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1. ANIEMEHTbl KOMBUHATOPUKH

Ipaguno ymuoscenun

Ecan nepsbiift 00beKT MOKHO BbIOparTh n cnocobamu, a nocie
Ka)/I0Oro Takoro BeI0Opa BTOPOii 00BEKT MOKHO BbIOpaTh m criocoda-
MH, TO 00a 0ObeKkTa MOXKHO BhIOpaTh 7-m cnocodamu. ITO NMPaBHIIO
pacrpocTpaHsiercs Ha J11000e KOHEUHOE YHUCIIO 0OBEKTOB.

MNPUMEP 1. CkoJIbKO CYLECTBYET HAaDOPOB, COCTOSLIMX U3 OJHOM
OykBbl M OAHOH 1M@pHl, ecan OykBa BHIOMpAETCs M3 MHOMKECTBA

{4,B,C,D}, a unpa — u3 muoxecrsa {1,2,3}?

PeweHue. byksy (nepsblii 00beKT) MOKHO BbIOpaTh 4 criocoda-
MH, a nocae Beidopa OykBbl LHGPY (BTOPOH 00BEKT) MOKHO BLIOpaTh
3 cnocobamu. Ilo mpaBuny ymuoxenuss Bcero Habopo 4:3=12
(Al, A2, A3,B1, B2, B3,C1,C2,C3,D1,D2,D3).m




Ilpasuno choxcenun

Eciu nepBeiit 00bEKT MOKHO BbIOpaTh 7 criocodbamH, a BTOPOi
00BEeKT — m crnocodaMu, NPHYEM NEPBbIC H BTOPBIC CIIOCOOBI HE nepe-
CeKaloTcs, TO J11000H M3 00BLEKTOB (MEpBbIi MM BTOPOIi) MOKHO Bbl-
Oparb n+m cnocodamMu. DTO NPAaBHIO MOKHO PacClpOCTPaHUTL Ha
mod0e KOHEYHOE YHCIIO 0OBEKTOB.

MPUMEP 4. Cxonbko cyuiecTByeT HaDOpOB, COCTOSLMX U3 OHOI
OykBbl Wian oaHOI uudpel, ecnu OykBa BbIOMpacTCs U3 MHOXKECTBA

{4,B,C,D}, a unppa — u3 muoxkecrsa {1,2,3}?

PeweHue. [lo npasuny cnoxenust Bcero HabGopoB: 4+3=7
(A4,B,C,D,1,2,3).m




Pazmewienusn o6e3 noemopenui

[TycTh 1aHO MHOMKECTBO, COCTOSILIEE U3 /1 PA3JIMYHBIX YIEMEHTOB.
Pazmewgenusamu 6e3 nosmopenuit uz n yiemenmos no k aiemenmos
OyJeMm Ha3bIBaTh YNOPAAOYCHHBIC HAOOPHI, cOCTOAIIME W3 k pa3nuu-
HBIX DJICMCHTOB JaHHOI'O MHOXKCCTBA. Pa3memcnml OTIIHYAKTC Apyr

OT JApyra Wi COCTaBOM HJIH NOPAJAKOM pacClOJIOKCHUA JICMCHTOB.

Yucno pasmeniennii 63 NOBTOPEeHHI M3 7 2JIEMEHTOB 1o k 000-
snauaercs AY (or dpaniysckoro ciosa «arrangementy, 4To O3HauaeT

«pa3MelIeHHEe») U HaXOAUTCs 10 (popmyie:

n!

Eovmope W e oavo g =
A =n-(n=1)-(n=2)---(n—k+1) -y

NPUMEP 5. /st muoxectBa {A,B,C, D} Haiith 4ncio pasmene-

HHii 6e3 noBTopeHHii 1o 2 21eMeHTa.

PeweHue. Bcero pasmewenuii A7 =4-3=12. 3anmwem Bce
pasmewienus: AB, AC, AD, BA, BC, BD, CA, CB, CD, DA, DB, DC.m




Hepecmanosxku

HyCTB JAQHO MHOJKECTBO, COCTOALICEC H3 1 PA3/IMYHBIX JJICMCHTOB.
Hepecmanocxa.uu Ha3bIBAKOTCA YIOPAAOYCHHBIC ua60pu, B KOTOpbIC i
BXOJAAT BCC 1 SJICMCHTOB MCXOJHOI'O MHOYKCCTBA. l'IepecraHomm oT-

JIMYAIOTCS JIPYT OT JpYyra TOJILKO MOPSJAKOM PAchoJIOKEHHs JJIeMEH-
TOB.
Yucno nepecTaHoBOK M3 1 dieMeHTOB obo3Havaercs P, (ot ¢pan-

LY3CKOr0 CJI0Ba «permutation», 4TO 0O3HAYAET «IEPECTAHOBKA») M
HaxoauTcs 1o Gopmyiie:

NPUMEP 7. Jlns muoxectBa {A, B,C} yka3aTh Bee NEpeCTaHOBKH.

PeweHue. ABC, ACB, BAC, BCA, CAB, CBA. Kak BuiHoO, Bcero
nepecTaHoBok: P =3!=6.m




b & A3MECU{CHUA C NOGMOPEeHUAMU

[TycTs 1aHO n pasiMyHBIX BHIOB IEMEHTOB. Pasmewenuamu ¢
ROGMOPENUAMU U3 N 6UO0E remenmoe no k riemenmos Oyaem
Ha3bIBATh YIOPSAOYCHHEIE HAOOPBI, COCTOALIME U3 k DJIEMEHTOB, NIPH
ITOM MOI'YT BHIOMPATBLCH IEMEHTHI OJIHOrO M TOro ke Bujaa. Pazme-
LIEHUS OTJIHYAIOTCA APYT OT APYra WM COCTABOM MIIH MOPS/IKOM pac-
MOJIOKEHHS YIEMEHTOB.

YKo pasMeICHHI ¢ TOBTOPEHUSAMM M3 71 BUJIOB JIEMEHTOB 110 k

JeMenToB obo3navaetcs A u naxommres no popmyrne

p
A =n

MNPUMEP 8. /lann! 1Ba Buaa 21eMeHTOB A 1 B. Beinucars Bee pas-
MELLEHUS 110 3 HJIEMEHTA.

