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4. ITIPOBEPKA
CTATUCTUNYECKUX I'MITIOTE3

B npeapinyieil riiaBe paccMaTpUBAJIACH CUTYALHsI, KOT/A 3aKOH PACIIpeiesieHus CIyYaiiHo mepeMeHHON u3eecmen
C TOYHOCTBIO JT0 HECKOJIBKUX YUCIOBBIX mapaMeTpoB. Ceiiyac Mbl PACCMOTPUM JAPYTYIO 331a49y: UMeeTCsi BEIDOPKA, TO-
DOXK/IEHHAs CJIy9aiiHON nepeMeHHON (CryJaifHbIM BEKTOPOM ), 3aKOH PaCIpee/ieHus: KOTOpoil neussecmen. opmysiu-
pyeTcst HEKOTOpast TUTI0Te3a 00 ITOM 3aKOHE PACIPEIesIeHNs], U CTABUTCSI BOIIPOC: COTJIACYETCSI JIU TIOJIy I€HHAST BHIOOPKA
¢ 9roit runore3oit? Tounee: faeT v 3Ta BHIOOPKA OCHOBAHHE OTBEPTHYTH TMIOTE3Y?

Hawubosee mpocrasi CUTyarysi BOSHUKAET, €CIU TIOSIBJICHUE BBIOOPKYU HEB03MONCHO TIPU CIIPABEIJIMBOCTU MTPOBEPSI-
emoit rumoressl. Tak, rumoresa o paBHOMepHOM Ha [0, 1] pacnpeneneHnn HAOIIOAAEMON C.I. OYEBUIHO OMEEP2AEMCA
IIpU HAJUYMM B BbIOOpKe, HampuMmep, uncia 2 wuian unciaa —1. IlogobHble TpuBHMAIbHBIE CIyYad B JajbHEHINeM He
PaCcCMaTPUBAIOTCS.

Eciiz BeIOOpPKA, He npomueopenum TUnoTe3e, TO ITa TUNOTE33 HE MOXKET ObITb OTBEPrHYTa 0€30roBOpovHO. Peun
MOXKET WJITY JIUIIb O IPU3HAHWUY TI0JLyY€HHON BBIOOPKH MAA08EPOAMHOT IPY CIPABEAJIMBOCTY JAHHON MMIIOTE3bI.

Ecnu yCTaHOBJIEHO, 9TO Oy I€HHAS BHIOOPKA NAOLO CO2AACYETNCA C TUMIOTE30M, TO TAMIOTE3Y CIELYET OMKAOHUMD.
B mpoTwBHOM CiTyuae THUTIOTE3a COTPpahAemca (s TambHEHIIeH TPOBEPKH).

HpI/I 3TOM CﬂeﬂyeT I—IOMHI/IT])7 4TO B O6OI/IX Cﬂyqaﬂx MbI MO2KEM OH_II/I6I/IT])C5I: OTKJIOHUTH BepHyIO I‘I/IHOTe3y (TaK
HA3bIBAEMAs 0WubKa NePe02o poda) WM COXPAHUTH HEBEPHYIO runoredy (owubka emopozo poda).

B Hpe,[[HO.HO)KeHI/H/I CHpaBeﬂﬂI/IBOCTI/I HpOBepﬂeMOﬁ TUIIOTE3bl MOXXHO OLEHUTH BepOﬂTHOCTb I10sABJIEHU A Ha6.HIO,[[eH—
HOM BBIOOPKHU, &, CJI€A0BATE/IBHO, U BEPOSITHOCTH OMUOKY 11EPBOro poga. B T0 e BpeMsi OUEHUTb BEPOSITHOCTb OIIMOKU
BTOPOI'O PO/ HEBO3MOXKHO, TAK KAK JJIsi €€ OLEHKU N0TpedOoBasIOCh Obl UCC/IEA0BATH BCE AJIbTEPHATUBHBIE TUIIOTE3bI.
NmenHO M03TOMY OOBIYHO yHOTPEOJISIIOT BhIpaXkenue "runmoresa coxpansiercs", a ve "rumnoresa npunumaercs".

BeposiTHOCTB COXpaHeHUs BEPHOM TUNOTE3bI (J0BEPUTEIHHYI0 BEPOSITHOCTD ) NPpUHATO 0003Ha4arh (3. [TocTanoBmk
331291 OOBIYHO HA3HAYAET JOMYCTUMYIO (C €ro TOYKHU 3PEHMsi) BEPOITHOCTD OmubKu nepsoro pozaa (1 — ).

CepnesHoe npeaynpexaenne. JLoBepsaTh do8epumenvHoli 86epOAMHOCU B 331a49e MPOBEPKU THUIIOTE3bI, KAK U B
3a/1a9e OILIEHUBAHUSI IIAPAMETPOB, MOXKHO TOJIBKO IIPU dOCMamouHo 60abuiom Konmdectse npoBepok. [Ipu odnoxpammom
[IPUMEHEHUH JIF0O0ro KpUTepusi Mbl JIOO [IPUMEM IPABUJIbHOE peleHue, aubo omubemcs. V1 Hu 0 KAKMX BEePOSTHOCTSX
B 9TOM CJIy9ae TOBOPUTH HEJIb3si!

