Jleximua 3

DopmyJia MOJTHOH BEPOSITHOCTH.

[Iycts wmmeercs rpynma coowituii H,, H,,..., H, , oOmanmaroomas claeayomuMA
CBOMCTBaMH:
1) Bee coObitus momapHo HecoBMeCTHbL: H; (1 H;=; i,j=1,2,...,n; izj
2) x o0benuHeHne 00pa3yeT IpOCTPAHCTBO AIEMEHTAPHBIX UCXOA0B ():

Q=H,U H,U ... U H,.

B stom cnyuae 6ynem rosoputs, uro H,, H,,....H,
o0pa3zyloT MOJIHYW Trpynmy coobiTuii. Takue
COOBITHUSI MHOTJA Ha3bIBAIOT TMMOTE3AMHU.

I[Iyctb 4 - wHekoTopoe coOwbitHe: 4 < Q
(mmarpamma BenHa mpeicTaBieHa Ha PHUCYHKE 8).
Torma  umMeer  Mecto  (opmMyJia  MOJHOM
BEpPOSITHOCTH:

P(A) = P(A/ H))P(H,) + P(A/ H,)P(H,) + ...+ P(4/ H,)P(H,) == z P(A/ H;)P(H,)
i=1

HoxkazarensctBo. OueBunno: 4 = (ANH,) U (ANH,) U..U (4NH,), npuyem Bce
coobrtust ANH; (i = 1,2,...,n) monmapHo HecoBMecTHBL. OTCIOJla TIO TEOpEeME CIOKEHUS
BEPOATHOCTEHN MOTydaeM

P(4) = P(ANH,) + P(ANH,) +..+P(ANH,)

Ecnu ydects, uto mo teopeme ymHoxenust P(ANH,) = P(A/H;) P(H,)) (i = 1,2,...,n), TO
U3 nociegHe (GopMysbl JIETKO MOJY4YMTh IPHUBEACHHYIO BbIIe  (OPMYNy IOJHOU
BEPOATHOCTH.

IIpumep. B MmarasuHe NOpoOJAIOTCA 3IIEKTPOJIAMIIBI NIPOM3BOACTBA TPEX 3aBOJOB,
npuyeM 1o nepsoro 3aBoaa - 30%, sroporo - 50%, tperbero - 20%. bpak B ux npoaykuuu
COCTaBJISIET COOTBETCTBEHHO 5%, 3% um 2%. KakoBa BEpOSITHOCTH TOr0, 4YTO CIy4YalHO
BbIOpaHHAs B Mara3uHe JaMIia OKas3ajach OpakoBaHHOM.

ITycts coObITHE H, COCTOMT B TOM, YTO BbIOpaHHas JlamIla MPOU3BEJIEHA Ha IEPBOM
3aBoje, [, Ha BTopoM, /; - Ha TpeTbeM 3aBojie. OUEeBUAHO:

P(H))=3/10, P(H,)=>5/10, P(H,)=2/10.

[Tycth coObITHE A COCTOMT B TOM, YTO BBIOpaHHAs JiamIma OKa3ajgach OpakOBaHHOW,
A/H; o3Ha4yaer coObITHE, COCTOSIEe B TOM, YTO BhIOpaHHA OpakoBaHHAs JIaMIla U3 JIAMII,
MPOU3BEICHHBIX Ha i-OM 3aBojie. M3 ycloBHs 3a1auu Clie/IyerT:

P (4/H,) = 5/10; P(A/H,) = 3/10; P(A/H;) = 2/10
[To ¢opmyre moHOM BEPOSATHOCTH MOTydaeM

3. 5,5 3,22 1
10 100 10 100 10 100 500



Jleximua 3

dopmyaa baiieca

Ilycts H,,H,,...,H, - ionHas rpynma coosrtuii 1 ACC) - HeKoTopoe cobpiThe. Toraa mo
dbopMyne Iy YCIOBHOUW BEPOSTHOCTH

P(HKNA)

P(Hi/ A) - =53 (*)

3neck P(Hj /A) - yclioBHasi BEpOSTHOCTh COOBITUS (THUTIOTE3bI) Hy MU BEPOSTHOCTH
TOTO, 4TO H) peanu3yeTcs pH yCIOBUH, YTO COOBITHE A MPOU3OIILIO.