PeweHue. AAA, AAB, ABA, BAA, ABB, BAB, BBA, BBB. Bcero
pasmewennii: 4; =2° =8.m




Couemanusn

[Tycts MmeeTcs MHOKECTBO M3 n pasjiM4HbIX djeMeHTOB. Coue-
manuamu u3 n remenmoé no k HasbIBalOTCA M0JAMHOKECTBA, COCTO-
AlMe U3 k pasiIHYHbIX JIEMEHTOB JaHHOrO MHoxkecTsa. JlroObie aBa
COYETAaHUS OTJIIHYAIOTCA JAPYr OT Jpyra TOJILKO COCTAaBOM JJIEMEHTOB
(nopsA0K 3/1€Ch HE BAjKCH).

Yucno coueranuii u3 n snementos no k oSosmauaercs CY (ot

(pany3ckoro cioBa «combinaison», 4TO 03HAYACT «COYETAHHE») H
HAXOHUTCs 1o hopmyie

!
ck=1"_
kW (n—k)!

MPUMEP 10. /lis MHOXKECTBA {1;2;3;4} BBINTHCATL BCE COYETAHHS

1o 3 eMEHTa U OHpeACIUTb UX HYUCIIO.

4!
PeweHue. Beero coueranuii us 4 snementos no 3: Cj = T 4

(123,124, 134,234).m
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Teopus BepoATHOCTEN — pasaest MaTeMaTMKN, N3yvaroLLnm
3aKOHOMEPHOCTH CIlyYanHbIX SBIIEHUI: CIlydanHble COObITUSA, ClyYanHble
BENUYMHLI, UX CBOMCTBA M onepauun Hag HUMM.

[TOHATME BEPOATHOCTM BOCXOAUT K APEBHUM BpeMEHaM; OHO ObIno
N3BECTHO Y>Xe aHTUYHbIM punocodam. MbICrb O TOM, YTO 3aKOHbI
npupoabl NPOABAATCS . . .=

_

CnyvaunHbIX COObITUI,
BriepBble BO3HUKNA
Yy ApPEBHErpevecKnx
MaTepuanmncTos.




P—N

. B pa3suTum Te0pmn BEPOATHOCTEN BECbMa OONbLLYIO POrb Urpanu
3a[1a4u, CBA3aHHbIe C a3apTHbIMW Urpamu, B NEPBYHO O4epedb C UrPol B
KOCTW. Y>ke B APEBHOCTM Urpa B KOCTK Oblna nonynsipHa n niodumva.




/

Bo3HMKHOBEHME TEOPUU BEPOATHOCTEN B COBPEMEHHOM CMbICIE CrnoBa
OTHOCUTCS K cepeanHe XVII Beka 1 cBsi3aHO ¢ nccriegosaHuamu flackass
(1623-1662), PepmMa (1601-1665) u rou2eHca (1629-1695) B obnactu
Teopumn asapTHbIX Urp. B aTnx pabotax nocteneHHoO cdopMuUpoBanmnch
TaKne BaXKHblE MOHATUS], KaK BEPOSATHOCTb M MaTeEMaTUYECKOE OXUAAHNE;
ObINn yCTaHOBMNEHbI MX OCHOBHbLIE CBOMUCTBA U MPUEMbI UX BbIYUCITEHUS.
Hapsigy ¢ 3agadamu a3apTHbIX Urp y>Ke B caMOM Ha4varie BO3HUKHOBEHUS
TEeopun BEPOSATHOCTEWN MOSBUINCH 3aa4n, CBA3aHHbIE C COCTaBNEHNEM
Tabnuy cCMepTHOCTM 1 BONpocamu cTpaxoBaHud. B JloHaoHe yxe ¢ 1592
roga BENUCb TOYHbIE 3aNnUCu O CMEPTHOCTMN.

X. I'rourenc




CoObITUa U AencTBUA Haa HUMU

Houb1o cBeTHT cOJIHIIE

PaBHOB0O3MOKHBIE COOBITHS
1 sHBaps — NPa3IHUYHBI JeHb
HeBo3moxHOe coObITHE
IIpu Opocke KOCTH BBINAJIO «7»
JlocToBepHOe coObITHE
IIpu Opocke MOHETBI BBINIAJ «OPeJI»
CayuaiiHoe coObITHE
IIpu Opocke MOHETHI BHINAJIA «PEHIKa)
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CNYYAUHOE -

HEBO3MOXHOE -

PABHOBO3MOXHbI

E -

OOCTOBEPHOE -

COObLITUE, KOTOPOE MOXET MPOU3ONTU, a MOXKET
U HEe NPOU3OUTMU.

coObITUE, KOTOPOE B AlaHHbIX YCNOBUAX
(onbITe) He MOXET NPON30UTM.

coObITUSA, NOO0E U3 KOTOPLIX HEe obnaaaeTt
HUKAKUM NPEenMyLLEeCTBOM NOABNATLCA Yalle
NPW MHOTOKPAaTHbIX UCNbITAHUAX

cobbiTuHe, KOTOpoOe npu AaHHbIX yCHOBMﬂX
Bceraa npou3ov|p,eT 742 )




Cymmour codvimuit A n B naspiBaercs cobbitue C=A4+ B (um
C =AU B), KOTOpOE NMPOUCXOAMUT TOTAa U TOJILKO TOrja, Koraa rnpo-
HCXOJHUT XOTs Obl 0AHO H3 COOBITHIT A U B (i A, wim B, nim o0a co-
ObiTHs A 1 B).

Hpoussedenuem coovimuit A w B naspiBaercs cobsitne C = AB
(mim C = AN B), KOTOPOE NMPOMCXOAUT TOr/Ja H TOJILKO TOr/a, Korja
NpoucxoaaT 0da codbiTus A n B.

Pasznocmoro coovtmuit A v B naswiBacrcsi coobitue C=A4-B
(i C= A\ B), KOTOPOE NMPOUCXOJMUT TOrJa M TOJLKO TOrja, Korjaa
coOBITHE A MPOHCXO/IUT, @ COOBLITHE B HE MPOHCXO/IHT.

CoObITHE, KOTOPOE NMPOMCXOAMT TOrJa, Korjaa codbiTHe A HE Npo-
HCXO/INT, HA3LIBACTCH COOBLITHEM, MPOMUBONOAONCHBIM COOBITHIO A.
O0o3HaucHue A.




