyctb M — MHOXECTBO JOMOMHUTENbHbBIX
npusHakos, ) — obpaTumas MaTpuLa ux BoIBOPOUHLIX Koppensiuii, R = Q71
C — BEKTOP KOpPensiLnii OCHOBHOrO npusHaka X c JONOJAHWUTENbHbIMU; TOrga

2 T
rx,.m = ¢ Rc.

HaxoanTtcs Takasi nuHeliHasi KOMBUHauusi npusHakos U3 M, 4To Koppensuus
X C Heil MakcuMasibHa.

rx,M € [0, 1].

Muxann Xansman NCAA-5. Ananus 3asucumocrein



HenpepsbisHble npusHaku
(o] o}

Kputepuii @uwepa

BbIOOPKU:

HyneBasa rmnoTtesa:
aNbTEPHATUBA:

CTAaTUCTUKa:

HYJIeBOE pacrpeaesieHue:

XP = (X11, ..., X1n)

7 = (Xgl,...,Xgn) ,Xz (S R]W
(X1, X2) ~ N (1, %)

H(): TX,,Xy = 0

Hi:rx, x, >0

F(XJ,XP) = (e ngpict

1—72 M—2
F(M—Q,n—M—l)

X1,Xo
T

Muxann Xansman NCAA-5. Ananus 3asucumocrein



HenpepsbisHble npusHaku
ooe

Temnepatypa Bo3gyxa U reorpacryeckoe nosoxXeHne

Mo 56 ropogam CLLA n3BecTHbI cpeaHsisi MUHUMAaJbHAsE TEMMEpaTypa siHBaps
1 reorpacnyeckme KOOpaAnHaThl (LlJVIpOTa, ,u,onFOTa). Tpebyetcsa nccneposatb
XapaKTep 3aBUCHMOCTY MEXAY NMepeMeHHbIMU.
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HenpepsbisHble npusHaku
ooe

Temnepatypa Bo3gyxa U reorpacryeckoe nosoxXeHne

Latitude Temperature

Longitude

N Y
o O o o
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HenpepsbisHble npusHaku
ooe

TemnepaTypa Bo3gyxa u reorpacdhmyeckoe no

T — TemnepaTypa, A — gonrota, ¢ — LIUPOTa;
r — koppensuus MNupcona, p — Cnupmena, 7 — Kenganna.

KoachpuumenTsl koppensiymn:

= T % X T T % X o T % X
T — —0.848 0.024 T — —0.683 0.030 T — —0.815 0.030
¢ |—0.848 — 0.145 ¢| —0.683 — —0.011 ¢$|—0.815 — 0.023
A 0.024 0.145 — A 0.030 —0.011 — A 0.030 0.023 —
JocTturaembie ypoBHU 3HAYUMOCTN:

I3 T @ A T T @ A P T [ A

T — 0.000 0.861 T — 0.000 0.756 T — 0.000 0.829

¢ |0.000 — 0.287 ¢ [0.000 — 0.910 ¢ |0.000 — 0.865

Al 0.861 0.287 — A| 0.756 0.910 — Al 0.829 0.865 —

Muxann Xansman NCAA-5. Ananus 3asucumocrein



HenpepsbisHble npusHaku
ooe

Temnepatypa Bo3gyxa U reorpacryeckoe nosoxXeHne

T — TemnepaTypa, A — JOAroTa, ¢ — WWPOTA;
r — yacTHas koppensiuusi Mupcona, p — Cnupmena.

KoabbuumeHTbl HacTHON Koppensaunm:

r T 10} A p T 10} A
T — —0.861 0.280 T — —0.817 0.084
¢|—0.861 — 0.312 ¢|—0.817 — 0.082
Al 0.280 0.312 — Al 0.084  0.082 —
JocTrraemble ypoBHU 3Ha4MMOCTU:
r T 10} A p T 10} A
T — 0.000 0.039 T — 0.000 0.543
¢10.000 — 0.021 ¢|0.000 — 0.552
A[0.039 0.021 — Al 0.543 0.552 —

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.




HenpepsbisHble npusHaku
ooe

Temnepatypa Bo3gyxa U reorpacryeckoe nosoxXeHne

T — TemnepaTtypa, A — Jonrora, ¢ — LIMPOTa;
R — MHOXeCTBeHHasl KOppensiyus.

