MC-20-21 TeopeTuyeckun matepuan
OCHOBHbI€ NOHATUA CTAaTUCTUUYECKOU NPOBEPKU rMnoTes

MycTb X = (X4, ..., X)) — cnyvariHaa BblbOpKa obbema m U3 HEKOTOPOro reHepasbHOro
pacnpeaenenuna. He orpaHnMumBas o6LWHOCTM MOXKHO CYMUTATb, YTO CYLLECTBYET ONpesesieHHan cxema
MCNbITaHWI, MPW OCYLLECTBNIEHUN KOTOPOW BbIYMCAAETCA CAyYaliHasa BennyuunHa X, a X4, ..., X;, — 310 Te
ee 3HayeHuA, KoTopble X NpuMHUMaEeT B pesynbTaTe Cepum N He3aBUCUMMbIX MCMbITaHUA. Takum
obpasom, cnyyaliHble BeNNYUHbI X4, ..., X, HE3ABUCUMbI M pacnpeenieHbl MO TOMY »Ke 3aKOHY, 4To 1 X.

CTaTUCTMUYECKO runoTtesoit HasbliBaeTca woboe yTBepxXaeHne o Bunae Uanm napametTpax
reHepanbHOro pacnpegeneHmna.

Cratuctnyeckaa runoTesa Ha3biBAaeTCA MNapameTPUUecKoi, €eCc/iM  OHa OCHOBaHa Ha
npeanosioXeHMKN, YTO reHepasibHoe pacnpeneneHme U3BeCTHO C TOYHOCTbIO A0 KOHEYHOro 4ucna
napameTpos.

PaccmoTpum 6asncHoe NpeanosioXKeHMe, COCTosALLEee B TOM, UTO reHepasibHOe pacnpeaeneHme
3aBUCUT OT HEeKoToporo napametpa 6 € R™. MapameTpuueckan runoTtesa Ha3blBaeTCA NPOCTON, €CAU
oHa umeet Bua: 8 = 6, rae 6, — HekoTopoe GMKcMpoBaHHOE 3HaYeHWe napameTpa 0. f'MnoTesa Buaa:
6 € O, rae O — Kakoe-NMB0O MHOXKECTBO, coaep Kallee, N0 MeHbLUEe Mepe, ABa Pa3/IMYHbIX 31eMEHTa,
Ha3bIBAETCA CNOXKHOIA.

nyCTb HO n Hl — AB€ B3aMMOUCKIOYaoWmne CTaTUCTUHECKHNE TUNOTE3bI.

MpoBepsemas runotesa H, Ha3bIBaeTCA OCHOBHOM, a AOMNONAHWTENbHAasA runotesa H; —
anbTepHaTUBHOI. MpeanonaraeTcs, YTo OAHA M3 3TUX FMMNOTE3 BbIMOHAETCA.

CTaTUCTUYECKMM KpUTEpUEM C KpuTuuyeckoil obnactbio K < R™ HasbiBaeTca npaswio, B
COOTBETCTBUM C KoTOopbiM H, oTBepraeTtcs, ecnn BbIBOpKa NOMAfaeT B KPUTUYECKylD 06nacTb,
Xy, ., X,) € K.

Kputnueckne obnactn sagatotca nmbo npu nomowm HepaseHcts Buaa K = {t < c;} wm
K= {t>c,}, nmbo kak obveanHeHne K ={t<c }U{t>c,}, tae t = t(xqy, .., Xp) —
noaxoAALLan GyHKLYA OT BbIGOPOUHbIX 3HAYEHWM, @ C; U C, — HEKOTOPbIE KOHCTAHTbI, TakWe 4To ¢; < Cy .

Bo BCex 3TUX C/yYasx YMCna C; W C, HA3bIBAOTCA KPUTUUECKMMM 3HAYEHUAMM, 3 GYHKUMA
t(x1, ..., X,) — CTAaTUCTUKOWU KpuTepua. CTaTUCTUKOW KPUTEPUA HA3bIBAETCA TaKXKe CAyvyaiHas
BenmumHa T = t(Xy, ..., Xp)-

Owun6Ka nepBOro poaa coCTOMT B TOM, YTO OTBEpraeTcs BepHas runotesa H, . OwmnbKa BTOporo
poAa coCTOUT B TOM, YTO OTBEpPraeTcs BepHas runotesa H; .

