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Bugbl 3agay

OgHoBbIGOPOYHBIE:

cpeaHee BbIOOPKM PaBHO 3afaHHOMY YMCNy

HByxBbibopoyHbie:
X, X352

cpefHue BLIGOPOK paBHbI

X1, X2 cBsizaHHble |

X1, X2 HezaBucumble |

—' amcnepcum BolIbOPOK paBHbI |
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BapuaHTbl aByxBEIOOPOYHBIX rMNoTE3

O nonoxeHuu:

Hy: med X1 :medXQ, Hi: med X7 <7é> medXQ;
Ho: EX, = IE)(Q7 H,: EX, <#> EXQ;

1 1
H():p(X1>X2):§, Hllp(X1>X2) <§£> 5;

Ho: Fx, (z) = Fx, (2), Hi: Fx, (z) <#> Fx, (z);
Hy: Fx, (z) = Fx, (z), Hi: Fx, (z) = Fx, (x + A),A <#>0.

O paccesiHuu:

Hy: DX, = ]D)X2, H,: DX, <7é> ]D).XQ;
Ho: DX, = ]D)XQ,HlGXm = medXQ, H,: DX, <7é> ]D)XQ;
Hy: Fx, (z) = Fx, (z + A), Hy: Fx, (z) = Fx, (cx+ A),0 <#> 1.
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Pepykunsa po 3nakos

@) OpHOBLIOOPOYHBIVE KPUTEPNIA 3HAKOB

BblbopKa:
HyneBas runotesa:
anbTepHaTuBa:

CTaTUCTUKaA:

Xn = (Xl,...,Xn),Xi #mo;
Hop: med X = myo;
Hi: med X <#> mo;

n

TL1:Z[XZ‘>’ITL0], H;:

=1

T(Xn): no zn:[Xi<m0], Hiy:

i=1

min (n1,n2), Hi:

T (X™) ~ Bin(n, 1) npn Ho.

med X; > mo,

med X; < mo,

med X; # mo;
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Pepykunsa po 3nakos

@) OpHOBLIOOPOYHBIVE KPUTEPNIA 3HAKOB

MNpumep (Kanji, kputepuii 45): npepnonaraercsi, 4To CTOMMOCTb MaTepuarna,
nosy4aemMoro npu nepepaboTke CTPOUTENBHON KOHCTPYKLMKN, COCTABSIET B
cpegHem 0.28 ponnapos. B3asata cnyyaiinas Beibopka n3 10 KoHCTpykumid, BCe
OHU nepepaboTaHbl; CTOMMOCTL B JOJIJIapax MOJIYHYEHHOTO U3 KaXk4oiA
KOHCTPYKLN MaTepuana CoCTaBuna:

{0.28,0.18,0.24, 0.30, 0.40, 0.36, 0.15, 0.42, 0.23, 0.48}.

[MpaBoMepHO M UCNonb30BaTh rMNOTE3Y O TOM, YTO OHAa B3ATa U3 NONyAALUN
C mMegunaHoli ctoumocTn nepepaboTtaHHoro maTtepuana 0.28 gonnapos?

Hy: mepuaHa ctoumocTu nepepaboTaHHOro mMatepuana coCTaBasieT
0.28 gonnapos.

Hi: mepuwaHa ctoumocTy nepepaboTaHHOro MaTepuana OTAMYAETCS OT
0.28 ponnapos = p = 0.5536, 95% nosepuTenbHbIA MHTEpBan ANSA
meguansl — [0.20,0.41] .
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Pepykunsa po 3nakos

[ ByxBLIOOPOYHbITi KPUTEPUIA 3HAKOB

Bolbopkn: X7 = (Xi1,..., X1n),
X3 =(Xo1,...,Xon), X1 # Xo,
BbIBOPKY CBA3aHHbIE;
Hynesas runotesa: Ho: p (X1 > X3) = 1;
anbtepHatuBa:  Hi: p (X1 > Xo) <#>

1
20
ny =Y, [Xu > X, Hi: >,

=1
cratuctuka: T (X', X3) = ng = Zn: (X1 < Xai], Hi: <,
min (nl,ng), Hi: #;

T (X7, X3) ~ Bin(n, %) npu Ho.
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Pepykunsa po 3nakos

@ [1ByxBbIOOPOYHBI KpUTEPUT 3HAKOB

MNpumep (Kanji, kputepuii 46): nokasaTenb kavecTea pabotsl 10 malumt
NPOU3BOACTBEHHOrO LMKNa bbl1 U3MepeH Ao 1 nocse mMogudrKaumum
npoussoacTea. Jns Tpéx mMaluH 3HaYeHUe NokasaTens ynasao, AJsi CeMu —
noebicuiock. B cpeagrem BausieT in mogmdmkaLms Ha 3HaYeHUe NokasaTens
KadecTtBa?

