Teopvm BepOHTHOCTEVI n mMmatemMmaTtndeckas CTaTuCTtuka

Knaccuueckas BEPOATHOCTb.
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BepositTHoCTb

KomnanmeHTapHble cobbiTusi 1 hopmyna BKAKOYEHWU UCKAIOYEHNTA

0 e Ceoiicteo: Ecm A € F, 1o P(A) + P(Q\A) = 1.
Cobbitusi A n A = Q\A Takue, 4to ANA=0,n
Q = AU A, oTkyaa npu noMoLLn CBOICTE BEPOSTHOCTY
nonydum: P(Q) = P(AU A) = P(A) + P(N\A) =1
® dopmyna BkatoueHnii-uckntouennii: Ecin A, B € F, To

(AUB)°

P(AUB)=P(A)+P(B)—-P(ANDB)

CobbiTne A - obbeauntHenmne Henepecekatowmxest A\B n
AN B, cnegosatensio P(A) = P(A\B)+ P(ANB) n
cummetpuuto P(B) = P(B\A) + P(AN B).

P(A)+ P(B) = P(A\B) + 2P(AN B) + P(B\A)
= P((A\B)U(ANB)U(B\A))+ P(ANB)
=PAUB)+ P(AN B)

® Cgoiicto: Ecnu A, B € F and A C B, o P(A) < P(B).

B = A U (B\/}) Mokasats npocto: P(B) = P(A) + P(B\A) > P(A).



Knaccnyeckas BeposiTHOCTb

® Camas nepBasi MOLE/Ib BEPOSITHOCTHOrO SKCMEPVMEHTA, CyTh KOTOPOU COCTOUT B MPELNOSIOKEHNN O PABHOIA
BEPOSITHOCTM 3/IEMEHTAPHbIX NCXO4OB C/yHaliHOro akcnepumenTa. [log 3To NoaxoAsT MHOrMe ANCKPeTHble
334241, CBA3aHHbIE CO CAy4aliHbiM BbIOOPOM KapT, WAPUKOB, Jtogeid, bpockaMu KyOMKOB N MOHETOK, etc.

o Gopmanuzyem: Q= {wy, ., wy}h, P{w1}) = ... = P({,}) -
9 _ _;P w;Y) = [W,‘ :/7/9
ol ) ]=1 =P ;P[ 3

_ l 3= e
= foisy ot Uik =



Knaccnyeckas BeposiTHOCTb

® Camas nepBasi MOAE/b BEPOSTHOCTHOTO SKCMEPUMEHTA, CyTb KOTOPOIi COCTONT B MPEAMONOKEH NN O PABHOI
BEPOSITHOCTY 3M1eMeHTapHbIX NCXOA0B Cly4aiiHoro akcnepumeHTa. Mog 3To NOAXOAST MHOrMe ANCKPETHbIE
3ajaun, CBA3aHHbIE CO CyYaliHbIM BLIBOPOM KapT, LWAapuUKOB, Ntoaeli, Bpockamn KyBuUKOB 1 MOHETOK, etc.

® dopmanmsyem: Q = {wy, ..., w,}, P{w;}) =...= P{w,}) =p.

® [IpuMeHNM CBOICTBa BEPOSTHOCTU, YTOBLI NOMYHNTL UHTYNTUBHO MOHSATHBIN Pe3yabTaT O BEPOSTHOCTH
3/1EMEHTapHOrO MCX0Aa:

0=} U U o} = (o)

P@) =P (Utw} ) =3 Ple =nop=1-p=1

n



Knaccnyeckas BeposiTHOCTb

MNepBas BaxkHasi chopmyna

® Be3 notepn oBLHOCTN NPEANONOXIAM, HTO Hekoe cobbiTne A coctont us k < n 31€MeHTapHbIX NCXOAOB,
A ={wq, ..., w,}. Hac untepecyer P(A).

A= [w w{wio. viwe
P = Plw :ZP({W,} - LK



Knaccnyeckas BeposiTHOCTb

A=123 6t =25y {Kv{6s

PA = P{2)+/9(3)+/9/6):2rGi:}Z
Mepsas BaxkHasi hopmyna

® Be3 noTepu oBWHOCTY NPEANONOKNM, 4TO Hekoe cobbitne A coctont us k < n 31eMeHTapHbBIX NCXOAOB,
A ={wq, ..., w,}. Hac untepecyer P(A).
® [ony4um chopmyny ans seposiTHocTn A:

k
A={w U U{w,}= U{wi}
k k
UM) => P =kp=% =15l

3 7

P(A):P(

y A= Ugw] P =Plied- o



KombuHaTtopHas BEpOoSiTHOCTb
Basic principle of counting

i Definition

Ecnu r akcneprMeHTOB [oMKHBI ObITh NMpPoBefeHbl TaKUM 06Pa30OM, YTO MEPBbITi MOXET NPUBECTU K JtoboMy 13
7, BO3MOXHbIX UCXOAO0B; W €CAN ANS KaXKAOrO U3 3TUX N; BO3MOXKHbIX UCXOAOB €CTb 71, BO3MOXHBIX MCXOAA
BTOPOro 3KCMEPUMEHTA; U €C/IN ANS KaXK[Oro W3 BO3MOXHbIX WCXOLOB NepBbIX ABYX SKCNEPUMEHTOB eCTb 713

