YcesioBHasT BeposTHOCTE. HezaBucnmocTb coObITHI.
Vcnprtanus bepnynim

B.B. Hekpyrkun

kadeipa CTaTUCTHIECKOro MOjleimpoBanus http://statmod. ru, marmex CIIGIY
Marepuay K mpakTUIeCKUM 3aHATHAM 110 TeOpuu BepogTHocTeit, 2014 1.

1 VciaoBHast BEPOATHOCTh, (bOpMyJIa YMHOXKEeHUHA W (popMyJia ITOJTHOIM
BEPOSITHOCTU

Omnpenenenne ycjioBHOI BeposiTHOCTH. IlIpejcraBum cebe, 9TO MBI CHIMM 3JIeCh, B 9TOI KOMHaTE,
a B 9TO BpEMs KTO-TO 3& CTEHKOW IIPOBOJUT CJydaiiHblii 3KCIEPUMEHT. B 3TOM 3KCIIEpUMEHTE HAC WH-
TepecyeT cobbiTre A. Fcnmm Mbl HUYero He 3HaEM O TOM, KaK MPOXOIUT TOT IKCIEPUMEHT, TO IITAHCHI
OCYIIECTBUTBCs coObITUIO A BBIpaxkarorcs jiisi Hac dncioM P(A). Eciu xKe KT0-T0 10 ceKpeTy coobIui
HAM, YTO B 9KCIIEPUMEHTE MTPOU3OIIIO COOBITHE B, TO 9TU MIAHCHI BITOJIHE MOTYT W3MeHnTCst. Hampumep,
ecin B C A, To s1u mancsl Bozpactyr ¢ P(A) mo 1, a ecoiw AN B = @, To ynaayr ¢ P(A) 1o 0.

Bce 310 mpuBouT K CIIEIYIONEMY OMPEIEIEHUIO.

Onpepenenne 1.1. Ilycrs (Q, F,P) — BeposgrHocTHOE npocrpancTBo, A, B € F u P(B) > 0. Torga
ycaoehoti eepoammocmsio cobwmus A npu ycaoéuu B Ha3bIBaeTCA 9HUCIIO

P(AN B)

BAIB) =55 (1.1)

CMbIC/T 9TOTO OlpeieieHusT cieayonuii. e HaM u3BecTHO, 9TO Mpou30ILIo cobbitue B, TO mpo-
CTPAHCTBO 3JIEMEHTAPHBIX COOBITHII «CyxKaeTcst» 10 B. B To ke Bpems npu 3TOM ycaoBuu cobbiTne A
MOXKeT npousoiiTu TobKo BMecTe ¢ B. Orciona u nosydaercst popmysa (1.1).

Uuorpa Bmecro P(A | B) numyr Pp(A), nocientee obosnavenne ObiBaeT yuo0HO, eciu cobbitne B
dukcuposano, a A MoxkeT MeHaThbecA. B aToll cuTyanuu y Hac Bo3Hukaer pyuknusa Pg: F — R.

IIpennoxenune 1.1. ITycmo (0, F,P)— sepoamnocmmuoe npocmparncmso, B € F, P(B) > 0 u Pp :
F = R — makxas pynxyusn, wmo npu mobom A € F

Pa(d) = “

Tozda (2, F,Pp) asasemcs 6EpoamHOCIIHOIM NPOCTPAHCTEOM.

Taxkum 00pas3oM, yCJIOBHasI BEPOSATHOCTH HPU (DUKCHPOBAHHOM YCJIOBHU SIBJISIETCS BEPOSITHOCTBIO,
u, cijejoBaresbHO, obsajgaer Bcemu ee cpoiicrBamu. Hanpumep, us Ilpemyoxenus: 1.1 cienyer, [uro
P(A®|B) = 1 — P(A| B). Ucnonb3oBanue MogoGHBIX COOTHONTCHMIT TIPH PENICHIHN 33,124 MOYKET OBITH
OYeHb yJI00HO.
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®Popmysna ymHoxKeHust BepositHocTel. [lepernmiem dopmysty (1.1) (To ecTb onpe/ieieHue yCIOBHOM
BEPOSITHOCTH) B BUJIE

P(AN B) = P(A| B)P(B). (1.2)

[Tonydyennoe paBeHCTBO TPAJAUIIMOHHO HOCUT HA3ZBAHUE POPMYAbL YMHONCEHUA BEPOAMMHOCTEL JITIS IBYX
coboiTuit. BoobIrie roBopsi, MOJXKEH BbI3BATH YAUBJICHUHE TOT (DAKT, UTO IIPOCTOE PABEHCTBO, SKBUBA-
JIEHTHOE OIIPEJIEJIeHNIO, UMeeT CBOe COOCTBeHHOe Ha3BaHue. K 9TOMy eCcTh CBOM HMPUYUHBI, IPUYEM He
MaTeMaTUIeCKOTO XapaKTepa.

