MC-17 TeopeTuuecku matepuan
Kputepuun ogHopogHoCTH, cornacusa

Kputepuem cornacma HasbiBaeTcA CTaTUCTUYECKUI KpMTele‘a O npegnonaraeMmom 3aKOHe
pacnpegeneHnA.

Crnenyer noHuUMaTh, 4TO MPOBEPSIETCS HE TO, YTO ClydyaiHas BEIUYMHA OeucmeumenbHo UMEeT
ONpECICHHBbIM 3aKOH paclpeleieHusl (HanmpuMep, HOpPMalbHbIN), a IpPOBEPAETCS JIMIIb,
JIOCTAaTOYHO JM XOpOLIO HaOJrofaeMble JIaHHBIE COrNACYIOTCA C HEKOTOPBIM 3aKOHOM
pacripeniesieHusi, 4ToObl MOXHO OBLIO HCHOJB30BaTh 3TOT 3aKOH JJIsI HPOTHO3UPOBAHMS
MIOBEJCHUS JaHHOM CIIy4aiiHOW BEJIMYMHBI.

['unore3a Has3bpIBae€TCs MNPOCTOM, €CIM IIPOBEPSIETCS COOTBETCTBUE HEKOTOPOMY 3aKOHY
pacnpezeneHus ¢ 3aJaHHBIMU IapaMeTpaMu.

['mmore3a Ha3bBIBACTCS CNOMHOM, €CIHM MPOBEPSAETCS COOTBETCTBHE HEKOTOPOMY 3aKOHY
pacrpeziesieHus ¢ TIPOU3BOJIbHBIME Mapamerpamu. (B aToM ciyuae mapaMeTpbl OLIGHUBAKOTCS O

BBIOOpKE.)

l. MpocTaa runoresa.

Kputepwuii cornacua NMupcoHa

Mpon3BoauTCcA cepuA MOBTOPHbIX HE3aBUCMMbIX WMCMbITAHUM, M — YUCAO WCMbITAHUN, W; —
3N1EeMEHTaPHbIN UCXO4, UCMIbITAaHUA C Homepom t = 1, ..., n.

MOCKO/IbKY MCNbITAaHUA NOBTOPHbIE, B KayecTBe WUX OOLLel BEPOATHOCTHOM MOAENU
NPUHMMAETCA OAHO U TO e BepoATHOCTHoe npoctpaHcTtBo (L, F,P) , o4yeBMAHO, YTO BCe
3NeMeHTapHble ncxoabl w; € .

Mpegnonoxum, 4to Ay, ..., A; € F—nonapHoO HecoBMeCTHble cobbITUA, TakMe uTo Aq+...+A; € ().
B Kauectse Hy npMmem rmnoTesy, COCTOSALLYIO B TOM, YTO BEPOATHOCTU cobbitnii 4; (i = 1, ...,1)
3a/1aHbl Tabanuen

CobbiTne Aq A

BepoaTHoCTb P 1)

nyCTb n; —aMmnupuyeckasa 4actoTta cobbiTuA Ai, T.€. YUCNO MCﬂbITaHMVI, B KOTOPbIX Ai HaCcTynuno.

CobbiTne Aq A

YacTtoTa nq .ee n;

Ecnn ocHOBHas runoTesa BepHa, COrIacHO CTaTUCTUUYECKOMY ONPEAEIEHUNIO BEPOATHOCTU
Di = p;i, TAe P; = n;/n — OTHOCUTENIbHAA YacToTa CobbITUA A;.

B kauecTBe mepbl ogHOBpemeHHoM 6aunsocTtu [ nap uncen (P;, p;) MOKHO NPUHATL NtO6YIO
cymmy Buaa ¢, (P; — p1)? + - + ¢;(B; — p)?, B KOTOPOIA ¢; > 0 — KaKkMe-NMBO NONOKUTENbHbIE
ymcna. K.MUpcoH obHapyxun, 4to ecnn npuaatb HGonblunme Beca ManoBePOATHbIM COBbITUAM,

NONOXUB C; = n/pl-, TO NpU HeOrpaHNYEeHHOM yBeIMYHEHUN N pacnpeaeneHne CTaTUCTUKn
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nepectaeT 3aBUCETb OT KOHKPETHbIX 3HAYEHUIA BEPOATHOCTEN P; U CTPEMUTCA K pacnpeseneHuio
xu-KkBagpart c | — 1 cteneHsamu ceoboapl.