BO3MOXKHbIX NCXOAQ TPETLErO SKCMEPUMEHTA; W €CNU ..., TO BCETO CYLLECTBYET|N; * Ny *+* 1, | BOSMOXHbIX NCXOA0B
7 9KCMEPUMEHTOB.
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KombuHaTtopHas BEpOoSiTHOCTb

MepecTaHoBkM

® Motusayms: CKobKO pasHbix yNOPSAOHEHHbIX MOCNEA0BATENBHOCTEN NOMyHaeTCs U3 MHOXecTBa {a, b, ¢}
e Pr=n-(n—1)-n—2)-...-(n—7r+1)



KombuHaTtopHas BEpOoSiTHOCTb

MNepecTaHoBkU: nprmMepsl

[ )
1 Question
CnyuaiiHas Bbibopka uucen. [lycte nonynsums coctout u3 gecatm uucdp 0, 1, ..., 9. Kaxgas

nocnefoBaTeNbHOCTL U3 NATU UMbp npeacTaBnsieT Bolbopky pa3mepa r = 5. KakoBa BeposITHOCTb TOro,
YTO NSATb NOCNELOBATENbHbIX CIyHaliHbIX LUdp BCE pa3nuyHbI?



KombuHaTtopHas BEpOoSiTHOCTb

MNepecTaHoBkU: nprmMepsl

[ )
1 Question
CnyuaiiHas Bbibopka uucen. [lycte nonynsums coctout u3 gecatm uucdp 0, 1, ..., 9. Kaxgas

nocnefoBaTeNbHOCTL U3 NATU UMbp npeacTaBnsieT Bolbopky pa3mepa r = 5. KakoBa BeposITHOCTb TOro,
YTO NSATb NOCNELOBATENbHbIX CIyHaliHbIX LUdp BCE pa3nuyHbI?

o P=Th — 03024 IA/ :lDng?’lé
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KombuHaTtopHas BEpOoSiTHOCTb
Komburauun
® Motusauus: V3sneds Tpn anementa u3 mHoxectsa {A, B,C, D, E}
® B obuwem cnyyae, nockonbky n(n —1) -« (n—k+ 1) npeacTaBnsieT KONMYECTBO PasanyHbIX CNocobos,
KOTOPbIMU rpynna u3 k 371eMeHTOB MOXeT bbiTh BbibpaHa U3 N 271EMEHTOB, KOrAa NOpsiAOK BbIGOpa BaxeH, 1
MOCKONbKY Kaxaasi rpynna u3s k snementos ByaeT nogcumtana k! pas B 3TOM MOACHETe, CNEAYET, HTO KONMYECTBO
Pa3ANYHbLIX FPYNN U3 Kk 371EMEHTOB, KOTOpble MOFYT BbITh 06Pa30BaHbI M3 MHOXKECTBA 71 3NEMEHTOB, PABHO

n(n—1)~~-(n—k+1): n!

’Z_él k! (n — k)lk! &AC QULA

e 1=0
¢ C ba
i Definition a b
hOC
Mei onpegensiem CF, ansa k < n, kak
ok _ n! b o
" (n— k)Y

n rosopum, uto CF npeacTaBnsieT KOAMYECTBO BO3MOMHLIX KOMGMHaLWii (konnekuwmii) pasmepa k,
NoNy4YeHHbIX 13 1 0bbekToB. [MopsAfoK CAKAOBaHMS 3/1EMEHTOB B AaHHOM C/ly4ae He CHMTAETCS BaXKHbIM.



KombuHaTtopHas BEpOoSiTHOCTb

Kombunauun: npumep

YacTo 3afa4un NoAxoAAT nog MOAENb W3BNEHEHNS LWAPUKOB U3 MELLKa.

Mpumep: Mewok copepxut 15 wapukos, n3 kotopbix 10 kpacHbix n 5 6enbix. /13 mewka BbibrpatoT 4 wapuka.
34ecb eCTb HEOAHO3HAYHOCTb: HaNpuUMep, ecin NpK OGHOM W3BNEYEHUN 51 BbIOMPato YeTbipe KPaCHbIX LWapuKa, a npu
LOPYTrOM M3BIEYEHUN HETbIPE APYIUX KPACHbIX LIAPUKA, CHNTAIOTCS A 3TU BbIOOPKU OLMHAKOBLIMU UM HET?