4.1. Kpurepnit xn-KBaapaTt

1 anropurm mpoBepKW CTATMCTHYECKMX THTOTe3 (TaK Ha3bIBAMBIH kpumeputi Tu-

N3zo6perennsiit K. ITupconom
%6adpam) COCTOUT B CJIEIYIOIIEM:

1) mpocTpaHCTBO JIEMEHTAPHBIX COOBITHIA, T.€. TUIIOTETUIECKOE MHOXKECTBO 3HAUEHUH CJIy9aiiHOM nepeMeHHoi (Ciiy-
9aflHOrO BEKTODA,), Pa36UBAIOT HA 1M HEMEPECEKAIOMMXCS YacTel (IONapHO HECOBMECTHBIX COOBITU) J1, . .., Jm;

2) B IPEAIONOKEHNN CIIPABEJIUBOCTA TIPOBEPSEMOi TUIOTE3bI HAXOAAT BEPOSITHOCTH STUX COOBITHH D1, ..., Pm
(p1 + -+ pm = 1) n "oxunaempre 9aCTOTBI" V] = P1N, ..., Vm = Pmn (38€CH N — 0O6bEM BBIOOPKH]), T.€. KOJIMIECTBA,
9JIEMEHTOB BbIDOPKH, KOTOPBIE JOANHCHDL NONACTL B 3TH YACTH;

3) maxomar "mabmomeHHBIE 9ACTOTBI" Ny, . .., Ny, (N1 + -+ * + Ny, = N), T.€. KOIIMIECTBA, JIEMEHTOB BBIOOPKH, (hatk-
MUYECKY NONGBWUT B ITH YACTU.

4) Ecu runoTesa BepHa, HAOIIOJEHHBIE YACTOTHI JOJKHBI M40 OTIAIATHCS OT OXKHUIAEMBIX. PaCCTOSHIE MEXKITy
BEKTOpaMU HAOJIIOJEHHBIX U OXKUJAEMBIX YACTOT ONPEIessieTcst (hOpMyIoit

m 2
) Nk — Vg
o=y o

14
k=1 k

Yucno x2 MOXKeT paccMaTpuBaThCs Kak 3nadenue c.a. (crarucruxu) x2. K. Tlupcon pokaszas, 9ro st 604bwus
00beMOB BbIOOPOK IMJIOTHOCTb PACIPEJE/IEHUs] ITOH C.n. (HE3ABUCUMO OT PACHIPEEJICHUsT TIOPOUBILIErO BBIOOPKY CJIy-
9aflHOrO BEKTOPA,) XOPOILO AMPOKCUMUDYETCs (DYHKIUEi

0 npu t <0,

Feo(t, 52) = (4.1.1)

1 /21 ( t)
— -1 -exp | — mpu t>0
27T (/2) p\7z) "m t=5
rme » =m — 1.

Oynxuus f,2(t, %) Ha3LIBACTCA NAOMHOCMBIO pacnpedesenus Tu-keadpam ¢ x cmenenamu c6060dv. Ee rpaduk
npu 3 = 4 u3obpaxken Ha, puc.4.1.

1Kapn TUPCOH (1857-1936) — anrmuitckut MaTemaTux u 6uosnor, npodeccop JIOHIOHCKOTO yHHBEPCHTETA, OCHOBATENH KypHasa "Buo-
merpuka'.
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Puc. 1:

5) Hasnawus nOmyCTUMYIO BEPOSTHOCTH OmmbOKH mepBoro poga (1 — 3), MOXKHO OmpesenuTs nopozosoe 3navenue
crarucruku x> (Touka II Ha puc.4.1) KaK permeHue ypaBHeHHST

I

P2 <1I) = / fra(t,30) dt = ,

—0oQ

T.e. KAK 3Ha49eHue B TouKe [ byHKIMH, 06pamHoti’ K GYHKINN PACIPeNeeHHs C.II X 2.

6) IIpoBepsiemMasi rUNOTE3a OTKJIOHSIETCST, €CJIM BEIYUCIEHHOE TI0 BBIOOPKE 3HAYEHUE CTATUCTHKH 60.4bUe TOPOTOBOTO
()/(3 > II), u coxpansiercss — B IPOTUBHOM CJIydae.

IIpu MHOrOKpPATHOM IMOBTOPEHUY MPOIEAYPHI MPOBEPKY TUIIOTE3BI IO KPUTEPHUIO XU-KBAIPAT MOXKHO OXKHUIAThH, 9TO
OTHOCHUTEJIbHAsI YACTOTa OIUOKM mepBoro poza Oyaer 6mska K 3amanuoil Bepostaoctu (1 — 3).