Hy: mopudrkauns B CpegHEM He BAWSIET Ha 3HAaYeHne NoKa3aTensl KadecTsa
paboTbl MawwuH.

Hi: mopudrkaums B CpegHEM BINSIET HA 3HAYEHMe NOKa3aTeNsi KadecTBa
pabotbl MawunH = p = 0.3438, 95% poBepuTenbHbI MHTEPBaAN AAS
BEPOSITHOCTU (4TO 3HaYeHMe nokasaTesns kadectsa cHusuiocs) — [0.07,0.65] .
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Pepykunsa po 3nakos
e0

3epkasia B KjeTKax MbILLEN

Mpumep (Shervin, 2004): 16 nabopaTopHbIX Mbileli BblIM MOMELLEHbI

B [BYXKOMHATHbIE KJETKUN, B OAHOM M3 KOMHAT Buceno sepkano. Mamepsanocs
LONS BPEMEHU, KOTOPOE KaXKAasi Mbllb MPOBOAUAA B KaXKAOW U3 CBOUX ABYX
KNETOK.

| W %
Drinker / Position of
Food mirror

Obujan nocTaHoBKa:
Hy: Mblliam BCE paBHO, BUCUT B KJIETKE 3€PKajo WAK HET.
Hi: y Mblweli eCTb Kakne-TO NpeanoYTeHnst Hac4éT 3epkana.
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Pepykunsa po 3nakos
e0

3epkasia B KjeTKax MbILLEN

Hy: mepuaHa ponu BpemMeHuW, MPOBOAMMOTO B KJIETKE C 3€pPKaJIOM, PaBHA %

Hi: MeanaHa AOAN BPEMEHN, NPOBOAMMOIO B KJIETKE C 3€PKaJIOM, HE paBHa %

PepyunpoBaHnHble gaHHble: 0 — Mbiwb npoBesna bosiblie BpemeHn B KOMHaTe
c 3epkasioMm, 1 — B KoMHaTe 6e3 3epkana.
Cratuctuka: T'— 4ucno egunuy B BoIGOpKe.

13 n3 16 mbiweii nposenn bonblie BpeMeHn B KOMHaTe b6e3 3epkana.

Kputepuii 3Hakos: p = 0.0213, 95% foeepuTenbHblii HTepBan Ans
BEPOSITHOCTU (4TO MblILlb NPoBeAET bonblue BpemMeHn B KOMHaTe be3
3epkana) — [0.54, 0.96] .
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Pepykunsa po 3nakos
e0

3epkasia B KjeTKax MbILLEN

Number of mice
i
[

40 50 60 70
Proportion of time in cage containing mirror (%)

CpegHss fons BpemeHun, NpoBOAMMOro B KJeTKe ¢ 3epkasom — 47.6 = 4.7%.
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Pepykunsa po 3nakos
oe

[MprymnHbI NCNOMb30BaTL KPUTEPUIA 3HAKOB

@ TouHble pa3HocTu AT; HEN3BECTHbI, M3BECTHLI TOJILKO WX 3HAKM
(cpaBHeHMe arpeccMBHOCTM KOMapoB).

@ PasHoctn Ax; npu Hi MoryT 6biTb HEBOBWIMMY MO MOZYJIIO, HO UMETL
CUCTEMATNYECKNA XapaKTep Mo 3HaKy (MpUMep C Mbiwamu).

@ Pasnoctn Az; npu Ho MoryT 6biTb GonbwiyMy No MOgynto, HO
cnyyaiiHbIMU HO 3HaKy (BAWSIHUE MEAU HA YNCIIO JINHUHOK KOMapoB).
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Peaykuusa po paxros

BapuravuunoHHblii psig, paHru, cBs3ku

Xi,...,Xn = X(1)§<X(k1)::X(k2)<§X(n)

cBa3ka pasmepa ko —ki+1

Paur Habnropenns X;:
rank (X;) =E {r|X; = X,y }

T.e. ecan X; He B CBA3Ke, TO paHr — HoMmep X; B BapuaLMOHHOM psgy,
ecnu X; B ceaske X(k,),-- -, X(ky), TO rank (X;) = w
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Peaykuusa po paxros
[ Je]