CoObiTHst A 1 B Ha3bIBAKOTCH HECOBMECMHbLIMU, CCIIN TOABICHHE
OJIHOI'O U3 HHX HCKJIIOYACT MOSBICHUE JAPYroro, To ecte AB =0,

Cobbitus A, A,,..., A, Ha3BLIBAIOTCA NONAPHO-HECOBMECMHBIMU,

ec/iH JII00BIE 1BA H3 HHX HECOBMECTHBI, TO ecTb 4 A, = (i # j).

Cobbits A, A,,..., A, 00pasyloT noanyio zpynny, eCiii B pe3yJib-
TaTe KaX10ro dKCIEepUMEHTAa MPOMCXOAUT XOTH ObI OJIHO W3 HHX, TO
ectb A+ A, +...+ A4, =Q.

Cobpitus A, A4,,...,A, 00pasyior noauyio pynny nonapmo-

necogmecmubix covvimui, ecnn A+ A, +.+4,=Q n 44,=0

(i#]J).




CobbiTHe A Ha3biBaeTcs vacmuvim ciayuaem B (cobvitue A Bneuer
3a co0oit cobbiTHE B), €cii NpH HACTYIUICHUH cOObITHA A HAcTynaer
H cobbiTHe B. Obo3Hauenue 4 < B.

CoObitust A u B HasbiBaloTCs paeuvimu, ecimn ACB u BC A.
O0o03Hauenne A=28.




NPUMEP 1. B ypue 8 mapos, npoHyMepoBaHHbIX YHCaaMu OT 1 10
8. Haynauy BeiHHMaercs ojuH wap. PaceMorpum coObiTus: A — nosis-
JICHHE 11apa ¢ HoMepoM 6, B — nosBiIeHHE mapa ¢ YeTHLIM HOMEPOM,
C — nosBiIeHHE [Iapa C HEYETHBIM HOMepoM, D — nosBiaeHue mapa c
HOMEPOM, KpaTHbIM TpeM, H — nossienue wapa ¢ Homepom ot 1 10 8,
K — nossnenue wapa ¢ Homepom 10, F — nossieHHe mwapa ¢ HoMe-
POM, SABJISIIOLIMMCS TIOJIOKHTENLHOH CTENeHb0 ABOMKH. Torjaa s
yKa3aHHBIX COOBITHIT HMEeM:




H — nocrosepHoe codbiTHE, TO ecTh H =€)

K — HeBo3MOxkHOE coObITHE, TO ecTh K =,

A < B (cobbiTne A sIBASETCS YaCTHBIM ciiyyaem coObiTus B);

A-C=D (A,C — HecOBMeCTHBIE COOBITHSA);

B-D=A (cobbite B:D — nosBicHUE 11apa ¢ YCTHBIM HOMEPOM,
KPaTHbIM TPEM, TO €CTh MOABJIICHHE 11apa ¢ HOMEPOM 6 (310 coObITHE
A));

D\AcC (cobwitne D\ A — nosBneHHe mapa ¢ HOMEpoMm 3 —
qacTHbIH ciaydaii codbitus C);

C =B (cobbitus C v B — NpOTHBONONOKHBIE);

C+D+F =Q (cobbitust C,D,F 00pa3yioT NOJIHYIO IPyIIy co-
ObITHI, TaK KaK B pe3yJbTaTe KCIEPUMEHTA XOTS Obl OJIHO M3 HHMX
NMPOU30iiJIeT; 3aMeTHM, 4YTO cpeau codwtuii C,D,F ecThb cOBMecCT-
HbIC);

A+C+F=Q (A,C,F o00pa3yloT NOJHYI Tpyniy I[onapHo-
HECOBMECTHBIX COOBITHIA, TO €CTh B pe3yJibTaTe J11000ro IKCnepuMeH-
Ta NPOM30IAET POBHO OJHO U3 ITHX COOLITHIT). W




NMPUMEP 2. DieKTpHYECKHE LIEMH COCTaBJICHbI M0 YKa3aHHbIM
cxemaM. CoOwbITHS A, — SJIEMEHT C HOMEPOM i BBINIE] H3 CTPOs

(i=1,2,3). Cobbitne B — paspsiB uenu. B oboux ciayyasx Bblpa3uth

coGbiTis B u B uepes cobbitus A; u A;.

B = A1+A2+A3

> - 3 B- = A1*A2*A3
I

; 5 . B =A1*A2*A3

B- = Al- +A2- +A3-




Cryuaiinbie coObITHs Y100HO H300paxkath ¢ NOMOLLBIO duazpamm
Jinepa-Benna. TIpAMOYrojbHHK COOTBETCTBYET JOCTOBEPHOMY CO-
ObiTHIO €, a KPYTH — ClTy4aifHbIM COOBITHAM A U B.




Knaccuueckoe onpeoenenue eeposmuocmu

Cobbitus A, A,,..., A, Ha3LIBAIOTCA PACHOCOIMONCHBIMU, CCITH

MpH peajiu3alliu KOMIUICKCa )’CHOBHﬁ S Kaxkj0e HUX HUMeeT paBHbIC
HIAHCBI HACTYIIHTE.

[lycts € — KOHEYHOE MPOCTPAHCTBO MMOMAPHO HECOBMECTHBIX
PaBHOBO3MOXKHBIX YIEMEHTAPHBIX HCXOJ0B (COOBITHIT) ), ®,,...,0, .

Beposamnocmeio (xnaccuueckoe onpezenenue) moboro codbiTus
A Ha3bIBACTCSA OTHOLLCHUE YHMCIIA M HIEMEHTApHbIX MCX0J10B, Onaro-
MPUATCTBYIOIIMUX COOBITHIO A, K 00IIEMY UX YUCITY n




= p -
-

CpolicTBa KJIACCHYCCKOH BEPOATHOCTH:

1. P(A) =0 nns moboro coObitus A.

2. P(Q)=1, rak kak m = n.

3. P(D)=0, rak kak m=0.

4. Eciin A v B necoBmectusl, 10 P(A+ B)= P(A)+ P(B).
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Mpumep.
Angpen, PomaH, Makcum n Ceprein 6pocunu xxpeduin, Komy ObiTb
BpaTapeM. HanTtm BepoATHOCTbL TOro, YTO BpaTtapem ctan PomaH.