Pazbepem mpumep, nosicusromnuit cyTh gesa. [lycrs B smmke jexkaT 7 OebIX U 5 UePHBIX IIapoB.
[TpoBoasT Cie/yomuil SKCIePUMEHT: U3 SIUKa T00YEPEIHO JOCTAIOT JiBa IMapa (MMEHHO Tak: CHAavaja
o, oToM — BTopoii). Hy:KHO HaiiTi BeposiTHOCTH TOrO, 9TO 00a Iapa Hestble. 3a/ada, KOHETHO, 09CHb
[IPOCTasi U CYyTh €€ He B TOM, UYTOOBI OJyIUTh IPABUJIBHBIN OTBET, & B TOM, YTOOBI IIPOUJLIIOCTPUPOBATD
dopmyny ymuokenus. Ilyctb B1 — cobbiTre, COCTOSIIEE B TOM, 9TO MEPBLIH map Oe/1bli, COOTBETCTBEHHO
cobeiTue By — Bropoii map 6enbiit. [lo ycoBuio Ham HYKHO BBIYUCIUTEL BepositHOCTb P(Bg N By).
Banumem cortacuo (1.2)

P(B2 N By) = P(By | B1)P(B1). (1.3)

A renepb npuIMIIEM COMHOXKHTEJISIM, BXOASANMM B IpaByo dactb (1.3), ducsiosble 3Hadenusi. O94eBu/HO,
P(B;) = 7/12 (B navaJyie SKCriepuMeHTa B smuke 12 mapos, u3 HEX 7 6esbix). Yemy pasuo P(Bs | By),
TOYKE JIE'KO TIOHSTh: [I0C/Ie U3bsITHsI OJJHOIO OEJIOro Iapa B siluKe 0CTaI0Ch 6 GesIblX U 5 YepHBIX I1apoB,
nosromy P(By | By) = 6/11. lroro

6 7 7
]P)(BQ N Bl) = ]P)(BQ | Bl)]P)(Bl) =11 . TSR (14)
Obpamume srumarue! Mbl permmim 3Ty 3a1ady COBCEM He TakK, KakK II0JIOXKEHO B CXeMe PaBHOBO3MOXKHBIX
HCXOJ0B: BMECTO TOrO, YTOOBI ITOACYNUTHIBATHL YUC/IO SJIEMEHTOB IIPOCTPAHCTBA, JIEMEHTAPHBIX COOBLITHI
¥ WHTEPECyIoIIero Hac cobbrtust By N By, MBI Jaxke HE ONUCHIBAJIN 9TU MHOXKECTBA, 8 BMECTO TOTO CaMU
3aJ1aJI1 IBE BEPOSITHOCTH, OJHA U3 KOTOPLIX BOOOIIE yCJIOBHASsI!
[MonpoByem Terepb penmmTh 3Ty 3aJa9Ky HO-JAPYTOMY, HO ONSITh ¢ UCHOJIb3oBaHueM (opmysbl (1.2).
3anurem

P(By N By) = P(By N By) = P(By | B2)P(B2), (1.5)

U CHOBA MONPOOYeM IIPUIINCATEL YUCJIOBbIe 3HaueHust BepositHocTsim P(B1) u P(By | B2). Cpasy ke BuHO,
YTO 9TO HE MOJIYIACTCsS TaK MPOCTO W OYEBUIHO, KAK B IIEPBOM CJIydae.

B gem xke sieno? Tlouemy mpocrasi nepecraHoBka cobbituii B (popmysie (1.2) mpuBOIUT K TAKOMY
crpannomy 3dderry? [eso B TOM, 9TO B HAIEM yIPayKHEHUN MPHCYTCTBYET «HAIPABICHIE BPEMEHH» :
9KCIIEPUMEHT COCTOUT U3 JABYX 4acreil, u (opmysna (1.3) cooTBETCTBYET MX €CTECTBEHHOMY YIIOPSIOH-
BaHuio, a dopmysa (1.5) He coorBeTcTBYET, B Heil BpeMmsi «obpalieno». [loaTomMy y Hac Tak XOpoIo Bce
HOJIYYHJIOCH B TIEPBOM CJIydae U TaK ILIOXO — BO BTOPOM.

Teneps yxke MOKHO chOPMYIMPOBATH MPUUUHY Hamero uHTepeca K dopmyse (1.2). Pemas 3amaun
TUIA TOJILKO YTO Pa300paHHOI, MbI Ha CAMOM Jiejle HE BBIYHC/ISEM BEPOSITHOCTH <IIO ONPEJIEICHHUIO,
KaK 9TO JIEJIaJIOCh B CXeM€e PABHOBO3MOXKHBIX HMCXOJIOB, a 33JIa€M €€ CaMU, aHAJU3UPYsl CTPYKTYPY CO-
CTaBHOTO HKCIIEPUMEHTA. DKCIEPUMEHT COCTOUT M3 JIBYX YacTeil, mepBas M3 YacThb «yCTPOEHA IIPOCTO»,
Hy>KHbIE HAM BEPOSITHOCTH, OTHOCSIIIIUECs K Hell, CIMTAIOTCs JIETKO. BTopast 9acTh 9KCIIEPUMEHTA 3aBUCUT
OT TIEPBOIi, HO €CJIM M3BECTEH PE3YJIbTAT IIEPBOIl YacTH, TO U OHA «YCTPOEHA IIPOCTOY.

Herpyaao pacnipocrpanuts dopmyry (1.2) ma ciydait mepecedenuii n cobprtuit: Cremaiite sTo camun
— upugymaiite obobrierue dopmysib (1.2) Ha ciayuait nepecedenuii n > 3 cobbiTuil U JOKaXKUTE €e.
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dopmysia MoIHON BepPOSITHOCTU. MbI cefivac 3aifiMeMcs ernne OHON MPocToit OPMYJIOi, CBSI3aHHOMN
C YCJIOBHOI BeposiTHOCTbIO. HecMoTps Ha CBOIO TEOPETHYECKYIO IPOCTOTY, OHA MMEET OYeHb BarXKHOE
3HAYCHNE JJId PA3BATHSA BEPOATHOCTHON WMHTYWIINM, TO €CTh Ha CaMOM JeJie JiJId IIOHUMAaHUA IIPUPOJIBI
ciydaiiubix sBiienuit. IIpekie Bcero mamm oHO Oompe/iesieHue.

