


Teopusi BepOATHOCTEN — 3T0 pa3aen)
MaTeMaTUKU, U3yyatoLmm
8epPOSIMHOCMHbIE
3aKOHOMEePHOCMU MaCCOBbIX
\__OQHOPOAOHbIX Cr1yyauHbIx cobbimud. /




OCHOBOIOJOXXHUKA TEOPUA
BEPOATHOCTEW

4 N

bnes Nackanb
(19 noHal623r. - 19 asrycta 1662r)

dopaHLy3CKM MaTeMaTuK,
don3suk, punocod, oanH 13
OCHOBaTesneu
MaTeMaTM4YecKoro aHanmaa,
TEeopun BEPOATHOCTEUN U
NPOEKTHON reoMeTpumn

o /




OCHOBOTNONOXHWUKN TEOPUA
BEPOATHOCTEW

/ lMbep ne Pepma \

(17 aBrycta 1601 — 12 aHBaps 1665)

dopaHLy3cKkumn maTemaTuk, OgmH
N3 cosgaTtenen aHanuTn4ecKkomn
reoMeTpumn, MaTeMaTu4eCcKoro
aHanusa, Teopuu
BEPOATHOCTEU U TEOPUN YNCEN.
Mo npodeccum topucTt, ¢ 1631
roga — COBETHUK NapriaMeHTa

\ B Tynyse. /




OCHOBOTNONOXXHWUKN TEOPUA
BEPOATHOCTEW

/ XpuctnaH l'onreHc \
(14 anpens 1629, Naara —

8 nona 1695, Maara)

HUOEepPNaHOCKUN MEXaHWUK,
don3unk, maTemMaTmK, aCTPOHOM U
n3obpetaresns. OauH n3
OCHOBOMOMNOXHNKOB TEOPETNYECKON
MEXaHMKN U TEOPUN BEPOSATHOCTEN.
[lepBbI MHOCTPAHHbLIN YS1eH
JloHOOHCKOro KOponNeBCKOro
obuwiectBa (1663), uneH ®paHLy3ckon
akageMun HayK c MOMeHTa ee

OoCHoBaHu4 (1666) n eé nepBbin
\ npe3ngeHT (1666—1681) /




OCHOBOINOJIOXHUKN TEOPUW
BEPOATHOCTEW

/ Ako6 BepHynnu \

(6 saHBapsi 1655, bazenb, —
16 aBrycta 1705, Tam xe)

LuBenyapckum maremaTtuk. OguH m3
ocHoBarernemn Teopumn
BEPOATHOCTEN N MAaTEMATNYECKOro aHanmaa.
Ctapwumn opat NoraHHa bepHynnu, coBMecTHO
C HAM MOSIOXNI Ha4Yano BapuaumMoHHOMY
ncuncneHuto. [lokasan 4aCcTHbIN Crydan 3akoHa
bonbLwux Yncen — teopemy beprynnu.
[Mpodeccop matemaTmkm basenbckoro
yHuBepcuteTa (c 1687 roga) MHOCTpaHHbIN

1699)

urieH Napuxckon akagemMmmn Hayk (
\ n bepnuHckon akagemMmmn Hayk J




—

/C)nblT (MCcnbITaHWE) — COBOKYMHOCTb
YCINOBUI, NPU KOTOPbIX paccMaTpuBaeTc4
nosiBfieHne Ccriy4amHoro cobbITusS.

* Ucxop - 31O pesynbsraT onbiTa (UChnbITaHus).

* CoObITHE — 3TO OXKMaaeMbIn pesynberart

Q‘IblTa (ucnblTaHuA).







OOCTOBEPHOE COBbITUE

CoObITHE Ha3bIBaETCS OOCTOBEPHLIM B
NaHHOM OnNbITe, eCiIM OHO 0bA3aTeNbHO
Nnpon3onaeT B JaHHOM ONbITE.
Hanpumep:

Onbim: uzeriedyeHue Mms4a u3 Kopobku, 8
KOmopou Haxo0smcs moJibKo KpacHbIe

MSYU.
[locmosepHoe cobbimue: «U38/1e4eHHbIU, Ha

yoauy, M4 OKaxkemcs KpacHbIM».