KoadbdmumeHTbl MHOXKECTBEHHOW KOppensuun:

T ) A
R 0.659 0.667 0.312
p 6.0347 x 1078 3.6481 x 1078 0.0216
with | 0.235- A —0.638-¢ 0.397-A—0.678-T 1.542-T + 2.450- ¢
10 55 * 120 S
5 - % b 110 '
. o T 45 bt
0 e :’ - " el 100
5 K o 35 4 %
+ “« ‘{_:- 30 Y " “, * +
-10 b ' 80 L
g 25
B -0 0 20 285 30 40 50 %o 80 100 120  14C
Temperature Lattitude Longitude
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KarteropuaneHsie npusHaku
@0000

Tabnuua conpsixénHoctn K X Ko

VimetoTcs csizanuble Boibopkn X1 = (X11,...,X1n) n X3 = (Xo1,..., Xon),
X1 E{l,...,Kl}, Xo E{l,...,Kz}.

Tabanua conpsi>k€HHOCTK:

X9 .
X1 1 e J e K2 Z
1
i i Nit
K
> Ny n

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.



KarteropuaneHsie npusHaku
0O@000

[Ba cnyvaliHbix npusHaka

MycTb 7;; — BeposiTHOCTL peanu3auuu napbl (X1, X2) B sAveiike (7,7) .
{m:i;} — coBmecTHOe pacnpegenetune (X1, X2);
{mi+},{m+;} — mapruHanbHbie pacnpegenerus.

X1 n X9 He3aBUCKMBbI, ecnn

T = T+ T 45 V’L'ZL...,Kl,j:l,...,Kz.

Muxann Xansman NCAA-5. Ananus 3asucumocrein



KarteropuaneHsie npusHaku
[e]e] le]e}

OavH cnyyaiiHbli npu3Hak

Mycte X1 — He cnyyalinas BennqnHa, a prKCMpoBaHHbIl npusHak. Toraa
{mij} He nmeeT cmbICNa, BMECTO Hero paccMaTpuBalOTC {T1j;, ..., Tk, |i } —
ycnoBHble pacnpegenenns Xo npn X = 1.

X1 n X2 He3aBUCUMBI, ecnn

i = = Tk, Vi=1,..., Ks.

Muxann Xansman NCAA-5. Ananus 3asucumocrein



KarteropuaneHsie npusHaku
[e]e]e] lo}

[Nopoxaatowme Mogenn

@ Ecnu Bce siveiikn Tabanubl cayyaiiHbl, TO pacnpeaeneHmne n;; MOXeT
ObITb, HaNpUMep, NyaCCOHOBCKUM CO CPEefHUMMU [i;j; COBMECTHAsH (PYHKLMUS

BEPOSITHOCTN Tabnuubl:
—tig i
H H - ez
nij!
i g "

@ Ecnn cymmapHhbiii 06b€M BbIGOPKM 1 OUKCMPOBaH, AaHHbIE OMUCLIBAIOTCS
MYNbTUHOMMAJIBHOV MOAENbBIO:

n,]
it
i

ni!- .. Nk K,!

© Ecnn X He cnyualiHa, To puKCUpoBaHbl CyMMbl MO CTPOKaM M4,
N KaXk[asi CTPOKa ¢ MOPOXXAAETCA OTAENbHOW MYJbTUHOMUANBHONA

MOAENbIO:
il Tan.
Hm' ilJ
gt
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KarteropuaneHsie npusHaku
[e]e]e] lo}

[Nopoxaatowme Mogenn

WNccneposanne: kKak ncxon aBTOMOBUILHOM aBapun Ha 3aAaHHON MarucTpanm
X1 (cmepTenbHblli, HecMepTenbHbIll) 3aBUCUT OT MUCMOML30BaHNS PEMHS
6e3onacHoctu X, (661N Mcnonb3oBaH, He bbla Ucnonb3oBaH)?

Pemenb
NCMNOJIb30BaH | He UCMONb30BaH

Ncxon
CMepTebHbIN

HecMepTesbHbIN

@ Wccneposatenu cobupatoTtcs yqecTs Bce aBTOMObUMIbHBbIE aBapuu,
KOTOpble MPON30iAYT HAa MAarucTpaan B TeYEHUE roaa.

@ Wccneposatenu 3anpocat 200 cnyyaiiHbIX NOANLEACKUX PanopToB
06 aBapusix 3a nMocsiiefHNe roapi.

© lccneposaTtenu 3anpocat 200 cnyyaliHbix NOAULERCKUX panopToB
06 aBapusx 3a nocnegHue rogpl: 100 06 aBapusx co cmepTenbHbIM
ucxogom 1 100 o6 aBapusix 6e3 cmepTenbHOro ncxoaa.
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KarteropuaneHsie npusHaku
[e]e]e]e] ]

Tabnuua conpsixéHHocTn 2 X 2

Mycte X1 v X2 npuHumatot 3HaveHus 0 n 1.

