MaTEMaAaTUYECKada CTaTUCTUKaA

i Teopus BepOSATHOCTEN U

Teopusi BepoSsITHOCTEN



Knaccndpukaumsa cobbitum

1. /locmogepnwvie cOOBITHUSL.

1) HacTyruieHne HOUM KaXIble CyTKH.

2) IlosiBIIEHWE JIMCTHEB HA IEPEBBSIX C IMIPUXOJI0M BECHBI

2. Heeozmorrcnvie COOBITHS.

1) Ecnu B kapMmane nexut Toiabko 100 pybmeii, coObITHE,
4TO BBI BO3bMETE U3 ATOrO ke kapMaHa 1000 pyounei
2) IIpeBpaiiieHre BOAbI B JIEI IpU HarpeBaHUU

3. Cnvuaninwvie cOOBITUS.
1) Cnaua sk3aMeHa C IIEpPBOro pas3a

2) Brimagienye pemky npu OpoCcaHuu MOHETEI



OcHoBHbIe (hbOpMYJibl KOMOMHATOPUKM

IlycTh nMeeTCcss MHOXKECTBO U3 N BJIIEMEHTOB,
MPUYEM HEBAXKHO KAKOU MIPUPOJIBI 3TH JIEMEHTHI:
Xl, XZ, oo 9 Xn

Komounamopuxa — smo pazoen mamemamuxu, 8
KOMOPOM U3YUAIOMCs PA3TuyHble KOMOUHAUUU
/1EMEHMOB8 KOHEYHO20 MHOMCECMEA.

Ha mnpaktuke dyalle npecTaBlIAeT HHTEPEC HE BUJ
KOHKPETHOM KOMOMHAILIMK, a KOJHUYECTBO KOMOWHAIHMH,
KOTOPBIX MOXXHO COCTaBUTb M3 JJIEMEHTOB JIaHHOIO
MHO>KECTBA.



Ilpaeuno ymnoocenus. Ecid U3  HEKOTOPOIro
KOHEYHOTO MHOKECTBA IIE€PBBIM BJIEMEHT MOXHO
BBIOpaTh N; Crmocobdamu, a BTOPOM BJIEMEHT — N,
criocobamu, To 00a 3JI€MEHTa B YKa3aHHOM MHOPSIKE
MOXHO BBIOpATh N;* N, CIIOCOOaMH.

IIpumep. CKOIBKO ABY3HAYHBIX YHCEII MOKHO
cocTtaBuTh U3 uudp 1, 2, 3,4, 5, 62

1 1 6 uncen |

2 2 6 yncen =6 N=6
3 3 6 uncen | 26 rce

4 4 6 ducen

5 5 6 uncen n, -n,=36
0 0 6 ynucen |



[IpaBuiI0 yMHOXEHHS aHAJIOTUYHBIM  O0O0pa3oM
pPacCIIPOCTPAHSICTCI Ha Cilydald, KOrJa BBEIOMpacTCs
TpH 1 00JIee DIIEMEHTA.

IIpumep. CKONBKO TPEX3HAYHBIX YMCEII MOKHO
coctaBuTh U3 uudp 0, 1, 2, 3, 4, 5, 67

Bcero 7 uudp.
IlepBas ungppa — 7-enoeecob6os 6 cIoCOOOB.

Bropas uudpa — 7 crioco0oB.
Tpetrbst mudpa — 7 crrocoOoB.

[lo npaBuny yMHOXEHUA: 6 -7 -7 = 294 gncia




Ilpaeuno  cnoscenus. Ecid nU3  HEKOTOPOTO
KOHEYHOI'O0 MHOXECTBA IIEPBBIM DJIIEMEHT MOXHO
BBIOpaTh N, croco0amu, a BTOPOW AJIEMEHT — N,
crioco0aMu, NpUYEM IIEPBBIC M BTOPHIE CHOCOOBLI HE
MIEPECEKAIOTCA, TO OAWH U3 ITHUX SJIEMEHTOB (IIEPBBIM
WJIM BTOPOM) MOXKHO BbIOpaTh N, + N, Criocodamu.

IIpumep. B smmke 20 kpacHbiX, 30 xeénthix, 10 u€pHBIX
u 40 Oenpix 1mapoB. CKOJIBKMMHM CIIOCOOAMH MOXKHO
BBIOpAaTh KPACHBIN WIIK Oelblil 1map?

Kpacusbiit map — 20 cnoco0oB. n,=20

benem map — 40 crmoco6oB. n, =40

I[To mpaBuny croxenus: N, + n, = 20 + 40 =160 crioco6oB
6



[IpaBUJIO CI0XKEHUS aHAJIOTMYHBIM O00pa3oM pacHpo-
CTpAHSIETCA Ha Cy4dal TPEX U 00JIE€€ PJICMEHTOB.

lIpumep. B smuke 20 kpacHbix, 30 xénthix, 10 u€épHBIX
u 40 Oenpix mapoB. CKOJIBKHMMHM CIOCOOAMH MOKHO
BBIOpaTh HE OCJIbIM mIap?

He Oenbiii map — 310 TMO0 KpaCHBIM, IMOO KEITHIN,
100 YEPHBIM.

n,=20 n,= 30 n,= 10
I1o mpaBuily CII0KEHUA:

n,+n,+n; =20+ 30 + 10 = |60 crocobos



IIpumep. CKOIBKO JBY3HAYHBIX U TPEX3HAUYHBIX YMCEI
MOKHO cocTaBuTh U3 uudp 0, 1, 2, 3, 4, 5, 67

JIBy3HAUHBIE YUCIIA.

[TepBas mmudpa — 6 cmocodoB, BTopas — 7 cioco0OB.

I1o mpaBuny ymHoxkeHusi: 6 -7 = 42 crmoco0a

Tpé€x3HauHbIEC YHCIIA.

IlepBas nudpa — 6 cnocoOoB, BTOpast — 7, TpeThs — /.

[Io mpaBuily yMHOXKEHUS: 6 -7 -7 = 294 criocoba

I1o mpaBuily CIIOXKEHUA:
n,+n,=42+ 294 = 1336 uncen



HYCTI) UMECTCSI MHOXXECTBO U3 N pa3/IMYHBIX 3JICMCHTOB.

X1y Xoy eae sy X

Hepecmauoemmu HA3bIBAKOTCA KOM6HHaHI/II/I, COCTOAIIINC
N3 BCCX JJICMCHTOB MHOKCCTBA N OTIIMYAIOHINUCCIA TOJIBKO
IIOPAAKOM HUX PACITIOJIOKCHHUAI.

Ilpumep. N=3 Xy, Xy, X3y Xy, Xs
X5y Kgy X3y Xpy Xq
X3y K1, X5y Xpy Xy



Yuciio BCeX BO3MOXKHBIX NMEPECTAHOBOK:

P, =n! n'=1.2-3-...-(n—=1)-n

lpumepni.

1) CxonpKo 9ncea MOKHO COCTaBUTh U3 mudp 2, 3 u 5,
€CIIM KaXxkJas [u(ppa BXOAUT B UYMCIIO TOJBKO OJIUH pa3?

21315 5,3,2 3,5,2 P3:3!:123:6

2) CKOIIBKMMH CIIOCO0aMU MOXKHO pacCaguTh 6 YEITOBEK

Ha 6 CTYJIbIX?
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Pazmewenuamu Ha3bIBAaIOT KOMOMHAIINH, COCTAaBICHHBIE
13 N pa3IU4YHBIX 3JIEMEHTOB II0 M 3JIEMEHTOB, KOTOPLIC
OTIIMYAIOTCA JUOO COCTAaBOM DJJEMEHTOB, JHOO WUX
OPSIIKOM.

[Ipumep. N=6 Xy, Xy, X3, X4, X5, Xg

M=4 Xy, Xy, X3, X4
X2y X3y X4y Xg
X3, X9, Xy, Xsg
X5, X410 X3, X2
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HYucno Bcex BO3MOXKHBIX pa3MEILEHUH U3 N 3JIEMEHTOB
110 M 3JIEMEHTOB: Ahm n!

:(n—m)!

lpumepni.

1) Nmeetcs 5 kapTodek, Ha IIEpBOI HanmncaHa mudpa 1,
Ha BTOpou — nudpa 2, u T.4. CKOJIBKO TPEX3HAYHBIX UM -
CEJI MO>KHO COCTaBUTh C IIOMOIIBIO ATUX KapTOUYECK?
ol 1-2-3-4-5
= =3-4-5=00
(5-3)! 12

2) Cxonpkumu cnocodamu Harpazgsl 3a |, I, 111 mecTa
MOTYT OBITh pacnpencicHbl Mexay 10 ygacTHuKaMu
COPEBHOBAHHUM !

