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YcnoBHas BEpPOATHOCTb: NOCTAHOBKA 3aaa4u

BepoATHOCTb P(A) HEKOTOPOTO C/Iy4aNHOro COOLITUS COAEPKATENIbHO OLEHNBAET
WAHC NOSIBNEHUS 3TOr0 CO6bITUA NPU OCYLLECTB/IEHNN COOTBETCTBYHOLLETO
3KCMEePUMEHTA CO C/IyYaNHbIM NCXOA0M. PeanonoXum, YTO Mbl 3HaEM, YTO B
pe3ynbTaTe 3KCMepMMEeHTa OCYLLEeCTBUIOCH CObbITE B. Kak eCTeCTBEHHbIM
o06pa3om, Bnagesn 3Ton nHopmaumen, nepecunTaTb WAHC NOABNEHUA

cobbiTus A? [

Q@ A




YcnoBHas BEpOATHOCTb: MOTUBUPYLL U NpUMep

PaccmoTpum npocte#iunii npumep. OauH pas noabpac €S ABA UTpanbHbIX
Ky6uKa, 1 CO6bIT HayaeT, YTo CyMMa OYKOB pa@mym—lo nocynTaThb,
uTo P(A) = 4/36 = 1]9. Mpeanonoxum, 4To Ham U3BECTHO,{4TO Ha NepBOM KybuKe )
Mangd. ITO 03HAYaEeT, YTO BO3MOXHO BCEro wecTb ucxogos (3, 1), (3,2), (3, 3),
(3,4), (3,5), (3,6). Tonbko 04WH U3 3TUX UCXOAOB, (3,2), GnaronpuaTcTByeT B
co6bITHiO A. [TOCKONbKY BCE 3TK WECTb MCXOA0B PABHOBEPOATHbDI, TO Mbl AOKHbI
OLEHUTb LWAHC NosABAeHna cobbiTus A uncnom 1/6. HeTpyaHO 0CO3HATb, UYTO ANA
Knaccuueckon cxembl Q = {w,, w, ..., w,}, KOrAa BCe NCXOAbI PABHOBEPOATHbI,
€CTEeCTBEHHbIM OnpeAeneHnem yCI0BHON BEPOSAITHOCTU CO6bITAA A MpK YyCNOBUK
cobbITUS B ABNAETCA UnCno

N
P(A|B) = =,
B

rae N, g, Ny — Uncno anemeHTapHbIX UCXOL0B B COOTBETCTBYIOWMX COBBITUSX.

AnB?



YcnoBHas BEpOATHOCTDb: onpejeneHue

Ho X
Nyog _ Nyg/N _ P(An B) %

Ny Ng/N P(B) '

roe N — obliee UMCN0 UCXOA0B. 3TO COO6paXXeHne AeNaeT eCTeCTBEHHbIM

cnepyroulee

Onpepenexne T
. P(An B)

NMyctb A, B — cny4yanHbie cobbitus, n P(B) # 0. Yncno P(A | B) = P(B)

Ha3bIBAETCS YC/IOBHOW BEPOATHOCTbIO CO6LITUA A N

UTO Peann3oBanochb cobbiTue B).

N3 onpenenexus cnepyer, uto P(An B) = P(A | B)P(B).



YcnoBHas BEpOATHOCTb: MpUMEp

PaccmaTprBatoTCA CeMbU C ABYMS AETbMU.

1. Hayrag Bbi6upaeTcsa cembs. KakoBa BEpOATHOCTb TOrO, UTO B ceMbe 06a

Ma/lbynKu Cﬂl/l N3BECTHO, UTO B CeMbe eCTb Manb4yunK?
oxons m’ 9), (9,b))(9,9). A= (b, b)} B = (,b),(0,9), (9, b}
P(A|B) = Lo -3 b) = 72 (A0b)= i
P(B) P(B) 3 4 ¥ A
2. Hayrap Bbi6upaetcs pe6eHoK. Mi3BecTHo, l-lTO 3T0 ManbumK. KaKOBa

BEPOATHOCTb TOrO, UTO BTOPOI Pe6EHOK B 3TON CEMbe TOXe MafibunK?
Mcxonbf- by, bo)Tps g+ A = by}, B = {by, byl P(AB) = 1/2.

™




MpaBnao ymHOXXEHUA BEPOATHOCTEN

N3 onpepeneHns yCNOBHOW BEPOSITHOCTYM BbITEKAET NPABUMIO YMHOXEHNSA
BEPOATHOCTEN:

P(A,NA,N-NA)=PA,)-PA, |A)-P(Ay 1A, NA) .- PAA [A N NA ).

OHO goKa3biBaeTcA nNocseaoBaTeibHbIM npnmeHeHnem onpegeneHnsa K I'Ip3BOI7I
HacTu.



