[MpuknagHoil CTaTUCTUHECKNIA aHANN3 LAHHbIX.
1. BeegeHue.

Psberko Esrenuii
riabenko.e@gmail.com

5 cenTtsibps 2014 .

Psbenko Esrenuii NCAA-1. Beepenne.


mailto:riabenko.e@gmail.com

Basosble nonaTusa
@0000

Beibopka

leHepanbHas COBOKYMHOCTb — MHOXECTBO ODBEKTOB, CBOWCTBA KOTOPbIX
NOAJNIEXaT U3YYEeHNIO B pacCMaTpMBaeMoii 3aaaye.

Bbibopka — KOHeYHOE MHOXXECTBO OOBEKTOB, OTODPaHHbLIX N3 reHepasibHOM
COBOKYMHOCTUW AJ151 MPOBELAEHNSI U3MEPEHWIA.

X" =(X1,...,Xn).

n — 06bEM BbIOOpPKMU.

X™ — npocras Bbibopka, ecan X1, ..., X,, — HE3aBUCUMbIE OANHAKOBO
pacripegenénHble ciy4vaiitble Benuyntbl (i.i.d.).

Mycts F(xz) — dyHKUMS pacnpefeneHnst snemMeHTa npocToi Bbibopku:
F(z)=P(X <z).

OchHoBHasi 3aay4a CTaTUCTUKM — onucaHve F'(x) no peannsauumn Boibopky.
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Basosble nonaTusa
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DyHKUNUA pacnpeaeneHns

F, (z) = % Z [X; < 2] — amnupuyeckas dyHkums pacnpeaeneHus.
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Basosble nonaTusa
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[MnoTHocTe pacnpeaeneHus

Psibenko Esrennii CAQ-1. Beepenue.



Basosble nonaTusa
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XapakTepucTuku pacnpegeneHust

YacTo nHTepec NpeACTaBAAIOT OTAENbHbIE XapaKTEPUCTNKM
pacnpegenenus F(x):
9 MaToXxugaHue — cpefHee 3HadeHune X:

EX = /x dF (z);
@ aucnepcua — mepa pasbpoca X:
DX =E (X —EX)?);
9 kBaHTUNL nopsigka a € (0,1):
Xo: P(X<XJ)2a, P(X2X)21—o
@ mMepauaHa — kBaHTUIb nopsigka 0.5, «LUeHTpasibHOe» 3HaveHue
pacnpegeneHns:

med X: P(X<medX)< <, P(X>medX) >

1
27

N =

@ WHTEPKBapTWUNbHbIA pa3mMax:

IQR = X3/4 - X1/4;
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Basosble nonaTusa
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XapakTepucTuku pacnpegeneHust

@ ko3pduuneHt accumerpum (skewness):

. 7E(X—]EX)3.
' N dya

A A

Negative Skew Positive Skew
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XapakTepucTuku pacnpegeneHust

9 koacbpmumeHT akcuecca (excess, bes BbiunTaHus Tpéx — kurtosis):

_ E(X -EX)*
T T Xy
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Basosble nonaTusa
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Cratuctuka
Cratuctuka T'(X") — niobas nsmepumasi byHkuUunsi BbIGOPKY

. Mpumepsi:

? Bbl60p0‘-| HO€E CcpeaHee:
n

9 BblbOpoYHas Aucnepcus:

BapUaLMOHHBINA psA;
Xy € X)) <... < Xy

paHr anemeHTa BbibOpKN X;:
rank (X;) = E {r|Xi = X } ;

9 k- nopspakoBas ctatuctuka: Xpy;
@ BbIOOPOUHBIN -KBAHTUAL: X([14));

@ BblbopoyHas MeanaHa:
ecnn n =2k + 1,

m — X(k+l)7
- Xy +X
w’ ecnm n = 2k.
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Basosble nonaTusa
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CraTtucruka

@ BbIBOPOUHbLIVE MHTEPKBAPTUbLHLIA pa3max:
IQRn = X(i3n/4)) = X([n/4));

@ BbIbOPOUHbLI KO3hdULMEHT accuMeTpun:
Vn ; (Xi — X)3
T 5/2
(£ (- x77)
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Basosble nonaTusa
o

OUuEHKMN LEeHTPaNbHOW TEHAEHLNN

BribopouHoe cpepHee — cpefHee apudmeTnyeckoe no Boibopke.
MeanaHna — UeHTpanbHbIli 31EMEHT BapUaLVOHHOIO psaaa.
Moga — camoe pacnpocTpaHéHHoe 3Ha4YeHue B BblIbOpKe.

