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lNMonck akcTpaceHcoB

Joseph Rhine, 1950: nccnepoBaHnsi BO3SMOXHOCTN 3KCTPACEHCOPHOrO
BocnpusTus. MNepBbIii 3Tan — NOUCK 3KCTPaCceHCoB.
WMcnbityemomy npegnaraercs yragate uget 10 kapT.

Hy: wcnbiTyemblii BoibrpaeT oTBeT Hayrag.
Hi: vcnbiTyemblii MOXKET NpeackasbiBaTb LBETA KapT.
CraTuctnka t — 4MCIO KapT, LUBETa KOTOPbIX yrafaHsbi.

1 10
P(t>9|Ho)=11- 5 = 0.0107421875,

T.e. npn t = 9 nonyyaem pocTuraemblii ypoBeHb 3Ha4mmoctn p ~ 0.01 —

MOXKHO OTKJIOHATL Hy.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



lNMonck akcTpaceHcoB

Mpoueaypy otbopa npownn 1000 venosex.
HeBaTtb n3 Hux yraganu useta 9 ns 10 kapT, gBoe — uBeta Bcex 10 kapT. Hu
OfVH B MOCNEAYIOWNX IKCNEPUMEHTAX HE NMOATBEPANS CBOUX CMOCOBHOCTENA.

BepositHocTb Toro, 4to u3 1000 4Yenosek xoTst 6bl ofMH Cny4aiiHO yragaer

110 1000
ugera 9 wam 10 uz 10 kapt: 1 — (1 —11-4 ) ~ 0.9999796.

o
@

1-(1-0.05)"
o
5

o
'S

P

0.2

1 1 1 1
100 120 140 160 180 200

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



MocraHoska 3aga4n
@00

MaTemaTunyeckas bopMynmposka

BblbOpKa:

HyfeBasi runoTesa:
anbTepHaTUBa:
cTaTucTmKa:

X" =(X1,...,Xn) ~ P e
Ho: Pew, we
H:: P ¢ w;

T(X™), T(X"™)~ F(x) npn P € w;
T(X™) o F(z) npn P ¢ w;

peanusauus BblbOpKM:
peannsauus CTaTUCTUKU:
JOCTUraeMblii ypoBEHb 3HAYNMOCTH:

™ = (x1,...

t="T(z");
p (2")— BeposTHocTs npu Ho nonyuuts
T (X™) =t unu ewé bonee sKCTpeManbLHOE;

ax’ﬂ)’

p(a") =

t

P(T >t|Ho)

['mnotesa oteepraetcs npu p (z") < @, @— ypoBeHb 3HAaYNMOCTHU.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MocraHoska 3aga4n
oeo

[MpaBuno npoBepku runoTe3bl

WW__.__Q

[Relect H, wh
Bs

f E p-value

o

p-value o
R e

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MocraHoska 3aga4n
[ele] J

HecummeTpnyHOCTL 3afa4n NpoBEPKU FUMOTE3bI

Hy BepHa Hy HeBepHa
Hy npuHumaeTtcs Ho BepHO npuHaTa Owwnbka BTOpPOro poga
Hy oteepraetcss | Ownbka nepsoro poga | Ho BepHO oTBeprHyTa

BeposiTHOCTb OWMBKN NepBoro poga »ECTKO OrpaHNYMBaeTCss Masoii
BEJINYUNHOIA:

p=P(T(X")>t|Hy) = P(p<alH) < a.

BeposiTHOCTL OLWINBKM BTOPOro pofa MUHMMU3MPYETCS NyTéMm Bbibopa
JOCTaTOYHO MOLLHOIO KpUTEpWs.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MocraHoska 3aga4n
(]

MaTemaTunyeckas noctaHoBKa

pannble: X = {X7', ... XY, X[~ Pe Qy;
Hynesble runotesbl:  H;: P € w;, w; € i
ansTepHatuebl:  H.: P; ¢ w;;
cratuctukn:  T; = T (X['*) nposepsier H; npotus Hj;
peanusauuu cratuctuk:  t; =T (z]7);
AOCTUraemMble ypoBHU 3HadumocTn:  p; =p (%), i=1,...,m;

M={1,2,...,m};

Mo = Mo (P) = {i: H; BepHa} — nHAekcbl BepHbix runotes, |Mo| = mo;
R =R (P,a) = {i: H; oTBeprHyTa} — nHAEKCbI OTBEPraembIx runoTes,
IR| = R;

V = |Mo N R| — 4mncno ownbok nepeoro poaa.