) OfHOBLIOOPOYHBIVI KPUTEPUIA 3HAKOBLIX PaHrOB YUIKOKCOHA

Bolbopka: X" = (X4,...,X,),X: # mo;
Hynesas runotesa: Hp: med X = mo;
anbTepHaTuea:  Hi: med X <#> myo;
cratuctuka: W (X™) = 3 rank (| X; — mo|) - sign (X; —mo) ;
=1
W (X™) umeet Tabnuyroe pacnpegenerue npu Ho.
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Peaykuusa po paxros
[ Je]

) OfHOBLIOOPOYHBIVI KPUTEPUIA 3HAKOBLIX PaHrOB YUIKOKCOHA

OTkyga bepétcsa Tabnuynoe pacnpegenexmne?
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Peaykuusa po paxros
[ Je]

) OfHOBLIOOPOYHBIVI KPUTEPUIA 3HAKOBLIX PaHrOB YUIKOKCOHA

Annpokcumauns gna n > 20:

WNN(QW),

6

ObpaboTka CBA30K: 3aBUCUT OT peann3auuu.
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Peaykuusa po paxros
[ Je]

) OfHOBLIOOPOYHBIVI KPUTEPUIA 3HAKOBLIX PaHrOB YUIKOKCOHA

Npumep (Kanji, kputepuii 47): 3HaveHNe [ENO3NTHONR CTaBKU U3MepPSIETCs Ha
Bbibopke 13 10 NHBECTOPOB NOC/e pekNaMHOl KaMnaHuu; CpefHee 3HaveHue
CTaBKMN A0 Havana kamnaHum — 0.28. 3HayeHuss feno3nTHOl CTaBKy nocse
KamnaHumu:

{0.28,0.18,0.24, 0.30, 0.40, 0.36, 0.15, 0.42, 0.23, 0.48}.

N3menunnocs nn cpeaHee 3Ha4eHune p,el'lOSI/ITHOVI cTaBku?

Hy: cpeaHee 3Ha4eHue OENO3UTHON CTaBKM NOCAe KaMMaHUW OCTanoch
NPeXXHUM.

Hy: cpeaHee 3HaYeHVe OENO3MTHON CTaBKU NOCAe KaMMaHUN W3MEHWUIOCh
= p = 0.5536, 95% poBeputensHbiii nHTepBan ans meguansl — [0.20, 0.41].
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Peaykuusa po paxros
oe

3epkasia B KjeTKax MbILLEN

H()Z MeanaHa 0oNNn BPEMEHN, NPOBOANMOrO B KJETKE C 3€PKAJZIOM, paBHa %

Hli MeanaHa 40NN BPEMEHWN, NPOBOAMMOIO B KJIETKE C 3€PKaJIOM, HE paBHa %

KpuTtepnii 3HakoBbix paHros: p = 0.0703.
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Peaykuusa po paxros
{ Jelele]

) KpuTepuii 3HaKOBbIX paHroB YWIKOKCOHA AJisi CBSI3aHHbIX BbIOOPOK

Bbibopkn: X7 = (X11,...,X1n),
X3 = (Xo1,...,Xon), X1i # Xog,
BbIGOPKU CBA3aHHbLIE;
Hynesasi runotesa: Hp: med (X1 — X2) = 0;
anbTepHatuea:  Hi: med (X; — X2) <#> 0;

cratuctuka: W (X7, X3) = > rank (| X1 — Xoi|) - sign (X1 — X24) ;
i=1

W (X7, X3') nmeeT Tabnn4yHoe pacnpegenenue npu Ho.
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Peaykuusa po paxros
{ Jelele]

) KpuTepuii 3HaKOBbIX paHroB YWIKOKCOHA AJisi CBSI3aHHbIX BbIOOPOK

Mpumep: ynpaeisiemblii BpyHHYO CTaHOK Ha Ka)kAOM Luare npouecca
NpousBoAUT napy npy>uH. Jns 14 nap nsmepeHa npo4HOCTb:

X1:{1.38,0.39,1.42,0.54, 5.94, 0.59, 2.67, 2.44, 0.56, 0.69, 0.71, 0.95, 0.50, 9.69},
Xo: {1.42,0.39,1.46,0.55, 6.15, 0.61, 2.69, 2.68,0.53,0.72, 0.72,0.93, 0.53, 10.37}.

OpanHakoBa A1 NPOYHOCTL NPYXUH B nape?
Ho: cpefHune 3HayeHne NPOYHOCTY NPY>XXUH B Nape paBHbI.