Mode

Outliers
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Basosble nonaTusa
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O HeobxoanMOCTN BM3yannsaumm AaHHbIX

% of reported salaries
18

164 Mean = $80,798
Adjusted Mean = $75,554——

04

—_— A

5,000 25,000 45,000 65,000 85,000 105,000 125,000 145,000 165,000 185,000 205,000

Annual Salary

VpoBeHb CTapTOBOA 3apaboTHON NnaThbl BbINYCKHUKOB HOPUANYECKIX
dakynbretos, CLUA, 2012, ganHbie NALP
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O HeobxoanMOCTN BM3yannsaumm AaHHbIX

Anscombe’s quartet:

Ne 1 2 3 4
z 9 9 9 9
Sz 11 11 11 11

Y 7.5 7.5 7.5 7.5
Sy | 4127 4127 4128 4.128
Ty | 0.816 0.816 0.816 0.816
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O HeobxoanMOCTN BM3yannsaumm AaHHbIX

(¢]
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Basosble nonaTusa
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ToueyHble oLeHKN

MycTb pacnpepeneHne reHepanbHON COBOKYMHOCTU MapaMeTprHecKoe:
F(x) = F(z,0).

0, = 0 (X™) — cTaTucTuka, To4YeYHasi oLeHKa napameTpa.
Kakas oueHka nydwe?

CocrostensHocTb: plim 0, = 6.

n— o0
Hecmewénuocts: E6,, = 6.
AcumnTtoTnyeckas HecMewéHHocTb: lim [Ef, = 6.

n— oo

Ontumanehocte: D6, = min DE.
0: E0=0
PobacTHocTb: ycTol4MBOCTL 6, OTHOCUTENBHO

@ OTKJIOHEHUIA UCTUHHOrO pacnpeneneHnsa X ot MOAENBbHOIo ceMelicTBa;

@ BbIbPOCOB, cofepXalmxcs B BbIGOpKe.
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NHTepBanbHble oueHky

OueHum napametp 6 AByMA CTaTUCTUKaMW:
PO €[CL,Cu]) 21 —aq,

o — yposeHb gosepusi, Cr, Cy — BepxXHU U HUXKHUIA [OBEpUTENbHbIE
npegensl.

HeBepHas nHTepnpeTaunsa: HEM3BECTHbIA NapamMeTp NeXUT B npegenax
NMOCTPOEHHOrO [OBEPUTENIBHOIO MHTEPBaJa C BEPOATHOCTbIO 1 — av.

BepHas uHTepnpetaums: npu 6ecKOHEYHOM MOBTOPEHUN MPOLEAYypbI

NOCTPOEHNS JOBEPUTENLHOMO MHTEPBANa Ha aHANOMMYHbIX BbIBOpKax
B 100(1 — )% cnyqaeB oH BygeT conep)KaTb NCTUHHOE 3HAYEHWE MapaMeTpa.
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NHTepBanbHble oueHky

Mpumep 1: posepuTencHbli nHTepBan ans cpegHero X ~ N (u, 02) npwu

W3BECTHON Ancnepcun o>,

X" = (X1,...,Xn), Xi~N(p,0o%) =

, _

_ X —

X~N<M,U—):> ne—Ht ON(0,1) =
n g

[ o
—, X+ 2zi_a— =1-q.
Vi PV

Zi_g — (1 — %)—KBaHTVIﬂb CTaHAAPTHOrO HOPMaJsIbHOIO pacnpeneneHns;
npu o = 0.05 nonyyaem zp.975 ~ 1.96.

Mpasuno gsyx curm: ecnn X ~ N (p,0%), 10 P(|X — p| < 20) ~ 0.954.

Ecan X pacrnpepeneHa He HOPMaibHO, TO MOXHO YTBEPXAATb TONLKO
P(|X —EX| < 2\/]D)X) > 0.75 (n3 HepaBeHcTBa YebbiwéBa).
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NHTepBanbHble oueHky

Mpumep 2: HenapaMeTpu4eckmnii [OBEPUTENbHbIA NHTEPBAN ANS MeAnaHbl.
n
X :()(1,...,)(»,7‘)7 X NF(I‘) =
i
P(medXz € [X(l),X(u)}) = — E Cn
Y10bbl NOCTPOUTL Kak MOXXHO bosiee y3KMii LOBEPUTENBbHBIA NHTEpBan, [ n u
Bbl6|/|paIOTCFI Tak, 4TObBI COOTBETCTBYIOLLNE UM CNnaraemble ObINN KaK MOXXHO

bonblue.