BepoATHOCTb OWMBKM NEpBOro poda Has3biBaeTcA YPOBHEM 3HAYMMOCTUM KpUTepUa U
obo3HavaeTcsa a.

BepoaTHOCTb OWKM6BKM BTOpOro poaa obo3HavaeTcs B, a BeanymnHa 1 — B Ha3blBaeTCA MOLHOCTbIO
Kputepumsa.

owubka I poda ownrbra 11 poda

OTeepraeTcd OCHOBHAA (Hydeead) Tamo- | OTEepraeTcd KOHEYPHPVEOIDAS THIOTEIA

TE3a, XOTA OHa BepHA. XOTA OHA BEPHA.

BepofTHOCTE OMAGKEH P[H-_|HC,J =, BepoatsEocTts ommiEn Pf_H,:,lH-_ )=p
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BeposTHOCTE NOpHHATE BepHYED (Hyile- | BeposTHocTs DpHEATE BepHVID (KOHKEY-
BVED) THIIOTS3Y P[HcllHD }= 1l—ex. PHPVIOIIYED) THOOTESY

PlH|H,)=1-5.

(1 - ﬁ) — ML NOCTTRy KNLOrTe pr L.




MycTtb T()?) — HEKOoTopas CTaTUCTMKA, XapaKTepU3yoLLas OTKIOHEHME IMMNUPUYECKUX AAHHbIX
OT TeX FMMNOTETUYECKUX 3HAYEHWI, KOTOpble COOTBETCTBYIOT npoBepsemoi runotese Hy. U nycTb,
KpOMe TOro, pacnpefeneHue 3Tol CTaTUCTUKMK, B Cy4Yae CnpaBeganBoCTM runotessl Hy, n3BecTHo
(ToYHO MK xoTA Bbl NPUBAUKEHHO).

0603HaumMm T,,5, — Habnogaemoe (Man BbIGOPOUHOE) 3HAUYEHWNE CTAaTUCTUKM, T. €. 3HaYeHue
ctatucTkm T (X), BblUMCIEHHOE ANA NONYYEHHON Peann3aumm CaydaitHon BbiGopKu X = (Xq, ..., Xp).
3adukcmpyem poctatoyHo manoe umcno a € (0; 1). Pa3obbem MHOMKECTBO BCEX BO3MOMKHbIX
3HaueHuii ctatucTukm T Ha [Be 4acTu: KpUTUUYecKyto obnactb Kputepua K u ero gononHenne K = D.
Kputnueckan obnactb K BbibMpaeTcs Tak, YTO6bl BbIMOAHANOCH COOTHOLWEHMWE
Py, ({T € K}) < a.

(Hepes Py, (A) obo3HauyeHa BEPOATHOCTb COBLITUA A, BbIMMCAEHHAA B NPEANONOXKEHUM, YTO TMNOTe3a
H, BepHa.) Takum obpa3om, KpuTuyeckaa obnacTb BKAOYaeT B ceba ManoBepoATHble 3HaYeHUs
CTAaTUCTMKK T, NpY YyCNOBUK, YTO BEPHA OCHOBHAA runoTesa Hy .

Kputepuii npoBepku runotesbl Tenepb MOXKHO cGOpPMyANPOBaTL Caeayowmm obpasom:

Mo nmetoLLenca BbIBOPKE X1, ..., X, HAXOAUTCA HabAOAaeMOe 3HaueHMe CTaTUCTUKKN Tya6,-

Ecnun okaxetcs, uto Tya6, € K, TO AeNaeTcA BbIBOA O TOM, YTO B NPEAMNOIONKEHUN CNPABEANINBOCTH
runoTtesbl Hy Npou30LLI0 MasioBepoATHOe cobbiThe. [o3ToMy 3Ta rMnoTesa Ao/1XKHa ObiTb OTBEPrHYTa,
KaK MPOTMBOPEYaLLan CTaTUCTUYECKUM AAHHBIM X4, ..., X,,, MONYYEHHbIM B pe3ybTaTe SKCNepUMEHTa.
B npotueHOM cnyyae (T. e. ecmt Tya, € D = K) cumtaeTtcs, uTo AaHHbIe He npoTusopeyat H .