HEBO3MO>XHOE COBbITUE

CoObITne Ha3bIBaeTCs HEBO3MOXXHbLIM B
OAHHOM OnbITE, ECIMN OHO HE MOXET
NPOM30NTN B JAHHOM OrbITE.

Hanpumep:

Onbim: u3erie4yeHue Ms4a U3 KopobkKu, 8
KOMmMopoUu Haxo0smcs moJibKO KpacHbIe
MSIYU.

Heeo3moxxHoe cobbimue: «U38req4eHHbIU,
Ha yda4dy, M4 OKa)xemcs 3eJ1eHbIM».




CNYYAMHOE COBbITUE

CobbITe Ha3blBaeTCA crily4yauHbIM B
OJAaHHOM OnMnbITe, ECNM OHO MOXET MPOU30UTHN,
a MOXXET N HE NPOU30UNTN B JaHHOM OrbITE.
Hanpumep:

Onbim: cO0adya cmyOeHmMoM 3K3amMeHa 1o
Mamemamuke.

Cny4auHoe cobbimue: «cmyoeHm Ha
3K3aMeHe rosiy4um oueHKy omisiu4yHo».




[1nsa Kaxxgoro n3 cnegyoLmx OnbIToB

3A|[||AH I/IE 1. onpenenutsb kakue cobbITUs SBRSIOTCS
0OCTOBEPHbIMU, CITyYanHbIMMU,
HEBO3MOXHbIMMW.

Onbim 1. B rpynne 25 cTyaeHToB, eCTb IOHOLLN U €CTb
OEBYLLKN.
CobblTus:
a) cny4YanHbiMm 06pa3om BbIOpaHHbIN CTYAEHT — OEBYLLKA;
b) yAaBoux CTyaeHTOB AeHb poxaeHuns 31 deBpans;
C) BCeM cTyaeHTam rpynnbl 6onblue 13 ner.

Onbim 2. Npu bpocaHnn Tpex nrpanbHbIX KOCTEMN.
CobbiTus:
a) CymMma BbINaBLUNX HA TPEX KOCTAX OMKOB MeHbLUE 15;
b) Ha nepBon KOCTK BbiNano 2 o4ka, Ha BTOPOM — 3 04Ka, Ha
TPEeTbeN — 6 OYKOB;
C) CcymMma BbiNaBLLUNX HA TPEX KOCTSAX OYKOB paBHa 19.




PaBHOBO3MOXHbIE

He paBHOBO3MOXHbIE J




PABHOBO3MO>XHbIE COBbITNA

* CobbITMS HAa3bIBAOTCHA PABHOBO3MOXHbIMU, €CITN HET
OCHOBaHU4A nonaratb, YTO OHO COObLITUE ABNSETCS bonee
BO3MOXXHbIM, YEM ApYyrue.

Hanpumep:

¢7/’8biriadeHue opria usu pewku rnpu bpocke MoHemabl;

v/ebinadeHue 1, 2, 3, 4, 5 unu 6 o04ko8 ripu bpocke ueparibHO20
KybuKa,;

¢/u3eriedeHue Kapmsi mpeghosou, nukosou, bybHoeou usiu
4yepsoeoU Macmu U3 KOJ100b!I Kapm.

* [lpu amom npeorosiazaemcs, 4mo MOHema U Kybuk
OOHOPOOHbLI U UMEm 2eoMempu4ecKU ripasusibHyr gpopmy,
a Kosio0a Xxopowio rnepemewiaHa u «uoeasibHa» ¢ mo4yku
3pEeHUS Hepasnu4dumocmu pybawek kapm.



HE PABHOBO3MO>XHbIE COBbITA

CobObITNs Ha3bIBaOTCSA HE PABHOBO3MOXXHbIMW, €CINN ECTb
OCHOBaHW4 noraraTtb, YTO OOHO COobbITME ABNseTcH bonee
BO3MOXXHbIM, YEM ApYyrue.