100 10t

n=10 m=3 A} = =—"=8-9-10=720
(10-3)! 7! 12

nN=5 m=3 A§’:




Couemanusamu Ha3bIBalOT KOMOMHAIIMU, COCTaBJICHHBIC
M3 N pa3jM4YHBIX AJICMEHTOB MO M 3JIEMEHTOB, KOTOPBIC
OTJIMYAIOTCS XOTS ObI OJHUM 3JIIEMEHTOM.

[Ipumep. N=6 Xy, Xy, X3, X4, X5, Xg

M=4 Xy, X5, X3, X4 = Xy, Xgy Xo, X; = Xgy Xy, Xoy X4
Xo) X3y X4y Xg
X1y X9, Xy, Xsg
X5, Xg» X3, X2
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Yucio BCeX BO3MOKHBIX COUYETAaHUH U3 N BJIIEMEHTOB I10

M 3JIEMEHTOB: cm n!
T mli(n—m)!

lIpumepnuL.

1) CkoapKHMH CITOCOOAMU MOXKHO BRIOpATh 3 1mapa u3 S
UMETOIINXCS?
nN=5 m=3 Cg:’ —

-t 4-5
3(5-3)! 2
2) CKOIIBKMMH CIIOCOOaMH MOKHO COCTaBUTh OYKET M3 5
IIBETKOB, ecJIu Bcero numeercsa 10 nBeTkoB?

n=10 m=5 0150: 1o :6'7'8'9'1():
5H10-5)! 1-2-3-4-5

=2-5=10

252

14



OnpepneneHve BepoOATHOCTMU

Bepoamnocms — omo uucno, xapakmepusyrujee
CMENneHb B03MONCHOCU NOSBAEHUSL COObLMUSL.

1. Kimaccuueckoe onpeaeiicHue BEPOSITHOCTH:
m
P(A) =—
N

N — 00IIIEe YMCIIO CITY4YacB,

M — 4KUCJIO CIy4yaeB, OJIaronpusTCTBYIOIIMX COOBITHIO A,
TO €CTh IPU KOTOPHLIX COOBITHE A MMEET MECTO.

15



p(A) ==
n

N — o0I1Iee YHCI0 CIIy4aes,
M — 4KCI0 OIAaronpUSATCTBYIOIIUX CIyYaeB.

IIpumep 1. B xopoOke 3 0eabix U 4 4€pHBIX 11apa. C Kakou
BEPOSATHOCTBIO HayTaJ BRIOPAHHBIM IIap OKAKETCS OeIbIM?

7 <

/.\

m
>~ 3 0eNbIX P= n

>~ 4 4YEPHBIX

~N W

n=7/
m=3

16



D(A) = M n— o0umee yncno ciyyaes,
M — 4KCII0 ONaronpUsITCTBYIONIUX CIy4aeB.

IIpumep 2. C kaKOM BEPOITHOCTHIO YncCiio OT 1 ;o0 10,
BBIOPAHHOE HAyrajd, OKa)KeTCs JIeAImummMcs Ha 37

3,6,9

= 3 nexsarcs P=—

>~ 7 He JIeNIITCS n=10 0= 3
— 0
L m=3 1
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D(A) = M n— o0umee yncno ciyyaes,
M — 4KCII0 ONaronpUsITCTBYIONIUX CIy4aeB.

[Ipumep 3. B ofHOM sIIUKE JIeKAT 6 KapTouek ¢ nudpaMu
or 1 1o 6, a Bo Bropom — / ¢ mudppamu ot 3 g0 9. U3
KaXXJI0TO SAIIMKA JOCTAKOT 10 OJHOMU KapTouke. KakoBa Be-
POSATHOCTB, YTO HA KAPTOUYKAX OYAyT OJIMHAKOBBIC ITU(PHI?

1 3 m-—7? 3,3 4,4 55 6,6
2 4 m=4
5 n—"?

1,3 1,4 1,5 1,6 1,7 1,8 1,9

5 7 N= 7+7+7+7+7+7 =6-7=42
6 8 42
9 P= 0" 19



D(A) = M n— o0umee yncno ciyyaes,
M — 4KCII0 ONaronpUsITCTBYIONIUX CIy4aeB.

IIpumep 4. My>kdrHa 3al1€1 B IBETOYHBIM KHOCK KYIIHUTH
oykeT. IlIpomaBenr cocraBui OykeT m3 [/ po3. Kakosa
BEPOSTHOCTh, YTO BCE PO3bl OBLIM O€IbIC, €CIIM B KHOCKE
umMmeaoch 20 KpacHbIX U 15 Oelnbix po3?

. 35! 35!
N=Cs= =
N@85-7)1 7128
| l
m=c’ 15 13

57 71(15-7)1 718!
15 70281 9-10-11-12-13-14-15

- ~ 0.002
A8l 35 29.30-31-32-33-34-35
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D(A) = M n— o0umee yncno ciyyaes,
M — 4KCII0 ONaronpUsITCTBYIONIUX CIy4aeB.

IIpumep 5. MyKunHa 3alI€1 B IBETOYHBIA KHOCK KYIIUTH
oykeT. IIpogaBen; coctaBua OykeT u3 / po3. KakoBa Bepo-
STHOCTbh, UTO B OyKETE OKa3aiauch 3 Oeibie po3bl U 4 Kpac-
HBIE, €CId B KHOCKe Ob110 20 KpacHBIX U 15 Oenbix po3?

39!
n:C7 = m = M. - M ® ®
* 728 P ; ;
A3 151 . m;-m, ° .
m = Cis = Al p—n— o
' @ @
m,=C4 = 2% 10656 m, m,

416! nomom
20



2. 'eomeTpuyeckoe onpeieicHue BEpOSITHOCTH.

OTtpesok | — gacTs oTpeska L,
Ha OTPE30K L mocTaBieHa Hayaady TOYKa

I eepoammnocms nonadanus  _ OmuHa |

=y —@ N
|| MOYKuU Ha ompe3oK | onuna L

[Imockas purypa g — gacts purypsl G

@ éeposmnocms nonadanus ., _ "iowaos g
G mouKu Ha guzypy g naowaos G

21



Ilpumep. B KBagpar co CTOpOHOM 8 CM Haymady
OpomieHa Toyka. KakoBa BEpOATHOCTh, YTO 3Ta TOYKA
OKa)XETCsl BHYTPH BIIMCAHHOI'O B KBaJipaT Kpyra?

@ BEPOATHOCTH MONAJaHus _ M101aods g
G TOYKH Ha QUTYPY ( niowaos G

g G — kBazapar
g < / \ [Inomanes kBagpara — 64
g \\ / g — prr
[lnomank kpyra — 7 - r2=r.4° =167
16z

——~0.79
P 64

22



CBOMCTBa BEpPOSITHOCTM

1. BeposaTHOCTH 10CTOBEpPHOIO COOBITHS paBHa 1.

2. BeposaTHOCTh HEBO3MOKHOTO cOObITHS paBHa 0.

n n

3. BepostHOCTB cinydaiiHoro coobitus 0< p <1.

m O m n
p=— O<m<n = —<—<— = 0<px<l
n n n n
23



CyMmMa u npoussefeHme cobbiTumn

Onpeoenenue. Cymmou A+B aByx coObituii A u B
HA3bIBAIOT COOBITHE, COCTOSIIECE B IOSBICHUU XOTSA OBl
OJTHOT'O U3 ATUX COOBITHM , TO €CTh B ITOSBJICHUU COOBITHSA
A, coObITHs B nim 000MX 3TUX COOBITHH OJTHOBPEMEHHO.

A B

24



llIpumep.
A — nmonajgaHue MpU IEPBOM BBICTPEIIC

B — nmonaganue npu BTOPOM BBICTPEIIE

A+B — nonamanue x0T OBI IPU OMHOM U3 JIBYX
BBICTPEJIOB, TO €CTh TOJBKO IPH IIEPBOM, TOJIBKO
IIPU BTOPOM, WJIM TP 00OHUX OJHOBPEMEHHO

AHAJOTUYHO BBOJHUTCS MOHATUE CYMMbI HECKOJBbKHX
coObiTnii: A +A,+...+A, — coObITHE, COCTOAIICE B

MMOSIBJIEHUHU XOTS OBl OJTHOTO U3 DTHUX COOBITHH.