Yucno sepHbix H; | Hucno HesepHbix H; Bcero

Yucno npunateix H; U T m—R
Yucno oteepruytoix H; 1% S R
Bcero mo m — mo m

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



FWER
o

MHoromepHble 0606LeHmns1 owmnbKkn nepeoro poaa

IpynnoBas BeposiTHOCTL owmbku nepsoro poaa (familywise error rate):

FWER=P(V >1).

KoHTposib Hap rpynnoBoil BeposiTHOCTLIO OWMBKN Ha ypoOBHE (v O3Ha4vaeT

FWER=P(V>1)<a VP.

Kak storo pgobutbca?

MapameTpbl a1, . ..,y — YPOBHM 3HAYUMOCTYU, Ha KOTOPbIX HEObXoaMMO
npoeepaTb runotessl Hi, ..., H,,; 3aga4a — BblbpaTb uUx Tak, 4TobbI
obecneunts FWER < a.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MNMonpaska BoHdbeppon

Mertog Boxdepponu:

QL =...=am =a/m.
Teopema
Ecnv runotessr H;, i =1,...,m, orBepratorcs npu p; < a/m, TO
FWER < a.

4

HokazaTtenbcTso.

FWER=P(V>1)< <ﬂ{pz <a/m}> <ZP pi < a/m) <

O

4

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MNMonpaska BoHdbeppon

AnbTepHaTUBHbLIA BuA — nepexof K MoanduLMpOBaHHLIM AOCTUIAEMbIM
YPOBHAM 3HaYUMOCTHU:
pi = min (1, mp;) .

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



MNMonpaska BoHdbeppon

Mpw yBenuyenun m B pesynstaTe npumeHeHus nonpasku Boxdepporu
MOLLHOCTb CTAaTUCTUYECKOl NpoLefypbl PE3KO YMEHbLIAETCA — LUAHChI
OTKJ/IOHUTb HEBEpPHblE rMNOTe3bl NafatoT.

Mpumep: kputepuii CTblogeHTa anst HesaBMCUMMBbIX Bbibopok, X1 ~ N (u1,1),
Xg ~ N(/.LQ, 1), H(): EXM = EXQJ', Hli EXM # EXQJ', /Jl — ,uz = 1 .

m n | MowHocTb

1 23 0.9

10 23 0.67
100 | 23 0.37
1000 | 23 0.16
1000 | 62 0.9

Ecnn npoeepsietca ogHospemenHo 1000000 runoTtes, npu pasmepe BbIGOpPOK
n = 10 mowHocTb 0.9 gocTuraeTcs npu pacCcTosHUN MeXAY CPeLHUMU
BbIOGOPOK B NATbH CTaHAAPTHbLIX OTKJIOHEHWIA.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



FWER
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MogenbHbIli SKCNEPUMEHT

n = 20, m = 200, mo = 150;

Xij NN(O,I), iZl,...,mo, j:].,...,n;
Xij~N@Q,1),i=mo+1,....m, 7=1,...,n;

Hii EX” = O7 H{ EX” # 0;

LN151 TPOBEPKU MCMOJb3yeM OfHOBbLIOOPOYHbI KpuTepuii CThlogeHTa.