AHaNOrM4HO CTPOUTCS HenapamMeTpUHeCKUll JOBEPUTENbHBIA MHTEPBa ANs
ntoboro keaHtuns X,,p € (0,1):

P(X, € [Xay, X( chp 1—p)"~

i=l
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NHTepBanbHble oueHky

[JosepuTenbHas 0bnacTb Ans napbl HEN3BECTHbIX napameTpos («, B):

0.405

0.4

0.395

0.39

= 0.385

0.38

0.375
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NHTepBanbHble oueHky

JoeeputensbHas nenta ana dpynkuyumn Y = By + Six:
20 ‘ ‘ ‘

— Truth

—— Estimate

— 95% simultaneous CB
— 95% pointwise CB

203 2 0 2 4
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NHTepBanbHble oueHky

Hoseputenshasi nenta gna ROC-kpueoi:

1.0

< o o
ES o o]

Sensitivity

o
[N

0.0, I L I | ]

00 02 04 06 08 10
1 - Specificity
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YHacto ucnonb3syemsie pacnpegenenns
[ Jele]e]

HopmanbHoe pacnpegenexune

X €R~ N (p,0%), 0 > 0 — npeaensHoe pacnpesenenne cymmsl cnabo
B33aMMO3aBUCUMbIX CI1. B.
1

0.
09f 08k i
0.8F o7l M*O‘Gf i

—p=-2,0°=05

07}
06 1

06|

- 05| 1

< =

=051 z

w T oaf 1
0.4r

03f 1
03[
02} 02 ]
01r 01r 1
=5 5 -5 2 3 4 5
1 v 2
(x)=—— | e Tdt,
V2T J oo
1 _=a?
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YHacto ucnonb3syemsie pacnpegenenns
[ Jele]e]

HopmanbHoe pacnpegenexune

EX = p,
med X = p,
mode X = p,
DX = o2,
" (X) =0,
v (X)=0.
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YHacto ucnonb3syemsie pacnpegenenns
[e] le]e]

Pacnpepenetune xu-kBagpat

X € Ry ~ x%, k € N — pacnpenenenve CyMMbl KBaapaTos k HE3ABUCMMBIX

CTaHOAPTHbIX HOPMabHbIX CJ. B.
1

0.9

08

247 (5)

L (z) = [;7t" ‘e "dt — ramma-chyrkuus,

v (a,z) = fom e ' dt — HKHsS HenonHas ramma-dyHKLS.
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YHacto ucnonb3syemsie pacnpegenenns
[e] le]e]

Pacnpepenetune xu-kBagpat

EX =k,
2\ 3
X =~ 11— —
med k:( %) ,
mode X = max (k — 2,0),
DX = 2k,
’yl(X): VS/kv
v2 (X) = 12/k.
@ Mycts X1,..., X, —iid., X;~ N(0,1), Torpa

k
D XD~ Xk
=1
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YHacto ucnonb3syemsie pacnpegenenns
[e]e] o]

PacnpepeneHne ®@uwepa

X €R4y ~ F(di,d2), di,d2 > 0 — pacnpegeneHne OTHOLEHNS ABYX
HE3aBUCUMbIX HOPMUPOBAHHbIX XWU-KBagpaT CI. B.

1

0.9t

s
N B B 1

08l 6,100, d,=1
i

X o5t Zis
0.4r
.H
03
0.2
05F
0.1
cU 05 i 1‘5 é 2‘5 l"o 3‘5 4‘3 4‘5 5 0 05 2 25 3 35 4 45 5
X X
di d2
Fz)=1 a. (2, 2),
diztdy \ 2 2
dy g92
(dyz)?1d,y
f( ) (dyz+da)T1Fd2
X)) = — .
di da
xB( 20 2 )

b) = fol t27 1 (1 — )P~ dt — GeTa-cbyHkuus,
I (a,b) = % — perynsipu3oBaHHasi HenoaHas beta-cbyHKuus,
B(z;a,b) = [t (1 - )" dt — nenonnas Geta-dyHKLuS.
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YHacto ucnonb3syemsie pacnpegenenns
[e]e] o]