Mebl bysem npegnonaratb, 4TO 3TO He OAMHaKoBble BbIDOpKU. Hanpumep, Mbl MOXeM NPeacTaBUTb, YTO LIAPUKU
MPOHYMEPOBaHbI, TaK YTO Mbl MOXXEM PasnnyaTh LIAPUKN OJHOIO LBeTa. Takol Cnocob MbILNEHNS O4eHb NoneseH
[151 BbIYMCIEHUSI BEPOSITHOCTEN B KIACCMYECKON CXEME.



KombuHaTtopHas BEpOoSiTHOCTb

KombuHauun: npumep
® 10 KkpacHbIx, 5 Benbix, NPOHYMEPOBAHHBIX LLIAPUKOB

i Question

CkonbKo pasnnyHbix BIGOpok (pa3mepa 4) BO3MOXHO?
{YL’ Y,}’ rﬁ , Vwk

‘{n, Vﬂr ) @/



KombuHaTtopHas BEpOoSiTHOCTb

KombuHauun: npumep
® 10 KkpacHbIx, 5 Benbix, NPOHYMEPOBAHHBIX LLIAPUKOB

i Question

CkonbKo pasnnyHbix BIGOpok (pa3mepa 4) BO3MOXHO?

® [TopsAfOK HE BaXkeH, HO HOMEpA BaXKHbl, NO3TOMY Mbl Bbibupaem 4 snemenTa n3 mHoxectsa 10 + 5 snemeHTos.
CnepoBaTenbHo, OTBET: C’f5 = 1365.



KombuHaTtopHas BEpOoSiTHOCTb

KombuHauun: npumep
® 10 KkpacHbIx, 5 Benbix, NPOHYMEPOBAHHBIX LLIAPUKOB

i Question

CkonbKo pasnnyHbix BIGOpok (pa3mepa 4) BO3MOXHO?

® [TopsAfOK HE BaXkeH, HO HOMEpA BaXKHbl, NO3TOMY Mbl Bbibupaem 4 snemenTa n3 mHoxectsa 10 + 5 snemeHTos.
CnepoBaTenbHo, OTBET: C’fg) = 1365.

i Question

Ckonbko BbIGOpOK (pa3mepa 4) COCTOSAT MOAHOCTHIO U3 KPACHbIX LLAPNKOB?



KombuHaTtopHas BEpOoSiTHOCTb

KombuHauun: npumep
® 10 KkpacHbIx, 5 Benbix, NPOHYMEPOBAHHBIX LLIAPUKOB

i Question

CkonbKo pasnnyHbix BIGOpok (pa3mepa 4) BO3MOXHO?

® [TopsAfOK HE BaXkeH, HO HOMEpA BaXKHbl, NO3TOMY Mbl Bbibupaem 4 snemenTa n3 mHoxectsa 10 + 5 snemeHTos.
CnepoBaTenbHo, OTBET: Cfg) = 1365.

- .
1 Question
Ckonbko BbIGOpOK (pa3mepa 4) COCTOSAT MOAHOCTHIO U3 KPACHbIX LLAPNKOB?

® [Mopsfok He Ba)keH, HO HOMEPA BaXKHbI, Mbl BbibUpaem 4 aeMeHTa 13 MHOXXECTBA KPACHbIX LLIAPUKOB.
CrneposaTensho, oteer: Cf) = 210.



KombuHaTtopHas BEpOoSiTHOCTb

Kombuxauuu: npumep
® 10 kpacHbIx, 5 benbix, NPOHYMEPOBaHHbIX LIAPUKOB

1 Question

Ckonbko BbIBOPOK cofepXaT 2 KpacHbIX U 2 benbix wapuka?

{VL,VL, 62
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KombuHaTtopHas BEpOoSiTHOCTb

Kombuxauuu: npumep
® 10 kpacHbIx, 5 benbix, NPOHYMEPOBaHHbIX LIAPUKOB

1 Question

Ckonbko BbIBOPOK cofepXaT 2 KpacHbIX U 2 benbix wapuka?

® Mbl MOXeM BbI6paTh 2 NPOHYMepPOBaHHbIX KpacHbix Wwapuka CZ, cnocobamn 1 2 NpoHyMepoBaHHbIX besnbix
wapuka C2 cnocobamu. Hu ogun Bbibop He BAMseT Ha apyroii, nostomy oteet: C3Z, - C2 = 45 - 10 = 450.