ITo Teopeme yMHOKEHUS BEPOSITHOCTEH YUCIUTENb (POPMYIBI (*) MOXKHO MPEJICTaBUTh
B BUJIE

P(H.NA) = P(ANH,) = P(A /H,) P(Hy)

Jns mpexacraBieHus 3HameHatens (opMmynbl (*) MOXHO HCIONB30BaTh (OPMYIY
MOJTHON BEPOATHOCTH

n
P()= 2 P(A] H)P(H;)
i=1
Teneps u3 (*) MOXHO MONTy4UTH (hopMyiy, HazbIiBaeMyto opmy.Jioii baiieca:

P(A/ H,)P(Hy)

n

P(Hy / A) =

|=1P(A/ H;i)P(H;)

ITo dopmyne baiteca ucuucnsieTcs BEpPOSTHOCTh peallu3allid TUIOTE3bl Hj TpH
ycloBUHM, 4TO coObiTHe A mnpomsonuto. Popmyny baiieca eme Ha3bBaloT (hopmy.ioii
BEPOSITHOCTH I'MIIOTE3.

[Tpumep.PaccMoTpuM mpuBEAEHHYIO BBIIE 3amady 00 »IeKTposiaMmnax, TOJIbKO
WU3MEHHUM BOmIpoc 3axauu. [IycTe mokynarens Kynmui 3J€KTpOJIamIly B 3TOM MarasvHe, U OHa
oka3zasiach OpakoBaHHOW. HaiiTu BEpOSTHOCTH TOTO, YTO 3Ta JIaMIla U3TOTOBJIEHA HA BTOPOM
3aBOJeE.

Beimmumem ¢opmyny baiieca st sToro ciryyast

P(A/ Hy)P(H,)
P(A)

P(H, / A) =

U3 sroit hopmynsr nonydaem: P(H,/ A) = 15/34

[Ipennaraem unTaTento peuIMTh CAMOCTOTENBHO ABE 3a1aUH.
.Nel.B niepBoit ypHe 7 6enbIX ¥ 3 4YepHBIX 11apa, BO BTOPO# - 8 6enbix u 2 yepHbIX. U3 mepBoii
YPHBI CiIydaiiHbIM 00pa30oM H3BIIEKAeTCs Iap M MepekyaIbIBaeTcsi BO BTOopyio ypHy. [locie
MepeMEIINBaHMs APOB BO BTOPOM ypHE M3 HEe U3BJEKAeTCsa oauH map. HailTu BeposiTHOCTh
TOT0, YTO W3BJICUEHHBI U3 BTOPOM YPHBI IIap — OEIIbIN.
No2.B ycnoBue 3amaun Nel BHecem um3meHenue. llycth mocne mepekiaablBaHusl IIapa M3
NepBOil YpHBI BO BTOPYIO M3 BTOPOIl ypHBI U3BJeueH Oeunblii map. HaliTu BeposTHOCTH TOTO,
YTO U3 TIEPBOM YPHBI BO BTOPYIO OBLI MEPEJIOKEH YEPHBIH TIap.
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IToBTOpHBIE HE3aBUCHUMBIE UCTIbITaHUA. DopmyJia BepHyJiin.

PaccMoTpuM ciydait MHOTOKpPaTHOTO MOBTOPEHHUS OJJHOTO U TOTO )K€ UCIBITAaHUS WU
CIIy4aifHOTO JKCTepuMeHTa. Pe3ynbTar KaKJoro UCMBITAHUS OyJeM CUUTATh HE 3aBHCSIIUM
OT TOTO, Kakoi pe3yJbTaT HACTYNUJ B MPEAbLAYIINX UCHBITAaHUSAX. B kauecTBe pe3ynbTraTtoB
WIH 3JIEMEHTAPHBIX MCXOJI0B KaXIOTO OTIEIHHOIO UCIBITAHUS OyIeM pa3iuyaTh JIUIIL JBE
BO3MO>KHOCTH:

1) nosiBJIeHHE HEKOTOPOTO COOBITHUS A;
2) nosiBieHne coObITUs A, (COOBITHS, SBIISIOIIETOCS JOTOTHEHUEM A )
[Tycts BeposTHOCTH P(A) mosiBaeHusi coObiTusi A mocrosiHHa W paBHa p (0<.p<l1).

Bepostaocts P(A) coObitus A o6o3Haunm vepes g: P(A) = 1- p=q.
IIpumMepaMu TakMX UCTIBITAHUN MOTYT OBITh:
1) monOpackiBaHNEe MOHETHI: A - BbIMaieHue Tepda; A - BeiageHue nudpsol.

P(4)=P(A)=0.5.