PacnpepeneHne ®@uwepa

EX = —2 dy > 2
d2_2npv| 2 > 2,
di —2 do
de X = d 2
mode & d2+2npv| 1> 2,

_ 2d3 (d1 + d2 — 2)
di (d2 — 2)* (d2 — 4)
_ (2d1 +d2 —2)/8(d2 — 4) o
Wl(X)i(d2—6) T pu dz > 6,
d1(5da — 22)(d1 4 da — 2) + (d2 — 4)(ds — 2)?
dl(dQ — 6)(d2 — 8)(d1 +da — 2)

npu ds > 4,

Y2 (X) =12

npu dao > 8.
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YHacto ucnonb3syemsie pacnpegenenns
[e]e] o]

PacnpepeneHne ®@uwepa

@ NMyctb X1 ~ xﬁl, Xa ~ Xiy X1 n X2 HezaBucumsbl, Torga

X1/dy

~ F(dy,ds).
o~ F )
@ Ecnm X ~ F (d1,d2), 1O

Y = lim diX ~x%,.

do— 00

L} F(l‘,dl,dz) = F(l/l’,dz,dl).
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YHacto ucnonb3syemsie pacnpegenenns
[e]ele] ]

Pacnpeanenetne CrbtogeHTa

X €eR ~ St(v), v >0 — pacnpepeneHne OTHOLWEHNSI HE3ABUCUMbIX
CTaHAAPTHON HOPMasbHON C/1. B. U KOPHS M3 HOPMUPOBAHHON XU-KBagpaT CJl. B.

0.4

1

Psibenko Esrennii NMCAL-1. BeegeHue.



YHacto ucnonb3syemsie pacnpegenenns
[e]ele] ]

Pacnpeanenetne CrbtogeHTa

EX =0npuv>1,
med X =0,
mode X = 0,
]D)X—{”_ZQ’ v>2, 7
00, 1 <v <2,
7 (X)=0npuv >3,

S v>4,
Y2 (X)=q"* .
00, 2<v<4

@ MNycts Z ~ N (0,1), V ~x2, Toraa
T——Z_ < stw).
V/v
@ Ecom X ~ St (v), To

Y = lim X ~N(0,1).

v—00
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YHacto ucnonb3syemsie pacnpegenenns
@000

Pacnpepenenvne Beprynnu

X €{0,1} ~ Ber (p), p € (0,1) — pacnpeaeneHne, MogenupytoLiee
ucnoitanne Beprynan.

-

o

0, z <0,
1, > 1,
1—p, =0,
f(w)—{ _
D, r =1

Psibenko Esrennii NMCAL-1. BeegeHue.



YHacto ucnonb3syemsie pacnpegenenns
@000

Pacnpepenenvne Beprynnu

EX =p,
07 1_p>p7
med X =<¢05 1—p=np,
17 1_p<p7

07 1_p>pa
mode X = ¢ {0,1}, 1—p=p,

17 1_p<pa

1—-2p
NnX) = —/———,

vp(l—p)

1—6p(1—p)

X)=-——_PL "D

20 =0
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YHacto ucnonb3syemsie pacnpegenenns
0@00

BuHomuansHoe pacnpegenerue

X €{0,...,N} ~Bin(N,p), N €N, pe[0,1] — pacnpepenerue 4uncna
ycnexos B N He3aBUCUMBIX UCTbITaHusax BepHynnu.

1 025
—o N=20,p=05
091 —o N=20,p=0.2
N=40, p=0.5
08 02} —o N=40, p=0.8
07
06 0.15F
= =
Fos =
0.4] 0.1f
03
02 005
? IT I
153609 34 | To
0 5 10 15 20 S5 10 15 20 25 30 35 4
x x

Fz)y=TL_-p(N—2z,1+2),
fla)=Crp"(1=p)"7" .
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YHacto ucnonb3syemsie pacnpegenenns
0@00

BuHomuansHoe pacnpegenerue

EX = Np,
med X = [Np| ww [Np],
mode X = [(N + 1) p] wan [(N +1)p] — 1,
DX = Np(1—-p),

71 (X) = _1=2p
VNp(IT=p)
_1-Np(1-p)
e T

o X ~ Bin(1,p) & X ~ Ber(p).

