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Paspgen 5. Ctratuctuyeckaa nposepkKa runores

CTaTucTMuyeckas nposepKa runores



Paspen 5. CtatuctnuecKkaa nposepka runortes

OCHOBHbIE NOHATUA



Paspen 5. CtatuctnuecKkaa nposepka runortes

OnHa W3 OCHOBHbIX 334a4 MaTeMAaTUYECKOU CTAaTUCTUKMU
COCTOUT B TOM, 4YTObbI MO peanusaumm Xx4,.., X, CAy4amHOMU
BblOOPKMU X, ..., X,, NpoBEepUTb onpeaeneHHy rmnoTesy

O Buae

UIn

napameTpax reHepasibHOro pacnpeaeneHums.



Paspen 5. CtatuctnuecKkaa nposepka runortes

CTaTMCcTUYEeCKOM runortesom Ha3biBaeTcA  nroboe
npeanosioKeHNe O BWAE WAM NapamMeTpax reHepasabHOoro
pacnpeaeneHus.



Paspen 5. CtatuctnuecKkaa nposepka runortes

CTaTUCTMYECcKana rmnoTesa Ha3biBaeTcA NapamMmeTpUYecKoin, ecnm
OHa OCHOBaHa Ha NPeAnoNOXEHUN, YTO TreHepasibHoe
pacnpeaeneHme M3BEeCTHO C TOYHOCTbIO A0 KOHEYHOro 4mcna
napameTpoB, N HenapameTpPUYeCcKou B NPOTUBHOM C/yyae.



Paspen 5. CtatuctnuecKkaa nposepka runortes

NMpumepbl napameTpuyecKux runores:

1) matematnyeckoe oxungarHue E(X) cnyyanHom sennumHbl X
paBHO 5 B npeanonoxeHumn, yto X nmeeT HOPMAJIbHbIN 3aKOH
pacnpeaeneHua c nssectHon gucnepcmen D(X) = 1;

2) aucnepcmn cnydamHbix BesidmH X M Y coBnagaatoT Mmexkay
cobon B npeanonoxeHmm, 4yto X un Y HOPMaNbHO
pacnpegeneHsl.

3) rMnote3a O pPaBEHCTBE MATEMATUYECKOro OXWUAAHUA
OOXOOAHOCTU  aKUMKM  KOHKpeTHOmMy 3HayveHuiwo 0,14 B
NPeanoONOXEHNN, YTO AOXOAHOCTb MMEET HOPMaNbHbIA 3aKOH
pacnpegeneHus.

4) npeanoNoXKeHne O TOM, YTO BEPOATHOCTb HACTYMNNAEHUA
PUCKa YroHa Ana onpeaeneHHOM KaTeropuu cTpaxoBaTenemn
KACKO pasHa 0,03.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpumepbl HenapameTPpUUYECKMX rmnoTes:

1) cnyyanHas BeanunmHa X  MMeeT HOPMAJIbHbIM  3aKOH
pacnpegeneHus;

2) OYHKUMKM pacnpegeneHns CcaydyamHbix BeamumH X un Y
COBMaAaloT;

3) npeanonoxkeHne o TOM, 4YTO Aorapudm obbema TOpros
aKUMAMKM MMEET HOPMaNbHbIN 3aKOH pacnpeaeneHus.



Paspen 5. CtatuctnuecKkaa nposepka runortes

[peanonokum, 4YTO reHepanbHoe pacnpeseneHne
3aBUCUT OT HEKOTOpOro napametpa 6.

CTaTuCTMYecKasa rumnote3a Ha3biBaeTcs MOJIHOCTbIO
onpeaeneHHoOM WaAM NPOCTOU, ecan npeanonoXeHue O ee
CnpaBeaIMBOCTM OAHO3HAYHO oOnpeaenset pacnpegesieHne
C/Iy4aNHOMN BEJINYUHDI;

B NMPOTUBHOM C/Ay4yae rMMNoTe3a Ha3bliBaeTcA HeonpeaesneHHOM
U CNOXKHOM.



Paspen 5. CtatuctnuecKkaa nposepka runortes

(MnoTesy, nNoanexallyt  NpoBepKe,  Ha3blBAlOT
OCHOBHOW U HyNneBou U 0603HavaloT Hy.

B KayectBe OCHOBHOM runortesbl BCerda AO0J/1XKHa
BbICTYMNAaTb NOJIHOCTbIO OI'IPEAEIIEHHOVI NpocCTan rmnoTtes3a.

Echn B  UCXOOHOM MNOCTAaHOBKE 33a4aynM Ha pPosb
OCHOBHOW rnMnoTesbl BblABMUraeTca HeonpeaeneHHas (CNoXKHanA)
runortesa, To OHa BCeraa AOoBOAUTCA A0 YPOBHA onpeaeneHHon
nyTem BBeeHUs YTOYHEHUN.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Hapaay c BblABMHYTOM TMMNOTE30M PACCMATPUBAOT U
NPOTUBOPEYALLYIO eN rMnoTesy.

BTropyto rmnotesy Has3blBAalOT aNbTEPHATUBHOWU WU
KOHKypupyoweun runoresom n obosHavatot Hy.



Paspen 5. CtatuctnuecKkaa nposepka runortes

B KaXOOM KOHKPETHOM c/ay4ae BaXHO MPaBU/IbHO
BbIOMPaTb anbTePHATMBHYIO TMNOTe3y, YA0OHYIO ANA NPUHATUA
COAepPrKaTeNbHOMo peLleHuns.

Ha npaKktuke, Kak nMpaBuMaO, B KayecTBe HYNEeBOMU
runortesbl  BbIOMpPAOT  TaKyld, KOTOpas  COOTBETCTBYeT
<KHOpPManbHOMY NONOXKEHUIO aen>>

(Hanpumep, yenosek 340p0B; 0OBMHAEMbIN HEBUHOBEH;
neTanb N3roToB/NEeHa C cobnogeHmnem CTaHOapTa;
NOTEHUMANbHbIA 33aeMWMK cnocobeH noracuTb KpeauT,
TpaH3aKLUMA He ABNAETCS MOLLEeHHMYECKON U T. ).



Paspen 5. CtatuctnuecKkaa nposepka runortes

CoOOTBETCTBEHHO, aNbTepHATUBHAA rmnortesa
COOTBETCTBYET MPOTUBOMO/IOKHOMN CUTYaLMKM, KOTOPaA 0bObIYHO
paccMmaTpMBaeTCA KaK MeHee BepoATHadA, HO MpuM 3TOM
Tpebytowasa ob6A3aTenbHOW peakunm

(yenoBek 6oneH; 0OBUHAEMbIN BUHOBEH, JAeTasb
M3rOTOB/IEHA C HapyweHMem CTaHdapTa, MNOTEHUMANbHbIN
3aeMWMUK He cnocobeH noracuTb KpeauT; TpaH3aKuma aBaaeTca
MOLLUEHHNYECKON N T. Aa).
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Mpumep. [locne nMameHeHMA KOHPUrypaumum KOMMbIOTEPHOW
cetTn Oblnin cobpaHbl caydYamHbim obpasom 200 3amepos
CKOPOCTU Nnepeaaym coodLleHnn.

OcHoBHaA runotesa H,: u3ameHeHne KOHPUrypaumm He MMeno
apdekKTa.

AnbtepHatusHaa runote3a H;: 30PeKT OT M3MeHeHuA
CTAaTUCTUYECKM 3HAUYUM.



Paspen 5. CtatuctnuecKkaa nposepka runortes

[TOCKONbKy HyneBasa rmvnoTtes3a BbIABUIAETCA HA OCHOBAHUM
BbIDOPOYHbIX [AaHHbIX, TO OHA MOeT OKa3aTbCA KaK
NpPaBUAbHOMN, TaK U HENPAaBU/IbHON — Mbl He 3Haem!

M nosToMy OHa NOANIEXXUT cmamucmu4ecKoli nposepke.
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HyneBasa runotesa H, nognexut npoBepKe, No pe3y/abTaTam
KOTOPOM €€ MOKHO MPUHATb NMOO0 OTKNOHUTb. «[TPUHATLY
O3HA4YaeT «He MnoAy4YUTb YybeauTenbHbIX aprymeHToB ANA
OTK/IOHEHUA TMMOTE3bIY.

AnbtepHatuBHaa runotes3a H; npuvHMMaeTcA TONbKO TOrAa,
Korga ectb ybeamuTenbHoe CTaTUCTUYECKOE [0Ka3aTenbCTBO
A1 OTKNOHEHUA OCHOBHOM rmnoTesbl.

MPUHATL OCHOBHYIO <,‘:> OTseprHyThb H,
rmnotesy H, N NPUHATL H,




Paspen 5. CtatuctnuecKkaa nposepka runortes

Nyctb X = (Xq,...,X,) — peanusauma cayvyamHoh BblGOPKM
X= (Xy,....X,).

Kputepmem unnmM CcTraTUCTUYECKUM KpUTEepuemM Ha3bliBaeTcH
Npasuao, N0 KOTOPOMY, Ha OCHOBAHWW AaHHbIX BbIBOPKU X,
OLEHMBAETCA CTeNeHb AOCTOBEPHOCTU rnoTesbl Hy.

[poBepKa napameTpUUYEcKUX rmnotes npoBoAUTCA Ha OCHOBE
Kputepmes 3HAYMMOCTU, 2 HeNnapameTpUUecKux - Kputepues
cornacua.

CTaTUCTMYECKas TMNOTe3a Ha3biBaeTCcA NapaMeTPUYEcKoM, ec/in OHa OCHOBaHa Ha
NPeanosioXKEHUM, UYTO reHepasbHOe pacnpeneseHMe WM3BECTHO C TOYHOCTbHO A0
KOHEYHOro YMc/sia NapamMeTpoB, U HenapameTPUYECKOM B NPOTUBHOM C/y4ae.



Paspen 5. CtatuctnuecKkaa nposepka runortes

-

Myctbe T(X) — HeKoTopas CTaTUCTUKA,
XapaKTepu3yoLwasa OTKAOHEHUE IMNUPUYECKMX AAHHbIX OT Tex
rMNOTETUYECKNX 3HAYeHUH, KoTopble COOTBETCTBYIOT

nposepaemoun runortese H,.

N nyctb, Kpome TOro, pacnpegeneHume >3TON CTaTUCTUKMU, B
c/yyae cnpaseannsoctu runotesbl Hy, n3BecTHo (TOYHO mMau
X0Ts1 6bl NPUBANKEHHO).

O6o3Haumm T,,5, — Habnwgaemoe (unnm BbIGOPOUYHOE)
3HaueHUe CTaTUCTMKMK, T. e. 3HaveHue craTucTuknm T(X),
BblYNCNIEHHOE ANA NOAYYEHHOW peanm3auum Ccay4amHou
BbIOOPKMW.



Paspen 5. CtatuctnuecKkaa nposepka runortes

3aduKcnpyem goctatouHo manoe umcno a € (0; 1).

Pazobbem MHOXeCTBO BCEX BO3MOXHbIX 3HAa4Y€HUIN CTAaTUCTUKU
T Ha aBe yacTu:

KpUTUYecKyto obnactb Kputepusa K v ero gononHenne K = D.

Kputnueckaa o6bnactb K Bblbupaetca TaK, uTObDI
BbIMO/IHANIOCb COOTHOLLUEHUE

Py ({T € K}) < a.

(Hepes Py, (A) obo3HayeHa BepoATHOCTb cobbiTma A ,
BblUMC/IEHHAA B NPEANO/IOXKEHNU, 4TO rmnoTesa Hy BepHa.)

Takmm o6pa3om, KpuTuyeckas obnactb BKAOYaAeT B cebs
MaNIOBEPOATHbIE 3HAYEHUA CTAaTUCTUKKU T, Npun YCNOBUMU, YTO
BEpHa OCHOBHaA runoTtesa H,.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kpurepuii NPOBEpPKMU runoresbil Tenepb MOXKHO
chopmynmpoBaTb caeayomm obpasom:

Mo umetowenca soibopKke Xxq,..., X, Haxoautca Habatogaemoe
3HaYeHUe CTaTUCTUKU T 6,

Ecnhun okaxetca, uto Ty .6, € K, TO Aenaetca BbiBOA, O TOM, YTO B
npegnonoXeHnn cnpaBeasnBocTM rmnotesbl Hy npouvsowno
MasioBepoATHOe cobbiThe. MMosToMy 3Ta rMnoTesa A0/KHA BbiTb
OTBEpPrHyTa, KakK NpoTMBOpeYal,asa CTaTUCTUYECKMM AaHHbIM
X1,+.+, Xy, NONYYEHHbIM B PE3YyNbTATE SKCNEPMMEHTA.

B npotusHom cnyuae (1. e. ecnmn Ty,6, € D = K) cumtaetcs, uto
AaHHble He npoTtusopevart H,.

Kputepmem uamM CTaTUCTUYECKUM KpUTEpPUEM Ha3biBaeTCA NpPaBuao, no
KOTOPOMY, Ha OCHOBaHMM JaHHbIX BbIBOPKM X, OLEHMBAETCA CTeneHb
[OCTOBEPHOCTU runoTesbl Hy.
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3ameyaHue.

Echn Ty.6, € K, TO rMnoTesa Hy NnpuHMmaeTca, HO cam no cebe
TOT ¢akT, 4to Ty, & K, He sBnsetcA [A0Ka3aTe/NbCTBOM
UCTUHHOCTU H,y.

Takke u TOT @PaKt, uto T, €EK , He AasnAaetca
A0Ka3aTe/NbCTBOM UCTUHHOCTK H.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Cnocob Bblbopa Kputnveckon obnactn K 3aBuUCUT OT BMAA
cTaTuctukn T v runotes Hy n Hy.

Kputnyeckaa obnactb orpaHuMYeHa KPUTUHECKMMU 3HAUYEHUAMMU, 1IN
rpaHMLAMU KpUTUYECKOU 0bnactn

Kputndyeckaa  O6Gnacte NPUHATUA Kputn4deckasn

obnacTtb rmnoresbl obnacTtb
_A
BoaMOXHble
C h‘ﬁ sHaYeHusA
Kputuyeckue /' CTaTUCTUKM

SHAYECHWUA



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kak npaBuno, Kputuyeckaa obnactb 3agaeTcd OAHUM U3
cneayroLwmx Tpex cnocobos.

DODDANLY

+ >
-k, 0 K

1 PAVAVAVAVAVAY. Y

0 kg K




Paspen 5. CtatuctnuecKkaa nposepka runortes

1. MpaBOCTOPOHHAA KpUTHUUECKaA 06nacTb:

K = {X:T(x) > c}.

]—ﬂf/

-




Paspen 5. CtatuctnuecKkaa nposepka runortes

2. J1eBOCTOPOHHAA KpUTHUUECKaa o0bnacTb:

K = {X:Tx) < c}.

ﬂ/




Paspen 5. CtatuctnuecKkaa nposepka runortes

3. [1BYCTOPOHHAA KpUTUUYEcKaa obnacTb:

K ={xT(x) < c;}U{x:T(x) > c,}.

1 —eax/2
/




Paspen 5. CtatuctnuecKkaa nposepka runortes

5
®OyHKuMA T (X) Ha3biBaeTCA CTaTUCTUKOMN KpUTEPUA.

Yncno ¢ (MAn umcna ¢y, C, ) Ha3bIBAaeTCA KPUTUYECKUM
3HaYeHMeM CTaTUCTUKU KpUtepus.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Ecnam ncnonb3yeTtcAa NpaBOCTOPOHHAA KPpUTUYECKaA 06ﬂaCTb, TO

CTaTUCTUKY KpuTepmsa T(X) W KOHCTaHTY ¢ BblbMpalT U3
cneayrwmx coobparKeHui:

S
1) cnyyariHaa BennumHa T(X) p[oONKHA MMETb HeKoTopoe
MU3BECTHOe pacnpegefneHne BepoOATHOCTEW, [ONA KOTOPOro
umenacb 6bl BO3MOXKHOCTb BbIYUCAATL BEPOATHOCTM BUAA

T()_()) > ¢;

2) BEpOATHOCTb CObbITMA T()_()) >c (1. e. cobbitMa, npwm
OCYyLLEeCTB/IEHNM KOTOpOro runotesa H, OTKNOHAETCA), B
CUTyaumm, Korga runotesa Hy BepHa, A0/MKHA HE NPEBOCXOAMUTb
HEKOTOPOro 3a4aHHOro 1 6IM3KOro K HYNH0 YPOBHA.



Paspen 5. CtatuctnuecKkaa nposepka runortes

AHaNornyHble npasBuaa UCMOAL3YIOTCA U AN APYrnX
cnocoboB 3aaHns KpUTUYecKomn obnactu.
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Ecauv 3HayeHue cTaTUCTUKKU nonano B obnactb
NMPUHATUNA TMNOTE3bI, TO TMNOTE34d HO NMPUHUMaETCA

Ecnun 3HaueHue CTaTUCTUKKU NONano B KPUTHYECKYIo obnacts,
To runoTe3a H, oTKNoHAEeTCA
U NpUMHUMaeTca aibTepHaTuBHaA rmnotesa H,

ODADDANLY , >
~k, 0 K

1 PAVAVAVAVAVAY. Y
0 k. K




Paspen 5. CtatuctnuecKkaa nposepka runortes

O6wu NPUHLUUN NPOBEPKU CTaTUCTUYECKUX rMnoTes

1. dopmyniMpyemMm OCHOBHYIO U
anbTepHATUBHYIO TNMNOTE3bI

v
2. 3apaemM ypoBeHb 3HAYNMOCTU

v

3. Boibpaem ctaTUCTUKY - KpUTEPUIA
NPOBEPKN rMNOTE3bI

v

4. Onpegensem KpUTUYECKYHO 0bnacTb

v

5. BblumMcnaem 3HadeHne CTaTUCTUKK NO
BblOOpKE

v

6. CpaBHMBaeM 3Ha4YeHMe CTaTUCTUKN C
KpUTU4eckom obnacTblo, JenaemM BbiBoO/




Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpn wncnonb3oBaHUM NOOOro KpuUTepuUss BO3MOXKHbI
OLWKNOKKM cneayowmx BUOOB:

1) oTKnoHuTb runotesy H,, Koroa B AENCTBUTENbHOCTU OHA

BepHa. TaKoe ownboyHoe pelleHMe Ha3biBaeTcA OLWUOKOoM
nepBoro poAaa;

2) npuHATb rMnotesy H,, Korga B AENCTBUTENbHOCTU OHa
HeBepHa. Takoe pelleHne Ha3biBaeTcA owmnbKoi BToporo poaa.