Mpu BepHon H,, cnyuaiiHble BenuuuHbl n;~Bin(n,p;)), Bcneactene uero np; = E(n;)
Ha3blBaeTCA OXKUAaeMoii (TeopeTuyeckom) YacroToii cobbitna A; .
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obmnacts NPHHATHA

THIIOTE3bI KpuTunueckas obnacte y2 > y2(1 —1).

3ameuaHue. Ha npakTuKe AaHHbIA KpuTepuit MUpcoHa NpumeHseTca, ecim obbem BblIGOPKM
n> 501 Bce oxugaemble 4actoTbl np; > 5. HecobnogeHve [aHHbIX YCN0BUI OBbIYHO
MPUBOAMT K 3HAYMTENIbHOMY OTK/NIOHEHMIO aKTMYECKOro YpoBHA 3Hauumoctn Py (x> xa(l —
1)) ot Tpebyemoro ypoBHsa «.

. CnojXHaa runoresa.

Ec/v 3HaYeHna napameTpoB runoTetTnyeckon GpyHkummn pacnpesaenenmnn Fy(x) HeM3BecTHbI,
TO MMEEM CJI0KHYIO THITOTE3Y.
OcHoBHas runotesa H 3aKk/104aeTcsa B TOM, YTO GYHKLMA pacnpeseseHns MMeeT BUs
Fo(x) = F(x, 64, ..., 6%)
MPY HEKOTOPbLIX HEM3BECTHbIX 3HAYEHUAX napameTpos By, ..., 0. B aTom ciyyae BeposaTHOCTH
P1, -, Dy I TAKXKE 3aBUCAT OT NapaMeTpoB.

Crarucruka XH-KBaJApaT IpUHUMACT UMECT BUJ
l

2 Z (n; — npy(0y, .., 6x)))?
YT LT wi(6r, 00

MpW M3BECTHbIX 3HAaYEHUAX NapaMeTpPoB Mmen bbl MecTo nepBbiii ciydan. Ho TaK Kak
WUCTUHHblE 3HaYyeHuA B4, ..., 0, Heu3BeCTHBI, TO NOACTABNAA UX OLEHKWN, HAlileHHbIe METO0M
MaKCHMMAJILHOTO NPaBA0No100usi (METOJ0M MOMEHTOB), MO/ly4aeM CTaTUCTUYECKUI KpUTepUit
X2 C MeHbLIMM uncnom cTeneHeli cBoboabl, a UMeHHo [- k-1, rae | — uncno nHTepBanos, Ha
KOTOpble pa3buT Becb AMana3oH HabaaaemMbix 3HaYeHUN, kK — YMC0 HEM3BECTHbIX NapaMeTpoB
rmnoTeTuyeckon GyHKLUMKN pacnpeaeneHus.

CpaBHMBaAa HabnogaemMoe 3HauyeHue CTaTUCTUKM x2 C KPUTUMYECKMM 3Ha4YeHMeMm
x2(l—k —1), no npuseaeHHO cxeme, Aenaem 3akaoueHMe 06 WCTUHHOCTM HyneBoiA
rMnoTesbl: rmnotesa npuHumaetca, ecam y? < y2(l —k — 1), n oTsepraeTca B NPOTMBHOM
cnyyae.




Il KpuTepwuii ogHopogHOCTM.
Kputepuit ogHopoaHocTH Y2

MpoBepaeTca runortesa O TOM, 4YTO ABe BbIGOPKUM MNpPUHAZNEXaT OAHOW reHepanbHOM
COBOKYMHOCTU.

[aHHble foNKHbI ObITb NPeaCcTaBNEeHbl B BUAE MHTEPBAIbHOTO CTaTUCTUYECKOTO pAaa.
NmetoTca BbIBOpKa 06bema mqy M3 reHepasbHOM COBOKYNHOCTM X, M BblibopKa obbema n, u3
reHepasibHOM COBOKYNMHOCTU X,; I — KO/NIMYecTBO MHTEPBaNoOB rpynnMpoBKM (0AUHAKOBOE And
o6eux BbIGOPOK); WU; U V;— KOAMYECTBO MOMagaHui B I-A MHTepBan rpynnMpoBaHuA,
COOTBETCTBEHHO, NepBOi M BTOpOM BblbopoKk, i = 1, 2, ..., l; ypoBeHb 3HAUMMOCTK Q.
Myctb Fj(x) — dyHKUWA pacnpeaeneHns ciyyainHomn senndmnnbl X, j = 1, 2.