25



Onpeoenenue. Ilpouzeedenuem AB nByX coObITHH A U
B Ha3bpBalOT COOBITHE, COCTOSIIEE B COBMECTHOM
MOSIBJICHUH, TO €CTh COBMEIICHUH, dTHUX COOBITHH.

A B

Ilpumep.

Ciy4yailHbIM 00pa30M BEIOMPACTCS HEKOTOPOE YHUCIIO.
A — BBIOpaHO YETHOE YMCIIO
B — BEIOpaHO 4HKCII0, ASslIeecs Ha 5

AB — BrIOpano u€tHoe uucIo, nensmieecs Ha 5,
TO €CTh YUCJIO, acisdmeecs Ha 10

26



TeopeMa C/10XXeHus1i BEpOSATHOCTEMN
HEeCOBMECTHbIX COObITUMN

Onpeoenenue. CoOOBITHS HA3BIBAIOT HECOBMECHHBIMU,
€CJIM IIOSIBIICHHE OJHOTO M3 HUX HCKIIOYACT MOSBJICHUEC

OCTAJIbHBbIX.

27



I Ipumepeor.

1. 13 smuka ¢ JaeraasiMu U3BJI€UE€HA HayTald 1 meraisb.
A — n3BiIcueHa OpaKoBaHHAas J€Talb

B — u3BneueHa ctangapTHas ACTallb
A u B — HecoOBMeCTHBIE COOBITUS

2. bponiena MoHeTa .
A — BelajicHue repoa

B — BeInmazicHHE pemiku
A u B — HeECcOBMECTHBIE COOBITUA

28



Teopema cnoscernusn eepoamuocmeri. BEpOATHOCTh IOSB-
JICHUS XOTs OBl OJJTHOIO M3 ABYX HECOBMECTHBIX COOBITHIM
paBHA CYMME BEPOSTHOCTEH KAXKIOTO U3 HUX:

p(A+B) = p(A) + p(B).

Cneocmeue 1. BeposITHOCTh MOSIBICHUS XOTS OBl OJHOTO
M3 HECKOJbKHX HECOBMECTHBIX COOBITMH paBHA CyMME

BEPOATHOCTEMN KAXKIOTO U3 HUX:.
P(AtAL ... +AL) = p(A)+p(A)+...+ p(A)

29



P(A+A .. . +A) = P(A)+P(A)+...+ p(A,)

lIpumep. B smuke 20 kpacHbix, 30 xeEnThiX, 10 4€pHBIX U
40 OenpIx mapoB. HaliTm BEpOATHOCTH TOrO, YTO BbITa-
IIICHHBIN IIap — HE OCJIBIM.

He Oenplit map — 3170 1100 KpacHBIN, TU00 KEITHIN,
00 YEPHBII » TO €CTh XOTs OBl OTHOTO U3 ITHX I_IBGTOB

A, — BHITAIMIN KPACHEIH HIap P(A) = 100
A, — BBITAIWIIN KENTHIN 1ap o(A,) = 30
A; — BBITAIIMIN YEPHBIN 1P 11%0

A, A,, A; — HECOBMECTHBIC COOBITHS P(As) = 100

p=p(A)+p(A)+p(A)=0.6

30



Onpeoenenue. Ilpomueononoicuvimu HA3bIBAIOT JBa
€AUHCTBEHHO BO3MOXXHBIX HECOBMECTHBIX COOBITHSI.

A — co0OBITHE, TPOTUBOIIOIOKHOE €My 0003HaUar0T A

Ipumepnut.

1. ITpou3BOAUTCS BBICTPEI IO LEIIH.
A — monnajgaHue,

A — npomax.

2. bpormieHa MmoHeTa.
A — BbIIIAJIA PEIKA,

A — BeInai repo.

Cneocmeue 2. P(A)+ p(A)=p(A+A)=1.

31



Cneocmeue 2. p(A)+ p(A)=p(A+A)=1.

IIpumep. BeposATHOCTh TOTO, UTO CTYIAEHT CAACT DK3aMEH
Ha «orimuHO» — 0.1, Ha «xopomo» — 0.3, Ha «yOOBIETBO-

puteabHO» — 0.4. C KakoM BEpOATHOCTBIO 3TOT CTYJCHT HE
CIacT dDK3aMeH?

A — He caacT dDK3aMeH

A — c1acT PK3aMeH

p(A)=0.1+0.3+0.4=0.8
p(A)=1-p(A)=1-0.8=10.2
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TeopeMa C/10)XeHUs1 BEpOATHOCTEMN
COBMECTHbIX CO6bITUN

IIycTh coObiTust A U B — coémecmmuuie, TO €CTh OSIBICHUE
OJHOI0 M3 HUX HE HCKIIOYACT IOABICHUE APYroro B
OJHOM Y TOM K€ ClIyyac.

1D
IIpumep. bpollieH UrpajabHbIN KyOHK.
A — BBIIAJIO YETHIPE OYKa

B — BbIITa10 4éTHOE YUCIIO OYKOB

A u B — coBMecTHBIE COOBITHS
33



IIycTb coObITHS A 1 B — COBMECTHEIE.
Haiiném p(A+B).

A h CoOrwitus I, I, Il — HecoBmecTHRIE =
@ p(A+B) = p(l) + p(I1) + plll) =
= p(l) + p(I1) + p(iH) + p(l) —p(ll) =

= p(A) + p(B) - p(AB) o

Teopema cnoxcenusa eeposasmuocmeii. BEpoSTHOCTb MOSB-
JICHHUS XOTS OBl OJTHOIO U3 ABYX COBMECTHBIX COOBITHI

p(A+B) = p(A) + p(B) — p(AB)

34



p(A+B) = p(A) + p(B) — p(AB)

IIpumep. COTpyAHUKH HEKOTOPOM KOMIIAHMU OOSI3aHbI
CBOOOJHO TOBOPUTHh HAa OJHOM M3 MHOCTPAHHBIX S3BIKOB:
QHIJIMMCKOM HJIM HEMEUKOM. BeposSTHOCTH, TOro, 4ro
COTPYAHHUK 3HACT aHDIMUCKUM S3bIK — (.7, HEMEIKUM —
0.4. KakoBa BEpOSTHOCTb, YTO HEKOTOPHIM COTPYIHHK
BJIQJICET U TEM, U JPYTHUM SI3bIKOM OJITHOBPEMEHHO?

A — COTPYIHHUK BJIAJICCT aHIVIMUCKUM S3bIKOM
B — coTpyaHMK Bl1aJIc€T HEMELKUM SI3bIKOM

p(A)=0.7 p(B)=04 P(AB) =?
p(A+B)=1 = 1=07+04-p(AB) =
P(AB) =0.1
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TeopeMa YMHOXeHUS1 BEepOSITHOCTEMN

36



Onpeodenenue. Ycnosnou eeposmuocmoto Pa(B) HA3HI-
BAIOT BEPOATHOCTEL COOBITHS B, BEIYHCIICHHYIO B IIPEIIIO-
JIO’KEHUH, YTO COOBITHE A yiKe HACTYIIHIIO.

B kopoOke 3 Oenbix u 7 4€pHbIX mapoB. M3 He€ nBaxK bl
BBIHUMAIOT 110 OJJTHOMY IIapy, HE BO3Bpallias uX 00paTHO.

A — TIepBBIM AP OKA3AJICS YEPHBIM
B — BTOpol map okazajucs OenbM
Torna pa(B) — BeposiTHOCTH MOSIBICHUS BTOPHIM O€JI0-
0 I1apa, €CJIU HEePBBIN BBITAILICHHBIN I1ap — YEPHBIU.
1 1 =
~ 3 OenbIX ~ 3 OenbIX P= n
10 < = 9 <IN 3
> 7 4€PHBIX >~ 6 4EPHBIX P= 9

SO RN




pa(B) = %

M — 4HCII0 ClIy4aeB, OMaronpUsATCTBYIOIIMX HACTYIIJICHUIO
coObITHs B mipu ycimoBun, 4to A yKe HACTylmujiao  —
OJIaronpHATCTBYIOIIHNX COOBITHSIM A M B BMecTe =

OJIaronpUsITCTBYIOIIKNX cOObITHIO AB

N — 9HCJI0 BCEX CIIy4acB, HO IIPpHU YCIOBUH, UTO A HACTYIINJIO

—> YUCJIO CIYYacB,

OJIArONPUITCTBYIOIIMUX COOBITHUIO A

O003HaunM yepe3 N — 4uciio BceX BO3MOKHBIX CITy4aeB.

m m/ N

B) =
Pa(B) - TN

P(AB) 5) — P(AB)
o PO
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p(AB)
p(A)

Teopema ymuoocenusn eeposasmuocmen. BeposSTHOCTb
COBMECTHOTO MOSIBJICHUS ABYX COOBITHM

P(AB) = p(A)- pa(B)

Pa(B) =

Cneocmeue 1. p(A-A -...-A) =
p(Al) ' pA_‘l (Az) ' pAlA2 (As) et pA&AZ...An_l (Ah)
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P(AB) = p(A)- pa(B)

IIpumep. B xopoOke 3 0€IbIX M / 4EPHBIX IIAPOB.