Paspen 5. CtatuctnuecKkaa nposepka runortes

BepoATHOCTb OWMOKM nepBoro popa Ha3bliBaeTcH
YPOBHEM 3HaYMMOCTU KpUTepua n obo3HavyaeTcs a.

B npaKTtuyeckmx 3apayvyax 3Ha4YeHuMe YPOBHA 3HAYMMOCTU «
BblbupatoT pasHoun 0,1; 0,05; 0,01 n 1.4,

BepoAaTHOCTb OWKMOKK BTOpOro poga ob6o3Havaetca 5, a
BennymHa 1 — [5 Ha3biBaeTCA MOLLHOCTbIO KpUTEPUS.
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owudxka [ poda

owmika 11 poda

OteepraeTcd ocHOBHAZ (HYISEAf) THIIO-

T€34, XOTA OHA ECPHA.

OTeepraeTca KOHEVPHpVIOMAR THOOTE3A,

XO0TA OHA ECPHA.

Bepoaraocts omntxe PIH 1|H o=,

a — L P AN ALMECTILE KR s

(oorramo & = 0,05 ; 0.01; 0.005; 0,001).

Bepoaraocts ommdrn PH D|H1]'= Ji]

(eermumEa f. EaE OPABHTO, 3apaHes He-

H3BECTHA)

BepoATHOCTE OPHHEATE EEpHVIO (HYIE-

EVED) THIIOTE3Y P[HQ|HD}= l-a.

BepoATHOCTE DPHEATE BePHVID (KOHEY-
PHPYVIOITYEC) THIOTESY

P(Hy|H,)=1-5.

1- = MOUMOCTILL KPP LUITEpLe.
{ !




Paspen 5. CtatuctnuecKkaa nposepka runortes

AHanUTUK cam ynpasndeT owubkon nepsoro popa -
3a4a€T BePOATHOCTb ee HacCTynaeHumaA.

Owunbkoi BTOPOro poga OH yNpaBAATb HE MOMKeT - BCeraa
CYLLLECTBYET BEpPOATHOCTb TOrO, YTO MOXKET ObITb NPUHATA
HeBepHaA rmnoTesa.

[MosTomy, 4TObOblI M3bEeXKaTb HexKenaTeslbHbIX NOCNeACTBUA OT
NPUHATUA  HEBEpPHOM  rMNoTesbl, OCHOBHaA  IUMOTe3a
dbopmynmnpyetca Takum obpasom, 4ToObl PUCK OT NOCNeACTBUN
NMPUHATUA HEBEPHOM rMNoTes3bl 6bl1 MUHMMAIbHbIM.
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Bo MHOIMX cny4aax macltab HeraTUBHbIX MOCAeACTBUSA
OT OLWMBOK NepBOro U BTOPOro poaa pas/inyaeTca:

*  MOJIOXWUTb B 60NbHULY 340POBOr0 Ye/1I0BEKA MEHEE OMAaCHO,
yem He 1eYnTb 60NbHOrO;
e 1218 obllecTBa 3HaYUTENbHO OoNacHee ownbKa, cBA3aHHasA C

ocyXageHnem HEBUHOBHOTIO, yem C onpasgaHnem
BUHOBHOIO, U T.M.

[MoaToMy Npu npoBepke rnnotes HbiBaeT Nose3HO OUEHUBATb
OXnaaemble A0X0oAbl U YObITKMU.
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[MToaTOMY, CTaTUCTMYECKME T[MNOoTe3bl 4acTo PopmynmpytoTca
cneayrowmm obpasom:

"cTraTucTnyeckasn 3HAYMMOCTb mexxay daKTopamu
He3Hauuma',

"BbIOOPKU HE3HAYMMO OT/ZINYAKOTCA MO CBOUM CBOUCTBaM',

"baKTop He MmeeT 3HAYMMOro BIMAHUA HA UCCedyeMbli
npouecc".
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MOLWHOCTb KpUTEepUA NOKa3biBaeT, HACKOJIbKO CWUJ/IbHA
CTaTUCTUKA, HACKOJIbKO TECT MOXKET 0OHapYKMBaTb OLLINOKM.

Yem 6Honblie MOLWLHOCTb, TEéM MeHblE BEPOATHOCTb He

OTBEPrHYTb HEBEPHYIO rMMNOTE3Y.

YBE/IMYNTb MOLLHOCTb KPUTEPUS MOXKHO ABYMA OCHOBHbIMMU
cnocobamum:



Paspen 5. CtatuctnuecKkaa nposepka runortes

1) YBenmuntb pasmep BblbOpKM (pasmep onpeaenset
OWKNBKY BbIOBOPKU: C YyBEIMYEHUEM YYUCAQ HabaoaeHUM

YyMeHbLUaeTcA CcTaHdapTHaA owunbKa —-> yBeanymBaeTcs
MOLLHOCTb).

MMpobaema: He Bcerga BO3MOXHO YBe/IUMYUTb BbIOOPKY
(orpaHMYeHHOCTb pecypcos)
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2) YBenn4unTb obnactb OTBEpPKeHUA rmnoTesbi:
C yBennyeHnem 0061aCTU  OTBEPXKEHUA  yBEAUYMBAETCA
BEPOATHOCTb OTBEPrHYTb BEPHYIO rMnotesy — ownbKa nepsoro
poaa (npu 3TOM yBenMYMBAETCA BEPOATHOCTb MOAYYUTL
CTaTUCTUYECKU 3HAYUMbIN pe3ynbTaT) —> KOraa yBennvnmBaeTca
owmnbKa nepBoro poaa, owmbKa BToporo poaa (B) ymeHbluaeTcs
—>  MOLLHOCTb YyBenmnymBaetca (mexay B M MOLIHOCTbIO
obpaTHaA 3aBMCMMOCTD).

Mpobnema: npn Takom cnocobe yBeANYEHUU MOLLHOCTU Mbl
yBe/IMunMBaem BepOATHOCTb OWKMOKM nepBoro poaa (Henb3s
OJHOBPEMEHHO YMEHbLLIUTb 06€e oWnbKK).
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+ ewWwe MOXHO YMEHbWUTb [AUCMNEPCUD COBOKYMHOCTU
(NpmepHO TOT *Ke 3PPEKT, YTO M OT yBEIMUYEHUA BbIOOPKHK).

3TOro MOXKHO A06MTbCA, Hanpumep, yBenAM4YMBas TOYHOCTb
N3MEPEHUMN.
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Hanpumep, OCHOBHasa runoTesa COCTOMT B TOM, YTO
npeanpusaTue noay4yaeT npmubbinb.

Echu 31O npaBuAabHaa runotesa, TO owunbKa nepBoro
pPOAa COCTOUT B TOM, YTO laHHaA rMnoTesa oTBepraeTcs.

Echv npuHumaeTcs pewleHne o Tom, 4YTo npubbinb
npeanpusaTMe He NoJly4yaeT, TO 3TO oMbKa BTOpPOro poaa.

O6bblyHO oOwWwKnbKa nepsBoro poga BaeyeT 3a coboun
OWMOKY BTOPOro poaa: ecnm OTBEpPrHyTa rmnortesa o TOM, YTO
npeanpuatTme  nonaydaer  npubbinb, TO,  eCTECTBEHHO,
NMPUHUMAETCA peLleHne 0 TOM, YTO OHO He MMeeT Npubbian.
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OAHAaKO Ha nMpaKTUKe BO3MOXHbl M Apyrne cuTtyauun. B
60NbLIMHCTBE CNYYaEB PacCMaTPUBALOTCA TMNOTE3bl O 3aKOHax
pacnpenenexHms.

Echu oTBepraeTca NpaBu/IbHbINA 3aKOH pacnpeaesieHus,
TO coBepLuaeTca owmnbKa nepsoro poaa. Ho nocne aToro MoxKeT
OblTb MNPUHATO pelleHMe YTOYHUTb JaHHble, T.e. Apyras
rmnoTesa He NpPUHUMaeTcA.

Echn e npuHuUmaeTcs Jgpyroe pacnpeaeneHume, TO
coBepllaeTca owmbKa BTOPOro poaa.

NHorga oOwMBKY nepBOro poaa HasbiBaloT «anbda-
PUCK», 3 OLUMOKY BTOPOro poda — «beta-pucK».



Paspen 5. CtatuctnuecKkaa nposepka runortes

BennumHa [ paBHa TOW pone HabawaeHwn, AnA
KOTOPOM 3HAYEeHUA CTATUCTUKU KpuUTepua npoBepkn Hy He
nonagatT B KPUTUYECKYo 06s1acTb KpuUTepus MNpoBepPKuU
HEKOTOPOW MNOJIHOCTbIO onpeaeneHHoi runotessl Hy € Hy,
KOHKPETU3UPYIOLLEN CNOXHYIO rnoTesy H;.

Mo 3TOM NpuYnHEe HGecCMbICIEHHO TOBOPUTbH MPOCTO O
MOLLHOCTU  KPUTEPUA, MMEEeT CMbICA TO/NbKO TepMUH
«MOLLHOCTb KpUTEPUA OTHOCUTENIbHO runoTesbl Hy».



Paspen 5. CtatuctnuecKkaa nposepka runortes

OwubKy nepBoro poaa 4acTo HaA3bIBAOT JIOXKHOM
TpeBorom —

Hanpumep, aHa/In3 KPOBU NOKa3as Han4yme 3aboneBaHmA, XOTA
Ha camom Aene 4YenoBeK 30pP0B.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Nlemma HemaHa-lNMunpcoHa



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpn  NOCTPOEHUU  KpUTEepMs AN NPOBEPKM
CTaTUCTMYECKOM runoTesbl, KaK MpaBuao, ucxodaT w3
HeobxoAMMOCTM  MAKCMMU3UPOBATb MOLLHOCTb  KpUTepus
w = 1 — f npn ¢nKcMpoBaHHOM YPOBHE 3HAYMMOCTU (.

NpeanosioMm, YTO reHepasbHOe pacnpegeneHme umeer
3aBUCALLYI0O OT napameTpa O MONOMKUTENbHYIO MPU BCEX X
nnotHocTb f(x; 0) > 0.

[yctb Hy v H; —npocTble runotesbl BUAA
HO:9=90V|H1:0=91.

3anuwem ¢pyHKUMK npaBaonoaobua, cooTBeTcTByOWME STUM
rmnoTesam:

Lo(eo;x1 ey Xp) = f(x1i 0g) « - f(xn; 90),
Li(01,%1 o, xp) = f(xq;61) - -+ f(xp; 01).



Paspen 5. CtatuctnuecKkaa nposepka runortes

Teopema (nemma HeumaHa-lMupcoHa). [Ans  noboro
a € (0,1) cywectByeT Takaa KOHCTAHTa C,, YTO KPUTEPUM C
KpUTM4eckom ob61acTbto

L1(64,%1 ..., %)
Lo(6g, xq ..., X)

> Cq,

ABnAeTca Haumbonee MOLWIHbIM KpUTEPUEM Cpean  BCex
CTAaTUCTUYECKUX KPUTEPUEB C KAKOM-IMBO  KpUTUYECKOM
obnactbto K, npeaHasHavyeHHbIX a4na nposepkn Hy, npotms H;
C YPOBHEM 3HAYMMOCTU (.

Joka3aTtenbcTBo. (be3 noKkasaTenbcTsa.)



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mcnonb3oBaHne Hanbonee MOLLHOMO KpUTEPUA rapaHTUMpyeT
npn 33aHHOM BEPOSATHOCTM O OWWBKM nepBOro poaa
HaMMeHbLUYI0, MO CPaBHEHUD C APYrMMU  KPUTEPUAMM,
BEPOATHOCTb OWMNBKKM [3 BTOPOro poga, NOCKOAbKY MOLLHOCTb
Kputepua pasHa (1- ).



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpumep. lMNMyctb nmeetca sBblbopKa Xy ..., X,, U3 pacnpegeneHus
N(m; 04) c ussectHolt aucnepcuein 2. MposepsaeTtca rmnoTesa
Hy: m = mgynpotus anbtepHatuebl Hy:m =m;.

Mpeanonoxum ana  onpegeneHHoOCTH, YTO  BbINOMHAETCA
HepaBeHCTBO: My < my . Mcnonblyem cneayowyto CTaTUCTUKY:
X —mg

o
/\m
3a4aeTca  MNPaBOCTOPOHHAA  KpuTuuecKaa obnactb: K =
(Zg; ).
[ToKa)kem, 4YTO TaK onpeaeneHHbIn KpUTeEPUM ABASETCA Hanbonee
MOLLLHbIM Cpean BCex KpuTepues No nposepKe Hy npotms Hy C
YPOBHEM 3HAYNMMOCTU (.

PeweHue.
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P-3HaueHune Kputepus



Paspen 5. CtatuctnuecKkaa nposepka runortes

OnucaHHaA npoueaypa NPOBEPKU  CTAaTUCTUUYECKOM
rmnoTesbl MO3BONAET MPUHATb pPeleHue O MPUHATUM UK
OTK/IOHEHUN OCHOBHOW rMMOTE3bl MO pe3y/abTaTaM CPaBHEHUA
Habnogaemoro  3HaYeHMA  CTAaTUCTUKU € KPUTUMYECKUM
3HayYeHmneMm, KoTopoe 3aBUCUT OT 3a4aHHOr0 YPOBHSA 3HAYNUMOCTMH.
Echn 6yaeTr 3a4aHO HOBOE 3HA4YeHMe YPOBHA 3HAYMMOCTH,
npoLeaypy NpoBepKM HY>KHO NPOBOAUTL 3aHOBO.

Boibop YypOBHA 3HAaYMMOCTM A0BOJIbHO MPOWU3BONEH, WU
O OAHOM M TOW e BblOOpPKe MOXKEeT OKa3aTbCA TaK, YTO Mpwu
OAHOM 3HA4YeHUU YPOBHA 3HAYMMOCTU MPOBEPAEMasn rmnoTesa
OTBepraeTcs, a Npu APYrom 3Ha4eHUM ypPoBHA 3HAYMMOCTU — He
oTBepraeTcs.



Paspen 5. CtatuctnuecKkaa nposepka runortes

[MpM npoBepKe rMnNoTe3 OKasblBAaeTcA Mose3eH noaxoa,
OCHOBAHHbIA  HA  BbIMUCAEHUMW  Habnwgaemoro  YypPoBHSA
3HAaYMMOCTMW.

MeToa, OCHOBaHHbIA Ha MCNO/Ib30BAaHUW TaK Ha3biBaemoro P-
3HAYEHUS KpUTEepuA, NO3BONAET MPUHATb PELUEHNE O MPUHATUM
NAN OTKNOHEHUM OCHOBHOW rMNoTe3bl OAHOBPEMEHHO A8 BCEX
YPOBHEW 3HAYMMOCTMW.



Paspen 5. CtatuctnuecKkaa nposepka runortes

=
MycTb umeeTca cTaTuctudeckmmn Kputepun T(X) ¢
KpuTnuecko obnactbto K. WU nycTb nosnyyeHa peanusauumsa X

CAY4aNHON BbIGOPKU X = (Xq, ..., X3).

P-3HaueHuem (P-value) p(x) cratuctnyeckoro kputepusa T (X)
Ha3blBaeTCA HaMMEHbLUAA BeNMYMHA YPOBHA 3HAYMMOCTU, NpU
KOTOPOM HY/1eBasA rmnoTesa OTKAOHAETCA:

p(x) =min{a: T(x) € K}.

BennumHa p(X) 3agaeT GakTMUECKU YPOBEHb 3HAYMMOCTH.



Paspen 5. CtatuctnuecKkaa nposepka runortes

ANnA BCcex 3HaYEeHWI1 YPOBHA 3HAYMMOCTH, TaKux, uto a < p(X),

runotesa H, npuHumaetca, npm Bcex o > p(X) runotesa H
OTKJ/IOHAETCA.

Yem meHblle P-3HayeHue, TeM CU/IbHEE OCHOBAHMA OTKNOHUTD
HY/1IeBYIO TMNOTE3Y.

P -3Hauennem (P -value) p(Xx) cratuctmueckoro kputepusa T (X)
HaMMEHbLUAA BE/JIMYMHA YPOBHA 3HAYMMOCTM,
OTK/IOHAETCA:

Ha3blBaeTcA
NPU KOTOPOM Hy/neBad runoresa

p(x) = min{a: T(x) € K}.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Cnocobbl 3apgaHuA KpuTnyecknx obnacreun

Nycte T = T(X) — cratuctuka Kputepusa, w, — 100g%-a TouKa
CTAaTUCTKM KpUTEPUA, & — YPOBEHb 3HAYMMOCTMW.

1. MpaBoCTOPOHHAA KpuTHYecKaa obnactb. [Mnotesa H,
OTK/IOHAETCA, €CNIN BbINONHAETCA HEPABEHCTBO Ty 6, = Wy -

2. JleBOCTOpPOHHAA KpuTMYeckaa obnactb. [unotesa H,
OTKNOHAETCA, eC/IN BbINOAHAETCA HEPABEHCTBO Ty 6, < W1—g-

3. [BYCTOpPOHHAA KpuTUYeckaa obnactb. [unotesa H,
OTK/IOHAETCA, eC/11 BbINOJIHAETCA YC/10BUE:

Thaen € (0, W1_g/2) U (Wg/2; ).