MNposepseTca runoTtesa
Hy: Fi(x) = F,(x), x € R,

H;: F,(x) # F,(x), ansa HekoTopbix X € R.
CTaTUCTUKA KpUTepua MMeeT cneayowmn Bua,:

. (ﬁ_h)z
2 n, N
X = nlnzz—.
: i +v;

B Cny4vyae cosnageHuAa ob6bemos BbI60pOKZ ng=n,=n
CTAaTUCTUKA BbIYUCNAETCA NO dJopmyne

Kputuueckoe 3HaueHue CTaTUCTUKMU: Xa,-z—1-
fwnoTtesa H,y OTKNOHAETCA, EC/IN BbIYUCAEHHOE MO BbIOOPOYHbIM AaHHbIM 3HAYEeHUE CTAaTUCTUKMU
X a6, YBOBNETBOPSAET HEPABEHCTBY: Xiagn > XA 1-
Kputepuit ogHopogHoctn Konmoroposa-CmupHoBa
NmetoTca aBe BbIGOPKM — 0b6bema n; U3 reHepasibHOM COBOKYyNHocTM X; n obbema n, wu3
reHepanbHON COBOKYMHOCTU X,.
Mpeanonaraercs, YTO Cy4aiHble BeIMUMHbI X; — HenpepbiBHble C GYHKLUMAMM pacnpeseneHms
Fi(x),j = 1, 2.
Hy: Fi(x) = F,(x), x € R,
H;: F,(x) # F,(x), ansa HekoTopbix X € R.
MpoBepKa rmnoTesbl NPOM3BOAUTCA NO CEAYIOLWEN CXeme:
1. Mo wumewowmmca BbIBOPKAM HAXOAATCA 3MNUPUYECKMe YHKUMM pacnpegeneHus
Ff () m F5(x).
2. PaccmaTtpumBaeTca CTaTUCTUMKA CieayioLuero Bnaa:
nin;
D = |[—— max|F](x) — F; (x)|.
n+n, x
3. Mo Tabnuuam pacnpegeneHa Konmoroposa onpegenserca BenuumHa k,—100a-
NpoLeHTHaA TOYKa pacnpeaeneHna Koamoroposa ypoBHA .
4. Tmnotesa H( OTKNOHAETCA Ha YPOBHE 3HAYMMOCTU &, €C/IN Bbl4UCAEHHOE MO BbIOGOPOUYHbLIM
AAHHbIM 3HaYeHMe CTaTUCTUKM D, 5, YAOBNETBOPAET HEpaBeHCTBY: D,6, > Kq-
3ameuanue. Kputepuii Konmoroposa—CmupHoBa npumMeHsaeTca npu nq, n, = 50.



Kputepuii cornacua Konmoroposa

Kputepuii cornacuss KonmoropoBa mnpuMmeHsieTcss AJdsl NPOBEPKH THMIOTe3 0 3aKOHAX
pacnpejieieHls TOJbKO HelPepPbIBHBIX CJAYYAWHBIX BeJIUYNH.

[Mposepsiercst runote3a Hy: F(x) = Fy(x) mportus anbrepHatuBaoit Hy: F(X)= Fy(x).

Kpurepuii ocHoBaH Ha TOM (akTe, UYTO paclpelesieHue CylNpeMyMa pa3HOCTH MEXAy
TEOPETUYECKON M SMIMPUIECKON (DYHKIMSIMHU PACIpeIeTICHHS
D, =sup|F (x) = F(x) |
X

oAunHakoBo npu ntoboin F(x). Bennunny D, HasbiBatoT craTucTHKOii KosiMoroposa.
Mpu manbix n AnA CTaTUCTUKM KONIMOTopoBa CyLecTsyoT TabJuibl KPHTHYECKHX TOYeK Dy,

Ecmu D;, < Dy, TO Tunoresa Hy npuHuMaeTcs, uade orsepraercs. [pu 60mpumx N ucronb3yroT
npeoenvrnoe pacnpeoenenue Konmozoposa. Vimeet mecTto cnegytowan Teopema.