Bes nonpasok:

BepHbix H; | HesepHbix H; | Bcero

Mpunateix H; 142 0 142
OTsepruyTtbix H; 8 50 58
Bcero 150 50 200
BordeppoHn:
BepHbix H; | Hesephbix H; | Bcero
MpunaTteix H; 150 27 177
OTeepruyTtbix H; 0 23 23

Bcero 150 50 200

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



FWER
®0000000

Hucxogswme mMeToabl MHOXKECTBEHHOW MPOBEPKMN TUMOTES

Coctasum BapVIaLI,I/IOHHI:-II7I pPAa4 AOCTUraeMbIixX ypOBHeI7I 3HAYNMOCTW:

P <pe) < - < Pim)s

H1y, H3), ..., Hm) — cOOTBETCTBYIOWME FMNOTESbI.
@ Ecnm p(1y > a1, npuHaTe Bce Hynesble runotesel Hyy, Hay, ..., Hiy)
1 OCTaHOBUTLCA; NHa4e OTBEPrHyTb H (1) 1 NPOROMKMUTL.
Q Ecnm pa) > a2, NpuHATL BCe Hynesble runotessl H gy, H(s), ..., H(m)
M OCTaHOBUTbLCSA; UHA4e OTBEPrHYTb H(2) 1 NpOAoIKMUTS.
Q ...

Kaxgbiii gocturaemblii yposeHb 3Ha4MMOCTU P(;) CPaBHUBAETCA CO CBOUM
YPOBHEM 3HAYUMOCTU ;.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



FWER
O®@000000

Metog Xosnma

MeTtop Xonma — Hucxopswas npoueaypa Co CNeLYIOLWNMMN YPOBHSAMM
3HAYUMOCTHU:

a1 =

MeTog obecnedmnsaet koHTposib Hag FW ER Ha yposHe a npun ntobbix p; n T;.

AnbTepHaTUBHBINA BUA — Nepexod K MognuunpoBaHHbIM AOCTAraeMbIM
YPOBHSIM 3HA4YMMOCTH:

D) = min (17 max ((m —i+ l)p(i),ﬁ(i_l))) .

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



FWER
O®@000000

Metog Xosnma

Metogn Xonma paBHOMepHO MoluHee nonpaekn Bordepporn, nockonbky Bee

€ro YpoBHMN 3HAYUMOCTUN (¢; HE MEHbLUE!
T T T T

0 20 40 60 80 100 120 140 160 180 200

Psbenko Esrenuii MC-4. MHo>XecTBeHHasi NPOBEPKA rmMnoTes.



FWER
[e]e] le]e]elele]

MogenbHbIli SKCNEPUMEHT

OTcopTrpoBaHHblE JOCTUraEMbIE YPOBHY 3HAYNMOCTN:

1 T T T T T T
True hypotheses
® False hypotheses|
-
ozl / |
/f
..
£ osk ,
0,251 / ,
0,051 / |
0 e T— i i i i i i i
0 20 40 60 80 100 120 140 160 180 200

Psbenko Esrenuii MC-4. MHo>XecTBeHHasi NPOBEPKA rmMnoTes.
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[e]e] le]e]elele]

MogenbHbIli SKCNEPUMEHT

MoaudununposaHHble 4OCTUrAEMbIE YPOBHM 3HAYUMOCTN, MeTog BoHdeppoHu:
1 T T ' ’ '

0,75 -
’.
S 051 . N
025 L4 —
'
0o j I I I I I I I I ]
OO 20 40 60 80 1(_)0 120 140 160 180 200
Bepubix H; | HesepHbix H; | Bcero
MpunsaTeix H; 150 27 177
OTBeprHyTbix H; 0 23 23
Bcero 150 50 200

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



FWER
[e]e] le]e]elele]

MogenbHbIli SKCNEPUMEHT

MoaudunumpoBaHHble 4OCTUraeMble YPOBHW 3HAYMMOCTU, MeTog XosiMa:
1 T T

£ o5k > 4
0,25 : -
L4
o
0'027 —j I I I I I I I I ]
0 20 40 60 80 190 120 140 160 180 200
Bepubix H; | HesepHbix H; | Bcero
MpuHaTteix H; 150 24 174
OTeepruyTbix H; 0 26 26
Bcero 150 50 200

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



FWER
[e]o]e] le]elele]

Npen ona ganbHelwmnx ynydiieHnii

4 ,D,OI'IOHHI/ITeJ'II:-HO OLUEHNTb My.
4 Cp,enaTb AONONHNTENbHbIE NPEANONIOKEHNA!