Paspen 5. CtatuctnuecKkaa nposepka runortes

[pnBeAeHHbIE pas3/IMYHble BapMaHTbl 3aAaHMA  KPUTUYECKUX
obnacter MOKHO onucaTb eaAnHbIM 0H6pasom.

PaccmoTpum ABYCTOPOHHIOK KPUTUYECKYO 061acTb BUAaA

K ={:TX) < tiop} U {X: T(X) > tyer},
npeacTasaatowyto cobon obveanHeHne obnacten (—oo;ty.) U
(tacr; ).
Pa3zobbem CcymmapHbIM YypPOBEHb 3HAYMMOCTUM «, 3a[30LLINU
BEPOATHOCTb MONagaHMA B KPUTUYECKyro o0651actb, Ha [ABa

CNaraemblx:
a =a +a, = ad + a(l — 9).

B 3TOM Bblpa*keHUn ay; U a, NPeacTaBnAloT cobon BEpPOATHOCTH
nonagaHusa, COOTBETCTBEHHO, B /IeBYIO W MPaByl 4acTu
KpUTn4yeckom obnactu, a BecoBon KoapPuumeHT O 3aaaeT
«BAXKHOCTb» AN NMUa, MPUHMMAKOWeEro pelleHne, NepBon nam
BTOPOM YaCTU KPpUTUYECKOW obnacTu.
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OnuncaHHble TMNOBble cnocobbl 3a4aHNA KpUTUYECKNX obnacTei
nony4atoTca cneayowmm obpasom:

— cnydam 6 = 0 cooTBeTCTBYET NPABOCTOPOHHEN KPUTUUECKOM
obnacru;
— cnyd4am 0 — 1 cooTBeTCTBYEeT /1IeBOCTOPOHHEN KPUTUUECKOM
obnacru;
— cnydam & = 1/2 cooTBeTcTBYET ABYCTOPOHHEN KPUTUUYECKOM
obnactu.

Cdopmynmnpyem Tenepb npasuna BbluUCAEHUA P-3HauyeHUA anA
TEX KpuUTepues, B KOTOPbIX HynNeBasa ruvnoresa nNpPUHUMaETCA
COrM1aCHO NpuBeAeHHbIM dopmynam.

a=a +ta, = ad + a(l — o)
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Teopema. Myctb T = T(X) — cratnctuka Kputepusa, Tyae, = T (X)
— Habnogaemoe 3HaYeHME CTaTUCTUKM KpUTEPUS.

Echn Kputuueckasa obnactb umeet BUA: {Tya6, = Wy}, TAE Wy —
100 a -npoueHTHas To4yka CcTaTUCTMKM T  (NPaBOCTOPOHHASA
Kputnyeckaa obnactb), 10 P -3HadeHue p,(X) HaxoauTtca no

dopmyne:  py(X) = Py, ({T > Tuasn}),  rae uepes Py (A)
0b03Ha4yeHa BEPOATHOCTb cobbiTnA A , BblHNC/1IeHHAaA B
npeanonoxXeHnn cnpasea/iMBOCTU TMMNOTE3bI HO .

Ecnamn kputnyeckas obnacte umeet BUA: {Tya6, < W1—g}
(neBoCTOpOHHAA KpUTHMUecKasa obnacrtb), To P-3HaueHue p, (X)

HaxoawnTca no popmyne: p(X) = Py ({T < Tyaen)) = 1 — p1(X).
Ecnu kputnueckasn obnacto umeet Bua: Tyap, € (—0; w,_a) U

(wa; +0) (ABYCTOPOHHAA KpUTHUUYECKaa 06nacTb), To P-3HaveHMe

2
p3(X) HaxoauTca no popmyne: p3(x) = 2 - min{p,(x), p,(x)}.
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[MoscHUM Ha NpuMepe NPOBEPKU 0OHOCMOPOHHeEU 2urnomessi.

dopmMynmnpoBKa 3aaaum.

N3 eeHepasbHOU COBOKYNMHOCMU WMeEOLWen HOpMabHOe
pacnpegeneHne C  HEU3BECTHbIM U W  WU3BECTHOM
oucnepcueli o©? B3ATa 8blbopka pasmepa N. Heobxoamumo
NPOBEPUTb CMAMUCMUYECKYIO  2ulmome3y O  pPaBeHCTBE
HEU3BEeCTHOrO [ 334aHHOMY 3HAaUYEHUIO L.

NHbIMU crioeamu:

Ho: p= g
[Mpn anbTepPHATUBHOM rMNoOTE3E:

Hi:p>py
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Ho:p=py Hytp > pg
KpuTnueckas o6nactb — NpaBOCTOPOHHANA:

= P(Z>2

4 np,Kp P Kp)
P27t = P(Z<2,,,)1-P(2Z> z,,,p =l
."I; 1-a \
/ NS L%
:nlr:r.,.a?.:r .:.Hd'l;"-_.l.'ﬂ. ”P K2 ~nabn

P(Z< ZHCZ6JZ) =1-a' = 1'pvalue
p1(X) = Pyae = 1-P(Z< z,,.,) = ZTECT( <@bibopKa>; U, ;0)

=1-HOPM.CT.PACI(z

Ha6Jz' )



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputnuyeckas obnactb — 1€BOCTOPOHHAA:
Ho:pw=py Hyp < pg

P(Z< ZHa6Jz) =a = pvalue

P> (f) = pvalue =P(Z< Zna@z)
P-value =1- Z.TECT( <8b160pKa>; [i,;0)

=HOPM.CT.PACN(z, . ;1)
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Kputnyeckaa obnactb — ABYCTOPOHHAA:
Hoop=py Hyt p#

P(Z< Zna@z) =1-a’ /2 =1- Pvalue /2
P(Z< 'Zna@z) =a /2= Pvalue /2

% (3_5)) — pvalue =
=2*MWUH(Z.TECT(<8b160pKa>; y;0);1-Z.TECT(<8b1b0pKa>; U, ;0))

=2*MWH(1-HOPM.CT.PACN(z, . ;1); HOPM.CT.PACM(z, ;1))

HaoO’
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Teopema. Ecnm H, — BepHa, TO cAy4yanMHaa BeNUYMHA
PV~Unif|0;1] (to ectb pacnpegeneHune c.B. PV AsnAaetcA
paBHOMepHbIM Ha [0; 1]).

10 50
45
08 40
35
0,6 3,0
2,5
0.4 20
LS
0,2 1,0
0,5

007700 01 02 03 04 05 06 07 08 09 10 1157100 01 02 03 04 05 06 07 08 09 10 LI
PacnpepneneHune c.B. PV , Koraa

1) H,— BepHa; 2) H,— oTBepraertcs.
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Kputepuun 3HauMmocTu
KoadpPunumueHTta Koppenauum
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[lpoBepsieTcA rumnotesa O HaAUuuM  3HAYMMOM
NIMHEMHOWN KOPPENAUUOHHOMU CBA3SU MEeXKAYy CAy4YalHbIMU
BeAnMUnMHammn X n'Y.

[lna NpoBepKU rmnoTesbl UCNONAb3yeTCA BblOOPOUHDbIN
K03 PULMEHT Koppenauum p,.,.

B cayyae OTKNOHEHUA rMnoTe3bl O paBeHCTBe KodIdPuuUueHTa
Koppenauum HyN roBOpAT, YTO OH 3HAUYUM.

B NpoTMBHOM C/ly4ae roBOPAT: Py, HE 3HAUUM.
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NTaK, npoBepAaeTca rmnortesa

Hl: pxy == 0.

3a4aH ypoBeHb 3HAaYMMOCTU (.
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[poBepKa ruMNoTesbl OCHOBaHAa Ha c/eaylowem
pesynbraTe:

Npun CNpaBeag/sinBoCTU HVJ'IEBOVI rMnoTe3bl CTaTUCTUKA

L N
\/1 o ﬁ)%y
rie Dyxy — BbIOOPOYHLIN KOIGPUUMEHT KOppenaumm, nmeer

pacnpeaeneHue CtblogeHTac n — 2 cTeneHsmu csoboapi.
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Mnotesa H, OTKNOHAETCA, €CAM BbIYMCAEHHOE MO

BbIODOPOYHbIM  A@HHbIM  3HAYEHWEe  CTATUCTUKM Tia6
vyaosneTBopAeT HepaBEHCTBY:

2)

[leiicTBUTENbHO, NpU YC/IOBMWU cnpaBegnmMBocTn runotesbl H)
MMmeem:

T ~t(h — 2).
CnepoBaTenbHO, BePOATHOCTb OWIMG6KK NnepBoro poaa

P({ITI> ta, ,)) =
_p ({T < — t%,-n—Z}) + P ({T > t%m_z}) =

a a
= — 4 —

> > .
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Mpumep. MmetoTcs AaHHbIE O pacxogax Ha peknamy (X) w
obbvemax npopax (Y) wectn morowmx cpeacTs:

Pacxoabl Ha 2,3 | 57 | 48 | 7,3 |59 6,2
peknamy (aeH. en.)

O6vem npoaax 77 | 105 | 96 | 118 | 102 | 95
(w.)

Tpebyetca npoBepuTb, CYLLECTBYET M 3HAYMMaAA JMHENHAA
KoppenaunoHHaa cBA3b mexay X U Y Ha ypoBHE 3HAYUMMOCTU
a = 0,05.
PeweHue.

HO: pxy — 0,
Hl: pxy == O



Mepbl cBA3U cAyYalHbIX BE/IMYUNH

YpoBeHb 3HaUHMMOCTH (@/2):
BECPOATHOCTL PEAKMX
SHAYCHHA 7 -CTATHCTHKH

YpoBcHb A0BEPHTEILHON

BEPOATHOCTH ()

Yposeun 3HauuMocT! (a/2):

BCPOATHOCTSH PCAKMX
JHAYCHHA I-KpHTCPUS

[ Haln.

- cr

OGnacre orkaonenns Hy

O6Gnacts orknoneHus Hy

->
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[MapameTpuyeckue Kputepum

[MpoBepKa rmMnoTesbl O PABEHCTBE MATEMATUYECKOro OXKUAAHUA
TeopeTUYeCKoMy 3Ha4YEeHMUIO.

[MpoBepKka rmMnoTe3bl O pPaBeHCTBE [ABYX MaTeMaTUYeCKUX
OXUOAHUN.

[MpoBepKa rmMnoTesbl O pPaBEHCTBE AUCNEPCUN TEOPETUYECKOMY
3Ha4YeHuto.

[MpoBepKa rMnoTe3bl 0 paBeHCTBE ABYX AUCNepcuin. Micnonb3oBaHue
annapata MPOBEPKM TUNOTE3 B ISKOHOMMUKE U YyNpaBAeHUW.
Peannsauus KpuUTEpUEB MNPOBEPKM CTAaTUCTUYECKUX TUNoTe3 B
nakete Microsoft Excel n cpeacrsamu Python.
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'MnoTe3a o reHepasbHON cpeaHel HOPMaIbHOTO
pacnpeaeneHus

MocTtaHOBKa 3agauun: npeanonaraeTcd, 4YTO reHepasibHasa
cpeaHAA HOPMaJAbHOrO pacnpegeneHua paBHa HEKOTOPOMY
3HaYeHUIO [U,.

JTO HyNeBana runoTesa: Hy: u = U,.


http://www.mathprofi.ru/moda_mediana_generalnaya_i_vyborochnaya_srednyaya.html#s
http://www.mathprofi.ru/normalnoe_raspredelenie_veroyatnostei.html

Paspen 5. CtatuctnuecKkaa nposepka runortes

nna NPOBEPKMU rmnoTesbl Ha ypoBHe
3HaYMMOCTU @  NpoBOAUTCA BblOOPKAa obbema N 7
paccuynTbiBaeTcs BblbOpoOYHaA cpeaHAsA 76 . Ucxops um3
MONYYEHHOrO 3Ha4YeHua U cneundPukn To UAN UHOM 3a[aun,

MOXHO  chopmynMpoBaTb  caeaylolWme  KOHKypupyloLlune
rmnoTesbl:

1) Hy:p<py
2) Hyp>
3) Hyp # py
4) Hy:p=p,

=

roe [, — KOHKpeTHoe afbTepHaTUMBHOE 3HavyeHue 2eHepasibHol
cpeoHel.


http://www.mathprofi.ru/matematicheskaya_statistika.html
http://www.mathprofi.ru/moda_mediana_generalnaya_i_vyborochnaya_srednyaya.html#s
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Ecnu nmeeTcs NOCTOBEpPHan MHOPMaLMA 0
HanpaBAeHUN  OTKJOHEHMA OT HYyNeBOM runoTesbl, TO
NCMNONb30BaHME OAHOCTOPOHHEWM a/IbTePHaTMBbI
npeanoytutenbHee [ABYCTOPOHHEW, MOCKO/JIbKY 3TO MOBblWAET
MOLLIHOCTb KpUTEpPHUA.




Paspen 5. Ctratuctuyeckaa nposepkKa runores

Mpu 3TOM BO3MOXKHbI ABEe NPUHLUNNANbHO pa3Hble CUTYyauun:

a) ecu reHepasibHas AUCNEepCUa 0> U3BECTHa.

6) reHepanbHaa gucnepcus o° HE nsBecTHa.
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2
a) ecnu reHepanbHaa gucnepcma O U3BECTHA.

Torja B KayecTBe  CMAMUCMUYECKO20  Kpumepus
K paccmaTpuBaloT CIyUaliHyIo BENUYUHY
X — Uo
z="_"20
/
ND

rae X — cayvanmHoe 3HavyeHue 8bibopoyHoU cpedHel.
[Mouemy cny4yamHoe?
[ToTOMy 4TO B pa3HbIX BbIOOPKax Mbl byaem nony4atb pasHbie

3HaYyeHnA BbIBOPOYHOM cpedHen, N 3apaHee npeayragatb 3TO
3HaYeHNEe HEBO3MOXKHO.
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Nlanee Haxoaum Kpumuyeckyro 0baacme K.

[1nAa KOHKYPUPYIOLWKNX TMnoTes

Hy:p<py 4 Hy:p=p (caywan py < gy )
CTPOUTCA 1e860CMOPOHHAA 06a1aCMDb,

Hi:pu>p,vwH;: u=p, (cnyyanm u, > l,) —1pasocmopoHHss,

Hi: u+#pu, — OBYCMOPOHHAA — TaK KaK KOHKypupyoLlee
3HAYEeHMeEe reHepanbHOM CPpeaHEen MOXKET OKa3aTbCA Kak bonblue,
Tak N MeHbLUe [, -TO0.
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YTobbl HaUTU KpuUTUYeckyto o06sactb K HYKHO OTbICKATb
KpUTUYECKOE 3HaYeHWe Z, .

OHO onpenenneTca U3 COOTHOLIEHUA
1-2«
2

D(z,,) =

— ANA 0AHOCTOPOHHEN obnactu (n1eso- usau npaso-) n

l1-«o
®(z,,) :7

— ANA ABYCTOPOHHEW obnactn, rge oo — BbiOPaHHbIM YPOBEHb
3HaYMmocTH, a D(Z) — ctapas 3Hakomas dyHKumA Jlannaca.




Paspen 5. CtatuctnuecKkaa nposepka runortes

Tenepb Ha OCHOBaHMMU BbIOOPOUHbIX NAHHbIX
paccuynTbiBaem Habsro0aemoe 3HaYeHuUe Kpumepus:

3TO MOXKHO OblJIO cAenaTb U paHblle, HO TaKoM NopAdoK bonee
nocaenoBaTe/IeEH N NOTUYEH.
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Pe3ynbrarthil:



Paspen 5. CtatuctnuecKkaa nposepka runortes

1) Ans NeBOCTOPOHHEN KPUTUYECKOW 0baacTu.

Ecam Z,,6,>-2,,52,,, TO TMNOTE3a H, HAa YPOBHE 3HAYMMOCTH O
npMHUMaeTcA.
Echvm z,,,5,<-2,, =-Z, , TO OTBepraetca (kpacHell ysem).
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2) NpaBOCTOPOHHAA KpUTUYECKas 061acTb.

Ecw Z,,5<%,,7Z,.,, TO rnnotesa H, Ha ypoBHe 3Ha4YMMOCTH O
NPUHUMaeTCA.
Ecnn Z 060> Lip=L1-0 TO oTBepraeTcs

(kpacHobll usem) .
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3) A BYCTOPOHHSAA KpUTM4eckaa obaacTb.
Echn

vaci<Liy=L1.o2 (HE3AWMPUXOBAHHBIU UHMeEPsan), To
runotesa H, NnpMHUMaeTca , B NPOTUBHOM Cay4yae — OTBEpraeTca:

PVVAYAY, G TV VN o

“Zip 0 Zxp YA
YCNOBUE MPUHATUS TMNOTE3bl YAaCTO 3aMNMUCbIBAOT KOMMNAKTHO — C
nomoLpto moayna: |z, ;|<z, .