Harnipumep, ecriu y MoHemsb! unu Kybuka cMeuwéH 4eHmp
msixecmu, mo 20pa300 Yauwie b6yoym ebinadamsb 8roJiHe
oripeoerniEHHbIe 2paHU.




nepe‘-II/ICJ'II/ITb ANnemMeHTapHble NCXOOdbl UCMNbITaHNA U

SaHaH Me 2_ YCTAaHOBUTb, ABJTIAKOTCA J1IM OHN PaBHOBO3MO>XHbIMW.

1) Ha cTton 6pocatoT oTNNTLIN N3 cTann TeTpasap, rPaHu
KOTOPOro NpOHyMepoBaHbl Yicnamm ot 1 oo 4;

2) Hayraa BbiIHUMAOT N3 KOPOOKK, B KOTOpON HaxoasTca 1
6enbin 1 2 YEPHBIX LWWapa, OAVH LWap U onpeaensioT ero
LBET.

PELWWEHWE:

1)

2)

OnemeHTapHbIMU NCXoA4amMu BNAKOTCS : NaieHne TeTpasapa Ha ogHY U3 rpaHen,
Ha KoTopoWn 3anncaHo Yncno 1, 2, 3 unu 4; T.K. TeTpasgp UMeEeT OANHAKOBbIE
rpaHn, TO BCE NCXOAbl PAaBHOBO3MOXXHbI.

AnemeHTapHbIX UCXOA0B NPW ONpedeneHnun LBeTa Lapa ABa: NosiBNeHme
6enoro n nosiBNeHne YEPHOro wapa; 3TM Ucxoabl He ABNAIOTCS
PaBHOBO3MOXHbIMW, T.K. YEPHbIX LUAPOB 6onbLLEe, YeM BerbIX.



COBMECTHBbIE

HECOBMECTHbLIE
i -~ ‘
[MTPOTUNBOINMOJIOXHbLIE




COBMECTHbIE COBbITNA

[1Ba cobbITUS HA3bIBAlOT COBMECTHbLIMU B JAHHOM
onbITe, ecrv NoABNeHNe 0gHOro N3 HNX HE.
MCKIIOYaET MosIBMEeHNe APYroro. g -
Hanpumep: )
Onbim: bpocaHue uzparibHoU Kocmu.
CosmecmHble cobbImuUs: S

A. «BbinadeHue 4emHo20 Yucria O4K0e» d

B. «BbinaoeHue 4 o4ykoe». /\




HECOBMECTHbBIE COBbITUA

* [1Ba cobObITNS Ha3bIBalOTCS HECOBMECTHLIMU B
OAHHOM OMbITE, ECINN OHM HE MOTYT MOSIBUTLCS BMECTE
B OJJHOM 1 TOM e OnbITE. | 2
Hanpumep: = 4
Onbim: bpocaHue uzparibHoU Kocmu.
HecosmecmHsble cobbimus:

1. «BbinadeHue 4emHO20 YUC/1a OYKOB» iy
2. «BbinadeHue 3 04koe». &

Heckonbko coObITUM Ha3bIBaAIOT Hecosmf\cmblmu,
eCJi1 OHWM NonapHO HECOBMECTHHbI.

|
|
\
.

—— .




[TPOTUBOITOJNNIOXHBIE COBbITUA

[1Ba coBbITMSA HA3bIBAOTCA NMPOTUBOMOJIOXHbLIMMU,
ecnn NosBneHne ogHoro U3 HUX PaBHOCUIbBHO HE
NOSIBNEHUIO APYroro (3To NpocTenLLIMA NPUMEP
HECOBMECTHbIX CODbITUN).

-~ 4 2.)

Hanpumep: 9 '
Onbim: roKynka riomepetiHo20 631em
[IpomueornorioXxHbIe cobbimus:

A — «8binadeHue ebluepbilua Ha KyI'I!'IeHHbIU
bunemn». \ A

R

A - «He 8binadeHue 8blu2pbilia Ha mom xe bunemy



OO DELWN =

Hantn napbl COBMECTHLIX U
SAIOAHWE 3. HecoBmecTHbIX cOBbITUI,

CBA3aHHbIX C O4HOKPATHbIM

bpocaHnem nrpanbHOU KOCTW.