@ O XapaKTepe 3aBUCUMOCTN MeXXAy CTAaTUCTUKamMun;
@ O COBMECTHOM pacnpefeneHnn CTaTucTuk.

@ Y4yecTb 3aBNCMMOCTb Mexay CTaTUCTUKamMu ¢ NOMoLLbO
NepecTaHOBOYHbIX METOO0B.

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



FWER
[e]o]e]e] lelele]

[MpeaBapuTesbHOEe OUEHMBAHME TN

N3 pokasaTenbctea Teopembl 1 cnegyet, 4To meTog Bondeppotn
konTponupyet F'W ER Ha yposHe T2 .

an/IMepr METOAO0B OUEHKWN Ty

@ metog Cropu:

ﬁ%o()\)—ﬁ<1+2[pi>)\]>, Ae[0,1);

9 METOA HAaUMEHbLLUEro HakJIOHa EGHA)KaMI/IHVI—XOX6epFaZ

mofmin(m L—|—1)
’S,L )
1=pw) ,_
m—i+4+1’

i() :H’lln{l Sz < Si—l}-

Si: 1,...,m,

Kak npaBuno, gokasatennscts koutpons FW ER pns npouenyp
C NpeABapuTEsbHON OLEHKON 1Mo HET, HO Ha MPaKTUKe OHU YacTo paboTatoT
XOPOLLO.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



FWER
[e]o]e]e]e] lele]

OgHowarossblii meTog LLIngaka

Metog LLnpgaka:

Metog obecneunsaet koHTponb Hag FW ER Ha ypoBHe < npu ycaoBMM, HTO
ctatucTku T; HE3ABUCUMBI NN BbINOJIHAETCS CliefytoLee CBOWCTBO:

m

P(Ty < tr,...,Ton < to) > [[P(Ts < i) Vta,... tm
i=1

(positive orthant dependence).

AnbTepHaTUBHBI BUA — nepexon K MoanULNPOBaHHLIM AOCTUFAEMbIM
ypOBHHM 3HAYNMOCTIN:

~ m

pi=1-(1-p)™".

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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Hucxopsiwas moandurkauyms

Hucxopswuin metog LLungaka (metog LLngaka-Xonma) — Hucxogswas
npouesypa Co CNeAYIOWMMY YPOBHAMMN 3HAYNMOCTHU:

1 —1
ar=1-(1-a)m,...,a¢;=1—(1—a@)m T ..., am=a.
MeTtog obecneunsaet koHTponb Hag FW ER Ha ypoBHe «v npu yCAOBUM, HTO
ctatuctukn T; HE3ABUCUMBI NN ONS HUX BbINOJHAETCA CBONCTBO positive

orthant dependence.

AnbTepHaTUBHBINA BUA — Nepexod K MognuunpoBaHHbIM AOCTAraeMbIM
YPOBHSIM 3HA4YMMOCTH:

. m—it1) -
(i) = max (1 — (1-pu)" ) »P@—l)) :

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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Auwas Moamdnkaums

Ha npakTuke npn foctaTto4Ho 60abWNX M HE CAMLLIKOM OT/IMYAETCS OT METO4a
Xonma:

No correction
— Bonferroni

° Holm

[| —— Sidak

0.015—

0.01~

0.005—

0 20 40 60 80 100 120 140 160 180 200

Psbenko Esrenuii MC-4. MHo>XecTBeHHasi NPOBEPKA rmMnoTes.
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MogenbHbIli SKCNEPUMEHT

MogunuunposaHHble JOCTUraeMble YPOBHU 3HA4YMMOCTU, MeTog Xoama:

1 T T T T T T T

£ 05 L 4
0,25 : -
L4
o
0'027 —j i i i i i i i i ]
0 20 40 60 80 190 120 140 160 180 200
BepHbix H; | Hesephbix H; | Bcero
MpuHaTteix H; 150 24 174
OTeepruyTtbix H; 0 26 26
Bcero 150 50 200