Onpenenenune 1.2. Ilycts ) — npocTpancTBO 3jIeMEHTAPHBIX COObITHII U F — o-ajrebpa coObITHIA.
ToBopsiT, wTO COOBITHS By, . . ., B, 00pa3yior noanyio epynny cobvimud, eCIU BBITOTHAIOTCS JIBA YCIOBUS:
n

a) UBi:QI/Ib) B;NBj =@ upn i # j.

i=1

CnoBa «mosHas TPyOIa COOBITHIT» — 9TO UHCTO BEPOSTHOCTHBI TEPMUH, OOBITHO B MATEMATHKE
BMECTO HEro roBopsiT o padbuenuu MuoxectBa ). Eciu B ionosiaenne K a) u b) morpeboBars eine, 4To0bI
P(B;) > 0 ayist m06OTO i, TO MOXKHO yHOTPEOIATE CIOBA NOAHAA 2PYNNA CYULCTNEEHHHIT cOObImu.t

Uraxk, mycts By, . .., B, — moHas rpymma CyIecTBEHHBIX cOObITHI 1 A — HEeKOTOpoe cobbiTue. Torma
n n n
P(A) =PANQ) =P An|JBi| =) P(AnB)=> P(A| B)P(B;). (1.6)
=1 =1 =1

Dopmyita (1.6) HasbiBaeTcst GoPMYA0T NOANOT BEPOAMHOCTIAU.

O6cyxkenne (opmysibl ToJIHON BepositHocTH (1.6) cHOBa HadHeM ¢ IpuMepa.

[IycTsh B IepBOM SIIUKE COMEPIKUTCS 7 OEIBIX U H UePHBIX MMAPOB, & BO BTOPOM SIIIKe — 3 OEJIBIX 1
8 YepHBIX. IKCHEPUMEHT COCTOUT B TOM, U4TO Mbl CHAYAJIA MIEPEKIAIbIBAEM OJIUH IIIap U3 IIEPBOTO ANINKA
BO BTODOii, & MOTOM BBIHUMAEM OJIMH IIAp U3 BTOPOTO simnka. Hac nHTepecyeT BepOSITHOCTH TOTO, UTO
9TOT BTOPOH mmap OyaeT OesIbIM.

[TorpobyeM permuTh 3Ty 3a/1ady ¢ MOMOIILI0 (hOPMYJIBI TIOJMHON BeposTHOCTH. [ljIs1 9TOrO HaM HE0O-
XOJIFIMO 33/IaTh MTOJIHYIO TPYIILY COOBITHIA, IpUYIeM He JI00yTo (ITOIHO IPYHIBI COOBITHI HET B YCJIOBUSX
3aj1a4M, Mbl CAMU JIOJI2KHBI €e BbIOpaTh, OHA B HaIlleil BJIACTH), a TAKyl0, KOTOpas HaWIydIIuM 00pa-
30M COOTBETCTBOBaJIA OBl KaK CTPYKTYPE CAMOIO SKCIEPUMEHTA, TAK U MHTEPECYIONIEMY HAC COOBITHIO.
B mamHOM citydae 3TO ¢esiaTh JOCTATOYHO JIETKO — SKCIEPUMEHT COCTOUT U3 JIBYX YACTEH, U MO3ITOMY
€CTECTBEHHO OIMCHIBATDH B TOJTHON IPyTIIe COOLITHI Pe3yIbTAThI TIEPBOl 9aCTH SKCIIEPIMEHTA..

Bribepem B kauecTBe MOJIHON TI'PyHIbl cOOBITHI coObiTuss W1 u By — U3 IepBOro SIIUKa BBIHYT
Gesibtit (White) u uepnsiii (Black) map coorBercTBeHHO. DTO JIEHCTBUTEJIBLHO [OJHAS TPYIIIA COOBITHI
— cobbitust W1 u B, KOHEYHO 2Ke, He IepeceKaroTcs, U 0bsa3aTe/IbHO mpoucxoauT jaubo Wi, smmbo Bi.
Bribpas mosnyio rpyiiy coobituit u obozuauus uepe3 Wo cobbiTHe, cocTosdlee B TOM, YTO BBLIHYTHIN 13
BTOPOTO AMHUKa map — Oesiblii, 3amumieM cormacuo (1.6)

P(W3) = P(W | W1)P(Wh)+)P(W2 | B1)P(By). (1.7)

Hy, a Teneps mocMoTpuM, 9TO MBI MOXKEM CKa3aTh o npasoil dactu (1.7). Ouesngno, aro P(W;) = 7/12
u P(By) = 5/12. Touno rax xxe P(Wy |W;) =4/12 u P(Wy | By) = 3/12. ITostomy

POW,) — 4 7 3 5 43
W) =1 2t n 2w

Kak Bujure, 3a/ja4a permmiach odeHb npocto. [Touemy? B yem cyTb dhopmyIibl 01HOI BeposiTHOCTH !
31ech, Kak U B (pOpMyJie YMHOXKEHHSI, SKCIIEPUMEHT COCTOUT U3 JIBYX YacTeil, epBasi YacTh «IIPOCTasiy,
BCe Hy’KHbIE CBsI3aHIbIe ¢ Heil BepositHocTu (To ects P(W1) u P(B))) cunrarorcs jerko.