Xo
X, 0 1 >
0 a b a+b
1 c d c+d
> a+c | b+d n

Muxann Xansman NCAA-5. Ananus 3aBucumocTeit.



KarteropuaneHsie npusHaku
0000

KpuTtepuii xu-kBagpat

BeiGopkn: X' = (X11,...,X1n), X1 €{1,..., K1}
Xy = (X21,...,X2p), X2 € {1,..., K2}

BbIBOPKYN CBsi3aHHbIE

HyneBasi runotesa: Hp: Xi n Xo He3aBucnmebl
anbtepHaTuea: Hi: H( HeBepHa
" N2
, Ky Ko nij_W) Ki Ko 2.
. noyny _ ) _ ij
cratuctuka:  x* (X', XJ) = 1‘21 JZ%W =n Zl 21 a— 1
i=1j= — =

HyneBoe pacnpefeneHue: X?Kl 1) (Kgy—1)

VcnoBma NpUMEHUMOCTI KpUTEpUsi:
@ n > 40;

) % < 5 He Bonee, yem B 20% sideek.
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KarteropuaneHsie npusHaku
0000

KpuTtepuii xu-kBagpat

Mpumep: uccnenyercs BnusiHne npenapaTta Ha HekoTopoe 3abonesaHume. Yactb
UCMbITYEMbIX NPUHMMAET npenapaT, 4acTb — naauebo; no okoH4YaHMK Kypca

ONpenendAeTcs, Npomn3oLsio n1n Bbi3AOPOBAEHUE.

Bbizgoposenn | Her
[MpenapaTt 850 870
Mnauebo 380 410

Hy: npenapat HeoTanuum oT nnauebo.
Hi: addekT npenapata otinyaercs ot adpdpekta nnauebo = p = 0.5398.

Muxann Xansman NCAA-5. Ananus 3asucumocrein



G-kpuTepuii

KarteropuaneHsie npusHaku
[o] lele)

BbIOOPKU:

HyneBas rmnoTtesa:

X =(X11,...,X10), X1 €41,...
Xg = (X21, . ,in), X € {1,
BbIOOPKY CBAA3aHHbIE

Hy: X1 n X2 He3aBucumbl

K1}
7K2}

anbTtepHaTuBa: Hi: Hp HeBepHa
5 K1 Ko
cratuctuka: G (X7, X3) =23 > nyjln —2— TNt
i=1j=1
HY/JIeBOE pacrnpefesieHue: X%K171)(K271)
0.
0.14
0.12]
01
“;:ooa
0.06[-
0.04- .
0.02— —
0 \‘ ; 3 4 6 ; 8 9 I‘O l‘\ 1‘2 1‘3 14 15
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KarteropuaneHsie npusHaku
ooeo

TouHblli kpuTepuii Puwepa

Boibopku: X7 = (X11,...,X1,), X1 € {0,1}
Xgn = (X21,.,.7X2n)7X2 S {0,1}
BbIGOPKU CBSA3aHHbIE
Hynesast runotesa: Ho: X1 n X2 He3aBuCuMbI
anbTepHaTuea: Hi: Hp HeBepHa
MycTb B Tabnuue conpsiXEHHOCTU CyMMbl MO CTpoKaM U cTonbuam
hbrKCpoBaHbl, TOrAa BEPOSITHOCTL MOSiIBIEHNsT Habntogaemoii Tabnuubl pasHa

(a+bd)!(c+d) (a+)(b+d)
albleld!n! '

P (X1, X3) =

JocTturaemblli ypoBeHb 3HA4MMOCTN ONPEAEnsieTcst kKak CyMMa Mo BCEM
BO3MOXHbIM BapuaHTam Tabauubl C TaKUMU XK€ CyMMaMu Mo CTPOKam
n ctonbuam, nMetoLMM BEPOSITHOCTL He Bonee P (X1, X73).

[nsi ogHocTopoHHeii ansTepHaTuebl (ad < be) pocTuraembiii yposeHs
3HAYMMOCTN MOXXHO OMPEfENTb Yepes rrnepreoMeTpUYeckoe pacrnpeaeneHme:

a 0 at+c—1
_ a+b~c+d
p= Z caote
i=0 n
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KarteropuaneHsie npusHaku
ooeo

TouHblli kpuTepuii Puwepa

Mpumep: ansi 26 onNpoLUEHHbIX U3BECTEH MOA 1 CUAST NN OHW Ha AueTe. EcTb
JIN CBA3b MeXAy 3TUMN I'IpI/I3HaKaMVI?