Kak Bunno u3 puc.4.1, craTucTuka Xu-KBaJpaT MOXKeT IIPUHHUMATL Ha BHIOOPKAX KaK YrOJHO OOJblIne 3HAYEHUS,
HO 4YeM OOoJIbllle 3HAYUEHNe CTATHCTUKU, TeM pexke OHO Oymer Bcrpedarbes. [lmomanp 3amTpuxoBanHoil 4acTu (bUryphbl
Ha puc.4.1 paBHa moBepurenbHOi Bepositnoctu (3. Ilnomanp mesamTpuxoBanuoit yactu (1 — 3) — 9T0 BEpOATHOCTH
OINOKY TIEPBOTO POJIA.

Sameuanusi. 1. KakoBo Obl HU OBLIO MIIOTETUYECKOE PACHpeaeeHue C.0. X, TPUMEHEHHe KPUTEepUs XU-KBaJIpaT
HAYUHAETCS C 3AMEHbBI TOTO PACTIPEIEJICHUS Ha, JUCKPETHOE PACTIPEICICHNE C BEPOSTHOCTMU JIEMEHTAPHBIX COOBITHH
p=PX€eJ), k=1,...,m.

Ecau m maso, To 6yAyT MOTEpsiHbI XapaKTePHBIE OCOOEHHOCTH TUIMOTETUYECKOTO PACTIPEICSICHNS, U CACIAHHbIE
BBIBOZIbI OyAyT HEHAJEXKHBIMU. FC/IU Ke M CIMIIKOM BEJIUKO, TO HAOJIOJEHHBIE YaCTOTHI MOTYT OKA3aThCs OYEHb
MaJIBIMU, 9TO TOXKE CHUKAET JIOCTOBEPHOCTH BHIBOJIOB.

O6cyKaeHne OnTUMAIBHOrO 3HAYEHUS 11 BBIXOAWUT 33 PAMKU Hamero kypca. OmHAKO OYeBUIHO, YTO OObEM BbI-
OGOPKU JI02KEH ObITH JOCTATOYHO BEJIMK, YTOObI 00ECIEeYNTh U JOCTATOYHO DOJIBIIOE YUCJIO M, U JOCTATOYHO OOJIBIILYIO
CPEIHIO HAOJIIOAEHHYIO 4aCTOTY %

2. Eciiu m — KomMYecTBO 4acreil, Ha KOTOpbIe pa30MBAETCS TUIOTETHYECKOE MPOCTPAHCTBO JIEMEHTAPHBIX COObI-
Ui, — 33/laHO0, TO BO3HUKAET BONPOC: a Kak BbiOuparh 3t 4dacru?! Ilo-Buaumomy, He Oyaer Xyxke, eciu Oparb ux
DABHOBEPOATNHHLMU: .

p=PXeJ)=—; k=1,...,m.
m

3. Ecim HeKOTOpBIE MapaMeTphl TMIIOTETUYECKOTO PACIPEIEIEHUS OIEHUBAIOTCS 110 BHIDOPKE, TO AJITOPUTM TTPUME-
HEHUsI KPUTEPUsT XU-KBAJAPAT COXPAHSIETCsI, HO YUCJIO CTEMEHEN CBOOOIBI YMEHBIIIAETCST HA YUCII0 ITUX MMAPAMETPOB, T.€.
B (bopmyiie (4.1.1) ciemyer nonoxuth x = m — 1 — r, nae r — KOJIMYECTBO OLEHUBAEMBIX 1aPAMETPOB.

4.2. IIpoBepka runore3sl 0 HE3ABUCUMOCTH
B COBOKYNHOCTH KOOPIMHAT CJIyYalHOTO BEKTOpa
(kpurepmnii xu-kBagpar)
Paccmorpum deyrmeprnidi ciydaitablii BekTop ¢ KoopauHatamu X u Y. Vmest Bbibopky obbema N, pa3neaum Ko-
opauHaTHy0 och OX Ha HENEepeceKaoMecs TPOMEXYTKUA Jy1,..., .k, a Koopaunarayo ock OY — Ha Hemepece-

KaloIuecss IPOMEXYTKHA Jyi,. .., JJyr. Ecam BepHaA rumoresa 0 HE3aBUCHMOCTH KOODJUHAT, TO BEPOATHOCTH COOBITHSA
(X € Jor) N (Y € Jyr) paBHA npousBeneHuIo BeposTHOCTEH coObITuit X € Jop u Y € Jyyp.

IMocTpouM Tak HA3BIBAEMYIO MAOAUYY CONPAHCEHHOCTIU NPU3HAK08, T.e. (K X R)-marpuiy T', 371€MeHT tj, KOTOPOil
— KOJIMYECTBO 3JIEMEHTOB BBIOOPKHM, MONABIINX B NPAMOYTOIBHUK Jyp X Jyr.