Bropast wacTh TOXKe OYEHb IIPOCTAs, €CJIM M3BECTEH pe3yJbTaT [ePBOl YacTH SKCIepHMeHTa. Bce
ommane o1 (hbOPMYJIbI YMHOXKEHHsI COCTOUT B TOM, YTO 3JIeCh Yy MEPBOTO dTalla SKCIHEPUMEHTA MOXKET

OBITH HECKOJILKO HUCXOA0B, OHU KaK pa3 U IIEePEeHYUCJIAI0TCA B OJIHOM rpy1iie CO6I)ITI/IIZ.2

LO6BIUHO CIIOBO «CYINECTBEHHBIX> OIIYCKAIOT.

2Emme pa3 oTMeTHM, UTO B YCIOBHU 0BCY K IA€MOr0 IIPHMEPa, TTOJIHAST IPYIIIA COBBITHI 3apaHee He 3aaHa, MEI €€ BHIOPAIH
caMu. 37eCh 9TOT BBIOOD «OYEBUJIEH», B O0JIee CIIOXKHBIX CUTYAINH MPABUIBHOE 3aJ[aHIe MMOJTHOM IPYINbl COOBITHI MOYXKET
OKa3aThCsd PeHIaloNiuM JJI PelleHnd 3a/1a491.
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2 HeszaBucumocTsb coObITHIA

HezaBucumocTh aByX coObITUil. B 00bIIEHHO »KU3HU JIIOIU YACTO YIIOTPEOJISIOT CJIOBO «HE3aBU-
CUMBIil» B IIOHATHOM JIJIsi BCEX CMBICJIE: €CJIM KTO-TO cefiuac Ha JPYIroM KOHIIE 3eMJIH JIyMAeT, JIOKUTHCS
€My CIlaTh WJIU HET, TO BPsiJl JIU er0 PENIeHne OKAXKET CYIIeCTBEHHOE BJIUSHUE Ha TO, BBIMAJET JIU Y HAC
repb WM pernka Ipu OPOCAHNN MOHETBI — 3TH COOBITUST «HE3aBUCUMbBIE», NX CBI3HI0 MOYKHO IIPEHEOPEUD.
[Tonrpobyem 3amucarh Ha S3bIKE TEOPUU BEPOSITHOCTEH, UYTO O3HAYAET ITA HE3ABUCUMOCTb.

Ilyctb A u B — nBa coObITHsI, «HE3aBUCHMBIE» Ha OOBIJIEHHOM sI3bIKe. Kakoe cOOTHOIIEHNE JTOJI?KHO
6prre Mexxay unciaamu P(A) n P(A|B)? Yuncno P(A) — 910 mancs npousoiitu coObITHIO A, €HCiIo
P(A| B) — 910 Te ke MAHCHI, €CIH JOHOJHATEIHHO U3BECTHO, YTO Ipou3onuio cobbitue B. Paz A u B
«HE3aBUCUMBI», TO IIAHCHI TPOU3OUTH COOBITHIO A He M3MEHSATCST OT TOrO, €CTh y Hac WHQOpPMAII O
TOM, UTO B Ipom301LI0, Wi 5Toil nHMOpMAIUN HeT. SHATWT,

P(A|B) = P(A). (2.1)

CobCTBEHHO TOBOPSI, 9TO PABEHCTBO MOXKHO OBITIO OBI MOJIOKUTH B ONpEeIeHNe HE3ABUCUMOCTH CO-
obituit A u B. Ho B TakoMm omnpejiesiennu 66110 OB iBa HEJIOCTATKA.

Bo-niepBbix, st BoinosiHenust (2.1) Hy»KHO, 94TOOBI BBIIOJHATIOCH yeaoue P(B) > 0. Do He crpain-
HOE, HO HeyI00HOe OrpaHUveHre: a BIPYT Mbl He 3HaeM, paBHa BeposiTHOCTb P(B) nyso unn mer? Torma
MBI BOODIIE He CMOTJIU ObI TOBOPUTH O HE3ABUCUMOCTH. BTOPOI HETOCTATOK COCTOUT B TOM, UTO IIPOYTE-
ure dopmysbl (2.1) 10mKHO OBITH TakKUM : «A He 3aBUCHT OT B», B TO BpeMsi KaK HE3aBHCHMOCTb —
sIBHO B3amMHoe ToHsitue: «A u B HesaBucumbl». [losTomy jasaiite nepemnmmem (2.1) kak

P(AN B)

) = PA), (2.2)

U, JOMHOXKUB 06e gacTu pasercTsa (2.2) Ha P(B), nosmyunM cuMmMeTpudHyio orHocuTeabHo A u B dop-
MYJLy, HE COJIEPKAIIYIO 3HAMEHATE/IeH:

P(AN B) = P(A)P(B). (2.3)

Onpepenienne 2.1. Ilycrs (Q, F,P) — BepositHocTHOE npocTpancTBo. Cobbituss A n B HasbBaroTCst
HE3ABUCUMBLMU, €CJIU I HUX BBIIOJTHEHO PABEHCTBO (2.3).

Cﬂeayfomee CBOICTBO HE3aBUCUMBIX COOBLITHUI UHTYUTHUBHO OY€BUIHO 1M OY€HDL ITPOCTO JOKA3bIBAECTCA.