Hi: cpepHue 3Ha4YeHMe NPOYHOCTU NMPYXKUH B nape He paBHbl = p = 0.01426
05% posepuTenbHbIll MHTEPBan Ans meguanHol pasHoctu — [—0.14, —0.005] .
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Peaykuusa po paxros
000

& Kputepuii MaHHa-YutHu-YunkokcoHa

Bbibopku: X7 = (X11,...,X1n,),
X5? = (Xo1,. .., Xon,),
BbIGOPKU He3aBUCUMBIE;
Hynesasi runotesa: Ho: p (X1 > Xo) = %;
anbTepratTusa:  Hi:p (X1 > Xo) <#> 1,
cratuctuka:  X(1) < ... < X(n, 4ny) — BAPUALNOHHBIG PAA
obbeguHéntol Boibopkn X = X't J X352,

ny
Ri (X7, X3?) = 3 rank (X1:)
i=1

R1 (X7, X3?) umeeT TabnnyHoe pacnpepenerue npu Ho.
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Peaykuusa po paxros
000

& Kputepuii MaHHa-YutHu-YunkokcoHa

OTkyga bepétcsa Tabnuynoe pacnpegenexmne?

Mepsas BbIGOpKa BTopas Bbibopka Ry
{1,2,3} {4,5,6,7} 6
{1,2,4} {3,5,6,7} 8
{1,2,5} {3,4,6,7} 8
{1,2,6} {3,4,5,7} 9
{1,2,7} {3,4,5,6} 10
{1,3,4} {2,5,6,7} 8
{1,3,5} {2,4,6,7} 9
{1,3,6} {2,4,57} 10
{1,3,7} {2,4,5,6} 11
{1,4,5} {2,3,6,7} 6
{3,4,5} {1,2,6,7} 12
{3,4,6} {1,2,57} 13
{3.4,7} {1,2,5,6} 14
{3,5,6} {1,2,4,7} 14
{3,5,7} {1,2,4,6} 15
{3,6,7} {1,2,4,5} 16
{4,5,6} {1,2,3,7} 15
{4,5,7} {1,2,3,6} 16
{4,6,7} {1,2,3,5} 17
{5,6,7} {1,2,3,4} 18
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Peaykuusa po paxros
000

& Kputepuii MaHHa-YutHu-YunkokcoHa

Annpokcumauus gna ni, ne > 10:

Ry~ N (nl(nl —|—2n2 + 1)’ n1n2(’n11-|2-’n2 + 1)) '

ObpaboTka CBA30K: 3aBUCUT OT peanunsaLuu.

p(Xl >X2):% = med(Xl—Xz):O 75 med X1 = med Xs.
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Peaykuusa po paxros
000

& Kputepuii MaHHa-YutHu-YunkokcoHa

MNpumep (Kanji, kputepuii 52): coTpyfHNK Hanorosoli Ciyxbbl XO4ET CPaBHUTL
cpefiHue 3HaYeHus1 B ABYX BbIbOpKax 3asiBAEHHbIX TPaT Ha KOMMEHCALMIo
KOMaHAMPOBOYHBIX PACXOAOB B OLHON U TON >KE KOMMAaHUMN B ABYX Pa3HbIX
nepuogax (pacxoabl CKOPPEKTUPOBaHbI Ha UHMASALNIO).

X1: {50.5,37.5,49.8, 56.0, 42.0, 56.0, 50.0, 54.0, 48.0},
Xo: {57.0,52.0,51.0,44.2,55.0, 62.0, 59.0, 45.2, 53.5, 44.4}.

PaBHbl nn cpegHne pacxogbl?
Ho: cpepHune pacxogbl paBHbl.

Hi: cpegHune pacxogbl He pasHbl = p = 0.3072, 95% posepuTenbHbiii
vHTepBan Ansi casura — [—9,4].
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Peaykuusa po paxros
00e0

Kodpenn u pecnmpatopHblii obmeH

RER (pecnupaTopHbiii 06MeH)— cooTHoweHne Hucaa monekyn COz n Oz

B BbIJbIXaEMOM BO3Jyxe. SIBNSETCS KOCBEHHBIM MPU3HAKOM TOrO, U3 >XXUPOB
WK YrI€BOAOB BblpabaTbIBAETCA SHEPrUsi B MOMEHT U3MEPEHNS.

MN3yyanoch BansiHne kodbemHa Ha MbllwedHblii MeTabonnsm. B akcnepumenTe
NPUHUMaNo y4actue 18 ncnbiTyembix, pecnupaTopHblli 0BMeH KOTOpbIX
U3mepsinics B npouecce pU3MHeckux ynpaxHeHuii. 3a yac 4o 3toro 9 n3 Hux
nony4nnn Tabnetky kodemnHa, ocraswmecs 9 — nnauebo.

Moenusan nn kodenH Ha 3HaYeHWe NokasaTens pecnupaTopHoro obmexa?

4 :
.:(;’e”e;z'hen you're deatll' .

Psibenko Esrennii NMCAA-3. Henapamerpuyeckas npoBepka runores.