_kaz_zl-oc/2<z

Hab



http://www.mathprofi.ru/goryachie_formuly.pdf

Paspen 5. CtatuctnuecKkaa nposepka runortes

Z,,= 2., =HOPM.CT.OBP(<1 — a>)

— KBAHTMAb YypoBHA 1 — o CAY4YaMHOW BENUYUHDLI Z,
pacnpeaeneHHOM No CTaHAAPTHOMY HOPMAJIbHOMY 3aKOHY

import scipy.stats as sts

zer=sts.norm.ppf(1l-alpha)



Paspen 5. CtatuctnuecKkaa nposepka runortes

Z,=21.4/,= HOPM.CT.OBP(<1 — 0/2>)
— KBaHTWAb ypoBHA 1 — o/2 cny4alHoM BenUYUHbI Z,
pacnpeaeseHHoOM No CTaHAAPTHOMY HOPMAJIbHOMY 3aKOHY.

import scipy.stats as sts

zcr=sts.norm.ppt{1-alpha/2)

B cuay cMMMeETPUYHOCTU pacnpeaeneHuns

L1.q =Ly WLy =Ly
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import scipy.stats as sts

alpha=8.85

zer=sts.norm.ppt{1l-alpha/2)

ZCr

1.959%63595454a4a54

zer=sts.norm.isf{alpha/2)

il 4

1.9592639545484545
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B cuny CMMMETPUYHOCTU pacnpeaeneHuns

Li.g =Ly Wi g=Lyp

import scipy.stats as sts

alpha=8.85

z right_cr=sts.norm.ppf(l-alpha/2)
z left cr=sts.norm.ppf(alpha/2)

print( 'z _right cr=",z right cr)
print('z_left cr=",z left cr)

z_right cr= 1.959963984548054
z left _cr= -1.9599639845480545
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Echn, Hanpmmep, U3BeCTHO, YTO OTK/IOHEeHNEe MaTeEMATUHECKOTIo

OXKUAaHUA u OT  TMMNOTETMYECKOro  3HayeHua U,
MOET MNPOU3ONTU TONIbKO B DOMbLUYIO CTOPOHY, TO B KayecTBe
anbTepHaTUBDI cnenyet B3ATb rmnoTesy Hi:u>up,
(oAHOCTOPOHHAA).

Kputnyeckasa o6a1actb YypOBHA L B 3TOM Cyvae byaeT COCTOATb He
M3  OByXx  OecKoHeuHbIX  MOAYMHTEpPBanoB  (-00;-Z ] 7
[Z,_,/2;+0), @ U3 0AHOTO - [Z,_;+00).
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Mpumep. CnyyamHaa BennunHa X pacnpegeneHa no
HOPMANbHOMY 3aKOHY C MaTEMATUYECKMM OXUAAHUEM M U
oucnepcueii o = 25. Mposepsaetca runotesa Hy: m = 0 npwu
anotepHatmee H; : m > 0 . [Ona nNpoBepKU runotesbl
MCNONb3yeTCA CTAaTUCTUKA

C NpPaBOCTOPOHHEW KpUTUYECKOMU obnactblo Z > Zz,
B pe3ynbTaTe ucnbiTaHMM noay4vyeHa BbiIbopka obvema n = 100,
TaKas, yto X = 1. TpebyeTtca BbluMCAUTb P-3HaueHne Kputepus.

PeweHue.

Ha6mo,£|,ae:v\oe 3Ha4yeHne CTaTUCTUKUN KputepumAa.

X —mg 1
Lya6n = — = 2.

O'/\/H _5/\/1_0
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PeweHue (npogonkeHue). B aaHHOM npumepe KpUTUYECKas
061acTb NPABOCTOPOHHAA U P-3HayeHune

p1(x) = PHO ({Z > Zya6a}).
CnyyaiHaAa BenuuuHa Z , NpW  YCNOBUM CNpaBeasiuBOCTM

runoTtesbl H, , VmMeeT CTaHAAPTHbIA HOPMaNbHbIX 3aKOH
pacnpeaeneHuvs v

Py ({Z > Zyasn}) = Pu,((Z > 2)) = 0,5 — ®(2) = 0,0228.

# MS Excel # Python

=1-HOPM.CT.PACIN(2;1) : import scipy.stats as sts

P_HO=sts.norm.sf(2) # P_HO0=1-sts.norm.cdf(2)
P_HO

CnepoBaTenbHo, npu nobom YPOBHE 3HAa4YUMOCTH
a > 0,0228 HyneBadA rmnoTe3a OTKJAOHAETCA.

MNpu ntobom a < 0,0228 HyneBadA rmnoTe3a NPUHMMaETCA.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpumep. N3 HOpManbHOWM reHepasbHOMN COBOKYMHOCTU C
U3BECTHOM Aucnepcuer o? =3,2 mn3BnedvyeHa BblbOpKa 0b6bEMA
N=25 u No HeW HanaeHa BbIOBOpPOYHAA cpeaHsas x =19,3.
Tpebyetca Ha yposBHe 3Hauymmoctn 0,01 npoBepuTb HyNEBYIO
rmnoresy Hy: u=20 npoTmB KOHKYPUPYOLWEN
runoTesbl Hy: u = 19.
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Mpexae Yyem NPUCTYNUTb K peLlleHnto, Napy C/10B O CMbIC/1e TAaKOM
3aj4aun.

EcTb reHepa/zibHas COBOKYMHOCTb C
N3BECTHOM AUCNepcMer M ecTb BECKMe OCHOBaHMSA MnosaraThb,
4YTO reHepasbHasa cpeaHAa pasHa 20 (HyneBasa rmnoTesa).

B pesynbraTte BbIOOPOYHOM NPOBEPKM
nosy4yeHa BblbopoyHasa cpeaHaa 19,3, n BO3HMKaeT BONpoc:

3TO pe3ynbTaT CAYYaMHbIN UKW e TeHepasibHaa CcpeaHAAa U Ha
CaMOM Jdene MeHblle ABaguaTM? — B 4YacTHOCTWU, paBHa 19
(KOHKYpupyloLw,an runoresa).


http://www.mathprofi.ru/matematicheskaya_statistika.html
http://www.mathprofi.ru/pokazateli_variacii_generalnaya_i_vyborochnaya_dispersiya.html#d
http://www.mathprofi.ru/moda_mediana_generalnaya_i_vyborochnaya_srednyaya.html#s
http://www.mathprofi.ru/moda_mediana_generalnaya_i_vyborochnaya_srednyaya.html#s

Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue: nNo ycnoButo, U3BECTHA reHepasibHasa aucnepcua o2
=3,2, NO3TOMY A/18 MPOBEPKM FTMNOTE3bl MUCMNOAb3YEM CAYHaNHYIO
BE/INYUHY

X —
z="5"2
/\m

Hangém Kputnyeckyro obnacts.


http://www.mathprofi.ru/pokazateli_variacii_generalnaya_i_vyborochnaya_dispersiya.html#d
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[nAa 3TOro HY)XHO HaWUTU KpUTMYECKoe 3HayeHue. TaK KakK
KOHKYpupytoLwee H:pu=p =19 3Ha4YeHune MeHblue
yem U,=20, TO KpuTU4eckaa obnactb byaeT 1€BOCTOPOHHEN.
Kputnuyeckoe 3HayeHne onpeaenmm m3 COOTHOLIEHMUA:

d(z )=2"2% _0,5-gq=0,5-0,01=0,49
Kp 2

AnAa yposHAa 3Haymmoctn a=0,01 =

Z,,=12,,= HOPM.CT.OBP(1-0,01) ~ 2,326348

Unu
2y = HOPMCTOBP(0,49+0,5) = 2,326348
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PeweHue (npoaonxeHue).
Kputuueckoe 3HaueHue CTaTUCTUKMU:

2o = Z1_g = 2,326348.

# MS Excel z.. = 2,33 # Python

import scipy.stats as sts

alpha=6.81

A B C D "

# zcr=sts.norm.ppf(1-alpha)

1 |alpha= 0,01 zer=sts.norm.isf(alpha)
2 |2cr= 2,326348|=HOPM.CT.OBP(1-B1)

ZCr

2.3263475740488408
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Takum  obpasom, npu  Z,.,<Z. (KpacHas Kpumu4eckas

obnacme) Hynesas runotesa oTBepraeTcA, a Npu Z,.,>Z,, —
NMPUHUMaeTCA:
L0000 ! >
“Zip 0 Z
B AaHHOM cniyyae -z, = -2,33.
Bblumncamm Habntopaemoe 3HayeHue Kputepua:
. (X, —a,)vn (19,3-20)-+/25
Haon o 3, 2
-0,7-5 3,5
~—196

B2 B2
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Nmeem:

2, =-1,96>-2,,~-2,33

No3TOMY Ha ypoBHe 3HaunmocTu a.=0,01 HyneBylo runoTesy
H,: u = 20 npuHumaem.
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TakoW, Bpoae 6bl HEOXWMAAHHbIN pe3ynbraT, obbsacHAeTcA
TeM, YTO reHepasibHOe CTaHAapPTHOE OTKNOHEHME A0CTAaTOYHO

BenikO: o =4/3,2~179 , @ NOCemMy HeT OCHOBaHWN
OTBepraTb «rMaBHoe» 3HayeHue U, = 20 (HecmoTpA Ha TO, YTO
BbIGOpPOYHAA cpeaHAs X =19,3 ropasgo 6auxe K

KOHKypupylowemy 3HaveHnio pu, = 19).

MHbIMM cnoBammn, Takoe 3HavyeHue BbIOOpPOYHOW cpeaHewn,

BepoATHee Bcero, obObACHAETCA ecTecTBEHHbIM pa3bpocom
BapUaHT X;.



http://www.mathprofi.ru/matematicheskaya_statistika.html

Paspen 5. CtatuctnuecKkaa nposepka runortes

Y70 03HaYaeT «Ha yposHe 3Hayumocmu 0,01 »7?

3TO 03Ha4yaeT, YTo Mbl C 1%-HOWN BEPOATHOCTLIO PUCKOBAM
OTBEPrHyTb HYy/NAEeBykH runotesy, npu YCAOBUW, YTO OHa
AENCTBUTENIbHO Cnpasea/inBaa.

OAHAKO He HY)XHO 3abblBaTb, YTO HA CAMOM Jie/le OHA MOXKET
O6bITb M HeBEpPHOM W CywecTByeT [3-BEPOATHOCTb TOro, Mbl
NPUHANN HENPABUIbHYIO TMNOTE3Y.
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Mpumep. PyKoBoACTBO ce€TM MarasamnHOB MOAHOMN OAeXKAbl AONKHO
NPUHATb PeLleHne, UMeeT I CMbICA NPOoANEBAaTb AOroOBOP apeHa
NOMeLEHNA ANA MarasnHa B OAHOM W3 TOProBbIX LEHTPOB. M3
ONblTa CETU MArasnvHOB M3BECTHO, YTO MarasuH NpubbineH, ecnu
cpegHee 4yncno nocetutenen B AeHb npesbiwaet p, = 400 yen.
Takyke wu3BecTHa aucnepcusa o2=400. Mpu sTom 3a nocnegHue
N=365 gHen B AQHHOM MarasmHe cpeaHee 4YMCI0 NnoceTuTeneun B
AeHb OKazanocb paBHo X =404 uen.
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NMpumep.
[Mo pe3ynbratam N=5 mamepeHnn Temnepatypbl B Ne4n HaANOEHO
X =256°C [Mpeanonaraerca, YTO OWMOKA M3MEPEHUA ecTb

HOpManbHaa cay4daiiHaa BennumHa ¢ o=6° C. MposepuTb Ha
ypoBHe 3Hauynmmoctn o=0,05 rnnortesy NpoTUB KOHKYPUPYIOLLEM
runoTesbl H,: a>250° C.
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Mpumep. CpeaHunt Bec TabneTtkM  CUNbLHOAEUCTBYHOLLErO
nekapcrtea (HomuHan) gomkeH b6biTb paBeH 0,5 mr. BbibopoyHas
nposepKka N=100 BbiNywWeHHbIX TabneToK NoKasana, YTo CpeaHUN
BeC TabneTkn paBeH X = 0,508 wmr.

MHOroKpaTHbIMUM NpeaBapuUTe/IbHbIMU OMNbITaMKM MO B3BELWMBAHUIO
TabneTtoK, wn3rotasinBaembix dapmaLeBTUHYECKMM  3aBOAOM,
YCTAaHOBNEHO, 4YTO BecCc TabneToK pacnpeaeneH HOpPMaabHO CO
cpeaHMM KBagpaTuiyecknum oTknoHeHnem 6=0,11 mr.

Tpebyetca Ha ypoBHe 3HaummoctTn o.=0,1 npoBepuTb rMNOTE3y O
TOM, YTO CpeiHMI BecC TabneToK AeNCTBUTENBHO PaBeH

H,: pn=0,5.
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Mpumep. (Mo Bbibopke o06bEMa n = 13, n3Bne4YéHHON U3
HOPMaNbHOW TreHepasibHOM COBOKYMHOCTUM C  U3BECTHbIM
cCpeaHMM KBaApPaTUYHbIM OTKAOHEHMEM O = 3, NpU YPOBHE
3HAYNMMOCTU 0,05 nposepsaeTcA Hy/1eBaAn rmnoTesa
Hy: u=puy =17. Tpebyetca:

a) HaﬁTM MOLWHOCTb Kputepma Ana npoBepKn rmnotes3obl
H1 . ‘Ll = ‘Lll — 16

6) HaNTK 0H6BEM BbIOOPKU 1, MPU KOTOPOM MOLLLHOCTb KpUTEpPUA
He meHbLle 0,92.

PeweHue.



Paspen 5. Ctratuctuyeckaa nposepkKa runores

MpoBepKa runoTesbl 0 paBeHCTBE 3a4,aHHOMY
UNCNY MaTEMATUUYECKOTro OXnaaHuA
HOpPMaJIbHO pacnpeaeneHHOMU
CNY4YaMHOU BeINYMHbI C HEU3BECTHOM
aucnepcuen
(oaHOBbLI6OPOUHDBIN t-KpUTEPUM)



Paspen 5. CtatuctnuecKkaa nposepka runortes

Ha npakTuKe, 3HayeHMe oG He OblBaeT WM3BECTHO, MO3TOMY
PAaCCMOTPEHHbLIMU  KPUTEPUAMM NPOBEPKU TUNOTE3 MOMKHO
NONb30BaTbCA TO/IbKO MPWU A0CTAaTOYHO 6onblinx BbibOpKax. B
oblleM e c/ay4yae NpuM HEU3BECTHOM 3HAYEeHUU G MOXKHO
MCNONb30BaTb TOT PaKT, YTO CTAaTUCTUKA

_ (X — Up)\n

S

T

pacnpegeneHa no 3akoHy CrbiogeHTa ¢ n — 1 creneHbto
cBoboapbl.

NTaK:
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6) reHepanbHaa gucnepcus 0° HE u3BecTHa.
(oaHOBBLI6GOPOUHDbIN t-KpUTEPUiA)

B 3TOoM cnydyae OCTaétcAa OpPMEHTUMPOBATLCA HA UCMPABAEHHYIO
BbIGOPOUYHYIO UCMIEPCUIO S? U KPpUTEPUIA

_ (X — Up)Vn

S

T

X  cnyyamHoe 3HavyeHue BblbopoyHoU cpedHel n s —
COOTBETCTBYlOLLEE WCMPABNEHHOE CTAaHAAPTHOE OTK/IOHEeHMe.
[laHHaa  cayvyaHaa  BeAnUYMHA  MMeeT  pacnpegeneHuve
CtblogeHTa ¢ cteneHAmuM ceoboabl k = n — 1.

ANTOpUTM peLlleHna NOSHOCTbIO COXPaHseTCA.


http://www.mathprofi.ru/pokazateli_variacii_generalnaya_i_vyborochnaya_dispersiya.html#d
http://www.mathprofi.ru/formula_dispersii_standartnoe_otklonenie_koefficient_variacii.html#sko
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_%D0%A1%D1%82%D1%8C%D1%8E%D0%B4%D0%B5%D0%BD%D1%82%D0%B0
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1. Hi:u>y,
Kpuntnyeckaa o6n1actb — NPaBOCTOPOHHAA:

LLLLLY . p(T>t

Lnp,ip

p(T>tnp’Kp):a = p(T<tnp,Kp):1_p(T>tnp,Kp):1_O(' —
p(T<t,, . )=F(t

np, Kp)

np, Kp) np, Kp) J

e F(X;K) — dyHKumna pacnpenenenns CrotogeHta c k =n -1
cTeneHammn ceoboabl

= F(t . ;K=1-a

np,Kp’?
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2. H: p < g
Kpl/lTl/lLleCKaFl obnactb — 1EBOCTOPOHHAA:
cossise > = p(T<t,, ,)=0
rﬂee,xp

P(T<t, 5 ) =00 = P(T<t 0 o) =F (L i K) =01

rne F(X;k) — dyHKumna pacnpepeneHmnsa CtotogeHta c k = n -1
cTeneHAMU cBoboabl
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= p(T>t)=p(T<-Y)

|

.--‘l -"’ a’

. A
, )

.~ o ]

p(T<-) -t

Kputnyeckaa  TOYKa tnp,Kp Haxoautca un3  TpeboBaHuUA:
l:)(-|->tnp,z<p):OL — p(T<_tnp,Kp):a —
-tanKp ABNAETCA KPUTMYECKOM TOYKOW ANA NeBOCTOPOHHEWN
obnacTu: =-1

N1e6,Kp - "Np,Kp
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3.17f U # U
Kputnyeckaa obnactb — ABYCTOPOHHAA:

[ycTb

ULl UL\ oTst, y-al2
tl,xp IZ,K,U
B cnny 4eTHOCTM NNOTHOCTK pacnpeaeneHmna CTbloaeHTa:

1:1,1<p =_t2,1<p

F(tZ,Kp;k) :(1'OL)/2 tl,Kp =_t2,7<p
HNJIN

F(tl,Kp; k) :0(,/2 tZ,Kp =_t1,1<p
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CoOTBETCTBEHHO, KpUTUYECcKaa 061acTb ANA NPOBEPKM rMNoTe3bI
Ho: p= g
NPOTUB ABYCTOPOHHEW a/IbTEPHATMBDI
Hy:p#
byaeT coCcToATb U3 ABYX ODECKOHEYHbIX MONYNHTEPBAJIOB
(005t 1;1.072] ¥ [ty 1;1.0/2510),
NPOTUB OAHOCTOPOHHEW a/IbTEPHATMBDI
Hy: p > g
- U3 ogHoro nonyuHtepsana  [t,,., +t®©) W  NpOTMB
OAHOCTOPOHHEMN aNbTePHATUBDI
Hy:p <
- TaKXXe u3 ogHoro nonyuHtepsana (-o;-t. ., 1, rae obosHavatoT
KBAaHTUNK t-pacnpepeneHna ¢ n-1 creneHamu cBoboabl
COOTBETCTBYIOLLLEro YPOBHA 3HAYMMOCTMH.
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tp,=th 1.1 = CTBIOAEHT.OBP(< 1 - o >; <n — 1>) — KBaHTUAb
ypoBHA 1 - o chy4amHOM BENNYMHDI, pacnpeaeneHHon no
CtbioaeHTa ¢ N-1 cteneHbio cBobOAbI.