Jlemma 2.1. Ecau A u B nesasucumpl, mo nesasucumvimu asasmomces napo. cobmudt (A, BC), (A®, B)

u (A®, B€).

CoBMecTHast HE3aBUCUMOCTD 1. cOObITU. Paccmorpum Teneps Tpu coobitust: A, B u C. Kak ompe-
JIEJINTh HE3ABUCUMOCTH 3TUX mpex coobituit? IIpexkie Bcero, coBepIieHHO €CTECTBEHHO CUHUTATH, UTO
J00bIe JiBa cobbiTust u3 tpex (1o ectb A u B, A u C, B u C) nojkHbl 6bITh He3aBucuMbl. Ho MOXKHO
JIX Ha 9TOM OCTAHOBUTHCHA! BO3BpaTHUBIINCH K HAIENl MCXOJHON MHTEPIIPETAINN HE3ABUCUMOCTH Yepe3
YCJIOBHYIO BEPOSITHOCTH, MBI BHJIMM, 9TO TpebOBaHUE

P(A| BN C) = P(A) (2.4)

COBEPIIIEHHO HEOOXOMUMO — IIAHCHI IIPOU30MTH COOBITHIO A He 3aBHCST OT TOTO, €CTb JIK Y HAC WHQOP-
MaIus 0 TOM, 4TO Ipousonuiu cobbitus B u C' BMecTe, Win Takoi MHMOPMAIUHA HET.

Ho (2.4) osmauaer, uro P(AN BN C) = P(A)P(B N C), u, no uesapucumocru cobwiruii B u C,
P(ANBNC)=P(A)P(B)P((C).

Takum 06pa3zoM MbI MPUILIN K YEThIPEM TPEOOBAHUAM, KOTOPBIM JIOJIZKHBI YIOBJIETBOPATH HE3ABU-
cumble cobbitust A, B u C'. Bo3bMeM 9T yc/IoBUs B KAYeCTBE ONMPEICIEHNS.
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Onpenenenne 2.2. Coobitust A, B u C Ha3bIBAIOTCS HE3ABUCUMBIME, €CJIN
1. P(ANB) =P(A)P(B), P(ANC)=PA)P(C), P(BNC)=P(B)PC);
2. PLANBNC)=P(A)P(B)P(C).

Pazobpasrmuch ¢ omnpeesieHrneM HE3aBUCHMOCTH JJIsT TPeX COOBITHUI, ImepeiigeM K OOIIeMy CJIydaio
n cobbiThii. JlaguM MHIYKIMOHHOE OIpPedeseHue: CYuTast, 9T0 y Hac yxKe OIpeeseHa He3aBHCHMOCTD
n — 1-ro cobwiTus, nepeitgem or n — 1 Kk n. Baza unayknmun — npu n = 2 — y2Ke eCTh.

Omnpenenenne 2.3. [lycrs n > 3. Cobbitust A, ..., A, HA3BIBAIOTCI HE3GGUCUMBLMU 6 COBOKYNHOCTNU,
€CJIV BBITIOJTHSIOTCS JIB& YCJIOBHS:

1. P(A1N...NAy) = P(Ay)...P(Ay,);
2. mobbie 1 — 1 cobbiThii U3 N cobbrTuit Ay, ..., A, SBISIOTCS HE3aBUCUMBIMU.

Ornpenenenue 2.2, sBjsieTcst, OYEBHIHO, YacTHBIM ciaydaem Omupenenenust 2.3 npu n = 3. Kak BbI-
DJISIIAT OIpeJie/IeHe HEe3aBUCUMOCTH JIJIsl IIPOU3BOJIBLHOIO 7, €CJIU IIEPEBECTH €ro ¢ WHIAYKIMOHHOI'O Ha
«OOBIYHBINY SA3BIK?

IIycts n = 4. Ilo Onpenesnenuio 2.3 BEpOATHOCTH IepecedeHre BCeX YeThIPeX COOBITHU TO/IKHA PaB-
HATHCSI IPOU3BEJICHUIO X BeposiTHOocTeil. Ho aToro Maso, B onpeie/ieHIN CKa3aHo, ITO KaXKjash TPOHKa
coOBITHI (9TUX TpOEK OyeT 4) ToXKe COCTOUT M3 HE3aBUCHMbIX COOBITHIA. DTO 3HAYUT (mepexoauM K Ompe-
JIeJIeHnIo 2.3 ¢ n = 3), 4TO BEPOSITHOCTD II€PECEYEHNsT JIOBIX TPEX COOBITHI CHOBa PABHA ITPOU3BEICHUIO
ux BepositHocTeil. Ho n aToro mamo — mmobast mapa cobpituit (3Tux map 6) Toxke A0JKHA OBITH HE3aBUCH-
MOIi (ceffgac Mbl y2Ke CIlyCTHJIUCH 710 6a3bl MHIYKIMA ), TAK YTO BEPOSTHOCTH [IEPecedeHtsl JIOObIX JIBYX
COOBITHI M3 YETHIPEX PABHSIETCS IIPOU3BEIEHUIO BEPOSITHOCTENR STUX COOBITHUIA.

Temnepnb sicHO, Kak MOXKHO OoJiee siBHO ntepedopmynupoBarsk Onpenenenue 2.3:
ons 106020 2 < k < n u mobwx k evidparnvir us cnucka Ax, ... Ay, coboimutl 6binoAHAEMCA PABEHCMEO!
BEPOATIHOCIVD NEPecevenutl IMULT coOLMUL PasHa NPOU3EE0EHUI0 UL BEPOATIHOCTEN.S
Kak u ciemoBaio oxxKugaTh, UMEeT MECTO CJEIYIOIIee YTBEPKICHHE.