3ameuanue. Ecnu Ty, € K, TO runotesa Hy npuHumaetcsa, Ho cam no cebe ToT ¢akT, uTto Typa6, € K,
He ABNAETCA [0KA3aTeNbCTBOM WMCTUHHOCTUM Hj. Takxke u TOT akT, uto Ty, € K, He aBndaetca
[0Ka3aTeNbCTBOM UCTUHHOCTU H .

Cnocob Bbibopa Kputuyeckon obnactu K 3asucut ot Buaa ctatuctukm T v runotes Hy v H; .

Kak npasunno, KpuThyecKan obnactb 3a4aeTca o4HUM U3 cheayruwnx Tpex cnocobos.

MNpaBocTOpPOHHAA JleBocTOpOHHAA [ ByCTOpPOHHAA KpUTUYECKaA 0bnacTb:
KpUutnuyeckas obnactb: KpUTnyecKas obnactb:
K = {&:T(%) > c} K ={X:TX < c} K={FETE < c;JUET®E >c,}.

fvnotesa H, oTknoHAeTca, | fTunotesa Hy oTKNoHAETCA, | TunoTtesa H, OTKAOHsAETCA, ecu
ecnn Tyaen > Wq ecn Tyaen < W1_g Tyacn € (—00; w,_a) U (wa; +00)
2 2
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wg — 100q%- TOUKa CTaTUCTKM KPUTEPUA, & — YPOBEHb 3HAYMMOCTM.



Nemma HeiimaHa—TupcoHa

MpennonoXum, 4To reHepasibHOe pacnpegefieHne MMeeT 3aBUCAWYH OT Mapametpa 6
NONOXKUTENbHYIO Npu Bcex x naotHocTb f (x;60 ) > 0. Nycte Hy, u H; — npocTblie runotessbl BUAa
Hy:0 =0y,nH,:0=80,.

3anuwem dyHKLMM NpaBaonogo06ms, COOTBETCTBYHOLLME STUM TMMNOTE3AM:

Lo(B9, %1 ooy Xn) = f(x1;60) = ooo” (x5 00),
Li(61,21 oy xn) = f(x1561) - o f (x5 01)
Teopema (nemma Heitmana—Tupcona). Ana noboro o € (0,1) cywecTByeT Takasa KOHCTAHTA C,, YTO
KpUTEPUI C KPUTUYECKOM 061acTblO
L1(64,%q1 ..., Xp) .
Lo(Bg, %1 cyxp) ~ %
ABNAeTcA Hambosee MOLLHbIM KpUTEPUEM Cpeam BCeX CTAaTUCTUYECKUX KPUTEPMEB C KaKoW-nnbo
KpUTUYeckom obnactbio K, npeaHasHaueHHbIX A5 nposepkn Hy npotus H; € ypOBHEM 3HAaYMMOCTH Q.

P-3HayeHue Kputepus

MycTb umeeTca cTaTucTUdecknin Kputepuin T (X) ¢ kputnuueckon obnactoio K. U nycTb nonyyeHa
peanusauma X caydainHom sblbopkm X = (X3, ..., Xp).

P-3HaueHviem (P-value) p(X) ctatuctnueckoro kputepusa T(X) HasbiBaeTcAs HaMMEHbLUAs BEIMYMHA

YPOBHS 3HAYMMOCTU, NPU KOTOPOM Hy/eBas rMNoTesa OTKNOHAETCA:
p(¥) =min{a: T(X) € K}.

BennumnHa p(X) 3agaeT GakTUYECKMI YPOBEHD 3HAYMMOCTU. [1S BCEX 3HAYEHMI YPOBHSA 3HAYMMOCTH,
Takux, uto @ < p(X), runotesa H, npuHumaetcs, npu Bcex a > p(X) runotesa H, OTKAOHAETCA.