@ Ecan N > 20 n p He canwkoM BANSKO K HY/IIO UAW eauHuLe, TO ANs
X ~ Bin (N, p) cnpasegnnso npubnuxeHune

Fx (z) ~ ® <m_7Np>

Np(1-p)
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YHacto ucnonb3syemsie pacnpegenenns
[e]e] ]o)

'MnepreomeTpuyeckoe pacnpeneneHue

X ~Hyp(K,N,n), Ne Ny, K,ne{0,...,N},
X € {max (0,n+ K — N),...,min (K,n)} — pacnpefeneHune 4ncna ycnexos
B Bbibopke 6e3 BO3BpaLweHns pa3mepa n 3 nonyasuum N ¢ obwym 4nciom

ycnexos K.
1 0.45
09F 0.4F
0.8 0.35}
0.7f
0.3
0.6
. _ 025
D
= 05r 2
w = o2
0.4F
0151
0.3f
02l 01F
01l . . 0.05F
‘ ‘ o2iielldle L 1,
o 5 10 15 20 25 30 5 10 15 20 25 3
X X

x Cz Cn—i
F (z) ::ZE: _Jizﬁ§:££7
i=1 N
_ CRChk

CR
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YHacto ucnonb3syemsie pacnpegenenns
[e]e] ]o)

'MnepreomeTpuyeckoe pacnpeneneHue

EX = 2%,
mode X = {%J 7
DX = ”K(]]:’m—(]fé)_(fl\;—n)i
"= R AR R T
e (X) = (N=1)N*(N (N +1) — 6K (N — K) — 6n (N —n)) +

nK (N —K)(N —n) (N —2) (N —3)
+6nK (N — K) (N = n) (5N —6))
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YHacto ucnonb3syemsie pacnpegenenns
[e]e] ]o)

'MnepreomeTpuyeckoe pacnpeneneHue

o X ~ Hyp(K,N,1) < X ~ Ber (%).

@ Mycte X ~ Hyp(K,N,n), Y ~ Bin (n, %) ; eCNn == He BNM3Ko K Hyno

K

N
X
N

mnn egnHULeE, a N n K Benukn no CPaBHEHNIO C N N , TO
r— K
Fx (z) =~ Fy (2) 2 ® | —L—

S (1-%)
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YHacto ucnonb3syemsie pacnpegenenns
[e]o]e] )

Pacnpepenerue lMyaccoHa

X €{0,1,2,...} ~ Pois(\), A > 0 — pacnpefenerue 4ncna He3aBUCUMbIX
cobbITnii B bUKCMPOBaHHOM MHTEpBane.

1 0.4
—o A1
0.9 035 —o =5 ||
A=10
08 =
03 —o )15
07
06 025 1
Fos g o2

Wl

)\LIJ )\i
F(z)=e ZF’
i=0
A A”
fla)=e 7
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YHacto ucnonb3syemsie pacnpegenenns
[e]o]e] )

Pacnpepenerue lMyaccoHa

EX = A,
mode X = [A], [A] — 1,
DX = ),
(X)) =212,
2 (X)=A"1
@ Myctb X1,..., X, HesaBucumsl, X; ~ Pois(\;), Torga

ZXi ~ Pois (Z >\¢> .
i=1 i=1
@ Ecn X ~ Pois()\), Y =vX, 10

Fy (2) ~ ® <“’I/;/X> .
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OcHoBbl Nposepky runores
[ Je]ele]

[MpoBepka runotes

Bblbopka: X" = (X1,...,X,), X ~PeQ;
HyneBas runotesa: Hop: Pew, w e Q;
anstepHatuea: Hi: P¢ w;
cratuctuka: T (X"), T(X") ~ F (z) npn P € w;
T(X™) # F(z) npn P¢ w;

peanusauust Bolbopkn: " = (T1,...,%n);

peanuzauus ctatuctuku: ¢t =T (z™);
JOCTUraeMblii ypoBeHb 3Hadumoctu:  p (z™)— BepositHocTs npu Ho nonyunTs
T (X™) =t unu ewé bonee sKCTpeManbLHOE;

t
p(z") =P(T'>t|Ho)
['vnotesa oteepraercs npu p (z") < @, Q— ypoBEHb 3HAYUMOCTHU.
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OcHoBbI NpoBeEpKN runoTes
[ Je]ele]

[MpoBepka runotes

[Relect H, wh
Bs

f E p-value

p-value o
R s e s e DR

Psbenko Esrenuii NCAO-1. Beepetnne



OcHoBbl Nposepky runores
[e] Jole]

Owmbkn | n Il pona

Hy BepHa Hy HeBepHa

Ho npuHumaetcs | Ho BepHO nNpuHsiTa Owwnbka BTOPOro posa
(False negative)

Hy oteepraetcs | Owwnbka nepsoro poga | Hp BepHO OTBEprHyTa
(False positive)

Type | error Type Il error
(false positive) (false negative)

You're not |
pregnant |

" You're
pregnant

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
[e] Jole]

Owmbkn | n Il pona

3apava NpoBepKU rMnoTes HECUMMETPUYHaA oTHocuTenbHO napsl (Ho, Hy):
BEPOSITHOCTb OWMOKM NEPBOro poAa OrpaHNYUBAETCS Masoli BENYUHON «,
BTOPOro pofa — MUHUMU3VPYETCst MyTéM BbIOOpa KpuTepus.