2@yuknus pacrpeeenus Xu-KBaapar u obparTHas eif dynkumsi Tabymuposansi. Vx 3nadenust "yMeroT" BHIYHCIATE CPEIbI KOHEYHOTO
nonb3oBaTens u 6ubnuoreku ®OPTPAHa.
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Boraucium gacTorsr nonaganusi C.im. X B MPOMEKYTKHU Jp:
R
Ngk = E ter, k=1,....K
r=1

U 9aCTOTHI TIONAJAHNA C.I. Y B IPOMEXYTKHU Jy;:

K
Ty :Ztkr; r=1,...,R.
k=1

IMockomeky sepoammuocmu coberruit X € Jpp u'Y € Jy, Heu3BeCTHDI, 3aMEHUM MX TOYEYHBIMH OLIEHKAMHI — OMHO-
CUMEADHBMU HACTOMAMY ITUX COObITHH. [TOyYnM, 94TO MPU HE3AEUCUMDBLE KOOPIUHATAX OKUIAEMAsT YaCTOT, IO~
JIAHUS CJY9AAHOTO BEKTOPA B MPSAMOYTOIBHUK Jgp X Jy, paBHA

i — Nk - Nyr
kr — .
N

BquI/IC.HI/IM 3HAYCHUE CTATUCTUKU XU-KBaAPAT:
K R 2 K R 2
?zz:z:(tkr_lfk’r) =N<§:§: thr _1>_
k=1r=1 Vkr k=t r=1 vz Tyr

Ompenenum 9uCIO CTEmeHeil cBOOOAbI. [MIoTeTuvecKoe MPOCTPAHCTBO IJIEMEHTAPHBIX COOBITHHM MbI pa3buau Ha
K - R gacreii. [Ipu 370M MBI OI[eHMBAJIM IO BHIOOPKE MAPAMETPhI JUCKPETHOTO PACIPEIe/ICHUs] — BEPOSITHOCTH

per =P(X €Jp), k=1,...,K; p,=PY €lJ,), r=1,...,R.

Ho u3 stux K + R nmapamerpos juiis K + R — 2 cBOOOAHBIX, TAaK Kak sz=1 Dok =1 m Zle pyr = 1. Cormacuo

3amMedaHuio 3 u3 m.4.1,
#=K-R-1-(K+R-2)=(K-1)-(R-1). (4.2.1)

ITpumep. Nmest BoibOpky oobema N = 20,

62 | 72 |88 | 3 | 51|84 |84 |41 |46 | 17
731991233559 |41 |26 |53 |28 15 ‘
57 (30 | 49| 74|89 | 84 | 21 | 13|27 | 41
80 |53 |95 |65 (62|15 |71 | 9 | 0| 2 ‘

<

pa3mesnuM KOOPAMHATHBIE OCH HA HEMEPECEKAOMUecs: 9acTy (MbI B3sUIM HA KAXKJOH OCH [0 YETHIPE PAGHOUACTNOTNVHOLEL
[POMEXKYTKA):
Jp1 =] — 00,28, Jp2 = [28,50], Jp3 = [50,80[, Jza = [80, +00[;

Jyl = ] - 00,20[, Jy2 = [20,50[, Jy3 = [50,70[, Jy4 = [70,+OO[

IMocrponm Tabmuny conpszkeHHOCTH NpU3HAKOB — (4 X 4)-marpuny T':

Jyr | Jy2 | Jyz3 | Jya
Jz1 3 1 0 1

Jeo | 1 | 1] 2|1
Jes| 0] 0| 2| 3
Ja| 1 ] 3] 1|0

Tax Kak IPOMEXyTKH Ha 00enX OCAX B3AThI PABHOYACTOTHLIC, IMEEM Mgk = Ny, = 5.
Haxonum 3HadeHME CTATUCTUKY XW-KB3IPAT HA, UMEKOIIENCs BHIOOPKE:

Py 4 4 t2
x2=20- (ZZ 5’fr5 - 1) = 13.6.

k=1r=1

Yucso creneneit cBoboapl, cormacuo dbopmyne (4.2.1), pasao 9. B tabnuue 4.1 npuseneHbl MOPOroBble 3HAUEHUS
CTaTUCTUKHU XH-KBaJApaT C 9 CTENI€EHAMN CBO60,HI)I AJIsT HEKOTOPBIX YaCTO UCHOJJIb3YEMbIX 3HaYEHUU ,ILOBepI/ITeJIbHOI‘/‘I
BeposiTHOCTH f3.
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Tabauna 1:

B 09 |095]|0.99 | 0.995 | 0.999
IT || 14.7 | 169 | 21.7 | 23.6 | 279

__ Hasmaums 8 = 0.9, T.e. nonyckas ommGO9HOE OTKJIOHEHNE TUIIOTE3BI B OJHOM CJIydae M3 JECSTH, MBI BHUM, 9TO
x2 = 13.6 < 14.7 = I, u runores3a 0 HE3ABUCUMOCTHU COXPAHSIETCSI.