Yem meHbLe P—3Haqume, TEM CUNIbHEE OCHOBAHWMA OTK/IOHUTbL HYNEBYHO TMNOTE3Y.

Teopema 1. Nyctb T = T()?) — cratuctuka Kputepua, Ty.e, = T(X) — Habnogaemoe 3HaveHue
CTAaTUCTUKN KpUTepms.

Ecnn kputnyeckas obnacte umeet BUA: {Tyaen > W}, TAe W, — 100a-npoLeHTHas TOouKa
ctatuctukn T (NpaBOCTOPOHHAA KpuTuyeckaa obnactb), To P-3HaueHune p;(X) Haxoautca Mo
dopmyne:

pl(f) = PHO dr > THa6ﬂ}):
rae uepes Py (A) obosHayeHa BEpPOATHOCTb COOLITUA A, BbIMMCNEHHAA B MPEANONOKEHUM
cnpaBeaiMBocTU rmnoTesbl H .

Echn Kputuueckaa obnacte umeeT BUA: {Tyagn < W1_o} (NEBOCTOPOHHAA KpUTUUECKas

obnactb), To P-3HaueHue p,(X) HaxoauTcsa no popmyne:

b2 (55) = PHO (T < THaﬁn}) =1- pl(f)

Echn Kputuueckaa obnacte umeet BUA: Ty, € (—o0; wl_%)u (a)%;+00) (nBYCTOpPOHHAA

KpuUTHuecKaa obnactb), To P-3HaueHune p3(X) HaxoauTtca no
dopmyne:
p3(X) = 2 - min{p,(X), po(¥)}.



Teopema 2. Ecan Hy — BepHa, To cnydariHaa seanuunHa PV ~Unif[0; 1] (To ecTb pacnpeneneHue c.B.
PV aBnsetca paBHomepHbIm Ha [0; 1]).
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Mposepka runotesbl 06 onpegeneHHoOm
3HauYeHMM NapameTpa HOPMaNbHOro pacnpeaeneHus

1) MpoBepka runoTtesbl 06 onpeaeneHHOM 3HAYEHUM rEHEepPasibHOro cpeaHero NpU U3BECTHOM
AUCNEepcumn Ha YPpOBHE 3HAYUMOCTHU .

Ho:p=po
NPOTMB Nt0OOI M3 Tpex anbTepHaATUBHbIX rMnoTe3 Hy: 1) u > po; 2) 1 < Uo; 3) U # Uo-
Cratnctika Z = 2o
a/Jn
H, K

U > U Z>271_q=—24

u < U Z<Zy=—Z1_¢4

K # Ho 1Z] > z1-a/2

Z1_q/2 — KBaHTW/b CTAHAAPTHOTO HOPMa/IbHOTO pacnpeaeneHna yposHa 1 — a /2.

2) MpoBepKa runotesbl 06 onpeaeseHHOM 3HaYeHUN reHepPaibHOro cpeaHero Npu HeM3BeCTHOM
AUCNepCcUn Ha ypoBHE 3HAYMMOCTHU d.
Ho:p=po; Hit1) u>po;2) u < po; 3) 1 # to-

XM tn—
Cratuctuka T = i t(n—1).

H, K
U > U t>t_,n—1)
B < Mo t<tgn—-1)=—t; 4(n—1)
U #* U [t] > tl_%(n—l)

(24
t1-q/2 (n — 1) - kBaHTUAbL pacnpeaenenns CTblogeHTa c n — 1 creneHamm ceoboabl yposHa 1 — P

3) Nposepka runoTesbl 06 onpeAeNeHHOM 3Ha4YeHWM reHepanbHON AUCNEpPCMU NPU M3BECTHOM
reHepasbHOM CpeAHEeM L Ha YPOBHE 3HAYUMOCTHU Q.
Hy:0?=0¢; Hy:1) 0% > 06¢;2) 0% < 0¢;3) 02 + dé.

1 2
CTaTucTuKa y2 = U—SZ?zl(Xi — w? =T;—?~X2(n)-

H, K
0'2 >O_g XZ >X21_a(n)
0% < af X <x,m=-x_.m
0% # o§ X? <x?em}u{x® > x* _a®)}
2 2

X2 (n) - KBaHTUAb pacnpedeneHunsa x2 cn creneHamm coboapl ypoBHA a.