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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MogenbHbIli SKCNEPUMEHT

MoaudununposaHHble 4OCTUraEMbIE YPOBHN 3HAYUMOCTN, HUCXOAAWMIA METOA

LLIngaka:
1 T U T T T T T
0,75 -
& 05F . ]
o
0,25 ° -
’
’.
0‘027 j 1 1 1 1 1 1 1 \ ]
0 20 40 60 80 190 120 140 160 180 200
BepHbix H; | Hesephbix H; | Bcero
MpuHaTteix H; 150 24 174
OTeepruyTbix H; 0 26 26
Bcero 150 50 200

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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3aBucuMocTb MeXxay CTaTUCTUKaMn

@ He yunTbiBasi xapakTep 3aBUCMMOCTU MeXAy CTaTUCTUKaMW, Hesb3si
nocTpouTb KoHTpoaupytowyto FW E R npouenypy MOLiHee, YemM MeTog
Xonma.

9@ Ecan cTatuctukm HesaBuCUMBI, Heb3si NOCTPOUTL KOHTPOJIVPYHOLLLYHO
FW ER npoueaypy mouiHee, 4em metog LLngaka-Xonma.

@ Yem cunbHee cBsA3b Mexay CTaTUCTUKAaMU, TEM MEHbLUE HY>XHO
MOp,I/ILI,I/Id)I/IpOBaTb YPOBHU 3HAYNMOCTN.

[na noctpoeHns MoLHON NpoLesypbl MHOXKECTBEHHONR MPOBEPKY rMNOTE3
HeobXO[MMO y4eCTb CTPYKTYpy 3aBUCUMOCTY CTaTUCTUK.

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



FWER

[NapameTpunyeckne metogsbl

Ecnun coBmecTHOe HyneBoe pacnpegenerune ctatuctuk 11, ..., Ty, n3BecTHO,
KOHCTaHTbl a;; MOTYT BbITb Tak, 4To KoHTposb Hag F'W ER byaer TouHbIM
(FWER = ).

Mpumepni:

@ metog HSD Tbtoku gnisi nonapHbIX CpaBHEHU HOpMasibHO
pacnpegfenéHHbIx BbIBOPOK ApYr C ApYroMm;

9@ kpuTepuii JaHHeTa A5t CpaBHEHUS CPeAHUX M HOPMaJsibHO
pacnpefenéHHbIX BbIBOPOK CO CPpeAHUM KOHTPOJILHON BbIGOpKM.

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



FWER

NepecTaHoBOYHbLIE METOAbI

HesiBHO y4ecTb 3aBUCHMOCTU MeXAY CTaTUCTUKAMU MOXHO MpW NMOMOLLN
nepecTaHoBOYHbIX MeTogoB. [MoapobHee: Bretz, pasaen 5.1.

MeTtoabl obecnednsaet koHTponb Hag FW ER Ha ypoBHe o Npu yCloBUN
BbINOJIHEHUS cBoiicTBa subset pivotality:

Pl (=t} () H)=P| ({L=t"} () H | M €M
i€eM* i€eM* i€eM* 1€M

(HyneBoe pacnpepenetne obOro NOAMHOXECTBA CTaTUCTUK T HE 3aBUCUT OT
TOrO, BEPHbI WM HEBEPHbI COOTBETCTBYIOLLNE OCTABLUNMCS CTAaTUCTUKAM
rMnoTesbl).

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



FDR
o

MHoromepHble 0606LeHmns1 owmnbKkn nepeoro poaa

Oxunpaemasn Aons NOXHbIX OTKNOHeHMiA runoTes (false discovery rate):

FDR:E(%[R>O]>.