1) HaiiTu BepOATHOCTH TOTO, YTO IICPBBLINA BBITAI[CHHBIN
map — 4YEPHBIN, a BTOPOH — OCJIBIH.
A — nepBBIN AP OKA3AJICSI YEPHBIM
B — BTOpoH map oxkazancs OeJIbiM

T a8
~ 3 0enbIx ~ 3 0embIxX
10 < [ 9 XN
> ] YEPHBIX >~ 6 YEPHBIX
o . =

_
30 40

:
O PO - e

@IOO



[Ipumep. B xopoOke 3 O€abIX U / YEPHBIX LIAPOB.

2) HaiiTu BepOSTHOCTH TOTO, YTO IICPBBIM BBHITAIICHHBIN
map — 4YE€PHBIM, BTOPOHM — OCIbIA, TPETHM — YEPHBIN,

YETBEPTHIA — YEPHBIHU.
a8 a8 a8 a8
~ 3 0eJbIX ~3 — 2 — 2
10 < 9 <[ 8 <N 7 <
>7qepHLIX >~ 6 >~ 6 ~ 5

10987 8 “



Onpeoenenue. CoObITHE B HA3BIBAIOT HE3ABUCUMBIM O
coovimusa A, eciii TIOABJICHUE COOBITHUSA A HE U3MEHSIET

BEPOSATHOCTHU COOBITHS B, TO ecTh eciu
PA(B) = p(B)

Teopema. Eciin B He 3aBUCHUT OT A, TO U A HE 3aBUCHUT OT
B, TO eCTh CBOUCTBO HE3aBUCUMOCTH B3aUMHO.

I1o TeopemMe YMHOXEHHUS BEPOATHOCTEN
P(AB) = p(A) - p,(B)
Ho eciu coObiTust A 1 B — HE3aBUCUMBI, TO

Pa(B)=p(B) = p(AB)=p(A): p.(B)=p(A)- p(B)

Cneocmeue 2. CoobiTuss A 1 B — HE3aBUCHUMBI TOra U
TOJILKO TOrda, korma P(AB) = p(A)- p(B)
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Onpeoenenue. CooObitust Ay, A,, ..., A, Ha3bIBAIOTCH
Hezasucumbimu (He3a8UCUMBIMU 6 COB0OKYRHOCHU),
€CIIA BEPOATHOCTh KAXKJIOTO0 W3 HUX HE 3aBHCUT OT
OCYIIECTBIEHNS WJIA HEOCYIIECTBICHUS JIOOOr0 4ucia
OCTAJIbHBIX COOBITHUH.

[1lo Teopeme YMHOXKEHUSA BEPOITHOCTEN
0(A1 A Ah) = p(Ai) ' pA&(Az) *Pan, (As) et pA_LAz...Ah_l(Ah)
Ho eciu coObiTus A4, Ay, ..., A,— HE3aBUCUMBIE, TO

0, (A) =P(A), Pas (A3) =P(A), v Pan.n, (A)=P(A)

Cneocmeue 3. Ecm A, A,,..., A, — HE3aBUCHUMBIE, TO

P(A A -A- - A)=pP(A) - p(A) - P(A) -...- P(A)
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P(AL-A Ao A)=p(A) - p(A) - p(A)-...- P(A)

Nmeerca 3 smuka no 10 geraneii. B niepBoM siiuke 2
OpaKOBaHHBIC JETalIX, BO BTOPOM — 3, B TpeTheM — 1. U3
KaXIOro JIuKa BRIHUMAIOT MO OMHOU Jaetanu. Hantu Be-
POSITHOCTbH TOTO, UTO BCE TPH JI€TAIM — HE OpaKOBaHHBIC.

a8 a8 a8
~ 2 Opak ~ 3 Opak ~ 1 Opak
10 < 10< 10<
>~ 8 HE Opak > ] HEe Opak >~ 9 He Opak
w-h o), [
7 9

8
: y — * ) 20504 44
= PA-A-A) =010 10



dopmMyna NoOSIHON BEPOSATHOCTH

Onpeoenenue. HecoBmectnoie coObitust By, B,,..., B,
00pasyloT noJIHyI0 Zpynny, €CIIA B PE3yJbTare HCIbITA-
HUS 00SA3aTENBHO MOSBUTCS OJHO U3 DTUX COOBITHH .

P(B,)+p(B;) +...+ p(B,) = p(B, +B, +...+B,) =1
lIpumepei.
1. B smuke 4€pHble, KEIThIC U OCbIC IIapHI.

M3 Hero Haynadyy BBIHUMAETCS OJIUH IIap.

B, — mocrany 4€pHBIN m1ap
B, — nocrany JKENTHIN map
B4 — nocranu Oesbli map

B,, B,, By 00pa3yoT NMoiaHyIO Ipymnmny



dopmMyna NoOSIHON BEPOSATHOCTH

Onpeoenenue. HecoBmectnoie coObitust By, B,,..., B,
00pasyloT noJIHyI0 Zpynny, €CIIA B PE3yJbTare HCIbITA-
HUS 00SA3aTENBHO MOSBUTCS OJHO U3 DTUX COOBITHH .

p(B,) +p(B;) +...+ p(B,) = p(B, + B, +...+B,) =1
lIpumepei.
2. B Baze nexar s10JI0KH, CIMBBI, TPYIIH U IEPCUKHU.

3 Hero Haymady BRIHMMAETCS OJUH (DPYKT .

B, — BBIOpaHO A0J0KO
B, — BpIOpaHa cimBa
B, — BpIOpaHa rpyia

B, — BBIOpaH mepcuk

B,, B,, B;, B, 00pa3yoT NojaHyo rpymnimy



Ilycts By, B,,..., B, — nomHas rpynma HECOBMECTHBIX
COOBITHH.
M nycth coObITHE A MOXKET HACTYIIUTh IIPU YCIOBHUH I10-

SIBJIEHUS] OMHOTO U3 coObiTHU By, B, ..., B,

IIpumep. B smmke 8 u€pHbIx, 10 KENTHIX U / OCHBIX IIa-
poB. Cpeau 4E€pHBIX MIAPOB 2 ¢ ASPEKTOM, CPEAU KEITHIX
— 4, cpenu Oenbix — 1. Haynauy BeIHUMAETCS OAUH Iap.
/_\ L oo (V)
, { | 8 qEpHbIX B, — nocranu ‘Ie"pHBII:I nap
) B, — nocrany »KENTHIN 11ap

.10 SKETTTEIX B, — mocranu Oenblil map

25| 4 {< A — nosiBJIeHHE mapa ¢ 1e(peKToM
\1{ " 7 OeNbIX Hanzem ‘17? (4).
/ p(A) =

2+44+1=7 25



Ilycts By, B,,..., B, — nomHas rpynma HECOBMECTHBIX

COOBITHH.

N nycth coObITHE A MOXET HACTYIIUTh IPU YCIOBHUH I10-

SIBJIEHUS] OAHOTO U3 coObITHl By, B,,..., B

/’l
A B M) ay

L+L+. L

\ A(|2){/>Bz(mz) [m,

nl

= =+=+.+1=
N N N N
| LM, 2 fo+ b _
N|(m/| |[N|[m, N m,

w{} B (M)~ p(B)) pg, (A)+P(B,)- Pe, (A)+...