Peaykuusa po paxros
00e0

Kodpenn u pecnmpatopHblii obmeH

T
Placebo
® Caffeine

3HayeHne nokasaTesnsi pecnmpaTopHoro obMeHa B AByXx rpynnax.

Hy: cpenHee 3HaYeHMe NOKa3saTessi PECMMPATOPHOro obMeHa He OTMHaeTCs
B ABYX rpynnax.

Hi: cpenHee 3Ha4YeHMe NoKa3saTessi PECNUPATOPHOro obMeHa oTinyaeTcs

B ABYX rpynnax.

Psibenko Esrennii NMCAA-3. Henapamerpuyeckas npoBepka runores.



Peaykuusa po paxros
00e0

Kodpenn u pecnmpatopHblii obmeH

Paur | Habaogenne | Homep Habniogenus | Habniogenne | Panr

16.5 105 1 96 9
18 119 2 99 13
14 100 3 94 5.5
11 97 4 89 3
9 96 5 96 9
15 101 6 93 4
5.5 94 7 88 15
7 95 8 105 16.5
12 98 9 88 1.5

Cratuctnka Ri —cymma paHros B OAHOI U3 rpynn.

p = 0.0521, 95% poeepuTenbHbiii HTepBan gas casura — [—0.00005, 1.2].
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Peaykuusa po paxros
{eJele] ]

) Kputepuii 3urens-Tbroku

BbIGOPKY: X%1 = (X115, X1n1 ),
2= (Xo1,..., Xon,),
BbI60pKVI HE3aBNCMMBbIE;
med X1 = med Xo;
Hynesasi runoTtesa: Hp: DX; = DXo;
anbTepHaTuea:  Hi: DX; <#> DXo;
cratuctuka:  X(1) < ... < X() — BapuaumoHHblii pag

0bbeHEHHOI Bb|60pK|/| XN =X UX3?, N =n1 +ns,

Ry (X71,X3?) = Zrank(Xll);

R1 (X7, X3?) umeer Tabandnoe pacnpeaenervne npu Ho.

PaHr|/| npucBanBaroTca HeO6b|‘-|HbIM O6p330M:
X (i) Xa) € X < Xy <o £ Xvoo) £ X(vo1) £ X

rank (X(;y) 1 4 5 6 3 2

Psibenko Esrennii NMCAA-3. Henapamerpuyeckas npoBepka runores.



Peaykuusa po paxros
{eJele] ]

) Kputepuii 3urens-Tbroku

MNpumep (Kanji, kputepuii 53): MeHeKep NO KEATEPUHTY XOHET NMPOBEPUTH,
OfMHAKOBA JIN JMCNEPCUsl KOMMYECTBa COyca B yNakKoBKe npu pacdacoeke

C NoMoLLbIo ABYX AucneHcepoB. KaXkabiM U3 AUCNEHCEPOB OH HaMOHWA

10 ynakoBok.

X1:{2.4,6.1,7.3,8.5,8.8,9.4,9.8,10.1,10.1, 12.6},
Xy: {2.9,3.3,3.6,4.2,4.9,7.3,11.7,13.1, 15.3,16.5}.

Mpeanonaraercsi, 4to oba AucneHcepa XopoLwoO OTKaNMOPOBaHbI, TO €CTb, AAOT
OfMHAKOBOe CpefHee KOJIMYECTBO COyCa B YMakKoBKe.

Hy: pucnepcms KonmyecTBa coyca B YNakoBKE HE OTJINHAETCS NS ABYX
JONCNeHCePOB.

Hi: pwcnepcusa konmn4ecTBa Coyca B YNakKOBKE AS ABYX AUCMNEHCEPOB
otinyaercs = p = 0.0288, 95% poBepuTenbHbI MHTEPBAN AJ1S OTHOLIEHNS
aucnepcuii — [—11, —1.00003].
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MepecTaHoBo4HbIE KpUTEPUYN

[NepecTaHoBO4YHbIE KpUTEPUU

. ~ - n
WNpes: naiiTn Takyto rpynny nepectanosok G ncxogHoii Beibopkn X ™, 4o
pacnpegeneHne X" npu cnpaBeasMBOCTY HYAEBOW rMNOTE3bI HE OTAMYAETCS
oT pacnpegenerus ¢X", g € G.

Hanpumep, ecnvn B ogHOBLIOOPOYHOI 3afaye pacnpefeneHne CUMMETPUYHO
n cnpaeegnusa runotesa Ho: EX = 0, To ¢ Toil xe BeposiTHOCTbIO, 4To 1 X
MOrJla peasnm30BaTbCsl BbIOOPKa

gX"=X"(s1,...,8n),8 € {—1,1}.