Mouwtocts: pow = P(p (T) < a|H1) .
CocrosTensHblii Kputepuii: pow — 1 ans Bcex anstepHatus Hy npu n — oo.
T: — paBHOMEpPHO Hanbonee MowWHbLIA KpuTepuii, ecnmn V1s

P(p(Th) < a|Hy) > P(p(12) < a|H1) VH: # Ho,
P(p(Th) < a|Ho) = P(p(T2) < a|Ho),

npu4ém xoTs bbl ans ogHoli Hyi HepaBEHCTBO CTPOroe.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
[e]e] o]

NHTepnpetaumusi pesynstata

Ecnun BennynHa p goctaToyHo Mana, TO AaHHble CBUAETENbCTBYIOT NPOTUB
HyNeBOl rMMNOTE3bl B NOJb3Y afbTEPHATUBSI.

Ecnun BennynHa p HepocTaTo4HO Mana, TO AaHHbIE HE CBUAETENLCTBYIOT
NPOTUB HY/NEBOl rMNOTE3bl B NOJbL3Y aJbTEPHATUBSI.

I'Ipm noMown MHCTPYMEHTA NPOBEPKUN MNMNOTE3 HENb3A NOKAa3aTb

CnpaBeANIMBOCTb HYNeBOl runoTtesb!
Absence of evidence # evidence of absence.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
[e]e]e] ]

Jpyrne ocobernHocTn

@ Mo mepe yBennyeHus n Hynesast rMNOTE3a MOXET CHaYasna NPUHUMATLCS,
HO NMOTOM BbISIBATCS Boslee TOHKME HECOOTBETCTBUS BbIBOPKM runoTese
Hy, n oHa byget oTeeprHyTa (Statistical vs. clinical significance:
http://youtu.be/oqDZ0-mfN4Q).

@ BbibparHas ctaTucTuka MOXeT oTpaxkaTb He BClo nHdopmaumio,
cogepxaluytocs B Bibopke. Mpumep:

Ho: X ~N (/J,O’Q), Hi: Hp HeBepHa;
T(X")=g.

Bce CUMMETPUYHbIE pacnpegeneHns 6yAyT NPU3HaHbI HOpMaﬂbeIMI/I!

@ Tunotessbl Buga Ho: 0 = 0y MOXHO NpoBepsTL NpU NOMOLLM
[OBEpUTENbHBIX NHTepBanos ans 0: ecnum 6y He nonagaet B 100 (1 — )%
AoBepuTenbHbIll uHTepBan ans 0, To Hy oTBepraeTcs Ha ypoBHe
3HaYMMOCTU Q.

Psibenko Esrennii NMCAL-1. BeegeHue.
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OcHoBbl Nposepky runores
[ Jelele]e}

Shaken, not stirred

[oxelimc BoHp, roBopuT, 4TO NpeAnoYnNTaeT MapTUHN CMELLAHHbIM, HO He
B3bonTaHHbIM. [NpoBeaém cnenoil TecT: n pa3s NpeaoXUM emy napy HanuTKOB
N BbISICHUM, KaKoli U3 BYX OH NMpefno4nTaeT.

Boibopka: 6uHapHbili BekTop anntbl 1, 1 — xeiimc Bong npeanodér
cMmeLlaHHbIn, 0 — B3GOATaHHBIN.

Hynesas runotvesa: [ykelimc boHp He pa3nuyaer aBa BuAa mMapTuHu, T. €.,
BbIGUpaeT Hayrag.

Cratuctuka t — 4ncno eaununy B BbIbopKe.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
(o] lele]e}

Hyneeoe pacnpegeneHue

Ecnn HyneBas runotesa cnpasegnusa n [xxelimc Bong He pasnudyaeT gsa Buga
MapTUHU, TO PaBHOBEPOSITHbI BCE BbIOOPKYM AJIMHBI 1 U3 HYNER 1 eguHnL,.