Sameuanusi. 1. PaccMOTpeHHBIN TpUMED HOCHT METOAWYECKUil XapaKTep: MMesi BBIOOPKY CTOJIb MAaJIoro 0ObeMa,
KOHEYHO, He CJIelyeT CTPOUTH TADJINILy CONPSI?KEHHOCTHU NMPU3HAKOB U3 16 KJEeTOK.

2. HerpynHo pacmpoCTpaHUTh OMUCAHHBIN AJITOPUTM HA CJIy4dail MIPOBEPKH I'MIIOTE3bI O HE3ABUCUMOCTH B COBOKYII-
HOCTY KOOPAMHAT CIy4alfHOrO BEKTOPA, PA3MEPHOCTb KOTOPOro OOJIbIIE IBYX.

4.3. IIpoBepka ruroTe3sl 0 TOM, YTO BBIOOPKHU
HOPO2K/IEHBI OJHOU M TOMH ke cirydaliHOI nmepeMeHHO
(xpurepmii xu-kBagpar)

Nmerorcst s BEIOOPOK:

rae z() = {mgj ), . ,wsl]j) }. IIpoBepstercst runores3a: Bce BLIOOPKY [IPEACTABIISIOT OJHY U Ty XKe CIIy4ailHy 0 IepeMEeHHY 0.
OrmuieM agropuT™ MpUMEHEHUs KPUTEPUsT XU-KBAIPAT B ITOM 3aade.
8
1) Boibopku o0beauHsIoTCs, 06pas3yst HOBYIO BHIOOPKY 2 obbeMa Y, nj.
i=1
2) BrIGOpKa 2z YIOPSIZIOUUBAETCS 110 BO3PACTAHUIO.

3) HaznauaeTcs 9uCyI0 M, U YUCIOBAS OCh JEJUTCS Ha, 11 HETIEPECEKAIOIIUXCS TIPOMEIKYTKOB J1, - . ., Jpy, B KAKIDIH
U3 KOTOPBIX IIOINAAAE€T OOWHAKOBOE YHCJIO JJIEMEHTOB BI)I60pKI/I z. FpaHHHbI 9TUX MPOMEXKYTKOB C/IYy2KAT TOYCHIHBIMU
1

OLIEHKAMU TPAHUL] PA6HOGEPOATNHHLT TIPOMEXKYTKOB, BEPOSITHOCTD MOMAJAHNS C.I1. B KAXK/bIil 13 KOTOPBIX PABHA 7.
B nipeamosioxkenun, 9TO TUMOTE3d, BEPHA, OTHOCUTEIbHAS YaCTOTA TOMAIAHUS C.1. B JIFOOOM U3 3TUX MPOMEKYTKOB
1

NOTKHA ObITh OM3KA K 35 U1 %a2icdol BHIGOPKH ¢, j=1,... s. Ilo3TOMy OXKIIAEMOE KOIIMIECTBO IEMEHTOR

n
o 1
3TOlt BHIOOPKHU B JIIOOOM MPOMEXKYTKE PABHO 7y - '
4) Haxonsres tj, — HaOIIONEHHBIE KOJITIECTBA YIEMEHTOB BBHIOOPKU z\9) B POMEXKYTKE Jp.
5) Boruuciisiercsi 3HaUu€HNE CTATUCTUKU XU-KBAJPAT:

.\ 2
— S (tjk_ﬁ)
S
j=1 k=1 —
m

6) MoxkHO NOKa3aTh, YTO YUCJIO CTEIEHel CBODObI B ITOMH 3a1a4e

w=(s—-1)-(m—1)

(mo m — 1 crenenu cBOGOABI HA KAXKIYIO U3 § BIOOPOK, IIPUYEM TI0 BHIOOPKE OLIEHUBAETCS 11 — 1 MapamMeTpoB rUIOTe-
TUYECKOrO PACIIPEIESICHUs] — TPAHUIIBI PABHOBEPOATHBIX TPOMEKYTKOB).

7) 3amaercsi [OBEpUTE/bHAS BEPOATHOCTD 3 U Haxomurcs 11 — cOOTBETCTBYIONIEE OPOrOBOE 3HAUEHUE CTATUCTUKY
XU-KBaJ[paT.

8) Ecnu x2? > II, runoresa orBepraercsi.

4.4. IIpoBepka runoTe3bl O 3aKOHE pPaCHpPeaeJIeHUS
caydJaifHoil mepeMeHHO

ITo yrBepx)aeHu0 pa3paboOTIMKA NPOrPAMMHOIO JATIMKA [ICEBIOCTY YaiiHbIX ynuce (1.2.7), STOT AATYUK TeHEPUpPY-
eT CJIyYaiHy0 IEPEMEHHYI0 C 33IaHHBIM 3aKOHOM pacrpeesenus. ViMeercsi BEIOOPKA, MOPOXKIEHHAS ITUM JATINKOM.
Paccmorpum nBa kpuTepusi, UCIOIB3yEMbIX ISl OTBETA HA BOIPOC, COIJIACYETCsl JIU MOy Y€HHAs BBIOOPKA, C JEKJIAPU-
POBAHHBIM 32KOHOM PACIIPEJIeJICHUs: y2Ke U3BeCTHbI Kpurepuil Xu-kpaapar u kpurepuii Koamoroposa®. Anropurmb
[IPUMEHEHUs] 9TUX KPUTEPHUEB Oy/IyT NPOWLIIOCTPUPOBAHBI HA, IPUMEDE.