Ha gnete 1 9
He Ha gnete | 13 | 3

Hy: cBsA3n Her.
H;: npunsHaku cBsi3aHbl.
Tounblii kpuTepuii Puwepa: p = 0.0008.
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KarteropuaneHsie npusHaku
[o]e]e] )

[NepecTaHOBOUYHbI KpUTepuii

MpeactaBum BoIbOpPKY B Buge Tabauubl n X 2:

Crpoka | Cronbey,

1 1

1 2

M | XK 1 2

Ha guerte 1 9 |= 2 1
He Ha guete | 13 3

2 1

2 2

2 2

2 2

Ncnonbayem cTaTUCTuKy KpUTEpUsi Xu-KBafgpaT, HO €€ Hy/leBOe pacrpefesermne
bynem oueHuBaTb MO n! NepecTaHOBOK BTOPOU KOJIOHKM.

Ho: cBA3wn HeT.

Hi: npusHaku cBsi3aHbl.

TouHblli kpuTepuii Puwwepa: p = 0.0008.

KpuTepuii xu-keagpat: p = 0.0004.

MepecTaHOBOYHBIA KpUTEpUiA CO CTaTUCTMKOI Xn-kBagpat: p = 0.0014.
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KarteropuaneHsie npusHaku
@000

Koadbduument V Kpamepa

Mepa B3aMMOCBS31 MeXAy ABYMS KaTeropuaibHbIMU NEPEMEHHbIMU —
koacppuument V' Kpamepa:

X2 (X1, X3)

de (X1, X3) = n (min (K1, K2) — 1)

¢ (XT, X3) € [0,1]; 0 cooTBETCTBYET MONHOMY OTCYTCTBUIO B3aUMOCBSI3U,
1 — coBnafeHnto NepeMeHHbIX.
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KarteropuaneHsie npusHaku
(o] lele)

Koppenﬂu,vm MeXay nopAaAgkKoBbIMU NEPEMEHHbIMIN

Mepa B3aUMOCBA3N MeXAay OBYMsA NOPALKOBbIMW NEPEMEHHBIMUN —
KO3(ppnLMEHT 7:

. Pc—pp

V= 2 )
ns — p¢

roe pc = % — 4HaCTOTa NOABNEHNA COrNaCoOBAHHbIX Nap 3JIEMEHTOB Bb|60pK|/|,
T.e., TaKUX, YTO 41 > I2, J1 > jJo wanm i1 < t2, J1 < jo;

pp = % — Y4acToTa HEeCOrjacoBaHHbIX Nap;

pt = % — Y4acToTa TakKux nap, 4To i1 = i2 WIN j1 = J2.

v € [-1,1]; —1 cooTBETCTBYET NOJHOMY OTCYTCTBUIO COMIaCOBaHHbLIX Map,

1— OTCYTCTBUIO HECOrNMaCoOBAHHbIX.

CuacTbe
MonnTnyeckme earnagel | He canwkom cyactans | Bronwe cuactame | Ouenb cuactaue
JlnbepanbHble 13 29 15
VYMepeHHbie 23 59 47
KoHcepBaTuBHbie 14 67 54

x? =7.07,p = 0.1322, ¢. = 0.0742;
4 = 0.185, 95% poseputenbHbili nntepsan — [0.032,0.338].
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KarteropuaneHsie npusHaku
[e]e] o)

Koppensiuns MaTbioca

Mepa B3aMMOCBSI3U MeXAy ABYMsi BUHAPHBIMU NepPeMEeHHbIMU —
KoabpuLmneHT Koppensiumn MaTtbloca:

ad — be
Via+d)(a+c)b+d)(ct+d)

MCC =

MCC € [-1,1]; 0 cooTBETCTBYET MOJIHOMY OTCYTCTBMIO B3aMMOCBSI3M,
1 — HynsiM Ha nNobo4YHOW gmaroHanu, —1 — HynsIM Ha raBHOW fMaroHanu.
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KarteropuaneHsie npusHaku
[e]e]e] )

ﬂapbl NEPEMEHHbIX Pa3HbIX TUNOB

Me)K,u,y KaTeropnanbHbiIMnU N HEMNPEPbLIBHBIMWN NPU3HaAaKaMn Koppenaunmn

CHUTaTb He HyXHo!
Mycte X1 € R, X2 € {0,1};
X1 1 X5 nonoXxnTenbHO KOppeanpoBaHbl, ecim

E(X;|X2=1)>E(X1|X2=0).