Mycts n = 16, Torpa cywectsyet 218 = 65536 paBHOBeposiTHLIX BapnaHTa.
Cratuctuka t npuHumaet 3HadeHust ot 0 go 16:

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04

0.02
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OcHoBbl Nposepky runores
[e]e] le]e}

OpHOCTOPOHHSISI anbTepHaTHBA

Hi: [xeiimc BoHg npeanoymnTaet cMewaHHblii MapTUHN.

Mpun cnpaeeanneocTn Takoii anbTepHaTuBLl bonee BEPOATHBLI bonbLIne
3HaveHus t (T.e., bonblume t ceugeTenscTBytoT npotus Ho B nonssy Hi).
BepositHocTb Toro, 4to xeiimc BoHag npeanodTér cMmelwaHHbIii MapTuHm B 12

2517
unun bonee cnydasx n3 16 npu cnpasegnusoctu Ho, paBHa eemag ~ 0.0384.

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04

0.02

0 2 4 6 8 10 12 14 16
t

0.0384 — pocTuraemsblii ypoBeHb 3HAYUMMOCTM Npu peanunsauum t = 12.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
[e]ele] o}

JBycTOpOHHSIsi anbTepHaTUBa

Hi: [Oxelimc BoHa npeanodnTaer Kakoii-To onpeaenéHHblii BUA MapTUHK.
Mpu cnpaBegnuBoCcTY Takoli anbTEPHATUBLI U O4eHb BoMblUMe, N OYeHb
ManeHbKUe 3HaveHus ¢t cBugeTenscTeytoT npotus Ho B nonssy Hi).
BepositHocTb Toro, 4to [dxelimc Bona npeanodTér cmelwanHblii MapTuHu B 12

5034
unn bonee cnydasx n3 16 npu cnpasegnusoctu Ho, paBHa s55ag ~ 0.0768.

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04

0.02

0 2 4 6 8 10 12 14 16
t

0.0768 — pocTuraemsblii ypoBeHb 3HAYMMOCTM Npu peanunsauum t = 12.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
[e]ele]e] ]

JocTnraemsblii ypoBeHb 3HAYUMOCTU

Yem Huxe AOCTVIraeMbIVI YPOBE€Hb 3HAYUMOCTWN, TEM CUNIbHEE AAHHbIE
CBNAETENbCTBYIOT NPOTUB HyﬂeBOI7I rmnoTe3bl B NOMIb3Y aJibTEPHATUBLI.

0.0384 — BeposATHOCTb peanusauuu t > 12 npu ycnosum, 4To HysneBas
runoTesa cnpasegnuea, T.e. xelimc Bong BoibupaeT mapTuHm Hayrag.

JocTturaemblii ypoBeHb 3HA4YNMOCTU HESb3s1 MHTEPNPETUPOBATL KAk
BEPOSITHOCTb CMPaBea/INBOCTY HYNEBONR runoTtesbi!

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbI NpoBepky runoTes
[e]ele]e] ]

JocTnraemsblii ypoBeHb 3HAYUMOCTU

Mpumep: yTBEpPKAAETCSA, YTO OCbMUHOT NPELCKa3bIBAET pe3y/bTaThl MaTyeli
YemnuoHaTa mMupa no gytbony c yvactuem cbopHoii epmanuu, Boibrpas
KOpPMYLLKY C cpbnarom cTpaHbi-nobegutens. Mo pesynstatam 13 ncnbitanuii emy
yAaércsi BepHO yragath pe3ynbtathl 11 maTyeii. AHanornyHelli npegbiaywemy
KpuTepuii JaéT OOCTUraeMblii ypoBeHb 3HadnmocTuy p ~ 0.0112.

0.0112 — He BEPOATHOCTb TOFO, YTO OCbMUHOI BbIOMpaeT KOpMyLLKy Hayrag!
DTa BEpOATHOCTL paBHa eauHMLE.

p=P(T >t|Ho) #P(Ho|T > t).

Psbenko Esrenuii NCAA-1. Beepenne.



OcHoBbl Nposepky runores
[e]ele]e] ]

JocTnraemsblii ypoBeHb 3HAYUMOCTU

Mpumep: nycts [xelimc BoHg BbibrpaeT cMewanHbliii MmapTurn B 51%
cnydaeB (HeHabnofaemas BEPOSITHOCT).