KombuHaTtopHas BEpOoSiTHOCTb

Kombuxauuu: npumep
® 10 kpacHbIx, 5 benbix, NPOHYMEPOBaHHbIX LIAPUKOB

1 Question

Ckonbko BbIBOPOK cofepXaT 2 KpacHbIX U 2 benbix wapuka?

® Mbl MOXeM BbI6paTh 2 NPOHYMepPOBaHHbIX KpacHbix Wwapuka CZ, cnocobamn 1 2 NpoHyMepoBaHHbIX besnbix
wapuka C2 cnocobamu. Hu ogun Bbibop He BAMseT Ha apyroii, nostomy oteet: C3Z, - C2 = 45 - 10 = 450.

1 Question

Ckonbko BbIbopok (pa3mepa 4) coaepxaT poBHO 3 KpacHbix Luapuka?

{r 5, ) C,



KombuHaTtopHas BEpOoSiTHOCTb

Kombuxauuu: npumep
® 10 kpacHbIx, 5 benbix, NPOHYMEPOBaHHbIX LIAPUKOB

Question

Ckonbko BbIBOPOK cofepXaT 2 KpacHbIX U 2 benbix wapuka?

® Mbl MOXeM BbI6paTh 2 NPOHYMepPOBaHHbIX KpacHbix Wwapuka CZ, cnocobamn 1 2 NpoHyMepoBaHHbIX besnbix
wapuka C2 cnocobamu. Hu ogun Bbibop He BAMseT Ha apyroii, nostomy oteet: C3Z, - C2 = 45 - 10 = 450.

Question
Ckonbko BbIbopok (pa3mepa 4) coaepxaT poBHO 3 KpacHbix Luapuka?

® Mbl MOXeM BbI6paTh 3 NPOHyMepoBaHHbIX KpacHbix Wwapuka C3, cnocobamn u 1 npoHymepoBaHHbIii benbiii
wapuk Ci cnocobamu. Hu opun Bbibop He BAMsieT Ha Apyroii, nostomy oteet: C3, - Cd = 120 - 5 = 600.



KombuHaTtopHas BEpOoSiTHOCTb

KombuHauun: npumep

1 Question

Ckonbko Bbibopok (pa3mepa 4) copepaT He MeHee 3 KPaCHbIX LLIAPUKOB?

1
3
Clo T 10



KombuHaTtopHas BEpOoSiTHOCTb

KombuHauun: npumep

1 Question

Ckonbko Bbibopok (pa3mepa 4) copepaT He MeHee 3 KPaCHbIX LLIAPUKOB?

® 570 KOIMYECTBO BbIOOPOK C 3 KpacHbIMY MJOC KOJNYECTBO BbIOOPOK € 4 kpacHbiMU. Mbl MOXeM BbibpaTh 4
NpOHYMepoBaHHbIX KpacHbix Wwapuka Cyy cnocobamu u 0 npoHymeposaHHbix benbix wapukos CY cnocobamu. Hu
OAWH BLIBOP He BANSET Ha Apyroii, nostomy oteet: Oy - Cg = 2101 = 210. V13 npegpiayLiero npumMepa, ecTb
600 cnocobos BbIbpaTh BLIGOPKM C poBHO 3 KpacHbIMU Wwaprkamu, nosTomy Haw oteet: 600 4+ 210 = 810.



KombuHaTtopHas BEpOoSiTHOCTb

CmeluaHHble 3aga4m nogcyeTa
® 10 kpacHblIx, 5 Benbix, NPOHYMEPOBAHHbBIX LLIAPUKOB

710 Takxe oblee konuyecTBo BbIGOpok (1365) MUHYC KONMUECTBO BLIBOPOK 6e3 KPaCHbIX LWAapUKOB, KOTOPOE PaBHO

CY, - C3 =5.



KombuHaTtopHas BEpOoSiTHOCTb

CmMeluaHHble 3a4a4m noacHeTa

JAl-60
: 10 kpacHbix, 5 6enbix, NPOHYMEPOBaHHBIX LIAPUKOB ]D{A) - L_Q/ - /3 6{

1 Question

Ckonbko BbibOpoK (pa3mepa 4) coaep>kaT xoTs Obl OAMH KpacHbIi Wwapuk?
® 310 Ciy - C3 + CF, - C2 4+ C3y - C2 + Cfyy - C2, uto pasHo
10-104+45-10+120-5+4210-1 = 100 + 450 + 600 + 210 = 1360.
710 Takxe oblee konuyecTBo BbIGOpok (1365) MUHYC KONMUECTBO BLIBOPOK 6e3 KPaCHbIX LWAapUKOB, KOTOPOE PaBHO
Y, - Cd =5.