MpaBuio ymHOXXEHUA BEPOATHOCTEN: MPUMEp

MycTb cpegn n 61neToB eCcTb BCEro OANH «CYACTUBDINY. Onpepenum cobbITus

S, = {BbITAHYN cyacTInBbLIA 6GUNET Ha R-m ware},

F; = {no mOMeHTa j BKNIOUNTENBHO CYACTAINBLIA BUNET He BbITAHYT.
Torpa
P(S,) =P(F,nF,n--nF, . nS,)=P(F)P(F,|F)=P(S, | F,nF2n--nF,_,).

Nmeem: P(S,) = 1/n, P(F,) = (n-1)/n, P(S, | F,)=1/(n-1),P(S,) =1/n,
P(F,|F,)=(n-2)/(n-1),P(S;|F,nF,)=1/(n-2),P(S;)=1/nu no nuaykuun
nerko nonyyaetca, uto P(S,) = 1/n ansa no60oro R, T0 eCTb, KaK HWU KPYTUCb, a
nyylle Bce-Taku BblyunTb BCE BUNETDI.



dopmyna nonHoii BepoaTHocTH, popmyna Baiieca: MonHasa rpynna co6bi-

™M

OnpepeneHue
CMCTemaco6bnmﬁI#v.",Hn,"(KOHeqHaﬂ WNW cyeTHan) o6pasyeT NOMHYIO rpymnmny

cobbITUI, ecnu
I (’\

A
He, A

1. U.H =0,
2. HinH;=@,i#].




Popmyna NOSHON BEPOATHOCTU

Npeanoxexue ((hopmyna NnonHou BePOATHOCTH)
Mycmb co6bimus H,, ..., H,, ...06pasytom nosnHyw epynny. Tozda o1 106020

cobbimus A 6bInOI'lHeHO paeeHcmeo

W(A) > PAIH)P(H) = M
:P(AIH«)'P(H« +P(A) #)-P (i) + DAL )

JloKa3aTenbCTBO. )
0603HauuMm B;=AnH,i1=1,.,n,.Bcuny1 BbII'IOCHeHO paBeHCTBO A = U’. B,aB

cuny 2 — paBeHcTBa B;n B; = &, i #].

N3 apAUTUBHOCTN BEPOSATHOCTM U ONpeaeneHns yCIoBHON BEPOATHOCTU
cneayer:

P(A) = Z P(B,) = Z PANH,) = Z P(A | H;)P(H.)

10



P( A A\H> P(H’L>

Ba CTaHKa N3roTaBnumBaloT O,El,H Ty Xe getan ﬂepBbII/I CTAHOK U3roTaBnnBaeT
60% petanen, 6pak coctaBnsaeT 3%, BTopon — 40%, 6pak coctaBnseT 5%. Kakosa
BEPOATHOCTb, YTO Hayrag BbibpaHHaa AeTaslb OKAXeTCA 6paKosaHHom

H/]*" 1- w (90t \4)

M’z_" Lln Creref,

L



dopmysia NoJIHOW BEpPOATHOCTU: pa36op npumepa

Onpegenum cobbITUA

A = {geTanb 6pakoBaHHas},
H, = {netanb n3rotoBneHa Ha NepBoMm CTaHke},

H, = {neTanb n3rotoBneHa Ha BTOPOM CTaHKe}.
Torpa

P(A) = P(A | H1)P(H,) + P(A | H,)P(H,) = 0.03 - 0.6 + 0.05 - 0.4 = 0.038.
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®Popmyna baineca

Npeanoxenue (popmyna baneca)
Mycmb co6bimus H,, ..., H,, ...06pasytom nosnHyw epynny. Tozda o1 106020

cobbimusi A u UHOeKca i 8bINO/THEHO paseHCmeo M ( H7

P(A | H;)P(H;)

R
[loKa3aTenbCTBO.

Mo onpefeneHnto yCNoBHON BEPOSITHOCTY U NO hOpMysie NONHOV BEPOATHOCTM:

P(H; | A) =

P(An H,.) B P(A | H,.)P(HI.)
P(A) I, P(AIH)P(H)

P(H; | A) =
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Popmyna baneca: npoaoNKeEHUE Npumepa

Hayrapg Bbi6paHHas AeTanb okasanacb 6pakoBaHHOW, KakoBa BEPOATHOCTb, UTO
OHa BbIMyLLEHA NMEPBbIM CTAHKOM?
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®dopmyna Baiieca: pa36op npoaomKeHUs npumepa

AN
)

Mo opmyne baneca
P(A [H,)P(H,) G%

P(H, | A) = W Ule _ G s,

P(A[H,)P(H,)+ P(A|H,)P(H,) = 0.038

\ Gy - PRI FE)

P (A) %'Wrw%(}




Popmyna baineca: npumep

CneumanbHbIA TECT HA BbISIBIEHNE HEKOTOPOMW 60NE3HN N0 aHanu3y KpoBy
MMeeT YyBCTBUTENbHOCTb 95%, T.e. eCNu NauneHT umeet 60ne3Hb, TO TeCT