PewleHue:

[TycTb coObiTMEe A= {BpaTapem ctan PomaH}

Yncno bnaronpmsaTHbIX ncxoaoos k=1

Ob6LLee Yncrio BO3MOXKHbBIX MCXOO0B n=4

[1o doopmyrie Knaccn4eckon BEpOSATHOCTU Nonyyaem:

OTBerT: 0,25




3agaHue B yemnuoHaTe no ruMHacTUKe y4acTBYIOT 64
CnopTCcMeHKM: 20 n3 AnoHun, 28 s Kntas, octansHbele — 13 Kopewu.
[TopsaaokK, B KOTOPOM BbICTYNaKT TMMHACTKU, onpeaenseTcs
Xpebnem. Hangute BepossTHOCTb TOrO, YTO CMOPTCMEHKA,
BbICTYyrnawLlada nepBon, okaxxetcsa ns Kopew.

PeweHue:
3 Kopewu BbicTynatoT 64-(20+28)=16 CNOPTCMEHOK
[1o doopmyrne Knaccruveckom BEPOSATHOCTU NONYHUM:

OTBeT: 0,25
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3agaHue B cny4yalHOM 3KCrepMMEHTE CUMMETPUYHYHO MOHETY
bpocatoT agBaxabl. Hanante BEposATHOCTb TOro, YTO Opesn He BbiNnageT
HU pasy.

MeTton nepebopa KoMOUMHALMI:

Hy>XHO BbINncaTb BCE BO3MOXHbIE KOMOUHALIMM OPIIOB U PELLEK, a
3aTeM BbIOpaTh HYXXHblE N NPUMEHUTL POPMYITY Knaccu4veckom
BEPOATHOCTW.

PewleHue:

1. BeinucbiBaem Bce Bo3MOXHble kombuHauun: 00, OP, PO, PP.
3Ha4nT, n =4

2. Cpeau nony4eHHbIX KOMbHaUmMn BbiIbpaem Te, KOTOpble
TpebytoTcsa no ycrnosuto 3agadn: PP.

3Ha4uT, m_=1

3.I'lo popmyne Kknaccnyeckom BEPOATHOCTU NOMYYUM:

OTBeT: 0,25
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NrpanbHbin Kybuk 6pocunm ogmH pas. KakoBa BEpOSITHOCTb TOrO,
YTO BbINagaeT HE MEHEeEe 4 OYKOB?

PelweHue:

1.bpocaem urpanbsHbI KyOUK OQUH pa3 — 6UCX0[0B. 3HAYUT, Y
OaHHOro aencteus (bpocaHne oaHOro nrpansHoOro Kyouka 1 pas)
BCEr0 MMEETCS N=6 BO3MOXXHbIX NCXOO0B.

R.BbinnceiBaem Bce briaronpuaTHbIE UCcxoabl: 4; 5; 6.
3Ha4uuT, k = 3 —yncno dnaronpuUATHLIX UCXOO0B.

1.['lo dopmyne knaccuyeckon BEPOATHOCTU UMEEM:

OTtBeT: 0,5
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MNPUMEP 2. B ypue 4 KpacHbIX, 3 KCITbIX M 2 3€JCHLIX Luapa.
Haynady ussnekaror 2 wapa. Haiitu BEpOSTHOCTH TOrO, 4TO:

a). o0a wapa kpacHoro usera (codsiTue A);

0). O/IMH U3 MIAPOB KPaCcHBIH, APYyroii — 3eneHslii (coObiTHE B);

B). 00a wapa oauoro usera (coowsrrue C).

PeweHue. Cnavana HaiiieM YHCII0 BCEX IEMEHTAPHBIX COOBITHIH
n. Beero wapos 9, a uxcno cnoco6os BeiOpars 2 mwapa u3 9 pasHo

9!
2 2 _ _
Cy.1oectb n=C —2'7' =36
a). Yucno m, sneMeHTapHBIX COOBITHIH, OJIArONPHUATCTBYIOMNX

coObITHIO A, paBHO yuciy cnocoboB BbIOpaTh 2 KpacHbIX wwapa w3 4

KPacCHbIX, TO €CTh m = =(C? =6. Urak, P(A)=—=—=—.
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6). Uro0Obl HaiiTH my BOCHONL3YEMCS NPABUIOM YMHOMKCHHS: Bbl-

Opath | KpacHblii wap MoxkHO 4 cnocodamu, a |1 3eneHsiit — 2 cnoco-

Oamu, Torja KpacHblii U 3eaeHbIH wap MokHO BbiOpath 4-2 =8 cro-

cobamu, 10 ectb my = 8. Cnenosarensio, P(B) = i 3_86 — % S

B). Haiinem m.. Cobuitne C npomusoiizer, ecnn oba mapa Oyayr
KpacHOro usera, uiu oba xearoro usera, win oda 3eneHoro. Boi-
6path 2 KpacHbIX mapa u3 4 kpacHex MoxHo C; =6 cnocobamu, 2

KenThIX 13 3 kenteix — C; =3 cnocobamu, 2 3eNeHbIX H3 ABYX 3ele-

HBIX — OAHUM cnocobom. Tlo npasuiny cinoxkenus obuiee YUCIo He-
MEHTapHbIX COObITHIA, OnaronpusrTcTByrOmMX coObiTHi0 C, paBHO

D T T o L L




T'eomempuueckasn eeposmuocms

Knaccuueckoe ornpeje/ieHHe BEPOSTHOCTH OCHOBAHO HA TOM, YTO
YHCIIO BCEX BO3MOXKHBIX PABHOBEPOATHBIX HCXO/I0B KOHEYHO.

[CeomeTpuyeckas BEPOATHOCTH — 9ITO
06001IeHHEe  KJIACCHYECKOTO  OMpeIeIeHUs
BEPOSTHOCTH Ha CiIy4yail OECKOHEYHOro
4HCIIAa PABHOBO3MOXKHBIX HCXO/I0B.