=t 1.1-0/2= CTbIOAEHT.OBP(<1 - o/2>;< n—1>)
— KBaHTMAb ypoBHA 1 — o/2 cnyyaHon BennumHbl T,
pacnpeaeneHHou no CtbtogeHTa ¢ N-1 cteneHblo cBObOAbI.

(B cuny cummmeTpuyHOCTM t-pacnpepeneHna crnpasensnBbl

paBeHCTBa Uh1.102= U102 "

tn-l;l—oc =" tn-l;oc)'
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NMPUMEP. NpounssoauTenb aNeKTponamn yTBepXAaeT, YTO cpeaHUn
CPOK UX cny»bbl coctasnaeT a, =1000 . [MpoBepum 3Ty rmnoTesy Ha
5%-HOM ypOBHE 3HAa4YMMOCTM NO BblbOpKe u3 N=25 namn, anAa
koTopon X, =875 4, =50 u.

byoem nposepATb Ha ypoBHe 3HAaYMMOCTU ai=5%=0,05 rnunoTtesy

H, :E(X)=a, 0 TOM, 4UTO maTemaTUyecKoe OXWAaHWe CPOKa CAYKObl
namnbl paBHoO d, =1000 4 npu anbTepHaTMBHON rMnoTese H,:E(X)<a,
(cocTosLlen B TOM, YTO Ha CAaMOM Aene MaTeMaTUYeCcKoe OXKuaaHue
CpOKa cnyXbbl lamnbl MeHbLUE, YEM 3as1BAAET UX NPOM3BOAUTEND).



Paspen 5. CtatuctnuecKkaa nposepka runortes

CpaBHeHUue napameTpos
ABYX HOPMa/bHbIX pacnpeaeneHnm



Paspen 5. CtatuctnuecKkaa nposepka runortes

[1ycTb
X=Xy X)) -
Bbibopka u3 N (u,, 02), a
Y = (Yl,..., Yn) —

BbIOOpPKa M3 HOPMaNbHOrO pacnpeneneHusn N(uy, 033).

[lanee cuyntaem BbIOOPKM HE3ABUCMMbLIMU, YTO
O3Ha4YaeT He3aBUCMMOCTb B COBOKYMHOCTU ™M + N CAyYaWHbIX
Be/IMYNH X4,..., Xy, Yq, ..., Yoy



Paspen 5. CtatuctnuecKkaa nposepka runortes

CpaBHeHUe reHepanbHbIX cpegHUX



Paspen 5. CtatuctnuecKkaa nposepka runortes

Cnocob NpPOBEPKM TMNOTE3 O COOTHOLIEHUAX MEXIY
reHepanbHbIMU CpPeaHUMM COBOKYMHOCTeW (pacnpeneneHuin)
Ny, 02) v N(u,, 07) onpesensetca Tem, M3BECTHbI MM HET
AUCMEPCUN 05 U 0), @ TakKe OT BUAA asbTePHATUBHOM
rmnoTesbl.



Paspen 5. CtatuctnuecKkaa nposepka runortes

CpaBHeHMe reHepanbHbIX cpegHUX
NP N3BECTHbIX ANUCNepCcUax



Paspen 5. CtatuctnuecKkaa nposepka runortes

MNpeanonoxmMm, 4to Aucnepcun o= u 032, U3BECTHDI,

reHepasibHble cpeaHune Ui, U ﬂy HEN3BECTHDLI.

PaccmaTpmBaeTca OCHOBHAA rMnoTesa
Hy : py=py.
AnbTepHaTUBHAA rMNOTe3a Yalle BCero nmeert BMA
1) Hl : ,le>[,ly;
2) le :ux<.uy;

3) le Uy F Hy-



Paspen 5. CtatuctnuecKkaa nposepka runortes

[pu nposepke Hy npotus Hy Bnaa 1), 2) naun 3) ncnonosyetcs
OZHa M Ta e CTAaTUCTUKA

X-Y
/ = 3
2
O 0}
m n
0% W 0% W3BECTHBI, [iy W |1, HEU3BECTHL.
Ho : px=uy
1)H, ¢ :ux>.uy;
2) Hy: ,th<ﬂy;

3) le Ux F Hy.



Paspen 5. CtatuctnuecKkaa nposepka runortes

YrBepxgeHue 1. Echm BepHa Hy, To Z~N(0; 1).

ﬂOKa3ame.ﬂbcm30.

0'92‘- nu 0':%, NU3BECTHbI, U, "N Ily HEN3BECTHbLI. CTaTMCT;Ka 7
Ho @ px=uy Z = >
1) Hl :.ux>.uy; 0-_9?4_0-_3'
2) Hy: Hx<Uy; m-n

3) le Ux F /v‘y-



Paspen 5. CtatuctnuecKkaa nposepka runortes

MNycTb Z,, Zg /2 — COOTBETCTBYIOLLME NPOLLEHTHbIE TOUYKM

CTAaHAAPTHOro HopmanbHoro pacnpegenedmna N(0,1). Mpwm
nposepke Hy npotms Hy NPUMEHAETCA KpUTEpUM C
Kputnyeckomn obnacTbio, onpeaenaemon no tabaumue

H, K

1) Hy = uy>py, Z>"Zy

2) Hy® ple<ty; Z < —Zy

3) Hy® ply i.uy 1Z] >Z(X/2
0% W 0% U3BECTHBI, iy U [, HEN3BECTHBI. CTatucTuKa
HO . ‘uleuy Z _ X - Y
1) Hy : Uy >y g2 o2

. . —x 4 Y

2) Hl' .ux<:uyl m n

3) le HUx F Hy-



Paspen 5. CtatuctnuecKkaa nposepka runortes

Y1BepKaeHue 2. Kputepui c kputnyeckom obnactoto 1) — 3)
MMeeT YpOoBEHb 3HAYMMOCTU Q.
Llokazamesnbcmeo.

YrBepxaeHue 1. Ecam sepHa Hy, T0 Z~N(0; 1).

2 2

0% W 0) U3BECTHBbI, CTaTUCTUKA Hy K

Z: l:i;ly_H:MBBeCTHbI. P Xz— Y : 1) Hy * iy >y, Z>7Z,
*HMx—Hy o O. . . —

1) Hl :'ux>‘uy; Rx + Wy 2) Hl' :ux<.uyr Z < Za

2) Hy: iy <fhy; 3) Hy: puy # Z| > Zy ),

3) Hit y # Uy Hy




Paspen 5. CtatuctnuecKkaa nposepka runortes

CpaBHeHMe reHepanbHbIX cpegHUX
NPV HEN3BEeCTHbIX U PaBHbIX AUcCnepcUuax



Paspen 5. CtatuctnuecKkaa nposepka runortes

Tenepb npeanonoXKmMm, 4Yto obe reHepasbHble

aucnepcun o4 W 05 HEM3BECTHbl, HO OAWHAKOBbI

0% = 0y= 0 (reHepanbHble CpefHHe [, U [, HEN3BECTHbI).

C yY4ETOM 3TOr0 paBeHCTBa
X-Y X-Y

2 g2 1 1
Oy Jy i —
m+n o m+n

[TOCKONIbKY 3Ha4YeHWe T  Heus3BecTHo, nonpobyem
3aMEHUTb 0 Ha KOPEHb N3 HECMELLLEHHOM OLLEHKN ANCNEPCUMN.
B gaHHOM cnyyae mMmeeTca, MO KpanmHenm mepe, ABe TaKue
OLLEHKM:

1 1 <«
S =mZ(X"_X)2? 5y =n_1Z(Yi -
L= 1=




Paspen 5. CtatuctnuecKkaa nposepka runortes

OKa3blBaeTca, YTO BMEeCTO TOro, 4tobbl MCNoONb30BaTb
OAHY n3 HUX,  Aydlle BOCMNO/1b30BaTbCA JINHEeMHOM
KOMbUMHaumnemn




Paspen 5. CtatuctnuecKkaa nposepka runortes

Kpome TOoro, MOXHO A0Ka3aTb, YTO

(m-Dsi X -X)*++Xn—-X)* ,
= > ~x(m—1)
o) o)

(m—1Ds; (V1 =Y)*+-+ (¥, —X)?

= — ~x*(n—1).

OTctoga € y4eTOM He3aBUCUMOCTU CNeayeT, YTo

(m —1)s; + (n —1)s;

~y? — 2).
m+n—2 x-(m+n )

1 < 1
& =m.zl(xi EERIE A 12(“ -
l= 1=



Paspen 5. CtatuctnuecKkaa nposepka runortes

Taknm 06pasom, KoIGGULMEHTbI NPU S U S5, B

MOHO MHTEPNPETUPOBATb KaK 40N YMCNa CTENEHeN cBOOOAbI
“nkcos” wn  “urpekoB” B uyucne crteneHer cBoboAbl
pacnpeaeneHna cay4yamHom BeIMYUHDI

(m—Dsy + (n—1)s;
m+n—2

~y?(m+n—2),

KOTOpPaA OT/INYaEeTCA OT OUEHKN S2 b NOCTOAHHbIM

m+n-—2
MHOXUTENEM - 5
o

1 1 v
& =mZ<Xi —H% sy =0 1Z(Yi -
l= 1=




Paspen 5. CtatuctnuecKkaa nposepka runortes

3aMEeHUB 0 Ha S B 3aNUCU CTaTUCTUKN

X-7 X-7
/ = 2:

2

Ox , 9y 1.1

mTn ‘NmTn

NONYYMUM HOBYIO CTAaTUCTUKY

m
1 _ 1 _
S =m.zl(x" X7 =g ) (= Ty
1=



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpmem 6e3 noKa3aTeNnbCTBa C/IeAYIOLLYIO TEOPEMY.

Teopema 1. Ecam BepHa H,, 10 T~t(m+n—2), rae
ttm+n — 2) —  pacnpegeneHne  CtblogeHTa C

m + n — 2 cteneHamm ceoboapbl.



Paspen 5. CtatuctnuecKkaa nposepka runortes

B cnny gaHHoM Teopembl CTAaTUCTUKY T MOXHO MCNONb30BaTb
ANA NOCTPOEHUA KpUTepmA No nposepke Hy.

Kak ”n paHblue pacCcMaTPUBAOTCA TPU OCHOBHbLIX Cayyas
anbTepHaTMBHOMU runortesbl H{, B COOTBETCTBMU C KOTOPbIMU
BblOMpaeTca Kputnyeckasa obnactb K TOro nam nHoro smaa:

H, K
1) Hy = ux>py T>t,(m+n-—2)
2) Hy: o <ty; T <—-t,(m+n-—2)
3) Hyt py # 1y IT| >ty 2(m+n—2)




Paspen 5. CtatuctnuecKkaa nposepka runortes

Y1BepxaeHue 3. Kputepuit c Kputnyeckom obnactoio 1) — 3)

nmeet yposeHb 3HAYUMOCTU (X.

2

O,y " 0'?, HeNn3BecCTHbl, HO CtaTUCTMKA

oy = 05=0° N St {

[Lx V [, HEN3BECTHBL. 11

Ho = S o+
0 * Hx=Hy m n

1) Hy & pe>Hys

2) Hy® ply<thy;

3) le Ux F .“y-

H, K
1) Hy = uxe>py T>t,(m+n-—2)
2) Hy: py<py; T <—-t,(m+n-—2)
3)Hytpuy # pty | IT] > tgp(m +n = 2)




Paspen 5. CtatuctnuecKkaa nposepka runortes

CpaBHeHUe reHepanbHbIX cpeaHUX
Hen3BeCTHbIMU U HepaBHbIMMU
ancnepcmamu



Paspen 5. CtatuctnuecKkaa nposepka runortes

3aQ4a CpPaBHEHWA  CpeaHUX  ABYX  HOPMAJIbHO
pacnpeaeneHHblX COBOKYMHOCTEM MNPU  HEU3BECTHbIX U
HepaBHbIX AUCNEepPCUAX U3BECTHa Kak npobnema bepeHca-
duwepa.

ToyHOro pelleHuns 3Ton 3aa4m 40 HACTOALLEro BpemMeHM HeT.

OaHO 13 NpmnbamxkeHnin naét Kputepuin KoxpaHa—Kokca.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepumn KoxpaHa—Kokca.

CTaTUCTUKa Kputepusa:
X-Y
T =

:
2
/52 S
_x_|__y
m n

KpMTW—IECKOe 3Ha4YeHNne CTatTUCTUKW:

m' n
Ecam BbinonHaeTcA HepaBeHCTBO |Tya6, | > ty, TMNOTE3a H|,
OTK/I0HAETCA.

CTpYKTYpa KpuTepua MO NPOBEpPKe rmnotesbl O paBeHCTBe
AMCNEepCcUn ABYX HOPMANbHbIX pacnpeaeneHuin 3aBUCUT OT
TOro, U3BECTHO W/IN HEeT reHepasbHoOe cpeaHee, a TaKKe OT
BMJa aNbTEPHATUBHOM rMMNoTe3bl.



Pa3pen 5. Ctatuctuyeckana nposepka runortes

lMnoTe3a 0 paBeHCTBE reHepaabHbIX AUCNEePCUiA ABYX
HOPMa/IbHbIX pacnpeaeneHumn
(ABYXBbIOOPOUHDBIN F-KpUTEpunii)

[1Be cpeiHMe Mbl y3Ke CpaBHMUBAU, ovepedb 3a ANUCNEPCUSMMU.

N3 aBYX HOPMaAbHbIX TreH. COBOKYMHOCTEM  U3B/IEYEHDI
He3aBUCMMble BbIOBOPKN OBBEMOM N M M WU HaUAEHbl WX
MCMPaB/IEHHbIE ANCNEPCUN: S%, U S%, COOTBETCTBEHHO.

COBepLUEHHO NMOHATHO, 4YTO 3TN 3HAYeHWUA cnyqaﬁHu U OT/INYHDI
APYr OT Apyra.


http://www.mathprofi.ru/proverka_statisticheskih_gipotez.html#gss

Pa3pen 5. Ctatuctuyeckana nposepka runortes

Ho BO3HUKaeT BONpocC: 3Ha4nNmo nan HeaHa4mmo 31O oTAn4mne?

Ans oTBeTa Ha 3TOT  BOMPOC  HA  YPOBHeE

3HAQYMMOCTU O NPOBEPAETCA MMNoTe3a O PaBEHCTBE reHepasibHbIX
v . 2 2
aucnepcuin Hj o =o,.

Echn oHa 6ydeT npuHATa, TO pPasnvymMe MexKAay BblOOpPOYHbIMU
3HAYEHMAMM S% 1 5% OBBACHUMO CyHaiiHbIMKU GaKkTOpamMm.

PaccmaTpuBaemana rmnotesa YacTo BO3HWKAET, Korga
TpebyeTcA CpPaBHUTb TOYHOCTb ABYX MPUOOPOB, MHCTPYMEHTOB,
CTaHKOB, 1BYX MeTOZ0B UCCNeA0BaHMS.



Pa3pen 5. Ctatuctuyeckana nposepka runortes

[1na npoBepKM 3TOMN rMNoTeE3bl MCNONb3YIOT KPUTEPUN
2
F =5

Sz’

2 2
rae S;— 60nblian ucnpasneHHas aucnepcus, a S, — MEHbLas.

[laHHasa cnay4yarMHaa BeNMYMHA WMeeT pacnpegeneHuve
dunwepa-CHeaekopa (Tak Ha3biBaemoe F-pacnpedeneHue) co
cTeneHAMM cBoboabI

k,=n-1, ky=m-1, ecin s%, > s,

k,;=m-1, k,=n-1, ecnn s, >s?,.

Unn

y

(s =D (X),s5 =——D (Y))

m
m-—1


https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_%D0%A4%D0%B8%D1%88%D0%B5%D1%80%D0%B0

Pa3pen 5. Ctatuctuyeckana nposepka runortes

To ectb, cTeneHb cBoboOAbI COOTBETCTBYET
BblbopKe C 60nbLwen NCNpasieHHOMU
aucnepcuen.



Pa3pen 5. Ctatuctuyeckana nposepka runortes

B KauecTBe dJ/ibTePHATNBbI PAaCCMaAaTPUBAOT OAHY U3 CaaeayroWwnx
rMMMNoTe3.



Pa3pen 5. Ctatuctuyeckana nposepka runortes

L2 2
1) H,:0; >0, (ecnm s%>s%)

L2 2
av6o H,io, >0, (echm % >s%).

y

[1nsa 3TOW rMNoTe3bl CTPOAT NPAaBOCTOPOHHIOK KPUTUYECKYIO
06.1aCcTb:

0 F f.

kp

Kputnyeckoe 3HayeHme MOXKHO HaWTU C MOMOLLbIO CTaHAAPTHOWM
bYHKUNN DKcensa

Fp=F-OBP(<1-0>;<k;>;<k;>)



Pa3pen 5. Ctatuctuyeckana nposepka runortes

. 2 y
2) H1 .0, # 0, = ANA 3TOM rMNoTe3bl CTPONTCA ABYCTOPOHHAS
KpuTnyeckana obnactb:

AVAVAVAVIN PAVAVATANS

0 - F F

K ' APTe
. AE8 K. Npas

OAHaKo ANnA pelleHMAa Hallel 3adayvm A0CTaTOYHO HaWTUM AULlb
npaBoe KpUTUYEeCcKoe 3HayeHune
F =F.OBP(<1-0/2>;<k,>;<k,>)

Kp.npas.