2) OpocaHue WTpajbHON KOCTH: A - BBINMAJICHUE KOJUYECTBA OYKOB, PABHOTO IATH, A
BBITIaICHUC JHOGOI‘O KOJIMYCCTBA OYKOB KPOMC ITSITH.

P(4) =1/6, P(A) =5/6.

3) u3BiIeYeHUE HayJaudy U3 ypHBI, coaeprkaieil 7 6enblx U 3 4epHbIX I1apa, OJHOro mapa (c
BO3BpalCHUEM): 4 - U3BIIeUeHUe Oesoro mapa, A - U3BJICUEHUE YEPHOTO IIapa

P(4)=0,7; P(A)=0,3

[lycte mpou3BeneHO n UCHBITAaHUM, KOTOpble MBI OyleM paccMaTpuBaTh Kak OJUH
CJIOKHBIA CydaiiHbli 3KcniepuMeHT. CocTaBuM TaOJHIly M3 7 KJIETOK, PacHOJIOKEHHBIX B
P, MPOHYMEPYEM KIIETKH, M Pe3yNbTaT KaKJI0ro UCTbITaHUS OyJeM oTMeuaTh TaK: €ciu B i-
M UCIBITAHUU COOBITHE A TPOU3OIILIO, TO B i-I0 KJIETKY cTaBUM 1upy 1, eciu codbiTue A He
pou3ouLIo (mpou3ouuio coositue A), B i-10 KIeTKy cTaBum 0.

Ecnu, nHanpumep, mMpoBEACHO 5 UCIIBITAHUIA, U COOBITHE A MPOU3OILIO JHUIIb BO 2 -M U
5-M HCHBITAHUSAX, TO PE3YJbTAT MOXHO 3alUCaTh TAaKOW IOCJIEI0BATEIbHOCTBIO HYJIEU H
emuumir: 0; 1; 0; 0; 1.

Kaxxnomy BO3MOXHOMY pe3yiabTaTy 7  UCHBITAaHUH OyIeT COOTBETCTBOBATH
nocienoBarenbHocTh n 1Mp 1 wim 0, yepeayomuxcs B TOM MOPSAKE, B KOTOPOM
HOSIBJISIIOTCSL COOBITHSE A ¥ A B 11 HCIIBITAHUSAX, HATIPUMED:

1;1;0;1;0;1;0;0; ...0;1; 1; 0

n uugp
Bcero Takux mociieoBaTeIbHOCTEH MOXHO COCTaBUTH 2" (3TO YHTATENh MOXKET
JIOKa3aTh CaMm).
Tak Kak HCTBITAHUS HE3aBUCUMBI, TO BEPOSITHOCTh P KaXXJ0ro Takoro pe3ylbTara
ONpENIENAETCA MYTEM MEPEMHOMKEHHS BEPOATHOCTEN COOBITHH A M A B COOTBETCTBYIOIIUX
ucneITanuax. Tak, Hanpumep, JUIsl HAITMCAaHHOTO BBILIE pe3ysbTaTa HalieM

P=ppqpqprqq-..9ppq
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Ecnu B HamucaHHOW HaMU IOCIIEOBATEIBbHOCTH €IMHHUIIA BCTpedaeTrcs x pa3 (3To
3HAYUT, YTO HYJIb BCTPCHACTCA n-x pa3), TO BCPOATHOCTH COOTBCTCTBYIOHLICTO pPE3YyJIbTaTa
Oyzxet p"q"™ HE3aBUCHMO OT TOTO, B KAKOM MOPSIIKE YEPEAYIOTCS 3TH X €AWHHUIL M 71-X HYJICH.

Bce cobOpITHs, 3aKit0Uaronecs: B TOM, 4TO B 72 UCTIBITAHUSX COOBITHE A MPOU3OIILIO0 X
pa3s, a coObiTie A NpPOU30ILIO n-X pas, ABIAIOTCS HECOBMECTHBIMH. IlodTOMY JUIst
BBIYUCIICHUS BEPOSTHOCTH OOBEMHEHUS STUX COOBITUN (MJIM CYMMBI 3TUX COOBITHIT), HY>KHO
CITOXKHTH BEPOSITHOCTH BCEX ITHX COOBITHH, KaXk1ast U3 KOTOPBIX paBHa p'q"~ . Bcero takmx
COOBITHII MOXXHO HACUUTATh CTOJIBKO, CKOJIBKO MOXKHO 00pa3oBaTh Pa3IMYHBIX
MOCJIEIOBATEILHOCTEH JIMHBI n, coiepkammx x mudp "1" m n-x mudpp "0". Takux
MOCIIE0BATEIHHOCTEH MOyYaeTCsl CTOIBKO, CKOJBKHUMH CHOCOOaMU MOXHO Pa3MECTUTh X
mudp "1" (wm n-x mudp "0") Ha n MecTax, TO €CTh YHCJIO 3TUX MOCIEI0BATEILHOCTENH PaBHO

r)}( -C rl]l—x

Orcrona nonyyaetrcsa gopmyJia bepuyiim:

P,(x)=Cyp*q" "
[To ¢opmyne bepHymiu paccuuTBIBAaeTCS BEPOATHOCTH MOsIBIEHUS coObiTusi A "x"pasz B n
HOBTOPHBIX HE3aBUCUMBIX WCHBITAHUSX, A€ p - BEPOATHOCTh MOSIBIEHHUS cOObITHA A B
OJITHOM HUCTIBITAHUH, ¢ - BEPOSATHOCTH MOSIBJICHUS COOBITHS A B OJTHOM UCTIBITAHUU.

CdopmynupoBaHHBIE YCIIOBUS MPOBEICHUS UCTIBITAHUN MHOT/IA HA3BIBAIOTCS ''cXeMOM
NMOBTOPHBIX He3aBUCHUMBIX HCNIbITAHMI" 1in "cxemoii bepnysin”

Uucno x moOsBIEHHUS COOBITUS A B 71 TOBTOPHBIX HE3aBUCHUMBIX HCIBITAHUSIX
Ha3bIBACTCS YACTOTOM.

[Tpumep. U3 ypHBI, conepkaiieii 2 6embiXx U 6 YepHBIX IIapOoB Hayady BIOUPAETCS C
BO3BpalleHUEM 5 pa3 noapsn oauH map. Iloxcuurars BeposTHOCTH TOro, 4ro 4 pasa
MOSIBUTCS O€JIBIN mIap.

B npuBenenHwsix Bblie oOo03HaueHusx n=8; p=1/4; ¢g=3/4; x=5. UWckomyio
BEPOATHOCTbH BBIYHCIIsieM 10 hopmyiie bepHymu:

e =cil3)3)- o

[To dhopmyne bepHymin MOXXHO MOJCYUTATH BEPOSTHOCTH BCEX BO3MOXKHBIX YACTOT:
x=0,1,2,3,4,5.

3amMeTuM, 4TO €CIIM B 3TOM 3aja4e CUUTaTh, 4TO Oebix mapoB 0su10 20000, a yepHbIX
60000, TO OYEBUIHO p U ¢ OCTAHYTCA HEU3MEHHBIMU. OJIHAKO B 3TOW CUTYallMHM MOXHO
peHeOpeyb BO3BpAIIEHUEM M3BJICUEHHOTO II1apa MOcie KaXa0W BEIOOPKH (ITPU HE CIUIIKOM
OONBIIUX 3HAYCHHUSIX X) M CUYUTATh BEPOSATHOCTH Bcex yacTtor: x=0,1,2,... mo dopmyne
bepnymim.

@opmyna bepHymnu mnpu 3aaHHBIX YHCIAX p W 71 TO3BOJSIET PACCUYUTHIBATH
BEPOSTHOCTH JIF0O0OH 9acToThl X (0 < x < ). Bo3HUKaeT ecTeCTBEHHBIM BOMPOC: KAKOH 4acToTe
OyZeT COOTBETCTBOBATH HAMOOMBIIIAsI BEPOSITHOCTH?

[Ipenmnonoxum, 4To Takas 4acToTa CYIIECTBYET, W TOIBITAEMCS €€ ONpelIeIUTbh U3
YCIIOBHS, YTO BEPOSITHOCTh 3TOM YaCTOTHl HE MEHBIIE BEPOSITHOCTH 'mpenslaymen" u
"mocneayronien” 4acTor:

Pn(X)ZPn (X-l); Pn(X)ZPn (X+1) (1)

[TepBoe HepaBeHCTBO (*) mpencTaBiIseTCs B BUAC:
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Cﬁ(pan_x > Cr>]<—1px—1qn—x+1’

4TO0 DKBUBAJIEHTHO P < Ll uinu gx < pn— px + p. O1croaa cieayer:
X N-=X+

X<np+p

Pemas Bropoe HepaBeHcTBO (1), momyunm
x2np—q

Taxkum 00pa3om, yacTOoTa, UMEIOIIAs HAUOOJBITYI0 BEPOSITHOCTh (UeM BEPOSTHEHIIAS
4acToTa), ONPEEIIsIeTCs] IBOMHBIM HEPABEHCTBOM

np—q<x<np+p

Ecnu np + p — uenoe uucno (Toraa u np — g — 1ejI0€ YUCI0), TO ABE YaCTOThI: X=Hnp —

. 1
g 1 x=np + p obnagaroT HaWOOJIBINEH BEpOATHOCTHIO. Hampumep, mpu N =7, p=§,

HaWBEPOSITHEMIIINE YACTOTHL: X = 3; x = 4.