Mepa B3aumocssisn X; n Xp — pasrocts E (X | X2 =1) — E (X | X2 =0).
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KarteropuaneHsie npusHaku
o0

Mapapokc xu-kBagpat (Cumncona)

DKCMNEPVMEHT: NauWeHTbl NMPUHUMAIOT npenapaTt uin naauebo, No okoH4aHUN
Kypca onpeaensieTcsi, BbI3LOPOBENN OHU WAW HET.
EcTb nn cBA3L MeXay BbI3AOpOBAEHMEM U NpUéMOM npenapaTa’?

My>xxuuHbl | Bbisgoposenn  Hert MeHwmHbl | Boizgoposenn  Het
lMpenapaT 700 800 MpenapaT 150 70
Mnauyebo 80 130 Mnauyebo 300 280

Onsi myxunn: x2 = 5.456, p = 0.0195.
Ons xenwmn: x? = 17.555, p= 2.8 x 1075,

M+XK Bbispoposenun  Hert
MpenapaTt 850 870
Mnauebo 380 410

Cymmapho: x? = 0.376, p = 0.5398.
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KarteropuaneHsie npusHaku
o0

Mapapokc xu-kBagpat (Cumncona)

an/IHI/IHbI HEeCOornaCcoBaHHOCTU BbIBOOOB — Bonblune OTANYMA B pa3mMepax
rpynn naumeHToB, NPpUHUMaroWnXx nnau,e6o n npenapart: OCHOBHOW BKNag
B BbIBOAbl BHOCAT XXEHLNHbI, NTPUHNMaBLUNE nnau,e6o, N MY>X4UHbI,
ApMHUMaBLIWE NpenapaT.

Y7100bI Takoro He nponcxoanno, naauebo n npenapaT JOMKHBI MOPOBHY
pacnpeaensiTbCs NO BCEM aHAN3UPYEMbIM MOArPYyNnaMm.
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KarteropuaneHsie npusHaku
oce

Mapapokc xu-kBagpat (Cumncona)

MNpumep (Bikel at el., 1975): 8 1973 rogy Ha yHusepcutet Bepkn,
Kanndboprus, noganu B cys: gons nocTynMBLINX abUTYPUEHTOB MYMCKOrO
nona bbina Bblilwe, H4eM [0S NOCTYNMBLUNX XKEHCKOrO Nona.

He noctynunn  Moctynunn | Jons nocTynusLumx
My><unHbl 4704 3738 44.3%
YKeHwmHbl 2827 1494 34.6%
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KarteropuaneHsie npusHaku
oce

Mapapokc xu-kBagpat (Cumncona)

KpunTtepuii xn-kBagpart: X2 =108.1, p = 0.

P09
©
I

Habnropaemsie Oxunpgaemble PazHoctn

- + - + - +
My>xunnbr | 4704 3738 4981.3 3460.7 | —227.3  227.3
MeHwmHer | 2827 1494 2549.7 1771.3 227.3  —227.3
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KarteropuaneHsie npusHaku
oce

Mapapokc xu-kBagpat (Cumncona)

Bygem nckaTb BUHOBaTLIX: MOCMOTPUM AETaNN3MPOBAHHYIO CTaTUCTUKY
no 85 cpakynbTeTam.

3Hauumo (npu a = 0.05) MeHbLue xeHwH npowwnu otbop Ha 4 daky/ibTeTa,
CyMMapHbiin gechuunt no Hum — 26.

Ha 6 cakynbTeTOB NOCTYNMUIO 3HAYUMO MEHbLUE MYXHUH, CYMMapHbiIii
necpnunt — 64.

HanHble no 6 kpynHeliwnm cakynbTeTam:

My>x4uHbl MeHwmHbl
>+ 1> o+
825 62% | 108 82%
560 63% 25  68%
325 37% | 593 34%
417 33% | 375  35%
191 28% | 393 24%
272 6% 341 7%

S T W N~
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KarteropuaneHsie npusHaku
oce

Mapapokc xu-kBagpat (Cumncona)

OTger: XKEHLWNHbI Yalle NblITaJINCb NOCTYNMUTb Ha CbaKyJ’leeTbl ¢ 6onblunm
KOHKYPCOM.

O Number of applicants <40
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Percent women applicants
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KarteropuaneHsie npusHaku
oce

Mapapokc xu-kBagpat (Cumncona)

“Like fire, the chi-square statistic is an excellent servant and a bad master.”
(Austin Bradford Hill)
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