Pa3pen 5. Ctatuctuyeckana nposepka runortes

Aeno B Tom, 4to

F =F.OBP(<a>;<k,>;<k,>)<1

Kp.nes.
2
SB

M NO3TOMY CAy4YaliHoe 3HayeHne F = g2
M

(6Onbwee eamMHUUDbI) 3aBEAOMO HE MOXKET MNonacTb B JIEBbIN
KYCOK KPUTUYECKOM obnacTu.

AVAVAVAY)Y PAVAVATANN

0 F F 2
KD 108 Xp. Npas




Pa3pen 5. Ctatuctuyeckana nposepka runortes

[anee Ha OCHOBaHWMM BbIOOPOYHbIX AQHHbLIX PaCCYMUTbIBAETCA
Habntogaemoe 3HaYeHMe KpUTepusa

2
F,, =2

Haobn — 2
M
N ec/In OHO nonajaeT B Kputudeckyto obnactb (F

obowx cnyyaes), To runotesa H,:o’ =0’
oTBepraeTcs.

>FKp ans

HaO1

Echm F, __<F _, TO npuHumaetca.

Habn "' Kp ?



Pa3pen 5. Ctatuctuyeckana nposepka runortes

NMpumep.

HekoTopaa ¢u3nyeckaa BeAMYMHA U3MepeHa n=7 u
m=5 pa3 ABymsa pPa3/IM4HbIMM cnocobamu.

[lo pe3ynbTaTam U3MEPEHUN HaMOeHbl COOTBETCTBYHOLWLME
norpewHocTn s%,=6,3, 52y=10,1.

Tpebyetca Ha ypoBHe 3Haummoctu 0,05 npoBepuTs,
OAMHAKOBYIO /1M TOYHOCTb obecneymBaldT 3TU  crnocobbl
N3MEPEHUMN.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuu cnyyaitHocTn, He3aBUCUMOCTH,
OAHOpPOAHOCTU



Paspen 5. CtatuctnuecKkaa nposepka runortes

[na onucaHmMa M WU3Y4YEeHUs CBOUCTB reHepasibHOM
COBOKYMHOCTM MO BblbOpPKe U3 Hee Heobxoammo, 4TOObI
pe3yabTaTbl N3MepeHUN, dopmumpyouime BbIOOPKY,
yAOBNETBOPANM pAaay TpeboBaHMN:

— C/IY4aUHOCTHU;
— HE@3aBUCMMOCTH;

— 04HOPOAHOCTHU;

— OTCYTCTBMA aHOMA/IbHbIX HAbAlOAEHUM.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuu otcyrcrema
aHOMa/IbHbIX HabaloaeHUU



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mop, aHOMa/IbHbIMMU 3HaYeHUAMMU BblOOpPKM
MOHMMAIOTCA  Te  3HayeHuna, KOoTopble He  OoTBeyaloT
NOTEHLUMA/IbHbIM BO3MOMKHOCTAM UCCNeAyeMON CUCTEMbI WU
KOoTopble, OCTaBasACb B BbIOOPKE, OKa3blBAlOT CyLLECTBEHHOE
BIVSIHME Ha CTAaTUCTUYECKME XapaKTePUCTUKMN.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kpurtepuit Npab6ca



Paspen 5. CtatuctnuecKkaa nposepka runortes

Hanbonee yacto pana npoBepkn HabnogeHUn Ha
BbIOpPOC npumeHAloT npoctblie Kputepumn pabbca. Kputepum
MCNONb3YIOTCA ANA NPOBEPKM HA aHOMaNbHOCTb HabawaeHUN,
NnpUHagieXxalwmnx sBbiIbopkam U3 HOpManbHON reHepasibHOM
COBOKYMHOCTM.

Cratuctukn Kputepua [pabbca npeaycmatpmBatoT
BO3MOXHOCTb NMPOBEPKN Ha Hann4uue B BbibOpke NnMbo ogHoro
aHOManbHoOro HabnoaeHna (HammeHbwero nan HanbonbLlero),
nmbo  aByx (AByXx HammeHbwMx B BbiIOOpKe wan  ABYX
HanbonbLWKUX).



Paspen 5. CtatuctnuecKkaa nposepka runortes

PaccmoTtpum Kputepuin Npabbca nposepKn BbIGOPKU Ha
OAHO aHOMaJIbHOE 3HaueHue.



Paspen 5. CtatuctnuecKkaa nposepka runortes

[MlpoBepAeman runote3a H, 3aKaw4aeTcA B TOM, 4YTO BCe
31eEMEHTHI BblbOopkM  Xq,..., X,, nNpuHagnexar  oaHOWM
reHepa/sibHON COBOKYMHOCTMW.



Paspen 5. CtatuctnuecKkaa nposepka runortes

1. lpn npoBepke Ha BbiIbpoC Hambonbliero 3HavyeHuA
BbIOOPOYHOrO 3HauYeHusa Xy, KOHKypupytowas runotesa Hy

3aK/to4aeTcaA B TOM, 4YTtOo nepBble n—1 3HAYEeHUN
BapuMauMoHHOro paga Xq,.., X;,_1 NPUHAONEXaT OfHOMY
3aKOHY, @ KpauHWW aNeMeHT X(,) — HEKOTOPOMY APYromy,
CYLWEeCTBEHHO CABUHYTOMY BMNPaBo.

Cratuctuka Kputepusa Npabbca nmeet Bua,

X.y—X
G, =—m %
S
rae
1w 1 w
X:‘ZX“ 5% = ZUG—X)Z,S =4 S2
n n—1:



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputnueckoe sHadeHue G, , Bblumcaaetca no popmyne

ta
G n — 1 ﬁ;n—z
naoa )
Vi n—2+1t2
\ nh
roe té-n—z npoLeHTHaA Touyka pacnpeaeneHna CTbloaeHTa
nl

nopsaKka a/n ¢ n — 2creneHamu cBobofpl, @ — YpPOBEHb
3HAYNMMOCTMWU.

MakcumanbHoe 3HaueHue Xy cumTaeTcA BblI6pocom, ecsim
Habnogaemoe 3Ha4YeHUe CTaTUCTUKM NPEBLICUT KPUTUYECKOE:

Gn,Ha6J1 > Gn,a .



Paspen 5. CtatuctnuecKkaa nposepka runortes

2. [lpy npoBepke Ha BbIOPOC HaAMMEHbLUEro 3Ha4YeHus
BbIOOPOYHOro 3HauyeHusa X 1), KOHKypupytowasa runotesa Hy
3aK/04aeTcaA B TOM, 4YTO 3Ha4YeHUA BapUaAUUOHHOroO pAAaa
X5, ..., X, NPUHAONEXKAT OAHOMY 3aKOHY, @ KPaWHUW dNeMeHT
X1y — HEKOTOpPOMY [JpPYyromy, CyWeCTBEHHO CABUHYTOMY
BJ1IEBO.

Cratuctuka Kputepusa Npabbca nmeet Bua,

rae

1
X==
n

-

Il
=

n
1 _
i) SZ:n—lz(Xi_X)Z,S':\/ 52
L =1



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputnueckoe sHadeHue G, , Bblumcaaetca no popmyne

té
. _n-1 &2
Ve n In—2+t5
\ n"

rae té-n—z npoueHTHas To4yka pacnpeaeneHna CTbloaeHTa
nl

nopaaka a/n c n — 2 creneHamm cBoboabl, @ — YPOBEHb
3HAaYMMOCTMW.

MuHumanbHoe 3HadeHue X(qy cuuTaetca Bbibpocom, ecsiv
Habntogaemoe 3HaYeHUe CTaTUCTUKN NPEBLICUT KPUTUYECKOE:

Gl,Ha611 > Gl,a .



Paspen 5. CtatuctnuecKkaa nposepka runortes

Echv ana Kakoro-nnbo KpamHero 3HavyeHua BblOOPKM
NPMHMMaAeTca runotesa H;, NpoBepKY Ha aAHOMANbHOCTb
cnepyet NOBTOPUTb Ans cneaytowero 3/1EMEHTA
BapMaLMOHHOIO psaaa.

[Mpn 3TOM, 3HA4YeHUA X U S caeayeT nepecyuTaTb C
y4eTOM Ya/IEHHOTO KPaMHero 3Ha4YeHus.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuu chyyanHoctm



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuun uHsepcum



Paspen 5. CtatuctnuecKkaa nposepka runortes

PaCCManl/lBaeTCFI UCXOAHAaA HeynopAagoyeHHanA BbI60pKa.

[oBopAT, YTO Mapa Xx;, x; B Habope xy,.., x, obpasyer
MHBepcuto, eciM i < j, HO NpU 3TOM X; > X;.

Hy:uncna x4, ..., X, 06pasytoT cay4amHbIM HABOP AAHHDbIX;

H;: 3Ha4yeHnA x4, ..., X,He 06pas3yoT cay4amHbin Habop
NAHHbIX.

B KayectBe cTtatTUMCTMKU bOepeTca cneayowas «mepa
becnopagka»:

R,, — obuwee KONYecTBO MHBEPCUMIN B Habope X4, ..., Xy,.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Teopema.
nn-1)
4 )
n(n—-1)(2n+5)
72 '

> N(0; 1)

E(Ry) =

D(Ry) =
Rn _ E(Rn)

VD (Rp)

npun — oo,



Paspen 5. CtatuctnuecKkaa nposepka runortes

CTaTUCTUKA KpUtepua nmeet Bua;:
Rn o E(Rn)

VD(Rp)

Kputuueckum 3HaueHMem KpuUTepua ABAAETCS NPOLEeHTHanA
TOYKa HOPMA/IbHOTO pacnpefeneHus Z,,, (a — yposeHb

3HAYNUMOCTH).

/ =

Echn BbluMCNeHHOe no BblbOpKe Habnogaemoe 3HavyeHue
CTAaTUCTUKN Z .6, YAOBNETBOPAET HEPABEHCTBY

|ZHa6JI| > Zo)2

TO runotesa Hy 0 Tom, 4To Habop X4, ..., X, 0bpasyeT
C/ly4anHYHO BbIOOPKY, OTKNOHAETCA Ha YPOBHE 3HAYMMOCTH (.



Paspen 5. CtatuctnuecKkaa nposepka runortes

[aHHbIK meToa NpUMEHUM, ecnm obbem Bbibopkun = 70

(B aTOM cCnyyae cTaTUCTUKA Z  AOCTAaTOYHO 6aM3Ka K
HOPMa/ZIbHOMY 3aKOHY pacnpeaeneHus).



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuun He3aBMCMMOCTH



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuii HesaBucumocTu y?



Paspen 5. CtatuctnuecKkaa nposepka runortes

NmetoTca aABe ANCKPETHbIe cayYanHble BenndnHbl X n Y.
Tpebyetca npoBepuTb rMNOTe3y 06 X HeE3aBUCUMOCTM.

[lycTb pa3nnyatoTca 7 3HAYEeHUMU Cy4armHOU BennYUHbl X
(0603HaAUMM KX X{,..., X;-) N S 3HAYEHUN C/IY4YaNHOWN BEINUMHDLI Y
(0603HAUUM UX V4, ..., V).

Yepes k;; 0603HauMm obuiee KO/MYECTBO TaKMX 3/IEMEHTOB
BbIOOPKM, B KOTOPbIX X' NMPUHMMAET 3HaYeHWe X;, a ¥ — 3HaueHune ;.

r S
>3-

i=1 j=1
rne n — obvem BbIOOPKU. BBeaem TakKe 0603HauyeHus:

S Tr
Vi=zkij; .szzkij-
i=1

Torpa

J=1



Paspen 5. CtatuctnuecKkaa nposepka runortes

B paccmatpmBaemom cayyae pe3ynbratbl HabaoaeHnnm yaobHo
opopmnAaTb B BMAe Tabauupl, HasbiBaemon Tabnuuen
CONpAXKeHHOCTU NPU3HAKOB:




Paspen 5. CtatuctnuecKkaa nposepka runortes

[lycTb ganee
pij = PUX =x,Y =y;});
pi = PUX =x;});q; = PY = y;]).
Ho:pij = piqjyt = 1,...,1,j) = 1,...,5.
Hi:p;j # piq; aAnaHekotopbixt = 1,...,7,j = 1,...,s.
PaccmaTtpuBaeTca cnefyrow,an CTaTUCTUKA:

ea( Yy

=1 j=




Paspen 5. CtatuctnuecKkaa nposepka runortes

MnoTte3a H, OTKNOHAETCA, €CNn BblYNCAEHHOE MO BbIOOPOYHbIM
NaHHbIM 3HaYeHMe CTaTUCTUKM X2« YAOBNETBOPAET HepaBeHCTBY:

X§a6n > Xczz;(r—l)(s—l)'

[elicTBUTENbHO, NPU YCNOBMM CipaBeaImsBocTn Hy, ctaTnuctuka y2
mmeeT pacnpegenenue x2 ¢ (r — 1)(s — 1) ctenenamm csobogpbl.

Toraa BepoATHOCTb OLWNOKKM NepBoro poaa

P({Xz > Xczx;(r—l)(s—l)}) = .



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpumep. OTHOWEHWE 3pUTENEN K BKJKYEHUIO OAHOU U3
Tenenepenad B NporpamMmmy Bblpasmaocb caeayrowmmm JaHHbIMU:

NMonoxurtenobHoe | bespasnnyHoe | OTpuuatenbHoe
My>»X4YuHbI 14 24 2
KeHWMmuHbI 29 36 15

MOHO /M CYMTATb, YTO OTHOLLUEHWME K BKAOYEHUIO nepeayvn B
nporpammy He 3aBUCUT OT Mosa 3pUTeNs Ha ypoBHE 3HAYMMOCTU

a = 0,17
PeweHue.

Myctb X; = {non 3putena}; i = 1,2;
[ = 1:MyXUYUHbI, I = 2:XKEHLWMUHbI.

Y, ={oTHoweHwe Kk Tenenepegaue}; j = 1,2,3;

J
J
j

= 1: nonoxutenbHoe,
2: 6e3pa3nnyHoe,
3: oTpuuartenbHoe.




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue (npoaonxeHue).

k11 — 14, k12 — 24, k13 — 2, k21 — 29, kzz — 36, k23 = 15

3 3

V1 =2k1]=4‘0,1/2 ZZkzj —
j=1
2

.U1=zkl1—43 Hz—zk12—60 Ms—zkw—
=1

MonoxutenbHoe | bespasnuuHoe | OTpuuatenpHoe | Y,

My>KUYMHbI 14 24 2 40

XeHLWMuHbI 29 36 15 80

y 43 60 17 120




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue (npoaonxeHue).

Haxoanm Habatopgaemoe 3HaueHue CTaTUCTUKKU (r = 2; s = 3):

o= n<zz 4 1>

i=1j

247 2° 292 36~ 152
=120 + + + —-1)=

40 - 43 40-60 40-17 80-43 80-60 80-17
~ 120-0,03975 = 4,77.

NMonoxurtenbHoe | bespasnnuHoe | OTpuuaTenbHoe Y

My>KUunHbI 14 24 2 v, =40

HeHLWwmuHbI 29 36 15 v, =80




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue (npoaonxeHue).

KputnyecKkoe sHayeHue CTaTUCTUKMU.

2 _
Xczr;(r—l)(s—l) = X012 = 4,61

Xip=XUN2.0BP(1 — a; (r—1)(s — 1)) # MSExcel yg,=4,60517

# Python

import scipy.stats as sts

alpha= @.1
r=2
=3

chi cr = sts.chi2.isf(alpha,{r-1)*({s-1))
print( KpuTuueckoe sHadenue: chi cr=",chi cr)

KpuTHueckoe sHadenwe: chi_cr= 4.605178185938892



Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue (npoaonxeHue).

TaK KakK

TO TNMNOoTe34 HO OTK/ZIOHAEeTCA, T. €. OTHOWEHUNE K Tenenepeagade

X§a6n — 4'77 > X(2),1;2 — 4,61,

3dBUCUT OT MNOJ1a.

p1 =43

Hz =60

17

Us

NMonoxutenbHoe | bespasnnuHoe | OTpuUaTenbHoe ¥
My>KUYMHbI 14 24 2 v, =40
HeHLWmnHbI 29 36 15 v, =80

120




Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuit oaHopoaHOCTH



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuii ogHOpoAHOCTU x>



Paspen 5. CtatuctnuecKkaa nposepka runortes

[lpoBepsieTcA rmnotresa O TOM, 4YTO ABe BbI6OPKU
npuHaanexat oaHON reHepanbHOU COBOKYMHOCTMW.

[laHHble  JONXHbl ObITb nNpeacTaBAeHbl B BUAE
MHTEPBAJIbHOIO CTaTUCTMYECKOrO pAaa.

NmetoTca

BbiIbOpKa obvema 7, K3 reHepasbHOM COBOKYMHOCTM X; WU
BbI6OpKa 06Bbema 1, U3 reHepanbHOM COBOKYMHOCTU X5;

[ — KonunyectBo MHTEPBANOB rPYNNUPOBKU (0AMHAKoBOE ANA
o0b6enx BbIbOPOK);
Ui U V; — KOAMYECTBO nMonafjaHMnm B [ - UMHTepBan

rpynnmMpoBaHUsA, COOTBETCTBEHHO, NEPBOM U BTOPOM BbIOOPOK,
i =1,2,...,1;
YpOBEHb 3HaYMMOCTU .