[Tycrb obnacrs g nexur B obnactu G. B obnactu G nayjnaqy
BEIOMpaeTcs Touka. BeposTHOCTE TOro, 4To TOYKA MonajeT B 001acTh
g, PONOpLUHOHAILHA Mepe 00JIaCTH g M He 3aBHCHT OT ee (hopMbI H
ee pacnonoxenus. To ectb Ui coObITHA A (nonajaHue TO4Ku B 00-
J1aCTh g ) UMEeeM

P(a)="—"P28
mepa G

3neck «mepa» o3HavaeT IMdo JTHHY, eciii G — 4acTh NPAMOi Hin
KpHBO# JmHuy, b0 miomans, ecat G — 4acTh MIOCKA~To  mufin

o0bem, eci G~ HacTh NPOCTPAHCTBA. NPUMEP 4. B kpyr paamyca R Brnucan ksaapar. Haiitn Bepost-
[eomeTpuuecKas BEPOSATHOCTL HMEET Te ke CBoiicTBa, ~ HOCTB TOTO, YTO Hayjauy BhIOpaHHAs B KPYre TOYKA OKaKETCS BHYTPH
CHYECKasl BEPOATHOCTb. KBajipara (cobbite A).
PeweHue. Vickomas BEpOATHOCTb paBHA OT- Nl

HOILCHHUIO IUIOLIA/IH KBaJIpaTa K IUIOIAJH Kpyra: §\§§\ \

RN

X N

Py S _ 28 2 \\\\\\\\\

= AP _ ==
Kpyra R T




Cmamucmuueckoe onpedenenue eéepoamuocmu

ITycTs HEKOTOpBIH JKCHEPHUMEHT I[POBEJACH B OJHMUX H TEX XKe
YCJIOBHAX 7, pas, IPH ITOM HEKOTOPOE COObITHE A NPOHU30LLIO M,

m -~ -~
pas. OTHOIIEHHE —- HA3LIBACTCH OMHOCUMEABHON YACMOMOIl CO-
%
ObITHS A B JAaHHOH CEPHH UCTTBITAHHIA.

[TycTs BO BTOPOH CEPHH MCHBITAHWN OTHOCHTEJILHAA YacTOTa CO-
OblTHS A — ﬂg_. B TPEThEH — ™ ur. )1 8
ny N
JU1st MHOTMX SIBIEHUH OTHOCHTENBHBIE YAacTOTHI IMOSABJIEHHUS pac-
CMaTPHUBAEMOro COOBITHS MO OTIHYAIOTCA APYT OT JIpyra, TO ecTh
061a1a10T yCTOHYHBOCTLIO:

ml P m2 2 ”13

~ I..,

o np, m

A€ 1y, Ny, Ny,... ~ J0CTATOYHO OOJIBIIHE YHUCIIA.




Yucno OTHOCHTENBHAS
BbINaJIeHuii repba yacrora

Brodidon 4040 2048 0,5080 |

xcnepumentarop | Yucno dOpocanmii

ITupcon 12000 6019 0,5046

[Mupcon 24000 12012 0,5005

Cmamucmuueckan eepoamuocms codbitus A npu GoabLioM
HHCIIC MCTIBITAaHUH NPUOIHIKEHHO paBHA OTHOCHUTEILHOMH 4acToTe I10-
ABJICHUS COOBITHA A WM Ben4YuHe, 0JIM3KOM K 4acToTe, TO €CTh

Pay=Z.
n

CraTucruueckas BCPOATHOCTL HMCCT TC JKC CBOMHCTBA, YTO MU KJjlac-
CHYCCKas BECPOATHOCTD.




Teopema cnoscenusn seposmuocmen

Jlns npou3BONBHBIX CiTyuaifHbIX coObITHIT 4 W B cnpaseuiHBa
meopema ciojicenus 6eposmnocmei

P(A+ B) = P(A)+ P(B)— P(AB)

» JlokasatenberBo. Tak kak A+B=A+ AB u B= AB+ AB, a co6bi-
THS B NPaBbIX 4acTIX 00OMX PaBEHCTB HECOBMECTHBI, TO

P(A+B)=P(A)+ P(AB), P(B)=P(AB)+ P(AB),
OTKy/Ja
P(A+ B)= P(A)+ P(AB) = P(A) + P(B)— P(AB). 4
Jlist Tpex ciny4aiinbix coObituit 4, B, C cnipaseumsa popmyia
P(A+B+C)=P(A)+ P(B)+ P(C)-
~P(AB)—P(AC)—P(BC)+ P(ABC).
Ecnu coObITHS HECOBMECTHBL, TO

P(A+ B)=P(A)+P(B), P(A+B+C)=P(A)+P(B)+P(C).




NPUMEP 1. B rpynne 25 cryaenToB, 15 M3 HHX 3HAIOT aHTJIMIA-
ckuil A3bIK, 10 — ppany3ckuii, a 5 CTYJAEHTOB 3HAIOT U AHTJIHICKHIT H
¢panuysckuii. Haiitn BeposTHOCTH TOro, 4TO Hayjauy BbIOpaHHbI

CTYACHT 3HACT XOTs Obl OJIUH U3 YKa3aHHBIX 53bIKOB.




MNPUMEP 1. B rpynne 25 cryaeHToB, 15 W3 HHX 3HAIOT aHTIWi-
cknit a3b1K, 10 — (paniry3ckuil, a 5 CTYJICHTOB 3HAIOT M AHTTHICKUH U
¢dpanny3ckuii. HaiftH BeposiTHOCTH TOro, 4TO Hayjaady BbIOpaHHBIH
CTYACHT 3HAeT XOTs Obl OJIUH U3 YKA3aHHbIX S3bIKOB.

PeweHue. Tlycts cobObiTHEe A ~ CTYACHT 3HACT AHTJIMHCKHIL A3BIK,
coObiTHe B — cTyAeHT 3HaeT ()paHLLy3CKUH A3bIK, TOr1a

15 10 5
P(A)=—=0,6; P(B)=—=0,4; P(AB)=—=0,2,
4)=5 B)=% (4B) =2

P(A+B)=P(A)+ P(B)— P(4B)=0,6+0,4—0,2=0,8 .m




Ycenoenan 6ePOAMHOCHLD

BepositHocTh HacTynieHus coObitus A 1pH yCIOBUH, 4TO COOBI-
THE B NPOM30ILI0, HA3LIBACTCH YCI06HON GEPOAMHOCHbIO W HAXO-

autes no opmyne

P8y AB)
P(B)

MNPUMEP 2. bpocaiorcs aBe urpaibHbie koctH. Haiiti BeposT-
HOCTBb TOrO, YTO Ha 0OEHX KOCTAX BBINAJICT PABHOEC YUCIO OYKOB IPH
YCJIOBHH, YTO CYMMapHOE YUCIIO0 OYKOB MEHbILIE 5.