+ p(Bn) ' an (A)

P(A)= p(B,) Pg, (A) +p(B;) - P, (A) + ...+ p(B,) - pg (A)

— hopmyna noanou eeposamuocmu



P(A) = p(By)- Pg, (A)+ P(B,)- Pg,(A) +...+ p(B,) - Pg, (A)

IIpumep. Umeetcs 2 smuka ¢ getansamu. B neppom 30 fe-
Tayiei, BO BTopoMm — 20. BepossTHOCTh OpakoBaHHOM JeTa-
nu B niepBoMm smquke 0.2, a Bo Bropom — 0.1. Haiitu Bepo-
SATHOCTh TOrO, YTO Hayraj BbIOpaHHas J€Tallb OKaXKETCs

OpakoOBaHHOM.
B, — neranp U3 IepBOTO AIHUKa

05 { .30 netaneii B, — neranp U3 BTOPOro sAIUKa
<

50 A — neranp OpakoBaHHas
0\1{ > 20 neranent Haiiném p(A).

P(A) = p(B,)- ps (A)+ P(B,) - pg, (A)
P (=02 py (M=01 p(B)= 0 P(B)= 0

50
30 20
A)=—:02+—-0.1=0.16
P(A) 50 50




IIpumep. CryaeHT 3HaeT 10 u3 25 3K3aMEHAIMOHHBIX

ouJIeT

OB. B KakoM ciydae IIaHCHI

9TOIro0 CTYACHTA

MOJYYUTh 3HAKOMBIM OMJIET BBIIIC. KOIJAa OH IIOJXOIMUT
TSHYTb OMJIET NEPBBIM WU BTOPHIM?

A — noy4ui
3HAKOMBIN OMJIET

109

15 lO 10 (9 +15 B
10 ' B
pl(A)= 2_ 25 24 25 24 25 \24124’
1
a0 O 3Haet (Bl):
~ 10 3gaer __+ > 24 <
15 et
25 < B
= 15 mer B, 10 3HaeT
L T 24<
14 et

[llancol o0OuHakoswl.

p(Bz): Py

Pg, (A)=—

Po(A)= P(By)- g, (A)+ P(B,) - Pg, (A)

10
25

psl(A) ~ 9y

15

25
10

24



dopmynbl Baneca

ITlycts By, B,,..., B, — monnas rpymnmna HeCOBMECTHBIX CO-
ObITHH, A — CO6BITI/IC KOTOPOE MOXKET HACTYIIUTH MPU yC-
JIOBHAH MOSIBJIIEHUS OJHOTO U3 coObITuM By, B,,..., B,.

Hangém BepossTHOCTH COObITHA (B, TIpn ycinoBuu, 4to Co-

ObITHE A HACTYNIWUJIO. | l,
| 1 N
>B m — =
Al B () ‘I1+I2+...+In oL,
N - B, (M,) m| [T, N N N
B N m1 B
m I, m m 1
-}Bn(mn) L.by 2.2 4 4.
N m N m, N m,




P(By) - Pg, (A)
P(By) - Pg (A) + P(B,) - Pg,(A) +...+ P(B,) - g (A)

p(Bz)' pBZ(A)

pA(Bl) —

pA(BZ):

P(By) - Ps (A) + P(B,) - Pg,(A) +...+ P(B,) - g (A)

p(Bi)' pBi (A)
P(B,)- ps (A)+ P(B,) - P, (A) +...+ p(B,) - pg (A)

— hopmynwvt baiieca

pA(Bi) —

P(B.)- pg, (A)+ p(B,)- pg (A)+...+ P(B,)- pg (A)=p(A)

— hopmyna noanou eeposamuocmu




P(B,) - pg, (A)
P(B) - Ps (A)+ P(B,) - pg, (A)+...+ P(B,) - pg (A)

lIpumep. Umeetcs 2 smuka ¢ aetansimu. B neppom 30 ne-
Tanen, B0 BTopoM — 20. BepossTHOCTh OpakoBaHHOM Ji€Ta-
a1 B nnepBoM smuke 0.2, a Bo Bropom — 0.1. BeiOpaHHas
HayTaJ JeTallb OKaszajach OpakoBaHHOM. HaillTh BeposT-

HOCTb TOI'O, YTO OHA M3 IICPBOI'O AIIHUKA.

— 30 retacii B, — neTanp U3 IePBOro sIIuKa
0.2 {

. B, — neraip U3 BTOPOTo AIIHAKA

pA(Bl) —

50

M - 20 meraei A — neranp OpakoBaHHas
1

-

P, (B,) — BEPOSITHOCTH TOI'O, YTO ACTAIb OKAXKET-
CA U3 IIEPBOTO AIMKA IIPU YCIOBUHU,
4TO OHA OpaKOBaHHAs



P(B,) - pg, (A)
P(B) - Ps (A)+ P(B,) - pg, (A)+...+ P(B,) - pg (A)

lIpumep. Umeetcs 2 smuka ¢ aetansimu. B neppom 30 ne-
Tanen, B0 BTopoM — 20. BepossTHOCTh OpakoBaHHOM Ji€Ta-
a1 B nnepBoM smuke 0.2, a Bo Bropom — 0.1. BeiOpaHHas
HayTaJ JeTallb OKaszajach OpakoBaHHOM. HaillTh BeposT-
HOCTbB TOTO, YTO OHA M3 IIEPBOTO AIIMKA.

pA(Bl) —

al 30 netaneil B, — neranp U3 MepBOTO SAIIKKA
50l | B, — neraib U3 BTOPOro AIuKa
0\1{ - 20 neranei A — neranp OpakoBaHHas
. pA(Bl)_ ? pA(Bl) _ - p(i) pBl(BA) R
ps, (A) = 0.2 P(B,) - Pg, (A) + P(B,) - P, (A)

pBZ(A) =01 p(B)= % p(B,) = % — Pa(B)=0.75



IIpumep. CTyneHT npuIIE€n caaBaTh dk3aMeH, 3Has 10 u3 25
IK3aMCHAI[MOHHBIX OWJIETOB. 3HAHUE OWJIETA TapaHTUPYET
cIadyy dK3aMeHa ¢ BepoaTHOCThIO 0.9, He3HaHUE — ¢ BEPOsT-

HocThiO 0.2. CtymeHT caan sk3ameH. KakoBa BEpOSITHOCTb,
4YTO €My ITONAJICSI HE3HAKOMBIA OMJICT?

] B, — 3HaKOMBIH OWJICT
0.9 { - 10 3HaeT 3
| B, — HE3HAKOMBIN OUJIET
\{ - 15 Her A — chai 3K3aMeH
0.2

Hantu BEpOATHOCTH, YTO CTYHACHTY
0,(B,) MoIajacs HE3HAKOMbIM OWIIET, MpH
YCJIOBUH, YTO OH CJAJI IK3AMEH.



IIpumep. CTyneHT npuIIE€n caaBaTh dk3aMeH, 3Has 10 u3 25
IK3aMCHAI[MOHHBIX OWJIETOB. 3HAHUE OWJIETA TapaHTUPYET
cIadyy dK3aMeHa ¢ BepoaTHOCThIO 0.9, He3HaHUE — ¢ BEPOsT-

HocThiO 0.2. CtymeHT caan sk3ameH. KakoBa BEpOSITHOCTb,
4YTO €My ITONAJICSI HE3HAKOMBIA OMJICT?

] B, — 3HaKOMBIH OWJICT
0.9 { - 10 3HaeT _
- ) B, — HE3HAKOMBIN OUJIET
\{ - 15 Her A — cnan BK3aMeH
0.2 10 15
D(B) =5 P(B,) =
0. (B.) — P(B,)- Ps, (A) 05 (A) = 0.9
T p(BY) e, (A)+P(B,) P, (A) p (A)= 0.2
15 15 2
0.(B)— w04 oo 152 [
A\=2/ 15 2 10 9 : :
55,, 10 o 152 10 9 152+10-9 4

25 25 25 10 25 10



dopMyna bepHynnn

Ilycts mpom3BOAMTCA N HE3aBUCUMBIX MCIILITAHUU, B
KaKJIOM U3 KOTOPBIX COOBITHE A MOXKET MOSIBUTBLCS, JIU00
HE TOIBUTHCH.

[IyCcTh B Ka)KJIOM HUCIIBITAHUM BEPOSITHOCTH COOBITHS A
P(A) = p.

Hang€m BEpOATHOCTH TOrO, YTO NPU N UCIBITAHUAX CO-

ObITHE A OocyIIecTBUTCS POBHO K pas.

O0603HaYUM 3Ty BepOsATHOCTE P, (K).