Paspen 5. CtatuctnuecKkaa nposepka runortes

Nyctb Fj(x) — ¢yHKUMA pacnpeaeneHns cay4anHow
Be/IMYUHDI Xj,j = 1, 2.

[lpoBepAeTcA runoresa
HO: Fl(x) = FZ(X))X € [R;
H,: F;(x) # F,(x), ana HekoTopbIx x € R.

CTaTUCTUKA KpUTEpUA MMEET CAeayoLLni BUA,:

2
l (ﬂl_vi)
2 ny Ny
X =n1nzz :
. Mi‘l'vl



Paspen 5. CtatuctnuecKkaa nposepka runortes

B cnyyae coBnageHms o06bemoB BbIOOPOK: ny=n,=n
CTAaTUCTUKA BbluMcanaeTca no popmyne

[
, z(ui—vi)z
X% = -
e U TV;
=1

Kputuueckoe sHaueHne CTaTUCTUKN: Yo _ ;.




Paspen 5. CtatuctnuecKkaa nposepka runortes

f'mnotesa H OTKNOHAETCA, €CAM BbIYUC/AEHHOE MO
BblIOOPOYHbIM NaHHbIM 3HayeHue CTaTUCTUKMU
)(gamy,ﬂ,OBHETBOpFleT HepaBeHCTBY:

2 2
Xua6n > Xa;l—l'

[ eNCTBUTeNbHO, NpWU YCAOBUWM CNpaBegamBoCcTu runotesbl H
pacnpegeneHue CTaTUCTUKU Y2 Npu 7Ny U N,, CTPEMAWMMCA K
GEeCKOHeYHOCTHN, CXOAUTCA K x° -pacnpepenenvio ¢ [—1
cTeneHAMU csoboapbl.

[MosTomMy npuM AOCTAaTOYHO 60nbWKNX N4, N, BbINOAHAETCA
COOTHOLLUEHMUE:

P({x* > xeu1)) =



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpumep. B 6aHKe B TeyeHuMe ABYX JAHEN NPOBOAMNOCH
nccnegoBaHUe BpeMeEHU o0bOCnyKMBAHUA KAMEHTOB. [laHHble
npeacTaBneHbl B Tabnumue.

Homep uHTEpBana Bpemsa (1-4 peHb) (2-1 peHb)
rpynnuposaHua i | obcnyXmBaHua (MuH)

1 10-12 2

2 12-14 4 4

3 14-16 8

4 16-18 12 13

5 18-20 16 16

6 20-22 10 8

7 22-24 3 3

TpebyeTca nposBepuTb Ha ypoBHe 3HaYymmoctn @ = 0,05 runoTesy
H, o Tom, 4to 06e BbIOOPKM NpUHAANEKAT OAHON reHepanbHOM
COBOKYMHOCTMW.



Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue. Umeem: ny=n,=55 ; [ = 7. Haxogum
Habnlogaemoe 3HaYeHUEe CTaTUCTUKM KpUTepUA:

Su-v)?_(2-2° (4-4? (8-9)]

2
= + +
Anabn = T 4 3 17
1=
(12 —13)? (16 —-16)* (10—8)%* (3—13)?
_I_ _I_ _I_ —I— ~ O, 3 2 .
25 32 18 6
Homep MH'repBan.a Bpems o6cnykuBaHua (MuH) (1-# peHb) (2-# peHb)
rpynnupoBaHua i
1 10-12 2 2
2 12-14 4 4
3 14-16 8 9
4 16-18 12 13
5 18-20 16 16
6 20-22 10 8
7 22-24 3 3




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHune (npopgonxeHune).
KpUTUYECKOe 3HAaYeHMe CTAaTUCTURM: Xou_1 = X§o0s:6 = 12,59.

# Python import scipy.stats as sts

alpha= &.@5
1=7

chi_cr = sts.chiz2.isf{alpha,l-1)
print{"KpuTHuyeckoe 3HayeHwe: chi_cr=",chi_cr)

KOMTHUYECKOE 3IHaueHwe: chi_cr= 12.59158724374393

# MS Excel

=X12.06P(1-0,05;6)

Homep uHTepBana Bpems o6cnykuBaHua (M1H) (1-# peHb) (2-# peHb)
rpynnupoBaHusa i

1 10-12 2 2

2 12-14 4 4

3 14-16 8 9

4 16-18 12 13

5 18-20 16 16

6 20-22 10 8

7 22-24 3 3




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHune (npopgonxeHune).

TaK Kak
X§a6ﬂ = 0,32 <X§,05;6 — 12'591

TO OCHOBAHMM ANA OTKNOHEeHUA rmnoTesbl Hj HeT.

Homep uHTepBana Bpems o6cnykuBaHua (MuH) (1-# peHb) (2-# peHb)
rpynnupoBaHua i

1 10-12 2 2

2 12-14 4 4

3 14-16 8 9

4 16-18 12 13

5 18-20 16 16

6 20-22 10 8

7 22-24 3 3




Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuu ogHopoaHOCTU
Koamoroposa-CmupHosa



Paspen 5. CtatuctnuecKkaa nposepka runortes

NmetoTca ase BbIGOPKM — 0bbema nq N3 reHepanbHOM
COBOKYNnHOCTM X; ©“ obbema N, U3 reHepasnbHOMU
COBOKYMHOCTU X>.

MpeAnonaraetcs, u4TO CAyvaiiHble BeNMuMHbl X; — —
HenpepbiBHbIE C GYHKLMAMM pacnpeseneHuns

F}-(x),j = 1, 2.
Hy: F;(x) = F,(x),x € R,

Hi: F;(x) # F,(x), ana HekoTopbix x € R.



Paspen 5. CtatuctnuecKkaa nposepka runortes

[poBepKa rmnoTesbl NPOU3BOAUTCS NO CAEAYIOWEN CXeMme:

1. Mo umelowmmca BblIBOPKaM HaxXo4ATCA 3MNMpPUYEcKue
¢yHKUuM pacnpegenenus F' (x) u F; (x).

2. PaccmaTtpuBaeTca cTaTUCTUKA CneayioLlero Buaa:

nn
D= |—=— - max|F}(x) — F;(x)]|.
ny+n, «x
\
3. Mo  Tabnuuam pacnpeaeneHuns Konmoroposa
onpegenaetrca sennumHa k, — 100a-npoueHTHasa TouKa

pacnpeaeneHua Konmoroposa ypoBHA .

4. TunoTte3a Hy OTKNOHAETCA HA YPOBHE 3HAYNMMOCTU (o, eCNU
BbIYMCZIEHHOE NO  BbIOOPOYHbIM  AQHHbIM  3HAYeHue
CTaTUCTUKU Dy, 6, YAOBETBOPAET HEPABEHCTBY:

DHa6JI > ka-



Paspen 5. CtatuctnuecKkaa nposepka runortes

[lencTtBUTENBHO, COMNAcHO Aoka3laHHoM H.B.CmunpHoBbIMm
Teopeme, npux > 0

lim P{D < x} = K(x),

n—00

roe K(x) — ¢yHKuua pacnpegeneHmna Konmoroposa.

Mpn ycnoBMM MUCTUHHOCTM runotesbl Hy npu poctatoyHo
6onblWMX N4 U TN, BbINONHAETCA COOTHOLLEHMUE:

P(D>k,) = «a.
3ameuyaHue.

Kputepmum Konmoroposa—CmmnpHoOBa npumeHaeTca npum
nqiy, Ny > 50.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputnueckue Touku gna cratuctukn Koamoroposa D,

DEEE&I Y poeess aEaTHMOCTE O
BEIDOPER
" 0,10 0,05 0,02 0,01
1 0,95 0,98 0.99 0,995
2 0,78 0,84 0,90 0,93
3 0,64 0,71 0,78 0,83
4 0,57 0.62 0,69 0,73
5 0,51 0,56 0,62 0,67
6 0,47 0,52 0,58 0,62
7 0,44 0,48 0,54 0,58
8 0,41 0.45 0,51 0,54
9 0,39 0,43 0,48 0,51
10 0,37 0,41 0,46 0,49
11 0,35 0,39 0.44 0.47
12 0,34 0,38 0,42 0.45
13 0,33 0,36 0,40 0.43
14 0,31 0.35 0,39 0,42
15 0,30 0,34 0,38 0,40
16 0,29 0,33 0,37 0,39
17 0,29 0,32 0,36 0,38
18 0,28 0.31 0,34 0,37
19 0,27 0,30 0,34 0,36
20 0,26 0,29 0,33 0,35




Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputnueckue Touku pacnpegeneHma Konmoroposa
00

Q) =1+2 ) (—1)ke 2k

i 0,10 0,03 0,02 0,01

1,23 136 132 163




Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpumep. laHbl ABe BbIOOPKU:

X1 obvema ny; = 30:
1;4;9;2;5;6;5;8;4;8;7;5,6;5;7;9;,9;,9;,4,8,2;4,8,9;6;2;6;9;

8; 6

X, obbema n, = 20:

8;4;5;6;6;3;2;9;6;1;2;3;6;6;2;1;14;1; 1, 4.

TpebyeTtca nposeputb runotesy H,: F;(x) = F,(x) npoTus
anbTepHatMBHo runotesbl H; : F;(x) # F,(x) Ha ypoBHe
3Haummoctu ¢ = 0,05.

PeweHue.

CTpoum BapuUaLMOHHbIe pAAabI:
X1:1;2;2;2;4;4;4;4;5;5;5;5;6;6;6;6;6;7;,7;8;8; 8; 8; 8;
9:9:9:9:9;9.

X5:1;1;1;1;2;2;2;3;3;4;4;5;6; 6; 6; 6;6; 8;9; 14.



Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue (npoaonkeHune).

CTpoum CTaTUCTUUECKUE PALbI:

X; 1 2 4 5 6 7 8 9
X1:

n, | 1| 3| 4| 4| s | 2|56

x| 1] 2|3 4|5]| 6] 8 14
XZ:

n | 4|3 |2]2]1]|5]1 1

X1:1;2;2;2;4;4;4;4;5;5;5;5;6;6;6;6;6;7;7;8;8; 8; 8; 8;
9:9;9:9;9;09.
X2:1;1;1;1;2;2;2;3;3;4;4;5; 6;6; 6;6; 6; 8;9; 14.




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue (npoaonkeHune).

CTpoum amnupuyeckue GyHKUUKU pacnpeseneHun:

X; 1 2 4 5 6 7 8 9
n; 1 3 4 4 5 2 5 6
:E:Tu 1 4 8 | 12 | 17 | 19 | 24 | 30
el 1|4 (8 [12 17 10 fze [

30 | 30 | 30 [ 30 | 30 |30 | 30

A; | (—oo; 1] (1; 2] (2;4] | (4;5]] (5; 6] (6;7]| (7;8]| (8;9]] (9; o)

Fr(x)| 0 1 8 12 | 17 | 19 | 24 1
30 | 30 | 30 | 30 | 30 | 30 | 30




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue (npoaonkeHune).

CTpoum amnupuyeckue GyHKUUKU pacnpeseneHun:

X; 112 3|4 |5 |6 | 8| 9|14
n 4 3] 2| 2 1 | 5 1 1 1

Z 4 71 9 |11 12|17 | 18| 19 | 20

n;
Fe)l 4 179 |11 |12 |17 |18 |19 | 1
20 (20120 |20 |20 |20 | 20 | 20
A; | (—oo; 1] (1;2] ] (2;3]| (3;4]| (4;5] (5;6]| (6;8]] (8;9]| (9;14]| (14; )
Fi(x)| O 4 7 9 11 | 12 | 17 | 18 19 1
20 | 20 | 20 | 20 | 20 | 20 | 20 20




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHue

(npoponxkeHue).

Haxoamm pa3HoOCTU

3HaYeHUN

3MMNUPUYECKUX PYHKLUN pacnpefeneHns B KaxKAOM UHTeEpBane
rPYNNUPOBKMU:

(—0;1]: 10 — 0] = 0; @6]EL£E:13
(1; 2] :{__;{_::19; "[20 30| 60’
20 30| 60 17 17| 17
(2;3]: l_i :E; (6}7] 2_0_% :E}
20 30| 60 17 19| 13
(3 4]: i_i :E; (7, 8]: 2_0_% :E;
20 30| 60 19 30/ 3
w281 14 5551 =55

0 30| 60’ 14;00):|1— 1] = 0
Buaum, uto max|F; (x§ — Fg (x)6| = g (14; co):| |

Ay | (oo 1] [ (2] (2;4] | (45] | (5;6]( (6;7] | (7;8] | (8;9] | (9; )
Fr(x;) 0 1 4 8 12 17 19 24 1
30 30 30 30 30 30 30
Ay | (oo 1] | (2] | (2;3] | (3;4] | (4;5]| (5:6]| (6;8]| (8;9] | (9;14] | (14; )
F; (x;) 0 4 7 9 11 12 17 18 19 1
20 20 20 20 | 20 | 20 20 20




Paspen 5. CtatuctnuecKkaa nposepka runortes

PeweHune (npopgonxeHne). 3Haunt

_ [muna FrN e B /30-20.19z
D.gn = - m;axlFl(x) F5(x)| = 0120 o0 1,10.

U3 T1abnuy, pacnpegeneHna Konmoroposa pgna «a = 0,05
Haxogum k, = 1,36.

, 0,10 05 0[] 0,1
7 1% 5] 15

Tak Kak D .6, < k,, TO runotesa H, npuHumaeTcA.

19
max|Fy (x) — Fy (x)| = 0



Paspen 5. CtatuctnuecKkaa nposepka runortes

MpoBepKa runoTtes 0 3aKOHe pacnpeaeneHus
reHepasibHOMU COBOKYMHOCTU



Paspen 5. CtatuctnuecKkaa nposepka runortes

Cpean  MHOMecTBa  Pa3/INYHbIX  CTAaTUCTUYECKUX
Kputepmes  MMeeTca  psjg  KpUTepueB,  Ha3blBaeMbIX
KpUTEpPUAMM COTNTacUA.

Kputepuem cornacma HasbiBaeTcA CTaTUCTUYECKUMN
KpUTepuit o NnpeanosaraeMom 3aKOHe pacnpeaeneHus.

Kputepuin cornacma npegHasHayeH A1A NPOBEPKU
COrNAcoBaHHOCTM OCHOBHOM runotesbl Hy € BbIGOPOYHbIMMU
AAHHbIMW, OAHAKO, B OT/AMYME OT pPACCMOTPEHHbIX paHee
KpUTEpMeB, anbTepHaTMBHaAA runoTtesa ABHbIM obpasom He
BblABUraeTcA.

[Mpn 3TOomM o06wWaA cxema npoBepku runotesbl Hy,
NPaKTUYECKN, OCTAETCA HEU3MEHHOMN.



Paspen 5. CtatuctnuecKkaa nposepka runortes

Tak, ecnn BblbopKa X4, ..., X,; nonagaeTt B KPUTUYECKYIO
obnactb, runotesa Hy oTBepraeTcA.

Echn e BblOOpKa OKa3blBaeTcA BHE KPUTUYECKOWM
06/1aCTH, rOBOPSAT, YTO HET OCHOBAHMM OTKNOHUTb OCHOBHYIO
rmnoresy.

PaKTMYEeCKM, KOHEeYHO, 3TO O3Ha4aeT, YTo rmnoTtesa H,
NPUHUMaeTCA, MOCKO/IbKY IMNUpUYeckmne AaHHbIE
cornacytoTtca ¢ Hy.



Paspen 5. CtatuctnuecKkaa nposepka runortes

B ctatucTMYeCcKoM NPaKTUKE K OCHOBHbIM KpUTEPMAM
OTHOCAT Kputepuu lupcoHa, Konmoroposa, POMaHOBCKOTrO,
Actpemckoro M Ap. bBONbWMKMHCTBO KpuUTepueB COrlacuA
6a3npyetca Ha MUCNOSIb30BAHUM OTKJIOHEHUU SMNUPUYECKUX
YacTOT OT TeOPEeTUYECKMUX.

O4yeBMAHO, YTO YEeM MEHbLUe 3TU OTKJIOHEeHUs, Tem
Nydlle  TEOopeTUYecKoe  pacnpeaeneHne  cooTBeTCTBYeT
IMNMpPUYECKOMY (MM ONUCbIBAET ero).



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kpome 3TOro, cpaBHeHME TMCTOrPammbl C M3BECTHbIMM
KPpUBbIMU GYHKLUMIM NAOTHOCTEM NO3BOMAET TaKXKe BblABUHYTb
rmnoTesy o BUAe pacnpeneneHus reHepasibHOM COBOKYMHOCTMY.

Tak, ucxoga W3 NPUBEAEHHbIX HUXKE TUCTOrpPamm,
MOXHO NpPeanosIoKUTb, YTO uUccedyemasa reHepanbHas
COBOKYMHOCTb  pacnpegeneHa no  HopmanabHomy  (a),
nokasatenbHomy (6) wn  paBHOmepHOmMy (B)  3aKOHY
pacnpeaeneHus.

o
.

..._..... '....
" .m L
e




Paspen 5. CtatuctnuecKkaa nposepka runortes

NTaK, pacCMOTPUM FreHepasbHYl COBOKYMHOCTb, pacnpesesieHme
KoTopon HenssecTHo. OAHAKO ecTb OCHOBaHWE nonaraTb, YTO OHa
pacnpeaeneHa No HEKOTOPOMY 3aKOHY (Yalle Bcero, HOPpMaJibHO).

3TO nNpeanonoKeHne MOXKeT MNOABUTbCA KaK 40, Tak U B
pe3ynbTaTte CTaTUCTUYECKOTrO UCC/IeA0BAHMNA, KOrAa Mbl U3BJIEKIU
N U3y4nam BblbopKy 06bEMa n.