IIpumep. Nmeercs Buibopka, comepxxkarnast n = 100 mceBmocaydaiiHbIX YMUCEI, TTOJYYEHHBIX OT AATYNKA CTAHIAPT-
HOro HopMasbHOro pacnpenenenus (M (X) =0, o(X) =1):

3 Aunpeit Hukomaesma KOJIMOTOPOB (1903-1987) — onun u3 KpynHe#mux maremaTukos XX Beka. Jle#icreurensurit wien AH CCCP,
4JIeH MPAKTUYECKH BCEX Haubojiee aBTOPUTETHHIX HAY4YHBIX coobuiecTB mupa. Co3garess OgHON M3 KPYIHEHAIIUX B CTPAHE HAYYHBIX IIKOJI.
ABTOpP OCHOBOMIOJIAraIOMUX paboT MO TeOpHH (DYHKIWI, TEOPUU BEPOSITHOCTEHN, TEOpUH WH(POPMAILNH, TEOPUHU AJTOPUTMOB...
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—0.64 1.78 0.24 1.07 -1.74 0.18 0.09 1.57
0.08 -176 -0.83 -0.15 -0.43 0.79 -1.60 -0.69
0.17 0.86 1.60 —-0.80 -0.15 -—1.99 0.97 1.32
0.85 —0.49 1.00 0.44 0.81 -035 -043 -0.34
1.04 0.67 -=0.72 —-0.76 1.23 -0.10 -0.85 —-0.84
0.29 0.41 1.08 1.82 0.81 0.59 0.28 =0.21

-0.35 0.15 -0.84 1.84 -1.71 0.56 0.90 -1.69
0.93 -0.32 0.07 -1.39 1.68 —1.80 0.45 0.82

—1.09 1.73 —-0.08 —-0.25 0.06 0.15 —-0.14 -0.04
1.22 0.01 0.20 —0.58 —1.72 2.25 1.93 —1.82

—0.35 029 -215 -121 -120 -098 -—-1.25 -1.25
093 -148 -0.89 2.10 0.76 —0.25 —0.93 0.06

-0.38 -0.34 -2.39 0.27

Kpurepuii xu-kBaapar

CorutacHo ajiropurmy, usioxensomy B 11.4.1, paznenum mHOXKecTBO 3Hadenuii c.i. (R) na m = 10 pasnosepoammvi
(a5 cTAaHIAPTHOrO HOPMAJIBHOTO PACIIPEIE/IEHNUST) TIPOMEIKY TKOB.

Pemast ypaBuenust
1 2 1 k
t SL‘k>)
e expl—— ) dt==-(1+erf|— =—; k=1,...,9,
\/_27r/ p( 2) 2( f(ﬁ 10

Haﬁ,ﬂeM TPAHUIBI ITUX IMTPOMEXKYTKOB:

k 1 2 2 4 5 6 7 8 9
T || —1.28 | —0.84 | —0.52 | —0.25 | 0.00 | 0.25 | 0.52 | 0.84 | 1.28

OueBugHO, Ootcudaemoe KOTMIECTBO YUCETI B KaYXKJIOM U3 PABHOBEPOSITHBIX IIPOMEXKYTKOB
] - OO,.’El[, [1'17'7:2[7 LN [.Z'g,+00[

pasuo 10. KomuuecTBa pakTuyecku HAOIIOMEHHBIX YUCEJI B MPOMEKYTKAX MPUBEIEHBI B CJIEIYIOIIEH TabIuIe:

kK|l 1]|2|3]4|5|6|7|8|9 10
ng |12 109|118 |12 |7 |8 |12 |11

BbrunciauM 3HaYeHne CTaTUCTUKHA XH-KBaJpaT Ha BI)I60pKeZ

10

X2 =01 (ng —10)* =32
k=1

Yucso creneneit csoboabt > = 9. Beibpas 8 = 0.95, T.e. momyckasi ommbOYHOE OTKJIOHEHUE TMIIOTE3bI B IISITU

ciydasix u3 cra, u3 rabaunst 4.1 naxogum IT = 16.9. Mockonbky x2 = 3.2 < 16.9, MBI HE UMEEM OCHOBAHUS IPEIbSIBUTH
npereH3ny pa3paboTINKY JATIMKA.