P-(3) — BEPOATHOCTH TOTO, YTO MPHU [ UCTIBITAHUAX
coOBbITHE A MOSIBUTCS POBHO 3 pas3a



Ilpumep. Wmeercs S SIMMKOB J€TalC, BEPOSTHOCTD
Opaka B kaxjoMm u3 HuX — 0.1. KakoBa BEepOATHOCTb, YTO
M3 IISITH JEeTajeu, HayraJ BbIOpAaHHBIX II0 OJHOM W3
KQKJIOTO SIIIUKA, TPU OKaKyTCsl OpaKOBaHHBIE?

_"
Ps(3) =7 Alloaepac  allos allor alor alloa

0.9 He Opak 0.9 0.9 0.9 0.9
1 2 3 4 5
1,2,3-0pak, 4,5 —He Opak  0.1-0.1-0.1-0.9-0.9=0.1%-0.9?
1,2,4—-6pak, 3,5—-HeOpak 0.1-0.1-0.9-0.1-0.9=0.1°-0.9?
2,3,4—0pak, 1,5—neOpak 0.9-0.1-0.1-0.1-0.9=0.1°-0.9?
ps(3) =0.1°-0.92 -k k=C; = (5_53!),.3,
0.(3) =0.1°.0.95%.C; -




HangéM BEpOSITHOCTH TOTO, YTO IPU N UCIBITAHUIX CO-
ObITHE A OCYIIIECTBHTCS POBHO K pa3.

7
Pa(K) - alo  alp N
l-p  [1-p [L1-p

1 2 n
p.(3)=0.1°-0.93.C3

B o0111em Buie aHAJIOTUYHO MMOJIydaeM (popMymy:
Pa(K) = p*-(1-p)"*-Cy

OO0o3naunm uepe3 q=1-p . Torma

Pn (k) = pk -q”‘k 'Crlf — hopmyna bepuynnu



IIpumep. BepoATHOCTh MOIaIaHUA CTPEIKOM B MHUIIIEHD —
0.8. KakoBa BEpOsSTHOCTb, YTO HPHU ILIECTH BBICTPEIIAX OH
JIBa pa3a MPOMAXHETCA?

0.8 — momaganue D, (k) = p< . gk .Cr‘j
0.2 — mpomax qg=1-p
1 — KOJIMYECTBO BBICTPEIIOB n==6
K — KOJIM4eCTBO MPOMAaxXoB k =2
P — BEPOATHOCTh ITpoMaxa p=02 g=1-p=038

p.(2)=0.2°-0.8°°-C;

| :
Ps(2) = 0.2%.0.8* i —0.2%.0.8% 5_6 ~0.246
41.21 2



NMpubnmxeHHbie popMybli
B cxeMe bepHynnu

Dopmyna Ilyaccona.

EcCan 4ucino ucnpITaHUKW N JOCTATOYHO BEJIMKO, 4 BEPOST-
HOCTh P JOCTaTOYHO Majia, OpUYEM HX IIPOU3BEACHUE
A =np He MaJio ¥ He BeJmko (00bprgHO P < 0.1, np <10),
TO BeposITHOCTH P,(K) TOro, 4yTo mMpW N UCHBITAHUAX
coOpITHE A OCYIIECTBUTCS POBHO K pa3, MOXHO TIpHOIH-
»KEHHO HAWUTH 1Mo (hpopmyIie

61



Jokanvnas gpopmyna Myaepa — Jlannaca.

Ecan 4ucino ucnelTaHUU N JOCTATOYHO BEJIMKO, 4 BEPOST-
HOCTH P B (=1— P He o4cHb OJU3KM K HYJIIO (OOBIYHO
n > 100, npq > 10), to BepostHocTh P,(K) TOTO, YTO IPH
N UCHOBITAaHUAX COOBITHE A OCYIIECTBUTCS POBHO K pas,
MOKHO OPHOIM>KEHHO HAUTH MO (POpMYIIE

1
P, (K) = - @(X)
Vv npq
k—np 1 X

rae X= . o(X)=—==e 2 _ ¢yuxuusn Faycea.
\m ¢() \/7 pynxyua Iay

62



Humeezpanvnan popmyna Myaepa — Jlannaca.

B ycrnoBusx mokansHOM (popmynsl MyaBpa — Jlamiaca
BepoaTHOCTh P,(K; < k <k,) Toro, uto mpu N ucnsita-
HUsIX coobiThe A ocyiecTBUTCS OT K, 110 K, pa3, MOxHO
IPpUOIMKEHHO HAUTU 1O (popMyJie

P (K <K <K;) = D(X,) = D(X,)
k, —np _k,—np 1 5

W W CD(X)

— qbyukuuﬂ Jlannaca.
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OmKkinonenue OmMHOCUMENIbHOU YACMOMbL NOAGTCHUSA
coovimusas A om e20 eeposAmMHOCHMU NPU HE3ABUCUMDBLX
UCNBIMAHUSAX.

[Ipou3BOAUTCSA N HE3aBUCUMBIX MCHBITAHUM, B KaXKIOM M3
KOTOPBIX COOBITHE A MOXKET ITOSIBUTHCSI C BEPOSITHOCTBIO P.
BeposaTHOCT, TOro, 4YTO OTKJIOHEHHE OTHOCHUTEIbHOU
4acTOTHEI M/N OT BEPOSTHOCTH P MO aOCOIIOTHOHN BEIIMUNHE
HE IIpeBbIIIACT 3aJaHHOro € > 0, TO €CTh BEPOSATHOCTD
OCYILICCTBIICHUS HEPAaBCHCTBA \m [ n— p‘ < &, MOXHO IIpH-
OJIM’KEHHO HAWTH 110 (hopMYyJIe

p(|m/n—p|<e&)=2d(n/ (pg))

2

1 ¢ —
rae P(X) = EIG 2dt — ¢ynkyua Jlannaca.
0
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CnyyalHbie BeJIMYUHbDI

Onpeoenenue. CayuaiiHou eéeiuuuHOl HA3bIBAKOT BEIIU-
YUHY, KOTOpPAas B PE3YJbTAaTE UCIBITAHUSA IPUMET OJHO U
TOJIBKO OJTHO BO3MOXKHOE€ 3HAUCHHUE, HANCPE HE U3BECT-
HOE€ W 3aBHUCAIIEE OT CIyYauMHBIX IPUYHH, KOTOPHIC
3apaHee HE MOT'YT OBITh YUTCHBI.

Crny4darHbI€ BEIWYUHBL: X, Y, Z, ..., UX 3HAYECHUS: X, ), Z, ...



IIpumepuot.

1. KommuecTBO poauBIInXCs MaIBIuKOB cpean 100
HOBOPOXICHHBIX.

2. PaccTtosiHue, KOTOpOE IIPOJIETUT CHAPSIJ IPU BBICTPEIIE.

YeM oTnnyaroTcs Ciiy4yanHbI€ BEJIMYUHBI U3 3TUX JIBYX
IPUMEPOB?



1. KoanuecTBO poauBIINXC MaJIbduKOB cpeau 100
HOBOPOXJICHHBIX.

CﬂyqaﬁHaﬂ BCJIMYHNHA IIPUHUMACT OTACJ/IbHBIC,
HN30JIMPOBAHHbIC 3HAYCHUI.

Jluckpemmnasa ciy4daiHas BEJIMUYMHA.

2. PaccTosiHHE, KOTOPOE MPOJICTUT CHAPSJ IPU BBICTPEIIE.

CiryqaliHasi BeJIMYMHA TPUHUMAET JIF000€
3HAYEHHUE U3 HEKOTOPOIO MPOMEXKYTKA.

Henpepuvienaa cnydanHas BEJIMYUHA.

Jluckpemmnvle N HenpepvléHble CITydalHbIC BEJIUYNHBI.




ﬂ"CKpETHaﬂ CﬂyqaﬁHaﬂ BE€JIMUMNHA
Kak onpeneauTs TUCKPETHYIO CIIYYaHYIO BEIUYUHY !
1. IlepeuncanTh BO3MOXKHBIC 3HAYCHUS.
[Ipumep 1. Uucio, BeInaBiiee npu OpocaHuu KyOuKa.

[Ipumep 2. Unucio, BeINaBIICe IpU OPOCAHUM KyOHKa
CO CMEIIEHHBIM LICHTPOM TSHKECTH (4acTO BBIIAET 6).

2. YKa3arb BEpPOSTHOCTH BO3MOKHBIX 3HAYCHMH.

Jaxkonom pacnpeodenenus TUCKPETHON CIIyYanHOW BEJI-
YWHBI HA3bIBAIOT COOTBETCTBHE MEXKIY BO3MOXHBIMU
3HAYCHUSIMU U UX BEPOSTHOCTSIMHM.