MNPUMEP 2. bpocaiorcs Be urpaibHbie koctH. Haiiti BeposT-
HOCTBb TOT'O, YTO Ha 0OEHX KOCTAX BBINAJICT PABHOEC YHUCIO OYKOB IPH
YCJIOBHH, YTO CYMMApHOE YMCJIO O4KOB MEHbLIE 5.

PeweHue. TIpocTpaHCTBO 2IeMEHTAPHBIX HCXOA0B COCTOMT U3 36
anementoB: Q={(1,1),(1,2),(1,3),....(6,6)}.
Paccmorpum coObitusi: A — Ha 06EHX KOCTSIX BBINAJIO PABHOC YHC-
J10 OYKOB, B — CyMMapHOE 4HCJI0 O4KOB MEHbLUE 5. 3anuiueM d1eMeH-
TapHble HMCXO/bl, OnaronpusTcTBYIOUME coObiTHAM A, B, AB, u
Hal/IeM COOTBETCTBYIOIIHE BEPOSATHOCTH:
A={(1,1),(2,2),(3,3),(4,4),(5,5).(6,6)},
B={(1,1),(1,2),(2,1).(2,2),(1.3),(3,1)},
AB={(1 D), (2,2)}
P(AB) 1

P(AB) R—— P( )—g=g P( / )—TB)—E..




Teope/ua VMHOMNCCHUA eepoumnocmex?

U3 Qopmysbl st YCIOBHOI BEPOATHOCTH CIICAYET meopema
VMHOMCEHUS 6eposmHuocmen

P(AB) = P(A)- P(B] A) = P(B)- P(A4/ B)

Jlns n cnyqaitueix codbiThii A, 4,, ..., A, nmeem

P(Ay-Ay-...- A )=P(A)-P(Ay[A\)-... . P(A |4 -...- A _)).




Heszasucumeote coovimusn

CobbiTHs A M B HA3BIBAIOTCH HE3AGUCHUMbBIMU, €CITH TIOSBJICHHE
OJIHOI'0 M3 HHUX HE BIMSCT HA BEPOSTHOCTH IMOABJICHHS BTOPOro, TO
ecThb

P(A/B)=P(4), P(B/A)=P(B)
(YC/I0BHBIE BEPOSTHOCTH COBNAAAIOT ¢ OE3YCIIOBHBIMH).

Takum obpasom, eciu coObITHs A U B HE3aBUCHMBI, TO
P(AB)=P(A)-P(B).
Bepro u obparnoe yreepxkaenue: eciim P(AB)= P(A)-P(B), To
coObITHS A 1 B HE3aBUCHMBI.
Cobwitis A4, 4,, ..., A

KynHocmu, €Clii BEPOATHOCTb KakJ0I0 M3 HUX HE 3aBUCHT OT OCY-
LIECTBIICHHS MM HEOCYILECTBICHHS JIIOOOr0 YHCIa OCTAILHBIX COObI-
THI.

, HA3LIGAIOMCA HE3ABUCUMBIMU 6 COB0-

Jlns He3aBUCHMBIX COOBITHI A, A5, ..., 4, nMeeM

P4 - Ay-...- A)) = P(4)- P(4y)- P(43)-...- P(A,).




NPUMEP 3. B ypue 4 Gensix 1 2 yepHeiX mwapa. U3 ypusl 3 pasa
M3BJICKAIOT 10 0AHOMY mapy. HaiiTi BeposTHOCTE TOrO, 4TO BCE H3b-
ATble Wapel — Oenble. PaccMOTpeTsb JBa cilyyasi: a). Wwapbl H3BJICKAIOT-
cs1 6e3 Bo3BpateHus; 0). ¢ BO3BPALCHUEM.

PeweHue. a). PaccmotpuM ciryyaii, KOrja wapbl He BO3Bpalla-
1o1cs B ypHy. Ilycts coGbitus A; — i-it wap Genwiii (i =1,2,3), cobbl-

tHe A — Bce Tpu mapa Oenvie. Toraa ans coOwbitus A HMeem
A=A - A, - A;. 3ameTM, 9TO COOBITHA A, A,, Ay 3aBUCHMBI, TaK KaK
HAcTYILUICHHE COOBITHS A; BIMSET Ha BEPOATHOCTH COObITHA A, (n0-
Clic HACTYIUICHHs COOBITHS A, B ypHe OCTaHercs 5 1mapoB, H3 KOTO-
pbix 3 Oenbix), a HacTyIUieHHe coObITHIH A4, n A, BIMSET Ha BEpOAT-
HOCTb COObITHA A; (nmocie HacTymieHus coObitHii 4, u A, B ypHe
ocraHercs 4 mapa, U3 Kotopsix 2 6enbix). Takum obpazom,

P(A)=P(A1A2A3)=P(Al)'P(Az/Al)'P(As/AlAz)=g'g'z=0,2-

0). B ciydae, korjaa Kax/blil pa3 W3BICYEHHBII Wap BO3BpaLlaeT-
cst B ypHy, coObiTHs A, A5, A; nezasucumsl. [Toaromy

P(A) = P(A A, A;) = P(4) - P(4,)- P(4;) === .= -




MNPUMEP 6. BeposTHOCTH NONajgaHusi B MHIIEHb JUISL NEPBOro
ctpenka pasua 0,7, s Broporo — 0,6, as tpersero — 0,8. Crpenku
JIeNaloT 1o oaHoMy BuicTpeny. Haiitn BepostHoCTH cOOBITHIL: 4 — 10-
NajAyT POBHO JiBa CTpeliKa, B — nonajaer Xors Obl OAMH CTPEIIOK.