C BEPOATHOCTbIO 0.95 BbIABUT 3Ty 60n1e3Hb. O4HAKO, ecnu nauueHT 340P0OB., TO
TecT B 1% C/lyyaeB TOXe NOKAXKeT Hanunuue 6one3Hu (cneunmdunyHocTb TecTa
99%). M3BeCTHO, uTo 0.5% BCeil NonynALUN UMelT 60/e3Hb. Yemy paBHa
BEPOATHOCTb TOrO, YTO NALMEHT AENCTBUTENbHO 6ONEH, eCcny TeCT nokasan
Hanuuune 6onesHn?
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®dopmyna Baiieca: pa36op npumepa

0O603HaUYNM CobbITUA:

H, = {Hayraa BbI6paHHbIN NALUEHT UMEeeT 60/e3Hb},
H, = {Hayrag BbI6paHHbIA NaLMeHT 3040p0B},
A = {TecT nonoxutenex}.
Toraa P(H,) = 0.005, P(H,) = 0.995, P(A|H,) = 0.95, P(A|H,) = 0.01.
Mo opmyne baneca nonyyaem
) P(A|H,)P(H,) . 0.95 - 0.005
P(A|H,)P(H,)+P(A|H,)P(H,) 0.95-0.005+0.01-0.995

Pe3ynbTaT He CINILKOM MHTYMTMBEH. MOXHO AaTb Takoe 06bsiCHeHMe. B rpynne
1000 yen. MpumepHO NATb YeNOBEK UMEIDT 60ne3Hb. MpumepHo y 5 - 0.95 = 4.75

1n 995-0.01 = 9.95 yenoBeK TeCT 6yaeT NONOXKMTENEH, T. €. 0NA 6ONbHbIX Cpeam
nofen ¢ NONOXUTENbHbIM TECTOM ecTb 4.75/(4.75 + 9.95) = 0.323. K

P(H, | A) = 0.323.




He3zaBucumocTtb ABYyX COOLITHIA

CobbiTue A He 3aBUCUT OT co6bITuA B, ecnu P(A | B) = P(A). Mpu 3ToM

_P(AnB) P(A|B)P(B) P(A)P(B)
P(BIA) = P(AY ~  P(A)  P@A) (B),

TO eCTb HE3aBUCUMOCTb — CBONCTBO B3aMMHOE.

OnpepeneHue
CobbiTe A 1 B, Ha3bIBAOTCA HE3aBUCUMbIMU, €CNN

P(A n B) = P(A)P(B).
COOTBETCTBEHHO, HE HAA0 HaKNaabiBaTb orpaHmyeHme P(B) > 0.
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He3aBucumocTb ABYX COObITHUIA: yNpaKHEHUSA

1. TloKaxuTe, UTO CnyyarHoe cobbiTue A, ans Kotoporo P(A) = 0 He 3aBUCUT OT
no60oro cobbITUA.

2. MokaxuTe, uTo CnyyamHoe cobbiTue A, anst KoToporo P(A) = 1 He 3aBUCUT OT
no60ro cobbITUA.

3. MycTb cobbITUSA A 1 B HE3aBUCKMbI. [TOKAXNTE, UTO HE3ABUCUMbI COOBbITUS
(A, B), (A, B) n (A, B).

4. NMyctbAnB =@, P(A) >0, P(B) >0, Torna A, B 3aBucumbl.
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He3zaBucumocTb ABYX COOLITUIA: NpUMep

3 Konoabl BbITACKMBAETCA OAHA KapTa, pacCMaoTPUBAOTCA COBbITUS
A = {kapTa — gama}, B = {kapTa TpedoBoOi macTu}.
Torpa
P(A) = 4/52 = 1/13, P(B) = 13/52 = 1/4, P(AnB) = 1/52 = (1/13)-(1/4) = P(A)P(B).

Co6bITUSA, KaK 1 0XXNAANnocb, He3aBUCUMbI.
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He3aBUcMMOCTb cemeincTBa cOObLITUMN

OnpepeneHune 5 5 5 5
MycTb {Ay,y € [} — HeKoTOopOe CeMeNCTBO C/TyYanHbIX COObITUIA. ITO CEMENCTBO

Ha3blBaeTCA HEe3aBNCNMbIM (B COBOKyI'IHOCTI/I), ecnun

P(Ay1 n e nAyn) = P(Ay1) e P(Ayn)
ANA N6bIX Y,, ..., V, ET, V; # Y;-

3 He3aBUCMMOCTM CneayeT nonapHas He3aBUCMMOCTb, 06paTHOE HeBepHO.
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HesaBucMmocTb cemeiicTBa COObLITUI: NpUMep

NMoa6pacbiBaeTcs NPaBUIbHbIA TETPA3AP, OAHA FPaHb KOTOPOro BbiKpalleHa B
KpacHbin uget (R), apyras — B uepHbin (B), TpeTba — B 6enbiin (W), a uetsepras —
BO BCe Tpu uBeTa R, B, W. CobbiTs Rn B, Wun B, R n W He3aBUCUMblI:

P(RnB)=1/4=P(R)P(B), P(RNnW) =1/4 = P(R)P(W), P(WnB)=1/4=P(W)P(B),

HO
P(RNBnW)=1/4 # P(R)P(B)P(W) = 1/8.
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