Myctb no utoram 100 ucnbiTaHuii cMewaHHbIli MapTuHKU Bbi Bbibpan 49 pas.
JocTuraemsbiii ypoBeHb 3HAYMMOCTUN NPOTUB OLHOCTOPOHHEN anbTepHaTUBLI —
p = 0.6178. HyneBasi runotesa He OoTBepraeTcsi, Npu 3TOM CKa3aTb, YTO OHA
BEpHa, 6b1s10 6b1 ownbkoii — dxeiimc BoHg BbibUpaeT cMelwaHHbIi 1
B300NTaHHbIE MapTUHM HE C OAWHAKOBLIMU BEPOSITHOCTsIMM!

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
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MouwyHocTb

[TpoBepsst HyneByto rMNOTE3y NPOTUB ABYCTOPOHHEN afibTEPHATUBLI, Mbl
otBepraem Hy npu t > 13 nnu ¢t < 3, 4To obecneymBaeT fJOCTUraeMblii ypoBeHb
3HauymmocTun p = 0.0213 < a = 0.05.

0 2 @ 6 8 10 12 14 1

pow = 0.6202, T.e., Npy MHOrOKPaTHOM MOBTOPEHUMN SKCNEPUMEHTA FUMNOTE3a
6ygeT oTkioHeHa Tonbko B 62% cnydaes.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores

@000

MouwyHocTb
1 T T
0.9F i
0.8 8
0.7 8
0.6 8
3 05 :
o
0.4 .
0.3F n=6
n=10
25
0 n=16
0.1 n=50 |
n=1000
0 | | | | | | I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

True p
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OcHoBbl Nposepky runores
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MouwyHocTb

MoLuHoCTb KpuUTEepUsi 3aBUCUT OT ClefytownX PaKTOPOB:
@ pasmep BbIbOpKY;
@ pa3mep OTKJIOHEHUSI OT HyJIEBON rMNoTe3bl;
@ YYBCTBUTENILHOCTb CTAaTUCTUKN KPUTEPWSE;
°

TUN afibTEPHATUBLI.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
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Pazmep BbibopkM

OcobeHHocTn npuknagHoii 3agayn: 1 nopums MapTUHU COAEPXUT 55 M
JKuHa n 15 mn BepmyTa — cymmapHo okoso 25 mn cnupta. CmepTenbHas
po3sa ankoronsi npu macce tena 80 kr coctasnsieT ot 320 go 960 mn cnupTta
B 3aBNCMMOCTW OT TosepaHTHocTu (oT 13 o 38 mapTuhu).

ObecneveHne TpebyeMoii MOLWHOCTI: pa3Mepbl BbIGOPKK nogbupaeTcs Tak,
4TODbI NpY pa3Mepe OTKJOHEHUSI OT HYJIEBOI rMNOTE3bl HE MEHbLUE 3aJaHHOMO
(Hanpumep, BEpOSITHOCTL BbIGOpa CMELAHHOTO MapTuHU He MeHblue 0.75)
MOLLHOCTb 6blf1a HE MeHbLuEe 3aAaHHOIA.

Psibenko Esrennii NMCAL-1. BeegeHue.



OcHoBbl Nposepky runores
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LLloknpytowmii rpacpuk

pow

0.75 H
—0.8
—0.85H
—0.9

0.1 Il Il Il Il Il Il Il I
5 10 15 20 25 30 35 40 45 50
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MageHne mowHOCTN: 0bbACHEHNE

Psiberko Esrennii




JlntepaTypa

Cnpa BOYHUKW NO CTAaTUCTUKE!

@ Kobzaps A.W. lMNpuknagHas matemaTudeckas ctatuctunka. — M.:
DdusmatauT, 2006.

@ Kanji G.K. 100 statistical tests. — London: SAGE Publications, 2006.

BBOAHbIe y‘-le6HI/1KI/I NO CTAaTUCTUNKE:

@ Good P.I., Hardin J.W. Common Errors in Statistics (and How to Avoid
Them). — Hoboken: John Wiley & Sons, 2003.

@ Reinhart A. Statistics Done Wrong. The woefully complete guide. —
http://wuw.statisticsdonewrong.com/

http://youtu.be/jwBgGS_4RQA
http://cran.r-project.org/doc/contrib/Short-refcard.pdf
http://adv-r.had.co.nz/

¢ ¢ ¢ ¢

https://www.coursera.org/course/rprog

Psibenko Esrennii NMCAL-1. BeegeHue.
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