3aKOH pacIpeaeaCHUS NOJTHOCTBIO ONPEACIISECT
JTUCKPETHYIO CIIYUYAWHYIO BEJIUYUHY.




Cnocobbl 3afaHnA 3aKOHa pacnpeaeneHus
ANCKPETHOMN C/TY4YauHOW BEJZINUYMHDI.

TaOomIu4HO:

AHaJIUTUYECKU.

[ padnuecku:

X | X[ Xy | oo | X,
P 1P| Py | Py
P1t 02+-'°+ Pn= 1

o(x)=f(i), i=12 ...n

03

) 32/\:)
1 4 — MHO20y2011bHUK

pacnpeoenenus

>



IIpumep.

B nenexxHoi norepee BoeinyiieHo 100 ounero. Cpenu
HHUX OJWH OWJIET C BBIMTPHIMIEM B 10 ThICAY pyOIIcH U
JECATH — C BBIMTPHIIIEM B | ThICSYyY pyOsiei.

CnyqaﬁHa;I BCJIIMYNHA — CYMMa BbIMI'PbIIIIA.

Bosmoxnbie 3Hauenus: X, =0 X, =1 X;=10
_8 0
=200 P27 100 P27 100
X0 1 |10 p MHOTOYTOJIbHUK
89 | 10 1 pacIIpeaciICHus
#1100 [100 | 100 ¥
3aKOH pacIpeeIICHUS — 10 1 10




HenpepbiBHasA c/iyyanHas BeJIMUMHA

HernpepriBHas ciiydaiiHas BEIUYHHA IIPUHUMAET JTH000€
3HAYEHUE U3 HEKOTOPOTO IPOMEKYTKA.

Kak onpenenuTs HENPEPHIBHYIO CIIYYAHHYIO BEIUYHUHY !

Cnoco0 3agaHus NIePEYUCICHUEM BO3MOKHBIX
3HAYEHUU HE MOJIXOIUT.

p(X < X) — X1 \ X5

/
X

P(X < X) — GyHKIUSA OT IEPEMEHHOM X



Onpeoenenue. Dyuxkyueil pacnpeoenenHusr CIy4ailHON
BeIMYMHBI X Ha3beBacTcsd (PyHKus F(X), 3amaromias
BEPOSITHOCTH TOrO, YTO Cily4dyanHas BeJiMdMHa X
IMIPUHUMAECT 3HAYCHUE, MEHBINIEE X, TO €CTh

F(X) = p(X < Xx).

Oynkmuio F(X) Takke HA3BIBAIOT UHMEZPAIbHOIL
(yHKIIMEN pacipencacHus.

DOyHKIUA pacrpeieICHUs [OTHOCTHIO ONPENCIISAET
HETIPEPHIBHYIO CIYYAWHYIO BEJIMUUHY.

3ameuanue. 1loHsaTHEe (QYHKUMU pacOpeleICHUS BBO-
OUTCA TaKUM OOpa3oM HE TOJIBKO JJI1 HEIPEPBIBHBIX
CIIYYaUHBIX BEJIUYUH, HO U I JUCKPETHBIX.



CBouncrTBa pyHKLMM pacnpeaeneHms
1) 0<F(x)<1 F(x) = p(X < X)
2) Ecim X; <X, 10 F(X{)<F(X5)

3) p(a< X <b)=p(X <b)—p(X <a)=F(b)-F(a)

4) Ecnum BO3MOXXHBIC 3HAYCHHS CIyYalHON BEIMYMHBI
npuHAmIeKaT uaTepBany (a, b), To a) F(X)=0 mpm X<a

no) FX)=1upu x=>b

5) Eciu X — HempephIBHAS CilydaiiHas BEIWYHMHA, TO
BEPOATHOCTH  TOIO, YTO OHA  IIPUMET  OJHO
onpeaciaéHHoe 3HaueHne paBHa Hymo. P(X=x) = 0.



CryuaifHas BeIMYMHA 3a7aHa Ha OTpe3ke (a, b).

[Ipumep.

X|2 |5 |7

p 102105 |03

1/\ _______________________ -
-(4) =

07 [ " —_— :(5):

0.2 [——- b'e :(7):

T2 45 7 F@)=

L 2n >

b

F(x) = p(X <Xx).

F(1) = p(X <1) =0
_ F)=p(X <2)=0

(X <4)=0.2
(X <5)=0.2
(X <7)=0.2+05=0.7

(X <8)=0.2+05+0.3=1



HenpepbIBHYIO ClIy4allHYHO BEJIUYHMHY MOXHO 33/1aTh
(PYHKIIIEH pacOpeIeacHuUs.

CyIIeCcTBYET €lI€ OAUH CIIOCO0 3aJaHnsl HEOPEPhIBHOM
CIIYYaWHOHW BEJIMYHHBI.

Onpeoenenue. Ilnomnocmoero  pacnpeoenenusn
geposamHocmen HENPEPHIBHON CIIYYaWHOUW BEIWYUHBI
X Ha3bIBAIOT (PYHKILMIO, SBIISIOIIYIOCS IIPOU3BOIHOM
OT (DYHKILIMM pacHpeIcacHUs.

f(x) = F’(x).

Taxke ¢yaxmuro f(X) Ha3pBalOT maomHOCHbIO
BEPOSITHOCTU WU Oudpghepenyuanvroii PyHKUUCH
pacIpeeIeHus.



CBonCTBa NJIOTHOCTU pacnpeaeneHus

b
1) p(a<X<b)=|[f(x)dx

p(a<x<b)
X 7
2) F(x)= [ f(x)dx —f f)
) a b

3) f(x)=0

7

4) Tf (x)dx =1

AN




XapaKTepucTukm
C/Ty4auHbIX BEJINYUH

1. MaremMarn4eckoe O KUIAHUE

B03MOXHBIE 3HAYECHUS CIIYYANHOW BEJTUYUHBI
COCPENOTOYEHBI BOKPYT HEKOTOPOT'O CPEIHETO
3HAQUEHUSA 3TOU CIIYYaAaWHOM BEJIUYHHBI.

JIJIst XapaKTEPUCTUKHU 3TOTO CPEAHETO 3HAYCHUS U
CIIYKAT MAaT€MaTUIECKOE OKUIAHUE.

J1JI1 AUCKPETHOU Y HENTPEPHIBHOMW CIIYYaHOU
BEJIUYMHBI MATEMATUYECKOE OKUIAHUE OIPENCIISAETCS
[1O-Pa3HOMY.



Onpedenenue. Mamemamuyeckum  O0HCUOAHUEM
OUCKPETHOM CIIyYaWHOM BEJIWYMHBI X HA3bIBAIOT
CYMMY MPOU3BEIACHUN BCEX BO3MOXHBIX 3HAYCHUU
3TOM CIIYYaMHOU BEJIMYMHBI HA COOTBETCTBYIOIIUE UM
BeposaTHOCTH. O0o3HauaeTcs M(X).

XX [ X | oo | X
PP | P, |- | P,
M(X)=X P +X,Pp +... X P

Ilycth

Eciu ciyqaiinas BeqnyrHa X MPUHUMAET O€CKOHEYHOE

MHO>XECTBO 3HAYCHUM, TO o0
M (X) =D X p;
1=1



BépOﬂmHOCmelﬁ CMbICJ1 MATEMATUYCCKOTO OXKUIAHUSI.

MaTEeMaTUYECKOE OKUIAHUE IIPUOIMKEHHO PaBHO CpeIHE-
MYy apU(PMETHYECCKOMY 3HAYCHUN CIIyYalHOW BEJIUYHHBL.

IIycTh N — KOJIMYECTBO UCIBITAHUM (JIOCTATOYHO OOJIBIIIOE).