KoHTposib Hap oXKnAaemMoii fosieli NOXKHbIX OTKJOHEHU HA YPOBHE (v O3HAYaeT

FDR:IE(%[R>O]) <a VP

[Onsa noboli npoueaypbl MHOXeCTBeHHON nposepku runotes FDR < FWER.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



Bocxogsiuime metogbl MHOXXECTBEHHON MPOBEPKN FMMNOTES

CocTaB/M BapuauUVOHHbIA Psif, JOCTUTAeMbIX YPOBHEN 3HAYMMOCTN:

P <pe) < - < Pim)s

H1y, H3), ..., Hm) — cOOTBETCTBYIOWME FMNOTESbI.

Q Ecnn p) < aum, OTBEPrHYTh BCe Hynesble runotessl H 1y, H(g), ..., Hm)
N OCTaHOBUTLCA; NHaYe NPUHATL H(,,) 1 MPOAOIKUTD.

Q Ecmm p(m—1) < aum—1, OTBEPrHYTb BCE HyNEBbIE TMNOTE3bI
H1y, Hegy, ..., Hyn—1) W OCTaHOBUTLCA; MHa4ve NpuHaTe H(,,_1) 1
NPOLO/IKUTB.

Q ...

Kaxgbiii gocTuraemblii yposeHb 3Ha4MMOCTU P(;) CPaBHUBAETCA CO CBOUM
YPOBHEM 3HAYUMOCTU ;.

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MeTtopn BenpxamuHu-Xoxbepra

MeTog BenpxamunHu-Xoxbepra — Bocxogsiwas npoueaypa co CaeayrowmmMum
YPOBHSIMU 3HAYUMOCTHU:
o at
Al = — ooy O = —, ..., O, = Q.
m m
MeTog obecneymsaet koHTposib Hag F'DR Ha ypoBHe a Mpu yCNoBUW, HTO
ctatuctky T; HE3ABUCUMBI UN BbIMOJHSETCS CliedytoLlee CBONCTBO:

P(X € D|T; = x) HeybuiBaet no z Vi € Mo,

rae D — npousBosibHOe BO3pacTaloLLee MHOXXECTBO, TO €CTb, Takoe, Y4TO
msx €D uny>axcnepgyery € D.

(PRDS on T;,i € My (positive regression dependency on each one from
a subset)).

AJ'IbTepHaTIABHI:-IVI BNAO — nepexon K MOAI/ICbI/ILI,I/IpOBaHHbIM AOCTUraemMbiMm
YPOBHAM 3HA4YNMOCTU:
mp)

1

By = min (1,72, 5 )

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MeTtopn BenpxamuHu-Xoxbepra

0.05
0.045— 1
0.04— .
0.035— 71
No correction
0.03 Bonferroni ]
5 Holm
0.025{ — Sidak
Benjamini-Hochberg
0.02—
0.015—
0.01~
0.005—
o i i ; i ;
0 20 40 60 80 100 120 140

Psbenko Esrenuii 4. MHOXXeCTBEHHasi NpoOBepKa rMnoTes.



MogenbHbIli SKCNEPUMEHT

1 T T T T T T T
0,75 -
S o5k < 4
0,25 : -
L4
o
0'027 —j i i i i i i i i ]
0 20 40 60 80 190 120 140 160 180 200
BepHbix H; | Hesephbix H; | Bcero
MpuHaTteix H; 150 24 174
OTeepruyTtbix H; 0 26 26
Bcero 150 50 200

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



MogenbHbIli SKCNEPUMEHT

MoaudununposaHHble 4OCTUraEMbIE YPOBHN 3HAYUMOCTN, HUCXOAAWMIA METOA
Benaxamunun-Xoxbepra:
1 T T

&
:E 0,5 f -
'-
o
0,251 /" ,
!
0,051 : & ,
00 20 40 6‘0 8‘0 1‘30 1‘20 11‘10 1‘60 1;0 200
BepHbix H; | HesepHbix H; | Bcero
Mpunateix H; 148 4 152
OTeepruyTtbix H; 2 46 48
Bcero 150 50 200

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.