Paspen 5. CtatuctnuecKkaa nposepka runortes

N Ham TpebyeTcA HA YPOBHE 3HAYMMOCTU 0L  MPOBEPUTHL HYNIEBYIO
runotesy H; — O TOM, 4YTO reHepanbHasA COBOKYMHOCTb
pacnpegeneHa nNO 3aKOHY Z NpoOTUB KOHKYPUPYIOLLEN
rmnotesbl H; 0 Tom, 4TO OHa no Hemy HE pacnpepeneHa.

Kak npoBeputb 3Ty runortesy?



Paspen 5. CtatuctnuecKkaa nposepka runortes

Kputepuin cornacua [upcoHa — Hambonee 4yacto
ynotpebnaembi KpUTEpUn AN NPOBEPKMN NPOCTON rMNoTe3bl
O 3aKOHe pacnpegeneHus.



Paspen 5. CtatuctnuecKkaa nposepka runortes

[MponsBoanTca cepua  MNOBTOPHbIX  HE3aBUCUMbIX
MCMbITAHWW, N — YNUCNO UCMBITAHUWN, Wy — INEMEHTAPHbIN UCXOA
MCNbITaHUA c Homepom t = 1, ..., n.

[TOCKONbKY WCMbITAaHMUA MOBTOPHbIE, B KayecTBe WUX
obulen BEPOATHOCTHOM MOAENN NMPUHUMAETCA OAHO U TO Ke
BEPOATHOCTHOEe npocTpaHcTteo (,F,P) , oyeBMOHO, 4TO BCE
3NeMeHTapHble ucxoapl wy € ().



Paspen 5. CtatuctnuecKkaa nposepka runortes

Mpegnonoxum, 4to A4,..., A €F — nonapHo
HECOBMECTHbIe CODbITUA, TaKNE YTO

Aj+..4+4;, € Q.

B kauectBe H, npumem runorvesy, COCTOALLYHD B TOM, 4TO
BepoATHOCTM cobbitun A4; (i = 1, ..., 1) 3apaHbl Tabnnuen

CobbiTne Aq A

BepoATHOCTb D1 Dy




Paspen 5. CtatuctnuecKkaa nposepka runortes

[ycTb n; — amnmMpuyecKaa 4vactota cobbitna A;, T.e.
4YUCNO UCMbITaHMK, B KOTOPbIX A; HAacTynuno.

JKBUBANEHTHO: 7; — YNC/I0 TeX 3NeMeHTapPHbIX UCXOO0B Wy,
ANA KOTOPbIX Wy € A;.

NcXoOaHBbIMM AaHHBIMM ANA KpuTepma x> [upcoHa
aBnAeTca Tabanua aMNMPUYECcKUxX 4actoT

CobbiTne A4 A

YacToTa nq n;




Paspen 5. CtatuctnuecKkaa nposepka runortes

Echu OCHOBHAaA NMMMNOoTe3a BEPHa4J, cornacHo
CTaTUCTUYHECKOMY onpeaneneHmnio BepoATHOCTHU

N

Pi = Di,
rae p; = n; /N — OTHOCUTE/IbHAA YacToTa cobbiTnA A;.

B KauectBe mepbl ogHoBpemeHHOM 6amsoctn [ nap
uncen (P;, P;) MOXKHO NPUHATb NtOOYIO Cymmy BMAa

c1(P1 —p1)* + -+ (B — p)?

B KOoTOpou ¢; > 0 — Kakne-nMbo nonoxuTenbHble Yncna.



Paspen 5. CtatuctnuecKkaa nposepka runortes

K.MnpcoH o6Hapyun, yto ecnum npuaatb bonbwme Beca
MaJIOBEPOATHbLIM CODbITUAM, MO/IOXKUB

¢, = n/p;,
TO MPU HEOrPaHWYEHHOM YBEJMHMEHUM T pacrpeseseHue

CTaTUCTUKM

l l 5

23 (5, — p)? = Z (n; — np;)

l l —
=1 pl i=1 npl

n n n (n; — np;)*

oA N2 i _ i i
[pi (i —p)° = ( D)’ - |

nepecrtaeT 3aBUCETb OT KOHKPETHbIX 3HAaYEeHUN BEepPOATHOCTEMN
p; W CTPEeMUTCA K pacnpegeneHuto xu-kBagpat c¢ [ —1

cTeneHAmMM cBoboapbl.



Paspen 5. CtatuctnuecKkaa nposepka runortes

3ameTum, 4Yto npu BepHon H,, cnyyalHble BEAUYMHDI
n; pacnpegeneHol N0  OGMHOMMANbHOMY  3aKOHY C
napameTpamm n n p; (to ectb n;~Bin(n,p;)), BCheactene 4yero

np; = E(n;) HasbiBaetca oxugaemoil (TeopetnuyecKoil)
4acToToM cobbITUA A; .



Paspen 5. CtatuctnuecKkaa nposepka runortes

Onyckaa noapobHOCTU, HaMAeEM acCMMNTOTUYECKOE
(Npu n — o) pacnpeaeneHne CTaTUCTUKM y2. PaccMoOTpuM C
3TOW UeNbio [ — MepHbIN BEKTOP

g = (VPT, - VPD)-

BekTop Uy MMeeT eAUHNYHYIO ANIMHY, BCNeACTBME YEro MOMKET
6bITb 4ONONHEH O OPTOHOPMUPOBAHHOTO HBa3uca.
Ug, - U1
B RL.
Onpeaenum [ BennunH Z;, cnepyowmmm Gopmynamu:

ZO — u0,1X1 i uO,le,

Zi_1 = U1 Xy + o+ U1 1 X,

rae Uy ; — L - A KOMMOHEHTA BEKTOPA Uy, @ X; onpesenseTcs

n._n »
COOTHOWeHMemM X; = \‘/n_pp‘.
i




Paspen 5. CtatuctnuecKkaa nposepka runortes

N3
2 _ vl Moa 2 _ vl (m-npy?
X lzlpi (pl pl) i=1 np;
U
n._n "
Xl — l pl
VNpi

cneayeT, uYTo

[
X = EXE,
=1

M3 OPTOHOPMMPOBAHHOCTU Basmuca iUy, ..., U;_; BbITEKAET, UYTO
CYMMbl KBaZpaTOB BENNYUH X4, ..., X; U Zy, ..., Z;_1 COBNA[AIOT:

l

-1
ZXE = z 7.
k=0

=1



Paspen 5. CtatuctnuecKkaa nposepka runortes

HeTpyaHO BUAETL, YTO

7 :\/p_n1_np1+m+\/p_nl—npl=
VT mpy N
1
= —(n{+--+n — + -+ = (.
\/ﬁ( 1 [ (pl pl))

3HaYuUT

-1
Xt = z Z
k=1

o
I
=

o~
Il
=
o~
Il
U=y
=
Il
o



Paspen 5. CtatuctnuecKkaa nposepka runortes

=
MOHO A0Ka3aTb, YTO CAyYanHbIN BeKTop Z = (Z4,..., Z]_1)
MIMeeT HyneBOe MATEMATMYECKOE OXUAAHWE U €OUHUYHYIO
KOBAapMaLMOHHYIO MaTpULLy.

Ecan 6bl npu aTOM BEKTOP 7 6bin elwe M HopmaabHbIM, TO BCE
ero KOMMOHEHTbI 6bin Obl HEe3aBUCUMbIMMU 7
pacnpegeneHHbIMM N0 CTaHAAaPTHOMY HOPMaJbHOMY 3aKOHY
N(0,1). Otctoga, NOCKONbKY

-1
X = 2 Z
k=1
BbITeKano bbl, uto y4~y2%(l — 1).

-

Ha camom pene, KOHEYHO, BeKTop Z He ABAAeTcA
HOPMaJIbHbIM HU MPU KaKoM N.



Paspen 5. CtatuctnuecKkaa nposepka runortes

OAaHako npUMeHsas MHOTOMEPHbIN aHanor
LEeHTPaibHOU NpeaesbHOU TeopemMbl, MOXHO [AO0Ka3aTb, YTO

npu n — 00 pacnpegeneHune sektopa Z ctpemntcak (I — 1) -
MEPHOMY HOPMa/IbHOMY pacnpeaeneHuio.

B utore nonyyaem, YTo pacnpegeneHune cTaTucTuKm 2
[MMpcoHa npu AoCTaToyHO bHonbwom n 6an3ko K
pacnpegenenuio y% c (I — 1) cteneHamu ceobogpbi.

MOXHO TaK)Ke AO0Ka3aTb, YTO ecam rmnotesa Hy He
BepHa, TO nNpu n — o BepoATHocTb P(¥% > ¢) — 1 ans
noboro ¢, YTo B KOHEYHOM cyeTe onpeaensaeT AOCTAaTOYHO
BbICOKYIO MOLWLHOCTb Kputepusa lupcoHa, no KpanHen mepe,
Ansa Bblbopok bonbloro ob6vema.

l
Y y (n; — np;)?
2 A 2 l l
X =/ —Wi—Pi) =
; Pi( 1P e~ NPy

l
=1



Paspen 5. CtatuctnuecKkaa nposepka runortes

B ntore npuxogmMm K 3aK/IlOYEHUIO, YTO ANA NPOBEPKM
MO SMMNUPUYECKMM AAHHbIM

CobbiTne Aq A

YacToTa n4 n;

cnpaseginBoCTn pacnpeneneHmnAa

CobbiTne Aq A

BepoAaTHOCTb D1 Dy

C aACMMMNTOTMYECKMM YPOBHEM 3HAYMMOCTU & MOMKHO
MCNO/NIb30BaTb  KPUTEpPWUIA  cornacusi, OCHOBAHHbIN,  Ha

2
n._n .
cratuctuke  y2 = yi_, {HTnPO
np;

[MMpcoOHa W KpUTUYECKOM

obnactn x> > y2(l —1).



Paspen 5. CtatuctnuecKkaa nposepka runortes

CTpOI/ITCFI NPaBOCTOPOHHAA KPUTUYECKaA obnacrb:

PUVASAVAVAVAS A

2 -
¥ .
“p Ve

0
P(x?>x%, )= 0= P(x* <x°,,)=1- P(x* >, )=1-
P(x* <x%, )=F (2%, ),

F(X) - dyHKuma pacnpeaenenmna 2 = F(y%,)=1-a

'

14 a

A 4
[ —

2
) €T S — .

0071aCTh TIPHHATHS 3 I\P“I"‘IECkaﬂ
TUIOTE3hI 00J1aCTh



http://www.mathprofi.ru/statisticheskie_gipotezy.html

Paspen 5. CtatuctnuecKkaa nposepka runortes

Ha NPaKTUKe  JaHHbIN KpUtepumn [MnpcoHa
npumeHsaeTca, ecam obbem Bblbopkn n > 50 u  Bce
oXuaaemble 4acToTbl np; > 5.

HecobntopeHne pAaHHbIX YC/I0OBUA OObIMHO NPUMBOAUT K
3HaYUTEeIbHOMY OTKNOHEHUIO dbaKTUYecKoro YPOBHS
3Hauumoctn Py (x*> x4 (1l — 1)) ot Tpebyemoro ypoBHA .

P

14 a
A 4
TR~
Axpur. gpuTieckas
00/1aCTh NIPHHATHS AP
[UIOTE3bl il




Paspen 5. CtatuctnuecKkaa nposepka runortes

3ameyaHue:

ManouuncneHHble Yactotbl (n;< 5)cneayet o6veaAnHUTL. B 3TOM
C/ly4ae U COOTBETCTBYHOLLME MM TEOPETMYECKME 4YacCTOTbl TaKKe

Had0 CNOXKHAUTb.

Ecnn nponssoannocb ob6beanHeHne 4acToT, TO Npu onpeaeneHum
yncna creneHen csoboabl cneayet NPUHATbL YNCAO UHTEPBAJIOB,
OCTaBLIMXCA Nocne o6 beAUHEHUA YACTOT.



Paspen 5. CtatuctnuecKkaa nposepka runortes

UTaK, ecnn y2, ,5,<¥° TO Ha YPOBHE 3HAYMMOCTK O HET
OCHOBaHMi1 oTBepraTtb runotesy H, 0 TOM, YTO reHepa/bHas
COBOKYMHOCTb pacnpegesieHa No 3aKOHy Z.

To ecTb, pasanMune Mmexay OSMMUPUYECKUMU U
TEOPEeTUYECKMMMN YaCTOTaMWU  He3Ha4yumo un obycnoBneHo
CAy4YalHbIMK  paKToOpamm (CAy4arMHOCTbIO Ccamon BbIOOPKMN,
Crnocobom rpynnmMpoBKN AaHHbIX U T.A4.).

Ecnv ¥%u60 > X TO HYNEBYIO TMMOTE3y OTBEpraem,
MHBIMW C/10BaMW 3MMNUPUYECKME U TEOpEeTUYECKMEe YacToTbl
OT/IMYAIOTCA 3HAYUMO, N 3TO passinyume BpAL N CNYYarHO.
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NMpumep. Mo pesynbTaTam nepenncu HaceneHUA YCTaHOB/IEH
cneaytoLuimm Bo3pacTHOM COCTaB

o 50 net Ot 50 net n cTapwe
HKeHLWMmHbI 35% 20%
My>KYMHBbI 35% 10%

CnyctA HEeCKONbKO NeT nocse nepenucu 6bl10 oToOpaHOo
cnydyamHbim obpaszom 1000 yenosek M Ana HMX NOACYUTAHO
YMUCNO MYMKUYMH U XKEHLWMNH B ABYX BO3PACTHbIX rpynnax:

[o 50 nert Ot 50 net n ctapuwe
KeHLWmnHbI 343 212
MyXYMHbI 343 102

Tpebyetca npu ypoBHe 3Hauyumoct «a = 0,05 npoBepuTb
rMnoTesy o0 TOM, YTO BO3PACTHOM COCTaB HE U3MEHMUCA.

PeweHue.

n=1000;l=4; a =0,05;n; =343;n, = 212;n; = 343;n, = 102;



Pasﬂen 5. Ctatuctnueckas npoBepKa runores

PewweHue.
HPGEEPHM I'HT[DTEB}' O TOM., UTO BD?paCTHDﬁ COCTAB He H3IMEeHHMIICH

npH ypoBHe 3HaunMocTH @ = (,05.
Cobbirua A4, A5, A3, A4 COCTOAT B TOM, 4TO OTOOpAaHHBIH 4YEIOBEK

OKa3aJICs:
A;— wenuHo# 10 50 ner;
A,— KeHIMHOH oT 50 IIeT U cTapiue;
As— MyxunHO# 10 50 ner;
Ay— MyxunrHO# ot 50 J1eT u crapiie.
OueBngHo, 4to cobobitna A¢, 4,5, A3, A, 06pasyoT NOAHYIO
rpynny, a MMHUMaA/ZIbHaA oXmnaaemasa vyactora 100 > 5.
C y4YeTOM MaJIOYNCNEHHOCTM BbIDOPKM OTHOCUTENBHO BCEro
Haces1eHnAd, CHYUTaAEM OT60pr ﬂl-O,EI,Eﬁ HE3aBUCUMbIMMU
UCMNbITaHNAMU, TNMNO3TOMY MNpoBepAem T1mnoTesy no Kputepuio

NMupcoHa.

o 50 net OT1 50 net v ctapwe [o 50 net | OT 50 net u ctapwe

KeHWMmHbI 35% 20% MeHLWMHbI 343 212

My>KUYMHbI 35% 10% My3KUUHBbI 343 102
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PeweHune (npogonxkenne). n = 1000;( = 4; a = 0,05;

Takum  obpazom, n, = 343,n, =212, n5; = 343,
IMITUPHUECKHE YACTOTHI.

TeoperHueckie 4acTOTHI:

np; = 1000 -0,35 = 350; np, = 1000-0,2 = 200;
np; = 1000- 0,35 = 350; np, = 1000-0,1 = 100.
CoCTaBHM CTATHCTHKY ¥ *

343 — 350)% 212 — 200)? 343 — 350)?
, 2« 2 2,

ng = 102-

CraTucrtuka:

L 2
. 2 :(ni — np;)
- np;j
=1

X 350 200 350
+(102—1ﬂﬂ)2_49+144+49+ 4 _49 +0.72 +0.04 = 104
100 ~ 350 200 350 100 175 T
Lo 50 nert OT1 50 net v ctapwe o 50 net | OT50 net u ctapwe
HeHWmHbI 35% 20% HeHWwHbI 343 212
My4YMHbI 35% 10% My>4unHbI 343 102
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PeweHue (npopgonxKeHune).
3aTeM HaxoAMM 5-NpPouUEHTHYHD TOYKY pPacnpefeneHus Xu-

KBagpaT C 3 cTeneHamu ceobogapl: x§ os(4 — 1) = 7,815.

[TOCKONbKY
Xiaon = 1,04 < x&, = 7815,
NPUXOAMM K BbIBOAY, YTO AdHHble BbIDOPOYHOro nccneaoBaHuA

He O0OHapyXMBalOT 3HAYMMOro U3MEHEHUA BO3PaCTHOrO
COCTaBa HaceneHwus.

n = 1000: [ = 4: Xip.=XN2.0BP(1-0,05;4-1) # MS Excel yg, = 7,815
a =0,05; import scipy.stats as st # Python

n, = 343;n, = 212;
— . _ . n=1888; 1=4; alpha = ©.85

nz = 343; Ny = 102' ni=np.array([343,212,343,182])
pi=np.array([©.35,08.2,8.35,8.1])
npi=n*pi
chi2 Habn=np.sum{{ni-npil)}**2/npi)
chi2 cr=sts.chi.ppf{1l-alpha,l-1)
print ("3Ha4enue chi2_wHabn=:", chi2_nabn)
print ("3Ha4enwe chi? cr=:", chi2 cr)
3Havyenue chi2_wnabn=: 1.84
3Havyenue chi2_cr=: 7.814727983251179



Teopuna BepoOATHOCTEU U
MaTemaTnyeckasa CTaTUCTUKA

KoHel nekuun