Jlemma 2.2. Paccemompum cobvmus A, ..., An. Hycmo By — 0dno u3 deyx cobvmuti — aubo Ay, aubo
AS. Ananozunno By — amo usu Az, usu AS u max danee.
Ecau cobwmusa Ay, . .., Ay, nesasucums, mo B, ..., B, — mooce nesasucumo.*

3 HWcnpitanusa Bepuyiim

Onpenesnenne u npuMepbl. Hagnem cpasy ¢ onpeesieHus.

Onpenenenue 3.1. PaccMoTpuM COCTABHON 9KCIIEPUMEHT D, COCTOSIIUN B IIOCJIE0BATETBHOM BbIIOJI-
HEHWHU N <«MAaJIEHHKUX» IKCIEPUMEHTOB 31, ...,39,. DyIeM pearo/jararb, ITO BBIIO/JHEHBI CJIEILYIOIIe
YCJIOBUS:

1. Kaskiplit u3 3KCIEPUMEHTOB 9; UMEET POBHO 1B UCXOJA, OJINH U3 KOTOPBIX HA3BIBAETCS YCNETOM,
a BTOpPOit — neydavet. Bymem obo3HaIaTh 3TN Mcxombl ¥Y; u H;.

2. BeposaTHOCTD ycllexa B KasKJIOM U3 9KCIIEPUMEHTOB 3; OJHA U Ta ke, 0003Ha4uM ee p. Takum obpa-
soM, P(V;) = p. dcuo, uro P(H;) =1 — p.

3Taum 06pa3oM, B ONpPeIETICHIN HE3ABUCUMOCTH 71 COOBITHIT yuacTByioT 2™ — n — 1 paBencts. Moxuo mokazaTs (cyme-
CTBYIOT IIPUMEPBI), 9TO HA OJHO U3 HUX HE SBJISETCH JIUIITHIM.

4C yueroM 9TOro yTBEpPIKIEHHsI, IIOHSITHE HE3ABHCUMOCTH 7. COBBITHI MOXKeT GbITh 1epedOPMY/IMPOBAHO HA HECKOJIb-
Ko 6oJiee COBPEMEHHOM MaTeMaTHdecKoM s3blke. COMOCTaBUM KarKJIOMy CcOObITHIO A; MuHUManbHyoo aarebpy A; =
(Q, 2, A;, AY), comepxamyio A;. Coberrus Ay, ..., A, mesasucumsl, eciu P(By N ...N B,) = [}

* 1 P(By) mns mobeix
B; € A
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3. Pe3ymbpTaThl 3KCIIEpIMEHTOB 31, . . . , 9, HE3aBUCHUMHBI.

B srom ciyuae KaxKIbIil U3 9KCIEPUMEHTOB 3; Ha3BIBAIOT ucnoimaHuem Bepnyaiu ¢ eeposmmocmo
ycnexa p, a PO BECh IKCIEPUMEHT D TOBOPAT Takyw dpazy: nposedeno n ucnvimanuti Bepnyaiu c
BEPOATHOCTIBIO YCNETA, P.

ITpusesieM npuMepbl PeabHBIX SKCIEPUMEHTOB, KOTODbIE (IPU BBIIOJHEHUH HEKOTOPBIX YCJIOBHUIL)
MOryT ObITH (bOPMATM30BaAHbI KAK UCHBITAHUS BepHyILIn.

1. Bpocarue enymoti moremaot.
Bosbmem momery u ymapum 1o Heit mosiorkoM. MoreTta cornercst, u eciu 10 yaapa BIIOJIHE MOYKHO
OBLIO CYNTATDH, YTO OHA IPHU MTOJOPACHIBAHUU BBIMAIAET TepOOM U PEIIKON ¢ OMHAKOBBIME BEPOSIT-
HOCTsiMK 1/2) TO Terepb 3T BEPOSITHOCTH, BOOOIIE MOBOPsI, U3MEHUINCE. [[0JIKHHEM MOHETY 1 pas.
[Ipu Kakux ycja0BUSX HA STOT SKCIEPUMEHT OYIYT BBIIOJHATHCA TpeboBanus 1 — 37

ITepBoe TpeboBaHUE TOBOPUT, UTO JOJI2KHO OBITH POBHO 2 MCXO/a Y KaXKJI0r0 OPOCaHUs. DTO 3HAUUT,
9TO MOHETa HE MOXKEeT YKATUTbCd B IEJIb, CTaTh Ha peOpo u Tak jajee. Bymem cauTaTh ycrexom
BhbIlTajicHUe repba, a Heyadeil — BBIIAIEHUE PEIKH.

BTOpOG ycj1oBUE€ O3HAYAECT, YTO BEPOATHOCTD BbIITaJlCHUA Fep6a O/lHa 1 Ta 2Ke IIpnu JIIOOOM 6p0C&HI/II/I.
Takoro poaga Tpe6OBaHI/IH BBIIIOJTHAIOTCs, €CJIN YCJIOBUA IKCIIEPUMEHTA OCTAalOTCed IMOCTOAHHBIMUA —
MOHETa HE€ 'HETCA OT yJdapa 00 IIOJI, HUKTO HE MEHJAET MOHETY Ha APYTYIO (HOFHYTYIO I/IHa‘Ie) " T.O.