Metog Bengxamunu-lekytnenn

MeTog BengxamuHu-lekytnenn — Bocxoasiwas npoueaypa co Ciaefytowmumm

YPOBHAMUN 3HAYNMOCTN!
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Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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Psbenko Esrenuii 4. MHOXXeCTBEHHasi NpoOBepKa rMnoTes.
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Mpumepsr 3apay4
@000

MyTavun

KonTponb (100) | Bonbhbie (100) D
MyTtayns 1 n3 100 8 n3 100 0.0349
Pamunna nanraeTes 36 us 100 40 u3 100 | 0.6622
C rnacHoli

BoHdepporu, Xonm: p1 cpaBHuBaeTcs ¢ % = 0.025
1

LLngak: p; cpaBHuBaetcsi ¢ 1 — (1 — 0.05)2 ~ 0.02532

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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[e] lele)

Mogrpynnel

Lee et al., Clinical judgment and statistics. Lessons from a simulated
randomized trial in coronary artery disease, 1980: 1073 nauwnenTa

C nwemunyeckoli bonesHblo cepaua Bbinm UCKYCCTBEHHO pasfenieHbl Ha ABe
cnyYaiiHble Fpynnbl, AeYeHne B ABYX Fpynnax Npoxogusio OANHAKOBO.
WNccnepoBanack BbKNBAEMOCTb MaLMEHTOB.

BaxkHbIMU bakTOpamu, BAUSIIOLUMI Ha BbDKWBAEMOCTb, SIBASIOTCS YUCIO
nopaxéxHbix aptepuii (ogHa, ABe, TPU) 1 TUN COKPALLEHNA NIEBOTO XKeNy[oYKa
(HopmanbHbIA, abHOPManbHBbIA).

[nsi ofHOI N3 WeCTn NOArpynn no 3Tum ypoBHsM akTopa Bbuin obHapy»eHbl
3Ha4YNMble PasNNYNs MEXAY B BbDKUBAEMOCTM MALUEHTOB NEPBOrO U BTOPOro
TUMOB.

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.
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[e] lele)

Mogrpynnel
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Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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[e] lele)

Mogrpynnel

Ishitani, Lin, Caffeine consumption and the risk of breast cancer in a large
prospective cohort of women, 2008: aHanusnpoBanack cBs3b noTpebneHus
KodbenHa, Koe 1 Hasi U prcKa BOSHWKHOBEHMSI paka rpyau, BCEro OKoJO
50 noarpynn. MokasaHo, 4To:

@ ynoTpebnenne 4eTbipéx n bonee Yawek Koe B feHb CBS3aHO C
YBENIMYEHNEM PUCKA 3/10Ka4YeCTBEHHOrO paka rpyan (p = 0.08);

@ noTpebneHne KobenHa CBS3aHO C YBENNYEHNEM PUCKA BOSHUKHOBEHMS
3CTPOreH- N MPOrecTEPOH-HE3aBUCUMBIX OMyxosneli n onyxoseii bonblue
2cm (p=0.02 n p=10.02);

@ noTpebnerHne kocpe be3 KohenHa CBA3aHO CO CHMXKEHUEM PUCKa paka
FPYAV Y KEHLWMH B MOCTMEHOMay3e, npuHnmaiowmx ropmotsl (p = 0.02).

CMm. Takxe:
@ http://youtu.be/QysrgLXMPwA
9 http://xkcd.com/882/
9 http://wmbriggs.com/blog/7p=9308

Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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Mpumepsr 3apay4
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¥

Psibenko Esrennii MNC-4. MHoXecTBeHHasi NPOBEpKa runoTes.



Mpumepsr 3apay4
oooe

t-value

Psbenko Esrenuii MHo>xecTBeHHasi NpoBepka runoTes.



JlntepaTypa

@ nonpowe — Bretz;

nocnoxHee — Dickhaus;

nepecTaHoBoYHble MeToAbl (permutation methods) — Westfall, 2008,
u apyrve paboTbl 3TOro aBTopa;

positive orthant dependence — Holland, 1987;

subset pivotality — Westfall, 2008;

PRDS — Benjamini, 2001;

SPM — Nichols, 2003.

¢ ¢
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Psibenko Esrennii MC-4. MHo>XXecTBEHHasi NPOBEPKa rMNoTes.
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