BbINano 3 O4Ka,

BbIMano HEYETHOE YMNCIO0 OYKOB,
Bbinano meHee 4 04KkoB,
BbINarno 6 O4KOB,

BbIMano 4YeTHOE YMCI10 OYKOB,
Bbinano 6onee 4 o4koB.




YCTaHOBUTb, B YEM COCTOUT

SAOAHWE 4. cobbitne A, ecnivi cobbiTne A -

NosiIBNIeHNE Yncna o4koB. He
bornbluero 5, B pesynsrate
OHOro 6pocaHunst UrpanbHOro

PELLEHUE: Pk,

CobblTe A CcOCTOUT B MNOSABNEHUMU
ogHoro u3 ymcen 1, 2, 3, 4 nnu 5. Bce
SremMeHTapHble Mcxoabl UCNbITAHMSA (
nx wectb): nogsneHne 1,2, 3,4, 5umn 6

OYKOB. 3HaA4YUT, cobObITUE A COCTOUT B

nosiBneHun 6 oykoB (A HacTynaer
TOrga, Korga He HacTynaet cobbiTne A.)




[MONHAA TPYMNNA COBbITU

ﬁBOKyI'IHOCTb CO6bIUN A1, Ay, . . . ,An 0OpPasyoT \
MOSHYHO rPYry COObITUI , €CIM OHW MOMapHO
HECOBMECTHbI 1 MOSIBIIEHWE OAHOMO M TOMIbKO OJHOI0

N3 HUX SIBJRETCS JOCTOBEPHBIM CODbITUEM.

Hanpumep: lNpy nogbpacbiBaHUN UrpasibHOW KOCTU
rosHasi rpyrna cobbiTmii COCTOUT N3 CJ1. COBbITUM:

A1 - @BbinageHne 1 oyka» Az — «BbirnageHune 2 04YKoB»
A3z — «BbinageHne 3 o4koB» A4 — «BbinageHue 4
OYKOoB», As — «BbifageHune 5 o4koB», As — «BbirnageHune

6 OYKOB». /




KITACCUHECKOE OINPEOENEHNE
BEPOATHOCTW COBbITUA

@pOﬂTHOCTbI—O CcOObITUA Ha3blBaeTcH OTHOLLEHWE LII/1CJ'N

IJEMEHTAPHbLIX NCXOOOB Ol1blTa, 6J'IaI'OI'IpM‘;-ITCTBYI-OLLI,MX
JaHHOMY CO6bITI/1I-O, K4YNCJY BCEX PABHOBO3MOXHbIX
AfEMEHTAPHbIX UCXOOO0B OllblTa.

= , rae

A — cobblTue,
m - YKo 671aronpUSTCTBYIOLLIMX MCXOIOB OMNbITa,

N - YACIO BCEX PABHOBO3MOXHbIX 3NleMEHTAPHbIX MCXOJIOB
onbITa,

%) - BEPOATHOCTb HACTyMNJieHUS cobbITUs A. /




CBOVCTBA BEPOATHOCTEW
COBbITUA

/T.ECJ'IVIA—CO6bITVIe,TOOS () < 1. \
2. Ecrm A — poctoBepHoe cobbitne, To P(A) = 1

3. Ecrm A — HeBo3MOXHOe cobbine, To P(A) = 0.
4. Ecrm A — cryyanHoe cobbine, To

0 < NN < 1.

5. Ecrm A 1 A - nIpoTMBONOMoXHbIE COBbITUS, TO
NN + HONNE= 1.

6. Ecrm Aq, Ay, A, ..., Ay — NOJHaA rpynna
cobObITUI, TO

\ W00 M+ UL K+ UGN+ X + NN = 1 /




B ypHe HaxoguTtca 15 6enbix, 5 kpacHbix n 10

3A|£||AL|A 1. 4épHbix wapos. Hayraa nssnekaetcs 1 wap,
HaWTW BEPOATHOCTb TOrO, YTO OH ByaeT: a)
6enbimM, 0) HE YEPHBIM.