Teopema (Koamoroposa). P(vnD, < x) — Q(x) = 1+ 2352 (= 1)ke 2% n — oo,

[na pacnpegenenna Konmoroposa Q(x), npesenbHoro ana cratuctukm A, = v/nD,, Takxe
CYLLECTBYIOT TabANLbl KPUTMUECKMX TOYEK Ayp. MPaKTUUECKM MX MCMONb3YIoT yxe npu n > 20.
Ecam A, < Ayp, TO TUNOTE3a H NPUHUMAETCA, MHaue OTBepraeTcs.

3ameuanne 1. Ha npakTuke ctatuctuky Konmoroposa (B npeanonoxenuu, uto F = F; MOXHO
BbIYMCANTB MO 3KBUBANIEHTHBIM GOPMyNam:

i—1y i
D, = 11211)7(1{ Fo(xqy) — ‘, — Fo(x(i))‘}
u
2i—1 1
Dn = 1rrsllas)7(l FO(x(i)) _—Tl | +ﬂ’

roe Xy - Y4N€Hbl BApUaLlMOHHOIO pAAa.

3ameuanue 2. KpuTepuit Konmoroposa, CTPOro roBops, Heab3ss NPUMEHATb B Caydanx
CrPYyNNMPOBaHHbIX AaHHbIX NPU HEM3BECTHbIX NapamMeTpax pacrnpeaeneHua. Tem He meHee, OH
MHOrAa NPUMEHAETCA Ha NPaKTUKe U B NOA0BHbIX cuTyaumax. OQHAKO NpM 3TOM CTaTUCTUKM
KpUTEPUA NONYYAIOTCA 3AHUNCCHHBIMIU, YTO YBEANYMBAET OWNOKY NepBoro poaa. B Takux caydyanx
npeanoyYTUTeNbHEN NOb30BaTbCA KpUTepuem Xu-Keagpar MupcoHa.



Kpurnueckue Touku s craructuku Koamoroposa D,

D§EEH ¥ poBeEs IHATHMOCTE O
BEIDOPER
L 0,10 0,05 0.02 0,01
1 0,95 0,98 099 0,995
2 0,78 0.84 0,90 0,93
3 064 0,71 0,78 0,83
4 0,57 0,62 0.6% 0,73
5 0,51 0.56 0,62 0,67
6 047 0,52 058 0,62
7 044 0,438 0.54 0,58
g 041 045 0.51 0,54
9 0,39 043 048 0,51
10 037 041 046 0,49
11 035 039 0.44 047
12 0,34 0,38 042 045
13 033 036 040 043
14 0,31 035 039 042
15 0,30 034 038 0,40
16 0,29 0,33 037 0,39
17 0,29 0,32 036 038
1% 028 031 034 037
19 027 030 0,34 0,36
0 0,26 0,29 0,33 035

Kpurnueckue Touku pacnpenenenus Koimoroposa
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®yHKumsA chi2_contingency() peanusyet Kputepuii «Xu-ksagpat He3aBUCUMOCTU»

HeKoTtopble Kputepuu cornacua 8 Python

1. Xu-kBagpart NupcoHa.
dyHKuUMA scipy.stats.chisquare

https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.chisquare.html

2. Tect KoamoropoBsa, npegHa3HauyeHHbl 410 NPoBepPKM NPOCTOMN rMNoTe3bl O HEMNPEPbIBHOM

pacnpeaeneHnm
scipy.stats.kstest

scipy.stats.ks_1samp

3. Tect Wanupo-Yunka. CneumanbHbliii TECT HAa HOPMaNbHOCTb (418 CNOXHOM runoTesbl). OguH
13 HamboJsiee MOLHbIX TECTOB HOPMa/IbHOCTU (T.e. O4YEHb YYBCTBUTE/IEH K HEHOPMAa/IbHOCTH).
dyHKUMA scipy.stats.shapiro

4. KombuHUPOBaHHbIA TECT HOPMAZIbHOCTM.
®PyHKUMA scipy.stats.normaltest

5. KBaHTUAbHbBIN rpadumK (Q-Q plot) nokasbiBaeT COOTHOWEHME MeXAY BbIGOPOUYHbIMU U
TEOPETUYECKUM KBAHTUNAMMU. BU3yanbHO xapakTepusyeT 61130CTb BbIOOPKM K 3a4@aHHOMY (MO
YMONYAHUIO HOPMA/IbHOMY) pacnpeseneHuto.

dyHKUMA scipy.stats.probplot


https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.chisquare.html