VenoBue 3 — 370 yeaoBue, 00eCcedanBaoniee OTCYTCTBUE AMSTH B 9KcriepuMenTe. Hampumep, oHO
OCYIIECTBJISAETCS, €CJIM YeJIOBEK, IOJ0PAChIBAIONINN MOHETY, HE BHUJUT PE3YJIbTATOB OpocaHuil n
II09TOMY He MOYKET BJIMSITH HA CJIELYIONIHil Pe3y/IbTaT.”

2. Cmpeavba no muwenu.
[IpousBossT N BBICTPEJIOB IO MuiieHu. /Ba mcxoja OYEBUIHBI — <IONAJ» WA «HE MOHAJT» —
«ycrmex» min «Heyaaday. [{ocTosHCcTBO BEpoITHOCTH yemexa — 9T0, KaK y7Ke TOBOPUJIOCH, TIOCTOSTH-
CTBO yCJIOBUI 9KCIIEPUMEHTA: CTPEJISIIOT BCE BPEMsl U3 OJTHOTO U TOT'O K€ OPY2KUsi, OCBEIIIEHHOCTDb HE
MEHSIETCsI, CTPEJIOK He COBEPIIEHCTBYET CBOE YMEHHE 3a BpeMst dKCIiepuMenTa n T.7. HezaBucumocTn
HCXOJIOB 0DeCIIeUeHa, eC/I CTPEJIOK HUKAK He PEearupyeT Ha pe3yJbTaThl IPEIbIIYIIUX BBICTPEJIOB.

3. Buwsdoposaeriue.
B GosbHMIE HaXOAUTCS N HAIMEHTOB. 3a HEJAEII0 ¢ KaXKIbIM U3 HUX MOXKET IIPOU30MTH OJHO U3
aByx® — yayumenme cocrosmus («ycrex») mim meymydmenue («Heymadas). Korma sTor mpomece
MOXKHO OIUCATH UCIHBITAHUSIMU BepHyu?

TlocTostHCTBO BEPOSITHOCTH yCIlexa, HECOMHEHHO, ObLIO ObI 0beciiedeHo, eciu Obl BCe MAIMEeHThl 60~
JIeJTn OfHON 60JIe3HBIO, MPUYeM B OJWHAKOBOM crajun. Ho 3To He obsizarenbHo. B oTnmume or
IPUMEPOB ¢ OPOCAHMEM MOHETKHU U CTPeIhOOil 10 MUIIIEHN, B 3TOM SKCIIEPUMEHTe 3apaHee He Oro-
BOPEHO, KAKOIl MAIMEHT sIBJISETCSI «IIEPBBIM» («IIepBoe HcIbITanne bepuy/imy ), Kakoil — BTOPBIM
u Tak jasiee. JlapaiiTe yrmopsiiounM MAITMEHTOB JIIOOBIM CIIOCOOOM, HE CBSI3aHHBIM C UX OOJIE3HBIO
(ckazkeM, 1o asaBuTy WM 110 pocty). Torma /st HaC MEPBBIit 1 TATHI TAIMEHTHI COBEPIIECHHO K-
BUBAJIEHTHBI (MBI [IPOCTO HE 3HAEM, KTO YeM DOJIEH), U BEPOSITHOCTD UX BBI3JIIOPOBJICHUS 38 HEJIEIIIO
TOXKE OJTMHAKOBA.

Ecsn namm 6osibHBIE HE OOIIAIOTCS APYT ¢ APYTOM (M TeM CaMBbIM COCTOSIHHE OJTHOTO HE BJIUSET Ha
CaMO1yBCTBHE JIPYTOr'0), TO MOXKHO CIYUTATh, YTO OHU GOJICIOT (MU BBI3I0PABIUBAIOT ) HE3ABUCUMO,
¥ ONHUCBHIBATH YKCIIEPUMEHT KaK MCIbITAHUS BepHyin.

STIpeIIoIOKIM, YTO IKCIEPUMEHT C 7. GPOCAHUSIME THYTOH MOHETKH HPOBOJUTCS CIIELYIONMM OOPA30M: HEPBbIH pas
MOHETKA, JIEHCTBATENIHHO MOJIOPACHIBAETCS, & 3aTeM N — 1 pa3 BBIKJIAJIBIBAETCS BBEPX TON CTOPOHOM, KOTOpasi BBIAJIA TIPH
nepBoM Gpocanuun. B aToMm ciydae nepsbie jaBa yciosus Oupesesienus 3.1 BBINOTHSAIOTCS, & TPEThE — HET.

5Bynem onrumucramu!
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4. Puibrasn 10645.
B nonke ma ozepe cumur peibak ¢ ymouxoii. B o3epe xkuBer n pbid. IIpu Kakux ycJOBHSIX 3TOT
SKCIIEPUMEHT MOYKHO OIMCATh uchnbiTanuamu bepuymau? Ilpeamosaraercss, 9To pbida ¢ KPIOYKa
COpBaThCA HE MOXKET. TO 3/1eCh €CTECTBEHHO Ha3BaTh <«yCIIEXOM» C TOYKHM 3peHus pbibaka? C
TOYKM 3PEHUS PHIObI?