[aHo: Peluexue:

A — «Hayrag nsBseyeHHbIn | 15 1
Liap qlea)KeTCH 6esbIMy; il ;4 \ % _ §2
Wl , VIV — IX A 1

B — «Hayrag u3sreyeHHbIV 6) MUK = W30 3

LHap OKaXXeTCA HE YepPHbIMY,

me = 15+5 = 20; =l. =Z
s 30, OteeT. PKA 2,P B >
a) P(A) = ?

6) P(B) = ?




4 N

CobbiTnsa A n B Ha3biBaloTCA HE3ABUCUMbIMU, €CIN
nosiBreHmne codbblTna B He oka3bIiBaeT BNUAHUSA Ha
nosasneHne cobbiTua A, a nosasneHmne cobbiTua A He
OKa3bIBaeT BUSHUA HA nosBrieHne cobbiTna B.

A\ W




OENCTBUNA HAL BEPOATHOCTAMW

CI10KEHHE BEPOITHOCTEN
HECOBMECTHBIX COOBITHI

YMHOKEHHE BEPOATHOCTEH  HACTYIIUT H P(AB) =P(A~B)=
HECOBMECTHBIX COOBITUI A,uB P(A)-P(B)
CI10KEHHE BEPOITHOCTEN HACTYTIAT P(A+B) =P(AuB)=

coBMecTHbIX He3aBucumbix  wid A, mmm - P(A) + P(B) — P(A)-P(B)

COOBITUU B, unu A u

B



Ha cknage nmeetca 50 getanen,
SAHAHA -

2.

N3roTOBJIEHHbIX Tpemsi bpuragamu. 3 Hux 25
narotosneHo 1 6puragon, 15 - 26puragomn u
10 - 3 6puragon. Hantn BepoSITHOCTb TOrO,
4YTO Ha cOOpPKY nocTynuna getans,
N3roToBrieHHas 2 unu 3 bpuragon.

HaHo: PelleHue:

A — «Ha cbopKy noctynusa bl | 15 3
JleTasb, U3roTOBSEHHASA 2 I T
opuragom; G- 10 1
Bp— <<I—Igoc6opKy noctynwma = — = G
JieTasb, U3rotoBfeHHas 3 TR+ [ = L .
6puragon; 3 1 5 1
ma=195; A Ha HEli S
ms =10, OmeT. P(A+ B) = 0,5

n = 50.

P(A + B) =7




[Mpnbop, paboTaroLuin B TEHEHNN BPEMEHMU t, COCTOUT
3A AL‘IA 3 N3 3 y3roB, KaXkabl N3 KOTOPbIX, HE3aBUCUMO OT
.D. sAPYrMX, MOXET B TEeYEeHME BpeMeHu t oTkasaTb (BbIUTH
n3 ctpos). OTkas xots1 Obl OAHOIO y3ra NPUBOAUT K
oTKasy npudopa B Lenom. 3a Bpemsi t BEPOATHOCTb

6e3oTkasHon paboTtkl 1 y3ana=0,8,2y3na=0,9, 3 yana
= 0,7. Haintn HagexxHocTb Nnpubopa B LEenom.

JlaHo: PelleHue:
A — «be3oTkasHasa paboTa PYAN = PYA; N NPYA, X NPEAgH =
MEPpabay = 0,8%0,910,7 = 0,504

A1 — be3oTKasHas paboTta 1
yana», P(A1) = 0,8;

A, — besoTkasHas paboTta 2
yana» P(A2) = 0,9;

Az — «be3oTKasHas paboTa 3
y3ra», P(As) = 0,7.

P(A) = ?

OtseT. P(A) = 0,504.