Kpurepuit Kostmoroposa

IIycrs Fy — runmorerndeckast QyHKINS PACIPENENIEHs] HAOMOOAEMOH C.IT., & & = [X1,...,%p] — BaPUAYUOHHBYT PAD,
T.e. YNopadouennan no 603pacmaruto Boioopka. Torma rumorerudeckast BeposATHOCTb cobbiTust (§ < t) paBHA Fe(t), a
HaOJIIONEHHAS OTHOCUTEIbHAST 9aCTOTa ITOTO COOBITHSI PABHA, KOJIMIECTBY JIEMEHTOB BAPUALMOHHOTO PSIA, JIEXKAIIAX
seBee Touku t. Ilycth A — HaubosbIEe OTKIOHEHWE TUIIOTETUYECKOM BEPOSITHOCTH OT HAOJIIOIEHHON OTHOCUTENBHOM
YACTOTHI.

A H. KonMoropos nokasai, 9o npu 60IbmomM 00beMe BHIGOPKHY 71 (DYHKIMS PACTIPEIEICHAsT CTATUCTHKEA A = /n- A
XOPOIIO ANNPOKCUMUpPyercs: dbyHKImed

0 mpu A <0,

K()‘) = +oo
1-2 3 (=)™ texp(—2m3X\?) mpu X > 0.

m=1
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Ota GyHKIUSA He 306UCUM OT TUIOTEeTHIeCKO# dbynkuun pacnpenenenus F;. Ee maseBaior dynryueti pacnpedene-
nua Koamoeoposa. @yuxuus K (\) u obparnas eit GyHKIms TabyIupoBaHbl, UX "yMeOT " BBIYUCAATH CPEIbl KOHEUHOTO
nonb3oBaress u 6ubanoreku DOPTPAHa.

Cdopmysupyem anropurm kpurepust Konmoroposa.

1) BeIGopKa yHIOpSI0MUBAECTCS IO BO3PACTAHUIO.

2) Berunciisiercst \ — 3HaueHue cratucTikd A Ha BBIOODKe.

3) Bamaercst JOBEpUTEIbHAS BEPOATHOCTD (3.

4) Boeraucisiercst noporosoe 3uadenue crarucruku Komvoroposa II, T.e. pemenne ypasuenus K (IT) = 3.

5) Eciu A > II, runore3a OTKJIOHSIETCH.

B tabavue 4.2 npuBeeHb TOPOTOBbIE 3HAYEHUsT CTATHCTUKY KOIMOropoBa mJisi HEKOTOPBIX YaCTO UCIOIB3YEeMbIX
3HAYEHNI JOBEPUTEIHHON BEpOSITHOCTH f3.

Tabauna 2:

B 09 [095|0.99 | 0.995 | 0.999
IT | 122]136| 163 | 1.73 | 2.23

IIpumep. Ynopsimouus BEIOOPKY, y2K€ PACCMOTPEHHYIO B 3TOM MyHKTE, HAUIEM X =0.572.

Banaaum (kak u ayis kpurepus xu-kaapar) 3 = 0.95. DToit 1oBepUTETHHON BEPOSTHOCTH COOTBETCTBYET IOPOTOBOE
suauenue craructTuku Kosmoroposa II = 1.36. Ilockonbky < II, xpurepuit Konmoroposa Takzke HE maeT OCHOBAHUM
3a0paKOBaTh JATYMK [ICEBAOCTY YANHBIX YUCEJI.

3amedvanne. [ToBropuMm eire pa3: Mbl He MOXKEM yTBEDKIATh, YTO TMIIOTE3a O HOPMAJILHOCTH BepHa. VMeromasicst
BBIOODKA JIMIIb He Jaem 0CHOB8GHUY OMBEPZHYMD ee.

CepbesHoe mpegynpexaenue. Mbl IPUMEHUIM JBA CTATUCTUYECKUX KPUTEPUs JIJIsi TPOBEPKU KAYECTBA, MPOrPAMM-
HOIO JJATYMKA, [ICEBJOCITY YaMHbBIX YUCEI.

Nuorpa st Kpurepuu NPUMEHSIIOTCS B JApyroi curyaruu. IlycTh TpebyeTrcsi OLEHUTH BEPOsiTHOCTH HEKOTOPOro
coObrtusi. Cjie10BaJI0 ObI 9TO OIEHUBAHKE MPOBECTU TAK: MPOAE/ATh CEPUI0 IKCIEPUMEHTOB U HANUTU OTHOCUTEJIHHYIO
gacToTy mosBenHus: coObrrusi. OmMHAKO e COOBITHE PEAKOe, TO MOTpefyercs: 0YeHb GOIBIION 00beM BBHIOOPKH (He
BCTPETUB COOBITHE HU Pa3y IIPU TPEX UCHBITAHUSIX, HE CTOUT FOBOPUTH, YTO BEPOSITHOCTH €ro MOsIBJIEHUs] PDABHA, HY-
J110!). DKCIEPUMEHTATOD, JKejas CIKOHOMUTD Ha IKCIIEPUMEHTE, EJIUT MHOKECTBO 3HAYEHUI C.I1. Ha #eboAbuoe IUCIO
9acTeill 1M, BBIIBATAET HEKOTOPYIO TUTIOTE3Y O 3aKOHE PACIIPEIEICHNS, 8 3aTeM, IOy IUB YI0BJIETBOPUTEILHOE (304 cuem
M@AOCTY ) COTJIACHE BHIOOPKY C TUMOTE30M, TPUMEHSIET TUTIOTETUIECKOE PACTIPEIEICHNE JIJIs OLEHKYU BEPOSITHOCTH
pedrozo cobbitus. HerpyaHo ybeauThess B TOM, 9TO TaKUM '"'MeTomoM'"MOKHO MOMyduTh JII000€ 33JJaHHOE HAlepes
3Ha4YeHHe MCKOMOI BEPOATHOCTH.