4) MposepkKa runotesbl 06 onpeaeneHHOM 3HAUYEHUU reHepasibHOM AUCNepcun NPU HeM3BEeCTHOM
reHepaZibHOM CpeAHeM L Ha YPOBHEe 3HaYMMOCTH .
Hy:0% =0§; Hy:1)0? > 0¢;2) 0% < 0¢; 3) 0% # o§.
c 2_Lyn (- K2 =008 -1
TaTUCTUKA Y ° = 7 ie1(X; )t =— x°(n ).

a9
KpuTnyeckas obnactb onpegenserca Toi e Tabaumuei, 4to u B n.3), HO C YMCNOM cTeneHel cBoboabl
m=n-—1.

5) f'mnoTtesa o Hewasecmoﬁ BEpPOATHOCTU ycnexa B UCNbiTaHUAX EepHymu Ha ypOBHE 3HA4YNUMOCTU (14
Hy:p=po; Hi:1) p>po;2)p <po:3) P # Do

w—p
Cratuctuka Z = L roe w = m/n — OTHOCUTEIbHAS YacTOTa YCIIEXOB B N HAOIIOCHUSIX

Vpo(=p)/ VW
Ll,anee KPUTUYECKUE TOYKU U obnactn ANA NpoBEPKU BbI6Mpaf0TCﬂ TaK XKe, KaK NMpn npoBepPKe rmnoTe3bl
O HEU3BECTHOM CpegHEM NpU M3BECTHOM ancnepcuun.

3ameyaHue. ITUMm MeTo40M MOXKHO MN0/1b30BaTbCA TOZIbKO NpU 6onbLMX obbemax BbI60pKM (nopﬂp,Ka
HECKOJZIbKUX AeCATKOB UIn COTeH).

Python

1) ztest - TecT Ans cpeaHero nNpu N3BeCTHOM AMcnepcum
https://www.statsmodels.org/dev/generated/statsmodels.stats.weightstats.ztest.html

2) [Ons npoBepKM rmnotesbl O YACNOBOM 3HAYEHUM MATEMATUUECKOrO OXKUAAHUA MCMNO/b3yeTca
dyHKUMA ttest_lsample(x, popmean) moayns scipy.stats.

MapameTpbl:

X — BbIOOpPKa,

popmean — rMnoTeTUYECKoe 3HaYeHMe MaTeMaTMYECKOro OXKUAaHUA.

dyHKUMA BO3BpaLWaeT HabnogaeMmoe 3HaueHMe CTaTUCTUKKU U p-3HaYeHne Kputepums.

https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.mstats.ttest 1samp.html

3) MNpoBepseTca rMnoTe3a 0 BePOATHOCTU P HEKOTOpPoro cobbitua A, H, :p=p, NpOTUB a/ibTEPHATUNB
Buaa Hy :p>pg, Hy :p<pq, Hz :p#py Ha ypOBHE 3HAUYMMOCTU (.
DyHKUMA
binom_test(x, n, p0, alternative)
Moayns scipy.stats ncnonb3yeT TOYHbI BUHOMMWANbHBIN TECT, UCNONL3YS CTaTUCTUKY T=Xx (X —4mncno
ycrnexos).
MapamerTpbl:
X — YMCNO YCMEXOB.,
N —YNC/I0 UCMbITAHUIA,
p0 — rmnoTeTMYecKkoe 3Ha4YeHne BEPOATHOCTH,
alternative — Bua, KoHKypupytoLen runotessl (“two-sided”, “greater”, “less”).
(BTopoi BapmaHT 3agaHUA AaHHbIX: X — HAbOp ABYX 3HAYEHUI, YNC/1a YCNEXOB U YMCNa Heyaad. B
3TOM CNy4yae NapameTp n UTHOpPUpYyeTCs).
Bo3BpallaeT p-3HauYeHne Kputepus.


https://www.statsmodels.org/dev/generated/statsmodels.stats.weightstats.ztest.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.mstats.ttest_1samp.html