PeweHue. Paccmotpum cobbitusi: 4, — i-ii cTpenok noman
(i=1,2,3), Torna
A= A Ay Ay + A Ay Ay + A A Ay
Tak kak ciaraembie SIBJISIOTCS HECOBMECTHBIMM COOBITHAMH, a
MHOXHTEJIH B C/IaraeMbIX HE3aBHCHMBI, TO

P(A) = P(A))P(A4,) P(A3) + P(A)P(4,) P(A3) + P(A4)P(A4,)P(A3) =
=0,7-0,6-0,2+0,7-0,4-0,8+0,3-0,6-0,8=0,452.
Jlis cobbiTHS B nmeem
B=A+A4,+4,.

3/1ech cnaraemble SBIAIOTCS COBMECTHBIMH COOBITHAMH, MnodTOMY

y106HO TepeiiTH K NPOTHBOMONOKHOMY COOBITHIO B (HMKTO HE T1O-
nai), Uit KOToporo

B=A A4, = P(B)=P(4)P(4,)P(4;)=0,3-0,4-0,2=0,024.
OKOHYATENBHO noJiy4acm

P(B)=1-P(B)=1-0,024=0,976.m




Dopmyna nonnou eepoamuocmu

[Tycts cobbitus H\, H,,..., H, 00pa3yioT noauyio rpymniy nomnap-

n
HO HECOBMECTHBIX COOBITHI (ZH,:Q, HH, =0 (i# j)} 151

i=l
nycTb coObITHE A MOXKET HACTYIHTb TOJILKO C OJHUM M3 YTUX COOBbI-
Thit. Toraa cnpaseuinsa gpopmynia noanoi seposmuocmu

P(A4)=")" P(H)P(4[H,) [Z P(H,)= 1]
i=1 i=1

P Takkak A=AQ=AH,+Hy+...+ H,)=AH,+ AH, +...+ AH,,

TO M3 HECOBMECTHOCTH COOBITHI, CTOSIIMX B npaaoﬁ 4acTH, U Teope-
Mbl YMHOKCHHSA BEPOATHOCT e noJjry4acm

P(A)=P(H,A)+ P(HyA)+...+ P(H, A) =
= P(H\)P(A[H\)+ P(H,)P(A/H,) +...+ P(H,)P(4/H ). 4

Colbbitust H),H,,...,H, Ha3bIBAIOTCA cunomesamu, a BEPOSATHO-
ctu P(H,),..., P(H, ) Ha3plBalOTCS anpuopusimu.




‘ NPUMEP 1. B nepsoii ypue 4 Oenbix ¥ 3 4epHbIX Luapa, BO BTO-
poit — 2 Oenbix U 3 yepHbIX. M3 Kax10i ypHBI clay4yailHbIM 00pa3om
YJQIWIH 0 OJHOMY IIapy, a OCTABIINECS LIAPHI MEPEJIOKIIH B Tpe-
TBIO 1yCTYI0 YpHY. V3 Tperbeil ypHbl Hayjaqy HW3BICKAIOT OJUH LIap.
KakoBa BeposiTHOCTb TOr0, 4TO OH OeJiblii?

PeweHue. Tlycts cobbitue A — 1map, W3BICHCHHbIH W3 TpeTbei
ypHbl, Oenbiil. BeposTHOCTD 9TOr0 cOOBbITHS 3aBUCHT OT TOrO, Kakue
mapbl ObUIH y1aJIeHbl U3 YPH. '

PaccMOTpUM ClICAYIOLHE THIIOTE3bI:
H, — n3 obenx ypH yaanuau no oeiomy wapy,

H, — 13 00eux ypH yJaJInIi 110 YEPHOMY LLIapy,
Hy — ynanumu 1 6ensliit u 1 yepueiit wap.
Haiinem P(H,) n P(A/H,):

42 8 4
Py == 2=, P(A/H,)) = —:
(Hy) 785 35 (4/H,) 10

393 0 6
P(H,)e2. 2=, P(A/H,) = —:
(H,) 7533 (A/H,) 0

43 32 18 5
Dl s e DAY ==
(’)7575 35° (/3)10

Hpumemm (bopMyI1y 01HOI BEPOATHOCTH, N0JIyHaeM:

8 4 9 6 18 5 88
P(A P(H)P(A/H)=—+ —+ —+ — 4 —+——=
()Z()(/)351035103510 175

i=1



Dopmyna bauieca

Ecan colbitHe A4 1pou3ouulo, TO anpHOPHLIC BEPOATHOCTH
P(H,) (i=1,2,..n) cneayer «nepeoueHntb». Haiitn BeposTHOCTH

P(H;[A) (i=1,2,..,n), KOTOpblC HA3LIBAIOTCS ANOCMEPUOPHBIMU,

MOKHO 110 ghopmyne baiteca

n

Pt y=—PHDPA/H) [Z - A)=1}
> P(H,)P(A/H,) i=1
i=1

Hanpuwmep, nycre H,,H,,...,H, — B0o3MOXHbIC BHbl 3a001¢Ba-

HUiT B HEKOTOPOM pErHoHe B Onpejie/ieHHoe BpeMs roja. BepostHo-
ctu P(H,), P(H,), ..,P(H,) naior npeicraBiIeHHE O YacTOTE dTHX

3aboneBanmii. M ecim Kk Bpauy NpUXOJMT MALMEHT C CUMIITOMAMHU A,
TO HMEET CMbIC/I paccMaTpuBath Bepositnoct P(H, [ A), P(H, [ A)....
P(H,/A), xoTopble JalOT Mpe/]CTaBICHHE O dYacToTe 3aboseBaHMit

[IPH JaHHBIX CUMIITOMAX.




NPUMEP 2. MN3BectHo, uto 95% BBINMyCcKaeMOil NMPOAYKLUHH Y/I0-
BJICTBOPSICT CTAaHAApTy. YIIPOLICHHAsA CXEMA [IPOBEPKHU IPU3HACT MPH-
rOAHOM MPOAYKLHMIO ¢ BEPOATHOCTBIO 0,96, eciin oHa craHaapTHas, U ¢
BepoaTHOCTBIO 0,06, ecim ona HectanjaapTHas. HalTH BEpOSATHOCTH
TOTO, YTO M3/IEJINE, MPOLIE/IIIEE POBEPKY, ABIACTCA CTAHAAPTHBIM.