SAKJIFOYEHUE

Hanomuuwm eme pas, 9TO NPpaKTHUYECKOE IPHMEHEHUE TEOPUU BEPOSITHOCTEN M MATEeMATHYeCKOH CTATUCTUKHU BO3-
MOXKHO TOJIbKO TIPU OMUCAHUM MACCOBHLT SIBJICHUN TPU YCIOBUM CMamucmuseckot ycmotiiueocmuy OTHOCUTETHHBIX
YaCTOT. DTO YCIOBHE YACTO TIOCTYNUPyeTCst 63 TOCTATOYHBIX HA TO OCHOBaHwmil. [IpuBeseM B CBSI3U € 3TMM IUTATy W3
yae6rmka B.H. Tyry6ammal (Teopusi BepositrocTeit. — M.: MT'Y, 1972; BTopoe n3manue — M.: MT'Y, 1993): "UpessnI-
YalHO Ba>KHO UCKOPEHUTH 3a0JIy2KIeHNe, BCTPEYAIOIEeCcs: NHOTJA y HEJOCTATOYHO 3HAKOMBIX C TeOpHeil BepOsiTHOCTEH
WHYKEHEPOB U €CTECTBOUCIIBITATENEH, YTO Pe3yJIbTaT JII0OOT0 IKCIIEPUMEHTA MOXKHO PACCMaTPHBATH KAK CIyYaiHYIO
Benm4auHy. B 0c000 TsKEIBIX CIydasx K 9TOMY [MIPHCOEOUHSIETCS BEPa B HOPMAJBHBIN 3aKOH pacupeneneHus'.

N3-3a 3r0r0 3201y A€HNS TEOPUs BEPOSTHOCTEN OUEHD JACTO OKA3BIBACTCS OO'bEKTOM By IbIapU3aLnil 1 HEKOPPEKT-
HOTO MPUMEHEHWsT; BCTPEIAIOTCA M OTKPOBEHHBIE CIEKYJISIIHU (JOCTATOYHO yIMOMSHYTH NCEBAOUCTOPUIECKUE TPYJIbL
akagemuka A.T. ®oMeHKO).

Mubr pekomengyem uuraremio Tpu 6pomopsl B.H. Tyrybanuna (Teopusi BepositHOCTEil B ecrecTBO3HaHUM. — M.:
"Suanne", 1972; Crarucrudeckasi oO6paboTka psinoB Habsogenwit. — M.: "3uanue", 1973; 'panuupr npumeHnmMo-
cru. — M.: "3unanme", 1977), B k0oTOpHIX OOCYyx)1a10TCss "umeosorudeckue npobIeMbl, CBSI3aHHBIE C NPUMEHEHUEM
BEPOSITHOCTHO-CTATUCTUIECKUX METO/IOB.

Tem, komy He0Ox0nUMO G0jlee OCHOBATEIHHOE 3HAKOMCTBO C T€OpHeEil BEPOSITHOCTEH U MATEMATHIeCKOH CTATUCTH-
KO#M, MBI PEKOMEHJyeM LIUTUPOBAHHBIN BBIIIE yIeOHUK, OCODEHHO BTOPYIO ero 4Yacth — "HaydHble U MeTonudeckue
3amevanus". Jleso B TOM, 4TO y4eOHUKHU 10 TEOPUM BEPOSITHOCTEN M MATEMAaTHUYECKON CTATHCTUKE MOXKHO Pa3/IeInTh
HA JIBe TPYIIIBL: IepBasi — yIeOHUKY [IJIsT MATEMATUKOB, HEJOCTYIHbIE TPUKJIATHUKY, U BTOpast — "yuebuuku", rae mpen-
JIATAIOTCST ONPEeJICHUs] TUIA, " CIyYaiiHOM BEJUINHON HA3BIBAETCS BEJUYWHA, IPUHUMAIONIAS CIIyJaiiHbie 3HadeHus " .
Kypc B.H. Tyrybanuna — efuHCTBEHHOE N3BECTHOE HAM HCKJIIOYUEHHE.

1Basepuit Huxonaesuu TYTYBAJIVNH (pom. 1936) — poccuiickuii MaTeMaTHK, nIpodeccop MOCKOBCKOTO YHHBEPCHTETA.