Ecnun Hynesasi runoTesa 3akniovaeTcs B TOM, 4TO BbIGOPKM B nape
(X7, X3?) = (X4,...,XN) oguHakoBO pacnpegeneHbl, TO C TOl e
BEPOSITHOCTBIO MOTNIa Peann3oBaThCst napa

g(X’qu?X;lz) = (Xﬂ'llv' . '3X7\'1n17X7\'21?' .. 7X7l'2n2) = (gXirL17gX;LQ)7

rAe mii,...,Tin, — covetanue n3 N = ny + na M0 N1, M21,. .., T2p, — €O
JononHeHne fo MHoxecTea {1,..., N}.
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MepecTaHoBo4HbIE KpUTEPUYN
00

@ OpHOBLIOOPOYHBIV NMEPECTAHOBOYHBIVE KPUTEPWIA, FUMNOTE3A O CPEAHEM

Bolbopka: X7 = (X1,...,Xn), FEX-X)=1-F(EX +X);
Hynesas runotesa: Hp: EX =0;
anstepHatuBa:  Hi: EX <#> 0;

cratuctuka: T (X") = > X,.
i=1

Pacnpegenenne T (X™) npn Ho nopoxpaaeTcsi rpynnoii nepecTaHoBOK
G={9g=(s1,...,8n)},s0 € {—1,1},
|G| =2™.

[ns npoeepku runotessl Hy: EX = po rpynna cTpouTcs no aHanoruu.

,D,OCTI/I raembilii YPOBEHb 3HAYUMOCTU:

5 [Hge™<>t(@™)]

_ 'QEGQ—"7 Hl: EX <> 07

P) =9 S ezl
geG

Hy:EX #0.

on )
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MepecTaHoBoUHLIE KPUTEPUM
oe

3epkasia B KjeTKax MbILLEN

Hp: B KNeTke € 3epkasioM MbILIN NPOBOAST B CPELHEM MOSIOBUHY BPEMEHMU.
Hy: B KneTke c 3epkajioM MbILWMN NMPOBOAAT B CPEAHEM HE MOJIOBUHY BPEMEHU.

Cratuctuka: T'= > (X; — 0.5); t = —0.3784.

=1

0.025

p = T2t
p = 0.2292.
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MepecTaHoBoUHLIE KPUTEPUM
@0000

©) [1ByxBbIOOPOUHBIV NEPECTaHOBOYHLIVE KPUTEPUIA, FUMNOTE3A O CPEAHMUX,
CBsI3aHHbIE BbIOOPKM

Bolbopkn: X7 = (Xi1,..., X1n),
X3 =(Xo1,...,Xon),
BbIGOPKY CBSI3aHHBbIE;
Hynesasi runotesa:  Ho: Fx, (z) = Fx,(z);
anbTepHaTuBa: Hi: Fx, (z) <#> Fx,(x);
cratuctuka: D" = (X1; — Xo2i),

T(XT,X3)=T(D")=>_ Ds.
i=1

Pacnpegenerune T (D™) npu Ho nopoxgaercsi rpynnoii nepectaHoBoK

G={9g=(s1,...,8n)},8 € {—1,1},
|G| =2

JocTuraemsbiii ypoBeHb 3Ha4UMMOCTH:

> [t(gd™)<>t(d™)]
e]

p) = o Hi Pa(@) <> Pra(),
gc;“t(gd )=>1t(d™)]]
e Hii Fx (@) # Pr(a).
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MepecTaHoBoUHLIE KPUTEPUM
0e000

@) J1ByxBLIOOPOYHLIN MEPECTAHOBOYHLI KPUTEPWIA, FUMNOTE3A O CPEAHMX,

HE3aBUCMMBbIE BbIDOPKU

BLIGOPKN: le =(X11,--, X1n,),
X5? = (Xo1,..., Xon,),
BbIBOPKM HE3aBUCUMBbIE;
Hynesas runotesa: Ho: Fx, (z) = Fx,(x);
anetepHatusa:  Hi: Fx, (z) = Fx,(x + A), A <#> 0;

n1 n2
. n1 yn2) _ 1 o1 )
cratuctuka: T (X7, X5?) = L '21 X1i = s '21 Xoi.
1= 1=

Pacnpegenenne T (X', XJ?) npn Hy nopoxpaaeTcs rpynnoii nepectaHosok G :

g (X[, X52) = (Xmprsoe o Xy s Xy Xy ) = (9X7,9X52)

rAe Ti1,...,Tln, — coveTanne us N =nj + no 0o ni, m21,...,T2n, — €70
fpononHexnne ao mHoxectsa {1,...,N}.