CayuaiiHasi BeJIMYMHA, pacnpeaeJeHHas 1o 3akony bepnyJiim.

[Ipu aBYX 3alaHHBIX YKCIIAX:
1) n - KoMMYeCcTBE MOBTOPHBIX HE3aBUCUMBIX MCIIBITAHUH,
2) p - BEpOSTHOCTHU COOBITHSI A B OJTHOM HUCTIBITAHUH
MOHO 10 opMyne bepHyn moAacunuTaTh 3HAYEHUE BEPOSITHOCTH KaXKAOTO IEJIOT0 YHCIa X
(U <X< n), IJ€ X — YHCIO TOSBJICHUH COOBITHSI A B 7 UCHBITAHUSAX (YacTOTa MOSIBICHUS
coObITHs A4).

Takum oOpa3oM, KaxJA0My HCXOJY CIy4alHOTO 3KCIIEpUMEHTA, 3aKII0YAOIIErocs B
CepUM W3 1 UCHBITaHUN MO cxeMe bepHyiin, COOTBETCTBYET OIPEIECICHHOE YHUCIO X,
paccMaTpyBaeMoO€ Kak CiydailHasi BeJW4YMHa, NpuHUMarom@as 3HadeHus 0, 1, 2,.n.
CooTBeTCTBHE MEXAY 3HAYCHHUSMH X U UX BEPOSTHOCTAMH (pacCUUTAHHBIMU MO (opMylie
bepnynnu) HaspBaeTcss 3akoHOM pacmpeneneHus beprymiu. Crporoe ompeneneHue
CJIy4aifHOI BETMUMHBI U 3aKOHA pacipeeNieHus OyAeT AaHO MO3KeE.
A MosxHO MOCTPOUTH rpadguk 3aKOHa
P(x) p=0,5 pacnipenenenus bepHymm (3aBucumoctd (X)) s
0.4 n=6 KOHKPETHBIX 3HA4YeHUH n M p. Tak Kak aprymeHT X
NpUHUMAET  JIMIIb  [edble  3HA4eHHs, Trpaduk
0.2 IPEICTABIACTCSA B BUIE TOUCK HA INIOCKOCTH (X, Hy(X)).
x Jns  HarISAHOCTM TOYKM COEAUHAKOTCS  JIOMAaHOMU
, JIMHHMEH, ¥ Takod rpaduK Ha3bIBACTCSA MOJUTOHOM

1 2 3 4 5 6 pacupeneneHus.
Puc. 9
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P(x) =02
IIpu p=0,5, kak moka3zaHO Ha puUCyHKEe 9, ()4 n=6
IIOJIMTOH CUMMETPUYEH OTHOCUTENIBHO MPSAMON Xx=np
(ecmu p Ommsko x 0,5, TO MOMMrOH ONHM30K K ()9
CUMMETPUYHOMY) X
I[Ipy Mamplx p TOJUTOH  CYIIECTBEHHO —
aCUMMETPUYEH, W HAUBEPOSTHEUILIMMU  SBISIOTCS 1 2 3 4 5 6
4acToThl, Ou3kue K Hymo. Ha pucynke 10 uzobpaxken Puc.10
NOJIUIOH  pacupeneneHus ana p=0,2 npu yucie
WCTIBITAHUH 1,paBHOM O-TH.
A
P(x)
0.4 p=0.8
n=6 [Ipu Oompmmx p, Onau3kux Kk 1, Hawmbosee
02 BEpPOATHb MaKcUMajbHble 3HaueHMs. Ha pucynke 11
MOKa3aH MOJINTOH pactpenenenus, nig p=0,8 u n=6.
* O  jgpyrux  cBoiicTBax  OEpHYJUIMEBCKOTO
1 2 3 4 5 6 pacnpezeneHusi OyaeT TOBOPUTHCS MO3XKE.
Puc. 11