11YCThb CﬂyqaﬁHaﬂ BEeJIMYNHA X IIPUHUMAJIA 3HAYCHU I
Xl’ X2 ooy Xk COOTBCTCTBCHHO ml, m2 ooy mk pas.
m, +m, +...4+m, =n

Haliném cpennee apudMeTHUYECKOE BCEX 3HAUCHUI:

XM, + X,m, +...+ X, M m,|
_ 1'"1 2112 k kle'—1+X2‘—2'+...+Xk‘ k

n N n n
Xi° Py +X5- Py .o+ X - Py =|\/|(X)

22

X




Onpeoenenue. Mamemamuueckum  0HCUOAHUEM
HEIPEPHIBHOW CIIYYaWHOM BEJIMYMHBI X, BO3MOXXHBIE

3HAUCHHUS KOTOPOM MpHHAIJISKAT OTpe3ky [a, D],
Ha3bIBACTCS ONPCACIECHHBIM HHTErPal

b
M (X) = [ xf (x)dx

f(X) — mmoTHOCTB pacnpenencHus CIy4aiHON BEITMIHHEI

Ecnv BO3MOXKHBIE 3HAYEHUS CIYYaUHOW BEJIIMYUHBI
pacrpeaenceHsl mo sceit ocu OX, 1O

M(X) = Txf (x)dx



2. lucnepcusn

IIpumep.
X | -01] 01 1 1
M(X)=-0.1-—+0.1-—=0
P 1/2 1/2 2 2
Y [—100| 100 1 1
M(Y)=-100-—+100-—=0
P 1/2 1/2 (Y) 2+ 2

M(X)=M(Y), o X u Y cuipHO OT/IMYAIOTCS

Hy>xHa olieHKa paccesHrs BO3MOXKHbBIX 3HAYECHUU
CJIYYaWHOH BEIIMYMHBI OT MATEMATHYECKOI'O OXXKHIAHUS.




Bonpoc: MOXHO Ny IJIs1 OLEHKU PACCEAHUS BO3MOMXHBIX
3HAQUECHUM CIIYYaWHOW BEJIUYMHBI BBIYUCIUTH OTKJIOHECHUS

KaQ)XXJI0T0 W3 DTHUX 3HAYEHUU OT MATEMaTUYECKOTO OKUa-

HHS M 3aTE€M HAWTH UX CpeaHee?

X-M(X) | x-M(X) | x,-M(X) X M(Y)
P Py P, Pn
M (X ~M(X)) =

(% =M (X))- py+(X; =M (X)) p; +...+ (X, =M (X)) p,

X P+ X5 Pyt + X, - Py _M(X)(p1+ Py +...+ pn):

M (X)

M(X)=M(X)=0

1



(X-M(X))* | (x=M(X))* | (x;=M(X))? (X—M(X))?

P Ps P, Pn

Onpeodenenue. /lucnepcueit Cry4alHOM BEIWYHUHBI X
HAa3bIBAIOT MAaTEMaTUYECKOE OXUJAHUE KBajpara
OTKJIOHEHHUS  CIIyYahHOM BEJIMYMHBI X OT €€
MaTEeMaTUYECKOTO OKUJAHUA:

D(X) = M[X =M (X)]?




1. JIuckpeTHas ciaydanHas BEIAYMHA

D(X) = M[X =M (X)J’

(X=-M(X))* | (x=M(X))* | (x;=M(X))? (X—M(X))?

P P1 P, Pn

D(X) = (% =M (X))” py + (%2 =M(X))* p, +
A (% =M(X))p,
D(X) =X (xi =M (X)) p,

D(X) =M (X?)=[M (X))’




LIpumep. Cnoco0 1.

X 2| | 5] |7 D(X):Z|(Xi—|\/|(x)|)2 Pi

P 02105 1] 0.3
M(X)=2-0.2+5-05+7-0.3

(M2 9 | 0 | 4 M(X) =5

_ )2 —(_9)2 —
AZ 14 [25]49 ((523—32:82320 ?

(7-5)?=2%=4
D(X)=9-0.2+0-05+4-0.3 D(X) =3

Crnocod 2. D(X)=M(X 2) ~[M (X)]2

D(X)=4-0.2+25-0.5+49-0.3 -5° =
=0.8+12.5+14.7-25=3 D(X)=3



2. HenpepbIBHas ciiy4yailHas BEJIMYUHA

ITo OmIpe e e HIO D(X)=M[X =M (X)]?

Ho M(X):jx‘(x)dx =

a

b
MIX —M(OXO)P|= [(x=M(X)? f()dx =

b
D(X) = [ (x=M(X))? f (x)dx

b
D(X) = [ x*f (x)dx —[M (X)]?



3. CpenHee kBaApaTH4YeCKO€E OTKJIOHEHHE

Onpeoenenue. CpeOHumM KeaopamuveckKkum OMmKJOHe-
HUem CIIyYanHOU BEJIWYHHBI X HA3bIBAKOT KOPEHb U3 €€
TUCIEPCUMN:

o(X) =/D(X)



4. Hauanvuolit momenm nopsaoka K

a, =M (X¥)
o, = ink ' Pi — nuckperHas
a, = j x“ . f (X)dx — HempepbIBHAS

HavyanbHbI1 MOMEHT HEPBOTO MOPSIKA:

a, = M (X) — maremaTndecKkoe OKUIJaHUE



5. Henmpanwvnwiit momenm nopaoka K

a, = M (X =M (X))"

o = Z:(Xi ~M(X))*-p;, — mauckperHas
o, = j (Xx=M (X)) f(x)dXx — menpepsiBHAs

LlenTpanbHbIi MOMEHT BTOPOIO MOPSIKA:

a, =M (X —M(X))* - nucnepcus



6. Mooa

JIJIs1 TUCKPETHOU CIIy4aMHOM BEJIIMYMHBI M0O0A — 3TO
HauOoJjiee BEPOSTHOE MO CPAaBHEHUID C JBYMS

COCEIHUMU 3HAUYECHUE.

10

30

40

50

60

P;

0,24

1 0,20

0,15

0,03

0,02

0,24 < 0,36 > 0,20

Monaa: [ 20




JI71s1 HENmpPEpPBIBHOW CIIYYaWMHOW BEJIUYUHBI MO0 —
3HAQUEHUE, PU KOTOPOM IUIOTHOCTh PaCIPEICIICHUS
f(X) mocTuraer Mmakcumyma.

fix)

J vl



Y ciy4ailHOM BEJIMYMHBI MOKET OBITh HECKOJIBKO MO/,

e

W

g

Pacnpenenenuss ¢ OqHOM, ABYMS HJIM OOJIBIIAM YHC-
JIOM MOJ Ha3bIBAKOTCS COOTBETCTBCHHO YHUMOOAIb-
HbIMU, OUMOOAILHBIMU WA MYJIbMUMOOAIbHBIMU.



. Meouana

TaKO€ YMCIIO M, JJIsI KOTOPOro OAWHAKOBO BEPOSTHO,
OKa)XXETCS JHM CilydailHas BeEJIIMYMHA MEHbIIE M WU
OOJIBIIIE M, TO €CTH

P(X <m)=p(X >m)=0.5

[eomeTpuyecku MeauaHa — 3TO aOcHucca TOYKH, B
KOTOPOH  IUIOIIAAb, OIPAaHUYECHHAsA  IUIOTHOCTBIO
pacupeneciieHus, JSJIUTCSA MOMOJIaM.

fix)

[Imomanpe Bcen purypsr: 1

72 Z




8. Keanmunw ypoeus p

raxoe umncno x,, uto P(X <X, )=p < F(X))=p
F(X) — dyHKIHS pacnpenciacHHs
-1

X, =F~(p)
F1(X) — pyukmus, oOparHas K QyHKIMH pacpeacIeHus]
KBantuib ypoBHs 0.5 — 3T0 meduana.
KBaHTWUIIM YPOBHEN 4, 72, 74 HA3BIBAKOT COOTBETCTBEHHO
IIEPBBIM, BTOPBIM U TPETHUM K8APHUIAMIU.

Keantuiau yposueu 0.1, 0.2, 0.3, ..., 0.9 Ha3piBaroT
oeUuIAMU.

Ksantunu ypoBaei 0.01, 0.02, 0.03, ..., 0.99 Ha3siBatoT
NPOUCHMUTIAMU.



OcHOBHbIe AUCKpPEeTHbIe pacnpeaeneHus

1. Bunomuanvnoe pacnpeoeiienue

P — BEpOATHOCTh COOBITHSI A
X — YHUCIIO ITOSBJICHUM COOBITHUS A B N HE3AaBUCUMBIX
UCIIBITAHUIX

Bo3moxnbie 3HaueHusa: K=0,1, 2,....n
O6o3nauum (=1 —p. Torga

p(k) - IOkOI”'kan p — HapaMCTp paClIpCaCIICHU A
Bunom Hetomona: (p+q)" ch K"k

MX)=np wu D(X)=npq

96



3. Hopmanwsnoe pacnpeoenenue
—(x-a)? " —(x-a)?

_ 1 207 F(x) = 1 e 20° (x
F()= (x) a@_{o

a, 0 — mapaMeTphl pacrpeacIcHUs

97