G| = Cpt = Cpe.

JocTuraemslii ypoBeHb 3Ha4YMMOCTU:

> [t(gey ! gey2) <>t(2y ! 25)]
geG

rola} , Hi: A<>0,
PO=9 5 oy o)z l(ar a2)]
g o , Hi: A#0.
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MepecTaHoBo4HbIE KpUTEPUYN
[e]e] lele}

Kodpenn u pecnmpatopHblii obmeH

Hy: cpepHee 3HaueHne nokasaTesisi peCnMpaToOpHOro obmeHa He oTiMHaeTcs
B ABYX rpynnax.

Hi: cpenHee 3HaYeHMe NOKa3aTessi PECNMPATOPHOro obMeHa oTinyaeTcs

B ABYX rpynnax.

n1 no
Cramuctuka: T = ;= 3 X1 — 7= > Xai; t=6.33.
=1 =1

0025,

2

oM

_ #[r-T|2]¢-T]]
- ny .

ni+ng

p = 0.0578, 95% poseputenbHblii MHTepBan aas casura — [—0.2,13].
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MepecTaHoBoUHLIE KPUTEPUM
000e0

1) J1ByxBLIOGOPOYHLIN MEPECTAaHOBOYHLIA KPUTEPWIA, FUMNOTE3A O
AMCnepcusx, craTuctmka Ann

BbIGOPKM: X! =(X11,...,X1n),

X3 = (Xa1,...,Xon),

BLIBOPKM He3aBUCUMBIE;
HyfneBasi runortesa: Hp: DX; =DXo;

anbTepHaTuBa: Hi: DX <#> DXo;
n—1
cTatuctuka: & (fol) = > i(n —14)D1,

i=1

D1 = Xi¢it1) — X1(i)-

Pacnpegenexuve § (Df_l) npn Hy nopoxxgaetcsi rpynnoii G nonapHbix nepectaHosok Di;

n Dzri:

n—1 pn—1Y) _ _ n—1 n—1
g(Prtppt) = (Dm,...,D,f,n,lm_l),Dﬂfll,...,D,fn_l(n,n) = (9077903 71),
raeVi=1,...,n—1anbo m; = 1,7, = 2, nubo m; :2,7\'; =1.

|G| — 2n71.

JocTuraemslii ypoBeHb 3Ha4MMOCTH:
£ [s(or ™) 25(ap )]

p1 =25 ST . Hi:DX; > DXz,
p() = £ [s(aaf ) <o(ap )]

py =2 =T , Hp:DX; <DXo,

2»min(p1,p2), HlilD)Xl #DXQ.
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MepecTaHoBo4HbIE KpUTEPUYN
[e]ele]e] }

OcobeHHOCTU MEpPEeCTaHOBOYHLIX KPUTEPUER

@ CraTucTuky KpuUTEpUsi MOXXHO BbIbpaTh pa3sHbiMu cnocobamu.
B HekoTopbIx ciy4asix pasHble CTaTUCTUKN NPUBEAYT K OLHOMY 1 TOMY >Ke
[OCTNFAaeMOMY YPOBHIO 3HAYMMOCTU:

X", Ho:EX =0, Hi: EX #0,

n
T(X")=> Xi ~ Th(X")=X.
=1
B apyrux cnyvasix gocturaembili ypoBeHb 3Ha4MMOCTM ByaeT 3aBuceTb oT
BbIbOpa CTAaTUCTUKM:

T (XM =X T3(X"):W.

@ Ecnn |G| cnnwkom Benuko, ans oueHku Hynesoro pacnpegenenust T
[OCTaTO4HO B3ATb CiydaiiHoe nogmHoxectso G € G.
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CpasHeHune pacnpeaenexnii

Paznununs MeXay MOMEHTaMWN BbICOKOIo nopsnka

X1 ~xi, Xo~ N (4,V8);
EX, = EX2, DX; = DXa.
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CpasHeHune pacnpeaenexnii
o

[ByxBbIbOPOYHBIE KPUTEPUU COracust

Bblbopkn: X7 = (Xi1,..., Xin, ),
X3?2 = (Xo1,. oy Xony),
BbIDOPKW HE3aBUCUMBbIE;
Hynesasi runotesa: Hy: Fx, (z) = Fx, (z) Va;
anbTepHatuBa: Hip: Hy HeBepHa.

Kputepuii CmupHoBa:
cratuctuka: D (X{', X3?) =  sup |Fn, x, () — Fayx, (7).