Dopmaimzanusi. Popmyna Bepuyamm. 3aiimeMmcs tenepnh dopmanaucTukoil. IIpexkie Bcero, Kak
BBITJISITAT TPOCTPAHCTBO 3JIEMEHTapHBIX coObITUi () 1t n ucnbitanuit Bepruymm? Kaxmoe sanemenrap-
HOe cOBbITHE — 9TO OJUH («HEIeJMMBIN», «CaMblil MaJeHbKHIl» ) UCXOJ| SKCIIeprMeHTa. B HaleM ciydae
aJileMeHTapHoe cobbITre — 3TO crpouka u3 n 0yks Y u H. Hampuwmep,

w=Y1HyVs...Ho 1V, (3.1)

— 9TO0 9JIEMEHTAPHOE COOBITHE, COOTBETCTBYIOIIEE TOMY, UTO B IIEPBOM UCIBITAHUN BepHy/in ObLI ycex,
BO BTOPOM — Heyjada, B TPETheM — ylada, ..., B IPeIIIocaeJHeM — Heyaada, & B [MOC/IEIHEM — yCIIeX.
Sleno, aro ) cocrout u3 2™ 3j1eMEHTAPHBIX COOLITHIA.

Yemy paBHa BEPOSITHOCTH djieMeHTapHoro coobitusi? I[Ipex e Beero, sanumem (3.1) B Bujie

w=Y1HV3.. H, 1V, =VinHaNV¥Y3N...NH,_1NY,,

rae Y; (wmm H;) o3Hadaer cobbITHe, COCTOsIIEE B TOM, YTO B 4-OM UCHBITAHUM BepHY/IM MpPOU30IIes
yerex (uam Heynada).

Hy, a renepsb Bbrumcianm P(w), momb3ysich myHKTaMu 2 U 3 onpejiejieHus UCIblTanuii Beprysuim.
[Tockousbky (cMm. 11.3) cobbitust ¥ u H ¢ pasHbIME MHIEKCAMI HE3aBUCHMBI, TO

Pw)=P(Y1NHoNY5N...NH,.1NY,) =
=P(Y1)P(H2)P(V3) ... P(Hy—1)P(Vpn) =p(1 —p)p...(1L —p)p = pk(l _ p)nflc7 (3.2)

rie k = k(w) — uncao 6yks Y B crpoke (3.1).

Koneuno, BeposiTHOCTD JTFO60T0 APYTOro 3JIEMEHTAPHOTO COOBITUST BHIYUCISIETCS TOYHO TaK K€ U UMEET
Takoil ke BuJ. Takum oOpa3oM, BEPOSITHOCTHOE IMPOCTPAHCTBO, COOTBETCTBYIOIIEE 1 UCIBITAHUSAM Bep-
HYJUIU C BEPOSITHOCTBIO ycriexa p # 1/2, He CBOJUTCS K KJIACCUYIECKOMY BEPOSITHOCTHOMY TIPOCTPAHCTBY,
HO BCE 3JIEMEHTApHBIE COOBITHsI, COOTBETCTBYIOIINE OJIMHAKOBOMY UHCJIY YCIEXOB k, IMEIOT OJIHY U Ty YKe
BEPOSITHOCTD, 3aBUCAIIYIO TOJIBKO OT k (HY, U, KOHEYHO, OT BEPOSATHOCTH yCIIeXa P U JIHCJIa UCIBITAHUI
Bepuyam n).”

BriBeiem orciofia seMeHTapHyIo GOPMYITY, HA3BIBAEMYIO hopmyaoti Beprysiu. PaceMoTpum n mcmbl-
TaHuii bepHysu ¢ BeposTHOCTBIO yerexa p. s moboro 0 < k < n obozunaunm Ay cobbITre, cocTosIIEe
K TOM, 9TO B 9TUX N UCIBITAHUSX OKa3aJ10Ch poBHO k ycmexoB. Yemy pasua BepositHocThb P(Af)?

[Ipexie Becero, Bce sjieMeHTAPHBIE COOBITHUSI, BXOJIINE B cOObITHE Aj, UMEIOT OJIMHAKOBYIO BEPOSIT-
nocTn, pasuyio pF(1 — p)"F,

Cnenosarensno, P(Ay) = Ny i, pF(1—p)"F, e Ny, j; — 9NCJIO 3JIeMEHTAPHBIX COOBITHI, BXOJAIINX B
muoxkecTBo Ay. Ho unciio snmeMenToB MuoxkecTBa Aj paBHO Cfb. Takum 06pas3om, MbI BEIBEIN (POPMYJITY
Bepuynnn:

P(Ak) = Chp*(1 —p)" "

"Ha caMoM Jejle B HAIIIUX PaCCy’KIEHHSIX €CTh JIOTMYeCKHi mpober. «Ilo-xopolmeMys Hy»KHO CHAuaja 3aJaTh IIPO-
CTPAHCTBO 3JIEMEHTaPHBIX COOLITUH B BUJIE MHOXKECTBa 2" MEMoYeK, COCTOAIMMX U3 N cuMBOJIOB ¥ u H, 3areMm onpenenuTsb
BEPOSITHOCTH JJIEMEHTAPHBIX COObITHI 110 dhopMyse, aHagorunyHoii (3.2), mocsie sroro onpenenuts cobpitus ¥Y; n Hj kak
00'beINHEHNsI COOTBETCTBYIOIIMX JIEMEHTAPHBIX COOBITHUIL, a YK [OTOM JOKa3blBaTh cBoiictBa 1 — 3 (Tounee, 2 — 3), BBe-
JIeHHBbIe HAMU KaK ompejeseHne ucnbrranuit bepuymmu. CaemaTb 9TO He CIOXKHO, & JJIsl PEIIEeHUsT 3a71a9 TaKo hopMaIn3M
HE SBJISIETCsI 00532 TeIbHBIM.