PeweHue. Ilycts codbiTiHe A — W3aeaHe npouwio nposepky. Pac-
CMOTpPUM runoressl: H, — n3genue cranpapruoe, H, — uzaenmne He-

CTaHAapTHOE, Torjaa

P(H\)=0,95, P(A/H,)=0,96,
P(H,)=0,05, P(A/H,)=0,06.
ITo popmyse noaHoi BepoOATHOCTH:
2
P(4)= ZP(H,)P(A/H,) =0,95-0,96+0,05-0,06=0,915.
i=1
Mo ycnosuio 3amaun tpebyercs maittu P(H,/A). Tlo ¢opmyne
baiieca:

P(H,)P(A/H,) 0,95-0,96 0,912

P(H,[A)=

P(A)

0,915

0,915

~0,997 .=




[1lpakTnyeckoe 3agaHue

3apaya 1. Cemb kaptodek ¢ obykBamum A, A, A, b, b, P H,
nepemMewmnBaloT M BblKNagbiBalOT CcrydvyanmHbiM obpasom. Hantu
BEPOATHOCTb TOro, 4to nony4dmntcsa crnoso « bBAPABAH» (cobbiTne C).
(Knaccuyeckoe onpeaerieHme BEpOATHOCTH)

3apava 2. 9 kaptodyek ¢ oykeamn P, E, I, P, E, C, C, U, A

nepemMewmsatoT. CnyvyanHblM 0Opa3omM m3erekarT 4 KapTodku (no
OOHOM) W BblKNagbiBalOT MX B nNopagke nosieneHusi. Hantum
BEPOATHOCTb TOro, 4to nonydutcs croso «I UPA» (cobbitne B).
(YMHOXeHne BEPOATHOCTEN)

3apayva 3. B rpynne 20 ctygeHToB, 10 n3 HUX nrpatoT Ha rutape, 4 —
Ha NWaHWHO, 3 CTYOEHTOB — Ha 6GapabaHe, 3 — Ha ckpunke. 6
4yeyioBeKk W3 rpynnbl MOryT wurpatb Ha BCEX WHCTPYMEHTax
OLHOBPEMEHHO. HanTn BepOATHOCTb TOro, YTO Hayadady BblOpaHHbLIN
CTyOEeHT urpaet XoTd Obl Ha OAHOM M3 yKasaHHbIX WHCTPYMEHTOB
(CnoxeHne BepOATHOCTEN)

:},\4




G N\

[1lpakTnyeckoe 3agaHue

3apavya 4. BeposaTHOCTb nonagaHMs B MULLIEHb ON19 NEPBOro
cTpenka pasBHa 0,65, gna stoporo — 0,75, gna Tpetbero - 0,9.
CTtpenku pgenalT Mo ogHoMy BbIcTpeny. HanmTm BepoOATHOCTb
cobbITu A- nonaget xoTs Obl OOMH CTpenok, B-nonagyT poBHO aABa
cTpernka. (YMHOXeHne BEPOATHOCTEN)

3apgada 5. B melke 7 KpacHbIX, 4 YyepHbIX U 5 Gernbix wapos. A3
Mellka BblHMMAIOT 4 pasa no ogHoMy wapy. Hanutu BepoATHOCTb
TOro, YTO BCe Wapbl benble nNpu ycnoBuu, YTO LIaApbl N3BreKalTcH
6e3 Bo3palleHnsa (YMHOXeHME BEPOATHOCTEN 3aBUCUMbIX CODbLITUN)
3apada 6. [1Ba pagucTa nelTaloTCs NPUHATb CUrHaN nepegaryuvka.
[lepBbl U3 HUX CMOXET 3TO caenatb C BepodATHOCTbio 60 %, a
BTOpON — C BeposATHOCTbIO 80 %, He3aBMCMMO Apyr OT Agpyra. Hantu
BEPOATHOCTb, YTO XOTS Obl O4HOMY N3 HUX YyOACTCA NPUHATL CUrHarn.

R | \\.,
G
‘:\




[1lpakTnyeckoe 3agaHue

3apava 7 '

4.10. DneMeHTHl COEJHHEHBI B IIENb ¢ OJJHHUM BXOJIOM H OJIHHM BBIXOJOM I10
cleayromei cxeme:

3

OtKa3bl 2JIEMEHTOB SIBJIISIFOTCS HE3aBUCHMBIMH coOBITHAMH. OTKa3 mobdoro u3
AJIEMEHTOB MPUBOJMT K MPEphIBAHHIO CHTHAlla B TOH BETBU LENH, IJie HaXOAUTCS
JaHHBIA S11eMeHT. M3HavyalbHble BEpOSATHOCTH OTKasza 3leMeHTOB 1, 2, 3 coorBer-
cTBeHHO paBHbl ¢ = 0.2; ¢>= 0,4; g:= 0.6.

[TocnanHbIi cHrHAN He MpoIeN co BX0oJa Ha BbIXod. HaliTH BeposSTHOCTH TOTO,
4yTO: a) 3MeMeHT | oTka3an; 0) ToJIbKO 3/1eMeHT | oTKasall; B) 3JIeMEeHT 2 oTKazal;
I') TOJIBKO 3JIEMEHT 2 OTKa3all.




[1lpakTnyeckoe 3agaHue

3apava 8 '

4.9. DneMeHTBl COeJIMHEHBI B Lelb ¢ OJHUM BXOJOM H OJHHM BBIXOJIOM IO
CIIeYIOLIeH cXxeMme:

B 5

OtKa3bl 2JIEMEHTOB SBJISIOTCS HE3aBUCHMBIMH cOOBITUSIMH. OTKa3 moboro u3
AJIEMEHTOB TMPHBOJMUT K MPepbIBAHHIO CHTHAlla B TOH BETBU LENH, IZie HAXOAUTCS
JaHHBIH 31eMeHT. V3HavanbHble BEepOSATHOCTH OTKaza sjeMeHToB 1, 2, 3 coorBer-
c¢TBeHHO paBHbI ¢ = 0,2; ¢2= 0.4; g3 = 0.6.

[TocnanHbIi cHrHan He npouel co BXoja Ha BeIxoJ. HaliTi BeposTHOCTE TOrO,
4yTO: a) 3MeMeHT | oTkazan; 0) TOJBKO 3eMeHT | oTKa3ai; B) 3JieMeHT 2 OTKasall;
I') TOJBKO 3JIEMEHT 2 OTKas3all.