—oco<z<oo

KpuTepuii Angepcona (mogudpukaums kputepusi Cmnprosa-Kpamepa-
coH Muszeca):

ni

ny Y (rank (Xi;) — 1)2 +

i=1

. ni n2y _ 1
CTaTUCTUKaA: T(Xl ,X2 )—m

el N\ )2 _ 4Anino—1
+nz - (rank (Xz;) — j) e

6(n1+n2)”
Jj=1

Cratuctukn umetot TabnuyHbie pacnpegenedus npu Ho.
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CpasHeHune pacnpeaenexnii
L]

®yHKyMA caBura

BMeCTO PaBHOMEPHOro casura
Fx, (l‘) = Fx, ($+A)
MO>XXHO NpeanonoXnTb, 4TO CABUI 3aBUCUT OT X:

Fx, (z) = Fx, (z + A(z)).

Takasi Mogenib NO3BOASIET OLEHNTL IPPEKT OTAENBHO AN PA3HbLIX rpymnn
nonynsuun. Mprumepsbi:

9 ynobpeHue yBeNYMBAET KPYMHble SK3EMMASIPbl PACTEHUS U HE BAUSIET Ha
POCT MEeNKuX;

@ ramma-obnydeHue cemMsiH yBenu4mBaeT BapuabensHOCTb
Ce/IbCKOXO35ACTBEHHbIX PACTEHWIA.

Psibenko Esrennii NMCAA-3. Henapamerpuyeckas npoBepka runores.



CpasHeHune pacnpeaenexnii
L]

®yHKyMA caBura

Ha ocHose nHBepTuposaHHoro pacnpegenerusi kputepust CMUpHOBa MOXHO
NMOCTPOUTL JOBEPUTENBLHYIO JIEHTY.

Peanusauus B R:

install.packages("akima")

install.packages ("WRS repos="http://R-Forge.R-project.org")
library ("WRS")

sband (x1,x2)

vV V V VvV
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CpasHeHune pacnpeaenexnii
L]

®yHKyMA caBura

MNpumep (Doksum, 1976): u3 gsyx rpynn nabopaTopHbIX Mbillel OfHa KUBET
B 0bbIYHbIX YCNOBUSIX, @ BTOpasi — B cpeae, oborawéHHoli o3oHoM. M3secTeH
NPUPOCT Beca A5l Kaxaol ocobm 3a pUKCUPOBaHHbLIA KOHTPOJIbHBIA Nepuos.
Ectb nu pasnnuns mexgy rpynnamn?
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CpasHeHune pacnpeaenexnii
L]

®yHKyMA caBura
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Psiberko Esrennii

Henapametpuueckas nposepka runore:




CpasHeHune pacnpeaenexnii
L]

®yHKyMA caBura

Kpuntepuii Vanwa: p = 0.005, kputepuit Manua-Yutuun: p = 0.001.

PyHkUMA casura:
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Control group weight gain, g
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JlntepaTypa

@ kpuTepumn 3HakoB (sign tests) — Kanji, NeNe 45, 46;
@ KpUTEpUM 3HaKoBbIX paHros (signed-rank tests) — Kanji, NeNe 47, 48;

@ kputepuii MaHHa-YutHu-Yunkokcona (Mann-Whitney-Wilcoxon test) —
Kobzaps, 4.2.1.1.2.2;

@ nepectaHoBouHble kpuTepumn (permutation tests) — Good, 3.2.1, 3.6.4,
3.7.2 (c owwmbkoii, ncnpasnero 8 Ramsey);

9 AByxBblbopouHble kpuTepuu cornacus (two-sample goodness-of-fit
tests) — Kobzaps, 3.1.2.8;

@ dyHkyus casura (shift function) — Wilcox, 5.1.

Kob3ape A.W. lNpuknagHas matematndeckas cratuctuka. — M.: @usmatanT, 2006.
Kanji G.K. 100 statistical tests. — London: SAGE Publications, 2006.

Good P. Permutation, Parametric and Bootstrap Tests of Hypotheses: A Practical
Guide to Resampling Methods for Testing Hypotheses. — New York: Springer, 2005.
Ramsey P.H., Ramsey P.P. (2008). Brief investigation of tests of variability in the
two-sample case. Journal of Statistical Computation and Simulation, 78(12),
1125-1131.

Wilcox R.R. Introduction to Robust Estimation and Hypothesis Testing. — Academic

Press, 2012.
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JlntepaTypa

Doksum K.A., Sievers G.L. (1976). Plotting with confidence: Graphical comparisons of
two populations. Biometrika, 63(3), 421-434.

Shervin C.M. (2004) Mirrors as potential environmental enrichment for individually
housed laboratory mice. Applied Animal Behaviour Science, 87(1-2), 95-103.
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