BeposaTHOCTb NnonagaHusa B MuLLeHb ans 1
3A|D-ALIA ctpenka 0,85, a ana 2 ctpenka 0,8. Ctpenku

4 He3aBMCMMO APYr OT Apyra Npou3Benu no
ogHoMy BbicTpeny. KakoBa BEpPOATHOCTb TOrO,
YTO B MULLEHb NonNaaeT XoTda bbl 0AUH

CTPENOK?
JlaHo: PelleHue:
A — dlonagaHue 1 PXCX = PXAM+ PXBY - PXAN XPXBN =
cTpeskay, P(A) = 0,85; = 0,85+ 0,8- 0,8510,8 =
B — d'lonagaHue 2 = 0,97

ctpeska», P(B) = 0,8;
C - dlonapgaHve xota | OmBeT: P(C) = 0,97.
6bl OJHOIO CTpesKa.
P(C)="7?




CAMOCTOATEJIbHAA PABOTA

BAPUAHT 1

BAPUAHT 2

N21. MarasumH nofiyumn npoaykuuro B
ALLMKAX C YeTblpeXx ONTOBbIX CKMa 0B
YyeTblpe ¢ 1-7o, NATb CO 2-T0, CeEMb C 3-T0
N YeTblpe ¢ 4-70. Cny4aiHbIM 06pa3oM
BbIOpaH AWK Ans npoja)xu. Kakosa
BEPOATHOCTL TOrO, YTO 3TO OYAET ALLUK C
NepBOro UM TpeTbero ckrnaga.

N21. Anteka nonydyuna neKkapciBa B
KOpOOKax C TpexX OnToBbIX CKNaoB: MTb
c 1o, TpKU co 240, WecCTb ¢ 3-0.
Cny4yanHbIiM 06pa3oM BblibpaHa KopobKa
s npojaxi. KakoBa BEpPOATHOCTb TOro,
YTO 9TO BYET KOpobKa Co BTOPOro Um
TpeThero cKrnaja.

N22. B Tpex ypHax uMmeeTcs no 6 6erbix u
Mo 4 YepHblX Wapa. N3 Ka)xaon ypHb
NU3BREeKaroT Haygadvy Nno ogHoOMYy LUapy.
Hanm BepoATHOCTb TOrro, YTO. BCe TpU
Lapa 6yayT 6enbiMu.

N22. B Tpex ypHax uMeeTcsl Mo 6 6enbix u
Nno 4 YepHbIx WWapa. U3 KaX<aou ypHbl
U3BNeKaroT Haydaudy no ogHOMYy LLapy.
Hanm BepoATHOCTb TOro, YTO: BCE TPU
Lapa 6yayT YepPHbIMUA.

Ne3. Jlga ctpernka caenanm no ogHoMy
BbICTpesy B MULLIEHb. BEpOATHOCTL
nonagaHuaA and nepBoro CTpenka paBHa
0,8, pma BToporo — 0,6. Hantm
BEPOSATHOCTb TOrO, YTO XOTA O6bl OJMH U3
CTPENKOB NonageT B MULLIEHD.

Ne23. I'py3 B NYHKT Ha3HAYeHUA MOXHO
JOCTaBUTb peYHbIM TPAHCMOPTOM UM
aBTOTPAHCMOPTOM. BEpOATHOCTL TOrO,
YTO MPy3 OYJeT JOCTaBliEH MO PeKe,
paBHa 0,7, aBToTpaHcnopToMm — 0, 5.
HaliTv BeposTHOCTb TOro, YTO rpy3 oyaeT
JOCTaBfiEH XOTs O6bl OJHUM BULOM
TpaHCcNopTa.




OOMALUHEE SAOAHUE

3apaya 1. 3anucartb ABa UcnbiTaHUA U ONS
KakaJoro n3 Hux nogobpartb JOCTOBEPHOE,
HEBO3MOXXHOE 1 CriydanHoe cobbITHe.

3apaya 2. [letanb npoxoauT ABe onepaunm
00paboTKn. BepoAaTHOCTb NOSABIIEHNSI Dpaka npu
nepsou onepauum paBHa 0,02, npu BTOpou -
0,03. Hangnte BepoATHOCTb MOSy4EeHUSA AeTanu
be3 bpaka nocne Asyx onepauun, npeanosnaras,
YTO CODObITMS NONy4YeHnst bpaka Ha oTaAeNbHbIX
onepauunsax ABnATCA HeE3aBUCUMbIMMW.
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